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Chapter 1

Introduction

1.1 Background

SIMULA is a programming language developed by Dahl and
Nygaard in Norway. This language is ALGOL-1like in form and has

simulation as a major application domain.

Over the years a number of people have desired to use SIMULA
(SIMILA 67) on- computer equipment where an implementation has not
existed. The amount of work involved in establishing an indepen-
dent implementation would be somewhere in the region of 4 to 12
man years. In the summer 1979, the Norwegian Computing Center and
Program Library Unit at the University of Edinburgh initiated thé
"S—-PORT" project: the implementation of a portable SIMULA system.
According to their estimation, the efforts to adapt the portable

system to a new machine is about one manyear.

The portable SIMULA system (S-PORT) consists of a portable
front-=end compiler and a portable run time support system, The
front-end compiler translates SIMILA source programs into an
intermediate language called S=CODE, Both the front-end compiler
and run time support system are distributed in S-CODE. The pro-
grams in S=-CODE are to be translated by a back-end translator,
called the S-Compiler, into the machine language of the object

machine. S=-CODE is the intermediate language used to transmit an



analyzed SIMILA program from the front-end compiler to the code
generator. It has been designed as a practical tool to facilitate
the px;oduction of SIMULA compilers on as wide range of computers

as possible,

The Pefkin—Elmer SIMULA system project is to adapt the port-
able SIMILA system to Perkin-Elmer 32-bit machines, It is being
developed to run under the UNIX operating system., The project is
undertaken 1in the Computer Science Department of Kansas State
University, Manhattan, Kansas, under the direction of Dr. Rodney
M, Bates, It was the subject of a course titled Implementation
Projects, taught in spring semester 1983 and spring semester
1984, Dr. Bates taught the course and provided design documenta-

tion for the components to be developed.

1.2 Purpose

The purpose of this project is to design and implement a
portable SIMULA system (S-PORT) for Perkin-Elmer 32-bit machines,
such as 3220 and 8/32, under the UNIX version 7 operating system
in the Kansas State University Computer Science Department. This
report is a part of the project whose purpose is to design a2 new
pass, called the interpass, to translate S-CODE into the input
token stream for an existing PASCAL code generator. The interpass
program 1s written in two different languages, Syntax/Semantic
Language (S/SL) and PASCAL. My major work on this project

involved the design of the semantic processing routines of the



interpass PASCAL portion. About half of the interpass PASCAL por=-
tion routines had been done during the spring semester 1983, and

I did the rest of them,

1.3 S=PORT Project Goals

One major interest in the project is an essential reduction
of the effart required for production of SIMILA systems for new
machines. Through the development of a portable SIMULA system, a
large part of the maintenance will become independent, both of
machine architecture and changes in operating systems; further-
more, the maintenance of the target dependent part will be

greatly simplified due to this separation.

Users of these systems will benefit in several ways. Larger
resources may be concentrated on the machine independent portable
parts, e.g., on language oriented optimization and tuning of the
run time system. Alsc the portability of SIMILA programs, already
far above most comparable languages, will be improved due to the
fact that there will be a common syntactical and semantic
checker/analyzer. Several program development tools will become
available, such as symbolic dump, interactive debugging and con-
trol and data flow analysis, in a standardized manner, not vary=-

ing from system to system.,



1.4 Organization

This paper is organized into six chapters. Chapter 1 con-
tains explanations of the motivation for designing a S-PORT sys-
tem, the purpose of the Perkin-Elmer SIMILA system project, and
the goals of the S=PORT project. Chapter 2 provides a summary of
the SIMULA language concepts, the class declarations, object gen-
eration, and the remote access types. Chapter 3 provides the
reader with a general overview of the S-PORT system. Chapter 4
explains the Perkin-Elmer SIMULA system, its components, inter-
pass program, and code generation passes used for the Perkin-
Elmer SIMILA system. Chapter 5 provides the semantic data strue-

tures of interpass. Chapter 6 is then the conclusion,

Finally, appendix A contains the semantic operations of
those processing routines that I wrote for the interpass program
PASCAL portion, appendix B contains the code of those processing
routines, and appendix C contains the description of the S-CODE

syntax rules and the syntax of the S-CODE language.



Chapter 2

The SIMULA Language

2.1 Introduction

SIMULA (SIMJlation LAnguage) is a 1language designed to
facilitate formal description of the layout and rules of the
operation of systems with discrete events. It is an ALGOL 60
derivative which tried to incorporate useful primitives for simu-
lation. SIMULA was designed by Dahl, Myhrhaug, and Nygaard in
Norway as a general purpose language that is general enough to

serve as the base of the definition of a simulation language.

The SIMILA language retains the spirit of ALGOL 60 and
includes that language as a subset, It begins with ALGOL and
extends the block concept to allow the generation and naming of
blocks which can coexist as coroutines. Such blocks are known as
objects and are generated from templates known as class declara-
tions, We can, therefore, consider SIMILA to be ALGOL plus con=-

structs necessary to

1. Specify class declarations

2. Generate coroutine objects from class declarations

3. Name generated objects and manipulate variables associated
with named generated objects

4, Concatenate class declarations to realize 'a hierarchical

structure of class declarations



2.2 Class Declarations and Object Generation

As stated concisely by Dahl et al.[1972],

f... a procedure which is capable of giving rise to block
instances which survive its call is known as a class; and

the instances will be known as objects of that class. "
A class declaration can have the following form:

{class declaration> ::= class <class identifier)

<formal parameter part>; <specification part)>;
<{class body>

{class body> ::= <{statement>

As with procedures, the class body is delineated with begi n-end
pairs., The formal parameters, variables, and procedures declared

within the body constitute the attributes of that class,

Thus, considering the class body to be a block, we can give

an example of a class declaration as follows:

class C1 (FP1); SP1;
begin

D1;

E1;

end C1;



where

C1 = class identifier
FP1 = formal parameter list of the class C1

SP1 the 1ist of specifications of the parameters FP1

n

D1 = attribute declarations (includes variables and procedures)
E1 = executable statements of class declaration, given via

arbitrary block structuring.

The expression
new C1(...)

Where C1 is a class, is an object generator. When encountered it
creates an object which 1is an instance of class C1 and starts
to execute the executable statements of C1. The execution con-
tinues until the end of the class body is encountered, at which
time the execution is terminated. Execution will be suspended,
however, if a call to the procedure DETACH is encountered. Exe-
cution of detach returns processor control to the creating
object, and in particular to the continued execution of the
statement which generated the object or its successor, This
suspension capability makes it possible for many non-terminated

objects to exist simul taneously.

In order to subsequently refer to generated objects, the
value returned by the functional designator new must be retained.
For this purpose, a special variable type is necessary because

the value 1is not of type INTEGER, REAL, BOGLEAN, and so on, but



in reality a reference pointer to the object data structure. The
special variables will have type r_e_f and their declaration speci=-
fies (as a qualification) the class of objects to which the vari-

able may refer., Formally

{reference variable declaration> ::=
_:ﬁ((qualification))(identifier list>

{qualification> ::= <class identifier>

The qualification of a reference variable is used to test for the
validity of reference assignments to that variable. It provides

reference security.
In addition, we have four special operations:

$= To denote reference assignments
== To denote reference equality (same object)
=/= To denote reference inequality

1s,j_£ To test the class membership of a referenced object

and the reference value "none" which points to no object, and is

additionally the initial value of all reference variables.

EXAMFLE: To retain reference to generated class objects, the
value returned by the functional designator new must be assigned
to a reference variable using the reference assignment operator,

Thus if given

ref(ships)tug, boat, skow;



and the declaration

c¢lass ships;

end ships;

then

tug :- new ships;

boat := new ships;

generates two ships objects and retains the references in the
variables tug and boat. Further they refer to different objects

so that the relational expression
tug == boat

would be false. An object may be referenced by several variables,

s0 that execution of
skow := tug

would cause tug and skow to reference the same object, Further,
reference variables can be subscripted and collected in arrays.

Thus the declaration
ref(ships) array fleet (1:50);

would provide far reference to fifty ships objects. 4 fleet of

ships could then be generated (with retained references) via

for i := 1 step 1 until 50 do

fleet [i] := new ships;



10

Procedures may also be declared as type ref. For example, a func-
tional procedure named, pick, which calculates and returns as its

value a reference to a class ship object, would have the header:

ref(ship) procedure pick;

2.3 Remote Accessing

An object whose statements are being obeyed by the processor
is said to be active, For the moment, the state of all other
existing objects must be considered suspended and probably
detached. Much convenience and flexibility can be achieved if the
active object can base its behavior on the attributes of certain
suspended objects. This capability requires special mechanisms,
because an object's attributes are generally accessible only by

that object when active,

Opne mechanism is provided to facilitate such references. It
is known as remote access. The term remote access is used for the
accessing of attributes of other objects. It is performed in two
steps: the first step is the selection of a particular object,
and the second step is the determination of the attribute of the

selected object.

Two types of remote access are used to satisfy the security
requirement the qualification of the object. They are a remote

identifier and the connection.
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A remote identifier is composed of a reference variable, a
dot, and an attribute identifier. For example, suppcse an object
named X is of class C where C contains a 1local variable Y. A
second object {of the same or different class) can manipulate the

variable Y of the object referenced by X with access of the form
LY

The construct has the interpretation "the Y belonging to the

object referenced by X",
An expression
X0V, W.2

may be a legal access, Since expressions are evaluated from left
to right, such expressions are meaningful only if X, U, V, W are
reference variables, whereas the type of Z is arbitrary but

determines the type associated with the access.

A local qualification may be placed on a reference variable
for accesses which would not otherwise be permitted. To eliminate
the access restrictions and provide complete access freedom, the

operator qua is provided. The qua operator has the form

<{qualified reference> ::=

{reference expression> qua <class identifier>

If X is a reference expression with qualification C, then "X qua
D" is legal only if D is C or a subelass of C, By using qua, any

attribute of an object may be referenced.
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The other mechanism for accomplishing remote access is con=-
nection. The connection is a convenient <€ype of access when
several remote accesses to the attributes of a given object must
be made, It is provided by "inspect"™ which, when executed by one
object, allows it to reference all attributes of the inspected
object without using the dot notation. Formally, the connection

statement has the format as follows:

{connection block> ::= <{statement>

{connection clause? ::= when <class identifier>
do <connection block>

<otherwise clause)> ::= <empty> | otherwise <statement>

{connection part> ::= <connection clause>
| <connection part> <connection clause>

{connection statementd ::= inspect <reference expression> do

<connection block> <otherwise clause>

| inspect <reference expression>

{connection part> <otherwise clause>

Let Ci denote class identifiers, X a reference expression, and Si

a statement. The typical usages include

(a) inspect X do S1;
(b) inspect X do 51 otherwise 32;

(c) inspect X when C1 do S1 otherwise 52;

(d) inspect X when C1 do S1

when C2 do 52

-

when Cn _d_o_ Sn

otherwise T;
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where the otherwise clause is executed if the relational expres-
sion "X == none" is true or if X does not reference a class Cl,
C2, ++. or Cn object, A void otherwise clause can be assumed if
none is specified. When X is an object of class Ci, the statement
3i may freely contain accesses to attribute of objects of class
Ci as referenced by X and obviates the remote access notation,
Variables used in Si which are not declared in Ci are taken from
the block (or surrounding block) in which the reference is made,

using the the normal scoping rules.

2.4 Concatenation and Hierarchies

SIMULA allows the user to develop program structures from
simpler ones in a hierarchical fashion, It allows one to do so in
a most convenient manner with the operation of concatepation, a
binary compile time operation defined between two class declara-
tions C1 and C2 or a class C1 and a block B concatenmation pro-
duces as a result the declaration of a new class or block. The
resulting class or block declaraticn is formed first by merging
the attributes of both components, and then combining their exe-

cutable statements.

The operation of concatenation is specified by prefixing a
block or class declaration with the name of a previously defined
class name C, Suppose that C1 has declaration as given previously

(in page 6). Then a declaration of the form
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C1 class C2 (FP2); SP2;
begln
D2;
E2;

end C2;

results in a class C2 which has the equivalent declaration

class C2 (FP1,FP2);
SP1; SP2;
begin

i31; D2;

E1;

E2;

end C2;

An object of class (2 1is considered a compound object.
Furthermare, class C2 is considered a subclass of class C1; that
is, the prefixed class is considered a subclass to the prefix

class., A hierarchy of classes may be generated with declarations

of the form

class C1;} oo}
C1 class C2; eee}

Cn=1 class Cn;j eee}

Then the entire list C1, ... Cn-1 must be considered a prefix to

Cn and its structure follows immediately by considering the sip-
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gle prefix case; that is, the nesting of Di, Ei is continued. It
is important to note that a single class may be used to prefix

several different concatenated classes, For example, if we have

class C1; ...

C1 class 02; vevy

C1 class C3; oo}

it will be desirable to allow the body of the prefix class to be
split by wuse of the statement "inner", which has the following
effect. Let the definition of class C2 be as given earlier, but

change the definition of C1 to

class C1 (FP1); SP1;

For objects of class C1, inner acts as a dummy statement and
the order of execution is "E11; E12"., For objects of class C2,
however, the order of execution is "E11; E2; E12", which implies

that class C2 has the equivalent definition
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class C2 (FP1, FP2);
SP1; SP2;
begin

D1; D2;

E11;
E2;
E12;

end;

The split body feature is readily used to provide common initial-
izing actions E11 and terminating actions E12 to a variety of

actions E2,
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Chapter 3

The S-PORT System

3.1 The Background of S=PORT

S-PORT is the implementation of a portable SIMILA system,
developed by Norwegian Computing Center (NCC) in 1979. The
development of a portable SIMILA system (S-PORT) was established
as a subproject under the general project System Construction and
Application Languages (SCALA). The general aims of the SCALA pro-
ject have been to study methods in program development, e.g. for
portable compiler systems., Based on the SIMILA system, the effort
required for maintaining existing systems and implementing new

systems will be greatly reduced.

