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FOREWORD

In the late sixties, the definition of ALGOL 68 [ 1], for a long time called
ALGOL X, reached some stability. It is at that period (1967) our team started the
project of writing a compiler for that language. We had two goals in mind :

(1) to maske significant research in the field of compiler methodology,
(2) to point out the special difficulties encountered in the design of the compiler
and thus possibly influence the definition of the language.

This book is concerned with the first goal only ; ALGOL 68 should be considered
a support to explain and develop compiling principles and techniques.

The whole book is directly based on the actual compiler we have written for the
Electrologica~-%8 computer ; this compiler has been operational since early 1973.
Since May 1975, it is available on the "ES-computer", the Philips protoiype develo-
ped by MBLE and which is at the origin of the UNIDATA 7720. In fact, the X8 has been
microprogrammed on the BS [22] ; it is worthwhile to mention that microprogramming
did not introduce any significant loss in efficiency.

The book does not require a very deep knowledge of ALGOL 68 except in some special
cases described here for the sake of completeness only. The reading of some general

description of the language as provided by [ 17] is however ‘assumed.
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SUMMARY

The bock describes a translation process which generates efficient code while re-
maining machine independent. The process starts from the output stream of the syntac-—
tic analyzer.

(1) Code optimization is based on a mechanism controlling a number of static proper-
ties and allowing to make long range previsions. This permits to minimize the
dynamic (run-time) actions, replacing them by static (compile-time) ones whene-
ver possible. In particular, much attention is paid on the minimization of run-—
time copies of values, of run-time memory management and of dynamic checks.

(2) Machine independency is improved by translating the programs into intermediate
code before producing mechine code. In addition to being machine independent,
intermediate code instructions are self-contained modules which can be transla-—
ted into machine code independently, which improves modularity. Only trivial lo-
cal optimizations are needed at the interface between intermediate code instruc-—
tions when machine code is produced.

The description of the translation process is made in three parts
-PART I defines the general principles on which the process is based. It is made as

readable as possible for an uninitiated reader.

-PART II enters the details of translation into intermediate code : particular pro-
blems created by all ALGOL 68 language constructions and their interface are sol-
ved.

—-PART III shows the principles of the translation of the intermediate code into ma-

chine code ; these principles are presented in a completely machine independent way.



CONTENTS

PART I : GENERAL PRINCIFLES

0. INTRODUCTION
0.1 BASIC CONCEPTS
0.2 THE TRANSLATOR AUTOMATON

1. RECALL OF STORAGE ALLOCATION FRINCIPLES
1.1 MEMORY REPRESENTATION OF VALUES
1.2 CONCEPTUAL MEMORY ORGANIZATION
1.8 PRACTICAL MEMORY ORGANIZATION
1.4 RANGE STACK ACCESSES
1.5 REMARK ON THE IMPLEMENTATION OF PARALLEL PROCESSING

2. STUDY OF THE STATIC PROPERTIES OF VALUES

2.1 THE ORIGIN

2.2 THE MODE

2.3 THE ACCESS
2.3.1 GENERALITIES ON ACCESSES
2.3.2 RESTRICTIONS ON ACCESSES
2.3.3 VALIDITY OF ACCESSES
2.8.4 LOCAL OPTIMIZATIONS

2.4 MEMORY RECOVERY
2.4.1 STATIC WORKING STACK MEMORY RECOVERY
2.4.2 DYNAMIC WORKING STACK MEMORY RECOVERY
2.4.3 HEAP MEMORY RECOVERY

2.5 DYNAMIC CHECKS
2.5.1 SCOPE CHECKING
2.5.2 CHECKS QF FLEXIBILITY

3. STUDY OF THE PREVISION MECHANISM
3.1 MINIMIZATION OF COPIES
3.2 THE TOP PROPERTIES OF FLEXIBILITY

PART II : DETATLS OF TRANSLATION INTO INTERMEDIATE CODE

0. INTRODUCTION
0.1 GENERALITIES
0.2 METHOD OF DESCRIPTION
0.3 DECEARATIONS FOR RUN-TIME ACTIONS

12
12
i2
12
15
17

18
19
20
21
21
23
26
27
31
31
34
40
56
56
61

67
67
69

71

73
73
74
78



Vi

0.3.1 BLOCKS CONSTITUTION

0.3.2 H% INFORMATION

0.3.% DYNAMIC VALUE REPRESENTATION
0.4 DECLARATTONS FOR COMPILE-TIME ACTIONS

0.4.1 THE CONSTANT TABLE : CONSTAB

0.4.2 THE DECLARER TABLE : DECTAB

0.4.3 THE MULTIPURPOSE STACK : MSTACK

0.4.4 THE BLOCK TABLE : BLOCKTAB

0.4.5 RECALL OF STATIC PROPERTIES

0.4.6 THE SYMBOL TABLE : SYMBTAB

0.4.7 THE BOTTOM STACK : BOST

0.4.8 THE TOP STACK : TOPST

0.4.9 OBJECT PROGEAM ADDRESS MANAGEMENT

0.4.10 THE SOURCE PROGRAM : SOPROG

0.4.11 THE OBJECT PROGRAM : OBPROG

LEXICOGRAPHICAL BLOCKS

MODE IDENTIFIERS

2.1 IDENTITY DECLARATION

2.2 LOCAL VARIABLE DECLARATION

2.3 HEAP VARIABLE DECLARATION

2.4 APPLICATIONS OF MODE IDENTIFIERS

GENERATORS
3.1 LOCAL GENERATOR
3.2 HEAP GENERATOR

LABEL IDENTIFIERS

4.1 GENERALITIES

4.2 LABEL DECLARATION
4.3 GOTO STATEMENT

NON—-STANDARD ROUTINES WITH PARAMETERS
5.1 GENERALITIES
5.1,1 STATIC PBLOCK INFORMATION
5.1.2 STRATEGY OF PARAMETER TRANSMISSION
5.1.3 STRATEGY OF RESULT TRANSMISSION
5.1.4 STATIC AND DYNAMIC ROUTINE TRANSMISSION
5.2 CALL OF STATICALLY TRANSMITTED ROUTINES
5.3 CALL OF DYNAMICALLY TRANSMITTED ROUTINES
5.4 ROUTINE DENOTATION
. & PREVISIONS
6 COMPARISON BETWEEN LBLOCKS AND PBLOCKS

79
82
83
84
84
84
87
87
20
96
97
98
39
100
100

101

108
108
111

116

124
124
124
126
126
127
128
134
138
143
144



VI

6. NON-STANDARD ROUTINES WITHOUT PARAMEIERS 146
6.1 DEPROCEDURING OF STATICALLY TRANSMITTED ROUTINES 146
6.2 DEPROCEDURING OF DYNAMICALLY TRANSMITTED ROUTINES 148
8.3 PROCEDURING (BODY OF ROUTINE WITHOUT PARAMETERS) 150
6.4 ANOTHER TRANSLATION SCHEME 151

6.4.1 DEPROCEDURING1 OF STATICALLY TRANSMITTED ROUTINES 152
6.4.2 DEPROCEDURING1 OF DYNAMICALLY TRANSMITTED ROUTINES 153
6.4.3 PROCEDURINGI 154

7. PROCEDURED JUMPS 156
7.1 GENERALITIES 156
7.2 CALL OF STATICALLY TRANSMITTED PROCEDURED JUMPS 156
7.8 CALL OF DYNAMICALLY TRANSMITTED PROCEDURED JUMPS 157
7.4 JUMP PROCEDURING 158

8. BOUNDS OF MODE DECLARATIONS 160
8.1 GENERALITIES 160
8.2 CALL OF MODE INDICATION 161
8.3 MODE DECLARATION (BODY OF ROUIINE) 162

9. DYNAMIC REPLICATIONS IN FORMATS 166
9.1 GENERALITIES 166
9.2 CALL OF STATICALLY TRANSMITTED FORMATS 166
9.8 CALL OF DYNAMICALLY TRANSMITTED FORMATS 168
9.4 DYNAMIC REPLICATIONS (BODY OF ROUTINE) 170

10. OTHER TERMINAL CONSTRUCTIONS 172
10.1 DENOTATIONS 172
10.2 SKIP 172
10.8 NIL 173
10.4 EMPTY 174

11. KERNEL INVARIANT CONSTRUCTIONS 176
11.1 SELECTION 176
11.2 DEREFERENCING 182
11.3 SLICE 185
11.4 UNITING 194
11.5 ROWING 198

12. CONFRONTATIORS 208
12.1 ASSIGNATIOR 208
12.2 IDENTITY RELATION 210
12.3 CONFORMITY RELATION 212

13. CALL OF STANDARD ROUTINES 215



14.

13,

ie.

17.

Vil

CHOICE CONSTRUCTIONS
14.1 GENERALITIES
14.1.1 DEFINITIONS
14.1.2 BALANCING PROCESS
14.1.3 GENERAL ORGANIZATION
14.1.4 DECTLARATIONS RELATIVE T0O CHOICE CONSTRUCTIONS
14.2 SERIAL CLAUSE
14.3 CONDITIONAL CLAUSE
14.4 CASE CTAUSE
14.5 CASE CONFORMITY CLAUSE

COLLATERAL CLAUSES

15.1 COLLATERAL CLAUSE DELIVERING NO VALUE
16.2 ROW DISPLAY

15.3 STRUCTURE DISPLAY

MISCELLANEOUS

16.1 WIDENING

16.2 VOIDING

16.3 FOR STATEMENT

16.4 CALL OF TRANSPUT ROUTINES

OTHER ICIS

PART III : TRANSLATION INTO MACHINE CODE

GENERALITIES

ACCESSES AND MACHINE ADDRESSES
1.1 ACCESS STRUCTURE
1.2 PSEUDO-ADDRESSES

METHOD OF CODE GENERATION
2.1 SYMBOLIC REFPRESENTATION OF CODE GENERATION
2.2 ACTUAL IMPLEMENTATION OF CODE GENERATION

LOCAL OPTIMIZATIONS
THE LOADER

TRANSLATION OF INTERMEDIATE CODE MODULES

5.1 SET OF REGISTERS

5.2 SIMPLE MODULES

5.3 MODULES INVOLVING LIBRARY ROUTINES

5.4 MODULES IMPLYING DATA STRUCTURE BCANNING

219
219
219
218
222
223
285
226
230
231

238
236
238
242

248
248
248
248
251

254

256

257

268
269
261

264
264
266
269
273

277
277
278
278
280



5.4.1 DATA STRUCTURE SCANNING

5.4.2 THE ROUTINE COPYCELLS

5.4.3 TRANSLATION OF THE MODULE stwost

5.4.4 TRANSLATION OF OTHER MODULES ON DATA STRUCTURES

6. FURTHER REMARKS ON GARBAGE COLLECTION
6.1 THE INTERPRETATIVE METHOD
6.2 THE GARBAGE COLLECTOR WORKING SPACE
6.8 GARBAGE COLLECTION DURING DATA STRUCTURE HANDLING
6.4 MARKING ARRAYS WITH INTERSTICES
6.5 FACILITIES FOR STATISTICAL INFORMATION

CONCLUSION

BIBLIOGRAPHY

APPENDIX 1 : ANOTHER SOLUTION FOR CONTROLLING THE WOST$ GARBAGE
COLLECTION INFORMATION

APPENDIX 2 : SUMMARY OF THE SYNTAX

APPENDIX 3 : SUMMARY OF TOPST PROPERTIES

APPENDIX 4 : SUMMARY OF THE NOTATIONS

APPENDIX 5 : LIST OF INTERMEDIATE CODE INSTRUCTIONS

APPENDIX 6 : AN EXAMPLE OF COMPILATION

281
287
288
294

298
298
298
299
299
300

303

306

307
309
311
312
318
326



PART I : GENERAL PRINCIPLES






0. INTRODUCTION

A programming language is defined by means of a semantics and a syntax.

- the semantice ‘defines the meaning of the programs of the language. It is based on
a number of primitive functions (actiong) having parameters, delivering a result
and/or having some side-effects, and on a number of composition rules by which
the result of a function may be used as the parameter of another function.

- the syntax provides means for program representations. It defines a structure of
programs, reflecting both the primitive functions and the composition ruleg of
the semantics.

A compiler translates programs written in a given source language into programs
written in an object language and having the same meaning. Ultimately the object lan-
guage is the machine code. Generally, the transformation is performed in two steps

at least conceptually separated : the syntaciic analysis and the translation proper.

0.1 BASIC CONCEFPTS

The syntactic analysts is a program transformation by which the structure of
the source program is made explicit. We can distinguish three parts in the syntactic
analysis, namely :
~ the lexical analysis by which atoms of information semantically significant in the

source language are detected,

- the context~free analysis by which the primitive functions of the source language
and their composition rules are made explicit, and

~ the declaration handling by which the declared objects are connected to their decla~
ration.

Conceptually, the output of the syntactic analysis has the form of a tree in
which :

- the terminal nodes are the atoms delivered by the lexical analyzer. These atoms
may represent values (value denotations, identifiers) or they may just be source
language syntactic separators or key-words,

- nonterminal nodes represent functions (actions) the parameters of which are the
vaelues resulting from the subjacent nodes ; in turn, these functions may deliver
a value as their result, and

- the initial node is obviously the syntactic unit "particular program".

The translation proper produces machine code. Elementary functions of, and va—
lues handled by machine codes are much more primitive than primitive functions of
high level langusges and their parameters. The translation process has to decompose

the source functions and source values. Machine instructions are executed as indepen-



dent modules : the interface between them is determined by the sequence in which
they are elaborated and by the storage allocation scheme on which the program they
constitute is based. More concretely, the result of each instruction is stored in a
memory cell and it can be used by another instruction in which the access {address)
of the same memory cell is specified.

Roughly spesking, machine code generation for a given program is based on the
following informations :
- the program tree resulting from the syntactic analysis,
~ the semantics of the source functions as defined by the source language, and
~ the semantics of the machine instructions as defined by the hardware,
The main task of the compiler reduces to decompose source functions into equiva-
lent sequences of machine instructions. Obviously, a storage allocation scheme must
first be designed in order to be able to take the composition rules of the source

language into account.

It is not reguired to produce machine code in one step ; our translation scheme
first produces an intermediate form of programs called intermediate code (IC). Among
other things, this permits to remain machine independent during a more significant
part of the translation process and hence to increase the compiler portability. We
propose an intermediate code consisting of the same primitive functions as the sour—
ce language, but provided with explicit parameters making it possible, these func-
tions to be considered separate self-contained modules. As it is the case for the
machine code, these modules are elaborated sequentielly except when explicit breaks
of seguence appear. The composition rules of the source language are teken into ac-—
count through the sequential elaboration of the modules and the strategy of storage
allocation. In this respect, as opposed to the source language dealing with abstract
instances of values, the intermediate code deals with stored values characterized
by the static properties corresponding both to the abstract instances of values [ 1]
(mode ...) and to the memory locations where the values are stored (access ...). It
is those properties which are used as the parameters of the intermediate code
{object) instructions (ICI) ; more precisely, the parameters of en ICI consist of
one set of static (compile~time) properties for each parameter of the corresponding
source function and one set for the result of this function.

Coming back to our translation scheme, we can say that intermediate code genera-
tion for a given program is based on the following information :
- the program tree resulting from the syntactic analysis,
- the semantics of the source functions, and
- the storage allocation scheme.

We see that the semantics of machine instructions has disappeared, only the sto—
rage allocation can be influenced by the hardware. In fact, we only make two hypo-

theges at the level of the intermediate code :



- the memory is an uninterrupted sequence of addressable units,
~ there exists an indirect addressing mechanism.

Machine independent optimizations are performed at the level of the intermediate
code generation. In particular
- run-time copies of values,

- run—time memory management, and
- dynamic checks
are minimized up to a great extent.

Moreover, precautions are taken in order to allow to retrieve machine dependent
optimizations in a further step ; such optimizations take care of :
- register allocation and
~ possible hardware literal and/or display addressing.

Now, mechine code generation can be based on the following :

- the intermediate code form of the programs,
- the semantics of the source functions, and
- the semantics of the machine code.

Note that each intermediate code instruction can be translated independently
into machine code which improves the compiler modularity. This translation mainly
consists in decomposing source functions and data into machine instructions and
words {bytes) respectively. Only local optimizations(peephole [ 16])at the interface

between ICI's will still be needed to get the final machine code program.

Gathering information to be able to translate a program efficiently and automa-
tically requires a non trivial static (compile-~time) information management. The
method explained in this book has many similarities with the one described by Knuth
[ 6], although it has been developed independently. We explain it using Knuth's ter-
minolegy.

Attributes are static properties attached to the tree nodes ; there are synthe~
tized and inherited attributes.

In our system, the synthetized attributes of a node are the static properties
(mode, access ...) of the value attached to the node, i.e, the value of a terminal
construction (denotaticn, identifier) or the value resulting from a function {(non-
terminal node).

These synthetized attributes are deduced from each other in a bottom-up way.
For a terminal node, they are obtained from the terminal construction itself (and
from its declaration in case of a declared object). For nonterminal nodes, they are
calculated by the process of static elaboration.

The staiic elaboration of a function is the process by which the static proper—
ties of the result of the function are derived from the static properties of its

paremeters (i.e. the synthetized attributes of the subjacent nodes) and according
to the code generated for the translation of the function.

Again,in our system,inherited atiributes of a node are attributes which are trans-
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mitted in the tree in a top-down way along a path leading from the initial node to
the current node.

Translating a function is based on the synthetized sttributes of the parame-
ters of the function, and on the inherited attributes of the fumction itself. Moreo-
ver, the translation can also take into account all the functions associated to the
nodes situated on the path between the node of the current function and the initial
node ; this allows us to make previsions on what will happen to the result of that
function, and in some cases to generate better code. As we shall see in the next
section, a very simple and efficient automaton can be used to implement the above

principles.

Example 0.1
Source program :
xzaxb+3

Syntactic tree : {the part of the tree used to translate 'x' is bold faced}

X

x .a b, 3

~,
.~ - ~,

{int & ; int G=v .. 3 int b=... 3}

Intermediste code :

X

{proc (int,int)int, accese a, access b, access w)
+ (proc (int,int)int, access v, access 3, access wl)

;= {int, access x, access wl)
Machine code without local optimizations :

IDA access
MPY access
STA access w

T

IDA access w
ADA =3
STA access wi

LDA access wl
STA access X



Characteristics of the program at different stages of the compilation.
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Machine code with local optimizations :

LDA access &
MPY access D
ADA =3

STA access

0.2 THE TRANSLATOR AUTOMATON

In practice, the syntactic analyzer should deliver a form of tree well suited
for the translator automaton ; we propose here a Linear prefixed form of the tree(+).
In this form, the terminals representing declared objects are connected to their
declaration by means of a symbol table (SYMBTAB). In this table there iz one entry
for each declaration. For a declared object, both its declaration and applications
are connected to the same SYMBTAB entry. This allows to make the static properties
of the objects, defined at their declaration, available at each of their applica-
tions.

The translator automaton scans the linear prefixed form from left to right,
accumulating top information on a so called top stack {TOPST) and bottom information
on a so called bottom stack (BOST), while intermediate code is generated, Static
properties of declared objects are obtained through SYMBTAB. More precisely, the
automaton consists of :

(1) An input tape containing the source program ; this consists of prefix markers
for the nonterminal nodes of the tree, and of basic constructions (i.e. denotations,
identifiers ...) for the terminal nodes.

(2) An output tape where the intermediate code is generated.

(3) The so called bottomstack (BOST) where static information is stored in such
a way that when an action is translated, the static properties, i.e. the synthetized
attributes of its n parameters, can be found in the n top elements of BOST.

(4) The so called topstack (TOPST) containing at each moment the prefix markers
and the inherited attributes of the not completely translated actions, in such a way,
each time an action is translated, the complete future story of its result can be
found on TOPST.

(5) The symbol table {SYMBTAB) where the stabic properties of each declared
object deduced from its declaration are stored in order to be retrieved at each of

its application, thus allowing to initialize the process of static elaboration.

(+) In ALGOL 68, coercions are a kind of implicit monadic operators ; in the sequel
they will be supposed to have been made explicit by the syntactic analysis

{131,



Source program Object program
(prefixed form ————= Translstor P> (intermediate code)
of the tree)

A7 VDN

TOPST BOST SYMBTAB

fig. 0.1

The translation of a given adtion can be separated in three parts

(1) the prefiz translation which is performed when the prefix marker of the action
is scanned in the source program ; it may consist of the generation of prefix
code.

(2) the imfix translation which is performed in between the translation of two sub-
jacent actions ; it may consist of code generation by which the value of a para-—
meter will be copied at run-time, together with the corresponding updating of
the static properties of the parameter at the top of BOST.

(3) the postfix translation which corresponds to the translation proper of the cur-
rent action ; it consists of the generation of the corresponding object instrue-
tions, together with the replacement, at the top of BOST, of the static proper-
ties of the parameters of the current action by the static properties of its re-
sult (static elaboration}.

This is described in a more precise way by the flowchart of fig. 0.2.

PART T is mainly devoted to the description of static properties. Beforehand, the

principles of a storage allocation scheme are recalled (I.1).
Example 0.2
Source program :
zizaxbhb+ 3
Result of the syntactic analysis :

;=x+xa b 3

44
(1) (2)



10

Initialize TOPST
!

v

(0) READ
Y
read in char = marker? GENERATION OF THE PREFIX CODE
OF THE ACTION OF THE MARKER

N
; Put the mavker and the inherited
¥ attributes on TOPST

{The read in character corresponds to ] (0)

an initial construction}

Put on BOST a new element reflecting the static properties
of this eonstruction ; in case of a declared object, these
properties are furnished by SYMBTAB.

i

(2) ; l
Is this basic construction the last
paremeter of the top action of TOPST? —— GENERATE THE INFIX CODE,
update the top of BOST
accordingly

(0)

(1)-~Does the top action of TOPST corres- -ME_* STOP
pond to "program'|?

N

GENERATE POSTFIX CODE ACCORDING TO THE CHARACTERISTICS OF THE
PARAMETERS ON BOST AND THE ACTIONS AND ATTRIBUTES STORED ON TOPST

¢
Replace the choracteristics of the parameters on BOST by
the characteristics of the result according to the generated
instructions. In case of a declaration,store the static
properties of the actual parameter in the corresponding
SYMBTAB element l

Ergse the top element of TOPST
i
Is the result stored on BUST the last

parsmeter of the action at the top of Y (1)
TOPST?

N

(2)

fig. 0.2 : The translator automaton.
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{1) Snapshot of the stacks when D is being translated :

N

[a] ]

(2) Snapshot of the stacks when 3 is being translated :

BOST 0|  TOPST
£ P
a +
b x
BoST I TOPST
x =
axb +
3
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1. RECALL OF STORAGE ALLOCATION PRINCIPLES

The storage allocation scheme of [ 12] is used as the basis of the run~time sys-
tem described here ; this scheme is briefly recalled, while notational conventions
are introduced. Moreover, it is shown how this system can be modified in order to
be implementable on & compuber with parallel processing. Tn I1.0.3.3 a more formal
description of the memory representation of values and of the memory organization

can be found.
1.1 MEMORY REPRESENTATION OF VALUES

The memory representation of a value is separated into a gtatic part, the size
of which is known at compile-time and a {possibly empty) dynamic part, the size of
which may result from run-time calculations. The memory representation of & name of
mode ref [ Ju is somewhat particular [ 14] in the sense that it contains space, not
only for the name bub also for the descriptor of the value referred to ; this makes
it possible to avoid the use of the heap for storing the descriptors of slices and
rowed coercends of mode ref [ Ju.

For some values, the memory representation as described in [ 12] has to be comple-
ted(f). For example, names have to be provided with a scope indication, so are rou-
tines and formats . Moreover, routines and formats must be provided with additional
information in order to ensure the link between the calls and the routines, as it is

generally not known at the time a call is translated which routine is called.
1.2 CONCEPTUAL MEMORY ORGANIZATION

Conceptually, four storage devices can be considered in the run—time memory or-
ganization namely the identifier stack (IDST%(++)), the local generator stack
(LGST%), the working stack (W0ST%) and the heap (HEAP%). If a paging mechanism is
available the conceptual memory organizetion can be implemented as such ; in [ 12]
and [ 13] it has been shown how for a continuous memory a practical scheme can be

deduced from the conceptual one.
1.3 PRACTICAL MEMORY ORGANIZATION

In practice, IDST%, LGST% and W0ST$ can be merged in one same run-time device,

the range stack (RANST%) ; this merging does not significantly affect the stack

() Moreover, it has appeared that the master descriptor pointer foreseen for the
garbage collection can be cancelled (III.6.%). X
(+4+) As a convention, all notations for run-time devices end with 3%.
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mechanism and leads to & memory organization with only two devices of varying size :
the RANST% and the HEAP%. The dynemic control of these devices lies on tyo run-time
pointers indicating the first free cell of each device namely ransipm% and heappm®

respectively.

RANST%I

ranstpmk

——t

—

[T :I heappm

HEAPS ]

fig. 1.1

In the merging, RANST% is separated in several parts called range stack blocks
(BLOCK%'%S). A BLOCKS corresponds to a piece of program which has been entered but not
definitively left ; in practice, which piece of program gives rise to a BLOCKS dep-
ends on implementation : in "range oriented implementations™ mode declarations with
dynamic bounds, dynamic replications of formats, and ranges with declarstions and/or
local generators give rise to BLOCK%'s; in "procedure oriented implementations',
mode declarations with dynamic bounds, dynamic replications of formats and routines
give rise to BLOCKS's. In the sequel, the term block will refer to a range giving
rise to a BLOCKS. As shown in PART II, hardware considerations may guide the choice
determining which ranges will be regarded as bZocks(f).

Let BLOCK%L (i20) be a particular BLOCK%, corresponding to a {program) block
called bZocki.

BLOCK%i is separated in several parts :
{1) a heading %écontaining linkage information between BLOCK%L, its calling block,

and the block in which it is declared.

—r

{(2) a part I’D.ST%/é of IDST% containing the values possessed by the identifiers decla-
red in blocki (at the exclusion of the inner blocks). For reasons of access,
each ZDST%L is separated into SIDST%L and DTDST%Z containing the static and the
dynamic parts respectively of the values of IDST%i.

(3) a part LGST%L of LGST% containing the locations reserved at the elaboration of

(1) In the sequel, unless the contrary is explicitely stated, when a block is mentio-
ned, it always excludes inner blocks.
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the local generators of the bZocki. In the merging, LGST%i is combined with
9103T9if(We define here the notion of variable (variable-identifier) : a variable
ig an identifier possessing a local name created by the elaboration of a local
generator which is the actual parameter of its declaration. In this case, the me-
mory location of the name is reserved on IDST% instead of LGSTY, which results
in an increase of efficiency).
(4) a part WOST%i of W0ST% containing the intermediate results of the expressions
of the blocki. Again, for reasons of access, WOST%L is separated in SWOST%L and
DWOST%i containing the static and the dynamic parts of the values of WOST%i
respectively.
Moreover, SWOST%L is in turn separated in three parts : SWOST%/é proper, DMRWOST%é
containing information for dynamic memory recovery associated to wosr%i values
(see I.2.4.2) and GCWOST%i containing garbage collection information associated
to WOST%L values (see I.2.4.3).
In the merging, H%L’ SIDST%L, DMRWOST%{, GCWOST%L, and SWOST%L will be grouped toge-
ther, thus forming SBLOCK%L ; it is to be remarked that the size of each of these
parts of SBLOCK%L is known at compile-time. The remaining part of BLOCK%i (DI@ST%i,
LGST% ;. end DWOST% i) will be called DBLOCK%L {fig. 1.2).

H

o\

£

SIDSTS .
L

TiRwoSTE | SBLOCKS,

g 2
BLOCKaL SWOSTaL

N\

DIDSTS,

L A
LGST% .
AL

DBLOCK%L
DWOST% ,
£
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1.4 RANGE STACK ACCESSES
IDST%i values and WOST%L values together with the corresponding properties sto-

red on 9MRWOST%L and GCWOST%L must be statically accessible ; this means that it
must be possible to provide the machine instructions which are the translation of
thé actions on the corresponding values with appropriate addresses {(i.e. giving
access to those values). More precisely, at each run-time moment, both the IDST%.
and WOST%j values of all bZocksj lexicographically surrounding the current bZockc
have to be statically accessible. BLOCKS .'s are made accessible through the well
known display mechanism [ 3] : the DISPLAYS is a run-time device containing at each
run-time moment the addresses of the headings H%, of all sccessible BLOCK%j's 3 in
fact, accessible bZoakj's are those lexicographically surrounding the current
bZockc, they can be characterized by a depth number » sometimes noted bnj and called
the block number of bZockj. Clearly the DISPLAY% must be updated each time a block
is entered and left, this is performed thanks to two fields stored in H%,'s, namely
- the static chain (stch%j) containing the address of BLOCK%k, assuming that bZockj

is declared in blockk.
- the dynamic chain (dch%j) containing the address of BLOCK%Z, assuming that block .

has been called from bZDckZ. Remark that deh% links all BLOCKS's of RANST% toge-

ther in the reverse order of their creation.

Example 1.1
Source program structure :

{declaration} pro¢ P =

1

{call of} P

Pigure 1.3 gives the contents of DISPLAYS and RANSTS at x.



RANSTS
BLOCK%O

DISPLAYS

R
L1 A [ BLOCK%V

‘BLOCK%Z;

j BLOCKS, ]

deh%

N steh®T g1ocks, |
5

E:::::::] ranstpmk

fig. 1.3

On the other hand, inside each SBLOCK%L, the relative address p of each value or of
each piece of information is known at compile-time. In short, thanks to the DISPLAY%
mechanism, each information of SBLOCK%L is statically  addressable through the
doublet n.p ; such a doublet will be called & static RANST% address.

RANSTS

DISPLAYS
n

BLOCKS ;

‘ \pj. -
he— static RANSTS address n.p.

/

w

rig. 1.k

Some computers have a hardware device allowing to implement the DISPLAYS mechanism
very easily. In this case the RANST$ address n.p itself may be used in the machine

instruction, for example for loading the contents of the cell n.p in the A-register,
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the instruction
IDA n.p

is generated.
Otherwise the display mechanism has to be simulated by means of index registers :
-~ if there is an index register B per DISPLAYY element, a very efficient object

program can be generated, for example the above load instruction becomes
LDA p, Bn

- the availability of one single index register B forces however to simulate +the
RANSTS addressing by means of two instructions instead of one at least when it can-

not be decided at compile-time whether the old contents of B already is DISPLAYADD4n

IDB DISPLAYADD+n
IDA p, B

1.5 REMARK ON THE IMPLEMENTATION OF PARALLEL PROCESSING

When parallel processing is actually implemented, RANST% is no longer a simple
stack, but a tree of stacks, i.e. a stack which is split up into several stacks at
each node of the tree. Each terminal branch of the tree corresponds to a particular
job being- elaborated or halted. Clearly, each job has its own values accessible and
must be provided with its own DISPLAYS. Again if we have a paging at our disposal,
to each branch can be associated a set of pages, and hence, branches may grow and
decrease independently.

When no paging is available we can merge the tree-stack with the HEAP% deleting the
last-in-first—out principle as far as the memory recovery is concerned, and imple—
menting what is called a linked stack. The implementation of such a stack simply
consists in reserving space for SBLOCK%L‘S on HEAP% each time a block is entered in
a given job and in updating the corresponding DISPLAY% accordingly, which mskes the
elements of SBLOCK%L accessible exactly as in the usual mechanism. Parts of DBLOCK%L
are also reserved on HEAPS as they are created at run—time ; clearly, parts of dif-
ferent DBLOCKS's can be mixed, the only constraint being that entities of DBLOCKY
which have to be contiguous are reserved at one time. The memory recovery is perfor-
med by garbage collection only.

In order to implement semaphores we build a list of jobs, with for each job a pointer
to its semaphore telling whether the job is halted or not ; when a job is not hal-
ted, it can be either in course of elaboration or waiting for a free unit : a flag
stored with each job in the list is representative of this state. As soon as a unit
has become free, a master program goes through the list, looking for a waiting job.

The process stops when all units are free and the list of jobs is empty. Clearly,
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when only one unit is available this unit has to perform one job at a time until it
ig either terminated or halted, whereafter, the unit starts executing the master

program, looking for a new job if any.

Example 1.2
Tree of . jobs :

{the figures correspond to
block depth numbers}

b Bt
Contents of the DISPLAYS's
0 1 2 3
0 1 2 3!
o 1 2! 3"
2 1 2! 3"l
0 1 2t ChANEE %
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2. STUDY OF THE STATIC FROPERTIES OF VALUES

The static properties of a stored value are classified as follows :

-~ the mode of the value, from which the storage structure of the value can be dedu-
ced.

-~ the geceess to the location where the value is stored, from which the machine ad-
dress of the location can be obtained.

- the memory recovery of the location of the value, telling how to recover the me-
mory space of the location once the value is no longer needed, and allowing to
minimize the dynamic memory management.

-~ the dynamic check information allowing to minimize the dynamic checks (scope and
flexibility) and in case they cannot be avoided, to provide them with error dia~
gnostic information.

These properties are now reviewed and described in a more precise way. Before-
hand, a new static property called origin is introduced, it is essentially used for
the static control of other properties.

An exhaustive study of the static elaboration of all ALGOL 68 actions showing
the full power of the system is given in PART II. In the present section, only a

few illustrations helping the understanding are given.

2.1 THE ORIGIN

The origin of a value is a static property keeping track of the story of the
value, i.e. the way it has been obtained. At this stage, the aims of this property
may be difficult to understand, they will become clearer when the properties control-
led by the origin are discussed.

The origin of a value consists of six fields called kindo, bno, derefo, geno,
Flexo and diago.
~ kindo (kind of the origin) keeps track of the fact that a value is issued from an

identifier (kindo = iden), a variable (kindo = var), a generator (kindo = gen) or
another construction (kindo = nil) ; it remains invariant through the static elasbo-
ration of & number of asctions such as slices, selections and dereferencings.

Kindo has to be considered together with bmo (block mumber of the origin) which,

~ in case kindo is iden or vgr, indicates the depth number of the block where the

identifier or the variable is declared,
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- in case kindo is gen and corresponds to a local generator, indicates the depth
number of the block where the generator appears.

~ in case kindo is gen and corresponds to a heap generator, is equal to 0.

Among other things, kZndo and bno are useful when a block is left : they allow to

decide whether the resulting value has to be copied in the calling block ; they

are also useful in order to be able to decide whether a value copied on WOST% has

to be provided with garbage collection information (see I.2.4.3).

- derefo (flag dereferencing of the origin} indicates whether a dereferencing action
has taken place starting from the construction in which kindo has been set up.

The wusefulness of this flag will appear in the static control of accesses in some
actions where it allows to detect the absence of side-effects, and subsequently
to avoid some copies of values (see I.2.3.3.c). It may also be useful in the sta-
tic control of the memory recovery property, where it allows to minimize the gar-
bage collection information attached to WOST% values (see I.2.4.3.1).

~ geno (flag local generator of the origin) indicates whether a local generator isg
implied in the congtruction of the value. This is useful to control the memory
recovery on DWOST% during the elaboration of row or structure display sactions
(see T.2.4.2, Remark 3).

- flexo {flag flexible of the origin) indicates whether the last name which has been
dereferenced, starting from the construction where Xindo has been set up, was fle-
zible, not flexible or if this is not known at compile~time. This property is use-
ful for minimizing the garbage collection information attached to W0ST% values
(see I.2.4.3.b), it is initialized by means of flexbot used in the checks of fle~
xibility (see I.2.5.2).

- diago {(diagnostics of the origin)} furnishes error diagnostic information with
which dynamic checks will be provided. For example diago may contain the line num-
bers of the source program construction giving rise to the value involved in the

dynamic check.
2.2 THE MODE

The mode of a velue is a static property on which the storage structure of the
value is based. It 1s clear that the translation process of an action into machine
code depends on the mode of the values involved in the action ; as already stated,
the mode allows to decompose the primitive source actions and values into the ele—
mentary functions and values available in the hardware.

The mode handling implies the detection of the coercions and the identification

of the operators(T). We assume from now on that coercions explicitely appear (in

)
(+) These two processes fall outside the scope of this study, they will be suppo—
sed to have been performed beforehand.
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prefixed form) in the source program and that all operators are associated with
their defining occurrence (through the symbol table as explained above [ 11] ). Clear-

1y, this makes the static elaboration of modes quite trivial.
2.8 THE ACCESS

2.3.7 GENERALITIES ON ACCESSES

The access of a stored value is a static property thanks to which the value can
be reached at run—time. It is important to realize that the static control of acces~
ses is the key of the system as far as the minimization of copies of values is con~
cerned.

The machine independency of the access mechanism is submitted to the same rules
as stated in I.0.1 for the storage allocation scheme, namely :

- the memory of the computer is considered an uninterrupted sequence of memory cellss
~- an indirect addressing mechanism exists.

Provisions are made in order to be able to retrieve machine dependent optimiza-
tions :

- register allocation,
- possible hardware literal and/or display addressing.

An access is represented by means of a two-field record : a class field and a
specification field. The class ffeld gives information on how to interpret the
specification field ; the specification field may haVe the form of one integer or
& pair of integers. Follows an enumerstion of the fundamental classes which are con-
sidered for a given value. This enumeration is given a priori, it will be Jjustified
thereafter, and in ITI.7 it will be shown how accesses can be transformed into ma-—
chine addresses very systematically.

(1) (constant v) stands for "constant (literal) of value »" ; it means that v
has to be considered as the given value itself. As stated above, this takes into
account the possible existence in some hardwares of literal operand instructions. In
such hardwares,the use of these instructions results in an increase of efficiency.
Clearly, this applies to the denotations of simple values such as short(f) integers,

short(f)

bits, characters and Boolean values, or alsoc to the identifiers which, ac~
cording to their declaration, are made to possess such simple values.

(2) (direttab a) stands for "direct constant—table address a". Tt means that the
given value is stored in the constant—table CONSTAB at the address a. CONSTAB is a
table which is filled at compile~time and available at run—time ; it consists essen~

tially of values of denctations.

{(t) i.e. fitting in the address part of a machine instruction.
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{3) (diriden n.p} stends for "direct identifier stack address n.p". It means
that the given value is stored on IDST% at the static RANST% address n.p. Such an
access is used for values possessed by identifiers as long as the block in which
they are declared has not been left, It is also used for values resulting from ac~
tions such as the selection from a value possessed by an identifier or the dereferen-—
cing of a name corresponding to a variable.

{4) (variden n.p) stands for "variable-identifier stack address 7n.p". The varia-
ble (name) is given the access (variden n.p) where n.p is the static RANSTS address
of the location of the name on IDST%. As already said under (3}, the static elabora-
tion of the dersferencing of a variable with the access (vaviden n.p) gives rise to
the access (diriden n.p) thus implying no run—time action. Moreover, it is to be
noted that the result of a selection applied to a variable of access (variden n.p)
will be provided with the access (variden n.p+Ap) where Ap is the relative address
of the field referred to by the resulting name, relative address in the static part
of the structured value referred to by the initial variable ; such a selection does
not imply any run—time action.

(5) (indiden m.p) stands for "indirect identifier stack address n.p". It meens
that the given value is stored in a memory location, the address of which can be
found on IDST% at the static RANST% address n.p. This kind of access can be obtained
through the static elaboration of a dereferencing applied to a value of access
{diriden n.p). Again such a dereferencing does not imply any run—time action.

(6) (dirwost n.p) stands for "direct working stack address n.p". Its interpreta-
tion is similar to (diriden n.p) except that n.p is a static RANST% address in
WOST%. Such an access is used for the result of an action, when this result does not
preexist in memory and hence has to be constructed on WOST$.

(7) (dirwost' m.p) is similar to (dirwost nm.p) but it is used when only the sta-
tic part of a value having & non empty dynamic part is stored on WOST%. Such an ac-
cess results in particular from the static elaboration of slices and rowings, for
which only the descriptor does not preexist in memory.

(8) (indwost n.p) stands for "indirect working stack address n.p" ; its interpre-
tation is similar to (dndiden n.p). Such an access can be obtained e.g. through the
static elaboration of the dereferencing of a name the access of which is (dirwost
nep).

(9) (nihil 0) is used 1o characterize the absence of value 3 this kind of access
allows, for example, at the output from a block delivering a void result to keep
track that no value has to be transmitted to the calling block. Such an access is

set up by the static elaboration of a jump, a voiding or a call with a void result.
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2.3.2 RESTRICTIONS ON ACCESSES

As it appears from the above section, each time an action is translated, advanta-
ge is taken from the fact that in many cases the resulting value can be characteri-
zed by a static access to an already existing stored value or part of it, thus avoi-
ding run~time copies to a large extent.

Some restrictions have been introduced in the implementation of the access mecha—
nism in order to keep the translation process within reasonable limits of complexity.
Thus 1t may happen that values or part of them are copied while a new access class

could avoid this. The following rules summarize the restrictions made on accesses :

a. Restrictions om the number of access classes

Rule a1l : only one level of indirect addressing is considered ; this implies e.g.
that two consecutive dereferencings may result in some run—time action {copy of 2
machine address on WOST%). The exception is the case where a varisble of access
(variden n.p) is dereferenced twice ; the access of the result being (indiden n.p),
no run~time action is implied (II.11.2).

Rule a2 : the above list of accesses requires that for all values involved in an
action, at least their static part is stored in consecutive cells in memory. As a
consequence, the static part of the value resulting, e.g. from a structure display,
has always to be in consecutive cells (II.15) ; in other words, this means that a

composed value is never represented by several static accesses to its elements.

b. Restrictions at the level of the accese classes themselves

Rule b1 : no access of the type (indwost n.p) may correspond to a pointer (stored

at the address m.p) pointing to WOST%. For DWOST%, this has particular implications
in the handling of the action slice applying to a value of access (dirwost m.p) and
delivering a value of mode NONROW (II.11.3, step 9, case Bh). Theoretically it

would be sufficient to copy the DWOST$ address of the resulting element on SWOST%
for exesmple at the address n’.p', and to characterize the result by the access
(Zndwost n'.p') . With the above restriction, the whole static part of the resulting
element has to be copied on SWOST% giving rise to the access (dirwost n'.p') or
(dirwost' n'.p’). For SWOST%, this restriction is of some consequence in the transia-
tion of choice actions (for example conditional or case actions, see II.1L).

Bule b2 : the dynamic part of an intermediate result will never be stored on SWOST%.
This rule has an implication in the translation of the action rowing applying to a
value of access (dirwost n.p) and of mode NONROW. Theoretically, it would be suffi-
cient to comstruct the descriptor of the result on SWOST%. In addition, the present

rule implies to copy the static part of the original value on DWOST%.
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Rule b3 : all offset pointers of WOST$ values must point to the same direction (from
the bottom to the top of the stack). This means that parts of WOST% values always
appear in a well defined order which makes copies of values from WOST$ to WOST% more
efficient (when such copies are needed for the transmission of the result of a pro-
cedure for example).

Bgig_bh : the dynamic part of a value has to be completely stored either on the
HEAP% or in one same BLOCKS of RANST%. Moreover, when stored in a BLOCK%, supposing
the static part of the value consists of several elements with a dynamic part (the
whole of these dynamic parts forming the dynamic part of the value), these last ones
must be stored in the same order as the corresponding descriptors in the static part
of the value.

This rule is intended to make coples of values easier. Suppose for example the re-
sult of BLOCK%}é has an access class diriden which is originated from variden. Suppo-—
se also that the value referred to by the name of the variable has several elements
of mode [lu, the ones being flexible the others not. Strictly spesking the dynamic
parts of the non flexible elements are stored on UIDST%L and the flexible ones on
the HEAP%. Suppose now the block is left and the value has to be copied on the
wOST%j of the c¢alling block BLOCK%j ; if all dynamic parts of the elements are not
in the same device, the copy of the value must be made with much care (implying dy-
namic checks) in order to be sure that the copy of a dynamic part from HEAPE to
DWOST% . does not overwrite a dynamic part stored on DIUST%L and which has not yet
been copied in BLOCK%j. These difficulties are avoided by the present rule ; in
particular, this implies that the whole dynamic part of the location of & local name
is reserved on the HEAPY as soon as a subname of the name is flexible. (This is the
case for location reserved for e.g.

Lloc struct ([1:81dint ©, ..., [1:2 flexlreal r)}.

Example 2.1 (fig. 2.1)

Let § be a structured value with three fields FT’ FZ and F3 3 S (F ,,F ,,F 2)

oF g
ig stored on SIDST%i, the dynamic parts Fdf of F? and Fd3 of F3 arebstoi;d ii s
DTﬂST%L, and the one Fdz of FZ is stored on the HEAP%. If S is the result of

BLOCK%L,i$ has to be copied in the calling BLOCK%j. Clearly, the copy of Fdz risks
to supersede Fd3 before ng has been copied, if no precaution is taken (see also

I.2.4.3, Remark 3-3).

Rule b5 : when a value is copied from WOST% to WOST% and when source and object va~
lues may overlap, the source value is always stored at a lower WO0ST% address than
the object value such that the value can be copied cell Dy cell in natursl order.
{(see II.14.1.2.B, Case C and III.5.4.3).
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2.3.3 VALIDITY OF ACCESSES
The validity of an access to a stored value is based on the following principle:
a stored value may be used as the result of an action as long as this stored value
is not overwritten.
There are three run-time actions by which stored values can be lost
- the end of a block,
- the call of the garbage collector,

-~ the assignation.

a. End of block action

When a bZOcki is left, the corresponding I@ST%L, LGST%L>and WOST%L are lost ; it
is the study of the origin of the value of the block which determines which run-time
action has to be taken in order to keep a valid asccess to the result of this block
(11.1).

If kindo is iden, var or gen and if bno is smaller than the depth number bn of
the block which is left, assuming that scope rules(f) have been performed, the ac-

cess remains valid. Clearly, when the access class is dirwost, indwost or dirwost’,

a run-time action is implied, by which the result of the block left is transmitted
to the calling block, and the specification field of the access must be modified
accordingly.

If the above conditions are not fulfilled, the whole value has to be copied on
W0ST% of the calling block, giving rise to an access of class dirwost.
NB. What has been said above does not apply to a block corresponding to a procedure,
for which the result is generally copied into the calling block, and this to ensure
the static connection between the call and the procedure itself (II.5.1.3). On the
other hand, in procedure oriented implementations, at non procedure block returns,

the copies of the static parts of the results stored on SWOST$ are avoided.

b. Call of the garbage collector
The garbage collection must be provided with run—time information about all ac-
cessible values. As explained in I1.2.4.3 the updating of this run~time information

is based on the access mechanism itself, which solves the problem of its validity.

a. Assignation
The effect of an assignation is the overwriting of a stored value, value which,

asccording to the access management described so far, may be used as the parameter

(+) Scope rules {I.2.5.1) imply the bn of the block where a value is stored is al-
ways smaller or equal to the bno of this stored value. Hence, the above check
takes the worst case into consideration.
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of a future action. Such a situation may only appear for actions where side-~effects

are allowed, which brings itself in ALGOL 68 [ 1] to three cases where an order of

elaboration is implied(+)

~- the primary of a call has to be elaborated before the actual parameters,

- the right part of a conformity relation has to be elaborated before its left part,
if this left part is elaborated st all,

- & semicolon appearing between two formal parameters of a routine denotation implies
an order in the elaboration of the corresponding actual parameters.

The problem may be solved by systematically copying the value of the primary of
the call, of the right part of the conformity relation and of the actual parameters
satisfying the above conditions. Obviously when the derefo of such values is zero,
i.e. when no dereferencing has taken place since their origin, these values can

never be overwritten by an assignation and no copy is needed.

2.3.4 LOCAL OPTIMIZATIONS

A computer possesses a specific number of registers each with its own properties;
an optimal use of registers implies to take them into consideration during the sta-
tic access management. It would e.g. be possible to have additional classes of ac—

cesses as dirregister and indregister, the meaning of which is obvious. The static

management of such accesses supposes the updating of a list of register information
reflecting their current occupation. Starting from this, we could for each action
being translated choose the optimal strategy in the use of registers. The policy of
the scheme described here requires machine independency, which can be obtained
either in ignoring the existence of registers or in parametrizing the system. For
lack of criteria for choosing a sound parametrization, the first solution has been
adopted with, as direct consequence, a decrease in the efficiency of the generated
object programs. This is only admissible as far as the price to pay is not to heavy;
for this purpose a simple system of local optimizations is used.

The principle of this system consists essentially in suppressing pairs of conse-
cutive store and load instructions of one same register and with the same address
part [ 16] . Clearly, this is only valid if the value to be loaded and stored is used
only once, which is the case for intermediate results stored on W0S8T%, i.e. when the
instructions have a WOST% address part. In the examples below, the sequence STA w,
IDA w is cancelled by local optimization (Example 2.2). When a similar sequence
appears with a non-W0ST% address STA y, LDA y, only the second instruction of the
pair may be cancelled {Example 2.3).

Example 2.2

Scurce program :

x:xa+bxe

(1) In the revision [8] side-effects are no longer allowed.
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Result of the syntactic anslysis :
e taxbe

Intermediate code :

x{proe (int, int)int, (diriden b), (diriden c), (dirwost w})

+(proc (int, int)int, (diriden a), (diryost w), (dirwost wz))

:#(int, (variden =), (dirwost wz))

Machine code without local optimization :
IDA b

MPY
STA

e

ILDA w {When the second operand of a commutative dyadic
ADA & operator is stored on W0ST% the order of the two
STA v, operands is inverted in machine codel

LDA Wy
STA %

Machine code after local optimizations

IDA b
MPY ¢
ADA a
STA x

The only price to pay in the above example is the reservation of the memory
cells ¥ and ¥, (actually W and w; mey be the same cell), which will in fact never
be used at run-time,

Example 2.3

Source program :

x =y iz a
Result of the syntactic analysis
;= devef 7y «a

Intermediate code :

:=(int, (variden y), (dividen al)

:=(int, (variden z), (diriden y))

Machine code without local optimizations :

IDA a
STA y

LDA y
STA x

Machine code after local optimizations :

LDA a
STA ¥
STA x

A more difficult case is the one of retrieving efficient machine code when choi-
ce actions (i.e. conditional, case or serial with completer actions) are involved.

For these actions, special object instructions "loadreg (mode, accese)" and
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"storereg (mode, access)™ are generated in the intermediate code (Example 2.h) ;
these instructions are ignored when translated into g machine code where no register
exists for values of the mode specified in the instructions, otherwise they are re-
placed by load and store machine instructions respectively, for such registers. 4s
shown by the example, the generation of these instructions allows one to obtain more
efficient object code simply by applying the principles of local optimizations :
Example 2.k
Source program :
@:=(d|a;|a)+e
Result of the syntactic analysis :
=t (d|a; | ay)e

Intermediate code (without storereg and loadreg instructions) :

Jump no  ((diriden d), L)

copy (int, (diriden az),(dirwost w))
Jump (L")
: copy (int, (diriden a2),(dirwost w))
AN (proc(int,int)int, (dirwost w), (diriden c), (dirvost w,))
:= (Znt, (variden x), (dirwost w,))

{in this intermediate code the instructions "copy" are intended to force the value
of the first operand of the operator "+" in the same location w whatever the boolean
value of d would be. In this way the single access © can be used when the action "+"
is translated.}

Machine code :

o d {C is supposed to be an addressable comparison register}
IFd L

LDA
STA

UNJ

L : LDA
STA
L' : LDA
ADA
STA

DA
STA

oo

n

ﬁv_‘iiﬂil 5 »

w

Clearly, local optimizations applied to this machine code do not lead to optimal
object code. It is the reason why, in case of choice actions, special instruc-
tions have to be generated in the intermediate code :
(1) At the end of each element of & choice, the following instruction is genera-
ted :
Loadreg (mode, access)
where mode and access are the mode and access of the value of the element ;

this instruction will be translated into the machine instruction "LDA access"
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if it appears that a value of the specified mode fits into the A register,
otherwise the instruction will be disregarded.
{2) At the end of each choice action the following instruction will be generated:
storerey (mode, access)
giving rise to "STA access" in machine code 1f a value of the specified mode
fits into the A register ; it is disregarded otherwise. Then the intermedia-
te code becomes :

Jump no {(diriden d}, L)

copy.. (int, (dirtden a,), (dirwost w))
Loadreg (int,w)
Jump (L")

L : copy (int, (diriden a2), (dirwost w))
loadreg {(int,w)

Lt : storereg (int,w)
+ (proc(int,int)int, (dirwost w),(diriden c), (dirwost w,))

;= {int, (variden x), (dirwost wl})

and the machine code :

IDC 4
IFJ L

LDA a
STA w
W

LDA
UNJ L

L : LDA
STA

LDA
L' : STA
LDA
ADA
STA
pa
STA

After local optimizations the program becomes optimal :

ILbC 4
IFS L
IDA a
UNJ U
L : ILDA a
L' : ADA ¢
STA x

Other examples of local optimizations can be found in II.1k.71.2 and IIIL.3.

1

Nﬁ_‘ﬁﬂé‘. % 5 7 9
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2.4 MEMORY RECOVERY

The problems of memory recovery treated in this section are related to the inter-
mediate results on WOST%. These problems have three aspects each of which is control-
led by a static property attached to the WOST% values (i.e. the values with access

classes dirwost, dirwost' and indwost) :

- the static property "static memory recovery" (emr) controls the memory recovery
on SWOSTS,

- the static property "dynamic memory recovery" (dmr) controls the memory recovery
on DWOSTS,

- the static property "garbage collection" (ge) controls the storage of garbage

collection information attached to WOST% values.

2.4.1 STATIC WORKING STACK MEMORY RECOVERY

& WOSTS value is accessed through a static RANST% address n.p which is the sta-
tic address of a location of SWOST% ; each part SWOST%L of SWOST% is completely con-
trolled at compile—time, and no dynamic pointer management is needed. It is shown
below by means of a few examples how the static property smr allows the static con-
trol of SWOST% and at the same time permits to minimize the number of copies without
endangering the last-in-first-out principle, but sometimes at the price of some delay
in the recovery of "holes" on SWOST%.

Smr assoclated to a SWUOST% value has the form of a RANSTS address n.p which indi-
cates up to where the memory can be statically recovered on SWOST% when the associa~
ted value is deleted ; as opposed to classical memory recovery methods, NPy MY

be different from the static address 7.p of the access of the value.

Example 2.5 (fig. 2.2)

Suppose & structured value S is stored on SWOST$ with an access (dirwost n.p)
and a smr NPy identical to n.p. The translation of a selection of a field F from
S consists simply in transforming the access into (dirwost m.p+Ap), where Ap is the
relative address of F in 8. SWOST% memory is recovered as follows : the static
address nf.pf indicating the first free cell on SWOST% before the selection, is
transformed into n.p+ip+stsz, where stsz is the size of the static part of F. Clear-
1y the hole of size Ap cannot be recovered at once if we want to avoid a shift of
the value of the selected field, but it will be recovered at the same time as the
space of the field itself, and this thanks to the static property smr which has re-
mained unchanged. The process is recursive and the hole may grow, but it will not
become bigger than Ap+stss. Note that if the asccess itself of a value were used for
recovering its SWOST% memory, the hole would only be recovered when the previous

value is deleted ; in this case, holes risk to accumulste (e.g. when several values
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appear successively on SWOST% before the previous value is deleted), which is avoi-

ded by the present solution.

Example 2.6 (fig. 2.3)
Suppose m values Vi,u..,Vm of GCCess N Pys-e-sM P, and of smr emr,,...,emr ,

are respectively stored on SWOST%i and. are the m parameters of an action. Suppose
moreover that the result of the action does not preexist in memory and hence has to
be construted on SWOSTS.

Generslly spesking, it i1s impossible to construct the result of ‘the action directly
on SWOST% by overwriting the values of the parameters and this for two reasons

(1) the whole of all parameters may be needed up to the end of the action,

(2) heap values accessible through parameters may remain accessible through the
result. IT such heap values are protected through garbage collection informa-~
tion associated with the parameters, the value of the parameter must remain
available for the garbage collector up to the end of the action, where the
result itself will be associated with a garbage collection information. (An
alternative process consists in protecting the result as it is constructed,
but this is more expensive in run—time actions).

A solution consists in constructing the result from nf.pf and in shifting it to

smr, at the end of the action in order to avoid the accumulation of unused memory
on SWOST%, the prige being an extra copy of the result.

The other sdlution consists in searching if there is a hole hi(smri to ni.pi) big
enough to contain the static part of the result, in which case it is constructed in
this hole with an access equal to (dirwost smri) and an émr equal to smr;. It is to
be remarked that the research of the hole is completely static. If the result does
not fit in any hole it is constructed from nf.pf but not shifted.

This last process avoids a copy of the resulting value, at the price of delaying
the recovery of holes on SWOST% ; but it is not cumulative in the sense that the mo-—
re one is lead to construct the results from nf.pf, the more the holes are growing,
and the greater is the chance to find a hole big enough for the result of the next

action.

Example 2.7 (fig. 2.4)
Suppose a value Y has to be stored on SW0OST% and that, according to the previ-

sion mechanism deseribed in I.3, we know that the next action to be applied to V
will provide this value with an overhead (uniting or rowing for example) giving
rise to V'. Instead of storing the value at the first free cell n.p, it is stored

at n.prohsz where ohsz is the size of the overhead ; clearly, the smr of the value
will be n.p. In this way, the dynemic effect of the next action will be to store the
overhead without moving the value V on SWOST%.

Fig. 2.5 shows the situation where the selected field F of fig. 2.2 is provided with
an overhead.
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2.4.2 DYNAMIC WORKING STACK MEMORY RECOVERY

DWOST% parts of values are accessed at run-time through a dynamic interpretation
of the descriptor offsets contained in their respective SWOST$ parts ; the addresses
of the offsets can be deduced from the accesses and the modes of the WOST% values
either at compile~time or possibly at run-time (for some union valuea).

PWOSTS memory recovery, as opposed to SWOST% memory recovery, has a dynamic ef-
fect, namely the updating of a run—time pointer to the first free cell of DWOSTY
{which is also the first free cell of RANST%) ; this pointer has been called
ranstpmbk.

Nevertheless, the strategy of dynamic memory recovery is similar to the strategy
of static memory recovery : to separate the dynamic memory recovery of DWOSTS values
from their access, giving rise to the static property dmr.

The property dmr has three possible forms

(niZl o) shortemed into nil
(gzgzvnd.pd),
(dyn nc’z.p(’z).

1) nil is used for values without dynamic part on DWOSTS, it allows to detect that
no object instruction has to be generated for recovering DWOST$ memory when such
values are deleted.
2) (stat nd.pd) is used when the DWOSTS pointer up to which the DWOST% memory can
be recovered is at an address naPg known at compile-time, provided the contents of
the address do not risk to be lost before the value is deleted.
a) This is the case when the pointer is the first offset in the static part of
8 non-union value on SWOST%.
Example 2.8 (fig. 2.6)
Let V be e non-union WOST% value with a static part V4 and a dynamic part Vd,
and let naPy be the address of the first offset in V4 according to the mode of
V 3 dmr attached to V has the form (stat nd.pd).

b) It is also the case when the pointer is stored in the hole situated between
the geeess and the emr of the value at n4.p, known at compile~time.
Example 2.9 (fig. 2.7)

Suppose a structured value S of mode struct ([]ulsz""’[]uisi""’[]umsm) is
stored on WOST% with an access (dirwost n.p). Assuming that the offset of a des-
criptor is stored in its first cell, dmr of S is (stat n.p). This dmr remains
invariant through the selection of & field F{ of 8. Similarly to the static me-
mory recovery, there is a hole above the dyneamic part of the selected value and
the DWOSTS memory space Fdi+! ... Fdm can be recovered after the selection by
adjusting ranetpm% ; obviously this recovery is dynamic, the compiler must gene-—

rate the corresponding object instructions.
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3) (dyn né.pé) is used when the DWOST$ pointer up to which DWOST% space can be reco-
vered is stored at an address known at compile—time but whose contents risk to be
lost before the value is deleted. In this case, a special object instruction is gene-
rated by which this pointer is saved in a SWOST% memory cell né.pé, where it can be
retrieved when the value is deleted. There are several ways of choosing né.pé, we
explain one of them : a new part is distinguished in each SWOST%L in addition to
SWOST%i proper DMRWOST%i, where the cells of address né.pé are reserved. As for
SWOST%i, the size of DMRWOST%L is known at compile~time and its menagement is comple-
tely static.
a) A first case in which the above situation appears is when some values of mode
union have to be stored on WOST%.
Example 2.10 (fig. 2.8)
Suppose a value U of mode union (ul,[lug), where by is a NONROW mode, has to be
stored on WOST% Before the value is stored, ranstpm% contains the address up to
which DWOSTS memory has to be recovered when the value is deleted ; clearly the
copy of the value on WOST% causes the overwriting of ranstpm%. The proposed solu-~
tion consists in generating an object. instruction by which ranstpm% is stored at
the DMRWOSTY address né.pé, just before the value is stored on W0ST% Statically,
this gives rise to a dmr equal to (dyn né.péJ for the value.
Clearly, the DWOST% memory recovery, when U is deleted,consists in dynamically
restoring the initial value of ransipm% by means of the contents of the cell
né-pé « Note that in this case there is another solution for recovering the
DWOSTS memory of U, which consists in a dynamic interpretation of the overhead,

this solution seems to be less efficient.

b) The second case where dmr of class gygihas to be used occurs when an action

on a value with dmr equal to (stat nd.pd) is translated, action which provi-

des the value with an overhead which appears to overwrite the cell ngP g
Example 2.11 (fig. 2.9)

Let us come back %o Example 2.9 with m=2 and suppose that the field FZ of mo-
de []u2 is selected and that the result of the selection is rowed several times
thereafter. If the overhead corresponding to the rowing supersedes the cell Py
its contents must be saved beforehand on DMRWOSTS at né.pé.

