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SECTION I. INTRODUCTION

PROJECT DEFINITION

This report describes the design and implementation of a
preprocessor which facilitates structured programming in a variety
of base languages. The preprocessor is intended to allow and
encourage the use of structured programming techniques. It attempts
to achieve these goals by translating structured programming control
structures, not currently implemented in a particular programming
lancuage, into semantically equivalent statements which are standard
in the language. The preprocessor also includes a text-replacement
macro facility which allows the user to provide additional control
cons tructs,

The user provides three itypes of input to the preprocessor, The
first type consists of information about the base language including
prototypes of several simple types of statements, operators, and
other syntactic information. The second type of input consists of
macro definitions, The third type of input is a program written in
an extended version of a programming language. The extended version
of a language includes all the usual features of that language plus
the structured programming control constructs made available by the
preprocessor and any macros for which the user has provided definitions.

The output of the preprocessor is a program which can be translated
by the usual compiler for the language which was being extended., This
program is provided both in printed form and in a temporary data set
which can be used as input to the language translator. The output
progran is logically equivalent to the input program which was writien

in the extended lanzuage.



MOTIVATION

The first and foremost incentive behind this project is to make
the techniques and desirable features of structured programming [bah?z,Lec?@
available to programmers despite the programming language they may
use, While there currently exist 2 number of processors designed
to provide structured programming control structures for only FORTRAN
[ONe?&,Hig?ﬂ , the author's preproecessor may be used with a variety of
programming languages, The current implementation works with the
PL/I, FORTRAN, and SNCBOL programming languages.

Theré are several reasons for using a preprocessor to accomplish
this task. First, a preprocessor can te built to accomodate multiple
languages. Second, the language translator currently being used may
bé retained because the preprocessor outputs code equivalent to the
code written in the extended language but which is standard in the
base language. Since the user need not acquire a new translator,
programmers do not have to learn an entirely new language, just
simple modifications to the current one., Furthermore, old programs
d~ not have to be recoded in a new language. Finally, a preprocessor
such as described here is easy to use in conjunction with the existing
language translator because the preprocessor's output can be input
directly into the existing translator.

A new preprocessor was implemented instead of using an existing
general-purpose mMacro pProcessor [?roé?,EroééI because the new preprocessor
is intended to encourage the use of struétured programming as well as
make it available. To do this, eight control structures are implemented
in the preprocessor, thus relieving the programming of the task of having

to define them for use with a general-purpose macro processor. This



definition of control ctrucivres would be neccssary once for each
language being used, whercas they are already dcfined for 231 lonras
in the new preprocessor,

Since the author recognizes the fact that no one person can
think of all the structured vrogramming conirol siructures which nay
possibly te desirable for use at one time or another, a text-replacerent
nacro facility E.Sol?lg has also been incorporated into the preprocessor,
This facility allows the user to define macreos which will a2id in the
programing function, Inclusion of the maero f22ilily intrcduces the
possibility that the preprocessor's geals of providing structured
programnning capabilities and encouraging their use may be undermined
by a user who defines macros which conflict with siructured prograzming
principles, Because of this possibility a set of guidelines for
macro definitions is provided 1n Appendix II, If the user follows
these guidelines in writing macro defiriticns, the likelihood of
violéting structured prosramming principles in user-defined macros will
be decreased, |

The preprocessor.is written in SNOBCLY4 and run under the

SFITECL compilex i@ew?i’. This larguaze was chosern teczuse

the pattern-matching capability provided is well-suited to

token recoznition, a major part of this application,

ORGANI ZATION O REMAINDER CF PATER
The remainder of this paper is orzgarnized into three secticns,
The first section descrites the techniques of desizn and implerentaticn
of the vreprocessor, The secornd section presents an overview of

ms

information required to use the prerrocessor, The ihird secticn is

a sunnary of the project, - The Aprendix of the rarer includes detzils



of both the implementation and use of the preprocessor, the Job
Control Language statements required to run the preprocessor, example

base language specifications, and a listing of the preprocessor source

code,



SECTION II, TECHNIQUES OF DESIGN AND IMPLEMENTATION
DESIGN

Design of Processor

The project was intended to effect a2 mapping from an extended
language to the corresponding base language. The extended version
of a programming language consists of all the features normally
found in the language plus the structured programming control
constructs made available by the processor and macros for which the
user has provided definitions. To effect this mapping for a variety
of languages, a generalized tool, that is, one capable of processing
different languages, is required. Since a preprocessor could be
designed to accept multiple languages for processing, the first
design decision was to use a preprocessor,

There were other factors supporting this decision. The
preprocessor could output code which is standard in the base language,
As a result, the user need not acquire a Aew translator and programmers
need to learn only simple modifications to the language they currently
use, Programs already in use would not have to be recoded in a new
language. Finally, since the preprocessor's output could be input
directly into the language translator, it would be easy to use with
the existing translator. Figure II.1 illustrates the relationship
between the preprocessor and the language translator.