3.2 General Overview

In order to implement an easily portable SIMILA system, the
target dependent parts of the implementation were carefully
defined and separated from the language dependent, machine
independent parts. The machine independent part of the language
system consists of a front-end compiler and a set of modules
comprising the run time support system. The front-end compiler

translates SIMULA source programs into an equivalent program
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represented in an intermediate language called "S=CODE", The
front-end compiler is written in SIMILA, The run time modules,
which are written in a language called SIMULETTA, are also

translated into S=CODE,

S5-CODE is not seen as a set of instructions which can be
executed or interpreted to perform the task specified by the
source program, Instead S-CODE controls a compilation process
which 1s an executable form of the program., It is intended for
further translation to some form accepted by the relevant
machine, not for direct interpretation. This is in contrast to
e.g., P=-CODE for PASCAL, which is compromised both for interpreta=-
tion and further compilation. The detail description of the S=-
CODE syntax rules and the syntax of the S=CODE language are shown

in appendix C.

To construct a complete SIMILA system from S-PORT, we have
to add a back-end translator called the S-Compiler and an
Enviromment Interface Support Package. The S—C;:mpiler transl ates
programs in S~CODE into the machine language of the object
machine, The Enviromment Interface Support Package provides
system-dependent services through a system-independent interface

(the enviromment interface).

To bootstrap the portable SIMULA system onto the object
machine, first we have to use the S-Compiler to translate the
front-end compiler and run time support system to the machine
language code of the object machine., Then, we must link these -two

machine language programs and the compiled version of the
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enviromment interface support package together. The result is a

front-end compiler which ¢an be run on the object machine,

The front=end compiler can then be used to translate any
SIMULA program to S-CODE. The result is then translated by the
S-Compiler and linked with the object machine code versions of
the run time support system and enviromment interface support
package to give an object machine code version of the original
SIMILA program, The gepneral overview of the S=PORT system is

shown in Figure 1,



Source of the SIMULA
Run Time System
4 !
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SIMILA source programs

Flgure 1. General Overview of an S=-PORT System
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Chapter 4

The Perkip-Elmer SIMULA System

4,17 Components

The Perkin-Elmer SIMILA System is a project to adapt the
portable SIMILA system to Perkin-Elmer 32-bit machines such as
3220 and Interdata 8/32. It is being developed to run under the
UNIX version 7 operating system, The Perkin-Elmer SIMULA System
consists of a front-end compiler, a run time support system, an

S=Compiler, and an enviromment interface support package.

The front=end compiler and run time support system which we
got from Norwegian Computing Center are originally written far
S5-PORT. The front-end compiler translates SIMILA source programs
into S-CODE. Both the front-end compiler and run time support

system are distributed in S=CODE.

In order to construct a complete Perkin-Elmer SIMULA System,
we have to design an S-Compiler and an enviromment interface sup-
port package. Those are written in the PASCAL, S/SL, and C pro=
gramming languages. The enviromment interface support package is
"written in C in order to make the full range of operating system
services directly accessible, The S-Compiler draws extensively on
an existing code generator for the Perkin-Elmer machines, This is
actually the last four passes of the PASCAL PAS/32 compiler.

These are written in PASCAL. A moderate amount of modificatiom to
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these code generation passes and their intermediate token stream

languages is required to fit the SIMILA case,

In addition, a new pass, called the interpass, is necessary
to translate S-CODE into the necessary input token stream for the
PASCAL code generator. The interpass program is written in two
different languages, Syntax/Semantic Language (S/SL), and PASCAL,

The following section will describe the structure of the inter=-

pass.

Figure 2 briefly shows the structure of the Perkin-Elmer

SIMULA System.

4.2 Interpass

The interpass translates S-CODE programs into the necessary
input token stream for the existing PASCAL code generation

passes.

The main control program for interpass is written in
Syntax/Semantic Language (S/SL). S/SL 1is a language which was
developed at the University of Toronto as a tool for implementing
compilers, It closely resembles a textual notation for expressing
syntax diagrams with output actions and callé on semantic rou-
tines inserted. An S/SL generated program is, in fact, a recur-
sive descent parsing program with output actions and semantic

routine calls embedded.



23

SIMILA Source Program

v

! Front-End Compiler !

v
S-CODE
v

! Interpass |
v

Pass 6 Language

Token Stream

v

! Pass 6 - Pass 9 |
! PAS/32 Code Generator !
! ( S-Compiler ) 1

v
Relocatable Object Code

Figure 2. The Structure Of The Perkin-Elmer SIMULA System
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S/SL is a very simple language and allows high productivity
in programming, It has no variables or assignments. The impl emen-
tation of S/SL is also highly efficient both in speed and in
size, First, the S/SL program is translated into a table form via
an S/SL assembler. This table can be stored in a PASCAL array.
Hence, it is accessed by a PASCAL interpreter program called a
table walker, The interpreter walks through the table, executing
instructions and thus carrying out the actions of the S/SL pro=
gram, Modest modifications to the implementation of S/SL are
necessary to support the Perkin-Elmer SIMILA System. These do
not inovolve the language itself, but only the enviromment in

which S/SL is to be used. For a complete description of S/8L, see

[3].

The remainder of the interpass is written in PASCAL, This is
actually a list of the necessary semantic processing routines
Those semantic processing routines manipulate stacks, tables,
descriptors, and some miscellaneous data structures. Details of

interpass data structures will be described in Chapter 5.

4.3 S-CODE Assembler and S-CODE Dumper

Several tool programs are also being developed. These
include an S-CODE assembler and an S-CODE dumper. The S-CODE
assembler accepts a symbolic form of an S=CODE token stream and
converts it to the binmary byte code form accepted as input by the

interpass., The S=CODE dumper draws on an existing token stream
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dumpers for the various intermediate token streams used by the
PASCAL code generation passes, It translates the S-CODE token

stream into a printable output.

Symbolic form of S=-CODE token stream
( Text Input )
: S=-CODE
v :
v

| S=-CODE Assembler !

! S=CODE Dumper |

v :
Binary byte code form v
( Internal Format ) Printable Output
v
! Interpass |

Figure 3. The Structure of The S-CODE Assembler and S-CODE Dumper

The S=-CODE assembler and S-CODE dumper will be used to
create test S=CODE token streams initially and to examine and
modify S-CODE streams produced by the front-end compiler. The
existing PASCAL code generator passes'! token stream dumpers will

need to be modified to support the Perkin-Elmer SIMILA System.

4,4 PASCAL Code Generation Passes Used For The Perkin-Elmer

SIMULA System

" The code generation passes used for the Perkin-Elmer SIMILA

System are the sixth through ninth of an existing nine-pass
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PASCAL PAS/32 compiler for Perkin-Elmer machines., It is a modi=-
fied and extended version of PASCAL compiler originally written

by Hartmann [4].

Pass 6 receives a postfix token stream with all static
errors and declarations removed, run time address assigned, etc.
The basic operation of pass 6 is to build a linked data structure
for each procedure, perform certain machine-independent optimiza-
tions on this representation, and emit optimized output in a

language nearly the same as its input language for Pass 7.

Pass 7 actually generates the Perkin-Elmer machine instruc-
tions. It performs register allocation for the general, single
precision floating point and double precision floating point
registers, It selects machine instructions but does not select
instruction formats. It generates symbolic reference to code
labels, procedure 1abels,- statement labels, literal constants,

and stack depths, These are all resolved by passes 8 and 9.

Pass 8 uses the peephole technique to perform a variety of
machine-dependent optimizations, It is the first pass to actually
know the size of all machine instructions, so it generates the
table of correspondences between code labels and actual machine
addresses. Pass 9 uses this table to replace the labels with
addresses and converts the ocode to the format accepted by the

linking loader,
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Chapter 5

Interpass Semantic Data Structures

5.1 Naming Conventions

The interpass semantic data structures was originally sup-
plied by Dr, Bates as the documentation for the design of the
interpass program. Before we look at the interpass data struc-
tures, several naming conventions have to be pointed out. Those

naming conventions are used through the entire interpass program.

"Typ" in an interpass identifier means a PASCAL type for
some interpass compile~time type. It normally appears only at the
end of the identifier, and only types will thus end. "Type" used
anywhere within an identifier refers to an S-CODE type. Record
field names always start with the record type name, minus "Typ".
Value names (PASCAL constants) always end with the type name,

minus "Typ", of the type they are value of,

5.2 Stacks

Stack is one of the most important data structures used in
the interpass. All stack top pointers point to the top element
actually present in the stack. There are several different stacks

used in interpass, Those are described below.
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5.2.1 The S Stack

This stack is the one described in the S-CODE definition
[3]. It is implemented as an array of pointers point to descrip-
tors, There is als¢o a stack of subscripts to the S stack, called
the mark stack, which divides the S stack into sections. Each
entry of the mark stack points to the element below the bottom
element of the section it delimits. The bottom element of the
mark stack always points one below the bottom of the entire 3

stack. Figure 4 illustrates the structure of the S stack.

tos —>

% P
|

section

section

section Mark Stack

S Stack

Figure 4, The Structure of The S Stack

411 semantic operations which do not refer explicitly to sections

view only the top S stack section as the entire S stack.
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5.2.2 The Update Stack

This is a stack of global meanings of tags which have been
redefined with local meaning. Whenever a tag is redefined, its
old tag table entry and its tag are pushed ontc the update stack.
Then the tag table entry is changed to the new meaning. This
occurs at body entry, at which time, all defined label tags are
pushed down and given a new meaning of undefined. At body exit,
all entries of the update stack are used to restore the

corresponding tag table entries to their former meaning.

The update stack consists of two entry fields, updateEn=
tryTagValue and updateEntryCOldTagTableEntry. The tag for
updateEntryTagValue entry is an old meaning. The updateEntryQOld-

TagTableEntry is a copy of the old tag table entry.

5.2.3 The String Stack

Abstractly, the string stack is a stack of strings. In
impl ementation, there is a stack of characters onto which strings
of varying length can be pushed., It is named stringSpaceStack.
There is also a stack of pointers point into the stack of charac-
ters which segments the latter into strings, It is named string=-
PointerStack. The top string starts with the character above the
one pointed to by the top pointer on the pointer stack and ends
with the character pointed to by the character top of stack
pointer. The pointer stack will have to always have one pointer

on its bottom which points to one character below the bottom of
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the character stack to make this work., Figure 5 shows the struc-

ture of the string space stack and the string pointer stack.

tos=>10 J
9 I
8 H
6 F
5 E P
4 D — 0
3 C
2 B
1 A ¢
String Pointer Stack
o

String Space Stack

Figure 5, The Structure of The String Stack

5.2.4 The Input File Stack

This is a stack of ipput files. Actually, there is just one
input file open at a time., For this, there is a file, input
buffer, and necessary buffer pointers. These are for the file
which is on the top of the abstract input file stack. A real
stack exists which holds the file name and buffer pointers for
each file which 1is below the top of the abstract stack. When a
file is to be pushed, the information about the current input
file is pushed onto the real stack., Then it is closed and reo-
pened with a new file name and positioned at the beginning of

file, When a file is popped, the current file is closed (it
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should always be at the end of file), the information about the
previous file is - popped from the real stack and used to reopen
the .old file name. The buffer pointers are used to position the
file where it was when it was pushed down. All S/SL input is done
from the file on the top of the abstract input file stack (i.e.
the file which is open). Initially, the input file is one with a

standard name.
5.2.5 Some Miscellaneous Stacks

There are some other stacks used in interpass. The tag stack
is a semantic stack of tag values. The reachable stack is a sim-
ple stack of booleans used to determine when the S-CODE is reach-
able, i.e. when run time control can reach the current pointer,
The P6 label stack is a stack of Pass 6 code labels for use in
translating S=CODE if and skip statements. And the count stack is
a stack-of integers to handle the compile time addressing compu=-

tation.

503 Tabl es

The tables used in interpass are implemented as array struc=
ture., Those arrays are subscripted by some particular values.

There are semantic operations that refer to those tables.
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5.3.1 The Tag Table

This is an array, subscripted by the tag values. The tag
table consists of two entry flelds, tagEntryState and tagEn-
tryDescriptorPointer. The values of tagEntryState are unde-
finedTagState, specifiedTagState, and definedTagState. Al
entries are initially wundefined. The tagEntryDescriptorPointer
points to the descriptor associated with this tag. It is meaning=-
ful only when tagEntryState value is not equal to undefinedTag-

State,
5.3.2 The Index Table

The index table is an array, subscripted by S-CODE index.
The S=CODE index is one kind of code label used in S-=CODE. There
is actually a stack of such tables (only two are required). A
newly pushed index table must have indexState value equal to

undefinedIndexState, for all entries.

The index table has two entry f:l.el&s, indexEntryState and
indexEntryP6Label. The values which indexEntryState can take are
undefinedIindexState, definedIndexState, and referencedIndexState,
Undefined means the index currently has no meaning., Defined
means the destination has occurred but the jump to it at compile
time has not. Referenced means the jump to it at compile time has

occurred but the destination has not.

The indexEntryP6Label is the Pass 6 label which this index



33

is to be translated into. It is meaningful only when the index-

State value equals definedIndexState or referencedIndexState.

5.3.3 The Taglist Table

This is a table of translations between external numbers and
tags. It is implemented as an array of tags, subscripted by
external number, There are semantic operations to make it empty,
add a new element, and translate a count stack value to a tag and

push it.

5.3.4 The Type Convert Table

This is a table of translations between the S-CODE types and
the Pass 6 types. There are semantic operations to convert the
S-CODE types to Pass 6 types, The convert table between the S-

CODE type and the Pass 6 type is shown in below.

S=CODE | P6

-1
BOQL | P6 hal fword
CHAR | P6 byte
INT | P6 word
REAL | P6 shortreal
LREAL | P6 real
AADDR | P6 word
GADDR { P6 wordpair
OADDR | P6 pointer
PADDR | P6 word
RADDR | P6 word
SINT | P6 halfword
SIZE i P6 ward
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5.4 Descriptors

The descriptors contain information about variocus objects
which will exist during the computation. The descriptors them=-
selves do not exist at run time; they are compile time objects
used to control the generation of executable code., Once a
descriptor has been defined, it remains unaltered, but the tagged
descriptors are used to create and modify anonymous descriptors

held in a stack.

There are several different descriptor kinds used inside the
interpass program, gl obalDescrKind, localDescrKind, con=
stantDescrKind, importDescrKind, exportDescrKind, exitDescrKind,
resul tDescrKind, attributeDescrKind, labelDescrKind,
switchDeserKind, profil eDescrKind, bodyDe serKind, decl ared=
TypeDescrKind, and builtinTypeDescrKind, The declaredTypeDescrkK-
ind is a type declared in the S=Program. The buil tinTypeDescrKind
can be one of the predefined S-CODE types INT, REAL, SHORTREAL,

etc.

