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1.1 OVERVIEW 

The basic aiM of this entire project of which a part 

is described in this dissertation is to iMpleMent a Pascal 
coMpiler on the HP 1000/40 coMputer. The coMplete project 

has been divided into two loqically independent parts~ 

naMely, interMediate code qeneration, and Machine code 

qeneration. 

This dissertation describes the first part which 

translates a proqraM wri~ten in Pascal to a forM which can 

be used by the second logical part to qenerate code 

executable on the HP 1000/40. 

1.2 LANGUAGES AND THEIR USES 

The natural way of non-verbal COMMunication is 

throuqh syMbols. A set of these syMbols alonq with certain 

qraMMatical rules qouerninq their usaqe forMs a lanquaqe. 

In the case of coMputers 1 the user coMMunicates with 

1 
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the Machine throuQh syMbolic lanquaqes. A lanquaqe which is' 

directl' "understood" by a coMputer is known as it~ Machine 

lanouaqe. It differs froM a natural lanquaqe in Many ways 

and coMMunication through this language is terribly tedious 

and fraught with opportunities for Mistakes. The Most 

serious disadvantage of a Machine lanquaqe is that all 

operations and operands MUst be specified in a nuMeric 

code. Further More~ each Machine tends to have its own 

(unique) Machine lanquaqe which Makes it necessary for the 

user to learn different Machine languages in order to use 

different Machines. 

For these reasons it is desirable to coMMunicate with 

coMputers in a user-oriented language. The Most iMMediate 

step away froM Machine lanquaqe is the use of a SYMbolic 

asseMbly language~ in which operations and data addresses 

are replaced by MneMoni~s or syMbols. 

Thouqh syMbolic asseMblv prograMs are easier to write 

and understand than Machine lanquaae prograMs there still 

are soMe sever drawbacks with this approach. The 

proqraMMer MUSt know the details of how a specific coMputer 

operates, how the data is represented 1 the wa~s of 

addressing data in MeMory, and so on. In order to assist 

the user in avoidinq these details hiqh leuel languages 

<HLLs) are used for coMMunication with the Machine. Hiqh 

level languages are essentially user-oriented which helps 

the user in specifyinq the operations without worrying about 
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the Machine details. The aduantaoes of usinq HLLs can be 
SUMMarized as follows. 

1) It is More expressive than asseMbly languaqe 

therefore, it is easier to write a proqraM in a hiqh 

language. 

and~ 

level 

2) User attention can be focussed More on the buqs in 

the aloarithM and the flaws in desiqn rather than the 

Machine language buqs and tricks .. 

3) Beinq user-oriented~ the lanquaqe can be easily 

learnt by the user. 

·1,3 NEED OF A TRANSLATOR 

Introduction of asseMbly and hiqh level lanquaaes 

Makes the proqraMMing task siMpler~ but it.also introduces 

soMe probleMs. The MOSt obvious probleM is that we need to 

translate these into the Machine lanquaqe. 

We define a translator as a funciion whose doMain 1·~ ~ 

a source lanquaqe and ranqe is the taroet lanquaqe. 

Translators can vary in their t~pe of translation <one to 

one, or one to Many Mappinq), their scheMe of translation, 

or in the t,pe of language the~ translate. Accordinq to 
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their functions and specific charactristics> the translators 

are given different naMes. 

1.3.1 AsseMbler 

An asseMbler is a proqraM which when executed 

translates source written in an asseMbly lanquaqe into the 

~achine lanquaqe of a coMputer. on a one-to-one basis. The 

scheMatic diagraM of an asseMbler is qiven in Fiq. 1.1, 

Source----->1 ASSEMBLER 
ProqraM 

1------>Equiualent 

Machine Lanquaqe 

Fig. 1.1 ScheMatic DiaqraM of an AsseMbler 
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1.3.2 CoMpiler 

If the source lanquaqe is a hiqh-level lanquaqe and 

the tarqet is asseMbly or Machine lanq~age of soMa 

coMputer, the translator is called a coMpiler. The function 

of a coMpiler is shown in Fiq. 1.2. 

Hiqh Level Equivalent Machine 

Lanquaqe---->1 COMPILER 1--->or AsseMbly Lanquaqe 

PrograM I PrograM 

I 

Fiq. 1.2 ScheMatic DiaqraM of a CoMpiler 

1.3.3 Interpreter 

An interpreter for a lanquaqe accepts a source 

prograM written in that lanquaqe as input and executes it 
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then and there. The difference between ~ coMpiler and an 

interpretar is that the interpreter does not produce an 

object proqraM which can be executed repeatedly. 

1.4 THE STAGES OF A COMPILER 

The process of coMpilation is a coMplex process and 

froM the iMpleMentation point of view~ it is iMportant to 

divide it into subprocesses called phases. The different 

phases of a coMpiler and the various data structures used in 

these phases are shown in Fiq. 

coMpiler can be divided into seven 

follows: 

1) Lexical Analysis Phase 

2) Syntax Analysis Phase 

1.3. The phases of 

different categories~ 

J) InterMediate Code Generation Phase 

4> InterMediate Code OptiMization Phase 

5) Storaqe AssiqnMent Phase 

6) Code Generation Phase 

a 

as 
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Phase& 1 throuqh 4 are Machine-independent 

lanquaqe-dependent 

Machine-dependent 

whereas Phases 5 throuqh 7 

and 

of description of each 

followinq paraqraphs. 

lanquaqe-independent. A 

these pahases is qiuen 

1.4.1 Lexical Analysis Phase 

in 

and 

are 

brief 

the 

This phase scans the characters of the input source 

proqraM froM left to riqht and separates the characters into 

groups that logically belong together. These groups are 

called tokens, atoMs or SYMbols. Durinq this phase~ certain 

tables like the identifier table~ literal tables: and 

uniforM syMbol table are created. This is a Machine 

independent phase. 

1.4.2 Syntax Analysis Phase <Parsinq) 

The input to this phase consists of the sYMbols 

generated by the Lexical Anal~sis Phase. These syMb~ls are 

then qro~ped as basic syntactic constructs. 

1.4.3 InterMediate Code Generation Phase 
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This phase qenerates interMediate code for 

syntactically correct constructs with the help of various 

inforMation tables qenerated durinq the earlier phases. 

This code can be in the forM of a tree or quadruples or 

triples dependinq on how it is to be Manipulated later. 

· 1 .4.4 InterMediate Code OptiMization Phase 

This phase optiMizes the interMediate code qenerated 

bv the earlier phase. It is not Mandatory for every 

coMpiler to carry out the Machine independent optiMization. 

The decidinq factor for incorporatinq such a phase is the 

qain it would brinq in increased efficiency aqainst the 

incease in cost in terMs of coMpilation tiMe and 

COMplexity, 

1.4.5 Storaqe AssiqnMent Phase 

This phase assiqns storaqe to all 

literals refrenced in the source proqraM. It 

storaqe to all the teMporary locations 

storinq interMediate results. 

1.4.6 Code Generation Phase 

variables and 

also assigns 

necessary for 
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The basic function of this phase is to produce the 

tarqet code (in Machine or asseMbly lanquaqe>. The input to 

this phase is the interMediate c.ode alona with the 

identifier table and literal table. 

1.4.7 AsseMblv Phase 

This phase resolves the label refrences. forMats the 

object code~ and qenerates the appropriate inforMation for 
the loader. 

1.5 THE PRESENTED WORK- SCOPE AND BOUNDRIES 

As Mentioned earlier, the process of coMpilation can 

be split into two loqicallp independent parts~naMel~ 

- the Machine independent part 

- the Machine dependent part. 

The Machine independent part in this iMpleMentation 

consists of the lexical anlysis, the s~ntax anal~sis~ and 

the interMediate code generation phase, whereas the 

interMediate code optiMization phase has been oMitted to 

reduce the coMplexitv of iMpleMentation. The Machine 

dependent part consists of the storaqe assiqnMant) code 
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aeneration. and the asseMbly phases. The work presented in 

this dissertation includes the desiqn and iMpleMentation of 

the Machine independent part of the coMpiler. The scheMatic 

diaqraM of Fiq, 1.4 shows the inputs and outputs of the 

present iMpleMentation. 

This part of the iMpleMentation qenerates the 

Identifier Table~ Literal Tables_, UniforM ·S~•t'lbol Table_, 

InterMediate Code Table, and the Error Table. All these 
tables Ma~ not be coMpletl~ filled i.e, it leaves soMe 

portion 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 i~ presented in 

Chapter· 3. 
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Identifier 

1-····-->1 Table 

I ---------------
1 

1---->lliteral Table! 

IPascall---->1 Machine 1-1---->1 UniforM 

I Code I !Independent! ISvMbol Table 

Part 

·------------- I 

I 

1----)1 Error Table I 

1---->1 InterMediatel 

I Code Table 

Fiq. 1.4 The Boundries of the Presented Work 
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In this_chapter we discuss wh~ Pascal was chosen to 

be the lanquaqe for iMpleMentation, The subset chosen and 

the reasons for selectinq this subset. 

2.t THE CHOICE OF PASCAL 

The Main objective is to select a hiq~ level lanquaqe 

which is suitable for systeMs prograMMing. The HP 1000/40 

Machine presently supports FORTRAN-IV and the HP AsseMbly 

language onl~. Additionally~ in an educational environMent 

one does feel the necessitY of having a lanquaqe ltJh 3.ch is 

helpful in learning the concepts of structured proqraMMinq. 

Keepinq these objectives in Mind the decision to iMpleMent 

a coMpiler for Pascal was taken. 

2.·1.1 Pascal SoMe Historical Notes 

The Pascal lanquaqe was created by Professor Niklaus 

Wirth of Eidgenossische Technische Hechschule <ETH> in 

Zurich, Switzerland during 1970-1971. 

naMed in the MeMory of the French 

13 

The lanquaqe was so 

MatheMatician Blais 
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Pascal. The original work on Pascal beqan as an outqrowth 

of atteMpts by Wirth and Hoare to develop a successor to the 

lanquaqe ALGOL-60. The proqraMMinq lanquaqe Pascal was 

designed with the following aiMs : 

1) To Make available a notation in which the 

fundaMental concepts and structures of proqraMMinq are 

expressible in a sy~taMatic, precise, and appropriate 

Manner. 

2) To deMonstrate that a lanQuaqe with a rich set of 

fexible data and prograM facilities can be iMpleMented by a 

MOderately-sized coMpiler. 

3> To deMonstrate that the use o·f a 

proqraM Machine-independent lanquaqe with felxibla data and 

structures for the description of a coMpiler leads to an 

increase of its readability, verifiability and 

its reliability~ and that this gain need not 

any loss in efficiency. 

4) To qain More insiqht into the 

consequently 

be offset b~ 

Methods of 

organisinq larqe proqraMs and Manaqinq software projects. 
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2.2 THE RATIONALE FOR A SUBSET 

This iMpleMentation does not ~tteMpt to iMpleMent all 

the features of Pascal. Instead a suitable subset has been 

selected. This has been done since the iMpleMentation of 

all the features o~ Pascal would be beyond the scope of an 

M.Phil. dissertation. 

a. :~ THE su»SE1' 

The subset of Pascal selected for iMpleMentation is 

given in App~nd:i.x-A. 

This subset includes three scalar data types~ naMel~~ 

inteqer. real. and character. and a structured data type, 

naMely~ array. The reason for selecting these data t~pes is 

that they cater to MOst of the eleMentry needs for systeMs 

prograMMing as well as general purpose prograMMing and the 

other data tYpes like boolean and subranqe can be easily 

siMulated using these. 

In the control stateMerits the subset contains 

"beq :i.n-end", "if-then 11
• "if-·then-else" ~ 11 \.Jhile-do", and 

"qoto". These allow the basic needs for struc~ured 



proqraMMinq to be Met and 

prograM& to be expressed 

sinqle-entry, sinqle-exit 

contribute siqnificantly 

16 

allow the vast 

as hierarchical 

blocks. These 

Majority 

nesting 

of 

of 

facilities 

to proqraM clearity and 

understandinq and it is not absolutely necessary to 

incorporate facilities like "repeat-until" for the purpose 

of this dissertation. 
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This chapter describes the desiqn and iMpleMentation 

of the Machine independent part of the Pascal coMpiler. 

3.1 THE ENVIRO~MENT 

In this section a brief description of the hardware 

and software environMent available for iMpleMentation is 

presented. The iMpleMentation has been caried out on the 

HP 1000/40 systeM available in the SCSS. 

3.1.1 The Hardware EnvironMent 

The HP 1000/40 systeM is designed around a 16-bit 

MicroprograMMed central processinq 

systeM has 128 KB of randoM access 

MeMory~ and two discs of 10 MB each 

associated with it. It has one 

unit. The atJail.able 

MeMory as priMary 

as secondary MeMory 

console and one 

bi-directional Matrix printer <Recently the cofiquration has 

been enhanced.>. 
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3.1 .2 The So~tware EnvironMent 

The systeM has a MUltiproqraMMinq operatinq systeM 

allowinq a variable partition size (MaxiMUM partition size 

beinq 64 KB> and uesr definable job priorities. The systeM 

provides an editor for creating and editing data as well_ as 

source files. It also provides an asseMbler for the HP 
AsseMbly Languaqe and .a coMpiler for FORTRAN IV. The 

relocatable loader allows proqraM overlays 

beinq decided b~ the user. 

3.2 THE DESIGN 

the overlays 

A detailed description of the iMpleMentation is 

presented in this section. This includes a description of 

the various data structures used the interMediate code, 

the lexical analysis~ as well as the syntax analysis and the 

interMediate code qeneration phases. 

3.2.1 Data Structures 

The data structures used in the iMpleNentation are 

described in this section. The secheMatic diaqraMs of all 

the data structures used are qiven in Fiq, 3.1. In the 

figure~ the relative address field~ as discumsed in soMe of 

the data structures, is not shown because it is filled and 
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used by the Machine dependent part of the coMpiler. 

Keyword 

(8) (8) 

(a) Keyword Table 

l DeliMiter I 

(b) DeliMiter Table 

Fiq. 3.1 The Data Structures Used (contd.) 
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I I I 

I NaMe I Type I Byte Arra~ I Literal 

I I Bound Pointer 

I ------ ------ ------ ------- ---------
(8) (2) (2) (2) (2) (16) 

(c) Identifier Table 

Ilit 

(d) Inteqer Literal Table 

Clit 

(e) Character Literal Tabl• 

Fiq. 3.1 The Data Structures Used (contd.) 



21 

Rlit 

(4) 

(f) Real Literal Table 

Label 

(2) 

Label I 

Status I 

(2) 

f.a) Label Table 

Tab lf~ 

Code 

(2) 

Index 

(2) 

(h) UniforM SyMbol Table 

Fig. 3.1 The Data Structures Used (contd,) 

(4) 

(4) 

(4) 
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Line Er'T' or 

( 2) 

I Code 

I 

(i) Error Messaqe Table 

(4) 

t· Op ITableiindexiArrayiArrav ITablellndexiArraviArr~y I 

I code I Codetl 1 I Codetl Index 11 Code21 2 I Code21 Indt~x21 

(2) (2) (2} (2) <2> (2) (2) 

Note 

(j) InterMediate Code Table 

The nuMber in the riqht MOSt paranthesis 

indicate the total nuMber of bytes for the 

record. whereas others indicate the nuMber 

of b~tes for the field, 

Fiq. 3.1 The Da1a Structures Used 

( ~.=!.) (18) 
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a) Keyword Table 

This table is available with the lexical analyser and 

contains all the ke~words used in the languaqe. Each entr~ 

in the table is eiqht bytes lonq and the table contains 22 

such entries. A list of all the keywords stored in this 
table is qiven Appendix B. 

b) DeliMiter Table 

This table is also available with 

analyser and contains all the deliMiters 

Each entry in the table is two bytes long 

contains 14 such entries. A list of all 

stored in this table is given in Appendix C. 

c) Identifier Table 

the lexical 

except space. 

and the table 

the deliMiters 

This table is created by the lexical analyser and 

consists of all the distinct variables and the proqraM naMe 

used in the source proqraM. A typical entry of this table 

consists of 16 b~tes of inforMation.Each entry in this table 

consists of the followinQ fields: 



24 

1) NaMe : First eiqht bytes in the entry contain the naMe of 

the identifier. The ~aMa consists of a MaxiMUM of eiqht 

alphaMeric characters and the first character aMonq the 

eight Must be an alphabet. This field is filled up b~ the 

lexical analyser. 

2) Type : This field occupies the next two bytes and denotes 

the t~pe of the identifier in the entry. Type 0~ 1~ 2 1 3 

and 4 correspond to undeclared identifier, inteqer, real. 

character~ and proqraM naMe 1 respectively. 

3) Byte . The nuMber of bytes to be allocated to an . 
identifier is given by this field. The nuMber of bytes 

allocated to a proqraM naMe is zero. 

4> Array Bound : If the identifier is an arraY type then 

this field qives the length of the array 

field contains a zero entry. 

otherwise this 

5> Literal Pointer : If the identifier has been declared as 

a constant ~ then this field provides a pointer to the 

literal table where the value of the constant is stored. 

otherwise this field contains a zero. A pointer value 

beqininq with the nuMber 21 points to the inteqer literal 
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table; that beqininq with 22 points to the character literal 

table~ and that beqining with 23 points to the real literal 

table. The last three digits of a pointer ualue indicate 

the entry point within the selected literal table. 

6) Ralative Address : This field shall contain tha relative 

address of the identi~ier within the table. 

d) Integer Literal Table 

This table is qenerated by the lexical analyser and 

the source contains all the integer literals appearing in 

prograM. Each entry in the table is four bytes 

consists of the following fields: 

lonq, and 

1) !lit : This field contains the value of the inteqer 

literal; the length of this field is two bytes. 

2> Relative address : This 2-byte field shall contain the 

realtive address of the literal within the table. 
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e) Character Literal Table 

This table is qenerated by the lexical analyser and 

contains all the character literals appearing in the source 

prouraM. Each entry in the table is four bytes lonq. The 

table consists of the followinq fields: 

1) Clit : This field is two bytes lonq and contains the 

characters appearing in the character literals. 

2> Relative Address : This field shall contain the relative 

address of the literal within the table. 

f) Real Literal Table 

This table is qenerated by the lexical analyser and 

contains inforMation about the real literals appearinq in 

the source proqraM, Each entr~ in the table is six bptes 

lonq and consists of the followinq fields 1 

1 > R l. j, t This field is four bytes lonq and contains the 
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value of the real literal. 

2) Relative Address : This field is two bytes lonq and shall 

contain the relative address o~ the literal within the 

table. 

q> Label Table 

This table is filled up by the syntax analyser and 

contains all the labels declared in the source proqraM. 

Each entry of the table is fuur bytes lonq and contains the 

following fields : 

1) Label : This field is two bytes lonq and contains the 

label declared in the prograM. 

2) Label Status : Thi~ field is two bytes lono and contains 

the status of the label. Status zero iMplies that the 

label has not b~en defined before in the proqraM whereas 

status 1 iMplies that the lable has been defined once in 

the proqraM. 

h) UniforM SyMbol Table 
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This table is qenerated by the lexical anal~ser and 

contains refrences to all the tokens appearinq in the so~rce 

prograM except the coMMents which are iqnored. Each entr~ 

of the table is four bytes lonq and contains the followinq 

fields 

1> Table Code : This field is two bytes lonq and contains 

the nuMber of the table in which the token is stored. 

2> Index : This field is two bytes lonq and contains the 

nuMber of t·he entr~ correspond:i.ng to thE!!' tol<en in the table 

referred to by the Table Code field. 

i) Error Messaqe Table 

Entries in this table are Made by the lexical as well 

as the s~ntax analyser, each entry correspondinq to an 

error detected by the lexical analyser or the syntax 

analyser. Each entry in the table is four bytes long and 

contains the followinq fields : 

1) line : This field is two bytes lonq and contains the line 

nuMber of the source proqraM in which the error has been 



29 

encountered. 

2) Error Code : This field is two bytes lonq and contains 

the error code for the error detected in the line qiven b~ 

the Line field. 

j) InterMediate Code Table 

This table is qenerated by the syntax analyser and is 

to be treated as the input for the code qenerator 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, 

oparand1 1 and operand2. Each entry in the table consists 

of eiqhteen bytes and contains the followinq fields 

1) Opcode : This field is two bytes lonq and contains the 

nuMeric code for the operation to be perforMed on the 

op~rands. A list of all the operations available, the 

corresponding codes 1 and their actions is given in Appendix 

D. 

2) Table Code 1 : This field is two bytes lonq and contains 

the nuMber of the table correspondins to tha first operand, 
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3) Index 1 : Thsi field is two bytes lonq and contains the 

nuMber of the entry in the table referred to b~ the Table 

Code 1 field. 

4) Array Code 1 : This field is two bytes lonq and contains 

a 1 if operandl happens to be an array type else it 

contains a zero. 

5> Array Index 1 : This field is two bytes lonq and has 

signi~icance onl~ if the Array Code 1 field contains a 1 in 

which case it provides the value of the index within the 

array. 

6> Table Code 

the nuMber 

operand. 

of' 

This field is two bytes lonq and contains 

the table corresponding to the second 

7) Index 2 : This field is two bytes lonq and contains the 

nuMber of the entr~ in the table referred to by Table Code 

2 field of the entry. 
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8) Array Code 2 : This field is two bytes lonq and contains 

a 1 if operand2 happens to be an arra~ typeJ it contains 

the nu~ber 21 if the Opcode value is 10 to 13 and the 

operation requires the floating point type forMat~ 

otherwise this field contains a zero. 

9) Array Index 2 : This is a two byte lonq field and 

contains the value of the index within the array if Array 

Code 2 field contains a 1. or the nuMber of the entry in 

the inteqer literal table if the Arra, Code 2 contains 

twenty one. 

3.2.2 InterMediate Code 

The interMediate code consists of triplets of one 

operator and two operands. The code is chosen in such a way 

that it is easy to translate into the Machine lanquaqe of 

the HP 1000. A detailed discussion on the code structure 

has been presented in the earlier paraqraphs. The various 

operators and their corresponding codes are qiven in 

Appendix D. 

