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ABSTRACT 

A Macro Processor is implemented in PILOT (Purdue Instructional 

Language for Writing Operating systems and Translators) for HP 2 100A 

DOS-M Assembler. The Macro Processor has the capability to handle 

Macro calls within macros, Macro definitions within other Macro 

definitions, conditional Macro expansion and the string operation of 

canatenation. A simple set of Macros for Fundamental Structured 

programming constructs is provided . The project also demonstrates, 

how an Intermediate-level language like PILOT can be used to 

implement system software. Experiments with a new programming 

philosophy for the writing of structured programs are also described. 
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CHAPTER 1 

MACRO PROCESSOR 

1 . 0 INTRODUCTION: 

The t erm Macro is derived from Greek makros, meaning long or 

large . The term Macro is used in scientific literature in various 

contexts, for example, macroscopic, meaning visible to the naked eye . 

In the field of computer science the term Macro is used to denote an 

instruction, the macro- instruction, which generates a long sequence 

of machine- instructions. The macro-instruction concept has been 

widely used in assembly systems since as early as the nineteen fifties 

@RE 59_1 . 

1 . 1 MACRO I NSTRUCTION:, 

In assembly language programs there are often several occur­

rences of the same block of assembly language instructions . In this 

situation the concept of a Macro is useful . An abbreviation can 

be given to name the repetitive block or sequence of assembly language 

i ns truc tions. In the course of an assemb ly language pro gram , the 

occurrence of the abbreviation for the sequence of assembly language 

instructions is replaced by the entire sequence of instructions . 

The computer software which facilitates this type of activity 

is known as a Macro processor. As an example, consider the r epe tition 

of a sequence of assembly language instructions. 
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The sequence of instructions 

LDA A 
~AB 

STA C 

LDA A 
~AB 

STA C 

LDA A 
~AB 

STA C 

appears twice in the course of the program. A name can be associated 

wi th this sequence of assembly language instructions, and reference to 

this name in the assembly language program results in substitution of 

the above sequence of instructions in place of the name . In the above 

e x ample , we can give a name ~D to the sequence of instructions and 

t h en the following input to the macro-processor: will result in the 

o u tput . 
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Input to the Macro- Output from the Macro-

processor processor 

~D 

~D 

LDA A 
~AB 

STA C 

LDA A 
~AB 

STA C 

In general, a macr9 expansion provides us with the means to abbreviate 

repeated sequences of assembly language instructions . The manner in 

which such abbreviations can be defined is outlined below . 

1.2 MACRO DEFINITION FORMAT 

Indication of the start of the Macro definition . MACRO 

Name for the sequence of instructions. 

Ac tual sequence of instructions . 

Indication of the end of the sequence of instructions for 

which this name stands . ~lliND 

In an as sembly lang u age the statements MACRO a nd MEND would 
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be called pseudo-operations or pseudo-ops. The pseudo-op MACRO indicates 

the beginning of a Macro definiton. The line following this pseudo-op 
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is the name. to be referred whenever the sequence of instructions for 

which this name st ands is to be inserted in the assembly language 

program. This name is known as the macro name. The sequence of 

instructions following the macro name is known as the macro definition 

body. The pseudo-op MEND indicates the end of the sequence of instruc-

tions for this macro name. The macro name, once defined, can be used 

like an operation code in the assembly language program or, to be 

explicit, the macro name behaves like an assembly language instruction. 

The appearance of a macro name in the assembly language program 

is known as a macro call. The action of inserting the sequence of 

instructions ~..rherever the macro call occurs is known as macro expansion. 

The process of specifying the format for abbreviating the sequence 

of instructions is referred to as macro definition. The process of 

insertion of a sequence of instructions using a macro facility, is similar 

to insertion of open subroutine s in many of the higher l evel l ang uag e 

programs. The main difference is that, in case of open subroutine 

insertion takes place usually at the loading time, whereas in the 

case of Macro, insertion takes place before or during the translation 

of as sembly language pro g ram. If this process of insertion of sequence 

of instructions takes place during the assembly time, the assembler 

is termed an Mac r o-assembler [BRO 74) . The logical ac tion of a Hacro-

Processor can be viewed a s below. 

Source Program With Macro Source Program which is 
Definitions and Macro Calls MACRO Input to an Assembler. 
------------------------~~•PROCESSOR~-----------------------~, 

Fig . 1: Logical action of a Macro Processor 



The Macro Processor is not restricted to Assembly Language 

Systems alone . Hacro Processors can be designed for any pro g ramming 

language . According to Brown[BRO 74l Macro Processors can be 

classi fied as either Special Purpose or General Purpose. A special 

purpose Macro Processor is designed to process Macros written in a 

particular base language . A programming language L is referred to as a 

base language, for it is the base on which Macros are built and where 

L is a programming language . Historically Macro Processors are 

associated with a particular Assembly language. A general purpose 

Macro processor is designed to work on any strings of characters and 

is thereby suitable for any base language. The Hacro Processor 

implemented in the project falls into the category of special purpose 

Macro Processors and accepts Macros written in Hewlett Packard Assembly 

Language . 

1 . 3 MACRO DEFINITION AND ~ffiCRO CALL ARGU}ffiNTS: 

In the previous examples presented, each occurrence of the 

abbreviated sequence of instructions involved the same operands . 

This i s an unrealistic situation. A simple modification to situation 

might appear as follows: 

LDA PQ 
ADA RS 
STA PQ 

LDA A 
ADA B 
STA C 
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It can be seen that here two sequences of instructions are identical 

except for the operand fields. An extension to the solution presented 

in the previous example will take care of this situation, namely, we 

give a name to the set of instructions along with general operands. 

The sequence of instructions in the body of the macro definition will 

have their operands in terms of the operands specified in the macro 

name. The operands specified in the macro name are referred to as 

macro-instruction arguments or dummy arguments . The first character 

of the macro instruction argument is an ampersand (~). This special 

character is used to distinguish macro instruction arguments from 

assembly language symbols. Consider the following example to demonstrate 

this situation. 

Input to the M~cro Processor 

MACRO 
ADD z ARGl, 13 ARG2 
LDA 2>ARG1 
ADA .SARG2 
STA .ZARGl 
MEND 

ADD PQ, RS 

ADD A, B 

Output from the Macro Processor 

LDA PQ 
ADA RS 
STA PQ 

LDA A 
ADAB 
STA A 



In the above example, the first call to the macro ADD uses PQ, RS 

as operands and the second call to the same macro ADD uses A, B as 

operands. The operands used in the macro call are sometimes referred 

to as macro call arguments. 

The arguments in the macro call can be specified in two ways . 

The strategy wherein the macro call arguments are matched with the 

macro-instruction or definition arguments according to the order in 

which they appear is known as positional argument specification. 

7 

Another strategy is one in which the macro-instruction arguments are 

referred to both by name and by position. This strategy of specification 

of the arguments is known as keyword argument specification. The keyword 

argument specification has the advantage of selective argument specifica­

tion. The following example i llustrates the difference between the 

two types of specification. 

Positional argument specifications ADD PQ, RS 

PQ , RS correspond to the first and second macro instruction or definition 

argument ZARGl and SARG2 , respectively. 

Keyword argument specification ADD SARGl=A, Z'ARG2=B 

Here it is explicitly specified that A refers to the first macro 

instrucion or definition argument and B refers to the second macro 

instruction or definition argument and also their position is exp lici t ly 

specified . We have taken the approach of positional argument 

specification in this study. 
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1.4 CONDITIONAL MACRO EXPANSION PSEUDO- OPS : 

The conditional macro expansion pseudo-ops aid in conditional 

selection of sequences of instructions within the body of macro 

definitions. The two conditional macro expansion pseudo-ops considered 

in this study are AIF and AGO . The AIF conditional macro pseudo-op aids 

in branching to the statement immediately follm..ring the label specified 

depending on the condition of the test performed. The AGO unconditional 

macro pseudo-op aids in branching to the statement immediately following 

the label specified within the macro definition body. The macro pseudo-

ops AIF and AGO provide flexibility in generating different sequences 

of instructions from the macro definition body on different conditions. 

The first character of the label used in the macro pseudo-ops AIF and 

AGO is a period . Consider the following example which demonstrates 

the behavior of macro pseudo-ops AIF and AGO. 

MACRO MACRO CALL 
ADD ZARGl, ZARG2, $ ARG3 ADD A, B, 2 
LDA %ARG 1 generates the code 
AIF (JiARGJ EQ 2) .LAB1 LDA A 
SUB ZARG2 ADA B 
AGO . LAB2 STA A 

.LAB1 NOP MACRO CALL 
ADA z;ARG2 ADD A, B, 0 

. LAB2 NOP genera t es the code 
STA %ARG 1 LDA A 
MEND SUB B 

STA A 

1.5 }~CRO CALLS WITHIN MACROS : 

The mac ro body of a macro defini tion is a sequence of assembly 

language instructions with general operands. The conceptual consideration 
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of this sequence of instructions as another assembly language program 

leads to consideration of a facility for calling another macro from 

this conceptual assembly language program which is actually a body of 

a macro definition . This facility is an extension of the very basic 

concept of macros, i.e . , the abbreviation of a repeated sequence of 

instructions within macros . This facility is referred to as macro 

calls within macros. It can be noticed that the macro calls can 

occur only after the definition of the corresponding macro . This 

is a fundamental restriction in the macro processor implementation. 

This restriction applies to macro calls within macros . An example to 

demonstrate this facility is presented below . 

MACRO 
ADD <ZARGl 
LDA sARGl 
ADA ZARGl 
STA ZARGl 
MEND 
MACRO 
ADDS ZARGl, SARG2, ZARG3 LDA A 
ADD SARGl ADAA 
ADD ZARG2 STA A 
ADD 2ARG3 LDA B 
MEND ADA B 

STA B 
LDA c 
ADA C 
STA c 

ADDS A, B, C, 



In the above example it should be noted that expansion occurs level 

by level. A call to macro ADDS results in calls to macro ADD with 

different arguments. 

1.6 MACRO DEFINITION HITHIN MACRO DEFINITION : 

10 

The argument for allowing macro calls within macro definition 

leads us to consider the possibility of allowing macro definitions 

within another macro definition. The usefulness of this facility is 

demonstrated if we allow the macro name itself to be a macro instruction 

argument. This flexibility enables us to define new macros 'vith the help 

of a single macro instruction. 

MACRO 

TEST ~ARG TEST TEST 1 

MACRO TEST 1 A,n 
ZARG ZARGl, ZARG2 generates the code 

LDA ZARGl LDA A 

ADA %:ARG2 ADAB 

STA .sARG1 STA A 
}fEND 

MEND 



1. 7 MACRO PROCESSOR FUNCTION: 

A macro processor should have the capability of recognizing 

macro definitions and macro calls . It should also have the capability 
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of recognizing conditional macro expansion pseudo- ops and macro definitions 

within macro definitions . In brief , the function of macro processor 

can be classified i nto two phases, the macro definition phase and the 

macro expansion phase. The third chapter deals with the actual implemen­

tation of the macro processor algorithm in PILOT (Purdue Instructional 

Language for writing operating systems and Translators) on the HP2100A, 

under the DOS-M operating system. 



CHAPTER 2 

PILOT - AS A SYSTEMS PROGRAMMING LANGUAGE 

2.0 INTRODUCTI ON : 

One of the basic problems faced by anyone who is developing 

system software is to choose a suitable language among the available 

higher-level languages (eg. PL/I, PASCAL, BLISS, etc.) and lower-level 

languages (Assembly Language, PL300). One can find in the literature 

arguments for and against these two fundamental approaches. It may 

also be observed that there are inadequacies in a l a n guage of e ither 

type [FRA 75]. A compromise can be achieved by using a language , 

which belongs to the class of what we call Intermediate-level Languages, 

for developing system software. The language PILOT is suggested as 

a possible candidate for developing system software. PILOT can be 

considered as an Intermediate-level Language as it has the capability 

to behave like both a higher-level language and lower-level language to 

a certain extent. 

2.1 FACILITIES AND RESTRICTIONS OF PILOT LANGUAGE: 

The compiler of language PILOT is of minima l size consisting 

of approximately two hundred and fifty source statements [HAL 7~ . 

This size is minimal compared to some existing compilers of higher­

l eve l languages. The minimal size of comp iler of PILOT does not imply 

that PILOT excludes some important features common to many of the 

12 



existing higher-level languages . PILOT supports the concept of 

modularity. This is one of the important facilities which aids in 

introducing the concept of hierarchical structure in the software. 

The term 'concept' is used because of the fact that there is no 

universally acceptable measure to find out whether a piece of software 

13 

is structured or how effective is the hierarchical modular structure of 

the software. The above two qualities of s t ructuredness and hierarchical 

modular structure in soft,vare can be introduced by the implementor 

by judicious use of some of the available techniques eg. subroutines, 

block structure, control structure . The concept of modularity has 

been in extensive use particularly in the area of operating systems. 

This concept helps to fit one ' s problem better to a given environment. 

If the modules of a piece of software are independent, the facility of 

overlay techniques can be exploited to advantage in the case of mini­

computers where resources such as main memory are limited . The 

availability of subroutines in PILOT is one of the points in favour 

of PILOT for developing system software. The compiler for PILOT is 

itself written in PILOT in a modular fashion . It is worth noting that 

this modular structure of PILOT allows one the flexibility of adding 

new features to the language. The language PILOT is portable as 

indicated by its implementation on various machines eg. IB}f 1130, 

IBM 1620, HP2100A. 

There are no keywords or reserved words in PILOT and there 

is no block structure as such, as part of the language . It is possible 

for a programmer to make a PILOT program resemble block structured 
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code found in any PL/I or ALGOL program. For example consider the 

program given in fig. 2. The subroutine is divided into two basic 

parts. The first part is used to declare global and local variables 

made use in the subroutine. The second part contains the executable 

code . The difference between the ALGOL type block and the PILOT sub­

routine is that entry to the subroutine is made at an entry point having 

as a label the name of the subroutine (i.e., line 10 in fig. 2) rather 

than through the s~atement which identifies the beginning of the module 

(s e e fig. 2 line no. 1). There are no explici t data types in PILOT. 

The variables such as ARRAY A, LENGTH OF THE ARRAY, ARRAY INDEX, etc. 

are declared either as global or local variables used in the sub­

routine . This also demonstrates the flexible feature of allowing 

variable names of unlimited length. This assists the programmer in 

expressing the logical flow of the program and to a great extent helps 

in the documentation. This is amply demonstrated in the example of 

fig. 2. This facility may be cumbersome in developing large pieces 

of software for care has to be taken to avoid collision among variable 

names, as variable names are truncated at the sixth character. The 

facility of unlimited variable name length is not us e d t o a g r e a t 

extent in i mplementing the macro processor this project, for the 

author wanted to experiment to see how structured programs help in 

communicating or understanding the lo gical flow in the program. The 

assignment statement in PILOT is simple and does not allow parenthetical 

grouping of expressions. The language PILOT supports two relational 

operators equality and less than. An interesting observation is made 
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by the author regarding these relational operators later in the chapter. 

It can be noticed from fig. 2, that the operator (=) is used to 

assign initial values for some of the variables and in the executable 

code the same operator is used as a relational operator. The l~nguage 

does not support floating point arithmetic or facilities for bit 

manipulation. The former does not hinder the work of the systems 

programmer, whereas the later restriction is irksome. The only type 

of arithmetic supported by the language PILOT is integer arithmetic. 

This can be used to advantage to implement common functions which 

occur during the course of developing system software, packing and 

unpacking of characters in a word . The facility of integer division 

can be used to perform the above functions of packing and unpacking. 

This is an inefficient approach but this technique seems to be simpler 

and more straight forward than built-in shift operation facilities . 

There is another point worth mentioning, the restrictions 

imposed by the language may look irksome to an application programmer, 

but for a systems programmer these restrictions give an opportunity to 

understand the implementation better by forcing him to think at every 

stage. Another important feature to be exploited in the language 

PILOT is the use of character variables arithmetically. This facility 

is not allowed even in higher level languages like PL/I [fRA 7~. This 

fac i lity is made use for most commonly used operation of searching . 

It is convenient for the generation of hash codes from the entries to 

be searched . This is another important facility which supports the claim 

of PILOT as a systems program writing language. This facility can also be 
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viewed as dealing with characters at the machine level with higher level 

instructions of PILOT . 

The language PILOT allows one to go down one level to -a lower 

level language . This capability is achieved using the facilities 

provided in the language PILOT known as crutch coding . The term crutch 

coding can be understood as the ability to mix the code of a lower 

level language e . g ., assembly language instructions, with the code 

of higher level language . This facility is not unique to the PILOT 

language. But this facility can be used to achieve machine-dependent 

features, which cannot be achieved using higher-level language instructions, 

by mixing the assembly language instructions along with the higher-level 

language instructions . This facility substantiates the earlier claim 

that PILOT behaves like a low er-le ve l lan g u age . Thi s is ano t h e r ar g ume n t 

in favour of the language PILOT for writing system software . In 

addition to these facilities, PILOT has the facility for addressing all 

available core directly, t ha t is, a n instruction like K, results in a 

branch to the location K. There was no opportunity to make use of 

this facility in this project . The use of this facility can be seen 

in operating system routines . This is d emonstra t ed in the operating 

system developed by Hals t ead[HAL 7~, where thi s facility is made use 

of in the schedule r and I/O routines. 

The restriction of declaring all the global and local variables 

u sed in the module is a good software engineering practice, as this aids 

in debugging any side effects either due to system malfunction or the 



language i t self. 

2. 2 STRUCTURED PROGRAMMING IN PILOT : 

The PILOT language itself does not include facilities for 

wri t ing structured programs . This lack of structuredness can be seen 

in t he language itself liiAL 74] . A new programming philosophy is 

advo cat ed to implement the standard structured programming constructs 

[!1cG 75] . We are o_f the opinion that it is possible to implement 

structured programming constructs in any higher level language by 

making use of the philosophy that unconditional jumps within the 

module should always be to the beginning of a loop or exit from the 

module, and conditional jumps should branch to the statements below 

the point from where one intends to jump. The implementer also should 

think that only two relational operators are provided in the language 

(=, <) . This philosophy was followed in all the modules developed 
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for this project. In one of the studies conducted by Neely [NEE 76 ], these 

concepts have been us e d t o write structured programs in FORTRAN . 

The author does not explicitly specify the above mentioned philosophy . 

