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Chapter 1

IBTRODUCTION

In 1993 Spring, abp implementation project was held un-
der the direct of Dr. Rodney M. Bates. The goal of the pro-
ject was to implement a portable SIMULA system(S—Port) on
Perkin Elmer interdata machines.

This report describes a design of Interpass which is a
main part of the compiler to be used in the future! Perkin
Elmer portable SINMULA system, and is organized as follows.

Chapter 1 is am overall introduction to the subject
matter of this report.

Chapter 2 provides a brief history and some character-
istics of SIMULA language.

Chapter 3 introduces S—Port, that is, what this systenm
consists of and what is the main function of each part of
the systen.

Chapter 4 discusses the overall design of the Perkin
Elmer portable SINULA systen.

Chapter 5 illustrates the Syntax/Semantics lan-
guage {S/S1) which is used to comstruct the Interpass.

Chapter & discusses the desiqn of Interpass by provid-
ing with the major data structures and the semantic opera-

tions.

1 This system is not available yet.
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Chapter 7 shows some intresting problems which vwe met
during the process of interpass design and implementation.

Chapter 8 concludes with a summary of the present sta-
tus of the Interpass, li.e., what is done up until now, what
can be done to make this Interpass design more perfect, and
vhat we contribute to the future work.

Finally there is a reference section and an appendix of

S5/SL program listing which we implemented.



Chapter 2

SINUOLA LANGUAGE

This chapter describes SIAULA language. It is organ-
ized in two parts. The first part introduces the historical
development of SIMULA2 and the second part discusses the

principal features of SIMOULA.

2.1 Pevelopment of SIMULA

SIMULA (SIMUlation LAnguage) is a general purpose pro-
gramnming lanquage developed by Cle-~Johan Dahl (0JD) and Kris-
ten Nygaard (KEN) of the NCC inm 1967 under a contract with the
Univac Division of Sperry Rand Corporation. The language is
a true extension of ALGOL 60, i.e., it contains ALGOL 60 as
a subset, However, SIMULA is historically an extended ver-
sion of the SIMULA I which was also developed by OJD and KN
at the NCC during the years of 1961-1964.

The initiating ideas for SIMULA I originated at +he
Norwegian Defense Research Establishment (NDRE) in the late
fifties, A+ that time, the NDRE started work in the design
of a language which could serve the dual purpose of systen
description and simulation programming. But the maijor de-
velopment of this langquage was carried out at *the NCC from

the spring of 1961.

2 In this report, SIMULA indicates SIMOLA €7, Because
SIMULA 67 is the most prevalent version of the language
today, and it is commonly called SIXULA.
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SIMULA I was initially designed to provide a systems
analyst with unified concepts which facilitate the concise
description of discrete event systenms. In other words, the
initial ideas of this lanquage wWere based upon a mathemati-
cally formulated "discrete event network" concept, as evi-
dened by the title of the IFPIP 1962 Munich paper, "SIMULA—-
-an extension of ALGOL to the description of discrete event
networks'.

But as the language developed, the rnetwork concept was
found to have shortcomings. The lanquage designers of
SIMULA I envisaged the important examples of systems which
could not naturally be regarded as networks. The result of
+t+his was the abandonment of the "network" concept and the
introduction of the "process" concept as the basic, unifying
concept. That was in Pebruary 1964, Langquage designers no
longer regarded a sytem as described hv_a “"general mathemat-
ic s*tructure” and instead understood it as a variable col-
lection of interacting processes--each process being present
in the program execution, the simulation, as an ALGOL stack.
Graphical representaions of sinmplified(but structurally
identical) versions of the program executions were used as
nodels of the systems described by the larguage.

nuring 19¢5 and the beginning of 19¢¢, OJD and KN spent
most of the time using and introducing SIMULA I. But they

became more and more interested in the possitili*ies of



SIMOLA I as ab existing® general purpose progqgramming lan-
guage., That vas the starting point of SIMIULA idea.

Language designers explored SINULA I's list structuring

and coroutine capabilities, the use of procedure attributes
etc. Very soon they realized that important shortcomings
existed in the language.
le The inspect mechanism for remote attribute accessing
turned out to be very cumbersome in some situatioms.
2. When writing sinmulation programs, processes often shared
a nuaber of common properties, both in data attributes and
actions, but were structurally different in other respects
so that they had to be described by seperate declaratioas.

In order to solve these problems, Hoare's record class
construct was iatroduced along with the idea of "prefixing®.
Each of the processes would be a block instance consisting
of two layers: a prefix layer containing a successor and
predecessor pointer, and other properties associated with
tvo~way list membership, and a main part comtaining the at-
tributes.

With the gradonal development that we described above,

SIMULA was horn in 1967.

2.2 Principal Features of SIMDLA

3 rexisting® in the sense that it was available on most of
the major computer systems, being used over a long period
of time by a substancial number of people throughout the
vorld and having a significant impact upon the development
of future programmimg languages

.



SIMDLA 1is an extension of ALGOL ¢€0. With some
exceptions, the rules of ALGOL 60 have been prese;ved in
SIMULA, The definitions of certain syntactic units, how-
ever, have been extended to account for the new concepts of
SIﬂULA.

Por example, as in ALGOL, the head of a SIMULA block
contains declarations. However, in SIMJIA these can be the
declarations of classes as indicated by the redefinition of
the syntactic unit declaration.

The principal features which convert ALGOL 60 to SIMULA
provide the ability to
1. Declare a class,

2. Generate objects of a declared class,
3. Reference variables,

4, Porm a hierarchical structure of class declarations.

2.2.1 Class Declaration

The notion of class in SIMULA can be traced back to the
notions of block and block instance in ALGOL €0, An ALGOL
block is a description of a composite data structure and as-
sociated algorithms. When a block is executed, a dynamic
instance of that block is generated. The block instance is
the composite data structure described by the block and con-
tains *he local variables of the block as well as informa-
tion needed for the dymamic linkage to other blocks. It is
possible *o have interaction between instances of different
blocks and even instances of the same block in the case of

recursi ve procedure call.



The form of a class declaration in SIMULA parallels the
form of a procedure declaration in ALGOL é63. A class decla-
ration can have the following foranm.

class A {PA); S5A;
begin DA;

IA

; inner ;

FA
end

The identifier A 1is the name of the class; PA is the
formal parameter 1list of the class A and it coatains only
parameter names; SA is the list of specifications of the pa-
rameters in PA.

The class body begins with a list of declarations Da.
The symbols IA and FA represents lists of instructions re-
spectively called initial operations and final operations of
the class A. The symbcl "inper" represents a dummy instruc-
tion acting as a separator between the initial and final op-
erations.

The quantities passed as parameters in PA or declared
in DA are called the attributes ¢f <the class A and hence

also attributes of any object of that class,

2.2.2 obiect Generation
A central new concept in SIMULA is the "object". An
object is a self contained program, having its own local

data and actions defined by a class declaration.



The notiom of ohject in SIMULA originated from the
notions of record <class apd record introduced by Hoare and
Wirth.

The expression

newd A{...)
wvhere A is a class, is an object gemerator. When encoun-
tered, it creates an object which is an instance of class A
and starts execution of the initial operations of A. The
execution continues until +the end of the class bhody is en-

countered, at which time the execution terminated.

2.2.3 Reference Variables and Remote Identifiers

Each element of a simulation has attributes whose val-
ues determine the state of the elenment. Since elements are
specified in SIMULA by the class declaratiomn, their attri-
butes are naturally represented by the variable which ap-
pears in the declaration.

When an object 1is executed, some of the actions per-
formed involve attributes of the object itself. This is
called local access of at*ributes and the usuwal rules of
ALGOL apply.

The term remote access is used for the accessing of at-
tributes of other objects. In this case a given attribu*e
is not uniquely specified by merely mentioring its attribute
identifier. It is also necessary to specify the obiject +2
which the considered attribute belcngs. A remote access 1is
+hus performed in two steps.

1. The selection of a particular obiject,
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2. The determination of the attribute of the selected
object.

A nev type of variable, the reference variable, is used
for referring to obijects. A reference to a newly created
object is obtained during the execution of an object genera-
tor. This reference is analogous to a pointer. The lan-
quage permits the calculation and assigament of referencés
by introducing special operators

:- reference assignment
== reference eguality
=s= reference inequality

to work vith reference variables.