The decision to implement a new preprocessor rather than use an
existing general-purpose macro processor stemmed from the fact that
one of the goals of the project is to encourage the use of structured

programming techniques., If an existing macro processor were used, the
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Figure II,1, Preprocessor and Language Translator Relationship.

user would have to define the extended constructs each time the macro
processor was used, Furthermore, the extended constructs would have
different definitions for each language. Selected structured pregramning
control constructs could be implemented within a new preprocessor.
Consequently, the need to redefine the constructs at each use and

for each language would te eliminated.

Another design decision made to enable the project to be
generalized was to use a table-driven structure parser, The parser
was designed based on Production Language [§r17£ . Using a table-
driven parser would enable the parser to recognize constructs in
different languages because the tokens would be recocgnized by a
scanner using the appropriate definitions.,

Eight structured programming control structures were chosen for

implementation in the preprocessor. Each of these eight was chosen



either because it receives support in the literature as being a
structure necessary for structured programming [kel,Lec?h,Led75.Heg?i

or because it is practical to use, The structures included are:

IF - THEN - ENDIF IF - THEN - ELSE - ENDIF
WHILE - ENDWHILE REPEAT UNTIL - ENDREPEAT
CASE (F - ENDCASE DO (iterative) - ENDDO
DOGRCUP - ENDDOGROUP QUITLOCP

The decision to include a text-replacement type macro facility
was a difficult one to make. On the one hand it seemed obvious that
no one person could think of all the structured programming control
structures which may possibly be desirable for use at one time or
another., However, it also appeared that to include such a facility
would defeat the purpose of the project by allowing users to define
any constructs they wished, whether or not those constructs conflicted
withthe principles of structured programming.

After much deliberation it was decided to include the macro
facility., A set of guidelines is provided along with this facility
for the user to follow in defining macros., The author feels that
by following these guldelines, the user can write macro definitions
which have little chance of violating structured programming principles.

A final consideration in the design of the preprocessor was
keeping its development and testing time and effort to a minimum. A
project of this sigze, written in a language which does not currently
support many structured programming techniques, would certainly te
unmanageable if written as one large program. Therefore, to keep the

coding and testing as simple as possible, the preprocessor was desigred



to be modular. The final version of the preprocessor contains fifty

modules in addition to the driver routine.

Design of Execution

The preprocessor may perform one or two parses in processing the
input program to produce the final output., If the user has provided any
macro definitions, the preprocessor will make a second parse using the
output of the first parse as its input. The second parse is required
because users are allowed to use the extended constructs which are
built into the preprocessor within macro definitions., This second
parse will expanﬁ these occurrences of the extended constructs into
standard code.

Although the main processing of the input program will be the
same for all languages, there are some cases for specific languages
which must be handled separately. For example, in SNOBOL a logical
not operator requires post processing to make the output produced by
the preprocessor legal in the standard language. In many other
languages the logical not may be formed in a manner similar to an
equal relation, that is, with an argument followed by the operatcr
and a second argument, but utilizing a null first argument. In SKC30L,
however, post processing is required to eliminate the comma which
appears illegally when a null first argument is used in a logical not
relation. That is, the form 21(( ,arg2)) must be replaced by 71 ((arg2)).
Special functions such as this are accomplished by doing post processing
for each languagé which requires it. Currently, the post processing is

written into the driver of the preprocessor. However, for generality
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it could be provided as a call to an external routine. The appropriate
routine would have to be linked with the preprocessor when it is loaded
for execution.,

Another function of the preprocessor is to insert declarations,
if required, for any new variables it introduces. To a2llow declarations
to be properly placed in a program, the user includes an indication of
the appropriate location by inserting a special statement which will
be replaced by declarations. If the declarations are not required,
the special statement should be omitted and the prototype for a

declaration statement should e blank,

Design of BExtended Constructs

The code which is generated for each of the eight extended
constructs is explained briefly in the following paragraphs. Along
with each explanation is a simple example designed to aid the reader
in visualigzing the replacement strategy while eliminating the details
of any particular language and the preprocessor's exact output.