3.2.3 Lexical Analyser 

As discussed previously , the function o~ a lexical 
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analyser is to read the source proqraM < a Pascal proqraM in 

our case) one character at a tiMe: and to translate it into 

tokens or atoMs. The lexical analysis phase has been kept 

separate froM syntax analysis in order to siMplif~ the 

desiqn of the coMpiler. In addition~ since the structur~ of 

tokt~ns can be MOl"e easily specified than the ~.;~nta-cti.c: 

structure of the source lanquaqe. the construction of a More 

specialised~ and hence More efficient recoqnizer for the 

tokens is possible. Since a larqe portion of the coMpile 

tiMe is sp•nt in scanning the input characters~ this 

saperation allows us to concentrate solely on reducinq this 

t i £"1e. The lexical analyser reads the coMplete input source 

proqraM and generates the necessary inforMation for storaqe 

in the identifier table~ inteqer literal table~ real literal 

table, character literal table, and the uniforM syMbol table 

for the spntax analyser to take ouer. 

The transition diagraM of Fiq. 3.2 is a particularly 

useful tool in understandinq the workinq of the lexical 

analyser because the action taken is highly dependent on 

what characters have been encountered recently. The 

circles in the diaqraM are called states and these are 

connected by arrows called edqes. The lables on the 

various edges leaving a state indicate the input character 

that can appear after that state. The starting state of 

the transition diaqraM is state BJ the first edqe froM this 

state indicates that the first input character MUst be a 

letter. If this is the caset we enter state ID and look at 
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~he next input character. We continue this way, readinq 

letters and digits~ and Making transitions ¥roM state ID to 

itself. until a deliMiter for an identifier is encountered. 

at which point we leave the state ID ( for practical 

reasons. the size of an identifier has been liMited to a 
MaxiMUM of eight characters). Then a look-up {c 

A- perforMed 

in the keyword table to see if the identifier is a keyword 

or not. If the identifier happens to be a keyword~ then we 

Make an ~ntry in the uniforM syMbol table' however. if it is 

not a keyword~ then it is entered in the identifier table 

(if it does not already exist there). and a correspondinq 

refrence entry is Made in uniforM syMbol table. SiMilarl~~ 

the lexical anaylser enters an inteqer literal in the 

inteqer literal table~ a real literal (fixed point as well 

as floatinq point) in the real literal table. and a 

character literal in the character literal table~ 

correspondinq to each of these entries. _a refrence is 

enter~d in the uniforM syMbol table. In the case of a 

valid deliMiter, an entry is Made in the uniforM SYMbol 

table only after a look-up is perforMed in the deliMiter 

table. It is to be noted that when a coMMent is detected, 

no entries are Made and the scan is continued to the 

followinq syMbol. In case of an error. an entry is Made in 

the error Messaqe table and the scan is continued. 
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3.2.4 Syntax Analyser and InterMediate Code Generator 

lhe sYntax analyser ct1ecks that the tokens appearinq 

in the input (which is the output of the lexical anal~ser) 

occur in patterns that are perMitted by the specifications 

of the source lanquaqe. In other words~ a syntax analyser 

for a particular qraMMer _takes as input a strinq of tokens 

and checks whether the string is a part of the griMMer or 

not. If the input conforMS to the qraMMer. then the 

interMediate code for such input is generated~ otherwise~ an 

appropriate error Message indicatinQ the violation of the 

qraMMer is generated. The interMediate code generator 

transforMs the error free source stateMents into an 

interMediate lanquaqe. The syntax analysis and interMediate 

code generation May be iMpleMented as two different phases 

or both May be coMbined in one phase. CoMbining the two in 

one phase is norMally preferred for the purpose of 

increasinq the efficiency of the coMpiler. The saMe 

approach has been followed in this iMpleMentation. As soon 

as the syntax analyser is able to recoqnize any particular 

stateMent of the lanquaqe, the interMediaTe code is 

qenerated. 

The syntax analyser and interMediate code qenerator 

proqraM reads the uniforM syMbol table sequentially~ checks 
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. 
the qraMMatic correctness of the input and dependinq on the 

t~pe of the staJeMent~ updates the inforMation present in 

the identifier table and/or qenerates the interMediate code 

which is filled into the interMediate code table 

sequentially. For qraMMatically incorrect input, the 

prograM fills up the appropriate error code and the 

correspondinq line nuMber of the source prograM in the error 

Messaqe table. The syntax anal~ser also Maintains a table 

of labels. a stack of teMporary variables and a stack of 

nestings in order to facilitate the process of s~ntax 

<1tnalysis. 

The coMplete syntax analysis and interMediate code 

generation phase has ben divided into four Major routines> 

naMely, SYTAX, COMPS. ST. and EXPR. The interaction between 

these routines is depicted in Fiq. 3.3. The first routine 

called SYTAX handles the porqraM heading and the declaration 

part of the proqraM. The second routine naMed COMPS parses 

the Main-block »begin-end" and Maintains the necessary 

control for it. The routine naMed ST parses the executable 

source stateMents naMely the <.~ssiqnMent, "if-·then". 

"if· .. then-·else", "while-do", "beqin·-·end 11
, "qoto", "read ln" > 

"read", "writeln", and "write" stateMents and generates the 

corresponding interMediate code for theM. The routine EXPR 

handles the siMple expressions appearing in the source 

stateMents. The entry to the syntax analyser is Made 

throuqh the routine SYTAX which, after processing the 

declarations , calls the routine COMPS which inturn calls 
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the routine ST. Whenever necessary the routine ST calls the 

routine EXPR to process the siMple expressions, A brief 

description of the four routines is qiuan in the followinq 

paraqraphs. 

On anterinq the syntax analysis and interMediate code 

aaneration phase the routine SYTAX is c~lled. This routine 

expects the first token in the input to be the keyword 

"proqraM" followed by a seMicolon. If there is any 

deviation froM this input, the routine generates an 

appropriate error Messaqe and, if possible, Makes relevant 

assuMptions. For exaMple. if proqraM identifier does not 

exist. the routine assuMes it to be Pascal and continues the 

analysis further. The routine than qanerates the 

appropriate interMediate code. The routine thereafter looks 

for the declaration part of the source prograM. If the 

declaration part exists, then it checks for the presence of 

label declarationt constant declaration, and variable 

declarations. On findinq the label declarations. the 

routine checks for the syntactic correctness of the 

declarations and transfers the valid labels into the label 

tabla. For constant declarations, aft~r the syntactic 

correctness has been established. the pointers to the 

literal table are updated in the correspondinq identifier 

entry in the identifier table. For variable declarations, 

the routine first checks for the possibility of a declared 

identifier beinq an array type. If the identifier happens 

to be an array type. the routine then checks for the 
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validity of the array lenqth> and updates this inforMation 

in the corresponding identifier entr~ in the identifier 

table. The data type of the identifier. whether array type 

or other~ still reMains to be established. The data types 

allowed bY the routine are inteqer, real. and character. 

This inforMation is also entered in the corresponding 

identifier entry in the identifier table. For character type 

identifiers:the length of the identifier is also checked~ if 

not specified, this lenqth is assuMed to be one. For 

integers~ this length is assuMed to be two bytes 1 and for 

reals four bytes. Before updatinq any inforMation, the 

routine also checks the seMantic correctness of the 

declarations, points out possible seMantic errors which are 

reported in the error Messaqe table~ and Makes a recovery 

froM the error(s). After the processinq of declaration part 

is over the routine calls COMPS for further analysis and 

code generation. 

The routine COMPS expects the keyword "beqin" to be 

present at the input. On findinq the required input~ it 

calls the routine ST to process the subsequent input tokens. 

If COMPS does not find the kevword "beqin" in the input, it 

assuMes the Main block to be preesnt, reports the Messaqe in 

the error table. and calls the routine ST. 
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The routine ST first checksifor the presence of a 

label in the input. On findinq a !label, it checks whether 

a valid declaration was Made for the label or not. 
I . 

If the 

label was correctly declared. it c~ecks whether the label 

has been defined <~ar'lier j_n the pr6qr·aM or not, If not then 

it generates the interMediate code 1for defininq the label 

and changes the status of the lab~l in the label table to 

that of defined. If the l<~bel :l.s l•ndeclared ~ .nn <:H'ror· · j.s 
I 

reported in the error Messaqe table and the interMediate 
I 

code for such a label is not generated. If the label was 

declared correctly but has been re~efined~ then the routine 

iqnores the redefinition of th~ label and adds an 

appropriate error Message in the error table. 

If a label was not prseent in the input. the routine 
j 

checks for the presence a conditional stateMent~ naMelv~ 

the "if" stateMent. On findinq t~e keyword "if" present in 

the input the routine Makes a call to the routine EXPR for 

prot:essinq the expression~ and ; subsequently 

keyword "then" followed by any of 1 the allowed 

lool<s for 

stateMents. 

The "if" stateMent May be followed by the keyword »else", 

If the keyword "else" is not prem~nt, the routine terMinates. 

h d . . 1 . I . u·r h II t e con 1t1ona stateMent, assuMing 1t as an 1 -t en type 

statE~Ment. But~ if the keyword i "else" is present. the 

routine looks for any of the 1 allowed stateMents after 

"els~e". The Match:i.nq of "if-then-else" structure : is 

perforMed with the help of a stack. Al onq '·.ti th the 
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verification of the syntactic correctness. the routine also 

generates the code for "if-th(~n" or 
I 

~if-then-else" stateMents. If the conditional stateMent was 

not present in the input~ the routine ST chec:ks the 

possibilitY of repetiti'J<"o;? I 

statei'H~nt. naMely, the a 

"while-do". In pr ocessj.nq the 11 \,Jh i l. S""d 0" st.~teMent .alst:J.' 
! 

the routine has to call the routine EXPR to ~heck the syntax 
I 

of the expressiOnJ the routine EXPR also qenerates the 
I 

code for the expression. The Matchinq o·f <il "do" for· a 

"while" is perforMed by Maintaininq a stack. If the 

repetitive stateMent is 

routine ST checks for a 

not p~esent in the 
I 

input~ 

naMely 

the 

the coMpound stateMent~ 
I 

"beqin-end". After the keyword "beqin" there could be any 

nuMber of the stateMents followed by the keyword "end". 
I 

The Matchinq of an "end" for a "beqin" is perforMed by usinq 

a stack. If input did not denote a coMpound stateMent~ the 

routine ST chec:l<s for the "qoto'" s·tateMent. The keyword 

"goto" should be followed by a label. A valid label has to 

be declared in the declaration ~art before its use. The 
I 

routine then checks for the ·presence of an assignMent 
I 

stateMent stateMent. For , proc:~~ssinq an assiqnMent 

stateMent~ the routine call EXPR. If the input does not 

denote an assiqnMent stateMent, the routine then checks for 

an~ of the "read"~ "raedln,'"~ "~"rite" .. or "\"'1' i tel.n" 

stateMents to be present. It' the input does not happ(~n to 

be an!J of these~ the routine t.-:lkes it ·~ f.-i an invalid 

st<:JteMent. and aftr':!r reportinq the error continues the 

parsing and interMediate code qeneration for the followinq 
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tokens. 

Followinq is a brief description of the 

eMployed for generating the interMediate code 

"if-then", "if-then-else". and "while-do" stateMents. 

IF-THEN 

IF e THEN slt 

The interMediate code qenerated is equivalent to 

code for expression e 

IF NOT<e> GOTO t1 

code for s1 

t 1 : 

loqic 

for 
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IF-THEN-ELSE 

IF e THEN s1 Else s2; 

The logic for generating the interMediate code is as follows 

code for expression e 

IF NOTCe) GOTO tl 

code for st 
goto -t-2 

tl:code for s2 
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WHILE-DO 

WHILE e DO s1~ 

The equivalent of the interMediate code is 

wl :code for e 

w2: 

IF NOTCe> GOTO w2 

code for s1 

GOTO w1 

The routine EXPR parses the siMple expressions and 

aenerates the interMediate code for syntactically correct 

siMple expressions. 

Due to the liMitations of the MeMory partition 

(64KB>. the coMplete work of readinq the source. perforMinq 

the lexical analysis and the syntax analysis. qeneratinq 

the interMediate code~ and printinq the tables has been 

divided into three proqraMs which overlay each other. 

First, the lexical analysis proqraM reads the source, 
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perforMs the lexical analysist and prints the source. After 

it has coMpleted its job~ this prograM is overlayed b~ the 

syntax analysis and interMediate code qeneration proqraM 

which, in turn: is finally overlayed by the third proqraM 

which prints the various tables. The coMMunication between 

these prograMs is established using coMMon areas. The 

source listing of the proqraMs are given in Appendix F. 

3.3 AN EXAMPLE 

In order to show the working of the 

Machine-independenMt part of the coMpiler~ an exaMple of 

bubble sort has been chosen. The prograM written in Pascal 

reads ten integers: sorts theM usinq the bubble sort 

algorithM. and prints the sorted inteqers. The exaMple 

contains an error of double declaration. The proqraM gives 

the correspondinq error Messaqe and usinq the first 

declaration of the identifier: perforMS the analysis and 

generates the interMediate code. The Pascal proqraM listinq 

and v~rious inforMation tables alonq with the interMediate 

code are aiven in Appendix G. 



C 1··1 A P T t:::: F~ 4 

In this chapter the experience qained during the 

iMpleMe~tation. as well •• the suggestions for iMproveMent 

are described. 

4.1 THE EXPERIENCE 

It is observed that the lanquaqe PL/I provides better 

facilities for writing a coMpiler than FORTRAN IV. The MOSt 

serious disadvantaqe of FORTRAN IV is the inadequate 

facilities for Manupulatinq characters and its unstructured 

nature. 

It is also observed that the coMpletion of the desiqn 

before codinq cuts down the developMent tiMe considerably. 

For writinq coMpilers~ the lexical analyser should 

take care of the conversions of data into the internal 

forM. This helps in Makinq the syntax analyser siMpler. 

46 
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4.2 SUGGESTIONS FOR IMPROVEMENTS 

The subset of Pascal chosen for iMpleMentation MaY be 

extended to include extra ~acilities in data types as well 

as e~ecutable stateMents, The facilities like "boolean" 

and "subrange" May be included to enhance the data t~pe 

facilities and in the executable stateNents another 

structured stateMent like "repeat-untilh May be added. 
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<prgraM): :=<proqraM headinq)(block>. 

<prograM heading>: :=PROGRAM<identifier>~ 

(identifier>: :=CletterH<letter or diqit)) 
<letter or digit>::=:<letter>l<digit> 

<block>: :=<label declaration part> 

<constant definition part><uariable 

declaration part><stateMent part> 

<label declaration part>: :::::(et'lpty>ILABELC:LabelH~labe].)); 

<label>::=<unsiqned inteqer> 

<constant d<-?fin:i.tion part>: :==<et~tpty>l 

CONST<constant definition>C1 

<cons1ant definition))~ 

<constant defini.tion>: :=<identifier>=<cunstant> 

<constant>: :=<unsiqned nuMber>l<sign){unsigned nuMber) 

<unsianed nuMber>::=<unsiqned inteqer>l<unsiqned real> 

<unsiqned integer>: :=<digitH<cliqit)) 

<unsiqned real>: :=<unsiqned il'lteqer),(diqit>C<diqit>)l 

<unsigned integer>.<digit)((diqit>J 

£<scale factor·> I 

(unsianed inteaer>E<scale factor> .. .. ' 

<scale factor>: :=<unsigned integer> I 

<siqn><unsiqned inteqer> 
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<siqn>: :=+1~ .. 

<variable declaration part>::=<eMpty>l 

VAR(variable declaration> 

Ct<uariable declaration>); 

< v <~ria b 1 e dec 1 a ration > : : =-~ < i dent if' i er ){ • < i dent if :i. er )) 

:<type> 

<tvpe>::=<standard type>l<arr•ay type> 

<standard type>: :=INTEGER I REAL I CHAR 

<ar'ray type>: :=ARf~AY<1 :unsiqned inteqer) 

OF <standard type> 

<stateMent part>: :=<coMpound stateMent> 

<stateMent>: :=<unlabelled stateMent>l<label): 

<unlabelled stateMent> 

<unlabelled stateMent>::=<siMple stateMent)! 

<structured stateMent) 

<siMple stateMent>::=<assiqnMent stateMent>! 

<qo to stateMent>! 

<eMpty stateMent> 

<assiqnMent stateMent>::=<variable>:=<expression> 

<variable>: :=<identifier· identifier>l<arrav variabl~?) 

<variable ident:i.f:i.er·l: :=U.dentif:ier) 

<array variable)::=<variable> 

<expre~sion>: :=<siMple expression>! 

<siMple expression><relational 

operator><siMple expression> 

<r<~lational operator>::= =1<1<::::1>1>=1<> 

<siMple expression): :=<terM>l<siqn><terM)I 

<siMple expression) 



51 

<addinq operator)(terM) 

<addinq operator>: :=+1-

<terM>: :::::(factor'>l<tert't)(Multiplyinq oper'ator><factor> 

CMultipl~ing operator>::••!/ 

<fact or>: : =< variable> I < unsiqned constant> I (<ex pres~:.i on}) 

<unsigned constatnt): :=<unsiqned nuMber>l<string> 

<qo to stateMent>: :=GOTO <label> 

<eMpt~ stateMent>: :=<eMpt~> 

( EWtp t Y ) l : :::: 

<structured stateMent>::=<coMpound stateMent)! 

<conditional stateMent>l 

<repetitive stateMent) 

<coMpound stateMent>: :=BEGIN <stateMent>t;<stateMent>J 

END 

<conditional stateMent>: :=<if stateMent> 

<if stateMent>: :=IF <expression> THEN <stateMent> I 

IF <expression> THEN <stateMent> 

ELSE <stateMent> 

<repetitive stateMent>: :=<while stateMent> 

<while stateMent>: :=WHILE <expression> DO (stateMent> 

Input and Output Procedures : 

<input procedure>::=READC<input paraMeter))! 

READLNC(<input paraMeter))) 

<input parar<teter): :=:(identif'ier>C .. <identif:i.er)) 

<output procedure>::=WRITE<<output paraMeter))! 

WRITELNC<<output paraMeter))) 
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<output paraMeter>: :=<identifier>CC:<unsiqned inteqer)) 

:<unsiqned inteqer>l 
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A P P 1:.:: N J) :t: X X-:-c 

Keyword Table Code~ . 3 I 

INDEX I<EYWORD 

1 PROGRAM 

2 PASCAL. 

3 CONST 

4 VAR 

5 INTEGER 

6 REf.)L. 

7 CHAR 

~~ ~~RRAY 

9 OF 

1 0 BEGIN 
11 I:::ND 
12 WI-IILE 
13 DO 
14 IF 

15 THEN 
16 ELSE 

17 GOTO 
18 READ 



54 

19 READLN 
20 WRITE 

21 WRITELN 
22 LABEL 



A P' P 1::: N I) :1: X 

DeliMiter Table Code : 4 

INI>EX 

1 
<::1 ..... 

:3 

4 

6 

7 

8 

'1.0 

11 

13 

14 

DELIMITER 

+ 

~-· 

• 

/ 

> 

) 
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( .... ... 
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A P· P 1::: N D :a: X :0 

OPERATOR OPCODE 

Pr· ograt't 0 

... 1 

:.:? 

* 3 

/ 4 

Label 5 

CoMpare 6 

Go to ~1 

' 
Read 10 

Readln t1 

ltJr i te 12 

Wr· i teln 13 

L+ 50 

L- 51 

E:nd 

OPERf.%TlON 

NaMe of the proqraM 

Add the second operand to the first 

Subtract the second operand froM the first 

Multiplu second operand with the first 

and put the result in the first operand 

Diuida the first operand by the second and 

the result in the first operand 

Define the label 

CoMpare first and the second operand 

Ju"'P 
Read without line feed 

Line fe~d after Read 

Write without line feed 

Line feed after Write 

Load the second operand in the first 

Load the negative of second operand 

in the first 

Enr.l of thf~ c odt~ 
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A P' P 1::: N l) :t: X F 

CODE MESSAGE 

100 Identifier exceeds 8 characters. 

truncated to first 8 characters 

102 Illeqal character present in the input 

200 ProqrM not startinq with keyword upRQGRAM", 

ke~IWOrd oSSIJM&d 

202 PrograM id Missinq 1 assuMed PASCAL 
204 Keyword beinq us•d as proqraM id~ assuMed PASCAL 

206 ; Missing, assuMed 

208 Illogical end, of proqraM 

210 Unideniified syntax error 1 stateMent iqnored 

212 Keyword beinq used as identifier~ stateMent ignored 

214 =expected after identifier, stateMent iqnored 

216 real or integer constant expected 

218 : expected afte~ inteqer. stateMent iqnored 

220 Keyword INTEGER/REAL/CHAR/ARRAY expected~ 

stateMent ignored 

222 < expected after identifier: stateMent ignored 

224 Unsiqned inteqer constant expected, 

stateMent iqnored 
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226 Array startinq range iMproperl assuMed 1 

228 Keyword INTEGER/REAL/CHAR/ARRAY expected, 

stateMent iqnored 

230 ) Missing~ stateMent iqnored 

232 Keyword OF Missinq 

234 T~pe for declared constant declared~ 

declaration iqnored 

236 Type of an identifier redeclared~ declaration ignored 

238 Array redeclared 1 declaration iqnored 

240 ProqraM id cannot be ~sed as an identifier, 

declaration iunored . . 
242 Declared identifier beinq declared as a constantt 

declaration iqnored 

244 Constant identifier redeclared> declaration iqnored 

250 Main block BEGIN Missinq~ assuMed 

252 MisMatching Beqin present 

254 Keyword END Missing~ assuMed 

256 Invalid.coMbination of relational operators 

used, stateMent ignored 

258 Invalid relational operator used. 

stateMent iqnored 

260 Keyword THEN Missing, stateMent iqnored 

262 Keyword DO Missinq, stateMent iqnored 

264 MisMatching End present 

266 Invalid label in GOTO st~teMent, stateMent ignored 

272 Label redefined~ definition ignored 

274 : Missing after identifier, assuMed 
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276 - Missinq, assuMed 

278 StateMent not recognized~ ignored 

280 MisMatchinq ELSE present, stateMent iqnored 

282 MisMatchinq DO present~ stateMent ignored 

284 Extra ; present, null stateMent assuMed 

286 ( Missing~ assuMed 

288 ) Missinq, assuMed 

290 ForMat error~ stateMent ignored. 



0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
oo o<;
ooto 
0011 
0012 
0013 
0014 
0015 
0016 
001'7 
0018 
0019 
0020 
0021 
0022 
0023 
0024 
0025 
0026 
002'7 
0028 
0029 
0030 
0031 
0032 
0033 
0034 
003~:.i 

0036 
0037 
0038 
0039 
0040 
0041 
004(~ 

6() 

A P P 1::: t..J l) :1: X F 

S (] U a=~ C~ t::: P F~ C) G I~ A M 1. •• :t: ~;) 1· :1: N G 

FTN4 .' l 
BLOCK DATA 

C----IDENTIFIER TABLE----
INTEGER ID<4,256)~TYPEC256>,BYTE(256)~LEN<256>.LPTRC256>. 