There are two fields present in all descriptors, descrKind
and descrld, The descrKind can be any one of the descriptor kinds
that are listed above. The desecrId is the identifier string

associated with the tag.

5.4.1 Data Descriptor Flields:

The data descriptor can be any one of globalDescrKind,
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localDescrKind, constantDescrKind, attributeDescrKind, import-
DescrKind, exportDescrKind, exitDescrKind, and resul tDescrKind.
It consists of the following fields: dataDescrOutputPointer,
dataDescrMode, dataDescrTypeTag, dataDescrDisplacement, data-
Descrlength, dataDescrExternal Id, dataDescrExternalProclabel,
dataDescrL ineNumber, dataDescrFixrep, dataDescrHasFixrep, data-
DescrRep, dataDescrLowerBound, dataDescrUpperBound, dataDescrHas-

Range, dataDescrHasP6CounterPart.

The dataDescrOutputPointer points to the spot in the output
immediately following the token which produced this dataDescrip-

tor, It is meaningful only for descriptors on the S-stack.

The dataDescrMode is the MODE, as described in the S=CODE
definition. There is a third value valAddrDescrMode. It describes
data which is VAL insofar as what is legal to do with it, but
which is of a type which Pass 6 always references with an

address.

The dataDescrTypeTag is a tag for the type of the data. The
dataDescrDisplacement is the displacement of the data and the
dataDescrLength is the length of the data, The displacement and
length of the data are not meaningful for resul tDescrKind. Also
the length of a quantity is not simply the length of its type

because of possible rep and fixrep values.

If the data is external, then the dataDescrExternalld is the
external name and the dataDescrExternalProclLabel is the Pass 6

procedure label which has been defined for Pass 6 for it.
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The dataDescrFixrep resolves the number of repetitions of
the indefinite repetition field within the type. It is meaningful
only if dataDescrHasFixrep is true. The dataDescrHasFixrep field

has boolean type. It is true if the data has a fixrep value,

The dataDescrLowerBound is the lower bound of the range and
the dataDescrUpperBound is the upper bound of the range, if there
is a range. The dataDescrHasRange has boolean type to control
whether there is a range or not. It has true value if there is a

range associated with the data item.

The dataDescrLineNumber is the SIMILA line number associated
with the tag. The dataDescrRep is the number of repetitions of
the type which are in this data item. The
dataDescrHasP6CounterPart is a boolean type. It is true if the
dataDescriptor corresponds to a Pass 6 descriptor on Pass 6's

compile time stack.

5.4,2 Attribute Descriptor Fields

The attribute descriptor has the following fields: attribu-
teDescrParentTypeTag, attributeDescrInitialized, attribu=-
teDescrLink, attributeDescrAl ternativeNumber, Those descriptor

fields are meaningful only for attribute descriptors.

The attributeDescrParentTypeTag is the tag for the record
type of which this is an attribute. The attributeDescrLink is a
link pointer for the list of attribute descriptors belonging to

the parent type of this attribute, The
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attributeDescrALternativeNumber is the number of the alternative
to which this attribute belongs. Alternatives are numbered with

zero being the common part and the others being 1,2,....

The attributeDescrlInitialized has boolean type. Normally it
has value false. It is set when a value for this attribute
appears in a value for the surrounding record type. At the end of
the record value, attributes are scanned to see what every attri-
bute has been initialized., The boolean is also turned off during

the scan.

5.4.3 Type Descriptor Fields

The type descriptor has the following fields: typeDescrlnfo,
typeDescrLength, typeDescrPrefixFixrep, typeDescrReplLength,
typeDescrIndefAl ternativel.ength, typeDescrHasIndefRepField,
typeDescrAl ignment, typeDescrPrefixTag, typeDescrIndefRepTag,

typeDescrAttributelList, typeDescrCurrentAttribute.

The typeDescrInfo is an encoding of the S-CODE info value
supplied in the type definition. The typeDescrPrefixFixrep is the

fixrep value which this type applies to its prefix type.

The typeDescrLength is the length of the prefix portion.
This can differ from the length of the prefix type, because the

prefix can have fixrep and rep attached.

The typeDescrRepLength is the length of the type, assuming

the indefinite rep field (if any) is repeated zero times. If
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there are multiple alternatives, this valuye iz for the longest

alternate,

The typeDescrlIndefllternativelLength is the 1length of the
type, assuming the alternative which has the indef repetition is
chosen and that the indefinite repetition i=s repeated zerc times,
If there is no indefinite repetition or nc alternatives, this

value will be the same as typeDescrLength,

The typeDescrHasIndefRepField has boolean type. It has true
value if the type has an indefinite repetition field. The
typeDescrIndefRepTag is the tag for the type of the indefinite
repetition field of this type. A special tag value will assign to

it if there is no indefinite repetition field.

The typeDescriAlignment is the required alignment for this
type. Value will be one of [1,2,4,8]. The typeDescrPrefixTag is
the tag of the type of the prefix for this type. A special tag

value will be assigned to it if there is no prefix.

The typeDescriAttributeList is a pointer to the first of a
list of attribute descriptors for this type. The typeDescrCurren-
tAttribute is a pointer point to the current attribute descriptor
in the 1list. This moves through the list at compile time, while

processing attribute lists,

5.4.4 Profile descriptor fields

The profile descriptor has the following fields: pro-
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fileDescrProfileKind, profileDescrBodyTag, profileDescrNature,
profil eDescrExi tParameter, prof il eDescrParameterARDi spl acement,

profileDescrParameterList, profileDescrCurrentParameter.

The profileDescrProfileKind can be one of knownProfileKind,
systenProfﬂeKi-nd, external ProfileKind, internalProfileKind, and
ordinmaryProfileKind. It tells what kind of routine this profile
defines, The profil eDescrBodyTag can have only one body and which
lmow its tag, It is meaningful only for known, system, and exter=

nal profiles,

The profileDescrNature is the nature associated with the
profile, if any. The profﬂeDescrE;citParmeter is the tag of the
exit parameter, if any. The profileDescrParameterARDisplacement
is the displacement within the activation record where the next

parameter will go.

The profileDescrParameterList is the root of the list of
tags for the import parameters. The profileDescrCurrentParameter
is a pointer to the current import parameter in the 1list. This
moves through the list at compile time, while processing actual

parameter lists,
5.4.5 Label, Switch, and Body Descriptor Fields

A label descriptor has labelDescrPéstlab field. It is the
Pass 6 atatement label which this S-CODE label is translated

into.
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A switch descriptor consists of two fields,
switchDescrLowerP6Label and switchDescrUpperP6Label. The
switchDescrLowerLabel is the minimum Pass 6 label wused in the
Pass 6 case table and the switchDescrUpperLabel is the maximum

Pass 6 label used in the Pass 6 case table.

A body descriptor has bodyDescrPébplab, bodyDescrlLocal ARDis-
placement, and bodyDescrProfileTag fields. The bodyDeserP6Plab is
the Pass 6 procedure label for the code defined by this body. The
bodyDescrLocal ARDisplacement is the displacement within the
activation record where the next local will go. The bodyDescrPro=

fileTag is a tag of the profile for this body.

5.5 Some Miscellaneous Data Structures

5.5.1 Value Area and Area Displacement Array

The value area is a large compile time area where S-CODE
values of reals and record types are accumulated. There is also a
compile time global output pointer which shows where in the out-
put token stream the contents of the area should be inserted when

they are complete,

For each of several areas, there is a compile time global
variable which 1is the next available displacement within the
area, These are arranged in an array, area displacement array,

subscripted by area name.
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5.5.2 Output Fragments

There is an output fragment stack, whose entries are roots
of lists of fragment pointers. Fragment pointers give the begin-
ning and ending location within the output file of a fragment.
Ultimately, output fragment pointers are written to an output
file called the map file, in the order that the fragments them-
selves are to be read by Pass 6., Fragment file addresses are
zero-origin (32-bit) word numbers within the fragment file. Minus
one in the first file pointer of a fragment pointer in the map

file means the end of file,

The fragment pointer fields include a fragment3tartPointer
and a fragmentEndPointer. The fragmentStartPocinter is a pointer
point to the first word of the fragment, within the fragment
file. The fragmentEndPointer is a pointer point to the word

beyond the last word of the fragment, within the fragment file,

The fragment 1l1list node fields consists of a frag-
mentListlLeftLink, a fragmentlListRightlLink, and a fragmentListNo-
deFragmentPointer. The fragmentlListLeftLink and fragmentLis-
tRightLink are the left and right link fields for the double,
circularly linked list of fragment 1list nodes. The fragmentlList-

NodeFragmentPointer is the fragment pointer.

The fragment stack entry is just a fragmentListNode which is
a list header for the double, circularly linked list. Its frag-
ment pointer field is not used, The fragment stack entry has a

currentOutputPointer which is a pointer to the next word to be
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written to the main output file, This is a physical file posi=-

tion.
5.5.3 Inside Routine and Compiler Switch Array

A global boolean variable is used to keep track of when
interpass is inside a routine. When it is, some program elements

are illegal in S-CODE.

The compiler switch array is an array of bytes which holds

compiler option information.
5.5.4 Output Copy File and Output Copy Flag

The output copy file is an extra file which is used to
record data on separately compiled modules. There are semantic
operations which open and close it. When opened and when the copy
flag is on, all bytes read from the input file are automatically
copied to this file. In addition, there is a semantic operation

which writes its parameter to this file only.

The output copy flag is a global boolean variable. There are
semantic operations to turn it on and off. When off, it prevents

copying to the output copy file, even though it may be open.

5.6 Examples of Interpass Processing Routines

According to those data structures listed above, there are
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semantic operations which correspond to a number of processing
routines to construct the interpass PASCAL portion. The entire
semantic operations are given in [8]. Part of the semantic
operations and their corresponding processing routines!' codes are
listed in appendix A and B, which are the parts that I wrote for

the interpass.

Three processing routines are given here to show how they
work inside the interpass. Each routine is given by its PASCAL

language code and an explanation.

5.6.1 Example 1 —= VerifySEmpty

The first example illustrate the VerifySEmpty routine, Fram
the routine name, we can figure out that this routine is used to
verify that the top section of the S stack is empty. The code

corresponding to this routine is shown below:

; procedure VerifySEmpty
; begln
VerifySHasOneElement ( sStackTop )
; VerifyMarkHasTwoElements ( markStackTop )
; if sStack [ sStackTop ] <> markStack [ markStackTop ]
then Abort (eVerifySEmpty )

end

As described in section 5.2.1, the mark stack is a stack of sub=-
scripts to the S stack which divides the S stack into sections.

The only condition to check if the S stack is empty is to verify
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that the value in the top of the S stack is equal to the value in

the top of the mark stack,

This procedure starts with VerifySHasOneElement and Ver-
ifyMarkHasTwoElements to check if the S stack has at least one
element and the mark stack has at least two elements. The reason
why we need to check if the mark stack has at least two elements
is because the bottom element of the mark stack always points one

below the bottom of the entire S stack.

If the S stack has at least one element and the mark stack
has at least two elements, then verify the equalization of the
values in the top of the S stack and top of the mark stack, If
they are not equal, it means the S stack is not empty, and abort

using the error code eVerifySEmpty.
5.6,2 Example 2 -- SetTagSosMDataDotLengthToCount

The procedure SetTagSosMDataDotLengthToCount is used to set
the length field of a data descriptor to the value on the top of

the count stack. This procedure's code is shown below:

; procedure SetTagSosMDataDotLengthToCount
; var dPointer : descriptorPointerTyp
; begin
VerifyTagHasTwoElements ( tagStackTop )
; VerifyCountHasOneElement ( countStackTop )

; _H: CheckDataDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
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then beEn

GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ], dPointer )

: dPointer © , dataDescrLength
:= countStack [ countStackTop ]

end

end

This procedure has a local variable "dPointer", which is declared
as descriptor pointer type., The procedure starts with Ver=
ifyTagHasTwoElements and VerifyCountHasOneElement to verify that
the tag stack has at least two elements and the count stack has
at least one element. Then it calls the function CheckData=-
DescriptorKind to check whether the tag sos names a data descrip=
tor. If the tag sos names a data descriptor, then use the tag sos
as subscript to get the pointer from the tag table to the
descriptor associated with the tag sos, And assign the value in
the top of the -eount stack to the dataDescrlLength field of the

descriptor pointer.

5.6,3 Example 3 == PushUpdateWithTagAndUndefine

The procedure PushUpdateWithTagAndUndefine is used to push
the tag table entry named by tag tos onto the update stack. As
described in section 5.2.2, a tag's old tag table entry and the
tag are pushed onto the update stack when the tag is redefined.

This procedure contains the following code:



; procedure PushUpdateWithTagAndUndefine
; begin
VerifyTagHasOneElement ( tagStackTop )

; PushUpdateStack ( tagStack [ tagStackTop ],
tagTable [ tagStack [ tagStackTop ] ] )

: tagTable [ tagStack [ tagStackTop ] ] . tagEntryState
:= undefinedTagState

end

First, the procedure verifies that the tag stack has at
least one element, then it pushes the tag table entry named by
the top of the tag stack onto the update stack. Fipally, it sets
the tagEntryState field of the tag table named by the tag tos to

undefinedTagState.
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Chapter 6

Conclusion

In the previous chapters, we have summarized the basic con-
cepts of the SIMULA language, the portable SIMILA system, and the
Perkin-Elmer SIMILA system. To date, the SIMILA language has
turned out to be a general, high level programming language and a
system description language. It has had an important impact on
modern programming languages by virtue of its introduction of the
class and concatenation features, SIMILA itself has made it pos-
sible to do jobs within cperations research and data processing.
The very successful implementations on several systems are the
reason for the increased use of the SIMILA language in recent

years.,

An adaptation of the portable SIMILA system to a target sys-
tem is carried out by writing a translator from S-CODE to a
language accepted by the target system, and writing the bodies of
a number of processing routines that define the interface to the
target enviromment. The front-end compiler and run time system,
which are distributed in S-CODE, are translated, and the modules

are linked together, giving a complete system.