IF - THEN - ENDIF: If the negation of the Boolean expressicn
provided in the IF statement is true, a branch is taken to a unique
label which will be placed on a null statement at the position of the
ENDIF statement, The code following the THEN is insertied following

the test of the negation.

IF bool THEN assign if not bool then zo to unilabi
assign
ENDIF unilabia null

IF - THEN - ELSE - ENDIF: If the negation of the Boolean expression

provided in the IF statement is true, a branch is taken to a unique
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label which will be placed on a null statement at the position of the
EISE, The code following the THEN is inserted following the test of
the negation. An unconditional branch to a second unique label (unilabi+l)
is added at the end ¢f this code. The second unique label will be placed
on a null statement at the position of the ENDIF, The code following

the ELSE is inserted after the unconditional branch to the second

unique label,

IF bool THEN assign if not bool then zo fo unilé,bi
' assign

£0 to unilab, .

EISE branch unilébi: null
branch
ENDIF unilabel, . null
i+l ==

DOGROUP - ENDDOGROUP: No replacement-COde is generated for this
construct, The code necessary to delineate the code between the
DOGRCUP and ENDDCGROUP statements as a separate entity is included

within the replacement code for the other constructs.

DOGROUP

assign assign
call call
ENDDOGROUP

DO (iterative) - ENDDO: The four elements extracted from the DO
statement are the index variable (INDEX), the beginning value (BEGIN),
the ending value (END), and the increment value (INCREMENT), Three
statements are inserted at the position of the DO statement. The first
statement sets 2 unique variable (univari) equal to END minus INCREMENT.,
The second sets INDEX equal to BEGIN less INCREMENT., The third statement

has a unique label (unilabi) and assigns INDEX plus INCREMENT to INDEX,
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A set of five statements is inserted at the position of the ENDDO
statement. The first tests if the incrment value is positive and

branches to a unique label (unilab if that is true. The next

i+l)
staterent branches to uniiabi if INDEX is greater than or egqual to

univari. The third sztatement is an unconditional branch to another

unique label (unila'bi+ ), The fourth statement has unilab, . as the

1

label and branches to unilabi if INDEX is less than or equal to univari.

The fifth statement has unilabi+ as the label ard assigns INDEX the

2
value Sf INDEX plus INCREMENT, This rather complex set of statements
at the ENDDO position is required because the increment value may be
either positive or negative, and the condition for ending the loop
differs according to the sign of the increment value.

DO index = begin TO end BY iner univar, ¢ end - iner

index¢begin - incr

unilab, : index$index + incr

assign assigni
call call
ENDDO Af incr gt O then go to unilab, .
if index ge univari then go to
unila.bi

go 1o unila.bi+2

unilab,  .: if index le univar,
i+l — —_— i
then go to unilabi

unilab, . .: indexéindex + incr
s i 7
WHILE - ENDWHILE: A unique label is placed on a statement which
branches to a second unique label if the negation of the Boolean expression
provided in the WHILE statement 1s true. An unconditional btranch to
the first unique label and a null statement with the second unique latel

are placed at the position of the ENDWHILE. A WHIIE - ENDWHILE will not
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be executed if the condition is not satisfied when the loop is

encountered,
WHILE bool unilabil if not tool then
go to unilabi+l
assign assign
ENDWHILE go to unilabi
unilabi+l: null

REPEAT UNTIL - ENDREPEAT: A null statement with a unique label
ig placed at the position of the REPEAT UNTIL statement. A statement
is inserted at the position of the ENDREPEAT which branches to that
unique label if the negation of the Boolean expression specified in
the REFEAT UNTIL statement is true., A REPEAT UNTIL - ENDREFEAT will

always be executed at least once,

REPEAT UNTIL bool unilab, : null
assign assign
ENDREPEAT if not bool then go 1o unilabi

. CASE OF - ENDCASE: A conditional branching statement is inserted
at the position of the CASE OF statement which branches to a unique label
if the index of the CASE statemenf is not equal to a test value which is
initialized to one. Two statements are inserted after each statement
or statement group within the CASE which is treated as a separate entity.
The first is an unconditional branch to a unique label which will be placed
on the second null statement at the position of the ENDCASE, The second
statement has the unique label which was the destination of the last
conditional branch and branches to another unique label if the index of
the CASE is not equal to the test value which has been incremented by one.
These two statements are repeated until all cases for this CASE structure

have been processed, At the ENDCASE a null statement with the unique label



13

which was the destination in the last conditional branch is placed
before the null statement described above,

CASE CF index if index ne 1 then go to 1.1ni1a‘z:::.L+l

case case
1 p 4

go to u.nila.bi

unilabi+1= if index ne 2 then
go 1o unila.bi+2
case, case,
go to unila.bi
unilabi+2= if index ne 3 then
go to un11abi+3
caseB case3
ENDCASE u.nilabi +3} null
unilabi: null

QUITLOOP: A QUITLOOP is replaced by an unconditional branch to a
unique label which is placed on a null statement after the inserted

code for the enclosing loop.