A c lose look at the examples discussed reveals this fact. 

2.3 DISCUSSION OF PILOT AS SYSTEM PROGRAMMING LANGUAGE: 

The argument in favour of higher level languages for developing 

sys tem so f tware is reliability . Reliable software is produced with the 

help of concepts of modularity and structured programming . Reliable 

sof tware leads to reduced development and maintenance costs. The PILOT 

language supports the above mentioned concepts of modularity and 
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structured programming. This shows PILOT can behave to a great extent 

as a higher level language . The lower level languages like Assembly 

Language give the implementor more control over the implementation­

dependent functions, and produces niore highly optimi zed object code than 

hi gher leve l languages. In the case of the PILOT language the implementor 

can have control over the machine- dependent functions using the facility 

of Crutch Coding. In this respect PILOT can be considered to behave 

like a lower level language . It should be pointed out that PILOT is 

not the only answer to a suitable language for w riting syste m software. 'There 

are severa l languages like BLISS, PL360, etc. that have appeared in 

literature for possible candidature to become a system programming 

language. 

In view of the facil ities avai l ab l e in PILOT it can be considered 

as another possible candidate for the wri ting of system sof t ware . 
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CHAPTER 3 

MACRO PROCESSOR IMPLEMENTATION IN PILOT 

3.0 INTRODUCTION: 

The two main phases of the Macro Processor mentioned earlier 

in chapter 1 can be further classified as follows. During the Macro 

definition phase the Macro Processor should recognize the macro 

definitions with the help of MACRO and MEND pseudo-ops, and also macro 

definitions within macros. The Hacro Processor should save the body 

of the macro definition >vith the pseudo-op MEND, as this information 

is used during the macro expansion phase. During the Macro expansion 

phase, the macro processor must recognize macro calls and replace them 

by the corresponding assembly lang uage instructions after substituting 

the macro call arguments for the macro definition arguments. 

The macro processor implemented in this project accepts source 

input written in HP2100A Assembly Language together with Macro definitions 

and Macro calls. The output generated by the Macro Processor is source 

input to the HP2100A DOS-M Assembler, i.e., the Macro Processor is 

functionally independent of the Assembler. 

3.1 IMPLEMENTATION ASSUMPTIONS: 

The major restriction imposed in this study is that macro call 

sub stitutes text, not values for macro definition arguments. It is 

also worth mentioning that the programming style is very much influenced 

20 
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by the programming language used to implement the software . This 

argument is amply demonstrated in this project . The limitations imposed 

by the language in some cases will be an advantage as indicated in 

the previous chapter. The provision of only two relational operators 

to a great extent aids in the development of structured programs, on 

the other hand the limitations of the data types available in the 

language and the lack of facilities for bit handling are great handicaps 

to i;he implementor of system software . As discussed later in the chapter, 

the character strings are stored in arrays with single character per 

wo r d. String matching is done by comparing individual characters . This 

lea ds to inefficiency in both storage as well as execution time . In 

order to overcome this inefficiency to great extent, packing and unpacking 

of characters is achieved by the facility of Integer division. 

In this project the concept of modularity has been exploited to 

the maximum extent . This is revealed by the sparseness of the module 

dependency matrix as shown in Table 2. It should also be mentioned that 

redundant initialization of flag values and Initial values of counters 

are made in the program as an aid in debugging any side effects. In 

short, every effort is made to achieve structuredness, modularity and 

flexibility within modules to accommodate future modifications, with 

the limited facilities provided in the language . It is not claimed here 

that all the available features of the language are exploited . 



22 

3.2 DATA BASES OF MACRO PROCESSOR: 

Data bases used by the Macro Processor are: 

1. Assembly Language source deck with Macro Definitions and Macro Calls . 

2. Macro definition Table (AMARDT) for storing the body of the Macro 

definitions. 

3. Macro Name table (AMACNT) for storing the Macro names. 

4. Macro Definition Table Counter (MADTC) indicates the next available 

entry in Macro Definition Table . 

5. Macro Name Table Counter (MANTC) indicates the next available 

entry in the Macro name table . 

6. Macro definition table pointer (MDTP) is a pointer to point to the 

Macro definition Table for the Macro under expansion. 

7. Array (S) is used to implement the stack using a Last in First out 

strategy . 

8. Array BUFFER is used to save the Assembly Language input text. The 

length of the array is forty words,enough to hold one source input 

of 80 characters with two characters per word. 

9. Array SOURCE is used to save the eighty character Assembly Language 

Statement for processing. The length of this array is eighty words 

with one character per word. 

10. HASHTB an array of thirty words used to store pointer to the macro 

name table. 

11. ALA - argumen t list array used to save the Macro definition arguments 

along with their relative position (Index) in the Assembly Language 

Statement. 
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12. RESULT - an array of length five words is used to save the extracted 

fields or substrings from eighty character As sembly Language Statement. 

13. IHASHPTR - pointer to save the Hash code generated for the entry to be 

searched or an entry to be saved in the Macro name table. 

14. IFGO - an array of length five words for saving the characters A, I, 

F , G, 0, . 

15. OPER - an array of length ten words used for saving the characters A, 

D, E, G, L, N, O, _R, Q, T, • 

16. CHAR - an array of length eight words used for saving the characters 

M, A, C, R , 0, E, N, D, . 

17. TEMP - a temporary array of length eighty characters to save the 

Assembly Language source with Macro call arguments substituted for 

Macro definition argument. 

18. CHR - an array of length twenty six words used to save the twenty six 

special characters presented in the Appendix A. 

19. I - is pointer indicates the position in Assembly Language source 

statements. 

3.3 FORMAT OF DATA BASES: 

The format of important data bases i s presented. The macro 

name table (AMARNT) is an array of length two hundred words . The macro 

names associated with their pointers to Macro definition table are saved 

in the Macro name t ab le. The pointer to the Macr o definil:ion ta ble counter 

is Macro definition table counter (MANTC), which points to the next available 
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location in the macro name t able. Fig. 3 illustrates the above described 

scheme. 

Macro name ~ 

, 
I 

r 

r 
r . 
I 
I 

~ Pointer to Macro 
definition table 
(i.e., Value of MADTC) 

Fig. 3 Structure of Macro Name Table (AMACNT) 

The Macro definition table (AMACDT) is an array of length two 

thousand words . The body of the M~cro definition including the MEND 

pseudo-op, to indicate the physical end of the defined macro, is stored 

in packed format (i.e., Eighty character source input is packed into 

a buffer of forty words with two characters per word). Here all the 

blank characters are also stored. The main reason for this approach 

was less overhead. This problem can be overcome by minor modifications 

in the program. The modification is to scan the source input back-

wards up until a non-black character is encountered. Fig . 4 illustrates 

the structure of Macro definition table (AMACDT). 

&-, 
First statement of Macro 
Definition Body. 

~~ .. ~ 
Indicates end of Macro 

r Definition 
I 

I 

Fig . 4 Structure of Macro Definition Table (AMACDT) 



The argument List array (ALA) is an array of eighty words. 

The macro definition arguments with their associated relative position 

are saved i n the array ALA. This information is used to substitute the 

index notation for the macro definition arguments appearing in the 

bo dy of the macro definition . The Structure of Argument List array 

is illustrated in Fig. 5. 

Macro definition 
~ argument 

SARGA -· 
$~RGB 

SARGC 

+ 
.. 1 

~. 

3 

Index 
SUM $ARGA , .%ARGB , 

.ZARGC. 

Fig. 5 Structure of Argument List ARRAY (ALA) 

3 . 4 IMPLEMENTATION OF THE ALGORITHM: 

The module PROCESSOR is the heart of the Macro Processor, 
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which calls modules AINPUT, COMPARE, EXTRACT, SEARCH, HASH, PRARG, SINOT 

and STACK. The module PROCESSOR begins by initializing the global 

arrays and variables . 

The outcome of the call to the module AINPUT is a source 

input either from the card reader, or from the macro definition table 

where the macro definition body is stored during macro expansion phase . 

The operation code field of this source input is extracted using the 

module EXTRACT . A search is made in the macro name table for a match 

with the operation-code field. A successful match indicates a 
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macro call. A stack will be prepared for macro call arguments using 

the module STACK. Then the macro expansion phase begins . An unsuccessful 

match indicates either a macro definition phase or assembly Language 

source input. In order to determine whether it is the macro definition 

phase or it is an assembly language source input, the extracted 

operation-code field is further examined for a match with pseudo­

operation code MACRO using module COMPARE. A successful comparison 

results in the reaqing of new source input and the extraction of the 

operation-code field of this new source input. The extracted operation 

code field which is stored in temporary array RESULT will be the Macro 

name . This macro name is stored in the Macro name table along \vith 

the pointer to the macro definition table, where the macro definition 

body will be stored. A hash code is generated by finding the sum of 

the ASCll codes of the first and last characters from the extracted name 

stored in the array RESULT, and then obtaining the remainder by dividing 

the sum by the length of the table to be searched . This method of 

generating a hash code i s referred to as th e division method [MAU 75]. In 

this project we have provided storage for handling thirty macros. In 

order to accommodate more macros, minor changes in the declarations 

have to be made. The remainder computed for the entry gives the horne 

address in the hash table, where the pointer to the macro name tabl e is 

stored. The source input is read and stored in the macro definition 

table until MEND pseudo-operation code is encountered . If there is 

a macro definition within a macro definition , a macro definition level 

counter is used to store all the macro definition body. This macro 



28 

definition level counter is incremented by unity whenever a MACRO 

pseudo-operation code is encountered and is decremented by unity whenever 

a MEND pseudo-operation code is encountered . Unsuccessful comparison 

for the MACRO pseudo-operation code results in the output of these 

source lines, which will be either assembly language instructions of 

input text or the source output generated during macro expansion phase 

by substituting the macro definition arguments with the macro call 

arguments. This s~urce output will be also an assembly language 

instruction . The extracted operation code is also compared for match 

with pseudo-operation code END. A successful match results in the 

completion of macro processing. The source output text produced by 

the Macro processor will be passed on to the Assembler for further 

processing . An unsuccessful match results in a return for further 

pro cessing of source input text. 

It should be pointed out here that source input of forty words 

stored in the array BUFFER is stored in its entirety in the Macro 

definition table, i.e., the source input in the array BUFFER does 

not contain useful information in all the forty words . One solution is 

to scan the BUFFER backwards until a non-blank character is 

encountered . Then only the information upto that point can be stored 

in the macro definition table. This results in savings in storage 

but an overhead results in scanning each source input to be stored in 

macro definition table. 

The h ash code for the macro name is generated in module HASH. 

The method used as indicated earlier is known as Division method. If 
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the key for which the hash code to be generated is a and the hash 

tab l e size is n, then home address of the key a in the hash table is 

given by 

h(a) = MOD(a,n) 

where h(a ) is the home address of the key a . In this approach we 

have to face a problem known as collision, which is nothing but the 

generation of t\vo keys having the same home address. One solution to 

this problem is to store this key in the next available position. 

The module SEARCH is called by the main program PROCESSOR, 

and this module itself calls the module HASH . The hash code (IHASHPTR) 

is generated for the entry to be searched in the macro name table 

AMACNT, using module HASH . If the content of the location in the 

hash table i.e., HASHTB IHASHPTR is zero then the macro is not defined. 

The content of the Hash table gives the pointer to the macro name in 

the macro name table, and a comparison is made for the entry to be 

searched. This comparison is necessary for a collision might have 

occurred. A successful comparison results in return of appropriate 

flag value along with the corresponding pointer for the macro defi-

nitio Macro n table. 
Macro Definition 

Hash Table Table Name 
0 

20 

Pointer Table 
to Macro -
Name Tabl 

~ ~ t 
to Macro 
Definit-
ion Table 

Fig. 7 Hash Table Searching of Macro Names 



The module AINPUT is called by the module or main program 

PROCESSOR . This module calls the modules AGOS, AIFGO, AIFS, EXTRACT, 

PACK, SUBARG, and UNPAK. The function of this module can be grouped 

into t\vo phases, Hacro expansion phase and source input text phase . 

These two phases are decided from the value of the stack pointer, 

STKPT . The function of this. module during source input text phase 

is to read the input text from the card reader into an array buffer 

of forty words wi~h two characters per word . If the first character 

of the Input text is an asterisk, this will be a comment and Input 

text is written to the output file . A new source Input text is 
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read and processing continues. In case of the macro expansion phase, 

the pointer to the macro definition table is retrieved from the Stack . 

The operation-code field is extracted from the source input stored 

in the macro definition table . A comparison is made for a match with 

the pseudo- operation code HEND . A successful match results in either 

termination of the macro expansion or expansion of the outer macro 

after popping back to the previous stack frame, dependiog upon 

whether there is a nested macro call or not. An unsuc cessful comparis on 

for a match with pseudo-operation code MEND results in substitution 

of actual arguments i.e . , macro call arguments for the macro definition 

arguments. Further processing of pseudo-operation codes AIF, AGO i s 

performed . 

The module UNPAK is called by the modules PROCESSOR, AINPUT. 

This module itself does not call any other modules . The function of 

this module is to unpack the contents of the array BUFFER of length 



forty words with two ASCll characters per word , and to store one ASCll 

character per word in the array SOURCE of eighty words. In the PILOT 

language there is no bit handling facility. This forces one to make 

use of the integer division facility to perform the above function. 

The word size of the machine under consideration (HP2100A) is 16 bits 

or two bytes. In order to shift eight bits or one byte the contents 

9 
of each word is divided by 2 Refer to the routine UNPAK for the 

actual code . The advantages of storing characters in an Unpacked 

format is that of ease in processing. The module PACK is called by 

the modules PROCESSOR, AINPUT and ERROR. This module does not call 

any other modules. The function of this module is exactly opposite 

to that of module UNPAK . The eighty characters stored in the array 

SOURCE with one ASCl l char?cter per word are packed into the array 

BUFFER of forty words with two ASCll character per word. Refer to 

the routine PACK for the ac tual code. The advantage of storing 

characters in Packed format is that of storage conservation. 

The module EXTRACT is called by most of the other modules 

except PACK, UNPACK , IFTEST and this module itself calls the module 

SPCHR. The function of this module is to extract a substring from 

the string of eighty characters stored in the array SOURCE . The 

extracted substring is stored in the array RESULT with one character 
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per word . The pointer I indicates the position in the eighty character 

string stored in the array SOURCE for extracting the substring . 

A substring is returned as soon as a delimeter such as a blank character, 
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a special character, etc. is encountered . 

The module SPCHR is called by the module EXTRACT and this 

module does not call any other module . The twenty six special characters 

(see appendix A) are stored in the array CHR. The module u s ing a linear 

search of the array CHR returns a corresponding flag value depending upon 

success or failure of the search for the special character . The Linear 

Search technique is used as other well known techniques like Binary 

Searching, Hash Table Methods of searching are inefficient for a table 

with less than thirty entries [MAU 7~ and (DON 72] . 

The module PRARG (Prepare argument list Array) is called by 

the main program PROCESSOR and this module itself calls the module 

EXTRACT. The function of this module is to prepare a macro definition 

argument list array with corresponding relative position of these 

arguments in the macro definition. The module extracts each macro 

definition arguments and stores in the array ALA (argument list array) 

along with index for its relative position in the macro definition . 

The module SINOT (Substitute Index Notation) is called by the 

main program PROCESSOR, and this module itself calls the module EXTRACT. 

The function of this module is to substitute the index of the macro 

definition argument stored in the array ALA in th e macro definition body. 

The module extracts the macro definition argument from the macro 

definition body and substitutes the index of the macro definition 

argument. The index is obtained by searching for the macro definition 

argument in the array ALA. 

The module SUBARG (Substitute Arguments) is cal led by the 
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module AINPUT and this module itself calls module EXTRACT . The function 

of this module is to substitute the macro call arguments stored in the 

Stack S for the macro definition arguments in source input obtained 

from the macro body . The source input from the macro definition table 

is scanned for the macro definition arguments . The formal parameter 

or macro call argument stored in the stack is obtained using a pointer, 

which is computed u sing the stack pointer and t he relative position of 

the macro definition argument in the macro definition . 

The module COMPARE does not call any other module . The function 

of this module is to recognize the pseudo- operation code MACRO, MEND, 

END, and return the appropriate flag values . The character string 

MACROEND is stored in an array CHAR. The entry to be compared in 

array RESULT is input to this module . A comparison is made with the 

characters stored in the array CHAR, and an appropriate flag value i . e . , 

either 0 or 1, is returned depending upon the success or failure of the 

comparison . 

The module AIFGO is called by the module AINPUT and this 

module itself calls the module EXTRACT . The function of this module 

is to recognize calls to pseudo- operations AIF and AGO. The operation 

code field of the s ource input String is extracted and is compared 

for match with characters stored in the array IFGO . An appropriate 

flag value is returned depending upon the success or failure of the 

match . 

The module AGOS calls the module EXTRACT, and this module 

is called by the modules AINPUT and AIFS. The functions of this module 
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are to extract the label associated with the pseudo-op AGO, and to update 

the macro definition table pointer (MDTP). The macro definition body 

of the macro under expansion is scanned for the label associated with 

the pseudo-op AGO. A successful match with the label results in up­

dat ing t he pointer to the macro definition body. An unsuccessful match 

by way of encountering MEND pseudo-op results in writing of an error 

mes sage to the effect that the label specified with AGO, pseudo-op is 

undefined. The AGO pseudo-op provides flexibility of conditional 

expansion of macros. 

The module RELATIONAL does not call any other module and 

is called by the module AIFS . The function of this module is to return 

an appropriate flag value for the various relational and logical 

operators . The r~lational .and logical operators provided in this 

project are greater ~T) , greater than or equal (GE), less than (LT), 

less than or equal (LE), Equality (EQ), Not equal (NE) and Logical 

AND, OR. The characters stored in the array RESULT are compared with 

the characters stored in the local array OPER and appropriate flag 

value is returned through the variable RFLAG. 

The module IFTEST does not call any other module and· this 

module is called by AIFS. The function of this module is to return 

an appropriate flag value through the global variable AIFFLAG depending 

on whether the operands of the relational test stored in the array 

OPERAND, satisfy the relation specified by the variable RFLAG . 

The module AIFS calls the modules AGOS, IFTEST, EXTRACT and 

RELATIONAL . This module is called by AINPUT . The function of this 
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module is to extract the operands of the Relational and Logical 

expressions, and the relational or logical operators . If the Relational 

and/o r logical expression evaluates to true then the module AGOS is 

called i . e., a conditional jump is made to the label specified, other­

wise the processing will continue . 