2.2.4 Hierarchical Declarations
A class declaration Rray be preceded by a prefix which

is the name of another class. The prefixed class 1is now

called a subclass of the
/A\
/B\ E
c D

Bierarchy of classes and subclasses




prefix. The foliouinq is a declaration for the subclass B
of the previously declared class A.
A class B (PB); SB;
begim DB;
IB
; imner ;
FB
ead
More generally a hierarchy of classes can be introduced
by a succession of declarations of subclasses as follows.
class Aece.;
A class B..s;
B class Ca...;
B class De...;
A class E...;
A graph corresponding to this hierarchy is am oriented tree.
The root of the tree is the <c¢lass that has no prefizx. The
fprefix sequence of a given class is the sequence of classes
encountered on the unique path going from the given class to
the root. In the above example the prefix sequence of class
C consists of Cc, B, aad A.
A subclass is said to be inner to its prefixes. Thus C
is inmer to B and A. Conversely B and A are said to be out-

er to C.
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Chapter 3

PORTABLE SIMULA SYSTEN

This chapter provides the information about the porta-
ble SIMULA system({S—Port) and discusses the major parts of

that system.

3.1 Components of S=Port
S-Port is a portable implementa+tion >f the SIMULA lan-

quage, I+ 1is initiated by the HNorweglian Computing Cen-

ter(0Oslo) and the Program Library Unit (Edinburghy in 1979,

The system consists of three parts:

i. a portable front-end compiler,

2. a portable run-tinme éupport system, and

3. a machine dependent code generator.

The portable front-end compiler <translates a source
program writ*en in SIMULA into the intermediate langquage S-
code. The compiler itéelf is written in SIMULA.

The portable run-time support system is used to support
the storage allocation, <c¢reation and maragement of obiects
and activation records, and garbage collection.

Both +he front—end compiler and the run-+ime systen
will be distributed in the intermediate language S-~code.
This lanquage is used to transmit an analysed SIMULA progran
from the front—-end compiler to the code agenerator.

The code generator 1is a unique machire depecdent par=

of the svystem and this will produce code £or the target ma-



chine corresponding to the S=progran. This code generator
+is often called a back—-end compiler Etvy contrast with the
front-end compiler.

In order to be a complete SINULA system, S-port is to
be supported by this back-end compiler, i.e., code genera-
tor. The task of the back—-end compiler is to translate the
programEs in S-code into the machine lanquage of +the given
machine, So, from novw on, we shall call +ha+t compiler 5-
compiler. This compiler must insert necessary links o the
operating system of the object machine.

As ve described, the Portable SIMULA systen consists ot
three main parts, two language dependent parts and a targe=*
dependent part. But, in many cases, the systen needs servi-
ces that can oanly be provided through the operating system
environment, e.g., file handling and interrupt monitoring.

The run—-time system requires information about the op-
tions selected by +the user, the current wmode of aperation
and the environmental conditions applicable to the particu=-
lar implementation.

The front-end compiler also requires information about
the compile time options selected by the user, and some in-
formation which is only known 1in each iaplemented system,
such as defaultr file names.

The environment interface suppor* package provides sys-
ten dependent services to the S=-Port through Environment In-
terface. The Environment Interface itself 1s system inde-

pendent and is 6rganized according to the S-Code standards.
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Chapter 4

PEBRKIN ELMER SIMULA SYSTEM

This chapter describes the overall desiqn of the Perkin
Elmer portable SINMULA systen. This system is going to be
implemented as a complete portable SINULA system on Perkin
Elmer ip*erdata machines. It is to be run under *“he Unix

operating systen.

4.1 General Idea

S=-Port, which was brought from Norway, provides a por-
table front-end compiler and a rortable run~time support
Systen. However, in order to be a complete portable SIMOLA
system, it is necessary to develop a machine dependent code
generator, i.e., S-Compiler. Alsa, it i1s necessary to pro-—
vide an environment interface suppor* package compatible
with the operating system of these machines.

We are going to write S-Compiler which translates the
intermediate lanquage S-Code to the B8/32 interdata code.
Also we shall_ provide the Environment Interface which con-
tains utility routines and interfaces to operating systen,

Any SIMULA program can he translated into S-Code by *he
front-end compiler. Then the translated version of S-Code
can be compiled by the 5-Compiler, linked with the machine
code version of the rvun time system and Environment Inter-
face. This produces the final object code of the original

SIMULA program.



4,2 S-Compiler Design
The S-Compiler written for Perkin Elmer wmachines con-
sis*s of two parts:

1. a brand newv pass Interpass, and

2. a set of modified passes of the Pascal/32 compiler.

4. 2.1 Interpass

Interpass is an independent pass, and it translates the
token stream* of S-code into the intermediate langquage of a
nodified version of Pass 6 of the PASCAL/32, compiler.

Interpass recoqnizes +the operations indicated by the
S=-code and releases the appropriate tokens £for the input
stream of modified Pass 6. Unlike the original passes of
Pascals/32 compiler, this pass, in certain cases, does not
release the tokens at the end of the ocutput stream. Instead
through the use of pointers, the tokens are inserted into
the middle of the output stream.

Interpass also allocates data space for the constants
and for the global or local variables within the respective
areas.

This pass uses S/SL as the main controlling langquage
and this S/SL program calls a set of semantic operations
coded in Sequential Pascal. S/SL interpreter for the In-

terpass is also written in Pascal.

4 Actually, it is a file of inteqgers in binary byte form.

- 15 =



We use passes 6, 7, 8, and 9 of the Pascal/32 compiler
which are written in Pascal, and modify especially Pass 6
and Pass 7. This section describes the major functions per-
formed by the passes 1 through 9 and gives an account of

modification of Pass 6, Pass 7 and Pass 8.

I. Pascal/32 Compiler

Pascal/32 compiler is an extensive modifications of
Hartmann compiler for the concurrent and sequential Pascal
languages. It is composed of 9 passes.

Pass 1 of the Pascal/32 compiler is the lexical scan-
ner. It converts the character input to the compiler into
+he tokens recogqnized by the parser in Pass 2.

Pass 2 is for syntax analysis. This pass verifiies the
syntax of the intermediate code generated by Pass 1. The
output of this pass is in the form of a polish postfix nota-
tion, the operands followed by the operator.

The main function of Pass 3 of +*he Pascal/32 compiler
is name anlysis. This pass applies the lanrquage scope rules
+o convert references to an identifier into the references
to the appropriate unique objects in each part of the pro-
grahe.

Pass 4 is for declaration analysis. This pass perfornms
storage allocation and outputs data addressing information
along with data type information in *the intermediate code.

The main function of Pass 5 is operand analysis. This

pass performs operand type checking 'omn all of the operatvors



in the program. This pass applies the operand compatibilitf
rules of the lanquage. It produces output which is effec-
tively the assembler lanquage for a stack machine.

Pass &€ of the Pascal/32 compiler is for program logic.
It is designed primarily to perfora constant folding, 1i.e.,
perforning operations ' on constants at compile time rather
than at run time. Hovwever, since this is the first pass to
tuild entire procedures as in-memory data s*ructures, it
performs several other functions which either perform vari-
ous other optimizations or rearrange intermediate code to
simplify the operation of *he later passes.

The main function of Pass 7 of +the Pascal/32 compiler
is Interdata 8/32 code generation. The input is essentially
the instructions of the virtual stack machine output by 2Pass
Se The actual output from pass 7 is a set of 8,32 instruc-
tions in unformatted form.

Pass 8 performs machine depgndent code optimization us-
ing +*he peephole technique, This pass makes instruction
choices depending upor the lenqgth of the instruction. It
maps the code labels to the actual machine addresses by gen-
erating a table.

Pass 9 is for code optimization. This pass converts
+he machine <code into the format accepted by +the linkage
loader. It uses the table supplied by Pass 8 to replace the

labels with the addresses.




Modification of Pass &

The data structure used in Pass € is a stack of lists
of trees. And there's some optimization back to token
strean. Each result operand is used orly once, so this
structure is suitable. The "dup”" token of S—-Code regquires
the duplication of its operand. It is not possible to Tep-
resent this operation by a tree. Hence, Pass £ is modified
to generate graphs rather than trees.

Also, new tokensS must be 1included in the input *oken
stream of thie pass for the language features which are
present in S—-Code but not in Pascal.