WHILE --——- while replacement code
statementl statement1

QUITLOOP £o to unilab,

statement2 statement2

ENDWHILE endwhile replacement code

unilabi: null

Design of Input
The following is a brief description of the input to the preprocessor,
A more detailed description of the input may be found in Appendix II,
There are three types of input to the preprocessor. The first
type consists of information about the base language, This information
is provided by the user in a form derived from Backus-Naur Form [;ri?ih
These definitions are used by the preprocessor in two ways, First, the

preprocessor uses part of this information to recognize tokens in the
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input program. Second, the preprocessor outputs statements standard
in the base language by utilizing this information, Some of the inforna-
tion is used in only one manner, For example, the definition for
end-of-statement is used only to recognize the endrof a statement
in the input program, and the statement prototypes are used only
for producing output standard in the base language., On the other hand,
some information is used in both ways. An example is the definition
for a comment. The preprocessor uses this definition to recognize
comments in the input program so they will not be analyzed as statements
and alsoc to produce comments in the output program which allow the user
to lccate where extended statements have been replaced,

The information required for each definition was determined and
a definition form was then derived. In some cases, statement proto-
types being an example, the definition simply reflects the proper form
of the statement using parameter names where actual values would be
placed. In other cases column numbers, lengths, and character strings
are appropriate, It is also necessary to specify in some cases whether
columns or character strings or both are utilized in the recognition of
syntactic tokens. The comment definition is again a good example. It
may contain column numbers or character strings or both., This example
of a comment definition for PL/I contains an opening character string,
an opening column number, and a closing character string.

EXAMPLE: Comment definition for PL/I

{COMMENT) : 1=" /%' + 10 '"*/?
The definition of unique labels contains lengths and character strings

required for generation wnile the definition of language labels contains
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character strings and column numbers needed for recognition. The following
example of a unique label definition for SNOBOL defines labels of the

form 'LABxxxxxxNEW' where xxxxxx is a sequence number. The exanple

of FORTRAN language labels contains column numbers for positioning

labels, a character set for the first character of a label, and =z
character set for the remaining characters of a label.

EXAMPLE: Unique label definition for SNOBOL

{UNIQUE LABEL)::=LAB 6 NEW

EXAMPIE: Language label definition for FORTRAN

(LANGLABELY : 1=1-5 1-5 '0123456789' '0123456789"

Another piece of information relating to the base languege which
may be provided by the user concerns whether or not to recognize and
expand extended constructs. If a base language has a construct which
is recognized by keywords identical to those used by the preprocessof,
the user must either specify that the extended construct keywords are
to be overridden or not use the feature as provided in the base
language. An override card to accomplish this task for the keywords
DOGRCUP and ENDDOGROUP would appear as follows:

OVERRIDE s DOGRCUP , ENDDOGROUP

The second type of input consists of macro definitions. This
information is optional., If the user wishes to initroduce no macros,
this is indicated by omission of any macro definition statements, The
user provides a macro name, parameter names, and replacement text in
each macro definition. The preprocessor will replace each macro call
encountered with the corresponding replacement text, replacing parameter

names with the actual arguments of the call,
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The third type of input is the program written in the extended
version of the programming language for which definitions have been
provided., A special statement is included in the program to indicate
the propex position for declarations of new variables,

Of som= interest is the manner in which the definitions which
have been provided are stored in the preprocessor., Each definition
has an array associated with it. Although the specific contents
of the array elementz depend upon the particular definition, the
concepts behind the storage of all the definitions are similar, Each
array element contains a single piece of information which has been
extracted from the definition. In the case of statement prototypes,
the first element contains the number of statement components and each
of the remaining elements contains one component, eitherrtext or a
parameter name. For definitions of other syntactic elements, the
definition array elements may contain information such as column
numbers, character strings, or length requirements provided in the
definitions,

The array for the FORTRAN language label definition above would
contains the values 2,'COL',2,1,5,1,5,"'0123456789", and '0123456789°'.
The first item indicates a series of column numbers is provided for
the label starting position. The next two items indicate a series of
column numbers is provided for the label ending position. The next.four
values specify the two series of columns, The two remaining character
strings are the sets of valid characters for the first character of a

label and the remaining characters of a label, respectively.
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Design of Qutput

The output produced by the preprocessor is a program logically
equivalent to the input program but which is standard in the base
languagze, This output program is produced in two forms, a printed
listing and a temporary disk file. The disk file can be input
directly intec the translator for the base language.