The module STACK is called by the module PROCESSOR during 

macro expansion phase . This module calls the mo dule EXTRACT . The 

function of this module is to set up a stack for the macro call argu­

ments . The stack S is implemented using an array. This stack is 

used by the module SUBARG for substituting macro call arguments for 

macro definition arguments or dummy arguments of the macro body . The 

stack can be considered as an array of pointers and character strings . 

A stack pointer STKPT, indicat es the beginning of the current stack 

frame . A stack pointer value of -1 indicates that the ma c ro processor 

is not in macro expansion phase. The location S(STKPT) will provide 

t he previous value of the Stack Pointer . The value of the stack pointer 

for the first frame, which is the top of the stack is zero i.e . , STKPT 0 

and the contents of location S(STKPT) is -1 . The cont ents of location 

S(STKPT+l) give the pointer to the macro definition table for the macro 

under exp a nsion . The locations S(STKPT+2), S(STKPT+3l . . . 

S(STKPT+NOARG), contain the character string s of the macro call arguments 

of the macro currently under expansion . A general outline of the stack 

is presented in fig . 8 . The approach of using a stack t o save 

macro call arguments is taken in order to facilitate the handling of 

macro calls wi thin macros. The inner most macro will be under expansion, 



when pseudo-op MEND is encountered the expansion of outer Macro will 

continue. This is achieved by updating the stack pointer i.e., STKPT 

S(STKPT) (as indicated earlier S(STKPT) points to the top of the 

previous stack frame). 
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CHAPTER 4 

STRUCTURED PROGRAMMING IN ASSEMBLY LANGUAGE 

4.0 INTRODUCTION 

The concept of structured programming is in a state of confusion 

and controversy. In computer science literature one can find a number of 

definitions for structured programming. The interested reader can refer 

to the articles in the Info t ech state of the a rt report on structured program­

ming [INF 76] structured programming can be defined as a way of organiz-

ing one's thoughts in a way that leads in a reasonable time, to an under­

standable and correct expression of a computing task. The aim of structured 

programming is the production of reliable software, which in turn leads to 

lower cost in overall development and maintenance of a piece of software. 

The principle of structured programming postulates that a critical factor 

in producing software, which is understandable, reliable and modifiable 

is the presence of some quality of structure such as: 

(i) Developing software with the use of certain control and data 

structures. 

(ii) Developing software with interconnections of modular units. 

The number of interconnections depends on the implementor and to 

a grea t ex tent on the problem . 

(iii) Developing software in terms of hierarchial levels of abstraction . 
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With the above aims and principles of structured programming in mind, 

structured programming can be defined as the practice of writing 

programs that are well structured according to one or more of the 

above mentioned qualities. 

It is worth presenting a definition of structured programming 

by Wirth [WIR 74] , 

Structured programming is the expressing of a conviction 
that the programmer's knowledge must not consist of a 
bag of tricks and trade secrets, but of a general intellec­
tual ability to tackle problems systematically, and that a 
particular technique should be replaced (or augmented) by 
a method. At its heart lies an attitude rather than a 
recipe: the admission of the limitations of our minds . 

4.1 NEED FOR STRUCTURED PROGRAMMING 

As discussed in Chapter 2 of this report, there have been a lot 

of arguments in favour and against developing software in higher level 

languages or lower level language (Assembly Language). The one strong 

argument in favour of higher level language for developing system software 

is the presence of facilities for developing structured programs with 

the help of control structures and data structures provided in the language. 

The reliability, readability and ease in debugging any piece 

of software implemented in Assembly Language is enhanced by grouping 

chunks of code into segments. These segments form a module which, in 

turn forms a program . In the cas e of the debuggin g of As sembly Language programs, 

there are three considerations: The ability to read and understand the 

intended function of the code, to follow the flow of control for designated 
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test cases and to ensure data item integrity . The conceptof structured 

programming itself does not help the problem of data integrity. Data 

integrity means that a portion of code in one segment does not inadvertently 

modify the contents or logic of other portions of code . With the low level 

nature of Assembly Language program - i . e . , one statement corresponds in 

general to one machine instruction - a simple function in design may be 

a few or many instructions . This fluctuation i n l ines of code has a 

detrimental effect on readability regardless of organization. However, 

in adopting structured programming concepts, developing meaningful 

control function macros, the comprehensibility of structured Assembly 

Language programs is greatly increased over non-struc t ured Assembly 

Language programs . 

4 . 2 REVIEW OF WORK ON STRUCTURED PROGRAMMING IN ASSE~ffiLY LANGUAGE 

A practical, productive approach to facilitate structured 

programming in Assembly Language is to develop macro definitions for 

each segment of code . A set of structured programming macros were 

developed by Kessler [KES 72] . These macros have very flexible predicate 

formats, but their forma t i s rather awkward and does not enhance readAbility. 

The advantages of Kessler's predicate formats are tha t all possible 

Assembly Language tests and comparisons can be included within the 

predicates and the length of the predicate is only limited by assembler 

resources . These macros were developed by Kessler with the following 

macr o and assembly time facilities : Integer arithmetic, character string 

variables, the arithmetic operations of addition, subtraction, string 
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operation of concatenations, substring extractions, and length determina­

tion, and finally conditional expansion pseudo-ops. The macro processor 

is a part of the Assembler, i.e., macro Assembler. The macro processor 

developed in this project is functionally independent of the Assembler . 

The approach taken in this project to provide macros for writing structured 

programs is a very new development . This approach is aimed at achieving 

simplicity and readability. The macros developed in this project make 

use of the facilities of conditional macro expansion psuedo-ops only . 

4.3 IMPLEMENTATION OF STRUCTURED PROG~fiNG CONSTRUCTS 

The structured programming control structures considered in 

this study are the fundamental control structures advocated in the 

literature [MCG 75]. These are IF-THEN-ELSE and DO-WHILE control 

struc tures. The approach taken in this study is to develop three Macros 

in c a se of IF-THEN-ELSE control structure, a macro to handle the IF-THEN 

part, a macro to handle the ELSE part and a macro to h a ndle the range of t h e 

IF-THEN-ELSE control structure. The macro for the IF- TU EN pa rt ac cept s two 

operands, a pr edicate and a label. When the predicate evaluates to 

a false condition a branch occurs to the specified label, otherwise the 

process ing continues without any branching . The ELSE macro has two 

arguments. The first argument specifies the range of the IF-THEN-ELSE 

control structure. The second argument specifies the beg inning of the 

ELSE part of the IF-THEN-ELSE control structure . 
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IF Predicate Labell 

JMP Label2 
Labell NOP 

Label2 NOP 
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IF- THEN 

ELSE 

END IF 

The DO-WHILE control -structure is implemented using two macros, one macro 

to handle the DO-WHILE part and another macro to handle the range 

of the DO-WHILE control structure . 

Labell NOP 
WHILE (Predicate) 

JMP Labell 
Label2 NOP 

Label2 WHILE 

END WHILE 

In implementing the above macros only the psuedo- op ' s AIF and AGO are 

used . The above are simple to use and understand . With the 

help of the above macros, it should be possible to write structured 

programs in assembly language. This area has potential for further 

research as there are only three research publications in the literature 

rRIE 7 6], (KES 70]. The approach taken in this study in implementing the 

above macros is unique in the sense that only two psuedo-ops are used 

and this facility is provided for a macro processor which is functionally 

independent of the Assembler. 



CHAPTER 5 

CONCLUSIONS 

A Macro Processor with the capability of handling Macro 

calls within Macros, Macro definitions wi t hin a Macro definition, the 

String operation of concatenation and an ability to branch conditionally 

and unconditionally within a Macro has been successfully implemented . 

The PILOT language with its limited facilities has been successfully 

used to implement the Macro Processor Software . A new programming 

philosophy of Unconditional branch to beginning of a loop and a conditional 

branch to a point b e low that from which the branch is taking place is 

experimented with to achieve structuredness in the software . The concept 

of modularity has also been used to the greatest extent possible . The 

software has sufficient flexibility for modification and extension in 

order to allow the incorporation of new features. A limit e d set of 

Macros for fundamental structured programming constructs is implemented 

within the frame work of available features of the Macro Processor 

implemented . Research work in this area has not progressed because of the 

development of higher level lang uages for developing system software . 

The applicability of Macro Processors to aid portability of Assembly 

language programs is still to be explored . 
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·-

)!:JVJ.S + + + ----- ...o:.:.;, -

H:Jmr3.S + + + 
!---

:I'JVdYl.O:J + + 

IJV'll.J.X3 + + 
-

)! :JVd + + 

)!Vcllffi + + 

..lfldNIV + + + + 

1-'tm s'sa:Joua. + + + + + + 
- 0/IJVH ___ .......,.__ 

p 1==-l 
f-< H ~ ~ 

~ 
f-< 1==-l (.j 

p ;c. w f-< ,.....l u ~ 
u u .,.., ::r: :::> ~ (/) 

< $ s .,.., 
. (/) 1==-l (/) :::> (/) 

,.....l ,._ 
::;J :::> :;; a. w 0 

,_. 
< --:: -'.; (0.1 -- G cC (/) v; ;;:: 



: -~ -lm~ -T-1--r----~ ----.r------:~-~-l --]1--l 
[;.; I 0 E-< I I ~ 

6 g e: r ~ J , co· ~, ~ "' .., I [i I ., ~ " ,.., "' I ~ ~ p.. <!; (.:) I (fJ ell I )I <
1 ~ ~ I ~ I ~ ;:<:; ;.c I u p.., I ~ ! 0 0 

f 

up.. z P':l ~ 0 ~ E-< HI <-<I u I p.. u ~ I (fJ <t: ;:;>:: I z ~ 
H ~ H 0 H ~ ~ X P., ~ < ~ E-< 0 H i ~ 

. ;;§ < . t:J) -...:: < I <t: HI ~ I ~ t:J) s I ~ I t:J) I ~ I t:J) u p.. t:J) ! ~I 
WACRO PROCESSOR I I + I I I I I I I +I --1 I + I + I I + I + I + I + I + 
IAI0iPUT + + + 
SUBARG 
AlfGO 

AGOS + + + 

l~I FS 
IFTE ST 

RELATIONAL 
t.EXT~KA~~C.T~----+-~--t-_j __ ---+-. t-l----r--1 -+-I --+-1- -----+----1f---+--+-----l-

I SPC~ 
r--;U:;N-;;P:-:A-;:K:-------J..--1-1-1--t--+--+--+--L 

PACK 

SEARCH 
--
HASH 
--
STACK + 
--
COHPARE 

I PRARG + 
SI NOT + 
ERROR 

+--+----!---+-,-! f--1--+--t 

+ 

'+ 

Table 2 : Module Dependency Matrix 
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APPENDIX - A 

HP CHARACTER SET 

ASCII ASCII 
Syi"7lbol (Octul code) Symbol (Octal code ) 

(Space) 4.0 A 1.01 
41 B 1.02 
42 c 103 

,. 43 D 10-'1-
$ 44 E 1.05 
% 45 F l.0G 
& 46 G 1.07 

47 H 11)1 
( 50 I 111 
) 51 J 112 

* 52 K 113 
+ 53 L 114 

54 l'-1 115 
55 N 11 6 
56 0 117 

I 57 p 12}9 
Q 12J_ 
R 122. 

.0 6.0 s 123 
1 61 T 12,1 
2 62 u 12:; 
3 63 v 126 
4 64 IV 127 
5 65 X lJYf 
6 66 y 131 
7 67 z 13% 
8 7.0 
9 71 [ lD 

] 1:15 
t l J(, 

72 + 137 
73 

< 74 
75 

> 76 
? 77 
@ 1.0,0 
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RO 'JT i N!O 

NOUt·l . LIST 

DECLARATION 

FILLED ARRAY 

VERB LIST 

STATEr1ENT 

ASS I NG~1ENT 

COI·1PAR I SON 

SUBROUTINE 

JU~1P 

CAI_L 

READ 

t..t~ITE 

CRUTCH 

Ar;: I THt·1ET I C 

RELATIONAL 

OPERAND 

SUBSCRIPT 

LA BEL 

NAME 

NU MBER 

LETTER 

HlDE X 

HEXMlUMBER 

DEC I t1AUiR 

OCTALNR 

OCTAL DIG 

DECIMALDIG 

HE Y. DIG 

APPENDIX - B 
PILOT Langua~ SY.ntax 

RT :, =~IL; ;LA VL. 

fA , : =NA [NRJ =NR/FA,tlR 

VL , : =ST/\IL ST 

AS : :=OP~OP,/ OP AR OP~O~ 

CO: :=OP RE OP JU 

SR: , =LA: ? \IL 

JU:: =OP . 

CA :: =OP, 

RD,, =>~lA < 

WR , ,= < t4A> 

CR, : =$NR, t4R; /$NP., ~lA; / $NA, NR; /$NA, NA; 

RE : :== /< 

SS .. =CINJ 

LA: , =~lA 

IN:: =I/J/K/L/M/N 

HN: .~HD/HN HD/HN 0 

, j:Y~ .. . 
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APPENDIX - C 
PROG~~ LISTING AND EXAMPLES 

''*******~~·*************************************************** 
/ .--:.,: 

PURPOSE OF THE MODULE 
''* TO PROCESS MACRO CALLS AND MACRO DEFINITIONS IH HP2100 

/,·'* 

/.·'* 

//* 

' '* ,,., 
''* 
''* /..'* 

//* 

''* 
' '* 
''* / .···, 

''* 
/ / * 

''* .//=+: 

/ ,..+: 

''* 
//* 

''* //:.t: 

''* / / :t: 

/ , .. , 
//:+: 

ASSEMBLY LA~GUAGE SOURCE INPUT TEXT . 

USA G!:: 
MODU~ES REQUIRED 
AW ?UT 
EXTRACT 
ERROR 
HA SH 
PACK 
PRARG 
SEARCH 
S itWT 
Ut~F' AK 

SYSTEM MODULES REQUIRED 
CLSEFILE 
o:Ec 
GET ARGUM n H 
CP Et lFIL E 
JO E:F I LE 
PU TCODE 

IN PUT TO THE MODULE. 
ASS EMBLY LANGUAGE INPUT TE XT WITH MACRO DEFINITIONS 
AtHI t·lACRO CALLS. 

OU TPUT FR OM THE MODULE . 
ASSEnBLY LA~GUAGE TE XT. 

* 
"' 

"' • 
* 
* 
* 
* 

* 
* 
* • 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

' ' ************************************************************* 
PRO GR AM, MACRO PROCESSOR 

AitlF'UT. 
// BUFFER- AN ARRAY OF FORTY WORDS FOR SAVING ASSEMBLY 
// LANGUAGE TE XT. 

BUFFER , 
C 0 t·lF" A F; E. 

EXTRACT, 
EFLHG, 
ERROR, 

HA SH, 
r. 

/ / I HASHPTR- SAVES HASH CODE GENERATED FOR ENTRY TO BE 
,, SEARC HED AtlD FOR MACRO NAME TO BE STORED IN MACRO 
,, NAME TABLE . 

I HASHPTR, 
11 ESSA GE. 

PA CK, 
PR ARG , 
"P . I tl", 
"P . OUT 11

, 

"P . HL T", 
// RESU LT- AN ARRAY TO SAVE THE EXTRACTED SUB-STRING 
' ' FROM ASSEMLY LANGUAGE TEXT . 

RE SULT, 
' ' S- HN ARRAY USED FOR IMPLEM~NTING THE STACK TO 
,, _HANDLE MACRO CALLS WITHIN MACROS . 

s. 
SEhF:SH, 

.• 
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S1NLI' ------------ --'" 

STACK.-

TAG , 
CLSE> I LE , 
E)< EC .. 
GET ARGUNENT .. 
JOBF ILL 
OPHlFI LE, 
PUTCODE, 
; ; 

// AFLAG- FLAG TO INDICATE A MACRO CALL . 
>~<AFLAG , 

// ANACDT- MACRO DEFINITION TABLE TO STORE THE BODY OF THE 
// MACRO DEFINITION . 

>~<MlACDH 2000 J, 
// ANACNT- MACRO NAME TABLE TO STORE MACRO NAME WITH 
,, ASSOCIATED MACRO DEFINITION TABLE POINTER. 

*A~lACNH 200 J, 
,, ANEGl- REPRESENTS -1. 

>I<AtiEG 1 =0 177777, 
,, BLAN ~ BLANK- BLANK CHARACTER WITH ASCII CODE 040 

>~<8LMWBLANK=041J , 

// BUFF LIM- LENGTH OF THE ARRAY 'BUFFER' . 
>~<BUFF LIM=050, 
>t<FLAG, 

,, HASHTB- HASH TABLE WHICH SAVES POINTER TO MACRO NAME 
/ / TABLE . 

>~<HASHTB[ 30 J, 
,, TEMPORARY VARIABLES . 

ITEMP , 
JTEt·lP, 
KOUtH, 

,, DEFAULT LOGICAL UNIT NUM BERS 
>t<LU I ~lPUT=5 
*LUOUTPUT=6, 
>t<LUDBJECT=2, 
>t<LUPU~lCH =0 , 
>t< LPPAGE . =56 .. 
>~<LGO =B, 

// " ASMB 
ASM8[3J =040523.046502,020040, 

,, MACDLC- MACRO DEFINITION LEVEL COUNTER WHICH IS USED AS 
,, A SWITCH TO CONTROL MACRO CALLS WITHIN MACRO 
,, DEFINITION AND MACRO DEFINITION WITHIN MACRO 
,, DEFINITIONS . 

>~< t1ACDLC, 

,, MADTC- POINTER TO MA CRO DEFINITION TABLE TO STORE MACRO 
,, DEFINITION BOD Y. 

* f1ADTC, 

,, MANTC- POINTER TO MACRO NAME TABLE TO STORE MACRO NAME. 
>t< MMHC, 

'' MDTP- POINTER TO MACRO NAME IN MACRO NAME TABLE . 
>t<f1DTP, 

' ' NOAPG- NUMBER OF ARGUMENTS IN THE MACRO CALL. 
>t<NOARG, 

// • SAtlD- SPECIAL CHARACTER '&' TO INDICATE MACRO DEF"INITION 
'' ARGUMENT . 

c~:=--. ' 
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>~<SAt~D=046 .• 

// ST KPT - STACK POINTER . 
>~<STKPT, 

~' 0=0 · 

oto[l 1 =C• l .• 
*02=.(12 , 
:+:(13= •)3 .. 

