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CHiaP TE R 1
ENTRODLICT EOMN

1.1 OVERVIEW

The basic aim of this entire project of which a part
is degeribed in this dissertation is to implement a Pascal
compiler on the HP 1000740 computer, The complete project
has been divided inte +two logically independent parts,
namely, idntermediate c¢ode qeneration, and wmachine code

generation,

This dissertatien deseribes the first part which
translates a3 program written in Pascal to a form which can
be veed by the second logical part to aqenerate code
executable on the HP 1008/40,

1.2 LANGUAGES AND THEIR UBES
The natural wav of non—-verbal communication is
through wsvmbols., A set of these svmbols along with certain

grammatical rules governing their uvsage forns a lanquaae,

In the case of computers, the user communicates with
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the machine throuagh symboelic languages. @& language which is
directly "understood" by a cowmputer is known as its machine
language., It differs from a natural language in many wavs
and communication throuvoh this languvage iz terribly  tedious
and frauvght with opportunities for wmistakes, The most
serious disadvantage of a wmachine languags is that all
opaerations and operande must be specified in a3 numeric
code. Further more., each machine tends to have its owun
{unique) machine languane which mnakes it necessary for the
vser to learn different machine languages in order to use
different machines,

For these reasong it is desirable to commpmunicate with
computers in a uvser-oriented languvage. The wmost immediate
step away from machine langvaqe is the vse of a symbolic
assembly language. in which operations and data addresses

are replaced by mnemonics or symbols,

Thovgh symbolic assembly programs are easier to write
and understand than maching language programs there still
are some sever drauvbacks with this approach, The
proarammer must know the details of how a3 specific computer
operates,  how the data 1is represented, the wavs of
addressing data in memory, and so on., In order to assist
the uvser in avoiding thege detailes high level lancvaces
(Ml.Lg) are uvsed for commupication with the machine, High
level languvages are essentiallv user-oriented which helps

the uwser in specifying the operations without werrving about



the sachine details., The advantaages of using Hi.l.s can be
summarized as follows,

1Y It is more expressive than assembly language and,
therefore, it is easier to Wwrite a program in a high level
langvage.

2) User attentien can bhe focusged more on the buags in
the aloegrithm and the flaws in design rather than the
maching lanaguvage buas and tricks.

3) Being vser-oriented, the language can be eagile
learnt by the user.

1.3 NEED OF A TRANSLATOR

Introduction of assembly and hiagh level lanquages
makes the programming task simpler,. but it alse intreduces
some problems., The most obvioug problem is that we need to
translate these inte the machine langvage,

We de?ine a translator as a function whose doemain 'iﬁ
& soyrce languvage and range is th@ target language,
Translaters can vary in their tvpe of _Tranﬁlation (one 1o
one, or one to many mapping), their scheme of translation,
er in the tvpe of lanaguage they Ttranslate, According to



their functions and specific charactristics, the translators
are agiven different names,

1.3.1 Assembler

AN assembler di8 a program which when executed
translates source written in an assembly lanquage inte  the
wachine languvage of a compoter. on a one-te-one basis, The

schematic diagram of an agsembler is adven in Fig. 1.1,
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Fig. 1.1 Schematic Diagram of an Assembler



1.3.2 Compiler

If the source language is a high-level language and
the target ig assembly  or wmachine language of 5 OME

computer, the translater is called a compiler. The functioen
of a compiler is shown in Fia., 1.2,

G o s Ve Shrh She e rian et Shat arse WWs mbve Svar
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l.anguage~-——3>1 COMPILER I|---2or Assembly Language
Proaran l i Program

Fig. 1.2 Schenmatic Diagram of a3 Compiler

1.3.3 Interpreter

An interpreter {for a4  language accepts a8 source

program written in  that lanquage as input and executes it



then and there., The difference between a compiler and an
interprater is that the interpreter does not produce an
eb ject program which can be execuvted repeatedly,

1.4 THE STAGES OF A COMPILER

The process of compilation is 3 cemplex pracess and
from the inplementation peint of view, it is dwmportant to
divide it into subprocesses called phases, The different
phases of a compiler and the variouvs data structures vsed in
these phases are shouwn in Fig, 1.3, The phases of a
compiler can be divided into ssven different categories, ag
fFollows:

1) Lexical Analysig Phace

23 Gyntax Analysis Phase

3 Intermediate Code Generation Phase

4y Intermediate Code (ptimization Phase

%) Storaae Assignment Phase

&)y Code Generation Phase

7y Assembly Phase
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Pfhases 1 through 4 are machine-independent and

lanquage-~dependent , whereas Phases 9 through 7 are
Hmachine-dependent and language-independent, A brief

description of each of these pahases i given in  the
following paraqgraphs,

1.4.1 Lexical Analyvsis Phase

This phase scane the characters of the input source
progran from left te riaght and separates the charactere into
arnsups that logically belona tooether. These groups are
called tokens, atoms or symbhels. During this phase, certain
tables like the iddentifier table. literal tables, and

uniform symbel table are created, Thiz i3 a wmachine
independent phase.
1.4.2 Syntax Analysis Phase (Parsing?

The inpuvt te thisz phase consists of the synbols

aenerated by the Lexical Analvsis Phase, These symbols are

then arouped as basic syntactic constructis,

1.4.3 Intermediate Code Generation Phase
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This phase genarates internadiate coade for
syntactically correct constructs with the help of various
information tables agenerated during the earlier phases.
This code can be in the form of a 1tree or guadruples or
triples depending on how it is 1o be manipulated later,

"1.4.4 Intermnediate Code Optimization Phase

This phase optimizes the intermediate code generated
by the earlier phase, It dis not mandatory for every
compiler to carry ovut the machine independent optimization,
The deciding factoer for incorporating such a phase is the
gain it wowld bring in increased efficiency anainst the
incease in cost in  terms of compilation tinme and
complexity,

1.4.% Storage Assianment Phase

This phase assignsg =ztorage te all wvariables and
literals refrenced in the source proaram, It also assigng
storage to all +the ‘temporary locations necessary for

storing intermediate results,

1.4.6 Code Generation Phase



1n

The basic function of this phase is to produce the
taraget code (in machine or assembly languaqge). The input to
this phase is the intermediate code along with the

identifier table and literal table,.

1.4.7 Ascembly Phase

- Thig phase reselves the label refrences, formeats the
ebject code, and generates the apprepriate information for

the loader,

1.9 THE PRESENTED WORK ~ SCOPE AND BOUNDRIES

s mentioned earlier, the process of compilation ¢an
be split into twe logically independent parts.namely

~ the machine independent part

~ the machine dependent part,

The machine independent part in  this impleméntation
consigts of the lexical anlvsis. the syntax analvsis. and
the intervediate code generation phase, whaereas the
intermediate code optimization phase has been oemitted to
reduce the complexity of ismplementation, The machine
dependent part consists of the sterage assignment, code
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aeneration, and the assembly phases, The work presented in
this dissertation includes the design and implemantation of
the machine independent part of the compiler, The schematic

diagram of Figq. 1.4 shows the inputs and outputs of the

present implementation.

This part of +the implementation generates the
Identifier Table, Literal Tables, Uniform -Bumbol Table.
Intermediate Code Table, and the Error Table, ALl  these
tables mav not be conpletiv Filled idi.e. it leawes gsonme
portioen of each record to be filled by the latter phases of
the compiler, Detailed discussion about the structure of
the tables and their information content is presented in
Chépter 3.,
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TERIED LoAaaNGLIAGED ANID T HIED S SElT

Iin this chapter we discuss why Pascal was chesen to
be the language for implementation, The subset chosen and

the reasons for selecting this subset.

2.1 THE CHOICE OF PaBCAL

The main objettive is to select a hign level language
which is svitable for svstems programming, The HF 1000740
machine presently supports FORTRAN-IV and the HP Assembly
languvage only., Additionallv. in an edvcational environment
one does feel the necessity of having a lanavage which is
helpful in learning the concepts of structured progranming.
Keeping these objectives in mind the decision to implement
a compiler for Pascal was taken.

2.1.1 Pascal : Some Histerical Notes

The Pascal language was created by Professoer Niklaus
Wirth of Eidgenossische Techpische Hechschule (ETH) in
Zurich, Switzerland during 1970-1971, The landuage was o
named in the wmewmoery of the French mnathematician Blais
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Pascal., The eriginal work on Pascal began as an  outarowth
of attempts by Wirth and Hoare to develop a successor to the
languaae ALGOL-&0, The programming  language Pascal was
designed with tha following aims .

1 Te make available a notatien in which the
fundamental concepts and structures of programming are
expressible in a systamatic, precise, and appropriate
Manner.

2) Te denmonstrate that a language with a rich set of
fexible data and program facilities can be implemented by a
moderately-sized compiler,

3 To demMonstrate that the yse of &
machine—-independent language with felxible data and program
gstruoctures for the description of a coempiler leads Tto an
increase of its readability, verifiability and consequently
its reliability, and that this gain need net be offset by

anv losg in efficiency.

4)Y To gain wmore insight idintes the methods of

organising larqge programs and managing software projects,



2.2 THE RATIONALE FOR A SURSET

This implementation does not attempt to implement all
the features of Pascal., Instead 3 svitable subset has  been
selected. Thiz has bheen done since the implementation of
all the features of Pascal wovld be Dbevond the scope of  an
M.Phil, dissertation.

2.3 THE SURSET

The subset of Pascal selected for implementation i3
aiven in Appéndix-—-f,

This subset includes three scalar data tvpes, namely,
integer, real, and character, and a structured data type,
namely . arrav, The reason for selecting these data tvpes is
that they cater t0 most of the elementry needs for systems
programming as well as general purpose proaramping and the
other data tvpes like boolean and =zubrange can be eazily
simulated wusing these,

In the control statements the subhset contains
"hegin-end®, "if-then", "if-then-elsze”, "while-dos", and

"qoto”. These allow the basic needs for structured
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programming te be nmet and allow the vast majority of

proarams to be expressed as hisrarchical

nesting of
single-entry, sinale-exit blocks. These facilities
contribute significantly to program clearity and

snderstanding and i1t dis not absolutely necessary 1o

incorporate facilities like "repeat-until” for the purpose

of this dissertation,



CHIAPTER 3

THE TMPILLEMENTAT 0N

This chapter describes the design and dimplementation

of the machine independent part of the Pascal compiler.

3.1 THE ENVIRONMENT

In this sectien a brief description of - the harduare
and software environment available for dmplementation is
presented, The implementation has been caried out on the
HP 1000/40 svestem available in the SCHS.

2.1.1 The Hardware Envirennent

The HP 1000/40 system is designed around a 16-bit
microprogranmmed central precessing  unit, The available
system has 128 KB of random access memory  as  primary
memory . and two disces of 10 ME each as secondary esenmory
associated with it. It has ane congole and ane
bi~-directional matrix printer (Recently the cofiaguration has
been enhanced.).
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3.1.,2 The Software Environsent

The system has a multiprogramming operating system

allowing & variable partition size (maximum partition size
heing 64 KBY and vesr definable job priorities, The syvstem
provides an editor for creating and editing data as well, as
source files, It also provides an assembler for the HP
Assembly Language and .a compiler +for FORTRAN IV, The
relocatable loader allows program overlays , +the overlays
being decided by the vuser, ’

3.2 THE DESIGN

A detailed description of the implementation is
presented in this section., This includes a deacribtion of
the various data structures used , the intermediste code,
the lexical analveis. as well as the svntax analusis and the

intermediate code generation phases,

X.2.1 Data SBtructures

The data structures vsed in  the implemsntation are
described in thig section, The sechematic diagrams of all
the data structures used are given in Fig, 3.1, In the
figure,. the relative address field, as discussed in some of

the dats structures, 1is not shown becavse it is filled and
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vaed by the machine dependent part of the compiler.
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a) Kevword Table

This table ie available with the lexical analyser and
containg all the kevwords vsed in the langvage, Each entry
in the table is eidaght bytes long and the table centains 22

such entries. A& list of all the kevwords stared in thig
table is® qiven Appendix R,

b)) Delimiter Table

This .table is alse available with the lexical
analyser and contains all the delimiters except space,
Each entry in the table is two butes long and the table
contains 14 such entries. A list of all the delimiters
stored in this table is given in Appendix (.

c) ldentifier Table

This table is created by the lexical analyser and
consists of all +the distinct variables and the program name
used in the source proaram. A typical entry of this table
congists of 16 byvtes of information.Each entrv in this table
consists of the following fields:



1) Name ; Firgt eight byvtes in the entry contain the nawme of
the identifier. The name consists ef a maximum of eitht
alphanmeric characters and the first character among the
eight nust be an alphabet, This field ie¢ filled up bv the

lexical analvser.

2) Type : This field occupies the next two hytes and denotes
the tuvpe of the identifier in the entry, Tepe 0, 31, 2, 3
and 4 correspond to undeclared identifier, integer, real,

character . and program name, pespectively.

3) Byte : The nuwmber of Dytes to be allocated to an
identifier is given by this field. The number of betes

allocated te a program name is zero,

4) Array Bound ; If the identifier is an arvrav type then
this field gives the length of the array stherwise this

field containg a zero sntry.

ﬁ)-Literal Pointer : If the identifier has been declared as
a constant , then this +field provides a pointer teo the
literal table uwhere the value of the constant is stored,
stherwise this field contains a zero. A pointer value

begining with the number 21 points to  the integer literal
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table; that beagining with 22 peints to the character literal
table, and that begining with 23 points to the real literal
table, The last three digits of a pointer value indicate
the entry point within the selected literal table,

&Y Ralative Address @ This field shall contain the relative
address of the identifier within the table.

d} Integer Literal Table

This table is generated by the lexical analyser and
contains all the inteqer literals appearing in the source
program, Each entry in the table is four bevtes long, and
consists of the following fields: |

1) Ilit : Thie field containg the value of the integer

literal: the lenath of this field is two bytes,

2) Relative address : Thig 2-bute field shall contain the
realtive addrese of the literal within the table.



@) Character Literal Table

Thisg table iz generated by the lexical analyser and
contains all the character literals appearing in the source
proaram. Ffach entry in the table is four bvtes long, The
table consists of the following fields:

12 Clit : Thig field is two bytes Jlong and containsg the
characters appearing in the character literals,

2) Relative Address : This field shall contain the relative
address of the literal within the table.

) Real Literal Table

This table is aenerated by the lexical analyser and
contains information about the real literals appearing in
the source program, Each entryv in the table is six byres

long and consists of the following fields

1) R1it : This field is four bytes long and contains the



yalue of the real literal.

This field iz two hytes long and shaill
the literal within the

[
.

2) Relative Address
contain the relative

address of

table.

l.abel Table

0)
This table is filled up by the syntax analyser and
containg all the labels declared din the source progranm.
Each entry of the table is four byvtes long and contains the
followinag fieslds
1} Label : This field is two bytes long and contains the
label declared in the progranm.
2) Label Status : This field is two bytes long and contains
the status of the label. Status zero inplies that - the
in the program whereas
in

label has net been defined hefore
defined once

ztatus 1 implies that the lable has been

the progran.

Y Uniform Svmbol Table
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This table is generated by the lexical analvser and
containg refrences to all the tokens appearing in the sobrce
proaram except the comments which are ignored. Each entry
of the table iz four bytes long and contains the follewing
fields '

1) Table Code : This field is two bytes long and contains
the number of the table in which the token is stered.

2) Index : This field is two bytes long and contains the
number of the entry corresponding to the token in the table
referred to by the Table Code field,

i} Error Message Table

Entries in this table are made by the lexical as well
ag the syntax analvser, each entry corresponding to  an
error detected by the lexical analyser or the syntax
analvser., Each entrv in the table is four bvres long and
containg the following fields

1) Line : This field is two bytes long and contains the line
number of the source program in which the error has been



encountered.

2) Ervor Code : This field iz two bytes long and contains
the error code for the error detected in the line given by
the Line field.

i} Intermediate Code Table

This table iz generated by the syntax analyser and is
to be treated as the input for the code generater part of

the compiler. It provides the basic interface between the
machine independent and machine dependent parts. The
intermediate code consists of a triplet =~  an  opcode,

oparandl, and eperand2. Each entry in the table consigts
of eighteen buvtes and contains the following fields

1) Opcode : Thig field is two bytes long and coentains the
numeric code for the operation to be performed on  the
operands., A& list of all the operations available, the
correspending codes, and their actions ie given in éAppendix
D.

2) Table Code 1 : This field is two bytes long and contains
the number of the table corresponding 1o the first operand,
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3 Index 1 : Thsi field is two bytes long and contains the
nunber of the entry in the table referred 1o by the Tahle
Code 1 field,

4) Array Code 1 1 This field is two bytes long and containg
al if operandl happens to be an arrayv type else it

containg a zero,

5 Array Index {1 : This field is 1two bytes long and has
gignificance only if the Arrav Code 1 field contains a 1 in
which case it provides the valve of the index within the
arrav.

6) Table Code 2 : This field is two bytes long and contains
the number of +the table corresponding to¢ the second

operand.

Py Index 2 : This field is two bytes long and <contains the
number of the entrv in the table referred to by Table Code
2 field of the entry.



) Array Code 2 : This field is two bytes long and contains
a 1l if  operand2 happens to be an arrav  tepe!l it containsg
the number 21 if the Opcode walve dis 10 to 13 and the
operation requires the fleating point tepe formaty

cthervise this field containsg a zero,

2y Array Index 2 1 This dis a two byte long Field and
contains the value of the indsx within the array If  Array
Code 2 field contains a 1, or the number of the entry in
the integer literal table if the Array Code 2 containg
twenty one.