Note that a similar situation may arise when the static part of the result of

an action is constructed in a hole of & parameter as it is the case in the exam~

ple 2.6.

Remark 1.

No example similar to example 2.6 about static memory recovery has been conside~
red for the dynamic memory recovery. Such an example would be related to the trans—
lation of an action with several parameters stored on WOST% and with a result to be
stored on WOST%, all corresponding values being supposed to have dynamic parts. A

solution similar to the cne described in I.2.4.1 can be imegined here, for storing



38

| —] ]
DMRWOSTS DMRWOSTS
DWOST% DWOSTS
nyeg "2y
e S—— R
" C
SWosTS SWoST%
[1u2 . J ud
Us /

ranstpmk ransipmlk

a. dynamic mode of U is My b. dynemic mode of U is []HZ

fig. 2.8

Cj F2 : access : (dirwost n.p +Ap)

DMRWOSTY e dmr : (stat n.p)

] p—
ngph

:_ﬁ—/’” DWOSTS

FZ rowed :
access : (dirwost n.p+Ap-ohsz)

nprhp-ohss | dmr : (dyn ??C%-Pé)

D ——

—_—




39

the dynamic part of the result of the action without overwriting the parameters. The
soclution also consists in searching between the access and the dmr of the dynemic
part of a parameter, a hole big enough to store the dynamic part of the result.
However the main difference is that the searching of the hole would take place at
run-time. The question is, i1s it better to make this run—time search or to allow an
extra copy of the dynamic part of the result?

On the other hand, no standard ALGOL 68 operator delivers a result with a dyna-
mic part, and moreover, the system explained in this book avoids the copies of dyna-
mic parts of values on DWUST% to a large extent for most of ALGOL 68 actions.

For these reasons, the mechanism explained in I.2.4.1 for static memory recovery,
seems not worthwhile to be extended to the dynamic memory recevery in an ALGOL 68
compiler.

Remark 2.

According to the restrictions on accesses (see I.2.3.2), no ALGOL 68 action may
cause the creation of an overhead to a DWOST% value ; however there is a situation
where a similar problem occurs.

Suppose (fig. 2.10) that a value V{(Vs and Vd) of mode struct ([1us) is stored on
W0ST% and that this value has to be rowed ; Vs and Vd will form together the dynsmic
part of the result. V' of the rowing, which will be of mode []struct ([1us). Accor—
ding to rule b2 (see I.2.3.2) by which the dyramic parts of the WOST% values may not
be stored on SWOST%, Vs has to be copied on DWOST%. On the other hand, according to
rule b3 by which the different parts of a WOST% value have to be stored in a well
defined order, V4 has to be stored on the top of Vd. In order to avoid a shift of
Vd freeing space for V4, the prevision mechanism is used for genersting an object
instruction by which ranstpm% is increased with the size of V4 before V is stored on
WOST%. Clearly, thereafter, there is space on top of Vd to store V4 (see also II.11.
5).

e ~——
M—— e
SwosT% SWosT%
] DWOSTS 3 DWOST%
Vs 'St 7
7 ! 12
/, s
/ vd'
// vd vd
b= 7 o —
///
ranstpmh ranstpm‘%.‘:/
/_—_\‘ /"_'\-
a. before rowing of V b. after rowing of V

fig. 2.10
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Remark 3

It has been explained in [ 13] how the presence of local generators may hamper
the last—in-first-out principle of W0ST%, when LGST% and WOST% are merged in RANSTS.
The sclution of [ 13] implies an order of elaboration j more precisely, it implies
that "syntactically accessible" generators of collateral clauses are elaborated be—
fore the other elements of the clause.

We propose here a solution implying no order of elaboration but by which we ac-
cept the freezing of some parts of UWOST%L for the duration of BLOCK%i. The solution
is based on geno{I1.2.1). Geno is set to 1 when a local generator is elaborated; and
is transmitted to the previous BOST elements corresponding to WOST% values of the
same BLOCK%i. The effect of gemo equal to 1 is to inhibit the DWOST% memory recovery
of the corresponding value, which at the same time inhibits the recovery of merged
LGST% locations (see also II.15.2, step 4.2).

2.4.3 HEAP MEMORY RECOVERY

HEAP% memory recovery is performed by the garbage collector ; this one proceeds
in two steps, namely the marking and the compacting which are both based on the mo-
des and the accesses of IDST% and WOSTS values.

How garbage collection routines are generated starting from the mode and the
access of a value is explained in [ 121 ; fhe remaining problem is to link all routi-
nes together in order that each time the garbage collector is activated the routines
corresponding to the current state of IDST% and WOST% are called (a).

In addition, providing WOST% values with garbage collection information requires

dynsmic actions. It will be shown how these actions can be minimized (D).

a. Linkage of garbage collection information.

We know that IDST% and W0ST% have been split in several parts IDST%L and WOST%L
on RANSTS, in such a way IDST%L and WOST%L are parts of one same block BLOCK%L. A
block BLOCK%é is provided with a heading H%L and blocks are linked together by means
of the field dehk% stored in their heading. The entry point into this chain can be
obtained through the DISPLAY% element of the block currently elaborated, and this
display element can be reached through the depth number bn of this block ; such a
depth number can be Purnished as a parameter each time an instruction by which the
garbage collector may be called, is generated. Another solution would be to store in
a run—time cell »tbn%, the depth number bn of the current block. This would require
a run-time action updating the cell each time a block is entered and left {fig. 2.11).
This seems, however to be counterbalanced by the fact that passing bn as a parameter
to the garbage collector is also space and time consuming.

Garbage collection information for each IDST%L and WOST%L will be stored in the

corresponding BLOCK%'(fig. 2.12) as follows :
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k2

The garbage collection information for TDST%L riainly consists of a pointer
gaidp%i stored in H%L’ This pointer gives access at run-~time, either to a precom—
piled routine or to a compile—time constructed table ; when called, the garbage
collector will execute the routine or interpret the table respectively. Gcidp%i
is set up at block entry and remains invariant throughout the whole block execu—
tion. In addition, in order to prevent the garbage collector to be misled, all
pointers and union overheads of STDST%L must be initialized (to nZl) at block
entry.

The garbage collection information for WOST%L is continuously varying and, in
principle, must be updated each time the contents of WOST%L vary. For storing
this information a solution similar to the one used for storing dynamic memory
recovery information has been used : a new part has been distinguished in each
SWOSTS , in addition to SUOSTS, proper and DMRWOSTS,, nemely GCWOSTS,. (1)

The management of each GCWOST%L is completely static, in particular its size is
known at compile—time and the accesses to its elements have the form of RANST%
addresses ng.pg ; there will be one GCWOST%L element for each WOST%L value giving
access to HEAP% values which risk to be lost when the garbage collector is cal-
led. The static property ge associated to each WOST% value will be the static
address ng.pg of the corresponding GCWOSTS element when it exists, it will be
given a special representation (nil) otherwise.

A GCWOST% element furnishes information about the mode and the access of the cor-
responding WOST% value ; moreover the garbage collector must be provided with
information telling where GCWOST% starts and ends. For this purpose two informa-
tions are stored in H%i namely gchp%i which is the address of the first

GCWOST%L cell and gcsz%i which is the size of GCWOST%i. In addition, irrelevant
GCWOST% elements must be recognizable, this is performed in having their contents

always initialized properly.

Definition. A value which is made accessible for the garbage collector either

through an IDST% value of a BLOCKS or by means of a GCWOST% element is said to be

protected.

b. Minimization of working stack garbage collection information

A WOST% value must be protected at run-time by a GCWOSTS element
~ if it gives access to a HEAP% value and
- if this heap vaelue is not already protected through an IDST% value, or if

there exists such a protection but which can be destroyed by a side-effect.

These conditions are genersllynot completely known at compile—time ; a GCWOST$

(+) It is acknowledged that this solution is not optimal, although it works quite

satisfactorily ; in appendix 1 the main lines of a better solution are sketched.
However, for historical reasons, it is the first solution which is developped in
the main text.



43

protection will be based on known information in order +to allow full security. Clear-—

1y, the number of situations where at compile-time a GCWOST% protection has to be

foreseen is larger than the number of run—-time situationg with the above conditions.

The present study shows how the static properties access, mode and origin of a

WOST% value allow to minimize the cases where this value has to be protected.

For the sake of clarity, it will be successively shown how these properties allow to

determine at compile~time whether

(1) the WOST% value risks to give access to a HEAP% value,

(2) & HEAP% value accessible through a WOST% value is protected through an I0ST% va-
lue {assuming no side-effects have occurred),

(3) side~effects invalidating the above presumed protection risk to be present.

In practice the distinction has not to be made in such an explicit way. In particu-
lar, when translating an action on a given value, the presence or absence of GCWOST%
protection for this value and its access class sometimes give additional information
about the fact that the value resulting from the action has to be protected on

GCWOSTS or not {see Example 2.17, fig. 2.24).

(1) A WOST% value V(Vs and Vd) may give access to a HEAP value Vh in the following
conditions :

a) the access class of the value is dirwost and, according to its mode, the va-
lue contains a name N (fig. 2.13). Clearly, a value with an access class
dirwost end of plein mode (int,bool, ...) will never have to be protected.

b) the access class of the value is diywost', and according to its mode, the
vaelue contains a name N (fig. 2.14 and 2.15).

¢) the access class of the value is dirwost' and, according to its origin, its
dynamic part risks to be on the HEAPS :

Example 2.12 (fig. 2.16}

Suppose a value V (Vs and Vd) with an access class dirwpst' has the following

origin properties

~ kindo = par

~ derefo = 1

- flewo =1
This means that the last dereferenced name was referring to a value with flexi-
ble bounds, and hence that the dynamic part of this value is stored on the HEAP%.
As a consequence Vd is on the HEAPL Such a situation happens e.g. when a varia-
ble of mode ref [...Ju is first dereferenced giving rise to a multiple value
M(Ms and Md) with flexible bounds and then sliced giving rise to V.
However, (fig. 2.17), if the value V were originated from an identifier which
is only sliced (kindo = Zden and derefo = 0) the access class of V would be
dirwost' but Vd would not be on the HEAP%.
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&) the access class of V is indwost and according to its mode, it contains a na-
me N (fig. 2.18).
e) the access class of the value is indwost and according to its origin, the value
itself {or its dynamic part) may be stored on the HEAPS .
Exemple 2.13 (fig. 2.19)
Suppose a value V(Vs and Vd) with an access class Zndwost has the following
origin properties :
- kindo = yar
~ derefo = 1
~ flexo 7
As it was the case for example 2.12 Vd is stored on the HEAP%. Such a situation

l!

H

may result from a variable referring to & multiple value with flexible bounds
and which is first dereferenced giving rise to a value of access class diriden
and then involved in an action by which its access is transformed into
{(indwost n.p)(%>.

However, if the value V were originated from an identifier which is only invol-
ved in an action transforming the access (kindo = iden and derefo = 0), Vd would

not be stored on the HEAP%.

{2) A HEAP% value accessible through a W0ST% value is protected through an IDST%
value, assuming that no side-effects may occur, if the kindo of the WOST% value
is Zden or vgr and if its bno is smaller or equal to the depth number bn of the
current block.

Example 2.1h4 (fig. 2.2@}(*”

Suppose the value V has an access (dirwost n.p) and comes from a copy of an
10ST% value V' (kindo = iden or kindo = var) of a BLOCKS with bn<n {(bro=bnsn ).
Clearly Vh is protected through V'.

Example 2.15 (fig. 2.21)
Suppose the value V has an access (¢ndwost n.p) and this access comes from

the transformation of an access (diriden n'.p’) with n'<Sn (bno = n'Sn).

Clearly Vh is protected through V.

(+) This may happen when a choice action is translated, the elements of the choice
being e.g. all of access class dirtden. In order to be able to translate the
action which applies to the result of the choice action in a unique way, this
result mustbe provided with a single access whichever the result of the choice
would be. In section I.2.3.4, it has been explained how to manage when the re-—
sult fits into a register : the unique access is (dirwost n.p); when the value
does not it in = register it is more efficient to deal with an access
(indwost n.p), giving rise to the situation of the present example (see IL.14).

(¥+) From now on, the arrOW‘=)appearing in the figures means that the value pointed
to is protected.



L7

SWoSTS HEAPS
ep ] v / {
Vh
—‘\/\
V : access :
fig. 2.18
SI10STS HEAP%
Vs vd
;=====’¢
SWOSTS
np ]
RN V : access :
fig. 2.19
ID8T% HEAPS
v [ I
} Vh
[ SwosTz 1.
Mo ——sd

v

roaceess v

2.20

(indwost n.p)

(indwost n.p)

(dirwost n.p)



48

{3) Side-effects are legal in only three cases in ALGOL 68 {see I1.2.3.3) but in prac-
tice, wrong programs may have side-effects everyvwhere. The consequences of not
taking such side-effects into account in the protection mechanism of WOST% values
are similar to those resulting from the absence of scope checkings (see I.2.5.1).
This is the reason why the WOST% protection described below does take even dis™
allowed side-effects into account.

Suppose a HEAP% value Vh is protected through an IDST% value V, the protection
may become obsélete if some pointer linking V and VA may be overwritten. This

may happen if, according to the origim properties of V, an assignation may teke
place, by which pointers corresponding to names or to offsets of flexible des-

eriptors involved in the link may be overwritten.

Example 2.16 (f'g. 2.22)
Suppose a value V is stored on WOST% with an access (dirwost n.p) ; suppose mo-

reover that this value contains a name N giving access to a (possible HEAP%)

value V1, and that the origin properties of V are

- kinde = wvar
- brno < n
- derefo = 1

The name pointer (1) in fig. 2.22 may be superseded through an assignation to
the variable, thus making the protection of V} obsolete. In such & case, a

GCWOSTS  protection has to be provided at the moment V is stored on WOSTS.

Example 2.17 (fig. 2.23)
Suppose a value V(Vs and Vd) has an access (dirwost’ n.p), which means that only

the static part of the value is stored on SWOST% and that its dynamic part is
stored in another part of the memory, possibly the HEAP% ; suppose moreover that

for this value

- kindo = var
~ bno < n
~ derefo = 1
- flexo = 1

According to flewe = 1, the name N corresponding to the original variable is
flewible (see I.2.5.2.a), and V4' contains a descriptor D' the offset of which
points to the HEAP%, The offset pointer (1) in fig 2.23 may be changed by an as-
signation to N and although Vd is protected through the variable, it must also
be protected through V5 by a GCWOST% element. Note that, if the value V has an
access class indwost which comes from the transformation of the class diriden,

the protection remains valid, whether kindo is idem or var (fig. 2.2L).
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Remark 1.

Local optimization may cause a value, considered to be stored on WOST% in the
intermediate code, never to be actually stored at run—time on this stack but only ta
appear in a register ; theoretically, if such a WOST% value, a name for example, is
protected, the protection should take the local optimization into account i.e. pro-
tect the name in the register and not on WOST%. Actuaslly, not taking local optimiza-
tions into account is of no consequence if the garbage collector is not called before
the protection of the value has been erased from GCWOST%. If the latter condition is
not fulfilled, it is always possible to irhibit the local optimization by the genera-
tion of a special object instruction between the copy of the name and its use. In
this respect, an exhesustive study of ALGOL 68 actions on register values can be found
in PART II.

Exemple 2.18

Suppose & name N has to be stored on WOST% and to be protected through a GCWOSTS
element. In practice, the object instruction by which the name is protected may
be generated before the instruction storing the name on WOST%. Suppose that the
instruction by which the name is used is generated thereafter and that finally

the instruction cancelling the protection of the name on WOST% is generated.

Intermediate code Machine code
Protection of N Protection of N
Copy of N on WOST% IDA N

STA w
Use of N IDA w

. .
» .
. .

Cancelling of the protection Cancelling of the protection

Clearly, without precautions, the local optimization will eliminate the sequence
STA w, LDA w and the name will never be stored on WOST%. Although the protection
applies to the cell w, the process remains valid if the instruction by which the

name is used never cause the call of the garbage collection (see also Remark 2).

Remark 2.

We have explained how to minimize the run-time garbage collection information on
the base of static properties of values. When a value has to be protected, the follo-
wing conceptual sequence of instructions appears :

— Protect the wvalue
- ... use the value ...

- Cancel the protection.
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If during the machine code generation it appears that between the setting up of

the protection and its cancelling, the garbage collector can never be called, the

protection and the corresponding cancelling may be ignored.

Remark 3.

Suppose we have to translate an action with a number of parameters stored on

WOST% and protected via GCWOST% and suppose the result of the action is a value

which has to be stored on W0ST% and also to be protected. There are several strate-

gies allowing to construct the result on WOSTS while controlling the protection of

WOSTS values, in order to avoid the destruction of HEAPS values accessible through

the result of the action :

)

3)

k)

The protection management may be taken in charge by the routine translating the
action. More precisely, information is furnished to the routine about the neces-
sity of protecting the parameters and the result, instead of storing the protec-
tion on GCWOST% systematically. When the garbage collection is called from inside
the routine, necessary precautions are taken in order to ensure the protection of
the parameters still needed and the partial result already constructed. This stra—
tegy has the disadvantage of sensibly complicating the translation of some actions.
The second solution has been explained in example 2.6, it consists in avoiding
the overwriting of the parameters by the result, thus leaving the protection of
the parameters valid until the result has been completely constructed. Clearly,
in this way, the result cannot give access to non—protected HEAP% values. There-
after the protections of the parameters are cancelled and replaced by the protec-
tion of the result.
The third solution is used when a WOST% value has to be copied in another loca-
tion of the WOST% and when the copy risks to overwrite either the static part of
the original value or its protection. It consists in copying the static part of
the value first, without modifying the offset pointers and in protecting this
static part ; the dynamic parts are copied thereafter and the offset peinters mo-
dified accordingly one by one.
Such & problem appears when the result of a block has an access class dirwost',
when it is protected and when it has a bno equal to the bm of the block left
(hence it has to be copied in the calling block with an access class dirwost).
Example 2.19 (fig. 2.25)
Suppose a value V (V5 and Vd) with an access class dirwost' is protected
through GCWOST%i and is the result of BLOCK%L. When this result is copied in
the calling BLOCK%ir?, the copy Vd' of Vd risks to overwrite V4 and its protec-
tion,
A last solution which can be used without restriction comsists in several dynamic
actions :

~ to evaluate the size of the dynamic part of the value to be copied.
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- to call the garbage collection if there is not space enough, and to stop if
this call does not free enough space.
- to copy the value without precaution, given we are sure the garbage collec~

tion will no more be called during the copy.

Remark k4.

For languages allowing unlike ALGOL 68, block retention on the stack, the dyna-
mic chain does not link all blocks present on RANST%. Retained blocks fall outside
the dynamic chain but only those blocks which are accessible must be taken into ac~
count by the garbage collector. The access to such blocks necessarily passes through
accessible instances of routines the memory representation of which contains the
address of the H% of the inner BLOCK% accessible from inside the routine. Such H%
addresses of instances of routines are used by the garbage collector to take accessi-

ble retained blocks into account (fig. 2.26).
2.5 DYNAMIC CHECKS

The language ALGOL 68 requires a number of checks ensuring program security.
These checks impose a steady control of stored values avoiding wrong interpretations
of the contents of the memory, in particular of pointers. Such misinterpretations
could have disastrous effects on :

(1) the execution of compiled programs to the point of overwriting important data
and perhaps the system itself.

{2) the garbage collector marking memory locations falling outside the HEAP or be-
longing to the garbage.

The checks which are imposed by the language ALGOL 68 are the checks of mode, of
bounds, of scope and the checks of flexibilityxf). Remark however that full security
is only obtained if the compiler protects itself against side-effects and controls
the use of non-initialized locations.

The most catastrophic effect of not performing the above checks is clearly the
destruction of the system, but this can easily be solved on computers with a memory
protection. However, even when a memory protection is svailable, implementing the
above checks is useful because it allows to inform the programmer of an error with
more precision,

The checks of mode are completely static, they are treated in the ALGOL 68 syn-
tax. The checks of bounds are generally dymamic ; it does not seem worthwhile to
detect the rare {and uninteresting) cases where these checks can be made at compile~

time. The problem of initialization of locations is solved by generating appropriate

{t+) The revised report includes the flexibility into the mode and hence the corres-—
ponding checks are completely static[8].
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object code initializing the pointers contained in the static parts of the locations
reserved at the elaboration of generators, and in the static part of the identifier
stack of each block. Control of disallowed side-effects (collateral elaborations
leading to undefined results) has influenced the management of garbage collection
information (see I.2.4.3.b). The checks of scope and flexibility are in principle
performed at run-time, however, in the present section, it is shown how, by means
of static properties associated to values, it is possible to replace dynamic checks
of scope and flexibility by static ones in a large number of cases, thus increasing

the run~time efficiency.
2.5.1 SCOPE CHECKING

a. Generalities
In ALGOL 68, scopes are defined as ranges i.e. parts of program ; however this
definition has a dynamic aspect because it includes ranges resulting from the dyna-
mic copies of routines in the call (and deproceduring) mechanism.
The goal of scope checking is to prevent two types of situations
(1) where use is made of values supposed to be stored in locations of names which
are lost, i.e. which have been recovered thanks to the stack mechanism {and pos-
sibly used for other purposes). This first case involves scopes associated to
names.,
Example 2.20
(ref real xx ;
zx 1= (reql x ; x := 3.14) ;

ee. {use of xx dereferenced} ...)

Example 2.21
(ref real xz ;
(real x ; e o= & := 3.14) 3

... {use of wx dereferenced} ...)

In the above programs, the name possessed by  ceases to exist after the inner
block has been left ; the further use of xx dereferenced would lead to the con-
tents of the location of &, which has been recovered as soon as the inner block
has been left.

(2) where use is made of the value possessed by identifiers or varisbles declared
in a bloek which has been left, hence which is no more represented on RANSTS.

. . . . +
This second case involves scopes associated to routines and formats.( )

(+) In the seguel, when "scope of routines” appears in the text, it includes '"scope
P
of formats" as well.
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Example 2.22
{proc P ;

(real x ;

:= {procedured coercend where x is used} ;

eeel
{call of} P ;
el
The call (dereferencing + deproceduring) of P involves the elaboration of the
routine (procedured coercend) which uses x, i.e. & variable declared in a block

which has been left.

To prevent undesired effects in both situations (1) and (2), it is sufficient
to perform scope checking each time a block is left and each time an assignation is
elaborated.

In principle, scope checking is performed at run-~time ; such dynamic scope chec~
king lies on dynamic scope information (representation) associated to values and
blocks. In practice, in many cases, scope checking can be performed at compile~time,
Such static scope checking lies on a static scope property associated to values and

on bn of blocks.

b. Dynamic scope checking

In range oriented implementations {see I1.1.3), block's exactly correspond to
ranges which are relevant as far as scope checking is concerned ; only these ranges
will be considered as scopes. One can say that, at s given run—time moment, to each
scope there corresponds a BLOCK%. Hence, a scope can be dynamically represented by
the address of the heading H% of the corresponding BLOCK%. If now RANSTSgrows in the
direction of increasing machine addresses, to an inner scope corresponds a higher
H% address and vice-versa ; clearly, dynamic scope checking is reduced to H% addres—
ses comparisons.

The problem is to be able to make dynamic scope information available when re-
quired by dynamic scope checking. The solution consists in associating H% addresses
to blocks and their resulting values, and to values of the left and right parts of
assignations.

At the elaboration of a block its dynamic scope information is the contents of
the DISPLAYS element of the depth number of that block.

For values containing neither names nor routines, there is no scope checking
implied : they may always be the result of a block or be assigned (but of course
never be assigned to).

With each name and routine, a dynemic scope indiéation, i.e. a H% address, is

associated ; this makes part of their memory representation. The scope of the values
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some of whose components are containing names or routines, can be deduced from the

scope of these components through a dynamic interpretation. Assoclating such values

with a dynamic scope 1s of no help because these values may be referred to iy names

and subsequently their components can be assigned to 3 this could change the scope

of both the components and the value itself.

The dynamic ‘scope checking itself is quite simple

(1) If the dynamic scopes of a block and its result are hb and hr respectively, the
scope checking requires hb > hr

(2) If the dynamic scopes of the left and right parts of an assignation are kZ and

hr respectively, the scope checking requires hZ = hr'

Remark 1.

One could think of another solution for dynamic scope representation of names
which avoids to store a scope information in their memory representation ; it would
consigt in using the address of the location of the name itself as its dynamic scope
representation. The trouble ig that on the one hand, dynamic scope checking is no
longer reduced to comparisons because this could lead to wrong error messages when
names of the same BLOCKS are concerned, on the other hand scope checking involving
local names, the locations of which are on the HEAPY for reasons of flexibility,

would not be valid.

Remark 2.

In procedure oritented implementations, there is not a block for each relevant
scope ; instead of using a H% address as dynamic scope information, we may for exam-
ple use the IDST$ address of the value of the first identifier (variable) of a rele-
vant scope, and when such a Scope does not contain identifier (variable) declara-

tions, the address of a dummy cell reserved for this purpose on IDST%.

Remark 3.

The technique of limked stack implies a more complicated dynamic scope represen—
tation, for example a numbering of the blocks, representative of the tree structure
of the "stack" (see I.1.5). The checks consist in controlling that no access is gi-
ven from a block on the top of the tree to a value of a block on its bottom ; this
automatically controls that no access is given from a block to a value of a block

of a parallel branch.

e. Static scope checking

In many cases, it is possible to associate with values a static property called
static scope ; it consists of two fields : the immer seope (insc) and the outer
seope (outse), representing the smaller limits between which at compile-time we are
sure the scope of the value will lie, It is on such limits that the static scope
checking is based ; this avoids the necessity of dynamic scope checking in many

cases.



59

The problem here is how to represent insc and outsc at compile—time. Clearly,
depth numbers of block's may play this part, as far as they grow like the correspon-—
ding H% addresses, i.e. as far as the dynamic mechanism of copy of routines is not
involved. More precisely, the static scope representation of the value of a formal
parsmeter of a routine denotation can generally not be based on the Zmsc and outse
of the corresponding possible actual parameters.

Example 2.23

Suppose the following program structure where the brackets represent block’s and

are numbered according to their depth numbers :

roc P = {Routine denotation with & formal parameter
z of mode ref ul}

ref u xx § ...

TLITL G eas

uvg

P(v)

T

The RANSTS situation, after bloeks 0,1,2 have been entered, after P has been cal-

led and the assignation zw:=x has been elaborated, is pictured in fig. 2.27.

U VR | .

e cm—

fig. 2.27



The
but

60

assignation xw:=x, leading to the bold faced arrow, is obviously allowed,

using for « the Insc and outsc of v, which are both equal to 2 (see d),

would lead to a wrong error message, considering that insc and outse of xx are

both equal to 1. In practice, the Znsc and outse of the formal parameters will

e made equal to Nr and 0 respectively, where Nr is the depth number of the

bloe

k where the routine appears (however see d(1) below).

The algorithm of static scope checking can now be written :

(1) When a block of depth bn and delivering a result with inse=bn, and outsc=bn, is

left

—bbn>bnz 1 . 0K ...
i
—a-bn%bng —-——Y—-b ATARM

N

generate a dynamic check ...

{2) When a value with inscrbnz and Outsc:bn2 is assigned to a name with insc:bnl’

and

d. Stati

outsc:bnzf.
—=bn," > bn N SE I
{u
br,! < bn’ b4 ALARM

*N

generate a dynamic check ...

¢ management of inner and outer scopes

An exhaustive study of the static scope management can be found in PART II, only

a few examples are given here :

(1)

(2)

(3)

(L)

(5)

(6)

if the mode of the value shows that it contains neither names nor routines,
inse=outsc = 0, i.e. the whole program.

for a generator {or a variable)insc=outse=bn, where bn is the depth number
of the block where the generator (variable) is elaborated (declared) if this
generator is local, otherwise imge=outsc = 0,

when no static scope indication is available for a value, Zmsc=N, outsc=0,
where N is an integer equal to the maximum block depth number admitted by
the compiler.

choice and display actions give rise to imse and outse based on those of
their elements.

a value obbtained by a dereferencing is given an ins¢ equal to the insc of
the name which has been dereferenced, and an outse equal to 0.

The insc of the result of a call is equal to the depth number of the block
where the call appears j its outsc is equal to O.

The insc of a formal parameter of a routine is the depth of the block where

the routine appears ; its outse is equal to O,
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Example 2.2k
(real = ;
ref real zx ;
(ref real yy;

real y ;
xx { inse =0, outse =0} := yy {1,0}

{@ynamic check} ;
yy {1,1} =y {1,1} {OK}
zx {0,0} :=y {1,1} {ALARM}
R N

2.5.2 CHECKS OF FLEXIBILITY

a. Generalities
The memory locations of the elements of a multiple value with flexible bounds
and referred to by a name may either disappear or change place in memory.
Example 2.25
(11:4 flex] int x :=(1,2,3,4) ;
IR 1 R
x:=(10,20) )

1:¢4 flex 1:2 flex

20

of 3] o 3]

lw

{after the declaration of x} {after the assignation x:=(10,20)}

fig. 2.28.a fig. 2.28.v

The consequences are twofold :

(1) The security of ALGOL 68 programs mey suffer in the following sense : names gi-
ving access to elements of flexible multiple values (these names are defined as
subflexible names in the sequel) may become conceptually meaningless.

{2) Effects analogous to those of not checking the scopes may arise in some implemen-
tations in which, when an assignstion to a flexible name is performed, the hole

possibly created on the HEAP is connected to a list of holes in order to be
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used to store further HEAP% values, and this, without checking whether locations

of such holes are accessible through subflexible names.

In order to avoid such consequences, the accesses of subflexible names must be stron-

gly restyicted. The checks of flexibility are intended to control these accesses.

Their precise description implies the introduction of a number of definitions :

- a refsslection is a selection applied to a value of mode ref struct (...)

- a refslice is a slice applied to & value of mode ref [...lu, giving rise to a
value of mode ref u or ref [...Ju

- a refrowing is a rowing applied to a value of mode ref v or ref [...1u, giving
rise to a value of mode ref [...1u

- a refrowyrowing is a rowing applied to a value of mode ref [ ...lu, giving rise to a
value of mode ref [...lu

~ & flexible name is a name which refers to a stored value which is a multiple value
with flexible bounds.

~ a subflexible action is either a refslice or a refrowrowing

- & subflexible name is a name resulting from a subflexible action applied to a fle-
xible name or from & refselection, a refslice or a refrowing applied to a subfle-
xible name.

In the fig. 2.29, N is a name referring to a multiple value M with a descriptor
D and elements E. N' results from a refrowrowing of N, N" and N"' from a refsiice

applied to N. If D contains flexible bounds, N', N" and N"' are subflexible names.

3 ] T

‘\“ pme - | N I

i N? j_._.,

DI

fig. 2.29

Subflexible names are characterized by the fact that they give access to locations

which may, by assignation, either disappear or change place in memory. It is the

accesses to subflexible names which are controlled by the checks of flexibility.
We distinghuish two kinds of accesses

~ yemanent accesses which are provided by the elaboration either of an assignation
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()

or of an <dentity declaration ; these actions will be called remanent access
actions ;

~ temporary accesses which are provided by the elasboration of actions only furnishing
an access through an intermediate result, such are slices,rowings,selections, uni-
tings and display actione (actions by which a value is made a component of a row
or structure display); these actions will be called temporary access actions.

Eventually, It is useful to introduce the following two classes of actions :

~ remdisp access actions grouping remanent access and display actions ;

~ component access actions which are temporary access actions at the exclusion of
display actions.

r . . -1
assignation

remanent access actions remdisp access actions
identity declaration

display .
temporary access actions selection component access actions

rowing

uniting
L J

[refslice
subflexible actions
refrowroving

b

In practice we shall forbid a remdisp access action to apply neither to subfle-

(1)

Note that this way of doing slightly differs from what is required by [1]:

xible names , nor to multiple values with an element which is a subflexible name.

(1) [ 1] forbids refrowing actions but not refslices to apply to flexible names, which
is inconsistent.

(2) [1] allows a temporary and by transitivity a remsnent access to be given to a
subflexible name through a rowing of such a name giving rise to a value of mode
[ 1 ref v ; this is obviously an oversight.

b. Static and dynamic checks of‘fiexibility(f++)
The properties of flexibility and subflexibility are dynamic properties of names ;

the checks by which it is controlled that no remdisp access is given to a subflexi-

ble name are generally dynamic too, though in many cases these checks can be perfor-

(+) Identity declarations also contain those resulting from the copy rule in ecalls
and formulas.

(1) No assignation changing the size of the value referred to by a considered flexi-
ble name may take place between a subflexible action creating a given subflexi-
ble pame of the considered flexible name and & remdisp access action to a sub—
flexible name issued from the given one, at least when no disallowed side-ef~
fects appear.

(+1+) In the revised ALGOL 68, checks of flexibility are completely static.



64

med at compile-time. The checks of flexibility may take place at two levels : at the

level of the subflexible actions or at the level of the remdisp access actions.

a. Checks at the level of subflexible actions.

The information about the existence of a remdisp access action must be transmit-—
ted from top to bottom, i.e. through the component access actions towards the subfle-
xible actions. In case of assignation, the transmission is made through its left
part, but it is reinitislized for its right part(f).

Thanks to this transmission, it is known, at the level of the subflexible action
whether a check of flexibility must be performed, check forbidding this action to
apply to a flexible name.

Let us consider the multiple values referred to by a name to which a subflexi-
ble action applies, action which results in a name to which a remdisp access will
be given ; the dynamic check of flexibility reduces itself to checking whether the
descriptors of those multiple values have flexible bounds.

The static management has to deal with two problems : the flexibility of names
and the top-down transmission.

(1) The flexibility will be dealt with by means of the static property flexbot asso-
ciated to values. This property is 0, 1 or 2 :

- 0 if it is known abt compile—time that the value is not a flexible name,

~ 1 if the comtrary is known at compile—time,

- 2 if the information is not available at compile—time.

(2) The transmission can be performed by means of the static prevision mechanism on
TOPST. However, we cannot avoid a dynamic action in the transmission when a call
process takes place : it can generally not be decided at compile~time whether
the result of a routine will be given a remdisp access or not. A dynamic trans-
mission is then performed by means of the field flex% stored in the heading H%
of the BLOCK%'s of the routines ; it is set up at the call and indicates dynemi-
cally whether the result will be given a remdisp access or not ; clearly this
dynamic transmission is transitive when calls are nested. Flex% is equal to 1
when a remdisp access is given to the result of the call, and to O otherwise.
The dynamic check of flex% must be provided with an access to the H% of the rou-
tine where this flex% can be found, which access reduces itself to the bn of the
routine. How this bn will be made available is explained in I.3 ; let us just
say here that for each subflexible action we have a static (top) property at
our disposal : flextop which has the values : (stat 0J, (stat 1) and (dyn
brnrout) :

(1) This method does generally not work for the conforms—to-and-becomes relation
where the information about the actual existence of an assignation is generally
dynamic and only known after the right part of the relation has been elaborated.
In this case the second method has to be applied, but given this last one is
less efficient, its use will be avoided wherever possible.
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- (stat 0) when it is known at compile-time that no remdisp access will be given
to the result of the subflexible action,
- (stat 1) when the contrary is known,
- (dyn bmrout) when this information is not available, in which case bnrout gi-
ves access to flexk.
We can now write the algorithm which tekes place at the translation of a subflexible

action on a neme {fig. 2.30).

B. Checks at the level of remdisp access actions

The property of subflexibility must be transmitted from subflexible actions to
remdisp access actions (bottom-up transmission) ; this transmission of a dynamic pro-—
perty generally implies a dynamic action. This can be done by associating to WOST%
values a new dynamic property subflexbot% which can be stored on FLEXWOST% similar
to DMRWOSTS or GCWOST% ; clearly, the static management of a static property
subflexbot stored on BOST can minimize the dynamic management of subflexbot%. As
sald above, this method, because less efficient than the first one, is only used in
case of conforms-to-and-becomes relations. The existence of such a relation must now
be transmitted from top to bottom generally at compile-time and abt run-time when 3
call process takes place. Thig transmission can be performed by refining the proper—

ties flewtop and flex%. We do not enter into further details here.

e. Static management of the bottom property of flexibility
The property flexbot associsted to generators and variables is Oor 1 according
the actual declarers (the elaboration of which creates the corresponding name) begin

with a bounds bracket ()

with direct constituent flexible bounds or not ; for the
value of other actions using values of generators or variables, a mechanism of

transitivity on BOST is used.

Remark 1.

In addition to ensuring the checks of flexibility, the property flexbot is used
to update the property flexo. When a dereferencing is translated, the property flexo
is made equal to the property flexbot of the dereferenced name.

Remark 2.

Dynamic checks which are generated are provided with error diagnostic information;
this information is deduced from diago.
Remark 3.

The checks of flexibility are rather heavy ; clearly, they could be sensibly al-
leviated at the price of small restrictions to [ 1], introduced in (8], i.e. we could
{1) require that the result of a routine does not give access to a subflexible name.

(2) consider a conforms—to-and-becomes action as a remdisp access action.

(+) NOTION bracket : sub symbol, NOTION, bus symbol.
bounds : VICTAL ROWS rower.
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3. STUDY OF THE PREVISION MECHANISM

As explained in I.0, the prevision mechanism is based on TOPST whieh contains,
at each compile—time moment, the sequence of actions the prefix markers of which ha-
ve been scanned, but which have not yet been completely translated., The top element
of TOPST is the action currently translated ; the other elements are the future ac—
tions in which the result of the current action may be involved.

The study of the static properties of values has shown how profit can be taken
of preexisting stored values, but in a number of cases, the resulting value of an
action does not exist in memory and hence, it has to be constructed somewhere. It
will be shown in this section how TOPST may be used to foresee the future use of the
result of the current action and possibly to reduce the number of run—-time manipula-—
tions of this result (copies for imstance). In addition, it will be shown how TOPST
allows to deal with the transmission of the property flextop used in the checks of
flexibility (I.2.5).

3.1 MINIMIZATION OF COPIES

The generation of the most optimal object code is the one which would take the
whole TOPST into account. However the number of different situations grows in a com-
binatorial way with the number of TOPST elements ; on the other hand, the gain in
efficiency provided by a complete analysis of TOPST is not proportional to the corres—
ponding effort made in writing the compiler. For these reasons, the present study of
the prevision mechanism is far from exhaustive : we shall 1limit ourselves to a num-
ber of considerations on the most interesting previsions.

The first considerations are based on the penultimate TOPST element which is an
action called the next action as opposed to the top element of TOPST called the

current qetion, i.e. the action currently translated.

{1) Buppose the current action delivers s result which does not preexist and sup~
pose the next action is a remanent access action (assignation or idemtity decla-
ration) implying the storage of the result of the current action in a specific
part of the memory. Clearly, instead of constructing this result on W0ST% {(pro-
viding it with a temporary access) and copying it thereafter, it is more effi-
cient to construct it directly where it has to be stored anyway, i.e. in the lo—
cation of the name which is assigned to or in the IDST% memory space reserved
for the value of the actual parameter of the identity declaration.

Wnen an action by which a value has to be constructed on WOST% is translated,

the trenslation routine of the action is parametrized with the RANST% address
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of SWOST% where the static part of the value has to be constructed ; the dynamic
part of the value is constructed on DWOSTS starting from ranstpm% The same
routine may be used when the value, according to the previsions, is directly
constructed on IDST%;the only difference is that the RANST% address is an IDST%
address” instead of a WUST% address. For the identity declaration, the subseguent
checks of the bounds of the constructed value with the values of the formal
bounds are made in a straightforward way. However, when the value is constructed
in the locabtion where it has to be assigned, there are two main differences :
{a) instead of everwriting the non flexible bounds of the location, they have
just to be checked for equality with the bounds of the assigned value.

(b) the dynamic part of the value has to be constructed from run—-time addresses
obtained by a dynamic interpretation of the descriptors of the location and not
from ranstpm%. Clearly, the translation routine of actions counstructing a value
could be split in order to take this into account, this would complicate the
compiler.

Suppose two successive actions have to be applied to the result of the current
action, namely rowing and actual parameter respectively. The rowing will cause
either the creation of a descriptor or the extension of an existing descriptor.
In both cases it can be foreseen where the descriptor will ultimately ve stored,
and hence it is possible to construct it directly there. The complications im-

plied by combining a rowing with an assignation are obvious.

Another kind of previsions saving copies of values is related to the creation of
an overhead to WOST% values. Each time a value has to be constructed om WOSTS,
an analysis of TOPST may show whether the value will be provided with an over-—
head {(rowing or uniting) or not ; in the affirmative, space is reserved in front
of the value on W0ST% for the overhead.

Note that overheads may accumulate and they have to be transmitted through a num-—
ber of actions. Instead of analyzing TOPST each time instructions storing the
result of an action on WOST% have to be generated, a property called Amem can

be transmitted as a Tield of each TOPST element ; this Amem contains the size

of the memory space to be reserved in front of the result of the corresponding
action, if it appears that it has to be stored on WOST% at run-time.

The static management of Amem consists in

initializing to O the Amem of the actions,the value of the parameters of which
are not, as such, involved in the result of the action {identity declaration

for example)

.e. from outer actions to

() (5

transmitting Amem unchenged, from top to bottom

()

On TOPST the transmission of Mmem goes from the bottom to the top of the stack.
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inner actions)} through actions the result of which is or is & part of one of
their parameter (slice and selection for example),
(3) associating to a rowing or uniting action a Amem which is the sum of the Amem

of the next action and the overhead size of the current rowing or uniting.
2.2 THE TOP PROPERTIES OF FLEXIBILITY

flextop has been defined in I1.2.5.2, we now briefly explain its management on
TOPST.
- flextop is initialized :
to (stat 1) at remdisp access actions i.e. assignation and identity declaration ,
to (dyn bnrout) at the actions by which a value is made the result of a routine
(body of routine actions) ; bnrout is the bn of the routine,
to (stat 0) otherwise.
- flexiop is transmitted through component access actionms.
Clearly, at call actions, instructions must be generated for filling flex% in the

% of the routine at run~time.
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0. INTRODUCTION

0.1 GENERALITIES

In PART I, we have described the basic principles for the design of the interme-
diate code generation. In PART II we shall now describe how these principles have
been implemented. This description is intended to be a complete documentation where
all technical solutions can easily be accessed. An overview of this description can
be found in | 19] and [ 20].

Here, we have tried to be as close to the actual implementation as possible, at
the price of being sometimes less orthogonal than what could be ; this was the su-
rest way for not misleading the reader. Moreover, we have tried to motivate the solu-
tions which are implemented, to point out their advantages and drawbacks, and to
propose better solutions when known to us but not implemented for historical or prac-
tical reasons.

As far as the description method is concerned, we have been confronted with se~
veral alternatives

- the first alternative consists in giving the design of the compiler in a
completely. formalized form. We abandoned this solution because in such a des-
cription important points are not sufficiently prominent, which makes the
algorithm diffieult to grasp.

- the second alternative consists in being completely informel. This would make
it impossible to control the bulk of information.

-~ the solution we have adopted is a compromise where a strict formalism is only
used when necessary, where unesgential features are pointed out once for all
and taken for granted thereafter.

The primitives used in the description are summarized in II1.0.2, they are as far as
possible ALGOL 68 like, although better primitives could have been used.

As we shall see, the description covers the translation process proper as well
as the run-time actions meant by the generated intermediate code. General con-
ventions related to these descriptions are explained in sections II.0.4 and I1I1.0.3,
respectively ; moreover, a summary of the notations can be found in APPENDIX k.

In section II.1 to II.1T the translation of the ALGOL 68 constructions is des~
cribed. They have been ordered as logically as possible in order to introduce the
problems progressively.

One important construction is the 'block', i.e. a construction causing the
creation of a new data area (BLOCK%) on the run—time stack (RANST%). We distinguish
blocks which are entered and left in a lexicographical order from blocks which are

entered by a call mechanism. The former are referred to as lexicographical blocks,
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abbreviated 'lblocks’, whereas the latter are called procedure blocks, abbreviated
'pblocks'. Unlike 1blocks, pblocks have their definition and application at diffe—
rent places in the program.

Section II.1 deals with 1blocks, while sections II.2 to II.L deal with construc—
tions directly related to 1lblocks, namely, mode identifiers, generators and label
identifiers.

Sections II.5 to IT.9 deal with pblocks i.e. nonstandard routines with or wi-
thout parameters, dynamic bounds of mode declarations and dynamic replicetions of
format denotations.

Section II,10 treats the terminal constructions not directly related to block
constructions, while IT.11 treats another important set of constructions : the ker—
nel invariant constructions. Indeed, their actions comsist of the gelection of a
part (kernel) of a parameter value.

Confrontations and calls of standard routines are then treated (II.12 and II.13).

Section II.14 deals with choice constructions, i.e. those involving a balancing
of static properties,

Finally section II.15 treats collateral clauses, where row and structure dis-—
plays cause the main problems, and sections II.16 and II.17 describe the construc-—

tions not fitting in the above classification.

0.2 METHOD OF DESCRIPIION

The sections related to detailed descriptions are divided into three parts :
tgsyntax', 'translation scheme' and 'semantics'.

The 'Syntax' is kept very simple, it describes the essential context-free struc-—
ture of the constructions ; in fact, the syntax is the syntax of the ocutput of the
syntactic analyzer [ 11 where source functions are made explicit by means of prefix
markers. As a convention, denotations for prefix markers end with 'V', terminals
consist of small letters and nonterminals consist of capital letters (APPENDIX 2
gives a review of the whole synbex). In a way, this syntax is an abstract ALGOL 68
syntax ; it i1s not concerned with detailed program representations and hence it is
in general applicable to the revised version of ALGOL 68 and to other related lan-
guages.

The 'Translation scheme' is not essential ; it is just intended to give the rea-—

der an overview of the successive steps and cases in the sementics.
The 'Semantics' is described by means of a 'pseudo-formalism' where the follo-
wing rules are applied :
~ english sentences replace intricate formulas when this seems to improve clarity
without being prejudicial to precision.
- accessory features such as current pointer incrementations are dropped.

- motivations for each choice are made as explicit as possible.
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Some precisions are now given on the formal part of the description which invol-
ves both the specification of the compiler actions (translation proper) and of the

run—-time actions of the generated intermediate code instructions.

a. Deseription tools
The description tools used in the semantics are very few, they can be summarized
as follows :
(1) Data structures : integers, booleans, characters, procedures, one-dimensional
arrays, records, one level references.
(2) Operations on data structures : integral and boolean calculations, procedure
calls, indexings, selections, assignations.
(3) Control structures : pure sequence, goto, conditional-, case— and for-clauses.
It is to be noted that a complete study of these tools and in particular of the pos-
sibility of producing efficient machine code from the description language is out-

side the scope of this book.

b. Deseription of the translation proper

The translation into intermediste code is organized in different Steps ; a step
may be subdivided in different Cases [8]. 'Steps' are introduced to group compiler
actions in logical blocks. 'Cases' are introduced in order to differentiste strate-
gies in steps, according to some criteria generally based on fundamental access
classes (I.2.3.1 and II.0.4.5), The description uses compile-time devices, variables
and procedures which will be introduced in IT.0.4. Two particular procedures deser-
ve a special mention here : p and GEN.
- o(N) where 'N' is a non~terminal of the syntax means that the translation of the

construction N is activated.

~ GEN{I}, where 'I' is an intermediate code instruction (ICI), means that instruc-

tion I is generated.

¢. Deseription of run—iime actions

A full understanding of the translation process necessitates the knowledge of
the run-time actions corresponding to the ICI's which are generated. In the text, the
specification of these actions for an ICI follows its generation GEN(I). This makes
the information available at the place it is needed, but it gives some problems
of description. Indeed, no confusion may exist between denotations for data acces-—
sible at the moment of the generation and denotations for data accessible by the
run-time actions. The method used to avoid these confusions is based on precise con-

ventions which are now described.
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In fact an ICI generation is the generstion of a function call where the func-—
tion and the actual parameters have to be specified. For reasgons of readasbility
the formal parameters are alsc recalled in each generation such that the genera-
tion of an ICI has the following form :
GEn(g £.§ ¢ ag
f,z:§ T
£,8 ¢ a) {x}

- $ denotes the function of the ICI, it is underlined,

f2§ denotes the formal parameters of the ICI ; all these denotations end

with §,

- a, are expressions which deliver the values of the actual parameters of the
function call i.e. of the ICI generated.

Clearly, ai‘s use denotations for compile~time devices, variables and procedu-

res currently available during translation.They are calculated during transla-—

tion ,
- k is an entry point in the list of ICI's given in APPENDIX 5.
Exemple : GEN(assign mode§ : int,
cadds§: (congtant 3),
eaddd§: (variden n.p)) {85}

After the generation of an ICI and before its actions are described, some preci-
sions about its formal parameters and the table informations available through
them are generally given. The table informetion is found either in compile-time
tables or in run-time tables. The contents of the compile-time tables vary du-
ring translation ; it is the contents of such tables at the end of the interme-
diate code translation which are available through formal parameters. In the nota—
tions for compile—time tables, & suffix § is used when we want to specify that
it is the state of a compile-time table at the end of the ICI-translation which
is meant {e.g. CONSTABY). In contrast with this, run—time tables are suffixed
with % (e.g. RANST%). Table information can be accessed through selections and
indexings : in order to avoid repetitions of such operations along the descrip-
tion of run—-time actions, identifiers are generally defined for each piece of
table information used in the run-time actions. These identifiers are suffixed
with § or with % according they correspond to compile-time or run-time informa-

tion.,

The run—time actions are then described ; they are introduced by Action 1,
Action 2 ... instead of steps. These descriptions use constants, denotations

ending with § and denotations for run~time devices, variables and procedures.
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The latter denotations are introduced in II.0.3, they all end with %. {ICI actions
can be retrieved thanks to cross-references of appendix 5.}
Remark. In practice, a translation phase into machine code takes place after IC-trans-
lation and before run-time execution. This machine code translation has at its dispo-
sal all values corresponding to denotations ending with § and hence calculations on
such values and on constants may take place during machine code generation ; they
do not imply run—time actions. In this report, this level of calculation has been
merged with the description of the run-time actions, but it can easily be recovered
thanks to the notational conventions : all calculations appearing in the description
of run-time actions and applying to constants and/or denctations ending with § can
be performed during machine code generation. All calculationsg involving denotations
ending with % are pure run—time calculations. For example, in the expression

DISPLAYS [ bn§+1] := ranstpmb

the sum bn§+1 is performed during machine code generation but the indexing and the

assignation are pure run—-time actions.

Some peculiarities of the formalism.

In principle, we use the syntax of ALGOL 68 to express operations on data, howe-
ver, some peculiarities have to be mentioned :
(1) For filling a record, ALGOL 68 provides for two means :
- assignation field by field
- structure displays
the first notation is heavy, the second one is unclear ; we have used the follo~
wing compromise :
the access to the record is mentioned once in prefix, and assignations to field
selectors follow ; for example the filling of all fields sidsz,dmrsz, ... of a
record stored at the entry BLOCKTAB[ bncl, is written :
{ of BLOCKTAB[bnc] : eidsz := ... ,
dmrsz 1= ... s
ves J

(2) The description of some table contents is easily formalized by vectors of re-
ecords 3 for example, to BLOCKTAB corresponds the declaration :
[0 : ...] struct(int sidsaz, dmrsz, ...) BLOCKTAB ;
However, the contents of other tables consist of different sorts of records and
their formalization using the union feature is unnatural and leads to inefficien-
cies. We consider such tables as vectors of memory cells ; for example, with
mode cellval = co the mode of any value which can be stored
in a memory cell co ;
we assume the declaration

[0 ¢ ...]1 cellval RANSTS ;
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such that RANST% entry points can be defined by indexing :

RANSTS [ ranstpmi)
or  RANST% [ DISPLAYY [ bn§]].
However, when it is known that a particular dats structure is stored in the table
from this entry, we allow a selection ; but for avoiding ambiguities, the mode
of the data structure assumed to be stored at the entry of the table is speci-~
fied between parentheses in the selection :

stehh of (h%) RANSTS (47
here h% represents the mode characterizing a BLOCKS heading, steh% is a selector

defined in this mode (see II.0.3.1).

Records may be nested. When it is not ambiguous, the selection of a field cor-
responding to an inner level of nesting appears as one single selection without
expliciting all intermediate steps : e.g. tadd of cadd is used instead of

tadd of add of cadd, in the context of cadd cadd end mode cadd = struct (char
class, struct{int hadd, taddl)add).

Boolean constants are denoted true and false or 0 and 1 indifferently.

Finally, some liberty is sometimes taken in the English text with respect to the
distinetion between static management and run-time execution : a static property
7 is updeted at compile~time ; each updating corresponds to a specific run—time
action o {e.g. block entry, storage or deletion of a value on RANST%). When this
is not ambiguous, the following sentence in the semantics of the translation pro-
cess : "the static property w is updated during the static management correspon-

ding to the run—time action o" is shortened into : "n ie wpdated at o".

0.3 DECLARATIONS FOR RUN-TIME ACTIONS

The following sections play the part of the declarations for the run-time devices,

variables and procedures presupposed in the description of the ICI actions, The memo-

ry of the computer is considered an uninterrupted sequence of cells :

[0 : ...] cellval MEMS%.

At run-time the memory is partitioned into a part of fixed size and two parts of

varying size.

The part of fixed size consists of the object program OBPROG%, the run—time rou-

tines, a constant table CONSTAB% (see IT.0.4.1) and a mode table DECTABS (see I1.0.
h.2).

HEAP% is the first part of varying size. Its first free cell is characterized
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(f)

lues are accesséd through RANST%. HEAPS memory recovery is made by the garbage col-

by a pointer heappm% 3 the HEAP% grows towards decreasing addresses. ALl HEAPS va-
lector.

RANST% is the second part of varying size ; it consists of a number of data areas
denoted BLOCK%'s. Each time a block (program text) is elaborated, a new BLOCKS is
crested on RANST%. The first free cell of RANST% is characterized by a pointer
ranstpm%. On RANST%, BLOCK%'s are accessed through a DISPLAY% which is, at each run-
time moment, the list of the addresses of all active BLOCK%'s. The DISPLAY% address
corresponding to the last entered BLOCK% is characterized by rtbn% ; rtbn% is also
the lexicographical depth number of the program block currently elaborated.

More formally, we can write :

[0: ...] cellval RANSTS ;

[0: ...1 cellval HEAPS

[0: N-11 Znt DISPLAYS; co N=5T in the X8 implementation co
int ranstpmh, heappmb, vtbnk .

0.8.1 BLOCK% CONSTITUTION
Bach BLOCK% is organized in specific parts (devices)
% with static size A.
This is the heading of BLOCK%, containing link data.
SIDSTS with static size sidsz.
This part contains the static parts of values possessed by identifiers (ope~
rators) through identity (operator) declarations.
DMRWOSTS with static size dmrez.
This part contains information for dynamic memory recovery of WUST% values.
GCWOSTS with a static size gesz.
This part contains garbage collection information for WOST% values.
SWOSTS with static size swostsz.
This part contains static parts of intermediate results.
DIDST+LGSTS with a dynamic size.
This part contains dynamic parts of values possessed by identifiers through
identity declarations, and locations reserved through local generators.
DWOST% with a dynamic size.
This part contains dynamic parts of intermediate results.
In a BLOCKS :
%, SIDST%, DMRWOST%, GCWOST% and SWOST% constitute SBLOCKS, while DIDST+LGSTS and
DWOST% constitute DBLOCKS.

In fact, all the above devices are introduced to facilitabe informal decriptions.

() This pointer is actually an index ; a similar remark holds for other devices.
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Formslly, these devices are accessed through DISPLAYS and RANST% and their contents
is accessed through indexings and selections : e.g. steh% of (h%) RANSTS [1%]
where the mode /4% defines the structure of % (see II.0.3.2).

When a BLOCK} is set up, SIDST% and GCWOSTS have to be initialized ; the follo-
wing procedures are used for this purpose (assume the declaration int 7Zo%) :
proc NILSIDST% = (int bn%, sidsz%, §%) :
(:10%:= DISPLAYS [ Dbn%) +h+6% ;
for i% from io% to io% + sidsz%-1
do RANST% [4%] := nil od)
2o In practice, not all cells of SIDST% have to be initialized but only those
corresponding to
- pointers of names
- descripbor offsets
~ union overheads
- dynamic routine representations.
Information for this can be gathered during the translation of declara—
tions in the same way SIDST% garbage collection information is gathered
in geid {see I1.0.4.4). This gethering is not described in this book.
The reason for initializing the above cells is to avoid desastrous conse-
quences, when they are used (through a progranm error) before actual ini-
tialization co.
proc NILGCWOST% = (int bn%, rgchph, geszh) :
(:20%: = DISPLAYS [ bn%] + rgchp? ;
for 1% from io% to i{o% + geszi-l
do RANSTS [£%] := nil od)
co under some circumstances, it is the following procedure which is used to initia-
lize GCWOST% (see II.5) co.
proc NILGCWOST1% = (int gehp%, gesz®)
for i% from gehp% to gehp% + geezi-l
do RANSTS [ %] := nil od.
GCWOSTS is wsed to protect the WOST values of the BLOCKE ; in other words, GCWOSTS
is & guide for the garbage collector for tracing HEAP values accessible through
SWOST%. It is clear that the garbage collector would be misled when called with a

non-significant GCWOST% contents.

When pblocks are entered and left, it is generally necessary to update the
DISPLAYS to recover the conditions of the declaration and of the call of the pblock

respectively. This is performed by means of the following procedure (see fig. 0.1)
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proc UPDDISPLAY% = (int bnsch, scope%) :
co scopek is a pointer to H% of a BLOCKS where a static chain steh% is found
co
(:int steh%h := scopel,
n% := bnseh,
LO:if steh® # DISPLAYY bni]
then DISPLAYS bnl] := stchh;
steh% := stchk of (k%) RANSTS [ stch?] ;
nk —:1= 13
Lo
£i).
In the sbove procedure, the conditional clause introduces a shoricut in DISPLAVS
updating. This is only valid if irrelevant DISPLAVS elements are always nil.
DISPLAY% elements are set to nil by means of the following procedure
proc NILDISPIAY% = (int bnl%, bn3%) :
for <% from bnl% to bnaf
do DISPLAYS [ %) := nil od.
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fig. 0.1 DISPLAVS updating



82

0.3.2 H% INFORMATION

Each BLOCK% corresponds to a program block. This program block is activated
{called) from inside another program block, its calling block ’blockc' 5 it is defi-
ned (declared) in another block, its scope block 'blocks‘. When BLOCKS is set up,
there corresponds to it on RANSTS a BLOCK%c and a BLOCK%A which in turn correspond
to the program blockc and blocks respectively. In case block is a 1lblock, blockc and
block - are identical, and so are BLOCK%c and, BLOCK%A.