Finally, there's a modification akout Pass 6 has to be

able to read a mapfile and do random access to the mair file

containing tokens.

£ Pass 7

Modification

This pass 1is desiqgned to hold the descrigtors of the
runtime operand on the compile time stack as long as they
are not computed. The register containing the operand.is
freed after the computation of the result is complete. In
order to process the tokens like '"save™ and "restore™ in S-
code, Pass 7 has to be modified to be able to save and re-

store with the temporary values.

S For the list of these new tokens, 1lock at S5/SL prograa
listing under "pass &€ New Input Tokens".

..18..



Also, this pass is for code generation, so i* has to

generate code for the new tokens introduced by S5-Code.

Modification of Pass 8

Right now, Pass 8 eliminates duplicate constants. It
same constant value appears tvice, then it replaces them
with a single copy of that constant. S-=Code has initialized
variables which behave like constants. For example, S-Code
has initial constant values for the variables of the arith-
metic type, data address type and iastruction type. Pass 8
is therefore modified to include a way of distinguishing
constant values and initializing variables, so that the lat-

ter do not have duplicates remaved.

4.3 Environment Interface

The Environment Interface 1is used *o do +things depend
on the unix operating systeum. It is written in laﬁquaqe iy
since this is the base lanquage of the unix orerating sys-
tem.

This Environment Interface provides the systen depen-
dent services for the environment in which Perkin Elmer
SIMULA system is to be implemented. I* contains routines
for the necessary environment switch between the Pascal en-
vironment and the C environment, since the run time environ-
ment of the Pascal code generator 1is different from that of
unix and SIMULA environment is same as Pascal. This in-

cludes saving of stack pointers for both C stack and Pascal



stack, and copying of parameters, because +the parameter
pa ssing mechanisms are also different.
In addition to these, The Environment Interface intro—

duces new functions for the Unix supplied editing services.



Chapter 5

SYBTAX/SEMANTIC LANGUAGE

This chapter serves as an introduction to Syntax/Seman-
tic lLanguage (S5/5L) which we use to construct the Interpass.
It is organized as follows. e firs* give general ideas
about S/SL, and then the important features of S/SL are giv-
en. Also there is a brief explanation apout how S/S1 is im=-
plemented. Finally syntax diagrams® are given to illustrate

the syntax of S/SL.

5.1 General Concepts

5/SL is a programming lanquage developed at the Univer-

sity of Toronto as a tool for constructing compilers. It is

a very modest langquage, incorporating only the following
features: sequences, repetitions and selection of ac-
tions(statements); input, matching and output of tokens;

output of error signals; subprograms{called rules); and in-
vocation of semantic operations inmplemented in another lan-
guage such as Pascal.

S/5L is a language without data or assignment; it is a
pure control languaqge. Data can be macipulated only via se-

mantic operations.

6 Ye use syn*tax diaqrams rather +han BNF, because the struc-
ture of a program written in S/SL resembles a textual no-
tation for syntax diagrams with statements relating *o the
output actions and calls to the semantic routines insert-
ed.

- 217 -



An S/SL program behaves like a recursive descent parser
with output actions and semantic routine calls included in
it

The semantic routines called by S/SL program can he pa-
rameterized or nomparaleterized. The parameters passed to
the parameterized routines can be only constants since 5/SL
does not comtain any variables. The entire data handling
process is carried out through the execution of these rou-
tines.

S/SL adheres tﬁ a strict data abstraction by seperating
the algorithm from the data. The algorithm invokes the se-

mantic routines where the data is manipulated.

5.2 Features of S/SL
Fach 8/5L program consists of a list of declarations

followed by a list of executable rules. Bach rule consists
of a name, an optional return type and a sequence of ac-
tions (statements). Bach rule has one of these two forms:

name: actions;

name >> type: actions;
A rule with the first form 1is called a procedure rule; a
rule with the second form is called a choice rule. These
two foras are analogous %o procedures and func=tions in Pas-

cal. In our dialect, the choice rule does not exis+.

5.2.1 Declarations in S/SL



We need to make declarations that are used by S/SL
rules. In particular vwve need to specify the set of input
tokens, the set of output tokens, the set of error siqmnals,
the set of values returned hy each choice rule and the se:
of values to be used as parameters %o parameterized semantic
ops . BEach of these sets 1is declared by enumerating the
names of their members; this is similar to defining enumer-
ated types in Pascal. For exanple:

input: % Input Tokens?
integer
plus
s ee@tCova

output: % Output Tokens
Int
add
s 00 @LCe e

error: % Error Siqgnals
missingSemicolon

-..etc'vn;

5.2.2 summpary of S/SIL Actions
There are eight different actions(statemen+*s) in 5/SL.
7« The call action: This action is used -0 invoke a proce-

dure rule. The appearance of @ followed by the name of a

procedure rule signifies that the rule is to be called.

7 Here we have shown the convention for comments in S/SL
programs, namely, anything to the right of a % on a line
is ignored.
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2. The return action: The symbol >>» in a rule signifies re-
turn before reaching the end of *+he rule. In choice rules,
the >>.ﬁust be followed by a value in the rule'’s specified
retun range, and implicit return via the final semicolon is
not allowed. In procedure rules, the returm >> is not fol-
lowed by a value, UOsually >»> is not used in procedures be-
cause return is implicit at the end of the rule.
J. The input (or match) action: The equal sign (=) followed by
the appearance of an input token in a rule signifies that
+he next input should be read and must match the token.
4« The emit token: The appearance of a dot(a period) fol-
loved by an output token signifies that the token 1is to he
emitted to the output strean.
5. The error action: The appearance of # fsllowed by an er-
ror signal signifies that the error signal is to be emitted
to a special error strean. Presumably +this stream is used
torprint appropriate error messages.
E. The cycle action: This action is apalogous to *he loop
structure in the high level lanquages like Pascal. Each cy-
cle is of the forn:
{ .
actions
¥
The dnclosed actions are repeated until a return(>>) or one
of the cycle's exits(>) is encountered.
7. The exit action: The appearance of > signifies exit from

+he mos+t +ightly enclosing cycle.

o B,



8. The choice action: The effect of this action is analogous
to a case statement in Pascal. The choice action is of the
form:
[ selector
} labels:
actions
{ labels:
actions
1 *:
" actions
A choice action can be a rule choice, a semantic choice

or an input choice. If the selector is the name of an S5/S5SL
choice rule then the choice action 1is a rule choice. In a
rule choice, the specified rule is called and then the
choice tries to match the returned value to one of the la-
bels, I1f the.selector is the name of a semantic routine
then the choice action is considered to be a semantic
choice. In a semantic choice, semantic action is called and
value it returns is used. If the selector is "=", we have
an input choice, which tries to match +*he current input to-
ken *o one of the labels. The actions associated with the
matched labels are executed; if no label is matched, the fi-
nal alternative, labelled by the star{%®, is executed.

This is analogous +to the otherwise clause in a Pascal case

Statement. It is optional. If omit*ed, *he selec*or must
match one of the choice's labels. Otherwise, <+here is an
error.



The choice action controls the decisiorn processe. The
input token (in case of inpu* choice) or +the value re-
+urned (ir case of a rule or a semantic choice) is only used
as a dezerminer for the selec+tior ¢f a particular set of ac-
+*+ionse It does not modify or manipulate any data. Our dia-

lect has no rule choices.

5.3 Implgmenzation of S/SL

S/SL is 1implemented by a translator which translates
S/SL to an intermediate language. That lanquage cah be
called Si-code. This is a mackine-language-like instruction
set encoded 1into a sequence of numbers. The result 1is a
Pascal array of integers. The trarcslated S/SL program is
then interpreted by SL-code 1interpreter. That interpreter
scans through the array by using & large case statemen*.
Zach instruction and semantic operation of Sl-code has a

counter part label in the case statement.