>1<04=04, 
>1<05=(15 .. 
>1<06=(16 , 
>1<0 10=010, 
>1<0 12=012, 
>1<036=036, 
>1<05[1=050, 
*0110 =01HL 
*0144=0144, 
>1<0200=0310, 
*02000 =0 3720, 
i; 

MACRr PROCESSOR, ? 

/ / GET ARGUMENTS 
EXEC, 

$ , DEF , t·lEX T,, 
$ ,DEF , O?,, 

NEXT , 
GET ARGUt·IENT, 
OPalF I LE, 

, , INITIALIZE ERROR FLAG 
O~EFLAG , 

// INITIALIZE TEMPORARY AND LOOP CONTROL VARIABLES. 

OH!DTP, 

OHWARG, 

OHIACDLC, 

O~FLAG, 

OH~ OUtH, 

OHIADTC, 

01 HIA~nc, 
// STACK POINTER 'STKPT' POINTS TO THE TOP OF THE STACK. 

At lEG 1 ~STKPT, 

O~ITEMP, 

// ZERO FILL HA SH TABLE 'HASHTB' . 

// 

t1LO OP , 
KOUNT =036 $ HLOOP. 
O•HA SHTBCKOU HTJ , . 
KOUtH +O I + K OU ~n, 

t1LOOP . 
NLOOP , 

D+KOUtlT, 
ZERO FILL MA CRO DEFINITION TABLE 'AMACDT', MACRO NA~E 
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, , TABLE 'AMACHT' AND ARRAY'S'. 
CLOOP , 

KOUN-=0144 $ START . 

O<-A~1ACNH KOUIH J, 

Ot-S[ f<OUtH J, 
ELOOP, 

ITEMP=012 $ DLOOP. 
0+-A~1ACDH JTEt-1P J, 

JTEMP+O 1t-JTEt1P, 

ITE~1P+O 1<- I TEt·1P , 

ELOOP. 

DLOOP, 

0+- I TEt·1P, 

KOUtH+O 1t-KOUtH, 

CLOOP . 

START, 

// EXIT IF ERROR FL~G IS SET 
EFLAG=01 $ CALL ASt-18 . 
0<-TAG , 
0<-L 

// READ ASSEMBLY LANGUAGE INPUT TEXT. 
04ci<OUNT , 

A ItlPUT. 

,, EXTRACT THE OP-CODE FIELD OF THE INPUT TEXT. 
E~<TRACT, 

,, SEARCH MACRO NAME TABLE FOR MATCH WITH NAME IN OP-CODE FIELD 

,, SEARCH MODULE RETURNS FLAG VALUE, AFLAG=01 IF SEARCH 
,, IS UNSUCCESSFUL.ELSE AFLAG=0 . 

0 1<-AFLAG, 
SEARCH. 

AFLAG=01 $ AOTMACRO. 
, , * MACRO EXPANSION PHASE * 
,, SAVE MACRO CALL ARGUMENTS ON STACK 

STACK, 

START. 

AOTt1ACRO , 

' ' CHEC K FOR MACRO DEFINITION PHASE . 
' ' MACRO PSUEDO-OP 

02<-FLAG. 

COMPARE. 

-. 
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FLAG= 02 :$ CO 'H. 

// MACRO PSUEDO-OP NO 

/ / OUT 0 UT THE ASSEMBLY LANGUAGE TEXT AFTER PACKING INTO 
// THE ARRAY 'BUFFER' OF FORTY WORDS. 

PAC!( .. 
PUTCODE. 
O~FLAG .. 

C0~1PARE. 

,, END PSUEDO-OP ENCOUNTERD, PASS CONTROL TO ASSEMBLER 
,, FOR FURTHER PROCESSING. 

FLAG=O $ CALL ASMB . ; 

START . 

CONT , 

, , * MA CRO DEFINITION PHASE * 
,, INCREMENT THE MACRO DEFINITION LEVEL COUNTER 

MACDLC+Ol+MACDLC. 

// READ ASSEMBLY LANGUAGE INPUT TE XT. 
o~ r. 
AI~lPUT. 

O+I. 
,, EXTRAC T THE MACRO NAME FROM THE INPUT TEXT . 

E~<TR :~CT. 

O+KOUtH. 

,, COMPUTE THE HA SH CODE FOR THE ENTRY . 
HASH. 

KLOOP , 
// CHECK FOR COLLISION OF HASH CODE. 

HASHTBCIHASHPTRJ=O $ JLOOP. 
IHASHPTR+ O l~IH AS HPTR , 

KLOOP . 
JLOOP , 

,, CHECK FOR MACRO NAME TABLE LENGTH 
020B<MANTC S MAN . 

,, SAVE THE POINTER TO MACRO NAME TABLE IN HASH TABLE 
MANTC+HASHTB[ IHASHPTRJ, 

,, SAVE THE MA CRO NAME WITH ASSOCIATED POINTER TO MACRO 
,, DEFINITION TABLE IN MACRO NAME TABLE 'AMACNT' . 

ALO OP , 

KOUNT=05 $ FL OO P. 

RESULT[KOUNTJ+AMACNTCMANTCJ. 

M A~HC+O 1 H1AtHC. 

KOUtH+O 1 +KOUN T, 

ALOOP . 

----·---~ 

- ------"F'" ·--~-----------.... 

I • 
I 

l 
t 

56 



- ------------ -

// SAVE THE MACRO DEFINITION TABLE POINTER IN THE MACRO 
/ / NAME TABLE . 

MADT C+AMACNTCMANTCJ, 

~lA IHC+O 1<-t·lA~HC, 

// PR EPARE MACRO DEFINITION ARGUMENT LIST ARRAY WITH INDEX 
// TO THEIR RELATIVE PJSITION . 

F' RARG .. 
BACK , 

O+L 
, , READ ASSEMBLY LANGUAGE INPUT TEXT, WHICH IS MACRO 
// DEFINITION BODY. 

A It4PUT. 

,, SUBSTITUTE THE INDEX FOR MACRO DEFINITION ARGUMENTS. 
SINDT. 
0<-KOL;tH, 

, , . PACK EIGHTY CHARACTERS IN ARRAY 'SOURCE' INTO ARRAY 
/ / ' BUFFER ' OF FORTY WORDS. 

PACK, 
, , MACRO NAME CARD IS ENTERED IN THE MACRO DEFINITION TABLE 

/ / MACRO PSUEDO-OP 

BLOOP , 

// CHECK FOR MACRO D~FINITION TABLE LENGTH 
02 00 B <~ADTC t MAD . 

/ / SAVE THE MAC RO DEFIIIIT!ON BODY IN ~lACRO DEFINITION 
// TAE:!...E . 

KOUNT=OSB S GLOOP . 
BUFFERCKOUNTJ+AMACDTCMADTCJ , 
KOUIH+O 1 +KOU iH, 

/ / UPDATE MACRO DEFINITION TABLE COUNTER- MADTC. 
MADTC+O 1<-t1ADT C, 

BLOOP. 
GLOOP , 

,, CHECK FOR MACRO DEFINITION WITHIN MA CRO. 
O+L 
EXTRACT. 
02<-FLAG. 
COt1PARE. 
FLAG=02 $ CHECK . 

,, CHECK FOR 'MEND' PSUEDO-OP . 
01 +FLAG, 

COt1PARE. 

FLAG=O S SKIP . 

BA CK. 

' ' MEND PSUED O- OP YE S 

' ' DECREMENT MA CRO DEFINITION LEYEL COUNTER . 
SKI_P , 

' ' CHECK FOR SAVING ALL MACRO DEFINITIONS . 
MA CDLC-01<-MA CDLC, 

- - -- .....-- ---....,-------
l • • 
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MA CD LC=O S START. 

/ / MA CRO PSUEDO-OP YES 

BA CK . 

CHECK , 

// INCREMENT MACRO DEFINITION LEVEL COUNTER. 
MA CDLC+01+MACDLC, 
BA CK . 

// PROCESS ERROR CONDITION 
MAN , 

02.;-MESSAGEC 010 J, 
ERROR , 
CALL ASt·18 . 

~1AD , 

03H1ESSAGEC 010 J. 
ER R OF; , 

CLSEFILE. 
JO BFIL E. 
E~<EC, 

$ , DEF, Et·lDPROG., 
$ .DEF.012 •• 
$ , DEF. AS~18. I . 
$ .DEF.LUOBJECT , , 
$ .DEF . LUOUTPUT., 
$ .DEF,LUPUNCH,. 
$ JDEF,LPPAGE , , 
$ , DEF , LGO, , 

amF·F.:OG , 

SUB~:OU Tlt~E . AIHPUT 

/ / :+: 

' ' * PURPOSE OF THE MODULE 
//* 

' ' * TO SUBST IT UTE MACRO CALL ARGUMENTS FOR MACRO 
//* DEFINITION ARGUMENTS IN CASE OF MACRO EXPANSION 
' ' * OR TO READ ASSEMBLY LANGUAGE I NPUT TEXT 
/ / * 

// W USAGE 

' ' * '' * AINPUT , 

' ' * ' ' * MODULES RE QUIRED 
/ / * 

' ' * AGO 
' ' * AIFGO , , * AI> ·; 
' ' * E ~~ TF'ACT 
' ' * EF.:ROR 
''* SU9ARG 
' ' * UNPAK 

' ' * 
' ' * SYSTEM MOD ULES REQUIRED 

58 
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/ / :+: 

/ / * 
/ / :+• 

PUT CODE 

/ / *******~********* 'M*************~***********~** *************** 
/ / D.:TERt~ALS 

"P . IJl" .. 
" P . OUT", 
"P . HLT", 
AGOS .. 
A I FGO , 
A I FS, 
At1ACDT, 
At lEGL 
BLANKBLANK, 
BUFFER , 
BUFF LIM, 
COt·1PARE, 

E XTRACT.. 
EFLAG .. 
Ef<: F:O~~ .. 
FL AG, 
I.. 
LUI tlF', 
L UOU T, 
MACDLC.. 
MESSAGE.. 
NOARG, 
P AC K, 
PUTCODE, 
RESULT, 

SOUF:CE .. 
STKPT ~ 
SUBAF~G .. 
TAG, 
Ut·lPAK, 
o .. 
01.. 
02 .. 
05 .. 
01 o .. 
0 110 .. 
0200 .. 
j j 

// LOCALS 

/ / GFLAG- FLAG TO INDICATE A CALL TO PSUEDO-OP'S AIF,AGO 
+GFLAG, 

// TEMPORARY VAR IABLES 
I t·lDE X, 

I PTR, 
ITEf'lP, 
KOUtH, 

// PTR- A TEMPORARY VARIABLE USED TO SAVE THE POINTER TO 
// MACRO DEFINITION BODY . 

*PTF.:, 
// STHR- SAVES ASCII COD E FO R THE CHARACTER '*' 

STAR=052, 

; ; 

.~-... 

"' 
"' 
* 
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.· / PROGRAt-1 

// INITIALIZE TEMPORAR Y VARIABLES 
0 <- I T E t·lF' .. 

RECUF~ , 

// EXIT IF ER RO R FLAG IS SET 
EFL AG =Ol $ EXIT INPUT . 

// CHECK FOR STACK LIMIT 
02BB <STKPT S OVERFLOW. 

,, CHE CK FOR MACRO EXPANSION PHASE. VALUE OF STACK PO I NTER 
/ / STKPT IS -1 

0<- KOUtH , 
STKPT=ANEG! S EXPAND . ; 

STKF'T +0 If- I TE t·'P .. 

,,. RETRIEVE THE MACRO DEFINITION TABLE POINTER. 
SC I T~t·iF' HI PH:, 
SC I TalP J+ BUFF L I tH·S[ I TEt·1P J, 

// TRANS FE R I tlPUT AS ~::Et-1E:L Y LAtlGU AG E TE XT STORED IN MACRO 
// DEFINITION TABLE TO ARRAY ' BUFFER' OF FORTY WORDS. 

BLOO P, 
KOUN T=B UFF LIM S ALOOF' . 
A MRCDT[IPTRJ ~ BUFFERC KO~~TJ , 

I PTF.:+O 1 q PTR 
K OU r~'i +0 t.;. KOU ;H. 
E:LC'OP . 

ALOOF' , 
/ / UNPA K THE CONTENTS OF THE ARRAY ' BUFFER'. 

Ut~F'Af~ , 

0 <- TAG, 
Q.;.j, 

/ .· EXTRA CT TH~ OP- COD E FIELD . 
EXTF:AC T, 

/ / CHEC K FOR MEND PSU EDO-OP 

OH-FLAG , 

COt·lPARE, 

FL AG=O $ CHECf~. 

// SUBSTITUTE THE ASS OCIATED MACRO CALL ARGUMENTS FOR THE 
/ / MACRO DEFINITION ARGUMENTS . 

o-- I , 
02 .. GFLAG, 

, _. CHECK FOR PSUEDO-OP'S 'A IF', 'AGO'. 
AI FGO , 
GFLAG=Ol $ CALL . 
GFLAG=O $ CAL L AIFS . 
Ei<I T ItlPUT . 

,, PROCES S ' AIF' PSUEDO-OP 

// 

CALL AIFS , 
I PTF: .. PTR, 
A'IF~:, 

RECUF:. 
PROCESS 'A GO' PSU EDO-OP 

~----

' ! . 

I 
I· 
t 

~ ~ -

~ 
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CALL, 
I PTR>-PTR, 
AGO S, 
F~ E CUF: . 

CHE CK , 

,, CHECK FOR MACRO CALL WITHIN MACRO. 
tlACD :_C=O $ POP. 
EXIT HlPUT. 

,, POP BACK TO PREVIOUS STACK FRAME . 
POP , 

STKPT>-INDEX , 
STKPT-S[INDE XJ•NOARG, 
NOARG-0 l•NOARG, 
S[ INDEX J>-STKPT, 
RECUR. 

EXP At·lD , 

// UNPACK THE SOURCE INPUT OF EIGHTY CHARACTERS 

O•KOUtH, 
, , BLANK FILL THE ARRAY 'BUFFER'. 

CLO OF', 
KOUNT=BUFF LIM $ DLOOF' . ; 
BLANKBLANK•BUFFER[KOUNTJ, 
KOU~lT +O l•KOUNT, 
CLODP. 

DLO OP , 
// READ ASSEt·18L Y LA,NGUAGE HlPUT TEXT. 

>BUFFER < 
// UNPACK THE CONTENTS OF ARRAY 'BUFFER' . 

Ut·lPAK, 

O• I tlDEX, 

, , PROCESS COMMENTS 

SOURCE[lNDEXJ =STAR S COMMENT . 

EXIT INPUT. 

COt1MEtH , 

// PAC K THE CON TENTS OF ARRAY 'SOURCE'. 
PAC K, 

// OUTPUT THE COMMENT STATEMENT ON TO THE OUTPUT FILE. 
PUT CODE, 
E X PA~lD . 

OVER F LO ~J , 

,, PROCESS ERROR CONDITION 
05•MESSAGE[ 010 ], 
ERROR , 

EXIT INPUT , 
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. 
r; 

, . 

. ------,- -·---
·' 

SU8RCliJT I NE, C! I FGO 
.~;. .. 

' '*******~*******~"************** ***** ********************•·~·· ,,. 
/.,.· ,..; 

//* 

//:+: 

/ / * 

// * 

''* //:.t: 

''* 
''* //:+: 

/ / * 

//~ 

/ /* 

PU~POS E OF THE MODULE 

TO PROCESS PSUEDO-OP 'Aif' . 
"A! F' 1"AGO" . 

USAG::: 

AIFGO. 

MODULES REQUIRED 

ERROi': 
EXTRACT 

''********~************•**************************************~ 
// EXTERt~ALS 

EFL AG, 
ERROF:, 
E >nR~;C T , 

// GFLA~- FLAG VA LUE TO INDICAT~ CALL TO PSUEDO-OP'S 'AIF', 
,, 'AGO'. 
/ / GFLAG=O INDICATES CALL TO PSUEDO-OP 'AIF' 
,, GFLAG=~1 INDICATES CALL TO PSUEDO-OP 'AGO' 

GFLAG. 
I. 
LUit~P. 

LUOUT, 
MESSriGE. 
RESULT. 
SOUF:CE. 
o. 
0!. 
02) 
03, 
05) 
010. 
; j 

// LOCALS 
CF LA G, 

,, IFG O- ARRAY SAV ING CHARACTER 'A I F G 0' 
IFGO[ 5 J=B1 0t. 0111.0106, fHI37, 0117. 

,, TEMPORARY VARIAB LES 
I TEl~!=· , 

KO UtiT, 
; j 

,, PROGRAM 

// 

// 

AIFG'J, ? 
O+C FLAG, 
0+1. 
IN ITIALIZE TEMPORARY VARIABLES 
O+I TE MP, 
O+ I(OUtH . 
EXTPACT THE OP-CODE FIELD OF SOURCE INPUT . 
EXTRACT. 

,, EXIT IF ERROR FLAG I S SET 
EFLAG=Ol S EYIT AI FG O. 

// CO t·iPAR E FOR t1ATCH ~JITH PSUEDO-OP'S 'AIF','AGO' 
ALO OP , 

KOUN T=OJ S SET FLAG . 
RESULT [ KOUNT: =IFG O[J(EMP J S BLOOP. 

- ~t· 

* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
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/, t1::;; PSUEDO-OF·' S '~II;: ', 'AGO ' 
KOUNT~O S EXIT AIFGO. 
CFLAG=01 $EXIT AI FGO. 
01.;c ,:· :._AG , 
CI:3.;I rEt·lF' , 
ALOC• ? . 

8!....0 CP : 
I TEt·lP+O 1<- I TEi·iF, 
KOU~H +0 1<-KOUtH, 
ALOOP . 

SET FLAG, 
ITEnP=05 $ SET GO. 

/ / RETURN FLAG VRLUE FOR 'AIF' PSUEDO-OP 
0<-GFLAG, 
E~<IT AIFGO. 