The H% of a BLOCK% contains the following information :

- the static chain sitchi.
It links its BLOCK% with the corresponding BLOCK%A.
- the dynamic chain doh%.
It links its BLOCK% with the corresponding BLOCK9Q.
- the working pointer wpZ.
It points to the first cell of DWOST%. This information is useful in case of jump
into a block, in order to recover RANST% memory space up to DIDST+LGSTS.
- the block number bn%.
It is the lexicographical depth number of the program block corresponding to
BLOCK%. The usefulness of bn% will appear when discussing pblocks.
- the identifier garbage collection information geidh.
It is a pair consisting of geidp% and gebodyflagh.
getdp% is a pointer to a list of SIDST% address-mode pairs 3 it will be interpre-
ted by the garbage collector to protect HEAPS values accessible through SIDSTS.
gebodyflagh is an information for the garbage collector, the use of which will be
explained when dealing with routines with parameters (II.5).
- the working stack garbage collection information gew%.
It is a peir consisting of gehp% and gesz%.
gehp% is a pointer to the first cell of GCWOST%, relative to BLOCKS.
gesz% is the size of GCWOSTS.
In fact, GCWOSTS is a list of address—mode pairs but unlike the list geidZ%,
GCWOSTS is constructed dynamically (see I.2.4.3.a(2)).
- the routine result transmission information result?.
This information is relevant for pblocks only ; it consists of :
swostp% which is a SWOST% pointer.
gop%  which is a GCWOSTS pointer.
dmrp% which is a DMRWOSTS pointer.
flex% which gives informetion for the checks of flexibility.
prevflagh which gives information on previsions.
- the routine return jump retjumpl.

this informastion is relevant for pblocks only.
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Formally, we can write a mode corresponding to the H% structure :
mode h# = struct (int stehk,
dehb,
wpks
bnk,
struct (int geidph,
bool gebodyflagh) geids,
struet (int gehph, geszh)gewt,
struct (int swostph,
goph,
dmrpf,
flex%,
bool prevflagh) result?,

int rvetjumph),

0.3.3 DYNAMIC VALUE REPRESENTATION
The principles guiding the memory representation of the values can be found in
[12] . Here, we give further precisions on the memory representation of names, multi-
ples values and values of mode ynion. Memory representation of routines, formats and
tamrof values will be described in II.5 and II.9.
~ A name which does not refer to a multiple value consists of two fields, namely
pointer% and scopek.
pointer% is the address of the location of the name,
scope% is represented by the machine address of the BLOCK% to which the name is
local ; scope% of global names is the address of the first cell of RANSTS.
~ A name which refers to a multiple value consists of pointer% and scope% and also
of space for a deseriptor [ 14.
- A multiple value consists of a descriptor and elements.
The descriptor consists of the following fields :
the offset% which is a pointer to the first element,
the states?,
the ©flagh {interstice flag) indicating whether elements are contiguous in memory
or not,
the total stride do% which is the memory size between the static part of the Tirst
and the last element, including these elements. For each dimension i, we have the
vounds I7% and ui%, and the stride di%.
Note that <flagh and do% have been introduced for the sake of efficiency when
manipulating multiple values.
- Union values consist of an overhead% and the value itself.

The overhead characterizes the actual mode of the value : it is a DECTAB% pointer
dectabp%.
For more details see section II.0.L.2.
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Formally we have :

mode name% = struct (int pointer®, scopel) ;

mode rowname® = struct (int pointerk, scopek, descr% descr®) ;

mode deser% = struct (int offset?,

{ 1bool stateegh ,

bool iflagh ,

int do% ,

{1: ...] struct (int 1%, u%, d%) bounds%);
mode wnion% = struct (int overhead’k, [1: ...} cellval value%).

0.4 DECLARATIONS FOR COMPILE-~TIME ACTIONS

The translation makes use of a number of tables and stacks. Some of the tables
contain information gathered during syntactic analysis ; this information may be
used at any moment of the translation. Moreover, table information is completed du-
ring translation in order to be available when machine code will be generated or even

at run~time.

0.4.1 THE CONSTANT TABLE : CONSTAB

CONSTAB is a table which is filled during syntactic analysis;it contains values
of denotations. Moreover, this table will be completed during translation, for exam—
ple with information on routines (II.5 to II.9) or with data structures that can be
constructed at compile-time. During translation into machine code, CONSTAB is also
used to pass on parameters to run-time procedures. Clearly CONSTAB must be available
at run-time. The state of the constant table at the end of IC generation will be re—
ferred to as CONSTABS while its run—time instance will be referred as CONSTAB%. During
translation, constabpm represents the pointer to the first free cell of CONSTAB and
constabp will be used as current pointer to some piece of information.
Constabpm must be incremented each time & new information is added to CONSTAB ; this
incrementation is implicit iﬁ the algorithms of translation. Formslly we can write :

[0:...]cellval CONSTAB ;

int constabpm, constabp.

0.4.2 THE DECLARER TABLE : DECTAB

DECTAB is a table which is filled during syntactic analysis, it contains modes
together with bounds and flexibility information. Modes are stored under the form
of linked lists. DECTAB consists of an initialized part and possibly of a part spe-
cific to the program being translated. The initialized part is meant to recognize
current modes easily (which allows to perform optimizations) and to contain modes

defined in the standard prelude. For more details see [ 11].
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In principle DECTAB is complete after syntactic analysis ; its information is
referred to from the program resulting from the syntactic analysis (SOPROG). Modes
and declarers will be manipulated as DECTAB pointers denoted dectabp or simply mode.
DECTAB pointers are used as parameters of ICI's to mean a mode or a declarer. Such
information”will be used among other things to decompose the IC functions into ma-
chine instructions. For reasons of uniformity, the state of DECTAB after IC genera—
tion will be denoted DECTABS.

DECTAB is also used to calculate different kinds of information during IC gene-
ration, information influencing the parameters of the storage allcocation. This in-
formation is obtained through procedure calls having a DECTAB entry as a parameter.
Like modes these procedures are recursive. They are described here in an informal

way :

proc STATICSIZE = (int dectabp) int :
¢o the size of the static part (staticsize)
of & value of mode dectabp is the result
of this procedure co

The result of this procedure in the X8 implementation is summarized below :

mode staticsize(nb of words)
int 1
bool 1
char 1
bits 1
bytes 1
real 2
name (non row) 2
name (row) 2 + descriptor size
row {n dim) 3+3n
proc ... 2
ormat 2
struct (...) Z field staticsize
union (...} 1 + max (field statiocsize)

proe DMRRELEVANT = (int dectabp) struct(imt class, spec) :
¢o a data structure indicating which kind of dynamic memory recovery property
(dmr) is needed for a value of mode dectabp. The result has the form (stat 0.u),
(dyn 0.0) or nil. In case of stat, o is the relative address of the first off-

set in the value co.



86

proc GCRELEVANT = (int dectabp)bool :
¢o the result of this procedure indicates whether a value of mode dectabp, stored
on WOST% risks to give access to HEAP%, in which case the value must be protec—
ted through GCWOSTS co.

proe SCOPERELEVANT = (int dectabp) bool :
20 the result of this procedure indicates whether, according to the mode dectabp,

the scope of a value of this mode is always the whole program or not co .

proc NONREF = (int modelbool :

eo false if mode begins with ref, true otherwise go.

proc NONROW = (int mode)pool :

co false if mode begins with row, true otherwise co.

proc UNION = (int mode)bool :

co true if mode bvegins with union, false otherwise go.

proc DEREF = {int model)int :
co mode begins with ref ; the result is the DECTAB
pointer of mode without the ref co.

proc DEROW = (int modelint :
co mode begins with rowe ; the result is the DECTAB

pointer of mode without the rows co.

proc NBDIM = (int mode)int :
co mode begins with rows or ref rows ;

the result is the number of dimensions of the rows co.

proc RESULT = (int modelint :
¢o mode begins with proc ; the result is the DECTAB

pointer of the mode of the result of the procedure co.

In principle, DECTABS can be completely interpreted during machine code genera-
tion : it is not necessary to have it available at run-time. However, in order to
shorten our compiler project we were compelled to have a run-time instance DECTABS.
This one is used in two cases :

a. During manipulation of values of mode wunipn : the overhead% of such a value is a
DECTAB% pointer dectabp specifying the actual mode of the value. When construc-

tions involving union values are translated, sets of instructions are generated
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for the manipulation of a value of each possible actual mode. The choice between
all sets of instructions is performed thanks to a switch which is generated on
the basis of mode comparisons between the overhead’ and each constituent mode of
the union j; DECTAB% is used for this purpose. Note that this run-time DECTABY use
could be avoided at the price of having a precise ordering of the constituent
modes in each imion.

b. During garbage collection : the tracing of a value is based on its address and
its mode ; DECTAB% has to be used to guide the tracing. Note that run-time rou-
tines for the tracing can be generated from the mode and from the access to the
value without difficulty. In such a case the use of DECTABS at run—time is avoi-
ded.

Formally we can write :
[0:0..] cellval DECTAB ;

At each DECTAB entry points a two field record is stored :

mode dec = struct(char class, int spec).

Class is int, real, bool,...,gtruct,row, wiion, ref, proc. Spec is usually a DECTAB

pointer where the next part of the mode is found.
If class is ref, the pointer gives access to a dec record.

If class is struct, row,union,pro¢, the pointer gives access to a specific data strue-

ture describing the mode [ 11].

0.4.3 THE MULTIPURPOSE STACK : MSTACK

During translation all sorts of informetion have to be saved and/or passed on
from one part of a construction to another part. Due to the recursive nature of
ALGOL 68, the information must generslly be handled by means of stacks. Several
stacks are specialized (BUST, TOPST), but it is very useful to have a multipurpose
stack at one's disposal, this will be denoted MSATCK :

[0:... cellval MSTACK;
The current pointer to the first free cell of MSTACK is denoted metackpm. MSTACK is
accessed through the following procedures :
proc INMSTACK = (cellval x) :

(MSTACK [ mstackpm] :=wx;

mstackpm+:=1);

proc OUTMSTACK = (ref cellval y) :
(mstackpm —:=1;
y:=MSTACK [ matackpm] );

0.4.4 THE BLOCK TABLE : BLOCKTAB
In order to generate appropriate code for the run—time RANSTS organization at
block entry and exit, a number of static informations for each block must be gathe-

red during the translation of that block ; these informations are : sidsz, dmrsz,
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gesz, swostsz, geid and bn. These informations are calculated in a table BLOCKTAB
in which there is an entry for each block. Therefore, all blocks are statically dif-
ferenciated by means of a cumulative block number. In contrast with the usual block
number which represents the static nesting of blocks, the cumulative block number
is different for each block. During translation, bn and brne will be two integral va-
riables corresponding respectively with the block number and with the cumulative
block number of the block currently translated.
Formally :

[0:...] struct(int sidsa, dmrss, gesz, swostsz, geid, bn) BLOCKTAB ;

int bn, bne.
BLOCKTAB will be used for machine code generation ; its state after ICI generation
will be denoted BLOCKTABS. When, during the description of the actions of an ICI,
fields of a BLOCKTABS element are used, selections like sidsz of BLOCKTABS [£] are
not repeated everywhere ; notations such as sidsz§ for sidsz of BLOCKTABS [7] are

introduced.

The management of bn and bne

At each block entry and exit, the brn and bne management is performed by the com-
piler routines INBLOCKI and OUTBLOCKI respectively.
INBLOCKI is called with a parameter bnsa i.e. the bn of the scope block of the block
entered. The actions of INBLOCKI and OUTBLOCKI are described now :

proc INBLOCKI = (int bnsc) :
(INMSTACK (bne) s
bn:z=bn_ +1 ;
se
bnic:=bnemax +:=1)

co bnemax is initialized by -1 co.

proc OUTBLOCK1 =
(: OUTMSTACK (bne) 5
bn:=bn of BLOCKTAH bncl /.

The management of the sizes gidsz, dmrsz, gesz and swostsz

The above sizes have been defined in IT.0.3.1, they represent sizes of static
parts of run-time devices in a BLOCK% : STDST%, DMRWOST%, GCWOST% and SWOST%. These
sizes are caslculated in BLOCKTAB during the translation of each block. They are ac-—
cessed thanks to the entry bnc.

At each block entry, the different BLOCKTAB fields and in particular the sizes are
initialized by means of the procedure INBLOCKZ :
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proe INBLOCK2 = (int bnsc) H
(of BLOCKTAB bne] : sidsz:=0,
dmrsz:=0,
gesz:=0,
swostez:=0,
getd:=0,
bn:=bnsc+1).

The sizes in BLOCKTAB are the current maximum sizes of the corresponding RANSTY
parts at each moment of translation. These sizes are updated egch time an action is
translated in which a new value or new information is stored on SIDST%, DMRWOSTY,
GCWOSTS or SWOSTY%, respectively.

Since the last three devices are stack controlled within a given block, we need cur—
rent dmre, gee and swoste, representing the relative addresses of the first free
cells within their corresponding device. These counters have to be updated each
time code is generated for storing an informetion on, or deleting an information
from DMRWOSTS, GCWOST%, and SWOST% respectively. This is done by means of the follo-
wing procedures :
proc INCREASEWOST = (int n)

(swoste+:= ny

if swostc>swostsz of BLOCKTAB| bnel

then swostsz of BLOCKTAB| bne] :=swoste

Iz,

proc DECREASEWOST = (int n)
swogte —:= n.
Analogously, we can write the following compiler routines :

INCREASEDMR, DECREASEDMR, INCREASEGC, DECREASEGC.

Inside a block, & value 1s never erased from SIDST%, the field sidsz of BLOCKTAB
may be used as current(+> counter. The following procedure is used for the static
management of sidsz in BLOCKTAB :
proc INCREASESIDST = (int n) :

sidsz of BLOCKTAB| bne] +:=n.

In the detailed description, increase and decrease operations are implicit.

The sizes dmrsz, gesz and swostss characterize a block, with the exclusion of
all inner blocks. Therefore, each time an inner block is entered, the counters dmre,
gec and swogte have to be saved on MSTACK and they are restored when the inner

block is left. This is performed by means of the following procedures :

{+) However, in the descriptions, the notation side will be used instead of
sidsz of BLOCKTAB bne] , by analogy with dmre, gee and swoste.
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proc INBLOCK3 =
{ : INMSTACK (dmre)
INMSTACK(gee) ;
INMSTACK(swoste) ;

dmre:=gec:=guoste:=0} .

proe OUTBLOCK3 =
(: OUFMSTACK (swogte) ;
OUTMSTACK (gee) ;
OUTMSTACK (dmre) ) .

The BLOCKTAB property geid.

For a given 1lblock, geid represents a pointer to SIDST% garbage collection infor-
mation. The form of this garbage collection informstion is a 1list of identifier ad-
dress-mode pairs which will have to be interpreted.

Geid is initialized at block entyy by INBLOCKZ and it is updated each time a decla~
ration is transiated, declaration which at run-time gives rise to the storage of a

value on IDST% which risks to give access to the HEAPS.

0.4.5 RECALL OF STATIC PROPERTIES
In this section static properties of values are briefly recalled ; this also ser—

ves as interface between the principles described in I and the actual implementation,

a. The mode.
The mode has the form of a DECTAB pointer, its use has already been explained
(II.0.4.2).

b. The access.
The access is a static property of stored values. It indicates how to access

such values at run-time. A number of new conventions are defined here :

o. From now on, the property access will be denoted cadd, (for complete gggyess).
Formally :
mode cadd = struct(char class, add add) ;
mode add = struct (int hadd, tadd) ;
¢o hadd and tadd stand for head and tall address respectively co.

For cadd representations we use structure displays with some notational simplifi-
cations

(variden n.p) is used instead of (variden, n,p)

(constant &) is used instead of (constant, 0,5)

co when hadd is not significent, it is formally O, but it is omitted in the

cadd denotation co.
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B. As explained in I.1.4, each information or value in SBLOCK% is statically addres-
sable through a doublet 7n.p. Since during the intermediate code generation the
static management of addresses is done relativelY to each particular device, we
have not the p's of the doublets at our disposal but addresses relative to each
device. Therefore, instead of #.p doublets we have an intermediate form bne.o
where o is a relative pointer (side, dmre, gec, swoste) within a particular devi-
ce(+>.

The transformation of the intermediate form to the final x.p doublets will be done
during a further pass (machine code generation, see III}.
As an example, consider gec which is a relative address in GCWOSTS (see fig. 0.2).
To transform this into & m.p address, we need the sizes h, sidsz and dmrgz. Al-
though the latter two are static, they are only available at the end of the trans-—
lation of the block ; they are retrieved from BLOCKTABS at the entry Dme. In our
example we have the intermediate doublet bne.gee.
During a further pass, this doublet is easily transformed into a n.p doublet as
follows :
n := bn of BLOCKTABS bnel ;
p := htsidsz of BLOCKTABY bnel
+dmrsz of BLOCKTABY[ brel
+goee
To which device a particular doublet belongs is deduced from the access class as-

sociated to it (see below).

RANSTS
DISPLAYVS | _ . $BLOCKS
f
n H%
|
n }
gidsz SIDSTS
p {
f
| | dmrsz DMRIWOSTS
]
gee i
gesz GCWOSTS
¥
| r
swostsz | SWOSTS
.

L]

fig. 0.2 RANSTS accesses

() The same remark holds for all doublets 7n.p appearing in the other static proper-
ties smr, dmr and go.
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Y. There exists nine fundamental c¢lasses of accesses already discussed in I.2.3.
During the static management, different cases have to be distinguished ; this
distinction is precisely based on these nine classes of accesses. These are the
following
(constant v) stands for "constant {literal) of value v".

{divettab constabp) stends for "direct CONSTAB address a".

(diriden bne.side) stands for "direct IDST$ address bne.side".

(variden bne.side) stands for "veriable IDST% address bne.side".

(indiden bne.side) stands for "indirect IDST% address bune.side".

(dirwost bne.swoste) stands for "direct WOST% address bne.swoste".

(dirwost' bme.swoste) is similar to (dirwost bne.swoste) but is used for values
which have only their static part on WOST%.

(indwost bne.swoste) stands for "indirect WOST% address bne.swoste'.

(nthil 0) indicates that no value (void) is involved.

§. In addition to the above fundamental access classes, the following accessory clas-—
ses are used in the description of IC generation :

- Four accessory classes are specilsl cases of (eonstant v) :
(intet v) "integer constant v"
{boolet v) "Boolean constant v"
(bitect v) "bits coustant v"
(charet v) "character constant v

- Three asccessory classes are special cases of (dircttab constabp) :
(routet constabp) "routine with CONSTAB address constabp"
(formatet constabp) “format with CONSTAB address constabp"
(tamrofet constabp) "temrof with CONSTAB address constabp"

The other accessory classes are new :

(ddisplay bn) stands for "direct DISPLAYS eddress bn"

(dirabs @) stands for "direct absolute a', it saysthat a is a symbolic repre-
sentation of an absolute machine address and that the contents of this
address is meant. The symbolic address is transformed into absolute ad-
dress by the loader.

(dirgow bne,gec) stands for "direct GCWOST% address bne,gee". It means the garba~
ge collection information which is stored in GCWOST% at the address bne.gce.

(dirdmrw bne.dmre) stands for "direct DMRWOSTS address bne.dmre”. It weans the
dynamic memory recovery information which is stored in DMRWOSTS at the ad-
dress bne.dmre.

(varabs a) stands for "variable absolute g, It means that @ is the symbolic re-
presentation of a value considered a literal constent ; it is used to facili-
tate easy modification of some machine representations, nil for example.

(varwost bne.swoste) stands for "variable WOST% address brc.swoste". It means the

address corresponding to the SWOST% address bnc.swoste.
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(i8iden bnc.side) stands for "double indirect IDST% address bne.side’. This ac-
cess is similar to (indiden bnc.side) but with one more level of indirection.

(12wost bne.swoste) stands for "double indireet WOSTS address bne.swoste". This
access is similar to (Zndwost bne.swoste) but with one more level of indi-

rection.

e. The following procedure is used :
proc DEREFCADD = (cadd cadd )cadd :
eo aadds is an access to a name ; the result is the access to the value refer-
red to by the name co
{ cadds = (diriden o) | (indiden o)
(diriden o)

|
‘
(indiden o) | (i2iden o)
|
|

.
3
1]

(variden o)

i

(indwost o)
(Z2wost a)).

(dirwost o)

-
B
I}

-
=
]

(indwost a)

¢. The static memory recovery : smr.

Smr is a property allowing to recover the memory space occupied by the static
parts of W0ST% values. It has the form of a SW0ST% doublet : bne.swoste. Formally,
the mode of smr is add.

d. The dynamic memory recovery : dmr.
Dmr is a property allowing to recover the memory space occupied by the dynamic
part of WOST% values. It has one of the following forms :
(stat bne.swoste)
{dyn bne.dmre)
or (nil 0.0) shortened nil.
Formally, the mode of dmr is cadd.

e. The garbage collection property : ge.

Ge is a property allowing to protect HEAP% values accessible through WOST% It has
one of the following forms :

bne.gee
or 0.nZl shortened nil.
Formally, the mode of ge is add.

The management of the static property gc is somewhat intricate ; it is expres—
sed by means of formulas based on the principles explained in I.2.4.3. G management
is influenced by the properties flexbot and flewo as it will appear in the formulas.

However, for the sake of simplicity, the static management of flexbot and flexo is
not explicit in this book.
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Both flexbot and flexo are integral values :

- flexbot is 1,0 or 2 according it is known at compile-time that the corresponding
value is or not a flexible name, or if this information is not known st compile-—
time.

- flexo is 1,0 or 2 according it is known at compile-~time that the lastly dereferen—
ced name in the past story of the value, was or not flexible or if this is not
known at compile-time.

The following procedures are used :
proc GENSTANDGC =
(: GEN (stgewost mode§ : modeo,

eadd$ : caddo,
caddge§ : (dirgew gco)). {6}

fetion
a ge-protection for the WOST% value characterized by mode§-cadd§ is set
up at the GCWOST% address caddge§.

proc NOOPT =
(: (gc0¢ nil | GEN(nocptimize))) {102}

eo nooptimige is & commsnd which is generated in order to inhibit local optimiza-

tions at the interface between two modules (see I.2.4.3, remark 1) co.

Example :
This example is intended to show how formulas for ge-management are established.
Suppose (II.11.3) the static properties of the primary of a slice are modes,
cadds +:+, those of the reuslt of the slice are modeo, eaddo .+« » Suppose also
cZasss:indwost QQQ‘NONREF{modeS) QQQ.NONROW(modeO). In +this case, the trans-
lation of the slice is such thst an indirect address to the selected element of the
multiple value is stored on WOST% and is used to access the result of the slice.
Let Db and EA denote the descriptor and the elements of the multiple value VA on

which the slice applies and let Vg denote the value resulting from the slicing.

caddsD———a 0 &= presumed protection

Py through IDST%

J

caddo-44 } v

fig. 0.3
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We make the following considerations :
a. If the whole value VA was protected through GCWOST%, the resulting value Vo which
is an element of VA and which is also accessible through an indirect address, has

also o be protected through GCWOSTS.

b. In the ether case, V, is not protected through GCWOST% either because it gives

not access to HEAPS ir because it is already protected through SIDST% (see fig
0.3).

These last two alternatives cannot be differencisted by means of the actual sta-
tic properties at our disposal ; the worst case will be taken into censideration
i.e, VA is protected through SIDST%. The question is, is this protection valid
for VO. The answer is yes if no-side effect may supersede the offset of DA’ and bthis
through a program error. Such a superseding may only appear if two conditions are
fulfilled :

dérefbséfggg : there has been a dereferencing since the origin of the value

jiex03#0 : the lastly dereferenced name might be flexible.

The above considerations give rise to the following formula :

ge, = (gcs;f nil | ge,

I:derefbs and | flexo  #0 |bne. gee
i)
If a protection for Va is needed, an ICI establishing the dynamic protection has to
be generated :

(ge, # nil | cENsTANDGC).

N.B. Through the static management of ge, particular attention must be paid on that
non relevant GCWOSTS protections must be overwritten either by a new protection or by
nil (GEN(stgenil ...)}. For meking this precaution more clear, gec management by
means of INCREASEGC (gcelemsz) or DECREASEGC (gcelemsz) is sometimes explicit ;

geelemsz represents the size of a GCWOST% protection.

f+ The origin property : or.
Or allows to keep track of the past story of a value, it consists of 6 fields
kindo : iden, var, gen or nil
bno is a block number related to the kindo iden, var or gen.
derefo keeps track of dereferencings
geno Keeps track of the presence of local generabors
flexo keeps track of flexible names.
diago keeps information useful for error diagnostics.
The static management of the flewo and diago on BOST is implicit in the sequel.
Formally, we can write :

mode origin = struct(char kindo,
int bno,

bool derefo,

genol.
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g. The scope property :@: scope,

Scope consists of two informations on the scope of the value : the inner scope
insc and the outer scope outse. Both inse and outse sre block numbers bn. N which
is an integer greater than the maximum value of bn is sometimes used as ¢nsc and/or
outsc value, to mean a scope which is empty. Formally :

mode scope = struct (int inse, outsc),

h. The bottom property of flexibility : flexbot,
Flexbot is used to reduce the number of dynamic checks of flexibility ; as al-—

ready stated the management of this property is mot explicit in this book.

Remarks

1. In order to diversify static properties, they are indexed. As a rule, for one pa~
meter constructions, static properties of the parameter are indexed with '8’ (source)
@nd static properties of the result are indexed with 'o' (object).

ex : cadd , cadd .
] o)

2. In order to simplify the notations :
class of cadd  is denoted class,,

add of cadd, ~ is denoted add ,

hadd of caddx is denoted haddx,

tadd of cadd, is denoted tadd .

x x

Similar conventions hold for other static properties when this is not ambiguous.

ex ineoa? outse kindax# geno, ...  {scope is shortened into sel

0.4.6 THE SYMBOL TABLE : SYMBTAB

SYMBTAB is a table which is intended to perform the links between definition and
applications of declared objects. This is obtained by associating to each declara-
tion and application of a declared object the same SYMBTAB entry in the program re-
sulting from the syntactic analysis. At this entry, static properties deduced from
the declaration are stored and they are available at each application.

A specisl problem arises when an application of a declared object lexicographical-
1y preceeds its corresponding declaration. This problem is treated extensively in
the detailed descriptions ; it is partially solved by having a number of properties
filled in SYMBTAB during syntactic analysis.

The static properties which are stored in SYMBTAB are mode, cadd and scope. Mo-
reover, two flags flagdeel and flagused are stored in SYMBTAB. They indicate whether
the declaration {flagdeecl) or an application (flagused) of the declared object have
already been met during translation. Formally :

[0:...] struct (int mode, cadd cadd, scope scope,
bool flagdecl, flagused)SYMBTAB.
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SYMBTAB is no longer needed after IC generation. In practice and for historical

reasons, SYMBTAB is split up into an identifier table IDENTAB and an indication ta-
ble INDTAB (see [ 11]).

0.4.7 THE

BOTTOM STACK : BOST

BOST is a stack used to perform the bottom-to-top transmission of static proper—

ties of values. When & construction has to be translated, we assume that the static

properties of its parameters appear at the top of BOST ; one of the static effects

of the translation is to replace on BUST the static properties of the parameters by

those of the result of the construction. Deletion of BOST elements must generally

be sccompanied by compile-time actions related to memory management. There are two

types of such actions :

- updating of static RANST% pointers. This is done by compiler—routines :
DECREASEWOST, DECREASEDMR and DECREASEGC.

- generation of object instructions for dynamic memory management :

8.

DWOSTS memory recovery implies a run-time updating of ramstpm% :
Case A : dmr of the deleted set of BOST properties is of the form
(stat bne.o) : the following generation taekes place :

GEN (stword cadds§ : (dirwost bnc.o),

caddo§ : (dirabs ranstpm%)) {4}
Action : ranstpm% := RANST {eo an index corresponding to cadds§ co] .

Case B : dmr of the deleted set of BUST properties is of the form
(dyn bnc.B) ; the following generation takes place :
GEN (stword cadds§ : (dirdmrw bne.B),
caddo§ : (divabs vanstpm%)) {4}
If a ge-protection bnc.y is present in the deleted set of static proper—
ties, the corresponding GCWOSTS element must be nilled ; the following
generation takes place :

GEN (stgentl caddge§ : bne.y) {13}

Action :
RANST% [co an index resulting from sn access (dirgew caddge§) col

2= nil.

All these actions will remain implicit in the sequel.

Each BOST element consists of a complete set of static properties ; formally :

[ 0:...0 struct (int mode,

cadd cadd,

add  emr,

cadd dmr,

add  gee,

origin or,

scope scope,

int obprogp {see II.14}) BOST ;
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int bostpm  ¢o the pointer to the first free BUST element ;
bostpm management is implicit in the sequel co.
The following procedure is used :
proc NEWBOST = (cadd caddx) :
20 & new element is created at the top of BOST ; the field cadd of this BOST ele-

ment is initialized with caddr co.

0.4.8 THE TOP STACK : TOPST

TOPST is a stack used to collect information for long range previsions. The use
of TOPST makes it possible to detect, during the translation of an action, that its
result will be used as the parameter of another specific action.

A new TOPST element is set up each time the translation of a parameter 71, of an
action o is activated ; it is deleted at the completion of this translation(+). In
the description of the translation process, the translation of Ty will be represen-—
ted by p(wa) (see 1I.0.2). In addition, we suppose that p(ﬁa) implicitly contains
the setting up and the deletion of the corresponding TOPST element. Sometimes, howe-
ver, for the sake of clarity, the setting up of a TOPST element is explicitly sta-
ted by means of the routine NEWACTION :
proc NEWACTION = (char action)

¢o a new TOPST element is set up with action as its first field. co.
In this case, a call p‘{wa) may appear in the text, it has the same meaning as p(vu)
except that it does not hide any TOPST management.

When reference is made to Amem of TOPST] topstpm~1], the short notation Amem is
sometimes used.

In general, the management of TOPST properties will remain implicit except
when it appesrs to be essential for the description, in particular for the descrip-
tion of the checks of flexibility.

In APPENDIX 3, a complete review of TOPST properties for each L is given. Each
TOPST element consists of the following information :

aetion having, in principle, the form of a non-terminal T

flexztop being used to control the checks of flexibility

it has three forms :

(gtat 0) which means that no check is required

(stat 1) which means that a check is required

{dyn bn) which means that the information on the necessity of a check is
found in the H% of the active BLOCK% with a block number bn.

Amem being a prevision information allowing to foresee, in front of some

values, space for storing an overhead (rowing and uniting).

bal being a field used in choice constructions handling (II.1k).

() This is equivalent to the principle of I.0 and I.3 where instead of w , a prefix
marker is stored on TOPST.
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Formally :
[0:... struct (char action,
struct (int class,
spec) flextop,
struct (int countbal,
countelem,
bool flagbal) bal,
int bmem) TOPST ;
int topstpm ¢o the pointer to the Ffirst free TOPST element ;

topstpm menagement is implicit in the sequel co.

0.4.9 OBJECT PROGRAM ADDRESS MANAGEMENT

Entry points into the object program are represented by labels which must be
transformed into actual machine addresses by the loader after machine code has been
generated. For this purpose, loader commands are inserted in the object program un-
der the form of label definitions. Two kinds of labels have to be distinguished :
program defined labels and compiler defined labels.
~ For program defined labels the correspondence between defined and applied occurren—

ces is obtained through SYMBTAB ss for any other idemtifier.

- For compiler defined labels, needed in the translation of e.g. conditional clauses,
the correspondence between defined and applied occurrences is obtained through
MSTACK; given the recursive aspect of the ALGOL 68 programs. For this purpose, pro-
cedure calls INMSTACK(L) and OUTMSTACK(L) are used ; for the sake of simplicity
these calls will remain implicit in the sequel.

Actually I is a particular value of a counter Zabwb which is incremented by 1
each time a new label is needed. The value 1 of this counter always corresponds to
the standard label exif.

& special kind of access is sometimes used in the descriptions : (Label bne.labnb) ;

in this access bne corresponds to the block where the label is declared.

Labels do not only appear in the object program but we shall also be led to sto-
re labels in CONSTAB in order to make the corresponding program address available
at run-time through an entry point in CONSTAB% (see II.5.4). Clearly, the loader
must also transform labels of CONSTABS into machine addresses 3 for this purpose,
each time a label is stored in CONSTAB at compile—time, & loader command is also
generated in the object program.

The commands which are generated have the following form :

(labid labnb$§) {35} for program defined labels
(labdef labnb§) {28} for compiler defined labels

(updeonstab modeS§,
eongtabp§) {33} for labels stored in CONSTAB.
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0.4.10 THE SOURCE PROGRAM : SOPROG

SOPROG results from the syntactic analysis. It is in principle a prefixed form
of the program tree and is described by means of a syntax. It consists of elements
which correspond either to prefix markers or to terminals. Each element consists of
two fields ¢lass and spec. Spec is generally a table pointer allowing to connect
nodes of the tree to tables : CONSTAB, DECTAB and SYMBTAB. Speec is also used to spe~
¢cify scopes of routines and formats. In SOPROUG, we suppose the coercions are made
explicit (in fact coercions sppear in a separate table COERTAB but this is without
importance). For more details see [ 11].
Formally :
{0:...)struct (char class, int spec) SOPROG.

Sometimes, the strategy of translation depends on right context in SOPRUG. Such
a context is checked by means of the following procedure :
proc CONTEXT = (char class}bool :

class of SOPROG | soprogpm] = class ;
Soprogpm is the currenmt pointer in SOPRUG to the first element not yet involved in
the translation ; its static menagement is implicit, but this does not hamper the
correct interpretation of CONTEXT calls.

0.4.11 THE OBJECT FROGRAM : OBPROG

OBPROG consists of the ICI's generated. These instructions are independent modu-
les, to be elaborated sequentially except when explicit breaks of sequence appear.
In case of choice comstructions {conditional, case, serial clauses) & special pro-
blem arises : a commen interface must be ensured between each alternative and the
instructions applying to the result of the choice construction ; the optimal interfa-
ce can only be determined in the light of the static properties of the resulls of
all alternatives. For this reason, ICI performing the interface cannot be generated
in the normal sequence, they are generated in a separate table BALTAB (balancing
table). The connection between SOPROG and BALTAB is cobtained in the following way :

After each alternative a 'hole' is left in OBPROG ; if it appears thereafter
that ICI's take place in the hole, these ICI's are generated in BALTAB and the hole
in UBPROG is replsced by a link to BALTAB.

Formally :
[0:...]cellval OBPROG ;
[0:...1cellval BALTAB.

Patterns of object instructions are generally different but they all have the
same first field representing the function of the ICI. It is the inberpretation of
this field which allows to reach the parameters particular to each function. OBPROG
is filled by means of GEN described above.



101

1. LEXICOGRAPHICAL BLOCKS

Lexicogrephical blocks (1lblocks) are 'programs' and 'serial clauses' ; however,
for reasons of efficiency, only serial clauses with 'idemtity-', 'operator-!,
'mode-', 'label-declarations' and/or 'local generators'® are considered lblocks, i.e.
give rise to a BLOCKS device at run~time. Considering e serial clause with label
declarations a lblock allows, when a jump is performed, to uge the normal block
mechanism for recovering space for dynamic parts of intermediate results. As already
stated, lblocks are caused to be executed by the normal lexicographical program
elaboration.

As opposed to lblocks, procedure blocks {pblocks) are caused to be executed by
a call mechanism ; they are 'non-standard-roubines', 'dynamic bounds of mode decla-
rations' and 'dynamic replications of formats'. This section deals with lblocks only.
Their implementation is 'block oriented', as opposed to the 'procedure oriented’
technique described for ALGOL 60 in [5] ; this means that a new BLOCK% is created
each time a lblock is entered. Application of the 'procedure oriented' techniques
to ALGOL 68 is not investigated in this book.

Syntax
LBLOCK -+ lblockV BLOCKBODY

{BLOCKBODY corresponds to serial clause ; see II.1h.2}.

Translation scheme

1. Block entry :
1.1 Statie block entry
1.2 GEN(inblock ...)

2. p(BLOCKBODY)

3. Block exit :
3.1 Static block exit
3.2 GEN(stadd ... ranstpmi)
3.3 GEN(stword ... rthn%)
3.4 GEN(checkseblock ...)
3.5 Result transmission
3.6 GEN(stword nil ... DISPLAYS ...).
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Semantics
Step 1 : Block entry :
Step 1.1 : Static block entry :
At block entry, INBLOCKL(bn), INBLOCKZ2(bn) and INBLOCK3 are activated, calcula-
ting a new bn and initializing a number of compile-time locations.
Step 1.2 :
GEN (inblock bne§ : bne) {42}
~bne§ gives an entry to BLOCKTABS where all statiec 1lblock informations can be
found to perform the necessary run—-time actions at the entry of the new block.
These informations are : sidsz§, dmrszS$, gesz$, swostsz§, geid§ smd bn§. The
run—time actions of imblock are :
Action 1
DISPLAYS [ bnS | :=ranstpmb
{a new DISPLAYS element is set upl.
Action 2 :
ranstpmk +:=h+ gidsa§+dmrsz§+gesa§+svostsas
{Space is reserved on RANST% for SBLOCK% of the new BLOCKS ; the garbage collec-
tor may be calledl.
Action 3 :
rebn%:=bn§
{rtbn% is a run—time variable containing the by of the current block. This va~
riable is not gtrictly necessary, but it reduces the number of parameters of
object instructions, especially those that risk to call the garbage collector.}
Action 4 : Filling in of BLOCK% neading H% :
stch%:=deh%: =DISPLAYY bng-1]
wph: =ranstpmh
bnk:=bn§
geid%:=(geid§,0)
gewks: =(htaidez§+dmrezs, geess§) .
Action 5 :
NILSIDST%(bn$, eidsa$,0)
{SIDST% is initialized}.
Action 6 :
NILGCWOST% (bn§, htsidsz§+dmrez$, gesz§)
{GCWUSTS is initialized in its whole}.
Step 2 ¢
o (BLOCKBODY)
{At run-time, BLOCKBODY results in a value possibly of mode void. After the trans-
lation p(BLOCKBODY), the static properties of this result appear on BOST. In the
next steps, these static properties will be suffixed with results,where s stands
for source. E.g. caddresuits is the notation for the static access of the value

resulting from BLOCKBODY.}
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Step 3 : Block exit :
Step 3.1 : Static block exit
The procedures OUTBLOCKZ and OUTBLOCKI are activated, restoring the current coun-
ters dmre, gee,swoste, bn and brne of the calling block.

Step 3.2 :
GEN(stadd cadds§ : (ddisplay bn+l) ,
caddo§ : (dirabs ranstpm%)) {5}
Action :

ranstpmb: =DISPLAYY tadd of cadds§)
{The BLUOCK% of the lblock left is deleted from RANST%).

Step 3.3 :
GEN(stword cadds§ : (intet bn),
caddo§ : (dirvabs rtbn)) {4}
Action :

rtbnki=tadd of cadds§
{rtbn% is reset to the bn of the calling block.}
Step 3.k ¢
GEN(checkseblock mode§ : modereaults,
eadd§ : aaddresults,
m§  : bn) {90}
Action :
This ICI checks whether the lifetime of the result is greater than the life-
time of the BLOCKS left. In many cases, the generation of this dynamic check
can be avoided by a static treatment of the properties inscresults and
outscresultss {see I.2.5.1).
Step 3.5 : Result transmission :
In many cases, the dynamic transmission of the result of BLOCKBODY can be partial-
iy or cocmpletely avoided by a static treatment
Case A : No copy :

class of caddresults:constant or

U " =direttab or

noooan " =diriden and bnoresult, < bn or
moon " =vgriden or

nooo 1 =indiden and bnoresults < bn.

The above accesses are valid in the block left as well as in the calling block ;
thus no copy is generated.

On BOST, the static properties of the result remain unchanged.

Case B : Copy static part :

class of caddresult =dirwost' and bnoresult, <bn and kindoresult fnil

The dynamic part of the result is stored outside BLOCKS left, only the static
part has to be copied in the calling BLOCKS :
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GEN(ststatwost mode§ : moderesults,
cadds$: caddresults,
eaddo$: ecaddresult 0) {12}

—caddrasulto is the access to the location where the static part of the result
of BLOCKBODY is copied : caddresulto = (dirwost' bne.swoste) where swoste
has been restored by OUIBLOCKE.

Action @
The static part of the value of mode§ is copied from cadds§ to caddo§.
On BOST, the static properties of the result are as follows :
cadd::oaddresulto {i.e. (dirwost’ bne.swoste)}
smr:=bne. swoste
gc management is based on the following statement :
if garesultgsgig then gcresulto:zgié A
otherwise ge:=bne.gec and a run-time ge-protection must be set up in the
calling BLOCKS :
GEN(stgewost mode§ : moderesults,
cadd§ : (dirwost’' bne.swoste) ,
caddge§ : (dirgew bne.gee)) {6}

All other static properties of the result remain unchanged.
Case C : Copy address :

class of caddresults:indwost gﬂé_bnoresults <bn and kindoresultsﬁgiz.
The indirect address has to be copied :
GEN(stadd cadds§ : (dirwost spec of eaddresults),
ecaddo§ : (dirwost bne.swoste)) {5}
-cadds§ and caddo§ are the accesses of the direct address to be copied,
before and after copy respectively.

On BOST :

cadd:=(indwost bnc.swoste)

smr:=bne. swoste

ge remains gil or becomes bne.gec analoguously to case B.

Other static properties are unchanged.
Case D : No result
class of caddresultozyiﬁég.
The result is void ; nothing has to be copied.
On BOST, all static properties are unchanged.
Other cases : Copy whole value :
The whole value (static and dynamic part, if it exists) has to be copied :
GEN(stwosti mode§ : moderesults,

cadds$: caddresulis,
caddo§: (dirwost bne.swoste)) {1]2]3}
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On BOST :
cadd: =(dirwost bnec.swostc)
sy =bne. swoste
dmri=pil, stat or dyn according to moderesult, ;
for this purpose, DMRRELEVANT(modéreS&EtS) is used.
In case dmr is dyn, an object instruction is generated :
GEN(stdmrwost eadd§ : (dirabs ranstpm%),

cadddmr§ : (dirdmrw bne.dmre)) {7}

Clearly, this object instruction when it exists must be generated before
stwogt? which may modify ranstpmi.
Action :
ranstpm% is copied in the location of DMRWOSTY with an access
(dirdmew cadddmr§) .
ge is treated as follows :

-in case class of caddresultgzdirwost and bnoresults <bn then ge:=bne.gec
if and only if gcresult8¢2££ 5 ge remains ntl otherwise.

-in the other cases, ge:Zbne.gee or ge:=nil according to moderesults.
GCRELEVANT(mOderesults) is used for this purpose. When gefnil, a ge-pro-
tection 1s set up in the calling BLOCKS :

GEll (gtgewost mode§ : moéeresults N
eadd$ : (dirwost bne.swoste),

caddge§ : (dirgew bne.gec)) {6}

As explained in I.2.4.3, remark 3 different strategies exist for copying a va-
lue. It is the strategy explained under 3 which is used here. The suffix 7 in
the ICT stwosti is related to the garbage collector activation : 7 is 1 when
the garbage collector does not risk to be activated i.e. when the result has no
dynamic part or when it is completely stored on RANST% in the BLOCKS left ; no
run-time check controlling whether enough space is available is necessary.
Suffix %Z is 3 in the other cases ; then, it should be clear that the generation
of gtgewost must take place before the generation of stwostd.
Step 3.6 : Nilling of DISPLAYS :
GEN(gtword cadds§ : (varabs nil),
eaddo§ : (ddisplay bn+1}) {L}
Action :
NILDISPLAY% (tadd of caddo§, tadd of caddo§)
{The DISPLAY% element of the BLOCKS left is nilled.}
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Previsions

(N

(2)

The analysis of TOPST allows to group successive block exits avoiding repetitive
copies of results. Moreover, if it appears that the result will be assigned
after block exit, the assignation may be performed before block exit ; then, the
static properties of the value of the aseignation are put on BOST instead of tho-
se of the result ; no extra copy of the result is needed. If the result of the
block is used as actual parameter, a similar solution holds.

When the result is copied in the calling BLOCK% (see case B and other cases),

the static part of the result is actually copied from swostc+Amem, where Amem

may be O {see I.3.1 {3)). Mmem takes into account the fact that in the calling
block the value may be provided with an overhead (rowing or uniting). Amem is

available at the top of TOPST.
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2. MODE IDENTIFIERS

2.1 IDENTITY DECLARATION

Syntax
IDEDEC - idedecV FDECLARER iden = ACPAR

OPDEC + opdecV FDECLARER oper = ACPAR
- FDECLARER specifies the mode of the identifier and possibly formal bounds to-
gether with flexibility information.
~ iden(oper) is the declared object characterized by a SYMBTAB entry, there
flagused, denoted here flagusediden, is found.
- ACPAR is the actual parameter delivering the run—time value which is made to

be possessed by the declared object.

Translation scheme
1. o{FDECLARER)
2, p(ACPAR)

3. Establishment of the relation of possession

L. Identifier garbage collection protection

5. GEN(chackformal),

Semantics

Case A :

Flagusediden=0. i.e. the declaration is met before all applications.

Step 1
o (FDECLARER)
A1l bounds, possibly through mode indications (see II.8), are translated. Suppose
there are n bounds, after the translation p (FDECLARER), their static properties
appear on BUST. They will be denoted caddl, smrl,..., cadd? , smr2,... .

Btep 2
p (ACPAR)
At run-time ACPAR results in a value. After the translation p(ACPAR), the static
properties of this value appear on BOST. They will be denoted : modeacpars,
caddaapars, SMLACPAr s wes .

Step 3 : Establishment of the relation of possession :
This step performs the relation of possession between identirfier (operator) and
actual  parameter value. This is done by making the value available at each use
of the identifier (operator), It may imply a run~time action by which the value
is stored on IDST%. Statically, in SYMBTAB, the identifier is characterized
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by & set of properties according to the cases below.

Case A': No copy :

class of eaddacpar = constant or

"o " = direttab or

”n n 1

It

diriden and kindoacpar;ﬁe_n_ or
moon " = variden.
No run-time action is implied : the access to the ACPAR stored value remains va-
1id as long as the possession relation exists. It is that stored value which will
be used at each application of the declared object. The static hmanagement consists
in copying the static properties of the ACPAR value from BOST to SYMBTAB :
In SYMBTAB :
mode::modeacpars
cadd::caddacpars
scope:=scopeacpar,
Flagdecl:=1
Case B' : Copy static part :
class of caddacpars:dirwost.
Only the static part of the ACPAR value is copied on SIDSTS :
GEN(ststatacpar mode§ : modeacpars,
cadds§: caddaepars,
caddo§: (diriden bne.sidz)) {108}
- hadd of caddo§, through BLOCKTABS, gives access to bu§.
Action :
The static part of the value characterized by cadds§-mode§ is copied on SIDSTY
at the access caddo§.
The dynamic part, if it exists, is on DWOST% ; it is just considered a part of
DIDST% by updating wp% in H% of the current BLOCKS :
wp% of (k%) RANSTS[ DISPLAYY bn§l] :=ranstpm%.
In SYMBTAB, the static properties of the declared object are the following :
mode::modeacpars
eadd: =(diriden bne.side)
scope:=scopeacpar,
flagdecl:=1.
Other cases' : Copy whole value :
The whole value is copied on IDST% of the current BLOCK% :
GEN(stacpar mode§ : modeacpars,
eadds$§: caddacpars,
eaddo§: (diriden bne.side)) {8}
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Action :

The value characterized by cadds§-mode§ is copied on IDST% of the current

BLOCK%. If this value has a dynamic part, wp% of the current BLOCKS is updated ;

in this case, the garbage collector may be called.

Static properties of the declared object in SYMBTAB are as in case B below.
Step b : Identifier garbage collection protection :
Let modeiden, caddiden, scopeiden be the static properties of the value possessed
by the identifier and stored in SYMBTAB.
The static menagement of geid in BLOCKTAB consists in adding the pair caddiden—
modeiden to the chain geid of BLOCKTAB[ bne] , but this, only in the cases where
the identifier gives riée to a stored value on IDST% and where, according to
modeiden, this value risks to give access to the HEAP%. GCRELEVANT(modeiden) is
used for this purpose.
Step 5 :
GEN(checkformal : mode§ : modeiden,
cadd§ : caddiden,
n§ : on,
caddl§: caddl,
caddn$: caddn) {60}

-modeiden is a DECTAB pointer where static informetion about the declarer is
stored. This information is the mode and for each dimension of a row mode it
is indicated whether the bounds are 'flexible' or 'either',

—caddl ... are the accesses of the integers which are the values of the non vir-
tual bounds calculated in step 1,

Action :

The bounds of the value characterized by cadd§-mode§ are compared with the in-

tegers corresponding to caddi§... .

Lase B :
Flagusediden = 1.
This case is identical to case A except step 3 because it must take into account the
fact that some stabtic management has already taken place at the level of the first
use of the identifier :
Step 3 :

GEN (stacpar mode§ : modeacpars,

cadds§: caddacpars,

eaddo§: caddiden ) {8}
caddiden is issued from SYMBTAB.
On SYMBTAB
scope := scopeacpar,

Flagdeel := 1.
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Remark on flexibility

Strictly speaking a check of flexibility is expected here, but we recall the TOPST
mechanism allows to perform such a check at a syntactically lower level, i.e. at
the level of slices and rowed coercends, see I.2.5.2.
What has to be done here, is

flextop of TOPST] topstpm-1] := (stat o)
where o is 1 or 0 according the actual parameter is a name or not. This takes place
at the beginning of p{ACPAR}.
At the level of 'refslices' and 'refrowrowings' (IZ.11.3 and II.11.5) the genera-
tion

GER (checkflex cadd§ : cadd) {61}
takes place, and this, when

flextop of TOPST] topstpm~-1] = (stat 1)
indicating that the result is a neame which will be given a remanent access.
In checkflex, cadd§ is the address of the name on which the action refslicing or
refrovrowing applies : checkflex provides for a run—time error message if the name

appears to be flexible.

2.5 LOCAL VARIABLE DECLARATION

Syntax
LOCVARDEC ~ locvardecV ADECLARER variable }

locvardecV ADECLARER variable := SOURCE
{-ADECLARER specifies the mode of the value referred to by the variable and pos-
sibly actual bounds together with flexibility information.
~varigble is the declared object characterized by a SYMBTAB entry where flagused,
denoted here flagusedvar, is found.}

Translation scheme
1. p(ADECLARER}

2. Location reservation and initialization
3, Establishment of the relation of possession
k. Variable garbage collection protection
5. Variable initialization :
5.7 p{SOURCE)

5.2 Assignation.

Semantics
Case A :

Flagusedvar=(0.
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Step 1
o (ADECLARER)

A1l bounds are translated. Their static properties appear on BOST ; they will be
denoted ecaddl, emrly,... .
Step 2 : Location reservation and initialization :
GEN(logvargen mode§ : ref mode of ADECLARER,
eadd§ : (variden bne.sido),
ng :on,
caddl§: caddi,
ecaddn$: caddn) {87}
~add of cadd§ is the SIDST% address where the location has to be reserved. Space
reservation for the static part of the location is obtained through the static
management of stdsz of BLOCKTAB[ bncl 3 it implies no dynamic action.
Action 1 : Dynemic space reservation :
For dynamic space reservation, values of bounds the access of which are
eaddi$y ...,caddn§, are used. This space reservation is done either on
DIDST+LGST% or on HEAP%. The HEAPS is used when union(...row...) or flex is
involved in mode§ ; then heappm% is updated. In the other case, ranstpm% and
wp% in H% of the current BLOCK% are updated (see I.2.3.2, rule b4). In both
cases, the garbage collection may be called.
Action 2 : Location initialization :
Descriptors are filled with their appropriate offset, states, iflag, bound va-
lues and strides. Moreover, in order to avoid disastrous use of uninitialized
locations, union overheads, name—and routine-pointers are initialized with
AR
{Both action 1 and action 2 are based on the same data structure characterized
by mode§ ; they can be handled simultaneously by the same routine such that the
data structure is passed through only oncel.
Step 3 : Establishment of the relation of possession :
The static properties of the variable are put in SYMBTAB :
mode := ref mode of ADECLARER
cadd := (variden bne.side)
scope := (bn,bn)
flagdeel := 1

These static properties of the variable will be denoted modevar, caddvar,...

() Actually, in case of local variable, the initialization of the static part of
the location is performed at block entry.
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Step 4 : Variable garbage collection protection :
The pair caddvar-modevar is added to the chain geid of BLOCKTAB bnel , but only in
the case the variable risks to give access to the HEAP$. GCRELEVANT(mode of
ADECLARER) is used for this purpose.
Step 5: Variable initialization :
If the variable declaration contains an initialization, the following steps are
execubed :
Step 5.1
¢ (SOURCE)
At run-time, SOURCE delivers the value to be assigned. After the translation
p(SOURCE), its static properties appear on BOST ; they will be denoted modes,
cadds ... .
Step 5.2 : Assignation :
GEN(assign mode§ : modes,
cadds§: eadds,
caddd§: caddvar) {85}
Action :
The value characterized by cadds§-mode§ is assigned to the name with the access
caddd§. No scope checking is required.
Case B
Flagusedvar = 1.
This case is very similar to case A except for steps 2 and 3 which must take into
account the fact that some static management has already been performed at the first
use of the variable :
Step 2 : Location generation and initialization :
Static properties of the variable are already on SYMBTAB, they are denoted
modevar, caddver ...
GEN(locvargen mode§ : modevar,
eadd§ : caddvar,
n$§ HER
ecadd1§: eaddl,
ecaddn$: caddn) {873}
No static space reservation takes place.
Step 3 :
In SYMBTAB :
flagdeel := 1.

Remark on dynsmic space reservation

(1) Dynamic space reservation on RANST%, as it is implemented, is done step by step.
The figure below illustrates how space is reserved for a value V with static

part Vs and dynemic part V4. First space is reserved for Vs, then for the static
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part Vds of Vd, then for the static part Vddis of the dynamic part of the first
element, then {recursively) its dynamic part Vdd1d, then Vdd2...Vddn are trea-
ted analogously. During this stepwise reservation process, all pointers, linking
statie parts with their corresponding dynamic parts, and other descriptor infor-

mation are set up.

Vs

i

Vas )
* Vas1 N
‘ Vas2 -\\ﬁ
] |
{ Vds3 P\FT‘
vddl "“‘“"“j;’*;
& vdails N |
t vadaid Vdd%

vads

fig. 2.1 RANST% space reservation

{2) Stepwise dynamic space reservation on HEAP% requires a strategy which is some-
what different from that on RANST%. The reason is that RANSTS grows towards
inereasing addresses, whereas HEAP grows towards decreasing addresses. Moreover,
for reasons of selection, indexing and for reasons of hardware {in our computer,
a real value takes two cells), fields within a static part and elements within

a dynamic part must be stored in one same order, i.e. the order of increasing

addresses. o Vdd%
vadi
t vaald Vfd%
{ vaals i ?
PO, {
vds ; vasi .
§ Vas2 /
{ vds3
A e———
l Vs I

fig. 2.2  HEAP% space reservation
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(3) Instead of this stepwise space reservation , one could imagine a global space
reservation where space is reserved at once for the whole value. However, this
would demand & run-time precalculation of the total size of V, followed by a
stepwise process for setting up pointers and descriptor information.

This means that the data structure is passed through twice.

Note that step by step space reservation is also advantageous when copying values
from one part of the memory to another. However, the advantage is based on ano-
ther reason, namely a reason of ge-protection. More precisely, our ge-protection
mechanism is suchthat during the step by step copy process, already copied

parts of the old value becomeunprotected (see I.2.4.3,b, Remark 3.3). The space
for these parts can be freed by the garbage collector before the completion of
the copy of the whole value. This would not be the casge with a global copy pro-

cess.

2.3 HEAP VARIABLE DECLARATION

Syntax
HEAPVARDEC - heapvardecV ADECLARER variable

heapvardecV ADECLARER variable := SOURCE,

Translation scheme
1. p{ADECLARER)

2. Location reservation and initialization

3. Establisment of the relation of possession
4, Variable garbage collection protection
5. Variable initialization

5.1 p(SOURCE)

5.2 Assignation.

Semantics
Case A :
Flagusedvar = 0.
Step 1
o (ADECLARER )
Bounds of ADECLARER are translated. Their static properties appear on BOST ; they
will be denoted caddl, emrl ... .
Step 2 : Location reservation and initialization :
GEN (heapvargen mode§ : ref mode of ADECLARER,
cadd§ : (diriden bne.side),

ns$ oy
cadd1§: caddl,

e sae

caddn§: caddn) {88}
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Action : Space reservation :
The whole location (static and dynamic part) charactérized by mode§, is reser-
ved on HEAP%. The garbage collector may be called. Clearly, if the location has
a dynamic part, values of bounds the access of which are caddl§, cadd2§,...,
are used.
The name created is stored on SIDST% at the access cadd§, its two fields are :
pointer% := HEAP% pointer of the location
scope% := DISPLAYY 0].
Step 3 : Establishment of the relation of possession :
The static properties of the name stored on SIDST% are put in SYMBTAB :
mode := ref mode of ADECLARER
eadd = (diriden bne.side)
scope := (0,0)
flagdeel := 1
The static properties will be denoted modevar, caddvar ... .
Step 4 : Variable garbage collection protection :
The pair caddvar-modevar is added to the chain geid of BLOCKTAB bnel .
Step 5 : Variable initialization :
See II.2.2, step 5.
Cgse B
Flagusedvar = 1.

See II1.2.2 case B with hegpvargen instead of lovvargen.

2.4 APPLICATIONS OF MODE IDENTIFIERS

Syntax
'Tden' is terminal with which a SYMBTAB entry is associated. The static properties

stored at this entry will be denoted modeiden, caddiden ... . When class of caddiden
= diriden or variden, through BLOCKTAB, hadd of caddiden gives access to bniden, i.e.

the bn of the identifier declaration.

Semantics
Case A :
Flagdecliden = 1.
A new BOST element is set up :
mode := modetden
cadd := caddiden
smr, dmr and gc are irrelevant
or := (iden, bniden,0,0), (vaxy bniden,0,0) or (nil,0,0,0) according to
class of caddiden (diriden - variden — constant or dircttab).
seope := scopetden
ASSLICE (caddiden)
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with proe ASSLICE=(cadd cadd) :
(action of TOPST [ topstpm-1]1= "DESTINATION"
| MSTACK { metackpm~21 := cadd
|: action of TOPST | topstpm—1}= "SOURCE"
and action of TOPST | topstpm~2]= "DEREFCOERCEND"
| MSTACK [ mstackpm-2] := cadd)
co This routine is intended to avoid, in certain cases the copy on
WOST% of slice result, copy needed when overlappings in assigna~
tion may occur as in (A[ 2:3] = A[1:2])
(see II.12.1)
ce.,
Case B :
Flagdecliden = 0 and flagusediden = 0.
We shall suppose that the syntactic analyzer has partially filled the SYMBTAB entry
of the identifier :
mode = mode issued from the declaration
cadd = (variden bneiden.0) for a local variable
(diriden bueiden.0) otherwise
scope = (bniden,bniden) for a local variable,
{0,0) for a heap variable,
(brniden,0) otherwise
flagused = 0
flagdeel = 0
with buiden and bneiden for the bnm and bne of the block of the declaration of the

i

identifier,
The above SYMBTAB information is easily accessible at the level of the syntactic
analyzer, it just implies a bn-bne counting.

On SYMBTAB
tadd of cadd := sidsz of BLOCKTAB [ buneiden)

Flagused := 1
Static space is reserved on SIDST% by updating sidsz of BLOCKTAB [ bneiden] . The si-
tuation is now the one of case A.
Remark that in case of a variable, no efficiency is lost ; in the other cases, opti-—
mizations resulting from the asnalysis of the static properties of the actual parame-—
ter of the identity declaration, unavailable here, are lost.
ASSLICE (eaddiden).
Case C :
Flagusediden = 1,

{see case A}.
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3. GENERATORS

3.1 LOCAL GENERATOR

Syntax
LOCGEN -+ locV ADECLARER.