*RADDR<256) 
C----LITERAL TABLE----

c 

INTEGER ILIT<64)~CLIT(64) 
REAL RLIT(64) 

C----LABLE TABLE---
C 

INTEGER LAB<32),LABTYPC32) 
C----UNIFORM SYMBOL TABLE---

INTEGER TAB<512>.INDEX<512) 
C----ERROR MESSAGE TABLE---

INTEGER STMNT<32>.ECODE<32) 
C----KEYWORD TABLE----

INTEGER KWORD<4,22) 
C----DELIMITERS---

INTEGER DEL <14) 

c 

INTEGER A<BO>~IDVP<4) 1 IDVU(8)~C 
INTEGER FMTC5),LIT<80),DIGITC10>,ITEMP,FST,SCN~IBUF<40) 
REAL TEMP 
INTEGER UN)ERRN,E.I,END,INT,ILITN~RLITN,CLITN,IDN.LABN 
INTEGER STMC16) 1 NUMB(16),S 1 B~W~EL~TH~COP(2) 

C----INTERMEDIATE CODE TABLE---~ 
c 

•,TAB2C524>,IND2<524>,ARR2C524>,ALEN2<524> 
c 
C----TEMPORARY VARIABLE STACK--<TAB CODE : 10)---
C 

INTEGER TVARC16),TPRECCl6>,TOPC16> 
INTEGER PREC~OP 1 COUNT,T 
INTEGER PGMC4>,LST,PAGE,LINE 
INTEGER IDCB<tBO> 
COMMON /IDLIT/ ID,TYPE,BYTE,LEN,LPTR,RADDR,ILIT.CLIT,RLIT,L* 

* .' LAIHYP 
COMMON /INTCD/ OPC,TAB1 ,INDl ,ARRt,AlEN1,TAB2.IND2,ARR2,ALEt 
COMMON /ERR/STMNT,ECODE~ERRN,E 
COMMON /UFORM/ TAB,INDEX 



0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 

COMMON /CARD/ C 
COMMON /INC!/ I 
COMMON /FIN/ END>UN 

61 

COMMON /STK/ STM,NUMB,S,B,W,EL:TH 1 COP 
COMMON /COUN/ IDN~ILITNtRLITN>CLITN.INT,LABN 
COMMON /PRNT/ PGM,LST,PAGE~LINE 
COMMON/PAL/IDCB 
END 
PROGRAM PASCL,3 
INTEGER NAME<J>,PAGE 
INTEGER PGM<4> 
COMMON/PRNT/PGM,LST,PAGE,LINE 
DATA ICODE,NAME/8.2HLE 1 2HXY,2H I 
LST~9 

CALL EXEC<ICODE,NAME) 
END 

FTN4>L 
PROGRAM LEXY.S 

C----IDENTIFIER TABLE----
INTEGER ID<4,256)~TYPE(256),BYTE<256)~LEN<256),LPTR<256)~ 

*RADDR<256) 
C----LITERAL TABLE----

c 

INTEGER ILIT<64>~CLIT<64) 
REAL RLIT(64) 

C----LABLE TABLE----
c 

INTEGER LAB(32),LABTYP<32) 
C----UNIFORM SYMBOL TABLE---

INTEGER TAB(512>~INDEX<512> 
C----ERROR MESSAGE TABLE---

INTEGER STMNT<32>,ECODE<32) 
C----KEYWORD TABLE----

INTEGER KWORD<4,22) 
C----DELIMITERS---

INTEGER DEL<14> 

c 

INTEGER ACBO>,IDVP<4>~IDVU<8>,C 
INTEGER FMT<5>,LIT<BO>~DIGIT<10>,ITEMP,FST,BCN~IBUF<40) 
REAL TEMP 
INTEGER UN~ERRN~E,I,END,INT~ILITN,RLITN,CLITN,IDN,LABN 
INTEGER STMC16>,NUMBC16>,S~B.W>EL.THJCOPC2> 

C----INTERMEDIATE CODE TABLE---
C 

INTEGER OPCC524)~TAB1<524).IND1C524),ARR1<524>.ALEN1<524) 
•~TAB2<524),IND2C524),ARR2<524),ALEN2C524) 



0089 
0090 
0091 
0092 
0 09:5 
0094 
0095 
0096 
009'7 
0098 
0099 
0100 
0101 
0102 
0103 
Ot04 
0105 
0106 
0107 
0108 
0109 
0110 
01 '11 
0112 
0113 
0114 
0115 
0116 
01.17 
0118 
0119 
0120 
0121 
0122 
0123 
0124 
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
01 ~34 

62 

c 
C----TEMPORARY VARIABLE STACK--<TAB CODE 
c 

1 () ) -···-··· 

INTEGER TVARC16)~TPREC<16)~TOP(16) 
INTEGER PREC>OP.COUNT,T 
INTEGER PGM<4>~LST~PAGE~LINE 
INTEGER IDCB<144),NAM<3>,IIBUFC40) 
INTEGER NAME<3> 
COMMON /IDL!T/ ID.TYPEJBYTE,LEN~LPTRtRADDR,ILIT,CLIT,RLIT,L 

* .. LABTYP 
COMMON /INTCD/ OPC.TAB1,INDt,ARR1,ALENt,TAB2,IND2,ARR2.ALE 
COMMON /ERR/BTMNT:ECODE~ERRN~E 
COMMON /UFORM/ TAB,INDEX 
C0Ml10N /CAr~D/ C 
COMMON /lNCl/ I 
COMMON /FIN/ END~UN 
COMMON /STK/ STM,NUMB,S,B,W,EL,TH,COP 
COMMON /COUN/ IDN~ILITN,RLITN~CLITN~INTtLABN 
COMMON /PRNT/ PGM,LST,PAGEtLINE 
DATA ICODE~NAME/8t2HSY~2HTA~1HX/ 
DATA IB/2H I 
DATA FMT/2HCE~1H0~1H0 1 2H.O}lH)/ 
DATA DIGIT/1H0~1H1~1H2,1H3~1H4,1H5,1H6,1H7,1H8,1H9/ 
DATA KWORD/ 2HPR,2HOG,2HRA:2HM 

*t2HPA,2HSC,2HAL,2H 
*~2HC0~2HNSt2HT ~2H 
•,2HVAt2HR ,2H ~2H 
* 1 2HIN~2HTE~2HGE:2HR 
*,2HRE,2HAL,2H ,2H 
•,2HCH~2HAR}2H ~2H 
*,2HAR~2HRA~2HY ,2H 
* ~ 2HOF I ~~H ~ 2H ·' 2H 
* 1 2HBE,2HGI,2HN ,2H 
*,2HEN~2HD 1 2H ,2H 
•,2HWH~2HIL,2HE ,2H 
•~2HD0 1 2H ,2H ~2H 
•,2HIF,2H ,2H ,2H 
*~2HTH,2HEN,2H 1 2H 
•,2HEL,2HSE,2H J2H 
*~2HG0 1 2HT0,2H ,2H 
•,2HRE,2HAD.2H ,2H 
* 1 2HRE~2HAD~2HLN,2H 
•,2HWR,2HIT,2HE ,2H 
* 1 2HWR~2HIT,2HEL~2HN 
*>2HLA,2HBE,2Hl ,2H I 

DATA DEL/ 



0135 
0136 
0137 c 
0'138 c 
0139 c 
0140 c 
0141 c 
0142 c 
0143 c 
0144 c 
0145 c 
0146 c 
0147 c 
0148 c 
0149 c 
0150 c 
0151 c 
0 15~.:~ c 
0"153 c 
0154 c 
0155 c 
0156 c 
0 15'.7 
0158 
0159 1 0 
0160 1 
0'161 
0162 '2 
0163 
0164 3 
0'165 
0166 
0167 
0168 
0 16'1 4 
0170 
0171 7 
0172 5 
0173 15 
0174 
0175 
01 '76 
0177 
0'178 
0179 
0180 

63 

: 2H+ ,2H- ,2H• >2H/ >2H= ~2H< t2H> ~2HC 
: '2H) ~ 2H : ~ 2H ~ ~ 2H ~ ~ 2H . ~ 2H I I 

I-COUNTER FOR NO OF CHAR IN A CARD 
J-NO OF CHARS IN AN ID 
K-NO OF DELIMITER PRESENT 
L- " " " NUMERIC LITERAL 
L1-NO OF CHARACTERS PRESENT IN LITERAL 
LPT-FLAG SET IF DECIMAL PRESENT I~ NUMERIC LITERAL 
LPE FLAG SET IF EXP PRESENT IN NUMERIC LITERAL 
IDN-CCnJNTER FOR ID TAB 
ILITN-COUNTER FOR ILIT TAB 
CllTN·-· u II CLIT TAt' 
RLITN- " " RLIT TAB 
ERRN - " " ERROR TAB. 
UN " " UNIFORM SYMBOL TAB 
LABN - " " LADLE TAB 
C-NO OF LINES READ 

UN=O 
C=O 
WR J. TE < 1 ~ 1 > 
FORMAT<' ENTER INPUT FILE NAME :_') 
READ<1.2><NAM<I>>I=1,3) 
FORMAT<3A2) 
WRITE<1,3) 
FORMAT<' ENTER SECURITY CODE OF THE INPUT FILE :_') 
READ<1 ~*>ISEC 
CALL OPEN<IDCB,IER~NAMpO~ISEC) 
IF <IER.GT.O) GO TO 7 
WRITEC1~4>IER~NAM 
FORMAT<'***FMGI~ ERROR : ',I3~' ON FILE '~3A2) 
GO TO 10 
CALL HEADl 
DO 15 1.=1 .• 80 
A<I>=IB 
IBK = 000401~ 
CALL SFILL<IIBUF,1>BOtiBK> 
CALL READF<IDCB~IER~ IIBUF~40~L) 
IF <IER.LT.O> GO TO 370 
IF (L.LE.O) GO TO 370 
CALL CODE 
READ<IIBUF 1 37)(ACI)~I=1~80) 



37 
11 

111 

12 

20 

FORMAT<BOAl) 
C=:C+ 1 
LINE=LINE+t 

64 

IF <LINE.GT.60) CALL HEADl 
WRITE<LST~111) C~<A<I>>I=1~80) 
FORMAT<4X,I4~3X~80A1> 
UN=UN+l 
TAB<UN)=99 
INDEX<UN>=C 
I=l 
J=O 
IF <<A<I>.GE.tHA) 
IF (J.EQ,O) GO TO 
IF <<A<I>.GE.tHO) 

GO TO 40 
I=I+l 
J:::J+l 

. AND. <A (I). LE. 1HZ)) GO TO 20 
110 
. AND , (A <I ) . LE . 1 H9)) GO TO 2 0 

IF<<I.GT.72) .AND. (J.GT.B>)GO TO 40 
IF (J.GT.B> GO TO 30 
IF <I.GT.72) GO TO 40 

GO TO 11:~ 

OtB1 
0 18;~ 
0183 
0184 
0185 
01.86 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 
0195 
0'1 96 
0197 
0198 
0'199 
0200 
0201 
0202 
0203 
0204 

C----ID EXCEEDS 8 CHARS----
30 IF<«A<I).GJ:.tHA) .AND. UHI>.LE.ti-IZ)) .OR. «A<I>.GE.1HO> .AN 

o:~os 35 
Q206 

-<A<I>.LE.1H9))) GO TO 20 
ERRN=ERr~N+1 
STMNT < ERI~N) ::.'C 
ECODE<ERRN>=100 

C----OTHER THAN ID----
0207 
020B 
0·209 
0210 
0211 
0212 
0~113 45 
0214 
0215 
0216 
i)217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0225 
0226 

40 IF (J.EQ.O) GO TO 110 
C----INSTAL IDENTIFIER AFTER CHECKING FOR KEYWORDS----

50 

DO 45 IJ=t ~8 
1DVU<!J)=2H 
CONTINUE 
IJ~?.=I-·J 
IF (J.GT.B> J=8 
DO 50 IJ=IJ2~IJ2+J-1 
IDVU<IJ-IJ2+ l>=ACIJ) 
CONTINUE 
DO 60 IJ=l~4 
IDVP<IJ>=IDVU(((IJ-1>•2>+1>-32+IDVLJ<IJ*2)/256 

60 CONTINUE 
C----CHECK IF ID ALREADY EXISTS IN ID TAB---

DO 66 11=1., IDN 

64 

DO 64 1:2=1 . .4 
IF <ID<I2,I1) .NE. IDVP<l2)) GO TO 66 
CONTINUE 



0227 
0228 
0229 
0230 
0231 

66 

68 

GO TO 68 
CONTINUE: 
GO TO 6Sl 
UN~-::UN+l 

INDEX<UN>=Il 

65 

0232 
0233 69 
02:34 

GO TO 102 
DO 80 IJ'=t~22 
DO 70 LTl ='l , 4 

023'5 
0236 
02~57 
0238 
0239 
0240 
0241 
0242 
0243 
0244· 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
Oi~55 
0256 
o;.?.s7 
0258 
o;~59 
02()0 
0261 
0262 
0263 
0264 
0~::!6'5 
0266 
0267 
0268 
0269 
0270 
o;.?.71 
fl?7~ 

IF CIDVPCIJ1>~NE.KWORD<IJ1 ~IJ)) GO TO 80 
70 CONTINUE 
C----INSTAL ID IN UFORM TAB---

UN=UN+l 
TAlHtJN)=3 
INDEX<UN>=IJ 
GO TO 105 

80 CONTINUE 
C----INSTAL ID & UNIFORM IN ID TAB----
90 IDN=IDN+1 

100 

DO 100 IJ=l ,4 
ID<IJ~IDN>=IDVP<IJ) 
co~niNUE 
UN=UN+t 
INDEX<UN>=:£DN 

102 TAB<UN>=1 
105 J::::O 
C--·--CHECI< FOR LITERALS-.. -· ... -
110 L=O 

120 

'130 

140 

145 

147 

Ll=O 
LPT=O 
LPE=O 
IF ( (A(!) . GE I 1 HO) . AND. (A (I) • LEI l H9) ) GO TO 1 ~~0 
GO TO 140 
L1=L1+1 
LIT<Ll)=A<I> 
I=I+l 
IF <I.GT~72) GO TO 150 
GO TO 120 
IF <A<l).NE~lH.) GO TO 145 
LPT=t 
GO TO 1.30 
IF CA<I>~NE.tHE) GO TO 147 
L.PE=1 
GO TO 130 
IF (,NOT~<<LPE~EQ.t).AND.<CACI>~EQ~1H+),QR.<ACI>.EQ.1H->>)) 

-GO TO 150 
GO ro l30 



0273 
0274 
0275 
0276 
0277 
0278 
02:79 
0280 
0281 
0282 
02H3 
0284 
0285 
0286 
02B7 
0288 
0289 
0290 
0291 
0292 
0293 
0294 
o;~95 

0296 
0297 
0298 
0299 
0300 
0301 
0302 
0303 
0304 
0305 
0306 
o:~o7 
0308 
0309 
0310 
0311 
0312 
0313 
0314 
0315 
0316 
o:~t7 

\ 031~i 

\ 
\ 
\ ., 

150 T.FLNOT. «LPT.EGLU .AND. <Lt.EfJ.l »>GO TO 1~'55 
K=13 
GO TO 326 

155 IF <Lt.EQ.O) GO TO 300 
FST::::Ll/1 0 
SCN=Ll-(fST•10)+1 
FST=FST+t 
FMT<2)=DIGIT<FST) 
FMTC3>=DIGITCSCN> 

C----INITIALIZE THE BUFFER---
DO 160 L2=1 ,40 
IBUF(L2)::::2H 

160 CONTINUE 
C----FILL THE BUFFER WITH SPACES REMOVED---

Lt=<Ll+t)/2 
DO 1'70 L2=1 ~L1 
M=<L2-1 )·x-2+1 
IBUFCL2>=LITCM)-32+LIT(M+1)/256 

1'70 CONTINUE 
C----CONVERT IN INTERNAL REP---

CALL CODE 
READ(IBUF,FMT>TEMP 

C----INSTAL IN LITERAL & UFORM TAB---
IF<<LPT.EQ.1>.0R.<LPE.EQ.1)) GO TO 200 

C----INSTAL INTEGER IN ILIT & UFORM TAB---
ITEMP=TEMP 

C----FIND IF LITERAL ALREADY EXISTS IN ILIT---
IF«ITEMP.EG.l.O) .AND. <ILITN.Etl.O))GO 1'0 182 
DO 180 L2=1,ILITN 
IF <ILIT<L2).EQ.ITEMP> GO TO 185 

100 CONTINUE 
182 ILITN=ILITN+1 

ILIT<ILITN)=ITEMP 
UN=UN+1 
INDEX(tJN>=ILITN 
GO TO 190 

185 IJN=UN+1 
INI>EX<UN>=L2 

190 TAB<UN>=21 
GO TO 300 

C----INSTAL REAL IN RLIT & UFORM TAB---
C----FIND IF LITERAL ALREADY EXISTS IN RLIT----
200 DO 210 L2=1.RLITN 

IF <RLIT<L2).EQ.TEMP> GO TO 220 
210 CONTINUE . 

RLITN=Rl..ITN+t 



0319 
0320 
0321 
0322 
0323 
0324 
0325 
0326 
0327 
0328 
0329 
0330 
0331 
0332 
0333 
0334 
0335 
0336 
0337 
0338 
0339 
0340 
0341 
0342 
0343 
0344 
0345 
0346 
0347 
0348 
0349 
0350 
0351 
0352 
0353 
0354 
0355 
0356 
0357 
0358 
0359 
0360 
0361 
0362 
0363 
0364 

RLITCRLITN>=TEMP 
UN=UN+1 
INDEX<UN>=RLITN 
GO TO 230 

220 UN=UN+l 
INDEX<UN)=L2 

230 TAB<UN>=23 
C----CHECK FOR DELIMITER----
300 L=O 

M=O 
305 DO 310 K=1.14 

67 

IF <A<I>.EQ.DEL<K)) GO TO 320 
310 CONTINUE 

IF (A(I).EQ.1H ) GO TO 360 
C----INVALID CHAR PRESENT---

ERRN=ERRN+t 
STMNT<ERRN>=C 
ECODE<ERRN>=102 
GO TO 360 

C----INSTAL DEL IN UFORM TAB---
C----CHECK FOR COMMENTS----
320 IF <K.NE.8) GO TO 326 

I=l+t 
IF <I.GT.72) GO TO 5 
IF <A<I> .NE.lH*) GO TO 324 

322 I=I+1 
IF <I.GT.72> GO TO 5 
IF <A<I>.NE.1H*) GO TO 322 
I=I+l 
IF <I.GT.72> GO TO 5 
IF <A<I> .NE.1H>> GO TO 322 
I=I+l 
IF CI.GT.72) GO TO 5 
GO TO 12 

324 I=I-1 
326 UN=UN+t 

TAB<UN>=4 
INDEX<UN>=K 

330 I=I+l 
IF <I.GT,72) GO TO 5 
IFCCK.EQ.14> .AND. <M.EQ.99))G0 TO 365 
IF <K.NE.14> GO TO 12 
IF <A<I> .EQ.tH'> GO TO 340 
L=L+1 
IF <L.NE.2> GO TO 330 

C----INSTAL CLIT----



68 

0365 332 IF <L.EQ.O) GO TO 12 
0366 CLITN=CLITN+1 
0367 IF <L.EQ.2) GO TO 334 
0368 CLIT<CLITN>=A<I> 
0369 GO TO 336 
0370 334 CLIT<CLITN>=<A<I-1)-32)+A(I)/256 
0371 336 M=M+t 
0372 L=O 
0373 IF CM.NE.t) GO TO 330 
0374 C----INSTAL IN UFORM TAB----
0375 UN=UN+t 
0376 TAB<UN>=22 
0377 INDEXCUN)=CLITN 
0378 GO TO 330 
0379 340 DO 350 K=1,14 
0380 IF <ACI).NE.DELCK)) GO TO 350 
0381 M=99 
0382 GO TO 320 
0383 350 CONTINUE 
0384 GO TO 12 
0385 360 I=I+l 
0386 IF <I.GT.72> GO TO 5 
0387 GO TO 12 
0388 c 
0389 C----PUT tt AT END OF CHAR LIT-----
0390 c 
0391 365 CLITN=CLITN+l 
0392 CLIT<CLITN>=2HII 
0393 GO TO 12 
0394 c 
0395 370 CALL CLOSE<IDCB,IER> 
0396 CALL EXECCICODE~NAHE) 
0397 END 
0398 SUBROUTINE HEADI 
0399 C----IDENTIFIER TABLE----
0400 INTEGER ID(4 1 256)~TYPEC256>lBYTE(256)~LEN<256>~LPTRC256)~ 
0401 •RADDRC256> 
0402 C----LITERAL TABLE----
0403 INTEGER ILIT<64)~CLIT(64) 
0404 REAL RLIT<64) 
0405 c 
0406 C----LABLE TABLE----
0407 c 
0408 INTEGER LABC32)~LABTYPC32) 

0409 C----UNIFORM SYMBOL TABLE----
0410 INTEGER TAB<512>~INDEX<512> 



69 

0411 
0412 
04'13 
0414 
0415 
0416 
0417 
0418 
0419 
0420 
0421 

C----ERROR MESSAGE TABLE---
INTEGER STMNTC32)~ECODEC32) 