.4 S/SL Syntax

declaration:

. Ny,
~F 7 inpuzs Y ﬁ’-i—d-l N
g = ? id
~OUTpuUTsS
== - —— integer —

—QILOLS

—sinpleops——

-~ PACDops

e
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rule:

—_— id — 3 T(action)—l); ———

action:

—7r<input action>
—<output action)-——;r
—<ertor action)=——3

-{call action> -—}J

—<choice action>—3)
—<cycle action> j
-<{semantic action)

L.{exit action>

input action:

> = > id >
output action:

y i > id >
error action:

> # > 1 ——
call action:

» 2 > id >

choice action:

R

-—*[(selector >

L o3

_5.'.— h
‘ — p—t
*

#r

h'2



cycle action:

R {T( act ion)(—T;}

exit action:

selectors

]
W




Chapter 6

DESIGN OF INTERPASS

Interpass is a new pass and at the same time a major
pass of the S-Compiler. Interpass includes a main control-
ling progyram <coded in S/SL and a set of semantic routines
coded in Pascal. This chapter discusses the design of In-
terpass. First, ve givé the detailed description of data
structures and semantic operations used in Interpass. Then
the general summary of how we built the S/SL program is giv-

en.

€.1 Data Structures and Semantic Operations of Interpass

6.1.1 S=-stack and Associated Semantic Operations

This is a global stack which corresponds <o the compile
time stack defined in the S-code. It is a stack of pointers
pointing to the descriptors.® This stack is implemented as a
Pascal array of pointers.

As the compilation process in interpass progresses, the
descriptors are continuously created and destroyed on the
S-stack. Therefore push and pop operations are needed for

this creation and destruction.

8 mhe actions which the S-compiler shkould *take upon recogni-
tion of a specific program element, are defined in *erms
of dJdescriptors. These descrifptors contain information
about the objects which exist during *the compilation pro-
cess.
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The stack semantics for assignment and addressing in
the S—-proqgram requires that certain conditions on the de-
scriptores held in the stack are valid. For example, the”
correct interpretation of the "assign'" instruction and valid
code generation is possible only if the second topmost de-
scriptor oo the stack is of ref ncde.® At runtime the value
held in the topmost descriptor is *o be transferred to *he
lopation designated by the second topmost descriptor. The
addressing instructions modify or replace *he tgp descriptor
on the stack. This means a new result . descriptor must accu-
py the top of the stack at the end of translaticon. It is
also necessary to set the mode, type or output pointer
fields of the descriptor. Push and set operations are used
to accomplish this. The emission ¢f the right tokens in the
output stream is possible only by examining the information,
Verification operatiocns and choice operations on the S-stack
descriptors are needed for this,.

Here is a list of some operations associated with S-
stacka.

--push descriptors

—pop the S-stack

--35et the mode field of the *op of S-stack

~-Se+ the output pointer field of +the zop >f S-stack

——Return S-code type field of top of S5-stack

9 The mode or "access rule™ in S-code is grouped in twWwo mod-
es, namely VAL and REF. VAL access rules describe values.
REF access rules describe references ta areas which have
an associa+ed address of some sort.
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——Verify if *op of S—-stack is ref mode and so on.

€.1.2 Tag Stack, Tag Table apd Associated Semaptic Opera-
tions

The tag stack is a stack of tag values associated with
the descriptors. Tags are S—code equivalent of identifiers.
It is implemented as an array of integers within a prede-
fined subrange. This stack 1s used to push something onto
S=-stack.

The tag table is an array of records subscripted by tag
values. A tag record stores two kinds of informa*ion about
a *ag. One field of the record stcres the tag state. A tagqg
may be undefined, referenced or defined. The other field
points to the descriptor associated with +the given tagqg.
This table is used to locate the descriptor when the tag
naming it appears in the input. The takle entries are nmodi-
fied at compile time when the tags are declared or undec-
lared.

Wwhenver a tag is read from the input stream, i+ 1s held
temporarily in the tag stack. Since *ags pay be specified
prior to +their definition, it 1s necessary to verify the
state of the tag whenever the tag is referred to. The tag
valune s-ored in +he taqg stack is used +to Ccreate a new de-
scriptor relating to that tag., The pointer to that descrip-
tor will be stored in the taq table at the tag value,

As the arquments to a token are scanned furthek, the

appropriate fields of the descriptor referring to the tag



are set 1p. The setting operations may use +he constant
values being held in the count stack temporarily.

While interpreting the type <conversion instructions it
is necessary to examine the tag held ir the tag stack in or-
der to determine whether the conversion will be wvalid or
not. Return of choice operations are needed to accomplish
thlse

Here is a list of some semantic oprations associated
with the tag stack and with thé tag table:

--read a taqg from input, and push it onto the tag stack
-=-set the state of the tagq

~-select +*he descriptor

~-yerify if top of the tag stack is a record type, and so

Ola

€.1.3 Count Stack and Associated Semantic Operations

Count stack is a stack of integers. during the compi-
lation of an S-progam, the count stack is used to temporari-
1y hcld the constant values which may appear in various pro-
gran elements. In particular, the count stack can store:
——Size of an S-code type
-—Number of a repetition value
—-Number of a fixed repetition value
-=-Number of an indefinite repetition value
—-Displacenent
-=Lover and upper bound of a range

~--By+e, number and converted strirg values, and so on.
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These values are placed on the count stack through push
operations. It is sometimes necessary - to ilncrement or de-
crement the constant value on the count stack. Conpile time
addition and multiplication of the top two constants an the
count stack is also needed in some translations, Therefore,
simple S5Semantic routines for these operations are intro-
duced.

The count stack always holds the values temporarily.
Once the constant has been used, it ig discarded through a
pPop cperation.

Here is a list of semantic operations for the count
stack.,

-——push byte, number, etc.

==PpPOoP

-—add top and second top of count stack and repiace it by
their suam

--add one(increment) to top of count stack

-=subtract one{decrement) from tor of count stack

—return the value of top of count stack and so on.

I>
1

ssociated Semaptic Qperations

6.1.4 Index Table Stac

n

i

This is a stack of tables of 5-code jump indexes. Tach

entry contains a state (undefined, referenced, defined) and a

Pass €& label. Ordinarily, only the top table of the stack
is visible. A maximum stack depth of two tables is suffi-
cien*.
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The backward and forward jump instructions access the
jump labels through indexing. When a jump instruction is
translated, an index entry relating to the destination of
the jump is changed. In par+*icular, the state of the index
will be changed depending on the kind of dJump. The index
will be undefined if the jump is forward jump. L set of
Pass 6 labels is associated with the destimation indices.
It is necessary to allocate a new pass 6 label every <ime
the destination is defined or referenced. Further, once a
jump has occurred the corresponding index should be made
avallable for reuse. But the Pass 6 labels can never he
reused. A new index table is pushed when the compile time
control enters a new scope level.

The following senmantic operations operate on the index
table stack:

-—push a new index table on the index table stack with all
entries undefined

-—allocate a new pass 6 label and store it in the pass 6 la-
bel field of the table entry

--pop the index tabhle stack

-—setr the state of the index, and so on.

€.1.5 Beachable Stack and Associated Segmanric QOperarions

This is a stack of boolean values. It is nused to indi-
cate whether the current point in S-code is reachable, i.e.,
whe*her the runtime control can reach the current point.

Ini+ially it has only top entry with a value false. The top
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of the stack is turned true by the tokens assoclated with
the backward destinations, forward destinations, swi+tch des-
tinations and the labels endif and else. The top is turned
false by the tokens associated with backward jumps, <£forward
jumps, unconditional gotos and switches. The stack 1is
pushed when statically nested procedures are entered and
popped when they are exited.

The following semantic operations are required to push,
pop, Set or return a boolean value to indicate the reach-
ability of the S-code:

-——push true or false onto the reachable stack
--pop the reachable stack
--set the top of reachable stack to true or false

--return the value of the top of reachable stack.

6.2 General Coding Methodology

Here is an example of how S/SL program is cons*ructed.
"add" is a simple arithmetic instruction which, at rurntine,
adds the +op descriptor and the second topmost descripror.
The operations involved are:

1. If the *top descriptor is of ref mode then change the top
of the S-stack to hold the <contents of the area referred +o
by «his descriptor. And emit code "tpushind".