Translation scheme
1. p(ADECLARER)

2. Location reservation and initialization

3. Static management.

Semantics
Step 1 :
p (ADECIARER)
{411 bounds are translated, their static properties appearing on BOST are dencted
caddl, smrl ... caddn ...}
Step 2 : Location reservation and initialization :
GEN(locgen mode§ : ref mode of ADECLARER,
cadd§ : (dirwost bne.swoste),
caddge$: (dirgew bne.gee),
n$ :
caddi§ : caddl,

:on,

LY P

caddn§ : caddn) {93}
~In BLOCKTAB, hadd of cadd§ gives access to bn§.

Action 1 : Space reservation :
The location in its whole is reserved on DIDST+LGST% i.e. from ranstpm% . Howe-
ver locations for elements of flexible arrays and for array elements involved
in values of mode union are reserved on HEAPS from heappm% ; wp% of the current
BLOCK% must be updated. The garbage collector may be called.
The neme created is stored on SWOST% at cadd§, its two fields are :

pointer’ := RANST% pointer of the location {ranstpm%}

scope% := DISPLAYS [ bn$l.
Action 2 : Location initialization :
See 1I1.2.2, case A, step 2, action 2.
Action 3 : Location garbage collection protection :
If according to mode§ (including flexibility information), the location risks

to give access to HEAP% a ge—protection is stored on GCWOSTR at the access
caddge§. Such a ge-protection consists of cadd$-—mode§.
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Step 3 : Static management :
The static properties of the name created are stored on BOST :
mode := ref mode of ADECIARER

cadd := (dirwost bne.swoste)
smy ;= bne.swoste
dmr := nil

ge := bne.gee or ntl according to mode of ADECLARER
or := (gen,bn,0,1)
scope := (bn,bn).

3.2 HEAP GENERATOR

Syntax
HEAPGEN ~ heapV ADECLARER,

Tranglation scheme
1. p{ADECLARER)

2. Location reservation and initialization

3. Static management.

Semantics
Step 1
p (ADECLARER),
Step 2 : Location reservation and initialization :
GEN (heapgen mode§ : ref mode of ADECLARER,
eadd§ : (dirwost bne.swoste),
caddge§: (dirgew bne.gec),
n§ :on,
eadd1§ : eaddl,
caddn$ : caddn) {94}
Action 1 : Space reservation :
The location in its whole is reserved on HEAP from heappmb.
The name created is stored on SWO0ST% at cadd§ :
pointerk := HEAP pointer of the location
scope% ;= DISPLAYY 0
Action 2 : Location initialization :
See 1I.2.2, case A, step 2, action 2,
Action 3 : Location garbage collection protection :

A ge-protection consisting of cadd§-mode§ is stored on GLWOSTS at caddge§.
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Step 3 : Static menagement :
On BOST :
mode := ryef mode of ADECLARER
cadd := (dirwost bnec.swoste)

smr := bne.swoste

dmr 1= nil
ge = bne.gee

or := (gen,0,0,0)
scope := (0,0)-
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4. LABEL IDENTIFIERS
4.1 GENERALITIES

Program defined labels allow to jump from some parts to other parts of programs
by means of goto's. In ALGOL 68 jumps can be performed from an inner to an outer
block snd slso from inside an expression to oubtside this expression. The problem of
the goto is a problem of memory recovery of the BLOCK's left and/or of the partial
results of the expression left. However, it is to be noted that ALGOL 68 dissalows
dynamic label transmission (assignation of labels, labels transmitted as procedure
parameters) as such., Hence, a block into which & goto is performed is always active,
i.e. accessible through DISPLAVS.

But on the other hand, the effect of dynamic label transmission is obtained
through 'procedured jumps' : like many other constructions, jumps may be procedured,
thus giving rise to a routine ; routines can be transmitted dynamically. The imple-
mentation of procedured Jjumps enters the frame of the proceduring-deproceduring me-
chanism ; however, if no precautions are taken, the general mechanism gives rise to

inefficiencies. In II.T7, we explain how these inefficiencies are avoided.

4.2 LABEL DECLARATION

Syntax
LABELDEC ~ labeldecV label :

{with label a SYMBTAB entry is associatedl}.

Transglation scheme
1. GEN(Labid labnb)
2. Label static properties.

Semantics
Step 1
GEN(labid labnb§ : labnb) {35}
Step 2: Label static properties :
The SYMBTAB element associated with 'label' is filled :
mode := void
cadd := (label bne. labnb)
flagdecl := 1.

Note that this filling maey take place during syntactic analysis as well, thus avoi-

ding problems of declared object applications appearing lexicographically before
their declaration.
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4.3 GOTO STATEMENT

Syntax

GPTP -+ gotoV label
{with label, a SYMBTAB entry is found ; there bne of the block of the label decla-
ration and labnb are found. They will be denocted bneid and labnbid respectively}.

Translation scheme
1. GEN(goto ... labnbid ...}
2. Goto static properties.

Semantics
Step 1
GEN(goto bne§ : bne,
bneids: bneid,
labnbid§: labnbid,
swoste§ : swoste) {31}
~bne§, through BLOCKTABS, gives access to bn§
~bneid$, through BLOCKTABS, gives access to sidsszid§, dmrszid§, gesaid§,swostszid$
and bnid§.
Action 1
(bneid§ # bne§ | vtbng := bnid§) ;
(swostezid§ # 0 | ranstpm% := wp% of (h%) RANSTS [ DISPLAVY bnid§11).

Action 2 :

NILGCWOST% (bnid§, hteidezid§+dmrszid§, gesaids§).
Action 3

NILDISPLAY% (bnid$+1,bn§).

Action b :

goto labnbids.
Step 2 : Goto static properties :
Goto delivers no value, this will be characterized on BOST by the following pro-
perties
mode := void
cadd := (nihil 0)
other static propertles are irrelevant,
These properties are useful at block exit for example, where they characterize
the absence of result. They will be deleted from BOST at the level of semicolons

in serial clauses.
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Remark

In our implementation, label declarations cause a serial clause to be a block.
The only reason for this is, when a Jump is performed, to let the normal block me-
chanism (wp%) recover space for the dynamic parts of intermediate results.

In the following example,

(vvevvat(eoiosL:b%(B || goto 1))

the values 'a' and 'b! are supposed to have dynamic parts and the operators '¥' and
'+' are supposed to be defined on operands of the appropriate mode. When a jump is
performed the dynamic part of 'a' must remain on DWOST%, but that of value 'b' must
disappear.
Note that a slight increase of compiler organization could avoid label declarations

to be taken into account in the definition of 1blocks.
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5. NON-STANDARD ROUTINES WITH PARAMETERS
5.1 GENERALITIES

Non-standard routines with parameters are pblock's i.e. blocks, the definition
and the application of which are generally at different places in the program. Befo-
re entering into the translation details of this type of routines, it is convenient
to discuss some general ideas about four important subjects related to non-standard
routine definition—application mechanisms @

- static pblock information,
- strategy of parameter transmission,
- strategy of result transmission,

- static and dynamic routine transmission.

5.1.1 BTATIC PBLOCK INFORMATION

As for a 1block the static pblock informations are calculated in BLOCKTAB during
block translation at an entry bncb(T). These informations are : sidszb, dmrszb,
gesz,, swosiszb, gcidb and bnb.

The management of bn and bne at each pblock entry and exit is performed by the
same compller-routines INBLOCKI and OUTBLOCKI as for lblocks. INBLOCKI is activated
with the parsmeter bnsc’ i.e. the bn of the scope block of the pblock entered. This
bnsc has been explicitely attached to pblock's by the syntactic analyzer. Also, the
compiler—routines INBLOCK2, INBLOCK3 and OUTBLOCK3 as defined in II1.0.L4.L are used
in pblocks. A pblock, whieh is & non-standard routine with parameters, consists of
formal parameters and a body of routine. The formal parameters play the role of de-
clarations in the pblock. The body of routine is the body of the pblock and it may
be translated as such : however, in order to increase efficiency, when the body of
routine is itself a block, this 1block is combined with the pblock of the routine.
In such a case :

- sidszb and gcidb teke into account not only the formal psrameters but also the
identifiers (operators) declared in the 1block of the body. More precisely,

sidszb = sidszbl + sidszbz
where sidszbz corresponds to the formal parameters and sidszbz to the lblock of the
body of routine.
- gcidb points to the following structure :

- the address—mode pair list for the protection of the formal parameters

(+) The suffix 'p' is used for pblocks properties in order to distinguish them from
the properties of actual parameter blocks {II.5.1.2), suffixed with 'a’.
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- a flag 'gebodyflag’' which usefulness will appear later.
- the address-mode pairs for the protection of the identifiers of the lblock
of the body of the routine, if it exists.
- the end of chain for address-mode pair lists.
- dmrszb, gessy,s swostszb take into account the elaboration of the formal parameters
{strict bounds) and of the body of the routine, if this body is combined with the

routine pblock.

5.1.2 STRATEGY OF PARAMETER TRANSMISSION

The main problem is that actual parameters have to be elaborated in the environ~
ment of the calling block but at the same time the resulting values of these parame-
ters are possessed by the formal parameters (through SIDST%) of the pblock of the
routine called.

The ides 1s then to consider the actual parameters forming a fictitious 1lblock
where identifiers corresponding to the formal parameters would be declared. To this
iblock, we associate a pseudo—BLOCK%a for the elgboration of the actual parameters
in their environment. The value of the actual parameters are made to be possessed
by the identifiers of the pseudo—BLOCK%a by storing them on SZUST%a of the pseudo-
BLOCK%a. To the pseudo—BLOCK%a correspond static properties calculated during its
translation and stored at the entry bnaa of BLOCKTAB : sidsga, gesa s SWOSLSZ 5
gcida and bﬁa.

A high efficiency for parameter transmission is obtained by organizing the pseudo-
BLOCK%a in such a way it can easily be transformed into the BLOCK%b of the routine
without moving the values of the actual parameters. This is automatically obtained
for the static parts of these parsmeters : thanks to the mode of the routine availa-
ble at the call, SIUST%a can be given the same structure as SIDST%b}. The solution
for the dynamic parts lies in reserving the same amount Zotsz of cells for the sta-
tic part of pseudo-BLOCK%a and of BLOCK%b

totsz = h + sidsza + max (dmrsza + gesz, + swostsz ,
sidszbg + dmrszb + geszy + swostszb)
according to fig. 5.1.

The transformation of pseudo~5LOCK%a into ELOCK%b will be performed at the call
once the actual parameters have been calculated in their environment and stored on
SI@ST%Q. This transformation will in particular change the enviromment of the actual
parameters into the one of the routine. It will affect H%a and DISPLAYS,

At this point geild% deserves a special attention. In H%ﬂ, gcid%a must protect the
actual parameters, i.e. SIDST%a only ; in H%b’ gcid%b must protect SIDST%b}

(= SIDST%Q) and SIDST%bZ. The list pointed to by gcid%b has the structure explained
in IT.5.1.1 ; gebodyflag incorporated in this list makes it possible to use the Ffirst
part of the list gcid%b for protecting both STDST%a and SIDST%bI. Hence, gcid%a is

made equal to gcid%b ; however, the garbage collector must know where to stop the
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list analysis, either at gebodyflag when it has been called from the pseudo—BLOCK%a
or at the normal list end, when it is called from BLOCK%b. For this purpose,
gebodyflagh of geid% in H% of BLOCK%a {BLOCK%p) is used : gebodyflagh is 1 during

pseudo~BLOCK%a elaboration and it is 0 otherwise.

— b3 9
pseudo BLOCK%a BLOCKob
R [ ———
Hs Hs, 1
SIDST%a = SIDST%b7
4 9
QMRWOST%a SIDSTobZ coten
GCWOST%a DMRWOST%b
SWOSTS GCWOST#,,
a SWOSTS,
_______ .1
DIDST%a = QIDST%b;
T i S

fig. 5.1 Pseudo-BLOCK% organization

5.1.3 STRATEGY OF RESULT TRANSMISSION

The definition of a routine and its calls are generally at different places in
the program. The routine must be translated independently from the places where it
is called. This causes a problem of interface as far as result transmission is con-
cerned. This interface problem is solved by transmitting informations dynamically
between the call and the body of the routine. If the result transmission takes place
at the call translation, then information is passed on from the body of routine to
the call. This information is e.g. the address of the result, saved in a memory cell
or a register. If on the other hand the result transmission takes place at the body
of routine translation, then informations are passed on from the call to the body of
routine, It is the second strategy that has been adopted here. Hence, in addition to
the return jump, the informations which are passed on dynamically from the call to
the body of routine are :

(1) the current counters gee, dmre, swoste just before the call is translated ; the-

se counters indicate where to store the result of the routine together with a

dmr dynamic information and a ge protection if necessary.
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(2) previsions which, as will be explained later, allow to avoid the copy of the re-
sult of a routine in the calling BLOCK%, in a number of cases (see II.5.5).
The transmission of run—time information from call to routine is performed by
means of the H% fields already mentioned in I11.0.3.2 : swosip%, geph, dmrp%, flexk,
prevflagh and retjumph.
The case of flex% is now briefly recalled.
If the result of the routine is a name, information on the use of the name must be
transmitted from the call to the body of the routine in order to be able to perform
checks of flexibility inside the body. Therefore, at the call, the field flex% in
H% is filled with a flag indicating whether a remanent access will be given to that
name or not. When a remanent asccess will be given ( flex% = 1), the name must not be
subflexible, see I.2.5.2.

Flex% is checked at the level of refslices and refrowings (II.11.3 and ITI.11.5),
for this purpose, the instruction
GEN( checkflexy bnorout§: brerout,

eadd§ ¢ codd) {62}

is generated when it fppears that the resulting value is a name which might be sub-
flexible and which, according to TOPST is involved in the result of a routine :
{(flextop of TOPSTI topstpm-11 = (dyn bnrout)). In the instruction checkflexr :

-bnerout§ through BLOCKTABS furnishes bnrout§ i.e. the bn of the routine., At run~

time, DISPLAYY Brnrout§] gives access to flex% in the H% of the routine.

-cadd§ is the access of the name on which the refslice or refrowrowing applies.

Action :

If flex% = 1, this means that the result of the routine will be given a remanent

access at the call ; then a run-time alarm is provided if it appears that the na-

me of access cadd§ is fleéxible.

5.1.4 STATIC AND DYNAMIC ROUTINE TRANSMISSION

During the translation, the body of routine will be represented in CONSTAB by a
number of static properties necessary for translating its ealls. This CONSTAB routi-
ne representgtion consists of :

Zo address of the translated routine ; ZO is symbolic at trans—
lation-time, it must be transformed into a machine address by
the loader. For this reason, loader commands are generated -

in the object code.

bnse bn of the scope block of the routine
sidszb
dmre .

2 sizes related to the body of the routine

gcszb
swostszb
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gcidb ge information for SIDST% of the routine block.
flagstand telling whether the routine is standard or not.
Flaggump telling whether the routine is a simple jump or not (see de~

proceduring). Both flags (standard and jump) are used to gene-
rate more optimized code during the call of standard routines
and procedured jumps.
Formally, the static CONSTAB routine representation is characterized by
mode rout = gtruct {label lo,

int bnse, sidszb dmrszb, geszy, sw0stL82y 5 gcidb,
bool flagstand, flagjump).
Dynamically transmitted routines must be dynemically represented in memory (on
RANST% or on HEAP%). The static property cadd of such a routine will be of the form

(o doublet) where o is of one of the classes diriden, indiden, dirwost etc ... and

the doublet is bne.side or brne.swoste. This depends on the way the routine is obtai-
ned and the place where it is stored in memory. The memory representation of a routi-
ne consists of :
~g, pointer to CONSTAB% meking all CONSTAB% information dyneamically available at
the call.
~g scope information which is the dynamic address of the BLOCK% of the scope of
the routine. This address is DISPLAYY bnsc | calculated at a moment the BLOCKS
of the scope of the routine is accessible, i.e. at the moment the cadd of the
routine of the form (routet constabp) is transformed into the corresponding dyna-
mic routine representation (III.5.4.2).
Formally, the dynamic routine representation is characterized by

mode routh = struct (int constabph, scopel).

5.2 CALL OF STATICALLY TRANSMITTED ROUTINES

Syntax
CALL -+ callV PRIMCALL { ACPAR1 , ACPAR2 , ... , ACPARn )

FORMULA - dformula¥ operator OPERAND1 OPERANDZ i
mformulaV operator OPERAND
{CALLS and FORMULAS are quite similar : PRIMCALL and operator deliver a routine ;
ACPARL and OPERANDi deliver the values of the parameters of the routine. In con-
trast with PRIMCALL which needs a preelaboration, operator is a terminal giving
access to a SYMBTAB element where static properties of the routine are found.

Below, the trenslation is based on the syntax of CALL only}.
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Tranglation scheme

1. p(PRIMCALL)

2. Prefix actual parameter translation :
2.1 Static block entry
2.2 GEN (inacpar ...)

3. Actual parameter translation :

for i ton do

3.1 p(ACPARi)

3,2 Establishment of the relation of possession
od

GEN (call ... lreturn)

GEN (labdef lreturn)

Static block exit

.

—~ O\ W1

Result static properties.

Semantics
Step 1
p (PRIMCALL)
{At run-time, PRIMCALL results in the routine to be called. After the translation
o (PRIMCALL), the static properties of the routine sppear on BOST. They will be
denoted moderout, caddrout ... . In this section we suppose that caddrout is of
the form (routet comstabp). All properties stored within the routine representa-
tion in CONSTAB are available at compile~time. We also suppose that, according
to these properties, the routine is not stendard (flagstand = 0) ; standard routi-
ne calls are treated in II.13.}.
Step 2 : Prefix actual parameter translation :
Step 2.1 : Static block entry :
First of all, the current counters of the calling block are saved in order to be
available in step 2.2 :
savebne := bne
saveswoste = suwostc
savegec := goc
savedmre := dmre.
INBLOCKI(bn} caiculates the bne i.e. bnca of the fictitious actual parameter block.
During the actual parameter translation (step 3) the block informations sidsza,
dmrsza, gesz, and swostsz, are calculated in BLOCKTAB at the entry bnca. These
caleulations are initialized by INBLOCKZ2(bn) and INBLOCK3. Gicda is not caleula-
ted : as explained above, it is gcidb which will be used for the ge~protection of
SIDST%a thanks to gebodyflag.
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Step 2.2 :
GEN (Znagpar bnca§ : bne {i.e. bnca},

flex§ : flextop of TOPST] topstpm~11,
eaddrout$§: ecaddrout,
caddres§ : (dirwost savebne.savewostc),
gecres§ : savegoc,
dmreres§ : sauedmre) {50}
~bnea§ through BLOCKTABS gives access to : sidszal, dmrsza$, gesza$, swostsza$
and bna$.
~flex§ has two possible forms :
~{gtat 1) or {gtat O0) which means that flex% of H% of the BLOCK? entered
must be set to 1 or 0 respectively.
-{dyn bPn) which means that flex% of H% of the BLOCKS entered must be set to
the value of flex% of (h%) RANST% DISPLAYY brl].
~caddrout§ = (routct constabp§) ; it gives access in CONSTABSY[ constabp$l to

the static properties of the routine : lof, bnsc§, sidszb§, dmrszb§, geszb§,
swostezbS§, geidb§, flagstand§ (here supposed to be 0) and flagjump§.
From there :
totsz§ := h + max(sidezal + dmrsza§ + geszal§ + swostszaf,
sidszb§ + dmrezb§ + geszb§ + swostezb§)
~caddres§, gecres§ and dmreres§ indicate where to copy the result of the
call together with a ge and dmr information if necessary.

~ fig. 5.2 illustratesthe following actions.

RANSTS

DISPLAYS Calling

dehs

stehd  BLOCKS
¢
ransitpmh

rtbng l ) PPt o
bna pseudo~
] totss
BLOCK%a

fig. 5.2 Action Zngepar.
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Action 1

VISPLAYY bnafl := ranstpmb.

Action 2 :

ranstpm®b +:= totsz§.

{the garbage collector may be called}

Action 3 :

rthn% := bna$.

Action 4 : Filling in of pseudo-BLOCK% heading H% :
steht o= dehd := DISPLAYY bna$~11
wph := rvanstpmh

bn% := bna§

swostph := tadd of caddres§ { transformed into

geph := gecres§ absolute addresses

dmrp% := dmrcres§ through DISPLAYY bnaf-11}

flex% := (class of flex§ = stat
jspec of flex§
[flex% of (h%) RANSTY DISPLAYY spec of flex$])
geidh = (geidb$,1)
gewh := (h + gidaza§ + dmrsza§, geszaf).
Action 5 :
NILSIDST% (bna$, sidsza$,0).
Action 6 :

NILGCWOST% (bna§, h + sidsza§ + dmrsza$§, geeza$).

Step 3 : Actual parameter translation :

foritonde
Step 3.1
p{ACPARL)
Each parameter is translated in turn. At the end of the translation of a given
actual parameter, its static properties appear on BOST ; these will be denoted
modeaepaz*s, caddacpars, SMPACPAP 5+ v
Step 3.2 :
Establishment of the relation of possession :
This step performs the relation of possession formal parameter-actusl parameter
value through the pseudo-—BLOCK%a mechanism. This is performed by copying the va-
lue of the actual parameters in IDST%a of the pseudo—BLOCK%a which later will be
considered IDST%bI' Here, sidsz of BLOCKTAB[ bnc] is controlled thanks to
modeacpcws (it is denoted simply side).

Case A :

Class of caddacpars = dirwost.

Only the static part is copied :
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GEN (ststatacpar mode§ : modeacpars,
cadds§ : caddacpars,
caddo§ : (diriden bne.side)) {108}
{see II.2.1, step 3, case B'}
Other cases :
The whole of the value has to be copied :
GEN (stacpar mode§ : modeacpar
caddsS ¢ caddaepars,

eaddp§ : {diriden bne.side)) {8}
{see II.2.1, step 3, other cases'}
od
Step L :

After the values of the actusl parameters have been stored in IUST%a of the pseu—
do—BLOCK%a , this one is transformed intc the BLOCK%b of the routine. This is
performed by changing its environment which is the one of the actual parameters
into the environment of the routine. Thereafter a jump to the routine body is
performed :
GEN (eall lreturn§ : lreturn,
caddrout§: caddrout,
brneas : bre ) {52}
—eaddrout§ is here of type (routctconstabp), it gives access at compile-time to
the CONSTAB routine representation :
~10§, bnse§, sidszb§, dmrszb§, geszb§, swostszb§, flagetand§, flagjump§, and
goidb§. Here, flagstand§ and flagjump§ are supposed to be O.
-bnea§ gives access to the pseudo—BLOCK%a information in BLOCKTABS : sidsza§,
dmreza$§, gesza$§, swostssza§, and bna§.

Action 1
DISPLAYS | bnee$§+1] := DISPLAYY bnafl.
Action 2 :

rtbn% := bnse§+1,
Action 3 : Modification of pseudo—BLOCK%a heading H%a :

steh% 1= DISPLAVY bnsc§l

bn% := bnsc§+l

gew% := (h + gideab§ + dmreszb§, gessb§)

retjumph := lreturn$

gebodyflagh := 0.
Action 4 : Nilling of SIDST%,,
We recall that SIDSTS, = SIDSTS, + SH)ST%M and that SIDST$ is filled with
the actual parameter values ; only 31937%57 has to be nilled :
NILSIDSTY (bnge§+l, sidezb2§, sidszal).
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Action 5 :
NILGCWOST? {bnec§+1, htsidsab§ + dmrsszb§, geszb§).
Action 6
NILDISPLAY% (bnec§+2, bna$).
Action T :
goto 1o§.
Step 5 :
GEN (labdef labnb§ : lreturn). {28}
Step 6 : Static block exit :
OUTBLOCK3 ; OUTBLOCKI.
{Note that the dynamic BLOCKY exit takes place at the level of the routine.}
Step T : Result static properties :
At run~time, the result is transmitted from the routine to the calling BLOCK%.
Hence, a new set of static properties for the transmitted result has to be set

up on BOST. It ensures the interface between the routine and the call.

mode := moderesult
cadd := (dirwost bne.swoste)

smy := bne.swoste

dmr := nil, (stat bne.swoste') or (dyn bne.dmre) according to
DMRRELEVANT (moderesult)

ge := nil or bne.gee according to GCRELEVANT (moderesult)

or := (ntl ,0,0,0)

inge := 0 or N according to SCOPERELEVANT (moderesult)

outse := 0 .

5.8 CALL OF DYNAMICALLY TRANSMITTED ROUIINES

Syntax
{gee II1.5.2},

Translation scheme
1. p(PRIMCALL)
2. Prefix actual parameter translation :

2.1 Static block entry

2.2 GEN (inagpar .../
3. Actual parameter transiation :
for i tondo
3.1 p(ACPARL)
3.2 Establishment of the relation of possession
od
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GEN (checkstand ... ls ...)

GEN (eall ... lretwrn ...)

GEN (labdef ls)

GEN (standealll ... lveturn ...)
GEN (labdef lreturn)

Statie block exit

. Result static properties.

Semantics

Step 1 :

p{PRIMCALL)

{At run-time, PRIMCALL results in the routine to be called ; its static properties
appear on BOST after the translation p (PRIMCALL). These properties will be deno-
ted moderout, caddrout, ... . In this section, we assume that caddrout is not of
the form (routet constabp). This means that which routine will be called is not
known at compile—time., The CONSTAB routine representation is not available. Ins-
tructions must be generated to interpret at run—-time this CONSTABY routine repre-
sentation.}

N.B : According to [ 1] the elaborations of PRIMCALL and ACPARi are serial ; hence
side-effects destroying the dynamic routine representation may take place during
the elaboration of ACPARI ; this msy invalidate the use of caddrout for accessing
the routine. Clearly, such a destruction may only appear if the dynamic routine
representation is superseded by an assignation, which is not possible if class
of caddrout = dirwost or if dereforout = 0. In the other cases the routine has
to be copied on WOST% in order to avoid side-effects

GEN (stwostd mode§ : moderout,
ecadds$ : ecaddrout,
caddo§ : (dirwost bne.swoste)) {3}

Step 2 : Prefix actual parameter translation :

Step 2.1 : Static block entry :
{see II.5.2 step 2.1}

Step 2.2 :
GEN (inacpar dneca$ : bne,

flex§  : flextop of TOPST topstpm-11,

ecaddrout§: caddrout,

caddres§ : (dirwost savebne.saveswoste),

gecres§ @ savegcc,

dmrores§ : savedmre) {50}
~The actions of Znacpar have been described in I1.5.2, step 2.2 for caddrout$
of the form (routet constabp). Here, caddrout§ is not of this form, hence, it
is through CONSTAB%, i.e. at run—time, that caddrout§ gives access to lo%,
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bnse%, eidszb%, dmrssb%, geszbk, swostszb% and geidb% ; from there
totss% := h + max (gidsza$ + dmrsza§ + gcsza§ + swostszaf,
sidszb% + dmrezb% + geszb% + swostszbl).
Action 1
DISPLAYY bna§] := ranstpmb,
Action 2 :
ranstpm% +:= totszak.
Action 3 :
rtbn% := bna§.
Action 4 :
gteh% := deh% := DISPLAYY bra$—1]
wp%h := ranstpmh
bn% := bna§
swostph := tadd of caddres§

gop% = georesS {transformed into

absolute addresses

dmrp% := dmreres§ through DISPLAYY bna$-1]}
flex% := {see II.5.2}
goetd® := (getdbh, 1)
gowh := (h + sidsza$ + dmrszaf, gesza$).
Action 5 :
NILSIDST% (bna$, sidsza$,0).
Action 6 :

NILGCWOST% (brna$§, h + sidsza§ + dmrsza$§, gesza§).
Step 3 : Actual parameter translation :
Step 3.1 ¢
o (ACPARL ).
{see II.5.2, step 3.1},
Step 3.2 : Establishment of the relation of possession :
{see II.5.2, step 3.2}.
od.
Step b :
GEN (checkstand labnb§ : ls,
eadd§ : caddrout) {34}
-cadd§, at run-time, gives access to the CONSTAB% routine representation where
Fflagstand% is found.
-Action :
flagstand% is checked ; if it is 1, a jump to labwb§ is performed. This is neces-
sary because, for obvious reasons of efficiency, standard routines are not ente-

red through the general call mechanism.
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Step 5 :
GEN (call lretwrn§ : lreturn,
eaddrout§: caddrout,
bnea$ : bne ) {52}
The action of call has been described in II.5.2, step b, for caddrout = (routct
eonstabp)}. Here caddrout is not of this form ; this has two implications :
-3 is through CONSTAB%, at run-time, that caddrout gives access to Lo% ...
~the DISPLAY% is not necessarily representative of the enviromment of the routi-
ne, it must be updated.
Action 1 :
DISPLAYY bnsc%+1] := DISPLAYY bnaf] .
Action 2 :
rtbn% := bnsc%+l.
Action 3 :
UPDDISPLAY% (bnsch, scopek).
{scope% is the dynamic scope found in the dynamic routine representation ;
it is a pointer to H% of the scope BLOCKS of the routine, in other words,
scope% characterizes the environment of the routine}.
Action h : Modifications of pseudo-BLOCK% heading H%a :
steh%:= DISPLAYS [ bnscl)
bn% := [ bnsc%+1]
gows:= (h + gidszb% + dmrszb%, geszbl)
retjump% := lreturn§
gebodyflagh := 0.
Action 5 : Nilling of SIDST%bZ :
NILSIDST% (bnsck%+l, sidszb2%, sidsza§).
Action 6 :
NILGCWOST% (bnsck+l, h + sidszb% + dmrszb%, geszbh).
Action T :
NILDISPLAY% (bnsc%+8, bna$).
Action 8 :
goto 1o%.
Step 6 ¢
GEN (labdef labmb§ : ls). {28}
Step 7 :
GEN (standealll lreturn§ : lreturn,
n§ :on,
bnea§ : bne,
caddrout§ : caddrout,
eaddi§ : eaddl,

e

eaddn§ ! eaddn ) {55}



138

~caddl, ..., caddn are the addresses of the actual parameters stored on I@ST%Q,
they have the form (diriden, bne.side).
-Action :
standealll action is similar to standcall action explained in IT.13 ; the main
differences are
~the parameter information is more dynamic here
-~after the standard call, the pseudo~8LOCK%a must be deleted and the result
transmitted to the calling BLOCKS.
Step 8
GEN (labdef labnb§ : lreturn) {28}
Step 9 : Static block exit :
{see II1.5.2, step 6},
Step 10 : Result static properties :
{gee II.5.2, step TI.

5.4 ROUTINE DENOTATION

Syntax
ROUTDEN -+ routdenvy { FORPAR1, ... , FORPARn } : ROUTBODY

FORPARi - FDECLARERi fideni
{With fideni, a SYMBTAB entry is associated ; with routdenV, bnsc is associated,
it represents the static scope of the routine made explicit by the syntactic

analyzer}.

Translation scheme
1. GEN (jump 1)
2. GEN (labdef lo)
3. Static block entry
L. for 2 to n do
4.1 p{FORPARiL)
4.2 Formal parsmeter static properties
4.3 GEN (checkformal ...)
od
5. o(ROUTBODY)
6. GEN (return ...)
7. GEN (labdef 1)
8
9

. Static block exit

. Routine static properties
9.1 CONSTAB routine representation
9.2 BOST routine properties.
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Semantics
Step 1
GEN (Jump labnb§ : 1) {27}
Action :
An absolute jump around the routine is performed ; this is only necessary if
the text of the translated roubine is stored in the same stream as the text

of the translated program where it appears.

Step 2 :
GEN (labdef labmb§ : lo) {28}
{lo represents the entry point of the routine}.
Step 3 :
INBLOCXI(bnse) ; INBLOCKZ(bnse) ; INBLOCKS.
Step b ¢
Step 4.1 :
p(FORPARi}H)

Each formal parameter is translated in turn. At the end of p(FORPARi) the sta—
tic properties of the bounds of the corresponding formal declarer appear on
BOST. They will be denoted caddl, smrl, ... caddn, emrn, ... .
Step 4.2 : Formal parsmeter static properties :
Conceptually, the situstion is analogous to identity declaration except that
here actual parameters have been elaborated at the call and their values are
already stored on SIDST% of the routine BLOCK%. According to this, the following
static properties of the formal parameters are stored in SYMBTAB :

mode := mode of FDECLARER

cadd := (diriden bne.sidsz of BLOCKTAB| bnel)

seope := (bn,0) or (0,0) according to SCOPERELEVANT (mode of FDECLARER)

{gee I.2.5.1.4 (T)}.
These properties will be referred to as modefiden, caddfiden, ... .The static
management of geid in BLOCKTAB consists in adding the pair caddfiden-modefiden
to the chain if, according to GCRELEVANT (modefiden), the formal identifier
risks to give access to the HEAP%. After the last formal parameter has been
treated, gebodyflag is added at the end of the chain.
Step 4.3 :
GEN (checkformal mode§ : modefiden,
cadd§ : caddfiden,

n§ :on,

{t) For reasons of simplicity, the implementation of gommas is not described ; note
however that the pseudo-block mechanism allows to make this implementation in an
efficient way. Gommas do no longer exist in ALGOL 68 revised.



140

caddilf§ : eaddl,

R

caddnf : ecaddn) {60}
{see II.2.1, step 5}
od .
Step 5
o (ROUTBODY )

{The body of the routine is translated as a normal unitary clause, with the excep—
tion that if this clause is a 1lblock, it is merged with the pblock {body of rou-
tine) and this for reasons of efficiency. The merging is easily obtained by inhi-
biting in the lblock translation all steps except p(BLOCKBODY). After the trans—
lation p{ROUTBODY), the static properties of the result of the routine appear
on BOST. They will be denoted moderes, caddres ... .
Step 6 :
GEN (return moderes§ : moderes,
ceaddres§ : caddres,
nbody§ : bn ) {53}

-bnbody$§, at run-time and through DISPLAYY bnbody§] gives access to the H% of
the BLOCK of the routine. In this H%, information set up at the call is found :
swostph, dmrp%, goph, retjump% and deh%. The first three indicate where to co-
py the result in the calling BLOCKS ; deh% gives access to H% of this calling
BLOCK% and hence to bn% of this BLOCKS.

Action 1 : Scope checking :

If the scope of the value is smaller or equal to the scope of the routine, an

error message is printed ; note that this action can be avoided in many cases

by a static analysis of the property seoperes(I.2.5-1>-

Action 2 : Result transmission :

The result of the routine, if it exists, is copied from the routine BLOCK% into

the calling BLOCK% st the address swostp%. At the end of the copy, ranstpml

points to the first free cell in the calling BLOCK%. Wnether a ge and/or dmr
information has to be constructed in the calling BLOCK% from gep% and/or dmrp%
is based on the mode of the result (GCRELEVANT, DMREELEVANT) ; this ensures the
interface with the call.

Action 3 : DISPLAYS updating :

DISPLAYS is reset o the state it had just before the routine was called. This

can be done thanks to the deh% of the BLOCKS of the routine which gives access

to the gtch% of the calling BLOCKS. Rtbn% is reset to the bn% of that BLOCKS.

Note that it is possible to avoid bn% to be stored in H% of BLOCK%'s, but in

such a case the Pn of the calling block is no longer accessible from the body

of routine. Then, DISPLAYS updating must be delayed up to the level of the call,

after the return jump has been elaborated. For this purpose an object instruction
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having the bn of the calling block as a parameter must be genersted at the call.
x% ;= deh% of (h%) RANSTS[ DISPLAYY bnbody$l ]
g% := bu% of (h%) RANSTH x%]
UPDDISPLAY% (g%, «%)
DISPLAVS [ g#+1] := nil
rtbnd := gh
Action 4 : Return jump :

goto retjumph.

Step 7 :
GEN (labdef labnb§ : 1) {28}
Step 8

OUTBLOCK3 ; OUTBLOCKI.
Btep 9 : Routine static properties :

The BLOCKTAB information of the routine is now complete ; this information con-
sists of lo, sidszb, geszb, dmrszb, swostszb, goidb, and bnb.
Step 9.1 CONSTAB routine representation
The routine representation is constructed in CONSTAB at the address comstabp :
{of CONSTAB comnstabp]

lo := lo,

bnge := bnse,

sidszb := sidszb,

cbm"szb ;= dmrssb,

geszy = gesab,

swostszb := swostsab,

flagstand := 0,

flagjump := 0,

gcidb 1= goidb)
In order to enable the loader to transform lo into a machine address in CONSTABS
GEN (updeonstab mode§ : moderout,

constabp§ : constabp) {331

Step 9.2 : BOUST routine properties :
The result is dynamically passed on to the call. Statically we are concerned here
with the routine itself. The static properties of the result on BOST are deleted

and those of the routine are set up :

mode := moderout {explicit in the program text}
cadd := (routet constabp)

smr, dmr, gc are irrelevant
or := (nil,0,0,0)

scope := (bnsc, bnsc).
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5.5 PREVISIONS

As it has been said in II.5.2 (strategy of result transmission), a solution has
been chosen where result transmission takes place at the translation of body of rou-
tine. Information on result transmission is passed on dynamically from call to body
of routine using H%. Previsions for the result can be implemented by transmitting the
flag prevflagh from the call to the routine through H% of the routine ; at the trans-
lation of the routine, this flag is dynamically retrieved. Several cases have to be
considered :

(1) prevflagh = 1, this indicates that the result will be directly assigned or used
as an actual parameter after the call.

(1.1) The result is such that it cannot enter into a register. In this case, ins-—

tead of copying the result in the calling BLOCKS, only the address of this result

is copied. At the call, the access management gives rise, for the result, to the
access (indwost bne,swoste) ; it is this indirect access which will be used to
copy the result directly in its final location thus aveiding an extra copy. What
the storage of the indirect address in the calling BLOCK% is concerned, swostp%
dmrp% and gep% of the H% of the routine BLOCKS are used as for storing the re-
sult itself,

{1.2) The result is such that it can enter into a register. The copy of the re-

sult is as quick as the one of its address ; prevflag% is disregarded, the re-

sult is copied in the calling BLOCK%.
(2) prevflagh = 0, i.e. the hendling of the result after the call is not a simple
copy ; the result is copied in the calling BLOCK% where it can be handled without

further precautions.

Remark on the use of registers for result transmission

The handling of results of routines has similarities with the handling of values
furnished by choice constructions {conditional clause ...) : such constructions fur-
nish one value which may however result from several different functions ; which
function is elaborated and furnishes the result, is not known at compile-time. In
I.2.3.4 it has been shown how, in case of choice constructions, the generation of

special instructions loadreg and storereg allows to reintroduce the use of registers

when they are available. The same is true in case of routine calls

(1) When the result can enter into a register, the instruction (loadreg caddresult)
is generated in the routine after result calculation and the instruction (store—
reg caddresult) is generated at each call just after the return label. In this
way, when a register is available, the result transmission is performed through

this register without extra storage.
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(2} When an indirect address is transmitted, the same process applies to the indi-
rect address, such that the address transmission is performed through a register

without extrs storage.
5.6 COMPARISON BETWEEN LBLOCKS AND PBLOCKS

In this section, the object programs for Iblocks and pblocks are compared. The
1block contains a list of declarations and the block body BLOCKBODY. For the sake
of simplicity only identity declarations IDEDECi are considered and these declara-
tions are supposed to be grouped at the beginning of the 1block. An IDEDECi consists
of a formal declarer FDECLARERi, an identifier IDENi and an actual parameter ACPARi.
For pblocks, the four constituents BLOCKBODY, FDECLARERi, IDENi and ACPARL are divi-
ded smong the call and the routine denotation.

In the eall we find ACPARiI, whereas in the routine denotation we find FORPARI
(which plays exactly the role of FDECLARERi and IDENi in lblocks) and ROUTBODY
(which is analogous to BLOCKBODY). Clearly, the constituent PRIMCALL has not its
counterpart in lblocks where the definition and spplication of the block is the same
construction. Below, the object programs (in the form of skeletons) of both lblocks
and pblocks are displayed. This may give a deeper insight into the object code gene-
ration of blocks.
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6. NON-STANDARD ROUTINES WITHOUT PARAMETERS

6.1 DEPROCEDURING OF STATICALLY TRANSMITTED ROUTINES

Syntax
DEPROC - deprocV DEPROCCOERCERD

{deproeV represents the prefix marker corresponding to the coercion 'deproceduring'

made explicit by the syntactic analyzer} .

Translation scheme

1. p(DEPROCCOERCEND)

2. GEN (deproc ... lreturn ...)
3. GEN (labdef ... lreturn ...)
4. Result static properties.

Semantics
Step 1
p { DEPROCCOERCEND ).
{At run-time, DEPROCCOERCEND results in a routine without parameters. After the
translation p{(DEPROCCOERCEND), the static properties of the routine appear on
BOST. They will be denoted moderout, eaddrout ... . In this section we suppose
caddrout is of the form (routet constabp). AlL properties stored within the rou-
tine representation in CONSTAB are available at compile-time. We alsc suppose
that according to these properties the routine is neither standard (flagstand = 0)
nor a procedured jump (flagfwmp = 0). Standard routines are treated in II.13 and
procedured jump in II.T}.
Step 2 :
{What has been said about non standard routines with parameters remains valid he-
re except that no pseudo-BLOCK% will be organized for actual parameters. The rou-
tine BLOCK% will be directly organized by the call step}.
GEN (deproc lreturn§ : lreturn,
caddrout§ : caddrout,
caddresS : (dirwost bre.swosgte),

goecres§ ¢ gee,
dmreres§ @ dmre,
flex§ : flewtop of TOPST] topetpm-11) {56}

~caddrout§ = (routet constabp$§), it gives access in CONSTABS| constabp§l to the

static properties of the routine :
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10§
bnge§
gidszb§
dmrszb$§
goszb§
swostazb§
Fflagstand§ {here supposed to be 0}
Flagiump$ {here supposed to be 0}
goidb$§
~caddres§, geeres§ and dmreres§ indicate where to copy the result together
with a ge and dmr information if necessary. Note that through BLOCKTAB, hadd
of caddres§ gives access to bn of the calling block denoted bn§.
~flex§ : see IT.5.2, step 2.2
Aetion 1 :
savedispbn% := DISPLAYY bn§]
DISPLAYS | bnec§+11 := ranstpmb.
Action 2 :
vanstpmit:= h + sidsab§ + dmrszb§ + geszb§ + swostszb§
{the garbage collector may be called}.
Action 3 :
rtbn% := bnse§+l.
Action L : Filling of routine BLOCK% heading H% :
steh% := DISPLAYY bnscsl
deh% := savedispbn’
wp%h := ranstpmkb
n% := bnse§+l
getd% := (geidb$,0)
gowk := (h + sidezb§ + dmrszb§, geszb§)

swostpk := tadd of coddres§ {transformed into
gep% i= geeres§ absolute addresses
dmrp% := dmrcres§ through PDISPLAYY savedispbnil }

flex% {see II1.5.2}
retjump% := Lreturn§.
Action 5 : NWilling of SIDSTS
{see II.5.2, step 4, action 4 with sidsza§ = 0 and sidszb§ = sidszb2$.}
NILSIDST% (bnsc§+1, sidszb$§,0).
Action 6 :
HILGCWOST% (bnsc§+1, h + sidszb§ + dmrszb§, geszb$).
Action 7 :
NILDISPLAY% {(bnec§+2, bn§).

Action 8§ :

goto 10§,
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Step 3 ¢

GEN (labdef labmb§ : lreturn) {28}
Step 4 : Result static properties :

{see II.5.2, step T}

6.2 DEFROCEDURING OF DYNAMICALLY TRANSMITTED ROUTINES

Syntax
{see II.6.1}.

Translation scheme

o (DEPROCCOERCEND )
GEN(checkstand ... lg ...)
GEN(checklab ... 1g ...)
GEN(deproe ... lreturn ...)
GEN(labdef 1s)

GEl (standdeproc ... lreturn ...)
GEN(labdef lg)

GEN(callab ...)

GEN(labdef lreturn)

10. Result static properties.,

-

.

O O N N W W N e

Semantics
Step 1
o ( DEPROCCOERCEND )
{comment similar to II,5.3, step 1 excluding NB}.
Step 2 :
GEN(checkstand labnb§ : ls,
cadd§ : caddrout) {3k}
{see II.5.3, step L}.
Step 3
GEN(checklab labnb§ : 1g,
eadd§ : eaddrout) {36}
~cqdd§, at run~time, gives access to the CONSTAB% routine representation where
flagfump% is found.
Action :
Flagjump% is checked ; if it is 1, a jump to labmnb§ is performed. The reason of
this is that, for the sake of efficiency, procedured jumps are treated in a spe~

cial way {II.7}.
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Step b4 :
GEN(deproc lreturn§ : lreturn,

eqddrout§ : eaddrout,

caddree$§ : (dirwost bne.swostel,

geeres§ : gee,

dmreres§ : dmre,

Flex§ : flewtop of TOPST| topstpm-1}} {56}
~The action of deproc has been deseribed in II.6.1, step 2 for caddrout =
(routet constabp). Here caddrout is not of this form, this has two implications :
-it is &t run-time, through CONSTAB: that caddrout§ gives access to 1o% ...
~the DISPLAYis not necessarily representative of the environment of the routi-

ne 3 it must be updated.
Action 1

savedispbn% := DISPLAYY n§l

DISPLAYY bnsch+1] := ranstpmb.

Action 2 :

ranstpmk +:= h + gidszb% + dmrszb% + geszb% + swostszb%b
{the garbage collector may be called}

Action 3 :
rtbnkh = bnsch+l,
Action k :
UPDDISPLAY% (bnsch, scope%)
{scope% is the scope of the routine available in its dynamic representation}.
Action 5 : Filling of routine BLOCK% heading H% :
steh% := DISPLAYY brnsc%l
deh% := savedispbn’
wpk := ranstpmh
bn% := bnsch+l
gatds := (goidb%,0)
gowk := (h+gidszbl+dmrszb%, geszb%)

swostph := tadd of caddres§ {transformed into
geph := goeres§ gbsolute addresses
dmrp% := dmreres§ through DISPLAYY savedispbni] }

flex% := {see II1.5,2}
retjump% := lretumn§.
Action 6 :
NILSIDST% (bnsc#+l, sidszb%,0).
Action T :
NILGCWOST% (bnsel+l, ht+sidssbb+dmrazb%, geszb%).
Action 8 :
NILDISPLAY% (bnse%+2, bn§).
Action 9 :

goto 1ok,
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Step 5 :
GEN(labdef labnb§ : is) {28}
Step 6 :
GEN(standdeproc lreturn§ : lreturn,
eaddrout§: caddrout,
caddres§ : (dirwost, bne.swoste),
geeres§ : gee,

dmreres§ : dnre,

flex$ : {see II.5.2}) {57}
{A standard routine without parameters is called, this will be described in
I1.13%L
Step 7 :
GEN(labdef labnb§ : Llg) {28}
Step 8 :
GEN(callab bne§ : bne,
eaddrout§ : caddrout) {58}
{This instruction is explained in II.7.3}.
Step 9 :
GEN(labdef labnb§ : lreturn). {28}

Step 10 : Result static properties :
{see I1I1.5.2, step T}

6.3 PROCEDURING (BODY OF ROUTINE WITHOUT PARAMETERS)

Syntax
PROC + procV ROUTBODY

{procV represents the prefix marker corresponding to the coercion 'proceduring'

made explicit by the syntactic analyzer}.

Translation scheme

. GEN(fump 1)
GEN(Llabdef 1o)
Static block entry
p (ROUTBODY )
GER(return ...}
GEN(labdef 1)
Static block exit

o

QO -~ O B W
« e W e s e

Routine stabic properties :
8.1 CONSTAB routine representation
&.2 BOST routine properties.
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Semantics
{The transletion is identical to the one of II.5.4 on routine denotation, except that

step 4 on formal parameters is absent here.}
6.4 ANOTHER TRANSLATION SCHEME

One may easily make the following remark about the actual translation scheme of
non-stendard routines without parameters. A number of informations sbout the body
of routine (such as sidszb, dmrszb, geszy, brnse ete ...) may only be dynamically ac-
cessible at the call while they are statically accessible at the body of routine.
The question is then : is it possible to defer all run~time actions from the call to
the body of routine, where all these routine informations are statically accessible?
Thus, one would increase the run-time efficiency of the call-body of routine inter-
face. The answer is positive, but only in the case of routines without parameters.
If parameters are involved then e.g. the calculation of fotez is necessary at the
level of the call, to be able to store dynamic parts of actual parameters.

In case of routines without parameters, the only routine informations which may be
dynamically accessible and which use may not be deferred to the body of routine are :
lo
bnse
Flagstand
flaggunp

Thus, the CONSTAB routine representation may reduce to these four informations.
Besides an increase of run-time efficiency in the case of dynamically transmitted
routines without parameters, the new translation scheme optimizes the size of the
object program, since more run-time actions are associated with the body of routine
and are not repeated at each call.

In the description of IT.6.1 to II.6.3, the handling of routine-call without para-
meters has been treated as a particular case of routine~call with parameters, by sna—
logy. Below a skeletal description of a second translation scheme for routines wi-
thout parameters is given where the handling of dynamically accessible information
at the call is deferred to the body of routine.

Note that the run-time actions as such are not different from those used in the ac-
tual translation of non-standard routines without parameters. What is different is
the way the actions are divided among the call and the body of routine.

Actually, this scheme is not implemented for proceduring and deproceduring only
for historical reasons.

It is however used in the translation of bounds of mode declarations (I1.8) and dy-

namic replications in formats (II.9).
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6.4.1 DEPROCEDURING1 OF STATICALLY TRANSMITTED ROUTINES

Syntax

{see II.6.1}

Translation scheme

1. p{DEPROCCOERCEND)

2. GEN(deprocl ... lreturn ...)
3. GEN(labdef lreturn)

4. Result static properties.
Semantics

The translation is exactly the ome of II.6.1 except that GEN(deproc ...) is replaced

by GEN(deprocl ...} :
Step 2 :

GEN(deprocl : lreturn§ : lreturn,

caddrout$: caddrout,
caddres§ : (dirwost bne.swostc),
goeres§ : gee,
dmreres§ : dmre,
flex§ : flextop of TOPST topstpm-11) {109}
The action of this instruction limits itself to fill H% of the BLOCKS of the rou-
tine with information available at the call and to jump to the routine body :
~hadd of caddres, through BLOCKTABS, gives access to n§, ... i.e. the bn of
the calling block.
Action 1 :
ranstpmhb +:= I
{the garbage collector may be called}.
Action 2 : Filling of BLOCK% heading H% :
deh% := DISPLAYY EnSl

swostph := tadd of caddres§ {transformed into
gop% := gocres§ absolute addresses
dmrp% := dmrores$ through DISPLAYY bnl}

flexk := {see 1I1.5.2}
vetjumph := lreturn§.

Action 3 :

goto Lo§.
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8.4.2 DEPROCEDURING1 OF DYNAMICALLY TRANSMITTED ROUTINES

Syntax
{see 1I.6.1}.

Translation scheme

1. o{DEPROCCOERCEND)

2. GEN{checkstand ... 18 ...)
GEN(checklab ... lg «..)

3.
L. GEN(deproecl ... lreturn ...)
5. GEN(labdef ls)
6. GEN(standdeproc ... lreturn ...)
T. GEN(labdef 1g)
8. GEN(callab ...)
9. GEN(labdef lreturn)
10. Result static properties.
Semantics
The translation is exactly the one of II.6.2 except that GEN(deproc ...) is replaced
by GEN(deprocl ...) :
Step b :
GEN(deproel lreturn§ : lreturn,
caddrout§ : caddrout,
caddres§ : (divwost bne.swoste),
gecres§ @ goe,
dmreres§ : dmre,
flex$§ : Fflextop of TOPST [ topstpm-1]) {109}
-The action of deprocl has been described in II.6.4.1 for caddrout = (routct
congtabp). Here caddrout is not of this form ; this has two implications :
-the CONSTAB routine representation is now available through CONSTAB% i.e. at
run—time. Note that only the properties 1o% and bnsc% are needed here.
~the DISPLAY% is not necessarily representative of the enviromment of the routi-
nes ; it must be updated.
Action 1
ranstpmkh +:= h
{the garbage collector may be called}.
Action 2 : Filling BLOCK% heading H% :
don% := DISPLAYY bng]
swostp% := tadd of caddres§
gep% := gecres§
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dmrp% := dmrceres§
Fflex% := {see II1.5.2}
retjump% := lreturn§ ,
Action 3 :
UPDDISPLAY% (bnsck, scopel).

Action 4 :

goto lo%.

6.4.3 PROCEDURINGI

Syntax
{see II1.6.3}

Tanslation scheme

1. GEN(jump 1)

. GEN(labdef lo)
Static block entry

GEN(inbody «..)

o (ROUTBODY )
GEN(return ...}
GEN(Labdef 1)
Static block exit

o o~ O\ W oW
s e e e a

. Routine static properties :
9.1 CONSTAB routine representation
9.2 BOST routine properties.

Semantics
Compared with II.6.3, only step 4 is new ; it completes the actions of deproel with
respect to those of deproc :
Step k4 :
GEN (inbody bnebodyS§ : bne) {110}
~bnebody§ is a BLOCKTABS entry where the following informetion is found :
aidezb§, dmrezb§, geezb§, swostszb§, geidb§ and bub§{bnsc§ = bnb§-11.
~inbody has the same actions as deproc (II.6.1, step 2) except for actions which
have been performed by Inprocl at the call.
Action 1
savek := ranstpmk% - h
ranstpm%b +:= gidsgb§ + dmrszb§ + gesszb§ + swostszb§
{The garbage collector may be called}.
Action 2 :
NILDISPLAY {bnsc§+2, rtbni).
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Action 3 :
DISPLAYH bnse$+1] := savek.
Action b :
rthn% := bnsc§ + 1.
Action”5 :
(of (h%) RANSTH DISPLAYY[ bnse§+1]] :
steh% := DISPLAYY bnscSl ,
wpkh = ranstpmk,
bn% := bnsc§+1,
getdh := (geidb§, 0),
gowh := (h + gidezb§ + dmrszb§, geeazb§)).
Action 6 :
NILSIDST% (bnsc§ +1, sidsab§, 0)
Action T :
NILGCWOST% (bnse§+1, h + gidszb§ + dmrszb§, geszb§).
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7. PROCEDURED JUMPS
7.1 GENERALITIES

As mentioned in II.%, the dynemic label transmission passes through the procedu-
ring-deproceduring mechanism. Implementing this mechanism without precaution would
lead to the creation of a BLOCK% for the body of a routine which reduces to a jump.
Such a BLOCKS is useless, it is left as scon as it is created. Procedured jumps are
easily detected abt compile~time, and when the corresponding routine is transmitted
dynamically, the flagjump of the CONSTAB% routine representation can be interpreted
dynemically. Actuslly when deproceduring a routine which is a procedured jump, the
only thing to do is to jump to the label definition of the procedured jump while
performing the necessary actions of memory management. These actions differ from
those of the normal jump explained in II.L in that the BLOCK} into which the jump is
performed is not neceséarily active. As for return from dynamically transmitted pro-
cedures, it is the scope associated with the dynamic routine representation (which
gives access to the H% of the label declaration BLOCKS) which allows to update the
DISPLAY% properly.

What concerns the translation of the procedured jump, it reduces to constructing
on CONSTAB the static routine representation in which this time lo is the label to
which the jump must be performed, and no longer the entry point of the routine. Clear-

1y no result is involved.

7.2 CALL OF STATICALLY TRANSMITTED PROCEDURED JUMPS

Syntax
DEPROC ~ deprocV DEPROCCOERCEND.

Translation scheme
1. p(DEPROCCOERCEND)
2. GEN(callab ...)

3. Result static management.

Semantics

Step 1
o { DEPROCCOERCEND ) .
At run-time DEPROCCOERCEND results in a routine without parameters. After the
translation p{DEPROCCOERCEND), the static properties of the routine appear on
BOST. They will be denoted caddrout ... . In this section we suppose that caddrout
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is of the form (routct constabp) : the CONSTAB routine representation is available
at compile—time. In this section, we suppose moreover that in CONSTAB, flagjump=1;
thig means that the routine is a procedured jump. This procedured jump is charac~
terized in CONSTAB by lo, the program entry point of the label involved, and by
bnse, the bn of the block of the label declaration.
Step 2 @
GEN(callab bne§ : bne,
caddrout§ : caddrout) {58}
~caddrout§, in CONSTABS, gives access to lo§ and bnse§ ; it is to be noted that
in case of statically transmitted routines, the BLOCK% of the routine declara—
tion is active and hence, it is accessible through DISPLAYY brnse§l. In the H%
of this BLOCKS, at run-time, wp% and gow% are found. These informations will be
used in the actions of callab, they will be denoted wplab% and gowlab% =
(gehplab%, gcsazlab%) respectively. The actions of callab are quite similar to
those of the jump (see II.L4.3).
N.B.If in CONSTABS the information would have contained bnese§ instead of bnse§,
through BLOCKTABS 4he static information of the block of the lsbel declaration
would have been available. In such a case, gewlab% information is no longer
needed and the description of the actions of callab are identical to those of
goto. For historical reasomsit is the first approach which is implemented.
-bne§, through BLOCKTABS, gives access to n§, i.e. the bn of the block in which
the deproceduring tekes place.
Action 1
ranstpmb := wplab% {space is recovered on RANST%}
rtbn% := bnsc§.
Action 2 :
NILGCWOST1% (gehplab%, geszlab%).
Action 3 :
NILDISPLAY% (bnsc§+1, bn$).
Action b :
gote 10§,
Step 3 : Result static management :
On BOST, the static properties of DEPROCCOERCEND are deleted, they are replaced
by a set of properties characterizing the result of the deproceduring :
mode := void
cadd := (nikil 0).

7.8 CALL OF DYNAMICALLY TRANSMITTED PROCEDURED JUMPS

This case is exactly the one deseribed in II.6.2 (Deproceduring of dynamically

transmitted routines). The actions of callab in case caddrout # (routet comstabp)
are still to be explained.
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Step 8
GEN (egllab bme§ : bre,
caddrout§ : eaddrout) {58}
~caddrout§, through CONSTABS, gives access to 0% and bnse%. The BLOCKS of bnsch
is not necessarily active : the DISPLAY% must be updated. Thereafter, DISPLAVS
[ bnsc%] gives access to wplab% and gewlab% = (gehplab%, geszlab%).
~The dynamic routine representation contains scope? which is the pointer to the
BLOCK% of the label declaration.
~bne$, through BLOCKTABS, gives access to bn§.
Action 1
UPDDISPLAY% (bnsc%, scopek).
Action 2 : Space recovery :
ranstpmh := wplab% ; vtbn% := bnsc§.
Action 3 :
NILGCWOST1% (gehplab%, geszlab%l).
Action 4 :
NILDISPLAY% (bnsc%+1, bn§).
Action 5 :

goto lo%.

7.4 JUMP PROCEDURING

Syntax
JPROC ~ jprocV label
{With label, a SYMBTAB entry is associated, giving access to bnelab and Zabnblab}.

Tranglation gcheme

1. CONSTAB procedured jump representation

2. BOST procedured jump representation.

Semantics
No object code is generated for the procedured jump, only a static management is ne-
cessary :
Step 1 : CONSTAB procedured jump representation :
Through BLOCKTAB, bnclab gives access to bnlab.

The routine representation is constructed in CONSTAB at the entry constabp :

lo := labnblab
bnse := bnlab
Flagjump := 1

In order to enable the loader to transform Lo into a machine address in CONSTABS :

GEN (updeonstab mode§ : label,
constabp§: constabp) {33}
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Step 2 : BOST procedured jump representation :

Dynamically, & jump is performed. Statically, we are concerned with the value con-
sisting of the procedured jump ; the corresponding static properties are stored
on BOST :

mode := proc void

ecadd := (routet constabp)

emr, dmr and ge are irrelevant

or := (nil, 0,0,0)

scope := (bnlab, bnlab).
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8. BOUNDS OF MODE DECLARATIONS
8.1 GENERALITIES

As for non-standard routines, the definition of a mode-indication and its applica-—
tions are at different places in the program. Here, the whole of the bounds contai~
ned in a mode declaration is considered the routine without parameters.

Its access is restricted to (routct constabp) since these routines cannot be
transmitted dynamically neither by assignation nor as actual parameter. As a conse-—
quence, the scope block bnsc cah always be considered the block where the declaration
appears. Furthermore, the run—time address of the scope BLOCK% will always be availa-
ble on DISPLAYS at the moment of the call.

