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NMpeaucnosue

Korga xxypuas Time BoiGpasa B kauecTse uenoBexa 2006 roga «Bac»!, oH yTBepauI
HIEI0 O TOM, UTO CYIHOCTL Web 2.0 — 5TO «KOHTEHT, FeHePUPYEMBIH IT0JIb30BaATEJIs-
MU», M YTO TAKHUE CAUTHI, KaKk Buruneaus, YouTube u MySpace, — 3TO CTOJIIIBI pe-
BOJIIOI[MY, COBEpINuBINeicsa ¢ npuxomom Web 2.0. Ho uctunHa ropasgo ciosxHee.
ToT KOHTEHT, KOTOPBIi MoJb30oBaTe u BBOIAT B Web 2.0 ABHO, — JIMIIIL caMas Bep-
xyimika aiicoepra. A 80% cyirecTBeHHOIM MHOOPMAINY CKPHITO B TEMHBIX BOJaX He-
SIBHO 00PAa3yIOIUXCs JaHHBIX.

Bo MHOTHMX OTHOIIEHUWSAX OIPEAEISIIONINM MOMeHTOM peBoJsionuu Web 2.0 craso
usobperenne kommuauueit Google «panra crpanut» (PageRank). 9To cTano pesyinb-
TaTOM OCO3HAHUSA TOrO (paKTa, YTO KayKjasd cChbLIKa Bo BceMupHoil nayTiHe HaAmoo-
HeHAa CKPBITHIM CMBICJIOM: CCBLIIKA — 3TO I'0JIOC B ITOJIb3Y BaXKHOCTH caiita. Eciu npu-
HATH BO BHUMAaHME CAMU I'0JIOCA U OTHOCUTEJIbHYIO BAXKHOCTH I'OJIOCYIOIIIUX CANTOB,
TO Pe3yJIbTaThHI IIONCKA OKA3bIBAIOTCA JIYUIlle, UeM IPU aHaJIKN3e OJHOTO JIUIIH COep-
sxuMoro crpanut,. IMeHHO 3TOT IpOphIB BhiBea Google Ha myTh, ciegys 110 KOTOPO-
My OHAa cTaJia OSHOU 13 HanboJiee aBTOPUTETHBIX TEXHOJIOTMUECKUX KOMIIAHUH HOBO-
ro croyieTusi. PaHr cTpaHUIbl — OAWH U3 COT€H HESABHO YUUTHIBAEMBIX (DAaKTOPOB,
rkoropsie Google oeHuBaeT, peiias, KaK MPeJCTABUTH PE3yILTATHI IIONCKA.

HuxTto He HazoBeT Kommauuio Google «reHepaToOpOM I0JH30BATEIBCKOI0 KOHTEH-
Ta», U TeM He MeHee OHa, 6e3yCJIOBHO, HaxoauTcsAa B camoM cepame Web 2.0. Bor
IIOYeMYy A IPEJIIOUYNTAI0 CYUTATh KPAeyTOJbHBEIM KaAMHEM 3TOU PEBOIONUU «00y3-
IaHMe KOJIJIEKTUBHOTO pasyMa». CChIIKA — 3TO KOHTEHT, TeHEPUPYEMEIH T0JIb30Ba-
Tenamu, a PageRank — crroco6 n3BiieueHNA CMBICIA U3 9TOTO0 KOHTEHTA. JTO JKe OT-
HOCUTCA U K aJTOPUTMY BBIYUCJTIEHUA «MHTEpPeCHOCTU» Ha caiite Flickr, u K GyHK-
IIUY «Te, KTO KYIUJ 9TOT TOBap, KYIUJIN TaK:Ke» Ha Amazon, 1 K aJITOPUTMaM Ha-
XOMKIEHUS «MOXOMKUX MCIogHuTeNel» Ha Last.fm, u K cucreme pemyTanmoHHOTO
peiituHropanus Ha eBay, u K pexaamuoi cucreme Google AdSense.

5 onpegensizo Web 2.0 cienyroium o0pasoM: « METOAMKA IPOEKTUPOBAHUS CCTEM,
KOTOpBIE IIyTEeM yUueTa CeTeBbIX B3ANMOIeHICTBUH CTAHOBATCS TE€M JIYUIIle, YeM 00JIb-
e JIiofeli MU MOJb3YIOTCSI» . IIpuBIeueHne MOJIb30BaTeIell — MepBhIii miar. Bro-
poit — o0yueHre Ha OCHOBe JAeMCTBUH MOJb30BaTEJIeH 1 afallTal[is caiiTa B 3aBUCHU-
MOCTH OT TOTO, KaKue AefCTBUA II0JIb30BATEIN COBEPIIIAIOT 1 HA UTO OHU 00pAaIlatoT
BHUMAHUE.

B kHure «IIporpaMmMmupyem KoJIeKTUBHBINA padyMm» Tobu CerapaH paccMaTpuBaeT
aJITOPUTMBbI 1 MEeTOAbI N3BJIEUEHUA CMBICJIAa U3 JAHHBIX, B TOM YHCJI€ U IIOJIb30Ba-
TeJIbCKUX. JTO WMHCTPYMEHTAPWH IIPOTPAMMUCTA, pPAbBOTAIOMIEr0 B KOHTEKCTE
Web 2.0. Temmeps y2ke HeZJOCTATOYHO 3HATH, KAK CO3JAaTh CAMT C XpaHEHNEM JAaHHBIX
B 6ase. Ecoiu BBI X0THTE HOOUTHCA yCIiexa, TO JOJYKHEI 3HATDH, KAK U3 9TUX JAHHBIX
IOoOBIBATH NH(POPMAIINIO — ABHO WJIN IIyTEM aHAIN3a IOBEIeHUA 0JIb30BaTeJIeil Ha
BaIlleM caiire.

C 2004 roxa, xorga Mbl npugymaau repmus Web 2.0, Ha 3Ty TeMy y2Ke HaIIMCAHO
OUYeHb MHOT'0, HO KHuUTa To6u — mepBoe MpakTUUeCKOe PYKOBOACTBO II0 IPOTPAMMU-
POBaHUIO IpUJIOKeHUI Ay Web 2.0.

Tum O’ Petinu

! Ha 000K Ke »KypHaJIa ObLIO0 ITIOMEIeHO ¢JI0BO «You» (Bel). — ITpum. nepes.



BBepeHune

KomuuecTBo sromeii, 0CO3HAHHO HJIM CAyYaliHO IOMOJHAKIUX VMHTEepHeT
JaHHBIMU, NIOCTOAHHO pacreT. OHU y)Ke CO3JaIU KOJIOCCAJILHBIN MacCUB
IaHHBIX, aHAJIN3UPYA KOTOPHIE MOKHO MHOTOE Y3HATDH O IIOJIB30BATENAX —
Kak OHU paboTaioT, YTO IPEeAIOYUTAIOT, KaKle TOBaphl MX UHTEPECYIOT, —
JIa ¥ BOOOIIle O UeJIOBEUECKOM MOBEeIeHNM. JTa KHUTA IIPECTABIAET cO00it
BBeJleHIe B aKTUBHO PAa3BUBAIOIIYIOCA HAYKY O KOJIJIEKTUBHOM pasyMe.
B Hell pacckasbIiBaeTcA 0 TOM, KaK IIOJYYUTh MHTEPECHbIEe HA0OPHI JaHHBIX
C MHOTHUX CaiiTOB, 0 KOTOPBLIX BB, HABEPHOE, CJBIIIANNA, O TOM, KaK coOu-
paTh JaHHBIE OT II0JIb30BaTeJ el BalllnX COOCTBEHHBIX IIPUJIOKEHIT, 1 0 pas-
HOOOPA3HBIX CIIOCO0aX aHAIM3Aa dTUX JAHHBIX U U3BJICUEHUA U3 HUX NHGOP-
manuu. Ilenb 9TOM KHUTU — IIOMOYBb BaM IIEPEHUTH OT IPOCTHIX IIPUJIOMKE-
HUU, XpaHAIIUX JaHHLIe B 0ase, K HAIIMCAHUIO 00Jiee MHTEJJIEKTYaJbHBIX
IporpaMM, CIIOCOOHBIX 3(P(PeKTUBHO MOJIb30BATHLCA TOI HHMOPMAaIeii, KO-
TOPYIO BBl U APYTHeE JIOAU HAKAILINBAIOT KAaKI0KHEBHO.

Y10 He0OX0aAMMO 3HaThb

Bce nmpuMepsl B 9TOM KHUTE HAITMCAaHbBI Ha A3bIKe Python. 3HakxomcTBO ¢ HUM
BaM He IIOMeIIaJio Obl, HO 51 00bACHSIO aJITOPUTMbI, YTOOBI M IIPOTPAMMUC-
TaM, MUAIITYIIUM Ha APYTUX A3bIKaX, BCe ObLJIO IIOHATHO. ¥ TeX, KTO BiaJeeT
TaKNMHU A3BIKAMU BBICOKOI'O YPOBHA, Kak Ruby uau Perl, kox mva Python ne
BBI3OBET 3aTPyAHEHHUII. ITa KHUATA — He YUYeOHUK II0 MPOTrpaMMHUPOBAHUIO,
IIO9TOMY IIPEAIIoJIaraeTcs, UTO ¥ BaC YiKe MMEeeTCs JOCTATOUYHBINA OIBIT KO-
IVPOBAHUSA U C OCHOBOIIOJIATAIOIIIN MY KOHIIEIIIINSIMY BbI 3HAKOMEI. Eciu Bl
XOPOIIIO TIOHMMAETEe, UYTO TAKOEe PEKYPCHUA, 1 UMeeTe IpecTaBjIeHne 00 oc-
HOBaX QYHKIIMOHAJIBHOTO IIPOTPAaMMUPOBAHNA, BaM OYIEeT IIPOIIIE.

Or Bac He TpeOyeTcsa HUKAKUX CHeIINAJbHBIX 3HAHNI 00 aHaanse JaHHbIX,
MAIINHHOM OOyYeHUU WJIM MaTeMaTU4YeCcKO# craTtucTtuke. §1 crapasucsa us-
JlaraTh MaTeMaTUu4YeCKHe naer KaKk MOJKHO IIPOIlfe, HO HAJIMUe MUHUMAaJIb-
HBIX IIO3HAHUH B 06JIaCTI/I TPUTOHOMETPHUU U CTATUCTHKHN IIOMOKET BaM
JIy4Ilie IOHATH aJITOPUTMBI.
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CTunb HanncaHus npnmepos

IIpuMepsl B KasKAOM pasiesie HalMCaHbl B CTUJIEe YUeOHOr0 PYKOBOJCTBA.
9TO DOJKHO IOOYAUTH BAC CTPOUTH MPUIOKEHUA ITOITATTHO U pasduparhesa
B paboTe ajaropuTMoB. B GOJBINMHCTBE CIyYaeB IOCJe HANIMCAHUA HOBOM
GYHKIINY WX MeToga BaM OyAeT MpeiosKeHO NHTEePAKTUBHO mopaboTaTh
C Hell, YTOOBI MOHATD, KaK OHa yCTpOoeHa. AJITOPUTMBbI, KaK IPaBUJIO, BHIOU-
paroTcA MPOCTeHINNe, TOMyCcKalolre 0000IleHe 1 PACIITPEeHe BO MHOTUX
HamnpaBJaeHUsX. IIpopaboTas 1 IPOTECTUPOBAB IPUMEPHI, BbI CAMU IIPUIY-
Maere, KaK YJIYUIIUTh UX AJISI CBOUX IPUTIOKEHUM.

MNoyemy umeHHo Python

XOTsl aJrOpUTMbI OIMKUCHLIBAIOTCS CJIOBAMU C O0'BSICHEHHEM IIPUMEHAEMBIX
dopmyJi, ropasmo mosesHee (1, MOMKAIYH, IPOIIE AJIA BOCIPUATHAA) UMETH
[IpejcTaBJIeHNe aJropuTMOB U IIPUMEPOB B BHJie IPOrpaMMHOr0 Koza. Bee
IIPUMEPEL B 3TOI KHUTe Hamucadbl Ha Python — BeimKoJIeITHOM A3BIKE BhI-
cokoro ypoBHsA. I Bei6pas Python 1o cienyromnium mpuuynHam:

Kpamxocmo

Kop Ha nuHaMMYecKU TUIN3UPOBAHHOM A3bIKe, KAKOBBIM fABJIgeTca Py-
thon, Kak mpaBmJIO, OKa3bIBAETCA KOPOUE, UeM Ha APYTUX HOTYJIAPHBIX
SIBBIKAaX. JTO BHAUUT, YTO BaM IPUAETCA HAKUMAaTh MEHbBIIE KJIaBUIII
npu BBoJAe npuMepoB. Ho ofHOBpeMeHHO 3TO O3HAUaeT, UTO aJrOPUTM
pole YJIOMKUTH B MO3TY U IOHATH, UTO JKe OH JIeJIaerT.

Jlezxocmv umeHus

Python nHOTZA Ha3LIBAIOT «UCIIOJHSIEMBIM IICEBIOKOAOM» . ITO, KOHEU-
HO, IIPeyBeJNUYEeHNEe, HO CMBICI €r0 B TOM, UTO OIBITHBIH IPOrPAMMUCT
MOJKET IIPOYMTATh HAaIMCAHHEIN Ha Python Kog v mOHATH, YTO OH JOJI-
JKeH JenaTh. HeKoTophle He COAUIIIKOM OUeBUIHbIe KOHCTPYKITNI 00bAC-
HAIOTCA B pasfesie «3amMeuanus o si3bike Python» aumike.

IIpocmoma pacwupenusa

B crammaprHbIil gucTpudbyTus Python yixe BxomuT MHOro 0ubJIHOTEK,
BTOM YHCJEe [JIA BHIUMCJIEHUA MaTeMaTUdecKUX (QYHKIIUi, pasdopa
XML-goKyMeHTOB U 3arpy3Ku Be6-cTpaHuIl. JlomoIHuTeIbHBIE O6M0I10-
TeKH’, KOTOPBIMU MBI IIOJIb3yeMCs B 3TOM KHUTre, HAIIPUMED aHAJIU3aTOP
RSS-goxymentoB (RSS —Really Simple Syndication, sseik omucamus
CUHIUIINPOBAHHOI0 KOHTEeHTA) 1 UHTep(deiic K 6a3e nanubix SQLite, 6ec-
ILJIATHBI; UX MOXKHO 0e3 TpyZa CKadyaThb, yCTAHOBUTH U UCIOJIH30BATh.

HHmeparcmuenocmb

IIpopabaThkiBasg IpuMep, MOJE3HO TECTUPOBATH (PYHKIIUM, KOTOPHIE BHI
nuIieTe, He COCTaBJIAA OTAEJbHOU TecToBOI mporpamMmbl. IIporpaMmel
Ha Python moxHO 3anmyckaTh IpsAMO U3 KOMaHIHON CTPOKY, & KPOME TO-
T'0, Y HEero eCTb MHTePAKTUBHELIHM Pe)KUM, B KOTOPOM pa3peniaeTcs BbI3HI-
BaTh QYHKINU, CO3aBAaTh 00 LEKTHI ¥ TECTUPOBATH MAKETHI.
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MyavmunapaduzmeHHoCMb

Python moamep:xmBaeT 06HEKTHO-OPUEHTHUPOBAHHBINA, IIPOLENYPHBIH
¥ (QYHKIIMOHANBHBIN CTUJIN IPOrPDAMMUPOBAHUA. AJITOPUTMBI MaIlIWH-
HOT0 00y4YeHUs BecbMa pa3HOOOPAa3HbI: JJI PeaInsaliuy OLHOTO yao0Hee
OfHA IapajaurMa, a Ajid peajusanuy Ipyroro — uHada. VlHoOr[a mnoJyie3Ho
neperaBaTh GYHKIINY KaK IIapaMeTphl, & THOTJA — COXPAHATDH COCTO-
HUe B 00beKTe. Python mossoasier u To u gpyroe.

Mmnozonaam@popmenrnocms u 6eCnaAmHOCMb

CyirecTByeT ofHa sTaJlOHHAas peaamsanus a3bika Python mais scex oc-
HOBHBIX ILIaT(OPM, 1 OHA abcoroTHO OeciiaTHa. IIpuBeIeHHBIN B 9TO
KHUre Kox o0yzer padorarts B cucremMax Windows, Linux u Macintosh.

3ame4yaHus o a3bike Python

Has HauuMHAIOIINX, KOTOPHIE JKEJal0T HAYyYUTHCSI IPOTPaMMUPOBATHL Ha
sasweike Python, a pekomenayio kaury Mapka JIyriia u [lpeuzna dmepa (Mark
Lutz, David Ascher) «Learning Python», rge umeercss oTauuHbIil 0030
sisbIKa. IIporpamMmMucTaM, BIaJeOIUM IPYTUMU A3bIKaMU, OyIeT HeCJI0K-
HO pasobpaThes B Kozae Ha Python, xors cienyer umers B BUAY, UTO ST MHOT-
[la 0JIb3YIOCh TOBOJIBHO CIIEIU(MUUECKUMU KOHCTPYKIIUSIMHU, €CJIY OHU [103-
BOJISIIOT BBIPA3UTDL AJTOPUTM WM (PyHIaMEHTAIbHYIO KOHIIEIIIHIO OoJiee
ecTecTBeHHO. BOT KpaTKuit 0030p 3bIKA AJIA TeX, KTO C HUM He 3HaKOM.

KOHCTpYKTOpPbI CNUCKOB U ClioBapemn

B aswike Python numeercs mmpoKuii Habop IPUMUTHBHBIX TUIIOB U JBA THU-
1ma, KOTOPbhIe MCIOJb3YIOTCA B KHUTE 0COOEHHO YaCTO: CNUCOK W CJLIOBADb.
COMCOK — 9TO YIIOPSAOUeHHOE MHOYKECTBO 3HAUEHUI JII000T0 THUIIA, AJIS €Tr0
KOHCTPYMPOBAHUSA IPUMEHAIOTCA KBaJpPaTHbIEe CKOOKM:

number_list=[1,2,3,4]

string_list=['a", 'b', '¢', 'd']

mixed list=['a", 3, 'c’, 8]
CoBaphb — 3TO HEYIIOPAZOUeHHOE MHOKECTBO IIap KJII0U/3HaueHune, aHaJIo-
TUYHOE TOMY, UTO B IPYTUX SI3bIKaX HA3LIBAETCA XeIlleM UJIN OTOOpakeHm-
eM. OH KOHCTPYUPYETCHA ¢ IIOMOIILI0 (GUTYPHBIX CKOOOK:

ages={"John':24, 'Sarah':28, 'Mike :31}
HocTynl K ajleMeHTaM CIIMCKOB U CJIOBapell OCYIIIECTBISAETCSA C IIOMOIIBLIO
KBaJpaTHBIX CKOOOK, CIeAYIOIINX 3a UMEeHeM CITHCKa (cJaoBaps):

string_list[2] # Bo3BpawaeTca ‘b’

ages[ 'Sarah’]  # BosBpamaeTca 28

3HauumMble npobenbl

B orinune oT 00JbIIMHCTBA A3BIKOB, B Python 11s onpegenenns 610Ka Ko-
JIa MCIIOJIL3YIOTCA OTCTYIIBI. PaccMOTpUM ciienyroninii (hparMeHT:
if x==1:
print 'x is 1°
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print 'Bce ewe BHyTpw 6noka’
print 'BHe 6noka’
HWuTepuperaTop MOHUMAET, UTO IIePBLIE BA MPEIJI0KEHU print BHITIOJIHI-
IOTCA, KOTJA x PABHO 1, MOCKOJBKY OHM HalMcaHbI ¢ oTcTymoM. KoamuecTBo
npo6eJioB B OTCTyIIe IIPOM3BOJILHO, HO OyAbTe IIOCJIeToBaTebHBI. B aToit
KHHUTe OTCTYI COCTABJIAIOT ABa mpobesaa. Korga 6yeTe BBOAUTH KO IIPUMe-
poB, obparlraiiTe BHUMaHMEe HA OTCTYIIBI.

TpaHchopmMaumm CNUCKoB

Tpancgopmayus cnucka (list comprehension) — sTo y0o6HBII criocob mpe-
00pasoBaHuA OTHOTO CHMCKA B APYTroi myTeM (pUILTPAIUY U TPUMeHEeHU A
K Hemy QyHKIui. CHHTaKCUYECKH 9TO BBITJIAAUT CJAEAYIOITUM 00pasoM:
[BopaxeHue for nepemeHHas in cnucok]
U
[BuipaxeHue for nepemeHHas in cnucok if ycnoswue]
Hanpuwmep, ciaenyomiuii Kom:
11=[1,2,3,4,5,6,7,8,9]
print [v+10 for v in 11 if vi>4]
HameyaTaeT TAKOM CINCOK:
[50,60,70,80,90]

TpamchopMaIiny CIUCKOB UCIOJb3YIOTCA B 3TOM KHUTE YACTO, IIOCKOJBKY
9TO IpeAeabHO JJAKOHUYHBIN CII0CO0 TPUMEHUTDh PYHKITNIO K ITeJIOMY CITHC-
Ky WJIN yIAJUTh HeHYKHbBIE 9JIeMeHThI. EIle onuH cay4daii uX MCcIob30Ba-
HUS — KOHCTPYKTOD CJIOBapA:

11=[1,2,3,4,5,6,7,8,9]

timesten=dict([(v,v*10) for v in 11])
ITOT KOJ CO3JAeT CJI0Baph, B KOTOPOM 3JIEMEHTHI MCXOTHOTO CIICKA CTAHO-
BATCA KJIIOYAMHU, & COOTBETCTBYIOIINM KJIOUY 3HAUeHUEM OyeT 3HaUeHUe
3JIeMeHTa, yMHOKeHHoe Ha 10:

{1:10,2:20,3:30,4:40,5:50,6:60,7:70,8:80,9:90}

OTkpbiTbie API

s paboThl aJrOPUTMOB CHHTE3a KOJJIEKTUBHOT'O pPasyMa HeOO0XOJMMBI
TaHHBIE OT MHOTHUX II0JIb30BaTeel. I[IoMrMO aJropuTMOB MaITUHHOTO 06Y-
YeHUs, B 9TOM KHUre obcy:kmaeTca pan oTKpeITEIX API (Application
Programming Interface — mporpamMmHubI#l nHTEpP(DEHC TPUIOKEHNA), NO-
crynHbIX yepes Cers. C ero mOMONIBI0 KOMIIAHUY IIPEAOCTABISAIOT CBOOO-
HBIT JOCTYI K JAHHBIM CO CBOUX CAMTOB ITOCPEACTBOM CIIEIU(PUITUPOBAHHO-
ro nmpotokoJia. IToassysack onyoankosanasiM API, BbI MosKeTe mmcaTh Ipo-
rpaMMbl, KOTOPEIE OYAYT 3arpy:kaTh 1 o0padaThIBaTh JaHHbIe. HOTHA HJIs
mocryna K takuMm API mmerorca HammcanHble Ha Python Oubamorexu;
B IIPOTHUBHOM CJIy4Yae He CJIUIIKOM CJIOXKHO HalMCcaTh COOCTBEHHBIA MHTED-
(eiic mocTyna K JaHHBIM, II0Jb3YACH Y3Ke UMEIOIMMUCA B A3bIKe CPEeCTBA-
MU 3arpy3KHu JaHHBIX 1 pa36opa XML.
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BeegeHme

Bot npumepsl HECKOJIBKUX BCTPEUAIOIINXCA B 3TOM KHUTe CaliTOB, AJIA KO-
TOPBIX UMeeTCs OTKPHITHII API:

del.icio.us

CommanbHOe TPUIOKEHUE M XpaHeHuA 3akJaagok. OTKpwiThiii API
IMO3BOJIAET 3aTPYS3UTh CCHLIIKHU II0 TeTy WJIX IPpUHAJIeKallle YKa3aHHO-
MY II0JIb30BATEJIIO.

Kayak

Caiit nna myteriecTBeHHUKOB. Ero API mo3BoJiseT McKaTh aBUapeicel
¥ TOCTUHUIILI M3 CBOEU ITPOTPAMMBI.

eBay

OnnaitHoBBIN ayKinuoH. API mosBosiser sampalmuBaTh WHMOPMAIHIO
0 TOBapax, KOTOPhIE€ B HACTOAIIUI MOMEHT BBICTABJIEHBI HA IPOJANKY.

Hot or Not

CafiT 3HaKOMCTB 1 peiiTuHrosauusd. API mo3BossieT ncKaTh JIrofeii u mo-
JYYaTh UX PEUTHUHTU U AeMorpaduuecKyio NH(PpOPMAIIUIO.

Akismet
API gia konnabopaTuBHON PUILTPAIIMY CIIaMa.

IToTeHIMAIBEHO MOYKHO HAIMCATH OTPOMHOE UYHMCJIO MMPUIOKEHNH, KOTOPhIe
00pabaTHIBAIOT AAaHHBIE U3 OJHOIO HMCTOUHWUKA, OOBEIUHSIOT NaHHBIE W3
Pa3HBIX UCTOYHUKOB U Ja’Ke KOMOMHUDPYIOT IOJYYEHHYIO 3 BHEIITHUX UC-
TOYHUKOB HH(GOPMAIIHMIO C JAHHBIMU O BAaIlINX II0JIb30BATEISAX. Y MEHUE CBO-
IUTh BOEAMHO JAaHHBIE, CO3JaHHbIE JIOAPMYU HA PA3JUYHBIX caiiTax U pas-
HBIMU CIIOCO0aMU, — 3TO OCHOBHOM 3JIEMEHT CO3JaHUsA KOJLJIeKTUBHOTO pa-
syMma. HauaThb moucK Apyrux caiiToB, IIPeSOCTABJISIONINX OTKPBIThIA API,
MOXKHO ¢ caiita ProgrammableWeb (http://www.programmableweb.com).

O630p rnae

KakapIii aIropuTM, pacCMaTPUBAEMbIH B 9TOI KHUTE, ITOCBAIIEH KOHKPET-
HOI 3amaue, KoTopas, Kak d HaAeloCch, OyAeT IIOHATHA BCEM UUTATESIM.
S crapancsa usberats 3a1a4, TPEOYIOMIMX OOMINPHBIX 3HAHUH B IPEIMETHOMR
obyiacTu, 1 OTOMPAJI TaKUe, KOTOPbIe, HECMOTPSA HAa CJI0KHOCTb, ACCOLUUPY-
IOTCA C YeM-TO 3HaKOMBIM OOJILIIIMHCTBY JIIOJEH.

I'nasa 1 «BgedeHue 6 KOLLEKMUBHBLIL pA3YM»

PasbsacHAOTCA ugeu, JeKallue B OCHOBE MAaIIMHHOTO OOYUYeHUs, ero
IpUMeHeHNe B PasJNuUYHBIX 00J1aCTAX W CIIOCOOBI, ITO3BOJISAIOIINE C €r0
IIOMOIIIBIO JIeJIATh BBIBOABI M3 JAHHBIX, ITIOJTYUEHHBIX OT MHOTUX JIIOJEH.

I'nasa 2 «Bvipabomka pexomeHoayuily

HaeTcs BBeeHNE B METOAUKY KOJALAGOPAMUBHOU PUAbMPAUUL, KOTO-
pasi IpUMeHAeTCsT BO MHOTMX OHJIAHOBBLIX MarasuHax AJIs PeKOMEeHI0-
BaHMUA TOBAPOB WM MYJbTUMEIUNHON IPOAYKIIMKU. BKIIOUEH TaKKe
pasjes 0 PeKOMEHIOBAHUY CCHLIOK Ha COIMAJbLHOM caliTe XpaHeHU 3a-
KJIaIOK U O IMOCTPOEHUU CHUCTEMbl PEKOMEHAOBAHUA KUHOMUILMOB Ha
OCHOBe aHaJim3a Habopa gaHHbIX MovieLens.
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I'nasa 3 «O0RapyxceHue epynn»

PasBuBaet umeun, n3J0KeHHEIE B TJIaBe 2, 1 3HAKOMUT C IBYMSA MeTOJa-
MU KJAACMepu3ayul, MO3BOJAIIINMYU aBTOMAaTUYEeCKN OOHAPYKUBATH
TPYIIILI CXOAHBIX 9JIEMEHTOB B 00JBIIIOM HaboOpe AaHHBIX. [[eMoHcTpu-
pyeTcs mIpuMeHeHre KJIaCTePU3aIluy AJIA OTBICKAHUA TPYIIT BO MHOMKeC-
TBe MOMYJAPHBIX 0JOTOB U BO MHOKECTBe IOKeJaHUl, BHICKa3aHHBIX
TIOCEeTUTEJIAMU caliTa COIMAIbHOMN CeTH.

T'nasa 4 «ITouck u panxuposanuer

OnucwiBaloTCA pPas3iNYHble KOMIIOHEHTHI IMOMCKOBOM MAIIIMHEBI, B TOM
yucJie mayk, MHIeKcaTop, MeXaHnusM o0paboTKU 3amrpocoB. PaccmoTpen
AJITOPUTM PAHKUPOBAHUS CTPAHUIL Ha OCHOBE BEIYIITNX Ha HUX CCBHIJIOK,
PageRank, n mokasaHo, KaK CO3aTh HEUPOHHYIO cemb, KoTopad obyda-
eTcA TOMY, KaKKe KJII0OUeBbIe CJI0BA aCCOIIMUPOBAHDI C PA3JIUUYHBIMU Pe-
3yJabTaTaMU.

I'nasa 5 «Onmumuszayus»

COI[epHQI/IT BBeJeHNe B aJITOPUTMBI onmumusayuu, nmpegHasHauveHHbIe
AJIA 0T60pa HaMJIydniero pemeHud 3agadiu 13 MUJIJINOHOB BOSMOMHBIX.
I_HI/IpOTa obsracTu IIPUMEHEeHUuA HOI[06HLIX aJITOPUTMOB IEMOHCTPHUDPYET-
CdA Ha IIpuMepax IIOMCKa OIITUMAaJIbHBIX aBHapeﬁCOB OJIA I'PYIIIIBIL JIIOI[efI,
HaIIpaBJIAIOIIMNXCA B OJHO U TO XK€ MeCTO, OIITUMaJIbHOI'O cmocoba pac-
IIpenejieHUA CTYJE€HTOB II0O KOMHaTaM B OGIIIG}KI/ITI/II/I 1 BbIU€pPUYMBaHUA
CeTH C MUHMMAaJIbHBIM YHCJIOM II€pEeCEKAIINXCA JUHUN.

I'nasa 6 «Punvmpayus 00OKYymeHmos»

HeMoHCTPUPYETCA MeTOAMKA 0aileco8cKoil puabmpayuu, KoTopas Uc-
MOJIb3YEeTCA BO MHOTUX GECILIATHBIX KOMMePUYeCKUX cUcTeMax (hUaIbTpa-
IIAY cIaMa JJisd aBTOMAaTHUUYECKOUN KJaacCUPUKAIUU JOKYMEHTOB IO THU-
aM CJIOB U JPYTruUM OOHapPy:KUBaeMbIM cBocTBaM. OIMMCAaHHBIN MOIXO/T
OPUMEHUM KO MHOKECTBY Pe3yJIbTaTOB IIoMcKa mo RSS-kamanzam c 1e-
JIbI0 aBTOMATUUYECKON KaaccupuKanuny HalifeHHbIX 3aII1Celi.

I'nasa 7 « Modenuposarue ¢ nomou,bio depedves peuleHuil»

Comep:KUT BBeeHNE B TEOPUIO Jepesves peuleHuil, KOTopas IM03BOJIAET
He TOJILKO [IeJIaTh IPOTHO3bI, HO ¥ MOIE/JIUPOBATH CIIOCO0 IPUHATHAS pe-
mienuii. [IepBoe mepeBo pellleHn CTPOUTCA HA OCHOBE THIOTETUUECKUX
IaHHBIX, B3SATBHIX M3 IIPOTOKOJIOB CepBepa, M MCIOJb3YeTCA IJSA TOTO,
YTOOBI TIPEeACKa3aTh, OOPMUT JIU TOJIH30BATENb TPEMUATBLHYIO ITOAIINC-
Ky. B ocTambHBIX TpUMepax B3SATHI JAHHbBIE C PeaJbHBIX CAWTOB JJIA MO-
IeMPOBAHUS IeH Ha HeIBUIKUMOCTD U OIIeHKY CTeIeHU IIPUBJIeKaTeIb-
HOCTH Pa3JIUYHBIX JIIOJEH.

I'nasa 8 «IIocmpoernue yernoswvLx modeeil»

OmnucbiBaeTcsi MOAXOJ K PEIIeHUI0 3aJaud MPeACKa3aHus YUCIOBBIX
3HAUYEHU, a He KJaccuduranuu. [[aa 9Toro npuMeHseTca MeTox k-0au-
aeaiiuux cocedeil U aJITOPUTMBI ONITUMUS3AIIUY U3 TJIABEI 5. OTH METObI
B coueTaHuu ¢ eBay API ucnonbsyioTcs I/ MOCTPOEHUSA CUCTEMBI IIPO-
THOBVMPOBAHUA OKOHYATEJIbHOM IIeHBI HAa TOPrax MCXOAA U3 HEKOTOPOTO
Habopa CBOMCTB.
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I'nasa 9 «Boaee caoxcHbvle cnocobvl Kaaccupurayuu: sdepHvie memoodbsl
U MAULUHBL ONOPHbLX BEKMOPOE»

TTokasaHo, Kak MOYKHO MCIIOJB30BATH METOJ OMOPHBIX BEKTOPOB JIA
moxbopa map Ha caTaxX 3SHAKOMCTB WJIX B CUCTEMax mmoa6opa mpodeccro-
HAJBbHBIX KaApoB. MAIIKMHBI OIOPHLIX BEKTOPOB — JOBOJILHO CJIOMKHASA
TeXHNKa, OHA CPaAaBHHBAaeTCA C AJIbTEPHATHUBHBIMHA METOAJUKaAMM.

I'naesa 10 «Bvldenetue He3A8UCUMBLYE NPUSHAKO8»

Conep:KUT BBeZieHIEe B CPABHUTEJIbHO HOBYIO METOAUKY — HEOTPHUIATEIb-
HYI0 MaTpUYHy0 (PaKTOpPU3anuio, KOTopad MPUMeHAeTCA [JIA IIOUCKA
HEe3aBUCUMBIX ITPUBHAKOB B Habope JaHHBIX. HacTo 31eMeHTHI Habopa
JaHHBIX IIPEJICTABJIAIOT CO00H KOHIJIOMepaT PasJINYHbIX 3apaHee HEM3-
BECTHBIX INIPM3HAKOB. JlaHHA#d MeTOAWKA II03BOJIAET PACIO3HATH HTHU
npusHaku. OnncanHas TeXHUKA JeMOHCTPUPYeTCca Ha IpuMepe Habopa
HOBOCTeli, KOT/la OJHA WJM HECKOJbKO TeM HOBOCTU BBIBOAATCS U3 ee
TeKCTa.

T'nasa 11 «360a10UUOHUPYIOWUTL pA3YM»
Copep:xuT BBeJIeHUE B 2eHeMUYECKOe NPozpammMuposar.e — BECbMa IIpo-
IBUHYTYIO TEOPUIO, KOTOPAA BEIXOAUT 3a PAMKY ONTUMUIAIINY U II03BO-
JaaeT PaKTUUECKU CTPOUTH AJITOPUTMBI PEIIeHUA 3aJaull, OCHOBAHHEBIE
Ha mjee sBoJIIONIMH. B KauecTBe MpuMepa paccMaTpUBaeTCs IIPOCTad UT-
pa, B KOTOPO¥l KOMIIBIOTED M3HAYAJIBHO UTPAET IIJI0XO0, HO IIOCTEIIeHHO
MoAuGUIIUPYET CBOM KOJ, U UeM OOJIbIIIE UTP CHITPAHO, TEM COBEPIIIEH-
Hee eT0 YMeHIe.

I'nasa 12 «Csodxa anzopummos»

00630p Bcex aJTOPUTMOB MAIITIHHOTO 00yUYeHUA U CTaTUCTUUECKOI obpa-
00TKU, PACCMOTPEHHBIX B 3TOM KHUTre. BHIMOIHAETCS TaKIKe UX CpaBHe-
HUe B IIJIaHE IIPMMEHNMOCTHU K PEIIEHNI0 HECKOJBKNX MCKYCCTBEHHBIX
3aad. ITO IOMOKET BaM ITOHATh, KaK OHU paboTaT, ¥ BU3YAJIbHO IIPO-
CJeINTh, KaK KaKIbIi aJITOPUTM IPOU3BOIUT pasdreHe TaHHbIX.

ITpunoxcenue A «JononrHumenvHble OUOLUOMEKU»

IIpuBoauTca mHDOPMALIUA O JOTMOJIHUTENIBLHBIX OMOIMOTEKAX, UCIOJIb-
30BaHHBIX B 3TOI KHUTeE: I'Zle UX HAWTU U KaK YCTaHOBUTD.

IIpunoxcenue B « Mamemamuueckue Gopmyiol»

IIpexncraBiensr OPMYJIbl, OMMCAHUA W KOJ AJII MHOTUX MaTeMaTUUEC-
KUX IOHATHN, BCTPEUAIOINXCSA Ha CTPAHUIAX HACTOAIe KHUTH.

Vipa:kHeHUs B KOHIIE KaKIOU IJIaBbl COAEPIKAT UAEH O TOM, KaK 0000IIUTH
OIMCAHHBIE AJITOPUTMBI 1 CAEJATh UX 60Jiee MOIITHBIMMU.

MpuHATbIe cornaweHns

B kuure IIPUMEHAIOTCA CIeJyIoIiue H_IpI/I(I)TOBbIe BbIJECJICHUA:
pncT pns anemeHTOB MHTepdeiica

HasBauusa OIyHKTOB MEHIO, KHOIIOK W «TOPAYMX» KJIABUII (HAIIPUMED,
HCIIOJIb3yeMEBIX B coueTanuu ¢ Alt u Ctrl).



BeepeHne 17

Rypcus

HoBble TepMUHBI, 3JIEMEHTHI, HA KOTOPBIE CJIeAyeT 00paTuTh BHUMAHUE,
u agpeca BeG-caiiToB.

MOHOWMPUHHBIA WPUGT

Komauap!, (aru, mepekJgoUYaTeln, IIepeMeHHble, aTPUOYThI, KJIABU-
v, PYHKIMN, TUIBI, KJIACCHI, IPOCTPAHCTBA MMEH, METOALI, MOAYJIH,
CBOIiCTBa, MapaMeTpPhbl, 3HAUeHU I, 00'bEKThI, COOBITHS, 00PabOTUNKY CO-
oberTuii, Teru XML u HTML, maxpocsl, cogep:xkumoe (DaiijioB u TaHHbIE,
BBIBOAMMbBIE KOMAHIAMH.

MOHOWMPUHHBIA NONYXUPHbIA

KoMaHIBI 1 MHOM TEKCT, KOTOPBIH IMOJIB30BATEb TOJIKEH BBOIUTH OYK-
BaJILHO.

MoHOWMPUHHBIVE KypCuB

TekcT, BMecTo KOTOPOI'O II0JIb30OBaTeJIb JOJIKEH IIOACTaBUTh CBOU 3HAa-

YeHHd.
& &
s

.

- Ilox Takoi MKOHKOM MpecTaBIeHBI COBETHI, IPEAIOKEeHUA U 3a-
L)

WY g . MevaHud 0011Iero xapaxkrepa.

(IS

O npnmepax koga

ITa KHUTA IPU3BaHA ITIOMOTaTh BaM B pabore. IlosaToMy BbI MOKETE UCIOJIb-
30BaTh IPUBEAEHHLIN B Hell KOJ B COOCTBEHHBIX IMporpaMMax 1 B JOKYMeH-
ranuu. CIpaninBaTh y Hac paspelenne Heo0A3aTeIbHO, €CJIU TOJBKO BbI HE
cobupaeTech BOCIIPOM3BOAUTh 3HAUUTEJBHYIO YacTh Koma. Hampumep, He
BO30OpaHseTCs BKIIOUUTDL B CBOIO IPOTPAMMY HECKOJbKO (h)parMeHTOB Koaa
3 KHuru. OIHAKO IJIs IPOJasKy UJIN PACIIPOCTPAHEHU A IPUMEPOB HA KOM-
MMaKT-IUCKe paspelnenue tpedyercsa. [luTupoBaTh KHUr'Y U IPUMEPHI B OT-
BeTax Ha BOIPOCH! MOXKHO 0e3 orpanndeHuii. Ho ana BKIIOUeHUS 3HAUU-
TeJBHBIX 00'EMOB KOZ|a B JOKYMEHTAIIHIO II0 COOCTBEHHOMY IIPOAYKTY HY K-
HO HOJIYUYUTH paspelreHne.

MbI BBICOKO IIEHUM, XOTS U He TpedyeM, CChIIIKY Ha HaIlllh u3faHusd. B cchL-
Ke OOBIYHO YKAas3bIBAIOTCSA HAa3BaHMWE KHUI'M, UMSA aBTOPA, U3JATEIbCTBO
u ISBN, nHampumep: «Programming Collective Intelligence by Toby
Segaran, Copyright 2007 Toby Segaran, 978-0-596-52932-1».

Ecau BB moJiaraeTe, 4TO IJIAHUPYEMOE MCIIOJb30BAHNE KOJA BBIXOIUT 34
PaMKH! M3JI0XKE€HHOH BBIIIE JUIEH3NH, IOMKAIyiicTa, 00paTUTEeCh K HAM II0
ampecy permissions@oreilly.com.

Kak c Hamu cBfizaTbCA

Bompock! 1 3aMeuaHus M0 ITOBOAY 3TOH KHUTH OTIIPABJIANATE IO aJipecy:

Hszdamenvcemeo «Cumson-Ilntoc». 199034, Cankm-Ilemepbype, 16 au-
Hua, 7.

Ten. (812) 324-53-53
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s aTol KHUTM MMeeTCs BeO-CTpaHMIla, HAa KOTOPOH BBIKJIAALIBAIOTCS
CIIMCKY 3aMeUYeHHBIX OIIMOOK, IPUMEPHI M PA3HOTO POJAA JOIOJHUTEIbHAA
uHbpopmausa. Axpec CTpaHUIIBI:

hitp://www.oreilly.com/catalog/9780596529321
3ameuaHusi, BOIPOCHI TEXHUUECKOT0 XapaKTepa, a TAKKe CBOU ITOKeIaHU A
BBI MOKETe OCTABUTh Ha HAIlleM caiTe
http://www.symbol.ru
Tam xe MOKHO HANTH NHPOPMAIUAIO O APYTUX HAIIMUX KHUTAX.
bnaropgapHocTu

§1 xoTes GBI BEIPABUTH IPU3HATEILHOCTE BCEM COTPYAHUKAM M3aTeIbCTBA
O’Reilly, mpuHHUMABIIUM yJYacTye B IOATOTOBKE U BBINTYCKE BTOM KHUIU.
IIpe:xne Bcero xouy nmobaarogaputh Hara Topkunrrona (Nat Torkington),
KOTODPHI# CKasaJl MHe, UTO UAes KHUTH 3acJy:KuBaeT BHUMaHuA; Maiika
Xengpukrcona (Mike Hendrickson) u Bpaitana [[sxencona (Brian Jepson) 3a
TO, YTO OHU IIPOABUJIYN K KHUTEe WHTEPeC U NOoOyAuIn MeHs B3ATHCA 3a ee
Hanucauue; u ocobeaHo Mospu O’Bpaiten (Mary O’Brien), KoTopas craia
pexakTopoM BMecTo Bpaiiana u Bcerja ymesa paccesiTb MOU OIACEHUS II0
TIOBOJY TOTO, UTO 3TOT IIPOEKT MHE He 110 3y0aM.

W3 mpous3BOACTBEHHOTO KOJIJIEKTUBA A XOTeJ Obl mobisarogaputh Mapioy
ITedpdepa (Marlowe Shaeffer), Po6a Pomano (Rob Romano), [I:xeccamuu
Pun (Jessamyn Read), 9mu Tomcou (Amy Thomson) u Capy Illuaiimep
(Sarah Schneider) 3a To, 4TO OHU IIpeBPATUIN MOU PUCYHKH U TEKCT B He-
YTO TAKOE, Ha YTO MOKHO B3TJIAHYTH 0€3 OTBpPAIlleHUs.

Cmacubo BceM, KTO IPUHKUMAJ yUaCTHE B PEIeH3UPOBAHNN KHUTH, 0COOEH-
Ho ITosry Tuma (Paul Tyma), Marteio Pacceny (Matthew Russell), H:xxeddy
Xammepoaxepy(Jeff Hammerbacher), TeppuKamepaeraro(TerryCamerlen-
go), Aunpeacy Beiireany (Andreas Weigend), [suneny Paccenny (Daniel
Russell) u Tumy Yoarepcy (Tim Wolters).

Coacub0 MOMM POAUTEIIAM.

" nakowHer st oueHb 6J1arofiapeH HeCKOJIBKUM CBOUM [PY3biM, KOTOPHIE I10-
MOTajau MHe UJesSMU AJid 9TOM KHUTKU M He OOMIKAJINCh, KOTZA Y MEeHs He
XBaTajio Ha HUX BpeMeHu: Auapea MarTbiocy (Andrea Matthews), I:xed-
¢y Buny (Jeff Beene), JJaype Muakaga (Laura Miyakawa), Heitry Ctpoyny
(Neil Stroup) u Bpyky Batomerniraiiny (Brooke Blumenstein). Pa6ora uHag
9TOM KHUTOM ObLiIa OBl Ky/Ia CJI0KHee, eciv ObI He Ballla MOANEP:KKa, U YK
TOYHO B Hell He IOSBUJIOCH ObI HECKOJbKUX M3 Haubojee yBIeKaTeJbHbBIX
IPUMEPOB.



BBeaeHe B KONIEKTUBHbIN pPa3yMm

Komnauna Netflix sanumaercsa ounnaiinoseiM npoxaTom DVD. IToansosa-
TeJIb BeIOUpAaeT (PUIbM 1 3aKa3bIBAET €ro JOCTABKY, 4 KOMIIAHNSA PEKOMEH-
ayer apyrue (puabMbl Ha OCHOBE TOT'0, UTO 3aKa3bIBAJIN JPYTHe II0Jb30BaTe-
au. B koumne 2006 roga KoMImaHUA OPEAJOKUJIA IIPU3 B 1 MJIH DOJIJTapoB
TOMY, KTO YJIYUYIIUT TOUHOCTh CCTEMEI peKoMeHmoBaHus Ha 10% , npuuem
CYMMY BO3HATPAKICHUS KaKIBIA IO MPEAII0Jarajoch yBeJINUMBATL Ha
50 000 monnapoB. B KOHKYypCce IPUHAIN yUaCTUE THICAYN KOJJIEKTUBOB CO
Bcero Mupa, u B anpese 2007 roga mobeguTeI0 YIAIOCHh JOOUTHCA YIYyUIIIe-
HusA HA 7% . [Tosb3ysachk TaHHBIMY O TOM, KaKKe (PUIbMbI HPABATCS II0JIb30-
BaTesaM, Netflix ymaercs peKoOMeHIOBATh CBOMM KJIHEHTAM TaKue (Quib-
MBI, O KOTOPBIX OHM JasKe He CJBIIIaan. B pesyabrare JI0gU IPUXOIAT CHO-
Ba u cHoBa. ITosToMy J11000€ yCOBEPIIIEHCTBOBAHNE CUCTEMbI PEKOMEHI0BAa-
Husa npurocut Netflix OoJbiniue feHbIM.

ITouckoBas mamnunua Google 6n11a sanyiena B 1998 roay, Korga Ha peIHKE
yoKe MMeJIOCh HeCKOJIBKO KPYIIHBIX IIOMCKOBUKOB. MHOTHE cUMTaIU, YTO
HOBUYKY HUKOTZA He JOTrHATh rurauToB. Ho ocuoBarenu Google mpuayma-
JIV COBEPIIIeHHO HOBBII IMMOAXO0/ K PAHKHUPOBAHUIO Pe3yJIHLTATOB IIOUCKA, OC-
HOBAHHBIN HA MCIIOJb30BAHUM CCHLIOK C MUJIJIMOHOB caliToB. VIMEHHO Tak
OHU pelIai, KaKue CTPaHUIIbI HanboJee peieBaHTHBI 3amrpocy. PesyabTa-
oI moucka Google oKasaInch HACTOJNBKO JyUIlle, YeM Y KOHKYPEHTOB, YTO
K 2004 rogy sTOT HOMCKOBUK O0CIYKuUBaJ 85% BCeX IOMCKOBBIX 3aIIPOCOB
BOo BcemupHoit mayture. OcHOBaTe M KOMIIAHUY TeIlepPh 3aHNMAIOT MeCTO
B JecsATKe OoraTedminx JoAeii Mmupa.

Yro 001I1ero MeXK Ay SBYMA STUMU KoMuanuamMu? W Ta u pyras cyMeJId BbI-
CTPOUTE CBOM OM3HEC HA IPUMEHEeHNN N30I[PEHHBIX AJITOPUTMOB 00'beJuHe-
HUS JaHHBIX, IIOJYUYEHHBIX OT MHOKecTBa Jogeii. CIIocoOHOCTh coOOMpaTh
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nH(GOPMAIIXIO 1 HAJNUYNe BEIUMCINTEIbHBIX MOIITHOCTEH! IJIs ee HHTepIIpe-
TaIMX OTKPBLIY HOBLIE BO3MOYXHOCTH COTPYAHMUYECTBA U MO3BOJIMIN JIyd-
1IIe IOHATH IIOTPE0HOCTH II0JIb30BaTe/Iel U 3aKa3unKoB. TaKue 3aqaun BO3-
HUKAIOT II0BCEMECTHO: CAAThI 3HAKOMCTB IIOMOTAIOT JIIOAAM ObICTpee HaXo-
INTL cebe mapy; MOABJSIOTCA KOMIAHUY, IPOTHO3UPYIOIINE U3MEHEHNE
IleH Ha aBUaOUJIeThl, 1 OYKBAJbHO BCE JKAKIYT JYUIlle ITIOHUMATH CBOUX
KJHNEHTOB, YTOOBI IIPOBOAUTD IeJIeHAIIPABIEHHBIEC PeKJIAMHbBIE KaMIIaHWN.

U 510 Bcero UL HECKOJBKO IPUMEPOB U3 MHTEPECHeHNIIel 00J1acT KOJI-
JIEKTHUBHOTO pasyMa. A pacrpocTpaHeHre HOBBIX CAYKO O3HAUaeT, YTO HO-
Bble BO3MOJKHOCTU OTKPBIBAIOTCS €:KedHeBHO. 1 ImoJaraio, 4TO XOpoIlee
BJIaJleHEe MeTOJaMU MAIIMHHOTO O0yYeHUs U CTaTUCTUYECKON 00paboTKU
JTaHHBIX OyIeT CTAaHOBUTHLCA Bce 00JIee BAXKHBIM 1 HAXOAUTE IIPUMEHEHMe BO
Bce HOBBIX c(hepax. Ho 0cobyio sHaUMMOCTh TpUOOpeTaeT yMEHUE OPTaHu-
30BaTh 1 MUHTEPIIPETUPOBATDH KOJOCCAJIbHBIE MACCUBBI MHPOPMAIINU, CO3/Ta-
BaeMOM JIOABMHU CO BCETO MUpA.

UTo Takoe KONNeKTUBHbIN pa3yMm

BripaskeHUe «KOANIEKMUBHULI pa3yMm» B XOAY VyKe HECKOJIbKO NeCATHIIIE-
TU, HO CTAJIO BaKHBIM 1 MMOMYJIAPHBIM C TPUX0IOM HOBBIX KOMMYHUKAIH-
OHHBIX TeXHOJ0orui. OHO MOJKeT BBEI3BATh aCCOIMAIINY C TPYIIIIOBBIM CO3HA-
HIEM UJIM CBEPX'HECTECTBEHHLIMU ABJIEHUAMU, HO TEXHUUYECKN OPUEHTHUPO-
BaHHBIE JIIOAY O0OBIYHO IIOHNMAIOT IO 9TUM M3BJIeUeHe HOBOTO 3HAHUA 13
00'beIUHEeHHBIX IIPEAIIOUTeHNIi, IOBedeHNusA U IIPeACTABIEHUN HEKOTOPOii
TPYIOBI JIOAe.

KoneuHo, KOJJIEKTUBHBIN pa3yM ObLI BOSMOXKEH U JI0 TOABIeHUs VIHTEepHE-
Ta. A Toro UTOOBI CcOOMpPATh NaHHBIE OT Pa3pO3HEHHBLIX T'PYIN JIOAEH,
00BeIMHATh UX U aHAJW3UPOBATh, BceMUpHasA HmayTHUHA COBEPIIEHHO HE
Hy:XHa. B umcio BaskHeHIMuX (OpM IOZOOHBIX MCCIEIOBAHUN BXOLAT CO-
MIOJIOTUYeCcKe Onpochl U mnepenucu. IlosyueHre oTBeTOB OT 0OJIBIIOTO
4ncia el M03BOJIAeT AeJIaTh O IPYyIe TAKKUe CTAaTUCTUYeCKNe BEIBOASI,
KOTODEIe Ha OCHOBe eIUHUYHBIX JaHHBIX ClIesaTh HeBO3MOKHO. Ilopoxae-
HYe HOBBIX BHAHUH UCXOM s U3 JAaHHBIX, IOJYUYEHHBIX OT He3aBUCUMEBIX pec-
IIOHJIEHTOB, — 9TO U €CTh CYTh KOJIJIEKTUBHOTO pasyMa.

XOopoInM MpuMepoM MOTYT CJIYKUTH (PMHAHCOBBIE PHIHKH, T'/e IleHa ycTa-
HABJIMBAETCS He II0 YKeJIAHUI0 UHANBUAYYMAa WU IIyTeM CKOOPAUHUPOBAH-
HBIX YCUJINI, a B pe3yJIbTaTe MOBEeIeHNA HA TOPrax MHOYKECTBA He3aBUCH-
MBIX JIIOJIel, KOTOPEIe MeHCTBYIOT B COOCTBEHHBIX MHTEpecax. XOTs Ha IIep-
BBIM BBIJIAJ 9TO IPOTUBOPEUUT MHTYUINU, CUUTAETCH, UTO (Pbl0uepCHbLE
PUlHKU, TIe MHOTOUNCJIEHHBIE YUACTHUKY 3aKJII0YAIOT KOHTPAKTHI MCXOAA
W3 CBOUX IIPeJCTaBJIeHN’II 0 OyAYIIKNX IeHaX, CIIOCOOHEI IPeCKAa3bIBATE IIe-
HBI 60JIee TOUHO, YeM He3aBUCHUMbIe dKcIepThl. O0bsICHSIETCA 9TO TEM, UTO
TaKne PLIHKYN aKKYMYJIHUPYIOT 3HAHUSA, OIBIT M MHTYUIUIO THICAY JIIOLEH,
a 9KCIIePT-OAMHOYKA MOJKET II0JaraTbCs TOJbKO Ha cels.
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XoTsa MeToAbl KOJJIEKTUBHOI'O Pa3yMa CYIIeCTBOBAJIU U 0 MOABIeHuA VH-
TepHeTa, BOSMOXXHOCTb II0JIydaThb I/IH(I)OpMaIII/IIO OT ThICAY N JaxKe MUJLJIN-
OHOB JI0Jeit Bo BceMupHoIi mayTrHe OTKPhLJIA MU POYANIITNI CIEKTD HOBBIX
BOBMOJKHOCTeI. B s11060i1 MOMEHT BpeMeH! KTO-TO OJb3yeTcs UHTepHETOM
JLJISI COBEPIIIEHNA MOKYIIOK, B MCCJIEOBATEIbCKUX IEJAX, B IOUCKAX Pas-
BJIEUEHUH MM Pagu CO3MaHUSA COOCTBEHHOTO caiiTa. AT JeHCTBUA MOIKHO
OTCJIE}KMBATH U U3BJIEKATD U3 HUX NH(MOPMAIINIO, JaKe He 33aBas I0JIb30-
BaTeJi0 BOmrpocoB. CyIiecTByeT MHOYKECTBO CIIOCOO0B 00paboTaTh U MHTEP-
IpeTupoBaTh 9Ty MH(popManuio. BoT mapouka mpmMepoB, UJILIIOCTPUPYIO-
IUX MIPUHIITUIINAJIBHO Pa3HbI€ IIOAXO0AbI.

e Burxunedus — 3TO OHJIANHOBAA SHITUKJIONEANA, CO3AaBaeMas UCKIIOUN-
TeJFHO CAMUMHU HOJIb30BATENAMU. JI1000#1 YeJIOBEK MOYKET CO30aTh HO-
BYIO CTaTBhIO WJIN OTPEJAKTUPOBATDH yiKe CYIIECTBYIOIIYIO, & IIOBTOPAO-
IIUecs MONBITKY HeJ03BOJIEHHOT'0 UCIIOJIb30BaHUA IPECEKAIOT HEMHOTO-
YrcJeHHbIe afMUHUCTPaTOphl. B Bukunenuu 6osbiiie craTeii, ueM B JIfO-
00i1 IPYTOi SHIIUKJIONEIUN, U, HECMOTPSA Ha MAHUIYJISIINYA HEKOTOPBIX
3JIOHAMEPEHHBIX I10JIb30BaTeIel, CUNTAETCHA, UTO IO OOJILIIIUHCTBY TEM
uHGOpMAIIUA TOYHA. ITO IPUMEP KOJJIEKTUBHOTO PasdyMa, MMOCKOJIbKY
KaKJad cTaThdA HOAAepPsKUBaeTcs 00IbIION IPYIIIOM JI0Iei, a B Pe3yJib-
TaTe MOJydyaeTcs TBOPeHMWEe, HAMHOI'O IIPEBOCXOJAINee BCe, UTO MOTJIa
OBI CO3IATH OJHA OPTaHM30BaHHAA rpynna. IIporpamMmMHoe obeciieueHme
Bukumneguu He moaBepraeT coOpaHHYI0 MHMGOPMAIIUU KAaKOU-TO 0c000
WHTeJJIeKTYaJbHO 00pab0TKe; OHO IIPOCTO OTCJIEKMBAET M3MEHEeHM!S
¥ 0TOOpasKaeT MOCJIeHIOI0 BePCUIO.

o VY:ke ymoMmHaBIIascsa cuctema Google — camas monyasdapHas B MUpPeE II0-
MCKOBAas MalllnHa. B Hell BepBbIe AJId PAHKUPOBAHUA BeO-CTPAHMNIIL ObLI
IIPUMEHEH IIOJXOJ, OCHOBAHHBLIM Ha KOJHWUYECTBE CCHLJIOK Ha AHHYIO
crpanuny. [yia sToro Heo6xoAMMO cOOpPaTh HHGOPMAIIUIO O TOM, UTO IY-
MaloT O JaHHOU CTPAHUIlE THICAYU JIOJEN, M BOCIOJH30BAThCA €10 AJIs
COPTUPOBKU DPE3YJIBTATOB IIOKCKA. OTO COBEPIIEHHO APYTOi IpUMeEp
KOJUJIEKTUBHOTO pasdyMma. Eciu Bukunenusa mpuriamiaet mojib3oBareset
BHECTH CBOU BKJIaJ B co3JaHue caiita, To Google uspiaekaer undopma-
IIUI0 U3 TOTO KOHTEHTA, KOTOPHIN IIOJIB30BATENU YK€ PasMECTHJIM Ha
CBOMX COOCTBEHHBIX CaliTax, M IPUMEHAET ee AJIA FeHePUPOBAHUA OIle-
HOK OT MMEHH I10JIb30BaTeJeN.

Xota Bukumnenns — saMedaTesJbHBIIA pecypc M BIEUATIAIONIAIN HpUMep
KOJIJIEKTUBHOI'O pPasdyMa, CBOMM CYII[eCTBOBAHMEM OHAa 00si3aHa CKopee KO-
JUYECTBY MOJIb30BaTejeli, TOTOBBIX IIOMOJHATL cauT mHOpMAaIuei, ueM
M30IIPEeHHLIM IPOTPAaMMHLIM aJITOPUTMaM. B aTol KHuUTre Hac OyaeT MHTe-
pecoBaTh MPOTUBOIOJIOKHBIN KOHEI[ CIIeKTPa, Ha KOTOPOM Pa3sMECTHJINCH
Takue aaropuTmbl, Kak Google PageRank, rae cobupaercsa nHpopMAaIusd
0 TIOJI30BATEJIAX U C IOMOIIBIO BEIYUCIEHUN MOPOKAAeTCA HoBasI MHMOP-
Malus, cIoco0HasA caeaTh paboTy moJib3oBaTe el 6oJsiee YIOOHOM 1 PO-
IyKTuBHOIM. HeKoTOphIe faHHBIE COOUPAIOTCS ABHO — CKAYKeM, IT0JIH30BaTe-
JIA IPOCAT YTO-TO OIEHUTH; APYyTue — He3aMeTHO, HaIpuMep, HabJiogasa 3a
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TeM, UTO IIOJIb30BaTEJ TOKYIIAal0T. B 060ux ciyuadax BasKHO He TOJIBLKO co0-
paTh U 0TOOPA3UTH JAHHBIE, HO 11 00Pab0TATh UX C IEJIbI0 MMOJYUeHU HOBOM
nHpOpMaILUA.

B a0l KHUTE OyAyT IPOJEeMOHCTPHPOBAHBI CIIOCOOBI cOOPa JaHHBIX € IIOMO-
b0 OTKPHITEIX API 1 onucass! pasinyHble aIrOPUTMBI MAITTHHOTO 00y~
YEeHUS U CTATUCTUYECKOI 00paboTKku. CoueTaHMe TOTO U APYTOTO ITO3BOJIUT
MIPUMEHUTH METOAbI KOJIJIEKTUBHOTO pa3yMa K TaHHBIM, COOpPaHHBIM BaIllu-
MU IPUJIOKEHUAMHU, & TaKyKe MOSKCIIePUMEHTHUPOBATD C JaHHBIMU U3 APY-
TUX UCTOUHUKOB.

UTo Takoe MaLllnHHoe 06y‘-IeHI/Ie

MaminaHOe 00yUYeHre — 9TO OAHA N3 AUCIHUILINH NCKYCCTBEHHOI'O MHTEJ-
aexktra (UU), umerolias AeJi0 C aJrOpuTMaMU OOYUEHUsS KOMIILIOTEPOB.
B GOIBIITMHCTBE CJIyYaeB 9TO O3HAUAET, UTO aJTOPUTMY IIOJAETCS Ha BXOJ
Ha0Op JaHHBLIX, a4 OH BBEIBOAUT MH(POPMAI[MIO O CBOMCTBAX 3THX JAaHHBIX,
mpuYeM TaK, UTO Ha OCHOBE BBIBEJEHHONM mMH(pOpMAIMM CIIOCOOEH HesIaTh
MpeAcKasaHusd O JaHHBIX, KOTOPbIe MOMKET YBUAETH B OYyAyIlleM. OTO BO3-
MOJKHO IIOTOMY, UTO IIPaKTUYECKHU BCe HecayUaliuble JaHHbIE COMepsKaT Ka-
KMe-To 3aKOHOMEPHOCTH (TIaTTePHBI) U, BHIABUB X, MAIlIMHA CIIOCOOHA CclIe-
JaTb 00061ieHre. YTOOBI HAZEIUTh MAIIINHY CIIOCOOHOCTHIO K 0000IIIeHUIO,
eif HaJ10 3a1aTh M00e/lb, KOTOPAas OIpPeaessaeT, KaKie aCIIeKThI JaHHbIX CUM-
TaTh CYIIeCTBEeHHBIMU.

YT00BI IOHATH, KAK YCTPOEHA MO/IEJIb, PACCMOTPUM IIPOCTO IIPUMED U3 I0-
BOJIBHO CJIOYKHOMN 00J1aCTH (PUABTPAIMA IIOUYTOBOIO craMa. IIpeamoaosKum,
BHI IIOJIyUaeTe Ky4uy cllaMa, CoepsKalnero cjosa online pharmacy. Bl — ue-
JIOBEK M OT HPUPOILI HAlleJeHbl CIIOCOOHOCTHIO PACIO3HABATE 3aKOHOMED-
HOCTH, II0O9TOMY Cpa3y ke IIOHUMaeTe, UTo JIFo0oe cCoo0IIeHre, coepKaIiee
¢pasy online pharmacy, HagJIeKUT OTIPABIATL HIpAMUKOM B Kopsumy.
ITto 00061eHre — BBl (DAKTUYECKH CO3IAJIN MBICJIEHHYIO MOJAEJIb TOTO, YTO
Takoe crmam. Ilocse TOro Kak BbI HECKOJIBKO pPa3 IIOKA3aJIH, UTO CUUTAETE
TaKue COOOIIeHNs CIIaMOM, aJTOPUTM MAIIIMHHOTO O0yUeHUs, MpeJHasHa-
YeHHBIA IJs QUILTPAIMM CIIaMa, GOJKeH OBITH CIIOCOOEH CAeaTh TaKoe
JKe 00001IeHme.

Cy1iiecTByeT MHOTO aJIFOPUTMOB MAIIIMHHOI'O O0YyUYEHUS, Y KaKJOr'0 eCTh
CBOU CUJIbHBIE U cjIabble CTOPOHBI, KAXKABIN IIpeqHa3HAYEH AJISA PeIleHus
OIIpeieJIEHHOTO KJlacca 3ajau. HeKoTophle, HAIIPUMED AePEBbs PEIeHuH,
IIPO3PAYHBI, TO €CTh HAOJIIOJATENh MOHUMAET BECh XOJ PacCy:KIeHUN Ma-
muHbl. [Ipyrue, HampuMep HEMPOHHBIE CETH, IPEJCTABIAIOT cO00# «uep-
HbLil AWUK», TO €CTh BBIJAIOT OTBET, HO BOCIPOM3BECTHU X0 pacCy KIeHU
yacTo OBIBAET OUEHD CJIIOYKHO.

B ocHOBE MHOTHX aJITOPUTMOB MAIITMHHOTO O0yUYeHUA JIEKUT cephbe3HadA Ma-
TeMaTuKa W cratucTuira. CoryiacHO JaHHOMY MHOM paHee OIIpPeJeIeHUIO
MOJKHO Ja’Ke CKasdaTh, UTO IPOCTON KOPPEJANMUOHHBIN U PErpecUOHHBIH
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aHaam3 — ToKe (opPMBI MaIIIMHHOTO 00yueHUsA. B 9T0M KHUTe He IpeaIoa-
raercsi, 4TO YUTATEJb XOPOIIO 3HAKOM C MATEMaTHUUYECKON CTAaTUCTUKOMN,
[IO3TOMY §1 CTapaJicd O0BACHATD IPUMeHAeMble METObI HACTOJIbKO IIPOCTO,
HACKOJILKO BO3MOJKHO.

OrpaHu4YeHns MalWMHHOIO O0y4YeHNs

YV MamuHHOrO 00yYeHUsS eCTh CBOU CJa00OCTH. AJITOPUTMBI PA3HATCS II0
CIIOCOOHOCTHU JiesiaTh 0000IIeHNs Ha OCHOBE GOJILIITNX HAaOOPOB MATTEPHOB,
U ecJi HEeKUH MaTTepH HUKOTAA IperkJe He BCTPEeUaJICs, TO BO3MOMKHA ero
omuboyHas nHTEepHperanusa. Yesoek ob6s1azaeT obIIEeKyJIbTYPHOM TOATO-
TOBKOI1 ¥ OITBITOM, Ha KOTOPOM OCHOBBLIBAET CBOU CYIKJEHUSA, a TAKIKe YHU-
KaJIbHOM CIIOCOOHOCTBHIO PACIIO3HABATH IIOXOYKUE CUTYaIlluu, KOTZa IPUHU-
MaeT peIleHus Ha OCHOBe HOBOI mHGopManuu. MeToAbl Ke MAIIUHHOTO
00yueHUusA MOTYT AeJaTh 0000IIeHN JUIIIb OIS TeX HJaHHBIX, KOTOPhIE yViKe
BU/[€JIV PAHbIIIE, U Ja’Ke B 3TOM CYIIIECTBEHHO OTPDaHUYEHbI.

Meton huabpTpanuu cnaMa, ¢ KOTOPBIM BbI 0BHAKOMUTECH B 9TOM KHUTE, OC-
HOBaH Ha aHAJIM3e BXOXKAEHUN HEKOTOPBIX CJIOB UM (hpas 0e3 yuera ux ce-
MaHTUKU U CTPYKTYPHI IpeIJoKeHuA. XOTA TeOPeTUYeCKU BO3MOXKHO I10C-
TPOUTH AJITOPUTM, KOTOPBIH OyIeT IpUHUMATL B pacueT I'paMMAaTHUKY, Ha
IpaKTHKe TaK HIOCTYNIAlT DPegKO, IIOTOMY UYTO 3aTpaThl HecOpasMepHBI
¢ YJIy4IlleHeM, KOTOPOTO MOXKHO IocTuub. IloHMMaHUe cMbICJIa CJIOB UIU
UX COOTHECEHHOCTHU C KM3HBI0O KOHKPETHOTO UeJIOBeKa TpebyeT Kyza 60Jb-
1I1e UHPOPMAIIUH, UeM MOTYT IIOJYUYUTh COBPeMeHHbIe (PUILTPHI cIIaMa.

Kpome Toro, Bce ajJiropuTMbI MAIIIMHHOTO O0OYYEHNUA B TOW WJIM MHOM Mepe
CTPAgAIOT OT IPOOIEeMEI Upe3MepHOT0 06001IeHnA. Kak uacTo GBIBAET B 2KU3-
HH, CTPOroe 0600IIeHe Ha OCHOBE HEMHOTUX IIPUMEPOB PEIKO OKa3bIBaeT-
cs TOYHBIM. BIIOJIHE MOXKET CTaThCsA, YTO BHI IMOJYUHUTE OT APYyra BarKHOE
MMUChMO, coZepskariee caosa online pharmacy. B Takom ciryduae BuI cOOOIIH-
Te aJrOPUTMY, UTO 3TO COOOIIeHe He ABJSEeTCA CIIaMOM, a OH MOJKET cle-
JIaThb BBIBOJI, UTO OT JAHHOTO OTIPABUTEJIA CJeAyeT MPUHNMATD JIIOObIE CO-
obOmenus. IIpupoga aaropuTMOB MAIIIMHHOTO 00yUYeHUsS TaKoBa, UTO OHU
IIPOJOJIIKAIOT 00yYATHC 10 Mepe IMOCTYILIeHU HOBOM MH(MOPMAIIUH.

Mpumepbl N3 peanbHOM XXU3HU

B NHuTepHeTe ceifiuac eCTh MHOT'O CATOB, KOTOPhIE COOMPAIOT NHPOPMAIIHIO
OT Pas3JINYHBIX JIIOAel 1 00pabaThIBAIOT €e MeTOJaMI MAIIIMHHOT0 00y UeH s
u MaTeMaTuuecKoii cratuctuku. [louckoBas mamuuaa Google — oauu us Ap-
YaWImnx IPUMepPOB; OHA He TOJBKO HCIIOJBL3YeT CCBLIKU AJIS PAaHKXUPOBa-
HUA CTPAHUIl, HO U IIOCTOAHHO coOmMpaeT MHMOPMAIIMIO O TOM, II0 KaKUM
PEKJaMHBIM CCHLIIKAM IEPEeXOAUIN Pa3HBIE IIOJIE30BATENM. JTO IIO3BOJISIET
BBIIaBaTh peKJamMy OoJiee IejieHAIIpaBIeHHO. B riaBse 4 BBl y3HaeTe O IIOKC-
KOBBIX MammmHax u aaropurme PageRank, KoTopblil ABJIseTCA BaKHOMN CO-
CTABHOMI YaCThIO CHCTEMBI PAHXKUPOBaHM cTpaHuIl B Google.
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[naBa 1. BBefeHue B KONNEKTUBHbIN pasym

IIpumepsl MHOTO poZa — 3TO CAWTHI C CUCTEMOU peKoMeHmoBaHus. Hanopu-
mep, Amazon u Netflix ncmonb3yiorT nHGOPMAIIHIO O TOM, UTO JIIOJU ITOKY-
MAaIoT UK OepyT HAIIPOKAT, Ha ee OCHOBE PeIlaoT, KaKue JIOIU NN TOBaphI
MMOXO0KHU, a 3aTeM IIpeAJsiaraloT PeKOMeHIAIlUM MCXOJA U3 MCTOPUU IIOKY-
moK. A Taxue caiiTel, Kak Pandora u Last.fm, mcmonn3yioT omeHKH, KOTO-
pbIe BBl CTABUTE PA3HBIM MY3bIKAJIbHBLIM I'PYINAM U ITECHAM, AJIA CO3TaHUA
TePCOHATU3UPOBAHHLIX PAAUOCTAHIINM, KOTOPbIE, IO UX MHEHUIO, TPaHC-
JUPYIOT IPUATHYIO BAM MY3BLIKY. B riiaBe 2 MbI paCCMOTPUM CIIOCOOBI TOCT-
POeHUs CUCTEM PEeKOMEHIOBAHMUA.

PuviHKU npozH0306 — ellle OAWH BUJ KOJJIEKTUBHOTO padyMa. OQuH 13 caMbIX
M3BECTHBIX cpeau Hux — ['osmmuByackaa poumosada oupsxa (Hollywood Stock
Exchange — http://hsx.com), Tae JTI0AM TOPTYIOT IPOTHO3aMU AJIA (DUIBMOB
¥ 3Be3]] KNHO. BBl MOJKeTe KYIUTh UJIN ITPOJATh IPOTHO3 II0 TEeKYIIel IeHe,
3Hasd, UTO KOHEeUHAas IleHa OyJeT paBHa OJHOM MUJIJIMOHHON OT peabHOI
CYMMBI KaccOBBIX c60poB. IIOCKOJIBKY IleHa yCcTaHABIMBAETCA Ha TOprax,
TO ee BeJIMUMHA He 3aBUCUT HU OT KOHKPETHOTO UHANBUAYYMa, HI OT IIOBE-
IeHUsA KaKOM-TO IPYIIILI, TAK UTO TeKYIIad I[leHa ABJIIeTcA IIPOTHO30M Bce-
O MHOKECTBa TPeHIepPOB OTHOCUTEIbHO CYMMbI KACCOBBIX COOPOB (hurbMa.
IIporuossl N'omuByACcKOM (POHIOBOM OMPIKM OOBIUHO OKAa3bIBAIOTCS TOUHEe
OIIEHOK OT/EJIbHBIX 9KCIIEPTOB.

Ha mHeKoTOpBIX caiiTax 3HAKOMCTB, HampuMep eHarmony, cobpannas muH-
dopmarnusa 06 yuacTHUKAX MCIIOJAb3yeTCs MJIA MOA00pa ONTUMAIbHON ma-
pbl. X0Td TaKue KOMIIaHUY O0BIYHO JAepsKaT MeToAbl IoAGopa map B ceKpe-
Te, BIIOJIHE BOZMOJKHO, UTO IIPU JIIOOOM IIOIX0/Ie, IPETeHAYIOIIeM Ha YCIeX,
He00XOIMMO IIOCTOSIHHO IIEPEeCMATPUBATh OIlEHKU B 3aBUCUMOCTH OT TOrO,
OKAa3aJINCh JIU HOAO0PaHHBIE HaPEl VAAUHBIMU.

Apyrne npyumeHeHns oOy4atoLLMX anropuTMoB

OmnucaHHbIe B 9TOM KHUI'€ METOABI He HOBBI, M, XOTs IIPUMEPEI B OCHOBHOM
KacamoTcd 3a7a4 KOJIEKTUBHOTO pasyma, Bo3HHKaiomux B MHTepHere,
BJIaleHIe aJITOPUTMAMU MAIIIMHHOTO 00yUeHnA Oy IeT MoJe3HO0 U paspadoT-
YHUKaM IPOrpaMMHOI0 00ecIeueHusI BO MHOTUX APYyTruX obiactax. OcobeH-
HO 9TO OTHOCHUTCA K T€M OTPACJIAM 3HAHUSA, rIe TpebyeTca OThICKUBATD NH-
TepecHble 3aKOHOMEPHOCTH B 0OJBINNX HAOOPAaX JaHHBLIX, HAIIPUMED:

BuomexHnoaozus
B pesyabTaTe pa3BUTHUA TEXHOJIOTUH CEKBEHUPOBAHUA U CKPUHUHTA ObI-
JIY CO3IAaHbl OIPOMHBIE MACCUBBI JAHHBIX PA3HOTO BUA: IIOCJIeN0BATE b-
voctu [JHK, 6enkoBbie cTpyKTyphl U PHK-Bripaskenusa. Texauka ma-
IITUHHOTO 00yUYeHUA aKTUBHO IPUMEHAETCA KO BCEM 3TUM JAHHBIM B I10-
IIBITKE OTBHICKATHh 3aKOHOMEPHOCTH, KOTOPHIE IIOMOTJIN OBbI TOHATH OMO-
JIOTUYECKIEe IPOILECChI.

O6Hapycenue PUHAHCOB8020 MOULEHHULeCMEA
Komnanuu, o6ciry:KuBaoue KpeauTHbIe KapThl, TOCTOAHHO M3BICKU-
BaIOT HOBBIE CIIOCOOBI OOHAPYKEHUA MOIIeHHNYEeCKUX Tpausakiuii. Ha
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CerogHsd mJid IIPOBEPKU TpaHSaKHI/Iﬁ U pacClio3HaBaHUA 3alIPEIeHHOI0 1ucC-
II0JIb3OBAHUA IIPUMEHAITCA TaKue MeTOAbl, KaK HGﬁpOHHbIe CeTu U uH-
AYKTHUBHAaA JIOTUKA.

MawunHoe 3perue

Wurepuperanus n3obpakeHU ¢ BHUAeOKaMePbl IJS HYMKJ BOEHHBIX
M OXPaHbl — 3TO 00JIACTH AKTWUBHBIX HCCJeqoBaHuUi. A aBTOMaTHU-
YeCKOro OOHAPYKEHUSA BTOPIKEHUSA, HUACHTU(PUKAINYN TPAHCIOPTHBIX
CPeICTB U YepT JHuIla IPUMEHSIOTCA PasJNUYHble MeTOObl MAIIHNHHOTO
o0yuenusa. OcoOblii MHTEpPeC IPeACTABIIIOT METOAbl O0yUeHnA 6e3 yuu-
TeJisd, HATPUMEDP AHAJU3 He3A8UCUMbLX KOMNOHEHMOE, TO3BOJIAIOIINe
HaXOIUTHb NHTEPECHBIE TATTePHEI B 6OIBIITNX HAa00OpaxX JaHHBIX.

Mapkemune mosapos
B TeueHne OUeHB LOJIIOr0 BpDEMEHU OLIEHKA JeMOrpa(guyecKoro cocraBa
OKyIareJeil U TPEeHAOB ObLIa CKOpPee HCKYCCTBOM, HeKeau HayKoil. Ho
HeOJaBHO IIOABUBIIINECA MEeTOAbI c60pa JaHHBIX O HOTp66I/ITeJI5IX OTKPBI-
JIX BOSMOXHOCTBb ITPUMEHEHUA TaAKUX METOJOB MAaIllMHHOI'O O6y‘{eHI/IH,
KaK KJacTepusalusd, K 3a/aue BhIABJIEHUSA eCTECTBEHHBIX pPasiesleHuil
Ha PhIHKAaX u (0Jjiee TOUHOI'O IPEJCKa3aHusa Oy AYIIIUX TPEH OB,

Onmumu3ayus yenovex nocmasuiuKos
KpynHble opraHn3auy MOT'YT COKOHOMUTH MUJIJIMOHBI JOJIJIAPOB 34 CUET
a(hHeKTUBHOI OpraHU3AIUY ITEII0YEK IOCTABIUKOB M TOUHOI'0 IIPOTrHO3a
cIIpoca Ha MPOAYKIIMIO B Pa3JUYHBIX 00JIacTAX. ECTh MHOTO CIIOCOOOB
IIOCTPOUTD I[EIOYKY IIOCTABIIINKOB U CTOJBLKO Ke (DAKTOPOB, CIIOCOOHBIX
OKas3aTh BJIUAHMUE Ha crpoc. [[J1g ananmsa TaKMX MACCUBOB JaHHBIX 4ac-
TO MPUMEHSIOTCS METOABI ONITUMUBAIINY 1 MAIITMHHOTO O0yYeHnA.

Anaaus pondo8vLx pulHK08
C Tex op KaK nosaBuiIicA (DOHIZOBBIN PHIHOK, JIIOAY CTPEMUINUCH UCIIOJIb-
30BaTh MaTeMaTHUKY AJd 3apabareiBanud feHer. Ilo mepe Toro Kak ydac-
THUKY CTAHOBWJINCH Bce 0oJiee MBOIPEHHBIMU, BO3HUKJA HEOOXOLU-
MOCTh B aHaJau3e OOJILIINX HAOOPOB TaHHBIX U MPUMEHEHUU PasBUTHIX
METO/OB BHISIBJIEHUSA 3aKOHOMEPHOCTEN.

Hayuonanvras 6e3onacHocmo
0O6BeM mH(pOpPMAIINK, COOMPAEMOM IPABUTEILCTBEHHBIMU AreHTCTBAMU
110 BceMy MUpPY, orpoMeH. [Ijid ee aHa/In3a HEOOXOINMbI KOMIILIOTEPHI,
CHOCO6HI:Ie pacimo3HaBaThb IIaTTEPHBI M aCCOIIMMPOBATHh MX C IIOTEHI[N-
aJLHBIMHU YI'PO3aMU.

Y sT0 aullbh HEGOJBIIASA YaCTh CUTYAIlU, B KOTOPLIX NHTEHCUBHO IIPUMe-
HAeTcs MalnuHHOe obydueHue. IIOCKOJIBbKY MHMOPMAIIUM CTAHOBUTCSA BCE
0oJIbIIle, TO BeChbMa BEPOATHO, UTO B HEJAJIEKOM OYAVIIeM K MeToJaM Ma-
HINHHOTO O0YUeHNA U CTATHCTUYECKOT0 aHaIn3a Oy ayT npuberaTh Bce B HO-
BBIX 00JIaCTAX, IOCKOJIBLKY AJIA 00paboTKU MHMOPMAIIAM II0 CTAPUHKE Ue-
JIOBEUECKUX CIIOCOOHOCTEN yoKe HeIOCTATOYHO.

Eciau yuecThb, CKOJIBKO HOBOU MH(MOPMAIINU IIOSBIAETCI KAXKIOIHEBHO, TO
BO3MOJKHOCTHU 3TUX METOJOB IIOUCTUHE HEHMCUEPIIaeMbl. ¥ 3HAaB O HEKOTO-
PBIX aJTOPUTMAaX MAIIMHHOTO 00yYeHUA, Bbl YBUAUTE, UTO MIPUMEHATDL UX
MOJKHO ITPAaKTUYECKU Be3Jle.



BbipaboTka pekoMeHpaunm

Hauwmnas 3HaKOMCTBO C KOJUIEKTUBHBIM PasyMOM, f XOUy ITOKas3aTbh, KaK
MOJKHO UCHOJIb30BATD IPEAMNOYTEHNA HEKOTOPOU I'PYINIbI JIOAeH I TOTO,
YTOOLI PEKOMEHIOBATh UTO-TO APYTHUM JIOAAM. ¥ TaKOW TeXHUKU HEMaJo
IpUMEeHEeHN#, B YaCTHOCTU PEKOMEHJOBaHNE TOBAPOB Ha CaliTe 3JeKTPOH-
HOI TOPTOBJIU, YKa3aHNe MHTEPECHBIX CANTOB WJIU IIOMOIIbL B OTHICKAHUU
HYKHOU MY3BIKM U (pUJIBMOB. B 9T0if ryiaBe BBl y3HaeTe, KaK IOCTPOUTH
CUCTEMY TOWCKA JIUIL C OOIMMM BKyCaMM ¥ aBTOMaTHUUYECKU NaBaTh PeKo-
MeHJAIIUY HA OCHOBE TOT'O, YTO HPABUTCS APYTUM JIIOIAM.

Bo03M0:KHO, BBI YK€ BCTPeUalCh C CUCTeMaM PeKOMeH/I0BaHU I, KOTAa Je-
Jaju OHJaWHOBBLIe MOKYIIKY HA TaKMX caliTax, Kak Amazon. Amazon or-
CJIeXKMBAET IMIOTPEeOUTeIbCKIE IPUBLIUKY BCEX CBOUX IIOCETUTEIel 1, KoTaa
BBI 3aXOJUTE HA CANT, IOJb3yeTca COOpaHHON nH(pOopMAaIleii, YTOObI Ipe-
JIOKUTH TOBaphl, KOTOPHIE MOTYT Bac 3aMHTEpPecoBaTh. Amazon MOKeT aa-
JKe TPeAJoKUTh (hUIbMBI, KOTOPhIE BaM, BO3MOYKHO, ITIOHPABATCH, XOTSA
PpaHbIlIe BEI IIOKYNAJX TOJbKO KHUTH. HeKoTophle cafiThl IO IIpofaske Oume-
TOB HA KOHIIEPTHI AHAJIUSUPYIOT, UTO BbI IIOCEIIAJIN PAHbIIIE, 1 AHOHCUPYIOT
MIPeCTOAIIe KOHIIEPTHI, KOTOPbIE MOT'YT OBITh BaM HHTepecHbI. Takue
caiiTel, Kak reddit.com, II03BOJIAIOT T'OJIOCOBATh 3a CCHIIKY Ha IPyrue caii-
THI, & 3aTE€M Ha OCHOBE Pe3yJIbTATOB BaIllero rOJIOCOBAHUA IPeJIaraioT Apy-
THe CChLIKHU, KOTOPHIe Bac, BOBMOKHO, 3aNHTEPECYIOT.

W3 sTux IpruMepoB BUAHO, YTO HHMOPMAIIHIO O IPEAIOUYTEHNAX MOMKHO CO-
Oouparh mo-pasHomy. MIHOrZa JaHHBIMHU SBJISAIOTCA KYILJICEHHBIE IIOCETHUTE-
JIeM TOBAapbl, a MHEHHUA 00 9TUX TOBAPaX IIPEACTABJIAITCS B BIe I'0JI0OCOBA-
HUS «Jla/HeT» WU OIeHKH 110 MATUOANIILHOM TKaje. B aToi ritaBe MbI pac-
CMOTPHMM pAa3JNUYHbIe CIIOCOOBLI IIPEACTAaBJEHUS PeNTHHra, padoTarolue
C OIHUM U T€M JKe HabopoM aJrOpUTMOB, ¥ pPeaandyeM IPUMepPhI U3 00J1ac-
TH OLIEHKY (DIJIbMOB U COITUAJIBHBIX 3aKJIA0K.
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KonnabopaTtnBHasa punbTpaumns

C HETEeXHOJIOTUYHBIM CIIOCOOOM IOJIYYUTH PEKOMEHAAIUIO O TOBape, (uJIb-
Me WJIN Pa3BJIeKaTeJLHOM caiiTe BbI 3HAKOMEI. [JOCTaATOYHO CIIPOCUTE Y APY-
3eii. 3HaeTe BHI U O TOM, UTO Y HEKOTOPBIX BAIIUX APY3€eil BKYC JyUIlle, YeM
Yy OPYTUX; BBl UMEJIU BO3MOKHOCTb YOETUTHLCA B 3TOM, IIOCKOJBKY He pa3
OKAa3bIBAJIOCH, UTO MM HPABUTCH TO K€, UTO 1 BaM. Ho o Mepe yBesmueHUuA
KOJIMYEeCTBa IPEAJOKEeHUN CTAHOBUTCA BCe MeHee IPAKTUYHO OCHOBBLIBATH
pellleHMe Ha OIpoce HeOOJBINION I'PYIIIBI JIIOJeil, IMOCKOJBKY OHU MOTYT
IIPOCTO He 3HATH 000 BCeX MMEMIINXCS BapuaHTaxX. TyT-TO U IPUXOIUT HaA
IIOMOIIb TO, YTO IPUHATO HA3BIBATD K0A1A00pAMUEHOU uiempayueil.

OGBIYHO AJITOPUTM KOJJIAOOPATUBHON (PUILTpAIiUK PaboTaeT CIAeAYIOIN[UM
o0pasoM: mpocMaTpuBaeT OOJIBINYIO I'PYIIIY JIOgell M OThICKHMBAET B Hel
MEHBIIYIO TPYINY ¢ TAKUMHU Ke BKycaMu, KaK y Bac. OH CMOTPUT, KaKue
elrle BeIlli UM HPaBATCA, 00beINHAET MPEAIIOUTEHUA U CO3JaeT PAHKUPO-
BAHHBIN CIMCOK Tpemo:KeHni. ECTh HeCKOJIBbKO CIIOCOO0B PEIUTh, KaKue
JIIOY TOX0KU, ¥ 00 beIUHUTH UX IPEAIIOUYTEeHIUA B COUCOK. B mamHOI riaase
MBI PACCMOTPUM HEKOTOPHIE M3 3TUX CIIOCOOO0B.
& &
_‘T‘?"—] TepMUH «K0A1A00PAMUEHAR PUALMPAYUSL» BIIEPBBIE YIOTPEOMIT
s HoBugn Tonpbepr (David Goldberg) m3 xommanum Xerox PARC
“wh .. . . . .
Y B 1992 roay B cratrhe «Using collaborative filtering to weave an
"+ information tapestry». Ou cipoexkTuposas cucremy T'apestry, Ko-
TOpas MO03BOJIAIA JIOAAM aHHOTUPOBATH JOKYMEHT KaK MHTepec-
HBI WJIM HEUMHTEePECHBIN W IpPUMeHAJa 3Ty WHOOPMAIUIO AJIA
GuIbTpanuu JOKYMEHTOB, IIpeAaraeMbIX APYTUM JIOLIM.
Teneps TOT Ke aJITOPUTM KOJLJIa00PATUBHOM (GUIBTPALIUY IIPUIME-
HAeTCA Ha ThICAYaX CAUTOB AJA PEeKOMEHAOBaHUA QUIBMOB, MY-
3bIKM, KHHUI', 3HAKOMCTB, TOBapoB, APYIrux CaﬁTOB, IIOgKacToOB,
craTeii u Ja’ke aHEKAOTOB.

COop MHOopMaLMM O NpeanoYTEHNNAX

ITepBoe, UTO HAM HYXHO, — 9TO CIIOCO0 ITpeACTaBJIEeHU JIIOAeH U UX Ipes-
nmoutenuii. B a3pike Python sTo menaercs oueHb IPOCTO ¢ TOMOIIBIO B.10-
JeHnHozo caosaps. Ecau BBl cobupaerech mpopaboTaTh MPUMeEpP M3 3TOTO
paszena, co3gatite (aiia recommendations.py u BBeguTe CAEIYIOMINHN KO
IS co3maumA Habopa JaHHbBIX:

# CnoBapb KWHOKPWUTMKOB ¥ BLICTABAEHHLIX UMW OLEHOK Ans Hebonbworo Habopa

# LaHHHX 0 QunbMax

critics={ 'Lisa Rose': {'Lady in the Water': 2.5, "Snakes on a Plane': 3.5,
"Just My Luck': 3.0, ‘"Superman Returns': 3.5, 'You, Me and Dupree’': 2.5,
"The Night Listener': 3.0},

"Gene Seymour': {'Lady in the Water': 3.0, 'Snakes on a Plane': 3.5,

"Just My Luck': 1.5, "Superman Returns’': 5.0, 'The Night Listener': 3.0,
"You, Me and Dupree’: 3.5},

‘Michael Phillips': {'lLady in the Water': 2.5, 'Snakes on a Plane': 3.0,
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"Superman Returns’: 3.5, 'The Night Listener': 4.0}

‘Claudia Puig': {'Snakes on a Plane’': 3.5, "Just My Luck': 3.0,

"The Night Listener': 4.5, 'Superman Returns': 4.0,

"You, Me and Dupree’': 2.5}

"Mick LaSalle': {'Lady in the Water': 3.0, 'Snakes on a Plane’': 4.0,

"Just My Luck': 2.0, "Superman Returns': 3.0, 'The Night Listener': 3.0,

"You, Me and Dupree’': 2.0}

"Jack Matthews': {'lLady in the Water': 3.0, 'Snakes on a Plane': 4.0

‘The Night Listener': 3.0, '"Superman Returns': 5.0, 'You, Me and Dupree’: 3.5},

"Toby': {'Snakes on a Plane':4.5, You, Me and Dupree’:1.0, Superman
Returns :4.0}}

B oT0i1 ritaBe MBI OymeM paboTaTs ¢ i3bIKkoM Python mETEepakTUBHO, IT09TO-
My coxpaHuTe daitn recommendations.py B TaKOM MecCTe, Tle €70 CMOXKET
HaiiTu mHTepuperarop Python. 9To moker ObiTh mamka python/Lib, #o
JIyUIlie BCero 3alyCKaTh NHHTEPIPETATOD, HAXOAsCh B TOM MAaIKe, I'le BbI CO-
XpaHuIu daiii.

B sTom cioBape KpuTukK (4 s1) BhIcTaBaAeT GuabMy omeHKY oT 1 mo 5. Kak
OBI HU OBLIIO BEIPAsKEHO MPeAIoUTeHe, He00X0 MO OTOOPAa3UTh €r0 B BUE
YKUCJIOBOTO 3HaUeHusA. Kciu ObI BBl CO3JAaBaJId CAUT AJISA OHJIAMHOBOM TOP-
TOBJIY, TO MOTJI OBI MCIIOJB30BAaTh 1 KaK IMMPU3HAK TOTO, UTO IIOCETUTE]b
JIejiaJ TOKYOKY B mpoirioM, u 0 — uTo me mesan. Ha caiite, Tae Jiromu roJio-
CYIOT 32 HOBOCTHBIE CTAThU, 3HaueHuA —1, 0, 1 Moryiu 6bI 03HAUYATE «HE IIOH-
PaBUJIOCH», «HEe r'OJIOCOBAJ», «[IOHPABUJIOCH» (Tadia. 2.1).

Tabauya 2.1. BoamoxcHvle omoOpaxcernus deilcmauil noavzogamedeil
HQa YUCN06ble OUeHKU

Bunerst OnnaitHOBBIE .
PexomeHnmamusa caiTos
Ha KOHIIEPT MOKYIKH
Kynun 1 Kynun 2 | IToupaBuica 1
He xynoun 0 | Cmorpen 1 | He rosocoBau 0
He xymun 0 | He moupaBuiica -1

CrnoBaph yo0eH AJA 9KCIIEPUMEHTOB € aJITOPUTMAMU U AJIA UJIJTIOCTPAIINH.
B HeM JIerKo MpOU3BOAUTD IIOUCK U M3MEHEHU . 3aIIyCTUTE NHTEPIIPETATOD
Python u BBeguTe HECKOJIBKO KOMAH/I:

¢:\code\collective\chapter2> python

Python 2.4.1 (#65, Mar 30 2005, 09:13:57) [MSC v.1310 32 bit (Intel)] on
win32

Type "help”, "copyright”, "credits”™ or "license” for more information
>>>

>> from recommendations import critics

>> critics['Lisa Rose'][ 'Lady in the Water']

2.5

>> critics[ 'Toby' ][ 'Snakes on a Plane’']=4.5

>> critics[ 'Toby']

{"Snakes on a Plane':4.5, 'You, Me and Dupree :1.0}
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XoTs B caoBape, HaX0OOAIIeMCSA B IaMATH, MOYKHO COXPAHUTL MHOI'O IIpe.-
MoUYTeHuii, 60bIINe HabOPLI JaHHBIX, HaBepHOe, JyUIlle XPaHUTh B 0ase.

OTbIiCKaHMe NOXO0XXUX Nnosnb3oBaTenen

Co6paB faHHBIE O TOM, UTO JIIOJAM HPABUTCS, HYKHO KaK-TO OIIPEJEIUTD,
HaCKOJIBKO X BKYCHI CX00KHU. [[JIg 3TOro KaKabIl UeJIOBEK CPaBHUBAETCSA CO
BCEMU APYTUMU U BEIUUNCIAETCA KOIPPuyuenm nodobus (Miv oueHka nodo-
Ous). 11 aTOTO €CTh HECKOIBKO CIIOCOBO0B, I PACCKAKY O IBYX U3 HUX: €6K-
Au0080M paccmosHuU U Koappuyuernme koppersyuu ITupcona.

OLeHKa No eBKJIMA0BY PacCTOSIHMIO

OauH u3 caMBbIX IIPOCTHIX CIIOCOO0B BEIUMCJIEHU S OIIEHKU IIOJ00MS — 9TO €B-
KJHA0BO paccTodHue. B aToM ciryuae mmpeaMeThl, KOTOPLIE JIIOAU OIleHIBAa-
JIX coo0II[a, IPeaCcTaBIAIOTCA B BUe KOOPAUHATHLIX oceli. Temeps B oTOM
cucTeMe KOOPAMHAT MOYKHO PACIIOJIOKUTH TOUKM, COOTBETCTBYIOIIME JIIO-
IAM, 1 IOCMOTPETh, HACKOJbKO OHU OKasaJrch 6ausku (puc. 2.1).

Snakes
5
Toby

4 LaSalle Matthews
Rose Seymour
Puig

3

2

1

i 2 3 r 5 Dupree

Puc. 2.1. JTdu 6 npocmpancmee npednoumenuil

Ha sToMm prucyHKe MOKa3aHbl JIOAH, IPeCTaBIeHHbIe TOUKAMU B IPOCTPAHC-
TBe nmpennouTennii. Toby umeer Koopauuarty 4,5 mo ocu Snakes u Koopau-
HaTy 1,0 mo ocu Dupree. Uem Gim:Kke JBa uejloBeKa B IIPOCTPAHCTBE IIpej-
TouTeHuIl, TeM O0Jiee CX0KHU UX mpeanouTeHus. [IocKOJBKY aTa fmarpaMma
JIByMepHAasd, TO OZHOBPEMEHHO MOKHO CMOTPETh TOJHKO Ha Ba IOKa3aTesd,
HO IPUHIIUAII OCTAETCA TEM JKe CaMbIM U AJIA 0OJIBIIIeTO YKCJjIa IToKa3aTe e,

YT00bI BEIYUCIUTE PaccTosHue mexkay Toby u LaSalle Ha sToit suarpamme,
BO3bMEM PA3HOCTH KOOPIAMHAT II0 KAaKAOI OocH, BO3BENeM HX B KBaapar,
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CJIO’KHUM, a 3aTeM M3BJieueM KBaJAPaTHBIN KOpeHb us cyMMbl. B Python gisa
BO3BeIEHIA B KBaJApaT MOKHO BOCIIOJIb30BAThCA PYHKITUEH pow(n,2), a IJId
M3BJIEUEHUA KBAaAPATHOTO KOPHSA CHYIKUT PYHKITHA sqrt:

>> from math import sqrt

>> sqrt(pow(5-4,2)+pow(4-1,2))

3.1622776601683795
Paccrosanue, BBIUMCIEHHOE IIO 9TOI (hopmyse, OyaeT TeM MeHBbIIe, YeM
60JIbIIle CXOACTBA MeX Iy JoonbMu. OTHAKO HAM HYKHA (DYHKIUA, 3HAUe-
HUe KOTOPOii TeM 00JIbIlle, UeM JIIoAU 0oJee MOX0KHU APYT HA Apyra. OTOTo
MOJKHO JOOUTHCS, T00ABUB K BLIUMCICHHOMY paccTosaHuio 1 (UTOOBI HUKOT-
Ia He neauTh Ha 0) 1 B3AB 06paTHYIO BEIUUNHY:

>> 1/(1+sqrt(pow(5-4,2)+pow(4-1,2)))

0.2402530733520421
Hosasa @yrkmua Bcerga Bo3dspainaet suauernue ot 0 1o 1, mpuuem 1 mosyua-
eTcd, KOorjaa IPeAIIOUTeHNA ABYX JIIOJAE B TOUHOCTH COBIIanaioT. Temepsb
MOJKHO cOOpaTh BCe BOEAMHO 1 HATIMCATh (DYHKITUIO AJIA BIUYNCICHUA Ol[eH-
Ku noxobusd. [JobasbTe B daiia recommendations.py Takoit Koz:

from math import sqrt

# BosBpawaeT oueHky nofobua personi u person?2 Ha OCHOBE PacCTOAHUSA
def sim_distance(prefs, personi, person2):
# Nony4YnTb CNWCOK NPEAMETOB, OLEHEeHHbX 000uMK
si={}
for item in prefs[personi]
if item in prefs[person2]:
si[item]=1

# Ecnn HeT HM oaHOM obwen oueHku, BepHyTb O
if len(si)==0: return 0

# CnoxuTb kBajapaTh pas3HOCTEN
sum_of_squares=sum([pow(prefs[personi][item]-prefs[person2][item],2)
for item in prefs[person1] if item in prefs[person2]])

return 1/(1+sum_of_squares)

ITroii GYHKIUY IIPU BEI30BE IIepefaloTca UMeHa IBYX JIIOel, 151 KOTOPBIX
TpedyeTcs BRIYNCINTD OIleHKY ITogo0us. Beegure B uaTepuperarope Python
TaKyl0 KOMaHAy:

>>> reload(recommendations)

>>> recommendations.sim_distance(recommendations.critics,

.. ‘Lisa Rose’, "Gene Seymour')

0.148148148148

Jro maet oreHKY mogobus mexxay Lisa Rose u Gene Seymour. ITopoGyiiTe
Ipyruie mMeHa, MOUIUTe JIoAel, MeKAy KOTOPBIMU GOJIbIIe MJIN MEHbIIIe
o01rero.
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Ko>dppuumeHT koppensauum NupcoHa

YyTs 60Jiee CJIOKHBIN CIOCO0 ONpeNeUTh CTENeHb CXOMKeCTH MHTePecoB
Jmogeil maet KosdpuiineHT Koppenanuu Ilupcorna. Kosdhduiment Koppe-
JISIIIAY — 9TO Mepa TOr'0, HACKOJBbKO XOPOIIIO ABa HA0Opa JAHHBIX JIOMKATCH
Ha npAmMyo. Popmysa ciIoxkHee, UeM AJIA BbIUNCIeHUA eBKJINA0BA PAacCTO-
AHUWSA, HO OHa JaeT Jy4Illrne pe3yJbTaThbl, KOoTrga JaHHbIe IIJIOX0 HOPMAaJIn30-
BaHBI, HAIIPUMeEP eCJIU HeKOTOPBIA KPUTUK YCTOMUMBO BLICTABJIAET (PUJIb-
MaM 6oJiee HUBKHE OIeHKH, UYeM B CPEeIHEM.

i Bu3yasmsauu 3TOr0 MeToia MOKeTe HAaHeCTH Ha AuarpaMmy OIleHKH,
BBICTaBJIEHHBIE IBYMA KPUTUKAMU, KakK MoKaszano Ha puc. 2.2. Mick LaSalle
oneHmJ GuiabM «Superman» Ha 3, a Gene Seymour — Ha 5, IO9TOMY MBI
HaHOCUM TOUKY (3,5).

Gene Seymour
5 Superman
4
Dupree . -’ Snakes
3 <7 lady
Lo Night Listener
2
Just My Luck
1
1 2 3 2 5 Mick LaSalle

Puc. 2.2. Cpasnenue 08yx KUHOKPUMUKO08 HA MOYe4Holl Juazpamme

Ha guarpamme Tak:xe nzobpaskena npamas JuauA. OHa Ha3bIBAETCA JUHU-
ell Hauayiulezo nPuUOLUNCeHUS, TIOCKOJIBKY ITPOXOAUT HACTOJIBKO OJIM3KO
KO BCeM TOUKaM Ha AuarpaMMe, HAaCKOJIbKO BOBMOYKHO. Eciu 651 06a KpuTH-
Ka BBICTABUJIU BceM (UIbMaM OIUHAKOBBIE OIIEHKHU, TO 3Ta JUHUA OKa3a-
Jach ObI JMATOHAJBHOI U MPOoIILIa OBl Uepes Bce TOUKHU. B a3TOM ciayuae Io-
Jyuynyachk Obl UAeajdbHasA Koppeadanusa ¢ koappuiuentom 1. Ho B Hammem
cllyyae KPUTUKU PAa3OIILJINCh B OI[EHKAX, ITI03TOMY KO3 (MUIIUEHT KOppeId-
uuu pasen 0,4. Ha puc. 2.3 mokasau ImpumMep ¢ ropasio 60jee BLICOKUM KO-
s dunmenTom Koppeasanuu 0,75.

V xosdpdunumenta Koppeaanuu [IupcoHa ecTh 0OJHO MHTEPECHOE CBOMCTBO,
KOTOpOe MOKHO HAa0JI0[aTh Ha PUCYHKE — OH KOPPEKTUPYeT 00ecyeHusaue
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Lisa Rose

5

Snakeg, »» *Superman
3 Night istend” "~

-
.

Dupree ___‘-.... Lady

Jack Matthews

1 2 3 4 5

Puc. 2.3. [Jlea kpumukra ¢ 6bL.cOKUM KOIPPUUUEHMOM KOPPEeAAUUL

ouenorx. Bugno, uro Jack Matthews cucremaTnuecku BbICTaBIAsAET Oojiee
BBICOKIeE OIleHKHU, ueM Lisa Rose, HO JIuHUA Bce paBHO IMIPOXOAUT OJIU3KO
K TOUKAaM, ITIOCKOJbKY UX IPEAIMOUYTEeHU CX0KM. EC/I OMMH KPUTUK CKJIO-
HEeH BBICTABJATH 60Jiee BHICOKUE OIeHKHU, UeM IPYroii, To uaeasbHas KOp-
penAanusa Bce paBHO BO3MOJKHA IPHU YCJIOBUM, UTO Pa3sHUIlA B OI[eHKAX II0C-
ToAHHA. MeTosl eBKJINA0BA PACCTOAHUS B 3TOM CJyUae BBITAJ Obl Pe3yJb-
TaT, YTO KPUTUKU He IOXO0KM, IIOCKOJbKY OJHH BCETa OKA3bIBAETCS CTPO-
JKe IPyroro, HeCMOTPSA HA TO UTO MX BKYCHI, IO CYIIECTBY, OUEHb CXOMHEI.
B 3aBHCHMOCTH OT KOHKPETHOIO IIPUJIOMKEHN TaK0oe IIOBeJeHe MOYKET Bac
ycTpanBaTh UM HET.

IIporpamMmma A BhIUMCIeHUA Koadduimenta Koppeaanuu [Iupcona cua-
yajga HAXOAUT (PUILMBI, OIleHeHHbIe 000MMU KPUTHUKAMMU, W BBEIYUCJIAET
CYMMY ¥ CYMMY KBAAPAaTOB BBICTABJIEHHBIX MMU OIIEHOK, a TaKiKe CyMMY
mpousBeieHUN oneHOK. Ha mocnenHeM srame HalileHHble 3HAUEHUA UC-
TIOJIB3YIOTCS AJIA BHIUMCIEHUA KOd(PPUIIMEHTa KOPPEJIAINN; 3TOT KOJ BhI-
JIeJIeH B JUCTUHTE HUMKE HOJNYKUPHBLIM MIpu@TOM. B oT/Iiume OT eBKJINAO-
BOM METPUKU, 3Ta GopMyaa MHTYUTUBHO He TaK OUeBUIHA.

YT006BI BOCIIOJB30BAThCA 9TOH (OPMYJIOM, mobaBbTe B (haila recommen-
dations.py HOByI0 GYHKIINIO C TAKOM K€ CUTHATYPOM, KaK ¥ PYHKIINHI sim_
distance:

# BosBpawaeT k0adOuumeHT koppenauuu MupcoHa mexay pl un p2
def sim_pearson(prefs,pl,p2):
# Mony4YnTb CNNCOK NPEAMETOB, OLEHEHHbIX 000MMK
si={}
for item in prefs[p1]
if item in prefs[p2]: si[item]=1
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# HaiTn 4ncno anemeHToB
n=len(si)

# Ecnn HeT Hu oaHOM obwein oueHku, BepHyTb O
if n==0: return 0

#f BbUMCANTb CyMMy BCEX MpPennoYTeHui
sumi=sum([prefs[p1][it] for it in si])
sum2=sum([prefs[p2][it] for it in si])

# BbYMCANTL CyMMy KBaApaToB
sum1Sg=sum([pow(prefs[p1][it],2) for it in si])
sum2Sg=sum([pow(prefs[p2][it],2) for it in si])

# Bb4MCNUTE CyMMy NPOW3BELEHNN
pSum=sum([prefs[p1][it]*prefs[p2][it] for it in si])

# Boyncnutb KO3OOGUUMEHT MUpcoHa

num=pSum-(sum1x*sum2/n)
den=sqrt((sum1Sq-pow(sumi,2)/n)*(sum2Sq-pow(sum2,2)/n))
if den==0: return 0

r=num/den

return r

Ira QyHKIUA Bo3BpaIaeT sHauenue ot —1 1o 1. 3uauenue 1 osHauaer, 4To
IBa YeJOBeKAa BBICTABWJIN KaXKIOMY IIPEeIMETY B TOUYHOCTU OAWHAKOBBIE
OIleHKU. B oT/IMure OT eBKJUAOBOM METPUKM, MACIHITA0OMpPOBaTh BO3BpAa-
IeHHOe 3HaUeHUe AJIA NPUBEJEHUI K Hy;KHOMY AUAIla30HY He TpebyeTcs.
Teneps MoOKeTe MOMPOOOBATHL MOJNYUYUTH KO3(DGUIIMEHT KOPPEeaAnun OJid
TOYEK, N300paKeHHbIX Ha puc. 2.3:

>>> reload(recommendations)

>>> print recommendations.sim_pearson(recommendations.critics,

‘Lisa Rose’, "Gene Seymour')
0.396059017191

Kakown oueHKon noaobuna Bocnosib3oBaTbCs

$1 o3HAKOMMJI Bac ¢ ABYMA PasHLIMU METPUKAMU, HO €CTh U MHOTO APYTUX
CII0CO00B M3MEPUTHL MOA00Me IBYX HAaOOpOB JaHHBIX. KaKoil 13 HUX OITH-
MaJIeH — 3aBUCUT OT KOHKPETHOrO NMPUIoKeHusi. FIMeeT cMBbICJ IIOMpPo6o-
BaTh U KoaddumuenTt IIupcoHa, 1 eBKINLOBO PACCTOAHNE, U IPYTHe METO-
IBI, a IOTOM IIOCMOTPETh, KaKO# JaeT HAuJIy4Illne pesyJIbTaThl.

Bce mocaenyroiue GyHKIIMYU B 9TOM IIaBe UMEIOT Heo0s3aTeJJbHBIN IIapa-
MeTp similarity, YKasbIBAIOMNHM Ha (PYHKIIMIO; TAK IIPOIIE SKCIePUMEHTH-
poBaTh. UTOOHI BEIOPATH TY UM UHYIO OIIEHKY TTOJ00M S, 3aaiiTe AJIA 9TOTO
mapaMeTpa 3HaUeHUe sin_pearson UM sim_vector. [[JIs BEIYMCIEHUS TOTO0MA
MOJKHO OpaTh M pasjInuHble Apyrue QYHKIUU, HAIPUMED Koappuuuenm
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JRarxkapda niau MaHXIMMEHCKOe PACCMOAHUE, TIPU YCIOBUU UTO Y HUX Ta-
Kasd JKe CUTHATypa M BO3BpalllaeMoe 3HAaueHHe C ILIABAIOIIeil TOUKOH TeM
00JIBIIIE, YeM BBIIIIE CXO/CTBO.

IIpounTaTs 0 APYIUX METPUKAX, IPUMEHSIEMBIX AJIS CPAaBHEHUS dJIeMeH-
TOB, MOYKHO Ha CTpPaHUIIE TI0 agpecy htip://en.wikipedia.org/wiki/Metric_
%28mathematics%29# Examples.

PaH)KI/IpOBaHI/Ie KPUTUKOB

Wmesa pyHKIIUYU OAJIS cpaBHEHHUS OBYX JIIOAEH, MOKHO HaAIUCcaTh (PyHKIINIO,
KoTopasd OyIeT BBIUUCIATL OIEHKY IIOJ00MsS BCEX WHMEIONIMXCSA JIoAel
C TaHHBIM YeJIOBEKOM U MCKATh HAWJIYUIIIee COOTBETCTBUE. B maHHOM CIy-
yae MeHA NHTePeCcYIT KHHOKPUTHUKHU C TAKUM JKe BKYyCOM, Kak y MeHs. Tor-
Ia s1 0yoy 3HATh, HA KOI'0 OPUMEHTHUPOBATLCS, IPUHUMAS PellleHre O BIOope
dunrbMma. Briaounre B ¢aitn recommendations.py ciaeaymoniyo QyHKIINAIO,
CO3Ja0MIYIO CIIUCOK JIFOeli, BKYChl KOTOPBIX ITOXO0XKU HA BKYCHI 3a/JTaHHOTO
yeJoBeKa:

# BosBpawaeT CNUCOK HaWny4Wnx COOTBETCTBWM Ans Yenoseka u3 cnosaps prefs.

# KonudecTso pe3ynbTaTtoB B CMNUCKE U $yHKuMH HOHOGMQ - HGO@HB&TeﬂbHHe

# napameTpbl.

def topMatches(prefs, person,n=5,similarity=sim_pearson):

scores=[(similarity(prefs, person,other),other)
for other in prefs if other!=person]

# OTCODTMDOBaTb CnncokK no y6HBaHMD OoueHOK

scores.sort( )

scores. reverse( )

return scores[0:n]
Jdra QYHKIUSA CPAaBHUBAET MEHA CO BCEMM OCTAJbHBIMHU XPAHAIIMMUCS
B CJIOBape IIOJIb30BATEJNIIMHU C IIOMOIIBIO OJHOU M3 pPaHee OIpelesIeHHBIX
METPUK, IPUMEHA [Jd 9Toro mpancpopmayuto cnucka (list comprehen-
sion). I BosBpailaeT mepshie 11 3JIEMEHTOB OTCOPTUPOBAHHOTO CIIMICKA pe-
3yJIbTaTOB.

Ecsu BBIBBaTH €€, IepejaB MOe UMsA, TO OHA BEPHET CIIMCOK KMHOKPUTUKOB
U OIIEHKY II0J00Ms CO MHOM JJIsI KayKJOT0 U3 HUX:
>> reload(recommendations)
>> recommendations.topMatches(recommendations.critics, 'Toby', n=3)
[(0.99124070716192991, 'Lisa Rose'), (0.92447345164190486, 'Mick LaSalle')
(0.89340514744156474, 'Claudia Puig')]

Temeps s 3HAIO, UTO UMEET CMBICJ YKMTaTh 0030phl Lisa Rose, Tak Kak ee
BKYCBHI 60JIbIIIe BCEro MMOX0KM Ha MOU COOCTBeHHBIE. Ec/Iiu BBl cMOTpeIn Ka-
KHe-HuOyAb 13 YKa3aHHBIX (hUIBMOB, TO MOXKETe J0OaBUTh ce0sA B CI0BapPh,
MIPOMUCATH CBOU MIPEAIIOUTEHUA U IIOCMOTPETh, KTO OKaYKeTCs BAIllUM JIIO-
OMMBIM KMHOKPUTHUKOM.
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PekomeHpoBaHUue npeamMmeToB

HaiiTu mogxonAiero KpuTUKa — 3TO, KOHEUHO, HEIJIOX0, HO B JAeHCTBU-
TeJbHOCTHU-TO S X0UY, UYTOOBI MHE IIOpeKoMeHaoBanu ¢puiabM. W mpsamo ceii-
yac. MoXHO ObIJIO ObI IOCMOTPETh, KaKue (PUIbMBI HOHPABUINCH UEJIOBEKY
C TTOXOKMMHU Ha MOU BKyCaMM, 1 BLIOPATD 13 HUX Te, UTO 5 eIre He CMOTpPe.
Ho mpu TaxoM moaxome MOYKHO ObLIIO ObI CIYYAHO HATKHYTHCA HA KPUTHU-
KOB, HIYeTo He MHCaBIINX O (GUIbMaX, KOTOPHIe MOTJIX ObI MHE TOHPABUTH-
cA. MoKHO Tak:Ke oToOpaTh KPUTHKA, KOTOPOMY IIOUEMY-TO TOHPABUJIICS
GUIbM, TOJYUYUBIIUN OTPUITATEIbHBIE OT3BIBEI OT BCEX OCTAJIbHBIX KPUTH-
KOB, BOIIIeJIIINX B CIIMCOK topMatches.

YT00bI PA3PEIIUTh 9TH MPOGJIEeMbI, HE00XOAMMO PAHKUPOBATH CaMU (DUJIb-
MBI, BEIUMCJIUB B3BEIIIEHHYIO CYMMY OI[eHOK KPUTUKOB. BepeM KaKaoro us
0TOOPAHHBIX KPUTUKOB U YMHOKAEeM ero OIeHKY IT0L00MA CO MHOM Ha OIleH-
Ky, KOTOPYIO OH BBICTaBUJI Kaskagomy huiabmy. B Tabs. 2.2 mokasaH pesyJib-
TaT BBIYMCJIEHUN.

Tabauya 2.2. Cozdanue pekomendauyuit 0as Tobu

Kpuruk IMomo6ue | Night INIéh ¢ Lady {I;éy Luck Eu)({:k
Rose 0,99 3,0 2,97 | 2,5 2,48 |3,0 |297
Seymour | 0,38 3,0 1,14 | 3,0 1,14 |15 |0,57
Puig 0,89 4,5 4,02 3,0 |268
LaSalle 0,92 3,0 2,77 | 3,0 2,77 20 |[1,85
Matthews | 0,66 3,0 1,99 |3,0 1,99

Hroro 12,89 8,38 8,07
S 107106. 3,84 2,95 3,18
Iéli‘(’);%é 3,35 2,83 2,53

B sToit Tabimuiie npuBegeHb KO3(MUIIMEHTH KOPPEJIAINN AJA KayKI0ro
KPUTHKA U OIEeHKW, IIocTaBiaeHHble mMu TpeMm (Quiabmam («The Night
Listener», «Lady in the Water» u «Just My Luck»), KoTopsble s cam He o1ie-
Husai. B cronbmax «I1.x» HaxomuTcs npousBegenne KoahGuirmenTa moao-
O0us Ha OIEHKY, BHICTABJIEHHYI0O KpUTUKOM. CMBICT B TOM, YTOOBI MHEHUE
KPUTHUKA C TOXO0KUMHU Ha MOU BKYCaMHU BHOCHJIO OOJIBIITNI BKJIA B OOIITYIO
OIIeHKY, YeM MHeHIEe KPUTUKA, He TIOX0Kero Ha MeHsda. B ctpoke «UToro»
TIPUBEAEHbI CYMMbI BEIUMCJIEHHBIX TAKUM 00pa30M BeJINUMH.

Mo:xkHO OBLIO OBI MCHOJIB30BATH AJIA PAHKUPOBAHUSA CAMU STU CYMMBI, HO
TOoTAA PUIBM, KOTOPBIHA TPOCMOTPEJIO OOJIBIIIE JIIOIel, TTIOJTYYNI ObI ITPeuMY-
1ecTBO. YTOOBI CIPABUThH 9TY HECTIPABEIIUBOCTh, HEOOXOIMMO Pa3aeIUTh
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MOJYYEHHYIO BeJINUNHY HA cyMMY K02 (GUIIMeHTOB TOA00MA AJIA BCeX KpU-
TUKOB, KOTOPbIe pPelleH3upoBaiu GpuiabM (CTpoka «S 1momo6.» B TabauIe)
ITockoabky ¢uabMm «The Night Listener» perensupoBanu Bce, BeIUYnHA
«WToro» myia HeTo AeJUTCA Ha CYMMY BceX KoadduiiuenToB mogodbusa. Ha-
npotus, puabM «Lady in the Water» kputuk Puig He perieHsupoBa, cie-
JIOBaTEJILHO, B 9TOM cJIyuae BeauunHa «IToro» meaurcsa Ha cyMmMy Koadu-
IIMEeHTOB MOA00MA BceX KPUTUKOB, KpoMe Puig. B mocienHeit cTpoke moka-
3aHO YaCTHOE OT JleJIEHUA.

Kon, peamunsyioiiuii 9TOT aJIrOPUTM, A0COIOTHO IIPAMOJMHEESH U MOYKET pa-
60TaTh KaK C eBKJUAOBBIM PACCTOSHUEM, TaK U ¢ KOI(MUIITLEeHTOM Koppe-
aanuu [Iupcona. [Jo6aBsTe ero B daiia recommendations.py:

# MonyynTb pekomeHpauuMn Ons 3afaHHOrO 4enoBeka, MOMb3yACb B3BEWEHHHM CPEeaHUM
# OUEHOK, [aHHbX BCEMW OCTaNbHLMU NOb30BaATENSAMM
def getRecommendations(prefs, person,similarity=sim_pearson)
totals={}
simSums={}
for other in prefs:
# CpaBHMBaTb MEH® C CODOM Xe He HyXHO
if other==person: continue
sim=similarity(prefs, person,other)

#f MCHOPWMPOBATL HyNeBbe U OTPMUATENbHBIE OLEHKM
if sim<=0: continue
for item in prefs[other]

# OUEeHMBATb TONbKO GMAbMbI, KOTOPHE A eue He CMOTpen

if item not in prefs[person] or prefs[person][item]==0:
# KoadduuveHT nopobusa = QueHka
totals.setdefault(item,0)
totals[item]+=prefs[other][item]*sim
# Cymma K03dpOMUMEHTOB noaobus
simSums. setdefault(item,0)
simSums[item]+=sim

# Co3paTb HOPMANM30BaHHbLIA CNKUCOK
rankings=[ (total/simSums[item],item) for item,total in totals.items( )]

# BepHyTb OTCOPTMPOBAHHLIA CNMUCOK
rankings.sort( )

rankings. reverse( )

return rankings

3mech MBI B ITUKJIE 00XOIMM BCEX JIIOJIEH, IPUCYTCTBYIOIINX B CJIOBape prefs.
J1a KaI0ro BEIYMCIASIETCS KOd(hGUIINEHT Mogo0usa ¢ 3aJJaHHBIM UeJioBe-
KoM person. [lasee 06xomsaTcsa Bce GUIbMBI, KOTOPBIM TEKYIITUN KPUTUK BhI-
CTaBUJ OIEHKY. B CcTpOKe, BHIeJI€HHOM MOJYKUPHBIM ITPUQGTOM, BHIUUC-
JsieTCs OKOHUaTeJbHadA OleHKa (UIbMa — OIEeHKAa, TaHHAA Ka'KJbIM KDPU-
TUKOM, YMHOKaeTcs Ha K03 GUITMEeHT o006 9TOr0 KPUTHKA U IPOU3Be-
IeHUs CyMMUDYIOTCA. B caMoM KOHIE OIleHKH HOPMAaJM3YIOTCA IIyTeM
IeJeHUA Ha CyMMY K0a(hDUIIMEeHTOR MO00MA 1 BO3BPAIIlaeTCA OTCOPTUPO-
BaHHBINA CIUCOK PE3yJILTATORB.
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Temmepb MOXKHO y3HATDH, KaKue (PpUJIbBMBI MHE CJIEIYeT IIOCMOTPETh B OJIM-
sKaiieM Oy ayIem:

>>> reload(recommendations)

>>> recommendations.getRecommendations(recommendations.critics, 'Toby")

[(3.3477895267131013, 'The Night Listener'), (2.8325499182641614, 'Lady in

the Water'), (2.5309807037655645, "Just My Luck')]

>>> recommendations.getRecommendations(recommendations.critics, 'Toby",

... similarity=recommendations.sim_distance)

[(3.5002478401415877, 'The Night Listener'), (2.7561242939959363, 'Lady in

the Water'), (2.4619884860743739, 'Just My Luck')]
MpzI mosryunam He TOJBKO PAHKUPOBAHHBIN CIIMCOK (DUJIBMOB, HO ¥ ITPOTHO3
OIIEHOK, KOTOPhIE A MOCTAaBJI Kaskgomy u3 Hux. Umesa taxkywo mHpOpMA-
U0, I MOTY PeIlNUThb, CTOUT JIX BOOOIIle CMOTPETh (PUJIBM MM JYUIIle 3a-
HATHhCA KAaKUM-HUOYAL IPYTUM AeJIoOM. B 3aBUCHMMOCTH OT IIPUJIOMKEHUA BbI
MOJKeTe BOOOIIle He JaBaTh peKOMEeHIAIlNii, eCJIU He HAIILJIOCh HUUEero, OTBe-
YaIoIIero CTaH apTaM JaHHOTO oJIb30BaTeadA. Il0sKcIIepuMeHTUPOBAaB, BbI
00HAPYIKIUTE, YTO BHIOOP METPHUKM IIOAO0MA BJANAET HA Pe3yJIbTAaThl OUEHDL
caabo.

Wrak, mocTpoeHa IMOJIHAA CCTeMa PeKOMeHI0BaHUs, CIIocoOHas paboTaTh
¢ ToOBapaMu J00ro BUAa UJIN CO CChLIKaMu. Heo0XoauMo JUIIL 3a0JITHATD
CJIOBaphb, IIOMECTUB B HETO JII0el, IIPpeIMeThI 1 OIleHKH, 4 3aTeM eI'0 MOYKHO
WCIOJIb30BaTh A1 PEKOMEHIOBAHUA IIPEIMETOB JIIOOOMY II0Jb30BATEJIO.
Hu:xe B aTO# ry1aBe BBl YBUAUTE, KaK ¢ momoribio API caiira del.icio.us mmo-
JIYYUTH peajibHble JaHHbIE JJII PEKOMEHIOBAHNS PA3JINUYHBIX Be0-CaiTOB.

Mon6op npeameToB

Temneps BbI 3HaETe, KAK MCKATh IOXO0XKUX JIIOAEH 1 PEKOMeHJ0BaTh IIpeaMe-
THI JaHHOMY 4esioBeKy. Ho uTo eciu Hy:KHO y3HATh, KaKue IpeMeThl I10X0-
KU APYT Ha Apyra? Bel MOTJIu CTOJNKHYTHCA C TAKOM cUTyalueil Ha caiTax
OHJIAHOBOU TOPTOBJIN, OCOGEHHO €CJIV CAMT ellle He coOpaJI 0 Bac LOCTATOU-
Ho mH(popMmaruu. Ha puc. 2.4 mokasaH (hparMeHT CTpaHUIILI caiiTa Amazon
Iia kaurn «Programming Pythons.

Customers who bought this item also bought
Learning Python, Second Edition by Mark Lutz
Python Cookbook by Alex Martelli

Python in a Nutshell by Alex Martelli
Python Essential Reference (2nd Edition) by David Beazley

Foundations of Python Network Programming (Foundations) by John Goerzen

» Explore similar items : Books (4z2)

Puc. 2.4. Amazon noxasviéaem KHuzu, noxoxue Ha «Programming Python»
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B mamHOM cayuyae BBI MOKeTe ONPEeIUTh CTeIeHb CX0/ICTBA, BHISIBUB JIIO-
e, KOTOPBHIM IOHPABUJICA HAHHBIN TOBAp, ¥ IIOCMOTPEB, YTO €IIle UM IIOH-
paBmiock. ITo cyIecTBy, 9TO TOT Ke METOH, KOTOPBIM MBI Y Ke II0JIb30Ba-
JIUCH IJISI OIIPefesIeHUS IIOX0MKECTH JI0Ieil, — HYKHO JIUIITh BMECTO JII0Jei
BCIOZY ITOJICTAaBUTHL ToBaphbl. CTayio OBITH, MBI CMOKEeM IIPUMEHUTD YoKe Ha-
MCcaHHbIe DYHKIIUY, €CJIV IIPpeodpasyeM CI0Baph, 3aMEHUB

{'Lisa Rose': {'Lady in the Water': 2.5, 'Snakes on a Plane’': 3.5}

"Gene Seymour': {'lLady in the Water': 3.0, 'Snakes on a Plane': 3.5}}

Ha

{"Lady in the Water':{ Lisa Rose :2.5, "Gene Seymour :3.0},
‘Snakes on a Plane’:{'Lisa Rose':3.5, "Gene Seymour :3.5}} u T. A.

Hob6asbTe B (haita recommendations.py GyHKIINIO M1 BBIITOJIHEHUS TAKOTO
npeoOpasoBaHUS:
def transformPrefs(prefs):
result={}
for person in prefs:
for item in prefs[person]:
result.setdefault(item, {})

# 0OMeHATb MecTaMmu 4enoseka W npeameT
result[item][person]=prefs[person][item]
return result

A Temepb BbI30BeM (PYHKIIUIO topMatches, UTOOBI HANTU (PUIBMBI, ITOX0KIE
Ha «Superman Returns»:
>> reload(recommendations)
>> movies=recommendations.transformPrefs(recommendations.critics)
>> recommendations.topMatches(movies, 'Superman Returns')
[(0.657, "You, Me and Dupree’), (0.487, 'Lady in the Water'), (0.111, 'Snakes
on a Plane'), (-0.179, 'The Night Listener'), (-0.422, 'Just My Luck')]

OOpaTuTe BHUMaHNUE, YTO B 9TOM IPUMEpPe BCTPEUAIOTCA OTPUIlATEIbHEIE
K03(pDUIUEHTH KOppeaAnuu. JTO O3HAUaeT, YTO TeM, KOMY HPAaBUTCA
duabm «Superman Returns», puasm «Just My Luck» 06b14HO He HpaBUT-
cq (puc. 2.5).

Mo:xkHO TIOHTH eIlle MajbIlle W IOJYYUTh PEKOMEHAYEMbIX KPUTUKOB IJIs
mamHoro GuabMa. BEITh MOJKET, TaK BhI PEIINTe, KOT'o IIPUIJIaIlaTh Ha IIpe-
Mbepy?

>> recommendations.getRecommendations(movies, "Just My Luck')

[(4.0, "Michael Phillips'), (3.0, 'Jack Matthews')]

He Bcerza oueBHIHO, UTO IIepeCTaHOBKA JIIOLEH 1 TOBApOB IIPUBeeT K II0-
JIEBHBIM Pe3yJIbTaTaM, HO BO MHOTHX CJIy4YadX 9TO II03BOJIAET IIPOBECTU UH-
TepecHbIe cpaBHeHUs. CaliT OHJIAaHOBOM TOPTOBJIN MOKET XPaHUTD NUCTOPUN
IIOKYIIOK, YTOOBI PEKOMEHIOBATH TOBAPHI HOCETUTEIAM. B sTOM ciryuae onu-
caHHas BBIIIE IIEPECTAHOBKA JII0Iell 1 TOBAPOB MMO3BOJIUT HANTHU JIOAEH, KO-
TOPBIE MOTJIX ObI KYIIUTD OIIPeIeJIEHHBIH TOBAP. ITO MOKET OKAa3aThCA OUEHb
TIOJIe3HBIM IIPU IJIAHWPOBAHUM MapPKETHHIOBBIX aKIIUM IJIA IPOSBUIKEHUA
ToBapoB. Emie ogHO noTeHIIaIbHOE IPUMEHEeHNEe — peKOMeHJ0BaHVe HOBBIX
CCBLIIOK TIOCETUTEIAM, KOTOPBIE MOTJIN ObI UMU 3aMHTEPECOBATHCA.
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Superman Returns

5 Seymour

] Puig
Fsose

3 LaSalle

2

1

1 2 3 2 5 Just My Luck

Puc. 2.5. Mexucdy purvmamu «Superman Returns» u «Just My Luck»
Habawdaemces OmpuyamenvHas Kopperiyus

NMocTpoeHme pekomeHaaTens CCbiIOK
c nomoluublo APl canta del.icio.us

B sToM pasgee A MOKaKy, Kak salpalinBaTh JaHHbBIE ¢ OJHOTO U3 Hanbo-
Jiee MMOMYJIAPHBIX CAliTOB OHJAWHOBBIX 3aKJIAJ0K U KaK C UX IIOMOIIILIO Ha-
XOIUTH MOX0KUX MIOJIb30BaTeIeH 1 PEKOMEHA0BATE CCHLIKM, KOTOPBIX OHU
paubitie He Bumgenu. Caiit htip://del.icio.us MO3BOIAET MOJH30BATEIIO CO-
3IaTh YUETHYIO 3alICh U COXPAHATH MHTEPECYIOIIe ero CChLIKMU. 3aiaa Ha
ATOT CaMT, BbI MOJKETe IOCMOTPETh, KaKMe CCHLIKM COXPAHUIN APYTHUE JII0-
I, a TaKKe HAUTHU «IOMYyJIAPHBIe» CChLIKM, COXPAaHeHHbIe MHOTUMU IT0JIb-
soBarenaMu. Ha puc. 2.6 mokasama ogHa u3 cTpaHuIl cauira del.icio.us.

del.icio.us / popular / programming popular | recent
your bookmarks | your network | inbox | links for you | post logged in as tsegaran | settings | logout | help
Popular items tagged programming — view yours, all delicio.us kY
Coding Horror: The Programmer's Bill of Rights related tags
development
A Gentle Introduction to SQL tutorial
reference
. o . . software
Starfish - ridiculously easy distributed programming with Ruby web
javascript
ruby
The Web Developer's List java
tools

Puc. 2.6. Cmpanuya caiima del.icio.us,
codepicau,aa nonyaapHbsle CCoLAKU Ha MeMYy NPozpamMMUPOSAHUS
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B orsnume oT HEKOTOPBIX APYruX caiiToB o0OMeHa CChLIKaMmu, del.icio.us
(B HacToOsIIIEee BPpeMs) He IT03BOJISIET NCKATh MIOXOKUX JIOAEeH U He peKOMeH-
IyeT CCHLIKHM, KOTOPbIe MOTJIM OBl BAM IIOHPABUTLCS. BIpoueM, ¢ IOMOIILIO
PaccMOTPEHHEBIX B 9TOM I'JIaBe METOAO0B BbI MOXKeTe J0OAaBUTH 3TY PYHKIIHO-
HaJIbHOCTH CAMOCTOATEIHHO.

API canTa del.icio.us

Caiit del.icio.us npenocrasaseT API nna goctyma K JaHHBIM, KOTOPbIE BO3-
ppamamoTca B hopmare XML. YTo0BI yIPOCTUTEL BaM KU3HB elrle 60JbIIIe,
umeetrca odeptra atToro API Ha aseike Python B Buze 6ubamnoTexu, KOTO-
PYIO MOXKHO CKa4aTh CO cTpaHuUIEI http://code.google.com/p/pydelicious/
source unu hitp://oreilly.com/catalog/9780596529321 .

J1s paboThI C IPUMEPOM U3 3TOTO pasfelia 3aTPy3UTe MOCIETHIOI0 BEPCUIO
9TO# OMOJIMOTEKH M IIOMECTHUTE €€ B IaIlKy, rae mHTepuperarop Python
uiret 6ubanoreku (mogpobHee 06 yCTaHOBKE 9TOM OMOJIMOTEKU CM. IIPUJIO-
sKeHue A).

B 6ubamoTeKe ecTh HECKOJIBKO IPOCTRIX (QYHKITUH I TOJTYUYeHU CChLIOK,
COXPpaHEeHHBIX IoJb30oBaTeaAMu. Hanpumep, 4TOOBI IOJYUYUTDH IOCIETHUI
CIIMCOK IIONYJAPHBIX CCHLIOK HA TeMy IIPOTpPaMMHUPOBAaHUA, CJIefyeT BbI-
3BaTh QYHKIUIO get_popular:

>> import pydelicious

>> pydelicious.get_popular(tag="programming’)

[{'count’': "', ‘'extended’: "', ‘"hash': "', ‘description’: u'How To Write
Unmaintainable Code", ‘tags': "', ‘href': u'http://thc.segfault.net/root/
phun/unmaintain.html’, ‘user': u'dorsia’, 'dt': u'2006-08-19T09:48:567"},
{"count’: "', ‘extended': "', ‘"hash': "', ‘description’: u'Threading in C#’
"tags’: ", “href': u'http://www.albahari.com/threading/", ‘user’:
u'mmihale’, "dt': u'2006-05-17T18:09: 247"},

LN T4

Kaxk BuanTe, BO3BpPAIIlaeTCs CIIMCOK CJIOBAPE, KayKIBIN 13 KOTOPBIX COMEP-
skut URL, onucanme m uMs MOJH30BATENA, KOTOPBIH Pa3MECTUJ CCHLIKY.
ITockonbKy MBI paboTaeM ¢ JKUBLIMU JaHHBIMH, IIOJIyUeHHbIE BAMU Pe3yJIb-
TaThbl MOT'YT OTJINUYATHLCA OT IPUBEAEHHBIX B KHNUre. ECTh ellle ABe IoJIe3HbIe
GyHKIMU: get_urlposts BO3BpAIllaeT BCe XPAHAIINECA CCHLLIKM HA JaHHBIN
URL, a get_userposts — BCe CCHLIKM, COXPaHEHHBIE JaHHBIM II0Jb30BaTEJIEM.
JlamHble BO3BPAIIAIOTCA B TOM JKe (h)opMaTe, UTO U BHIIIIE.

MocTpoeHne HaGopa paHHbIX

3arpysuTh Bce JaHHbBIE O CChLIKAX ¢ caiita del.icio.us HeBO3MOKHO, IIO9TOMY
MPUAETCA OTPAHUYUTHCA KAaKUM-TO IIOJMHOKECTBOM. BBl MOsKeTe BHIODPATh
ero KaK YroAHO, HO, YTOOBI MOJYYUTh NHTEPECHBIE Pe3yIbTAThI, HAM X0Te-
JIoCh OBbI HAWITH JIIOMIeli, KOTOPhIE YaCTO COXPAHAIOT CCBIIKY, U TeX, YbM Ha-
GOPEHI CCHIIIOK ITOXOMKMU.
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7151 9TOr0 MOKHO, HAIIPUMED, 3alIPOCUTH CIIKUCOK II0JIb30BaTe ell, KOTOphIe
HeJaBHO COXPAHUJIU IONYJISIPHYIO CCBLIKY C KOHKPETHBIM Ipu3Haxom. Co-
smaiite aiia deliciousrec.py u BBeuTe B HETO TaKOM KO/ :

from pydelicious import get_popular,get_userposts,get_urlposts

def initializeUserDict(tag, count=5):
user_dict={}
# NONYYNUTb NOACYET CaMbiX MOMYNSPHLIX CCHINOK
for p1 in get_popular(tag=tag)[0:count]:
# HalTM BCexX MNonb30BaTenein, COXPaHMBWUX 3TY CChIIKY
for p2 in get_urlposts(pl[ href'])
user=p2[ "user']
user_dict[user]={}
return user_dict

B pesyabTaTe MBI HOJIyUaeM CJI0BapPh, COAEPIKAIINHI HECKOIBKUX I0JIb30Ba-
TeJiell; KasKIbIY U3 HUX CChLIaeTCA Ha IIYCTOH cJa0Bapb, KOTOPBIN IIPEICTO-
WUT 3amoJaHuTh ccelikamu. API Bosspaifaer Tonsko 30 UeI0BEeK, COXPAHUB-
IINX CCBLIKY IIOCJIeTHNMM, IIO3TOMY MBI 3alipallimBaeM CIIMCKH II0JIb30Ba-
TeJell IJA IATU Pa3HBIX CCBIIOK, YTOOLI HAOOP HJAHHBIX IIOJIyUYHJICS 0Oojiee
IIpeaCTaBUTEJIbHBIM.

B orauuue ot IIpuMepa Cc KHHOKPUTHKaMU, B JaHHOM CJiy4dae eCThb BCEIro ABe
BO3MOJKHBIE OlleHKH: 0, eC/IU I0IbL30BATEb He COXPAHI CChLIKY, n 1 — ec-
au coxpatsaia. C momoribio API MBI Telepsh IOTOBBI HAIIKCATh PYHKITUIO, KO-
TOpas BLIYMCJIUT OIEHKHU [IJIA BCEX MMOJb3oBaTesel. Jlo6aBbTe CIeqyIONINH
Koz B ¢aiin deliciousrec.py:

def fillItems(user_dict):
all_items={}
# HaiTu CCbikM, COXPaHEHHbEe BCEMW MONb30BATENAMU
for user in user_dict:
for i in range(3):
try:
posts=get_userposts(user)
break
except:
print "Ouubka gna nonb3oBaTens "+user+”, npobyo eue pas”
time.sleep(4)
for post in posts:
url=post[ "href']
user_dict[user][url]=1.0
all _items[url]=1

# BMecTo oTCyTCTBYybUMX anemeHToB 3anucaTb 0
for ratings in user_dict.values( ):
for item in all_items:
if item not in ratings:
ratings[item]=0.0

Iroil QyHKIMEeH MOKHO BOCIOJb30BaThCA AJS MOCTPOeHUWs Habopa maH-
HBIX, aHAJIOTUYHOTO CJIOBAPIO critics, CO3JaHHOMY B HaUyaJje 3TOH IJIaBhI:
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>> from deliciousrec import =

>> delusers=initializeUserDict( ' programming’)

>> delusers [ "tsegaran’']={} # [lo6aBbTe B cnoBapb cebs, ecnu nonb3yeTecb CauTOM
delicious

>> fillItems(delusers)

B Tperneii cTpoKe B CIIMCOK M00ABIAETCS IMOJIb30BATENb tsegaran. MoKeTe

BMECTO Hero yKasaTh COOCTBEHHBIN UAeHTU(UKATOP, €CJIU BbI 3aPEeruCTPU-
poBaHEI Ha cauiTe del.icio.us.

O6parrerue K QyHKIUY fillltens MOMKET 3aHATH HEKOTOPOE BPEeMs, ITOCKOJIb-
Ky caiTy mochLIaeTcsA HECKOJbKO coTeH 3ampocoB. Muorga API mepecraer
06pabaTeIBaTh 3alIPOCHI, €CJIM OHU ITOCHLIAIOTCA CIAUIIKOM OBICTPO. B Takom
cjiydae mporpaMMa MPUOCTAHABJIWBAETCA U MBLITAETCS ellle Pas MOJYUYUTh
MHAOPMAITHIO O TOM JKe II0JIb3oBaTese (HO AesiaeT He 0ojee TpeX MOIBITOK).

PekomeHaoBaHMe coceanen M CCbNIOK

ITocTpouB HabOp JaHHBIX, MBI MOYKEM IIPUMEHUTH K HEMY Te JKe QYHKIIUH,
YTO M K HA0OPY JaHHBIX 0 KUHOKPUTHUKAX. UTOOLI BEIOPATH HMOJIb30BATEIA
Hayrajg ¥ HaWTH APYrUX II0Jb30BaTeJell ¢ IOXOKUMU BKyCaMU, BBEIUTE
cJaenyooIue KOMaHIbI:

>> import random

>> user=delusers.keys( )[random.randint(0, len(delusers)-1)]

>> user

u'veza’

>> recommendations.topMatches(delusers, user)

[(0.083, u'kuzz99"), (0.083, u'arturoochoa"), (0.083, u'NickSmith"), (0.083,
u'MichaelDahl"), (0.050, u'zinggoat')]

Mo:kHO TaKske MOJIYYUTh PEKOMEHJOBaHHbIE CCHLIKY AJId 9TOTO II0JIb30BaTe-
Jis, BBIZBAB PYHKIIUIO getRecommendations. OHa Bo3BpaIaeT yoopsa 0UeHHBIHN
CIIICOK BCE€X CCBLJIIOK, IIO3TOMY JIYUIlle OTPAHUYNTHCA IEPBBIMU JECATHIO:

>> recommendations.getRecommendations(delusers,user)[0:10]

[(0.278, u'http://www.devlisting.com/"),

(0.276, u'http://www.howtoforge.com/linux_ldap_authentication'),

(0.191, u'http://yarivsblog.com/articles/2006/08/09/secret-weapons-for-
startups’),

(0.191, u'http://www.dadgum.com/james/performance.html")

(0.191, u'http://www.codinghorror.com/blog/archives/000666.html")]

Pasymeercss, kak 1 paHbIIle, CIIMCOK IIPEAIIOUYTEHUIl MOXKHO TPAHCIIOHHU-
POBATHL. ITO IMO3BOJIUT HaM (DOPMYJIHNPOBATE 3aIIPOCHI B TEPMUHAX CCHLIOK,
a He Jrogeii. [[Jig mOMCKA CCHIIOK, ITOXOKUX HA TY, YTO IIOKAa3ajlach BaM 0CO-
0eHHO MHTEePeCHOIl, MoIpobyiiTe BBECTH TaKKMe KOMAHbI:

>> url=recommendations.getRecommendations(delusers,user)[0][1]

>> recommendations.topMatches(recommendations.transformPrefs(delusers),url)

[(0.312, u'http://www.fonttester.com/"),

(0.312, u'http://www.cssremix.com/"),

(0.266, u'http://www.logoorange.com/color/color-codes-chart.php'),

(0.254, u'http://yotophoto.com/"),

(0.254, u'http://www.wpdfd.com/editorial/basics/index.html")]



DunbTpaLmMs Mo CXOXEeCTU 00pa3LoB 43

Bot u Bce! BbI TOJIBKO UTO 106aBUIN MeXaHU3M PEKOMEHIOBAHNUA JJIs caliTa
del.icio.us. Ho MOKHO ellle MHOTO uero c¢aenaTh. IIocKonbKY del.icio.us mos-
Jep:KMBaeT IIOMCK II0 mpusHakaM (B ero tepmuuoJsioruu — teram (tag)),
MOJKHO IIOMCKAaTh IOX0KMe Ipu3Haku. MoKHO Jake IOUCKATD JIIOAEH, KO-
TOpbIe MBITAIOTCSI MAHUIYJIUPOBATh CTPAHUIIAMHU «IIOMYJISAPHBIX CCHLIOK»,
COXPAaHsAA ONHU U Te K€ CChLIKY IO PA3HLIMU YUETHBIMU 3aIIUCIMU.

dunbTpaums no cxoxxectn oopasuos

MpbI peasn3oBaI MEXaHU3M PEKOMEHIOBAaHUSI TAaKUM 00pa3oM, UTO IJIA CO-
3maHnsg Habopa MAaHHBIX HEOOXOJMMBI OLEHKM, BBLICTABJICHHBLIE KaXKILIM
mosb3oBaTesneM. [T HECKONIBbKUX THICSAY JIOAEH MJIM IIPeIMEeTOB 3TO, BO3-
MOJKHO, 1 OyzeT paboTaTh, HO Ha TaKOM OOJIBIIIOM caiiTe, Kak Amazon,
MUJIJINOHEI IIOJI30BaTeJIeH 1 TOBAPOB, IIOSTOMY CPaBHEHME KAMKIO0T0 MOJIb-
30BaTeJIA CO BCeMU APYTIUMH, a 3aTeM CpaBHEHNE TOBAPOB, KOTOPBIM KaK-
IBIY IMOJB30BATEIb BEICTABUII OI[EHKH, 3aiiMeT HeJOIIyCTMO MHOTO BpeMe-
Hu. Kpome Toro, Ha caiiTe, KOTOPbIHA IIPOJAaeT MUJIJINOHLI PA3HBIX TOBAPOB,
IePEeKPLITHE BKYCOB MOKeET ObITh OYeHb MaJ0, II0O3TOMY HEJIEI'KO PEIlNTh,
KaKle II0JIb30BaTeJIU IOX0MKHU.

TexHUKA, KOTOPYIO MBI IPUMEHSAIN [0 CUX IIOP, HA3LIBAETCA KOJL1A00paA-
MusHoll puavbmpayueil no cxoxecmu noavdogamedeii. ArbrepHaTUBa U3-
BECTHA II0J] HA3BaHUEM <«KOJJAA00paAmMUBHaAs PUIbMPAUUSL NO CXOHecmu
obpasyos». Korga Habop MaHHBIX OUeHb BEJIUK, KOJIabopaTUBHAS (GUJIb-
TPaLUA MO CXOKECTH 00PasIoB MOKET AaBaTh JIyUIIe Pe3yJbTaThl, IPU-
YyeM MHOTHE BBIUMCJICHUSA MOKHO BBIIIOJHUTE 3apaHee, IOITOMY II0JIb30Ba-
TeJIb MIOJYUYUT PeKOMeHAaInu ObIcTpee.

IIponenypa GUABTPALAN IO CXOMKECTA 00pas3IloB BO MHOTOM OCHOBAaHA Ha
yoKe paccMOTpeHHOM MaTepuasie. OCHOBHAA Mes 3aKJII0UYaeTCA B TOM, UTO-
OBl IJIA KaXKJ0ro o0pasia 3aparee BhIUNCIUTL OOJBIIMHCTBO IIOX0MKUX Ha
Hero. Torga A BEIPaGOTKM PeKOMEHAAIINH M0JIb30BaTEII0 JOCTATOUYHO 0Y-
aeT HafITI/I Te 06pa3um, KOTOPBIM OH BBICTaBUJI HAMBBICIIINIE OII€EHKMN, 1 CO-
3aTh B3BEIIIeHHBIHN CIINCOK 00pas3I[oB, MAaKCUMAaJIbHO IMTOX0KUX HaA 9TH. OT-
METHM OJHO CYIIIeCTBEHHOE€ OTJIMYMEe: XOTA Ha IIePBOM IIIare HeO6XOI[I/IMO
HCCJIEOBATEL BCe JaHHBIE, Pe3yJIbTATEI CPABHEHUA 00Pa3IoB U3MEHAIOTCA
He TakK 4acTo, KaK Pe3yJbTAThl CPABHEHUS II0Jb30BaTe ell. ITO O3HAYAET,
YTO He HYXHO IIOCTOSHHO IePEeCUUTHIBATE MIJIS KayKJIOro o0pasma CIIMCOK
IMOXO0XKMX HA HEro; 9TO MOXKHO IeJIaTh, KOT[a HAarpys3Ka Ha CailT HeBeJINKa,
WJIM BOOOIIe Ha OTAEJILHOM KOMIIBIOTEPE.

HOCTPOEHI/IE Ha60pa AdHHbIX ANna cpaBHeHNdA 06pa3LI,OB

YT0o0BI cpaBHUBATL 00PA3IILl, HYsKHO MEePBBIM JeJ0M HAIlNCATh (PYHKIIUIO,
KOTOpas IMOCTPOUT MOJIHBIM HAOOp JaHHBIX O MOX0XKUX obpasiax. Eire pas
MMOBTOPUM, YTO 9TO Heo0sI3aTeJbHO JeJIaTh IPU BBIPAOOTKE KaKIol peKo-
MeHIaIuK; JOCTATOYHO IIOCTPOUTH HAGOP OAWH pa3, UTOOBI MOJb30BATHCS
MM MHOTOKPaTHO.
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15 reHepupoBaHus Habopa JaHHBIX BKJIOUHNTE B (haita recommendations.
Py cleayIouIyio QyHKIIUIO:
def calculateSimilarItems(prefs,n=10):
# Co3paTb crnoeapb, coaepxaumii ang kaxporo obpasua Te obpasubl, KOTopbe
# Oofblle BCEro MOXOXW Ha Hero.
result={}

# 00paTuTb MaTpuUy npeano4YTeHuit, 4ToOb CTPOKM COOTBETCTBOBaNM obpaslam
itemPrefs=transformPrefs(prefs)
c=0
for item in itemPrefs:
# 06HOBNEHME COCTOAHMA ANg 60onbMx HABOPOB AaHHbIX
c+=1
if c%100==0: print "%d / %d" % (c,len(itemPrefs))
# HainTu obpasupl, MakCuUManbHO MOXOXWE Ha LaHHbIN
scores=topMatches(itemPrefs,item,n=n,similarity=sim_distance)
result[item]=scores
return result

Ira pyHKINSI cHAUaJIa o0palljaeT CI0Baph IPeAIOUTeH, BbI3bIBaA HAII-
CaHHYIO paHee QYHKIIUIO transformPrefs, KOTOPOI1 IIepeiaeTcs CINCOK 00pas-
IIOB BMeCTe C OIleHKaMU, BLICTABJIEHHBIMY KasKIBIM II0JIb30oBaTeaeM. Jlaree
B IIUKJIe 00X0OIATCS Bce 00pasIibl M TPaHCHOPMUPOBAHHBIH CJIOBAPh Iepea-
eTca GyHKIUU topMatches, KOTOpas Bo3BpaIiaeT HamboJjee MOX0KKe 00pas-
IBI ¥ KO3 (P UITMEHTBI mono0usd Aaa Hux. HakoHel GpyHKIIUA CO3IaeT 1 BO3-
BpalllaeT CJI0Baph, B KOTOPOM KaKJOMYy 00pasIly COIOCTABJIEH CIMCOK Ha-
uboJiee IOXOKUX Ha Hero o6pasIfoB.

B ceance pabotrsl ¢ uaTeprnperaropom Python mocrpoiiTe HabOp TAaHHBIX
0 CXO0KeCcTH 00pas3IioB U TOCMOTPUTE, UTO MOJYUUTCA:
>>> reload(recommendations)
>>> itemsim=recommendations.calculateSimilarItems(recommendations.critics)
>>> itemsim
{"Lady in the Water': [(0.40000000000000002, "You, Me and Dupree’),
(0.2857142857142857, "The Night Listener'),...
‘Snakes on a Plane’: [(0.22222222222222221, 'lLady in the Water'),
(0.18181818181818182, 'The Night Listener’),...
nT. o
HanmomuuM, 4To 3Ty (PYHKIIUIO CJIEAYyeT 3allyCKaTh JUIIL TOTHa, KOTqa He-
00xoauMo OOHOBUTH JaHHBIE O CXO:KecTu 00pasioB. Iloxka KoamuecTBO
I0JIb30BaTeJIell U BHICTABJIEHHBIX UMY OIIEHOK HEBEJIMKO, 9TO NMEET CMBICJI
JIeJiaTh yalle, HO II0 Mepe PocTa YMcJia IMoJb3oBaTeseil Koa(OUIIUeHThI I10-
I061s1 00pas3I[0B OOBIYHO EePECTAIOT CUJILHO U3MEHATHCH.

Bbigaya pekomMeHpauum

Temepb BbI FOTOBBI BHIZABATh PEKOMEHAAIIUM, IIOJIb3YSACH CJAOBAPEM IaH-
HBIX 0 CXOKeCTH 00pasIioB 0e3 o0paleHusa Ko BceMy Habopy gaHHBIX. He-
00X0JMMO TOJYUYUTh CIMCOK BCeX 00PAas3I[0B, KOTOPBIM I10JIh30BATEIb BEI-
CTaBJISLJI OIEHKU, HAUTH ITOX0K e U B3BBECUTh UX C YIeTOM K03(hPUIeHTOB
moxoous.
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B Ta6s. 2.3 mokasaHa mpoleAypa BBEIPAOOTKM PEeKOMEHIAI[Mi Ha OCHOBE
(GpUIbBTPAIINY II0 CXO0KeCTr 00pasiios. B oTmune ot Tab. 2.2, KpUTUKU TYT
BOOOIIle HE YYAaCTBYIOT, a CPABHUBAIOTCA (DMJIBMBI, KOTOPhIE A OI€HUBAJI,
C TeMU, KOTOPbIE He OIEHUBAJ.

Ta6auya 2.8. Pexomendayuu dasa Toby,
nosyyeHHble Memodom QuIbMPAYUL NO CXoHecmu 06pa3yos

. 0.x 0.x 0.x

Duabrm Ouenka | Night Night Lady Lady Luck Luck
«Snakes» 4,5 0,182 | 0,818 | 0,222 | 0,999 | 0,105 | 0,474
«Superman» | 4,0 0,103 | 0,412 | 0,091 | 0,363 | 0,065 | 0,258
«Dupree» 1,0 0,148 | 0,148 | 0,4 0,4 0,182 | 0,182
Hroro 0,433 | 1,378 | 0,713 | 1,764 | 0,352 | 0,914
IIocre

HOpMAaJIu- 3,183 2,598 2,473
3anuu

B Kakm01i CTPOKe YKas3aH (PUIbM, KOTOPBIH I CMOTpPEJI, U OIleHKAa, KOTOPYIO
s emy BeICTaBUI. [lJid Kakgoro puiIbMa, KOTOPBIA A HEe CMOTPEJ, IMeeTCA
cToJI0eIr, T/ie MOKAa3aH0, HACKOJbKO OH IIOX0K Ha BUAEHHbIE MHON (OUJIBMBI.
Hampumep, KosduiineHT mogodbusa Me;xay puabMamMu «Superman» u «The
Night Listener» pasen 0,103. B cTo1011aX ¢ Ha3BaHUSAMU, HAUMHAIOIUMU-
ca ¢ O0.x, mokasaHa MO OIleHKa, YMHOMKEeHHAasa Ha Koa(pGUuIueHT mogo0mus;
MOCKOJBbKY fA IOoCTaBUJI (puabMy «Superman» oieHry 4,0, To, yMHOXKasd
YHCJIO Ha IIePEeCceUeHnn CTPOKH «Superman» u croJbmna «Night» ua 4,0, mo-
ayqaem: 4,0x 0,103 =0,412.

B cTpoke «MToro» mpocyMMUPOBaHbI KO3(hGUITMEHTEI IIOL00MA 1 3SHAUCHU S
B cToabmax «0.x» 1ad xKammoro puiabma. UToOsI IIpefcKas3aTh MO0 OIIEHKY
¢dunrbMa, TOCTATOYHO PA3EIUTD UTOT AJA KOJOHKK «O.X» Ha CyMMapHBIN
Koa(pumuenT moxodusd. Tax, xisa puasma «The Night Listener» mporaos
Moett ontenKu pasen 1,378/0,433 = 3,183.