F.2.2 Intermediate Code

The intermediate éode consists of triplets of one
operator and two asperands, The code is chosen in such a way
that it is easy to translate into the machine langquage of
the HP 1060, A detailed diﬁﬁbﬁﬁion on the code structure
has been presented in the earlier paragraphs. The wvarious
eperators and their correspoending codes are olven in
Appendix D, ‘

Z,2.3 Lexical aAnalvser

Au discussed previgusly | the fumction of a lexical



analvser i3 to read the zource prodram ( a Pascal program in
our case) ong character at a time, and teo translate it ints
tokens or atoms., The lexical analveis phase has been kept
seperate from svhtax analvsis in order to simplify  the
design of the conmpiler. In addition, since the structure of
tokens can be more easily specified than the seyntactic
gtructure of the source languvage, the censtruction of a3 more
specialised, and hence more efficient recognizer +for the
tokens is possible. Since a larae portien of the compile
time i¢ spent in  scanning the dinput  characters, this
saperation allows vs to concentrate solely on reducing this
tine, The lexical analyser rsads the complete input  seurce
progranm and generates the necessary information for 'gtnraqe
in the identifier table, integer literal table, real literal
table, character literal table, and the uwniform symbol table

for the svyntax analvser to take asver,

The transition diagram of Fig. 3.2 is a particularly
veeful tool in understanding the working of the lexical
analvser because the action taken dis highly dependent on
what characters have heen encountered recently, The
circles in the diagram are called states and these are
connected by arrows called edges. The lables on  the
various edoes leaving a state indicate the input character
that can appear after that state. The ﬁtartinq atate of
the transition diaagram is state 8: the First edae from thig
state indicates that the first input character must be a
letter., If this is the case, we enter state ID and Jook at



the next input character. We continue this way, reading
letters and digite, and making transitions from state ID  to
itgelf, until a delimiter for an identifier is encountered,
at which peint we leave the state 1D ( for practical
breasons, the size of an identifier has been limited to a
maximum of eight characters?, Then &4 look-up iz performed
in the kevword table to see if the identifier is a kevword
or not, If the identifier happens to be a kevwoerd, then we
make an entry in the uniform symboel table; houwever, if it is
not a kevword,. then it is sntered in  the iddentifier table
(if it does pet already exist there), and a corresponding
refrence entry is made in vniform symbol table. Similarly,
the lexical anavlser enters an  integer literal in  the
integer literal table, a real literal (fixed point as well
as floating point? in the real literal table, and a
character literal in the character literal table;
corresponding to each of these entries, _a refrence is
entered in the uniform svmboel table. In the case of a
valid delimiter, an entry is made in the uniferm sywmboel
table only after a look-up is performed in the delimiter
table., It is to be noted that when a comment ids detected,
no antries are made and the scan is continued to the
following symbol. In case of an error, an entry is made in

the error message table and the scan is continued.
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F.2.4 Syntax Analyser and Intermediate Code Generator

The syntax analyser checks that the tokens appearing
in the input (which is the output of the lexical analvser)
cccur in patterns that are permitted by the specifications
of the sevrce languaae. In other words, a swntax analvser
for a particular grammer takes as input a string of tokens
and checks whether fhe string is a part of the grammer or
not, If the input conforns to the grammer, then the
intermediate code for such input is generated: otherwise, an
appropriate error message indicating the vielation of the
grammer 18  generated. The intermediate code generator
transfornms the error free source statements into an
intermediate lanquage, The syntax analysis and intermediate
code generatisn may be implenmpnted as two different phases
or both may be combined in one phase. Combining the twe in
one phase is normally preferred for the purpose of
increasing the afficiency of the compiler, The wsame
approach has been followed in this implementation. As so00n
as the syntax analyser is able to recognize any particular

atement of the language, the intermediate code is

aenerated,

The syntaz analyser and intermediate code generator
program reads the yniform symbol table seguentially, checks



the grammatic correctness of the input and depending on the
tvpe of the statement, updates the infermation present in

the identifier table and/or generates the intermediate code

which is filled into the intermediate code table
sequentially. For arammarically dncorrect input, the
programn fills up +the appropriate error code and the

corresponding line number of the source program in the error
message table. The svntax analeser also maintaing a  table
of labels, a astack of temporary variables and a stack of
nestinas in  order teo facilitate the process of suntax

analysis,

The complete syntax analysis and intermediate code
generation phase hag ben divided into faur major routines,
namerly, SYTAX, COMPS, ST, and EXPR. The interactioen betuween
these robtines is depicted in Fig. 3.3, The  first routine
called SYTAX handles the poragram heading and the declaration

part of the program. The second routine named COMPS parses
the main-block *hegin-end® and maintains tThe necgssary
control for it. The rovutine named BT parses the executable
source statements namely the assignaent, "if-then",
Hif-then-else", "while-do", "begin-end", "gato", ‘"readln®,
"read", Cwriteln", and "write" ztatements and generates the
corresponding intermediate code for them, The roustine EXPR
handles the simple expressions appearing in the source
statements., The entry to the syptax analvser is made
through the routine S8YTAX which, after processing the
declarations , calls the routine COMPS which dnturn calls
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the routine 87, Whenever necessary the rouvtine ST calls the
routine EXPR to process the simple expressions, A brief
description of the four routines is given in the following
paragraphs,

On entering the syntax analysis and intermediate code
aeneration phase the routine SYTAX is called, This routine
expects the first token in the input to be the keyword
"mroaram” followed by a szemicoelon, If there is  any
deviation frem this input, the routine generstes an
appropriate error message and. if possible, makes relevant
assumptions. For example, if program identifier doees not
exist, the routine assumes it to be Pascal and centinves the
analysis further. The routine then  aenerates the
appropriate intermediate code. The routine thereafter looks
for the declaration part of the source program, I¥ the

declaration part exists, then it checkg for the presence of

label declaration, constant declaration, and variable
declaratiens. On finding +the 1label declarations, the
routine checks for the syntactic correctness of the

declarations and transfers the valid labels inte the label
table. For constant declarations, after +the syntactic
correctness has  been established, the poipters to the
literal table are updated in the corresponding iddentifier
entry in the identifier table. For variable declarations,
the routine first checks for the possibility of a declared
identifier being an array tupe, If the identifier happens

to be an array type, the routine then checks for the
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validity of the array length, and updates this information
in the corresponding identifier entry  in  the identifier
table, The data type of the identifier, whether array type
or other,. still remains to be established. The data tupes
allowed by the routine are integer, real,. and character,
This infoermation is alsoe entered in the corresponding
identifier entry in the identifier table. For character tvpe
identifiers,the length of the identifisr is also checked: if
noet specified, this length is assumed to be one, For
integers, this length is assumed to be two buytes, and for
reals four bvtes., Before updating any infermation, the
rovtine also checks the semantic correctnessg of the
declarations, points out possible semantic errors which are
reported in the error message table., and wmakss a recovery
from the error(s), After the processing of declaration part
is over the routine calls COMPS for further analvsis and
code generation,

The routine COMPS expects the kevword “"begin® to be
present at the input. 0On finding the required idnput, it
calls the routine ST to procets the subsequent input tokens,
If COMPS does not find the keyword "beagin" in the input, it
assumes the main bleck to be pressnt, reports the message in

the error table, and c¢alls the routine ST,
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|
|
The rovtine ST first checksl for the presence of a
label in the dnput. On finding a|label, it checks whether
a4 valid declaration was made for the label or not. If the
label was correctly declared, it checks whether the label
has been defined earlier in fhe prhqraﬁ or not. I¥ not then
it generates the intermediate codei?ar defining the label
and chanaes the status of the label in the label table to
that of defined, If the label is yndeclared, an  errer is
reported in the error message Tah}m and the intermediate
code for such & label is not generated., If the label was
declared correctly but has been redefined. then the routine
ignores the redefinition of the 1label and adds an
appropriate error message in the e%rur table,

b
I

If a label was not prseent in the input, the routine
checks for the presence a cundi{ional gstatement, namely,
the "if" éTatement. On finding the kevword "if" present in
the input the routine wmakes a call te the routine EXPR for
processing the expression, and. subsequently looks for
keyword "then" followed by any of, the allowed statements.
The "i+f" statement may be followed by the kevword Yelse",
If the kevword "elss" is not premént, the routineg terminates.
the conditienal statement, asauniﬂq it ag an "if~-then” tvpe
statement, Rut, if the kevword i"else" is present, the
rovtine looks for any of the |allowed statenents after
"eluse". The matching of "if-then-else” structure is
performed with the help of a‘ stack, Along with the
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verification of the syntactic correctness, the routine also
aenarates the intermediate code for "if-then" or
"if-then-else"” statements, If thé ronditional statement wasg
net present in  the dnput, the routine 8T checks the
pessibility of a repetitive 'statement, namely, the
“wuhile-de". In processing the "while-do" starement also,

the rovtine has to call the routineg EXPR to check the syntax

of the expressioni: the routine EXPR also generates the
. ]

code for the expression, The matching of a "do" for a

"while" is performed by wmaintaining a stack, If the

repetitive statement is not pﬁeaen? in  the input, the
rouvtine ST checks for a coﬂpopnd stavement. namely the
"hegin-end”., After the keyword “begin”  there could be any
number of the statements Fulluwéd by the kevword "end",
The matching of an "end" for a "ﬁeqin" is performed by uvsing
a stack. If dnput did not denote a compound statement, the
roeutine 8T checks for the "anoW statement, The lkevword
"goto" should be followed by a label., A valid label has teo
he declared in the declaration Qart hefore 113 use, The
routine then c¢hecks for the ‘presence of an assianment
statement  statement, For processing an assignuent
statement, the routine call EXPR, If the input doass not
dencte an assignment staTement,‘The routine then checks for
any  of the “read", “raedin®, ‘Tuwrite", or "writeln®
statemegnts to be present, If the input does noet happen 1o
be anv of these, the roufing takes it as an  invalid
statement, and after reporting the error continuves the

parsging and intermediate code generation for the followinag



tokens.

Following i a brief description of 1the logic
enploved for generating the intermediate code for

"if-then", "if-then~else", and "while-do® statements.

IF-THEN

IF e THEN w1
!
!

The intermediate code agenerated is equivalent to

code for expression e
IF NOT(e) GOTO t1

code for sl
+1:
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IF~THEN-ELSE
!

{

IF e THEN st Else s
!

The logic fer qgenerating the intermediate code is as follows

code for expression e

IF NOY(e) GOTO 11

code for gi
goto 18
tl:icode for 52
my T T T ey, Ty
.tl... ‘L"m\f—"\,j u

!
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WHILE-DO
1

!

WHILE e DO 51,
!

]
The squivalent of the intermediate code is
!
!
wl:code for =
IF NOT(e) GOTO w2
code for sl
GOTO wl

The routine EXPR parses the simple expressions and
agenerates the intersediate code for syptactically correct
simple expressions,

Due to the limitations of the memory partition
{64KR), the complete work of reading the source, performing
the lexical analysis and the syntax analvais, qgenerating
the intermediate code, and printing the tables has been
divided intoe threse praograms which overlay each sther,

Firet, the lexical analysis program reads the source,



perforns the lexical analysis, and prints the source. After
it has completed its job, this program is overlaved by the
syntax analysis and intermediate code generation progranm
which, in turn, is finally overlaved by the third proaram
which prints the various tables, The communication between
these prograns is established Using CcomMon  areas, The

stvirce listing of the programs are given in Appendix F.

3.3 AN EXAMPLE

In order to show the workina of the
machine~independenmt part of the conmpililer. an exawple of
hubble sort has been chosen, The program uwritten in Pascal

reads ten integers, sorts them uysing fthe bubble sort

algorithm, and prints the sorted integers. The example
contains an error of double declaration. The program aives
the cerresponding error message and ysing the firgt

declaration of the identifier, performs the analvsis and
generates the intermediate code., The Pascal proegram listing
and wvarious information tables along with the intermediate

code are given in  Appendix G.
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In this chapter the euperience gained during the

implementation, as well as the suggestions for improvement
are described.

4.1 THE EXPERIENCE

It is observed that the language PL/I proevides better
facilities for writing a compiler than FIRTRAN IV, The wmost
zeriovs disadvantage of FORTRAN IV dis the inadequate
facilities for manupulating characters and its unstructured
nature. '

It is also observed that the completion of the desiagn

before coding cuts down the development time considerably.
For writing compilers, the lexical analyser should

take care of the conversions of data into +the internal
form, This helps in making the svntax analvser simpler,

46



4,2 SUGGESTIONS FOR IMPROVEMENTS

The subset of Pascal chosen for inplementation may be

extended to include extra facilities in data tepes as  well

as executable statements, The facilities like “"boolean®

and "subranae" wmav be included te enhance the data tvpe

facilities and in the giecutable statenents another

structured statesent like “"repeat-until®” may be added,
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AP PEMNIDLEX M

WEED SRR EDY

{praram?: :=<{program heading>{block?,
{proaram heading’: :=PROGRAM{identifier’:
Cidentifier?i={letter}{{letter or digit)>}
{letter or digit?: !={letrtterdi{digit?
{block):i={label declaration part?
{constant definition partX{variable
declaration partX{statement part?
{label declaration part)::w(emptp}{LﬁBEL<1abel>£}1abel>};
{lahel>; :={ungigned integer?’
{constant definition partiii={emptyll
CUNST(constanT>deFinition)(;
{constant definitionli;
Ccoanstant defindtion?:i={identifierd={constant?
{constant?::=<{unsianed numberi{signX{unsianed number)
{unsianed number):i={unsigned integeri{unsigned real
{unsiagned integer}:i={digit){{digit’]
{unsigned reall::=(unsigned inteqer},.{digit>{{diqgit>}}
{unsigned integer ). {(digit>{{digit>3
E<scale factorl|
{unsigned integer>E{scale factor’
{scale factor::={unsigned inteqer’|

{gign{unsigned integer?



{eignliye=tkl~
<variable declaration partd:ii={emptyl!
UAR{variahle declaration?
{i{variable d@claration>3;
{variable declarationd::=(identifier){,{identifier)}
{type

{(tvped: ={standard typedXli{array tvpe’
{standard typed: ! =INTEGERIREALICHAR
{array typel::=ARRAY{1 iunsigned inteqer)

OF {standard type’
{(statement part)i:={compound statement)
(atatemnant)ii={ynlabelled gtatement>i{{label:

Cunlahelled statement?
{unlabelled statement)::={simple statement)|

{structured statement:
{(gimple statement? i i={assignment statement’|
{an to statement ¥l
{empty statement?

“{assigneent statement?yi=<{variable):={(expression’
{variable)i:i=(identifier identifier)!{array variable>
{variable identifierd:i={identifier:’
{array variablel::={(variable?
{expression’::={(gsinple expression’i

{simple expression?{relational

operator>{sinple expression?’
{relational operatorlii= =1 {}{=1>10=}(}
{(simple expression?:!:={termili{sign?{term:i

{(simple expression?



{adding operater>{term
{adding operator’;:=+|}-
{termrii=(factor 2 {tern>{multiplying operator>{factor>
{(rrultiplving operator: =%}/
{(factor?::={variabledli{unsigned constant) | {{expression})
{unsigned constatnty; i={unsianed number}i{string:
{Qo to statement?::=LOTO (label?
{enpty statement’: i={enpty)
{empty); 1=
{structured statementyi:={compound statement’!
{conditional statement’|
{repetitive statement:
{compound statementy: =BEGIN (statement>{j{statemnentd’
END
{conditional statement?::={if statement?
{if statement): :=IF {expression) THEN {(statement)|
IF {expression) THEN {(statement>
ELSE {(statement:?
(repetitive statementy: :={(while statement)

{while statement): i=WHILE {expression’> DO {statement>
Input and Qutput Procedures

{input procedure’:=READ({input parameter )|
READLMI({input parameter )3
{input parameter’::=(identifiers{,{identifier)]
{output procedurel: =WRITE({(ocutput parameter)i
WRITELNL({output paraneter?)l



(&4
e

{output parameterdi={identifier>{{:{unsigned inteqger>l
unsigned inteqger))
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Keyuord Table Code

INDEX

oo

LA

Ll
= o 0 N

12
13
14
159
16
17

12

K EIY WOIR DS

i 3
KEYWORD

PROGR AM
PASCAL
CONST
VAR
INTEGER
REAL
CHAR
ARRAY
OF
HEGIN
END
WHILE
Do

IF
THEN
£1.SE
GOTO
READ
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54

READLN
WRITE
WRITELN
LﬁBﬁL
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Delimiter Table Code : 4
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OPERATOR

Proaran
+

*

L.abel
Compare
Goto

- Read
Readln
Write
Writeln
L4

L....

End

R B R

3T QT

OPCODE

2
2

Qe

b

NI X

Y ETR oY 3R 43

OPERATION

Name of the progran

Add the secoend operand to the first
Subtract the second operand from the firgt
Multipley second operand with the first

and put the resylt in the first operand
Divide the first operand by the second and
the resuvlt in the first operand

Define the label

Compare first and the second oeperand

Jump

Read withosut line feed

line feed after Read

Write without line feed

Line feed after WHrite

l.oagd the second cperand in the first

L.oad the negative of secend aperand q‘:; T,
in the first

End of the code
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100

i6

o oo
ma—‘
= i3

3
S
P

Y
J
o

2 B S B EN N DT N £

DERTT O EIRROR O CODES

MESSAGE

Identifier exceeds & characters.

truncated te first 8 characters

Illegal character present in the input

Pregrm not starting with kevword "PROGRAM",
kevword assumed

Program id mizsing, assumed PASKCAL

Kevword being used as program id, assumed PABCAL
1 missing, assumed

Illogical end, of program

Unidentified. syntax error, statement ignored
Kevword being used as identifier, statement ianered
= gxpected after identifier, statement ignored
real or integer constant expected

1 expected after integer, statement ignored
Kevword INTEGER/REAL/CHAR/ARRAY expected,
statement ignored

{ expected after identifier. statement dgnored
Unsigned integer constant expected,

statement ignored



260
262
264
266
aza

274

Array starting range improper, assumed i
Kevword INTEGER/REAL/CHAR/ARRAY expected,
statement iaqnored

) missing, stratement ignored

Kevuword 0OF missing

Tvpe for declared constant declared,
declaration ignered

Tupe of an identifier redeclared, declaration idnored

frrav redeclared, declaration ignored

Program id cannot be used as an identifier,
declaration ignored

DPeclared identifier being declared as a constant,
gdeclaration ignered _

Constant identifier redeclared, declaration ignored
Main bleck BEGIN missing, assumed

Mismatching Begin present

Kevword END nmissing. assumed

Invalid combination of relational operators

psed, statement ignored

Invalid relational operator used,

statement ignored

Keyword THEN missing, statemrent ignored

Keyword DO missing, statement ignored

Miamatching End present

Invalid label in GOTO statement, statement iagnored
Label redefined, definition ignored

: missing after identifier, assumed ’



= miasing, assumed

Statement not recegnized, ignored
Mismatching ELSE present, statement ignored
Mismatching DO present,. statement ianored
Extra ; present, null statement assumed

( missing, assumed

} missing, assumed

Format error, statement ianored.