The output program contains at least one comment for each
extended construct which :s replaced by code produced by the preprocessor.
There are also comments placed to indicate code inserted by the pre-
processor which is not directly related to the use of a particular
extended construct but of which the user should be aware. These
coﬁments indicating where new code has been produced are provided
to aid che user in determining where erroré have been made which
relate to the error nmessages prcduced by the language translator
and in correcting logic errors resulting from incorrect usage of the
extended constructs.

The preprocessor's output does not go directly into the print
file and the temporary disk file. There are intermediate files
which hold these outputs, Figure II.Z2 illustrates the flow of data
in the preprocessor. First the outputs are placed in intermediate
files before it is determined whether a second parse will be required,
If the second parse is not needed, the files are copied into the next
set of intermediate files. If the second parse is required, the output
of the second parse is placed in this set of intermediate files., The
preprocessor then does any post processing necessary for the language

being processed and places the outputs in the third set of intermediate
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files, Finally, any required declarations of new variables are added
and the outputs are placed in the final output filés.

If an error condition occurs at any time, the preprocessor
outputs an error message and prints the contents of whichever
intermediate punch file contains the results of processing up to
the error. This is done so the user can determine how far the
preprocessor had progressed and what output had been produced thus

far,

Design of Specific Modules

The following is a brief discussion of some of the modules of
the implementation. Appendix I contains a detailed description of
the final implementation.,

Each definition provided by the user has an associated scanning
routine which decodes the definition into its components and places
them in the appropriate elements of the associated definition array.
The scanning of all the definitions except those for macros is
controlled by one routine which determines the scanning routine which
should be called to process each definition.

The six statement prototypes are used to control the creation of
output statements standard in the base language. Each of the proto-

types has a statement creation routine with which it is associated

19

which creates one type of statement and is controlled by the prototype.

There are three different insertion routines, One inserts a
7string with appropriate syntax to be a comment. A second routine
inserts a string as a statement, skipping the columns specified in
the ignored columns definition. The third insertion routine inserts

a& string which is already in the proper form for a statement.
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6 Statement Creation Routines
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3 Code Insertion Routines

Semantic Stack Pop and Push Routines

Figure II.3., Modularity of the Preprocessor.

20
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The routine which scans macro definitions is similar in concept
to the other definition scanning routines in that it decodes a definition
and stores its components in an array. However, the macro scanning
routine creates two arrays, one for the parameters in the calling
sequence and one for the components of the replacement text. These
arrays are placed in elements of a SNOBOL table and are accessed via
the macro name.

The structure parser is table-driven and written in a form based
on Production Language. It has one syntactic stack which is represented
by a character string. It was necessary to order the tests made
against this stack such that the terminating symbol of a construct,
for example ENDDO, ét the stack top would not be mistakenly recognized
as the opening syﬁbol, in this case DO, The parser calls a scanning
routine to place new tokens at the top of the syntactic stack and
seventeen semantic routines to perform code generation and replacement,

The scanner uses much of the information provided by the user
about the base language. Literals and comments are recognized as
such and, as a result, their contents are not scanned for extended
constructs., Another token is placed on the top of the syntactic stack
each time the scanner is called, The following example represents the
contents of the syntactic stack following the recognition of a DOGROUP
statemént, an assignment statement, and a REPEAT UNTIL statement. The
tokens have been examined and reduced by the parser, The DCGROUP
statement is represented by the token DOGRCUPSTMT, The assignment
statement has been reduced to a structure list (STRLIST) +oken, The
REPEAT UNTIL statement is represented by the REFEATSTMT token., Ncte

that the tokens are 1n a character string and separated by single tlarks,
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EXAMPLE: Contents of syntactic stack

DOGROUPSTMT STRLIST REPEATSTMT

There are seventeen semantic routines in the preprocessor. The
basic strategy of the semantic routines is to make the extended
statement into a comment and insert appropriate code which is
standard in the base language. One semantic routine copies statements
containing no extended constructs or macro calls directiy into the
output or replaces macro calls with the appropriate replacement
text. Several other semantic routines, for example the one which
processes the token DOGROUP, simply make extended statements into
comments and produce no new code,

The semantic routines use a semantic stack represented by an
array to store items to be transmitied between semantic routines. The
stack may contain such items as labels, values, variables, and
indications of the occurrence of the QUITLOOP construct, The
following example of the semantic stack shows two labels and one
indicator of the occurrence of a QUITLOOP structure.,

EXAMPLE: Contents of the semantic stack.