24 If +the second topmost descriptor 1is of ref node ther
change the second top of the S=-stack is *o hold *he contents
of the area referred to by this descriptor. Aud emi: code

'"tpush2ndind".
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3. Verify that <the top and ther second topmost descriptor
type tags are equal.
4. ©Emit a pass 6 "tadd" token in the output token strean.
5. Push the S-code type field of the S-stack top descriptor
onto +he tag stack.
6. Pop the top and the second top descriptors from *the S-
stacke
7. Depending on the data type, emit the value, i.e., a Pass
6 type arqument to "add".
S/S8L invokes the following semantic routines for inter-
preting the "add" instruction.
gForceTOSValue
dPorcesS0SValue
oVerifySTosSosMDataDotTypesMatch
oFmitToken {tadd)
oPushTagWithSMDataDot Type
oPopsS
oPopS
[ 2ChooseTaqg
| INT:
gEmitvalue (P6word)
| REAL:
oEmitValue (PEshar-real)
| LREAL:
oEmitValue {Péreal)
1 *:

oAbort {eArithmeticType)
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dPush ResultDescriptor
The S/SL rules @ForceTOSValue, @#Forces0SValue and
@PushResultDescriptor invoke in turn the followirg semartic
routines:
ForceTDSValues
[ oChooseSHDataDotMode
| REFMode:
[ oChooseSMDatalotType
{ INT, BOOL, CHAR, REAL, LREAL,
SIZE, OADDR, AADDR, GADDR,
PADDR, RADDR:
oSetsSMDatalDotMode (VALMode)
oEmitToken (tpushirnd)
oPushTagWithSMDatadotType
oEnitTagMTyreDotPETypRe
oPopTagq
I *2

oSetSMDataDotMode{ VALADDRMode)

ForceS0SValue:
[ oChooseSSosMDataDotMode
| REPMode:
[ oChooseSS5osMDa*taDotType
| INT, BOOL, CHAR, REAL, LREAL,
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SIZE, OADDR, AADDR, GADDR, PADDR,
RADDR:
oSetSSosMDataMode (VALMode)
oEmitTokenAfterSSos{tpush2ndind)
oPushTag¥WithSSosMDataDotType
OEmi tTagMT ypeDotPE TypaeBefore

SMDataDotQutputpointer

oPopTaqg

| *:

oSetSSosMDataDotMode{VALADDRMode)

PushResultDescriptor:
oPushsNewResultDescriptor
oSetSHDataDotTypeToTaqg
oPopTag
oSetSﬂDataDdtOutputPointer

oTurnonSMDataDotHasP6Counterpart
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Chapter 7
INTERESTING PROBLENS
This chapter discusses some of the interesting issues
which we met during the desiqn of Intergass. The solutiors

adopted 1in each case are also described.

=

7.1 Unnesting of Procedure Bodies
T

1.1 Introducing the Problem

The segment instruction in S-code allows the existence

of out of sequence code in the S-progranm.

segment-instruction

::= bseg <program-elenent>*10 gseg

The intention of +his instruction is that the enclosed ele-
ments must be located elsewhere and cannot be generally
scaaned in strict sequential order. In other words, the
following piece of S-code:

sequence—1 bseqg sequence—2 eseq sequence-3
will generate target c¢ode for sequence-1 and sequence-3 in
direct control sequence while sequence-2 will be located
somevhere else.

Besides the "bseg"™ and "eseg" tokens may be nested +thus
allowing for nested procedures. Pass 6 of +the Pascal,/32
compiler has no provision for handling such nested proce-
dures. A direct handling of the non-sequential code can re-

sul*t in a waste of memory space.

10 The asterisk(*) has the following meaning: "progqramo-ele-
ment™ may oOCCuUr Zero or more times at this point.
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The solution adopted was to use files for the treatment
of code in the non sequential order. This was 1lmplemented
as follows.

Ta A main file or an output file is written physically in
the order *the tokens are produced. The main file is divided
into fragments. It is assumed that within a fraqgment the
physical and the logical ordering of the tokens is the same.
But on the vwhole, the main file contains tokens which are
not in order at all, because the fragments of +his file have
no inherent ordering, i.e.. they can be scattered within the
main file.

2. There is another file called map file which allows Pass
6 to read the fragments of the output file in the correc+
logical order. The map file contains a list of pointers to
the fragments. The physical ordering of the pointers is
kept the same as the logical ordering of fragments +o which
they point. Pass 6 will read the map file sequentailly.

3. A fragment stack is defined. Bach entry of this stack
is the root of a list of pointers rointing zo the fragmen<s.
The list itself is a double 1linked list of fragment pointer
nodes. Each node stores a pair of main file poinrters. The
pair of main file pointers are a begin-fragment pointer and
an end-fragment pointer. The begin~-fragment polnter points
to +the first token of the fragment and the end-fragment

pointer points to the last of the fragment,

7.2 Jalue Forcing



7.2.1 Introducing the Problenm

The descriptors on the S-stack can "be of ref mode. A
value forcing operation on such a descriptor requires the
inser*ion of a pass 6 "pushind" token at a place ig the to-
ken stream just after the instruction token which generated
this descriptor. The instruction token may be Tesiding at a
posi*ion other than the end of the token stream and the val-
ue forcing operatior can be performed c¢n a descriptor which
is below the top of the S-stack. This requires inserting
the "pushind® token at a spot other than at the end of the

output token stream.

7.2.2 The Soluntion

The solution adopted is to insert the token in the mid-
dle of the stream by splitting a fragment. The insertion
mechanism is implemented as follows:
1. The descriptor on the S-stack contains a field called
output pointer which stores the pointer %o *he spot in the
cutpu*t streaa.
Za The fragment containing this token is spli*t 1into two
fragments. This 1s dope by searching for that fragment
through a scan of the fraqgment pointers in the list at=ached
to the top entry of the fragment.
3. The found fragment is split into tvwo and a new fragment
is linked between the two pieces. The 1inser+ed fraaqnen=
contains the pointers to the tokens to be inserted. The to-
Xken itself 1is written physically at +he end of tﬁe main
file.
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In this way, the logical ordering of the tokens is ar-
raged without disturbing the physical cr@erinq of the emit-

ted *tokens in the output stream.



Chapter 8

CONRCLUOSION

As a participant of the Perkin Elmer Simula System pro—
ject, we had an wonderful opportunity to know the character-
istics of a group project. Besides, as a result of working
for Interpass desiqn, we got an opportunity to s+udy the
components of S-Port, the low level intermediate lanquage
S-code, and the fascinating lanquage S/SL.

We also observed that the selection of Syntax/Semantic
Language as the main control language was made well hecause
the structure of S/SL suits perfectly the control structure
of S-code.

Concerning the present status of the project, we can
say that the work of Interpass which includes the coding of
S/3L and the coding of semantic routines in Pascal 1s about
70 %2 complete. Hovwever no testing has done on *the code de-
veloped so far except running through S/SL assémhler.

The desigqn of Interpass so far does not include the
treatment of initializing attributes of a record +ype ir
S-code. Future work can be done so that Interpass design
will include some additions to the related data structure
and semantic operations, particularly in the record descrip-
tors. Interpass design will also be modified to include the
code for +*he wutility library routines. The routines will

involve the reading of S-code tokens from Interpass input



stream, writing the +tokens to Interpass output stream, allo-
cating and freeing the descriptors during the compilation
process and converting the text strings and input literals
from S-code into internal fornm. One more *hing what we can
suggest is that for the efficiency and the convenience, mak-
ing a S/S1L pretty printer can be done as a part of the pro-
ject.