0001
go0g2
0003
0804
ag0s
0004
ngovy
ng08
000%
04810
0011
6612
0013
0614
0615
2016
0817
2018
gg1%
0020
002y
N2z
0023
6024
0625
0026
0027
0028
0029
B03g
0031
0032
0633
0034
0035
0036
6037
0638
6039
0040
fG41
0042

AP P END Y e

SBOURCE PROGRAQM  L.ESTEMNG

FTM4 L
BLOCK DATA
Cmmem IDENTIFTER TARLE ==~

INTEGER IDCA,256) ,TYPE(256) ,BYTE(256) ,LEN(256) ,LPTR(256),

*RADDR (256
G L ITERAL TABLE~—-
INTEGER ILIT(64),CLIT(E4)
REAL RLIT(&4)
e ,
G L ARLE  TABLE -
c

INTEGER LAB(32),LABTYP(32)
ComeUNIFORM SYNEOL TAHLE=~--

INTEGER TAR(S12),INDEX(512)
Cre=~ERROR MESSAGE TABLE-~~-

INTEGER STMNT(32) ,ECODE (32)
L KEYWORD TABLE

INTEGER KWORD(4,22)
g DELTMITER Gommrm

INTEGER DEL(14) |

INTEGER A(80),IDVP(4) ,IDVUCE) ,C

INTEGER FMT(5) ,LIT(80) ,DIGIT(10) ,ITEMP ,FOT,8CN, IBUF (40)

REAL TEMP

INTEGER UN,ERRN,E,T,END,INT,TLITN,RLITN,CLITN, TDN,LABN
INTEGER STM(16) NUMB(16),8, B, W, EL, TH,COP (2)

C
Cr===INTERMEDIATE CODE TABLE----
¢
INTEGER OPC(524) . TAB1(524) . TND1(324 (ARRT1 (524) (ALENTI(524)
*,TAR2(524) , IND2(324) ,ARR2(524) ,ALENZ1524)
¢

Co==TEMPORARY VARIABLE STACK-—-{TAR CODE :
C .
INTEGER TUAR{(16) ,TPREC(16),TOP(16)
INTEGER PREC.OP COUNT.Y

INTEGER PGM(4) ,LST,PAGE ,LINE
INTEGER IRCRC180)

COMMON /IDLIT/ I1D,TYPE,BYTE,LEN,LPTR,RADDR,ILIV ., CLIT RLIT L+

%, LARTYP

COMMON /INTCD/ OPC,TABL,INDI ARRI ,ALEN] ,TARZ , INDZ,ARRZ, ALE}

COMMON ZERR/GTMNT (ECODE (ERRN ., E
COMMON 7UFORM/ TAR,INDEX

1B Y o



Y]

6043 COMMON /CARD/ C

0044 COMMON /INC1/ I

0045 COMMON /FIN/ END,UN

00246 COMMON /8TK/ STH.NUME,S B, W, EL,TH,COP

0047 COMMON /COUN/ IDN, ILITN,RLITN,CLITN, INT,LARN
8048 COMMON /PRNT/ PGH,.LST.PAGE,LINE

0049 COMMON/PAL/IDCE

0050 END

0051 PROGRAM PASCL,3

0052 INTEGER NAME(3) ,PAGE

0053 INTEGER PGM(4)

0054 COMMON/PRNT /PG, LET, PAGE , L INE

0055 DATA ICODE,NAME/®,2HLE,2HXY,2H 7/

0056 LET=0

pO5Y CALL EXEC(ICODE ,NAME)

0058 END

0059 FTN4,L

0060 PROGRAM LEXY.S

8061 Ce—-IDENTIFIER TABLE-~--

0062 INTEGER IDC4.256) TYPE(256) , BYTE(256) ,LEN(256) ,LPTR(256) ,
0063 %RADDR ( 256)

0064 C----LITERAL TABLE—---

0065 INTEGER ILIT(64),CLIT(64)

0066 REAL RLIT(64)

0067 €

0068 C-~~~LAKLE TABLE=~--

0069 C

0070 INTEGER LABCI2) LARTYP(22)

0071 C----UNIFORM SYMEOL TABLE-——-

0072 INTEGER TAE(512) , INDEX(S12)

0073 C-—-~ERROR MESSAGE TARLE -~~~

8074 INTEGER STMNT(32),ECODE (32)

0075 Cor-mKEYWORD TABLE~——w

0076 INTEGER KWORD(4,22)

0077 Cow—-DELIMITERGmmm

0078 INTEGER DEL (142

8079 INTEGER ACBO)Y,TDVP (4),TDVU(B) ,C

0080 INTEGER FMT(5) LIT(80),DIGITC10),ITENP,FST,BCN, IRUF(40)
0081 REAL TEMP

0082 INTEGER UN,ERRN,E T, END, INT,ILITN . RLITN,CLITN,IDN,LAEN
0083 INTEGER STM(16) ,NUMEC16),5,E,W,EL.TH,COP(2)
0084 C |

0085 C--——INTERMEDIATE CODE TABLE -~

0086 C

0087 INTEGER OPC(524) ,TAR1(524) , IND1(524) ,ARR1 (524) ,ALENT (524)

0088 %, TAB2(S524) ,INDR(GH24) (ARR2(524) (ALEN2(S24)



0889
0096
0091
0092
6093
0094
0095
0096
6497
0098
0099
8100
6101
g102
0103
0104
0105
0106
6107
g1oe
0109
0110
6111
0112
f113
0114
0115
8116
0117
0118
6119
0120
0121
0122
0123
6124
012%
6126
6127
012e
pi129
0130
0131
0132
0133
0134

W

Lo-—~TEMPORARY VARIAKLE STACK~~(TAE CODE & 10)-m--

C

INTEGER TVARC16), TPREC(16) . TOP(16)
INTEGER PREC,OP,COUNT,T
INTEGER PGM(4) LGT,PAGE ,LINE
INTEGER IDCE(144),NAM(3),ITRUF (40)
INTEGER NAME(3)
COMMON /IDLIT/ ID,TYPE,EYTE,LEN,LPTR,RADDR,ILIT,CLIT,RLIT,L
%, LARTYP
COMMON ZINTCD/ OPC,TAE1,INDI,ARR1,ALENI ,TARZ,IND2,ARRD,ALE
COMMON ZERR/STMNT,ECODE,ERRN.E
COMMON /UFORM/ TAE,INDEX
COMMON /CARD/ €
COMMON /INC1/ I
COMMON /FIN/ END,UN
COMMON /STK/ STM,NUMB,S,E,W,EL,TH,COP
COMMON ZCOUN/ IDN,ILITN,RLITN,CLITN,INT,LARN
COMMON /PRNT/ PGM,LST,PAGE,LINE
DATA ICODE,NAME/S, PHSY . PHTA , 1HX/
DATA IE/2H 7/
DATA FHT/2H(E,1HO,1HO,2H. 0, 1H)/
DATA DIGIT/1HO,1H1 ,1H2,1H3, 1H4,1HS, 1HE, 1H7, 1HB, 1H9/
DATA KWORD/ 2HPR ,2HOG, 2HRA , 2HHM
%, 2HP A, 2HSC, 2HAL , 2H
%, 2HCO , 2HNS  2HT |, 2H
*,2HVA,2HR ,2H  ,2H
%, 2HIN,2HTE , ZHGE , 2HR
%, 2HRE , 2HAL ,2H  ,2H
%, PHCH , 2HAR . 24 . 2H
x ,2HAR , ZHRA, 2MY , 2H
%, BHOF,2H  ,2H L 2H
%, PHEE , 2HGT, ZHN ,2H
%, 2HEN, 2HD ,2H ,2H
%, 2HWH, 2HIL, 2HE , 2H
%,2HDO,2H  ,2H . 2H
% BHIF,2H  ,2H oM
¥, 2HTH,ZHEN, 2H  , 2H
% ,2HEL ,2HSE,2H  ,2H
% 2HGO,2HTD,2H L 2H
%, 2HRE, 2HAD, 24 . 2H
%, OHRE . 2HAD , ZHILN , @H
% 2HWR , ZHIT, 2HE , 2H
%, 2HWR , BHIT , 2HEL. , 24N
%,2HLA, PHRE , 2HL ,2H  /
DATA DEL/



0135
0134
1137
0138
1139
0140
0141
0142
D143
0144
0145
0146
0147
0148
1149
0150
0151
01;.".
0153
0154
91!:‘!»
0156
0157
0158
0159
0160
0161
01462
0163
0164
0165
0166
0167
0168
80169
0170
8171
0172
80173
0174
017%
1176
0177
0178
179
01840

b3

L OBHe L2H- L PHx | 2H/ ,ﬁH JEHCO LBHY , PHY
DLEHY L2H: LPH: L2H. (2H. LBH’ /

I-COUNTER FOR NG OF CHAR IN A CARD
J-NG OF CHARSG IN AN 1D

K-NO OF DELIMITER PRESENT

L " " " O NUMERIC LITERAL
L1-NOQ OF CHARACTERS PRESENT IN LITERAL

IDN-COUNTER FOR ID TAR
TLITH-COUNTER FOR ILIT TaAR

CLITN- M " CLIT Tak

RLITN- " " RLIT TAR

ERRN -~ " " ERROR Tap

UN - " UNIFORM SYMEOL TAR
LABN -~ " " LABLE TAE

C-NO OF LINES READ

AN CaAnNa0G a0

READ (1, %) ISEC

CALL OPEN(IDCE,IER,NAM,0,ISED)
IF (IER.GT.0) GO TO 7

WRITE (1,4)IER .NAM

4 FORMAT (/ »%xxFMGR ERROR ; 7, 1I3,7 ON FILE
GO TO 10

7 Cal.l. HEAD1

5 PO 1% I=1.80

1% ACT)=1R

IBK = 00040R

CaLL SFILLCITRUF,1,80,TEK)

CALL READF(IDCE, lER. TIBUF 40 ,.L3
IF (IER.LT.0) GO TO 370

IF (. LE. G £0 TO 370

CaLL CODE
READC(IIERUF, 37 (A1), I=1,80

‘L3R

UN=0
C=0
10 WRITEC(L,1)
] FORMAT (7 ENTER INPUT FILE NaME :_ )
READ(1,2) (NAM(I) , I=1,3)
2 FORMQI(&A”)
WRITEC1,3)
3 FORMAT(’ ENTER SECURITY CODE OF THE INPUT FILE

2

)

LPT-FLAG SET IF DECIMAL PRESENT IN NUMERIC LITERAL
LPE FLAG SET IF EXP PRESENT IN NUMERIC LITERAL

1

P



1181

0182
0183
0184
0189
4186
0147
0188
3189
0120
60191

g192
0193
0194
0195
019&
0197
0198
0199
0200
0201

g202
0203
6204
n20%y
Q206
02a7
na2o08
4209
ba1o
211

212
1213
0214
215
216
D217
0218
n21vy
naz0
0221

n222
02a3
0224
0225
g226

37 FORMAT(80A1)
11 G+l
LINE=LINE+1
IF (LINE.GT.60) Call HEAD!
WRITECLST, 111y €, (ACI),I=1,80)
111 FORMAT(4X,14.3X.8041)
UN=UN+1
TABTUN)=9%
INDEX{UN)=C
I=1
J=0
¥ IF (AT GE,1HAY LAND. (A(I).LE.1HZ)) GO TO 20
IF (J.EQ.0) 60O TO 110 _
IF ((ACT) . GE.IHO} AND. (ACDHY  LE.1H93) GO TO 20
GO TO 40
20 I=1+1
J=J+1
IFC(L.GT.72) JAND. (J.GT.8)3G0 TO 40
IF (J.G7.8) GO TG 30
IF (1.G7.72) GO 7O 40
GO 70 12

30 IFC(CALIY GE . 1HAY LAND. (ACIY.LE.1HZ)) LOR. ((ACIY.GE.1HD)
~CACIY . LE.1HD) Y GO TO 20
35 ERRN=ERRN+1
STMNT (ERRN ) =
ECODE (ERRN) =100
CrmmOTHER THAN IDwwm
A0 IF (J.ER.0) GO TO 110
Co-=~INSTAL IDENTIFIER AFTER CHECKING FOR KEYWORDSww-
DO 45 1T7=1.8
IDYUCTIT Y=2H
45 CONTINUE
1TR=1-J
IF (J.GT.8) I=8
DO 50 IJ=1J2 . 132+F-1
IDYUCLT~IT2+  1)=ACIT)
50 CONTINUE
DO &0 1J=1,4
IDVP (ET) =IDVUC ((ET~1) %241 )-32+ DV IT%2) /256
60 CONT INUE
Co==CHECK IF ID ALREADY EXISTS IN ID TAE-—--
DO &6 Ii=1,IDN
DO 44 I2=1,4
IF (IDCI2,T1) NE. IDUPCIR))Y GO TO 66
64 CONT INUE

AN



0227
0228
0229
0230
231

0232
0233
0234
0235
0236
02357
0238
0239
0240
6241

6242
0243
6244
0245
0246
LY
0248
0249
0250
B2

ga5a
0253
0254

0255

01254
0257
0258
G259
0260
0261
0262
01263
0264
0265
0264
0267
0268
0269
0278
0271
(10 e e

66
&8

&9

C o

&80

GO TO &8

CONTINUE

GO TO 69

UN==UN+1

INDEX(UNI=T1

€0 70 102

PO 86 IJ=1.22

DO 70 IJ1=1.4

IF (IDVPC(IT1) O NE.KWORD(IXT,IT)) GO TO 80
CONT INUE /

-=-IMNSTAL ID IN UFORM TAR----

U=+ 1
TAR(UNY=3
INDEX(LUN)Y=1TJ
GO TO 105
CONTINUE

Cr-——TNSTAL ID & UNIFORM IN ID TAB-—-—-

0

100

102
103

IDN=IDN+1

DO 100 1J=1,4
IDCIJ,IDNY=IDVP (1T
CONTINUE

UN=UN+1

INDEX (UN)=TDN
TAR(UN) =1

I=0

Com~CHECK FOR LITERALG~=---

110

120

130

140

145

147

=0
L1=0
LPT=0
LPE=D |
IF (CA{I).GE.1HO)Y LAND. CA(D).LE.1H9)) GO TO 130
GO TO 140
Li=L1+1
LITC(L1Y=AD)
I=1+1
IF (I.GT.72) GO TO 150
GO TO 120
IF  (ACI).NE.1H.) GO TO 145
LPT=1
GO TO 130
IF (ACD) NEL1HE) 60 TO 147 -
LPE=1 ‘
GO TO 130
IF (. NOT.C(LPE.EG. 13, AND, ((A(T) EQ. TH+Y . OR. (ALT) .EG, 1H-)23)
~GO TO 150 '
GO TO 130



66

- 150 IFO.NOT, ((LPT.EG.1) LAND, (L1.EQ.12)60 TO 1359
K=13
GO TO 326
165 IF (L1.E®.08) GO TO 300
FaT=L1/10 .
SON=L1-(FET210)>+1
FET=F8T+1
FMT(2)=DIGIT(FST)
FUT(3)=DIGIT(SCN)
Lo =INITIALIZE THE BUFFER~-—-
DO 160 1.2=1,44
TRUF (L2 X=2H
160 CONTINUE
Cow-=FILL THE BUFFER WITH SPACES REMOVED--—-
Li=(L1+1)/2
PO 170 LE=1,1L1
M= (L2-1) %2+ 1
TBUF (L2 =LIT(M)-32+LIT(M+1) /256
170 CONTINUE '
C-==CONVERT IN INTERNAL REP----
Cal.L CODE
READCIBUF ,FMT) TEMP :
Com==TNGTAL IN LITERAL & UFORM TAR-—--
IFCLPT.EQ. 1) JOR(CLPELEG. 1YY GO TO 200
Crom=~INSTAL INTEGER IN ILIT & UFORM TAR-—--
ITEMP=TEMP
C—--=FIND IF LITERAL ALREADY EXISTE IN ILIT-—~-
IFC(ITEMP.ER. O . AND, (ILITN.EG.0)GO0 TO 182
DO 180 L&=1,ILITN
IF (ILITAL2) EQ.ITEMP) GO TO 185
180 CONTINUE
182 ILITN=XLITN+Y
ILTTOILITN) =T TEMP
UN=UN+1
INDEX(UNI=TLITN
GO 70 196
185 UN=Un+1
INﬁEX(UN)=L2
190 TARCUN) =
GO 70 30&
Crm=-=INETAL REAL IN RLIT & UFORM TAP*"“"
Lo===FIND IF LITERAL ALREADY le TS TN RLET oo
200 DO 210 1L.2=1 RLITN
IF (RLI?(L”) EQ.TEMP)Y hﬂ T 220
210 CONTITNUE
RLITN=RLITN+1



0319
0320
0321
0322
G323
0324
0325
06326
0327
0328
0329
0339
0331
0332
0333
0334
0335
03364
0337
0338
0339
03240
0341
0342
0343
0344
0345
03464
0347
0348
0349
6350
80351
0352
0353
0354
0355
0356
0357
0358
0359
D360
0361
03462
0363
0364

&7

RLIT(RLITN)=TEMP
UN=UN+1
INDEX(UNI=RLITN
GO TGO 230
229 UN=UN+1
INDEX(UN)=L2
234 TAR(UN)Y=23
Comm~=CHECK FOR DELIMITER-w---~
300 L=10
HM=0
305 DO 310 K=1,14
IF (ACL)ED.DELKYY GO TO 320
310 CONTINUE
IF (ACTY . EQ.1H » GO TO 368
Q- INVALID CHAR PRESBENT-—--
ERRN=ERRN+1
STHMNT (ERRN) =
ECODE(ERRNI=102
GO TO 360
Lom=—INSTAL DEL IN UFORM TAB----
Com=—CHECK FOR COMMENTS-—~-
320 IF (K. NE.8) GO TD 326
I=T+1
IF (1.67T.72) GO TQ S
IF (ACI) . NE.1H%) GO TO 324
Jaz2 T=T+1
IF (I.6GT7.72) 60 TQ 5
IF (ACT) ONE. 1Hx) GO TO 322
I=T+1
IF (I.GT.72) GO TO 5
IF (AaCDy  NE1HY) GO TO 322
Il '
IF (1I.67.72) GO TO 5
GO TQ 12
324 I=]~1
326 UiN=UN+-1
TAR(UN) =4
INDEX (UN)=K
330 I=1+1 :
COIF (IL.GT.72 GO TO §
IFCKLER.14) LAND. (M.EQ.99)3C60 T1)
IF (K.NE. 143 6O TO 12
IF (ACL)  EQ.1H/Y GO TO 340
L=L+1
IF (LONE.2Y GO TO 330
Crm—~INSTAL CLIT-w-

365



036%
01364
0347
0368
0349
0370
8371

0372
0373
0374
4375
0376
0377
0378
0379
0380
0381

0382
0383
03684
n3aYs
0386
0387
D3BH
n389
0390
0391

0392
1393
0394
03945
0394
0397
0398
8399
0400
p401

g4a02
6403
0404
0405
0404
8407
0408
0409
0410

68

332 IF (L.EQ.0) GO TO 12
CLITN=CLITM+1
IF (L.EG.2) B0 TO 334
CLIT(CLITN)I=ACT)
GO TO 336
334 CLIT(CLITM)=(A(I-1)-32)+A(1)/234
336 MeM+l
L=
IF (M.NE.1) GO TO 330
(o INGTAL TN UFORM TAR-w——
UN=UN+1
TAB(UN) =22
INDEX(UNY=CLITN
GO TO 330
340 DO 350 K=1,14
IF (ACIY.NE.DELCKY) GO TO 350
M=99
GO TO 320
350  CONTINUE

GO TO 12

340 IT=1+1
IF (1.67.78) GO TO 5
GO 70 12

C

Co——=PUT ¥+ AT END OF CHAR LIT-~~—wr-

C

360 CLITN=CLITN+1
CLITCCLITN)=2HEH
GO TO 12

370 CALL CLOSECIDGE,IER)
CALL EXEC(ICODE , NAHEY
END
SUBROUTINE HEAD1
Co=~~IDENTIFIER TABLE———m
INTEGER ID(4,256) .TYPE(R%56) ,BYTE(
*RADDR ( 256)
Lmmm=L ITERAL TARLE -~
INTEGER ILIT(64),CLIT(64)
REAL RLIT(&4)
C
Lo ABLE  TABLE= -~
C
INTEGER LAE(32) ,LABTYP (32)
Cm=-~UNIFORM SYMBOL TABLE-~-~
INTEGER TAB(512) ,INDEX(S12)

031:5

T &

6) LENCESS) .LPTR(256)



0411
0412
0413
0414
8415
0416
0417
0418
6419
0420
0421
0422
0423
g424
0425
0426
042
6428
0429
0430
0431
0432
0433
0434
1435
0436
0437
0438
0439
6440
0441
0442
0443
0444
0445
0446
1447
0448
04479
0450
6451
0452
0453
0454
0455
04%6