LABO3 LABO4 QUIT

| ! |
element 1 element 2 element 3 “—————stack top

IMPLEMENTATION

Functicnal Classification of Modules
There are five functiocnal categories of modules in the preprocessor.

The categories are:
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1) definition scanners

2) statement, label, and variable creators

3) semantic routines

4) service routines

5) special purpose modules

There are three types of definition scanners. The first type
of definition scanning routine consists of the six routines which
decode statement prototypes. The only routine of the second type is
the routine which scans mecro definitions, The third type consists
of the routines which decode the remainder of the definitions.

There are six statement creation routines, one label creation
routine, and one variable creation routine in the creater category.
Each of the statement creator routines creates one type of output
statement. The label and variable creators provide unique labels
and identifiers, respectively, The semantic routine category
contains the seventeen semantic routines. These are the routines
which generate output code sequences,

There are six service routihes which perform recurring tasks,
Among these are two semantic stack maniuplation routines, pop.sem
and push.sem, and three stiring insertion routines. The other routine
in this category is the one which retrieves single characters from
the input text.

The special purpose modules include the preprocessor driver,
the structure parser, the lexical scanner, and the routine which

controls definition scanning,
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Examples of Output

The following three examples illustrate the preprocessor's output
for specific constructs. The first example illustirates the use of a
CASE construct in PL/I, The second example is a REFEAT UNTIL structure
in SNCBOL. The last example uses FORTRAN to illustrate the IF-TEEN-ENDIF
construct,

In each of these examples, the assumption is made that the
preprocessor has not created any unique labels prior to the processing
of the extended construct in the example, Also assumptions are made
that the specification examples given for each language in Appendix IV

were used by the preprocessor,

EXAMPLE -- PL/I LANGUAGE:
Partial Input Program:

CASE OF I
B
B
B
ENDCASE ;

* + =

N OO

ihowon
ol

Correspording Output Program:

/*  CASE (OF I;%/
L0003 1 IF(I a= 1 JTHEN GO TO L0002 ;
B=A+ 6
J¥NEXT TWO STATEMENTS INSERTED FOR CASE PRCCESSING*/
10005 1 GO TO L0001 :
L0002 1 IP(T o= 2 YTHEN GO TO LOOC4 ;
B=A*6;
/*NEXT TWO STATEMENTS INSERTED FOR CASE PROCESSING*/
L0007 : GO TO L0001 :
LOOOk 1 IF(T = 3 JTHEN GO TO L0006 :
B=A- 6
/*NEXT TWO STATEMENTS INSERTED FOR CASE PRCCESSING*/
L0009 s GO TO L0001 ;
L0006 ¢ IF(I A= 4 )THEN GO TO L0008 ;
/*  ENDCASE;*/
L0008 T
Loo01 T e



EXAMPLE -- SNCBOL LANGUAGE:
Partial Input Program:

REPEAT UNTIL (LT(I,3))

TS¥ L
J=J+1I
ENDREFPEAT

Corresponding Output Program:

*  REPEAT UNTIL (IT(I,3))
LOOOOOLNEW
I1=1/6
J=J+1
¥  ENDREPEAT
LO000OZNEW  — ((IT(I,3)) )

EXAMPLE -- FORTRAN LANGUAGE:

Partial Input Program:

IF (I.1E.6) THEN
ENDIF
Corresponding Output Program:
c IF (I.IE.6) THEN
10024 IF( : NOT. (I
X=X+1I
B8 ENDIF

10014 CONTINUE

1S(LOOO0OLNEW )

X=X+1I

.IE.6) ) GO TO 1001%

25



SECTION III, USER IIFORMATION OVERVIEW

This overview is not intended to be used as a user's guide
for the preprocéssor. Appendix II contains the detailed information

required for its use,
INPUT

There are three types of input to the preprocessor. The first
type of input consists of information about the base language in a
form derived from Backus-Naur Form., This portion of the input is
descrited in the following paragraphs,