This means that bounds in mode declarations can be elaborasted in the environment
of the call except when the bounds contain blocks. Then the normal routine-call me-
chanism is implied, i.e. BLOCK% and DISPLAY% organization. The reason for this is
that addressing inside blocks of bounds is based on the lexicographical structure of
the program. In the actusl implementation the routine-call mechanism is used for mo-—
de indications containing bounds which are not integral denotations. The result of
the routine consists here of the list of all the calculated bounds. It is this list
thet will be transmitted to the calling block at the return of the routine. Integral
denotation bounds are treated statically. The translation scheme for the call-body
of routine will be that of II.6.4.1 and II.6.L.3.

Bound routine representation
As for other routines, static information must be collected in order to be able

to translate the call properly. However the situation here is somewhat @ifferent :

(1) The routine is always statically accessible, hence no CONSTAB% representation,
avgilable at run—time, is needed.

(2) The result of the routine is a number of integers corresponding to the number of
bounds nbbds, delivered by the mode indication (i.e. recursively through other
mode indications!) ; nbbds represents the static size of the result of the routi-
ne, it must be available at the call for SWOST% space reservation.

The static routine representation will consist of the following informations :

-mode, a DECTAB pointer where the mode of the actual declarer of the mode declaration

together with bounds and flexibility information is found. In particular nbbds, i.e.

the number of the bounds which are not simple integer denotations can be deduced

from mode.

-lo, the label of the body of the bound routine
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-bnee, the block number of the block where the mode indication is declared.

This routine representation is so simple that it can easily be calculated during
syntactic analysis, thus avoiding problems of mode indications appearing lexicogra-
phically before the corresponding declaration. In the sequel, we suppose that this
routine representation is available in SYMBTAB at the entry corresponding to the mode
indication :

mode = mode of ADECLARER
cadd = (label stc' lo).

8.2 CALL OF MODE INDICATION

Syntax
CALIMODIND » callmodindV modind

{With modind, a SYMBTAB entry is associated where modind (nbbdsind), bnseind and

loind are foundl.

Translation scheme
1. GEN(eallmind ... lreturn)
2. GEN(labdef lreturn)

3. Bounds static properties.

Semantics
Case A :
nbbdsind=0, i.e. all actual bounds if any reduce to integral denotations : modind
is a DECTAB entry where the declarer is stored together with bounds integral denota-
tions.
Step :
for all bounds of DECTAB modind]
do a new BOST element is set up with the static properties of the integral
denotation :
mode := int
cadd := (intet v) where v is the value of the integral denotation of the
bound.
smr, dmr and ge are irrelevant
or := (nil, 0,0,0)
scope := (0,0)
od.

Case B :

nbbdsind # 0.
Step 1
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GEN(callmind lreturm§ : lreturn,
breres§ @ bne,
swosteres§: swoste,
lbody§ ¢ loind) {43}
-bneres§, through BLOCKTABS gives access to bures§.
-The actions of cgllmind are similar to the actions of deproel (II.6.4.1).

Action 1
ronstpmh +:= h
{The garbage collector may be called}.
Action 2 : Filling in of BLOCK% heading :
deh% 1= DISPLAYY bnres$]
swostp% = swostcres§ {transformed into absolute address}
gep% and dmrp% and flex% are irvelevant
retjump := lreturng.
Action 3 :
goto loind§.
Step 2
GEN(labdef labnb§ : lreturn). {28}
Step 3 : Bounds static properties :
Static properties of all bounds of the mode indication are stored on BOST ;
modind is the guide for this storage; it indicates the values v of the bounds
which are simple integral denotations ; the corresponding static properties
are :
mode := int
cadd := (intet v)
On the other hand, the ith bound which is transmitted as result of the routine
has the properties
mode := int
cadd := (dirwost bne.swostet+i~1)

This cadd ensures the interface between the call and the routine.

8.3 MODE DECLARATION (BODY OF ROUTINE)

Syntax

MODEDEC -+ modedecV modind = ADECLARER
{~Modind is characterized by an entry in SYMBTAB where modind (nbbdsind), bnscind
and loind are found.
~The sctual declarer ADECLARER specifies the mode of the mode indication and pos=—

sibly actual bounds.}
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Translation scheme

1. GEN(jump .1)

2. GEN(labdef loind)
3. Static block entry
4, GEN(Zvmind ...)
5. p(ADECLARER)
6. GEN(outmind ...)
T. GEN(labdef 1)
8. Static block exit
9. Static management.
Semantics
Case A :
nbbdsind = 0.
The translation is complete.
Case B :
nbbdsind # 0.
Step 1
GEN(jump labnb§ : 1). {27}
Step 2 :
GEN(labdef labnb§ : loind). {28}

Step 3 : Static block entry :
INBLOCK1 (bnscind) ; INBLOCK2 (buseind) ; INBLOCK3.

Step 4 :
GEN (Znmind bnebody§ : bne) {45}
{see II.6.4.3, actions of inbody}.
Step 5 :
p (ADECLARER)

All bounds are translated. Suppose there are n bounds involved, their static
properties appear on BOST after the translation p(ADECLARER) ; they will be
denoted caddl, smrl ...
GEN (outmind bnbody§ : bn,
n$ R
eadd1§ : eaddl,
caddn§ : caddn) {hhYy (1)
{The actions are similar to the actions of return (II.5.4, step 6) ; here,

the result consists of n§ integers with source accesses caddl§ ... caddn§

(+) Actually, amongst the n bounds only those which do not correspond to integral de-
notations have to be transmitted as parameters of outmind.
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which have to be copied into n§ comsecutive cells in the calling BLOCK% from
the address swostp% ; swostp% is found in H% of the current BLOCKS accessible
through DISPLAYY bnbody$l .
Step T ¢
GEN(labdef labnb§ : 1) {28}
Step 8 : Static block exit :
OQUTBLOCK3 ; OUTBLOCKI.
Step 9 : Static management :
Routine static properties have been stored in SYMBTAB during syntactic analysis;
given the mode declaration in itself delivers no value, the only thing to do

is to delete the static properties of the n bounds from BOST.
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9. DYNAMIC REPLICATIONS IN FORMATS
9.1 GENERALITIES

As for non~standard routines, the definition of & format {format denotation) and
its applications (transformat) are at different places in the program. Here the who-—
le of the dynamic replications contained in a format denotation is considered a rou-
tine without parameters. As for non-standard routines, formats may be transmitted
dynamically. The result of the routine is a set of integers, corresponding to the va~
lues of the dynamic replications ; unlike the number of dynamic bounds of & mode in-
dication, the number of dynamic replications resulting from the application of a for-
mat in not known at compile~time, hence this result has to be handled like a dynamic
array of integers. Moreover, the association of a format with a file gives rise to
some problems discussed below.

From the above considerations, there are four different objects to be distingui-~
shed for handling formats :

-the routine and its representation in CONSTAB.

~the memory representation of the routine.

~the memory representation of the result of the routine (tamrof value).

~the storage of a tamrof value in files.

(1) The routine is the +text consisting of the dynamic replications of the format.

The static representation of a format routine consists of :
~lo : the label generated in front of the body of the routine,
-ndrep : the number of dynamic replications in the format,
~bnge : the static representation of the scope of the format,
~formstringp : a pointer to format denotation string in memory.
As for non-standard routines, such a formet representation must be stored in
CONSTAB% in order to be available at run-time when a dynamically transmitted for-
mat is called. The access to the format in CONSTAB has the form: (formatet constabp).
Formelly, the CONSTAB format representation is characterized by

mode routform = struct (label lo,

int ndrep, bnse, formstringp).

(2) Given formats may be dynamically transmitted (i.e. assigned or used as actual pa-
rameter), they must have a dynamic representation which will be stored on RANSTS
or HEAP%. This dynamic representation, as for non-standard routines, consists of
a CONSTAB% pointer constabp% to the static format representation and of a dyna-
mic scope information, scope%. Actually scope% = DISPLAV%{bnsc] in the environ-
ment of the format, i.e. at the moment a format of access (formatet constabp) is
caused to be stored on RANSTS or on HEAPS (III.5.h.2).
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Formally,

mode routform% = struct (int constabp%, scopel)

(3} The result of & call of a routine of type dynamic replication is of the mode
tamrof.
The tamrof value has a memory representation which is analogous to that of an
integer array, i.e. it has a descriptor (static part) and a number of elements
{dynamic part). The reason for this is that the number of dynamic replications
resulting from the call of a format is generally not known at compile-time.

The memory representation of a tamrof value is as follows :

1
H
i
1

static part
ndreph P

Formstringph

dynamic part

The body of routing results in a set of integers, which must be transmitted in
the calling BLOCKY in ﬁhe‘form of a tamrof value. Formally, the descriptor of a
tamrof value is characterized by :

mode tamrofdh = (int offseth, ndreph, formstringp%h)

(4) A tanmrof value has to be included in a file. Given its size is not only dynamic,
but also not known at the creation of a file, space for storing the dynamic part
of the tamrof value cannot be reserved at file creation.

Given the inclusion of the (tamrof) value into a file does not necessarily take
place at the level of the block of the file, dynamic bounds may not be stored on
RANST% and, thus, they must be on the HEAP%, like the elements of a flexible ar-
ray. Another solution would consist in reserving at the creation of each file
enough space for storing the maximum number of dynamic replications associated

with each format in the whole of the program.

9.2 CALL OF STATICALLY TRANSMITTED FORMATS

Syntax
TRANSFORMAT - transformatV FORMATCOERCEND

{transformatV is the prefix marker corresponding to the coercion by which dynamic

replications of a format are elaborated.}
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Translation scheme

1. p (FORMATCOERCEND)

2. GEN(eglldynrep ... lreturn ...)
3. GEN(lgbdef Llreturn)

4. Result static properties.

Semanticsg
Step 1
o ( FORMATCOERCEND )

{At run-time, FORMATCOERCEND results in a value of mode format. After the transla-
tion p(FORMATCOERCEND), the static properties of the format appear on BOST. They
will be denocted caddformat ... . In this section we suppose caddformat is of the
form (formatet constabp). All properties stored within the format representation
in CONSTAB are available at compile-time. In particular ndrep is known}.

Step 2 :
Case A :
ndrep # 0.
GEN(calldynrep ireturn§ : lreturn,
bneres§ : bne,
swosteres§ : swoste,
caddformat§ : caddformat) {46}
~bneres§, through BLOCKTABS gives access to bnres§ ...
~caddformat§ gives access to loformat§ end bnscformat§ in CONSTABS.
Action 1 :
ranstpm% +:= h
{The garbage collector may be called},
Action 2 : Filling of BLOCK% heading H%
deh% := DISPLAYY bnres§]
swostp® := swoeteres§  {transformed into absolute address.}
retjump := lreturn§.
Action 3 :
goto loformat§.
Case B :
ndrep = 0.
no action is taken,
Step 3 :
Case A :
ndrep # 0.
GEN(labdef labnb§ : lreturn) {28}
Case B :
ndrep = 0.

No action is taken,
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Step 4 : Result static properties :
Static properties of the transformat are put on BUST :

Case A :
ndrep # 0.
mode := tamro
cadd := (dirwost bne.swoste)
smr := bne.swoste
dmr := (stat bne.swoste)
ge :=nil
or := (nil,0,0,0)

scope := (0,0)
{These properties ensure the interface of result transmission between the routine
and the calll.
Case B :
ndrep = 0.
mode := tamro
cadd := (tamrofet constabp)
smr, dmr and ge are irrelevant
or := (mil,0,0,0)

scope := (0,0).

9.3 CALL OF DYNAMICALLY TRANSMITTED FORMATS

Syntax
{see II.9.2}.

Translation scheme
. p(FORMATCOERCEND)

—

2. GEN(checkdynrep ... L ...)

3. GEN(ecalldynrep ... lreturn ...)
L. GEN(labdef 1)

5. GEN(initdynrep ...}

6. GEN(labdef lreturn)

7. Result static properties.
Semantics

Step 1

o { FORMATCOERCEND )
{see II.9.1, gtep 1 but this time, caddformat # (formatct comstabp) s the CONSTAB

static properties of the format are not available at compile—timel.
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Step 2 :
GEN (checkdynrep labnb§ : 1,
ecaddformat§: caddformat) {51}
Action :

If ndrep% of the CONSTAB% format representation accessible through the dynamic
format representation is O then goto 7.
Step 3 :
GEN(calldynrep lreturn§. : lreturn,
brneres§ : bne,
swosteres§ @ swoste,
caddformat§: caddformat) {L6}
The actions of calldynrep have been explained in II.9.2 for caddformat§ =
{formatet constabp). Here caddformat§ is not of this form, at run-time it
gives access to the dynamic format representation : constabp% and scope%, deno-—
ted here constabpformat® and scopeformat% ; in turn, constabpformat?% through
CONSTAB%, gives access to loformat% and bnscformat®
Action 1
ranstpm% +:= h
{the garbage collector may be called}.
Action 2 : Filling BLOCKS heading
deh% := DISPLAYY bnres$)
swostph := swosteres§
retjumpk := lreturn§.

Action 3 :
UPDDISPLAY?% (bnseformat%, scopeformat%).
Action L :
goto loformath.
Step 4 :
GEN(labdef labnb§ : 1) {28}
Step 5

GEN(Initdynrep caddformat§ : caddformat,

caddrep§ : (dirwost bne.swoste)) {49}
The aim of this instruction is to ensure the dynamic interface between the cases
where ndrep% = 0 and # 0.

Action :
A tamrof value with O element is stored on WOST%.
Step 6
GEN{1labdef labnb§ : lreturn) {28}

Step 7 : Result static properties :

Static properties of the transformat ave put on BOST :
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mode := tomrof

cadd := (dirwost bno.swoste)
smr := bne.swoste

dme := (stat bne.swoste)

ge :=nzl

or := (ntl,0,0,0)

scope = (0,0).
9.4 DYNAMIC REPLICATIONS (BODY OF ROUTINE)

FORMAT ~+ formatV DYNREP
{With formatv, a CONSTAB pointer formatstringp is associated ; it points to the
format string (at the exclusion of dynamic replications) ; buscformat is supposed
to be explicit in the source text. DYNREP is the program text of the dynamic re-
plications}.

Translation scheme
1. GEN(Jump 1)
2. GEN(labdef loformat)
3. Static bdlock entry
. GEN(indynrep ...)
. p(DYNREP)

L
5
6. GEN{outdynrep)
T. GEN(labdef 1)
8
9

. Static block exit

. Format static properties
9.1 CONSTAB format representation
9.2 BOST format properties.

Semantics
Step 1

GEN (Jump labnb§ : 1) {27}
Step 2 :

GEl (labdef labnb§ : loformat) {28}

Step 3 : Static block entry :

INBLOCK1 (bnseformat) ; INBLOCK2 (bnscformat) ; INBLOCK3

{bnsc is the static scope of the format made explieit by the syntactic analyzer}-
Step b

GEN (indynrep bnebody§ : bne) {u7}

{see II1.6.4.3 actions of Zmbody}-:
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Step 5
o (DYNREP)
{At run-time DYNREP results in n integers ; after the translation p{DYNREP) the
static properties of these n integers appear on BOST ; they will be dencted
caddl, smrl ...}
Step 6
GEN (outdynrep bnbody§ : bn,
né§ :on,
caddl§ : caddl,
ecaddn§ : eaddn,
formatstringp§ : formatstringp) {48}
{see TI.5.k4, step 6, but here it is & tomrof value which has to be transmitted,
it consists of the n§ integers of access caddi§ ... caddn§ end formatstringp§.}.
Step 7 :
GEN(labdef labnb§ : 1) {28}
Step 8 :
OUTBLOCK3 ; OUTBLOCKI.
Step 9 : Format static properties :
Step 9.1 : CONSTAB format representation :
The formst representation is constructed in CONSTAB at the address constabp :
lo := loformat
ndrep = n
bnse := bnscformat
formstringp := formatstringp.
Step 9.2 : BOST format properties :
The static properties are erased from BOST, they are replaced by those of the
format :
mode := m
eadd := (formatect constabp)

smr, dmr and ge are irrelevant

or := (nil,0,0,0)
scope := {bnscybnsc)

In order to enable the loader to transform Zo into a machine address in CONSTABS,
e command is generated : GEN(updconstab mode$§ : format,
congtabp§: constabp) {33}.
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10. OTHER TERMINAL CONSTRUCTIONS
Terminal constructions are applications of declared objects, denotations with the
exception of routine and format denotations, generators, skip, nil and empty.
Declared objects and generators are treated in II.2 and II.3 respectively . Here,

we explain how to translate the other terminal constructions.

10.1 DENOTATIONS

In this section we deal with int, real, bool, char, bits end string denctations.

These denotations specify particular values and consequently also their intrinsic
static properties, in particular their mode and their scope.

The accesses crested for denotations are of two kinds :
(1) feomstant v) for small integers {{intet v)}, booleans {(boolet v)}, characters
{(charet v)} or small bits {(bitsct v)} in which case v specifies the value itself.
(2) (direttab constabp) in the other cases ; then the value is stored in CONSTAB at
the entry constabp.

The translation of a denotation reduces to store on BUST the corresponding set of
static properties and possibly to store in CONSTAB the value of the denotation.

Moreover, remark that strings are stored in CONSTAB under the form of a descrip-
tor and elements. CONSTAB relocation implies the generation of a loader command, the
effect of which is to update the offset of the decriptor :

GEN (updeonstab mode§ : string,
constabp§ : constabp). {33}

10.2 SKIP

§K£E{stands for some value of a particular mode ; it can be handled in different

Weys.

(1) A special access could be created {(skip 0) in such a way all decisions about gkip
handling are postponed to the constructions using it.

(2) Some value-of the mode specified by the context is stored on CONSTAB thus giving
rise to a value of access (dircttab comstabp). Which value is chosen is without
importance except when a misuse of g@ig_could lead to desastrous conseguences.

For this reason, names of such values are initialized with pzl, descriptors are
such that they correspond to O element, union overheads and procedures are initia-

lized with some special flag.
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{3) For nistorical reasons, the elaboration of skip corresponds, in the X8-implemen-
tation, %o the storage of some value of the specified mode on WOST% at run-time.
This value is initialized as under (2). This implementation of skip is now des-

cribed.

Syntax
'Skip' is @ terminal with which = particular mode, modeskip has been associated

by the syntactic analyzer.

Translation scheme

1. BOST management
2. GEN(stskip ...J).

Semantics

Step 1 : BOST management :

caddo := (dirwost bne.swoste + Amem)
modeo := modeskip
emr | := bne. swoste
dmro :=nil
ge, = nil
or, = (nil,0,0,0)
scope  i= (0,0)
Step 2 :
GEN(stekip mode§ : madeo,
cadd§ : caddo} {99}
Action :

The cells which have been statically reserved at the address cadd§ for the sta-

tic part of a value of mode§ are initialized as explained above (2).
10,3 NIL

Vil stands for a name which must be distinguishable from othex names ; as skip, it

could be handled in different ways :

(1) a special access could be ereated (nZl 0), but this would increase the static ma-
nagement without significant gain.

(2) & dynamic il representation could be stored on CONSTAB with an access {dircttab
constabp) .

~—

(3) For historical reasons the elaboration of nil corresponds to the storage of the

dynamic representation of nil on WOSTZ at run-time, It is this strategy which is
described below' !

(+) This solution for niland skipis not optimal as far as run-time is concerned ;
however it allows to state that a name is never stored in CONSTAB, which ligh-
tens the static management in a number of cases.
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Syntax
'mil' is 8 terminal with which a particular mode modenil has been associated by

the syntactic analyzer.

Translation scheme

1. BOST management
2. GEN(stnil ...).

Semantics

Step 1 : BOST management

cadd, L i (dirwost bnc.swoste + Amem)

modeo := modenil

sme 1= bne. swoste

dmro =il

ge, i= nil

or = (nil,0,0,0)

scope | := (0,0).

Step 2 :

GEN(stnil cadd§ : cadd ) {98}

Action :

The dynamic representation of nil is stored at the address cadd§ :

pointerh := 0

scoped := address of the first cell of RANSTS.
Remark

A number of constructions require a dynamic check on ntl. These constructions are

'assignation', 'refselection', 'refsglice', 'refrowing', 'dereferencing' and opera-
tions combined with assignations (+#:=, -:=, x:=,...). With the static properties
which have been described, the dynamic check on #nil is avoided in case the name to
be checked has an access class variden. The addition of a new field wnilo to the sta-
tic property or would allow to decrease the number of dynamic checks on nil a step
further. For a given stored value, #nilo would indicate whether all constituent names

of the value are nil or not, or if this is not known at compile-time.
10.4 EMPTY

Empty stands for a multiple value with O element ; three solutions similar to those
explained for skip and nmil are possible here. Again, for historical reasons it is

the third solution which has been implemented and which is described.

Syntax
"Empty' is a terminal with which a particular mode modeempty has been associated

by the syntactic analyzer.
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Translation scheme

1. BOST management
2. GEN(rowingempty ...).

Semantics

Step 1 : BUST management :
caddo := (dirwost bne.swoste + Amem)
modeo := modeempty
s i= bne. swoste

or, = (nil,0,0,0)
scope ) := (0,0)
Step 2 :
GEN (rowingempty mode§ : modeempty,
ecadd§ : ca;ddo) {773
-mode$§ gives access to the number n§ of dimensions and to the statiesize
staticsize$ of the potential elements.
Action :
The dynamic representation of a multiple value with n§ dimensions and 0 element
is stored at the address cadd§ :
offseth := 0
statesh := (1,...1)

iflagh = 0

do% =0

for © to n§-1 do
1% := 1

ut% := 0

di% := 0

od

In% := 1

wnk = 0

dn% := staticsize§.
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11. KERNEL INVARIANT CONSTRUCTIONS

'Kernel invariant constructions' are constructions the result of which is just a
value or a part of a value accessible through one of its parameters. Hence, the re~
sult of such constructions always preexists in memory ; it will be used for the result
of the construction as far as rules al to bl of I.2.3.2 are not violated.

These constructions are : 'selection', 'dereferencing', fslice', 'uniting' and

'rowing'.
11.1 SELECTION

There are two kinds of selections : those applying to non-name values (non-ref-se-—
lections) and those applying to names (ref-selections). They must be treated with

different stretegies.

Syntax
SELECTION -+ selectionV selector of SECONDARYSEL.

Translastion scheme

1. p(SECONDARYSEL)
()

2. A Non-ref-selection
1. class P direttab or In each case
" = dividen 1. BOST static properties
2. " = indiden 2. Generation of run-time actions {GEW}
3. " = indwost 1. ge
b " = dirwost 2. dm
— ——— 3. copy

3. B Ref-selection
1. Check of nil
2. 1. chzsss = diriden

2. " = indiden 1. BOST
3. 7 = pariden 2. GEN
oo = dirwost
5. 7 = indwost.

Semantics

Step 1

o { SECONDARYSEL)

(+) Underlined numbering stands for a Case.
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{the static properties of the value on which the selection applies appear on BOST ;
they are denoted modes, cadds .e. 3 ‘'selector' and modes give access to modea of
the selected field and to reladd i.e. the relative address of the selected field
in the static part of the structured value.}.

Step 2 :

A number of cases based on modeo are distinguished ; through all these cases, the

storage of modeo on BOST will be implicit.

Case A : Non-ref-selection :

NONREF ( modes) .
A number of subcases, 'case A.1' of case A are distinguished, they are based on
cZasss ; through these cases, the static properties or, and scope , are treated
the same way :

or_ = or

sc:peo ::s (SCOPERELEVANT(modeO) | scope
| (0,00} .
Their storage on BOST will remain implicit.
Case A.1

class, = direttab or
" = diriden.
On BOST :
caddo = (classs, hadds.tadd s * reladd)
smr dmr*o and ge, are irrelevant.
No dynamic action is implied.
Case A.2 :
cZasss = indiden.
{Instead of copying the value of the field on WOST%, an indirect address to its
preexisting instance is stored}.
Step A.2-1 : BOST static properties :

caddo := (indwoet bnc.swostc + Amem)

smr  := brne. swoste
dmﬂo = nil
ge, := (kindo, = "iden" | nil

| bne.gee) .
Step A.2-2 : Generation of run-time actions :
Step A.2-2.1 : Ge :
GENSTANDGC.
Step A.2-2.2 : Copy :
GEN(stplus caddl§ : (diriden adds),
cadd2§ : (intet reladd),
ecaddo$§ : (dirwost bne.swoste + Amem)) {18}
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Action :
The indirect address of access caddl§, incremented by the integer of access
cadds§ is stored in the memory cell of access caddo§.
Step A.2-2.3 :
NOOFT,
Case A.3 ¢
cZasss = {ndwost.
{The strategy consists in superseding on WOST% the indirect address of the struc-
ture by the one of the selected field}.
Step A.3-1 : BOST static properties :
caddo = cadds

smy  := emp
o s
dmr = nil
O it
e = .
ge, geg

Step A.3-2 : Generation of run—time actions :
Step A.3-2.1 : Ge
(ge, # nil | GENSTANDGC).
Step A.3-2.2 : Copy :
GEN(plus cadds§ : (intet reladd),
caddo§ : (dirwost add )) {14}
Action :
The contents of the cell of address caddo§ is incremented by the integer of
access caddss§.
Step A.3-2.3 :
NOOPT,
Case Ak
cZassS = dirwost.
{The field preexists on WOST%, it is that instance which is used as result. There
may be some dynamic action related to ge and dmr}.
Step A.h-1 : BOST static properties :
caddo := (dirwost bne.tadds+reladd)

smr’o ;= SmZ‘S
dmr_ := (DMRRELEVANT(mode ) # nil | dmr
° o T S+
| nit)
ge, := (GCRELEVANI(mode ) and ge_ # nil | geg

| m2l).

Step A.4-2 : Generation of run—time actions :

(+) Here, even when the field has a dynamic part, we can imagine a process recovering
DWOST% memory space of the next fields in the structured value.
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Step A.4-2.1 : Dmr :
(dmrs: (_s_t_azﬁ_a)gn_ddmro:@l
|GEN (stword cadds§ : (dirwost o),
caddo§ : (dirabs ranstpm%)) {4}
}:dmrsz dyn 8) mddﬂzr'():gzﬂ
|GEN(stword cadds§ : (divdmrw B8),
caddo§ : (dirabs ranstpm%))). {4}
Step A.4-2.2 : Ge
(ge, # nil and ge, = nil
|GEN(stgenil caddge§ : (dirgew ges))
Action :
the ge-protection is cancelled.
lige, # nil | GENsTANDGC).
Case B : Ref-selection :
~JONREF (modes).
Through subcases B.i, the static properties or , scope, and dm’*o are trested in

t ame w : r = oor

he same way o, - ;"
scope = scopes
dmr*o =il

Their storage on BOST remains implicit.
Step B.1 : Check of nZl :
(class of cadds # variden
|GEN (checknil cadd§ : cadds)) {106}
Action :
A rus-time error message is provided if the name of access cadd§ is nil.
Btep B.2 :
Case B.1 :
cZasss = diriden.

{The subname is constructed on WOST%}.

Step B.1-1 : BOST static properties :
caddo = (dirwoet bne.swoste + Nmem)

sme = bne. swoste
ge, := (derefo_ = 1 | Bne.gee
| nid),
Step B.1-2 : Generation of run-time actions :
Step B.1-2.1 : Ge :
(ge, # nil | GENSTANDGC).
Step B.1-2.2 : Copy :
GEN(gtnameiner cadds§ : eadds,
iner§ : reladd,
caddo§ : caddo) {20}
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Action :
A name is stored at the address caddo§ ; it is a copy of the name stored at
cadds$ but with pointer% incremented by Zner§.
Step B.1-2.3 :
NOOFT.
Cagse B.2 :
aZasss = indiden.
This case is identical to case B.1 except for ge, ¢
ge, ;= bne.gee.
Case B.3 :
classs = variden.
Step B.3-1 : BOST management :
caddo := (variden hadds. tadds + reladd)
sme and ge, are irrelevant
No dynamic action is implied.
Case B.h :
classs = dirwost.
{The pointer of the name is incremented on WOST%}
Step B.4~1 : BOST management :
caddo = cadds
sme i gmw
ge, = ge,.
Step B.4-2 : Generation of run-time actions :
Step B.k-2.1 i Ge
(ge, # nil | GENSTANDGC).
Step B.h-2.2 : Copy :
GEN(plus cadds§ : (intet reladd),
caddo$ : cadd 0) {14}
Step B.4-2.3 :
NOOPT.
Case B.5 :
elasss = Zndwost.
{the subname is constructed on WOST%}.

Step B.5—1 : BOST static properties :

cadd  := (dirwost bne.tadd of emr  + tmem)
smr_ = smp
o s
ge, = (gcs #nil | ge,
;:derefos | bne.gee
[ il ).

Step B.5-2 : Generation of run—time actions :
Step B.5-2.1 : Ge¢ ¢
(go, # nil | GENSTANDGC).
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Step B.,5-2.2 ¢ Copy :
GEN{stnameincr cadds§ : cadds,
iner§ : reladd,
eaddo§ : caddo}. {20}
Step B.5-2.3 :
NOOFT,

Remark 1

In case of non-ref-selection, and when cZassS = indiden or indwost, an indirect

address is stored on WOST%. However, if the selected field does fit into a register,
it is as efficient to store the value itself instead of its address on WOST%.

Let X be the address of the cell where the address of the source structure is sto-
red, and Y the address of the result on WO0ST%.
Case 1 : the address of the result is stored at ¥ :

ILDB X
ADB = reladd
B Y
LDB
DA 0,B {use of the result}
Case 2 : the value itself is stored at Y :
DB X
ADB = peladd
LDA O,B
A Y
1DA {use of the result.}

After local optimizations, the machine instructions produced with the two strate-—
gies are identical. However, the second solution may be more efficient as far as ge-
protection is concerned : a value on W0ST% must be protected less often than if it is

accessed through an indirect address.

Remark 2

Thanks to TOPST, it is easy to control whethér the subname resulting from a ref-
selection will be immediately dereferenced or not. In case of the affirmative, the
dereferencing can be combined with the selection ; this allows to avoid an interme-—
diate construction of the subname and reduces the number of ge-protection actions.
The sbove remarks though not described here in whole details have been implemented

in the X8~compiler.

Remark 3

A new field Aadd associated with the indirect access (Zndiden n.p) and (indwost
n.p) would allow to avoid any dynemic action to translate a selection of a field of
& structured value with one of these above accesses. Aadd would be an increment to

the indirect address, and the selection would correspond to Aadd+:=reladd.
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In most of mechine codes, loading in register A the contents of a word of access
{(tndiden n.p, tadd) {using the index register B), would correspond to :

LDB n.p
LDA hadd, B

11.2 DEREFERENCING

Syntax
DEREF + derefV DEREFCOERCEND.

Translstion scheme
1. p{DEREFCOERCEND)
2. Check of nil

3. A. classs = diriden
B " = {ndiden
c. 7 = variden 1. BOST
D. " = dirwost and WONROW(mode ) 2. GEN
E. " = dirwost and “NONROW(mode )
F. = indwost.

Semantics

Step 1

p (DEREFCOERCEND)
{The static properties of the value on which the dereferencing applies, appear
on BOST ; they are denoted modes, cadds A N
Step 2 : Check of nil :
{elass of cadds # variden
|GEN (checknil cadd§ : cadd J) {106}
Step 3
A number of cases essentiglly based on clas%;are distinguished ; through all the
cases, the static properties modeo, or and scope , are treated in the same way :
modeo = DEBEFﬁwodas)
or, = or,
derefo of or =1
scope | = (SCOPERELEVANT(modeO) ] (inscs,o)
I (0,0)).
Case A ¢
classs = diriden.
Step A-1 : BOST static properties :
caddo := (indiden adds)
smr_, dmro and ge, are irrelevant.

No dynamic sction is implied.
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Case B :
elasss = {ndiden.
{the address of the resulting value is copied on WOST%}
Step B~1 : BOST static properties :
cadd, := (indwost bne.swostc + Amem)
e 1= bne. swoste
dmro = nil
ge, = bne. gee.
Step B-2 : Generation of run—time actions :
Step B-2.1 : Ge :
GENSTANDGC.
Step B-2.2 : Copy :
GEN(stword cadds§ : (indiden add s)’
caddo§ : (dirwost add o))' {43
Step B-2.3 :
NOOPT.
Casge C ¢
classs = variden.
Step C~-1 : BOST static properties :
cad'ds := (diriden add 8)
eme drmo and ge  are irrelevant
No dynamic action is implied.
Cagse D :
class s = dirwost and NONROW (modeo).
Step D-1 : BOST static properties :
eadd := (indwost adda)
smr | := eme

ge, := geg.
Step D-2 : Generation of dynamic actions :
Stép D-2.1 : Ge :
(ge,, # nil | GENSTANDGC),
Case E :

elass e " dirwost and NNONROW(modeo).

{This distinction between the cases NONROW(modeo) and mNOIVROW(modeO) is implied
by the solution adopted to treat local names [ 14] . Indeed, the descriptor of the
multiple value may be stored on WOST% behind the name, but this information is dy-
namic. In order to be able to proceed in the static management with one single
static property, an instruction has to be generated in order to force the copy of
the descriptor on WOST% if it is not already there}.
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Step BE-1 : BOST static properties :
caddo ;= (dirwost' bnc.tadds + staticszname)
{staticsaname means” staticsize of a name referring to a non-row value ";
in our case it is 2.}
emr | i= smr
dmz’o =il
ge, 1= (ge, # il | ge,
|:flexbot  # 0 | bnc.gec
| a2 ).
Step E-2 : Generation of run-time actions
Step B-2.1 : Ge :
(ge, # nil | GENSTANDGC).
Step E~2.2 : Copy :
GEN(stndescrwost mode§ : modeo,
eadd§ : caddo) {15}
Action :
If the descriptor pointed to by the name of access caddo and mode madea is not
stored in a location just after the name, then a copy of the descriptor in this
location is performed and the name pointer% is made equal to the address of
the new instance of thig descriptor.
Case F :
classs = indwost,
{the pointer of the name is stored on WOST%}.
Step F-1 : BOST static properties :
eadda 1= (indwost bne.tadd of smr + Amem)

smy I= smr
[

g
dmy = nil
o fT L
ge, = (gos #nil | ge,
|:derefo_ | bne.gee
| mil).

Step F-2 : Generation of dynamic actions
Step F-2.1 : Ge :
(ge, # nil | GENSTANDGC) .
Step F-2.2 : Copy :
GEN(stword cadds§ : (indwost adds),
caddo§ : (dirwost addo)). {h}

Remark

In case of elasss = zndiden or indwost a remark similar to remark 1 of II.11.1

holds. It has been implemented in the X8 compiler.
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11.3 SLICE

Different translation strategies have to be implemented according the slice ap-

plies to a name or not, and according the result is of mode row/ref row or not.

Syntax
SLICE - sliceV PRIMSLICE INDEXERS

INDEXERS - [ INDEXER1 , ..., INDEXERn]
INDEXERi ~ TRIMMER|
INDEX
{with sliceV the DECTAB pointer modeo corresponding to the value resulting from

the slice, is agsociated}.

Translation scheme
1. p(PRIMSLICE)
2. Check of nil

. Check of flex

3
4. Descriptor space reservation
5. p'(INDEXERS)
6. Initializations
7. for i to NBDIM (modes)

do A" GEN(trimmer ...)

B" GEN(index ...)

od
8. GEN(fillstrides...)
9. & ZVOZVREF(modeS) and mZVOIVROW(modeo)
NONREF(modeS) and NONROWﬁﬂOdeo)
" NONREFﬁwodes) and WNONROW(DEREF(modeo))
N NONREF(modes) gﬁé' NONROW(DEREFOmodeG)).

[+v)

¢
2

Semantics
Step 1
o {PRIMSLICE)
{The static properties of the value on which the slice applies appear on BOST ;
they are denoted modes, cadds veal}
ASSLICE (cadd ) (see II.2.4 and II.12.1).
Step 2 : Check of nil :
(n ZVOZVREF(modeS) and cadds # variden
|GEN (checknil cadd§ : cadd_)) {106}
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Step 3 : Check of flex :
v NOIVRE’F(mades) and flextop of TOPST topstpm-11 = (stat 1)
|GEN (checkflex cadd§ : cadd) {61}
{Action :
A run-time alarm is provided if the name with access cadd§ is flexible.}
I ~IONREF (mode ) and class of flewtop of TOPSTI topstpm=1] = dyn
|GEN( checkflexr bnerout§ : spee of flextop of TOPST] topstpm-1] ,
eadd§ : cadd_)) {62}
{Action :
(flexk of (k%) RANSTYl DISPLAYVY bnorout§]] = 1.}
!Eﬂ if the name with access cadd§ is flexible then a run-time alarm is pro-—
vided co})

Step 4 : Descriptor space reservation :

SWoST% cadd
P s

Dé
caddd tnames} 3
1 D -'.\

i ]

V—"/_——_—.
Case A’
NONREF( modes) .
mode g T modeo
cadd R (dirwost bne.swoste + hmem)

ey i brne. swoste

{caddd and smr, are properties related to the descriptor of the resulting va~
lue ; it is constructed in the first free cell of SW0ST% (see remark 2)}

cadd s T cadds.

{caddds is the address of the source descriptor}.

Case B'
~ NONREF (mode 8}-
= E
mode q DEREF (mode 0)

cadd i (dirwost bne.sweoste + Nmem + staticsznrname)

smw g 1= bra. swoste

{Here space is reserved from the first free cell of SWOST% for the resulting
name and the descriptor, if any, referred to by this namel.
cadd s T DEREFCADD(cadd ).

s g
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Step 5 :
o' {INDEXERS)
{A11 tertiaries of the indexers are translated, their properties including those
of the default tertiaries appear on BOST and this together with a flag allowing
their correct interpretation (trimmer or index). For a trimmer in the ith dimen—
sion, we have three sets of static properties denoted cadd’% caddm: +.. and
caddz gt respectivziy.
For an index in the i dimension we have one set dencted caddi N
Step 6 : Initializations :
reladd := relative address of the field bounds% of the first dimension in the des-
criptor of access caddd, to be constructed.
GEN{stword cadds§ : cadd s
caddo§ : cadd d) {4}
{the offset is copied}.
Step 7 :
For © to NBDIM(modeg)
do
Case A" :
The indexer is a trimmer.
GEN(trimmer n°dim§ : 1,
eadds§ : cadd o
caddl§ : aaddh.,
ecaddu§ : aaddui,
eaddl’§ : cadciz rge
caddoff§: cadd D
caddt§ : (dirwost bne.tadd, + reladd)) {63}
~cadds§ and n°dim§ give access to the current triplet bounds% in the source
descriptor. Let Zi%’ ui% and d?:% be the corresponding three integer values.
—caddl§, caddu§ and caddl'§ give access to the three integers resulting from
the corresponding indexer ; they are denoted 1%, u% and 1'%.
—caddoff§ gives access to the object offset denoted offo%.
~caddt§ is the access to the location where the current triplet bounds% has to
be stored in the object descriptor ; the corresponding fields are denoted [ t%’
u t% and d t%'
Action :
(1% < 1% and u% < u %
!offo% +i= (Z%*Zi%) * di% H

Zt% = 1'%

ut% 2= (10%=1%) + u% g
d,% := d.%

t 7

[1_23 an error message 1s provided g_o__)

reladd +:= co the size of an element of the field bounds? co.



188

Case B" :
The indexer is an index
GEN (index n°dim§ : <,
cadds§ : cacfdds,
ecaddi§ : aczddi,
caddoff§ : caddy) {64}
-cadds§ and n°dim§ give access to Zi%’ ui% and di% (see step 7, case A).
~caddi§ gives access to the offset denoted here k%.
~caddoff§ gives access to the offset of the object descriptor denoted offo%.
Action :
(Zi% < k% < ui%
loff % +:= (ka1 %) * d %

[gg an error message is provided gg)

od.
Step 8 :
GEN(stfillstrides mode$ : mode &
caddeser$: cadd d) {66}
Action
The descriptor characterized by mode§—~caddescr§ is completed i.e., the fields
{(with n=NBDIM(mode§))
statesh := (1,1y...,1)
iflagh := 1
for < ton
do (27:%>u7:% ! CEO?’ ;=0 ; L)
od ;,
do% o= ‘§1 di% * (ui%nli%) + STATICSIZE (DEROW(mode§))
L ., ‘
Step 9 :

A number of cases based on modes and modeo are now distinguished ; through these
cases the static properties modeo, or, and scope & on BOST are treated in the sa-
me way :
modeo i= modeo explicit in the source text.
or := or
2] g
se¢_ := sc
o 8
Their storage on BOST will remain explicit.
Case A :
NONREF( modes) and mZVONROW(modeO) .
Case A.1

aZasss = direttab.
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Step A.1-1 : BOST static properties :
caddo p= (dimost'addd)

smy_ := smr
o d

dmro = nil
ge, = nil

No other run-time action is implied.

Cage A.2 ¢

classs = diriden.

See case A.7 except for ge, :
ge, := (derefo_ and flexo  # 0 |bne. gee

i)

(ge, # nil | GENSTANDGC).

Case A.3 :

classs = indiden.

See case A.1 except gco :
ge, := (kindo_ = var or flewo  # 0 |bnc.gec

i)

(ge, # nil | GENSTANDGC).

Case A4

classs = dirywost.

Step A.L-1 : BOST static properties :
cczddo := (dirwost add d)

smr 1= gmp
o s
dmr 1= dmr
o s
e = ge .
9% 9%

Step A.L-2 : Generation of run—time actions :
Step A.L-2.1 : Ge

(ge, # nil |GENSTANDGC).

Case A.5 :

class_ = dirwost’'.

See case A.1 except smr and ge, :

smr = smpr
o g
ge, = geg
(ge,, # nil | GENSTANDGC).
Case A.6 :

cZasss = {ndwost.
See case A.1 except ge,
ge, := (ge, # nil [gas
[:derefos and flexo, # 0 [bre. gee
|mi2)
(ge, # nil | GENSTANDGC).
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Case B

NONREF () modes} and RONROW ( modeo) .

{The descriptor constructed at caddd reduces to its offset ; this one is used as
indirect address of the result of the slicel.

Case B.1

classs = dircttab.

Step B.1-1 : BOST static properties :

caddo = ({ndwost czddd)
emr | := emr

dfmﬂo := il

ge, = nil

No dynamic action is implied.
Case B.2 :
classs = diriden.

See case B.1 except for gco :

ge, := (devefo_ and flewo # 0 |bne. gee
Ing2)

(ge, # nil | GENSTANDGC).
Case B.3 :
alasss = indiden.
See case B.1 except geo :

ge, = (kindos = yar or f‘ZeacoS # 0 |bne.gee

|nit )

(ge,, # nil | GENSTANDGC) .
Cage B.h :
cZasss = dirwost.
{Remember I1.2.3.2, rule bl : no indirect addressing from W0ST% to WOST% ; the copy
of the static part of the result is forced on SWO0ST%.}
Step B.4~1 : BOST static properties :

caddo := (dirwost bne.tadd s'j

sme = smr
dmro 2= (dmp! := DME&EVANT(modeO) H
elags of dme' = nil |nil
lielass of dmr = stat !taddo +:=1 ; {avoid offeet superseding}
dmr
e
]a’mps)
ge, i= (ge, # nil and GCRELEVANT(mode ) Igcs

Inil).

Step B.4-2 : Generation of dynamic actions :
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Step B.b-2.1 : Dmr :
(cbnro = nil and class gﬁdmz’s = stat
|GEN (stword  cadds§ : (dirwost add of dmr ),
caddo$ : (dirabs ranstpm%)) {4}
| :dmr = nil and class of dmr_ = dyn
|GEN (stword  cadds§ : (dirdmw add of dmrs),
caddo§ : (dirabs ranstpm3)) {4}
{Memory is recovered on DWOST%}L
Step B.h-2.2 : Ge :
(ge, # nil and ge, = nil
|GEN (stgenil caddge§ : (dirgew bna.gcs))) {13}
(ge, # nil | GENSTANDGC).
Step B.4-2.3 : Copy :
GEN(ststatwost mode§ : modeo,
eadds$: (indwost addd),
caddo§ : caddo). {12}
Step B.h-2.4 :
NOOPT,
Case B.5 :
cZasss = dirwost’.
See case B.1 except smr and ge, :
smr, = mr,
ge, = ge,
(ge, # nil | GENSTANDGC).
Case B.6 :
cZazsss = indwost.
see case B.1 except ge, which is trested as ge, in case A.6 and smr IS smr .
Case C :
mIVONREF(modeS) and ~NONROW(DEREF (mode 0)).
{The result is a name for which space has been reserved in front of the descriptor.
This neme has to be constructed}.
GEN{stname caddpointer§ : (varwost add d}’
caddscope§  : cadd o
eaddo§ : (dirwost bne.tadd i staticsznrmame)) {67}
Action :
A name is stored at the address caddo§ :
pointer% := address corresponding to caddpointer§
scope% := copy of the scope of the name with address caddscope§.
Cage C.1 :

cZazss‘S = diriden.
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Step C.1-1 : BOST static properties :

aaddo := (dirwost bne.tadd e staticsznrname,)
smr | := emr
cbﬂro = il
ge, := (derefo_ or flewbot =0 |bne. gee
it
(ge,, # nil | GENSTANDGC)
NOOPT,
Case C.2 :

classs = Zndiden .

See case C.1 except ge, :
ge, = bne.gec
GENSTANBDGC.

Case C.3 @

eZasss = variden.

See case C.1 except ge,

ge, := (flexbot, # 0 |bne. gee

i)
(ge, # nil |GENSTANDGC).

Case C.ht

cZasss = dirwost.

See case C.1 except eme and ge, :
smr 1= smr
(gey # nil lge,

. flewbot  # 0 |bre. gee
Iniw)
(ge, # nil | GENSTANDGC).

Case C.5 :

classs = indwost.

See case C.1 except emr and ge, :
sme 1= smr,
go, = (ge, # nil Egcs

|:flexbot  # 0 or derefo |bne.gec
L)
(ge, # nil | GENSTANDGC).

Case D :

~ NONREF(modes) gﬂé NONROW(DEREFOWOdeO)).

{llo descriptor is invclved, the offset stored at caddd is used as name pointer ;
the dynamic action reduces to store the scope}
GEN (stscope cadds§ : cczdds,

caddo§ : cadd d} {69}
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Action :
The field scope% of the name stored at cadds§ is stored in the field scope
of the name stored at the address caddo§.
The management is identical to case C except
caddo := (dirwost bnc.taddd).

Remark 1
If sccording to TOPST it appears that the subname resulting from a refslice will
be immediately dereferenced, dereferencing is combined with glicing ; this allows to

avoid the name construction on WOST%.

Remark 2
In the above descriptions, space for the resulting descriptor is reserved at the
top of WOST% ; it would be more efficient, as far as WOST% space consumption is con-

cerned to overwrite the source descriptor when this one is on WO0ST%.

Remark 3

The 2flag% of the descriptor is systematically set to 1, which indicates that the
elements of the multiple value are not necessarily contiguous ; this causes less ef-
ficient algorithms to be used at run-time, to manipulate (copy for example) the mul-
tiple value. Clearly in some cases easily detectable, ¢f7ag% could be set to O given
the elements are contiguous ; this would increase for these cases the run—time effi-

ciency.

Remark 4

Each indexer gives rise to a new ICI (trimmer or imdex). All the X'Is could be grou—

ped in a single one, thus causing less redundency in the ICI parameters and leaving

more liberty for generating machine instructioms.

Remark 5

The revised version of ALGOL 68 allows selections to be performed through rows.
This is easily implemented : the resulting descriptor has an offset which is the one
of the source descriptor incremented by the relative address of the selected field

ingide the structured value.

Remark 6

If array elements are stored in machine bits or bytes instead of words the above

algorithms have to be reconsidered.
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11.4 UNITING

Syntax
UNITED -+ unitingV UNCOERCEND

{With uniting¥V, the mode of the result of uniting, modea, is associated}.

Translation scheme
1. p{UNCOERCEND)

2. A. Uniting union

B. Uniting not—union

1. cZasss = constant or
" = diveitab
" = dividen 1. BOST
" = indiden 2. GEN

" = variden

.

1

divwost

N
|

" = dirwost’

By o jw o

indwost .

Semantics

The solution described below supposes that the union overheads are DECTAB pointers
specifying the actual mode of the union value. For a given mode union, the order of
the constituent modes is not fixed ; hence handling of union values requires a dyna-—
mic check on equality of modes. Two main cases have to be considered according
UNIONﬁmmdes) 18 true or not.
Step 1

p {(UNCOERCEND )

{The static properties of the value to be united appear on BOST ; they are deno-—

ted,modes, cadds +++ « The TOPST management of Amem ensures space reservation for

the overhead on WOST%}.

Step 2
Case A : Uniting union :
UNION(modeS).

Only the mode has to be modified on BOST ; no dynamic action is implied given the
overhead has the form of & DECTAB pointer where the actual mode of the value is spe-
cified.

Case B : Uniting not union :

n;UNION(modes).

{An overhead has to be created ; if the source value is on WOST%, space for this over-

head has been foreseen in front of the value thanks to amem of the TUOPST element set
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up at p{UNCOERCEND). Aumion represents the size of the overhead in memory words, in
practice Aunion = 1}.
A number of subcases are now distinguished, they are based on cZasss. Through these

cases the static properties modeo, or, and scope  are treated in the same way :

modeo := mode of the coercend after uniting (see synta.x).
oro = ors
sco = sce
Their storage on BOST will remain implicit.
Case B.1 :

cZasss = constant or
" = dircttab.
{The resulting value could be constructed in CONSTAB ; here a solution where the
value is constructed on W0ST% is described}.
Step B.1-1 : BOST static properties :
aaddo := (dirwost bne.swoste + Amem)
eme | i= bne. swoste
a}nro = (dmp! o= DMRRELE’VANT(modes) H
(class of dmr' = stat |(stat
bne.tadd of dmr' + taddo + Aunton)
| :elass of dmr' = dyn | (dyn bne.dmre)
|n2))
ge, = nil,
Step B.1-2 : Generation of run—time actions :
Step B.1-2.1 : Dmr :
(class of dmro = dyn
| GEN (stdmrwost cadd§ : (dirabs ranstpm%),
cadddmr§: (dirdmew bne.add of dnwo)) {7}
Step B.1-2.2 : Copy :
GEN (stoverhunion mode§ : modes,
eadd§ : caddo). {17}
Action :
An overhead corresponding to modeS is stored at the address caddo.
GEN(etwostd mode§ : modes_,
cadds§: cadds,
caddo§: (dirwost bne. taddo + Aunion)) {3}
Action :
The value characterized by mode§-cadds§ is stored at the address caddo§ (see
IT.1}.
N.B This last copy could be avoided, see remarks.
Step B.1-2.3 :
NOOPT.
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Case B.2 :
aZczsss = diriden.
Bee case B.1 except for ge, and the corresponding IC generation :
ge, = (GCRELEVANT (mode ) and derefo |brie. gee
)
(ge, # nil | GENSTANDGC).
Cage B.3 :
cZasss = tndiden.
See case B.1 except for ge, and the corresponding IC generation :
ge, := (GCRELEVANT (mode ) [bne. gee
|y
(ge, # nil | GENSTANDGC).
Case B.h :
classs = variden.
See case B.1 except for drmo and the corresponding IC generation :
dm*o:: #nil.
Case B.5 :
elasss = dirwost.

Step B.5-1 : BOST static properties :

caddo := (dirwost bne. ‘tadds - Aunion)
gmr 1= gmr
dmro ;= {it must be checked whether the overhead does supersede a dmr informa—

tion, in which case this information must be saved on DMRWOSTS}
(class of dmr = stat and
taddo < tadd of dmrs < tad&s
|flag := 1 ; (dyn bnc.dmrc)
|flag := 0 ; dme )
ge, i= geg
Step B.5-2 : Generation of run~time actions :
Step B.5-2.1 : Dmr :
(flag=1 | GEN(stdmrwost cadd§ : (dirwost add of dnr ),
ecadddmr§ @ (dirdmy dme O)) {1}
Step B.5-2.2 : Copy :
GEN(stoverhunion mode§ : modes,
cadd§ : caddo) {i1}
Case B.6 :
cZasss = dirwost’.
{an overhead is created and the copy of the dynamic part is forced on WOST%)}

Step B.6~1 : BOST static properties :
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cadd  := (dirwost bne.tadd - bunion)
mr := s,
dmr’o 2= {dmp! = DAﬂ?RELE’VANT(modeS) N
(class of dmr' = stat |(stat bne.tadd of aadds
+ tadd of dmr')
|:class of dnr’ = dyn |(dyn bne.dmre)
| nil)
ge, i= geg
Step B.6-2 : Generation of run-time actions :
Step B.6-2.1 : Dmr :
(class of dmr, = dyn
|GEN (stdmrmoost cadd$§ : (dirabs ranstpm%),
cadddmr§: (dirdmrw bne.add of dmz"o)) {7}
Step B.6-2.2 : Copy :

GEN (stoverbunion mode§ : modes,

eadd§ : caddo) {17}
GEN (stdynwosts  mode§ : modes,
cadd§ : cadds) {11}

Action :
The dynamic part of the stored value characterized by mode§—cadd§ is stored on
RANST% from ranstpmb.
Case B.T :
classs = Zndwost,
{an overhead is created and the copy of the whole value is forced on W0ST%}
See case B.6 except caddo and the corresponding IC generation for the copy :
caddo = (dirwost bne.tadd of smr , + hmem)
GEN(gtwost3 mode§ : modes,
cadds§: cadds,
caddo§: (dirwost bnc.taddo + tunton)) {3}

Remark 1

The use of DECTAB at run-time for handling values of mode union can be avoided at the
price of some additional compile-time actions : in DECTAB the constituent modes of
all union modes must be ordered consistently. In this way the run—time overhead can
be replaced by the number of the constituent mode in the ordering. It is to be noted
that now, a uniting of a united mode may imply a run—time modification of the source
overhead. Suppose we have to translate an action (copy for example) on a union value,
and suppose T1,72,...Tn are the IC to be generated for translating the action applied
to the values of the n constituent modes of the union. With the strategy described

in this report, we generate :



198

( overheadh = model |T,

|:overheads = mode2 |7,

|:overhead’ = moden |T, )
With the strategy avoiding the use of DECTAB we would generate
{overhead% |T1,72,...Tn).

Remark 2
The above translation of uniting is not optimal ; it could be improved in two

ways

{1) By accepting to have values of mode union with an access class dirwost’, which
would avoid the copies of the dynamic parts of united values.

(2) By having a new access class wnionmwost meaning that only the overhead of a union
value is stored on W0ST% together with a pointer to thé actual value.
An alternative solution of (2) would consist in keeping the source access unchan—
ged but in having another property on BOST telling whether the value has been
united and in this case, indicating which is the overhead. In this way the run-—
time representation will only be constructed when the union value will have to
be copied. Note that this solution becomes redundent if previsions are implemen-
ted.

11.5 ROWING

Syntax
ROWING -+ rowingV ROWCOERCEND

{Consecutive rowings are supposed to be grouped ; with rowingV, the mode of ROW-
COERCEND (modes) and the mode after rowing (modeo) are associated ; Arvow is defi-
ned as the space needed for extending the static part of the source value accor-

ding to all consecutive rowings to be performed}.

Translation scheme

1. Prefix translation

2. p (ROWCOERCEND)

3. Check of nil

L, Check of flex

5. A NONREF(mod%Q QQQ’DNONROWOWOdes)
1 classs = direttab

" = diriden 1. BOST

-

4

3

.
1

indiden 2. GEN
" = dirwost

2
2
6

. " = dirwost’
. " = Zndwost
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5. B IVONREF(modeo) and NONROW(modes)
cZasss = constant
dircttab or
diriden 1. BOST
" = indiden 2. GEN

variden

1.
2. H

=
1}

1=
V
2
n

" = diryost
" = dirwost’
" = indwost
leONREF(modeo) and NONROW(DEREF (mode s))
. cZasss = diriden
" indiden 1. BOST
variden 2. GEN
" = dirwost
" = indwost
mNONEEF{modeS) and NONROW(DEREF (mode o))

eZassS = diriden

NN
i

14

l= W o =
1]

vt
v

|= 12 I

. Sl

.
|

" = indiden
" = variden 1. BOST
" = dirwost 2. GEN

" = indwost.

M E e o
no

Semantics
Step 1 : Prefix translation :
(NONREF (mode ) and
NONROW (mode s) and
class of DMRRELEVANT(mode_) # nil
|GEN (inerrtuostpn caddiners : (intet STATICSIZE(mode )) {25}
Action :
Let © be the integer of access caddiner§ ;
ranstpmlh +:= 1
{The garbage collector may be called}
)
This step takes into account I.2.L4.2, Remark 2. According to what, when a rowing
applies to a nonrow value, the static part of the source value, if stored on
SWOST%, must be copied on DWOSTS. Here space is foreseen for such a copy.
Step 2 :
p (ROWCOERCEND )
{We recall here that at the entry of o calls, the management of TOPST is perfor-
med. In case of ROWCOERCEND, Amem in the new TOPST element is the Amem of the sub—
Jacent TOPST element incremented by Arewm In this way, after the translation
¢ (ROWCOERCEND), if its result is on WOST%, there is always space enough, in front
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of the static part of the value to extend the descriptor according to the number
of rowings nrow. Also, after this translation, the static properties of ROWCOER~
CEND sppear on BOST. They are denoted modes, cadds veols

Step 3 : Check of nil :
(n NONREF( modeo) .

| GEN (checknil cadd§ : cadd )) {106}
Step b : Check of flex :
(mNONREF(modeo) and ... (see I1.11.3, step 3).
Step 5 ¢

A number of cases based on modeS and modeo are now distinguished ; through these

cases, the static properties modeo, or, and scope,, on BOST are treated in the sa-

me way :
mode  := mode
o o
or = or
s
sc_ = sc,
[ Es
Case A :
NONREF ( modeo) and ~NONROW() modes) .
Case A.1

classs = direttab.

Step A.1-1 : BOST static properties

cadd  := (dirwost! bne.swostc + mem)
sme = bne. swoste

dmz’*o 1= nil

ge, = nil.

Step A.1-2 : Generation of run-time actions
Step A.1-2,1 : Copy :
GEN (rowingrow modes§ : mode_,

g
modeo§ : modeo,
cadds§ : cadds,
caddo§ : caddo) {74}

Action :
& descriptor is constructed at the address caddo§. This descriptor is the
descriptor of the multiple value stored at cadds, rowed a number of times ac-
cording to modes§ and modeo§.
Case A.2 :
class = diriden,
See case A.1 except for ge, :
ge, = (derefbs and flexo, # 0
|bne. gec
1)
(ge, # nil | GENSTANDGC).
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Cage A3
cZasss = indiden.

See case A.1 except go

ge, = (kindos = var or flexos £ 0
| bne.gee
| nit)

(ge, # nil | GENSTANDGC).

Cage Ak :

aZasss = dirwost.

Step A.4-1 : BOST static properties :
cadd  := (dirwost bne.tadd . ~ Arow)
smr  := gmr

o s

&rmo := see I1.11.4 step B.5-1

ge, i= ge .
Step A.4-2 : Generation of run-time actions :
Step A.4-2.1 : Dmr :
See II.11.4 step B.5~2.1.
Step A.4-2.2 : Ge :
(ge, # nil | GENSTANDGC).
Step A.4-2.3 : Copy :
See case A.1, but here, source bourd%'s have not to be copied.
Case A.5 :
classs = dirwost’.
Step A.5-1 : BOST static properties :
caddo := (dirwost!' bna.tadds - Arow)
gmr | i= smr
dmro :=nil
ge, = go.
Step A.4-2 : Generation of run-time actions :
Step A.5-2.1 : Ge
(ge, # nil | GENSTANDGC).
Step A.5-2.2 : Copy :
see step A.bW-2.3.
Case A.6 :
cZasss = tndwost.
Step A.6~1 : BOST static properties :
cadd  := (dirwost' bne.tadd of smr . + tmem)
smr | := smr
dnuﬂo :=nil
ge, = (gcs # nil | ge,
}:derefos and flewo # 0 |bre. gee

[ni2).
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Step A.6-2 : Generation of run-time actions :
Step A.6-2.1 : Ge
(go, # nil | GENSTANDGC).
Step A.6-2.2 : Copy :
see step A.1-2.1.
Lase B :
NONREF (mode ) and_ NONROW (i modes) .
Case B,1
class, = constant.