For the Perkin-Elmer SIMJLA System project, the design and
coding of the S-Compiler and enviromment interface support pack-
age has been done. Many of the enviromment interface support

package routines have been tested using artificial test
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enviroments. The coding for the S/SL and PASCAL portiomns of
interpass are both complete, That includes those processing rou-
tines that I coded for the interpass PASCAL portion, The inter-

pass has been tested to translate the run time system.

Coding of the modifications to Pass 6 and Pass T is about
308 complete, with no testing done. No coding of the modifica-
tions to Pass 8 and Pass 9 is done. The S-CODE assembler and S-
CODE dumper are both coded and thoroughly tested. The modifica-
tions to the token stream dumper for the Pass 6 input token
stream is completed and thoroughly tested. And the modifications
to the token stream dumpers for the Pass 7 through Pass 9 input

token streams are 30% complete, with no testing done,

Some further work is needed in order to complete the whole
system. This includes complete testing on interpass, coding and
testing of the modifications to Pass 6 through pass 9, and coding
and testing of the modifications to the token stream dumper for

the Pass 7 through Pass 9 input token streams,

After we finish this work, we will choose several sample
programs to compile and run under the system. If we can get the
results we expect, then the Perkin-Elmer SIMILA System will be
ready for the wuser to run the simulation programs using the

SIMILA language,



49

REFERENCES

[1]. J.D., Ichbian and S.,P., Morse; "General Concepts of the
SIMULA 67 Programming Languuage"; Compagnie Internationale
pour L!'Informatique, DR.SA.69, Dec. 1969, pp. 65=93.

[2]. G.M. Birtwistle, 0O.J, Dahl, B, Myhrhaug, and K. Nygaard;
"SIMULA BEGIN®; AUERBACH Puublishers Inc., Philadelphisa,

Pa., 1973.

[3]. - Peter Jenson, Stein Krogdahl, Oystein Myhre, Gunnar Syrrist,
and Petar S, Robertson; "Definition of S-CODE V3.0";
Norwegian Computing Center, Oslo, Norway, Oct. 1982,

[4]. MAlfred C. Hartmann; "A Concurrent Pascal Compiler for
Minicomputers®; Ph.d dissertation, California Institute of
Technology, Pasadena, California, Sep. 1975.

[5]. Robert Young; "Internal Documentation For The PASCAL/32
Compiler"; manuscript; Kansas State University, Manhattan,
Kansas.

[6]. O0.J. Dahl and K. Nygaard; "The Development of the SIMILA
Language™; ACM SIGPLAN Notices, August 1978, Vol.13, #8,
DP» 2”5-2720

[7]. Rodney M. Bates; "Interpass Semantic Data Structures";
manuscript; Computer Science Department, Kansas State
University, Manhattan, Kansas; 1984,

[8]. Rodney M. Bates; "Interpass Semantic Operations";
manuscript; Computer Science Department, Kansas State
University, Manhattan, Kansas; 1984.



APPENDICES

50



51
Appendix A

Interpass Semantic Operations

The interpass semantic operations are provided by Dr, Bates
as the documentation for the design of the interpass PASCAL por-
tion processing routines. In here, only those semantic operations
and processing routines that I wrote for the interpass PASCAL
portion are listed below. The other semantic operaticns that are
not listed in here can be seen in the interpass semantic opera-

tions documentation [8].

There are some naming conventions in the interpass semantic
operations. All semantic operation names begin with "o", They
generally begin with a verb, followed by the name of the data

structure they change, or the main structure they examine.

A stack name by itself means the top element on that stack.
For other stack elements, "sos", "3os", and "4os" follow the
stack name, "Dot"™ is like the "." in PASCAL, but sometimes a lit-
tle bit more abstract. E.g., "tagDotLength" refers to the
"length"™ field of the descriptor pointed to by tag tos,
indirectly through the tag table, "M" is an abbreviation for
"must be® and denotes a condition which must hold i1f the S-

program and interpass are correct,

For ease in debugging, all such conditions are explicitly
verified by the semantic operations, and interpass is terminated

with an error message if one of them fails.
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Parts of the interpass semantic operations are listed follow. The
numbers which at the end of each operation name are used to indi-
cate the line numbers of which the processing routine associate

with this semantic operation locate in appendix B,

#8% 3§ Stack #8#

oVerifySDotDeserKind (DescriptorKind) { 9-20 }
Verify that the descriptor on S tos has the kind given
in the parameter. Abort if not.

oSetSDotIdToString { 22-28 }
Set the identifier field of S tos to string tos.

oSetSMDataDotOutput PointerToCount { 30=37 }
S tos must be a data descriptor. Set the output pointer
field of S tos to count tos.

oVerifySEmpty { 39-48 }
Verify that the top section of the S stack is empty.
Abort if not.

oPopMarkedSSectionMEmpty { 50-52 }
The top section of the S stack must be empty. Pop this
section by popping the mark stack,

*#% Epit Operations #%%

oEmitToken (P6Token) { 57-62 }
Write the P6 token to the main file,

oEmitTokenBeforeSMDataDotOutputPointer (P6Token) { 64-72 }
Like oEmitToken, but insert into output stream at S
dot output pointer.

oEmitTokenBeforeSSosMDataDotOutputPointer (P6Token) { Tu=82 }
Like oEmitTokenBefareSMDataDotOutputPointer, but
insert befare S sos dot output pointer.

oEmitValue (integer) { 84-89 }
Write the integer value to the main file.

oEmitValueBeforeSMDataDotOutputPointer (integer) { 91-99 }
Like oEmitValue, but insert into output stream at S
dot output pointer,

oEmitValueBeforeSSosMDatalDotOutputPointer (integer) { 101-109 }
Like cEmitValueBeforeSMDataDotOutputPointer, but
insert befare S sos dot output pointer.



oEmitTagMTypeDotIndef Al ternativeLength { 111=-124 }
Tag tos must name a type descriptor. Emit its
indefAl ternativelength field,

oEmitTagMTypeDotP6 Ty peBef oreSMDataDotOutputPointer { 126-157 }
Tag tos must be a S-CODE type tag. S tos must be a
data descriptor., Convert the type to P6 type and
emit it at the point in the output token stream
identified by the output pointer field of S tos.

oEmitTagMSwitchSubCountDotP6Label { 159=176 }
Tag tos must name a switch descriptor. Use count
tos to select one of the elements of the switch.
Do the necessary arithmetic to convert this to the
appropriate Pass 6 label. Emit this label,

cEmitTagMProfileDotId8Chars { 178=204 }
Tag tos must name a profile descriptor., Emit its
identifier field packing exactly 8 characters into
two successive words in the output file,

oEmitValueAreaCountByteBeforeSMbataDotOutputPointer { 206=-237 }
Emit the contents of the value area, from beginning,
with length taken from Count tos, into the token
stream at S tos dot output pointer,

888 Tag Stack &%

oIsTagMTypeStructured { 242-255 }
Tag tos must name a type descriptor. Return a boolean
indicating whether it is a structured type.

oSetTagSosMTypeDotPref ixTagToTag { 257-2T1 }
Tag sos must name a type descriptor, Set its prefix
tag field to tag tos.

oSetTagSosMIypeDotIndefRepTagToTag { 273-287 }
Tag sos must name a type descriptor. Set its
indefRepTag field to tag tos.

oSetTagSosMTypeDotPrefixl.engthToCount { 289-304 }
Tag sos must name a type descriptor. Set its prefix
length field to count tos.

oSetTagSosMTypeDotPrefixFixrepToCount { 306-321 }
Tag s0s must name a type descriptor. Set its prefix
fixrep field to count tos.

oSetTagMTypeDotLengthToCount { 323-337 }
Tag tos must name a type descriptor. Set its length
field to count tos.



oSetTagSosMIypeDotIndefAl ternativel engthToCount { 339-354 }
Tag sos must name a type descriptor, Set its indefinite
alternative length field to count tos.

oSetTagSosMTypeDotAl ignmentToCount { 356=371 }
Tag sos must name a type descriptor, Set its alignment
field to count tos.

oTurnOnTagMTypeDotHasIndefRepField { 373-385 1}
Tag tos must name a type descriptor, Turn on its
hasIndefRepField field.

oTurnOnTagSosMTypeDotHasIndef RepField { 387-400 }
Tag sos must name a type descriptor. Turn on its
hasIndefRepField field.

oIsTagMTypeDotCurrentAttributeNil { 402-418 }
Tag tos must name a type descriptor. Return true
if and only if the current attribute field is nil.

oSetTagSosMDataDotLengthToCount  { 420-435 }
Tag sos must name a data descriptor, Set the length
field of this descriptor to count tos.

oSetTagMAttributeDotParentTypeToTagSos { 437-451 }
Tag tos must name an attribute descriptor. Set its
parent type tag field to tag sos.

oSetTagMAttributeDotAl ternativeNumberToCount { 453-468 }
Tag tos must pame an attribute descriptor. Set the
al ternative number field of this descriptor to count tos,

oSetTagMProfileDotNature (profileNature) { 470-484 }
Tag tos must pame a profile descriptor. Set its nature
field to the value of the parameter.

oSetTagMTypeDotInfoToInputString { 486-544 }
Tag tos must name a type descriptor. Read an input
string. Translate it to a typeDescrInfo value using
the table below, Store the result in the Info field
of the type descriptor.

1 TYPE! typelnfo
' DYNAMIC! dynamicInfo
others invalidInfo

oIsTagMProfileDotCurrentParameterNil { 546-563 }
Tag tos must name a profile descriptor. Return true
if and only if the current parameter field is nil,

oAppendTagSosMTypeDotAttributeListWithTag { 565-590 }
Tag sos must name a type descriptor. Tag tos and the
descriptor it points to through the tag table are
added to the end of the attribute list of the type
descriptor.
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olnitializeTagMIypeDotCurrentAttribute { 592-607 1}
Tag tos must name a type descriptor. The currentAttribute
field of this descriptor is set to the first attribute
tag of the type. If' there is no attribute, it is set to
nili

oAdvanceTagMTypeDotCurrentAttribute { 609-626 }
Tag tos must name a type descriptor. The current
attribute field of this descriptor is changed to be
the attribute following the one it currently names,
If there is no additional attribute, it is set to nil,

oPushTagWithTagMTypeDotCurrentAttributeTag { 628-642 }
Tag tos must name a type descriptor. The current
attribute field of this descriptor must not be nil.
The tag of the taglist node pointed to by the
current attribute field is pushed onto the tag stack.

oAppendTagSosMProfileDotParameterListWithTag { 644-671 }
Tag sos must name a profile descriptor. Tag tos and
the descriptor it points to through the tag table are
added to the end of the import parameter list of the
profile descriptor.

oInitializeTagMProfileDotCurrentParameter { 673-690 }
Tag tos must name a profile descriptor. The current
parameter field of this descriptor is set to the
first import parameter tag of the profile, If there
is no import parameter, it is set to an illegal tag
value,

oAdvanceTagMProfileDotCurrentParameter { 692=-712 }
Tag tos must name a profile descriptor. The current
parameter field of this descriptor is changed to be
the import parameter following the one it currently
names, If there is no additional import parameter,
it is set to nil.

oPushTagWithTagMProf ileDotCurrentParameterTag { T14=732 }
Tag tos must name a profile descriptor. The current
parameter field of this descriptor must not be nil.
The tag of the taglist node pointed to by the current
parameter field is pushed onto the tag stack.

oVerifyTagHasThreeElements { T34=-T41 }
Verify that the tag stack has at least three elements.
Abort if not.

##% Count Stack #%##
oPushCountWithSMDataDotLength { T46=753 }

Push length field of S tos onto the count stack.
S tos must be a data descriptor,



oPushCountWithSSosMDataDotFixrep { 755-T63 }
Push fixrep value of S sos onto the count stack.
S sos must be a data descriptor.

oPushCountWithSSosMDataDotRep { 765-T73 }
Push rep field of S =os onto the count stack.
S sos must be a data descriptor.

oPushCountWithSMDataDotOutputPointer { 775-782 }
Push output pointer field of S tos onto the count stack.
S tos must be a data descriptor.

oPushCountWithSSosMDa taDotOutput Pointer { 784=T793 }
Push output pointer field of S sos onto the count stack,
S sos must be a data descriptor.

oPushCountWithTagMTypeDotAl ignment { 795-809 }
Tag tos must be a S=CODE type. Push the alignment of
this type onto the count stack.

oVerifyCountHasThreeElements { 811-819 }
Verify that the count stack has at least three elements.
Abort if not.

oVerifyCountHasFourElements { 821-829 }
Verify that the count stack has at least four elements.
Abort if not.

oSwapCount { 831-841 }
Swap the top two elements of the count stack.

oRotateCount3osToTos { 843-855 }

Move count 3o0s to the top, letting tos and sos shift down.

oRotateCount4osToTos { 857-871 }
Move count Yos to the top, letting tos, sos, and 3os
shif't down.

oRotateCountTosTo3os { 873=-885 }
Remove count tos and insert it bemeath the count sos
(which was the count 3os initially).

oRotateCountTosTollos { 887-901 }
Remove count tos and insert it beneath the count 3os
(which was the count 4o0s initially).

oMaxCount { 903-912 }
Replace count tos and count sos with the larger of these.

oComput eRangeSizeAndAl ignmentOnCount { 914-934 }
Count sos and tos contain a lower and upper bound,
respectively. Replace them by a size and alignment for
the smallest P6 type which will hold this range.
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#8% Inside Routine ###

oTurnOnInsideRoutine { 939-941 }
Turn on the inside routine global variable,

oTurnOffInsideRoutine { 943-945 }
Turn off the inside routine global variable,

oVerifyInsideRoutineIsOff { 947-954 }
Abort if the inside routine global variable is not off,.

888 Tag Table #8¢

oCreateDeclaredTypeDescriptorAtTag { 959-976 }
Create a new descriptor of declaredlypeDescrKind with
hasIndefRepField = false, prefixTag = noTag,
info = noRecordInfo, and attributelList = nil.
Store the pointer to it at tag table sub tag tos.