C----KEYWORD TABLE----
INTEGER KWORD<4~22) 

C----DELIMITERS---
INTEGER DEL< 14) 

c 

INTEGER A<80>,IDUP<4>,IDVUCB>.C 
INTEGER FMT<5>~LIT<BO)~DIGITC10>~ITEMP:FSTlSCN,IBUFC40) 
REAL TEMP 
INTEGER UN,ERRN 1 E~I~END~INT 1 ILITNpRLITN~CLITN,IDN,LABN 
INTEGER STMC16),NUMBC16),S,B,W.EL,TH,COPC2) 

C----INTERMEDIATE CODE TABLE---
C 

. 0422 
0423 
0424 
0425 
0426 
0427 
0428 
04;~!9 

0430 
0431 
0432 
0433 
0434 
0435 
04~36 
0437 
0438 
0439 
0440 
0441 
0442 
0443 
0444 
0445 c 
0446 c 
044'7 c 
0448 c 
0449 c 
0450 
0451 

c 

INTEGER OPCC524).TAB1C524>,IND1(524) ,ARR1<524) ,ALEN1C524) 
*~TAB2<524),IND2C524>,ARR2(524>,ALEN2<524) 

C-----TE:MPORARY VAfUABLE STACI<-·-\TAB CODE : 10>-····-.. -
C 

045/~ ~~0 
0453 35 
0454 
0455 40 
0456 

INTEGER TVARC16>:TPREC<16>~TOPC16) 
INTEGER PREC~OP.COUNT~T 
INTEGER PGMC4),LST,PAGE,LINE 
INTEGER IB<15> 
COMMON /IDLIT/ ID.TYPE.BYTE.LEN.LPTR.RADDR.ILIT.CLIT.RLIT.LAB 

~· ,LABTYP . . . . . . . . . . 
COMMON /INTCD/ OPC~TAB1,IND1~ARR1,ALEN1,TAB2,IND2,ARR2,ALEN2 
COMMON /ERR/STMNT.ECODE,ERRN,E 
COMMON /UFORM/ TAB,INDEX 
COi'1MON /CARD/ C 
COMMON /INC1/ :r 
COMMON /FIN/ END,UN 
COMMON /STK/ STM,NUMB 1 S:B 1 W,EL,TH~COP 
COMMON /COUN/ IDN,ILITN.RLITN.CLITN.INT>LABN 
COMMON /PRNT/ PGM,LST~PAGE,LINE 

CALL FTIME ( H~) 
PAGE=PAGE+1 
WRITE<LBT,35)(IB<ICN>,ICN=1,15>~PAGE 
FORMAT<1H1~' HP-PASCAL ',15Xf15A2,10X,' 
*15X~'PAGE '~14,//) 
LINE=4 
END 
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0457 FTN4~L 
0458 PROGRAM SYTAX~5 
0459 C----IDENTIFIER TABLE----
0460 INTEGER ID<4~256>~TYPE<256)~BYTEC256),LENC256>:LPTR(256)~ 
0461 •RADDRC256) 
0462 C----LITERAL TABLE----
0463 INTEGER ILITC64>,CLITC64) 
0464 REAL RLIT<64) 
0465 c 
0466 C----LABLE TABLE----
0467 c 
0468 INTEGER LAB<32>:LABTYP<32) 
0469 C----UNIFORM SYMBOL TABLE----
0470 INTEGER TABC512)~1NDEXC512) 
0471 C----ERROR MESSAGE TABLE----
0472 INTEGER STMNTC32) 1 ECODEC32) 
0473 C----KEYWORD TABLE----
0474 INTEGER KWORD<4~22) 
0475 C----DELIMITERS----
04?6 INTEGER DEL<14) 
0477 INTEGER ACBO>.IDVPC4>,IDVU<B>,C 
0478 INTEGER FMTC5)}LITCBO>~DIGIT<tO>:ITEMP~FST~SCN:IBUFC40) 
0479 REAL TEMP 
0480 INTEGER UN~ERRN~E,I~END~IDN,ILITN:RLITN~CLITN 1 INT~IDN:LABN 
0481 INTEGER STM<16),NUMB<t6>tS.B,W,EL,TH,COP(2) 
0482 c 
0483 C----INTERMEDIATE CODE TABLE----
0484 c 
0485 INTEGER OPC<524>,TAB1<524),IND1<524>.ARR1C524>,ALEN1(524) 
0486 •~TAB2<524>~IND2<524>,ARR2<524)~ALEN2<524) 
0487 c 
0488 C··~·---TEMPOI~ARY VARIABLE STACK .... -.. <TAB CODE: : 10)·-···--·· 
0489 c 
0490 INTEGER TVARC16>~TPREC<16)~TOP<16) 
0491 INTEGER PREC,OP.COUNT,T 
0492 INTEGER NAME<3) 
0493 COMMON /IDLIT/ ID,TYPE,BYTE,LEN,LPTR,RADDR,ILIT.CLIT,RLIT,LAB 
0494 *.LABTYP 
0495 ~OMMON /INTCD/ OPC,TAB1 ,IND1,ARR1,ALEN1,TAB2,IND2,ARR2,ALEN2 
0496 COMMON /ERR/STMNT~~tODE~ERRN.E 
0497 COMMON /UFORM/ T~B,INDEX 
0498 COMMON /CARD/ C 
0499 COMMON /INC1/ I 
0500 COMMON /FIN/ END~UN 
0501 COMMON /STK/ STM.NUMB,S,B,W,EL,TH,COP 
0502 COMMON/COUN/ IDN:ILITN~RLITN~CLITN,INT~LABN 



0503 
0504 
0505 
0506 
050'7 
0508 
0509 
0510 
0511 
0512 
0513 
0514 
0515 
0516 
0517 
os·ta 
0519 
0520 
0521 
0522 
052:5 
0524 
0525 
0526 
0527 
0528 
0529 
0!:)30 
0531 
05~32 
0533 
0534 
0535 
0536 
053'7 
05:5Et 
0539 
0540 
0541 
0542 
0543 
0544 
0545 
0546 
054'7 
0548 

DATA ICODE,NAME/8>2HPR,2HIN)1HT/ 
C::::O 
I=O 
CALL INC 

1000 IF (.NDT.<<TAB<I>.EQ.3).AND.CINDEXCI>.EQ.1))) GO TO 1070 
CALL INC 
IF CEND.EQ.1) GO TO 1110 

1010 IF ( .NOT.((TAB<I>.EQ.·n.DR.<TAB<I>.EQ.~~))) GO TO lOBO 
IF <.NOT.CTAB<I>.EQ.l)) GO TO 1040 
TYPE<INDEXCI>>=4 
INT=·.iiNT+l 

1020 OPCCINT>=O 
TAB1 ( INT>=TAIH 1) 
IND1<INT>=INDEXCI) 
GO TO 1050 

1040 IF C.NOT.<INDEX<I>.EQ.2)) GO TO 1090 
GO TO 1 0~:!0 

10~)0 CALL INC 
IF <END.EQ.1) GO TO 1110 

1060 IF <.NOT.<<TAB<I>.EQ.4) .AND.<INDEX<I).EQ.11))) GO TO 1100 
GO TO 1200 

c 
C----PROGRAM NOT STARTING WITH KEYWORD PROGRAM, ASSUMED---
C 
1070 E=200 

c 

CALL EFILL. 
GO TO 1010 

C----PROGRAM ID DOES NOT EXIST ASSUMED PASCAL----
c 
1080 E::::202 

c 

CALL EFILL 
!NT=INT+t 
OPC< INT)=5 
TAB1<INT)=3 
IND1<INT)=2 
GO TO 1060 

C----KEYWORD NOT TO BE A PROGRAM NAME) ASSUMED PASCAL---
e 
1090 E=204 

CALL EFILL. 
INT==INT+l 
OPC < IN·r) =5 
TAIH ( INT > =3 
IND1 <:rNT) =2 
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0549 GO TO 1050 
0550 c 
0551 C----STATEMENT TERMINATOR NOT PRESENT, ASSUMED----
0552 c 
0553 1100 E=206 
0554 CALL EFILL 
0555 C=C+l 
0556 GO TO 1200 
0557 c 
0558 C----ILLOGICAL END OF PROGRAM 1 JOB TERMINATED----
0559 c 
0560 1110 E=208 
0561 CALL EFILL 
0562 GO TO 99999 
0563 c 
0564 c 
0565 c 
0566 c 

CALL INC 0567 1200 
0568 IF <END.EQ.1) GO TO 1110 
0569 IF <.NOT.C<TAB<I>.EQ.J) .AND.<INDEX(!).EQ.22))) GO TO 1210 
0570 c 
0571 C----LABLE PRESENT----
0572 c 
0573 CALL INC 
0574 IF CEND.EQ.l) GO TO 1110 
0575 IF <TABCI>.NE.21) GO TO 1207 
0576 IAt~INDEX<I> 
0577 GO TO 1204 
0578 1202 CALL INC 
0579 IF CEND.EQ.t) GO TO 1110 
0580 IF <TAB<I>.NE.21) GO TO 1207 
0581 IA2=INDEX<I> 
0582 1204 CALL INC 
0583 IF (END.EQ.l) GO TO 1110 
0584 IF <.NOT.<<TAB(I).EQ.4).AND.CINDEX(l).EQ.12))) GO TO 1205 
0585 
0586 c 

GO TO 1202 

0587 C----CHECK IF 
0588 c 

MISSING----

0589 1205 
0590 
0591 
0592 
0593 
0594 

IF <.NOT.CCTABCI).EQ.4l.AND.CINDEXCI).EQ.11))) GO TO 1208 
LABN~t 

DO 1206 N=IA1,1A2 
LAB<LABN>=ILIT<N> 
LABTYP<LABN>=O 
LABN=LADN+l 



1206 0595 
0596 
0597 c 

CONTINUE 
GO TO 1209 
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0598 C----UNIDENTIFIED SYNTAX ERROR~ STATEMENT IGNORED----
0599 c 
0600 1207 
0601 
0602 

c 
c----
c 
1208 

'1209 

E=210 
CALL EFILL 
CALL IGNOR 
GO TO 1209 

E=206 
CALL EFILL 
GO TO 1210 
CALL. INC 

MISSING. ASSUMED----

IF <END.EQ~l) GO TO 1110 

0603 
0604 
060~1 
0606 
0607 
0608 
0609 
0610 
0611 
0612 
0613 
0614 

121 0 IF ( . NOT. (( TA.B ( 1) I EQ. 3) . AND I ( (INDEX (I ) . EQ' 3) . OR ' (INDEX (I) . EQ. ~ 
···GO TO 1820 

IF C,NOT.<INDEX<I>.EQ,J)) GO TO 1400 
0615 c 
0616 C----CONST PRESENT----
0617 c 
0618 
0619 
0620 
0621 
0622 
0623 
0624 
0625 
0626 

1250 

c 

CALL INC 
IF CEND.EQ.1> GO TO 1110 
IF (.NOT. <TABCI).EQ.l)) GO TO 1300 
IARRt=J:NDEX<I> 
CALL INC 
IF CEND.EQ.l) GO TO 1110 
IF C.NOT.<CTABCI>.EQ.4>.AND.<INDEXCI).EQ.5))) GO TO 1320 
CALL INC 
IF <END.EQ.t) GO TO 1110 
IF <.NOT.CCTAB(I).EQ.21> .OR.CTAB(I).EQ.23))) GO TO 1330 0627 

0628 
0629 
0630 
0631 

C----CHECK IF ID IS DEFINED AS A VARIABLE, IGNOR DEFN.---
C 

IF CTYPECIARR1>.EO.O> GO TO 1254 
0632 c 
0633 C----CHECK IF PGM NAME IS A CONSTT. IGNORE DEFN~----
0634 c 
0635 IF <TYPECIARR1>.NE.4> GO TO 1252 
0636 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 DEFN----
642 c 
643 1254 IF <LPTRCIARR1).EQ.0) GO TO 1258 
644 E=244 
645 GO TO 1305 
646 1258 LPTRCIARR1>=TAB<I)M1000+INDEXCI) 
647 1260 CALL INC 
648 IF <END.EQ.1) GO TO 1110 
649 IF (,NOT.<<TAB<I>.EQ.4).AND.CINDEXCI).EQ.11>>> GO TO 1200 
650 1270 CALL INC 
651 IF <END.EQ.1) GO TO 1110 
652 IF <TAB(!).EQ.l) GO TO 1250 
653 IF <TAB<I>.EQ.3) GO TO 1210 
654 GO TO 1820 
655 c 
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 
662 IF <END.EQ,1) GO TO 1110 
663 GO TO 1270 
664 c 
665 C----KEYWORD CANNOT BE AN ID. STMNT IGNORED----
666 c 
667 1310 E=212 
668 GO TO 1305 
669 c 
670 C---- = EXPECTED AFTER ID~ STMNT IGNORED---·-
671 c 
672 1320 E=214 
673 GO TO 1305 
674 c 
675 C----REAL OR INTEGER COSNT EXPECTED. STMNT IGNORED----
676 c 
677 1330 E~216 
678 GO TO 1305 
679 c 
680 C----VAR PRESENT----
681 c 
682 1400 CALL INC 
683 IF CEND.EQ.l) GO TO 1110 
684 1420 IF <TAB<I>.NE.l) GO TO 1650 
685 1425 IAt=INDEX<I> 
686 1430 CALL INC 



0687 
0688 
0689 
0690 
0691 
0692 
0693 
0694 
0695 
0696 
0697 
0698 
0699 
0700 
0701 
0702 
0703 
0704 
0705 
0706 
0707 
0708 
0709 
0710 
0711 
0712 
0713 
0714 
0715 
0716 
0717 
0718 
0719 
0720 
0721 
0722 
0723 
0724 
0725 
0726 
0727 
0728 
0729 
0730 
0731 
0732 
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IF <END.EQ.t) GOTO 1110 
IF CTAB<I>.NE.1) GO TO 1440 
IF CINDEXCI) .GT.IA2> GO TO 1435 

c 
C----DOUBLE VAR DDECLARATION, DEFN IGNORED---
C 

E~236 

CALL EFILL 
GO TO 1430 

1435 IA2=INDEX<I> 
GO TO 1430 

1440 IF <<TABCI).EQ.4>.AND.CINDEX<I>.EQ.12)) GO TO 1430 

c 

IF <.NOT.<CTAB(I).EQ.4>.AND.CINDEX<I).EQ.10))) GO TO 1670 
CALL INC 
IF CEND.EQ.t> GO TO 1110 
IF C.NOT.CCTABCI).EQ.3).AND.<<INDEX<I>.GT.4).AND.<INDEX<l>.L 

->> GO TO 1680 
IF <INDEX(I).N£.8) GO TO 1600 

C----ARRAY TYPE VAR PRESENT---
C 
1500 ARRAY=l 

CALL INC 
IF <END.EQ.l) GO TO 1110 
IF< .NOT.C<TABCI).EQ.4).AND.<INDEXCI>.EQ.8))) GO TO 1690 
CALL INC 
IF <END.EQ,1) GO TO 1110 
IF <TAB(I).NE.21> GO TO 1700 
IF CILITCINDEXCI)),NE.t> GO TO 1710 

1520 CALL INC 
IF <END.EQ.l) GO TO 1110 
IF ((TAB<I>.NE.4>.AND.<INDEX<l).NE.10>> GO TO 1670 
CALL INC 
IF <END.EQ,l) GO TO 1110 
IF <TAB<I>.NE.21> GO TQ 1700 
VAL=ILIT<INDEX(I)) 
CALL INC 
IF <END.EQ,t) GO TO 1110 
IF C.NOT.<<TABCI).EQ,4).AND.<INDEX<I>.EQ.9))) GO TO 1740 
CALL INC 
IF <END.EQ.1) GO TO 1110 
IF (.NDT.<<TAB(l).EQ.3).AND.<INDEX<I> .EQ.9))) GO TO 1750 
CALL INC 
IF <END.EQ.t) GO TO 1110 
IF (.NOT.CCTAB<I> .EQ,3) .AND.<<INDEX<I>.GT.4>.AND.<INDEX<I>.L 

-))) GO TO 1720 



0733 
0734 
0735 
0736 
07:~7 
0738 
0739 
0740 
0741 
0742 
0743 
0744 
0745 
0746 
0747 
0748 
0749 
0'750 
0751 
075~~ 
0753 
0754 
0755 
0756 
0757 
0758 
0759 
0760 
0761 
0762 
0763 
0764 
0765 
0766 
0767 
0768 
0769 
0770 
07'71 
0772 
0773 
0774 

1600 

1621 

1.630 
c 

TYP=INDEX <I) --4 
IF CTYP.EQ.t) IBYTE=2 
IF <TYP.EQ.2) IBYTE=4 

I \.I 

IF <TYP.NE.3> GO TO 1621 
IBYTE:n:1 
CALL INC 
IF < .NOT.<<TAB<I>.EQ.4).AND.<INDEX<I>.EQ.8))) GO TO 1630 
CALL INC 
IF <END.EQ.I) GO TO 1110 
IF <TAD<I>.NE.21) GO TO 1700 
IBYTE=ILIT<INDEX<I>> 
CALL INC 
IF <END.EQ.1) GO TO 1110 
IF <<TABCI>.EQ.4),AND.<INDEXCI).EQ,9)) GO TO 1621 
GO TO 1740 
CALL INC 
IF <END.EQ.1) GO TO 1110 
IF (.NOT.«TABCO.fJ~.4),AND,(INDE:X(I),E(a.11))) GO TO 1'730 

C----UPDATE ID TABLE---
C 
1605 DO 1615 N=IAl ~ IA2 

IF CLPTRCN>.NE.O> GO TO 1609 
IF CTYPE(N).NE.O) GO TO 1611 
IF <VAL.EQ.O) GO TO 1607 
IF <LEN(N).NE.O) GO TO 1613 

1607 TYPE<N>=TYP 
BYTE<N>=IBYTE 
LEN<N>=VAL 
GO TO 1615 

c 
C----TYPE FOR CONST CANNOT BE DECLARED~ DEFN. IGNORED---
C 
1609 [::::1:,~34 

c 

CALL EFILL 
GO TO 1615 

C----DOUBLE TYPE DECLARATION~ DEFN IGNORED---
C 
1611 E::::236 

CALL EFILL 
GO TO 1615 

0'775 c 
0776 C----ARRARY REDEFINED~ DEFN IGNORED----
0777 c 
0778 1613 E=238 



0779 CALL EFILL 
0780 1615 CONTINUE 
0781 1620 1A1=0 
0782 1A2=0 
0783 VAL=O 
0784 TYP=O 
0785 IBYTE=O 
0786 CALL INC 
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0787 IF <END.EQ.1) GO TO 1110 
0788 IF <TABCI).EQ.1) GO TO 1425 
0789 GO TO 1210 
0790 c 
0791 C----ID NOT PRESENT----
0792 c 
0793 1650 IF <TAB(I).EQ.J) GO TO 1660 
0794 E=210 
0795 1655 CALL EFILL 
0796 CALL IGNOR 
0797 IF CEND.EQ.1) GO TO 1110 
0798 GO TO 1620 
0799 1660 E=212 
0800 GO TO 1655 
0801 c 
0802 C---- : EXPECTED, STMNT IGNORED----
0803 c 
0804 1670 E=218 
0805 GO TO 1655 
0806 c 
0807 C----INT.REAL,CHAR OR ARRAY EXPECTED> STMNT IGNORED----
0808 c 
0809 1680 E=220 
0810 GO TO 1655 
0811 c 
0812 c----
081.3 c 
0814 1690 

c 

( EXPECTED AFTER ID~ STMNT IGNORED----

E=222 
GO TO 1655 0815 

0816 
0817 
08'!8 
081 <J 
0820 

C---- +VE INTEGER EXPECTED, STMNT IGNORED---
C 
1700 E~:::2;~4 

GO TO 1655 
0821 c 
0822 C----ARRAY STARTING RANGE NOT 1----
00~~3 c 
0824 1710 E=226 
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0825 CALL EFILL 
0826 GO TO 1520 
0827 c 
0828 C----VAR,REAL OR CHAR KEYWORD EXPECTED~ STMNT IGNORED----
0829 c 
0830 1720 E=228 
0831 GO TO 1655 
0832 c 
0833 C---- ; MISSING, ASSUMED---- ASSUMED----
0834 c 
0835 1730 E=206 
0836 CALL EFILL 
0837 GO TO 1605 
0838 c 
0839 C---- ) MISSING) STMNT IGNORED----
0840 c 
0841 1740 E=230 
0842 GO TO 1655 
0843 c 
0844 C---- KEYWORD OF MISSING~ STMNT IGNORED----
0845 c 
0846 1750 E=232 
0847 GO TO 1655 
0848 1800 CONTINUE 
0849 1820 CALL COMPS 
0850 CALL INC 
0851 IF <END.EQ.1) GO TO 1830 
0852 IF <CTAB<I>.EQ.4).AND.<INDEXCI).EQ.13)) GO TO 1835 
0853 GO TO 1830 
0854 c 
0855 C---- . MISSING. ASSUMED----
0856 c 
0857 1830 E=9999 
0858 CALL EFILL 
0859 1835 CALL INC 
0860 IF <END.NE.1> GO TO 1840 
0861 GO TO 99999 
0862 c 
0863 C----ILLOGICAl END OF PROGRAM -----
0864 c 
0865 1840 E=B999 
0866 CALL EFILL 
0867 99999 INT=INT+t 
0868 OPC<INT)=99 
0869 CALL EXECCICODE.NAME> 
0870 END 



0871 
0872 
0873 
0874 
0875 
0876 
0877 
0878 
0879 
0880 
0881 
0882 
0883 
0884 
0885 
0886 
0887 
0888 
0889 
0890 
0891 
0892 
0893 
0894 
0895 
0896 
0897 
0898 
0899 
0900 
0901 
0902 
0903 
9904 
0905 
0906 
0907 
0908 
0909 
0910 
0911 
0912 
0913 
0914 
0915 
0916 
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SUBROUTINE EXPR 
C----IDENTIFIER TABLE----

INTEGER ID<4,256),TYPEC256),BYTE<256),LEN<256),LPTR<256), 
*RADDR<256) 