SET GO , 
,, RETURN FLAG VALUE FOR 'AGO ' PSUEDO - OP 

01<-G""'-AG, 
EnT AIFGO : 

SUB ROUT I t·IE.. AGOS 
~/~···~* * * * ****** * ********************************************* 
' ' * * 

/ / :+: 

// ;t: ,,. 
/ / * 

/ / :+: 

/ / +: 

/ /:+: ,,.,, 
/ / '! ' 

' '* / / ..t: 

' ' * 
' ' * 
' ' * // * 

/ / .;.• 

/ /:+: 

/ / 

PURPOSE OF TH~ MODULE 

TO PROCES3 UNCONDITIONAL BRANCH PSUEDO-OP 'AGO' 

t·lETHOD 

SCAN MACRO DEFINITION BODY FOR MATCH WITH LABEL 
SPECIFIED IN PSUEDO-OP STATEMENT AGO . 

AGOS, 

MO~ULES REQUIRED 

EP.F~ OR 

D:TRACT 
U ~ ~F'AK 

E i~ TEttALS 
At1ACDT, 
BLAt·H< BLA~lK , 

BUFF LHL 
BUFFER , 
COt·lPARE, 
EFLAG, 
ERROR, 
D :TPi-oCT, 
FLAG, 
I' 
LUHW , 
LUOUT, 
t·1E '3.3AGE, 
PTR , 
?.ESUL T, 

~:. I 

SOUR CE. 

.. 
.t-:-" ~~ 

3.'" ·.-·4~~ 

* 
* 
"' 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
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- - -·----··- - --
STI<F'T , 
TAG , 
U~IPAi'' , 

o. 
OL 
C5 .. 

0 1 :Z1' 
0 11 o .. 
i; 

// LOCA LS 
, , TEMPORARY VARIABLES 

I TEt·lF' , 
JTE~1P , 

KOUNT , 
,, LAB~L- ARRAY TO SAVE THE LABEL SPECIFIED IN AGO PSUEDO-OP 
,, STATEMENT . 

LABEU 5 ] .. 
j j 

,, PR OGRAt·1 
AGOS, ? 
0<- TAG, 
0 <-ICOU :H, 

// EXTRAC T TH~ LABEL SPECIFIED IN 'AG O' PS UEDO-OP 
E>;TG:AC T, 

, ~ EXIT IF ERROR FLAG I S SET 
,, ZERO FILL ARRAY ' LAB EL ' 

ALO OP, 
KOUNT =05 $ SLOOP. 
0 <-LABEU KO UtH ], 
KOUNT+O 1 <-KOUtH, 
ALOOP. 

BLO OP, 
0<-KOUtH, 

, , SAVE THE LABE L SPE CI FIED IN AGO PS UEDO-OP STATEMENT IN 
,, ARRAY 'L ABE L' 

CLO OP , 
KOUN T=OS $ DL OOP. 
RE SULTC KOUN TJ<-LABELC KO UNTJ, 
KOUNT+0 1 H: ou ~n . 

CLOOI-'. 
DLOOP, 

0<-KO UtH . 
,, SAVE THE POINTER TO MACRO DEFINITION BOD Y IN THE MACRO 
,, DEFINITION TABLE. 

PT R <- ITEt1P , 
,, SCAN FOR THE LAB ELED STAT EMEN T. 

LA B, 
EFLAG= 01 $ EXIT AGOS . 
AMACD TCITEMPJ=BLA NKBLANK f GLOOP . 
I TEt1P<-J TEt1P, 

ELO OP, 
KOUNT =BUFF L!M $ FLOOP . 
BLANVB LANK•BUF FERC KOUN TJ , 
AMACDTCJTEMPJ•BUFFERCKOUNTJ, 
JTEt1P+ 01 <-JT Et<F', 
KOUtH +O 1<-KOUtiT , 
ELO OP. 

GLOOP, 
' " UPDATE PO IrHER TO PO ItiT TO NEXT AS SEBL Y LAHGUA GE 
' ' STATEt1EtH I tl THE MA CRO DEF HI IT I ON BODY. 

IT EMP+8UFF LI M<-ITEMP. 
D._ KO •.ttiT, 
LAB . 
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<""LO OP, 
Ut·-! PAK .. 
O<eKO:..:iH, 
O<e! .. 
Ei<: TRCjCT 1 

/ _... (: :- I[C K f.'" OF~ ·' r-:=:HI·. ~· SUC: DO-C:> 

C: <e~LAG , 

COt·WAP. E, 
FL>"!G=O $ NOL ;:; E.EL . 

// 

C0~1P , 

CO~i?AR E FOS: t·iAE:H l.I ITH THE LABEL SPECI FIED IN (-!GO 
PSUEDO - OP S T ~T E M ENT . 

KOUNT=05 $ UPDATE. 
LAB ELCKOU HTJ=RESULTC KOUHTJ $ CONT . 
ITEMP+BUFF L!M+ITEMP , 
O+KOIJtH, 
LAB . 

COtH , 
KOU NT+Ol+ KO UtH, 
COf'iP. 

/ / UPDATE POINTER TO MACRO DEFINITION TABLE ON STACK. 
UPDATE , 

ITEMP+BUFF LIM+ITEMP , 
STKPT +0 l+JTEt·1F', 
ITEM P+S[ JTEt-lP J .. 
EX IT AGOS. 

HOLABEL , 
0 l+t·l ~ S SA G EC 01 <:1 J, 
:ORROR .. 

E ~:I T AGQS, 

3 UBROUTHlE. AIFS 
''*¥* * ***** ****** ~ *******************************~~··· ·~······· 
//+ 

' ' * 
//* 

/ /:f: 

/ / * 

/ / + 

/ /+ 

PURP OS E OF THE MODUL E 

TO PR OC ESS PSUED O-OP 'A IF ' 

~1ETHOD 
* .. 
• 

//* EVALUATE THE PREDI CRTE, A TRUE CONDITION RESUL TS IN * 
,,* BRANCH TO THE LA5EL SP ECIFIED I N THE A!F PSUEDO - OP • 
''* STATEMENT BY UPDATING TH:O POINTER TO MACRO DEFIHIT!O~~ 

' ' * BODY SAVED IN MACRO DEFINITI ON TABLE . * 
''* A FALSE CONDI TI Otl F:ESULTS I N COHT IN UA TI ON OF • 

// : .. : 
//* 

//,Y. 

' '* 
''* 
//* 

''* 
//* 

' '* 
''* 
//+ 

PROCESS !i-lG . 

US'iGE 

A I FS, 

MODULES REQU I F:ED 

ERROR 
EXTRACT 
IFTE ST 
RELATION AL 

* • 
• 
• 
* 
* • 
• 

* 
* 
* 

/ ., " * * 
''************************************************************* 
' EXTERNAL S 

EFL AG, 

• 

.-

I 
I. 
'. 

' ~ · .. 
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ERROP. , 
IFTE :;T, 
NESS AGE, 
SOUF: CL 
RESULT, 
RFLAG­
O :H :ACL 
F;ELAI I ot~AL, 
AG OS -
TAG ) 
L 
o, 
OL 
02} 
05, 
06, 
Oi.0, 
012, 
LU lt~P, 
LUOUT, 
j j 

// LOCA LS 

.... : .. 

// AIFFLAG- A FLAG TO INDICATE WHETHER EVALUATED PREDICATE 
/ / IS TRUE OF: FALSE 

*A I FFLAG, 
/ / ASCII CODE FOR THE CHARACTER ' (' 

LEFT PARANTHESIS=050, 
/ / OPER AI·lD- All AR RAY FOR SAVIt~G TWO OPERANDS OF A PREDICATE 

*OPERAI·ID( 12 J, 
// ASCII CODE FOR CHARACTER ')' 

RIGHT PARANTHESI S ~ D5i., 

// TENPORARY VARIABLES 
KOUNL 
...), 

I TEt·lP , 
CHE Ci( FLAG , 
LOG I CAL 

// LOCAL OCTAL CONSTANTS 
*08 =0 10 , 
*09=011, 
i j 

// PROGF::At-1 
AIFS , ? 

// HI IT I ALI ZE TEMPORARY VARIABLES 
f).;- .j, 

OHTEt·lP, 
O .. LOGICAL, 
O .. RFLAG, 

BEGIIL 
// EXIT I F ERROR FLAG IS SET 

EFLAG=01 $ EXIT AI FS . 
OHTAG , 
OH(OIJtH, 
EXTRACT , 

// PRO CEED WITH THE EVALUATION OF THE PREDICATE IF LEFT 
// PARANTHESIS IS ENCOUNTERED . 

RESULTCKOUNTJ=LEFT PARANTHESIS $SCAN . 
// BPANCH TO LABEL RETURN TO TA KE APPROPRIATE ~CTION 
,, ON EIKOUIHERING RIGHT PARAIITHESIS . 

RESULTC KOU NTJ=RIGHT PARA NTHE S I S $ RETURN. 
// RETR I EVE THE OPERATOR 

PELAT I Ot~AL, 
, , BRAN CH TO LABEL SCAN IF RELATIONAL OPERATOR . 

.. --·- - - · ------- __ ____ .. __ _____ _ ---·-
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RFU<G< 0 8 $ SC: At-1 . 
/ / S ~ VE THE LOGIC AL OPER~TO R . 

F;FLriG <-LOG I CA .... .. 
BE G I •J . 

~; CA ~ 1 , 

C d ·.::,Utrl .. 
,' ,· ZERO F I I_L THE ARR A'r' O PEP.A I ~D 

-:--.-, ,-, 
.::.. c.rt .... • : 

KOUN T=012 $ STnRT . 
O•O PERANDCKOU~ TJ, 

KOUH T+O 1<-KOU tH .. 
ZE 20 . 

/ / I NITI ALIZE TEMPORARY VARIABLES 
oH:outn, 
O•J, 
0 <-ITEMP, 

!...OOPO , 
Ol+TAG, 
o• :< OU~lL 

, , EXTRACT THE OPERAND OF THE PREDICATE 
E)<T F.:ACT, 

, ~ SAV E THE OPERAND IN THE ARRA Y OPERAND 
LO'JP 1 · 

I:OU IH=05 $ EXIT! . 
RESULTC KOUNTJ +OPERANDCITEMPJ, 
KOUIH+Ol +KOU tH , 
I TEt·1P+01 +I TE t·\F' , 
LOOP 1 . 

E>~ IT L 
0 1 +TAG , 
J= Ol $ EXIT2 . 
. J +O l+J , 

, , EXTRACT THE RELATIC NA L OPE RATOR 
D :TF.:AC T, 

, , RETRIEVE THE FLAG VALUE OF THE RELATION AL OPERATOR 
RELAT I Ot~ AL, 
LOClF' O. 

EXI T2 , 
, , IF LOGICAL OPERATOR 'AND ' BRANCH TO LABEL SET AND FLAG 

LOGI CAL=08 S SET AND FL AG. 
, , IF LOGICAL OPERATOR ' OR ' BRANCH TO LABEL SET OR FLAG 

LOGI CAL=09 $ SET OR FLAG . ; 
,, CHEC K FOR SATI SFYi HG THE CONDITIO N 

IFTESL 
, , SAVE THE CONDIT I o t; FLA G VALUE 

AI FFLAG+CHEC K FLAG, 
BEG I H. 

SET At·lD FLA G, 
I FTE ST, 
CHE CK FLA G=O! S COHT! . 
O+C HE CK FLA G, 
BEG H l. 

co ~n 1 , 
AIFFL AG=O S CONT3. 
BEG I t·l . 

cm1TJ 
o ~ CH E CK FLAG , 
BO:G Ill. 

SET C•P FL AG , 
I FT E:. r, 
(<~ F F i.. A G=Ol $ COtlT 2 . 
~CH E Cf~ FL AG =Ol S CONT2 . 
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BEG Itl. 
C:GH T2, 

01 t-CHECK FLAG , 
BEG Hl. 

;;:ETURt·L 
CH ECK FL AG =OI S CALL ACOS . 

/ .' PREDICATi EVALUATED TO FALSE, RETURN FROM THE MODULE 
Do:i.T AIFS . 

// PREDICATE EVALUATED TO TRUE , BRANCH TO APPROPRIATE LABEL 
f;ALL A::; :·s , 

AGCS .. 
EXIT AIFS , 

SUBROU TINE, RELATIOt~AL 

//************************************************************* 

PURPOSE OF THE MODULE 
/.' :-;: 

* • 
* 

// * TO RETURN APPROPRIATE FL AG VALUE FOR RELATIONAL AND * 
/ .. ,,, LOG I CAL OPEP.ATCJF:S nn:: , EO, GT, GE, L T, LE. At~ D. OR) * 

/ ... ..,: 
/ / :+: 

// ;.: 

/./:+: 

/ / :..4: 

/ / :+: 

USAG E 

RELAT I O~lAL 

MODULES REQUIRED 

H~R OR 

• 
* • 
* 
"' 
* • 
* 

//* *** ****** ******** ******************************************* 
/ / E i<i ERt~A L S 

EFLAG .. 
n :PC• F: .. 
LUitP .. 
LUOUT 1 

r·1 E::: Sri:~ E ~ 
RESULT, 
o. 
r) 1 ·' 
02. 
031 
04. 
05 .. 
06 .. 
08 .. 

; j 

// LOCALS 
// RFLAG- SAVES APPROPRIATE FLAG VALUE FOR .RELATIONAL AND 
,, LOGICAL OPERATORS . 

>~<PI' LAC, 
/ / TEMPORARY VARIABLES . 

// 

' // 

!TENP, 
~:OU tH, 

'OP ER ' - AH ARR AY WITH CHARACTERS 'A D E G L N 0 Q R T' 
OPERe 1 0 J=o 1 o 1. o fc· 4, 01 es. a 1 o7 , 01 14 , e 115 , e 117, c 121, e 122. e 124 . 
j i 

F'ROGRAt-1 
RELATIONAL, ? 

.. 0 .-KOUHT, 

--""TO~--~--~--------..·-
,. ;, . \ 
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8R~NCH TO APPROPRIATE LASEL . 
r :::!..IL. E KOUNT J= :JPER[ l<' : ti~!T J $ ~:: ET At-~D n _AG. 
•) d TENP, 
R SUL TCKOUNTJ=OPERC ITEMPl $SET OR FLAG. 
; ' :- I r r:: ~1 F' .. 

P :;:•::_ T[ fc: OUNT !~OPERC! ; ::r·J P J $ ~.0C)?2. 

0 .:-I TC~~p I 
R SUL TC KOUNTJ=OPERC I ~~M ?J $ ~OOP 3 . 

/ -· >: ELAT I O~lA:... LIPE:<A7G :=. ' HE', RC:TL.:P.N RFI.AC=01. 
01 ~ RFLAG, 
EXIT RELATIOriAL. 

!_COP3 : 
0 1.-KOUNT, 
oz .- ITE~lP, 
RE SU LTCKOUNTJ=OPER(I7CMFJ $ LOOP5. 

// RELA TIONAL OPERATOR ' LT', RETURN RFLAG=04. 
04 .-R FLAG, 
E ~<I T RELATIONAL. 

LOOP5, 
// RELAT I Ot·lAL OPERATO~ 'LE' , ";: ETURN RFLAG=05 . 

05.-RFLAG, 
E>~IT RELATIOI·lAL. 

LOOP2 , 
OHKOU~lT, 

02dTENP, 
PESULTCKOUNTJ=OPERCITENPl $ LOOP4. 

// RELATIONAL OPERATOR 'GT', ~ETURN RFLAG=03. 
03.-RFLAG, 
E ~< I T RELAT I O~lAL . 

LOOP4 , 
// RELATIONAL OPERATOR 'G E', RETU~~ RFLAG=C2. 

02.:-F:r LAG, 
E>:: I T F:ELAT I OilAL 

LOOP 1 , 
i ' ' RELATIONAL OPERATOR 'EQ' , RETURN R~LAG=0. 

0.:- RFLAG, 
EXIT RELATIOilAL. 

! SET OR FLAG , 
! // LOGICAL OPERATOR 'OR ' , RETURN RFLAG=09 

I,, 
! 

I 
I 

09 .:.F~ FLAG, 

EXIT RELATIOHAL . 
:,; ~ T A tiD FLAG , 

LOGICA L OPERATOR ' AND', RETURN RFLAG=08. 
08 -'-RFLAG. 

EXIT R ELATIO~lfi L : 

SU8ROUTHlE, STACK 

I , ,.""************** '~ ** ******** ·~**** ********"'*********"'***"'*"'**•-t,~ * • 
I 

I 
//:t. 

/ / ~: 

I,_,* 
~ / .· :+-

.//:-': 

I //;.t: 

I / ' · :-: 

I / / ,. 

//;f: 

i 
I 

PURPOSE OF THE MODULE 

TO SET UP t·lA CRO CALL ARGU~!Etn LIST AND TO ni'\NDLE I'!ACRO 
CALLS WITHJH NAtRO 

UASGS 

STACK, 

• 
• 
• 
* • 
• 
• 
• 

-
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/ / * 

// :+: 

// * 

// ~: 

/ ./ .. : 
/ ./ * 

// :+. 

/ / * : 

/ / :+: 

t·1ETHOD 

ST0CK IS IMPLEMENTED USING AN ARRAY 'S' WITH LAST IH 
FIR ? T OUT STR ATEGY . 

MODULES REQUIRED 

ERROR 
D: iF::~CT 

//***** * *~***********************~***********************~***** 
/ / E ~<TERt·JALS 

EFLAG, 
ERROR .· 
E>!."TPAC"T, 
I. 
LUHJF', 
LUOUL 
~1DTP , 

MESSAGE. 
tWAF:G, 
F~ E:=;UL T, 
STKF'T, 
TAG , 
o .. 
01. 
02 .. 
05 . 
011 (1 , 

j j 

// LOCALS 

, , TEMPORA? V VARIABLES 
I TEt-1" , 

KOUHT , 

,, S- AN ARRAY FOR IMPLEMENTING SlACK 
•s r 200 J, 
i _; 

/ / PROGRA t·1 

S TACK . ? 

// SA VE THE STACK POINTER. 

/ / 

// 

STI :PT +NOARG,_ I TEMP, 

I TEt1P+O 1 +I TH1P, 
STKPT'cS[ I TEt·1P ] , 

SAVE THE STACK POINTER FOR THE PREVIOUS STACK FRAME 
I TEt1P<,-STKPL 
ST KF'T+O 1 +I TEt'lP, 

SAVE THE MACRO DEFINITION TABLE POINTE~ IN THE STACK. 
t1DTP ~srI TE t1F' J , 

A?G SU8 , 

84:- TAG , 
I=0 1\ 0 $EXIT STAC K. 

