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INTRODUCTION
A compiler for the programming language Euclid [ 6 ] is currently
available from the Ccmputer Systems Research Group of Toronto. It
runs under and generates code for a PDP!1 machine running the UNIX
Operating System. Fuclid is designed primarily for writing systenm

programs and to aid in automatic verification of prograams.

The Computer Science Department at Kansas State University has an
Interdata 8/32 machine. A project 1is being conducted in the
department to make Euclid available fcr compilation and execution on
the 8/32 machine. This report is part of the design for this

compiler modification.

The Euclid compiler now available is written in Euclid. A Pascal
compiler, written in Pascal, also exists, which generates 8,32
machine code [ 5 ]. Both existing compilers are multi-pass
compilers. The intended solution is to build one intermediate pass
which serves as a tramslation from one of the Euclid interpass
languages to one of the PASCAL interpass 1languages. A Euclid
pregram will first be translated by the Syntatic and Semantic Passes
of the existing Euclid compiler. It will then be translated by the
new pass to an appropriate form. This will finally be tramslated by
the optimization and code geneﬁator passes of the Pascal compiler,

producing 8/32 machine code.

The report is organized as follows: Chapter 1 gives a general
explanation of how the Euclid compiler and the PAS32 Pascal compiler
work. It explains the major differences between them and indicates
where the actual translation takes place. A desigmn tool used by the
Euclid compiler, called Syntax/Semantic Language, is also introduced
in this chapter. Chapter 2 specifies the design approach, including



the design of the last pass of the Euclid comgiler, called the Coder
pPa sS. The Coder 1is drastically modified to produce +the new
interface pass. It uses semantic mechanisms written in Euclid and a
control portion writtem in a special compiler writing language
called Syntax/Semantic Language {S/SL). The need for modifying the
existing Coder semantic routines is also specified. Chapter 3 lists
the major problems encountered in the design and describes the
solutions for themn. Chapter 4 summarizes the work already done and
the future work required. Appendix A is the actual S/SL program for
the onew pass. Aprendix B lists new or modified Euclid Coder
semantic routines. Appendix C describes the changes which need to
be done by Euclid Allocator pass. Appendix D specifies n1new

operators which need to be introduced to Pas32 pass 6.

Thanks are given to Dr. Bates, my major professor, who has patiently
directed me toward the objective and has given me much advice in the

design rrocess.



CHAPTER 1: BACRGEOUNL INFORMATICK

The April Euclid Compiler

The existing EBuclid compiler accepts a subset of the full
Euclid language called April Euclid. The ccmpiler itself is
called the April Euclid compiler. Throughout this report, the
term "April Euclid"™ will be used to mean the April ©Fuclid

compiler, rather than the April EFEuclid language.

April Euclid has six passes. These are nanmed the
Scanner/Screener, Parser, Builder, Conformance Checker,
Aliocator and Coder. Eackh pass performs the functions as

described belcw.

1.1.1 Scanner and Screener { 1 ]

The Scanner 1is a callable routine with one input stream and
three outputs. It reads its input ome character at a time
until it has recongized a complete elemental +token. It will
output a token number, the (blank-trimmed) +text for the token,

and an error messade, if necessary.

The Screener provides the token stream to ke passed to the
Parser. The Screener calls the Scanner to obtain elemental
tokens. It resolves identifier +tokens into identifiers and
wocrdsymbols (keywords) and assigns to identifiers wunigque
identifier numbers. The Screener ocutputs a tcken strean
consisting of +token numbers, constant values and identifier
numbers, and token text. The token stream will be passed on to
the Parser. Error messages will be passed to the Error Message
Handler for later printing of messages. Together, the Scanner
and Screener are a classical lexical Analyzer.

3



1.1.2 Parser

The second pass of April Euclid checks syntax of the token
stream rroduced by the Screener and emits a translatior of the
token stream. It converts the token stream to a form which is
primarily postfix notation. There are occasional prefix and
infix operators, wvhere subsequent passes need them. This token
stream is, with minor exceptions, unchanged by all subsegquent

passes, eXxcept, of course, the coder pass.

1.1.3 Builder [ 2 ]

The Symbol Table Builder pass constructs a Symbol Table and
replaces all identifier ©numbers by references to Symbol Table
entries. It also constructs a Type Table with an entry for
every named or anonymous type. It has the following

responsibilities:

-- Bllocate a disk entry for each predefined or user-defined
identifier. Allocate a disk entry for each predefined or
user-defined type. Provide appropriate connections among

these entries and fill in various fields in the entries.

-- Replace each use of an identifier by a pointer to the

table entry corresponding to its declaration.

—— Allow for inspection of Symbol and Type table entries and

insertion of new information into entries by later passes.

1-1.4 Conformance Checker [ 2 ]



The responsibility of the Conformance pass is to enforce many
semantic rules of the language, in order to guarantee the

integrity of the later passes. Specific functions are:

-— Enforce IMPORT and EXFORT 1lists as well as various

restrictions peculiar to Euclid.

—-— Prevent redeclaration in a closed scope, enforce the Free
Variakle Rule, check that references outside of the local

closed scope are to PERVASIVE identifiers, etc.

-- Check structure in types. Verify that the type

constructors such as "..", ARRAY are appropriatly used.

—-- Check values in types. Values which are not manifest
(known at compile time) will require certain run time

checks, generated by later passes.

-- Verify that ranges of scalars in records and arrays are

manifest.

—-— PFold constants and determine sizes of variables.

1.1.5 Allccator [ 2 ]

The primary resgponsibility of the Allocator pass is to allocate
run-time memory space and place this informatiorn into the
tables. It assigns each non-manifest value a displacement and
a base. In the simple situation, the displacemant is manifest
and the base 1is a display 1level which 1locates a routine's
activation record. Generally, the Allocator ignores executable

statements and expressions.



1.2

1.1.€ Coder (ref 2)

The Euclid Coder pass generates PILP-11 assembly language. It
scans the token stream fproduced by Allocator and uses the
Symbol and Type Table to generate the code. It uses semantic
data structures of a Case Table Stack, Symbol Stack, Type
stack, Checked Stack, Ccnstruct Stack, Count Stack, Display
Stack, Label Stack, Locator Mechanism and Favor Stack [ 10 ].
Many semantic rcutines operate on these data structures. Some

simple optimization is done.

Syntax/Semantic Language [ 3 ]

Syntax/Semantic Language (S/SL) is a language developed by

Auturn, Et. Al. as a tcol for constructing compilers. It
incorporates the following features: sequences, repetitiomns
and selecticns of actions; ingput, matching and output of

tckens; output of error signals; subprograms (called rules);
and invocation of semantic operations, which must be written in

some other language. S/SL has no variables or assignments.

Without semantic actions, the language 1is called SL (Syntax
Language) . Each SL program consists of a 1list of executable

rules. Each rule consists of a name, an optional return type
and a sequence of actiomns. Each rule has one of these tvwo

forms:

name: actions; % procedure rule

name >> type: actions; % chcoice rule



fe2.1

Summary of SL actions

1.2.1.1 The call action.

The appearance of @ followed by +the name of a procedure
rule signifies that the rule 1is to be called. i.e.

@BlockBaody

1.2.1.2 The return action.

The symbe¢l >> in a rule signifies return before reaching

the end cf the rule.

1. 2. 1.3 The input actiomn.

The appearance of an input token name imn a rule
signifies that the next input should be read and must
match the token. For example, the following specifies
that the next item in the input stream is to be read and

it must be an identifier token

ident

In our translation, we add the symhol "=" together with
the input token to make the input action explicit. i.e.

=ident

1. 2.1.4 The emit action.

The appearance of a dot (a period) followed by an output
token signifies that +the token is to be emitted to the

output stream. For example:



.pushaddr
1. 2.1.5 The error action.

The appearance of # fcollowed by an error signal
signifies that the error signal name is to be emitted to

a special error stream, for example:
#EDeferredMultiplelUsediodule
1.2.1.€ The cycle action.

Each cycle is of the form:

actions

The enclosed actions are repeated until a return (>>} or

one of the cycle's exits (>) is encountered.
1. 2.1.7 the exit construct.

The aprearance of > signifies exit from the most tightly

enclasing cycle.
1.2.1.8 The choice action.
The choice action is of the form:

[ selector
} label, label, ... :
actions

{ labels, ... :
8



actions
* @& @
| *:

actions

The selector is coptional. If it is omitted, the action
is an input choice, which tries to match the current
input token to ome of the labels. The selector can be
of the form @identifier vwhere "identifier® is the nanme
of a choice rule; this gives a rule choice. In a rule
choice, the specified rule is called and then the choice
tries to match the returned value to cne of the labels.
There is also a semantic choice, in which the selector
is the name of a semantic operation. If no label is
matched, the final alternative, lakelled by star {(*), is

executed.

In an input choice, the matching of the input token to a
label has the side effect of reading another token; if
the token is not matched and the otherwise clause is

selected, then reading is not done.

1. 2.1.9 Conment.

Everything +that follows ©"gn, up to the end of the

current line is treated as a comment.

Semantic Mechanisms

SL is sufficient for implementing Parsers for languages



having LR(k) grammars, However, it can not do semantic
analysis unless the ability to call Semantic Mechanisas

is added.

Example of a semantic mechanism: A stack of counters.

mechanism Count:
PushCount (nurber) &% Push a number onto counter staci

ChooseCount >> number % Inspect top counter

This example shows a declaration of a semantic
mechanisamn. It can appear in an S/SL program and it
makes pushcount and choosecount available as semantic
routines to be called. The semantic mechanism must
actually be implemented in some other language which has

variables and assignments.

A complete S/SL example:

SkipExpression: % procedure rule
{ % repeat
[ % input choice
| AEndExrression: % label
> % return
| ASubs:

@SkipSubscripts % call another procedure
} AIn, ANotIn:
dSkipExpression % recursive call

[
10



1.3 PASCAL

The Pascal

{ ATo: @SkipExpression

| %2 % otherwise

| *:

FlushInputToken % semantic routine

};

S/SL can be viewed as a regular expression-like notation
for syntax diagrams, where input and output syntax and
semantic routine calls are all combined into one. In

addition, choices are made deterministic im S/SL.

Each pass of the Euclid compiler except for the
Screener, is written partly in S/S1, with semantic

mechanisms written in Eucligd.

There are several dialects of S/Sl. This project uses
the one used in the April Euclid Compiler. Choice rules
are not used, and S/SL programs have roughly the form of

recursive descent parsers writtem in S/SL

Compiler [ 4, 5 ]

compiler used in this Eproject is a descendent of

Hartmann's sequential Pascal compiler. It has been extensively
modified by various fpeople. It is called Pas32, and this name will
be used throughout this report to refer to it. Pas32 is written in

Pascal and generates Interdata 8/32 machine code.

Pas32 is a 9 pass compiler. Pass 1 and pass 2 serve as the syntax

11



checker. Passes 3, U4 and 5 are semantic analysis. Pass € thru pass
9 are optimization and code generation. The compiler makes a very
clear division of labor among these passes. With minor exceptions,

all interpass communication is through the token streanms.

1.3.1 1lexical BAnalysis

Pass | of the Pas32 is the lexical scanner. It converts the
character input to the compiler into the tokens recognized by
the Parser in pass 2. Each unique identifier is mapped into a
spelling index for use by passes 2 and 3. Fass 1 uses a hash
table; this is used to perform a hashed lookup of identifiers

and to map identifiers into spelling indices.

1.2.2 Syntax Analysis

Pass 2 is a parser which checks the =syntax of the first
intermediate code generated by pass 1. The Syntax amnalysis
eliminates redundant operators and replaces ambiguous operators
by unique ones. It alsoc does the error recovery if syntax
errors are detected. The output of the syntax analysis is
primarily postfix notatiomn. It is syntactically corrects

independent of what the input is.

1.3.3 Name Analysis

Pass 3 applies the language scope rules to convert references
to identifiers into references to the appropriate unique
objects in each part of the progran. These are called noun
indices. It also collects some structural information about

objects which is passed to pass 4 in the intermediate code. It

12



replaces constant references 1in the token strear by their

values or addresses.

1.3.4 Declaration Analysis

Pass 4 performs storage allocation and outputs data addressing
information along with data type information in the

intermediate code. The input to pass 4 references objects by

noun index, as assigned by pass 3. The output of pass 4 will
reference cbhjects by an addressing
mode/context/displacement/level 4-tuple. Additionally,

references to <c¢bjects will include the +type kind/noun/length
information. The output from pass 4 will denerally contain
only executable 1instructs; all declaration information will

have been distributed among the various executable operators.

1.3.5 Operand Analysis

The function of pass 5 is to perform operand type checking on
all of the operators in the progranm. This pass arpplies the

operand compatability rules of the lamnguage. The input to pass

5 references objects by addressing mode, displacement,
declaration ccntext, and lexical level. Additionally, object
types are referenced by type =noun, kind, and length. The

output token stream addresses objects imn much the same manner.

However, type information is coded into a smaller number of

types (word, balfword, byte, real, shortreal, set and
structure). The structure type includes a length
specification, and the other types have a fixed length. The

output is a abstract stack machine language.

13



1.3.¢ Machine Independent Optimization

Pass 6 of Pas32 performs constant folding and some

optimizations to simplify the operation of the later passes.

The basic operation of pass € is to build an in-memory data
structure (a stack of lists of +trees) representing one
procedure frcm the input text. Most constant folding is
performed while this data structure is built as are many of the
code transformations. This data structure is traversed to
output code for pass 7. During this traversal, a few
optimizations and transformations are performed which require
information not conveniently available while the data structure
was being built. Also, boclean logic is converted from boolean

operators to branching logic as the cutput is being produced.

1.3.7 Code Generation

Pass 7 of the Pas32 accepts the instructions of the virtual
stack machine produced by pass 5. The format has been modified
slightly 4in structure by pass 6. The output is 8/32

instructicns ready for assembly by passes 8 and 9.

Pass 7 performs register allocation for general and floating
point registers. It selects mackine ipstructions. it
generates symbolic references to code labels, procedure labels,
statement labels, literal constants, and stack depths. It may

also emit output for comstant declaratioms.

1.2.8 Machine Dependent Optimization

14



The main function of pass 8 is doing "fpeephcle" optimization.
It performs many simple, machine dependent optimizations, each
of which requires examinaticn of only a small, fixed amount of
code. Exanples include eliminating Tedundant labels,

elinipating unnecessary branches, removing unused code, etc.

1.3.9 Final Assembly

The final pass of Pas32 assembles the generated code +to 8/32
machine language. It translates the previously defined
symbolic labels to actual machine addresses. It also changes

previously defined instructions to actual machine instructiomns.

1.4 Differences between the two compilers

Although the two compilers have different numbers of passes, they
perform roughly the same compiling sequence as on many multiple pass
compilers. The differences are inm the data structure and in the
operations that manipulate it. These differences imply different

intermediate token streams for the two compliers.

The Builder pass of April EBuclid forms a Symbol/Type Table as the
main data structure. The subsequent fasses which do the semantic
checking, storage allocation and code generation, all operate on
this structure. Each pass of April Fuclid just adds to or modifies

the existing Symbol/Type Table entrys for its own use and for use by

the next pass. Neverthless, the intermediate code is still emitted
by each pass. Between the Parser amnd the Coder, all intermediate
token streams are identical, except for minor changes, such as

replacement of identifier numbers by table pointers in the builder

15



pass.

In the Pas32, each pass builds and uses its own data structure, such
as the spelling table and the entry records for Wame Analysis, noun
table for Declaration Analysis, operand stack for Operand Analysis
and tree stack for Machine Dependent Optimization. Each pass
accepts input tokens together with semantic information from the
previous pass, builds its own data structure, analyzes the
structure, and fprcduces a new token stream with new semantic
information for the next pass. The pass' data structure is then
discarded at the end of the pass. Each inter-tass +token stream

language is significantly different from the others.

1€



CHAPTER 2: LESIGN APPROACH
The interfacing of the two compilers takes place after the Allocator
pass of April Euclid and before the Machine Independent Optimization
(pass €) of Pas32. Since this 1is the c¢ommon place where both
compilers have finished the Syntactic and Semantic¢ analysis and the
storage allocation, it minimizes the complexity of the translation
and the modification of both compilers, yet still preserves most

features of the Euclid language.

The operations performed by the two compilers before and after this
point are of 1little concern to this project. The design was done
primarily by considering how the information in the token stream and
Symbol/Type tables fproduced by the Euclid allocator pass could be
transformed into a +token stream accertable to pass € of Pas32. A
modified April Fuclid coder pass { 8 ] was designed to perform this
transformation. The following are the considerations for the

design.