C----LITERAL TABLE----

c 
INTEGER ILITC64)~CLITC64) 
REAL RLITC64) 

C----LABLE TABLE---
C 

INTEGER LABC32>.LABTYP<32) 
C----UNIFORM SYMBOL TABLE---

INTEGER TABC512),INDEX<512) 
C----ERROR MESSAGE TABLE---

INTEGER STMNT(32>.ECODEC32> 
C----KEYWORD TABLE----

INTEGER KWORD<4,22) 
C----DELIMITERS---

INTEGER DELC14> 

c 

INTEGER A<80)~IDUPC4)~IDVUCB>.C 
INTEGER FMTC5),LITCBO>~DIGITC10>~ITEMP,FST,SCN.IBUF<40) 
REAL TEMP 
INTEGER UN,ERRN,E.I~END.IDN,ILITN.RLITN,CLITN.INT)LABN 
INTEGER STMC16)~NUMB(16)~9~B~W~EL~TH~COP(2) 

C----INTERMEDIATE CODE TABLE---
C 

c 

INTEGER OPCC524>tTAB1<524)~IND1C524>~ARR1C524>~ALEN1<524l 
•,TAB2<524),IND2<524>,ARR2(524>,ALEN2<524) 

C----TEMPORARY VARIABLE STACK--<TAB CODE : 10)----
C -

INTEGER TVARC16),TPREC<16>.TOP(16) 
INTEGER PREC,OP~COUNT.T 
COMMON /IDLIT/ ID,TYPE,BYTE.LEN,LPTR.RADDR,ILIT,CLIT,RLIT,LAD 
•~LABTYP 

COMMON /INTCD/ OPC,TAB1 ,IND1,ARR1,ALEN1 1 TAB2,IND2.ARR2.ALEN2 
COMMON /ERR/STMNT,ECODE,ERRN~E 
COMMON /UFORM/ TAB,INDEX 
COMMON /CARD/ C 
COMMON /INC1/ I 
COMMON /FIN/ END~UN 
COMMON /STK/ STM.NUMB,S,B,W,EL,TH,COP 
COMMON /COUN/ IDN,ILITN 1 RLITN,CLITN,INT~LABN 

9000 OP=O 
COUNT=O 
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091'7 
0918 c 
0919 c 

PREC=t 

!NT-ENTRY NO IN INTERMEDIATE CODE TABLE 
c 
c 
c 0922 

0923 G 
0924 

T-ENTRY NO OF TEMP VAR STACK 

T=O 
0925 
0926 
0927 
0928 
o<.?29 
09~~0 
0931 
0932 
0933 
0934 
0935 
0936 
0937 
093~3 
0939 
0940 
0941 
0942 
0943 
0944 
O<"J45 
0946 
0947 
094B 
09 .. l9 
0950 
0951 
.0952 
0953 
0954 
0955 
095~) 

0957 
0950 
0959 
0960 
0961 
0962 

c 
C****FOR UNARY + & - **** 
c 

IF <.NOT.<<TABCI).EQ.4).AND.CINDEX(l).EQ.t4))) GO TO 9200 
CALL INC 
IF CEND.EQ.1) GO TO 90100 
IF CTAB<I>.NE.22) GO TO 9320 
GO TO 9302 

9200 IF <.NOT.<<TAB<I>.EQ.4>.AND.((JNDEX<I>.EQ.1).0R. 
-<INDEX<I).EQ.2>>>> GO TO 9300 
T=T+t 
TVAR<T>=T 
TPI~EC < T) =PREC 
INT::;JNT+"l 
IF <INDEXCI>.NE.t> GO TO 9220 
OPC<INT>=50 
GO TO 9230 

9220 OPC<INT>=51 
9230 TABt<INT>=10 

IND1<INT>=TVAR<T) 
ARIH<INT>=O 
CALL lNC 
IF <END.EQ.1) GO TO 90100 
GO TO 9900 

<".i'300 IF <.NOT.«TAIHI>.EGl.l) .OR. <TA1HI>.GT.20))) GO TO 9400 
9~~02 T=:T+l 

TVAIHT):=T 
TPREC <T > =PREC 
INT=INT+1 
OPC<J.N1')=50 
TABl<INT>=tO 
INDt<INT>=TVAR<T> 
ARRt<INT>=O 

9305 TAB2<INT>=TAB<I) 
IND2<INT>=INDEX<I> 
ARR2<INT>=O 
IF <TAB<I>.EQ.22) GO TO 93050 
IF <TAB<I>.NE.l) GO TO 9310 



0963 
0964 

c 
C****VAR PRESENT**** 
c 
c 
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0965 
0966 
0967 
0968 
0969 
0970 
0971 

C----IF CHAR TYPE UAR PRESENT---
C 

0972 c 

IF <TYPECIND2CINT>>.NE.3) GO TO 93051 
TAB1CINT>=11 
GO TO 93055 

0973 C----CHAR TYPE VAR PRESENTD----
0974 c 
0975 93050 INT=INT+l 
0976 OPCCINT>=50 
0977 TAB1CINT>=tt 
0978 INDl<INT>=l 
0979 TAD2CINT>=TABCI) 
0980 IND2(INT>=INDEXCI) 
0981 CALL INC 
0982 IF <END.EQ.1) GO TO 90100 
0983 IF C.NOT.CCTAB<I>.EQ.4).AND.CINDEXCI).EQ.14))) GO TO 9320 
0984 GO TO 99000 
0985 93055 CALL INC 
0986 IF <END.EQ.1) GO TO 90100 
0987 IF <.NOT.<<TAB<I>.EQ.4) .AND.<INDEX<I> .EQ.B))) GO TO 99000 
0988 CALL INC 
0989 IF CEND.EQ.l) GO TO 90100 
0990 IF <TAB<I>.NE.21> GO TO 93052 
0991 ARR2<INT>=2. 
0992 ALEN2<INT>=ILIT<INDEX(I)) 
0993 GO TO 93053 
0994 93052 IF CTAB<I>.NE.t) GO TO 9320 
0995 ARR2CINT>=1 
0996 IND2CINT>=INDEX<I) 
0997 93053 CALL INC 
0998 IF <END.EQ.l) GO TO 90100 
0999 IF <.NOT.<<TAB(I).EQ,4) .AND.(INDEX<I>.EQ.9))) GO TO 9340 
1000 CALL INC 
1001 IF <END.EQ.t) GO TO 90100 
1002 GO TO 99000 
1003 93051 CALL INC 
1004 IF <END.EQ.t) GO TO 90100 
1005 IF C.NOT.CCTAB<I>.EQ.4).AND.CINDEXCI).EQ.8))) GO TO 9600 
1006 c 
1007 C****ARRAY TYPE VAR PRESENT•*** 
1008 c 
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009 CALL INC 
,010 IF <END.EQ.1) GO TO 90100 
011 IF <TAB<I>.NE.21> GO TO 9306 

.012 ARR2<INT>=2 
013 ALEN2<INT>=ILITCINDEX<I>> 
,014 GO TO 9307 
015 9306 IF <TAB<I>.NE.l) GO TO 9320 
i016 ARR2<INT)=1 
017 ALEN2CINT>=INDEX<I> 

.018 9307 CALl INC 
019 IF <END.EQ.t) GO TO 90100 
.020 IF <.NOT.<<TAB<I>.EQ.4).AND.<INDEXCI) .EQ.9))) GO TO 9340 

.022 C----CHECK IF VAR WAS ARRAY TYPE----
023 c 
024 IF <LEN<IND2CINT)),NE.O> GO TO 9310 
025 c 
.026 C----DIMENSION GIVEN FOR NON ARRAY TYPE VAR~ STMNT IGNORED---
027 
028 
029 
'030 
0~51 

C 

9310 

E=112 
GO TO 9360 
CALL INC 

GO TO 90100 
'032 
033 c 

IF (END. E(a. 1 ) 
GO TO 9600 

.034 C----UNIDENTIFIED SYNTAX ERROR, STMNT IGNORED----
035 c 
!036 9320 E=lOO 
037 
038 
0:39 
040 
041 
'042 
043 

I 0~4 
045 

I 046 
047 

1048 
049 

l 050 

GO TO 9360 
c 
C---- ) MISSINGt STMNT IGNORED---
C 
9340 E>=t 02 

GO TO 9360 
c 
C----CHECK IF VAR WAS ARRAY TIPE---
C 
9350 
c 

IF <LEN<IND2<INT>>.EQ.0) GO TO 9600 

C----DIMENSION IN ARRAY VAR UNDEFINED~ STMNT IGNORED---
C 

E:::t113 
051 9360 

1052 
CALL EFILL 
CALL IGNm~ 
GO TO 90000 053 

1054 9400 IF (.NOT.<<TABCI>.EQ.4).AND. <INDEX<I>.EQ.8))) GO TO 9500 
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1055 c 
1056 C**** ( PRESENT IN THE BEGINING**** 
1057 c 
1058 T=T+t 
1059 TVAR<T>•T 
1060 TPREC<T>=PREC 
1061 PREC=PREC+l 
1062 TOPCT+1)=50 
1063 CALL INC 
1064 IF <END.EQ,J) GO TO 90100 
1065 GO TO 10200 
1066 c 
1067 C****NEITHER OF +. -. *) I PRESENT, STMNT IGNORED **** 
1068 c 
1069 9500 E=104 
1070 GO TO 9360 
1071 9600 IF (.NOT.<<TABCI>.EQ.4) .AND.<<INDEX<I>.GT.O>.AND.CINDEX<I>.L 
1072 ->>> GO TO 9700 . 
1073 c 
1074 C****EITHER OF + 1 - 1 •~ / PRESENT**** 
1075 c 
1076 IF <.NDT.<<INDEX<I>.EQ.3),0R.<INDEX<I>.EQ.4))) GO TO 9610 
1077 c 
1078 C**** * OR I PRESENT **** 
1079 c 
1080 INT=INT+l 
1081 OPC<INT>=INDEX<I> 
1082 9605 TAB1<INT>=10 
1083 IND1CINT>=TVAR<T> 
1084 ARR1CINT>=O 
1035 CALL INC 
1086 IF <END.EQ.l) GO TO 90100 
1087 GO TO 9900 
1088 c 
1089 C**** + OR ~ PRESENT**** 
1090 c 
1091 9610 IF (T.EQ.l) GO TO 9620 
1092 IF <.NOT.<TPREC<T).EQ.TPREC<T-1))) GO TO 9620 
1093 INT=INT+t 
1094 OPCCINT>=t 
1095 TAB1<INT>=10 
1096 IND1<INT>=TVAR<T-1) 
1097 ARRl<INT>=O 
1098 TAB2<INT>=10 
1099 IND2<INT>=TVARCT> 
1100 ARR2<INT>=O 



'1101 'f:::T·-·1 
1102 9620 T=T+1 
1103 TVAR<T>=T 
1104 TPREC<T)=PREC 
1105 INT~INT+l 

1106 OPC<INT)=50+INDEX<I>~t 
1107 GO TO 9605 

84 

1108 9700 IF <.NDT.<<TAB<I).EQ.4).AND,(lNDEX<I>.EQ.9))) GO TO 9750 
11 09 c 
1110 C**** ) PRESENT***• 
11 '11 c 
11 L?. 
1113 
1114 
1 '115 
1116 
11'1'? 
l11B 
11 '19 
1120 
11 ;,:!1 
112;1, 
1 '123 97;~o 
1124 
1 ~·~It' I 

Ai-\J / 

11.26// 
llfl? 

_;i"'t28 
/' 11 ;;~9 

1130 
1131 
1132 
1133 
11:54 
1131::' ............. ;:.} 

"" 1136 
t137 c 

IF CT.EQ.t) GO TO 9720 
IF <.NOT.<TPREC<T>.EQ.TPRECCT-1))) GO TO 9720 
lNT:rJINT+l 
OPC<INT>==t 
TAB! <INT)::::t 0 
INDl<INT)=TVAR<T-1) 
ARIH ( :r NT) :rrO 
TAf.t2(INT)==10 
IND2<INT>=TVAR<T) 
ARR20:NT>=O 
T:r.:T···1 
INT=INT+l 
OPC<INT)=TOP(l') 
TAlH < INT )::::'1 0 
IND1(INT>•TVAR<T-1> 
ARR1<INT)=0 
TA132<1NT>::::10 
IND2CINT>=TVAR(T) 
ARR2<INT>=O 
TOP<T)::::O 
T=:T-.. 1 
PREC>.::PREC·-1 
CALl. INC 
IF <END.EQ.t) GO TO 90100 
GO TO 10400 

t13a 
1.139 

~140 
' 1141 

c••••CHECK IF COUNT OF PARANTHESIS IS ZERO OR NOT 

~1142 -..., . 
1 1"43 
114-4~-

c 
9750 

114~) 9000, 
1146 \ 

) _..,...,... 
.. - -~---·~, .... ,__ ... 

IF CCOUNT.EQ.O) GO TO 9800 
EI~RN::::ERRN+l 
STMNT < ERRN) ::::C 
ECOl>E ( ERRN) ~nl 06 
GO TO 90000 
IF CTVAR<T>.EQ.l) GOTO 99000 
INT::::J.NT+l 



1147 
1148 
1149 
1150 
1151 
1152 
1153 
1154 
1155 
1156 
1157 
1158 
1159 
1160 
1161 
1162 
1163 
1164 
116~5 
116t; 
1167 
1168 
1169 
1170 
1171 
11'72 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180 
1181 
1182 
1183 
1184 
1185 
1186 
11 f:)'7 
1188 
11B9 
1190 
1191 
11 <;>2 

9888 
9900 
c 

OPC<INT>=l 
TAB1<INT>=10 
IND1<INT>=TVAR<T-1) 
ARR1 <INT>=O 
TAD2< Hff>-=1 0 
IND2<INT>=TVAR<T> 
ARI~2 <I NT) =0 
GO TO 99000 
IF <.NOT.< (TAB< I>. EQ. 1) , OR. <TAB <I), GT. 20 > >) 

C****CONST OR VAR PRESENT**** 
GO TO 9305 

GO TO 10000 

10000 IF <.NOT.<<TAB<I>.EQ.4).AND.<INDEX<I).EQ.8))) GO TO 10100 
c 
C**** < PRESENT**** 
c 

TOP<T+1)=0PC<INT> 
INT:~INT-1. 

PREC=PREC+1 
CALL INC 
IF <END.EQ.l) GO TO 90100 
GO TO 10200 

C****ERROR EITHER OF CONST~ VAR~ < NOT PRESENT 
c 
10100 E='!08 

GO Til 9360 
10200 COUNT=COUNT+1 
10300 GO TO 9;:.!00 
10400 IF <COUNT.N£,0) GO TO 10500 
c 
C***~'Ef~ROR NO OF ( GT ) ~ STMNT IGNORED .X·~·~ .. x 
c 

E=110 
GO TO 9:360 

10500 COUNT=COUNT-1 
10600 GO TO 9600 
90000 CONTINUE 
c 
C----ILLOGICAL END OF PROGRAM---
C 
90100 E=208 

CALL EFILL 
9900 0 f~ETIJRN 

END 
SUBROUTINE COMPS~ BEGIN-END 

. I 



1193 
1194 
1195 
1196 
1197 
1198 
1199 
1200 
1201 
1202 
1203 
1204 
1205 
1206 
1207 
1208 
1209 
1210 
1211 
1212 
1213 
1214 
1215 
1216 
1217 
1218 
1219 
1220 
1221 
1222 
1223 
1224 
1225 
1226 
1227 
1228 
1229 
1230 
1231 
1232 
1233 
1234 
1235 
1236 
1237 
1238 
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C----IDENTIFIER TABLE----
INTEGER ID<4~256)~TYPE<256)~BYTEC256)~LEN<256)~LPTR<256)~ 

*RADDRC256) 
C----LITERAL TABLE----

c 

INTEGER ILIT<64),CLITC64) 
REAL RLIT<64) 

C----LABLE TABLE----
c 

INTEGER LABC32)~LABTYP<32> 
C----UNIFORM SYMBOL TABLE---

INTEGER TABC512)~1NDEX<512) 
C----ERROR MESSAGE TABLE---

INTEGER STMNT<32)~ECODE<32) 
C----KEYWORD TABLE----

INTEGER KWORD<4~22> 
C----DELIMITERS---

INTEGER DELC14> 

c 

INTEGER A<80>,IDVP<4>,IDVU(8),C 
INTEGER FMT<S>.LIT<BO>.DIGIT(10),ITEMP.FST.SCN.IBUF<40) 

9 • • { 4 j. • 

REAL TEMP 
INTEGER UN~ERRN,E~I~END~INT~ILITN,RLITN 1 CLITN~IDN 1 LABN 
INTEGER STMC16>,NUMB(16),S,B,W,EL,TH.COP<2> 

c-~--INTERMEDIATE CODE TABLE---
C 

c 

INTEGER OPCC524>,TAB1C524>.IND1C524),ARR1C524) ,ALEN1<524) 
*~TAB2(524)~IND2(524)~ARR2(524)~ALEN2<524> 

C----TEMPORARY VARIABLE STACK--CTAB CODE : 10>----
c 

INTEGER TVARC16)~TPRECC16)~TOPC16) 
INTEGER PREC~OP,COUNT,T 
COMMON /IDLIT/ ID~TYPE 1 BYTE~LEN 1 LPTR 1 RADDR,ILIT 1 CLIT~RLIT 1 LAB 

*,LABTYP 
COMMON /INTCD/ OPClTAD1~IND1,ARR1 1 ALEN1 1 TAB2 2 IND2~ARR2~ALEN2 
COMMON /ERR/STMNT,ECODE~ERRN.E 
COMMON /UFORM/ TAB~INDEX 
COMMON /CARD/ C 
COMMON /INC1/ I 
COMMON /FIN/ END,UN 
COMMON /STK/ STM:NUMB~S~B 1 W~EL~TH 1 COP 
COMMON /COUN/ IDN,ILITN,RLITN,CLITN.INTJLABN 

c 
C----INITIALIZE INTERMEDIATE CODE & STACK POINTER TO ZERO 
c 
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"12:3(7 S=O 
1240 IF<<TAB<I>.EQ.3).AND.CINDEX<I),£Q.10))GQ TO 2000 
1241 c 
1242 C----KEYWORD BEGIN NOT PERESENT 1 ASSUMED----
1243 c 
1244 E=250 
1245 CALL EFILL 
1246 c 
1247 C----GENERATE CODE FOR BEGIN----
1248 c 
1249 2000 S=S+l 
1250 STM<S>=tHB 
1251 NUMB<S)=O 
1252 c 
1253 C----CALL STATEMENT LIST----
1254 c 
1255 CALL ST 
1256 c 
1257 C----CHECK IF KEYWORD END EXISTS-----
1250 c 
1259 C CALL INC 
1260 C IF <END.EQ.1) GO TO 2025 
1261 IF C.NOT.<<TAB<I>.EQ.3).AND.<INDEXCI>.EQ.11l)) GO TO 2020 
1262 c 
1263 C----CHECK FOR BEGIN ON TOP OF STACK----
1264 c 
1265 2010 IF CSTMCS) .EQ.1HB) GO TO 2030 
1266 E=252 
1267 CALL EFILL 
1268 GO TO 2040 
1269 c 
1270 C----KEYWORD END MISSING~ ASSUMED----
1271 c 
1272 2020 E=254 
1273 CALL EFILL 
1274 GO TO 2010 
1275 2025 E=208 
1276 CALL EFILL 
1277 RETURN 
1278 c 
1279 C----POP OFF BEGIN FROM STACK----
12BO C 
1281 2030 S=S-1 
1282 2040 END 
1283 SUBROUTINE ST ~ STATEMENT 
1284 C----IDENTIFIER TABLE----



1285 
1286 
1287 
1288 
1289 
1290 
1291 
1292 
1293 
1294 
1295 
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 
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INTEGER ID<4,256>.TYPE<256>,BYTE<256>,LEN<256>,LPTR<256>, 
*RADDR<256) 

C----LITERAL TABLE----

c 

INTEGER ILIT<64)~CLIT<64) 
REAL RLIT<64) 

C----LABLE TABLE----
c 

INTEGER LABC32>,LABTYPC32) 
C----UNIFORM SYMBOL TABLE---

INTEGER TAD<512),INDEX<512> 
C----ERROR MESSAGE TABLE---

INTEGER STMNTC32).ECODEC32) 
C----KEYWORD TABLE----

INTEGER KWORD<4,22) 
C----DELIMITERS----· 

INTEGER DELC14) 

c 

INTEGER A<BO>~IDVP(4)~1DVU<8>.C 
INTEGER FMTC5>,LIT<BO>,DIGIT<tO>,ITEMP,FST.SCN,IBUFC40) 
REAL TEMP 
INTEGER UN,ERRN,E.I,END,IDN,ILITN,RLITN,CLITN,INT,LABN 
INTEGER STM<16>~NUMBC16)~StB,W,EL 1 TH~COPC2) 

C----INTERMEDIATE CODE TABLE---
C 

INTEGER OPCC524>~TAB1C524>,IND1C524>,ARR1(~24>~ALENt<524) 
•,TAB2<524),1ND2C524>.ARR2<524),ALEN2<524) 

c 
C----TEMPORARY VARIABLE STACK--<TAB CODE : 10)-~-

C 
INTEGER TVARC16>,TPREC<16>,TOP<16) 
I~TEGER PREC,OP,COUNT.T 
INTEGER Z 
INTEGER STNOC32),SP 
COMMON /IDLIT/ ID,TYPE,BYTE,LEN,LPTR,RADDR,ILIT,CLIT,RLIT>LAB 

*,LABTYP 
COMMON /INTCD/ OPC,TABl,INDl,ARRl ,ALEN1,TAB2,IND2,ARR2,ALEN2 
COMMON /ERR/BTMNT~ECODE,ERRN~E 
COMMON /UFORM/ TAB,INDEX 
COMMON /CARD/ C 
COMMON /INC1/ I 
COMMON /FIN/ END~UN 
COMMON /STK/ STM,NUMB,S.B,W,EL,TH,COP 
COMMON /COUN/ IDN,ILITN,RLITN,CLITN~INT~LABN 