&9

----ERROR MESSAGE TABLE-—-—-
INTEGER STHNT(22) ECODE(32)
- KEYWARD TARLE -~ ,
INTEGER KUWORD(4.22)
G DEL IMI TER G wm oo
INTEGER DEL (143 X
INTEGER ACB0),IDUP(4) ,TDVUE) . C
INTEGER FMT(S5) LIT(80) DISYTC10) , ITENP ,FST,SCN, TRUF C(40)
REAL TEMP .
INTEGER UNLERRN.E.I,END,.INT . JLITN,RLITN,CLITN, IDN,LAERN
INTEGER STM(16) ,NUME(16).5,8,W,EL,TH,COP(2)
c
C-~=—INTERMEDIATE CODE TARLE-—--
™
INTEGER OPC(S524) , TAR1(S247 ,IND1(524) ,ARR1{(524) ,ALEN1(524)
*, TABR(524) . IND2(524) ,ARR2(524) ,aLENR2(524)
C .
{}——=~TEMPORARY VARIABLE STACK--(TAR CODE : 18)~-~-
¢
INTEGER TVAR(16),TPREC(16) . TOP(16)
INTEGER PREC.QP,COUNT,T
INTEGER PGM(4) . LST.PAGE . LINE
INTEGER TR(15)
COMMON ZIDLIT/ ID,TYPE,BYTE LEN,L.PTR ,RADDR, TLIT.CLIT, RLYIT,LAB
%, LABTYP ,
COMMON ZINTCD/ OPC.TAR1,IND1,ARRI,ALENT  TAR2, INDR, ARR2 (ALEN2
COMMON ZERR/STMNT ,ECODE ,ERRN,E
COMMON ZUFORM/ TAR, INDEYX
COMMON /CARD/ C
COMMON ZINC1/ I
COMMON /FIN/ END,UN
COMMON /STK/ STHM.NUMB,S B W,.EL . TH,COP
COMMON /COUNZ IDN,ILITNLRLITN,CLITN,INT,LAEN
COMMON /PRNT/ PGM.LST.PAGE ,LINE

Ot em T

CALL FTIMECIE)

PAGE=P AGE+1

30 WRITE(LST,35) CIBCION) (TCN=1,1%) FAGE

35 FORMAT (1M1, 7 HP-PASCAL 7 ,15X,15A2,10X%,
X155, ‘PAGE : 7, 14,//)

A0 LINE=4

END



0457
0498
3459
0460
461
0462
0443
04464
0445
0466
0467
0468
04469
0470
0471

6472
0473
0474
0475
0476
N427
0470
0479
34810
0481

0402
04817
0484
01485
04846
1487
0488
0469
04910
8491

0492
0493
0494
0495
049¢
6497
8498
0499
8500
0%01

0502

FTNG L.
PROGRAM SYTAX.S
(e TDENTIFIER TABLE-—-
INTEGER IDC4,256) . TYPE(256) ,BYTE(256) ,LEN(256) ,LPTR (256,
*RADDR (2%56)
G ITERAL  TABLE
INTEGER ILIT(64),.CLIT(&4)
REAL RLIT(64)
C
G-l ABLE TABLE=w--
C
INTEGER LAB(32),LAETYP (32}
LremmUNTFORM SYMBOL TARLE-——-
INTEGER TAB(S512), INDEX(%12)
G ERROR MESSAGE TAKLE—~—-
. INTEGER STMNT(32) ,ECODE (32)
CommeK EYWORD TABLE -
INTEGER KWORD(4,a2)
G DEL ML TERG =
INTEGER DEL(14)
INTEGER ACB0),IDVP (4),1DVLICE)Y,C
INTEGER FMT(S),LIT(80),DIGITC10),ITENP FST,S0N, TBUF(40)
REAL TEMP
INTEGER UN,ERRN.E,I.END,IDN,ILITN,RLITN,CLITN, INT,IDN,LAEN
INTEGER STM(16) ,NUMB(16),5,B,W,EL,TH,COP (2)
C
i*«m*INTERHEDIﬁTE CODE TABLE -~
INTEGER OPC(524) ,TAB1(524), IND1(524) ,ARR1(524) ,ALENT (524)
%, TAR2(524) , IND2(524) , ARR2(524) , ALENZ (524)
C
Crmm=TEMPORARY VARIABLE STACK--(TAB CODE : 10)—-w—
£
INTEGER TVAR(16) ,TPREC(14) ,TOP(14)
INTEGER PREC,0P,COUNT,T
INTEGER NAME(Z) -
COMMON ZIDLIT/ ID,TYPE,BYTE,LEN,LPTR,RADDR, ILIT,CLIT, RLIT,LAR
% LABTYP |
COMMON /INTCD/  OPC,TAE1,IND1,ARR1,ALENT,TAEZ, IND2,ARRZ , ALEND
COMMON /ERR/STHMNT ,ECODE .ERRN .E |
COMMON /UFORM/ TAE, INDEX -
COMMON /CARD/ C S
COMMON /INC1/ 1 ,
COMMON /FIN/ END,UN
COMMON /STK/ 5TM,NUME,S,E,W,EL,TH,COP
COMMON/COUN/ IDN,SLITN,RLITN,CLITN, INT LAEN



0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
8517
0518
0519
0520
0521
0522
052z
0524
0525
0526
0ma7
0528
0529
520
0531
0532
0533
0534
0535
0536
053
0538
0539
0540
0541
0542
0543
0544
0545
0546
0547
0548

£l

DATA 1CODE  NAME/8,2HPR ,2HIN, 1HT/
C=0
I=0
CaL.L INC :
1000 IF CNOT, (CTARCIDY JEQR. 3 AND ., (CINDEX{ID LER.12)) GO TO 1070
CalLL INC
IF (END.EG.1)> GO TO 1110
1010 IF C.NOT. ((TABCI) JEQR. 1) . OR . (TABCIY .ER.32)) GO TO 1680
IF CNOT . (TARCD) JE@.1)) GO TO 1040
TYPECINDEX(I) =4
INT=INT+1
1020 OPCCOINTI=0
TABT(INT)=TARC(L)
INDITCINTI=INDEX(I)
GO TO 1650
1040 IF (. NOT,(INDEX(I).EQ.2) GO TO 1090
GO TO 1020
10050 CALL INC
IF (END.EG.1)> GO TO 1110
1060 IF (. NOT.((TABCI) EQ.4) . AND, (INDEXC(IY . EQ.1133) GO TGO 1100
GO0 TO 1200
C
C-~~~PROGRAM NOT STARTING WITH KEYWORD PROGRAM, ASSUMED—~-—
C
1070 E=200
Call EFILL
GO TO 1010
£
C---~PROGRAM ID DOES NOT EXIST ALSUMED pasCal.--—-
C
1680 E=202
Call EFILL
INT=INT+1
OPCCINT)=3
TART (INT)=3
INDTCINT =2
GO TO 1060
e
Cor-~-KEYWORD NOT TO BE A PROGRAM NAME, ASSUMED PASCAL-——-~
C
1090 E=204
CAaLL EFILL
INT=INT+1
OPCCINTY=0 ' ‘
TART CINT)Y=3
INDTCINT ) =2



(1549
0550
0551

0352

0553
0554
0555
0556
0a57
01558
n559
05460
0561
0562
0563
0564
0565
0566
0367
0568
0569
457

0571
0572
0573
0574
0575
0574
as577
0578
0579
0580
0581
01582
0583
0584
INE ]
D586
0587
0588
1589
0590
05921
05e2
G593
0594

GO TO 1050
c
Cor-=~GTATEMEMT TERMINATOR NOT PRESENT, ASSUMED--—-—
e ‘
1100 E=206
Call EFILL
C=C+1
GO TO 1200
L
Com==TLLOGICAL END OF PROGRAM, JOB TERMIMNATED----
C
1110 E=208
CaLL EFTLL
GO TO 99999
C
C
™
c

1200 Call INC
IF (END.EG.1> GO TO 1110
IF (. NOT.((TABC(I) EQ.3) ,AND . (INDEX(T)  EQ.22))) GO TO 1210
C
Coemm=-LARBLE PRESENT-w--
C
CAlL TINC
IF (END.EG.1) GO TO 1110
IF (TAR(I) NE.21) GO TO 1287
IA1=INDEX(I)
GO TO 1204
1202 CaLl INC
IF (END.EG.1> GO TO 1110
IF (TaARCI) ONE. 21 GO TO 1207
TAZ=TINDEX(I)
1204 CALL INC
IF (END.EG.1)> GO TO 11198
IF CONOT, CCTARCEDY LER . 4 LAND . (INDEXCIY JEG . 12300 GO TO 12005
GO TO 1202

£

G =CHECK IF MISHING—~-

c

1205 IF (LNOT.C(TARCE) LEQ.4) LAND, (INDEX(Y) . EQ. 1103 GO TO 1208
LARN=1

DO 1206 N=Inl,14Z
LABLABN)=TLIT (M)
LABRTYP (LARN) =10
LAEN=LARN+1
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05925 1206 CONTINUE

0596 GO TO 1209

0597 C

03598 C-—--UNIDENTIFIED SYNTAX ERRDR, STATEMENT IGNORED----
guYe o

8600 1207 E=210

8601 CaLL EFILL

6602 CALL IGNOR

0603 GO TO 1209

g604 C

0603 C-m-—- MISHING, ASSUMED----
6606 C

0607 1208 E=206

04608 Call. EFILL

0609 GO TO 1210

0610 1209 Call INC -

0611 IF C(END.EG.1) GO TO 1110

0612 1210 IF (. NOT.((TABCI)Y JEQ.3)  AND. (CINDEX(I) EQ, 33 . 0R., (INDEX(I) . EQ. 4
0613 ~GO TG 1820

0614 IF (,NOT, (INDEX(I).EQ.3)) GO TO 1400

0615 C

06165 C-———CONST PRESENT-—-—~

0617 €

0618 CALL INC

01619 IF (END.EG.1) GO TO 1110

0620 IF (LNOT (TARCID) LE®, 1)) GO TO 1300

0621 1230 IARRI=INDEX(I)

0622 CaLL INC

0623 IF (END.E@.1) GO TO 1110

6624 IF (.NOT.(CTARCE) VEG. 4 JAND  (INDEX(I3.EG. T332 GO TO 1320
0625 CALL INC

626 IF (END.E®.1) GO TO 1110

8627 IF CGNOT.((TARCID) LEQ.21) LOR.(TARCI) .EQ.23))) GO TO 1330
g628 C

0629 C-—-~CHECK IF ID I8 DEFINED A8 A VARIABLE, IGNOR DEFN.w—--
0630 C

8631 IF (TYPECIARRIY EG.0) 60 TO 1254

0632 €

0633 C-~——CHECK IF PGM NAME IS A CONSTT, IGNORE DEFM,~w-—-
6634 C

0635 IF (TYPEC(IARR1).NE.4) (0 TO 1252

1634 E=240

0637 GO TO 1305

0638 1252 E=242

0639 GO TO 1305

0640 C
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641 C-—-=CHECK IF ALREADY DEFINED,IGNORE DEFM-~ww-—

H42 C ,

643 1254 IF (LPTR(IARR1).EGQ.0) GO TO 1258
644 E=244

645 GO TO 1305

646 1258 LPTR(OIARRII=TARCII®1 000+ INDEX ()
647 1260 CALL INC

648 TF (END.EQ.1) GO TO 1110

649 IF (LNOT.(CTARCI) VED. 40, AND. CINDEX(I2 .EG.112)) GO TO 1200
650 1270 CALL INC

b1 IF (END.EG.1) GO TO 1110

652 IF (TABCIY.EQ.1) GO TO 1250

653 IF (TAECI).EQ.3) GO TO 1210

654 GO TO 1820

bES -

656 C-———ID MISSING, STMNT IGNORED- -

657 C |

658 1300 IF (TABCI).EQ.3) GO TO 1310

659 E=210

660 1305 CALL EFILL

661 CALL IGNOR

663 IF (END.EB.1) GO TO 11190

b63 GO YO 1270

664 €

665  Com~-KEYWORD CANNOT EE AN ID, STMNT IGMORED-—--
6ot  C

667 1310 E=212 :

668 GO TO 130%

669 C

670  Cme—== = EXPECTED AFTER ID, STHNT IGNORED—-—-—-
671

672 1320 E=214

673 GO TO 1305

674 C©

67% Ce---—REAL OR INTEGER COSNT EXPECTED, STHMNT IGNORED--—---
676 G

677 1330 E=216

678 GO TO 1305

679 C

680  Coe—-UYAR PRESENT- -

6481 G

682 1400  CALL INC

683 IF (END.EG.1) GO TO 1110

684 1420 IF (TABCIO).NE.1} GO TO 1650
685 1425 ITA1=INDEX(I)
686 1430 CaLL INC



0687
8688
0689
0690
G691
4692
N693
0694
0695
D696
Q&LP7
1694
0699
07200
8701
0702
0703
0704
0705
0704
0707
n708
80709
8710
0711
0712
n713
0714
0715
0714
n217
04718
0719
0720
847231
N722
9723
0724
0725
0726
4727
B728
0729
0230
0731
0732

£
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IF (END.ED.1) GOTO 1110
IF (TABCIY  NE, 1) 60 TO 1440
IF CINDEXA(I) . GT.IAZ) GO TO 1435

Cm=-DOURLE VAR DDECLARATION, DEFN IGNOREDw—~—m

C

1435

1440

C

E=236

CaLL EFILL

GO TO 1430

IAZ=INDEX(I)

GO TO 1430

IF ((TABCIY . EQ.4) AND., (INDEX(I) EG.12)) GO TO 1430

IF (.NOT. ((TAB(T) .EQ.4) . AND. (INDEX(I} EQ,102)) GO TO 14670

CaLl INC

IF (END.EG.1) GO TO 1110

IF C NOT. (TR JEQ. 32 AND., (CINDEX (I GT .43 . 4ND, (INDEXCL) . L
=) GO TO 1680 '

IF (INREXCI) . NE.8) GO TO 1600

Co-—-—-ARRAY TYPE VAR PRESENT----

G
1500

ARRAEY=1

Call INC

IF (END.EG.1) GO TO 1110

IF CONOT.((TARBCT) EG.4) ,AND, (INDEX(IL)  EG.8))) GO TO 14690
Catl. INC

IF (END.EQ.1) GO TO 11190

IF (TARCII.NE,. 21> GO TO 1700

IF (TLITCINDEX(IX) . NE. 1) GO TO 1710

CALL INC

IF (EMD.E@.1) GO TO 1110

IF ((TAB(I) NE,4) . 4ND, (INDEX(I> . NE.10)) GO TO 1678

Cal.l. INC

IF (END.EG. 1) GO TO 1110

IF (TABCI) NE.21) GO TQ 17040

VAaL=ILITC(INDEX(I))

CaLL INC

IF (END.EG.1>) GO TO 1110

IF (. NOT. ((TABCI) LEQ,4) ,AND . (INDEX(I).EG.9))) 6O TO 1740
CAaLL INC

IF (END.EG.1) 6O TO 1119

IF (. NOT.C(TABCL) VER, 3) VAND. (INDEX(D) JEQ.?))) GO TO 1750
Call INC

IF (END.EG.1) GO TO 1110

IF (. NOT.((TABCTY JEQG,.3) \AND, (CINDEX{I). 67,45, AND . (INDEX(T) L
=332 GO TO 1720



0733 1600 TYP=INDEX(I)-4

0734 IF (TYP.EG.1) IRYTE=2

0735 IF (TYP.EQ.2) IBYTE=4

4736 IF (TYP . NE,3) &0 TO 1621

0737 IBYTE=1

0738 CALL INC

0739 IF CNOT.((TARCT) JER. 45 ARND . (INDEX(I) .EQ.8))) GO TO 1630
0740 CALL INC

0741 IF (END.EG.1> GO TO 1110

0742 IF (TABCI)Y NE.Z21) GO TO 1700

0743 IBYTE=TLIT(IMDEXC(I))

0744 CaLl INC

074% IF (END.E@.1) GO TO 1110

0746 IF ((TABR(I) JEQ.4) AND ., (INDEXC(I) . EQ. 233 GO TO 1621
0747 GO TO 17490

0748 1621 Call INC

0749 IF (END.EQ.1> GO TO 1110

0750 1630 IF (. NOT.(CTABCI).EG.4) . AND. (INDEX(I) . EQ.11))) GO TO 1730
0751 C

0752 C--—-UPDATE ID TAELE----

0753 ©

0754 1605 DO 1615 N=Ial . IA2

0755 IF (LPTR(N) .NE,0) GO TO 1609
07356 IF (TYPE(N) .NE.0) GO TO 1611
0757 IF (VAL.EQ.0) GO TO 1607
0758 IF (LENGN) ONEL.OY GO TO 1413
0759 1607  TYPE(NI=TYP

0760 BYTE(N)=TIEBYTE

0761 LEN{N)=VaL

0762 GO TO 1615

67263 C

0764 C----TYPE FOR CONST CANNOT BE DECLARED, DEFH. IGNORED~----
6765 C
0766 1609 E=R34

4767 CaLL EFILL

0768 GO TO 1615

0769 C

80770 Co—--DOURLE TYPE DECLARATION, DEFN IGNORED~---
0771 G

0772 1&11 E=236

0773 call EFILL

0774 G0 TO 1615

a77s C

0776 C--—-ARRARY REDEFINED . DEFN IGNORED-—--
0777 €

8778 1613 E=238



0779
0780
0781
87az
0743
0784
0785
0784
o787
0788
0789
07948
791
0792
0793
0794
0795
0796
9797
p7ea
0799
0800
a801
0802
0803
N304
08095
01806
0807
0898
0809
0810
0811
0e12
0813
0814
0815
0814
o817
0818
n81Y
0820
821
oR2e
pRs
ng24

Call. EFILL
1615 CONTINUE
1620 1A1=0
Inagd=0
VAL =0
TYP=(
IRYTE=0
Cal.l INC
IF (END.EG.1) GO TO 1110
IF (TARC(IY . EQ. 1) GO TO 1425
GO TO 12140

c

Come=ID NOT PRESENT-——-—

C ' :
1650  IF (TAR(I)Y.EQ.3) GO TO 1660

L=210
1655 CaALL EFILL
CaLL IGNOR
IF (END.EQ.1> GO TO 1110
GO TO 1620
1660 E=212
GO TO 16355
C
Commer 1 EXPECTED, STHNT IGNORED-—--
C
1670 E=218
GO TO 1655

TGNORED =

e :
Co=-=INT,.REAL ,CHAR OR ARRAY EXPECTED, STMNT
c :
1680 E=220
GO TO 1655
C
o~ ( EXPECTED AFTER ID, STHMNT IGNORED----
c
1690 E=222
GO TO 1653
C
Comm— +UE INTEGER EXPECTED, STMNT IGMORED--—-
C

1700 E=224

GO TO 16595
<
C--—~ARRAY STARTING RANGE NOT 1----
G
1710 E=226



04825
0826
0gn?
ogza
ng2e
0830
0831
0832
aR33
0834
0835
08364
4837
0838
0839
0840
0841
0842
0843
3844
084Y
01846
0847
0848
0849
80850
0851
oen2
0853
08%4
a8ss
1856
08%7
neng
3859
agsen
0861
0862
0863
0864
0865
048466
1867
0868
0869
0870

o

C--—--YaR ,REAL OR

(W
1720

C

C —care sees oo
&
1730

C
C................
c
1740

™

(2 o v
G
1750

1800
1820

78

CALL EFILL
GO TO 13520

E=228
GO TO 1655

. MISSING, ABSUMED~—-- ASSUMED-—--

E=206
CALL EFILL
GO TO 1605

CHAR KEYWORD EXPECTED,

) MISHING, STHNT IGNORED~---

E=230
GO TO 1655

STMNT IGNORED =

KEYWORD OF MISSING, STHNT IGNORED-~--

E=232

GO TO 1656

CONTINUE

caLl. COMPS

CaLL INC

IF (END.EQ.1)Y GO TO 1830

IF ((TARCIY . EG.4),6ND. CINDEXCI) . EG, 1333 GO TO 1835

GO TO0 1830
, SEING, AGSUMED--——-

E=9999

Call EFILL

CALL INC

TF (END.RE.1) GO TO 1840
GO TO 99999

Cr-—~TLLOGICAL END OF PROGRAM

c
1840

9999

E=8999

Call EFILL

INT=1INT+1

OPCCINTY=99

Call. EXECCICODE ,NAME)
END

POB



6871

0872
0873
0874
0875
0876
0877
1878
0879
0880
0881

oge2
0683
01884
0885
0886
0887
0888
06889
1890
0891

6892
0893
0894
0895
0896
0897
0898
0899
0900
05201

0?02
0903
0904
6205
02066
0907
8908
1909
0910
0911
0912
0913
4914
0915
0916

7%

SUBROUTINE EXPR
C==~IDENTIFIER TABLE=-~- '