2.1 Prcject Scope

The full Euclid language contains many new features which are
not available in most computer languages currently used. Some
of these can not be tranmslated directly by the Pas32 code
generation passes. The April Euclid language subset of full
Euclid is semantically much closer to Pascal. This project is
limited to tramnslation of features supported by April Euclid.
L few extensions have been considered, but scme others such as
"parameterized types" [ 9 ] and "multiple use modules" [ 6 ]

are left untouched.

2.2 Flexibility and Understandakility

17



The full implementation of Euclid may be expected in the
future. Future expansion of this pass will also te required.
It is a major concern that future work «can easily be done.
Using S/SL, a Euclid feature not implemented by April Euclid
can be replaced by a warning or error message. This can be
easily replaced later. The S/SL lanquage itself is structured
and reasonably self documenting. The design is largely written
in S/SL and will cause no difficulty in understanding for a

reader familiar with April Euclid.

Use of the April Euclid Coder [ 8 ]

Another reason that this design is based on the April Euclid
Coder pass is that Coder has many useful semantic routines [ 15
] and data structures for the new pass. The new pass uses
almost the same semantic mechanisms as the April Euclid Coder.
The portion of the Coder writtem in S/SL also provides an
understandakle rasic logic sequence that the new translation
needs. Basing the design on the April Euclid Coder not only

increases understandability but reduces the design work.

Design logic

April Euclid keeps all the inforeation akout symbols and types
in a Symbol/Type Table; the token stream of April Euclid just
represents the syntax of the language. Pas32 keeps all the
semantic infcrmation in its token stream. The translation
lcgic for the design is a syntax translation with extra
information taken from Euclid Symkol/Type Table and put into
the cutput token strean. Most syntax translations are fairly

18



2.5

easy; the difficulty remains in locating the required semantic

information and emitting it at the right place.

Specification of the implementation

Though this pass takes many useful tools directly from the
April Euclid Coder, there are still some semantic mechanisms
which had to be modified, removed and added. This design gives
only the specifications of these altered functions (appendix
B). Examples are the New semantic routine "OFushNewlooplabel®,
which operates on a new mechanisn, the "Loop Stack"; The
semantic routine "OAdjustRunTimestackDepthSubrout ineBegin",
which has been removed because this is not really a rumn time
code generator; and the April Fuclid Coder S/SL procedure
"EnterTypelInfoIntoSymbol" which takes information from the type
stack and enters it into the corresponding symbol stack entry
for later assignment use, which has been modified to add more
semantic routines to enter additional information needed for

the assignments by Pas32.

We have mentioned that some work can not be dome by direct
translation. Many new semantic routines are designed on the
assumption that some changes to the Euclid Symbol/Type Table
can be made by modifying earlier rasses. These new semantic
routine and the required table changes are specified by this
design. A typical example of these is to emit semantic
information that is not currently available within <the April
Euclid Symbol/Type Table, such as the parameters length for a

rcutine.

19



Some changes also have to be made to Pas32 pass € and later, in
order to accept the new features of the April Euclid language.
In most cases, new operators will serve as the communication
between the April Euclid and Pas32. We define the function of
these new operators im this design; it will be the work the
implementor to decide how acturely implement them. For
instance, a new operator "pop" is emitted to Pas32 pass € if an
unnecessary expression has been dgenerated by this new pass.
When Pas32 pass &€ accepts the operator, it will delete the

built tree structure for that expression.

All the design work, including translaticn S/SL, specification
of modified semantic mechanisms, specifications for changes to
earlier April Euclid passes and specifications for changes to

later Pas32 passes, is listed in appendices.

20



CHAPTER 3: IHMPLENENTATION DIFFICULTY
In this design, most translations are fairly straightforward. There
also exist some translations which need more thought, where sone
others can not be bhandled by this pass itself. The main purpose of
this chapter is to detail these probleas. We have given the
solutions to most problems encountered; we also give the suggested

solutions to problems not solved by the new pass.

3.1 Scope of a Module

A Euclid module is a generalization of a record type. Module
conponents may be declared as constants, variables, routines
or types. Identifiers declared inm a module are anot kmnown
outside unless they are exported explicitly [ & ]. Since
Pas32 does not have a useable equivalent of modules, we remove
the toundaries of modules. This means we treat the local
identifiers of the modules as local to the same scope as the
nodule itself. The module is invisible to its surrounding
block after the translation. An exported routine of this
rodule =shculd be seen as normal routine internal to the

surrcunding blcck.

3.2 Defining the outermost scope for entering a program.

In Eunclid, a maip program is defined as a module type. A
problem arises when encountering the main module, since the
main module does not have any surrounding hblock. It would be
necessary to define a unique semantic routine that generates
level ipnformation for main prcgram call and entry. The
solution used instead is to push a dummy Symbol Stack entry

and +to enter the Pas32 program 1level before we reach the

21



program module in Eucligd. In this way, we carn retain

consistency in referencing variables which are declared in

pmodules.

3.3 Scope of INVARIANT routipe, INITIALLY routime and FOST

rcutine of a mcdule
Consider the fcllowing example of a Buclid module:

VAR modulename: module
CHECEKED
CONST stringmaxlength: VALDE := 30;
TYPE stringindex = 1 ..stringmaxlength;
VAR varl: stringindex;

PROCEDURE proceduretl

PRE c / 4 = 2;
POST ¢ / d = 2 % k;
BEGIN

END procedurel

IRITIALLY

BEGIN

procedurel;

END

22



INVARIANT
X +y= a+ b;

END MODULE

INITIAILY is a parameterless procedure that will be executed
when an instance of the module is created. It could call
other routines declared inside the ®module. A call on
INVARIANT may be generated by the compiler hefore exiting from

INITIALLY.

INVARIANT is a boolean expressicn that will always be true
during the lifetime of the module variatle, except perhaps
when one of +the procedures of the module has been called and
has not yet returmned. It is evaluated by INITIALLY and by
other procedures of the module (before the execution of the
body and after the execution of }tody). If the expression is

false, a runtime error is generated.

POST is also a boolean expressicn that should be true after

8
n

the routine body is executed. It handled similarly to
INVARIANT., INVARIANT and POST expressions are translated into
procedures. The difficulty is that neither of them has a
ccrresponding Symbol Table entry, which means no information
about the scope they belong to can be found in the normal way.
The semantic routine "GenerateOneUpperlevel" 1is therefore

added. It will emit one higher level than the level of the

top routine on the Symbol Stack.

For INITIALlY, either when compiling a call or when compiling

the routine, the top symbol on the Symbol Stack at the time is

23



the module variable. Since a mcdule does not form its own
scope, We must search the second top symbol of +the Symbol
Stack to locate the routine which surrounds that module and

then perform the semantic roution "GenerateOneUpperlevel®.

For the INVARIANT routine entry point and for the INVARIANT
call statement within INITIALLY, the situation is the same as
above, Dbut <for the INVARIANT call statement within a local
procedure of +the module, because the tor symbol on Symbol
Stack is feor the procedure we are inside, we need to find the
third top symbcl of the Symbol Stack. To make a consistent
rule for «calling INVARIANT, a demmy symbol stack entry is
pushed before calling INVARIANT in the INITIALLY routine and
is popped after the call, such that the third entry of the
symbol stack will always be the appropriate outer scope of

INVARIANT when need.

For the BOST routine, the semantic routime
"GenerateOneOprerLevel” 1is just applied to the top of the

Symbol Stack.

Compiling one fprocedure at a time.

The code generation passes of Pas32 can't compile nested
procedures. The token stream emitted by the modified Coder
contains nested procedure bodies. So when entering a new
routine and when leaving that routine, newv tokens
"skipForNesting" and "ResumeForNesting™ will be emitted. The
Pas32 Code Generator will figure out how to rearrange the

procedures.

24



Compiling a FOEWARD routine.

This problem alsc arises for because Fas32 compiles a
procedure at a time. A routine declaration with FORWARD
specified has its body declared somewhere later +than the
routine call statement. Earlier passes of Pas3Z merge the
forward declaration with the body, for PASCAL programs.
Euclid also has forward declarations, Lut they are not merged
by earlier passes of April Euclid. The token stream emitted
by the new pass for forward declarations and their bodies is
similar to that of nested <routine. We emit a new token
"BeginBodySplit" when compiling the ®FCEWAEKD", which tells
Pas32 pass 6 that the body of the routine is separated fronm
the heading, and emit a new token "EndBodySplit" when reaching
the body of this routine. Again, Pas32 must be modified to

accept this kind of split procedure body.

Initial values in variable declarations.

In Buclid, variables can have initial values and these may be
nonmanifest. e.g. VAR a,b,c,-.. : integer := 4 * x; 1In
compiling the statement, it is necessary to process the
declarations of variables while deferring c¢ode generation
until the exXpression giving the dinitial value is evaluated.
Although the code for evaluating the initial value can be
generated after, it is difficult to get multiple copys of the
value and assign one copy to each of the variables. In fact,
without changes to Pas32, it would be necessary to generate

code to evaluate the expression repeatedly. The solution



chosen is to emit the name of eachk variakle declared, and keep
track of the number of variables processed by using a counter.
After the code for the expression is emitted (only evaluate
this once), a new operator "InitialAssign" or "InitialCopy" is
produced depending the assiqn type, also giving +the counter
value. Pas32 must be able to make multiple assignments from

this ogperatar.

Assigning a value to a comstant

In Euclid, a constant value can be a nonmanifest expression.
The value for that constant must be decided at block entry,
and can not be changed during the lifetime of +the block. A
defined ccnstant can have different values in different
blocks. The coder pass of April Buclid deferred nonmanifest
constants. However, this pass translates them anywvway. For
nonmanifest constant initializaticn, the translation is just
like variable initialization. This Beans assignment to a
constant will be made. A reference to a nonmanifest constant

will be treated as variable reference.

Passing manifest parameter size to routine call and

Ioutine entry

Pascal requires the total size of all +the parameters to be
emitted as a ccnstant value on a routine call and on a routine
entry. This design assumes the April Euclid Allocator pass
has solved this problem and has put the correct size of
parameters into the routine's Symtol Takle entry, such that it

can be emitted directly from the top Symbol Stack entry.

2€



3.9 Loop stack for loop statements

Euclid defines loop statement as:

LOgP

statenment

IF ... THEN EXIT
EXIT WHEN expression

. s =

ENDLOCP

The statements in the scope are executed repeatedly until
control leaves the scope through one of the EXIT statements.
A nevw stack with one entry for each loop statement is added to
the modified Coder. The reason for creating this new loop
label stack is that an EXIT statement may appear inside an IF
statement, and its labels would otherwise be mixed up with the
labels created in compiling the IF expression. The loop stack
entry will only have a locp entry label and a loop exit label.
This is a convenience for EXIT statement [processing, which

need only pick the top label of the loop stack to jump to.

An alternate method for this translation might be to follow
what the April Fuclid coder does. Instead of creating a new
label stack, April Euclid uses a construct stack. It
accumuilates all the exit labels of a loop in an appropriate
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3.10

construct stack entry, and emits them at end of the loop body.
A search to the nearest construct stack entry for a loop must

be made when exiting and emitting the exit labels.

Massertion" test

In Section 3.2, we defined the INVARIANT and POST assertions.
The ASSERT and PRE statements are similarg all contain
expressions which are supposed to hold whenever control
reaches the aprropriate pcint in the program, and execution of
the object program must be terminated if one of these

expressions is false.

When the bgcolean result is false. The new operator
"ErrAssert" together with a 1line number will be emitted to
satisfy this regquirement. Pas3Zz must accept this operator
and translate it into code +which generates an unconditiomal

runtime error %Assertion failure".

Nonmanifest range checks for assignment

For assignments to enumeration types and subrange types, a
"range" operator together with the value of "first" and "last"
must be emitted for the ©Pas32 code generation passes to
generate a run time check. Since "first" and "last" of a
enumeration type or a subrange type can ke nonmanifest in
Euclid, a new operator "varrange" is added. nfirst"® and
"last" for this operator will be deneral expressiomns
preceeding "varrange" rather than fixed semantic operands, as
they are fcr "range". The Pas32 code generation passes must
accept this operator.
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3.13

3. 14

Referencing an element of nonmanifest sized array

In Pascal, array subscripting requires an operator "index"
together with the value of "first", "last" and "size". In
Pascal, these values are all manifest, tut nct in Euclid. We
add a new operator "addrindex"™ and emit it if any one of the
three is nonmanifest. Similar to "varramnge", +this operator
accepts "first%, "last" and "size" as expressions preceeding

the operator.

Optimizing logical expressions

Both the April Euclid coder pass and pass 6 of Pas32 optimize
boolean expressions by branching logic which avoids evaluation
of the second operand of a boclean orerator when the first
operand determines the result. This optimization is also done
in the modified coder, which means pass € will find no cases

it can optimize.

New operatcr %pop"

Consider the following example:

TYPE pointer = @mrecord
mrecord = RECCED
X : INTEGER
M : MODUORE

PROCEDURE a

- -

END MODULE
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END RECORD

VAR pt : pointer

After the pointer is created, if we make a reference pta.m.a,
the code fcr the reference will emit the address for pt, and
through indirection get the address of the record and add the
field displacement to compute the address of pta.nm. Finally
when the +translation reaches "a", we discover that it 1is a
procedure call. The translation just generates a procedure
call to that a's code, but the useless address computation
previously enccuntered is already emitted and certainly will
be translated by Pas32. The way to eliminate this expression
is to generate the new coperator “pop". The "pop" operator
means throw away the most recent expression. Pas32 pass & can
do this by eliminating the useless expression altogether, so
no code for it is generated. The "pop" operator is wused in

several cases besides the cne shown by the example.

Processing local nonmanifest sized variables at routine

entry and at declaraticn

Pascal requires that the size of variakles declared within a
routine should be presented at the routine entry point as a
constant value, so that the activation record for that routine
can be allocated at run time. A problem occurs when
nonmanifest sized variables are declared as 1local to a
routine, which Euclid allows. A new oferator should be

defined for use when compiling a nonmanifest array declaration
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(This is not dome in our translation). Pas32 will have to
generate code to allocate stack space and compute and store an
address in the activation record that will point to the
allocated space. In the routine's activation record, we only
have to reserve the space for the pointer. This means we
still have a manifest variables size for the routine entry.
Apparently, Since we haven't reached the 1local variable
declarations of +this routine vet, space required for these
Fointers will have to be allocated by the Allocator pass. A
new field giving variables size should bte added to routine's
Symbol /Type Table entry, such that Aallocator can enter the
information, and the Coder can emit the value without

difficulty.

Handling return values in functiomns

Pas32 was a <certain address for storing the result of a
function, depending on the type of the return value. In
Euclid, each function has an explicitly declared result
variable which can be found from the function's Symbol Table
entry. In the translation, a rroper assignment is made to the
result variable when returning from a fumnction. Correction
must be made tc the result variable's address to match Pas32's
definition. The Euclid Allocator pass again must take this

Tesponsibility.

Deleted features

The following are the features in Euclid that can not be

implemented using Pas32 without drastic modifications. These
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3.18

features are deleted from the translaticn.

Code Blocks

These allcw the programmer +to write a precedure body in

assembly language.

Machine Dependent Record

These allow the programmer to specify bit 1layouts for record

fields.

Size of nonmanifest parameters in routine formals and

rcutine entry (not solved in this pass)

This problem is similar to problem that described in Section
3.15 Pas32's code generation passes eXxpect a manifest total
length for parameters, both in «calls and in procedure
headings. For any parameter that is passed by address or any
nonmanifest-sized ©parameter, a one word field should be
allocated to be the pointer to the actual parameter. In this
way, the parameters length at routine entry will be manifest
and can be compiled by a rrevious pass. The routine's Symbol
Table Entry must have an added field to store the total

parameters' size.

This differs from the tramnslation of lccal variables, where
declarations are processed after the routine entry. The
formal parameter declarations are processed earlier than
routine entry, which suggests that we can determine the
parameters' size in the modified pass. Because too many
semantic operations would be involved to do the job within
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this pass, the former methed is chosen.
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CHAPTER 4: FINAL REHMARKS

Previous work.