Peanusyem sTy QpyHKIIMOHAIBLHOCT, JOOABUB IOCIELHIO PYHKIINIO B (DAL
recommendations.py:

def getRecommendedItems(prefs,itemMatch, user):
userRatings=prefs[user]
scores={}
totalSim={}

# Uukn no obpasuam, OLEHEHHHM [aHHbIM NOSIb30BaTENEM
for (item,rating) in userRatings.items( ):

# Uukn no obpasuam, NOXOXMM Ha [aHHbI
for (similarity,item2) in itemMatch[item]:

# lNponyckaem, €Cnu Monb30BaTENb YXEe OUEHMBan [aHHui obpasel
if item?2 in userRatings: continue
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# B3BeweHHas CyMMbl OLEHOK, YMHOXEHHHX Ha KO3dGuuuMeHT nopobus
scores. setdefault(item?2,0)
scores[item2]+=similarity=rating

# Cymma Bcex KoapdpuumeHToB nomobus
totalSim. setdefault(item2,0)
totalSim[item2]+=similarity

# [lenum Kaxayln WTOroBYI OUEHKY Ha B3BEWEHHYI CyMMy, YTOOH BbYMCANTH
# cpenHee
rankings=[(score/totalSim[item],item) for item,score in scores.items( )]

# BosBpawaeT cnucok rankings, 0TCOPTMPOBAHHLIA N0 YyObBAHWI
rankings.sort( )

rankings. reverse( )

return rankings

IIporecTupyiiTe sTy (GQYHKIMIO Ha IOCTPOEHHOM paHee Habope TaHHBIX
0 CXO0KeCTH IIPeMETOB, YTOObI IOJYUYNTL HOBLIE peKoMeHganuu a1 Toby:
>> reload(recommendations)
>> recommendations.getRecommendedItems(recommendations.critics, itemsim, 'Toby")
[(3.182, 'The Night Listener")
(2.598, 'Just My Luck")
(2.473, 'Lady in the Water')]

®@unsm «The Night Listener» mo-mpesxaemy auaupyeT ¢ GOJIBIITUM OTPHI-
BOM, a «Just My Luck» u «Lady in the Water» momensiincs mectamu, HO
ocTaJnch OJU3KH. BakHee TOT PaKT, UTO PyHKIUU getRecommendedItems He
IIPUIIJIOCH BEIUYMCIATD KO3(MMUIIMEHTHI II0100US IJIs BCeX OCTAJNbHBIX KPU-
TUKOB, IIOCKOJIBKY HYKHBII Ha00p JaHHBIX OBLLI IIOCTPOEH 3apaHee.

Ucnonb3oBaHue Habopa aaHHbIX MovielLens

B mociemmem mpuMepe MBI PACCMOTPHUM peaIbHBIN HAa0Op JaHHBIX C OIleH-
Kamu GUIbBMOB, KOTOPLII HasbiBaeTca MovieLens. 9ror Habop ObLT mOATO-
TOBJIEH B XoZe paboThkl Ham npoekToM GroupLens B yHHUBepCHUTETe IITaTa
MwunHecoTa. 3arpy3uTh €ro MOXKHO CO CTpaHUIBI http://www.grouplens.
org/node/12. Tam ecthb nBa Habopa mamHbIX. CKauaiiTe ma6op 100 000
B popMaTe tar.gz uiu zip B 3aBUCUMOCTHU OT ILJIAT(HOPMBI, Ha KOTOPOM BBI
paboraere.

B apxuBe ymmakoBaHO HECKOJbKO (DaiiioB, HO IJiA HAC IIPEICTABIAIOT MHTE-
pec TOJABKO U.item, B KOTOPOM COZEPKUTCS CIMCOK WHICHTU(PUKATOPOB
¥ Ha3BaHUM (pUIBMOB, 1 U.data, rae HaXoAsATCA COOCTBEHHO OLIEHKU B CJIe-

nymomieM opMmare:
196 242 3 881250949
186 302 3 891717742
22 377 1 878887116
244 51 2 880606923
166 346 1 886397596
298 474 4 884182806



Vicnonb3oBaHue Habopa JaHHbIX Movielens 47

B xammoii cTpoke yKasaH UAeHTU(UKATOP I0Jb30BaTeA, UAeHTU(DUKATOD
¢duabmMa, OlleHKa, BbICTaBIeHHAA (GUIbMY JAaHHBIM II0JIL30BATEJIEM, 1 Bpe-
MeHHOH mrTamMn. [1oJIyduTh CIMCOK Ha3BaHUU (DUJIIBMOB MOXKHO, HO IT0JIB30-
BaTeJW aHOHWMHEBI, II09TOMY HaM IIPUAETCA paboTaTh TOJMHKO C UX UAEHTH-
duraropamu. Buabope numerorcs onenku 1682 puabmoB, ranubie 943 mMoInb-
30BaTEJIAMU, KAYKABIN U3 KOTOPBIX OIleHNJI He MeHee 20 puIbMOB.

CospaiiTe B (paiiiae recommendations.py HOBBIN MeTox loadMovielens JJis 3a-
TPY3KHU 9TOT0 Habopa JaHHBIX:
def loadMovielens(path='/data/movielens’)

# NMony4YnTb Ha3BaHWA OUNBLMOB

movies={}

for line in open(path+'/u.item"):
(id, title)=line.split( | ")[0:2]
movies[id]=title

# 3arpysnTb JaHHbe
prefs={}
for line in open(path+'/u.data’)
(user,movieid, rating, ts)=1ine.split("\t")
prefs.setdefault(user, {})
prefs[user][movies[movieid]]=float(rating)
return prefs
B ceamce paboThl ¢ MHTEPIPETATOPOM 3arPy3UTe JAHHBLIE U IIOCMOTPUTE
OIIeHKHU, BBICTABJIE€HHbBIE KAKNM-HUOYIb MOJHL30BaTEIEeM:
>>> reload(recommendations)
>>> prefs=recommendations.loadMovielens( )
>>> prefs['87"]
{'Birdcage, The (1996) : 4.0, 'E.T. the Extra-Terrestrial (1982)": 3.0
‘Bananas (1971)": 5.0, 'Sting, The (1973)': 5.0, 'Bad Boys (1995)": 4.0,
"In the Line of Fire (1993)': 5.0, ’'Star Trek: The Wrath of Khan
(1982)":5.0
"Speechless (1994)': 4.0, n T. A..
Temepb MOKHO IIOJYUYUTh PEKOMEHIAIINY IIYTEM (DUIBTPAIUU II0 CXO0KECTH
IoJIb30BaTeJIen:
>>> recommendations.getRecommendations(prefs, "87 )[0:30]
[(5.0, 'They Made Me a Criminal (1939)"), (5.0, 'Star Kid (1997)")
(5.0, ‘'Santa with Muscles (1996)"), (5.0, 'Saint of Fort Washington
(1993) "),
nToa.o.]
Eciu y Bac He 04eHb OBICTPBIM KOMIIBIOTED, TO IIPU BEIPAOOTKE peKOMeH1a-
U TaKUM CII0COO0M BO3HUKHET HeboabInasd maysa. CBA3aHO 3TO C TeM, UTO
Temephb BbI paboTaeTe ¢ Tropasno 6oee 060 HLEeMHLIM HAOOPOM TaHHBIX. Hem
0oJIbIlle TOJIL30BAaTE e, TeM 00JbIlle BpeMeHU OyAeT 3aHuMAaTh IIpoleaypa
BBIPAOOTKM peKoMeHJaIuii. A Temepsb IoIpodyeM (pUIbTPAIIHIO IO CXOMKec-
T 06PasIOB:
>>> itemsim=recommendations.calculateSimilarItems(prefs, n=50)
100 / 1664
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200 / 1664

T, O...

>>> recommendations.getRecommendedItems(prefs, itemsim, 87" )[0:30]

[(5.0, "What's Eating Gilbert Grape (1993)"), (5.0, "Vertigo (1958)"),
(5.0, '"Usual Suspects, The (1995)"), (5.0, 'Toy Story (1995)"),» 7. o...]

XoTs Ha TTOCTPOEHME CJI0BAPA JAaHHBIX 0 KOG GUIIMEeHTaX MOA00UA YXOAUT
MHOTO BpeMeHHU, HO II0CJe TOTO KaK OH MOCTPOeH, BLIPAabOTKa peKOMeHIa-
Uil IPOU3BOAUTCS IPAKTHUYECKN MI'HOBEHHO. M, UTO OUeHb BasKHO, BpeMs
He yBeJIMUMBaeTCda C POCTOM UHMCJIa IOJIb30BaTeJe.

9ToT HabOp JAHHBIX OYEHb YAOOEH [IJIA SKCIEPUMEHTOB C II€JIbI0 IIOHATH,
KaK pasjIMYHbIE METOJbI OIleHKY I1000UA BJIMAIOT Ha Pe3yJbTaT, U CPaB-
HUTH IPOU3BOAUTENHLHOCTD (PUIBTPAIINY IO CXOKECTH I0JIb30BaTe et 1 06-
pastos. Ha caiite GroupLens ecTs u Apyrue HabOpHI JAaHHBIX, B TOM YHCJE
0 KHUTaX U aHEeKJ0TaX, a TaKiKe ellle OANH Habop JaHHBIX O KHHODMIbMAaX.

CpaBHeHUue MeToA0B (pUNbTpaL UM MO CXOXKeCTn
nonb3oBaTesnen U No CXoXecTn obpasuos

PuabTpaInd II0 CX0KeCTH 00pas3IloB BBIMOJHIETCA ropasao ObIcTpee, YeM
IO CXOKeCTHU IOJIb30BaTe eil, KorJa HyKHO BEIPad0TaTh CIIICOK PEKOMEH-
manuii Ha 00JbIITOM Habope JaHHbBIX, HO OHA TPeOyeT HOIMOJHUTEeIbHBIX Ha-
KJaIHBIX PacXo[0B HA XpaHeHHe TAOJUIBI KO3(PPUIMEeHTOB Iog00usa 06-
pasios. I TOUHOCTH 3aBUCHUT OT TOT'0, HACKOJbKO «pasperkeH» HaboOp maH-
HBIX. B IpuMepe ¢ puaIbMaMu KaKIbIN KPUTUK OIEHIJ [IOUTH BCe (PUIBLMBI,
MOo3TOMY HAabOp HAHHBIX ILJIOTHBIN (He pasperkeHHbIH). C APYyroil CTOPOHLI,
MaJIOBEPOSATHO, UTO Ha caiiTe del.icio.us HalifyTca ABa YeJIOBEKA C OUHAKO-
BBIM HAOOPOM 3aKJIANOK, — GONBITHHCTBO 3aKJIaL0K COXPaHSIETCS He0OIb-
IITOM TPYIIIOH JIT0eii, T03TOMY Hab0p JaHHBIX OKAa3bIBaeTCA PA3PEeIKeHHBIM.
Ha paspe:xeHHBIX HabOpax HAHHBIX (PUILTPAIUS IO CXOKECTH 00pas3IloB
paboTaeT OBICTPee, UeM II0 CXOXKECTH II0JIb30oBaTeeli, a Ha IJIOTHBIX Ha0o-
pax ux IPOU3BOAUTEIbHOCTD IIOUTH OSUMHAKOBA.
- v
[*85 |  JomonmHUTENBbHYI WH(POPMAIWIO O PASIUYUN B IPOM3BOJUTENH"
r HOCTH 3THUX JBYX QJITOPUTMOB MOYKHO HAWTH B CTaThe Sarwar u Ip.
e f # «Item-basedCollaborativeFiltering Recommendation Algorithms»
“~' ma caiire http://citeseer.ist.psu.edu/sarwar0Qlitembased.html.

OpHaKO (UALTPAIIMIO IO CXOYKECTU II0JIb30BaTeJiell IpoIllle peaan3oBaTh,
¥ OHa He TpedyeT MOIOJHUTENHHBIX IIaroB, IIO9TOMY 3aUacTyio OHa 6ojiee
MPeAIIOUTHUTEeNbHA M5 HeOOJbITNX HAaOOPOB HaHHBIX, YMEIAIONINXCA I1e-
JUKOM B IaMsATU, KOTOPEIE K TOMY K€ OUeHb OBICTPO m3MeHAmoTcsa. Hako-
HeIl, B HEKOTOPHIX IPUJIOKEHUAX OThICKaAHUE JII0JIel, IIPeAIIOYTeHNA KOTO-
PBIX CXOMKU C MIPEAIOUYTEHUSAMHU JAHHOTO II0JH30BATEJIA, NUMEET CAMOCTO-
TeJbHYIO I[eHHOCTh — Ha caliTe OHJIAAHOBOII TOPTOBJH 5TO, MOKET ObITh,
U HU K UYeMYy, a BOT Ha caiTax o0MeHa CChLIKaMU UJIN PEKOMEHI0BAHUS MY-
3BIKH OBLIO ObI OUeHEL KCTATH.
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Temepb BBl 3HaeTe, KaK BBIUNCIAATH KOI(DOUIMEHTHI MOLOOUS U II0JIb30-
BAThCA MU [IJIA CPABHEHUS JIIO/eH 1 IpeqMeToB. B 9Toii riiaBe MbI paccMOT-
peJiu [Ba aJrOPUTMAa BEIPAOOTKY PEKOMEHIAIUI — II0 CXOMKECTH I0JIh30Ba-
TeJiel U IO CXO0KeCcTH 06pasIoOB, a TAKKe CIIOCOOBI COXPAHEHU S IPEAIIoUTe-
Hu# nmoabaoBareseii. Kpome Toro, BeI BocmosbzoBanuchk API caiira del.icio.
US IJ1F IOCTPOEHUA CUCTEMBI PEKOMEH/JOBAHUA CCHLIOK. B ryiaBe 3 BBl y3HA-
eTe, KaK HA OCHOBE M/e¥ U3 9TOH IJIaBbl HAXOAUTE I'PYIIIEI TOX0MKUX JIIO-
neil, IpuMeHAsA aJrOPUTMBI KJjacTepusanuu 0e3 yuutess. B riase 9 mbl
paccMOTPUM aJIbTePHATUBHBIE CITOCOOBI ITOAGOPA APkl YEJIIOBEKY, KOTa 3a-
paHee M3BECTHO O TOM, KaKue JII0IU eMy HPaBATC.

YnpaxHeHusa

1.

Koagpgpuyuenm Tanumomo. BeiacHuTe, 4TO TaKoe KOs GuiimeHT momao0-
6usa TarumoTo. B KaKuX ciryuyasx ero MO;KHO HCIIOJIB30BATH B KAUECTBe
METPUKU CXOYKECTU BMECTO €BKJINA0BA PACCTOAHUS NI KodhdummueH-
ta [Iupcona? Hanmumnre HOBYIO (GhYHKIIUIO OIEHKHU II0J00MA Ha OCHOBE
KoadpuitmenTa TaHMMOTO.

ITodobue npusnaros. Ilonbaysacs API caiita del.icio.us, cosnaiite Habop
IaHHBIX, COMEPIKAINI IPU3HAKY U CCHLIKM. Bocmoap3yiTech MM, 4TO-
Obl BBIUMCIUTh KO3(pPUIIMEHTH HOomo0usA IIpu3HAKOB. IlompoOyiiTe
OTBICKATh MOUTH UJeHTHUYHbIe Ipus3Haku. HalfignTe HeCKOJIbKO CChLIOK,
KOTOpPbIe MOKHO OBIJI0 ObI IOMETHUTh HPU3HAKOM programming, HO 5TO
He ceJaHo.

IppexmusHocms QuabmpayuL no cxoxecmu nonviogameneii. Anro-
pPUTM pUILTPAIIUU IO CXOKECTH II0Jb30BaTe el Hea(p(peKTuBeH, II0To-
MYy UTO CPaBHUBAET JAHHOI'O IIOJb30BATEJA CO BCEMU OCTAJBLHBIMU BCA-
KW pa3, Korjga Hy»KHO BhIpaboTaTh pekoMeHaanuo. Hanumure GyHK-
U0, KoTopad OymeT 3apaHee BBIUUCIATH KO3(G(MUIIMEHTHI HOZ00UA
II0JIb30BATEJIEH, U UBMEHUTE KOJ BHIPAOOTKY PEKOMEHAIINI TaK, UTO-
OB B ATOM IPOIlECCE YYACTBOBAJU TOJBKO IIATH IIOJIE30BATeJIel ¢ Ha-
NOOJBIINMY KO3hPUIIUeHTAMU II0L00M .

Dunvmpauyus 3ak1a00K NO cxoxecmu o6pasyos. 3arpysure Habop gaH-
HBIX c caiiTa del.icio.us u coxpaHuTe ero B 6ase ganHbix. CosmaiiTe Tabd-
JuIy obpaser—obpaser M BOCIIOJb3YHTeCh €0 M5 BhIPAOOTKU PEKO-
MeHIaIUHi PasJIUIHBIM II0Jb30BATEIAM Ha OCHOBE CXOKeCT 00pas3IloB.
HacKo/IbKo IToJTyUYeHHbIe PeKOMEeHAAIINY OYIYT OTINUYAThCA OT Te€X, UTO
OBLTM BEIPAOOTAHBI HA OCHOBE CXOKECTHU II0JIb30BaTE e ?

Caiim Audioscrobbler. 3arnauute Ha cauiT hitp://www.audioscrobbler.
net, rie nMeeTcss Ha0OP JaHHBIX O MY3bIKAJbHBIX TPEAIIOUYTEHUIX 00Ib-
IIOr0 YMcJa IMoJb3oBaTeseil. BocmosbayiiTech mpenocTaBasieMbiM API
B BuJe Be6-cay:Kb, YTOOBI 3arpPy3UTh JaHHLIE U IOCTPOUTEL CUCTEMY pe-
KOMEHJOBaHUSA MY3BbIKHU.
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B riaBe 2 MBI n3yuanin, KaK HAWNTHU TECHO CBA3aHHBIE MEXKIY CO00M 00beK-
THI, HATTPUMED JIoJeli, KOTOPBIM HPaBATCA TaKue ke PUIbMbBI, KaK 1 BaM.
B aT0ii rsiaBe MBI PA30BBEM 9TH HIEU U 03HAKOMUMCSH C KJaacmepusayueil
0aHHbLX — METONOM OOHAPYKEHWHSA M BUSYAIM3AIUUN TPYIII CBA3AHHBIX
MeXK Iy co00ii TpeAMeTOB, JIIoel uiu umgeii. BoT Kakue TeMbl MBI OyaeM 06-
CYKIaTh: KaK IMOATOTOBUTDL JaHHLIE M3 PA3JIMYHBIX MUCTOUHNKOB; ABa pas-
HBIX aJITOPUTMA KJIACTEPU3AI[UN; SJOIOJHATEIbHAA NHPOPMAIHAI O METPU-
Kax momo0us; IPOCThIe CIIocoObI rpadguyuecKoii Bu3yaanusanu oO0HAPYKeH-
HBIX TPYIII; METOJ HPOeIINPOBAHUA OUEHb CJIOKHBIX HAOOPOB JAHHBIX Ha
IBYMEPHYIO ILJIOCKOCTbD.

Kraacrepusarusa 4acTo UCHOJMB3YeTCS B IPUIOKEHUAX, 00pabaThIBAIOIITNX
GosbIye 00beMbI JaHHBIX. POSHUYHBIE TOPTOBI[BI, KOTOPhIE OTCICKUBAIOT
WCTOPUIO IIOKYIOK, MOTYT BOCIIOJIL30BaThCs 3TOM MH(popMAaIneii A o0HAa-
PYKeHUA TPYIII KJIUEHTOB CO CXOKUM IIOTPEOUTEeIbCKUM IToBeAeHueM (I10-
MUMO OOBIUHOI AeMorpaduuecKoii madopmamnun). JIrogu ogHOTO BOo3pacTa,
UMeoIIe IPUMEPHO OMNHAKOBLIN YPOBEHDb TOXOI0B, MOTYT OeBaThCs CO-
BEPINIEHHO MTO-Pa3HOMY, HO C MOMOIIBIO KJIaCTePUIAIIUN YAAaeTCA BLIABUTH
«OCTPOBKH MOJBI» 1 MCIIOJIb30BATh 9T JaHHbBIE I/ BRIPAOOTKM CTPATET U
MapKeTHHIa WM PO3SHUUHBIX Hporak. KiacTepumsalus TakKe aKTUBHO
MPUMEHAETCA B BEIYUCIUTEIbHON OMOJIOTUY IJIA O0HADPY:KeHUA T'PYIH Te-
HOB, J€MOHCTPUPYIOIUX CXOJHOE IToBeIeHre. ITO MOMKET CAYIKUThH yKasa-
HUEeM Ha TO, YTO OHM OYAYyT OMMHAKOBO pPearupoBaTh HA JIeUeHUE UJIU UTO
00pas3oBaIncCh Ha OJHOM IIYTHU OMOJIOTUUYECKOTO PA3BUTUA.

ITockogBKY Ta KHUTA ITOCBAIeHA KOJJIEKTUBHOMY Pa3yMy, IPUMeEPHI B3dA-
THI U3 TeX o0JacTeil, e MHOTUE JIIOAN IPUBHOCAT PasJInuHy0 nHpopMa-
nuio. B mepBoM mprMepe MbI pacCCMOTPUM 0JIOTH, 00CY:KIaeMble B HUX Te-
MBI ¥ TIATTEPHBI yHIOTpebJieHus cjoB. MBI MOKaKeM, YTO OJOTH MOIKHO
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CTPYIIIUPOBATH B COOTBETCTBUU C TEKCTOM, a CJI0Ba — II0 CIIOCO0Y yIoTpes-
JeHus. Bropoil mpuMep OTHOCUTCA K COIMAJILHOMY CalTy, I'ie YIaCTHUKU
TIEPEUUCIAIOT T BEI[U, KOTOPHIE ¥ HUX €CTh, U T€, KOTOPhIE OHU XOTEJH ObI
npuobpectu. MBI YBUAMM, UTO C IIOMOIILIO 3TON MHMpOPMAIUU JKEeJTaHUA
Jomeil MOXXKHO CIPYyIIINPOBATE B KJIaCTepPhI.

OOyueHue c yuntenem u 6e3 Hero

Ecsm BeIpaboTKe IPOTHO3A IIPEIIECTBYET CTaAUA 00ydeHu s, KOTAa Malllu-
He IPeIbABIAIOTCS IPUMEPHI BXOJIHON U BRIXOAHOM NHGOPMAIIMH, TO TOBO-
par o6 obyuernuu ¢ yrumeaem. B 9Tol KHUre MBI pACCMOTPUM pasHOOOpas-
HBIe METO/bI 00YUeHUA C YUUTEJIEM, B TOM YKCJIe HEHPOHHBIE CETH, J€PEBbA
pellleHn, MEeTOJ, OTIOPHBIX BEKTOPOB U GaliecOBCKYIO uabrparuio. IIpu-
JIO}KeHUe «00yJaerca», aHaIN3UPY s BXOAHBIE JaHHBIE ¥ COOTBETCTBYIOIINIE
UM pe3yabTaThl. JKesad u3Biaeyb HOBYIO NH(OPMAIUIO C IOMOIIIHIO JII060T0
13 TaKUX METOJOB, MBI II0JJaeM HA BXOJ, HEKOTODHIE JaHHBLIE U OXKUIAEM,
YTO IPUJIOKEHUEe BHIJACT PE3YJIbTAT, OCHOBLIBASICH HA TOM, UeMYy HAYUU-
JIOCh PaHbIIIE.

Knacrepusanmusa — npumep o0yverus 0e3 yuumeasd. B orauuue ot HelpoH-
HBIX ceTell NN JepeBbeB PellleHuil, aJITOPUTMaM 00yueHna 6e3 yunTe s He
coo0IIIaoTea IpaBUJIbHBIE OTBeTHI. VX 3amaua — OOHAPYKUTH CTPYKTYPY
B Habope JAaHHBIX, KOr[a HY OJWH dJIEMEHT JaHHBIX HE SBJISIETCS OTBETOM.
B npumepe ¢ MmogHOM oK 01 KJIacTep HUUETro He TOBOPUT IIPOJABILY O TOM,
YTO MOKET KYITUTh KOHKPETHBIM NHANBUIYYM, U HE JaeT IPOTHO30B O TOM,
B KaKOM OCTPOBOK MOJbBI IOIIaAeT HOBLIM KaneHT. HasHaueHme aJITOPUTMOB
KJIacTepU3allud COCTOUT B TOM, UTOOBI OOHAPYKUTHh OTAENbHBIE TPYIIIIEI
B IpeIbABIEHHOM Habope HaHHBLIX. [IpuMepaMu oOyueHUs 0e3 yUMTeJd
CJIIY:KAT aJITOPUTM HeOMmpulyameJibHoll MampuiHoil paxmopu3ayu, KOTo-
PBIH MBI paccMOTPHUM B riiaBe 10, 1 camoopzanudymwuiuecs Kapmat.

BekTopbl C/1IOB

OOBIUYHO ITPU TOATOTOBKE JaHHBIX AJIA KJIACTEPU3AIluU OIIPEeaeIAI0T OOt
Ha00p YMCJOBBIX aTPUOYTOB, C TOMOIIHIO0 KOTOPBIX 3JI€MEHTBI MOYKHO CpaB-
HUBaTh. ITO OUEeHDb HATIOMUHAET TO, UTO MBI JeJIajJIu B TJIaBe 2, KOTJa CpaB-
HUBAJU OIeHKYW KPUTUKOB Ha 00IIleM MHOKeCTBe (pUJIHLMOB MJIM COIIOCTaB-
aanu gucao 1/0 Hamxuauio/OTCYTCTBUIO 3aKJIAAKU Y IIOJB30BATENA caliTa
del.icio.us.

CucremaTtnsaumns 6norepon

B sT011 r1aBe MBI pacCMOTPHUM [Ba IpuMepa Habopa JaHHLIX. B mepBoMm cay-
yae KJacTepusyeMbIMu sjaeMeHTamMu OyayT 120 HamboJjee mmocelaeMbIX
0JI0T0B, a JaHHBIE, [10 KOTOPBIM OCYIIIECTBIIAETCS KJIACTePU3aIis, — 9TO KO-
JINYECTBO BXOKIEHUN OIpeie/IeHHBIX CJIOB B KaXKAYI0 3anuch B 0jiore. He-
60JIBIIT0E MJLTIOCTPATUBHOE TTIOAMHOYKECTBO IpUBeAeHO B Tabi. 3.1.
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Tabruya 3.1. ITodmHONHCECMB0O YACMOM 8X0HOCHUS CJLOB 8 07102

china kids music yahoo
Gothamist 0 3 3 0
GigaOM 6 0 0 2
Quick Online Tips 0 2 2 22

IIyrem KiacTepusanuu 0JIOTOB 10 YACTOTE CJIOB, BOBMOYKHO, YAACTCS OIIpe-
IeJUTh, CYIIIEeCTBYIOT JIU I'PYIIIEI 6JIOTOB, B KOTOPBIX YAaCTO MUIIYT HA OTHU
U Te JKe TeMBbI UJIN B IT0X0sKeM cTuiie. Takoi pe3yabTaTt ObLJI 6bI OUEeHbD IT0JIe-
3€H [IJIs IIOMCKA, KATAJIOTU3AlUY U KJacCu(PpUKAIUY M'MIAaHTCKOTO YHCJIa
6s10r0B, pacmiaoauBmiuxca B Cetu.

71 reHepUPOBAHUA 9TOTO Habopa JaHHBIX HEOOXO0 MO CKauaTh 3allICH U3
psna 6JI0TOB, BEIZEJINUTD N3 HUX TEKCT 1 CO34aTh TAOJIUITY YaCTOT cJIOB. Eciiu
BaM He XOUeTcs JejiaTh 9TO CAMOCTOATENHHO, TO MOKeTe 3arpy3uTh I'OTO-
BBIN HaOOp co cTpaHuIE! http://kiwitobes.com/clusters/blogdata.txt.

MopcyeTt KonnyecTBa cfioB B RSS-kKaHane

ITouTu Bce 6JI0TM MOKHO UUTATDH HATIPAMYIO UJIU C TTOMOIEI0 RSS-KaHano8.
RSS-kaman — sro mpoctoit XML-mokyMeHT, comeps:Kaluii nHQPOPMAaIHIO
0 6JioTe 1 BCcexX 3amucaxX B HeM. IIepBhIii I1ar mpoieayphl IMOJYUeHU CUeT-
YNKOB CJIOB — IPOAaHAIN3UPOBATh 9T KaHaibl. Ha Halle cuyacTbe, CyIiecT-
Byet oumoamoreka Universal Feed Parser, KoTopas IpeKpacHO CIPaBJISIETCS
c aTOoi 3amaueii. Ee MosKHO ckauarTh c caiita htip://www.feedparser.org.

ITOT MOIYJIb MMO3BOJIAET JIETKO MOJYUYUTD 3aTOJIOBOK, CCHIIKY 1 3aIlVICU U3
J0oro kamaJsa B popmate RSS unm Atom. Craenyrooiuii mar — HalImucaThb
byHKIIMIO, KOTOpas OyAeT U3BJIEKATh OTAeJabHEIE ciioBa. Co3naliTe HOBBIM
datin generatefeedvector.py 1 BKJIOUNTE B HETO TAKOM KO

import feedparser
import re

# BosBpauwaeT 3aronoBOK ¥ CNoBapb CNOB CO cyeTymkamu ana RSS-kaHana
def getwordcounts(url)

# lpoaHann3npoBaTb KaHan

d=feedparser.parse(url)

we={}

# Uukn no BCeM 3anucam

for e in d.entries:
if "summary’ in e: summary=e.summary
else: summary=e.description

# ChopmmpoBaTb CMMUCOK CNOB
words=getwords(e.titlet  '+summary)
for word in words:
wc. setdefault(word,0)
wc[word]+=1
return d.feed.title,wc
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B kanmamnax ¢popmara RSS u Atom Bcerga mmeeTcss 3aroJIOBOK U CIIMCOK 3a-
nuceii. B Kam ol 3amucy 00BIYHO €CTh TET summary MJIU description, BHYTpH
KOTOPOT'O HAXOAUTCS COOCTBEHHO TeKCT 3anucu. PyHKRIus getwordcounts Ime-
pelaeT cogep:KMMOe 5TOro Tera PyHKIIUHU getwords, KOTOpasa OT(UIBTPOBBI-
BaeT HTML-pa3meTKy U BhIIEJIAET CJA0BA, CUNTASA CIOBOM IIOCJIEOBATEIb-
HOCTH CMBOJIOB, OTPAHNUEHHYIO C IBYX CTOPOH HEOYKBEHHBIMIU CHUMBOJIA-
mu. Ha BBIXOme mojayudaeTcsa CIUCOK cjaoB. Ifo6aBbTe (GPYHKIIUIO getwords
B (paiin generatefeedvector.py:
def getwords(html):

# Ypanutb Bce HTML-Tern
txt=re.compile(r ' <[">]+>").sub( ", html)

# BbioennTb cnoBa, OrpaHuyeHHse HeOYKBEHHbIMW CUMBONAMM
words=re.compile(r ' ["A-Z"a-z]+").split(txt)

# NpeobpasoBaTb B HUXHWIA PETUCTP

return [word.lower( ) for word in words if word!=""]
Temepb HAM HYK€H CIMCOK KaHAJOB, C KOTOPBIMU MOXKHO paborarhb. Ecau
XOTHUTE, MOXKeTe cocTaBuTh ciiucok URL KaHaioB caMoCTOATEIHRHO, a MO-
JKeTe B3STh I'OTOBBIN CIMCOK, coaepskalnuiit 100 URL. B sToT crincok ObLIH
BKJIIOUEHBI KAHAJIBI CAMBIX ITUTUPYEMBIX 0JIOTOB, a 3aTeM yAAJIeHbl T€, UTO
He COMePsKaJju MOJHBINA TeKCT 3alUCH WM COAEP KA B OCHOBHOM n300pa-
skeHnA. CKauaTh CIUCOK MOXKHO CO CTPaHUIEI http://kiwitobes.com/clusters/
feedlist.txt.

9To OOBIYHBIM TEKCT, cogepakalnuii mo ogaomy URL B Kasxmoii crpoke. Ecau
Yy Bac ecThb CBOIf OJIOT UM KaKue-HUOYIb 0C000 JIIOOMMbIE 1 BBl XOTUTE y3-
HaTh, KAK OHU COOTHOCSATCSA ¢ HauboJiee Moy asapHbIMu 6s1oramu B CeTu, MO-
sxkete mobaButh URL B (aii.

Kogx ny1s 06x0a KaHAJIOB U TeHepUPOBaHUA Habopa JaHHBIX — STO IJIaBHBIN
Kozx B (daiiie generatefeedvector.py (To ecTb OH He sABJAsieTcA PYHKIHE).
CuauaJia MBI B IUKJIe IepebupaeM Bee cTpoku (paiina feedlist.txt u remepu-
PyeM CUeTUHKH CJIOB B KaXKJOM 0JIOTe, a TaKIKe KOJINUYEeCTBO 0JI0r0B, B KOTO-
PBIX BCTpeuaeTcs Kakgoe ¢aoBo (apcount). JlobaBbTe CAeAYIOMINN KO B KO-
Herr, (paiiia generatefeedvector.py:
apcount={}
wordcounts={}
for feedurl in file( feedlist.txt'):
title, wc=getwordcounts(feedurl)
wordcounts[title]=wc
for word,count in wc.items( ):
apcount.setdefault(word,0)
if count>1:
apcount[word]+=1
Janee reHepupyeTCs CIIUCOK CJIOB, KOTOPhIE YUTEHBI B CUETUNKAX AJIA KarK-
nmoro 6sora. ITocKoabKy cioBa Tuma the BeTpeuaroTes IpakTUUYECKH B KaK-
Iom OJiore, a Takue cjaoBa, Kak flim-flam — passe uTo B 0fHOM, TO MOYKHO
YMEHBIIIUTh 00IIlee KOJHUUECTBO CJIOB, OCTABIASI TOJBKO Te, OJII KOTOPBIX
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TIPOIIEHT BXOKIEHUH JEKUT MeKAY HUKHUM U BepxXHuUM mmoporom. Haopu-
Mep, AJId Havuajia MOXKHO B KauecTBe HUKHero mopora Beiopats 10%, a B Ka-
yecTBe BepxHero — 50% , a MOTOM BapbUPOBATH UX, €CJIU BBIICHUTCHA, UTO
KOJIMUECTBO OOIIUX CJIOB MJIM CTPAHHBIX CJIOBOOOPA30BAHUI CIUIITKOM Be-
JIUKO.
wordlist=[]
for w,bc in apcount.items( ):
frac=float(bc)/len(feedlist)
if frac>0.1 and frac<0.5: wordlist.append(w)
ITocneguuii mMar COCTOUT B TOM, YTOOBLI Ha OCHOBE CIIMCKA CJIOB 1 CIHCKAa
0JIOTOB CO3[aTh TeKCTOBBIH (haiiy, comeps:KaIuii 60JILIIYI0 MATPUITY CUET-
YHWKOB CJIOB IJI Ka)XI0ro oJjora:
out=file( 'blogdata.txt’, 'w")
out.write('Blog")
for word in wordlist: out.write( '\t%s' % word)
out.write('\n")
for blog,wc in wordcounts.items( ):
out.write(blog)
for word in wordlist:
if word in wc: out.write( '\t%d % wc[word])
else: out.write('\t0")
out.write('\n")
g reHepupoBanuA daiijga co CUeTUMKAMU CJIOB 3aIyCTUTE IIPOTPAMMY
generatefeedvector.py n3 xKoMmaHIHOI CTPOKMU:

c:\code\blogcluster>python generatefeedvector.py

Ha 3arpysky Bcex KaHaJIOB MOKET YHATH HECKOJIBKO MUHYT, HO B KOHEUHOM
urore Bel moayuute gaita blogdata.txt. OTkpoiiTe ero u ybeaurech, 4TO OH
COEPIKUT TabJUIy, B KOTOPOH CTOJIOI[BI COOTBETCTBYIOT CJIOBaM, a CTPO-
Ku — 0JioraM, IpruyeM 3JIeMeHTHI pa3aeeHsl Tabyaaropamu. Takoi ¢opmart
IIpeJIojaraeTcsa BO BceX (PYHKIUAX U3 ITOH IJIaBbl, II09TOMY B HaJIbHEH-
1I1eM BBl MOKeTe IIPUMEHUTD ONMMCAHHbBIE AJITOPUTMBI KJIaCTEePU3AIUU K APY-
roMmy HabOpy JaHHBIX, CO3TAHHOMY BPYUHYIO MJIM COXPAHEHHOMY B HYKHOM
dopmaTe U3 9JIEKTPOHHOM TaOIUITHI.

Nepapxmnyeckas knacrepusauusa

AnropuTM mepapxXuvuecKoii KJIacTepusauy CTPOUT UePapXuio IPyII, 005b-
eIVHAS Ha KayKIOM IlIare ABe caMble MOXOKKe TPYHIIbI. B Havaie Kaskaasd
TPYIIIIa COCTOUT U3 OJHOTO 3JIEMeHTa, B JaHHOM cJydae — ogHoro 6Jsiora. Ha
KayKIOW MTeparuy BBIUUCISIIOTCSA ITOHAaPHbIE PACCTOSIHUA MEXKAY TPyIIa-
MU, U TPYIIIbI, OKa3aBIINeCd CAMBIMU OJU3KUMU, 00 beJUHSIIOTCSI B HOBYIO
rpymny. Tak moBTOpsieTcs 40 TeX 0P, IIOKa He OCTAHETCA BCEro oJHa I'PyII-
ma. 9ra mpoiieaypa nsobpakeHa Ha puc. 3.1.

3ech CXOKECTh SJIEMEHTOB IIPeICTABIeHA UX OTHOCUTEILHBIM PACIIOIOKEe-
HUEM — UeM 3JIeMeHTBI OJIMKe IPYT K IPYTry, TeM 6ojiee OHU CX0:Ku. B Haua-
Jie KaXKABIH 3JIEMEHT — 9TO OT/e/ibHAas rpynna. Ha BTopom 1are ABa caMbIX
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Puc. 3.1. Hepapxuueckas kiacmepusayus 6 delicmeuu

O0u3KuX dyeMeHTa A 1 B 00beUHEHBI B HOBYIO I'PYIITY, PACIIOJIOMKEHHYIO
TmocepenuHe MKy ucxonaubpiMu. Ha TpeTbeM mmiare sTa HoBas Ipynmna o0b-
enuusercs ¢ siueMeHTOM C. ITocKOJIBKY Telephb JBa OIMIKANIINX 3JIeMeH-
ta — 310 D 1 E, T0o 13 HUX 06pasyerca HoBasA rpynna. Y Ha mocjeqHeM Iiare

ABe OCTaBIIINECA I'DYIIIIBI Oﬁ’be}II/IHﬂIOTCH B OJHY.

PesynbTaThl MepapxXu4yecKoil KJacTepusaluy OOBIYHO NPEACTAaBJIAITCS
B Buze rpada, KoTopbIil HaskIBaeTcs OeHOpozpammoii. Ha Hem usobpaskeHo,
KaK 13 y3JI0B hopMupoBasiack uepapxus. [leHgporpaMmma s pacCMOTPEH-
HOTO BBIIIIE IPHMepa IToKasaHa Ha puc. 3.2.

Puc. 3.2. [Tlendpozpamma Kakx cnoco6 6u3yaiu3ayul

uepapxuieckoil Kaacmepu3ayuu
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Ha nenaporpamMmme mpeacTaBIeHEI He TOJBKO pedpa rpada, moKasbsiBaliolue,
13 KaKWX dJIEMEHTOB COCTAaBJIeH KaKABIH KJIacTep, HO U PACCTOAHUSA, TOBO-
pAIIye 0 TOM, KaK JaJIeKO 9THU 3JI€MEHTHI OTCTOANY APYT oT aApyra. Kiacrep
AB ropasno 6m:xe K COCTaBJSIOIIUM ero sjaeMeHTaM A u B, uem Kaacrep
DE k ssnementam D u E. Iso6paskenne rpadga TaKuM 00pa3oM IIOMOraeT I10-
HATH, HACKOJILKO CXOJKU 3JIEMEHTHI, BOIIEAININE B KJacTep. JTa XapakTe-
pucTuka HaseiBaercs mecHomoil (tightness) kiacrepa.

B sToM paszeiie MBI MOKAXeM, KaK C IIOMOII[bIO KJIACTEPU3AIlNH IIOCTPOUTH
nepapxuio 0JI0T0B, KOTOpasd B cIydyae ycIexa CTPYINUPYeT UX IO TeMAaTH-
Ke. IIpexxe Bcero Ham IOHAAOOMUTCS METO[ AJIS 3arPy3Ku (paiija JaHHBIX.
CospaiiTe (paiia clusters.py 1 BKIIOUNTE B HETO TAKYIO (DYHKIIHIO:

def readfile(filename):
lines=[1line for line in file(filename)]

# llepBas CTpoKa COOEPXWUT HasBaHua CTONOLOB
colnames=1ines[0].strip( ).split( '\t )[1:]
rownames=[ ]
data=[]
for line in lines[1:]:
p=line.strip( ).split('\t")
# MepBsuin cTonbel B Kaxgoi CTPOKe COAEPXUT Ha3BaHWe CTPOKM
rownames. append(p[0])
# OcTanbHble A4Yeiikv cofgepxaT AaHHbe 3TOW CTPOKK
data.append([float(x) for x in p[1:]1])
return rownames, colnames, data

Ira PYHKIUA CUNTHIBAET IIEPBYIO CTPOKY 1 (DOPMUPYET U3 Hee CIIHNCOK Ha-
3BaHUI CTOJIGIOB, 3aTEM CUNTHLIBAET CAMBIH JIeBbIH cTOJI6CIT, (hopMUpys Ha-
3BaHUA CTPOK, a IOCJE STOT0 IIOMeIlaeT AAHHLIE M3 OCTAJbHBIX AUYeeK
B OMH OOJIBIIIOMN CIIMCOK, I'/le KaXK bl 2JIeMEeHT COOTBETCTBYET OLHOM sTueii-
Ke TeKyIel crpoxku. CueTunK, HaXOAUBIIUHNCA B AUeiKe, MOXKHO HAHTH 110
MHAEKCY CTPOKH 1 CTOJIOIa B MaccuBe data, a MHAEKCHI MOJYUUTD IO MMe-
HaM 13 CIIMCKOB rownames M colnames.

Crenyroiuii 1mar — onpeaeanTb, UTO TaKoe 6.1u30cmb. B riaase 2 MuI pac-
CMaTPUBAJIY €EBKJIUOBO paccTodHMe 1 KOa(hPuIiueHT Koppeadanuu IIupco-
Ha KakK MepbI CX0KeCTHU ABYX KMHOKPUTHUKOB. B TaHHOM mIpuMepe HEKOTO-
phIe 6JIoTH coAepsKaT ropasao 00JIbIlle 3amuceil, yeM Apyrue, UJId caMu 3a-
MMUCH B HUX OoJiee MInHHBIE. II09TOMY KOJIMUECTBO CJIOB B PasHBIX GJioTax
MOJKeT CUJIbHO pasandarbesa. Koapdumnuent Ilupcona crmocobeH CKOppeK-
TUPOBATh 9TO PACXOKJEHUEe, TaK KaK I[IbITAeTCA JIUIIb ONPeNeJUTh, Ha-
CKOJIbBKO XOPOIIIO ABa Habopa JaHHBIX JIOMKATCS HA MPAMY0. DYHKIIUA BbI-
yucaeHusa Koadpumnuenra I[Tupcora ajsd 3Toro MoayJis IpUHUMAaeT Ha BXO-
le IBa CIIMCKAa YWCEJI XU BO3BpAIaeT KO3(PUIIMEHT KOPPENANNUA MEXKIY
HUMU:

from math import sqrt

def pearson(vi,v2):

# lpoCThie CyMmMbl
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sumi=sum(v1)
sum2=sum(v2)

# Cymmbl KBaapaToB
sum1Sg=sum([pow(v,2) for v in v1])
sum2Sg=sum([pow(v,2) for v in v2])

# CymMbl Npou3BeaeHWi
pSum=sum([v1[i]*v2[i] for 1 in range(len(v1))])

# Bouncngaem r (koaodduumeHT MnpcoHa)

num=pSum-(suml1xsum2/len(v1))
den=sqrt((sum1Sg-pow(sum1,2)/len(v1))=(sum2Sqg-pow(sum2,2)/len(v1)))
if den==0: return 0

return 1.0-num/den

Hanmomuum, uro koaddumnuent Ilupcona pasen 1,0, ecau gBa Habopa mgaH-
HBIX B TOYHOCTH cOBHazaoT, u 6au3ok K 0,0, ecaiu HUKaKOil CBA3U MEXKIY
HUMU He HabOiomaerca. B mociaemHel cTpoke MbI Bo3Bpaiaem 1,0 MuHycC
K0a(pPUIIMEeHT KOPPeaAlNr, YTOOLI PACCTOAHME MeXIy HabopamMu ObLIO
TeM MeHbIIIe, UeM OHU 00JIee CXOMKH.

KakapIii KJIacTep B aJITOPUTME MepapXuvuecKoii KiacTepus3aliu — 3To JI1ubo
y3eJI B lepeBe ¢ IBYMsA BEeTBAMU, TNO0 KOHEUHBIH (JIMCTOBbIH) y3€JI, aCCOIIN-
MPOBAHHBIN ¢ KOHKPETHOM CTPOKO# u3 Habopa HJAaHHBIX (B JAHHOM cJiydyae
c 61orom). KasKapIii KjracTep COMEPIKUT TaKsKe JAHHBIE O CBOEM IIOJIOMKe-
HUM; 9TO J10O0 CTPOKA JAHHLIX AJIA JUCTOBBIX Y3JIOB, JIM00 00beJUHEHHbIE
IaHHbIe IBYX BeTBEU IJId OCTAJIbHBIX Y3JI0B. MOXKHO CO3aTh KJIacc bicluster
IJis IIPeACTABIIeHUSA MEePapXUUecKoro JepeBa, HaJeJUB ero BCeMU STUMU
cBoiicTBaMU. BKJIIOUMTE KJIACC, OIMMCHIBAIOIIMUUM THHO KJacTepa, B (aiii
clusters.py:
class bicluster:
def __init__(self,vec, left=None, right=None, distance=0.0, id=None):

self.left=left

self.right=right

self.vec=vec

self.id=id

self.distance=distance
AnropuTM mMepapxXmuecKoi KJacTepulaliuy HauuHaeT paboTy ¢ CO3maHUs
TPYIOBI KJIACTEPOB, KaMKIBIN 113 KOTOPBIX COAEPKUT POBHO OAUH MCXOIHBII
aJeMeHT. B rimaBHOM IuKJIe PYHKINA UIIET JBa CAMBIX IIOXO0MKHX 9JIEMEH-
Ta, BBIUUCIAA KOI(PPUIIMEHT KOPPEIIAIINY MEXKIY KayKI0OU IIapoil KjacTe-
poB. Haunyurasa mapa o6befuHsaeTCA B HOBBIH KJacTep. JJlaHHBIMY IS HO-
BOTO KJacTepa CJIYKHUT cpefHee apu(h)MeTUUeCKOe JaHHBIX ABYX CTapbIX
KJIaCTepPOB. OTOT IIPOIleCC IIOBTOPAETCS, ITOKA HE OCTAHETCS TOJBKO OJWH
KJactep. Ha BBITTOJITHEHME BCeX BEIUUCJIEHUI MOKeT YHTH OUeHb MHOTO Bpe-
MeHU, II03TOMY OBLIO OBI PA3YMHO COXPAHATH KOI(M(MUIINEHTHI KOPPEIAI NN
IJIS KasKIOM Iapbl, MIOCKOJBbKY OHM BBIUHMCIISAIOTCS CHOBA M CHOBAa, IIOKa
OIVH 13 5JI€MEHTOB IIaphl He IOMAaAeT B HOBBIHM KJacTep.
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Hob6asbTe hyHKIMIO hcluster B daiia clusters.py:

def hcluster(rows,distance=pearson):
distances={}
currentclustid=-1

# B Hayane knacTeps COBMafanT CO CTPOKaMy
clust=[bicluster(rows[i],1d=1) for i in range(len(rows))]

while len(clust)>1:
lowestpair=(0, 1)
closest=distance(clust[0].vec,clust[1].vec)

# B UMKNE paccMaTpuBanTCA BCE Napsl M MUETCHA napa C MUHMMaNbHbIM
# paccTogHuem
for 1 in range(len(clust)):
for j in range(i+1,len(clust)):
#f BbYMCIEHHbIE PACCTORHWSA 3aNOMUMHANTCA B Kale
if (clust[i].id,clust[j].id) not in distances:
distances[(clust[i].id,clust[]j].1d)]=
distance(clust[i].vec,clust[]].vec)

d=distances[(clust[i].id,clust[]].1d)]

if d<closest:
closest=d
lowestpair=(i,j)

# BHUMCAUTL cpeaHee AN ABYX KNacTepos

mergevec=[
(clust[lowestpair[0]].vec[i]+clust[lowestpair[1]].vec[i])/2.0
for 1 in range(len(clust[0].vec))]

# co3fnaTb HOBHIM KacTep

newcluster=bicluster(mergevec, left=clust[lowestpair[0]]
right=clust[lowestpair[1]],
distance=closest, id=currentclustid)

# MOeHTUOUKATOPH KNacTepoB, KOTOPHX He Obno B ucxomHoM Habope,
# oTpuuaTeNbHb

currentclustid-=1

del clust[lowestpair[1]]

del clust[lowestpair[0]]

clust.append(newcluster)

return clust[0]

ITockoJBKY B KaXKAOM KJAacTepe XpPaHATCA CCBLIKM Ha o0a KJyacrepa, 00b-
eJMHEeHNeM KOTOPHBIX OH IIOJyUYHJICcA, To GUHAIBHBIN KJIacTep, BO3BpAIlleH-
HBIH TOM (QyHKI[MEHN, MOKHO PEeKYPCUBHO 000 TH, IIOKAa3aB BCe IPOMEKY-
TOYHBIE KJIACTEDHI U JIUCTOBbIE Y3JIbL.
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Y00l BBIIOJHUTH HEPAPXMUECKYIO KJacTepusaluio, samyctute Python
B MHTE€PAKTUBHOM pe:KHUMe, 3arpy3uTe (pai u BbIsoBUTe GYHKITUIO hcluster:
$ python
>> import clusters
>> blognames,words, data=clusters.readfile( 'blogdata.txt")
>> clust=clusters.hcluster(data)

Ha 510 MokeT yiTH HECKOJIBbKO MUHYT. KalltupoBarnue pacCTOSIHUMN 3aMeT-
HO YBeJIMUMBAaeT CKOPOCTH Pa0OTHI, HO BCe PABHO aJITOPUTM JOJIMKEH BBIUUC-
JIUTH KOPPEIAINI0 MeXKAY KaK 01 mapoii 6;10roB. IIpomenypy MOKHO YCKO-
PUTH, BOCHOJIL30BABIINCH BHEIITHeII OMOJIMOTEeKOI /151 BRIUNCJIEHUS PaccTo-
sauunit. [Insa mpocMoTpa pesyJbTaTOB MOMKHO HAIMCATh IIPOCTYI0 QYHKITMIO,
KOTOpas PEKYPCUBHO OOXOAUT AEPEBO KJACTePUIAIMU U pPacIlieuyaThIBaeT
ero Tak ’Ke, KaK AepeBo (daitnoBoii cuctembl. [Jo6aBbTe B (haiia clusters.py
cJenyIoNyio GyHKIIUIO:
def printclust(clust, labels=None,n=0):
# OTCTYN N9 BU3yanua3auuu nepapxun
for i in range(n): print
if clust.1d<0:
# oTpuuaTenbHulh 1d 03HAYaeT, YTO 3TO BHYTPEHHUA y3en
print "=’
else:
# nonoxmTenbHu id 03HA4yaeT, 4TO 3TO NUCTOBHIA y3en
if labels==None: print clust.id
else: print labels[clust.id]

# Tenepb nevaTaem MpaByl W NEBYID BETBU
if clust.left!=None: printclust(clust.left,labels=1labels,n=n+1)
if clust.right!=None: printclust(clust.right, labels=1labels, n=n+1)

ITonyuuBIIniica pe3yJIbTAT BBIMIAIUT He CIUIIKOM KPACHUBO, W IIPU TAKOM
00JIBIIIOM Habope JAaHHBIX, KAK CIIMCOK 0JIOTOB, HeYy00eH M1 BOCIIPUATHS.
Tem He MeHee 00IIlee IIpeACTaBIeHNE O TOM, KaK paboTaeT aJropuTM KJjac-
Tepusanuu, OH AaeT. B caemyroiieM pasiesie MBI IIOTOBOPUM O CO3JAaHUU
rpauuecKoi Bepcuu, KOTOpasd BOCIPUHUMAETCS TOPas3o Jerdue U PUcyeT-
cA TaK, YTOOBI OblJIa BUAHA IIPOTAKEHHOCTh KaKI0r0o KJaacTepa.

B ceance paGoThI ¢ UHTEPIPETATOPOM BBISOBUTE 3TY (DYHKI[UIO IJIA TOJIBKO
YTO IMOCTPOEHHBIX KJIACTEPOB:

>> reload(clusters)

>> clusters.printclust(clust, labels=blognames)
Pacneuarka comep:xut Bce 100 6JIOT0B 1 IIOTOMY JOBOJBHO AJUHHAA. BOT
mpuMep KJacTepa, 00HapyKeHHOro npu oopaboTKe 3Toro Habopa JaHHBIX:

John Battelle's Searchblog

Search Engine Watch Blog

Read/WriteWeb
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Official Google Blog
Search Engine Roundtable

Google Operating System

Google Blogoscoped
ITokasaHbI 3JIeMEHTHI MCXOAHOro Habopa. 3HAK MHHYC 0003HaUaeT KJac-
Tep, MOJYUYNBINUHACA 00 beJUHEHEM ABYX UM 00JIee 3JIEMEHTOB. 3/1eCh BbI
BUANTE IIPEeKPAaCHLINI IpuMep O0Hapy:KeHUs TI'PYIIILI; NWHTePEeCHO TaK:Ke,
YTO B CAMBIX IIOIMYJSAPHBIX KaHAJNaX TaAK MHOTO 6JIOTOB, MMEIOIIUX OTHOIIIe-
HUe K moucky. M3yuasa pacmeuaTKy, Bbl HalifieTe TaKiKe KJacTephbl 0JI0r0OB
O TIOJIUTHKE, O TEXHOJIOTUH U 0 caMUX OJIorax.

BeposaTuzo, BeI 3aMeTHTe 1 HEKOTOPhIe aHoMaJann. Bo3MOKHO, aBTOPLI U He
IINCaJIl HA OOHU U1 Te K€ TeMbl, HO &JITOPUTM KJIaCTepu3alnuy rOBOPUT, UYTO
YACTOTEI CJIOB KOPPEJINPOBAHLI. ITO MOKET OBITEH CJIEACTBHUEM OOIIEero CTH-
JIsl M3JIOYKEHUS UJIN IIPOCTBIM COBIIAEHNEM, XapaKTEPHBIM TOJBKO IJIS TO-
I'0 IHS, KOTa ObLIY 3arpysKeHbl JaHHbIe.

PucoBaHue peHaporpamMmmbl

MuTepnpeTaiinio KJIacTepoB MOYKHO 00/IeTYUTh, eCIu N300pas3uTh NX B BUE
IeHAporpaMMbl. Pe3ysibTaTsl HepapXuyecKoil KJIacTepusanu O0bIYHO TaK
¥ IPEJCTABISAIOTCA, IOCKOJbKY AeHIPOrpaMMa MO3BOJISIeT YMECTUTE 00JIb-
110# 06beM MH(GOPMAIINY B CPABHUTEIHHO MaJIOM IpocTpaHcTBe. II0CKoJIb-
Ky JeHIpOorpaMMBbI — rpaduuecKre n300paskeHusa U COXPaHATCs B hopMma-
Te JPG, To HaM moHamobuTcsa bubauorexka Python Imaging Library (PIL),
KOTODPYIO MOXKHO CKayvaTh ¢ caiita hitp://pythonware.com.

BubaunoTreka mocraBJisieTcsa B BUJe MHCTAJIATOPA aAasa Windows u maGopa
MCXOHBIX (halyIoB AJid ApyTrux maatdopM. [JomonHurenbHas nHQOPMAIIAA
o zarpyske u ycraHoBke PIL umeercsa B nmpuno:kenuu A. Bubauorexa PIL
IMO3BOJISAET JIETKO I'eHePUPOBAThH M300PaKeHNA, COCTOAIINE U3 TEKCTA U JIN-
HUM, a AJIA MOCTPOEHUA AEHAPOrpaMMBbI 00JIbIlIe HUYETO U He HYKHO. [[o-
0aBbTe B HauaJio (paiiiaa clusters.py nmpemgosxeHue import:

from PIL import Image, ImageDraw

IIpesxnme Bcero MBI BOCIIONB3yeMCs (DYHKITMEH, KOTOpas BO3BpAIaeT IoJ-
HYIO BBICOTY KJacTepa. UToObI OIIpee/INTh BLICOTY N300pake s 1 IOHAT,
Tle PacCTaBJIATD Y3JIbl, HEOOXOAUMO 3HATH BBICOTY KaKIOT0 Kiacrepa. Ec-
JIV KJIacTep IIPECTaBJIEH JUCTOBBIM Y3JIOM (TO €CTh OT HETO HE OTXOAAT BET-
BHU), TO ero BeIcOTa paBHa 1. B mpoTuBHOM ciiyuae BhICOTa KJIacTepa paBHA
CyMMe BBICOT €r'0 IIOTOMKOB. BEICOTY JIETKO BBIUNCIUTD C IOMOIIIBIO PEKYDP-
CUBHO# QYHKI[UM, KOTOPYIO MbI o6aBuM B (haitn clusters.py:
def getheight(clust):
# 9710 nucToBb y3en? Torpa BecOTa paBHa 1
if clust.left==None and clust.right==None: return 1

# Whaye BbicOTA paBHa Cymme BHCOT 00enx BeTBEN
return getheight(clust.left)+getheight(clust. right)
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Ei1rie HaM HYKHO 3HATBD IIOJIHYIO OIITIOKY B KOpHEeBOM y3Jie. [IoOCKONbKY Aau-
Ha JIMHUH 3aBUCUT OT BeJIUYNHBI OIINOKY B KAaXKIOM y3Jie, TO KOI(DPUIIIEHT
MacIITabupoBaHUs OyeT BEIUUCAATHCSI B 3aBUCUMOCTH OT IOJIHOM OITi6-
Ku. OmubKa B y3je — 9TO IPOCTO MAaKCUMYyM M3 3HAYEHUH OMINOKU 000UX
ero NOTOMKOB:
def getdepth(clust):

# PaccToanne ona nucToBOro yana pasHo 0,0

if clust.left==None and clust.right==None: return 0

# PaccToaHue ANg BHYTPEHHEro yana paBHO MakCUMyMy M3 PAcCTOAHMI 0beux BeTBeil

# nnwc ero cobCTBEHHOE pacCTOAHKE

return max(getdepth(clust.left), getdepth(clust.right))+clust.distance

dyuKIUsa drawdendrogram co3gaeT HOBoe 1300parkenue BoicoToi 20 muKceaei
¥ (GUKCUPOBAHHON IIMPUHOMN IJIA KaKI0oro Kjaacrepa. KosadduiiueHT Mac-
MITabuPOBaHUSA OIPEAeIAETCA MyTeM AeJIeHUS (PUKCUPOBAHHOMN ITUPUHBI
Ha TMOJHYI0 TIyouny. @yHKINSA co3maeT 00beKT PUCOBAHUA STOr0 n3006pa-
JKeHUs 1 3aTeM BBIBBIBaeT (PYHKITHIO drawnode AJIA KOPHEBOTO y3Jia, CO06-
miad, 4YTO €0 CJeAyeT PACIIOJIOMKUTH Ha IOJITYTH BHU3 BIOJIb JIEBOTO Kpas
n300pakeHuns.
def drawdendrogram(clust, labels, jpeg="clusters.jpg’):

# BbiCOTA M WupuUHA

h=getheight(clust)=*20

w=1200

depth=getdepth(clust)

# wipuHa GuKCKMpoBaHa, PacCTOAHWA MacwTabupyiTcs
scaling=float(w-150)/depth

# co3paTb HOBOE M30OpaxeHne Ha Genom ¢oHe
img=Image.new( RGB", (w, h), (255, 255,255))
draw=ImageDraw.Draw(img)

draw.1line((0,h/2,10,h/2),fi11=(255,0,0))

# HapucoBaTb NepBbit y3en
drawnode(draw, clust, 10, (h/2),scaling, labels)
img.save(jpeg, "JPEG")
Camoii Ba:KHOM ABAsIeTCS QYHKIIUA drawnode, KOTOpasa IPUHUMAET KJIACTED
u ero moJjokeHre. OHA TOJIlyyaeT BBICOTHI MOUEPHUX Yy3JIOB, BBEIUUCIIAET,
B KAKOM MECTe OHU JOJIKHBI PacIiojlaraTbCs, M IIPOBOJUT BeAYIIME K HUM
JUHUY — OOHY JJNHHYIO BEPTUKAJbHYIO U IBE TOPU3OHTAJIbHBIE. [[JTMHEI TO-
PUBOHTAJNLHLIX JUHUI OIpeNedAlTcAd HAKOIJIEHHON B JTOM KJacTepe
omubkoii. Eciiu TuHMSA IIMHHAA, 3HAYUT, KJIaCTepPbl, 00befnHeHeM KOTO-
PBIX OBLJI IMOJYYEH JaHHBIN KJIAacTep, ObLIM He OUEeHBb-TO IIOXO0XKHU. A KOpOT-
Kasd JUHUA 03HAYAET, YTO OHU ObLIM IMOUTH UAEHTUUYHEI. Jl06aBbTe QYHK-
1Mo drawnode B (paiia clusters.py:
def drawnode(draw, clust,x,y, scaling, labels):
if clust.id<O0:
h1=getheight(clust.left)+20
h2=getheight(clust.right)=20
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top=y-(h1+h2)/2

bottom=y+(h1+h2)/2

# OnvHa NuHUK

11=clust.distancexscaling

# BepTukanbHas AMHMA OT [aHHOTO KjacTepa K ero NoTOMKaMm
draw.line((x, top+h1/2,x,bottom-h2/2),fill=(255,0,0))

# [Opu3oHTaNnbHas NUHWS K NEBOMY MOTOMKY
draw. line((x, top+h1/2,x+11, top+th1/2),fi11=(255,0,0))

# TOpu3oHTanbHas NMHWA K NPaBOMY MOTOMKY
draw.line((x, bottom-h2/2,x+11, bottom-h2/2), fi11=(255,0,0))

# Bui3biBaeM QyHKUMO 015 M300paxeHus nesoro 1 npasoro NoTOMKOB

drawnode(draw, clust.left,x+11, top+h1/2,scaling, labels)

drawnode(draw, clust. right, x+11, bottom-h2/2, scaling, labels)
else:

# Ecnu 9TO NUCTOBHIA y3En, PUCYEM METKY

draw. text((x+5,y-7), labels[clust.id], (0,0,0))

YTo0BI CreHepUpPOBaTh M300pPaKeHNe, BBEUTE B MHTEPAKTHUBHOM CeaHCe
cJIeLyIOII[yie KOMaH/bI:

>> reload(clusters)
>> clusters.drawdendrogram(clust, blognames, jpeg="blogclust.jpg’)

B pesyabrare 6yger cosnau daiia blogelust.jpg, comepixaruii reagporpam-
My, KOoTopasd MOoJIXKHAa OBIThH ITOXO0Ka Ha Ty, UTO M3o0pakeHa Ha puc. 3.3.
Eciou xoTuTe, MOKeTe U3SMEHUTHh HACTPOUKYM BBICOTHI U IITUPUHBI, YTOOBI PUI-
CYHOK OBIJIO IPOIIe HAlleuaTaTh UJIN YTOOBI OH OBLI 00Jiee paspesKeHHbIM.

Knacrepusauus cron6uos

YacTo ObIBAET HEOOXOAMMO BBHIIOJHUTEL KJIACTEPU3AIINI0 OJHOBPEMEHHO II0
CTPOKAM 1 CTOJIOIaM. B MApKEeTHMHIOBLIX CCIELOBAHNAX NHTEPECHO CI'PYII-
OUPOBATH JIIOAEH ¢ IeJIbI0 BhIABJIEHUA OOIMINX JeMorparuecKux IIpU3HAa-
KOB UJIM IIPEAIIOUYNTAEMbIX TOBAPOB, a OBITh MOMKET, JJIS TOTO YTOOBI BHIAC-
HUTH, HA KaKUX MMOJKAaX pas3MeIleHbl TOBaphbl, KOTOPhIe 00BLIUHO TOKYIAIOT
BMecTe. B Habope JaHHBIX 0 6JI0TaX CTOJIOIIHI IPEACTABISIIOT CJI0OBA, I MOXK-
HO IOMHTEPecoBaThCs, KaKIe CJI0BA YaCTO YIIOTPEOIAIOT BMecTe.

IIpocreiituii crioco6 PeITuTh 9Ty 3aJady ¢ IIOMOIIBLIO yKe HamHuCaHHBIX
GYHKIIMI — MOBEPHYTH BeCch HAOOp AaHHBIX, TaK UTOOBI CTOJIOIHI (CJI0BA)
craiu cTpokamu. Torga CoMCKU Yuces B KaKI0H CTPOKE IMIOKaKYT, CKOJIb-
KO pa3 JaHHOe CJIOBO BCTPEUAJIOCH B KaKI0M OJIoTe.

Io6aBbTe B (paiia clusters.py ciaeayomniyio QyHKITUIO:

def rotatematrix(data):
newdata=[ ]
for i in range(len(data[0]))
newrow=[data[j][i] for j in range(len(data))]
newdata. append(newrow)
return newdata
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Temepb MOKHO IIOBEPHYTHh MAaTPUITY U BLIIOJHUTH Te JKe ollepaliuy KJaacTe-
pU3annuy M PUCOBAHUS JEHAPOTPAMMEI, UTO U BhIMIEe. IIOCKOJIBKY CJIOB T'O-
paszmo 6ojbliie, yeM 06JIOTOB, TO ¥ BpeMeHHU MOTpedyeTcsa 0oJbllle, YeM Ha
KJIacTepusaiuio 6;oroB. HamroMHEUM, YTO KOJIb CKOPO MaTPUIlA IIOBEPHYTA,
MeTKaMu Temnepsb OYAYT CJI0OBa, a He Ha3BaHU OJIOTOB.

>> reload(clusters)

>> rdata=clusters.rotatematrix(data)

>> wordclust=clusters.hcluster(rdata)

>> clusters.drawdendrogram(wordclust, labels=words, jpeg="wordclust.jpg"’)
BakHO MOHMMATE, UTO €CJIX 3JIeMEHTOB ropas o 60JIbllle, YeM IePpeMeHHbBIX,
TO BO3pPacTaeT BepPOATHOCTL HOABJIEHUA OecCMBICJIeHHBIX KaacTepoB. Iloc-
KOJIbKY CJIOB 3HAUMNTEJLHO 00JIbIIIE, UeM 0JIOT0B, TO KJIacTepu3alius 6JI0TOB
MO3BOJISAET BBIABUTH OOJIBIIIE OCMBICJIEHHBIX IIATTEPHOB, YeM KJacTepusa-
mus cyaoB. OQHAKO, KaK BUIHO U3 pUC. 3.4, HEKOTOPbIe MHTePeCHbIe KJIacTe-
PBI BCe JKe UMEIOTCA.

users
web
yahoo
internet
online

Puc. 3.4. Kanacmepbl c108, C6A3AHHbLX C OHAAUHOBbLMU CAYHOAMU

ITOT KJIacTep HATJISAAHO MMOKA3bIBAET, KAKNe CJI0BA YACTO YIOTPEOIAI0TCA
B OJI0Tax mpu OOCY:KAEHUHU TeM, KAacaloIINXCs OHJANHOBBIX Cay:k0 u WH-
TepHeTa. MOKHO HAWTU M OPyrue KJacTephl, OTpasKaloliiue XapaKkTepHoe
ymotpebJieHue ciaoB. Hampumep, kiractep us ciaos fact, us, say, very u think
BBIZIA€T, UTO aBTOP 6JIOra — YeJIOBEK CAMOYBEPEeHHBIH.

Knactepusauua metogom K-cpegHux

HepapxuuecKas KJIaCTePU3AINs JaeT HA BBIXOEe CUMIIATUYHOE AePeBO, HO
Yy 9TOr'0 MEeTO/la eCTh ABa HeJocTaTKa. [[peBOBUAHOE IIPeACTaBIeHIe CaMO 10
cebe He pasObUBaeT JaHHbIE HA I'PYIIILI, IJII 3TOTO HYKHA NOMOJHUTEIbHAA
pabora. Kpome Toro, aaroputm Tpe6yeT oueHb 60JIBIITOTO 00 beMa BbIUKnCIe-
Huii. [IocKOJIbKY HEOOXOAMMO BBIUNCJIATH IIOMAPHBIE COOTHOIIIEHUA, a 3a-
TeM BBIUHCJSATH UX 3aHOBO I10CJIe O0beJUHEHUA 3JIEMEHTOB, TO Ha GOJIbIITNX
Habopax AaHHBIX aJITOPUTM paboTaeT MeAJEeHHO.

AspTepHATUBHBIN cI0CcO0 Ha3bIBaeTCA Kaacmepuiayueil memodom K-cped-
Hux. OH B KOPHE OTJINYAETCSA OT NepapXUUecKoil KJIacTepusaliuu, IOCKOJIb-
Ky eMy HYKHO 3apaHee YKas3aTh, CKOJIbKO KJIACTEPOB reHEPpUPOBATh. AJro-
PUTM OIIpefiesisieT pa3MephI KJIACTEePOB MCXO/ A U3 CTPYKTYPHI JaHHBIX.

Kinacrepusamua meromom K-cpelHHUX HauMHAETCA C BbIOOpa k ciydaiiHo
PAaCIIOI0KEeHHBIX IIEHTPOUIO0B (TOUEK, IPEACTABIAIONINX IIEHTD KJIacTepa).
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Kaxxgomy siieMeHTy HasHauaeTcs OmKamimii meatpous. Ilocae Toro kax
HasHauyeHUe BHIIOJHEHO, KaKbIH IeHTPOU IIepeMelliaeTcsa B TOUKY, pac-
CUMTHIBAEMYIO KaK CpeJHee II0 BCceM IIPUIUCAHHBIM K HEMY dJIeMeHTaM. 3a-
TeM Ha3HaueHUe BBITIOJHAETCA CHOBA. JTa IPOIleypa IOBTOPSIETCA A0 TeX
Iop, IOKa HasHAUeHUA He MPEeKpaTAT udMeHAThcA. Ha puc. 3.5 nmokasano,
KaK Pa3BUBAETCA IPOIECC JJIA IATHU JI€MEHTOB U ABYX KJIACTEPOB.
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Puc. 3.5. Knacmepusayusa memodom K-cpednux c 08ymsa Kiacmepamu

Ha mmepBoM m1are cayuaiiio pasMeIeHsl ABa MeHTpouaa (1306pakeHbl TeM-
HBIMU KpysKKamu). Ha BTOpoMm I1are KasKIbIii 9JIEMEHT IPUINCAH K Ou-
JKalimeMy IeHTpouny. B mammHom ciaydae A u B mpunucasbl K BepxXHEMY
neutpouny, a C, D u E — x au:kHeMmy. Ha TpeTbeM miare KakAbIii IIeHTPOU/T
TepeMeIeH B TOUKY, PACCUMTAHHYIO KaK cpeJlHee 10 BCeM IIPUMUCAHHBIM
K Hemy ajieMeHTaM. ITocie mepecuera HasHAUeHUH OKa3aJI10Ch, 4To C Tereps
O0MKe K BepxHeMy IleHTpounay, a D u E — mo-npeskHeMy 011Ke K HUMKHEMY.
OKoHUATeJbHBIN Pe3yabTaT JocTuraeTcs, korga A, B u C momeleHs! B O4UH
KJactep, a D u E — B gpyroii.

DyHKIUA I BLIMOJHEHUA KJIacTepusanuu MeToaoM K-cpeiHuX IpPUHU-
MaeT Ha BXOJle Te JKe CTPOKU MaHHBIX, UTO U AJTOPUTM HepapxXuuecKoi
KJIacTepu3aliuu, a KpoMe TOT0, KOJUYECTBO KaacTepoB (k), KOTopoe xoTesa
OBl MOJIYYUTD BhI3BIBAMOIas nporpamma. [{lo6asbre B daitn clusters.py ra-
KOH KOJ:

import random

def kcluster(rows,distance=pearson,k=4):
# OnpepoennTb MUHUMANbHOE M MAKCKUMANbHOE 3HAYEHUS ONA KaXAOW TOYKM
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ranges=[(min([row[i] for row in rows]),max([row[i] for row in rows]))
for 1 in range(len(rows[0]1))]

# Co3paTb Kk ChnyyaiiHO pacnonoXeHHbX LeHTPOWI0B
clusters=[[random. random( )«(ranges[i][1]-ranges[i][0])+ranges[1][0]
for i in range(len(rows[0]))] for j in range(k)]

lastmatches=None

for t in range(100):
print "Utepauns %d" % t
bestmatches=[[] for i in range(k)]

# Haiitn ona kaxnaon CTpoku Gauxanumii LeHTpoua
for j in range(len(rows))
row=rows[ j]
bestmatch=0
for i in range(k)
d=distance(clusters[i], row)
if d<distance(clusters[bestmatch], row): bestmatch=i
bestmatches[bestmatch].append(j)

# Ecnw nonydunca Takow xe pe3ynbTaT, Kak B MPOWb pa3d, 3akaH4uMBaem
if bestmatches==lastmatches: break
lastmatches=bestmatches

# lepeMeuwaem Kaxmapil UEHTPOUA B LEHTP MPUNUCAHHBIX K HEMY 3NEeMEHTOB
for 1 in range(k)
avgs=[0.0]+1len(rows[0])
if len(bestmatches[i])>0:
for rowid in bestmatches[i]:
for m in range(len(rows[rowid]))
avgs[m]+=rows[ rowid][m]
for j in range(len(avgs))
avgs[j]/=len(bestmatches[i])
clusters[i]=avgs

return bestmatches

B sT0# QyHKIINY CO3MAETCS CAYUANHBIN HAOOP KJIaCTEPOB B 00J1aCTH OIIpe-
IeJIeHNs IIepeMeHHbIX. Ha Ka 10l urepannm Kaxgas CTPOKa IIPUIINChIBA-
eTcsi ONHOMY U3 IeHTPOHUIOB, IIOCJEe UYero IEeHTPOUIbl MePeMeIaioTCs
B I[EHTP IPUNKNCAHHLIX K HUM 3JieMeHTOB. KaK TOJBKO OKas3hbIBaeTCsA, UTO
Ha OuepeHON nTepanuy BCe CTPOKU IPUMNCAHBI TEM Ke [eHTPOUIAM, YTO
¥ Ha IpPeIbIayIneli, IIPollece 3aBepIaeTcs U PyHKI[Us BO3BPaIaeT k cuuc-
KOB, IIPEJCTABIAIOIINX KIacTepsl. [Io cpaBHEHHUIO C MepapXuUecKoi KJiac-
Tepusaiueil, KOJIUYEeCTBO UTEePAIlnil, HEOOXOAUMBIX IJIA HOCTUKEHUS pe-
3yJILTATa, ropasmgo MeHbIIIe.

ITockonbKYy HauyaIbHBIE IIOJOKEHNA IEHTPONUL0B BEIOMPAIOTCA CIIyUaliHbIM
00pa3oM, IOPAAOK BO3BPAIIEHHBIX PE3yJIbTATOB MOMKET OBITh DPa3IMYeH.
MoskeT OKasaThCsA, UTO U COCTAB KJIACTEPOB 3aBUCHUT OT HAUAJIBHBIX IIOJIO-
JKeHUH IeHTPOUI0B.
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MosKeTe IpoTeCTUPOBATEL 3Ty (PYHKI[MIO HA Habope JaHHLIX 0 6yorax. OHa
IoJI3KHA paboTaTh 3aMEeTHO OBICTPee, UeM B cayuae nepapXuduecKoii Kiacre-
pusanuu:

>> reload(clusters)

>> kclust=clusters. kcluster(data, k=10)

NTepauna 0

>> [rownames[r] for r in k[0]]
['The Viral Garden', ‘'Copyblogger’, 'Creating Passionate Users’', "Oilman’,
"ProBlogger Blog Tips', “"Seth's Blog"]

>> [rownames[r] for r in k[1]]

nT.oa...
Temepb kclust COTEPIKUT CIIUCOK MAEHTU(PUKATOPOB, BOIIEAINNX B KaKIbII
KJaactep. ITompoOyiiTe BRIMOJHUTE KJIACTEPU3AIUIO C APYTUM 3SHAUEHUEM k&
U IIOCMOTPUTE, KAK 3TO OTPa3nuTCA Ha pe3yJbTaTax.

Knacrtepbl npegnoyteHUn

OpuuM 13 (aKTOPOB PACTYIIETO UHTEPECA K COIIUATBHBIM CETAM ABJISIETCA
TOT ()aKT, UTO CTAJIU AOCTYIIHBI OOJIbIITME HAOGOPHI JaHHBIX, JOOPOBOJILHO
MOTIOJIHAEMbIe Pa3MINUYHLIMU JiogbMu. OauH u3 Takux caiiToB — Zebo
(http://www.zebo.com) — mpejiaraeT cO3aTh YUETHYIO 3aIllNICh U Pa3Mec-
TUTDH CIIMCOK T€X IIPEJMETOB, KOTOPhIE Y II0JIb30BATENISA €CTh, U TeX, KOTO-
pule oH xoTes 661 mpuodpecTu. C TOUKY 3peHUA PeKJIaMOAATEeNsI NN COIIHO-
Jiora, 9TO OYeHb MHTepecHas MHOOPMAIKUs, MOCKOJbKY II03BOJISIET BBLAC-
HUTDH, KAK €CTEeCTBEHHO IPYIIUPYIOTCS BHIPAKeHHbIe IPeAII0UTeHNA.

MonyyeHue U NOAroTOBKA JaHHbIX

B sToM pasgese MBI PACCMOTPUM IIPOIEAYPY CO3MaHUA Habopa TaHHBIX
c caiita Zebo. Ham npugeTcs cKkauaTh ¢ HeTO MHOTO CTPAHUIL ¥ TPOAaHAIN3U-
pOBaTh WX, YTOOBI M3BJIEUL MHDPOPMAIIUIO O MOKEJAHUAX IOJH30BATEJ.
Ecau BBI XOTHUTE IPOIYCTUTH 3TOT Pa3/ies, TO MOKETe 3arpy3UTh yiKe I'OTOo-
BBI1 HAOOD JAHHBIX CO cTpaHusl http://kiwitobes.com/clusters/zebo.txt.

BbubnuoTteka Beautiful Soup

Beautiful Soup — aT0 BesmmkogenHas 6ubaMoTeKA AJIA pasdbopa 1 ImocTpoe-
HUS CTPYKTYPUPOBAHHOIO IIPeACTaBIeHUA BeO-cTpaHuIbl. OHa MO3BOJIAET
HaWTH 9JIeMeHT CTPAHUIILI II0 TUITY, UAeHTU(MOUKATOPY UJIHU JIIOO0MY CBOC-
TBY U HOJIYUUTh CTPOKOBOE IIpPeACTaBJeHMe ero coaep:kumoro. Beautiful
Soup ouYeHb TEPIMMO OTHOCUTCA K CTpaHHIaM ¢ HeKoppekTHoit HTML-
pasMeTKOli, YTO BechbMa II0JIe3HO IIPU reHepanuu HaOOPOB JaHHBIX C BeO-
CcaiToB.

Ckauats 6ubsauorexy Beautiful Soup moskHo ¢ catita http://crummy.com/
software/BeautifulSoup. OHa mocTaBjsieTcsa B BUe OJHOTO (ailia Ha S3bI-
ke Python, KoTOpBI# cieyeT IOMECTUTh B TO MECTO, T[e¢ UHTEPIPETATOD
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CMOKeT ero HaliTu. My MoKeTe IOMECTUTE €€ B CBOIO Pab0uyIo MamKy U 3a-
IycKaTh UHTEPIPEeTaTOP, HAXOAACH B 9TOH IIanKe.

YcranoBus 6ubinoTexy Beautiful Soup, mpoBepsTe ee B meiicTBuM, 3amyc-
TUB UHTEPIPETATOP B MHTEPAKTUBHOM DPEXKUIME:

>> import urllib2

>> from BeautifulSoup import BeautifulSoup

>> ¢=urllib2.urlopen( "http://kiwitobes.com/wiki/Programming_language.html’)

>> soup=BeautifulSoup(c.read( ))

>> links=soup('a")

>> 1inks[10]

<a href="/wiki/Algorithm.html" title="Algorithm">algorithms</a>

>> 1inks[10][ "href']

u'/wiki/Algorithm. html’
Yrob6n1 «cBapuTh cym» (Tak B Beautiful Soup HaswiBaeTca npexacraBieHme
Be6-CTPAHUIIBI), JOCTATOUHO ITePeIaTh KOHCTPYKTOPY COAEPKUMOE CTPaHM-
Ipl. 3aTeM MOXKHO BBIZBATH «CYII», IIepelaB eMy THUII Tera (B MpuMepe BhI-
IITe — a) ¥ MOJIYYUTH B OTBET CIIMCOK 00'BEKTOB 9TOTr0 Tula. KasKablit 00heKT,
B CBOIO oUuepelb, aJpecyeM, TO eCTh MOYKHO 3alIPOCUTEL €TI0 CBOMCTBA U CIIU-
COK 00'beKTOB, HAXONAIINXCSA HUKEe HETO B MepapXuu.

Pa3bop cTpaHuy, canta Zebo

CTpyKTypa CTpaHUIbLI Pe3yJIbTaTOB IOMCKAa Ha caiiTe Zebo JOBOJILHO CII0MK-
Ha, HO ONPEJeINTh, KaKie YaCTH CTPAHUIILI OTHOCATCA K CIHCKY dJIeMeH-
TOB, IIPOCTO, TAK KaK AJId HUX 3aJaH KJacc bgverdanasmall. BocmoabzoBas-
IINCHh 3TNUM, MBI MOJXEM N3BJI€Ub 13 CTPAHUIIBI MHTEPECYIOIIIEe HAC TaHHbIE.
Cospgatite aitn downloadzebodata.py u BKIoUnTE B HEro TaKO! KOLI:

from BeautifulSoup import BeautifulSoup
import urllib2

import re

chare=re.compile(r'[!-\.&]")
itemowners={}

# 9Tv cnoea chneayeT UrHOPMPOBaTb
dropwords=['a’, ‘new’, 'some’, ‘'more’, ‘my’', ‘own', ‘the’, ‘'many’, ‘other’, "another’

]

currentuser=0
for i in range(1,51)
# URL cTpaHuubl pesynsTaToB noucka
c=urllib2.urlopen(
"http://member.zebo.com/Main?event_key=USERSEARCH&wiowiw=wiwdkeyword=car&
page=%d’
% (1))
soup=BeautifulSoup(c.read( ))
for td in soup( 'td"):
# HaihTn ayerikn Tabnuupl ¢ knaccom bgverdanasmall
if ('class’ in dict(td.attrs) and td[ 'class’]=='bgverdanasmall")
items=[re.sub(chare, "', a.contents[0].lower()).strip( ) for a in td('a")]
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for item in items:
# YoanuTb MrHOpUpyembie Cnosa
txt=" ".join([t for t in item.split(" ') if t not in dropwords])
if len(txt)<2: continue
itemowners.setdefault(txt, {})
itemowners[txt][currentuser]=1
currentuser+=1

Ira mporpamMmMma 3arpy:kaeT u pasoupaet nepsbie 50 cTpaHUIL « TOMKEJTAHUH »
c carita Zebo. ITocKOJIBKY JaHHBIE BBOLATCS B BIIe HECTPYKTYPHUPOBAHHOT'O
TeKCTa, MPUXOAUTCA IPUJIOKUTh YCUIUA OIS UX OUUCTKH, B YACTHOCTU
YIAJIUTh TAKUE CJI0BA, KAK apPTUKJIb a U Some, n30aBUTHCA OT 3SHAKOB IIpe-
MUHAHUA U TIePEBECTU BCe B HMIKHUM PETUCTP.

IIpoxenas Bce aTO, MporpaMMa CHauaja CO3JaeT CINCOK IPeIMeTOB, KOTO-
phIe JKeJIaloT UMEeThb 0oJiee IATH YeJOBeK, 3aTeM CTPOUT MATPUILY, CTOJIOIIBI
KOTOPOU IIPeACTaBIAIT aHOHUMHBIX II0JIh30BaTeJIell, a CTPOKU — IIpeamMe-
ThI, 1 HAKOHEI BLIBOJIUT 3Ty MaTpuIy B ¢aiia. [[o6aBbTe CIeqyIOIMui KO
B ¢haiix downloadzebodata.py:
out=file( 'zebo.txt", 'w")
out.write( 'Item")
for user in range(0,currentuser): out.write( '\tU%d ' % user)
out.write('\n")
for item,owners in itemowners.items( ):
if len(owners)>10:
out.write(item)
for user in range(0,currentuser):
if user in owners: out.write( '\t1")
else: out.write( '\t0")
out.write('\n")
BruImoJIHITE CIEAYIONIYI0O KOMaHIy, KoTopas co3macT aiia zebo.txt B Tom
sKe (popmare, uTO 1 A Habopa JaHHLIX O 6yiorax. EAMHCTBEHHOE OTINYNE
COCTOUT B TOM, UTO BMECTO CUETUNKOB MBI UCIIOJIb3yeM 1, eCJIu YeJIOBEK XO0-
yeT uMeTh HeKuil mpeaMert, u 0 — ecaiu He XOUer:

¢:\code\cluster>python downloadzebodata.py

OnpepeneHne MeTpUKN 61mM3ocTun

I mabopa JaHHBIX 0 6JI0oTaX, T/ie 3HAUeHUSIMU IBJIAIOTCA CUETUNKH CJIOB,
Koa(pumuenTt koppeaamnuu [Iupcorna padoraer Hemnroxo. Ho B zanHOM cJIy-
Yae y HaC €CThb JIUIIh eIUHUIILI U HYJIU, IPEACTABISAIONIE COOTBETCTBEHHO
HaJIW4ue U OTCYTCTBUE, U OBLIO ObI MOJIe3Hee ONMpeaeUTh HEKYI0 Mepy Iie-
PEKPBITUA MEXKIY JIIOIbMU, KeJaloIluMU UMeTh ABa npenMera. Takas me-
pa cylirecTByeT U HasbIBaeTcs Koapuuyuenmom Tanumomo; sTo OTHOIIIE-
HUe MOIIHOCTH IIePeCeYeHUs MHOXKECTB (9JIEMEHTOB, IIPUHAIJIEKAIINX
000MM MHOKECTBAM) K MOIIIHOCTY UX O0BbeNUHEHUA (9JIeMEHTOB, IIPUHA-
IaeKaIiiux XoTsa ObI ogHOMY MHOKecTBY). Koadhdumnuenr Tanumoro misa
IBYX BEKTOPOB BBIUMCJISETCS CAETYIONIEll TPOCTOM QyHKITHEH:
def tanamoto(v1,v2):
c¢1,¢2,shr=0,0,0
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MpPOCMOTP AaHHbIX HA ABYMEPHOM NNOCKOCTU VAl

for i in range(len(v1)):
if v1[i]!=0: c1+=1 # in v1
if v2[i]!=0: c2+=1 # in v2
if v1[1]!=0 and v2[1]!'=0: shr+=1 # in both

return 1.0-(float(shr)/(c1+c2-shr))

Omna Bozepaiaetr 3uauenue oT 0,0 1o 1,0. 3uauenue 1,0 o3HaUaer, UTO HU
OIVH UeJIOBEK, JKeJIaloNui IPHroOpecTy MepPBLIi IIPeIMeT, He X0UeT IIPurob-
perath BTopoii. A 0,0 TOBOPUT O TOM, UTO STH ABa IIPEeAMETa XOTAT UMETh
B TOYHOCTHY OJTHU U Te€ JKe JIOIU.

Knacrepuszauua pesynbtaTtoB

ITockonbKy maHHBIE IpPEACTAaBJIEHELI B TOM Ke )opMaTe, UTO W BBIIIE, IJIS
TeHepUpOBaHUA W M300paKeHNs MepapXnWUYeCcKUX KJacTepOB MOYKHO BOC-
IMOJIb30BATHCA YiKe HAIMMCAHHBIMY (PYHKIUAMY (HALO JIUIIL J00aBUTh QyH-
KI[MIo tanamoto B (paiia clusters.py):

>> reload(clusters)

>> wants, people, data=clusters. readfile( 'zebo.txt")

>> clust=clusters.hcluster(data, distance=clusters.tanamoto)

>> clusters.drawdendrogram(clust, wants)

9T KOMaHALI CO34al0T HOBBIN (haiti clusters.jpg, B KoTopoM IIpeacTasJie-
HBI KJacTephl KejlaeMbIXx npuobperenuii. Ha puc. 3.6 nusobpakeH pes3yJib-
TaT, TOJyUYeHHBIH B pe3yabTaTe 00paboTKM 3arpyKeHHOro Habopa JaHHBIX.
C TOUKU 3peHusI MapKeTHUHIa HUKAKNX OTKPOBEHUM 3/1eCh HET — OOHU U Te
JKe Jiroau XoTaT umeTh Xbox, PlayStation Portable u PlayStation 3, — ox-
HAKO MMEIOTCA TaKiKe UeTKO BbIpasKeHHBbIe I'PYIIIbl 0UYeHb aMOUIIMO3HBIX
Jonen (kaTep, camMoJIeT, OCTPOB) U JIIOJeli, UITYINX AYXOBHbBIE IIEHHOCTH
(opysbs, 11000Bb, cuacThe). HTepEeCcHO TaKsKe OTMETHUTD, UTO JIIOIU JKeJjia-
IOIIIe UMEeTh «JeHBbIU», XOTAT IIPOCTO «JAOM», TOTAA KaK aauyIue « MHOTO
JeHer» IPeIIouIi Obl « KPACUBBIN JOM» .

W3MeHUB HavaJIbHbBIE YCIOBUA IIONCKA, KOJMYECTBO CKAUNBAEMbBIX CTPAHMUI]
WJIV 3aIIPOCUB He «)KeJlaeMble», a «paclojiaTaeMble» IIPeIMeThI, BO3MOK -
HO, yIacTcs HAWTH JPyrue MHTepecHbIe rpynnbl. MOMKHO TaKsKe IoIpo0o-
BaTh TPAHCIOHMPOBATE MATPUIY W CIPYIIIIHPOBATH MOJb3oBareneii. Oco-
0eHHO JIIOOOTILITHO OBLIO OBI COOpPAThH HaHHBIE O BO3pacTe, YTOOBI ITOCMOT-
peTh, KaK BO3pacT CKa3bIBaeTCA Ha JKeJIaHUAX.

MpocMoTp AaHHbIX HA ABYMEPHOMN NJIIOCKOCTU

AJIropuTMBI KJIaCTEPU3AINH, PACCMOTPEHHEIE B 9TOM IJIaBe, UJLIIOCTPHUPO-
BaJINCH C IIOMOIIIbIO BU3yaJIM3allI1 JaHHbIX Ha IIJIOCKOCTH, a CTEIIe€Hb pa3-
JAYUA MEXAY IpeaMeTaMyu 0003HAuYaJIach PACCTOAHMEM MEKIy HUMHU Ha
mpuarpamme. Ho B OOJIBIIMHCTBE peaJIbHBIX 3a7a4 TPeOyeTcsa KJIACTepuso-
BaTh 0oJiee OBYX UMCEJI, IOSTOMY M300pa3uTh JaHHbIE B [BYX U3MEPEHUIX
He moayuurcs. Tem He MeHee, UTOGBI IOHATE, KAK COOTHOCATCS Pa3JINYHbIE
HpeﬂMeTbI, 6BIJIO 6]:1 IIOJIE3HO BUETh UX Ha CTpaHI/II_Ie U OII€EHUBATH CTEIIEHb
CXO0KeCTH 110 OJIM30CTH.
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B sTom paspesie MBI 03HAKOMUMCS C METOJOM MHOTOMEPHOI'O IIKaJINPOBa-
HUA, TMO3BOJIAIONIUM HAWTKU ABYMEpHOEe IpeAcCTaBJeHUMe Habopa JaHHBIX.
9TOT ajAropuTM IPUHUMAEeT Ha BXOMe pasjinuue MEXKAY KaKIoN Imapoi
IIPeMETOB U IBLITAETCS HApPUCOBATh AUArPAMMY TaK, UTOOBI PACCTOAHUA
MEKIY TOUKaMU, COOTBETCTBYIOIIIMMHU IPeAMeTaM, OTPaKaJN CTEIeHb UX
pasnnuud. g 5TOro cHauajga BBIYUCIAIOTCA JKejJaeMble PacCTOAHUA
(target distance) mesxay Bcemm mpemmeramu. B ciyuae mabopa SaHHBIX
0 6JIorax i CpaBHEHUS IPeIMETOB IPUMEHANCA K09 (MUIIUEHT KOPPeId-
nuu ITupcoua. B Ta6i. 3.2 npuBemeH mpuMep.

Tabauya 3.2. [Ipumep mampuubl paccmosHUl

A B C D
A 0,0 0,2 0,8 0,7
B 0,2 0,0 0,9 0,8
C 0,8 0,9 0,0 0,1
D 0,7 0,8 0,1 0,0

3aTeM Bce IIpeIMeTHI (B JaHHOM cIydae 0JI0TH) CaydaiiHbIM 00pa3oM pasMme-
m1aloTcA HAa IBYMEpPHOM AuarpaMme, KaK IIOKasaHo Ha puc. 3.7.

BoruncisiroTess momapHble eBKJINI0BBI PACCTOAHUA (CyMMa KBagpaToB pas-
HOCTE KOOPAMHAT) MEKIY BCEMH TEKYIIUMMU II0JOMKEHUAMU IIPEIMETOB,
KaK MOoKasaHo Ha puc. 3.8.

©
®

)

Puc. 3.7. HauwanvHoe pasmeujenue Ha 08YMepHOL NPOEKYUU

Puc. 3.8. Ilonapruie paccmoanus mex0y npedmemamu
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A Kaskmoil mapsl MpeaMeToB JKeJlaeMOoe PACCTOSHNE CPABHUBAETCA C Te-
KYIIUM ¥ BBIUMCJIAETCA pacxokaenne. Kaskaulil mpeaMer IpubIMKaeTcsa
WKW OTOABUTAETCS OT CBOEr0 COCENa IIPOIOPIMOHAJIBHO PACXOMKICHUIO
mesxay Humu. Ha puc. 3.9 mokasaHBI CHIILI, NefiCTBYIOIME HA IpeameT A.
Paccroanue me:xkay A u B Ha 9To#t quarpamme pasuo 0,5, a sKesraemoe pac-
crosume paBHo 0,2, mosTomy A ciaexyet nmpubausuTh K B. B To :ke Bpems A
orrankuBaercsa oT C u D, Tak KaK pacIIoioKeH K HUM CIHUIIKOM 0JIM3KO.

Puc. 3.9. Cunvt, deiicmayowue Ha npedmem A

Kaxxaprii yses mepemelriaeTcs II0J BO3AEMCTBUEM BCEX OCTAJNBLHBLIX Y3JIOB,
KOTOpbIe IPUTATUBAIOT WJIN OTTAJKUBAIOT ero. Ilociie KasK/I0ro TaKoro me-
peMellleHUA Pa3HUIlA MEKAY TEeKYIIIUMHU U JKeJaeMbIMU PACCTOSHUAMU He-
MHOTO yMeHbIIIaeTcsA. JTa MpolleAypa MOBTOPsSIETCA MHOTOKPATHO W IIpe-
KpalaeTcsi, Korjga o0Iliee pacxoKIeHNe He yIaeTcs YMEHBIIUTh 3a CUeT
TepeMeInieHus IPeJMeTOB.

Peanusyroras ee QyHKIIUS IPUHUMAaeT BeKTOD JaHHBIX ¥ BO3BpAIllaeT Mac-
CHUB C ABYMs CTOJIOIIAMMU, COAEPKAITNMU KOOPAUHATEI X 1 Y IPeIMEeTOB Ha
IByMmepHOI qnuarpamme. JlobaBsTe ee B paita clusters.py:

def scaledown(data, distance=pearson, rate=0.01):
n=len(data)

# HacTosiume paccTosHMa Mexay Kaxaon napon npeamMeToB
realdist=[[distance(data[i],data[j]) for j in range(n)]
for i in range(0,n)]

outersum=0.0

# CnydaiiHbiv 006pa3oM MHWLMANWM3MPOBATL Ha4anbHbHe MOMOXEHWA MNpeaMeToB Ha
# NNOCKOCTK

loc=[[random. random(), random. random( )] for i in range(n)]
fakedist=[[0.0 for j in range(n)] for i in range(n)]

lasterror=None
for m in range(0, 1000):
# BHUMCNUTHL €BKANAOBH PACCTOAHUA
for 1 in range(n)
for j in range(n)
fakedist[i][j]=sqrt(sum([pow(loc[1i][x]-1oc[j][x],2)
for x in range(len(loc[i]))1))
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# MNepemMecTnTb TOYKM
grad=[[0.0,0.0] for i in range(n)]

totalerror=0
for k in range(n)
for j in range(n)
1f j==k: continue
#f PacxoxpeHne - 9TO OTHOCWUTENbHA® PA3HOCTb MEXAY PaCCTORHUAMM
errorterm=(fakedist[j][k]-realdist[j1[k])/realdist[j][k]

# Kaxmyio Touky ChneayeT OTOABWMHYTb Wau NpubnnanTb K APYrol Touke
#f NPONOPUMOHANBHO BbLIYUCIIEHHOMY PACXOXAEHMIO MEXAY HUMK
grad[k]J[0]+=((loc[k][0]-1loc[j][0])/fakedist[j][k])*errorterm
grad[k][1]+=((loc[k][1]-1loc[j1[1])/fakedist[j][k])*errorterm

# Cnegum 3a CyMMapHbM PACXOXAEHWEM
totalerror+=abs(errorterm)
print totalerror

# Ecnv nocne nepemeweHns cuTyauus yxyauunacb, 3asepliaeMm onepaumio
if lasterror and lasterror<totalerror: break
lasterror=totalerror

# COBMHYTb Kaxayl TOYKY Ha BEAWYMHY, PaBHYl CKOpPOCTU 0by4eHus
# YMHOXEHHOW Ha rpaaueHT
for k in range(n)

loc[k][0]-=ratex*grad[k][0]

loc[k][1]-=ratexgrad[k][1]

return loc

Yro6bl BU3YAJIHU3UPOBATEH PE3YIbTAT, MOMHO CHOBA BOCIIOJIL30BATLCS 0116-
aunotexoit PIL nis remepupoBaHusa n300pakeHns, HaA KOTOPOM OyIAyT HaHe-
CEeHbI METKU BCEX IIPEJIMETOB B TOUKAX, I'/l€ OHU Tellepb OKAa3aJIUCh.
def draw2d(data, labels, jpeg="mds2d.jpg"):
img=Image.new( RGB', (2000, 2000), (255,255, 255))
draw=ImageDraw.Draw(img)
for i in range(len(data))
x=(data[1][0]+0.5)*1000
y=(data[1][1]+0.5)=1000
draw. text((x,y), labels[i], (0,0,0))
img.save(jpeg, "JPEG")
Hna mporoHa »TOTO aJTOPUTMa CHAYajia CJeIyeT BBIBBATh (MYHKITHIO
scaledown IJId MOJYUYEeHUSI IBYMEPHOTO Habopa JaHHBIX, a 3aTeM draw2d — IJIs
€ero OTPUCOBKU.
>> reload(clusters)
>> blognames,words, data=clusters.readfile( 'blogdata.txt")
>> coords=clusters.scaledown(data)

>> clusters.draw2d(coords, blognames, jpeg="blogs2d.jpg’)
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Ha pwuc. 3.10 moxkasaH pe3ysbTaT paboThI aJIrOPUTMAa MHOTOMEPHOTO IITKAa-
aupoBauud. KiacTepsl BUAHLI HE TaK XOPOIIIO, KaK Ha JeHIpoTrpaMMe, HO
TeM He MeHee HAJUIO TPYIIINPOBKA 10 TeMaTHKe, HalrpuMep 0JI0TH, OTHO-
cAlrecd K MOMCKOBLIM MalllMHAM, PasMEeCTUJINCh Y BepxXHero Kpaa. OuHu
0KAa3aJuch JaJIeKo OT 0JIOTOB, IIOCBAMIEHHBIX MOJUTUKE U 3SHAMEHUTOCTAM.
Ecsu 6bI MBI IIOCTPOUJIM TPEeXMeEPHOe IpeJcTaBJIeHne, TO KJIacTepPhbl ObLIN
OBbI BRIPpAYKEHBI 00JI€e OTUETIUBO, HO IO MOHATHLIM OPUUYUHAM UX OBLIO OBI
cJIoKHee M300pasuTh Ha OyMmare.

Search Engine ¥atch Bloy

Micro Persuasion

0 Reilly Radar Sigm
Search EngifEiJGnilagrsooped
Google Operating system

quick online Tips
Publishing 2.0

Techcrmeh
Read /WriteWeb
Jolm Battelle’s searchbloy paulstamatiou. com

official Google Blog

A Consuming Experience (full feed)

Lifehacker

creating Passisvate Users

shoemoney - skills to pay the bills

456 Berea Street
5 sifry’s Alert:
Techdart Matt cutts: sadyets, soogle, and SE0

slashdot

Bloggers Blog: Blogying the Blogsphere
Toho the Bloy
les.

The viral sarden
Signal vs. Foise

scobleizer - Tech eek Blogyer

Derek Powazek

Puc. 3.10. Hacmbv 08ymeprozo npedcmasieHus npocmparncmea 0610206

YT0 eLie MOXXHO noaBeprHyTb Knacrepmndaumnm

B aT0ii ritaBe MBI pacCMOTPEJIH ABa Habopa JaHHbBIX, HO MOYKHO OBLJIO OBI Cle-
JaTh erre MHOToe. Habop maumHbIX ¢ catita del.icio.us u3 TjIaBbl 2 TOXKE MOMK-
HO IIOABEPrHYTh KJIACTEPUIALUMU AJIS HAXOMICHUS I'PYIII IOJb30BaTeIei
WJIN 3aKJaJ0K. Kak KaHaJbl 0JI0T0B OBLIN IIPEACTaBJICHEI B BIe BEeKTOPOB
CJIOB, TaK U JI000# HAOOP 3arpysKeHHBIX CTPAHUI] MOYKHO CBECTH K CJIOBaM.

9THU uaen MOKHO PaCIIPOCTPAHUTh Ha APyTue 00JIacTH U OTBICKATh HEMAJIO
MHTEPECHBIX 3aKOHOMEPHOCTe — KJaaccupuinpoBaTh GOPYyMEI II0 YIIOTPe6-
JIEHWIO CJIOB; KOMIIaHWU, MpeAcTaBJIeHHbIe Ha caiiTe Yahoo! Finance, — mo
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Pa3JINYHBIM CTATHCTUKAM; JYUIINX PEIEH3eHTOB Ha caiiTe Amazon — 1o
TOMY, 4YTO UM HPABUTCA. BBLIO GBI TaK:Ke MHTEPECHO B3TJIAHYTH Ha GOJIb-
LIYIO COIMAJIbHYIO ceTh Tuita MySpace 1 KJiacTeprU30BaTh JIOAEH 10 TOMY,
KaKWe Y HUX [PY3bs, UJIN 110 UHOH nHGOPMAIINK, KOTOPYIO OHU COOOIIat0T
o cebe (1100 MbIe MYy3bIKaJIbHbIE TPYIIIILI, €71a 1 T. 1.).

Tema n3obpakeHUA IPEIMETOB B IPOCTPAHCTBE B 3aBUCUMOCTH OT X T1apa-
MeTPOB OyZeT HeOAHOKPATHO 3aTPAruBaThCA HA CTPAHUIAX DTOM KHUIH.
MuoromepHoe HIKaJIupPOBaHUEe — 3TO 3PPEKTUBHBIA CI0CO0 IPEICTABUTD
Ha0oOp JaHHBLIX B BUle, YA00OHOM IJIs MHTepIpeTanuu. BaKHO MOHUMATS,
YTO B IPOIlEcCe MIKAJINPOBAHUA YaCTh NHPOPMAIIUN TEePAETCA, HO PEe3yJIb-
TaT IIOMOJKET JIYUIlle IOHATh PaboTy PasInUHbIX aJITOPUTMOB.

YnpaxHeHusa

1. IToawssysice API caiira del.icio.us us riasbl 2, co3gaiiTe Ha0Op JaHHBIX
0 3aKJIaJKaX, IOAXOAAIINN A KiacTepusanuu. IIporouure 1 HEro
aJITOPUTM HepapxXuuecKoil Kiaacrepusanuu u meTos K-cpeaHux.

2. Mogupuinupyiite Kox pasbopa 6Jora Tak, YTOOBI KJIaCTEPU30BATDH OTIE-
JbHBIE 3allUCH, a He 00T IeJuKoM. IlomamaroT i 3amucyu U3 OJHOTO
¥ TOTO 2Ke 0Jiora B OOUH KJjacTep? A UTO MOYKHO CKa3aTh O 3allUCIX, Ja-
THPOBAHHBIX OSHIM W TEM K€ UNCJI0M?

3. ITompoOyiiTe MCHOIb30BATH AJA KJIACTEPU3AIINU OJIOTOB OOBIUHOE E€BK-
JUI0BO paccTossHre. Kak nsMeHATCsa pe3yabTaThi?

4. BroldgcHHUTE, YTO TaKOe MaHX3TTEHCKOe paccrosnue. Hamumure GyHK-
U0 JIJISI €T'0 BEIUMCJICHUS U IIOCMOTPUTE, KaK N3MEHATCA Pe3yIbTAaThI
KJIacTepu3anuy Habopa JaHHBIX ¢ caiiTa Zebo.

5. Moagupunupyiite pyHKIINIO KIacTepusanuu MetTogom K-cpeiHux Tak,
YTOOBI IOMUMO PE3yJIbTATOB KJIACTePU3al[MU OHA BO3BpAaIllaia CyMMap-
HOE PACCTOSAHUE MEKIY 9JIEMEHTAMU U COOTBETCTBYIOIIUMU UM II€HTPO-
UITAMU.

6. BrImosHUB ynpaskHeHUeE 5, HanumuTe GYHKINIO, KOTOPas 3allyCcKaeT
KJIaCcTepU3anuio MeTofoM K-cpegHUX C Pa3JNUYHBIMU 3HAUEHUAMU k.
Kak cymMmapHOe paccTosgHME M3MEHSETCA II0 Mepe YBEeJIUUEeHUA KOJIU-
yecTBa KJacTepoB? B Kaxkoil MOMEHT yJIydIlieHUe 3a CUeT YBEeJIUUeHU ST
KOJIMYECTBA KJIACTEePOB CTAHOBUTCSA IIPEHEOPEsKMMO MATIBIM ?

7. PesyiabraT IBYMEPHOIO IIKAJIMPOBAHUSA JIET'KO BHIBECTH HA M1€YaTh, HO
aJITOPUTM IMO3BOJISIET MIPOEIUPOBATh HAGOP HAHHBIX HA IPOCTPAHCTBO
100010 uncia nsmepennii. Ilompo0yiiTe MUBMEHUTH KO TaK, YTOOBI HA-
0Op MAHHBIX IPOEIMPOBAJICA HA MPAMYIO. A IIOTOM CIIPOEIUPYHTE ero
Ha TPEeXMEePHOe ITPOCTPAHCTRO.



NMounck n paH>xuposaHue

B 970l r1aBe paccMaTpUBAIOTCA CUCTEMBI ITOJHOTEKCTOBOrO IIONCKA, KOTO-
pble IO3BOJISIOT UCKATh CJI0Ba B 0OJIBIIIOM HAbOpe JOKYMEHTOB U COPTHUPY-
IOT Pe3yJILTATHI IIONCKA I10 PeJIEBAHTHOCTY HANIEHHBIX JOKYMEHTOB 3aIIp0-
Cy. AJITOPUTMBI ITOJTHOTEKCTOBOTO IIOMCKA OTHOCATCA K UMCJIY BAKHEHITTNX
cpeiy aJTOPUTMOB KOJJIEKTUBHOIO pasyMma. HoBbIe ujeu B 3TOM obJacTu
IIOMOTJIY CKOJIOTHUTD IieJible cocToaHuA. IIIUPOKO pacupocTpaneHo MHEHHE,
YTO CBOEH GBICTPO SBOMIOIMEN OT aKaJeMUUYECKOro IPOeKTa K CaMO IOITy-
JIAPHOM TOUCKOBOM MamnHe B Mupe cucrema Google 00sa3aHa Ipesk/ie BCero
aJITOPUTMY paH:KupoBaHUsa crpauull PageRank. O6 ogHoM 13 ero Bapuam-
TOB BBl y3HaeTe U3 3TOM I'JIaBHI.

MudopMaOHHBIN IIOUCK — 5TO OUEHDb IINPOKAas 00JIaCTD C JOJIT0i UCTOPHU-
eii. B aToii rmaBe MBI CMOKeM 3aTPOHYTh JIUIIIb HEMHOTHTE KJIIOUeBLIEe UeH,
HO TeM He MeHee IIOCTPOUM IIOMCKOBYIO MAIIIMHY, KOTOpas OyaeT NHIeKCH-
poBaTh HAGOD JOKYMEHTOB, 1 MOACKaKeM, B KaKUX HAIIPaBIEHUAX €€ MOK-
HO YCOBEPIIIEHCTBOBATh. XOTs B IIEHTPEe HAIlleTO0 BHUMAaHUS OYAYyT aJIrOPUT-
MBI TIOMCKA U PAHKUPOBAHUS, a He TpeOoBaHUSA K NHPPACTPYKTYype, Heob-
XOAUMOH A MHAEKCUPOBAHUS OOJBIITNX YUACTKOB BceMUupHO HayTHUHBI,
co3laHHas B 9TOHU IJIaBe CHCTEMAa CMOXKeT 0e3 TpyAa IPONHIEeKCUPOBATE 10
100 000 crpanur. B aToit ri1aBe BhI 03HAKOMUTECH CO BCEMU OCHOBHBIMU
aTamaMu: 06X0q0M CTPAaHUIl, MHAEKCUPOBAHUEM U ITIOMCKOM, — a TaKiKe Ha-
YUYUTECh PA3JINUHLIMU CIIOCO0aMU PAHKUPOBATH PE3YJIbTAaTHI.

Y10 Takoe nonckoBass MallMHa

IlepBrIii mIar Ipu co3AaHNM ITONCKOBOM MAIIIMHBI — pa3padoTaTb METOLUKY
c6opa MOKymMeHTOB. VIHOTA AJIA STOTO MMIPUMEHAETC Nol3aHue (HaunHaeM
¢ HeboJbIIOro Habopa HJOKYMEHTOB U HEePEeXOAUM II0 MMEIIUMCS B HUX
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CCBLIKaM), a MHOTa OTIIPABHOI TOUKOMH CIYKUT (pUKCUPOBAHHBINM HaOOD 10~
KYMEHTOB, OBITH MOYKET, XPAHAIINXCS B KOPIOPATUBHON! CETH NHTPAHET.

Iamee cobpamHble TOKYMEHTHI HEOOXOIMMO IMPOUHAEKCHUPOBATHL. OOLIUHO
JLJIS 9TOTO CTPOUTCA OoJIbIIad TabamIa, CoOAepsKaIasa CINCOK JOKYMEHTOB
¥ BXOKJI€HUH Pa3JNYHBIX CJ0B. B 3aBCHMOCTH OT KOHKPETHOI'O IIPUJIOKe-
HUS caM¥ JOKYMEHTHI MOTYT M He XPaHUTHCA B 0a3e HaHHBIX; B WHIEKCE
HaXOIUTCS JUIIb cChLIKA (IyTh B (haiimoBoii cucreme uiau URL) Ha nx mec-
TOHAXOMKICHUE

Hy u mociegHuii mar — 9T0, KOHEUHO, BO3BPAT PAHKMPOBAHHOIO CIIMCKA
JTOKYMEHTOB B OTBeT Ha 3ampoc. Mesa mHIEKC, HAWTU JOKYMEHTEI, COAEP-
JKaIme 3aJaHHbIe CJI0Ba, CPABHUTEIBHO HECJIOKHO; XUTPOCTDh 3aKJII0UAeT-
cA B TOM, KaK OTCOPTHUPOBATH Pe3yabTaTbl. MOKHO IPUAYMATH OTPOMHOE
KOJIMUECTBO METPUK, M HEJOCTATKA B CIIOCO0AaX X HACTPOUKHU AJIA M3MEHe-
HUS TOPAIKA TOKYMEHTOB ToKe HeT. CTOUT JUIIh 03HAKOMUTHLCS C PA3HBI-
MU MeTPUKaMHU, KaK BO3HUKAET JKeJlaHue, UTOOBI OOJbIINEe MOMCKOBUKH
MIPeIOCTAaBJAIN CPEICTBA s Oosiee TouHOro KOHTpOJA («Hy mouemy s He
Mory ckasaTb Google, 4To MOU CJIOBA HOJIXKHBI HAXOAUTHCS B TOKYMEHTE Ps-
mom?»). B 9Toif riiaBe MBI cCHavaJia pacCCMOTPUM HECKOJILKO METPHUK, OCHO-
BAHHBIX Ha COJAEP:KMMOM CTPAHUIIBI, HAIPUMEP Ha YacTOTe BXOMKAEHUS
CJIOB, a 3aT€M METPUKHU, B OCHOBE KOTOPBIX JIEKUT NH(POPMAIN, BHEIITHIA
110 OTHOIIIEHUIO K CTPAHUIIE, HAIIPUMEDP aJTOPUTM PAHKUPOBAHUA CTPAHMUI]
PageRank, B KOTOpOM yUYHTHIBAIOTCS CCHLLIKK HA OIEHHMBAEMYIO CTPAHUILY
¢ IPYyTUX CTPAHMUII.

Haxonen He00X0AMMO IIOCTPOUTE HElPOHHYI0 Cemb AJIA PAHKUPOBAHUA 3a-
mpocoB. Takad ceTh 00ydaeTcss acCOIMUPOBATDL 3AIIPOCHI C Pe3yJIbTaTaMU
B 3aBUCHUMOCTH OT TOTO, TTI0 KAKUM CCBHLIKAM IIeJKaeT M0Jb30BaTelb, ITOJIY-
YUB CIIMCOK Pe3yJbTAaTOB. ITa MH(GOPMAIUA MO3BOJIAET U3BMEHUTL COPTHU-
POBKY Pe3yJIbTATOB C YUETOM TOTO, KaK YeJOBEK IePEeXOAUJI 10 HaNJeHHBIM
CCBLIIKAM B IIPOIILJIOM.

Has mpopaboTKU IPUMEPOB M3 9TOI IJIaBbl HAM IIOHAJOOUTCS CO3JaTh Ha
sas3bike Python Momyab searchengine, B KoTopoM OyAeT ABa KJacca: OTUH —
JIJIs TIOJI3aHUS IO CeTH U CO3aHUs 0a3bl JAHHBIX, & BTOPOI — IJIA BHITIOJIHE-
HUS TIOJHOTEKCTOBOTO ITIOMCKA B 9TOM 0ase B OTBET Ha 3aImpoc. B mpumepax
MBI OyZieM II0JIb30BaThCs 0a30i1 faHHBIX SQLite, HO aITOPUTMbBI MOJKHO JIeT-
KO aJaIllTHPOBaTh AJA PabOTEI ¢ 60Jiee TPAAUIIMOHHBIMY KJINEHT-CePBEePHBI-
mu CYBII.

s Hauaja cospmaiiTe HOBHIN (haitn searchengine.py u mo6aBbTe B HEro
KJIacc crawler M 3arJIyIIKY IJIs1 METOLOB, KOTOPbIEe MBIl HAIUIIIEM HAa IIPOT-
JKeHUU DTOU I'JIaBbI:
class crawler:
# MHVIU,V\aﬂVISVIDOBaTb nayka, nepegas emy unMma 6aSbI LAAHHBIX
def __init__(self,dbname):
pass

def __del__(self):
pass
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def dbcommit(self):
pass

# BcnomoraTenbHas QyHKUMS A5 NOAYYEHMS MOeHTudukaTopa W

# nobaBneHWs 3anucu, ecnu Takon eue HeT

def getentryid(self,table, field, value, createnew=True):
return None

# WHpekcvpoBaHue OLHOW CTpaHuUbl
def addtoindex(self,url,soup):
print "WHgekcupyetca %s’ % url

#f Wseneverne TekcTa u3 HTML-cTpaHuus (6e3 Teros)
def gettextonly(self,soup)
return None

#f Pasbuenne TekcTa Ha cnosa
def separatewords(self, text):
return None

# Bosspawaet true, ecnn aaHHon URL yxe npouHoekcupoBaH
def isindexed(self,url):
return False

# NobaBneHne CCHNKM C OAHOM CTpaHuub Ha APYrywo
def addlinkref(self,urlFrom,urlTo,linkText):
pass

# HauymHas C 3afaHHOro Cnucka CTpPaHWL, BHNOAHAET MOUCK B WWPUHY
# N0 3afaHHoOi rnyOuMHb, MHAEKCUPYs BCe BCTpedvanlmecs no nyTu
# CcTpaHuubl
def crawl(self, pages, depth=2):
pass

# CospaHne Tabnuy B 6ase [gaHHbLIX
def createindextables(self):
pass

MpocTon nayk

B mpeamosoxkennu, uTo y Bac Ha AuckKe HeT 6oJbiroro unciaia HTML-goky-
MEHTOB, TOTOBBIX JIJI WHIEKCUPOBAaHUA, A IOKaXKY, KaK MOXXHO HallucaTh
MIPOCTOro maykKa. B KauecTBe 3aTPAaBKU MbI IIPEAJIOMKUAM eMy IPOUHAEKCH-
POBaTh HEOOJIBIION HAOOD CTPAHUIL, HO OH Oy/eT ePeXOAUTh IO CChLIKAaM,
BEeAYII[MM C 9TUX CTPAHUI] HA IPYTHeE, a C TeX — Ha TPeThU U T. A. B aTom cay-
Yae TOBOPAT, UTO MTayK NnoJi3aem mo CeTH.

YTo0BI pemruTh 3Ty 3amady, Ballla IIporpaMMa JOJIMKHA OyJeT 3arpy3uTh
CTPaHUILY, IIepeaaTh ee MHAEKCATOPY (ero Mbl HAIUIIEM B CJIeAYIOIIEM pas-
Jlesie), a 3aTeM IIPOaHaIU3UPOBATD €€ TEKCT, UIIla B HEM CChLIKY Ha CTPAHUILHI,
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KyZa HysKHO OyIeT mepemo3Tu Ha caenyioiieMm miare. K cuacTbio, cyiiecT-
BYeT HECKOJIbKO OMOJIMOTEK, MIOMOTAIONINX 3alIPOrPaAaMMUPOBATh 9Ty IPO-
menypy.

J1s1 mpruMepoB U3 9TOMH IJIABHI A B3AJ HECKOJIBKO THICAY CTPAHUI 13 Buku-
meauy W PasMeCTHJI UX CTaTUYeCKWe KOIMM IIo axpecy htip://kiwitobes.
com/wiki.

BbI BOJIBHEI «HATPAaBUTH» MayKa Ha J000i Hab0op CTPaHUIL, HO, €CJIN XOTHUTE
CPaBHUTH PE3YJIbTATHI C IPUBEIEHHLIMHU B 3TOH IJiaBe, MOJb3YHTECh MOUM
HabopoM.

Bubnuoteka urllib2

Bubauorexa urllib2, sxoasamasa B guctpudytus Python, nmpemgnasmauena
I ckaumBaHUa cTpaHull. OT Bac TpebyeTrca ToabKo yKasaTsh URL. B aTtom
paszeiie MbI BOCIIOJIB3yeMCs €10, UTOOBI CKAUaTh CTPAHUIIBI JJIS IIOCJIEIYI0-
I1ero MHAeKCupPoBaHusi. YToObBI IOCMOTPETh, KAK OHA paboTaer, 3allyCTUTE
unrepmnperarop Python u BBenuTe ciaenyrore KOMaHIbI:

>> import urllib2

>> ¢=urllib2.urlopen( "http://kiwitobes.com/wiki/Programming_language.html")

>> contents=c.read( )

>> print contents[0:50]

"<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Trans’
Hnsa Toro utobsl coxpanuts HTML-Koza cTpaHUIIBEI B CTPOKE, BaAM HYIKHO
JIUIIb CO3AATH COEINHEHNE U ITPOUYNUTATh COIEPKNMOE CTPAHUIIEI.

Kopa nayka

IIporpammupyst mayka, MbI OyAeM moJsib30oBaThca 0mbanorexoit Beautiful
Soup, ¢ KOTOPOI 03HAKOMMUJIHCH B TJIaBe 3; OHA CTPOUT CTPYKTYPUPOBAHHOE
mpejcTaBjeHne Beb-cTpaHull. ITa 6ubJIMOTeKa OUeHb TEePINMO OTHOCUTCS
K HexkoppekTHoit HTML-pasmeTke, 4To BecbMa IIOJIE3HO IIPU IIOCTPOCHUU
mayka, IOCKOJIbKY HUKOT/Ja He 3HAelllb, C YeM IIPUAETCA CTOIKHYThCs. [[o-
MOJHUTEJbHYI0 nH(GOPMAIMIO O 3arpy3Ke U YyCTaHOBKe Oubanoreku Beauti-
ful Soup cm. B mpunoxxenuu A.

C momorrbsio 6udanorek urllib2 u Beautiful Soup mosxHO mocTpouTs mayka,
KOTODBIN NMPUHUMAET Ha BXOAE CIMCOK IIOJIEKAIUX WHAEKCUPOBAHUIO
URL u, nmepemnosasasa IO CChLIKaM, HaXOOUT Apyrue crpanunsl. Haunem
¢ nobaseHusd B (paitya searchengine.py Takux mpemiosKeHnin:

import urllib?2

from BeautifulSoup import =

from urlparse import urljoin

# Co3maTb CNUCOK MTHOPWMPYEMbIX CIIOB
ignorewords=set([ "the’, 'of ", "to", 'and’, "a’, "in", "is", "it'])
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Temeph MOKHO HaIIMUCATh KOJ ITaBHOW (DYHKIMU mmayka. Iloka oHa HUUEero
He coXpaHseT, a IpocTo meuaraetT mocerntaemble URL, neMoHCTpHPYS, UTO
Kakue-TO AeHCTBUSA BBINOJHATCA. [Jo0aBbTe CJIEAYIONNHE KOX B KOHEI]
¢aiina (ToMecTUB €ro B KJIacc crawler):
def crawl(self, pages,depth=2):
for i in range(depth):
newpages=set( )
for page in pages:
try:
c=urllib2.urlopen(page)
except:
print "He mory oTkpbTb %s™ % page
continue
soup=BeautifulSoup(c.read( ))
self.addtoindex(page, soup)

links=soup('a")
for link in links:
if ("href’ in dict(link.attrs))
url=urljoin(page, link[ "href'])
if url.find(" " ")!=-1: continue
url=url.split('#")[0] # ymanuTb 4acTb URL nocne 3Haka #
if url[0:4]=="http' and not self.isindexed(url):
newpages.add(url)

linkText=self.gettextonly(1link)
self.addlinkref(page,url, 1inkText)

self.dbcommit( )

pages=newpages
Ira QYHKIUA B IUKJIE O0OXOAUT CINCOK CTPAHUII, BhI3bIBAA OJIA KaKIOu
(GYHKIUIO addtoindex (IOKa uTo OHA Bcero Julllb meuataeT URL, HoO B cieny-
I0IIleM paszesie MbI 9To ucupaBum). [lajee c momorkio 6ubaumorexku Beautiful
Soup omHa moJyuaeT Bce CCBLIKY Ha TaHHOI cTpaHulle u qodasiaser ux URL
B CIIMICOK newpages. B KOHIIe IUKJIA newpages IIPUCBAMBAETCSA pages, U IIPOIIeCC
MMOBTOPSAETCS.

9Ty PYHKIIUIO MOMKHO OBLIO OBI OIPEAEeUTh PEKYPCUBHO, TAK UTO IPHU 006-
paboTKe KaKI0i CCLIJIKM OHA BBI3bIBaJIa ObI cama ceds. Ho, peannsosas 1o-
WICK B IITUPUHY, MbI YIIPOCTUM MOAU(MUKAIINIO KOJa B OyAyIIleM, II03BOJIUB
IIayKYy II0JI3aTh HEIIPEPBIBHO MUJIN COXPAHATH CIIMCOK HEMHIAEKCHUPOBAaHHBIX
CTPAHMUII IJIA HOCJIEeAYIOIIero nHAeKcupoBanus. Kpome Toro, rakum obpa-
30M MBI M30eraeM OITaCHOCTH II€PEIIOJHUTD CTeK.

BuI MoKeTe IpoTeCcTUPOBATh PYHKIIUIO, BBEA CIAeAYIOIe KOMAHIbI B MH-
TeprperaTope (HOKUIATHLCA 3aBepPIIeHnsaA Heo0a3aTelIbHO; KOrga HaJoecCT,
MOXKeTe HaxkaThb coueranue Kiaapuir Ctrl+C):
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>> import searchengine

>> pagelist=[ "http://kiwitobes.com/wiki/Perl.html" ]

>> crawler=searchengine.crawler(’")

>> crawler.crawl(pagelist)

MHpekcupyeTca http://kiwitobes.com/wiki/Perl.html

He mory oTkpbTb http://kiwitobes.com/wiki/Module_%28programming%29.html
MHpekcupyeTesd http://kiwitobes.com/wiki/Open_Directory_Project.html
MHpekcupyeTcsd http://kiwitobes.com/wiki/Common_Gateway_Interface.html

BepoATHO, BBl 3aMETHJIN, YTO HEKOTOPbIE CTPAHUIILI IOBTOPAIOTC. B Koze
MMeeTCs 3arjyInKa Mg GYHKIUMU isindexed, KOTOpas BBI3LIBAETCS IEpe]
IobaBJieHEeM CTPAHUIILI B CIICOK newpages ¥ IIPOBePsieT, ObljIa JIX CTPaHuIla
HeJaBHO IIPOMHIEKCUPOBAaHA. TO IIO3BOJISAET B JIIO0O0H MOMEHT «HATPABJIM-
BaTh» IIaykKa Ha Jwo0oi ciucok URL, He omacasichk, uTo GyaeT mpomesiaHa
HeHy:XHadA paboTa.

NocTpoeHue nHaekca

Haimr ciaeayromuii mmar — MOATOTOBKA 0a3bl JAHHBIX IJIS XPAHEHUS IIOJIHO-
TEKCTOBOI'O HHIEKCA. 1 yKe rOBOPMII, UTO TAKOM MHIEKC IIPEACTABIISAET CO-
0O CIIMCOK CJIOB, C KAXKIBIM 13 KOTOPBIX ACCOIMMPOBAHO MHOXKECTBO JIOKY-
MEHTOB, I'leé 3TO CJIOBO BCTPEUYAETCs, I MECTO BXOKJEHUS CJIOBA B JOKYMEHT.
B manHOM mpumepe MbI AHAJIU3UPYEM TOJBKO TEKCT Ha CTPAHUIE, UTHOPU-
Py BCe HETEKCTOBLIE JIeMeHThI. KpoMe Toro, HHAEKCUPYIOTCS TOJIBKO CAMU
CJIOBA, a BCe 3HAKU MIPENNHAHNSA yAAJAI0TCa. TaKkol MeTo BLIAe/IeHUA CIOB
HEeCOBEePIIIeHEeH, HO IJIA IIOCTPOEHUS IIPOCTOM IIONCKOBOM MAIIIMHBI COMIET.

ITocKOJIBKY pacCMOTpeHMe Pa3JNYHbIX 0a3 JaHHBIX U KOHPUT'YPUPOBAHUS
CYB]l BeixoAuT 3a paMKH! JaHHON KHUTHU, A MOKAXKY JIUIIb, KAK XPAaHUTH
uHAeKC B 6a3e manabix SQLite. SQLite — aTo BcTpanBaemasa CYB]I, koro-
PYIO OUeHb JIETKO HACTPOUTD, IPUUYEM BCs 0asa JaHHBIX XPAHUTCA B OJHOM
daitne. ITockoabKy 3ampochl GopMyaupyioTca Ha A3biKe SQL, Oymer He-
TPYAHO IlepeHecTr Ko npuMepoB Ha Apyryo CYB]I. Peanusamus na Python
HasbIBaeTcA pysqlite, a ckauaThb ee MOKHO co cTpaHUILI htip://initd.org/
tracker/pysqlite.

Nwmeerca nHCTAAIATOP A1 Windows 1 MHCTPYKIMY 110 YCTAHOBKE Ha Py~

Tue oIepaluoHHbIe CUCTEeMbI. B mpuiorkeHnu A npuBeneHa JOMOJHUTE -
Hasa nHQOPMAIUA II0 IOJYUeHHUI0 U yCTaHOBKe pysqlite.

ITocsne ycranosku SQLite mobaBbTe ciedyIOIIYyI0 CTPOKY B (paitn search-
engine.py:

from pysglite? import dbapi? as sqglite
Heob6xoaumo TaKKe NU3MEeHUTh MeTOAbI __init__, _ del__ m dbcommit, moOaBUB
KOJ OTKPBITUA 1 3aKPBLITUA 0435I JAHHBIX:

def __init__(self,dbname):
self.con=sqglite.connect(dbname)

def __del__(self):
self.con.close( )
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def dbcommit(self):
self.con.commit( )

Co3paHue cxembl

ITomoxxauTe 3amycKaTh OporpaMMy — HYKHO CHadajia MOATOTOBUTL 0asy
mamuabiXx. CxemMa IpPOCTOr0 MHAEKcA COCTOUT u3 maTu Tabaur. IlepBas
(urllist) —ato ciucok mpouHaeKcupoBaHHBIX URL. Bropast (wordlist) — com-
COK CJIOB, a TpeThsa (wordlocation) — CIIMCOK MECT BXOXKAEHUS CJOB B MOKY-
MeHTHI. B ocTaBmuxcsa IByX TabIUIIaX XPAHATCA CCBLIKU MEXKIY JOKYMEeH-
Tamu. B Tabiuiie 1ink xpauarca uaeHTuduraropsl asyx URL, cBA3aHHBIX
CCBLLIKOI1, a B TabauIe linkwords €CThb ABa CTOJIOIA — wordid U 1inkid — I Xpa-
HEHUS CJIOB, COCTABJSAIONINX CCHIIKY. Besa cxema nzobpaskeHna Ha puc. 4.1.

link
| rowid urllist
fromid rowid
toid I url wordlocation
urlid
wordid
location
linkwords wordlist
wordid rowid
L11linkid word

Puc. 4.1. Cxema 6a3vL 0aHHbLX NOUCKOB0IL MAULUHbBL

B kammoit tabaute SQLite mo ymosuammio mMeeTcs moJie rowid, IO3TOMY SAB-
HO 3aaBaTh KJIIOYEBbIe IOJISA Heo0Aa3aTe bHo. s codganusa 6asnl JaHHBIX
IobaBbTe B KJlace crawler B (haiiyie searchengine.py cienyomyio GyHKIINIO:

def createindextables(self):
self.con.execute( create table urllist(url)")
self.con.execute( create table wordlist(word)")
self.con.execute( 'create table wordlocation(urlid,wordid, location)")
self.con.execute( create table link(fromid integer,toid integer)")
self.con.execute( create table linkwords(wordid, linkid) ")
self.con.execute( 'create index wordidx on wordlist(word)")
self.con.execute( create index urlidx on urllist(url)")
self.con.execute( create index wordurlidx on wordlocation(wordid)")
self.con.execute( 'create index urltoidx on link(toid)")
self.con.execute( create index urlfromidx on link(fromid)")
self.dbcommit( )

Ira QyHKIMA CO3MaeT BCe HYKHbIe HAM TaOJIUIbl, a TAKKe PAL NHIEKCOB,
YCKOPAIOIINX IoucK. MHIeKCh HeoOX0AMMEI, IIOTOMY UTO HA0OpP JaHHBIX
MOJKeT ObITh OUeHb BeJIMK. BBeAnTe B MHTEPIIPETATOPE CIAEeAVIOIe KOMaH-
IBI I co3maHns 0a3nl JaHHBIX searchindex.db:

>> reload(searchengine)

>> crawler=searchengine.crawler('searchindex.db")
>> crawler.createindextables( )
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IToa:ke BBI 10OaBUM B 0a3y ellle OOHY TaOJIUILY I/ XpaHEeHUA MEeTPUKY PaH-
JKMPOBAHMS HA OCHOBE YKA3bIBAIOIINX HA CTPAHUILY BHEIIIHUX CCHLIOK.

BbigeneHue cnoB Ha cTpaHuue

daiinael, 3arpyskeHHble 13 CeTr, 00BIYHO IpeacTaBieHbl B ¢hopmate HTML
¥ IIOTOMY COJIep:KaT MHOT'O TETOB, ATPUOYTOB U IIpoUuel nHMoOpMaInu, KOTo-
PYIO UHIEeKCUPOBATh He HYKHO0. CTaJio ObITh, I/ HaUuaja HYKHO BBIIEJIUTH
Te YaCTHU CTPAHUIIBI, KOTOPBIE COIEPIKAT TEKCT. [JIsI 3TOr0 MOKHO ITIOMCKATD
B «CyIIe» TEKCTOBBIE y3JIbI U B3ATh UX cofep:KkuMoe. [00aBbTe CIea IOt
KO B DYHKITUM gettextonly:
def gettextonly(self,soup)
v=soup.string
1t v==None:
c=soup.contents
resulttext=""
for t in c:
subtext=self.gettextonly(t)
resulttext+=subtext+ \n’
return resulttext
else:
return v.strip( )

9ra (GyHKIUS BO3BpAlllaeT IJIMHHYIO CTPOKY, COAEPIKAIlyI0 BeCh HMMEI0-
muiicd Ha CTpPaHuIle TeKcT. I 9TOro oHa PeKyPCUBHO O0XOIUT O00BEKT-
"Hyio momeab HTML-goKkymMeHTa, OTBICKMBasA TEKCTOBBIE y3Jbl. TeKcT, Ha-
XOAAIMIUICA B PA3JIMYHBIX pasfesax, IIOMeIaeTcss B OTAeJbHbIe a03allbl.
J1 HeKOTOPBIX METPUK, KOTOPhIE MBI OyZleM B JaJbHEUIIIEeM BBLIUUCIIATD,
MOPAOK Pas3eioB UMeeT 3HaUeHue.

Iaee BbI3bIBaeTCSI PYHKITUSA separatewords, KOTopas pa3dMBaeT CTPOKY Ha
OTHAeJNbHBIE CJI0BA, YTOOBI MX MOKHO OBLTIO 10OaBUTEL B mHAeKC. CaesraTh 9TO
MTPaBUJILHO HE TaK IIPOCTO, KAK MOXKET IMOKAa3aThCA, U CYIIIECTBYET HEMAJIO
paboT o0 ToM, KaK yAYUIIUTE 3Ty MeTOAUKY. OIHaKO AJIA HAIIINX IPUMEPOB
JOCTATOYHO CUMTATh, UTO BCE CHMMBOJbBI, He ABJIAMOINUECA OYKBAMU WU
mudpamu, — pasgeaurenu. [[yia pasdueHUs Ha CJIOBAa MOKHO BOCIIOJIB30-
BaThCA PETyJAPHBIM BhIpakeHUeM. BecTaBbTe B ompeeseHue separatewords
CJaenyIONIUH KOM:
def separatewords(self, text):

splitter=re.compile( "\\W=")

return [s.lower( ) for s in splitter.split(text) if s!=""]
ITockogbKY 5Ta QYHKIIUA CUUTAET Pa3feIUTe/JIIMI BCe CHMBOJILI, KpOMe
OYKB U IIU(}P, TO C BBIAEJIEHNEM aHTVINHACKUX CJIOB 0COOBIX Mpo6yieM He Oy-
IeT, HO TaKue TepMUHBI, Kak C++, oHa o0pabaThIBaeT HeIpaBUJILHO (BIPO-
ueM, co cJIoBoM python cupasisierca 6aromonyduso). Mosxere momnpo0oBaTh
YAYYIIUTD PEryIapHOe BhIpakeHne, YTOOBI OHO TOUHEEe BBIAEJAO CJI0BA.
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4
—-:-:k‘—] Emie ogsHa BO3BMOMKHOCTD yIyUlIeHNA — YAAIATDH U3 CI0B Cy(PhuK-
P CHI, BOCIIOJIb30BABIIINCH AJITOPUTMOM 8bl0esleHus 0cHosbl. Hanpu-
(O | s, Mep, cJoBo indexing mpwu sTOM mpeBpamaeTca B index, moaToMy

(158 o .
I YeJIOBEK, KOTOPBIHM HUIIET CJI0BO index, MOJYUYUT TaKKe JOKYMeH-

TBI, comepkamue ciaoBo indexing. UTo6bI peanns3oBaTh 9TOT IOL-
X0, He0OXOAMMO BBIAEJATH OCHOBBI IIPU UHAEKCUPOBAHUU JOKY-
MEHTOB U Ha dTalle HauaJbHOI 00paboTKu 3ampoca. PaszBepHyTOe
o0Cy KIeHUe 9TON TeMBbI BEIXOAUT 32 PAMKU JAHHOU IJIaBhl, HO pe-
anusanus Takoro aaropurMma Ha Python mmeercsa B Oubianorexe
Porter Stemmer mo agpecy http://www.tartarus.org/~martin/
PorterStemmer/index.html.

Jlo6aBneHne B HAEKC

Temepb MBI TOTOBBI HAIIKCATh KOA MeToa addtoindex. OH BBIBBIBaeT aABe hyH-
KINH, HAIIMCAHHBIE B IPEAbIAYINeM pasjeie, YTOObI IOJYUYUTD CIICOK CJIOB
Ha cTpaHuile. 3aTeM 9Ta CTPAHUIA 1 BCe HalileHHbIe Ha Hell cJioBa J00aBJIs-
IOTCSA B UHJIEKC U CO3LAI0TCA CCBLIIKU MEYXIy CJIOBAMU U MX BXOMXKIEHUAMU
B JOKYMeHT. B HallleM IIpuMepe aJpecoM BXOXKAeHUA OyAeT CUNTATLCSI HO-
Mep CJIOBa B CIIMCKe CJIOB.

BoT xox meToma addtoindex:

def addtoindex(self,url, soup):
if self.isindexed(url): return
print "WHpexkcupyeTca t+url

# llony4nTb CNUCOK CoB
text=self.gettextonly(soup)
words=self.separatewords(text)

# Nony4nTb npeHTudmkaTop URL
urlid=self.getentryid( 'urllist", 'url’,url)

# CBA3aTb Kkaxgoe cnoso ¢ atum URL
for i in range(len(words))
word=words[i]
if word in ignorewords: continue
wordid=self.getentryid( wordlist", 'word",word)
self.con.execute("insert into wordlocation(urlid,wordid, location) \
values (%d,%d,%d)" % (urlid,wordid,i))
Heob6xomuMo TaKsKe HAIKUCATH KOJ BCIIOMOTATeJIbHON (QYHKIINH getentryid.
Ot Hee TpedyeTCs JUIIH OJHO — BEPHYTh UAeHTU(UKATOP 3anucu. Eciu Ta-
KO 3amMCH ellle HeT, OHA CO3/TaeTCA U BO3BPAIIlaeTCs ee UAeHTU(OUKATOP:
def getentryid(self,table, field,value,createnew=True):
cur=self.con.execute(
"select rowid from %s where %s="%s'" % (table,field,value))
res=cur. fetchone( )
if res==None:
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cur=self.con.execute(
"insert into %s (%s) values ('%s')" % (table, field,value))
return cur.lastrowid
else:
return res[0]

Y makoHel HeoOXOAMMO HAIMCATh KOO (GYHKIINY isindexed, KOTOpas ompe-
JIeJisgeT, eCTh JU YKasaHHasA CTPaHuIla B 6a3e JaHHBIX U, €CJU A, ACCOIIUH-
POBaHEBI JIU ¢ Hell Kakue-HuOy b cJIoBa:
def isindexed(self,url):
u=self.con.execute \
("select rowid from urllist where url="%s'" % url).fetchone( )
if u!=None:
# MposepseM, 4TO CTpaHula nocewanacob
v=self.con.execute(
‘select * from wordlocation where urlid=%d" % u[O]).fetchone( )
if v!=None: return True
return False
Temeph MOYKHO CHOBA 3alyCTUTh MayKa U OATh €My BO3MOKHOCTDH IIPOUH-
IeKCHUPOBATh CTPAHUIIBI II0-HACTOAIIEMY. ITO MOKHO CAeJaTh B MHTEpPaK-
THBHOM ceaHce:
>> reload(searchengine)
>> crawler=searchengine.crawler( 'searchindex.db")
>> pages= \
.. ['http://kiwitobes.com/wiki/Categorical_list_of_programming_languages.html']
>> crawler.crawl(pages)
Ckopee Bcero, mayk oyzer padoraTh BoJro. 1 mpeajaraio He JOKUTATLCH,
IIOKa OH 3aKOHUYNT, a 3arPy3UTh I'OTOBYIO 0asy maHHBIX searchindex.db mo
anpecy http://kiwitobes.com/db/searchindex.db u coXpaHUTH ee B OJHOU
mamke ¢ IporpaMMOIi.

Eciz BBI XOTHUTE YIOCTOBEPUTHLCS, UTO IIAayK OTPaboTas] MpaBUJILHO, IPO-
BepbTe 3alucH, A00aBJIEHHBLIE AJA KaKOro-HUOYAL CJI0Ba, CAeJIaB 3aIrpoc
K Gase:

>> [row for row in crawler.con.execute(

"select rowid from wordlocation where wordid=1")]

[(1,), (46,), (330,), (232,), (406,), (271,), (192,),...
B oTBeT BodBpaiaercs cmucok uaeHtTuuratropo Bcex URL, comepaxamiux
¢JIoBO word, TO eCTh BbI YCIEIITHO BHITTOJTHUIY ITOJTHOTEKCTOBBIH ITOuCK. JJ1sa
HauvaJja HeIllJIOX0, HO TaK MOKHO MCKATh TOJBLKO II0 OJHOMY CJIOBY, & LOKY-
MEHTHI BO3BPAINAIOTCSA B TOM HOPALKE, B KAKOM 3arpy:kajuch. B cienyro-
IeM pasfesie Mbl IOKakeM, KaK o0pabdaThIBaTh 3aIpOCHI, COCTOAIINE U3
HECKOJIBKHUX CJIOB.

3anpochbl

Temepb y Hac ecThb paboTaOIUi MayK 1 O0JbINON HaG0p TPOMHIEKCUPO-
BAaHHBIX JOKYMEHTOB, 1 MbI I'OTOBBI IIPDUCTYIINTH K pealn3annumn TOH YacTu
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MIOMCKOBOM MaIlIMHbI, KOTOPAas BHIMOJHAET moncK. CHauasia cosgaiite B haii-
Jie searchengine.py HOBBII KJacc, KOTOPBIH OyAeT UCIOJIb30BAThCA [IJISA I10-
HCKa:

class searcher:
def __init__(self,dbname):
self.con=sglite.connect(dbname)

def __del (self):
self.con.close( )

Tabauma wordlocation obecriednBaeT IMIPOCTO# CIIOco0 CBA3ATh CJIOBA C JOKY-
MEHTaMM, TaK YTO MBI MOJKEM JIETKO HaMWTH, KaKkue CTPAHUIIbI COAEPIKAT
manHOoe cjaoBo. OZHAKO IIOMCKOBAasA MaIllnHa ObLiia ObI JOBOJIBHO €JIa0o0ii, ec-
Jiz OBl He II03BOJIsJIA 3aaBaTh 3aIIPOCHI C HECKOJIBKUMHU CJI0BaMu. UTOOBI
HUCIIPABUTH 3TO yHOYyIleHNe, HAM HNOHAZ0o0uTCA QYyHKIUSA, KOTOpasd MPUHU-
MaeT CTPOKY 3ampoca, pa3dbuBaeT ee Ha cjoBa u cTpout SQL-3ampoc 11 mo-
ncka URL Tex fOKyMeHTOB, B KOTOPbI€ BXOAAT BCe YKa3aHHBIe cjaoBa. [o-
0aBbTe CIEYIONIYIO (DYHKIIUIO B KJIACC searcher:

def getmatchrows(self,q):
# CTpokn ana nocTpoeHus 3anpoca
fieldlist="w0.urlid"
tablelist=""
clauselist=""
wordids=[]

# PasbuTb MOMCKOBHIA 3anpoc Ha cnosa no npobenam
words=q.split(" ")
tablenumber=0

for word in words:
# NonyynTb maeHTUGUKATOP Cnoga
wordrow=self.con.execute(
"select rowid from wordlist where word="%s"" % word).fetchone( )
if wordrow!=None:
wordid=wordrow[0]
wordids. append(wordid)
if tablenumber>0:
tablelist+=","
clauselist+=" and
clauselist+="whd.urlid=w%d.urlid and ' % (tablenumber-1,tablenumber)
fieldlist+=",w%d.location” % tablenumber
tablelist+="wordlocation whd" % tablenumber
clauselist+="w%d.wordid=%d" % (tablenumber,wordid)
tablenumber+=1

# CospaHue 3anpoca M3 OTAeNbHbIX YacTeln

fullguery="select %s from %s where %s' % (fieldlist,tablelist,clauselist)
cur=self.con.execute(fullquery)

rows=[row for row in cur]

return rows,wordids



88

[naBa 4. MNouncK 1 paHxXnpoBaHue

Ha nepBblii B3rIAL QYHKIIUA JOBOJBHO CIOMKHA, HO, II0 CYIIIEeCTBY, OHA IIPOC-
TO CO3JAET IO OTHOM CCHLIKe Ha TabJuIly wordlocation AJIS KasKIOTO CJIOBa
¥ BBITIOJIHSET coequHeHue Tadautl mo uaeHruduraropam URL (puc. 4.2).

wordlocation w0 wordlocation wi wordlocation w2

wordid = word0Oid wordid =word1id wordid = word2id
urlid urlid urlid

A
A

Puc. 4.2. Coedunerue mabauy, 6binoansemoe pynkyueil getmatchrows

Takum o6pa3om, AJA IBYX CJIOB ¢ upeHTuGuKartopamu 10 u 17 popmupyeTt-
cq caenyromuii SQL-3ampoc:

select w0.urlid,w0.location,wl.location

from wordlocation w0,wordlocation w1l

where wO.urlid=wl.urlid

and  w0.wordid=10

and wl.wordid=17
ITorpoOyiiTe BEIZBATE 9TY (DYHKITNIO, UTOOBI BLIIOJHUTD IIOUCK 10 HECKOJIb-
KHUM CJIOBaM:

>> reload(searchengine)

>> e=searchengine.searcher( searchindex.db")

>> e.getmatchrows( functional programming’)

([(1, 327, 23), (1, 327, 162), (1, 327, 243), (1, 327, 261),

(1, 327, 269), (1, 327, 436), (1, 327, 953),..

Ob6paTuTe BHUMaHUE, UTO KaxKablil uneHTuduxrarop URL BosBpamiaerca
MHOTOKPATHO C PAa3JINYHBIMU KOMOWHAIIMSAMHU aJAPECOB BXOXKIEHUM CJIOB.
B crenyomux pasmesaxX Mbl pACCMOTPUM HEKOTOPBIE CIIOCOOBI PAHKPOBa-
HUA Pe3yabTaToB. [JId paH#CUPOBAHUSL NO COOEPHCUMOMY €CTH HECKOIBKO
BO3MOYKHBIX METPUK, KOTOPLIE AJIA OIpelesieHUs PeJIeBAHTHOCTHU 3aIIPOCy
YYUTBHIBAIOT TOJBKO COJEP:KUMoOe cTpaHunbl. IIpu paunscuposanuu c yue-
mom 6HEULHUX CCbLIOK OJA OIpenesieHUA TOT0, UYTO Ba’KHO, IPUHNUMAETCA
BO BHIMAaHIE CTPYKTYPa CChLIOK Ha caiiT. Mbl pacCMOTPUM TaK’Ke BOIIPOC
0 TOM, KaK MOKHO yJYYIIIUTh PAaHXKXKUPOBaHUE, YUUTHIBAA, 10 KAKUM CCBHLI-
KaM II0JIb30BaTeJIN IIePeX0AAT, IOJYUNB Pe3yabTaThl HOXUCKA.

PaH)KI/IpOBaHI/Ie no cogepxvmmMmomy

IToxa YTO MBI HAYUYMJINCH HAXOAUTEL CTPAHUIILI, COOTBETCTBYIOIINE 3aIIPO-
caM, HO BO3BpAIllaeM MbI X B TOM IIOPAAKE, B KOTOPOM OHU IIOCEIIaJNCh
naykoM. Ecau Habop cTpaHUIL BEJIUK, TO BAM IPEICTOUT IIPOCEATH KyUy He
OTHOCANIUXCA K ey JOKYMEHTOB, B KOTOPHIX BCTPEUAIOTCA YIOMAHYTHIE
B 3aIIpoce CJIOBA, YTOOBI HANTHU TO, UTO BacC JEMCTBUTEIHLHO HMHTEPECYET.
YT0o6BI PEIIUTD 9Ty IPOobIeMy, HeOOXOAUMO KaK-TO IPUCBOUTH CTPAHUIIAM
PaHz OTHOCUTEJIFHO JAHHOTO 3aIIpOCca M yMETHh BO3BPAIATh UX B IMOPAJKE
yObIBAHUSA PAHTOB.
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B stom pasgesie Mbl PaCCMOTPHM HECKOJIBKO CII0CO00B BBIUMCJIEHUS paHra
Ha OCHOBE CaMOrI'0 3a1rpoca u COAePKMUMOIo CTpaHUIbl, & UMEHHO:

YQacmoma ci08

KoanuecTBO BXOMKIEHU B JOKYMEHT CJI0BA, YKA3aHHOI'O B 3aIIpoce, I10-
MOTr'aeT OIpeNe/JIUTh CTEIIeHb PeJIEBAHTHOCTH JOKYMEHTA.

Pacnonosxcernue 8 (?Oicymeume

OcHoBHasA TeMa JOKYMEHTa, CKOpee BCEro, PacKphIBaeTcsa OJIMIKe K ero
HaAUaIy.

Paccmosanue mesxndy crosamu

Ecioim B 3amrpoce HECKOJIBKO CJIOB, TO OHU JOJI?KHBI BCTPEUATHCA B TOKY-
MEHTE PAIOM.

CaMpble IIepBhIe ITONCKOBbIe MAITNHEI YaCTO PpaboTa TOJIBKO C HOJO0OHBIMU
MeTPpUKaMM 1 TeM He MeHee [aBaJIii IPUCTONHbIE Pe3yabTaThl. B cienyro-
X pasjesiaX MbI IOCMOTPUM, KaK MOKHO YIYUIINTh Pe3yJIbTaT, IPUHA-
Mas BO BHUMaHMe nH(GpOpMAaInio, BHEIITHIO IO OTHOIIIEHUWIO K caMOoi cTpa-
HUIle, HAIIPUMEP KOJMYECTBO U KAaUeCTBO YKA3bIBAIOIINX Ha Hee CCHLIOK.
Ho cuauajyia HaM TOHa00UTCS HOBBIN METOM, KOTOPBIH IPUHUMAaeT Ha BXO-
Jle 3aIIpocC, MOJydYaeT CTPOKHU, IIOMEIaeT X B CJI0OBaphb U 0TOOpaskaeT B BU-
e oThopMaTUPOBAHHOTO cuucKa. [Jo6aBbTe B KJacc searcher CIAeRYIOIIUE

GOYyHKOUNI:

def getscoredlist(self, rows,wordids):
totalscores=dict([(row[0],0) for row in rows])

# Ciopa Mbl MO3Xe MOMECTUM QYHKLMM PaHXMPOBAHUA
weights=[]

for (weight,scores) in weights:
for url in totalscores:
totalscores[url]+=weightxscores[url]

return totalscores

def geturlname(self,id):
return self.con.execute(
"select url from urllist where rowid=%d" % id).fetchone( )[0]

def query(self,q):
rows, wordids=self.getmatchrows(q)
scores=self.getscoredlist(rows,wordids)
rankedscores=sorted([(score,url) for (url,score) in scores.items( )1, \
reverse=1)
for (score,urlid) in rankedscores[0:10]:
print "%f\t%s' % (score,self.geturlname(urlid))

Ceituac aTOT MeTOl He IPUMEHSET K Pe3yJbTaTaM HHKAKOr0 PAHKKUPOBa-
Hud, "o orodopaskaer URL, ocraBiasa mecTo Ay OyAYIIero paura:

>> reload(searchengine)
>> e=searchengine.searcher( searchindex.db"’)
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>> e.query( ' functional programming')

0.000000 http://kiwitobes.com/wiki/XSLT.html

0.000000 http://kiwitobes.com/wiki/XQuery.html

0.000000 http://kiwitobes.com/wiki/Unified_Modeling_Language.html

Hawu6osee BaskHa 31ech QYHKIIUA getscoredlist, KOJ KOTOPO MBI 6yIeM moc-
TEIIeHHO YTOUHATH HA MPOTAMKEHUU 3TOTO pasnena. Ilo mepe mobaBiieHUA
GYHKIIMHN paHKUPOBAHUA MBI OyIeM BBOAUTDH UX B CIIUCOK weights (CTPOKa,
BBIJIeJIEHHASA MOJMYKUPHBIM IIPU(TOM) U HAaUHEM IIOJIyUYaTh peajbHbIE pe-
3yJILTATHL.

DyHKUMA HopManusauun

Bce paccmaTpuBaemble HUKe PYHKIIUY PAHKUPOBAHUSA BO3BPAIIAIOT CJIO-
Bapb, B KOTOPOM KJouoM saBjsercsa ugeatuduxarop URL, a sHauenuem —
YMCJI0BOM paHr. MHOTAA JIYyYIIMM CUMUTAETCS OOJNBINUII paHT, MHOTOA —
MeHbInUH. YT0OBI CpaBHUBATH PE3YJIbTATHI, IOJYUYaeMble PA3HBIMU METO-
IaMu, He00XOIUMO KaK-TO HOPMAJLU308AMb UX, TO €CTh IPUBECTU K OTHOMY
U TOMY ’Ke JUana30Hy U HaIPaBJIEHUIO.

DYHKIIUA HOPMAJIU3AIUY NPUHIMAET Ha BXOIE CJIOBapPh UIAEHTU(DUKATO-
POB 1 PAHTOB 1 BO3BPAIlaeT HOBBIA CJIOBAPhL, B KOTOPOM UJAEHTU(MWHUKATOPEI
Te JKe caMble, a PaHT HaxoauTcs B Auanasone ot 0 go 1. Pauru macmiradu-
PYIOTCA 110 OJIM30CTH K HAUJIYUIIIeMY Pe3yJabTaTy, KOTOPOMY BCeraa MPUIIn-
ceiBaeTcs paHr 1. OT Bac TpedyeTcs JIUIIb ITepeaaTh GPYHKIIUYA CINCOK PaH-
TOB 1 YKa3aThb, KAKOI pPaHT JIy4YIlle — MeHbIINHN 1IN OOJIbIITNIA:
def normalizescores(self,scores,smalllsBetter=0):
vsmall=0.00001 # MpepoTBpaTUTL LENEHME Ha Hylb
if smalllsBetter:
minscore=min(scores.values( ))
return dict([(u, float(minscore)/max(vsmall, 1)) for (u,1) \
in scores.items( )1)
else:
maxscore=max(scores.values( ))
if maxscore==0: maxscore=vsmall
return dict([(u, float(c)/maxscore) for (u,c) in scores.items( )])

Kaxxknasa GyHKIUA paHKUPOBAHUA BBI3BIBAET 9Ty (YHKI[UIO AJIS HOPMAaJIH-
3aIl1H IIOJYYEHHBIX Pe3yIbTaTOB.

YacToTa cnoB

MeTpuka, oOCHOBaHHAA HA YaCTOTE CJIOB, PAHKUPYET CTPAHUILY UCXOII U3
TOT0, CKOJILKO pPas B Hell BCTPevaroTcs CJI0Ba, YIIOMAHYTHIE B 3ampoce. Ecanu
51 BBITIOJIHAO IOUCK II0 CJIOBY python, To B Hauase crimcka CKopee IIoaydy
CTPaHUILY, TAE 3TO CJOBO BCTPEUAETCS MHOTO pas, a He CTPAHUITY O MY3bI-
KaHTe, KOTOPBIH I'Zle-TO B KOHIIE YIIOMSAHYJI, YTO ¥ HETO AOMAa KUBET IMUTOH.



PaHXunpoBaHMe No COAePXMMOMY 91

Hu:xe nmpuBemeHa cooTBeTCTBYIONIas (PYHKIIUSA, H00aBbTe dTY (PYHKITHIO
B KJIacc searcher:
def frequencyscore(self, rows):
counts=dict([(row[0],0) for row in rows])
for row in rows: counts[row[0]]+=1
return self.normalizescores(counts)

Ira QYHKIIUA CO3AET CJI0BAPh, B KOTOPOM JIA KasKA0T0 UAEHTUDUKATOPA
URL, BCcTpeuarolerocs B CIIUCKe rows, yKasaHo, CKOJIbKO Pas B HeM IToIaa-
IOTCS CJIOBA, YKa3aHHbIE B 3ampoce. 3aTeM OHA HOPMAJIU3yeT Panru (B JaH-
HOM cJiyuae yeM 0OJIbIlle PaHT, TeM JIUIlle) ¥ BO3BPAalllaeT pes3yabTar.