* 
* 
* 

* 
* 
* 
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/ / EXTRACT THE ACTUAL ARGUMENT FROM THE MACRO CALL STATEMENT. 
E ~ TR :~CT, 

// IF" ALL THE ~1ACRO CALL ARGUt1ENTS ARE SAVEJ.l ON THE STACK, 
/~' EXIT FROM TH~ MODU_E. 

RESULT[KOUNTJ=O S EXi T STACK . 

~LOOP , 

KOUNT=05 $ BLOOP. 

I T E ~1P +O 1 <-! TE~1P , 

O~S[ I TEMP J, 
// SAVE THE MACRO CALL ARGUMENT IN THE STACK. 

RES0lT[ KOU NTJ•S[ITEM P J, 

KOUtH+Ll l•KOUtH, 

ALOOF· . 

8LOOP , 

ARGSUB. 

EXIT STACK, 

// SA VE THE NUMBER OF ARGUMENTS IN THE MACRO CAL~. 

I T[t·~f· HWARG , 

SUBROUTINE, HASH 
//*****~******************************************************* 

. //A< 

//* PURPOSE OF THE MODULE 
//* 

~'~'* TO GENERATE HASH CODE FOR THE ENTRY TO BE SEARCHED IH 
~' '* IN MACRO NAME TABLE . 
// "<'. 

~'~''~ t1 E7HOD 
/I'* 

//~ DI VISION METHOD 
// * 

~'~'* USAGE 
//* 

/ / + HASH, 
//* 

~'~'* MOD ULES RE QU IRED 
// * 

~''* ERROR 

• 
• 
• 
* 
* • 
• 
* 
* 
... 
• 
• 
• 
"' ... 
• 
* 

// ************************************************************* 
/ / EXTERtlALS 

EFLAG , 
ERF:OP., 

•LU!tl?. 
LUOUT , 

• 
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-----~-------

RE SUL. T. 
Q, 
OL 
05 .. 
0'36) 

; ' 
/ / LOCHI..:S 
// IrlRSHPTR- SAV ES HASH CODE GENERATED FOR THE ENTRY 

* I HA :;HPTR, 
// TEMPORAR Y VAR IABLES 

ITEt·1P .. 
JTH1P, 
I'OUtH, 
~1 ESSAGE, 

; ; 

/ / PROGRA~1 

HASH, ? 
/ / INITIALIZE TEMPORARY VARIABLES. 

O~ITEMP, 

OH( OU ~H , 

/ / OBTAIN THE POINTER TO LAST CHARACTER OF THE ENTRY. 
I LOOP, 

KOUN T=05 $ H~OOP. 

RESULT[KOUNTJ=O S HLOOP . 
KOUtH+O l <-KOU tH, 
I LOOP . 

HLO OP , 
KO UNT-Ol+ KOUN T, 

/ / COMPUTE THE SUM OF ASCII CODES OF FIRST AND LAST 
/ / CHARACTERS OF THE £NTR Y. 

RESUL H 0 J+RESUL H KOUt H J+ !TEMP , 
// COMPUTE THE REMAIND~R BY DIVIDING THE ABOVE SUM 
// BY 7ABLE LENGTH . 
/ / CIN TEGER DIVISION I S USED) 

I TE t·1P / 036+.JT Et1P , 
J TEt1P*036+ .JT EMP , 
I TEMP-JTEMP+IHASHPTR, 

SU8ROU THlE , EXTRACT 
/ / ************************************************************* 
// + 

,"/ * 

/ / * 

/ / * 

/ /* 

//>1-

/ / * 

PURPOSE OF THE MODULE 
TO EXTRACT SUBS TRING FROM EIGHTY CH ARAC TERS SAVED IN 
ARRAY 'SOURCE' . 

.i~ ... 

"' 
"' 
"' 
* 
"' 
*' 

//* SCAN THE EIGHT Y CHARACTERS FROM THE POSITION INDICATED * 
/ /* BY PO INTER ' I ' UPT ILL A DELI METER I S ENCOUtHERED. • 
/ / * US~GE ~ 

//* 

// * 

/ / ~ 

/ / * 

/./ .t: 

//* 

// * 

EXTRACT, 

MODULES REQU IRED 

EF:?OR 
SP CHR 

* 
* 
"' 
* 
* 
* 
* 

/ /* * 
/ / ********•**************************************************** 

// -EXT ERtlALS 

--
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8LA t·lK8LANK , 
DOLL AR, 
!oT L A'~. 

LUHl i=', 
Ll.t(•:_I T. 
h :::SSA GE .. 

SDURC E .. 

SPCHF: .. 
TAG .. 
(1, 
OL 
05 .. 
01 o .. 
0110 .. 
j .: 

/ / LO CALS 

>~<C O t·lCT = B42, 

// SA VE ASCII CHARACTER CODE FOR THE CHARAC TE R 
C Ot·H·1 A= 0 54 , 

// TE MPORARY FLAG VALUE 
FL AG, 

' ' ' 

/ ." I - PO I NTE R TO POS I TION OF CHARAC TE R TO BE EXT RACTED FROM 
/ / EIGH TY C ~A RACTER INPUT 

>!<I, 

// IS C- VAR I ABLE TO SAVE EACH INPUT CHA RqC TE R I N ORD ER TO 
// F I tlD At·lY SPE C! AL C H ~: RACT E R I N THE I ilPUT SOURC E 

// TEMPORA RY V A R I ABL ~ S 

IT Et-1:=·, 
KOUtl L 

/ / RE SU LT - A ~ FOR SA~IN G EXTR AC TED SUB-STR I NG. 
*RE2 Ui_ H 5 J , 

/ / Sf LR G- FLA G VALU E TO INDI Cn TE A SP ECI AL CHARACTER 
>t<~: FL A G , 

; j 

/ / PROGF.:At-1 

O~ K OU tH, 

'' I NIT I ALIZ E THE AR RAY RESULT 

AIHTZ , 

KOUtlT =05 $ START . 

0<!-RE SIJL H K OU~IT J, 

K OUWf+Ol~ K OUIIT , 

AJtH: . 