A translator has been writtem in Fas32 Fascal language, which
translates FEuclid Programs to Pascal Programs [ 7 ]. This has
been used to +translate all the passes of April Euclid to
Pascal. The translated April Euclid compiler is then compiled
by a slightly modified Pas32. This gives the April Euclid
compiler written in Interdate 8/32 machine lanquage, which can
ncw be rumn on a local machine. It can translate Euclid

lanquage to PDP11 machine code.

Later, once this design is implemented, this procedure can be
used to translate the modified April Euclid passes, when they
are available. This, in combination with the modified code
generation passes of Pas32 will give an April Fuclid compiler
which runs on and generates code for the 8/32. This new
compiler can then be used to translate the ©rortions of itself

written in Euclid, thus completing the bootstrap.

Work accomplished by this project

This project produced the following design itenms:
Modified coder SSL (appendix A).
Specification for changes to

—- coder semantic mechanism (appendix B).

-- April Euclid Allocate pass (appendix C) .

-- Pas32 pass €& through 9 (appendix D).

Deferred features

The following Euclid features are not implemented by this
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design. A1l of these are also not implementd by

Euclid compiler.

Multirle Use Modules
FINALLY routines

BIND variables
Nonmanifest array bounds
Variant Records
Counted Collections
Zones

Parameterized types
FOR loop statements
RETUEN WHEN statements
Nonmanifest constants
Sets

long ccmpares

Future work

As mentioned in the first paragrarh, the final work
project is to actually translate Euclid programs usin
compiler. The design work for the translaticn is Bmos

the next steps should be:

4.4.1 Write the modified sermantic rcutines

The semantic routines used in this translation a
taken frcm the April Euclid coder. A Loop La
mechanism has been added, and the Lisplay Stack
Stack have been taken out. Some extra fields
added to the Extended Symbol Stack. Some other
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the Symbol/Type Stack of Euclid may not ke required by our
pass. The simplest way to write the modified routines is
probably just to leave the useless things along and add new

things. The necessary changes are specified in appendix B.

4.4.2 Implement new operators

New input operators for the Fas32 code generation passes
have been introduced into the design. Passes ¢ and 7 of
Pas32 must be modified to handle these. Pass 8 and Pass 9
may alsc need minor modification. These are specified in

appendix D.

4.4.3 Modify April Euclid 2llocator

Some information that +the Allocator presently can not
supply is required by the modified coder. This concerns
adding new fields to the Symbol Table entry and supplying
them with manifest values. Assignment of displacements to
fields of activation records must alsoc be changed to match
Pas32's conventions. The required changes are specified in

appendix D.

4.4.4 <Translate and compile the modified compiler

See 4.1

4.4.5 Extend the design

Many features have been deferred by this translation as
indicated above. Unfortunately, these features also are

the main features which make Fuclid different from Pascal
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language. On the other hand, since the Euclid compiler
itself hasn't implemented those yet, this extension work

will be a long term goal.
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APPENDIX A

Modified April Fuclid Coder S/S1L
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% 100

Program:
OInitialstacks % Initial all working area
@dPervasive % Skip token p140
=AType
=AIdent
OPushIdentSymbol
[
| AParms: #EAbortParmsOnMainModule
P o* H
]
[
| APre: #EAbortPreMainOnModule
P *
]
[
| AForward: #EAbortForwardOnMainModule
| * :
]
{
| APacked: #EAbortPackckedOnMainModule
| * H
]
[
| AModule:
OPushSymbolType % Type entry of main module
@GenerateProgramHeader % Enter main program. pl05
dModuleBody % Single Used, p110,eB868
@ModuleTrailer % Skip 'endmcdule' pi05
@GenerateProgramTrailer % Call to main program. pl05
- €Ch % Output end
OPoptype % Pop module type
i * : EAbortProgramMustEBeModule
]
OFPopSymbol % Pop meodule symbol
OCheckStacks % Check if stacks
: p S are all poped
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% 105

% Generate program entry.
% Deferred external program call.

GenerateProgramHeader:

% Length of local variables are in module's type
¥ Need to fixed allocator to contain the info.

% Push extra symbol representing the scope

b4 before main mcdule.

.skipforpnesting % New ofperator

.startlist

-progran % Program mode

OPushNewlabel

OGeneratelabel % For progranm

OGenerateConstant[ zero] % No parameters
OGenerateMainVarlength % Take from module type
OPushNevwSymbol % Push a new symbcl to topr symbol
OEnterProgramlevel % stack and enter program level
OGenerat elLevel % For program

OSwapSymbol % Symbcl are: new symbol, module

GenerateProgramTrailer:

.Teturn

. progranm
.resunefornesting
.startlist

Call tc main progran

Return program mode

% Generate call to program

-call
.program
OGeneratelabel % For maim progranm
OGenerateConstant] zero]) % No parameters
OSwapSymbol % Symkol are: module and
OGeneratelevel % program level
OPopSymbol % Pop program level symbol
ModuleTrailer:

=AEndModule
[

| REndIdent:

=AIdent

| *:

1
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£ 110

ModuleBody:

OSelectTypeAttrikute[ TySinglelUse]

[0OTestTypeAttribute
il On : OPushConstruct[ CsingleUseModule]

] * : #FDefferredMultipleUseModule
OPushConstruct[ CmultipleUseModule]

]
[
| AModuleIdent : =Ident
| * =
@ImportClause % Skip iden p140
AExportClause % Skip iden p14sS
dPushAppropriateCheck % pli5
[ 0IsChecked % Checks Check Stack
{ Yes:
[ 0IsModuleTypeInvariantPresent % Entered by previous
% pass.
|Yes: OPushNewlabel[ CoInvariant] % Invariant label
OEnterlLabelTypelnvariantAddress
OPoplable
| *2
]
I*:
]
@Declarations & pi155, eulldil
@0ptionalInitially % p1z0, eu926
[
{ AAbstraction:
#EAbortAbstraction % Allocator removes Abstractions
| *:
]
@0PtionalInvariant % gli5,
?0PtionalFinally % eu958. Deferred. p120
OPopConstruct
OPopChecked
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PushAppropriateCheck:

{

[ ANo tChecked
|AChecked:

i*:

]

OptionalInvariant:

{

jAInvariant:

: OPushNotChecked
OPushChecked
OPushCoryChecked

% Top symtol,

[ 0Ischecked:

[*:

{Yes:

| *:

.skipfornesting
-.startlist
-epter
-pProc_mode

OGenerateInvariantlabel
OGenerateConstant[zero]
OGenerateConstant[ zero]

CSvapSymbol

OGenerateOneUpperLevel

OSwapSymbol

@BooleanControlExpression
@ResolvesymbolBooleanTrue

OPushNewlabel

«Jjump
OGeneratelabel

CGenerateSymbclBooleanshun

.errassert
CGenerateNewline

.labeldef
OGeneratelLabel
OPcplabel
CPopSymbol
.return
-Proc_mode
-.resumefornesting
@SkipExpression

42
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% 115

module

Generate entry for
Invariant

treat as proc mode
in module. see p110
No parameters

No variables

before module on top
then top symbol
module on top

E410, elde5sy

jump falselab. truedef
Emit jump to

true
label

% False labels

New coperator to PASCAL
Emit run time error
and line number

emit label definition
for true label, from
top label stack
Boolean result

Emit exit invariant
It is proc mode.

% p150



% 120

Optionalinitially:
% Pre: Top symbol: module; top type: module,initially
% Post: Top symbol and tof type is mcdule

OptionalPinally:

22 2R 2@ MR

[

}AInitially:
OPushInitiallyType % Find initially routine type table

% index and push to type stack

@InitiallyRoutineDeclaration % p125, 1707
OSwapTyEre % type are: initial routine, module
OSelectTypeldttribute[ TySingleUse]}

[

]

|On:

*e

OSwapType % type are: module, initial routine
.startlist % Generate call to initially

.call

«proc_mode

OGenerateRoutinelLabel % from initially type
OGenerateConstant[Zero] % no parameters
OSwapSymbol % Symbol before module on top
OGenerateOnelpperlevel % From top symbol
CSvapSymbol % Module om top
O0SwapType % Initially routine, module
#EdeferredMultiplelseNModule

OSwapType

OPopType

I*:

IH

|APinally:
#EDeferredfinally
OPushFinallyType
#FinallyRoutineDeclaration
OGenerateFinallyEndCcmment
OPopType

% Type are: module

% Top type describes module
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% 125

InitiallyRoutineleclaration: % Pre and Post:
% Type are: initially routine
% Symbol are: ... module

.skipfornesting
OGenerateInitiallyBeginComment

OPushNewlabel[ CoRoutine] % For INITIALIT routine address
OEnterlabelTypeEntryAddress % Enter label to top Type Stack
.startlist

.enter

OGeneratelabel % from top lable stack
OGenerateConstant{ Zero] % parameters

OGenerateVarlLength % The field to store the length of

% variables should be already added to
% Type Table. Allocator should enter
% the value.

OSwapSymbol % Symkol before module on top
OGenerat eOneliprerlevel % from outer block
OSwapSymbol % module on top
OPcpLabel % Initially routine label
O0SwapSymbol % Symbol: module, routine before module
@RoutinePreAndPostAndImports % p13Z e1926
OSwapSymbol % Symbol: routine before module, module
[
|ABegin: OPushConstruct[CoRoutine]
#BlockbodyForRoutine % p230
OGenerateConstructRcocutinelabel % for embeded return
@CleanlUpBlock % p130, currently, just skip
OSwarSymbol % Syerltol: module,
% rcutine before module
@CallPostIfNeed % p130
OSwapSymbol % Symkol: rcutine before module,
% module
QPushlewSymbol % Dummy symbol, see p132
@CallInvariantIfNeed % pli32
OPopSymbol % Pop dummy symbol
.return % return to initially call
-proc_mode
OPcpConstruct
[|ACode: @CodeBlock % Code block is eliminated
3
.resumefornesting !
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% 130

CleanUgpBlock:
[0IsConstructCleanUpNeedForBlock 5 c2137
{Yes:; #EdeferredRobberVarsAndFinally
1 *:
]
CallPostIfYNeed: % top type: normal routine or initially routine
% top symbol: normal routine
% or
y .+« Bodule, routine before module

[ 0ChooseTyfpeFostAddressKind

[CoNcKind: % Do nothing
| *: .startlist % Generate call to post routine
.call

-proc mode
OGeneratePostlabelAddress Fost address in
routine' type table
¥o parameters

from cuter block

OGenerateConstant[ Zero]
OGenerateOneUlpperlevel

AN M
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CallIinvariantIfNeed:

B2 22 29 24 28 ¥ 54 3% 24 39 9

Type: ... module, routine
Symbcl: before module, module, routine or dunmy

Invariant will be called by Initially routine or

normal routine,

When called by normal routine, Symbol are: before
module, module, routine.

When called by Initially, Symbol are: before module,
module, duenmy symbgcl.

The reason for pushing a dummy symbol inpl25

is for consistence in retrieving the scope information.

OSwapType % Type are: ... routine, module
[0ChooseTypeKRind

jTyModule:
[oChooseTypeInvariantaiddressKind
[CoNoKind: % Do nothing
| ¥: OSelectSymbolAttribute[ SyExported]
[ OTestSymbolAttribute
iCn:

%

132

.5tartlist % Generate call to invariant

-call
.proc_mode

OGeneratelInvariantlabel % From module type
OGenerateConstant[ Zero]} # No parameters
CSwapSymbolLletTargetBeTop % Symbol: module,
% routine or dummy,
% Lefore modle.
OGenerateOnelpperlievel % From top symbol
OSwapSymbollLetTopBeTarget % Symbol: before
% module, module,
% routine or dummy
| *:
3
]
1*:
]
OSvapType % module, routine
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% 135

RoutinePre AndPostAndImports:

% Top type: initially rcutine or normal

% routine
% Top symbol: .. module, routine before module
% or
% .-« normal routine
aImportClauses % £l40, Jjust skip token
[
|APre: @AssertionExpression % p410, e2384
1*:
]
[
jAPost:
[ OIschecked
|Yes:
.skipformesting %
OPushN¥ewlabel[CoPost] % label are: post
OEnterlabelTypePostAddress % Post label enter Type
.startlist % Entry for a post
-.enter
-proc_mode
OGeneratelabel % Post lakbel,
% from label stack
OGenerateConstant[ Zero] % No parameter
OGenerateConstant[ Zero ] % No variaktle
OGenerateOnelUpperlevel % From top symbol stack
OPoplabel % Pop post label
dAssertionExpression % pl41Q
-.return
@GenerateMode % From top Symbol
.resumefornesting %
1*:
dskipExpression % pl50
a
| *: % No post
]
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ImportClauses:

{
L

[AImports:
@ImportIiten
{
{
}AEndinport: b g
| *: aImportlIten

InportItem:

dPervasive % pl4o0
@BindingCondition % pl40
=ATIdent

Pervasive:

[

|APervasive:
I*:

IH
BindingCondition:

[
|AVar:
jARcadOnly:
| AConst:
1*:

j |-
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ExportClause:

[
|AExports: @ExXportlist
1*:

3

Exportlist:

@ExportItenm % 45
{
{
IAEndExportss: >
|*: @ExportItem
]
Y
ExportlItenm:
[
jAAssign:
jAEqual:
| APointer:
JAIdent:
L
| ATo: =AIdent
| *: aWithClause
1
1*:
@#BindingCcndition
=AIdent
dWithClause
1;

% p14s

% p145

% p1t0

% p140

% pls0
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WithClause:
[
jaWith:
{
f
J]AEndwWith: >
i *: @ExportIten % plus
]
1
*:
}s

SkipExpression:

{
€
|AEndExpressions >
|Subss @SkirSubscrirts # p150
|AIn, ANotIn: @S5kipExpression % pi150
[
| ATo: @SkipExpression % p150
1*:
[*: OFlushInputToken
]
}s
SkipSukscripts:
{
JAEndSubs: >
{ASubs: @SkipSubscripts % p150
[*: CFlushInputToken
]
1
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% 155

Declarations:

{APervasive:
P*:

[AInline:
1*:

fAVar:

@VariableDeclaration % 1€0
fABind:

#EDeferredbind
|AAssert:

@AsserticnExpression % p410
|AConst:

@#ConstantDeclaration % p190
}ATyre:

@Typeleclaration % pl195
JAConverter:

@ConverterDeclaration % pl85, el2ee
|AProcedure:

dRoutineDeclaration ¥ p200, e1669
jAFunction:

@dRoutineleclaration % p200
%
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% 160

Variablebeclararticn:

=AJdent
OPushIdentSymrbol
OPushSymbolType
BdResolveToliteralType % p24%
OPushCount[One] % Count the declared identifiers
[
jAAt : @SkipExpression % pi150
1*:
{
[
jAIdent: OPushIdentSymlol
OIncrementCount
[ *: >
]
}
]
=AVarType
#TypeDefiniticn % ple5, e130¢ % For nonmefifest array,
@#PushSizeSymbol % p385 % New operator should be
[0IsSymbolManifestValue % emitted here. together
|fes: % with the array symbolt's
R #EAbortNonManifestArrayBound % addressfas a pointer],
] % first, last and component
OPopSymbol % Pop size % size. Code should be
[ % emitted to calculate the
JAInitial: % size and allocate space
gSwapType % Type surrounding declaration goes on top
foChooseTyreKind
] TyModule:
OSelectTypeAttributef TySinglelse])
[0TestIypeAttribute
jon s % Good
| *3
#EDeferredInitialInMultirleUseTypes
]
jTyProcedure, TyFunction: % Good

|]TyRecord, TyMdrecord:
#EDeferredInitialInMultirlelUseTypes

]

OSwapType % variable goes on top

OPushCopyCount % save one for input to PASCAL
@AssigninitialvValue % p1e2
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| *
% no initial value

{

[O0CheooseCount
j0One:
>
1*:
CEopSymbol
ODecrementCount
]
}
OPopCount % origimnal ccunt
OPopType % Variable type
QPopSymbol % The last variakle symkol
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% 162

AssignInitialvValue:

{oChooseCount
[One:

| *

OFixVarSymbolDataDescr
@?EnterTypelnfoIntoSymbol % p340

.pushaddr % Declaraed variable
@GenerateMode % 415

OGeneratebisp

OGeneratelevel

@®AssignableExpression % Symbol are: var.., expr. p360
@aUnsignedIndication % p380
?ResolveBooleanJumpInsymbcl % p40s

OSwapSymbol % Symbol: init value, variable

@dGenerateRangeCheck % p385
{ oChooseSymbolExtensionKind
| SxScalar:
.assign
| *:
< COPY
OGenerateCopylength % Manifest only, see p375
]
OPopSymbol % Varialble Symbol
OPorSymbol % Initial value
OPopType % Variable type
OPorCcurnt % Pop the copy count

{
[ OChooseTypeCount

fCne:
OFixVarSymktolDa taDescr *
OEnterTypelnfolIntoSymbol % p340
- rushaddr
@GenerateMode
OGenerateDisp
OGeneratelevel
OFopCount % Pop copy count
[ *z2
OFixvarsymbolDataDescr
OEnterTypelInfolntoSymbol % p340
.pushaddr
DdGenerateMode % pl15
OGenerateDisp
OGeneratelevel
ODecrementcount
OFopSymbol
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% 163

Cne count on counter stack; symbol is: variable;
type is: variable type;

Generate new operator tc pascal, solve the initial
statement for Var a,b,c,d: sometype := expression
New operator 'Initialassign[rumber]', giving the
counter value as the number, that tell the PASAL how
many variable should be given assignment operation.
'"Initialcopy[ number }' rerlace the 'copy' operator.