Yro6bl aKTUBUPOBATH PAHKUPOBAHNE JOKYMEHTOB II0 YaCTOTE CJIOB, M3Me-
HHUTe CTPOKY QPYHKIIUM getscoredlist, Iae ompeaeisaeTcsa CIIMCOK weights, cie-
IYIOIIUM 00pasoM:

weights=[(1.0,self. frequencyscore(rows))]

Temepb MOKHO CHOBA BBITIOJHUTH MIOUCK U IIOCMOTPETD, UTO HOJYUUTC IIPU
WICIIOJIb30BAHUY 9TON METPUKM:

>> reload(searchengine)

>> e=searchengine.searcher( searchindex.db")

>> e.query( functional programming')

1.000000 http://kiwitobes.com/wiki/Functional_programming.html

0.262476http://kiwitobes.com/wiki/Categorical_list_of_programming_languages.
html

0.062310 http://kiwitobes.com/wiki/Programming_language.html

0.043976 http://kiwitobes.com/wiki/Lisp_programming_language.html

0.036394 http://kiwitobes.com/wiki/Programming_paradigm.html

Crpanuna o pyaruoHassHoM nporpammuposanun (Functional program-
ming) Teneps OKas3ajach Ha IIePBOM MECTe, a 3a HeH CJIeAyeT eIrfe HeCKOJIb-
KO pesieBaHTHBIX cTpanur. Ormerum, uro paur Functional programming
B UeThIpe pasa 06oJibllle, UeM PaHT CJEAYIOINell CTpaHUIbl. BOJBITNHCTBO
TIOMCKOBBIX MAIIIMH HE COODOIAIOT MOJH30BATEJIAM O PAHTE CTPAHUIL, HO IJIA
HEKOTOPBIX IPUJOMKEHUIl d3THU JaHHBIe BecbMa IeHHbI. Hampumep, ecam
PaHT IepBOTO pe3yJabTaTa BbBIIIIE HEKOTOPOTO MOpora, TO MOKHO Cpas3y OT-
IPaBUTH IOJIL30BATEJIA HA COOTBETCTBYIONIYIO cTpaHuny. 1oy MOXKHO 0T06-
paskaTh pe3yJbTaThl IIPpU(GTOM, pasMep KOTOPOTOo IIPOIOPIIMOHATIEH peJe-
BaHTHOCTU.

Pacnono)eHne B fOKyMeHTe

Eiie oxma mpocTasa MeTpUKa s OIpeAesieHUs PeJIeBAHTHOCTH CTPAHUIIEI
3aIIpoCcy — PAacCIIOJIOXKEHMe IIOMCKOBBIX CJI0B Ha crpaHuile. OObIYHO, eCciau
CTPAHMIA PEJIEBAHTHA IIOMCKOBOMY CJIOBY, TO 9TO CJOBO PAaCIOJIOMKEHO
O0JIM3KO K HayvaJly CTPAHUIIBI, OBITh MOMKET, JaKe HaXOIUTCA B 3ar0JIOBKE.
YT006BI BOCIIOJIB30BATHCS 9TUM HAOJIIONEHNEM, IIONCKOBAas MaIllMHa MOMKET
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IPUIINMCHIBATH PE3YJIbTATy OOJIBIINI PAaHT, €CJIU IONCKOBOE CJIOBO BCTpeua-
eTcA B Hauaje JoOKyMeHTa. K cuacThbio, Ha aTale MHAeKCUPOBAHUSA CTPAHUI]
MBI COXPaHUJIM aipeca BXOXKJEHN CJIOB U 3ar'0JI0BOK CTPAHUILbI HAXOAUTCA
B HayaJie CIIUCKA.
Hob6aBbTe B KJacc searcher CIeAYIONTUI METOI:
def locationscore(self, rows):
locations=dict([(row[0], 1000000) for row in rows])
for row in rows:
loc=sum(row[1:])
if loc<locations[row[0]]: locations[row[0]]=1oc

return self.normalizescores(locations, smallIsBetter=1)

HanomumM, 4TO IepBBIN 3JI€MEHT B KasKI0H CTPOKE row — 3TO UAeHTHU(UKA-
Top URL, a 3a HUM cJIeIyIOT agpeca BXOKJIEHUUA BCEX IOUCKOBBIX CJIOB.
Kakaprii nAeHTUPUKATODP MOYKET BCTPEUAThCA HECKOJIbKO Pas, I0 OJHOMY
IS KaKIOM KOMOMHAIIMY BXOMKAeHUM. [JId KasKIol CTPOKU 3TOT METOJ
CYMMUPYeT aZpeca BXOKIeHNI BCeX CJIOB M CPAaBHUBAET Pe3yJabTaT C Ha-
WJIYUYINNM, BEIUKCJIeHHBIM A4 fanaoro URL K TeKyIieMy MOMEHTY. 3aTeM
OKOHUATeJbHbIe Pe3yJIbTATHI IepegaioTca (PYHKIMH normalize. 3aMeTnTe,
mapamMeTp smalllsBetter odHauaeT, uto paHr 1,0 o6yzer npucsoex URL c Ha-
WMeHbIIIell CyMMOM aJpecoB BXOKIeHIH.

YT00BI BEIACHUTD, KaK OyAET BBITJIALETD PE3YJIbTAT, €CJIU YUUTHIBATD TOJIb-
KO pacHoJoKeHUe B NOKYMEHTe, UBMEHUTEe OllpelelieHUe CIIHCKa weights
CJEIYIONTNM 00pasoM:

weights=[(1.0,self.locationscore(rows))]
A Termepb CHOBA BBITIOJIHUTE 3aIIPOC B MHTEPIIPETATODE:

>> reload(searchengine)

>> e=searchengine.searcher( searchindex.db")

>> e.query( ' functional programming')
Bbl yBuauTe, uTo crpanuia Functional programming mo-mpexkHeMy Ha
TIePBOM MECTe, HO 3a Hel CJIeAYIOT HPUMephl A3BIKOB (DYHKIMOHAIBHOTO
mporpaMMupoBaHus. PaHee ObLIM BO3BpAIllEHBI JOKYMEHTHI, B KOTOPBIX
MIOMCKOBBIE CJIOBA BCTPEUAINCH HECKOJIBKO Pas, HO 9T0, KaK MPaBUJIO, ObLIN
00CYKIeHUs A3LIKOB IIPOrpaMMUPOBaHUA BooOIe. Temeph Ke IPUCYTC-
TBUE IIOMCKOBBIX CJIOB B IIEPBBIX IIPEAJIOKEHUSIX NOKyMeHTa (HampuMmep,
Haskell is a standardized pure functional programming language) mpuma-
eT eMy Tropasjo 00Jiee BBICOKUI pPamr.

BaxxHo moHMMATh, UTO HU OJHA W3 BBINIEYIOMSIHYTBIX METPUK He JIYUIIe
IpPyToi Bo Beex cayuaax. Oba cumcKka mprueMJaeMbl B 3aBICHMOCTH OT HaMe-
PEHU UMTYIIero, 1 AJIA JOCTUKEeHUA ONTUMAJIbHBIX PE3YJIbTATOB JJIs KOH-
KpeTHOro Habopa JOKYMEHTOB U IPUJIOXKEHUA TpedyeTcs 3ajaBaTh pa3HbIe
Beca. Ilo9KCIIepuMEeHTHUPOBATD C 3aJaHUEM BECOB JJIs 00eMX METPUK MOK-
HO, U3BMEHUB CTPOKY weights IPUMEPHO TaK:
weights=[(1.0,self.frequencyscore(rows)),
(1.5,self.locationscore(rows)) ]
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ITourpaiiTe ¢ pasHBIMU BeCAMU UM 3alIPocaMU U IIOCMOTPHUTE, KaK OyAyT Me-
HATHCS Pe3yIbTaThl. MaHUIIYIMPOBATH PACIIOJIOMKEHNEM B JOKYMEHTE CJIOMK-
Hee, UeM YaCTOTOM CJIOB, IOCKOJIBKY B [OKYMEHTE €CTh TOJHKO OHO IIePBOe
CJIOBO ¥ OT KOJIMUECTBA ero MOBTOPEHUH Pe3yJIbTaT He 3aBUCHUT.

PaccTtosiHue mexpay cnosamu

Eciim 3ammpoc coepKuT HECKOJIBKO CJIOB, TO YACTO OBIBAET ITOJIE3HO PAHIKU-
PoOBaTh Pe3yJIbTATHI B 3aBUCUMOCTH OT TOTO, HACKOJbKO OJIU3KO IPYT K APY-
Iy BCTPEUYaroTCs ITOMCKOBBIE cJoBa. Kak mpaBmjio, BBOJAS 3aIpoc U3 He-
CKOJIbKUX CJIOB, YeJOBEK XOUeT HAUTHU JOKYMEHTHI, B KOTODPBIX 3TU CJIOBA
KOHIIETITYaJbHO CBSI3aHBI. JTO 0oJjiee ciaboe ycaoBue, ueM (pasa, 3aKJI0-
YeHHadA B KaBBIUKU, KOTZA CJI0BA JOJIXKHBI BCTPEYATHCA TOUHO B YKA3aHHOM
mopAgKe 6e3 IPOMEKYTOUHBIX CJIOB. PaccMaTpuBaeMas MeTpUKa JOIycKa-
eT U3MeHeHUe OPAJKA U HAJIUUNE JOTOJHUTEIbHBIX CJIOB MEMKY MOUCKO-
BBIMU.

DyHKIUA distancescore OUE€HB IIOX0KAa Ha locationscore:

def distancescore(self, rows):
# Ecnu ecTb TONbKO OAHO CNOBO, NiOOA [OKYMEHT BHUIPbHBAET!
if len(rows[0])<=2: return dict([(row[0],1.0) for row in rows])

# VHuumanuanpoBaTb cnosapb 60NbWUMY 3HAYEHUAMY
mindistance=dict([(row[0], 1000000) for row in rows])

for row in rows:
dist=sum([abs(row[i]-row[i-1]) for i in range(2,len(row))])
if dist<mindistance[row[0]]: mindistance[row[0]]=dist
return self.normalizescores(mindistance, smallIsBetter=1)
OCHOBHOE OTJIMYME B TOM, UTO, KOTJa PYHKIUA B [UKJIE 00XOIUT BXOXKIe-
HUA (CTPOKA, BhIJeJeHHAas MOJYKUPHBIM IIPU(PTOM), OHA BEIUNCISIET Pas-
HOCTh MEKIy apPecoM TEKYIIEro U MPeabIAyInero BXoKaeHu . [IocKoJIbKY
B OTBET Ha 3aIIpoc BO3BpAaIalOTCA BCe KOMOMHAIIUY PACCTOSHUII, TO TapaH-
TUPOBAHHO OyIeT HalileHO HauMeHbIllee TIOJTHOe PACCTOSHUE.

MosxeTe TPOTEeCTUPOBATh METPUKY HA OCHOBE PACCTOSHUA MEKAY CJIOBAMU
camy 1o cebe, HO BOOOIIe-TO OHA JyUIlle paboTaeT B COUETAHUN C APYTUMU
merpukamu. I[Tompo0OyiiTe 1o6aBUTL PYHKIIUIO distancescore B CIIHUCOK weights
¥ IIOBapLUPYITE Beca, YTOOLI IOCMOTPETh, KAK 9TO CKaKeTCs Ha pes3yJabTa-
Tax PasJIMUYHBIX 3alIPOCOB.

MNcnonb3oBaHUe BHELUHUX CCbINIOK HA CAUT

Bce o6cy:xmaBIInecs L0 CUX IIOP METPUKY PAHXKMPOBAHMUA OBLIIN OCHOBAHBI
Ha COJepP:KUMOM CTPaHUIbI. XOTs MHOTYE IIOMCKOBble MAIIWHBI 1 10 cel
IeHb paboTaioT TAKUM 00pPa30M, YACTO Pe3YyIbTAThHI MOYKHO YIYUIIUTh, IIPU-
HAB BO BHUMAaHNeE, YTO TOBOPAT 00 3TOM CTpaHUIlE IPYTHE, a TOUHEE Te caii-
TBHI, HA KOTOPBIX pa3MellleHa cChlIKa Ha Hee. OcOOEHHO 3TO II0JIEBHO IIpU



94

[naBa 4. lNoucK 1 paHXnpoBaHue

NHIEKCHUPOBAaHUU CTPaAHUIL COMHUTEJIBHOI'O COAEePHaHUA NI TAKUX, KOTO-
Ppble MOIJIN OBITH CO3OaHBbI CIlaMepaMM, IIOCKOJIBKY MaJIOBEPOATHO, YTO HA
TaKHe CTpaHUIbI €CTh CCBIJIKM C HACTOAIINX CamToB.

Co3aHHBIN B HaUaJje 3TOM IJIaBHI TayK YyKe COOMPAaeT BCIO CYIIIECTBEHHYIO
HGOPMAIINIO O CCBLIKAX, IOTOMY M3MEHATH ero He moTpebyerca. B Tab-
aute links xpanarca ugeHTuduraropsl URL ncTounmnka u agpecara Kasx-
IOH BCTPETUBIIEHCSA CCBLIKM, a Tabauiia linkwords CBSABBIBAaE€T CJIOBA CO
CCBLIKaMM.

MpocTon nopcyeT CCbNoK

IIpocreiimiuii cmoco6 paboThI ¢ BHEIITHUMU CCHIIKAMHU 3aKJII0UYAETCSI B TOM,
YTOOBI ITOJICUUTATh, CKOJIBKO X BeJeT Ha KaKIYI0 CTPAHUILY, Y UCII0JIb30-
BaTh pPe3yJbTaT B KauecTBe MeTpPUKU. TaK 0OBIYHO OIIeHUBAIOTCA HAYYHbBIE
paboThl; cUUTaeTCA, UTO UX 3HAUMMOCTD T€M BEBIIIIE, UeM Uallle UX ITUTUPY-
for. IlpencraBnennad HuKe (PYHKIUA PAHKUPOBAHUA CO3JAET CJI0BaApPh
CUETUMKOB, Jejiasd 3alpoc K TaOJINIle CChIIOK I KAaXKA0r0 YHUKAJIBLHOTO
uneatTuduraropa URL B cmucke rows, a 3aTeM BO3BpaIllaeT HOPMAaJIM30BaH-
HBIH pes3yJabTar:
def inboundlinkscore(self, rows):
uniqueurls=set([row[0] for row in rows])
inboundcount=dict ([ (u,self.con.execute( \
‘select count(x) from link where toid=%d" % u).fetchone( )[0]) \
for u in uniqueurls])
return self.normalizescores(inboundcount)

OueBUAHO, UTO IPU UCIIOJIH30BAHUY OTHO JIUIITH 3TOH METPUKY OYAYT BO3-
BpAaIlleHbI BCe CTPAHUIIBI, COAEePIKAIIFe TONCKOBBIE CJI0BA, YIIOPAJOUEHHBIE
10 YMCJY BHEIITHUX CCHIJIIOK Ha HUX. B Halltem Habope JaHHBIX HA CTPAHU-
ny Programming language o si3pIKax IporpaMMUPOBAHUSA BeAET ropasiao
0oJIbIIIe CCBLIOK, YeM Ha cTpauully Python, Ho, eciiu BbI BBIMOJIHSAIN IIOUCK
mo cyaoBy Python, To, Hamo mosaraTsh, XoTeau Obl YBUIETh COOTBETCTBYIO-
IITYI0 CTPAHUILY IEePBOIi B crircKe. YToOBI 00'beIUHUTH PEJIEBAHTHOCTD C PaH-
SKMPOBaHMEM II0 BHEITHUM CCBLJIKaM, HaJ0 UCIOJIL30BATh IIOCJIeTHEE B CO-
YeTaHUU C OJHOM 13 PACCMOTPEHHBIX BLIIIIe METPUK.

Kpome Toro, onmcanHbIli aJITOPUTM TPAKTyeT BCe BHEIITHUE CCBLIKY OfMHA-
KOBO, HO TaKOI YPaBHUTEJIbHBIN ITOAXO0/ OTKPLIBAET BOBMOMKHOCTD IJISI Ma-
HUNYJIVPOBAHMUA, TOCKOJIBKY KTO YTOZHO MOXKET CO3JATh HECKOJIBKO cai-
TOB, YKa3bIBAIOIUX HA CTPAHUILY, PAHT KOTOPOM OH X0UeT HOAHATh. TaKKe
BO3BMOJKHO, UTO JIIOIAM 00Jiee MHTEPECHBI CTPAHUIILI, KOTOPHIE IIPUBJIEKIN
BHUMAaHNE KaKMUX-TO HOIMYJSPHBIX caiiToB. [lajiee Mbl yBUANM, KaK MIPU-
IaTh CCHIIKAM C IIOMYJISIPHBIX CAfiTOB OOJIBIINI BeC ITPY BEIUYMCJIEHUY PaHTa
CTPAHUIIHI.

Anroputm PageRank

Aunroputm PageRank 6wl mpugymaH ocHoBaTenamMu Komnauuu Google,
¥ BapHUAaINU 3TOM UJeU TellePb IPUMEHAIOTCS BO BCEX KPYITHBIX ITOMCKOBBIX
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MalnHax. TOT aJITOPUTM IIPUIIMCBIBaeT KaHC,lIOfI CTpaHuIlle paHr, OIl€HM-
BaIOIlII/Iﬁ ee 3HaUNMOCTh. 3HAUMMOCTbD CTPaHUIIBbI BBIYUCJ/IAETCA UCXO0OA U3
3HAUNMOCTEH CCBIJIAIOIIIMXCA HA Hee CTpaHUuIl 1 oﬁmero KoJinyecTBa CChbI-
JIOK, IMEIIINUXCA Ha KaHCI[Oﬁ 13 HUX.

Teoperuuecku anroputM PageRank (HasBaHHBII 110 haMUINU OF-
Horo 13 ero usobperareneit Jlapu Ileiimxa (Larry Page)) paccuu-
4" TBIBaeT BEPOATHOCTH TOTO, UTO UEJIOBEK, CIYyUANHO ITePeX oA
1o CChLIKaM, nobeperca A0 HEKOTOPO# cTpaHUIIbl. YeMm OGoJibiiie
CCBHLJIIOK BeJleT Ha JaHHYIO CTPAHUILY C IPYTUX IOIIYJAPHBIX CTpa-
HUII, TeM BBIIIe BEPOSITHOCTh, YTO 9KCIEPUMEHTATODP YKCTO CJIY-
yaiilHO HAaTKHeTCA Ha Hee. PasyMmeeTcs, eciu I0JIb30BaTe b OyaeT
IIeJIKaTh II0 CChLIKAM 0ECKOHEUYHO I0JIT0, TO B KOHIIE KOHI[OB OH
MOCETUT KaXKAYI0 CTPAHUIY, HO OOJIBITMHCTBO JI0Aell B KaKOoii-To
MOMEHT OCTaHaBJIUBalOTCsa. YTOGHI yuecTh 9TO, B anroputm Page-
Rank BBegnen koagpuyuenm zamyxanus 0,85, o3Hauaromuii, 4To
0JIb30BATEJb IIPOJOJIIKUT MIEPEXOUTD II0 CCBLIIKAM, UMEIOIMMCS
Ha TeKyIel cTpaHulie, ¢ BepoAaTHocTbio 0,85.

Ha puc. 4.3 mpuBeseH npuMep MHOYKECTBA CTPAHUIL 1 CCHLIOK.

<«— B A cC —
-— > - —>
«— 5 ? T >

A

D

2

Puc. 4.3. Boiuucaenue panea PageRank cmpanuybl A

Kaxxpas us crpauui B, C u D ccblnaerca Ha A, u IJIst HUX PaHT ysKe BBIUHC-
jgeH. Ha crpauure B ecTh CChIIKH ellle HA TPU CTPAHUIILI, a HA CTPAHUILE
C — na uetsIpe. D ccrliaercss ToabKo Ha A. UTOOBI BEIUMCIUTL paHT A, Oe-
pem pauru (PR) Kaskmoit cepliaroleiicss Ha A CTpaHUIBI, AEJIUM UX Ha 00-
1I1ee YKCJIO CCHIIIOK Ha 3TOI CTpaHUIle, CKJIAAbIBAeM IIOJYUUBIIIHECA 3HAUE-
HUS, 3aTeM YMHOKaeM pe3yabTaT Ha Koadduiuent saryxauus 0,85 u mo-
6aBiaseM MUHUMAaIbHYIO Beauuuny 0,15. BoT Kak Mpou3BOIUTCS BHIUMCIE-

uue PR(A):
PR(A) = 0,15 + 0,85 x (PR(B)/ccoraku(B) + PR(C)/ceornku(C) +
+ PR(D)/ccoriku(D))

=0,15+0,85%x(0,5/4+0,7/5+0,2/1)
=0,15+0,85%x(0,125+ 0,14+ 0,2)
=0,15+0,85x%x0,465

=0,54525
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O6paTuTe BHUMaHNe, 4To D qaeT 6OJbINNI BKJIaA B panr A, uem B unu C,
XOTsA ee COOCTBEHHBIN paHT MeHbIIle. OTO BBEIZBBAHO TeM, UTo D cchliaeTcs
TOJBKO Ha A 1, 3HAYUT, IPUBHOCUT B PE3yJILTAT CBOM PAHT IIEJIUKOM.

HecnoxHo, na? YBbBI, UMeeTCA TYT HEOOJbINAI JOBYIIIKA — B JTaHHOM IIPU-
Mepe IJIA BCeX CTPAHUIL, CChLIAIONINXCA Ha A, yoKe BoIuncJeH paur. Ho He-
BO3MOHO BBIUYHNCJINTH PAHT' CTPAHUIIBI, IIOKA HEM3BECTHHI PAHT'H CChLJIAI0-
IIIUXCA Ha Hee CTPAHUIL, a 9T PAHI'T MOXXHO BBIUYHCJINTD, TOJIBKO 3HAA PAHT'!
CTPAHUIILI, KOTOPEIE CChLIAIOTCS Ha HuXx. Tak KaK »Ke BLIUUCIUTL 3HAUCHUE
PageRank 11 MHOKecTBa CTPAHUIL, PAHI'M KOTOPBIX eIlle HeM3BEeCTHBI?

Pelitenre cOCTOUT B TOM, UTOOBLI IPHUCBOUTH BCEM CTPAHUIIAM ITPOU3BOJIb-
HBIM HAYaJbHBIN PaHT (B IporpaMMe HUKe B3ATO sHaueHue 1,0, HO Ha ca-
MOM [Jiejie TOUHAs BeJIUUYNHA HeCyIeCTBeHHA) U ITPOBECTU HECKOJbKO UTe-
panuii. ITocae Kak 0 nTepauy paHT KasKA0i CTPAHUIILI OyIeT Bce OImiKe
K nctuHHOoMy 3Hauenuio PageRank. KosimuecTBo HEOOXOAMMEBIX MTEPAIIMIA
3aBUCUT OT YMCJIA CTPAHUIL, HO AJIA TOTO HEeOOJBIIIOTO Habopa, ¢ KOTOPHIM
MbI pabotaem, 20 qOJIKHO OBITH JOCTATOUYHO.

ITockoybKy BhIumcIaeHne 3HaueHus PageRank sanmmaer MHOIO BpeMeHH,
a BBIYMCJIEHHBIN PaHT He 3aBUCUT OT 3aIpoca, TO Mbl HanuieM GyHKIIHIO,
KoTopas 3apaHee BeIumcadeT panr Kaxkgoro URL u coxpaHsaeT ero B Tabau-
me. IIpu KaxaI0oM BbI30Be 3Ta GYHKIUA OyIeT IIepecunThIBATh PAHTH BCeX
crpauut. [lo6aBbTe ee B KJiacc crawler:

def calculatepagerank(self,iterations=20):
#f cTupaem Tekyuwee copepxumoe Tabnuus PageRank
self.con.execute( 'drop table if exists pagerank')
self.con.execute( 'create table pagerank(urlid primary key, score)’)

# B HavanbHb MOMEHT paHr ans kaxgoro URL paseH 1
self.con.execute( insert into pagerank select rowid, 1.0 from urllist")
self.dbcommit( )

for i in range(iterations):
print "Utepaumua %d" % (i)
for (urlid,) in self.con.execute( select rowid from urllist’'):
pr=0.15

# B uukne o6xoaum BCe CTpaHuMUb, CChinapumecs Ha AaHHyo
for (linker,) in self.con.execute(
‘select distinct fromid from link where toid=%d’ % urlid):
# Haxogmm paHr ccoinanwenca CTpaHuubl
linkingpr=self.con.execute(
"select score from pagerank where urlid=%d" % linker).fetchone( )[0]

# Haxoaum obujee 4MCNO CCHINOK Ha Ccbinanueincs cTpaHuue
linkingcount=self.con.execute(
"select count(=) from link where fromid=%d" % linker).fetchone( )[0]
pr+=0.85*(linkingpr/linkingcount)
self.con.execute(
"update pagerank set score=%f where urlid=%d" % (pr,urlid))
self.dbcommit( )
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Brauase sTa QpyHKIIMA NpUIKCEIBAeT KamKaou crpanule paur 1,0. ITorom
B IiuKJe mnepedbuparorca Bce URL m mia Kaskaoil cchliarolieiica Ha HETro
CTpaHUIILI 13 0a3bl U3BJIeKaeTca 3Hauenue PageRank u o61miee 4mcjo cechl-
JoK Ha Heii. CTpoka, BhIZeJeHHAas MONYKHUPHBIM IIPU(PTOM, COLEPIKUT
dopMyay, IPUMEHIEeMYI0 K KayKION M3 BHEITHUX CCBLIOK. ITa QYHKIIUA
OymeT paboTaTh HECKOJIBKO MUHYT, HO 3aIlyCKaTh ee HEOOXOAUMO TOJIHKO
mocJie OOHOBJIEHUA UHIEKCA.

>> reload(searchengine)

>> crawler=searchengine.crawler( searchindex.db")

>> crawler.calculatepagerank( )

NTepauna 0

NTepauns 1

Ecnu BaM MHTEpPECHO, KaKMe CTPAaHUILI U3 PacCMaTpUBaeMoro Habopa ume-
IOT MAKCUMAJBHBIN PAaHT, MOJKeTe 3alIPOCUTh 643y JaHHBLIX HATIPAMYIO:

>> cur=crawler.con.execute( 'select » from pagerank order by score desc’)
>> for i in range(3): print cur.next( )
(438, 2.5285160000000002)
(2, 1.16146400000000071)
(543, 1.064252)
>> e.geturlname(438)
u'http://kiwitobes.com/wiki/Main_Page.html"
Hawusrniciuii panr umeeT riaaBHada cTpanuiia Main Page, uTo u Heyausu-
TeJbHO, IIOCKOJIbKY HA Hee eCTh CCHLIKU C JI000¥ cTpaHuIllbl Bukumnenun.
Temnepb, KOrga y Hac eCTh TaOJINIA PAHTOB, AJIA €€ MCIIOJb30BAHUA JOCTA-
TOYHO HAIKCATh PYHKIINIO, KOTOpas OyJeT M3BJIeKATh PAHT U BBIMOJHATH
HopMaJim3anuio. [lo6aBbTe B KJacc searcher CAeIYIOIIAI METOI:
def pagerankscore(self, rows):
pageranks=dict([(row[0], self.con.execute( select score from pagerank where
urlid=%d" % row[0]).fetchone( )[0]) for row in rows])
maxrank=max(pageranks.values( ))
normalizedscores=dict([(u, float(1l)/maxrank) for (u,1) in \
pageranks.items( )])
return normalizedscores
BrirounTe 9TOT METO/ B CIIMCOK weights, HAIIPUMED, TaK:
weights=[(1.0,self.locationscore(rows)),
(1.0, self.frequencyscore(rows)),
(1.0, self.pagerankscore(rows))]

Temeps Ipy paHXKMPOBAHUHN PE3YJIbTATOB YUUTHIBAETCA KaK COAEP;KUMOe
CTPaHUIILI, TaK U ee paHr. Pesyiabrarel momcka 1o ¢pase Functional
programming BBITJIAAAT JasKe JIyUIlle, UeM IIpesKae:

2.318146 http://kiwitobes.com/wiki/Functional_programming.html

1.074506 http://kiwitobes.com/wiki/Programming_language.html

0.517633 http://kiwitobes.com/wiki/Categorical_list_of_programming_languages.
html

0.439568 http://kiwitobes.com/wiki/Programming_paradigm.html

0.426817 http://kiwitobes.com/wiki/Lisp_programming_language.html
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3uauenue PageRank TpyaHO olleHUTh B MOJIHOM Mepe Ha TaKOM 3aMKHY-
TOM, CTPOT'O KOHTPOJIUPYyeMOM Habope JOKYMEHTORB, B KOTOPOM, CKOpee Bce-
r0, IOUTHU HET HU BOBCE 0ECIIOJIE3HBIX CTPAHUIl, HU CTPAHMUIL, CO3TaHHBIX
TOJIBKO JJIA IPUBJI€UeHNA BHUMaHuA. Ho faske B 9TOM ciydae BULHO, UTO
PageRank — mosesHas meTpuKa, MO3BOJIAOIAA BO3BpAIlaTh 60jee obIre
CTPAHUIIBI, OTHOCAIIINECS K TEME 3a1Irpoca.

Ncnonb3oBaHMe TeKCTa CCbINKU

E1tie oguH 10JI€3HBIN CIIOCO0 PAHKUPOBAHUA PE3YJIbTATOB — MCIOJb30Ba-
HIe TeKCTa CChLJIOK Ha CTPAHUILY IIPU OIpeAeIeHUU CTeIIeHU ee PeIeBaHT-
HOCTH 3ampocy. JacTo ymaercs MoJyuYuTh 6oJjiee KaueCTBeHHYIO nmHpopMa-
IO U3 TOTO, UTO CKA3aHO B CCHLIKAX, BEAYIINX HA CTPAHUILY, YeM 13 CAMOM
CTPAHUIIBI, IOCKOJbKY aBTOPHI CAHTOB O0BIUHO BKJIIOUAIOT KPATKOE OIIKca-
HUe TOT0, Ha UTO CChLIAIOTCS.

MeTon paHXUPOBAHUA CTPAHUII 10 TEKCTAM CCBLJIOK TPeOyeT JOIOJIHUTEIb-
HOT'0 ITapaMeTpa — CIUCKa UAeHTU(PUKATOPOB CJIOB, CO3LAaHHOI'0 B PE3yJabTa-
Te MepPBUYHOMN 00paboTKu 3ampoca. [[o06aBbTe 3TOT METO B KJIAce searcher:
def linktextscore(self, rows,wordids):
linkscores=dict([(row[0],0) for row in rows])
for wordid in wordids:
cur=self.con.execute( 'select link.fromid,link.toid from linkwords, link
where wordid=%d and linkwords.linkid=1link.rowid" % wordid)
for (fromid, toid) in cur
if toid in linkscores:
pr=self.con.execute( select score from pagerank where urlid=%d" % fromid).
fetchone( )[0]
linkscores[toid]+=pr
maxscore=max(linkscores.values( ))
normalizedscores=dict([(u, float(l)/maxscore) for (u,l) 1in 1linkscores.
items()])
return normalizedscores

ATOT KOoJ B IUKJE OOXOJUT BCE CJI0OBA M3 CIMCKA wordids ¥ HIMET CChLIKIM,
comepsKaIye 3T ciaoBa. Eciu cTpaHuIla, Ha KOTOPYIO BeleT CChLIKA, COB-
majgaeT ¢ KaKIM-HUOYIb Pe3yIbTATOM IIOMCKA, TO PAHT UCTOUHNKA CCBLIKHI
npubaBiasgeTca K OKOHYATEJIbHOMY PaHTy 9Toii crpanuiibl. CTpaHuia, Ha
KOTOPYIO BeJleT MHOI'O CCBhLIOK CO 3HAUMMBIX CTPAHUIL, COAEPKAIINX IOKC-
KOBBIE CJIOBA, ITOJYUUT OUEHb BBICOKHMH paHr. [lja MHOrMX HaWAeHHBIX
CTPaHMUIL BOOOIIe He OYyAeT CChLIOK C IMOAXOIAIINM TEKCTOM, II0O9TOMY HX
paur okaxercs paseH 0.

YT00bI aKTUBUPOBATH PAHIKMPOBAHNE 10 TEKCTY CCHLIOK, IIPOCTO A00aBbTE
B CITMCOK weights TAKYIO CTPOKY:

(1.0,self.linktextscore(rows,wordids))

He cy1iiecTByeT cTaHAAPTHLIX BECOB JJIA BCEX PACCMOTPEHHBIX METPUK, KO-
TOpbIe ObLIM OBl OMMHAKOBO XOPOIIIM BO BCeX caydaax. Jlaske camble KpyII-
HbIe IIOMCKOBbIE MAIIMHBLI YaCTO M3MEHSIOT METOAbl PAaHKHUPOBAHUS pe-
3yJabTaToB. MeTpUKY U HasHauYaeMble UM Beca CHUJILHO 3aBUCAT OT KOHKpPeT-
HOTO IIPUJIOKEHUS.
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06yquV|e Ha OCHOBe AeNCTBMU NoJib3oBaTens

OxHO 13 OCHOBHBIX JOCTOMHCTB OHJIAMHOBBIX IIPUJIOKEHUNA COCTOUT B TOM,
YTO OHU BCE BPEM4 IIOJIyYaloT 00PATHYIO CBA3h B BUJE IOBEEHNA II0JIb30Ba~
Teseli. B ciydae moMCKOBOM MalIMHBI KAk bl II0JIb30BaTENb TYT *Ke c000-
II1aeT 0 TOM, HACKOJIbKO My IIOHPaBUJINCH Pe3YJIbTAThI IIOUCKA, IIIeJIKas 110
OZHOMY Pe3yJIbTaTy ¥ UTHOPHUPYS OCTaJbHBIE. B 9TOM paszeie MBI paccMOT-
puM cmoco0 perucTpanuu JefCTBUI MOJIb30BATENA MIOCJE HMOJIYUEHUSI pe-
3yJIBTATOB M TO, KaK COOpPaHHYI0 TAKOM 00pa3oM MHGOPMAIIIO MOYKHO IIPH-
MEHUTD JJIsI 00JIee KaueCTBEHHOTO PAaHKUPOBAHUA PE3yIbTaTOB.

1151 9TOTO MBI IOCTPOUM UCKYCCMBEHHYI0 HeliDOHHYI0 cemb, KOTOPYIO 00y-
M, IpeJIaras eif IIoNCKOBbIe CJI0BA, IPeIbABIeHHbIE II0JIb30BATEII0 pe-
3yJabTaThl 00PabOTKHU 3aIIPOCca 1 TY CCBLIKY, II0 KOTOPOIi II0J1b30BATEb IIe-
petres. O0yueHHYI0 Ha MHOTUX 3aIIpocax HEeHpPOHHYIO CeTh MOXKHO OyaeT
MCTIOJIB30BaTh JJIA YIOPAIOUEHUS Pe3yJIbTATOB MOMCKA C YUYETOM HPOIILIBIX
IelcTBUII IIOJbL30BaTe e,

npOEKTI/IpOBaHI/Ie ceTun oTdieXkusaHud nepexonos

EcTh MHOrO pasHOBUIHOCTE HEHPOHHLIX ceTeii, HO BCe€ OHM COCTOSAT U3
MHOXKECTBa y3JIOB (HEeIPOHOB) 1 CBA3eH MexxKay HUMHU (cuHancoB). CeThb, KO-
TOPYIO MBI COOMPaAEMCs IOCTPOUTH, HA3bIBAETCS MHOZ0YPOBHEBbLM Nepuern-
mporom (multilayer perceptron — MLP). Takas ceTb COCTOUT U3 HECKOJIb-
KNUX YPOBHEH HEMPOHOB, MEPBBIN M3 KOTOPHIX NPUHUMAET BXOAHBLIE AaH-
Hble — B JAHHOM CJIy4yae IOMCKOBBLIE CJI0BA, BBEJEHHBIE II0JIH30BATEJIEM.
ITocnenuuit ypoBeHb BO3BpAIaeT pe3yJIbTAaThl — B HAIIIEM IIPUMePe 3TO CIIU-
cok BecoB HamgenHblx URL.

IIpoMeXkyTOUHBIX YPOBHEI MOMKET OBITH MHOTO, HO MBI OTPAHUYNMCS TOJIb-
Ko oganM. OH HABBIBAETCA CKPbLLMbLM YPOBHEM, TAK KaK He B3amMOJeHcC-
TBYeT HAIIPSIMYIO C BHEIIIHNM MHPOM, a Pearupyer Ha KOMOMHAIIUN BXOJ-
HBIX JaHHBLIX. B 1aHHOM ciyuyae KOMOMHAIIMS BXOIHBIX JAaHHBIX — 9TO HA00P
CJIOB, IO9TOMY CKDBITHIM YPOBEHb MOXKHO HA3BaTb yposHem 3anpoca. Ha
puc. 4.4 nzobpaskeHa CTPYKTypa ceTu. Bce y3/bI BXOJTHOTO YPOBHS CBsI3a-
HBI C Y3JIaMU CKPBITOTO YPOBHSA, a4 BCE Y3JIbI CKPBITOTO YPOBHS — C y3JIaMU
BBIXOJITHOT'O YPOBHSI.

cnoso 1 »-| CKPbITbIiA 1 » urlt
CNoBO 2 » | CKpbITbIA 2 > url2
cnoeo 3 | CKPbITHIA 3 > url3

Puc. 4.4. IIpoexm HelipORHOU cemu OMmceHu6aHus nepexo0os
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YT006bI HOJYUYUTE OT HEHPOHHOI CeTH HAMJIYUIIINe Pe3yJIbTaThl I/ HEKOTO-
poro sampoca, 3HaUeHUs BXOAHBIX Y3JIOB AJIA YKa3aHHBIX B 3alpOCe CJIOB
yCTaHaBJAMBAIOT paBHBIMHU 1. BKIIOUatOTCA BBIXOABI STUX Y3JI0B, U OHU IIhI-
TalOTCA aKTUBUPOBATH CKPBITHIN CJIOM. B cBOIO ouepenb, Y3JIbI CKPBITOTO
CJIOA, TOJyUYalolllyie IOCTATOYHO CUJILHBIM BXOTHOM CUTHAJI, BKJIIYAIOT
CBOM BBIXO/BI U IBITAIOTCA aKTUBUPOBATH Y3JIBI BBIXOAHOTO YPOBHA.

VY 371Bl BLIXOHOT'O YPOBHS OKA3bIBAIOTCS AKTUBHLI B PA3HOI CTEIIeHU, U II0
YPOBHIO X aKTUBHOCTH MOKHO CYAUTh, Kak cuiabHo manubliii URL accomu-
MPOBAH CO CJIOBAMHU MCXOMHOTO 3ampoca. Ha puc. 4.5 mokasama oopaboTka
sampoca world bank (BcemupHbIii 6aHK). CIIOIMIHBIMY JUHAAMY TOKA3aHBI
CUJIbHBIE CBSI3H, & MOJYKUPHBIN TEKCT TOBOPHUT O TOM, UTO y3€JI CTAJ OUeHb
AKTUBHBIM.

world - (CKpPbITbIA 1 World Bank

river CKPbITbIA 2 River

bank »| CKpbITbIA 3 | Earth

Puc. 4.5. Omeem HellponHoll cemu Ha 3anpoc world bank

Pasymeercs, Aja 5TOro Heo0X0AMMO, UTOOBI CHJIA CBA3€l ObLIa yCTaHOBJIe-
Ha IPaBUJIBHO. JTO AOCTUTAETCA 00YUeHUeM CeTU BCAKUNA pa3, KaK KTO-TO
BBITIOJIHSET IIOMCK 1 BBIOMpPAaeT OAUH U3 Pe3yabTaToB. B ceTu, nsobpasrkeH-
HOU Ha puc. 4.5, CKOJBKO-TO UeJIOBeK MepexXoamju Ha cauT BcemupHOro
6auka (World Bank) mocse 3anpoca world bank, u sT0o yecuamnao accorua-
nuio Mmexxay naHHbeiMu caoBaMu 1 URL. B aTom pasgesie MbI mOKakeM, Kak
ceThb OOyduaeTcs C IIOMOIIBIO aJTOPUTMa OOPATHOTO PACIPOCTPaHEHUS
backpropagation.

BoaMo:kHO, YV Bac BO3HUK BOIIPOC, 3aUeM HY:KHA TaKas CJIOKHaA TeXHUKA,
Kak HelpoHHbIe ceTu? Ilouemy OB TPOCTO HE 3AIIOMHUTD 3aIIPOC U HE IO~
CUUTATh, CKOJIBKO Pa3 IePexXoauju 10 HalijeHHoH cchlike? Ho MoIrp Heli-
pOHHOfI CeTH 3aKJII0UaeTCda B TOM, UTO OHa MOKET CTPOUTH OCMBICJIEHHBbIE
TUIIOTE3bI O pe3yJbTaTaxX 3alpoCcoB, KOTOPbIe HUKOT[A IIpeXk e He BuIesa,
MCXOJs 13 UX CXOJICTBA C APYruMU 3anpocamMmu. KpoMme Toro, HeiipoHHBIE ce-
TH IIOJIE3HBI B CAMBIX paSHOOGDaSHbIX IIPUJIOYKEHUAX, OHU CTaHYT II€HHBIM
BKJIAJOM B HAIIl UHCTPYMEHTaPUl 1151 paboThl ¢ KOJJIEKTUBHBIM PasyMOM.

MoaroToBKa 6a3bl AaHHbIX

ITocKONBKY HEMPOHHYIO CETh HEOOXOAMMO 00yUaTh HA 3aIIpOocax MOJIb30Ba-
TeJiel, ToTpedyeTcss COXPaHUTD MpeACcTaBIeHre ceTr B 6a3e JaHHBIX. B Ha-
et 6ase ysxe ecTb Tabauiis! ¢aoB 1 URL, mosToMy HyKHAa JIUIITH eI11e OHa
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TabJauIlA I XPaHEHUA CKPBITOrO cJios (KOTOPYIO MBI Ha3oBeM hiddennode)
¥ IBe TAOJUIIBI OJId XpaHeHUA cBA3eil (ogHa — AJA CBA3eH MeKAy CJa0eM
CJIOB ¥ CKPBITBIM CJIOEM, IPyras — JIJis CBSI3eM MeXIy CKPBITHIM 1 BBIXOI-
HBIM CJIOEM).

CospaiiTe HOBBIN (paii nn.py 1 B HEM KJIacc searchnet:

from math import tanh
from pysqlite2 import dbapi2 as sqlite

class searchnet:
def __init__(self,dbname):
self.con=sglite.connect(dbname)

def __del_ (self):
self.con.close( )

def maketables(self):
self.con.execute( create table hiddennode(create_key)")
self.con.execute( create table wordhidden(fromid, toid, strength)")
self.con.execute( 'create table hiddenurl(fromid, toid, strength)")
self.con.commit( )

B maHHBIA MOMEHT TaOJIUIBI HE NUMEIOT HUKaKUX NHIEKCOB, HO, €CJIU ObICT-
pozeiicTBIE OKaKeTCs HeJOCTATOUHBIM, UX MOXKHO OyIeT 100aBUTh II03Ke.

Ham morpebGyercsa gBa MeToja AJid OoCTyHa K 0Oase maHmHBIX. IlepBblii,
getstrength, omrpeneaseT TEKYIIYIO CUIY cBA3U. [I0CKOJIbKY HOBBIE CBSI3U CO-
3IAaI0TCS TOJBKO II0 MEpPe HeOOXOAUMOCTH, STOT METOJ JOJIKeH BO3BPAIlATh
HEKOoe CIelnuaJibHOe 3HaUeHVe, eCJIU CBA3eH ele HeT. 1A cBA3el MeXay
CJIOBAMHU U CKPBITLEIM CJIOEM MbI BIOEpEM B KauecTBe Takoro sHauenus —0,2,
TakK YTO II0 YMOJUAHUIO JOIOJHUTEJIbHBIE CJIOBA OYAYT HECKOJIBKO CHIKATH
YPOBEHb aKTUBAIIUU CKPBLITOTO y3Ja. [ cBA3eil MeXAy CKPBITHIM CJIOEM U
URL meTon mo yMoJIdaHUIO Oy IeT Bo3BpaIlnaTh sHauerue 0.
def getstrength(self, fromid, toid, layer)

if layer==0: table="wordhidden’

else: table="hiddenurl’

res=self.con.execute( select strength from %s where fromid=%d and toid=%d’
% (table, fromid, toid)).fetchone( )

if res==None:

if layer==0: return -0.2
if layer==1: return 0

return res[0]
Eme Heobxomum meTon setstrength, KOTOPBIA BBISCHSAET, CYIIECTBYET JIHU
y2Ke CBfA3b, U CO3JaeT Jin00 OOHOBJSET CBA3b, IPUMNNCHIBAA el 3aJaHHYIO
cuny. OH OyZeT NCII0JIb30BAThLCS B KOJE AJIA O0yUeHUsI CeTH:

def setstrength(self, fromid, toid, layer, strength):

if layer==0: table="wordhidden’

else: table="hiddenurl’

res=self.con.execute( 'select rowid from %s where fromid=%d and toid=%d" %
(table, fromid, toid)). fetchone( )
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if res==None:
self.con.execute( insert into %s (fromid, toid, strength) values (%d,%d,%f)"
% (table,fromid, toid, strength))
else:
rowid=res[0]
self.con.execute( update %s set strength=%f where rowid=%d" %
(table, strength, rowid))

OOGBIUYHO IIPY HMOCTPOEHUM HEMPOHHOI CEeTH BCE Y3JILI CO3Mal0TCs 3apaHee.
Mo:kHO OBLIO OBI IIPeABAPUTENBLHO CO3JaTh TUTAHTCKYIO CETh C ThICIUaMU
Y¥3JI0B B CKPBITOM CJIOE U YK€ TOTOBBIMU CBA3SIMU, HO B JAHHOM CJIyUYae Ipo-
e 1 ObICTpee COo34aBaTh CKPBITHIE Y3JIbl, KOTJa B HUX BO3ZHUKAET Hamo0-
HOCTB.

Crenytoriaa GyHKIINA CO3MaeT HOBBIHM CKPBITHIN y3eJ BCAKUU pas, Kak ei
mepenaeTcsa He BCTPeUaBIIaACA panee KOMOMHAIIMA CJIOB. 3aTeM OHA CO3/a-
eT CBSI3W C BECAMU II0 YMOJYAHUIO MEXKIY STUMU CJIOBAMU U CKPBITBIM y3-
JoM u Me:xkay yajaom sanpoca 1 URL, KOTopbIil 5TOT 3aIpoc BO3BpAIIlaeT.

def generatehiddennode(self,wordids,urls):
if len(wordids)>3: return None
# NpoBepuTb, CO3[aBanM N Mbl yXe y3en Ans [JaHHoro Habopa cnos
createkey="_".join(sorted([str(wi) for wi in wordids]))
res=self.con.execute(
"select rowid from hiddennode where create_key="%s'" % createkey)
fetchone( )

# Ecnn HeT, cospagmm cendac
if res==None:
cur=self.con.execute(
"insert into hiddennode (create_key) values ('%s')" % createkey)
hiddenid=cur.lastrowid
# 3apaTb Beca no yMONYaHuio
for wordid in wordids:
self.setstrength(wordid, hiddenid, 0,1.0/len(wordids))
for urlid in urls:
self.setstrength(hiddenid,urlid, 1,0.1)
self.con.commit( )

B unrepuperarope Python cosmaiiTe 6a3y qJaHHBIX U CT€HEPUPYIITE CKPBI-
TBIH y3eJI IJd KaKoTo-HuOyIb caoBa u uaeatTuduraropa URL:

>> import nn

>> mynet=nn.searchnet('nn.db")

>> mynet.maketables( )

>> wWorld, wRiver,wBank =101,102, 103

>> uWorldBank, uRiver, ukEarth =201,202, 203

>> mynet.generatehiddennode([wWorld, wBank], [uWorldBank, uRiver, uEarth])
>> for ¢ in mynet.con.execute( 'select * from wordhidden'): print ¢
(101, 1, 0.5)

(103, 1, 0.5)

>> for ¢ in mynet.con.execute( 'select * from hiddenurl’): print ¢
(1, 201, 0.1)

(1, 202, 0.1)
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TOJBKO UTO BEI CO3AJIM HOBBIM y3€J B CKPLITOM CJIO€ 1 CBSI3H C HUM CO 3Ha-
YeHUAMU 110 YMOJIYaHuio. IlepBoHAUYAIBHO PYHKIMA OyIeT OTBEUYaTh, KOT-
na caoBa world u bank BeTpeuaroTcsa BMecTe, HO CO BpeMeHeM 3TU CBA3U MO-
TYT OCJIa0HYTh.

Mpsamown npoxop,

Temeph Bce TOTOBO AJIA HAOHUCAHUA (PYHKIINHA, KOTOPbIe MPUHUMAIOT Ha
BXO/Ie CJIOBA, AKTUBUPYIOT CBA3U B C€TU U (POPMUPYIOT BEIXOJHBIE CUTHAJIBI
mist URL.

s Hayasia BeIOGepeM (DYHKIINIO, KOTOPAsA OIUCHIBAET, C KAKOU CUJION KaK-
IBIH y3eJ DOJKeH pearupoBaTh Ha BXOJHOM curHaJ. B HalllemM mpuMepe ce-
T MBI BOCHOJIb3yeMCs IJIs 3TOT0 (hyHKIUel 2unepbosiuieck020 maHzeHca
(tanh), rpaduK KoTOpPOI M300paskeH Ha puc. 4.6.

tanhX
1

0,5

Puc. 4.6. Pynryus tanh

ITo ocu X oTkJIamwIBaeTcss BXOMHOM CUTHAJ, ITOAaBaeMbIil y3ay. B okpecrt-
HocTu 0 BBIXOAHOM cuTrHAJ OBICTPO HapacTaeT. Korga cuia BXOJHOTO CUTHA-
Jia paBHa 2, BLIXOJAHOM CUTHAJ IOUTH PaBeH 1 1 JajbIle y:Ke IOUTH He pac-
TeT. DYHKIINY TaKOTO TUIIA HAa3bIBAIOTCA CUZMOUOHLMU, OHU UMEIOT (hOPMY
OYKBBI S. [[J151 BBIYMCJIEHUS CUJIBI BBIXOJHOT'O CUTHAJIA HePOHOB B HEMPOH-
HBIX CEeTSX IIOUTHU BCEera MCIOJIb3YIOTCA CAUTMOUAHBIE (DYHKIIUH.

IIpe:xne ueMm BBIBBIBATH AJITOPUTM feedforward, HaIl KJacc AOJIMKEH IIPOUMU-
TaThb U3 68.3LI I/IH(l)OpMaIII/IIO 06 y3J1aX 1 CBA3AX U IIOCTPOUTH B IIaMATHU YaCThb
CeTHu, pesieBaHTHYI0O KOHKPETHOMY 3arrpocy. IlepBeIM fmejioM MBI HAITHUIIIEM
(YHKIIUIO, KOTOpaA MIIET BCe Y3Jbl U3 CKPBITOTO CJIOA, peieBaHTHbBIE 3a-
IPOCY; B HAIIIEM CJIy4Yae 9TO y3JIbl, CBA3aHHBIE C JIIOOBIM M3 CJIOB 3aIrpoca
niu ¢ KakuM-Huoynb URL, mpuHagie:xanimM MHOKECTBY Pe3yJIbTATOB I10-
ncka. Tak Kax HUKaKue JPyTrue y3Jbl He yYaCTBYIOT B OIIPEJIEJIEHUN BBIXO-
Ia Uin B 0O0yUYeHUU CeTH, TO M BKJIIOUATh X HeobA3aTeIbHO.
def getallhiddenids(self,wordids,urlids):
11={}
for wordid in wordids:
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cur=self.con.execute(
‘select toid from wordhidden where fromid=%d" % wordid)
for row in cur: 11[row[0]]=1

for urlid in urlids:
cur=self.con.execute(
‘select fromid from hiddenurl where toid=%d" % urlid)
for row in cur: 11[row[0]]=1

return 11.keys( )

Hawm Taksxe moHaJoOMTCSA METO JJIA KOHCTPYUPOBAHUA PEJIEBAHTHOMN CETHU
C TEeKYIIUMU BecaMu U3 6a3bI JaHHBLIX. ITa QYHKIINA UHATUAJIUSUPYET Pas-
JIMYHBbIE [IePEeMEHHbIe JK3eMILIAPA KJAcca: CIIMCOK CJIOB, OTHOCSIIHECS
K 3anpocy y3asl 1 URL, ypoBeHb BBEIXOAHOT'O CUTHAJA IJIA KasKAOr0 y3Jia
¥ Beca BCeX CBs3ell Me:KIy ysjaamMu. Beca cumThIiBaoTcA u3 0a3bl JAHHBIX
C IIOMOIILIO paHee Pas3paboTaHHBIX QYHKITUH.

def setupnetwork(self,wordids,urlids):
# CNUCKW 3Ha4YeHuw
self.wordids=wordids
self.hiddenids=self.getallhiddenids(wordids, urlids)
self.urlids=urlids

#f BHIXOOHbIE CUTHab Y3708

self.ai = [1.0]+1len(self.wordids)
self.ah = [1.0]+len(self.hiddenids)
self.ao = [1.0]*len(self.urlids)

# co3gaeMm mMaTpuly BecoB

self.wi = [[self.getstrength(wordid, hiddenid, 0)
for hiddenid in self.hiddenids]
for wordid in self.wordids]

self.wo = [[self.getstrength(hiddenid,urlid, 1)
for urlid in self.urlids]
for hiddenid in self.hiddenids]

BoT Teneps Bce TOTOBO IJIA peaausauu aaroputma feedforward. OH mpuHHT-
MaeT CINCOK BXOJHLIX CUTHAJIOB, IIPOIYCKAaeT NX Yepes CeTh 1 BO3BPAaII[aeT
BBIXOOHBIE CUT'HAJIBI OT BCE€X Y3JI0B Ha BBIXOOHOM YPOBHE. HOCKOJIBRY B JaH-
HOM CJjiydae MbI CKOHCTPYHXPOBaJM CeTh TOJIBKO AJIA CJI0B, BXOAAIIINX B 34~
TIPOC, TO BEIXOJHOM CUTHAJ OT BCeX BXOIHBIX Y3JI0B paBeH 1:

def feedforward(self)
#f eQMHCTBEHHbIE BXOfHHE CUTHAMbH — CnoBa M3 3anpoca
for i in range(len(self.wordids))
self.aif[i] = 1.0

#f BO3OYX/AEHWE CKPbLITHIX Y3108
for j in range(len(self.hiddenids))
sum = 0.0
for 1 in range(len(self.wordids))
sum = sum + self.ai[i] * self.wi[i][]]
self.ah[j] = tanh(sum)

#f BO30OyXneHMe BHIXOAHBX Y3N10B
for k in range(len(self.urlids))
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sum = 0.0

for j in range(len(self.hiddenids)):
sum = sum + self.ah[j] = self.wo[]][k]

self.aolk] = tanh(sum)

return self.aol:]

Anroputm feedforward B IUKJE OOXOIUT BCE Y3Jbl CKPBITOTO CJIOS M OJIS
KasKJ0ro 13 HUX BBIUKCJSET CYMMY BEJIMUNH BEIXOTHBIX CUTHAJIOB OT Y3JIOB
BXOJHOTO CJIOS, IIOMHOXKEHHBIX HA BEC COOTBETCTBYIOIIell ¢cBA3U. Brixon-
HOI CUTHAJI Ka’KJJ0T0 CKPBITOTO y3Jia — 9TO Pe3yJabTaT IpuMeHeHUA QYyHK-
U tanh K B3BEIIIEHHOM CyMMe BXOAHBIX CUTHAJIOB. JTOT CUT'HAJI IIepelaeT-
cA Ha BBIXOAHOI ypPOoBeHb. BLIXONHOII YPOBEHS JleJIaeT TO JKe caMoe — YMHO-
JKaeT IMOoJIyUeHHBIE OT IPeAbIAYIIET0 YPOBHSA CUTHAJIBI HA Beca CBA3eH U IIpU-
MeHseT GYHKIIUIO tanh AJIA MOJyYeHUs OKOHUYATeJIbHOTO pesyibraTta. CeThb
MOJKHO JIETKO 0000IIUTh, BBESA HOIIOJHUTEJIbHEIE YPOBHU, KOTOPhIe OYIyT
IpPeoOpPas30BLIBATh BHIXOAHLIE CUTHAJBI OT IPEABIAYIIEr0 YPOBHSI BO BXO-
Hble CUTHAJBI CIeAyIOIIeMy.

Temepb MOKHO HaIHCATh HEOOIBIITYIO (DYHKIINIO, KOTOPas IIOATOTOBUT CETH
¥ BBI3OBET MeTOJ feedforward AJId MOJYUYEeHUA PeaKIINM Ha 3aJJaHHBIN HabOp
ciaoB u URL:

def getresult(self,wordids,urlids):

self.setupnetwork(wordids, urlids)
return self.feedforward( )

IIpoTecTupyem oTy ceThb:
>> reload(nn)
>> mynet=nn.searchnet('nn.db")
>> mynet.getresult([wWorld,wBank], [uWorldBank, uRiver, uEarth])
[0.76,0.76,0.76]
Yucaa B MOJYyYEeHHOM CIIMCKe 0003HAYAIOT PeJIeBAHTHOCTDL MOJAaHHBIX Ha
Bxon URL. HeymuBurenrHo, uto Ay Bcex URL HelipoHHas ceTh BbIZAaeT
OIVH U TOT K€ OTBET, BeJlb OHa ellle He IIPOIILIa O0yUeHU .

OGyueHue c 0OpaTHbLIM pacnpocTpaHeHUEM

A BOT Temnephb HaUMHAIOTCS 60JIee MHTepecHbIe Berii. CeTh IPUHUMAET BXO -
HbIe CUTHAJIBI ¥ TeHePUPYET BHIXOAHbIE, HO, IIOCKOJIbKY €e He Hay4YMIu, Ka-
KO pe3yJbTaT CUUTATH XOPOIIINM, BbIIaBaeMbIe €10 OTBETHI MPAKTUYECKU
6ecmosie3nnl. Cefiuac MbI OOYUMM CETh, IPEAbABUB €l pPeaIbHbIE IPUMEDPHI
3aIIpOCOB, HAWJEHHLIX PE3YIbTATOB U JeHCTBUH II0Jb30BaTE M.

YT006BI 3TO cAeIaTh, HAM HEOOXOAUM aJTOPUTM, KOTOPHIH OyIeT NU3MEeHATh
Beca CBsA3EH MeXKIY y3JlaMU, TaK YTOOBI CETh MOHAJNA, KaK BBRITJIALUT Ipa-
BUJILHBIN OTBeT. Beca cienyer moacTpanBaTh MOCTEIEHHO, TOCKOJIBKY He-
JIb3I IIPEAII0JIaraTh, YTO OTBET, BHIOPAHHBINM OJHUM IOJIb30BATEJIEM, YCTPO-
UT U BCEX OCTATbHBIX. ONIMCaHHBIN HUKE aJITOPUTM Ha3bIBAETCS 00PAMHbLM
pacnpocmpaHeHueMm, TOCKOJIBbKY B IIpoliecce IOACTPONKY BECOB OH IIPOJABH-
raeTcs II0 CeTU B 0OPATHOM HAIIPAaBJIEHUN.
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Bo BpeMs 00yueHUs CeTH BBl B KAXKIbIM MOMEHT 3HAETE JKeJIaeMbIil BEIXOI-
HOM CHUTHAJ OT KasKJ0ro y3Jia B BEIXOJZHOM cJioe. B mTanHOM ciaydyae HEOOXO-
JUMO HOJIYYUTE 1, eCJiu MOJIL30BaTEJIb IIepellleI II0 CChLIKe, 1 0 B mpoTus-
HOM ciayuae. VI3MeHUTH BEIXOJHOM CUTIHAJ y3JIa MOMKXHO TOJBKO OLHIM CIIO-
cob0M — M3MEHUTEL CUTHAJI, IOJaHHbIN eMy Ha BXOJ.

YT00BI OIIpeneanTh, HACKOJIbKO CJeAyeT M3MEeHUTh CYMMAapPHBIA BXOIHOI
CUTHAJI, aJITOPUTM OO0yUeHUA AOJIKEH 3HATH HAKJIOH QYHKIIUY tanh IJId Te-
KYIIero ypOBHS BEIXOJHOTO CUTHAJIA. B cpenHeli TouKe rpaduKa, KOraa BhI-
xoxHou curHaia paBeH 0,0, QyHKIIUA U3MEeHAETCA OUYEHDb KPYTO, IOITOMY
HebOoJIbIIT0e N3MeHeHe BXOIHOTO CUTHAJIA IPUBOIUT K OOJIBIITOMY U3MeHe-
HUIO BBIXOAHOTO. IIo Mepe TOTo KaK YPOBEHDb BLIXOAHOTO CUTHAJA ITPUOIN-
skaercd K —1 uau K 1, uaMeHeH1e BXOJHOT'O CUTHAJIa MEHbIIIe CKa3bIBaeTC A
Ha BeIXogHOM. HaKJioH Halteit QyHKITUH IJIA JI000T0 3HAUEHU A BBIXOTHOTO
CUTHAJIa BBIUYMCJIAETCS C IIOMOIIIBIO CJAeAVIONel (DYHKIINY, KOTOPYIO HYKHO
I06aBUTH B HauaJo (aiijaa nn.py:
def dtanh(y):
return 1.0-yx*y

IIpesxme ueM 3amycKaTh METOM OOPATHOT'O PacIpoOCTpPaHEHUs, CIeqyeT BhI-
3BaTh QYHKIINIO feedforward, YTOOBI COXPAHUTH B IEPEMEHHBIX SK3eMILIAPa
TEeKYIIUHN yPOBEeHb BEIXOJHOTO CUTHAJIA OT KaMKI0T0 y3Ja. 3aTeM aJrOPUTM
00paTHOTr0 PACIIPOCTPAHEHU S BBITIOJHSIET CJIEYIONINe ITIaru.

J1st KasKa0T0 y3Jia U3 BBIXOAHOTO CJI0S HEO0XOIMMO:

1. Briumeauts Pa3HOCTb MEXAY TEKYIINM U XeJiaTe€JIbHBIM YPOBHEM BBI-
XOOHOTI'O CUTrHaJia.

2. C momomipio pyHKIUH dtanh OIpPENeNIUTh, HACKOJIBKO MOJI’KEH H3Me-
HUTBHCA CYMMapHBIN BXOZHOM CUTHAJI VIS DTOTO y3JIa.

3. HW3MeHUTH BeC KayKI0M BXOASAIEl CBA3Y IIPOIOPIIMOHAIBHO €€ TEKYIIle-
MY BeCYy M CKOPOCTH OOYUYEeHU .

I_[JIH KaXao0ro yaJjia B CKPBITOM CJIoe HeOﬁXOHI/IMOZ

1. VsmMeHUTH BEIXOZHOU CUTHAJ y3Jia HA CYMMY BEeCOB KayKI0 BBIXOLHOM
CBA3U, YMHOKEHHBIX Ha BEJINUNHY TPeOyeMOro n3MeHEeHUA BHIXOTHOTO
CUTrHaJIa KOHEYHOTO y3Jia 9TOM CBABU.

2. C moMombo QPYHKINU dtanh BEIYHUCINATh, HACKOJIbKO TOJIXKEH U3MEHUTh-
CsA CYMMAapPHBIN BXOAHOM CUI'HAJ AJISA TOTO y3JIa.

3. U3MeHUTH Bec KaKIO0I BXOAAIEH CBA3Y IPOIOPIIUOHATIBHO €€ TEKYIIle-
MY BeCy U CKOPOCTH OOyUeHMA.

IIpu peanusamuu 9TOT0O aJATOPUTMA MbI BBIUHNCJISEM BCe ITOIPAaBKU 3apamee,
a 3aTeM MOJACTpPaMBaeM Beca, IMOCKOJBKY BCe pacyeThl OCHOBBIBAIOTCSA Ha
3HAHUY TEKYINX, a He USMEHEeHHBIX BecOB. HuKe mpuBeeH Kox:

def backPropagate(self, targets, N=0.5):
#f BBYMCANTL NONpaBkK AN BLXOAHOrO CNOS
output_deltas = [0.0] = len(self.urlids)
for k in range(len(self.urlids)):
error = targets[k]-self.ao[k]
output_deltas[k] = dtanh(self.ao[k]) = error
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#f BBYMCANTL NOMNpaBku N9 CKPHTOro CHos
hidden_deltas = [0.0] = len(self.hiddenids)
for j in range(len(self.hiddenids))
error = 0.0
for k in range(len(self.urlids)):
error = error + output_deltas[k]+self.wo[]j][k]
hidden_deltas[j] = dtanh(self.ah[j]) * error

# 00HOBWTbL Beca CBA3EN MexAy y3Nnamu CKPHTOr0 W BHIXOAHOIO CHos
for j in range(len(self.hiddenids))
for k in range(len(self.urlids)):
change = output_deltas[k]xself.ah[j]
self.wo[j]1[k] = self.wo[]j][k] + Nxchange

# 0OHOBWUTb Beca CBA3EN Mexay y3NnaMmy BXOAHOTO M CKPHTOro CNos
for 1 in range(len(self.wordids))
for j in range(len(self.hiddenids))
change = hidden_deltas[j]*self.ai[i]
self.wi[i][]j] = self.wi[1][]j] + N=xchange

OcTaJyioch TOJIbKO HAIIUCATH ITPOCTOM METO, KOTOPHIH IMOATOTOBUT CETh, BhI-
30BeT aJITOPUTM feedforward ¥ 3aIlyCTUT 0OpaTHOE pacIpocTpaHeHme. JTOT
MeTOJ IPUHUMAaET B KauecTBe TapaMeTPOB CIUCKYU wordids, urlids 1 BRIOpaH-
uoiit URL:

def trainquery(self,wordids,urlids, selectedurl):
#f creHepupoBaTb CKPbITHIA y3en, ecnu HeobXoanMo
self.generatehiddennode(wordids, urlids)

self.setupnetwork(wordids, urlids)
self. feedforward( )
targets=[0.0]xlen(urlids)
targets[urlids.index(selectedurl)]=1.0
error = self.backPropagate(targets)
self.updatedatabase( )

s coxpaHeHUsA Pe3yabTaTOB MOHAJOOUTCA METO] 3anucy B 6a3y JaHHBIX
HOBBIX BECOB, KOTOPBIE XPAHATCSA B IePEeMEHHBIX 9K3eMILIAPA wi 1 wo:

def updatedatabase(self):
# 3anucaTb B 0a3y [aHHbIX
for 1 in range(len(self.wordids))
for j in range(len(self.hiddenids))
self.setstrength(self.wordids[i], self. hiddenids[j],0,self.wi[i][]i])
for j in range(len(self.hiddenids))
for k in range(len(self.urlids)):
self.setstrength(self.hiddenids[j], self.urlids[k],1,self.wo[j][k])
self.con.commit( )

Tenepb MOJKHO IIPDOTHATH HpOCTOfI TeCT, IIogaB Ha BXO/J TOT e 3aIIpoC, 4TO
1 paHblilie, 1 IIOCMOTPETh, KaK CEeTh OTpearnmpoBsajia Ha o6yquI/Ie:

>> reload(nn)

>> mynet=nn.searchnet( 'nn.db")

>> mynet.trainquery([wWorld, wBank], [uWorldBank, uRiver, uEarth], uWorldBank)
>> mynet.getresult([wWorld,wBank], [uWorldBank, uRiver, uEarth])
[0.335,0.055,0.055]
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ITocsie Toro Kak ceTh y3HaAjJa O BbIOOpE MOJIb30BAaTENSA, BBIXOAHOMN CUTHAJ
nas1 URL BecemupuOro 6aHKA YBEJIUYNIICA, & CUTHAJEI AJ1d ocTaabHbBIX URL
YMeHbBIIMINCH. YeM O60JIbIIIe TOJIb30BaTe e CIeIaloT TaKo JKe BEIOOD, TeM
3aMeTHee CTaHeT Pa3HUIlA.

MpoBepka pe3ynbTaToB 00y4YeHUs

Beiiire BbI Buen, Kak o0yueHe Ha OJHOM Pe3yJIbTATe IIOBLIIIAET YPOBEHbD
BBIXOJHOTO CUTHAJIA AJIS 9TOTO Pe3yJjabTaTa. ITO XOTs U I0JIe3HO, HO He II0-
Kas3bIBaeT, HA UTO B JIEMCTBUTEJIbHOCTH CIIOCOOHBI HEMPOHHBIE CETH, — KakK
OHU MOT'YT AeJjaTh BbIBOJAbI O BXOIHBIX TaHHBIX, KOTOPBIX HUKOTAA IIpexKae
He Buzeau. BBeauTe ciaenyole KOMaHIbLI B MTHTEPAKTUBHOM CeaHce:
>> allurls=[uWorldBank, uRiver, uEarth]
>> for i in range(30)
mynet.trainquery([wWorld,wBank],allurls, uWorldBank)
mynet.trainquery([wRiver,wBank], allurls, uRiver)
mynet.trainquery([wWorld],allurls, uEarth)

>> mynet.getresult([wWorld,wBank], allurls)
[0.861, 0.011, 0.016]

>> mynet.getresult([wRiver,wBank], allurls)
[-0.030, 0.883, 0.006]

>> mynet.getresult([wBank], allurls)
[0.865, 0.001, -0.85]

XorTs ceTh HUKOTIA PaHbIlle He Buae a 3ampoca bank, oHa BbIfaeT mpaBuIb-
HyI0 rumnoTesy. Boiee Toro, URL BecemupHoro 6anka mosydyaeT ropaszmo 60-
Jee BeIcOKUI paHr, ueM URL River, xoTa B o0y4aromnux mpuMepax CJI0BO
bank accomuurpoBasoch CoO CIOBOM river Tak ke uacTo, Kak ¢ World Bank.
CeTb He TOJNBKO NOHANA, Kakre URL ¢ KaKuMu 3ampocaMu acCOIUUPYIOT-
¢, HO 1 00yumjIach TOMY, KaKue CJIOBa Ba)KHBI B KOHKPeTHOM 3ampoce. [o-
CTHYBb HTOr0 IIyTeM IPOCTOro 3amoMuHaHuaA napbl 3anpoc—URL 6b110 651
HEBO3MOJKHO.

MopkniovyeHUe K NONCKOBOU MaLLUHEe

Meton query KJacca searcher mojaydaeT crnuckm uaeHTuduratopos URL
U UJeHTU(UKATOPOB CJIOB B IIPOIlECCe CO3MaHUsA M pacleuaTKu pes3yJbTa-
TOoB. MOXKHO 3aCTaBUTH METOJ, BO3BPAIIATh 5T PE3yJIbTaThl, JOOABUB B KO-
Hell TaKyIo cTPOKY (¢aiia searchengine.py):

return wordids, [r[1] for r in rankedscores[0:10]]

9T COUCKM MOXKHO HANPSAMYIO IIepelaTh MeTOAy trainquery M3 KJacca
searchnet.

Croco6 mosryueHUsa nHGOPMAIIUYA O TOM, KaKHe Pe3yJbTAThI 00JIbIIIe BCEro
MMOHPAaBUJUCH ITOJH30BATEIAM, 3aBUCUT OT MIPOEKTAa MPUIOKeHusi. MOKHO
BKJIIOUUTh IIPOMEKYTOUHYIO CTPAHUIy, Ha KOTOPYIO OyAeT OTIpaBJeH
MMOJIb30BATEJIS IPHU IIeJUYKe II0 J1I000# cchlike. OHa Morja ObI BEI3BAThH Me-
TOJ trainquery, a 3aTeM IIepeagpecoBaTh IIOJb30BAaTe]sI HA BHIOPDAHHBINA UM
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JOKYMEHT. AJII)TepHaTI/IBHO MOJKHO OBIJIO OBI JaThb II0JIb30OBaTeJAM BO3MOM-
HOCTB IIPOT'0OJIOCOBATH 3a PEJIEBAaHTHOCTHh Pe3yJbTaTOB IIOMCKA, 06’LHCHI/IB,
YTO 3TO IIOMOJMKET YJIIYUIIINUTH aJITOPUTM.

ITocnenuuii mar npu Co3LaHUM UCKYCCTBEHHOU HeHPOHHOI ceTu — 3TO co-
3[JaHMe B KJIacce searcher eIne OJJHOTO MeTOZa, KOTOPHII OyZeT B3BEIINBATh
pe3yabTaTbl. CoOTBEeTCTBYIONIAA PYHKIIUS MMOX0Ka Ha BCe OCTAaJIbHBIE BECO-
Bble pyHKIUU. [Ipe:kae Bcero cieayeT MMOOPTHUPOBATEL KJAacC HEeHPOHHOI
ceru B (paitix searchengine.py:

import nn

mynet=nn.searchnet( ' nn.db")

3areM m00aBbTE B KJIAcC searcher TAKOM MeTOJ:

def nnscore(self, rows,wordids):

# Mony4ynTb yHUKanbHele vaeHTuduxkaTops URL B BuAe ynopanoy4eHHOro Cnucka

urlids=[urlid for urlid in set([row[0] for row in rows])]

nnres=mynet.getresult(wordids, urlids)

scores=dict([(urlids[i],nnres[1]) for i in range(len(urlids))])

return self.normalizescores(scores)
BrurounTe ero B CIIMCOK weights ¥ MOSKCIIEPUMEHTHUPYITE ¢ 3aJaHueM pas-
HBIX BecoB. Ha mpaKTuKe ciieiyeT IIOBPEMEHUTH C IPUBJIEUEHUEM STOT'O Me-
Toa K pPeaJbHOMY PaHKMPOBAHUIO O TeX MOP, IOKA CeTh He 00yuuTCcA Ha
0O0JILIIIOM YMCJIe IIPHMEPOB.

B aT0i1 ryiaBe MBI PACCMOTPEIN IEJBIH PAX METOLUK PaspabOTKM IIOMCKO-
BBIX MAIIIWH, HO 9TO KaIlJIA B MOPE II0 CPABHEHUIO C TEM, UTO II]e BOBMOIKHO.
B ympakHeHMSX NPUBENEHBI KOe-KaKue JOIOJHUTEeNbHbIe uaen. Mbl He
yIeJsii BHUMAaHMEe BOIIPOCAM IIPOU3BOAUTEILHOCTH — JJIsl 9TOT'0 MOTPeso-
BAJIOCH OBI IIPOMHIEKCHUPOBATH MUJIJIMOHEI CTPAHUI, — HO IIOCTPOCHHAS CHUC-
TeMa JIOCTaTOYHO OBICTPO paboTaer Ha MHOKecTBe o6bemoM 100 000 crpa-
HUII, a 3TOT'0 JOCTATOYHO JJIsI HOBOCTHOTO caiiTa MM KOPIOPATUBHOM MHT-
paceru.

YnpaxHeHunsa

1. Buwidenenue cnos. Ceituac B MeTOe separatewords pasgeInTeIAMI CUNTA-
IOTCA BCEe CUMBOJILI, KpoMe OVKB 1 II(p, TO eCTh TAKMe CJI0Ba, Kak C++,
$20, Ph.D unu 617-555-1212, 6yayT MHAEKCUPOBATHCA HEIIPABUILHO.
Kak MOXHO YJIYUYIIIUTb aJITOPUTM BhIZeeHus caoB? JlocTaTouHO JIx OT-
pPaHnYNTHECA TOJBKO cuMBoJiamMu Ipobena? Hanuinure GpyHKIMIO, pea-
JIN3YIOIIYIO BAIIl AJITOPUTM.

2. Byaesckue onepayuu. MHOrUe TONCKOBBIE MAaIIWHBI MONIEPKUBAIOT
OyJIeBCKUE 3aIIPOCHI, TO €CTh JOMYCKAIOT KOHCTPYKI[nu Tuna python OR
perl. YUrob6s! peanusoBars OR-3ampoc, MOKHO BBIIOJIHUTEL 004 3ampoca
HEe3aBUCUMO, a 3aTeM O0BeIWHUTH Pe3yJbTaThl. A KaK HacueT TaKoTro
sampoca: python AND (program OR code)? Mogupumnupyiite MeTOmbI
BBIIIOJTHEHHN A 3aIIpoca Tak, YyTOOBLI OHU IIoAAe P BaJII OCHOBHBIE 6yneB-
CKUe OIepaIuu.
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Tounoe coomsemcmaue. MHOTHTE IIONCKOBbIE MAIIIMHEI IOAAePIKUBAIOT
3aIIpOChl HA «TOYHOE COOTBETCTBUE», KOTIA CTPAHHUIIA CUUTAETCA YI0B-
JIETBOPSIOIIEH 3a1IPOCY, €CJU NCKOMbIE CJIOBA CJIeAYIOT TOUHO B YKA3aH-
HOM IIOpAAKe 6e3 IPOMEKYTOUHBIX CJOB. HamuIimmurTe HOBYIO BEPCHUIO
GYHKIINH getrows, KOTOPAas BO3BPAIIAET JIUIIhL Pe3yIbTaThl, ABIIIONINe-
cda TouHbIM cooTBeTcTBUEeM. (IIogcKkaska: MOKHO BOCIIOJIB30BATHCA OIIe-
parueii BeIUUTaHUSA B SQL, UYTOOBI HAWTH Pa3sHOCTH MEKIY agpecaMu
BXOXKIEHUM CJIOB.)

ITouck ¢ yuemom 0nunbvL Ookymenma. IHOTja PesIeBAHTHOCTD CTPAHU-
IIbI B KOHKPETHOM IIPUJI0KEHUN WU AJs KOHKPETHOTO IT0JIb30BaTe/sd
3aBUCHUT OT ee MInHBI. [[01b30BaTEJII0 MOKET OBITH MHTEPECHA 00beM-
HasdA CTaThs IO CJOKHOMY IIpPeIMeTy WM KpaTKasd CIpaBKa o paboTe
C KaKo#-To KoMaHgHOU yTuauToii. Hanummure BecoByo (OYHKIINIO, KO-
TOpas OTHaeT MPeAIoUTeHHe IJIUHHBLIM UJIN KOPOTKHM TOKYMEHTaM
B 3aBUCUMOCTHU OT YKa3aHHBIX TapaMeTpPOB.

Yuem uacmomut ca08. MeTpuka «KOJHMUYECTBO CJIOB» OTAAET IIPEAIIOU-
TeHUue JJINHHBIM JOKYMEHTaM, IIOCKOJbLKY OHU COAeP KaT 00JIbIIIe CJI0B
U, CJIeOBATEJNbHO, MCKOMBIX CJIOB TOXKE BCTPETUTCSI MHOro. HamuIirure
HOBYIO METPHUKY, KOTOPas BBIUUCJISIET YACTOTY BXOXKAEHU, TO €CTh JI0-
JII0 MICKOMBIX CJIOB OTHOCHUTEJIbHO OOIIero nxX YmncJja.

ITouck 60 6HeuwlHux ccolikax. Bel MOXKeTe PaHKUPOBATL Pe3yIbTaThl
II0 TEKCTY BHEIITHUX CCBILJIOK, HO, IIT061:;I AOKYMEHT BOIIIE€JI BO MHOMECT-
BO pPe3yJbTaTOB, HA CTPaHHUIIE OOJIMKHBI IIPHUCYTCTBOBATBH IIONMCKOBEIE
ciaoBa. OmHako mHOTMA HauboJee pejieBaHTHBLIE CTPAHUIILI BOOOIE He
COZlep:KaT IMOVCKOBHIX CJIOB B TEKCTE, 3aTO CYIIECTBYET MHOXKECTBO Be-
AYVIIINX Ha HUX CCBLJIIOK, B TEKCTE€ KOTOPBIX €CTh IIOMCKOBbIE CJIOBA. Tax
yacTo OBIBAET CO CChLIKaMHU Ha m3obpakeHua. Mogudunupyiite mpo-
rpaMMy IIOMCKA TaK, YTOOBLI OHA BKJIIOUAJIA B COCTAB Pe3yJIbLTAaTOB CTPA-
HUIIBI, HA KOTOPbIE€ BeAYT CCHLIKU, COAepsKallie KaKue-TO IIONCKOBBIe
cjoBa.

Pasnuynvie pexcumot 00yuenus. Ilpu obyueHUn HEHPOHHOM CETU MBI 3a-
ITaeM B KauecTBe YPOBHS BeIxomuoro curuasa 0 gia rex URL, Ha KoTto-
pule ToJab30BaTeN b He mepexonaui, u 1 aasa URL, Ha KOTOpEIii OH IIepe-
mres. MsmeHuTe 00ydaroIyo (pyHKIIUIO, TaK YTOOBI OHAa MoTJia pabo-
TaTh B IPUJIOKEHNHN, T'Je II0Jb30BaTeII0 PaspelleH0 BLICTABIATL pe-
3yJIbTATAM IIOMCKA OIleHKH OT 1 10 5.

JlononnumenvHvie yposru. Ceiiuac B HeIPOHHOM CETU €CTh TOJBKO OAUH
CKPBITHIN YPOBeHb. VI3MeHUTE KJIacC TaK, YTOOBI OH IOJEPIKUBAJ IIPO-
M3BOJIBHOE YNCJIO YPOBHEI, 3a/]laBaeMOe Ha Talle NHUIVATIN3aIUu.



OonTuMmunsauyusa

B 57011 r1aBe MBI PACCMOTPUM, KaK pPeIllaTh 3aJaui CO MHOMKECTBOM yUacT-
HUKOB, IPUMEHASI TeXHUKY cmoxacmuieckoii onmumusayuu. O0bIYHO Me-
TOJbI OITUMUBAINY UCIIOJb3YIOTCS IJIA 3a4a4, MMEIOIINX MHOMKECTBO BO3-
MOKHBIX PellleHnT, KOTOPhIe 3aBUCAT OT MHOTHX IIePeMEeHHBIX, 4 Pe3yJIbTaT
CYIIIECTBEHHO 3aBHUCHUT OT COUETAHUS ITUX MIEPEMEHHBIX. ¥ METOAOB OITH-
MHUBaIuU BeChMa ITNPOKasd 001aCTh IPUMEHEHUA: B (h13UKe OHU UCIOIb3Y-
IOTCA 1A U3YUEHUA MOJIEKYJISIPHOM TUHAMUKY, B OMOJIOTUY — AJIS IIPOTHO-
3UpoBaHUsA OEJKOBBIX CTPYKTYD, a B MHMOPMATHUKE — IJS ONPeIesIeHUA
BpeMeHu paboThl aaroputMa B xyamieMm caydae. B HACA meTons! onmTuMu-
3aIUy TPUMEHAIOT JasKe M MPOeKTUPOBAHUA aHTEHH C HAWJIYYIINMU
SKCILIyaTAaIlMOHHBLIMU XapaKTePUCTUKAMU. BBITJIAAAT OHM TaK, KaK HU
OIVH YeJIOBEK He MOT ObI BOOODPa3UTh.

IIo cymiecTBy, ONTUMU3AIMA CBOJUTCSA K IOMCKY HAUJIYYIIIETO PEIIeHn A 3a-
Jayy IyTeM anpoOUPOBAHUSA PA3JIUYHBIX PEIIIeHUN U CDAaBHEHUA UX MEXKIY
€000 1A oneHKU KauecTBa. OOBIYHO ONTHUMUBAIMSA IPUMEHSIETCA B TeX
cayJasax, KOTJa UMCJIO PeIlleHnil CIUIIKOM BeJINKO 1 IepedpaTh UX Bce He-
BO3MOXKHO. IIpocTeiiniuii, HO 1 caMblii Hea()(EeKTUBHBII CII0CO0 IOMCKA pe-
ITIeHnA — IIOIPO00BaTh HECKOJIbKO THICAY CJYUYANHBIX TUIIOTE3 U 0OTOOPATH
W3 HUX HAWJYUIIyio. B aToii ritaBe MBI paccMOTpuM 6GoJiee 9pHeKTUBHBIE
METO/JbI, KOTOPBIE MIBITAIOTCA YIYUIIIUTH UMEIOIeecAd PelIeHre TyTeM ero
IeJIeHAIIPaBJIeHHON MOIU(PUKAINN .

Hariir mepBbIii IpuMep OTHOCUTCA K ILJIAHUPOBAHUIO IPYIIIIOBLIX IIyTEIIIeCT-
Buii. Beakuii, KTO MbITAJCS MJIAHUPOBATH IMOE3AKY I'PYIIIILI JIIOJel 1IN Aa-
sKe OJHOTO YeJIOBeKa, IIOHMMAaeT, UYTO HYKHO YUYUTHIBATH MHOMKECTBO HC-
XOAHBIX HAHHBIX, HAIPUMEP: KAKUM PeficoM AOJIMKEeH JeTeTh KaKIbIH ue-
JIOBEK, CKOJIbKO HYKHO apeHI0BaTh MAIIINH 1 OT KAKOT'0 a9poIiopTa yaobHee
Bcero gobuparhesda. Taxkoke cieayerT MPUHATH BO BHUMAHNE PAJ BHIXOTHBIX



112

naBa 5. OnTnMmmsaums

IepeMeHHBIX: MOJHAas CTOMMOCTh, BpeMs OKHUAAHUS B aspolopTax U He-
MIPOU3BOJUTEIHLHO ITOTPaYeHHOEe BpeMs. II0CKOJIBKY He CYIIeCTBYeT IIpocC-
TON (POPMYJIBI, C IIOMOIIBIO KOTOPOM BLIXOAHBIE IIEPEMEHHBIE MOMKHO OBLIO
OBbI BBIYNCJIUTD II0 UCXOAHBIM JAHHBIM, TO IIOMCK HAWIYYIIIETO PEIIeHNIs eC-
TECTBEHHO OKas3bIBaeTCcHd 3ajjaueil Ha ONTUMU3AIUIO.

Hamee B 9Toi ryiaBe MBI ITPOAEMOHCTPUPYEM T'MOKOCTH ONTUMUB3AIIUU Ha
IIpuMepe JBYX COBEPIIEHHO Pa3HBIX 3aJau: KaK PaclIpeae/IuTh OrPpaHnyYeH-
HBbIE€ PECYPCHI C YUETOM IIPEAIIOUTeHHU JIIoell 1 KaK BU3yaJIU3UPOBATh CO-
IIAAJIBHYIO CeTh C MUHMMAJIbHBIM YHCJIOM Iepeceuennii. K KOHITY rJIaBbI BbI
CMOKeTe cCaMU Pacllo3HAaBaTh 3aJaul, KOTOPbIE MOXKHO PEIIUTh METOAaMU
ONITUMMU3AIUN.

pynnosble nyTeLwuecTBUs

IInanvpoBaHue IyTelleCTBUA IPYIIILI JIoeil (B JaHHOM IIpuMepe ceMelic-
TBa ['J1accoB), KOTOpPBIE, OTIPABIAAACH U3 PA3HBIX MECT, JOJKHBI IPUOBITH
B OJTHO U TO K€ MEeCTO, BCET/ja BEIBHLIBAJIO CJI0KHOCTU U IIPEACTABIAET COO0H
UHTEePeCHYI0 OINTUMUBAIIMOHHYIO 3axauy. Iyia Hauvasa cosdfaiiTe HOBBIM
¢haiin optimization.py u BcTaBbTe B Her'o TaKOM KOJ:

import time

import random

import math

people = [('Seymour’, "'BOS"),
"Franny’, "'DAL"),
"Zooey ', 'CAK"),
"Walt', "MIA"),
"Buddy ", "ORD"),
"Les’, 'OMA")]

A~~~ o~ ~

# MecTo mHasHadenns — asponopT fNla apava B Hbio-lMopke

destination="LGA"
YiieHBI CEMBbH *KUBYT B PA3HBIX KOHIIAX CTPAHBI ¥ XOTAT BCTPEeTUTHCA B HbI0-
Mopxe. Bce oHE DOMKHBI BBLIETETh B OAUH [eHb U B OJUH JEHb VJIETETh
¥ IIPU 3TOM B IeJIAX 9KOHOMUHU XOTeJIU ObI yeXaTh U3 a9POIopPTa 1 IIpueXaTh
B HETO Ha OJHOU apeHAOBaHHOU MaInHe. E:xxeiHeBHO B Hbm-ropR u3 MECT
MPOKUBAHUSA JIO00OTO UJieHA CeMbM OTIIPABJSIOTCA JEeCATKU peiicoB, Bce
B pasHoe BpeMs. IleHa 6uyiera u BpeMs B IIyTH AJIA KaKJI0T0 peiica pasHbIe.

IIpumep (aiisa ¢ TaHHBIMU O pelicax MOYKHO CKauaTh CO CTPAHUILI http://
kiwitobes.com/optimize/schedule.txt.

st Kasxxmoro peiica B (paiiyie uepes 3alATYIO YKA3aHEL a9POIOPT OTIIPABJIE-
HUA, adPOIIOPT HadHAUYEHU A, BpEeMdA OTIIPaBJI€HUA, BpEeMdA HpI/I6bITI/IH " I1eHa
omera:

LGA, MIA, 20:27,23:42,169

MIA, LGA,19:53,22:21,173

LGA, BOS,6:39,8:09, 86
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BOS, LGA,6:17,8:26, 89
LGA, B0S, 8:23,10:28, 149
3arpysuM 9T AAaHHBIE B CJIOBaPh, AJA KOTOPOTO KJIIOUOM OyAeT aspoImopT
OTIIPABJIEHUA U adPOIIOPT Ha3HAUEHUs, a 3HAUEeHUEM — CIIUCOK, COAepsKa-
ITUHA JeTaabHYI0 mHPOpMAIInIo o peiicax. [lobaBbTe caeayonui Ko B haiia
optimization.py:
flights={}
#
for line in file( schedule.txt"):
origin,dest,depart,arrive, price=line.strip( ).split(",")
flights.setdefault((origin,dest),[])

# [o6aBWTb MHHOPMALMID O BO3MOXHOM pEice B CMUCOK
flights[(origin, dest)].append((depart,arrive,int(price)))
Ceiiuac OyIeT IoJIe3HO HATIHCATh CAY:KeOHYI0 PYHKIIUIO getninutes, KoTopas
BBIUMCJISIET CMeIeHre JaHHOT0 MOMEHTAa BpeMeH ! OT HadyaJjia CyTOK B MUHY-
tax. Tak HaMm OyaeT ynoO0Hee BbIUNCISATh BPeMs B IIYTH U BpeMs OXKUIaAHMUA.
Ho6aBbTe 9Ty QyHKIIUIO B Paiia optimization.py:
def getminutes(t):
x=time.strptime(t, "%H:%M")
return x[3]«60+x[4]
3azaua COCTOUT B TOM, UTOOBI PEIIINThH, KAKIM PECOM JOJIKeH JeTeTh KaK-
OB ujeH ceMbu. Pasymeercs, cieiyeT MUHMMHU3UPOBATH OOIIYIO CTOM-
MOCTb, HO €CTh M MHOTO APYruX ()akKTOPOB, KOTOPbhIE CJEAyeT YUNUTHIBATD
IIPU IOMCKEe ONTUMAJHLHOTO PEIlleHNsI, HaIpuMep o0llee BpeMs OKUTAHUA
B a9POIIOPTY WJIHM 00IIlee BpeMs B IIyTH. OTHU (paKTOPHI MBI HOAPOOHEE 00CY-
IUM UyTh II03Ke.

MNpepcrtaBneHne pewweHnn

I momo0HBIX 3a/1aU HEOOXOAMMO OIIPEIeIUThCA CO CIIOCOO0OM IpecTaBIe-
HUS TOTEHIINAJIBHEIX pelleHni. @YHKINN ONTUMA3AINN, C KOTOPBIMHU BhI
BCKOpE 03HAKOMUTECH, JOCTATOUHO OOII[Me 1 IPUMEHNMEL K Pa3JINYHBIM 3a-
Jauam, II09TOMY TaK BayKHO BLIOPATH IIPOCTOE IIpeACTaBIeHe, KOTOPOe He
ObLIO OB MPUMBA3AHO K KOHKPETHOU 3aJaude O IPYHIIOBOM IIYTEIIECTBUU.
OueHb YaCTO IJISI TOM I1eJIM BRIOMPAIOT CONCOK unces. Kaxmoe umcso 0603-
HayaeT peiic, KOTOPBIM PEII JeTeTh YUYACTHUK IPYInbl, mpuueMm 0 — aTo
TIEPBHI pelic B TeueHue CYTOK, 1 — BTOpoii 1 T. A. Tak Kak KaK bl YeJIOBEK
IOJIJKeH JIeTeTh Tyla u o6paTHO, TO AJIMHA CIIMCKA B IBa pasa 60JIbITe KOJIu-
YyecTBa JIIOJEN.

Hampumep, B pellleHuN, IPeACTABICHHOM CIIMCKOM
[1,4,3,2,7,3,6,3,2,4,5,3]
Ceiimyp (Seymour) geTuT BTOpPBIM peiicoM us Bocrona B Heio-Mopk u ma-

TeIM peiicom u3 Hrio-Mopka B BocroH, a @psrnu (Franny) — ueTBepTHIM
peiicom u3 Jannaca B Hbeio-Vlopk u TpeTbuM peiicoM 00paTHO.
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ITocKOJIBKY MHTEPIPETHPOBATDH PeIlleHne, nMes Iepel co00il JINIIEL CINCOK
yuces, TPYAHO, HAM MMOHALOOUTCA (PYHKIIMA, KOTOpasd medyaTaeT BbIOpaH-
HBIEe Peiichl B BUJE KPacuBO oTopMaTupoBaHHOI Tabauikl. [[o6aBbTe ee
B (paiiyn optimization.py:
def printschedule(r):
for d in range(len(r)/2):
name=people[d][0]
origin=people[d][1]
out=flights[(origin,destination)][r[d]]
ret=flights[(destination,origin)][r[d+1]]
print "%10s%10s %5s-%5s $%3s %5s-%5s $%3s’ % (name,origin,
out[0],out[1],out[2],
ret[0], ret[1], ret[2])
B ka0t cTpoKe 9Ta PYHKIIUA IIeUaTaeT UM YeJOBeKa, aspoIIopT HasHa-
YeHUs, BpEMA BLLIETa, BpeMs IIpuJjeTa U IeHbl Ha OMJIeTHI TyIa u 00paTHO.
IIporecTupyiiTe ee B M”HTEPAaKTUBHOM ceaHce:
>>> import optimization
>>> s=[1,4,3,2,7,3,6,3,2,4,5,3]
>>> optimization.printschedule(s)
Seymour Boston 12:34-15:02 $109 12:08-14:05 $142
Franny Dallas 12:19-15:25 $342 9:49-13:51 $229

Zooey Akron 9:15-12:14 $247 15:50-18:45 $243
Walt Miami 15:34-18:11 $326 14:08-16:09 $232
Buddy Chicago 14:22-16:32 $126 15:04-17:23 $189
Les Omaha 15:03-16:42 $135 6:19- 8:13 $239

Haxxe ecoiu He oOpaIraTh BHUMaHUSA Ha IIeHBbI, B TAKOM PACINCAHUU €CTh
pAI HEYBA3OK. B YacTHOCTHM, pa3 BCe WJIEHBI CEMbU XOTAT yeXaTh U3 as3po-
II0pTa U IIpUexXaTb B HEro BMeCTe, TO BCE€ OHU OOJIKHBI HpHﬁBITB K 6 gacaM
yTpa, Koraa oTapasiserca petic Jleca (Les), XO0TsT HEKOTOpPbIe CMOTYT yJe-
TeThb TOJIBKO B 4 qaca gHd. LIT06I>I HAWTH ONITUMAaJIbHOE pelnienmne, mporpaM-
Ma OOJIJKHA B3BECUTH CBOICTBA Pa3InNYHBIX pacnncaHI/Ifx'I 1 PpEelInTh, KaxKoe
13 HUX HauJIyUYIlIee.

LleneBas pyHKLUMSA

Kurouom K pelreHuio J1060# 3aqauy ONTUMU3AINY ABJIAETCA Uesesas PyYH-
KUuUs, U IMEHHO ee OOBIUHO TPYHEe BCero OThICKaTh. I]eb omTuMusanumon-
HOT'0 aJITOPUTMAa COCTOUT B TOM, YTOOBI HAMTH TaKO# HAaOOP BXOAHBIX Iepe-
MEHHBIX — B JaHHOM cJIyuae pelicOB, — KOTOPBI MUHUMU3UPYET IeJIEBYIO
dyukmnuio. IlosTomy 1eneBasd (YHKIUA OOJ:KHA BO3BpaIllaTh 3HauYeHUeE,
MIOKa3bIBAIOINee, HACKOJLKO JaHHOE PellleHre HeyAoBJIeTBopuTeabHO. He
CYII[eCTBYET HUKAKOTI'0 OIIPEe/IeJIEHHOT0 MacITaba HeydosiemaopumenbHoc-
mu; TpedyeTcs JIUIh, YTOOBI BO3BpaIiaeMoe 3HaueHne ObLIO TeM OOJIbIle,
yeM XyiKe pellleHue.

YacTo, KoTa mepeMeHHbIX MHOTO, ObIBaeT TPYAHO chOPMYIUPOBATL KPU-
Tepuii, XOpolliee IOJYUNIOCH PEIIeHe WK IJI0X0e. PaccMOTpUM HECKOJIB-
KO mapaMeTpOB, KOTOPbIe MOKHO M3MEPUTH B IIPUMEPE C I'PYIIIOBLIM IIyTe-
IIECTBUEM:
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I[ena

ITorHaa cTromMOCTh BCceX OMJIETOB WJIM, BOBMOXKHO, CpefHee 3HAUYEHUE,
B3BeIlleHHOe C y4eToM (hpMHAHCOBBIX BO3MOYKHOCTE.

Bpems 6 nymu
CyMMapHOe BpeMsi, IPOBEIEHHOE BCEMU UJeHaMU CEMbU B IIOJIETE.
Bpemus oxcudanus

Bpewmsa, mpoBesieHHOE B a9POIIOPTY B OKUAAHUY MTPUOBITUSI OCTAJIBHBIX
YJIEHOB I'PYIIIbI.

Bpems evtiema

Ecnu camousieT BBLIETAET PaHoO yTPOM, 3TO MOMKET yBeJIMUYnBaTh O6IHyIO
CTOMMOCTB 13-3a TOI'O, UYTO ITyTEIIIECTBEHHNUKY HE BBICIIATCHA.

Bpems apendovl asmomoodueil

Ecau rpynna apeuayeTr MaIlliHy, TO BEPHYTH €€ cJIeayeT A0 TOTo Jaca,
Korjga oHa Oblja apeHJOBaHA, MHaue MPUAETCA ILJIATUTH 34 JUIIHUI
IeHb.

He Tak y»K TPYAHO IIPeACTaBUTL cebe JOTIOMHUTEIbHBIEe (PAaKTOPhI, KOTOPBIE
MOTYT CAeJIaTh IIyTeIlecTBUe 0ojiee WIW MeHee MPUATHBIM. BeAKuil pas,
CTAJIKMBAsACh C 3ajlaueil OTHICKAHUS ONTUMAJBHOTO DPEIeHUS CJIOXKHOU
mpo0JieMbl, MPUXOAUTCA OMPEAENATh, KaKue (GaKTOphl BAXKHBI. ITO TPYI-
HO, HO, ClleJIaB BbIOOD, BBl MOJKeTe IPUMEHUTDb U3JI0KEeHHbIE B 3TOU IJIaBe
AJITOPUTMBI ONTUMHUBAIINY IOYTHU K JF0001 3a/1aUe ¢ MUHUMAJIbHBIMU U3Me-
HEeHUSIMU.

OnpeneuBINUCH C TEM, KaKue IepeMeHHbIe BIUAIOT HA CTOUMOCTD, HYJKHO
PeunTh, KaK M3 HUX COCTABUTH OJHO Umcjao. B HaI1leMm caydae MOKHO, Ha-
IpuMep, BLIPA3UTh B AeHbraX BPeMs B IYTU UJIN BPEMS OKUIAHUA B a9PO-
nopry. CKaskeM, KakJasa MUHYTA B Bo3yXe skBuBasenTHa $1 (maave roso-
P, MOYKHO IOTpaTUTh auinane $90 Ha IpAMOI pelic, SKOHOMAIUH IOJITO-
pa 4aca), a KaXKJaAa MUHYTA OKUIAHUA B a3pOoropTy sKeuBasentHa $0,50.
Mo:xkHO OBLJIO OBI TaKKe IPUILIIOCOBATh CTOMMOCTE JIUIITHETO THA apeHIbI
MAIIIMHEBI, €CJIN JJI BCEX MMEET CMBICJ BEPHYTHCA B a3POIOPT K 6ojee mos-
JHEMY Jacy.
OmnpenenenHas HuKe GYHKIUA getcost MPUHUMAET BO BHUMAaHUE IMIOJHYIO
CTOMMOCTH IT0E3IKU U 0011iee BpeMsA OKUAAaHUSA B a9POIIOPTY BCEMU UJIeHAMU
cembu. Kpome Toro, ona gobasiser mrpad $50, eciu MmamnHa BoO3BpallieHa
B Oojiee mo3mHUI uac, yeM apeHgoBaHa. [[o6aBbTe aTy (QyHKIUIO B haiia
optimization.py u, ecaiu XxoTuTe, BKJIIOUNTE B Hee NOIOJHUTEIbHbIE (haKTo-
PBI WJIN U3MEHUTE COOTHOIIIEHWE MEXKY BpeMEHEM U IeHbIaMMU.
def schedulecost(sol)

totalprice=0

latestarrival=0

earliestdep=24+60

for d in range(len(sol)/2):
# NonyynTb cnucok npubbiBanumx W ybbiBaUMX PENCOB
origin=people[d][1]
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outbound=flights[(origin,destination)][int(sol[d])]
returnf=flights[(destination,origin)][int(sol[d+1])]

# lonHas ueHa paBHa CymMe UeH Ha OuneT Tyna u 0bpaTHO
totalprice+=outbound[2]
totalprice+=returnf[2]

# Haxogum cambli NO3AHWIA NPWIET W CaMbll PaHHWI BblNeT

if latestarrival<getminutes(outbound[1])
latestarrival=getminutes(outbound[1])

if earliestdep>getminutes(returnf[0]): earliestdep=getminutes(returnf[0])

# Bce monxHb xmaTb B adponopTy npubbTWUS MOCNEAHEro y4acTHWKa Fpynmbl.
# 06paTHO BCE MpUOLIBAIT OAHOBPEMEHHO 1 [O/XHb XAATb CBOM PEMCH.
totalwait=0
for d in range(len(sol)/2):
origin=people[d][1]
outbound=flights[(origin,destination)][int(sol[d])]
returnf=flights[(destination,origin)][int(sol[d+1])]
totalwait+=latestarrival-getminutes(outbound[1])
totalwait+=getminutes(returnf[0])-earliestdep

# [lna aToro peweHus TpebyeTcsa onnavuBaTb AOMNOMHUTENbHHA AEHb apeH[s?
# Ecnn pa, oTo obomgerca B nunuHne $50!
if latestarrival>earliestdep: totalprice+=50

return totalprice+totalwait

Jloruka 5TO#l (PYHKIIMU OYEHb IIPOCTA, HO CYTh BOIIPOCA OHA OTPaKaerT.
VayumuTh ee MOXKHO HECKOJbKUMHE cmocobamu. Tak, B TeKyIeil Bepcuu
MIPEeJIoJIaraeTcs, 4TO BCe UJIEeHbl CEMbU Ye3:KaloT M3 aspoIlopTa BMECTe,
Kora mpuObIBaeT CaMblii IOCJEeAHUH, a BO3BPAIIAIOTCA B a3POIOPT K MO-
MEHTY BBLI€Ta CaMOT0 PaHHero peiica. MOKHO MOCTYIUTh IO-APYTOMY: €C-
JIV YeJIOBEKY IPUXOAUTCA *KIATh ABa Yaca WJIU JOJIbIIEe, TO OH apeHIyeT
OTHEeJbHYIO MAIlIMHY, a IIeHbl U BpeMsd OXKULaHUA COOTBETCTBEHHO KOPPEK-
TUPYIOTCS.

IIporecTupyiiTe 3Ty (PYyHKIIUIO B MHTEPAKTUBHOM CEaHCE:
>>> reload(optimization)

>>> optimization.schedulecost(s)
5285

ITocye Toro Kaxk 1eJsieBasg GYHKIIUA ONpeLeIeHa, MbI JOJYKHBI MUHUMU3H-
PoBAaTh ee, BEIOPaB IMOAXOAAINNE 3HAUEHN S BXOAHBIX ITepeMeHHbIX. Teope-
THYECKM MOJKHO MCIPOOOBATH BCE BO3MOKHBIE KOMOWHAIIUH, HO B 3TOM
npuMepe ecTh 16 peiicoB U M KaKAOTr0 MMeeTCs AeBATh BApUAHTOB, UTO
B uTore mgaet 916 (oxoso 300 munmmapmoB) komOuuamuii. [IpoBepuB ux Bee,
MBI TapaHTHUPOBAaHHO HaﬁﬂeM OIITUMAaJIBHOE PeEIlleHre, HO Ha OOJILIIIVHCTBE
KOMITBIOTEPOB HAa 9TOM YHIAET CAUIIKOM MHOTO BPEMEHM.
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Cny4anmHbIn NOUCK

Cayuaiinolil nouck — He cCaMbIil JTyUIINY MeTO/ OITUMUBAIINY, HO OH II03BO-
JIUT HAM SICHO IOHATH, Uero IBbITAIOTCA JOCTUUDL BCe aJITOPUTMBI, a TaKKe
TIOCJIY?KUT STAJIOHOM, C KOTOPHIM MOXKHO OyZieT CpaBHUBATH JPYTHE aJro-
PUTMBI.

CoorBercTByoasa GQYHKIINA IPUHUMAaeET JBa mapaMeTrpa. Domain — 9TO CIIU-
COK I1ap, ONPeIeIsSIOIINX MUHAMAIbHOE I MAKCUMAJIbHOE 3HAYEHUS KaK-
ol mepeMeHHOI. [[JImHA pellleHrA COBOAAAET C JIMHOM 3TOT0 ciucKa. B Ha-
IIeM IpuMepe IJis KaKIoTOo Uej0BeKa MMeeTcs AeBATHh PeiicoB Tyla u je-
BATH 00pPaTHO, ITO3TOMY domain cocTouT ua napsl (0,8), TIOBTOPEHHOM ABAMKIBI
UL KasKA0TO YeJIoBeKa.

Bropoit mapameTp, costf, —aTO0 IesieBas QyHKIINA; B HAIIIEM IPUMEPE B 9TOM
KauecTBe MCIOJb3yeTcs schedulecost. OHa mepemaeTca B BUAe mapaMmeTpa,
YTOOBI AJITOPUTM MOKHO OBLIIO MCIIOJIH30BaTh IIOBTOPHO U AJIA IPYTUX 3a1ad
ONITHUMU3ANNU. AJITOPUTM CIydaHBIM o6pasom reaepupyet 1000 rumores
¥ IJIs KayKJ oM BhI3bIBaeT (hyHKIMIO costf. BosBpamlaerca Hanay4Inasa ru-
moTesa (¢ MUHUMAJbHOUN cTOoMMOCThI0). [lo6aBbTe B haiin optimization.py
cJIeAYIOIyI0 QYHKIIUIO:
def randomoptimize(domain, costf)
best=999999999
bestr=None
for i in range(1000):
# BubpaTb cnydaiiHoe peueHue
r=[random. randint(domain[1i][0], domain[1][1])
for i in range(len(domain))]
# Bb4MCNUTE €ro CTOUMOCTb
cost=costf(r)

# CpaBHWTb CO CTOMMOCTbI0 HaMNy4yWero HaWgeHHOro K 9TOMY MOMEHTY peweHus
if cost<best:

best=cost
bestr=r
return r

Pasymeercs, 1000 rumoTres — oueHb MaJjas SOJIS OT OOIIIEro Umcjia BO3MOK-
HocTeli. OLHAKO B 3TOM IIPUMepe XOPOIIUX (ecju He ONTUMAJIBHBIX) pelle-
HUI MHOTO, II03TOMY, C/IeJIaB THICAYY MOIBITOK, €CTh IITaHC HATKHYTHCA Ha
yTO-HUOYAB IpuemieMoe. 3anycTure GyHKIIUIO B MHTEPAKTUBHOM ceaHce:

>>> reload(optimization)

>>> domain=[(0, 8)]*(len(optimization.people)*2)

>>> s=optimization. randomoptimize(domain, optimization.schedulecost)
>>> optimization.schedulecost(s)

3328

>>> optimization.printschedule(s)

Seymour Boston 12:34-15:02 $109 12:08-14:05 $142

Franny Dallas 12:19-15:25 $342 9:49-13:51 $229
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Zooey Akron 9:15-12:14 $247 15:50-18:45 $243

Walt Miami 15:34-18:11 $326 14:08-16:09 $232

Buddy Chicago 14:22-16:32 $126 15:04-17:23 $189

Les Omaha 15:03-16:42 $135 6:19-8:13 $239
Bnaromapd sjeMeHTY CIy4aiHOCTHM BAIlld PE3YJbTATHI OYAYT OTJINYATHCA
OT TIpeJICTaBJIEHHBLIX BhIllle. HailileHHOe pellleHNne He CIUIIKOM XOPOIIee,
noromMy uTo 3yu (Zooey) MpuUAeTcA KIATh B a9POIOPTY IIECTh YaCOB, IIOKA
He npuiaetut Yot (Walt), Ho moriio ObITh ropasmo xy2ke. Ilonpo0dyiiTe BoI-
IIOJTHUTBD 3TY (PYHKIIUIO HECKOJBKO Pa3 ¥ IOCMOTPUTE, CUJIBHO JIU OyZeT Me-
HATHCS CTOUMOCTB. A MOKeTe yBeJInUUTh uncjao urepamuii 5o 10 000 u mo-
JIIO0OIIBITCTBOBATD, YAACTCS JIU YAYUIIUTD PE3YIbTAThl TAKUM CIIOCOO0OM.

Aﬂl'Opl/ITM CnycCKa Ccropbl

CrayuaiiHoe ampoOupoBaHUe pellleHuil oueHb Heda(p(PeKTHBHO, IIOTOMY UTO
mpeHeOperaeT BHITOJaMU, KOTOPbIe MOMKHO IIOJYUYUTD OT aHAIN3a yiKe Hal-
JEeHHBIX XOPOIUX perleHuii. B HallleM mpuMepe MOKHO IPEAIOJIOMKUTE,
YTO paclrcaHue ¢ HU3KOM MOJHON CTOMMOCTBHIO OXO0MKe Ha JPYyTUe PacIu-
CaHUS ¢ HU3KOM cTouMocThbio. Ho aaropuTm ciayuaiiHoii onTuMusanuu oec-
TMMOPAZOYHO IPBLITAeT ¢ MeCTa Ha MEeCTO M He IILITAeTCSI aBTOMAaTHUYeCKH IPO-
CMOTPETh IIOX0KKe PACIINCAHUA, YTOOBI HAWTHU CpeIu HUX XOPOIIIne.

ANbTepHATUBHBLIM METOJ CJIYyYalHOTO TOMCKA HAa3bIBAETCA AJIZOPUMMOM
cnycka c zopwt (hill climbing). O HauMHAET CO CAYUYAITHOTO PEIIIEHU U UII[eT
Jy4Iliie peleHus (C MEHBIITUM 3HAYEHUEM I1eJIeBOM (GhYHKIIMU) IO COCe/C-
TBy. MOYKHO ITPOBECTH aHAJIOTHUIO CO CIIYCKOM ¢ rophl (puc. 5.1), orcioga
¥ Ha3BaHUeE.

IIpencraBbTe, UTO YEJIOBEUEK Ha PUCYHKE — 3TO BHI U OKA3aJICh B 9TOM MEC-
Te IO BOJIe caydasi. Bel xoTuTe 1o6paThCA O caMOii HU3KOM TOUKM, UTOOBI
HauTH BOLOYy. I[.TIH 9TOI'0 Bbl, HABEPHOE, OCMOTPUTECH U HaAIIpaBUTECh Tyaa,
Tle CKJIOH caMbIii KpyToii. M OymeTe ABUTaThCSA B HAIPaBJICHUU HAMOOJb-
el KPyTUSHLI, TOKA He AOHAeTe M0 TOUKH, T/le MECTHOCTH CTAHOBUTCS POB-
HOHU MJIM HAUNHAETCI IIOO4bEM.

IIpuMeHMM STOT MOAXOM K PEIIeHUIO 3aJaui 00 OTHICKAHUU HAUJIYUIIIETO
pacnucanusa nyTelecTBuA AJiA cemeiictBa I'taccoB. Haunem co cayuaiitno

m
MeHbLuas

CTOMMOCTb

iy
./ BbosnbLuas

CTOMMOCTb

Puc. 5.1. Ilouck MUHUMYMA CIOUMOCTMU HA 20De
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BBIOPAHHOT'O PACIIUCAHUS U IIPOCMOTPUM BCE PACIIMCAHUSA B €r0 OKPECTHOC-
T. B 1aHHOM ciiydyae 9TO 03HAUaeT IPOCMOTD TaKUX PAaCIMCaHUU, N KO-
TOPBIX OJIMH UeJIOBEK BLIOMpPAaeT peiic, BbLIeTAOIUHA Uy Th paHblIle UJIN Uy Th
noasxe. [IJ1a KamI0oro U3 COCeJHUX PACINCAHUN BBIUNCIAETCS CTOUMOCTD,
¥ pacircaHue ¢ HauMeHbINell CTOMMOCTHIO0 CTAHOBUTCA HOBBIM PEIIIEHUEM.
ITOT mpoIlecc MOBTOPAETCSA U 3aBepIIaeTcsA, KOTJa HU OTHO M3 COCETHUX
pacumcaHuii He JaeT YJIYUYIIIeHNA CTOUMOCTH.

Peanusyerca aaroputm ciaenyoieit QyHKIIEH, KOTOPYIO HYKHO J00OABUTH
B (paiin optimization.py:
def hillclimb(domain, costf)
# BubpaTb cnydaiiHoe pelweHne
sol=[ random. randint(domain[i][0], domain[i][1])
for 1 in range(len(domain))]

# [naBHbI UMKN
while 1:

# Co3maTb CMUCOK COCEAHMX peleHuit
neighbors=[]
for j in range(len(domain))

# 0TXOOMM Ha OOMH War B KaxAaoM HamnpasneHun

if sol[j]>domain[j][0]:
neighbors.append(sol[0:j]+[sol[]j]+1]+sol[j+1:])

if sol[j]<domain[j][1]:
neighbors.append(sol[0:j]+[sol[j]-1]+sol[j+1:])

# Wwem Hawnydwee w3 COCEOHMX pelleHni
current=costf(sol)
best=current
for j in range(len(neighbors))
cost=costf(neighbors[j])
if cost<best:
best=cost
sol=neighbors[j]

# Ecnu ynyduweHus HeT, Mbl OOCTUIAW [Ha
if best==current:
break

return sol

g Be1OOpa HAUAJIBHOTO peIlleHus 9Ta GYHKIIUA TeHEPUPYeT CAyUaATHBIN
CIIMCOK YMCeJI U3 3aJJaHHoro Auanasona. Cocequ TeKyIIero peleHns uiyT-
CA IIYTEM IIOCellleHUd KasKAoTr0 3JIeEMeHTa CIIMCKa U CO3LaHUA IBYX HOBBIX
CIIMCKOB, B OJHOM 13 KOTOPBIX 3TOT 3JIEMEHT yBeJIUUEH Ha eUHUILY, a B IPY-
TOM yMeHBIIIeH Ha equHHUIly. JIydiilee m3 coceIHUX PEIIeHUI CTAaHOBUTCS
HOBBIM pellleHHeM. BBIIOJHUTE 3Ty (DYHKIIMIO B WHTEPAKTUBHOM CeaHCe
¥ CPaBHUTE Pe3yJbTaThI C TEMHU, UTO OBIIM HAAEeHbBI CAYUAHBIM ITIOMCKOM:

>>> g=optimization.hillclimb(domain, optimization.schedulecost)

>>> optimization.schedulecost(s)
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3063

>>> optimization.printschedule(s)

Seymour BOS 12:34-15:02 $109 10:33-12:03 $ 74
Franny DAL 10:30-14:57 $290 10:51-14:16 $256

Zooey CAK 10:53-13:36 $189 10:32-13:16 $139
Walt MIA 11:28-14:40 $248 12:37-15:05 $170
Buddy ORD 12:44-14:17 $134 10:33-13:11 $132
Les OMA 11:08-13:07 $175 18:25-20:34 $205

Pa6oraer sra QyHKIUA OBICTPO U, KAK IIPABUJIO, HAXOAUT JIyUlllee perre-
HUe, UeM Ipu caydaiiHoMm mnoucke. OIHAKO y aJropuTMa CIIycKa € TOpHI,
€CTh OIH CYIIIeCTBEHHBIN HeJOCTATOK. B3araanuTe Ha puc. 5.2.

CroumMocTb

Puc. 5.2. 3acmpﬂﬂu 8 Mo4uKe JIOKAJLbHOZ0 MUHUMYMA

W3 pucyHKa BUIHO, UTO, CIIYCKAsACh II0 CKJIOHY, MbI He00s3aTeJbHO OThI-
1eM Hauydlliee BO3MOKHOe pelrienue. HailieHHoe pereHue OyIeT J0-
KALbHbIM MUHUMYMOM, TO €CTh JIYUIITUM U3 BceX B OyImkaiimeil oKpecTHOC-
TH, HO 9TO He O3HAUAEeT, UTO OHO BoOOIIle Jyuliiee. Peltenue, Jyuiiee cpeau
BCEX BOBMOJKHBIX, HA3BIBAETCA 2J00ANbHbLIM MUHUMYMOM, 1 UMEHHO €T0
XOTAT HAWTU BCe aJTOPUTMBI onTuMusanuu. OIuH 13 BO3BMOMKHBIX ITOAXO0-
JIOB K DEeIleHUI0 IPOOIeMbI HA3BIBAETCA CRYCKOM C 20Pbl CO CAYUAUHBLM Ne-
pe3anyckom. B aToM ciiyuae aJTOPUTM CIyCKA BBIIOJIHAETCS HECKOJIBKO
pas co cayJyaHBIMU HAaYaJIbHBIMU TOUKAMU B HaJeKAe, UTO KaKkoe-HuOYIb
13 HalileHHBIX pellleHni Oy aeT 0JIu3K0 K IrJiodaibHOMy MUHUMYyMY. B cie-
IYIOIIUX ABYX pasieax MbI IOKaKeM JpyTrue CrIoco0bl n30erkaTh 3acTpe-
BaHMS B TOUKeE JIOKAJHLHOTO MUHUMYMA.

An ropmtm MMmMTaumnm OTXKUra

Anecopumm umumayuu omiycuza HaBesH (pusmvecKumu aHajmormamu. Or-
SKHMTOM Ha3bIBAETCS IIPOIlecC HarpeBa obpasiia ¢ IocaeAyIOIM MeJJIEHHBIM
oxJjaxkaeHreM. IIoCKOIBKY cHauasia aTOMBI 3aCTAaBJIAIOT IIOIPLITaTh, a 3a-
TeM IOCTEIIEHHO «OTIIYCKAIOT BOMKIKHI », TO OHU IIePEeXOIAT B HOBYIO HU3KO-
SHEPreTUYHYIO KOH(PUTYPAIIUIO.

AsropuTMudecKas BepCUsA OTKNUIa HAUMHAETCS C BEIOOpA CJIIy4aiiHOro pe-
IIeHusA 3agaur. B Hell MCIIOJIb3yeTCA IepeMeHHAsA, MHTEePIPeTupyeMasi KaK
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TeMIepaTypa, HauaJbHOe 3HAUeHNe KOTOPO 0YeHb BeJIMKO, HO IIOCTEIIeH-
HO yMeHbIaercsa. Ha Kamoit urepamuu caydaiiueIM 00pasoM BeIGUpaeTcs
OIVH U3 TapaMeTPOB PeLIeHUsA U N3MEHSIeTCSA B OIPeJeIeHHOM HalpaBJe-
Huu. B HameMm cayuae Cefimyp (Seymour) MOKeT JieTeTh 06paTHO He BTO-
pBIM, a TPeThbuUM peiicoM. BEIUUCIAIOTCA ¥ CPABHUBAIOTCS CTOMMOCTHU [0
U IIOCJIe M3MEHEHU .

TyT ecTh BasKHasi [eTajb: €CJIU HOBAs CTOMMOCTD HUK€, TO HOBOE pellleHre
CTAHOBUTCS TEKYIIIUM, KaK U B aJIrOPUTMe cirycka ¢ ropel. Ho, make ecau
HOBas CTOMMOCTb 8blUle, HOBOE PellleHre BCe PABHO MOXKET CTaTh TEKYII[UM
C HEKOTOPO# BepoATHOCThI0. Tak MBI IbITaeMCs M30eKaTh CUTyaIluH CKa-
THIBAHUS B JIOKAJbHBIM MUHUMYM, U300paKeHHOHi Ha puc. 5.2.

WHorma HeoO0XOOUMO HEPEeNTH K XYAIIEeMY PelieHuio, YTOObl HaWTH JIyd-
mree. AJITOPUTM UMUTAIIUY OTKUTA paboTaeT, ITIOTOMY UTO BCEr/a TOTOB Iie-
PEelTH K JIyYIIeMy PeIleHnio, HO OJIMiKe K Hauayly IpOoIlecca COIJIaIaeTcsa
IPUHATE U Xyauiee. ITo Mepe TOro Kak Iporecc pa3BUBAETCA, aJITOPUTM CO-
rJaliaeTcs Ha XyAIlllee pellleHre Bce C MeHbIIIe 0X0Toli, a B KOHIe PabOThI
MIPUHUMAET TOJBKO Jyulliee. BepossTHOCTh TOr0, UTO OyIeT IPUHSATO Pellie-
HUe ¢ 60Jiee BLICOKOM CTOMMOCTbBIO, PACCUNTBIBAETCA 110 opMYyJie

p = e((—Bmcoxaa CTOMMOCTB — HUBKAsA CTOMMOCTB) / TeMIIepaTypa)

ITockoabky TeMIiepaTypa (TOTOBHOCTh IPUHATH XY/IIIIee pellleHne) BHavaJIe
OUYeHb BBICOKA, TO TTOKAa3aTeNb cTelneHu 0,in30K K 0, T09TOMY BEPOATHOCTH
pasua moutu 1. ITo Mepe yMeHbIIIEHUA TEMIIEPATYPhI PA3HOCTD MEKAY BbI-
COKOI CTOMMOCTBIO U HMU3KOM CTOMMOCTBHIO CTAHOBHUTCS 00Jiee 3HAUMMOI,
ayeM 00JIbIlle PA3HOCTb, TEM HHUXKE BEPOATHOCTH, IIOITOMY AJTOPUTM U3
BCeX XYAIINX PelleHni OyaeT BLIONPATh T, UTO JIAIIIL HEMHOIMM XYKe Te-
KyIIero.

Iob6aBbTe B (haitn optimization.py HOByIO (pyHKIMIO annealingoptimize, pea-
JINBYIOIYIO OTMCAHHBIN aJITOPUTM:

def annealingoptimize(domain, costf, T=10000.0,co0l=0.95, step=1):
# VHWumanu3npoBaTh NEpeMeHHble ChyYaliiHeM 06pasoM
vec=[ float(random. randint(domain[1][0], domain[i][1]))
for i in range(len(domain))]

while T>0.1:
# BubpaTb OAMH M3 WHAEKCOB
i=random. randint(0, len(domain)-1)

# BbOpaTb HanpasneHue 13aMeHeHus
dir=random. randint(-step, step)

# Co3paTb HOBbI CMWCOK, B KOTOPOM OAHO 3HAYEHWE N3MEHEHO
vecb=vec[ : ]

vecb[1]+=dir

if vecb[i]<domain[i][0]: vecb[i]=domain[i][0]

elif vecb[i]>domain[1][1]: vecb[i]=domain[1i][1]

# BbYMCNNTL TEKyllyl W HOBYID CTOMMOCTb
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ea=costf(vec)
eb=costf(vech)
p=pow(math.e, (-eb-ea)/T)

# Hosoe peweHve nydwe? Ecnu HeT, METHEM KOCTH
if (eb<ea or random.random( )<p):
vec=vech

# YMEeHbWUTb TemnepaTypy
T=T+cool
return vec

JJ1s1 BBITTOJTHEHUS OTJKUTA 9Ta QYHKIIUA cHAUYaja FeHepUpyeT caydaiiHoe
pelileHne B BUe BeKTOpa HYKHOM JJINHBI, BCe 9JIeMEeHThI KOTOPOT'0 IoIaaa-
IOT B AMamnas30H, OpeAeJIeHHbIHN mapaMmeTpoM domain. ITapameTpsI temperature
u cool (CKOPOCTh OXJIa:KJIeHUs) HeoOss3aTeabHBI. Ha Kammoll mTepamuu
B KaQuecTBe 1 CJOyJYailHO BBIOMpPAETCS OJHA U3 MePEeMeHHBIX pellleHusd, a dir
cayJaiiHO BBIOMpAaeTcAa MeKIY -step U step. BeIUKCIAETCA CTOUMOCTD TEKY-
IITeTO PelleHusa U CTOMMOCTD PeIlleHUs, MOJYUAIoIIeroca n3MeHeHueM Ie-
PeMeHHOH i Ha BeJIUUUHY step.

B cTpoKe, BBIZEIEHHOM HONYKUPHBIM HIPU(TOM, BBIUUCJISIETCSI BEPOSIT-
HOCTBb, KOTOpPas YMEHbIIIaeTcA ¢ yMeHbIlleHrueM T. Eciiu BetnuuHa, cayuaii-
HO BeIOpamHad Mmesxay 0 1 1, okasbpIiBaeTcs MEHbIIe BEIUYNCIEHHON BEePOAT-
HOCTH UJIM €CJIM HOBOE peIlleHHe JIYUIlle TeKYIIero, ToO HOBOe pellleHne cTa-
HOBUTCA TeKymuM. I[UKJ mpomoKaeTcs, MOKA TeMIlepaTypa HOUTH He
JOCTUTHET HYJA, IPpUUeM KasKAbIN pas TeMIepaTypa YMHOMKaeTcsa Ha CKO-
POCTB OXJIAKIEHUS.

A Tellepb nonp06y1‘71’re BBIIIOJIHUTH OIITMMMU3AaIlN1I0 METOAOM MMHUTAIIWMN OT-
JKura:

>>> reload(optimization)

>>> s=optimization.annealingoptimize(domain, optimization.schedulecost)
>>> optimization.schedulecost(s)

2278

>>> optimization.printschedule(s)

Seymour Boston 12:34-15:02 $109 10:33-12:03 § 74

Franny Dallas 10:30-14:57 $290 10:51-14:16 $256

Zooey Akron 10:53-13:36 $189 10:32-13:16 $139
Walt Miami 11:28-14:40 $248 12:37-15:05 $170
Buddy Chicago 12:44-14:17 $134 10:33-13:11 $132
Les Omaha 11:08-13:07 $175 15:07-17:21 $129

Kak BugmTe, HaM yIaJioOCh YMEHBIITUTL CYMMapHOe BpeMs OKUITAHUA, He
yBeJIMUuBaA CTOUMOCTH. [IOHATHO, UTO y Bac MOJyYaTcs APYyTrue pes3yabTa-
TBI, ¥ He UCKJIIOUEHO, YTO OHU Oy Ay T Xy:Ke. [J1d KOHKPEeTHOI 3a1aun BceTaa
MMeeT CMbBICJ II09KCIIEPUMEHTUPOBATL C PasIUUYHLIMMU 3HAUCHUAMHU Ha-
YaJILHOM TeMIOepaTyphl ¥ CKOPOCTHU OXJIaXKAeHUA. MOKHO TaKiKe USMEHUTH
BEJIMYMHY IIara CJay4aiiHOrO CMeIeHn .



[eHeTMYecKkme anropUTMbl 123

FeHeTn4eckune an ropuTMmbl

Eme oguH KJjacc MeTONOB ONTMMMU3AIllUU, TaKKe HAaBEeSHHBIM IIPUPOJOIH,
Ha3bIBAETCH 2eHemuieckumuy arzopummams. [IppaIun nx paboThl COCTOUT
B TOM, YTOOBI CO3aTh HAOOp CIOYyUYaHHBIX PEIIeHNi, KOTOPBI Ha3hbIBAeTCA
nonyaayueil. Ha kaskoM mare onTmMu3anuy IejgeBas QyHKIMSA BBIUNC-
JIAeTcd AJis BCel MOIyJIAINY, B Pe3yJIbTaTe Yero [0JIyJyaeTcsa PaHKIPOBAaH-
HBIU CIIMCOK pelieHUil. B Tabs. 5.1 nmpuBeneH mpumep.

Tabauya 5.1. PaH#UPOBAHHBLI CNUCOK PeULeHUTL U uX cmoumocmeil

Pemenue CroumocTts
[7,5,2,8,1,6,1,6,7,1,0, 3] 4394
[7,2,2,2,3,3,2,3,5,2,0, 8] 4661
[0,4,0,3,8,8,4,4,8,5,6, 1] 7845
[5,8,0,2,8,8,8,2,1, 6, 6, 8] 8088

IIpopam:kupoBaB pellleHUsI, MBI CO3JjJaeM HOBYIO IIONIYJIAINIO, KOTOpas Ha-
3BIBAETCS CIEAYIOIUM nokoleHuem. CHauaga B HOBYIO IOMYJIAIINIO BKJIIO-
YAIOTCA caMble JIYUITue PeIlleHnsda U3 TeKYIei. ITOT IIPOoIlecC Ha3bIBaeTCA
anumuamom. Kpome HUX, B CIA€AYIOIIYIO IIOMYJIAIAIO BXOJAT COBEPIIIEHHO
HOBBIE PEIeHUs, MOJYYAIOINEeCca IyTeM MOAUDUKAIINY HANTYUIITNX.

MoauduinpoBaTsh peleHnss MOKHO JBYMs criocobamu. Bosee mpocToii Ha-
3bIBaeTCS Mymauyueil; 0OBIYHO 3TO HeDOJIBIIIOe, IIPOCTO., CIAyUYaiiHOe U3Me-
HeHMe CYII[eCTBYIOIero peleHus. B Hammem ciaydae AJsi MyTalluu AOCTa-
TOYHO BI:-IﬁpaTB OOHY U3 IIEPEMEHHBIX PeIlIeHNUAd U YMEHBIIIUTb JII/I6O yBeJn-
uyuTh ee. Ha puc. 5.3 mpuBeeHo ABa mpuMepa.

...................... . ®

@

Puc. 5.3. IIpumepv. mymayuu peuteHus

Hpyroit criocob HadbIBaeTca ckpewusaruem (miau kpoccosepom). CocTouT
OH B TOM, YTO MBI 6epeM KaKue-HUOYIb ABa U3 JYUIIINX PEIIeHu U KaK-TO
KoMOMHUpYyeM uX. B HallleM mpuMepe JOCTATOUYHO B3SAThH CAYUANHOE YHCIIO
BJIEMEHTOB M3 OJHOTO PEIleHNs, a OCTAJbLHbBIE — U3 APYTOoro, KaK IIOKa3aHo
Ha puc. 5.4.

Pasmep HOBOI monyisaIui OOLIYHO COBIALAET C pa3MepPOM IIpeabIAyIIeii,
a co3maeTcsd OHA NYTeM CAYyUYAWMHBIX MYTaIlluili U CKPEeIUBAHUN JTYUIITNX
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[7,5,2,3,1,6,1,6,7,1,0,3]

[7,2,2,2,3,3,2,3,5,2,0,8]

Puc. 5.4. IIpumep ckpewyueanus

pelreHnii. 3aTeM 9TOT IPOIIECC TTIOBTOPAETCS — HOBAsS MOMYJIAIUSI PAHMKI-
pyeTcda m co3maeTcda ouepeaHoe IIOKOJIeHue. Tax IIpogoJIKaeTcsda 3agJaHHOe
YHCJIO Pasd WU 0 TeX II0P, IIOKAa Ha IMPOTAKEHNN HEeCKOJbKUX MOKOJEeHU
He HabJIroaeTca HUKAKUX YIYUIIeHUH.
Hob6aBbTe GYHKIIMIO geneticoptimize B paiia optimization.py:
def geneticoptimize(domain, costf, popsize=50, step=1
mutprod=0.2,elite=0.2, maxiter=100):
# Onepaunsa myTauuu
def mutate(vec):
i=random. randint(0, len(domain)-1)
if random. random( )<0.5 and vec[i]>domain[i][0]:
return vec[0:1]+[vec[i]-step]+vec[i+1:]
elif vec[i]<domain[i][1]
return vec[0:1]+[vec[i]+step]+vec[i+1:]

# Onepauusa ckpeuvsaHus

def crossover(rl,r2):
i=random. randint(1, len(domain)-2)
return ri1[0:i]+r2[1i:]

# CTpouM HadvanbHyn nonynauuio
pop=[]
for i in range(popsize):
vec=[ random. randint(domain[i][0], domain[i][1])
for i in range(len(domain))]
pop.append(vec)

# Cxonbko 6paTb nobeauTeneit n3 kaxpon nonynaumm?
topelite=int(elitexpopsize)

# TnaBHbIR UMKN

for i in range(maxiter):
scores=[ (costf(v),v) for v in pop]
scores.sort( )
ranked=[v for (s,v) in scores]

# CHavana Bkl4aeM ToNbKo nobeantenein
pop=ranked[0:topelite]
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# Nobasnaem ocobel, MONyYEHHbIX MyTauWen U CKpeunBaHnem nobeanBumx
# poanTenen
while len(pop)<popsize:
if random. random( )<mutprob:
# MyTauna
c=random. randint (0, topelite)
pop.append(mutate(ranked[c]))
else:
# Ckpewnsarue
c1=random. randint(0, topelite)
c2=random. randint(0, topelite)
pop.append(crossover(ranked[c1], ranked[c2]))

# MeyaTaem nonyyeHHble K Tekyllemy MOMEHTY Hawaydune pesynbTaTbl
print scores[0][0]

return scores[0][1]
9ra QYHKIIUS TPUHUMAET HeCKOJIbKO Heo0sa3aTeIbHBIX ITapaMeTpPOB:
popsize
Pasmep momynsiiuu.
mutprob

BepOﬂTHOCTB TOr'0, YTO HOBad 0co0b 6y;[e'1‘ pes3yjgabTaToOM MyTalluu, a He
CKpelmnBaHUA.

elite

Honast ocobeit B MOy AN, CAUTAIOIITUXCA XOPOIITUMY PEIIeHUAMHY U T1e-
PeXOIAINX B CAeAYIONee IOKOJeHUE.

maxiter
KoanuecTBO MoKoJIeHMII.

HonpoﬁyeM OIITUMHU3UPOBATH IIJIaH IIyTEeIIeCTBUA C IIOMOIIIBIO I'€eHeTHu4eC-
KOro ajiropurMa:

>>> s=optimization.geneticoptimize(domain, optimization.schedulecost)
3532
3503
2591
2591
2591
>>> optimization.printschedule(s)
Seymour BOS 12:34-15:02 $109 10:33-12:03 § 74
Franny DAL 10:30-14:57 $290 10:51-14:16 $256
Zooey CAK 10:53-13:36 $189 10:32-13:16 $139
Walt MIA 11:28-14:40 $248 12:37-15:05 $170
Buddy ORD 12:44-14:17 $134 10:33-13:11 $132
Les OMA 11:08-13:07 $175 11:07-13:24 $171

B riaBe 11 MBI 0BHAKOMUMCSA C 0000IIIeHEM TeHeTUUeCKUX AJITOPUTMOB —
TeXHUKOM 2eHemuieckozo npozpammupos8anus, Koraa Te ke Uaeu mpume-
HAIOTCA IJISI CO3TAHUS COBEPIIIEHHO HOBBIX IIPOrPaMM.
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OTIIOM reHeTUYeCKUX aJTOPUTMOB IPUHATO CUUTATEH YUEHOTO-TEO-
petuka I[sxona Xosmauzaa (John Holland), koropsrit B 1975 rony
. Hanucasa KHUTy «Adaptation in Natural and Artificial Systems»
' (usgarenbcTBO Muuuranckoro yuuBepcurera). Ho Kopuu aTux pa-
60T BocxomAT K 6uosoram 1950-X rooB, KOTOpPBIE IIBLITAIUCH MO-
IeJIUPOBATh 9BOJIIOIINI0 HAa KOMIboTepax. C Tex mop reHernyec-
KHe aJITOPUTMbI U APYTUe METOABI ONITUMU3AIUN UCIIOJIb30BAINUCH
IJIs1 pellleHus ITMPoUaiInero Kpyra sajfau, B TOM YHuCJIe:

+ Haxoxkgenusa (GopMbI KOHIEPTHOTO 3ajla C ONTHMAaJbLHBIMU
AKYCTUYECKUMHU XapaKTePUCTUKAMU.

+ IIpoexTupoBaHusa ONTUMAIBbHOMN (DOPMBI KPBLJIa CBEPX3BYKOBO-
IO caMoJIeTa.

- CocTaByIeHUA ONTUMAIbHON OMOGINMOTEKN XUMUYECKUX BEII[ECTB
JUIA CUHTe3a NOTeHIIMaIbHbBIX JeKapCTB.

+ ABTOMaTH4IECKOTr0 MPOEKTNPOBAHNA MUKPOCXEM AJIA PACIIO3HA~
BaHUA PEUH.

Pemenusa aTux 3agay MOXXHO IPECTAaBUTH B BUJIE CIIMCKOB YKCEJI.

9To ympoIlaeT NpUMeHeHNEe K HUM IeHeTUUYEeCKUX AJITOPUTMOB

U MeToJja UMUTAIIUY OTKUTa.

Byner 11 paboTaTh KOHKPETHBIN METO ONTUMU3AIINN, B 3HAYUTEJIbHOMI Me-
pe 3aBucCHUT OT 3amaur. MeToq UMUTAIINN OTIKUTA, TeHEeTUUECKE aJITOPUT-
MBI U IIPOYHE METOAbI OITUMU3AIIMNA OCHOBAHBI HA TOM (paKTe, UTO B OOJIb-
IIIUHCTBE 3a7aY ONITHMAaJIbHOE pelrenne 0JU3K0 K APYTUM XOPOIINM pellie-
HuaM. A Ha puc. 5.5 mpencTaBiaeH cay4aii, KOTga ONTUMU3AIINA MOYKET 1 He
cpaboraTh.

~—1"

Puc. 5.5. 3adaua, nnoxo noddawuwasca onmumusayuu

OH’I‘I/IMaJII)Haﬂ CTOMMOCTB COOTBETCTBYET HU3IIEeH TOYKe O4YeHb KpyToro
ydacTKa KPUBOM B IPaBOi UacTU PUCYHKA. JI1000€e JocTaTouHOo GJIM3K0e pe-
IIeH1e, CKOpee BCeTo, Oy/IeT OTBEPTHYTO 13-3a €T'0 BEICOKOI CTOMMOCTH, I10-
STOMY MBI HUKOTZA He CMOMKeM mobpaThcA A0 TJIO0AJTbHOTO MUHUMYMA.
BoapmmmucTBO aJITOPUTMOB OCTAHOBATCA B KAKOM-TO JJOKAJIBHOM MHUHUMY-
Me B JIEBOUM YacTU PUCYHKA.
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IIpumep ¢ cocTaBJIeHMEM paCIMCAHUA IOJIETOB paboTaeTr, IOTOMY YTO BBI-
60p BTOPOTO pelica BMECTO TPETHET'O, CKOPEE BCETO, UBMEHUT CTOMMOCTE Me-
Hee 3HAYUTEJIbHO, YeM BBIOOD BocbMOTro peiica. Eciau OB peiichkl ObLIN yIIO-
PALOYEHEI CIYUaHHBIM 00pa30M, TO METOABI OIITUMUIAIINY PaboTaiu ObI He
JIydllle cIyJaifHOr'o IONCKAa; Ha caMOM JeJie He CyIIeCTBYeT HU OLHOTO METO-
Jla ONITUMU3AaIUY, KOTOPBIN B 9TOM cJaydae paboTas 6bI yCTOMYUBO JIyUIIIE,
4eM CIIyYaWHBIM IOUCK.

NMouck peanbHbIX aBUApPENCOB

PazobpasIuch ¢ TeCTOBLIMU JaHHLIMH, ITOIPOOYyeM IPUMEHUTH Te JKe ca-
MbIe METOJBI OTITUMUBAIIUY K PeaJbHBIM AaHHBIM 00 aBuapeiicax. MbrI 3a-
rpysum gaHHsble ¢ caiita Kayak, koTopsiil mpenocrasisaer API qiisa moucka
aBuapeiicoB. OCHOBHOE OT/INYME TeCTOBBIX JAHHBLIX OT PeaJbHBIX 3aKJII0Ua-
eTCs B TOM, UTO MEXK Y KPYIHBIMU ropofamMu ObIBAeT ropas/fo 00JIbIIe 1eBs-
TU PEIiCOB B I€Hb.

API canta Kayak

Caiir Kayak, nsobpaskeHHBIH Ha puc. 5.6, — 370 monyasapHad 6epMUKALbHASL
noucKoeas cucmema, NpeJHASHAUEHHAA LA IIyTelleCTBeHHUKOB. B Cetu

Flights Hotels Cars Deals Buzz Forums
K AYA K Boston, MA to New York, NY Tue 12 Dec 2006 - Fri 15 Dec 2006 / roun
Start search over Price* . Airports Airline Depart Arrive Stops (Duration])
390 of 514 results shown show all @) Use the controls to the left to show and hide flights.
Stops $121 BOS = LGA . 6:00a TMa 0
Dlronstop  [A1stop [t stops —— [GABos B0 Unted goga  6sza o
et united: $121 cheaptickets: $124 ) )
Airlines bitz: $126 cheap details email
selectall | clear nonstop 1+ Oroiz: wle -
Ameri:an Airlines $121 $121 BOS - LGA 600 711 0
] : = . :00a 1a
[#] Continents 164 3282 =2 LGA = BOS {w United 9.00p 10:02p 0
[#] Delta £124 ) )
[¥] Multiple Airlines e united: $121  cheaptickets: $124 details  email
[v] Northwest $472
; $121 BOS=LGA . 6:00a 711a 0
[ united 5121 == Ga.pos W unted Zonn g0z o
[¥]Us Airvays $125 £217 . .
united: $121  cheaptickets: $124 St |
Leave () depart () arrive orbitz: $125 detalls  email
Tue 5:30a 8:30p
¢ $121 BOS>LGA Lo 6002 71 0
2 £ LGA - pos (W United o000 Toie o
= united: $121 cheaptickets: $124
PRI Q= (e o details  email
Fri 6:00a 11:00p orbitz: $125 - =
i
& L $121 BOS>LGA gy | heq 6002  T:l1a 0

Puc. 5.6. Humepgeiic cucmemvt noucka mapuwpymos Kayak
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MHOT'0 caifiToB momo0Horo poaa, Ho Kayak mosiesen Tem, 4To ImpegocTaBisgeT
ymobubrit API, nanucauusiit Ha XML, KOTOPBEIM MOYKHO BOCIIOJIB30BATHCA
U3 IIporpamMmbl Ha sa3bike Python mys momncka peasbHBIX MapiipyToB. YTo-
OBl TOJIYyUYUTh JocTyIl K API, Bam moTpebyeTrcs 3aperucTpupoBaThCA JJIs I10-
JyUeHNs KJI0Ya paspaboTumka, 3aiifs Ha cTpaEuny htip://www.kayak)
kom/labs/api/searcH,.

Kuaiou paspaboTunka mpeacTaBisgeT co00M JINHHYIO CTPOKY OYKB U U,
KOTOPYIO He0OX0IMMO YKa3bIBATE IIPHU IMIOMCKE aBUAPeiCOB ¢ TOMOIIIBIO CHC-
Tembl Kayak (OH roguTcs u IJisi HOMCKA I'OCTHUHUIL, HO 9TY TEMY MbI 00CY K-
IaTh He OymeM). B HacTosInit MOMEHT He CyIIlecTByeT cueruaabaoro API
Ha sa3bike Python naa caiira Kayak, moxosxero Ha API nusa caiira del.icio.
us, HO cTpyKTypa XML-m0oKyMeHTa OueHb XOPOIII0 onucaHa. B aToii riase
MBI IIOKaMeM, KaK BBIIIOJHUTE IIOMCK C IIOMOIIbI0 nakeros urllib2 u xml.
dom.minidom, BKJIIOUeHHBIX B CTaHAAPTHEIN AucTpuOyTUB Python.

MakeT minidom

ITaker minidom — yacTh crangapTHOro guctTpubyTusa Python. 9To nmpocrasa
peanusanua narepdeiica Document Object Model (DOM), KoTOpEIii 1103BO-
JIeT MPEeNCTaBUTh TPOM3BOJbHBIN XML-TOKYMeHT B Bule AepeBa 00HeK-
ToB. IlakeT mpumHUMAaeT Ha BXOJe CTPOKY MJIM OTKPBITHIXA (hpaiiyi, comeprka-
muit XML-1oKyMeHT, 1 BO3BpalliaeT 00'beKT, MO3BOJAIOIINI JeTrKo u3BJje-
KaThb HYKHYI0 nH(popMalu. Beeaure, HarrpuMep, caeqyiolue KOMaHIbI
B MHTEPAKTUBHOM CEaHCe:

>>> import xml.dom.minidom

>>> dom=xml.dom.minidom. parseString( <data><rec>Hello!</rec></data>")

>>> dom

<xml.dom.minidom.Document instance at 0x00980C38>

>>> r=dom.getElementsByTagName( rec")

>>> 1

[<DOM Element: rec at 0xa42350>]

>>> r[0].firstChild

<DOM Text node "Hello!">

>>> r[0].firstChild.data

u'Hello!”

ITockonbKky ceituac mHOTHMe calThl npemyaraior XML-unTepgeiic aaa mo-
cTyma K mHpopManuu, ymMmeHue oopamiarsbed ¢ Python-nakeramu g pa6o-
Tl ¢ XML oKakeTcA BechbMa IIOJIE3HBIM [IJId IIPOrPAMMUPOBAHUA KOJLJIEK-
THUBHOTO pasdyMa. BoT cBogka Hamnbojee Ba:KHBIX MeTogoB DOM-06eKToB,
KOTOPBIMU MBI OyZeM II0Jb30BAThCA B IIPOIlecce JOCTYIIa K JaHHBIM C IIOMO-
mbio Kayak API:

getElementsByTagName(name)

Bosspartaer cnucok y3710B DOM, cOOTBETCTBYIOIINX 3JI€MEHTAM C TETOM
name.

firstChild
Boaspailmjaer nepsblii JoUuepHU y3eJ JaHHOTO 00beKTa. B mpuMepe BbI-

IlIe IIePBLIM JOUYEPHUM Y3JIOM y3JIa r ABJIAETCA y3€J, IPeACTaBIAIOIINIA
texct Hello.


http://www.kayak.com/labs/api/search
http://www.kayak.com/labs/api/search
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data

BoasBpalmjaeT gaHHBIE, ACCOIMUPOBAHHLIE C 00BEKTOM. B GOJILIITMHCTBE
cJIyuaeB 9To CTPoKa B Koxupoeke Unicode, comeparariascs BHyTPH y3Ja.

Mowuck aBnapencos

Haunewm c cosmammusa HoBoTo (paiiaa kayak.py, B KOTOPBIH ciaeayeT BKJIIO-
YUTH TaAKUE IPEeAJOKEeHUA:

import time

import urllib2

import xml.dom.minidom

kayakkey="BAU_KJI0Y"

IIpe:xne Bcero Hy’KHO HANMCATh KOJ OTKPBHITHA HOBOTO ceaHca PabOTHI
¢ caritom Kayak. O OyzeT HOCBLIATE 3aIIPOC CTPAHUIIE apisession, 3amaBas
B KaUyecTBa ImapamMeTpa token IMOJyUYeHHBIN BaMU KJII0U pagdpaboruuka. B oT-
BeT BoaBpalraercsa XML-ToKyMeHT, coepsKaIiuil Ter sid, BHyTPU KOTOPO-
ro HaXOIUTCA UAeHTU(UKATOP ceanca:

<s1d>1-hX41II_wS$8b06a07kHi</sid>

Baita GyHKIUA TOJMKHO IIPOCTO PA30o0paTh 3TOT JOKYMEHT M M3BJIEUDL CO-
IepsxuMoe Tera sid. [Jo6aBbTe ee B daitn kayak.py:
def getkayaksession( ):
# Cospaem URL nns OTKpLITMA HOBOFO CeaHca
url="http://www. kayak.com/k/ident/apisession?token=%s&version=1" % kayakkey

# Pasbupaem nonydeHHbin XML-A0KyMEHT
doc=xml.dom.minidom.parseString(urllib2.urlopen(url).read( ))

# Wwem anemeHT <sid>xxxxxxxx</sid>
sid=doc.getElementsByTagName( 'sid")[0].firstChild.data
return sid

Ianee HeoOxogmMa QPYHKIINUA, KOTOpas OTIPABUT 3allPoC HA MOMCK aBUAa-
peiicoB. CoorBercrByitomuit URL oueHb AIWMHHBIN, ITOCKOJBKY COIEPIKUT
Bce mapaMeTphbl momcka. CaMbIMM BajKHBIMU ABJAIOTCS HapaMeTphl sid
(umeHTUDUKATOD cCeamca, BO3BpAIeHHBIH QYHKIIMEN getkayaksession),
destination (IYHKT Ha3HAUYeHMA) U depart_date (maTa BbLIETA).

B XML-goxkyMeHTe, BO3SBPAIlEHHOM B OTBET Ha 9TOT 3aIPOC, MMEETCSA Ter
searchid, KOTOpPBIZ (PYHKIIMS W3BJEKAaeT TOYHO TaK Ke, KaK 5TO JejiaerT
getkayaksession. IIOCKOJIBKY IOMCK MOJKET 3aHATH MHOTO BpeMeHU, 9TOT 3a-
Ipoc He BBIZAET Pe3yJbTATOB, OH JIUIIL HaUuWHAaeT IOWMCK U BO3BpalljaeT
UIeHTU(PUKATOP, C IOMOIIHI0 KOTOPOT'O BIIOCJIEACTBUHY MOYKHO IIEPUOIIUEC-
KU CIIPABJIATHCA O TOTOBHOCTH PE3yJJIbTATOB.

HobGasbTe B aitn kayak.py Takoit kox:

def flightsearch(sid,origin,destination, depart_date):
# Cospaem URL 3anpoca Ha nouck
url="http://www. kayak.com/s/apisearch?basicmode=true&oneway=y&origin=%s"’ %
origin
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url+="&destination=%s&depart_date=%s' % (destination,depart_date)
url+="&return_date=noneddepart_time=a&return_time=a’
url+="&travelers=1&cabin=e&action=doFlights&apimode=1"
url+='&_sid_=%s&version=1" % (sid)

# lMonyyaem B oTBET XML
doc=xml.dom.minidom.parseString(urllib2.urlopen(url).read( ))

# W3Bnekaem wmaeHTuGuKaToOp nomcka
searchid=doc.getElementsByTagName( searchid )[0].firstChild.data

return searchid

Haxonel HaM TOHAZOOUTCS PYHKIINA, KOTOPAas 3alpalinBaeT pe3yJIbTaTh
IO TeX TIOpP, IIOKAa y cepBepa eIrle YTo-To AJIA Hac ocTajaoch. [d mosryueHna
pesyabsraToB Kayak mpegocrasiser emre oguea URL — flight. B BosBpaimen-
HOM XML-goKyMeHTe nMeeTcsa Ter morepending. ECIM OH COOEPIKUT CJIOBO
true, TO UMEIOTCA eIlfe pe3yabTaTbl. @YHKIIUA JOJKHA 00paIiaTheA K CTpa-
HUIle OO0 TeX IIOp, IIOKa TeT morepending COZEPIKUT CJIOBO true, a 3aTeM Bep-
HYTb IIOJHBIN HA0OP Pe3yIbTAaTOB.

Hob6asbTe ee B aiia kayak.py:
def flightsearchresults(sid, searchid):

# YpanuTb HadanbHun $ 1 3anaTeie 1 npeobpasoBaTb CTPOKY B YUCNO C Mjasanue
# TO4YKOM
def parseprice(p):

return float(p[1:].replace(’, ", "))

# Unkn onpoca
while 1:
time.sleep(2)

# Cospaem URL ans onpoca

url="http://www. kayak.com/s/basic/flight?"
url+="searchid=%s&c=5&apimode=1&_sid_=%s&version=1" % (searchid, sid)
doc=xml.dom.minidom.parseString(urllib2.urlopen(url).read( ))

# Vuem Ter morepending u npoponxaem, noka OH COAEPXMT CnoBO true
morepending=doc. getElementsByTagName( morepending’)[0].firstChild
1T morepending==None or morepending.data=="false': break

# Tenepb 3arpyxaem BeCb CNNCOK

url="http://www. kayak.com/s/basic/flight?"
url+="searchid=%s&c=999&apimode=1&_sid_=%s&version=1" % (searchid, sid)
doc=xml.dom.minidom.parseString(urllib2.urlopen(url).read( ))

# ﬂpeﬂCTaBﬂHeM pasnn4yHole 31eMeHTH B BWAE CNMCKOB
prices=doc.getElementsByTagName( price")
departures=doc.getElementsByTagName( depart")
arrivals=doc.getElementsByTagName( arrive’)
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# 06beanHaeM nx
return zip([p.firstChild.data.split(" ")[1] for p in departures],
[p.firstChild.data.split(" ")[1] for p in arrivals],
[parseprice(p.firstChild.data) for p in prices])
O6paTuTe BHMMAaHUe, UTO HA HOCJeAHEM Irare GyHKIIUA QopMUPyeT Tpu
CIIMCKA, COOTBETCTBYIOIINX dJIeMEHTaM C TeTraMu price, depart u arrive. Kou-
YeCTBO TaKUX 3JIEMEHTOB OAMHAKOBO — II0 OJJHOMY JIJISI KasKJ0ro peiica, Imoa-
TOMY MOYKHO BOCIIOJIb30BAThCA PYyHKIIUEI zip, KOTOpasd 00beJUHUT BCe TPU
COUCKA B OJIVH, 3JIeMEHTaMU KOTOPOTO OYAYT KOPTEKHU U3 TPeX JJIEMEHTOB.
Wudopmalius o BelIeTe U MPUJIETe IPeACTaBJIeHa B BIUAe JAThl M BpeMeHH,
KOTOpbIE pas3/ieIeHbl IPO0eJIOM, II09TOMY MEI BEISLIBAEM METOJ split, UTOOBI
BBIIEJIUTH TOJBbKO BpeMsA. KpoMe Toro, mexa 6uera mpeodpasyeTcs B YHUCJIO
C IJIaBAIOIIEH TOUKOM C TOMOIIBIO BCIIOMOTATEJILHOM (DYHKITMY parseprice.

BeIimosrHuTE MOMCK pPeaJbHBIX ABUAPECOB B MHTEPAKTUBHOM CeaHce, YTOObI
ybenuThCA, UTO Bce paboraer (He 3a0yabTe UBMEHUTD ATy, YKa3aB KaKoli-
HUOYAb IeHb B OyayIleM):
>>> import kayak
>>> sid=kayak.getkayaksession( )
>>> searchid=kayak. flightsearch(sid, 'BOS", "LGA", "11/17/2006")
>>> f=kayak.flightsearchresults(sid, searchid)
>>> £[0:3]
[(u'07:00", u'08:25", 60.3),
(u'08:30", u'09:49", 60.3)
(u'06:35", u'07:54", 65.0)]
Crrcok pelicoB OTCOPTHPOBAH IIO IleHe, a peiichkl ¢ OMMHAKOBOM CTOMMOC-
THIO — 110 BpeMeHU. ITO XOPOII0, TaK KaK IIOX0KMe PeIlleHNI OKa3bIBAIOTCA
pamomM. YToObI MHTErPUPOBATD 9TOT KOJ C HAIIMCAHHBIM paHee, HaM HYKHO
co3aTh MOJIHOE pacIMcaHue AJIA BCceX UJeHOB cemelicTBa Iy1accoB, coxpa-
HUB TY K€ CTPYKTYDPY, 4TO 1 B TecToBOM (aitie. [Ijd aToro Tpedyercs JuIlb
nmepedpaTh J0AeH B CIINCKE U BLIMOJHUTD AJIA KaKI0r0o 13 HUX IMOUCK peii-
coB Tyzma u obpatHo. [[o6aBbTe B haitn kayak.py GyHKIIHUIO createschedule:
def createschedule(people, dest,dep, ret):
# HOﬂy‘-H/\Tb I/ILLEHTVI(DMK&TOD ceaHCa ONng BbINOMHEHWA Noucka
sid=getkayaksession( )
flights={}

for p in people:
name,origin=p
# Peiic Tyna
searchid=flightsearch(sid,origin, dest,dep)
flights[(origin, dest)]=flightsearchresults(sid, searchid)

# Peiic obpaTHo
searchid=flightsearch(sid, dest,origin, ret)

flights[(dest,origin)]=flightsearchresults(sid, searchid)

return flights
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Temepbs MOKHO IIOIIBITATHCS ONTHUMH3WPOBATH PEHCHI MJIA UJIEHOB CEeMbH,
MOJb3YACh pealbHbBIMI HTaHHBIMHU. Ilouck Ha catite Kayak samummaer mo-
BOJIBHO MHOI'O BpEMEHU, [I03TOMY [JIf HauaJja OrPAaHUYNMCA JIUIIB IePBLIMU
IBYMd wiieHaMu. BBeauTe B MHTEPAKTUBHOM CE€aHCe CJIENYIOIe KOMaHIbI:

>>> reload(kayak)

>>> f=kayak.createschedule(optimization.people[0:2], 'LGA",

... 11/17/2006", " 11/19/2006 ")

>>> optimization. flights=f

>>> domain=[(0,30)]*1len(f)

>>> optimization.geneticoptimize(domain, optimization.schedulecost)

770.0

703.0

>>> optimization.printschedule(s)
Seymour BOS 16:00-17:20 $85.0 19:00-20:28 $65.0
Franny DAL 08:00-17:25 $205.0 18:55-00:15 $133.0

IIpumuTe mo3apasaernsi! Bol TOJBKO YTO BBIIOJHIIN OIITUMUA3AIMIO HA pe-
aJbHBIX MaHHBIX 00 aBmapeiicax. IIpoCTpaHCTBO MOWCKAa Temepb ropasio
00JIbIIle, TAK UTO MMEET CMBLICJI II09KCIEePUMEHTHPOBATE C IIapaMeTPaMu —
MaKCHMAaJbHOH! TeMIIepaTypoil ¥ CKOPOCTHIO O0YUeHUA.