##% String Stack #&%

oPushStringWithInputString { 981-983 }
Read a string from the input and push it onto the
string stack.

oPopString { 985-994 }
Pop the string stack.

oSwapString { 996-1032 }
Swap string tos and string sos.

oSkipInputString { 1034-1036 }
Read a string from the input and throw it away.

oVerifyStringEqualsInputString (errorCode) { 1038-1085 }
Verify that string tos equals the string in the input.
If not, abort using errorCode, The input string is
consumed,

oVerifyStringPointerHasTwoElements { 1087-1095 }
Verify that the string pointer stack has at least two
eleaments. Abort if not.

oVerifyStringPointerHasThreeElements { 1097-1105 }
Verify that the string pointer stack has at least three
elements, Abort if not.

##% Compiler Switch Array ###

oSetSwitchSubCountSosToCount { 1110=1117 }
Count sos is used as a subscript to the compiler switch
array. The selected element is set to the value of count
tos.
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%% Tnput File Stack W#&#

oPushAndOpenInputFileWithStringVisible { 1132-1163 }
String tos is transformed into a visible file name by
appending '.v'., The name and position of the current
input file are pushed down, and file with the constructed
name is opened. It is positioned at the beginning, and
becomes the file from which S=CODE is now read.

oPushAndOpenInputFileWithStringTaglList { 1165=1196 }
Just like oPushAndOpenInputFileWithStringVisible,
except the file is a taglist file, whose name is
constructed by appending '.t'.

#8# Qutput Copy File #&#

oOpenQutputCopyFileWithStringVisible { 1201=-1232 }
String tos is transformed into a visible file name by
appending ',.v', The file which the constructed name is
opened as the output copy file, The output copy file
must currently be closed. If the output copy flag is
turned on, all input read from the current input file
will automatically be copied to this file,

o0penOutputCopyFileWithStringTaglist { 1234=1265 }
Just like oOpenOutputCopyFileWithStringVisible, except
the file is a taglist file, whose name is constructed

by appending '.t'.

oTurnOnOutputCopying { 1267-1269 }

oTurnOffOutputCopying { 1271-1273 }
The output copy flag is turned on or off. When on, and
when there is an open output copy file, all input read
from the current input file will automatically be copied
to this file,

oEmitStringToOutputCopyFile { 1275-1299 } .
String tos is written to the output copy file., The file
must be open, but the output copy flag has no effect,

#8% Taglist Table #®&#

oMakeTaglListTableEmpty { 1304=1311 }
Make the taglist table empty, i.e., it contains no
translation rul es,

oAddTagL istEntryFromTagAndCount { 1313=1329 }
This routine does arithmetic on tags. Tag contains,
top toward bottom, an external tag, taglimit, and tagbase.
Count tos contains an external number. Verify that
tagbase + external number <= taglimit. Abort if not.
Then construct a translation rule which translates
external tag to tagbase + external number. Put this rule
into the taglist table,



oTransl ateTagUsingTagl istTable { 1331=1339 }
Use tag tos as a search key to search the taglist table,
If no translation is found, abort, Otherwise, replace
tag tos with the translated value,

##% [pdate Stack ##

oPushUpdateStack { 1344=-1358 }
Push old tag table value and the tag onto the update stack.

oVerifyUpdateHasOneElement { 1360-1366 }
Verify that the update stack has at least one element,

oPushUpdateWithAllDefinedLabelsAndUndefine { 1368-1386 }
Each defined tag with descriptor kind of labelDescrKind
is pushed onto the update stack along with its tag table
entry. The tag state in the tag table becomes
undef inedTagState.

oPushUpdateWithTagAndUndefine { 1388-1395 }
The tag table entry named by tag tos is pushed onto the
update stack. The tag table entry state becomes
undefinedTagState.

oPopUpdateAndRestoreTag { 1397-1406 }
The top entry of the update stack is copied back into
the tag table at the tag named in the entry.

oPopAllUpdatesAndRestoreTags { 1408-1416 }
Do oPopUpdateAndRestoreTag until the update stack is empty.

#8% Miscellaneous Semantic Operation ###

oIdentifyLineNumber { 1122-1127 }
This operation tells the semantic routines that count tos
is the value of the current line number. Semantic routines
use this information to put the line number in error
message.
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Appendix B

The Code of Interpass Processing Routines

The code of Interpass processing routines associate with
the semantic operations which are listed in Appendix A.
These Interpass PASCAL portion processing routines are
those that I wrote for the Interpass program }

#88 S Stack %% }

procedure VerifySDotDescrKind
( DescriptorKind : descriptorKindTyp )

{ Abort if the descriptor on S tos is not equal to
the value of the parameter }

; begin
VerifySHasOneElement ( sStackTop )
; if sStack [ sStackTop ] = . descrKind
<> DescriptorKind
then Abort ( eVerifySDotDescrKind )
end

procedure SetSDotIdToString

; begin
VerifySHasOneEl ement ( sStackTop )
; sStack [ sStackTop ] = . dataDeserId
1= stringStack [ stringStackTop ]
end

procedure SetSMDataDotOutputPointerToCount

;s begin
VerifySHasOneElement ( sStackTop )
; 1f CheckDataDescriptorKind ( sStack [ sStackTop ] )
then sStack [ sStackTop ] = . dataDescrOutputPointer
:= countStack [ countStackTop ]
end

procedure VerifySEmpty
{Abort if the top section of the S stack is not empty}

; begin



-

-s

VerifySHasOneElement ( sStackTop )
; VerifyMarkHasTwoElements ( markStackTop )
; 1f sStack [ sStackTop ] <> markStack [ markStackTop ]
then Abort ( eVerifySEmpty )
end
procedure PopMarkedSSectionMEmpty

; begin VerifySEmpty ; Popmark end

#8% PEmit Operations ##%# |}

procedure EmitToken ( P6Token : integer )

; begin
writeFile ( mainFile , P6Token )
; currentOutputPointer := currentOutputPointer + 4
end

procedure EmitTokenBeforeSMDataDotOutputPointer
( P6Token : integer )

; begin
VerifySHasOneEl ement ( sStackTop )
; InsertToken
( sStack [ sStackTop ] = . dataDescrOQutputPointer

, P6Token )
end

procedure EmitTokenBeforeSSosMDataDotOutputPointer
( P6Token : integer )

; begin
VerifySHasTwoEl ements ( sStackTop )
; InsertToken
( sStack [ pred ( sStackTop ) ] ~ .
dataDescrOutputPointer , P6Token )
end

procedure EmitValue ( value : integer )

; begin
writeFile ( mainFile , value )
; currentQutputPointer := currentOutputPointer + 4

end

procedure EmitValueBeforeSMDataDotOutputPointer
( value : integer )

; begin
VerifySHasOneEl ement ( sStackTop )
: InsertToken
( sStack [ sStackTop ] = . dataDescrOutputPointer
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99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151

end

, value )
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; procedure EmitValueBeforeSSosMDataDotOutputPointer
( value : integer )

; begin

.

VerifySHasTwoElements ( sStackTop )
InsertToken

( sStack [ pred ( sStackTop ) ] ~ .
dataDescrOutputPointer , value )

end

; procedure EmitTagMTypeDotIndefAl ternativelength

; var dPointer ; descriptorPointerTyp

; begin

VerifyTagHasOneElement ( tagStackTop )
if CheckTypeDescriptorKind
( tagStack [ tagStackTop ] )
then begin

GetDescriptorPointer ( tagStack [ tagStackTop ]
, dPointer )
; EmitToken ( dPointer "~ .,
typeDescrIndefAl ternativelLength )

end

; procedure EmitTagMTypeDotP6TypeBef oreSMDataOutputPointer

; var SCodeBuil tinType :
; P6Token : P6TokenTyp

; begin

-e we

SCodeBuil tinTypeTyp

VerifyTagHasOneEl ement ( tagStackTop )
VerifySHasOneEl ement ( sStackTop )
if tagStack [ tagStackTop ] in SCodeBuiltinType

then if sStack [ sStackTop ] ~ . descrKind

Wa We we We We We We W Ws We WE WS

in dataDescriptorKinds
then begin

TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable
TypeConvertTable

do InsertToken

Mmoo

BOOL ] := P6Token [ P6bhalfword ]
CHAR ] := P6Token [ Pébyte ]
INT ] := P6Token [ P6bword ]

REAL ] :
LREAL
AADDR
GADDR
OADDR
PADDR
RADDR
SINT ] :

R ) Bd bd B et

s |

P6Token
P6Token
P6Token
P6Token
P6Token
P6Token

.
.

P6Token [ Péshortword ]

[ P6breal ]

[ Péword ]

[ Péwordpair ]
[ Pébpointer ]
[ Péword ]

[ Pébword ]

= P6Token [ P6halfword ]

SIZE ] := P6Token [ P6bword ]
for SCodeBuilltinType := BOOL to SIZE
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152 ( sStack [ sStackTop ] - . dataDescrOutputPointer
153 s TypeConvertTable [ SCodeBuiltinType ] )
154 end

155 else Abort ( eVerifyDataDescriptor )

156 else Abort ( eVerifySCodeType )

157 end

158

159 ; procedure EmitTagMSwitchSubCountDotP6Label

160

161 ; var switchValue : integer

162 ; dPointer : descriptorPointerTyp

163

164 ; begin

165 VerifyTagHasOneElement ( tagStackTop )

166 s VerifyCountHasOneElement ( countStackTop )

167 ; if CheckSwitchDescriptorKind ( tagStack [ tagStackTop ] )
168 then begin

169 GetDescriptorPointer ( tagStack [ tagStackTop ]
170 , dPointer )

171 ; switchValue

172 := countStackTop + dPointer = . switchDescrLowerP6Label
173 ; if switchValue <= dPointer = , switchDesecrUpperP6Label
174 then EmitToken ( switchValue )

175 end

176 end

177

178 ; Procedure EmitTagMProfileDotId8Chars

179

180 ; var dPointer : descriptorPointerTyp

181 ; charList : array [ 1 .. 4 ] of char

182 ; count , i : integer

183 '

184 ; begin i

185 VerifyTagHasOneElement ( tagStackTop )

186 ; if CheckProfileDescriptorkKind

187 ( tagStack [ tagStackTop ] )

188 then begin

189 GetDescriptorPointer ( tagStack [ tagStackp ]
190 , dPointer )

191 ; count := 1

192 s for i :=1 to 8

193 do begin

194 charList [ count ] := dPointer " ,

195 profileDescrId [ i ]
196 ; if count = 4

197 then begin

198 writelChars ( charList )

199 ; count := 1

200 end

201 else count := count + 1

202 end

203 end

204 end

205
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206 ; procedure EmitValueAreaCountBytesBeforeSMDataDotOutputPointer
207

208 ; var byteList : array [ 1 .. 4 ] of byte

209 ; length , extra , 1, j, k, m, n : integer
210

211 ; begin

212 VerifyCountHasOneElement ( countStackTop )
213 ; length := countStack [ countStackTop ] div 4
214 ; extra ;= countStack [ countStackTop ] mod 4
215 3 J =1

216 ;1 =1

217 s k=1

218 ; while j <= length

219 do begin

220 byteList [ k ] := valuedrea [ i ]

221 s if k=4

222 then begin

223 writelBytes ( byteList )

224 s k =1

225 1 o=+ 1

226 end

227 else k := k + 1

228 s 1 ::=14+1

229 end

230 ; for m := 1 to 4 do byteList [ m ] := 0
231 ;) foar n := 1 to extra

232 do begin

233 byteList [ n ] := valuedrea [ i ]

234 3 1 =14+ 1

235 end

236 ; writellBytes ( byteList )

237 end

238

239

240 { ®#® Tag Stack #&# ]

2 S

242 ; procedure IsTagMTypeStructured

243

244  { Return true if the tag tos descriptor is a structured type }
245

246 ; var structuredType : boolean

247

248 ; begin

249 VerifyTagHasOneElement ( tagStackTop )

250 3 structuredType := true

251 ; 1f CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
252 then if tagStackTop >= lastSCodeBuil tinType

253 then HandleChoice ( ord ( structuredType ) )
254 else HandleChoice ( ord { not structuredType ) )
255 end

256

257 ; procedure SetTagSosMIypeDotPrefixTagToTag

258

259 ; var dPointer : descriptorPointerTyp



260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295

296 -

297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313

; begin
VerifyTagHasTwoElements ( tagStackTop )
; if CheckTypeDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
; dPointer © , typeDescrPrefixTag :=
tagStack [ tagStackTop ]
end
end

; procedure SetTagSosMTypeDotIndefRepTagToTag

; var dPointer : descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
;3 if CheckTypeDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin :
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
; dPointer " ., typeDescrIndefRepTag
:= tagStack [ tagStackTop ]
end
end

; procedure SetTagSosMTypeDotPrefixl.engthToCount

3 var dPointer : descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
; VerifyCountHasOneElement ( countStackTop )
; if CheckTypeDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
; dPointer ° , typeDescrPrefixlLength
:= countStack [ countStackTop ]
end
end

; procedure SetTagSosMTypeDotPrefixFixrepToCount
; var dPointer : descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
; VerifyCountHasOneElement ( countStackTop )
; if CheckTypeDescriptorKind
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314 ( tagStack [ pred ( tagStackTop ) ] )
315 then begin

316 GetDescriptorPointer

317 ( tagStack [ pred ( tagStackTop ) ] , dPointer )
318 ; dPointer ° , typeDescrPrefixFixrep

319 := countStack [ countStackTop ]

320 end

321 end

322

323 ; procedure SetTagMTypeDotLengthToCount

324

325 ;3 var dPointer : descriptorPointerTyp

326

327 ; begin

328 VerifyTagHasOneElement ( tagStackTop )

329 ; VerifyCountHasOneElement ( countStackTop )

330 ; if CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
331 then begin

332 GetDescriptorPointer ( tagStack [ tagStackTop ]
333 , dPointer )

334 ; dPointer = ., typeDescrLength :=

335 countStack [ countStackTop ]
336 end

337 end

338

339 ; procedure SetTagSosMIypeDotIndefAl ternativelengthToCount
340

3u ; var dPointer : descriptorPointerTyp

342

343 ; begin ,

344 VerifyTagHasTwoElements ( tagStackTop )

345 ; VerifyCountHasOneElement ( countStackTop )

346 ; if CheckTypeDesriptorKind

347 ( tagStack [ pred ( tagStackTop ) ] )
348 then begin

349 GetDescriptorPointer

350 ( tagStack [ pred ( tagStackTop ) ] , dPointer )
351 ; dPointer © , typeDescrIndefAl ternativelLength
352 := countStack [ countStackTop ]