Step B.1-1 : BOST static properties :

caddo := (dirwost bne.swoste + Nmem)
smr 1= bne. swostc

dmr'o = (gtat tadd)
ge, = nil.
Step B.1-2 : Generation of run—time actions :
Step B.1-2.1 ¢ Copy :
GEN(stliteralroy mode§ : modeo,
cadds§ : cadds,
caddo§ : cadd,) {83}
Action :
A multiple value of mode§ and with one element of access cadds§ {which cor—
responds to a literal) is stored on WOST% at the access caddo$ The element
is stored on DWOST% which implies to increment ranstpm% ; hence, the garbage
collector may be called.
Case B.2 :

class, = direttab or

" = diriden,

Step B.2-1 : BOST static properties :
cadd b T (dirwost’' bne.swoste + hmem)
eme = bne. swoste
cbm*o = nil
ge :=ni

Step B.2-2 : Generation of run-time actions
Step B.2-2.1 : Copy :
GEN (rowingscades modeo§ : modeo,
cadds§ : cadd o0
caddo$§ : caddo) {70}
Action :
The deseriptor of a multiple value of modeo§and with one element of address
ceadds§ is constructed om SWOST% at the address caddo§.
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Case B.3 :
elass 6 " indiden.
See case B.2 except for ge, :
ge, := (kindo_ = var lgee |nil)
(ge, # nil | GENSTANDGC).
Case B.k :
aZasss = variden.
See case B.1 except copy :
GEN (rowingvar modeo§ : modeo,
cadds§ : cadds,
caddo§ : cadd 0) {71}

Action :

The multiple value of modeo§ and with an element of access cadds = (variden
%.y) is constructed on WOST% at the address caddo. The element is stored on

DWOSTS ; ranstpm% has to be incremented and the garbage collector may be cal-

led. The name has the following form :
potnters := DISPLAYS [ bn of BLOCKTABS [ x})+h+y
scope% := DISPLAYS [bn of BLOCKTAB [«]].
Case B.5 :
classs = dirwost.
Step B.5-1 : BOST static properties :
caddo 1= (dirwvost bne.tadd of smr_ + Lmem)

gmyr = smr
[

5
dmro := (stat taddo)
ge, = ge,.

Step B.5-2 : Generation of run—time actions :
Step B.5-2.1 : Ge :
(ge, # nil | GENSTANDGC).
Step B.5-2.2 : Copy :
GEN(rowingseal? modeo§ : mode -~
eadds§ : cadd,_,
eaddo§ : caddo,
dmres§ : dmr o {73}

Action 1 :

{class of dmrs§ # nil}, dmrs§ gives access to the RANSTS pointer of the first
cell of the dynamic part of the value. Step 1 has reserved space in front of
this dynamic part for storing the static part. This static part of cadds§ is
copied in this space. In this way, rule b2 of I.2.3.2 is respected.

Action 2 :

A descriptor for a multiple value of modeo§ with one element, the static part

of which has been copied on DWOST% by action 1, is constructed at the address
caddo$.
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Case B.6
eZasgs = dirwost’'.
Step B.6~1 : BUST static properties :
caddo := (dirwost bne.tadd of smw  + hmem)
s = emr
dmro := (stat taddo)
ge, := (ge, # nil and GCRELEVANT(mode ) ]gas
|:derefo, and GCRELEVANT(mode ) |bnc.gec
[nit).
Step B.6-2 : Ceneration of run-time actions :
Step B.6-2.1 : Ge :
(ge, # nil A ge = nil |GEN (stgenil caddge§ : (dirgew ge,)) {13}
l:ge, # nil | GENSTANDGC)
Step B.6-2.2 : Copy
GEN (rowingscall modeo§ : modeo,
cadds§ : cadds,
caddo§ : cadd ) {72}
Action 1
The whole of the source value with access cadds§ is copied on DWOSTS at the
address :
ranstpm%—STAﬁTCSIZE(modes)
{see step 1 and I.2.3.2, rule bhl.
Action 2 :
A descriptor for a multiple value of modeo§, with one element which has been
copied on DWOST% by action 1 is constructed at the address caddof.
Case B.7 :
classs = Zndwost.

Step B.7~1 : BOST static properties :

aaddo := (dirwost’ bnc.smrs + Mmem)
smr = emr,

dmro ;= il

ge, i= geg

Step B.7-2 : Generation of run~-time actions :
Step B.7-2.1 : Gec :
(go, # nil | GENSTANDGC).
Step B.7-2.2 : Copy :
GEN (rowingscades modeo§ : modeo,
cadds$ cadds,
ecaddo§ : eaddo) {70}
Action :
A descriptor for a multiple value of modeo$ and with one element of access

cadds$§ is constructed on SWOSTS at the address caddo§.
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Case C :

™ NONREF(mode ) and ~NONROW(DEREF (mode,)).

Case C.1

cZasss = diriden.

Step C.1-1 : BOST static properties :
eaddo ;= (dirwost bne.swoste + Amem)
emr = bre. swoste
dmro :=nil
ge, := (derefo_ or flexbot, # 0 |bne.gee

L)

Step C.1-2 : Generation of run-time actions :

Step C.1-2.1 : Ge :
(g, # nil | GENSTANDGC).
Step C.1-2.2 : Copy :
GEN (rowingrefrow modes§ : moa'fes,
modeo§ : mode ,
cadds§ : cadd ,
eaddo§ : eadd )

Q

(%]

)

Action 1

{76}

A descriptor for a multiple value of mode DEREF(modec§) and resulting from

the rowing of a multiple value of mode DEREF(modes§) and referred to by a na-

me of access cadds§ is constructed on SW0ST% at the address
(dirwost hodd of coddo§.tadd of eoddo§ + staticsznrname).

Action 2 :

A name referring to the descriptor created by action 1 and with a scope equal

to the scope of the name of access cadds§ is constructed at the address

eaddo§.

Cage C.2 :

cZasss = indiden.

See case C.1 except ge, :
ge, = bne.gee
GENSTANDGC .

Case C.3 :

classs = vgriden.

See case C.1 except ge, ¢
ge, := (flexbot  # 0 |bne.gee |nil)
(ge, # nil | GENSTANDGC) .

Case C. b :

cZasss = dirwogt.

See case C.1 except caddo, smr and ge
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cadd | := (dirwost bre. tadd - Arow)
e, i= emr ‘
ge, i= (geg, # mil  |geg
|: flexbot g 70 |bne. gee
i)
(ge, # nil | GENSTARDGC).
Case C.5 :
class = thdwost.
See case C.1 except caddo, emz  and ge
caddo := (dirwost bnc.srmﬂs + Amem)
gmr = smr
ge, := (ge  # nil | ge,
i:derefos or flexbot  # 0 |bne.gee

[ni2)
(ge, # nil | GENSTANDGC).

Cage D

~ NONREF (mode 0) and NONROW (DE'REF(modes)).

Case D.1 ¢

aZasss = diriden.

Step D.1-1 : BOST static properties :
caddo := (dirwost bnc.swoste + Amem)
smr = bne. swoste
dmz'o = nil
ge, := (derefo_ lbne.gee |nil).

Step D.1-2 : Generation of run-time actions :
S8tep D.1-2.1 ¢ Gec
(ge,, # nil | GENSTANDGC).
Step D.1-2.2 : Copy :
GEN (rowingrefsca modeof : modeo,
cadds§ : cadd o2
caddo§ : cadd ) {75}
Action :
See step C.1-2.2 actions of rowing refrow, but here, the value referred to
by the source name is not a multiple value.
Case D.2 :
classs = {ndiden.
See case D.1 except ge, *
ge, = bne. gee
GENSTANDGC .
Case D.3 :

classs = variden.
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See case D.1 except gco :
ge, = nil.
Cage D.h :
cZasss = dzrwost.
See case D.1 except caddo, smr'o and gco :
:= A . +
caddo (dirwost bne.tadd of sme Amem)

smyr T smy

o &
ge, = geg
(ge, # nil | GENSTANDGC).
Case D.5 :

cZasss = indwost.

See case D.1 except eacido,:, smr,, and ge  :
caddo := (dirwost bne.tadd of sme .+ bmem)
sme, i= emr,

ge, := (ge, # nil |ge,

I:derefos |bne. gee
1)
(ge, # nil | GENSTANDGC).
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12. CONFRONTATIONS

12.1 ASSIGNATION

Syntax
ASSIGNATION -+ asgsignationV DESTINATION := SOURCE.

Translation scheme
1. p (DESTINATION)
2. p(SOURCE) and check of overlapping

3. Scope checking and generation
A. GEN{assign .../
B. Compile-time error message
C.

GEN (assignscope ...)
4. BOST static management.

Semantics
Step 1
INMSTACK((nihil 0)) ;
INMSTACK( (nihil 0)) ;
{Two accesses are initialized, they may be superseded at the level of SLICE(c) or
IDENTIFIER (II.11.3 and IT.2.4)}
o (DESTINATION)
{After the translation p(DESTINATION), the static properties of the resulting va-
lue, which is a name, appear on BOST ; they are denoted moded, cadd ;50 o}
Btep 2 :
p (SOURCE)
{After the translation p{(SOURCE} the static properties of the resulting value ap-
pear on BOST ; they are denoted modes, cadds vee o}
OUTMSTACK (caddx) H
OUTMSTACK (caddy) 3
{n NONROW (mode )
or class of cadds = diryost
or deref of or,
or class of caddm = variden
and class of caddy = pariden
and add of caddx # add of caddy
IQQEQ,EfEEé {overlapping not possible}
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IGEN(checkoverZag mode§ : modes,
cadds§: cadds,
caddo§: eaddo,
labnb$: labnb) {107}
Action :
If the values of mode§, on the one hand referred to by the name of access
eaddo§, on the other hand of access cadds§ may not overlap then goto labnb.
{elass of cadds = dirwost’
fGEN(stdgnwost3 mode$§ : mode ,
eadds§: ecadd ,
caddo§: cadd ) {11}
iGEN(stdgnwost5 mode§ : mode
cadds§: eadds,
caddo§: (dirwost bne.swoste)) {11}
on BOST, cadds is adjusted according to the generated ICI,
GEN(labdef labnb§ : labnb) {28}
Step 3 : Scope checking and generation

%]

L)

Q w

Scoped and scope  are compared {see algorithm I.2.5.1.c¢{2)) ; this gives rise to
the following 3 cases
Cage A :
The static scope checking is relevant and OK,
GEN(assign modes§ : modes,
ecadds$ : aadds,
caddd§ : caédd) {85}
Action :
The value characterized by modes§—cadds§ is assigned to the name with an access
caddd§. This ICI includes bounds checking. Moreover, as soon as a flexible ar-
ray or a union(...row...) value is passed through in the data structure tree,
corresponding source subvalues are stored in new locations on the HEAP% and
bounds checking are inmhibited. In this case, the garbage collector may be cal-
led. (For more details see PART III).
Cage B :
Static scope checking is relevant and HWOK.
A compile-time error message is provided.
Cagse C :
Static scope checking is irrelevant.
GEN (assignscope modes§ : modes,
eadds$ : cadds,
caddd§ : cadd j) {86}
Action :

The assignation is performed as in case A, moreover, each time a name, a rou-
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tine or a format of the data structure is assigned, its dynamic scope scope%si
is compared with the one (scope%d) of the destination. A run-time error messa~
ge is provided in case scope%d < seope%si.
Step 4 : BOST static mesnagement :
In principle only the BUST properties of the source have to be deleted thus lea~
ving the properties of the destinstion for characterizing the result of the assi~
gnation. However, if according to previsions, the assignation is dereferenced,
the dereferencing is combined with the assignation by leaving on BOST the static
properties of the destination instead of those of the source. This is particular—

1y useful for translating combined assignations, like x:=y:= ... :=g, efficiently.

12.2 IDENTITY RELATION

Syntax
IDREL + idrelV TERTL {:=: | :%:}} rerre Y,

Translation scheme

1. p{TERTL)

2. p(TERTR)

3. BOST static properties
L. GEN(idrel ...).

Semantics

Step 1
o (TERTL)
{After the translation p(TERTL), the static properties of the resulting name appear
on BOST ; they will be denoted modez, caddZ A

Step 2
p (TERTR )
{After the translation p{TERTR)}, the static properties of the resulting name ap-
pear on BOST ; they will be denoted moder, caddr, R

Step 3 : BOST static properties :

modeo := bool
dmr = nil
o nre
ge, = nil
or = (nil,0,0,0)
g, = (0,0}
(t+) The notation {...I...}? for alternatives is well known ; i,J indicate the number

of repetitions allowed : i=1, j=1 correspond to one occurrence, i=0, j=1 corres-
pond to an option, i=1, j== correspond tc a sequence, i=0, j=» correspond to &
sequence option....
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Case A :

{olassZ A cZassr} # {dirwost A indwost}(ﬂ .
caddo := (dirwost bne.swoste + Amem)
s, i= bne. swoste.

Case B :

cZassZ = {dirwost Vindwost}.
cadd  := (dirwost bme.tadd of smr, + Amem)
° S i

smr_ := gmpr,.
o 1

Cage C :

cZa.ssZ # {dirwost Nndwost} and alassy = {dirwost Vindwost}.

cadd | := (dirwost bne.tadd of smr,, + dmem)

smr 1= emr .
Step ho:

GEN(idrel{=|#} modesl§ : mode
caddsl§ : caddz_.
caddsr§ : cadd, »
caddo§ : cadd,) {9192}

Action :

Case A :

NONROW(DEREF (modesl$)).

The pointer%’'s of the names of access caddsl§ and caddsr§ are compared ; this
delivers a boolean value which is stored at caddo§.

Case B :

n NONROW(DEREF (modesl$)) .

Case Bl

The pointer%'s of the names are equal.

The value true is stored at caddog.

Case B2 :

The pointers%'s of the names are not equal and the do%'s of the descriptors
referred to by the names are both equal to 0. The value true is stored at
caddo§. (1) T

Case B3 :

The pointer%'s of the names are not equal, do%'s are not both equal to 0 and
the offsets are not equal.

The value false is stored at caddo§.

Other cases :

For each dimension, if uZ%-17% and di% of the two descriptors are respectively
equal then true else fulse is stored at caddo§.

(+) This notation stands for class, # dirwost A class, # indwosth class. # dirwost
" 7 Pusstudativabuidiod VA Pt bbbty b ool
A classr # indwost.

{(+1)This case is left undefined by the language [ 1] .
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12,3 CONFORMITY RELATION ()

Syntax
CONFREL ~ confrelV TERTL {::=; ::}1 TERTR
{With confrelV, the mode of TERTL is associated, it will be denoted.MOdez}.

Translation scheme

1. Result static properties
2. p(TERTR}
3. A s 1. GEN(confto ...)
2. BOST static properties

B ::= 1. Static management for TERTR

2. GEW(conftobec ...)
3. GEN(jumpno T ...J)
L. o{TERTL)
5. GEN(assign(scope)...)
6. BOST management
7. GEN(Llabdef 1).

Semantics

Here, we disregard the possibility of performing a number of conformity checks in a
static way : although this has been implemented it seems to be of quite relative
interests.
Step 1 : Result static properties

First of all the static properties of the result are put on BOST :

mode := bool
0 A

caddo 2= {(dirwost bne.swostc + Amem)
sme = bne. swoste
dMPO = nil
ge = wnil
or = (nil,0,0,0}
se, = (0,0)
Space is reserved on SWOST% for storing this result.
Step 2 :
o (rErTR) {T1)
{The static properties of TERTR appear on BOST : they are denoted moder, caddr,
eee }e

(t) Conformity relations do no longer exist is the revised language.

(++)Vote that here, SOPRUG is not scanned in a strict right to left way.
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Step 3 :
Case A :

I3
s .

Step A.1
GEN(confto model§ : modez,
moder§ : moder,
caddr§ : caddr,
caddo§ : caddo) {95}
Action :
A check of conformity is performed between model§ and the value moder§-caddr§.
The boolean result is stored at eaddo§.
Step A.2 : BOST static properties :
The static properties of TERTR are deleted from BOUST (which may cause some dyna-
mic management for dmr and ge).
Case B :
Step B.1 : Static management for TERTR* :
The problem is the following : if the result of the relation appears to be true
then TBRTL has to be elaborated serially with TERTR. Hence TERIR has toc be preven-
ted against side—effects and its copy must be forced on WOST%. However, during
the elaboration of the conformity relation, TERTR may be 'deunited' and dereferen-—
ced a number of times to give a value of mode DEREF(modeZ). According to this, we
must define stabtic properties for the value resulting from TERTR after deunitings
and dereferencings and copied on WOST%. This value will be referred to as the va~
lue of TERTR#%. The place where the value of TERTR* will be copied on W0ST% must
be chosen carefully ; cases where the value of TERTR or part of it, already sto-
red on WOST%, is the value of TERTR# should not involve any extra run—time copy.
According to this the static properties of TERTR* are defined and are caused to
replace those of TERTR on BOST. They are denoted mode*r, cadd*r, cee .
Step B.2
GEN (confrobec model§ : modez,
moder§ : moder,
caddo§ : eaddo,
eaddr§ ¢ caddr,
ger§ gCys
dmer§ dmrr,
caddxrs: cadd*r,
goxr§ 1 gex,
dmrwrS : dmr*r) {96}

Action 1

see step 3, case A, confic.
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If the result is frue, the value moder§-caddr§ after deunitings and dereferen—
cings is copled at the address cadd¥rf§ unless it was already there. Also the
dynamic menagement of ge and dmr has to be performed according, on the one hand
to ger§ and dmrr§ for the value deleted and, on the other hand, to ge¥r§ and
dnr¥r§ for the value to be stored on WOST%.

If the result is false, the value moder§-caddr§ is deleted from WOSTS ; this
means “that the DWOST% space is recovered thanks to dmrr§ and the ge-protection
is caneelled thanks to ger§.

Step B.3 :
GEN(jumpno labnb§ : 1,
cadd§ : caddO) {29}
Action
If the boolean value stored at cadd§ is false then goto 1.
Step B.h :
o (TERTL)

{The static properties of TERTL appear on BOST, they are denoted modez, c'addZ ceol
Step B.5 :
GEN(assignscope mode§ : DE’REF(mod’eZ),
cadds§ : cadd*p,
caddd§ : cadd,) {86}
-Dynamic scope checking can be avoided in the same way as for assignations.
Action :
see II.12.1,
Step B.6 : BOST management :
The static properties of TERTL and TERTR#* are deleted from BOST possibly together
with the generation of run-time actions for g¢ and dmrmanagement.
Step B.7 ¢
GEN(lgbdef labmb§ : 1) {28}
N.B. The static management and the run-time actions of the ICI's generated are
such that at this point only the static properties of the boolean result appear
on BOST ; moreover, at run-time, at label 7, only the boolean result appears on
W0ST%. In any case,instructions for dynamic management of ge and dmr corresponding
to TERTR or TERTR# have been elaborated.



215

13. CALL OF STANDARD ROUTINES

Syntax
STDCALL - stdcallV (ACPAR1,ACPAR2,...,ACPARn)

{This syntax holds for standard formulas as well asfor standard functions. With
stdcallV a SYMBTAB pointer is associated where the properties of a standard rou-

tine are found. They are denoted moder, caddr veelts

Translation scheme
1. for i to n do
p(ACPARL) od

2. BOST static properties
3. GEN(standeall...)
L, Gec dynamic actions

5. Static management,

Semantics
The translation scheme which is given here applies to any standard formula.
However, in practice, some formulas have to be treated in a particular way in order
to increase the efficiency : such are formulas delivering a result in which the value
itself of one of its parameters is involved. E.g. op(int)int +, op(reallreal +,
op(eompl)compl +, op(bool)int abs, op(char)int abs, op(bits)int abs, op(int)char repr
and op(int) bits bin ... do not imply any run-time action ; Zm, re can be treated as
selections, £ can be treated as a structure display and the run-time action of conf
may be reduced thanks to an appropriate analysis of the static properties of the pa-
rameters. String operations may also be treated in a particular way, for example,
the dynamic part of the result can directly be comstructed on HEAP% which allows to
avoid its copy when it is assigned thereafter. Finally, operations combined with
assignation deserve a special treatment, their result being one of their parame-
ters. When all the parameters of a sitandard call are denctabions, the result can be
calculated at compile-time and stored in CONSTAB, ©but one may ask oneself whether
this is really worthwhile.
The general translation scheme is as follows
Step 1

p(ACPARL) od

{The static properties of the n parameters appear on BOST, they are denoted model,

eaddl ... moden, caddn...}.
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Btep 2 : BOST static properties :
First an analysis of the static properties of the parameters on BOST is performed,
this results in
—cadd” i.e. the address of the first hole between the static parts of iwo para-
meters stored consecutively on SWOST%, hole with a size > SPATICSIZE (RESULT
(moder)) + dmem. In case no hole satisfies the condition, eadd” = (nihil 0J
{see I.2.4.1, example 2.6 }
-gmr” i.e. the first smr#nil smong smri ; if all smri=nil, smr"=nil
~dmp" i.e. the first dmrgnil among dmri ; if all dmri=nil, dmr"=nil
~dmr™ i,e. the first dmr with a class=dyn among dmri ; if all class of dmrifdyn,
dmr"'=nil.
-ge"” i.e. the first genil among get, if all are nil, ge'=nil
-inge™ i.e. the highest value of all imnscz.
~outse” i.e. the lowest value of all outsc.
On BOST :
modeo = RESULT(moder)
cczddo o= (’modeo = void | (mihil 0)
|readd” # nil | cadd”
| (dirwost bune.swoste + Amem))
smr_ := (mode = void | nil
{romr” # nil | eme"
| bne. swoste)
dme  := (dmp? := (DMRRELEVAIVT(modeo) 3 flag := 0 ;
' =it | mit
|:class of dmr" = stat
ﬁ(add of dm" = tadda {I.2.4.2, example 2.11}

Ifleg := 1 ;
(A" = wil | (dyn bno.dmee)
I dmp"’)
| )
|:class of dmr" = dyn
e

|sdme’ = (stat O.a)

|(stat bno.attadd )
{|:dmr’ = (dyn 0) }

| (dyn bne.dmre))
(flag=1 | GEN(stdmrwost cadd§ : (dirwost add of dmr"),
cadddmr§ : (dirdmmo odd of dmr )) {T}
ge,, := ( NGCRELEVANT(mode ) | nil
l:ge™ # nil [ ge”
| bne.gee)
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sc, = (SCOPERELEVANT (mode ) | (insc”, outsc")
| (0,0))
or = (nil,0,0,0).
Btep 3 :
GEN(standeall npar§ : wn,

dmrrec§ : dmr',

eaddrout§ : caddr,

eadd1§ : eaddl,

eaddn§ : ecaddn,

caddres§ : caddo,

dmrres§ : dmro,

geres§ : bne.gee,

flex§ : flextop of TOPST| topstpm-11) {54}
—-dmrrec§ indicates where the dynamic part of the parameters starts on DWOST%,
if it exists at all. It has two purposes : in case of routines with a result
without dynemic part, it gives information to the routine on how to recover
the DWOST% memory of the parameters ; in other cases, it indicates from whe-
re the dynamic part of the result might be constructed. It is the task of
the routine to prevent early overwriting of dynemic parts of parameters. In
case of doubt, dmrrec§ is disregarded and the dynamic part of the result is
constructed from ranstpmi.
—dmrres§ is used in case dmrrec§=nil and the result has a dynamic part ; in
this case, if class of dmrres§=dyn, spee of dmrres§ indicates to the routine
where on DMRWOSTS dmr information for the result must be stored.
—-gores§:
A1l parameters are protected before entering the standard routine. Hence, if
the garbage collector has to be called from inside the standard routine, this
one hag not to bother about parameter protection ; clearly, in this case no
parameter overwriting may have taken place for the parameters protected from
GCWOST% according to GCRELEVANT (modei). However, if the routine has stored
some value on HEAP it must ensure their protection before calling the garba-
ge collector ; geres§ indicates where to store such a protection on GCWOSTS
The ge-protection of the result itself and the cancelling of parameter ge-pro-
tection is done outside the routine.
~flex§:
In whole generality the result of a standard routine may be a name ; flex§
provides the routine with information on flexibility, allowing to perform the
corresponding checks inside the routine if subnames are created.
Action :
The standard routine with an access caddrout§ {(which is of the form (direttab
constabp)) and with parameters of access caddi$,... caddn§ is entered. This
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routine performs a specific action taking into account the above strategy of
dmr, ge and flex.
Step 4 : Ge dynamic actions :
The ge-protection of the parameters must be erased and the result must be protec-—
ted according to GCBELEVANT(modeO), corresponding ICL's are generated.
Step 5 : Static management :
Result static properties are aslready on BOST, but the static management of swostc,
dmre and gee has to be performed :
swoste := (mode  # void |edd + STATICSIZE(mode,)
lieme” # nil  lemp"”
lswoste)
dmre:= (class of dmr = dyn | tadd of dmr  + 1
|:dmp™t # nil | tadd of dmr"!
[dmre)
gee := (ge, # nil ladd of ge, + 1
l:ge" # nil ladd of ge”
lgee).
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14. CHOICE CONSTRUCTIONS
14.1 GENERALITIES

14.1.1 DEFINITIONS

Choice constructions are 'serial clauses' with 'completers', 'conditional clauses'
and 'case clauses'. They are characterized by the fact they have one result of one
specific mode but which can be obtained through the elaboration of one out of seve-
ral subconstructions called alternatives. Which alternative is elaborated at run-tinme
iz not known at compile-time.

In general, the result of a choice construction is used by another comstruction,
and in order to be able to translate this other construction properly, all alterna-
tives of the choice construction must be characterized by the same static properties;
let modeb, caddb ... be the denotations of these properties ; they are also referred
to as ‘'a-posteriori' static properties as opposed to ‘'a-priori'! static properties,
which are the static properties of the alternatives considered individually. It
should be clear that for each alternative, the transformation of its a~-priori into
the a—posteriori static properties may involve the generation of some run—time ac-—
tions.

The determination of the a—posteriori properties is the major problem of the
choice comstructions, it may influence run~time efficiency a great deal. The optimal
a~posteriori properties can only be determined in the light of the a-priori proper-
ties of all alternatives. We shall now define the principles on which this determi-
nation, also called 'balancing process', is based ; but before that, three remarks
are needed :

1. Choice constructions may be nested, what we are concerned with here are the alter—
natives of the inner nesting levels, intermediate levels are disregarded as far as
a~priori and a-posteriory static properties are concerned ; e.g. in (b|x|(Z]y,3)),

x, Yy and z are the three alternatives of the outer conditional clause.

2. Alternmatives which are goto's are not taken into consideration in the a-posteriori
properties determinstion.

3. Alternatives which are Ekég's are translated exactly as required by [ 1] and their

a~priori static properties will result from II.10.2.
14.1.2 BALANCING PROCESS

The strategy defining the a~posteriori static properties of a choice construction

from the a-priori static properties of the alternatives is the following :
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The language definition[ 1 requires one same a-posteriori mode for all slternati-

ves. The problem is solved at the level of the syntactic analysis[ 13 where appro-

priate coercions are generated for each alternative ; consequently, we can consider

here that the a-priorl modes are always equal to the a-posteriori mode.

B. Adccess

If the a-priori accesses of all alternatives are identical, (dirwost ...) for

example, this access is the a~posteriori access. Otherwise some dynamic action is

required to force a common access ; three cases have to be considered.

Cage A :

No slternative has an access class which is dirwost or dirwost'. In this

case, a common access (tndwost) is forced for each alternative, and this by
copying the address of the corresponding value on SWOST%. Remark that :
~In case the values of the alternatives fit into a register, it is more ef-
ficient to use strategy of case C, which, thanks to local optimizations
will allow to pass on the result through a register without extra storage
(I.2.3.4 Example 2.4).
~Local optimizations also allow to inhibit the actual storage of the indirect
address on SWOST% by passing on this address in an index register, if avai-
lable :

Example

z := (blm|n)

2,b,m and n are identifiers of access (diriden nm.px), (diriden nb.pb),
(diriden n, .p ) end (diriden nn.pn) respectively.

Intermediate code :

(1) Jumpro (dividen nb.pb), L

(2) stword (variden Pyl s (dirwost nw.pw)

(3) loadreg mode, (indwost nw.pw)

W) jum n

(5) L : stword (variden nn.pn), (dirvost nw.pw)

(6) Loadreg mode, (indwost nw.pw)

(7) L' : storereg mode, (indwost nw.pw)

(8) assign mode, (indwost nw.pw) (diriden nx.px)

Machine code

RBefore local optimization After local optimization

(1) LDC fy.p LDC n,.p
IFJ P IF3 7t

(2} IDB = n_.p IDB = #n_.p

m' Em m' Em

STB nw.pw

(3) LDB " P,

() UNJ L’ UNJ Lt
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(5) L : ggg = Zn'pn L: IDB = P,
w0 P
(6) LDB 7Py
r. ’.
(7) L': STB 7Py L':
(8) 1DB Py
LDA 0,B LDA 0,B
STA n.P, STA ", P,

Cagse B : No alternstive has an access class equal to dirwost, but some have an access
class equal to dirwost’. In this case, only the static part of the values
of the alternatives are forced to be stored at the same SWOST% address 8,
giving rise to a common access (dirwost’' 8). The choice of 8 is such that
it minimizes the number of alternatives resulting in a value with a static
part the copy of which has to be forced on SWOST%.

Case C : Al least one alternstive has an access class dirwost. In this case, the va-
lues of all alternatives are forced to be completely stored on WOST% at the
seame address Y, giving rise to a common access (dirwost vJ. As above, the
choice of y is such that it minimizes the number of alternatives resulting

in a value the copy of which has to be forced on WOST%.(f)

Remark that case A is not applicable to the situation of case B and C because this
would lead to violating rule b2, (I.2.3.2). Disregarding this rule would cause dif-
ficulties throughout the whole static management. There is another possibility to
turning cases b and ¢ to case a while respecting rule b2 : it consists in copying

values of aslternatives with access classes dirwost or dirwost' on HEAP%. In some si-

tuations, this may be the most efficient solution but it also implies to protect the

values stored on the HEAP% for reasons of garbage collection.

C. Smr

If the a—posteriori access class i§ dirwost, dirwost' or indwost, smr:=bne.swoste

before the choice construction is entered, otherwise it is irrelevant.

D. Dz

In case the choice construction gives rise to an access different from dirwost or
if DMRRELEVANTﬁWodeb) = nil, then dmr := nil. Otherwise dmr is stat or dyn, according
all alternatives with an a~priori access dirwost have all a dmr class which is stat
or not. It is to be noted that a dmr transformation from stat to dyn implies a run-
time action storing a RANSTS pointer on DMRWOST%. The above strategy for dmr is the

one which recovers the maximum DWOST$ space, other strategies can be imagined.

() If v is not the lowest address on SW0ST%, values which have to be copied from
lower to upper SWOST% addresses must be copied starting from their last cells.
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E. Ge

A global analysis based on the a-posteriori mode and access of all alternatives
determines the necessity of a protection. Note that if some alternatives are initial-
1y stored at the right place on WOST% no run-time action is needed for their ge-pro-

tection.

F. Origin
If all alternatives have the same origin, this is the common origin, otherwise
the worst case is chosen, i.e. kindo := nil, derefo := itrue if there is one alterna-

tive with derefo = true ; the same strategy holds for geno.

G. Secope

Inse is the highest of the Zmsc of all alternatives.

Outse is the lowest of the outse of all alternatives.

14.1.3 GENERAL ORGANIZATION
The fact that a-priori static properties of alternatives must be collected before

determining the a-posteriori static properties implies some additional static mana-

gement

a. Three new fields are needed on TOPST : countbal, countelem and flagnextbal.

~countbal is initielized with O when the TOPST element is set up, it is increased
by 1 each time a new syntactic cholce construction is entered and decreased by 1
when it is left. When countbal has reached its initial value 0 agsin, this means
that the outer choice construction of the nesting has been left. At that time,
static properties of all alternatives are supposed to be stored on BOST and the
balancing process may take place.

-gountelem is intended to count the number of alternatives of the choice construc-
tion which are stored on BOST ; it is initialized to O when the TOPST element is
set up and increased by one after each alternative has been translated.

~flagnextbal is intended to inhibit the actions which normally take place after
the translation of an sliernative, when this alternative is in turn a choice clau-
se. Indeed, in such a case, the alternatives are treated at the inner level.

b, A new field is needed on BOST : obprogp. When a~posteriori properties of alterna—
tives of a choice construction are different from a-priori properties, this may
involve the generstion of some ICI's. These ICI's must be executed after each cor-
responding alternative ; however at compile-time they are generated at a moment
where the ICI's for all alternatives properly so called have already been geners-—
ted. The following process is used : after each alternative, a command is genera-
ted in OBPROG : GEN (hole) ; it is the UBPROG address of this hole which is sto-
red in the field obprogp of the corresponding BOST element. When, during balancing,

instructions have to be generated for an alternative, these instructions are sto-
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red in a stream different from UBPRUG, namely in BALTAB. Connection between
0BPROG and BALTAB is obtained by superseding the hole of UBPROG by a new command
(baltab baltabp§) ; baltabp§ is the address in BALTAB of the balancing instructions
which are generated.

c¢. For each alternative, after the balancing ICI's, if any, have been generated, the
ICI (loadreg modeb, caddb) is generated. Moreover, the ICI (storereg modeb, caddb)
is generated at the end of the choice construction, This allows to recover the ef-
ficiency of register use for values fitting into such a register (I.2.3.4).

d. At the beginning of the translation of each alternative, the static conditions
must be the same, and in particular the current counters dmre, gee and swosto.
These are saved on MSTACK at the beginning of a cholce construction and restored

each time the translation of an alternative is entered.

14,1.4 DECLARATIONS RELATIVE TO CHOICE CONSTRUCTIONS
The following procedures perform the general choice construction organization as
explained above.
proc  INBAL =
¢o This procedure is called each time a choice construction is entered
co
(:(( countbal of TOPSTI topstpm-1]
| INMSTACK (dmre) ;
INMSTACK(gee) ;
INMSTACK (swoste)

1t
>

)3
countbal of TOPST| topstpm—1] +:
))
roc  NEXTBAL =

1
~

co This procedure is called after translating an alternative co
(: (flagnextbal of TOPST topstpm-1] = 0
lcountelem of TOPST] topstpm-1] +:= 1 ;
obprogp of BOST bostpm-1} := obprogpm ;
GEN(hole) {26} ;
dmre := MSTACK metackpm-3] ;
gee := MSTACK[ mstackpm~2] ;
swoste := MSTACK mstackpm-1]
| flagnextbal of TOPST topstpm-11 := 0
)}

proc OUTBAL =

co This procedure is called when a choice construction is left co
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(: (countbal of TOPSTI topstpm-1] -:=1 ;
(countbal of TOPST| topstpm-11 = 0
[_e_g countelem determines the number of alternatives, the properties of
which are on BUST. The common interface of the alternatives is deter-
mined (II.14.1.2) ; if necessary, instructions performing this inter-
face are stored in BALTAB and connected to OBPROG through the holes
left by NEXTBAL, the addresses of which are stored in the field
obprogp of BUOST elements. This gives rise to the a—posteriori -set of
static properties denoted modeb, caddb ... » They replace on BOST the
a-priori sets of static properties. Moreover, for each alternative
the following ICI is generated :
GEN(logdreg mode§ : modeb,
cadd§ : eaddb}(ﬂ {2k}
Action :
Case A :
classb = dirwost and there exists & register X into which a value
of modeb fits.
IDX n.p{issued from caddb}
Case B :
classb = indwost and there exists an index register Y.
LDY n.p {issued from cadd,}
In UBPROG, from obprogpm the following ICI is generated :
GEN(storereg mode§ : modeb,
cadd§ : aaddb) {23}
Action :
Case A
cZassb = dirwost and there exists a register X into which a value
of modeb fits.
8TX n.p{issued from i:addb}
Case B :
cZassb = Zndwost and there exists an index register Y.
8TY n.p{issued from taddb}
20 3
mgtackpm ~:= §
| flagnextbal of TOPST] topstpm-I11 := 1)).

(1) At least when mode, is such that corresponding values fit into a register;ithis
may vary from hardWare to hardware.



225

14.2 SERIAL CLAUSE

General syntax

SERTAL ~ LBLOCK | NONBLOCK (a)
LBLOCK -+ 1blockV BLOCKBODY (B)
BLOCKBODY -+ NONBLOCK {c)
NONBLOCK + SNONBLOCK | BALNONBLOCK )]
SNONBLOCK - PRELUDE lastV LABUNIT (E)
PRELUDE + {{ DECLA ; | UNITV 3} DECLA ;};{LABUNITVS}é (F)

BALNONBLOCK - {PRELUDE lastV LABUNIT . LABELDEC}g
{LABUNITVS lastV LABUNIT . LABELDEC};

LABUNITVS lastV LABUNIT (@)
LABUNITV - {LABELDEC} UNITV (1)
LABUNIT > {LABELDEC}  UNIT (1)
LABUNITVS + {LABUNITV 3} (1)
DECLA -+ IDEDEC | LOCVARDEC | HEAPVARDEC | OPDEC | MODEDEC, (K)

Semantics
(&) o'(LBLOCK) | p'(NONBLOCK)
(B) see II.1
{C) p'{NONBLOCK)
(D) p'(SNONBLOCK) | p'(BALNONBLOCK)
(E) Step 1
o ' (PRELUDE)
Step 2 :
' (LABUNIT)
{The static properties of LABUNIT appear on BOST}
(F) Step :
All DECLA, UNITV, LABUNITV are treated :
p'(DECLA), p(UNITV), p'(LABUNITYV) ; after each p(UNITV), o'(LABUNITV), the top
element of BOST is cancelled; it necessarily corresponds to void, (nihil 0).
(G) see II.1h.2.1
(H) {p'(LABELUEC)}" p(UNITV)
(1) {p'(LABELDEC)}g p'(UNIT)
(3) {o'(LABUNITV)}]
(k) p'(IDEDEC) | p'(LOCVARDEC) | p'(HEAPVARDEC) | o'(OPDEC) | p'(MODEDEC)
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BALNONBLOCK

Syntax
BALNONBLOCK - {PRELUDE lastV LABUNIT , LABELDEC};

{LABUNITVS1 lastV LABUNIT? . LABELDEC1}

{LABUNITYSn lastV LABUNITn . LABELDECn}
LABUNITVSn+1 lastV LABUNITn+1.

1
0
1
0

Semantics

Step 1 :
INBAL.

Step 2
{p ' (PRELUDE)
p ' (LABUNIT)
NEXTBAL
GEN(gump lLabnb§ : le) {27}
p’{LABELDEC)}é.
Step 3 ¢
{for < to n do
o' (LABUNITVSi)
o' (LABUNITI )
NEXTBAL
GEN(jump labnb§ : le) {e1}
o' (LABELDEC) od} .
Step 4o
p ' (LABUNITVSn+1)
o' (LABUNITn+1)
NEXTBAL .
Step 5 :
GEN(labdef labnb§ : lo) {e8}

Step 6 :
OUTBAL.

14.3 CONDITIONAL CLAUSE

Syntax
CONDCL -+ ifv SERIALB CHOICECL fi.

Semantics

Step 1
INBAL.
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Step 2 :
o (SERIALB)

{on BOST the static properties of a boolean value appear : caddc...L

Step 3 :
o' (CHOICECL).

Step b :
QUTBAL.

CHOICE CLAUSE

Syntax

CHOICECL -+ thenlV SERIAL (&)
thefV SERIALB CHOICECL | (B)
then2V SERIAL1 elseV SERIAL2 | (c)
then3V SERIAL  elsfV SERIALB CHOICECL. (D)

Tranglation scheme

L. B £ b
1. GEN(Jumpno 1no) “~ < <
2. p'(SERIAL) p (SERIALB) o' (SERIAL1) o' (SERIAL)
3. NEXTBAL p! (CHOICECL) HEXTBAL WNEXTBAL
L. GEN(jump 1) < “ <
5. GEN(labdef 1lno) < <~ +
6. Elseskip < o "(SERIAL2) o (SERIALB)
7. NEXTBAL < <+ o ' (CHOICECL)
8. GEN(labdef 1) <+ <« <

Semantics

At the top of BOST, the static properties of the condition appear : let cadda be the
corresponding access.
Case A :

CONTEXT (thenl¥) .
Step A1

GEN(Jumpno labnb§ : Ino,

cadds§ : cadde) {29}

Step A.2 :

o' (SERTAL)

{The static properties of SERIAL appear on BOST ; they are denoted modes, oadds,
e},
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Step A.3 :
NEXTBAL.

Step A.b :

GEN(Jump labnb§ : 1) {27}
Step A.5

GEN(labdef labnb§ : Ino) {28}
Step A.6 : Else skip :

Case A.6.a

modes = void.

On BOST, the static properties of void are stored :

modeo i= poid

caddo = (nthil 0)
Case A.6.b :
modes # void.
Step A.6.b.1 ¢
GEN(stskip mode§ : modes,
eadd§ : (dirwost bne.swoste + hmem)) {99}
Step 4.6.0.2 :

The static properties of skip are put on BOST :
mode := modes
cadd :
smr := bne.swoste
dmr := nil
ge := nil
(nil,0,0,0)
sc = (0,0},
Step A.T :
NEXTBAL .
Step 4.8 :
GEN (labdef labnb§ : 1) {28}
Case B :
CONTEXT (thefV).
Step B.1 :
GEN(fumpne labnb§ : Ino, {29}
eadd§ : caddc)

(dirwost bne.swoete + Amem)

or ¢

Step B.2 :
o (SERTALB) ,

Step B.3 :
p(CHOICECL) .

Step B.h :
GEN (Jump labnb§ : 1) {27}



Step B.5 :
GEN(labdef labmb§ : lno)

Step B.6 : Else skip :
see step A.6.
Step B.T :
NEXTBAL.
Step B.8 :
GEN(labdef labnb§ : 1}
Cage C :
CONTEXT (then2v).

Step C.1 :
GEN(jumpno labnb§ : Ino,

cadd§ : cadd c) .

Step C.2 :
o' (SERIAL1).

Step C.3:
NEXTBAL,

Step C.b

GEN (Jump labnb§ : 1)
Step C.5 :

GEN(labdef labnb§ : Ino)

Step C.6 :
o' (SERIAL2).

Step C.T :
NEXTBAL.

Step C.8 :

GEN(labdef labnb§ : 1)
Case D :
CONTEXT (then3V).
Btep D.1 :

GEN(jumpno labnb§ : lno,

cadd§ : caddc)

Step D.2 :

p ' (SERIAL).
Step D.3 :

NEXTBAL .
Step Db :

GEN(Jump labnb§ : 1)
Step D.5 :

GEN(labdef labnb§ : 1lno)

Step D.6 :
o (SERIALB) .
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{28}

{28}

{271}

{28}

{28}

{29}

{eT}

{28}
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Btep D.T :
p' (CHOILCECL).

Step D.8 :
GEN(labdef labnb§ : 1) {28}

14.4 CASE CLAUSE

Syntax
CASECL -+ caseV CASECHOICE inV UNIT1, ... UNITn {out SERIAL}:) esac

CASECHOICE - UNITC |
CASECONF.

Translation scheme

1. INBAL

p ' (CASECHOICE)
GEN(switchocase «u.ollescsyloutylfv..)
Y.1 GEN(labdef i)
L.2 o' (UNITi)

4.3 NEXTBAL

h.h GEN(jump 1f) od
GEN(labdef lout)

. p'{(SERIAL)

NEXTBAL

GEN(labdef 1f)
. OUTBAL,

oW o

O o -3 N

Semantics

Step 1
INBAL

Step 2 :
o' (CASECHOICE)
{The static properties of an integer appear on BOST ; let caddj be the correspon—
ding access}.
Step 3 :
GEN(switchcage labnb§ : 1,
eadd1§ : eaddj,
cadd2§ : (constant n)) {37}
~labnb§ ... is the Ffirst of n+3 labels which will be generated when machine
code is produced :
lo=lo§, 11=11§, ..., In=Iln$, Lf=1f§ and lout=lout§.
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~caddl§ gives access to an- integer 2§
-cadd2§ gives access to an integer n§
Action :
1<i§ <n§ | goto address lo§+i§~1
| goto lout§) ;
Lo§ : goto 11§ ;
goto 12§ ;
goto n§.
Step b :
Step L.1 ¢
GEN(labdef labnb$§ : 11) {28}
Step L.2 :
p ! (UNITL)
Step k.3 :
NEXTBAL
Step b.b :
GEN(jump labnb§ : 1f) {27}
od.
Step 5 :
GEN(labdef labnb§ : lout) {28}
Step 6
Case 6.a :
CONTEXT (outv}
p' (SERIAL)
Case 6.b :
CONTEXT (esae)
see II.14.3.1 gtep A.6 {Elseskip}.
Step 7
NEXTBAL,
Btep 8 :
GEN(labdef labnb§ : 1f) {28}

Step 9 :
OUTBAL.

14.5 CASE CONFORMITY CLAUSE

Syntax :
CABECONF + caseconfV modelV TERTL1...modenV TERTLn{::l::=}: TERTR

{with modeiV, the mode mode, . of TERTLi is associated} (see N.B.2 page 235).
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Translation scheme

1. Result static properties
2. p{TERTR)

1, for © ton do
1.1 GEN{(eonfto...mode
1.2 GEN(jumpno Int)
1.3 GEN(stword...1}
1.4 GEN(jump 1f)
1.5 GEN(labdef Inot)
od

2. GEN{stword 0)

3. GEN(labdef Lf)

4. Deletion of TERTR

B =

2500 +?

1. Current counters saving
2, for i ton do
2.1 Static management for copy of TERTR (TERTR%i)
2.2 GEN(conftobec...mode2£...)
2.3 GEN(jumpno Inoi)
2.4 p(TERTLi)
2.5 Static scope checking
2.6 GEN(asgign{scope}...)
2.7 GEN(stword 1)
2.8 Deletion of TERTLi and TERTR¥i
2.9 GEN(jump Lf)
2.10 GEN(labdef inoi)
2.11 Restoration of current pointers
od
3. GEN(stword 0)
4. Deletion of TERTR
5. GEN(labdef Lf)
6., metackpm =:=3.

Semantics
As in conformity relations, & number of static cases can be treated in a special way.
Though implemented, they are not described here.
Step 1 : Result static properties :
On BOST :
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modeo = int

eadd L, = (dirwoet bre.swoste)
smr | i= bne. swoste

dme = nil

ge, := nil
or  :i= (nil,0,0,0)

se, i= (0,0)
Space is reserved on SWOST% for storing the result.
Btep 2 :
o (TERTR)

{The static properties of TERTR appear on BOST, they are denoted mode 0 caddr... .
Step 3 :

Case A :
Step A1
for i to n do
Step A.1.1

GEN(eonfto model§ : modeuv,
moder§ : mode,_,

b
eaddr§ : caddiﬂ,
caddo§ : bno.swoste) {95}

{see 1I.12.3}.
Step A.1.2 :
GEN(Jumpno labnb§ : lnot,
cadd§ : bne.swoste) {29}
Step A.1.3
GEN(gtword cadds§ : (intet i),

caddo§ : cadd,) {4}
Step A.1.L :
GEN(Jump labnb§ : 1f) {e7}
Btep A.1.5 :
GEN(labdef labnb§ : lnot) {28}
od.
Step A.2 :
GEN(stword cadds§ : (intet 0),

caddo§ : caddo) {4}
Step A.3 :
GEN{labdef labnb§ : 1f) {28}

Step A.4 : Deletion of TERTR :
The static properties of TERTR are deleted from BOST, which may cause some dyna~
mic management for dmr and ge.
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Case B :
Step B.1 : Current counters saving : given only one of TERTLi will be glaborated,
current counters must be restored after the tranmslation of each TERTIi, thus res-
toring the static conditions at the same values. For this reason dmre, gee and
swoste are saved :
INMSTACK (dmre) ;
INMSTACK(gce) s
INMSTACK(swoste)
Step B.2 :
Step B.2.1 : Static management for copy of TERTR{TERTR#i) see II.12.3 step B.1,
but static properties of TERTR are not overwritten in order to recover them each
time the loop is passed through.
Step B.2.2 :
GEN (confitobec model§ : mode%,
moder§ : mader,
caddo§ : (dirwost bne.swoste) {bool},
caddr§ : cadd ,

v
ger§ i ge,,
dmrr§ dmrlq,
cadd#rs : caddwem.,
gekr§  : gex
drme¥r§ : dm”*pi) {96}
Action
see II1.12.3, step B.2
Step B.2.3 :
GEN(Jumpro Llabnb§ : lnot,
ecadd§ : (dirwost bne.swoste)) {29}
Step B.2.4
p {TERTLA)

Step B.2.5 : B.5
see II.12.3 gtep B.G
Step B.2.6 : :

Step B.2.7 : Result saving :
GEN(stword cadds§ : (intet 1),
eaddo§ : cadd 0) {4}
Step B.2.8 : Deletion of TERTLiI and TERTR#1 ;
Static properties of TERTLI and TERTR#1 are deleted from BOST ; this involves dy-
namic mansgement for ge and dmr.
Step B.2.9 :
GEN (Jump labnb§ : Uf) {7}
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Step B.2.10 :

-GEN(labdef labnb§ : lnot) {28}

Step B.2.11 : Restoration of current counters :

dmre := MSTACK metackpm—=31 ;

gee := MSTACK mstackpm-2] ;

swoste := MSTACK mstackpm—1]

od.

Step B.3 :

GEN(stword cadds§ : (intet 0),

eaddo§ : caddo) {1}

Step B.L : Deletion of TERTR :

Static properties of TERTR are deleted from BOST ; this may cause some dynamic

management for dmr and ge.

Step B.5

GEN(Zabdef labnb§ : 1f) {28}

Step B.6 :

mstackpm —:= 3.
N.B.1 : Remark that the above algorithm must be designed very carefully as far the
correspondence between static and dynamic menagement is concerned :
At run-time :

OnodeZi conforms to moder

|TERTR is transformed into TERTR*: ;

TERTLL is elaborated ;

the assignation takes place ;

TERTR#1 and TERTLi are deleted from WOST% if they were stored on this stack (this

means dmr and gc management).

|+ no modeZi conforms to moder

[TERTR has to be deleted from WOSTS if it was stored on this stack.)
At compile~time, all situations have to be considered successively, restoring the
same conditions (i.e. TERTR, dmr, gec and swoste) at the beginning of each situation.
N.B.2 : In the revised report a much more simple form of case conformity clause is
defined. Tts implementation is straightforward : after an expression E of union mode
has been elaborated, a unit is chosen on the basis of mode comparisons as here.
The actual value of £ is then accessible within each unit through an identifier with
& specific mode, element of the union mode. The implementation is performed by gi-
ving the identifier an access deduced from the one of the value of E available on
BOST, by deleting the union overhead (this deletion is implemented as a field selec~

tion, (section IT.11.1) with reladi= Aunton (size of the union overhead)).
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15. COLLATERAL CLAUSES

First of all, the following points must be emphasized :the implementation descri-
bed here, does not inelude semaphores ; moreover, the run~time elaboration of colla-
teral clauses is purely left—-to-right. There are three kinds of collasteral clauses
those which deliver no result, those which deliver a multiple value, they are called
‘row displays' and those which deliver a structured value, they are called 'structu-

re displays’'.
15.1 COLLATERAL CLAUSE DELIVERING NO VALUE

Syntax
COLLVOID + collvoidv (UNITV1,...UNITVn).

Translation scheme
1. for Z to n do
1.1 p(UNITVi)
1.2 Deletion from BUST
od
2. Static properties of void on BOST,

Semantics
par is not considered ; unitary clauses are elaborated serially from left to right.
Step 1 ¢
Step 1.1
p(UNITVL).
Step 1.2
The static properties of void are deleted from BOST.
od.
Step 2 :
The static properties of poid are stored on BOST :
mode := void
cadd = (mihil 0).

15.2 ROW DISPLAY

The general strategy for elaborating row displays is the following :

1. Nested row displays are treated at the level of the outer row display in such a
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way no descriptors are constructed for the inner levels.
2. Space is reserved on SWOST% for the descriptor of the multiple value resulting

from the row display before the translation of the display is entered. This freezes
some space on SWOST% but allows to recover the SWOST% space of the row display ele-
ment(+) &t the end of the translation without having to move the descriptor.

3. As opposed to SWOST% space reservation for row display result, DWOSTS space reser-
vetion does not take place in prefix. This means that if some elements have a dynamic
part on DWOST%, the dynamic part of the result will be constructed on top of these
dynemic parts of elements. This forbids DWOST% space recovery of the dynamic parts
of the elements on DWOST% up to the moment the result itself is deleted from WOSTS
or, if this space must be recovered, this implies a shift of the dynamic part of

the result. It is to be noted that teking point 1 (here above) and the access mana-
gement into account, situations where row display elements have dynamic parts on
DWOST% are very rare ; a bit of inefficiency in space or time in these rare situa-

tions is not harmful.

N.B. There is a possibility for avoiding to delay DWOST$ space recovery without im-
plying & shift of the result : as soon as the first unitary clause of the first inner
row-display has been elaborated, the complete descriptor of the result can be filled,
and hence space can be frozen on DWOST% for the static part of the elements of this
result. Thereafter, the different unitary clauses are elaborated one by one, and in-
tegrated immediately after they have been elsborated in the result of the row display.
This solution is somewhat more complicated than the implemented one, as far as static
menagement is concerned. Moreover, at run-time, some mechenism for protecting a par-
tially constructed multiple value would have to be implemented. (see also I.2.3.2,
rule b3).

4. Another problem as far as DW0OST% memory recovery is concerned is due to the pre-
sence of local generators in the row display [ 13] . This presence is detected thanks
to geno of the elements. When it is 1, for some element, DWOST% memory space cannot
be recovered using the normal process, which would also recover the location of the
generator together with the dynamic space of the result of the row display. In such

& case we use wp% of the current BLOCKS to recover DWOST% space ; indeed, wp% points
behind the location of the lastly elaborated local generator.

5. When a row display consists of denotations only, it can be constructed on CONSTAB

at compile-time. This last process is not described.

Syntax
COLLROW + collrowV (UNITD1,...,UNITDn)

{With collrowV, »n and modeo (the mode of the resulting value)are associated}-

(+) By row display element we mean a value resulting from the elaboration of a cons-—
tituent unitary clause of the inner row display level.
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Translstion scheme

1. Initialization
1.1 NEWACTION(eollrowV)
1.2 BOST static properties
1.3 Element translation

2. Descriptor construction
2.1 Descriptor initialization
2.2 Bound filling

3. Value construction

L, BOST static properties (finalization)
4.1 Collection of information
4.2 Dmr management
4.3 Gec management

4.4 Other static properties .

Semantics
Step 1 : Initialization :
Step 1.1
NEWACTION {eollrowv/.
Step 1.2 : BOST static properties

mode := mode
0 o

caddo := (dirwost bne.swoste + Amem)
gmr 3= bna. swoste
dmr  := nil
o nre
ge, = nik
or = (mil,0,0,0)
sc, i= (0,N)

Space is reserved on SWOST% for the descriptor :

INCREASEWOST(STATICSIZE(modeo) + Amem)) ; this freezes some space during the elabo-
tion of the elements of the collateral clause, but it allows to recover space for
all static parts of the elements onte the result of the collateral clause has been
built vp from them. Another strategy would be to reserve no space and to construct
the descriptor either in holes between elements or in the first free cell after
these elements as it has been explained for standard calls.

Step 1.3 : Element translation :

Procedure COLROWI is called, its declaration is the following :

proc COLROW1 =
(: NEWBOST ({eollvow n)) ;
countelem of TOPST [Ropstpm—1 +:= 1 ;
(CONTEXT (collrowV) {collrowV gives rise to a new n}
|conrow1
|p(UNITDL) ; countelem of TOPST] topstpm—11 +:=1 ) od)



239

c¢o Static properties of the elements which are not row displays are accumula-
ted on BOST, each new level of row display is marked by a BOST element
(¢ollrow n)where n is the number of elements of that collateral level. The
total number of BOST elements thus set wup is counted in the field countelem
of TOPST. This information describes the structure of the multiple value to
be constructed from the elements and allows to avoid the construction of
descriptors for imner levels of collateral row displays. co
Step 2 : Descriptor construction :
The bounds of the descriptor are defined by the nested structure of the row dis-—
play, and also by the first UNITD which is met in the inner row display and which
is not itself a row-display. Indeed, if this UNITD i1s a multiple value of m dimen-—
sions, the bounds of the last m dimensions of the descriptor of the row display
are the bounds of this UNITD. Moreover, once the descriptor has thus been filled,
bounds consistency must be checked throughout the rest of the row display. Here a
static image of the descriptor can be constructed in order to be able to perform
most of checks of bound consistency at compile—time. Strictly speaking, bound con-
sistency must be checked even through structured values involved in row-display
elements ; given these checks are no absolutely necessary as far as data structu-
re construction is concerned, they are not mentioned in the descriptions below.
Step 2.1 : Descriptor initialization :
GEN(stoverhdescr modeo§: modeo,
states§ ¢ (1,v00,1),
cadddS : (dirabs ranstpmi),
caddo§ : cadda) {80}
Action :
The overhead of a descriptor is constructed at caddo§ {for a value of modeo$},
with states§ and with an offset corresponding to caddd§.
Btep 2.2 : Bound filling :
BOST elements are now analyzed from the TSt element corresponding to the row dis-
play. Elements with access (collrow o) provide for & new pair of bounds I:a. These

are stored in the static image of the descriptor and caused to be stored in the

descriptor at run-time :
GEN(stbounds caddl§ : (intet 1),
ecaddu§ : (intet o),

caddt§ : (dirwost bne.8)) {79}
-8 is the access to the field bounde% of the current dimension in the deserip-
tor.
Action :

L% and u% of the field bounds% stored at caddt§ are filled with the integers
of access caddl§ end caddu§ respectively.
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Suppose the Ffirst BOST element with an access class # collrow is met and let
moder, cad&r,... be the corresponding static properties :
GEN(stfirsteolly modes§ : moder,
modeo§ : modeo,
caddsS : aaddr,
caddo§ : aaddo) {81}
Action 1 :
(v NONROW (modes§)
| o The bounds for the last dimensions of the descriptor of modeo$~caddo$
are filled with those of the descriptor modes§~cadds§ co)-
Action 2 :
The strides of the descriptor of modec§-caddo§ are filled, including do%.
Action 3
Space is reserved on DWOST% from ranstpm% for the static parts of the elements
of the multiple value to be constructed {do% is the space needed) ; a current
pointer in this static part is initialized :
ranstpe% := ranstpmhb
rangtpmb +:= dok
{The garbage collector may be called}.
Action kb :
The elements of the value modes§~cadds§ or, if NONROW(modes§)  the value itself,
are copied on RANST% : their static part from ranstpe% and their dynamic part,
if any, from ranstpm%. In this latter case, the garbage collector mey be cal-
led.
Step 3 : Value construction :
For all remaining BOST elements related to the row display do
Case A :
A BOST element of access fcollrow a) is met. The static descriptor image is con—
sulted ; if the bounds of the current dimension are filled in this table a static
check of bounds may take place.
GEN(checkbounds caddl§ : (intet 1),
caddu§ : (intet o),
caddt§ : (dirwost bnc.p)} {78}
-R is the access of the Tield bounds% of the current dimension of the descrip-
tor.
Action :
1% and u% are checked against the bounds of access caddl§ and caddu§ respecti-
vely. In case of inequality, a run~time error message is provided.
Case B :
A BOST element with access class # collrow is met.