Itu uaen MOYXHO Pa3BUTh BO MHOTUX HaAallPpaBJIEHUAX. Mo:xHO IHO68_BI/IT13 II0-
VCK Ha METE€OPOJIOTUYECKUX CaﬁTaX, YTOOBI OIITMMHM3NPOBATh COUETaHMeE 11e-
HBI 1 TeMIIepaTyphbl B IIYHKTE HasHa4Y€HUA. Wnwm BKIOYUTH ITOUCK T'OCTH-
HWUII, 4yTOOBI HAKTH IIYHKT Ha3Had€HUudA C Pa3syMHBIM COYEeTaHMEM II€H Ha
aBUAaOUJIETHI U IIPOXXUBaHUE. B I/IHTepHeTe €CTb ThICAYN CafITOB, IIpegocraB-
JAKINUX IIyTellleCTBEHHNKaM JaHHbIe, KOTOPbIe MO HO OIITUMMU3NPOBATH.

API catita Kayak Hamaraer orpaHnuyeHne Ha KOJUYECTBO IIONCKOB B Teue-
HIe CYTOK, HO BO3BpAIIlaeT IPsMble CChLIKY Ha CAlThI, I'le MOMKHO 3aKa3aTh
O0uJIeTHI Ha CaMOJIET UK 3a0POHUPOBATH HOMED B TOCTUHUIIE, 4 3HAUUT, BbI
JIETKO CMOJKeTe BKJIIUNTEL 5TOT API B cocTas J11060r0 IPHUIOKEHN .

OonTumMmnsaums c yyeToM npep,nhoeHvu?l

Mg paccMOTpeIu IPUMep OAHOM 3alauil, KOTOPYIO MOKHO PEIIUTh MeTOo1a-
MU OIITUMHUBAINY, HO €CTh HEMAJIO APYTUX 3a7a4, BHEIIIHEe HeIIOX0MKUX, HO
pelllaeMbIX C IOMOIIBIO TeX JKe MeTon0B. HamoMHuM, 4TO IJ1s IPUMeHeHU
OITUMU3AIUY JOJIXKHBI BBIIIOJHATHCS IBA OCHOBHBIX TPeOOBAHUA: HAJIUULE
1eJieBol PYHKIUY 1 TOT PaKT, YTO OJIM3KUe TapaMeTpPhl A0T OJIU3K1e pe-
mrennsa. He Ka:xayro 3ajauy, yI0BJIETBOPAIOIIYIO STUM TPEOOBAHUAM, MOK -
HO PEIINTh METOJAMH OIITUMU3AINN, HO €CTh HEIJIOXME IIAHCHI, UTO II0-
IILITKA IPUMEHUTE 3TH METOALI JACT MHTEPECHBIE Pe3yIbTAThI, 0 KOTOPBIX
BBI TasKe He II0J03PeBajn.

B aTom paspmese Mbl 3aliMeMcs APYTroi 3aaueil, AJIA KOTOPOU ONTUMU3AIIAA
mpocTo HampaIuBaeTca. O01asa GopMyIUPOBKa TAKOBA: PACIIPEIEIUTDh OT-
paHuveHHBIE PECYPCHI MEKIY JIOAbMU, ¥ KOTOPBIX €CTh ABHO BEIPAKEHHbBIE
MIPeAIIOUYTeHUA, TaK UYTOOBI BCe OBLIM MAaKCUMAJIbHO CUACTINBLI (MU, B 3a-
BMCHMOCTH OT CKJIaZa XapaKTepa, MUHUMAJIbHO HeJTO0BOJbHEI).
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OonTtumunsauus pacnpepneneHnsa ctyaeHToBs nNno KOMHatTam

B sToM pasgesie MBI peIInM 3a7a4y O paclpeaeeHu CTYyAeHTOB 10 KOMHA-
TaM B OOIIEKUTHUY C yIETOM UX OCHOBHOTI'O 1 aJIbTEPHATUBHOIO ITOYKeJIaHU .
Xora GopMyJINPOBKA JOBOJBHO crenuduyHa, ee MOKHO JIETKO 0000IIUTH
Ha MMOXO0KUe 3a/lauM, — TOT K€ CAMBIH KO/ TOAUTCS IJIA PacIpelesIeHUs Ur-
POKOB IIO CTOJIAM B OHJIAAHOBOII KAPTOUHON UTPe, AJId pacipeaeIe s OIIln-
00K MeKIy pas3paboTyMKaMu B OOJILIIIOM HPOTPAMMHOM IIPOEKTE U JasKe
IULs pacIpefeseHus paboThl 0 oMY Mexkay npuciayroii. Kak u paHbiie,
HaIla mejb — coopars nHGOPMAINIO 00 OTAEJIbHBIX JIOAAX U HANTU TaKoe
coueTanme, KOTOPOe IIPUBOIUT K ONITUMAJIbHOMY PEe3yJIbTaTy.

B maimem nmpuMepe OyIeT IATH ABYXMECTHBIX KOMHAT U AECATH IPEeTEeHIYIO-
WX Ha HUX CTYAEHTOB. ¥ KaKJOr'0 CTYZEeHTa eCTh OCHOBHOE U ajJbTepHa-
TuBHOe moixkenanme. CosmaiiTe HOBBIN (paitn dorm.py u mo6aBbTe B HErO
CIIMCOK KOMHAT, CIIMCOK JIIO/eH 1 JBa MOKeJaHUs IJIA KasKI0ro YyejaoBeKa:

import random
import math

# [IByXMecTHble KOMHaThl
dorms=[ "Zeus', 'Athena’, 'Hercules', 'Bacchus', "Pluto’]

# Jlogy v [Ba NOXENnaHua y Kaxmoro

prefs=[( 'Toby', ('Bacchus’, ‘"Hercules')),
"Steve', ('Zeus', 'Pluto’)),
"Andrea’, ('Athena’, 'Zeus')),
‘Sarah’, ('Zeus', 'Pluto’)),

(
(

(

(

('Dave’, ('Athena’, 'Bacchus’)),

("Jeff", ('Hercules', "Pluto’)),

("Fred’, ('Pluto’, "Athena’)),

("Suzie', ('Bacchus’, 'Hercules')),

("Laura’, ('Bacchus’', 'Hercules')),

("Neil", ('Hercules', "Athena’))]

Cpasy BUJIHO, UYTO YAOBJIETBOPUTH OCHOBHOE II0KeJaHKe KayKI0T0 UeJ0BeKa
He yJacTcs, TaK KaK Ha JBa MecTa B KomHaTe Bacchus nmeercs Tpu rmpeTen-
IeHTa. IToMmecTUTh JII000TO 13 9TUX TPeX B Ty KOMHATY, KOTOPYIO OH YKa3aJ
B KaueCTBe aJIbTEPHATUBEI, TOKE HEBO3SMOXHO, TAK KaK B KOMHATe Hercules

BCEero aBa MecTa.

dra 3amavya HaMepPeHHO clejiaHa He0OJbINOol, UTOOLI IIPOCJEIUTH JIOTUKY
66110 TIpocTo. HOo B peasbHOCTH MOMKET OBITH MBEe-TPU COTHU CTYAEHTOB,
IIPETEeHAYIOMNX Ha MHOYKECTBO KOMHAT B o0Ie:xuTuu. Tak Kak B mpuse-
JIeHHOM IIpuMepe oblree urcio BapuauTos mopagxa 100 000, To Mok HO me-
peépaTh X Bce M HaWTH ONTUMAaJbHBIA. Ho ecii KOMHATHI OYAYT YeThIpex-
MECTHBIMH, TO KOJIMUECTBO BAPUAHTOB OyIeT NCUUCIATh TPULINOHAMU.

Yr0o0BI IIPEACTABUTh PEIIeHNe STOU 3aJauM, IPUIETCS MPOABUTH 0OJIbIIIE
CMeKaJKN, ueM B 3ajaue o0 aBuapeiicax. TeopeTHyecKU MOKHO CO3JaTh
CIIMCOK YWMCeJI, IO OTJHOMY [JIA Ka’KJIOT0 CTyAeHTa, TaK UTO UMCJO OyaeT
MIPeACTaBIATh TY KOMHATY, KyJa MBI IToMelaeM ctyaeHTa. [Ipobiema B ToMm,
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YTO B TAKOM IIPEACTABJIEHNH OTCYTCTBYET OrpaHuYeHNe, 3alpeliailee mo-
MeIlaTh B OAHY KOMHATY 6oJiee ABYX CTyAeHTOB. CIIMCOK, COCTOAIIMM TOJIb-
KO U3 HyJIeli, 03HaUYaeT, YTO BCeX IIOMECTUJIN B KOMHATY Zeus, a 9TO He COOT-
BETCTBYET HUKAKOMY PeIlleHUIO 3aJaUu.

OpuH 13 cII0c000B PaspPeIlnThb 3Ty IPO0JIEeMY COCTOUT B TOM, UTOOBI BBLIOPAThH
TAKYIO IIeJIEBYI0 (DYHKIIHNIO, KOTOpas OyJeT BO3BpalllaTh OUEHb 0OJIBIIIOE
3HaAYeHune OJId HeOJOIIyCTHUMBbIX pemeHHﬁ, HO TOorma aJropuTMy OIITHUMH3a-
nuu OyAeT TPYAHO HAXOAUTh JIYUIIINe PeIlleHns, TAK KaK OH He MOKeT CKa-
3aTh, OJIM3KO JIU JaHHOE pellleHre K APYTrOMY XOPOIIeMY WU XOTS ObI J0-
myctumMoMy. BooOiIiie roBopsi, Jyuille He TPATUTh IPOIIECCOPHOE BpeMsA Ha
IIOMCK CPeIU 3aBeJOMO HeJOIIYCTUMEIX PEeIlleHnA.

Boiee nmpaBUILHBIN MOAXO — OTHICKATEH TAaKOI CIIOCO0 IIpeACTaBIEHUA pe-
IIeHu#, IPU KOTOPOM JII000€e IpeACcTaBuMOe pellieHune AoIrycTuMo. Ilomyc-
THMOE ellle He 03HAaUYaeT Xopolilee, IPOCTO B KasKA0H KOMHATe MOJIMKHO OKa-
3aThCA POBHO [Ba CTyAeHTa. MOXXHO, HAIPUMEDP, IIOCTYIUTL CJAeTYIOI[NM
obpasom. Byzem cunTaTh, UTO B KayKJ0M KOMHATE €CTh JBa OTCEeKa, TO €CTh
BCEro UX B HAIIIeM cJIydae OyaeT AecaThb. Kax oMy CTyIe Ty 10 ouepeau Ha-
3HAYAETCS OAUH M3 He3aHATHIX OTCEKOB; IIEPBOI'0 MOMKXHO IIOMECTUTH B JIIO-
001 U3 IeCSATHU OTCEKOB, BTOPOT'O — B JI000¥ 13 OCTABIIIUXCSA JEBATU U T. [I.

O6JtacTh oIlpeie/IeHU s AJIA MIOKUCKA JOJIKHA ObITH IIOCTPOEHA C YUETOM 9TOTO
orpanuvenusd. [lo6aBbTe TaKKe CTPOKHU B (paiia dorm.py:

# [(0,9),(0,8),(0,7),(0,6),...,(0,0)]

domain=[(0, (len(dorms)=2)-i-1) for i in range(0, len(dorms)=2)]
Crnenytomiaa GyHKIUA, ITeUaTaollas pelleHne, NIJIIOCTPUPYET IPUHITHI
paborsl oTcekoB. CHaUajia OHa CO3/JaeT CIIMCOK OTCEKOB, IO IBa Ha KaKIYIO
KOMHATY. 3aTeM OHa B I[UKJIe IIpoberaer 1o BCeM UMCJIAM, COCTABIAIOINM
pelllesEne, W AJA KaMXJOr0 HAXOAUT HOMEP KOMHATHI B JAHHOM IIO3UIIUU
CIMCKA OTCEKOB. ITO Ta KOMHATA, B KOTOPYIO IIOMECTHUIN CTyAeHTa. DyHK-
LM IeYaTaeT MM CTyAeHTa 1 Ha3BaHNe KOMHATHI, a 3aTeM YIaJIsIeT OTCEK
U3 CIIICKA, YTOOBI B HETO HEJIb3s1 OBIJIO IIOMECTUTh Apyroro cryaenTa. Ilocie
3aBepIlaoleil uTepalun pacupeaejeHre CTyJeHTOB 0 KOMHATaM paciie-
YyaTaHo, a CIIICOK OTCEKOB IIYCT.

HoGasbTe 5Ty QyHEIHIO B (paita dorm.py:

def printsolution(vec):
slots=[]
# Cospaem no [Ba OTCeKa Ha Kaxaylo KOMHATy
for i in range(len(dorms): slots+=[i,1]

# Uukn no pacnpefeneHui CTYAeHTOB MO KOMHaTaMm
for i in range(len(vec)):
x=int(vec[i])

# BniOupaem nioboil 0TCEK M3 0CTaBUWMXCS

dorm=dorms[slots[x]]

# MeyaTaem unmg CTydeHTa W Ha3BaHWe KOMHATbLI, B KOTOPYW OH nonan
print prefs[1][0],dorm
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# Ypandem 9T0T OTCeEK
del slots[x]

B nHTEpaKTMBHOM ceaHCce MMIIOPTUPYITE (DAl M paclieuaTaiiTe pemieHue:

>>> import dorm
>>> dorm.printsolution([0,0,0,0,0,0,0,0,0,0])
Toby Zeus

Steve Zeus
Andrea Athena
Sarah Athena
Dave Hercules
Jeff Hercules
Fred Bacchus
Suzie Bacchus
Laura Pluto
Neil Pluto

Ecau BBI 3aX0TUTE U3MEHUTD YMCJIA, YTOOBI IIOCMOTPETH Ha APYrUe pelie-
HUSA, TO He 3a0bIBaliTe, YTO YMCJIA HE JOJKHBI BRIXOIUTH 34 IIPeJeJIbl OTBe-
JeHHBIX IJIS HUX JUanasoHoB. IlepBoe YKMCIIO B CIUCKE JOMKHO HAXOAUThCS
B auamasone ot 0 1o 9, Bropoe — ot 0 10 8 u 1. 1. Ecau sT0 orpanuuenue
OynmeT HapyIeHo, GYHKIUA BO30yAUT ucKIoueHne. [IocKOIbKY QyHKITIMT
ONTUMHU3ANUY OyOyT BHIOMPATH YMCJIA U3 TUANA30HOB, 3aJaHHBLIX B IIapa-
MeTpe domain, TO MBI B Peain3aluu aJITOPUTMA C 9TOI IPo0JIeMOi He CTOJIK-
HeMcCs.

LleneBas pyHKLMS

IleneBas pyukmusa paboraer anagsornyuo pyukuuu nedatu. Cosmaercs Ha-
YaJIbHBIN CIIMCOK OTCEKOB, U Y2Ke MCII0JIb30BaHHbIE OTCEKU M3 HEero yaajs-
orcsA. CTOMMOCTh BBIYMCJISAETCA IIyTEM CPABHEHUS KOMHATBI, B KOTOPYIO
CTYZEHT IIOMeIIIeH, C ABYM ero nokejganuamu. CTOMMOCTD He U3MeHsIeTCs,
€CJIM CTYAEHTY A0CTaJach Ta KOMHATA, B KOTOPYIO OH GOJIbIIIE BCETO XOTEJ
MOCEJINTHCA; YBeJIUUYNBAETCSA HaA 1, ecid 3TO BTOpPOE M3 ero MoKeJaHuii;
U yBeJIMYMUBAETCA Ha 3, €CJIM OH BOOOIIe He XOTeJI JKUTh B 9TOM KOMHATE.

def dormcost(vec):
cost=0
# Co3gaeM Cnucok OTCEeKOB
slots=[0,0,1,1,2,2,3,3,4,4]

# Uvkn no cTygeHTam
for i in range(len(vec)):
x=int(vec[i])
dorm=dorms[slots[x]]
pref=prefs[i][1]
# CTOMMOCTb OCHOBHOrO noxenaHus paBHa 0, anbTepHaTWBHOro - 1
if pref[0]==dorm: cost+=0
elif pref[1]==dorm: cost+=1
else: cost+=3
# ECnu KoMHaTa He BXOAWMT B CMWCOK NOXeNaHwi, CTOMMOCTb yBenn4nBaeTcsd Ha 3
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# YpanuTb BbOpaHHbn 0TCEK
del slots[x]

return cost

IIpu KOHCTPYUPOBAHUU IeJIeBOMl (DYHKIIUU II0JI€3HO CTPEMUTHCA K TOMY,
YTOOBI CTOMMOCTE UEAJHLHOTO PEIlleHuA (B JaHHOM ciIydae KasKJbIHd CTY-
JIeHT 3aceJUJICS B KOMHATy, KOTOPYIO IIOCTaBUJ Ha IIepBOE€ MECTO B CBOEM
CIIICKe IIPeAIOYTeHU) Oblyia paBHA HY 0. B paccmarpmuBaeMoM mpumepe
MBI y3Ke YO JUIINCH, UTO UeaJIbHOE PeIlleHNe HeJOCTUKUMO, HO, 3HAA O TOM,
YTO €T0 CTOMMOCTDL PaBHA HYJIIO, MOYKHO OI€HUTDH, HACKOJHKO MBI K HEMY
TPUOINBUINCE. ¥ 9TOTO IPaBUJA €CTh eIlle OJHO JOCTOMHCTBO — aJITOPUTM
ONITUMU3AIUU MOYKET MPEKPATUTh MOUCK, €CJIN yKe HaWIeHO uaeasbHOe
peleHue.

BbinonHeHne onTumMmmnsaunn

Hanuuus npeacTaBieHNUs PelieHnil, 1ejieBoil QYHKINN 1 QYHKIIUY ITeva-
TH Pe3yJIbTATOB JOCTATOYHO I 3alTyCcKa HAIMCAHHBIX paHee QYHKITUHI OII-
TUMHU3AINuu. BBegure ciaenyoIinue KOMaHIbI:

>>> reload(dorm)

>>> s=optimization.randomoptimize(dorm.domain, dorm.dormcost)
>>> dorm.dormcost(s)

18

>>> optimization.geneticoptimize(dorm.domain, dorm.dormcost)
13

10

4

>>> dorm.printsolution(s)
Toby Athena
Steve Pluto
Andrea Zeus
Sarah Pluto
Dave Hercules
Jeff Hercules
Fred Bacchus
Suzie Bacchus
Laura Athena
Neil Zeus

MoskeTe ¥ TYT IIOUTPATh € IapaMeTPaMu — BAPYT FeHeTHYeCKUN aJIrOPUTM
CMOJKeT HAalTH pellieHne GbicTpee.

Busyanusauunga cetn

B mocsiegHeM mpuMepe MBI TOKAaKeM eIlle OJUH CII0CO0 MPUMeHEeHUs OIITH-
MHUBaInuu K, Ka3ajgoch ObI, COBEPIIEHHO HEIOXOXKUM 3aZauaM. B manHoM
cayuae pedb ImoiiferT o Busayanausarnuu ceteii. CeTbio MbI OyZeM Ha3bIBATH
Jr000€e MHOYKECTBO B3aMMOCBA3AHHBIX cyIIHOCTell. Cpelm OHJIANHOBBIX
IIPUJIOMKEHUN XOPOUIUMY IPUMEPaMU MOTYT CIYKUTD COIMAILHEIE CETU Ha
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Takux caiitax, kak MySpace, Facebook uiu LinkedIn, rae arogu B3anmo-
CBSI3AHEI, IIOTOMY UTO ABJIAIOTCA APY3bIMU WK KoJuleraMu. KasKaniil uien
caliTa BLIOMpPAeT, ¢ KeM OH CBs3aH, a BCe BMeCTe OHI 00pa3yIoT CeTh, COCTAB-
JIEHHYI0 U3 Jifofieii. THTepecHo OB1JI0 OBl BU3YaINU3UPOBATh IIOJO0HBIE CETH,
YTOOBI HPOSIBUTH UX CTPYKTYPY, HAIIPUMEP HANTHU JIIOei- « COe TUHUTEIeHN »
(TaKuX, KOTOPBIE 3HAIOT MHOTHX APYTUX WU CIAYKAT CBA3YIOIUM 3BEHOM
MEKIY aBTOHOMHBIMY IPYIIIAMHE).

3apaya o pa3mMeLlLeHUU

IIpu prcoBaHUM ceTH, BU3YAIUSUPYIOIeil O0JIbIIYIO IPYIIY JIIOAeli 1 CB-
3eil MexKIy HUMU, TPeOyeTCcsl PeIInTh, Ije PAa3MEeCTUTDh Ha KapTUHKe KaK-
Ioe uMa (nau 3HA4YOK). PaccMoTpuM, Hampumep, ceThb, N300paKeHHYIO Ha
puc. 5.7.

W3 pucynka Bupmuo, uro ABryct (Augustus) apysxur ¢ Bumau (Willy),
Baiioserom (Violet) u Mupanzmoit (Miranda). Ho ceTs HapucoBana 6ecops-
IOYHO, a IpHu A00aBJIeHNY HOBBIX JIIOAEH B Hell BooOIe OyaeT HeBO3MOIKHO
pasobpatbesa. Ha puc. 5.8 usobpaskeHo 60jiee TOHATHOE pa3MeIlleHue.

Miranda

Joe

Augustus

Violet

Mike

Puc. 5.7. HeydauHnoe pasmeuenue cemu

Miranda — Joe

Willy

N

Augustus
Mike

Viol
folet Charlie

Puc. 5.8. Yaywwennoe pazmeu,erue cemu

B sToM paspesie MBI IIOCMOTPHUM, KaK IPUMEHUTH METOABLI OIITHUMUBAIINN
IJIsI CO3NAHUS YIOPAJOUYEHHBIX BU3YAJbHBIX 00pasoB. 3aBeAuTe HOBBIM
daiin socialnetwork.py m BKJIHOUYUTE B HErO HEKOTOPhIe (PAKTHI O MaJIOM
MIOMHOKECTBE COI[UATLHOM CeTH:
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import math

people=[ 'Charlie’, "Augustus’, 'Veruca', 'Violet', 'Mike', "Joe", "Willy",
"Miranda’]
links=[("Augustus’, "Willy"),
("Mike", "Joe'),
("Miranda’, 'Mike"),
('Violet', 'Augustus’),
("Miranda", "Willy'),
('Charlie’, 'Mike"),
("Veruca', 'Joe'),
("Miranda’, "Augustus’),
("Willy', ‘"Augustus’),
("Joe’, ‘'Charlie’),
("Veruca', 'Augustus’),
('Miranda", "Joe')]
Haia sagaua — HamucaTh IPOrpaMMy, KOTOpas MoJydaeT Ha Bxoae nHdop-
MaIrio O TOM, KTO C KeM APYKUT, U TeHePUPyeT YA00HYIO IJIsI BOCIIPUATUS
puarpaMmy cetu. OGBIYHO [JIA STOT0 IPUMEHAETCH A120pUMM MACC U NPY-
Jscun. B ero ocHOBe JIe:KUT (pU3NUECKASI MOJIEJIb, IOCKOJbKY pasinuHbIe y3-
JIBI IaBAT IPYT HA IPYyTa, ILITAACh «OTTOJKHYTBCS» , TOT/Ia KaK CBA3U COJIU-
JKAIoT coeIMHEeHHbIe MeXK Iy coboil y3abl. CienoBaTeabHO, CETH MEAJEHHO
npuban:KaeTcsa K TaKOMY COCTOSHUIO, KOT/Ia HeCBA3aHHbBIE Y3JIbIl HAXOIAT-
cdA JajaeKo APYT OT Apyra, a CBA3aHHbIe — OJIM3KO0, HO He CIAUIITKOM.

K coxkanmenuio, aJirTOPUTM MacC W IPYKUH He IPENATCTBYeT HepeceueHunio
JauHuii. B ceTu ¢ 0OJBIINM KOJUUYECTBOM 3BE€HBEB I13-3a STOr0 TPYIAHO IIO-
HATH, KaKKe Y3Jbl CBSI3aHBI MEXKAY CO00Ii, MOCKOJIbKY BU3YAJILHO IIPOCe-
OUTH JUHIIO IIpobyemaTnuno. Ho eciiu mpuMeHUTD K 3aaue pasMelleHnsa
OIITUMU3AIUI0, TO HYKHO JIUIIb OIIPEAEJIUTD IeJeBYI0 (DYHKIIUIO U IIOIIbI-
TaThCS €€ MUHUMU3UPOBAaTh. B JaHHOM cilyyae mHTepecHas 1mejeBas QyHK-
MU — 9TO KOJIUYECTBO IIepeceKamuX ApyT Apyra JUHWHA.

MoacueT NnepecekaloWMXCcs NUHUN

YT0oOBI BOCIOJIL30BATHCA YK€ Pa3pabOTaHHBIMU (DYHKIUAMU ONTUMU3A-
Y, HaM Heo0XOoqMO ITPeICTaBUTD PellieHne B Buje crucka uncesa. K cuac-
TBHIO, IJIA 9TOU 3aaUM HANTU TaKOe IPeJICTaBJIeHNE COBCEM IIPOCTO. ¥ KaK-
JOr'0 y3J1a eCTh KOOPAWHATEI X 1 Y, IIO3TOMY JOCTATOYHO IOMECTUTH KOOPAU-
HAaThI BCeX Y3JI0OB B OOTMH I[JII/IHHblﬁ CIICOK.:

s0l1=[120, 200, 250,125 ...

3necs Yapau (Charlie) momerres B Touky ¢ koopauuatamu (120, 200), As-
ryct (Augustus) — B Toury (250, 125) u . 1.

Hamra meneBas QYyHKIUA AOJIMKHA IMOACUUTATL KOJUUYECTBO IIePECEKAI0-
muxcA OTPEe3KOB. BriBoA (hOPMYJIBI, OIIPEEIAIONIel TOUKY IIepeceueHna
IBYX IPAMOJUHENHBIX OTPE3KOB, BBIXOAUT 34 PAMKM MaHHOU TJIaBBI, HO
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OCHOBHAA UJes B TOM, UTOOBI BEIUMCINUTE, KAKYIO UYaCTh OAUH OTPE30K IIe-
pexpeiBaeT Ha ApyroMm. Eciiu aTa BemuumHa 3akaouena mexkay 0 (oouH Ko-
Hell oTpe3Ka) u 1 (ZApyroit KoHelr), ToO OTPE3KH IIepPeceKarTcs, B IPOTUBHOM
cJydae He IIepeceKalTcs.

Cruenyromas GyHKIINSI mepedbupaeT Bce HMaphl COEUHUTEIbHBIX OTPE3KOB
¥, 3Had KOOPAUHATEI UX KOHIIOB, OIIpeJejsaeT, IIepeceKalT s Jiu oHu. Ecau
Ia, K o011eit croumocTtu nobasisercs 1. [flobaebTe B dhaiia socialnetwork.py
(QYHKITAIO crosscount:
def crosscount(v):

# NpeobpasoBaTb CNMCOK 4MCEN B CNOBapb YenoBeka: KooOpaMHATH (X,Y)

loc=dict([(people[i], (v[ix2],v[i*2+1])) for i in range(0, len(people))])

total=0

# NepebpaTb BCe napsl 0TPe3KOB
for i in range(len(links))
for j in range(i+1,len(links))

# Mony4YnTb KOOPAMHATH KOHLOB
(x1,y1),(x2,y2)=loc[1inks[1][0]], loc[1links[1][1]]
(x3,y3), (x4,y4)=1loc[1inks[j][0]], loc[1links[J][1]]

den=(y4-y3)*(x2-x1)-(x4-x3)=(y2-y1)

# den==0, ecnn npaMble napannenbHsbl
if den==0: continue

# B nNpoTuBHOM Cnyyae ua u ub - ponu, COOABAaEMbe Ha KaxaoM OTpeske
# TO4YKOWM MX NepecedeHus

ua=((x4-x3)=(y1-y3)-(y4-y3)«(x1-x3))/den
ub=((x2-x1)*(y1-y3)-(y2-y1)=(x1-x3))/den

# Ecnu ana oboux 0Tpe3koB Aond okasanacb mexay O u 1, TO OHM
# nepecekanTcs
if ua>0 and ua<1 and ub>0 and ub<1:
total+=1
return total

00s1aCcThIO OIpeneIeHs B JAHHOM CJIyuae ABJIAETCA IUAIa30H N3MEeHEeHU
KasKkaol KoopaumHaTel. Eciu ceTh HY:KHO YMECTUTDH HAa KaPTUHKE Pa3MepoM
400x400 nukcesieit, To 00JaCTh OIpPeeJeHNA OJIKHA ObITh UYyTh MEHbIIIE,
4TOOBI OCTAJIOCh MecTO AJiA moJieii. [lo6aBbTe B dhaiia socialnetwork.py Ta-
KYIO CTPOKY:

domain=[(10,370)]+(1len(people)=2)

Temeph mompoOyiiTe TPOTrHATH KaKue-HUOYAL aJTOPUTMBI ONTHMU3AINU
¥ HAWTU PEIleHnA ¢ HeOOJIBIITUM YMCJIOM IIePEeCeKAIOIINXC JINHNI:

>>> import socialnetwork

>>> import optimization

>>> sol=optimization. randomoptimize(socialnetwork.domain
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socialnetwork.crosscount)
>>> socialnetwork.crosscount(sol)
12
>>> sol=optimization.annealingoptimize(socialnetwork.domain,
socialnetwork.crosscount, step=50, cool=0.99)
>>> socialnetwork.crosscount(sol)
1
>>> so0l
[324, 190, 241, 329, 298, 237, 117, 181, 88, 106, 56, 10, 296, 370, 11, 312]
AJTOpUTM UMUTAIINY OTKUTA, CKOPEE BCeT0, CMOYKEeT HAWTH pellleHne ¢ 0OUeHb
MaJIBIM KOJIMYECTBOM IIepeceueHnid, HO MHTePIIPETUPOBATH CIUCOK KOOPAH-

HaT TAXKeJ0. B cienyroliem pasgese MbI MOKaKeM, KaK aBTOMaTHUUECKH Ha-
PHCOBATH CETh.

PucoBaHue cetn

Hawm momnago6urcs 6ubamorexa Python Imaging Library, KoTopoii MblI moJih-
30BaJInCh B IriiaBe 3. Eciiu BEI ee ellle He yCTAaHOBUJIN, OOpPATHUTECh K IIPUJIO-
JKEeHUIO A, I/ie IpUBeAeHbl NHCTPYKIIMHY 10 CKAUNBAHUIO U YCTAHOBKE I1OC-
JegHel Bepcuu.

Ko pucoBanmusa cetu npsamosinHeeH. Hamo cosmars m3obpaskeHue, Hapuco-
BaTh OTPE3KU MEXKIY JIIOAbBMU, a IIOTOM — Y3JIbI, IPEACTABIAIONINE KAMKIOTO
yeJyioBeKa. ViMeHa JIroieil HAHOCSTCSA BO BTOPYIO OUepenb, YTOObI IMHUY UX He
nepekpoiBanan. [lo6aBbTe cienyoiryio GyHKIINO B aita socialnetwork.py:
def drawnetwork(sol):

# Co3paTb u30bpaxeHue

img=Image.new( RGB', (400, 400), (255, 255,255))

draw=ImageDraw.Draw(img)

# CospaTb CnoBapb MNO3umUMiA
pos=dict([(people[i], (sol[i%2],s0l[1i*2+1])) for i in range(0, len(people))])

# HapucoBaTb COEAMHWTENbHBIE OTPE3KK
for (a,b) in links:
draw.line((posl[al, pos[b]), fill=(255,0,0))

# HaHecTu umeHa nwoaen
for n,p in pos.items( ):
draw. text(p,n, (0,0,0))

img. show( )

i samrycka aToil QyHKIINY B MHTEPAKTUBHOM CEaHCE MePETPY3UTE MOAYJIb
¥ BBIBOBUTE (PYHKIIUIO:

>>> reload(socialnetwork)
>>> drawnetwork(sol)

Ha puc. 5.9 moxasas BO3BMOKHBI Pe3yJabTaT ONTUMU3AIINH.

Pasymeercs, Baiiie pelresne OyAeT OTJIMYAThCA OT IpUBedeHHOro. HOTIA
pellleHre BBITJIAIUT JOBOJBHO CTPaHHO. TaKk Kak MbI CTaBUJIU cebe IeIbI0
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Veruca
Willy

Miranda

Augustus

Charlie Mike

Puc. 5.9. Pasmeujenue, nosyiusuieecs 8 pe3yibmame MUHUMUIAUUUL
KoJlULecmaa nepecevieHuil

JUIIb MUHIMU3UPOBATH KOJMUYECTBO IIEPECEUEHUH, TO IieeBad (PDyHKIUA
He mITpadyer 3a CAUIIKOM OCTPHIE YTJILI UJIU 34 TO, UTO ABa y3Jia OKa3aaucCh
yepecuyp OJIU3KO APYT K APYTry. B taHHOM ciayuae aJrOpuTM OITUMU3AINNT
BeJleT ce0sa Kak AJKUHH, MCIOJHAIONINI BaIlN JKeJIaHUA OYKBAJIbHO, II09TO-
MY TaK BayKHO YeTKO (DOPMYJIHUPOBATh, UeT0 BBl XOTUTE. 3aUaCTYIO pellleHre
YIOBJIETBOPSAET KPUTEPUIO ONITUMAJIBLHOCTH, HO BHITJISIAUT COBEPIIIEHHO HE
TakK, KaK BbI OXKUIATIN.

Yrob6bl mTpadoBaTh 3a CIUIIKOM OJU3KOE PACIIOJIOMKEHNE Y3J0B, MOMKHO
BBIUUCJIUTD PACCTOSHUE MEXKY Y3JIaMU U PasfeinTh ero Ha JKejaTeJbHOoe
MUHHMAaJbHOE paccTrodHue. Mogudunupyiite QyHKINIO crosscount, moda-
BUB B KOHeII (TIepes return) CJAeIyIONINI KOI:
for i in range(len(people)):
for j in range(i+1,len(people)):
# NonyynTb nosuumm o06oMx y3nos
(x1,y1),(x2,y2)=1oc[people[i]], loc[people[j]]

# BHYMCAUTHL PACCTOSIHME MEXAy HUMK
dist=math.sqgrt(math.pow(x1-x2,2)+math. pow(y1-y2,2))
# WTpad, ecnu paccToaHne meHbuwe 50 nukcenen
if dist<50:

total+=(1.0-(dist/50.0))
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TeM caMbIM MBI YBeJIMYMBAEM CTOMMOCTE JAJIS KaKJOH Iaphl Y3JI0B, PacIo-
JIO}KEHHBIX Ha paccTogHuY MeHee 50 IUKcesel IpyT OT Apyra, IPOIoPI[1o-
HaJbHO paccTOAHUIO. ECiayu OHM OKasajuch B OLHOM U TOI sKe TOUKe, TO
mrpad cocraBut 1. CHOBA BBIIIOJHUTE ONTUMHU3AIIUIO U IIOCMOTPHUTE, yAa-
JIOCH JIX PACTAHYTH pasMelljeHue.

JApyrne BO3MOXXHOCTU

B aT011 rmaBe MBI paccMOTPEIHN TPU COBEPIIIEHHO PA3HBIX IPUMEHEHUA aJi-
TOPUTMOB ONTMMM3AIINM, HO 3TO JIUIIH Majasd TOJIUKa BO3MOKHOro. Kak
MBI HEOJJHOKPATHO OTMEYAaJIM, CYIIIeCTBEHHBIMU 3TallaM¥ ONITUMU3AI Y B~
JSIOTCSA BBHIOOD IIPECTAaBJIEHUA PelleHusa U meaeBoi ¢pyHKmuu. Ecau aTo
yIaeTrcs clesiaTh, TO eCTh BCe IAHCHI, UYTO ONITUMUIAIIUSI TOMOMKET PEITUTh
CTOAIIYIO IIepe]] BaMU 3a7ayuy.

HWuTepecHo GbLIO OBI MOAYMATDL HAJ TaKOH 3amaudeil: B3ATh IPYIINY JOAEH
U pasgesuTh MX Ha KOMaHIbl C PABHOMEPHBIM pacIipefesieHreM yMeHM!.
Hampumep, A8 Kakoro-HuOyAb MTI'POBOTO KOHKypca (Tuma urpbl «4rto?
T'ne? Korma?») xopoiiio 661 chopMHUPOBATh KOMAHALI UTPOKOB, 00JIamaro-
WX TO3HAHUAMU B CIIOPTE, UCTOPUY, JIUTEPATYPE U TejieBugeHUU. [Ipyroi
BapMaHT — PACIPEJEeJUTh 3aJjaUy 110 IPYHIIaM PaspaboTUMKOB, IPUHUMAA
BO BHUMAaHMe KBaTu(PprKanuio ux 4ieHoB. C IOMOIILI0 ONITUMU3AIIY MOK-
HO HAWTH TAKOH CIIOCO0 pacipelesieHns, IPKU KOTOPOM BCe 3aJauu OYIyT
pellieHbl B KpaTuaninme CPOKH.

Ecnu nau nivHHEBIN cIUCOK caliTOB, CHAOKEeHHBIX KJII0UeBBIMU CJI0BAMU, TO
OB1JIO OBl MHTEPECHO HAWTU CPer HUX ONTUMAJbHYIO I'PYIIIY, COOTBETCTBY-
IOIIYI0 KJIOUEBHIM CJIOBaM, 3aJaHHBIM IIOJIb30BaTesieM. Takasd TIpymnia
JIOJI’KHA COCTOATH U3 CaiTOB, Y KOTOPBIX MaJIO OOIINX KJIOUEBBIX CJIOB, HO
B COBOKYITHOCTHM OHU MOJIKHBI OTBEYATh MAaKCUMAJIBLHO GOJIBIIIOMY UMCITY
CJIOB, YKa3aHHBIX II0JIb30BATEJIEM.

Ynpa)XXHeHus

1. Ifenesas pyuryus epynnogozo nymeutecmsus. [JobaBwsTe 001iee BpeMa
nonera u3 pacuera $0,50 3a munryry. Eme gqo6assre mrpad $20, ecan
KOMY-TO MPUXOUTCS MIPUE3IKATh B a9POIIOPT PaHbIle 8 4acoB yTpa.

2. HauanvHvle mouku omicuza. PesyIbTaT UMUTAIIUYA OTKUTA CUJIBLHO 3a-
BHCUT OT HaYaJIbHOU TOuKu. IlocTpoiiTe HOBYIO (PYHKIIMIO ONTUMU3A-
UK, KOTopas HauuHaJa Obl OT?KUI B Pas3HBIX TOUKAX M BO3Bpallaja
Jy4liiee U3 HAaUJeHHBIX PeIeHuH.

3. Kpumepuil ocmano8Ku zeHemuieckozo aarzopumma. OuncanHasa B 9TOH
raaBe QYHKIINA BBITOJHANA (DUKCUPOBAHHOE YKCJIO UTEPAI[UHN T€HETH-
YecKoro ajroputMma. VIaMeHUTE ee TaK, YTOOBI OHA IIpeKpaIraia pabory,
Korga Ha mpors:KeHuu 10 mociaemoBaTesNbHBIX HUTepaluili He ymaeTcs
YAYUIIATE HY OJHO M3 HAWJEHHBIX K 3TOMY MOMEHTY HAWJIYUIIUX pe-
IIeHUH.
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4. Ilenvt Ha 6unemvr myoa u obpamuo. @YyHKIMS, MOJIydalolasi JaHHbIE
¢ catita Kayak, 3anpaiiuBaet pelichl TOJIbKO B OJHY CTOpOoHY. Bo3aMox-
HO, YIacTCs COKOHOMUTD, KyITUB OWJIETHI Ha pelic Tyaa u obpaTHo. U3-
MEHUTE KOJ TaK, YTOOBI 3aMpalliviBaTh LIEHHI TPU MOKYIMKe Ouiieta B 00e
CTOPOHBI, U MOAUMPUUUPYUTE 1eJeBYI0 QYHKIIUIO, YTOObI OHA MCKajia
LICHY cpa3y Ha Ilapy peiicoB, a He CYMMHpOBaJia LIeHbl Ha OMUJICTHI B OTHY
CTOPOHY.

5. Couemanue cmyodenmog. TlpeanoaoXum, 4TO CTYACHThI BbIpaXaloT TO-
XKeJJaHU S He O KOHKPETHOM KOMHaTe, a 1o nmoadopy cocena. Kak Obl Bbl
MpeJCTaBWIN pellieHue B 3ToM ciaydae? Kak Morjia Obl BBITJISIIETH LIEJie-
Bast yHKUUA?

6. Uimpag 3a eeauuuny yena. Bxiounre B LieJIEBYIO QYHKLIUIO AJIS ajlro-
pUTMa pas3MelleHUs] CeTU AOTOTHUTENbHYIO MIaTy, €CJM YToJd MEXIy
JBYMS IUHUSIMU, UCXOASIIMMU U3 OOHOTO y3ja, ciuiukom Mai. (IToxa-
cKa3Ka: BOCTIOJIb3yUTeCh BEKTOPHBIM MTPOU3BEICHUEM. )



dun bTpaunsa LOKYMEeHTOB

B 1011 ry1aBe MBI MOKaMKeM, KaK MOYKHO KJIacCU(DUITNPOBATH JOKYMEHTHI 10
UX COAEP:KUMOMY. ITO OUEHbB II0JIe3HOE MPUMeHeHNe NCKYCCTBEeHHOTO MH-
TeJIJIEKTa II0JIy4aeT Bce 0OJIbIllee pacIIpOCTpaHeHMe, U B IIEPBYIO OUepenb
I QuabTpanuy cnama. M3-3a JerKogOoCTYIIHOCTH U UCKJIIOUUTEIBLHON 1e-
IIIeBU3HBI OTIIPABKU COOOIIEHUIT 110 3JIEKTPOHHOM [IO0UTe BOSHUKJIA Cepbes-
Hasa nmpobJyeMa — JI000i1 UeJIOBEK, Uell afpec IoIIaj B HEUKNCTOILIOTHRIE Py-
KU, HAUMHAET II0JIyYaTh HEIIPOIIEHHYIO IIOUTY, a 9TO 3aTPYAHSAET BhIJeJie-
HUe [efICTBUTEJIbHBIX BaKHBIX IIVCEM.

Pasymeercs, npobJieMe criaMa IoiBep:KeHa He TOJIBKO 9JIeKTPOHHAS IIoYUTa.
Beb6-caiiTel, cTaBIlie cO BpeMeHeM 0oJiee MHTEPAKTUBHBLIMU, IIPEAIaraioT
TOCETUTEJIAM OCTABJIATH CBOM KOMMEHTAPUU U TasKe CO3AaBaTh OPUTHUHAIb-
HBIM KOHTEHT. VI 5TO TOXKe OCTABJISIET BO3MOYKHOCTD IJis crmama. IIybsamu-
usle (popywmel, Hanmpumep Yahoo! Groups u Usenet, y»xe gaBHO cTagu Muiie-
HAMU JJIA pa3MeIleHNA He OTHOCAIINXCA K TeMe ()opyMa COOOIIeHU NI
peKJIaMbl COMHUTENLHOM MPoAyKIIuK. Terneps OT TO ke HalacTH CTPagaioT
caiiTel Bukunenuu u 6oru. ITpu co3manum OIpUI0KeHNI, Pa3peIIaoInx
YTO-TO IIyOJIMKOBATE JIIOOOMY sKeJIaioleMy, Heo0X0JUMO 3apaHee MoAyMaTh
0 TOM, KaK 60POThCS CO CIIAMOM.

OHI/IcaHHBIe B DTOH IJIaBe aJITOPUTMBI IIDUMEHNMBI HE TOJIBKO OJIA (l)I/IJILTpa'
nuu cnama. OHU pelarT O0IIyI0 3afauy 00yUeHUsA pacIlIo3sHaBaHUIO TOTO,
MIPUHAIJIEKUT JU JOKYMEHT K TOH WJIM MHOI KaTeropuu, a CTauao ObITh, MO-
T'yT OPUMEHATbCA U OJS He CTOJb AyPHO maxHymux Iesieii. Hampumep,
MOKHO aBTOMaTHUUYECKU PACCOPTUPOBATH IIOCTYIAIONIYIO B BAlll AIUK II0Y-
Ty Ha MUCbMa, OTHOCAIIHECA K paboTe U K JIMUHOM Ku3Hu. V11 pacmosHa-
BaTh IIHUCbMa C 3alIIpoOCOM I/IH(l)OpMaI_II/II/I 1 aBTOMATHU4YECKH HAIIPaBJIATH UX
JUIY, CIIOCOOHOMY AAaTh HamboJjiee KOMIETEHTHBINI OTBeT. B KOHIle I'JIaBbI
MBI IIPUBEJEM IPUMEDP aBTOMATHMUECKOMN KJIAaCCUMUKAIINU COOOIIEHUI u3
RSS-kanaia.
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CDvmpra uusd cnamMma

ITepBble MONBLITKY PUALTPAIINY CIIAMA IToJIarajJnch Ha KJaaccu(GpuKaTopsl Ha
OCHOBe TIPaBMJI, KOT/la YesioBeK cam (hopMyJIMpPOBaJ IIpaBuJia, B COOTBETC-
TBHHU C KOTOPBIMHU COOGH_[eHI/Ie IIPM3HABAJIOCh IIOJIE3HBIM MJIM CIIaMOM.
OOBIYHO IIpaBUJIA KaCaJNuCh CJIUIIKOM OOJIBIIIOT0 YKCJIa 3arjaBHBIX OYKB,
yInoMuHaHUSA (hapMaleBTUUYEeCKOU IPOAYKIIUU WM UYPE3MEPHO IIECTPOI
packpacku. Ho m0BOJIBbHO GBICTPO BBIABUJICA OUEBUHBIN HEJOCTATOK IIO-
IOOHBIX KJIACCHU(PUKATOPOB — cIIaMepPhbl N3YUMJIN BCE MPaBUJIa U IIEPECTaTIN
SIBHO BBIZIABaTh ce0s1, HAYYUBIIINCH 00XOAUTH QUIABTPHI. I Ha06OpOT, JII0AH,
4YbU IIpECTapeJible POAUTEIN TaAK 1 HE HAYUYNJINCh HAXKUMAaTh KJIaBUITYy Caps
Lock, oOHapy KUK, UTO BIIOJIHE HOPMAJIbHBIE COOOIIEHNA OT HUX KJIACCHU-
PUIUPYIOTCA KaK CIIaM.

Y (puabTpoB HA OCHOBE IIPABUJ €CTh U ellle OANH MUHyc. I[IpusHaxku crama
MEHAITCA B 3aBUCUMOCTH OT TOT'O, OTKYAa OTIPABJIECHO COOOIIleHNEe U KOMY
oHO anmpecoBaHo. KirroueBble c10Ba, KOTOPBIE AJIsI OSHOTO II0Jb30BATEJISA,
dbopyma unu paspena Bukunenuu cay:KaT HECOMHEHHBIM ITPU3HAKOM CIIa-
Ma, B IPYro# CUTyallliy CUUTAIOTCS COBEPIINEHHO HOPMAJIbHBIMU. UTOOBI
paspeniuTh 9Ty IpobsemMy, MbI B TaHHOI TJlaBe PACCMOTPUM IPOTPAMMEI,
KOTOpBIe 00yualomcs M0 Mepe TOro, KaK BBI cOO0IllaeTe MM, UTO CUMTATh
CIIaMOM, & UTO HeT, IPHUYEM STO IIPOUCXOAUT KaK HA HAUYAJbHOM CTaguu,
TaK ¥ B IPOIlecce MOJYUYEeHUs HOBBIX coobmIeHuii. TaKuM 06pa3oM MOKHO
TMOATOTOBUTH PAa3JUYHBIE SK3eMILIAPHI U HAOOPHI MaHHBIX MJS Pa3HBIX
IoJIb30BaTeJieil, TPYIN U CANTOB, KAMKALIH M3 KOTOPBIX OYAET I0O-CBOEMY
YTOYHATH, YTO TAKOE CIIaM.

,U,OKyMeHTbI n aioBa

KnaccuduraTopy, KOTOPBIil MBI IIOCTPOUM, OYAYT HEOOXOAUMBI NPUSHAKU
UL KJaccu(UKamuy pasinyHbIX 00pasnoB. IIpu3HaKOM MOMKHO CUUTATH
J1000€e CBOMICTBO, OTHOCUTEJIBHO KOTOPOTO MOXKHO CKa3aTh, IPUCYTCTBYET
OHO B oOpasIie uau HeT. Ecau Kiaaccu(puIiiupyoTcs JOKYMEHThI, TO 00pas-
IIOM CUMUTAETCS JOKYMEHT, a IPU3HAKaMU — BCTPEUAIOIUecsa B HeM CJI0Ba.
Korpga cioBa paccMaTpuBaOTCA KaK IPU3HAKY, MBI IIPEAIIOIaraeM, uTo He-
KOTOPHIE CJIOBA BEPOSATHEE BCTPETUTH B CIIaMe, YeM B HOPMAJIbHBIX COO0IIIe-
HUAX. VIMEHHO 9TO JOIyIleHre JIEXKUT B OCHOBE OOJIBLIIIMHCTBO AHTHUCIIAM-
HBIX GuabTPoB. HO HUKTO He 3acTaBJsAET OrPAHNUYNBATHLCS TOJLKO CJIOBa-
Mu. B KauecTBe IpU3HAKOB MOYKHO PACCMaTPUBATh ITaphl CJIOB, IleJble (hpa-
3B U BOOOIIe BCe, O YeM MOYKHO CKa3aTh, IPUCYTCTBYET OHO B JOKYMEHTE
WJIN OTCYTCTBYET.

Cospaiite HOBBIN (paitn docclass.py u BKJIOUNTE B HEro GYHKIUIO getwords,
KoTopas O6y/JeT n3BJIeKaTh MPU3HAKY U3 TEKCTA:

import re
import math
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def getwords(doc):
splitter=re.compile( "\\W*")
# Pa3buTb Ha cnoa no HeOYKBEHHbIM CUMBONAM
words=[s.lower( ) for s in splitter.split(doc)
if len(s)>2 and len(s)<20]

# BepHyTb Habop YHMKanbHbIX CNOB

return dict([(w,1) for w in words])
Ira pyuKIug pasbuBaeT TEKCT HA CJ0BA IO JIIOOOMY CUMBOJIY, OTJIMUHOMY
or 6ykBbI. OHA OCTaBJISIET TOJHKO CAMHU CJIOBA, IPeo0pa3oBaHHbIE B HUMK-
HUM perucrp.

Pentuts, uTo OyAeT cuuTaTHCS MIPU3HAKAMU, — 3TO caMasd CJIOKHAA 1 caMasd
BaKkHas 3amada. [IpusHaAKM JOJKHBI OBITH TOCTATOUYHO PACITPOCTPAHEHHBI-
MU, 4TOOBI BCTPEYATHCA YaCTO, HO HE HACTOJIBbKO PACIIPOCTPAHEHHBIMU, UTO-
OBl TTOTIAZATHCA B KAXKJIOM JOKyMeHTe. TeopeTuuecKW MPU3HAKOM MOKET
OBITH BECh TEKCT TOKYMEHTA, HO 9TO IMOUTHU BceTAa 6ecCMbICIEHHO, Pa3Be UTO
BBI ITOJIyYaeTe OJTHO U TO JKe CO00IeHre CHOBA 1 CHOBA. [[pyras KpaiiHOCTb —
00BbABUTH MPU3HAKAMU OTAEJbHBIE CUMBOJBI. HO, TOCKOJIBKY OHU BXOIAT
B Ka)XJ0e COOOIlleHre, TO He MO3BOJAT OTAEJUTH 3epHA OT IaeBes. [ake
IIpU BHIOOPE CJIOB B KAUECTBE IPU3HAKOB BO3HUKAET PAJ BOIPOCOB: KAK BbI-
IeJATH CJIOBA, KaKkue 3HAKHU IPEeMUHAHUA B HUX BKJIIOUATH U CJEAYEeT JU
YUYUTBHIBATH MHAOPMAIINIO B 3ar0JIOBKE.

Eitie onuH GaKToOp, KOTOPBIM HYKHO IPUHUMATH BO BHUMAaHNE, KOTIa BbI-
6upaeTcsa HabOp IPUBHAKOB, — HACKOJBKO XOPOIII0O OHU CMOTYT pacIipeme-
JUTH JOKYMEHTEI 110 KaTeropusaM. Hanpumep, IpuBeJeHHas BBIIE (PYyHK-
IIUA getwords COKpAaIIlaeT YKUCJIO MPU3HAKOB, IPUBOAS BCE CJIOBA K HUMKHEMY
peructpy. 9TO o3HauaeT, UTO HAIMCAHHOE 3arjlaBHLIMU OYKBaMU CJIOBO,
BCTpeUaroleecss B HaUaje MPeIJIOKeH!sA, HUUeM He OTJINYAeTCSd OT TaAKOr'o
JKe CJIOBA, HAMIMCAHHOTO CTPOYHLIMU OYKBaMU, B CePeINHE MPEII0KeHU.
Ho TeM caMbIM MBI TOJIHOCTBI0 urHOopupyeM KPUKJIMBBIN cruns, xapak-
TEePHBIA /IS MHOTUX CIIAMHBIX COOOITEHUIi, a 5TO MOT ObI OBITH BaYKHBIN
KJIacCcuPUIUPYIOMNI IPpU3HaK cliaMa. AJIbTepPHATUBHOM MOIJIO OBITH CTATH
00bABIEeHNE MPU3HAKOM TaKOM XapaKTepUCTHKU: 0oJiee TOJIOBUHBI CJIOB
HaIIMCaHbl 3aTJIaBHBIMU OYKBaMMU.

Kax BuguTe, mpu BBIOOpPE IPU3HAKOB IPUXOAUTCA UATU HA PA3JINUYHBIE
KOMIIPOMMCCEHI M IIOCTOSHHO YTOUHATH paHee NPUHATHIE perieHus. Iloxa
MBI OyZeM IMMOJb30BAThCA IIPOCTOM (PYHKIIMEH getwords, a B KOHIIE TJIABBI
MPeAJIOKUM PN UAeH II0 COBEPIIEeHCTBOBAHUIO MeXaHW3Ma BBIAEJeHUA
MIPU3HAKOB.

OOyueHue knaccndumkaTopa

PaccmaTrpuBaeMble B 9TOM IIaBe KJIacCU(PUKATOPHI CIIOCOOHBI 00yUaThCS TO-
My, KaK HaZ0 KJaacCU(UIIMPOBATH JOKYMEHTbl. MHOTrMe ajJropuTMbl, OIH-
caHHBIE B 3TOI KHUTre, B YACTHOCTU HEeMPOHHBIE CETH U3 IJIaBhI 4, 00yUatoT-
cs, KOrJa UM NPeIbABAAIOT IPUMEDHI IPAaBUJIBHBIX OTBETOB. UeM GoJIbIlle
JOKYMEHTOB M IPAaBUJILHBIX CIIOCOO0B KJACCU(PUKAIIMYU BUIUT AJTOPUTM,
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TeM JIydllle OH KJIacCUPUIMPYeT IOoCaeyIoNe T0KyMeHTs. Kpome Toro,
B HAUaJIbHBI MOMEHT KJaccm(pUKaTOp HAMEPEeHHO [eJial0T OYeHBb «pPOoo-
KHUM», TaK YTOOBI €70 «YBEePEHHOCTH B cede» MOBBIIIAIaCh IO MepPe TOTO, KaK
OH y3HaeT, KaKue IPU3HAKM BasKHEI IJId IIPOBeAe A PAa3TUUMIA.

IIpesxme Bcero HaM MOHAAOOUTCA KJIacc AJs IIPeACTaBIeHUSI KaacCu(puKa-
Topa. OH UHKaAICyaupyeT Te GaKThl, KOTOPHIM KJIacCU(PUKATOP yCIIes 00y-
YUTHCA. ¥ TaKOI CTPYKTYPEI €CTh BasKHOE JOCTOMHCTBO — MOYKHO CO3/JaBaTh
pasHble 9K3eMILIAPBI KJIACCU(PUKATOPOB, OPUEHTHUPOBAHHbIE HA pas3jiny-
HBIX TOJIb30BaTeJeH, TPYIIILI UJIN 3alIPOChI, 1 00yYaTh X B COOTBETCTBUU
¢ IOTPe0HOCTAMY KOHKPeTHOM rpyumnsl. Co3gatiTe B (haiiie docclass.py cie-
IyIOMuii Kjaacc classifier:
class classifier:
def __init__(self,getfeatures, filename=None):

# CyeTumkn KombuHaUMIn Npu3Hak/kaTeropus

self. fc={}

# CYeTuMKM OOKYMEHTOB B Kax[oh KaTeropuw

self.cc={}

self.getfeatures=getfeatures

B aToM Kitacce ecTh TpH IepeMeHHBIX 9K3eMILIApa: fc, cc 1 getfeatures. B me-
PEeMEeHHOH fc XpaHATCA CUETUNKYU IIPU3HAKOB MPU PA3JIUUYHBLIX KJaccu(u-
Kanuax: Halpumep:
{"python": {'bad’: 0, 'good': 6}, "the': {'bad': 3, 'good': 3}}

ITo 03HaUYaeT, 4TO CJOBO the TPMKALI HOABIAIOCH B JOKYMEHTAX, KJIACCH-
(pUIUPOBAHHBIX KaK MJI0XUE, W TPUKIBI — B JOKYMEHTaX, KJIacCUPUIUPO-
BaHHBLIX Kak xopoirue. CiroBo Python moaBasmock TOJBKO B XOPOIINUX [0-
KYMEHTax.

Ilepemenuas cc — 9TO CJI0OBapbh, B KOTOPOM OTPasKeHO, CKOJILKO pas3 Ipume-
HsJIACh KaXKAad KIacCU(PUKAIUA. ITO HEOOXOAUMO JJIS BbIUNCIEHUS BEPO-
ATHOCTU, O UeM UyTh MO3Ke. M ImociaegHAA IepeMeHHas SK3eMILISApa,
getfeatures, — 9T0 QYHKIMSA, C IOMOIIBIO KOTOPOI 13 KJIaCCUPUIITPYEMBIX 00-
PAasIioB BBIAEIAIOTCA IPU3HaAKU. B HamteM nmpumepe aTo QYHKIIUA getwords.

Metonasl Kylacca He OYAYT HOJIB30BATHLCA STUMU CJIOBAPAMU HAIIPAMYIO,
IIOCKOJIbKY 3TO OT'PAHUYMJIO ObI BOBMOYKHOCTH [JJI COXPAHEHUA TAHHBIX
oO0yueHus — B (paiiye, B 6a3e uiu eite rae-to. CosmaiiTe caeayiomnie BCIIOMO-
raTeJbHbIe PYHKIIUN I/ YBEINUEHNU U IOJyUYeHNA CUeTUNKOB:

# YBenuMuuTb CHETHYMK nap npuaHak/kaTeropus

def incf(self, f,cat):
self.fc.setdefault(f, {})
self.fc[f].setdefault(cat,0)
self.fc[f][cat]+=1

# YBENMUNTb CYETYMK MPUMEHEHWIA KaTeropum

def incc(self,cat):
self.cc.setdefault(cat,0)
self.cc[cat]+=1
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# CKOMbKO pas MpuaHak MOABAANCA B [aHHON KaTeropuu
def fcount(self, f,cat):
if f in self.fc and cat in self.fc[f]:
return float(self.fc[f][cat])
return 0.0

# Ckonbko 06pasloB OTHECEHO K [JaHHOW KaTeropuu
def catcount(self,cat):
if cat in self.cc:
return float(self.cc[cat])
return 0

# 0buwee 4mucno 0b6pas3uos
def totalcount(self):
return sum(self.cc.values( ))

# Cnucok Bcex KaTeropwi
def categories(self):
return self.cc.keys( )

Mertog train mpuHHEMaeT oopaserr (B TaHHOM cJIydyae JOKYMEHT) 1 Kjaaccudu-
karuio. C moMoIIbio PYHKITNH getfeatures OH BBIZEISIET U3 00pasia IpusHa-
KU. 3aTeM OH BBI3BIBAET METOJ incf, YTOOBI YBEJIUUYUTDH CUCTUNKY IJIA KaK-
JOTo IIpW3HaKa B MaHHOUN KJjaccupurammum. VI HaKOHEI[ OH YBEJIUUYUBAET
CYETUUK IIPUMEHEHUH dTOH KJIacCu(hUKaIUU:
def train(self,item,cat):

features=self.getfeatures(item)

# YBENMYUTb CYETYMKM AN Kax[Oro npudHaka B [LaHHOM Knaccupukauum

for f in features:

self.incf(f,cat)

# YBENUUYUTL CYETHMK MPUMEHEHWI 3TOW Knaccuonkaumm
self.incc(cat)

Yb6enuTscs B TOM, UTO KJacc paboTaeT IpaBUJIbHO, MOMKHO, 3allyCTUB MH-
Tepuperarop Python u umnopTrpoBas 3TOT MOAYJIb:

$ python

>>> import docclass

>>> cl=docclass.classifier(docclass.getwords)

>>> c¢l.train( 'the quick brown fox jumps over the lazy dog', 'good’)
>>> ¢l.train('make quick money in the online casino’, 'bad’)

>>> ¢l. fcount( 'quick’, "good")

1.0

>>> ¢l. fcount( 'quick’, "bad")

1.0

Ceituac HaM OBLI OBI II0JIE3€H METO/, KOTOPBIM COXPaHAeT B KJIacCUPUKATO-
pe HeKOTOopbIe JaHHbIe, II0JYUeHHbIe B X0/i¢ 00yUeHns, YTOObI He IIPUXOLH-
JIOCH KasKIbIi pas MPOBOAUTH 00yUeHre 3aH0BO. [Jo0aBbTe TaKyI0 QYHKITHAIO
B (paitn docclass.py:

def sampletrain(cl):

cl.train( 'Nobody owns the water.', 'good")
cl.train( the quick rabbit jumps fences', 'good")
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cl.train( buy pharmaceuticals now', "bad")
cl.train( 'make quick money at the online casino’, 'bad’)
cl.train( the quick brown fox jumps', ‘good’)

BbluncneHune BepOﬂTHOCTEI-/'I

Temepb y Hac eCTh CUETUNKH, ITIOKA3bIBAIOINE, KAK COOOIMEeHU ObIIN Pas-
HeceHHI o KaTeropuam. CaeayooIiuii mar — IpeBpaTUTh 9TH YKUCJA B BEPO-
ATHOCTU. BepoaTHOCTHIO HasdbiBaeTcs uncio ot 0 1o 1, mokaswIBaroIiee yac-
TOTY BOBHMKHOBEHUS HEKOTOPOTO COOBITUSA. B TaHHOM cjydae MBI BBIYKC-
Js1eM BePOATHOCTD TOT'0, UTO CJIOBO IPUHAIJIEKUT KOHKPETHON KAaTETOPUH.
JJId 9TOTO HYKHO Pas3fleJInTh KOJIUUYECTBO BXOMKACHUI JaHHOTO CJIOBA B JI0-
KYMEHT, OTHECEHHBIH K 9TOI KaTeropuu, Ha obI1iee Y1cjao JOKYMeHTOB B TOi
JKe KaTeropuu.
Hob6aBbTe B KJacc classifier MeTos fprob:
def fprob(self,f,cat):
if self.catcount(cat)==0: return O
# 00wee 4vcno pas, KOrpa AaHHbA NPW3HAK MOABAANCA B 3TOW KaTEropuw,
# nenuMm Ha KONM4YecTBO o6pa3uoa B TOW Xe KaTe ropuun
return self.fcount(f,cat)/self.catcount(cat)
Jra BeIUUYMHA HA3LIBAETCA YCJOBHOU 8ePOSMHOCMbI0, OOBIUHO 3alNChIBaA-
erca B Busie Pr(A | B) u nmpousHOocuTca Tak: «BepoaTHoCcTh A IIpm ycio-
Buu B». MBI TOIBKO uTo Berumcamau sHaugenue Pr(Croso | Kraccuduka-
IIUsI); TO €CTh BEPOATHOCTH TOTO, UTO HEKOTOPOE CJIOBO MOSIBUTCA B JAHHOM
KJaccu(puranum.
IIpoTecTupyem aTy GYHKIINIO B UHTEPAKTUBHOM CeaHCe:
>>> reload(docclass)
<module ‘'docclass’ from 'docclass.py >
>>> cl=docclass.classifier(docclass.getwords)
>>> docclass. sampletrain(cl)
>>> ¢l.fprob('quick’, "good")
0.66666666666666663
Kaxk Bugure, cjI0BO quick BXOaUT BCero B Tpu JOKYMEHTAa, U3 KOTOPHIX JBa
KJaccu(uIiinpoBaubl Kak xopoirue. CiemoBaTelbHO, BEPOATHOCTH TOTO,
YTO XOPOIIHUil JOKYMEHT OyIeT CofepsKaTh 3T0 cJI0BO, paBHa Pr(Quick | Xo-
pormuit) = 0,666 (2/3).

HauynHaem ¢ pasymHom runoresbl

Meton fprob maeT TOUHBIN pe3yJbTaT AJISA TeX IIPU3HAKOB U KJaccu(pUKa-
U, KOTOPbIE OH Yy2Ke BUIeJ, OJHAKO MMeeTC HeOOoablnasa mpodieMa — 1c-
OJIb30OBaHMUE JIUIIH TOW MHPOPMAI, C KOTOPOM METO/] ysKe CTAJIKUBAJICH,
AejsiaeT ero CJOMNIIIKOM YyBCTBHUTEJBbHBIM Ha PaHHHUX dTallax 06yqu1/Ia u 1o
OTHOIIEHUWIO K PEJKO BCTPEUAIOIMMCSA CJIOBaM. B HamieM mpuMepe CJIOBO
money (IeHbIru) BCTPETUIOCHh TOJBKO B OJHOM JOKYMEHTE, KOTOPBIH KJac-
cu(uUIIIpPoBaH KakK IIJIOXO0H, IOTOMY YTO CONEP:KUT peKJiaMy KasmHo. Pas
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9TO CJIOBO BCTPETUJIOCH B OLHOM ILJIOXOM JOKYMEHTE 1 He BCTPeUaioch B X0-
POIINX, TO BEPOATHOCTH TOTO, UTO OHO MOJKET IMOABUTHCA B XOPOIIUX JOKY-
MeHTaX, corjacHo GyHKIuu fprob pasua 0. 9To, moxkaayii, mepedbop, Tak Kak
CJIOBO MONey BIIOJHE HeNTPaJIbHOE, IIPOCTO €My He IOBe3JIO0 — YTropasauiIo
IepPBEII pa3 BCTPETUTHCA B ILJIOXOM JOKYMeHTe. BbLIO OBl padyMHee, eciu
OBbI BEPOATHOCTDH ITOCTEIIEHHO MPUOIMIKAIACh K HYJIIO II0 Mepe TOTo, KaK 00-
pabaTbiBaeTcs Bce 60JbIle U 60JIbITe JOKYMEHTOB B TOM Ke KaTeTOpPUM.

Yro6bl CIPABUTHCS € 3TOH MTPOOJIEeMOil, MBI BEIOepEeM HEKYIO npednonazae-
MY 8epOsMHOCMb, KOTOPOU OyZeM II0JIb30BATHCS, KOTrjga WHGOPMAIIUYN
0 paccMaTpMBaeMOM NPU3HAKE CIUIIKOM MaJjio. XOPOIIeHd OTIIPaBHOM TOU-
KOI MOJKET IOCIYKUTH BepoATHOCTS 0,5. Eite HyKHO pemtuTh, KaKoii Bec
MPUNKCATD IpemoiaraeMoil BEeposITHOCTH, — 1 03HaYaeT, UTO BeC IIPEeAIo-
JlaraeMo# BEPOSATHOCTH PaBeH OJHOMY CJIOBY. B3BellleHHAsA BEPOATHOCTD —
9TO CpeJHEeB3BellleHHOe 3HaUeHNe, Bo3BpaliaeMoe QyHKIIUeH getprobability,
U IpejmojiaraeMas BePOATHOCTb.

B paccMOTpeHHOM BBIIIIE IPHUMepe B3BeIlleHHAas BePOsITHOCTE CJI0OBA money
nepsoHavabHo pasua 0,5 Bo Bcex KaTeropusax. ITocie Toro kak Kaaccugu-
KaTopy OBLLI IIpeabsBJEeH ONUH ILJIOXOH MJOKYMEHT M OH Y3HAJ, UTO CJIOBO
money OTHECEHO K KATEeropuu ILJIOXHX, BEPOSITHOCTL, UTO OHO OKAXKeTCs
IJIOXUM, Bosdpocia 1o 0,75. 3To 3HaUeHMe JTaeT caeqyiollee BLIUNCIeHTEe:

(weight=assumedprob + countxfprob)/(count+weight)
= (1x1.0+1+0.5) /(1.0 + 1.0)
=0.75

,T_[oﬁaBLTe MeTOoxI weightedprob B KJjiacc classifier:

def weightedprob(self, f,cat,prf,weight=1.0,ap=0.5):
# BHUMCANTBL TEKyllyl BEPOATHOCTb
basicprob=prf(f,cat)

# CKONbKO pas aToOT NpPM3HaK BCTPEYancs BO BCEX KATEropusax
totals=sum([self.fcount(f,c) for ¢ in self.categories( )])

# BbuMCANTb CpeaHeB3BelleHHOe 3HaveHue
bp=((weightxap)+(totalsxbasicprob))/(weight+totals)
return bp

IIporecTupyiiTe 3Ty QYHKIMIO B MHTEPAKTUBHOM ceamce. Ilepesarpysure
MOZYJb M IIOBTOPHO BBITIOJIHUTE METOJ sampletrain, TOCKOJBKY IIPU CO3a-
HUY HOBOTO 9K3eMILIAPA KJacca BCS HAKOIJIEHHAA 32 BpeMsA 00yUYeHud uH-
(opmanua cTupaeTc:

>>> reload(docclass)

<module 'docclass’ from 'docclass.pyc'>

>>> cl=docclass.classifier(docclass.getwords)
>>> docclass. sampletrain(cl)

>>> ¢l.weightedprob( 'money’, "good’,cl.fprob)
0.25

>>> docclass. sampletrain(cl)

>>> ¢l.weightedprob( 'money’, "good’,cl.fprob)
0.16666666666666666
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Kax BHUAUTE, IIOCJIE IIOBTOPHOI'O 3aIlyCcKa sampletrain Knaccmbnxa’rop elie
CUJIbBHEE YTBEPAUJICA BO MHEHHUHN OTHOCUTEJIBHO BepOHTHOCTefI Pa3IMYHBIX
CJIOB — M3-3a BKJIaga HpeﬂHOJIaFaEMOﬁ BEPOATHOCTH.

Mpg! BBIOpaIHN Ui IIpenoaraeMoil BepoaTHocTu 3Hauenue 0,5 mpocTo 1mo-
TOMY, UTO OHO JIe;KUT Tocepeanue Me:xay 0 u 1. OgHaKO He UCKJIIOUEHO, UTO
y Bac nMeeTca 0ojiee TOUHAA aTpUOPHASI NH(POPMAIUA JarKe AJII HeoOyUeH-
HOro KJaccudurkaropa. Hanmpumep, uea0BeK, IPUCTYIAIONINI K 00YUeHUIO
aHTHUCIIAMHOTO (GUJIbTPA, MOMKET II03aMMCTBOBATH BEPOSTHOCTU Y (DUJIb-
TPOB, OOYUEHHBIX APYTrUMHU JIOAbMEU. OH IO-IIPEeKHEMY CMOKET HACTPOUTh
GuabTp mox cebsi, HO IPU 9TOM KJaccuuraTop OyaeT Jyuliie oopadaThi-
BATh PEJKO BCTPEUAIOIIIHUECs CJIOBA.

HauBHaa knaccndpukauma

NMest BePOATHOCTH [JI CJIOB, BXOASAIINX B TOKYMEHT, BBI JOJI’KHBI BLIOPATH
KakKoM-TO cmoco6 KOMOMHMPOBAHUSA BEPOSATHOCTEH OTAEJIbHBIX CJIOB IJIA
BBIUMCJIEHUS BEPOATHOCTHU TOTO, UTO JOKYMEHT B I1€JIOM IPUHAIJIEIKUAT TaH-
HOIi KaTeropuu. B aTo# ritaBe MBI paCCMOTPUM JBA PA3HBIX METO/1a KJIACCU-
pukanuu. O6a paboTaioT B OOJBIITMHCTBE CIyUYaeB, HO HECKOJbKO OTJIMYA-
IOTCA O Ka4yeCTBY NPU PeIlleHNM KOHKPETHBIX 3azad. IIpegmMeToM 3TOTO
pasnesa O0yneT HausHbuLil 6aileco6CKUll Kaaccupuramop.

C10BO «HAU6BHbLI» B TaHHOM KOHTEKCTE O3HAUAET caeaymolee: Kaaccubu-
KaTop IMpeJIojaraeT, YTo KOMOMHUPYeMbIe BEPOATHOCTH He3A8UCUMbL IPYT
ot apyra. UHBIMU cJI0BAMU, BEPOSATHOCTD TOT'0, UTO OJHO CJIOBO B JOKYMEH-
Te OTHOCUTCA K HEKOTOPOI KaTeropuu, HUKAaK He CBA3aHa ¢ BEPOATHOCTAMU
OTHECEHUS K TOH JKe KaTeropuu APYTUX CJIOB. ITO IPEAIOJIOKEeHNEe HeBEP-
HO, TaK KaK IIaHCHI, YTO JOKYMEHTHI, COZlepIKalllie CJI0BO casino, comepsxaT
Tak/Ke U CJI0BO money, ropaszio BhIIIIe, UeM IITaHChI BCTPETUTH CJI0BO money
B JOKYMEHTaX O IIPOrpaMMMUpPOBaHNY Ha si3biKke Python.

CrnenmoBaTesibHO, M3-3a JIOKHOTO AOIYIIEHUS O HE3aBUCUMOCTU HEJIb3s UC-
MOJIb30BATh BEPOATHOCTh, BHIUMCIEHHYI0O HAUBHBLIM 0alieCOBCKUM KJIACCH-
(PUKaTOPOM, KaK MCTUHHYIO BEPOATHOCTh TOTO, UTO JOKYMEHT IIpUHAJJe-
JKUT K HEKOTOPO# Kareropuu. OJHAKO MOKHO CPABHUMb PE3YAbTATHI, 10~
JIyUYeHHBIEe VIS Pa3HBIX KaTerOpuil, 1 IIOCMOTPETD, AJIA KaKOHU 13 HUX BEPO-
SATHOCTH OKas3aJjach caMoii 6osbImoi. Ha mpakTuke, HeCMOTPA Ha JJOMKHOCTh
HCXONHOTO IIPEAIIOJIOMKEHUS, ITOT MeTOJ KJIacCU(PUKANUU HSOKYMEHTOB
OKAa3bIBAeTCA Ha yAuBJIeHNE 3(PPeKTUBHBIM.

BeposITHOCTb Ans BCEro JOKyMeHTa

YT00BI BOCIIOIB30BATHCS HAUBHBIM 0aifieCOBCKUM KJIAaCCU(DUKATOPOM, HYK-
HO CHavaJia BBIYUCJIUTH BEPOATHOCTDL AJISA JOKYMEHTAa B IIEJIOM B PaMKax
IaHHOM Kaaccudukanuu. IIoCKOIbKY MbI IPEAIOI0MKUIN, YTO BEPOSITHOC-
TH HE3aBUCUMBI, TO [JIsI TOTO JOCTATOYHO UX IIEPEMHOMKHUTb.
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IIpenmoso:xumM, HapuMep, 4To cjaoBo Python Becrpeuaercsa B 20% mimoxux
IOKYMEHTOB, TO €CTh

Pr(Python | ILtoxoit) = 0,2,
a cJ10Bo casino — B 80% IJIOXUX JOKYMEHTOB:
Pr(Casino | ITnoxoit) = 0,8.

Tor/:(a B IIPEAIIOJIOKEHNHN HE3aBUCHUMOCTU BEPOATHOCTDH IIOABJIEHUA oboux
CJIOB B IIJIOXOM OOKYMEHTE

Pr(Python & Casino | ILtoxoit) = 0,8 X 0,2 = 0,16.

CraJio OBITH, BEIUYMCJIEHNE BEPOATHOCTU IJIA JOKYMEHTA B IIeJIOM CBOJUTCS
K IIePEeMHOKEHHNI0 BePOATHOCTEeI OTAeJbHBIX BCTPEUAIOIIUXCSA B HEM CJIOB.

B ¢aitne docclass.py cosmaiiTe moaKJIace naivebayes KJaacca classifier 1 BKJIIO-
YuTe B HEr0 MeTOJ docprob, KOTOPBIM BBIAENAET MPU3HAKHU (CJI0BA) U IIepe-
MHOXKaeT UX BePOATHOCTU:
class naivebayes(classifier):
def docprob(self,item,cat):
features=self.getfeatures(item)

# llepeMHOXMTb BEPOSTHOCTH BCEX MPU3HAKOB

p=1

for f in features: px=self.weightedprob(f,cat, self.fprob)
return p

Teneps BBl 3HaeTe, KaK BHIUMCIUTL BeposATHOCTh Pr(loxyment | Kartero-
pus), HO caMo 1o cebe 9TO He CIAUIIKOM IoJiedHo. g Kiaccuduranum go-
KYMEHTOB Hy»KHO 3HaTb, ueMy paBHo sHaueHue Pr(Kareropus | [lJokymenr).
WHBIMUY cIOBaAMU, IIPU YCJIOBUY HATUUUA KOHKPEMHO020 TOKYMeHTa KaKoBa
BEPOATHOCTE, UTO OH IOIIafaeT B JaHHYIO KaTeropuio? K cuacrtsio, aHTIniic-
kuit matematuk Tomac Baiiec ermre 250 et Hasaj MoHAN, KaK 9TO CAEIATh.

KpaTkoe BBeaeHue B Teopemy bareca

Teopema Baiieca onrchIBaeT COOTHOIIIEHNE MEXK Y YCJIOBHBIMY BePOATHOC-
Tsamu. OOBIYHO OHA 3aIIMCLIBAETCS B BUE

Pr(A|B)=Pr(B|A)x Pr(A) / Pr(B)
B npumMeHeHnM K HaIleMy IpuMepy 9Ta GOpMyJia MPUHAMAET CJIeAYIOIni
BUI:

Pr(Kareropus | loxyment) = Pr(JoxymenT | Kateropus) x

x Pr(Kareropus) / Pr(JJokymeHT)

B npezbigyieM pasjesie Mbl IOKa3adu, KaK BeraucauTh Pr(loxyment | Ka-
Teropus), HO KaK OBITh C OCTAJIbHBIMU ABYM:A WwieHamMu? Huuero cioKHOTO.
Pr(Kareropusi) — 3T0 BEPOSATHOCTb MOIAJaHUA CJAyJaiHO BRIOPAHHOTO I0-
KyMeHTa B JaHHYIO KaTeTOpHUio, IO3TOMY OHA IIPOCTO PaBHA YUCIY TOKY-
MEHTOB M3 9TOH KaTeropuu, IOoAeJIEHHOMY Ha 00IIee YMCJIO JOKYMEHTOB.

Yro racaerca BeposaTHOCTU Pr(I[[oKyMeHT), TO ee TOKe MOKHO OBIJIO OBI BBI-
YUCJIUTh, HO 9TO JUINHUU TPyA. HamoMHUM, 4YTO KOHEUHBLINA pe3yJIbTaT He
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OyIeT MCIOJB30BAThCA KAaK WCTUHHAS BEPOATHOCTHb. MBI JUINb IO OTZAE-
JILHOCTY BBIUMCJINM BEPOSATHOCTH MONANAHUA B KAXKAYI0 KaTeTOPUIO, a 3a-
TeM cpaBHUM uX. [IocKoabKy BenmumHa Pr(lloKkyMeHT) ogHa U Ta Ke IJIA
BCEX KaTeropuil, TO ee MOKHO IIOTIPOCTY UTHOPHUPOBATE.

MeTong prob BEIYHCISAET BEPOSATHOCTD IONaAaHUA B KATEerOPHUIO 1 BO3BpaIa-
er npoussenenue Pr(oxyment | Kateropus) u Pr(Kareropus). Jlo6aBbTe
ero B KJiacc naivebayes:
def prob(self,item,cat):
catprob=self.catcount(cat)/self.totalcount( )
docprob=self.docprob(item, cat)
return docprobxcatprob
IIporecTupyiiTe 3Ty PYHKIINIO ¥ IOCMOTPUTE, KAK U3MEHSIIOTCS UKNCJIA IJIs
PAa3HBIX CTPOK U KATETOPMIi:
>>> reload(docclass)
<module ‘'docclass’ from 'docclass.pyc’ >
>>> cl=docclass.naivebayes(docclass.getwords)
>>> docclass.sampletrain(cl)
>>> ¢l.prob( quick rabbit", 'good")
0.15624999999999997
>>> ¢l.prob('quick rabbit’, "bad’)
0.050000000000000003
ITo pesyabTaTaM o0yUeHHS OKas3bIBaeTCA CJIEAYIOIllee: BePOSTHOCTDL TOTO,
uTo (ppasa quick rabbit aBisgeTca YacTbi0 XOpOIIETo JOKYMEHTa, ropasio
BBIIIIE, YEM ILJIOXOTO.

BbiObop kaTeropuu

ITocieguauM I1IaroM MOCTPOEHUA HAMBHOT'O 0alieCOBCKOTo KaaccuduKkaTopa
ABJISETCS BbIOODP KATeropuu, K KOTOPOU cJlielyeT OTHEeCTH HOBBIN oOpaseir.
IIpocTeiitinii IOAXO0M COCTOUT B TOM, YTOOBI BHIYMCJIUTH BEPOATHOCTH IIOIIA-
IaHUsA 00pasiia B KaKIyI0 KaTeropuio U BeIOPATh Ty, AJIsI KOTOPOI BePOAT-
HOCTBH MaKcuMaJibHa. Eciii BaM IPOCTO HYKHO OIIPEIeIUTh CAMOE TTOAX O~
1Iee MecTO, KyJa MOJIOXKUTL 00paser], To TaKas CTpaTerus roguTcsa, HO BO
MHOTHX PUJIOKEHUAX KaTerOPUY HeJIb35A CUNTATh PABHOIIEHHBIMHY, a4 THOT-
Jla JIydIlie, YTo0bI KJaaccuUKaToOp MPU3HAaJI, UTO He 3HAeT TOUHOTO OTBETA,
¥ He IBITAJICS BBIIATH 32 OTBET KATETrOPUI0, A KOTOPOIi BePOATHOCTD OKa-
3aJIach JIUIITH UYTh BBIIIE, UeM IJII IPOUUX.

B cayuae puabTpanuy cuaMa ropasao BajkHee 130eKaTh KiaacCu(pUKaIuu
XOPOIIINX COODIIeHNT KaK cliaMa, 4YeM OTJIOBUTDH BCe CIIaMHbI€ COOOIITeHI A
6e3 uckaoueHua. C peIKUMU MOABIEHUAMY CIAMHBIX COODIIIeHU B CBOEM
IIOYTOBOM SIII[MKE BBl 'OTOBLI OyeTe CMUPUTHLCH, 4 BOT IIOMEII[eHre BasKHO-
ro nuchbMa B AIMUEK «COMHUTENbHBIE» JIETKO MOMKET OCTATLCS He3aMeueH-
HbIM. Eciu sKe BbI BHUMATEJIbHO IIPOCMATPHUBAETE 3TOT AWK B IIOHMCKAX
Ba’KHBIX COOOILEHUH, TO K YeMy TOI'/[a BOOOIIe AHTUCIAMHEIN PUILTD?

Il pelieHust 3TOM IPOBJIEMBbI MOMKHO 3a4aTh AJIS KaK/I0M KaTeropuy Mu-
HUMAaJbHOE ITOPOrOBOoe 3HaueHMe. UTOOBI HOBBIM oOpaser] ObII OTHECeH
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K HeKOTOPOM KaTeropuu, ero BeposiTHOCTD JOJI?KHA OBITH 110 KpaiiHeil Mmepe
Ha 3Ty BeJIUYUHY 6OJIbIIIe BEPOATHOCTH IMOTAAAaHU B JIO0YIO IPYTYIO KaTe-
ropuio. OTa BeJIMYMHA HA3BIBAETCS nopozom. Iasa dpuabrpanmuy coama Io-
POT OTHECEeHUs K KaTeropuu IJIOXUX JOKYMEHTOB MOYKHO OBLIO ObI yCTaHO-
BUTh PABHBIM 3. JTO 03HAUAET, UTO BEPOATHOCTH OKA3aThCA XOPOIIUM [0~
KYMEHTOM JOJI’KHA OBITH X0Ts ObI B 3 pasa BBIIIIe, UueM IIoXuM. [[J1a KaTero-
puu « Xopoliuii» 3agaercs Iopor 1, To eCTh JOKYMEHT OyAeT MPU3HaBaThbCs
XOPOIIIUM, €CJIU BEPOATHOCTD 9TOTO XOTh UYTh-UYTh BRIIIIE, UeM JJIA KaTero-
puu «ILnoxoii». Bce coobiieHusi, OJisi KOTOPBIX BEPOATHOCTL OKA3aThCSA
«ILJIOXUM» BBIIIIE, UeM «XOPOIIUM», HO MeHee ueM B 3 pasa, Kjaaccuhuiru-
pyiorca Kak « Hem3BeCTHBIN » .

g sagaHua moporoB 7o06aBbTe B KJace classifier HOBYIO IIEPEMEHHYIO 9K-
3eMILIApa, U3MEHUB MeTOJ UHUITUATU3AI[NN:
def __init__(self,getfeatures):
classifier.__init__(self, getfeatures)
self.thresholds={}

HoGaBbTe nBa IIPOCTBIX METOHA IJIA YCTAHOBKU M MOJYYEHWUs 3HAYEHUI,
IpUYeM 10 YMOJUYAaHUIO ITYCTh Bo3BpaIaercs 3uavenue 1,0:

def setthreshold(self,cat,t):
self.thresholds[cat]=t

def getthreshold(self,cat):
if cat not in self.thresholds: return 1.0
return self.thresholds[cat]

Teneps BCe IOTOBO AJIsI HAIMCAHNWS MeTOAA classify. OH BLIUMCIIAET BEPOAT-
HOCTB [JIsI KaXKJ0l KaTeropun, UIeT CPpear HUX MaKCUMAaJIbHYIO U IIPOBEPs-
€T, OTJINYAEeTCA JIX OHA OT CJENYIONIel 0 IMOPAAKY 0oJiee ueM B IIOPOTOBOE
ymeJio pas. Ecau Takyio KaTeropuio HaTH He yaeTcs, TO MeTO IIPOCTO BO3-
BpaIllaeT 3HaUeHue o yMouanuio. [[o6aBbTe B KJacc classifier TakoM KOM:

def classify(self,item,default=None):
probs={}
# HanTu kaTeropmio C MakKCUMasbHOW BEPOSATHOCTbI
max=0.0
for cat in self.categories( ):
probs[cat]=self.prob(item,cat)
if probs[cat]>max:
max=probs[cat]
best=cat

# YbeauTbes, 4TO HalaeHHas BeposiTHOCTb Oonbue dem threshold=cnepybuwas no
# Benn4nHe
for cat in probs:

if cat==best: continue

if probs[cat]+self.getthreshold(best)>probs[best]: return default
return best

Bce caenano! Bel mocTpouiy 3aKOHUEHHYIO CUCTEMY KJIacCUPUKAIIUU O~
KyMeHTOB. Ee M0oXHO 0600ITUTE HA KJIacCU(MUKAIINIO JPYTUX 00pasIoB, Ha-
nucaB METOABI IJIA BhIAEeJeHUA IPu3HakoB. IIpoTecTupyiiTe cBOii Kjaaccu-
duKaTOp B UHTEPAKTUBHOM CEeaHCe:
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>>> reload(docclass)

<module 'docclass’ from 'docclass.pyc >

>>> cl=docclass.naivebayes(docclass.getwords)
>>> docclass.sampletrain(cl)

>>> ¢l.classify( 'quick rabbit',default="unknown")
"good’

>>> c¢l.classify('quick money',default="unknown")
"bad”’

>>> c¢l.setthreshold( 'bad’,3.0)

>>> c¢l.classify('quick money',default="unknown")
“unknown’

>>> for i in range(10): docclass.sampletrain(cl)

>>> ¢l.classify( 'quick money',default="unknown")

"bad"’
Mo:xeTe UBMEHUTH IIOPOTH U IIOCMOTPETD, KaK 3TO OTPA3UTCA Ha Pe3yabTa-
Tax. HeKoTopsle moaKI0UaeMble MOAYIN (PUIBTPAIIUY CIIaMa ITO3BOJISIOT
TOJIb30BATEJISIM IIOICTPANBATH IIOPOTH, €CJIN B AIMUKe « Bxogsaimue» ocra-
eTCA CIUIITKOM MHOTO cIlaMa MJIM, HAIIPOTUB, XOPOIITNe COOOIEeHU YacTo
momamaT B cuaM. [JiA pasHBIX MPUJIOMKEHUN (QUIbTpAluu HOKYMEHTOB
IIOPOTU 3aJal0TCA II0-Pa3HOMY; MHOTAa BCe KaTEeropuu CUUTAIOTCA PaBHO-
IeHHLIMH, a IIOPOil OTHEeCEeHNEe K KATeTOPUU « HeM3BECTHbBIE» HEeJOIYCTHUMO.

MeTtop ®uwiepa

Memod Puwepa, naspanubiii mo umenu P. A. @umiepa (R. A. Fisher), — ato
aJbTePHATUBHBINA MeTo ] KiaccuuKaiu, KOTOPEIH JaeT OUeHb TOUHEIE pe-
3yJIbTaThI, 0COOEHHO MPUMEHUTENIbHO K PuiabTpaliuu crtamMma. OH UCII0Ib3yeT-
cs B moAKIouaeMoM K nporpamme Outlook dunbTpe SpamBayes, KOTOpHIi
HamucaH Ha A3bIKe Python. B oriimume oT HanBHOIT 6aiiecOBCKOI (puabTpa-
1Y, KOT/Ia VI BEIUUCJIEHUA BEPOATHOCTH BCETO JOKYMEHTA I€PEMHOKAOT-
Cs1 BEPOATHOCTHU OTHEJNbHBIX IIPU3HAKOB, MO0 MeToay Puiriepa BHIUNCIAETCS
BEPOATHOCTb OTHECEHU S K TOI MM MHOI KaTeropuu JJIA KajKA0ro mpusHaKa
JOKYMEHTA, IIOCJIe Yer0 3TU BePOATHOCTY KOMOMHUPYIOTCS U IIPOBEPSIETC,
HACKOJIbKO IIOJIyUYHUBIIIEECS MHOXKECTBO IOXOKe Ha caydaiinoe. XOTsS 9TOT
MeTo 0oJiee CI0KEH, C HUM CTOUT 03HAKOMUTHCA, TAaK KaK OH 00eceunBaeT
00JIBIITYI0 THOKOCTH IPY HACTPOMKE IapaMeTPOB KaacCuhuKaIluu.

BepOHTHOCTVI OTHeCeHUsd NPU3HaKoB K KaTeropmsam

B mauBHOM 6aiiecOBCKOM (QPUILTPE, KOTOPBIM 00CYKIAJICS BBIIIIE, MBI KOM-
6unuposanu BepoaTHoct Pr(IIpusnak| KaTeropus) a1 noaydeHus mo-
HOM BepOSITHOCTH AOKYMEHTAa, a 3aTeM CPaBHUBAJMU MX. B 9TOM paszeie
MBI HAUHEM C BLIUUCJIEHUSA BEPOATHOCTH MIOTIafaHA JOKYMEeHTa B HEKOTO-
PYIO KaTeropuio Ipu YCIOBUHU HAJUUUS Y 9TOTO JOKYMEHTa KOHKPETHOTO
IPU3HAKA, TO €CTh C BhIUKMCIeHuA BerunuuHbl Pr(Kareropus | [IpusHak).
Ecau cimoso casino Bcrpeuaerca B 500 moxkymMeHTax, 13 KOTOPbIX 499 1mio-
XUe, TO OIleHKAa casino oTHocuTesIibHO KaTeropuu «Ilmoxoi» O6ymaer oueHb
OnusKa kK 1.
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O6n1uno 3Hauenue Pr(Kareropus | [IpusHak) BEIYUCAAETCA TAK:

(KosmuecTBO JOKYMEHTOB C JaHHBIM IIPU3HAKOM B 9TO#l Kateropuwu) /
(O611e€e KOTMYECTBO JOKYMEHTOB C JAHHBIM ITPU3HAKOM)

Ira popMyia He YUUTHIBAET, UTO AJIA OSHOM KaTeTOPUH MOTJIO OBITh IPeIh-
SABJIEHO TOpa3ao 06oJIbIlle JOKYMEHTOB, ueM AJs apyroii. Ecau y Bac ecTnh
MHOTO XOPOIIIXX JOKYMEHTOB 1 COBCEM MaJIO ILJIOXUX, TO Y CJIOBA, BCTpeUa-
IOII[erocs BO BCeX ILJIOXUX HOKYMEHTax, 0yIeT BbICOKasi BEPOSTHOCTDH OKa-
3aThCsA IIJIOXUM, IIYCTh JasKe COOOIIeHre C PABHBIM YCIIEXOM MOTJIO OBbI OBIThH
u xopoIuM. MeTobl paboTaIOT JyUIlle B IPEAII0JN0KEHNH, UYTO B OyAyIIeM
OyZeT moJyueHO paBHOE KOJUYECTBO JOKYMEHTOB M3 Ka'KAOH KaTeropuu,
TIOCKOJIBKY 9TO TIO3BOJIAET B IIOJTHOM Mepe BOCIIOJIb30BAThCS IMPU3HAKAMU,
II0 KOTOPBHIM Pas3IndyaloTCs KaTeTOPUHU.

YT00BI BEIIIOJHUTE TAKYI0 HOPMAaJIN3aIlNIo, B MeToe Puiriepa BEIYNCIAIOT-
Cs TPU BeJIUUMHBIL:

e clf = Pr(IIpussak | KaTeropus) mus aToit KaTeropuu
e fregsun = cymma Pr(Ilpusnak | KaTeropus) njs Bcex KaTeropuii
e c¢prob=clf / (c1f + nclf)

CospaiiTe B (paiime docclass.py HOBBII IogKJace fisherclassifier KJacca
classifier ¥ BKJIIOUKTE B HEr0 TAKOIl METO/:
class fisherclassifier(classifier):
def cprob(self, f,cat):
# YacToTa nosiBNeHuWs [aHHOr0 npu3Haka B [JaHHOW KaTeropuu
clf=self.fprob(f,cat)
if ¢c1f==0: return O

# YacToTa noaBneHnsd JaHHOro npuaHaka BO BCEX KATeropuax
freqsum=sum([self. fprob(f,c) for ¢ in self.categories( )])

# BepoaTHOCTb paBHaA 4acTOTe MNOABNEHUA B AAHHOW KATEropuu, MNOLENEeHHON Ha
#f 4aCTOTYy NOABNEHUS BO BCEX KATEropusx
p=c1f/(freqsum)

return p

Ira QYHKIMSA BO3BPAIaeT BEPOATHOCTH TOT'0, UTO 00pasell] C YKa3aHHBLIM
OPU3HAKOM HNPUHAAJIEKUT YKa3aHHON KaTeropuu, B IIPEeAI0JI0KEeHUM, UTO
B KaXKJIOU KaTeropuu OyIeT OJMHAKOBOE UKMCJIO 00pas3iioB. MokeTe II0CMOT-
PeTh B MHTEPAKTUBHOM CeaHCe, KaKue IMOoJy4daTcd DU phI:

>>> reload(docclass)

>>> cl=docclass. fisherclassifier(docclass.getwords)

>>> docclass.sampletrain(cl)

>>> c¢l.cprob('quick’, "good")

0.57142857142857151

>>> ¢l.cprob( 'money", "bad")

1.0
Kak BuguTe, TOKYMEHTHI, COepaKallirie CJI0BO casino ¢ BeposaTHocThIo 0,9,
KJIacCUPUITUPYIOTCSI KaK cIaM. ITO COOTBETCTBYET NJAHHBIM O0yUEeHUs, HO
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ocTaeTcsl Bce Ta JKe IpobjeMa — HeJOCTOBEPHOCTH AJS PeaKO BCTpeuaro-
IUXCA CJIOB, KOTJa BEPOATHOCTb MOXKET OKa3aThCs CUJIBHO 3aBBIIIIEHHOMN.
IlosTomMy, Kak ¥ paHbIIe, JyYIlle [M0Jb30BATHCA B3BEIIIEHHONH BEPOATHOC-
ThIO, HauaB co 3HaueHusd 0,5 ¥ MOCTEeHHO YayYIllas TOUYHOCTh 110 Mepe 00y-
yeHUA KJiacca:

>>> c¢l.weightedprob( 'money’, "bad’,cl.cprob)
0.75

KomGuHMpoBaHue BepoaTHOCTEN

Temepb HAJO U3 BEPOATHOCTEH OTAENLHBIX IPU3HAKOB IMOJYYUTDH ITOJIHYIO
BEPOATHOCTb. TeopeTquCKI/I X MOXHO IIDOCTO IIEPEMHOMHUTH 1 CDABHUTH
pesyabTaT AJs JaHHO! KaTerOpHu C Pe3yIbTaTaMU AJIsd APYTIUX KaTerOpui.
ROHe‘IHO, 13-3a TOI'O UTO IIPU3HAKU HEe ABJIAIOTCA He3aBUCUMBIMU, UCTUH"
HOM BEPOATHOCTU MBI TAK He IIOJYYUM, HO BCE JKe DTOT AJITOPUTM paboTaeT
ropaszo Jyuiie 6afieCOBCKOro KJaacCu(puKaTopa, paspaboTaHHOIO B IIPEAbI-
ayieM pasgesne. Meron @uiliepa JaeT CyI[eCTBEHHO 00jiee TOUHYIO OLEHKY
BEPOATHOCTH, UTO MOXKET OKA3aThCs KpaliHe IIOJEe3HLIM B OTUETAX WJIHU IPU
pellleEny BoIpoca 06 yPOBHE OTCEUKH.

IIo meTomy Puriepa Bce BepOSATHOCTH IIEPEMHOKAIOTCS, 3aTeM OepeTcs Ha-
TypaJabHbIi Jorapudm (nath.log B Python) 1 pesyabrar ymHOMKaeTca Ha —2.
HobaBbTe caeayOInil MeTo B KJacc fisherclassifier:
def fisherprob(self,item,cat):

# MepemMeHoXnTb BCE BEPOSATHOCTM

p=1

features=self.getfeatures(item)

for f in features:

p+x=(self.weightedprob(f,cat,self.cprob))

# B3aTb HaTypanbHbil norapum u yMmMHOXWTb Ha -2
fscore=-2«math.log(p)

# [lns nonyyeHns BepOATHOCTM NOAb3yeMmcs 00paTHOM QyHKUMEH xu-KkBaapaT

return self.invchi2(fscore, len(features)=2)
dDuiriep Jo0Kasal, YTO €CJaU ObI BEPOATHOCTH OBLIYM HE3aBUCUMBI U CJIydaii-
HBI, TO PE3YJIBTAT 3TOTO BLIUUCJIEHUA MOTUUHAJICA OBl pacnpedesienui xu-
keadpam. Cienyer 0;KUIATh, YTO 00paselr, He MPUHAJIEK AN HEKOTOPOH
KaTeropuu, 6yeT COAEPKaTh CJIOBA C PA3JIUYHLIMU BEePOATHOCTAMYU IIPU-
3HAKOB IJA JAaHHOM KaTeropuu (11X pacipeesenne ObII0 ObI CIyUYaiHBIM),
a B 00pasIie, IpUHAIIEKAIIEM KaTeropuu, 0yAeT MHOT'O IIPU3HAKOB C BBICO-
KUMU BepOosATHOCTAMU. [lofaB pe3yabpTaT BeIUMCIeHUA 1I0 (hopmyse Purie-
pa Ha BXOJ 00pamHoil PYHKYUL XU-KE8adpam, MBI IIOJIyYaeM BEePOATHOCTH
TOT'0, UTO CHAYUAHHBLIZ HA00DP BePOATHOCTEHN BEPHET TaKoe 60JIbIII0e YHCJIO.

IMob6aBbTe 06paTHYIO QYHKIIUIO XU-KBAApaT B KJace fisherclassifier:

def invchi2(self,chi,df):
m=chi/ 2.0
sum = term = math.exp(-m)
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for i in range(1, df//2):
term »=m / 1
sum += term

return min(sum, 1.0)

IIporecTupyiiTe meton Puiitepa 1 IOCMOTPHUTE, KaK OH OI[eHBAET Pa3JInu-
HBbIE CTPOKU:
>>> reload(docclass)
>>> cl=docclass. fisherclassifier(docclass.getwords)
>>> docclass.sampletrain(cl)
>>> ¢l.cprob('quick’, "good")
0.57142857142857151
>>> ¢l.fisherprob( 'quick rabbit’, 'good")
0.78013986588957995
>>> ¢l.fisherprob( 'quick rabbit’, "bad")
0.35633596283335256

Kax Buzpmre, pesyabTaThl Bcerga oKasslBaoTesa B fuamnasone ot 0 mo 1. Ca-
MU 110 ce0e OHU ABJIAIOTCS XOPOIIeli OIeHKOM TOr0, HACKOJIBKO TOYHO JOKY-
MEeHT COOTBETCTBYeT KaTeropuu. IloaTomy KiaccuduraTop MOKHO cLeaTh
60J1e€ NBOIIPEHHBIM.

Knaccngpukauusa obpasuos

3HaueHUsI, BO3BPAIlleHHbIe PYHKITMEH fisherprob, MOYKHO MCIIOJIb30BATh IJIA
KJaccuduramuu. BMecTo Toro 4rodnl 3a4aBaTh MYJIbTUILINKATHUBHEIE II0-
poru, KakK B 0aiieCOBCKOM (DUJIBTPE, MOYKHO OIIPeAeJUTh HUKHIE TPAHUIIBI
I Kaskaon kaaccupuramuu. Torga KiaaccupuraTop BepHET MaKCUMAaJIb-
HOe 3HaUeHWe, YKJaJbIBaloIleecsd B 3TH TrpaHullbl. ad aHTHCIaMHOTO
GpuIbTPa MUHEMAJIBHYIO I'PAaHUIY AJA KaTeropum «Ili1oxoii» MOKHO 3a-
IaTh JOCTATOYHO BLICOKOM, HampuMmep 0,6. A nasa kareropuu « XOpOIITHU»
MOJKHO 3a7aTh I'Opas3fo MEHBIIIYIO I'paHuIly, ckaxem 0,2. 3To yMeHbIITaeT
ITaHCHI TTOTTaJaHUs B ATy KaTEeTOPUIO XOPOIIUX COOOINeHWH, HO JomyCcKaeT
«IIpocaunBaHNe» HeOOJBIIIOT0 UHCJa CIAMHBIX COOOINEeHUII B SIMUK IJIA
BXOAAIIel mouTsl. JItoboe coobIieHue, AJIs KOTOPOTO OIleHKA IJIs KaTero-
pun «Xopommuii» menbire 0,2, a gia Kareropuu «ILioxoii» mensbie 0,6,
KJaccuumupyerca Kak «HeusBecTHBIN» .
CospaiiTe B KJjacce fisherclassifier MeTOJ init, MHUIIUATU3UPYIOIIUN eIle
OJIHY IePEeMEeHHYIO 9K3eMILIAPAa I XPaHEHUA OTCEUEK:
def __init__(self,getfeatures):

classifier.__init__(self,getfeatures)

self.minimums={}
Ho6aBbTe METOABI IOJYUEHUSA W YCTAHOBKM 3HAUEHUI, CUUTAsA, UTO IIO
YMOJTUaHUIO IpUHUMAaeTcsa 3uauernue 0:

def setminimum(self,cat,min):
self.minimums[cat]=min
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def getminimum(self,cat):
if cat not in self.minimums: return 0
return self.minimums[cat]

W makoHell 100aBbTe METOJ BIUNCJICHUSA BePOATHOCTEN A1 KaK A0 KaTe-
ropuu U OIpeAeseHUus HAWJIyulllero pe3yJjbTaTa, IPEeBBIIIAIIEero 3ajgaH-
HBIA MUHUMYM
def classify(self,item,default=None):
# Uukn ona noucka Hauny4wero pesynbraTa
best=default
max=0.0
for ¢ in self.categories( ):
p=self.fisherprob(item,c)
# lpoBepsaemM, 4TO 3HadyeHue OONblie MUHMMYMa
if p>self.getminimum(c) and p>max:
best=c
max=p
return best
HcnbrTaem KaaccupuraTop mo metony Puirepa Ha TECTOBBIX TaHHBIX. BBe-
OUTe B UHTEPAKTUBHOM CeaHcCe CJIeQYyIoIrue KOMaHbI:
>>> reload(docclass)
<module 'docclass’ from 'docclass.py >
>>> docclass. sampletrain(cl)
>>> ¢l.classify( 'quick rabbit")
"good”
>>> ¢l.classify( 'quick money')
"bad”
>>> ¢l.setminimum( 'bad’,0.8)
>>> ¢l.classify( 'quick money')
"good’
>>> ¢l.setminimum( 'good',0.4)

>>> ¢l.classify( 'quick money')
>>>

PeSyJII:TaTI:I aHaJIOTUYHBI IIOJIYY€HHBIM OT HAXBHOI'O 6aﬁeCOBCHOFO KJIacCu-
¢uraropa. Ho cunraercsi, 4To Ha IpaKkTHUKe Kiaccupurarop Puirepa Puib-
TPYeT cIaM JIyUIlle; IpaBaa, yOeAUThCA B 9TOM Ha HeOOJBIIIOM 00yYaioIleM
Habope Bpsag au noayunrcd. Kakoil KiaaccupuKaTop NCIOIb30BATh — 3aBU-
CHUT OT IPUJIOMKEHUA. 3apaHee He CKaKelllb, U4TO OyZeT paboTaThb JIydille
¥ KaKre BLIOMPATh OTCEeUKU. Bripouem, mpuBeeHHbINA KO II03BOJIAET II09K-
CIIEPUMEHTHUPOBATh C 000MMU AJTOPHUTMaMU, 3aJaBasd PasHbIe IapaMeTpPhI.

CoxpaHeHue 06y4YeHHbIX KnaccngukaTopos

B peasbHOM IPUIOKEHUN MAJIOBEPOATHO, UTO OOyueHHe M KJaaccuduka-
LU0 YAACTCA IIOJHOCTHIO IIPOBECTU B paMKaXx OJHOTro ceaHca. Ecau kaaccu-
duKaTOp — YacTh BeO-IIPUIIOKEHU S, TO, HABEPHOE, BbI 3aX0TUTE COXPAHUTH
pe3yabTaThl 00yUeHU s, IPOBEJeHHOr0 M0JIb30BaTe/IeM, 1 BOCCTAHOBUTD UX,
KOrJja II0JIb30BaTe/Ib IPUAET B CJIeNYVIOUIU pas.
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Ncnonb3oBaHue SQLite

B sToM pasngesie MbI HOKAMKeM, KAK COXPAHUTD PE3yJIbTAThI 00yUeHNs KJIac-
cudukaTopa B 6ase TaHHBIX, B JaHHOM cayuae SQLite. Ecau y Bariero npu-
JIOKEHUS MHOTO IIOJIb30BaTeJeH, 0HOBPEMEHHO 00yUaIOIIUX 1 OIIPaIlnBa-
OIUX KJacCuGUKaTOpP, TO, BEPOSITHO, UMEET CMBICI XPAHUTH CUETUNKU
B 6ase. SQLite — aro Tta camas CYB]I, ¢ KoTopoii Mbl paboTanu c riase 4.
Ecioiz BBI 5TOTO ellie He chesalin, 3arpy3uTe U YCTAHOBUTE MMakKeT pysqlite;
0 TOM, KaK 3TO cJesaTh, cM. mpuiaokenue A. Joctyn K SQLite u3s Python
OpraHmM3yeTcsd TaK iKe, Kak K apyruMm CYB]I, Tak uTo cepbe3HbIX 3aTPyaHE-
HUU y Bac He BO3HUKHET.

Yro6sl uMmmopTupoBaThk pysqlite, BKaounTe B Hauamo (aitia docclass.py
cJIemyIollee MPeaJIoKeHne:

from pysqlite2 import dbapi2 as sqlite

Kon, mpuBeneHHbIi B 3TOM paszee, IpeJHasHAUeH AJISI 3aMeHBI cJIoBapeii,
KOTOpBIe cefiuac mMMeroTcA B KJacce classifier, IOCTOAHHBIM XPAHUJIUIIEM
maHHbIX. Jlo6aBbTe B KJacc classifier METOX MJIsT OTKPBITUSA 0as3bl JaHHBIX
¥ CO3JaHUA HeoOXOoAMMBIX Ta0muil. CTpyKTypa TabJaull] IMOBTOPAET CTPYK-
TYypy 3aMeHAEeMbIX UMU CJIOBapPe:
def setdb(self,dbfile):

self.con=sqglite.connect(dbfile)

self.con.execute( 'create table if not exists fc(feature, category,count)’)

self.con.execute( create table if not exists cc(category,count)’)

Ecau BBl cobupaeTechk aJalTHPOBATH KJIACCU(PUKATODP AJS APYroi 0asbl
IaHHBIX, TO, BO3MOYKHO, IIOTPe0yeTCA N3MEHNUTD IIPEIJIOKEe N create table
B COOTBETCTBUU ¢ quajieKToM SQL B ucmoabsyemoit CYB]I.

HGOGXOI[I/IMO 3aMEeHHUTHb BCIIOMOTI'aTe/JIbHbI€ METOABI IIOJIYUYEeHUA U yBeJIn4de-
HHUA CYEeTUMKOB:

def incf(self, f,cat):
count=self. fcount(f,cat)
if count==0:
self.con.execute("insert into fc values ('%s’, "%s',1)"
% (f,cat))
else:
self.con.execute(
"update fc set count=%d where feature="%s’ and category="%s""
% (count+1,f, cat))

def fcount(self, f,cat):
res=self.con.execute(
"select count from fc where feature="%s" and category="%s"’
%(f,cat)).fetchone( )
if res==None: return 0
else: return float(res[0])

def incc(self,cat):
count=self.catcount(cat)
if count==0:
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self.con.execute("insert into cc values ("%s',1)" % (cat))
else:
self.con.execute("update cc set count=%d where category="%s""
% (count+1,cat))

def catcount(self,cat):
res=self.con.execute( select count from cc where category="%s""
%(cat)). fetchone( )
if res==None: return 0
else: return float(res[0])
Heobxomumo Tak:Ke 3aMeHUTh METOAbI AJIA IOJYUYeHHUs CIINCKAa BCeX KaTe-
ropuii u o6IIero Yncjaa JOKYMEHTOB:
def categories(self):
cur=self.con.execute( select category from cc');
return [d[0] for d in cur]

def totalcount(self):
res=self.con.execute( select sum(count) from cc').fetchone( );
if res==None: return 0
return res[0]

Haxowmerlr mo 3aBepiiieHnn 00yueHNs HYKHO JOOABUTH BBIZOB commit, UTOOBI
COXPAHUTH OOHOBJIEHHBIE cueTYnKU. [[00aBbTe CIEAYIOIIYIO CTPOKY B KO-
HeIl MeTofa train:

self.con.commit( )

Bor u Bce! IToce nHUIIMAIN3AIINY KIacCU(PUKATOPA CJIEIYeT BLI3BATHL Me-
Tox setdb, yKasaB uMd (aiina 6a3nl TaHHBIX. [[aHHBIE, IOJYUeHHBIE B X0/e
00yUueHNnA, AaBTOMATHUYECKY COXPAHAIOTCA 1 MOTYT OBITH MCIIOJIb30BaHBI KEM
yroguao. Mo:KHO JaKke BOCIIOJIL30BATHCS JaHHLIMHU 13 OJHOT'0 KJIaccu(pPUKa-
TOPA, YTOOLI BBIIIOJHUTH KJIACCU(DUKAIUIO IPYTOro TUIA:

>>> reload(docclass)

<module ‘'docclass’ from 'docclass.py >

>>> cl=docclass. fisherclassifier(docclass.getwords)

>>> cl.setdb( "test1.db")

>>> docclass.sampletrain(cl)

>>> c¢l2=docclass.naivebayes(docclass. getwords)

>>> ¢l2.setdb( test1.db")

>>> ¢l2.classify( 'quick money')

u'bad’

dunbTpauus 6noros

s TectupoBanusa KiaccuduKaTopa Ha peajibHBIX JAaHHBIX U JeMOHCTDA-
VU PA3JIUYHBIX CIIOCOO0B UCIOIb30BAHUSA MOYKHO IPUMEHUTH €T0 K 3aIu-
cam us 6;10roB uiau Apyrux RSS-kauasos. [[yia sToro Bam notpebdyeTcs 6u6-
auotexa Universal Feed Parser, ¢ KoTopoii Mbl paboTanu B riase 3. Ecau
BHI ellle He CKaJvaau ee, 3aiiqure Ha caiit http://feedparser.org. [lonoauu-
TeJbHYIO nHPopMaIuio 06 yecranoske Feed Parser cm. B mpuioxxenun A.
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XorTsa B 3anucAXx 6Jiora cmaMa MOMKeT U He ObITh, HO MHOTHE GJIOTH coaepsKaT
KaK MHTepecyoIliie Bac 3aMeTKU, TaK U He IIPeACTaBJIAION[Ne HUKAKOTO
uHTepeca. Hampumep, HOTIa BbI XOTHUTE YNTATh TOJbKO MATePUAJIBI U3 Ka-
KOM-TO OTHOI KaTeropuu UJIU HATIMCAHHBIE OIIPeleIeHHBIM aBTOPOM, XOTs
YacTO CUTyallus ObIBaeT U cjoKHee. Kak u paHbIle, MOKHO 3a1aTh ITPABU-
Jla, OMHUCBHIBAIOINME, YTO MMEHHO HPEACTaBJSAEeT IJd Bac MHTEPec, a UTO
HeT, — HallpuMep, IIPU YTeHUU 0JI0Ta, MOCBAIIEHHOTO 3JIEKTPOHHBIM YCT-
poiicTBaM, BhI XOTHTE IIPOIIYCKATL BCE 3aIlMCH, comep:kainue (pasy cell
phone (corosrriii Tenedou). Ho ropasmo mpoime BOCIIOJb30BATHCS KJIACCHU-
(PpUKaTOPOM, KOTOPEII caM BEIpAOOTaeT TaKue IpaBua.

Kinaccudpuranusa samuceir B RSS-kaHamax ymo6Ha TeM, YTO MOKHO BOC-
MOJIb30BAThCA KAKUM-HUOYAb MHCTPYMEHTOM IIOMCKA MO OJioraM, HalIpu-
mep Google Blog Search, u moAroToBUTh pe3yabTaThl MOMCKA AJIA HOHAYUN
Ha BXOJl IporpaMMe UTeHUs KaHajya. MHOTHMe eJIaloT TaK AJIs OTCIEKUBa-
HUS TOBApOB, APYTUMX WHTEPECHBIX IJIA HUX Belmeil 1 mgaske cOOCTBEHHBIX
uMeH. OZHAKO IIPYU 5TOM BBI OyleTe HaXOAUTh 3acIIaMJIeHHbBIE UJIN OeCIIoies-
HBIe 6JI0TH, CO3/JaTe I KOTOPBIX IIBLITAIOTCSA CeJIaTh JeHbI'M HA TpaduKe.

B npumepe, onrcbiBaeMOM HUKeE, BBl MOKETe B3ATH JI000H KaHaJj, XOTs Ha-
IO UMEeThb B BUIY, YTO BO MHOTUX KaHAJIAX CJIUIIKOM MaJio 3amucei 1 ag-
dexTUBHOTO 00yueHUsA. MBI OCTAHOBUJINCH Ha PE3YJIbTAaTaX IMOUCKA IO CJIO-
By Python, Bosspamenusix Google Blog Search u npeacrasiaeHHbIX B (hop-
mate RSS. SarpysuTh ux MOKHO €O cTpaHuiibl htip://kiwitobes.com/feeds/
python_search.xml.

Cosgatite daitn feedfilter.py u BKrounTe B Hero Takoi Kox:

import feedparser
import re

# NpurumaeT URL kaHana 6nora u knaccuouumpyeT 3anucy
def read(feed,classifier):
# NonyynTb u B uukne nepebpaTb 3anucw
f=feedparser.parse(feed)
for entry in f['entries’]
print
print "----- '
# PacneyaTaTb COAEpXMMOE 3anucw
print '3aronosok: ‘+entry[ title’].encode( utf-8")
print "AsToOp: “+entry[ "'publisher’].encode( utf-8")
print
print entry[ "summary’].encode( utf-8")

# 00beaHUTb BECb TEKCT C Uenblo co3[aHus ofgHoro obpasua Ans
# knaccupmkaTtopa

fulltext="%s\n%s\n%s % (entry[ title'],entry[ publisher']
entry[ "summary’])

# HaneyaTaTb Haunydwylw runoTesy O Tekylleihn kaTeropum
print 'Twnotesa: '+str(classifier.classify(fulltext))
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# ﬂOﬂDOCV]Tb nonb3oBaTeNnd BBECTU NPABUIbHYH KaTeropuio wn O@yHMTbCQ

# Ha ero oTeeTe

cl=raw_input( BeemuTe kaTeropuin: ')

classifier.train(fulltext,cl)
Ira QyHKIUA mepedupaeT Bce 3allCH U C IOMOIIBIO KaaccuGuKaTopa BbI-
pabaThIBaeT HAMJIYUIITYIO TUIIOTE3Y O MPUHAAJIEIKHOCTY K TOM MJIM MHOI Ka-
reropuu. OHa coo011aeT 06 3TOM I'UIIOTE3€ MOJIH30BATENIO U IIPOCUT BBECTHU
npaBUIbHYIO KaTeropuio. [Torauany KiaaccuduraTop BeIpabaTbIBAeT TUIIO-
Te3bl CIIyYallHBIM 00pa3oM, HO CO BpPEMEHEM ero pellleHus MOJKHBI yIyd-
miaThbCA.

ITocTpoeunsbrii KaaccuGUKaTOP IO IPUPOIe CBOel BechMa obIuii. MbI Boc-
MOJIb30BAJINCh B KauecTBe IIpuMepa (QUIbTpalineil ciama, 4YToObI 00bsc-
HUTDH BCe JeTajlu KOoJa, HO, B IPUHIUIIE, KATETOPUU MOTYT OBITH JIIOOBIMU.
Tak, B daitne python_search.xml mMoXHO BBIZEIUTH YETHIPE KATETODPUN:
0 S3bIKE IPOrPaMMUPOBAHUS, 0 KoMeauiaoMm 1oy «Monty Python», o nu-
ToHaX U 000 BceM ocTaJbHOM. IlompoOyiiTe 3amyCTUTL MHTEPAKTUBHBIN
GbuUILTP B ceaHce MHTEPIPETATOPA, OOYUUTH KJacCUDUKATOD U IepenaThb
ero mporpamme feedfilter:

>>> import feedfilter

>>> cl=docclass. fisherclassifier(docclass.getwords)

>>> ¢l.setdb( python_feed.db’) # Tonbko ecnu peanu3oBanu uHTepgeic ¢ SQLite
>>> feedfilter.read( python_search.xml’,cl)

3aronoBok: My new baby boy

ABTOp: Shetan Noir, the zombie belly dancer! - MySpace Blog

This is my new baby, Anthem. He is a 3 and half month old ball <b>python</b>
orange shaded normal pattern. I have held him about 5 times since I brought
him home tonight at 8:00pm. ..

[unotesa: None

BeeouTe kaTeropuwn: snake

3aronosok: If you need a laugh...

ABTOp: Kate&#39;s space

Even does 'funny walks' from Monty <b>Python</b>. He talks about all the ol’
lmnoTesa: snake

BeepuTe kaTeropuio: monty

3aronosok: And another one checked off the list..New pix comment ppl

ABTOD:! And Python Guru - MySpace Blog

Now the one of a kind NERD bred Carplot male is in our possesion. His name is
Broken (not because he is sterile) lol But check out the pic and leave one
mnoTesa: snake

BeeonTe KaTeropun: snake

BrbI yBugUTE, UTO CO BpEMEHEM I'MIIOTE3H! yrydniaTcsa. [Ipumepos o 3mesax
JIOBOJIBHO MAaJIO, II09TOMY KJacCU(MUKATOP YaCTO TONYCKaeT AJIA HUX OIIN0-
KU, TeM 0oJiee UTO B 3TOM KaTeropuu ecTh ellle JBe MOAKaTeroOPHUuM: JoOMalll-
HUe JKUBOTHBIE U MOJA. 3aKOHUYUB KYpPC O0YUeHUsI, BbI MOXKETe MOJYUUTH
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BEPOATHOCTH JAJIS YKAa3aHHOTO IPU3HAKA — KaK BEPOATHOCTH CJIOBA IIPH yC-
JIOBUU KaTETOPUU, TaK U BEPOSITHOCTH KATETOPUH IIPYU YCJIOBUH CJIOBA:

>>> ¢l.cprob('python’, "prog")

0.33333333333333331

>>> ¢l.cprob( 'python’, "snake')

0.33333333333333331

>>> ¢l.cprob( python’, "monty")

0.33333333333333331

>>> c¢l.cprob(‘eric’, "monty")

1.0

>>> ¢l.fprob('eric’, "'monty")

0.25
BepoaruocTu agsa ciaoBa python pacmpegesenbl paBHOMEPHO, IIOCKOJIBKY
OHO BCcTpeuaeTcs B Kaxkmoii 3anucu. CiaoBo Eric Bcrpeuaerca B 25% samu-
ceii, oTHocAmuXcA K moy «Monty Python», u Hu pasy He BcTpeuaeTcs
B Apyrux sanucax. CiemoBaTebHO, BEPOATHOCTE 9TOTO CJI0OBA IIPY YCJIOBUU
Karteropuu paBHO 0,25, a BEpOSTHOCTH KATErOpUY IIPU YCJIOBUY CJI0BA PaB-
Ha 1,0.

YcoBepLueHCTBOBaHUe
anropuTMa o6Hapy>eHusi NPU3HaAKOB

Bo Bcex pacCMOTPEHHBIX [0 CUX IOP IpuMepax QYHKI[U CO3TAaHUs CIIICKA
MIPU3HAKOB IIPOCTO pa3bMBaeT TEKCT Ha CJIOBA II0 CUMBOJIAM, OTJIUYHBIM OT
60ykB u udp. Kpome Toro, ona nmpeobpasyer cjaoBa B HUKHUI PErUCTp, II0-
A9TOMY IIpOIIaflaeT BO3MOKHOCTH OOHADY/KUTH Ype3sMepHOe KOJHUECTBO
CJIOB, HAIIMCAHHBLIX 3arjaBHBIMHU OykBaMu. CUTyalMio MOMKHO YJIYUIIUTH
HECKOJBbKUMHU CIIOCO0aMuU:

e He cuuTas ciaoBa, 3alcaHHbIe 3aTJIaBHBIMU 1 CTPOUYHBIMY OyKBaMU, CO-
BEpPIIEHHO PA3JUUYHLIMI, HNPU3HATH HaJUUNE OOJBIIOT0 KOJHNYECTBa
«KPHUYAIIUX» CJIOB IIPU3HAKOM.

e lcmosnb30BaTh HOMUMO OTAeJIbHBIX CJIOB €Ille 1 CJIOBOCOUYEeTaHUuA.

e CobupaTh JOIOJHUTEIbHYIO MeTanH(popMaIuioo, HaIpuMep, O TOM, KTO
OTHPABUJ INCHMO WJIN B KaKyI0 KaTeTOpHio ObLja IIOMEINeHa 3aluCh
6siora, ¥ TOMEYaTh, UTO 3TO UMEHHO MeTaJaHHEIE.

o Coxpanars URL u uncia HeM3sMeHHBIMMU.

He 3a0bIBaiiTe, 4TO HEIOCTATOUYHO IIPOCTO BHIOpATH OoJiee crenupUUHbIE
nmpusHaKu. YToObI KJacCU(PUKATODP MOT BOCIIOJIb30BATHCA IPU3HAKOM, IIOC-
JIEAHUN NOJKEeH BCTPEYAThCs BO MHOTUX JOKYMEHTAaX.

Knacc classifier MOKeT IPUHATH B KaUecTBe getfeatures JI00YI0 QYHKITMIO
¥ IPUMEHATDH ee K IPeIbABIsAeMbIM o6pasiiaM. OH 0XKUTaeT JIUIITh, YTO (DY HK-
IusA BepPHET CIMCOK MJU CJIOBaphb BBIJEJEHHBIX M3 00pasila IIPU3HAKOB.
B cuny obuiHoCcTH IPUPOAEI KiIacCu(PUKATOPA BBl MOJKETe HaInucaTh QPyHK-
u1Iio, KoTopas padoTaer ¢ 6oJiee CIOKHBIMU TUIIAMHU, YeM cTpoku. Hampu-
Mep, AJd KJaaccu(puKanuy 3amuceil B 6Jiore MOYKHO IIPUAYMATh (PYHKIINIO,
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KOTOpas IPUHUMAET BCIO 3alMCh I[EJIMKOM, a He TOJHKO M3BJIEUEHHBIH 13
Hee TEeKCT, U BCTABJISAET aHHOTAIUK O TOM, OTKY/Ja B3SJI0Ch KayKI0e CJIO0BO.
Mo2KHO TaKsKe BBIOMPATH ITaphl CJIOB U3 TeJia TeKCTa U OTJeJbHbIE CJI0Ba U3
TeMmbl. ITo Bceit BUAUMOCTH, pa3dMBaTh Ha YaCTH MOJIe creator 0€CCMBICTEH-
HO, TaK KaK cO00IeHusd oT HeKoero «Jl:xorma CMuTa» HUYEro HE CKAXKYT
0 COOOITeHNAX KAKOTO-HUOYIb ApYyroro «I[»KoHa».

Hob6asbre B (paita feedfilter.py caenyromiyo GyHKIIMO BbIAEJIeHNA IPU3HA-
KoB. O0paTuTe BHUMAHNE, YTO OHA OXKUAAET Ha BXO/Ie BCIO MOJIYUYeHHYIO U3
KaHaJia 3alluich, a He IIPOCTO CTPOKY:
def entryfeatures(entry):
splitter=re.compile( "\\W*")
f={}

# M3BNeYb M aHHOTMPOBATbL CNOBa M3 3aronoska
titlewords=[s.lower( ) for s in splitter.split(entry[ title'])
if len(s)>2 and len(s)<20]

for w in titlewords: f[ 'Title: +w]=1

# W3Bne4yb cnoea u3 pesipme
summarywords=[s.lower( ) for s in splitter.split(entry[ summary’])
if len(s)>2 and len(s)<20]

# MopcynTaTb KONAMYECTBO CNOB, HanUCaHHbX 3arnasBHbMW OyKBamu
uc=0
for i in range(len(summarywords))

w=summarywords[1i]

flw]=1

if w.isupper( ): uc+=1

# BblgennTb B KayecTBe NPU3HAKOB Mapbl CNOB W3 pesioMe

if i<len(summarywords)-1:
twowords="".join(summarywords[i:i+1])
f[twowords]=1

# OcTaBuTb MHGopmaumw 06 aBTope 6e3 MaMeHeHus
f[ "Publisher: +entry[ 'publisher']]=1

# UPPERCASE - cneumanbHbii npraHak, OMUCHBAWWA CTENEHb KPUKAMBOCTK'
if float(uc)/len(summarywords)>0.3: f[ UPPERCASE' ]=1

return f

Ira QYyHKIINA U3BJIEKAET CJIOBA M3 3aT0JIOBKA U PE3IOMe TaK JKe, KaK Halu-
caHHad paHee QyHKIUA getwords. Bece cioBa u3 3arojioBKa OHa paccMaTpu-
BaeT KakK OTZesbHble mpusHaku. CioBa M3 pe3ioMe TOXKe MOMEIal0TCA
B CHHUCOK CJIOB, HO JOIOJHUTEJHLHO IIPU3HAKAMU CUNTAIOTCA IapHl COCEX-
HuX cjaoB. MHDopmaIiusa 00 aBTope TPaKTyeTCA KaK HeJeTNMbIH IPU3HAK.
Harmocsieox GyHKIUS [IOACYUTHIBAET KOJIUYECTBO CJIOB, HAIIMCAHHBIX 3a-
riaBHBIMU OyKBamu. Eciiu ux moss 6osabiie 30% ot 06111ero yucia cjaoB, TO
(GYHKIUA 100aBISET B CIIUCOK CHeINANbHBIN ITpu3Hak UPPERCASE. B oTimune
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OT IIpaBMJa, KOTOPOEe TOBOPHUT, UTO HAIMMCAHHBLIE 3arjJaBHBIMH OYKBaMu
CJIOBA 03HAYAIOT HEUTO OCOOEHHOE, MBI IIPOCTO BKJIOUAEM ellle OJUH IIPu-
3HAK, KOTOPBLIM MOKHO HCIOJb30BAThH IJA OO0OyUYeHMUs KJaccuduraropa.
B HEKOTOPBIX caydYadax KiaacCu(pUKaTOP MOKET PEIllUThb, YTO STOT IPUSHAK
Gecrrosie3eH i paclo3HABAHUSA KaTETOPUU JOKYMEHTA.

Ecau BRI XOTHUTE IPUMEHUTL HOBYIO BEpPCHUI0 COBMECTHO ¢ (yHKIUei
filterfeed, TO IOCJIEHIOIO IPUAETCSI N3MEHUTh, TaK UTOOBI OHa IepenaBaja
3aIMCU HEIIOCPEICTBEHHO KJacCu(PUKaTopy, a He pyuarmuu fulltext. ocra-
TOYHO BHECTH CJeyoIue MOgu(PUKAIIU B KOHITE ee KoJa:

# HanewaTaTb Haunydwyi runoTesy o Tekyleih kaTeropum
print 'TwnoTtesa: '+str(classifier.classify(entry))

# ﬂOﬂDOCMTb nonb3oBaTend BBECTU NPaBWbHYI KaTeropuuo wu O@y‘-ll/ITbCﬂ

# Ha ero oTeeTe

cl=raw_input( Enter category: ')

classifier.train(entry,cl)
Temepb MOKHO MHUITUAIU3UPOBATDH KJIaCCU(PUKATOP, TaK UTOOHI /IS BBIAE-
JeHUA IPU3HAKOB OH MOJIb30BaJICA (DYHKITMEH entryfeatures:

>>> reload(feedfilter)

<module 'feedfilter’ from "feedfilter.py >

>>> cl=docclass. fisherclassifier(feedfilter.entryfeatures)

>>> ¢l.setdb( python_feed.db’) # Tonbko ecnu ucnonbayetcs Bepcua ana CYB[

>>> feedfilter.read( python_search.xml’,cl)

C mpusHaKaMu MOJKHO eIlle MHOTO 4Yero cejaTh. IlocTpoeHHbIH 6a30BBIM
KapKac [M03BOJIAET OIPeAe T (GYHKIINIO BhIJeJIeHUA IPU3HAKOB U HACTPO-
UTh KJIAacCU(PUKATOP AJA paboTel ¢ Heit. Ou OyaeT KaaccupuITPOBaTD JIIO-
00li mpeabABJIEHHBLIN 00pasel] MPU YCJIOBUHU, UTO HANIMCAHHASA (PYyHKIIUS
crmoco0Ha BHIJEJIUTh U3 HEro MPpU3HAKHU.

Ucnonb3oBaHue cnyxbbl Akismet

Pasrosop o caysxcbe Akismet yBeneT HacC HEMHOTO B CTOPOHY OT M3yUEHUSA
aJTOPUTMOB KJacCUPUKAIIUU TEKCTOB, HO AJIs HEKOTOPOTro KJiacca MPUJIO-
JKeHUH 9Ta caysK0a MM03BOJISET PEITUTh 3aAauy (QUIbTPAIlNY cIIaMa ¢ MUHU-
MaJbHBIMHU YCUJUSAMU U M30aBUTH BAC OT HEOOXOIMMOCTH CTPOUTH COOC-
TBEHHBIN KJIaCCU(DUKATOP.

ITepBomauanabuo Akismet OblIa IOAKII0UYAEMBIM MOLYJIEM K CHCTEME Befe-
Hus 6sioroB WordPress, KOTOPBIH IT03BOJISJI II0Jb30BATEJIAM H3BEINATH
0 cIlaMe B CBOMX 6JioTax ¥ OT(OUIHLTPOBBIBAJ HOBBLIE COOOIIIEHU A, €CJIN OHU
OBLIY TOXO0KHU HAa Te, UTO APYyTHe JIOAU onpeaennan Kak cuam. Temeps API
OTKPBIT, ¥ BBl MOJKETe IOCJAaTh ciIy:koe Akismet mpousBOIBLHYIO CTPOKY
¥ CITPOCUTD, CUUTAET JIU OHA ee CIIaMOM.

ITepBBIM mesIOM BaM IIOHAAOOUTCA KU s paborsl ¢ API Akismet, KoTo-
PBIF MOKHO TOJYUYUTHL Ha caiite http://akismet.com. IIna BwizoBa API
Akismet npumensarorcs ooeruabie HTTP-3anpocsl, u CyIiecTBYIOT HHTEP-
deiicubie OMOJIMOTEKM Ha PasHBIX S3BIKAX MPOTpaMMHUPOBaHUA. B sToMm
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paszesie MbI OyZeM II0JL30BATHCSA OMOJMOTEKOM, MOCTYIIHON IO anpecy
hitp://kemayo.wordpress.com/2005/12/02/akismet-py. Crauaiire (daiin
akismet.py u momecTuTe €ro B IAIKy, I'le HAXOOATCA BCe OMOJIMOTEKH
Python.

Pa6orats ¢ aTuM API ouens mpocto. Co3maiiTe HOBBIH daiin akismettest.py
¥ BKJIIOUNTE B HETO TaKyi0 PYHKIIUIO:

import akismet

defaultkey = "BAW_KNHOY"

pageurl="http://yoururlhere.com"

defaultagent="Mozilla/5.0 (Windows; U; Windows NT 5.1; en-US; rv:1.8.0.7) "
defaultagent+="Gecko/20060909 Firefox/1.5.0.7"

def isspam(comment,author, ipaddress,
agent=defaultagent,
apikey=defaultkey):
try:
valid = akismet.verify_key(apikey, pageurl)
if valid:
return akismet.comment_check(apikey, pageurl
ipaddress, agent, comment_content=comment,
comment_author_email=author, comment_type="comment™)
else:
print "HeneiCTBUTENbHbIA KoY '
return False
except akismet.AkismetError, e:
print e.response, e.statuscode
return False

Temepb y Bac eCTh MeTO, KOTOPBIA MOXKHO BBI3BATh, IIEPEAAaB JIIO0OYIO CTPO-
Ky, U IOCMOTpPETh, IOXO0Ka JIU OHA Ha BCTPeUaBIINeCa B KOMMeHTaApUAX U3
6J10r0B. BHIMOTHUTE B MHTEPAKTUBHOM CeaHCe TaKue KOMAaH/IbI:

>>> import akismettest

>>> msg="Make money fast! Online Casino!’

>>> akismettest.isspam(msg, ‘'spammer@spam.com’, ‘127.0.0.1")

True
IloskcnepuMeHTUPYIiTe ¢ PAa3HBIMH MMEHAMM II0JIb30BaTeJseli, areHTaMu
n IP-agpecamu 1 mocMOTpPUTE, KaK OYAYT MEHATLCS Pe3yJIbTaThI.

ITockouabky cay:x0a Akismet npegHasHaueHa B IEPBYIO OUepensb IJIA PUIIb-
Tpanuy CIaMHBIX KOMMEHTapueB B 0JioraxX, TO ¢ APYTUMH TUIIAMHU JOKY-
MEHTOB, HAIIPHMeEP C IIOUTOBBIMHU COODIIEHUAMM, OHA MOJXKET CIIPABIATHCS
He Tak xopoiro. Kpome Toro, B oTjimune oT KjaccupuKaTopa, OHA He II03BO-
JIsieT HOACTPaNBATh IIapaMeTpPLI X He COODIIaeT O XOIe BLIUMCICHUN, IIPHU-
BeAmuxX K oTBery. OZHAKO cIIaMHBIE KOMMEHTApHUH OHa 00pabaThIBaeT
OUYeHb TOYHO, IIOITOMY MMEET CMBICJ IPUMEHUTh €€ B MPUJIOKEHUAX, T'e
BCTPEUAIOTCSA MMOXO0JKME PASHOBUAHOCTY ciama. Beas Akismet pacmosiaraer
IJIsI CPaBHEHUA KyAa 0OJbIIIM HAG0OPOM ITOKYMEHTOB, Ye€M CMOXKETe COO0-
paTh BHI.
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An bTepHaTUBHbIE MeTO4bl

O6a paccMOTPEHHBIX B JaHHOI IJIaBe KjaaccuduKaTopa — 9T0 IPUMeEPHI 00y-
YeHUA ¢ yyumedJgem, KOTAa IPorpaMMe IPeIbABIAIOTCS IPAaBUJILHBIE pe-
3yJIBTATHI U OHA IIOCTEIEHHO YIyYIllaeT KaueCcTBO BhIpabaThIBA€MBbIX THII0-
re3. PaccMorpenHas B riaase 4 ucKyccmeeHHas HellpOHHAA cemb, KOTopas
B3BEIINBAJa Pe3yJbTAThl IOMCKA Ha IPEeIMET WX PAHKUPOBAHUA, — ellle
OfVH IpuMep o0yueHUA ¢ yumreseM. HelipoHHYIO CeTh MOXKHO OBIJIO OBI
aanTUPOBATS [JIA PEIlleHNnA 3a/[a4 U3 9TOH IIaBhl, €CJIU NHTEPIPETUPOBATH
MPU3HAKY KaK BXO/JHBIE CUTHAJIbI, 8 BEIXOJHbBIE CUTHAJIBI COIIOCTABUTD BCEM
BO3MOJKHBIM KJjaccupuKamuam. AHAJOTUYHO, K 3aJa4aM U3 STON TJaBbl
MPUMEHUM Memo0 ONoPHuLX 86KMOPO8, KOTOPHIM OMMCHIBAETCs B raase 9.

Has xnaccu@uKanmmm MOKYMEHTOB HCIIOJNB3yeTcA MMEHHO OaiiecoBcKas
buIbTPaIMa IPOCTO IIOTOMY, UTO OHA TPEOYeT ropasfo MeHbIIe BBIUUCIIN-
TeJBLHBIX PECYpPCOB, UeM IPOUMe MeTOJbl. B IMOYTOBOM COOGIIEHUMN MOTYT
OBITH COTHU U Ja’jKe THICSAYU CJIOB, & IJIs IPOCTOTO OOHOBJIEHUS CUETUNKOB
TpebyeTcA KyAa MeHbIIle HaMATH U IPOIECCOPHOTO BPEeMeHU, YeM AJIA 00y-
YeHUA HEPOHHO CeTH TaKoro pasdMmepa. Kak 65110 TIOKa3aHo, BCE 3TO MOXK-
HO cIeJiaTh B paMKax 0as3bl JaHHBIX. B 3aBUCHMOCTU OT HEOOXOUMOM CKO-
pocTu 00yUYeHU A U IIOJyUYEeHNU OTBETA, a TAKIKE OT OKPYsKeHU A, HeHPOHHAA
CeTh MHOTAA MOJKeT OKasaThCs IIPpueMJIeMOU ajabTepHaTuBoii. Ho cirox-
HOCTh HEWPOHHOM CeTH IIPeIATCTBYeT KAaKOMY-JIM0O B3aNMOAEHCTBUIO
¢ Heil. B 9Toii ryiaBe BBl BUJEJIM, UTO BHIUMCJIEHHBIE BEPOSTHOCTH CJIOB JIer-
KOJOCTYIIHBI ¥ ©U3BECTHO, KaKO# BKJIaJ OHU BHOCAT B OKOHUATEJHLHYIO OIeH-
Ky. A JJIs BeCOB CBsA3€eil MeKIy HelIPpOHAMU CETH HeT CTOJb JKe IIPOCTOM NH-
TepIpeTaun.

C Ipyroi CTOPOHBI, ¥ HEHPOHHBIX CETel M MAIIIWH OIOPHBIX BEKTOPOB €CTh
OHO BECOMOE IIPEMMYIIECTBO HAJ ONMCAHHBIMU BBIIIEe KJIAacCUDUKaTOpa-
MU: OHU MOTYT yJIaBJINBATH 00JIee CJI0KHBIE B3ANMOCBA3Y MEKIY IOLaBae-
MBIMU Ha BXOJ HpU3HaKaMu. B 0aiiecoBCKOM KJaaccuduKaTope y KasKIoro
MIPU3HAKA MMEeTCS BEePOATHOCTD IPUHAAIECKHOCTA K KaKJ0H KaTeropuu,
¥ IS TIOJIyUYeHUs IOJHOM BepOSITHOCTH OHUM KOMOMHHPYIOTCA. B HelipoH-
HO¥ CeTH BepOATHOCTH IPU3HAKA MOMKET U3MEHSAThCA B 3aBUCUMOCTHU OT Ha-
JIMYUSA UJIN OTCYTCTBUA IPYTUX Npu3HakoB. Hanpumep, BbI X0Teau OBI 6J10-
KMPOBaTh CIIaM OT OHJIAHOBBIX Ka3WHO, HO MHTEpecyeTech CTaBKaMMU Ha
6erax; Torja CJ0BO Casino cjaeqyeT CUUTATH IIJIOXUM, €CJIHU eIlle TAe-TO B CO-
obmreHnn He BeTpeuaeTcs caoBo horse (sromrans). HauBHubI 6aiiecoBCKUA
KJaccu(uraTop He cocO6eH YIOBUTH TAKYIO MTEPEKPECTHYIO 3aBUCUMOCTb,
a HeliDOHHAsA CeThb MOXKeT.

YnpaXXHeHus

1. Ilepemennvie npednonazaemvie 6eposmHocmu. W3meHuUTe Kjacc
classifier Tak, 4TOOBI OH MOIEPIKUBAJ pa3HbIe IpeIoIaraeMbie Bepo-
SITHOCTH [IJIA PA3JINYHBIX IPU3HAKOB. VI3MeHUTE METO[ init TaK, YTOOBI
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OH IPUHUMAJ APYToi KiaccuuKaTop U HaunHAaJI paboTy co 3HAUEHUA-
MU IpeJnoaraeMbIX BepOsATHOCTEH, ayuinumu Hexxkenu 0,5.

Buiuucaenue Pr(/Jokymenm ). B HamBHOM GaiiecOBCKOM Kjaccudura-
TOpPEe MBI OITyCTHJIN BhruuciieHue Pr(JoKyMeHT), TOCKOJIBKY 3TOT IIOCTO-
STHHBIA MHOJKUTEJb He UMeJ 3HAUeHUA IPU CPABHEHUM BEePOSATHOCTEM.
B Tex cayuaax, Korma mpu3HaKW HE3aBUCUMBbBI, UM MOYKHO BOCIIOJIB30-
BaTBhCA JJIs BBIUYMCJIEHUA MMOJHONU BepoATHOCTU. KaK ObI BbI IMOJOIILIN
K Beruucaenuio Pr(lloxymenT)?

IToumossiit puavmp 0as npomorxoaa POP-3. B coctaB guctpubyTusa
Python Bxogur 6ubiauorera poplib an1sa ckaumBaHUS IMOYTOBBIX CO00-
IeHul ¢ cepBepa. Hanummmure crieHapuii, KOTOPHIH CKauMBaeT coooIIe-
HUA U TOBITaeTCA UX KiaccubuinupoBars. Kakue npusHaKy MOKHO BbI-
JIEeJIUTH B IIOYTOBOM COOOIIEHMM M KaK IMOCTPOUTH JJIA HUX (DYHKITUIO
U3BJIEYEHUA?

Dpasvl npous3soavHoil 01UHbL. B 3TOM riiaBe MbI IOKAa3aJau, KaK U3BJIe-
KaTh OAMHOYHEIE CJIOBA U Maphl cjioB. CresaiiTe MeXaHU3M BBIZEICHUA
NIPU3HAKOB KOH(PUTYPUPYEMBIM, YTOOBI OH MOT BBIAEJIATH IPU3HAKHU,
COCTOSIIIVE 3 COCETHUX CJIOB, IPUUYEM MaKCUMAaIbHOE KOJIUYECTBO CIOB
ABJIAETCA IapaMeTPOM.

Coxpanernue IP-adpecos. IP-agpeca, HoMepa TeaeOHOB U APYyras UuC-
JoBad UHMOPMAIUA MOXKET 0Ka3aThCA II0Je3HOM Ipu ugeHTuhuKanuu
crmama. VaMeHuTe QYHKIIMIO BRIJEJIEHUA ITPU3HAKOB TakK, UTOOBLI OHa
BO3BpaIajga Takue 3JeMeHTHhl B KadecTBe IPU3HAKOB. (XoTA KOMIIO-
HeHTHI [P-anpeca pasmendioTcs TOUKaMu, OT TOUEK B KOHIIE IIPeIJIoKe-
HUI He00X0AMMO U30aBIATHCA. )

pyzue supmyanvhvie npusnarku. [na xiaccu@uramuyu JOKYMEHTOB
MOTYT OKa3aThCsA IOJEe3HbI U JPYTrue BUPTyaJbHble IPU3HAKM, IIOMUMO
UPPERCASE. Hampumep, MHTEPECHO BBHIJENATH OUEHDb JJINHHBIE JOKYMEH-
THI UJIU JOKYMEHTHI ¢ OOIBIITNM KOJUUYECTBOM AJUHHBIX ¢JI0B. MoikeTe
BBHI IPUAYMATh ellle KaKue-HuOyAb MOJ00HbIE XapaKTEPUCTUKY ?

Kaaccugpuramop Ha 6a3e HeliponHoll cemu. MoguduinupyiiTe HepOH-
HYIO CeThb U3 IJIaBbI 4 TakK, UYTOOBI €€ MOKHO OBIJIO IIPUMEHUTD K KJIACCH-
duramuu nokymenToB. CpaBHuTe pesyabTaTbl. Hamuiiure mporpam-
MY, KOTOpas KJaccuuiupyer 1 o0ydyaercsa HECKOJIbKO ThICSY pas. 3a-
MepbTe BpeMs paboThl KaKI0T0 aJaropurMa. YTo y Bac moJayduaoch?



MopenupoBaHue
C MOMOLLbIO AepeBbeB peLleHUun

Brl1mie BBI 03HAKOMUJINCH C PA3JIMYHBIMU aBTOMAaTUYECKUMHU KJaaccupuKa-
TOPaMHu, a B 9TOU IJIaBe MbI IIPOJOJIMKAM dTy T€MY U IIOTOBOPUM 00 OUeHb
IIOJIEBHOM METOZe, KOTODPBIN Has3bIBaeTCA o0yueHuem Oepesved peuleHuil.
B orsinuume oT Apyrux KiaaccupuKaToOpoB, MOIEJIH, IIOPOKIaeMble TePeBbs-
MU pelleHunit, Jerko moamamTea nurepuperanuu. CINCOK YKces, KOTOPbIe
BbIZIaeT OallecoBCKUII KJacCU(PUKATOP, TOBOPUT 00 OTHOCUTENHLHOM BaK-
HOCTH KaKI0TO CJIOBA, HO JJIA IMIOJYUEeHUS OKOHUATEeIbHOTO pe3yabTaTa He-
00X0IMO ITPOM3BECTH BLHIUKCIEHU. IHTEpIPeTHPoBaTh pe3yabTaThl, BI-
pabaThiBaeMble HEHPOHHOU CEThIO, eIlle CJIOKHee, MOCKOJIbKY BeC CBA3U
MeXKJy IBYyMA HepOHaMU caM IIo cebe MaJIo UTOo 3HAUUT. [[J1a TOro Ke UTo-
Obl TOHATH, KaK <«PAcCCY:KIaJlo» OepeBO pPeIleHUs, AOCTATOUYHO IIPOCTO
B3IJVITHYTh Ha HEro, a IpU JKeJIJaHuW MOKHO Jake IIPeJCTaBUTH BeCh IPO-
1ecc B BUIE IIOCJIeN0BaTeIbHOCTH Ipeaioxkenuit if—then (ecau—ro).

B sT0ii r;1aBe MBI pacCMOTPUM TPHU MPUMeEPA MCIIOJIb30BAHUS JePEeBLEB pe-
mieHu. B mepBoM 13 HUX MBI IIOKaKeM, KaK CIIPOTHO3UPOBATH KOJUUYECTBO
oJIb30BaTeJiell caiiTa, KOTOPhIE TOTOBLI 3aIJIATUTH 34 IPEeMHUAJbHBIA I0-
ctym. MHOTrMe OHJIallHOBBIE CAlIThI, BBUMAIOIIIHUE IIJIATy 3a MOAINCKY UJIX 3a
KasKJ0e WCIIOJIb30BaHUE, ITPeAJIaraloT IOJIb30BaTEJIAM CHadajla HeEMHOTO
mopaboTaTh C IPUJIOKEHNEM, a TOJIBKO IIOTOM PacKoIIeInBaThesa. Eciu peun
UIeT O MOAIINCKE, TO CAaMT OOBIUHO IIpeiaraeT OecIIaTHYIO ITPOOHYIO Bep-
CHUIO C OTPAaHMYEHHBIM BPeMEHEM WJIU K€ C YPe3aHHBIMU BO3MOYKHOCTSAMU.
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CaiiTol, B3NMAaKIIMe ILJIaTy 3a KaXJ0€e NCIIOJIb30OBaHe, MOT'YT IIPEOJIOKUTD
OOVNH OecILTaTHBIN ceaHC WU €Ilge 4YTO-TO B 9TOM POoJe.

B ppyrux npumMepax MBI IDUMEHUM JlepeBbdA pPelleHNil K MOAeJINPOBAHUIIO
IleH Ha HeJJBUYKUMOCTD U K OIleHKe CTelleH! IIPUBJIEKATeIbHOCTH.

MporHosmnpoBaHue Konu4yecTBa perncrpaummn

Korzga caiiT ¢ 60JBIITUM YHCJIOM IIOCETUTEIeH PasBepThIBAET HOBOE IIPUJIO-
JKeHue, Ipeaaras 6ecILIaTHBIN JOCTYII U MOAINCKY, OHO MOXKET IPHUBJIEUD
TBICAYN HOBBLIX MOJIb3oBaTeseii. MHOrMe M3 HUX HIPOCTO ABUIKUMBI JII000-
IIBITCTBOM 1 HA CAMOM JieJie B 9TOM IIPUJIOKEeHUY He 3aMHTePeCOBaHbI, 03~
TOMY BEPOSTHOCTb TOI'0, UTO OHM CTAHYT ILIATHLIMM KJIMEHTaAMM, KpaiiHe
maja. M3-3a 9TOro Tpy/AHO BBIAEJINUTH IOTEHIINAJIbHBIX KJINEHTOB, Ha KOTO-
PBIX CTOUT aKIeHTHUPOBATHL MAPKETUHIOBLIE YCUINSA, II09TOMY MHOTHIE cali-
ThI IPUOEraoT K MACCOBOM PACCHLIKE IIHCEM BCEM OTKPBIBIINM YUYETHYIO
3aIKCh, BMECTO TOT'O UTOOLI JeficTBOBATH OoJiee IeleHalpaBIeHHo.

s pelteHudA 3T0¥M mpo6JieMbl OBLIO OBI ITOJIE3HO YMETh IIPOTHO3UPOBATH
BEPOSATHOCTH TOTO, UYTO HEKUil IIOJH30BATE]Ib CTAHET IJIATHBIM KJIMEHTOM.
BrbI yiKe 3HaeTe, UTO AJIA 9TOMH I[N MOYKHO BOCIIOJIb30BAThCS 0alieCOBCKUM
KJaccu(PUKATOPOM MK HeHPOHHOM ceThbio. OJHAKO B JaHHOM CJIyUYae OUeHb
Ba’KHAa YETKOCTb — €CJIM BBl 3HaeTe, KaKkue (DaKTOPhl YKAa3bIBAIOT Ha TO, UTO
IIOJIb30BaTEJIb MOJKET CTATh KJIMEHTOM, TO MOYKETe MCIO0JIbh30BaTh ATy MH-
dopmanuio mpu BHIPAOOTKE PEKJIAMHOIN CTpaTeruu, AJS TOTO UTOOBI cle-
JIaTh HEKOTOPBIE Pase bl CaiiThl 60Jiee JIErKOLOCTYIITHBIMY HUJIX IJIS IPUILY-
MBIBAHUA IPYTUX CIOCOO0B YBEJINYEHUS KOJNUECTBA IIJIATHBIX KJINEHTOB.

MsI 6yZeM paccMaTpUBATh TUIIOTETUUYECKOE OHJIAMHOBOE TIPUJIOKEHNE, KO-
TOpOe IpexJaraeTca 6eciyiaTHO Ha MPoOHBIHN nepuo. Ilons30BaTess peruc-
TPUPYETCS AJIsI IPOOHOM paboThl, HA KAKOe-TO YKCJIO0 JHEH MOoJIyUaeT JOCTYII
K caiiTy, a IOTOM JOJI’KEeH PEeIlUTh, X0UeT JIN OH IepeiTy Ha 6a30Boe MU
mpeMuabHOe 00cays:KkuBaHue. Ilocsie TOro Kak moJab30BaTe b 3aPETUCTPU-
poBajcsd, o HeM cobupaerca mHpopMamusa, a B KOHIle IPOOHOTO Ieproja
BJIaZIeJIBIIBI caliTa Y3HAIOT, KAKKe II0Jb30BATEN PEIIUIHN CTATD IIJIaTHEIMU
KJINEeHTaMU.

YTo0bl HE pasapakaTb II0JIbL30BATEJEH M 3aBEPIIUTh PErMCTPALAI0 KaK
MOXKHO CKOpee, CaliT He IIPOCUT 3aII0JHATH JINHHYIO aHKeTy, a cooupaer
nH(GOPMAIIKIO 13 IIPOTOKOJIOB CePBEPa, HAIIPUMED: ¢ KAKOI'0 caiiTa II0Jb30-
BaTeJIb IIOIIAJI CIOZIA, er0 reorpapruuecKoe Moo eHNe, CKOJIbKO CTPAHUI] OH
IIPOCMOTPEJI, IPeKIe YeM 3aPerucTPUpPOBaJICHA, U T. A. Eciu cobpaTs Bce
STU JaHHBIE U CBECTU MX B TAOJMUILy, TO IOJIYUYUTCS UTO-TO IOXOKee Ha
Tabua. 7.1.
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Tabruya 7.1. IIogedenue noav3osamens Ha caiime
U OKOHYAmMeJbHOoe peulenue 00 onaame

OTryna MecToHax0%- Yurax Cromsico Briopannoe

IpuIIe’I JeHne FAQ rpocMoTpen 0o0cIy:KMBaHUE
CTpPaHUIL

Slashdot CIIA Oa 18 Her

Google dpannusa Oa 23 IIpemuannHOE

Digg CIIIA Ha 24 Basosoe

Kiwitobes dpaunusa Ha 23 Basosoe

Google Benukobopuranus | Her 21 IIpemuanbuOE

(manpamyio) | Hosas Senangua | Her 12 Her

(manpamyio) | Bemuko6puranus | Her 21 Basosoe

Google CIITA Her 24 IIpemuansHOE

Slashdot dpannusa IOa 19 Her

Digg CIITA Her 18 Het

Google Benukobpurauus | Her 18 Her

Kiwitobes Benukobopurauus | Her 19 Her

Digg HoBas 3enaugua | Ha 12 Basosoe

Google Benukobpuraunusa | Ha 18 Baszosoe

Kiwitobes dpaunusa Ha 19 Basosoe

OpraHusyiiTe faHHbIe B BUE CIIICKA CTPOK, KAKIAasd N3 KOTOPLIX IIPEACTaB-
JseT coboil cuucok cToa01oB. B mocienmem cTosbiie yKaswiBaeTcs, odop-
MUJI JaHHBIHA IIOJIL30BATENb IJIATHLIN KOHTPAKT uau HeT. IMeHHO 5TOo 3HAa-
YyeHNe MBI M XOTeJu Obl yMeTh HPOTHO3WpoBaTh. CosmaiiTe HOBBIU (haityi
treepredict.py, ¢ KoTopbsIM BEI OyZeTe paboTaTh B 9TOM ryase. Ecau BBl X0-
THTe BBOAUTH JaHHbIE BPYUYHYIO, BKJIIOUNTE B HavuaJIo (haiijia TaKue CTPOKH:
slashdot’, "USA", "yes', 18, "None '],

google’, 'France', 'yes', 23, "Premium’],

my_data=[["
[
"digg’, "USA", "yes', 24, 'Basic'],
"kiwitobes", "France’, 'yes', 23, 'Basic'],
"UK", "'no", 21, "Premium’ ],
"(direct)’, 'New Zealand', 'no’,12, "None'],
,'no",21, 'Basic'],
"USA", 'no’, 24, "Premium’],
‘slashdot’, "France’,
"digg", "USA", 'no", 18
"google’, "UK", 'no", 18, "None' ],
"kiwitobes', "UK', 'no", 19, "None' ],
"New Zealand', 'yes',12, 'Basic'],
"slashdot’, "UK", "'no", 21, "None "],

B N e B W e W B W B e W B s W |

‘google’,

"(direct)’, UK’
‘google’,

‘digg’,

‘yes', 19, "None '],

, 'None '],
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['google’, "UK', "yes', 18, 'Basic'],

[ "kiwitobes", 'France’, 'yes',19, 'Basic']]
MosxeTe BMECTO 3TOTO 3arpy3uUTh HAOOD HAaHHBIX CO CTpPaHUINBI htip://
kiwitobes.com/tree/decision_tree_example.txt.