353 end

354 end

355

356 ; procedure SetTagSosMIypeDotAl ignmentToCount
357

358 ; var dPointer : descriptorPointerTyp

359 '

360 ; begin

361 VerifyTagHasTwoElements ( tagStackTop )
362 ; VerifyCountHasOneElement ( countStackTop )
363 ; if CheckTypeDescriptorKind

364 ( tagStack [ pred ( tagStackTop ) ] )
365 then begin

366 GetDescriptorPointer

367 ( tagStack [ pred ( tagStackTop ) ] , dPointer )



368
369
370
3N
372
373
374
375
376
377
378
379
380
381
3&
383
384
38&%
386
387
388

389

3%
39
3%
393
394
39
396
397
398
399
400
401
bo2
403
4oy
405
406
4o7
408
409
410
B
k12
413
41y
415
416
47
418
419
420
421
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; dPointer © . typeDescrAligmnment
:= countStack [ countStackTop ]
end
end

; procedure TurnOnTagMTypeDotHasIndefRepField
; var dPointer : descriptorPointerTyp
; begin

VerifyTagHasOneElement ( tagStackTop )
; 1f CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )

then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
, dPointer )
; dPointer © . typeDescrHasIndefRepField := true
end
end

; procedure TurnOnTagSosMIypeDotHasIndefRepField
; var dPointer : descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
;3 if CheckTypeDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
; dPointer = , typeDescrHasIndefRepField := true
end
end

; procedure IsTagMTypeDotCurrentdttributeNil
{ Return true iff the current attribute field is nil }

; var dPointer : descriptorPointerTyp

; begin
VerifyTagHasOneElement ( tagStackTop )
; 1f CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
, dPointer )
; HandleChoice
( ord ( dPointer = . typeDeserCurrentAttributeTag = nil )
)
end
end

; procedure SetTagSosMDataDotLengthToCount



422
323
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
111

442
443
44y
445
346
447
448
149
450
451

452
453
454
455
456
457
458
459
460
161
162
463
464
165
166
467
468
469
470
471

472
473
474
475

; var dPointer : descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
; VerifyCountHasOneElement ( countStackTop )
; if CheckDataDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
s dPointer © . dataDescrLength :=
countStack [ countStackTop ]
end
end

; procedure SetTagMAttributeDotParentTypeToTagSes

; var dPointer ; descriptorPointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
; if CheckAttributeDescriptorKind
( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
; dPointer )
; dPointer ° . DescrParentTypeTag
:= tagStack [ pred ( tagStackTop ) ]
end
end

; procedure SetTagMAttributeDotAl ternativeNumberToCount
; var dpointer : descriptorPointerTyp

; begin
VerifyTagHasOneElement ( tagStackTop )
; VerifyCountHasOneEl ement ( countStackTop )
; if CheckAttributeDescriptorKind
( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
, dpointer )
; dpointer ™ ., attributeDescrAl ternativeNumber
:= countStack [ countStackTop ]
end
end

; procedure SetTagMProfileDotNature
( profileNature : profileNatureTyp )

; var dPointer : descriptorPointerTyp

; begin
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476
477
478
479
480
481
482
483
48y
485
486
487
488
489

491
492
493
L9y
495
496
hot
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
5&2
523
524
525
526
haT
528
529

.

end

VerifyTagHasOneElement ( tagStackTop )
if CheckProfileDescriptorkKind
( tagStack [ tagStackTop 1 )

then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]

s dPointer

)

; dPointer © , profileDescrNature := profileNature
end

; procedure SetTagMTypeDotInfoTolnputString

; var dPointer : descriptorPointerTyp
Info : array [ 1 .. maxStringlength ] of char
packed array [ 1 .. 4 ] of char

.
?
.
?
.
$

TString , DString :

length , 1, j : integer
match : boolean

begin
VerifyTagHasOneElement ( tagStackTop )
if CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
then begin
GetDescriptorPinter ( tagStack [ tagStackTop ]

?

ws we we

ReadString

length :=
for 1

s dPointer )

:= ( stringPointerStack
[ pred ( stringPointerStackTop ) ]

+ 1

)

to stringPointerStack [ stringPointerStackTop ]

do begin

length := length + 1
; Info [ length ] := stringSpaceStack [ i ]

end
TString := 'TYPE!?

DString := 'DYNAMIC!

if length = 4
then begin

match := true
i J o=

; while match and ( j <= length )

do begin

if Info [ j ] <> TString [ j ]

then mateh := false
else j := j+ 1

end
; if match
then dPointer °
else dPointer ©
end
else if lengt = 7
then begin

. typeDescriInfo
. typeDescrInfo

typeRecordInfo
inval idRecordInfo
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530 match := true

531 I

532 : while match and ( j <= length )

533 do begin

534 if Info [ j ] <> DString [ j ]

535 then mateh := false

536 else j = j+ 1

537 end

538 ; if match

539 then dPointer © , typeDescrlInfo := dynamicRecordInfo
540 else dPointer © , typeDescrInfo := invalidRecordInfo
541 end

542 else dPointer © , typeDescrInfo := invalidRecordInfo
543 end :

544 end

545

546 ; procedure IsTagMProfileDotCurrentParameterNil

547

548 { Return true iff the tag tos current parameter field is nil }
549

550 ; var dPointer : descriptorPointerTyp

551

552 ; begin

553 VerifyTagHasOneElement ( tagStackTop )

554 ; 1f CheckProfileDescriptorKind )

555 ( tagStack [ tagStackTop ] )

556 then begin

557 GetDescriptorPointer ( tagStack [ tagStackTop ]
558 , dPointer )

559 ; HandleChoice

560 ( ord ( dPointer = , profileDescrCurrentParameter = nil )
561 )

562 end

563 end

564

565 ; procedure AppendTagSosMIypeDotAttributelListWithTag
566

567 ; var dPointer : descriptorPointerTyp

568 ; taglode : tagNodePointerTyp

569 ; currentTagNode : tagNodePointerTyp

570

571 ; begin

572 VerifyTagHasTwoElements ( tagStackTop )

573 ; if CheckTypeDescriptorKind

5T4 ( tagStack [ pred ( tagStackTop ) ] )

575 then begin

576 GetDescriptorPointer

57T ( tagStack [ pred ( tagStackTop } ] , dPointer )
578 ; new ( tagNode )

579 ; tagNode = , tagNodeTag := tagStack [ tagStackTop ]
580 ; tagNode - . tagNodeLink := nil

581 ; currentTagNode := dPointer © ., typeDescrAttributeTagList
582 3 if currentTagNode = nil

583 then dPointer © , typeDescrAttributeTagList := tagNode



637

else begin
while currentTagNode =~ . tagNodelink <> nil
do currentTagNode := currentTaglode ™ . tagNodeLink
; currentTagNode = . tagNodeLink := tagNode
end
end
end

; procedure InitializeTagMTypeDotCurrentAttribute

;3 var dPointer : descriptorPointerTyp

?

begin
VerifyTagHasOneElement ( tagStackTop )
; if CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
s dPointer )
; if dPointer " . typeDescrAttributeTaglList = nil
then dPointer © , typeDescrCurrentAttributeTag := nil
else dPointer © , typeDescrCurrentAttributeTag
:= dPointer © , typeDescrAttributeTagList
end
end

procedure AdvanceTagMTypeDotCurrentAttribute

var dPointer : descriptorPointerTyp

begin
VerifyTagHasOneEl ement ( tagStackTop )
; 1f CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
then begin '
GetDescriptorPointer ( tagStack [ tagStackTop ]
s dPointer )
; if dPointer © . typeDescrCurrentAttributeTag "
. tagNodeLink = nil
then dPointer " , typeDescrCurrentAttributeTag := nil
else dPointer = , typeDescrCurrentAttributeTag
¢t= dPointer = , typeDescrCurrentiAttributeTag ™
. taglodeLink
end
end

procedure PushTagWithTagMTypeDotCurrentAttributeTag

var dPointer : descriptorPointerTyp

begin
VerifyTagHasOneElement ( tagStackTop )
; if CheckTypeDescriptorKind ( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
, dPointer )

T1



638
639
640
61

643
64l
645
6 46
647
648
649
650
651
652
653
654
655

657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689

691

; if dPointer © . typeDescrCurrentAttributeTag <> nil
then PushTag ( dPointer ~
. typeDescrCurrentAttributeTag )
end
end

; procedure AppendTagSosMProfileDotParameterListWithTag

; var dPointer ; descriptorPointerTyp
; tagNode : tagNodePointerTyp
; currentTagNode : tagNodePointerTyp

; begin
VerifyTagHasTwoElements ( tagStackTop )
; if CheckProfileDescriptorKind
( tagStack [ pred ( tagStackTop ) ] )
then begin
GetDescriptorPointer
( tagStack [ pred ( tagStackTop ) ] , dPointer )
new ( tagNode )
tagiode © . tagNodeTag := tagStack [ tagStackTop ]
tagNode ™ , tagNodeLink := nil
currentTagNode := dPointer ~ :
. profileDescrParameterTaglList
; if currentTagNode = nil
then dPointer ©
« profileDescrParameterTagl.ist ;= tagNode
else begin
while currentTaglode = . tagNodeLink <> nil

we we ws we

do currentTagNode := currentTagNode = , tagNodeLink

; currentTagliode = ., tagNodeLink := tagNode
end
end
end

; procedure Initial izeTagMProfileDotCurrentParameter

;s var dPointer : descriptorPointerTyp

; begin
VerifyTagHasOneElement ( tagStackTop )
; 1f CheckProfileDescriptorkind
( tagStack [ tagStackTop ] )
then begin
GetDescriptorPointer { tagStack [ tagStackTop ]
s dPointer )
;3 if dPointer © ., profileDescrParameterTaglist = nil
then dPointer ~
« profileDescrCurrentTagParameter := nil
else dPointer = , profileDescrCurrentTagParameter
:= dPointer © , profileDescrParameterTaglist
end
end

T2
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692 ; procedure AdvanceTagMProfileDotCurrentParameter
693

694 ; var dPointer : descriptorPointerTyp

695

696 ; begin

697 VerifyTagHasOneElement ( tagStackTop )

698 ; 1f CheckProfileDescriptorKind

699 ( tagStack [ tagStackTop ] )

700 then begin

701 GetDescriptorPointer ( tagStack [ tagStackTop ]
702 , dPointer )

703 ; if dPointer ~ , profileDescrCurrentTagParameter ~
704 . tagNodeLink

705 = nil

706 then dPointer ~

T07 « profileDescrCurrentTagParameter := nil
708 else dPointer ™ , profileDescrCurrentTagParameter
709 := dPointer © . profileDescrCurrentTagParameter ~
710 . tagNodeLink

711 end

712 end

713

714 ; procedure PushTagWithTagMProfileDotCurrentParameterTag
T15

716 ; var dPointer : descriptorPointerTyp

717

718 ; begin

719 VerifyTagHasOneEl ement ( tagStackTop )

720 ; if CheckProfileDescriptorKind

721 ( tagtack [ tagStackTop ] )

T22 then begin

723 GetDescriptorPointer ( tagStack [ tagStackTop ]

724 , dPointer )

725 ; if dPointer

726 . profileDescrCurrentTagParameter <> nil

727 then PushTag

728 .( dPointer "~ , profileDescrCurrentTagParameter )
729 else Abort

730 ( ePushTagWithTagMPProfileDotCurrentParameterTag )
731 end

732 end

733

734 ;s procedure VerifyTagHasThreeElements ( tagStackTop : integer )
735

736 { Verifies that the Tag Stack has at least three elements }
737

738 ; begin

739 if tagStackTop <= 2

740 then Abort ( eVerifyTagHasThreeElements )

T41 end

T42

743

74y { ##% Count Stack #&% }
T45 - |



T4 ; procedure PushCountWithSMDataDotLength

T47T

748 ; begin

749 VerifySHasOneEl ement ( sStackTop )

750 ; if CheckDataDescriptorKind ( sStack [ sStackTop ] )
751 then PushCount ( sStack [ sStackTop ] ~

752 . dataDeserLength )

753 end

754

755 ; procedure PushCountWithSSosMDataDotFixrep

756

757 ; begin

758 VerifySHasTwoElements ( sStackTop )

759 ; if CheckDataDescriptorKind

760 ( sStack [ pred ( sStackTop ) 1)
761 then PushCount

762 ( sStack [ pred ( sStackTop ) ] " . dataDescrFixrep )
763 end

764

725 ; procedure PushCountWithSSosMDataDotRep

766

T67 ; begin

768 VerifySHasTwoElements ( sStackTop )

769 ; 1f CheckDataDescriptorKind

770 ( sStack [ pred ( sStackTop ) ] )

71 then PushCount

772 ( sStack [ pred ( sStackTop ) ] = . dataDescrRep )
773 end

T74

775 ; procedure PushCountWithSMDataDotOutputPointer

776

77 ; begin

778 VerifySHasOneEl ement ( sStackTop )

779 ; if CheckDataDescriptorKind ( sStack [ sStackTop ] )
780 then PushCount

781 _ { sStack [ sStackTop ] ~ . dataDescrOutputPointer )
782 end

783

784 ; procedure PushCountWithSScosMDataDotOutputPointer

785

786 ; begin

787 VerifySHasTwoEl ements ( sStackTop )

788 ; if CheckDataDescriptorkKind

789 . ( sStack [ pred ( sStackTop ) ] )

790 then PushCount

791 ( sStack [ pred ( sStackTop ) 1 ™

79 » dataDescrQutputPointer )
793 end

T94

7% ; procedure PushCountWithTagMTypeDotAlignment

796

797 ; var SCodeBuiltinType : SCodeBuiltinTypeTyp

798 ; dPointer : descriptorPointerTyp

799
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801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
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834
835
836
837
838
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849
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]
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; begin
VerifyTagHasOneElement ( tagStackTop )
; if tagStack [ tagStackTop ] in SCodeBuil tinType
then begin
GetDescriptorPointer ( tagStack [ tagStackTop ]
, dPointer )
; PushCount ( dPointer = . typeDescrAlignment )
end
else Abort ( eVerifySCodeType )
end

procedure VerifyCountHasThreeEl ements
( countStackTop : integer )