STA P. T, 

0 <!- I( (IIJtiT , 

l! 
--· ----- -- ---------.... ---- : :-

"'•· 
~~~~ . 

!~-. .,. 
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0 ~ FLAG , 

ANA~1ESETUP, 

/ ' E ~ IT IF ERROR FLAG IS SET 
EFLAG=01 S EXIT E X TR~CT . 

I=01~J $ EXIT EXTRACT. 

/ / 8R ArlC H TO APPROPRIATE LABEL ON ENCOUNTERING DELI METERS 
KOUNT=05 $ EXIT EXTRAC T.; 

SOURCECI l=BLANKBLANK s SKIP. 
SOURCECll=COMMA $ BINCT. ; 

// SAVE THE CHARACTER IN ISC 
SOURCE[ I HI SC, 

/ / CHECK FO R SPECIAL CHARACTER 
SPCHR, 
SOURCECil•RESULTCKOUNTJ, 

I +0 1• I TEt·lP, 
,, CHECK FOR THE BEGINING OF MACRO DEFINITION ARGUMENTS 

SOURCECITEMPJ=SAND $ AINCT. 
SOURCECITEMPJ=DQLLAR S AINCT . , 
TAG=J $ ALOOF' . 

// BRANCH TO AINCT IF SP ECI AL CHARACTER 
SFLAG=01 $ AINCT. 

ALOOP, 
/ / SET FLAG 'v'A LUE FOR tiOORDINAR '( CHARACTER 

0 1+ FLAG, 

// I NCR EMENT POINTEk TO THE POSITION OF THE CHARACTER 
I +0 1 • L 

KOUNT+01 • KOUNT, 

ANAt1ESETUP . 

81NCT , 
TAG=O $ SKIP . 
SOUF.:CEr I hRESUL H KOUtlT J, 

A I t1CT , 
I+01~L 

// RETURN EN COUN TERED SPECIAL CHARACTER 
FLAG=O $ EXIT EXTRACT . 
O~SFLAG, 

O~RE S UL H KOUtH J , 
I -01 ~L 

SKIP , 

// DELIMETER EN COUNTERED, RETURN SUB-STRING 
FLAG=01 $ EXIT EXTRACT. 

I +0 1 ~L 
// CONTINUE SCANN ING INPUT SOURCE STRING 

ANAt1ESETUP. 

EXIT EXTRACT, 
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SUBROUTINE, SPCHR 
/'****************** *****************•************************* 

, ·· ' -t: 

/ /:t: 

//$ 

/ / * 

//$ 

/ ,·' * 

//"1' 

P!JRPOSE Or THE WlltU;_E 

TO RETURN APPPOPR!~TE FLAG VALUE FOR SPECIAL 
· CrlAf::AC TE R. 

USAG E 

SPCHR, 

MnD ULES RE QU IRED 

ER ROR 

.. 

* • 
"' 
* 
* 
* 
* • 
* 

// ***********************y************************************* 
// EXTERNALS 

DO LL AR, 
EFLAG, 
ERRO R, 
I S C, 
LUI i-1P, 
LUOUT, 
t·l E S ~-A GL 
S MHI , 
SF LAG. 
o. 
OL 
,; ; 

// LOCALS 
// 'CHR'- AR RAY WI TH TWENTY SIX AS CI I SPECIAL CHARACTERS . 

"' 

CHPC26 J=040, 04 1, 04~.043,0 44 , 045,046 .0 47,&50,~51 , 852,053.054, 

~)5 5 .. 056, 057 .. (1 ~ 2, 073. (174 .. :2· 75 , (176, (177, 0 10 0,0 133,0134,0135, 
// TEMPORAR Y VARIABL~. 

KOUhL 
/•· TE MPOR ARY CONSTANT. 

031=(131, 
; j 

// PRO GRA~l 

SPCHR, ? 
O~SFLAG, 

// IF SPECIAL CHARACTER IS AMP ER SA ND (&) RETURN . 
I SC= SA ND $ E ~ IT SPCHR. 
ISC=DOLLAR $ EXIT SFC~R. 
OH~ OUtlL 

ALOO P, 
// INPUT CHA RACTER I S NOT A SPECIAL CHARACTER , RETURN 

KOUNT=OJI $ EXIT SPCHR. 
CHR CKO UNTJ=I SC $ SET FLAG . 

// ItlPUT CHARACTER IS A SP ECIAL CHARACTER, RETURN 
// FLAG VALU~ , SFLAG=D!. 

I< OUtH +O I ~ KOUNT, 
ALOOP . 

SET FLAG · 
0 1<-SF LAG. 

E>:I T SPCHR, 

-. ., ., · .. . ' 
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/ ./ !f.: 

/ · · ~ · 

/ /•t : 

//:t: 

// * 
//' :+: 

/./ :t: 

// * 

/ / * 

/ / * 

/ / lf: 

// * 

PURPOSE 0~ THE MODULE 

T ~ RETURN APPROPRIATE FLAG VALUE FOR PSUEnO-OP'S 
' :·1ACRO ' , ·· t·lEND ', ' nm '. 

'USAGE 

COMPARE, 

MODULES REQUIRED 

ERROR 

* 
* 
... 
* • 
* 

* 

* • 
/ / **************************************************~*********8 

// EXTER~lALS 

EFLAG, 
ERROR, 
FLAG .. 
LUit~P. 

LUOUT.. 

~1 ESSAGE, 

RESULT, 

o. 
OL 

03. 
04 .. 
05} 
06 .. 

01 (1, 

i; 

// LOCALS 

// I tH T I ALI ZE ARRAY CHAR ~~ ITH CHARACTERS ~1. A. C, R, Q, E, H, D 

CHAF:E 8 J=Ol15 , 0101,0103,0122,0117,0105.0116.0104, 

/ / TEMPORARY VARIABLES. 
CHECK , 
I fC, 
KOUtH, 

j j 

// PROG9At1 

C0t1PARE , ? 

/' INITIALIZE TEMPORARY VARIABLES . 
O~KOUtiT , 

o~rr.: . 

/ / J UMP TO ELOO P IF COMPARIS ON I S FOR PSUEDO-OP END 

FLAG=O $ ELOOP . ; 

WU~ 't NN 

. ~ .... 

; , .. 
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// J UMP TO CLOOP I F CO MPAR I SON I S FOR THE PSUEDO-OP MEND 

FLAG=0 1 S CLOOP. 

04~CHECK, 

ALO OP , 

/ / CH ECK FOR MACRO PSUEDO -OP , RETURN FLAG=0 IF SUCCESSFUL 
/ / 

KOUNT=CHECK S EXIT CO MPAR E. 
R E SUL T[ KOUNT J=CHA R [I ~ J S BLOOP. 

0 1<-FL AG, 

EX IT COt1PARE . 

BLO Or:· , 

KOUNT+01 .. KOUtH, 

If(+(ll<-If(, 

ALC•Or·. 

FLAG=01 IF UNSUCCESSrUL 

/ / CHECK FOR ~END PSUEDO-OP, RETURN FLAG=0 IF SUCCESSFUL 
, , FL AG =01 IF UNSUCCESSFUL 

CLO OP, 

0<-FLAG , 

0 4t-IK, 

0 3<- CH ECK, 

RESUL H KOU~lT J=CHAF.:[ I<OUrlT J $ DLO OP . 

. 0 1 ~FU~G. 

EXIT C0t1PARE . 

DLO OP , 

KO UtH+O 1 <-KOU~H, 

A LOOP . 

// CHEC K FO R END PSUEDO-OP, RETURN FLAG=0 IF SUCCESSFUL 
// FLAG=01 IF UNSUCCESSFUL 

ELO OP, 

O .. FLAG, 

0 3<-CHEC K, 
GLO OF' , 

KO UtlT=CHECK S E>< IT C•JMPAR E. 
R ESULTE KOUN TJ=CHA R (I ~ J $ FL OOP. 

0 l .. FLAG , 

~t::-:::.-..:-""· ._....,.. "'II;--

~if:-"' ~ .-~.:'·, 
.. ;-; .. \-

-. 
·--

i 
! 

t 
·' ~·- ::-r 

• l 
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-~--------------
.~.l ~ 

EX IT CO t1PARE . 

FLOOP · 

KOUHi+01d.: OUtH, 

GLOOP. 
EXIT C0~1PARE , 

o~ I K, 

S UBROU TINE. SitWT 

// ************************************************************• 

/ /:.+: 

// :.t: 

//* 

//:+: 

//* 

/ / * 

// :+: 

//* 

' '* // :t: 

PURPOSE OF THE MODULE 

TO SUBSTITUTE THE INDEX FOR THE MACRO DEFINITQN 
ARGUMENTS IN THE MACRO DEFINIYION BODY. 

US AGE 

SHlOL 

t'lODULES REOU I RED 

ERRCtP 
E:x:H: ACT 

// E~~TER~~ALS 

// 

// 

HLA , 
EFLAG , 
ERR OF:, 
EXTR AS T, 
L 
LUI ~lP, 
LUOUT, 
t·1ESSAGE, 
RE S ULT , 
SAHD, 
SOURCE , 
o, 
OL 
04, 
05 , 
06, 
0! o, 
01 10 , 
0144 , 
j i 

LOCAL S 
TEMPORARY VARIABLES 

I K, 
.ITnl P, 
j, 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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_!TnlP .. 
1( 0Ut·'T , 
*TAG .. 
''' D(•L'.AR=044, 
; _; 

// PROC.RAi·i 
S!t·~ OI : ? 

INITIALIZE TEMPORARY YARIA3LES . 
C +-! _. 

0~ I TEt·lP , 
Q.;.._t, 

O~JTEt·lP, 

BINTZ , 
/ / EXIT IF ERROR F LAG IS SET 

EFLA~=01 $ E ~ IT SINOT . 
OdTEt·lP, 
OHCOL! ;IT , 
OH-TAG, 

/ / EXTRACT THE MACRO DEFINITION ARGUMENT OF ASSEMBLY 
E)(TRACT , 
I =0110 S EXIT SINDT. 
RESULT[KOUNTJ=O S EXIT SINDT. 
RESULT[KOUNTJ=SAND $ SCHN. 
BltHZ. 

// RETRIEVE TdE IIIDt: >; FOR MACRO DEFINITION ARGU~1niT BY 
// SCAtm HlG THE ARGUt·1EtlT LIST ARRAY 'ALA' . 

SCA~l , 

ITEMP=0110 S BLOOP. 
f : OU~IT=05 $ E>~ CHA. 

RESULTCKOUNTJ=O S E X C~A . 

RESUL H f~ OU~IT J = ALA[ I TEt'IP J $ ALOOP . 
0::.-f<')Ut·lT ~JTE ~1P , 

- ' T E t1F' + 0 1 ._ .j T E t·lF' , 
.nEt·1P + I TE t·lP._ I : Et·1P , 
OH: OUt tT , 
SCAt·l . 

ALOOF' , 
KOUtH+O 1 H <OUIH .­
I TEt·1P+O HI TE i1F' .. 
SCAIL 

EXCHA , 
05-KOUtH<-J, 
I TEt·1P+J._ I TEt-1 P , 
I-01d K, 

// SUBSTITUTE INDE X FOR THE MACRO DEFINITION ARGUMENT . 
ALA[ I TEt1P hSOURCE[ I K J, 
I -KOU~ITH K, 

DOLLAR+-SOURCECIKJ, 
c:LOOP , 

811HZ . 
EXIT SHlO T , 

01+-TAG, 

//:t: 

//)to: 

SUBP.OUT I NE.. P '=:AR G 

P URPO S E OF THE MOD UL E 
TO PPEPARE t1ACRO DEF IN IT I Otl ARG Ut1 EtH LIST ARRAY WITH 
THEIR ASSOCIATED ~E LATI Y E POSITION IN THE STATEMENT 

us r.:.GE 

• 
"' 
* • 

1- . ---- ·-
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------ -- .. -----
. //:-t: 

// * 

/ /: ~: 

// * 

,.. /:f 

MODULES REQUIRED 

EF:"'~IJR 

E><TRACT 

/ /* ~~* * * *** ************** * * ** ********************************** 
// E>:T ERNAL S 

EFLAG, 
ERROR, 
EXTRACT, 

L 
LUHJP, 
LUOUT, 
~I ESSAG E , 

RESULT, 

SOUP CE, 

TAG, 
o, 
OL 
04, 
05 , 
01 (1, 

0110, 
; ; 

// LO CA LS 

// 'A LA ' - ARPA Y OF EIGYT Y WORDS FOR SAVING MACRO DEFINITION 
// ARGUM ENT SS WITH THEIR ASS OCIA TED RELATIVE POSITION . 

>~<ALA[ :3t] ], 
// TEMPORARY VAR I AB LES 

I TEr1c· , 
.J, 
KOUtH, 
>~<0 1 20 =012 0, 

; i 

/ / PROGP.Ar-1 

// INITIA LIZE TEMPORARY VARIABLES 

// 

/ / 

// 

O ~ITEMP , 

0 .:-.J, 
CHE CK, 

CHE CK FOR ARGUMENT LIST ARRAY LIMIT 
0 120 <ITEMP $ ALAFULL . 

EXIT IF ERROR FLAG IS SET 
EF LA G=0 1 $ EXIT PRA RG . 
OH~ OUtH , 

0.:- TA G, 
I =011 0 $E XI T PRARG . 

E>o:TR ACT THC: DU~IMY ARGUM EIIT S FROM THE SOURCE It~PUT . 
EXTRACT, 

* 
* 
* 
* 

-
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RESU LT[ KOUNTJ=O $ EXIT PRRHG. 

~ · STORE THE DUMMY ARGUMENT IN THE ARRAY ALA . 
ALO OP, 

~OUN T= OS I ADJUS . 

F' : ::;·uL H KOUN T J .. A L A ~ ITEt·1P J , 

KOUt-H+O 1 H~ O U ~H .. 

I TE~iP-t-0 1 ~I TE t·l P, 

ALOOP . 

, , SAVE THE INDEX OF THE DUMMY ARGUMENT IN THE ARRAY ALA. 
ADJUS , 

J~ALA[ I TEr'1P J, 

I TEt·lP+O 1._ I TEI'1P .. 
// INCREMENT THE INDE X FOR MACRO DEFINITION ARGUMENT . 

J+01~J , 

CHEC K. 

// PROCESS ERR OR CONDITION 
ALAFULL , 

04~~1ESSAGE[ 0 I 0 L 
ERF' OR, 

EXIT PRARG , 

SUB POUT I NE, SUBA RG 
''****** *************** ** ******** ********* ********************* 
/ / ~· 

''* ,,,., 
/,' * 

//-1' 

/ , .. , 
/ / of. 

/ / :+: 

// >!< 

/ / lof>: 

/ / >!< 

/ / >t' 

/ / :+: 

/ / >!< 

/ /* 

PURPOSE OF THE MOD ULE 

TO SUBSTITUTE MR CR O CALL ARGUMENTS FOR MACRO 
DEFINITION ARG UMENTS . 

USAGE 

SUBARG , 

MODULE S RE QUIRED 

ERF.:OR 
EXTRACT , 

/ / ~ >I< >I<>I< * * **>+'*'~<**** * ******* M *************************>I<>I<$>1<>1<>1<>1<>1<>1<>1<>1<>1< 
/ / EXTE Pt·;i-'tLS 

E: L M lK B LA~~ ~~ , 

DO LL AR, 
CO tt CL 
EFL AG , 
E F:RO~: , 

EXTRAC T, 
• I' 
ISC ~ 

* 
* 

* 
* 
* 
* ... 
... 
* 
* 
* 
* 
* 
* 

l : --------------------;~--~----~~----------~4~s~a~·~~sJ. ·. 
·~· .. .. t " 

• T 

' l 

81 



LUIH? .. 
LUOLIT .. 
~1 E SS :·iGE , 
RE SULT , 

S A~lr .. 
SFLAC., 
:::OLWCE , 
sn;pr, 
TAG, 
o, 
OL 

OHL 
0110 , 
j j 

// LOCALS 
// TEMPORARY VARIABLES 

I K, . 
I PTR, 
J PTF: .. 
KOUtH , 
KPTR, 

/ / TE MP- A TEMPORARY nRRAY FOR SAVING TE XT WITH MACRO 
// CALL ARGU MENTS SUBSTiTUTED FOR MACRO 
/ / DEFI NITION ARGUMENTS 

TEI·lP( 80 J, 
j j 

/ / PROGRA~l 

SUB AF.:G, ? 

// INITIALIZE TEM~ORARY VARIABLES 
0<- KOUtlL 
(1.;-! F'TP , 
O<c ._IF'TF.:, 
O<i-I , 
O<i-TAG, 

// BLANK FILL THE TEMPORARY ARRAY 'TEMP' . 
ZER O, 

KOUNT=0110 S ALOOF' . 
BLANKBLANK<cT~MP( KO UNTJ, 

KOUtH +0 1<-t<Oll ti T, 
ZERO . 

ALOOF' , 
// EXIT IF ERROR FLAG IS SET 

EFLAG=01 $ EXIT SUBAPG . ; 
01<-TAG , 
I <-JF'TR , 
0<-t<OUHT, 

// EXTRACT THE DUMMY ARGUMENTS OF THE INPUT SOURCE 
EXTF.:AC T, 
I <.-KPTR, 
RESULT(KOUNTJ=O $FINAL . ; 

// CHEC K FOR MACRO DEFINITION ARGUMENT 
F;ESU L H KOUtlT J=DOLLAR $ START . 

/ / CHEC K FOP SPECIAL CHARACTER 
SFLAG=O $ INTZl . 
I SC=CON CT $ SK IP! . 
RE SUL H f~ O U N T Jo.TEI'lP[ I PTR J, 
IPTR+ C: l<ciP TF.' . 

SKIP 1 , 
A LOOP . 

-'-­. ' 

/ / TRAN SFE R INPUT CHARCTER STRING FROM ARRAY SOURCE TO ARRAY 
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/ .. · : ii·lP 
Itl'TZ1 · 

JPTR=KPTR S INTZ2. 
SOU R C ECJPTRJ~TEMP[JPT~J • 
. JF'TR+O l.;.~IPTR .. 
I F' It< ·'· J i .;. I P IF; .. 
BLAN~SLRN K <-TEMP[!?TRJ. 

I tH"Z 1 . 
;NTZ2 , 

SOURr EC K PTRJ=BLANKBL~NK $SKIP. 
ALOOF' . 

Sr~ I P, 
SOURCECKPTRJ+TEMPCIPTR l . 
IP TR-i-01+IPTR . 
ALOOF'. 

START , 
/ / CO~PUTE THE POINTER TO MACRO CALL ARGUMENT IN STACK 

0+ I K, 
Q.;. .JPTR, 
I-01<-If<, 
SOURC ECI KJ•OS•JP TR. 
J PTR+02.;.JPTR . 
JP TF~ + S TKPT • J ~·T R, 
O+KiJUtH, 

BLOOP , 
SUBSTITUTE THE ACTUAL ARGUMENT OF THE MACRO C~LL SAVED IN 
THE STACI,:: 

SCJPTRJ=O S CLOOP. 
KOUNT=05 S CLOOP . 
S [ JF'TR HTEt1P: IPTR J .. 
IPTF:+01+IPTR , 
.JPTR+O 1.;.JPTR. 
n:•U'H+Ol<-f~ OUiH .. 
B!_ Oor:·. 

CLOO F' : 
o .;. f::outJT, 
SOURCE[ IJ=BL~NKBLANK S DLOOP . 
A LOOP . 

DLOOF', 
I PTF:+O 1.;. I PTR. 
ALOOF. 

ciNAL 
Q.;.JK, 
0 +-f(OlltH, 

, .. SAVE TH E ASSEMBLY LANGUAGE TE XT WITH MACRO CALL ARGUMENT 
// SUBSTI TUTED FOR MACRO DEFINITION ARGUMEN T IN ARRAY 
, , ·~;CJLJF~ CE' . 

/ / SOURCE. 
SETST , 

KOUNT=0110 $EXIT SUBnRG. 
BLANKBLANK<-SOURCECKOUNTJ, 
TEMPCKOUNTJ• SOURCECKOUNTJ, 
KOUtlT+O 1<-KOUtH . 
SETST . 

EX IT SUi3HP.G , 

SUBF:OUT I HE. EPR OR 
' ·' ·~· ~ ~··?*******~**~****************************************** 

r'l_I F.'POSE Oi TH E t·10PIJLE 
/ / :+. 

* 
* 

.. 
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----- -·-----
/ /:• . TO OUTPUT APPROPRIATE ERROR MESSAGE CODE 

. /./ '+: 

/ / * USAGE 

/ / * ERROR , 
, ·· ,1' ·,: 

MODULES REQUIRED 

// :+: PACK 
// :.l: 

* .. .. 
* 
* 

* 
* 
* 
* 
* 
* 

/' •************************************************************ 
// EXTERNALS 

BLAN KB LAN K, 
BUFFER , 
LUHW, 
LUOUL 
PACK, 
" P. I ~1", 
"P . OUT" , 
" P. HL T", 
SOURCE .. 
o .. 
OL 
012, 
012(1 , 
i; 

// EFLAG - FLAG TO INDICATE ERROR CONDITION 
*EFLAG , 

/ / TEMPORARY VARIABLE 
KOUtH, 

/ / ME SSAG E- AN ARRAY SAVING CHARACTERS '* * E R R 0 R" AND 
// ERRO R CODE 

•MES3AGEE 10)=052,052.0 105 ,0 122.0 122,0117,0122, 
/ / TEMP- A TEMPORARY ~?RAY TO SAVE CONTENTS OF ARRAY SOURCE 

TEt·lF' [ 80 J, 
; ; 

ERROR , ? 
O ~KOU~iL 

// SAVE THE CONTENTS OF ARRA Y SOURCE IN ARRAY TEMP. 
LOOP O, 

KOUNT=0120 S LO OP1 . 
BLANKBLANK~TEMPCKOUNTJ, 

SOURCE[ KOUtH JHEt1PE KOU~n ], 
BLANKBLANK~SOURCEEKOUNTJ, 

KOUtH +O 1 ~KOU~n, 
LOOPO. 

LO OP I , 
O~KOUtH, 

// TRANSFER ERROR MESSAGE IN ARRAY MESSAGE TO ARRAY SOURCE 
LOOP2, 

KOUN T=012 $ LOOP 3 . 
MESSAGEEKOUNTJ~SOUpCEEKOUNTJ, 

KOUtH+01 ~KOUtH, 
LOOP2. 

LOOP3 , 
O .. KOUtH, 

// PACK THE C0NTENTS OF ARRAY SOURCE 
PAC!':, 

/ / OUTPUT THE ERROR MESS AGE 
<BUF FE R> 

// TR AS FER BACK THE CONTENTS OF ARRAY SOURCE 
LOOP4 , 

KOUN T=0120 S EXIT ERROR . ; 
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BLAN KBLANK+SOURCECKOUNTJ, 
TEMPCKOUNTJ• SOURCE[ KJUNTJ, 
KOUN T+O l+ KOU 'H .. 
LOO~· ·~. 

E>; IT E ~' '-'CR , 

// ;~ T ER R~P ~ L~G 

0 t .;. EFLAG .. 

S U8F' G ~_IT It~ E.. PACK 
/~**** ** * ******** ****** **************************************** 
/ /$ • ' ' * PURPOSE 0~ THE MODULE "' 
" .· ·-. : • 
//* TO PACK EIGHTY ASCII CHARACTERS INTO A FORTY WORD • 
// * ARRAY 'BUFFER' W!TH TWO ASCII CH ARACTERS PER ~ORD. * 
/. ·'* • 
/ / * t·lC:THOD • 
/ / t : * 
/ / * INTEGER DI VISION * 
//:t: * 
//* US AGE * 
//:+: "' / . ...-:+: P A CV.~ * 
// :+: * 
/ / S MODULES RE QUIRED .;. 

/ / * * 
/ ··• ERROR 
/ / * 

/ / *************** ***** ***************************************** 
/ / E)<TEF.:t·lALS 

!:: LA t·H: BL AtlK . 
BU FF L If'l.. 
EFLAG .. 
E F.:R O ~: . 

LU! t·lF·. 
LUOUT. 
~lE S ~: AGE. 

SHIFT. 
SOURCE. 
o. 
01.. 
010. 
j j 

// LOCAL S 
/ / LENGTH OF THE A?RAY SOURCE . 

// 

// 

// 

ARRAY LIM=0120 , 
'BUFFER ' - ARRAY OF FORTY WORDS TO SAVE EIGHTY CHARACTERS 

WITH TW O CHARACTERS PER WORD . 
• BUFFER[ 40 J , 

TE MPORAR Y VARIABLES . 
J, 
K. 
ITEt1P . 
i j 

/ / PROGRAM 
PAC I: , ? 

/ / It~ IT J ALI ZE TE~1PORAP. Y VAR I A8LES. 
(lfo ._IJ 

o .. K. 
Q.;. IT': t1F', 

// • BL Atl K FILL THE AJ:'RAY BUFFE ~ . 

* 
* 

t ,. 
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AINTZ , 
K=BUFF LIM S BLOOP. 
BLAN ~ BLANK•BUF~ERCKJ , 

K+OH· K, 
AitH Z. 

BLOOP , 
Ot-K, 

.,..,LO OP, . 
K=ARRAY LIM S EXIT PACK. 

// SAVE THE UPPER BYTE IN Il:MP. 
SOURC ECKJ•SHIFT•ITEMP . 
K+OH·K. 

// SAVE THE LO WER AND UPPER BYTE. 
SOURC ECKJ+ITEMP•BUFFERCJJ , 
I< +01• K. 
J +O 1<-J .. 
ALOOF'. 
EXIT PACK, 

LIST EN D **** 
SUBROUT HlE.. Ut·lPAK 

''************************************************************* 
/ / * 

' '* PURPOSE OF THE MODULE 

''* ''* TO UNPACK THE CONTENTS OF THE ARRAY BUFFER OF FORTY 
''* WORDS. WHERE EACH WORD IS PAC KED WITH TWO ASCII 
' ' * CHARACTERS. 

''*" , , * METHOD 
/'* 
' ' * INTEGER DIVI S ION 
/ / :t: 

' ·' * u:::AGE 

' ' * ''* U~lF'AK. ,,. 
''* MODULES REQUIRED 
/ / :+: 

, '* EF:ROF: 

* 
* 
* 

* 

"' 
* 
* 
* 
* 
>!< 

"' 
* 
* 
"' 
"' 
>!< ' ' * ''*** ********************************************************** 

, , o;TERNALS 

// 

BLANf(8LAtW. 
BUFFER . 
BUFF L I t1 . 
EFLAG, 
ERROP. 
LUI t·lF', 

LUOUT, 

MESSAGE, 
o. 
01. 

0 10 . 
01 10. 
j ; 

.LOCALS 

· . 
.... ";• •. ~ .... 
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/' TEMPORARY VARIABLES. 
ITEt"lP, 
J .. 
K .. 
,f,Sri 1 •T=04 00, 

// ·'SOURC E'- ARRAY TO SA'·/E TH~ UNPACKED CHAf<ACTEi:·:; O;:" 
// CUFFER WITH ONE ASCII CHARACTER PER MaPD. 

*:::ou -:c cEC so J , 
; .; 

// PROGRA~l 

UNPAK , ? 

// INITIALIZE TEMPORARY VARIABLES 
0<-J , 

Q +:-}(1 

o.- I TEt·lP, 
/ / BLANK FILL ARRAY SOURCE. 

AINTZ, 

K=0110 $ BLOCIP. 
BLAN KBLANK•SOURCE[K], 
K+01<- K, 

AHlTZ . 

BLOOP , 

C: .. IT E t·lF', 
ALOOP , 

K=BU FF LIM $ EXI T UN PAK. 

// SAVE UPPER BYTE OF THE WORD . 

// 

BUFFER[K] / SHIFT.-SOURCE[J] , 

SOURCE[J ]*SHIFT<- ITEMP , 
J+O 1<-J, 

SAVE LOWER BYTE OF THE WORD . 
BUFFER[KJ-ITEMP<-SOURCE[J] , 
J+O 1<-J, 

K+01•K, 

ALOOP . 

D(l T UI1PAK, 

. - - ~- . -. - -·- -- -
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SUBROUTINE . SEARCH 

''****** ****************~************~························· 
/ ./ +: * ' ' * PURP OSE OF THE MODULE . • 

* 
/ / * TO SEARCH MAC RO NAME TABLE . "' / / :,.. • 
/ / * t·1ETf10D * 
/ / >+; * 
/ , '* HASH TABLE SEARCHU~G METHOD, HASH CODE GENERATED USIHG • ' ' * DIVISION METHOD. .. 
/ ./ :+.: • 
/.' * USAGE * 
' ' * * 
/.·'* SEAR CH, * 
''* .. 
//* MODULES REQUIRED * ,,. * 
// * ERR OR 
//* HASH * / / :t: • 
''**** ********** **** *****~******* ***************~*************• 

// E X TE Rt-~ALS 

AFLAG , 
At-1()CtH , 
EFLA G, 
ERR OF.:, 
HASH , 
HASHT8 , 
I HASHP TR, 
L UI ~lP. 
L UOUT , 
t·1DT P, 
t·1ES~;AGE. 

RESULT, 
o. 
OL 
0 2, 
04, 
05J 
0 10, 
i i 

,, LOCAL S 

,, TEMPORARY VA RIABLES 
ITEM ? , 

JTEMP , 

KOUHL 
ARRY LIM=0140, 
j i 

/ / PROGRAM 

~; EARCH , ? 

' ' l t~ ITI AL IZE TEMPO RARY AND LOOP COHTROL VARIABLES 

0 1.-AFLAG, 
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o.;- i T::: t·lP , 
0<-JTE:·lP, 
0<-KO Utn .. 

, , . OBTAIN THE HASH CODE . 
HASH , 

• · E~ IT IF ERROR FLAC IS SET 
EFL ~ ~=Ol S E ~ IT SEqRCH. 

, , CHEC K WHETHER ENTRY TO BE SEARCHED IS IN THE MACRO NAME 
// TABLE. 

HASHTB [ IHASHPTRl=O $ E~IT SEARCH. ; 
// OBTAIN FROM HASH TABLE THE POINTER FOR THE ENTRY TO BE 
// SEARCHED IN THE MACRO NAME TABLE . 

HASHTB[IHASHPTRl<:-ITEMP. 
ALOOP , 

ITEMP=ARRY LiM $ ~XIT SEARCH . 
,, COMPARE FOR ENTRY TO BE SEARCHED IS IN THE MACRO NAME TABLE 

KOUNT =05 $ BLOOP . 

RESULT[KOUNTl=AMACNT[!TEMPl S CLOOP. 

. .. ... ~ 

/ / MAT CH NOT SUCES SFUL . TRY TO MATCH WITH THE NEXT ENTRY IN THE TABLE 
05 - KO U ~H <:- J T E t·lF' .. 

JTEt·lP+O 1<:-JTEt·lF'.. 
I TEMP+JTEMP<-ITEMP , 

AMAC NT[ITEMPl=O $E XIT SEARCH . 
0 <:- f( OUrH . 

ALOC• r-· . 

CLOOP , 

KOUtH+Ol +KOU tH , 

IT Et·1P+O 1 <-! TEt·1 P, 

ALOOF' . 

' ' MATCH IS SUCE SSFUL .. RETURN THE FLAG VALUE FOR SUCESSFUL MATC~ 

BLOOP , 

0 <:-A FLAG, 

'' RETRI VE THE MA CRO DEFINITION TABLE POINTER . 
At1ACt ~H I TEt1P J<:-t-lDTP . 

E>~ IT SEARCH , 
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SU8F.'OUTINE, IFTEST 
/'*•*******************************~*********************~····~ 
-"'"'* 
//olo 

//* 

/.' * 

/ .... 
/-' * 

// * 

// :t: 

// * 

//+ 

/ /* 

// :t. 

PURPOSE OF THE MODULE 

TO EVAL UA TE THE PREDICATE OF AIF- PSUEDO-OP 

USAG E 

IFTEST , 

MODULE S REQUIRED 

ERROR 

... 

... 
* 
* ... 
* 
* ... 
* 
"' * 
* 

//********************~**************************************** 
// EXTERNALS 

AIFFLAG , 
EFLA G, 
ERROP., 
OPE RArHI, 
~1ESSAGE. 

RFLAG , 
o .. 
OL 
02, 
03 . 
(14, 
051 
06, 
012. 
LUI t·~P, 

LUOUL 
i; 

/ / LOC ALS 
// TEMPORAR Y VARIAB LES 

K .. 
KOUHT, 
; ; 

/ / PR OGRA t1 
IFTEST, ? 

/ / IHITIALIZ~ TEM? ORARY VARIABLES 

// 

// 

O<"KOUtH, 
O<"K, 

BRANCH TO APPROPRIATE LABEL DEPENDING UPON RELATIONAL 
OPERATORS SPECIFIED BY THE FLAG VALUES 

RFLAG=O $ CHE K EQUAL. 
RFLAG=01 S CH EK HOT EQUAL . 
RFLAG=04 $ CHEK LESS. ; 
RFLAG=05 $ CHEK LES S. 
os~K , 

// COMPARE THE TWO OPERANDS FOR THE CONDITION GREATER, 
// GREATER THAN OR EQUA L 

LO OP 1 , 
K=0 12 $ E~~ IT\ . 

OPEPANO[KJ <OPERAND [ KOU HTJ $ GREATER. 
OPERAND[K J= OPERAND[KOUNT J S CONTI. 

// CONDITIOH NOi SATIS FIED , RETURN FLAG VALUE IN 'AIFFLAG ' 
O<"A I FFLAG, 
F.:ETURt·l. 

CONT 1 , 
K+Ol H~ . 

KOU~lT+01~ KOU'H, 

* 

I 
I ~ 

- ·-- - - -- -.,-
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LO OP 1 . 
GRE ATEF:, 

,, CONDITION SATISFIED , RETURN FLAG VALUE e1 THROUGH 
// 'A iFFLnG' 

01"-AiFFLAG .. 
RETUF; t~ . 

EXIT 1 , 
RFLAG=02 $ PASS2 . 
0"-A I FFLAG, 
RETURtj . 

PAS S2 , 
01+-AIFFLAG, 
RETURtj. 

CHEK LE SS , 

05"-KOUHL 
// COMPARE THE TWO OPERANDS FOR THE CONDITION LESS, 
// LE SS THAN OR EQU~L 

LOOP2 , 
KOUNT=012 $ EXIT2. ; 
OPERAND[KJ<OPERAND[KOUNTJ $ LESS. 
OPERAND[KJ=OPERAND[KOUHTJ $ CONT2. ; 

// CONDITIOtl tWT SATi~.F IED RETURt·l FLAG VALUE 
0"-A I FFLAG , 
RETURN. 

CONT2 , 
K+O H K, 
KOUtH+O 1+-KOUNT , 
LOOP2 . 

LES S, 
// CONDITION SAT I SF IED RETURN FLAG VALUE THROUGH AIFFLAG 

01<-AIFFLAG, 
RETUR N. 

RFLAG=05 $ PASS1 . 
0+-A I FFLAG , 
RET UF:tl . 

PASS 1, 
0 1+-A!FFLAG , 
RETURtl . 

CHE K E G!U~L, 
OH<, 
05H~ ou~n . 

/ / COM PARE TWO OPERANDS FOR EQUAL ITY 
LOOP 3 , 

KOUNT=012 S EXIT3 . 
OPERAND[KJ=OPERAND[KOUNTJ $ EQUAL . 

// CON DITIOH NOT SATISFIED RETURN FLAG VALUE 
0 +-A IFFLAG, 
RETUR~l . 

EQU AL, 
K+OH·K, 
KOU~n +0 1 +-KOU tH, 
LOOF'3 . 

EX I T3 , 
// CONDITION SA TISFIED RETURN FL AG VALUE 

01+-AIFFLAG, 
RETU RN. 

CHE K NOT EQUAL , 
O~ K, 

05+- KOUHT, 
' ' • COMP ARE THE TWO O~ERANDS FO R THE CONDITION HOT EQUAL 

LOOP4 , 

9 1 

~ --.. 

.I 
I' 

·. 

I' 

I 
! 



KOUN T=012 $ EXIT4. 
O PE R~ND[KJ=OPERAND[KOUNTJ $ CO NT3 . 

/ / CONDITION SATISFIED RETURN FLAG VALUE 
0 1 ~A I FFLAG , 
F: :O TUF:.rL 

CONT 3 , 
K+01·<- K .• 
KOUtH+O 1 ~ K OIJtH . 

LOO P4 . 
EXIT4 , 

,, CONDITION NOT SATISFIED RETURN FLAG VALUE 
O~A I FFLAG .. 

f<:ETU Rt·L 
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I NPUT TO THE ~!ACRO PROCESSOR 

t·1ACF.:O 
CH ECK &ARG1, &ARG2,&A RG3 
L ~A &RRG1 COMPUTE UPPER-I NDE X 
CMA .. NA 
ADA & ARG2 
SSA SKIP IF A GE 0 
J MP &ARC3 A IS NEGATIVE IF &APG 2 < &AR G1 
t·1E ti D 

I t·iDE X DEC 
LOI.~JE:;:: DE C 
UPPEF: DEC 
8 f.ISE DEF 
RRRA ~' E: ::: ~=; 

~~1 

1 
100 
~~ F:: F: A\' 
1 0C 

INDEX OF LAST ELEnENT 
~ DDRE SS OF F I RS T El EME Nf 
ARR AY S T O R ~ G E I S RE SERVF D HE RE 

C H~ C K INDEX, UPP ER, E~R OR 

Etm 

t:":O ,···, C · C" 
L ' tl · •. 'l- ~~, r: r:: G I ::: 1 !::: r: 1·1 o bJ 

E: ::i ::;; E 0:: I J·· l U E >< > 

OUTPUT FROH THE NACRO PROCESSOR 

J Ni l EX DEC 0 
OIJ :E R DE C 1 

UPFI:R OEC 100 
ARRA\' 

ARRAY SSS 1 oo .. · 
LDA I tiDD< 
C t1 A , I t·1 A " 
1~DA UPPER 

._1 t·1 :=· E F: R 0 R 
LilA LOl.dER 
Ct·1A, I t· IA 
AD I~ I HDE~< 

!:; ~:; A 

J I1P ER PO R 

l ND EX OF FIRST ELE MENT 
I NOEX OF LAST EL EMENT 
ADDR ESS OF FI RST ELE MEN T 
~lR RAY :;::TO I?A GE I :3 PE:::EF.:'·/I:. D HEF~E 

COMPUTE UPPEP-INDEX 

SKIP IF A GE 0 
A I S t·l EGA T 1'.,1 E I F UP P l:: R < HIDE>~ 

COMPU TE UPPEP-I NDE X 

SKIP IF A GE 0 
A IS NEGATIVE IF INDEX ( LO WE R 
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~I D A 

~--.. 
C:A:::E A PEG I :3TER HOld CO tHA I w:: ADDR ESS OF EL.:::.r·IEt 1T 

E: A :;:: E 0:: I t·l D E ::< > 
I:: ND 

EXAMP LE NO . 1 SI11PLE 1"11\CRO EXPA.~S IO;~ 



I NPUT TO THE l'1ACRO PROCESSOR 

MACIIW 
L &AR!G l_. &ARC2 
LD &ARG1 &ftRC 2 
MtNJ) 
r·1 ACRO 
::n &ARG l 1 '-t'YRG 2 
::n fARG.1i &PI~Gl 
r·1END 
L A_. X 
S T (1_, X 
EN D 

OUTPUT FROH T!IE NACRO PROCESSOR 

LDf~ 'X 
ST A )( 
END X 

EXNfP LE NO. 2 MACRO ' S FOR I BI'-! LOAD AND STORE I~STRUCTIO:JS 

94 



INPUT TO THE NACRO PROCESSOR 

t'\ACP-0 
LOAD &AIR.G 1 
LJ)A &.ARC 1 
MeNt> 
t;~ C RO 
::::TO i?E 8,APG 1 
::::TA 8:AF.:G 1 
1·1EHD 
t·1r~CPO 

FlOC &ARC L ~ ARG :::: 
LOAD &AR C1 
ADA &AI<G2 
STORE M\RC 1 

AT!II :=-=: .• '/ 

E rHI 

OUTPUT FROH THE HACRO PROCESSOR 

.DA X 
AUA V 
5TA X 
END X 

EXAHPLE NO . 3 !ACRO CALL \HTHIN NACRO DEFINITION 

95 



I NPUT TO THE Ivl<\CRO PROCESSOR 

AC~O 
LOAD &REC .. S: f::; ::;:: c 1 
LD&RE C &.ARG1 
MEND 
t<\A(ll?.tl 
S TOPE 8:~: fC .. 8~:t F:G1 

::;r.~:, i?E G 8:AF.:Gl 
t·1EHD 
t· !ACF.' CI 
~c ~ ~REG, &APG1 .. &AR G2 

ADD E:. >=: .. \' 

OUTPUT FROH THE 1-!ACRO PROCESSOR 

L 05 X 
~"\)~ 'r' 
sre. :·: 
etJ \) 

LOA D THE REG ISTER 8 

EXAHPLE NO. 4 tLA.C RO CALL HI TIIP1 :1-!ACRO DEFBITION \.JITH 

CmTCATENATION 
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HJPUT TO THE c-LI\CRO PROCESSOR 

MACRO 

STORE &A RGl, &~RG 2 
A IF (~ARC:il EGI 1 > LAE: 1. 
::nA ~AR G 1 
AGO LAE:2 

LAE:1 ~WF' 

D:::;r 8:APG 1 .. I 
LAE2 r·WF' 

LA6 1 

L AB~ 

r·1Er1D 
:;:;TOPE A, 1 
::noF.:E A, 2 
r·18C:PO 
L OAD tAR: G 1 .. 8:AF.:G2 
AIF (&A RG2 EQ 1) LA 8 1 
LD~1 ~AF~f>:i 1 
AGO LAE:2 
HOP 
DLD &PIRG 1, I 
~·lO P 

r·1E~lD 

LOAD A. .-, 
.::. 

L01~D A, 1 
EfiD 

OUTPtrl FROM THE HACRO PROCESSOR 

D.;,T Pt , I 

. - - , 
I 
) 
; 

LAB 2 l\lQIP 
SH\ A 
LD A A 
DLD A, I 

LAB2 NOI' 
EN!> 

EY..A11PLE :'-TO • . 5 CO~ITIO\lAL m.CRO EXPA.t'lSION 

.. 
! 
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INPUT TO THE ~~CRO PROCESSOR 

MACRO 
IF &ARG1 &ARG2 &ARG3 &ARG4 
LDA &0.R C1 
CF'A .!!.AR Ci 3 

_I i·1 F' .~:, :--·: F:: I~ 4 
i·!Et1D 

._11·1 F' & '~ F G 4 
tA:;::G3 tlCF' 

t·1 Er lD 
t·1 ACF=:O 
I FE;i·JI:i 8:(tRG4 

& A F.: G 4 r·l 0 F' 
t·1ErlD 
IF A EO E: LA E:1 
LDA AA 
ADA E:E: 
:::TA CC 
EL:::E PAF.:T 
EU::E LAE: 1 LA E:2 
LilA = D4 
CF'(! :=;: 

R::::::::; 

I FEhD Lf~E:2 

E t-~D 

OUTPUT "FROM THE MACRO PRUCESS OR 

LD A A 
CP A E: 
F.::::::: 
Jt·iF LABl 
LDri AA 
ADA E:8 
STA CC 

:t< E L :~; E F' A F.: T 
._I t·1F' L A E: 2 

LAt: 1 NOP 
LI: £1 = D4 
Ct> ?'t E: 
R'5'5 
JSI!> MACF'R 

:t: END!f 
LA I;l N'OP 

Nb 

1 
\ 

EXAMPLE NO . 6 SIMPLE I F-THEN-ELSE STRUCTURED PROGruL~NG 
CONSTRUCT. 
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BPUT TO THE HACRO PR0CESS0R 

r·1 1~ c R G 
WHIL~ &ARG l &ARG2 &ARG3 &ARG4 &ARG5 

S, A? C 4 :·! 0 F' 
LDA t:AF::G 1 
CF'~I &t~F.:G 3 

._1 1·1 F' .~~= A F: G 5 
r·1ErlD 

WHEN D &ARG4 &ARG 5 
._! 1·1 F' .~~= A R G 4 