INTEGER ID(4,256), TYPE(256) ,BYTE(RN6) ,LENCRS6) ,LPTR(256) ,

*RADDR ( 254)
Commmm ITERAL  TABLE oo

INTEGER ILIT(64),.CLIT(64)

REAL. RLIT(64)
C
G L ABLE  TABLE oo
C

INTEGER LAK(32),LARTYP (32)
Com—-UNIFORM SYMBOL TABLE—w—-

INTEGER TAR(S12) , INDEX(512)
Com—mERROR MESSAGE TARLE—~-m

INTEGER STMNT(32) ,ECODE(32)
Cmm=KEYWORD TARLE -

INTEGER KWORD(4,22)
G DELTHI TER G e

INTEGER DEL414)

INTEGER A(S0),IDVP (4),IDVLI(E) .C

INTEGER FMT(5),LIT(80),DIGITC10), ITEMP,FET,SCN, THUF (40)

REAL TEMP

INTEGER UN,ERRN,E,T,END,IDN,ILITN,RLITN,CLITN, INT,LAEN

INTEGER STM(16) .NUMEC16) 5.8, W, EL, TH,COP(2)

C

Cre—INTERMEDIATE CODE TARLE--—--

C

INTEGER OPC{3524)  TAB1(524) .INDI(524) ,ARRY (524) (ALENT (24}
#*, TAR2(524) , IND2(524) ,ARRZ(E24) ,ALEN2(324)

C

Cor—-TEMPORARY VARIABLE STACK--~(TAR CODE : 10) -

ﬂ

INTEGER TVAR(146) ,TPREC(16),TOP(14)
INTEGER PREC,GP,COUNT.T
COMMON ZIDLIT/ ID,TYPE,RBYTE,LEM,LPTR,RADDR,ILIT,CLIT,RLIT,LAR
%, LABTYP
COMMON /INTCD/ OPC,TAR1,IND1,ARR1,ALEN],TAEZ,INDZ,ARR2 , ALENZ
COMMON ZERR/STHMNT ,ECODE ,ERRN,E
COMMON /UFORM/ TAE, INDEX
COMMON /CARD/ C
COMMON /INC1/ I
COMMON /FIN/ END,UN
COMMON /STK/ STHM,NUME,S,E,W,EL,TH,COP
COMMON /COUN/ IDN,ILITN,RLITN,CLITN,INT,LAEN
9600 OP=0
COUNT=0



29

04917 PREC=1

09218 C

0919 C INT-ENTRY NO IN INTERMEDIATE CODE TARLE
0920 «©

8921 C

gea2 ¢ T-ENTRY NO OF TEMP VAR ETACK

0923 C©

1924 T=0

8925 C

0926 CxxxxFOR UNARY + & -~ Xx%x

0927 C

01928 IF (. NOT.((TAB(I)  EQ. 4} AND. (INDEX(I}.EG.143)) GO TO 9200
0929 Cal.L INC

0930 IF (END.EG.1) GO TO 90100

0931 IF (TAB(I) NE.22) GO TO 9326

093 G0 TO 9362

0933 2200 IF CNOT, (CTARCT)Y JEG.4) JAND, (TINDEXCI)  EQ.12.0R,
0934 =CINBDEXC(I).EQ.2)))) GO TO 9300

0935 T=T+1

0936 TVAR (T ) =T

01937 TPREC(T)=PREC

0938 INT=INT+1

01939 IF (INDEX{(I).NE.1) GO TO ¢22¢

19440 OPCCINT Y =50

0941 GO TO 9230

0942 9220 OPC(INT)Y=S5]
0943 9230 TARI(INT)=10

0944 INDICINT)Y=TVAR(T)

0945 ARRY (INT)=0

0944 Cal.l INC

1947 IF (END.E@.1) GO TO 90100
0948 GO TO 9900

0949 9300 IF (. NOT.,({TABRCI).E@B.1) .OR, (TARCI).GT.20))> GO T4 2400
0950 Q302 T=T+1

0951 TUARC(T) =T

09352 TPREC(T)=PREC
0953 INT=INT+1

0954 OPCCINT )=S0

0955 TABTCINT)I=10

0956 INDICINT)=TUARC(T)
0PS7 ARR1(INT)=0

0958 9303 TAB2(INTI=TAB(I)
0959 IND2(INTI=INDEX(I)
0960 ARRZ(INT =0

0961 IF (TAEBCIY EQ.22) GO TO 935050

1962 IF (TABCI}.NE. 1) GO TO 2310



0963
19264
0969
0966
0967
0968
0969
0970
0971
g7
0973
8974
3975
09276
4977
0974
0979
0980
0981
0982
0983
0984
0985
0986
0987
6988
0989
099240
0991
4992
0993
01994
4995
4996
0997
4998
0999
1008
1001
1002
1003
1004
1005
1006
1007
1008

¥
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CHx%%¥UAR PRESENT%x%x

G
G

Cm-==1IF CHAR TYPE VAR PRESENT-w-—-—

C

|

IF (TYPECIND2CINTI) . NE.3) GO TO 93051
TAB1(INT)=11
GO TO 93035

Co—==CHAR TYPE VAR PRESENTD--w-

C
93050

73055

3052

FIO53

230351

C

INT=INT+1

OPCCINT =50

TARBT(INT)=11

INDICINT )=

TARZ(INT)=TAR(L)

INDZCINT)=INDEX(I)

cal.lL. INC .

IF (END.EG.1) GO TO 90100

IF (ONOT.((TABCI) L EQ.4) . AND. (INDEX(I) . EG.14))) GO TQ 9320
GO TO 29000

Call INC

IF (END.EG.1> GO T 90100

IF (. NOT.C(TARCI) JEQ . 4) JAND . (INDEX(I) .EG.8)3) GO TO 29000
caLl INC

IF (END.EG.1)> GO TO 90100

IF (Tap(l) . NE.21) GO TO 93002

ARRZ(INT =2

ALENZ CINT)=TLITC(INDEX(I))

GO TO 93053

IF (TAB(I)Y . NE.1) GO TO 9320

ARR2(INT ) =1

INDR2CINT)=INDEX(I)

CALL INC

IF (END.EG,1) GO TO 90100

IF CUNOT.C(TARCT) JER ., 4) ,AND, (INDEX(D).EG.9))) GO TO 9340
CALL INC

IF (END.EQ.1) GO TO 20100

GO TO 99000

CALL INC

IF (END.EQ.13 GO TQ 90100

IF (.NOT.C(TARCT) JEG . 4) . AND ., CINDEX(I) . EQ.83)3) GO TO 9600

CxxxxARRAY TYPE VAR PRESENTxxxx

c



009
(010
011
012
013
;914
015
016
017
018
019
820
021

a2

8023
024
025
026
027
0n2e
029
030
031
032
033
034
035
1036
037
038
039
040
041
a2
043
(044
045
(046
047
| 048
049
L0050
051
652
053
| 054

g2

Call INC
IF (END.EG.1) GO TO %0100
IF (TABCI)  NE,.21) GO TO 9306
ARR2CINT =2
ALENZ2 (INF)=ILTIT(INDEX(1))
GO TO 9307
9306 IF (TAB(I).NE.1) GO TO 9320
ARR2(IMTY=1
ALEN2 CINT)=INDEX(I)
9307 Call. INC
IF (END.EG.1) GO TO 20100
IF C.NOT. ((TABCTY JEQ. 43 AND . (INDEX(I) .EQ.9))) 6O TO 9340
G
Cm=-=CHECK IF VAR WAS ARRAY TYPE-~--—-
C
TF (LENCINDZ2(INTY.NE,D) GO TO $310
e :
Coo—=—DIMENSTON GIVEN FOR NON ARRAY TYPE VAR, STHNT IGNORED~—--
C :
E=112
GO TO 9360
9310  CALL INC
IF (END.EG.1> GO TO 90100
GO TO 9600
G
C===~UNIDENTIFIED SYNTAX ERROR, STHNT IGNORED---—--

C .
9320 E=100
GO TO 9360
C
Commmw 3 MIBESING, STMNT IGNORED-~—-
C
2340 E=102

GO TO 9340
C
C-—==CHECK IF VAR WAS ARRAY TIPE--—w-
™
2350 IF (LENCIND2C(IMT?).EQ.0) GO TO 9600
C
Cr=~=--DIMENSION IN ARRAY VAR UNDEFINED, STMNT IGNORED---~-
C
E=113
9360 Call EFILL
CaLL IGNOR
G0 TO 90000
9400 IF (.NOT.((TABCI) . EG.4).AND. (INDEX(L) , EQ.83)) GO TO 9500



1055

1056
1057
1058
1059
1060
10461

1062
1063
1064
1065
1066
1067
1068
10469
1070
1021

1072
1073
1074
1075
10764
1077
1078
1079
1080
1081

1082
1083
1084
1085
1086
1087
1080
1089
1090
1091

1092
1093
1094
10935
109¢&
1097
1098
1099
1100

a3

C
Cx¥x% ( PRESENT IN THE BEGINING®®xx
c
T=T+1
TYAR(T) =T
TPREC (T )=PREC
PREC=PREC*1
TOP (T+1 =50
CALL INC
IF (EMD.EQ.1) GO TO 90100
GO TO 10200
C
CxxxxNEITHER OF +, -, %, / PRESENT, STMNT IGNORED %%xx
C
500 E=104
GO TO 9360
9600 IF (.NOT.((TARCI).EG.4) AND.(CINDEX(I).GT.0) AND, CINDEX(I).L
~))) GO TO 9700

.
Cx%AXEITHER OF +, =, %, / PRESENTx®x%
C .

IF (.NOT, CCINDEX(I).EQ.3) . 0R, (INDEX(I).EG.4))) GO TO 9610
»
Cxxxx = OR / PRESENT xxxx
C

INT=INT+1
OPCCINT)=INDEX(1L)

P605 TABL(INT)=10
INDICINTI=TUAR(T)
ARR 1 (INT)=0
CaLL INC
IF (END.E@.1) GO TO 90160
GO TO 9900

C

Crxxx + OR ~ PRESENT®xx®

C

9610 IF (T.EQ.1) 60O TO 9620
IF CONOT (TPREC(T) .EQ.TPREC(T-1)3) GO TO 2620
INT=INT+1
OPCOINT =1
TARL (INT)=10
INDTCINT)=TVAR(T-1)
ARR1(INT)={
TAB2(INTI=10
IND2CINTI=TUAR(T)

ARRZ (INT)=0
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1101 TuT~1

1102 9620 T=T+1

1103 TUAR (T =T

1104 TPREC(T ) =FREC

1105 INT=INT+1

1106 OPCCINTI=S0+INDEX (1)1
1107 GO TO 9605

1108 9700 IF (L NOT. (CTABCI).EQ, 4>, AND, (INDEX(I) . EQ.9))) GO TO 9750
1109 ¢

1110 Cxxxx ) PRESENT®#%x

1111 ¢

1112 IF (T.E8.1) GO TO 9720
1113 IF (,NOT.(TPRECCT) .EQ,TPREC(T-1))) GO TO 9720
1114 INT=INT+1

1115 OPECCINT) =1

1116 TARL CINT)Y =10

1117 INDTCINT )Y =TYAR(T~1)
1118 ARRY CINT =0

1119 TARZ (INTY=10

1120 IND2 ¢ ENTI=TUARCT)

1121 ARRZ CINT »=0

1122 TwT1

1123 972 INT=TNT+1
1124 OPCCINT I =TOP (T2

1125 / TAEL (INT)=10
1126,/ IND1¢INTI=TVAR (T-1)
1127 ARR1 (INT ) =0
wﬂ/,y'za TAE2CINT =10
1129 IND2(INT)=TWAR(T)
1130 ARRZ (INT) =0
1131 TOP (T3 =0
1132 .
1133 PREC=PREC~1
1134 CALL INC
~_ 1135 IF (END.ER.1> GO TO 90100
< 1136 GO TO 10400
1137
1138  Cxx3xCHECK IF COUNT OF PARANTHESIS IS ZERO OR NOT
1159 ¢
LAT40 9750 IF (COUNT.EQ.0) GO TO 9200
1141 ERRN=ERRN+1
1142 STHNT CERRN) =C
1143 . ECODECERRN)=106
1144™ GO TO 90000
1145 9800 IF (TUARCT).EG.1) GOTO 99000
1146 VOINT=INT+

PO



1147 OPCCINT) =1

1148 TABT (INT)=10

1149 INDTCINTY=TVAR(T~1}
1150 ARRT (INT)=0

1151 TAB2(INT)I=10

1152 IND2CINT)=TUARCT)
1153 ARR2(INT =0

1154 888 GO 10 99000

1155 92900 IF CNOT.((TARCID) VEQ. 1) OR L (TAB(I).GT.20))) GO TO 10008
1156 €

1167 CxxxxCONST OR VAR PRESENTxxxx

1158 GO TO 9305

1159 10000 IF (. NOT.((TAR(ID) JEG.4) ,AND., (INDEX(I) EQ.8))) GO TO 10100
1160 C

1161 Cxxxx ( PRESENTxxx%

1162 C 4

1163 TOP(T+1)=0PCCINT)

1164 INT=INT-1

1165 PREC=PREC+1

1166 CALL INC

1167 IF (END.EG.1) GO TO 90100
1168 GO TO 10200

1169 €

1170 CxxxxERROR EITHER OF CONST, VAR, ( NOT PRESENT , STHMNT IGNOREDZ®x%
1171 €

1172 10100 E=108

1173 GO TG 9360

1174 10200 COUNT=COUNT+1

117% 10300 GO TO 9200

1176 10400 IF (COUNT.NE.0) GO TO 10500

1177 C

1178  Cx=xxxERROR NO OF ( GT ), STHNT IGNORED xxxx
11792 C

1180 E=110

1181 GO TO 2360

1182 106500 COUNT=COUNT-1
1183 10600 GO TO 94600
1184 90000 CONTINUE

1185 C ,

1186 C----ILLOGICAL END OF PROGRAMN--—-—-
1187 C

1188 20100 E=288

1189 . CaLL EFILL

1190 99000 RETURN

1191 END

1192 SUBROUTINE COMPS, BEGIN-END



&b

1193 C--~~IDENTIFIER TABLE~-~~

1194 INTEGER IDC4,256)  TYPE(256) ,BYTE(256) ,LEN(256) LPTR(254) ,
1195 *RADDR ¢ 256)

1196 Co==~LITERAL TABLE -

1197 INTEGER IL.IT(64),CLIT(64)

1198 REAL RLIT(64)

1199 ¢

1200 Co=-=lABLE TARLE=—m—-

1201 ¢ _

1202 INTEGER LAB(32) LABTYP (32)

1203 C--~-UNIFORM SYMEOL TARLE~——-

1204 INTEGER TAB(S12) ,INDEX(512)

1205 C---~ERROR MESSAGE TARLE-——m

1206 INTEGER STMNT(32) ,ECODE(32)

1207 Coem=KEYWORD TARLE-~m--

1208 INTEGER KWORD(4,22)

1209 Come=DELINITER S mm

1210 INTEGER DEL(14)

1211 INTEGER A(80),IDVUP{4),IDVU(E),C

1212 INTEGER FMT(S) LIT(80) ,DIGIT(10),ITEMP FST,SCN, IBUF (40)
1213 REAL TEMP

1214 INTEGER UN,ERRN.E, T, END,INT,TLITN,RLITN,CLITN,IDN,LABN
1215 INTEGER STM(16) ,NUMEC(15),5,8,W,EL , TH,COP(2)

1216 C

1217 Ce-=-INTERMEDIATE CODE TABLE--——

1218 ¢

1219 INTEGER OPC(S24),TARI(524) ,IND1(524) ,ARR1(524) ,ALENT (524)
1220 X, TARZ(524) , IND2 (524) , ARR2(524) , ALEN2(524)

1221 ©

1222 C--~-TEMPORARY VARIABLE STACK-—-(TAR CODE : 10)~~—~
1223 €

1224 INTEGER TUAR(16) ,TPREC(163 . TOP(16)

1205 INTEGER PREC,OP ,COUNT,T

1226 COMMON ZIDLIT/ ID,TYPE,BYTE,LEN.LPTR ,RADDR,ILIT, CLIT.RLIT LAK
1227 %, LABTYP

1228 COMMON ZINTCD/  OPC,TAR1.IND1,ARR1,ALEN1,TAE2, IND2.ARR2,ALEN2
1229 COMMON /ERR/STMNT ,ECODE ,ERRN,E

1230 COMMON ZUFDRM/ TAR,INDEX

1231 COMMON /CARD/ C

1232 COMMON /INC1/ I

1233 COMMON /FIN/ END,UN

1234 COMMON /STK/ STH,NUME,S.B.W.EL,TH.COP

1235 COMMON /COUN/ IDN,ILITN,RLITN,CLITN,INT,LAEN

1236 C

1237 Co-~-INITIALIZE IMTERMEDIATE CODE & STACK POINTER TO ZERO
1238 C




1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1281

1252

1253
1254

125%

1286
1297
1258
1259
1260
1261
1262
1263
12464
126%
1266
1267
1268
1269
1270
1271
1272
1273
1274
127G
1876
1277
1278
1279

1280

1281
1282
1283
1284

87

%?3(TQB(I).EQ‘?).ﬁND.(INDEX(I).EQ.IB)}GO TO 2000
%mwwwKEYMURD BEGIN MNOT PERESENT, ASSUMED~«-—-
- E=250

CaLl EFILL
%mww*GENERATE CODE FOR BEGIN—-w-—

2000 9=85+1
STM(S)=1HRE

NUME(8) =0
e
Com-e=CALL STATEMENT LIST—ww-
¢
CALL 8T
C
rme=CHECK IF KEYWORD END EXISTG=
C
» CALL INC
C IF (END.EG.1) GO TO 202% |
IF (L NOT. CCTABCI) EQ.3) ,AND, (CINDEX(I) .EG.11))) GO TO
C
Coe=~CHECK FOR BEGIN ON TOP OF STACK=---
C
2010  IF (STH(S) .EQ.IHE) GO TO 2030
E=258
CALL EFTLL
GO TO 2040
c
Comm=KEYWORD END MISSING, ASSUMEDw---
C

2020 E=204
CaLL EFILL
GO TO 2010
2025 E=208

CAlL EFILL

RETURH
C
Comm=-POP OFF BEGIN FROM STACK---—-
£

2030 8=8-1
2040 END

SUBROUTINE &7 s STATEMENT
Cmm——IDENTIFIER TABLE--~—-



1285
1286
1287
1288
1299
1290
1291
129
1293
1294
12925
1296
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326

- 1327

1328
1329
1330

a8

INTEGER ID(4,2%56) , TYPEC(256) . BYTE(256) ,LEN(256) ,LPTR(256),
*RADDR (256D ,

G-l ITERAL TABLE-~--

c\

c

INTEGER ILIT(64) . CLIT(64)
REAL RLIT(&4)

Lol ARLE TABLE- =~ .