1329 SP=O 
1330 2000 TR=O 
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1331 C TR IS SET IF TERMINATOR IS PRESENT----
133~~ CALL INC . 
1333 IF CEND.EQ.1) GO TO 8990 
1334 2005 COP(l)=O 
1335 COP<2>=0 
1336 INDEX1=0 
1337 ARR=O 
1338 IND=O 
1:539 c 
1340 C----CHECK FOR A LABLE----
1341 c 
1342 IF <TAB<I>.NE.21> GO TO 2007 
1343 INDEX1=INDEX<I> 
1344 CALL INC 
1345 IF <END.EQ.t) GO TO 8990 
1346 IF (.NOT.<<TAIHI>.EQ.4).AND.<INDEX<I>.EQ.t0))) GO TO 20051 
1347 c 
1348 C----CHECK IF LABLE IS DECLARED OR NOT----
1349 c 
1350 DO 20053 LC=1~LABN 
1351 IF <ILIT<INDEXt>.EQ.LAB<LC)) GO TO 20054 
1352 20053 CONTINUE 
1353 c 
1354 C----UNDECLARED LABLE~ LABLE IGNORED----
1355 c 
1356 E=271 
1357 CALL EFILL 
1358 GO TO 20058 
1:559 c 
1360 C----CHECK IF LABLE HAS. BEEN ALREADY USED----
1361 c 
1362 20054 IF <LABTYP<LC>.NE.1> GO TO 20056 
'1363 c 
1364 C----LABLE REUSED~ IGNDRED----
1365 c 
1366 E=272 
1367 CALL EFILL 
1368 GO TO 20058 
1369 c 
1370 C----SET THE LABLE STATUS TO USED----
1371 c 
1372 20056 LABTYP<LC>=1 
1373 INT=INT+t 
1374 OPC<JNT)=5 
1373 TAB1<INT~=24 
1376 IND1<INT)•LC 
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1377 20059 CALL INC 
1378 IF <END.EQ.l) GO TO 8990 
1379 c 
1380 C----ASSINGMENT STATEMENT-----
1 ~581 c 
1382 2007 IF <TAB<I>.NE.1> GO TO 2105 
1383 INDEXl=INDEX<I> 
1384 CALL INC 
1385 IF (END.EQ.1) GO TO 8990 
1386 IF <<TAB<I>.EQ.4>.AND.<INDEX<I).EQ.10)) GO TO 2010 
1387 GO TO 5043 
1388 2010 CALL INC 
1389 IF CEND.EQ.t) GO TO 8990 
1390 IF <<TAB<I>.EQ.4),AND.<INDEX(I).EQ.5)) GO TO 5090 
1391 c 
1392 C----UNIDENTIFIED SYNTAX ERROR~ STMNT IGNORED----
1393 c 
1394 20051 E=210 
1395 GO TO 4025 
1396 2100 CALL INC 
1397 IF <END.EQ,l) GO TO 8990 
1398 c 
1399 C----CHECK FOR KEYWORD IF----
1400 c 
1401 2105 IF <.NOT.CCTAB<I>.EQ.3).AND.<INDEXCI>.EQ.14))) GO TO 2277 
1402 Tr~=O 
1403 CALL INC 
1404 IF <END.EQ.l) GO Ta 8990 
1405 CALL EXPR 
1406 INT=INT+l 
1407 OPC(INT>=SO 
1408 TAB1<INT>=23 
1409 IND1<INT>=RLITN+1 
1410 TAB2<INT>=t0 
1411 IND2<INT>=1 
1412 
1413 
1414 
1415 
14'16 

. 1417 
1418 
1419 
1420 
1421 
1422 

c 
C----CHECK FOR COMPARISON OPERATOR---
C 

IF< .NOT.<CTABCI).EQ.4>.AND.<<INDEX<I).GT.4).AND. 
*CINDEX<I>.LT.8)))) GO TO 2125 

COP ( 1 >=INDEX< I> 
CALL INC 
IF <END.EQ.t) GO TO 8990 
IF C.NOT.<<TABCI).EQ.4).AND.<<INDEX(I).GT.4>.AND. 

*CINDEX<I>.LT.S)))) GO TO 2200 
COP< 2) ::::INDEX< I) 
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1423 2110 IF<C<COPC1),£Q,5).AND.<COPC2>.EQ.6)).0R. 
1424 ~<<COPC1>.EQ.6>.AND.<COPC2).EQ.5))) GO TO 2190 
1425 IF<<<COP<1>.EQ.6).AND.(COP<2>.EG.7>>.0R. 
1426 •<<COP(t).EQ.7).AND.(COP<2>.EQ.6))) GO TO 2190 
1427 IF<<<COPC1).EQ.5).AND.<COP(2),EQ.7)>.0R. 
1428 •<<COP(t).EQ.7).AND.<COP(2).EQ,5))) GO TO 2190 
1429 IF<COP(2).EQ.0) GO TO 2190 
1430 c 
1431 C----INVALID COMBINATION OF COMPARISON OPERATORS. STMNT IGNORED---· 

E=256 
GO TO 2130 

c 

1432 c 
1433 
1434 
1435 
1436 
1437 
1438 
1439 
1440 
1441 

C----INVALID COMPARISON OPERATOR~ STMNT IGNORED---
C 

1442 

2125 
2130 

E=258 
CALL EFILL 
CALL IGNOR 
IF (TAB<I).EQ.4) 
IF <TABCI).EQ.3) 

CALL INC 

GO TO 2272 
GO TO 3025 

1443 c 
1444 c 
1445 c 
1446 2190 
1447 
1448 2200 
1449 

IF <END.EQ.t) GO TO 8990 
CALL EXPR 

1450 
1451 
1452 
1453 
1454 
1455 c 

INT~INT+1 

OPC<INT>=50 
TAB1<INT>=23 
IND1<INT>=RLITN+2 
TAB2<INT>=10 
IND2CINT>=t 

1456 C----PUSH Tt IN STACK----
1457 c 
1458 S=S+l 
1459 TH=TH+2 
1460 STM<S>=1HT 
1461 NUMB<S>=TH 
1462 c 
1463 C----GENERATE INTERMEDIATE CODE----
1464 c 
1465 INT=INT+l 
1466 OPC<INT>=6 
1467 TAB1CINT>=23 
1468 INDt<INT>=RLITN+l 
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1469 TAB2<INT>=23 
1470 IND2<INT>=RLITN+2 
1471 DO 2250 Z=1>3 
1472 INT=INT+l 
1473 OPCCINT>=7 
1474 TAB1<INT)=1 
1475 IND1(INT>=IDN+TH 
1476 2250 CONTINUE . 
1477 IF <<COP C1).EQ.5).0R.{C0P(2).EQ.5)) INDt<INT-2>=IDN+TH-1 
1478 IF <<COPC1>.EQ.6).0R,(C0P(2).EQ.6)) IND1<INJ-1)=IDN+TH-l 
1479 IF <<COP<l> ,EQ.7),0R.<COPC2).EQ.7)) IND1<INT )=IDN+TH-1 
1480 INT=INT+t 
1481 OPC<INT>=5 
1482 TAB1<INT>=1 
1483 INDl<INT>=IDN+TH-1 
1484 c 
1485 C----CHECK FOR KEYWORD THEN----
1486 c 
1487 IF <CTAB<I>.EQ,3).AND,(INDEX<I).EQ,15)) GO TO 2260 
1488 c 
1489 C----KEYWORD THEN MISSING, STMNT IGNORED----
1490 c 
1491 E=260 
1492 GO TO 2130 
1493 2260 SP=SP+l 
1494 STNO<SP>=2270 
1495 GO TO 2000 
1496 c 
1497 C----POP OFF THEN FROM STACK, CHECK FOR KEYWORD ELSE----
1498 c 
1499 2270 CALL INC 
1500 IF <END.EQ.t) GO TO 8990 
1501 c 
1502 C----CHECK IF ~ PERSENT-----
1503 c 
1504 TR=O 
1505 IF <.NOT.<<TAB<I>.EQ.4).AND.CINDEX<I>.EQ.11>>> GO TO 22?5 
1506 2272 TR~t 
1507 CALL INC 
1508 IF CEND.EQ.1) GO TO 8990 
1509 2275 IF (.NOT.<CTAB<I>.EQ.3).AND.<INDEX<I>.EQ.l6))) GO TO 2005 
1510 GO TO 2278 
1511 22?7 IF <.NOT.CCTAB<I>.EQ,3).AND.CINDEX<I>.EQ.t6))) GO TO 2400 
1512 2278 IF (S.EQ.t) GO TO 9990 
1513 IF <STM<S>.NE.lHT> GO TO 2305 
1514 Tt=NUMB<S> 



'1515 
1516 
1517 
1518 
15'19 
1520 
1521 
1522 
1523 
1524 
t5;;!5 
1526 
1 e;:.:?7 
1528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
1538 
1539 
1540 
1541 
1542 
154:3 
1544 
1545 
1546 
1547 
1548 
1549 

S::::S-1 
S=S+l 
EL=EL·f-1 
STM(S)=lHE 
NUMB<S>=EL 
INT=INT+1 
OPC<INT>=7 
TAB1<INT>=1 
IND1<INT>=IDN+EL+64 

2280 INT::::J:NT+l 
OPC ( INT) =5 
TAB1(l:N'f)::::1 
IND1<INT>=IDN+T1 
SP=~3P-t·1 

STNO<SP>=2300 
GO TO 2000 

C GO TO 9000 
2300 IF CS.EQ.1) GO TO 9990 

93 

IF <STM<S>.NE.1HE) GO TO 2310 
INT::.~INT+'l 

c 

OPC < INT) ==5 
TAB1 <INT>=1 
IND1<INT>=IDN+NUMBCS) 
IF CSTM<S).EQ.lH£> IND1<INT>=IND1<HH)+64 
S=S-1 

C----CHECK IF 1 PRESENT 
c 

CALL INC 
IF <END.EQ.t) GO TO 8990 
IF C.NOT.<<TABCI).EQ.4).AND.<INDEX<I>.EQ.11))) GO TO 2303 

2302 TR=1 
GO TO 9000 

;~303 I=I··-1 
GO TO 9000 

1550 c 
1551 C----KEYWORD IF MISSING CORRESPONDING THIS ELSE, STMNT IGNORED---
1552 c 
1553 2305 E=2BO 
1554 2308 CALL EFILL 
1555 CALL IGNOR 
1556 IF CTAB<I>.EQ.4) GO TO 2302 
1557 IF <TAB<I>.EQ.3) GO TO 3025 
1558 c 
1559 C----UNIDENTIFIED SYNTAX ERROR----
1560 c 



'1561 
1562 
15fJ3 
1564 
15(;)5 
1566 
15(:;7 
1.568 
1569 
1570 
1571 
1572 
1573 
1574 
1575 
157b 
1577 
1578 
1579 
1580 
1581 
1582 
1583 
1584 
15f:J5 
1586 
1587 
158H 
1589 
1590 
1591 
1592 
1593 
1594 
1 5CJ>5 
1596 
1 :';J<i'7 
1598 
1599 
1600 
1601 
1602 
1603 
1604 

2310 

C2320 
c 
c 
c 
c 
c 
c 
c 
c 

E=210 
GO TO 2308 
INT=INT+l 
OPC<INT>=5 
TABl<INT>=t 
IND1CINT)=!DN+Tt 

I=I·~·t 

GO TO 9000 
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C----CHECK FOR KEYWORD WHILE----
c 
2400 IF (.NOT.<<TAB<I>.EQ.3>.AND.<INDEX<I>.EQ.12))) GO TO 3010 
c 
C----PUSH W3 & Wl IN STACK---
C 

c 

TR=O 
W=W+3 
S=S+l 
STM<S>=lHW 
NUMB<S>=W 
S=S+t 
STM<S>=li-IW 
NUMB< S > ::::W-·2 

C----GENERATE LABEL Wl---
C 

c 

INT=INT+1 
OPC<INT>=5 
TAIH < INT>=t 
IND1<INT)=IDN+128+W-2 

C···--·-··CALL EXPRESSION--·· .. -· 
c 

CALL INC 
IF <END.EQ.t) GO TO 8990 
CALL EXPR 
INT=INT+1 
OPC<INT>=50 
TAB1 < INT )::.~23 
INDtCINT>=RLITN+t 
TA})2 ( INT ):::1 0 
IND2<INT>=l 

I 

1605 c 
1606 C----CHECK FOR COMPARISON OP----



1607 
1608 
1609 
1610 
1611 
1612 
1613 
1614 
1615 
1616 
1617 
1618 
1619 
16;~o 

1621 
1622 
16~~3 
'161:!4 
16:~5 
16~!6 
16;..~7 

'1628 
1629 
1630 
1631 
1632 
16:;~~ 
1634 
1635 
1636 
1637 
1638 
1639 
1640 
1641 
1642 
1643 
1644 
1645 
1646 
1647 
1648 
1649 
1650 
1651 
1652 

c 

c 
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IF <.NOT.C<TABCI).EQ.4).AND.<<INDEX<I>.GT.4>.AND. 
•<INDEX<I>.LT.8)))) GO TO 2430 

COP<t>=INl>EX<I> 
CALL J:NC 
IF <END.EQ.t) GO TO 8990 
IF <TAB<I>.NE.4> GO TO 2450 
IF C.NOT.<<TAB(l).EQ.4>.AND.C<INDEX<I>.GT.4>.AND. 

•<INDEX<I>.LT.8)))) GO TO 2420 
COP<2>=INDEX<I> 
GO TO 2440 

C----INVALID COMBINATION OF COMPARISON OPS~ STMNT IGNORED---
C 
24;.-~o E=256 
2425 CALL EFILL. 

c 

CALL IGNOR 
IF (TABCI).EQ.4) GO TO 2492 
IF CTAB<I>.EQ.3) GO TO 3025 

C----INVALID COMPARISON OP~ STMNT IGNORED--
C 
2430 E=258 

GO TO 2425 
c 
C----CALL EXPRESSION----
c 
2440 CALL INC 

IF <END.EQ.l) GO TO 8990 
2450 CALL EXPR 

INT=J:NT ... l 

c 

OPC< INT> .. ~50 
TAB1 <I NT) =23 
INDl<INT>=RLITN+2 
TAB2<INT)::::10 
IND2<INT>:::t 

C----GENERATE CODE---
C 

INT=INT+1 
OPC<INT>=6 
TAB1 <INT>=23 
INDt<INT)=RLITN+l 
TAB2 <I NT >=23 
IND2<1NT>=RLITN+2 
DO 2460 Z=l,3 



1653 
1654 
1655 
1656 

INT=INT+t 
OPC<INT>=7 
TAB1CINT>=1 
IND1<INT)~IDN+128+W 
CONTINUE 
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1657 2460 
1650 
1659 
1660 
1661 

IF <<COP<t>.EQ.5>.0R. <COP<2>.EQ.5)) IND1<INT-2>=IND1CINT)-1 
IF <<COPC1>.EQ.6),0R.<COP(2) .EQ,6)) IND1<INT-t>~IND1CINT>-1 
IF <<COPC1).EQ.7),0R.CCOP<2).EQ.7)) lND1<INT >=IND1CINT>-t 
INT=INT+t 

1662 OPC<INT)=5 
1663 TABt<INT>=t 
1664 IND1CINT>=IDN+l2B+W-1 
1665 c 
1666 C----CHECK FOR KEYWORb D0----
1667 c 
1668 IF <<TAB(I).EQ.3).AND.<INDEX<I>.EQ.13)) GO·TO 2480 
1669 c 
1670 C----KEYWORD DO MISSING~ STMNT IGNORED----
1671 c 
1672 E=262 
1673 GO TO 2425 
1674 2480 SP~SP+l 

1675 STNO<SP>=2490 
1676 GO TO 2000 

c 1677 
1678 
1679 
1680 
1681 
1682 
1683 
1684 
1685 
1686 
1687 
1688 
1689 
1690 
1691 
1692 
1693 

C----CHECK FOR WON STACK~ POP OFF~ GENERATE CODE----
c 
2490 

c 

IF <S.EQ.l) GO TO 9990 
IF CSTMCS).NE.lHW> GO TO 
INT=INT+l 
OPC<INT>=7 
TAB1CINT>=1 
IND1CINT>=IDN+128+NUMD<S> 
S=S-1 
IF <S.EQ.l) GO TO 9990 
INT=INT+l 
OPC<INT>=5 
TAB1<INT)=1 
IND1<INT)=IDN+12B+NUMB(S) 
S=S-1 

2500 

1694 C----CHECK IF J PRESENT----
1695 c 
1696 
1697 
1698 

CALL INC 
IF <END.EQ.l) GO TO 8990 
IF C.NOT.<<TAB<I>.EQ.4).AND.<INDEX<I>.EQ.l1))) GO TO 2495 



1699 
1700 
1701 

249;;.? 

2495 
1702 
1703 c 
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Tl~=1 
GO TO 9000 
I=I~-t 

GO TO 9000 

1704 C----WHILE MISSING CORRESPONDING TO THIS DO~ STMNT IGNORED--------
1 :7 05 c 
1706 2500 

c 

E=282 
GO TO 2425 1707 

1708 
1709 
1'71 0 
1711 
1712 
1713 
1714 

C----CHECK FOR KEYWORD BEGIN---
C 
3000 CALL. INC 

IF CEND.EQ.t) GO TO 8990 
3010 IFC .NOT.<<TAB<I>.EQ.3) .AND.<INDEXCI).EQ.10))) GO TO 3025 
c 

1715 C-~--PUSH IN B----
1716 c 
1717 S=S+l 
1718 STM<S>=1HB 
1719 c 
1720 SP=SP+1 
1721 STNOCSP>=3020 
1722 GO TO 2000 

c 
c 

17~:l3 
1724 
1725 
1726 
1727 

c 
C--·--CHECK 
c 

FOR KEYWORD END----

1728 3020 
17:'.:?9 
1730 3025 
1731 c 

CALL INC 
IF<END.EQ.t) GO TO 8990 
IF<.NOT. <<TAB<I>.EQ.3).AND.<INDEX<I>.EQ.ll>>>GO TO 4010 

1732 C----CHECK IF ; WAS PRESENT IN EARLIER STATEMENT----
17:33 c 
1734 
1735 c 

IF <TR.NE.l> GO TO 3030 

1736 C----EXTRA J PRESENT~ NULL STATEMENT ASSUMED----
1737 c 
1738 E=284 
1739 CALL EFILL 
1740 Tf~=O 
1741 3030 IF CSTM<S>.NE.1HB) GO TO 3039 
1742 3035 IF <S.EQ.t) GO TO 9990 
1743 S=S-1 
1744 c 



1745 
1746 
1747 
1748 
1749 
1750 
17~i1 
1752 
1753 
1754 
17~55 
1756 
1757 
1758 
1759 
1760 
1761 
1762 
1763 
1764 
1765 
"1766 
'1767 
1768 
1769 
1770 
1771 
1772 
1773 
1774 
1775 
1776 
:t 777 
1778 
1779 
1780 
1781 
'1782 
1783 
1784 
1785 
1786 
17f37 
1788 
1789 
1790 
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C----CHECK IF ~ PRESENT---
C 

c 
c 
c 
c 
c 
C3033 
c 
c 

GO TO 5102 
CALL INC 
IF <END.EQ.l) GO TO 8990 
IF (.NOT. <<TAB<I>.EQ.4).AND. <INDEX<I>.EQ.tt))) 
TR=t 
GO TO 9000 
J:::::I-1 
GO TO 9000 

GO TO :3033 

C----KEYWORD BEGIN NOT PRESENT FOR THE PRESENT END----
C 
3039 IJI<=t 
3040 IF <STM<S>.NE.1HB) GO TO 3050 

GO TO <3035~2000)~IJK 
3050 IF <STMCS>.NE.1HT> GO TO 3060 

INT=INT+1 
OPC<INT>=5 
TABt<!NT>::::t 
IND1<INT>~IDN+NUMB(S) 

GO TO 3070 
3060 IF (STMCS>.NE.1HE> GO TO 3065 

INT=INT+1 
OPC < INT>=5 
TAB1<INT)=1 
IND1CINT>=IDN+64+NUMB(8) 
GO TO 3070 

3065 IF CSTM<S>.NE.1HW> GO TO 3045 
IF CS.EQ.l) GO TO 9990 
INT::::INT+l 
OPC<INT>=7 
TAf.tt <INT>=1 
INDl(lNT>=IDN+12B+NUMBCS) 
S::::S-.. 1 
INl'=INT+l 
OPC< INT >=5 
TABl <INT)=1 
IND1CINT>=IDN+128+NUMB<S> 

3070 IF <S.EQ.l) GO TO 9990 
S::::f:>-1 
SP=SP-·1 
GO TO 3040 

c 
C----MISMATCHING END PRESENT---
C 



99 

1791 3045 E=264 
1792 CALL EFILL 
1793 GO TO 5105 
1794 c 
1795 C----CHECK FOR KEYWORD GOT0----
1796 c 
1797 4000 CALL INC 
1798 IF<END.EQ.t> GO TO 8990 
1799 4010 IF C.NOT.<CTAB<I>.EQ.J) .AND.<INDEX<I>.EQ.t7)))G0 TO 5000 
1800 TR=O 
1801 CALL INC 
1802 IF<END.EQ,l)GO TO 8990 
1803 IF<TAB<I>.NE.21)G0 TO 4020 
1804 DO 4012 LC=l~LBN 
1805 IF <LABCLC>.EQ.ILIT<INDEXCl))) GO TO 4015 
1806 4012 CONTINUE 
1807 GO TO 4020 
1808 4015 INT=INT+1 
1809 OPC<INT>=7 
1810 TAB1<INT>=24 
1811 IND1CINT>=LC 

GO TO 5102 
c 
C----CHECK IF ; PRESENT---

1812 
1813 
1814 
1815 
1816 
1817 
1818 
1819 
1820 
1821 
1822 
1823 c 

C 
c 
c 
c 
c 
c 
C4017 
c 

CALL INC 
IF CEND.EQ.t) GO TO 8990 
IF <.NOT.<<TAB(l).EQ.l>.AND.<INDEX<I>.EQ.tl>)) 
TR=t 
GO TO 2000 
I=I-1 
GO TO 2000 

1824 C----INVALID LABLE IN GOTO, STMNT IGNORD---
C 
4020 
4025 

c 

E;266 
CALL EFILL 
CALL IGNOR 
IF <TAB<I> .EQ.3) 
IF <TAB<I).EQ.4) 

GO TO 3025 
GO TO 5105 

GO TO 4017 

1825 
1826 
1827 
1828 
1829 
1830 
1831 
1832 
1833 
1834 
1835 
1836 

C----PROGRAM NAME & VARIABLES CANNOT BE USED AS LABLES~ STMNT IGNORE 
c 
4030 

5000 

E~268 
GO TO 4025 
IF (TAB<I>.NE.l> GO TO 6000 
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1837 INDEX1=INDEX<I> 
1838 5040 CALL INC 
1839 IF <END.EQ.1) GO TO 8990 
1840 5043 IF <.NOT.<CTAB<I>.EQ.4>.AND.<INDEX<I>.EQ.8))) GO TO 5053 
18~1 CALL INC 
1842 IF <END.EQ.t> GO TO 8990 
1843 IF (.NOT.CCTAB(I).EQ.t).OR. CTAB<I) .EQ.21)))G0 TO 5070 
1844 5045 ARR=TAB<I> 
1845 IND=lNDEX<I> 
1846 IF <TABCI>.NE.l) IND=ILITCINDEX<l)) 
1847 CALL INC 
1848 IF <END.EQ.1) GO TO 8990 
1849 IF <CTAB<I).EQ.4).AND.<INDEX<I>.EQ.9)) GO TO 5050 
1850 c 
1851 C---- > MISSING. STMNT IGNORED----
1852 c 
1853 E=102 
1854 GO TO 5080 
1855 5050 CALL INC 
1856 IF CEND.EQ.1) GO TO 8990 
1857 5053 IF C<TABCI).EQ.4).AND.CINDEX<I>.E0.10)) GO TO 5055 
1858 c 
1859 C---- : MISSING> ASSUMED----
1860 c 
1861 E=274 
1862 CALL EFILL 
1863 5055 CALL INC 
1864 IF <END.EQ.1) GO TO 8990 
1865 IF <<TAB<I>.EQ.4>.AND.<INDEXCI).EQ.5)) GO TO 5090 
1866 c 
1867 C---- ~ MISSING, ASSUMED----
1868 c 
1869 E=276 
1870 CALL EFILL 
1871 GO TO 5100 
1872 c 
1873 C----ARRAY INDEX ILL DEFINED~ STMNT IGNORED----
1874 c 
1875 5070 E:100 
1876 TR=O 
1877 5080 CALL EFILL 
1878 CALL IGNOR 
1879 IF <TAB<I>.EQ.J) GO TO 3025 
1880 IF <TAB<I>.EQ.4) GO TO 5105 
1881 c 
1882 5090 CALL INC 



5100 

c 
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IF CEND.EQ.t) GO TO 8990 
TR::::O 
CALL EXPR 
1=1 ···1 

INT=:INT+l 
OPCO:NT)=50 
TABl<INT>=l 
INDt<INT>=INDEX1 
AIHH ( INT) =?~RF~ 
ALEN1<INT>=IND 
TAl~2 ( INT) =1 0 
IND2<INT>=1 

188:5 
1884 
18B5 
1886 
1887 c 
1888 
1889 
1890 
18<"11 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 c 

C----CHECK IF ; PRESENT----
c 
51 01.!. 