29 3% 24 28 5] 24 24

@AssignableExpression % The init expr om top, p3€0
@ResolveBooleanJumpInSymktol % pi405

QPopSymbol % Pop expr, variable on top
dGenerateRangeCheck % for variable; p385
f OChoosesymbolExtensionKind %
} SxScalar,SxRange: ]
.initialassign % New operator
OGenerateCountvValue
I *:
.initialcopy % New operator. Manifest
OGenerateCountValue % value only
CGenerateCopylength % Manifest value only
]
CPopSymbol % The last variable symbol
OFopType % Varialble type
]
OPopCount % Original count

55



% 165

TypeDefinition: % top tyrpe table entry is the type
% 1306
[
|APacked:
I*:
9
|AEnum: @EnumeriatedTypeDefiniticn % E710, e13€8; just skip
jAArray: OFushIndexType % Type are: array, index
% index. p710
@ResolveToliteralTyfe % Pp245
dIndexType % g170, e1358
OPCETYype % Index type
CFushComponentType % Type: array, component
dResolveTolLiteraliyge % p24s
@Typelefinition % pl€s
QEcETYpe % Ccmponent
|ARecord:
@ kecord Body % pl170
@RecordTrailer % p710
|AModure:
@ModuleBody % p110
@ModuleTrailer % p10&
[ASet: CFushPRaseTlype
@?EesolveToliteralType % p245
@IndexType % p170
CEopType
| AMDRecord:
$EDeleteMachineDependentRecord
{AMDModule:
#EDeleteMachineDerendentModule
jACollection:
@CcllectionTypeDefinition % p18¢%
jaPointer:
=AIdent
OFlushInputTcken % Collection variable
j*:
@®NameCrRangeTypedefinition % p180
1;
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IndexTyre:

[

JAEnum: @EnumeratedTypeDefinition
I1*: #? NamedOrRangeTypelefinition

1;

EnumeratedIypeDefinition:

=hJIdent

{

[
jAEndEnum: >

1* =AIdent
]
1

RecordBody:

dDeclarationsInRecord

[
jACases #EAbortVariantRecord
b*:

1%

57

% p170
% p715, e1379

% p175

% deferred
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£ 175

DeclarationsInRecord:

|AVar:

@VariakleDeclaration % plie0
[AConst:

#ConstantDeclaration % p190
|APervasive:

=ACcnst

dConstantbDeclaration % p190
jARssert:

@A ssertionExpression % pi10.
| *: y.:

RecordTrailer:

=AEndRecord
[
|AEndIdent:

=AIdent
[*:
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% 180

NameOrRangeT ypeDefinition:

et379, R great difference from EUCLID.
An expression assign to last or first,
the last or the first symkol must be
emitted first. For Manifest last or
first, don't generate anything.
Pre: type are array, index.

symbol are array, array... array.
Fost: the same as above.

B2 e 3R A we 30 »a e

OPushTypeFirstSyrbol % 345 Symbol are: ... array,first
OFixConstSymbolDataDescr
[OIsSymbolManifestValue

iYes:

[*:

QPopSymtol % First
jAIdent: OPushIdentSymbkol % Symbol: .. arrary, indnt
[O0ChooseSymbolKind
| SyType: OPopsymbol % typename symbol
| *z2
QPopsynbol % typename symbol
@SkipExpression % pl150
]
| *:
@SkipExrressicn % p150
]
[
|AIdent: OPushIdentSymbol % Symbol: array,first,ident
[0ChooseSymbolKind
[SyType: OPopsymrbol
>
1 %3
]
]

% A variable or exfpression is assigned to first symbol
% Symkol: array, first, ident

OSwapSymbol % Symbol: array, ident,first
. pushaddr % for first address
.Sccnst_mode

OGenerateDisp

OGeneratelevel

O0SwapSymbol % Symbol: array,first,ident
OPushSymbolType % Type: array,index,ident
@#VariableValueWithoutPush % p250, ident already on top
dExpression % 8900, p3€0
@TranslateAssign % p375
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% Starting tramnslate last. Symbol: array. Type: array,index

=ATo

OPushTypelastSymbol % p345
OFixConstSymbolDataDescr
[0IsSymbolManifestValue

jYes:
OPopSymkol % Last
@SkirpExpression % p150

1*:
.pushadadr % Emit last address
OGenerateConstant{ sconst_mode ]
OGenerateDisp
OGeneratelevel
@Expression % p3€0
@TranslateAssign % p375

IH

€0
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CollectionTypeDefinition: % 1518
[
JACounted:
#EDeferredCountedCollections
[
{ACountMazx:

@SkipExpression % p150
| *:

1
jACheckable:
#§EWarningNoCodeToCheckCollections
1¥:

]

=AVarType

OPushObjectTIyre
@®ResolveToliteralType % pa2us
@TypeDefinition % p16=E
OPopType

[

|AIn:
#EDeferredlserZones
=ATdent
@SkipVariable

1*:

-

1;

ConverterDeclaration: % Just skip the converter declaration

% Converter shcould be already be solved previously
=AIdent
[
|AIdent:
|AProcedure: #EDeferredCcnverterCfRoutine
|AFunction: #EDeferredConverterOfRoutine
]
=AReturns
=AIdent;

€1
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ConstantDeclaration:

=AJdent
OPushIdentSymbol
OPushSymbholtyre
dResol veToliteralType
OPushCountf{One]

{
[
|]AIdent:
OPushIdentSymbol
OIncrementCcunt
1*:
>
]
3
[
|AConsType:
1*:
]
@TypeDefinition
{

|AValues:
@ConstValuelist
{
[ 0OChooseTypeCount
|One:
OPopSymbol
>
| *
OPop Symbol
]
}
OPopCount
OPopType

% 190

e1219

Manifest structure constant.
Manifest and nonmanifest
scarlar constant.

> 38 2 24

% ples

% Manifest structure constant
% p195, Just skip value

% Constant type
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% 191

[AInitial:
[ CIssymbclManifestValue
| yes: % Manifest scalar constant, No code emit
@SkipExpression % pl150
dUnseignedIndication % p380
{
[ CChcoseTypeCount
|0ne:
OPopSymbol
>
| *
QPopSymhal
]
}
OPopCount
QPopType % Constant type
1%*:
CEushCopyCount
dAssignInitialvalue % pl€2, Symbol, type and count
] % are poped

€3



% 195

ConstValuelist:
{ % manifest structure constant only.
[
|AEndValues:
>
|AValues:
@Const Valuelist % p195
| *:
@SkipExpression % p150
@UnsignedIndication % p380
]
}s

TypeDeclaration:

=AIdent
OPushIdentSymbcl
OPushSymbolType
@ResolveToliteralType % p245
[
|AParms:
#EAbortParameterizedTypeDeferred
| *:

|APre:

@A sserticnExpression % p410
1 *:

|AFcrward:
1*:
@TypeDefinition % p16s
]
OPcpTyrEe
OPopsynmbol
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% 200

RoutineDeclaration: % el6€9

=Aldent
OPushIdentSymbol
OPushsSymbolType
OSelectTypeRoutineAttribute{ TyFxternal ]
[0OTestTypeRoutineAttribute
|On: dExternalRoutineDeclaraticn % p200, e2012
| *3 @#InternalRoutineDeclaration % F200, el€89
]
OPopType % Routine
OPopsymbol

InternalRoutineDeclaration: % e1689, p200
% Top symbol, top type are routine

.skipfcrnesting
OGenerateRoutineBeginComment % Perserve from Euclid coder
[ OChooseTypeForwardBodyAddressKind

|CoNoKind: @virginRoutine % p205

| *:2 g@hlreadyForwardRoutine % p210
]

.resumefornesting

ExternalRoutinelDeclaration:

|AExternal: >

{AModule, ANTCModule:
#ELiteralModuleAsExternalFormalType

|*: OFlushInputToken

€5



% 205

VirginRoutine: % Not previous encounted with forward. e1769
% Top type, symbol: routine

OPushNevw Label[ Cokoutine]
OEnterlabelTypeEntryAddress

% Enter label reprents routine
% entry address to top type
% stack and its type takle
@Routine Formals % p215 e187¢€
-enter
@Generat eMode % Ep415
OGeneratelabel % From label stack
OGenerateParamslength % Emit total length of parameters from
% routine's Symbol Stack. Assume Euclid
% alocator pass has added this new field
% to routine's Symbol table entry. and
% has entered the length information.
% either parameters are manifest or
% nonmanifest
OGenerateVarsLength % Use the same technigue as
% OGenerateParameterslLength
OGeneratelevel
[
|AReturns: @FunctionResultDeclaration % el913 p210
I *:
]
@CallInvariantIfNeed % pl132
dRoutine PreAndPostAndImports % pi135
[
|APorward:

OPushNewLabel[ CoForwvardRoutine ]
. BeginBodysplit X New operator to PASs32, with the label
OGemneratelabel % of the splited body. inform PASCAL to
% Jjoint the body elsewhere.
OEnterlabelTypeForvardBodyAddress % Enter label to type
% stack and type table

OPoplabel
jAExternal:

OAbort % Already tested tyexternal
J¥3

@RoutineRody % p220, el824

€€



% 210

FunctionResultDeclaration:

=AIdent

OPushIdentSymbol

OPushSymbolTyre

@ResolveToliteralType % p245
@TypeDefiniticn % p165
OPopType

OPopSymbol

AlreadyForwardRoutine:

.EndBodysplit % To join a beginbodysplit
OGenerateForwardBodyAddresslabel % Emit .deflabel also
{

|AForvard, AExtermal:

OAbort

|*
]
@dRoutineBody % p220

€7



% 215

RoutineFormals:
.startlist
{
|AParms:
@RoutineFormal % p215
{
(
|AEndParms: >
| *2 @RoutineFormal % p21t15
]
}
i * % no fcrmals
13
Routineformal:
dPervasive % p140
#BindingCondition % ptao
{
[
]AIdent:
OPushIdentSymbol % Symbol and type: routine, parameter
OPushSymbolType
.Farnm
?GeneratelMode % pi15
@?GenerateContext % pl415
OGenerateDisp
OGenerateTypelength
% Assum allocator pass of Euclid compiler
% has caculated the length and added to
% formal's Symbol tables entry. either
% manifest or nonmanifest
OPopSymbol
OPopType
1*:
>
]
}
=AFarmTy e
@SkipTypeDefinition

€8



% 220

RoutineBody % Called by virgineroutine. Already forward.
% Body not external.

[
|ABegin:
OImnmediateTypelUpdate %
%
%
o

]

make sure top type stack is rewitten
in the type table, incase a
recursive call needs the addr of

the present routine.

OPushCcnstruct[CoRoutine ]

@#BlockBodyFcrRoutine

% p230, 2088

OGenerateConstructRoutinelLabel % For embeded return, if any

#CleanUpBlock % Small EUCLID, skip p130
@dCallpostIfNeed % pl130
[OChocseTypeKind

|TyProcedure: ®@CallInvariantIfNeed % pl132

|TyFanction: % Function no side effects

]

.Teturn

OSearchAndGenerateReturnMode

OPopCcnstruct

|ACode: #EDeletedCodeBlock

% Search Symbol Stack from

% the second top entry, until

% find a procedure or a

% function symbol, return the mode

jAForward, AExterpal: O©OAbort

1;

€9



BlockBody:

dPushA ppropriateChecked
@Declarations
{

[
|AIdent:

% plis
% p155

@AssignmentOrCallStatement

|AFxit:
2ExitStatement
|AReturn:

dEmbeddedReturnStatement

J]AAssert:
@AssertionFipression
|ABegin:
@BeginStatement
|AIE 2
aIfStatement
|Aloop:
2LoopStatement
|AFor:
@ForLoopStatement
|ACase:
@#CaseStatement
[ *:
>
]
}
@#CleanUpBlock
OPogpChecked;

70

*

- B

p2i45
p246
p235
p4 10
p247
p235

p24¢

p247

p130

% 225



% 230

BlockBodyForRoutine:

@PushAppropriatecCheck % p11S
@®Declaraticns % p155
{
[
|AIf:
adI1fStatement
|AAssert:
@ AssertionExpression
|ALoop:
@loopStatement
|ABegin:
@BeginStatement
|ACase:
dCaseStatement
|AIdent:
@?AssignmentCrCallStatement
|AFor:
@ForloopStatement
|AEndbegin:
>
|AReturn:
@ExplicitReturnStatementForEnd0OfRoutine % p240, e2230
D#SkipTcEndBegin
JAEXit:
OAbort % Exit stat should not be in routine body
]
1

@0ptionalEndIdent % p230
@CleanUpBlock % p130
OPopChecked;

p235, e2316
p410, e2384
p24€, e2147
p247, e2045
p247, 2411
p245, e3€45

Not implement yet
Do nothing, implicit return

228 MM W MM e M oM

OPtionalEndIdent:

[
|AEndIdent:
1*:

13
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% 235

IfStatement:
@BooleanControlExpression % p410, ed€54. Translate expr
dResolveSymbolBooleanTrues % Generate False jump. p405, e4579
@BlockBody % THEN statements % p225
[
|AElse:
OPushNewlakbel % Exit label
«Jjump
OGeneratelabel
.deflakel
OGenerateSymbolBooleanShunts % Generate false labels
#BlockBody % ELSE statement p225
.deflabel
OGenerateLabel % Exit label definition
OPoplabel
=aendif
|AEndIf:
dGeneratesymbolBooleanShunts % Emit fasle label
1
OPopSymbol % Boolean result symbol

EmnkeddedReturnStatement:

dHandleReturnStatementValueIfFunction % p240

|2AWhen:
#EDeferredReturnihen

| %2
]
dCleanUpForReturnStatenent % 235
OPushNevwlabel{ CoBReturn]
- jump
OGeneratelabel
OMergelabelIntoRoutineConstruct % find the first encounter

% rcutine construct

OPoplabel;
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% 236

CleanUpFor ReturnStatement:

[0IsConstructCleanUpNeededForReturn
[Yes:
#EDeferredRobberVarsAndFinally
1*:

bH
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ExplicitReturnStatementForEndOfRoutine:

@HandleReturnStateMentIfFunction
[
|AWhen:
#EDeferred
1 *:

IH

HandleReturnStatementIfFunction:
% copy expr in return statement to
% result variable

[ OChooseTypeRind
| TyFunction:
[
lAReturnValue:
@PushResultVariableSymbol % p240, e1972
dAssignalleExpression % p360
@TranslateAssign % p375
|*: % Do nothing, since result variable
] % should already be given value
JTyP1ocedure: % Do nothing
15
PushResultVariableSymbol: % 1972

OPushTypeResultvariableSymbol

240

OPushSymkboltyre

dResolveToliteralType % p245

OFixVarSymkolDataDescr

?EnterTypelInfoIntoSymbol % p340

« pushaddr

@®GenerateMode % p415

OGenerateDisp % Result varialkle should be already
OGenerateLevel % fixed to Pascal convention
OPopType % result type
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ResolveToliterallype: % e3407

{

[OChooseTypeKind
|TyInstance:
[ IsTypeFarameterized
|Yes:
#EDeferredparareterizetype
i *:
CPushOfType
CSwapType
OFPofpType
]
1* >
]
L

AssignmentOrCallstatement:

¢ p250, €552

@dVariabl ehddress
[
|BAssign:
dExpressicn % p3e0, e3c€0
dTranslateAssign % p375
1*:
OPopSymbol % not assignment

% 245



LocopStatement:

OPush¥Newlooplabel
.deflabel
OGeneratelooplabel
@PushNewlooplabel
#BlockBody
OSwapLooplabel

« jump
OGeneratelooplabel
OPoplooplabel
.deflakel
OGenerateLooplabel
OPoflLooplabel
=AEndLoop

ExitStatement:

% 246

% Need a loop stack

242808 W

9

Push new label into loop label stack
for entering loop

for exit
p225
Loop label: exit, enter

Pop enter

exit label definition
Pcp exit

% Exit statement is not allowed in a blockbody for
% routine. It only allows in a beginstatement and
% other statement within the loop

[
{AWhen:
dBooleanControlExpression % pa10
dResolveSymbolBoocleanTrues % Emit false jump p405
. jump
OGeneratelooplabel % Exit lakel
OGenerateSymbclBooleanShunts % Emit false jump labels
1%
. jump
OGenerateloopLlabel
1;

16



% 247

BeginStatement:

OPushConstruct{CBRegin]

®#BlockBody % p225
=AEndBegin
OPcrConstruct
CaseStatement:
[ -
|AConst,AVar,AEeadOnly: % not implement

| *:

% Simple case statement
dAssignalleExpression % E360
.case_exX[r

@CaseBody % p248
ORearrangeCaseTable

% Pre: labelstack: exit, else or errlab
% Sort the top case table, enter else
% label or error label in missing slots
% after sorted, insert else label or
% error label as the first label in case
% table. also makes available the min
% and max value of case table labels

OPoplabel % Pofp else laktel

.casejunmg

OGenerateAndPopCaseTable

.deflabel

OGeneratelLabel % exit label

OPoplabel
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% 2u8

CaseBody:
OPushNewlabel % Exit label
.startlist
OPushNewCaseTable % B empty case table to top case table stack
{
JAlabels:
OPushNewLabel: % Label: exit, new
.deflakbel
OGeneratelabel % Emit new
OEntervariantLabelCaseTable
% enter above new label into case
% table to be a new variant
OPoplabel % Pop new. Label stack now is: exit
@Caselatel % p249
{
[
]AEndlLabels:
>
[*:
@Caselabel % p24S
]
}
@BlockBody % p22°%
- jump
OGeneratelabel % exit label
@SkipCaselabel % just the extra token % p249
1*:
[
|AEndCase:
CFushErrilabel % An error latel which will cause
% run time error
jACtherwise:
OPushNewlabel % Ctherwise label
.deflabel
OGeneratelabel
@BlockBody % p22°%
OSsarLabel % otherwise, exit
« jump
OGeneratelabel % exit label
CSwapLabel % exit, otherwise
=AEndCase
]
>
]
}s
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Caselakels:
dExrression
«PoOp
[
|ATo:
fe xpression
-pop
OEnter RangeCaseTable
OPopSymbol
1*:

OEntervalueCaseTable

]
QPopSymbol

SkipCaseLlabel:

dSkipEXpression

| ATo:
@SkipExpression
P*:

1;

22 8 A

8@ 2@ A

% p150

% E150

79
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g3€0
New operator to Pas32 pass €
Delete the expression from Pas32

Enter case table the range of top
two symbols® value and labels
Pop cne expr

Enter case table the value of
top symbols' value

Pop evalued expression



% 250

VariableAddress:

OPushIdentSymkcl
OPushSymbolType

[O0ChooseSymbolKind
|syVariable: OFixVarsymbolDataDescr % See Euclid semantic

@VarAddress % p270

|SyConstant: % Only scalar constant can bte nonmanifest, and
% its address can te referenced. Structure
% constant should not be appeared here

OFixConstSymbolDatalescr % Become sydata

#VarAddress % p270
| *: @RoutineCallOorsSytyre % p255
]
@AssertSymbolNctFunctionOrCcnverter % p33¢ e2627
@EnterTypelnfcInteSynbol % For later assignment p340
OPoptype;
VariableValue:
OPushIdentSymbol
OPushSymbolType
[ OChooseSymbolKind
|Syvariable: OFixVarSymbolDa taDescr % See Fuclid Coder
dVarValue % p280
ISyConstant: OFixedConstSymbolDataDescr % become sydata
@ConstantvValue % p290
| & dFoutineCallorsytype % p255
]
dAssertSymbolNotFunctionOrCcnverter % p335
@dEnterTypeInfolIntoSymbol % Fer later assignment p340
OPcrtyre;

VariableValueRithout Fush:

{ OChooseSymnbclEKind
jSyVariable: OFixVarSymbolDa taDescr %

@dVarvalue % p280
|SyConstant: OFixedConstSymbolDataDescr % become sydata
@ConstantValue % p290
| *: dRoutineCallorSytyre % p2E5S
]
®AssertsymbolNotFunctionOrCcnverter % p33s
@#EnterTypelnfcIntoSyrbol % p3u0
OPoptype;
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% 255

RoutineCallorsSytyre:

[O0ChooseSymbclKind
|SyProcedure: @ProcedurecCall % p255 e3 185
|SyFunction: @FunctionCall % p255
I|SyType: @PossibleSetConstructor % p335
|SyParameterizedType: @ParameterizedInstanceDefinition % p335
|SyConverter: @#ConvertercCall % p257
1;
ProcedureCall:

OSelectTypeRoutineAttribute[ TyBuiltin ]
[ OTestTypeRoutineAttribute

{0n: @NonBuiltinProcedureCall % p255
[*: % No
IH
FunctionCall:

OSelectTypeRoutineAttribute[ TyBuiltin]
[ OTest TypeRoutineAttribute

jon: @FNonBuiltinPunctionCall % p260, e3299

R @BuiltinFunctioncCall % only ord, chr. p2€5
1;

NonBuiltinProcedureCall:

% Pre and post: type and symbol are procedure

@Arglist % p262

.call

- Prcc_mode

OGenerateRoutinelabel % In routine type, top type stack

OGenerateParamsLength % see VirginRoutine p205
OGeneratelevel
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% 257

ConvertercCall:

28 28 > 2 239 39 24 »Q B2 52 22 R A 34 32 37 M A

% Pre:

Top type and symbol are for converter

% Post: Top typelunsolved) and symbo are for ccnverted value
% Nc code generated
OPushParameterType
[OChooseTypeKind
| TyProcedure,TyFunction: % Get address of routine

]

$EDeferredConverterOf Routine

OPopType % Paraceter type
OPopSymbol % Converter
CPushNullSymbol % Place holder till routine ident found
=ASubs
{
|AEndSubs: > % Assert: top symbol is routine
|AIdent:
OPopSymbol
OPushIdentSymbol
lASuks:
OFlushInputToken
]
}
CPushSymbolType % Routine type
OPopSymbcl % Routine
CPushTypeEntrytAddresSymbol % Result is entry address
OPcpTyEe % Routine type
% Parameter is a value (not a routine]
OPopTyFpe % Parameter type
OPcpSysbol % Converter
=ASubs
#AssignableExpression
-.pop % Pop the expression just built

@dUnsignedindication
OSelectsymbolExtensionAttributel SxPackingInEffect]
[ OTestSymbolExtensionAttrikute

jOnz
@ForcesymbolIntoWord
OTurnOffPackingInEffectSymbol
| *:
]
=AFndSubs
OEnterEesultTypeIntoSymbol % Result type is in conver type
OPushSymbolType % Type are: converter type, result type
CSwapType

OEnterSymbolKind[SyConstant ]
OPoOETY e % Pop ccnver type

§2



% 2€0

NonBuiltinFuncticnCall: % e3299
OPushTypeResultVariableSymbol
OPushSymbolType % Type of function result
OPushSymbolTyfre % Extra copy to resolve
@dResolveToliteralType % p245
[OoChooseTypeKind

| TyEnumerated,TySubrange,TySet,TyPointer,TyInteger, TyChar,
TyBoolean,TyStorageUnit:
] TyArray,TyRecord,TyModule,TyMDRecord:
#EDeferredNonScalarFunctions

]

. funcvalue %

OGenerateMode % Result' mode

OGenerateType % from resolved result variable

OGenerateSize % Manifest value only

OGenerateAlign % Alignment of the result variable
% New field in type.

0PopType % Resolved copy of result type

OSwapSymbol % Symbcl: result, function

OPopType % Type: function

dArglist % p262

«call

-func_mnode

OGeneratelabellypeAssress

OGenerateParamsLength % See Appendex B, number 1

OGeneratelevel

OPopSymbol % Pop function symbol. Result

- % symbol and result type now on top
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Arglist:

% Top

% 2€2

symbol and top type is routine

% Manifest parameters only,

% For
.Startlist

jASubs:

nonmanifest parameters, pass A/E record also.

OPushTypeFormalsLocator

% Formals symbol entry on locator stack

OPushCount[Zero] % Will be used to retrive a particular

{ % formal in locator stack
(
JAEndSubs: >
P *:
CiIncrementCount
OPushCountlocatorSymbol
% A formal on top symbol stack
OCPushSymbolType
OSelectSymbolAttribute[ SyPassByValue]
{ OTestSymbolAttribute
fOn:
@AssignableExpression % Actual p360
I *:
@VariableAddress % Pass by var, actual is
] % single variable. p250
@#0nsignedIndication % Just skip token p380
@dPassActureAERecordlfiieceded % if nomnmanifest,
% Deferred. p265
OPogSymbol % Pop actual,
-arglist % formal on top symbol
@GenerateMode % p41t
CGenerateDisp
dGenerateContext % p415
OGenerateSize %
dGenerateTypeRangeCheck % p263, Note: different
% from @GenerateRangeCheck
CPopSynbol % Pop formal
OPofrType
1

3

CPoplocator

OPopCount

|*: % No parameter

IH

84



% 2€3
GenerateTy peRangeCheck:
% Top Symbol and top type is for the symbol

[ OChooseTypeRind
|{TyEnumerated, TySubrange:
OPushTypeFirstSymbol
OPushTypelastSymbol
[{O0IsSymbolManifestValue
[Tes:
OSwapSymkol
[OIsSymbclManifestValue
|Yes:
-.range
OGenerateSymbolValue
OSvapSyambol
CGenerateSymbolvValue
I*:
@NewCperatorForRangeCheck
I*:J
OSvarSymbol
@NewOperatorForRangeCheck

]
OPcpSymbcecl
OPopSymbol
1*:
% No range check



% 265

BuiltinFunctionCall: % only chr and ord is implemented,

% How PASCAL do it? 7This may not wvork.

[ OIsRoutineSymbolChr
|Yes:

OPopSymbol % Pop Chr
=ASubs
.startlist
@AssignableFxpression % p360, Actual on top symbol
=AEndSubs
.arglist % The mode, disp, context, type and
OGenerateChrMode %length of a certain built in routine
OGenerateChrDisp % should be fixed and already known.
OGenerateChrContext % Just delete these semantic routine
OGenerateChrType % and output the actual values if

OGenerateChrlength % found.
- function

.chrl % standard function index.

.byte_type % byte

OGenerateChrSize % Replace these two semantic routine

OGenerateChrilign % to output actiom if the value known

1*:
[0IskRoutineSymbolOrd
| yes:
OPopSymbol
=A Subs
.startlist
@AssigpableExpression % p360
.arglist % The mode, disp, context, type
OGenerateordMode % and length of a certain builtin
OGenerateordDisp % should be fixed and known
OGener ateordContext % Just change these semantic
OGenerateOrdType % routine to the actual values if
CGenerateordLength % found.
.function
.ord1t
.word_type % ORD data type
OGenerateordsize % Replace these two to output
OGenerateorddlign % action if the value known
] ¥: % other not implement

]
]

OEnterSymbolRKind[sysconstant] % Into top result symbol

OEnterResulTypelntoSymbol % Frcm top type: builtin function
OPopType % Builtin function
OPushSymbolType % result type

PassActualAERecordIfNeeded:

% Support

for YParameter" deferred
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VarAddress:

% 270

% 2732, Generate address reference
% for variable or constant.
% Symbol and type is variable or constant

[
|ASubs: % Item is array or collection
dAssertSymbclvVvariableOrConstant % p341, can not be const
dAssertSymbolNotPackingInEffect % p335
@ResolveTcolLiteralType % p2u5
[ OChooseTypeKind
jTyArray: .pushaddr % Emit address of array
.lconst_mode
OGenerateDisp
OGeneratelevel
dArraySubscription % p8540, emit pushind
@ContinuevariAddress % p275
| TyCcllection:

OPopSymbol % Pop collection symbol. Type remain
dAssignableExpression % Symbcl: pointer. p3&0

=AEndSubs % Type: collection
@Pointing % p8545
@ContinuevVardddress % p275
]
| APointer: % Emite pushaddr, pushind but not pushvar

dAssertSysbolVariableOrConstant % p341
dAssert SymbolNotPackingInEffect % p335

@ResolveToliteralType % Pointer type, pB2U45
. pushaddr
-lconst_mode % Pointer mode
OGenerateDisp
OGeneratelevel
OPushTypeCollectionSymbol % symbol: pointer, collection
OPopType % Pop pointer type
OPushSymbolType % Type: collection
OPopSymbol % symbol: pcinter
@?ResolveTcLiteralType % Collection type, p245
@Pointing % p8545 emit pushind
@#ContinueVariAddress % p275

|AField:
@ResolveToliteralType % p2u5
. pushaddr
@dGenrateMode % p4 15
OGenerateDisp
OGeneratelevel
@DotAddress % p300

| *

% A simple variable without subscript, dot or point
% or a nonmanifest scalar cconstant

- pushaddr

dGenerateMode % p415

OGeneratelisp

OGeneratelevel
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% 275

ContinueVarAddress: % more subscriping, pointing and dotting
{
[
|ASubs:
@AssertSymtolVariableorConstant % p341
@A ssertSymbolNotPackingInEffect % 335
@ResolveToliteralType % p245
[OChooseTypeKind
|TyArray: dArraySubscripting % p350
JTyCollection: % tycollection should not appear imn hear
. pop % since it make no
OPgpSymbol % sense
@#Assignableixpression % p3€0
=AEndSubs
]
|APointer:
@A ssertSymbolvariableOrConstant % p341
dAssertSymtolNotPackingInEffect % p335
PResolveToliteralType % Pointer type p245
OPushTypeCcllectionSymbol % symbol: pointer,
% collection
OPopType % Pop pointer type
CPushSymbolType % Type: collection
OPopSymbcl % Symbol: pointer
@ResolveToliteralType % p245
@Pocinting % Emit pushind
JAField:
aContinueDot Address % p300
1*:
> % End Bmit address reference for variable or
] * nonmanifest scalar constant.
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VarValue:

[
|ASubs: %

% 280

% €2732, Generate value reference
% symble and type is variable

Item is array or ccllection

dAssertSymbclVariableOrConstant % p3a
dAssertSymbolNotPackingInEffect % p335
dResolveTclLiteralType % p245
[OChooseTypeKind

| TYArray:

. pushaddr % Emit address of array
.lconst_mode

OGenerateDisp

OGeneratelevel

dArraySubscription % p8540, emit pushind
@ContinueVarvalue % p285

| TyCollection:

]

|APointer:

OPopSymbol % Pop collection symbol. Type remain
dAssignableExpression % Symbol: pointer. p3¢€0

=AEndSubs % Type: collection
@Pointing % p8545
@ContinuevVarvalue % p28E

% Emite pushaddr, pushind but not pushvar

@AssertSymbclVariableOrConstant % p341
@AssertSymbolNotPackingInEffect % 335

@ResclveTcliteralType % Pointer type, p245
. pushaddr

.lconst_mode % Poimnter mode

OGenerateDisp

OGeneratelevel

OPushTypeCollectionSymbol % Symbol: pointer, collection
OPopType % Pop pointer type
OPushSymbclType % Type: collection
OPopSymbol % Syrbol: pointer
®ResolveTolLiteralType % Collection type, p245
@Pointing % p8545 emit pushind
@ContinueVarvValue % p285
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% 281

|AFielad:

| *

®dResolveTolLiteralType % p245
-pushaddr
dGenerateMode % p415
OGeneratelisp
OGeneratelevel
@DotValue ¥ p315
[oChocseTypeKird
| TyEnumerated, TySubrange, TyInteger, TyChar,
TyFointer, TyBoolean:
.fushvar
OGenerateType
.sccnst_mode
OGenerateDisp
OGeneratelevel
| *:
.pushaddr
-lconst_mode
OGenerateDisp
CGeneratelevel
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% 285