{ Verify the count stack has at least three elements }

; begin
if countStackTop <= 2
then Abort ( eVerifyCountHasThreeElements )
end

procedure VerifyCountHasFourEl ements
( countStackTop : integer )

{ Verify the count stack has at least four elements }

; begin
if countStackTop <= 3
then Abort ( eVerifyCountHasFourEl ements )
end

procedure SwapCount
; var temp : integer

; begin
VerifyCountHasTwoElements ( countStackTop )
; temp := countStack [ countStackTop ]
; countStack [ countStackTop ]
:= countStack [ pred ( countStackTop ) ]
; countStack [ pred ( countStackTop ) ] := temp
end

procedure RotateCount3osToTos
; var temp : integer

; begin
VerifyCountHasThreeElements ( countStackTop )
temp := countStack [ countStackTop ]
countStack [ countStackTop ]
:= countStack [ countStackTop = 2 ]
; countStack [ countStackTop - 2 ]

:= countStack [ countStackTop - 1 ]

e we



854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
- 886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907

.
?

countStack [ pred ( countStackTop ) ] := temp

end

; procedure RotateCountlosToTos

; var temp : integer

*

]

b

.
2

egin
VerifyCountHasFourEl ements ( countStackTop )
temp := countStack [ countStackTop - 3 ]

; countStack [ countStackTop - 3 ]

:= countStack [ countStackTop = 2 ]
countStack [ countStackTop = 2 ]
:= countStack [ countStack - 1 ]
countStack [ countStackTop - 1 ]
:= countStack [ countStackTop ]

; countStack [ countStackTop ] := temp
end

3 procedure RotateCountTosTo3o0s

3 var temp : integer

; begin

H

?
e

VerifyCountBasThreeEl ements ( countStackTop )
temp := countStack [ countStackTop ]

; countStack [ countStackTop 1]

:= countStack [ countStackTop = 1 ]

; countStack [ countStackTop - 1 ]

;= countStack [ countStackTop = 2 ]
countStack [ countStackTop - 2 ] := temp
nd

; procedure RotateCountTosTolos

r

.
?

v

ar temp : integer

begin

-“a

?
e

VerifyCountHasFourElements ( countStackTop )
temp := countStack [ countStackTop ]
countStack [ countStackTop ]

:= countStack [ countStackTop - 1 ]
countStack [ countStackTop - 1 1

:= countStack [ countStackTop - 2 ]
countStack [ countStackTop = 2 ]

:= countStack [ countStackTop = 3 ]

; countStack [ countStackTop = 3 ] := temp

nd

{ procedure MaxCount

; begin

VerifyCountHasTwoEl ements { countStackTop )
PopCount
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908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925

927
928
929
930
931
932
933
934
935
936
937
938
939
940
9l
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
%8
959
960
g61

{

.
]

{

77

; if countStack [ countStackTop ]
>= countStack [ countStackTop - 1 ]
then PushCount ( countStack [ countStackTop ] )
else PushCount ( countStack [ countStackTop - 1 ] )
end

procedure ComputeRangeSizelAndAl ignmentOnCount

; begin
VerifyCountHasTwoElements ( countStackTop )
; 1f ( countStack [ pred ( countStackTop ) ] >=0 )
and ( countStack [ countStackTop ] <= 255 )
then begin
countStack [ pred ( countStackTop ) ] :=
; countStack [ countStackTop ] :=
end
else if ( countStack [ pred ( countStackTop ) ] >= - 32768 )
and ( countStack [ countStackTop ] <= 32767 )
then begin
countStack [ pred ( countStackTop ) ] :=
; countStack [ countStackTop ] :=
end
else begin
countStack [ pred ( countStackTop ) ] := 4
; countStack [ countStackTop ] := 4
end
end

##% JIngide Routipe ®#%% }

procedure TurnOnInsideRoutine

; begin insideRoutipeFlag := true end

procedure TurnOffInsideRoutine

; begin insideRoutineFlag := false end

procedure VerifyInsideRoutineIsOff

Abort if the insideRoutine global variable is not off }

; begin
if NOT insideRoutineFlag
then Abort ( eVerifyInsideRoutineIsOff )
end
#88 Tag Table ###% }

procedure CreateDeclaredTypeDescriptoritTag

; var dPointer : descriptorPointerTyp



962
963
964
965
966
967
968
969
970
971
972
973

975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993

994

995

996

997

998

999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
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; begin
VerifyTagHasOneElement ( tagStackTop )
; GetDescriptor { declaredTypeDescriptorEind , dPointer )
; with dPointer ©
do begin
typeDescrHasIndefRepField := false
typeDescrPrefixTag := noTag
typeDescrInfo := noRecordInfo
typeDescrAttributeTaglist := nil
end
; tagTable [ tagStack [ tagStackTop ] ]
« tagEntryDescrptorPointer
:= dPointer
end

we we Wwe

{ ®%% String Stack ##% }
; procedure PushStringWithInputString
; begin ReadString end

; procedure PopString

; begin
VerifyStringPointerHasTwoElements
( stringPointerStackTop )
; stringPointerStackTop :=
pred ( stringPointerStackTop )

3 stringSpaceStackTop

:= stringPointerStack [ stringPointerStackTop ]
end

; brocedure SwapString

; var stringStack : array [ 1 .. 200 ] of char
; count , index , templ , temp2 , i : integer

; begin
VerifyStingPointerHasThreeEl ements
( stringPointerStackTop )
; count := 1
; index :=
stringPointerStack [ stringPointerStackTop = 2 ] + 1
; for templ := index
to stringPointerStack
[ pred ( stringPointerStackTop ) ]
do begin
stringStack [ count ] := stringSpaceStack [ templ ]
;3 count := count + 1
end
; for temp2
:= ( stringPointerStack



1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069

[ pred ( stringPointerStackTop ) ]
+ 1

)
to stringPointerStack [ stringPointerStackTop ]

do begin

stringSpaceStack [ index ] :=
stringSpaceStack [ temp2 ]
index := index + 1

end

stringPointerStack [ pred ( stringPointerStackTop ) ]

:= index = 1
for i := 1 to ( count = 1 )}

do

.
»

begin
stringSpaceStack [ index ] := stringStack [ 1 ]
index := index + 1

end
end

; procedure SkipInputString

; begin ReadString ; PopString end

procedure VerifyStringEqualsInputString

( errorCode : integer )

; var length , index1 , index2 , count : integer
match : boolean

e

begin
VerifyStringPointerHasTwoEl ements .

we swe

( stringPointerStackTop )

ReadString
length

¢= stringPointerStack [ stringPointerStackTop ]

= stringPointerStack
[ pred ( stringPointerStackTop ) ]

if ( stringPointerStack

[ pred { stringPointerStackTop ) ]
« stringPointerStack
[ stringPointerStackTop = 2 ]
)

= length

then begin

ws we we

index1
:= stringPointerStack
[ pred ( stringPointerStackTop ) ]
+ 1
index2
t= stringPointerStack
[ stringPointerStackTop - 2 ]
+ 1
match = true
count := 1
while ( count <= length ) and match
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1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091

1092
1093
1094
1095
1096
1097
1098
1099
1100
1101

1102
1103
1104
1105
1106
1107
1108
1109
1110
1111

112
1113
1114
1115
1116

1117

1118
1119
1120
121

1122
1123

{ Verify that string pointer stack has at least two elements }

do begin
if stringSpaceStack [ index1 ]
= stringSpaceStack [ index2 ]
then begin
index1 := indext! + 1
3 indexZ2 := indexZ2 + 1

; count := count + 1
end
else match := false
end
3 if match

then PopString
else Abort ( errorCode )
end
else Abort ( errorCode )
end

procedure VerifyStringPointerHasTwoElements
( stringPointerStackTop : integer )

; begin
if stringPointerStackTop <= 1
then Abort ( eVerifyStringointerHasTwoElements )
end

procedure VerifyStringPointerHasThreeElements
( stringPointerStackTop : integer )

80

{ Verify that string pointer stack has at least three elements }

; begin
if stringPointerStackTop <= 2
then Abort ( eVerifyStringPointerHasThreeEl ements )
end

##% Compiler Switch Array ##% }

procedure SetSwitchSubCountSosToCount

; begin
VerifyCountHasTwoEl ements { countStackTop )
; CompilerSwitches
[ countStack [ pred ( countStackTop } ] ]
:= countStack [ countStackTop ]
end

#8#% Miscellaneous Semantic Operation ### |}

procedure IdentifyLineNumber



1124 ; begin

1125 VerifyCountHasEl ement ( countStackTop )

1126 : inputLineNumber := countStack [ countStackTop ]
127 end

1128

1129

1130 { ##% TJIpput File Stack ##% |}

1131 c

1132 ; procedure PushAndOpenInputFileWithStringVisible
1133

1134 ; var filename : identifier

1135 ; 1 , count : integer

1136

1137 ; begin

1138 VerifyStringPointerHasTwoEl ements

1139 ( stringPointerStackTop )

1140 ; if ( stringPointerStack [ stringPointerTop ]
1141 - stringPointerStack

1142 [ pred ( stringPointerStackTop ) ]
1143 + 2

1144 )

1145 <= idlength

1146 then begin

1147 count := 1

1148 ; for i

1149 := ( stringPointerStack

1150 [ pred ( stringPointerStackTop ) ]
1151 + 1

1152 )

1153 to stringPointerStack [ stringPointerStackTop ]
1154 do begin

1155 filename [ count ] := stringSpaceStack [ i ]
1156 ; count := count + 1

1157 end

1158 ; filename [ count ] := '.!

1159 ; Pilename [ count + 1 ] := 'v'

1160 ; PushAndOpenInputFile ( filename )

1161 end

1162 else Abort ( eFilenameToolong )

1163 end

1164

1165 ; procedure PushAndOpenInputFileWithStringTaglist
1166

1167 : var filename : identifier

1168 ; 1 , count : integer

1169

1170 ; begin

1171 VerifyStringPointerlasTwoEl ements

1172 ( stringPointerStackTop )

1173 ; if ( stringPointerStack [ stringPointerStackTop ]
1174 - stringPointerStack

1175 [ pred ( stringPointerStackTop ) ]
1176 + 2 :

177 )



1178 <= idlength

1179 then begin

1180 count := 1

1181 ; for i

1182 := ( stringPointerStack

1183 [ pred ( stringPointerStackTop ) ]
1184 + 1

1185 )

1186 to stringPointerStack [ stringPointerStackTop ]
1187 do begin

1188 filename [ count ] := stringSpaceStack [ 1 ]
1189 ; count := count + 1

1190 end

1191 ; filename [ count ] := ',!

1192 ; filename [ count + 1 ] := 't!

1193 ; PushAndOpenInputFile ( filename )

1194 end

1195 else Abort ( eFilenameToolLong )

1196 end

1197

1198

1199 { ##% Qutput Copy File #®##¥ }

1200 ‘

1201 ; procedure OpenOutputCopyFileWithStringVisible
1202

1203 ;: var filename : identifier

1204 ; 1, count : integer

1205

1206 ; begin

1207 VerifyStringPointerHasTwoEl ements

1208 ( stringPointerStackTop )

1209 ; if ( stringPointerStack [ stringPointerStackTop ]
1210 = stringPointerStack

121 [ pred ( stringPointerStakTop ) ]
1212 + 2

1213 )

1214 <= idlength

1215 then begin

1216 count := 1

1217 ; for 1

1218 - 3= ( stringPointerStack

1219 [ pred ( stringPointerStackTop ) ]
1220 + 1

1221 )

1222 to stringPointerStack [ stringPointerStackTop ]
1223 do begin

1224 filepame [ count ] := stringSpaceStack [ i ]
1225 ; count := count + 1

1226 end

1227 ; filename [ count ] := ',

1228 : filename [ count + 1 ] := 'v!

1229 ; OpenOutputCopyFile ( filename )

1230 end

1231 else Abort ( eFilenameTooLong )



1232
1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285

end
procedure OpenQutputCopyFileWithStringTaglist

; var filename : identifier
; i , count : integer

3 begin
VerifyStringPointerHasTwoEl ements
( stringPointerStackTop )
; 1f ( stringPointerStack [ stringPointerStackTop ]
= stringPointerStack
[ pred ( stringPointerStackTop ) ]
+ 2 g
)
<= idlength
then begin
count := 1
$ for i
:= ( stringPointerStack
[ pred ( stringPointerStackTop ) ]
+ 1
)
to stringPointerStack [ stringPointerStackTop ]
do begin
fillename [ count ] := stringSpaceStack [ i ]
; count := count + 1
end
filename [ count ] := '.!
filename [ count + 1 ] 3= 't
OpenOutputCopyFile ( filename )
end
else Abort ( eFilenameTooLong )
end

- we we

procedure TurnOnOutputCopying
; begin outputCopyingFlag := true end
procedure TurnOffOutputCopying
; begin outputCopyingFlag := false end
procedure EmitStringToOutputCopyingFile
; var length , i : integer
; begin
VerifyStringPointerHasTwoEl ements
( stringPointerStackTop )
; if outputCopyOpenFlag

then begin * o

length
:= stringPointerStack [ stringPointerStackTop ]

83



1286 - stringPointerStack
1287 [ pred ( stringPointerStackTop ) ]

1288 ; writeByteToOutputCopyFile ( length div 256 )
1289 ; writeByteToOutputCopyFile ( length mod 256 )
1290 ;) for 1

1291 := ( stringPointerStack

1292 [ pred ( stringPointerStackTop ) ]
1293 + 1

1294 )

1295 to stringPointerStack [ stringPointerStackTop ]
1296 do writeByteToOutputCopyFile

1297 ( stringSpaceStack [ 1 ] )
1298 end

1299 end

1300

1301

1302 { ®#% Taglist Table ®#&% }

1303 o -

1304 ; procedure MakeTaglListTableEmpty

1305

1306 ; var i : integer

1307

1308 ; begin

1309 for 1 := 1 to maxTagListDepth do

1310 taglListTable [ 1 ] := noTag

1311 end

1312

1313 ; procedure AddTaglistEntryFromTagindCount

1314

1315 ; var externalTag , tagLimit , tagBase

1316 , externalNumber : integer

1317

1318 ; begin

1319 VerifyTagHasThreeElements ( tagStackTop )

1320 ; VerifyCountHasOneElement ( countStackTop )
1321 : externalTag := tagStack [ tagStackTop ]