Let moder, caddr ... be the corresponding static properties.
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GEN(stnexteollr modes§ : moder,
modeo§ : modeo,
cadds§ : ecadd -~
eaddo§ : caddo) {82}
Action 1 :
If “NONROW(modes§) then a check of bounds is performed between the bounds of
the values modes$—cadds$ and the bounds of the corresponding last dimensions
in the descriptor characterized by modeo§—caddo§.
Action 2 :
see step 2.2, action L,
od.
Step 4 : BOST static properties (finalization) :
Step k.1 : Collection of information :
BOST static properties of the collateral display elements are passed through and
the following informstion is deduced from this scanning :
dmrl : the first dmr # nil, if any, or nil otherwise.
dmr2 : the first dmr with a class = dyn, if any, or nil otherwise.
gel : the first ge # nil, if any, or nil otherwise.
genol : 1, if at least one of all geno isg 1, 0 otherwise.
insel : the maximum of all imse.
outsel : the minimum of all outse.
Step 4.2 : Dmr menagement :
We recall that the UNITD's are all elaborated before the row-display construction
proper starts ; their dynamic parts on DWOST% appear before the dynamic part of
the result of the row display itself. They have to be recovered together with the
dynamic part of this result, unless local generators appear among these dynamic
parts [ 13] ; in this case, space can only be recovered up to the location of the
lastly elaborated local generator ; wp% of the current BLOCKS is used for this
space recovery.
These considerabtions give rise to the following algorithm 3
{class of dmrl = nil
fdMTO := (stat todd )
|+ class of dmr2 # nil | dmre := tadd of dmr2) ;
{genol # 0
|dme | := (dyn bne.dmre) ;
GEN(stwp bne§ : bne,
cadd§ : (divdmrw bne.dmrel)) {22}
Action :
The DMRWOSTS cell of access cadd§ is superseded by the wp% of the cur—
rent BLOCK% cheracterized by bne§. {Thus DWOST% elements above the ge-

nerator location are not recovered before current BLOCKS exit}.
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l:class of dmrel = stat
}dhro = dmel
{|:class of dmrl = dyn}
|dne  := (dyn bne.dmre)
)
Step 4.3 Ge management
During the row display construction, elements stored on W0ST% have remained pro-
tected while no protection was set up for the value being constructed. This has
allowed to call the garbage collector, when needed, without further precautions.
Now element protections are cancelled and replaced by a protection for the cons-—
tructed value if necessary.
(gel # nil
|gee := gel ;
for © from tadd of gel te geec - geelemsz
do GEN(stgenil caddge§ : (dirgew bne.i)) {13}
od ) ;
(GCRELEVANT(modeO)
| GEN (stgcwost mode§ : modea,
cadd§ : caddo,
caddge§ : (dirgew bne.gea))) {6}
Step 4.4 : Other static properties
se = (inscl, outsel)

geno _ := genol

o
Static WOST% space of the elements is recovered :
swoste := taddo + SﬂATICSIZE(modeO)

topstpm ~:=1 {gollrowV is cancelled},

15.8 STRUCTURE DISPLAY

The strategy of elsboration of structure displays is different from the one of
row displays : here it is more interesting to construct the result step by step as
the fields are calculated., Indeed when the result of a display element appears on
W0ST%, in most of the cases no run-time action is implied to incorporate it in the
structure display. It is also easy to see that we have not to bother about combina~
tion of nested structure displays ; in most of the cases, the general recursive pro-
cess gives the best results automatically.

Note that here no DWOST% memory space is frozen unless local generators have been
elaborated together with the display elements.

Finally, as for row displays, structure displays consisting of denotations can be
constructed on CONSTAR.
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In the process described below, not only rule a2 of I.2.3.2 is respected (the sta—
tic part of a value must always appear in consecutive memory cells), but also the
dynamic parts of the result of a structure display will always be constructed on
DPWOST% ;, hence the access class of the resulting value will never be dirwost'. It

would be easy to detect cases where such a construction on DWOST$ can be avoided.

Syntax
COLLSTR + collstrV (UNITD1,...,UNITDn)

{With collstrV the number of elements »n and the modeo of the structured value is

associated}.

Translation scheme

1. Initialization :
1.1 NEWACTION(collstrv)
1.2 BOST static properties
2. Element translation and display construction :
for i tondo
2.1 p(UNITDi)

2.2 Integration of the field in the structured value

A cZassui = constant or
" = dircettab or
" = variden 1. BOST {updating}
B cZassm. = diriden or 2. Run-time actions|dmr
" = indiden ge
c cZassui = dirwost copy
D classw,. = dirwost'
E cZassm. = indwost

2,3 Swostee
od
3. BOST static properties (finalization)
3.1 Dmr management
3.2 Ge management

3.3 Other static management.

Semantics
Step 1 : Initialization
Step 1.1
NEWACTION(collstrV).
Step 1.2 : BOST static properties :
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mode := mode
o o

eadd L, i (dirwost bne.swostc + lmem)
sme i bne. swoste

dmﬂo 1= nil

ge, := 2_21_23

scope,, := (0,H)
Here swoste is increased by Amem only (INCREASESWOST (Amem)), space for the static
parts of the fields is reserved step by step as the elements are translated. A
current pointer in this static part is initialized : swostec := taddo.
Step 2 : Element translation and display construction :
for i ton do
Step 2.1
INMSTACK (swostac)
o (UNITDi)
OUTMSTACK (swostee)
{The static properties of UNITDi appear on BOST, they are denoted modem;, caddui.. . 1.
Step 2.2 : Integration of the field in the structured value :
Through all cases below, the static properties dmra, geno and sc  are treated in
the same way :
(class of dmr, . = dyn | dnre —:= 1) ;
dme = (dme | #nil | dme,
|:dme' := (DMRRELEVANT(mode, ) ; dmr' = nil
nit
|:dmr’ = (stat o)
[ stat bne.otswostcc)
|GEN (s tdmrwost cadd$: (dirabs ranstpmk),
cadddm§:(divdmrw bne.dmre)) ;3 (T}
{dyn bnc.dmrc))

geno, := (geno, . = 1 | 1
| geno,)
. = (T , < 1 2 .
inse, (inse . < insc, | inse, .
| inse )
o
:= < . .
outsco (outsao outscm | outscm
| outse ).
o
Case A :

, = or
cZassm eonstant or

direttab or
i = variden.

Step 4.1 : Generation of run-time actions :
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GEN(stwost3 mode§ : modem:,
cadds§: caddui,

caddo§: (dirwost bne.swostec)) {3}
Case B :
class ., = dirviden or
ut T =
" = {ndiden.

Step B.1 : BOST static properties (updating) @
ge, = (GCRELEVANT ( modem:}
](gco =nil | bne.gee
| ge )
lge,)
{It is calculated where to protect the whole structure after it is constructed}.
Step B.2 : Generation of run—time actions :
Step B.2.1 : Ge
(GCRELEVANT ( modeu 'I:)
|GEN(stgewost mode§ : mode, .,
eadd§ : (dirwost bne.swostec),
: 2 6
caddge§ : (dirgew ge ) {6}
{Elements are protected individually}.
Step B.2.2 : Copy :
see step A.1 and
NOOFT,
Case C :
class, . = dirwost.
ur = ——=

Step C.1 : BOST static properties :

ge := (gcm: =nil

lge,
‘ge, = nil

lgcui

igco).
Step C.2 : Generation of run—time actions :

o

Step €.2.1 : Ge :
(ge,; # nil and tadd . # swostce
|GEN (stgewost mode§ : mode,
cadd§ : (dirwost bne.swostee),
caddge§ : (dirgew ge, .))) {6}
Step C.2.2 : Copy :
{ c‘;addm: # swostec
|GEN(ststatwost mode§ : modew:,
cadds§ : caddui,
eaddo§ : (dirwoet bne.swostee))){12}
NOOPT ,
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Case D :
class, ., = dirwost'.

Ul T
Step D.1 : BOST static properties :

ge, = {see step C.1, {refinements can be imagined)}.

Step D.2 : Generation of run—time actioms :
Step D.2.1 1 Ge
see step €.2.1 {refinements can be imagined}.
Step D.2,2 : Copy :
(tadd . = swostce

ut

|GEN (stdynwost3 mode§ : mode, ;s
cadd§  : caddui) {11}

|GEN (stwost3 mode§ : mode, s

cadds§ : cadduﬁ,
caddo$§ : (dirwost bne.swostee))). {3}

Case E

classui = indwost,

see case B except ge

ge, := ((ge,  #nil | DECREASEGC(1)) ;

(GCRELEVANT (mode, ;)
|eo as in case B co

o, # nil

|GEN (stgenil caddge§ : (dirgew bne.gee)) ; {13}
geo}).

Step 2.3 :

swostee +:= STATICSIZE(modeui)

od.

Step 3 : BOST static properties (finalization)
Step 3.1 : Dmr management :
As scon as a generator local to the current block is involved in the elaboration
of the collateral clause (genoorl) memory recovery on DWOST% must not eliminate
the locations of these generators from DWOST% [ 13]. Space can only be recovered
up to the lastly elaborated local generator ; we recall that wp% of the current
BLOCK% points exactly behind all such generators.
@enoo =1
|(clase of dmr = dyn
|DECREASEDMR(1)) ;
dmro := (dyn bne.dmrel ;
GEN(stwp bne§ : bne,
cadd$ : (divdmrw bne.dmre))) {22}
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Step 3.2 : Ge management :

Up to now, elements of the- structure are protected one by one in such a way WOST%
protection is steadily controlled during the elaboration of these elements. Now
one single protection will replace the field protections :
(gco #nil
Ifor ¢ from ge, * geelemsz by geelemsz to gec — geelemsz
do GEN(stgenil eaddge$§ : (dirgew bne.i)) {13} od ;
GEN(stgowost mode§ : modeo,
eadd§ : aaddo,
caddge$ ¢ (dirgew ge,))). {6}
Step 3.3 :

Other BOST properties remain as calculated in step 2.
topstpm —:= 1.
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16. MISCELLANEOUS

16.1 WIDENING

Widening can be considered a monadic operator. Int to real transformation depends

on hardware. Bits to [] bool and bytes to [] char are special cases of rowing.

i8.2 VOIDING

Voiding covresponds to the deletion of a partial result. Statically it corresponds

to the deletion of a BOST element together with the corresponding ICI generation for

static and dynamic memory management ; the deleted BUST element is replaced by & new

one :
caddo = (nthil 0)
modeo = void

16.3 FOR STATEMENT

Syntax
FORCL + forV {Iromv UNITF} tby? UNITB}
toV UNIT”} {forlden} {whileV SERIALW}
doV UNITD
{With foriden, a SYMBTAB entry is associated}.

Translation scheme
1. p(UNITF)
o (UNITB)
o (UNITT)

Counter initialization
GEN(forto ...lo...)
. 6.1 p(SERTALVW)

6.2 GEN(jummno «..1f...)

6.3 Deletion of BUST properties
7. p{UNITD)

[ L L N \V]

8. GEN(plus ...)
9. GEN(jump 1o)

10. GEN(labdef 1f)
11. BOST static properties.
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Semantics
Step 1
Case A :
CONTEXT{fromV).
o (UNITF)
{The static properties of UNITF appear on BOST, they are denoted mode e cadd £
S R
Case B :
~ CONTEXT(fromv).
The following static properties are stored on BOST as default properties for UNITF :
mode , := int
cadd o = (intet 1)
smr ,, dmr , and ge, are irrelevant
orf = (nil,0,0,0)
scope, = (0,0).
Step 2 :
Case A :
CONTEXT (oyV) .
o {UNITB)
{The static properties of UNITB appear on BOST, they are denoted modeb, caddb
NN E
Case B :
~ CONTEXT(byV).
Default properties for UNITB are put on BOST :
see step 1, case B.
Step 3 :
Case ‘A :
CONTEXT (+oV).
p{UNITT)
{The static properties of UNITT appear on BOST, they are denoted modet, eadcft
R
Case B :
ACONTEXT(toV ).
A new BOST element is created as default for UNITT ; in this element,
cadd L= (nihil 0)
indicating that no upper limit is fixed for the loop.
Step L : Counter initialization :
Case A :
CONTEXT (foriden).
The following properties are stored in SYMBTAB at the entry associated with fori-

den :
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modei = int
cadd,b. o= (diriden bnc.side)

soope ;. = (0,0)
ﬂagdeai =
The value of the actual parameter of this implicit identity declaration is furni-
shed by UNICLF :
GEN(stword cadds§ : eadd »
eaddo§ : caddi) {4y
On BOST, the above static properties stored in SYMBTAB overwrite the static pro-
perties of UNITF,
Cage B :
~ CONTEYT(foriden).
I classf. = divwost, it is the SWOST% cell corresponding to caddf which is used
as counter of the loop ; otherwise such cell has to be reserved at bne.swoste :
GEN(stword cadds§ : cadd o
eaddo§ : (dirwost bne.swoste)) {hy
on BOST the static properties of UNITF are overwritten:
eadd = (dirwost bne.swoste)
smr'f. sz bne.swoste.
Step 5 :
Case A :
class - # nikil,
GEN(forto labnb$§ : lo,
caddfori§: cadd o
caddby§ : caddb,
caddto§ : cadd 1;) {89}
~caddfori§ gives access to an integer 7%
—-caddby§ gives access to an integer D%
—caddto$ gives access to an integer t%
-labnb§ is the first of two labels : lo and Lf .
Action
(proc(int,int)bool P ;
(% >0 | pi=>

| Pe=<)
lo ¢ (P(<%,t%)
| )
}
Clearly, if class of caddby§ is intct, the above algorithm is simplified.
Case B :
classt = nihil.

GEN(labdef labnb§ : lo) {28}
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CONTEXT (whileV).
Step 6.1 :
o {SERIALW)
{The static properties of SERIALW appear on BOST, they are denoted modewJ caddw
veo b
Step 6.2 :
GEN (Jumpno labnb§ : Lf,
cadd§ : caddw) {29}
Step 6.3 : Deletion of BUST properties :
The static properties of SERIALW are deleted from BOST.
Step T :
o (UNITD)
{The stetic properties of UNITD {nZAZl ...} appear on BOST ; they are deleted}.
Step &
Case :
cZassf = diriden or classt 7 nikhil.
GEN(plus cadds§ : caddb,
caddo§ : cadde {14}

Action :
The integral value stored at caddof is incremented by the integral value sto-
red at cadds§.

Step 9 :

GEN(Jump labnb§ : o). {er}
Step 10

GEN(labdef  labnb : Lf) {28}

Step 11 : BOST static properties
The three top BOST elements are deleted and static space on SWOST% is recovered
accordingly. A new BOST element indicating that no value results from the state-
ment, is set up :
mode  := void
aaddo := (nihil 0).

16.4 CALL OF TRANSPUT ROUTINES

Syntax
TRCALL - trcallV TRPRIM (UNIT1,...,UNITn).
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Translation scheme
1. p{TRPRIM)
2. for i to n do
o (UNITi)
od
3. GEN(stdeallinout ...)
L, BOST management.

Semantics
Step 1 :
p ( TRPRIM)
{The static properties of TRPRIM appear on BOST, they are denocted modep, eaddp
«vs .+ Note that aaddp is always of class dircttab ; hence, we assume that trans-—
put routines cannot be dynamically transmitted by a proper program construction}.
Btep 2
foritondo
Case A :
UNITL = treoll?V (UNITit,...,UNITim).
trcollV is the marker of a collateral clause of

mode [1 union (outtype, proc(file))

or [1 unton (intype, proc(file))

or [] outtype
or [] intﬂge

In such & case, the collateral is disregarded, and UNITij are treated at the

same level as other UNITk, i.e. their static properties are accumulated on
BOST
for § tom do p(UNITij) od
Indeed, it is useless o construct a collateral clause of mode [Junion ...
here, the goal of the transput being to transput actual values.
It is to be noted that this process is only valid if the collateral is direc-—
tly a parameter of a transput routine. The generalization of the process would
imply the possibility of transmitting sets of values as result of blocks or
procedures instead of one single value ; this would significantly increase the
complexity of the corresponding static menagement,
Other cases :
o{UNTTL)
{The static properties of UNITi appear on BOST}.
od.
Step 3 :

Suppose we have accumulated the static properties of ¢ values on BOST, ¢ is availa-

ble for example in the field countelem of TOPST. Let model, caddl ..., mode2,
cadd2, ... modet, caddt ... be the corresponding static properties.
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GEN(stdeallinout caddrout§ : caddp,
n§ : t,
model§ : model,
caddl$ : eaddl,
moden§ : modet,
caddn§ : caddt) 159}
Action :
The action of the standard routine of access caddp is performed on the n§ para—
meters characterized by modei§-~caddi§.
Step b : BOST management :
The + BOST top elements are deleted, this may involve the generation of ICI's for
dynamic management of dmr and ge.
A new element is put at the top of BOST :
mode := void
cadd := (nihil 0).
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17. OTHER ICIS

The ICI's which have not been mentioned explicitely in the description are now
reviewed.
~inprog {40} and outprog {41} are generated at the beginning and at the end of each
object program respectively. They are intended to perform appropriate initiaslizations
and finalizations.
-neweard cardnb§ {103} is a command keeping track of the card number where the sour-
ce program constructions giving rise to the ICI's appear. These commands allow to
provide run—time error messages with more appropriate error diagnostic information.
—prid iden§ {10k} and prrumb nuwnb§ {105} keep track of pragmats which eppear in the
source program. They are used for three purposes (see [ 11])
(1) at compile-time, to require the printing of some tables as an aid to debugging.
{2) at run-time to interrupt program elaboration in order to be able to introduce
new sets of data or to make some dump as an aid to debugging.
(3) at run-time to give the programmer the possibility of programming himself in-
terruptions due to run~time errors.
-~ stgeelem {16}, stwostiner {19} , minus {21}, Jwmyes {30}, labformat {32},
stscope {69}, stinterstfl {65}, fillstateone {68} and rows {84} used in the ac-

tual compiler for different purposes are not described in this book.



PART III : TRANSLATION INTO

MACHINE CODE






asT

0. GENERALITIES

PART III outlines the method used in the ALGOL-68-X8.1-compiler for generating
machine code. This method has been designed in such a way that machine dependency is
very well localized and parametrized, thus msking even code generation quite porta-
ble. It is not at all intended to X8 specialists : references to X8 peculiarities
are mentioned only occasionally in a few places and just as an illustration.

First, the methods used for solving general problems of machine code generastion are

described ; in particular, it is explained :

(1) how accesses provided by the intermediate code are transformed into actual addres-
ses of machine instructions (I1II.1),

(2) now machine instructions are generated in a modular way using the above mentio-
ned access transformation as a separate module (III.Z),

{3) how local optimizations are applied to the generated code in order to improve
its efficiency (III.3).

Some particular problems at the level of the loader are then analyzed (III.h).

Section III.5, gives information on how code is produced from the different inter-—
mediate code instructions and this using the general methods explained earlier and
relying on a ninimal set of registers.

In section III.6, some problems specific to the garbage collector are treated.
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1. ACCESSES AND MACHIKNE ADDRESSES

In PART I and II, a number of accesgses have been introduced and used at the level

of intermediate code generation ; these accesses can be classified as follows
{1) Absolute accesses, i.e. accesses sllowing to define a value independently of any
storage allocation, these accesses only correspond to cadd = {constant v}.
(2) Symbolic accesses, i.e. accesses referring to some run-time device or constant
provided with & symbolic representation which will be defined at load-time, such
are :

(dircttab al,

(display bnl,

(dirabg 8),

(varabs s),
(3) Dynamic accesses, i.e. accesses depending on a run—time calculation ; these are
the RANSTS accesses using the DISPLAY% mechanism ; they are also called RANSTS ac-

cesses. Such are for example (diriden n.p), (indiden n.p),... .

Remark 1.

In PART II.11.1, Remark 3, we have mentioned that it would be worthwhile to provi-
de indirect accesses with an increment §, for example (Zndiden wn.p;8) whiech would
mean the following stored value address : RANSTH DISPLAYY n]l+pl +8. In the sequel, we

shall suppose that such an increment has been implemented.

Remark 2.

Actually, RANSTS accesses do not contain n.p doublets but bme.a doublets. In
I1.0.4.5.5.8, we have explained how bne.o doublets allow to calculate n.p doublets
through BLOCKTABY, we do not describe this transformetion any longer here 3 it
should be clear that after such a transformation, the number of distinctions amongst
RANSTS  access classes cen be reduced to 'direct', 'indirect' and 'variable' RANSTS
access classes

(dirranst n.pls

(indranst n.pls

(varranst n.pl.

However, for the sake of local optimizations (I.2.3.4) we must remember whether the
value to be accessed or its indirect address is stored on WOST% or not ; such an in-

formation will be kept in an additional field w.
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Remark 3.

Double indirect access (72Zden n.p) is locally used in PART II. The use of such
an access could be eagily avolded ; on the other hand, its implementation is similar
to simple indirect accesses. For the sake of simplicity, double indirect access will

not be mentioned any more.
1.1 ACCESS STRUCTURE

In order to ease the transformation of accesses into machine addresses, it seems
worthwhile to structure them in a more appropriate way, while however keeping the
same machine independency. This new structuration is characterized by the following
mode :

mode access = (char class,
struct (int hadd,
tadd) add,

int symb,

int level,
iner,

bool w )

The meaning of the different fields for a value V with access 4 is now explained :
class, add and symb of 4 indicate how an integral value I can be obtained, integral
value which later on, and according to Zevel of 4 and iner of 4 will be considered
V itself or a machine address through which V can be reached at run-time. There are
two possible classes for 4 :

(1) class of A = static ; in this case hadd = 0 and
I = tadd+s
where S is fixed at load-time ; S corresponds to the actual value of the field symb
(symbolic).
(2) class of A = display ; in this case add is a doublet n.p, symb is irrelevant and
I = DISPLAYY n] +p

Level (of indirection) and Zmer indicate how I must be interpreted in order to reach

H

the actual value V. We disitnguish three levels
- literal (level = ~1) : V=I
- direct (level = 0) : the static part of V is stored in a memory location starting
at address I ; Zner = 0 :
= (MEMY 1], MEMS[I+1],...).
—indirect (level=1) : the static part of is stored in a memory location, the ad-
dress of which is the contents of MEMY[ I+inecr] :
= (MEMY MEMYL T+iner}l, MEMY MEMY[ I+iner+1}l...J.
- w keeps track whether V is stored on W0ST% or not.
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Table 1 situates the old cadd's in the new frame ; obvious notational simplifications

are used, in particuler in columns literal and w, O means folee and I means true.
1.2 PSEUDO-ADDRESSES

This section shows how accesses (as defined in PART I and as structured in III.1.1)
are transformed in order to be directly ubtilizable in machine instructions {(III.2),
This transformetion is necessarily hardware dependent, but it is performed by one
single routine CONVERTACCESS, thus localizing machine dependency. This routine is
intended to perform sppropriate compile-time actions (including the generstion of
machine instructions) in order to simulate particular accesses when not available in
the hardware :

-if literal addressing does not exist the corresponding value is caused to be stored
in CONSTABS and a direct access replaces the literal access.

-if indirect addressing is not available, it is simulated by means of an index regis-
ter : machine instructions loading this index register are generated and the indirect
access is replaced by an 'indexed access' using the index register loaded as explai-
ned sbove.

-if display addressing is not available, it is simulated by means of a particular
register ; optimizations inhibiting the register to be loaded with a value it alrea-
dy contained can also be performed at this level, provided the static image of the
o0ld register contents is kept up~to-date during the whole code generation.

In order to be more concrete we shall assume that the available hardware has lite~
ral, direct and display addressing facilities, hence indirect addressing must be si-
mulated by means of index registers. In this context, the routine CONVERTACCESS can
be described with more precision. It has two parameters
- a parameter of type cadd specifying a particular access,

- an index register R which can be used if necessary, to transform an indirect access
into an indexed access.
CONVERTACCESS results in a so-called pseudo-address (psadd) which will be directly
used by the code generator (III.2).
psadd can be formalized as follows :
mode psadd = struct (char class,
struct (int hadd,
tadd) add,

int symb,

bool literal,
w)

The meaning of the different fields for a value V with a psadd F is now explained :
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Clase, add and symb of P indicate how an integral value I can be obtained, integral
value which later on, and according to literal, will be considered V itself or a ma—
chine address through which V can be reached at run—time. There are three possible
classes for P :

(1) class of P = gdir, standing for simple direct address ;
in this case, hadd = 0 :

I =tadd + 5
where § is fixed at load~time ; S corresponds to the actual value of the field
gymb.

(2} class of P = indR standing for indexed addressing using the index register R ;
actually there may be such a class for each hardware index register {in practice
only two index registers are used).

I = tadd + § + contents(R)

(3) class of P = disp standing for DISPLAYS addressing ; in this case, add is a dou-

blet n.p, sgymb is irrelevant and
I = DISPLAYEL n] +p.

If literal is true, I=V, otherwise the static part of ¥V is in a memory location at

address I : V = (MEMYI1, MEMY T+11,...)

w keeps track whether V is stored on WOST% or not.

CONVERTACCESS performing all transformations from cadd to access [III.1.1) and from

access to psadd is roughly described as follows

proc CONVERTACCESS = (cadd cadd, register R) psadd :
o the result of the routine is the psadd corresponding to cadd ; the routine uses
BLOCKTABS for transforming doublets brne.a into n.p ; taeble 1 shows the two steps of

that transformation. The second step may involve the generation of some machine ins-
tructions. These are mentioned in colwm GMI of teble 1 {see also III.2).
co

Two additional routines for pseudo-address transformation will be useful in the

sequel, they are now described :

proc INREGPS = (psadd psaddx, register R) psadd :
co This routine is used to transform a psaddx in which liferal=false into another

psadd of the form

elasg := indR
add := (0,0} {in the sequel, this psadd is represented
symb := 0 vy (indR,0)}

literal := false
w := folse

Except if psaddx is already of the required form, the following generation tekes
place

GMI | LDR = psaddx
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This means that R is loaded with the address represented by psaddz (see III.2). This
routine is used when the address of a value has to be passed to a run-time routine
through register R.

co.

proc DEREFPS (psadd psaddx, register R) psadd :

co psaddx is supposed to correspond to a name ; the routine delivers a psadd charac-
terizing the value referred to by the name. ¢o
(literal of psaddx = true
| (class of psaddz,
add of psaddsx,
symb of psaddu,
false,
w of psaddx)

| aur 128 o]

(indR, 0)
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2. METHCD OF CODE GENERATION

In order fo increase the modularity and the portability of the compiler, it is ne~—
cessary to systematize the code generation. In the X8-compiler, code is generated by
means of a single routine GMI interpreting the contents of a prebuilt table GTAB.
Clearly, GTAB is machine dependent and is one of the few modulesto be rewritten to
adapt the compiler to & particular hardware. In this book  for the sake of clarity,
we do not refer to GTAB when we want to describe the generation of machine instruc~
tions ; instead a symbolic representation of the generated instructions is used. It
is the conventions of this representation which are first explained. Thereafter, de-

tails of the actual process of code generation using GTAB are given.

2.1 SYMBOLIC REPRESENTATION OF CODE GENERATION

The generation of machine code is specified by GMI followed by a rectangle,
prompting a call of the routine GMI ; in the rectangle, run~time actions for which
code is generated are specified and this in two possible forms
(1) by means of a block-diagram, when the action is sophisticated ; generally, what
is actually generated in such a case is the call of a prestored run-time (1library)
routine (see also III.5.2).

(2) by means of & symbolic representation of the instructions to be generated, when
the run-time action is more easily expressed in this form. The conventions which are

used in the symbolic representation of an instruction are now explained :

Case A : if the address of the instruction is directly based on a psadd, the symbolic

representation has four fields :

C {op-codel} example LDR

L {literal} =

P {psadd 1} psadd

I {iner } +(reladd+3)

C is a three-letter symbolic representation of the operation code of the instruction ;
the meaning is generally obvious, e.g. LDR means "load register R", STR means "store
the contents of register R" ... .

L is "=" when the operand defined by P and I has to be considered a literal operand ;
clearly, in this case, literal of P must be true. Otherwise L is empty.

P specifies a particular psadd.

1 is an increment ; it has the form '+ integral expression' and it means that the
tadd of psadd bas to be incremented by the value of the expression. Remark that both

the expression and the fadd incrementation are performed at compile-time.
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Cage B : if the address of the instruction does not directly refer to a preexisting

psadd , the instruction has a representation where a psadd is explicitely stated :

C {op~code }]example : LDR
L {literal } =
A {address } 10
I {index 1} »B
S {symbolic} sconstab

C represents the instruction operation code as in case A.
L is "=" when the operand is a literal, it is empty otherwise.

A specifiies the address properly so called ; it consists of an integral expression
when the addressing is not display and a pair of integral expressions separated by
& point if a display addressing is involved ; these expressions are calculated at
compile~time.

T is ",X" when the index register X is involved, it is empty otherwise.

S is ";" followed by a symbolic run—~time address or constant if such an item is in-

volved, it is empty otherwise.

Example
Suppose we have to specify the machine code generation of the simplified ICI
standeall (caddrout§,
eadd1s§,
caddss§,
caddres§) {54}
assuming that caddrout§ specifies the standard operator op(int,int)int +,
psaddl := CONVERTACCESS (eaddi1§,Y)
psadd2 := CONVERTACCESS (cadd2$§,X)
psadd3 := CONVERTACCESS((caddres$,=)
co caddres§ has always the form (dirwost ...)
no index register is needed for the conversion co.

GMT 1DY psaddl
ADY psadd?
STY psadd3

¢g Here we do not consider the fact that, for the sake of local optimizations, it is

advisable to load an operand with a WOSTS access (w=true) first (II1.3) eo
With the particular values
ecadd1§ : (indwost n.p)
cadd2§ : (constant 3)
caddres§ : (dirwost n'.p')

the above process corresponds to the following generation :

GMT 0¥ 7.p
DY 0,¥
ADY = 3
STY n'.p!
The process does apply to any sensible forms of cadd’s.
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2.2 ACTUAL IMPLEMENTATION OF CODE GENERATION

As stated gbove, code generation is implemented by means of the routine GMI inter-
preting the contents of a table GTAB. In GTAB, for each instruction to be specified,
its operation code {op-code) and also other hardware dependent features (such as the
variants pze, uyn in the case of the X¥8) are explicitely stated. However, the address

is parametrized ; there are two mechanisms for address construction :

Case A : the address of the instruction is directly based on & preexisting psadd :

then it is the address of the compile—time location where this psadd is found which
is {symbolically) specified in the table ; moreover an increment to tadd is also spe—
cified under the form of the (symbolic) address of the compile—time location where
this increment is found. Together with psadd, an additional field IZteral is speci-

fied ; its meaning is analoguous to the one explained for [ in case A of III.2.1.

Case B : the address of the instruction does not refer to a preexisting psadd : GTAB
provides for the information to construct a psadd in an ad~hoc way, by means of &
field of the mode psaddl :
mode psaddl = struct (char class,
struct (ref int hadd,
tadd)add,

int symb,
bool literal,
w)
the difference with psadd is that in the fields hadd and tadd it is the address of a
compile-time location where the actual value can be found which is specified (symbo-
lically). Hence, Zadd and tadd may result from compile-time calculations and cannot
be specified as such in GTAB. Moreover, as in case A, the address of a compile-time
location where an increment to tadd is to be found is also specified.
The generation of a set of machine instructions is performed by the routine GMI
which has as its parameter an entry point gtabp into GTAB.
The structure of GTAB is such that, at this entry point, the number n of instructions
to be generated is found followed by the information for constructing these n instruc-
tions. For distinguishing the cases A and B above, in each instruction a special boo-
lean field is provided. Formally we could write :
[2:...) [1:flex] ginst GTAB ;

mode ginst = struct (int opcode,

wnion (struct(vef psadd psadd, bool literal),

psaddl)psadd,

{tnt pre, uynl)
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Here, it is the union overhead which has to be interpreted in order to meke the choi-
ce betwsen the cases ; the fields pze and uyn are peculiar to the X8 and will easily

be understood by the specialists.

Remark

It should be clear that GTAB is a preconstructed table and that it should be pos-
sible to "program" this table in a symbolic form, using compile—time variables and
constants. In the X8-compiler, the macro-facilities of the assembler are used to

build the table from its symbolic representation.

Example
Suppose we want to generate code by which a library routine FILLSTRIDES% is called.

Suppose now this roubtine has two parameters : the address of & descriptor and its
number of dimensions ; these parameters are for example provided in register R1 and
R2 respectively. {The action of the routine FILLSTRIDES% is the calculation of the
strides attached to each dimension according to the bounds supposed to be already

filled in the descriptor}. For generating the call of the routine, we write

GMI IDR1 = psadd
LDR2 nbdim
LNK 0 ;3 FILLSTRIDES%

This is actually performed by means of the call
GMI  (gtabp)
which assumes

(1) the following contents of GTAB :

GTAB

opeode psadd iner “ee

coe s oo e e

gtabp:} 1:3
{1} LDR1 struct: (pesadd, true) 0

{2} LDR2 psaddl : (sdir, 0 eee
(0,
nbdim),
g,
false)
{3} LNK psaddl : (sdir, 0
(0,

0)s
filletrides,
false)
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(2) the following compile~time declarations
psadd psadd := CONVERTACCESS (codd co issued from the intermediate code co/ ;
int nbdim ;
int fillstrides = co sn integer representing the address of the run-time routine
FILLSTRIDES% symbolically co ;

int LDRI= ..., LDR2= ..., LNK= ... ; co symbolic conventions for the op-codes co.

Eventually, GMI can be formalized as follows :
mode loadinst = co & mode representative of the structure of an instruction in a
form appropriate to the loader co
proc GMI = (int gtabp) :
for £ to upb GTAB [ gtabp]
do co process instruction GTAB gtabp] [7],
i.e. put it in the appropriate loadimstr form and store it into the

object program passing through the local optimizer co
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8. LOCAL OPTIMIZATIONS

The principle of local optimizations is extremely simple [ 16] : when a new instrue-
tion is generated, it is compared with the last instruction in the object program
to see whether one or both instructions cannot be cancelled. Precautions have been
taken at the level of ICI generation :
(1) in order to ensure security ;
-nooptimize inhibits local optimizations when necessary (I.2.4.3 remark 1, II.O.
k.5.e).
-w (III.1), deduced from the access class inhibits the cancelling of a "store
instruction® when the corresponding access is not a WOST% access.
(2) in order to allow optimizations wherever possibie
~loadreg and storerey are generated in choice constructions and in case of routi-
ne calls and definition (I.2.3.L4 , II.5.5 , IL.14).

A number of practical considerations are now given in order to show how local op-
timizations have been actually implemented and to point out a number of peculiarities

allowing to take a grester advantage of them.

4., It appeared that local optimizations may be implemented in a very simple way, by
means of a buffer, without sensible loss of efficiency ; this method is now outlined.
Each time an instruction has to be generated, it is compared with the contents of
the buffer, which in turn containsthe lastly generated instruction ; several cases
are possible :

- the buffer is empty : the new instruction is stored in the buffer.

- the buffer is not empty : an ad-hoc process is invoked by which the new instruction
and possibly the contents of the buffer are cancelled or by which the contents of
the buffer is pushed into the object program while the new instruction takes place
into the bulfer.

- the instruction contained in the buffer is pushed into the object program each time
the ICI nooptimize is met.

The use of a buffer is also advantegeous for compile-time efficiency ; in the buffer,

the different fields of an instruction are in an unpacked form, which makes the ac-

cesses to 1ts fields more efficient.

B. We refer to I.2.3.4, I1.5.5 and II.11.1. Remark 1, for practical examples of lo-

cel optimizations. In addition the. following remarks are of interests
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a. Optimizing the use of Boolean values
A problem arises at the interface between modules resulting in a Boolean value
and modules using it, considering that :

~ A Boolean value is stored in a conventional way for example 0 for false,1 for
true.

- If the Boolean value results from operations on other Boolean values, calculations
take generally place in conventional registers as for integral and real calcula-
tions.

~ If the Boolean value results from relations, the result appears in a single bit
comparison register CREG% which may be addressable or not.

~ Finally a Boolean value may be used in conditional clauses for branching ; bran—
ching instructions are generally based on the contents of the CREGS.

The problem arises when we have to store a Boolean value contained in CREGS into

a memory cell, and when we have to use a Boolean value stored in a memory cell for

branching. With our principle of translating modules in an independent way, the use

of the result of a module is unknown and it will always be stored in a WOST% cell.

Conversely, branching based on a Boolean value will always have to deal with a Boo-

lean value stored in a memory cell. The question is, how to proceed to recover effi-

ciency by means of local optimizations? The solution lies in considering that we have
an addressable CREG% at ocur disposal and to allow the generation of instructions LDC
and 8TC through GTAB. Such instructions may take place in the buffer and be cancelled
using the normal local optimization process of load- and store-instructions. However,
if IDC and STC instructions are not available in the hardware (as it is the case for
the X8), they are not pushed as such into the object program, but they are simula-
ted by means of other actual hardware instructions.

The following examples illustrate the above mechanism and show how efficiency is re-

trieved :

Examplie 3.1

Source program
(@=Db | vov | v0a)

Intermediate code

=((int,int)bool, a, b, w)

Jumpno (w, L) « .
Machine code generated by GMT Machine code actually stored
DY «a DY w
EQY b EQY b
C w
LDC
IFJ L IFd L
Example 3.2

Source program
B := a=b
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Intermediate code

=((int,intibool, a, b, w)
:=(bool, w, B)
Machine code generated by GMT

DY a
EQY b
STC w

DY = 0

IFJ L
DY = 1
M/L‘Ww
STY B
Exemple 3.3
Source program
(8| al b
Intermediate code

Jumpno (B, L)

ar s

Machine code generated by GMT
D¢ B =————wIDY B

QY = 1

IFJ L

Example 3.k

Source program
Bor 4

Intermediate code

or((bool,bool)bool,B,A,w)
Machine code

DY B
ORY 4
STY w

b. Eliminating redundant goto's

Machine code actually stored

LDY
EQY
LDY
IFd
LDY

[T = BRIl N

STY B

Machine code actually stored

DY B
BEQY = 1
IFJ L

The local optimization mechanism can be used to eliminate redundant goto'’s which

often appear in the code generated by a modular system like ours.

During machine code generation, a table (LABTAB) of correspondence between labels

and relative machine addresses in the object program is generated. By means of this

table the loader transforms labels into actual program addresses {an indication is

given to it by a special value Zabtabp of the field symb in GTAB). Jumps (unconditio-~

nal UNJ and others) and label definitions take place in the buffer defined above as

other instructions. Indeed, they must inhibit local optimizations on load and store

instructions surrounding them. Morsover, we take profit of their presence in the buf-

fer to perform the following :
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L' : UNJ L causes the definition of L' to be equivalent to the one of L in
LABTAB ; a chaining is implemented to take transitivity into account.

In this way, L' is shortecut.

UNJ L causes the cancelling of the jump

L

UNJ L causes the cancelling of the second jump.
UNJ L

e. OUrdering the operands of a formula

When translating a binary commutative operator, it is useful to load first, the
operand which has a W0ST% access (w=true)
Example 3.5

Source program
a*(b+c)

Intermediate code :

+{ (int,int)int,b,c,w)
+{(int,int)int,a,waw'’)
Machine code

1) Without the sbove precaution

Before local optimization After local optimization

IDX b
ADX ¢ idem
STX w

DX «a
ADX w
STX w!

2) With the above precaution

DX b DX b
ADX ¢ ADX e

STX
w‘x/;

ADX a ADX a
STX w! STX w'
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¢. i roaper’™

The task of the loader is to put at appropriate placesin the memory the different
devices, routines and parts of program which must be available at run-time, and this
in their definite hardware form, while trying to waste as few space as possible. The
X8-compiler does not admit precompiled routines other than those defined by the com—
piler itself, such that no linkage editor task devolves upon the loader. The loader
works in two steps :

(1) actual memory is allocated to the different run-time devices according to the
information on their size furnished by the compiler for the particular program
to be loaded.

(2) these devices are stored in the space allocated to them, while appropriaste ad-
dress transformations are performed.

The X8-loader is also given the task of checking the validity of generated ins-
tructions. Indeed, the X8 hardware though of modular conception has some peculiari-
ties deviating from the general rules. It is prudent to have a kind of filter, befo-
re execution, giving an error message if an unaccepbable instruction has been gene-
rated through GTAB interpretation. The filter relies on a kind of decision table
FILTAB where the X8 hardware, general rules as well as peculiarities, has been des-
cribed in an appropriate way. This feature has appeared to be very useful during the

debugging phase of the compiler.

For designing the first task of the loader, we need to know which device must be
available at each run—time moment. Two situations have to be distinguished, namely,
outside and inside the garbage collection. Overlay is used in the implementation of
these two situations (see fig.h.1).

(1) Outside the garbage collection we need :
~ OBPROG% : the object program in an executable Fform
RTROUTS : the library routines which are used in the particular OBPROG%
~ CONSTAB%
DISPLAYS
VALSTACKS : used in the elaboration of ICI's on data structures (see III.5.h)
DECTABS : {could be avoided : II.0.L.2}.
WORKSPS : the working space allocated to RANST% and HEAPS

(2) Inside the garbage collector we need :

1

i

- GCPROG% : the garbage collector program properly so called
~- BITTABS : the bit table

{+) This section is rather technical, but its contents is not necessary for under-
standing the next sections.
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i

HOLESTAB% : the table of holes

DESCRTAB% : keeping track of multiple values with interstices which have to
be marked at the end of the process (see ITI.6.L4)

TRACESTACK% : a stack used when tracing values

i

i

i

VALSTACK% : which must be updated during garbage collection (ITI.6.3)
DECTAB% : {could be avoided : II.0.L.2}
WORKSP% : +to be traced (compacted, updated)

i

The size of these devices are represented by means of obvious notations ending with

83,
Outside gc Inside ge
wemepn e
1 i OBPROGS GCPROGS
g RTROUTS swapping BITTAB%
8 | S| |consTABS - HOLESTABS u
§ 18| |orseiays DESCRTABS K
TRACESTACKS S
x {rtbn%}
<
§ VALSTACKS
Q
‘é ® DECTABS
0 -
lRANST%
0
52
§ WORKSPS
4
i8]
s r 1HEAP%
fig. 4.1

The following sizes are fixed a priori when the loader is entered :
- obprogsz

- Ptroutsz(f)
- constabsz

- displaysz

valstacksz
- dectabsz

= geprogss

{+) Not s8ll livrary routines have to be present during the elaboration of each pro-
gram 3 which routines are neceded is transmitted to the loader by the code gene—
ration phase by means of a table ROUTTAB.
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Sizes which remain 1o be determined are :

- workspsz

- bittabsz

- holestabsz

~ desertabss

~ tracestacksz

The following considerations will guide the definition of these sizes.

{1) We shall suppose that in both situations (inside and outside the garbage collec-
tion) only the required information is present in direct access memory, and that con-
sequently, swapping has to take place when switching from one situation te the other
(fig. b.1).

(2) Let us define

memsz = memory size

outgaesz = obprogsz + rtroutsz + constabsz + displayss
outgess is fixed a priori

commonsz = 1 + valstsz + dectabsz
commonsz is fixed a priori

getabsz = holestabsz + descrtabss + tracestackez.

maxsg = max({outgesz, goeprogsz + bittabsz + getabsz)

The following relations hold
bittabsz = workspsa  bitswidth+l {bitewidth = 27 in case of the X8}
workspsz = memsz —~ CONMONSE — MALSZ.
These are not sufficient to settle all sizes, compromises must be chosen ; the most
difficult point being to determine holestabsz, descriabsz and tracestacksz, the size
of which varies even for the same program from one ge call to the other. The best so—
lution would be to eliminate TRACESTACKS by using a method similar to [ 10] and to
store HOLESTAB% in the holes themselves ; DESCRTAB% could also be stored in the holes,
however its size is reduced and the few space needed can be frozen for it. On the X8,
a rough solution is used consisting in freezing a fixed space for HOLESTABY, DESCRTAB%
and TRACESTACK%. Up to now these limits have not been transgressed (see III.6.2).
Once the sizes of all devices have been fixed, the second task of the loader beco-
mes straightforward : it loads devices of situation 1 and transmits appropriate para—
meters to the garbage collector calling routine to enable it to perform the swapping.
Let us just point out a few details
- while OBPROG% is loaded, addresses are given their final form using on the one
hand LABTABS filled during machine code generation and information on how symbolic
addresses have to be transformed ; in particular, this transformation is influenced
by the sizes calculated during the first phase of the loading.

- each instruction dis checked for validity through FILTABS before being stored in
O0BPROGS.
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- in the source program, commands intended to CONSTABS address updating are met ;
they are executed using LABTABS and the address allocated to CONSTABS.
- only run-time routines needed by OBPROG% are loaded in RTROUTY ; information on

which routine is needed is found in ROUTTABS filled during code generation.
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5. TRANSLATION OF INTERMEDIATE CODE MODULES

Intermediate code modules {(instructions) are translated into machine code indepen-—
dently ; this improves the modulaerity of the code generation. Only a few precautions
have to be taken is some modules in order to take the best profit of local optimiza~
tions :

(1) Registers are given a specialized task.

{2) When a module uses a WOST% value as one of its parameters, it is advisable, whe-
rever possible, to start the module translation by an instruction loading this
value in an appropriate register.

We distinguish three kinds of modules :

(1) Modules that can be translated by few machine code instructions directly genera-
ted as such in the object program. It is the case for most of the standard ope-~
rators.

(2) Modules that are translated into a call of a library routine, routine possibly
having some parameters. It is the case for routines constructing descriptors of
multiple values for example.

(3) Modules that require a data structure scanning. It is the case of the modules
stwostl, assign, ... .

The problems inherent to these three classes will be treated in ITI1.5.2, III.5.3
and III.5.4 respectively ; beforehand IIT.5.1 defines a~priori the minimal set of
hardware registers required by the compiler, allowing a maximum of efficiency of the

generated code.
5.1 SET OF REGISTERS

The general strategy for register allocation is based on the fact that efficiency
of register use must be retrieved by means of local optimizations only ; this implies
that registers are given a specialized task. In this line, the following set of re-
gisters is defined :

— Registers XREG% and YREG% are two paired registers for integral calculations.
- Register FREG% is & register for floating point calculstions.

- Register VREG% is a register for boolean celculations.

- Register WREGY is a register for memory transfers.

- Registers IREG% and JREG% are two index registers.

- Register DREGY is a register used to simulate DISPLAY% addressing.

The above set of registers is not minimal, if general purpose registers are avai-
lable, the same register can be used at different moments for performing different

kinds of tasks. In the X8-compiler, the following subclasses of registers must be
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available at different run-time moments
1. XREG%, YREG%, IREG% and DREGY
2. FREG%, IREG% and DREGS
3. VREG%, IREG% and DREGY
4. IREGY, JREG%, WREGS and DREGS
It is easy to decide in the light of the above subclasses vhether the registers
of 8 given hardware are sufficient to fit into the XB-code generator ; as an example,

on the X8-compiler, registers are shared as follows :

XREG% : A
YREG: : S
FREGS : ¥(G)
VREGS : 8

WREG% : F/G
IREGS : A/G
JREG% : s/G
DREGS : hnardware DISPLAYS mechanism (D).

X8 B-register is used in library routines, taking profit of hardware stack-facilities.

5.4 SIMPLE MODULES

Simple modules are ICI's translated by the generation of a few machine instruc-
tions not invoking library routines. Most of these modules correspond to standard
operators. For the translation of such modules, it is fundamental to have in mind
the two precautions mentioned at the beginning of III.5. It is then very easy to veri-
fy that we take the best profit of local optimizations and that the minimal set of

registers of III1.5.1 is sufficlent.

5.8 MODULES INVOLVING LIBRARY ROUTINES

When a module translation implies the generation of a long sequence of machine
instructions, for the sake of space sconcmy, these instructions are gathered inte a
library roubine. Most of the time such routines must be provided with parameters
known at compile~time, like accesses, information deduced from a mode (number of di-
mensions of a multiple value, static size of a value ...). Instead of generating the
sequence of machine instructions itself, it is the instructions transmitting the para-
meters and calling the routine which are genersted. The problem is now how to trans-
mit the parameters of the routine.

(1) As far as enough registers are available, the most efficient solution for para-
meter transmission is to generate code by which registers are loaded with the actual
parameters of the routine. For access transmission, the compile-time routine INREGPS

(IIT.1.2) is used, for other parameters, instructions like
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LDX = nbdim
where nbdim stands for the contents of a compile-time location, are generated.
{2) Suppose. not enough registers are availeble, sccess transmission generally implies
a dynamic effect ; INREGPS is still used, but moreover an instruction is generated
to free the register by storing its contents in a run-time location local to the rou~
tine
STX 0 ;3 accessh

For parameters which correspond to the contents of compile-time locations, a bet-
ter solution exists : the compile—time value is stored in CONSTABS and it is the
CONSTABS address which is passed on as a parameter of the routine ; this is particu~
larly useful when several parameters of this second type have to be passed to the
routine, they are stored in consecutive CONSTABS locations and only one CONSTABS ad-
dress has to be furnished to the routine.
N.B. Some considerations on parameter transmission to library routines may influence
storage allocation. An example will make this thing clear. The number of dimensions
nbdim of a multiple value is part of the mode and is completely controlled at compi-
le-time, it needs not to be stored in the descriptor. However, in a program manipulae-
ting multiple values, many calls to library routines are generated, having as parame-
ters both the descriptor access and its number of dimensions. If follows that it is
more efficient to store the number of dimensions in the descriptor than to generste
instructions passing this number of dimensions to library routines a number of times.
For similar reasons, it seems that the bn of a BLOCK% should be stored in its HS,
that a run-time variable r¢bn% should contain the bn of the current block and that
a run-time variable cardnb% should contain the current card number. Note that in the
last case, the run~time updating of cardnb¥% is only needed before the first module
involving a run—time error message is encountered, and this before the first label

definition and after each label definition on a line (card).

Example 5.1
Suppose we have to translate the module Znacpar in case caddrout§ is of the form

{routet congtabp§) as explained in II.5.2.
With proc INCONSTAB = (int x)
(CONSTABS] constabpm] := x ;
constabpm+:=1)
the compile~time actions are the following :
INCONSTAB (bna§)
INCONSTAB (totsz§)
INCONSTAB (flex§)
INCONSTAB (tadd of caddres$)
INCONSTAB (gecres§)
INCONSTAB (dmreres§)
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INCONSTAB (gcidb§)
TNCONSTAB (h+sidezal§+dmrsza$)
INCONSTAB (geceza$)
INCONSTAB (sidszaf)

GMI ILDJ = gonstabpm-10
LNK 0 Znacpark

At run-time the library routine Znacpar% is executed ; its parameters are found
in CONSTABS at the address contained in register J. The action given in II.5.2, step
2.2 for the ICI Zngcpar is easily adapted to this situation.

Suppose now caddrout§ is not of the form (routct comstabp), this means that the CONS-

TAB routine representation is only accessible at run-time ; the translation is then

the following (II.5.3)

INREGPS (CONVERTACCESS (caddrout§,I),I)

¢o this causes the generation of (&) machine instruction(s) by which the address of
the run—-time routine representation is stored in register I co

INCONSTAB (bna§)

INCONSTAB (flex§)

INCONSTAB (tadd of caddres§)

INCONSTAB (gccres§)

INCORSTAB ({(dmrcres§)

INCONSTAB (htsidsza$+dmrszaf)

INCONSTAB (gesza$§)

INCONSTAB (sidsza$§)

INCONSTAB (swosteza$)

GMT DI = constabpm-9
INK 0 3 <Znacparl%

At run-time, Znacparl® accesses its parameters through I and J.
N.B. It should be clear that Znacpar® an inacparl% are very similar and can be easily

merged into one same routine.

5.4 MODULES IMPLYING DATA STRUCTURE SCANNING{?)

Modules (ICI) corresponding to copies of values on RANSTS (stwosti, stacpar,

return, ...), to assignations (assign {scope}), modules related to name creation
(locvargen, locgen, ...), modules corresponding to formal bound checking (¢heckformal)

and modules transputting values (stdeallinout) imply = data structure scanning.

These modules are provided with data accesses and a mode information as their

parameters. Instead of interpreting the mode at run~time, the mode can be interpre—

{+) See also [20].
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ted at compile—time and instructions are generated for handling the data structure

at run-time. The code generated may consist of a few instructions for simple data
structures or of many instructions for intricate ones. Here in particular, precau~
tions must be taken in order to avoid that simple cases suffer from the existence

of more complicated cases ; algorithms of translation of these modules must be par-
ticularly refined. On the other hand, when many instructions have to be generated

for the translation of one of the above modules with a particular mode and when this
module appears several times in the same program with the same parameter mode, it is
advisable to generate one single roubtine and several calls., The parameters of such

a routine will be accesses to data structures stored in index registers (INREGPS de-
fined in IIT.1.2 ig used to generate the instructions by which the registers are loa-—
ded). There are at most two such parameters in the modules such that two index regis-—
ters are sufficient (for some modules and some hardwares a supplementary register is
needed for moving memory zones).

The only problem for turning module translation into the generation of a routine
and several calls is a compile~time bookkeeping telling for which module and which
modes & routine has already been generated, and where such a routine appears in
OBPROG. If we suppose that DECTAB has been compacted (i.e. a given mode appears only
once), the bockkeeping reduces to associating to each DECTAB entry & chain consisting
of information on the routines generated for the corresponding mode (i.e. for each
routine, its address in OBPROG and the ICI operation code to which it corresponds).

We now explain the principles used to generate code for data structure scanning.

5.4.1 DATA STRUCTURE SCANNING
A data structure actually consists of a tree in which 'plain values' (including

names) are terminal nodes. Intermediate nodes consist of

~ structured values, where fields have to be handled one after the other (recursive-
1y).

- multiple values generslly having a dynemic number of branches {elements) ; hence
a loop is generated, inside which elements are treated one by one.

~ union values which in fact have only one branch at run-time but among several pos-
sible ones known at compile~time. The choice is dynamic and based on the union over—
heads. What hes to be done is to generate code for all possible branches and a
switch which, at run-time, will perform the choice amongst all alternatives. We re-
call that in the X8-compiler the switch is based on dynsmic mode comparisons, which
could be avoided (see II.0.k.2).

B.B. Although names are terminal nodes, it must be stressed that names referring

to multiple values may be associated with a descriptor [ 14] which gives rise to some

difficulties when such names have to be copied.
The major problem is met when dealing with multiple values ; solutions to this

problem are outlined first. Another problem is to be able to generate very efficient
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code for transferring zones of memory, whichever they are ; this problem is solved
by means of the routine COPYCELLS described thereafter.

Finally, we give a detailed description of the translation of the module stwost
and we mention the peculiarities of the translation of the other modules on data

structures.

Strategy used for scanning array elements

Suppose we have to scan the elements of a multiple value with an access characte-
rized by a psadd ; in fact, this psadd is the access to the descriptor. Problems met

when scanning the elements are the following :

A. Keeping track of the path in the data structure at run-time.

The address of the first element of an array is given by the offset% of its descrip-

tor, this address will be put in an index register IREGY and the Ffirst element will

be characterized by a psadd of the form (indl,0). The problem is that the process

ig recursive and we cannot afford one new register each time a new descriptor is pas-

sed through. In practice, we shall use the same register and save its old value on &

run~time stack we call VALSTACK% ; in this way, we are always able to retrieve the
access of a descriptor after having scanned its elements. Two remarks have to be made
on VALSTACK%

a. The management of its pointer valstackpm is static and hence, its maximum size is
known at compile~time.

b. VALSTACK% may contain HEAPS pointers which means that such pointers must be upda-
ted by the garbage collector when called and hence, appropriate information must
be furnished to it, on where on VALSTACK% such pointers are found.

The management of the access when passing through and coming back to a descriptor is

performed by means of the following compile-time routines :

proc THROUGHDESCR = (psadd peadd, int reladd, register R) psadd :
co psadd is saved on the multipurpose compile-time stack MSTACK. If psadd involves
an index register RI (possibly R=R1) its contents is saved on VALSTACKS toge-
ther with appropriste garbage collection information ; the current VALSTACKS
pointer valstackpm is incremented.
Instructions are generated to load register E with the offset% of the descrip-
tor of access psadd+reladd. The routine results in a psadd of the form (indR,0).

proc psadd BACKDESCR = psgadd :
¢o The routine results in the psadd restored from MSTACK ; if this psadd involves
an index register, instructions are generated to restore its contents from
VALSTACKS ; in this case valstackpm is decremented.

2
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B. Incrementing the pointer of the current element.
For scanning the elements, a loop is generated, but the following must be remarked :
the elements of the array may be not contigucus ; 7flag% stored in the descriptor is
characteristic of this situation, but this information is dymamic. As we ghall see,
scanning contiguous elements is much more efficient than scanning elements separated
by 'holes'. If we want to optimize the execution in time, we generate instructions
for the two strategies together with a switch based on ©flag% ; this is what is done
in the X8-compiler.
Notational conventions : the following notations with an obvious meaning are used to
represent the fields of the current descriptor :

offseth

1flagh

d%

0
1%,,u%,,d%,

1% sub_,d%
7" " n
moreover add% is supposed to be the address of the current elements ; in practice,
index registers IREGY or JREG% are used for this purpose. The loop allowing to scan
the elements of a multiple value is generated in two parts : an initislization and a

finalization. We give now these two parts for arrays with and without interstices.

(1) No interstices
LOOP-INITIALIZATIOND%
inerh := d%n R

max%h = offset% + d%O 3
add% offeeth ;

L :

H

LOOP-FINALIZATIONO%
add% +:= inery ;
(add%bmaxh | goto L)

Remark
It should be clear that if the action of the loop limite itself to copying conse~
cutive cells, what is generated is the call of a run-time routine COPYCELLS% with as

its parameters d%ggthe number of cells to be copied and the source and destination
offsets (III.5.h.2).

(2) Interstices (first strategy)

The first strategy is based on a precalculation of the sizes of the holes which

separate the elements of each dimension of the multiple value.
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Notational conventions :
statiesize = the static size of one element.
;r%i (Z%i < x%i < u%i, Z=1...n) is a current counter in dimension 7.
h%i is the address increment associated with dimension <.
Example : suppose an arrvay of 2 dimensions with bounds [ 1:2,1:4 (elements are
hatched) :

P \\\\\\ S B

o
DD
[
4 1
[
ot
]
i
e
jo 8
o

PN N\ i PO

LOOP-INITTALIZATIONI%

x% = 1% 3
n n
k% := d% - staticsize ;
n n
for i% from n-1 by ~1 to 1
do x%i% ;= Z%i% N
hyy = Ay = (Uhpg g = Whpgey * 1) % dhpgyy
od ;

add% := offseth ;
L :
LOOP~ FINALIZATIONI%
for <% from n by -1 to 1
do (m%i% = ub

<%
fx%i% = Z%i%
!x%i% +rm ln,-
add% +::g%§7l% h%g% + staticeize ;
goto L)

od
Remark
This strategy requires too many calculations inside the loop, it is advantageously

replaced by the second strategy.



285

(3) Interstices (second strategy)

This strategy is based on a precalculation of all possible sizes of the holes
which separate the elements of the first dimension of the multiple value. There is

one size h%i per dimension 7.

bty AN
_______ M.
L
o I
B
K, A 1

LOOP-INITIALIZATIONS%
xh = 1% g
n 7
h%?; := d%n H

for 1% from n~1 by -1 to 1
do x%i% = 7’%7,'% H

] . ! - -
oy o= Phigeq * dhyg = (Ulyg ) = Uhiyyy #1) % diyy
od ;
add% := offsetk ;
L :

LOOP-FINALIZATION2%
for i% from n by -1 to 1
do (afsq = ukig
‘x%i% = Z%i%

tm%i% +:= 7 ;
add% +:= h%é% H
goto L
)
od
(4) Interstices (third strategy)

This strategy uses one current pointer a%i per dimension, the strides d%i are used

for their incrementation ; note that add% = a%n.



LOOP=INITIALIZATION3%
x% = 1% 3
n 7
for i% to n-1
do a%i7 := offseth ;

w%i% = Z%i%
od ;
add% := offseths ;
L:

LOOP~FINALIZATION3%

if «h # uk,

then add% +:= d%n H

xk F:= 1
n

goto L

fis
for i% from n-1 by -1 to 1
do if whyy = Whiy

then x%i% = Z%i%

else x%i% +:= 1 3
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a%i% +:= d%i% 3
for §% from n-1 by -1 to Lh+]
do a%j% o= a%i% od ;
add% := a%i% 3
x% = 1% 3
n n
goto L

hicl
od

o

N
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Remark
Though conceptually more simple, the third strategy is less efficient than the
second one ; it is the second strategy which is used in the X8-compiler.
General remark
The actions teken inside the loop may involve & recursive use of LOOP-INITIALIZA~
TION% and LOOP-FINALIZATION%. In this case the variables
(1) iner%, maxh, addh

(2} x%i, k%i’ add% (2=1...n)
(3) x%i, h%i’ add% (4=1...n)
(L) x%i, a%i, adds (1=1...7)

must be saved on & run—time stack during the loop. VALSTACKS is used for this purpo~
gse ; again it is to be noted that the pointer valstackpm of this stack is controlled

at compile-time and that the maximum size of VALSTACKY is static.