ContinueVarValue: % more subscriping, pcinting and dotting
[
|ASubs:
dAssertSymbolvVariableCrConstant % p341
dAssertSymbollNotPackingInEffect % p335
DResolveToliteralTyre % p245
[0ChooseTypeKind
|TYArray: @ArraySubscripting % p8E40
aContinuevVarvValue % p285
|TyCollection: % tycollection should not appear in here
. pop % since it make no seanse
OPcpSymbol
dAssignableExpression % p3€0
=AEndSubs
@ContinueVarValue % p285
]
|APointer:

dAssertsymrolvariableOrConstant % p341
@A ssertSymbolNotPackingInEffect % p33%
@ResolveToliteralType % Pointer type p245
OPushTypeCollectionSymbol % symbol: rpointer, collection

OPopTyre % Pop pointer type
OPushSymlolType % Type: collection
OPopSymbol % Symbol: pointer
@ResolveToliteralType % p245

dPointing % Emit pushind
@aContinueVarvValue % p285

|AField:
@aContinueDctValue % p325

|*: [OChooseTypeKind % end of Emit variakle value
|SyEnumerated, TySubrange, TyInteger, TyChar,
TyPointer, TyBoolean:
-pushind % Get value
1 *: % Do notying, structure keep its address
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% 290

ConstantValue: % e2732, Generate value of a constant.
% Symble and type is constant
% For nonmanifest scalar constant, treat as
% variable reference. Structure constant
% should be always manifest
[
jASubs: % Item is array or ccllecticn
dAssertSymbolvVariableOrConstant % p341
dAssertSymbclNotPackingInEffect % p335
@ResolveToliteralType % p245S
[ 0ChooseTypeKind
| TyArray: .pushaddr % Emit address of array
.lconst_mode
OGeneratelDisp
OGeneratelevel
@ArraySubscription % p8540, emit pushind
@#ContinueConstantValue % p295
| TyCollection:
% tycollection shculd not appear hear,
OPopSymbol
@AssignableExpression % p3€0
=AEndSubs % Type: collection
@Pointing % p8545

1

|APointer:

@ContinueConstantvVvalue % p295

% Emite pushaddr, pushind but not pushvar

@AssertSymbolVariableOrConstant % p341
@?AssertSymbolNotPackingInEffect % p335

@ResolveToliteralType % Pointer type, p245
- pushaddr

.lccnst _mede % Pointer mode

OGeneratelisp

OGeneratelevel

OPushTypeCollectionsymbol Synbcl: pointer, collection
OPopType Pop pointer type
OGPushSymbolType Type: collection
OPopSymbol Symbol: pointer

dResolveTolLiteralType

@Pointing

@ContinueConstantValue

Collection type, p245
p854E emit pushind
p295

20 A2 B A 28 5a 57
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% 291

|AFielid:
®ResolvedToliteralType % p245
. pushaddr
d0GenerateMode % p415
OGenerateDisp
OGeneratelevel
@DotVvalue % p315
I *:
[ oChooseTypeKind % A scalar or structure constant

ITyEnurerated, TySubrange, TyInteger, TyChar,
TyPointer, TyBoolean:
{O0IsSymbolManifestValue
|Yes:
.pushconst
OGeneratesymbolValue
| *:
.pushvar
OGenerateType
dGeneateMode % p 41t
OGenerateDisp
OGeneratelevel

]

% Structure constant, always manifest

% Previous pass of Euclid should fixed the
% address of manifest structure constant

% to match that of Pas32
#EnitAddrAndValueForStructureConstant pi20
@EmitStructureConstantAddrReference p420

[ *:

33



% 295

ContinueConstantValue: % more subscriping, pointing and dotting

{
[

% Field of a structure constant

[ASubs:
@AssertsymbtolvariableOrConstant % p341
DA ssertSymbolNotPackingInEffect % p335
@ResolveToliteralType % p245
[O0ChooseTygeKind
|TyArray: @ArraySubscripting % p85u40
|]TyCollection:
% This code may never be enter
- pop % New operator to PASCAL
QOPopSymbcl % Address of collection var is
dAssignableExpression % p3€0 not useful
=EndSubs
]
[APointer:

@A ssertSymbolvariableOrConstant % p341
@AssertsSymbollNotPackingInEffect % p335
@ResolveToliteralType % Pointer type p245

OPushTypeCollectionSymbol % symbol: pointer, collection
CPopType % Pop pointer tyre
OPushSymnbolType % Type: collection
CPopSymrbol % Symbol: pointer
@dResolveToliteralType % p245
@Pointing % Bmit pushind

|AField:
@#ContinueDctValue % The same as DotValue
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% 29¢

P*:
[OChooseTyreKind % End emit const value
|TyEnucerated, TySubrange, TyInteger, TyChar,
TyPointer, TyBoolean:
% A element of a structure constant.
% should ke always manifest
.FOP % New operator, address calculated is
. pushconst % useless.
OGenerateSymbolValue % from symbol

[ *:

This is a structure constant inside a structure
constant. The address reference for the inner
structure constant is already emitted, but this
address and its value have not been introduaced
to Pas32 yet. To reference a structure constant
in Pas32, it must first know the address and

the value of that constant by using the operator
"lit_const", then the reference can be made by
Wpushaddr™ operator. The problem encountered
here is not solved

22 28 22 53 HA D9 »a 24 g WA

@InnerStructureConstantValue % pi420
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% 300

DotAddress: % first call on dotting
[
|AIdent:
OPushIdentSymbol % Symbol: preceeding dot, after dot

OSelectSymbolAttribute[ SyTypelActure ]
[ OTestSymbolAttribute

jOn: a@DctiIypelActual % Deferred p300
| *: % Field of record or module
[OChooseSymbolKind
| SysVable:
@DotVariableAddress % p305S
j]syConsant:
@DotContinueConstant % p302
®#ContinueVariAddress % p275
p*:
@DotRoutineAndOther % p353
]
]
|]AstandardComponent:
@dDotStandardComponent % Wen't occurred, p353
IH
DeotTypeActure:

#EDeferredParameterizedTypes;

ResolveExtendParameter:

% No action, since parameterized type are deferred
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ContinueDotAddress: % for address reference
|AIdent:
OPushIdentSymbol

OSelectSymbolAttribute[ SyTypeActual]
[O0Test SymbolAttribute
jOn: @DotTypeActual % Deferred p300
|¥: [OChocoseSymbclKind
| SyvVarivale:
@LotContinueVariableAddress % p310
| SyConstant:
@2LotContinueConstant % Scalar nonmanifest

% 302

% constant reference. p302

1 *:
@aFoutineCalldrOther & p352
]
]
|AStandardComponent:
aDotStandardComponent % p353, won't occurs

DotContinueConstant:

% Scalar nonmanifest constant omnly

% It is address reference
@®ResolveExtendParameter % Deferred p300
OFixConstSymbolDataDescr

OPCETY pe % Preceeding dot
OPushSymbolTyfpe % Unresolved type following dot
OSwapS ymbol

OPopSymbol % Preceeding dot

.field

OGenerateDisp
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DotVariableAddress: % Pre: symbols

are: item kefore dot, var

% 305

iable

top type is unresolved type before dot

% Post: symbol

s are: the same as above

top type is unresolved type after dot

Use]

[on: & Type before dot is a module, does not add address

@#Resol veToliteralType % p245s
[oChooseTypeKind
I TyModule:
OSelectTypeAttributef TySingle
[OTestTypeAttribute
« FOF
OPopType % T
OPushSysbclType
OFixVar SymbolDataDescr
OSwapSymbol
OPopSymbol % P
@Variddress % p
>>

I*:
]
EE

1

% item before dot isn't a module

OPopType

GPushSymbolType
OFixDotVvarsymktolDataDescr
.field

OGenerateDisp
OSwapSymbol

OPopSymbol
dContinuevarAddress

e MMM\
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ype before dot

or module
270

Pop record type
Type of item following dot

after dot
Symbols: After dot, record

Pof record symrbol
P275



% 310

DotContinueVariableAddress:

ResolveToliteralType % E245
[ OChooseTypeKind
|TyMcdule:
O0SelectTypeAttribute[ TySinglelse]
[OTestTypeAttribute
|0n: % This part should be deleted.
#ErrorModuleInRecord
. pop % Multiple used
QFopType % module is not allowed, so
QPushSymbolType % record.module.variable should
OFixVarSymbolDataDescr % not be appeard.
OSwapSymbol % If multiple used module is allowed
OPopSymbol % the allocate pass should be fixed
@VarAddress % let the access method be the sane
>> % as record's field. if this is true
[ *: % the following should be enough.
1%*:
]

% Item before dot is not module

OSwapSymbol % Symbol: After dot, Before dot

OPopSymbol % The address before dot has already been generated
OPoOpType % Type befor dot

OPushSymbolType % Type after dot
OFixDotVariakleSymbolDataDescr

.field

OGenerateDisp
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% 315

Dotvalue: % first call on dotting value

(
|AIdent:

OPushIdentsyrbol
SelectSymbolAttributef SyTypeActure]
{ CTestSymbolAttribute
|on: @DotTypelActual % Deferred. p300

| *2 % Field of record or module
[ cChooseSymbolKind
[SysVariable:
@DotVariablevValue % p320

| SyConsant:
OSwapSymbol % Symbol: constant, before dot
OPopSymbol % Symbol: constant

@ResolveTcliteralType % Type before dot p245
@ResolveExtendedParameter % Deferred p300
OFixConstSymkolLataDescr

OPopTyEe % Type before dot
OPushSymbclType % Const type
.field

OGenerateDisp

@ContinueConstantvValue % p29°%
| *:

dDotRoutineAndOther % E353
]
]
|AStandardCompcnent
@DotStandardComponent % p353

100



DotVariableValue:

@ResoclveToliteralType
[0ChooseTypeKind
|1TyModule:

% 320

% Pre: symbols are: item kbefore dot, variable

top type is unresolved type before dot
% Post: symbols are: the same as above
top type is unresolved type after dot
% p245

OSelectTypedttribute[ TySinglelse]

[O0TestTypeAttribute
|On:
-EOF
QPopType
OPushSymbolType

OFixVarSymbolDataDescr

OSwapSymbol
OPopSymbol
@VarvValue
>>
1*:
]
[*:

]

% Type before dot is a module,

% Type before dot

% Por module
% p280

% item before dot isn't a mcdule

OPCETY Ee

OPushSynbolType
OFixDotVarSymbolDataDescr
.field

OGenerateDist

OSvapSymbol

OPopSymebaol
@ContinueVarvValue
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Fofp record type
Type of item following dot

after dot
Symbols: After dot,

Pop record symbol
E285

record

does not add address



ContinueDotValue: % for address referemnce

[
jAIdent:
OPushidentSymbol
0SelectSymbolAttribute[ SyTypeActual]
[0Test SymnbolAttribute
|On: @DotTypeActual % Deferred
|*¥: [OChocseSymbolKind

% 325

|SyVarivale:
@#ContinueDotVariableValue % p330
JAyConstant:
OSwapSymbol % Symbol: const, before dot
OPopSymbol % Symbol: const

@BesolveToliteralTyre % Type before dot p245

@#ResolveExtendedParameter % Deferred
OFixConstSymbolDataDescr

OPopType % Type before dot
QFPushSymbolType % Constant type
.field
OGenerateDisp
@ContinueConstantValue % p295
1%
#RoutineCallOrOther % p352
]
|AStandardComponent:
@DotStandardComponent % p3E3

I H
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% 330

ContinueDotVariakleValue:

ResolveToliteral Type % p2u45
[ OChooseTyreKind
jTyModule:
OSelectTypeAttribute
{0TestTypeAttribute
{On: % Now, for a record.module. variavle;

I*:

]

ke

#ErrorMcduleInRecord

-rop

OFopType % Does'nt add module address
OPushSymbolType

OFixVarsSyabolDataDescr

OSwapSymbol

OPopSymlol

@dVarvalue % p280

>>

% Item before dot is not module

OSwapSymbol % Symbol: After dot, Before dot

OPopSymbol % The address before dot has already been generated
OP opTy pe
OPushSymbolType % Type after dot
OFixDotVariableSymbolDataDescr

.field

% Type befor dot

OGenerateDist
@Continuevarvalue % p285
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AssertSymbol NotFunctionOrConverter:

[ OChoose SymbolKind

|SyVariable,SyConstant, SyType, SyParameterizedType,

SyProcedure:
[SyFunction, SyConverter: OAbort
i

PossibleSetConstructer:

% See Euclid Coder 3433

[
jASubs: #FDeferredPowerSets
1*:

ParameterizedInstanceDefinition:

#EdeferredParameterizedTypes
[OChooseTypeKind
|TyParameterizedType:
j*¥: OAbort

AssertSymbol NotPackingInEffect:

% e15U4¢

% e2e47

OSelectsSymbolExtensionAttribute[ SxPackingInEffect]

[0TestSymbolExtensionAttribute

[On: OAbort
1*:

1;
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% 340

EnterTypeInfolIntoSymkol:
% End of variable has been found. Enter type
% information into symbol entry to be used
% for handling expressions and assignments
% e2657
[O0Choose SymbolKind
|SysVariable, SyConstant:
OEnterSymbclKindf SyData]
#ResolveToliteralType % p245
[O0ChooseTyfreKind
|TyCcllection: % No size
[ *: aPushSizeSymbol % p345
CEnterSymbolValueleftSymbolsSize

OPeopSymbol % size
]
[OChooseTypeKind
|TYEnumerated, TySubrange: % for later
OEntersymbolExtensionKind[ SxRange] % range check

OFnterSymbolExtensionTypeFirstSymbol
QEnterSymbolExtensionTypelastSymkol
O0SelectSymbolExtensionAttribute[ SxPackingInEffect ]
[ CTestSymbolExtensionAttribute
[Cn: % Symbol is rackable cmpt of packed array
OPushSymbolManifestValue[Cne]
OEnterSymbolValueleft Symbolsize

OPopSymbol
1*:
]
[ 0IsTypelUnsigned
|Yes:

OSelectSymbolExtensionAttribute[ SyUnsigned]
OTurnOnSymbolExtensionAttribute
I1*:

{TyChar, TyBoolean:
OEnterssymbolExtensionKind[ SxScalar ]
0SelectsymbolExtensionAttribute[ SxPackingInEffect]
[OTestSymbolExtensionAttribute
|On: % Symbol is packable cmpt of packed array
OPushSymbolManifestValue{One]
OEnterSymbolvValueleftSymbolsize

OPopSymbol
1*:
] .
f CIsTypeUnsigned
{Yes:
OSelectSymbolExtensionAttribute[ SyUnsigned]
OTurnOonSymbol ExtensionAttribute
| R
]
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% 341

|TyFointer, TyStorageUmnit:
CEnterSymbolExtensionKind[ SxScalar]
OSelectSymbolExtensionAttribute[ SyUnsigned]
CTurnOnSymbolExtensionAttrikute
ITyInteger:
CEnterSymbolExtensionRind[ SxScalar]
[ TySet
#DeferredsSet
OEnterSymbolExtensionKind[ SxScalar )]
OSelectSymbolExtensionAttribute[ SyUnsigned ]
OTurnonSymbolExtensionAttrikute
OPushBaseType
@ResolveBaseTypeToliteralTyte
@PushTypeFirstSymbol % p345
CEnterSymkolvValueleftSymbolFirst
CPopSymbol
@PushTypelastSymbol % p3u5
CEnterSymbolvValuelLeftSsymbollLast
OPopSymbol
|TyArray, TyRecord, TyModule, TyMDRecord:
OEnterSynmbolExtensionkind[ SxArrayRecordModule]
|TyCollection:
#ELeferredCollections
| TyProcedure, TyFunction, TyConverter,
TyParameterizedType, TyInstance:
CAbort
]
|SyType, SyParameterizedType, SyProcedure:
% no type need, it never occur in expressions
|SyPuncticn, SyConverter:
OAbort

AssertSymbclvariableOrConstant:

[ OChooseSymbclKind
jSyVariable, SyConstant: % Good
I*: ORAbort
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% 345

PushTypelastSymbol:

OPushTypelastSyambol % p345
OFixConstSymbolDataDescr

PushtypeFirstSymbol:

OPushTypeFirstSymbol
OFixConstSymbolbDataDescr

Pointing: % Pre: symbol > pointer; tyre > resclved collection type
% post: symbol > object; type > unsolved object type

OEnterobjectTypeIntoSymbol

OPopType % Pop ccllection type
OPushS ymbolType % Push object type
.pushind % immediately fecllow pushaddr, forming the
OGenerateType equivalence of pushvar
.pointer
PushSizeSymbol:

[ 0OChooseTypeKind
jTyInstance:
OPushTypeSizeSymbol % e8€29, Instance size as a symbol push
DResolveExtendedParameter
OFixConstSymbolDatalescr % into symbol stack
[ CIsSymbolManifestvValue

[Yes:

|*: OPopSymbol % Pofp instance type
@#BesolveTolLiteralType % P24t
CPushTypeSizeSymbol

@kesolveExtendedParameter
OFixConstSymbclDa taDescr

]
1*:
QPushTypeSizeSymbol

?ResolveExtendedParaneter % 3398, Deferred
OFixConstSymbolDataDescr
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ArraySubscripting: % Pre symbol:
% Post: symbol: co

OEnterComponentTypeIntoSymbol %
OPushIndexType
@ResolveTolLiteraltype
@PushTypelastSymkol
@PushTypeFirstSymbol
OPcpTyY pe
OPushComponentType
OPushCopyType
@Pushsizesymbol % Symbol: comp,
foIsSymbolManifestValue

lyes:

1¥*:

22 » 28 e

#AbortNopmanifestArrayB
% To solve the problem,
% non manifest into PAC

% 350

type: resolved array type
unsolved component

array;
mponent; type:
Change symbol array to component
Enum or subrange p245
p345

p34s

Pop index type

% Type are: array, comp, COmp

last, first, size of coap p345

ound
push address of every
AAL, and emit new operator

% into PASCAL to resclve it. see SubscriptingNonManifest

] % Type
@ResolveToliteralTlype %
@ReplaceSizeIfPacked % Post
%
OPopType % Pop
OPopTYpe % Type
@AssignableExXpression % E360
@UnsignedIndication % p380
OPopSymbol % Pop
=AEndSubs
@#solvingSubscripting % p356
OPopSymbol % Pop
OPopSymbol %
OPopSymbol % Symk
ReplaceSizeIfPacked: % Pre:
% Post

0SelectTypeAttribute[ TyPackable
[ OTestTypelAttribute
jon:

108

are; array, unsolved comp,
resolved comp.
: tyYpe are: umsolved comp,
resolved comp, array.
array type
are: unsolved comp

p2u5
p350

eXpr

last, first and size

ol are: comp

type: array, ccmp, resolvedcomp
: comp, resolvedcomp, array

]

% Type are: unresolved conmp,



OSwapTypesMakingTargetBeTop %
OSelectTypelttributef TyPackakle]
[ OTestIypekrttribute
jon: CPopSymrbol
OPushSymbeclManifestValue
CTurnOnPackingInEffectSymbol
|*:
]
1*:
OSwapTypesMakingTargetBeTop
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% 351

resclved comp



DotRoutineAndother: % 352
[ OChoose SymbolKind
ISYT ype:
#DotType % p352
|SyParameterizedType:
@DotParameterizedInstanceDefinition % p352
|SyProcedure,SyFunction:
@2DotRoutinecCall % p355
|SyConverterCall:
dDotConverterCall % p355
1*:
OAbort
H
DotType: % Pre: Symbol are: .. module value, type ident
b4 Top type is unresolved type preceding dot
% Fost: Symbols are : type ident
% Top type is for top symbol [type ident]
@dResolveToliteralType
OPopType % of item before dot
OPushSymbolType % of new type ident
dPossibleSetConstructor % p335 Deferred
OSwapSymbol % Symbol are: .. type ident, module value

OPopSymbol % Pop module value

DotParameterizedInstanceDefinition:

% Pre: Symbol are: module value, param tyre ident;

% Top type is module
% Post: Symbol are param type idemnt;
% Top tyre is for defined imstance

@dResolveToliteralType
dParameterizedinstanceDefinition % p356 Leferred
0SwapSymbol

OPopSymbol
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% 353

DotStandardComponent: % Pre: Top symbol and top type are for item
% before dot; top tyre is unresolved
% post: Top symbol and top type are for
% standard function result, top type
% is unresolved.
% Treat as Standard Function Call in Pas32
#EWarningTemporaryDeferred
.pop % Pop the previous address emitted
[ OChooseStandardComponent
[CSucc:
CPopSymbol % Pop the symlkol befcre dot
=A Subs
.startlist
@?AssignableExpression
=AEndSubs
.arglist
.succl % Pas32' standard num
OGenerateSuccType % All these three should
OGenerateSuccSize % be know previcusly
CGenerateSucciAlign
OPushCopyType % copy to ke resolved
@ResolveToliteralType
[OChooseTyreKind
|TySubrange: % Type of value is parent type
OPushCfType
OSvwapTIypes
OFopType
OSvapiype % Type are: result type, unsolved expr type
1*:

]
OEnter SymbolKindfl SyConstant ]

OPopType % Type are: ... result type
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% 354

|CPred:
OPopSymbol % Pop the symkol hefore dot
=A Subs
.startlist
@A ssignableExpression
=AEndSubs
.arglist
-pred? % Pas32' standard num
OGeneratePredType % 211 these three should
OGeneratePredSize % be know previously
OGeneratePredAlign
OPushCaopy¥Type % copy to be resolved
?dResolveToliteralType
[OChooseTyreKind
J]TySubrange: % Type of value is parent type
OPushOQfType
CSwapTypes
OPcpType
OSwapTypes % Type are: result type,
% unresolved expression type
) ®

]
OEnterSymbolKind[ SyConstant]
QPopType % Type are: ... result type
jcozrd:

#EDeleteCOTd
1*:
#EDefferedStandardComponents
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% 355
DotRoutineCall: % Pre: Symbol are: module value, routine
% Top type is for module value
% Post: If procedure then symbeol and type are for
% procedure ident
X else symbol is result value, top type is
% for unresolved result
% Does not support parameterized module

@Resol veToliteralType
OSelectTypeAttribute[ TySingleUse ]
[ OTestTIypelAttribute

{on: . pop % No need the address previous emitted
|¥: #EDeferredMultipleUseModules

1

OPcpTy pe % Module type

OPushSymbolType X Routine type
[ cChooseSymbolKind
|SyProcedure:
@NonBuiltinProcedureCall
| *:
@d¥onBuiltinFunctionCall

]
DotConveterCall: % Pre: Symbol are: module value, conveter
. Top type is for item Lkefore dot
% Post: Symbol are: converter value
b4 Top type [unsolved] is fcr converted value
OPCETYpe % of item befor dot
OPushSynbolType % converter type entry
@aConverterCall
OSvapSymbol
OPopSymbol % Pop module value

2
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% 356

SolvingSubscripting: % Symbel are: comp, last, first, size
% Size is manifest

OSwapS ymbolsMakingTopBeTarget % Symlol: comp, size, last, first
[0IsSymbclManifestValue % First
{yes: O©OSwapSymbol % symbol: comp, size, first, last
[OIsSymbolHanifestValue % Last
|Yes: OSwapSymbol % Symbol: comp, size, last, first
@SubscriptinghAllManifest % p35¢
i *z OSwapSymbol % Symkol: comp, size, last, first

]
2 ®SubscriptingRonManifest % p35¢
IH
SubscriptingAllManifest: % Pre: symbol are comp, size, last, first
.index
OGenerateSymbolvValue % First
O0SwapSymbol % Symbol: comp, size, first, last
OGenerateSymbolValue % last
OSwapSyabolMakingTargetBeTop % Symbol: comp, first, last, size
OGenerateSymbholValue % size
H
SubscriptingNonManifest: % Pre: Symbol: comp, size, last, first

New operator 'ADDRINDEX' to
PASCAL, PASCAL pass 6 should
tell which one of min, max and
@#Gener atePushvar If Nonmanifest % size is nonmanifest by findimg
OSwapsSymbol % token 'pushvar' and 'pushconst!'.
dGeneratePushvarIfNonmanifest % Size [ length] of the component
OSwapSymbolsMakingTargetBeTcp % should be manifest.

.pushconst % For size

OGenerateSymbolvValue

.addrindex

24 W4 2R
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% 360

GeneratePushvarIfNonManifest:

[ 0IsSymbolManifestvValue
|Yes:
.pushconst
CGenrateSymbolValue

-pushvar
.sconst_mode % value should be integer
OGenerateDisp

OGeneratelevel

Assignable Expression: % e3672

@Expression % p360

dResolveBooleanJumpsInSymbcl

Expression: % e3¢€60

{
[

JAEndExpression:
>

1*:

@ExpressicnIten % p365, e3782

11%



Expressionltenm:

% e3782
[
|AIdent:
@VariakleValue % p250
jANumber:
.pushconst

OGenerateliteralNumberSymbol
OPushliteralNumberSymbol

|AChar:
.pushccnst
OGeneratelLiteralCharSymbol
OPushliteralCharSymbol

| AMDChar:
#EDeleted

[AString:
% No Symbol table entry for the literal,
% Mot sclved in this translation
@solvingstringConstant % pi20

1*:

@0Perator % p370
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% 365



OPerator: % e3883

J]AMinus:
@TranslateMinus
|AParens:
|ADdqd:
#0nsignedIndication
@TranslateAdd
|ASubtract:
@UnsignedIndication
?TIranslateSubtract
| AXor:
@ SetOpIndication
@TranslateXor

|AMultiply:
@TranslateMultiply
{ADiv:
@TranslateDivid
|AMod:
@TranslateMaod
|AInfixCompare:
@ BesclveBcoleanJumpsInSymbol
jAEqual:
dUnsignedCrsSetopindication %
@ResolveBooleandJunpIinSymbol
dTIranslateEqual
|ANotEqual:
@#0nsignedOrSetOopIndication
@®ResolveBcoleanJunpInSymbol
@Translat€Equal
- not
@TranslateNot
IALess:
@ResclveBooleanJumpInSymbol
dTranslateEqual
. not
dTranslatelot
jAlessEgqual:
L

»M MR 2R Ml MM WM M

|ASetOp:

% 370

p375
No code

p380
p380

p380
p380

p390
el 91€, Deferred. The
same as "notequal'
p390
p395
p395

% pa05

p375 jusk skip token

p405
p395

Emit EQ, NOT p375
plo5
p395
p405

Emit GE, NOT p#405
p395

W AWM R AN A e

p405

@?TranslatePoverSetlessEqual % Deferred p#420

1*:

@?FResolveBooleanJumpInSymbol % p405

dTranslateGreater
-not
@TranslatelNot
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% p400, Emit GT, NOT

% pho>s



[AGTreater:

@ResolveBooleanJunpInSymbol

@TranslateGreater
|AGreaterEqual:

{
|ASetOp:

%
%

% 31

pl05
p4qQo0

@#TranslatePowerSetGreaterEqual % Deferred pi20

| *:

dResolveBooleanJumpInSymbol
@TranslateGreater Fqual

]
|AIn:

@ ResolveBcoleanJumpInSynbol

@Translateln
| ANotIn:

dResclveBecoleandumpsInSymrbol

@Translateln
.not
@TranslateNot

@UnsignedIndication

|ANot:

.not

@#Translatelot
JAInfixOr:

.not

@#TranslateInfixOr
JAOr:

@TranslateOr
|AInfixAnd;

dIranslateNot

@TranslateInfixoOr
JAAnd:

@TranslateOr

@Translatelot
|AInfixImply:

aTranslatelNot

#TranslateInfixor
jAImply:

@TranslateOr
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%
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E o e »¥ M 2 R

% pu4os
pl4oo

pl0s
EDeferredd, <4893
EDeferred.

p405
p380

p405

p400, el586
pid00, eid58¢

p405
p400, el586

p400
p405

Same as infixand p#405
pi400, e4586

Same as aor. p400



% 375

TranslateAssign: % Bit assign should not appear
®Resol veBooleanJumpInSymbol % pl0sS
OSwapSymbol % Symbol: expr, left hand side variable
@Gener ateRangeCheck % p385
[OChooseSymbolExtensionKind %
|SxSet, SxArrayRecordModule: % TFor manifest length only
- COPY % If nonmanifest array. need to
OGenerateCopylLength % Emit new operator as follow
1 ¥: % pushvar[A/E record] "newcopy"
.assign
]
OGenerateType % Asign type, Emit from top symbol
OPopSymbol % left hand side variable
OPopSymbol % expr

UnsignedorSetOpIndication:

[
|A0nsigned:
{ASetOp:

1;

TranslateMinus:

#SkipUnsigned % p380
.neg
OGenerateOperatorType % From top symbol



% 380

UnsignedIndication:

L

|AUnsigned:
j*:

13

SkipUnsigned:

[

|AUnsigned:
| *:

]

Translateddd :

[
|ASetOp: a@TranslatePowerSetAdd % el4904, EDeferred pi20

[*: aTranslateNumericaAdd % P 380
1:

TranslateNumericadd:

@#SkipUnsigned % p380
.add

OPopSynmbol

OGenerateOperateorType

TranslateSubtract:

[
|ASetOp:
@#TranslatePowerSetSubtract % pu20
1*:
@ SkipUnsigned % p380
@#TranslateNumericSubtract % p390
iH
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% 385

GenerateRangeCheck:
% Introduce new operator into PASCAL If range are
% manifest. New operator named 'varrange', PASCAL
% should treat the range as varialble address when
% encounter the operator.

[OChooseSymbolExtensionKind % See modified semantic routine
|SxRange: % "OEaterSymbolExtensionKind"
OPushExtensionTypeFirstSymbol % from top symbol
OPushExtensionTypelastSymbol
[ OIssymbolManifestvValue

| Yes:
CSwapSymbol % Symliol: variable, last, first
[OIsSymbolManifestValue
| Yes:
- Iange % Manifest
OGenerateSymbolvValue % First
OSwapSymbol % Symbol: variatble, first,last
OGenerateSymbolValue % last
| *:
dNewOperatorForRangeCheck % p387
]
| *:
OSwapSymbol % variable, last, first
@NewCperatorForRangeCheck % p387
]
OPopSymbol % last
OPopSymbol % first
1*:

% No range check
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% 387

NewOperatorForRangeCheck: % pre: symbol: variable, last, first
% post: symbol: variakle, first, last

{oIsSymbolManifestValue % For first
|Yes:
.pushconst
OGenerateSymbolValue
OSwapSymbecl
[ OIssymbolKanifestValue % For last
lYes:
.pushconst
OGenerateSymbolValue
| *:
.pushvar
CGenerateType
dGenerateMode
CGenerateDisp
OGeneratelevel
]
| *:
- pushvar
OGeneratelyre
?Generatelode
OGeneratelisp
OGeneratelevel
OSwapSymbol
[ CIssSymbolManifestValue
| Yes:
-pushconst
OGenerateSymbolValue
| *:
-pushvar
CGenerateType
@dGenerateMode
CGenerateDisp
OGeneratelevel

]
]

.varrange
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TranslateNumericSubtract:

#SkipUnsigned

.suk
OGenerateSubtractType
OPopSymbcl

TranslateMultiple:

|ASetOp:

@TranslatePowerSetMultiply

1*:

@TranslatelNumericKultiple

1;
TranslateNumericMultiple:

.nut
OGenerateMultipleType
OPopSymbcl

SetOpIndication:

IASetOp:
1*:

% p380

% new semantic

Deferred, el90¢
pi20

=L

p390

% New semantic
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TranslateDivid:

.div
OGenerateDividType
OPcopSymbol

TranslateMod:

-mod
OGenerateModTIyfe
OPopSymbol

TranslateEqual:

[ OChooseSymkolExtensionKind
|SxScalar, SxRange, SxSet:
. cobpare
.eql
OGenerateEgyualType

OPopSynkbol
dForceSynbtolToBeBooleanJump

|*:

dTranslatelongEqual
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% 395

% New semantic

% New semantic

% Set not implement

% New semantic
% pao0s

% ed729, EDeferredlLongCompare



% 400

TranslateGreaterEquai: % oerands is scala. el754
@SkipUnsigned
. Compare
-geq
OGenerateGreaterEqualType % New semantic
OPopSymbol
@FroceSymbaolToBeBooleandung % p4o>5
TranslateGreater: % Scalar operands el}735
@#SkipUnsigned % p380
.Ccmpare
-gtr
OGenerateComraretype % New semantic
OPopsynbol
dForceSymbolTcBeBooleanJumg % p405
TranslateInfixCr: % elS86
@?ForcesSymbol ToEeFooleanJump % p405
@®ResolveSymbolBooleanFalses % p405
TranslateOr: % el5ee
@#ForcesSymrbolToBeBooleanJunp % pl05

OMergeSymbolBcoleanleftShuntIntoRigntTrues % Merge left false

OSwapSymbol % labels to taop true
OPopSymbol % labels
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REesolveBooleanJumpInSymbol: % el628

[ OChooseSymbolExtensionKind
|SxBooleandJump 3
DdResolveSymbclBooleanTrues
OGenerateSyrbolBooleanShunts
1%:

1;
ResolveSymbolBooleanTrues:

@TranslateNot

@ResolveSymbolBocleanFalses

TranslateNot :

@dForceSymbolToBeBooleandumg
OExchangeTruelabelAndFalselabel

ResolveSymbolBooleanFalses:

dForceSymbolToPReBooleanJump 1.

o4 32 58 34 =0 A W4

OPushNewlabel 24
.falsejump 3.
OGenerat eLabel L,
OGenerateSymbclBooleanFalse 5
OPcfplatel

ForcesymbolToBeBocleanJump:

% 405

% pd0s

% Shunt still om top symbol

% p405
% p405

% p4os

Operation for
OGenerateSymbolEBooleanFalse
Enter new lakel to true shunt
Generate false label shunt
Nulled false label shunt
False shunt <
Nulled true label shunt

True shunt

% Replace original symbol kind to bo
% boolean symbol kind.