INTEGER LARCE2) ,LARTYP (32)

Comm~UNIFORM SYMEOL TAELE~---

INTEGER TAR(S12) , INDEX{S12)

Co=-=-ERROR MESSAGE TaARLE----

INTEGER STHMNT(32) ,ECODE(I2)

Cm=~KEYWORD TABLE -

INTEGER KUWORD(4,22)

g DEL TMI TER Gmenm

c
C

C

e

2000

INTEGER DEL(14)

INTEGER A(B0) . IDVP (4),1DVU(E) .C

INTEGER FMT(S),LIT(80),DIGIT(10),ITEMP ,FST,SCN, IBUF(40)
REAL TEMNP |

INTEGER UN,ERRN,E,I,END,TIDN, ILITN,RLITN,CLITN, INT,LAEN
INTEGER STM(14) . NUMB(16),8,8,W,EL,TH, COP(2)

G~ INTERMEDIATE CODRE TABLE-—-—-

INTEGER OPC(H24) , TART(324) INDI(524) ,ARR1 (524) ,ALEN] (524)

® ,TARZ(3524) , IND2(524) ,ARRZ2(524) ,ALENE(524)

Cm-~=TEMPURARY VARIABLE STACK-~(TAR CODE : 18)-=mm"

INTEGER TVAR(16) ,TPRECC16) , TOP (18)

INTEGER PREC,OP,COUNT.T |

INTEGER Z

INTEGER STND(32) 5P

COMMON /IDLIT/ 1D,TYPE,BYTE,LEN,LPTR,RADDR, ILIT,CLIT,RLIT,LAB
% LABTYP

COMMON ZINTCD/  OPC,TAEL,IND1,ARR1,ALENT ,TAR2, IND2,ARRY , ALEND
COMMON ZERR/STMNT ,ECODE , ERRM E

COMMON ZUFORM/ TAR, INDEX

COMMON /CARD/ C

COMMON /INC1/ I

COMMON /FIN/ END,UN

COMMON /8TK/ STM,NUME,S,B,W,EL,TH,COP

COMMON /COUN/ IDN,ILITN.RLITH,CLITN,INT LAEN

GP =0 :

TR=0



1334
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1344
1347
1348
1349
1350
13%1
1352
1353
13%54
1355
1356
1357
1358
1359
1360
1361
1362
1343
1364
1365
13466
1347
1348
1369
1370
1371
137R
1373
1374
1375
1376

-
i,

]

7

G TR 18 SET IF TERMINATOR I8 PRESENT-ww--
CALL INC '
IF (END.EG.1) GO TOQ 8990

2005 COPC1r=(0

COP (2)=0
IRDEXT =0
ARR =0
IND=0
™
Qem=-=CHECK FOR A LABLE-—---
»
IF (TAB(I) .NE.21) GO TO 2007
INDEX1=INDEX(D)
call INC
IF (END.EG.1)> GO TQ 8990
IF CONOT, (CTABCL) JEQ.4) ,AMND., (INDEX(I> . EQ.1022) GO TO
G
Cr==~CHECK IF LABLE I8 DECLARED OR NOT-——-
C

DO 20053 LC=1,LAEN

IF (ILITCINDEXD) JEQ . LARCLCY)Y GO TO 20054
20033 CONTINUE A

G
C——-=UNDECIL.ARED LARLE. LABLE IGNORED----
C
E=271
CaL.L EFILL
GO TO 20058
«
Coe==CHECK TF LABLE HAS BEEN ALREADY UBED--—w-
[
200%4 IF (LABTYP(LCY.NE.1) GO TO 20096
C v
Co—=—LARLE REUSED, IGWORED-~--
¢
E=a7e
CaLL EFILL
GO TO 20058
C
Cme-=GET THE LABLE STATUS TO USED----
C
20056 LABTYP(LC)=1

INT=INT+]
OPCCINT)=G
TAR1(INT)=24
INDICINT ) =LE

20031



1377
1378
1379
1380
1381
1382
1343
1384
1385
1386
1387
1388
1389
13940
1391
1392
1393
1394

13935

1396
1397
1398
1399
14400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
14221
1422

20058 CAlLL INC

e

IF (END.EQ.1) GO TO 8%90

G- AGG INGHENT STATEMENT -~

C

2007

20610

C
G

IF (TARCI).NE, 1) GO TO 2103
INDEX1=INDEX(I)

CALL INC

IF (END.EQ.1) GO TO 8970

IF ((TABCI) (EG.4) AND., (IMNDEX(ID).EG.102) GO TO 2010
GO TO 5043

CaL.L. INC

IF (END.EG.1)> GO TO 8990

IF ((TARCID.ER. 43 ,AND. (INDEX(IY . EQ.5)) 60 TO 35090

Comm=—UNIDENTIFIED SYNTAX ERROR,. STMNT IGNORED--—-

200051 E=210

2108

C

GO TO 4025
CaLL INC
IF {(END.EG.1> GO TO 8990

Comm==CHECK FOR KEYWORD IF-—--

o

™oy

c

C

10

L

IF CONOT.CCTABCD) LED.3) JAND. (INDEX(I) .EQ,.14))) GO TO
TR=10

Call INC

IF (END.EG.1> GO TO 89946
CALL EXPR

INT=INT+1

OPCCINTI=H0

TAEBI CINT =23
INDTCINT)=RLITN+1
TAB2(INT)=10

IND2CINTI=

G =CHECK FOR COMPARISON OPERATOR -~

IF C.NOT.({TABRCI) .EQ.4) .AND., (CINDEX{I),GT.4) AND.
2CINDEX(IX. LT .82y GO TO 2125

COP (1) =INDEX(I)

CALL INC

IF (END.ER.,1) GO TO 8990

IF C.NOT.((TABCT) JEQ.4) . AND, ((INDEXC(IY.GT. 42 . AND.
®*(INDEX(IX . LT.8))3)) GO TO 2200

COP (2)=INDEX (I3

a2

77



1423
1424
1425
1424
14227
1420
1429
1430
1431

1432
14353
1434
1435
1436
1437
1438
1439
14410
1441

1442
1443
1444
1445
14446
1447
1448
1449
1450
1451

14%52
1453
1454
1455
1456
1457
1458
14%9
1460
1461
1442
1463
1464
1465
146446
14467
1468

91

2110 IFCCCCOP (1) EQ.5) JAND . (COP(2) .EQR. 63 .OR,
2C(COP 1) JEQ.6) . AND. (COP(2)  EQ.8))2) GO TO 21940
IFCUCOP (L) JERQ. &Y JAND . (LOP(2) .EQ.72).0R,
¥CCOP (1) JEQ.7) AND,. (COP (23  ER.6))) GO TO 2190
IFCECCOP (L) L EQ.G)  AND  (COP () ER.7)) . 0OR,
XCCCOP (1) EQ, 7Y ANDR (COP(2) . EQ, 32 (GO TO 2190
IFCCOP (2 . EG.0) 60 TO 2190

C .
Lo ~TNVALID COMBINATION OF COMPARIGON OPERATORS, STMNT
(: -
E=256
GO 70 2130
s
Crm-=INVALID COMPARIGON OPERATOR, STMNT IGNORED--~-
C
2125 E=258
2130 Call EFILL
CalLL IGNOR
IF (TAB{I).EQ.4) GO TO 2272
IF (TAB(ID).EG.Z) GO TO 3023
C .
C
G

2190 CALL INC
IF C(END.EG.1) 60O TO 8990
2200 CALL EXPR
INT=INT+1
OPCCINT =50
TABT (INT)=23
INDTCINT)=RLITN+Z
TABR2(INT)=10
IND2CINT)=1
G
Com—=PUSH T1 IN STACK-w-w-

G
G=Gel
TH=TH+2
STH(S)=1HT
NUMR{(S)=TH
C
G- —GENERATE INTERMEDIATE CODE~——-
[

INT=INT+1
OPCUINT Y =6
TARTCINT)Y=23
INDICINTY=RLITN+1

IGNORED -



1459

14740
1471

1472
1473
1474
1475
1476
1477
1478
1479
1480
1481

1482
1483
1484
1485
1486
1487
1488
1489
14940
1491

1492
1493
1494
1495
14946
1497
1498
1499
1500
1501
1502
13503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514

TAB2(INTI=23
IND2CINT=RLITN+2
DO 2250 Z=1,3
INT=INT+1
OPCCINT )Y =7
TABL (INT =1
INDTCINTY=IDN+TH
2250  CONTINUE

IF ((COP (1),ER.5).0R.(COP(2).EQ.5)) INDICINT-2)=IDN+TH~1
IF ((COP(1) JEQ.&X . OR (COP(2) (ER.62) INDI(INY-1)=IDN+TH~-1
IF ¢(COPC1) JEB.7) 0R, (COPC2) EQ.73) INDICINT  )=IDN+TH-1

INT=INT+]
ORCCINT)Y=S

TABLT (INT)=1
INDICINT)=IDN+TH-1

c
C--==CHECK FOR KEYWORD THEN----
& ,
IF ((TARCIY.EQ.3) . AND, CINDEX(IY.ED.15)) GO TO 2260
c
C--=--KEYWORD THEN MISSING, STMNT IGNORED---
C

E=260

GO TO 2130
2260 SP=GP+1

STNO(EP }=2270

GO TO 2000

'S

C =P OROFF THEN FROM STACK, CHECK FOR KEYWORD ELSE--——-—
C

2270 CaLl INC
IF (END.EG.1) 6O TO 8990

C
Com=~CHECK IF { PERGENT-——~=
o
TR=0
IF C.NOT.CCTABCT) .EQ. 4, AND. CINDEX(I).EQ.112)) GO TO
2272  TR=}
CALL INC '

IF (END.EQ. 1) GO TO 8990

2279 IF (LNOT, ((TARCTD) JEQ.3) . AND. (INDEX(T) .EQ, 16))) 60 TO

GO TO 2278

uh?? IF CONOT . CCTARCTD LEQ 3D L AND, (INDEX(IY . EQ. 16232 O TO 2

22728 IF (8.EQ.13 GO TO 9990
IF (STM(S) . NE.IHT)Y GO TO 23095
T1=NUMR(S)?



15613 Gi=H-1

1516 3841

1517 EL=EL+1

13918 STM(Sr=1HE

15192 NUMB(S) =EL

1520 INT=INT+1

1521 OPCINT) =7

1522 TARI (INT =1

1523 INDTCINT)Y=TDNAEL +64

1524 2280 INT=INT+]

1525 OPCOINT)Y=0

1526 TABLCINT =1

1527 INDICINT)=TDN+TI

1528 SP=GP+]

1529 STNO(SEP)I=2300

1530 GO0 TO 2000

1531 C GO TO 2000

1532 2300 IF (5.E0.1) G0 T 9990
1533 IF (8TM(S) . NELIHE) GO TO 23190
1534 INT=INT+1

1835 OPCCINT =S

15346 TABL (INT) =1}

1537 INDTCINT)=TDN+NUME(S)
1538 IF (STM(S) . EQ.THE) INDICINTI=TNDI(INT)+L4
1539 5=8-1

1540 C

1541 Cr--~CHECK IF ; PRESENT

1542 C

1543 Cal.l INC

1544 IF (END.EQ.1) GO TO 8990
1545 IF CONOT, ((TARCY) JEQ. 43 ,aND, (INDEX(I) ER.113)) 60 TO 2303
1546 2302 TR=1

1547 0 TO 9000

1548 2303 I=I1-1

1549 GO TO 9000

153%0 C

1551 Cr—--KEYWORD IF MISSING CORRESPONDING THIS ELSE, STMNT IGNORED~--
1852 €

1953 2309 E=290

1854 2308 CALL EFILL

1585 Cal.L IGNOR

13556 IF (TaAaR<I).EQ, 43 GO TO 2302
1357 IF (TARCI) .EQ.3) GO TO 3025
1558 C

1559 C——-UNIDENTIFIED SYNTAX ERROR-~-~
1560 C



1561

18562
1543
1564
1565
1566
1567
15468
1569
1570
1571

1572
{573
1574
1875
1574
1577
1578
1579
1580
1581

1582
1583
1584
1585
1384
1587
1588
1589
1590
1591

1592
1593
1594
1595
1596
1597
1598
1599
1600
1601
1602
1603
1604
1609
1606

94

2310 E=210
GO YO 2308
C2320 INT=INT+1

G OPCCINT =30

C TARL CINT)=1

C INDICINT)=IDN+TY
C

C Tw=f~1

o

¢ GO TO 2000

C

Crm==CHECK FOR KEYWORD WHILE---—-
G

2400 IF (.NOT.((TAR(ID) EQ.3) . AND. (INDEX(I) .EQ.123)) GO TO

¢
Co—=—PUBH W3 & W1 IN STACK-—-—-
C
TR=0
W=l+3
B=G4e
STM(S)=1HY
NUME (5 ) =W
GG+
STH(Sy=1HUW
NUME (S ) mli-2
{
Cmm—-GENERATE LAREL W1-—w-
pd _
INT=INT+1 !
OPCCINTY=S
TAR1 CINT) =1
INDLCINT d=IDN+128+W-2
o
Co—m—CALL EXPRESSION~~w~
C
caLL INC
IF (END.EG.1) GO TO 8990
CALL EXPR
INT=INT+1
OPCCINT Y =50
TARL CINT)I=23
INDTCINT ) =RLITN+1
TARZ(INTI=10
IND2CINT)=1
™
CommeCHECK FOR COMPARISON OF « -

010



1607
1608
1609
1610
16114
1612
1613
1614
1615
1616
1617
1618
1619
1620
162

1622
1623
1624
1625
1626
1627
1628
1629
1630
1631
1632
14633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
14647
1648
1649
1650
1691

1652

[
IF CNOT. (C(TABCTIY JEG. 40, AND (CINDEX (L) LT, 4 AND.
X (INDEXC(IY  LT.8)))) GO TO 2430
COPCI)=INDEX (L)
Cal.L INC
IF (END.EQ.13 GO 70O 8990
IF (TARCID).NE . 4) GO TO 2450
IF (. NOT.((TABCIY JEG.4) . 4ND. (CINBEX(I).GT.4) AND.,
X CINDEX(I)  LT.8))3)) 60 TO 2420
COP(2)=TINDEX (I}
GO TO 2440
C

C-==-IMVALID COMBINATION OF COMPARIGSON OPS, STMNT IGNOREDw—-
c
2420 E=R%56
2425 CaLL EFILL
CALL IGNOR
IF (TABCI).ED.4) GO TO 2492
IF (TABCI).EQ.3) GO TO 3025
C -
Cmm-=INVALID COMPARISON OP, STMNT IGNORED--—-
C
2430 E=258
GO TO 2425
C
CremmCALL EXPRESEION-m—-
¢
2440 CALL INC
IF (END.E®.1) GO TO 8990
2450  CALL EXPR
INT=INT+1
OPC CINT =50
TART CINT)=23
INDT CINT)=RLITN2
TARZCINT)=10
IND2(INT) =1
C
Lo~ GENERATE CODE -~
c
INT=TNT+1
OPCINT) =6
TAR1 CINT)Y=23
IND1CINT)=RLITN+1
TAE2 (INT)=23
IND2 CLNTY=RLITN+2
DO 2460 7=1.3



P4

1653 INT=INT+1

1654 OPCCINT)=7

1655 TAKL (INT) =1

1656 IND1CINT ) =IDN+1 2844

1657 2460 CONTINUE

1656 IF ((COP(1).EB.5).0R. (COP(2) EQ.5)) INDIC(INT-2)=IND1CINT)-1
1659 IF ((COP(1) . EQ.6) .0R . (COP(2) EQ.65) INDI (INT~1)=IND1 (INT)~1
1660 IF ((COP(1) . EQ.7) . 0R, (COP(2),EQ, 7)) INDICINT  )=IND1CINT)-1
1661 INT=INT+1

1662 OPCCINT)=5

1663 TAE1CINT) =1

1664 IND1 CINT) =IDN+12840~1

1665 © , ,

1666 C~---CHECK FOR KEYWORD DO---~

1667 C -

1668 IF ((TABCI) . EG.3),AND. CINDEX(I).EG.13)) GO' 7O 2480

1669 C

1670 Co=-~KEYWORD DO MISSING, STHNT LGNORED=-w--

1671 ¢

1672 E=262

1673 GO TO 2425

1674 2480 SP=SP+]

1675 STNO(SP ) =2490

1676 GO TO 2000

1677 €

1678  Co——--CHECK FOR W ON STACK., POP OFF, GENERATE CODE~-—-
1679 ©
1680 2420 IF (S.ED.1) GO TO %990

1681 IF (BTM(S) . NE.THWY GO TO 2500
1682 INT=INT+1

1683 OPCCINTI=?

1684 TARLCINTY=1

1685 IND1CINTI=IDN+128+NUMB(S)
1686 =81

1687 IF (S.EQ.1) GO TO 9990
1688 INT=INT+1

14689 OPCCINTI=0

1690 TARL (INT )=

1691 INDL CINT)=1DN+128+NUMB{S)
1692 8=8~1

1693 C _

1694 C-—~—-CHECK IF : PRESENT-—-~~
1695 €

1694 ALl INC

1697 IF (END.EG.1) GO TO 8990

1698 IF CONOT.((TABCI) JEQ. 4 . AND ., (INDEX(I).EQ.1113)) GO TO 2495



1699
1760
1701

1702
1703
1704
1705
1706
1707
1708
1709
1710
1711

1712
1713
1714
1715
1716
1717
1718
1719
1720
1721

1722
1723
1724
1725
1726
1727
1728
1729
17346
1731

1732
1733
1734
1735
17356
1737
1738
1739
1740
1741

1742
1743
1744

Q7

24932 TR=1

GO TO %2000
2495  I=I-1

GO 70 9000
e _
s WHILE MISSING CORRESPONDING TO THIS DO, STHNT IGNORED -~ = wmmw -
o
2500 =882

GO TO 2425

C
CommnCHECK FOR KEYWORD REGIN- -
c

3000 CALL INC
IF (END.ER.1) GO TO 8990
3010 IF(,NOT.C(CTARCI) . EQ.3) ,AND, CINDEX(I).EQ.10))) GO TO 3025
»
CrrmmmPUSH IN B

C
S=5+1
STM(8)=1HE

C
SP=ER +1
STNO(SP)=3020
GO TO 2000

C

C

c .