There are six statement prototypes provided by the user; These
are patterns for the preprocessor to follow in creating output state-
ments, The prototypes are as follows: |

uncenditional tranch prototype for an unconditional
branching statement

conditional branch prototype for statement which
: tests a condition and branches
if the condition is true

declaration prototype for a statement which
identifies a variable to the
compiler; if no declarations
are required, this prototype
is blank

null prototype for statement which
serves no function but to mark
a location with a label

assignment with plus prototype for a statement which
does a single addition operation
and places the result in a wvariable

assignment with minus prototype for a statement which
does a single subtraction operation
and places the result in a variable
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Prototype Parameters
unconditional branch label, destination
conditional branch label, value 1, relation,

value 2, destination

declaration variable name
null . label
assignment with plus label, variable,

value 1, value 2

assignment with minus label, variable,
value 1, value 2

Table III,1 Prototype Parameters,

Bact. prototype has specific parameter names in it. The parameters
for the prototypes are shown in Table III.i}

Each of the parameter names will be replaced by an appropriate
value during generation of output code by the preprocessor, All the
paraneter names for each prototype must be present except in the
declaration statement prototype. Since this prototype may be entirely
blank under certain conditions, a test is not made for the absence of
the parameter name.

The definitions required by the preprocessor for token recognition
and output code generation are given in Table III.2. The definition
for each of these items is represented in a special form based on the
types of information and how much information is required. For
example, there are four different ways in which a continuation card
may be indicated. The first method is by a special continuation symbol.

Another method i1s to start in a certain column. The third way is to
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Definition

Information Provided

end of statement
continuation
language label"
literal

comment

ignored columns

unique label .
unique variable

greater than,

greater than or equal,
less than or equal,
not equal,

logical not

recognition criteria for end of
statement

recognition criteria for
continuation card

recognition criteria for a
label in the input program

recognition criteria for
a literal string

recognition and generation
criteria for a comment

specification of columns whose
contents are ignored in recog-
nition and generation of
statements

generation criteria for
unique labels

generation criteria for
unique identifiers

symbol strings for these
Boolean operators

Table I1I,2., Definitions Required for Token Recognition

and Ccde Generation,

use a special continuation symbol in a particular column,
way is to have no indication at all, as in PL/I, Consequently, the
continuation definition must convey which method is utilized and the

information relevant to the meth&d.

The user has the option of overriding the recognition of an

extended construct keyword if that keyword will conflict with a

The final



feature already present in the language. For example, if the user
wishes to code the IF-THEN and IF-THEN-ELSE constructs already
available in PL/T instead of using the extended constructs, it would
be necessary to include the keywords IF, THEN, EISE, and ENDIF in
the list on the OVERRIDE card., This would allow the user to include
the desired constructs and prevent the preprocessor from mistaking
then for extended constructs.

The second type of input is macro definitions, The use of macros
is coptional. Therefore, this part of the input may be omitted., Each
macro definition has a name, parameter names, and replacement text for
the macro, When the replacement text is inserted at a macro call,
the parameter names in the replacement text are replaced by the actual
arguments of the ﬁacro cali.

There is a set of guidelines for writing macro replacement texts
given in Appendix ITI. The user is encouraged to follow these guldelines
to reduce the possibility of writing macro definitions which conflict

with the principles of structured programming.
QUTRUT

Output is produced by. the preprocessor in two forms, as a printed
listing and a2 tempcrary disk file. The disk file may be input directly
into th; translator for the base language.

Two messages will be produced in the printed output which do not
appear in the disk file, These messages indicate the success or failure
of the parses., If a second parse is not required, a message to that

effect is printed.
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Each extended statement appears as a comment immediately before the
code inserted by the preprocessor at the position of the extended
statement. A comment appears every place a statement is inserted
by the preprocessor, even if an extended statement has not been
replaced by the inserted code. An example of this situation is the
insertion of statements between the cases of a CASE structure even
though no extended statement appears between the cases, -

Each statement label appearing in the input program is detached
from the associated statement and placed on a null statemenf. This
null statement immediately precedes the original statement. This is
necessary because a label and a statement cannot be reassociated after
the statement has been recognized as an extended structure or macro
call and replaced by inserted code. To maintain the proper locations
of labels, they are placed on the null statements and positioned
as described above.

There will be redundant comments and null statements when two
parses have been made in processing the program., This is a result
of label processing. The preprocessor will place all labels on null
statements during the first parse. On the second parse, the label
on each null statement created for a label during the first parse
will be detached and placed on another null statement, and a comment
will be generated which notes this insertion. Consequently, each latel
in the input program will result in two comments and two null statements
when two parses are made during processing.