H71s 3arpy3Ku HYsKHO BKJIIOUUTH B (haill TAKyI0 CTPOKY:

my_data=[line.split('\t') for line in file( 'decision_tree_example.txt")]
Teneps y Hac ecTb MHPOPMAIIUA O TOM, I'Zle II0JH30BaTEb HAXOUTCA, KaK
OH IIOIIAJI Ha CalT U CKOJBKO BpPEeMEHU IIPOBEJI Ha caiite mepen TeM, Kak 3a-
perucTpupoBaTbcsi. Hy:KHO JUIIHh 3aTIOJHUTD MTOCJIETHUI CTOJIOEI], ToMec-
THB B HEro 000CHOBAHHYIO TUIIOTE3Y.

BBepeHMe B TeOpUIO AepeBbeB PeLLeHUN

Ilepesvsa peurenuil — ONUH M3 TPOCTENIINX METOJOB MAIIIMHHOTO O0yJeHU .
ITO COBEPIIIEHHO IIPO3PAUYHEIH CII0Cc00 Kaaccu(PUKAIINU HAOIIOJeHIUH, 1 II0C-
Jie O0yUYeHUs OHU IIPEICTABIAIOTCS B BUI€e IIOCTIEA0BATEIbHOCTH IIPEAI0Ke-
Huii if—then (ecaum—T10), oprann3oBaHHLIX B Buje AepeBa. Ha puc. 7.1 mpu-
BeJleH IpUMep JepeBa peleHni 11 Kiaaccuburanuu GpyKToB.

UBET = 3efeHbin?

HeT JIE} |
LBET = KpaCHbIN? |umaMeTp > 6 moMMOB?|
Het [la | | Het ” [la |
dopMa = Kpyrabin? |ﬂmame7p > 2 umMMOB?| |nmameTp > 2 moMMOB?| apbya
Het|| [la Het|| [la

6aHaH |ﬂmaMeTp > 4 ,ELIOV\MOB'7| |KOCTO‘-H<a = MCWHa° a6noko  BuHOTpan  A610KO

e

JINMOH rpennopyT BUHOTpaL  BUWHA

Puc. 7.1. IIpumep depesa peuieHuil

Wwmes mepeBo pellieHUH, HETPYAHO MOHATH, KAK OHO IPUHUMAET PeIlleHnd.
HocTaTouyHO IPOCIefOBATH BHU3 II0 JePEBY, IPABUIBHO OTBEYAdA HA BOIIPO-
Chl, — M B KOHEUHOM HUTOTe BbI JoOepeTech A0 orBeTa. OO0paTHas TPacCHUPOB-
Ka OT y3Jia, B KOTOPOM BbI OCTAHOBUJINCH, 10 KOPHS JaeT 000CHOBAHIE BhbI-
paboTaHHOU KJIacCU(MDUKAIIIN.

B sT0if riiaBe MBI pacCMOTPUM CIIOCO0 IIPEACTABJIEHUS AepeBa pPelleHui,
KOJI IOCTPOEHUA iepeBa U3 PeabHBIX JaHHBIX U KOJ IJs KiaaccupuKarum
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HOBBIX HabaogeHuii. IlepBbIM AeJI0M HYKHO CO3ATh IpeiCTaBJIeHUe Jepe-
Ba. CosmaiiTe HOBBII KJacc decisionnode, ¢ TIOMOIIIBLI0O KOTOPOTO MBI OyAeM
IIPeLCTaBJIATE OJUH y3eJI lepeBa:

class decisionnode:
def __init__(self,col=-1,value=None, results=None, tb=None, fb=None):
self.col=col
self.value=value
self.results=results
self. tb=tb
self. fb=fb
B kaxxgom ysiie uMeeTcs IATH IePEeMEeHHBIX 9K3eMILIAPa, U BCe OHU MOTYT
OBITH 3aJaHBLI B UHUIINAJIN3aTOPE:
e 0l — MHIEKC CTOJIOIA IIPOBEPSIEMOI0 YCIOBUA.
e value — 3HaYeHHUE, KOTOPOMY AOJIXKHO COOTBETCTBOBATH 3HAUEHUE B CTOJI-
O11e, YTOOBI Ppe3yabTaT ObLI PaBeH true.
e thu fb— 9K3eMILJIAPEI KJacca decisionnodes, B KOTOPbIe IPOUCXOLUT IIepe-
XOJ, B clIydae, eCJI4 Pe3yJJbTaThl — true UJIU false COOTBETCTBEHHO.
e results — cJIOBaphb Pe3yJLTATOB AJSA 9TOM BeTBU. 3HAUeHHe PaBHO None
IJI BCEX y3JIOB, KPOME JINCTOBBIX.
DYyHKIIUU, CO3TAI0IINE JePEeB0O, BO3BPAIIAI0T KOPHEBOU y3€JI, OT KOTOPOTO
MOJKHO HAa4YaTh 00X0/, CJIEeAYsI II0 BEeTBAM true UM false, IIOKA He HOHAEM IO
y3J1a, CoZlep Kalllero pes3yJjbTaThl.
OGyueHMe pepeBa

B sroii riase ucnosbsyercd anroputm CART (Classification and Regression
Trees — mepeBbsa Kiaccuuranuu u perpeccun). I[ia nmocTpoeHud gepesa
PelieHnl aJIropuTM CHavyaJia co3/laeT KOpHEBOH y3es. PaccmoTpeB Bce Ha-
O0rofeHMA B TabJIMIle, OH BRIOMPAET HAMIYUINIYIO IEPEMEHHYIO, II0 KOTOPOH
MOKHO pPa30mBaTh JaHHBIE Ha ABe YacTHU. [[JId 9TOT0 HYKHO PEIUTh, KaKoe
ycaoBue (Hampumep, «Hurana au moabs3oBaTensb FAQ (HacTo 3amaBaemMbie
BOIIPOCHI)? ») Pa30o0beT MHOYKECTBO BBIXOOHBIX NAHHBIX TaK, UTOOBI OBLIO
IIPoIIle JOrafaThCs, YTO MOJb30BATE]b cOOMpaeTcA caesaaTh (Ha Kakoe 006-
CJIy:KUMBaHUe OH IOAIIUIIIETCS).

DyuKIUa divideset pa3dBaeT MHOKECTBO CTPOK Ha ABa IIOAMHOYKECTBA HC-
XO/Is U3 JAHHBIX B OAHOM cT0.1011e. Ha BX0/le 0OHA IpUHNMAaeT CIINCOK CTPOK,
HOMeEp CTOJIOIla 1 3HAUEeHHE, 10 KOTOPOMY HeJUTh cToJ0el. B cayuae mpo-
uyrenud FAQ BoamorkHbIe 3HaueHUA — «la» niam «Het», a 15 croabiia «Ort-
KyJa OPHUIeJ» eCTh HECKOJIbKO BO3MOKHOCTeM . PYHKIIMA BO3BpAIIlaeT ABa
CIIMCKA CTPOK: IIEPBLII COAEPIKUT Te CTPOKU, AJISI KOTOPHLIX JAHHEIE B YKa-
3aHHOM KOJIOHKE COOTBETCTBYIOT IepeJaHHOMY 3HAYEeHWIO, BTOPOM — Oc-
TaJbHbBIE CTPOKH.

# PasbueHne MHOXecTBa No ykadaHHOMy cTonbuy. MoxeT obpabaThiBaTb Kak 4MCNOBbE,

#t Tak u ONCKPETHbe 3Ha4YeHUq.

def divideset(rows,column,value):
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# Co3pmaTb QyHKUMIO, KOTOpas CoobWMT, OTHOCUTCH NM CTPOKAa K MepBOi rpynne
# (true) wnn ko BTOpon (false)
split_function=None
if isinstance(value,int) or isinstance(value, float):
split_function=lambda row:row[column]>=value
else:
split_function=lambda row:row[column]==value

# Pa3buTb MHOXECTBO CTPOK Ha [ABE 4YaCTW W BEPHYTb UX
set1=[row for row in rows if split_function(row)]
set2=[row for row in rows if not split_function(row)]
return (seti,set?)

B sTom Kome cosmaerca GyHKIMA split_function, KoTopas pasduBaeT maH-
HbIE Ha IBE YaCTHU. ITO JIeJIaeTCA I0-PAa3HOMY B 3aBUCUMOCTH OT TOTO, ABJIA-
eTcs JIU MHOMKeCTBO 3HaueHUU HemnpepbIBHBIM (float) mau muckpeTHBIM
(int). B mepBoM cayuae BO3BpaT true O3HAUaeT, UTO 3HAUEHHUE B CTOJOIE
6osbIre value. Bo Bropom split_function IPOCTO IMPOBEPAET, COBIALAET JU
3HAUYEeHUe B CTOJIOIE C value. 3aTeM co3aHHAA QYHKIIUA IPUMEHAETCA AJIA
pas3bueHUs MHOMKECTBA JAHHBIX Ha JBe YACTH: IIepBas COCTOUT U3 CTPOK,
IJs KOTopsle split_function BepHyJIa true, BTOpas — U3 TeX, IJA KOTOPBIX
OHAa BepHYyJIa false.

3anyctute naTeprnperarop Python u mompobyiiTe pa3douTh MHOXKECTBO pe-
3yJIbTATOB IO cTOJIOIY « HuTam FAQ»:

$ python

>>> import treepredict

>>> treepredict.divideset(treepredict.my_data, 2, "'yes')

([['slashdot', "USA", 'yes', 18, 'None'], ['google’, 'France’, 'yes', 23,

"Premium' ], ... 1]

[['google’, "UK', 'no’, 21, 'Premium'], ['(direct)’, 'New Zealand', 'no’
12

"None'],...1)

B tabs. 7.2 mokasaHo mosryunBIlieeca pasbueHue.

Tabauya 7.2. Pa3buenue MHOMdcecmaa pe3yibmamos
no 3navenusm 8 cmoadue «duman FAQ»

True False

Her IIpemuanbHOE
IIpemuanbHOE Her

Basosoe Basogoe
Bazosoe IIpemuanbHOE
Her Her

Bazosoe Her

Bazosoe Her




176

ImaBa 7. MoaenupoBaHme C MOMOLLIbIO IEPEBLEB PELLEH WM

He noxosxe, 4To Ha JaHHOM 3Talle 9TO XOPOIIad IepeMeHHad A pa3bue-
HUS Pe3yJbTATOB, MOCKOJbKY MHOKECTBA B 000MX CTOJIOI[aX HEOZHODPOX-
HBI — OHU COJIEPIKAT BCe BO3MOXKHbBIe 3HaueHus. Hy:KHO OTBICKATh IIepeMeH-
HYIO IIOJIyYIIie.

BbiGop Hanny4wero pasoueHuns

CroemanHoe HaMU HedopMaaIbHOe HaOJII0JeHe O TOM, UTO IepeMeHHas BhI-
OpaHa He OUeHb XOPOIII0, MOXKeT OBITh U BEPHBLIM, HO [IJIS Pealu3allii mpo-
TpaMMBI HYK€eH c10c00 M3MepeHN A HeOJHOPOHOCTY MHOXKecTBa. TpebyeT-
cs HAWTH TAKYIO IePEeMeHHYI0, UTOObI MHOXKECTBA KaK MOYKHO MEHbLIIIe IIe-
pecekauck. IlepBoe, UTO HAM ITOHAAO0UTCS, — 9TO PYHKI[UA AJIA BEIUMCTIE-
HUSA TOTO, CKOJLKO pas3 KaKAbLIll pes3yJbTaT IIPeJCTABJIEH B MHOKECTBe
cTpok. Jlo6aBeTe ee B (haita treepredict.py:
# BbUMCANTL CHETHMKM BXOX[JEHUS Kaxnoro pedynbTaTa B MHOXECTBO CTPOK
# (pesynbTaT - 9T0 nocnegHuin ctonbeu B Kaxpoi CTpoke)
def uniquecounts(rows):
results={}
for row in rows:
# PesynbTaT HaxoauTca B nocneaHem crtonbue
r=row[len(row)-1]
if r not in results: results[r]=0
results[r]+=1
return results
PDYyHKIIUA uniquecounts BO3BpAIIlaeT CJIOBApb, B KOTOPOM MIJA KasKJOTo pe-
3yJbTaTa yKasaHo, CKOJbKO pa3 oH BeTpeTuiicsa. OHA UCIOJIb3YeTCd B APY-
ruxX QYHKIUAX I BBIYNCICHUA HEOAHOPOAHOCTY MHOKecTBa. CyIecTBy-
€T HECKOJBbKO METPUK JJI 3TOU IleJIW, MBI PACCMOTPUM JIBE M3 HUX: K0O3(-
¢uruenT [)KUHU U SHTPONIHIO.

KoadppunumeHT IH>KnHmN

IIpeammosio:XuM, YTO €CTh MHOKECTBO 00Pas3IlOB, IPUHAAIEIKAINX HECKOJIb-
KuM Kateropusam. Kospdpunuenrom [[JKUHU HA3HIBAETCA BEPOSITHOCTH TO-
T0, UTO IIPU CJAyUYaiHOM BBIOOpE 00pasiia 1 KaTeropuu oKaKkeTcs, UYTo obpa-
3ell He MPUHAIJIEKNUT K YKasaHHOU KaTteropuu. Eciiz Bce 00pasiibl B MHO-
JKecTBe MPUHAJIEeKaT K ONHOM U TOHU JKe KaTeropuu, TO TUIIOTe3a Bcermga
OyzeT BepHa, II03TOMY BepPOATHOCTh oInubKu pasua 0. Ecyiu B rpymiie B pas-
HOM IIPOMOPIIUY IIPeACTABICHBI UeThIPE BO3SMOXKHEIX Pe3yJIbTaTa, TO B 75%
cJydJaeB THUIOTE3a OKaKeTCs HeBEePHOI, MO09TOMY KO3(MUIIMEHT OIMUOKM
paBen 0,75.

Huxe noxkasana QyHKIUA A1 BEIYUCIeHUA Kodpduiiuenra [[3xuHu:

# BepoaTHOCTb TOro, 4TO Chy4alHbii obpasel, NPUHAANEXWT He K TOW KaTeropum
def giniimpurity(rows):

total=len(rows)

counts=uniquecounts(rows)

imp=0
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for k1 in counts:
pi=float(counts[k1])/total
for k2 in counts:
if k1==k2: continue
p2=float(counts[k2])/total
imp+=p1*p2
return imp
Ira GYHKIIUSA BEIYUCISIET BEPOATHOCTh KaXKAOT0 13 BOBMOKHBIX Pe3yabTa-
TOB IyTEM JeJIeHUs cCUueTUnKa IMOABJIEHUI 9TOT0 pe3yIbTaTa Ha obIiee Yuc-
JIO CTPOK B MHOJKECTBe. 3aTeM MPOU3BeAeHUSI 9TUX BEPOATHOCTEHN CKJIAbI-
BalOTCA. ITO JaeT HOJHYI0 BePOSTHOCTDH TOTO, UTO AJIS CAYYAWHO BHIOpaH-
HOIi CTPOKU OyZeT CIIPOTHO3MPOBAH He TOT Pe3yJJbTaT, KOTOPLIHA B JefiCTBU-
TeJILHOCTU UMeeT MecTO. deM BbIIIIe 3Ta BEPOSITHOCTD, TEM Xy Ke pa3dueHue.
BepoaruocTs 0 — 9T0 ugeas, IOCKOJbKY B 9TOM CJIyUdae BCe CTPOKHU yKe pac-
npepeseHbl IPABUJIBHO.

DHTponusa

B Teopuu wmubGoOpManmuu sHmMponueill Ha3LIBAIOT Mepy OeCIOpAJOYHOCTU
MHOKECTBa — II0 CYTH TOBOPSA, Mepy ero HeogHOopoagHoCcTH. [[o6aBbTe B (haiia
treepredict.py ciaenymoinyo QyHKINIO:
# OHTponusa BhH4McNaeTcs Kak cymma p(x)log(p(x)) no BCeM pasin4HbiM
# pesynbTatam
def entropy(rows):
from math import log
log2=1ambda x:1log(x)/log(2)
results=uniquecounts(rows)
# Tenepb BHYUCAUM SHTPOMUIO
ent=0.0
for r in results.keys( ):
p=float(results[r])/len(rows)
ent=ent-px1log2(p)
return ent
DYHKIUA entropy BEIYUCISIET YaCTOTY BXOKICHUA KaKI0T0 o0pasiia (KoJIu-
YeCTBO €ro BXOXKJIEHUM, MOoJeJIEHHOe Ha o0Iee 41cjio o0pas3IioB — CTPOK)
U IIPUMEHSAET clieayoiiue GopMyJibl:

p(i) = gacToTa BXOMKAEHUS = KOJUYECTBO BXOMKAEHUNU / KOJIUUECTBO
CTPOK

durponusa = cymma p(i) X log(p(i)) mo Bcem pesyabraTam

ITa BeJIWUYMHA SIBJISAETCS MEPOU TOTO, HACKOJIBbKO PE3yJIbTAThHI OTJIUYAIOTCS
Ipyr oT apyra. Eciu Bce oHM OOWHAKOBBI (HaIpuMep, BaM IIOBE3JIO0 U BCe
OJIL30BAaTEJIN OPOPMUIN IIPEeMUATBLHYIO MOAINCKY), TO SHTponud paBHa 0.
Yem MeHee OSHODPOIHLI TPYHMObI, TEM BBIIIE UX dHTPoOmUsa. Haia measb co-
CTOUT B TOM, UTOOBI Pa30UTh JaHHBIE Ha ABe HOBLIE I'PYIIIILI, TAK UTOOBI SH-
TPONUA yMeHbIIWIachk. IIpoTecTupyiiTe METPUKM, OCHOBAHHEIE Ha K03(-
dunuente [[)KUHM ¥ Ha SHTPOIINY, B MHTEPAKTUBHOM CeaHCe:

>>> reload(treepredict)

<module "treepredict’ from "treepredict.py >



178

ImaBa 7. MoaenupoBaHme C MOMOLLIbIO IEPEBLEB PELLEH WM

>>> treepredict.giniimpurity(treepredict.my_data)

0.6328125

>>> treepredict.entropy(treepredict.my_data)

1.5052408149441479

>>> setl1, set2=treepredict.divideset(treepredict.my_data,2, 'yes"')

>>> treepredict.entropy(set1)

1.2987949406953985

>>> treepredict.giniimpurity(set1)

0.53125
OCHOBHOE OTJIMYNe SHTPONINY OT KoadduiineHTa [J:KUHU B TOM, UTO SHTPO-
U BRIXOAUT HA MAaKCUMyM 0oJjiee MeaaeHHO. [losToMy oHa mTpadyer He-
OHOPOAHBIE MHOYKECTBA UyTh CUJIbHee. B ocTaBImelicss 4acTHW IJIaBbl MBI
O0yIeM MMOJB30BAaThCA SHTPOIMeli, MOCKOJIBKY 9Ta METPUKA Ualle yIoTpe6-
JIsieTcs, HO IIPU JKeJIaHUU ee JIeTKO 3aMeHUTh KoadhdunuenToM :xuuu.

PekypcmBHOe nocTtpoeHue aepesa

YT00BI OIEHUTH, HACKOJIBKO XOPOII BEIOPAHHBIN aTpudyT, aJITOPUTM CHaUa-
Jia BBIYUCJISET SHTPOIIMIO BCeH I'PYIIIEBI. 3aTEM OH IIBLITAETCA PAa30UTD IPYIIy
II0 BO3MOYKHBIM 3HAYEHUAM KAaKIOro aTpuOyTa M BBIYUCJISIET dHTPOIIUIO
IBYX HOBBIX rpynil. I[Jia ompeneseHnsa TOro, KaKoi aTpulyT JaeT HAUIy4-
1ee pasbueHue, BLIUYUCIACTCA UHDOPMAUUOHHDBLIL 8blUzPbLUL, TO €CTh pas-
HOCTb MEKJY TeKYIIell SHTPOINEeN U CpelHeB3BeIlIeHHON SHTPOIINEeN IBYX
HOBBIX rpynil. OH BBIUUCISIETCS IJI KaKI0T0 aTpudyTa, Iocje Yero BeIou-
paeTrcs TOT, AJIs KOTOPOTro MH(MOPMAIITMOHHBIN BEIUTPHINI MaKCHUMAJIEH.

OmpesesnB ycJaoBYE AJIs KOPHEBOIO y3Jia, aJITOPUTM CO3/aeT JBe BEeTBU: 110
ofHOI HazZo OyAeT UATH, KOTAa YCJIOBUE UCTUHHO, 10 APYTOi — KOT/Aa JIOMK-
HO (puc. 7.2).

| oTkyaa npuwen = slashdot? |

Her ” Aa

Google,France,yes,23,Premium Slashdot,USA,yes, 18,None
Digg, USA,yes,24,Basic Slashdot,France,yes, 19,None
kiwitobes, France,yes,23,Basic Slashdot,UK,no0,21,None

Digg,USA,no,18,None

Puc. 7.2. [Tlepeso peuteruil nocae 00H020 pacuienjienus

Hab6usronenus pa3dnBalOTCA Ha YAOBJIETBOPAIOINE U HE YIOBJIETBOPSAIOIITIE
ycaoBuio. 11 KasKa0li BeTBU aJITOPUTM OIIpeesifgeT, HyKHO Ji1 pa3buBaTh
ee Jajiee WU MBI yiKe IPUIILIN K OJHO3HAYHOMY 3aKjJaiueHwuio. Eciu Ka-
KYIO-TO M3 HOBBIX BETBel MOKHO pPa30UTh, TO C MOMOIIHIO OMUCAHHOTO BhI-
IIIe MeTOIa OThICKMBAETCA MOAXOAAI NI aTpudyT. PesyabTaT mocje BTOpPo-
r'0O pacllelljieHs IoOKa3aH Ha puc. 7.3.
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|0TKyp,a npuwen = slashdot?i

Het ” Ja

Puc. 7.3. [lepeso peweruil nocre 08yx pacujenienuil

TaxuM 06pazoM, BEIYUCIAA IJIA KaKI0T0 y3Jia HAauJIYUIIi aTpudyT U pac-
IIEeILIsAS BeTBU, aJITOPUTM CO3aeT AepeBro. POCT BeTBU IIpeKpalaeTcs, Kor-
Ia nHGOPMAIMOHHBIN BEIUTPLIII, IOJYUYEHHBIH OT pacllelieHusa B JaHHOM
y3Je, OKa3bIBaeTCsA MEHbIIIE NI PaBeH HYJIIO.

Hob6aBbTe B (aiin treepredict.py ¢yurmmio buildtree. OHa peKypCcUBHO
CTPOWUT JepeB0, BEIOMPAS Ha KaKIOM IITare HaWJIYUIINH KPUTEPU paciiern-
JIEHUS:

def buildtree(rows, scoref=entropy):
if len(rows)==0: return decisionnode( )
current_score=scoref(rows)

# WHnumannampoBaTb NEPEMEHHbe ANs BbIOOpa Hauny4qwero KpuTepus
best_gain=0.0

best_criteria=None

best_sets=None

column_count=len(rows[0])-1
for col in range(0,column_count):
# Co3paTb CMMCOK Pas3NuyHbX 3Ha4eHuin B 9TOM cTonbue
column_values={}
for row in rows:
column_values[row[col]]=1
# Mpobyem pas3buTb MHOXECTBO CTPOK MO KaxAoMy 3HA4YeHuio
# 13 aToro cTonbua
for value in column_values.keys( ):
(set1,set?2)=divideset(rows, col,value)

# NHOOPMALMOHHLIA BbINTPbIL
p=float(len(set1))/len(rows)
gain=current_score-pxscoref(set1)-(1-p)=scoref(set?)
if gain>best_gain and len(set1)>0 and len(set2)>0:
best_gain=gain
best_criteria=(col, value)
best_sets=(set1,set?2)
# Cospaem nomBeTBM
if best_gain>0:
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trueBranch=buildtree(best_sets[0])
falseBranch=buildtree(best_sets[1])
return decisionnode(col=best _criteria[0], value=best criteria[1],
tb=trueBranch, fb=falseBranch)
else:
return decisionnode(results=uniquecounts(rows))

IIpu mepBOM BBLI30Be 9TOM (GYHKIUU IIepefaeTcss Bech CIIMCOK cTpok. OHa
B IIKJIe IIepebupaeT Bce CTOJIONLI (KpoMe II0CIeAHero, B KOTOPOM XPaHUT-
cs pe3yJbTaT) U II0 KaXKJOMY 3HAUYEHUIO, IIPUCYTCTBYIOIEMY B TEKYILeM
cTosbIie, pa3zdBaeT MHOYKECTBO CTPOK Ha JBa MOAMHOKecTBa. [ Kam 1oi
Iapbl HOAMHOMECTB BLIUNCJIACTCS CPeJHEeB3BeIlIeHHAs DHTPOIINA, AJIA Yero
SHTPOIUA TOAMHOKECTBA YMHOYKAETCA Ha YMCJIO MOMAaBIINX B HETO CTPOK.
3amoMuHAaeTCs, Y KaKoil maphl Ta 9HTPONUSI 0Ka3ajJach caMoil HU3KOM.

Ecau cpenHeB3BeIlleHHASA SHTPONMUSA HAWJIYUIIeHd Hapbl HOAMHOMKECTB He
MeHbIIIe, YeM y TeKYII[er0 MHOYKeCTBa, TO POCT 9TOI BeTBU MPeKpaIaeTcs
¥ COXPAHAIOTCA CUETUNKY BO3MOYKHBIX Pe3yIbTaToB. B mpoTUBHOM cayuae
UL KasKJOTro IMOJMHOJKeCTBa CHOBA BBI3BIBAETCS buildtree M pPe3yabTaThI
BBI30BA IIPUCOEAUHSIOTCS K BETBAM true U false, MCXOAMAIIMM U3 TEKYII[ETO
ysaa. B utore 6yzeT MoCTPOEHO BCe AEPEBO.

OnucaHHBIN aJTOPUTM MOKHO IPUMEHUTh K MCXOAHOMY HA0OPY HAHHBIX.
IIpuBeneHHBIN BBINIEe KOA IPUTOAEH KaK AJIA YKUCJIOBBIX, TAK U AJIA JUCK-
PeTHBIX HJaHHBIX. KpoMme TOro, mpeamojgaraeTcs, YTo B IIOCJIeIHEeM CTOJIO0Ie
KasKJIOM CTPOKM HaXOAUTCA Pe3yJbTaT, IO3TOMY IJIs IIOCTPOEHUS IdepeBa
JOCTaTOYHO IepefaTh TOJIbKO Habop CTPOK:

>>> reload(treepredict)

<module "treepredict’ from "treepredict.py >

>>> tree=treepredict.buildtree(treepredict.my_data)

Ceiiuac B mepeMeHHOI tree HaXOAUTCA 00yUeHHOe IepeBo pertenuii. B cie-
IYIOIIEeM paszeJie Bbl YBUIUTE, KAK IIOCTPOUTH €T0 BU3YaJIbHOE IIPeICTaBJIe-
HUe, a 3aTeM — KaK ¢ ero IIOMOTIIHIO AeJIaTh ITPOTHOS3HI.

OTobpaxkeHue pepeBa

Wrak, nepeBo y HAC eCTh, HO UTO ¢ HUM AejaaTh? [Ipe:xme Bcero, XoTeaocs ObI
HA HEero B3rIAHYTh. @YHKIN printtree pacmeuyaTbIBAET AEPEBO B TEKCTOBOM
Buze. Ilpencrasienne moaydyaeTcsi He OU€Hb KPACHBBIM, HO 5TO IIPOCTOM
cII0c00 BU3yaJIM3UPOBATL HEOOIbIIINE JePeBbA:

def printtree(tree,indent=""):
# 9TO nucToBLIA y3en?
if tree.results!=None:
print str(tree.results)
else:
# leyaTaem Kputepui
print str(tree.col)+ : +str(tree.value)+'?

# MevaTaem BETBYU
print indent+'T->"
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printtree(tree.tb,indent+" ")

print indent+'F->"

printtree(tree. fb,indent+" ")
Jro elrle oaHa pekypcuBHasg GpyHKIMUA. OHa MPUHUMAET HA BXOJe JepeBo,
KOTOpoe BepHyJa QYHKIIUA buildtree, 1 06XOAUT ero cBepxy BHuU3. O0Xo0x
IpeKpalraeTca, KOTJa BCTPETHUJICI V3eJ, COHepsKalluii pPe3yabTAThI
(results). B mpoTuBHOM ciiyuae IedaTaeTcs KPUTepuii BbIOOpa BETBHU true
nau false, a IOTOM JJIA KasKIOM BEeTBU CHOBA BBIBBIBAETCA printtree ¢ mpen-
BapUTEJbHBIM yBeJINUYeHNeM IIMNPUHLI OTCTYyIA.

Ecism BBI3BATBH 9Ty QYHKIIMIO AJIA MOCTPOEHHOTO BHIIIIE AePeBa, MOJYUUTC
Takas KapTUHA:

>>> reload(treepredict)

>>> treepredict.printtree(tree)

0:google?

T-> 3:217
T-> {'Premium’: 3}
F-> 2:yes?

T-> {'Basic': 1}

F-> {'None': 1}
-> 0:slashdot?
T-> {'None': 3}
F-> 2:yes?

T-> {'Basic': 4}

F-> 3:21?

T-> {'Basic': 1}
F-> {"None': 3}

910 BU3yaJabHOE IIPeICTaBJIeHe ITPOIEIYPhI, BLITIOJIHAEMOM IepeBOM peliie-
HUH IPHU IONBITKE KJAaccH(PUIIMPOBATL HOBBIN oOpasel]. B KopHeBOM ya3Je
mmpoBepsAeTcs ycaoBue «B cToibie 0 Haxogutcss Google? » . Ecaiu 9T0 ycioBue
BBITIOJIHEHO, TO MBI UIeM II0 BeTBU T-> 1 00HAPYKMBAeM, UTO KAXKIBIHA IOJIb-
30BaTeNb, npumenmuii ¢ Google, CTaHOBUTCA ILIATHLIM IIOAIUCYUKOM, €C-
Jau npocMoTpea 21 crparuny uiau 6oJiee. Eciau ycioBue He BLIIOJIHEHO, MbI
HUJIeM II0 BETBHU F-> 1 IIpOBepsieM ycaoBue «B cTodie 0 Haxoguresa Slashdot?» .
Tak IIpomoJsKaeTcs IO TeX Iop, MMoKa MbI He JOCTUTHEM y3Ja ¢ pe3yJjbTaTa-
mu. Kak yske yIIoMHUHAJIOCH BBIIIIE, BOSMOYKHOCTh YBUAETDH JJOTUKY PaCCyK-
JIEeHU# — OHO U3 CYIIeCTBEHHBIX TOCTOMHCTB JIEPEBbEB PEIIeH .

F

Fpacdunyeckoe npeacrasneHue

TekcTOBOE IIpeACTaBIeHNEe XOPOIIO HOAXOAUT AJIA HEOOJBLIINX AePEeBLEB,
HO II0 Mepe POCTa CJEIUTh 38 TeM, KaK BBLIIOJHIAJICA 00X0 JepeBa, CTAHO-
BUTCS BCe TpyAHee. B aToM pasgesie MbI IOKaXeM, KaK IIOCTPOUTEL rpadu-
yecKoe IpeJcTaBJIeHne epeBa; 9T0 OyAeT MOJe3HO AJISA IIPOCMOTPA AePEeBb-
€B, KOTOpbIE MBI OyZeM CO3aBaTh Jajiee.

Koz pucoBanus mepesBa IIOX0K Ha KOJ PUCOBAHUS JeHAPOrpaMM B rJiaBe 3.
B o6oux cayuasax Tpebyercsa M300pasuTh JBOMYHOE AE€PEBO MPOU3BOJILHON
TJIyOWHBI, IIO3TOMY HaM IMOHAAO00ATCA (GYHKIUU AJA OIpeneeHUs TOro,
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CKOJIbBKO MeCTa OTBECTH II0J KaKAbIH y3esi. [[JId 9TOro HyKHO 3HATH IOJIHYIO
IIIUPUHY BCEX €ro IOTOMKOB U ITYOUHY y3J1a, UYTOOBI OIeHUTD, CKOJbKO MeC-
Ta II0 BePTUKAaJIH IIoTpebyeTces IJid ero BerBeii. [loHas nprHa y3Jia paBHa
cyMMe IIUPUH ero JOUepPHUX Y3JI0B UIH 1, eciiu JOUepHUX y3JI0B HeT:
def getwidth(tree):
if tree.tb==None and tree.fb==None: return 1
return getwidth(tree.tb)+getwidth(tree.fb)

T'ny6una ysna paBHa 1 mrioc riiy6rHa caMOTo TJIYO0KOT0 U3 JOUePHUX Y3JI0B:
def getdepth(tree):

if tree.tb==None and tree.fb==None: return 0
return max(getdepth(tree.th), getdepth(tree.fb))+1

st pucoBanusa nepesBa HaMm morpedyerca Ombuamorexa Python Imaging
Library. Ee mosxHO ckauaTh ¢ caiita hitp://pythonware.com, a B IpUIOKe-
HUU A TpuBeleHa JOMOJHUTEIbHAS nHpOpMAIUs Mo ycTaHoBKe. J[o0aBbTe
B HauaJio (aitia treepredict.py cienyrolmee npegioxenne:

from PIL import Image, ImageDraw

DyHKIUA drawt ree BEIYUCIAET TPeOyeMbIi pasMep 1 HOATrOTABINBAET XOJICT.
3aTeM OHA mepefaeT XO0JICT ¥ KOPHEBOH y3eJi nepeBa GyHKIMU drawnode. [{o-
6aBbTe ee B (aiia treepredict.py:
def drawtree(tree, jpeg="tree.jpg’):
w=getwidth(tree)=100
h=getdepth(tree)=100+120

img=Image.new( RGB", (w, h), (255, 255,255))
draw=ImageDraw.Draw(img)

drawnode(draw, tree,w/2, 20)
img.save(jpeg, "JPEG")

DyuKIUa drawnode OTBeUaeT 3a n3obparkeHme y3J0B AepeBa perenuii. Oma
CHAYAJIa PUCYET TEeKYINUI y3eJ M BLIUKNCJIAET IIO3UIUU ero TOUYEePHHUX y3-
JIOB, a 3aTe€M PeKYPCUBHO BLI3LIBAET Ce0s JJIsI KasKI0r0 13 JOUEPHUX Y3JI0B.
HobGasbTe ee B daiin treepredict.py:

def drawnode(draw, tree, x,y):
if tree.results==None:
# BbYMCAUTbL WWPWUHY Kaxpoin BeTBMU
wi=getwidth(tree.fb)=100
w2=getwidth(tree.tb)=100

# BbYMCNNTb, CKOMbKO BCETO MECTa HYXHO [JaHHOMY y3ny
left=x-(wl+w2)/2
right=x+(wi+w2)/2

# BbiBECTM CTPOKY, coaepxalyi ycnosue
draw. text((x-20,y-10),str(tree.col)+ : +str(tree.value), (0,0,0))

# HapucoBaTb NUHMKM, Bemyumne K [JOYEPHWUM y3naMm
draw.line((x,y, left+w1/2,y+100), fil1=(255,0,0))
draw.line((x,y, right-w2/2,y+100), fi11=(255,0,0))
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# HapwcoBaTb no4epHue y3nsl
drawnode(draw, tree. fb, left+wi1/2,y+100)
drawnode(draw, tree.tb, right-w2/2, y+100)

else:
txt="\n".join([ "%s:%d %v for v in tree.results.items( )])
draw. text((x-20,y), txt, (0,0,0))

ITopoGyiiTe HapuCcOBaAThL TEKYIIEE JEPEBO B UHTEPAKTUBHOM CeaHce:

>>> reload(treepredict)

<module 'treepredict’ from "treepredict.pyc >

>>> treepredict.drawtree(tree, jpeg="treeview.jpg")
Bpesyabrare 0yaer cosgaH daiin treeview.jpg, nsobpakeHHBI Ha puc. 7.4.
Metku True u False a1 BeTBeli He meuaTaoTCs, TaK KaK OHU JIUIIb 3arPO-
MOJKJIAIOT AUarpaMMy; IPOCTO CJIeAyeT UMeTh B BUIY, UTO BETBb True Bcer-
na npasasd. IIpu TaKoM corJiamiieHuY CTAHOBUTCS JIETKO CJIEUThH 3a IIPOIIeC-
COM pacCy:KIeHUAd.

0:google
0:slashdot 3:21
/N /N
2:yes None:3 2:yes Premium:3
3:21 Basic:4 Nonz xsicﬂ
None:3 Basic:1

Puc. 7.4. Tlepeso pewienuil 015 npozH03a NAAMHBLX NOONUCUUKOE

Knaccndpumkaumsa HoBbiX HabnogeHUN

Temeps HaM HeoOxoamMa GYHKIUSA, KOTOpas KiIacCUPUITUPYeT HOBOe Ha-
OJiioleHe B COOTBETCTBUU C JepeBoM pemneHuii. [lob6aBbTe ee B (daiia
treepredict.py:

def classify(observation, tree):
if tree.results!=None:
return tree.results
else:
v=observation[tree.col]
branch=None
if isinstance(v,int) or isinstance(v, float):
if v>=tree.value: branch=tree.tb
else: branch=tree.fb
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else:
if v==tree.value: branch=tree.tb
else: branch=tree.fb

return classify(observation, branch)

Ira QyHKIIUA 00XOOUT AepeBO IIPUMEPHO TaK iKe, KakK printtree. Ilocie
KaKJaoI'0o BLI30Ba IPOBepAETCA, JOCTUTHYT JIU KOHEI] JepeBa, TO €eCTh UMeeT-
Cs JIY B y3JIe CIIMCOK Pe3yJIbTaToB results. Ecyiu HeT, To A1 JaHHOTO Ha0JII0-
IeHUA IPOBEPSAETCA YCJIOBUE B TeKyINeM y3je. Ecaum oHO BBIIIOJHEHO, TO
classify peKypPCUBHO BEI3EIBAeTCA AJId BETBU true, MHaUe — OJId BeTBU false.

HaBaiiTe Bocmosbdyemcesa MyHKITMEH classify MJIA MOJYyUYeHUs ITPOTrHO3a OT-
HOCHUTEJIHLHOTO HOBOTO HAOJIIOAeHUA:

>>> reload(treepredict)

<module ‘"treepredict’ from 'treepredict.pyc’'>

>>> treepredict.classify(['(direct)’, "USA", 'yes',5], tree)

{'Basic’': 4}
Wrak, Mbl uMeeM QYHKIIUU AJIS CO3TAHNS JepeBa pellleHnii 1o Habopy gaH-
HBIX, IJA OTOOpaKeHUsa 1 MHTEePIpPeTAIluU AepeBa 1 IJd KJaaccupuranum
HOBBIX HaOMofeHNi. AT QYHKIIUU MOMKHO IIPUMEHUTDH K JI0O00MY HAOOPy
ITaHHBIX, COCTOAIIEMY U3 HECKOJbKUX CTPOK, KarKkJaad 13 KOTOPHIX COAep-
JKUT HaOJIIONeHNUs U Pe3yabTar.

OTceyeHne BeTBEN AepeBa

V¥ onmcaHHBIX BBIIIIE METOZ0B 00YyUEHHUA JepPeBa eCTh OOUH HEJOCTATOK: OHO
MOKeT oKasaTbcA nepeyyernrwvim (overfitted), To ecth msauIitHe opueHTH-
POBaHHBIM Ha JaHHBIE, MPEIBABJIEHHBIE B IIpollecce oO0yueHUA. BepodaT-
HOCTh OTBETA, BO3BPAIIIEHHOT'O IIePEeyUYEHHBIM JE€PEBOM, MOYKET OKa3aThCA
BBIITIE, YeM Ha CaMOM JieJie, M3-3a TOTO UTO ObLIN CO3LaHbI BETBU, JUIIL He-
MHOTO YMEHBIAIOIINe SHTPONNI0 MPEeAbABIEHHOI0 MHOMKECTBa Ha0I0me-
HU, XOTA BEIOPAHHOE YCJIOBYE PACIIEIIJIEHUS B IeICTBUTEIbHOCTY HUYETO
He XapaKTepusyer.

[epeBbs pelleHNN B peasibHOM MUpe

Biarozapsa mpocToTe MHTEPIIPETAIIMN AePeBbs PEIIeHNl ABIAITCA
OJHUM M3 CAMBIX IIIMPOKO MCIIOJIb3yEMBIX METOLOB JOOBIUM JAHHBIX
B aHaJM3e OM3Heca, IPUHATHAY PellleHni B MeJUIIMHE U B BEIPA6OTKe
crparerun. 9acTo AepeBo PelIeHn CO34aeTCA aBTOMATUYECKH, DKC-
IIePT Ha ero OCHOBE BhILE/IAeT KJIIUeBhIe (PAKTOPEI, 4 3aTeM YTOUHSIET
IepeBo. JTa IPOIeaypa II03BOJISET 9KCIEePTY BOCIIOJIb30BATHCS IIOMO-
IIbI0 MAIIUHLI, 4 BO3MOMXHOCTh HAOIIOLATEL 34 IIPOILECCOM pacCy kK ie-
HUI IIOMOI'aeT OIeHUTEL KaueCTBO IIPOrHO3a.

ﬂepeBBH peIHeHI/IfI IIPUMEHAITCA B TAKUX IIPUJIOKEHUAX, KaK IIPO-
(I)I/IJII/IPOBaHI/Ie KJINEHTOB, aHaJInu3 (1)I/IH3.HCOBI>IX PHUCKOB, IIOMOIIb
B IMarHOCTUKE M TPAHCIIOPTHOE IIPOI'HO3MPOBaHUE.
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OnucaHHBIN BBIIIIE AITOPUTM IIPOJOJIKAET PACIIEILIATE BETBU, II0OKA BHTPO-
1A He IepecTaHeT yMeHbIIaTbcA. OCTaHOBUTH BeTBJIeHNE MOKHO, HAIPU-
Mep, 3alaB MUHUMAaJILHBIN IIOPOT YMEHbBIIIeHUA 9HTponuu. Takasa crpare-
'S IPUMEHSETCA 9YaCcTo, HO CTPAZaeT OT OJHOT'O MeJIKOT'0 HeJOCTaTKa — BO3-
MOYKHBI TaKue HaOOpBI JAaHHBIX, JJIA KOTOPHIX HIPU OZHOM PAaCIIeIJIEHUN
SHTPONUA YMEHBIIAETCA YYTh-UyTh, a IIPU MOCIEAYIOIIUX — OUeHb CUJIBHO.
AbTepHATUBHBIN TOAXOM — IOCTPOUTD AE€PEBO IIEINKOM, KaK OIIUCAHO BHI-
11e, a 3aTeM MONBITATHCA YIAJUTD JIUITHYIE Y3JIbl. JTa IIPOIeAypa Ha3bIBa-
eTcdA cokpauwenuem (pruning) mepesa.

H1s1 cokpaliieHnsa Heo0X0JMMO IIPOBEPUTH MTaphl Y3JIOB, UMEIOIINX O0IIero
poauTensa, U MOCMOTPETH, HACKOJIBKO YBEJIHUUYUTCA SHTPOIUA IIPU UX 005b-
enuuenuu. Ecau yBesnueHne OKaKeTCsA MeHbIIe 3aJaHHOT0 IIopora, To o6a
JVCTa CJIMBAIOTCA B OAUH, AJIA KOTOPOTO MHOXKECTBO pPe3yJabTaTOB II0JIyda-
eTca ob0beIUHEHNEM Pe3yJIbTATOB B MCXOAHBIX JUCTbAX. TakuM ob6pasom,
MBI n3beraeM peHOMeHa MepeyUnBaHUA U He JaeM AePeBy cleaTh IIPOTHO3
¢ 6osbIIel moJeii YyBepeHHOCTH, UeM IT03BOJIAIOT JaHHEIE.
HobGasbTe B daita treepredict.py GyHKIINIO COKPAIIIeHU AepeBa:
def prune(tree,mingain):
# Ecnn BETBM He NUCTOBLIE, BH3BATb PEKYPCUBHO
1f tree.tb.results==None:
prune(tree.tb,mingain)
if tree.fb.results==None:
prune(tree.fb,mingain)

# Ecnn obe noaBeTBM 3aKaHUMBANTCH JIUCTbAMM, CMOTPUM, HYXHO NN KX
# 00beanHUTL
if tree.tb.results!=None and tree.fb.results!=None:
# CTpoum 00beanHeHHbn Habop aaHHbIX
tb, fb=[],[]
for v,c in tree.tb.results.items( ):
th+=[[v]]*c
for v,c in tree.fb.results.items( ):
fo+=[[v]]+c

# Bbynucnsaem, HacKONbKO yMEHbWWNACH 3HTPONUA
delta=entropy(tb+fb)-(entropy(th)+entropy(fb)/2)
if delta<mingain:
# 06beaVHUTbL BETBU
tree.tb, tree. fb=None, None
tree. results=uniquecounts(tb+fb)
IIpu BBI3OBE AJIA KOPHEBOTO y3Ja 3Ta PYHKIINUA 00XOAUT BCe AEPEBO, CIIyC-
KasdAcCh 10 Y3JI0B, eIUHCTBEHHLIMU JOUEPHUMU Y3JaMU KOTOPBIX ABJIAIOTCA
auctbAa. OHa 00beINHAET CIIUCKU PE3YJIbTATOB, XpaHAIecad B 000uX Juc-
ThAX, U IIPOBEPAET, HACKOJbKO M3MEeHUJIach SHTponnd. Ecam naMmeHeHUe
MeHbIIIe IIapaMeTpa ningain, To 00a JIMCTOBBIX y3Ja YAAJAAIOTCI, a XPAHUB-
mirecsd B HUX Pe3yJbTAaThl IIEPEMEIaloTCa B y3eJa-poauTeb. Temeps 00b-
eIVHEHHBIN y3eJ caM CTaHOBUTCA KaHIMAATOM Ha yAajieHue U o0beauHe-
HUe C IPYyTUM y3JIOM.
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IIpoTecTupyem 3Ty QYHKIMIO Ha TEKYIeM Ha0ope JaHHBIX U IIOCMOTPUM,
MIPUBEET JIX 9TO K 00beJNHeHNIO KaKUX-HUOYIb Y3JI0B:

>>> reload(treepredict)
<module 'treepredict’ from 'treepredict.pyc'>
>>> treepredict.prune(tree,0.1)
>>> treepredict.printtree(tree)
0:google?
T-> 3:21?
T-> {"Premium’: 3}
F-> 2:yes?
T-> {'Basic': 1}
F-> {'None': 1}
:slashdot?
"None": 3}

T-> {'Basic’': 1}
F-> {'None': 3}
>>> treepredict.prune(tree,1.0)
>>> treepredict.printtree(tree)
0:google?
T-> 3:217
T-> {"Premium’: 3}
F-> 2:yes?
T-> {'Basic’: 1}
F-> {'None': 1}
F-> {'None': 6, 'Basic': 5}
B sTom mpuMmepe gaHHBIE Pa3buUBaIOTCA JOBOJBLHO IIPOCTO, IIOATOMY COKpAa-
IIeH’e C PA3YMHBIM MUHUMYMOM HUUYEeTo He n1aeT. ToJIbKO ciejaB MUHIMYM
OUYeHb BBICOKUM, yIAeTCsSI OTCeUDb BETBb, UCXOAAITYIO U3 OAHOro y3ja. I1o3-
JKe BBl YBUIWUTE, UTO peajbHbIe HAOOPHI JaHHBIX Pa3bmBAIOTCA COBCEM He
Tak yoauyHo, KaK 3TOT, IO3TOMY OTCEeUeHIe BeTBell oKka3hIiBaeTcsa Kyaa 6ojiee
5(pPeKTUBHBLIM.

BocnonHeHune OTCYTCTBYHOLLUUNX AAHHbIX

Ei1tie oHO JOCTOMHCTBO IePEBbEB PeIlle i 3aKJII0UAeTCA B X CIIOCOOHOCTH
BOCIIOJIHATEL OTCYTCTBYIOINE JaHHbIe. B nMeroieMcs y Bac Habope JaHHBIX
Kakasg-To mHMOpMAaIusi MOMKET OTCYTCTBOBaTh. Tak, B pacCMaTPUBAEeMOM
npuMepe He BCerja yAaeTcA OIPEAeJUTh reorpadgmuecKoe MeCTOHAX0MXKe-
Hue mo IP-agpecy, MO9TOMY COOTBETCTBYIOIIEE IT0Jieé MOKET OBLITH IIYCTO.
YT0o6BI IPUCIOCOOUTDH AEPEBO PEIIeHnN K TaKOH CUTyalluu, HY;KHO OyaeT
Io-PyroMy peajns3oBaTh (PYHKIIMIO IPOrHO3MPOBAHUA.

Ecau oTcyTCTBYIOT faHHBIE, HEOOXOAMMBIE AJI5 MPUHATHUA PEIIEeHUA O TOM,
110 KaKO# BeTBU UJATH, TO CJIEeAYEeT UATH 110 o6eum BeTBAM. Ho mpu sToM pe-
3yJIBTATHI II0 00€ CTOPOHBI HE CUMTAIOTCA PABHOIEHHBIMHU, & B3BEIIINBAIOT-
csa. B 00bIYHOM fepeBe pelreHui KasKIOMY y3JIy HeABHO IPUMNUCHLIBAETCA
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Bec 1, TO eCThb CUUTAETCA, UTO IPU BBIUYNCICHUU BEPOATHOCTU ITONANAHUA
o0pasiia B HEKOTOPYIO KaTerOPUI0 MMEIOMNXCA HaOJI0JeHnil JOCTATOUHO.
Ecuu sxe MBI n7eM OTHOBPEMEHHO 10 HECKOJBKNM BETBAM, TO KaK/I0! BET-
BU CJeayeT NPUIMNCATh BeC, PABHBIN J0Jie CTPOK, OKA3aBIIIMUXCA IIO0 COOT-
BETCTBYIOIIIYIO CTOPOHY OT y3Ja.

Peanusytorad aTy uaeo GyHKIINA mdclassify moaydaeTca HEOOJIBIIOH MO-
nudukamuei classify. JlobasbTe ee B (haita treepredict.py:

def mdclassify(observation, tree):

if tree.results!=None:
return tree.results

else:
v=observation[tree.col]
if v==None:

tr, fr=mdclassify(observation, tree.tb), mdclassify(observation, tree.fb)
tcount=sum(tr.values( ))
fcount=sum(fr.values( ))
tw=float(tcount)/(tcount+fcount)
fw=float(fcount)/(tcount+fcount)
result={}
for k,v in tr.items( ): result[k]=vxtw
for k,v in fr.items( ): result[k]=vsfw
return result
else:
if isinstance(v,int) or isinstance(v, float):
if v>=tree.value: branch=tree.tb
else: branch=tree.fb
else:
1f v==tree.value: branch=tree.tb
else: branch=tree.fb
return mdclassify(observation, branch)

EnuucTBEeHHOE OTIMYYE UMEETCS B KOHIIE: eCJIU CYIIleCTBeHHAA MH(MOPMATIAA
OTCYTCTBYET, TO MbI BBIUUCJIAEM DPe3yJbTAaThl I Ka'KION BETBU, a 3aTE€M
CKJIAIbIBAEM UX, IIPEIBAPUTEIHFHO YMHOKHUB HA COOTBETCTBYIOIIHE Beca.

IIporecTupyem (pyHKIHIO mdclassify Ha CTPOKE, B KOTOPO OTCYTCTBYET
BakHadA nHPOPMAIAA:

>>> reload(treepredict)

<module 'treepredict’ from 'treepredict.py >

>>> treepredict.mdclassify([ "google’, None, 'yes', None], tree)

{"Premium’': 1.5, 'Basic’': 1.5}

>>> treepredict2.mdclassify([ ‘google’, 'France’, None,None], tree)

{"None": 0.125, "Premium’: 2.25, 'Basic': 0.125}
Kak u ciegoBaso oKuAaTh, OTCYTCTBUE IepeMeHHON « CKOJIBKO IIPOCMOT-
pes cTpaHUIl» AaeT CUJbHBLIe IMAHCHI HA NTpeMHUaJbHOEe O0CIyKHUBaHUE
u caabble maHcH Ha 6asoBoe. OTcyTeTBre nepeMeHHON « Hurasn FAQ» maer
OpyTroe pacipeesieHne, Ie IaHchl Ha 000X KOHI[aX B3BEIIeHBI C YUEeTOM
KOoJIMYecTBa 00pasIioB Io 00e CTOPOHEI.
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Uucnosble pe3ynbTaTbl

u MoJeJIMpOBaHME IIOBEOEHUA IIOJILSOB&TBJIefI, 1 pacCIiIoO3HaBaHHE (I)pyfc-
TOB — 9TO 3aJa4n RJIaCCI/I(l)I/IKaI_II/II/I, IIOCKOJIBKY Pe3yJIbTaTOM ABJIATCA Ka-
Teropuun, a He 4ucJja. B CJIeAYIOIUX IMMpuMepax, OTHOCAIIIUXCA K IIeHaM Ha
HeIABUMNMOCTDb 1 K OIl€eHKe€ CTEII€HHU IIPUBJIEKATE€JIbHOCTHN, MBI PAaCCMOTPUM
3aJadu C YUCJIOBBIMU pe3dyJibTaTaMM.

XoTs QyHKITUIO buildtree MOXKHO MPUMEHUTD K Ha00OPY TaHHBIX, T/le Pe3yJIb-
TaTaMU ABJAIOTCA YHCJIa, HUUEro XOpoIllero us 3Toro, CKopee Bcero, He 1mo-
ayuntcd. Ecau Bce uncsia TpakKTOBaTh KaK pasindHble KATETOPUH, TO aJIT0-
puUTM He OyZeT IPUHUMATh BO BHUMAHNE TO, HACKOJBLKO CUJIBHO UMCJA OT-
JIMYAIOTCS; BCe OHU OYAYT pAaCCMaTPUBATHCA KaK a0COJIIOTHO HE3aBUCHUMbIE
BeJIMYNHBI. YTOOBI CIPABUTHLCS C 3TOH IIPO0IeMOil, HE0OXOAMMO B KaUeCTBe
KPUTEPUA pacllellJieHUd UCII0Jb30BaTh JUCIIEPCUI0 BMECTO SHTPOIINHU UJIU
Koapdunuenta [[xuau. IobaBbTe B Gaiin treepredict.py dyHKIIIO
variance:
def variance(rows):

if len(rows)==0: return 0

data=[float(row[len(row)-1]) for row in rows]

mean=sum(data)/len(data)

variance=sum([(d-mean)=+2 for d in data])/len(data)

return variance

dra GpyHKIU, HepegaBaeMas buildtree B KauecTBe apaMeTpa, BEIUNCIIET
cTaTUCTUYECKU pa3bpoc Habopa cTpok. Huskasa nucnepcusa 03HAUYAET, UTO
ypcjaa GJU3KU APYT K APYTY, a BHICOKAA — YTO OHUM CUJIBHO OTJIMYAIOTCS.
IIpu mocTpoeHuM lepeBa ¢ TAKOU KPUTEePUAJIbHON (DYHKITMEHN yCIIOBUE pac-
IIETIJIEHN S B y3Jie BEIOUPAeTCA TaK, YTOOBI OOJIBIIINE UMCJIa OCTAJINICH IO Of-
HY CTOPOHY OT y3Ja, a MaJible — 0 APYTryio. B pe3ysbTaTe HOKHA YMEHbB-
HIUTHCA CyMMapHas NUCIIepCud BeTBel.

MopenupoBaHue LeH Ha HeABMXXUMOCTb

Y mepeBbeB pellleHWiI MHOTO MOTEHIIMAJIbHBIX IIPUMEHeHUuI, HO HauboJjee
TMOJIE3HBI OHU B T€X CIAyYadAX, KOTZa eCTh HECKOJIbKO BOBMOMKHBIX IepPeMeH-
HBIX W Bac MHTEPEeCyeT IIPollecc paccy:KIeHusaA. VMHorga pesyabTaThl yiKe
W3BECTHBI, & CMBICJI MOJAEJIUPOBAHUA 3aKJIIOUAETCA B TOM, UYTOOBLI IOHATS,
IoYeMy OHM IOJIyUYHJIuCh MMeHHO Takumu. Ogua us obJacrei, riae momoo-
Hasd IOCTAHOBKA BOIIPOCA OCOOEHHO MHTEPEeCcHa, — 3TO aHaJIN3 IeH Ha ToBa-
pBI, 0OCOOEHHO Ha TaKHe, IJs KOTOPBIX M3MepsAeMble IIapaMeTpPhl CYIIeCT-
BEHHO pasjnvaioTcsa. B aToM pasiese MbI pACCMOTPUM IIOCTPOEHHUE JePEBb-
€B pellleHUH 1A MOAEJUPOBAaHUA I[eH Ha HEABUIKUMOCTD, TOCKOJBbKY I[€HBI
Ha JoMa pPasinyaioTcA OUeHb CUJIBHO U IIPU 3TOM CYIIIECTBYET MHOT'O UM CJIO-
BBIX U JUCKPETHHIX ITIePeMeHHbBIX, JEeTKO IMOAAIONTNXCA N3MEPEeHUIO.
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API canTa Zillow

Zillow — 910 OeciLiaTHAA BeO-CayK0a, KOTOPAd OTCIAEKIBAET IeHbLI HA HeIBH-
JKMMOCTDb M C IIOMOIIbIO COOPAHHOM MHMOPMAIINK HAeT OIeHKY CTOMMOCTU
Ipyrux nomoB. OHa aHAJIMBUPYET IPYIIILI TOX0KUX JOMOB 1 Ha 9TOI OCHOBE
IIPOTHO3UPYyeT HOBoe 3HaueHue. [Ipoieaypa HallOMUHAET TY, KOTOPOI1 I0OJIb-
3yioTcd omeHmuky. Ha puc. 7.5 nmpuBegeHa uacTb cTpaHuIlbl catita Zillow,
Ha KOTOPOIi ToKasaHa nH(pOpMAaIis O [oMe I OIleHKAa ero CTOMMOCTH.

Home Facts

Public Facts Owner's Facts
Residence: Multi family The owner has not
Bedrooms: 5 edited home facts or

created an estimate.
Bathrooms: 3.5
Are you the owner?

Sq ft: 2,474
Edit home facts

Lot size: 2,819 =g ft /

Learn more

0.06 acres

Year built: 1902 Create an estimate

Learn more
Year --
updated: After vou're done, vour
# Stories: 3 edited home facts will

appear here. You can also
# Units: 3 make your estimate public
Total rooms: 11 or keep it private.
Zestimate: $557,447

@ Show all home facts

Puc. 7.5. Cmpanuya caitma zillow.com

Ha matme cuactbe, caiit Zillow mpepocrasiisger API, T03BOIAIONTNH ITOJTYIUTH
moaAPob6HYI0 MHGOPMAIIHIO O IOMEe 1 €r0 OIIeHOUYHYIO0 CTOMMOCTb. OTOT API
omucaH Ha cTpanute http://www.zillow.com/howto/api/APIOverview.htm.

Haa nocryna k API HeoOxommm Kiiou pa3paboTuynKa, KOTOPBIN MOKHO Oec-
IJIaTHO moyuuTh Ha caite. Cam API HeciiokeH — IOCTATOUYHO BKJIIOUUTD
B URL Bce mapameTphbl MONCKa, O0PAaTUTHCA K CANTy ¢ 3alIpOCOM M Paso-
OpaTh MMoJayUYeHHBIN B oTBeT XML-TOKYMEHT, BbIEJINB U3 HEro TaKyio WH-
dopmanuio, KaK 4uCJIO0 CIIaJIeH U OIleHOUHasda cTouMOCTh. Co3maiiTe HOBBIM
daiia zillow.py 1 BKIIOUMTE B HETO TAKOH KOM:

import xml.dom.minidom

import urllib2

zwskey="X1-ZWz1chwxis15aj_9skq6"”
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Kaxk u B riase 5, nisa pasoopa XML-1okyMeHTa MBI BOCIIOJIb3YeMCs O1OIM-
orekoit minidom. ®yHKIUA getaddressdata IMOJyUaeT HA BXOJAe aapec U ro-
pox u cosnaer URL c sanpocom K Zillow. 3arem oHa pas6upaeT moJaydeH-
HBIHM OTBET, BBIZIEJIAET U3 HETO CYIIeCTBEHHYIO MH(pOPMAIUIO U BO3BPAIIlaeT
ee B BUZie Kopreska. [lo6aBbTe aTy QyHKIIMIO B paitn zillow.py:
def getaddressdata(address,city):
escad=address.replace(’ ', '+")

# Cospaem URL
url="http://www.zillow.com/webservice/GetDeepSearchResults.htm?’
url+="zws-id=%s&address=%s&citystatezip=%s' % (zwskey,escad,city)

# Pasbupaem BO3BpaUEHHbIH XML-AOKYMEHT
doc=xml.dom.minidom.parseString(urllib2.urlopen(url).read( ))
code=doc.getElementsByTagName( code’)[0].firstChild.data

# Kop 0 o3HavaeT ycnex; wHaye npousowna ounbka
if code!="0": return None

# WsBnekaem umHOOpMaUM0 O OAHHOM HEABMKMMOCTM

try:
zipcode=doc. getElementsByTagName( zipcode )[0]. firstChild.data
use=doc.getElementsByTagName( useCode )[0].firstChild.data
year=doc.getElementsByTagName( yearBuilt')[0].firstChild.data
bath=doc.getElementsByTagName( bathrooms )[0].firstChild.data
bed=doc. getElementsByTagName( bedrooms )[0].firstChild.data
rooms=doc.getElementsByTagName( ' totalRooms )[0].firstChild.data
price=doc.getElementsByTagName( amount )[0].firstChild.data

except:
return None

return (zipcode,use, int(year), float(bath),int(bed),int(rooms), price)

BosBpauiennbiii 9T0oU HyHKIIUEH KOPTEXK MOMKHO IIOMEeCTUTh B CIIKCOK B Ka-
YecTBe HAOIIOAEHNA, IOCKOJBKY «PE3yJIbTaT» — IPYIHIIA I[eH — HaXOQUTCA
B KOHIIe. UTOOBI BOCHOJIL30BATLCA ATON (ZYHKIIMEHN IJid TreHepUupOBAHUA
Bcero Habopa JaHHBIX, HAM He00X0Q1M CIIHCOK aapecoB. MosKkeTe COCTABUTD
ero caMu WJIM CKauyaTh CIKUCOK CJIYYaMHO CreHepPUPOBAHHBIX aJIPECOB IJIS
ropoxa KemOpumx, mrar Maccauycerc, co crpaHunsl htip://kiwitobes.
com/addresslist.txt.

Ho6aBbTe QYHKIINIO getpricelist, KOTOpas YUTAET 3TOT (Al U TeHEPUPYET
CIIMCOK OJaHHBIX:
def getpricelist( ):
11=[]
for line in file('addresslist.txt')
data=getaddressdata(line.strip( ), ‘Cambridge,MA")
11.append(data)
return 11

C IIOMOII[BI0 ATUX PYHKIIMI MOXKHO CO34AaTh HA00P JaHHBIX U IOCTPOUTD -
peBo perternii. CheaiiTe 3TO B MHTEPAKTUBHOM CEaHCe:
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>>> import zillow

>>> housedata=zillow.getpricelist( )

>>> reload(treepredict)

>>> housetree=treepredict.buildtree(housedata, scoref=treepredict.variance)
>>> treepredict.drawtree(housetree, "housetree.jpg")

Ha puc. 7.6 nusobpaskeH CO3SAHHBIN B pe3yJabTaT (paita housetree.jpg.

/330\

2:1900 2:1903

O\ N

0:02139 0:02138 1:Duplex 1:Triplex

ANV ANIVANIWAN

Puc. 7.6. [Tepeso pewienuii 013 uen Ha doma

Pasymeercs, ecaau BaM HYKHA TOJIBbKO OI[eHKA CTOMMOCTH KOHKPETHOTO [0~
Ma, TO MOKHO IpOCTO BocmojbizoBaThesaA API catita Zillow. Ho 3amersTe
cJIenyIoIlee: Bbl TOJBKO UTO OCTPOUIN MOAENEL (haKTOPOB, IPUHUMAEMBIX
B pacuer IIpU ONpPeJeIeHNN IleH Ha HeABMKUMOCTb., O6paTuTe BHUMAaHUE,
YTO B KOPHE JepeBa OKasaJjicsa mapaMeTp bathroons (UIMCJIO BAHHBIX KOMHAT).
9To 03HAYAET, UTO AUCIEPCUA YMEHbBINAeTCs 00JbIIe BCEeTOo, eCau Pa3duTh
HaboOp JAHHBIX 10 YMCJIY BAHHBIX KOMHAT. Pemaromum akTopoM IIpu on-
penesienuu 1eH Ha oM B KeMOpumke siBJIS€TCS TO, €CTh JIX B HEM TPU WU
0oJiee BaHHBLIX KOMHAT (OOBIYHO 5TO 03HAYAET, UTO PeUYb UIAET O OOJBIIIOM
JloMe Ha HECKOJBKO ceMeit).

OueBUAHBIN HELOCTATOK MCIIOJIbL30BAHUS JePEeBhEB PEIIeHN B JAHHOM CJIY-
yae — 3TO He0OXOJMMOCTD CO3/IaBaTh IPYIIILI ITeH, TAK KaK BCe OHU Pas3jainy-
HBI 1 JOJIXKHEI OBITH KaK-TO 00'beJMHEeHbI, UTOObI CO3aTh II0JIE3HbIH JIMCTO-
BBIi y3es. Bo3aM0o:KHO, UTO AJA pealbHBIX JAaHHBLIX O IIeHaX OOJIbIIIE ITO0-
eyt 6bI KaKOH-HUOYIb APYTOM MEeTOI MporHo3upoBaHuAa. OauH TaKoii Me-
TOJ 00CYKIaeTcs B IjiaBe 8.

MOAEHI/IPOBaHI/Ie creneHu npuenekaTesibHOCTU

Hot or Not — aTo caiiT, Ha KOTOpPHIiI II0JIB30BATEIN MOTYT 3arpysKaTh cobc-
TBeHHBIe (hoTorpaduu. IlepBoHavaIbHO UIEA COCTOSATIA B TOM, UYTOOBI OJHU
IMOJIb30BATEJIM MOTJIM OIEHUBATD BHEIIITHOCTD APyrux. CoOpanHbIe pesyJibTa-
TBI 00pabaTHIBAINCh, 1 KaXKJOMY UeJIOBEKY BBICTABJIAJIACH OIleHKa OT 1 1o
10. C tex mop Hot or Not npeBpaTuicsa B caliT 3SHaKOMCTB U Tellephb IIpeao-
craBisger API, mosBosAmmuil moayyaTs AeMorpapuuecKyio MHPpOpMaInio
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0 II0JIb30BATEJIAX BMECTe C PETUHIOM UX «IIPUBJIEKATEJIbHOCTU». ITO UH-
TepPEeCHBLINI TeCTOBLIN MpUMep AJIA MOAENN AePeBbeB PEIleHnl, TOCKOJIbKY
MBI IMeeM Habop BXOAHBIX IIEPEeMEHHBIX, eINHCTBeHHYIO BEIXOIHYIO Iepe-
MEeHHYIO U IIOTeHIINAJbLHO JJIOOOTBITHRINM HpoIlece paccy:kaeuud. [la u cam
1o cebe caliT mpelCTaBISIET XOPOIINI IPUMeP KOJJIEKTUBHOTO pasdyMa.

Kax o6wruno, mis gocryna K API Hy:keH KJiou paspaboTunka. Bel MosKeTe
3apErUCTPUPOBATLCA U MOJYYUTDH KJII0U Ha cTpanurte http://dev.hotornot.
com/signup.

API catita Hot or Not paGoraeT mpakThnuecKHu Tak Ke, KAk W APyrue pac-
cvorpernsie Boilile API. B URL mepematorca mapaMeTphl, 1 pasdoupaeTrcs
BosBpatneHHbI XML-moxkymenT. [[y1a Hauana cosmaiite gaiin hotornot.py
¥ BKJIIOUUTE B HETO IIPEAJ0KEeHNA NMIIOPTA 1 OIIpeIesieHre BaIllero KJIoua:

import urllib2
import xml.dom.minidom

api_key="479NUNJHETN"

Jagee HYKHO IIOJYUYUTD CAYIAHHBIN CIINCOK JIIO/Ieli, COCTABIAIOIINX Hab0PD
maHHbIX. K cuacThio, B API caiita Hot or Not mpemycMoTpeH BBI30B, BO3Bpa-
MIAIONIMUI CIMCOK JIIOJIEH, OTBEUAKINX 3aJaHHBIM KpuUTepusaM. B Haiem
IpuMepe eIWHCTBEHHBIM KpuTepueM OyzeT Hajnwume npoduias meet me
(BCTpPEeTUTHCA CO MHOI), TaK KaK TOJHKO M3 HETO MOKHO MOJYUYUTDH TaKYIO
UHpOpPMAIINIO, KaK MeCTOHaxXOKIeHWe W uHTepechbl. [lob6aBbTe B (daiia
hotornot.py cienyroiymo QyHKIIHIO:
def getrandomratings(c):

# Cospaem URL pns Bwi3oBa ¢yHkuum getRandomProfile

url="http://services.hotornot.com/rest/?app_key=%s" % api_key

url+="&method=Rate.getRandomProfile&retrieve_num=%d" % c

url+="&get_rate_info=truedmeet_users_only=true”

f1=urllib2.urlopen(url).read( )
doc=xml.dom.minidom.parseString(f1)

emids=doc.getElementsByTagName( 'emid")
ratings=doc.getElementsByTagName( rating")

# 00benuHaeM MOeHTUOUKATOPL W PEWTUHTU B OAMH CMUCOK
result=[]
for e,r in zip(emids, ratings):
if r.firstChild!=None:
result.append((e.firstChild.data, r.firstChild.data))
return result

ITocsie TOTO KaK CIMCOK HUACHTU(UKATOPOB M PEHTHHIOB II0JIb30BaTeJei
CTeHepHPOBaH, HaM moTpebyeTcda (QPYHKIUA AJA 3arpy3Ku uHGOpMaIuU
0 JIOOAX: I0Ja, BO3PAcTa, MECTOHAXOMKAEHUS M KJIUEeBBIX cJoB. Ecau
B KauecTBe MeCTOHAaXO0KaeHuA 6paTh Bce 50 IIITAaTOB, TO MOMYUUTCS CIUIII-
KOM MHOTO BeTBJeHU. [IosTOMY 00B€JUHNM HEKOTOPHIE IIITATHI B PETHO-
Hbl. [lo6aBbTE CIenYIONINiT KO AJIA 3aJaHUSA PETUOHOB:
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stateregions={'New England':['ct’, 'mn’, 'ma’, 'nh", 'ri’, "vt'],
'Mid Atlantic :['de’, 'md", 'nj’, 'ny", pa'],
‘South":['al", "ak’, "f1",'ga’, 'ky", "1la’, 'ms’, 'mo’
‘nc’,'sc’, tn’, va’, ‘wv'],
‘Midwest :[ 11", 'in", "ia’, 'ks', 'mi", 'ne’, 'nd’, 'oh’, "sd", 'wi'],
"West":['ak", 'ca’, 'co’, "hi", "id", 'mt’, 'nv’, "or’, "ut’, ‘'wa’', ‘'wy']
API mpegocTaBisieT MeTO 3arpy3Ku AeMorpa)uecKuX JaHHBIX 00 OJHOM
YeJIOBEKE, I09TOMY MYHKIMA getpeopledata IPOCTO OOXOAUT B IUKJIE PE3YJIb-
TaThl IepBoro noucka u sanpamusaer y API geranu. [Jlo6aBbTe ee B aiin
hotornot.py:

def getpeopledata(ratings):
result=[]
for emid, rating in ratings:
# URL meTopma MeetMe.getProfile
url="http://services.hotornot.com/rest/?app_key=%s" % api_key
url+="&method=MeetMe.getProfile&emid=%s&get_keywords=true” % emid

# NonyynTb BCI MHAOPMaLMO 00 3TOM 4enoseke

try:
rating=int(float(rating)+0.5)
doc2=xml.dom.minidom. parseString(urllib2.urlopen(url).read( ))
gender=doc?2.getElementsByTagName( gender )[0].firstChild.data
age=doc?2.getElementsByTagName( age )[0].firstChild.data
loc=doc?.getElementsByTagName( location')[0].firstChild.data[0:2]

# Npeobpasyem wraT B PErWOH
for r,s in stateregions.items( ):
if loc in s: region=r

if region!=None:
result.append((gender,int(age), region, rating))
except:
pass
return result

Temephb MOKHO MMIIOPTUPOBATHL STOT MOAYJb B MHTEPAKTHUBHOM CeaHCe
¥ CTeHepUpPOBATh HAOOD JAaHHBIX:

>>> import hotornot

>>> 11=hotornot.getrandomratings(500)
>>> len(11)

442

>>> pdata=hotornot.getpeopledata(l1)
>>> pdata[0]

(u'female', 28, 'West', 9)

COuCcoK COmep:KUT MHPOPMAIIUIO O KayKIOM II0Jb30BaTeje, IIPUYeM B IOC-
JemHeM II0Jie IPeACTaBJIeH PEUTUHT. Ty CTPYKTYPY AJAHHBIX MOXKHO IIepe-
JaTh QYHKIIUY buildtree AJId IIOCTPOEHUS AepeBa:

>>> hottree=treepredict.buildtree(pdata, scoref=treepredict.variance)

>>> treepredict.prune(hottree,0.5)
>>> treepredict.drawtree(hottree, "hottree.jpg’)
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2:New England 2:New England

Puc.7.7. MoOenuposaHue npuieKamenibHOCMU ¢ NOMOWbI0 0epesbes peuLeHuil

ITocTpoenuoe mepeBo n306pakeHo Ha puc. 7.7.

KopHeBoii yses, II0 KOTOPOMY IIPOBOAUTCA HauaJlbHOE pasOueHme, COOT-
BeTcTBYeT moay. OcTaToOK JepeBa JOBOJLHO CJIOMKEH, U YATATH €ro TPY/IHO.
Ho ero, 6e3ycJI0OBHO, MOKHO MCHOJH30BATD AJIA IIPOTHO30B O JIOAIX, KOTO-
pble AepeBy He MpeabaBaaanch. KpoMe TOro, MOCKOJIBKY aJTOPUTM HOAIe-
P)KUBaeT BOCIOJIHEHUE OTCYTCTBYIOIIUX OAaHHBIX, MOYKHO I'DYIINPOBATH
JIOJIeH IO KPYIITHBIM IepeMeHHBIM. TaK, MOXHO CPAaBHUTH NPUBJIEKATENb-
HOCTb KUBYIIIUX B I0O’KHBIX U B CpeJHEATJaHTUUYECKUX IITaTax:

>>> south=treepredict2.mdclassify((None, None, 'South"), hottree)

>>> midat=treepredict2.mdclassify((None, None, '"Mid Atlantic'), hottree)

>>> south[10]/sum(south.values( ))

0.055820815183261735

>>> midat[10]/sum(midat.values( ))

0.048972797320600864

Kak BuguM, Ha OCHOBe 3TOTO Habopa JaHHBIX MOKHO CIeJIaTh BBIBOJ O TOM,
YTO BBIXOJIIBI C IOTa YyTh 0oJiee MpUBJIeKaTe bHBI. MoskeTe mTOpoOoBaThH
paccMOTpeTs Apyrue GaKTOPhl, HATPUMEDP BO3PACT, UJIU IPOBEPUTEH, ¥ KOTO
PEUTUHT BHIIIE — Y MYKUNH WJIN Y *KEeHIITTH.

B Kakux cny4vyasix NPUMeHsTb AepeBbs peLueHnn

Ilosxanyii, OCHOBHOE JOCTOMHCTBO JIEPEBLEB PEIIeHUN — 3TO MPOCTOTA WH-
TepupeTranuu 00yueHHON Mogean. [I[pyMeHUB aJaropuTM K pacCMOTPEHHOMN
3ajaue, MbI IIOJYYUIN He TOJLKO JIePeB0, CIIOCOOHOE [[eIaTh IIPOTHOS3EI O I10-
BeleHIY HOBBIX II0JIb30BATEJIEHN, HO 1 CIIMCOK BOIPOCOB, HA KOTOPBIEC HYMK-
HO OTBETHUTbD [IJIsI BEIpaO0oTKHU pelneHus. Hampumep, BULHO, UTO JIOLU, IIPU-
XOIAIIMe Ha JaHHBIN callT ¢ caiita Slashdot, HuKorga He cTaHOBATCA ILIAT-
HBIMH IIOAINCUYNKAME, TOTa KaK HaIlleAIIIe ero ¢ moMoIbio Google u mpo-
CMOTpEeBIITe 10 MeHbIeit Mmep 20 cTpaHUll, BEPOATHO, OPOPMAT IMOAIUCKY
Ha IpeMuaJbHOe 00CIyKUBaHIE. JTO, B CBOIO OUepelb, HABOJAUT HA MBICIb
M3MEHHUTh PEeKJIaMHYIO CTPATernio, c(OKyCHMpPOBABIIINChL Ha caiiTax, maro-
X HamboJjiee BHICOKOKAUeCTBEHHBIN TpaduK. MbI BRIACHUIN TaKKe, UTO
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HEKOTOPHIe IepeMeHHbIe, HAIIPUMED MECTO IIPOKUBAHUS, He BJIUAIOT Ha pe-
gyabraT. Eciu KaKkue-ToO faHHBIE TPYIHO cOOpPaTh, a B UTOTe OKa3hIBAeTCH,
YTO OHU HECYIIeCTBEHHEBI, TO MOXKHO IPEKPATUTh UX cOOP.

B orsimume oT APyrux aJroOpuTMOB MAIITUHHOTO OOYUEHUS, JePeBbs pelle-
HUS MOTYT paboTaTh KaK C YMCJIOBBIMU, TaK U C JUCKPETHBIMU JaHHBLIMU.
B mepBoM mpuMepe MBI KJIACCUPUITMPOBATIHN CTPAHUIIBI O HECKOJBKUM
INCKPETHBLIM IMoKasareasM. [lajsee HEKOTOPbBIE aJrOPUTMbBI TPEOYIOT IIpe.I-
BApPUTEJbHON MOATOTOBKY WM HOPMAJIUBAINY AAHHBIX, a IPOrPaMMBbI U3
9TOU I'JIaBbl IPUHUMAIOT JI000¥ CIMCOK JAHHBIX, COAEPIKAIIUX UKMCJIOBbIE
WU OJUCKPETHBIE ITapaMeTpPhl, U CTPOAT COOTBETCTBYIOIIlEE UM IEePEBO pe-
IIeHn.

HepeBba pelieHni JOIYCKAIOT TaKyKe BEPOATHOCTHHIE IPOTHO3bI. B HEKO-
TOPBIX 3aJavax AJs IIPOBEIeHUA YeTKOTO Pa3TpaHUYeH A MHOTJa He XBaTa-
€T TaHHBIX — B JlepPeBe PEeIIeHUN MOXKET BCTPETUTHCS y3€eJ, AJIS KOTOPOTO
€CTh HECKOJIBKO BO3BMOYKHOCTEM, a JaJbHENIee pacIileIieHre HeBO3MOXK-
Ho. IIporpamma, mpeacraBjieHHAas B 3TOM IJIaBe, BO3BPAIIAeT CJIOBAPDb CUET-
YHKOB [IJIsI PA3JIMYHBIX PE3yJIbTATOB, U C IIOMOIILIO 3TOM MHGOPMAIIUYA MBI
MOXKEM DEeINTh, B KAKOM Mepe pesyJbTaT 3aciy:KuBaeT nosepus. He Bce
aJITOPUTMBI CLIOCOOHEI OIEHUTH BEPOATHOCTD PE3YJIbTATA B YCIAOBUAX HEOI-
peneseHHOCTH.

OmHaKoO y IepeBbeB PelleHunil eCTh U OUeBUIHbIe HegocTaTKu. OHU XOPOIIIo
MIOAXONAT JJIA 33729 C HEOOJIBINTNM UYHCJIOM BOSMOXKHBIX DPE3yJIbTATOB, HO
HEIIpPMMEeHHNMBI K Ha6opaM AJAaHHBIX, I'T€ YNCJIO BOSMOMXHBIX NICXOO0B BEJIN-
Ko. B Hammem nepBoM mpuMepe 661710 Becero Tpu pesyisbrara: «Her», «Baso-
Boe» u «lIpemuasnpHOE». Ecoim GBI KOJIMYECTBO PE3YJILTATOB MCUUCIAIOCH
COTHSMU, TO IIOCTPOEHHOE IEPEBO 0KA3aJI0CH OBbI CAUIITKOM CJI0KHBIM U, CKO-
pee Bcero, 1aBaJjio ObI ILJIOXHME IIPOTHOS3EI.

Eirte ofuH KPYIHBIN HEJOCTATOK PACCMOTPEHHBIX BHIITIE IePeBhEB PelleHn il
3aKJII0YAETCS B TOM, UTO XOTS OHU ¥ CIIOCOOHBI pabOTaTh C IIPOCTHIMU YU CJIIO-
BBIMU JaHHBIMHU, HO YCJIOBHE MOYKET (JOPMYJIUPOBATHCS TOJBKO B TEDMUHAX
«DOJIbIIIe /MEHBIIIE» . ITO 3aTPYAHIET IPUMEHEHEe [ePeBheB PeIlIeHni K 3a-
JIaduaM, TZie KJacc ompeesseTcsa 00Jiee CIOKHBIM COUeTAHNEM IIEPEMEHHBIX.
Hanpumep, ecau GBI pe3yJIbTAT ONPENEIIAICA HA OCHOBE BEJIMUYNHEBI PA3HO-
CTU MEKAYy ABYMS MePEMEHHBIMH, TO JePEeBO BHIPOCJTO OBI 0 HEBOOOpAa3M-
MBIX Pa3MepPOB U OUeHb OBICTPO YTPATUJIO ObI TOUHOCTh IPOTHO3UPOBAHUA.

IlogBOms mTOT, MOKHO CKa3aTh, UTO JAEePEBbA PEIlleHNA — He CAaMbIA yau-
HBINA Bb160p AJd 3amad C OOJIBIINM KOJNYECTBOM YHCJIOBBIX BXO0J0B U BBIXO-
JIOB WJIA CO CJIOKHBIMHM B3aMMOCBSA3SIMHU MEKAY UMCJIOBLIMU BXOJaMu, Ka-
Kue BCTPpeYarnTCd, HallpUMeED, IIPU MHTEepIIpeTarnmn Q)HHaHCOBBIX AJaHHBIX
WIN aHajause ma3odpaskeHuii. HampoTus, mepeBbs pelieHUs — OTJIUUYHBIN
MHCTPYMEHT aHaJIn3a HAOOPOB ¢ GOJIBIINM YKMCJIOM AUCKPETHBLIX M UKCJIO-
BBIX JAHHBIX C YETKMMM TOUKaMU pacCIIeIlJIieHnud. Oun OIITUMAaJIBbHBI, KOTJa
Ba’KHO IIOHNMATD IIPOIECC IPUHATUS PEIleHNsI; KaK BbI MOIJIN YOeaUuThCs,
HaOJIIoleHNe 3a paccy:KIeHHeM HHOTAA He MeHee BajKHO, UeM KOHEUHBIN
IIPOT'HO3.
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YnpaxHeHusa

1.

Beposmnocmu pe3dyavmamos. Texyiiue Bepcuum (GYHKIUU classify
u ndclassify BO3BpaIllaloT pes3yabTaT B BUIe Habopa cueTumkoB. Moxgu-
¢unupyiitTe UX Tak, YTOOLI OHKM BO3BPAIIAJIN BEPOATHOCTH COBIAACHUS
Pes3yJIbTaTOB C TO¥ MW MHOU KaTeropue.

Huanasonst omecymemeyrowux 0aunvix. PyERIUA ndclassify IO3BOIA-
eT YKa3bIBaTh B KAUECTBE OTCYTCTBYIOIET0 3HAUEHUS CTPOKY None. Ilyis
YKMCJIOBBIX 3HAUEHHUI MOJYKET CAYUYUTHCS TaK, UTO TOUHOEe 3HAUeHUe He-
M3BECTHO, HO M3BECTHO, UTO OHO HAaXOJHUTCS B HEKOTOPOM AMAIla3OHE.
Mopudunupyiite ndclassify Tak, 4TOOBI OHA MOTJIa IPUHUMATH KOPTEXK
Buzga (20,25) B kauecTBe 3HAUEHUA 1 00X0A1JIa 00 BeTBU, €CJIM 9TO He-
00XO0UMO.

Pannuii ocmanos. BMmecTo TOro 4T00BI COKPAIIAThH IOCTPOEHHOE IEPEBO,
GYHKIUA buildtree MOYKET IIPOCTO MIPEKPATUTE PaCIIelJIeHne, KOrZa 9H-
TPOIUA IIepecTaeT YMEHbBIATHCA JOCTATOYHO OITYTUMO. B HEKOTOPHIX
cIydJasgxX Takoe DellleHVe He HAeaJIbHO, 3aTO II03BOJISET HCKJIOUUTH
onuH mar. Moguduiupy#Te buildtree Tak, YTOOBI OHA MPUHUMAJIA B Ka-
YecTBe MapaMeTpa MUHMMAJIbHBINA BBIUTPHINI U IPeKpalaia paciier-
JIATH BETBb, KOT/Ia SHTPOINUSA YMEHbIIIAeTCA HA MEHBIITYIO BeJIUUNHY.

ITocmpoenue Oepesa 8 cayuae omcymcmeus 0anHvlx. Mbl HamucaIm
(PYHKIMIO, KOTOPAas CIIOCOOHA KJIACCU(PUIIMPOBATE CTPOKY C OTCYTCTBY-
OIIMMU JaHHBIMHW, HO 4YTO €CJIXN JaHHbI€ OTCYTCTBYIOT B Oﬁy‘laIOH.IEM Ha-
oope? Mogudpuiupyiite buildtree Tak, 4TOOBI OHA IIPOBEPSAIA OTCYTC-
TBHE NAHHBIX M B CJIy4Yae, KOrZa HEBO3MOMKHO OTIPABUTH PE3YJIbLTAT
B OIHY BeTBb, OTIIPaBJsjaa ObI ero B 00e.

Mmuozonymesgoe pacuennenue (TpynHas 3ajada). Bece paccmorpeHHEBIE
B BTOM IJIaBe JepPeBbs pellleHnil Oblau ABONUYHbIMU. HO 11 HEKOTOPBIX
HabOPOB AAHHBIX CTPYKTYPY AepPeBa MOKHO ObLIO OBI YIPOCTUTD, €CJIHN
OBI OBLIIO pa3peIleHo co3aBaTh 6oJiee IBYX BeTBell us ogHoro ysaa. Kak
GBI BBI IIPEJCTABUIN TaKoe nepeBo? A KaK ObI BBI CTAJIU €ro 00yJaTh?
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Mgl paccMOTpeIN HECKOIBKO KJIACCH(PUKATOPOB, 00/IBbINAA YACTh KOTOPBIX
XOPOIIIO MPUCIIOCO0IeHA [JIS IIPOTHO3UPOBAHUSA TOTO, K KAKOM KaTeropuu
OpUHAAJIEKUT HOBBIA obOpaseri. OgHako OaiiecoBCKUe KJacCU()PUKATOPHI,
JIePeBbs PEIeHn U MaIlTuHbBI OOPHBIX BEKTOPOB (C KOTOPBIMU MBI 03HAKO-
MUMCS B CJEAYIOIeil IjiaBe) He ONTUMAJbHBI AJIs BBIPAOOTKYU IIPOTHO30B
0 YKCJIOBBLIX JAHHBIX HA OCHOBE MHOTHX Pa3JIMYHBIX aTPUOYTOB, HAIIPUMED
1meH. B 9T0i1 ri1aBe MbI pACCMOTPUM AJITOPUTMBbI, KOTOPBIE MOXKHO HE TOJIBKO
00yUYUTH eJlaTh YMCJIOBbIE IIPOTHO3EI, UCXOAI U3 MPeIbABJIEHHBIX UM pa-
Hee 00pasIloB, HO JasKe MOKAa3bIBATh PacCIpeiesieHIe BEPOATHOCTEMH ITPOTHO-
3a, 4TOOBI IIOJH30BATEII0 OBLIO IIPOIle MHTEPIPETUPOBATE IIEIIOUKY pac-
CYKIEeHUI.

IIpuMeHeHME 3TUX AJTOPUTMOB MBI PACCMOTPUM Ha IIpHMepe IIOCTPOEHU
Mojesiell TPOTHOSUPOBAHUSA ITeH. JKOHOMUCTHI CUMUTAIOT, UTO II€HBI, 0CO-
0eHHO ayKIIMOHHBIE, — XOPOIIUH CII0CO06 MCHOJIb30BaAHUA KOJJIEKTUBHOT'O
pasyma [Jis onpejiesieHI A PeaJbHOM CTOMMOCTH Belly; Ha 60JIBIIIOM PHIHKE,
rje MHOTO IPOJABI[OB U IMOKYyIaTeJei, IleHa 00bIYHO JOCTUTAeT OITUMAJIb-
HOTO IJIs 000MX YYACTHUKOB CHEJKHU 3HAUeHUA. [IpOrHo3upoBaHUe IIeH —
9TO, KO BCEMY IIPOUYEMY, HEIlJIOXOH TEeCT AJIA TAKOr'0 POoa aJIroOpuTMOB, IOC-
KOJIbKY Ha IIeHY OOBIYHO BJIMSET MHOXKECTBO Pa3HOOOPA3HBIX (haKkTOpOB.
Hampumep, yuacTByA B TOprax mo HOyTOYKY, BBl IPUHUMAaeTe B pacueT TaK-
TOBYIO UaCTOTY IIPOIleccopa, 00'eM IaMATH, EMKOCTb JUCKOB, Pa3pelleHne
SKpaHA U T. 1.

BaxxH0i 0cO0EHHOCTHIO YMCJIOBOT'O ITPOTHOSUPOBAHUA SABJISETCS OIpeaeie-
HUe TOT0, KaKue mepeMeHHbIe CYIIeCTBeHHBI U B KAKUX coOueTaHUAX. TakK,
B cJIyyae HOyTOYKa eCTh HECKOJbKO IePEMEeHHBIX, KOTOPBIE €CJIN U BIUIIOT
Ha IleHy, TO B MUHNMAJIbHOM CTeIeHU, HAaIIPpUMep OecIlIaTHbIE aKcecCyaphl
WJIV IIPeayCTAaHOBJIEHHOE IIporpaMMHOe obecmeueHue. Kpome Toro, paspe-
IIeHue 9KpaHa He TaK CUJIbHO CKa3bIBaeTCA Ha IleHe, KaK eMKOCTD JKeCTKOT0
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AUCKaAa. ,HJIH aBTOMATHUYECKOI'O OIIpeae/IeHA HAaNJIYUIIINX BeCOB IIEPEMEHHBIX
MBI BOCIIOJIB3YyeMCsA MeToOAaMU OIITUMU3aIluu, pa3pa60’I‘aHHI>IMI/I B IJaBe 5.

I'IOCTpoeHme A€MOHCTPAUMNOHHOIO Ha60pa AdHHbIX

WNHuTepecHblii HAOOP MAHHBIX AJIS TECTHPOBAHUA AJITOPUTMOB YKCJIOBOTO
IIPOTHO3MPOBAHUSA TOJIKEH 00JIaJaTh HECKOJbKUMU CBOMCTBAMM, KOTOPBIE
YCI0MKHAIY ObI BEIPAOOTKY IIPOrHO3a. Eciiz M0CMOTPETh TEJIEBU30D, TO MOK-
HO IIPUATU K BBEIBOAY, UTO YeM OOJIbIIIE, TeM JIyUIlle; IIOL00HbIe 3a0aUn IPOo-
1Ile PelIaTh TPASUIINOHHBEIMY CTATUCTHUYECKUMU MeTogamMu. IloaTromy ObLIO
ObI OoJiee JIOOOMBITHO M3YUUTh TAKOW HAOOP JaHHLIX, I'Je IleHa He IPOCTO
BO3pacTaeT IIPOIMOPIIMOHAILHO PA3MePy WM KOJINYECTBY XapaKTEePUCTHUK .

B sTom pasnesie MBI co3maauM HaOOp JAHHBIX O IleHaX Ha BUHA, OCHOBAHHBI
Ha IPOCTOI NCKYCCTBEHHOI Mogeu. IleHa 3aBUCUT OT COUeTaHUA PeNTUHTA
¥ Bo3pacTa BMHA. B Momesu IIpeAIoiaraeTcs, 4To Y BUHA MMEeTCs OIITH-
MaJILHBII BO3PaCT, KOTOPLIN OOJIBINIE IJIsT XOPOIINX BUH U OUEHb OJM30K
K TOAy MPOM3BOJACTBA — AJIA IJIOXUX. Y BUHA C BEICOKUM PEHUTHUHTOM BBICO-
Kas HavaJIbHadA IeHa, KOTOpasa BO3pacTaeT A0 JOCTUIKEHUS OIITUMAaJIbHOTO
BO3pacTa, a HU3KOPeHTHHIOBOe BUHO M3HAYAJIBLHO CTOUT JEIeBO U CO Bpe-
MeHeM TOJbKO JellleBeer.

st momesimpoBaHus 9TOH 3amaum codgaiiTe daiia numpredict.py u BKJII0-
4ynuTe B Hero GyHKIIMIO wineprice:

from random import random, randint
import math

def wineprice(rating,age):
peak_age=rating-50

# Bbl4UCAUTL LEHY B 3aBUCWMMOCTU OT PEUTUHra
price=rating/2
if age>peak_age:
# OnTuManbHbil BO3pacT NpoideH, 4epe3 5 neT ucnopTuTcs
price=pricex(5-(age-peak_age))
else:
# YBenuuusaTb A0 NATUKPATHOM HAYaNbHOW LEHb No Mepe
# npubAMXEHWs K ONnTuManbHOMYy BO3pPacTy
price=pricex(5x((age+1)/peak_age))
if price<0: price=0
return price
ITomagobuTcs Tak:ke QYHKIIUA IOCTPOCHUA Habopa JaHHBIX O IleHaX Ha BU-
Ha. Cienyromasa pyHKIuA reHepupyeT Haoop u3 200 OYTHIIOK BUHA U BbI-
YHCJIAET UX IeHbl HA OCHOBE MOCTPOEHHOI MoIer. 3aTeM OHA CIAYyYaiHbIM
obpasom mpubapaser uau Berautaer 20% , 4TOOB yuecTh Takue (aKTOPHI,
KaK HaJIoToo0JIoKeHNre U MeCTHbIe BApUAIlUU IIeH, a TaKsKe eIle HeMHOTO
3aTPYIHUTH IIPOTHO3UPOBAHNE UMCJIOBLIX 3HaueHuii. [lo6aBbTe QYyHKIIHIO
wineset1 B ¢paiia numpredict.py:
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def wineset1( ):
rows=[ ]
for i in range(300):
# CnydaiiHbiM 06pa3oM BhOpaTb PEATUHI W BO3pacT
rating=random( )=50+50
age=random( )=*50

# BbYnMCNUTL 3TaNoHHYN UEHY
price=wineprice(rating, age)

# [lo6aBnTb Wym
pricex=(random( )=0.4+0.8)

# BxnwounTb B HABOP AAHHbIX
rows. append({‘input’ :(rating, age)
‘result’ :price})
return rows
3amycTuTe nHTepnperarop Python, nposepbTe IeHbI HAa HEKOTOPbIE BUHEI
¥ CTeHepUpPYHTe HOBBIN HAaOOp JaHHBIX:
$ python
>>> import numpredict
>>> numpredict.wineprice(95.0,3.0)
21.111111111111114
>>> numpredict.wineprice(95.0,8.0)
47.5
>>> numpredict.wineprice(99.0,1.0)
10.102040816326529
>>> data=numpredict.wineset1( )
>>> data[0]
{"input’: (63.602840187200407, 21.574120872184949), ‘result’:
34.565257353086487}
>>> data[1]
{"input’: (74.994980945756794, 48.052051269308649), ‘result’: 0.0}

B sTom Habope Bropasa OYThIIKA CAUIIKOM CTapas 1 BUHO B Hell yKe BBIIOX-
JIOCh, a B IIEPBOI Kak pas cospeno. Hanuume saBucuMOCTell MEXKIY IIepe-
MEHHBIMU JIeJIaeT 9TOT Habop JaHHBIX BIIOJHE IOAXOAAIIAM AJIS TeCTUPOBa-
HUSA aJITOPUTMOB.

Anroputm k-6nvxanwmx cocegen

IIpocreiinuii MOAXOA K PEIISHUIO 3aJaUy O IleHaX Ha BUHA He OTJINYAETCS
OT TOT'0, KOTOPBIM BbI IOJIb3yE€TECh, PACCUNUTHIBAS II€HBI BPYYHYI0, — HAUTH
HECKOJIbKO ITIOXO0KUX 00pa3Il0B 1 IIPEAII0JI0KUTD, UTO IIeHbI OYAYT IpHUMep-
HO OAWHaKOBRIMU. Haiifa MHOMKECTBO 00pas3IoB, MOXOKUX HA TOT, UTO BAC
MHTEepecyeT, ajJiTOPUTM MOXKET YCPeIHUTh UX IEeHbI U MPEAIIOJ0KUTh, Ka-
Kol OymeT IieHa Ha Balll obpasel]. B 9TOM U COCTOUT CYTh ajaropuT™ma k-6.1u-
acatiuux cocedeil (k-nearest neighbors — kNN).
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KonuuecTBo cocepen

Byksa k B a60peBuaType kNN o3HaUaeT KOJIMUECTBO 00Pa3Il0B, IO KOTOPHIM
HYXHO IIPOBOAUTH yCPEIHEHUE, YTOOBI IMOJYYUTHL KOHEUHBLIH pe3yJsbTarT.
Ecau 0n1 ganHbIe OBLIN UAEAJBHBIMU, TO JOCTATOUYHO ObIJIO ObI B3ATL K =1,
TO €CTh BBIOPATh OJIMIKANIIIEro cocea U BePHYTH ero IieHy B KauecTBe OTBe-
Ta. Ho B peaIbHOM MUpe BCerza CYIIeCTBYIOT OTKJIOHEHUS OT uaeaga. dro-
OBl X CMOJIEJINPOBATh, MBI CIIeIIAJIBLHO JOOABUIIN IITYyM (CayuaiiHbIM oOpa-
30M YBEJUYUJIN UIN yMeHbInuan ey Ha 20% ). Komy-To moBeseT coBep-
IIIUTH OUEeHb BLITOIHYIO CAEIKY, a HOMH(POPMUPOBAHHEIH IOKYIIaTeIb MOMKET
3IOPOBO TIEPEILIaTUTh, OPUEHTUPYSACh Ha Oaumskaiimniero cocexa. IlosTomy,
YTOOBI IOJABUTH IITYM, JIYUIIle B3ATh HECKOJbKUX cocelleil 1 YCPeIHUTD IJI
HUX IIeHy.

YT0o0BI HATJIAIHO IPEACTABUTD 3aaUy BEIOOpA HECKOJIBKHUX COCeIeil, BO0OO-
pasuTe, UTO CYIIECTBYeT TOJLKO OJHA MeCKPUITHUBHASA IIepeMeHHas, Ha-
mpuMep BoapacT. Ha puc. 8.1 usobparkeHa auarpaMMa M3MeHEHUS IT€HbI
(o ocu y) B 3aBUCUMOCTH OT Bo3pacTa (1o ocu x). Kpome Toro, Ha pucyHKe
MIPUCYTCTBYeT KpUBasi, MOKA3LIBAIOIAs, UTO BBl MOJYUUTE, €CJIU OymeTe
OPUEHTUPOBATHCA TOJHKO Ha OJHOTO OJIMKAMIIIero cocena.

10 D an 4n i

Puc. 8.1. Anzopumm ENN 6 cayuae, kozda cocedeil CAUUKOM MALO

O0paTuTe BHUMAaHME, YTO IPOTHO3 IEHBI CIUIIKOM CUJIBHO 3aBUCUT OT CJIY-
yaiHBIX Bapuanuii. Eciii ObI BEI II0JB30BAJNCH STOM JaJIeKOH OT IIJIaBHOC-
T KPUBOM IJIA BEIPAOOTKM IPOTHO3a, TO PEIINau Obl, YTO MeXKay 15-1eT-
HUM 1 16-7TeTHUM BHMHOM CYIIIECTBYET OOJIBIIION IIeHOBOM CKAUOK, XOTSA Ha
CcaMOM [ieJie 9TO BCero JIUIIb Pe3yJIbTAT PA3JINUNA B [[eHe ABYX KOHKPETHBIX
OYTBIJIOK.

C Ipyroii CTOPOHBI, BHIOOP CJAMIIIKOM GOJIBIIIOTO YHMCJA COCeHeil CHUIKAeT
TOYHOCTH, IMOCKOJBKY aJrOPUTM OyIeT yCpPeOHATh JaHHBIE IO o0pasiam,
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Puc.8.2. Anzopumm ENN 6 cayuae, kozda cocedeil CAUULKOM MHO20

KOTOpHIE COBCEM He ITOXOKM Ha maydaemsbliii. Ha puc. 8.2 npeacraBieH TOT
JKe caMblii HabOp JaHHBIX, HO KpuBasa IeH ycpenHena mo 20 Oaumxaiimimum
cocenmAaM.

IToHsATHO, YTO yCpeaHeHNe CAUITIKOM MHOTHUX IeH MIPUBOAUT K HEJOOIleHKe
BUH, JOCTUTIIUX 25-JIeTHe# oTMeTKM. BEIOOD MPaBUIBLHOTO KOJIMUECTBA CO-
celell MOXKHO IeJIaTh BPYYHYIO WJIN BOCIHOJIb30BATHCS OIITUMU3AI[MEH.

OnpepeneHune nopgobus

ITepBoe, uTO HEOOXOAMMO CAeJIATh AJA HpuMeHeHuUs aaropurma kNN, —
HaWTHU cIIoco0 M3MepeHus CXoKecTr 00pasmoB. Ha cTpanumnax sToit KHUTH
BbI YK€ BCTPEUAJINCh C PA3JUUYHLIMU MeTpHUKamMu. B mJaHHOM cjiydyae MbI
BOCIIOJIL3YeMCSA €BKJIUAOBBIM paccTosumeM. JJo6aBbTe QPYHKITMIO euclidian
B ¢haiix numpredict.py:
def euclidean(v1,v2):
d=0.0
for i in range(len(v1)):
d+=(v1[i]-v2[i])#=2
return math.sqgrt(d)

B uHTEpaKTHBHOM CeaHCe BLI3OBUTE 3Ty (PYHKIIHIO AJA KaKOH-HuOYIb I1a-
PBI TOUEK 13 Habopa JaHHBIX:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >

>>> data[0][‘input’]

(82.720398223643514, 49.21295829683897)

>>> data[1][‘input’]

(98.942698715228076, 25.702723509372749)

>>> numpredict.euclidean(data[0][‘input’],data[1][‘input’])
28.56386131112269
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Kak J1erKo 3aMeTUTh, IPU BBIYMCJIEHUM PACCTOAHUA 3Ta QYHKIUA TPAKTY-
€T BO3PACT U PEeUTUHT OJUHAKOBO, XOTA MOYTH B JII000I peasibHOI 3amaue
OIHU TIepeMeHHbIe HAaI0T OOJBITNH BKJIAA B OKOHUATEIBHYIO IIeHY, UeM APY-
rue. Jra caabocTs agropuTMa KNN X0poIlio m3BecTHa, M HUXKE MBI II0KAa-
JKeM, KaK ee YCTPaHUTh.

Peanusauus anroputma k-6nuxanwmx cocepen

Aunropurm kNN peannzoBaTh g0BOJBHO IpocTo. OH IOTPedIsieT MHOI'O BbI-
YHCJIUTEJIbHBIX PECYPCOB, HO 00JalaeT OJHUM JOCTOMHCTBOM — He TpebyeTr
TIOBTOPHOI'0 00YUEeHUA IPU KaKJ0M J00aBJIeHUY HOBBIX JaHHBIX. [Jo6aBbTe
B (paitn numpredict.py QyHKIIMIO getdistances, KOTOpPas BEIYUCISIET PACCTO-
AHUS OT 3aJaHHOT0 o0pasifa [0 BCeX OCTAIbHBIX 00Pa3IloB B MCXOJAHOM HAa-
0ope JAaHHBIX:
def getdistances(data,vecl):
distancelist=[]
for i in range(len(data))
vec2=datali][ input']
distancelist.append((euclidean(vect,vec?2),1))
distancelist.sort( )
return distancelist

Ira GyHKIUA B IIUKJIe BBI3bIBaeT PYHKIIUIO distance, mepefaBas e 3afgaH-
HBIM BEKTOP U KaKABIHA M3 OCTAJIBHBIX BEKTOPOB B HA0Ope NaHHBIX. Beruuc-
JIeHHbIe PACCTOSIHUS IIOMEMIAI0TCA B O0JIBIION CIINCOK. 3aTeM 9TOT CICOK
COPTHUDPYETCS, TaK YTO OIMMKaNIInil oOpasel] OKa3bIBaeTCA B HAUaJIe.

Anroputrm kNN BBIOSTHAET yCcpenHEHUE IO MEPBBIM £ 00pasiiaM B IIOJIY-
yuBinemcs cuucke. [lo6asbre B haiia numpredict.py pyHKIIMIO knnestimate:

def knnestimate(data,vec, k=3):
# Mlony4nTb OTCOPTUPOBAHHLIN CMUCOK PACCTOAHUM
dlist=getdistances(data, vect)
avg=0.0

# YcpegHnTb no nepsbiM k obpasuam

for i in range(k)
idx=dlist[1][1]
avgt=data[idx][‘ result’]

avg=avg/k

return avg

Temepb MOKHO HOJYUYUTE OIEHKY IIeHbI HOBOT'O 00pasIia:

>>> reload(numpredict)

>>> numpredict. knnestimate(data, (95.0,3.0))
29.176138546872018

>>> numpredict. knnestimate(data, (99.0,3.0))
22.356856188108672

>>> numpredict. knnestimate(data, (99.0,5.0))
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37.610888778473793
>>> numpredict.wineprice(99.0,5.0) # Mony4yuTb $aKTUHECKYKH LEHY
30.306122448979593
>>> numpredict. knnestimate(data, (99.0,5.0),k=1) # YMeHbuUTb 4ucno cocepnei
38.078819347238685
IToskcmepuMeHTUPYIiTe ¢ PA3JIUUYHBIMHU IIapaMeTpaMy M 3HAUEHUAMU kK
¥ IIOCMOTPUTE, KAK 5TO OTPA3UTCA Ha pe3yabTaTax.

B3BewleHHble cocegn

OauH 13 cIIoco00B KOMIIEHCHPOBATH TOT (PaKT, UTO aJITOPUTM MOYKET OTOu-
paTh CAUIIKOM JAJIeKUX cocelell, 3aKJII0UYaeTCd B TOM, YTOOLI B3BEIIINBATE
UX C YUETOM PACCTOSIHMUS. ITO HAIIOMUHAET METO/, KOTOPHIl MbI IPUMEH-
JIZ B TJIaBe 2, KOT[a IPeAIlOUTeHUA JII0Aell B3BeIlINBaJINCh C YUEeTOM TOTO,
HACKOJIbKO OHU CXOKH C IPEJIOUYTEHUSIMU UeJIOBeKa, HYKAAaI0Ierocs B pe-
KOMEeHJalluu.

Yewm OoJiee cxX0K1 00pasIlbl, TEM MEHBIIIE PACCTOAHNE MEXKIY HUMU, II09TO-
My HaM Heo0XOIUuM CIIOcOo0 IpeodpasoBaTh PACCTOSHUA B Beca. TaKuUX cIo-
Cc000B HECKOJIBKO, U ¥ KaKJI0T'0 €CTh IIJIIOCHL 1 MUHYChI. B 9TOM paszee Mbl
PacCMOTPHUM TPU BOBMOMKHBIX QYHKIIUU.

NHBepTUupyowaa pyHKunsa

B riaBe 4 qiia mpeo0pasoBaHUA PACCTOAHUI B Beca MBI IIOJIb30BaJINCh MH-
Beprupyouiei pyurnueii. Ha puc. 8.3 mokasaHo, 4TO IOJYINUTCHA, €CJIH OT-
JIOXKUTH IO OZHOM OCH BEC, a II0 APYroi — IeHy.

Puc. 8.3. Dynryusa un6epmuposarnus 6ecos
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B npocrefiniem cayuae GyHKIUSA BO3BpaIlaeT IpocTo 1, moaeseHHYIO Ha
paccroauue. Ho mHOTAa 06pas3ilbl OKA3LIBAIOTCSI B TOUHOCTH OJWHAKOBBI
WJIY PACIIOJIOMKEHBI OUeHb OJIM3KO APYT K APYTY, U TOTAA 3HaUEeHIe IIoJIyYa-
eTCA CIUIIKOM OOJIBINTUM WK GecKOHeUHBIM. I[0oaTOMY Imepen MHBEPTUPO-
BaHMEM Heo0XO0AUMO JOOABUTH K PACCTOSIHUIO HEOOIBIITYIO BETUUNHY .
HobGasbTe B daita numpredict.py pyHKIIHIO inverseweight:

def inverseweight(dist, num=1.0, const=0.1)

return num/(dist+const)

Ira pyuKIug paboTaeT oueHb OBICTPO, 1 PeaJn30BaTh ee HUUEro He CTOUT.
MoskeTe TOBapbUPOBATH 3HAUEHME Num, YTOOBI MOHATH, KOTa MOJYYal0TCA
xopor1re pesyabTaTbl. OCHOBHOII HEJOCTATOK 9TON (DYHKIIUM B TOM, UTO
OHA Ha3HavaeT OUeHb OOJILIIIFE Beca OGJIM3KO PACIIOJOKEHHBIM o0pasiiaM,
a ¢ yBeJIMUeHNeM PacCTOAHUA Bec OBICTPO yObIBaeT. IHOTa TaKoe IToBeeH1e
JKeJlaTeJIbHO, a ITIOPOM MOBLINMIAET YYBCTBUTEIHLHOCTD aJITOPUTMA K IITYMY.

q)yHKLI,I/Iﬂ BblYNTaHNA

Bropoit BapuaHT — 9T0 QYHKUUA 6blyUMaHUs, TPaQUK KOTOPOIl IpuBeaeH
Ha puc. 8.4.

OnHa IpoCTO BHIUUTAET PACCTOSAHME M3 HEKOTOPOU KOHCTAaHThI. Ecau momy-
YUBIINICS B pe3yJibTaTe BeC OKa3bIBaeTCsA MEHBIIIE HYJIS, TO OH IIPUPAaBHU-
BaeTcd K Hy10. [lo6aBbTe B (haits numpredict.py GyHKIIUIO subtractweight:
def subtractweight(dist, const=1.0):
if dist>const:
return 0
else:
return const-dist

0.8
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Puc. 8.4. PynKyus 6bluumaHus 6eco8
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Ira QyHKIMA He HasHAUAeT UYPe3MePHO GOJBIINX BeCOB OIM3KHUM o0pas-
IIaM, HO Y Hee eCTh CBOM HeJoCTaTOK. II0CKOJIBLKY PaHO WJIM IIO3JHO BEC CTa-
HOBUTCA paBeH 0, MOMKET CIAYUYUTELCA, UTO He OKaKeTCsA HU OJHOI'0 cocena,
KOTOPOT'O MOXKHO OBIJIO ObI CUMTATE OJIM3KKUM, 4 9TO 03HAUAET, UTO AJTOPUTM
He IacT BOOOIIe HUKAKOro IPOrHO3a.

MayccoBa pyHKUUA

" nocnenHeit MbI PACCMOTPUM 2aYCCO8Y PYHKUUIO, KOTOPYIO MHOTa HA3KI-
BAIOT KOJI0K01000pa3Hoil kpusoil. OHa HECKOJBKO CJIOMKHEee IPOUYnX PyHK-
1uii, HO, KaK BbI YBUAUTE, He CTPAAAET OT HEKOTOPBIX MPUCYIIIUX UM Orpa-
Huuennii. 'paduk rayccosoit pyHKIIMUI n300paskeH Ha puc. 8.5.

0.8
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Puc. 8.5. I'ayccosa pynryus

Ira pyHKIINg HasHauaeT Bec 1, Korga paccTtosgHue paBuo 0, a mo mepe yBe-
JUYEHUA PACCTOSAHUA Bec yMeHbIaeTcA. Ho, B oTauume oT QyHKITUY BBIUM-
TaHWsA, BeC He CTAaHOBUTCS paBeH 0, IIOSTOMY IIPOTHO3 BCETra BO3MOYKEH.
Peanusanua rayccoBoil (yHKIIMM HEMHOTO CJIOKHee, 1 OHA paboTaeT He
TakK OBICTPO, KaK [Be Apyrue QyHKIUU.
Ho6aBbTe B (paita numpredict.py pyHKIMIO gaussian:

def gaussian(dist,sigma=10.0):

return math.exx(-distx=2/(2xsigmax=2))

ITompoOyiiTe IpMMEHUTH K OLHUM U TeM Ke o0pasrnaM pasHble QyHKIIUN
C PAa3JIUYHBIMU TIapaMeTpaMu U IIOCMOTPHUTE, KaK OyIYyT MBMEHSATHCA pe-
3yJIbTAThI:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >
>>> numpredict.subtractweight(0.1)
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0.9

>>> numpredict.inverseweight(0.1)

5.0

>>> numpredict.gaussian(0.1)
0.99501247919268232

>>> numpredict.gaussian(1.0)
0.60653065971263342

>>> numpredict.subtractweight(1)

0.0

>>> numpredict.inverseweight(1)
0.90909090909090906

>>> numpredict.gaussian(3.0)
0.01110899653824231

Brui yBuguTe, uTo Bece QYHKIMY IPUHUMAIOT MAKCUMAJIbHOE 3HAUEHNE B TOU-
ke 0,0, a 3aTeM yOBIBAIOT, XOTA U IO-PA3HOMY.

B3BewweHHbI anroputm kNN

Kopx B3semennoro anropurma kNN ycTpoeH Tak ke, Kak M KOJ 00BIYHOI0, TO
€CTh CHaUaJIa MbI II0JIyUYaeM OTCOPTUPOBAHHBIN MAaCCUB PACCTOSHUI U BBIOUPA-
eM 13 Hero k GauKaiimux aeMeHToB. Ho gaibIiie MbI BEIYUCIAEM He IIPOCTOE,
a 836euleHHOe cpedHee. [IJid 3TOTO KAXKABIH 9JIeMEHT YMHOMKaeTcs Ha Bec, IPo-
U3BEJIeHU CYMMUPYIOTCS, ¥ PE3YJIBTAT JEJIUTCA Ha CyMMY BCEX BECOB.

HobGasbTe B aitn numpredict.py dpyHKIIIIO weightedknn:
def weightedknn(data, vecl, k=5, weightf=gaussian)

# Mony4ynTb paccTosHus
dlist=getdistances(data, vec)
avg=0.0

totalweight=0.0

# BbH4MCNUTL B3BEWEHHOE cpeaHee

for i in range(k)
dist=dlist[1][0]
idx=dlist[1i][1]
weight=weightf(dist)

avgt=weight=datalidx][‘result’]

totalweight+=weight
avg=avg/totalweight
return avg

Ira QYHKIUA B ITUKJIe 00X0auT k OImKaiIux coceqeil u mepemaeTt paccTo-
AHNWEe M0 KaKJOT0 M3 HUX OMHOI M3 PACCMOTPEHHBIX BBIIIE (PYHKIIUNA BBI-
qucJIeHnusd BeCOB. HGPEMEHHaﬂ age BBIYHCJIIAETCA IIyTeM CYMMMPOBaHUA
TpOM3BeIEeHUY Beca U 3HAUEHNA KaxKI0T0 coceia. B mepeMeHHOM totalweight
HaKaIlIMBaeTCsA cCyMMa BecoB. B caMoM KOHIIe avg IeJIUTCS Ha totalweight.

IIpoTecTupylitTe 5Ty (PyHKIIUI0O B MHTEPAKTUBHOM ceaHCe U CDaBHUTE pe-
3yJIBTATHI ¢ 00BIYHBIM anropurmoM KNN:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >
>>> numpredict.weightedknn(data, (99.0,5.0))

32.640981119354301
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B sToM mpuMepe pesyJbTaT, BO3BPAIIEHHBIH weightedknn, oKasajcs OJmKe
K mpaBUJIbHOMY oTBeTy. Ho 9T0 Bcero uiirs 0JHO ucubiTanue. [[JIa cTpororo
TECTUPOBAaHUA HAJI0 OBLIO GBI B3ATH MHOTO Pa3HBIX 00pasIioB U3 Habopa gaH-
HBIX U II0 UTOT'aM BhIOPATH HAMJIYUIINI AJITOPUTM U OIITUMAJIbHBIE IapaMeT-
puIl. Huske MBI TOCMOTPUM, KaK MOYKHO IIPOBECTH TAKOE TECTUPOBAHUE.

MNepeKkpecTHbIN KOHTPOJIb

ITepexpecTHBIM KOHTPOJIEM HA3LIBAETCA METOUKA, CMBICT KOTOPOIT 3aKJII0-
YaeTcs B pa3fieJIeHUY JaHHBIX HA 00yuaoujue u mecmosgvle Habopsl. Obyua-
oIl Habop mepemaeTcA aJTOPUTMY BMECTE C IPABUJIbHBIMH OTBETAMU
(B JaHHOM cJiyuae IleHaMU) U 3aTeM HCIIOJb3YyeTCA IJIA MPOTHO3UPOBAHUS.
ITocie aTOoTO ¥ anropuTMa 3aIpalInBaOTCA IPOTHOSEI AJIA KaKI0T0 00pas-
1ma u3 TecToBOoro Habopa. IlomyueHHBIE OTBETHI CPABHUBAIOTCA C ITPABUJIB-
HBIMU, ¥ BBIYUCJIAETCA CyMMapHas olleHKa KauecTBa aJIrOPUTMA.

OO6BIUHO 9Ta IPOIeAypPa BEHIIOJHAETCA HECKOJbKO pas3, IpUUeM IPU KaiK-
JIOM IIPOTOHE JaHHbIe pa30uBaTCA HA ABa Habopa mo-pasuomy. Kak nmpasu-
JIO, B TECTOBBIN HAa0OP BKJIIOUAETCS HeOOIbIIasAd J0JIS BCeX JaHHBIX, CKaKeM
5%, a ocraBmmecsa 95% cocrasasiror o0yuaromuii Habop. Haumem ¢ coszma-
HUS QYHKIUU dividedata, KoTopas pa3buBaeT HAOOpP JaHHBLIX HA JBE YaCTU
B COOTBETCTBUU C 3aJaHHBIM KO3 PUITEeHTOM:
def dividedata(data, test=0.05):
trainset=[]
testset=[]
for row in data:
if random( )<test:
testset.append(row)
else:
trainset.append(row)
return trainset, testset

Crenmyromiuii mmar — TeCTUPOBaHMe aJaropuTMa. [[Jisg 9Toro Mbl mepeaeM eMmy
oOyuaroiuii Habop, a 3aTeM BbI3LIBAEM €r0 JJIs KayKJ0ro o0pasiia 13 TecTo-
BOro Habopa. @PYHKIMA TECTUPOBAHNS BBIUNCJISIET PA3HOCTH MeEKIy OTBe-
TaMU W, KaKIM-TO 00pa3oM KOMOMHUPYSA UX, IOJYUYaeT KOHEUHYIO OIIeHKY
OTKJIOHEHU oT upeasa. OGbIYHO B KAUueCcTBe OIleHKM OepeTcsa cyMMa KBaj-
PaToB Pa3HOCTeI.
Hob6aBbTe GYHKITHIO testalgorithm B paiia numpredict.py:
def testalgorithm(algf,trainset, testset):
error=0.0
for row in testset:
guess=algf(trainset, row[ "input'])
error+=(row[ ‘result’ J-guess)=«2
return error/len(testset)
IToi1l (PYHKIMU IIepelaeTcs aJITOPUTM algf, KOTOPBIA HPUHUMAET HabGop
IaHHBIX 1 3anpoc. OHa mepeduUpaeT B IIUKJIE BCe CTPOKU 13 TeCTOBOTO Habo-
Pa ¥ IMOJIyYyaeT OT aJITOPUTMAa IIPOTHO3 IJIA Kakaoi u3 HuX. [loayuenHoe
3HaUeHVEe BEIYUTAETCA U3 U3BECTHOT'O Pe3yJabTaTa.
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CymMMupoBaHUe KBaApaToOB Pa3HOCTEH — 9TO OOIIEeNPUHATAA TeXHUKA, II0C-
KOJBKY 4eM 6O0JIbIlle Pa3HOCTh, TEM CUJIbHEE OHA BIUAET HA CYMMY, IPUUYEM
ee BKJIAJ 3aBUCHUT OT BEJIMYMHBI PASHOCTH HEJIMHEHHO. ITO 03HAYAET, UTO
aJITOPUTM, KOTOPHIN B OOJILIIIMHCTBE CJAYUYAEB AAeT OUeHb OJIM3KMe Pe3yiib-
TaThl, HO MHOTA IIPOAYIIUPYET OO0JbIITNE OTKJIOHEHUS, OYAeT CUNTATHCA XY -
JKe aJITOPUTMAa, KOTOPBIHM BO BCEX CAYUAAX NaeT YMEPEHHO OJIU3KKe Pes3yb-
TaThl. 3aUacTyI0 TaKOe II0BeIeHUe JKeIaTeJIbHO, HO OBIBAIOT CUTYaI[UX, KOT-
Jla MOKHO CMUPUTHCA C KPYITHON OIMMOKOM, ecJ OHA BO3SHUKAET PEAKO,
a B OOJIBIIIMHCTBE CJIYYaeB TOUYHOCTb OUEeHBb BBICOKA. ECJIM BBI CTOJIKHETECH
C TAKUM CJIy4aeM, TO MOYKHO MOAUMUIIMPOBATh (hYHKIIUIO, 3aMEeHUB KBaJ-
paThI pa3HOCTEH HA UX a6COIIOTHBIE 3HAUECHUS.

Ilocnenuuii mar — 3To co3ganue GyHKIINN, KOTOPAaA BEIMOJHIET HECKOJIBKO
pasouenuii Habopa JAHHBIX, IPOTOHAET testalgorithm AJIA KaKaoro pasbue-
HUA ¥ CYMMHUPYET Pe3yJbTaThl IJId HOJYUYeHNsS OKOHUATEIILHON OIeHKU.
HobGasbTe ee B aitn numpredict.py:
def crossvalidate(algf,data,trials=100, test=0.05):
error=0.0
for 1 in range(trials):
trainset, testset=dividedata(data, test)
error+=testalgorithm(algf, trainset, testset)
return error/trials

HanucaHHBIN KO MOYKHO BAaphbUPOBATH PA3JIUYHBIMU ciiocobamu. Hampu-
Mep, MOYKHO IIPOTEeCTUPOBATh QYHKIIUIO knnestimate ¢ pa3IMYHBIMU 3HaAUeE-
HUuAMU k.

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >

>>> numpredict.crossvalidate(numpredict. knnestimate, data)

254.06864176819553

>>> def knn3(d,v): return numpredict.knnestimate(d,v, k=3)

>>> numpredict.crossvalidate(knn3, data)
166.97339783733005
>>> def knn1(d,v): return numpredict.knnestimate(d,v, k=1)

>>> numpredict.crossvalidate(knni,data)
209.54500183486215

Kax u ciieoBaio 0:KuaaTh, IPU CAUIITKOM MaJIOM U CJIUIIKOM 0OJBIIIOM KO-
JUYECTBE cocelell pes3yJabTaThl IIOJYYaAIOTCA HEYIOBJIETBOPUTEIbHBIMU.
B nanHOM ciryuae 3HaueHHe 3 OKasbIBaeTcs Jiyullie, ueM 1 mam 5. MoKHO
TakKe IIoNPo00BaTh Pa3InuUYHbIe BeCOBble PYHKIINY, KOTOPLIe Mbl HAIINCA-
Ju A B3BeleHHoro ajgroputMma KNN, u mocMoTpeTh, Kakasa JacT HanuJayu-
1ive pe3yabTaThbl:
>>> numpredict.crossvalidate(numpredict.weightedknn, data)
200.34187674254176
>>> def knninverse(d,v):
return numpredict.weightedknn(d, v, \\
weightf=numpredict.inverseweight)
>>> numpredict.crossvalidate(knninverse, data)
148.85947702660616
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IIpu npaBuJIbHO IMOAOOPAHHLIX MapaMeTpax B3BelleHHblH aatroputm KNN,
TIOXO0Ke, TaeT JyUIlre Pe3yJIbTaThl A1 9Toro Habopa manHbIX. Ha mog6op
mapaMeTpPOB MOJKET YITH MHOTO BpeMeHH, HO IeJIaTh 3TO HE00XOIMO TOJIb-
KO OIUH pa3 IJd KOHKPEeTHOro o0yuarilmnero Habopa, 6bITh MOKET, IIOBTO-
pAs Ipoleaypy o Mepe ero pocra. B pasaene «Onrumusanusa MaciiTabas»
HIUKe MBI PACCMOTPUM HEKOTOPBIE CIIOCOOBI aBTOMAaTHUUYECKOT0 ToAbopa 1a-
paMeTpoB.

FeTeporeHHble NepeMeHHble

Ha6op maHHBIX, CO3MTaHHBIN B HauaJje 5TOM IJIaBbl, HAMePeHHO ObLI cIelaH
npocteiM. TouHee, Bce mepeMeHHbIE, NCII0JIb3yeMbIe AJIs IIPOrHO3UPOBAHUA
IeHbl, 00JIee-MeHee CPpaBHUMEBI MeXK Iy COO0 1 BCe CYIIeCTBeHHbI JJIs IOy -
YeHUS KOHEYHOTO pe3yJIbTaTa.

Tak Kak Bce IepeMeHHbIe MONaJaioT B OAMH U TOT JKe AUAIlas0OH, TO MMeeT
CMBICJI BEIUMCIATH CPa3y BCE PACCTOAHUS Mexx Iy HuMmu. IlpeacrasbTe, Of-
HAKO, YTO MMEeTCA ellle OfHA IIePEeMeHHAas, BINAIASI HA [eHY, CKaKeM
00beM OYTHLIKY B MUJLJILIUTPaxX. B oTiimume OT OCTAJIbLHBIX IEPEMEHHBIX,
KoTopble uaMeHATcA B Auamasone oT 0 mo 100, sTa MoKeT IPUHUMATD
sHauvenud 10 1500. Ha puc. 8.6 moxkasaHo, KaK 9TO OTPA3UTCA HA BbIOOpPE
OIMIKAMIIIEero cocea M HA BEIYNCJIEHUN BECOB, COOTBETCTBYIOIIUX PACCTOMA-
HUAM.
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K NPOOLeMAM C PACCTNOAHUCM
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O‘{eBI/I,lIHO, 4YTO HOBad IlepeMeHHadA OKa3bIBaeT Kylaa 6oJIbIlIee BIAUSHTE Ha
BBIUMICJIEHHBIE PACCTOAHUA, YEM NCXOOAHbIE€; MMEHHO OHa BHOCHUT B PaCCTOA-
Hue HOI[aBJIﬂIOIIII/Iﬁ BKJIaq, TO €CTh OCTaJIbBHbBIE IIEPEMEHHEBIE (baRTI/I‘IECHI/I HEe
IIPUHUMAIOTCA B pacueT BOBCe.

Opyrasa npobjemMa COCTOUT B TOM, UYTO IIepeMeHHbIe HUKAK He CBSA3aHbL APYT
¢ npyrom. Ecau 661 MBI BKJIIOUMJIN B HA0OD JaHHBIX eIlle 1 HOMEpP PALA B Ma-
rasuHe, rjie BbICTABJIEHO BUHO, TO U 9Ta MIePeMeHHAaA YUYNTHIBAIACH ObI IIPK
BBIUMCJIEHUY paccToaumuu. [[Ba obpasia, uaeHTUYHbIe BO BCeX OTHOIIEHU-
X, KpOMe pAfa, CUUTAINCH ObI JAJIEKO OTCTOAIINMU, U 3TO CUJIBHO YXYI-
ITUJI0 OBI CIIOCOOHOCTD AJITOPUTMA AeJIaTh TOUHBIE ITPOTHOSHI.

PacwumpeHne Habopa gaHHbIX

YT0o6BI CMOZEIUPOBATE 3TH 3(P(PeKThI, JaBaiiTe BKJIIOUYUM B Ha0Op JaHHBIX
eIlle HeCKOJIbKO IIepeMeHHbIX . MoJKeTe CKOITMPOBAaTh KO (hyHKITUY wineset1,
Ha3BaTh HOBYIO QYHKITHIO wineset?2 1 MOOUMPUITUPOBATE ee, f06aBUB CTPOKH,
BBbIJ€JIeHHBIE MOJIYKUPHBIM HIPHA(PTOM:
def wineset2( ):
rows=[ ]
for i in range(300):
rating=random( )=50+50
age=random( )*50
aisle=float(randint(1,20))
bottlesize=[375.0,750.0,1500.0,3000.0][ randint(0,3)]
price=wineprice(rating, age)
price*=(bottlesize/750)
pricex=(random( )0.9+0.2)
rows.append({‘input’:(rating, age, aisle, bottlesize)
‘result’ :price})
return rows
Temepb MOKHO CO3IAaTh HOBbIe HAOOPHI JaHHBIX, COAepIKaIue HoMep pAga
¥ 06 beM OYTHIIKM:
>>> reload(numpredict)
<module ‘numpredict’ from ‘numpredict.py’ >
>>> data=numpredict.wineset2( )

YT0o6hI TOHATH, KAK 3TO IIOBJIUAJIO0 HA IPOTHOCTUUECKHNE CIIOCOOHOCTH Pas-
JUYHBIX BapuauToB ajmroputmMa kNN, mporonure mx Ha HOBBIX Habopax,
3aJ1aB ONITUMAJbHBIE TTapaMeTPhl, KOTOPbIE YIaJI0Ch TOA00PATh B IPEeAbIAY-
X TecTax:

>>> numpredict.crossvalidate(knn3, data)

1427.3377833596137

>>> numpredict.crossvalidate(numpredict.weightedknn, data)

1195.0421231227463
OTmMeTuM, UTO, XOTA HOBBIN HAOOp HAHHBIX COAEPIKUT Aaske 00JbITe MHDOP-
MAaITMU 1 MEHbIIIe IITyMa, YeM IPeALIAYIINU (TeOPEeTUUEeCKH 3TO JOJIKHO ITOBBI-
IIaTh TOYHOCTDH ITPOTHO3SUPOBAHUA), 3HAUEHNI, KOTOPhIe BepHYyJIa QYHKIIUA
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crossvalidate, yXyIIIUINCE. OTO O0BACHAETCS CAEAYIONINM: aJITOPUTMHI I10-
Ka He 3HAIOT O TOM, UTO pasHble IIepeMeHHbIe cjaeayeT o0pabdaThiBaTh I10-
pasHoMY.

MacwrabupoBaHMe UsmepeHnmn

Ham Heo6xoaAmMMO He U3MEePATH PACCTOSHUA MO (haKTUUECKUM 3HAUEHUAM,
a HaWT; cmocob HOpMAaJIM30BaTh ITepeMeHHbIe, TPUBEIA X K eIUHOMY Mac-
miTady. BelIo OBI TaKKe XOPOIIIo N30aBUTHCS OT JIUIITHUX IePeMeHHbBIX U,
IO KpaliHell Mepe, YMEeHBIIINUTL UX BIUSHUE Ha Pe3yJbTAThbl BLIUUCICHUI.
OpuH u3 cooco00B pPeInuTh 00e 3aJauu COCTOUT B TOM, UTOOBI IIpeaBapu-
TeJIbHO U3MEHUTDb MACIIITAab II0 0CAM, COOTBETCTBYIOIIIMM PAa3JIUUYHBLIM IIepe-
MEHHBIM.

ITporrte Bcero aTo caesaTh, yMHOMKHUB BCe 3HAUEHUA OJHOI IIepeMeHHOM Ha He-
Kyio KoHcTaHTy. [Ipumep Takoro MacinrabupoBaHus NpuBeieH Ha puc. 8.7.
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Puc. 8.7. MacuumabuposaHnue oceil peuiaem npobiemy paccmoanuil

Kak Bunure, Mmacirab 1o ocu, COOTBETCTBYIOIE 00beMYy OYTBLIIKY, YMEHb-
mrer B 10 pas, ciegoBaTeIbHO, OJIMIKANIITTE COCEN /IS HEKOTOPBIX 00pas-
IIOB U3MEHUJINUCH. JTO PeraeT mpodieMy, BOSHUKAOIYIO, KOTja JUAIa30H
3HAUEHUI OJHUX IIePEeMeHHLIX HaMHOTO IITnpe, ueM Apyrux. Ho Kaxk OBITH
C HeCcyIlecTBeHHLIMU IepeMeHHbIMU? IlocMOTpUM, UTO IPOU3OUIET, €CIu
BCe 3HAUEHUA 110 OAHOM U3 oceit yMHOKUTD Ha 0 (puc. 8.8).

Temepb Bce TOUKYM UMEIOT OHY U Ty K€ KOOPAUHATY 10 OCH HOMepa pAza,
[IO0TOMY PACCTOSHUS MEKIY HUMU 3aBUCAT TOJHKO OT IOJOMKEHUS IO OCH
Bospacra. Takum o0pasomM, HOMep pdAfa MepecTa] MPUHUMATL YYaCTHUe
B BBIUMCJIEHUH OJIMKANIINX coceliell U MOJHOCTHIO UCKJIIOUEH U3 PACCMOT-
peuus. Eciu nisa BceX HeCYIeCTBEHHBIX II€PeMEHHBIX YCTAHOBUTE 3HAUE-
uue 0, TO aJITOPUTMBI CTAHYT PAbOTATh TOPa370 TOYHEE.
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on e04
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n

Puc. 8.8. HecyuwecmeernHbvle OCU c8ePHYMLbL

DYyHKIUA rescale IPUHUMAET CIMCOK 00pasIloB U IIapaMeTp scale, Ipepn-
CTaBJISIOIINH cO0O0I CIIMCOK BellleCTBeHHBIX urces. OHa Bo3BpalljaeT HOBLI
Ha0oOp JaHHBIX, B KOTOPOM BCe 3HAUEHHUSA YMHOKEHLI Ha Umncia us Habopa
scale. [JobaBbTe aTy hyHKIIHIO B haitn numpredict.py:
def rescale(data, scale):
scaleddata=[]
for row in data:
scaled=[scale[i]+row[ "input " ]J[i] for 1 in range(len(scale))]
scaleddata.append({ input’:scaled, 'result’ :row[ result']})
return scaleddata

IIpoTecTupyem 9Ty QyHKIIUIO, TPUMEHUB K Ha0OPY AAHHBIX MACIITabUpPO-
BaHME C Pa3yMHO BLIOPAHHBIMU KO3(p(PUIINEHTAMU, U IIOCMOTPUM, II03BO-
JIUT JIA 9TO YJAYUYIINUTh IPOTHO3:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >

>>> sdata=numpredict. rescale(data,[10,10,0,0.5])

>>> numpredict.crossvalidate(knn3, sdata)

660.9964024835578

>>> numpredict.crossvalidate(numpredict.weightedknn, sdata)

852.32254222973802

B sTux nmpumepax pe3yJabTaThbl OKa3aJIUCh HEILJIOXUMU; 3aBeJOMO JIyUllle,
yeM paHbIne. ITompobyiiTe mourpaTs ¢ MacHITaOHBEIMU KO3(hGUIIEeHTaMUI
U IIOCMOTPUTE, He YAACTCA JIU ellle YIYUIIUTh Pe3yIbTaThl.

OonTumMusauma macwutaba

B mamHOM caydae BLIOpATh MOAXOAAINME ITapaMeTphbl MAacIITa0MpPOBAHUA
He TakK YK CJIO0YKHO, IIOTOMY UTO BEI 3apaHee 3HaeTe, KaKle IlepeMeHHbIe
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CylieCTBEeHHBI. Ho o6vrunOo IIPUXOaUTCA paGOTaTL C HaﬁOpaMI/I AaHHBIX,
IIOCTPOEHHBIMU KE€M-TO APDYI'M, IIO3TOMY aan/IopHoﬁ I/IH(I)OpMaIII/II/I O TOM,
KaKue IiepeMeHHbIe CyIIIeCTBEHHBI, a KaK1e — HEeT, MOJKET 1 He OBITh.

TeopeTnUyeCcKM MOYKHO ITOIPOOOBATH MHOTO PAa3HBIX coueTaHUN Kod(hduIiim-
€HTOB, IIOKA He Ha#lieTcA Jarolllee IpreMJIeMble PE3YJIbTAaThl, HO KOJIMYECT-
BO IIePEMEHHBIX MOYKET UCUUCIATHCA COTHSAMU, II09TOMY TaKOH IIOAXO0, IIOT-
pebyeT CIHIIKOM MHOTO BpeMeHU. Ho BbI BeAb yiKe IPOUUTAJU TJIABY D
¥ 3HAeTe, YTO ABTOMATU3UPOBATH IIOMCK XOPOIIIEro PeIlleHnsi, KOrja IPUX0-
IUTCS YUUTHIBATH MHOTO II€PEMEHHBIX, MOYKHO C IIOMOIIBIO ONMUMUIAUUL.

HamoMHMM, YTO AJA ONTUMHU3AIUU HYYKHO 3aJaTh 00JIaCTh OIIpeaeIeHU
nepeMeHHbBIX, JUATIa30H U IleJIeBYI0 QyHKIM0. DYyHKIUA crossvalidate BO3-
BpaljaeTr TeM OoJiblllee 3HAUEHMWE, UeM XYsKe pellleHue, a cJaeIoBaTesbHOo,
MOJKET CJIYKUTh IeJieBou (hyHKIueil. EMnHCTBEHHOE, YTO OCTAJIOCh Cle-
JaTh, — 9TO HANMCATh IJA Hee QPYHKIIHMIO-00EPTKY, KOTOpasa IPUHUMAaET
CIMCOK 3HAUEHWH, MacIITabupyeT MaHHbIE U BBIUUCJIAET OTKJIOHEHNE IIPU
mepeKkpecTHOM KoHTpoJie. Jfo6aBbTe (GYHKIIMIO createcostfunction B (aiia
numpredict.py:
def createcostfunction(algf,data):
def costf(scale):
sdata=rescale(data, scale)
return crossvalidate(algf, sdata,trials=10)
return costf

O0sacThI0 OIIpeseieHus ABJIAETCA AMANa30H BECOB II0 KaKJOMY HM3Mepe-
HUio. B manHOM cayuyae MUHMMAJBHO BO3MOJKHOe 3HaueHue paBHo 0, moc-
KOJIbKY OTPHUITATEIbHBIE YKUCJIA ITPUBOASAT IPOCTO K 3ePKAJIBHOMY OTPaKe-
HUIO JaHHBIX, a JIJIS BLIYMCJIEHUA PACCTOAHUN 9TO HeBasKHO. TeopeTuuecKkn
Beca MOT'yT OBITH IPOM3BOJIBHO OOJIBIITUMHY, HO 13 IPAaKTUUYECKUX COo0paske-
HUM OrpaHUYNMCS TOKa 3HaueHuAMU He BhIte 20. [TosTomy m1o6aBbTe B (haii
numpredict.py Takyio CTPOKY:
weightdomain=[(0,20)]4

Temepb y Hac ecTh Bce HEOOXOAMMOe AJIA aBTOMATHUUYECKOM OINTHMU3AINN
BECOB. Y0equTech, UYTO CO3LAHHBIN B ryase 5 daityn optimization.py maxo-
IUTCS B TeKYIIell ImanKe, U IOIPOOyiiTe IPUMEHNUTh ONTUMU3AIHNI0 METO-
OOM UMUTAIAU OTKUTA:

>>> import optimization

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.pyc’>

>>> costf=numpredict.createcostfunction(numpredict. knnestimate, data)

>>> optimization.annealingoptimize(numpredict.weightdomain, costf, step=2)

[11,18,0,6]
Biecrsamre! AJIropuT™ He TOJBKO OIPENeInI, YTO HoMep paAna — 0ecrosies-
Hasd IepeMeHHasd, ¥ YMHOMKMJI MaciiTab 1o 9Toit ocu Ha 0, HO ¥ BBISICHII,
YTO AUANa30H U3MeHeH!A 00'beMa Oy ThLIKY HellPOIIOPIINOHAIbLHO BEJIUK 110
CPaBHEHMUIO C ee BKJIAJOM, I COOTBETCTBEHHO YBEJINUNI MAcIITab I IBYX
OPYTUX IIePEMEHHBIX.
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ITommpoOyiiTe 6Goiee MeAJIeHHBIH, HO, KaK MPaBUJIO, 60Jiee TOUHBIHA aITOPUTM
geneticoptimize 1 IOCMOTPUTE, IIOJIyUaTCs JIX aHAJIOTUYHBIE pe3yJIbTaThl:

>>> optimization.geneticoptimize(numpredict.weightdomain, costf, popsize=5,\\

lrate=1,maxv=4, iters=20)

[20,18,0,12]
IIpenmyIiecTBO IIOMOOHOM OINTHMMU3AIMKU MACIITAOOB IO OCSAM, COOTBETC-
TBYIOIITMM II€EpeMeHHBIM, 3aKJI0YaeTCA B TOM, UTO BhI Cpasy sKe BUAUTeE, Ka-
KUe IIepeMeHHbIe CYIIeCTBEHHBI 1 HAaCKOJbKO OHM CyIllecTBeHHbI. IHOTIA
ObIBaeT, UTO OIpeeJieHHbIe JaHHbIe COOMPATh TPYAHO UJIU AOPOT0, U €CIU
OKasbIBaeTcsd, UTO IIeHHOCTDh UX Ha CAMOM Jiejie HeBeJIUKa, TO MOMKHO 130e-
JKaTh JUITHUX 3aTpaTr. B Ipyrux ciydyadax OmHO JUIIL 3HAHUE TOTO, KaKKe
TmepeMeHHbIe CYIIIeCTBEHHBI — 0COOEHHO B IIJIaHe BIUAHUA Ha IeHY, — MOJKeT
ONIpeJIeJINTh HallpaBJeHNEe MapKEeTUHTOBBIX A CTBUI NJIN ITOACKa3aTh, KakK
caenyeT U3MEHHUTh JU3AMH IIPOAYKTOB, YTOOLI NX MOXKHO OBLIO IPOJATE IIO
HauBLICIIIEH ITeHe.

HepaBHOMepHble pacnpegeneHuns

o cux mop MBI IPEAIIOIATANN, UTO €CJIU B3ATh CPeJHee WM B3BEIIeHHOe
cpeHee JAHHBIX, TO MBI IIOJYYMM HPUEMIEMYIO OLIEHKY KOHEUHOMH I[eHBI.
YacTo TaKk OHO U €CTh, HO OBIBAIOT CUTYaI[X, KOTIa HA Pe3yJIbTAT BJIAAET
Kakasi-To HeM3MepeHHas nepemenHasd. IlpeacrasoTe cede, UTO MOKYIIATEIN
BUHA JEJIATCA Ha ABe IPYIINLL: MOKYIIAINNE B CIIEINAJIN3UPOBAHHBIX BUH-
HBIX MarasmHax M B MarasmHax SKOHOM-KJacca, rae JaioT cKuiky 50%.
K coxanenuro, sTa nH(GOPMAIMI HUKAK He OTPaKeHa B Habope JaHHbBIX.

DyuKIUa createhiddendataset co3maeT HAOOP HAHHBIX AJIA MOIEINPOBAHUA
onmcaHHBIX CcBOUCTB. IlepeMeHHbBIE, BBEIEHHBIE TOJBKO C IIEJIBIO YCIIOMKHE-
HUA IIpPUMepa, OMYIIeHbl, Mbl BO3BpaIllaeMcA K UCXoAHbIM. [[o6aBbTe 3Ty
dyuknuio B dpaitt numpredict.py:
def wineset3( ):
rows=wineset1( )
for row in rows:
if random( )<0.5:
# BMHO KynneHo B MarasuHe 3KOHOM-Kfacca
row[ ‘result’ ]+=0.6
return rows

ITocmoTpuM, YTO IPOUBOUIET, €CJIU 3alIPOCUTH OIIEHKY IIeHbl HOBOT'O 00pas-
1ma ¢ momoiibio aaroputTma KNN uiu ero B3BellieHHOI Bepcuu. II0CKOIBKY
Hab0Op JaHHBIX HE CONEPIKUT MH(GOPMAIINH O TOM, I'[le IIOKYIIaTeJ b Ipuodpe-
TaeT BUHO, TO AJITOPUTM He MOJKET IIPUHATD ee BO BHUMAHUE, II09TOMY UIIeT
OMMKaRIINX cocelell BHe 3aBMCHUMOCTH OT MecTa IOKYIKU. B pesyibTaTe
ycpenHeHNe IPOU3BOAUTCA IO 00enM I'pyInaM U, CKopee BCero, MbI IOJY-
YUM ILeHy ¢ 25-TIPOIeHTHONU CKUAKOIM. ITO MOKHO IIPOBEPUTH B MHTEPAK-
TUBHOM CceaHce:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’>
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>>> data=numpredict.wineset3( )

>>> numpredict.wineprice(99.0,20.0)

106.07142857142857

>>> numpredict.weightedknn(data, [99.0,20.0])

83.475441632209339

>>> numpredict.crossvalidate(numpredict.weightedknn, data)

599.51654107008562
Eciy BaM HYXHO IIOJYUYUTh €IUHCTBEHHOE UMCJO, TO 9TO, OBITh MOXKET,
¥ HeIIJIOXO0If cIoco0 oIleHnBaHUsA, HO OH He OTpaskaeT Ty IleHY, KOTOPYIO 3a-
IJIATUT KaKIbI KOHKPETHBIN MOKyIIaTeJ b. YTOOB M36€:KaTh HEKOPPEKT-
HOTO YCpeAHEeHU s, Heo0X0AMMO BHUMATeIbHee B3TJIAHYTh Ha JaHHBIE.

OueHKa NNOTHOCTU pacnpepeneHna BepoaTHOCTU

BmecTo TOTOo UTOOBI BHIUMCIATL CPEeJHEB3BEIlIeHHOe coceleil M IOoJydaThb
OILIEHKY B BUJ€e OTHOTO UMCJa, B JAHHOM CJIydyae MHTEePeCHO 3HATh BEPOAT-
HOCTB TOT'O, UTO 00paselr moIlafaeT B HEKOTOPYIO IIeHOBYIO KaTeropuio. I
20-y1erHero BuHA ¢ peituHrom 99% uckomasa QyHKIUA TOJKHA ObLIa ObI
COOOIIIUTE, YTO C BEPOATHOCTEIO 50% IleHa oKaxKkeTcsa B guamnasoHe or $40
10 $80 u ¢ BepoaTHOCThIO 50% — B tuanasone ot $80 g0 $100.

s sroro Hy:KHa GYHKIUA, KOTOpas Bo3BparlaeT 3Hauerue ot 0 1o 1, mpex-
cTaBJIgONIee BeposaTHOCTh. CHaUasa oHa BRIUHMCIISAET Beca cocelieil B 3aaH-
HOM Jmamas3oHe, a 3aTeM — Beca Bcex coceleii. BeposaTHoCcTh paBHA cyMMe
BECOB coce/iell B 3aJlTaHHOM AMWala3oHe, MOAeJeHHON Ha CYMMY BCE€X BECOB.
HazoBuTe HOBYIO (DYHKIIMIO probguess U g00aBbTe ee B (haitr numpredict.py:
def probguess(data,vect, low, high, k=5,weightf=gaussian):

dlist=getdistances(data, vecl)

nweight=0.0

tweight=0.0

for i in range(k):
dist=dlist[i][0]
idx=dlist[i][1]
weight=weightf(dist)
v=data[idx][ ‘result ']

# [lanHas Toyka nonafaeT B AuManal3oH?
if v>=low and v<=high:
nweight+=weight
tweight+=weight
if tweight==0: return O

#f BepodTHOCTb paBHA CyMMe BECOB B 3a[aHHOM AuanasoHe,

# NOAENeHHOW Ha CymMMy BCEX BECOB

return nweight/tweight
Kak u B anroputme KNN, sTa QyHKIUA COPTUPYET JaHHBIE IO YOBIBAHUIO
paccTosAHUA OT vecl 1 BEIYUCJIAET Beca OJMKaiIux coceneii. 3aTeM OHA BhI-
YHCJIAeT CYMMY BeCOB BceX cocefieit — tweight. Kpome Toro, omna mposepseTcs,
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momajaeT Jiu lieHa cocela B 3alaHHbIN AuanasoH (0T low 40 high); ecyiu 1a, TO
Bec npubaBideTcA K IepeMeHHOoM nweight. BeposaTHOCTEL TOTO, UTO IeHa vec]
OKa’)KeTcs MeXAy low 1 high, paBHa 4aCTHOMY OT JeJIeHUus nweight Ha tweight.
IIpoTecTupyeMm sTy GYHKIIHIO Ha HalleM Habope JaHHbIX:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >

>>> numpredict.probguess(data, [99,20], 40, 80)

0.62305988451497296

>>> numpredict.probguess(data, [99,20], 80, 120)

0.37694011548502687

>>> numpredict.probguess(data, [99,20], 120, 1000)

0.0

>>> numpredict.probguess(data, [99,20], 30, 120)

1.0

DyHKIUA JaeT xopornue pe3yabTaThl. [[yid 1uanasoHOB, SAaJeKO BBIXOLA-
WX 3a MPeAeJbl peaJbHbIX IeH, BEePOSATHOCTD paBHa 0, a JIa AMamnasoHoB,
TOJIHOCTBIO IIEPEKPLIBAIOIINX BO3SMOJKHEIE IIeHbI, OHA O0am3Ka K 1. Pazou-
Basd IMAIIA30H IIeH HA HeGOJIbIlINe YUYACTKH, MOKHO OIIPEe/INTh, KaKue 13
HUX Hanbosee BepoATHBI. OTHAKO, YTOOBI IIOJYUNTh SICHOE IIPeICTaBJIeHIe
0 CTPYKTYpe AaHHBIX, BBl JOJKHBI IOA00pATH 1 BBECTU HAOOP AMAIIa30HOB.
B ciepyromiem paspaeiie Mbl YBUIUM, KaK IMOJYYUTH IOJHYIO KapTUHY pac-
npejeeHns BePOATHOCTE.

pacdnyeckoe npeacraBneHve BepoATHOCTEN

Yro0OBI He rafiaTh, Kakue JUANa3oHbl aIPOOUPOBATh, MOYKHO CO3JaTh I'pa-
¢duueckoe mpeAcTaBiieHNEe IIJIOTHOCTHU PacupefesieHus BeposaTHocTu. Ilia
MOCTPOEHU s TpadUKOB CYIIIEeCTBYeT OTAuYHAsA Oubanorexka matplotlib, Ko-
TOPYIO MOYKHO CKauaTh C caiita http://matplotlib.sourceforge.net.

HMucTpyKIIUM 0 yCTaHOBKE MMEIOTCS Ha caiiTe, a JOIIOJHUTEIbHYI0 nHGOP-
Maruio o oubsrorexke matplotlib Ber maiigere B mpumokernuu A. Y 2101t 6116-
JMOTEeKH Macca BO3MOKHOCTEHM, 13 KOTOPBIX HAM B 3TOI I'JIaBe IIOHa 00U TCA
coBceM HeMHOTro. IToce ycTaHOBKU ITOTIPOOYITe cO3aaTh IIPOCTOIi rpaduK
B MHTEPaAKTHUBHOM CeaHce:

>>> from pylab import =

>>> a=array([1,2,3,4])

>>> b=array([4,2,3,1])

>>> plot(a,b)

>>> show( )

>>> t1=arange(0.0,10.0,0.1)

>>> plot(t1,sin(t1))

[<matplotlib.lines.Line2D instance at 0x00ED9300>]

>>> show( )

B pesyibTaTe moJIiKeH MOJNIYUYUTHCS IpaduK, M300pakeHHbIH Ha puc. 8.9.
DyHKIUS arange CO3JaeT CIMCOK YKCEJ B BH/le MAacCHUBa IIPUMEPHO TaK Ke,
Kak 9To fesaeT GYHKIIUA range. B JaHHOM ciiyuae MBI pCyeM CUHYCOUIY Ha
orpeske ot 0 1o 10.
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Puc. 8.9. IIpocmoe npumenerue 6ubauomexu matplotlib

B sTom paszese OymeT onmcaHo Ba Pa3HBIX B3IJIAAA HAa PaclIpefiesieHre Be-
poarHocrTeii. [lepBBIil HABBIBAETCA KYMYLamueHbvim pacnpedenenuem. Ha
rpaduKe KyMyJIATUBHOIO pacipeiesleHIs IOKa3aHa BePOATHOCTH TOT0, YTO
pesyJIbTaT MeHbIIle JaHHOM BeJIWYUHBI. B ciydyae 1eH KpuBas HAYUMHAETCA
B HauaJjie KOOPJWHAT, IIOCKOJIBKY BEPOATHOCTD TOTO, YTO I[eHa MEeHbIIe HY-
ad, paBHa 0, 1 Bo3pacTraer, IOKa He BCTPETUTCA IPyIna 00pasIioB ¢ OGuHA-
KOBOW IIeHOUM. B TOuKe, COOTBETCTBYIOIIEll MaKCUMAJIbHOU IleHe, KpuUBas
JOCTHUTaeT 3HAUYeHUd 1, MOCKOJIbKY McTHUHHAA IeHa co 100-nporeHTHOI Be-
POATHOCTHIO He IIPEeBHIIIAeT MAaKCUMAaJIbHON.

Yr0o0BI co3maTh HAOOP HAHHBIX AJIA MOCTPOEHUA rpaduKa KyMyJISTHUBHOI
BEPOATHOCTH, HYKHO JIUIIIL HIPOOEKAaThCA II0 AMANa30Hy IeH, BbI3bIBASd
GYHKITHIO probguess co 3uauenueM () B KauecTBe HMMKHeI IpaHUIILI U 3a0aH-
HOIi IIeHOM — B KauecTBe BepXHei. Pe3yabTaThl cienyer nepeaath QyHKITNT
plot, KoTopas Hapucyet rpaduk. [lo6aBpTe GyHKIUIO cumulativegraph B haita
numpredict.py:
def cumulativegraph(data,vecl, high, k=5,weightf=gaussian):
t1=arange(0.0,high,0.1)
cprob=array([probguess(data, vecl,0,v, k,weightf) for v in t1])
plot(t1,cprob)
show( )
Tenepb BLIBOBUTE 3Ty PYHKIINIO B UHTEPAKTUBHOM CeaHce IJIs IIOCTPOeHU S
rpapuka:
>>> reload(numpredict)
<module ‘numpredict’ from ‘numpredict.py’ >
>>> numpredict.cumulativegraph(data, (1,1),6)
I'padux 6ymeT BHITIISAAETh IPUMEPHO TaK, KaK mokasaHo Ha puc. 8.10. Kak
W CJIeIOBAJIO OXKUJIAaTh, B HAUAJHHON TOUKE KYMYJATHUBHAS BEPOATHOCTDH
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paBHa 0, a B KoHeuHOoI1 — 1. Ho mHTepecHO, KaK MMEeHHO BO3pacTaeT rpapuk.
BepoarHocTs ocraerca pasHoi 0 mpumepHo g0 meHbl $50, moTom, oueHb
OBICTPO BO3pAacCTasi, BLIXOAUT HAa ILIaTo Ha yposHe 0,6 mpu merne $110, rae
CHOBa COBepIIaeT cKauok. Takum o6pasom, risand Ha rpaduK, MbI IIOHUMA-
€M, YTO BePOATHOCTH I'PYIIUPYIOTC B patione rned $60 u $110, MoCKOILKY
MMEHHO B 3THUX TOUKAaX HaOJI0JAaI0TCA CKAUYKYN KyMYJIATUBHON BEePOATHOC-
Ti. 3apamee pacroJaras sToil nH(popMalueii, BbI MOKeTe PACCUUTHLIBATH
BepoATHOCTHU 6e3 raganusd Ha KoQerHOoH ryIe.

na

08| |
0.7 |
06| _ |
05| ; |
04} |
K] ' |
02} . |
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Puc. 8.10. I'pappur KYyMyasmueHoil 8eposmHoOCMU

Hpyroit BapuaHT — HaHECTU Ha rpaduK (paKTHUUEeCKHe BEPOSTHOCTU B pas-
JIMYHBIX TOUKAX II0 OCH IleH. JTO CJI0KHee, TaK KaK BePOATHOCTD, UTO IleHa
cJIyuyaiiHO BHIOPAHHOI'O 00pasiia TOYHO COBIAJET C 3aJaHHOMN, OUeHb MaJia.
Kpusas Ha rpaduke 6yzer paBHa 0 IouTu BCIOLY ¢ PpE3KUMU MITKaMU B CIIPO-
THO3WPOBAHHLIX ITeHaX. BMeCTO 3TOT0 HeoOXOAMM CHoco0 KOMOMHHPOBA-
HUS BEPOATHOCTEI 110 HEKOTOPBIM AMAa30HaM.