5.4.2 THE ROUTINE COPYCELLS
COPYCELLS is & compile—time routine used to generate code moving # consecutive
cells, where n is known at compile-time ; it may involve the generation of a call of
the run—time library routine COPYCELLS%. Such routines are used very often when mani-
pulating data structures and they must be as efficient as possible. For this reason
they are made hardware dependent.
proc COPYCELLS = (psadd psadds, psaddoe, int reladd, n) :
co This routine generates instructions for copying n consecutive cells from psadds+
reladd to psaddo+reladd. It uses hardware facilities, for example those which al-
low to transfer zones of memory. If such facilities do not exist, a register is
used for copying the cells :
- for a small number of cells, load and store instructions are generated.
~ for a large number of cells & loop is generated ; this loop may be generated
explicitely or under the form of a call of the library routine COPYCELLS% (see
below).
Remark that precautions have to be taken when the source access corresponds to

varranst (routet or formatet). In this case what has to be copied is the dynamic

representation of a name {routine or format). It consists of a pointer% and a
scope’ which is equal to DISPLAVY bnuscl.
o
proc COPYCELLS% = (int n) :
co this library (run-time) routine copies #n consecutive memory cells from the ad-
dress contained in IREG to the address contained in JREG%. co
When & call of COPY¥CELLS% has to be generated for copying cells from psadds+reladd
to psaddo+reladd, the following must take place :
psadds := INREGPS(psadds+reladd, IREGS)
psaddo := INREGPS(psaddo+reladd, JREGS)
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This may involve the generation of run-time instructions
1DI peadds+reladd
LDJ psaddo+reladd
and simultanecusly it makes
psadds := (indI,0) ;
psaddo := (indd,0).

5.4.3 TRANSLATION OF THE MODULE stwost

The module stwost is used to copy data structures on WOST$ ; this happens when
results have to be transmitted at block or routine exit, when row and structure dis-
plays are constructed and finally when a copy of a value has to be forced on WOST$,
This last case occurs in balancing process and when side-effects have to be avoided.
The basic principle is simple : we copy the static part of the value using the sour-
ce and the object accesses, thereafter the dyneamic parts are copied on RANST% from
ranstpm%. The essential difficulty is due to the fact that the source and object va-
lues may overlap, but the major problems are avoided if the rules of I.2.3.2, have
been respected.

We now recall the strategy which can be used and which solves the problems of over-
lapping (with the above restrictions) as well as the problems of ge-protection. First
of all, the protection of the source wvalue, 1f any, is cancelled and the one of the
object value is set up. The copy is performed by means of & recursive process at esach
step of which, static parts of source values are copied first as such, with their
old pointers. These copied static parts are thus passed through a second time, if ne-
cessary, in order to update the descriptor pointers and to copy the corresponding
elements always using the same strategy recursively. Note that the pointer is only
updated after being sure there is space enough for copying the static parts of the
elements, this allows the garbage collector to be called with full security. To copy
the static parts, we use the routine COPYCELLS ; to pass through descriptors we use
the general strategy explained at the beginningof IT1I.5.3.1, applied to both source
and object values. At this point four remarks must be made
(1) The second pass through the static parts must rely on the object value only, gi-
ven the source value may have been overwritten.

(2) The elements of source multiple values might be not contiguous, the copy will
compact such elements thus gaining memory space and allowing a more efficient second
scanning.

(3) Scenning the elements of a static part does not imply the generation of instruc-
tioms for updating the current access even when this one involves an index register.
What has to be done is to update a compile-time variable reladd (relative address)
and to use an access of the form psadd+reladd in the instructions which are generated.
(L) The above process only requires two index registers I and J for the source and

object value, and one register for memory transfer, unless special instructions are
provided by hardware.
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More precisely, the above process corresponds to the following sequence of actions:

Step 1
Space is reserved for the static part of the copy.

Step 2 :

The protection of the original value is cancelled if this value was stored on WO0ST%
and the protection of the copy is set up.

Step 3 :

The static part of the value is copied as such.

Btep h o:

For the names which have been copied, which refer to a multiple value and for which
the descriptor of the multiple value was stored in the space appended to the name,
the pointer of this space, contained in the name, is updated. In this way all parts
of the source value not yet copied are protected through the protection of the copy.
Step 5

If the value to be copied contains multiple values they are treated one by one, re-
cursively and in sequential order by the following process :

Step 5.1
Space is reserved for the static part of the elements.

Step 5.2 :
The static parts of these elements are copied in the reserved space (with the old
pointers as in step 3). Note that, it is the descriptor of the copy which must be
used for accessing the elements, the original descriptor might have been overwritten.
Note also that if the elements are not contiguous in the value, they may be compac-
ted during the copy, thus gaining memory space and making further copies more effi-
cient.

Step 5.3 :

Pointers of names referring to multiple values are updated as in step k.

Step 5.4

If the elements contbain in turn multiples values, these are treated one by one using

step 5 recursively,.

The algorithm corresponding to the translation of
stwogt (mode§,

cadds§,

caddo§)
is now described as a typical example of data structure scanning ; it has the form
of a recursive routine. The algorithm given here is not exactly the one of the X8-com-
piler, in the sense some compile—time optimizations have been eliminated for the sa-—
ke of readability. Moreover, for the sake of simplicity, the problem relative to na-
mes referring to multiple values (step 4 and 5.3 ebove) are not treated ; this pro-

blem does not existif descriptors resulting from refslices and refrowings are stored
on HEAPS.
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The following routines are used in the algorithm below :
proc RELEVANTW = (int modex) bool :

co true if the value of mode modex contains multiple values ¢o
proc SPACEREQUEST% = (int m) : co see II1.0 co

proc COPYWOST (cadd cadds, caddo, int mode) :
psadd psadds := CONVERTACCESS (cadds, IREGY) ,
psaddo := CONVERTACCESS (caddo, JREG%) ;
COPYCELLS (psadd psadds, psaddo,O{reladdl, STATICSIZE(mode)) ;
(RELEVANTW(mode) |valstackpm := 0 ;
COPYDYN(psaddo, loc int := 0, mode))

end

proc COPYDYN = (psadd psaddo,ref int reladd, int mode) :
(class of DECTAB mode] = "struct” | goto STRUCT
|:class of DECTABmode] = "wnion" | goto UNION
{|:class of DECTAB mode] = "rouw”} | goto ROW ) ;
STRUCT : for each field of mode modef of the structured value of mode
mode
do
(RELEVANTW (modef)
|COPYDYN (psaddo, toc int := reladd,modef)) ;
reladd +:= STATICSIZE (modef)
od
UNION : GENSWITCHUN (psadde,mode)
co This call generates a jump to switeh [ overhead of the value psaddo-mode] ;
let modei be the current constituent mode of mode ; the switeh can be cha-
racterized as follows :
(RELEVANTW(modei) | switeh[ il := goto I
| switeH <1 := gote Lf)
co

for each constituent mode modei of the uniocn mode mode

do
(RELEVANTW (modet)
| Gur ;
COPYDYN(psaddo, loc int := reladd + ovhszunion,modei) ;
od
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co Note that local optimizations automatically eliminate the last gofo Lf preceding
Lf definition co
ROW :

co We Tirst give a rough diagram of the run-~time algorithm which is generated

SWoST% DWOSTS

ﬂV\*—/J‘ I\w‘/

psaddg_“ B ranstpmkh

Copied ‘*_{:__.____}‘_
source
descriptor]

i - | }
Original ! ! Original

I source i ) j source i
elements —fl- - — — — « —~ - - -~ - - ~ | elements :

| (static | 1 (dynamic ,

| parts) ’ : parts) :

|

(SR — | I 4

= (dh,=0 | offset% := ranstpm% ; gotc Lf} {see foot-note of page 293}
~ Reserve space for the static part of the elements from ranstpm% {ranstpm% is not
incremented yet}.
- (iflagh = 0 | goto Lsq {no interstices}) ;
~ {There are interstices}
~ Initialize the loop for copying elements separated by interstices, i.e. calcula-
te n"i%, initialize x7% and meke IREGS and JREGS respectively equal to offset?
{source} and ranstpmi{object}.
Lo : Copy the static part of the current element as such from the location poin-
ted to by IREG% to the location pointed to by JREGS
- Loop finalization : increment IREG% according to precalculated hole sizes,
and JREG% by STATICSIZE(mode element) given elements are copied into consecu~
tive cells : (elements not exhausted | goto Lo)
- Correct the strides% of the deseriptor according to the fact copied elements
are contiguous
iflagh := 0 ;
goto Ld ;
Lsq : COPYCELLS%(d%O)
Ld : offset% := ranstpm% ;
ranstpmbt:= d%o H
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SwoSTS DWOST%
e i
psaddo _ | . 1 ranstpmf
Object
descriptor Copied
source
elements
(static N/ ___ ___
parts)
{psadds_ jrm e e - Original :
I} D opigi !
| Original i source I
| source i i - elements |
i elements i ———— - I {dynamic !
i (static ——— 7 : parts) ;
: parts) = |
(I 4
b

- {if elements themselves have dynamic parts, a second loop is performed in which
dynamic parts of elements are treated recursively, note that here static parts

of copied elements are contiguous}

Lf :
DWOST%
SWosTS
psaddo — < S ranstpmk
J Object
descriptor elements
(static
and dyna-
mic parts“
,”“/%/\-/“‘

2] —
¢o ROW : elgorithm of code generation co
(Znt n  := {number of dimensions},

moder := {mode of one element},

staticsizge := STATICSIZE (moder) ;:

co Here we have to deal with a multiple value of access paaddo+reladd ; in order
to simplify the notations, the fields of the descriptor are represented by
their selector only : offset%, <flagh, d%0 N Z%i’ u%i, d%i co
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GMT o check if O element : co

(d%O = 0| offsets := 1/*6:71.97‘,1;9771%{H i_goto If) ;

¢o Space is reserved for the static part of the elements : co
SPACEEEQUE’ST%{’d%O} H

go check whether elements are contiguous : eo

(iflagh = 0 | goto Lsq)

co copy of non-contiguous elements into contiguous cells from ranstpm% co

GMI ¢o x%, and h%, ere stored on VALSTACKS from valstackpm
their value is calculated according to LOOP-INITIALIZATIONSY%

for example co N

int savevalstpm := valstackpm ;

valstackpm +:= 2%n ¢o space for x%i and h%i 2o ;5

psadds := THROUGHDESCR (psaddo,reladd, IREGY)

2o by this, JREGS is saved on VALSTACKS, IREGS is overwrittenby the offset% which
gives access to the source elements (IIT.5.3.1) 3
psadds := (indI,0) co

GMT JREGS := ranstpm% ;
Lo ¢ i

psaddo := (indd 0} ;
COPYCELLS (psadds, psaddo,0,staticsize) ;

GMI co &%, W%, are on VALSTACKS from savevalstpm

x%i and IREG% incrementations are made according
to LOOP-FINALIZATION2% snd JREG% +:= staticsize ;
if the elements are not exhausted, goto Lo co H

psaddo := BACKDESCR :

valstackpm := savevaletpm :

GMI ¢o Descriptor strides are updated : go

d%n := gtaticsize ;

for i% from n-1 by -1 to 1

do d%i% = (u Z%i%+1+1) * d%i%+1 od
goto Ld ;

¢o Copy of contiguous elements : co

igr1 T

Leq :

.

p.srczddé3 := THROUGHDESCR (psaddo, reladd, IREG%) ;:

(+) Forcing the offsethof SWOST descriptors with 0 element to be equal to ranstpm®
at the moment they are stored on SWOST% allows to deal with DWOSTY memory reco—
very mechanism without further precautions,
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GMT JREGS := ranstpm% ;
COPYCELLS% (d%,) ; ;

peaddo := BACKDESCE ;

GMI Ld : offseth := ranstpm% ;
ranstpm%+::d%0 H H

Zf RELEVANTW (moder)
then psaddo := THROUGHDESCR(psaddo,reladd,JREGS) ;

GMI max% := ranstpm% co to be saved on
VALSTACKS co

Lo' : H

COPYDYN (psaddo, loc int := 0, moder) ;

GMI JREGS +:= staticsize ;

while JREG% <max% co restored from
VALSTACKS co

do goto To' od ; ;

psaddo := BACKDESCR

o [7]

end

Remark

The above algorithm is a typical example of the application of the Bauer-Bamelson
principle. We see that in order to have the maximum of efficiency in all cases at
run~time, we must distinguish these cases at compile-~time. However sgometimes the cri-
terium allowing to choose & strategy is dynamic. In this case we must decide whether
we want & good efficienecy in space or time. If we choose efficiency in time, we gene-—
rate algorithms for all cases and which one has to be applied is determined at run-

time ; this clearly increases the length of the object programs and the design effort.

5.4.4 TRANSLATION OF OTHER MODULES ON DATA STRUCTURES

A. Generators

A generator is & construction by which & location is reserved for a data structu-
re. Several strategies may be used for space reservation ; here, we describe a step—
wise space reservation which among other things implies one single scanning of the
data structure (see also 11.2.2 Remark on dynamic space reservation).

Step 1
Space is reserved for the static part of the data structure.
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Step 2 ¢

This reserved space is protected for the garbage collector.

Step 3 :

The reserved gpace is initialized :

-locations for references are set to nil.

~locations for procedures are filled with a flag making impossible a wrong interpre-
tation of the uninitialized program pointer.

-locations for union overhead are filled with a flag making impossible a wrong inter-
pretation of the uninitialized overhead.

~locations for descriptors are provided with information accounting that no. elements
are present yet ; this allows to proceed in full security in the step-—wise reserva—
tion, the garbage collector relying on the unique protection of the whole location.

Step b :

Locations for multiple values whose descriptor is in the static part for which gpace

has been reserved in step 1 are treated one by one as follows :

Step k.1

The descriptor is filled according to the bounds provided by the generator, but

track is kept that no elements are present yet.

Step bk.2 :

Space ig reserved for the static parts of the elements.

Step 4.3 :

The static parts of the elements are initialized one by one as in step 3.

Step 4.L :

If the elements contain in turn multiple values, they are treated one by one using

step 4 recursively.

Space is reserved on RANST% for local generators and on HEAP% for heap generators.
However locations for dynamic parts of flexible arrays (including arrays contained
in union values) are also reserved on HEAP%.

It is to be noted that for reasons of uniformity in the accesses to subvalues,
the static parts of a value and the static parts of the elements of an array are al-
ways stored towards increasing addresses.

Example 5.2 :
struct (ref veal v, [ 1:7] int a, proc(int)int p, unton(int,real)u)

sieE ‘ HEAPS
RANSTS e
acceEE ™ . - heappm%

~

R
~< ans %
} ranstpmh  access p ‘1
///
//
U s

sl
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Step 2 and Step 3.

" o ey
access
il |y
e 1:n
p !
| o—— ranstpmk r
u -
" - {
!
acaesgg:3;~—————— heappm%
o I:in
p
u
]
N e

B. Assignations

The assignation differs from a WOST% copy under several aspects which are now
reviewed :
(1) Assignation implies bound checking and hence, before copying the static part of
the source in the object location, bound checking must be performed.
(2) Rule bk (I.2.3.2.b) must be taken into consideration if elements of flexible ar-
rays have to be copied on HEAP% during the assignation.
(3) For these elements, space must be reserved on HEAP% before the descriptor is up-
dated, otherwise the garbage collector would fail. No other precaution must be taken
for garbage collection, given source and destination are protected individually and
that overlappings are not harmful as far as protection is concerned (II.12.1).
(4) However, overlappings may alter the copy, if no precautions are taken. A solution
to this problem is to force a WOST% copy of the source when a dangerous overlapping
arises : it is possible to decide at compile~time, for most of the current cases,
whether an overlapping may take place : for the other cases a run-time check may de-—
cide whether an extra copy is needed or not.
Remark

Strietly spesking the above algorithm is not valid for ALGOL 68 not revised, gi-
ven the dynamic information of flexibility may never be overwrittenin a descriptor.
On the other hand, given source bounds are overwritbten before elements are copied, in
case of flexible array, information on initial destination bounds is lost, hence, it
is impossible to check whether the location of the initial elements of the destina-
tion is big encugh for the source elements and a new location has always toc be reser—
ved on HEAP%. If we want to avoid this, the scanning strategy must be modified : ele-
ments of multiple values and fields of structured values have to be copied one by one

static and dynamic part. In such & strategy, the advantage of the routine COPYCELLS
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is lost. However this can be svoided up to a certain point as explained now.

In fact we can delay the copy of the static part of a data structure element up to
the moment a descriptor is met, and accumulate  copies by using COPYCELLS one time
for several elements. More precisely, the static parts of a value consist of zones
which can be copied as entities and separated by descriptors ; let ZIi be such zones

and Dj descriptors.

psadd e
reladd
Feounteells
A
D, 1 x
J
ZIi+1

The process of copy is the following :
Suppose we start scanning zone ZIi, with an access psadd+reladd ; instead of copying
the zone elements as they are scanned, we just count the cells in countcells ; at
the end of the ZIi the following happens :
COPYCELLS (psadd+reladd, psaddo+reladd, counteells) ;
reladd +:= countcells ;
countcells := 0
Dj is then handled and thereafter :
reladd +:= x, with x = the size of Dj'
The process can go on with zone ZIi+1
C. Transput of data structures
No particular problem arises, a strict left to right scanning allows to perform
the straightening without difficulty.



298

6. FURTHER REMARKS ON GARBAGE COLLECTION

The compiler controls the calls of the garbage collector in the following sense :
each time code has to be generated for increasing ranstpm¥ or decreasing heappm%, a
run~time check is generated first to see whether such a space is available ; this

check is performed by means of the following library routine :

proc SPACEREQUEST% = (int x) :
co x is the size of the space required go
(heappmb~ranstpmi+] < x
|GARBCOLLS ;
(heappm—-ranstpmi+l < x
|ALARMY o not enough space co))

GARBCOLLY% performs the garbage collection properly so called ; as explained in PART I
it finds the necessary information in the BLOCK% headings H% linked by means of their
dynamic chain deh% which starts at rtbn%. Our purpose here is not to come back to ge-—
geral principles explained elsewhere [ 9], but to meke a number of practical remarks
on pecularities of the X8-implementation and on the experience gained with the use

of the compiler.
6.1 THE INTERPRETATIVE METHOD

The X8 garbage collector is based on mode [(DECTAB%] interpretation. A compiled
garbage collector would mot be significantly more complicated in principle, but it
would ask for some additional desing effort. This effort is comparable with the one
of translating a module like stwost in machine code. Principles lie on data structu-
re scanning, bubt here names have to be passed through.

The experience shows that times involved by an interpretative garbage collector are
not prohibitive. Clearly, times vary from one call to another but as an average, CPU

time consumed for a HEAP% space of 10K memory cells is less than 1 second.
6.2 THE GARBAGE COLLECTOR WORKING SPACE

Garbage collector working space is allocated by the loader (IILL). This space con~
sists of HOLESTAB%, TRACESTACK% and DESCRTAB%.
DESCRTABS, except in very specisl programs, has a small size ; 0.1% of the whole wor-
king space {RANST% + HEAP%) seems to be sufficient.
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HOLESTABS is .large for programs where the HEAPS is partitioned in small accessible
zones separated by small zones of garbage.

TRACESTACKS is large when long lists have to be passed through.

It seems reasonable to admit that the number of holes is generally higher than the
length of the longest list and to share the available space accordingly ; on the X8
the partitioning holestabez = 2 % ifracestackez has been implemented.

6.3 GARBAGE COLLECTION DURING DATA STRUCTURE BANDLING

In IIZ.5.4, it is shown how memory space is reserved in a step-wise way. As & con-
sequence, the garbage collector may be called in the middle of the process of data
structure handling.

(1) Precautions have to be taken in order to ensure a fool-proof protection of the
data structures (see strategies of copy I.2.4.3.b, remark 3) and not to mislead
the garbage collector (see initialization of location reserved by a generator, III.
5.h.4).

(2) The method allows to take a better profit of the memory during copies than me-
thods based on global space reservation for data structures. Indeed, in case of a
copy from WOST% to WOST%, the parts of the source data structure already copied be-
come garbage one by one and can te directly freed for progressing in the copy.

(3) Pointers which are contained in index registers or on VALSTACK% at the moment of
the garbage collection, must be updated properiy. Hence the garbage collector must

be provided with appropriate information allowing to retrieve such pointers.
6.4 MARKING ARRAYS WITH INTERSTICES

In & number of papers on ALGOL 68 garbage collection [ 9], it is stated that des-
criptors of subarrays must contain a pointer to the masin descriptor. It appeared
that this is not compulsory. Indeed, the descriptor of the subarray contains all the
necessary information for marking the interstices which, for reasons of accessibili-
ty to the elements,must not be recovered by the garbage collector.

The problem is elsewhere : interstices must not be marked until the end of the mar—
king process proper ; indeed if an interstice had been marked and would be accessible
from somewhere else, the marking of the locations accessible through these intersti-
ces would be inhibited, which has to be avoided. If we want to avoid a special mar—
king implying two bits/word in BITTABS we must

-either collect the addresses of subarrsy descriptors in DESCRTABY and use this ta—
ble to mark the interstices at the end of the marking process proper.

—or at the level of the subarray, not only mark the interstices but also the loca-
tions accessible through them, which is not optimal as far as memory recovery is

concerned.
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6.5 FACILITIES FOR STATISTICAL INFORMATION

In the X8-compiler, each time the garbage collector is called the following infor-
metion is printed :

- a counter,

- the card number of the construction causing the call,

- ranstpm% end heappm% bvefore and after garbage collection,

the duration of the garbage collection with and without swapping.

The data deduced from these printings are still too few to enable us to draw con-
clusion. However the following remark could be of some interests.

In [ 14] a solution is proposed which avoids the use of the HEAP% for storing des-
criptors of refslices and refrowings. This solution has been implemented but it can
be disconnected ; thus allowing to make experiments. These have shown that simple
programs such as the calculation of the determinant of a maetrix (see [ 1], 11.8) con—

sume very much HEAP% space and lead very guickly to calls of the garbage collector.
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CONCLUSION

One of the main goals of the project was to gain a good experience in compiler me-
thodology. This goal has been achieved ; we also developed principles and techniques
in the run-time system design as well as in the static management and in their inter-
face.

By implementing the language in its whole, we had to control a huge bulk of infor-
mation and one may ask oneself if this is really worthwhile. To this question we ans—
wer thet complexity is a problem in itself ; having succeeded to master it in a re-
liasble way is quite an achievement ; this has been made possible by carefully choo-—

sing basic principles and applying them in a systematic and modular way.

Let us now try to evaluate the translation process on the basis of the following
criteria ; efficiency, security, portability and design effort.

Beforehand, a number of general considerations must be made.

On the one hand, some of these criteria are many-sided, e.g. the efficiency must
be split up into compile—time and run-time efficiency andi both of these have twoc as—
pects : time and space. On the other hand, these criteria are conflicting :

- an increage in efficiency, security and portability must be pald by an increase in
design effort.

- 8 higher level of security and portability generally decreases the efficiency.

- & higher level of run-time efficiency generally decreases the compile~time efficien—
cy in space and/or time.

~ & higher run-time efficiency in space generally causes a decrease in run-time effi-
ciency in time and vice versa.

In the implementation described in this book the stress has been laid on run-time
efficiency, security and portability while keeping a reasonable degree of compile—ti-
me efficiency. In a number of cases, some compromises have been made in order to keep
the design effort inside reasonable limits. However the principle according to which
"run-time efficiency of simple language features must not be affected by the presen-

ce of more intricate features" (Samelson-Bauer) has been constantly cared for.

Wow, the evaluation proper can be formulated, it is based on the actual implemen-
tation on the X8.

(1) Compile~time efficiency in time fits into quite acceptable limits ; it amounts
to
5 + Bx seconds
where x is the length of the source program in pages (one page = 60 average lines)

[4.
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(3)
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Compile-time efficiency in space : the whole ALGOL 68 system including debugging
facilities and initislized tables occupy 100K memory words of 27 bits, among
which about TOK instructions. However the use of overlay techniques allows to run

the compiler within a 32K words direct access memory.

Run—time efficiency in time : comparisons with the ALGOL 60-X8 compiler show an
average incresse in efficiency of 30% in favour of the ALGOL 68-X8 compiler. This
is not negligeable given the ALGOL 68 compiler has few restrictions, given its

level of portability and the simplieity of the mechanism of local optimizations.

Run—time efficiency in space : this efficiency is difficult to estimate, we have
no comparative figures at our disposal. Comparing the lenétb of the object pro-
gram with the length of the source program is meaningless?: one single assigna-
tion (x:=y) may give rise to a variable number of objectstinstructions depending

on the mode of x# and ¥y, i.e. on the data structure being assigned.

Portability

We distinguish two main aspects in portability :

- the language in which the compiler is written {(a).

- the algorithm itself of compilation (b).

(a) The %B-compiler has been designed in an ALGOL 68-like language but hand-co-
ded in assembly language. The langusge used for the design has been defined
as our experience was growing ; as a consequence, the design needs some poli-
shing before it can be accepted by a compiler.

{b} The second aspect, i.e. the portability of the algorithm itself of compila-
tion (in particular the code generator) has been solved quite satisfactorily
in the X8 compiler :

- the interface with the operating system is pretty well localized and can be
easily modified.

~ up to the production of intermediate code, only routines of lexical analysis
dealing with internal representation of numbers (and possibly strings) have
to be reconsidered to be transferred on a new hardware.

-~ +the machine code generation itself, as it should be clear from this book, is
surprisingly portable even on computers with a minimal hardware (III.5.1).
For register allocation, only declarations making the correspondence between
formal and actusl registers must be specified according to each particular
hardware.

Moreover, only a few routines have been made machine dependent in order to

take direct advantage of particular hardware facilities.

These routines are : CONVERTACCESS  (II1.1.3)
INREGPS (I111.1.2)
DEREFPS (I1I.1.2)
GMT (1I1.2.2)

COPYCELLS (III.5.4.2)
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Also GTAB, (sectiom III.2.2) containing instructionsto be generated in an
interpretative form, and its interpretation routine should be rewritten.

Finally, the global optimizer and the loader should probably be modified.

Design effort

Roughly speaking, the compiler hag consumed 20 men—years, but what does it really

mean?

~ The reader will be aware of how far we have optimized, and how few restrictions
we have introduced.

~ The programming tools we had st our disposal were very poor : the X8 assembler.

~ The hardware and in particular the memory at our disposal was underdimensioned.
As an example we had no protectéd backing store to save the compiler ; this
means that it had to be reintroduced from cards and paper tape at each set of
corrections or additions!

-~ The majority of the members of the team were unexperienced when they entered
the project.

- In the 20 men years, the time spent for learning the language is incorporated,
and we started reading early versions of drafts. Also, time spent for program—
ming the special purpose system supporting the compiler and all debugging fa—
cilities is incorporated in the 20 men years.

~ Finally, we must add that much time has been spent in checking the compiler ca—
refully, step by step ; only a very small number of easily locatable bugs have
been discovered since the compiler has been operational, It must be stressed
that during the debugging process, the existence of high-level (design) and
low-level (programming) documentation, carefully kept up to date, has appeared

to be of the utmost importance.
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APPENDIX 1 : ANOTHER SOLUTION FOR CONTROLLING THE WOST% GARBAGE COLLECTION
INFORMATION.

The idea of the solution is not ours, but it seems to be originated from the
ALGOL 68-R compiler implemented on the ICL series by I. Currie. The solution is very
efficient as such, however, it will be shown how, combined with our system, it would
give still better results, It is to be noted that in such & combination practically
the whole ge management described in this book remains valid.

The solution consists in constructing at compile-time a table representative of
all possible SWOST% contents ; let us call it GCTAB. Each table element consists of
the garbage collection informstion for one WOST% value {mode and access for example}.
Moreover elements are linked by a chain field in such a way a pointer to a table ele-
ment gives access (through the chain field) to all the elements representative of a
W0ST% contents at a given moment.

Suppose for example the WOST$ contents varies as follows :

(1) A
(2) A B
(34 B ¢
(W) &4 B
(5) A
(6) A D
{(7)A D E

The corresponding chain and entry points are scketched like this

(1), (5) A
(2), (k) B:|
(3) C

m 53
With this table, instead of having a dynamic GCWOST%, the garbage collection in-

formation for each BLOCK% reduces to a pointer gew?% stored in its H%, pointer to a

GCTAB element. In prineiple, instructions are generated to update the gow% of the

current BLOCKS each time & value is stored or deleted from WOST% ; the corresponding

static management requires a field on BOST (gel) representative of the GCTAB entry
point associated with the value.
Two optimizations are now possible :

(1) The first one corresponds to remark 2 at the end of I.2.4.3 : gew% must not be
updated at run-time if no garbage collection may take place during the time the
corresponding value stays on WOST%. We can easily keep track of this fact by
means of two new fields on BLOCKTAB, gcp and ge? which are both pointers to
GCTAB.

—gep represents at each moment of the generation the actual WOSTS state of the
BLOCK%.
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-gel is a static imege of gew% of that BLOCK%. Code updeting gew% will only be
produced :

(a) when code risking to activate the garbage collector is produced, and

(b} when gep and gei of the corresponding block are different.

(2) The second one corresponds to the minimization of the garbage collection informa—
tion as explained in I1.2.4%.3.b, at the exception that what is minimized is the
contents of GCTAB instead of GCWOST%. Clearly, the optimization is less advanta—
geous here ; however some run—time actions may be saved given gep will have to
change less often and hence, instructions updating gew? will have to be genera—
ted less frequently.

Practically, three compile-time routines allow to take care of the management of
the WO0ST% garbage collection information :

(1) PROTECT will check whether a new value to be stored on W0ST% has to be protected
through GCTAB ; formulas given in II remain valid to make up that decision.
When the value has to be protected through GCTAB, gel in BOST and gep in
BLOCKTAB have to be updated.

{2) DELETE will cancel the protection of a given value deleted from WOST% by updating
gop in BLOCKTAB.

(3) UPDATE will generate gew% updating code if it appears that on BLOCKTAB goi #
gep. This action is only to be taken when an ICI risking to call the garbage col-
lector is to be generated. In BLOCKTAB, gei is updated accordingly.
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AFPPENDIX 2 : SUMMARY OF THE SYNTAX

1. LBLOCK -+ lblockV BLOCKBODY

2.1 IDEDEC - idedecV FDECLARER iden = ACPAR
OPDEC ~ opdecV FDECLARER oper = ACPAR

2.2 LOCVARDEC + locvardecV ADECLARER variable |
loevardecV ADECLARER variable := SOURCE

2.3 HEAPVARDEC - heapvardecV ADECLARER variable
HEAPVARDEC + heapvardecV ADECLARER varisble := SOURCE

3. LOCGEN + locV ADECLARER
HEAPGEN -+ heapV ADECLARER

4. LARELDEC - labeldecV label :
GPTO + gotoV label

5. CALL + callV PRIMCALL (ACPAR1, ACPAR2, ..., ACPARn)
FORMULA -+ dformulaV operator OPERAND1 OPERAND2 |
mformulaV operator OPERAND
ROUTDEN -+ routdenV (FORPAR1, FORPAR2,... FORPARn) : ROUTBODY
FORPARi - FDECLARER fideni

6. DEPROC -+ deprocV DEPROCCOERCEND
PROC - procV ROUTBODY

T. JPROC ~ jproeV label

8. CALIMODIND ~+ callmodindV modind
MODEDEC - modedecV modind = ADECLARER

TRANSFORMAT + transformatV FORMATCOERCEND
FORMAT - formetV DYNREP

o

11.1 SELECTION + selectionV selector of SECONDARYSEL
11.2 DEREF -+ derefv DEREFCOERCEND

11.3 SLICE -+ sliceV PRIMSLICE INDEXERS
INDEXFRS + [ INDEXER! , ...., INDEXERn]
INDEXER -+ TRIMMER

INDEX

11.4 UNITED + unitingV UNCOERCEND

11.5 ROWING - rowingV ROWCOERCEND
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12.1 ASSIGNATION - assignationV DESTINATION := SOURCE
12.2 IDREL + idrelV TERTL {:=: | :#:}1 TERTR

12.3 CONFREL  confrelV TERTL {::= | ::}, TERIR

13, STDCALL - stdcallV (ACPAR1, ACPAR2, ..., ACAPRn)

14,2 SERIAL - LBLOCK | NOWBLOCK
LBLOCK - 1blockV BLOCKBODY
BLOCKBODY -+ NONBLOCK
NONBLOCK + SNONBLOCK | BALNONBLOCK
SNONBLOCK + PRELUDE lastV LABUNTT
PRELUDE + {{DECLA ; | UNITV ; }g DECLA ;}g {LABUNITVS};
BALNONBLOCK - {PRELUDE lastV LABUNIT . LABELDEC}é
{LABUNITVS lastV LABUNIT . TABELDECI;
LABUNITVS lastV LABUNIT
LABUNITV > {LABELDEC}) UNITY
LABUNIT -+ {LABBLDEC}] UNIT
LABUNITVS -+ {LABUNITY ;}z
DECLA ~ IDEDEC | LOCVARDEC | HEAPVARDEC | OPDEC | MODEDEC

14,3 CONDCL - ifV SERTALB CHOICECL fi
CHOICECL, - then1V SERTAL |
thefV SERIALE CHOICECL |
then2V SERIAL1 elseV SERIAL2
then3V SERTAL elsfV SERIALB CHOICECL

14. 4L CASECL + caseV CASECHOICE inV UNIT1, ... UNITn {outV SERIAL}; esac
CASECHOICE - UNITC ; CASECONF

14,5 CASECONF + caseconfV mode1V TERTL1, ... modenV TERTIn {:: ] ::=}1 TERTR
15.1 COLLVOID - collveidv (UNITV1, ..., UNITVn)

15.2 COLLROW - collrowV (UNITD1, ..., UNITDn)

15,3 COLLSTR - collstrV (UNITD1, ..., UNITDn)

16.3 FORCL + forV {fromV UNITF}% {byv UNITB}&
{tov UNITT}; {foriden}; {whileV SERIALW};
do¥ UNITD

16,4 TRCALL - trcallV TRPRIM {(UNIT1, ..., UNITn)
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APPENDIX 3 : SUMMARY OF TOPST PROPERTIES

The teble below shows how the Tields flextop and &mem of a TOPST element are ini-
tialized when a new TOPST element is set up by the activation of p{wa) or NEWACTION
(action). Other TOPST fields are initialized to 0. The letter T means that the cor-

responding field in the new element is copied from the old top one.

nw{a)/action Flextop hmem
BLOCKBODY T 0
FDECLARER (stat 0) 0
ACPARL (stat 1) 0
OPERANDi " 0
ADECLARER (stat 0) 0
SOURCE (stat 1) 0
PRIMCALL (stat 0) 0
FORPARL g 0
ROUTBODY (dyn bn) 0
DEPROCCOERCEND (stat 0) 0
FORMATCOERCEND " 0
DYNREP " 0
SECONDARYSEL T T
DEREFCOERCEND (stat 0) 0
PRIMSLICE 7 T
TRIMMER " 0
INDEX " 0
UNCOERCEND (stat 1) T+Aunion
ROWCOERCEND (stat 1) T+Arow
DESTINATION T T
SOURCE (stat 1) T
TERTL (stat 0) 0
TERTR " 0
UNITV{i} " 0
SERIALB " 0
UNITC " 0
TERTLA " 0
collrowv T T
UNITDi (stat 1) 0
collstrV T T
UNITF (stat 0) 0
UNITB T 0
UNITT " 0
UNITD " 0
SERIALW " 0
TRPRIM " o-
UNITi " 0
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APPENDIX 4 : SUMMARY OF THE NOTATIONS

1. MEM%

RANSTS (ranstpm%)

HEAP% (heappm%)

DISPLAYS
o | SBLOCKS

BLOCKS | pgrocks

Device Static size Current static pointers
S % )
5 S10ST% sidsz side
0 DMRWOSTS dmrsz dmre
g GCWOSTS gesz gee
% SWOST% swoetsz swoste
)
i DIDST+LGSTS
) DwosSTS
C
K
g
?
2. H%

stehh W

deh% 1blocks

wph

bn% and

getidh geidph
gebodyflagh pblocks

gewk gehph
geszh P

resulth swostph
gep%
dmrp%
flex%
previlagh

retJumph <

pblocks only




3. DYNAMIC VALUE REPRESENTATION
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Name : pointerk
scopel
Rowname : pointer%
scopeh
descr%
Descriptor : offset?
states%
iflagh
do%
{14%
ui%
diny*
Union : overheads
valuel
Routine : constabph
scopek
Format : constabph
scopek
Tamrof : offeeth
ndrep%
constabph
4. BLOCKTAB (entry : bne)
BLOCK% Pseudo—BLOCK%a Routine BLOCK%b
gidsz szdsza = sadszbz szdszb = s@dszbz + szdszbg
dmrsz dmrsza dmrszb
gess gesz, gesz,
swostsz swostsza swostszb
geid geida gaidb {gebodyfilagl
bn bna bnb
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5. ACCESS {(cadd)

Fundamental Accessory

(constant v) (intet v)
(boolet v)
(biteet v)
(charet v)

(direttab a) (routet a)

(formatet a)
(tamrofet al

(diriden bnc.eide)
{variden bne.side)
(indiden bne,side)
(dirwost bne.swoste)
(dirwoet! bne.swoste)
(indwost bne, swoste)
(nthil 0)

(ddisplay br)
(dirabg a)

(dirgew bne.gee)
(dirdmrw brne.dmrc)
(varabe a)

(varwost bne.swoste)
(Z2iden bnc.side)
(12wost bre.swoste)
(label bne.labnb)




6. SYMBTAB

Identifiers

(IDENTAB)
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Static property Fields Form
mode
eadd class (constant vJ)
add hadd (dirvettab a)
tadd (dividen bne.side)
(variden bne.side)
{label bne.labnb)
gcope insc
outse
Flagdecl
Flagused

Mode indications [INDTAB)

mode

eadd

(label brne.lo)




7. BOST
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Static property Fields Form
mode dectabp
cadd class

add  hadd
tadd
smr hadd bne. swoste
tadd
dmr (stat bne.swoste)
{dyn bne.dmre)
nil
ge bne. gee
nil
or kindo Zden
var
gen
nil
bro
derefo
geno
{flexo}
{diago}
scope inse
outse
{flexbot}

obprogp




8. TOPST

3. CONSTAB

Routines

Formats

317

Action Fields Form

flextop class (stat 0)
spec (stat 1)

{dyn bn)

Amem

countbal

countelem

flagnextbal

Non-standard Standard Jump

o {specific} lo

bnse bnse

szdszb

dmrszb

geszy

swostszb

gcidb

flagstand {0} flagstand {1}

Flaggump {0} Flaggump {1}

Lo
ndrep
bnsc

formstringp
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This appendix is a complete list of the ICI's.
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LIST OF INTERMEDIATE CODE INSTRUCTIONS

With each of them, a number is gi-

ven between brackets ; this number is the page number where the definition of the

ICI is foumd.

i

10

L 51

i2

i3

i4

15

STWOSBTY

STWOST?

STWOSTS

STWORD

$T4DD

sTeCWOSTY

STDMRKAST

STACPAR

STOYNWOSTH

STDYNWOST2

STDYNWOSTS

STSTATHOSY

STGCNIL

PLUS

STNDESCRWOST

MODE
CADDS
CADDO

MODE
o 9:):3.
CADDD

MODE
CADDS
CADDO

CADDS
CADDD

CADDS
CADDO

MODE
CADD
CADDGC

CADD
CADDDMR

MODE
CADDS
cADRO

MODE
CADD

MODE
CADD

HODE
CADD

MODE
CADDS
CADDO
CADDGC

CADDS
CADBO

MODE
CADD

(105

{105}

(1095)

t 97)

(104}

{ 94)

{106)

(109)

(197

{197)

1197)

{10%)

« 97y

{178}

(184)



16

17

18

19

20

21

22

23

24

25
26
27
28
29

30

31

32

33

34

STBCELEM

STOVERKUNION

STPLUS

STHWOSTINCR

STNAME INCR

MINUS

STWP

STORERES

LOADREG

INCRRTWOSTPM
HOLE

Jump

LABDEF

JUMPND

JUMPYES

6070

LABFORMAT

UPDLONSTAB

CHECKSTAND

BNCS
6CCS
BNCO
8cco

MORNE
CADD

CADDY
CABD2
CADDO

MODE
CADDS
INCR
CADDO

CADDS
INCR
CADDO

CADDS
CADDO

BNC
CADD

MODE
capn

MODE
CADD

CADDINCR

LABNB
LABNB

LABNS
cARD

LABNRB
CADD

BNC
BNCID
LABNBID
SWOSTC

CONSTARP

MODE
CONSTABP

LABNB
CADD

319

{254)

(19%)

(177)

(254)

t179)

(254)

(241)

t224)

(224)
1199
t222)
(139)
(139)

(214)

(254)

(122}

(254)

(142)

(138)
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36

37

38

39

40

41

42
43

44

45

46

47

48

49

50

51

Lagid

CHECKL AB

SWITCHCASE

OBPROG

BALTAR

INPROG

QUTPROG

INBLOCK

CALLMIND

QUTMIND

INMIND

CALLDYNREP

INDYNREP

OUTDYMREP

INITDYNREP

INACPAR

CHECKDYNREP

320

LLABNB

LABNB
CADD

LABNB
CADDY
cADD2

OBPROGP

BALTABP

BNC

LRETURN
BNCRES
SWOSTCRES
LBODY

8NRODY
N
CADD}

(LA NN N

CADDN
BNCBODY

LRETURN
SNCRES
SWOSTCRES
CADDFORMAT

BNCRODY

aNBODY

N

CADDY

saens

CADDN
FORMATSTRINGP

CADDFORMAT
CADDREP

8NCaA
FLEX
CANDROUTY
CADDRES
GCCRES
DHMRCRES

LABNB
CADDFORMAT

(121}

(148)

(230}

{254}

(254)

{254}

(254)

(102}

(162)

(163}

1163)

(167)

(170)

t171)

(169)

(130)

1169)
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53

54

55

56

57

58

59

60

61

CaLL

RETURN

STANDCALL

STANDCALLY

DEPROC

STANDDEPROC

CALLLAR

STDCALLINGUT

CHECKFORMAL

CHECKFLEX

LRETURN
CADDROUY
BNCA

MODERES
CADBRES
BNAODY

NPAR
DMRREC
CADRROUT
CADDE

(R NN
CADDN
CADDRES
DMRRES
GCRES
FLEX

LRETURN
N

BNCA
CADDROUT
CADDY

ssesn

CADDN

LRETURN
CADDROUT
CADDRES
GCCRES
DMRCRES
FLEX

LRETURN
CADDROUY
CADDRES
BCCRES
DMRCRES
FLEX

RANC
CADDROUT

CADDROUT
N

MODE1
CADNE
ashas
MODEN
CADON

MODE
CADD
N

CADD1

LR AR

CADDN

CADD

321

(132}

(140)

(217)

(137)

{146)

1150}

(157)

(253)

(110)

(186)
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63

64

65

66

67

68

639

70

71

72

73

74

75

CHECKFLEXR

TRIMMER

INDEX

STINTERSTFL

STFILLSTRIDE

STNAME

FILLSTATEONE

STYSCOPE

ROWINGSCADES

ROWINGVAR

ROWINGSCALL

ROWINGSCAL2

ROWINGROW

ROWINGREFSCA

BNCROUT
CADD

NXDIM
CADDS
CADDL
CADDU
CADDLY
CABDOFF
CADDY

NXDIM
cADDS
CADD]
CADDOFF

CADDFLAG
CADDESCR

MODE
CADDESCR

CADDPOINTER
CADDSCOPE
CADDO

CADDESCR

CADDS
CADDO

MODED
CADDS
CADDO

“ODED
CADDS
CADDO

MODED
CADDS
CADDOD

MODEQ
CADDS
CADNO
DMRCS

MODES
4GDED
CADDS
CADDD

MODED
CADDS
CADDO

322

(186)

(187

{188)

(254)

(188)

(1919

{254)

{254)

(202)

(203}

{204)

(203)

{260}

{206}



76

77

78

79

8o

L3

82

83

84

85

86

87

ROWINGREFRONW

ROWINGEMPTY

CHECKROUNDS

STROUNDS

STOVERHDESCR

STFIRSTCOLLR

STNEXTCOLLR

STLITERALROW

ROWS

ASSIGN

ASSIGNSCOPE

LOCVARGEN

MODES
MODED
CADDS
CADDO

MODE
CADD

CADDL
CADDU
CADDT

CADDL
CADDU
CADDT

MODEO
STATES
CADDD
CADDO

MODES
MODEO
CADDS
CADDO

MODES
MODEQ
CADDS
CADDO

MODE
CADDS
CADDO

MODEPAR2
CADDROUT
CADDPARY
CADDPAR2
CADDRES

MODE
CADDS
CADDD

MODE
CADDS
CADDD

MODE
CADD
N
CADDY

LA R KN

CADDN
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(205)

(17%5)

(240)

1239}

(240)

(241)

(202)

(254)

(209)

(209)

(112)



88

a9

90

21

92

93

94

95

96

HEAPVARGEMN

FORYO

CHECKSeBLOCK

IDREL=

IDREL s

LOCGEN

HEAPGEN

CONFTO

CONFTORBEC

MODE
CADD
N

CADDY

(AR R R ]

CADDN

LABNB
CADDFOR]
CADDBY
CADDTO

MODE
CADD
aN

MODESL
CADDSL
CADDSR
CADDO

MODESL
CADDSL
CADDSR
CADDD

MODE
CADD
CARDEC
N
CADDY

LR R NN

CADDN

MODE
CADD
CADDGC
N
CADDY

erage

CADDN

MODEL
MODER
CADDR
CADRO

MODEL
MODER
CADDD
CADDR
BCR
DMRR
CADDwR
GCwR
OIMR R

32k

(115)

(104)

(214)

214y

(118)

{119}

(213)

(213}



97

98

99

100

101

102
103
104
1086
106

107

108

109

110

WIDEN

STNIL

STSKIP

CONJWOST

CONJ

NOOPTIMIZE
NEWCARD
PRID
PRNUMR
CHECKNIL

CHECKOVERLAP

STSTATACPAR

DEPROCY

INaoDy

MODES
MODEO
CADDS
CADDO

CADD

MODE
CADD

CADD

cCADDS
CADDO

CARDNB
1DEN
NUMB
CADD

MODE

cADDS
CADDO
LABNB

MODE
CADDS
cADDO

LRETURN
CADDROUT
CADDRES
GCCRES
DMRCRES
FLEX

BNCBODY

325

(248)

(174)

1173

(215

(215)
t 94)
(254)
{254)
(254)

179

(209)

(109)

(152)

(154)
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APPENDIX 6 : AN EXAMPLE OF COMPILATION

This example has been chosen very simple, it is only intended to give a flavour

on how the successive stages of the compilation lock like. (More examples can be

found in [ 21] ). The following comments on the output from the computer are useful :

{1} The source program text is first printed, its lines are numbered. The numbering,

(2)
{3)

(4

~—

~

referred to as card number, is used in the next outputs as a reference to the

gource program.

DECTABS and
IDENTABS are self explaining. Note that the numbering in the first column is

uged for cross referencing.

BLOCKTABS must be explained :
line 25100 : corresponds to the block 'program'.
line 25103 : corresponds to 'particular program' with
~-bn=1 lexicographical depth number
~8tdsz=2 resulting from the way @(5) is translated : the copy of
the value of the primary @ is forced on WO0ST%, moreover, space is
foreseen for the result of the call, )
~head snd tail are IDENTABS poiﬁters, keeping track of the declara-
tions of the block, chained together ; they play the role of geid.
line 25106 : corresponds to the routine possessed by P with
-br=1, i.e. the scope 0 of the routine +1.
~gidsa=2 corresponding to parameter X and variable 4 {blocks are
merged).
~gwostsz=1, foreseen for the result of 10+X.
line 25109 : corresponds Lo the pseudo-block of the actual parameter of the call
@(5),vith
~-bn=2, lexicographical depth number.

~gidsz=1 for the integer parameter.

Follows the linear prefixed form of the program i.e. SOPROG for the IC generation.

This form is self-explaining. Note however that

- prefix markers start with '$7,

~ the lines ####% CARD refer to the source program (1)

- the numbers 235, 236,... respectively refer to IDENTABS entries 3058k, 30588,...

-~ the number 232 refers.to the operstor gp(imt,int)int + in the initialized part
of INDTABS not printed here.

~ coercions are kept in a separate table COERCTAB ; connections with SOPROG
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are obtained through the specification field of the prefix markers of the coer-

cends ; here : $ID and $DEN.

(6) The

intermediste code (OBPROGS) should be easily understood in the light of

PART II of this book. Only some details may differ from what has been described.

Note moreover that CONSTABS referred to in some ICI's is not printed here.

(7) The
{a)

(e}

(8) The

mechine code in its relocatable form is then printed ; in this code, we find :
ingtruction lines consisting of :
- the opcode using mnemonics. Note that A, S, G and F are registers and that
SUBC means & subroutine call. The opcode may be preceded by one letter U,
Y or N to mean & conditional execubion of the instruction.
~ an optional star the presence of which means (hardware) literal addressing.
- STAT, MPQ, MA and MS which are addressing types :

—STAT means normal addressing.

-MPQ means {(hardware) display addressing.
-MA (MS) means indexed addressing using A (S) register.

—the address field consisting of a pair of integers, the first one being on-

1y significant in ecase of display addressing. This field may be followed
by Ps.-Z or E, which causes the setting up of conditions, subseguently to
the execution of the instruction.

~finally the field symbolic which is & symbolic representation of run-time
routines or static working cells. In case it is 'LABTABPI' however, it has
8 special meaning, indicating to the loader that address conversion using
LABTABS is involved.

loader commands :

-LABDEF for label definition.

-LABROUT and OFFSECT issued from the IC ypdeomstab with mode parameters proe
and gtring respectively.

lines with Tk’

They correspond to references to the ICI's currently translated.

loader automatically prints the starting addresses of

- the object program (BPROG%,
~ RANST% and
- HEAP%

{(9) The

actual result of the program execution is finally printed.



1. SOURCE PROGRAM
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2 PROC P={INT XJINT $(INT At=10+X}
3 A)y
4 PR SIPR PR 62PR PR 63PR PR B4PR
8 PRGC (INT JINT QimP;
& PRINT{{"RESULT=",0(5)))
7 ]
2. DECTAB
18500 PROC
MODERES INT
NMBP AR b
PARAMY INT
15503 PROC
MODERES INT
NMBPAR 1
PARAMY INT
18506 REF 15503
3. IDENTAB
cadd } usedl mode ! scopel chain ! Zengtk}alpha
305841 ROUTCT 0 1342 1 [15500 0 0 0 1 P
305887 DIRIDEN 2 0 1 INT 0 0130592 1 X
30592 VARIDEN 2 i 1 [REF INT 1 1 0 1 )
30596 | VARIDEW 1 0 i (15506 1 1 ] 1 ]
4. BLOCKTAB
swostsz isidszi bni head } gess i tatl l dmrsz
25100 0 0 0 0 0 0 0
25103 3 2 i 30596 0 30596 0
25106 1 2 1 30588 [ 30592 g
25109 0 1 2 ] 0 0 o



5. SOPROG
4] wx2xeCARD
i *xexCARD
2 (CLO
3 <RAN
4 SCONSDE
5 DECLAR
6 DEFID
7 (R
8 SCOPE
) DECLAR
10 (F
11 DECLAR
12 DEFID
13 'F
14 DECLAR
15 H
16 (CLD
17 <RAN
i8 $LVARDE
19 DECLAR
20 DEFID
21 $mw
22 SFORMUL
23 DYADOPE
24 $DEN
25 SINTCY
26 SEP
27 $ID
28 In
29 H
390 SLASTUN
31 wwnwCARD
32 $1D
33 in
34 >*NAR
35 10LC
36 IR
37 H
38 SLVARDE
39 DECI AR
40 sxxal ARD
41 PRAGNUMB
42 PRAGNUMR
43 ex*xCARD
44 PRAGNUMB
45 DEFID
45 (3 24
47 $I1D
A8 [ 8]
4G ]
50 $LASTUN
51 SCALL
52 whkwCARD

329

1 53 $1p
2 54 In
2 55 (AP
0 56 (coLL
a 57 COLLMOD
15500 58 SDEN
23% 59 STRINCT
0 60 ’
6 61 $CALL
15500 62 $1D
a 63 1D
14570 64 (AP
236 65 S$DEN
9 66 SINTCT
14570 67  IPA
5 68 Hioc
1 69 )PA
o 70 wexaCARD
n 71 >NAR
14570 72 ioLC
237
a
&
232
o]
10
0
0
236
0 COERCTAB
3}
3
1 o END
237 1 DEREF
0 2 END
1 3 BEREF
6 4 END
0 5 [10UTTYPE
s 6 END
15503 7 [TOUTTYPE
4
62
63
%
64
238

145

POBOLO DO O

[
n

ke
N DA R e ) D

n
A
D w

NN e A

9
14587
15506
14660

14570



6. OBPROGS

4] INPROG

| seewARDYL

2 eeeaARD2

3 INBLOCK

4 JUMP

] c2s

6 LOCYARGEN
] STANDCALL
17 ASSIGN
20 seseARD3
21 HOLE
22 UPDCONSTAR
24 RETURHN
27 £33
28 wa*aCARD4
29 PRABMAT
30 PRAGMATY
31 wx*wCARDS

32 PRAGMAT
32 LOCVARSGEN

BNC

LABNR

MODE
CADD
N

LRETUY
NLONG
N

|NC
NMRC
CADDR
cCADD
CADD
CADDR
DMRCR
BCCRE
FLEX

MODES

CADDS
CADDO

MODE
CADD

MODER

CADDR
BNBOD

62
63

64

MODE
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INT
DIRIDEN
RN
NilLe
ouT  ROUTCT
b INTCTY
2 DIRINEN
ES DIRWNSY
ES NILw»
s
STAY
INT
DIRWOSY
VARIDEN
ROUTCTY
ES INT
ES NIRIDEN
Y

[~

NN D

15500
1342

15503



36

39
40

42

45

49

52

54

57
58

62
63

64

75

76

ASSIGN

wwraCARDS

UPDCONSTAB

STWOSTY

INACPAR

STACPAR

CHECKSTAND

CALL

Cas
STANDCALLY

Chs
*ww2CARD7

STDCALLINOUT

HOLE
STADD

331

CADD
N

MODES
CADDS
CADDD

MODE
CADD

MODE
CADDS
CADDO

BNCACPA
FLEX
CADDROUY
CADDRES
BCCRSE
NMRCRES

MONE
cADDS
CADDD

LABNRA
cADD

LRETURN
CADDROUY
BNCACPA

LRETURN
N

RNC
CADDROUY
CADD 1t

LRETURN
N

BRNC
DMRC
CADDROUY
MODE 1
CADD
MODE 2
CATR 2
CADDRES
DMRCRES
BLORES
FLEX

CANDS

DIRIDEN

ROUTCT
VARIDEN

DIRCTTAR

DIRIDEN
DIRWOSTY

STAT
DIRIDEN
DIRWOST

INT
INTCT
NIRIDEN

DIRNOST

DIRKWOSY

NIRWNST
DIRIDEN

NILw
ROUTCY

DIRCTTAR
INT

DIRWOST

NIHIL

NILw

STAT

DDISPLAY

-y

0

-

o

0

o .

15500
1342

14660
1345

15503

TON DO

[~ 2N D0,

[Z R~ |

[ B I R 4 ]

N D

565
14660
1345

2
0

NILGC
0



79

82

85

88
87

STHORD

S$TWORD

sueaCARDS

t.is

GUTPROG

7. MACHINE CODE

[+ I N R ]

17
i8

i9

20
2%
22
23

25
26

28

opeode
L.DA
LDS
(11
8TG
Lne
SUBC
wrne
LY
L2 A2
Lhe
576
LDA
LDS
1.DG
SUBC
LDA
LDs
LDG
SUBe
L E-3 %3
aavy
goTo
L2 23]
LE R 2]
LABDEF
LS
ADS
et
LR X X
LR R
o e W
878
LARROUTY
LX X X7
LDG
316
LS
LDA
LDe
SUBRC
LDG
876
8070

it

%

*

% % ® B & & B A

& ®

addtype

STAT
STAY
SYAT
STAT
STAT
STAY

STAT
STAY
STAT
STATY
STAT
STAT
STAT
STAT
STAT
5TaT

SYAT

STAT
MPQ

MPO

MPR2
$TaY
HPG
MPG
STAT
STAT
MA
MS
STAY

CADDG

CADDS
CADDO

CADDS
CADDO

DD DD DD

[ 2 e B e o Bs B B2/

DS DD e e I

332

addr

BIRARS ] 20
INTCT 5 °
DIRABS 0 i7
YARABS 0 40958
DNISPLAY 0 1
symb

1

0

it

0 INCRBCY

¢

) INPROGY

!

2

3

2

0 CARDNB

i

0 BCINFOTAR

16

[ INBLOCK19

13

a

2

0 INBLOCKZ29

4

5
29 LABTABPI

6

Q

2

10

i

17
20

21
22

12

17 LABTABPI
24

A

0 RET o JUNP

5

12

]

0 UPDATEDISP

0

0

0 RET . JUMP



29
30
31

32

53

55
56

<<

-4

[T3L]
[ T2 L]
Wl
L1 2]
L2 2 X
whhw
[ X3
L2 2 X
LABDEF
LDG
S$T6
LpeG
[TLY]
L LT ]
576
OFFSECT
[T 22
LOF
(232
STF
LDG
816
Lne
LDps
SUBC
L 22X
LDS
LR 22
8T8
LDA
LDS
80T
LDA
L X2 2]
60T
L.DA
STA
LDA
Lps
LDG
8070
LT 2T
xR
LABDEF
LDG
8716
LRS
GOTH
(X321
ITET]
[ 22 1
LABDEF
SUBe
LDS
LDA
60TO
LDA
Lpe
876
LnG
suBeC
LABDEF
SUBC

]

* *

® % % »

STAT
MPGQ
STAT

MPQ

MPOQ

MPQ
STAT
STAY
STAT
MPOQ
STAT

STAT

MPQ
MPQ
STATY
STAT
MA

STAT
STAT
STAT
STAT
MPQ

STAT
STAT

STAT
STAT
STAY
STAT

STAT
STAY

STAT
STAY
STAT
STAT
STAT
STAT

STAT

333

= [+ W~ ]

f=J S e OO D e L

OO0 DD DD D DD N

DO0DOODOD

<

27
28
29
30
31
32
33
36

1342
11

39
40

1345
42
11
45
13

1358

CONSTABP]

DISPLAYPI

CARDNR
CONSTABPI

INACPARDYN

ALARM

LABTABPE
LABTABPY
RET,JUMP

CALLDYN

CARDNB

ALARM

SAVETINME
CONSTARP]

LABYABPI
VALSTPI!

VALSTPIY
INITLOOPRY

PRINTCHARS



&7
68
69
70
72
73
74

78
76

77
78

79

80

L.b6
LDA
SUBC
LABDEF
1
SUBC
3UBC
11T
LT
LDA
384
T
8TA
LDS
EaNe
8T8
i.Ds
Il
wake
8T8
tavw
LABDEF
607N

&. LOADER INDICATIONS

0BPROGPE 1368

STACKP]
HEAPPI

{1440
29700

9. PROGRAM RESULT

RESULTa

13

STATY
STAY
STAY

HPR

STAT
STAT

$TaT
STAY

STAY
STAT

STAY
STATY

STATY

STAY

33k

> 28w B ]

b T

256

LABTABPI
VALSTPI
FINALLOGCPRY

PRINTINTS
RESTTIME

DISPLAYP]

RTHOSTPM

RTBNA
NIL

DISPLAYPI

FINALS
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