Enter shunt.

% Initial true and false shunt.

[ 0ChooseSymbclExtensionKind
iSxBooleanJump :
1%:

OEnterExtensionKind[ SxBooleanJdump]
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AssertionExpression:

[ 0IsChecked

|Yes:
@dBooleanControlExpression % E810, eldesy
-not
dResolveSymbclBooleanFalse % pl05, eld579
.eIrrassert
.nevwline
OGeneratelineNumber
OGenerateSymbolBcoleanShunts
OPopSymbol % Boolean result symbol

1*:
@skipExpression % p150

BocleanContrclExgression:

@Expression % p3€0
@ForceSymholToEeEooleanJump % p405

]
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% 415

GenerateMode: % Top symbol is the one need

[OChooseSymbolKind
}SyPunction:
. func_mode
|SyProcedure:
- proc_mode % Really should be emited inline
1*:
[ cChooseTypeKind
|TyEnumerated, TySubrange, TyChar, TyBoolean, TyPointer,
TyInteger:
-sconst_mode
| *:
.lconst_mode

GenerateContext:
%2 Top symhol is a formal parameter
® No other place call this SSL, except from routine
% call and routine enter
OSelectSymbolAttribute[ SyPassByvValue]
[ OTestSymbolAttribute
iOn:
.const_parm
1*:
.var_parnm
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% 420

EmitAddrAndvValueForStructureConstant:

#ETemporaryDeferredstructureConstant;
EmitStructureConstantAddrReference:

#ETemporaryDeferredstructureConstant;
InnerStructureConstantValue:

#EDeferredInnersStructureConstantValue;
SolvingStringConstant:

#EDeferredStringliteralConstant;

TranslateLongEqual:
#EDeferredlongEqual:

TranslatePoverSetMultigly:
#EDeferredPouerSets;

TranslatePowerSetSubtract:
#EDeferredPovwerSets;

TranslatePoWwerSetAdd:
#EDeferredPowerSets;

Translateln:
#EDeferredIncCperator;

TranslatePowerSetGreaterEgqual:
#EDeferredPowerSets;

TranslatePowerSetlessEqual:
#EDeferredPowerSets;

TranslateXor:
#EDeferredPowerSets;
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APPENDIX E

NHew and Modified Euclid Coder Semantic Routines
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Add a new semantic mechanisnm, Ioop Label Stack, for Loop

statement and Exit statement.

New semantic rcutine, "OPushNewlooplabel", Generate a new

label and push it into top Loop label Stack.

New semantic routine, "oSwaplLoopLabel". Swap the top two

lakels of the Lcop Label Stack.

New semantic routine, "OGeneratelooplLabel". Emit the top label

of the Loop Label Stack.

New semantic routine, "OPopLoopLakel™". Pop the top label of

the Lcop Lakel Stack.

New semantic routine, "YORearrangeCaseTable", which sorts the
top Case Table, enters the else lakel or error label in missing
slots (else label or error label at the time should be on top
of the Label Stack). After sorting, insert the else label or
error label as the first label in Case Table. Also make

available the "pin" and "max" value of Case Table labels.

New semantic routine, "OGenerateAndPopCaseTable". Emit "min",
"max" value and all the labels from top Case Table Stack in the

scrted sequence.

New semantic rcutine, M"OPushErrlabel™. Fush an error label
onto the Label Stack. The error label should be able to bring

a run time error message.

New semantic routine, "OEnterRangeCaseTakle". Enter into the
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10.

11.

12.

13.

14.

‘5.

16.

tor Case Table, the range cf top two Symkol Stack entries, Also

enter a new label taken frcm the label Generator.

Hew semantic routine, "QEnterValueCaseTakle". Enter into the
tor Case Table, the value of the top Symbol Stack entry. Also

enter a new label.

New semantic routine, "O0GenerateParamsLength". Emit the
Parameters"' length which is in the +top Type Stack entry. The
top Type Stack entry must be a routine. The parameters' length
field must be added to routine's Type Table entry. Its value
must be entered by Allocator pass of April Puclid (see Appendex

C, No. 1).

New semantic routine, ™"0OGenerateModType". Emit Pas32's mod

operator tyre. The top twe symbols are for the operands.

Wew semantic rcutine, "OGeneratelevel®. Emit Pas32's level
information from the +top Symbol Stack entry. It may need to
take into consideration on how Pas32's levels differ from April

Eucliade.

New semantic routine, "OGenerateType". Emit Pas32's type

informaticn for the symbol from the top Type Stack entry.

New semantic routine, "OGenerateSize". Emit Pas32's size

information for the symbol from the top Type Stack entry.

Nev semantic routine, "OGenerateldligmn®". Emit Pas32's alignment
information of a function result symbol from the top Type Stack
entry. Assume April Euclid already added this new field to the
Type Table of the result symbol and filled in the value in the
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17.

i8.

19.

20.

Allocator pass. See Appendix C No. 2.

New semantic routine, "OGenerateCompareType". Emit Pas32's
compare operatcr type. The top two symkols are for the

operands.

New semantic routine, "GCGenerateDisp". Emit Pas32's
displacement information for a symbol from the top Symbol Stack

entry.

Modified semantic routine. "OEnterSymbolExtensionKind®,
SymbolExtensionKind is a field of the Extended Symbol Stack.
The type of this field is Scalar .. Dunmny. In April Eucligd,
every scalar type symbol will have the SymbolExtensionKind
egual tc 'scalar' in the Symbol Stack entry, after translating
the symbol's 1input tokemns. When +translation reaches the
assignment cperator, this information about the operand symbol
wont tell whether a range check needs to bte emitted, since at
that time, the types for the symbols are already poped. We add
a new value 'syrange' to the domain of SymbolExtensionKind. A
sukrange type symbol and an enumeration type symbol will have
its SymbolExtensionKind equal to 'syrange' when Translation
reaches the assignment operator, so that a proper range check
for Pas32 assignment can be emitted. This is domne by the
semantic routine "OEnterSymbolExtensionKind", which is called

within the design SSL procedure "EnterTypeInfoIntoSymbol".

New semantic routine, "OGenerateSymbolValue". Emit the value
of the symbol which is on top of the Symbol Stack. The value

should be a manifest value.
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21.

22.

23.

2ul

25.

2€.

27.

New semantic routine, "OGenerateliteralNumberSymbol™. Fmit the
numeric literal to Pas32 directly frcm the Coder's input

Stream.

New semantic routine, "OGenerateliteralCharSymbol"™. Emit the
single character 1literal to Pas32 from the Coder's input

Strean.

New semantic routine, "OGenerateSubtractType". Emit the Pas32

subtract operator type from the top Symbol Stack entry.

New semantic routine, "OoPushExtensionTypeFirstSymbol". Push
type first symbol from top symbol stack's extensionkind to top

of the Symbcl Stack. Also see 26.

New semantic routine, "OPushExtensionTypelastSymbol"™, Push
type last symbol from top symbol stack's extensionkind to top

of the Symbcecl Stack. Also see 27.

New semantic routine, "OEnterSymbolExtensionTypeFirstSymbol™,
A new field should be added to the Symbol Extension Stack entry
for the enumeration type and the subrange type. This new field
will hold type first symbol of the symbel with enumeration or
subrange type. This routine enters the type first symbol iato
the top of Symbol Extension Stack entry. It will Dbe used by
no. 24 vhen translating the assignment and emitting Pas32's run

time range check.

New semantic <rcutine, "QEnterSymbolExtensionTypelast Symbol".
A new field for the +type last symbol should be added to the
Symbol Extension Stack entry for the enumeration type and the
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28.

23 .

30.

subrange type. This routine enters +the type last symbol into
the top of the Symbol Extemsion Stack entry. It will be used
by no. 25 when translating assignment and emitting Pas32's run

time range check.

Modified semantic routine, "OGenerateSymbolBooleanFalse". The
operations are: 1. Enter a new label from the top Label Stack
entry into the true label shunts of top Symbol Stack entry. 2.
Emit the false label shunts from the top Symbol Stack entry.
3. Empty the false label shunts of top Symbol Stack entry. 4.
False label shunts <-- True label shunts. Sa Empty the true

lakel shunts of top Symbol Stack entry.

New semantic routimne, "OGenerateNewLine". Get the line number
from defined line number generator and emit it to output. This
routine is used after the newvw operator "errassert" is emitted.

Also see Appendex D, number 5.

Modified semantic routine, "OGenerateSymktolBooleanShunt". Just

emit the false label shunts from top Symbol Stack entry.

31. New semantic routine, "QInitialStack". Initialize all the

32.

33.

stacks which are used by this translation. They are Symbol
Stack, Type stack, Construct Stack, Count Stack, ILabel stack,

Check Stack and Loop Label Stack.

New semantic routine, "OGeneratelabel". Emit the lebel to

output stream from the top of the label Stack.

New semantic routine, "OGenerateConst {(zero)". Emit the <the

constant value zero to the output stream.
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34.

35.

3€.

37.

38.

39.

uo-

41.

New semantic routine, "OGenerateMainVarLength". The top symbol
stack and top type stack should be main module. This routine
takes the length of declared variahles which are inside the

main module and outputs it. Also see Appendex C, No. 3.

New semantic routine, "CEnterProgramlevel", Enter Pas32's

program level into the top symbol stack entry.

New semantic routine, "OGenerateEqualType". Emit Pas32's equal

operator type. The top two symbols are for the operands.

New semantic routine, "OGenerateGreaterEqualiype®. Emit
Pas32's greater-equal operator type. The top two symbols are

for the operamnds.

New semantic routine, “"OGeneratelnvariantLabel". Emit the
label which represents the INVARIANT routine entry. It is in
the top Type Stack entry. The top Symbol Stack entry should be

a module.

New semantic routine, "OGenerateOneUpperlevel®. Emit One
higher than Pas32's level from the top Symbol Stack entry. The

top entry should be a routine.

New semantic routine, "OGenerateRoutineLabel". Emit the label
which represents the entry address of a routine. The label is

in the top Type Stack entry.

New semantic routine, "OGeneratePostLabelAddress". Emit the

post label which is on the +top Type Stack entry and represents
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42.

43.

44 .

45.

46.

47.

us.

the PCST routine address.

New semantic routine, "OPushCopyCount™, Push a copy of the

current top Ccunt Stack entry to the Count Stack.

New semantic routine, "YOGenerateCountvValue". Emit a counter
value to the ocutput strean. The value is on top of the count

stack.

New semantic routine, “"OGenerateParamslength®™. Emit the
parameters length field to the output stream from the top of
the Type Stack, which is a routine. Also see Appendix C, WNo.

4.

New semantic routine, "OGenerateVarsLength". Emit the length
of local variables of a routine from the top of the Type Stack.

Also see Appendix C, No. 5.

New semantic routine, "OGenerateForwardBodyAdddresslabel"., Enpit
the FORWARD label from the top Type Stack entry to output

stream.

New semantic routine, "OGenerateTypelLength". Emit the type
length information from the top Type Stack entry. The top Type
Stack entry must be a routine fcrmal Parameter. Also see

Appendex C, No. 6.

New semantic routine, ™OGenerateConstructRoutinelakel". Emit
labels of the top construct stack. The entry must be a
routine, otherwise a search needs to be dcne to locate the

routine first encountered.
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50.

5‘.

52.

New semantic routine, "OSearchAndGenerateReturnMode". Search
the Symbol stack from the second +top for a procedure symbol or
function symbol. Emit "func_mode' if found a function; enit

"proc_mode' if found a procedure.

New semantic routine, "OGenerateCopyLength". Emit the length
of the long variable from the tofp Symbol Stack entry. This is
emitted following a copy operator. the length must be a

manifest value.

New semantic routine, "OGenerateMultipleType". Emit Pas32's

multiply operator type. The top two symbols are the operands.

New semantic routine, "OGenerateDividType". Emit Pas32's
divide orerator type. The top two symbols are for the
operands.
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APPENDIX C

Modifications to April Euclid Allocator
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Add a nev field, parameters' length, to routine's Type table
entry. Alsc, the Allocator pass of April Fuclid must enter the
value. This new field is required for translating a routine

call and a rouwtine entry into Pas32.

Add a new field, Pas32's "Align", to the Type Tatle entry of
April Euclid's function result variable. The 2llocator pass

must enter the needed value aliso.

Add a new field which represents the length of +the variables
declaraed in a main module to the main module's type table
entry. Also fix Allocator pass to enter the proper value.

This is for the calling statement of the main program.

2dd a new field to a routine's Type Table entry and Type Stack
Entry which rerresents the parameters 1length of the routine.

The information should be entered Ly Allocator pass.

Add a new field to a routine's Type Table entry and Type Stack
Entry which represents the length of local declared variables
of the routine. The information also should be entered by the

Allocator pass cf Euclid.

Add a new field to a routine formal's Type table entry which
represents the type length of the formal. This is either a
manifest or nommanifest value. The Allocator must enter the

manifest value which represents the passed length.
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APPENDIX [

Modifications to Pas32 Code Gereration
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Accept mewvw operator "popexpr". After reading the new operator,
pass € of Pas32 must delete the most recently built tree of an

expression.

Accept new operator "pop". Pass 6 of Pas32 must delete the most

recently built tree of a variable reference.

Accept new operator %Wvarrange". Pas32 will generate a run time
check for the assignment of nommanifest variable which is the

subrange type or enumeration type.

Accept new operator "addrindx". Fas32 will generate a run time
check and array subscript computation for a reference to a

nonmanifest array element.

Accept New operator "errassert"W. Fas32 will generate a run time
€rror mesage when encountering this operator. The operator

will appear when an assertion test fail.

Accept new operator "ipitialassign". Pas32 takes the top symbol
of Symbol Stack as an expression's result and assigns it to
next several symbols of the symbcl stack. The counter value
following the "initialassign"™ operator will determine how many
symbols are to be assigned the value. This is for the scalar

type variables initial value.

Accept new operator "initialCopy". The operations performed by
Pas32 are the same as above, except this is a structured value

to be assigned.

Accept new operator "beginbodysplit". This operator is emitted
when encounter a FORWARD routine declaration. Pas32 should

142



10.

find the body of the routine and make it compilable. also see

next.

Accept new crerator "endbodysplit". This operator is emitted
when encounter the body of a FCEWARD routine declaration.
Together with above new operator, Pas32 must make the FORWARD

routine compilable.

Accept new operator M"skipfornesting"® when entering a new
rcutine, and accept new operator "resumefornesting" after
comming out from a routine. Pas32 pass € should rearrange the
routine block, to make available for compiling one routine at a

tire.
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A project is being conducted in the department to make Euclid
available for compilation and execution on the 8,/32 machine. This

report is part of the design for this compiler modificatiom.

The Euclid compiler now available is writtenm in Euclid. A Pascal
compiler, writtem in Pascal, also exists, which generates 8/32
machine code.{ 5 ] Both existing compilers are multi-pass compilers.
The intended solution is to build one intermediate pass which serves
as a translation from one of the Euclid interrass lanquages to one
of the PASCAL interpass languages. A Euclid program will first be
translated by the Syntatic and Semantic Passes of the existing
BEuclid compiler. It will then be tramnslated by the new pass to an
appropriate <formnm. This will finally be translated by the
optimization and code generator passes of the Pascal compiler,

producing 8/32 machine code.