~~~ P F~ G 5 ~ ·~ 0 P 

LAE:l 

L~ B 2 

WHILE A EQ 8 LABl LAB2 
L DB ><>=: 
CF'E: =D 12 
.J ~:; 8 ~:; A r·l F' 
IhA 
f..!HEr·lD LAB 1 L ,~,E:2 

Et·iD 

OUTPUT FROM THE (-1ACRO PROCESSOR 

t10F' 
L D1:i f~ 

CF'A 8 
._1 t·1 F' LAE:2 
LDE: )( ')( 
CF·;:::: =D12 
._1 $8 ~~;A t·1 F' 
I NA 
.J tJIP LAE: 1 
NOf' 
EtlD 

EX/>u'1PLE NO. 7 S P1PLE ' .JHILE STRUCTURED PROG~.Al-1MING CONSTRUCT 

99 



I NPUT TO THE HA.CRO PROCESSOR 

L 1:1 A .~:, (~ f;:: C 1 
1·1Et;D 
t·1 !:~ c p Cl 
CA SOF &AR Gl &ARG2 &ARG3 &ARG 4 
AI F <&ARG 4 EQ 0) .LABl 

. L A E:: t-i 0 F' 
CF' A ==D" S:AP G 1 
F: :::::: 
AIF <&AR G3 EQ 2) . L AB2 
._1 i'·1 F' .~': A F.: G 3 
AGO . LAt:3 

. LAE:2 rWF 
._.i i·1F' CEt j[l "8:AF: C4 

i ·1 f~ iiD 

t·IACF.:O 
C ~l C. f··l D 8: ~l P G 1 

c E t 1 n " t ~! P G 1 ~-w P 

CA:::E ~j 

LD ;~ :=<>~ 

CASCIF 2 L A81 LA82 0 

ADE: =D100 
CASOF 4 LA82 L A83 1 
I [j E: 
CF'B =D40 
p::;; ::; 
._1:::8 CHE::::3 
·C A '~; 0 F. ::: L A 8 3 ·:· 
I rjA 
CA Et i D 
:: HD 

!-..? _ _ _ 

100 

OUTPUT FROH THE ftA CRO PROCESSOR 

LD A >~ >~ 

CF' A =D2 
R::::; 
.Jt·1F' LA82 
LD t: 'l 'l 
AD '=: =Itl[H~i 

LAE:2 t·! OF' 
.Jt·1F' CEt·jii 1 

CF' ~ ~ =D4 
F." :: ·:: . .__.,._ . 
.Jt·1P L A83 
I t·j8 
CF'B =D40 
p::; ::;; 
.J :=:: t:: CHE:::;:;:; 

L , . .-.~ He•.;• t·JO ? 
J t·1 F' CEtlDl 

'CP A =It ::: 
R£S 
.J ~ Fl C:Et·Hi l 

HIA 
CENtl>l N p 

ENt) 

EX.:\.'1P I.E NO . 8 Sl:1PLE CASE STRUCTT.1RED PROGRlJ-eH'lG CO:~STP.lJCT 



APPENDIX - D 

MACRO PROCESSOR USAGE 

The Deck set up for using ~~cro Processor is similar to th~ t of ·an 

HP Assembly Program. The only difference is the file name used in the 

PROG control card. 

"\-There 

:PROG,HA.CPRO,pl,p2,p3,p4,99 

pl • Logical unit of input device (5 is standard) 

p2 Logical unit of list device (8 is standard) 

p3 logical unit of punch device 

p4 

99 

Lines per page on listing (56 is standard) 

Job binary para~eter. If present, the object program is 

stored in t he job binary area for later lortding . 

RESERVED WORDS: 

The fo l lowing are reserved words exclusively used by the hlrtcro Processor 

Viz: HACRO,HEND,EriD,AIF,AGO 

Ti te ma j or restriction Macro Processor is strictly no recursion is allowed, 

i.e. A Macro cannot call itself. 

The output gene r ated by the Macro Processor is processed by the HP Assemble r. 

As HP Assembler has software to generate extensive error messages , only a 

lir.1ited number of error messages are generated by the Macro processor. The 

Nacre Processor software'i.s flexible enough for extension. 
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-
>'•*ERROR 1 Label specified in AGO psuedo-op is undefined. 

>':>'<ERROR 2 Macro Name Table is full. 

>':*ERROR .... 
.) Macro Definition Table is full • 

>':;'!'ERROR. 4 Argument List Array is full . 

>':;':ERROR 5 Stack over flm.r. 

.. ~ 
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