C-==~CHECK FOR KEYWORD END—---

C
3020 CalLL INC

IF(END.EQ.1) GO TO 8990
3025 IFC.NOT, ((TARCI) JEQ,3Z) AND. (INDEX(I). EQ.11))360 TO 4010
™
{~=-~CHECK IF : WAS PRESENT IN EARLIER STATEMENT----

C
IF (TR.MNE.1) GO TO 3030
G
Com—EXTRA 1 PRESENT, RULL STATEMENT ASSUMED- -
C .
E=284
Call EFILL
TR=0

J030  IF (STM(S) . NE.1HE) GO TO 3039
3035 IF (S.EQ.1) GO TO 9990

§ug-1



o8

174%  Co——-CHECK TIF 3 PRESENT-——-

1746 €

1747 GO TO 5102

1748 C Call. INC

1749 © IF (END.EQ.1> GO 7O 8990

1750 © IF (.NOT. CCTARCT) EQ . 4) LAND, (INDEXCID . EG. 11223 GO TO 30633
1751 € TR=1 '

1752 @ G0 TO 9000

1753 C3033 I=I-1

1754 C GO TO 2000

1755 C

1756  C————-KEYWORD BEGIN NOT PRESENT FOR THE PRESENT END-wrew—
1757 ©

1758 3039 IJK=1

1759 3040 IF (STM(S).NE,1HE) GO TO 3050

1760 GO TO (3035,2000) ,IJK

1761 3050 IF (STM(S) . NE,1HT) GO TO 3040
1762 INT=THT+1

1763 OPCCINT) =G

1764 TAB1 (INT)=1

1765 INDICINT)Y=IDNANUME(S)

1766 GO TO 3070

1767 3060 IF (STM{S) NE,1HE) GO TO 3063
1768 INT=INT+1

1769 OPCCINTY=0

1770 TAERT(INT =1

1771 INDT CINT)=IDN-+6H4+NUMB(S)

1772 GO TO 3070 a
1773 3065 IF (STM(S).NE.1HWY GO TQ 3045
1774 IF (8.EQ.1) GO TO 9990

Y775 INT=INT+1

1776 ‘ OPCCINT =7

1777 TAET(INT)I=1

1778 . INDT CINT)Y=IDN+128+NUME (S
1779 G=8-1

1780 - INT=INT+1

1781 OPCCINT)=0

1782 TAB1T (INT)=1

1783 INDICINTY=IDN+128+NUMEB(S)
1784 3070 IF (8.EG.1) GO TO 2990

178% G=6-1 '

1786 P =GP~

1787 GO TO 3040

1788 C

1789 Cr-~-MISGMATCHING END PRESENT-—-—
17¢0 C



1791

1792
1793
1794
1795
1796
1797
1798
1799
1800
1801

1802
1803
1804
1805
1806
1807
1808
1809
1810
1811

1812
1813
1814
1815
1816
1817
1818
1819
1820
1821

1822
1823
1824
1829
1826
1827
1826
1829

1830
1831

1832
1833
1834
1835
1836

99

3045 E=264
Call EFILL
G0 TO 5105
C
Comm=CHECK FOR KEYWORD GOTO—wm
C
4000 CALL INC
IF(END.EQ. 1) GO TO 8990
4010 IF (,NOT,((TAECI) EG.3),AND. CINDEX(I).EQ.172)60 TO 5000
TR=0
CALL INC
IF(END.ER, 1)GD TO 8990
IFCTARCEY  NE. 21060 TD 4020
DO 4012 L.C=1,LEN
IF (LABCLE) . E@. ILITCINDEX(IN) GO TO 4015
4012  CONTINUE
GO TO 4020
4015 INT=INT+1
OPCCINT)=7
TAR (CINT)=24
IND1CINT)=L.C
GO TO 5102

]

Com—mCHECK IF 3 PRESENT-——-

c

C CALL INC

C IF (END.EG.1) GO TO 8990

C IF (. NOT.C(C(TAB(T).EQ.1),AND. CINDEX(IJ.EB.112)) GO TO 4017
C TR=1

C GO TD 2000

C4017 I=T~1

C GO TO 2000

C

C--~~INVALID LABLE IN GOTO, STMNT IGNORD—~--
(: -

4020 E=26b6

4025 CALl EFILL

CAL.L IGNOR

IF (TAB(I) . EQ.3) GO TO 3025

IF (TAB(ID.ER.4)> GO TO H100
C
Cm-~-PROGRAM NAME & VARIABLES CANNOT BE USED AS LABLES. STMNT IGNORE
G :
4030 E=268

GO TO 4025
5000 IF (TARBCID).NE.1) GO TO &000



1837
1838
1839
18490
1841
1842
181432
1844
1845
1846
1847
1848
1849
1850
1851
’,8':“'\
1853
1854
185%
1856
18%7
1858
1859
1860
1861
18462
1863
1864
1865
1866
1867
1848
1869
1870
1871
1872
1873
1874
187%
1876
1877
1878
1879
1880
1861
1882

5040

G043

5045

100

INDEX1=INDEX(I)
Call. INC
IF (END.EQ.1) GO 70 8290

IV O NOT. ((TABCI)Y JEQ. 40 .AND . (INBEX (1) EQ.B23) GO TO 5053

Calll INC

IF (END.EQ.13 GO TO 8990

IF CONOT.C(TARCTDY JEQ .13 OR, (TARCID LEQ. 2131060 TO J070
ARR=TAR(I)

IND=INDEX(I) :

IF (TAR(L)Y . NE. 1) IND"1LIT(INDEX{I})

Cal.L INC

IF (END.EQ.1) GO TO 8990

IF ((TARCI) LEG. 43, AND  (INDEX(I) . EG.9)) GO TO 5050

Y MISSING, STMNT IGNORED- -

E=102 <

GO TO H080

Call INC

IF (END.EB.1) BQ T0O 8990

IF ((TARCI) JEQ.4) . AND ., (INDEX(I) EQ.10)) GO TO S05%

! MISSING, ABSUMED----

=274

CALL EFILL

CALL INC

IF (END.EG.1) GO TO £89%0

IF ((TABCIY EQ.4) . AND, CINDEX(IY.ER.5)) GO TO 5090

= MISSING, ASSUMED-—--
E=276

CALL EFILL
GO TO 5100

fom--ARRAY INDEX ILL DEFINED, STMNT IGNORED----

G
5070

50849

Go%o

E=100
TR=0
CaLl EFILL
CALL IGNOR

IF (TARCID EQ.3) GO TO 30245

IF (TABCD) .ER.4) GO TO %105
CalLl INC



101

1883 IF (END.EQ.1) GO TO 8990

1884 G100 TR=0

1885 Call. EXPR

1886 Te=1~1

1887 C

1888 INT=INT+1

1889 OPCCINT) =00

1890 TART(INT) =1

1891 INDICINTI=INDEXY

1892 ARRY (INT)=ARR

1893 ALENT CINT)=IND

1894 TAR2(INTY=10

1899 IND2CINT)=1

1894 C

1897 Cr=—~CHECK IF 1 PRESENT-wm-
1898 C

1899 5102 CALL INC

1900 IF (END.EQ.1> GO TO 8990
1901 IF CONOT.((TARCD) LEQ.4) . AND ., (INDEX(I) .ED. 11))) GO TO S110
1902 G193  TR=1

19203 TIK=2

1904 GO TO 3040

1205 $110  I=I-1

1906 GO TO 2000

1907 C

1208 C---—CHECK FOR READ, READLN, WRITE AND WRITELN----
19869 €

1910 &060 IF ¢ . NOT.(CTABCI) (EQ.3) AND. CIINDEXCI).GT.17) AND. (INDEX(I
1911 ®,LT.22333) GO TO 72000

1912 TOPCD=INDEX (1) -8

1913 CALL INC

1914 IF (END.E@.1) GO TO 8990

1915 IF ({TARCI) . ER.4) . AND., (INDEX(I) .EQ.8)Y) GO T 5010
1916 C . .

1917 Coww= ( MISSING, ASSUMED- -

1918 C

1919 =286

1920 CALL EFILL

1921 6010 CALL INC

1922 IF (END.EB.1) GO TO 8990

1923 IF  (TABCI).EQ.1) GO TO 6030

1924 GO TO 4020

1925 ¢ \ .
1926 Co-=-UNIDENTIFIED SYNTAX ERROR, STMNT IGNORED--m-
1927 ¢

19228 64013 =210



1929
1930
1931
1932
1933
1934
193%
1936
1937
1938
193%
19440
1941
1942
1943
1944
194%
1944
1947
1948
1949
19%0
1951
1952
1953
1954
1955
19546
1957
1958
1959
1240
1961
1942

1963

1964
1965
19466
1967
1968
19649
1970
1971
1972
1973
1974

6017

6020

60340

6040

C
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Call EFTLL

CaLl. YIGNOR

IF (TARCID) .EQ,3) GO TO 3625

IF (TAB(ID).EG.4) GO TO 5105

IF ¢ NOT, (CLTABCE) JEQ.4) AND., (CINDEX(I)  EB.14))) GO TO 6018
CaLl INC

IF (END.EG.1) GO TO 8990

IF (TAR(I) . NE.22) GO TO 60650

INT=INT+{

OPCCINTI=TOPCD

IFCCIOPCD LEQ . 11) JOR.CIOPCD  EQ. 131 0PCUINTI=0PCCINTY -1
TABI(INT)I=TARB(T)

INDTCINTY=INDEX(I)

CALL INC

IF (END.EQ.1) GO TO 8990

IF (TABL(INT) NE.22) GO TO 6040

IF (.NOT, ({TAB(T) .EG.4) .AND. (INDEX(I) ,EQ.14))) GO TO 6050
CALL INC

IF (END.EG.1)> GO TO 8990

IF CONOT.CCTABCT) JEG. 43 ARND  (INDEXC(IS JEG. 823 GO TOQ 4070
CALL INC

IF (END.EG.1)> GO TO 8990

IF CNOT, ((TAB(IY JEQ. 1) .OR (TAB(I) .EQ.213)) GO TO 4050
ARRT CINT)=TAR(I)

ALENT (INT)=INDEX(I)

CAaLL INC

IF (END.EG.1} GO TO B8990

IF ((TARCIY . EQ.4) AND. (INDEX(I} . EQ.92) GO TO &£0460

) MISSING, ASSUMED- -~
E=288

CaLL EFILL
GO TO &060

Goem~ARRAY INDEX ILL~DEFINED, STHNT IGNORED--~--

c
6050

C

E=100
GO TO 6017

Comm=CHECK FOR =

C
6060

H070

Call INC

IF (END.EG.1) GO TO 8990

IF (ONOT . ((TARCI) JEG. 43 JAND CINDEXC(I) JEQ.10))) GO TO 4110
CALL INC



1975
1976
19727
1978
1979
1980
1981
19682
1983
1984
1985
1986
1987
1988
{989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
019
20290

C

C
60990

¥

IF (TAB(I).NE.21) GO TO 6090

TARZ (INT)=21
INDECINT)=TLITCINDEX(I))
Cat.L. INC

IF (END.EQ.1) GO TO 8990

IF CNOT, ((TARCI) CEG.4) AND ., (INDEX(I),EQ.10)2) GO TO 6110

Cal.l. INC

IF (TAR(I) . NE.21) GO TO &090

ARRZ2(INT)I=21
ALENZ (INT)Y =ILIT(INDEX(I)
GO 10 6100

E=290
GO TO 6017

Cmmm=CHECK FOR , =~~~

G
&100

6110

C

Cal.l INC
IF (END.EQ.1) GO TO 8990

IF (. NOT.C(TARCLD) (EQ.4) . AND. (INﬁEX(l) EQ.12)3) GO TO

GO TO 6010

Cm=mmCHECK FOR ) =mom

C

6130 IF ((TARCIY.EQG,.4) . AND. (INDEX(I) ER.9)) GO TO 61440
C
Cmm——-UNIDENTIFIED SYNTAX ERROR-—-—
' .
GO TO 6015
6140 IF ((IOPCD.EQ,.10).0R, (IOPCD.EQ.12)) GO TO H102
INT=INT+1
OFCCINT)=I0OPCH
GO TO 5102
£
Co=-~GTATEMENT NOT RECOGNISED, IGNORED--——
c
7000 E=278
CALL EFILL
cabLl IGNOR
IF (TaR(I)LVER.3) 60 TO 3105
IF (TABCI) . E@.4) TR=1
GO TO 2000
8990 E=208

CaLL EFILL

)

Co~ERROR IN FORMAT, STMNT IGNORED----

&130
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2021 GO TG 9999

2022 9000 IF (SP.EG.0) RETURN

2023 SP=5pP 1

2024 CIF (STHOSP+1 2 EQ.2270) GO TO 2270
2025 IF (8TNO(SP+1) EQ.2300) GO TO 230¢
2026 IF (STNOEP+1) (EG.2490) GO TO 2490
2027 IF (STNOCSP+1).EQ,3020) GO TO 30240
2028 C

2029 C----POP OFF SHOULD NOT HAPPEM AB ONLY ONE BEGIN IS AVAILABLE----
2030 €

2031 9990 CONTINUE

2032 9999 END

2033 SUBROUTINE INC, INCREMENT U~FORM TABLE

2034 INTEGER I.,UN,END

2035 INTEGER TAE(S12), INDEX(512)

2036 INTEGER ©

2037 COMMON /INC1/ ¥

2038 COMMON /FIN/ END,UN

2039 COMMON /CARD/C

2040 COMMON /UFDRM/ TAE. INDEX

2041 5 I=1+1

2047 IF (1.GT.UNJEND=1

2043 IF  (TABCI) . NE.99) GO TO 1¢

2044 C=INDEX ()

2045 GO TO %

2046 10 RETURM

2047 END

2048 SUBROUTINE IGNOR, STATEMENT IGNORE

2049 INTEGER TAB(S12),INDEX(512),1,0

2050 INTEGER UN,END

2051 COMMON ZUFORM/ TAE, INDEX

2052 COMMON /CARD/ €

2053 COMMON ZINC1/ X

2054 COMMON /FIN/ END,UN |
2055 1 IF (. NOT, ({TARCI).EG.4) . AND. CINDEX(I).ER.11))) GO TO 10..
2054 IF (. NOT, CCTABRCEI L EQ.3) ,AND, CINDEX(I) . EQ.1133) GO TO 10
2057 5 RETURN |
2058 10 CALL INC

2059 IF (EMD.E®.1) GO TO 5

2060 GO TO 1

2061 END - -

2062 SURROUTINE EFILL,  FILL UP ERROR MESSAGE TARLE
2063 INTEGER STMNT(32),ECODE(32) ,ERRN,C,E

2064 COMMON /ERR/ STMNT ,ECODE ,ERRN,E

206% COMMON /CARD/ C

2066 ERRN=ERRN+1



2067
2068
2069
2070
2071
2072
2073
2074
207%
2076
2077
2078
2079
2080
2081
2082
2083
2084
20835
2086
2087
2088
20a9
2090
2091
2092
2093
2094
2095
2094
2097
2098
2099
2100
2101
2102
2103
2104
2105
2106
2107
2188
2109
2110
2111
2112

105

STMNT (ERRN) =(;
ECODE (ERRN) =E
END
FTN4 . L
PROGRAM PRINT,S
o= TDENTIFIER TARLE o mo
INTEGER ID(4,256),TYPE(256) ,BYTEC(256) ,LEN(256) ,LPTR (256) ,
%*RADDR ( 256)
G-l ITERAL TABLE -~
INTEGER ILIT(6&4) CLIT(64)
REAL RLIT(44)
»
O L ABLE TABLE -~
c
INTEGER LABC32),LABTYP (32)
Lo UNIFORM SYMBOL TARLE -~
INTEGER TAE(H12), INDEX(512)
C-=~~ERROR MESSAGE TABLE-——-
' INTEGER STMNT(32) ,ECODE(32)
Comm e KEYWORD TABLE =
INTEGER KWORD(4,22)
o DEL IMEI TER G e
- INTEGER DEL(14)
INTEGER ACB0),IDVP (4}, IDVLI(E) .C
INTEGER FMT(S),LIT(80),DIGIT(10),ITEMP ,FET,SCN, TRUF(40)
REAL TEMP '
INTEGER UN,ERRN,E,I,END,INT,ILITN,RLITN,CLITN,IDN,LABN
INTEGER STM(16)  NUME(16) .S, B, W.EL TH, COP(2)

c

Commm INTERMEDIATE CODE TABLE~w-

C

INTEGER OPC(524) . TAB1(S24)  IND1(524)  ARRY(S24) ,ALENT (524)
%, TARZ2(524) , IND2(524) , ARRZ(524) , ALEN2(524)

»

C--~TEMPORARY VARIABLE STACK--(TAB CODE : 10)----

¢

TNTEGER TUAR(16) ,TPREC(16) ,TOP(16)

INTEGER PREC,OP ,COUNT.T

INTEGER PGM(4) ,LST.PAGE ,LINE

COMMON ZIDLITYZ ID,TYPE . BYTE,LEN,LPTR ,RADDR ,ILIT . CLIT,RLIT . LAL
*,LABTYP

COMMON ZINTCDR/ OPC,TARB1,IND1.ARR1 ,ALENT ,TAER2,INDZ ARR2 . ALENZ
COMMON ZERR/STMNT ,ECODE ,ERRN ,E

COMMON ZUFGRMS TAE, TNDEX

COMMON /CARDY C

COMMON /INC1/ I



2113
2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2189
2126
29127
o128
2129
2130
2131
2132
2133
2134
2135
2134
2137
2138
2139
2140
2141
2142
2143
2144
2145
214¢
2147
21486
2149
21540
2151
2182
2153
2154
21535
2186
2197
2158

IR e Nu Ry

e RN

40

50

106

COMMON /FIN/ END,UN |
COMMON /8TK/ STH, NUME,S .5 . W.EL,TH,COP

COMMON /COUN/ IDN, ILITN,RLETN,CLITN, INT,LABN
COMMON /PRNT/ PGM,LST,PAGE .LINE

LET=9

IF (TYPECT) . NE.4) GO TO 10

DO S TCNT=1 .4

PGM(I)=1ID(I 1>

CONTINUE '
GO TO 20

PLHM(LY=2HPA

PEM(2)=2H5C

PGEM(3)=2HAL

PGEM(4)=2H

cal.l. HEAD

GO TO 110

LINE=LINE+3

IF (LINE.GT.60) CALL HEAD

WRITE(LST ,30)ERRN

FORMATC(// 7 TOTAL ERROR(S? DETECTED : /,I2 )
IF (ERRN.E@.0) GO TO 9000

LINE=LINE+&

IF (LINE.GT.60) CAlLlL HEAD

WRITELST.40)

FORMATC(/ 7,7 ERROR TABLE :/,//)

WRITE(LST . G0)

FORMAT SR ONO LINE NO ERROR SR NO LINE NO

-

% SR NO LINE NO ERROR ./}

TCNT3=3

TONTZ2=1

DO 90 ICNT=1, ((ERRN+2)/3)

LINE=L.INE+]

IF (LINE.GT.60) CALL HEAD

WRITEC(LST 60 (CIONTT  STUMNTCICNTY) (ECODECICNTI X)) (TONTI=IONT2,1



2159
2140
2161
2162
2163
2164
2165
2166
2167
2168
216%
2170
2171
2172
2173
2174
2175
2176
2177
2178
2179
21890
2181
2182
2183
2184
218%
2184
2187
2188
21489
2190
2191
219
a193
2194
2195
2196
2197
2198
2199
2200
2201
2202
2203
2204

H

@90

110

120

1340

140

160

176

180

190

19%

200

107

FORMAT(3(O6X,12,7.7,7X,14,6X,13))
TONTZ2=1ICONT3+1

ICNT3=TONT3+3

CONTINUE

GO TO 9000

LINE=LINE+&

IF (LINE.GT.60) CALL HEAD
WRITEWST 120

FORMAT(// 7 IDENTIFIER TARLE (TAR NO-1) :7,//7)
LINE=LINE+Z

IF (LINE.GT.60) CALL HEAD
WRITECLST.130)

FORMAT (44X, ‘ARRAY " . 4X, ‘L. ITERAL.’ )
WRITECLST, 140)

FORMAT(’ 8r NO IDENTIFIER TYPE RYTE CODE
*NTER e :

DO 150 ICNT=1,1DN

LINE=LINE+]

IF (LINE.GT.603CALL HEAD

WRITE(LST 145 CTONT , (IDCIONT2 , JONT) L TONT2=1,4) , TYPEC(TONT)