Pemuts 9Ty 3aauy MOKHO, HAIIPUMED, IPEAIOI0KUB, YTO BEPOATHOCTH
B KaXKJOM TOYKE €CTh B3BEIIEHHOE CPeHee BEePOATHOCTE! B OKPYIKAIOIINX
TOYKaX, KaK BO B3BellleHHOM ajnropurme KNN.

YT0o0bI IPOAEMOHCTPUPOBATD 9Ty U0 Ha IPAKTHUKE, 00aBbTe (QYHKIIUIO
probabilitygraph B (paiix numpredict.py:
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def probabilitygraph(data,vecl,high, k=5,weightf=gaussian, ss=5.0):

# MoAroToBMTL AMana3oH ueH
t1=arange(0.0,high,0.1)

# BblYnCAMTbL BEPOSTHOCTM NS BCErO AManasoHa
probs=[probguess(data, vecl,v,v+0.1, k,weightf) for v in t1]

# CrnagnTb uX, NPUMEHWB rayccoBy GYHKUMIO K COCEAHWM BEPOATHOCTAM
smoothed=[]
for i in range(len(probs))
sv=0.0
for j in range(0, len(probs))
dist=abs(i-j)*0.1
weight=gaussian(dist, sigma=ss)
svt=weight+probs[j]
smoothed. append(sv)
smoothed=array(smoothed)

plot(t1, smoothed)

show( )
Ira pyHKIUAI co3naet nuanasou ot 0 1o high, a 3aTeM BEIUUCISIET BEPOATHOC-

TH B KQKA0M TouKe. [I0CKONBKY Pe3yIbTUPYIONad KpuBas O0bIUHO OKAa3hI-
BaeTca 3y0uaToii, To GyHKIUA Impoberaer mo BCEMY MAaCCHUBY U CO3IaeT
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Puc. 8.11. I'vagpur nromuocmu pacnpedeseHus 6eposmHOCmU
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CTJIasKeHHBIN MacCUB, CKJIAaAbIBas OJM3KMe BeposaTHocTu. Kaskmasa ToukKa
Ha CIJIasKeHHOII KPMBOUW — 3TO B3BEIIeHHAsd C IIOMOIIbIO IayCCOBON (hyHK-
nuu cymMMma coceneii. Ilapamerp ss ommpezesiseT CTelleHb CTIaKUBaHUA.
Bri3oBuTe 5TY (OYyHKIIUIO B MHTEPAKTUBHOM CeaHce:

>>> reload(numpredict)

<module ‘numpredict’ from ‘numpredict.py’ >
>>> numpredict.probabilitygraph(data, (1,1),6)

HoJsskeH TOJIyYnThCA IPUMEPHO TaKoM rpad@uk, Kak Ha puc. 8.11.

Ha sToMm rpaduxke eirie mpoiiie YBUIETh, B KAKNX TOUKAX IPYIIUPYIOTCA pe-
3yabTaThl. [lompobyiiTe pa3inuyHble 3HAUCHUA ITapaMeTpa ss ¥ IIOCMOTPUTE,
KaK U3MEHAIOTCA Pe3yIbTaThl. VI3 9TOro pacipeaeeHns BePOATHOCTEH sc-
HO BUIHO, YTO, IIPOTHO3UPYA CTOMMOCTh OYTBHLIKK BHHA, BbI YIIyCKaeTe U3
BUAY KJIOUEBYI0 MHOOPMAIIUIO O TOM, UTO OOHU JIIOAM IejaioT 6oJiee yaad-
HBbI€ IOKYIKHU, YeM APyrue. B HEKOTOPHIX CAyYasdX YAAeTCs ONPenesUTh,
YTO 3TO 3a MH(MpOPMAIKs, a MHOTAA BbI IPOCTO IOHUMAaeTe, UYTO HYKHO IT0X0-
IUTH II0 Mara3uHaM U IIOMCKATh 0oJiee HUSKYIO IIeHY.

Ucnonb3oBaHme peanbHbIX AaHHbIX —
APl canta eBay

eBay — 9T0 OHIaiHOBBIN ayKIIMOH, OOWH 13 HanboJee MONYJISIPHBIX CATOB
B uTepHeTe. TaM BhICTABI€HBI MUJIJIMOHBI TOBAPOB, ¥ MUJIJINOHEI IIOJIB30-
BaTejieli TOPTYIOTCA M COBMECTHO YCTAaHABJIMBAIOT IeHbI. IloaToMy 3TOT
caiiT — OTJIMYHBIN IIPIMep KOJIJIeKTUBHOTO pasyMa. eBay, kKo BceMy npoue-
My, npemocrasiasdeT OecimaTHbI API Ha ocaose XML, ¢ TIOMOIIBIO KOTOPO-
'O MOJYKHO IPOU3BOAUTD IIOUCK, IIOJYYATh IIOAPOOHYI0 NH(MOPMAIIKIO O TOBA-
pe 1 Jaske BBICTABJIATL TOBAPLI HA TOPTH. B 5TOM paspesie BbI YBUAUTE, KaK
c momoibio API caiita eBay monyunTs nH(pOPMAIINIO O IleHaX 1 Ipeodpaso-
BaTh ee B (popMaT, JOIMYCKAIOIINIA IPMeHe e OMMMCAHHBIX B JaHHOM IjIaBe
aJITOPUTMOB IIPOTHO3UPOBAHMA.

MonyueHune kno4va paspaboTymka

IIpomeaypa moctyma K API caiita eBay cocTOUT U3 HECKOJIBKUX IIIAr0B, HO
OHAa OTHOCUTEJIBHO IIPOCTA ¥ aBTOMAaTU3UPOBaHA. XOPOIIlee ONUCAHNE MOXK-
HO HAWTM B KPAaTKOM DPYKOBOJCTBE JIs HAUMHAIONIMX IO anapecy http://
developer.ebay.com/quickstartguide.

13 sTOr0o pyKoBOACTBA BEI y3HAETE, KaK CO3IaTh YUETHYIO 3aIl1Ch pa3padoT-
YMKa, MOJYYUTh KJIIOUM U co3aaTh MapKep. I1o 3aBepIIeHny IpoIeaypsl
y Bac OyzeT yeThIpe CTPOKU, KOTOPhIe MOHAL00ATCS AJIs1 PabOThI ¢ IpUMe-
POM U3 TOr0 pasjiesia:

o Kuarou paspaboTunka.

o Kirou mpuaoKeHus.

o Kirou ceprudurara.

e Mapxkep ayTeHTUGUKAINY (OUEeHb IJIUHHBIN).
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CospaiiTe HOBBIN (paiin ebaypredict.py u BKJIOUNMTEe B HEro CJIEAYIOIUI
KO, B KOTOPOM UMIIOPTHUPOBAHELI HEOOXOAMMbIE MOAYJIU U MPOIMKUCAHEI I10-
JyUYeHHbIe BAMU KJIIOUM:

import httplib

from xml.dom.minidom import parse, parseString, Node

devKey = "kmwy paspaborymka’
appKey = ‘ ka4 npunoxeHns’
certKey = ‘kiny ceptugukara’
userToken = ‘mapkep’
serverUrl = ‘api.ebay.com’

O¢unnansuoro narepderica Kk API caitra eBay Ha siseike Python me cymiec-
TBYeT, HO ecThb cTaHgapTHbIil API ma a3pike XML, pean3oBaHHBIN B O10-
auorekax httplib u minidom. B aTom pasnmese HaMm moTpedyeTca TOJIHKO ABa
BeI30Ba API caiita eBay: GetSearchResults u GetItem, HO OOJIBIIYIO YACTh IIPU-
BEJIEHHOT0 KOJa MOKHO MCIIOJB30BaTh U JJIA APYTUX BBIZOBOB. I[omoJsHu-
TeJbHYI0 nHGOPMAIHIO 0 cTPYKTypPe API MOKHO HaliTH B JOKYMEHTAIAH 10
anpecy http://developer.ebay.com/DevZone/XML/docs/WebHelp/index.hitm.

NMoparortoBka coegnHeHUNA

ITonyuuB KII0OUM, HEOOXOAUMO ITOATOTOBUTE coeIuHeHMe AJd paboTsl ¢ API
caiita eBay. OT Bac Tpebyercsa mepegaTh HecKoabko HTTP-zaromosxos,
B KOTOPBIX 3aJaHbI KJIOUN U YKasaHo, Kakyoo Gyukinuio API Bel cobupae-
Tech BBIBBIBATH. JJIs1 9TOM Iesu BKJIOUNTE B (haita ebaypredict.py dpyuk-
muIo getHeaders — oHa moJsryuaet umA GyHKIuu API u BosBpartiiaer ciaoBapnb
3aroJIOBKOB, KOTOPbIE IIPEACTOUT IepenaTh oudamorexe httplib:
def getHeaders(apicall,siteID="0", compatabilitylevel = "433"):
headers = {"X-EBAY-API-COMPATIBILITY-LEVEL": compatabilitylLevel
"X-EBAY-API-DEV-NAME": devKey
“"X-EBAY-API-APP-NAME": appKey,
"X-EBAY-API-CERT-NAME": certKey,
"X-EBAY-API-CALL-NAME": apicall
"X-EBAY-API-SITEID": sitelD
"Content-Type": "text/xml"}
return headers

ITomumo 3aronoBkoB, API caiita eBay Tpebyer XML-I10KyMeHT ¢ TapamMeT-
paMu 3amrpoca, a B oTBeT Bo3Bpairaer XML-ToKyMeHT, KOTOPBIHA MOXKHO pa-
300paTh ¢ IOMOIIBLI0 GPYHKIIUY parseString u3 6ubamoTeku minidom.

DyHKIMSA OTIPABKU 3ampoca sendrequest OTKPBIBAET COENUHEHNE C CepBe-
poMm, mocelmaeT XML-ZOKYMEHT ¢ mapaMeTpaMu M pas3bupaeT pesyJbTarT.
Hob6asbTe ee B daita ebaypredict.py:

def sendRequest(apicall,xmlparameters):
connection = httplib.HTTPSConnection(serverUrl)
connection. request("POST", "/ws/api.dll’', xmlparameters,
getHeaders(apicall))
response = connection.getresponse( )
if response.status != 200:
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print “Owubka npu oTnpasBke 3anpoca:
else:
data = response.read( )
connection.close( )
return data

+ response. reason

9T PYHKIIUY TOAATCA IJIs BRIMOJHeHUA Jioboro BeizoBa API caiita eBay.
Ho 1A KOHKPETHBIX BBIBOBOB HEOOXOAMMO IIO-Pa3HOMY TeHEPHPOBATH
XML-3ampoc 1 MHTEePIPETUPOBATh Pa300PaHHBIN Pe3yabTaT.

ITockoabky paszoop DOM — yroMmuTebHOE 3aHATHE, HAM ITOTPEOYETCs ITPoc-
TOM BCIIOMOTATEJbHBI MeTOJH getSingleValue, KOTOPBIA HINET YKa3aHHBINI
y3€eJI 1 BO3BPAIIAEeT €0 COAEPIKUMOoe:

def getSingleValue(node, tag):
nl=node.getElementsByTagName(tag)
if len(nl)>0:
tagNode=n1[0]
if tagNode.hasChildNodes( ):
return tagNode.firstChild.nodeValue
return ‘-1’

BbinonHeHMe noucka

71 BEIIOJIHEeHU A IOUCKA HY KHO JINIIH 3a/jaTh HapaMeTphl B hopmaTe XML
nas BbisoBa QyHKIMU API GetSearchResults 1 mepefaTh UX OMpPemeIeHHOMN
BbINIe QyHKIIUA sendrequest. [lapaMeTpsl 3animchIBalOTCA B TAKOM BU/JIE:
<GetSearchResultsRequest xmlns="urn:ebay:apis:eBLBaseComponents™>
<RequesterCredentials><eBayAuthToken>token</eBayAuthToken>
</RequesterCredentials>
<parameteri>value</parameteri>
<parameter2>value</parameter2>
</GetSearchResultsRequest>
Iroii pyurmuu API MoKHO mepeaTh JeCATKU IIapaMeTpPOB, HO B JaHHOM
IIpuMepe Mbl OI'PDAHUYMMCA TOJBKO JBYMS:

Query

Ctpoka, cogepakaliiasd IIOMCKOBRIE cJIoBa. IlapaMeTp NCIOJIb3yeTCsa TOU-
HO TaK Ke, KaK ecau ObI BBl HAOpAJaMW 3alIpOC HA HAUAJIbHOUN CTPAHUILE
caiitTa eBay.

CategoryID

YucaoBoe 3HAUEHNE, ONIPEed0llee KaTeropruio, B KOTOPOIi BHI UITIETeE.
Ha caiite eBay ompeneseHa orpoMHas nepapxXus KaTeropuii, KOTOPYyIo
MOJKHO 3aIIPOCUTH, BbI3BaB GyHKINI0 API GetCategories. 9T0O MOMKHO cJe-
JIaTh aBTOHOMHO UJIM B COUETAHUU C ITapaMeTpoM Query.

DyHKIUA doSearch MPUHUMAET ABA IapaMeTpa W BBIMOJHAET mouck. OHa
BO3BpAIIAeT CIMCOK HIACHTH(PUKATOPOB TOBAPOB (OHM HAM MMOHALOOATCS
ILJIsi BbIZ0Ba (DYHKIIMY GetItem) BMECTE C X OIMMCAHUAMY U TEKYII[UMU IleHa-
mu. [lobaebTe aTy (hyHKIMIO B haiia ebaypredict.py:

def doSearch(query, categoryID=None, page=1)
xml = "<?xml version="1.0" encoding="utf-8"?>"+\
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"<GetSearchResultsRequest xmlns=\"urn:ebay:apis:eBLBaseComponents\">"+\
"<RequesterCredentials><eBayAuthToken>" +\
userToken +\
"</eBayAuthToken></RequesterCredentials>" + \
"<Pagination>"+\

"<EntriesPerPage>200</EntriesPerPage>"+\
"<PageNumber>"+str(page)+"</PageNumber>"+\
"</Pagination>"+\
"<Query>" + query + "</Query>"
if categoryID!=None:
xml+="<CategoryID>"+str(categoryID)+"</CategoryID>"
xml+="</GetSearchResultsRequest>"

data=sendRequest (' GetSearchResults', xml)

response = parseString(data)

itemNodes = response.getElementsByTagName( Item')

results = []

for item in itemNodes:
itemId=getSingleValue(item, 'ItemID")
itemTitle=getSingleValue(item, 'Title")
itemPrice=getSingleValue(item, 'CurrentPrice")
itemEnds=getSingleValue(item, "EndTime")
results.append((itemId, itemTitle, itemPrice, itemEnds))

return results

YT00BI BOCIIOJIBL30BATLCS IIapaMeTPOM category, IOHAZOOUTCA TaKKe PyHK-
U I MOJNyYeHUs nepapxum Karteropuii. Beizo API B ganHOM cayudae
oueHb IpocT, Ho XML-I0KyMeHT cO BceMHU JaHHBIMU KATEeropuu OTPOMeEH,
3arpysKaeTrcs IOJIIo U pasbupaTth ero TpynaHo. IlosTomy orpaHmubTeCh Ka-
KOUN-HuOYAb KaTeropueil BepXHero ypoBHS.

DyHKIUA getCategory HOJYYAET CTPOKY UM MACHTU(MUKATOP POAUTEIbCKOMN
KaTeropuu 1 BO3BpalllaeT BCe €€ IIOAKAaTErOpuu, B Ha3BaHUN KOTOPHBIX IIPH-
CYyTCTBYeT 3aZlaHHAsA CTPOKA. Eciu uaeHTu(PUKATODP POSUTEINS ONYIEH, TO
BO3BPAII[AeTCA IPOCTO CIIUCOK BCEX KATEropuii BEpXHero ypoBHs. [lo6aBbTe
ary GyHKIMIO B Daitn ebaypredict.py:

def getCategory(query="",parentID=None,siteID="0")
lquery=query. lower( )

xml = "<?xml version="1.0" encoding="utf-8 7>"+\
"<GetCategoriesRequest xmlns=\"urn:ebay:apis:eBLBaseComponents\">"+\
"<RequesterCredentials><eBayAuthToken>" +\
userToken +\
"</eBayAuthToken></RequesterCredentials>"+\
"<Detaillevel>ReturnAll</Detaillevel>"+\
"<ViewAllNodes>true</ViewAllNodes>"+\
"<CategorySiteID>"+siteID+"</CategorySiteID>"

if parentID==None:

xml+="<LevellLimit>1</Levellimit>"

else:

xml+="<CategoryParent>"+str(parentID)+"</CategoryParent>"

xml += "</GetCategoriesRequest>"

data=sendRequest( GetCategories’, xml)

categorylist=parseString(data)
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catNodes=categorylList.getElementsByTagName( Category")
for node in catNodes:
catid=getSingleValue(node, "CategoryID")
name=getSingleValue(node, 'CategoryName ")
if name.lower( ).find(lquery)!=-1:
print catid, name

IIporecTupyiiTe ee B MHTEePAaKTUBHOM ceaHce:

>>> import ebaypredict

>>> laptops=ebaypredict.doSearch(‘laptop’)

>>> laptops[0:10]

[(u’110075464522' , u’ Apple iBook G3 12" 500MHZ Laptop , 30 GB HD *, u’'299.99",

u’2007-01-11703:16:14.0002" )
(u’ 150078866214, u’512MB PC2700 DDR Memory 333MHz 200-Pin Laptop SODIMM’
u'49.99' ,u’2007-01-11T03:16:27.000Z2" ),

(u’120067807006", u’ LAPTOP USB / PS2 OPTICAL MOUSE 800 DPI SHIP FROM USA’,

u ‘4.99", u'2007-01-11703:17:00.0002" ),

IToxo:xe, UTO MMOMCK IIO CJOBY laptop Bo3BpaliaeT u Bce aKceccyaphbl, TaK
WY WHAUe OTHOCAINMecA K JdUTomaM (IMIOPTAaTUBHBLIM KOMIIBLIOTEpPaM).
K cuacTrio, MoKHO mouckarh B Kareropuu «Laptops, Notebooks» (JIamro-
b1, HoyTOyK1), 4TOOBI OrpaHUYUTHCA JIUIITL COOCTBEHHO JianTonamu. CHa-
yaja cjaeayeT 3allPpOCUTEL CIIMCOK KaTeropuii BepxXHero ypoBHsA, HAWTH B Ka-
reropuu «Computers and Networking» (Kommusioreps! u [locTpoenue cetn)
noakareropuio «Laptops, Notebooks» (JIsnTomnsr, Hoyr0yku), moayuuTrs ee
UIeHTU(GUKATOP U 3aTeM UCKATh 110 CJIOBY laptop B Hy:KHOM KaTeropumu.

>>> ebaypredict.getCategory(‘computers’)

58058 Computers & Networking

>>> ebaypredict.getCategory(‘laptops’, parentID=58058)

25447 Apple Laptops, Notebooks

31533 Drives for Laptops

51148 Laptops, Notebooks. ..

>>> laptops=ebaypredict.doSearch(‘laptop’, categoryID=51148)

>>> laptops[0:10]

[(u’150078867562", u’ PANASONIC TOUGHBOOK Back-Lit KeyBoard 4 CF-27 CF-28’
u'49.95, u’2007-01-11703:19:49.0002" ),

(u’270075898309’, u'mini small PANASONIC CFM33 CF M33 THOUGHBOOK ! libretto’
u’ 171.0°, u’2007-01-11703:19:59.000Z2" ),

(u” 170067141814, u’Sony VAIO “PCG-GT1” Picturebook Tablet Laptop MINT °
u’'760.0", u’2007-01-11703:20:06.000Z" ), ..

Bo Bpemsa paboThl Hajg 9ToM KHuUTOM y Kateropuu «Laptops, Notebooks»
(JIsrronbi, HoyTOyKmM) OB1T uaeaTu@UKaTOp 51148. Kak BuguTe, orpanu-
YHUB IIOUCK 3TON KaTeropueil, Mbl CMOTJIN YCTPAHUTh MHOTHE HE OTHOCSIIH-
ecd K eIy pe3yJIbTaThl, KOTOPhIe BO3BPAIIlaeT IMOUCK II0 OJJHOMY JIUIIH CJIO-
By laptop. B pesyabraTe mosyunscsa Habop JaHHBIX, Topaszo 6oJiee IPUTOL-
HBIH AJI5 IOCTPOEHUA IIeHOBON MOJEIH.
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MonyyeHune nogpo6HOM MHPOPMaLUKM O TOBape

B cocTaB pesyIbTaTOB MOVCKA BXOAAT Ha3BaHUe U I[eHa, U U3 TeKCTa Ha3Ba-
HUS MOKHO IIOJIYYUTD JOMOJHUTEJbHBIE eTaii, HaIPUMeD eMKOCTh JUCKa
¥ IBET Kopiyca. [{Js JISNTOIOB YKa3bIBAIOTCA TaKue aTpuOyThl, KaK TUI
mmpolieccopa u 00'beM MaMATH, a IJis 11eepoB iPod — emKocTs gucka. Kpome
TOr0, MOYKHO y3HATH eIlle PeNTHHT IPOJaBIla, KOJIUYECTBO 3asBOK Ha IIO-
KYIKY 4 HA4aJbHYIO IIeHY.

YT00BI TOJTYYUTH BCE ITU JETATN, HEOOX0AUMO 00paTuTheda K GpyHKiuu API
GetItem, mepenaB el uAeHTU(GDUKATOD TOBapa, BO3BPAIlleHHLIN B pe3yjabTaTe
moucka. Iy aToro cospaiiTe u BKJIOUMUTE B (paiti ebaypredict. py pyHKIIHIO

getItem:
def getItem(itemID):

xml = "<?xml version="1.0" encoding="utf-8" ?>"+\
"<GetItemRequest xmlns=\"urn:ebay:apis:eBLBaseComponents\" >"+\
"<RequesterCredentials><eBayAuthToken>" +\
userToken +\
"</eBayAuthToken></RequesterCredentials>" + \
"<ItemID>" + str(itemID) + "</ItemID>"+\
"<Detaillevel>ItemReturnAttributes</Detaillevel>"+\
"</GetItemRequest>"

data=sendRequest( GetItem',xml)

result={}

response=parseString(data)
result[ title’ ]J=getSingleValue(response, 'Title")
sellingStatusNode = response.getElementsByTagName( SellingStatus )[0]
result[ 'price’ ]J=getSingleValue(sellingStatusNode, 'CurrentPrice’)
result[ 'bids']=getSingleValue(sellingStatusNode, 'BidCount")
seller = response.getElementsByTagName( Seller’)
result[ feedback'] = getSingleValue(seller[0], 'FeedbackScore")
attributeSet=response.getElementsByTagName( Attribute’);
attributes={}
for att in attributeSet:
attID=att.attributes.getNamedItem( attributeID').nodeValue
attValue=getSingleValue(att, 'ValuelLiteral')
attributes[attID]=attValue
result[ "attributes’ ]J=attributes
return result

Ira PyHKIINUS IOJyUYaeT ¢ IOMOIIbLIO sendrequest XML-moxymenT, comep:xa-
U OITCaHMe TOBapa, a 3aTeM U3BJIEKAeT U3 HETO MHTEPECYIOINe Hac TaH-
Hble. ITockoabKy HAO0OpP aTpUOYTOB AJIA KaXKIOr0 TOBapa CBOI, TO BCe OHU
BO3BpaIIalTCcA B Buje caoBaps. IIporectTupyiiTe QyHKIIMIO HA pe3yabTaTax
IpebIYINero IoucKa:

>>> reload(ebaypredict)

>>> ebaypredict.getItem(laptops[7][0])

{"attributes’: {u’13": u'Windows XP', u’12’: u’512’, u’14’: u’ Compaq’

u’ 3805’ : u’Exchange’, u’3804’: u’14 Days’
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u'41’ o u’-", u’'26445: u'DVD+/-RW', u’'25710°: u’80.0",
u’' 26443 : u’AMD Turion 64’ , u’26444’: u’1800", u’' 26446’ : u’ 15’
u' 10244’ u' -},

‘price’: u’'515.0", ‘bids’: u'28', ‘feedback’: u'2797’

“title’: u’COMPAQ V5210US 15.4” AMD Turion 64 80GB Laptop Notebook’}
ITo-Bugumomy, aTpudyT 26444 peacTaBiaseT TAKTOBYIO YACTOTY IIPOIIECCO-
pa, 26446 — pasmep sKpaHa, 12 — o6'beM onepaTUBHOI mamMATH, a 25710 —
eMKOCTb JKecTKoTo aucka. Ecau mo6aBuUTh ciofa ellle PeHTHHT IpoaaBIia,
KOJIMYECTBO 3asBOK M HAYAJbHYIO IIEHY, TO MBI IIOJYYNM MHTEPECHBIN Ha-
00p HAHHBIX JJIs TPOTHO3UPOBAHUA II€H.

HOCTpOEH ne npeanckasartens LueH

YT00BI BOCIIOJIB30BAThCA Pa3pab0TaHHLIM B 3TOH I'JIaBe MEeXaHU3MOM IIPO-
THO3WPOBAHUA II€H, HAM ITOTPebyeTCs IMOJTyUYUTh OIIUCAHUSA TOBAPOB € caliTa
eBay u npeobpas3oBaTh X B CIIMCKU YMCEJ, KOTOPbIE MOYKHO IIepefaTh KaK
HabGOPHI JaHHBIX QYHKIIUU IePEKPECTHOTO KOHTPOJIA. [IJId 9Toro QyHKIIUA
makelLaptopDataset cCHa4aJja BBI3BIBaAET doSearch, YTOOBI IIOJYUYUTh CIIMCOK JIDII-
TOIIOB, a 3aTeM JJIs KaKI0T0 BBITIOJIHAET MHAUBUAYAJIbHBIHN 3ampoc. M3Bie-
Kas oOnMCaHHBIe B IPeALIAYINEM pasiese aTpuoyThl, 9Ta GYHKIIUA CO3TaeT
CIMCOK YKCeJ, IPUTOAHBIN AJA IPOTHO3WPOBAHUA, W IIOMeIaeT AaHHbIe
B CTPYKTYPY, HE0O0XOoAuMYI0 ajsi paborsl aaropurma kNN.

HobGasbTe hyHKIIMIO nakelaptopDataset B (haitn ebaypredict.py:

def makelaptopDataset( ):
searchResults=doSearch( laptop’, categoryID=51148)
result=[]
for r in searchResults:
item=getItem(r[0])
att=item[ "attributes’]
try:
data=(float(att[ 12']), float(att[ 26444']),
float(att[ '26446°]), float(att[ '25710"1]),
float(item[ feedback'])
)
entry={"input':data, 'result’:float(item[ price’])}
result.append(entry)
except:
print item[ "title’' ]+  failed’
return result
Ira QyHKINA UTHOPUPYET TOBAPBI, Y KOTOPHIX HET HEOOXOAUMBIX aTpudy-
ToB. [ monyueHusa 1 oOpabOTKM Pe3yJbTATOB IOTPedyeTcss HeKOTopoe
BpeMs, HO B UTOTE Y Bac OKayKeTcsa MHTePEeCHBIN HaGop JaHHBIX C PeaTbHBI-
MU IleHaM¥ U aTpudyTramMu. Bei3oBuTe QYHKIINIO B MHTEPAKTUBHOM CeaHce:
>>> reload(ebaypredict)

<module ‘ebaypredict’ from ‘ebaypredict.py’ >
>>> set1=ebaypredict.makelLaptopDataset( )
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Temepb MOXXHO IIOIPOOOBATE IIOJYUUTH C IIOMOIILI0 aaroputrma KNN oreH-
KU AJS Pa3HBbIX KOH(pUrypanui:

>>> numpredict. knnestimate(set1, (512,1000, 14,40,1000))

667.89999999999998

>>> numpredict. knnestimate(set1, (1024, 1000, 14, 40, 1000))

858.42599999999982

>>> numpredict.knnestimate(set1, (1024, 1000, 14,60,0))

482.02600000000001

>>> numpredict. knnestimate(set1, (1024, 2000, 14,60, 1000))

1066.8

BoT BBI ¥ yBUIEIW, KaK BAUAIOT HA IIeHY 00beM IIaMATH, OBICTPOAEHCTBIE
mpolieccopa 1 KOJMIeCcTBO 3aABOK. [lompobyiiTe mourpaTh ¢ mapaMeTpamMu,
BBITIOJITHUTE MACIITA0MPOBAHNE TaHHBIX U IIOCTPOiTe rpadMKU pacipeeie-
HUSA BEPOSATHOCTEI.

B Kakunx cy4yasix npuMeHsiTb MeTop,
k-6nmxanwunx cocepen

Y MmeTona k-0mmiKaMRIIINX cocelel eCTh HeCKOJIbKO HeJOCTATKOB. IIporuosu-
poBaHUe TMOTPeOJIAeT OUeHb MHOTO BBIUMCJIHUTEJIbHBIX PECYPCOB, TaK Kak
MPUXOAUTCSA BEIUMCJIATh PACCTOSIHUA 0 KayKaoi Touku. Kpome Toro, ecau
B HAbOpe JaHHBLIX MHOT'O IIEPEMEHHBIX, TO TPYAHO IIOA00pATh IIOAXOLAIINE
Beca M OIpelesinTh, KaKue IepeMeHHbIe HecyIlecTBeHHbI. OuTuMu3aIus
MOJKET IIOMOUYb, HO OTBICKAHIe XOPOIIero peleHus A 60abIToro Habopa
JaHHBIX OTHMMAET MHOI'O BPEMEHMU.

U Bce :Ke, KaK BbI MOTJIN y0eauThbCs, meToq KNN o6sazaeT pAgoM Ipenumy-
IITeCTB II0 CPABHEHUIO ¢ APyruMu MetogamMu. O00POTHOM CTOPOHOM BBHIUMC-
JINTEJILHOM CJIOKHOCTY IIPOTHO3UPOBAHUSA ABJIAETCA TOT (DAKT, UTO HOBBIE
HAOJIIONeHUA MOMKHO J00aBIATh 03 KaKuX Obl TO HY ObLJIO BpEMEHHEBIX 3a-
TpaT. K ToMy 2Ke pes3yJbTaThl JIETKO IIOAIAI0TCS MHTEePIIPeTallui, TaK KaK
BBI 3HAeTe, YTO NPOTHO3MPOBAHME OCHOBAHO HA BLIUUCJIEHUU CPEIHeB3Be-
IIeHHBIX 3HAUEHUN IPYTruX HAOIIONeHnI.

XoTsa onpeiesieHNE BECOB MOXKET 0Ka3aThCA CJIOKHBIM JeJI0M, HO eCJIX OHU
yiKe BBIUMCJIEHBI, TO II03BOJIAIOT JIyYIlle IOHATH XapaKTepucTuku Habopa
IaHHBIX. HakoHeI, ecaiu BEI TO[03pEeBaeTe, UTO B HAOOPE HE YUTEHBI KaKue-
TO CYIIleCTBEHHBIE IePeMeHHbIe, TO MOKHO IIOCTPOUTH rpaduUK pacipenese-
HUSA BEePOATHOCTEH!.

YnpaxHeHusa

1. Onmumusayus koauuwecmaa cocedeil. PaspaboTaiiTe 1eeByI0 QyHK-
U0 [JISI ONIPeJesIeHUsA ONTUMAJBHOTO KOJMYECTBa COceeil B IPOCTOM
Habope JaHHBIX.
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ITepexpecmHbLil KOHMPOAL € UCKAIOUEHUeM No 00HOMY 00pa3yy. ITo
aJbTEePHATUBHBINA CIOCO0 BBIYMCJIEHUSA OIMUOKK IIPOrHO3UPOBAHUMA,
B KOTOPOM KakJas CTPOKa Ha0opa JaHHBIX 10 OTAeJbHOCTH PACCMAaTPH-
BaeTcd KaK TECTOBBIN HAGOP, a BCe OCTAJbHBIE CTPOKM — KaK 00ydaro-
muit Habop. PeanusyiiTe cooTBeTCcTBYIIOIYIO hyHKIIMIO. CpaBHUTE pe-
3yJIBTATHI, IOJyUeHHBIE C TOMOIILI0 9TO GYHKIIUY U C IIOMOII[HIO METO-
[la, OIMCAHHOT'0 B HACTOSAIIEH TIaBe.

Hcrnwyenue nepemerHbvix. BMecTo TOTo 4TOOBI ONITUMU3UPOBATL Mac-
ITabbl JJ1s 60JILIIIOrO YKCJIa IIePeMEeHHbIX , KOTOPhIE B ITOI'e MOT'YT OKa-
3aTbCs 0ECIIOJIe3HBLIMU, MOYKHO IIPEIBAPUTEJIbHO IIONBITATHC HMCKJIIO-
YUTh IePEeMeHHEIEe, Pe3K0 YXYAIIAIONne KauecTBo mporuosa. CMmorxeTe
JIX BBI IPUAYMATh, KaK 3TO CAEeJIaTh?

H3zmenenue napamempa ss 015 nOCMPoOeHUs zpauka pacnpedeseHus
eepoamuocmeti. Ilapametp ss B GyHKIUU probabilityguess ompenesiseT
CTENleHb CTJIAKUBAaHUA KPUBOI pacupeneneHusa. Uto OygeT, eciy BbI-
OpaThb CAUIITKOM OOJIBITIOe 3HaUeHWEe? A ecyiu CIUIIKOM MajieHbKoe?
MosxeTe Jiu BbI OIIPEEJUTh, KAKUM JOJI’KHO OBITHL XOpOIliee 3HAUEHUe,
He TJIAnA Ha rpaduk?

Hab6op darHbix 0 ianmonax. IlonbiTafiTech BHINOJHUTD ONTUMUIAIIIIO
JUIg Habopa JaHHBIX O JIDIITOIIAaX, IIOJyUYeHHOro ¢ caiita eBay. Kakue me-
peMeHHBIe cyiiecTBeHHBI? Temeph mompoOyiiTe MIOCTPOUTH Tpaduk
TIJIOTHOCTH PACIpPeAesieHNsa BEPOATHOCTU. ECTh Ju HA HEM 3aMeTHBIE
nmuru?

Ipyzue 6udor mosapos. Y Kakux ellle TOBapoOB Ha caiiTe eBay ecTs mogxo-
IAIIYe YNCJIOBbIe aTpuoyThi? B onncanusax mieepos iPod, coToBBIX Tete-
¢GOHOB U aBTOMOOMJIEH MMeeTCsI Macca MHTepecHoi nHdopmamuu. Ilom-
pobyiiTe co3maTh elre OAMH HAOOP AJIs1 YUCIOBOI0 IIPOTHO3UPOBAHU .

ITouck no ampubymam. B API caiita eBay ecTs HeMaa0 QyHKIIUI, KO-
TOPBIE MBI B 9TO IJ1aBe He paccMaTpuBaiu. ¥ GyHKIUA GetSearchResults
UMEIOTCs Pa3HOOOpa3HbIe ITapaMeTPhI, TO3BOJISAIONINE OTPAHUYUTD T10-
UCK HEeKOTOphIMU arpubyramu. Mogudunupyiite HamnCaHHYI0 HaMU
(GYHKIIUIO TaK, YTOOBI OHA HOAAEPIKUBAJIA OTY BO3MOMKHOCTE, U IIOIIPO-
OyiiTe HalTU TOJBKO JIBUTOIEI ¢ TIpoIrteccopoM Core Duo.



Bornee co)XHble cnocoObl
Knaccndpukaumn: aaepHble MeToabl
M MALLUUHbI ONOPHbIX BEKTOPOB

B mpeapiayminx riiaBax MbI pacCMOTPeIN HECKOJBKO KJacCU(pmKaTOpPOB:
IepeBbA pellieHuii, GaliecoBcKUe KJaacCU(PUKATOPHI M HEWPOHHBIE CETH.
Ceituac MbI 03HAKOMUMCS C IMHENHBIMU KJaCCU(PUKATOPAMU U AJePHBIMHI
MEeTOIaMU, W 9TO MOCIYKUT IIPEJI0arel K OJHOMY 13 CAMBIX IIPOJBUHYTHIX
MeTOHOB KJiacCu(PUKAINM, KOTOPBIHA BCe eIlle ABJIAETCA IPEeIMEeTOB aKTUB-
HBIX UCCJENOBAHUN, — MAWUHAM ONOPHLX 6ekmopos (Support Vector Ma-
chines — SVM).

Ha mpoTsakeHuu 3TOH IIaBbl MBI OyaeM paboTaTh ¢ HaOOPOM AaHHBIX IJIA
3azauyy 0 moxbope map Ha caiiTe 3HaAKOMCTB. Hcau uMeerca mHGOpMATINA
0 IBYX JIOAAX, MOYKHO JIN IPECKA3aTh, COCTABAT JIU OHU XOPOIIYIO Hapy?
3asaua UHTepecHa, MOCKOJbKY B Hell MHOTO IIePeMEeHHbBIX,, YUCIOBBIX U JUC-
KPEeTHBIX, M HEMAJIO HeJIMHEeHHBIX B3auMocBA3eii. Ha aTom Habope MJaHHBIX
MBI IIPOJIEMOHCTPUPYEM HEKOTOPBIE CJIa00CTU OIMMCAHHBIX pPaHee KJACCH-
(brKaTOPOB M MOKaKeM, KaK MOYKHO cjierka MoauduIiinpoBaTh Habop, 4TOo-
OBI OH JIyUIlle IMOAXOMWJ JJISI 9TUX aJTOPUTMOB. BasKHBIN YPOK, KOTOPBI
BBI JOJIXKHBI BBIHECTH U3 9TOMH TJIaBbl, 3aKJIIOUAETCS B TOM, UTO CUTyaIlUd,
KOT/ia BHI ITIOfaeTe Ha BXOJ aJITOPUTMA CJIOKHBINM HAOOp JaHHBIX U OMKUIae-
Te, UYTO OH HAYUYUTCs €r0 TOYHO KJIacCu(pUImpoBaTh, Ha MpakTUKe BCTpeya-
eTcs penKo. [[Jid moayueHns XOPOIINX Pe3yIbTATOB 3a4acTyI0 HE00X0ANMO
MIPaBUJIBLHO BEIOPATh AJITOPUTM U OCYIIIECTBUTH IPEeIBAPUTEIbLHYIO 00paboT-
Ky HaHHBIX. Hameioch, UTo mocje 3HAKOMCTBA C OIIMCAHHOM HUKE IPOIeay-
poit MoaudpuKanuU HaboOpa JAHHBIX Yy Bac IIOABATCA COOCTBEHHBIE HUAEU
0 TOM, KaK JIeJIaTh 9TO B OyAyIIIeM.
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B KoHIIe r1aBbI BB y3HaeTe, KaK IOCTPOUTH HAOOD JaHHBIX O PeaJIbHBIX JIF0-
IAX C IOMOIIBIO caiiTa MOMyJIAPHOUN comuanbHOM cetTu Facebook, u Boc-
MOJIb3yeTech MPeACTABICHHBIMU AJTOPUTMAMU, UTOOLI CIIPOTHO3UPOBATD,
CMOTYT JIN JIIOAY C OIIPEIeJIEHHBIMU XapaKTePUCTUKAMU MOAPYKUTHCA.

Habop aaHHbIX ana nogbopa nap

I/ICHOHBBYEMLIfI B 3TOfI rjiaBe Ha60p JaHHBbIX OTHOCUTCA K I'MIIOTETUYECKO-
My caiiTy 3HaKoMCTBE. Ha GoJIbIIMHCTEBE TAKKX CAATOB COOMPAETCA MHTEPEC-
HadA nHpopMaIusa 00 YUaCTHUKAX, B TOM YHCJE JeMOrpapuuecKoro Xxapak-
Tepa, 06 WHTepecax W O moBeAeHUU. [IpeamoIoKuM, UYTO COOMPAIOTCS CJIe-
IYIOIVe TaHHbIE:

e Bospacr.

o Kypur niau ner?

e XoueT JIX UMETh AeTein?
e JlepeueHb NHTEPECOB.

o MecToHaxoxxgeHue.

Kpowme Toro, Ha caiite cobupaerca nHGoOpManusa 0 TOM, COCTABUJIN JIU ABa
YeJI0BEKa XOPOIIYIO Iapy, KOHTAKTUPOBAJIY JU OHU MEKIY CO00M 1 perrn-
JIX I BCTPETUTHCHA «B peajie». Ha OCHOBe 9TUX AAaHHBIX CO37aeTcss HabOp
Ui aaropuTMa moxbopa nap. S moaroroBma nBa daiiia Ajs 3aTPys3KU:

http://kiwitobes.com/matchmaker/agesonly.csv
http://kiwitobes.com/matchmaker/matchmaker.csv

daitn matchmaker.csv BRITIIAIUT CIeAYIOIITIM 00pa3oM:
39,yes, no, skiing:knitting:dancing, 220 W 42nd St New York
NY, 43, no, yes, soccer:reading:scrabble, 824 3rd Ave New York NY,0
23,n0,no, football:fashion, 102 1st Ave New York
NY, 30, no, no, snowboarding:knitting:computers:shopping:tv:travel
151 W 34th St New York NY,1
50, no, no, fashion:opera:tv:travel, 686 Avenue of the Americas
New York NY, 49, yes, yes, soccer:fashion:photography:computers:
camping:movies:tv, 824 3rd Ave New York NY,0

B Kakmoii CTPOKe COmep:KUTCa nHPopMaIiua o6 OSHOM MYKUUHE U OJHOMN
JKeHIIUHE, a 1 uau 0 B mocjensHeM cTojbie 0003HAUAET, CUNTACTCA JU 9Ta
napa xopoieii. (ABTOpP 0CO3HAET, UTO 3[eCh IIPUHATO MHOTO YIIPOIIAIOIITINX
MIPeAIION0MKEeH!; JKU3SHb BCETla OKa3bIBAeTCA CJOKHee KOMIbIOTEPHBIX
mopeneit.) Ins caiita ¢ 6G0JBITUM KOJUYECTBOM ITpoduieir sty mHboOpMa-
IO MOJKHO MCIIOJIB30BATh IJIS IIOCTPOEHUSA MPOTHOCTUYECKOTO AJTOPUT-
Ma, KOTOPBIM TOMOKET YeJI0BEeKY MOABICKATh cebe MOAXOAAITYIo mapy. Kpo-
Me TOTr0, MOJKHO OyIeT HalTH, KaKoT'0 COPTAa JIIOAU Ha caliTe He IpecTaBje-
HBI; 3TO II0JI€3HO AJIA BEIPAOOTKM CTPATEruy IieJieHAaIlPaBJIeHHOI0 IPUBJIE-
yeHHUA HOBOM ayauTopuu. B aitie agesonly.csv comep:xurca nHPOPMAIAI
o mozabope map TOJHLKO HA OCHOBE Bo3pacTa. MbI BOCIOIb3yeMCA UM JJIs UJI-
JIOCTpanuy paboTsl KJIacCU(PUKATOPOB, ITIOCKOJIbKY ABE IIepeMeHHbIe BU3Y-
aJIM3UPOBATh TOPA3/0 IPOIIIE.



3aTpyaHeHNst MpY aHanmM3e AaHHbIX 231

IIpe:xkge Bcero Ham moHaZoOUTCA (GYHKIMS AJS 3arpy3Ku 9TOro Habopa
ITaHHBIX. [locTaTOUYHO OBII0 OBI IOMECTUTD BCE II0JIS B CIIMCOK, HO IJIS IPO-
BeIeHUA MOCJEIYIONNX d3KCIePUMEHTOB MbI 3aBeJileM Heo0A3aTeILHbIH ITa-
paMeTp, KOTOPBIHA MO3BOJUT 3arpysKaTh TOJIBKO HEKOTOPLIe moJisa. CosmatiTe
HOBLIH (paitn advancedclassify.py u BKIounTe B Hero KJacc matchrow 1 pyH-
KILMIO loadmatch:
class matchrow:
def __init_ (self,row,allnum=False):
if allnum:
self.data=[float(row[i]) for i in range(len(row)-1)]
else:
self.data=row[0:1len(row)-1]
self.match=int(row[len(row)-1])

def loadmatch(f,allnum=False):
rows=[ ]
for line in file(f)
rows. append(matchrow(line.split(', "),allnum))
return rows

DyHKIUA 1oadnatch cO3LaeT CIUCOK dK3EeMILIAPOB KJacca matchrow, KasKIbId
13 KOTOPBIX COAEeP:KUT HeoOpaboTaHHBIE MTaHHBIE U IIPU3HAK TOTO, COCTaB-
JISTIOT JIY OHM mapy. Bocmosb3yiiTech aToi yHKITHEH AJIA 3aTPY3KH 000MX
Ha0oOpOB:

>>> import advancedclassify

>>> agesonly=advancedclassify.loadmatch( "agesonly.csv',allnum=True)

>>> matchmaker=advancedclassify.loadmatch( 'matchmaker.csv')

3anyJJ,HEHI/ISI npum aHainse aaHHbIX

¥V sroro Habopa ecTh ABe UHTEPECHBIE 0OCOOEHHOCTH: HEJIMHEHHOCTD U B3au-
MO3aBUCUMOCTD ITIEPEMEHHBIX. KCJIN 110 X0y YTEHUA IJIaBhI 8 BBl yCTAHOBU-
Jau 6ubsmorery matplotlib (hitp://matplotlib.sourceforge.net), To momyum-
Te BO3MOYKHOCTh BU3YaJM3UPOBATH HEKOTODHIE IIEPEMEHHbBIE C IIOMOIIIHIO
KJacca advancedclassify 1 cTeHepUPOBAThH APy CIUCKOB. (JTOT mar Heobs13a-
TeJleH AJIsT IIOHUMAaHUS OCTAJIbHOTO MaTepuaja NAaHHOW IJaBhl.) Bemure
B IHTEPaKTUBHOM ceaHCe TaKOM! KOJ:

from pylab import =
def plotagematches(rows):

xdm, ydm=[r.datal[0] for r in rows if r.match==1],\
[r.data[1] for r in rows if r.match==1]

xdn,ydn=[r.data[0] for r in rows if r.match==0],\
[r.data[1] for r in rows if r.match==0]

plot(xdm,ydm, ‘go")
plot(xdn,ydn, 'ro")

show( )
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a 3aTeM BBIIIOJIHUTE CJIeYIoIie KOMaHIbl:

>>> reload(advancedclassify)

<module "advancedclassify’ from 'advancedclassify.py >

>>> advancedclassify.plotagematches(agesonly)
B pesyabTare Oyzer cosmana moieuHas 0uazpamma, o OgHON 0Cu KOTOPOi
OTJIOKEH BO3PAaCT MYKUHNHBI, a 110 IPYTI'Oi — BO3PAaCT KeHIIUHEI. TouKu, co-
OTBETCTBYIOII[E TapaM, Ha Heil 0003HaUeHbI KPYsKKOM, TOUKH, HE COOT-
BETCTBYIOIIME TIapaM, — KpecTuKoM. IloayunBIiiascsa KapTruHa n3obparkeHa
Ha puc. 9.1.
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Puc. 9.1. Toueunas duazpamma 603pacm—ae03pacm

CocraBuTcA Jiv U3 ABYX JIIOJIel XOpoOIlIad Tapa, KOHEYHO, 3aBUCUT U OT MHO-
rux Apyrux (paxkTopoB. ITOT PUCYHOK IOJIyUYeH M3 Habopa, COmepIKaIIero
TOJILKO JaHHBIE O BO3pAaCTe, HO HA HEM IIPOCJIEKUBAETCA OTUETINBAS I'pa-
HUIA, TOKA3bIBAIOIIAA, UTO JIIOIU UIIYT cebe mapy IPUMEPHO CBOEro BO3-
pacra. I'paHuIa sTa BLITJISAAT KPUBOJUHEHO 1 110 Mepe YBeJINYe U BO3-
pacra IocTerneHHO Pa3MbIBAeTCs, TO €CTh UeM YeJIOBEK cTaplile, TeM OH Tep-
nmrMee K BO3PACTHBIM Pa3JINUUAM.

Knaccudumkatop Ha oCHOBe gepeBa peLieHUn

B riiaBe 7 MBI paccMaTpPUBAJIK CIIOCO0 aBTOMATUYECKON KJIACCU(DUKAIIAY JaH-
HBIX IIYTEM IIOCTPOEHUA NepeBheB pelreHuii. OMMCAaHHBIN TaM aJTrOPUTM
pasbuBaeT JaHHBIE IO HEKOTOPOI YMCI0BOM rpaHune. Ho mpu sToM BO3HU-
KaeT npobJieMa, KOTIa KpUTepUiil pasoreHns 00J1ee TOUHO BbIPAXKaeTCsA B BI-
e QYHKINY OT ABYX IIePeMeHHbIX. B JaHHOM cirydae s IPOTHO3UPOBAHUA
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051710 OBI rOpa3zo yaoOHee B3ATh PA3HOCTD ABYX Bo3dpacTtos. O6yuyeHue gepe-
Ba PeIlleHUH HeIoCPeICTBEHHO HA MCXOMHBIX JAHHBIX Naj0 Obl pPe3yJbTar,
n300pasKeHHbI Ha puc. 9.2.
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Puc. 9.2. [Tepeso pewienuii, coomaemcmaeyroujee KpUBOLUHelHOU 2paHUye

OueBUAHO, UTO AJIA MHTEPIIPETAIIUU 9TO He ToauTCA. [[JIsd aBTOMaTHYeCKOMN
KJIaCCU(PDMKAIINH, BO3MOYKHO, 1 IIOJOIIJIO ObI, HO OHA IIOJYUYNJIACH OBI CJMIII-
KOM 0ecIIOpAJOUYHOM U JKEeCTKOU. A eciu Obl MBI BBEJIM B PACCMOTPEHIE
U IpyTrue mepeMeHHbIe, IOMIMO BO3PACTa, TO Pe3yJILTAT OKA3aJICA OBl elle
xysxe. UToObI IOHATH, UTO 2Ke JeJIaeT 9TO JAePeBo, 00paTuMcAd K TOUEUHOMN
IuarpaMMe U zpaHule peuleHus, CO3TaHHOM 9TUM AepeBoM (puc. 9.3).
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Puc. 9.3. I'panuya, cosdannas 0epe8om peuteHuil
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I'panuneit peienusa Ha3bIBaeTCs JIMHUS, IO OJHY CTOPOHY KOTOPOIT HAXO-
IATCSA TOUKU, IIPUHALIEKAIe K OJHON KaTeropuu, a 1o Apyryio — K Apy-
roii. I3 pucyHKa BUAHO, UTO BCJIEJICTBUE OT'PDAaHUUYEHUN AepeBa pelleHuit
TPAHUIA COCTOUT 13 TOPUBOHTAJIBHBIX 1 BEPTUKAJIbHBIX OTPE3KOB.

Takum o6pasoM, ciaelyeT KOHCTATHPOBATH [BA MOMEHTAa. Bo-IlepBBIX, HE
BCeTZla CTOUT HAWMBHO MCIIOJb30BATh MCXOMHbIE JaHHBIE, HEe MIOHUMAsA, UTO
OHU 03HAYAIOT M KaK X MOYKHO TPaHC(HOPMUPOBATE A 0oJiee yI0OHO MH-
rTeprnperanuu. 'eHeprupoBaHre TOUEUHON AUarpaMMbl MOMKET II0ACKAa3aTh,
Kak Ha caMOM JeJie pasaeseHbl JaHHble. Bo-BTOPBHIX, HECMOTPA HA CBOU
CUJIbHBIE CTOPOHBI, OIMCAHHEIE B IJIaBe 7, JepeBbsa PellleHnil 3aYacTyio He-
MIPUMEHUMBI K 3alauaM, B KOTODPHIX €CTh HECKOJbKO UMCJIOBBIX II€PEeMeH-
HBIX, HEe CBA3AaHHBIX IIPOCTLIMU OTHOIIIEHUSIMH.

MpocTtas nMHenHas Knaccnpukaums

IToT KJIaccupuUKaTOp OyAeT cOBCeM IIPOCTHLIM, HO IMOCHYKUT HEIJIOXO0H oc-
HOBOI1 IJ1d JasibHele paborsi. OH UIET CpeAHee II0 BCEM JaHHBIM B KaK-
IOM KJIacce M CTPOUT TOUKY, IIPEACTABJIAIONIIYIO IIEHTP 3TOT0 KJacca. Ho-
BbI€ TOUKU KJIaCCUPUITUPYIOTCA IO OJIM30CTH K MMEIONTNMCA IIeHTPaM.

Hawm nmorpebyercsa QyHKIUA, KOTOPAA BEIUUCISAET CPEOHI0I0 MOYKY Kilacca.
B mamHOM ciryuae ecTh Bcero JBa KJjacca, coorBercTByoomnue 0 u 1. Jlo6aBb-
Te PYHKIIHIO lineartrain B (paiix advancedclassify.py:

def lineartrain(rows):
averages={}
counts={}

for row in rows:
# MonyynTeb KNnacc NaHHOM TO4YKM
cl=row.match

averages.setdefault(cl,[0.0]=(len(row.data)))
counts.setdefault(cl,0)

# [o0aBnTb TO4YKY K CpefHWM
for 1 in range(len(row.data))
averages[cl][i]+=float(row.data[i])

# ToAcuMTHBAEM KONMYECTBO TOYEK B KaXOoOM Knacce
counts[cl]+=1

# [lenum CyMMbl Ha CHETYMKM W NOoay4Yaem cpeaHue
for cl,avg in averages.items( ):
for 1 in range(len(avg))
avg[i]/=counts[cl]

return averages
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Bermosraure 9Ty (DYHKIIUIO B UHTEPAKTUBHOM CeaHCe U IOJIyUYUTe CpegHUEe:

>>> reload(advancedclassify)

<module "advancedclassify’ from "advancedclassify.pyc'>

>>> avgs=advancedclassify.lineartrain(agesonly)
YT00BI HOHATH, YeM 9TO II0JEe3HO, 00paTUMCA CHOBA K JuarpaMMe BO3pacT-
HBIX TAaHHBIX, IOKa3aHHOU Ha puc. 9.4.
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Puc. 9.4. JTuneiinvLii Kaaccupuramop no cpedHuM moiKam

Kpectukamu mpeicTaB/ieHBI CpeAHNE TOUYKM, BBIUHCJIEHHBbIe (GYyHKIUei
lineartrain. JIuHMA, pasgeadiolnias JaHHLIE, IPOXOAUT IOCPEAUHE MEMKIY
IBYMS KPECTHKAMM. ITO 03HAUAET, YTO BCE TOUKHU CJIEBA OT JIMHUAU OJIMKe
K CpeJHel TOuKe KJlacca «He Iapa», B TOUKHM CIpaBa OT JUHUHU — K CpeJHeHl
TOUKeE KJacca «Iapa» . Ec/iu BBl IToJIyyaeTe HOBYIO IIaPy BO3PACTOB 1 XOTUTE
IOHATb, OYAYT JIX 9TU JIOLUA COCTABJATH APy, TO MOYKETe HAHECTU COOT-
BETCTBYIOIIYIO TOUKY HA AUArpaMMy M IIOCMOTPETb, K KAKOMY CpPeIHEeMY
OHAa OKaXeTcs OJImxKe.

OnpenensaTs 0JIM30CTh HOBOM TOUKM MOYKHO IBYMS ciiocobamu. B mpeabiay-
IIUX TJIaBaX BbI YiKe CTAJIKUBAJINCH C €BKJIUIOBBIM PACCTOSAHUEM; MBI MO-
sKeM BBIUYHCJIUTH PACCTOAHUSA MEKAY HOBOM TOUKOM M CPEJHUMU TOUKAMU
BCEX KJIACCOB U BHIOPATh U3 HUX HauUMeHbIee. XOTs AJIS JaHHOTO KJIAaCCH-
duKaTopa 9TOT MOAXOM TOAUTCS, ero 0000IIIeH1e TOTPE0yeT NCI0Ib30BaAHUA
8eKMOP08 U CKANAPHBLYX NPOU3BedeHUlL.
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¥V BekTOpa ecTh MOAYJb (AJMHA) U HAIPaBJIEHUE, YaCTO OH M300pakaeTcs
B BHJE CTPEJKM Ha IJIOCKOCTH WJIM 3alKChIBAeTCs KakK Imapa uumces. Ha
puc. 9.5 nzobparkeH mpuMep BeKTopa. 3aech JKe MOKa3aHo0, YTO BEIUNTaAHNIe
OJHOI TOUKM U3 APYTOM MOPOKIAET BEKTOD, COeIUHAIOIINN nX.
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Puc. 9.5. IIpumepvL 6exmoposé

CrayigpHOe IIPOM3BeIeHNe ABYX BEKTOPOB — 3TO UMCJO, MMOJYYarollieecs
B pe3yJbTaTe CYMMUPOBAHUSA MOMAPHLIX TPOU3BEIeHNIT KOOPANHAT BEKTO-
pos. Cosmaiite B daiine advancedclassify.py HOBYIO GYHKITHIO dotproduct:
def dotproduct(vil,v2):
return sum([v1[i]*v2[i] for 1 in range(len(v1))1)
ITo-gpyromy ckajaspHOe IPOU3BeAeHNe MOMKHO BEIUNCINUTE IIyTeM YMHOMKe-
HUS JJWH IBYX BEKTOPOB HA KOCHHYC yria Mexxay HuMmu. CaMmoe BaxKHOe
3[leCh TO, YTO KOCHHYC OTPUIlaTeJIeH, ecau yroJ 6osabire 90°, a ciefoBaTeib-
HO, U CKAJISIPHOE IIPOM3BEJeHNe B 9TOM CJIydyae OTPpUIATEJIbHO. YTOORI 110-
HSATh, KAK 9TUM MOXXHO BOCIIOJIbL30BAThCs, B3IJIAHUTE Ha puc. 9.6.
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Puc. 9.6. Hcnonv3ogarnue CKALAPHBLLYX NPOU3BEOeHUTL
0151 8bLYUCTCHUS paccmoArusl
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Ha sToii qmarpamMme BBl BUAUTE ABe CPEIHNE TOUKU AJISA KJACCOB «Ilapas
(M) u «ne mapa» (M,), a Takske Toury C mocpepune mexay Humu. EcTb
u ellle ABe TOYKY, X, 1 X,, KOTOPbIe HAJJIEHKUT Kaaccupunuposars. Iloka-
3aH BEKTOD, coeuuAromui M, ¢ M,, a TakKe BEKTODBI, CoeiMHAIOMME X
uX,cC.

Ha srom pucynke X, pacnososkena 6amxe kK M, mosromy Kaaccubunupy-
eTca Kak «mapa». O0paTuTe BHUMaHUE, 9TO yroJl MekAy BekTopamu X, — C
u M, — M, cocrasnser 45°, To ecTs MeHbIIte 90°, a cIe10BaTeIbHO, CKAJIAD-
Hoe nmpoussefenue X, — C u M, — M, nonoxuTeabHO.

C mpyroit cTroponsl, yronx mexay X, — C u M, — M, 6oxbmre 90°, Tak Kak
BEKTODBI HAIIPABJIEHHI B PasHble CTOPOHBI. I10aTOMY X CKaJIsIpHOE IPOU3-
BeJleHUE OTPUIIATEJIHLHO.

WUrak, ckaasapHoe IPOU3BeeHNEe OTPUIIATETIBHO IJIA TYIBIX YIJIOB U MOJIO-
SKUTEJBHO JIJISI OCTPBIX, IOATOMY JIJISI OIIPEIEIEHNUS TOTO, K KAKOMY KJIaccy
IPUHAMJIEIKUT HOBas TOYKA, JOCTATOUYHO OIIPENEJIUTh 3HAK CKAJAPHOTO
Ipou3BeleHUS.

Toura C mexut nocpenune meaxay M, u M,, To ects C= (M, + M,) / 2, no-
aToMmy (hopmyJia I onpesieIeHNA KJIacca BBITJIAIUT TaK:

Kiaace = sign((X — (M0 +M,)/2). (M0 -M))
PacKpbIB CKOOKHM, IOJIyUYaeM:
Kiaacc = sign(X.M0 - X.M1 + (MO.MO - MI.MI) / 2)
IIo sToit opmyne MBI u Oyzem omupenensaTh KJacc. IfobaBbTe B (aiin
advancedclassify.py pyHKIMIO dpclassify:
def dpclassify(point,avgs):
b=(dotproduct(avgs[1],avgs[1])-dotproduct(avgs[0],avgs[0]))/2
y=dotproduct(point,avgs[0])-dotproduct(point,avgs[1])+b
if y>0: return 0
else: return 1

Temepps BOCHIOJIB3YEMCA IIOCTPOEHHBIM KJaccU(pUKATOPOM B MHTEPAKTUB-
HOM CeaHCe U IIOCMOTPUM, UTO IIOJYUYUTCA:

>>> reload(advancedclassify)

<module "advancedclassify’ from "advancedclassify.py >

>>> advancedclassify.dpclassify([30,30], avgs)

1

>>> advancedclassify.dpclassify([30,25], avgs)

1

>>> advancedclassify.dpclassify([25,40],avgs)

0

>>> advancedclassify.dpclassify([48,20], avgs)

1
HanomuuM, 4TO 9TO JIMHEHHBIA KJIacCU(PUKATOP, TO €CTh IIOCTPOCHHAA UM
pasgensiomniaa JuHua — npamasd. CaegoBaTebHO, €CIU IPIMOil, pasmneis-
[OIeld MaHHBIE, HE CYIIECTBYET WJIM WMMEEeTCA HEeCKOJIbKO paslesioB, Kak
B cJIyuyae MOIIapHOTO CPaBHEHUS BO3PACTOB, TO KJIacCu(pUKATOp mHOTraa Oy-
IeT naBaTh HEBEPHBIE OTBETHI. B paccMaTpuBaeMOM HpUMeEpPEe CPaBHEHUE
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Bo3dpacToB 48 u 20 He JOJIKHO OBIJIO OBI JaTh APy, HO IOCKOJBKY JMHUI
TOJBKO OJHA 1 TOUKA HAXOAUTCA CIIpaBa OT Hee, TO QYHKI[US PeIlaeT, uTo
aTo mapa. B pasgene «Unesa AmepHBIX METONOB» HUKE Bbl YBUAUTE, KaK
MOYKHO yCOBEPIIIEHCTBOBATHL 3TOT METOJ, YTOOBI OH YMeJI BBIIIOJHATh U He-
JUHeNHYI0 KiaccuhuKaIuio.

KaTeropmaanble CBOWNCTBA

Ha6op gaHHBIX IJid Tog00pa Imap CONEP:KUT KaK UMCJIOBBIE, TAK U JUCKPET-
Hble mTaHHble. HekoTopbie KaaccuuKaTOPhI, HAIIPUMED AePeBbA PEIIeHn,
CIIPABJIAIOTCSA C JaHHBIMM 000MX BHUIOB 0e3 IpeaBapuTeJIbHON 00pabdoTKH,
HO KJlaccu(uKaTOphl, paccMaTpUBaeMble ajiee B 3TOH riiaBe, yMeloT pabo-
TaTh TOJbKO C YUCJIOBLIMU JaHHBIMU. [109TOMY HYKHO KaKMM-TO 00pa3oM
mpeo6pa3oBaTh JUCKPETHLIE JaHHLIE B UNCJIOBEIE.

OTBeTbl «ga/HeT»

ATo caMbIi IIPOCTOM cayUaii: OTBET «Ja» mpeobpasyercs B 1, OTBET «HET» —
B—1. ITpu aTOM eltie ocTaeTCcs BO3MOMKHOCTD AJIS COTIOCTABJIEHUS OTCYTCTBY-
OIeMY UM HeOJHO3HAUYHOMY OTBeTY (Hampumep, «He 3Haio» ) 3HaueHusd (.
Hob6asbre B (haiin advancedclassify.py dyuKIiuio yesno, KoTopas 6yaeT BbI-
MIOJIHATH TaKoe Ipeo0pa3oBaHUe:
def yesno(v):

if v=="yes': return 1

elif v=="no": return -1

else: return 0

Cnuckun nHTepecos

IIpencTaBuUTh COIMCOK MHTEPECOB UEJIOBEKAa B Habope HAHHBIX MOKHO He-
CKOJBbKUMU criocobamu. CaMbIil IPOCTOM — CUUTATD KAKIbIH 3JIEMEHT CIIHC-
Ka OTAeJbHOM UMCJIOBOII IIepeMeHHO#, KoTopad ImpuHuMaeT 3Hauenue 0,
ecJid 4YeJIOBeK BBIPAs3UJ MHTEpec, 1 1 — B MPOTUBHOM cjiyuae. Eciu pedub
unet o0 OTAENBHBIX JIIOLAX, TO 3TO CaMbIi Jayumuil moaxoxn. Ho Korma Mbel
nuMeeM JIeJio ¢ TapaMu, TO 0ojiee MHTYUTUBHBIM IIOAXOA0M OyaeT B3ATH 3a
IIePEeMeHHY0 KOJIMYECTBO OOIINX NHTEPECOB.

Hob6asbTe B daitn advancedclassify.py dyHKIUIO natchcount, KoTopas BO3-
BpAalllaeT KOJUUYECTBO COBIIABIINX 9JIEMEHTOB B [BYX CIIMCKAaX B BHJE YKCJIA
C TLJIaBAIOIEH TOUKOM:

def matchcount(interestl,interest2):
11=interest1.split(':")
12=interest2.split(':")
x=0
for v in 11;
if v in 12: x+=1
return x
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KonuuecTBO 061X MHTEPECOB — JIIOOOMBITHAS IEPEMEHHAA, HO OUEBUTHO,
YTO OHA O0TOPACKIBAET HEKOTOPYIO MOTEHIINAIHHO ITOJEe3HY0 NH(POpMAIHIO.
BeITH MOKeT, HeKOTOpPhIE COUeTaHUsA MHTEPECOB CIIOCOOCTBYIOT 00pas3oBa-
HUIO XOpOIIlell Iaphl, HAIPpUMep KaTaHWe Ha JbDKaX M CHOYOODAUHT WU
JII000BB K BRINUBKeE U K TaHIaM. KiaccudukaTop, KOTOPHIH He ObLI 00yUeH
Ha PeaJIbHBIX JaHHBIX, HUKOT/a He CMOJKeT Y3HATh O TAKUX COUETAHUAX.

AnbTepHaTHBaA CO3TAHUIO OTAEIbHOI MepPeMeHHOH M KasKI0TOo MHTepeca
(aTO yBesIMUMBAaET 00IIlee UM CJIO IePEMEeHHBIX U, CJIEJOBATEJILHO, CIOKHOCTD
KJaccu(puraTopa) — mepapxmuuecKkas opraHusaius narepecos. Hanpumep,
MOJKHO CKas3aTh, UTO KaTaHWe Ha JbIKaX U CHOYOOPAUHT — IPUMEPhI 3UM-
HUX BHUJOB CIIOPTa, KOTOPHIE, B CBOIO OUepelb, ABJIAIOTCA IMOAKATEeTOPUe
cmopTra BooOIe. Eciiu ob6a uyieHa mapbl MHTEPECYIOTCA 3MMHUMU BUIaMU
CIIOpTa, HO He OAHUMU U TeMH JKe, TO matchcount JOOABISAET K UX UHIEKCY
couetaemocTu He 1, a 0,8. HeM BhIIlIle IPUXOAUTCA IIOTHUMATHCS II0 Mepap-
XWH, YTOOBI HAWTH COOTBETCTBUE, TEM MEHbIIIe BKJIAJ B MHJIEKC. XOTd B Ha-
6ope JaHHBIX AJA IOA0Opa IIap TaKoil MepapXuu HET, STOT IMOAXOM 3aCay-
JKBaeT BHUMAaHUSA IPU PEIlleHNY aHAJOTUUHBIX 3a1ad4.

BbiuncneHue pacctosHum c nomoubio canta Yahoo! Maps

Camas cJa0KHAs 4acTh 00pabOTKM paccMaTpHBaeMOr'o Habopa JaHHBIX —
MecToHaxoKIeHre. KoHeUHO, MOKHO IIPEAIIOIOKUTD, UTO UeM OJIMKe JIF0-
I JKUBYT, TeM O0JIbITIe ¥ HUX IITaHC COCTABUThH APy, HO MECTOHAX 0K IEHUA
B (pailyie JAHHBIX 3aJaI0TCA B BUE aJPECOB U IIOYTOBBIX MHAEKCOB. IIpoiie
BCEro OBLIO ObI OIIPEEeJUTh IIEPEMEHHYIO « IPOKUBAIOT B PErMOHAaX C OAHUM
¥ TeM K€ IIOUYTOBBIM MHJIEKCOM», HO TAKO€e YCJIOBUE OBLJIO OBl Uepecuyp Or-
PAaHMYMUTEJIbHBIM — JayKe JOMa, PACIOJIOMKEeHHbIe B COCEIHUX KBapTajax,
MOTYT MMETh PasHbIe MOUYTOBLIe MHAEKCHI. B maeasie X0Tea0Ch ObI, UYTOOBI
ImepeMeHHadA OTpakaja pacCTOAHYE.

KoHeuHO, TOUHO BBIUKMCIUTEL PACCTOAHNE MEXAY ABYMS ajgpecamu 6es3 Jo-
MOJHUTENbHOM mH(poOpMaIuy HeBO3MOXKHO. Ho, K cuacTbio, caiiT Yahoo!
Maps mpeaaaraet cay:k0y Geocoding, koropas mo agapecy B CIITA BosBpa-
IIaeT MIAXPOTY U HOJTroTy. IloJIyunB 9TH SaHHEIE IJIA BYX a4pPecoB, MOMKHO
MMPUOJIUBUTEIHLHO BEIUNCINTE PACCTOSHIE MEMKIY HUMU.

Eciu mo kakoii-To mpuynHe Bbl He MOXKeTe BOCcHoIb3oBaThca API ciy:x0nI
Yahoo!, npocro no6asbTe B (paita advancedclassify.py Takyro sariayiky:

def milesdistance(al,a2):
return 0

Mony4yeHue knto4va paspaboTumka gnsa Yahoo!

st moctyna Kk API cory:x0n1 Yahoo! HeoOxommmo cHauasia IOJYUYUTE KU
paspaboTunKa, KOTOPBIi Oy/eT BKJIIUYAThCA B 3allPOCHI AJIS UAeHTH(UKA-
I[AY BAIIIETO IPUI0MKEHNA. UTOOLI €ro HOJYUYNTh, HYKHO 3aliTH HA CTPAHU-
uy http://api.search.yahoo.com/webservices/register _application n otrse-
THUTh Ha HECKOJIbKO BOIIPOCOB. Ecyin y Bac elrie HeT yueTHO# 3anucu B Yahoo!,
cosgaiiTe ee. Koy BBI TOJIyUnTE CPasy sKe, JKAATh OTBETA 11O 3JIEKTPOHHOMK
IouTe He IPUIETCS.
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PaboTa c Geocoding API

st oopamrenus: K API cayx06n1 Geocoding meobxogumo 3agate URL Buga
http://api.local.yahoo.com/MapsService/V1/geocode?appid=appid&
location=location.

ITapameTtp location — aTo MecToHaxokAeH1E B cBOOOJHOM (popMaTe: ajpec,
TOUYTOBBIN MHIEKC WJIX Jaske TOJIBKO I'OPOJ U IITaT. B oTBeT Bo3BpalaeTcs
XML-n0oKyMeHT:

<ResultSet>

<Result precision="address">

<Latitude>37.417312</Latitude>

<Longitude>-122.026419</Longitude>

<Address>755 FIRST AVE</Address>

<City>SUNNYVALE</City>

<State>CA</State>

<Zip>94089-1019</Zip>

<Country>US</Country>

</Result>

</ResultSet>

Bac uHTepecyioT B HeM moJid Longitude ([lonrora) u Latitude (IITupora). Masa
pasbopa JOKyMeHTa BOCHOJIb3yeMca 6u0anoTeKoi minidom, ¢ KOTOpoi# MBI
yoKe paboTaiu B IpeAuAyux riasax. [lodasere B (haiin advancedclassify.
Py GyHKIMIO getlocation:

yahookey="Baw k4"

from xml.dom.minidom import parseString
from urllib import urlopen,quote_plus

loc_cache={}
def getlocation(address):
if address in loc_cache: return loc_cache[address]
data=urlopen( http://api.local.yahoo.com/MapsService/V1/ +\
"geocode?appid=%s&location=%s" %
(yahookey, quote_plus(address))).read( )
doc=parseString(data)
lat=doc.getElementsByTagName( Latitude )[0].firstChild.nodeValue
long=doc.getElementsByTagName( "Longitude )[0].firstChild.nodeValue
loc_cache[address]=(float(lat), float(long))
return loc_cache[address]
Ira @pyurnua kouctpyupyer URL, comepskaiiuii Bam KJII0OU U MeCTOHA-
XOXKJIeHNe, a 3aTeM U3BJEKAaeT U3 MOJYyUeHHOTO JOKYMeHTa IINPOTY U T0JI-
rory. XoTs AJiA BeIUYNCIEHUA PACCTOAHUSA O0JIbIlle HUUero He HyKH0, API
cay:x0nl Yahoo! Geocoding MOXHO IIPUMEHSATh U B APYTUX IJISX, HAIPU-
Mep UYTOOBI HAWTH MOUTOBBIN MHAEKC II0 aJpecy UK y3HaTh, KAKOMY Peruo-
HY COOTBETCTBYET 3aJJaHHbBIN IIOUTOBBIA MHIEKC.

BbluncneHue pacctoaHUA

ITonyunTh TOUHOE PACCTOSHHE MEXKIY OBYMS TOUKAMU, 3aJaHHBIMU IIIH-
POTOI M HOJTOTOI, JOBOJLHO CJ0:KHO. Ho B HallleM ciaydyae pacCTOSIHUSA
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OTHOCUTEJHLHO HEBEJIUKHU Y HYKHEI TOJIBKO IJI51 CDABHEHU S, II0O9TOMY I0CTAa-
TOYHO IPUOJIMIKEHHBIX 3HaUeHni. [[J1a anopoKcuMAaIluy IPUMeHAeTCA eB-
KJIMAOBO PACCTOSHUE, TOJbKO PA3HOCTD IITUPOT IIPEeABAPUTEIbHO YMHOMKA-
ercs Ha 69,1, a pasHOCTh JOJITOT — Ha 53.

Hob6aBbTe GYHKITHIO nilesdistance B (paiin advancedclassify.py:
def milesdistance(al,a?2):
lat1, longi=getlocation(al)
lat2, long2=getlocation(a2)
latdif=69.1«(lat2-1at1)
longdif=53.0+(long2-1long1)
return (latdifs+2+longdif**2)«.5
31ech cHaAvYaJia BBI3LIBAETCS HaNMCaHHAA paHee (PyHKIUS getlocation HJIs
MOJIYYEeHUSI KOOPAUHAT 000MX aJpPecoB, a IIOTOM BBIUKCJISETCSA PACCTOSAHIE
mexxay Humu. Eciiz xoTuTe, MOMKeTe ITPOTeCTUPOBATh (PYHKITHUIO B MHTEPAK-
THBHOM CeaHcCe:
>>> reload(advancedclassify)
<module "advancedclassify’ from "advancedclassify.py >
>>> advancedclassify.getlocation('1 alewife center, cambridge, ma’)
(42.398662999999999, -71.140512999999999)
>>> advancedclassify.milesdistance( cambridge, ma’, "new york,ny")
191.77952424273104

OOBIYHO IOI'PEIIIHOCTE BEIYMCICHUA PACCTOSIHNUH C IIOMOIIBIO 3TOM (DYHKITUHT
He mpeBbIttaeT 10% , UTo AJIA HAIIEro IPUI0MKeHNA BIIOJHE IIPHUEeMIIEMO.

Co3paHue HOBOro Habopa AaHHbIX

Temneps Bce TOTOBO IJiA co3maHuA Habopa JaHHBLIX, IIPUTOJHOIO IJIs 00yue-
HuA Kjaaccupuraropa. Heobxomuma Juillh (QPYyHKINUA, KOTOPas CBEIET BCe
cocTaBHEBIE UacTu BoeanHo. OHa 3aTPy3UT JaHHBIE ¢ ITOMOIIBIO loadmatch 1 Ipe-
obpasyerT ux B HabOp cTosbIoB. [[o6aBbTe YHKIIMIO loadnumerical B ¢haiiia
advancedclassify.py:

def loadnumerical( ):
oldrows=loadmatch( matchmaker.csv')
newrows=[ ]
for row in oldrows:
d=row.data
data=[float(d[0]), yesno(d[1]), yesno(d[2])
float(d[5]),yesno(d[6]),yesno(d[7])
matchcount(d[3],d[8]),
milesdistance(d[4],d[9])
row.match]
newrows. append(matchrow(data))
return newrows

9ra QYHKIUA reHePpUPYeT HOBYIO CTPOKY AAHHBIX M3 KaKIOW CTPOKU HC-
xomHOTO Habopa. A mpeoObpa3oBaHmUsa HAaHHBIX B UMCJIA OHA IOJB3YETCA
paHee HaMCAHHBIMU PYHKITUAMY, B TOM YUCJIE [JI BEIUYMCICHUSA PACCTOS-
HUH ¥ CUETUNKA IePEKPLITUA NHTEPECOB.
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BrI30oBUTE €e B MHTEPAKTHUBHOM CeaHce, YTOObI CO3aTh HOBLIM Ha0Op AaH-
HBIX:

>>> reload(advancedclassify)

>>> numericalset=advancedclassify.loadnumerical( )

>>> numericalset[0].data
[39.0, 1, -1, 43.0, -1, 1, 0, 0.90110601059793416]

IIpu KesraHUM JIETKO CO3ATh MOJHAOOPHI, YKa3aB MHTEPECYIOIre Bac CTOI-
OI1bI. OTO MOJIE3HO [IJIA BU3YAJIU3AIINY JaHHBIX ¥ YTOOHI TOHATH, KaK KJac-
cuduraTop paboTaeT [JiA Pa3JIUYHBIX TePEeMEeHHBIX.

MacwTtabupoBaHmne gaHHbIX

Korga ana cpaBHeHUA MCIOJB30BaJICSI TOJHBKO BO3pacT, HAM OBIJIO JOCTa-
TOYHO UCXOMHBIX JAHHBIX, II0 KOTOPBIM BBIUUCJIAJIUCH CPEIHNE U PACCTOA-
HUS; Belb CDABHUBATH IIepeMeHHbIe, 0003HAUAIOIIe OJTHO 1 TO K€, BIIOJHE
pomyctumo. OnHAaKO Temephb Mbl BBEJIM HECKOJIbKO HOBBIX IIEPEMEHHBIX, KO-
TOPBIE C BO3PACTOM HECPABHUMBI, TAK KaK IPUHUMAIOT I'OPas3mo MEHbIIINe
3HauveHUA. PasHoe OTHOINIEHME K AeTsaM (BO3MOMKHBIe 3HaueHus 1 m —1,
MaKCHUMAaJbHOE paccTosHue 2) MOMKeT OBITh KyJa BecoMee IecTUJIeTHei
Pa3HUIILI B BO3pAcTe, HO ecJiu OpaTh JaHHbIe KaK eCTh, TO PA3HUILA B BO3pac-
Te OyAeT BeCUTh B TPU pasa GoJIbIIe.

J 151 perreHnsa 9Toi mIpobJieMbl HeOOXOAUMO IIPUBECTU BCE JaHHBIE K €JTUHO-
My MaciiTaby, 4ToObI Bce IepeMeHHbIe MOYKHO OBIJIO OCMBICJIEHHO CPABHU-
BaTh. lyid aToro TpedyercAa OmpeneUTh MUHUMAJIHLHOE U MaKCHUMAaJILHOE
3HAUEHUA KaXKJON IepeMeHHON M MacIITabupoBATL AAHHLIE TaK, UTOOBI
MUHUMYM COOTBETCTBOBAJ HYJIIO, & MAKCUMYM — €UHUIIE.

Hob6asbTe GyHKIINIO scaledata B paitn advancedclassifier.py:

def scaledata(rows):
1ow=[999999999.0]+1en(rows[0].data)
high=[-999999999.0]«1en(rows[0].data)
# Vuem HaumeHblee u Haubonbliee 3Ha4eHWUS
for row in rows:
d=row.data
for 1 in range(len(d))
if d[i]<low[i]: low[i]=d[i]
if d[i]>high[i]: high[i]=d[i]

# Co3pmaem QyHkUMO MacuTabrpoBaHus
def scaleinput(d):
return [(d.data[i1]-low[i])/(high[i]-1ow[i])
for 1 in range(len(low))]

# Macwtabupyem aaHHbe
newrows=[matchrow(scaleinput(row.data)+[ row.match])
for row in rows]

# BosBpaumaem HOBbE [aHHHE ¥ GYHKUMIO
return newrows, scaleinput
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BuyTpu aToit GyHKIIUN onpeneaserca GyHKIU scaleinput, KOTOpas UIET
HauMeHbIlee 3HaUeHWe U BBIYNTAET ero U3 BCeX OCTAJIbHBIX, TAK UTO MUHU-
MyM OKasbIBaeTcsa paBHBIM (. 3aTeM Bce 3HAUEHUS IEJIATCA Ha PA3HOCTH
MEKIY MaKCUMAaJbHBIM 1 MUHAMAJIbHBIM, YTOOBI IPUBECTHU UX K IHAIA30-
HYy oT 0 mo 1. PyHKIUA scaledata IPpUMeEHsET scaleinput K KasKJI0i CTPOKe
Habopa JaHHBIX M BO3BpAIllaeT HOBLIM HAOOp BMecTe ¢ caMOil (PyHKI[Men
scaleinput, KOTOPYIO BbI CMOMKETE B JaJbHEHIIIEeM NCI0JIb30BaTh IS MACIII-
TabUPOBAHUA 3aIIPOCOB.

Temneps mompobyeM IPUMEHUTH JUHEHHBIN KaaccuduraTop K 60Jiee MIupo-
KOMY HabOpy IepeMeHHBIX

>>> reload(advancedclassify)

<module ‘"advancedclassify' from "advancedclassify.py'>

>>> scaledset, scalef=advancedclassify.scaledata(numericalset)

>>> avgs=advancedclassify.lineartrain(scaledset)

>>> numericalset[0].data

[39.0, 1, -1, 43.0, -1, 1, 0, 0.90110601059793416]

>>> numericalset[0].match

>>> advancedclassify.dpclassify(scalef(numericalset[0].data), avgs)
>>> numericalset[11].match

>>> advancedclassify.dpclassify(scalef(numericalset[11].data), avgs)

OTMeTHM, UTO UMCJIOBLIE JaHHbIE IIPeIBAPUTEILHO MACIITAOUPYIOTCI. XO0-
TS AJA HEKOTOPBIX IPUMEPOB ATOT KJaccuuKaTop padboTaer, HEJJOCTATKH
IPOBEJeHUS Pa3Aeaiolleil IpsaMoi CTAHOBATCS 6oJjiee 0UeBUIHBI. UTOOBI
YIAYYIIATH Pe3yJIbTaT, HaM HeoOXOAMMO BBIMTH 3a paMKU JUHEHHON KJjac-
cu()uKaIuu.

Npesa apepHbIX METOAOB

ITocmoTpuTe, YTO MOJTYUYUTCS, €CJAU IPUMEHUTh JUHEeHHBIN KJacCu(puKaToOp
K HabOpy JaHHBIX, TOL00HOMY M300paskeHHOMY Ha puc. 9.7.

T'me orkakyTea cpeHNe TOUKHM KayKI0Oro KJjaacca? B TOUHOCTH B OLHOM M TOM
ske mecte! X0TsA U BaM, ¥ MHe SICHO, UTO BCe TOUKHM BHYTPU KPyra — KPecTH-
KU, a BHE HETO — KPYIKKU, JUHEeHHBIH KJIacCU(PUKATOP HE B COCTOSTHUM Pa3-
JUYNUTE 3TU KJIACCHIL.

Ho uTo ecsiiu cHauajsia BO3BECTU KOOPAUHATHI X U J KA'KA0H TOYKU B KBaJ-
patr? Touka, KoTopasd umeJsa KoopauHaTel (—1, 2), Temeps IpeBpaTUTCS
B (1, 4), Touka (0,5, 1) — B (0,25, 1) u . 1. HoBaa nuarpamma nszobpaskeHa
Ha puc. 9.8.

Temeps Bce KPECTUKHU II€PEMECTHUJINCEH B YTOJI, 4 BCe HOJUKU OKa3aJIUCh BHE
yraa. PagmnenuTs nx npaMoii JUHUEH CTajI0 COBCEM IIPOCTO, a IS KJIAaCCHU-
duKanmuu HOBOM TOYKU JOCTATOUHO BO3BECTU €€ KOOPAMHATHI B KBaapaT
¥ IOCMOTPETBH, II0 KAKYI0 CTOPOHY OT IPAMOM OHA OKAYKeTCA.
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3]
bal-

Puc. 9.8. Ilepemeuwienue mouex 8 0pyzoe npocmpaHcmeo
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9TOT IpUMep MOKA3bIBAET, UTO IIyTEM IIPeIBAPUTENBHOI TpaHchOopMAaIu
TOUEK MOJKHO CO3[JaTh HOBBIN HAbOD AAHHBIX, JOIYCKAIOIIUI pasgesieHue
npsamoii auHueit. OZHAKO 9TO CIIENUAJIbHO ITOJO0PaHHBIN IPUMeD, AT KO-
TOPOro TpaHcHOpMAaIA OMUCHIBAETCS IIPOCTO; B PEAJNHLHBIX 3ajadax OHa
OKa3bIBaeTCA Kyna CJOKHEe, K TOMY K€ IMPOMBBOJUTCA B IPOCTPAHCTBE
OoJsibItieit pasmepHOcTH. HampuMep, MOKHO B3ATH NBYMEPHBIN HAOOD AaH-
HBIX C KOODAWMHATAMY X U J U TPAHC(OPMUPOBATH €T'0 B TPEXMEPHBIN 110
dopmysmama=x"2,b=x *y,c =y " 2. YBeJInunB Pa3sMepPHOCTH 3a1aUMN,
WHOTZA CTAHOBUTCS MPOIe HANTU Pas3fesAoNnlylo nBa KJacca I0BepX-
HOCTB.

MNMepexop K aapy

XoTsa s mepeBojia JaHHBIX B HOBOE IIPOCTPAHCTBO MOJKHO HAIIKCATh KOJ,
MOJO0HBIN IPUBEIEHHOMY BhBIIlle, HA IPAKTUKE TAK IOCTYIIal0T PEIKO, I10-
TOMY UTO IIpU paboTe ¢ peaJbHLIMU HaGopaMu ZaHHBIX [JJIsA IOUCKA paszme-
JINTEJIST UHOTA TPeOyeTcs MepeXxoAuTh B MIPOCTPAHCTBO C COTHAMM U THICS-
YyaMu U3MepeHuit, uTo BpsA au peanudyemo. OQHAKO AJs J1060T0 aJITOPUT-
Ma, B KOTOPOM HCIIOJIB3YIOTCS CKaJIsIpHBbIE IIPOU3BEJEHNs, — B TOM YHCJIe
U OJ1s IMHEeHHOro Kiaccu(uKaTopa — MOMKHO IPUMEHUTEH METO nepexoda
k a0py (kernel trick).

Ilepexon K Anpy IOAPA3yMeBaeT 3aMEHY CKAJISIPHOTO IPOU3BENeHU APY-
roi pyHKIMei, KoTopas BO3BPAIIlaeT YNCJIO, PABHOE BeJINUNEHE CKAJIAPHOTO
IIPOU3BEIeHNUsA, B caydae ecjii Obl JaHHBIE CHaUYaJia ObLIN KaKUM-TO obpa-
30M OTOOpaXKeHbl HA IIPOCTPAHCTBO C OOJIBIIIMM UYMCJIOM H3MepeHuii. Ha
oToOpasKeHNe He HAKJIaQbIBAeTCA HUKAKNX OIPAHMYEHNI, HO HA IPAKTUKe
MIPUMEeHAETCA JIUIITL HeOOIbIIoe YKCJIo Tpauchopmariuii. Yaire Bcero pexko-
MEHAYIOT (M MBI 3TOH PeKOMeHIaIlrell BOCHOJIb3yeMCA) TAK Ha3bIBAEMYIO
@dyHKyuo paduanvrozo ba3uca.

DyHKIIUA pagualbHOro 0asyca aHAJOTMYHA CKAJISIPHOMY IPOU3BEIEHUIO
B TOM CMBICJIE, UTO IPUHUMAET JBa BEKTOpPa U Bo3BpaIlaet uucjao. Ho, B or-
JUYre OT CKaJAPHOTO IIPOM3BEJIEHU, OHA HEJIMHENHA U, CJIel0BaTeIbHO,
MOJKET MCIIOJIb30BAThCS NI OTOOpakeHuA 6oJiee CIOKHBIX IIPOCTPAHCTB.
Hob6asbTre hyHKINIO rbf B (haitn advancedclassify.py:
def rbf(v1,v2,gamma=20):

dv=[v1[i]-v2[1] for i in range(len(v1))]

1=veclength(dv)

return math.exx(-gammax1l)
Ira QYHKIUA OPUHUMAET eJUHCTBEHHBII IIapaMeTp ganna, KOTOPBIN MOMKHO
MOACTPAUBATH AJIA IOUCKA ONTUMAJIBHOTO JIMHEMHOTO Pa3JeInTeN .

IManee HaM MOHAZOOUTCA HOBasA (QPYHKIIMA, KOTOPAs BLIYUCIAET PACCTOS-
HUA MeXOy CpeJHMMHN TOYKaMHUu B Tpchq)OpMI/IpOBaHHOM IIPOCTPAHCTBE.
K cosxamennio, cpeJHIE BEIUNCIIAINCEH B UICXOAHOM IIPOCTPAHCTBE, [I0O3TOMY
37leCh MBI MM BOCIIOJIL30BAThCS He MOKeM. BoJiee Toro, cpeguue BoobIime
HEBO3MOJMHO BBIYNCJ/INTH, IIOTOMY YTO MbI HE BBIUMCJIAEM KOOPAMHATHI TO-
4yeK B HOBoM mpocTtpancTee. Ho, Ha Hallle cuacTbe, yCpeAHEHNEe II0 MHOKECTBY
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BEKTOPOB M BbIUHNCJIEHNE CKAJAPHOI'O IIPOM3BENEHUA pedyjbTaTa yCpeagHe-
HUA C BEKTOPOM A JAaeT TOT e pe3dyJjbTaT, 4TO yCpeaHEeHMNEe CKaJAPHBIX
HpOI/ISBeJ.'[eHI/Iﬁ BEKTOpa A co Bcemu BEKTOpaMu M3 TOI'O K€ MHOXeCTBa.

IToaTomy, BMECTO TOTO YTOOBI BRIYKUCIATEH CKAJIAPHOE IPOM3Be/IeHIe Kiac-
cuunupyeMoi TOUKU Co cpeJHell TOUKO Kjlacca, MOMKHO BBIUUCIUTD CKa-
JSAPHBbIE IIPOM3BEAeHNa MIN (PYHKINK paguajbHOro 6asmca s TAHHON
TOUKHU U BCEX OCTAJIBHBLIX TOUEK KJIACCA, & 3aTeM BBIIOJIHUTHL yCPeIHEHHE.
Hob6asbre hyHKIIMIO nlclassify B aitn advancedclassify.py:

def nlclassify(point, rows, offset,gamma=10):
sum0=0.0
sum1=0.0
count0=0
count1=0

for row in rows:
if row.match==0:
sum0+=rbf(point, row.data, gamma)
count0+=1
else:
sum1+=rbf(point, row.data, gamma)
count1+=1
y=(1.0/count0)*sum0-(1.0/count1)*sumi+offset

1t y<0: return 0
else: return 1

def getoffset(rows,gamma=10):
10=[]
11=[]
for row in rows:
if row.match==0: 10.append(row.data)
else: 11.append(row.data)
sumO=sum(sum([ rbf(v1,v2,gamma) for v1 in 10]) for v2 in 10)
sumi=sum(sum([rbf(v1,v2,gamma) for v1 in 11]) for v2 in 11)

return (1.0/(len(11)*%2))*sum1-(1.0/(1len(10)*2))*sum0

Besnumna cMelenusa B TpaHC(HOPMUPOBAHHOM IPOCTPAHCTBE TOKE OTJIU-
YyaeTcs, U Ha ee BBIUUCJIEHUE MOKeT YHATH 3aMeTHOe BpeMdA. [loaTomy ee
cJenyeT BBIYUCJATH AJIA Habopa JaHHBIX OQUH pa3 U IepefaBaTh IPU KarK-
JOM BBI3OBeE nlclassify:

ITorpoOyiiTe BOCIIOIB30BATHCA HOBBIM KJaacCu(pUKATOPOM IJs Habopa maH-
HBIX O BO3pacTe X MOCMOTPHUTE, PeIllaeT Jii OH 00HAPYKeHHYI0 paHee Ipo-
oiemy:

>>> advancedclassify.nlclassify([30,30], agesonly, offset)

;

>>> advancedclassify.nlclassify([30,25], agesonly,offset)

;

>>> advancedclassify.nlclassify([25,40], agesonly, offset)

0
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>>> advancedclassify.nlclassify([48,20], agesonly, offset)
0

Baecramie! IToce TpamchopMmariny KiracCuPuUKaToOp CyMes IOHATh, UTO CY-
IIeCTBYET II0J0ca Imap ¢ OJM3KMMM BO3PACTAMM M YTO II0 00€ CTOPOHEI OT
DTOM II0JIOCKHI COCTABJICHNE MapPLI KPaliHe MaJIoBepPOsaTHO. Temeps OH pacios-
HaeT, uTo 48 u 20 He mOAXOAAT AJis cocTaByeHuA mapbl. [lompobyem eire
pas, BKJIIOUYUB U Apyrue JaHHbIE:

>>> ssoffset=advancedclassify.getoffset(scaledset)

>>> numericalset[0].match

0

>>> advancedclassify.nlclassify(scalef(numericalset[0].data), scaledset,
ssoffset)

0

>>> numericalset[1].match

;

>>> advancedclassify.nlclassify(scalef(numericalset[1].data), scaledset,
ssoffset)

1

>>> numericalset[2].match

0

>>> advancedclassify.nlclassify(scalef(numericalset[2].data), scaledset,
ssoffset)

0

>>> newrow=[28.0,-1,-1,26.0,-1,1,2,0.8] # Myx4umHa He X04eT UMeTb fOeTeM,
a XeHuuHa Xo4yeT

>>> advancedclassify.nlclassify(scalef(newrow), scaledset, ssoffset)

0

>>> newrow=[28.0,-1,1,26.0,-1,1,2,0.8] # 06a xoTAT uMeTb AeTeil

>>> advancedclassify.nlclassify(scalef(newrow), scaledset, ssoffset)

1

TouHOCTH KJIaccu(pUKAIINY 3aMETHO YJIYyUIINIach. BUIHO, YTO eciy My:K-
YyuHa He X0UeT UMETh JeTel, a *KeHITNHA X0UeT, TO Iaphbl He HMOJYyUYUTCS,
MyCTh Aake OHU OJIMBKHU II0 BO3PACTY U MMeIoT obriue mHTEepechl. [Tompo-
OyliTe IOUTPaTh C IPYTUMHU II€PEMEHHBIMU U IOCMOTPUTE, KaK 9TO OTPABUT-
cs Ha pesyJbTare.

MeTop, OMOPHbIX BEKTOPOB

PaccmoTpuM cHOBa 3aJ1auy OTBICKaHUSA IPAMOIL, pa3aesaioleii ABa Kjaacca.
Ha pwuc. 9.9 npusenen npumep. IlokasaHbl cpegHMe TOUKU IJIS KasKIOTO
KJIacca M COOTBETCTBYIOITUH UM Pa3aeInuTelb.

OOpaTuTe BHUMAaHNE, YTO Pa3e/Isaiolnas JUHNS, BEIUNCJIEHHAS Ha OCHOBE
CpegHux, HEeIIpaBUJIbHO Rnaccn(bnunpyel‘ AB€ TOUKH, IIOTOMY UTO OHHM OKa-
3aJMCh K Heil ropasgo OJmike, uem OOJIbIIasi 4acTh AAaHHBIX. IIpoGiaema
B TOM, UTO, IIOCKOJIBbKY IIOUTH BCE JaHHBIE HAXOAATCS JaJIeKO OT PasHeIuTe-
JIfd, 9TU TOYUKH He YUUTHIBAJINCH IIPHU €TI0 IIOCTPOCHUN.

Hnsa cosmanus KJaaccu(UKATOPOB, PEHIAIOIIUX 3Ty IPoOJIEeMy, IIHUPOKO
OpUMEHSAETCS MeTOJ OIOPHBIX BeKTOPOB. CMBICT €ro B TOM, UTOOBI HAWTH
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Puc. 9.9. Jluneiinwiii Kraccuuramop no cpednum
HenpasuibHO KaaccuGuyupyem moixu

JIMHUIO0, KOTOPad OTCTOsAJa ObI MAaKCUMAJIbHO JAaJIEKO OT KaXKJOro KJacca.
Jra IVHUA, HA3BIBaEMAad 2UNEPNJL0CKOCMbI0 C MAKCUMATbHbLM OMCMYNOM,
nsobpaskeHa Ha puc. 9.10.

PasgenuTenb BLIOPAH Tak, UTOOBI TapaJieJbHble JUHUHT, 3aJeBaOIIe TOY-
KM M3 KasKIOro KJacca, OTCTOSAJIM OT Hero MaKCHMaJbHO Jajeko. Kak
W paHblile, IJd KJacCU(PUKAIINU HOBOM TOUKH JOCTATOYHO IIOCMOTPETh, 110
KaKyI0 CTOPOHY OT pasmesuTesid OHa oKasayiachk. O6GpaTuTe BHUMaHMUE, UTO
JIJI51 BBIYMCJICHUS TOJIOYKEHU S Pa3aeInTe/ s HYsKHBI TOJIbKO TOUKH, OTCTOS-
ITre OT Hero Ha BeJIMYMHY OTCTYIIA; BCe OCTANbHbIE JaHHBIe MOMKHO BOOOIIE
0TOPOCUTD, a TOJIOXKeHMEe Pa3AeIUTeN]sa OT 9TOTO He udMeHuTcsa. Touku, Je-
JKarue 0JM3K0 K pasaesnTes 0, Ha3bIBAIOTCI ONOPHLLMU 8eKMOpamu. A-
TOPUTM, KOTOPBIH HAXOAUT OMOPHBIE BEKTOPHI U II0 HUM CTPOUT Pa3Iesu-
TeJIb, HA3bIBAETCH MAULUHOIL ONLOPHBLX BEKMOPOE.

BrI yoke Bumenn, KaK JUHENHBIN KJIacCU(PUKATODP MOKHO IIPEBPATUTH B HE-
JIMHENHBIN ¢ TOMOIIBIO IIepexoia K APy IIPU YCJIOBUM, UTO CDABHEHUE BHI-
TIOJIHAETCS C IOMOIIBIO CKAJAPHOTO IIpou3BeleHUsA. MaIlluHbl OMOPHBIX
BEKTOPOB TOXKe MOJIb3YIOTCA CKAJAPHBIM IIPOU3BEEeHIEM, II09TOMY MOTYT
IIPUMEHATBCA COBMECTHO C AAEPHBIMU aJI'OPUTMaMH OJIA HeJIUHeHMHON
KJaccu(puKaIun.
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Puc. 9.10. HaxosxcOenue Haury4uiezo pazderumens

I'IpmmeHeva MaLLUVH OMNMOPHbIX BEKTOPOB

ITocKOJIBbKY MaIlIMHbBI OIIOPHBIX BEKTOPOB XOPOIIIO paboTaioT ¢ MHOTO-
MepHBIMU HabopaMu JaHHBIX, TO Yallle BCeT0 OHU IPUMEHAIOTCA IPU
pellleHny HaYYHBIX U APYTUX 3a[a4, TPEOYIOIIUX TPYA0eMKOI o0pa-
OOTKU OYEHBD CJIOYKHBIX JAHHBLIX, HAIIPUMED:

- Knaccuduraius BeIpakeHu IuIia.

+ OOGHapy KeHUU BTOPKeHNIl Ha BOeHHbIe 00'HbEKTHI.

° HpOl"HOBI/IPOBaHI/Ie CTPYKTYDPBI 0eJIKOB II0 UX II0CJIeOBATEeJIbHOCTHU.
M PaCHO3HaBaHI/Ie PYKOIINCHBIX NaHHBIX.

- OmpeneseHre IOTEHITUAIBHOTO yIIlep0a OT 3eMJIeTPSACeHU .

Buonuorteka LIBSVM

W3 npepwigyimero pasgesna BaM, HaBEPHOE, ICHO, KaK U MOYEMY paboTaroT
MAIITMHBI OOPHBIX BEKTOPOB, HO B UX O0yUeHUHU 3ae/1ICTBOBAHBI MATEMATH-
YyeCcKMe MEeTOIbl, TPeOYIOI[ie OTPOMHOr0 00'beMa BBIUNCJICHUI 1 BBIXOMI -
e JajJeKo 3a PAMKU 3TOM riaBbl. I10aTOMY MBI BOCIIOIB3yeMcCs OuOImoTe-
kKot LIBSVM c OTKPBITBIMH HNCXOAHBIMU TEKCTaMH’, KOTOPAs IIO3BOJISIET
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00yuuTb SVM-Mozenb, AejiaTh IPOrHO3EI U IPOBEPATH UX Ha TOM Ke Habope
IaHHBIX. B Hee qaske BCTpoeHa MOAAEPIKKA QYHKIINK paguaIbHOTo Dasuca
¥ IPYTIUX AJePHBIX METOOB.

NMonyyeHue LIBSVM

Crkauatb 6ubauoreky LIBSVM mo:kHO co cTpauunsl http://www.csie.ntu.
edu.tw/~cjlin/libsvm.

Omna HamucaHa Ha sa3bIKke C++, HO UMeeTcA Tak:ke Bepcusd Ha Java. B pucrt-
pubyTuB BXoauT obepTKa SVM.PY [Js BbI3oBa m3 mporpamMm Ha Python.
Y06k €10 BOCIIOJIL30BATLC, Heooxoauma Bepcuss LIBSVM, oTKOMIHINPO-
BaHHaA mof Bairy miatdopmy. Iaa Windows B fucTpubyTUBe MMEETCs I'o-
ToBasg DLL — svmec.dll. (Oasa Bepcuu Python 2.5 sToT daitn Hy:KHO mepe-
MMEHOBATh B svmc.pyd, TaKk KaK OHA He YMeeT UMIIOPTUPOBATEL OMGIMOTeKH
¢ pacmupenuem DLL.) B rokymenTamuu, mocraBiasemoii BMecTe ¢ LIBSVM,
OIMMCHIBaETCA, KaK OTKOMIIMJINPOBATD ee Ha APYTUX ImaaTdopMax.

Mpnmep ceaHca

ITomecTuTe oTKOMIIMIMPOBaHHYIO Bepcuio LIBSVM 1 makeT svim.py B CBOIO
pabouyro manky WJix B IAIKY, rae natepuperarop Python umer 6ubamnore-
Ku. Temeps MOKHO UMIIOPTHUPOBATH €€ U IMOMBITATHCA PEIIUTh IPOCTYIO 3a-
TauKy:

>>> from svm import =*

IlepBBIM mesoM co3mamguM HpPocToil Habop mamubix. LIBSVM uuraer man-
HbIe M3 KOPTeyKa, COMeprKallero JBa CINCKAa. IIepBBIi CIHCOK COLEPIKUT
KJIacChl, BTOPOil — MCXOAHLIEe AaHHbIe. [lompodyeM co3aaTh HA0OP JaHHBIX
BCEro C IBYMsA KJIACCAMMU:

>>> prob = svm_problem([1,-1],[[1,0,1],[-1,0,-1]])
Eitie HyKHO ¢ ITOMOIIBIO (PYHKIIAU Svi_parameter 3aJaTh AAPO, KOTOPHIM BEI
cobupaeTech II0Jb30BaThCS:

>>> param = svm_parameter(kernel_type = LINEAR, C = 10)

Hamee caienyeT o0yUYUTh MOZENh:
>>> m = svm_model(prob, param)

optimization finished, #iter =1
nu = 0.025000

obj = -0.250000, rho = 0.000000
nSV = 2, nBSV = 0

Total nSV = 2
W HaKoHeI BOCIIOJIbL3yeMCA €0 IJIsI IIPOTHO3WPOBAHUA IIPUHAIICKHOCTHU
KJaccaM:

>>> m.predict([1, 1, 1])

1.0

Ito Bca pyHKIHoHaJAbHOCTE LIBSVM, KoTOpas BaM HYy KHAa IJIS CO3LAHNS
MOAeau IO OOydalomuM AAHHBIM U IIOCJIEeAYIOIIEro ITPOTHO3UPOBAHUA.



Bubnunoteka LIBSVM 251

VY oubanorexu LIBSVM ecTh ellje ogHa Imojie3Hasg OCOOEHHOCTE — BO3MOMK-
HOCTBH COXPAHATH U 3arPy KaThb 00yUYeHHbIe MOJEJIN:

>>> m.save(test.model)
>>> m=svm_model(test.model)

MpumMeHeHVe MeToAa ONOPHbIX BEKTOPOB
K Habopy AaHHbIX Ang noabopa nap

Yr066! npuMeHUTh 016 moTeKy LIBSVM K HaG0opy JaHHBIX AJId IoAOOpAa mIap,
ciiemyeT mpeobpas3oBaTh ero B KOPTEXK CIUCKOB, HEOOXOAUMBIN (DYHKIIUM Svi_
model. OTO IPOCTOE IIPeodPa3oBaHe MOKHO 3aIIUCATh B OAHOII CTPOKE:

>>> answers, inputs=[r.match for r in scaledset],[r.data for r in scaledset]

Mgzl cHOBa IPUMEHUJIM MAacHITaOMpoBaHMUe, YTOOBI M306eKaTh IIPUIINCHIBA-
HUSA IIePEeMEeHHBLIM UYpe3MepHO OOJILIIIOTO Beca, MOCKOJBbKY 9TO YJIyUIllaeT
pe3yabTaThl paboThI AAropuTMa. Bocmonb3yeMes OINCaHHBIMU BhIIIEe (DYH-
KIUAMH AJIS TeHePUPOBaHUSI HOBOTO Habopa JaHHBIX W MOCTPOCHUS MOJe-
JIY, B3AB B KauecTBe AApa PYHKIINIO paanaJbHOro 6asuca:

>>> param = svm_parameter(kernel_type = RBF)

>>> prob = svm_problem(answers, inputs)

>>> m=svm_model(prob, param)

optimization finished, #iter = 319
nu = 0.777538

obj = -289.477708, rho = -0.853058
nSV = 396, nBSV = 380

Total nSV = 396

Temepb MOKHO JejaTh IPOTHO3LI OTHOCUTEJIBHO TOTO, COCTABAT JU IIapy
IBa UeJIOBeKa ¢ 3aJaHHBIMH aTpuOyTamMu. Heo6XoamMo BBIBBIBATH (PYHK-
IUIO scale OJIST MacIITabMpPOBAHUS OIleHUBAeMbIX JaHHBIX, UTOOBI IIepeMeH-
Hble OBLIN BBIPAYKEHLI B TOM 2Ke MacliTabe, YTO U IIOCTPOEHHAS MOIENIb:

>>> newrow=[28.0,-1,-1,26.0,-1,1,2,0.8] # Myx4uHa He X04eT UMeTb fAeTeM,
a XeHWMHa Xo4eT

>>> m.predict(scalef(newrow))

0.0

>>> newrow=[28.0,-1,1,26.0,-1,1,2,0.8] # 06a xoTAT uMeTb AeTeil

>>> m.predict(scalef(newrow))

1.0

XoTA TPOTHO3 BBITVIAAUT HEIJIOXO0, XOTEJOCh OBl 3HATH, HACKOJBKO OH
B IeMCTBUTEIHLHOCTY XOPOII, W MOA00OPaTh ONTHUMAJNbHBIE TapaMeTPhI IJIA
dyurmuu 6asuca. B 6udbaumoreky LIBSVM BcTpoeHa BO3MOMKHOCTH IIepe-
KPEeCTHOro KOHTPOoJIs Mogeseii. Kak sToT MexaHusM paboTaeT, Bbl BUAEIHN
BTJIaBe 8, — HA0Op JaHHBLIX aBTOMATHYECKHN pasbuBaeTcs Ha oO0ydarouii
u TecToBbIM. OOyuaroniuii HA0OP MCIIOJIb3yeTCs IJIs IIOCTPOEHUS MOJENIN,
a TeCTOBBIN — /IS IPOBEPKHU TOI'0, HACKOJIbKO XOPOIIIO MOJEIb BBIMOJIHAET
IIPOTHO3WPOBAHUE.

IIpoBepuM KaueCcTBO MOJEJIY C IIOMOIIBIO IIEPEKPECTHOTO KOHTPOJIA. DYyHK-
A TPUHUMAET IapaMeTp n ¥ pa3dbuBaeT HAOOp JaHHBIX Ha 1 yacTeil. 3ateM
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KaJgad 4acCThb II0CJieqoBaTe/JIbHO NCIIOJIB3yeTCA B KaueCTBe TECTOBOI'O Habo-
Pa, B TO BpeMdA KaK OCTaJIbHbIE CJIyKaT JJIA O6yquI/IH. (DyHI-CIlI/IH BO3BpaIma-
€T CIINCOK OTBETOB, ROTOpLIfI BbI MOXXeTe CDaABHUTH C UICXOJHBIM CIIMCKOM.

>>> guesses = cross_validation(prob, param, 4)

>>> guesses

[0.0, 0.0, 0.0, 0.0, 1.0, 0.0,...
0.0, 0.0, 0.0, 0.0, 0.0, 0.0,...
1.0, 1.0, 0.0, 0.0, 0.0, 0.0,...
o]
>>> sum([abs(answers[i]-guesses[i]) for i in range(len(guesses))])

116.0
KonuuecTBO pacxoKIeHUHN MeKIy OTBeTaMU M IIPOTrHo3aMu paBHO 116.
ITockonbky B ucxomuom Habope Bcero 500 cTpok, To 384 mporuosa oxkasa-
JINCH IPaBUIbHBIMU. EC/Iu XOTHTE, MOMKETe IPOUUTATH B JOKYMEHTAI[UHU 10
LIBSVM mpo apyrue sapa 1 IapaMeTpbl U IIOCMOTPETh, YAACTCS JIA JOOUTh-
cA YAYUIIeHUs IyTeM U3MeHeHUs paran.

Nopbop nap Ha canTte Facebook

Caiit Facebook — asTo momysspHas conuajbHas CeTh, KOTOpas IEepBOHA-
YaJIbHO OBbLJIa OPUEHTUPOBAaHA Ha CTYAEHTOB KOJLIEAKEHN, HO 3aTEeM OTKPHI-
Jach IJis 0oJiee IINPOKOIi ayauTopuu. Kak u gpyrue conuaabHbIe CETH, OHA
MMO3BOJIAET IMOJb30BATEIAM CO34aBaTh IPoduIn, BBOAUTH O cebe qJemorpa-
duueckyio nHpOpPMAaIMIO U 06IIATHCA C APY3bAMU Ha caiiTe. Kpome Toro,
Facebook npegocrasaser API, mo3Bo AU 3aIpamnuBaTh NHGOOPMAIIHIO
0 JIOAAX W y3HABATh, ABJSIOTCA JIU ABA YKA3aHHBIX UeJOBEKa APY3bIMU.
C momorbio 9Toro API MOXHO HTOCTPOUTEL PeaJbHBLIN Ha0Op HAHHBIX IJIA
moxbopa map.

Bo Bpems paboThI HaJ 9TOM KHUTOM caiiT Facebook oueHb TpemeTHO OTHOCHII-
¢ K KOHQUAEHIINATIbHOCTH, II09TOMY CMOTPETH MOYKHO JINIITE IpoGuau cobe-
TBeHHBIX Apysei. API cieayer TakuM Ke IIpaBUJIaM, TO €CTh TpPeOyeT HaIu-
YK YYETHOM 3aIllCH W OTPAHUYMBAET BO3MOYKHOCTH 3aImpocoB. IlosTomy,
4TOOBI TPOPaAbOTATh IPUMED U3 3TOTO Pa3Jesa, BbI JOJYKHEI CO3ATh YIETHYIO
samnuch Ha caitre Facebook u o63aBecTucs 1o meubImreit mepe 20 1py3baMu.

MonyyeHue kno4ya paspaboTumka

Ecau y Bac ecTh yueTHas Ha caiite Facebook, To BBl MoKeTe 3alIpOCUTH
KJII0U paspaboTunKa Ha crpauute htip://developers.facebook.com.

B mosryunTe ABE CTPOKU — KJIou AJsA AocTyna K API u ceKpeTHBIN KJII0Y.
ITepBbIii HEOOXOAUM IJI UAEHTU(GUKAIINN, BTOPOM — MJIs CO3JaHUI CBEPT-
K¥ 3a1IPOCOB, 0 UeM MBI moroBopum HuKe. Cosmaiite HOBbIH daiin facebook.
Py, UMIIOPTUPYHATE B HEr0 HEOOXOAWMBble MOIYJU U 3aJaliTe HEeKOTOPbIE
KOHCTAHTHI:

import urllib, md5,webbrowser, time
from xml.dom.minidom import parseString
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apikey="Baw kmo4y ans goctyna Kk API"
secret="Baw cekpeTHbIi K4y
FacebookSecureURL = "https://api.facebook.com/restserver.php”

Io6aBuM eIrle ABa BCIIOMOTATeJIbHBIX MeTOA: getsinglevalue TTOJydaeT cie-
Oyloliee 3HaUeHNe 13 IIOMMEHOBAaHHOTO y3J1a, a callid Bo3BpaIlaeT YucJo,
CreHepHPOBaHHOE Ha OCHOBE CCTEMHOT'0O TaliMepa.
def getsinglevalue(node, tag):
nl=node.getElementsByTagName(tag)
if len(nl)>0:
tagNode=n1[0]
if tagNode.hasChildNodes( ):
return tagNode.firstChild.nodeValue
return

def callid( ):
return str(int(time.time( )=10))

st HekoTopsix B130BoB API caiita Facebook TpebyeTcs mochLaaTh moOpsI-
KOBBIM HOMEp, B KAUeCTBe KOTOPOT'0 MOKHO B3STh JI000€ UNCJIO, JUIIEL OBl
OHO OBLIO OOJIbIIIE IPeabIAyIllero HoMepa. CUCTEeMHBIH TafiMep MO03BOJIIET
JIETKO YIOBJIETBOPUTDH 3TOMY YCJIOBHUIO.

Co3paHume ceaHca

IIpomenypa cosganus ceanca Ha caiite Facebook cupoekTupoBana Tak, 4To
IIO3BOJIAET CO3JAaBaTh IIPUJIOMKEHWE, KOTOPHIM CMOTYT BOCIOJIb30BATBHCA
Ipyrue JIOAU, XOTA UX UMSA U MapoJib BaM Heu3BeCcTHHI. [locTuraercs sTo
IIyTeM BBLIMOJHEHUA HECKOJIbKUX IIIAr0B:

1. C momoisio API caitra Facebook sanpocurs mapkep.

2. TlocmaTh Ha cTpaHUIlY peructpaiuu 3ampoc, B URL KoToporo ykasan
MapKep.

3. ITomo:xjaTh, mOKa IOJIL30BATENDH 3aPETUCTPUPYETCA.

4. 3ampocuts y API caiita Facebook ceanc, yxaszas mapkep.

ITocKOJBKY B BTHUX BBI30BaX HCIIOJB3YEeTCSA HECKOJBLKO OOIMX IepeMeH-
HBIX, JIyullle 00epHYTh uX B KJjacc. Cospmaiite B aitne facebook.py HOBBIH
KJIacc fbsession ¥ BKJIOUKTE B HETO METOJ __init__, peajJu3yIoNIuii mepevnc-
JIEHHBIE BBIIIIE ITIaTh:

class fbsession:
def __init__(self):
self.session_secret=None
self.session_key=None
self.token=self.createtoken( )
webbrowser.open(self.getlogin( ))
print "locne perucTpauun HaxmuTe knasuwy Enter:™,
raw_input( )
self.getsession( )

Merop __init__ BBIBBIBAET HECKOJBKO IPYIUX METO0B, KOTOPLIE HAM IIPEICTO-
UT J00aBUTH B KJacc. IIpexk e Bcero Heo6X0AuM CII0CO06 OTIIPABKH 3aIIPOCOB
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API caitra Facebook. MeToj sendrequest OTKPBIBAeT COeAUHEHNE C CANTOM
Facebook u mochwlyiaer 3ampoc, cofep:Kalinii yKasaHHbIe apryMeHThI. Bos-
BpailaeMblii JoKyMeHT B popmaTe XML paszbupaercs ¢ IIOMOIIbIO O010JIM0-
Texku minidom. [lo6aBbTe 3TOT METO B KJIacc:
def sendrequest(self, args):

args[ 'api_key'] = apikey

args[ 'sig’'] = self.makehash(args)

post_data = urllib.urlencode(args)

url = FacebookURL + "?" + post_data

data=urllib.urlopen(url).read( )

return parseString(data)

B cTpoKe, BbIZeIEHHOM IOJIYKAPHBIM IIIPUPTOM, TeHEPUPYETCA CUTHATYPa
3ampoca. {151 9TOTO BBI3BIBAETCS METOJ makehash, KOTOPHINI KOHKATEHUPYET
Bce [1apaMeTpsl B O4HY CTPOKY U BBIUNUCJAET €e CBEPTKY C IOMOIIIBIO CEKPeT-
HOTO KJat0oua. CKOPO BBl YBUANTE, UTO IIOCJE MOJYUYeHNA CeaHca CeKPEeTHRIN
KJIIOY U3MEHdAETCHA, II0O3TOMY METO[ IIPOBepAeT, eCTh JIX Y BacC yKe CeKpeT-
HBI KJitou ceaHca. [lo6aBbTe MeTOM makehash B KJacc:
def makehash(self,args):
hasher = md5.new("''.join([x + '=" + args[x] for x in sorted(args.

keys( ))1))

if self.session_secret: hasher.update(self.session_secret)

else: hasher.update(secret)

return hasher.hexdigest( )

Temepb Mo:KHO obparnatbea K QyHrnuaM API caiita Facebook. Haunem
¢ GyHKIIUHU createtoken, KOTOpas CO3aeT U COXpPaHAET MapKep, HE0OXOau-
MBIH JJIsI OTKPBITUA CTPAHUIHI PETUCTPAI[UN:
def createtoken(self):
res = self.sendrequest({ method":"facebook.auth.createToken"})
self.token = getsinglevalue(res, "token")

HobaBbTe TaKKe MeTOI getlogin, KOTOPBII mpocTo Bodepamtaer URL crpa-
HUIBI perucTpamnun:
def getlogin(self):
return "http://api.facebook.com/login.php?api_key="+apikey+\
"&auth_token=" + self.token
ITocisie TOro Kak IOJb30BATENb 3aPETUCTPUPOBAJICA, CAeAyeT BhI3BATh Me-
TOL getsession IJIA MOJIYUEHUS KJIIOUA U CEKPETHOT'O KJIoYa ceaHCa, KOTO-
pBIil TOHAMOOUTCA AJIA MIN(PPOBAHUA ITOCIEAYIOIMINX 3ampocoB. [[o6aBbTe
3TOT METOJ, B KJIacC:
def getsession(self):
doc=self.sendrequest({ method : facebook.auth.getSession",
"auth_token':self.token})
self.session_key=getsinglevalue(doc, "session_key")
self.session_secret=getsinglevalue(doc, "secret’)

[ moATOTOBKU ceaHca HAJ0 IPOJesaTh MHOTO paboThI, HO AAJbIlle BCE
noiger Jjierde. B aToil riiaBe Hac OyZeT MHTEPECOBATh TOJIBKO IIOJIyUEeHIMe
MHOPMAIIUHY O JIOIX, HO, 3aTJIAHYB B JOKYMEHTAIINIO, BEI O0HADPYIKUTE,
YTO MOYKHO CTOJIb K€ IIPOCTO 3arpy*kaTh porTorpadpuu u mHGOPMAIIUIO O CO-
OBITHUSAX.
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3arpyska AaHHbIX O ApY3baxX

Temepb MOYKHO IIEPENTH K HAIMCAHUIO II0JE3HBIX METOLOB. MeTof getfriends
3arpyskaeT UIeHTU(PUKATOPHI APYy3eil 3aperucTpupPOBaBIIETroCs I0JIb30Ba-
TeJIA U BO3BpAIIlaeT UX B Buje crucka. [lobaBbTe ero B KJjacc fbsession:

def getfriends(self):
doc=self.sendrequest({ method": facebook.friends.get’
"session_key ' :self.session_key, ‘call_id :callid( )})
results=[]
for n in doc.getElementsByTagName( result_elt'):
results.append(n.firstChild.nodeValue)
return results

ITockoubKy getfriends Bo3BpalaeT TOJbKO MAEHTU(PUKATOPHI, HYKEH eIle
OIWH METO[l, KOTOPBIHM 3arpy3UT COOCTBEHHO MHMOPMAIIUIO 0 KOHKPETHOM
yejgoBexke. MeTos getinfo BeI3bIBaeT PyHKIUIO API getInfo, mepegaBasa eit
COMCOK maeHTUPUKaTOpoB. OH 3ampaninBaeT BCErO0 HECKOJIBKO MOJIei, HO
IpU KeJaHWU BBl MOKeTe JOOABUTH JOMOJIHUTEIbHEIE II0JA B CTPOKY fields
u MoAU(pUIIIPOBATL Ko pasdbopa XML Tak, 4uTo6bl OH U3BJIEKAJ COOTBETC-
TBYIOIIyI0 nH(@opManuio. IIoJHEBIN CIMCOK II0JIell IPUBEIEH B JOKYMeHTAa-
Uy A paspadboTunka Ha caiite Facebook:

def getinfo(self,users):
ulist=", ".join(users)

fields="gender,current_location, relationship_status, "+\
"affiliations, hometown_location’

doc=self.sendrequest({ method": facebook.users.getInfo’
"session_key' :self.session_key, ‘call_id':callid( ),
‘users’:ulist, "fields' :fields})

results={}

for n,id in zip(doc.getElementsByTagName( result_elt'),users):
# Mony4nTb MECTOHAXOXAeHWe
locnode=n.getElementsByTagName( hometown_location )[0]
loc=getsinglevalue(locnode, ‘city )+', '+getsinglevalue(locnode, 'state’)

# Mony4nTb HasBaHue y4ebHOro 3aBefeHWs
college=""
gradyear="0"
affiliations=n.getElementsByTagName( affiliations_elt")
for aff in affiliations:
# Twn 1 - 3710 KOMNemx
if getsinglevalue(aff, "type )=="1":
college=getsinglevalue(aff, "name’)
gradyear=getsinglevalue(aff, 'year")

results[id]={ "gender :getsinglevalue(n, 'gender’),
‘status’:getsinglevalue(n, 'relationship_status'),
"location’:loc, 'college’ :college, "year' :gradyear}
return results
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PeSy.III:TaTI;I IIpeacTaBJI€HBI B B € CjJioBapsd, KOTOpI;Iﬁ 0T06pamae'1‘ NIOeHTN-
(puKaTop MOJIb30BATEJA HA H8.60p uH(popMaI U 0 HEM. Atum CJIOBapeM MOK-
HO BOCIIOJIB30BaThCA, YTOOBI co3oaTb Ha60p JaHHBIX OJIA Hon60pa map. Ecin
XOTHUTE, MOXeTe IIPOTEeCTUPOBATH HOBBIH KJIacc B MHTEPAaKTUBHOM CeaHcCe:

>>> import facebook

>>> s=facebook. fbsession( )

[locne peructpauun HaxmuTe knasuwy Enter:

>>> friends=s.getfriends( )

>>> friends[1]

u"iY5TTbS-0fvs. *

>>> s.getinfo(friends[0:2])

{u'1A810MUfhfsw. ": {'gender’': u'Female’, "location’: u'Atlanta, '},
u'1Y5TTbS-0fvs. " {'gender’: u'Male’, 'location’: u'Boston, '}}

MocTpoeHune Habopa AaHHbIX Ang nogbopa nap

ITocnenunii Beisos API caiita Facebook, KoToprlii HaMm moTpebyercs, ompe-
JIeJIsieT, ABJIAIOTCA JIU IBa YeJIOBEeKA APY3bAMU. ITa WHGOPMAIMA CTAHET
«OTBETOM» B HaIlleM Habope JaHHbIX . PYHKIINYU HYKHO IepeJaTh ABa CIIUC-
Ka UIeHTU(PUKATOPOB OTUHAKOBOMU JUINHEI, & BEPHET OHA CIIUCOK, COepIKa-
U 110 OSHOMY YHMCJIY AJS KasKIol mapsl, — 1, eciu 3To Apysss, u 0 B mpo-
TUBHOM cJiyuae. J[00aBbTe B KJIacc CJIeIYIOIIUA MEeTO/I:

def arefriends(self,idlist1,idlist2):

id1=", . join(idlist1)

id2=", . join(idlist2)

doc=self.sendrequest({ method': facebook.friends.areFriends’
"session_key ' :self.session_key, 'call_id':callid( ),
"id1':id1, "id2" :1d2})

results=[]

for n in doc.getElementsByTagName( result_elt’):

results.append(n.firstChild.nodeValue)
return results

U cobepeM Bce BMecTe, YTOOBI CO30aTh HAGOP MaHHBIX AJIA PaOOThHI ¢ 6UOIM-
orekoit LIBSVM. B pesysibTaTe MBI IOJIYUUM CIIHCOK IPYy3€l 3aperucTpu-
poOBaBIIIeTOCs IMIOJb30BATENA, 3arpy3uM MHMOPMAIIMIO0 O HUX U CO3TaJuM
CTPOKY IJIA KaKJ0M mapbl. 3aTeM AJA KasKA0M mapbl IPOBEPUM, ABJISAIOTCS
JI OHU APY3baMu. [fo6aBbTe B KJIacC METOS makedataset:

def makedataset(self)
from advancedclassify import milesdistance
# Mony4nTb BCI MHOOPMALMID O MOMX [PY3bAX
friends=self.getfriends( )
info=self.getinfo(friends)
ids1,ids2=[1],[]
rows=[ ]

# BNOXEHHbIN UMK AN9 NPOBEPKM KaxXAoW napsbl
for 1 in range(len(friends)):
f1=friends[i]
datal=info[f1]
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# HauuHaem ¢ 1 + 1, 4T0Ob He MOBTOPATbL yXe chenaHHoe
for j in range(i+1,len(friends)):

f2=friends[]]

data2=info[ f2]

ids1.append(f1)

ids2.append(f2)

# [eHepnpyeMm Ha OCHOBE [aHHbIX HEKOTOpPbEe 4ucna

if datal[ 'college’ ]==data?[ 'college’]:. sameschool=1
else: sameschool=0

malel=(datal[ "'gender'J=="Male’) and 1 or 0
male2=(data2[ 'gender’]=="Male’) and 1 or 0

row=[malel,int(datal[ "year']),male2,int(data2[ "year']), sameschool]
rows. append(row)
#f BuisbiBaem arefriends ana kaxgoi napsl 6nokamm
arefriends=[]
for i in range(0,len(ids1),30):
j=min(i+20, len(ids1))
pa=self.arefriends(ids1[i:j],ids2[1:7])
arefriends+=pa
return arefriends, rows

ITOT MeTOM 3aMeHseT IIOJI ¥ COCTOAHME YNCIaMU, YTOOBI Hab0p MOMKHO OBI-
JIO UCIIOJIb30BaTh coBMecTHO ¢ LIBSVM. B mociiefaeM MuKJIe 3amIpalinBaeT-
Cs COCTOSHIE «APYKECTBEHHOCTH» AJIA KaKI0U Imaphl JI0Aei. ITO JejiaeT-
ca bioxamu, Tak Kak Facebook orpannumsaer QanHy OZHOI'O 3aIpoca.

Co3paHune SVM-mopenu

Yr0o065I mocTpouTh SVM-MOAe/Ib Ha OCHOBE IIOJYUYeHHLIX JaHHBIX, CO3JalTe
HOBBI ceaHC 1 CreHepupyiiTe Ha00Op JaHHBIX:

>>> reload(facebook)

<module 'facebook’ from 'facebook.pyc’ >
>>> s=facebook. fbsession( )

Mlocne perucTpauunm HaxmuTe Knasuwy Enter:
>>> answers, data=s.makedataset( )

K sromy Habopy 6ubsimoTeuHbIe QYHKIIUY TPUMEHNMEI HEIIOCPEACTBEHHO:

>>> param = svm_parameter(kernel_type = RBF)

>>> prob = svm_problem(answers, data)

>>> m=svm_model(prob, param)

>>> m.predict([1,2003,1,2003,1]) # [lea 4yenoseka, OKOHYMBWLME OAMH KOMNELX
B OAMH TOA

1.0

>>> m.predict([1,2003,1,1996,0]) # Pa3Hble Konnemnxu, pasHble rofpl OKOHYaHMS

0.0

PasymeeTcs, BBI MOJyUYNUTE APYTHE PE3YIbTAThHI, HO, KAK IIPABUJIO, MOJEJb
CUUTAaET, YTO IBa YeJIOBEKA, OKOHUMBIIINE OJVH U TOT YKe KOJLJIeI K UJIU PO-
JIUBIINECS B OLHOM I'OPOJie, MOT'YT OBITH APY3bAMU.
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YnpaxHeHusa

1.

Baiiecoscrkuil knaccuguramop. Moskere Ju IPUAYyMaTh, KaK IpUMe-
HUTH IIOCTPOEHHLIN B IiaBe 6 GaliecoBCKUIT KiacCU(PUKATOP K HabOPy
JTaHHBIX JIJId momoopa map? YTo uMeeT CMBIC] B3AThH B KaueCTBe CBOMCTB?

Onmumusayus pasdeaumens. Kaxk BbI gymaeTe, MOYKHO JU BBIOPATH
pasaesnTesb ¢ IIOMOIILI0 PACCMOTPEHHBIX B TJIaBe 5 METO/IOB ONTUMU-
3aIliu, a He MPocTo 110 cpeguuM? KaKyio ObI BBI BRIOPAJIM IeJIEBYIO (PyH-
KI0?

Bui6op Haurywwux napamempos sopa. Hanuiure GQyHKIIN0O, KOTOPas
B IUKJIE TIepebupaeT pasinuHble 3HAUCHUA gamma 1 OIIpeaessaeT Hanbo-
Jiee IOAXOAAIee AJIA UMeIoIerocsa Habopa JTaHHBIX.

Hepapxus unmepecos. CIpoeKTUPYIHTE IPOCTYIO NEPAPXUIO0 UHTEPECOB
¥ CTPYKTYPY OAHHBIX IJIA ee IpencTaBieHus. VsMeHuTe (PYHKIIUIO
matchcount Tak, 4TOOBI OHA MCIOJIb30BaJIa 9TY UEPAPXUIO IJIA BBIUKCIIE-
HUSA NHIEKCA COUeTAEeMOCTH.

Ilpyzue sdpa 6 bubauomerxe LIBSVM. IlocMOoTpUTE B JOKYMEHTAITUHU IO
LIBSVM, kakue eire Aapa moamgepxuBaTcsa. [IompodyiiTe IOJIMHOMU-
aJbHOE AAPO. YJIYUIINJIOCH JU KaUeCTBO IPOTHO3UPOBAHUSA?

Ipyzue npoznosvl dasa caitma Facebook. O3HaKOMbBTECH CO BCEMU OIS~
Mu, KoTopele mognep:kuBaeT API caiita Facebook. Kakue HaGops! maH-
HBIX MOJKHO IMOCTPOUTH JIJIA OTAEJbHBIX JioAeii? MoKHO JIu BOCIIOJIb30-
BaTbca SVM-Moe/bio AJd IIPOTHO3MPOBAHUSA TOTO, HA3BAJ JIU UeJo-
Be€K, OKOHUMBIINI OIIpeaeieHHOe yueOHOe 3aBeleHNe, HeKUi (puabM
cBouM JI00uMbBIM? UTO elrje BBl MOIJIX ObI CIIPOTHO3HUPOBATH ?



BbiaeneHne He3aBUCUMBbIX NMPN3HaKoOB

o cux mop MBI B OCHOBHOM 3aHMMAaJIUCh 0O0yueHHEM KJacCu(PpUKaTOPOB
¢ yuumeJiemM ¥ TOJBKO B IJIaBe 3 3aTPOHYJIU TEXHUKY KJaacmepusayuu 6e3
yuumeas. B aTo# riaBe MBI y3HaeM, KakK BBIJEJIATH OIPU3HAKU 13 Habopa
IaHHBIX, B KOTOPOM pe3yJbTaThl 3apaHee He MpocTaBiaeHbl. Kak u B cayuae
KJIaCcTepu3aIuu, 3ajfaua COCTOUT He CTOJIbKO B TOM, UTOOHI IeJIaTh IIPOTHO-
3bI, CKOJILKO B IOIIBITKE 0XapaKTepPU30BaTh JaHHbBIE U COOOIITUTH O HUX WH-
TepecHYI0 nHGOPMAaIUIO.

HanmomuuM, 94TO METO/IbI KJIaCTEPU3AINY, PACCMOTPEHHEIE B IJIaBe 3, OTHO-
CHJIY KaKIYI0 CTPOKY Habopa JaHHBIX K HEKOTOPOH I'PYIIIe UJIU TOYKE B he-
papxuu, — KasKABIH o0pasels IIonagajl pOBHO B OGHY TPYIIY, KOTOpas ObLIa
IIpeJicTaBJIeHa CPeIHUM CBOUX UJIEHOB. Buvldesenue npusrnaxog — 000011Ie-
HUe 2Tou naen; Mbl IIbITaAa€MCSA HaWTU HOBBIE CTPOKH, COUeTaHNe KOTOPBIX
II03BOJINJIO GBI PEKOHCTPYUPOBATH CTPOKH NCXOLHOTO Habopa. MEI He OTHO-
CHM CTPOKHU K KJIACTEPY, a CO3LaeM KasKIyI0 CTPOKY 13 KOMOMHAIIUY IIPU-
3HAKOB.

Knaccuueckas 3ajjaua, UJJIIOCTPUPYIOMIAA HEOOXOAUMOCTh HAXOMKICHUA
HEe3aBUCHUMBIX IIPU3HAKOB, — 3TO 3a0a4d 0 8e4epuHKe, CyTh KOTOPOM B TOM,
YTOOBI MOHSTH CMBICJ PAs3roBopa, Korga 0eceayioT cpasy MHOTO JIIOJeil.
V yesl0BeUECKOTr0 Cayxa eCcTh 3aMedaTeJbHas 0COOEHHOCTh — CIIOCOOHOCTH
BBIJIEJISITH OJUH I'0JIOC CPEIN MHOTHX, He OOpalas BHUMAHUA Ha OCTAJb-
Hble. Hallr M0o3r mpeKpacHO yMeeT BBIUJIEHATh He3aBUCUMbIE 3BYKH U3 IIIY-
Ma. C HOMOIIBIO AJITOPUTMOB, IIOJOOHEBIX OIMCAHHOMY B 9TOH IJIaBe, U IIPU
HAJIMYNY B KOMHATE HECKOJIbKUX MUKPO(POHOB KOMIIBIOTEP MOXKET CIeJIaTh
TO K€ caMoe — BBIJEJUTH OTAeJbHbIEe 3BYKH U3 KakohoHUM, He 3HAA 3apa-
Hee, Ha YTO OHU IIOXOMKHU.

Ei1ie omHO MHTEpeCcHOe IPUMEHEHE MeTO0B BbIIeIeHI A IIPU3HAKOB — UIeHTU-

duKaIusa MOBTOPAMIOINXCS MATTEPHOB YIIOTPEOJIeHUS CJIOB B MAacCUBE 0-
KYMEHTOB. ITO IIOMOTaeT BBIAEJATH TE€MbI, KOTOPbIe MOTYT HE3aBUCUMO
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MIPUCYTCTBOBATH B PA3JIMUHBIX COUETAHUAX. B HacToAIIeH riiaBe MbI IIOCT-
pOUM CHCTEMY, KOTOpas 3arpy’KaeT HOBOCTU U3 PA3JUUYHBIX NCTOYHUKOB
¥ UAeHTU(DUIUPYET YIIOMUIHAEMbIE B HUX OCHOBHBIE TeMbI. MoJKeT 0Ka3aTh-
Csl, UTO B HEKOTOPHIX HOBOCTAX YIOMHHAETCSA CPady HECKOJbKO TeM, U YK
HaBepHAKAa 00HAPYIKUTCS, UTO OJHA U TA JKe TeMa IIPUCYTCTBYET B HECKOJIb-
KUX HOBOCTSX.

Bropoii mpumep xKacaeTcsa POHAOBOr0 peIHKA. [IpeAnoao:KuTeapHO0, Ha0JI0-
IaeMble Ha HeM Pea3yJbTaThl 00YCIOBIEHBI [EJbIM PagoM IpuuuH. C moMo-
IIIBIO TOTO K€ aJITOPUTMAa MBI CYMeeM OTHICKATh 3TU IPUYNHLI U BhI3LIBAE-
MbIe UMY He3aBUCUMbIe IOCJIeICTBUS.

MaccuB HoBoOCTEN

IIpesxme Bcero HaM moTpedyeTcsa HAOOP HOBOCTel, C KOTOPBIMHU MOXKHO pa-
6oTaTh. OHU JOJIKHBI OBITh B3ATHI N3 PA3JIMYHBIX NCTOUHNUKOB, YTOOBI OBLIO
IIPOIlle Pa3JUUYUTL TeMBbI, O0CyKAaeMble B PasHbBIX MecTax. K cuacTsio,
OOJILIIIMHCTBO KPYIHLIX HOBOCTHBIX AreHTCTB 1 CAMTOB HOAAEPKUBAIOT Ka-
HaJbl B popmare RSS mau Atom sgubo a1 Bcex HOBocTell, MO0 AJIA OTAe-
JILHBIX KaTeropuii. B mpeanigyux riagax Mbl ysKe II0JIb30BAINCH OMOJIIO-
Tekoit Universal Feed Parser njisa pa3bopa KaHaJioB 6JIOTOB, OHA TOAUTCS
U AJ1A 3arpy3Ku HoBocTeil. Ecau BeI ellle He YCTAHOBUJIM 3Ty OMOJINOTEKY,
CKauaiiTe ee c caiira http://feedparser.org.

BbiOOp NCTOYHUKOB

Cy1I1ecTBYIOT THICAYM MCTOYHUKOB HOBOCTEH — OT KPYIHBIX TeaerpadHbIX
areHTCTB U raser J0 IMOJUTHYEeCKUX 0JI0T0B. BOT HECKOJIBKO IPUMEPOB:

e AreHrtcTBO «PeiiTepc».

e ArenrcrTBo Associated Press.

e Tagera The New York Times.

e Google News.

e Salon.com.

e Fox News.

o Kypuan «Popbe».

e ArenrctBo CNN International.

Y sT0 MUITb Majas TOJMUKA. BEIOOP MCTOUYHUKOB C PA3INUYHBLIX KOHIIOB I10-
JUTUYECKOTO CIIEKTPA U IIPUIEPKUBAIOINXCA PA3HBIX JIUTEPATYPHBIX CTU-
Jie¥l TO3BOJIUT JIYUIIIE ITPOBEPUTH aJTOPUTM, TaK KaK OH CMOXKET BBIIEIUTH
CYIIleCTBEHHBIE TPU3HAKY U OTOPOCUTH He OTHOCAIIIMEC K aeay. ITpu Hamu-
YUY TPABUJIBHO MOAO0PAHHBIX JAHHBIX AJITOPUTM CMOYKET TaKyKe UAEHTHU-
dunmpoBaTh IPU3HAK, IPUCYTCTBYIOIIUN TOJHKO B TEKCTAX OIIPEIeJIEHHON
TMOJINTUYECKON HaIPaBJIEHHOCTH, ¥ IIPUINCATh €70 HOBOCTHU B JOIIOJTHEHUE
K TeM Opu3HaKaM, KOTOPHIe OMMCHIBAIOT 00CY K JaeMyI0 TEMY.
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Cospgaiite (aitn newsfeatures.py, BKJIIOUNTE B HET'O NMIIOPT HEOOXOIUMBIX
OuOIMOTEK U 3aJaliTe CIUCOK NCTOUYHUKOB:

import feedparser
import re

feedlist=[ "http://today. reuters.com/rss/topNews’
‘http://today. reuters.com/rss/domesticNews’
‘http://today. reuters.com/rss/worldNews’
"http://hosted.ap.org/lineups/TOPHEADS-rss_2.0.xml"
"http://hosted.ap.org/lineups/USHEADS-rss_2.0.xml"
"http://hosted.ap.org/lineups/WORLDHEADS-rss_2.0.xml"
"http://hosted.ap.org/lineups/POLITICSHEADS-rss_2.0.xml"
‘http://www.nytimes.com/services/xml/rss/nyt/HomePage.xml’
"http://www.nytimes.com/services/xml/rss/nyt/International.xml",
"http://news.google.com/?output=rss’
‘http://feeds.salon.com/salon/news’
"http://www. foxnews.com/xmlfeed/rss/0,4313,0,00.rss’
"http://www. foxnews.com/xmlfeed/rss/0,4313,80,00.rss’
"http://www. foxnews.com/xmlfeed/rss/0,4313,81,00.rss’
"http://rss.cnn.com/rss/edition. rss’,
"http://rss.cnn.com/rss/edition_world.rss’
‘http://rss.cnn.com/rss/edition_us.rss']

B crircok BKJIIOUEHBI PA3JIUYHbIE NICTOYHUKY, B IIEPBYIO OUePeab — Pasaesibl
«I'maBHbBIE HOBOCTU» (topNews), «MupoBbie HOBocTu» (worldNews) u « HoBocTu
CIIA» (domesticNews). BBl MOsKeTe M3BMEHUTH 3TOT CIIMCOK, KaK IIOMKeJaeTe,
HO Heo0XOIUMO, UYTOOBI TeMaTHKa IepeKphiBasach. Kcu pasHble HOBOCTHU
He OyIyT MMeTh MEXKIY CO00M HUYEro oOINero, ajJropuTMy OyIoeT OoueHb
TPYAHO M3BJIEYh CYIeCTBEHHBIE IPU3HAKY U B Pe3yJIbTATe HMOJIYUNUTCS Ha-
00p HMUEro He 3HAYAIIUX IPU3HAKOB.

3arpy3ka UCXoaHbIX AAaHHbIX

s paboThl ajJropuTMa BbIJeJE€HUS MPU3HAKOB, KaK W IJA aJrOpuTMa
KJIaCcTepusaIuu, TpedyeTcsa O00JIbIasa YMCJI0Bad MATPUIIA, B KOTOPOI KaiK-
Ias CTPOKAa IIPeACTaBJIAeT OANH o0pasell, a KaKIbIi CTOJI0eI] — HeKOTOPBIHA
nmpusHak. B Halem ciyuyae CTpoKaMu OyIyT HOBOCTHU, a CTOJIOIIAME — CJIOBA.
Yuciio Ha MepeceueHn CTPOKY U CTOJIOIA IIOKa3bIBAET, CKOJIBKO pas JanHoe
CJIOBO BCTpPeYaeTcs B JTaHHOI HOBoCTHU. TaK, 13 MTOKA3aHHOM HUMKE MATPUITEI
BUIHO, UTO B HOBOCTU A cJyioBO hurricane (yparax) BcTpeuaeTcs Tpu pasa,
B HOBOCTH B cs10Bo democrats (eMOKpaThl) BCTpeYaeTCs IBAMKIBI U T. 1.
articles = ['A",'B",'C",...
words = [ "hurricane’, 'democrats’, 'world’, ...
matrix = [[3,0,1,...]
[1,2,0,...]
[0,0,2,...]
-]
YT00BI IepeiTH OT HOBOCTHOTO KaHaJsa K TaKoli MaTpUlle, HaM IIOHaI00AT-
cs IBa METOoa, aHAJIOTUYHBIE TeM, UTO YiKe BCTPEeUaJNCh B IIPEAbIAYIIINX



262 lmasa 10. BbineneHve He3aBUCMbIX MPU3HAKOB

riaBax. IIepBbIii MeTO MCKJIIOUAET M3 HOBOCTEHN BCe M300paKeHus 1 pas-
MeTKY. [lo6aBbTe MeTOx stripHTML B (haitn newsfeatures.py:
def stripHTML(h):
b=
s=0
for ¢ in h:
if c=="<": s=1
elif ¢c==">":
s=0
pt="
elif s==0: p+=c
return p
Kpome Toro, Hy:XHO YMETD BBIAEIATH U3 TEKCTA CJI0BA, KAK MBI 9TO yiKe Ie-
Jangu paHee. Eciu BBI mpuayMau 6ojiee M3OIIPEHHBIN CII0CO0 BHIAEIEHUA
CJIOB, UEM C TIOMOIIHIO IPOCTOT0 PETYJIAPHOTO BHIPAYKEHNA, PACIIO3HAOIIEe-
ro OVKBBI U U(DPHI, MOXKETe ITOBTOPHO BOCIIOJIB30BATHCA UM 3/IeCh. B mpo-
TUBHOM cJiyuae n1o0aBbTe B (haitsn newsfeatures.py Takyio QyHKITHIO:
def separatewords(text):
splitter=re.compile( "\\W=")
return [s.lower( ) for s in splitter.split(text) if len(s)>3]
Cruenmyromas PYHKIUA mepeObupaeT B IIUKJE BCe KaHaJbl, pasdoupaerT mUx
¢ MOMOIIbIO KJacca feedparser, youpaer HTML-Teru u BuigeisieT oTaeabHbIE
ciaoBa. OHa OTCJlIe;KMBaeT KakK 00Illee YMCJIO BXOMKIEHUUN KayKIOTro CJIOBA,
TaK U YMCJIO BXOKJIEHUN B KaKIyI0 HOBOCTbD.

Io6aBbTe B (paita newsfeatures.py caenymoinyo GyHKIINIO:

def getarticlewords( ):
allwords={}
articlewords=[]
articletitles=[]
ec=0
# Uvkn no kaHanam
for feed in feedlist:

f=feedparser.parse(feed)

# Uukn no HoBOCTAM

for e in f.entries:
# MoBTOPANWMECH HOBOCTM MIHOPUPYHTCH
if e.title in articletitles: continue

# Buoensem cnosa
txt=e.title.encode( utf8 )+stripHTML(e.description.encode( utf8"))
words=separatewords(txt)

articlewords.append({})

articletitles.append(e.title)

# YBenuymBaem CHeT4HMKM BXOXAEeHU cnosa B allwords v B articlewords
for word in words:

allwords.setdefault(word,0)

allwords[word]+=1
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articlewords[ec].setdefault(word,0)
articlewords[ec][word]+=1
ec+=1
return allwords,articlewords,articletitles
B aToii pyHKIIMY €CTh TPU IepPeMEeHHbBIX

e B caoBape allwords XpaHATCA CUETUMKM BXOKIEHUU CJIOB BO BCE HOBO-
ctu. OH MOHALOOUTCA HAM AJIS TOr0, UTOOBI OIIPeeinTh, KaKK1e CJIOBa
cJelyeT CUNTATh IPU3HAKAMU.

e Bcmucke articlewords XpaHATCA CUETUNKHY CJIOB IJIA KasKIOM HOBOCTHU.
e Bcnucke articletitles XpaHATCA 3ar0JIOBKY HOBOCTEIA.

MNocTpoeHne maTpuLbl

Temeph y Hac eCTh CJIOBAPY CUETUMKOB BXOXKIEHUII CJIOB BO BCE CTATHH,
aTakyKe B KaKAYI0 OTAEJIbHYIO CTaThIO, U IIPEICTOUT IIPeodpasoBaTh UX
B MaTPUILy, KOTOpasa ObLaa omucaHa Bhilie. Ha mepBOM Iare MbI CO3aeM
CIIMCOK CJIOB, KOTOPBIE CTAHYT CTOJIOIIAMU MaTPUIlbl. UTOOLI YMEHBIIUTD
pasMep MaTPHUITbl, MOKHO UCKJIOUUTE CJI0Ba, BCTPEUYAIOIUeCs JIUIIb B O~
HOM-IBYX HOBOCTAX (CKOpee BCcero, AJis BbIAeJeHUs IPU3HAKOB OHU GecIio-
JIE3HBI), a TaKsKe IIPUCYTCTBYIOIINE IPAKTUUECKN BO BCEX HOBOCTAX.

Jna Hauasia mompoOyiiTe OCTaBUTH JINIIIEH CJI0BA, BCTPEUAIOIUEC KaK MIUHI-
MyM B UeThIpeX HOBOCTSIX, HO He OoJiee ueM B 60% Bcex HOBocTeil. 3aTem
MOJKHO BOCIIOJIb30BATHCA TpaHCc(hOpMAaIvell BJIOKEeHHBIX CINCKOB JJISA CO3/a-
HUS MATPHUIBI, KOTOpas OyeT IIpencTaB/ieHa IPOCTO KAK CIHCOK CIIMCKOB.
Kax b1l BIOKEHHBIN CIIMCOK CO3JAETCS IIyTeM HPOXOoa II0 CIHCKY wordvec
¢ IIOMCKOM CJIOBA B ciioBape. Eciu ci1oBo oTcyTcTBYyeT, npubasiaserca 0, nHa-
e CO3[AeTCs CUETUNK BXOMKIEHUN TaHHOTO CJI0BA B TEKYII[YI0O HOBOCTb.

Ho6aBbTe GyHKIMIO nakematrix B paits newsfeatures.py:

def makematrix(allw,articlew):
wordvec=[]

# bepem TONbKO CNoBa, KOTOPHE BCTPEYaTCH 4aCTO, HO HE CAMUWKOM 4acTo
for w,c in allw.items( ):
if ¢>3 and c<len(articlew)=0.6:
wordvec. append(w)

# Cospaem maTpuuy Cnos
11=[[(word in f and f[word] or 0) for word in wordvec] for f in articlew]
return 11,wordvec

3anyctuTe uHTepuperaTtop Python u mmmoprupyiite Mogynb newsfeatures.
Mo:xHO IpHCTyIIaTh K pa300py KaHAaJIOB 1 CO3LaHUIO MAaTPUITHL:

$ python

>>> import newsfeatures

>>> allw, artw,artt= newsfeatures.getarticlewords( )

>>> wordmatrix,wordvec= newsfeatures.makematrix(allw, artw)
>>> wordvec[0:10]

['increase’, ‘'under’', ‘'regan’, 'rise’, ‘announced’, 'force’
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‘street’, ‘new’, ‘men’, ‘reported’]

>>> artt[1]

u'Fatah, Hamas men abducted freed: sources’

>>> wordmatrix[1][0:10]

[0, 0, 0, 0, 0, 0, 0, 0, 1, 0]
Mpz1 BeiBesiz epBbie 10 aj1eMeHTOB BeKTopa cjioB. IloKkasaH 3aroJIOBOK BTO-
POii HOBOCTH, a 3a HUM — mepBble 10 3HAUeHUII M3 COOTBETCTBYIOIIEH eil
CTPOKM MaTpPUIlbI cJoB. Kak BuauTe, B 9TOI CTaThe OAMH Pa3 BCTPEUAETCSA
CcJI0BO Mmen (MYKUMHBI), a 00JbIlle HUKAKUX CJIOB M3 IEPBBIX AECATH He
BCTPETUJIOCH.

Mpouwnble nogxoAabl

B npempIiaymux riaaBax Bel BUAEIN PA3JIUUYHbBIE CTIOCOOBI 00PabOTKY CUETUH-
KOB CJIOB B TEKCTOBBIX JOKYMeHTaX. [IJ1 cpaBHeHU II0JIE3HO CHaYaJIa oI~
poboBaTh WX M IIOCMOTPETH, KaKNe IOJIyJdaTcA Pe3yJbTaThl, a 3aTeM CPaB-
HUTDH B3THU PE3YJIbTATHI C TEMU, UTO JACT AJITOPUTM BBIJ€JIEHUA IPUBHAKOB.
Ecnu y Bac coXxpaHUINCH MOJYJIV, HAIVCAHHBIE B IPEIBIIYIIUX IJIaBaX, MO-
JKeTe MMIOPTHPOBATh UX U IPUMEHUTH K 3arpy’KeHHBIM U3 KAaHAJIOB HaH-
HBIM. Ecsiut HeT, TOXKe He CTPAIITHO — B 9TOM pasjiesie MbI IIPOJJIeMOHCTPUPYEM
pe3yabTaThl paOOTHI BBIIIIEYIIOMAHYTHIX METOLOB HA TECTOBBIX NaHHBIX.

BanecoBckas knaccndpukaums

HamomHuM, 4uTO Oailecog8ckas KAACCUDUKAUUS — BTO METOA OOyueHUs
c yuurteaeM. Eciu Bbl cobupaeTech BOCIOJB30BATHCA KJIACCUDUKATOPOM,
HaIKUCAaHHLBIM B Iy1aBe 6, TO CHauajia JOJKHBI CaMU KJacCU(MUIIUPOBATEL He-
CKOJIBKO HOBOCTEM, UTOOBI €ro O0yumTh. 3aTeM KJIACCU(PUKATODP CMOXKET
pacupenesuTh OCTAJIbHBIE HOBOCTH II0 3apaHee 3aJaHHBIM KaTeropusaM. I1o-
MMMO OUYEBUHOT'O0 HEJOCTATKA — HEOOXOAMMOCTH HAYAJIHLHOTO O0yUYeHUsd —
Y TOTO MOAXO0A €CTh U ellle OIHO OrPaHNYeHNE — PadpaboTUNK JOJIMKEH caM
cocTaBUTh HAOOD KaTeropuii. Bce BcTpeuaBirecsa HaM paHee KJaccu(puKa-
TOPBI — JePeBbA PEeIIeHN U MAIIUHBI OIIOPHBIX BEKTOPOB — IPU HUCII0JH30-
BaHWUU C MTOJO0HBIM HAG0POM JAHHBIX CTPAZAIOT TEM K€ HeIOCTATKOM.

Eciiz BBI XOTUTE OIPO0OBATH 0aiieCOBCKUM KJaaccupuKaTOp HA 3TOM Habo-
pe, CHauaJjia IIOMEeCTUTEe MOJYJIb, HANIMCAHHBINA B IyiaBe 6, B CBOIO pabouyio
mankKy. 3aTeM CJI0Baph articlewords MOMKHO MCIOJIB30BaTh B KauecTBe HAGO-
pa IPU3HAKOB AJIA KaKI0H CTaThU.

BeimosiauTe B HNHTEePaKTHUBHOM CeaHcCe ClIeYIoIre KOMaHObI:

>>> def wordmatrixfeatures(x):
return [wordvec[w] for w in range(len(x)) if x[w]>0]

>>> wordmatrixfeatures(wordmatrix[0])

[ forces', 'said’, ‘'security’, ‘attacks’, ‘iraq’, 'its’, ‘pentagon’,...]
>>> import docclass

>>> classifier=docclass.naivebayes(wordmatrixfeatures)

>>> classifier.setdb( 'newstest.db’)
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>>> artt[0]

u'Attacks in Iraq at record high: Pentagon’

>>> # CoobwaeM knaccudukaTopy H4TO 9TO HOBOCTb Ha TeMmy ‘iraq’

>>> classifier.train(wordmatrix[0], "iraq")

>>> artt[1]

u'Bush signs U.S.-India nuclear deal’

>>> # CoobwaeM knaccudukaTopy 4TO 3TO HOBOCTb Ha Temy 'india’

>>> classifier.train(wordmatrix[1], "india")

>>> artt[2]

u'Fatah, Hamas men abducted freed: sources’

>>> # A kak 6ypeT knaccuduuuMpoBaHa 3Ta HOBOCTbL?