1322 ; taglimit := tagStack [ pred ( tagStackTop ) ]
1323 ; tagBase := tagStack [ tagStackTop - 2 ]

1324 ; externalNumber := countStack [ countStackTop ]
1325 : if ( tagBase + externalNumber ) <= taglLimit
1326 then tagListTable [ externalTag ] :=

1327 tagBase + external Number
1328 else Abort ( eAddTagListEntryFromTagAndCount )
1329 end

1330

1331 ; procedure TranslateTagUsingTaglistTable

1332

1333 ; begin

1334 VerifyTagHasOneElement ( tagStackTop )

1335 ; if tagListTable [ tagStack [ tagStackTop ] ] = noTag
1336 then Abort ( eTranslateTagUsingTaglistTable )
1337 else tagStack [ tagStackTop ]

1338 := taglListTable [ tagStack [ tagStackTop ] ]

1339 end



1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393

{ #%% (pdate Stack ##% ]}

; procedure PushUpdateStack ( tagValue : taglyp )
( tagValue : taglyp, oldTagTableEntry : tagEntryTyp )

; begin
if updateStackTop = maxUpdateStackDepth
then Abort ( eUpdateStackOverflow )
else begin
updateStackTop := succ ( updateStackTop )
; with updateStack [ updateStackTop ]
do begin
updateEntryTagValue := tagValue
; updateEntryOldTaglTableEntry :=
oldTagTableEntry
end
end
end

; procedure VerifyUpdateHasOneEl ement
( updateStackTop : integer )

; begin
if uypdateStackTop < 1
then Abort ( eVerifyUpdateHasOneElement )
end

; procedure PushUpdateWithAllDefinedLabel sAndUndefine

; var index : integer

; begin
for index := 1 to maxTagCount
do if ( taglable [ index ]
. tagEntryState = definedTagState )
or ( tagTable [ index ] . tagEntryState
= specifyTagState
)
then if tagTable [ index ] . tagEntryDescriptorPointer
= labelDescrKind
then begin
PushUpdateStack ( index, tagTable [ index ] )
; tagTable [ index ] . tagEntryState
:= undefinedTagState
end
end

; procedure PushUpdateWithTagAndUndefine

; begin
VerifyTagHasOneElement ( tagStackTop )
; PushUpdateStack ( tagStack [ tagStackTop 1,
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1394 tagTable [ tagStack [ tagStackTop ] ] )
1395 ; taglable [ tagStack [ tagStackTop ] ] . tagEntryState
1396 := undefinedTagState

1397 end

1398

1399 ; procedure PopUpdateAndRestoreTag

1400

1401 ; begin

1402 VerifyUpdateHasOneElement ( updateStackTop )
1403 ; tagTable

1404 [ updateStack [ updateStackTop ] . updateEntryTagValue ]
1405 := updateStack [ updateStackTop ]

14306 . updateEntryOldTagTabl eEntry

14507 ; updateStackTop := pred ( updateStackTop )

1408 end

1409

1410 ; procedure PopAllUpdateAndRestoreTags

1411

1412 ; var 1 : integer

1413

1414 ; begin

1415 VerifyUpdateHasOneElement ( updateStackTop )
1416 ; 1 := updateStackTop

M7 ; while 1 > 0 do

1418 begin PopUpdateAndRetoreTag ; i := 1 - 1 end
119 end

1420

1421 H

1422
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Appendix C

C.1 Description of S-CODE syntax rules

The S-CODE syntax is described in BNF with the following additions:

==~ Meta symbols are written in lower case without brackets,
terminal symbols are underlined lower case, and upper case
is used for predefined tags.

== Alternative right hand sides for a production may be separated
by ::= as well as I,

== Productions may be annotated with comments enclosed in parentheses.

-- Part of a right hand side may be enclosed in angular brackets
followed by one of the characters %, #, or + with the following
meanings:

< symbol string >? { "symbol string®™ is optional; it may
occur zero times or once. )

< symbol string ># ( "symbol string"™ may occur zero or more
times at this point. )

< symbol string >+ ( "symbol string" must occur one or more
times at this point. )

== Spaces and line breaks are used simply to separate various parts
of a production; they have no other significance, in particular
they will not occur in the S=program.

== Particular instances of a meta-symbol may be given a prefix,
separated from the symbol by a colon, e.g. body:tag. The prefix
(body) has the sole purpose of identifying the meta-symbol (tag)
in the accompanying description; it has no syntactical significance
whatsoever,



C.2 The syntax of the S=-CODE language.

(For each production is given reference to its definition)

S-program
ti= program program head:string
program body endprogram

program_body
:= interface_module
macro_def'inition module
<{module _definition>#
main <program_el ement>#

[T
" ve
nomwnu

program el ement

instruction

label declaration

routine profile ! routine_definition
skip statement ! if_statement
protect_statement

goto_statement o insert statement
delete_statement

e se %s we ®
e s2 we ss te es ee
W MmN

instruction
::= constant_declaration
::= record descriptor I routine_specification
::= stack_instruction ! assign_instruction
:1:= addressing instruction 1 protect__instruction
:i= temp control ! access_instruction
::= arithmetic instruction ! convert_instruction
t:= Jjump _instruction
::= if instruction ! skip instruction
s:= segment_instruction ! call_instruction
::= areg initialization ! eval_instruction
ti= info _setting ! macro_call
simple_type :
::=  BOOL ! CHAR
s:= INT ! REAL I LREAL ! SIZE
::= QADDR ! AADDR |. GADDR ! PADLR | RADDR
type
1:=  structured_type ! simple_type
resolved_type

ti= resolved_structure ! simple_ type

quantity_descriptor
1i= resolved_type < rep count:number >?7
:i= range < rep count:number >?

88



89

range
::= INT range lower:number upper:number
::= SINT

record_descriptor

::= record record tag:newtag <record_info>?

{prefix part>? common_part
<alternate part># endrecord

record_info _
::= info "TYPE" ! info T"DYNAMICT

prefix_part
;3:= prefix resolved_structure

common_part
::= <attribute _definition>#

alternate part
::1= alt <attribute definition>#

attribute _definition
::= attr attr:newtag quantity_deseriptor

resolved_structure
::= structured_type <« fixrep count:ordinal >?

structured_type
::= record tag:tag
value
::= Dboolean value ! character_value
1:= ‘integer value ! size_value
1:= real_value I longreal value
1= attribute_address ! object_address
::= general_address ! program_address
:t= routine_address ! record_value
repetition value
::= <boolean_value>+
::= <character_value>+ ! text_value
s:=  <integer_value>+ ! <size_value>+
:1:= <real_value’+ ! <{longreal_value>+
::= <attribute_address>+ ! {object_address>+
1:= <general_address>+ ! {program_addresa>+
1:= <routine address>+ ! <{record_value>+
text_value

::= text long string

boolean value
t3= true | false




character_value
$i= g-—char byte

integer_value
iz c=int integer_literal:string

real_value
iz c=real real_literal:string
longreal value
1:= e¢=lreal real_literal:string
size _value
itz c=size type ! nosize
attribute_address
:iz < c=dot attribute:tag ># c-aaddr attribute:tag
$i= anone
object__address
t:= c=oaddr global_or const:tag
i= onone
general address
:i=. £ c=-dot attr:tag ># c-gaddr global_or_const:tag
ti= gnone
program address
:t= c=paddr 1label:tag ! nowhere
routine_address

:i= c=raddr body:tag ! nobody

record_value
::= ec-record structured_type
attribute_value>+ endrecord

attribute_value
:i= attr attribute:tag type repetition_value

constant._declaration
¢tz constant_specification [ constant_definition

constant_specification
ii= constspec const:newtag quantity_descriptor

constant_definition
t:= const const:spectag
quantity_descriptor repetition_value

stack_instruction
push obj:tag ! pushv obj:tag

*e se e

popall byte

pushc value ! pushlen ! dup ! pop ! empty
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assign_instruction
s:= assign | update | rupdate

addressing instruction

{ indexv
inco ! deco
dist I dsize structured_type I

nwenwmn
]
o
o
L]

*s oo
(1]

protect_statement
::= save <program eclement># restore

temp_control
t:= t=ipnito ! t-geto ! t=seto

access_instruction

setobj ! getob]
access oindex:byte attribute:tag

accessy oindex:byte attribute:tag

*s we oo
umnmn

arithmetic_instruction
: addlsub!g_zultldiv!renl

fetch I prefer resolved type ! deref
select attribute:tag ! selectv attribute:tag
remote attribute:tag ! remotev attribute:tag

locate

neg

and | or ! xor I imp | eqv |

not

compare -r'-elation

relation
i:z= 21t ! ?le ! %eq llgl?gtl

convert instruction
::= convert simple type

label_declaration
::= label specification ! 1lzbel definition

label_specification
::= labelspec label:newtag

label definition
::= label 1label:spectag

goto_statement

::= goto
Jjump_instruction

::= forward _Jjump H forward _destination
::= backward _jump ! backward_destination

forward_jump
::= switch switch:newtag size:number
t3= fjumpif relation destination:newindex
::= fjump destination:newindex

Tne
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forward _destination
::=  sdest switch:tag which:number
1:= fdest destination:index

backward jump
Tis bjumg destination:index
::= bjumpif relation destination:index

backward destination
::= bdest destination:newindex

skip statement
::= skipif relation <program element># endskip

skip instruction
1= sk:l.gif relation <instruction># endsk:l.g

if_ statement
::= if relation <program el ement># else_part

else part
else <program element># endif
endif

se oe
s oo

if instruection
::= if relation <instruction># i_else_part

i_else_part
i:= else <{instruction># endif
t:= endif

segment_instruction
::= bseg <program element># eseg

routine_profile
::= profile profile:newtag <peculiar>?
<import_definition>#
<export_or_exit>?

endgrofil e

peculiar
::= known body:newtag kid:string
system body :newtag sid:string

external body:newtag nature:string xid:string

interface pid:string

import _definition
::= import parm:newtag quantity_deseriptor

export,_or exit
= export parm:newtag export_type
sz exit return:newtag
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export_type
::= resolved_type 1 range

routine_specification
::= routipespec body:newtag profile:tag

routine_definition
::= routine body:spectag profile:tag
<local_ quantity># <instruction>#
endroutipe

local _quantity
¢:= local var:newtag quantity_descriptor

call_instruction
::= connect_profile <parameter_eval>#
connect_routine

connect_profile
:¢= precall profile:tag
2 asscall profile:tag

::= repcall n:byte profile:tag

connect_routine
::= call Dbody:tag | {instruction>+ call=tos

parameter_eval
:= <instruction>+ asspar
;= <instruction>+ assrep n:byte

modul e definition
:1:= module module id:string check code:string
visible existing
body <program element># endmodule
visible existing
s:= <visible># tag list ! existing
visible
1:= record_descriptor ! routine_profile
::= routine specification ! label_specification
::= constant_specification | insert_statement
::= info _setting
tag list

::= < tag internal:tag external:inumber >+

interface_module
::= global module module id:string check code:string
<global_interface># tag list
body < init global:tag type repetition value >#
endmodul &
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global interface

record_descriptor

constant_definition < system sid:string >?
global_definition < system sid:string >?
routine_profile

info _setting

*s wm
es se 84 ee ss
M nmn

s ®e ma

global_definition
;3= global internal:newtag quantity_descriptor

macro_definition module
::= macro module module id:string check code:string
<macro_definition># endmodule

macro_definition
::= @macro macro_hame:byte macrq _parcount:byte
known macro_id:string
<macro_body_element>#
endmacro

macro_body_element
::= mark macro_sequence:string
= mpar macro_parnumber:byte

macrg_call
::= meall macro_name:byte <actual_ parameter:string>#

insert_statement
3= insert module id:string check code:string
tagbase:newtag taglimit:newtag

areg_initialization
:1:= zeroarea
::1= initarea resolved_type
::= dinitarea structured_type

eval_instruction
::= eval

delete_statement
;1= delete from:tag

info_setting
::= info string
line line:number
setswitch switch:byte setting:byte

byte

an (8-bit) unsigned integer value in the range 0..255



number

ordinal

tag

newindex

-
=

string

95

a two byte value greater than or equal to zero. A number
(or any other multi-byte structure) will always be
transmitted with the most significant byte first. Let
the bytes be <B1><B2> in that sequence; the value will
be 256 # B1 + B2 ,

a number with value greater than zero.

An ordinal (the "tag-value") associated with a descriptor.
The number zero followed by an ordinal (the "tag-value")

and an identifying string.
This second form is intended for debugging purposes, and
is used to associate an identification to the tag,

A tag-value with no association,

A tag-value which, if not undefined, must have been given
an association in a specification (labelspec, constspec,

routinespec).

A byte within an impl ementation-defined range which
identifies an internal label. An important side effect
of its occurrence is that it looses its meaning. Thus
an internal label can be the destipation of exactly one
jump-instruction. )

An index-byte which is undefined; it becomes defined as
an internal label through its occurrence,

A byte with the value N followed by N "data bytes™. The
character count N must be greater than zero, thus a
string cannot be empty (neither can a long string, q.v.}.

long string

An ordinal with the value N followed by N "data bytes™.
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SIMILA is a programming language for simulation wkich
extends the concepts of ALGOL 60 to ideas of the class and co-
routine concepts, the associated reference variables, fully

defined text handling, and input/output facilities.

In the summer of 1979, the Norwegian Computing Center esta-
blished the portable SIMIULA system (S-PORT) as a portable com-
piler system to implement the SIMULA language. The wajor interest
in the S-PORT project is an essential reduction of the effort

required for production of SIMILA systems for new machines.

The Perkin-Elmer SIMILA System is a project undertaken in
the Computer Science Department of Kansas State University, under
the direction of Dr. Rodney Bates, to adapt the portable SIMDLA
system to the Perkin-Elmer 32-bit machines. 1t is being developed
to run under the UNIX operating system. To construct a complete
Perikin-Elmer SIMILA System, we got the front-end compiler and run
time support system from Norway and designed and coded our own
back-end translator (S-Compiler) and enviromment interface sup-

port package.

To translate the compiled versions of the front-end compiler
and run time system to the S<Compiler, a translator program
called the interpass is needed. The major part of the project
that I was involved in was the design and coding part of the pro=-

cessing routines for the PASCAL portion of the interpass program.



