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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,

-8 -



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.
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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