5105 

5110 

CALL INC 
IF <END.EQ.1> GO TO 8990 
IF (.NOT. «TABCI) .EGL4) .AND.<INDEX<I> .E(L11 ))) GO TO '5110 
TR=l 
I J'l< =2 
GO TO 3040 
l=l"-1 
GO TO 2000 

1908 C----CHECK FOR READ~ READLN~ WRITE AND WRITELN----
1909 c 
1910 6000 IF C.NOT.<<TAB<I).EQ.3).A~D.<<INDEXCI>.GT.t7>.AND.<INDEX<I 
1911 •.LT.22)))) GO TO 7000 
1912 IOPCD~INDEXCI)-8 
1913 CALL INC 
1914 IF <END.EQ.l) GO TO 8990 
1915 IF <<TAB<I>.EQ.4>.AND.CINDEXCI).EQ.8)) GO TO 6010 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
t9c~3 
1924 

c 
C---- < MISSING. ASSUMED---
C 

6010 

E=2B6 
CALL EFILL. 
CALL INC 
IF <END.EQ.t) GO TO 8990 
IF <TABCI).EQ.t) GO TO 6030 
GO TO 6020 

1 9;~5 c 
1926 C----UNIDENTIFIED SYNTAX ERROR~ STMNT IGNORED--~-
1927 c 
1928 6015 E=210 



1929 6017 
19~30 
1931 
193~~ 
1933 6020 
1934 
1935 
1936 
'1937 6030 
1938 
1939 
1940 
1941 
1 cr42 
1943 
1944 
1945 
1946 
1947 
1948 6040 
1949 
1950 
1951 
1952 
195:3 
1954 
t 9~j5 
1956 
1957 c 

CALL EFILL 
CALL IGNOR 
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IF CTAB<I>.EQ.3) GO TO 3025 
IF CTABCI).EQ,4) GO TO 5105 
IF ( .NOT.<<TAB<I>.EQ.4>.AND.<INDEX<I>.EQ.t4))) GO TO 6015 
CALL INC 
IF <END.EQ.l) GO TO 8990 
IF <TAB<I>.NE.22) GO TO 6050 
INT=INT+1 
OPC<INT>=IOPCD 
IF<CIOPCD.EQ.11).0R.CIOPCD.EQ.13))0PC<INT>=OPC<INT>-1 
TABt<INT>==TAB<I> 
IND1<INT>=INDEX<I> 
CALL. INC 
IF <END.EQ.1) GO TO 8990 
IF <TAB1<INT>.NE.22) GO TO 6040 
IF (.NOT.<<TAB<I>.EQ.4).AND.<INDEX<I>.EQ.14))) GO TO 6050 
CAI...l INC 
IF <END.EQ.t) GO TO 8990 
IF (.NOT.<<TAB<I>.EG.4).AND.<INDEXCI).EQ.8))) GO TO 6070 
CALL INC 
IF <END.EQ.1) GO TO 8990 
IF (,NOT.<<TAB<I>.EQ.t).OR.CTAB<I>.EQ.21))) GO TO 6050 
AFHU <INT)=Tf.HHU 
ALENt<INT>=INDEXCI) 
CALL INC 
IF <END.EQ.l) GO TO 8990 
IF <<TAB<I>.EQ,4).AND.<INDEXCI),EQ.9)) GO TO 6060 

1958 C---- > MISSING, ASSUMED----
19~i9 c 
1960 
1961 
1962 
1963 c 

E=:288 
CALL EFILL 
GO TO 6060 

1964 C----ARRAY INDEX ILL-DEFINED~ STMNT IGNORED----
1965 c 

6050 E=100 
GO TO 6017 

c 

1 4i>66 
1967 
1968 
1969 
1970 
19'71 

C--- .. ··-CHECK FOR : 
c 
6060 

1972 
1973 60'70 
1974 

CALL INC 
IF CEND.EQ.l) GO TO 8990 
IF (.NOT.((TAil(l).EQ.4) .AND.<lNDEX<l>.EGL10))) GO TO 6110 
CALL INC 



1975 IF <TAB<I>.NE.21) GO TO 6090 
1976 TAB2<INT>=21 
1977 IND2CINT>=ILITCINDEX(I)) 
1978 CALL INC 
l979 IF <END.EQ.1) GO TO 8990 
1980 IF C.NOT. <<TABCI).EQ.4>.AND.CINDEXCI>.EQ.t0))) GO TO 6110 
l981 CALL INC 
1982 IF <TAB<I>.NE.21> GO TO 6090 
1983 ARR2CINT>=21 
1984 ALEN2<INT>=ILIT<INDEXCI>> 
1985 GO TO 6100 
1986 c 
1987 C----ERROR IN FORMAT>. STMNT IGNORED----
1988 c 
1989 6090 E=290 
1990 GO TO 6017 
1991 c 
1992 C----CHECK FOR ~ 
1993 c 
1994 6100 CALL INC 
1995 IF <END.EQ.1) GO TO 8990 
1996 6110 IF (.NOT.<<TABCI).EQ,4),AND.CINDEX(I).EQ.l2))) GO TO 6130 
l997 GO TO 6010 
1998 c 
l999 C----CHECK FOR ) ----
2000 c 
~001 6130 IF CCTAB<I>.EQ.4).AND.<INDEX<I>.EQ.9)) GO TO 6140 
2002 c 
~003 C----UNIDENTIFIED SYNTAX ERROR----
2004 c 
~005 GO TO 6015 
2006 6140 IF C<IOPCD.EQ.10).0R.<IOPCD.EQ.12>> GO TO 5102 
~007 INT=INT+t 
2008 OPC<INT>=IOPCD 
~009 GO TO 5102 
2010 c 
~011 C----STATEMENT NOT RECOGNISED, IGNORED----
2012 c 
~013 7000 E=278 
2014 CALL EFILL 
2015 CALL IGNOR 
2016 IF <TAB<I>.EQ.3) GO TO 5105 
~017 IF CTAB<I> .EQ.4) TR=l 
2018 GO TO 2000 
2019 8990 E=208 
2020 CALL EFILL 



9000 
GO TO 9999 
IF <SP.EQ.O) RETURN 
SP=SP-1 
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IF <STNO<SP+1 >.EQ.2270> GO TO 2270 
IF CSTNOCSP+l) .EQ.2300) GO TO 2300 
IF <STNO<SP+1>.EQ.2490) GO TO 2490 
IF <STNO<SP+1>.EQ.3020> GO TO 3020 

2021 
2022 
2023 
2024 
2025 
2026 
2027 
2028 
2029 
2030 
2031 
2032 
2033 
2034 
2035 
2036 
2037 
2038 
2039 
2040 
2041 
2042 
2043 
2044 
2045 
2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 
2054 
2055 
2056 

c 
C----POP 
c 

OFF SHOULD NOT HAPPEN AS ONLY ONE BEGIN IS AVAILABLE----

9990 
9999 

10 

1 

2057 5 
2058 10 
2059 
2060 
2061 
2062 
2063 
2064 
2065 
2066 

CONTINUE 
END 
SUBROUTINE INC. 
INTEGER I.UN.END 

INCREMENT U-FORM TABLE 

INTEGER T~B<~12>~INDEXC512) 
INTEGER C 
COMMON /INC1/ I 
COMMON /FIN/ END~UN 
COMMON /CARD/C 
COMMON /UFORM/ TAB~INDEX 
I=I+t 
IF <I.GT.UN>END=t 
IF <TAB(I).NE.99) GO TO 10 
C=INDEX<J.) 
GO TO 5 
RETURN 
END 
SUBROUTINE IGNOR~ STATEMENT IGNORE 
INTEGER TAB<512>,INDEXC512>)I,C 
INTEGER UN,END 
COMMON /UFORM/ TABtiNDEX 
COMMON /CARD/ C 
COMMON /INCt/ 1 
COMMON /FIN/ END 1 UN 
IF <.NOT.<<TAB<I>.EQ.4) .AND.<INDEXCI>.EQ.11))) GO TO lB
IF (.NOT.<<TAB<I).EQ.3>.AND.<INDEX<I>.EQ,11))) GO.TO ta 

RETURN 
CALL INC 
IF <END.EQ.t) GO TO 5 
GO TO 1 
END 
SUBROUTINE EFILL~ FILL UP ERROR MESSAGE TABLE 
INTEGER STMNTC32),ECODE<32>.ERRN~C)E 
COMMON /ERR/ STMNT~ECODE:ERRN:E 
COMMON /CARD/ C 
ERRN•ERRN+1 



;~067 

206fJ 
2069 
2070 
2071 
2072 
2073 
2074 
2075 
2076 
2077 
;.~o'7B 

2079 
2080 
.2081 
2082 
2083 
2084 
2085 
2086 
208'7 
2088 
2089 
2090 
2091 
2092 
2093 
2094 
2095 
2096 
2097 
2098 
20(19 
2100 
2101 
2102 
210] 
2104 
2105 
2106 
2107 
2108 
2109 
2110 
2111 
2112 

s·rMNT < ERRN) =C 
E.COl>E<ERRN)::::E 
END 
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FTN4.,L 
. PROGI~AM PRINT, 5 

C----IDENTIFIER TABLE----
INTEGER ID<4~256>.TYPE<256),BYTEC256~.LEN<256),LP1RC256>~ 

*RADDR<256) 
C----LITERAL TABLE----

c 

INTEGER ILIT<64)~CLITC64) 

REAL RLIT<64> 

C----LABLE TABLE---
C 

INTEGER LAB<32>,LABTYPC32) 
C----UNIFORM SYMBOL TABLE---

INTEGER TAD<512),INDEXC512) 
C----ERROR MESSAGE TABLE---

INTEGER STMNTC32),ECODEC32> 
C----KEYWORD TABLE~---

INTEGER KWORDC4,22) 
C----DELIMITERS---

INTEGER DEL<14) 

c 

INTEGER A<BO>~IDVPC4>~IDVU<B>.C 
INTEGER FMTC5)>LITC80),DIGITC10) ,ITEMP,FST 1 SCN,IBUFC40) 
REAL TEMP . 
INTEGER UN,ERRNJE,I,END,INT.ILITN 1 RLITN,CLITN,IDN,LABN 
INTEGER STM(16)~NUM9(16)~8 1 B~W~EL 1 TH,COP(2) 

C----INTERMEDIATE CODE TABLE---
C 

INTEGER OPCC524>,TAB1C524>~IND1<524)~ARR1<524>,ALEN1<524) 
*,TAB2C524),IND2C524),ARR2<524),ALEN2<524) 

c 
C----TEMPORARY VARIABLE STACK--CTAB CODE : 10>---
C 

INTEGER TVARC16)}TPRECC16),T0P(16) 
INTEGER PREC,OP,COUNT.T 
INTEGER PGM(4),LST,PAGE,LINE 
COMMON /IDLIT/ ID,TYPE,BYTE,LEN,LPTR,RADDR~ILIT,CLIT,RLIT,LAI 

*,LABTYP 
COMMON /INTCD/ OPC,TAB1,IND1~ARR1,ALEN1,TAB2,IND2,ARRZ,ALEN~ 
COMMON /ERR/STMNT,ECODE,ERRN.E 
COMMON /UFORM/ TAB,INDEX 
COMMON /CARD/ C 
COMMON /INC1/ I 



2113 
2114 
2115 
2116 
2117 c 
2118 c 
2119 c 
2120 c 
2121 
2122 c 
2123 c 
2124 c 
21 ;;.?5 
2126 
21 ~.~7 
21 ~~t~ 
21 ;.:~9 
21:30 
2131 
2132 
213:5 
2"134 
2135 
2136 

c:· ... , 

10 

c 
c 
c 

2137 20 
2138 c 
2139 c 
2140 
2141 15 
2"142 
2143 
2144 :~o 

2145 
2146 
2147 
2148 
2149 40 
2150 
21~H 50 
2152 
2153 
2"154 
2155 
2"156 
2157 
2158 
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COMMON /FIN/ END.UN 
COMMON /STK/ STM~NUMB,S~B 1 W~ELlTH,COP 
COMMON /COUN/ IDN~ILITN,RLITN,CLITN.INT,LABN 
COMMON /PRNT/ PGM~LST~PAGE~LINE 

LST=9 

IF <TYPE<1>.NE.4> GO TO 10 
DO 5 lCNT;: .. l ~4 
PGM<I>=ID<I,l) 
CONTINUE 
GO TO 20 
PGM<1>=2HPA 
PGM<2>=2HSC 
PGM(3)=2HAL 
PGM<4>=2H 

CALL HEAD 

GO TO 110 
LINE=LINE+3 
IF <LINE.GT.60) CALL HEAD 
WRITE<LST,30)ERRN 
FORMAT(//~' TOTAL ERROR<S) DETECTED ',I2 ) 
IF CERRN.EQ.O) GO TO 9000 
LINE:::~LINE+6 

IF <LINE.GT.60) CALL HEAD 
WRITE: < Lf.rT, 4 0 > 
FORMAT(//,' ERROR TABLE:',//) 
WRITE<LST :.50) 
FORMAT<' SR NO LINE NO ERROR SR NO LINE NO 

* SR NO LINE NO ERROR' ,1) 
ICNT3,=3 
1CNT2::::·J 
DO 90 ICNT=1 ,<<ERRN+2)/3) 
LINE=LJ:NE+1 
IF CLINE.GT.60) CALL HEAD 
WRITE<LST~60><<ICNT1,STMNT<ICNT1>:ECODE<ICNT1)>~ICNT1=ICNT2,I 



2159 60 
2160 
2161 
2162 90 
2163 
2164 110 
2165 
2166 
2167 120 
2168 
2169 
2170 
2171 130 
2172 
2173 140 
2174 
2175 
2176 
2177 
2178 
2179 
2180 145 
2181 150 
2182 
2183 
2184 
2185 
2186 160 
2187 
2188 170 
2189 
2190 
2191 
2192 
2193 
2194 
2195 180 
2196 
2197 
2198 190 
2199 
2200 
2201 195 
2202 
2203 200 
2204 
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FORMATC3C6X,I2 1
1 .',7X,I4,6X,I3)) 

ICNT2=ICNT3+1 
ICNT3=ICNT3+3 
CONTINUE 
GO TO 9000 
LINE=LINE+6 
IF CLlNE.GT.60> CALL HEAD 
WRITE(LST;t20) 
FORMAT(//>' IDENTIFIER TABLE <TAB N0-1> :' ,//) 
LINE=LINE+2 
IF CLINE.GT.60) CALL HEAD 
WRITE<LST~130) 
FORMATC44X,'ARRAY',4X.'LITERAL' ) 
WRITE<LST~140) 

FORMAT<' SR NO IDENTIFIER TYPE BYTE CODE 
~NTER '~/) 

DO 150 ICNT=l ,IDN 
LINE=LINE+1 
IF <LINE.GT.60)CALL HEAD 
WRITE<LST~145><ICNT~<ID<ICNT2 1 ICNT) 1 ICNT2=1 1 4)~TYPE<ICNT> 

•BYTE<ICNT>,LENCICNT>,LPTR<ICNT> ) 
FORMAT<4X~I4,'.',6X 1 4A2~6X 1 I1,6X 1 I4 1 4X~I4~4X~I6 ) 
CONTINUE 
LINE=LINE+7 
IF <LINE.GT.~O> CALL HEAD 
IF <ILITN.EQ.O) GO TO 195 
WRITE<LST.160) 
FORMAT(//~' INTEGER LITERAL TABLE <TAB N0-21> :'~//) 

WRITE<LST.170> 
FORMAT<4<' SR NO VALUE')~/) 
ICNT2=t 
ICNT3=4 
DO 190 ICNT=t,<<ILITN+3)/4) 
LINE=LINE+l 
IF <LINE.GT.60) CALL HEAD 
WRITE<LST~t80)((1CNT1~ILITCICNT1))~ICNT1=ICNT2~ICNT3) 
FORMATC4<5X.I3~' .' 1 7X,I10)) 
ICNT2=ICNT3+1 
ICNT3=ICNT3+4 
CONTINUE 
LINE=LINE+7 
IF CLINE.GT.60> CALL HEAD 
IF CCLITN.EQ.O> GD TO 235 
WRITE<LST~200) 
FORMAT(//,' CHARACTER LITERAL TABLE <TAB N0-22) :' ~//) 
WRITECLST~210) 



:i!205 210 
2206 
220'7 
2208 
2209 
22'10 
22'11 
221~-! 
2213 220 
2214 
2215 
2216 230 
2217 
2218 
2219 23::'j 
2220 
22~~1 240 
2222 
2223 250 
2224 
2225 
2226 
2227 
2228 
2229 
2230 255 
2231 
2232 
22:53 260 
2234 
2235 
2236 2t.)1 
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FORMAT(4(' SR NO VALUE')) 
ICNT2:=1 
ICNT3=4 
DO 230 ICNT=t:<<CLITN+3)/4) 
LINE=l.INE+l 
IF <LINE.GT.60) CALL HEAD 
WRITE<LST,220) <ICNTl, CLIT(ICNT1), 

*ICNT1=1CNT2,ICNT3) 
FORMAT<4<5X,l3,'.' ~15X~ 1A~?.)) 
ICNT2::::ICNT3+1 
ICNT3=ICNT3+4 
CONTINUE 
LINE=LINE+7 
IF <LINE.GT.60) CALL HEAD 
IF CRLITN.EQ.O) GO TO 261 
WRITE <L..ST ·' 240) 
FORMAT(//,' REAL LITERAL TABLE <TAB N0-23> :' ;//) 
WRITE(l.ST ,~~50) 
FORMAT(4(' SR NO VALUE 1

)) 

ICNT~~=l 

ICNT3=4 
DO 260 ICNT=l:<<RLITN+3)/4) 
LINE=LINE+l 
IF <LINE.GT.60) CAL..L HEAD 
WRITE<LST,255><ICNT1,RLITCICNT1>.ICNT1=ICNT2,ICNT3) 
FORMAT<4<5X,I3,','~4X,E13.8)) 
ICNT2::::ICNT3+1 
I CNTJ~.:: I CNT3+ 4 
CONTINUE 
LINE=L.INE+7 
IF <LINE.GT.60) CALL HEAD 
IF <LABN.EO.O> GO TO 269 

2237 WRITECLST,263) 
2238 263 FORMAT(//,' LABEL TABLE <TAB N0-24) :'~//) 

2239 WRITE<LST,265) 
2240 265 FORMAT<3C' SR NO LABEL STATUS')~/) 

2241 
2242 
2243 
2244 
2245 267 
2246 
2247 
2248 
2249 
22~j0 268 

J:CN'f2::::1 
ICNT3=2 
DO 268 ICNT=1,C<LABN+1)/2) i 

WR IT.E <~S!. ~2~_? >; I~NTl ~ ~AB \~CN'!'l> .' LABTYP < ICNT1) ~ ICNT1 =ICNT2 ~ ICN 
FORMAf(,(JX,IJ, . ,1X,ItO,~X,I2)) 
ICNT2:ICNT3+1 
ICNT3=ICNT3+2 
LINE=I...INE+t 
IF <LINE.GT.59) CALL HEAD 
CONTINUE 