*EYTE CICNT)Y ,LENCICNT) ,LPTRCICNT) | )
FORMAT (4%, 14,7,/ ,6X,462,6%,11,6X,14,4%,14.4%,16 )
CONT INUE

LINE=]. INE+7

IF (LINE.GT.&0) CALL HEAD

IF CILITNLER.0) GO TO 195

WRITE(LST,.160)

FORMAT(// . * INTEGER LITERAL TAELE (TAR NO-21) :,//)
WRITE(LST,170)

FORMAT(4(’ SR NO VALUE ), /)

ICNT2=1

ICNT3=4

DO 196 ICHNT=1,(CILITN+3)/4)

LINE=LIME+1 |

IF (LINE.GT.60) CALL HEAD

WRITE(LST,180) C(ICNT1,ILITC(ICNTI ), ICNT1=ICNT2, TONTS)
FORMAT(4(S5X, 13,7 .7 ,7X,110)

ICNT2=TCNT341

ICNT3=ICNT3+4

CONTINUE

LINE=LINE+7

IF (LINE.GT.60) CALL HEAD

IF (CLITN.EQ.0) GO TO 23%

WRITECLST,.200)

FORMAT(//,* CHARACTER LITERAL TARLE (TAR NO-22) 1/,//)
WRITE(LST,210)
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a20% 0 210 FORMAT (4 (" SR NO VALUE’))

2206 ICNTZ=)

2207 ITONT3=4

2208 DO 230 ICONT=1, ((CLITN+3)/74)

2209 LINE=LINE+1

22140 IF (LINE.GT.60)3 CALL HEAD

2211 WRITE(LST,220) (ICNT1, CLIT(ICNTLY,

2212 #ICNTI=TONT2, TENTE)

2213 220 FORMATCA(EX, 13,7, 7,15X,14a2))

2214 TONT2=2TCNT3+1

2215 ICNT3=TCNT3+4

2216 230 CONTINUE

2217 LINE=1_INE+7

22186 IF (LTNE.GT.&60) CALL HEAD

2219 235 IF (RLITN.EQ.0) GO TO 261

2220 WRITEC(LST 2402

2281 240 FORMATC(//,’ REAL LITERAL TABLE (TAER NO-23) :7.//)
2222 WRITE(LST. 2540

2223 250 FORMAT (4 SR NO VALUE? )

2224 IONTR2=1

2225 ICNT3=4

2226 DO 260 ICNT=1, ((RLITN+3)/43

22a7 LINE=LINE+]

2228 IF (LLINE.GT.&0) CALL HEAD

2229 WRITELST, 2859 (ICNTT ,RLITCICNTT) ,TONTI=ICNT2, ICNTE)
2230 255 FORMAT (4(S5X, I3, . .4X,E13.8))

2231 ICNT2=TONT3+1

2232 ICNT3=ICNTZ+4

2233 260 CONT ITNUE

2234 LINE=LINE+7

2235 IF (LINE.GT.60) CaLl HEAD

2236 261 IF (LABN.EG.0) GO TO 269 -

Q237 WRITEA(LST,263)

2238 263 FORMATC// LAREL TABLE (TABRB NO-24) 7 ,.//)
2239 WRITEC(LST,265)

2240 263 FORMAT (3¢’ SR NO LABEL  STATUS ) ./
2241 ICNT2=1

2242 TCNTE=2

2243 DO 268 ITCONT=1, ((LAEBN+1)/2) _
2244 WRITECLST 267) (ICNT1 ,LABCIONTT) (LARTYP CICNTI) ,ICNT1=TICNT2, ICN
2245 267 FORMAT(2(HX, 13,7 ./,1X,110,5X,12)) '
2246 IONT2=ICNT3+1

na47 TCNT3=TONT3+2

2248 LINE=LINE+1

2249 IF (LINE.GY.59) CALL HEAD

2350 268 CONTINUE



225
225
2%

*

1
o
3
2254

2255

2256
2257
2238
250
2360
2261
Q26
37&3
2264
2265
2266
22467
2268
269
2270
2271
2R72
2273
2274
127G
2276
12V7
2278
279
2280
281
200
2243
2284
W8S
22864
1287
2288
1249
2290
2o
IDGD
P")(;)S
294
IR29%

1296

e

269
270

280

290

300

330
340

000
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LINE=LINE+7
IF (LINE.GT.60)> CALIL HEAD
WRITE(LSY ,270)

FORMATC(//7, UNIFORM SYMROL TABLE :7,/5/)
WRITECLST ,280)

FORMAT (3¢~ GR NO Tak NO INDEX“ )./
ICNT2=1

TENT3=2

DO 300 ICNT=1,(C(UN+2)/3)

LINE=LINE+1

IF (LINE.GT.60) CALL HEAD

WRITECLST 290 (LONTT , TABCIONTL ) INDEXCICNT L) L ICNTI=IONT2 , ICNT
FORMAT(3(SX 13,7 ." ?X yI12,6X,14))

ICNT”*ICNT3+1

ICNT3=ICNT3+3

CONTINUE

ITFCLINE+10).GT .60 CALL HEAD

WRITEC(LST, 310) '
FORMATC(// .7 INTERMEDIATE CODE TABRLE :/,//)

WRITE(LST . 315

FORMAT(22X,10 /-, "0PERAND 17,107~/ ,6%X,10/~7, 0OPERAND 27,107~
WRITECLST ,320)

FORMAT(* SR NO oP CP . TAB! IND1 ARR 1 alLENT
%AB2 IND2 ARRZ ALEN2 /)

LINE=LINE+8

DO 340 ICNT=1,INT

LINE=l IME+1

IF (LINE.GT.&0) CALL HEAD

WRITECLST,330) ICNT,OPCCICNT) , TARTCICNTY , IND1 CICNT)Y ,ARRT CIONT) ,
xaLaN1<1LNT>_TA32<ILNT>,INB (ICNT) ,ARR2(ICNT) , ALENZ CICNT)
FORMAT(SX, 13,7, ,6X,12,2X7 .7 ,3%,12,5%,14,6%,12,6X,12,3X,". .’
¥PX IR 9% .14, 6X .12, 6%, 12)

CONTINUE

GO TO 1S

END

SUBROUTINE HEAD

A3

Crwom IDENTIFIER TARLE-~—=

INTEGER IDC4,256) , TYPE(2056) [ BYTE(256) LENC2T6L) [ LPTR(QGED,

%#RADDR (256)

Commml ITERAL TABLE-~=~~

r

INTEGER ILIT(64),CLIT(64)
REAL RLIT(64)

Com-—LABLE TABLE--—-

C

INTEGER LAR(32) . LABTYP (32)



DR
2298
22eY
2300
2301
2302
2303
2304
230%
23046
2367
2348
2309
2310
2311
2312
2213
2314
2315
23146
2317
2318
2319

2320

23

2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342

110

Cr—-=UNIFORM SYMBOL TABRLE-—--
INTEGER TAB(S12) ,INDEX(S13)
Com-ERROR MESSAGE TABLE-~~—-
INTEGER STMNT(32) .ECODE(32)
G~ KEYWORD TABLE -~
INTEGER KWORD(4,.22)
Cr——=DELIMITERG -~
INTEGER DEL(14)
INTEGER A(B0),IDVP(4),I0VI(B),C
INTEGER FMT(S) ,LIT(80)Y DIGITAI0) ,ITEMP ,FET, G0N, TBUF (40}
REAL TEMP :
INTEGER UN,ERRN.E,I.END,INT,ILITN,RLITN,CLITN,IDN,LAEN
INTEGER STM{16) ,NUMB(16),8,B,W,EL,TH,COP (2>
C
Cr——~INTERMEDIATE CODE TABLE--—--~
C ]
INTEGER OPC(S524) ,TARI(524),IND1(524) ,ARR1(524) ,ALEN1(524)
%, TARZ (524 , IND2(524) ,ARR2(324) . ALEN2(T24)
C
Cr—m=-TEMPORARY VARIAEBLE STACK~~(TaAE CODE : 10)=----
G
INTEGER TUAR(16) ,TPRECC1IS) . TOP(1&)
INTEGER PREC,0P,COUNT,T
INTEGER PGM(4) ,L8T,PAGE , LINE
INTEGER TRO1S)
COMMON ZIDLIT/Z ID,TYPE BRYTE,LEN,.LPTR ,RADDR, ILYT, CLIT . RLIT . LAR
%, LABTYP
COMMON ZINTCD/ OPC.TAR! . INDI ARRI ALENT,TARZ,IND2,ARR2  ALENZ
COMMON /ERR/STMNT ,ECODE ERRN,E
COMMON JUFORMS TaR,INDEX
COMMON /CARD/ C
COMMON /INC1/ T
COHMMON /FIN/ END,UN
COMMON /8TK/ STM.NUME,.S.B, W EL.TH.COP
COMMON /COUNZ TDNLTLITNL,RLITN,CLITN, INT,LARN
COMMON /PRNT/ PGM,LST , PAGE \LINE

e N R W N

CALL FTIMECIE?

PAGE=PAGE +1

IF CTYPE(1Y . NE.4) GO TO 3¢

WRITECLST, 20X (IB(ICNT) , ICNT=1,15) , (IDCICNT)Y , TCNT=1,4) ,PAGE
20 FORMATC(1HL ./ HP-PASCAL 715X 15A2, 10X, 'PROGRAM NAME : / .482



2343
2344
2345
2346
2347
2348
2349

30

35

40

#19X, ‘PAGE
GO TO 40

]
+

111

", 14.77)

WRITECLST,3U) CIRCICNT) , ICNT=1 ,15) ,PAGE

FORMAT(1HT ¢

®*15X, ' PAGE
LINE=4
END

]
H

HP~PASCAL 7 10X, 15AZ, 10X, ‘PRUOGRAM NAME
‘L 14,70

PASC
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oy
e

23
24
&%
26
a7

el et
Lt

29
30
31

B2
33
24
35

Aé

PROGRAM B3ORT.
(x THIS PROGRAM SORTS THE TEN INPUT INTEGERS IN ASBCENDIMNG ORDERX?
LABEL 1234:
vak
TEMP, TAG., IND, INDY  INTEGER:
TEMP 3 INTEGER:
SER ¢ ARRAY (1:10) OF INTEGER;:
BEGIN
IND =1
WHILE IND{=18 DD
BEGIN
READ (SERCIND)Y ¥
THND = IND+1
EHD:
1234
TAh =0,
IND =1
WHILE IND{ 160 DO
BEGIN ’
THD TN
IF SERCINDY > SER{IND1) THEN
BEGIN
TEMP 1 =SER CIND )y
SERCIND Y 1 =BERCINDY)
SER(IND1) 1 =TEMP
IND: =IND+1
TG =]
END
END
IF TaG: THEN GOTO 1234
IND =1y ‘
WHILE IMD(=10 DO o
BEGIN uﬁa
WRITE(SER(IND ) :
THD 1 =IND+1
' EN
END,

PAGE



HP ~P ABCAL 2140 AM  SAT.. 30  APR,, 1983 PROGRAM NAME

IDENTIFIER TARLE (TAR NO-1)

\ ARRAY LITERAL
HBROND IDENTIFTER TYPE . BYTE CODE POS  NTER

1, BSORT 4 0 B )
2, TEMP ) 2 0 0
5, TAG 1 2 0 0
4, THD ] o 0 0
5 THDA i 3 0 0
6. SER ) @ 10 6
INTEGER LTTERAL TARLE (TAE NO-21) 1
GROMD VALUE BRNO VAL UE SR NO VALUE
1. 1234 2, 1 1, 10
LOREL TARLE (TAE NO-24)
GRONO LAREL STATUS SR NO LAREL  STATUS SR NG LAEEL STAT
1. 1234 1 2, 0 0 ’

UNIFORM SYMBOL TaABLE

BSORT

SR OMNO

k35

4R NO TaE ND INDEX B8R NOQ TAR NO INDEX SR NO TAR NO INDEX

1. o6 1 . 3 1 K 1
4, 4 11 5 A 2 b P9

N X i 8. 21 1 @, 4
10, 29 4 i1, 3 4 12, g%
14, 1 & 14, 4 12 15, 1
14, 4 12 17. 1 4 18, 4
19, 1 ] 20, 4 10 21, 3
ag., 4 11 23, P b 24, 1
25, 4 10 a6, 3 5 27, 4
28, 79 7 29, 1 b 30, 4
31, 3 8 I, 4 & 33, a1
34 4 14 35, 21 3 b 4
37, 4 @ 38, 3 ] 349, 4
40, P9 & 41, 3 19 - 42, K8y
43, 1 4 44, 4 10 43, 4
Ab . 21 o 47, 4 11 A48, a4
49 3 12 ] LN 3 4 51, 4
na. 4 ¥ U3, £y 3 94, 3
keI P& 11 56 3 10 57 e

e s

=3 s
B VYD s PO PO L3 M8 e W

]
Ll

P
S ors

3
Ll g

12

4 .

WALUE

0

ﬁAGE

-
o
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B 3 18 "y, 4 @ Lo, 1 &
&1, 4 5] L2 1 4 63, 4 o
&4, 4 4 &3 4 11 hé, o 13
B, 1 4 62, 4 10 &%, 4 b
0, 4 4 71, 4 1 72 a1 2
73, e 14 - 74, 3 11 iy 4 11
76, 2% 15 7. 21 1 78, 4 10
A e 16 80, 1 3 81, 4 10
82. 4 5 B3, 21 4 84, 4 11
85, P 17 86, 1 4 87, 4 10
B, 4 g 29. 21 2 90, 4 11
F1. Qo 16 @2, K 12 Q3. 1 4
P4, A & 95, 21 3 Pb . 3 13
07 Ka'd 19 v, 3 10 f9. w9 &
100. ] 5 101, 4 10 102, 4 ]
103. 1 4 104, 4 1 105, a1 -
106, 4 11 107, PP a1 108, 3 14
169, 1 & 110, 4 -8 111, 1
112, 4 9 113, 4 7 114, 1
115, 4 8 116, 1 b} 117, 4
118, 3 1% 1e. 99 22 120, 3
121, @en a3 122, 1 a2 123, 4
124, 4 % 125, 1 £ 126, 4
127, 1 4 128, 4 ? 129, 4
130. e9 e 131, 1 & 132, 4 8
133, 3 4 134, 4 d 135, 4 i0
1346, 4 b 137, 1 fs 138. 4 8
13%, 1 g 140, 4 @ 141, 4 11
142, 9 &% 143, 1 b 144, 4 8
145, 1 N 146, 4 9 147, 4 14
144, 4 ' & 149, 1 2 o159, 4 11
151, . ge ed 152, 1 4 153, 4 10
154, 4 % 1995, 1 4 1596, 4 1
157, & i 158, 4 11 15¢. Fad a7
140, L 3 161, 4 10 162, 4 9
163, 21 2 164, P4 28 1635, 3 i1
166, w9 29 167, 3 11 1468, 4 11
169, 4 30 170, 3 14 171, 1 3
172, 4 b4 173, 21 4 174, 3 15
12%, O 17 176, 21 1 177, 4 11
178, @9 3 179, 1 4 180, 4 10
181, 4 e 182, 23 2 183, 4 11
184, 29 32 185, X 12 186, 1 4
187, 4 & i8a, 4 5 189, a1 X
190, 3 13 191, Y I3 192, 3 10
193, @y 34 194, 3 20 196, 4 8
196, 1 ) 197, 4 a 198, 1 4
196, 4 o 200, 4 @ 201, 4 11
an2, 9 35 203, 1 4 204, 4 10
205, 4 5 206, 1 4 207, 4 1
a0, 2 & 209, 28 36 210, 3 1
M. ks k¥ 212, 3 11 213, 4 13



HP ~PABCAL

INTERMEDIATE CODE TABLE

SR NO

iD,
11,
12,
i3,
14,
1%,
16,
17,
18,
19,
a0,
a.
22,
23,
24,

myur

Fos a0
26
nvy

28,
29,
30
31,
Fa.
33,
34
39,
;5&! .
37
38,
39,
40,
AL,
A,
43,
44,
4%,
46,
{7

Ll

48,

or Cch

i}
wo
Hin

]
50
=0
w1i]
50

bH

Vs

"

7
b]
10
k!

w
)

- .

2:43 AN BAT .,

30 APR,

a8 1 E‘ RAND 1 e e s

. TAB

0
10
23

a3

JE

1

INDY

1
1
A
135G
1
1
1
2
1
1364
136

137
136

£

P

w330 = PY e e () s T

ST

ARR1

s
= o

TP oD D e T o

= R R N NI — PO AP A~ R R B -~ B A R —

ALENT

N~ S =N~ R N N R - W~

oS oS oD ST
- - - - hd - - -

CRmC RO SVmToe

1963

PROGRAM NAME : BSORT

"“"“"“""“""""'""“"""Up E:R ,*.‘\'N'O 2 1am e sspe 4rew samt 30vs ahme e 2enk i

Taps

0
21
10

0

1
10
21
10

]

e T T

&

10
10
0

&1
o
a1
"ﬂ

10
21
10
&3

0

0
28 |

10
10

e
[EN v Y

0 Sy

c:g‘:g,g*::

InNp2

S %

c:.-o@c:mv-"f;m»—'-gs.n-‘-rgrd,bcaoc:@!’iuuﬁbgugzgu;,d"cc,a?ﬁp;a&ccgcs.:z

1 R Rl

TN e

~u

SE OO T SOl ool T ool ol DR ol Pl oSl oSSR

ARRZ

ALENS

I - Rl Rt A S R i R S S~ e B R i e - R R S i N, P S~ R

PAGE
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"; ‘.? ’
50 .
LD
g2,
%3,
54 .
55,
Sé

a7,

5E,
%9,
&0,
&Hl,

oy
L]

(’:‘3 s
H4
{f)ﬁ ]
bé,
&H7.
HE .
&7,
4 |
1.

g
B

P
74,
P
Pt
T
78,
W
Bo.
81,
B2,
83,
84,
@,
86,
37.
24,
8.
LAUR
21,
G
23,
4.

TOTAL

ERROR

SRONO

1.

bOEE
st
£

50
54
50
50
w0
50
50

50

50
=0

50

4
e
50
G
Ny
b b
]
Lol
£
?
>
g
]

7
S

B0
50
]

H]
=0

B0

50

ERROR (5)

TARLE

LINE NO

&

)
£
n';;
"
5
12
50
bl )
1
bl
n;;
ol

89

]
N

o

od gl e gt W 5 Dad mm Dl 09 S e TP st B ged e s R

10

3

3 50 r T s

F3
i

19
10
10

P T

DPETECTED

&

ERROR

w36

2143 HM

1

SR NO

’

@

o
k=

P R = R R~ R v e SR i e B

E—]

SaT.. 30

CE OO D o R o T D oD e DD oD D e DD e e o Do O e D

LINE NO

IRt

ARR, , 1983

LI | ‘! u

b2t

o

"o ot

]

PR A e Tl - SR R e R o

e 2
e 10
v &
- 0
- f
. 8
. 0
. 0
1
o214

ERROR

0

SR

NO

g,

B s T3 s T e O

%]
v

S 2 am Dyt o T D e B TR

ey
==

LN

S DDy = D e T

-
o

%

o ey T

o W

PROGRAM NAME

PR B = - R R - -~ I — I — i R R R~ = S B R I A B i - B R o B P g

LINE NO

0

: BSORT

e

ERROR

0

PAGE
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