Finally we can say that we have contribu*ted to intro-
ducing a running SIMULA prograa in K.S.U. %e can't run it
vet, and it is just a commencement, but as the oriental say-
ing indicates, "+the copmencement means it's already dore the

rest.”
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16:54 1984 Inlerpass.sst Page 9

aPushipdatedithTagandundel ine
oSetindaxSubCountDotPtLabe iToNewLabal
oSatRaeachableToFalse
oSetRaachablefoTrue
aSetSDotHasPoCountariart
aSetiMDataDotHode
oSetSHDataDotUutputPointer
oSetiMDatabotVTypalTaolay
o3etTagNBodylotPoplanfoNewPbplat
oSetTaqMDataDotDisplacementTolount
oietfFagMProfilelot[dTalnpuytitring
oSetTagMProfileDotNatureTalnputString
aSetTagSosMDataDotFixrepToCount
oSetTagSosMDataDotLowerBoundToCount
aSetflagSosnDataDotupperBaundliaCount
oSetlagSosMOataDotRepToCount
oSetTagSosnPraoflleDotdadyTaglalay
oSkilplnputString
oStorevaluePackedAiddressConstantTag
oStorevaluekithlinputLongReallLiteralALCount
aoStorevaluedithinputLangStringAndfushCountlenglh
oStoreValuewlthlnputRealLiteralAtCaunt
aSwapMarkedSSections

oSwapP6labels

oSwaosString
ofranslatefagusingTagListTable
oTurndnSnDatalotHasPolounterpart
oTurnOnfutputCopying
ofurnOffdutputCopyling
olurnUnlaySoshtbDataDatHasHange
oTurnOnTagSosnDataDotHasF i xrep
overifyallIndenasUndel ined
o¥erlfySTosSosMDataDotTypesmatch
overiliyTayDotKindIsTypea

L]

% Semantic Operatlons with Parameters
Parmlps:
oAbort

oAl ) inAreaToCount
aoCreateDataDescriptorAtTayg

terrarCode)
{AreaName)
tDataleascenindl}

oEmitTaken {PoTaokeni
oEmlitTokenAtteriSos (PoToken)
otmitTokenAfterSios (Polaoken}
oEmltTohenTolOutputCopyFile iTokenvValuol
OEmitvaluae {Integer)
oEmitValueafierSSos tInteger)
oEmitValuvAfterSios tintegor)
olnerAreallisplacemantbyCount {AreaNamel
oPusnCount {Value)

oPushTagdithliype
oletlndexSubCountDotState
oSetSnDitabotMode

{Scadelype)
{IndexState)
{DescriptorHodal

MHMNMMNMENMMMNRRNMNNNRN
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L3

280
281
242
283
284
245
286
287
2d48
249
290
291
292
293
29%
295
296
297
248
299
300
3ol
302
ETVE]
304
105
Jue
jo7
joa
309
30
il
ji2
E g ]
314
35
e
3y
318
31y
jzo
321
ez
123
324
325
326
327
328
329
jio
)il
132
EEE]
11314
115

Lezby 1944  interpass.ssl Paye b

oVarli fySSosHDatabotMode
oVerifySSosHDataDotType

over |l fyStringEqualsinpulitring
o¥erifyTagDotitate

»

{Descripltorfodel
(ScodeTypel
{ErrorCodel
LTagStatel

oSetiMDataDotType % (Scaodalype)d
oSetSSosNDatavotfode Z fDescriptornode?
o%etlTaqlotState X {TagState)
oletTagHProfidaDotProfileKind L 4ProfllaKind}
oSestFagMProfljeDotNalure ¥ {ProtileNature)
overi{fylindesSubCountDotState X {lnagexStatel
oVerifySDotDescriptorKind % (DataDescrdind)
oVerifySHUataDotMode % (Descriptorfadel
aVerjfySHlataDatType 2 (5codeTypel

X

H

i

X

L Chodce Uperations
Cholcelps:

oChooseCountCompar ison
oChooseCountSusv¥alue
oClhooseCountValue
oChoasasReachaole
oChooseSDotDescriplorKind
oChooseSMDatalotHasPoCounterPart
olhosseSHUatallotMade
oChooseSHDatabotType
oChooseSMDatabotHasFixrep
aeChoose$MDatallotHasRange
oChooseSSosHDatallotMode
oChooseSSoshDatabotType
oChooseSEmpty
aChoaselaglotitate
oChooseTayMiypeDotHasKkepFilald
oChooselayMTypeStructurea

1 3

X Emit Semantic Uperations
EmitOps:

oEmitCount
oEmitintexSubCaountDotP6Labet
oEmitPoLabe |
oEmjtSHDatalotPbLlavel
oEmitiMDataDotP6Made
oEmltiMDatabDotDisplaceament
oEmitSSosMDatabDotPéeMade
oEmitStringTolutputCopy
oEmit TagrnllodyDotPePlab
oEmitTagnbatalotDisplacement
oEmitTagnLabelDotPOSL)ab
oEmitTajMProfliebotid8Chars
oEmitTagMTypeDotLength

LA I BB B B BN B B B B R IR
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1
337
138
119
340
3al
342
ELE ]
144
145
346
BLY
EEY]
3149
350
151
352
353
3154
155
3156
157
358
3159
160
sl
362
163
164
365
366
JoT7
EX-Y)
169
1710
371
1712
173
Its
375
76
irt
3te
19
340
jol
382
KLk
184
3as
a6
Ja7?
ldg
349
140
91

L6:%% 1904 Interpass.

oEmitTaqMliypeDotPeType
oEmitTagMTypeUatPeType
aEmitv¥alueArealountfyt

I VALUES UF S/S5L
Yaluss:i
X Scode fypes

BOAL
CHAR
INT
REAL
LREAL
SILE
UADDR
AADDR
GADDR
PADDR
RADDR
SINT "% special

Z ArsaName:
GlobalArea
ConstantArea

Local Area

L DescriptorModes
REFMode

VALMode

VALAJURMode

X Indesjtates

Undaf inadindex5tate
DafinedIndexState
RefarencedindexState
%2 TagState:
Undefinzalagitate
SpecifiedTagitate
DefinedTagState

X DatabescriKind:
GlobslDascrKind

LocalDesceKind
CoanstantDescriind

sst Page T

BeforeSMBataDotUutputPointar
es

- not 4 typey but a kind of range

L

- T R EED PSS

-

-

-* e
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L3

392
393
ER L]
195
Ive
7
ER L]
399
4u0
401
402
403
504
405
406
407
408
409
410
all
412
413
4l
%15
416
kT
418
419
420
421
422
423
424
429
426
w27
428
429
430
431
432
433
v14
435
436
417
4318
439
440
44l
442
443
G4k
445
446
Aa7

Lbi5%4 Ld4 Inkerpass.ssl Paje 4

AttributebescrKind
BodyDescrKind
DeclaredlypeDescrKind
Bulltinfypedescriing
SwitchDescrKing
Lab=iDescrKind
ImportDescriing
Expor tDescrKind
ExitDescrKing

Rosul tDescrKind
ProtilebDescriind

X ProtileKind: Talls wWhat kind of routine a profiie defines

knounPraoflileKind
systewProf | lekind
enternalProfllleking
IntertaceProtiledlnd
ordinaryProfileKind

X ProfileNature:
SIMUL ANature
CNature
PasI2ZNatura

L TokenvYalue: These are redefined as values so ParmOps

X can emit Lhem ta special places.
otVisible = visitle

otEnd¥isiple = endvisible

otTaglist = taglist

otEndTaglist = andtaglist

atModule = module

X BooleanValue:

PoTrue = 1 X constant values emltted Lo Pass &
PaFalse = Q

interpasslrue = } % returned by interpass boalean valued CholceOps
interpassfFalse = 0 i

ves = 1 % also used for boolean valued Cholcelps
ne = 0

L PoRelationt Relational operators

Pbequal
Phgreaterthan
Phgreatarthanequal
Potessthan
Pblessthanegual
Ponatequal

X Podode? Poplab and Pbstlab are passed as actuals to Parmips

L AL K BE 2K 3R K 3 B 3PN

- LR B AE IR J

- &

LA L O

-

LI B 2N N B J

1»Z
153
154
15%

95
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(%

448
549
450
451
852
453
454
455
456
§57
5548
459
460
461
462
461
464
469
466
467
468
%69
470
871
472
«73
w74
4715
476
a77
474
479
440
4«81
402
443
hH4
445
LX-1.]
“ar
LL T ]
449
490
491
492
493
444
495
496
497
498
499
S00
501
502
503

L6354 14 interpass.ssé Page

4 to Lelk which kind of Pt Javel is wanted,

PbalabalMode
PolconstMade
PolocalMode
PbplabMode
PoustiabMode

X PoType:
Pouord
Pbshortreal
Pbreal
Phwordpair

X Pass & conversion Kinds:

stdconv X int to shortreal
stdbongconvy ¥ int to ltanglreal

stdlengthen I short real to {ltonglreal
stdround 1 some kind of real te int
Z Hisc.