2251 
225~~ 

L INE==LJ:NE+7 

109 

~253 26(7 
2254 270 
2255 

IF <LINE.GT.60) CALL HEAD 
WRITE<LST~270) 
FORMAT(//,' UNIFORM SYMBOL TABLE :'~//) 
WRITE<LST~2HO) 

2256 280 
?.257 

FORMAT(3(' SR NO TAB NO INDEX')~/) 
ICNT2=1 

22e;s 
2259 
2~~60 
?.261 
2262 

ICNT3=3 
DO 300 ICNT=t~<<UN+2)/3) 
LINE::::t..J:NE+l 
IF <LINE.GT.60) CALL HEAD 
WRITE<LST~290><ICNT1,TA&<ICNT1>,INDEXCICNT1)~ICNT1=ICNT2~ICNT: 

~263 290 
2264 

FORMATC3<5X,I3)' •'t7X.I2,6X)I4)) 
ICNT2=IC:NT3+1 

?.265 ICNT3=ICNT3+3 
2266 300 CONTINUE 
~267 
2268 
?.269 
2270 
?.271 
2272 
~273 
?.274 
~275 
2276 
~277 
?.27B 
~~~79 
2280 
~281 
?.282 
~;~83 

?.284 
~;?,85 

?.286 
!287 
?.288 
~2B9 
?.290 
!291 
~292 
~;~93 
~294 
~2S,5 

~296 

IF<<LINE+10>.GT.60) CALL HEAD 
"lRITE<LST ~310> 

310 FORMAT(//•' INTERMEDIATE CODE TABLE :',//) 
WRITE<LST .. 315) 

315 FORMAT<22X,10 '--·')'OPERAND 1',10"-' ,6X~10'·-' ,'OPERAND 2'~10'·-· 
WRITE<LST~320> 

320 FORMAT< 1 SR NO OP CD . TAFH IN:Ol ARR 1 t!1LENl 
*AB2 IND2 ARR2 ALEN2'~/) 
LINE=LINE+8 
DO 340 ICNT=t~INT 
LINE=LINE+1 
IF <LINE.GT.60) CALL HEAD 
WRITE<LST,330>ICNT,OPC<ICNT>)TAB1CICNT>JINDl(ICNT>,ARR1CICNT), 
*ALENlCICNT>~TAB2<ICNT>tiND2ClCNT>~ARR2(ICNT>~ALEN2CICNT> 

330 FORMAT<5Xti3, 1
• I }6X,I2.2X". I ~3X~I~?..5X,J.4.6X~I2,6X,,I2,3X, I I.' .. 

*2X~I2~5X~I4~6X~I2l6X 1 !2) 
340 CONTINUE 

Gq TO 15 
9000 END 

SU&ROUTINE: HEAD 
C----IDENTIFIER TABLE----

INTEGER ID<4~256)~TYPE<256)~BYTEC256>~LENC256>~LPTR<236>, 
*RADDR <;~56> 

C----LITERAL TABLE----

c 

INTEGER ILITC64>,CLIT<64) 
REAL RLIT<64) 

C----LABLE TABLE---
C 

INTEGER LAB(32)~LABTYP(32) 
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C----UNIFORM SYMBOL TABLE---
INTEGER TABC512>.INDEX<512) 

C----ERROR MESSAGE TAB(E---
INTEGER STMNT<32>~ECODEC32) 

C----KEYWORD TABLE---
INTEGER.KWORD<4~22) 

2297 
2298 
2299 
2300 
2301 
2302 
2303 
2304 
2305 
2306 
2307 
2308 
2309 
2310 
2311 
2312 
2313 
2314 
2315 
2316 
2317 
2318 
2319 
2320 
2321 
2322 
2323 
2324 
2325 
2326 
2327 
2328 
2329 
2330 
2331 
2332 
2333 c 
2334 c 
2335 c 
2336 c 
2337 c 
2338 
23~9 
2340 

C----DELIMITERS---
INTEGER DELC14) 

c 

INTEGER A<80),IDVP<4>.IDVUC8),C 
INTEGER FMTC5>~LITC80)~DIGIT(10)~ITEMP~FST~SCN~IBUFC40> 
REAL TEMP 
INTEGER UN~ERRN~E,I~END~INT~ILITN~RLITN,CLITN~IDN:LABN 
INTEGER STMC16>,NUMBC16>,S.B,W,EL,TH~COP<2> 

C----INTERMEDIATE CODE TABLE---
C 

c 

INTEGER OPCC524>,TAB1<524>,IND1<524>,ARR1C524>.ALEN1C524) 
•,TAB2C524>,IND2<524>,ARR2C524)~ALEN2C524) 

C----TEMPORARY VARIABLE STACK--CTAB CODE : 10)---
C 

2341 
2342 20 

INTEGER TVARC16)~TPREC<16>~TOP<16) 
INTEGER PREC)OP,COUNT,T 
INTEGER PGM<4>~LST~PAGE~LINE 
INTEGER IBCt5> 
COMMON /IDLIT/ ID~TYPE,BYTE~LEN~LPTR)RADDR~ILIT~CLIT~RLIT~LAB 

*)LABTYP 
COMMON /INTCD/ OPC~TAB1~IND1~ARR1~ALEN1 1 TAB2~IND2~ARR2 1 ALEN2 
COMMON /ERR/STMNT~ECODE,ERRN,E 
COMMON /UFORM/ TAB:INDEX 
COMMON /CARD/ C 
COMMON /INC1/ I 
COMMON /FIN/ END,UN 
COMMON /BTK/ STM:NUMB~S~B~W:EL~TH~COP 
COMMON /COUN/ IDN,ILITN>RLITN,CLITN,INT 1 LABN 
COMMON /PRNT/ PGM:LST~PAGE:LINE 

CALL FTIME<IB> 
PAGE=PAGE+t 
IF <TYPE<1>.NE.4) GO TO 30 
WRITE<LST,20><IB<ICNT>,ICNT=1 ,15),CIDCICNT>,ICNT=1>4),PAGE 
FORMAT<1H1: 1 HP-PASCAL ':15X:15A2:10X~'PROGRAM NAME : ':4A2 



2343 
2344 
2345 30 
2346 35 
2347 
234B 40 
2349 

j 1 1 

* l 5X , ·PAGE : ' , r 4. 11 > 
GO TO 40 
WRITE<LST,35)<IB<ICNT>,ICNT=1~15>,PAGE 
FORMATC1Ht~· HP-PASCAL ·~t5X~15A2:10X~'PROGRAM NAME PASC 

* 15 X > I PAGE : I > I 4 ! I I) 
LlNE==4 
END 



:1.1.2 

r=":l t=J• P E f-.J. D :1: X (·~ .. 
At~ F><r:":'•MLP E 
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5 

7 
8 

'1 0 
u 
1i: 
'.13 
14 
'15 
16 
'1 ~? 
18 
19 

2:t 

~~3 
;.?.4 
2~) 

;~:6 

;~.~7 

;::::~3 

~~9 
~$0 

31 
32 
J3 
~~·4 
~$5 

36 
T7 

PROGRAM BSORTt 
<* THIS PROGRAM SORTS THE TEN INPUT INTEGERS IN ASCENDING ORDER•> 
l.AitEL :1 234 ~ 
VAf·~ 

TEMP, TAG. IND, IND1 : INTEGER; 
TE:MP : INTEGER: 
SER : ARRAY <1:10) OF INTEGER1 

BEGIN 
IND::u:t; 
WHILE IND<~10 DO 

BEGIN 
READ <SER (IN]));.!. 
nm: =:tND+l 

1234: 
TAG: r.~O l 

IND: ::::'1: 

END: 

WHILE IND< 10 DO 
BEGIN 

JND1 :~::JND+1; 
IF SER<IND> > SERCIND1> 

END~ 

IF TAG>O THEN GOTO 1234; 
IND: :~: 1 i 
WHILE INDC•10 DO 

f.IEGIN .. )\ 
·,' \ 

WRITE<SE:R< IND)) !. 

IND: '"'IND+1 
ENl) 

END. 

THEN 
HEGJ:N 

TEMP : =:SER < IND > ~ 
SER<IND>:=SER<IND1>~ 
SER < HH>1 ) 1 ~~TE:t1P ; 
H!D:::::IND+1 t 
Tr'l)G: ~.,·1 

ENI> 



HP ··PASCAL '1:4~~ AM ~>AT •• 30 APN,, 1983 PROGRAM NAME BSORT PAGE: 

IDENTIFIER TABLE <TAB ND-1> : 

;~Rf~AY L:tTEr~AL 
SR NO IDENTIFIER TYPE:, EIYTE: C.ODE POI NTEF~ 

1. :osor~T 4 0 0 0 
~~~ t TE'.~1P 

., 
~~ 0 0 

··a~ ...... TAG 1 •-:> ,.. 0 0 
4. J.ND 1 

,., 
t::. 0 0 

Ill' 
~~I IND1 1 ~) ,_ 0 0 

6. ~)ER 'l 
,., 
,;~. 10 0 

INTEGER l. ITER f.~!... TABU:: <TAB N0·-~?.1) 

~;)R ND VALUE Sl~ NO '}r!-tl.UE SR NO ~Jr~LUE Sl~ NO VAI..IJE: 

'1.. 12~~4 2. 1 '1.' ..... 10 4. 0 

l..Al)f.:l... TABLE: <TA'El N0·-2•1) I 

i:;;R NO LABEL STATUS SR NO LABr::L. STATUS SR NO LABEL STATm> 

'! • '1 ;~34 1 2. 0 0 

UNIFORM SYMBOL TABLE 

SR NO TAB NO INDf:~X ~;R NO TAB NO !NDE!~X !3R NO TA:£1 NO lNI>EX 

1 . 9•? 1 2. 3 1 :~. 1 1 
4. ·4 11 c:· 

.• J • 99 2 6. 99 3 
~'? ' 3 22 B. 21 1 s~. 4 t1 

10. 99 4 11. 3 4 '12. 99 5 
13. '1 ;:~ '14. 4 12 15. 1 3 
16. 4 '12 '17. 1 4 18. 4 12 
19, 1 e;; 20. 4 10 21. 3 ~) 

22, 4 1 1 2:3' 99 6 24. 1 2 
25, 4 10 26. 3 li:' 1)1'7 4 11 ;;) 4..l I 

28. ':Y9 7 •:)!;) 
J.. .. ·' • '1 6 30. 4 10 

31. :3 E~ 32. 4 (~ 3~5. 21 2 
34. 4 :t 0 35, 2'! 3 36. 4 9 
:'57. 3 9 ~58' 3 5 39' 4 11 
40. 99 8 41. 3 1 0 42. 9<'J 9 
43. 1 4 44. 4 10 45. 4 ~) 

46. 2"1 2 4'~' /, -4 '11 413. 99 10 
49. 3 12 ~:)0' 1 4 51. 4 6 
r.r ·-:> ... J...:. t 4 5 ~$3. 2'1 3 54. :3 13 
~)~;' QQ .. 1l S6. :~ 10 57. 99 12 
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!50. 3 1H ~39. -4 8 60. 1 6 
61. 4 f.! 62. 1 4 63. 4 9 
64. 4 t:( 6!:5. -4 '1 1 66. 9"7 13 

Cl "'Jo 
(;,I ' 1 4 68. 4 10 61::'. 4 ~j 

~'0 I :1 ·4 71. 4 1 72. 21 2 
73. 7'9 14 '?4. 3 1 1 '.75. 4 11 
'76. 99 15 77. ~~ 1 1 78. 4 10 
79. 99 16 80, 1 3 81 . 4 1 0 
f:J2. 4 Ill' 

.J 83. 21 4 84. 4 1'1 

f~~·' 99 '17 86. 1 4 87. 4 10 
~3l3. 4 5 €~9. ;;? t 2 90. 4 1 1 
91' (?9 10 9~~. 3 1 ') t;;. 93. 1 4 
'r4. 4 (:;; ~?5. 2 'l 3 96. 3 13 
97. 99 19 98. 3 10 99. 99 ;20 

100. 1 s ·t 01 ' 4 l 0 102. 4 5 
103. l 4 104, 4 1 105. ~~ 1. 2 
·t 06. 4 1 1 107. 9('1 21 1 O(L ~3 14 
109. 1 (:, 110. 4 8 "!11. 1 4 
112. 4 9 113. 4 .... 11·4. :t 6 I 

115 .. 4 0 116. 1 5 11::-. 4 9 
118. 3 l t:') 119. ~!t9 2~~ 120. 3 :10 
1 ;~ 1 . 1.);'9 23 122. 1 ~~ 123. 4 10 
'!24. 4 l:l' ,) 1 ~!'5 • 1 6 126. 4 B 
12~7 

I 1 4 t 2~1. 4 9 129. 4 1 1 
130. 91.'J . i:! 4 ·t ~H. 1 6 '132' 4 a 
133, l 4 134. 4 9 135 I 4 1 0 
136. ·4 .::· 

,.} 137. 1 6 138. 4 (} 

131l. 'l 5 140. 4 9 141 . 4 1'l 
142. 99 ;~:s '.\43' 1 6 '144. 4 e 
145. 1 ~3 146. 4 9 147. 4 10 
148. 4 c:· ..... • '149. 'l 2 '150. 4 'l1 
1~H. 99 ;3~6 152. 1. 4 1 5~5. 4 'A() 

l54. -4 ~) 1 ~··w 'hJ ~.1 , 1 4 156. 4 '1 
1 ~S'? t 21 ") 

1!;, 150. 4 11 '159 I 9'? '":''"I 
t-1 

:t 60. 1 3 161. 4 10 :!62. 4 5 
163. 2'1 ':) ·- 164. 99 2B 16~j. ~3 11 
'166. ~.?9 :29 ·.t67. 3 '11 168, 4 11 
16<,~. 9~~ 30 11'0 . 3 14 171.. 1 3 
17~~. 4 ? 173. 2'1 4 174. 3 15 
1 '7!5. 3 1 '? 176. 21 1 177. 4 11 
1'?8. <;>9 31 179. 1 4 180. 4 10 
UH. 4 ~) 18~~. 21 2 'lB3. 4 11 
'184. 9'.? :32 185, 3 12 1 fJ6. 1 4 
1B'?. 4 6 1B8. 4 Ill' 

,J 189, 21 '7 ..... 
'190. 3 13 191' 99 :3:3 192. 3 10 
193. 99 :~4 194. 3 20 195. 4 8 
196. 1 6 "!97. 4 8 '198. 1 4 
1'?9. 4 9 200. 4 9 201 . 4 11 
t~02' <y<jl ~·~~5 203. 1 4 204. 4 '1 0 
205, 4 5 206. 1 4 20'?. 4 1 
200. 21 2 209. 9''1 36 2:10. 3 '1'1 

~ 1'1. 99 3 .... 
' I 212, :3 1 1 213. 4 '13 
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.INTEI~MEDIATE em)(:: TAl:tLE . . 

----------OPERAND 1""''"·"·--·-·-·-··--· ----------OPERAND 2-- ""'"' ·-·-···------
Sf~ NO OP en . TAlH IND1 AIHU AU::N1. TAB2 nm2 ARR2 ALEN;:~ 

1 . 0 1 '1 0 0 0 0 () 0 
'::• 50 10 1 0 () 2'1 ~) 0 0 ... l-

3. ~so 1 4 0 0 1 0 1 0 0 
4. tr.• 

··' '1 1 :~~:; () 0 0 0 0 (} 

Y)' 50 '!() 1 () 0 '1 4 0 0 
6. !50 2:5 1 0 0 10 1 0 0 

~· ~30 tO 'l 0 0 21 3 0 0 ,I • 

8. 50 23 ';) 

'·- 0 0 10 1 0 0 
'1. 6 :~3 l 0 0 23 -':> 

J ••• () () 

10. 
, .... 
/ '! 'I ~56 0 () () 0 0 0 

1 1 ' 
., 

'.t '136 0 0 0 0 0 0 I 

12. . ., 
i 1. 1 :~7 0 0 0 0 0 0 

13. U" ,.) 1 136 0 0 0 0 0 0 
14. 1 0 '! 6 1 4 0 () 0 () 

1 ~5. 50 1 0 :t 0 0 1 4 0 0 
1'6' 50 10 ') ... 0 0 ~~1 2 () 0 
'17. '1 1 0 1 0 0 10 ":) ·- () 0 

18. ~:.;o 1 4 0 () '10 '1 0 0 
:!9. 7 1 '.l3~7.i () 0 0 0 0 0 

::.~0 ' ~; '1 13',7 () 0 0 · •. o 0 0 
:.:? 1 . 5 24 '1 0 0 0 . 't} 0 () 

~~C? I 50 10 '1 0 0 2:1. 4 0 0 
;.~3. 50 '1 3 0 0 10 1 0 0 
~:!4 . ::so 1 () 1 0 () i?.1 2 () 0 
·~) t:r 
t~\J I 50 1 4 0 () 'J 0 1 0 0 
2f:. I 

... 
,J 1 138 0 0 0 0 () 0 

27. e;o 10 1 0 0 1 4 0 0 

2El. 50 23 1 () 0 10 1 0 () 

;?.9 . 50 10 1 0 0 ~~: 1 3 0 0 
:30' 50 23 2 0 0 1 0 1 0 0 

31' ~ 0 2:~ '1 0 0 ;;.~3 
.., .... 0 0 

'71: ~:~ ._.,.,_,,I 7 1 '.\40 0 0 () 0 0 0 
]3, "? 1 139 0 0 0 0 0 0 

' 34, '7 1 140 0 0 {) 0 0 0 

35. c:· 
~.· 1 1 :~9 0 0 0 0 0 0 

::>t, . 50 10 1 0 0 l 4 0 0 
~J/, 50 10 '!) 0 0 21 2 0 0 

'~ 
38. '1. '1 0 1 0 0 • . 10 2 0 0 
::s9 . 50 1 5 0 0 ·.1 () 'I () 0 
40. !:iO 10 1 0 () 1 6 1 4 
41 . 50 :.?.3 1 0 0 :1 0 1 0 0 
~42. 50 10 '1 0 (} 1 6 1 5 
43. 50 ;2~3 2 0 0 ' • :t 0 ·t () 0 
44. 6 23 ·t 0 () 23 2 0 0 

·45. 7 1 8 0 0 0 0 0 0 
46. 7 l 8 0 0 0 0 0 0 
.<l7' 

.., 
1 7 () 0 0 0 0 0 ·' 

4e. ~5 "! 7 0 0 0 0 0 0 
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...J 

4?. 50 10 :t 0 0 1 6 1 4 
50. 50 'l 

,., 
,;., 0 0 10 1 0 0 

51 I 50 1 0 1 0 0 1 b 1 5 
5':) c. •.• 50 1 6 t 4 I I 1 0 ., 0 0 
53. :7i0 1 0 1 0 0 1 2 0 0 
54. 50 '1 6 t ~~· 

~~ 10 1 0 0 
~j5. 50 ·t 0 :t () 0 1 4 0 0 
5tl. 50 10 2 0 0 21 2 0 {) 

t:r l"l 
,,1 / • 1 1 0 1 0 0 1 0 , 

'-· 0 0 
!58. 50 1 4 0 0 1 0 '! 0 0 

~5?. 50 10 1 o- 0 21 2 0 0 
60. 50 1 :3 0 0 10 1 0 0 

b1. 
,. 
"' '.1 f~ 0 0 0 0 () 0 

6~~. '? 1 138 0 0 0 0 0 0 

~:)3. 5 'l 140 0 0 0 0 0 0 
64. ~;o 10 1 {) 0 1 3 0 0 

65. t:; 0 23 •j 0 0 10 1 0 0 
fA:· . :!.:iO 10 '! 0 0 21 4 0 0 
1:>7. 50 ;;~;3 o:'l 0 0 1 0 "1 0 0 '·· -·~· 

68. 6 23 '1 0 0 ~~-7_ 

~::.-.. , j~ 0 0 
69. ,··~· 1 10 0 0 0 0 0 0 f 

'70 I 'l '! 10 0 0 0 0 0 0 
'? '1 • ·~ I 1 9 0 0 0 0 0 0 
:72. :; 'l 9 0 0 0 0 0 0 

'?:3' 7 ;;.~ -4 1 0 0 0 0 0 0 
'?4. tl!' 

,,J l '10 0 0 0 () 0 () 
... , tr: 
I ,,, I 50 1.0 1 0 0 ;:.? 1 ·~ (,.. 0 0 
l?f:.J. 50 l ·~ 0 0 '1 0 'l 0 () 

-;·'7 , ~~ 1 14'1 0 0 0 0 0 0 
'/H. 50 '1.0 'l. 0 0 l 4 0 0 
?11, 50 23 1 0 0 10 1 0 0 

80. 50 10 1 0 0 2'1 3 0 0 

H'l , 50 23 2 0 0 '10' 1 0 0 
B;~, 6 ';> '7. 1 .... ,.1 'l 0 0 . . ;;.?~~ ':1 ... 0 0 

B3. .. , 
I 1 142 0 0 0 0 0 0 

84. I" I .. 1 142 0 0 0 0 0 0 
~3~1' 

., 
/ 1 143 0 0 0 0 0 0 

Bb. !'5 •• 142 0 0 0 0 0 0 
!J7. 12 1 6 1 4 0 0 0 0 
8B. 50 1 0 'l 0 0 1 4 0 0 
89. ~:;o '10 2 0 0 21 ':l 0 0 .... 
s~o. 1 10 '! 0 0 . . 10 ~::_\ ... 0 0 
91. 50 1 4 0 0 1 0 1 0 0 
<;>2. '? 1 14 '1 0 0 0 0 0 0 

93. 5 '1 '143 0 0 0 0 0 0 
f¥4. 99 0 0 0 0 .. 0 0 0 0 

TOTAL EfHWR n:n lH~TECTED l 

ERROR TABLE . . 

sr~ NO LINE NO ERROR SR NO LINE NO EIHWR Sl~ NO LINE NO r::Rr~oR 

'l. 6 236 •;, ,; ... 0 0 :3. 0 0 
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