>>> classifier.classify(wordmatrix[1])

u'iraq’
B ucnoosb3yeMbIx IpuMepax MHOT'O Pa3HBIX TeM, HO K KayKJIOU OTHOCUTCS
JINIIEL He0OJIBIIIOe YKCJI0 HOBOCTeli. B KOHeuHOM uTore 6alieCOBCKU KJjac-
cuUKaATOP U3YUYUT BCE TE€MbI, HO IMIOCKOJbKY AJA 0O0yUeHUS HEeOOXOIMMO
XOTsA OBI IO HECKOJILKO IPUMEPOB Ha KaKAYI0 TeEMY, TO JyUIlle MPUMEeHATH
€ro B CIyYasax, KOrJa KaTeropuii MeHbINe, a IIPUMEPOB B KaKI0! KaTero-
puu 6oJbIIe.

Knacrepusauusa

B riiaBe 3 MBI BUE/IU €IIje OJNH METOJ O0yUeHUs 0e3 YUUTe A — KJIACTePU-
3aIUI0.

Tam gaHHbIe OBLIM OPTaHM30BAHBI B BUE TAKOM jKe MaTPUIILI, UTO 1 3[1E€Ch.
Eciu manmcaHHBIN TOT[a MOAYJb €Ile COXPAHWJICA, UMIIOPTUPYUTE €ro
B ceaHce pabOThI ¢ MHTEPIIPETATOPOM U IPUMEHUTE K TOJBKO UTO 3aJaHHOMN
MAaTpPUILE aJITOPUTM KJIAaCTEPUBAI[UN:

>>> import clusters

>>> clust=clusters.hcluster(wordmatrix)

>>> clusters.drawdendrogram(clust,artt, jpeg="news.jpg")
Ha puc. 10.1 nmokasasn BO3MOKHBIN pe3yJbTaT KJaCTePU3aIluU, KOTOPLIi
coxXpaHeH B (paiije news.jpg.

Kax u cienoBajio 03KuIaTh, HOXOXKME HOBOCTH CTPYIIIINPOBAHEI BMecTe. Pe-
3yJIBTAT MOJIYUUJICS JaKe JIydllle, ueM B IIpuMepe ¢ 6joraMu U3 IJIaBhI 3,
TMIOCKOJIbKY B Pa3JIMUHBIX ITyOJUKANUAX 00CYKIAIOTCA B TOYHOCTH OTHU
U Te JKe COOBITUA MPUMEPHO OJMHAKOBLIM A3BIKOM. Ho mapa mpuMepoB Ha
puc. 10.1 mokaswIiBaeT, UTO pacipezesieHrie HOBOCTeIl M0 Pa3HLIM «KOP3HU-
HaM» He BCerja JaeT TOUHYIO KapTuHy. Tak, cTaThs Ha TeMy 340poBbs « The
Nose Knows Better» (Hoc s3Haer Jyuiiie) okasajach B OTHOUM TpyIIe
¢ «Suffolk Strangler» (dymurens us Cyddoara). MHOrMa HOBOCTH, KaK
U JIIOAV, HE PACKJIaJBIBAIOTCA II0 MOJOYKAM, U KaKAYIO CIEeLYeT CUUTATh
YHUKAJIBHOI.

Ecau xoture, moepHuTe MaTpuily Ha 90° 1 TOCMOTPHUTE, KaK KJIACTEPU3Y-
IOTCSI CJIOBA, BCTPeUAIoIecsa B HOBOCTAX . B Harmem mpuMepe ciioBa station
(cramnus), solar (cosHeunas) u astronauts (acTpoHaBTHI) OKA3aJUCh B O
HOM rpyImIe.
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Puc. 10.1. Ha smoii Oendpozpamme u300paxcen pe3yavmam
KJaacmepu3ayuu Hogocmeil



HeoTpuuatenbHasa MaTpu4Hasa aktopmrsaums 267

HeoTpuuaTtenbHas MaTpnyHas pakTopusaums

TexHUKa BBIJEJEHUA CYI[ECTBEHHBIX IPU3HAKOB U3 JAaHHBIX HAa3hIBAETCA
HeompuyameavHoil mampuyinoil ¢axmopu3sayueii (Non-negative Matrix
Factorization — NMF). 9To onmnu n3 Hanbojee CI0KHBIX METOJOB BO BCel
KHUTE, II0ATOMY HOTpPeOyeTcs 4yTh 60JIbIne 00bICHEHNH U KPAaTKOe BBeJe-
HUe B JuHelHyI0 anare6py. Ho B aToM paszesie MBI PacCCMOTPUM BCE, UTO
HY’XHO 3HATh.

KpaTKoe BBeAeHNe B MaTeMaTukKy Mmatpul

YT0o0BI IOHATH, KaK paboraet anroputMm NMF, Heo0XoaM0 Koe-4To 3HATH
00 YMHOKeHuHN MaTpull. Ecau BBl 3HaAKOMBI ¢ JIMHEHHOI aaredpoit, MosKeTe
CMeJIO TPOIIYCTUTh 9TOT Pasmiel.

Ha puc. 10.2 npuBeeH npuMep YMHOKEHNUA MaTPHUII.

14 X 030 |_|1"0+472 1*3 + 441 1"0+4%4 | _|8716
03 214 0*0+3*2  0*3+31 0%0 +3*4 6312
A B

Puc. 10.2. IIpumep ymHONMEHUA MAMPUY,

ITepBasa u3 ABYX MEePEMHOKAEMbBIX MAaTPHUIL (MaTpUIla A Ha PUCYHKeE) JOJIK-
Ha UMETb CTOJBKO CTOJOIIOB, CKOJIBLKO €CTh CTPOK BO BTOpOoi Mmarpuiie (B).
B mannomM ciyuae B MaTpuiie A — aBa cTosb11a, a B MaTpuiie B — 1Be CTPOKHU.
Pesyabprupyomiaa matpuiia (C) mMeeT CTOJIbKO CTPOK, CKOJIBKO MaTpuIia A,
¥ CTOJIBKO CTOJIOIIOB, CKOJIBKO MaTpuIia B.

3HaueHUe B KasKA0N KyaeTKe (i, j) MmaTpuiibl C BEIUUCIIAECTCA IIyTEM CYMMM-
pOBaHUA IPOMU3BEAEHUI UNCes B i-if CTPOKe MATPHUIILI A HAa COOTBETCTBEH-
HBIE YHCJa B j-M cToJIOIe MaTpunsl B. Tak, 4ucio B JIeBOM BEPXHEM YIJTy
marpuiisl C paBHO cCyMMe IIPOM3BEeJEeHUI UKcesl B IePBOil CTPOKE MaTpu-
bl A Ha uKcja B IepBoM cToJbOIe MaTpuibl B. 3HaueHUsS B OCTaJbHBIX
KJeTKaxX MaTpuilbl C BEIYUCISIOTCA aHAJIOTUYHO.

Eme onHa onmepamusa HajA MaTPUIAMU HA3BIBAETCSA MPAHCNOHUPOBAHUCM.
Ona MeHAET CTPOKU U cTOJIONELI MecTaMu. OOLIUHO 9Ta omepalusa obo3Haua-
ercsa OykBoit T, Kak mokasaHo Ha puc. 10.3.

Onepamnuy TPAHCIIOHUPOBAHUA U YMHOMKEHUSA HEOOXOOUMBI AJIA Peayusa-

nuu aaropurma NMF.
-
Z d _labec
] T ldef
cf

Puc. 10.3. Tpancnornuposanue mampuybt
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Kakoe oTHOLleHMe BCe 3TO umeeT K MaTpulde HOBOCTEN

IToxka uToO MBI MMeeM MATPHUIY HOBOCTEH, B KOTOPOII XPAHATCS CUETUUKU
csoB. Harma miens — gpakmopusosams ee, TO €CTh HANTHU JBE MEHBIIINE MAT-
PHUIIBI, IIPU IePEMHOMKEHNY KOTOPHIX [TOJIyUYaeTcsa UCXoaHasa. BoT uTo aTo 3a
MATPUIIHL:

Mampuuya npusnaxos

B Hell Kajkzasa CTPOKa COOTBETCTBYET IPU3HAKY, a CTOJIOEI] — CJIOBY.
3HaUeHUsS B MaTPUILE OIPEAEJIAI0T, HACKOJIBKO CJIOBO PEJIEBAHTHO IIPHU-
sHarky. Kasplli MpusHaK MOJIXKEH IPEACTABISATh TEMY, BBIABICHHYIO
IIpU aHaJN3€e HOBOCTEH, I09TOMY MOMKHO OXKUIATh, YTO CTATbA O HOBOM
TeJIeBU30pe OyJeT MMeTh BLICOKII BeC OTHOCUTEJIbHO caoBa television.

Mampuuya 6ecos

9ra Marpuia orobpaskaeT IPU3HAKU HA MATPHUIly HoBocTeil. Kaxkgasa
CTPOKAa B HEll COOTBETCTBYET HOBOCTH, a KAXKIABIN CTOJI0EI — MPU3HAKY.
3HaueHUs IIOKAa3bIBAIOT, B KAKOM CTElleHN IIPU3HAK COOTHOCUTCH C HO-
BOCTBIO.

B maTpuiie mpusHAKOB, KaK M B MAaTPUIlEe HOBOCTEI, MMEeTCs 10 OAHOMY
CTOJNIOIY OJiA KakIoro cjoBa. Kaskmas CTPOKAa MATPUIBI IIPEJCTABJISIET
OIVH IPU3HAK, II03TOMY IIPU3HAK — 9TO CIUCOK BecoB cyoB. Ha puc. 10.4
IpuBeIeHa YacTh MATPUIIbI IPU3HAKOB.

hurricane democrats florida  elections
npuaHak 1 [ 2 0 3 0
npusHak 2 | 0 2 0 1
npuHak 3 \ 0 0 1 1

Puc. 10.4. HYacmv mampuys. npU3HAK08

Tak Kak KakJas CTPoKa — 5TO IPU3HAK, COCTABJIEHHBIN M3 KOMOMHAIINY
CJIOB, TO JOJI?KHO OBITH SICHO, UTO PEKOHCTPYKIINA MATPUIILI HOBOCTEHM CBO-
IUTCA K KOMOMHUPOBAHUIO CTPOK M3 MATPHUIILI MPU3HAKOB B PA3HBIX KOJIM-
yecTBax. MaTpuiia BecoB, IpuMep KOTopoi npuBeaeH Ha puc. 10.5, oTobpa-
JKaeT IPU3HaKM Ha HOBOCTU. B Hell mMeeTcs IO OAHOMY CTOJIOIY Ha KaiK-
OBl IPU3HAK U II0 OJTHOM CTPOKE Ha KaKIyI0 HOBOCTD.

Ha puc. 10.6 mokasano, KaKk PeKOHCTPYUPYETCS MaTPUIla HOBOCTel myTemM
IePEeMHOMKEHNA MaTPUIGI IPU3HAKOB U MaTPHUILI BECOB.

npu3Hak 1 mpu3Hak 2 npu3Hak 3
hurricane in Florida [ 10 0 0
Democrats sweep elections | 0 8 1
Democrats dispute Florida ballots \ 0 5 6

Puc. 10.5. Hacmv mampuuysL 6ecos
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hurricane democrats florida elections npu3Hak 1 npusHak 2 npusHak 3 hurricane democrats florida elections
F1[2 0 3 0 \ hurricane... f10 0 0 hurricane...

21 0 2 0 1 | X..sweep.. {0 8 1 |=..sweep..
F3\0 0 1 1 J Florida ballots \ 0 5 6 / Florida ballots

Puc. 10.6. YmHoxMceHUE MAMPULYbL 86CO8 HA MAMPULY NPUSHAKOE

Ecnu KonmyecTBO MPU3HAKOB COBIAZAET C KOJMUYECTBOM HOBOCTEM, TO Ha-
WJIYYIIIEM OTBETOM OyZeT COIOCTaBJIeHNEe KaKJ0l HOBOCTH POBHO OJHOI'O
npusHaka. Ho menab (pakTopusanuu — cBecTu OOJIBIIION MaccuB HabJioe-
HUU (B JAHHOM CJIyuae HOBOCTEH) K MeHbIIIeMYy MacCHUBY, KOTOPEIH OyaeT
cofiep:KaTh 0o0Iue NIpU3HaAKU. B naease 9TOT MEeHBIINHA HAOOpP IIPU3HAKOB
MOKHO OBIJIO OB CKOMOMHUPOBATDH C PA3JIUYHLIMU BeCAMU ¥ TOUHO BOCIPO-
M3BEeCTHU UCXOMHLIN HAGOp JaHHBIX, HO Ha MMPaKTHUKe 9TO KpaiiHe MaJ0Bepo-
STHO, IIOATOMY 3ajJada aJropuTMa — JOOUTHCSI HACTOJIbKO TOUHOM PEKOHC-
TPYKIMU, HACKOJIbKO BO3MOIKHO.

B mazBanuu asroputMa (GUIypUPYeT CIOBO « HCOMPUUAMEAbHAL» , TOTOMY
YTO BO3BpAIllaeMble TPU3HAKY U CJIOBA IIPEICTABJIEHBI HEOTPUIIATEIbHBIMU
ypciaamu. Ha mpakTwKe 9TO O3HAUYaeT, UYTO 3HAUEHHS BCEeX IIPU3HAKOB
IOJI’KHBI OBITh IMOJIOMKUTEIbHBI, M B HAIllEeM IPUMePe TAK OHO U €CThb, II0C-
KOJIbKY HHU AJIs1 KaKOIl HOBOCTHU HE MOKeT ObITh OTPUILATEIHLHOTO CUeTUNKA
BXOJKIeHU ci1oB. Kpome Toro, mpusHaku He JOJIKHBI «KPACTh» YacTHU APY-
rux npusHakoB — aaroputM NMF ycTpoeH Tak, 4To HUKaKKe cJIOBa He 0y-
IyT ABHO MCKJIIOUYEHBI. XOTSA 9TO OTPaHNUYEHIEe MOYKET BOCIIPEIATCTBOBATH
HAXOMKIeHUIO ONTUMAJbHON (PaKTOPU3aIMM, 3aTO PEe3yJIbTaThl JieTue WH-
TEepPIPETUPOBATD.

Bnbnnoreka NumPy

B cramgapraom guctpubytuBe Python Her QyHKumumil mjsa omepamuii Han
MATPUIIAMU. XOTA UX HECJOMKHO HAIIMCATh CAMOCTOSATEIbHO, HO JIYYIIle yC-
TAHOBUTH MakeT NumPy, KOTOPBIH He TOJIbKO IPEeI0CTaBIAET OOBEKT matrix
¥ TIOIePKUBAeT BCe HeoOXOoaUMbIe OMepalii, HO U CPABHUM II0 ITPOU3BO-
OIUTEJBHOCTA C KOMMEPUECKMMHM IIporpaMMaMu. 3arpysuTh 9TOT HaKeT
MOJKHO C caiita hitp://numpy.scipy.org.

HomoHUTEeIbHYI0 HH(pOpPMAIUio 00 yecTaHOBKe makera NumPy cMm. B mpu-
JoxxeHnu A.

NumPy mpenocraBigeT 060beKT natrix, KOHCTPYKTOPY KOTOPOTO IepemaeT-
cs CIIUCOK cnucKoB. OH 0UeHb MOX0MK HAa Ty MaTPHUILY, KOTOPYIO MBI CO3IAJH
IJis IpeJcTaBJaeHusa HoBocTell. YToObI yBuaeTh naker NumPy B gelicTBuu,
HUMIOPTUPYITE ero B UHTEPAKTUBHOM CeaHce M CO3JaiTe MAaTPUILY:

>>> from numpy import =

>>> 11=[[1,2,3]1,[4,5,6]1]

>>> 11

[[1, 2, 3], [4, 5, 6]]

>>> mi=matrix(11)
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>>> mi

matrix([[1, 2, 3]

(4, 5, 61])
O0BeKTHI-MaTPUIBI TOAIEP/KUBAIOT TaKUe MaTeMaTUdecKue OmIepaluu,
KaK CJIOJKeHWEe M YMHOKEHUE C IIOMOIIIbI0 CTaHIapPTHHIX OlepaTopoB. s
TPAHCHIOHUPOBAHUA MaTPUILI HPpUMeHAeTCA PYHKIIUA transpose:

>>> m2=matrix([[1,2]1,[3,4]1,[5,611)

>>> m2

matrix([[1, 2],

[3, 4],

[5, 611)

>>> m1*m2

matrix([[22, 28]

[49, 64]1)

DyHKIUA shape BO3BpAIaeT KOJHUUYECTBO CTPOK U CTOJOIIOB MATPHUIILI, UTO
MI0JIE3HO JIJIs 00X0/Ia BCEX ee 3JIeMEHTOB B IUKJIE:

>>> shape(m1)

(2, 3)

>>> shape(m2)

(3, 2)
Haxomer, maker NumPy npemocTaBiisierT Tak:Ke BLICOKOTIPOU3BOIUTEIbHBII
00'BEKT-MAaCCUB array, KOTOPBIH, KaK 1 MATPUIA, MOXKET ObITh MHOI'OMEP-
HBIM. MaTpHIly MOXKHO JIETKO IIPeo0pasoBaTh B MacCUB U HA060pOT. IIpu BLI-
TMOJTHEeHUY YMHOMKEHUS MacCUB BeZeT cebsd nHaue, UeM MaTPUIla; MAaCCUBBI
MOJKHO IEePeMHOKATh, TOJbKO €CJIU OHU MMEIOT B TOYHOCTU OJMHAKOBYIO
dopMy, IprUeM KaKABbIN 2JIEMEHT IPOM3BENEHUA BLIUUCJISIETCS IIEPEMHO-
JKeHWEeM COOTBETCTBEHHBIX 3JIEMEHTOB COMHOKUTeeli. Hanpumep:

>>> al=m1.A

>>> al

array([[1, 2, 3]

[4, 5, 61])

>>> a2=array([[1,2,3]1,[1,2,3]1])

>>> al+a2

array([[ 1, 4, 9],

[ 4, 10, 181])

Bricokaa mpousBoAuTeIbHOCT, NumPy KpuTuduecKu BasKHa IJIsT pabOTHI
aJITOpPUTMa, KOTOPBIN, KAK Bbl CKOPO YBUAWTE, BHIIIOJHAET MHOTO OIlepa-
UH HAJ MaTPUIIaMU.

Anroputm

OnuchIiBaeMbIii aJIrOPUTM (PAKTOPU3AIMY MATPHUIL BIIepPBLIe ObLI OIYOJIMKO-
BaH B KoHIle 1990-X To0B 1 ABJIAETCA OTHUM U3 CAMBIX COBPEMEHHBIX aJI-
TOPUTMOB, PaCCMaTPUBAEMbIX B HACTOAIIEH KHIUTe. BbLIIO TOKa3aHo, YTO OH
OYeHb XOpOoIIOo paboTaeT A ONpeneJeHHOrO KJjacca 3agad, B YaCTHOCTU
LIS aBTOMATUYECKOT'0 PACIIO3HABAHUA UEePT JinIa o ororpaduam.
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AropuTM TBITAeTCA MaKCUMAaJbHO OJU3KO PEKOHCTPYHPOBATH MATPUILY
HOBOCTEM ITyTeM BBIYMCJIECHUSA ONTUMAJIbHBIX MATPUIL IPU3HAKOB U BECOB.
B pamHOoM cayuae GbLIO OBbI IIOJI€3HO MMETHb CIIOCO0 M3MEPEHUS CTelleHU
6amsocTu pesyabrata. PyHKIuUA difcost mepedbupaeT Bce 3HAUEHUSA B ABYX
MaTpPUIaxX OQUHAKOBOTO PasMepa U BhIYUCISIeT KBaJpaThl Pa3HOCTEH MerK-
Iy HUMU.

CospatiiTe aitr nmf.py 1 BKIIOUYUTE B HEro PYHKIIMIO difcost:
from numpy import =

def difcost(a,b):

dif=0

# Uukn no cTpokam u cTonbuam MaTpuLbl

for i in range(shape(a)[0]):

for j in range(shape(a)[1]):
# Cymmmupyem KBagpaThl pa3HOCTel
dif+=pow(ali, j1-b[1,7],2)

return dif
Temeph HY:KHO IPUAYMATh, KaK MOCTEIEHHO M3MEHATHL MATPUIIBI, UTOOBI
aTa mejeBad GYHKIUA YMeHbITasach. Ecau BbI IPOYJIN TJIaBy 5, TO, HECOM-
HEHHO, 3aMEeTUJIN, UTO 9TO TeHCTBUTEIbHO IiejieBasd QYHKITUA, IO3TOMY IJI
TIOMCKA XOPOIIIeTo PellleHrsa MOXKHO IIPUMEHUTDh aJITOPUTM UMUTAIIUU OT-
SKUra UM reHeTnuecKuii agroputMm. OJHAKO B JaHHOM ciydae OoJiee ag-
(heKTUBHO UCIIOJIb30BaHUE MYJLbMUNJIUKAMUBHbLX NPABUJS OOHOBLEHUS.
BBIBOA 3TUX MTPABUJ BRIXOAUT 34 paMKU KHUTHU, HO, €CJIH BaM MHTEPeCcHO,
03HAKOMBTECHh C OPUTHMHAJBHOUN cTaTbeil o aapecy http://hebb.mit.edu/
people/seung/papers/nmfconverge.pdf.
CoryiacHO 9TUM IIpaBUJIaM IeHePUPYIOTCS YeThIPe HOBBIX MaTPUIlbI. B omu-
CaHUU MCXOJHAA MaTPUIA HOBOCTE HABLIBAETCA MaAmMpuyeil 0aHHbLX:
hn

IIpousBenenne TPAHCIIOHUPOBAHHOM MATPHUITHEI BECOB I MATPUIIHI JAHHBIX.
hd

HpOI/IBBe,IIeHI/Ie TpaHCHOHI/IpOBaHHOﬁ MaTpHUILBI BECOB, camoii MaTpPUILbI
Be€COB 1 MaTpPUIbI IIDU3HAKOB.
wn

HpOI/I3BeI[eHI/Ie MaTPUIbI IAHHBIX U TpaHCHOHHpOBaHHOﬁ MAaTPUIIBI IIPU-
3HaAKOB.

wd

HpOI/ISBeI[eHI/Ie MaTpuIbl BECOB, MaTPUIbl IIPDU3HAKOB 1M TPAaHCIIOHNPO-
BaHHOM MAaTPUIbI IPWU3HAKOB.

I st 00HOBJIEHUA MATPUIL IPU3HAKOB U BECOB BCE 3T MATPUIILI IIPeobpasy-
IOTCS B MacCUBBI. KaKIbIH 5J1eMeHT MaTPUIILI IPU3HAKOB YMHOMKAaeTCAd Ha
COOTBETCTBEHHBLINA 9JIEMEHT hn M JEeJIUTCA HAa COOTBETCTBEHHLIN 9JIEeMEHT hd.
AHaJIOrM4YHO, KasKABIHA 3JIEMEHT MaTPUIIbI BECOB YMHOKAETCA HAa COOTBETC-
TBEHHBIN 3JIEMEHT wn 1 JeJIUTCA Ha 3JeMeHT wd.
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DyHKIUA factorize BHINOJHSAET BCe 3TU BhluncaeHusa. Jlo6aBbTe ee B aiia
nmf.py:
def factorize(v,pc=10,1iter=50):
ic=shape(v)[0]
fe=shape(v)[1]

# MaTpuup BECOB W MPU3HAKOB WMHWUUMANU3MPYITCSH CNyHaHbMW 3HAYEHUSMU
w=matrix([[random.random( ) for j in range(pc)] for 1 in range(ic)])
h=matrix([[random.random( ) for i in range(fc)] for i in range(pc)])

# BuinonHsem onepaumio He Gonee iter pas
for i in range(iter)
wh=w*h

# Boymcnaem Tekyllyl pasHOCTb
cost=difcost(v,wh)

if 1%10==0: print cost

# BuixooMm M3 uMkna, ecnu maTpuua yxe dakTopus3oBaHa
if cost==0: break

# O6HOBNAEM MaTpuLy NPU3HAKOB
hn=(transpose(w)*v)
hd=(transpose(w)*w=h)

h=matrix(array(h)=array(hn)/array(hd))

# 06HOBNAEM MaTpuLy Becos
wn=(v=transpose(h))
wd=(wxh=transpose(h))

w=matrix(array(w)=array(wn)/array(wd))

return w,h

dyaruu, KoTopad GakTOPUIyeT MATPUILY, HEOOXOIMMO YKa3aTh, CKOJIb-
KO IIPU3HAKOB BBl XOTUTE 00HAPYKUTh. IHOTJa KOJIMYeCcTBO IPU3HAKOB 3a-
pamee U3BECTHO (Ba rojioca B 3aIIMCHU UJIU IIATH TJIABHBIX HOBOCTEI 3a IeHb).
B apyrux ciaydasx o KoJHMuecTBe NPU3HAKOB HMUEro HeJb3s CKasaThb. He
CYIIIeCTBYeT OOIIIero crroco6a aBTOMATHYECKU OIIPeNeIUTh IIPaBUJIbHOE UKC-
JIO IPU3HAKOB, HO IIyTEM 9KCIEPHUMEHTOB MOYKHO IT0A00paTh MOAXOMAIIIH
IrarasoH.

ITorpo06yiiTe BBITTIOJHUTE 9TOT AJITOPUTM AJIA MATPUIIBI PA3MEPHOCTHIO m1+*m2
B TEKYIIIEM ceaHCe U ITIOCMOTPUTE, HAUJET JIX aJITOPUTM PEIIeHNE, IIOX0MKee
HA UCXOLHYIO MaTpUILy:

>>> import nmf

>>> w,h= nmf.factorize(m1*m2, pc=3,iter=100)

7632.94395925

0.0364091326734
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1.12810164789e-017
6.8747907867e-020
>>> wxh

matrix([[ 22., 28.7,
[ 49., 64.1])

>>> m1x*m2
matrix([[22, 28]
[49, 6411)

AnroputMm cymes mogoopaTh MATPHUITLI BECOB U IPU3HAKOB TakK, UTO IPU UX
MepeMHOKEHUU IT0JydYaeTcd B TOUHOCTU mMcxomHada marpuna. Ilpumerum
eTo K MaTpuIle HOBOCTEH 1 MOCMOTPUM, KaK OH CITPABUTCA C 3a7jaueil BbIIe-
JIEHU S CYIIEeCTBEHHBIX TPU3HAKOB (Ha 9TO MOJKET YT 3aMeTHOe BpeMs):

>>> v=matrix(wordmatrix)

>>> weights, feat=nmf. factorize(v, pc=20,iter=50)

1712024 . 47944

2478.13274637

2265.75996871

2229.07352131

2211.42204622

Temepb B mepeMeHHOM feat XpaHATCA IPU3HAKU, a B IePEeMeHHOM weights —
3HAUYEHUA, XapaKTepUIYIOIINe pPeJIeBAaHTHOCThL IIPU3HAKOB HOBOCTSM.
IIpocToii B3TVIAL HAa MaTPUILy HUUETO HE TaeT, & XOTEeJIOCH OB KaK-TO BU3ya-
JUBUPOBATH U MHTEPIPETUPOBATH PE3YIbTAThHI.

BbiBOg, pe3ynbTaToB

JlOBOJIBHO CJIOKHO PEIINTb, KaK MMEHHO BU3YyaJM3UPOBATH PEe3yJIbTaTHhI.
Kaxxmomy cBOiicTBY B MaTpuile IPHU3HAKOB COOTBETCTBYET HabOp BECOB, II0-
KasbIBAIOINX, KAK CHJIbHO CBA3AHO C 3TUM IIPU3HAKOM KasKaoe cJioBo. ITo-
9TOMY MOJKHO IIOIBITATHCA BBIBECTH IIATh-AECATH CJOB IJIA KayKI0r0 IpU-
3HaKa, 4YTOOBI Y3HATh, KaKHUe CJ0Ba JJid Hero Haubojiee xapakTepHbl. AHa-
JIOTUYHO, CTOJI0EI] B MATPUILE BECOB T'OBOPUT O TOM, B KAKOI Mepe 9TOT IIPH-
3HAK COOTHOCHUTCS C KaKI0H HOBOCTHIO, IIOATOMY OBLIIO ObI TAKIKE MHTEPECHO
TIOKAa3aTh BEPXHUE TPU HOBOCTHU /IS JaHHOTO IPU3HAKa BMECTE C MHIEKCOM
pPeIeBaHTHOCTH.

Ho6aBbTe B (haiia newsfeatures.py GyHKITHIO showfeatures:

from numpy import =

def showfeatures(w,h,titles,wordvec,out="features.txt"):
outfile=file(out, 'w")
pc,wc=shape(h)
toppatterns=[[] for i in range(len(titles))]
patternnames=[]

# Uukn no BCEM npu3Hakam

for i in range(pc):
slist=[]
# Cospmaem CnuCOK CNOB M MX BECOB
for j in range(wc):
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slist.append((h[i,]], wordvec[j]))
# CopTupyem CNMCOK ClOB B nopsaake yoObBaHus
slist.sort( )
slist.reverse( )

# lleyaTaeM nepBbie WECTb 3NEMEHTOB
n=[s[1] for s in slist[0:6]]
outfile.write(str(n)+'\n")
patternnames.append(n)

# Co3paeM CnMcOK CNoB AN 8TOro npuaHaka

flist=[]

for j in range(len(titles)):
# [lobaBngem HOBOCTb BMECTE C €€ BEecoM
flist.append((w[j, 1], titles[j]))
toppatterns[j].append((w[j,i],1,titles[]]))

# CopTupyem CNMcOK B nopsanke yObBaHWs
flist.sort( )
flist.reverse( )

# BbiBOAMM nepBbie TPM HOBOCTH

for f in flist[0:3]:
outfile.write(str(f)+'\n")

outfile.write('\n")

outfile.close( )
# BosBpawaem CNUCKM CNOB M HOBOCTEN A8 LANbHENWEro MCNONb30BaHWA
return toppatterns, patternnames

Ira QYHKIIUA B IUKJE IIepedupaeT Bce IPU3HAKU U CO3JaeT CIMCOK BCeX
CJIOB U MX BECOB M3 BEKTOpAa CJOB. 3aTeM STOT CIMCOK COPTUPYETCS TaK,
YTOOBI CJIOBA C HAMOOJBIIIMM BeCOM OKA3aJNCh B Hauaje, U MepBLIe IIeCTh
CJIOB IeYaTaloTcsa. ITO NOJIJKHO IaTh IIPeAcTaBJIeHNe O TOM, KaKas TeMa Co-
OTBETCTBYET JaHHOMY HPU3HAKY. PYHKIMA BO3BPAIIlaeT CIMCOK Hambojee
YeTKUX IaTTePHOB M MX Ha3BaHUI, UTOOBI He BEIUMCIATL UX KaKIBLIN pas
3aHOBO IIPU UCIIOJb30BAaHNU B QYHKIIUU showarticles, IOKAa3aHHON HUMKeE.

ITocsie BBIBOZA IpU3HAKa QYHKIIUA MepedupaeT 3aroJ0BKU BCeX HOBOCTEH
¥ COPTUPYET UX B COOTBETCTBUU CO 3BHAUEHUAMY B MaTPHUIlE BECOB IJIA AaH-
HOIT HOBOCTH U IIPMU3HaKa. [lajgee meuaratoTcsa Tpu HOBOCTH, HanboJiee peJie-
BAHTHBIE TEKYIIEMY IPU3HAKY, BMECTEe CO 3HAUCHUSIMHU U3 MATPUIILI BECOB.
Bur yBUAMTE, UTO MHOrAA NPU3HAK PEIeBAHTEH HECKOJbKUM HOBOCTAM,
a MHOTJA — TOJIbKO OJHOI.

BrizoBute ATy (I)yHK]'_'LI/IIO, YTOOBI IIOCMOTPETh, KaKHe IIPDU3HaK1 Haﬁj.'[eHBI:

>>> reload(newsfeatures)
<module 'newsfeatures’ from "newsfeatures.py'>
>>> topp, pn= newsfeatures.showfeatures(weights, feat,artt,wordvec)

ITocKONIBKY CHUCOK pPe3yJIbTATOB [JIWHHBIN, IIPOTpaMMa COXPAHAET ero
B TeKcTOBOM (paityse. IIpu BbIBOBe (PYHKIWM MBI HOIPOCUJIN BBIJEJIUTH
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20 npusuakoB. OueBUIHO, UTO B COTHAX HOBOCTeIl TeM OyaeT ropasmo 00Jb-
I1e, HO X0UeTcs HalesdaThCsa, UTO caMble BasKHbIe MBI BCe-TaKU BbIABIM. BoT
npumep:
[u'palestinian’, u'elections’, u'abbas’, u'fatah’, u'monday’, u'new’]
(14.189453058041485, u'US Backs Early Palestinian Elections - ABC News')
(12.748863898714507, u'Abbas Presses for New Palestinian Elections Despite
Violence")
(11.286669969240645, u'Abbas Determined to Go Ahead With Vote')

Bupgso, 4To 3TOMY IPU3HAKY PEJIEBAHTHEI CJI0BA, OTHOCAIIAECA K BHIGOPAM
B I[lasecTuHe, 1 UMeeTCA LeJas MOAO0PKA CTaTel Ha 3Ty TeMy. II0CKOIBKY
pPe3yJIbTAT OIIPeieIAETCA KaK 3aroJJOBKOM, TAK M TEKCTOM HOBOCTH, TO BTO-
pad 1 TpeThbd HOBOCTH OKa3aJIMCh aCCOIITMMPOBAaHBI C 3TUM CBOﬁCTBOM, XO0TdA
B UX 3ar0JIOBKaX HET HU OJHOI'0 CJI0BA U3 CIUCKa. KpoMe TOro, moCKOIbKY
HauboJiee Ba)KHBI CJI0BA, BCTPEUAIOIIUXCS BO MHOTHMX HOBOCTAX, TO CJIOBA
palestinian (masmectunckuii) u elections (BeIOOPBI) OKa3aaNCh HA MEPBBIX
MecTax.

711 HEKOTOPBIX IIPU3HAKOB TaKOM YeTKOM IMOA00OPKY HOBOCTEH HET, HO pe-
3yJIbTATHI BCE PAaBHO MHTEPECHBI. B3riaauTe:

[u'cancer’, u'fat’, u'low’, u'breast’, u'news', u'diet"]

(29.808285029040864, u'Low-Fat Diet May Help Breast Cancer')

(2.3737882572527238, u'Big Apple no longer Fat City')

(2.3430261571622881, u’'The Nose Knows Better')
OueBUAHO, 9TOT IPU3HAK HanboJee TECHO CBA3aH C HOBOCTBIO O paKe Ipyau
(breast cancer). OnHako 1 HOBOCTH ¢ 6oJiee co1aboii accomuaieil Toxe Ka-
carTcs 340poBbaA. [lo-BUAUMOMY, B HUX BCTPEUaIOTCSI KaKKUe-TO CJI0Ba, 00-
1Tue ¢ IepBOi HOBOCTHIO.

BbiBOA HOBOCTU

Hpyroi cmocod BU3yaan3upoBaTh JaHHBIE — ITOKA3aTh KayKIyI0 HOBOCTh I TPU
HamboJee pejieBaHTHBHIX el Mpu3HaKa. ITO JAaCT BO3MOKHOCTh MMOHATh, 00-
CYKAAIOTCA JI1 B HOBOCTH HECKOJBKO TEM OTWHAKOBOM Ba)KHOCTHU MUJIU OHA
TIOCBAIIleHA TJIaBHBIM 00pasoM OHOI TeMe.

Hob6asbTe B aita newsfeatures.py GyHKIIUIO showarticles:

def showarticles(titles, toppatterns, patternnames,out="articles.txt"):
outfile=file(out, 'w")

# LUukn no BCEM HOBOCTSAM
for j in range(len(titles))
outfile.write(titles[j].encode( utf8 )+'\n")

# NonyunTb Hanbonee peneBaHTHbe 3TOW HOBOCTU MPU3HaKK
# 1 0TCOPTMPOBATb WX B mopsake yObBaHUs
toppatterns[j].sort( )

toppatterns[j]. reverse( )
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# HaneyaTaTb TpW BEpXHMX MNpuaHaka
for i in range(3):
outfile.write(str(toppatterns[j][i][0])+ '+
str(patternnames[toppatterns[jI[i][1]])+'\n")
outfile.write('\n")

outfile.close( )

Tak KaK pejieBaHTHBIE KaKJOH CTaThe IPU3HAKHU ObLIN BBIUKUCJIEHBI (PYHK-
muei showfeatures, TO 34eCh HAM OCTAETCS TOJIBLKO 000 TH BCe HOBOCTH, HAIIE-
YaTaTh UX Ha3BaHUA U JJIA Ka'KI0H BEIBECTU TPU OCHOBHBIX IIPU3HAKA.

Ia TecTupoBaHUS Iepe3arpysuTe Moayiab newsfeatures.py m BmI3OBUTE
dyHKIUIO showfeatures:

>>> reload(newsfeatures)

<module 'newsfeatures’ from 'newsfeatures.py'>

>>> newsfeatures.showarticles(artt, topp, pn)

B pesyabTare OyzeT cosman daiti articles.txt, KoTophIil COmEPIKUT 3ar0JI0B-
KM HOBOCTEH M Hambojiee XapaKTepHBIe IJA HUX IIaTTepHBI. BoT mpumep
HOBOCTH, B KOTOPOIi 00CYKIAIOTCS ABE OAMHAKOBO BasKHbIE TEMBbI:

Attacks in Irag at record high: Pentagon

5.4890098003 [u'monday’', u'said’, u'oil’, u'irag’, u'attacks’, u'two']

5.33447632219 [u'gates’, wu'iraq’, u'pentagon’, u'washington’, u'over’

u'report’]

0.618495842404 [u'its", u'iragi’, u'baghdad’, u'red’, u'crescent’, u'monday’]
OueBugHO, UTO 00a HMpU3HAKaA CBI3aHBI ¢ MIpaKoM, HO OTHOCSTCS OHU He
TOJBKO K 9TOM HOBOCTH, IIOCKOJILKY B €€ TeKCTe He BCTPeUyaroTcsa caoBa oil
(zedTn) u gates (TefiTc). IlocKOIBKY aaropuTM BBIZEISIET TPU3HAKY, KOTO-
PpbIe MOT'YT COUETaThCA APYT C IPYTOM, HO HE00s3aTeJILHO OTHOCATCS K eIHHC-
TBEHHOM HOBOCTH, TO O0IIee UMCJIO IPHU3HAKOB OKA3bIBAeTCSA MEHbIIIe YnCa
HOBOCTeI.

A BOT TpuMep HOBOCTH C BBICOKOPEJIEeBAHTHBIM IPU3HAKOM, KOTODPBIHA BPAT
JIX aCCOIMUPYETCA elle ¢ YeM-HUuOyIb:
Yogi Bear Creator Joe Barbera Dies at 95
11.8474089735 [u'barbera’, u'team’, u'creator’, u'hanna’, u'dies’, u'bear’]
2.21373704749 [u'monday’, u'said’, u'oil’, u'iraq’, u'attacks’, u'two']
0.421760994361 [u'man’, u'was’, u'year', u'his’, u'old’, u'kidnapping']
Tax KaK KOJUUYECTBO IIPU3HAKOB HEBEJIWNKO, BEPOATHO IOABJIEHUWE HOB0-
cmeii-cupom, KOTopbie 00JIbITe H HA UTO He TTOXO0KY U IOTOMY He YIOCTOU-
JHuCh COOCTBEHHOTrO IIpu3HaKa. Bot mpumep:
U.S. Files Charges in Fannie Mae Accounting Case
0.856087848533 [u'man’, u'was’, u'year’, u'his’, u'old", u'kidnapping']
0.784659717694 [u’'climbers’, u'hood’, u'have’, u'their’, u'may’, u'deaths’]
0.562439763693 [u'will’, u'smith’, u'news’, u'office’, u'box’, u'all’]
Kax Bugure, Hanbosee peJeBaHTHBIE TOI HOBOCTH IPU3HAKHU He OUYEHb-TO
CBSBAHBI C HEeH U KayKyTcd cayuaiiubiMu. Ho X Beca OUeHb MaJibl, II0O9TOMY BEI
cpa3y HOHHMAaeTe, UTO K JaHHO HOBOCTH OHU MMEIOT cjaboe OTHOIIIeHMe.
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Ncnonb3oBaHMe gaHHbIX O CI)OHJJ,OBOM PbiHKE

Anropurm NMF MosxeT paboTaTh He TOJBKO C ITMCKPETHLEIMU JAHHBIMHY, Ha-
IpuMep CUeTUNKAMU CJIOB, HO U C YMCJIOBLIMU. B 3TOM pasiesie MBI ITOKa-
JKeM, KaK IIPUMEHUTH ero K o0semy mopzoe Ha peiHKe aknuii CIITA, Boc-
MMOJIL30BaBIINCH AaHHBIMU ¢ caiiTa Yahoo! Finance. Bosmo:kHO, UTO B pe-
3yJbTaTe aHaJIM3a HaM yIacTCs OOHAPYKUTh IMaTTEPHBI, OIIPeaesAoInne
Ba’KHOCTHh TOPTOBBLIX CECCUM, MU TOHATH, OT KaKuX (aKTOPOB 3aBUCUT
00'bEM TOPI'OB PA3JINUYHBIMA AKI[UIMA.

duHaHCOBLIE PBHIHKU CUUTAIOTCS HAEAJbHBIM IPHUMEPOM KOJJIEKTHUBHOTO
pasyma, IOCKOJIBKY JJIA HUX XapaKTEePHO 0O0JIbIIIOe KOJIUYECTBO YUACTHU!-
KOB, KOTOPHIE BeAyT ce0s He3aBUCUMO, MOJIb3YIOTCA PA3INYHON nHPOpMa-
IUel, IPOABJSIOT PAa3JIUUYHBIE IPEAIIOUYTEHNA U BEIPpa0aThIBAIOT HEGOJIbIIIOE
YHCJIO Pe3yIbTAaTOB, HAIPUMeED IIeHy U 00 beM. KaK BHIACHUIOCH, OTAEIBHO-
MY YeJIOBEKY OUeHb TPYIHO CPABHATHCA B TOUHOCTU IpeACcKazaHusa Oymy-
IUX I[€H C KOJUIEKTUBHBIM pasymoM. CyIllecTByeT HeMaJio HayYHbIX paboT
Ha TeMy O TOM, IOUYeMy I'PYIIIIaM JIIo[el JaeTcs Jydllle yCTaHaABINBATh Ie-
HBI Ha (UHAHCOBOM PBLIHKE, UeM JIIO00MY UHAUBUAYYMY.

UYTo Takoe 06bem Topros

O0beM TOPTOB MO KOHKPETHON aAKIIUU — 9TO KOJUYECTBO CAEJOK KYILIu/
OpOJAXKU II0 Hell 3a HEeKOTOPLIl IIepuoJ BpeMeHH’, OOBLIYHO 3a JeHb. Ha
puc. 10.7 mokasaH rpaduK TOProB akIuAMY KoMmmauuu Y ahoo!, 3a KoTopoit
3akpenyes cumBosa YHOO. KpuBad B BepxHell 4acTU — 3TO UEHA 3AKDbL-
mus, TO eCTh IIeHa IIOoCJIeAHeN caeJ KN 3a AeHb. Ha cronmbuaToii zuarpaMmme
BHU3Y IIOKa3aH 00'beM TOPI'oB.

BpocaeTcs B ry1asa, uTo 06beM 00JIbIIIE B T€ IHU, KOT/Ia ITeHa aKI[UH CuJIbHee
Bcero uaMeHsAsach. Takoe uacTo 6bIBaeT, KOTAAa KOMITAaHUS AeIaeT KaKoe-To
3adBJIeHNE UJIN TYOJIUKYeT pe3yabTaThl (GMHAHCOBOU AeATeabHOCTH. [ITuKY]
MOTYT BOBHUKATH TaKIKe U3-3a IMOABJIeHNA KAKUX-TO HOBOCTEI 0 KOMITAHUU
WJIN UHAYCTPUU B II€JIOM. B OTCYyTCTBIE BHEIIHUX COOBITHH 00BEM TOProOB
OOBIUYHO, XOTS U He BCETr/1a, OCTAeTCA ITOCTOSTHHBIM.

B sToM pasgesie MBI pACCMOTPUM BPeMEHHEIE PAAbI 00beMa TOPIOB aAKIIMA-
MH HECKOJIBKHUX KOMHaHHﬁ. STO AaCT HaM BO3MOHOCTB ITIOMCKATh IIaTTep-
HBI, 3aTparnBaolue cpasdy HeCKOJbKO aKI1il, MU COOBITHS, OKa3aBIIIecs
HaCTOJIBKO BaXHBIMHU, UTO CTaJIX OTAEJIbHBIMU IIPDU3HAKaMM. Mpr1 HCIIOJIb-
3yeM 00'beM TOPI'OB, a He I[eHYy 3aKPBITHA, IOCKOJILKY ajaroputMm NMF mbi-
TaeTCdA MCKATh IIOJIOKHUTEJIbHBIE IIDM3HAKM, KOTOPbIE MOMHO CKJIaAbIBaTh,
IIeHbI K€ YacTO pearupyioT Ha BHEIIHUEe cOOLITUS cHU:KeHueMm, a NMF He
yYMeeT BBIAECJAATH OTPHUIlATEJIbHBbIEC IIPU3HAKMH. HaHpO’I‘I/IB, MOOeJInpoBaThb
00'beM TOPTOB HPOIIie, TAK KaK MMeeTCs 0a30BbIi YPOBEHb, KOTOPBIA MOXKET
JIMIIb YBEeJIMYNBATHCA B OTBET Ha BHEIIIHNE CHUI'HAJIbI, IIO9TOMY IIPDHUIOOEH
JIJIs1 IOCTPOEHU S MOJIOMKUTEIbHBIX MATPHII.
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YAHOD INC as of 22-Dec-2006
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Puc. 10.7. I'pappuk usmernenus yeHovl U 06semMa Mopzo8 AKYUAMU 00HOL KOMNAHUL

3arpy3Kka gaHHbIx ¢ canta Yahoo! Finance

Yahoo! Finance — oT/InuHbBI# pecypc OJiA MOJYUEeHUI PasHoro poaa (huHAaH-
COBBIX TaHHBIX, B TOM YHCJIE I[eH Ha aKI[UU, OIIIINOHOB, KYPCOB BaJIIOT U IIPO-
IEHTHBIX CTABOK IO oOjuramusaM. Kpome TOro, OH MO3BOJISAET 3arpysKaTh
UCTOpPUUYECKHUEe TaHHbIe 00 06beMax TOPTOB U ITeHaX B YI0OHOM IJId 00padboT-
ku ¢popmare CSV. O6parusmucy K URL Buna hitp://ichart.finance.yahoo.
com/table.csv?s=YHOO&d=11&e=26&f=2006&g=d&a=3&b=12&c=19
96 &ignore=.csv, BBl IMOJYUYHTE OJsI YKA3aHHON aKIMU CINCOK MJAHHBIX
B popmaTte CSV, pasbuTeiili mo AHAM. IlepBble CTPOKM CIIMCKA BBITJIAIAT
MIPUMEPHO TaK:

Date, Open, High, Low, Close, Volume, Adj. Closex

22-Dec-06,25.67,25.88,25.45,25.55,14666100, 25. 55

21-Dec-06,25.71,25.75,25.13,25.48,27050600, 25. 48

20-Dec-06,26.24,26.31,25.54,25.59, 24905600, 25.59

19-Dec-06, 26.05,26.50,25.91,26.41,18973800, 26. 41

18-Dec-06,26.89,26.97,26.07,26.30, 19431200, 26. 30

B Kax 01 cTpoKe mpencTaBJeHbl AaTa, IeHa OTKPBITUSA U 3aKPBITUA, Ha-
n0OJIbINIAS 1 HANMEeHbIIAasd IleHa, 00'beM TOPTOB 1 CKOPPEKTUPOBaHHAA I[eHa
3aKpBITHUA. B CKOPPEKTHPOBAHHON IleHEe YUYTEHO, UTO aKIUU MOI'YT IpPO-
OMTHCSA WJIY II0 HUM MOI'YT BBIILJIAUNBATHCA JUBUIeHALI. OHA II03BOJISIET BhI-
YKUCJIUTh, CKOJBKO y Bac OBLIO OBI AeHer, ecau Obl BLI BJIaAeJ U JaHHON aK-
el B IPOMEXKYTKe MeXKIY IBYMS TaTaMU.
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g paccMaTpuBaeMOro npuMepa MbI 3arpys3uM AaHHBIE 00 00'beMe TOPTOB
mo HecKoJbKUM akmuaM. CosmaiiTe HOBBIH (paitn stockvolume.py 1 BKJIIO-
YUTE B HETO IPUBEIEHHBIA HUKE KO/, KOTOPBIA 3arpyskaet (paijsl B Gop-
marte CSV mya 3aJaHHOTO CIKMCKA CHMBOJIOB M COXPaHAET WX B cJOBape.
Kpome Toro, 3artoMuHaeTCs, 10 KaKOMY CHMBOJY KOJINUYECTBO JHEeI B MCTO-
pU¥ MUHUMAJBHO. ITO YUCJO MBI 3aT€M KCIOJb3yeM B KauecTBe BepPTU-
KaJbHOM pasMepHOCTH MaTPUILHI HAOJIIOJeHIIi:

import nmf

import urllib2

from numpy import =

tickers=[ "YHOO", "AVP", 'BIIB", 'BP", 'CL", "CVX"
"DNA", "EXPE", "GOOG", "PG", "XOM", "AMGN" ]

shortest=300
prices={}
dates=None

for t in tickers:
# OTkpbTb URL
rows=urllib2.urlopen( http://ichart.finance.yahoo.com/table.csv? +\
"s=%s&d=118e=26&f=20068g=d&a=380b=128c=1996 "%t +\
‘&ignore=.csv').readlines( )

# BbloennMTb M3 Kaxaol cTpoku none obbema TOPros
prices[t]=[float(r.split(", ")[5]) for r in rows[1:] if r.strip( )!=""]
if len(prices[t])<shortest: shortest=len(prices[t])

if not dates:
dates=[r.split(", ")[0] for r in rows[1:] if r.strip( )!=""]
31ech I KaMKI0T0 cMMBoJIa akiiuu codgaerca URL 1 u3 Hero sarpy»karoT-
cdA HaHHbIe. 3aTeM KaKIasa CTPOKA pa3sbuBaeTCs M0 3allATHIM U U3 ITOJYUNB-
IIerocs COUCKa 6epeTcs IATHIHN 3JIeMeHT — 00'beM TOPT'OB B BU/IE UKCJIA C TIIa-
BaIOIIEel TOUKOM.

MoproroBka MaTpUuLbl

Ha cienyroiiiem 1mare Mbl JOJKHBI IIPeo0pas3oBaTh 9TU JaHHBIE B MATPUILY
HabJII0eHUIT, KOTOPYIO MOKHO OyaeT nepenats aaroputmy NMF. Ilas sto-
I'0 JOCTATOYHO CO3AATh CIIMCOK, KaXKIbIii 9JIEMEHT KOTOPOT'0 ABJIAETCS CIKC-
KOM, COAEep:KaluM AaHHBIe 00 00beMe TOProB BCEMU AKIUAMM 3a OIUH
IeHb. PaccMoTpuM mpumMep:

[[4453500.0, 842400.0, 1396100.0, 1883100.0, 1281900.0,...]

[5000100.0, 1486900.0, 3317500.0, 2966700.0, 1941200.0, ...

[5222500.0, 1383100.0, 3421500.0, 2885300.0, 1994900.0, ...

[6028700.0, 1477000.0, 8178200.0, 2919600.0, 2061000.0,...]

-]
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CorJylacHO 9TOMY CHOHCKY B IIOCJIeIHUI MeHb ToproBayiochk 4453 500 akmuii
AMGN, 842 000 axmuit AVP u T. 1. B npeasiayinuii feHb 06'beM COCTaBUII
coorBeTcTBeHHO 5000 100 1 1486 900 akuuii. CpaBHUTE C IPUMEPOM, OT-
HOCSAIIUMCS K HOBOCTSIM; MMOACTABbTE BMECTO HOBOCTEM JHU, BMECTO CJIOB —
CUMBOJILI AKITNiT, 4 BMECTO CUETUNKOB CJIOB — 00'beMBI TOPTOB.

MaTtpuily JieTKO MOCTPOUTH C TOMOIIbI0 TpaHchOpMAaIMU CONUCKOB. BHyT-
PeHHUI MUKJ MepebupaeT CINCOK CHMBOJIOB, & BHEIIIHUHI — CIIMCOK Ha0JII0-
meuwnii (queit). [lobaBbTe caexyroiuii Kox B daitr stockvolume.py:
11=[[prices[tickers[i]][]]
for i in range(len(tickers))]
for j in range(shortest)]

MporoH anroputma NMF

OcTajoch JUITH BLI3BATh (QDYHKIIUIO factorize 3 moayssa NMF. Ilpunmerca
3a71aTh KOJMYECTBO UCKOMBIX IPU3HAKOB; AJIsa HeOOJBIIOTO Habopa aKkIuii
OyZeT JOCTATOUHO YeThIPeX-IIATHU.

Ho6aBbTe B (paiia stockvolume.py Takoii Kom:
w, h= nmf.factorize(matrix(11),pc=>5)

print h
print w

Temeps 3aycTUTE U3 KOMAHIHOM CTPOKH CJIEAYIOIYIO KOMaHIY:
$ python stockvolume.py

MaTpuiibl, KOTOPbI€ OHA BBIBEIET, IIPEACTABIAIOT Beca U MpusHaku. Kax-
Iasi CTPOKa B MaTPUIlE IPU3HAKOB COOTBETCTBYET OLHOMY IPU3HAKY, KOTO-
PBIii mpefcTaBIsAET CO00H COBOKYITHOCTE O0HEMOB TOPTOB II0 aKIuAM. B co-
YeTaHUU C APYI'MMU IIPDHU3HAKaMM €ro MOXHO HCIIOJIB30BATh OJIA PEKOHC-
TPYKIUYU AAHHBIX 00 00beMe TOProB 3a TeKyIuii AeHb. Kakgas cTpoka
B MaTPUIle BECOB IIPEICTABJIAET OJUH [eHb, 4 3HAUYEHUA ITIOKA3bIBAIOT, B Ka-
KOU Mepe KayKbIil U3 BbIJeJIEHHBIX IPU3HAKOB IIPUMEHUM K 3TOMY JHIO.

BbiBOA, pe3ynbTaToB

IToHATHO, YTO MHTEPIPETUPOBATH CAMU MATPUILLI TPYAHO, IIOITOMY HYMKHO
HalTu 6ojiee YHOOHBIHM CIIOCOO BBEIBOJA IPU3HAKOB. XOTEJNOCHL ObI BUIETD,
KaKoii BKJIaJ BHOCUT 00'beM TOPI'OB M0 KaKI0M aKIINK B KA Kbl IPU3HAK,
a TaKJKe JaThbl, HanboJiee TECHO CBA3aHHBIE C IPU3HAKAMU.

HobGasbTe B (haita stockvolume.py ciegyomuit Kox:

# Uvkn no BCem npu3Hakam
for i in range(shape(h)[0])
print "MpuaHak %d" %i

# MonyynTb BepxHue 10 akumit Ans 9TOr0 nNpu3Haka
ol=[(h[1,]], tickers[j]) for j in range(shape(h)[1])]
ol.sort( )

ol.reverse( )
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for j in range(12):
print ol[j]
print

# MokasaTb BepxHue 10 pgaT a9 3TOro npudHaka
porder=[(w[d,i],d) for d in range(300)]
porder.sort( )

porder.reverse( )

print [(p[0],dates[p[1]]) for p in porder[0:3]]
print

ITockoabKY TeKcTa OyAeT MHOTO, MMEeeT CMbBICJI IePeHATIPaBUTD BEIBOJ, B (haii.
BenuTe Takyio KoMmaHIY:

$ python stockvolume.py > stockfeatures.txt

Temnepsb B (paiine stockfeatures.txt HaxoguTes crnrcoxk IpuU3HAKOB ¢ YKa3a-
HIEM TOT0, KaKUM aKIUAM OHU HamboJiee peJIeBAHTHBI M B KaKue JHU IPO-
ABJANNCH HanboJee OTUETINBO. BOoT mpuMep, BRIOPAHHBIN 13 (haiiaa moTo-
MY, UTO OH UMEET OUeHb BHICOKMI BeC AJIA JaHHOUW aKI[UM U JAHHOM JAThI:

Mlpnsnak 4
(74524113.213559602, 'YH00")
(6165711.6749675209, 'GO0G")
(5539688.0538382991, "XOM")
(2537144.3952459987, "CVX'")
(1283794.0604679288, 'PG")
(1160743.3352889531, "BP")
(1040776.8531969623, "AVP")
(811575.28223116993, 'BIIB")
(679243.76923785623, 'DNA")
(377356.4897763988, 'CL")
(353682.37800343882, "EXPE")
(0.31345784102699459, "AMGN ")

[(7.950090052903934, "19-Jul-06"),
(4.7278341805021329, '19-Sep-06"),
(4.6049947721971245, "18-Jan-06")]

Kax BugHO, 9TOT IPU3HAK OTHOCUTCS IIOUTH UCKJI0UNTeaAbHO K YHOO 1 Ha-
nboJiee oTueTINBO IIpoaBuaca 19 utoasa 2006 roga. iMeHHO B TOT JeHb HAa-
0sroaJIcsa 0OJIBIIION BCILJIECK 00'beMa TOPToB aKIMAMU KoMIauuu Yahoo!,
KOoTopas OIIy0JIMKOBaJa OTUET O IIPUOBLIAX.

Bor elre oquH nIpusHaK, pacupeaesieHHbI 60Jee PABHOMEPHO MeXKIY ABY-
Ms KOMIIAHUSIMMU:

MpunaHak 2
(46151801.813632453, "GOOG")
(24298994.720555616, "YH00")
(10606419.91092159, "PG")
(7711296.6887903402, "CVX")
(4711899.0067871698, 'BIIB")
(4423180.7694432881, "XOM')
(3430492.5096612777, 'DNA")
(2882726.8877627672, "EXPE")
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(2232928.7181202639, 'CL")
(2043732.4392455407, "AVP")
(1934010.2697886101, 'BP")
(1801256.8664912341, "AMGN ")

[(2.9757765047938824, '20-Jan-06"),
(2.8627791325829448, '28-Feb-06"),
(2.356157903021133, '31-Mar-06"),

OH IOKAa3bIBAET CUJIbHEIE BCILIECKU B 00'beMe Topros aknuamu Google, Ko-
TOpbIe B MEPBBIX TPeEX CJyUYasx ObLIM O0yCJIOBJEHBI MyOJMKAaIleil HOBO-
creii. B caMbIil HACBIIIIEHHBIN JeHb, 20 auBaps, Google o6baABMIA, UTO OHA
He cobupaeTcsa PaCKpPHIBATh IPABUTEIbCTBY MH(POPMAIINIO O CBOEIl IOMCKO-
Boii marnue. Ho mHTEpecHO, UTO MPU3HAK, 00yCIOBJI€HHBIH COOBITIEM, KO-
TOpPOEe MIOBJIUAIO0 Ha 00beM TOoproB aknuamMu Google, ckasajca u Ha o0beMe
TOProB akuAMU Yahoo!, XOTA K 3TO# KOMIIAHUY COOBITHE He UMeeT HIUKAa-
KOT'0 OTHOIIIeHUA. BTOpoii BCIJIECK IPHUIIeJicA Ha AeHb, Korga (GUHAHCOBBIN
nupexTop Google 06BABUII 0 3aMeIJIEHUN TEMIIOB POCTA; HA rpaduKe BuI-
HO, 4TO 00'be€M TOPTroB 110 Yahoo! B TOT IeHb TaKiKe BO3POC, BOSMOIKHO, II0-
TOMY, UTO JIIOAY OPUKUHYJIU, KaK 3Ta MHPOPMAIIUA MOMKET cKas3aTbCsa Ha
mosoxkeHuu Yahoo!.

BaskHO TOHMMATh PAa3HUILY MEeXKAY IIPeACTABICHHON 3eCh KapTUHOM U IIpoc-
TBIM OTBICKAHHEM KOPPEeJIANUHN MeXXIy obbeMaMu TOProB. JlBa BBIZeJIeH-
HBIX IIPU3HAKA IIOKA3hIBAIOT, YTO B HEKOTOPHIE JHU TOPIY AKIUAME KOMIIA-
Huii Google u Yahoo! mpoTekaioT cxoxke, a B Ipyrue BeAyT ce06si COBEePIIIeH-
HO mo-pasHoMy. IIpu ImoucKe KOppesanuu 3TH HaOJII0AeHUuA ObLIN OBl yC-
pPenHeHbI U TOT (DAKT, YTO B OIpeJeIeHHbIe JHA HAa 00'beM TOPIOB IMOBJINAIN
3aaBieHna Yahoo!, ocTancsa ObI He3aMeuYeHHBIM.

ATOoT IpUMep ¢ HeOOJIbIO0I BEIOOPKOM AaKIIUHI UJLIIOCTPUPYET IPOCTOH (paKT,
HO eCJIM B3ATH 0oJiee MpeICTaBUTEIbLHYIO BLIOOPKY 1 3a1aTh 00JIbIIIee KOJIN-
YeCTBO UCKOMBIX IIPU3HAKOB, TO YAAETCs BEIIBUTD 00JIee CJI0KHBIEe B3alMO-
nelicTBUA.

YnpaxHeHusa

1. Pa3HopoOdHble ucmoyHuku Hogocmeil. B mpumepe m3 3TOU IIaBbl MBI
Opajiu YMCTO HOBOCTHBIE MCTOYHUKU. [lonpobyiiTe 106aBUTH e111e N3Bec-
THBIE ITOJUTHYECKUE OJI0KY (HaliT! UX IIOMOJKET caliT http://technorati.
com). Kak sTo oTpasurca Ha pesyabTaTtax? CyIecTBYIOT i IPU3HAKH,
XapaKTepHBIE TJIABHBIM 00pPa30M AJISA MOJUTUYECKUX KOMMeHTapueB?
Ynaercsa iy CrpynnupoBaTh HOBOCTH C COOTBETCTBYIOIIMMU UM KOM-
MeHTapuamMu?

2. Knacmepusauyus memodom K-cpednux. Ilia mMaTPUIlbl HOBOCTEH MBI
IIPUMEHMJIN NePAPXUYECKYI0 KJIacTepusanuio. A 4To ecjiu BOCIOIb30-
BaThCA KJacTepusanueii merogom K-cpeguux? CpaBHUTE YUCIO IPU-
3HAKOB, HEOOXOAVMBIX B 000UX CIy4YasX AJd BbIIEJIEHUI BCEX TEM.
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Onmumusayus u gaxmopusayus. MoKHO J1 BOCIIOJb30BAThCA IIPO-
rpaMMoil ONTUMM3AIUU, HAIUCAHHON B IjIiaBe 5, I (QaKTOPU3aIUN
maTtpuibl? Byzaer iz paboTa mpoXoaAuTh 6bicTpee uiau MeaaeHuee? Cpas-
HUTE Pe3yJIbTaThl.

Kpumepuii ocmarnosa. Anroputm NMF, onmcanHbIl B 9TO# I1aBe, OC-
TaHaBJIWBaeTCA, KOT/Ja mejaeBasd QyHKIIUA IpuHuMaeT 3Havenue 0 nian
mocJie BBITIOJTHEHU S 3aJJaHHOrO uncja urepanuii. HOrma y:xke HaligeH-
HOe XOpolliee, IIYCTh AaKe He HIeaIbHOE, PeIlleHue aajiee He yIaeTcs
CYHIECTBEHHO YJAYUYIIUTb. MoguuinpyiTe KOI TaK, YTOOLI aJITOPUTM
mpekparaa pabory, Korja reieBas QYHKIIUA YMEHbITaeTCsI Ha KarK-
0¥ mTepanuu He 6ojiee YeM Ha OJUH IIPOIIEHT.

5. AnvmepHamueHvie cnocobbl 6bt600a. OnicaHHBIE B 3TOH IyiaBe GQYHK-

MY BBIBOJA PE3YJIbTATOB JOCTATOYHO IPOCTHI U ITOKA3BIBAIOT CYIIECT-
BeHHBbIe MPU3HAKM, HO IPU 9TOM TepseTcd 3HAUUTeJbHasd YacTb KOH-
TekcTa. MosKeTe Jiv BbI IPEIJIOKUTD APYTHEe BAPUAHTHI BEIBOIA PE3YJIhb-
tatoB? IlonpobyiiTe HanucaTh PYHKI[NIO, KOTOPAS BEIBOAUT TEKCTHI HO-
BOCTE#, BBIZENAS KJIOUEBLIE CJIOBA, BOIIEAIINE B COCTAB KAaXKAOTO
npusHaka. Vliu HapucyiiTe fuarpaMMy o0'beMa TOPTroB, Ha KOTOPOM OT-
YETJINBO BUIHEI CYIIECTBEHHbIE JaThl.
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DBOJTIIOLUOHUNPYIOLLNIN pa3yM

B »T0# KHUTe OBLIO IIPECTABIEHO MHOTO PAa3HBIX 3a7]a4, U B KAXKAOM CJIY-
Yyae IPUMEHAJICA aJTOPUTM, HaumboJiee MOAXOAAIIUN I PEIleHns KOHK-
peTHoi 3agaun. B HeKOTOPBIX IpUMepax IPUXOANJIOCH HACTPAUBATh IIapa-
MeTPBhI MJIN IIOJH30BATHCS ONTHMMUIAIMEl AJS OTHICKAHUA HAWJIYUIIEro
Habopa mapaMeTpoB. B 9Toii ri1aBe Mbl PACCMOTPUM HMHOI m0oaXo01. BmecTo
TOr0 YTOOBI BBIOMPATH AJITOPUTM PEIlleHns 3a0aun, MbI HAIIUIIIEM IIPOrpam-
My, KOTOpas MOIBITAETCS aBTOMATUYECKU MHOCTPOUTH HAWIYUIIYIO TIPO-
rpaMMy OJId pelieHusd JaHHoM 3agaun. HBIMU cJI0BaMU, MBI OyAeM co3ma-
BaTh AJTOPUTM CO3JaHUI AJITOPUTMOB.

Has 5TOTO0 MBI IPUMEHUM ZeHemuyeckoe npozpammuposanue. Insa sroi
TJIaBBI S BRIOPAJ TEMY, 110 KOTOPOI1 [0 CUX OP BEAYTCSA aKTUBHBIE UCCJIE0-
BaHHSA. ITa IJIaBa OTJINYAETCS OT IPEeAbIAYIIUX TEeM, UTO B Heil He OyIeT Hu
OoTKpPBITEIX API, HuM myOGJIMYHO JOCTYIIHBIX HAOOPOB JaHHBIX, a IPOTrpaM-
MBI, MoAuU(UIIMPYIOIIHe cebsd Ha OCHOBE B3aMMOAEMCTBUSI CO MHOTHMU
JIOObMU, — 9TO MHTEPECHBIN 1 COBEPIITeHHO MHOM BUA KOJJIeKTHUBHOTO pa-
3yma. ['eHeTHUecKoOe MporpaMMUpPOBaHNe — BecbMa O0IIIupHasa TeMa, Ha KO-
TOPYIO HAIIMCAHO MHOTO KHUT. I cMOry maTh JUIIh KPaTKOe BBeJeHUe, HO
HaJeCch BO30OYAUTH B BAC JOCTATOYHBIN MHTEPEC; BO3MOKHO, BbI 3aX0OTHUTE
3aHATHCSA CAMOCTOSTEJIbHBIMY UCCIEJOBAHUSIMY U DKCIIEPUMEHTAMU B 9TOM
obsacTu.

B aT0i1 ri1aBe paccMaTPUBAIOTCA IBE 3a0aUN: PEKOHCTPYKIIAA MaTeMaTHIeC-
KOl (QYHKIIMU IO MMeolneMycsa Habopy JaHHBIX ¥ aBTOMATHUYECKoe o0yue-
HIe KOMIBIOTEPA IIPOCTOI Urpe (MCKYCCTBEHHBIN MHTEJJIEKT). OTO JIUIIh
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MU3epHasd J0JIA BOSMOXKHOCTE! e HETUUECKOT'0 TPOrPaMMUPOBAHMIA — € JUHC-
TBEHHBIM OTpPAaHMYEHWEM Ha TUITHI pPelraeMbIX 3ajau CIY:KUT HAJIUUYUe BbI-
YHUCJIIUTEJIbHBIX PECYPCOB.

UTo Takoe reHeTUYeCKoe NporpaMMupoBaHue

T'eHeTHYEeCKOE IPOTPAMMUPOBAHNE — 9TO METOAMKA MAIITMHHOTO 00yUeH !,
IIPOTOTHUIIOM KOTOPOI ABJIAETCA OMOJIOTHUECKaA 9BOJIONMA. B 00111eM ciy-
Yyae MBI HAUMHAaEeM ¢ O0JIBITOr0 Habopa IporpamMm (MMeHYeMbIX NOnYAayl-
eil), CreHepUPOBAHHBIX CAyUYaHHLIM 00pa3oM MM HAIKMCAHHBIX BPYYHYIO,
0 KOTOPBIX M3BECTHO, UTO 3TO AOCTATOUYHO XOPOIIHE perieHud. 3aTeM 9THU
IporpaMMbl KOHKYPUPYIOT MEXKIYy C000ii B IOIBITKE PEIIUTh HEKOTOPYIO
MIOCTaBJIEHHYIO MOJIb30BaTeJIeM 3a4auy. OTO MOXKET ObITh UT'Pa, B KOTOPOIt
IporpaMMbl COPEBHYIOTCS MEXKIY CO00¥ HAOpAMYIO, WU CIeIlMaJbHBIN
TeCT, MPU3BAHHBLIN ONpeNeJauTh, KaKas mporpamma Jyuiie. Ilo 3aBepiie-
HUM COCTA3aHUSA COCTABJISETCA PAHKUPOBAHHBIA COMCOK HPOTPAMM — OT
HaWJIy4Iled K HauxXyIIIe.

3aTeM — M BOT TYT-TO BCTYIAET B [I€JIO SBOJIONUA — JIYUIIIWE IPOTPAMMBI
KOIUPYIOTCA U MOAMMDUIIMPYIOTCSA OJHUM U3 ABYX cmmoco6oB. CaMblil mpoc-
TOU Ha3BIBAETCA MYMmayueil; B 9TOM CJIydae HEKOTODPbIe YaCTY IIPOIPaMMBI
CIIyJaliHBIM 00pa30M 1 OUeHb HEBHAUNTEJIHbHO N3MEHAIOTCA B HAleMK e, YTO
OT 3TOTO pellleHue cTaHeT jydire. [[pyroii cnocob Ha3bIBAETCA CKPEULUBAHU-
em (Mau Kpoccoéepom) — 4aCTb OGHOM M3 OTOOPAHHBIX IIPOTPAMM IlepeMe-
maerca B APYryo. B pesyabTaTe mpoieayphl KOOUPOBAHUA U MOAu(BUKA-
U CO3JaeTcsd MHOTO HOBBIX IIPOrPAMM, KOTOPBIE OCHOBAaHBLI Ha HAUIYY-
X 0CO0AX NMIPEeABIAYIell IOMyJIAINY, HO He COBIIAJAI0T C HUMH.

Ha xaxgoM sTare KauecTBO IPOrPaMM BBIUKCIISAETCA C IIOMOIIBI0O QYHKUUL
sviacusaemocmu (fitness function). Tak xKaxk pasmep IOTyJAAIINN He U3Me-
HAETCS, IPOrPaMMbI, OKa3aBIINECA IIJIOXUMH, YIAJIAIOTCA U3 TOMY AN,
0CcBO0OKTasT MecTO JJist HOBBIX. Co3maeTcs HOBas MOMYJIAINNUA, KOTOpad Ha-
3BIBAETCS «CJENYIONMM IIOKOJEeHUEM» , ¥ BeCch IIpoIiecc nmoBTopsaercd. Iloc-
KOJIbKY COXPAHAIOTCA 1 U3MEHAIOTCS caMble JIYUIIlie IPOTPaMMBbI, TO €CTh
HamekJa, UTO C KaKJbIM IIOKOJIEHMEM OHUM OYAYyT COBEPIIEHCTBOBATHLCA,
KaK JIeTH, KOTOpble MOT'YT IIPEB30UTHU CBOUX POAUTEIEH.

HoBble IOKOJIeHNA CO3AAI0TCA 0 TeX 0P, HOKAa He OYAeT BHIIIOJHEHO YCJIO0-
BHUE 3aBEPIIEeHNsI, KOTOPOE B 3aBHCHUMOCTH OT 3aJaul MOXKET (POPMYJINPO-
BATHCS OJHUM U3 CJIEAYIOMUX CIIOCO0O0B:

o HaiineHo ugeasbHOE pelleHNe.

e HaiigeHo focTaTOYHO XOpOIllee PeIleHue.

o Peilllernue He yaaeTcd YAYUIINTL HA TPOTAMKEHNN HECKOJbKNX IIOKOJIe-
HUHA.

o KosmuecTBo TOKOIeHUI AOCTHUIVIO 3aJaHHOTI'O IIpeaeJsia.
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Puc. 11.1. Brok-cxema zeHemu1ieck0zo npozpammupos8arnis

151 HeKOTOPBIX 3a[a4, HAIPUMED OIIpeae/IeHNS MAaTeMATHUeCKON (PYyHK-
uu, oTobpaskaroIieil oquH Habop 3HaUueHu Ha APYToii, MOMKHO HAWTHY Uae-
anpHOe pernenue. s gpyrux, HarpuMep KOTra pedb UAET O HACTOJIbHOMN
Urpe, HaleHHOE PeIIeHNe MOKeT ObITh He UIeaJIbHBIM, IIOCKOJIbKY €ro Ka-
YEeCTBO 3aBHCHUT OT CTPATEINH IPOTUBHUKA.

Biok-cxema, nsobpakeHHas Ha puc. 11.1, gaeT nmpeacraBjieHNe O IpoIlecce
reHeTUYECKOT0 MPOrpaMMUPOBAHUS.

FeHeTUYecKoe NporpamMmMnpoBaHme
W reHeTN4YeCcK1e anropuTMbl

B riiaBe 5 BBl 03HAKOMUJINCH C POJCTBEHHBIM IIOHATUEM 2eHEMUYECK020 AJL-
zopumma. T'eHETUYECKUI aJITOPUTM — 3TO METOJ, OIITUMMU3AINU, B OCHOBE
KOTOPOT'0 JIEXKUT UJesT eCTeCTBEHHOTO 0TOOpa KaK CPeACTBa TOCTUIKEHUA
HamIyuiiero pedyabrara. Ilpu 1060M ciocobe ONTUMU3AINY N3HAUAIBHO
“MeeTCsl HEKOTOpasd MeTPUKA MJIU aJrOPUTM U MBI IIPOCTO MBITA€MCH I10-
IoOpaTh [JIs Hero HaujIydIllyue apaMeTpsI.

Kak u B ciryuae ONTUMUBAIINY, IJIA FeHeTUYECKOr0 IIPOrpaMMUPOBAHUA He-
00X0oUM CIIOCO0 M3MepeHHusd KauecTBa pelenus. Ho, B oTjinume OT OITH-
MHU3aluU, pelleHreM ABJSeTcA He IPOCTO Habop IapaMeTPOB 3aJaHHOI'O
anropurMa. IlyTeM ecTecTBEHHOI'0 0TOOPA ABTOMATHUUECKY IPOEKTUPYETCA
caM aJrOpuTM CO BCEMU CBOMMMU IIapaMeTpaMu.
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Ycnexv reHeTU4YeCcKoro nporpamMmMmnpoBaHuns

TeHeTUYeCKOe TpOrpaMMUpOBaHue cyirecTByer eire ¢ 1980-x romos,
HO IJIf HeTo HYKHbBI TUTAHTCKNE BBIUYNCIUTENIbHBIE PECYPCHI, a C Te-
MU, UTO OBLIM B HAJIUYUU B TO BpeMs, MOYKHO OBLIO peIlaTh JIUIIh
camble IpocThie 3agaun. Ho mo Mepe TOro KaK KOMITLIOTEPHI CTAHOBH-
JUCH Bce OBICTpee, TeHeTHUECKOe MporpaMMHUPOBaHNe HAUaJIU IIPU-
MEHSATH 1 K 00Jiee CJI0KHBIM npobaeMaM. Vcmorb3ysa oCHOBAHHEIE Ha
HEM MEeTOJbl, YAAJIOCH IIOBTOPUTHh UM YCOBEPIIIEHCTBOBATh MHOI'HE
paHee 3amaTeHTOBaHHbIe m300pereHusi. VI HEKOTOpHBIE MOCIeIHNE
n300peTeHns, JOCTOMHBIE TaTeHTOBaAHNA, ObLIY CIEJIaHbI C TOMOIILIO
KOMIIBIOTEPOB.

MeToAbI FeHETUYECKOr0 IPOrPaMMUPOBAHUA IPUMEHAINCH B IIPOEK-
TupoBauuu anTeHH Mid HACA, npu cosgauun (GPOTOHHBIX KPUCTAJI-
JIOB, B OIITHKE, KBAHTOBBIX KOMIILIOTEPAX U B APYTUX HAYYHBIX 00-
JacTax. Mcrnoabp30Baanch OHU U ITPU Pa3pabdoTKe UTPOBBIX IPOTPAMM,
B TOM 4YMCJIe AJIA UTPHI B IIaxMaThl 1 B HapAbl. B 1998 roxy ucciemno-
BaTesu u3 yuuBepcurera Kapaeru MeJsoH 3aABUIN KOMaHIy po0o-
TOB, CO3JaHHYIO HA OCHOBE TOJLKO M€HETUUYECKOI0 IIPOrpaMMUPOBa-
HUsA, HA COPEBHOBAHUSA 110 (PyTOOTY cpeau POOOTOB U 3aHAIU OTHO U3
CPeIHUX MeCT.

MporpamMmmbl Kak pepeBbs

s cosmanmus mporpaMM, KOTOPbIe MOKHO TECTUPOBATh, IOABEPTATh MyTa-
IIUY U CKPEIMBAHUI0, HEOOXOAMMO KaK-TO IPEACTAaBIATh UX B BUAE KOJa
Ha a3biKe Python u 3anyckars. IIpemcraBieHnne JOJIMKHO AOIMIYCKATH IPO-
CTYI0 MOAU(DUKAIINIO 1, UTO 00Jiee CYII[eCTBEHHO, OBITh HACTOAIIEI MCIIOJ-
HseMoii mporpaMmmoii. IIoaToMy IpPOCTO TeHEePUPOBATh CIyUalHbIE CTPOKU
¥ TILITaThCA TPAKTOBATh UX Kak Python-mporpammy He moayuuTcsa. BeLio
MIPeAJIOKEeHO HeCKOJbKO CIIOCO00B MPeACTaBACHUA MPOTPAMM IJIs MeHeTH-
YeCKOTr0 IPOTPAaMMUPOBAHUA, HO CAMBIM PACIPOCTPAHEHHBIM SABJISIETCHA
IPEeBOBUIHOE TIPEICTaBJIEHNIE.

IIporpamMMbl HA OGOJIBININHCTBE A3LIKOB — HEBAYKHO, KOMIIMJINPYEMbIX WU
MHTEPIPETUPYEMBIX — CHauaja IpeoOpasyioTcs B 0epeso pa3bopa, OUYeHb
HaIIOMUHAIOIIIEee TO, C YeM MBI OymeM padoraTrs gasee. (136K mporpaMMupo-
BaHUA Lisp u ero 1uajeKThl — 3TO, II0 CYII[eCTBY, CIIOCO0 HEIIOCPEICTBEHHO-
T'0 IpeJcTaBJIeHuA IPOrPpaMMBI B BIie AepeBa pasdopa.) Ha puc. 11.2 mpen-
cTaBJIeH IPUMeD AepeBa pasdopa.

Kaxaplii yses npeacrasisdeT Ju00 omepaiiio HaJ JOUePHUME Y3JIaMu JI100
SABJISIETCS JINCTOBBIM, HAIIPUMEDP IIapaMeTpoM Miau KoucTaHToi. Tak, Kpy-
JKOUKOM IIpe/CTaBJIeHA OIlepalus CyMMMPOBAHUSA ABYX BeTBell, B JAHHOM
cJayJyae 3HAUCHUH IIepeMeHHOI Y 1 KOHCTaHTHI 5. BeruncieHHasa cymMa mnepe-
JaeTCs BLIIIECTOAIEMY Y3JIy, KOTOPLIHM IIPHUMEHsIeT COOCTBEHHYIO OIepPaIliio
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Puc. 11.2. IIpozpamma, npedcmasnenHas 6 ude depesa

K cBouM moToMKam. O6paTure BHUMaHNUE, YTO OAUH U3 Y3JI0B COOTBETCTBY-
eT oIepaluu if; 3To 0O3HAYAET, UTO €CJIV 3HAUEeHMe JIeBOM BeTBU PaBHO true,
TO OH BO3BpalllaeT CBOIO IIEHTPAJbHYIO BeTBb, a €CJU false — TO IpPaByIO
BEeTBb.

O6xom Bcero gepeBa SKBUBAJEHTEH cJiefyiomieil (GYyHKIUM Ha SA3bIKe
Python:
def func(x,y)
if x>8:
return y + 5
else:
return y - 2

MosxeT MOKa3aThCs, UTO IMOJO0HbBIE AEPEBhS TOAATCA TOJBKO AJIA IIOCTPOE-
HHUSA COBCeM HPOCTHIX (pyukiuii. Ho caenyer orMeTuTh ABe Beru. Bo-mep-
BBIX, V3JIbI, BXOAAIIINE B IEPEBO, MOTYT IIPECTABIATEH OUE€Hb CJIOKHbBIE KOM-
TIOHEHTHI, HAIIPUMep BBLIUMCJICHNE PACCTOSHUSA WJINU TayCCOBOM (DYHKIIWU.
Bo-BTODPBIX, I€PEBO MOXKET OBITH PEKYPCUBHBIM, €CJIU JOIIYCKAIOTCS CChLIKK
Ha y3JIbI, PACIIOJIO;KeHHbIe Bhilie. C ITOMOIIbIO0 TAKUX AePeBbeB MOMKHO opra-
HU30BBIBATH IIUKJILI 1 00JIee CI0KHBIE YIIPABJISIOIINE CTPYKTYPHI.

MpepcraBneHne gepeBbeB Ha fA3bike Python

Temeps MBI TOTOBHI K KOHCTPYUPOBAHUIO IPEBOBUAHLIX IIPOTPAMM Ha A3BI-
ke Python. JlepeBo cocTouT 13 y3/710B, KOTOPhIE B 3aBUCUMOCTH OT ACCOI[UU-
POBAHHBIX C HUMU QYHKIIUI MOTYT UMETh JouepHuUe y3Jbl. HeKkoTophie y3-
JIBI BO3BPAIIIAIOT IIepeJaHHble IPOrpaMMe ITapaMeTpPhl, APyTrrue — KOHCTAH-
ThI, HO HanboJiee MHTEPECHBI y3JbI, BO3BPAIIIAIOIINE PEe3YJIbTAT KaKOH-TO
oIepanuu HajJ CBOUMU JOUEPHUMU Y3JIaMU.

CospmaiiTe HOBBIM (paitn gp.py W B HeM uUeThbIpe KJjiacca — fwrapper, node,
paramnode M constnode:

from random import random, randint, choice
from copy import deepcopy
from math import log

class fwrapper:
def __init__(self, function,childcount, name):
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self. function=function
self.childcount=childcount
self.name=name

class node:
def __init__(self, fw,children)
self. function=fw. function
self.name=fw.name
self.children=children

def evaluate(self,inp):
results=[n.evaluate(inp) for n in self.children]
return self.function(results)

class paramnode:
def __init__(self,idx):
self. idx=1idx

def evaluate(self,inp):
return inp[self.idx]

class constnode:
def __init__(self,v):
self.v=v

def evaluate(self,inp):
return self.v
9T KJacchl IpeqHA3HAUYEHBI IS CAAYIOININX IeJIei:
fwrapper
O6epTKa 11 QYHKIINUI, KOTOPhIe OyAyT HAXOAUTHCA B y3JIaX, IPEeNCTaB-
aammx QyHKouu. Ero uiensl — nMa GyHKIuYM, camMa (yHKIIUA W KO-
JNYECTBO MPUHUMAEMbBIX IIapaMeTPOB.
node

Kiacc pyHKIIMOHAIBHBIX Y3J0B (MMEIOIINX IIOTOMKOB). MHUIIMATN3H-
pyeTcd sK3eMILIAPOM KJjacca fwrapper. MeTox evaluate BRIUMCIISET 3HAYE-
HUS JOYEPHUX Y3JIOB U IEepefaeT UX MIPeACTaBIEHHON NAHHBIM Y3JIOM
(GyHKIIUU B KaueCcTBe IIapaMeTpOB.

paramnode

Kinacc y3/10B, KOTOpBIE TPOCTO BO3BPAIIAIOT OAUH M3 IePeIaHHbIX IIPO-
rpamMMe nmapamMeTpoB. Ero meton evaluate Bo3BpaljaeT IlapaMeTp, COOT-
BETCTBYIOIIUY 3HAUEHUIO idx.

constnode

V3ab1, BO3BpalamIiue KOHCTAHTEI. MeTos evaluate IPOCTO BO3BpaIllaeT
TO 3HAUEHNE, KOTOPLIM SK3eMILIAP ObLI MHUITUAIU3UPOBaH.

IToTpebyioTesa TakKe PYHKIINN, KOTOPLIE OYAYT BLEIBBIBATLCS IIPU IOCEIIe-

HUU y3J0B. Takue GQYHKIUM BBl NOJKHBI OyJeTe HanmucaTb U IepenaTh
BMeCTe ¢ UMEeHEM U CUETYNKOM IIapaMeTPOB KOHCTPYKTOPY KJiacca fwrapper.
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Hob6aBbTe B (haila gp.py CIeqYIOMIUNA CIUCOK (QDYHKITUH:
addw=fwrapper(lambda 1:1[0]+1[1],2, "add")
subw=fwrapper(lambda 1:1[0]-1[1],2, 'subtract")
mulw=fwrapper(lambda 1:1[0]«1[1],2, 'multiply")

def iffunc(l):
if 1[0]>0: return 1[1]
else: return 1[2]
ifw=fwrapper(iffunc,3, "if")

def isgreater(1)

if 1[0]>1[1]: return 1

else: return 0
gtw=fwrapper(isgreater, 2, 'isgreater"’)

flist=[addw, mulw, ifw, gtw, subw]

IIpocThie GyHKIUY THOA add 1 subtract MOYKHO BCTPOUTD C IIOMOIIIBIO JIIMO-
Ia-BeIpaskeHuii. [yia ocTadbHBIX (DYHKIIMIO IPHUAETCSA HANUCATL B OTIe-
JbHOM 0JI0Ke. B Tr060M cayuae QyHKIIUA 00epThIBaeTCA B 9K3eMILJIAP KJac-
ca fwrapper BMeCTe CO CBOMM MMeEHEM W YMCJIOM IIapaMeTpoB. B mociemnein
CTPOKE CO3JaeTcs CIIMCOK BceX (DYHKIIMII, YTOOBI BIIOCJEICTBUU N3 HETO
MOJKHO OBIJIO BEIOMPATH 9JIEMEHTHI CIyYaiHBEIM 00pa3oM.

MocTpoeHune n BblunciieHNe aepeBbeB

Temeph ¢ IIOMOIIBIO KJIACCa node MOYKHO IIOCTPOUTH AEPEBO IPOTPaMMBI,
usobpaskenHoe Ha puc. 11.2. [To6aBbTe B haiia gp.py QYHKITUIO exanpletree:
def exampletree( ):
return node(ifw,[
node(gtw, [paramnode(0), constnode(3)])
node(addw, [paramnode(1), constnode(5)]),
node(subw, [paramnode(1), constnode(2)]),

]
)

3anycruTe naTepuperarop Python u mporectupyiite mporpammy:
>>> import gp
>>> exampletree=gp.exampletree( )
>>> exampletree.evaluate([2,3])
;

>>> exampletree.evaluate([5,3])
8

OmHa yCIIeIIHO BHITIOJHAET Te Ke AelCTBUS, UTO U 9KBUBAJIEHTHAS el PyHK-
nua. Takum o6pasoM, MBI IOCTPOUIN MUHUASBIK JIA IPEJCTAaBJIEHUA Ape-
BOBHUHBIX IIPOrPaMM ¥ HAIWCAJIM AJIS Hero wmHTepuperarop Ha Python.
ITOT S3BIK MOJKHO JIETKO PACIINPUTH 34 CUET JOIMOJHUTEIbHBIX TUIIOB y3-
Jg0B. OH MOCTYKUT HAM B KaueCTBe OCHOBHI JJIA 3HAKOMCTBA C TeHETHUUEC-
KUM mporpammupoBaHueM. IlompobyiiTe HanucaTh eIfe HeCKOJIbKO APeBO-
BUAHBIX IIPOTPAMM U yOeauTeCh, YTO Bbl IOHNMAETE, KaK OHM Pa0OTaIoT.
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Busyanusauus nporpamMmmbl

peBoBUIHBIE TpOrpaMMbl OYyAyT CO3JaBaTbCS aBTOMATUUYECKM, 00 UX
CTPYKTYpe BB 3apaHee HUUEro 3HATH He Oyzaere. IloaToMmy Heo6X0ooUM CIIO-
€00 BU3yasm3aliuy IpOrpaMMbl, TaK YTOOBI ee OBLJIO JIETKO MHTEPIPETUPO-
BaTh. K cuacThio, mpu MPOEKTUPOBAHUM KJacca node MBI IPEIyCMOTPEJH,
YTO B KaXKIOM y3Je OyIeT XpPaHUTbCSI UM IPEACTABIsIeMON uM QYHKIIUN
B BUJIe CTPOKHU, MOTOMY (PDYHKIIMSA BBIBOJA JOJI2KHA IIPOCTO BEPHYTH 3Ty
CTPOKY M OTOOpa’kaeMble CTPOKY OT CBOUMX JMOUYEPHUX Y3JI0B. UTOOHI mpo-
rpaMMy OBLJIO IPOINe YUTATh, CTPOKU MOUEPHUX Yy3JI0OB HYKHO II€UYaTaTh
C OTCTYIIOM, TOTJa OyAYT Cpasy BUAHBI OTHOIIIEHUS POAUTENb—IIOTOMOK, CY-
IIIECTBYIOIINE B JlepeBe.

CospaiiTe B KJacce node MeTOH display, KOTOPBIN BBIBOAUT IIPEACTABJIEHIIE
oepeBa B BUe CTPOKI:
def display(self,indent=0):
print (" 'sindent)+self.name
for ¢ in self.children:
c.display(indent+1)

Heob6xomuMo Tak:ke T00aBUTh METOJ display B KJacc paramnode, T/ie OH OyaeT
IIPOCTO ITevaTaTh NHAEKC BO3BpAaIllaeMoro rapamMmerpa:
def display(self,indent=0):
print "%sp%d’ % (' "=indent,self.idx)
U B KJIacc constnode:

def display(self,indent=0):
print "%s%d’ % (' "+indent,self.v)
BocmoabsyiiTech 9STUMHU MeTOAaMU AJIA PaclleuaTKH JepeBa:
>>> reload(gp)
<module 'gp’ from 'gp.py’>
>>> exampletree=gp.exampletree( )
>>> exampletree.display( )
if
isgreater
p0
3
add
pi
5
subtract
pl
2
Ecau BBI mpousiu ry1aBy 7, TO, KOHEUHO, 3aMETHUJIN CXOJACTBO C IpeIcTaBe-
HIEeM JepeBbeB pellleHuii. B riaBe 7 OBLIO TaK:Ke MOKa3aHO, KaK oTobpa-
3UTH ePeBbs B rpaduuecKoM BuIe, 6ojee yI00HOM AJA BocupuaTus. Ecau
XOTHUTE, MOKETe BOCIIOJIb30BAThCA TOM Ke naeen Ajid rpaduuecKoro mpesi-
CTaBJEHUSA JPEBOBUAHBIX IIPOTPAMM.
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Co3aaHue HavyanbHOW Nonynsaunu

XoTsl mporpaMMbl JJIsi TeHEeTHUYECKOro MPOrpaMMHUPOBAHUSA MOYKHO CO3/a-
BaTh ¥ BPYYHYIO0, HO OOBIYHO HAYAJIbHASA MOMYJIAINSA COCTOUT U3 CAYUAHO
CTeHEePUPOBAHHBIX IPOTPAMM. ITO YIIPOIIIAeT 3aIllyCK IIPOIlecca, IIOCKOJIbKY
OoTIIaJaeT HeOOXOAMMOCTh IPOEKTUPOBATH HECKOJIBKO IIPOrpaMM, KOTOPbIE
IIOYTH peIraoT 3agauy. Kpome Toro, Takum o6pasoM B HAUAJHHYIO HOITYJIA-
IIUI0 BHOCUTCSA PA3H000pa3ue, ToTia KaK PasHbIe IPOTPAMMEI [IJIA PEIIeHUA
OIHOIT 3a/lauM, HAIMCAHHbIe OMJHUM IIPOTPAMMUCTOM, CKOpee BCero, ObLIN
OBI IOXOKHU 1, XOTSA JaBaJu Obl IIOUTH IPABUILHLIN OTBET, HAeaJbHOE pe-
IIeH1re MOTJIO ObI BBITJIAZETh cOBepIIeHHO nHaue. O Ba:KHOCTH pa3Hoobpa-
33U MBI eII[e IIONOBOPUM YUY Th II033KeE.

g mocTpoeHuaA caydyaHON IIPOrpaMMbl HY:KHO CO3JAaTh y3€eJ, IIOMECTUB
HeTo CJAyJYaiHO BRIOPaHHYIO PYHKIINIO, a 3aTeM — He00X0MOoe KOJIUUECTBO
IOYEePHUX Y3JI0B, KAKIBIN N3 KOTOPBIX MOMKET UMETh CBOU JTOUYEPHUE Y3JIbI
u T. 1. Kak o6bI1uHO IIpu paboTe ¢ JepeBbIMU, MPOIIe BCEro CAeaaTh 3TO pe-
KypcusHo. J[[o6aBbTe B haita gp.py QYHKITUIO nakerandomtree:
def makerandomtree(pc,maxdepth=4, fpr=0.5,ppr=0.6):
if random( )<fpr and maxdepth>0:
f=choice(flist)
children=[makerandomtree(pc, maxdepth-1, fpr, ppr)
for 1 in range(f.childcount)]
return node(f,children)
elif random( )<ppr:
return paramnode(randint(0,pc-1))
else:
return constnode(randint(0,10))

Ira QYHKIIHUA co3TaeT y3es, COMepP:KaIluil CIyJalHO BBIOPAHHYIO (QYHK-
I[UI0, U IIPOBEPSET, CKOJBbKO yV 9TOM (QYHKIIMK TOJIXKHO OBITh IIAPAMETPOB.
st Ka)oro fouepHero yajia QyHKI[Us BHISHLIBAET ce0s1 PEKYPCUBHO, UTO-
OBI cO3JaTh HOBBIH y3eJs. Tak KOHCTpyHUpyeTcs Bce AepeBo, IIPUUeM IIPOIece
IIOCTPOEHUS BeTBell 3aBepPIlaeTcsi B TOT MOMEHT, KOTZla ¥ OUepPeIHOTO yaJja
HeT DouepHuX (TO eCTh OH IPeACTaBIAeT Ju00 KOHCTAHTY, JIN0OO IIepeMeH-
HyMo-TIapameTp). Ilapamerp pc, KOTOPBIM OyIeT BCTpeuaThCA Ha MIPOTAMKE-
HUU BCeli TOMH IJIaBhbl, PABEeH YUCJIY IapaMeTpOB, IPUHIMAaeMbIX TePeBOM
Ha Bxoze. IlapameTp fpr 3aj1aeT BEPOATHOCTH TOT'O, UTO BHOBb CO3IaBaeMbIil
y3eJ 0yIeT COOTBETCTBOBATh GYHKIIUU, a ppr — BEPOSITHOCTD TOTO, UTO Y3€eJl,
He ABJSIoNniica QyHKIIed, 6yIeT uMeTh THII paramnnode.

B ceaHce nHTepIpeTaToOpa MOCTPOITE C HOMOIILIO 9TOH (PYHKIIMYU HECKOJIb-
KO IIpOorpaMM M IIOCMOTPHUTE, KaKue pes3yJbTaThl OYAYyT MMOJyYaThbCsA IIPU
Pa3JIMYHBLIX TapaMeTpax:

>>> random1=gp.makerandomtree(2)

>>> random1.evaluate([7,1])

7

>>> randoml.evaluate([2,4])

2
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>>> random2=gp.makerandomtree(2)
>>> random2.evaluate([5,3])

1

>>> random2.evaluate([5,20])

0

Ecau Bce 1ucTOBBIE Y3JIBI OKA3bIBAIOTCA KOHCTAHTAMMY, TO IPOrpaMMa BO00-
e He IPUHUMAaeT ITapaMeTpPOB, II03TOMY Pe3yJIbTaT ee paboThI He 3aBUCHUT
OT TOr'0, YTO BBEI IIogaguTe Ha BxoJ. C MOMOIIbI0 (GPYHKINMU, HAIMCAHHON
B IIPeABIAYINIEM paszese, MOKHO pacledaraTh CJAy4YaiHO CreHEPUPOBaHHbBIE
oepeBbd:
>>> random1.display( )
p0
>>> random2.display( )
subtract
7
multiply
isgreater
p0
pl
if
multiply
pl
pl
p0
2
BeisicHUTCSA, UTO HEKOTOPEHIE JePeBbs OKAa3LIBAIOTCS JOBOJLHO IIYOOKHMIH,
MOCKOJBbKY KaK/Iasd BETBb IIPOJOJIKAeT PACTU, IOKA He BCTPETUTCS y3eJ1 0e3
noToMKOB. ITosToMy Tak BaKHO OrpaHUYMBATHL MaKCHUMAJbHYIO IJIyOuHy,
UHa4Ye pacTyllee JepPeBO MOYKET IIEPEeIIOJIHUTE CTEK.

MpoBepka pelweHus

Mo:xHO ObILJIO OBI CYUNTATD, UTO TEIEPh Y Bac eCTh Bce He0O0X0AMMOe JIJId aB-
TOMATHYECKOI'0 IIOCTPOEHU I IIPOrPaMM, €CJIM ObI BbI MOTJIY IIO3BOJIUTE cede
reHepupoBaTh CAyYaiiHble IMPOrpaMMbl, IIOKa OHA M3 HUX HE OKayKeTcs
mpaBuIbHOM. OUeBHUAHO, UTO 5TO HEIPUEMJIEMO, ITOCKOJIbKY BO3MOXKHBIX
mporpaMm 6eCKOHEYHO MHOT'0 U IITAHChI CAYUYAHO HATKHYTHCA HA IPABUIIb-
HYIO 3a pa3yMHOe BpeMsa 0ecKoHeuHOo MaJjbl. [loaToMy ceiiuac camoe BpeMs
03HAKOMUTBCS CO CIIOCO0AMM, ITO3BOJIAIOIIUMU ITPOBEPUTDH, ABJIAETCA JU
pelileHne IPaBUJIbHLIM, W €CJHU HET, TO HACKOJIBKO OHO OJIM3KO K IPaBUJIb-
HOMY.

MpocTon matemaTuyeckmm Tect

OnuH 13 CaMBIX IIPOCTBLIX TECTOB, IPUMEHSIEMbBIX B I'eHeTHUYECKOM IIPOrpaM-
MHPOBAHNM, — PEKOHCTPYKIIMS IIPOCTOI MaTeMaTuueckoi pyuxmuu. Ipex-
TMOJIOMKUM, UTO 3a7aHa TabJINIla BXOAHBIX 1 BEIXOAHBIX JaHHBIX (Taba. 11.1).
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Tabauya 11.1. BxoOHble U 8blx00Hble OAHHbLE HEU3BeCMHOU QYHKUUU

X Y PesyasTar
26 35 829

8 24 141

20 1 467

33 11 1215

37 16 1517

CyiiecTByeT HeKas QYHKIIUA, oToOpaskaroiiad 3amanuble nmaps! (X,Y) Ha
pe3yabTaThl, HO UTO 9TO 3a QYHKIINA, BaM He cKasdanu. CTaTUCTUK MOT ObI
IMONBITATHCS IIPUMEHUTDH K JTOH 3aJaue PerpecCHOHHBIM aHAJINU3, HO IJISA
9TOr0 HYYKHO 3HATH CTPYKTYPY (opmyJibl. [Ipyroii BapuauT — IIOCTPOUTH
OPOTHOCTUUYECKYIO MOJeJh C IOMOIILI0O MeToda Ek-OMmKaiIlux cocemeii,
OIIMCAHHOTIO B I'JIaBe 8, HO AJIsI 3TOr0 TpedyeTcsa XPaHUTD Bee AaHHbIe. B He-
KOTOPBIX CAyUYaaAX Hy:KHa JUIIb GOPMYJia, ObITh MOMKET, AJIA BCTPAUBAHUSA
B IPYTyI0, TOpasno 60jee MPOCTYIO IPOrpaMMy UK YTOOBI 00bACHUTD UeJIO-
BEKY, UTO IIPOMCXOUT.

VBepeH, BB TOPUTE KeJIaHMEM y3HATDH, KaKad (PYHKI[USA CKPBITA 38 9TUMU
manabpIMu. 1 BaM ckaxKy. Jlo6aBbTe ee B haiia gp.py:
def hiddenfunction(x,y):
return xx*2+2xy+3+x+5
MgzI BoCIIOIB3yeMCs 9TOM (PYHKIIHMEHN OIS HoCTPoeHuA Habopa JaHHBIX, Ha
KOTOpPOM OyZieM TPOBEPATH CTeHePUPOBAHHBIE ITPOTrpaMMbl. [JobaBbTe HYHK-
Mo buildhiddenset AJIs cosmaHusA HaboOpa JaHHBIX:
def buildhiddenset( ):
rows=[ ]
for i in range(200):
x=randint (0, 40)
y=randint(0, 40)
rows. append([x,y, hiddenfunction(x,y)])
return rows
U BBI30BUTE e B MHTEPAKTUBHOM CEeaHCe:
>>> reload(gp)
<module 'gp’ from "gp.py >
>>> hiddenset=gp.buildhiddenset( )

BamMm-To u3BecTHO, KaKol (DyHKIIMEH reHepupoBaTh Habop JaHHBIX, HO IJIA
HACTOSAIIEN MPOBEePKU TpedyeTcs, YTOOBI IPOrpaMMa PEeKOHCTPYyHUPOBajia
GYHKITIIO 6e3 ITOICKa3KH.

N3mepeHmne ycnexa

KakuB cJIy4dae OoIITuMus3alnuu, HeOGXO,I_II/IMO HaAy4YUTbBCA U3MEPATHh Ka4yecCT-
BO Haﬁ,[[eHHOI‘O pelieHusd. B AaHHOM CJiydyae MbI CPaBHHBaeM pPe3yJbTaThbl
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PaboThI ITPOrPaMMBbI C U3BECTHBIMHU UHCJIAMH, II09TOMY AJIA IIPOBEPKU HY K-
HO IOCMOTPETh, HACKOJILKO MaJIo 0Ka3aJIoch pacxoxkaeHue. [lo6asbTe B (haiin
gp.py CIenyIoNyIo QyHKIINIO:
def scorefunction(tree,s):
dif=0
for data in s:
v=tree.evaluate([data[0],data[1]])
dif+=abs(v-data[2])
return dif
OTa GYHKINA epebupaeT Bce CTPOKM Habopa JaHHBIX, BEIUHUCIAET (QYHK-
IUIO OT YKA3aHHBIX B HEl apryMeHTOB M CPaBHUBAET ¢ pe3yabTaToM. AbGco-
JIOTHBIE 3HAUEHUS PA3HOCTEH CyMMUDPYIOTCSI. UeM MeHBIIIe cCyMMa, TeM
JIyuIlie mporpamMmma, a 3uaueHnre 0 TOBOPUT O TOM, UTO BCE Pe3YJIbTATEI B TOU-
HOCTH coBnaJiu. IIpoBepuM, HACKOJBKO XOPOIIN OKa3aJnCh CTeHePUPOBAH-
HBIe paHee IIPorpaMMbi:
>>> reload(gp)
<module ‘'gp" from 'gp.py >
>>> gp.scorefunction(random2, hiddenset)
137646
>>> gp.scorefunction(random1, hiddenset)
125489

IToCcKOJBKY MBI CreHEePHUPOBAJIY JIUIIh B IIPOTPAMMBI, IIPUYEM COBEpIIeH-
HO cJIyuaiiHble, ITaHChI Ha OTBHICKAHME MPABUJIbHON (GYHKIIUU HUUYTOMKHO
mautbl. (Ecsiz ofHA 13 BalInX IpOTrpaMM Jajia IPaBUIbHYI0 QYHKIUIO, IPeI-
Jlaraio OTJIOJKUTH KHUTY U KYIUTE cebe ioTepeiiHbiii 6uier.) OgHaKo Teneph
y Bac eCTh CII0CO0 IIPOBEPHUTH, HACKOJIBKO XOPOIIIO IPOrpaMMa JaeT IIPOrHO3
MaTeMaTUu4ecKoil GYHKIUU. ITO IPUTOLUTCHA, KOTJAa MBI OyZeM pelars,
KaKue IPOrpaMMbI 0TOOPATh B CIEYIOIIee TOKOJIEHME.

MyTauusa nporpamm

OrobpanHble HAWUJIYUININE ITPOTPAMMbI KOTHUPYIOTCA U MOAUPUITUPYIOTCA
JLJIA BKJIIOUEHU S B CIeNYIOIIee IOKOJIeHMe. BEIIe yiKe 0TMeYaIoch, YTO MY-
TanuA 3aKJYaeTcA B HeOOJIBIIIOM M3MEeHEeHWH OJHOU IporpamMmbl. Vame-
HUTHb IPEBOBUIHYIO IIPOTPAMMY MOYKHO PAasHBIMHU CIIOCO0AMU, HAIIPUMEp
N3MEeHUB (PYHKIINIO B KAKOM-TO y3Jie UJIU OOHY U3 BeTBel. Eciu 1yisa HoBoit
dyHKIIIN TpedyeTcs Apyroe KOJNUECTBO JOUEPHUX Y3JI0B, TO JIuOO KaKkume-
TO BETBU yHAJISIOTCS, JIN00 fo0aBaA0TCA HOBLIE (puc. 11.3).

IO pyroii ciocob MyTanuu — 3aMeHa KaKoro-To Mo AepeBa e INKOM, KaK 1o~
KasaHo Ha puc. 11.4.

MyTanuu TOJKHBI OBITH He3HAUNTEAbHBIMU. He caenyer, K IpuMepy, 3a-
MEHATH OOJBIIYIO YACTh y3JI0B AepeBa. BMeCTO 5TOro Hy»KHO 3aIaTh OTHO-
CHUTEJILHO MaJIYIO0 BEPOATHOCTD TOT'0, UTO KAKOM-/In00 y3eJ OyneT n3MeHeH.
Hanee BbI HaunHaeTe 00X0/ AepeBa OT KOPHSA, U €CJIU CIyYaHO BEIOpaHHOE
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YHCJIO 0KA3aJI0Ch MEHbIIIe IIOPOTOBOI BEPOATHOCTU, TO Y3€JI MyTUPYET OJI-
HUM M3 ONMMUCAHHBLIX BBIIIE CIIOCO00B. B IPOTHUBHOM ciiydyae IIPOBEPAIOTCS
JlouepHUe Y3JbI.

IIpocToTHI pamm MBI peasu3yeM TOJbKO BTOpoii Bun myrtarnuu. CosmaiiTe
IIJIsI BREITIOJTHEHUS 9TOH omepanuu (hyHKITHUIO nutate:

def mutate(t,pc,probchange=0.1):

if random( )<probchange:
return makerandomtree(pc)

else:
result=deepcopy(t)
if isinstance(t,node):

result.children=[mutate(c, pc, probchange) for ¢ in t.children]

return result

Ira QYHKIMA HAYMHAET ¢ KOPHS JepeBa U PellaeT, CAeAyeT JU U3MEeHNUTh
ysen. Ecau HeT, OHA PEeKYPCUBHO BBLI3BIBAET mutate MJIA JOUYEPHHUX Y3JIOB.
MosKeT CIIyUYUTLCA, YTO MYTAIIMY IIOABEPTHYTCA BCe Y3JIbI, 4 NHOTA JePeBO
BOOOIIle He U3MEHUTCA.

HeckoabKo pas samycTuM (PYHKIMIO mutate AJISA CAYYAHO CreHepHpPOBaH-
HBIX IIPOTPAMM 1 IOCMOTPUM, KaK OHA MOIU(DUIMPYET AePEeBh:

>>> random2.display( )
subtract
7
multiply
isgreater
p0
p1
if
multiply
pl
pl
p0
2
>>> muttree=gp.mutate(random2,2)
>>> muttree.display( )
subtract
7
multiply
isgreater
p0
pl
if
multiply
pl
pl
p0
pl
ITocmoTpuM, cylIecTBeHHO JIU M3MEHUJNCHh PE3yJbTAaThl, BO3BpAaIllaeMbIe
GyHKIHe scorefunction mocje MyTalluu, CTAJIN OHU JIyUIlle NI XYKe:
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>>> gp.scorefunction(random2, hiddenset)

125489

>>> gp.scorefunction(muttree, hiddenset)

125479
HamomuuM, 4TO MyTanuu CJOyYaWHbBI, OHHU HE00sI3aTelIbHO JOJKHBI BECTH
K YJIYUIIeHnIO pelrenns. MblI JUIL HaJleeMcs, UTO B KAKKUX-TO CJAyYasx pe-
3yJIbTAT cTaHeT Jyurie. IsMeHeHnue 6yaeT IPOgOIKAaThCs, 1 IIOCJIe CMEHBI
HECKOJIbKUX IOKOJIeHUI MBI BCe-TaK! HalleM HauIydIliee perieHue.

CkpewmBaHue

Hpyroit Bug moguduKauy IporpaMM — 9TO CKpelruBanue. g aToro ase
yCHenrHbie IPorpaMMbl KOMOMHUPYIOTCH C IIeJIbI0 IT0NyUYeHUA HOBOM. OGbIU-
HO 3TO JieJIaeTcs IIyTeM 3aMeHbI KaKOH-TO BeTBU OJHOI TPOTPAMMBbI BETBHIO
npyroii. Ha puc. 11.5 npuBeeH COOTBETCTBYIOIIUHA IPUMED.

El Pogutens 1 III Pogutens 2
v ; Ynanena y Y AO6:=lBJ1eI-:::lv
| > I - +
v : : :

||||“

El MoTomok

Puc. 11.5. Onepayus ckpewuéanus
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DyHKIUY, BLINOJIHAIONIENH CKPeIUBaHNe, IIepeJaloTcsa 1Ba AepeBa, U OHAa
o6xoxuT ob6a. Ecau cayuaiiHo BRIOpaHHOE UMCJIO He IPEBHIIIAeT IOPOT0BOH
BEPOSATHOCTHU, TO QYHKI[MS BO3BPAIIaeT KOIUIO IIEPBOTO IePEBA, B KOTOPOH
OfHa M3 BETBEU 3aMeHeHa KaKOH-TO BETBHIO, B3ATOM M3 BTOPOTO JAepeBa.
ITocKoJBKY 00X0 BEITOJHAETCS apajjieIbHO, TO CKPEI[MBaHIE TPOM30M-
JeT IPUMepHO Ha OTHOM YPOBHE KasKAoro AepeBa. I[o6aBbTe B aita gp.py
(PYHKIUIO Crossover:

def crossover(t1,t2,probswap=0.7,top=1)

if random( )<probswap and not top:
return deepcopy(t2)

else:
result=deepcopy(t1)
if isinstance(t1,node) and isinstance(t2,node):

result.children=[crossover(c,choice(t2.children), probswap,0)
for ¢ in t1.children]

return result

ITonpoOyiiTe IpUMeHUTL PYHKITUIO Crossover K HECKOJbKUM CJIydaiiHo cre-
HePUPOBAHHBLIM IporpamMmaM. IlocMoTpuTe, YTO MOJyUYaeTCs IIOCJe CKpe-
muBaHud. [Tonyuaercs iu nHOrga 6GoJiee yrauHas mporpaMmma?

>>> randomi=gp.makerandomtree(2)
>>> random1.display( )
multiply
subtract
p0
8
isgreater
p0
isgreater
pl
5
>>> random2=gp.makerandomtree(2)
>>> random2.display( )
if
8
p1
2
>>> ¢ross=gp.crossover(random1, random2)
>>> cross.display( )
multiply
subtract
p0
8
2

BeposTHO, BBl 3aMeTHUJIN, UTO IEPECTAHOBKA BETBEl MOYKeT paJuKaIbHO 13-
MEHUTH II0BeleHne mporpaMmmbl. KpoMe Toro, pe3yabTaT paboThl KaxI0i
IIporpaMMbI MOKET 0Ka3aThCs 0JIM30K K IPaBUJILHOMY II0 COBEPIIIEHHO Pas-
JUYHBIM IPUYMHAM, II09TOMY CKpeIlleHHasd IPorpaMMa MOKeT JaBaTh pe-
3yJIbTaThl, COBEPINIEHHO He MMOXOKMe HW Ha OJHOro m3 poxureineii. Kak
¥ paHbIlle, MBI HaJleeMCcsA, UTO B Pe3yJbTaTe HEKOTOPBIX CKPEIUBaHuM pe-
IIeHne yaAacTeA YAYUIIUTDL U OHO IIepeiieT B caeayolinee MOKOJeHNTe.
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MocTpoeHne okpyKaloLien cpeabl

BoopyKUBIIIKCH CPEACTBOM [IJIsI U3BMEPEHU yellexa 1 JBYMSA MeTOJaMU MO-
In(PUKAUY HAUJIYYIINX IPOTPaMM, MbI MOJKEM ePeiTH K CO3JaHUI0 KOH-
KYPEHTHOMH cpeJibl, B KOTOPOI IpOorpaMMBbI OYAYT 9BOJIOIIMOHUPOBAThL. He-
00xX0uMBbIe IITaru MpeAcTaBJIeHbI 0JI0K-cxeMoi Ha puc. 11.1. CmbIca B ToM,
YTOOBI CO3IaTh HAOOP CAYUaNHBIX IIPOTPAMM, OTOOPATH 13 HUX HAUJIYUIIINIE
IJIs1 KOMUPOBAHUA U MOAUDPUKAIINY U OBTOPATH MpOIlecc, IToKa He OyaeT
BBITIOJIHEHO HEeKOe YCJIOBIE OCTAHOBA.

CoszpaiiTe HOBYIO QYHKIIUIO evolve, peau3yIOIIyIO 3Ty HPOIeaAypy:

def evolve(pc, popsize, rankfunction, maxgen=500,
mutationrate=0.1, breedingrate=0.4, pexp=0.7, pnew=0.05):
# Bo3BpawaeT cny4aiHoe 4ucno, oTAaBas npeanoyTeHue 6onee ManeHbKUM Yucnam
#f Yem MeHblie 3Ha4yeHuWe pexp, Tem bonbue OyaeT [0Ns ManeHbKUX HUCEnN
def selectindex( ):
return int(log(random( ))/log(pexp))

# Co3paem cnyyanHyi MCXOAHYI NOMYyASLM0
population=[makerandomtree(pc) for i in range(popsize)]
for 1 in range(maxgen):

scores=rankfunction(population)

print scores[0][0]

if scores[0][0]==0: break

# [lBe Haunydume ocobu oTbupawnTCcs BCErpa
newpop=[scores[0][1],scores[1][1]]

# CTpoum cnepnyouee nokoneHue
while len(newpop)<popsize:
if random( )>pnew:
newpop. append(mutate(
crossover(scores[selectindex( )J[1],
scores[selectindex( )J[1]
probswap=breedingrate)
pc, probchange=mutationrate))
else:
# [lobaBnsem cnyvaiHblii y3en ANs BHECEHWS HEONpefefNeHHOCTU
newpop. append(makerandomtree(pc))

population=newpop
scores[0][1].display( )
return scores[0][1]
Ira PYHKIIUA CO3TAeT CAYUANHYIO NCXOAHYIO MOMYJIANNI0. 3aTeM OHA BbI-
TMOJIHAET He 0oJee maxgen UTepPAIlUil ITMKJA, BLI3LIBAS KaKIbIH pa3 QyHK-
muio rankfunction AJIsl paHKMPOBAHUSA IPOTPAMM OT HAMJIYUIIIEH 10 HAMX Y-
mieti. Hamry4imnas mporpaMmMa aBTOMATHYECKY MOMNAIaeT B CJIEAYIOIEee 10~
KoJsieHUe 0e3 m3aMeHeHUsI. MHOTIA 3Ty CTPATETUI0 HA3BIBAIOT IAUMUIMOM.
Bce ocrasbuble 0cOOM B CIEAYIONIEM MOKOJEHUU KOHCTPYUPYIOTCS IYTEM
CJIYYaAHOT'O BBIOOPA IIPOrPaMM, PACIIOJIOKEHHBIX OJIM3KO0 K HaUajly CINCKA,
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U IPpUMeHeHUA K HUM ollepanuii MyTanuu u ckpemuBanudg. [Ipomece mos-
TOPSAETCs, TOKA He OYZeT MoIyYeHo uealbHOe COBIafeHne (PacxoKaeHne
C U3BECTHHIM pe3yabTaroM paBHO () My He MCUYEPIIAIOTCS BCe UTEPAIIH.

Y GyHKIIMYT eCcTh HECKOJBKO IIapaMeTPOB, YIIPABJIAIOIINX PA3JIUUHBIMHU ac-
HEeKTaMU OKPYIKaIOIIel cpeabl:
rankfunction

DyHKIU, IPUMeHseMas IS PAHKUPOBAHUSA CIIMCKA IIPOrpaMM OT Ha-
WIyUIlneil K HAauXyaIe.

mutationrate

BeposaruocTs MmyTanuu, nepegaBaemMad QyHKIIUT nutate.
breedingrate

BepoaTHOCTE CKpeInBaHus, TepegaBaeMasa QYHKITUU Crossover.
popsize

Pasmep ncxomHoO TOTYIAINN.
probexp

CKopocTh yOBIBAHUA BEPOSATHOCTH BIOOPA IPOTPAMM C HUBKUM PAHTOM.
YewMm BHIIIE 3HAUEHUE, TeM 00Jiee CYPOB IPOIIECC €CTECTBEHHOTO 0TOODA,
TO €CTh IIPOUBBOIUTH IIOTOMCTBO Pa3peIaeTca TOJIHLKO IPOrpaMMaM C Ha-
UBBICIITM PAHTOM.

probnew

BeposiTHOCTD BKJIIOUEHUSA B HOBYIO IIOMYJIAIIMIO COBEPIIIEHHO HOBOIA CIIy-
YaliHO CreHePUPOBAHHOI TporpaMMbl. CMBICJI TapaMeTPOB probexp U probnew
MBI PACCMOTPUM B paszeiie « BaKHOCTh pa3HOOOpasusi».

IlocnenHee, 4TO oCcTaNIOCh CAEJNATh IIepef TeM, Kak HadaTh DBOJIIOIUIO IIPO-
rpaMM, — PeaJIn30BaTh CII0CO0 X PAHKMPOBAHMA II0 pe3yJIbTaTaM, BO3Bpa-
meHHBIM scorefunction. [fobaBbTe B (aityn gp.py GYHKIIUIO getrankfunction,
KOTOpas Bo3BpaIaeT GyHKIIUIO PAHKMPOBAHUA AJIA NMelolerocsa Habopa
JaHHBIX:

def getrankfunction(dataset):
def rankfunction(population):
scores=[ (scorefunction(t,dataset),t) for t in population]
scores.sort( )
return scores
return rankfunction

Bce roToBO AJis aBTOMATUYECKOTO CO3JaHUS IPOrpaMMbl, KOTopas OyaeT
UCKaTh MaTeMaTU4YeCKyo ()OPMYJy, COOTBETCTBYIOIIYI0 HAGOPY JaHHBIX.
CaesaeM 5TO B MHTEPAKTUBHOM CeaHce:

>>> reload(gp)

>>> rf=gp.getrankfunction(gp.buildhiddenset( ))

>>> gp.evolve(2,500, rf,mutationrate=0.2, breedingrate=0.1, pexp=0.7, pnew=0.1)
16749

10674

5429

3090
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491
151
151
0
add
multiply
p0
add
2
p0
add
add
p0
4
add
pl
add
p
isgreater
10
5

Yucsia UBMEHSIOTCA MeIJIeHHO, HO JOJKHBI YOBIBATE, MOKA He JocTUTHYT 0.
MuTepecHo, uTo HalijeHHAA PYHKI[US IPABUJIbHA, HO BBIIAIUT HECKOJIb-
KO CJIOJKHEe TOi, C IIOMOII[bI0 KOTOPO# Habop ObLI creHepupoBaH. (BrmosaHe
BEPOATHO, UTO MOJIYUUBIIIEECS ¥ Bac pelleHne ToKe IMMOKaXKeTCsA CI0KHee,
yeM ecTh Ha caMoM jeJie.) Ho ¢ ToMoIbio MpoCThIX aaredpandecKux mpeoo-
PasoBaHUM JIETKO YOeqUuThCA, UTO PYHKIUY B NeliCTBUTEJIbHOCTH OAUHAKO-
BBI — HAIIOMHUM, 4TO p0 — 9TO X, a p1 — Y. [lony4uuBIlieecs nepeBo mpencTaB-
JISET CIAENYIOMIYI0 QYHKITMIO:

(X# (2+X) ) +X+4+Y+Y+(10>5)

= 24 XEX* X+X+4+Y+Y+1

= Xxx2 + 3+X + 2+Y + 5
MpbI TPOAEeMOHCTPUPOBAIN BaXKHYI0 0COOEHHOCTh TeHeTUUECKOT0 ITporpam-
MUPOBAHUA: HalileHHbIe PeIIeHuA MOTYT ObITh IPAaBUJIbLHBIMU UJIU OUEeHb
XOPOIIKNME, HO U3-3a CHOCO0A IIOCTPOEHUS YACTO OKA3BLIBAIOTCS ropasio
CJIOJKHEe, YeM TO, UYTO MOT ObI IPUAYMATD UejioBeK. HepeaKo B mporpamMmme
O00HAPYKUBAIOTCS KPYIIHbIE YUACTKU, KOTOPBIE BOOOIIEe He BHIMOJIHAIOT HU-
Yero I0JIe3HOTO WJIM BHIUUCIISIOT II0 CJI0KHOM (hopMyJIe OJHO U TO Ke 3HaUe-
Hue. O6paruTe BHUMaHME Ha y3eJ (10>5) B HOCTPOEHHON IIporpaMMe — 3TO
IIPOCTO CTPAHHBIM c10cob 3anucy 3sHaueHus 1.

MOKHO 3aCTABUTD AJTOPUTM CTPOUTD IIPOCTEIE IPOrPaAMMBI, HO BO MHOTUX
CJIy4asXx 9TO JUIIL 3aTPYAHUT IIOMUCK XOPOIIIero pelrenusi. 'opasmo gydiie
IMO3BOJIUTD IIPOrPaMMaM CBOOOHO 9BOJIIOIMOHNPOBATD, a IIOTOM YIIPOCTUTh
HallJeHHOe XOpolllee PellleHre, NCKIIOUNB JIUITHNE YIaCTKY JepeBa. VHor-
la 9TO MOJKHO CIeJIaTh BPYYHYIO, 4 MHOIJA — aBTOMATUYECKH C IIOMOIIIbIO
aJrOpUTMa OTCEUEHUs BeTBell.
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Ba)kHOCTb pa3Hoobpa3us

DYHKIIUA evolve Cpelu IIPOUEero paHKHuPyeT MIPOTPaMMbI OT JYUIINX K XYI-
UM, II0O3TOMY BOSHUKAET MCKYIIIeHNE IIPOCTO B3ATh JBE-TPU IPOTrPaMMHBI,
OKasaBIlecd B HavaJjie COUCKA, U MOAUMPUIIMPOBATH UX IJ BKJIIOUEHUS
B HOBYIO ITOTYJIAIINIO. B KOHIIE KOHITOB, 3a4€M OTKAa3bIBAThHCA OT JYUIIIEro?

Ho npo6sema B TOM, YTO, BRIOUPasA BCAKUI pas ABa JYUIINX PEIIeHUA, MbI
OBICTPO IPUXOAUM K UPE3MEPHO OSHOPOLHON HOMy A (€C/IN XOTUTE, Ha-
30BUTE DTO BBEIPOKIeHUEM). Bce peleHus: B Hell JOCTATOYHO XOPOIIM, HO
MAaJIo UBMEHSIOTCA, TAK KaK OllePaIliy CKPEIUBaAHUA IOPOKIAIOT IIPAKTH-
YEeCKH TO JKe, UTO ObLI0 paHbIe. TakuMm 06pasoM, Mbl BBIXOAUM Ha JOKAaJIb-
HBIM MaKCHMYM — XOPOIIlee, HO He UIeaJIbHOE COCTOSAHNE, B KOTOPOM MaJIble
M3MEHEHHUS He IPUBOLSAT K YIYUIIeHNIO Pe3yJabTaTa.

FKaxk BrIsicHAETCA, KOMOMHUPOBAHUE CAMBIX JYUIIUX PEIleHNH ¢ 60JIbIITUM
KOJINUYEeCTBOM YMePEeHHO XOPOIIUX AaeT 0ojiee KaueCcTBEHHbBIe Pe3yJIbTaThI.
ITosToMy y GyHKIIUY evolve eCTh ABa JOUOJNHUTEJbHBIX IIapaMeTpa, KOTO-
pble TIO3BOJIAIOT BHECTH Pa3HOOOpasue B IIPOIIECC CEJIEKIIMU. Y MEeHbINAasd
3HaUYeHUe probexp, BBI IO3BoJIAETE O0Jiee cIa0bIM PEIIeHNAM IPUHATH yUac-
THe B (G)OPMUPOBAHUU pe3yabTaTa, TaK UTO IIPOIleCC ONUCHIBAETCA yiKe He
¢pasoil «BBIXKUBAIOT CUJIbHeNINNEe», a Gpasoll «BBIMKUBAIOT CUJIbHeUIINe
1 caMble YaauJIuBbIE» . YBenuuuBasa sHAUEHUE probnew, BBI IIO3BOJIAETE MHOT-
Jla BKJIIOUATh COBEPIIIeHHO HOBBIe IporpaMMbl. O6a mapamMeTpa MOBBIIITAIOT
CTeIleHb Pa3HO0Opa3us HBOJIIOIMOHHOTO IIPOIlecca, HO He BMEIINBAIOTCA
B Her'o Ype3MepHO, TaK KaK XyAIlIre IporpaMMbl B KOHEUHOM HTOTe BCE PaB-
HO «BBIMHDPAIOT».

MpocTaa urpa

BoJiee nuTepecHoi 3agavuein 11 reHETHYECKOr0 IIPOTPaMMUPOBAHUA ABJIA-
eTcs COo3aHNe NCKYCCTBEHHOTO MHTEJJIEKTa AJsa Urphl. [IporpaMMbl MOK-
HO 3aCTaBUTBH 9BOJIIOIIUOHUPOBATE, IPUHYAUB UX COCTABATHCA MEXKAY COO0H
WU C JIOABMU, IpUYEeM MO00eAUTEsIM MPEeIOCTABJSAIOTCA 0oJjiee BHICOKUE
IIaHCHI IEPETH B ciaeqyiolee MIOKoOJeHNe. B aToM paszesie MBI CO3JaiuM
CUMYJIATOP AJIA OYeHb mPOCTOi urpkl «Ilorous» (puc. 11.6).

JBa urpoka Imo ouepeau AeJIal0T XOAbI Ha HEOOJBINION pacuepueHHOM Ha
KJIETOUKHU JocKe. MoKHO ImepeiTu Ha JII00yI0 M3 YeThIPeX COCeIHUX KJe-
TOK, HO pa3Mephl JOCKU OrPAHUYEHEI, [I09TOMY UT'POK, IBITAIOIIUACA BBIM-
THU 3a ee TIPeiesibl, IPOIycKaeT Xo/. Ilesb Urpsl — B3ATH CONIEPHUKA B ILJIEH,
mepelifiss B CBOM XOJ HA Ty JKe KJETKY, I'le oH ceituac crout. Hanaraercs
JIUIITH OJTHO OT'PaHMYEHMEe — HeJIb3A ABa pasa MOAPAI XOIUTh B OAHOM U TOM
JKe HaIlpaBJeHuU, NHaue OyAeT 3acUMTAHO ImopakeHue. Mrpa oueHb mpo-
cTas, HO, MOCKOJIbKY B HEel CTAJIKMBAIOTCS NHTEPECHI IBYX YUACTHUKOB, Ha
ee IpuMepe MOYKHO U3YUYUTh KOHKYPEHTHBIE aCIIeKThI 9BOJIOIIUH.
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Puc. 11.6. Hepa «Ilozousa»

IIpe:x e Bcero HanuIeM (pyHKIIUIO, KOTOPAad UMUTUPYET UTPY ABYX yUaCT-
HUKOB. PYHKI[UA IOIIePeMeHHO IepeJaeT Kayk o1 IporpaMmMe TeKyIiee Io-
JOXKeHUe XONAINero UTPoKa 1M ero IPOTUBHUKA, a TaK:Ke IIOCJIeIHuI cae-
JJAHHBIA XOAAINUM UT'POKOM XOJI M BO3BpAIllaeT B KauecTBe pe3yJibTaTa Ho-
BBLIN XO[I.

Xon npeacrasasgeTrcsa ynciaom oT 0 o 3, 0003HAYAIOIINM OJHO U3 YeThIpeX
BO3MOJKHBIX HampasJeHui. Ho Tak Kak cayuaiiHble IPOTrpaMMEI MOT'YT Bep-
HYTB JI000€ I1ejIoe YMCJI0, QYHKIUSA TOKHA KaK-TO IPUBECTU Pe3yaIbTaT
K JOTYCTUMOMY Auatnasony. I[Js 9Toro oma BO3BpAaIllaeT OCTATOK OT JeJie-
HUA HOoJIyueHHOoro umcia Ha 4. CiayuaiiHasd mporpaMMa MOKET TaKiKe Co-
3IaTh UTPOKA, KOTOPBIi OyAeT XOAUTE IO KPYTY, II09TOMY UHCJIO XOI0B Or-
pauuumBaeTca — mocJie 50 X0T0B 00bABISIETCA HUUbSI.

Ho6aBbTe B haita gp.py GYHKITHIO gridgame:

def gridgame(p)
# Pasmep pocku
max=(3,3)

# 3anoMuHaeM nocnegHnin xof Kaxaoro Urpoka
lastmove=[-1,-1]

# 3anomuHaeMm nonoxeHns UrpoKoB
location=[[randint(0,max[0]), randint (0, max[1])]1]

# Pacnonaraem BTOPOr0O Mrpoka Ha AOCTATOYHOM yAaneHuu OT NepBoro
location.append([(location[0][0]+2)%4, (location[0][1]+2)%4])

# He 6onee 50 x0M0B A0 00bLABNEHUS HUYbE
for o in range(50):

# [na kaxaoro urpoka
for i in range(2):
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locs=location[i][:]+location[1-i][:]
locs. append(lastmove[i])
move=p[i].evaluate(locs)%4

# Ecnv vrpok fgBa pasa noapsia XOAWT B O[HOM HanpaBneHun, emy
# 3aCYUMTHBAETCH NPOMTPbILl
if lastmove[i]==move: return 1-i
lastmove[i]=move
if move==0:
location[i][0]-=1
# [locka orpaHu4eHa
if location[1][0]<0: location[i][0]=0
if move==1:
location[1][0]+=1
if location[1][0]>max[0]: location[i][0]=max[0]
if move==2:
location[i][1]-=1
if location[i][1]<0: location[1][1]=0
if move==3:
location[i][1]+=1
if location[i][1]>max[1]: location[i][1]=max[1]

# Ecnu NPOTUBHMK 3axBadeH B MJeH, Bbl BbiMrpanu
if location[i]==location[1-i]: return i
return -1
IIporpamma Bosspataer 0, ecau BEIUTPAJ IIE€PBLIi UTPOK, 1 — ecJiu BTOPOIi,
u —1 — B cayuae uuubeii. [Ionpobyem co3maTh ABe ciaydaliHbie IPOTPaMMBI
¥ 3aCTaBUM HMX CBITPATh MEXKAY COOOM:
>>> reload(gp)
<module 'gp" from 'gp.py >
>>> pl1=gp.makerandomtree(5)
>>> p2=gp.makerandomtree(5)
>>> gp.gridgame([p1,p2])
]
IIporpaMmsl elrie He ITOABEPraIuCh 3BOJIIOINY, II09TOMY, CKOpee BCero, OHu
OyIyT MPOUTPLIBATE, AeJiasd IBa X044 IIOAPSS B OTHOM HanpaBieHuu. B nme-
aJie BOJIIOIIMOHMPOBABIIIAA IIPOrpaMMa AOJIKHA IOHATh, YTO TAaK AEJaTh
HeJb34.

Kpyrosowu TypHup

Crenys naeosioTuu KOJJIEKTUBHOTO pasyMa, Halo ObIJIO ObI IPOBEPATH IPU-
FOOHOCTH IIPOTPAMM B UTpPe IIPOTUB JIIOJAEH M COOTBETCTBEHHO IIPOBOIUTH
9BOJIIONNIIO. BBLIO OBI 3aMeUaTeIbHO YUeCTh IPU pasdpaboTKe « yMHOM» IPO-
rpaMMbI ITIOBeleHUe ThIcAY Jrrofeii. Ho mpu 60bINO0N MOy ISIIUNA 1 MHOTUX
MMOKOJIEHUSX IPUIILJIOCH ObI CHITPATH AECATKU THICAY UTP, B OOJBIITUHCTBE
CBOEM C OUeHb cjabbIMu IpoTUBHUKaMu. Ha mpaKTUKe 9TO Hepeaausyemo,
IMO3TOMY CHauaJja Mbl PA30BbEM IIPOT'PaAMMBbI, 3aCTABUB UX COCTA3ATLCA IPYT
¢ IpyroM Ha TypHUpE.
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DYyHKIUA tournament IPUHUMAET HA BXOJE CIIMCOK UT'POKOB U OPTaHU3YeT
WPy KAXKIO0r'0 U3 HUX CO BCEMU APYyTrUMU, OTCJIEKUBASA, CKOJBKO pa3 Kax-
Jas mporpaMmma Ipourpajia. 3a IPOUTPHII IIporpaMMe HAaUYUCJIAeTCA ABa
0YKa, 38 HUYbI0 — ofHO. [[06aBbTe 3Ty (PYHKIINIO B (haiia gp.py:
def tournament(pl):
# Maccus Ond noac4eTa npourpoiLen
losses=[0 for p in pl]

# Kaxapih urpok BCTpe4aeTcsd CO BCEeMW ADYruMu
for i in range(len(pl))
for j in range(len(pl))
if i==j: continue

# KTo BbIMrpan?
winner=gridgame([pl[i], pl[j]1])

# [lBa o4ka 3a MopaxeHwWe, OOHO 3a HUYbID
if winner==0:
losses[j]+=2
elif winner==1:
losses[1]+=2
elif winner==-1:
losses[1]+=1
losses[1]+=1
pass

# 0TCOPTMPOBATL ¥ BEPHYTb PE3yNbTaThl
z=zip(losses, pl)

z.sort( )

return z

B KomIe QyHKIUA COPTUPYET PE3yIbTaThl U BO3BPAIIlaeT UX BMECTE C IPO-
rpaMMaM¥, KOTOpbIe ITOTEPIIeJ I MeHbIe BCero mopaskeHuii. ViMeHHO aTa
nHbopMauaA HeoOxoauMa (GYHKIIUU evolve, UTOOBI OPraHN30BaTh 9BOJIIO-
IUIO, II09TOMY (DYHKIIMSA tournament MOXKET HMCIOJIbB30BATHCA B KaUeCTBE ap-
TyMeHTAa evolve, CJIeI0BaTeJIbLHO, ¥ Hac BCe TOTOBO JJIsI BLIOOpA IpPOrpaMMBbI-
nobenuTesiss. BEITOMHNTE B MHTEPAKTUBHOM CeaHCe CJIeIYyIoINue KOMaHIbI
(Ha 9TO MOKeT YHATH 3aMETHOE BpeMsI):

>>> reload(gp)

<module 'gp’ from 'gp.py >

>>> winner=gp.evolve(5, 100, gp. tournament, maxgen=50)
O6paTuTe BHUMaHNeE, UTO B X0O/ie 3BOJIIOI[MY YKCcJjIa He YOBIBalOT MOHOTOHHO,
Kak ObLI0O IpM IOMCKe MaTteMaTtudeckoi ¢pyurnuu. IlogymaiiTe, uem aTO
MOJKHO O0'bSICHUTD, — BeIb MBI K€ OTOMpPaeM B CJIEIYIOIee IIOKOJeHe JIyU-
II1eT0 UT'POKA, He TaK Jn? Ho IIOCKOJIBbKY CleayIoIlee MOKOoJeHNe IeJTNKOM
COCTOUT M3 HOBBIX 9BOJIOIIMOHMPOBABIINX MPOTPAMM, TO JYUIINUHA UTPOK
IIPOIILJIOTO TIOKOJEHUA MOYKET IPOABUTH ce6s Topasao XysKe B CIAeAYIOIIeM.
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Urpa c yenosekom

BbI mosryumiu B X0/ie SBOJIIOIIMY IPOrpaMMy, KOTopas mobeama BceX CBO-
UX KNOePHEeTUUECKUX COIepHUKOB. Temepb caMoe BpeMs ChIrPaTh ¢ Hell ca-
momy. J1Jid aToTo co3maiiTe ele OAMH KJIace, I'ie TaKkKe OyaeT MeTos evaluate,
KOTOPBIN pUCYeT AOCKY M IIPOCUT MOJIb30BaTeJNIA chaeyaTh xon. IlobaBbTe
B (haiiy gp.py KJacc humanplayer:
class humanplayer:
def evaluate(self,board):

# MoAy4nTb MO MO3MUMID M NO3WMUMM APYTWUX MIPOKOB
me=tuple(board[0:2])
others=[tuple(board[x:x+2]) for x in range(2,len(board)-1,2)]

# HapucosaTb [OCKY
for 1 in range(4):
for j in range(4):

if (i,7)==me:
print "0’
elif (i,7) in others:
print 'X',
else:
print .7,
print

# MokasaTb X04b, [ANS CNpaBKw
print 'Baw nocnegHwit xon %d" % board[len(board)-1]

print © 0
print "2 3’
print = 1°

print 'BeBegnTe xop:

#f BepHyTb BBEAEHHOE NOMbL30BATENEM HMCAO
move=int(raw_input( ))
return move
HauwunatiTe urpy B HHTEePaKTUBHOM ceaHce:
>>> reload(gp)
<module 'gp' from "gp.py >
>>> gp.gridgame([winner, gp.humanplayer( )])

.0
. X
Baw nocnegHunin xop -1
0
23

1
Beegute xon:
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Ecunu IIporpamMmMa XOpOIIIO 3BOJIIOINMOHMPOBaJa, TO HOﬁe,lII/ITI) ee 6y11e'1‘ 0~
BOJIBHO TPYAHO. Bama IIporpamMma I1o4TH HaBEPHAKA Hay4YuJiaCb HE XOAUTH
ABa pasda 1moapdan B O0HOM HallIpaBJIEHUHM, IIOCKOJIBKY 9TO BJIeUeT HEMEAJIEH-
HYIO 1"I/I6eJH:, HO TO, B KaKou Mepe OHa oCBomJia Apyrue crpaTeruu, 3aBUCUT
OT KOHKPETHOTI'O IIPOT'0HAa evolve.

HanpaBneHus pa3sutusa

IJra riaBa ObLIA JIUITH KPATKUM BBEJEHUEM B T€HETHMUECKOE IIPOTPaMMUPO-
BaHUeE — OOIIUPHYIO U OBICTPO Pa3BUBAIIIYIOCA JUCHUILINHY. BBl 03HAKO-
MUJIUCH C CAMBIMY IIPOCTHIMHY 3a/JaYaMu, KOTJa HA IOCTPOEHYEe TPOTPAMMBI
YXOZAT CYUTAHHBIE MUHYTHI, 4 He THU, HO Te JKe IIPUHITUITHEI MOXKHO PACIIPO-
CTPAHUTh U Ha 00JIee CJI0KHEIEe ITpobeMbl. Halliy monyaanuy COCTOSIN U3
OYeHb HeOOJIBIIIOr0 KOJIMYECTBA IIPOrPAMM II0 CPABHEHUIO C TEM, UTO BCTPE-
yaeTcsi B peasbHbIX 3agauax. OOLIYHO MONYJIANUS HACYUTHIBAET THICAUUN
WU TEecATKU ThICcAY ocobeii. PeKoMeHIyI0 MonpoboBaTh CBOM CUJIBI Ha 60-
Jiee TPYAHBIX 3aflauaxX U YBEJUUYUTH pa3Mep MONYJIAIUN, HO OYAbTe TOTOBBI
SKJaTh HECKOJIbKO YaCcOB MJIU JHEH, MoKa IporpaMma 6yaer padborarts.

B caenyrommem pasaese Mbl HAMETUM HECKOJIBKO HAIIPABJIEHUI Pa3BUTHUA
TPOCTOM MOJIEJI TEHETUUYECKOT'0 IIPOTPAMMUPOBAHUA AJIS PA3JINYHBIX TIPU-
JIOKEeHUN.

Apyrve uncnosblie PyHKLUN

Ho cux mop [Jid IOCTPOEeHUA IIPOrPaMM HMCIIOJIb30BAJICA OUYeHb HEOOIBIITON
Ha0o0p pyHKIUI. ITO OTPAHNYNBAET BO3BMOKHOCTH ITPOrpaMMbI. UTOOHI pe-
maTh 6oJiee CJIOKHBIE 3aJaUl, HE0OXOAMMO HAMHOT'0 YBEJIUUYUTH KOJIUUECT-
BO (hyHKIUIi, BKIIOYAEMBIX B IepeBO. BOT HECKOJBKO IIPEJIOKEHUI:

e Tpuronomerpuueckue GyHKIUU — CUHYC, KOCUHYC U TaHTEeHC.

e Jlpyrue maTeMaTnueckue ()yHKIIUM — BO3BeJEeHIE B CTeIIeHb, U3BJIEUe-
HIe KBaJPaTHOTO KOPHA U B3ATHE a0COTIOTHOTO 3HAUYEHMA.

e (CraTuctudecKkue pacupesiesleHUs, HAaIIpUMep I'ayccoBo.

e MeTpuku, HaIpuMep eBKJINUA0BO paccTodHUe U KoaduruenT Tanumoro.

e @DyHKNUA ¢ TPeMA IapaMeTpaMu, KOTopasa Bo3Bpaliaer 1, eciiu mepBhIi
ImapamMeTp PacIOJIOXKeH MEeK/AY BTOPBIM U TPETHUM.

e dOyHKNUA C TPeMsd apaMeTpaMl, KOTopas BosBpamiaer 1, ecau paccro-
fAHUe MeX ]y IIepBLIMU JBYM IIapaMeTpaMy MeHbIIle TPeThero.

CrokHOCTh QYHKIIUHM HUYEM He OTpaHUYeHa, a IOA0MPAIOTCA OHU UCXOIA
u3 ocobeHHOCTell KOHKpeTHOH samauu. CKakeM, TPUTOHOMETPUUECKUE
GYHKIINY HEOOXOAMMBI JIJIsT O0pabOTKM CUTHAJIOB, HO BPAJ JIU IIPUTOAATCS
B PACCMOTPEHHOH BEIIIIE UTPe.
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Mamatb

PaccmoTpeHHBIE B 9TO¥ IJIaBe IPOrPaMMBbl, 10 CYIIIECTBY, SIBJSIOTCA Pearu-
PYIOIIMMI: BO3BpAIllaeMbIil pe3yJIbTaT 3aBUCUT UCKJIIOUYUTEIHLHO OT BXOI-
HBIX JAHHBIX. [[JIg ToncKa MaTeMaTUYeCKUX QYHKITUI 3TOT IOAXO0 IPaBU-
JIeH, HO He TT03BOJISET IporpaMMaM BhIpa0daThIBaTh JOJITOBPEMEHHYIO CTpa-
Teruio. irpa B mpecJieJoBaHUe TepeaeT IporpaMMe MOCJHETHUN cAesiaH-
HBI €10 X0/ — TVIABHBIM 00pa30M [JiS TOr'0, UTOOLI IIporpaMMa Hayuunjaach
He XOIUTh B OAJHOM HAIIPaBJICHUU ABAKIbI, — HO ATO eIlle OAUH BXOTHOM Ia-
pamerp, a He YTO-TO, YCTaHABJINBAeMOe ITPOTPAMMOM CAMOCTOSATEIbHO.

Y06kl IporpaMMa MOTJIa BEIPaOb0TaATh JOJITOBPEMEHHYIO CTPATETnIO, eii He-
00X0IMO KaK-TO COXPaHATh NH(POPMAI[NIO0, KOTOPOI OHA CMOXKET BOCIIOJIb-
30BaThCA B CIAEAYIOIIEeM ITnKJe. KECTh IIPOCTOi CII0oco0 — BBECTH OIMOJIHI-
TeJbHBIE BUABLI Y3JI0B, KOTOPLIE CIIOCOOHEI COXPAHUTDH JaHHbBIE B IIPeJoIIpe-
JIeJIEHHBIX fAYelKax U U3BJIEeKaThb UX OTTyAAd. Y3eJ COXPAHEeHUs UMeeT
€IVHCTBEHHBIN TOUEePHUH y3€eJI M UHIEKC TUYeKU ITIaMATH; OH II0JIyJaeT pe-
3yJIbTAT OT CBOEr'0 IIOTOMKAa, COXPAHAET €ro B AUYeliKe IIaMATH U IIEPEeaeT
ponuTeio. ¥ y3ja 80CCMAHO8/eHUA HET IIOTOMKOB, OH IIPOCTO BO3BpaIllaeT
3HauUeHUe, XpaHsAIlleecs B COOTBETCTBYIOIel sueiike. Eciiu ys3es coxpane-
HUA HaXOJUTCA B KOPHE JIEpEeBa, TO KOHEUHBIN Pe3yJIbTaT AOCTYIIEH B JIIO-
001i TOUKe IepeBa, I'ie UMeeTCsI COOTBETCTBYIONINI y3eJl BOCCTAHOBJIEHUS.

IToMmumMo MHAVBUAYATHLHOU TAMATH MOKHO OPraHMB30BATH e11le U OOIIYIo I1a-
MSATh, JOCTYIIHYIO AJIA UTeHUA U 3amucu BceM nporpammam. OHaA ycTpoeHa
aHAJOTUYHO MHANBUAYAJILHON MaMATH, ONHAKO paboTaeT ¢ AYeiiKaMu, J10-
CTYIHBIME BCEM ITPOTPaMMaM. ITO IOBHIIIIAET YPOBEHDb KOOTIEePAIIUY U KOH-
KYPEHIIUH.

PaznunyHble TUMNbl AaHHbIX

OnucaHHBIN KapKac OPUEeHTUPOBAH HA IPOTPAaMMBbI, IPUHUMAIOIIIVE 1 BO3-
BpAaIamIye Iejble ynuciaa. Ero jerko MogudunupoBaTh AJ1d paboThI ¢ Yuc-
JIaMHU C IIJIaBaloIell TOUKOM, TaK KaK OMepalliy IPU 9TOM OCTAIOTCS TeMU
ske caMbIMu. [[J1a aTOTO M3MeHUTEe GYHKIIUIO makerandomtree TaK, YTOOBI OHA
VHUIINAJIN3UPOBaJia KOHCTAHTHBIE Y3JIbl 3HAUEHUAMU C ILJIaBaIOIell ToY-
KOM, a He IeJbIMU.

J 151 ToCcTpoeHuA MPOoTrpaMM, CIIOCOOHBIX 00pabaThIBaTh JaHHbIE IPYTUX TH-
OB, moTpebyeTcsa GoJiee MaciITabHasA MOAUMDUKAIINA, CBOAAMIAACA TJIaB-
HBIM 00pa3oM K M3MeHeHUWI0 GYHKINN B y3aax. OCHOBHOM KapKac MOKHO
IIPUCIOCOOUTH 1A PABOTHI CO CIEAYIONUMY TUIAMU JaHHBIX

Cmpoxu

HOTpeGYIOTCH TaKue onepanmnumn, KaKk KOHKaTeHalusld, paSGI/IeHI/Ie, IIONCK
II0 MHAEKCY U BbIJIeJIEHNE IIOJACTPOK.
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[naBa 11. DBONIOUMOHUPYIOLLMIA Pa3yM

Cnucku

IToTpebyioTcs Te JKe omepalium, YTo IJIs CTPOK.
Crosapu

IToTpebyioTes ommepauy 3aMeHbI U JOOABJIEHNA.
Ob6serxmul

Ha Bxo0m mepeBy MOYKHO IIOAATH MPOU3BOJBHBIA 00BEKT, TOTAa PYHKIITUN
B y3J1aX OyIyT MHTEPIPETUPOBATHCA KAK BHIZOBLI METOMOB 9TOTO 00HEKTa.

BaKHO OTMETUTH OLWH CYIIECTBEHHBII MOMEHT — BO MHOTHX CJIyYasiX Tpe-
OyeTcsi, YTOOBI Y3JIbI lepeBa MOTJIN 00pabaThIBATh 3SHAUCHU S PA3HBIX THUIIOB.
Tak, B omepamuu BhIJeJeHUA CTPOKY Ha BXOJ IIOJAIOTCS CTPOKA U JBA Iie-
JIBIX YHCJIA, TO €CTh OAUH U3 JOUEPHUX Y3JI0B JOJI’KEH BO3BPAIlaTh CTPOKY,
a IBa OCTAJBHBIX — IleJIbIe UKCJIA.

HawuBHBI# TOAXO0M K 3TOM ITpobeMe COCTOUT B TOM, UTOOBI CAYUAMHO TeHe-
PUpPOBaTh JePEeBbs, IOABEPTATH UX MYTAIlMU U CKPEIUBAHUIO, & IIOTOM OT-
OpachIBaTh Te, Te 0O0HAPYKUJIOChH HECOOTBETCTBME TUMIOB JaHHBIX. Ho aTO
OPUBOAUT K OECI0JIe3BHOMY PAaCXOMOBAHMIO BBIUHCINUTENLHBLIX PECYpPCOB,
a KpoMe TOr'O, BBI YiKe BUIENN, KaK MOKHO HAJIOKHUTh OTPAHUYEHUS IIPU
IOCTPOEHNH epeBa, — Kakaasa PYHKI[UA B I[eJIOUNCJIEHHBIX JePeBbAX 3HA-
eT 0 KOJIMUeCTBEe CBOUX MapaMeTpPOB. ATy UIEI0 JEerkKo 0000IIUTL Ha TUIILI
JIOUYepHUX y3JI0B U BO3BpAIllaeMbIX UMY 3HaUeHu. Hampumep, MOKHO cJe-
AYIOIIIM 00pasoM MepemucaTh KJacc fwrapper, 3aZaBas B params CIHCOK
CTPOK, OIIMCHIBAIOIINX TUII JaHHBIX KaXKIOT0 IapaMeTpa:
class fwrapper:
def __init__(self, function, params,name):

self. function=function

self.childcount=param

self.name=name

BeposaTHO, BBl 3aX0THUTE MOATOTOBUTH CJIOBApPh flist, COmEePsKAIUUN TUIILI
BO3BpalaeMbIX QYHKIIUAMY 3HAUEHUH, HallpUMep:
flist={"str':[substringw, concatw], "int :[indexw, addw, subw]}
Teneps Hauaio GyHKIIUA nakerandomt ree MOMKHO IIEPETINCATD TaAK:
def makerandomtree(pc, datatype, maxdepth=4, fpr=0.5,ppr=0.5):
if random( )<fpr and maxdepth>0:
f=choice(flist[datatype])
# BuiaBaTb makerandomtree, ykasaB Twne Bcex napameTpos f
children=[makerandomtree(pc, type, maxdepth-1, fpr,ppr)
for type in f.params]
return node(f,children)
n oo
DYHKIIUIO crossover TaK:Ke IPUIAETCS M3MEHUTh, YTOOLI IIepecTaBsgeMble
y3JIbl TapaHTHUPOBAHHO BO3BpAaIllajau 3HAUYEHNe OHOT'0 U TOTO JKe THUIIa.

Xoresoch OBl HageATbCA, UTO U3 3TOI'O pa3jejia BbI IIOUEPITHYJIN HEKOTOPbIE
naeu 0 TOM, KaK MOXXHO Pa3dBUTH OITMCAaHHYIO 31€Ch IIPOCTYIO MOJEJIb I'€eHe-
THUYECKOI'0 IIPOrpaMMHUPDOBaHUA, MW 3aropejiuChb KejJlaHueM YJIYyUdIIUTh e€ee
U IIPUMEHUTHh K aBTOMaTU4YEeCKOMY I'eHEPXMPOBAHUIO IIPOTrPAMM [JIA PEIeHnud
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60JIee CIOKHBIX 3agav. Xorsa IJIA reHepalnu MOJKeT HOTpe6OBaTLCH MHOTO
BpeMeHHt, HO, OTBICKaB XOPOIIYIO IIPOrpaMMy, Bbl CMOKETE IIPUMEHATH €ee
CHOBA 1 CHOBaA.

YnpaxHeHusa

1.

Honoanumenvrovle pyrkyuu. Mbl HaUaIM ¢ 04eHb HEOOJIBIIIOTO CIINCKA
dyurnuii. Kakue emre GyHKIUM BBl MOTJIN OBI mpeAsoxkuth? Peasnn-
3yiTe QYHKIIUIO BEIYNCJIEHUA €BKINA0BA PACCTOAHUA C YETHIPHMSA TIa-
paMeTpamu.

Mymayusa 3amenoil y3nra. Peanusyiite npomnenypy MyTanum, KoTopas
BBIOMpAaeT IIPOM3BOJILHLIN y3€JI B iepeBe 1 u3MeHseT ero. IlozaborbTech
0 IpaBUJbHOU 00paboTKe Yy3JI0B, IPEACTABIAIONINX (PDYHKIUU, KOHC-
TaHTBI 1 TapaMeTphl. Kak oTpasuTcs Ha pesyabTaTe 9BOJIIOINY UCIIOIb-
30BaHUe 9TOH (GYHKIIMKU BMECTO 3aMeHbI BeTBU?

Cayuaiinoe ckpeuwjusanue. Cefiuac GQyHKIIUA CKPEIUBAaHUA BHIOUpAET
BETBU OBYX OE€PEBHEB, PACIIOJIOMEHHBIE HA OJHOM YPOBHE. Hanumure
IPYryi0 MYHKIMIO CKPEeIIUBAHWs, KOTOopas OyAeT MepecTaBiIsaATh IBe
IPOU3BOJIbHBIE BeTBU. Kak 9T0 0TpasuTcs HA pe3yJbTaTe 9BOJIIOIN?

IIpexpawerue sgonrwyuu. JobaBbre B GYHKIIUIO evolve YCJIOBUE, KOTO-
poe IIpeKparaeT Ipolecc 1 BO3BpAaIaeT IMoJyUeHHBIN pe3yIbTaT, eCJIu
PaHTr HaWJIy4IIell IPOrpaMMbl He YMEHbIIAeTCA Ha IPOTAKeHuN X I10-
KOJIEHU .

Ckpoimoie ¢pynryuu. IlonpobyiiTe TpeNIOKUTH IPOTPaMMe yrajaThb
Ipyrve MareMatmueckme GyHKIum. Kaxkwme (QyHKOuUuM HaAWTH JErKo,
a KaxKue — TPyaAHo?

Hepa «Ilozons». IlonpobyiiTe BpyYHYIO COCTABUTDH IPEBOBUAHYIO IIPO-
rpaMMy, KoTopas xopolro urpaet B urpy «Ilorous». Ecau c aToii 3axa-
yeii Bbl CIPABUJINCH JIETKO, MOIPOOYIiTe HAIMCATh COBEPIIIEHHO MHYIO
IIporpamMmy IJIs TOH sKe Iesir. BMecTo Toro 4To6h! Co3aBaTh IOJIHOCTHIO
CIYYaMHYIO UCXOAHYIO MOITYJISIINIO, CAeJalTe ee IOUTH CAYUalHOH’, 10-
6aBUB HaNKMCAHHbIE BPYUYHYIO mMporpaMMbl. CpaBHUTE CBOU ITPOTPaMMOBI
co caydaiHbIMU. MOKHO JI UX YIYUIIUTD B IPOITECCE SBOJIIOIIUN?

Kpecmuru-noaurxu. IlocTpoiiTe CUMYJIATOP UTPHI B KPECTUKU-HOJIUKHA.
OpraHusyiiTe TYPHUP, aHAJOTUUYHBIA TYPHUPY AJA UTrpPbl «Iloroms».
HackoibK0o X0OpOIIo UTpaioT MmoJydaloiinecs nporpaMMbl? MosKHO au
00yUYHUTh UX OECIIPOUTPHIIIHOM CTpaTEerum?