PhReturnAddressDisplacement = &
PaFirstFormalDisplacement = 8

X Resulbt valuas for oChonseCountComparison

CampGreater

CompEqual

CompLass

Z ErrorCoca! Thesa are daclared 45 values so they can
L be emltted by Parmilps adborl,

i momant all efrors are fatal.

cArbthaetjcType
eConvertilype
ellilegalRetation
eProf lieDescriptor
eStackNotEmply
efype
eUndefinedfag
aTayiind
eFdurepsbittar
eDupl lcatelelinition
eDeaferrediacros

Lt The following are non-latal errors

erModuleNamesMlsmalch
erChechloaeMismateh

L B I A N J

L X B N

> ew

TR TS EE S

L 3
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504
505
506
507
508
509
510
511
al2
513
514
315
516
517
518
519
520
521
522
523
524
525
526
927
528
529
530
534k
532
533
534
53%
5136
LEY)
538
519
540
541
542
5413
S44
545
S4b
547
548
549
599
551
592
553
594
595
556
597
558
5549

16:%4 L4 interpassessl Page 1O

X Poloken: Jhesa are the oulpul Lukens produced by Interpass
3 as Pass & Input Tohkens.

tpushconst.
tpusnind
tpushaddr
tpushiabel
textid
ttleld
trange
tasshan
tcony

tnol

tand

tor

tneg

tadd

tsub

tmul

tdlv

twod
tcompare
tcompstruct
Ldeflabel
t jump
tfalse jump
tcaseenpr
tcase Jump
tpop
ticonst
tconvrt
tpushlabel
tiaonj Jump
tdefstlab

X Pass & New Input Tokens

Laccess

Ldup

tupdite
tupdalecopy
Lrupdate
Lrupdatecopy
tpop2nd
tpushZ2ndind
tsetob |
tyeton)
tsimplelindex

X PRIGRAMS

LK S B B B AR BE B B B B BN AR SN G B 3R K N AR BB B A BN B A N
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5460
56l
562
26)
564
65
566
547
568
569
570

LS4 1784  intefpassassi Page 1L

$Pro3rams

“pragram
afushSyringditninputsitring
IProgramdady
=endprogram
oPapString

H

571 ProgramPody:

572
3713
574
57%
576
57
58
519
580
541
542
583
584
545
566
587
588
549
590
591
592
593
594
99%
596
597
98
5499
800
601
su2
[X*E]
604
605
606
s0?
o8
609
610
bll
512
611
514
bLS

[ =
t main:
sProgramEjements
! macros
oAbefitabeterredhacros)
=module
oSklplnputdtring
oSkiplnputitring
Adfacrobelinitions
=endmodule
I alaobal:
dGlobathogule
=endmoduie
] *:
(L=
i modulbe:
#ModuleHeader
ahody
sProgramt lements
wandmodul e
| *1 >

H
HoduleHedder:

orushstringwithinput String X Module Id
oPushitringditninputiteling 1 Check code
{ =
{ existing:
o5wapsits ing
oPushindOpeninputFilenithitringvisible
=visibla
aV¥erifyStringbqualsinputStringlerModuleNamestismatcn)
oSwapitring
oVerifyStringEqualsinputStr ingierCheckCadeMismatchl
alransliateVisivledeclarations
=endvisible
allosalnputf tleAndPup
| #:z
aSwapitr ing

119
216

54
193

92

91
265
99
241
251

52
1

52

9%
149

a2

216
Zla

69
248
L9
152
291
248
291

15
168

244

497

501

502
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bl6
6i?
618
619
620
521

622

623
b24%
625

526

627

[-¥4:}
429

530
531

632

633

'’BL]

635

b1b
637
618
619
540
b4l

642
643
bad
645
b4t
b47
b48
649
650
651
6492
553
b54%
655
656
657
b58
b59
660
661
662
bel
bbb
b5
bbb
567
b568
bb9
blo
67l

1654 1244 intarpass.ssl Pagye 12

olpenfutputCopyFlledithStringVisible
efurnUnOutputCopyling
oEmitTokenTolutputCapyFileliotNodulald
oEmitSiringTolOutputlopyFlle
oSwapsString
oEmitStringTolutputlopyFile
#TranshateVisiblebDeclarations
oEmitTonenTolutputCopyFilealotEndVisiblial
oCloseQutputCopyFile
oSwapitring
a0penOutputlopyFll=4ithStringTaglist
oEmitTokenTolOutputCapyFllelotTaglist)
oEmitStringTolutputCopyFile
oSwapString
oEmitStringToOutputCopyFile
(e =
I tag:
oPushlTaganaStringwWl thinput
oPoplag
oPushlCountdithinputNuaber
aPopCount
i ¢z >
11} .
oEmitTokenTalOutputCopyFllefotEndTaglist}
oCloseDuputCopyFile

TranslateVisiboleDeclarations:

{ =
! constspact dlranslateConstSpec
! recora: dliransiateRecordbescriptor
1 labelspecs efranslisteLabelSpac
| protites efranslateProflle
1 info: dfranslatelnto
| setswitchs dfranslaleSelSwitch
} Insert:

oTuernOi f0utputlopying
Jfranslateinsert
olurnlnQutputCopying

Translateinserts

P ushi s ingdithlnpulitring
ofushStringWithinputicring
oPushlTagAndStringWithinput

oPushTagAndStringwithinput

oSwapString

oPushandlpenlnputFiledithStringTaglist

=tagllst

ov¥er if yStringEqualsinputitringlertoduloNamasiissatchl}
aiwapitring

La>
251
27l
L7s
248
176

271
163
248
Ldb
211
176
248
176

143
219
194
201
187

271

34
122
87
109
19
138
gL
252
*

251

2lb
216
21y
219
244
137
154
291
248

425

423

424

L K I 3 3

501
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672
573
b4
875
b6
&1?
578
679
640
b3l
ba2
683
b4
585
b86
647
bdd
449
630
5491
692
691
594
b95
696
697
b8
599
700
701
102
703
704
o5
fue
107
faa
Tog
710
711
112
(B E]
714
715
716
111
718
7.3
t2q
121
re2
723
124
725
726
127

oderdtyStringbqual sinputStringlerChockCodeM]smatchl
oMakelaglistTanleEmpty
{rC -

i tag:?
oPushiagAndStsinguithinput
oPushCountdithlnputNuaber
cAddTaglistEntryFraomTagAndCaount
oePopCount
ofoplag
oPapitring

i ¢ >

b}
=endtaglist
oSwapSiring
of toseinputFileAnadlop
oPushidnddpeninputFilediLhStriny¥isible
ayisidle
o¥erlfyStringEqualsinputStiringl erftoduleNamesMismatchl
oSuwapnitring
over ifyStringEqualsinputSiringierCheckCodeMlsmatch)
[ =
1 constspec?
oPushTagAndStringWithinput
ofranstateTaqusinglagtistTanle
dfranslateConstipec
oPaopSitring
{ records?
ofushTagAndStringWithinput
ofranstatelagUsingTaglistTable
dfranstateRecor dlescriptor
I labelspec!
oPushVagAnditrinqgdithinput
olransiatefagusingTaglistTable
afransjateLabelSpec”
afopString
§ profiis:
oPushfagAnditringWithinput
elranslateTagusingfagiistTable
elsranslatalPratile
oPapString
I routlnespec:
oPushliagAndStringWithlnput
alranslateTajusinaglagllstTable
afransiatekoytinelpec
ofopitring
} Info:
aTsanslateinto
1 1inez
sTlsanstateLine
I setswitch:
dfransliateletSwitch
1 iInsertz
oPushStringuithilnputitring
oPapString
oPushStringwith [nputitring
oPopitring

291
180

143
219
201

187
194
193

13%
248
Lod
L9%
L5
29l
248
291

34
219

193
122
21%

87
219

193
109
219

193
131
219

193
79

L.1)
L34

gi
216
193
Zlb
193

502

501

Su2
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i}

128
729
730
73l
732
73}
734
735
71a
737
738
139
740
741
T42
741}
T44
745
fad
47
T48
T49
750
751
ra2
3}
754
155
156
757
1h8
759
160
Tal
To2
el
Tos
765
7ot
167
7ol
Ta9
170
tri
Tz
173
714
715
Tie
1
ris
119
180
Tdl
ta2
7413

Le6tS4% LN interpass.ssl Page 14

1

=andvisible
aeCloselnputFileAndPop
odakelagtistTanletmpty
oPopitring

ofopString

aPopTlag

efopTay

-

ProgramElements:
(0=

{ constspec:
oPushTagWithlnuut¥ag
afranslatelonstipeg

i canst:
dTranslateConstantUafinition

1 record?
oPushTagWithinputTay
aTransiateRecardlescriptor

! pushs:
dfranslatePush

I pushwesz
¢TranslatePush
aFoceTdSValue

} pushc?
aTranstateNonRecaralonsiValue

I dupt
oPushSWithBuplicale
sForceldSValue
oEmitTokenltdup)