Y3abL ¢c munamu 0anHbix. B 9T01i riiaBe OBLIIO IPEACTaBICHO HECKOJIBKO
MBICJIEH II0 IIOBOY TOT0, KaK PeaiMn30BaTh y3JIbl CO CMEIIIaHHBIMU TUIIA-
Mu faHHBIX. CoesaiiTe 9TO U MOMBITANTECh TYTEM SBOJIIOIUY IIOJTYIUTH
IporpamMmy, KOTopas Bo3BpalllaeT BTOPOi, TpeTuil, IecTol u ceibMoil
CUMBOJIBI CTPOKH (TO ecTh u3 genetic moayuaer enic).



CBoaKa anroputTMoB

B sT0i1 KHUTre BBl 03HAKOMIJINCH C PA3HOOOPA3HBIMHU AJITOPUTMAMU, U €CJIU
BBI IIpopaboTau IMpuBeJeHHbIe IPUMEPLI, TO Telephb AJA UX peau3anuu
Yy Bac ecTh paboTOCIIOCOOHBIE TporpaMMEbl Ha A3bike Python. B npeabiayimx
TJIaBaxX JaBaJIICh IPUMePhl HEKOTOPOIi 3aJaul ¥ OMUCAHUS PA3JIUYHBIX aJI-
TOPUTMOB ee penrtennsa. Ceifuac MbI IPUBEEM CBOJKY BCeX PACCMOTPEHHBIX
aJITOPUTMOB, TaK YTO, €CJIM BaM MOHAAOOUTCS IPUMEHUTh KAKOH-HUOYIb
MeTO[ IOJyYeHU A NHPOPMAIUY UJIN MAITUHHOTO 00yYeHUs K HOBOMY Ha-
00py HAHHBIX, BBl MOJKETe, UCIIOJb3YA 9Ty IJIaBy KaK CIIPABOYHUK, HAWTH
TMOAXOAAIITNHN aJTOPUTM 1 BOCIIOJIL30BATHCA PaHee HATTMCAHHBIM KOJIOM.

Y006kl He 3aCTABJIATH BAC BO3BpAIIlaThCa HA3a[d B IIOMCKAaX AeTajell, s mpu-
BeJly OIMcaHMe KaKIOT0 aJrOPUTMa U BHICOKOYPOBHEBBIN 0030p MIPUHIU-
OB ero paboThl, HAIIOMHIO, K KAKMM HAabopaM JaHHBIX OH IPUMEHUM U KaK
cJenyeT II0JIb30BAaThLCA HAIIMCAHHOM paHee peaymsaimeii. S ormeuy Tak:xe
CUJIbHBIE U cJa0ble CTOPOHBI KaXKJOT'0 ajJropuTMa (ecju XOTUTE, MOYKEeTe
CUUTATDh ATOT MaTepuaJ PYKOBOJACTBOM II0 IIpOJaskKe UAEU CBOEMY Hadajb-
HUKY). B HEKOTODPHIX CIydasax 0COOEHHOCTHY aJITOPUTMOB OyIyT ITPOUJLIIOC-
TPUPOBAHLI HAa mpuMepax. [[puMepbl HAPOUUTO YIIPOIIEHBI — IO OOJbIIEH
YaCTH OHU HACTOJIBKO IIPOCTHI, UTO JJISI PEIIeHNA JOCTATOUHO OJHOT'O B3TJIs-
[la Ha TaHHbIE, — HO II0JIE3HBI B KAUECTBE UJLJIIOCTPAIINH.

Cuauasa obpaTuMcs K MeToZaM OOyUYeHUs C YUUTEJIeM, OHHM II03BOJISIOT
IIPOBECTH KJACCU(MUKAIINIO UJIU CIIPOTHO3NPOBATH 3HAUEHME NCXOIA U3 pa-
Hee IpeIbsIBIeHHBIX IPUMEPOB.

BanecoBckumn knaccndpukaTop

BaiitecoBckue KaaccuduKaTOphl paccMaTpuBaIuCh B riiase 6. MuI mokasa-
JIM, KaK IIOCTPOUTh CHUCTEMY KJacCHPUKAIMKU JOKYMEHTOB, HAIPUMeED,
Ui QUIBTPAIUY cllaMa UM Pas3OreHusT MHOMKeCTBa JOKYMEHTOB I10 KaTe-
TOPUAM IIPY HAJUUYUY HEOJHOSHAUHBIX PE3YJIbTATOB IIOKUCKA 10 KJII0UEeBBIM
cJIOBaM.
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XoTsa Bce IpuMepPHI OLLIN CBSI3AaHBI C JOKYMEHTaMU, OIMCAHHbIIN OaiiecoBe-
KU KJIacCU(PUKATOP IPUMEHUM K JI000My Hab0pY JAHHBIX , KOTOPBIHA MO -
HO IIPEeJCTAaBUTh B BUe CIIUCKOB Nnpu3Hakos. [IpusHakoM cuuTaeTcs JIroboe
CBOMICTBO, KOTOPOE MOJYKET IPUCYTCTBOBATh UM OTCYTCTBOBATH B 00pasIie.
H1st TOKyMEHTOB IIPU3HAKAMY CJIYIKAT CJIOBA, HO 9TO MOI'YT OBITH XapaKTe-
PUCTUKY HEUAEHTUQUITNPOBAHHOT0 00 beKTa, CHUMIITOMEI 3a00JIeBaHUS 1 BO-
00111€e BCe, 0 UeM MOJKHO CKas3aThb, UMEEeTCA OHO UJIN HeT.

OGyueHue

Kak u Bce anropuTmbl OOyUYeHUs C YUUTEIeM, 0alieCOBCKUI KaaccupruKa-
TOp oOyuaeTcsa Ha mpuMepax. IIpuMep — 9TO CIMCOK IIPU3HAKOB 00pasIia
u ero Kyaaccuduranmua. [IpeanosoKuM, 9To BBl XOTUTE HAYUUTD Kiaccuhu-
KaTop paco3HaBaTh, OTHOCUTCS JIU JOKYMEHT, COAEPIKAIIUi cJI0BO python
K SI3BIKY ITPOrPaMMUPOBaHUSI NN K 3MeaM. B Tabs. 12.1 mpuBenes npumep
obyuatoIero Habopa JJId 9TOM IeJIHn.

Tab6auya 12.1. IIpusnaku u kaaccupurayus Habopa 0oKymenmoa

IIpuzHakn Kaaccuduranusa
IIuTOHBI — 3TO KOHCTPUKTOPHI, KOTOPHIE IIUTAIOTCS Byes

NTUIAMA U MJIEKOIUTAIOIMMK

Python ¢ camoro Hauana paspabaTeIBaiCca KaK A3BIK STabik

clieHapueB

B WugoHesun HAILIN IUTOHA AJAnHON 49 dyToB 3mesd

B Python peanunsoBana smHaMUYecKas cucTeMa TUIIOB | SIBBIK

ITuToH ¢ ApKUMU YeTyHKaMu 3mes

IIpoeKT ¢ OTKPBITHIMU UCXOAHBIMU TEKCTAMU sk

KnaccudukaTop 3salloMHHAET BCe BCTPETUBIINECS IPU3HAKHU, a TaKiKe Be-
POATHOCTH TOTO, UTO MPU3HAK aCCOIIMMPOBAH C KOHKPETHOU Kiaccuhura-
nueii. ITpuMepsl IpegbABIAIOTCA KJaaccuduKaTopy mo omHomy. Ilocie
Ka'KIoTo IpuMepa KiaccupuKraTop 00HOBJIAET CBOY TaHHBIE, BEIUNCIAA Be-
POATHOCTH TOTO, UYTO JOKYMEHT 13 YKa3aHHOI KaTeropuu COLEPIKUT TO WJIN
uHoe cyioBo. Hampumep, nmociie 00yueHnsA Ha ITOKA3aHHOM BBIIIE IIPUMeEpPe
MOJKeT IIOJIyUYUThCSI HAa0OD BepOSITHOCTEMH, ITPeICTABJIEHHbBINA B Ta0. 12.2.

Tabauya 12.2. Beposmuocmu npuHadiedHOCMU CI08 KAMmezopusim

IIpusnak M EIS I 3mes
HuHaMuyecKuit 0,6 0,1
KonctpukTop 0,0 0,6
JnHa 0,1 0,2
WUcxomubrit 0,3 0,1

n 0,95 0,95




314

[maBa 12. CBofKa anropuTMoB

W3 aroit Tabauubl BUAHO, UTO IOCJe OOYUEHWs acCOIMAlluU IIPU3HAKOB
C PA3JIMUYHBLIMU KaTeropusiMd CTAHOBATCA cuyibHee miam cjaabee. CiaoBo
«KOHCTPUKTOP» UMeeT GOJIBIIYIO0 BEPOATHOCTD JAJIsS 3MEH, a CJIOBO « [MHAMU-
yecKUii» — AJIs A3bIKA mporpaMmMmupoBanud. HeoqHosHauHble IPU3HAKH,
HaAIPUMEDP COI03 «U», UMEIOT 0JIM3KMNEe BEPOATHOCTU IJIs1 00enX KaTeropumi
(CJI0BO «M» BCTpPEUAETCS IIOUTH B JIIOOOM JOKYMEHTE BHE 3aBUCHUMOCTHU OT
ero rematukm). O0yueHHBIN KJIacCu(PUKATOD — STO BCETO JIUIIH CIIUCOK IIPU-
3HAKOB BMECTE C aCCOIMMPOBAHHBIMU BEPOATHOCTSAMU. B oTIMUME OT HEKO-
TOPBIX APYTUX METOAOB KJIacCU(DUKAIUY, 31eCh He HYKHO XPAHUTD UCXOJ-
HbIe JaHHbIE, HA KOTOPHIX TPOBOAMIOCH O0yUeHHE.

Knaccanpukauums

ITocsie 06yueHus 6aiieCOBCKUM Kaaccu(PUKATOP MOYKHO IIPUMEHATD AJIA aB-
TOMAaTHUYECKOMN KJIacCU(PUKaIUY HOBLIX 00pasiioB. IIpeAIoIo:KuM, YTO nMe-
eTcsl JOKYMEHT, COep Kallinii cIoBa «IJINHA», « TMHAMUYECKUN» U «UCXO[I-
HBIM». B Taba. 12.2 umeioTca BepPOSATHOCTU MIJs KasKAOTO CJIOBA, HO OHU
BBIUMCJIEHBI JIUII JJIS OTAEJbHEIX cJI0B. Eciiu ObI Bce CJIoBa C BEICOKOI Be-
POSTHOCTBIO IIOIALAJIN B OAHY U TY K€ KaTerOpuio, TO OTBET ObLI OBI SCEH.
OgHAKO AJIA CJIOBA «JUHAMHUYECKHUI» BBIIIE BEPOSATHOCTD IOMANAHNA B Ka-
TEeropuio «fI3BIK», a HJIsd CJI0oBA «AJHWHA» — B KaTeropuio «3mes». UToOBI
KJIACCU(PUIIMPOBATH HOBBIIA JOKYMEHT, HEOOXOAMMO I10 BEPOATHOCTAM IIPK-
3HAKOB BBIUMCJIUTEH BEPOATHOCTH BCEro 00pasiia.

B riaBe 6 omcad ogMH 13 METOOB PEIlIeHU 9TOH 3aAaUyl — HAUBHBIN Gatie-
coBCKUil KjaccuurarTop. OH BBIUHCIISET COBOKYIIHYIO BEPOATHOCTDH II0
ciaenymoileii hopmye:

Pr(Kareropus | Jokyment) = Pr(Ioxyment | Kareropus) x Pr(Kareropus)
rae

Pr(Ioxywmenr | Kateropus) = Pr(Cnosol | Kateropus) x

x Pr(CnoBo2 | KaTeropus) X ...

Beaunuunsr Pr(CioBo | Karteropus) — sHaueHus, B3ATbIe U3 TaOJUIILI, Ha-
npumep Pr(duramudeckuii | Iss1k) = 0,6. Bermuuna Pr(KaTeropus) pas-
Ha IOJIHOH YacTOTe BCTPEUaeMOCTH JaHHOI KaTeropuu. IIocKoOJIBKY KaTero-
pusa «fI8bIK» BeTpedasiach B MOJOBUHE cayuaeB, To Pr(fIswik) = 0,5. Pe-
3yJIBTATOM CUHTAETCHA Ta KaTeropus, Auas Kotopoii Pr(Kareropus | oky-
MEHT) IPUHUMAaeT MaKCUMaJbHOe 3HAUeHUe.

Ncnonb3oBaHue paHee HanncaHHOro Koga

Y00 IPUMEHUTDH IIOCTPOEHHBIH B ry1aBe 6 6aliecOBCKUI KJaccuGuKaTop
K IPOMBBOJILHOMY HAa0OpPY MaHHBIX, HEOOXOAMMO HANMCATh (hYHKIUIO BHI-
JIeJleHUA TPU3HAKOB, KOTOpas IpeoOpasyeT NaHHBIE, HCIOJL3yeMble Ha
sramne o0ydueHUs UIU KiaccuUKauy, B CIUCOK IPU3HAKOB. B ynmomany-
TOH TJylaBe MBI paboTasym ¢ JOKYMEHTaMu, IO3TOMY (DYHKIuA pasdmBaja
CTPOKU HAa CJIOBA, HO, B IPUHIUAIIE, TOAUTCA J100ad QYyHKI(Ms, TPUHUMATO-
m1asg HEKOTOPBIN 00'beKT ¥ BO3BPAIIlAIOIAs CIIMCOK:
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>>> docclass.getwords( ' python is a dynamic language’)

{"python": 1, "dynamic’: 1, 'language': 1}
9Toit QYHKITMEH MOYKHO BOCIOJIH30BAThCA AJIA CO3MAAaHUA HOBOTO Kaaccudu-
KaTopa, 00yueHUs ero Ha IpruMepax CTPOK:

>>> cl=docclass.naivebayes(docclass.getwords)

>>> c¢l.setdb( test.db")

>>> ¢l.train( pythons are constrictors’, "snake")

>>> ¢l.train( python has dynamic types', 'language’)

>>> ¢l.train( 'python was developed as a scripting language', 'language’)
U IIOCJIeAYIONIeH Kaaccu(puKaIium:

>>> ¢l.classify( 'dynamic programming’)

u'language’

>>> ¢l.classify('boa constrictors’)

u'snake’
KosmnuecTBO KaTeropuii He OrpaHnMyYeHo, HO, €CJIN BEI XOTUTE, YTOOLI KJac-
cuduKaTop paboTas XOpOoIo, eMy HYKHO MPeabABUTh JOCTATOYHO MHOTO
IPUMEPOB U3 KaK IO KaTerOpuu.

CunbHble N cnabble CTOPOHDI

IToxxanyit, camMoe CyIeCTBEHHOE NPEeUMYIIeCTBO HAWBHBLIX 06alieCOBCKUX
KJaccu(PUKATOPOB IO CPAaBHEHUWIO C APYTUMU METOZAMU 3aKJIYAEeTCA
B TOM, UTO UX MOJKHO 00yUaTh 1 3aTeM OIIpaIlInBaTh Ha 00JbIINX Habopax
IaHHBIX. Jlaxke ecyiu o0yualoninii Habop OUeHb BEJIUK, OOBIYHO JJIA KaMKI0-
ro obpasIa ecThb JIUIIL HEeOOJIBIITIoe KOJUYECTBO IPU3HAKOB, a 00yueHUe
u KyaccuuKanus CBOAATCA K IIPOCTEIM MAaTeMATHYECKUM OePAuAM Ha
BEPOSITHOCTSIMU IIPU3HAKOB.

9To 0cOOEHHO BaKHO, KOTa 00yUueHre MPOBOAUTCI NHKPEMEHTHO, — KaK-
IBIM HOBBIY IMTPeIbABIEHHBIN 00pasel] MOXKHO MCII0JIb30BaTh AJIs OOHOBJIE-
HUS BEPOATHOCTEN 6€3 NCIOJB30BAHUSA CTAPhIX 00yUamIux AaHHBIX. (06-
paTuTe BHUMaHUe, YTO KOJ AJs 00ydueHus 6aiiecoOBCKOro KaaccuuKaropa
3alIpallIrBaeT o OMHOMY 00pasIly 3a pas, ToTAa KakK AJa IPYT'UX MEeTOIOB,
CKasKeM JIepeBbheB peIlleHUi UM MAIITUH OIMOPHBIX BEKTOPOB, HEOOXOIMMO
OpeIbABIATL cpady Bech Habop.) Iloamep:KKa MHKPEeMEHTHOTO O0yUueHUs
OYeHb BaKHa [JIA TAKUX IMPUIOKEHUI, KaK aHTUCIaMHbBIH QUIBTD, KOTO-
PBIil TOCTOAHHO 06yUaeTcss Ha BHOBD MOCTYIIAIONNX COODIIEHUAX, JOJKEH
O00HOBJIATHCS OBLICTPO U, BOBMOJKHO, Take He UMeeT JOCTYIIa K CTapbIM C000-
IIeHUAM.

Elrie 0fHO OCTOMHCTBO HAUBHBIX 6afl€COBCKUX KJIACCU(UKATOPOB — OTHO-
CUTeJbHAS IPOCTOTA UHTEPIIPETAIUY TOTO, YeMy KacCuduKaTop o0ydm-
cs. ITocKOoJIbKY BEePOATHOCTH BCEX MPU3HAKOB COXPAHAIOTCS, MOMKHO B JIIO-
00i1 MOMEHT 3arjJAHyTh B 0as3y MaHHBIX U IIOCMOTPETH, KaKue MPU3HAKU
OITUMAJILHEL VIS OTAEJIEHIA CIIaMa OT HOPMAJIbHBIX COOOIIEHUA NI SI3bI-
KOB IIPOrPaMMUPOBAHUS OT 3Meli. ITa uHGOpMaua UHTepecHa caMa 1o ce-
0e 1 MOJKeT OBITh MCIIOJb30BAHA B IPYTIUX MIPUIOKEHUAX NI KAK OTIPaB-
Had TOUYKA AJIA 00yUeHUA APYTUX KJIACCUDUKATOPOB.
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OCHOBHOIT HeJOCTATOK HaUBHBIX 6alieCOBCKUX KJIACCU(MPUKATOPOB — UX He-
CIIOCOOHOCTh YUUTBHIBATH 3aBUCHUMOCTL Pe3yJIbTaTa OT COUeTAHUS IPU3HAa-
KoB. PaccMoTpuM ciemyromuii ciieHapuii OTAeJIeHUA claMa OT HOPpMaJb-
HBIX c000IeHnii. BBl 3aHUMaeTech CO3JaHNEM BeO-TIPUIOKEHUI, TO9TOMY
B paboueii mouTe YaCTO BCTPeUaeTcs cjioBo online. Bart ayurimii gpyr pa6o-
TaetT B (papMaleBTUYECKON IIPOMBINIJIEHHOCTH U JIIOOUT IIOCHLIATH CMEIII-
HBIE€ UCTOPUY O TOM, UTO IIPOUCXOAUT Yy Hero Ha pabore. Ho, kak u Bce Jto-
IV, HEOCMOTPHUTEJIbHO PACKPBIBIIINE KOMY-TO CBOM aJpec, BbI IePUOITUEC-
KU IIoJIyuyaeTre cliam, comep:xamnuii ¢ppasy online pharmacy (oniaiimoBas
armTexa).

Br1, KOHEUHO, yiKe IOHAJIM, B UeM IIpobieMa — KJIacCU(PUKATOPY IIOCTOSIH-
HO TOBOPAT, YTO c¢joBa online u pharmacy BcTpeuaioTcsi B HOpMaJbHBIX CO-
OOIIEHUAX, TOATOMY UX BEPOSATHOCTDH AJS 3TON KaTeropumu BhICOKa. Eciau
JKe BBl TOBOPUTE KJIacCu(GUKATOPY, UTO HEKOe COODIIeHNe co caoBaMu online
pharmacy — cmam, To UX BEPOSATHOCTHU CJIETKA KOPPEKTUPYIOTCA B CTOPOHY
cunama. /1 aTa 6uTBa IpoTeKaeT MOCTOAHHO. II0OCKOIBKY BEPOATHOCTU BCEM
IIpU3HAKAM Ha3HAUYAIOTCA HE3aBUCUMO, TO KJlaccu(pUKaTOp He CIIOCOOEH
oImmo3HaTh nX KomOouHanuu. [Ipu Ki1accupuKanuy TOKYMEHTOB 9TO, MOKET
ObITh, X HE CTPAIIHO, IIOCKOJbKY COODIIeHIE CO CJI0BOcOoUeTaHMeM online
pharmacy (oHJaliHOBas anTeKa), BEPOSATHO, CONEPIKUT U APYTUe HHIUKATO-
PBI ciamMa, HO B MHBIX 3a7laUaX YMeHUe Paclo3HaBaTh KOMOMHAIIMY IPU3HA-
KOB MOKET OKa3aThCA ropasno 60jiee BasKHBIM.

KnaccncgukaTtop Ha 6ase gepeBbeB peLueHNM

IepeBbs pellleHnil pacCMaTPUBAJINCE B IJIaBe 7 Ha IPUMepPe TOCTPOEHMUS MO-
JleJIU TI0BeIeHUs II0JIb30BaTe/d UCXO/SA U3 3alKcell B IPOTOKOJIaX cepBepa.
OTINYNTEIBHON OCOOEHHOCTBHIO JE€PEBLEB DPEIeHUNl SBJAETCH MCKJIIOUU-
TeJIbHAsA IIPoCcTOTa MHTepnperamuu. Ha puc. 12.1 mokasaH npuMep JepeBa:

LIBET = 3efeHbIif?

Het Ja

LiBET = KpaCHbIiA?

avametp > 6 aroiiMos?

Her PAE] Het PAE]

|p,wameTp >2 p,loﬁMOB?| | nvametp > 2 p.loﬁMOB?| apbys
peley el
GaHaH |,umameTp >4 moﬁMOB?| |KOCTO‘1Ka = wcmna?| a6110k0 BMHOTpaz, 26710k0
Her” Ja HeT” Aa
JIUMOH rpeiindpyT  BUHOTPAA  BUWILLHS

Puc. 12.1. IIpumep Oepesa peuteHuil
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W3 pucyHKa IIOHATHO, YTO JejaeT JepPeBo pellleHuii, CTAIKUBasICh C 3a1a-
yell KiaaccuuKanuy HOBoro obpasiia. HaunHasi ¢ KOpHS, IJid 06pasiia mpo-
BepsieTCs yCJIOBUE, XpaHsIieecsa B ysie. Eciu o6pasel; yaoBJIeTBOPSIET yc-
JIOBHIO, MBI IEPEXOUM IO BeTBU «[la», nHaue — mo BeTsu «Het». IIpomecc
MOBTOPSAETCHA, ITOKA He OyAeT JOCTUTHYT JIMCTOBBIN y3€J, KOTOPBIH 1 COOT-
BETCTBYET CIIPOTHO3UPOBAHHOI KaTerOPUH.

OGyueHune

Knaccuduraius ¢ moMoIIbio JepeBa pellleHns MpocTa, 00yueHre HeCKOJIb-
Ko ciaokHee. OmMCaHHBIA B IJiaBe 7 aJiTOPUTM CTPOUT AepPeBO, HaUMHAS
c kopHs. Ha Kakaom 1rare BeIOMpaeTcsa aTpuOYT, KOTOPBIH ONTHUMAJIbHO
pasbuBaeT gaHHbIe. [[JIg MILIIOCTPAIIUY PACCMOTPUM HAG0OD JAHHBIX 0 QPYK-
Tax B Tabs. 12.3. Byaem Ha3bIBATh €TI0 NCXOTHBIM HAOOPOM.

Tabauya 12.3. Jaunvie 0o ppyrxmax

duametp IIser DpyKT

4 Kpacuzrit f6smoko

4 3eJeHbIi s16m0x0

1 Kpacuzrit Bumraa

1 3eJIeHbIi Bunorpan
5 Kpacusrit fA6aoxo

PazouTh HaOOp JAaHHBIX MOJKHO IO JI000¥ M3 ABYX IIEPEeMEHHBIX: TUaAMETD
WJIN IBET — U B 000MX cJayudasax OyAeT co3laH KOpeHb AepeBa. Ha mepBom
1mare MbI JOJI’KHBI IIOIPOOOBATH 00e IlepeMeHHbIe W PeIlNTh, KaKas IaeT
ayuiiee pasbuenue. Ilpu pasbueHUM 10 I[BETY IIOJYUYaIOTCA Pe3yJIbTaThl,
nmoxasaHHbIe B Tabu. 12.4.

Tabauya 12.4. Pazbuenue 0aHHbLX O PpYKMAX NO YU6emy

Kpacusri 3eJIeHbIi
s16mok0 $16s0K0
Bumnua Bunorpan
s16moko0

HaHubIe BCe ellle ImepeMelnanbl. Ecian »Ke mpoBecTu pasOueHue Hadopa II0o
amaMeTpy (MeHbIIe 4 JI0MMOB 1 00JIbIlIe IV PaBeH 4 MoiiMaM), TO pe3yJib-
rat (Tabs. 12.5) okaskercsa ropasmo 6oJiee TOHATHLIM; JaHHBIE B IEBOM CTOJI-
O1e Oy/eM majee HasbIBATh IogHab0poM 1, a B mpaBom — mmogHabopom 2.

Tabauya 12.5. Pazbuenue 0anrnbvlx 0 hpyrkmax no duamempy

Juametp < 4 1r0iiM0OB JuameTtp > 4 n110iiM0OB

Bumua s610K0

Bunorparn SA6m0K0
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9TO HAMHOTO JIyYIlle, IIOTOMY YTO B ITogHa0op 1 momasu Bce A6 0Ku (apple)
13 UCXOAHOTO Habopa. B maHnHoOM mpuMepe oNTUMAaIbHASI IepeMeHHasa BU-
Ha cpasy, HO B OOJIBIINX Habopax JaHHBIX CTOJIbL OUeBUIHOE pas3bueHme ObI-
BaeT JajJeKo He Bcerna. B riiase 7 ObLJIO BBEJEHO MOHATHE SHTPOIUYU (MEPBI
0eCIIopAOYHOCTY MHOKECTBA) AJIs U3MEPEHU KauecTBa pa3bueHnsA:

e p(i) = vacroTa BXOKJEHUA = KOJMYECTBO BXOKIEHUN / KOJUYIECTBO
CTPOK

e Iurponusa = cymma p(i) X log(p(i)) mo Bcem pesysabTaram

Ecnm y MHOKecTBa HM3KasA 9HTPONUS, TO OHO OJIMBKO K OZHOPOJHOMY,

a sHaueHwne () 03HAUAET, YTO BCE JIEMEHTHI MHOKECTBA OTUHAKOBBI. JHTPO-

nus moguabopa 2 (muamerp = 4) B Tabi. 12.5 paBHa 0. 9HTpOTINYT 000UX Ha-

0G0OpOB UCIIOIb3YIOTCA [JIA BHIUUCIEHUA UHDOPMAUUOHHOZO0 8bLUZPLIULA:

e Bec 1 = pasmep moguHabopa 1 / pasmep mcxoaHOr0 Habopa

e Bec 2 = paszmep nogHabopa 2 / pa3Mep UCXOJHOTO HaGopa

e BBEIUTPHIII = 3HTpPONUA(HaUYaIbHaA) — Bec 1 X sHTponuA(mogHabop 1) —
— Bec 2 X suTponusa(nogHadbop 2)

MHdpOopMAanMOHHBIA BBHIUTDHIII BBHIUMCIAETCA [JIA KaKIOTO BO3MOXKHOTO

pasbueHuA, U B 3aBUCUMOCTHU OT HETO BLIOMPAETCA pa3esdaiolnad IepeMeH-

Hada. Kak Tosbko BrIOpaHa pasmesidroias IepeMeHHasd, MOYKHO CO3LaBaTh
mepBwIN y3ea (puc. 12.2).

|,u,mamerp 2> 4,£I,IOI7IMOB?|

Her | | Aa

Buwks (1, KpacHbiit) m
BuHorpag (1, 3eneHbiii) _

Puc. 12.2. KopHesoil ysen 0epesa peuleHUil 015 Ha6opa OaHHbLX 0 PpyYKmMmax

B cam6m ysiie moxasauo ycuaosue. Eciu fanHbie yI0BIETBOPAIOT YCIOBUIO,
TO BbBIOMpaercs BeTBb «lla», mHaue — BeTBb «Her». IlocKOIBKY B BeTBU
«Jla» Bcero oauH y3ej, OH CTAHOBUTCA JUCTOBBIM. B BeTBu «HeT» manHbIe
elre Pa3HOPOJHEI, IIOATOMY €€ MOKHO Pa3OouTh fajiee, IPUMEHAA TOT JKe ca-
MBI MeToZ. B TaHHOM ciiyuae HauJayudIllei mepeMeHH Ol 11 pa3ouenus 0y-
IeT 1BeT. IIpoitecc mpoaoIKaeTCs 10 TeX IOP, HOKa MHMDPOPMAIIMOHHBIHA BhI-
WUTPLIII IIPU AeJIeHUN TaHHBIX He IPeKpalnaeT yMeHbIIaThCA.

MNcnonb3oBaHue KnaccugukaTopa
Ha OCHOBe fepeBa peLueHnn

B riaBe 7 maHHBIE I OOyUYeHUS AEePEBbLEB PEINeHUN ObLIN IPeCTaBIeHbI
B BHUJie CIIMCKA CIIMCKOB. B KayKI0M BHYTPEHHEM CIIMCKE XPAaHUTCA Habop
3HAUEeHU, IpUUYeM IIOCIeTHUM UAeT KaTeropusa. Habop JaHHBIX 0 PPYKTaxX
OyZeT BRITVIAAETDH CJAeAYIOIIUM 00pa3oM:
>>> fruit=[[4, 'red’, "apple’],
[4, 'green’, "apple’],
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[1, 'red’, ‘cherry'],
[1, green’, "grape’],
[5,"red’, "apple’]]

Temeps MOXKHO OOYUHUTE JePEBO PEIIeHN 1 NCIIOJIb30BATh €0 AJIs KJIACCH-
duKaIUYU HOBBIX 00PasIloB:

>>> import treepredict

>>> tree=treepredict.buildtree(fruit)
>>> treepredict.classify([2, 'red’], tree)
{"cherry': 1}

>>> treepredict.classify([5, 'red’], tree)

{"apple’': 3}
>>> treepredict.classify([1, "green’], tree)
{"grape’: 1}
>>> treepredict.classify([120, 'red'], tree)
{"apple’': 3}

OueBugHo, uTO mpeametr mmupuuoir 10 (pyToB KpacHOro imsera s6J0KOM
(apple) He aBAseTcd, HO JepeBO pellleHnil 3HAeT TOJLKO O TOM, UTO eMy
npeabaBuIn. YTOOBI TOHATH, KAaK epeBO IPUHUMAET PellleHre, MOKHO eT0
pacrevaTaTh WU IPEeICTaBUTH B I'pa)TuIeCKOM BUE:
>>> treepredict.printtree(tree)
0:47
T-> {'apple': 3}
F-> 1:green?
T-> {'grape’: 1}
F-> {'cherry': 1}

CunbHble n cnabble CTOPOHDbI

Bpocarorreecs B riasa JOCTOMHCTBO JAe€PEBLEB PEIIeHUIT — IPOCTOTa UHTED-
mmpeTamuy 00yYeHHON MOAENN U TO, KaK XOPOIIIO aJrOPUTM IIOMeI[aeT Ha-
nboJee BasKHbIe (PAKTOPHI 6JIMKe K KOPHIO IepeBa. ITO 03HAUAET, UTO Jepe-
BO PeIIeHNn M0Je3HO He TOJbKO I KiIacCU(PUKAIINY, HO U AJIA UHTepIIpe-
Tanuu pesyabTaToB. Kak 1 B cayuae 6aiiecoBCKOro KiaaccuuKraTopa, MOK-
HO «3aIVIAHYTH IIOJ KAIOT» U IOHATH, II0UEeMY IIOJYUYNJICA NMEHHO TaKo,
a He MHOU pe3yabTaT. ITO MOXKET 00JIeIrYUTh IPUHATHE PEIeHUH BHE IPOo-
mecca kjaccudukanuu. Hanpumep, B riaase 7 MoJAeJb IpeAcKasbIBaa, Ka-
KUe T0JIb30BaTeJ I CTAaHyT ILJIATHBIMY KJINEHTAMU; HaJUudue JepeBa perie-
HUI, TOKA3bIBAIOIIEro, KaKie IIepeMeHHble Hanbojiee CYIIeCTBeHHBI IJIA
pasoueHuA TaHHBIX, IOMOTAET IIPU IJIAHUPOBAHUY PEKJIAMHON KaMIIaHUU
VIV IPUHSATHUY PeIieHus 0 TOM, KaKe TaHHble cCOOupPaTh.

JlepeBba pellieHuss MOTYT paboTaTh He TOJBKO C IUCKPETHBIMHU, HO U C YKC-
JIOBBIMY JaHHBIMH, IOCKOJIBKY HIIYT Pa3AeIAON[yI0 JUHIIO, KOTOPasd MaK-
CUMU3UPYET NH(POPMAIIMOHHBIA BRIUTPHINI. YMEHNE CMEIINBATEL JUCKPET-
HBIE U YNCJIOBBIE JaHHBIE TOJE€3HO AJISA MHOTUX KJACCOB 3a7]a4, a TPAAUIU-
OHHBbIE CTATHUCTUYECKNE METONbI, HAalIPUMeD PerpecCUOHHBIN aHaNu3, UC-
OBITBLIBAIOT B A3TOM uacTu 3aTpyaHeHus. C ApPyroil CTOPOHBI, JIepeBbs
pellleHusa He TaK XOPOIIU IJIs MPOTHO3UPOBAHUSA YUCJOBBIX PE3yJIbTATOB.
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,uaHHI)Ie MOKHO pa3neJiIiuThb I1I0 KPUTEPUIO MUHUMAaJbHOMN AUCIIepCuun, HO ecC-
JIX OHU CJIOMKHBI, TO €ePEeBO OKaKeTCA OUeHb GOJIBIIINM 1 HECIIOCOOHBIM aa-
BaTh TOYHbIE ITPOTHOS3HEI.

OCHOBHOe IIPEMMYIIIECTBO J€PEBLEB DEIIEHUI II0 CPaBHEHMIO ¢ OaiiecoBc-
KUM KJacCu(UKaTOPOM — CIOCOOHOCTH JIETKO CIPABJIATHCS C B3aNMO3aBU-
CUMBIMU IIepeMeHHBIMU. AHTHCHAMHBIN (DUJILTD, IIOCTPOEHHBINM Ha 0ase
JIlepeBa pereHuii, Jerko orpeaeInT, 4To cjoBa online u pharmacy (anrexa)
10 OTAEJHLHOCTHY HOPMaJIbHbIE, HO IIPU YIIOTPEOIeHUY BMeCTe ABJIAIOTCS NH-
INKATOPOM cIama.

K coskaneHnunio, mpuMeHeHNe aJITOPUTMAa M3 IJIaBhl 7 K GUILTPAIIUU clIaMa
Ha MpPaKTUKe HeBO3MOKHO, TaK KaK OH He HMOAAEP)KMBAET MHKPEMEHTHOE
obyuenue. (AJbTepHATHUBHBIE AJITOPUTMEI IePEeBbEB pPeIlleHnil, KOTOPbIe Ta-
Koe o0yJueHUe OAIePIKUBAIOT, — IPEAMET aKTUBHBIX UCCIeq0BaHMI. ) MoK -
HO B3ATH 0O0JBINION HAOODP JOKYMEHTOB, IIOCTPOUTH IO HEMY JEPEBO pellie-
HU, HO YYECTDh HOBEIE COODIIEHN S OHO Y)Ke He CMOXKET, eT0 IPUIETCA KarK-
IBIN pas 3aHOBO MepeyumBaTh. IIOCKOJIBLKY MHOTHE JIIOAU XPAHAT JTECATKH
THICAY COOOIIEHUT, IepeyUYnBaHNe CTAHOBUTCS IPAKTUYECKHU HepeaIusye-
MbIM. KpoMme TOro, ITOCKOJIBKY KOJIMYECTBO BOBMOYKHBIX Y3JIOB OUeHb BEJIN-
Ko (KasKIObIi MpU3HAK JOO MPUCYTCTBYET, JILOO OTCYTCTBYET), TO JEePEBO
MOKEeT OKas3aThCs UYPe3MePHO GOJBIIUM U CJAOMKHBIM, UTO 3aMEIJIUT IIPO-
1mecc KaaccuuKaum.

HewnpoHHble ceTn

B riase 4 6b1JI0 TOKA3aHO, KAK IIOCTPOUTD IIPOCTYIO HEHPOHHYIO CETh IJIA
M3MEHEeHU PAHra Pe3yJabTaTOB B 3aBUCUMOCTH OT TOT'O, IT0 KAKUM CChLIKAM
MOJIb30BATEJN I€PEeXOIUIN B IMIPOILIOM. ITa HEHPOHHAA ceTh cMorja oby-
YUTHCS TOMY, KaKHe CJI0Ba U B KAKUX COUETAHUAX BaKHBI, a KaKue BOBCE
HeCyII[eCTBEHHBI /I KOHKPeTHOro 3anpoca. HelipoHHble ceTy MOYKHO IIPU-
MeHATb K 3ajiauaM KJacCu(UKauW U IPOTHO3UPOBAHUSA UMCJIOBBIX pe-
3yJILTATOB.

Heiipounas ceTb u3 riiaBbl 4 IPUMeHAJIACh B KauecTBe KJaaccuduraTopa —
OHa BO3BpAaIlllajla YMCJI0BOe 3HAUeHUe IJIA KaKI0! CChLIKU U MIPOTHO3UPO-
BaJjia, YTO II0Jb30BaTEeJb CKOPee BCEero Iepeier mo CChLIKe ¢ MaKCUMaJb-
HBIM 3HaueHUeM. [IoCKOIbKY 3HaUeHte BO3BPAIaJIOCh I KasKJ0H CChLI-
KU, TO UX COBOKYITHOCTH MOYKHO OBLJIO MCIIOJIB30BATh IJIA PAHKHUPOBAHUA
pes3yJIbTaTOB IIOUCKA.

CyiliecTByeT MHOT'O BUIOB HelIpOHHBIX ceTeli. Ta, uTo paccMoTpeHa B HACTO-
AIed KHUTe, Ha3bIBaeTCA MHOTOYPOBHEBBIM IepiiennTpoHoM. CBouM Ha3Ba-
HHeM OHa 00s3aHa TOMY, UTO MMEEeTCS BXOJTHOM YPOBEHb HEMPOHOB, KOTO-
PBIi IIepealoT CUTHAJBI HA OAWH U HECKOJBbKO CKPBITBEIX ypoBHei. IIpu-
HIMOHaJbHAS CTPYKTYpAa ceTH n3dobpaskeHa Ha puc. 12.3.

B aT011 ceTu ecTh Ba ypOBHA HelipoHOB. HellpoHBI 13 pa3HbBIX YPOBHEH CBA-
3aHBI MEXIY CO00H cuHancamu, KaxkJIoMy U3 KOTOPBIX IIPUNINCAH Bec. BrI-
XOJHBbIe CUTHAJBI OT HEMPOHOB Ha OJHOM YpPOBHE IlepeJaloTcs HelipoHaM



HelnpoHHble ceTn 321

Bxon 1 CKpbiTbli 1 - Boixog1 ———p

Bxon 2 CKpbITbIiA 2 Bbixog 2 ———p

\d

Bxon 3 CKpbITbIfA 3

Y

Boixop 3 ——»

Puc. 12.3. IIpunyunuanrvHas cmpykmypa HellpOHHOIL cemu

CJIeYIOIIero YPOBHA II0 cHHAIlcaM. UeM BbIIIe BeC CUHAICA, UCXOAAIIET0
13 HeKOTOPOro HelpoHa, TeM 0oJiblliee BIAUSHNIE OH OKas3bIBaeT Ha BBIXOI-
HOM CHUT'HAJ OT 9TOT0 HeIpoHa.

B xauecTBe mpoCTOro IIpUMepa CHOBA PACCMOTPUM 3a7auy O GUILTPAIINU
crlama, OMUCaHHYIO B paszaene «bBaiiecoBckuit Kiaccuurkarop». B Haem
YIPOIIMEHHOM MEPE IIOYTOBOE COOOIIEHUE MOKET COAEepsKaTh cjoBa online
¥ pharmacy (amreka) 1o oTAeJIbHOCTH UJix BMecTe. UYTOObI OIIpeIeInTh, Ka-
KHe COOOIIeHNs ABJIAIOTCA CIIaMOM, HeoOXOoAMMa HeHpOHHAs CeThb, IMOKAa-
3aHHadA Ha puc. 12.4.

CkpbiThiii 1
/ \0‘
-5 5
Online 2 Cnam —»
CKpbIThIfA 2 5
Pharmacy 8 0 Hecnam —»
5 5
CkpbIThli 3

Puc. 12.4. HeiiponHas cemb 0as KAACCUPUKAYUL cnama

31ech Beca CMHAIICOB YK€ YCTaHOBJIEHBI JIJIs pelteHusa fanuoi sagaun. (Kak
3TO IeJIaeTcs, BbI YBUAUTE B CJeMyIoIeM pasaese.) HeiipoHbI TepBOT0 YPOB-
HS pearupyioT Ha CJI0Ba, BHICTYIIAIOIINE B POJIU BXOJHBIX CUTHAJIOB, — €CJIU
CJIOBO TPUCYTCTBYET B COOOIIEHUM, TO AKTHUBUPYIOTCA HEHPOHBI, CUJILHO
CBSA3aHHBIE C 9TUM CJI0BOM. BTOpOI ypoBeHb IIOJYUYAET CUTHAJBI OT IIEPBO-
ro, TO €CTh pearupyer Ha CJI0BOCOUETAHMI.

1 HakoHel HEHPOHBLI CKPBITOTO YPOBHA MEePeNaoT Pe3yaAbTaThl Ha BBHIXOI-
HOM YPOBEHb, a KOHKPETHLIE CJI0BOCOUETAHNSA MOT'YT OBITh CUJIBHO WJIN CJIa-
60 CBsI3aHBI C BO3BMOYKHBIMU pedyJbraraMmu. OKOHUATEeIbHOE PellleHne Ipu-
HUMAaeTCs UCXO/A U3 TOr0, KaKOi HefPOH BBIXOHOT'O YPOBHS IIOJIYUHMJI Ca-
MBIIf CUJIBHBIN curHaa. Ha puc. 12.5 mokasamo, Kak ceTh pearupyer Ha
cJIoBO online, Korga OHO He COIIPOBOXKIAaeTCA CJI0BOM pharmacy (amrexa).
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Online Cnam —»

Pharmacy He cnam |—>

1

Puc. 12.5. Peaxyus cemu Ha ca080 online

0
/ \0‘
Online 25 5 Cnam —
/
5 5
Pharmacy 3 0 Hecnam |—»
\i /
5 5
0

Puc. 12.6. Peaxyus HellpoOHHOL cemu HA CA080COYeMAHUE
online pharmacy (onaailHosas anmekxa )

OpnuH 13 HefIPOHOB Ha IIEPBOM YPOBHE pearupyer Ha cJIOBO online u mocwiia-
eT CUTHAJ Ha BTOPOI YPOBEeHbD, I'lle ONpeAeieHHbINT HeMPOH o0yunica pac-
TIO3HABATh COOOIIEHUs, COAEepJKaIue Jullb cjaoBo online. CuHamc aToro
HelipoHa, Benyiuii Ha HelpoH «He cmam» mMeer ropasmo GoJbinuii Bec,
yeM CHHAIIC, UAYINUI K Helipony «CrmaM», I03TOMY COOOIIeHe KaacCcuu-
nupyercs Kak «He cmam» . Ha puc. 12.6 mokasa®o, 4TO IIPOUCXOAUT, KOTIa
csoBa online u pharmacy (anTeka) rogarwTCs Ha BXOI, CETH BMeCTe.

Tak KaK HefIPOHBI IEPBOT'0 YPOBHS PEarupyoT HA OTAEJIbHbBIE CJIOBa, TO aK-
TUBUPYIOTCA 06a. Ha Bropom ypoBHe KapTuHa nHTepecHee. Hammune cioBa
pharmacy (anTeka) oTpuIiaTeIFHO BJINAET Ha HEMPOH TOJIbKO online, HO 06a
HepoHa NEPBOTO YPOBHA AKTUBUPYIOT CPEeIHUI HEHPOH, KOTOPHIN OBLI
obyueH pearupoBaTh Ha cioBocoueTanue online pharmacy (ounaiinosasd an-
TeKa). ITOT HeHPOH IMOCHLIaeT OUeHb CUJIbHBIN CUTHAJ B KaTeropuio « Cmam»,
IO3TOMY AOKYMEHT KJaccuduunupyercsa Kak cnam. Ha aTom nmpumepe mpo-
JIeMOHCTPUPOBAHO, KAK MHOTOYPOBHEBasA HEIPOHHAA CETH JIETKO CIIPABJIA-
eTCs Cc IpU3HaKaMU’, KOTOPhIE B PABHBIX COUETAHUAX JOJIYKHBI MHTEPIIPETH-
POBATHCS IIO-Pa3HOMY.
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OGy4eHne HeMpPOHHON ceTU

B paccMoTpeHHOI BBIIIe HEHPOHHOM CEeTH Beca CHHAIICOB yiKe OBLLIM IPOo-
craBieHbl. Ho MCTHHHAA MOIIb HEAPOHHBIX CETEHl COCTOUT B TOM, UTO OHU
MOT'YyT HauaTh paboTy co caydaiHoro Habopa BecoB, a 3aTeM 00ydJaThCs Ha
mpeabaBIsieMbIX IpuMepax. Haubosee pacipocTpaHeHHBIM MeTOAOM 00Y-
YeHUsA MHOTOYPOBHEBBHIX II€PIIEIITPOHOB ABJAETCA METOJ OOpaTHOTO pac-
mpocTpaHeHUA (OH OBLI ONMCaH B IJIaBe 4).

tIT061>I O6y‘-II/ITL CeTh METOAO0M OGpaTHOI‘O paciIpoCTpaHeHUA, BBl HAUNHAaeTe
¢ IIpUMepa, COAepsKalllero TOJBKO CJI0BO online u HpaBUJIBHBIA OTBET —
B JaHHOM cJjyuae «He cmaM». 9TOT mpuMep mepenaeTcs HeHPOHHOM ceTu,
YTOOBI IIOCMOTPETh, KaK OHA Ha Hero Ipopearupyer.

B HauanbHBI MOMEHT CETh MOKET PEeIInuThb, 4YTO OTBeT «CmaM» HEeCKOJIbKO
BepoATHee, ueM «He cmam»; 9T0 HempaBUJIbHO. UYTOOLI MCIPABUTL CUTYA-
I[MI0, CETH COOOIIAIOT, UTO Pe3yabTaT I KaTeropuu «CrramMm» QoJKeH ObITh
onmxke K 0, a niia «He cmam» — 6mske K 1. Beca cuHAICoB, BeAYIIIUX K HEM-
pouy «Cmam», cierKa yMeHbIIIAIOTCA IPOIOPIIMOHATLHO BKJIAAY KAaKI0TO,
a Begymux K Helipouny «He cmam» — yBenuumBaoTca. Beca cMHAIICOB MeXK-
Iy BXOZHBIM 1 CKPBITEIM YPOBHEM TaAKKe KOPPEKTUPYIOTCS B COOTBETCTBUU
¢ TeM, KaKOM BKJIAJ OHU BHOCAT B Ba’KHBIE Y3JIbI BLIXOAHOTO YPOBHA.

DopMyaIbl KOPPEKTUPOBKY IPUBeAeHBI B riaBe 4. YToObI IpegOTBPATUTD
IepeKoMIIeHCaIlHUIO B CIyuyae 00yUeHU Ha 3allyMJIeHHbIX UJIN HeJOCTOBED-
HBIX JaHHBIX, CeTh 00YUaIOT MeAJIeHHO; YeM Uallle OHA BUIeIa KOHKPeTHBIH
obOpaselr, TeM Jyullie OyZeT ero KJaacCu(UIUPOBaTh B OyAYIIIEM.

Ncnonb3oBaHue paHee HaNMcaHHOro Koga

K oToii 3amaue Terko MpUMEeHUTD KO/, HAIIMCAHHbIH B ryiaBe 4. EnumcTBen-
Hasd XUTPOCTh 3aKJII0UAETCA B TOM, UTO B 3TOM KOJie BMECTO CJIOB MCIIOJIb3Y-
IOTCS YUCJIOBBIE MAEHTU(GUKATOPHI, ITOITOMY IIPEeABAPUTEIHHO BCEM BO3-
MOJKHBIM BXOJHBLIM CUTHAJaM Haao0 OyAeT COIIOCTABUTE unca. O0yuaroIme
JaHHBbIE XPaHATCA B 0ase, II09TOMY IIPOCTO 3aIlyCKAalTe MPOrpaMMy U Haum-
HaliTe o0OyueHMe:

>>> import nn

>>> online, pharmacy=1,2

>>> spam, notspam=1, 2

>>> possible=[spam, notspam]

>>> neuralnet=nn.searchnet( 'nntest.db")

>>> neuralnet.maketables( )

>>> neuralnet.trainquery([online], possible, notspam)
>>> neuralnet.trainquery([online, pharmacy], possible, spam)
>>> neuralnet.trainquery([pharmacy], possible, notspam)
>>> neuralnet.getresult([online, pharmacy], possible)
[0.7763, 0.2890]

>>> neuralnet.getresult([online], possible)
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[0.4351, 0.1826]

>>> neuralnet.trainquery([online], possible, notspam)
>>> neuralnet.getresult([online], possible)

[0.3219, 0.5329]

>>> neuralnet.trainquery([online], possible, notspam)
>>> neuralnet.getresult([online], possible)

[0.2206, 0.6453]

Kak Bunute, ueM A0JIbIIIE CETH 00yUYaeTcs, TeM YBepeHHee OHA BhIJAeT OTBe-
Tel. OHA JaKe MOKeT IPOIIYCTUTD CAYUaNHBIN HelIpaBUIbHbBIN TPUMeD, CO-
XPaHUB XOPOIIYIO CIIOCOOHOCTh K IIPOTHO3UPOBAHUIO.

CunbHble n cnabble CTOPOHDbI

T'saBHBIH IIJIIOC HEHPOHHBIX ceTell 3aKJII0UaeTCAa B TOM, UTO OHU CIIOCOOHBI
CIPAaBJIATHCSA CO CIAOKHBIMU HeJWHEHHBIMU QYHKIIUAMU U BCKPLIBATDH 3a-
BUCHMOCTH MEXKJIY PasiNUYHBLIMM BXOJHBIMU MTaHHBIMHU. XOTA B IIpUMepe
MbI IOJaBaJIM Ha BXOJ TOJBKO curHaibl 1 mau 0 (mpucyTcTByeT Jubo OT-
CYTCTBY€T), B IPUHITUIE, TOAUTCA JIO00E YMCJIO0, U CETh MOKET BBIJaBaTh
YHCJIOBBIE OI[EHKHY HA BBIXOJE.

HeilipoHHbIe CeTH TaKiKe JONYCKAIOT MHKPEeMeHTHOe 00yUueHre 1 OOBIYHO He
TpeGyIOT MHOT'O MeCTa JJIs XpaHeHnA 00yUYeHHBIX MOJeJiel, Tak KaK MOIesb
SIBJISAETCS IIPOCTO CIIMCKOM YKCeJ, TPeACTaBJdIONINX Beca CUHAICOB. Xpa-
HUTH UCXOAHBIE TaHHBIE AJIA IIOCIeAYIOIero o0yueHnsa He HYKHO, a CJIe0-
BaTeJbHO, HEMPOHHBIE CETU IIPUTOMHBI /IS MPUIOKEHUN ¢ HEeTIPEPBIBHLIM
IOTOKOM OOYyUaIOIINX JaHHBIX.

OCHOBHOII HEJOCTATOK HEMPOHHBIX CeTell B TOM, YTO OHM SBJIAIOTCSA «Uep-
HBIM SIUKOM» . [/ paccMOTPEeHHOT0 IpuMepa Obliia B3sTa NCKYCCTBEHHO
yIOpollleHHasl CUTYyalis, KOTa CJIeIUTh 3a IPOIEeCCOM IPUHATUAS PeIIeHUs
OBILJIO OUEHb JIETKO, HO B PEAJIbHBIX CETAX UMEIOTCA COTHU HeHPOHOB U THICA-
YU CUHAIICOB, II09TOMY IOHATH, KaK CETh BHIpab0OTaIa OTBET, HEBOZMOYKHO.
HeB03MOKHOCTh 03HAKOMUTBLCA C IPOIIECCOM PACCY:KIEHUA IJIA HEKOTO-
PBIX IPUIOKEHUH HellpueMIeMa.

Ei1rie onvH HEJOCTATOK — OTCYTCTBUE TBEPABIX IIPABUJI II0 BEIGOPY CKOPOCTH
o0yueHUNA U pasMepa CeTH AJIA PelleHns KOHKpeTHou 3agaun. TyT Heobxo-
INMO SKCIIEPUMEHTHPOBaTh. EC/Ii CKOPOCTh 00yUYeHUS CJIUIIKOM BBICOKA,
TO CeTh CTAHET JAeJiaTh UIJIUIITHE O0IIre BEIBOIbI Ha OCHOBE 3aIIyMJIEHHBIX
MaHHBIX, & €CJIM CJUIIKOM MAaJja, TO CeTh MOYKET BOOOIlle HUKOTr1a He 00y-
YUTHCA Ha IPEeAbABIAEMbIX TaHHBIX.

MeTop, OMOPHbIX BEKTOPOB

B rmaBe 9 6bL1M paccMOTpPeHBI MAIITMHEI OITOPHBIX BeKTOpPoB (SVM). Ilo:xka-
Jy¥, 9TO CaMBIA CJIOKHBIA MeETOJ KJacCU(PUKAINK M3 BCEeX OIMMCAHHBIX
B KHure. SVM npunnMaeT HabOp JaHHBIX, COCTOAIINHI U3 UNCEJI, U IbITAET-
csA CIPOTHO3WPOBAThH, B KAKYI0 KATeTOPUIO OH momaaaeT. MoKHO, HAIpU-
Mep, OIpeIeJUTh POoJbh UTPOKa B 0acKeTOONHLHOM KOMAaHIe II0 ero POCTy
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1 CKOPOCTHU Gera. ,uJIfI IIPOCTOTHI PACCMOTPHM BCEIro AB€ BO3SMOMHOCTH: IIO-
3UIIA B HallageHUuu, OJId KOTOpOﬁ TpeﬁyeTCH BBICOK UL pocT, 1 B 3a1iure,
rage UTPOK OJOJIXKEH 6BICTpO IIepemMeniaTbCA.

SVM cTpouT IpOTrHOCTHUUYECKYIO MOJEb, OThICKUBAS JUHUIO, Pasfessaio-
IIyIo ABe KaTeropuu. ECJIM OTJIOKUTDL IO OJHOM OCHU POCT, a II0 APYroul —
CKOPOCTh ¥ HAHECTU HAMJIYUIIINE MO3UIUU JJIA KayKI0T0 UTPOKA, TO TOJY-
yuTCA AUarpaMmMa, n3oopakeHHad Ha puc. 12.7. Hamagarilue mpeacTas-
JIeHBI KPECTUKAMM, a 3allUTHUKY — KpysKKamMu. Takske Ha guarpaMMe I10-
KAa3aHO HEeCKOJIbKO JIMHUMN, paseasaolinX JaHHbIe Ha JBe KATerOpUU.

Poct

CkopocTb

Puc. 12.7. Tuazpamma Geckemboiucmos u pasdensoujue IUHUL

MailnHa OIOPHBLIX BEKTOPOB HAXOAUT JIMHUIO, HANIYUYIINM 00pas3oM pasme-
JIAIOIIYI0 JaHHBIE. OTO O03HAYAET, UTO OHA IIPOXOLUT HA MAKCHMAJIbLHOM
PacCTOAHUU OT PACIIOJIOKEHHBIX BOI13U Hee Touek. Ha puc. 12.7 pasgens-
IOIIUX JUHUHA HECKOJIbKO, HO HAWIYUIIas M3 HUX IOMeYeHa HALIHCHIO
«Jlyummasi». a5 ompenesieHUs TOTO, TAe AOJKHA IIPOUTH JUHUSA, HE00X0-
IVMBI JIUIIb OJIMKaIme K Hell TOUKY, OHU U HA3hIBAIOTCS ONOPHLLMU BEK-
mopamu.

ITocsie Toro Kak paszesasdollnas JUHUS HalaeHa, OIS KJIacCUPUKAIIUU HO-
BBIX 00pasI[oB TpedyeTcs JINIIb HAHECTH UX Ha AuarpaMMy U IIOCMOTPETh,
110 KaKyI0 CTOPOHY OT Pas3fesuTe s OHI oKaKyTcesa. [IpocmaTpuBaTs o6yya-
I0I[Fe JaHHbIE IPU KJIACCU(MUKAIMY HOBBIX 00Pa3I[0B HUA K YeMY, [IO3TOMY
KJIacCU(PUKAIUA IPOU3BOAUTCA OUE€Hb OBICTPO.

MNMepexop K appy

MammHbl OIOPHBIX BEKTOPOB, PABHO KaK U APyTrHe JUHEHHbIe Kiaccuhu-
KaTOpbl, OCHOBAHHbBIE HAa UCIIOJIb30BAHUY CKAAAPHO20 NPOU3BEIeHUS, TaCTO
MOJKHO YJIYUIIIUTH 34 CUET IPUMEeHEeHUs TeXHUKU nepexoda k s0py (kernel
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trick). YToObI MOHATEL €e CyTh, PACCMOTPUM, KaK M3MeHUJIAch ObI 3a7ayva,
ecJiv ObI HYKHO OBLIIO IIPOTHO3UPOBATh He TTO3UINI0, a IPUTOJHOCTD UTPOKA
IJIs1 TI00UTEeIbCKOM KOMAaHIbl, B KOTOPOM IO3UIIMN YAaCTO MEHSATCA. ITa
3amava 6oJiee MHTEPECHA, TaK KaK paslesieHre HeJlnHelHoe. BaM He HYKHBI
HU CIUIITKOM BBICOKKE, HU CIUIITKOM OBICTPbIE UTPOKU, ITIOCKOJbKY IPYTUM
OB1J10 OBI TPY/THO UTPATh C HUMU, HO COBCEM Y K HU3EeHbKUE UV MEeIJIUTE -
HbBIe TO)Ke Hu K uemy. Ha puc. 12.8 mokasaHo, KaKk MorJia ObI BBITJIAIETH
CUTYyaIlUs; 3[eCh KPYsKOK 03HAYAET, UTO UTPOK MOAXOIUT, a KPECTUK — UTO
He IIOIXOINT.

Poct

CkopocTb

Puc. 12.8. Tuazpamma 6ackem6oaucmos 05 A100umenbCKoil KOMarObL

IIpamoii paszgendmwolel IUHNUY 3hech He CYIIeCTBYeT, I03TOMY IPUMEHUTH
JIMHENHBIN KJIacCu(MUKATOP HE YAACTCA, €CJIU IPEeIBapPUTEIbLHO He BBIIIOJ-
HUTH TO UJIU WHOE IPpeodpa3oBaHMe TaHHBIX. JacTo mpuberamT K IePexXony
B IPYyTO€e IPOCTPAHCTBO, BOBMOYKHO, C OOJIBIIINM YKCJIOM U3MEePEeHU, Ipu-
MeHAA pa3JINYHble QYHKIIUY K IepeMeHHBIM. B TaHHOM ciryyae HOBOe Ipo-
CTPaHCTBO MOYKHO CO3[JaTh IIYTeM BEIUMTAHUS 13 POCTA ¥ CKOPOCTH CPETHUX
3HAUYEHUI U MOCJEAYIOIero BO3BeIeHN B KBaapar. Pe3ysbrar mokasaH Ha
puc. 12.9.

ITOT IpreM HaskbIBaeTCA NOJUHOMUANLLHOU MPaHCcpopmayueil, B pesyabTa-
Te JaHHBIE IPEACTABIAIOTCA B HOBBIX 0CAX. KaK JIerKo BUIeTh, Terneph moj-
XOISAIMIUX W HEIMOAXOAAIINX UT'POKOB HETPYAHO PA3AeIUTh IPAMOM JUHU-
e, KOTOPYIO MOKHO HANTH ¢ TOMOIIbLIO INHEHHOTO Kaaccuduraropa. s
KJaccuuKanuyu HOBOM TOUKH ee cje[yeT TPaHC(HOopMUPOBATH U MOCMOT-
peThb, 10 KaKyi0 CTOPOHY OT Pa3AeInTe A OHA OKAYKeTCs.

B nanroM npumepe Takas TpaHchopmMalusa paboTaeT, HO BO MHOTHUX CJIyYa-
AX AJA HaXOXKACHUA pa3fesdolneil JUHUY Heo0X0quMO IIEePEeX0IUTh K I'o-
pasmo 6oJiee CI0KHBIM ITPocTpaHcTBaM. HeKoTopbie U3 HUX UMeIOT ThICAYH,
a To 1 6eCKOHEUHOE YNCJIO U3MEPEHN, ITI09TOMY BBITTOJHUTE TPaHCHOPMAIIIIO
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PocT B kBappare

CkopocTb B KBagpare

Puc. 12.9. Backem6oarucnbul 8 NOAUHOMUALLHOM NPOCMPAHCMEE

He Bcergma BO3MOKHO. TyT-TO M MPUXOAUT Ha IIOMOIIb HePexXon K AApY —
BMECTO TOTO UTOOBI TPAaHC(OPMUPOBATEL IIPOCTPAHCTBO, MBI 3aMeHsIeM Ha-
cTosAlllee CKaJIsIpHOe Ipou3BeeHne (DYHKI[Meli, BO3BpaIlllaiolneil 3HaueHue,
KOTOPOMY CKAaJAPHOE IIPOM3BeJeHre ObLl10 Ob. PABHO IIOCJIe TpaHchopMa-
nuu. Hanpumep, BMeCTO BbIMOJTHEHUA OIIMCAHHOI BBIIIIE IIOJIMHOMUAIBLHON
TpaHCPOPMAIUY MOMKHO OBLIO 3aMEHUTDH

dotproduct(A,B)
Ha

dotproduct(A,B) =2

B rimaBe 9 MBI MOCTPOUIN IIPOCTOM JUHEHHEIN KiIacCcu(pUKAaTOP, B KOTOPOM
HMCIIOJb30BaJINCh I'PYIIIIOBLIE cpeaure. Bel Buaean, KaKk MOKHO ero n3me-
HUTD, IIOJACTABUB BMECTO CKAJIAPHOTO IIPOU3BEAeHUA APpyrue QYHKIINT Ha
BeKTOpaMu. B pesyJsbTaTe yaajaoch IPUMEHUTH €T0 K HeJIWHEHMHBIM 3ajaa-
yam.

Ncnonb3oBaHue bmbnuoteku LIBSVM

B riase 9 MbI 03HakoMuInch ¢ 0udanorexoit LIBSVM. C ee mOMOIIBIO MOMK-
HO 00yYUTH KyaccuGuKaTop Ha HEKOTOPOM Habope MaHHBIX (UTOOBI OH Ha-
XOAUJ PAa3IesAINyI0 JUHUI0 B TpaHCHOPMUPOBAHHOM HIPOCTPAHCTBE),
a 3aTeM KJIacCU(PUIIMPOBATh HOBbIE HAOIIOAeHUA:

>>> from random import randint

>>> # CospaTtb 200 cny4vaiiHbiX To4ek

>>> d1=[[randint(-20, 20), randint(-20,20)] for i in range(200)]

>>> # KnaccupuumpoBaTb TOYKY Kak 1, eCnum oHa nexuT BHYTpU Kpyra, WM kak 0 -

>>> # eCnu BHe

>>> result=[(x**2+y**2)<144 and 1 or 0 for (x,y) in d1]

>>> from svm import =*
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>>> prob=svm_problem(result,d1)

>>> param=svm_parameter(kernel_type=RBF)
>>> m=svm_model(prob, param)

>>> m.predict([2,2])

1.0
>>> m.predict([14,13])
0.0
>>> m.predict([-18,0])
0.0

Bub6inorexka LIBSVM noggep:kuBaeT MHOTO AAePHBIX QYHKIIUI, U C ee II0-
MOIIIBLIO JIETKO OIIPOO0OBATh NX BCE C PA3JIMUYHBIMY IIapaMeTPaMU, YTOOLI BBI-
SCHUTH, KaKad JIyUllle BCero MOAXOAUT AJIid nMeloIierocsa Habopa JaHHBIX.
YT00BI IPOTECTUPOBATEH MOJIEb, MOYKHO BOCIIOJIB30BAThCA (PYHKITHUEH Cross_
validation, KOoTopas IPUHHMAaET IIapaMeTp n M pa3dMBaeT MHOYKECTBO Ha
N IOAMHOMKECTB. 3aTeM KaKJoe IIOJMHOYKECTBO II0OOUYEPEIHO CUUTAETCS
TEeCTOBLIM, a OOyueHUHe IIPOM3BOAUTCSI HA OCTAJBbHBIX IIOJMHOKECTBaX.
DyHKIUSA BO3BPAIAET CIIMUCOK OTBETOB, KOTOPBLIM MOKHO CPABHUTH C HC-
XOIHBIM CITUCKOM:

>>> guesses=cross_validation(prob, param,4)

>>> sum([abs(guesses[i]-result[i]) for i in range(len(guesses))])

28.0
CrankuBasich ¢ HOBOM 3amaueil, BbI MOYKETe OIpo00BaTh pasinuuHbIe d1ep-
Hble PYHKIIUY C PAa3HBIMHU IIapaMeTPaMH W IIOCMOTPETh, KaKasd KOMOUHA-
nusa OKaKeTcA HauayudIiei. PesyimbTaT 3aBUCHUT OT Habopa JaHHBIX, HO,
OIIpeIeINBIIINCEH C IapaMeTPaMU, BbI CMOKETe CO31aTh MOJIEJb, IPUTOLHYIO
Ias KaaccupUKanuym HOBLIX Habaomenuii. Ha mpaKTuKe ObIBaeT IOJIE3HO
HaIMCcaTh HECKOJBKO BJIOKEHHBIX ITUKJIOB, B KOTOPBIX ITPOBEPAIOTCS HOBBIE
3HAUEHUA U 3alIOMUHAETCS, IPU KaKUX IMapaMeTpax IIOJyUYeH caMbIi JIyd-
miuii pes3yJabTar.

CunbHble n cnabble CTOPOHDbI

MaminHa OMOPHBIX BEKTOPOB — OUEHb MOIIHBIN KJaccu(MUKATOP; IOCJe
noxbopa IpaBUIBHBLIX IIapaMETPOB OHAa padoTaeT He XysKe, a 4acTo Jaske
Jydiie Job0ro APyroro M3 pPacCMOTPEHHBIX B KHUIre KJIACCU(PUKATOPOB.
Kpowme Toro, mocjie 00yueHuA KIacCUPUKAINA HOBLIX Pe3yJILTATOB IIPOU3-
BOJUTCS OYEHb OBICTPO, IOCKOJBKY TPeOyeTCs JIMIIb OIPeNe]UThb, II0 Ka-
KYIO CTOPOHY OT pasfejInTe A OKasajlach TOUKa. IlpeoOpas3oBaB QUCKpPET-
Hble BeJIMUMHEI B UKCJIA, BBl CMOsKeTe 3acTaBUTh SVM paboTaTh ¢ JUCKpPET-
HBIMH U YMCJIOBBIMU JAHHBIMM OJHOBPEMEHHO.

HepmocTaTok 3aKJII0UAETCS B TOM, UTO ONTUMAJIbHAA AdepHAAd PYHKIIUA U ee
ImapaMeTphbl 3aBUCAT OT KOHKPETHOI'0 Ha0opa JaHHBIX, TAK UYTO BCAKUIHA pas
OPUXOSUTC TOAOUPATE UX 3aH0BO. Ilepebop BO3MOKHEBIX 3HAUCHU B ITUK-
Jie OTYaCTH pelllaeT mpodaemMy, HO AJA 3TOTO TpedyeTcAa MMeTh JOCTATOUHO
OosibITION HAGOpP AAaHHBIX, UTOOBI Pe3yJbTaTaM II€ePEKPECTHOM IPOBEPKU
MOJKHO OBIJIO JOBEPATH. B 00IIeM cayuae MeTOo OIMOPHBIX BeKTOPOB JIYUIIIe
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MIPUCIIOCO0JIeH AJIA TaKUX 3aJadu, e HOCTYIIeH 00JbIIOoH 06heM NaHHBIX,
TOrga Kak APYrHre MeTOAbl, CKaXKeM [epPeBbA PellleHui, JAal0T NHTEPECHYIO
nH(MOPMAIIKIO yKe Ha BeCbMa CKPOMHEIX HA0Opax JaHHBIX.

Kax u Heliponusble cetu, SVM mpexcraBiseTr co00i «UePHBIN AIUK>»; II0-
HATH X0 PACCYKIeHUN 37]eCch JarKe CJI0KHee 13-3a TpaHchopMaIuy B MHO-
roMepHOe mpocTpaHcTBO. SVM MoKeT JaTh IPAaBUILHBIN OTBET, HO BBl HIU-
KOrja He y3HaeTe, KaK OH IIOJYyYeH.

k-6nmnxanwve cocegun

B riaBe 8 paccmaTpuBaiach TeMa YMCIOBOTO IPOTHO3UPOBAHMUA C IIOMOIILIO
anropurma k-oamkaiimux coceneit (kNN). C ero momoInbo ObLIN IIOCTPOE-
HBI MOJIeJIX IPOTHO3UPOBAHUS IeH. AJITOPUTM PeKOMEHI0BaHUS B IJIaBe 2,
KOTOPBINl IIPOTHO3UPOBAJI, IIOHPABUTCS JU AAHHOMY YEJOBEKY HEeKHH
GUIBM MY CCBLIKA, TOMKe ObLI OCHOBaH Ha ymnpoliieHHoM BapuanTe KNN.

Anroputm kNN, mostyuas HOBBII 00paselr, JJis KOTOPOTO BBl XOTUTE UMETH
IIPOTHO3 YKMCJIOBOTO 3HAUECHNA, CPDABHUBAET €0 ¢ 00pas3iaMu, 3HaUeHUA KO-
TOPHIX yiKe n3BecTHBI. OH UIeT 00pas3Iihbl, MAKCUMAJIbHO ITOX0KKe Ha BHOBD
OpeIbABJIEHHBIN, U YCPeqHSAeT UX 3HaueHus. B Tabs. 12.6 mpuBeneH mepe-
YeHb MU(POBBIX KaMep, AJs KayKION M3 KOTOPBIX YKA3aHBLI PaspelleHue
B METaluKCeJAX, MAaKCUMAJIbHOE YBeJnueHre (POKYCHOTO PACCTOAHUS (3yM)
U IeHa.

Tabruya 12.6. I]enbl Ha yugpposvle Kamepbvl

Kamepa Meranukceau 3ym ITena
C1 7,1 3,8x% $399
C2 5,0 2,4x $299
C3 6,0 4,0x $349
Cc4 6,0 12,0x% $399
C5 10,0 3% $449

IIpenmoso:KuM, UTO BBl XOTUTE Y3HATD IIeHY HOBOI KaMephl C IIIeCThIo Mera-
MMUKCeJIAMU U 00beKTUBOM, UMeIoIUM 3yM 6X. [IepBbIM AesIoM HYKHO Ha-
TH CII0CO0 U3MEPHUTH CTEIIeHb 000U A ABYX 00pa31ioB. B riase 8 MbI 110JIB30-
BAJINCh €BKJUJOBLIM PaCCTOSHMNEM, HO B KHUIe OBLLIM OMUCAHLI U IPYyTrUe
MEeTPUKHU, B YaCTHOCTHU K03 pUIlueHT Koppeadanuu Ilupcorna u Koaphuiim-
euT TanumoTo. B TepMuHax eBKJIUI0BA PACCTOSHUS OMMKaMIIe KaMepoi
oymer C3. [[y1a BuU3yausalnu pe3yabTaTa HaHecuTe o0pasIibl Ha Juarpam-
My, TJie II0 OCH X OTJIOXKEHBI MeranuKcesn, a o ocu iy — 3yM. Camu o6pasIisl
TIpeCcTaBJIeHBI Ha AuarpaMMme cBouMu rmeuamu (puc. 12.10).

Mos#HO 651710 651 B KaUecTBe OTBETA IIPOCTO B3ATh Ieny $349 (aTo Beab 6u-
JKaiilliee COOTBETCTBIE, IIpaBaa? ), HO BAPYT aTa IleHa — aHoMaausa? ITosTomy
JIydlilie B3siThb HECKOJIBKO CAMBIX ITOXOKHX KaMep U YCPeOHUTb MUX IIeHBHI.
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3ym
$399
27?
$349
$399
$299 $449
Meranukcenun

Puc. 12.10. I]envt kamep 6 npocmparncmee 3ym—mezanurKceru

ITapameTp k B MeTofe k-Gmxaiiiinx coceeii — 9T0 KOJUUECTBO yCpeaHae-
MBIX 06pa31ioB. Hampumep, IpoBoAs ycpeaHeHME II0 TPeM CAMBIM ITOX0KUM
KaMepam, BuI mpuMeHseTe aaropuTMm KNN ¢ k& = 3.

BMecTo mpAMOJIMHENHOTO YCPeTHEHUA MOXKHO BEIUYMCIUTE CPeIHEeB3BEIIIeH-
HOE C YYeTOM TOr0, HaCKOJbKO JaJIeKO OTCTOAT 00pasiibl. Yem OoJbIlie pac-
CTOsAHNE, TeM MeHbIIle Bec. B riaBe 8 ObIIM paccMOTPEHbBI pasindyHble QyH-
KIMU BBIUMCJEeHUA BecoB. B manHOM mpumepe meHe $349 moxHO mpumu-
caTh HaubOOJIBIINH Bec, a AByM IeHaMm $399 — Beca nomenbire. Hanpumep:

Iera =0,5x349 + 0,25 x 399 + 0,25 x 399 =374

MaCI.IJTa6I/IpOBaHI/Ie n nnuHune nepemMeHHble

Y onucanzoro Beiiie BapuanTa aaropurma KNN ecTh cylieCTBeHHBIN HEI0-
CTATOK — OH BBIYMCJISET PACCTOSHUE 110 BceM mepemeHHbIM. Ho ecsiu mmepe-
MEeHHbIE U3MEPSIOT HeCOIIOCTABUMbIE XapaKTePUCTUKY U OJHA U3 HUX OKa-
3BIBAETCS 3aMETHO OOJIBIIIE IIPOUYMX, TO OHA OyAeT HecopasMepHO CUJIbHO
BJIUATH Ha IMOHATHE «0ym30cTu». [IpencTaBbTe, YTO B PACCMOTPEHHOM Ha-
6ope paspeleHne u3MepsaeTcA B MUKCEIIX, a He B Meranukcenasax. [loaarT-
HO, UTO pa3HuIa B s3yme Ha 10 eguHuUI] ropasno 6ojee BasKHa, YeM pasHUIA
B pasperienuu Ha 10 muKcesieil, HO aJITOPUTM TPAKTYeT UX OANHAKOBO. BhI-
BAIOT TaKiKe CUTyalllM, KOTZa HEKOTOPhIe IIepeMeHHbIe a0COTI0THO OecIio-
JIE3HBI AJIA IPOTHO3MPOBAHUSA, HO OHU TOK€ BHOCAT BKJIA] B IPOTHO3.

ATy npobjaeMy MOKHO PEIlUTh MACIHITA0OMPOBaHNEM HAHHBIX OO BBEIUMCJIIE-
HUA paccTosaHUuii. B riiaBe 8 OblI HanmucaH METOJ AJIs MacIITabupoOBaHUS,
MoApasyMeBaloIuil yBeInUeHe aMILJINTYIbl OMHUX IIePeMeHHbIX U YMeHb-
1eHue — Ipyrux. Becnosiesuble mepeMeHHbIE MOKHO YMHOMKUTD Ha 0, moc-
Jie YeTo OHU IIePecTaloT BAUATH Ha pe3yabraT. [[eHHbIe mepeMeHHbIe, IIPU-
HUMAIOIe 3HAUEHHUSA M3 CYI[eCTBEHHO pPasInUaloONIuXCcA IUAalla3soHOB,
MOJKHO IIPUBECTHU K 00IlleMy MacHiTady, HalpuMep, PellinB, UTO pasHUIa
B 2000 mukcesielt sSKBUBaAJICHTHA PasHUIle B 1 eIUHUITY 3yMa.
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ITocKogBbKY BBIOGODP MAacCIITAOHBIX KO3(DOUIIMEHTOR 3aBUCUT OT IPUJIOKE-
HUs, MOMKHO HOZ00PATh MOAXOMAIMN HAOOP C IIOMOIIBIO IMEPEKPECTHOrO
KOHTPOJISI aJITOPUTMAa IIPOTrHO3UPOBaHUA. CMBICJ 3TOH METOOAUKK B TOM,
4YTO MbI U3bIMaeM U3 Ha60pa JaHHBbIX YacCThb 06pa3HOB, a 3artemM CMOTpHUM,
HACKOJIBKO XOPOIIIO aJTOPUTM CMOJYKET CIPOTHO3WPOBATH WX 3SHAUEHWUS,
MOJIB3YSICh TOJBKO OCTaBIIMMuCA o6pasiamu. [IpuHIinn paGoTsl IepeKpec-
THOTO KOHTPOJIS WIIIOCTPpUpPyeTcs Ha puc. 12.11.

IlogBeprasa KOHTPOJIIO pasHble KOI(P(MUIIeHTHI MacIITa0POBAHNA, MBI BBI-
YmucasieM I KaKIoro o0pasiia pacxosKAeHre U 3aTeM pelllaeM, KaKue KO-
3 PUIMeHTH Jy4llle NCIOJIb30BaTh AJIS IPOIHO3MPOBAHNUSA 3HaAYEHUI HO-
BBIX 00pasIoB.

3ym 3ym
$399 $399
"||" m
$399 $399
$299 $449 $299 $449
Meranukcenu Meranukcenu
Using k=2;
guess= average of $399 and $299
= $349
error=(guess-actual)”~2=$349-$349=0

Puc. 12.11. I1epexpecmHulii KOHMPOJLb C OOHUM U3BAMBLM 00PA3UOM

Ncnonb3oBaHune paHee HanncaHHOro Koaa

B riaBe 8 OblLIM HamMCAHBI PYHKINM, PEAJIHU3YIOIMe IPOCTON 1 B3BEIIeH-
ubiit anroputMm kKNN. VX JIerKo IpUMeHUTh K Ha00Py JaHHBIX, IOKA3aHHO-
My B Tab6a. 12.6.
>>> cameras=[{ input':(7.1,3.8), 'result’':399},
{"input ' :(5.0,2.4), 'result’ :299},
{"input':(6.0,4.0), "result :349},
{"input':(6.0,12.0), 'result':399},
... {"input’:(10.0,3.0), "result':449}]
>>> import numpredict
>>> numpredict(cameras, (6.0,6.0),k=2)
374.0
>>> numpredict.weightedknn(cameras, (6.0,6.0), k=3)
351.52666892719458

BosMo:xHO, pe3yabTaT yAACTCA YAYUIIUTD IIYTEM MACIITa0MpOBaHUS AaH-
HBIX. [[JIg 9TOr0 CAYKUT QYHKIIUA rescale:

>>> scc=numpredict. rescale(cameras, (1,2))
>>> 8CC
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[{input': [7.1, 7.6], 'result’': 399}, {'input': [5.0, 4.8], ‘'result': 299},
{"input’': [6.0, 8.0], ‘result’: 349}, {'input': [6.0, 24.0], 'result’': 399},
{"input’': [10.0, 6.0], 'result’': 449}]
A ¢ momomIbIo QYHKIIUY crossvalidate BBI CMOMKeTe HAWTH HAUIYUIIIUHA KO-
shdunmeHT macmrabupoBaHUA:
>>> numpredict.crossvalidate(knni, cameras, test=0.3,trials=2)
3750.0

>>> numpredict.crossvalidate(knn1, scc, test=0.3, trials=2)
2500.0

HO Mepe yBeJIMYeHUdA KOJIMYeCTBa IIepeMEeHHBIX B Ha6ope JaHHBIX CTAaHO-
BHUTCA BCE TPyAHEee yraablBaTb BO3MOMHEBIE ROI)CI)CI)I/ILII/IEHTBI MacmTaﬁnpo-
BaHUA, IIO3TOMY MOXHO J'II/I6O OpraHmu30BaTh ITUKJI II0 BCEM Pa3JINYHBIM 3Ha-
YEHUSAM, JU0O0 BOCHOJIb30BATHCA OJHUM 13 AJITOPUTMOB OIITUMU3AINN, KAK
MOKas3aHo B ryase 8.

CunbHble 1 cnabble CTOPOHDbI

Anroputm k-GIMMKAHININX COCeAell — 9TO OAWH M3 HEMHOTHUX aJTOPUTMOB,
CIIOCOOHBIX IIPOTHO3HMPOBATH YKCJIOBbIC 3HAUCHUS CJIOMKHBIX (PDYHKIIUI, He
yTpauuBas IPU 3TOM HPOCTOTHI MHTepIperanuu. IIpomece paccy:xaeHU
JIETKO MIOHATH, a CJIeTKa U3MEeHUB KO, BBl CMOJKeTe YBUIETh, KaKue COCeun
OPUHUMAJIK YUYacTHe B BBIUNCJCHHUAX. HelipOHHBIE CETHU TOXKe CIIOCOOHBI
JaBaTh IPOTHO3BI UKCJIOBBIX 3HAUEHUH CJIOKHBIX QYHKI[UHA, HO, 6€3yCJIOB-
HO, He MOTYT IIOKAa3aTh BaM MOXO0KKe 00pas3Ibl, YUTOOLI BEI IIOHAIN, KaK ObLI
TMOJIYUYeH pe3yJabTar.

Hanee, mporeaypa onpefejaeHUsaA NOAXOAANINX K03(G(GUIIMEHTOB MacCIITa-
O0MpPOBaHUSA MO3BOJIAET HE TOJHKO YIYUIINTh KAUEeCTBO IIPOTHO3a, HO U IO~
cKa3aTh, KaKue IlepeMeHHbIe CYIIeCTBeHHbI JJId IporHo3upoBanud. Ilepe-
MeHHBIE, 1151 KOTOPBIX Koo GuiineHT okasaaca paBeH 0, MOKHO He TIPUHU-
MaTh BO BHUMaHUe. B HEKOTOPBIX caydyasax JaHHBIe cOOMpPaTh TPYAHO, TI03-
TOMY MHMOPMAIA O TOM, YTO OHU OECIIOJIe3HBLI, IIOMOYKET CIKOHOMUTH
BpeMsd U IeHbI'U B OyAyIIeM.

Aunropurm KNN 0THOCUTCS K YHCJIY Onepamuétbvlx Menmodos, To eCThb IaH-
HBbI€ MOJKHO JOOABJIATH B JIIO0OOM MOMEHT, B OTJINUME, CKAXKeM, OT MAIIIMHBI
OIIOPHBIX BEKTOPOB, KOTOPYIO TPEOYeTCs mepeyInBaTh IIPU KaKJ0OM N3MeHe-
HUUY JaHHBIX. BoJiee Toro, mpu 106aBJIeHNH HOBBIX JaHHBIX He HYKHBI BOOO-
1I1e HUKaK1e BBIUMCIeHUS; JOCTATOYHO IIPOCTO BKJIIOUNTD JaHHBLIE B HAOOD.

OcuoBHoI HemocTaToK KNN 3akIouaeTcs B TOM, YTO AJS IPOTHO3UPOBA-
HUS eMy TpeOyIoTCs Bce JaHHBbIe, Ha KOTOPBIX IIPOM3BOAUJIOCH OOyUeHUeE.
Ecuau B Habope MUIINOHBI 00Pa3Il0B, TO HA ATO PAacXOAyeTcs He TOJIbKO IIa-
MSATh, HO M BpeMs — JJIS BBIPAOOTKM KaxkJOr0 IIPOrHO3a IIPUXOAUTCSA CPaB-
HUBATh HOBBIH 06pasel ¢ KaKIbIM 13 UMEIOINXCA, YTOOBI HaliTH OJIMKai-
miue. [[Jisg HeKOTOPBIX IPUI0KEHUH 9TO HeJOMyCTUMO MEeIJIeHHO.

Eirle oquH HEZOCTATOK — YTOMHUTEJIbHOCTh IMOMCKA IOAXONAINX K0oa(hdu-
I[MEeHTOB MACIITA0MPOBaHUA. XOTA CYI[ECTBYIOT CIIOCOOBI aBTOMATU3AI[NN
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ATO MPOIleAyPHI, HO Ha 00JIBIIIOM Habope JaHHBIX AJIA OIeHKU ThICAY BO3-
MOYKHBIX K03(DDUITMEHTOR 1 IIePEKPECTHOT0 KOHTPOJIA MOTYT IIOHAZOOUTh-
csA HeMaJible BBIUMCJIUTENbHBIE pecypchl. Ecim mpuxoaumTcs onpobOBaTh
MHOTO Pa3HBIX ITIEPEMEHHBIX, TO IJIS HAXOMKJEHU S IOAXOAIIEeTO COUeTaHU A
MacImITabHbIX KO03(h(PUIIMEeHTOB, BO3MOKHO, IOTPeOyeTcA IIePeCMOTDPETH
MUJIJINOHBI KOMOMHATI M.

Knacrepusauus

Hepapxuueckasa KIacTepusanud U KJIacTepusanusa MeTogoM K-cpeJHuX —
9TO METOABI O0yUeHUs 6e3 YUUTENA, TO eCTh AJIA BEIPAOOTKY IIPOTHO30B UM
He TpebyeTcs IpeBapUTENIbHO IPEeAbABIATL IpUMephl. B riraBe 3 Mbl Buje-
JIY, KaK, MMes CIIMCOK Hambojee IOMYJAPHBIX 0JIOrOB, aBTOMATHUYECKU
KJIACTePU30BaTh UX U BHIABUTH I'PYIIIBI OJIOTEPOB, HUIIYIITUX Ha CXOMKUE
TeMBbI UJIN IOXOMKUMU CJIOBAMU.

Wepapxunyeckasn Knacrepmnsaums

Kiacrepusamnusa npuMeHuMa K JII060My HaOOpy 00pasiioB, UMEIOIUX OJHO
UJIV HECKOJIBKO UMCJIOBBIX CBOMCTB. B mpumepe u3 ryiaBel 3 cBoiicTBaMU
6J10T0B OBLJIV CYUETUYUKY CJIOB, HO, B IPUHITUIIE, [IJIA KJIACTEPU3AIUU TTOLOH-
et J1000it Habop uucesa. Iasa qeMoHCTpauy paboThI aJITOPUTMA KJIACTePU-
3aI[U¥ PACCMOTPUM IIPOCTYIO TAOIUITy 00pasIioB (KaKue-To OYKBHI ajipaBu-
Ta) ¥ HeKOTOPbIe YNCJI0BEIEe cBoiicTBa (Tada. 12.7).

Tabauya 12.7. [Ipocmas mabauya 045 Ki1acmepusauu

Oo6paser P1 P2
A 1 8
B 3 8
C 2 6
D 1,5 1
E 4 2

Ha puc. 12.12 npeacraBien mpoliece KJacTepusanuu 3Tux obpasmon. O0-
pasIibl peAcTaBJIeHBl Ha ABYMEPHOM AuarpaMme, I'ie 0 OCH X OTJIOXKEHO
cBoticTBo P1, a o ocu y — cBoiictBo P2. CHauasa HaXOZATCA ABa CAMBIX
6M3KUX 00pasia 1 00beJUHAIOTCA B KJaacTep (IlepBolii pucyHok). Ha BTO-
POM pHCYHKE MBI BUAUM, UTO 00pasibl A 1 B monasu B oguy rpymnmy. Koop-
IWHATAMHU STOTO KJacTepa CUHUTAIOTCA yCPeAHeHHbIe KOOPAUHATHI BKJIIO-
YeHHBIX B Hero oopasmos. Ha cienymolneM prUCYHKe OJIMMKANAIIINMUI OKa3bI-
Batorcsa obpaszer; C u kiactep A—B. IIpomecc mpomosskaercs, IOKa He OcTa-
HeTCcs OAUH OOJILIIION KJIacTep.

B pesysbraTe cosmaeTca mepapxus, KOTOPYI0 MOMKHO BU3YAJIN3UPOBATH
B Buje 0eHdpozpammbL — IPEBOBUIHOM CTPYKTYPHEI, M3 KOTOPOI BUAHO, KaKUe
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Puc. 12.12. IIpoyecc uepapxuieckoil Kaacmepu3ayuu
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Puc. 12.13. Jlendpozpamma Kaacmepu3o8aHHvLx OYKe

00pasmpl ¥ TPYONObl OBLIN COUTEHHI OJmskaiimumu. [eHaporpamma pac-
cMaTpuBaeMoro Habopa JaHHBIX M300paskeHa Ha puc. 12.13.

HBa 6mkaiimux saeMeHTa A 1 B coepmHeHBI MeXK Ty co00ii. 3aTeM K KOM-
ounanuu A u B npucoegunen obpaser;, C. Bel Mo2keTe BEIOpPATh JI00YIO TOU-
Ky BETBJIEHUS Ha JeHAPOrpaMMe U PeIllUTh, IPeACTaBIsAeT JU JaHHAd I'PYII-
mna uHTepec. B riaBe 3 MbI BUZEIW BETBU, COCTOAIIME ITIOUYTH UCKIIOUNTEhb-
HO M3 HOJUTHUYECKHX OJIOTOB, BETBU, OOBEAUHSIONINE TEXHOJOTUYECKUE
oJioru, U T. I.

Knactepusauus metogom K-cpegHux

Erie ogqun MeTon KaacTepusanuu — 3To MeTol K-cpeagaux. Ecau mpu nepap-
XUYECKOM KJIACTEePU3AIU CO3IaeTCs AepPeBo 00pasIoB, To MeTo ] K -cpeguux
pasduBaeT JaHHBIE Ha OTAeJIbHbIe rpyninsl. Ho mepes HauaoM paboThI ajro-
puUTMa BBI JOJIKHBI 3aJaTh KOJHMYECTBO KejmaeMbIx rpymm. Ha puc. 12.14
WJLIIOCTPUPYETCA KJacTepusaius MmetogoM K-cpegHux B geiicTBuu. 31ech
MBI IIBITAEMCS HAaUTH [BA KJacTepa B HECKOJIBKO MHOM Habope JaHHBIX.
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Puc. 12.14. ITpoyecc kracmepusayuu memodom K-cpednux

Ha mepBoM pucyHKe cJOydYaiiHBIM 00pasoM PAacCIIOJIOMKEeHBI ABa IIEHTPOUuIa
(TeMHBIE KPYy:KOUKM). Ha BTOpoM puCyHKe KaKJoMy 00pasily IpPUINChIBa-
eTcs OMMKaNIIMi K HeMy [eHTPOUI — B JaHHOM caydae A u B mpunucaubt
BepXHeMYy IeHTpouny, a C, Du E — aum:xHemy. Ha TpeTbeM pUCYHKE IIEHTPO-
WIBI IIePEMEIeHbl B CPeJHIOI TOUKY IPUINCAHHBIX K HUM 00pasios. Ila-
Jiee pacipeziesieHre 00pasIfoB 10 IIeHTPOUAAaM IPOU3BOAUTCS CHOBA 1 OOHA-
py:xuBaetcsa, uto C Tenmeph oKazajca OMUKe K BepXHEMY IIeHTpouny, a D
u E ocranuchk 6amike K HuskHeMy. B pesyabrate A, B u C o6pasyior ogus
KJacrep, a D m E — gpyroii.

Ncnonb3oBaHune paHee HalnmncaHHOIro Koga

J1a BRIMOMHEHWA KJacTepusanuu HeobXoauM Ha0Op HaHHBIX U METPUKA.
Ha6op maHHBIX IpeACTaBISET CO00IT CINCOK YKCEJI, B KOTOPOM KayKA0e YuC-
JIO COOTBETCTBYET HEKOTOPOIi mepeMeHHOI. B riiaBe 3 B KauecTBe METPUKU
MBI IPpUMEHAIN KoadduiimenT xoppenanuu [lupcona u Kospdpumment Ta-
HUMOTO, HO TOAATCS U APYTHe METPUKM, HAaIpUMep eBKJINUI0BO PACCTOSHIE:

>>> data=[[1.0,8.0],[3.0,8.0],[2.0,7.0],[1.5,1.0],[4.0,2.0]]

>>> labels=['A",'B','C",'D", "E"]

>>> def euclidean(v1,v2): return sum([(vi1[i]-v2[i])**2 for i in range(len(v1))])
>>> import clusters

>>> hcl=clusters.hcluster(data, distance=euclidean)

>>> kcl=clusters.kcluster(data, distance=euclidean, k=2)

NTepauna 0

NTepauns 1
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B cayuae Kiactepusanuu MmetonoMm K-cpelHUX MOMKHO HalleyaTaTh, KaKue
06pasIbl B KAKOU KJIacTep MOIAaJIH:

>>> kel
[[o, 1, 21, [3, 4]1]
>>> for ¢ in kcl: print [labels[1] for 1 in c]

['A", "B, 'C']

(D, "E']
st nepapxXmuecKoil KJacTepusaluy OYeBUIHOr0 Crrocoba pacievaTky He
CYII[ECTBYET, HO B IJiaBe 3 ObLI HIPUBEIEH KO DYHKIINY NI PUCOBAHUS JIe-
HAPOrPaMMbI HEPAPXUUECKUX KJIACTEPOB:

>>> clusters.drawdendrogram(hcl, labels, jpeg="hcl.jpg")

Br160p asropuTMa 3aBUCUT OT TOT'O, UTO BBl XOTHUTE CeaTh. dacTo ObIBaeT
TI0JIe3HO Pa30UTh JaHHBIE HA OTIeJIbHbIE TPYIITEI, HOCKOJIBKY TaK UX IIPOIIe
YBUIETh U 0XapaKTepH30BaTh. B aTOM cjydae MOMOMIET KJacTepuUlallud
meronoM K-cpeguux. C Apyroii CTOPOHBI, MMesI COBEPIIIEHHO HOBBIM Ha0Op
ITaHHBIX, BBl 3aUaCTyIO He 3HaeTe, CKOJIbKO B HEM I'DYIIH, 1 XOTUTE TOCMOT-
peTh, KaKWe IOJIy4aloTCA IPYNIOBI MOXOXKUX 00pasmoB. B Takom ciayuae
JIy4Ille OCTAHOBUTHCS Ha aJITOPUTME NePapXMNUECKON KJIacTepusanuu.

MosKHO B3ATh U Jyulliee U3 000X METOAOB: CHauyaja MeTogoM K-cpegHUX
co3xaTh HabOp TPYIIT, a 3aTeM BBITIOJHUTD IJIA HUX MepapXuUuecKyo KJac-
Tepus3aIunio, B3AB B KaueCTBe METPUKU PACCTOAHNE MEKAY IeHTPOUTaAMMU.
Torma BbI MOJYYUTE HA OHOM YPOBHE OTJeIbHbIE I'PYIIIILI, KOTOPhIE OPTaHu-
30BaHBI B IePEBO, YTOOLI OBIJIO BUJHO, KAK I'PYIIIBI CBA3AHBI MEKAY COOOI.

MHoromepHoe wkanuposaHue

B riaBe 3 K aHaiu3y 0JI0TOB OBLIJI IPUMEHEH TaKiyKe MeTOJ MHOTOMEPHOTO
mKrajaupoBanus. Kak u KjacTepusanusa, 9TO MeTOI o0yueHusa 0e3 yUUTe .
OH npexgHa3HAYEH He JJIA IPOTHO3MPOBAHUS, & YTOOBI HOHATH, KaK Pas3jany-
HbIe 00pasIbl CBSI3aHBI MeKAY co0oii. AJrOpUTM cO3JaeT IIpeAcTaBJIeHUe
Habopa JaHHBIX B IPOCTPAHCTBE MEHBIIIEH PA3MEPHOCTU, CTAPAACH II0 BO3-
MOYKHOCTU COXPAHUTH MCXOAHBIE PACCTOSHUS MEXKIY sjeMeHTamMu. Eciau
peub UJeT O IPeACTABJIEHUN Ha 9KpaHe Uau HA OyMare, TO MHOTOMEDPHBIHN
Habop IpeACTaBIsAETCA B ABYMEPHOM IIPOCTPAHCTBE.

BosbmeMm, K OpumMepy, UYeTHIpeXMEpHBIH HA00p [JaHHBIX, ITOKAa3aHHBIH
B Tabu. 12.8 (kax bl 00paser; XxapaKTepU3yeTCs YeTEIPEMA IEPEMEHHBIMM).

Tabauya 12.8. IIpocmoii wembipexmepHuLil HAG0D 014 WKALUDOBAHUS
A 0,5 0,0 0,3 0,1
B 0,4 0,15 0,2 0,1
C 0,2 0,4 0,7 0,8
D 1,0 0,3 0,6 0,0
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Berumuciisiem eBKJIMI0OBO paccTOAHME MeXKAY KasKIoit mapoit obpasmoB. Ha-
mpumep, paccroduure mexay A u B pasuo sqrt(0,1°2+0,15"2+0,1"2 +
+0,0 © 2) = 0,2. IlotHass MaTpuIila MONAPHBIX PACCTOAHUI IpUBeIeHA

BTabx. 12.9.
Tabruya 12.9. Mampuya paccmosanuil
A B C D
A 0,0 0,2 0,9 0,8
B 0,2 0,0 0,9 0,7
C 0,9 0,9 0,0 1,1
D 0,8 0,7 1,1 0,0

Harma 1esib — HapucoBaTh Bce 06pasIbl Ha JBYMEPHO# qJuarpaMme TakK, 4To-
OBbI PACCTOAHUSA MEKAY UX «IPOCKIIUAMU» OBLIN KAaK MOYKHO OJMIKe K HC-
XOMHBIM PACCTOSHUAM B UeTHIPEXMEPHOM mpocTpaHcTBe. CHauasia Bce 06-
pasiibl HAHOCATCA Ha AWATPDAMMY B CAYYaWHOM MOPAAKE W BBIUUCIAIOTCS
TeKyIIue momapHbie paccToauud (puc. 12.15).

Puc. 12.15. Paccmosnus mexndy obpasyamu

Jna Kaxkmoil mapbsl 0o0pasIloB ITeJIeBOe PACCTOSHINE CPABHUBAETCA C TEeKY-
UM ¥ BBIUMCJSIETCS pacxoskaenme. Kaskabiii o6paser] HEMHOTO ITPUOIN-
JKaeTcsa K CBOEMY cocelly WJIM OTOABUTAETCS OT HEeTO Ha PACCTOSHUE, IPOo-
MOPIIMOHAJIBLHOE PACXOXKIAeHNI0 MekAy Humu. Ha puc. 12.16 moxkasaHbl

Puc. 12.16. Cuavt, delicmaytowue Ha obpasey, A
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CHUJIBI, AeficTByiomue Ha oopaser A. Paccrosuue mexay A u B Ha quarpam-
me pasuo 0,5, a 1ejieBoe paccToAHNE MeXK Iy HuMU cocTaBisdeT 0,2, mosTo-
My A mepemeraercs 6anske K B. B To :ke Bpemsa A oTTasiKkuBaeTcsa obpasiia-
vu C u D, IOTOMY YTO OH OKAa3aJICA CIUIIKOM OJIM3KO.

Kaxxaplii y3es mepeMeIraeTcsa B COOTBETCTBUH ¢ KOMOMHAIIMel BceX IPYTIuxX
Y3JI0B, IPUTATUBAIONINX U OTTAJKMWBAIOINX ero. KamIbIil pas, Korjga 9To
IIPOUCXOMUT, PASHUIIA MEXKIY TEKYIIUM U IleJIeBBIM PACCTOSHUEM CJIerKa
YMEeHbIIIaeTCsi. ITa IPOIeIyPa HOBTOPSIETCS MHOMOKPATHO 0 TeX IIOP, I10-
Ka o0IIee KOJIMYECTBO OMINOOK OOJIbIlle HeJb3sd OyJeT YMeHBLIIUTDL IIyTeM
TaJbHEeHIero nepeMeIreHns o0pasIos.

Ncnonb3oBaHue paHee HanncaHHOro Koga

B riaBe 3 OblIM HaNMCAHBI ABe GYHKIIUY IJIsT MHOTOMEPHOTO IITKAJINPOBa-
HUS — OJHA peajms3yeT caM aJITOPUTM, a Apyras oToOpasKaeT pe3yJIbTaThI.
IlepBaa GyHKIMA, scaledown, IPUHUMAET CIIMCOK TOUYEK B MHOTOMEDPHOM
IPOCTPAHCTBE 1 BO3BPAIIaeT COOTBETCTBYIOINI CIMCOK TOUEK Ha JByMep-
HOM ILJIOCKOCTH B TOM JKe IIOPAIKe:
>>> labels=['A",'B","C",'D"]
>>> scaleset=[[0.5,0.0,0.3,0.1],
[0.4,0.15,0.2,0.1],
[0.2,0.4,0.7,0.8]7,
... [1.0,0.3,0.6,0.0]]
>>> twod=clusters.scaledown(scaleset, distance=euclidean)
>>> twod
[[0.45, 0.54],
[0.40, 0.54]7,
[-0.30, 1.02],
[0.92, 0.59]1]

Bropaa @yHKIUA, draw2d, IpUHUMAET IITKAJTUPOBAHHBINA CIIMCOK U CO3aeT
n300pasKeHne:

>>> clusters.draw2d(twod, labels, jpeg="abcd.jpg")
B pesyanbrate cosmaerca daitr abed.jpg. BusyannsupoBaTh CIILCOK MOMKHO
U OPYTUMHU choocobaMu, HaIpuMep B3arpysuB JaHHBIE, BO3BpAIleHHbBIE
scaledown, B KAKYIO-HUOYAb IIOAXOAAIIYIO IIPOTPAMMY, CKAasKeM B 3JIEKTPOH-
HYIO Ta0IuIy.

HeoTpuuaTtenbHas MaTpnyHas pakTopusaums

B riase 10 paccmaTpuBajics aJrOPUTM HEOTPUIIATEIbHOM MaTPUUHOM PaK-
ropusanuu (NMF), koToprblii pazbuBaeT HabOp YMCJIOBLIX HAOJIIONEHUN Ha
KOMIIOHEHTBI. OTOT MeTO[ ObLJI IIPMMEHEeH K 3aJjaue TeMaTUYeCKOI KJIacCu-
duKauy HOBOCTEH M K 3ajaue OOHAPYKEeHUSA COOBLITUI, ITOBJIUABIINX Ha
00BEeMBI TOPTOB OTAEILHBIMI aAKIIUAMHI UK TPYIIIaMU aKIuii. AJITopuUT™M
He HYy:KJIaeTcA B YUHNTeJEe, TOCKOJbKY IPUMEHSIETCS IJIA TOr0, YTOOBI OXa-
paxTepus30BaTh JaHHLIE, a He IJId IPOTHO3UPOBAHNA 3HAUEHU UM ITPUHA-
IJIEeKHOCTU K KaTeTOPUU.
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Yro6bl MOHATH, KaK paboraer aaxroputm NMF, paccmorpum Habop 3Haue-
Huii B Taba. 12.10.

Tabauya 12.10. IIpocmute dannvie dns anzopumma NMF

Howmep Ha6mronenus A B

1 29 29
2 43 33
3 15 25
4 40 28
5 24 11
6 29 29
7 37 23
8 21 6

IIpenmonoxum, uro Habamogenus A u B — 3To HeKoTOpble KOMOMHAIINHI
IBYX Tap uuces (IPU3HAKOB), HO BBl He 3HaeTe, UTO 9TO 3a Maphl M KaKkOB
BKJIAM KaskI0# mapsl (Bec) B KaskaoMm Habmwogeaun. Anaroputrm NMF cooco-
0eH OTBICKATh BO3MOKHbBIC 3BHAUEHU S IIPU3HAaKOB 1 BecoB. B mpumepe ¢ Ho-
BocTAMHY 13 riaBbl 10 HaOIIOAeHUA IIPENCTaBISAIN cO00I HOBOCTH, a CTOJIO-
I[bI — CJIOBA, BCTPeUAaloIrecs B TeKCTaX HOBoCcTel. B mpumepe ¢ o6beMoM
TOPTOB aKIUAMU B KadyecTBe HaOJIONeHUII OpaJiuch AaThl, a B KadecTBe
CTOJIOIIOB — CUMBOJIBI PA3JIUYHBIX aKIUi. B 06oux ciyyasax ajJropuTM IIbI-
TaJcA HaWTM KaK MOYKHO MeHbIllee KOJMUECTBO uacTeli, CKOMOMHUPOBAB
KOTOpBIE C Pa3IUUYHBIMU BeCaMU, MOYKHO IIOJYUUTh MCXOMHBIE HabIOme-
HUA.

OpHO 13 BO3MOYKHBIX PEIIeHUH AJIA IPUBEAeHHON BEIIe TaOJUIbI — Iapbl
(3,5) u (7,2). I3 aTux yacreii HAOJIIOJeHNA MOKHO PEKOHCTPYUPOBATD CJIe-
IYIOIIUM 00pasoM:

5x(3,5)+2x(7, 2) = (29, 29)
5x(3,5)+4x(7, 2) = (43, 33)

9tu GopMyJSTBI MOXKHO PaCCMATPUBATh KaK YMHOMKEHUE MAaTPHUIL, TOKa3aH-
Hoe Ha puc. 12.17.

52 29 29
54 43 33
50 15 25
44 |y (3 5 ) _ |40 28
13 72 24 11
52 29 29
34 37 23
03 21 6
Beca lMpuaHakn Habop AaHHbIX

Puc. 12.17. Paxmopusayus Habopa OaHHbLX HA NPUSHAKU U 6eca
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ITens anropurma NMF zakatouaercsa B TOM, YTOOBI aBTOMATHUYECKHU HAUTU
MAaTPUIILI IPU3HAKOB 1 BecoB. [[JId 3TOTO OH HAUMHAET ¢ MAaTPUIL, BIOPaH-
HBIX CJIy4alHBIM 00pa3oM, ¥ MOOUDUIIUPYET UX II0 NPABULAM 00HOBJEHUS.
CoryiacHO 9THM IpaBUJIaM FeHepUPYIOTCA YeThIpe HOBbIe MATPUIILI. B omu-
CaHUU MCXOHAsSI MaTPUIlAa Ha3bIBaeTCA MaTpUIleli TaHHBIX

hn

IIpousBemenre TPaHCIIOHUPOBAHHON MaTPUIIHI BECOB W MATPHUIIBI AAH-
HBIX.

hd

HpOI/ISBeJ.'[eHI/Ie TpaHCHOHI/IpOBaHHOﬁ MaTpHUIlBI BECOB, caMmoi MaTpPUILbI
Be€COB 1 MaTpPpUIbI IIDU3HAKOB.

wn

IIpousBegerre MaTPUIbl JAHHBIX ¥ TPDAHCIIOHUPOBAHHOM MaTPUILLI IIPU-
3HAKOB.

wd

IIpousBemenme MaTpUIlbl BECOB, MATPUIIBI IPUSHAKOB U TPAHCIIOHUPO-
BaHHOUM MaTPHUILI IPU3HAKOB.

712 0OHOBJIEHUA MaTPUIL IPU3HAKOB 1 BECOB BCE 3TU MATPHUIILI ITpeodpasy-
IOTCS B MacCUBBI. KaKIbIH 5J1eMeHT MAaTPUIILI IPU3HAKOB YMHOMKaeTcd Ha
COOTBETCTBEHHBINA 9JIEMEHT hn M JEeJIUTCA HAa COOTBETCTBEHHBINA 9JIeMEHT hd.
AHaJornuYHO, KaXKABIN 2JIeMEeHT MaTPUILl BECOB YMHOKAETCA Ha COOTBETC-
TBEHHBIHN BJIEMEHT wn U JIeJUTCS Ha dJIEMEHT wd.

IIpomecc moBTOpAETCH, TOKA IPOU3BEEHNE MATPHUI] BECOB U IIPU3HAKOB He
OKa’KeTcA JOCTATOYHO OJIM3KO0 K MATPUIle JaHHBIX. 3HAA MAaTPUILY IPU3HA-
KOB, MOJKHO CKa3aTh, Kakue (pakTopbl — HAIpuMep, TeMbI HOBOCTEN MU
coOBITHA Ha GOHIOBOM PHIHKE — B PA3JIMYHBIX COUETAHUAX IIPHUBEJIU K o6pa-
30BaHUIO UMEHHO TaKOTr'0o Habopa JaHHBIX.

Ncnonb3oBaHune paHee HalnncaHHOro Koga

Hunanpumenerud anropurma NMF nocraTouno BeI3BaTh PyHKIUIO factorize,
mepenaB el CIMCOK HAOMIOAeHNI U KOJIMYECTBO NCKOMBIX IIPU3HAKOB:

>>> from numpy import =

>>> import nmf

>>> data=matrix([[ 29., 29.],

[ 43., 33.1,
[ 156., 25.7,
[ 40., 28.17,
[ 24., 11.1,
[ 29., 29.],
[ 37., 23.1,
[ 21, 6.1D

>>> weights, features=nmf. factorize(data, pc=2)
>>> weights

matrix([[ 0.64897525, 0.75470755],

[ 0.98192453, 0.807929147,
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[ 0.31602596, 0.70148596],
[ 0.91871934, 0.66763194],
[ 0.56262912, 0.22012957],
[ 0.64897525, 0.75470755],
[ 0.85551414, 0.52733475],
[ 0.49942392, 0.0798323811)

>>> features

matrix([[ 41.62815416, 6.80725866],

[ 2.62930778, 32.57189835]])
Bosspatarorca Beca u npusHaku. IIpu pasHBIX IIPOroHax MOTYT IIOJYYaTh-
cd pasJInuvHbIe Pe3yJIbTAThI, IOTOMY UTO AJIsI He0OJIbIIIOr0 Habopa Hab ome-
HUH BO3MOYKHO HECKOJIBKO Pa3HBIX HAOOPOB MPU3HAKOB. UeM OoJIbIlle Ha-
6op HAOIIOMEeHU, TeM BeposaTHee, UTO Pe3yIbTaThl OyIyT IPUMEPHO O HA-
KOBBI, XOTdA IIPU3HAKU MOI'YT BO3BPAIllaThCA B PA3HOM IIOpPALKE.

onTtuMmunsaums

PaccMmoTpenHbIe B TJIaBe 5 MEeTOABI ONITUMU3AIINN HECKOJIbKO OTJINYAIOTCA
OT BCeX IIPOYUX; OHU He CTOJBKO paboTaioT ¢ HaOOPOM JaHHBIX, CKOJIBKO IIhI-
TAIOTCA HAUTHU 3HAUEHUS, MUHUMUSHUPYIOMINe IejieBylo PyHKIUK. B ria-
Be 5 IpUBEJIeHBI IPUMEPHI HECKOJbKUX 3a4a4 ONTUMUBAIUN: IJIaHUPOBa-
HUe I'PYIIIIOBOTO IIyTelIecTBUA (1leJieBoi pyHKI[Mell OblIa KOMOMHAIINA 11e-
HBI OMJIeTa 1 BpEMEHU OXKUTaHUS B a9POIIOPTY), PacipeieieHre CTYAeHTOB
10 KOMHATaM B OOIIEXUTUM M PUCOBaHMWE Ipada ¢ HAMMEHBIIINM YHCJIOM
nepeceueHu. BpLIO onTcano ABa MOAX0Aa K PEIIEHNIO: UMHUTAIIUA OTKUTa
U TeHeTUYeCKUe aJrOPUTMBbI.

LleneBas pyHKLUMS

ITeneBoii pyHKITMElH Ha3bIBaeTCA T00aa QYHKITUA, IPUHUMAIOIIAA TUIIOTe-
THYECKOe PeIlleHNe U BO3BPAIIAI0Ias YUCJIO, KOTOPOe OOJIBIIE AJIA II0OXUX
PelIeHn U MeHbIIe AJIA XOPOITuX. AJITOPUTMBI ONTUMU3AIINY BLI3BIBAIOT
9Ty (PYHKIIMIO I HIPOBEPKHU PEIlleHuil U OThICKaHus Hauayuiiero. Ilese-
Bad PYHKIMS MOXKET YUYNUTHLIBATH MHOI'O IIePEMEHHBIX, M He BCerjga siCHO,
KaKyio U3 HUX HaJ0 UBMEHUTD [JId YJIyUIlleHusA pesyabrata. PaccMoTpum,
K IIPUMeEpPY, TaKyio GYHKIIUIO OT OJHOU IIepeMeHHOM:

y=1/x X sin(x)
Ee rpauk nsobpaxkex Ha puc. 12.18.

ITockonbKy 3TO PYHKIIMSA BCEeTO OT OJHOU IIepeMeHHO, To Ha rpad)uKe cpa-
3y BUJHO, T'Jle HAXOAUTCS ee MUHUMYM. MBI IpuBen ee JUIIb B KaUeCTBE
WJLIIOCTPAIMY IPUHITUIIOB Pab0OTEI AJITOPHUTMOB ONITUMU3AIINN; HAa ITPAKTH-
Ke HapucoBaTh rpadUK CIAO0KHON (PYHKIUYU MHOTUX IIePEeMEHHBIX, UTOOBI
HaAWTU MUHUMYM, HE YIACTCA.

Ira QYHKIIUA WHTepecHa TeM, UTO V Hee HeCKOJbKO JOKAJbHBIX MUHUMY-
MOB. ITO TOUKH, B KOTOPBIX 3HaUeHNe (DYHKIINN MeHbIIle, UeM B OJIMKaii-
IIeif OKPECTHOCTH, HO Heo0A3aTeJIbHO IBJIAETCSI a0COTIOTHO HAMMEHBbIITIIM.
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Puc. 12.18. I'pagpur pyuryuu 1/x X sin(x)

CremoBaTesibHO, 3aJlauy He BCerJa MOYKHO PEIInTh, IPOCTO B3AB IIPOU3-
BOJILHOE PeIlleHNe U CIIYCKAsCh II0 CKJIOHY, IIOTOMY UTO IPX TAKOM IOAXOMe
MBI MOXKEM «3aCTPATh» B JIOKAJbHOM MUHUMYMe ¥ HUKOTAA He HaNTH IJI0-
6aJILHOTO.

NMmutaumsa otxura

AJTOpUTM MMUTAIUM OTIKUTA, HABEAHHBIH (DM3WUYECKUM IIPOIECCOM OX-
JaKIeHUs CIJIaBOB, HauMHAeT PaboTy ¢ BEIOOpA cIydyaiiHOTO perteHusd. Ja-
Jiee OH IBITAETCS YJIYUIIUTD PEIIeHNe, BBIYUCIIASA CTOMMOCTD IIOXOKET0 pe-
IIeHUA, OTCTOSAIIETO OT TEKYIIeT0 Ha HEOOJIBIIIOE PACCTOSHYE B CIYIAHHOM
HampaBJeHUU. KECJIM CTOMMOCTH HOBOTO PEIIeHUs BHIIE, OHO CTAHOBUTCA
TEKYIIUM C HeKOTOPOU BepPOATHOCTHIO, 3aBUCAIIell OT TeKylleii memnepa-
mypur. HauanbHoe 3HaUueHMEe TeMIepaTyphl BEIOUpAEeTCA OOJIBIINM U MeJ-
JIEHHO YMEHbBIIIaeTcd, TaK UYTO HA PAHHUX 9Tamnax padoThI aJITOPUTM C 60JIb-
el BepOATHOCTLIO OYEeT corjaliaThCA Ha yXYAIIeHNe PelleHns, YTOOLI
n306e:KaTh CKATHIBAHUA B JIOKAJTbHBIH MUHUMYM.

Korga remmeparypa craHoBuTca paBHa 0, aJropuTMm BosBpalllaeT HaleH-
HOE K 9TOMY MOMEHTY pellleHue.

FeHeTn4yeckmne aJilrTOPUTMbI

TeHeTUYeCKMe aJITOPUTMBI HaBEeSIHBI TeOpHel sBoonuu. B Hauage paboThI
BHIOMpPAETCA HECKOJBKO CIYUANHBIX PEIIeHU, 00Pa3yIOINX MOTYJIAIINIO.
3aTeM OTOMPAIOTCS CUIbHEHIITNE UIeHBI MTONYJIAIINY — UMeOIe HauMeHb-
IITYIO CTOMMOCTD — ¥ MOAUMDUIIUPYIOTCA IYyTEM BHECeHUA HeOOIbITNX 13Me-
HeHUu# (MyTanusa) uin KOMOMHUPOBAHUA XapaKTepPUCTUK (CKpeInBaHue).
B pesyJsbTaTe co3gaercsa HOBas MONYJIANAS, KOTOPAs HAa3bIBAETCS CJIEIYIO-
M mokoJieHueM. Ilociie cMeHbl HeCKOJIBKUX MOKOJEHUN PeIleHns YIyd-
11a10TCsH.
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IIpo1ecc mpekparliaeTca Mo AOCTUXKEHUY HEKOTOPOTro mopora: aubo Korzxa
Ha IPOTSKEHUN HECKOJIbKUX ITOKOJIEHU He HabJ/II04aJI0Ch 3aMETHOT'0 YIy4-
HIeHU HOMYIAINN, T160 MOCIe CMeHbI MaKCUMAJIBLHOTO YKCJIA IOKOJEeHUH.
AJroput™m Bo3BpaIjaeT HaUIydlllee CPegU BCeX MOKOJIEHN pellleHune.

Ncnonb3oBaHune paHee HanncaHHOro Koga

g o60ux aaropuTMOB HEOOXOAMMO 3HATH I1eJIeBYI0 QYHKIIUIO U 00JIaCTh
omnpegeneHus peirennsa. O6JacCTbIO OIIpeeIeHsI Ha3bIBAETCA BO3MOMKHBI
OUAIIa30H M3MEHeHUs KaKIOHM ImepeMeHHOU. B HallleM IIpocToOM IIpuMepe
MOJKHO B3STh 00JIaCTh oIIpeneeHus [(0,20)], TO eCTh eIUHCTBEHHAA Iepe-
MeHHas Oyger usMeHaTbesa oT 0 o 20. Temepb MOKHO BBI3BATh JIIOOOH Me-
TOI ONTUMM3AIlNU, IIepelaB eMy B KauecTBe IIapaMeTPoOB IieJeByI0 (hyHK-
M0 cost ¥ 06JIACTH OIIpeIeIeHus domain:

>>> import math

>>> def costf(x): return (1.0/(x[0]+0.1))*math.sin(x[0])

>>> domain=[(0,20)]

>>> optimization.annealingoptimize(domain, costf)

[5]
g ma000# 3agauym ONTUMUBAIINIO0, BO3MOXKHO, HMPUAETCS ITPOBECTU He-
CKOJBKO pas3, YTO0bBI IOJ00paTh IIapaMeTpPhl 1 JOOUTHCA IPUEeMJIEMOI0 KOM-
mpoMucca MeKy BpeMeHeM paboThl U KauecTBOM pereHudA. IIpu mocTpoe-
HUU ONITUMM3aTOpAa IJIA PeIlleHns CX0KUX 3aJjau — HallpuUMep, IIJIaHupPOoBa-
HUSA IYyTeIIecTBUH, KOTJa IleJib OCTAaeTCsA HeM3MeHHOI, a MeHATCA JUIID
Ierasu (BpeMsA B IOJIETe U I€HBI), — MOKHO OJAUH Pas3 moaodpaTh X0poIlIue
mapaMeTphl, a 3aTeM II0Jb30BaThCA UMHU JJISI BCeX IMTOX0KUX 3a7au.

Cy1iecTByeT Macca BO3MOKHOCTeI coueTaTh MaIlIMHHOE 00yUeHMe, OTKPHI-
Thle API 1 OTKpPBITOE COTPYAHMUECTBO. A B OYAYIIlEM II0 MepPe COBEPIIEHC-
TBOBaHUS AJITOPUTMOB, IMOABJIEeHUA HOBBIX API u yBenuueHusa uucia ak-
THUBHBIX YUACTHUKOB COODIIECTBA BOZMOMKHOCTH Oy YT TOJIBKO PACIIINDPATH-
ca. Hageroch, 4T0O, IPOYNTAB 5Ty KHUTY, BB IOJYUYUJINA B CBOE PACIOPIAKE-
HUe HeoOXOAMMble MHCTPYMEHTHI M 3arOPeJINCh JKeJIaHNeM HUCKaTh HOBBIE
IIyTH UX IPUMEHEeHUA!



IIpuaosxenue A

JlononHuTenbHble OUGNUOTEKN

B aT0i1 KHUTe YIIOMUHAJINUCHh HEKOTOPBIE AOTOJHUTEIbHBIE OMOINOTEKH, KO-
TOPBIMM MBI IIOJIB30OBAJINCH AJIA cOOpa, COXpAaHEHWS W aHAJIM3a JaHHBIX.
B nHacTodIeM OpUIOKeHUU MPUBOAATCA MHCTPYKIIUU 10 UX CKAUYMBAHUIO
U yCTaHOBKeE, a 320JHO HEKOTOPBIe IPUMePHI NCIIOJIb30BaHNA.

Universal Feed Parser

Bubamnorexka Universal Feed Parser nanucana uHa A3bike Python Mapxkom
IMuarpumom (Mark Pilgrim) nns pasbopa Kamaios B popmare RSS u Atom.
Ona HeOJHOKPATHO UCIIOJIH30BAJIACH B KHUTE AJId YIIPOIeHNA 3arPy3KH CO-
o0mreHu u3 GJIOTOB U CTATEH M3 CETeBBIX NCTOYHUKOB HOBOCTel. Jlomarr-
HAs cTpauuna oubauorexu — http://feedparser.org.

YcraHoBKa ans Bcex nnatgopm

CkauaTh OMOJIMOTEKY MOMKHO CO CTpaHHUIBl htip://code.google.com/p/

feedparser/downloads/list. CkauuBaiiTe IOCJIeIHIOI BepCcuio, (haily Ha3hI-

Baetrcs feedparser-X.Y.zip.

PacnakyiiTe apXxuB B IyCTYIO MAIKy ¥ BBEAUTE CIEAYIONTYI0O KOMaHIY:
¢:\download\feedparser>python setup.py install

dra KOMaHIa HalJeT MManKy, B KOTOPYIO ObLI ycTaHOBJeH Python, u ycra-

HOBUT OUOJIMOTEKY B HY;KHOE MecTo. Ilocjie yecTaHOBKY JOCTATOUHO BBECTU

B MHTEPIPeTaTOpPe KOMAHIY import feedparser M Ha4aTh MOJb30BATHCA O16-

JILOTEKOIA.

IIpumeps! nCIOIb30BaHUA IPUBEIEHbI HA catiTe hitp://feedparser.org/.
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Python Imaging Library

Python Imaging Library (PIL) — 6u0amnoTreKa ¢ OTKPBITBIMUA MCXOSHBIMU
TeKcTaMH, KoTopas HajxeaserT Python cpencrBamu nns cosmanusa u obpa-
6oTKu m3o0parkeHuii. Homammuaa crpaHuna — htip://www.pythonware.
com/products/pil.

YcTaHoBka Ha nnatdopme Windows

s 6udaumorexku PIL Ha miardopme Windows umeerca Macrep yCTaHOBKH.
Saiiga Ha HOMAIHIOK CTPAHUIY, IPOKPYTUTE OKHO BHU3, HANUAWUTE pasmes
Downloads u ckauaiiTe IMOCJIESHIOI BEPCHUIO MCIIOJHAEMOro (aiiia mjid Ba-
et Bepcuu Python. 3amycrure daiia u cieayiiTe MHCTPYKI[UAM Ha S9KPaHe.

YcraHoBKa Ha gpyrue nnatgopmbl

Has ninaTdopm, oTauuabix or Windows, 6MOIMOTEKY IpUIETCS cOOupaTh
n3 MCcXOomHbIX (paitmoB. Mcxomubie (aitabl MOMKHO CKauaTh C JOMAIITHeit
CTPaHUIILI, OHU OYAYyT paboTaTh ¢ J1000ii 13 rmocjaegHux sBepcuii Python.

CxkauaiiTe ncxomuble (haiiibl mocae He BePCUU U BBEUTE CIENYIOIINE KO-
MaHIBI, ITOCTaBUB BMecTo 1.1.6 HOMep TOii Bepcuu, KOTOPYIO BBI CKAvUaJIn:
$ gunzip Imaging-1.1.6.tar.gz
$ tar xvf Imaging-1.1.6.tar
$ cd Imaging-1.1.6
$ python setup.py install
B pesyabTraTe OyAyT OTKOMIMJINPOBAHBI paCIIUPEeHNA, U OubimnoTeKa 6yqeT
ycramoBieHa B manky Python.

MpocTon npumep Ucnonb3oBaHUS

B cienyroliem npumMepe cosgaeTcs HeG0IbIoe N300pakeHne, pUCyeTcsa He-
CKOJIbKO OTPE3KOB 1 BLIBOAUTCS COOOIIeHIe. 3aTeM 1300pakeHne coxpa-
Haercd B Buae JPEG-¢aiina.

>>> from PIL import Image, ImageDraw

>>> img=Image.new( 'RGB", (200, 200), (255,255,255)) # 200x200 6enuiii GoH

>>> draw=ImageDraw.Draw(img)

>>> draw.1ine((20,50,150,80), fi11=(255,0,0)) # KpacHaa nuHua
>>> draw. 1ine((150, 150, 20,200), fi11=(0,255,0)) # 3eneHaa nuHuga
>>> draw. text((40,80), 'Hello!’,(0,0,0)) # YepHblil TekcT
>>> img.save( ' test.jpg’, JPEG ) # CoxpannTb ¢ain test.jpg

Bosee monHbIli HabOp MPUMEPOB mMMeeTcs1 Ha BebG-cTpaHuiie http://www.
pythonware.com/library/pil/handbook/introduction.htm.

Beautiful Soup

Bub6auorexka Beautiful Soup — sTo Hanucauubiii Ha Python anaamnsaTop goxy-
meHTOB B popmarax HTML u XML. OH cIIpoeKTHPOBaH TaK, UTO CIIOCOOEH
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paboTaTh C IIJIOX0 HATMCAHHBIMY BeO-cTpaHuamMy. B KHUre Mbl HEOJJHOKPAT-
HO IPUMEHAJIN 3Ty OUOJIMOTEKY IJIiA CO3LaHUA HaOOPOB MaHHBIX C CANTOB,
He umermux API, a Tak:Ke IJ1d BeIZEJI€HUA U3 CTPAHUIL TEKCTA I NHIEK-
cupoBaHusd. omamruaa cTpaHuna 6ubauoreku — hitp://www.crummy.
com/software/BeautifulSoup.

YcTaHoBKa ans Bcex nnatgpopm

Bubanorerxa Beautiful Soup mocrasasiercss B Buje 0JHOr0 NCXOLHOTO (haii-
Ja. Bamke K KOHILY HoMalllHell CTPAHUIILI MMEeTCs CChLIKA IJIA CKauuBa-
Hus gaiiaa BeautifulSoup.py. CrauaiiTe u momectuTe 0MOJIMOTEKY JIOO
B pabouylo manky, jgu6o B manky Python/Lib.

MpocTton npumep UcNonb3oBaHUA

B cienyoiem nmpumepe pasoupaerca HTML-pasmeTka qoMaIrHeii cTpaHm-
bl Google u TOKa3bIBAaeTCs, KaK U3BJIEKATh asieMeHTHI 13 DOM u ucKaTh
CCBLIKU:

>>> from BeautifulSoup import BeautifulSoup

>>> from urllib import urlopen

>>> soup=BeautifulSoup(urlopen( http://google.com’))

>>> soup.head. title

<title>Google</title>

>>> links=soup('a")

>>> len(links)

21

>>> 1inks[0]

<a href="http://www.google.com/ig?hl=en">1Google</a>

>>> 1inks[0].contents[0]

u’iGoogle’
Bousee mosubIil HA00P IPUMEPOB UMEETCS Ha CTPaHUIle http: //www.crummy.
com/software/BeautifulSoup/documentation.html.

pysqlite

pysqlite — sTo naTEep(deiic us a3pika Python x BcTpanBaemoil 6aze JaHHBIX
SQLite. B ormuume ot rpagunmonabix CYB]I, BcTtpanBaemasa 6a3a paboraeT
He B OTAEJBLHOM IIpoIlecce, IOITOMY YCTAHOBKA M HACTPOWKa He Tpebyer
oosbiux ycuauii. Bes 6asa mamubix SQLite xpanuTca B ogHoM (aiiie.
B oot kHUre OubaMoTeKa pysqlite mcmosb3oBaiach OJid COXpaHeHnA HEKO-
TOPBIX COOPAHHBIX TaHHBIX.

Homamuaa crpanuna pysqlite — http://www.initd.org/tracker/pysqlite/
wiki/pysqlite.
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YcTaHoBka Ha nnatdopme Windows

Ha gomariaeii cTpaHuIle eCcTh CChIIKA IJIA CKAUNMBAHUSA JBOMYHOTO MHCTAJ-
asropa giaa Windows. CkauaiiTe u 3anycrure stoT (aita. Macrep ycTaHoB-
KU CIIPOCHUT, KyJa ycTaHoBJeH Python Ha Baieii maruae, u Ipou3BegeT
YCTAHOBKY B YKa3aHHYIO MAIKY.

YcTraHoBKa Ha gpyrue nnatgopmbl

Hna nmardopm, orsamussrx or Windows, pysqlite mpuzperca codbuparts us
ucxonHbIX (paitnoB. Mcxonusble hailibl MOKHO CKaUaTh C JOMAIITHeN cTpa-
Hutsl B Buje TGZ-apxuBa. CkauaiiTe IoCaeIHIOI0 BEPCUIO ¥ BBEAUTE CIIey-
IoIre KOMAHAbI, II0ACTABUB BMecTO 2.3.3 HOMep CKauaHHOII BEePCUU:

$ gunzip pysqlite-2.3.3.tar.gz

$ tar xvf pysglite-2.3.3.tar.gz

$ cd pysqlite-2.3.3

$ python setup.py build

$ python setup.py install

MpocTon NnpMep UCNosnb30BaHUS

B crnenyiomem mpuMepe MBI cO3JaeM HOBYIO TabJMIly, BCTaBJIsIeM B Hee
CTPOKY U PUKCHUPYEM TPAH3AKI[MIO. 3aTeM 3aIIpalinBaeM TOJIbKO UYTO BCTAB-
JIEHHYIO CTPOKY:

>>> from pysqlite2 import dbapi2 as sqlite

>>> con=sqlite.connect( test1.db")

>>> con.execute( create table people (name,phone,city)’)

<pysqglite?.dbapi2.Cursor object at OxO0ABE770>

>>> con.execute( insert into people values ("toby", "555-1212", "Boston™)")

<pysqglite?.dbapi2.Cursor object at Ox00AC8A10>

>>> con.commit( )

>>> cur=con.execute( select = from people’)

>>> cur.next( )

(u'toby', u'555-1212", u'Boston’)
OrmetuMm, uto B SQLite Tunbl moseit ykaspiBaTh He00A3aTeIbHO. UTOOBI
aTOT TIpuMep padoras ¢ 6oaee Tpaguiinonuoi CYB]l, Heo6xoauMo Ipu CO-
3IaHUU TaOJINIL YKA3bIBATh TUIIEI IIOJIEH.

NumPy

NumPy — sro maremaruueckas OmOamoreKa aas A3biKa Python, mpemo-
CTaBJIAIONIAS 00bEKT-MAacCuB, GPYHKIINY JUHEHHON aJaredpbl 1 Ipeodpaso-
pauue Pypne. OHa OUeHb IOMYJIsIPHA IPU BLIMIOJHEHNN HAYYHBIX PACUETOB



348

MpunoxeHve A

Ha Python m mHOrZa ga:ke MCMIOJb3yeTCA BMECTO CIIEIIHMaJN3UPOBAHHBIX
uHcTpyMeHTOB Tuna nakera MATLAB. B riase 10 MbI mosib3oBainch 6u6-
auorexkoit NumPy nia peanusanuu anropurma NMF. [lomaiaasa cTpaHu-

ua — http://numpy.scipy.org.

YcTaHoBka Ha nnatdopme Windows

Ha crpauune hitp://sourceforge.net/project/showfiles.php?group id=
1369&package _id=175103 nmeerca nBouuHbIN nHCTALIATOP NumPy nnsa
Windows.

Crauaiite EXE-daiin, cooTBeTcTByIONIMIT Bamieii Bepcuu Python, u samyc-
TuTe ero. MacTep yCTaHOBKHU CIIPOCUT, KyJa ycraHoBjeH Python ma Bameit
MAaIlnHe, ¥ IPOU3BEIeT YCTAHOBKY B YKa3aHHYIO IANKY.

YcTaHoBKa Ha gpyrue nnatgopmbl

Ha gpyrux mimardopmax NumPy cobupaeTcsa u3 nCXomHBIX (PaiiaoB, KOTO-
pble MOKHO CKAa4aTh CO CTPAHUIILI Attp:/ /sourceforge.net /project /showfiles.
php?group id=1369&package id=175103. Crauaiite TAR.GZ-daiia, co-
OTBETCTBYIOLIKI Baleil Bepcunu Python, u BeimosHNTE Clenyoole KOMaH-
Ibl, mogcTaBuB BMecTo 1.0.2 HOMep cKauaHHOIT BepCcuu:

$ gunzip numpy-1.0.2.tar.gz

$ tar xvf numpy-1.0.2.tar.gz

$ cd numpy-1.0.2

$ python setup.py install

MpocTon NnpMep UCNosb30BaHUS

B sToM mpuMepe IIOKAasaHO, KAaK CO34ATh MATPHUIBI, IIEPEMHOMKUTH UX,
TPAHCIIOHUPOBATDH U JUHEAPU30BATD:

>>> from numpy import =
>>> a=matrix([[1,2,3],[4,5,6]])
>>> p=matrix([[1,2],[3,4],[5,6]])
>>> axb
matrix([[22, 28]
[49, 64]1)
>>> a.transpose( )
matrix([[1, 4],
[2, 5],
[3, 611)
>>> a. flatten( )
matrix([[1, 2, 3, 4, 5, 6]])

matplotlib

matplotlib — sTo 6ubaMOTEeKa AByMepHO# rpadpuxu aasa Python, koropasa
ropasjo JIyuilie IPUCIoco0IeHa IJId CO3AaHus rpa)MKOB MATEMATUIECKUX
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dyurmuii, uem Python Imaging Library. KauecTBo co3maBaeMbIX €10 pu-
CYHKOB BIIOJIHE IIPUEMJIEMO JJIA BKJIIOUEHU B IeUaTHbIE TYOJINKAIIIN.

YcTraHOBKA

Ilepen ycranoBkoii matplotlib meo6xogumo cHauana ycTaHOBUTD GUOJIOTE-
Ky NumPy, kak ommcano B mpeabiayIieM paszneie. MMmewTca TBOMYHBIE
mucTpudyTuBbl matplotlib mas GosabmwuHcTBAa MmiaaTrGopM, B TOM YHCIE
Windows u Mac OS X, u makets! g Linux B popmarax RPM u Debian.
IToapo6HbIe HHCTPYKIIMH IO yecTaHOoBKe matplotlib Ha mrobyio maardopmy
uMelTcA Ha cTpaHutie hitp://matplotlib.sourceforge.net/installing.html.

MpocTton npumep UcNonb3oBaHUSA

B ciepyromem npuMepe MBI HAHOCUM Ha rpaduk uetsipe Touku (1,1), (2,4),
(3,9) u (4,16) B Bume opaHIKeBBIX KPYKOUKOB. 3aTeM Pe3yJIbTaT COXPaHsd-
eTcs B (paiisie ¥ BLIBOAUTCS B OKHEe HA 9KpaHe:

>>> from pylab import =

>>> plot([1,2,3,4], [1,4,9,16], 'ro")

[<matplotlib.lines.Line2D instance at 0x01878990> ]

>>> savefig( test1.png’)

>>> show( )
Boabmias mogbopka mpuMepoB MMeeTcAa Ha crpauuie htip://matplotlib.
sourceforge.net/tutorial.html.

pydelicious

pydelicious — 6ubamoTeKka AJA MOJYUEHUS NJAHHBIX C caiiTa COMAIBHBIX
3akJanok del.icio.us. lya aToro caiita umeercs opurnmaabubiii API, KoTo-
PBIH MBI MCIIOJIB30BaJN B HEKOTOPHIX BBIZ0BaX, HO pydelicious mob6asiser
KOoe-KaKue JOIOJHUTEIbHbIE BO3MOMXHOCTHY, 3a4eiCTBOBAHHbIEC HAMMU B I'JIa-
Be 2 IIPU HOCTPOEHMU MeXaHH3Ma PEeKOMEeHJIOBaHUs. B HacTosIee BpeMs
oubanorexa pydelicious pasmerriena ua caiitre Google Code; Bl HalizeTe ee
mmo aapecy hitp://code.google.com/p/pydelicious/source.

YcTaHoBKa gns Bcex nnatgopm

ITonyuuts mociaenHOw0 Bepcuio pydelicious mpoiie Bcero, eciau Ha Ballei
MAaIllMHe YCTAHOBJIEHA CUCTeMa yIIpaBaeHus Bepcusamu Subversion. B aTtom
cJydJae TOCTATOUYHO BBECTU TAKYI0O KOMaHAY:

svn checkout http://pydelicious.googlecode.com/svn/trunk/pydelicious. py

Ecau Subversion y Bac HeT, To ¢aiibl MOYKHO CKaYaTh CO CTPAHUIILI Atip://
pydelicious.googlecode.com/svn/trunk.
HNmesa meobxoauMeble (paiiabl, BRIIOJHATE KOMAHAY python setup.py install,

HaXOJsACh B TOM JKe IaIKe, rae u camu (aiiael. B pesyabrare pydelicious
OyzeT ycraHoBJieHA B manky Python.
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MpocTon npumep UCcNonb3oBaHUS

B 6ubauoreke pydelicious mmeercs 1mensiil psas GYHKIUN AJIA IOJYYEHNAA
MONYJIAPHBIX 3aKJAMOK WJIU 3aKJIAJ0K, OCTABJIEHHBIX KOHKPETHBIM II0JIb-
soBaresieM. OHA TaKsKe IO3BOJISIET JOOABJIATH B CBOIO YUETHYIO 3alIUCh HO-
BbI€ 3aKJIATKNI:

>> import pydelicious

>> pydelicious.get_popular(tag='programming’)

[{‘count’: "', ‘extended’: ‘', ‘"hash’:

‘description’: u'How To Write Unmaintainable Code’

‘tags’: ‘', ‘href’: u'http://thc.segfault.net/root/phun/unmaintain.html’
‘user’: u’'dorsia’, ‘dt’: u’2006-08-19T09:48:567"},

{*count’: ‘', ‘extended’: ‘', ‘hash’: *’
‘description’: u’'Threading in C#', ‘tags’': ‘',
“href’ :u'http://www.albahari.com/threading/’, etc...
>> pydelicious.get_userposts(‘dorsia’)

[{‘count’: ', ‘extended’ : ‘', ‘hash’: *’
‘description’: u'How To Write Unmaintainable Code’
‘tags’': ', ‘href’: u'http://thc.segfault.net/root/phun/unmaintain.html’

‘user’: u'dorsia’, ‘dt’: u’2006-08-19T09:48:56Z"}, etc..

>>> a = pydelicious.apiNew(user, passwd)

>>> a.posts_add(url="http://my.com/”, desciption="my.com”
extended="the url is my.moc”, tags="my com”)

True
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MaTtemaTunyeckme popmynbl

Ha cTrpanumax sToil KHUTM BCTPeYAaJICA PAL MATEeMATHUYECKUX HOHSATHI.
B aToM mpuiioskeHUM OHM COOPAHBI U ONIMCAHBI, IIPUBEIEHBI COOTBETCTBYIO-
e GopMyJbl U KOJ.

EBknnpgoso pacctodHne

Esraudoso paccmosHue onpenesser PacCTOSHNE MEXKAY ABYMSA TOUKAMU
B MHOTOMEPHOM IIPOCTPAHCTBE. ITO TO PACCTOSAHIE, KOTOPOE BbI U3MEPAETE
C TIOMOIIIbIO OOBIYHOM JMHEHKY. PaccTogHMe MeKIy TOUKaMU ¢ KOOpAUHA-

TaMu (P, Py> Py Py ) U (4,5 455 G55 4,5 -») BEIDAMKAETCS IO hOpMYyTE B.1.

n
J(p1—q1)2+(p2—q2)2+--- +(p, ~q,)? = » (p; ~q;)°
i=1

bopmyna B.1. Eexaudoso paccmosanue

Bor oueBugHas peanrusanus 3TOH (POPMYJIIBI:
def euclidean(p,q):
sumSg=0.0
# Cymmmpyem KBagpaThl pa3HoOCTel
for i in range(len(p))
sumSg+=(p[i]-q[i])*=2
# W3Bnexkaem KBampaTHLM KOPEHb
return (sumSg+x0.5)

EBKJIMI0BO pacCTOsIHME UCIOJIb3YEeTCS B PA3HBIX MeCTaX KHUTH JJIs Ommpe-
[leJIEHUS CTeIIeHU CXOKEeCTH JBYX 00pasI[oB.
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KoadpdpurumneHT Koppensaunn NupcoHa

Koagppuyuenm roppensyuu ITupcona — 3TO Mepa CKOPPEIUPOBAHHOCTHU
IByX mepeMeHHBbIX. OH mpuHUMaeT 3HaueHus oT 1 1o —1, rae 1 os3Hauaer,
YTO KOPPeJANusa MeXXAy IepeMeHHBIMU nieasibHa, 0 — 4TO KOppeiaanum
HeT, a —1 — 4TO UMeeTCs ULeaNbHAA O0OpAaTHAA KOPPEJIAIUS.

Koppenanus ITupcona paccuntsiBaercs mo ¢opmyJie B.2.

Y xy 7212}
[T )

Dopmyna B.2. Kosppuyuenm rwopperayuu ITupcona

r =

9ra popmyaa peanrnusyeTcsa Takoi GyHKITUen:
def pearson(x,y):
n=len(x)
vals=range(n)

# llpoCcTble CyMMbl
sumx=sum([ float(x[1]) for i in vals])
sumy=sum([float(y[i]) for 1 in vals])

# Cymmb KBaapaToB
sumxSg=sum([x[i]*+2.0 for 1 in vals])
sumySqg=sum([y[i]**2.0 for i in vals])

# Cymma npouaBeaeHui
pSum=sum([x[1]*y[i] for 1 in vals])

# Boiyncnaem Ko3OOGMUMEHT koppensumn lupcoHa
num=pSum-(sumxxsumy/n)

den=((sumxSqg-pow(sumx, 2)/n)*(sumySqg-pow(sumy,2)/n))*=.5
if den==0: return 0

r=num/den

return r

MpgzI mosib3oBaInch Koppeadnuei Ilupcona B riase 2 1151 BLIYKUCICHUS CTe-
MeHU MOJ00UA MeXK Iy IPEeAIIOUTeHUAMY IBYX JIIOHEeH.

B3BelwueHHOe cpeaHee

BsgeuteHHoe cpe(?Hee — 9TO Pa3HOBUJHOCTH CpeJHEero sHauyeHusd, IIpu KOoTo-
POM KaXaA0My yCpeagHAEeMOMY Ha6JIIOJIeHI/IIO IIpUIINCBIBAeTCA OHpeJIe.TIeHHI:IfI



MatemaTunyeckme GopMynbl 353

Bec. OHO HCIIOJIb3yeTCA IJIs IPOTHO3UPOBAHUS YNCJIOBBIX 3HAUEHUH Ha 0C-
HOBe OIIEHOK Momo0us. BssellleHHOe cpeaHee BBIUMCIIAETCS IO (POPMYJIe
B.3, B KoTOpOIi X, ..., X — HaOJIOAEHUdA, A W., ..., W — Beca.

1 n 1 n

W Xq T WoXy .. +W X,

+W, .. +
Witwy o tw

Dopmyna B.3. Bzsewennoe cpednee

Huxe nmpuBeneHa npocras peaamsanus 3Toil (GOpMYyJbl B BUle QyHKIUU,
OPUHUMAIOINEH CIMCKY 3HAUEeHUH 1 BECOB:
def weightedmean(x,w):
num=sum([x[1]+*w[i] for 1 in range(len(w))])
den=sum([w[i] for i in range(len(w))])

return num/den

B riaBe 2 B3BelIeHHBIE CPEHIIE TPUMEHAINUCH AJIS IPOTHO3BUPOBAHUA TOTO,
B KaKOU Mepe BaM moHpaBUTCA GUabM. [[J1g 5TOT0 BEIUUCIAETCA CPEIHAA
OIleHKAa U3 TeX, UYTO OBLIN IOCTAaBJIEHBI (PUIBMY APYTHUMU JIOAbBMU, B3Be-
IIeHHAs C YIeTOM CXOYKEeCTH! UX npexanoutrenuii ¢ amumu. C riaase 8 B3Be-
IIeHHbBIE CPeIHNE IPUMEHANINCH IJIA IPOTHOSUPOBAHMA IIEH.

KoadppuumeHT TaHUMOTO

Koagguuyuenm Tanumomo namepsieT CTeIeHb CX0KECTH IBYX MHOYKECTB.
B 5T0i1 KHIMTe OH MCIIOJIB30BAJICS AJIA TOT0, YTOOBI OIIEHUTH II0A4001e 00pas-
1I0B, IIPeNCTABJEHHbIX CIIMCKaMu cBoiicTB. IIycTh ecTh 1Ba MHOMKECTBA:

A =[pyb6arka, Tydiau, 6pIOKM, HOCKHU ]

B =[pybaiika, 100ka, TyQau]
Wx nepeceuenne C paBHo [py0Oarika, Tydau]. Koaddumumenr TaHMMOTO BBI-
uucaserca 1o ¢popmyne B.4, B KOTOpoi N, — KOJUYECTBO 2JEMEHTORB B A,

N, — KonuuecTBO d1€MeHTOB B B, N — KOJIMYECTBO JIEMEHTOB B Ilepecede-
Huu C.

B manmom cayuae Koapduiuent Tanumoro paBer 2/(4+3—-2)=2/5=0,4.

N
T o= b
(Nag#Np=No)

bopmyna B.4. Kosppuyuenm Tanumomo

Hu:xe mpuBemeHa mpocras (YHKIMA, KOTOpasd IIPUHUMAET ABAa COHCKA
¥ BBIUMCJIAET IJ1d HUX Ko puiimenT TaHMMOTO:
def tanimoto(a,b):
c=[v for v in a if v in b]
return float(len(c))/(len(a)+len(b)-len(c))
Kosdpdpumnuent TaHnMOTO UCTIOTH30BAJICS B TJIaBe 3 IS BEIUUCJIEHUA TT0[0-
OMsa MeXKIY JIIOAbMU B IIPOIlECCe KJIACTEePU3AIUN.
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YcnoBHas BE€POATHOCTb

BepoamHnocmb — 3T0 XapaKTePUCTUKA YACTOTHI BOSHUKHOBEHUSA HEKOTOPO-
ro coObITusi. OGBIYHO ee 3aIlMChIBAIOT caeayooIinuM obpasom: Pr(A) = x, rae
A — cobeiTre. Hanipumep, MOXXHO CKa3aTh, YTO CEI'OJHA BEPOATHOCTD JOMK I
cocraBiaer 20% , u 3anucars 910 B Buge Pr(doxas) = 0,2.

Ecisu Ob1, BBITJISHYB B OKHO, Bl YBUIEJNIHN, UTO HEOO B TydaX, TO MOTJIM OBI
3aKJIIOYUTh, YTO IIIAHCHI HA JOXKb BhIllle. B 9TOM cayuae roBopaT 06 yc.108-
HOllL 6eposamHocmu coOBITHA A TTPU YCJIOBUH, UYTO U3BecTHO B. 3anucriBaer-
cs1 a0 B Buje Pr(A| B), a B nannom npumepe Pr(loxas | [TacmypHO).

VcaoBHAsS BEPOATHOCTH PaBHA BEPOATHOCTHU TOTO, YTO IPOUBOUAYT 06a Cco-
OBITUS, OAEJeHHOI Ha BePOSATHOCTE yeaoBud (popmy.ia B.5).

Pr(ANB)

Pr(A|B) = P @)

bopmyna B.5. Ycaosnas eepoamuocma

Takum obpaszom, ecau B 10% ciyuaeB yTpoM ObljIa TaCMyPHO, a MO3Ke II1eJT
oAb, a B 25% ciyuaeB yTpoM macMypHo, To Pr(I{osxas | ITacmypHo) =
=0,1/0,25=0,4.

ITocKOJBKY 9TO dJIeMEHTApPHOe [JejieHNe, TO HUKaKoW GYHKIIUU He IPUBO-
OUTCsS. ¥YCJIOBHASA BEPOSITHOCTH IPUMEHsIach B rjaBse 6 s Guasrpanun
IOKYMEHTOB.

KoadpdnumeHT IKNHU

Koagppuyuenm [[xucurnu naMepserT HeOTHOPOJHOCTE Habopa. Eciau numeerca
Habop [A, A, B, B, B, C], To KoaddurmeHnT [[JKUHU — 5TO BEPOATHOCTH TOTO,
YTOOBI BBI OIITNOETECH, BLIOPAB KAKOM-TO 3JIEMEHT U IMOIIBITABIIINCH CJIyUaii-
HO yrazaTth ero MeTKy. Eciiu 661 Ha00p COCTOS TOJBKO 13 2JIEMEHTOB A, TO
BHI BCeTIa TOBOPUJIM ObI A 1 HUKOT/Aa He OIInbasnch, cJefoBaTeaIbHO, HAb0p
TIOJTHOCTBHIO OLHOPOMIEH.

Kospdumnuent [[ZKuHT pacCUUTLIBaeTcA o popmyJie B.6.

m
lg(i) =1- Z f(iyi)2 = Zf(i,i)f(i,k)
j=1 j#k

bopmyna B.6. Kosppuyuenm JJxncunu

Crenytoriaa QyHKIIUSA TIPUHUMAET CIINCOK 9JIEMEHTOB U BBIUMCJISET AJIA He-
ro koa(puimenT [[:xuHM:
def giniimpurity(l):
total=len(1)
counts={}
for item in 1:
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counts.setdefault(item,0)
counts[item]+=1

imp=0
for j in 1:
f1=float(counts[j])/total
for k in 1:
if j==k: continue
f2=float(counts[k])/total
imp+=f1«f2
return imp
B raase 7 koadpuiirenT [KMHYT NCIIOJIb30BAJICA IIPY MOIEITNPOBAHUH C TI0-
MOIIILIO JlePEeBLEB PeIlleHnil, YTOOBI OIPEeIeINTEL, CTAHET Ju Habop 6oJiee o-
HOPOSHEIM IIOCJIe Pa30ueHms.

DHTpoONuUA

IHmponus — 9TO eIfe OOUH CI0CO0 M3MEPEeHUs HeOJHOPOAHOCTU Habopa.
9To MOHATHE 3aNMCTBOBAHO U3 T€OPUU MHAOPMAIINN U U3MEPAET CTeIeHb
GecropsagouHocTy Habopa. HeopMaibHO roBOps, SHTPOIINS XapaKTepusy-
€T TO, HACKOJIbKO BbI YIMBUTECH CJIYUATHO BRIOPAHHOMY 13 Habopa sjieMeH-
Ty. Ecoiz 661 Ha60Op COCTOSJ TOJIBKO 13 3JIEMEHTOB A, TO, BEIOpaB A, BBI HUC-
KOJIbKO He VANBUJINCH OBI, II09TOMY SHTPONNS TaKOro Habopa paBHa 0. OHT-
ponus BeIYHUCAAETCS 1o opmyie B.7.

n n
HX) = 3 plxog 5 oo = = 3 plx;)log 5 plx;
i=1 ! i=1

Dopmyna B.7. Snmponus

Crnenytoriaa QyHKIINA IPUHUMAET CIINCOK 3JIEMEHTOB U BBIUNCIIAET €T0 DH-
TPOIINIO:
def entropy(l):
from math import log
log2=1ambda x:1og(x)/log(2)

total=len(1)

counts={}

for item in 1:
counts. setdefault(item,0)
counts[item]+=1

ent=0
for i in counts:
p=float(counts[i])/total
ent-=px1og2(p)
return ent
B riaBe 7 sHTPOIINA MCIOJIb30BaaCh IPU MOJAEIUPOBAHUY C IIOMOIIBIO Ie-
PEBBEB peIleHunH, YTOOI OIpeNeUTh, YMEeHbIITaeT Jiu pa3bueHne 6ecrmopsi-
JTOYHOCTH Habopa.
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Avncnepcus

Ilucnepcus usmepsieT cTemeHb pasdpoca CIMCKAa YKCEeJ OTHOCUTEIBHO UX
cpenuero suaueHusa. OHA YACTO UCIIOJIb3YETCsS B CTATUCTUKE [JIS OIlpeaeie-
HUS TOTO, HACKOJBKO BEJIUKY Pa3INUAA MEXKIY YIeHaAMU HeKOTOPOro Habo-
pa. Brelumcisiercs oHa myTeM yCpegHEHUA KBAAPATOB PA3HOCTEH MEMKIY
KayK/IbIM YKCJIOM U CPeJHUM, KaK IToKasaHo B ¢opmy.ie B.8.

bopmyna B.8. [Jucnepcus

Huxe mpuBenena nmpocras QyHKIINAA, peaaln3yioiias 5Ty GopMyay:
def variance(vals):

mean=float(sum(vals))/len(vals)

s=sum([(v-mean)*+2 for v in vals])

return s/len(vals)
B riase 7 mucnepcus UCIIOIBL30BAIACH IPU MOIEJINPOBAHUY C IIOMOIIILIO Je-
PeBbeB peIleHUui, YTOOLI OIpeleinTh, KaK JIyullle pa3douTh MHOKECTBO,
YTOOBI TOAMHOKECTBA OKa3aJuch 00Jiee « KYUHBIMU» .

FayccoBa pyHKLMS

Tayccosa QyHKYUs ONUCHIBAET ILIOTHOCTH DACIPEJEJIEHUS BEPOATHOCTU
HOpMaJIbHOI KpuBoii. OHA UCIIOJB30BAIACh B KHUTE KaK BecoBasd QYHKITUA
BO B3BEIIIEHHOM MeTofe kR-OaumKaiIux cocefieil, IOCKOJbKY ee HauaabHOe
3HAYEHNE BeJIMKO 1 OBICTPO YOLIBAET, HUKOTA HE CTAHOBSCH paBHBIM 0.

dopmyJia rayccoBa pacupe/eieHus ¢ Jucliepcuell ¢ moKasaHa HUuKe:

1 o[-0
oN2m 26°

Dopmyna B.9. I'ayccosa pynryus

PeanusoBaTh ee MOKHO (PYHKIIUEN U3 IBYX CTPOK:
import math
def gaussian(dist,sigma=10.0):
exp=math.exx(-dist«*2/(2+sigmax=2))
return (1/(sigma=(2+math.pi)=«*.5))*exp
B riiaBe 8 rayccoBa (pyHKIIUSA UCIIOJIB30BaIach KAK OJHA U3 BECOBBIX (PYHK-
MU 1A ITIOCTPOEHU A MEXaHU3Ma IPOTHO3MPOBAHNA YNCJIOBBIX 3HAYEHUH.
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CKanﬂpHoe npomnisepeHune

CranapHoe npousdgederHue — 3TO CIOCO0 IMEePEMHOMKEHUS OBYX BEKTOPOB.
CrasApHOe IpousBesieHne BEKTOPOEB a = (a,, a,, 4, ...) b = (b, b, b, ...)
BBIUMCJIsEeTCA 1o (hopmyte B.10.

n
aeb = Y ab; =aby+ayby+.. +a b,
i=1

bopmyna B.10. Ckaraproe npouséedernue, 6bLpaieHHOe Lepe3 KOOpOUHAMbL

g peanmsanum CKaJApHOIO IPOU3BENeHUSA NPUMeHAETCA CJIeAyIoIas
QyHKIIUA:

def dotproduct(a,b):

return sum([a[i]=b[i] for i in range(len(a))])
Eciu 0 — yrom mMesXay ABYMA BEKTOpPaMHU, TO CKAJSIPHOE IIPOU3BeAeHUe
MOYKHO BBIUMCJIUTH Takske 1o opmyse B.11.

aeb =|a||b| cos®

Dopmyna B.11. Ckanaproe npouseedernue, 6bipaieHHOE Lepe3 Yy2o

Jrto O3HA4YaeT, UYTO CKaAJIAPHOE IIPOMU3BEACHNE MO HO UCIIOJIb30BATH OJIA BbI-
YHWCJICHUA yIJia MeXOy BEKTOpaMu:

from math import acos

# Bblumcngem AnuHy BekTopa
def veclength(a):
return sum([a[i] for i in range(len(a))])*=.5

# BouMcnaeM yron Mexay BekTopamu
def angle(a,b):
dp=dotproduct(a,b)
la=veclength(a)
1b=veclength(b)
costheta=dp/(lax1b)
return acos(costheta)

CK%UIHPHBIQ IIPOM3BEAEHUA IIPDUMEHAJNCH B I'JlIaBe 9 AJIA BBIYMCJIEHUA YIJIOB
MeX Ay BEeKTOpaMu, COOTBETCTBYIOIIUMHN KJIaCCI/I(I)I/II.II/IpyeMBIM Oﬁp&SHaM.
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