1 pops
Ll oChoosaSDotDescriptorKind

I protitettescyding
oAbortiePralileDescriptor)
[ )
ofops

]

{ popalis
oPushCountwithlnputbyte
{ I oChoosslountValue

1 0z
{ oChoosaSEmpty
! ves:
oPaplounl
>
1 o+
oAbortieStachNotEmptLly)
>
1
] e
oPaopl

oDecrementlountByOne
11}
1 assiyng

153
168
184
193
193
194
194

38
220

37

122
224

1L1
Ll4
+
| § ¥
*

“7
217

2bd
105
304
265
192
106
199
iog
31

435
a7

265

19¢
irs

[

545

490

491
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a4 afForcelUSvalue : +

1485 oVer ify5S5oshDatabotnode{REFNode) 209 iro
Tdo oVerlfySTosSosnbatalatFypesHatch 256

rar oPushTagWitninDatabDotlype 221

7as I oChaosaeSNDatadotMode oG

ra9g } VALNode: ir

190 okmitTokenitassign) Zbd 5i6
191 oEmitFagMiypolotPolype 33

792 1 VALADDRMade: in

793 ofmltTokenitcopyl 268 L7
794 oEmiLTaghTypoliotlength 335

795 []

796 oPopTag 194

1972 oPaops 192

798 oPap$ 192

799 1 update: 149

8ua sFoscell3IValue L

a0l oVer ifySTosSosMDatablotTypesBatch 256

B2 oVorifySSosMDataDotModalREFNOde) 289 370
a0l oPushTagWithiMDataDetTVpe .

au4 oEmitTokenAtterSSasitdup) 269 545
505 { oChoose3HDatadotNode 306

§ab6 1 VAlLHMode: 371

go7 okmitiokenitupdate) 26 546
08 oEmitiaghlypelotPoeType 336

809 | VALADOKRMode? »

810 oEmitiohenitupdatecopyl) 268 547
gl oEmitTaghlypeOotLlengtn 33>

812 ]

813 ofopfag ’ 194

814 aPops 192

815 aForcelTO53Value L

Blb I rupdate: L32

BL7 dForceTuivalue L

gl8 oVer btySFosSosMbDatabotlypesMatch 256

BL9 oVerifySHDataDotNode (REF Node) FL N 370
az20 oPushTaghlitniSosmlatalboelType 222

2k ofmitTonenatter S5Sosltdupd 269 545
822 I oChoose3SosHbataDotModge ilo

823 1 VALMode: 371

824 otmitTokenitrupdate) 268 548
825 okmitTagdlypelotPalype 336

826 1 VALADDHMode: 3tz

wet okmitlohenitsrupdatecopy) 268 549
aza otmitlfaqMTypevotlength 335

829 1

630 oPoplag L%4

KDY oPops 192

432 1 fetch: 63

8113 JforcalusSvalue *

B34 i reter: 123

815 over ify>MDatalult FypeaiGADDR) 284 i%é
336 dForcelsValue L

837 okmjtTokenitadu) 264 522
438 oEmitTaghfypelotPbeType 336

819 oPops 192
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840
B84l
842
841
Ban
845
d4b
B&7
848
B4
850
851
822
8513
854
855
8%6
857
858
899
860
g6l
862
863
Bb4
869
L 11
[ X4
868
B69
870
ari
arz
arl
al4
815
876
arr
ars
a79
B8O
sl
BH2
443
84
445
3.1
aar
aas
849
890
4491
892
8493
a4
895

ofushSNewResultescriptor
oSelSMDatabatNodel{REFMoUe)
oPushTaguithinputlay
oSetiMlatallotTypelalag
oPopfag
oTurniin§MDatalotHasPslounterpart
oSetSMDatabotDutputPolnter

1 derels
oVer |fy5HDataDotMode{REFHodel}
oEmitTokenitpushconst)
okmitvalueld)
oPops
oPushTagWithTypelGAVDR])
dPushResul tDescriplor

| select:
alranslateSelect

} selectvs
#lranslateSelect
#fForceld5Value

| remote’
aTranslateRemot e

{ remotewv:
alranstatefemore
#ForcelfO5Yalue

f Index:
alranslatelnden

I Indexvi
dTranslatelndex
JForcelO3Yalue

1 Inco:
aVer IfySHDatalDotTypedSIIED
oforcalfdsvVailue
oVar it ySSosMdatalDatlypad QALUURY
aFarceSUSValue
otmitTokenitadi)
oEmitvaluelPbword)
oPop$
ofaps
oPushTagWithType(QADDR)
sPushRasullblescriplor

I deco:
oVer Hiy3NDatabatTypelS1LE)
SForcelUSValue
oVerifySSosnDatalotTyped DAULR]
JFarceSUsSValue
oEfmitToken{tsubl
oPaps
oPops
oPushTaghWithiypelNADUR)
dPushResultlescriptor

| dists:
oVerifySnDataODotTypelUADDR)
JdForcelTdSValue
aVerltySSosMbdatallotTypel BADDR)
JFarceSUSVailue
oEmitTowanitsub)

215
279
224
231
194
250
230

42
247
268
27z
192
212

135
136
*
125
*
126
.
1
I8
16
284
290
264
272
192
192
2I7

40
284

296
268
192
L92
21

44
284

290

264

3ro

3o
509

3156

353
354
222
458

354

353
354

523

154
354

223
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496
897
a98
899
900
30l
Iz
303
904
905
08
207
308
309
910
91
912
913
914
VL5
FL6
217
LA R]
19
420
321
922
923
924
325
926
27
324
329
230
331
932
9133
334
915
936
337
216
919
F40
F4l
Fa2
343
4%
345
Fab
47
348
949
930
951

ofop$
oPaps
oPusnlaghitnliypalSLIZE)
sPushResultbescrliptor
i dsize:
oVerlfySHDataDotTyped INT)
*ForceiliValue
oEmitTokenltpushcanst)
oPushCountWithlaqrTypelotHasRepFleld
ofmitTayMTiypeDotLenyth
ocEmitTokenitmul )
cEmitValueiPbuord)
oEaltVaghTypeDotPbiype
oEmjtTomenitpushconst)
oPushCountwithTag
ofmitTokenitadad)
cEmjtValue{Pbuwardl
ofop’
oPushTagkithTypelSI2ED
JPushResultlesCriptor
{ locates
oVerltySinDataDoLTYpetAAUDR )
dForceflSValue
dForcaSuSvaluae
[ oChooseSSosMDataDotType
I GADUR:

1 GAULR:
oEmitTaokenttadal
okmitV¥alueiPbwordl)

] %
oAbortieiype)
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The purrposes of the repourt were: 1) +o introduce azd
analyse +he Perkin Elmer SIMUL2 sys*cm; 2) to describe the
design of Interpass which is a main part of <he compiler to
be used in the Perkin Elmer SIMULA SysteR.

The Perkin Elmer SIMULA =system is a complete SINMULA
svstem‘on 8/32 Perkin Elmer machines. I* is to be run under
+he TMnix operating systen. It consists of a portable
front-end compiler, a portable run-time support system and
an S-Compiler. The portable front-end compiler and the por-
table runp-time support systen are provided by S-Port which
was brought from Norwvay. Also +there is an Environment In-
+ecface to facilitate the access to the Unix operating sys-
tem.
| The interpass is a brand new pass, and it plays the ma-
jor role for +the S=Compiler alomg with +the modified passes
of the Pascali/32 conmpiler. The Pascal/32 compiler is an ex-
~ensive version of Hartmann conpiler and it is available
here at K.S5.U. The Interpass is written irn Syntax/Semantic
Languaje {§/SL) and this primitive language S/SL calls seman-
“ic routirces Eoded in Pascal.

The design of Interpass arnd the codirg of S/S1 which we
intensively worked for are almost 70 % completed. The fu-
ture work can be done about <+he design of Interpass by add-
ing more dcata strué:nres ané semantic operations whichk we
dgidan't co, especially for rTecord descriﬁtors arnd u*ility

routines.