Post processing may alter this situation., For instance, the

post processing for the PL/I language takes the label which has been
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removed from the PROCEDURE OPTIONS statements and replaces it on that
statement while eliminating the null statement(s) created for the label,
For FORTRAN, the statement latels are returned to FORMAT statements in

post processing,
ERROR CONDITIONS

The preprocessor does not detect errors in the base language
portion of the input program. This task is left to the base language
translator,

The preprocessor is a rather unforgiving tool. When an error is
detected, the preprocessor outputs information pertinent to the cause
of the error and terminates, Depending on what type of error occurred,
the contents of the syntactic stack and certain variables may or may
not be output., For any type of error, an error message and the output
program produced so far are printed,

The common types of errors fall into three categories. The first
type of error consists of all errors in specifying information about
the base language and macro definitions. Among the errors falling in
this category are incorrect definition syntax, missing definitions,
invalid definition contents, and a missing ADDED DECLARATICONS statement
when one is required., The user must be especially careful to provide
a full eighty bytes in each of the six statement prototypes, This
area is the only one in which the preprocessor is at all forgiving. If
the preprocessor encounters an input record not containing a definition
when one is expected, the preprocessor will skip that record., Normally

this condition occurs when a statement prototype is not provided as a
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full eighty bytes and the preprocessor uses the beginning of the next
definition as the end of the previous one. Consequently, the preprocessor
will later detect a missing definition and terminate processing.

The second type of error consists of omitting a keyword in a
construct -- for example, leaving out the ENDIF following an IF - THEN,
The preprocessor does not recognize this error until it attempts to
process the ending keyword of an enclosing construct or at the end
of the input program.

The third type of error includes syntax errors in writing extended
constructs, This type of error generally results in abnormal termination
because some expected keywords are not recognized. A good example of this
type of error is the mistake of not leaving column one of a SNCBCL
statement blank and placiﬁg a keyword for an extended construct in
that position. The keyword will be recognized as a label instead of |
the appropriate keyword. This type of error may be considered a subset
of the second type since the preprocessor does not recognize this error
as a syntax error, but as an omission error,

When the preprocessor determines that an expected keyword is
missing, either by omlssion or syntax error, the current contents of
the syntactic stack are printed. This will help the user in determining
what keyword was not recognized. The output program produced so far
is printed to enable the user to determine at what point in analyzing

the input the error was encountered.
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SECTION IV. OBSERVATIONS
GOOD AND BAD ASPECTS OF PROJECT

Naturally, there are both good and poor aspects of this project.
The good points include the fact that SNOBOL has been implemented on
a variety of computers produced by various manufacturers Elri?zj,
so the preprocessor could be ported from machine to machine without
a great deal of revision. Only statements incompatible between
SNOBOL and SPITBOL would have to be modified,

Another good aspect of the preprocessor is that it is generalized
for use with a variety of languages, Even though the macro feature
is somewhat unsophisticated, this feature contributes to the
preprocessor's generality. One could also note that the preproceséor
is easy to use with regard to the syntax of the input program since
the original syntax of the programming language is changed only minimally.‘

The modular design and implementation of the preprocessor is a
good point about the project. This became quite apparent during
total system testing. The total system tests were completed in
only eight days,

Among the poor aspects of the project is the fact that both
the storage utilization and execution of the preprocessor are
inefficient. A more experienced SPITBOL programmer could probably
have produced a more efficient procduct. However, efficiency was
not a major goal of this project,

The overhead involved in the use of the preprocessor is enormous

at this point. To require the user to provide and the preprocessor



to decode all the base language definitions for each execution is
undesirable and costly., This matter is addressed later in this
section,

The fact that the user must provide the base language information
for each execution is admittedly cumbersome and costly, but not overly
difficult for the user., Perhaps the first development of the language
specifications.is somewhat difficult, but this is an initial invest-
ment only.r However, the user may find it possible to use the language
specifications provided as examples in Appendix IV, in which case this
poor aspect is minimized.

The author would have liked to use PL/I rather than SPITBOL to
code the preprocessor because SPITBOL lacks many structured programming
features., However, the pattern matching feature of SPITBOL was of

considerable value in writing the preprocessor.
OVERALL APPRAISAL OF DIRECTION

The author feels that the concept behind the project, that is,
to create a generalized tool to provide structured programming capability,
is a valid one and extremely desirable. However, it is also recognized
that the current implementation will likely receive no utilization
outside the academic environment. This limited use will be a result
of the lack of efficiency of the final product, the cumbersome require-
ments for specifying base language information, and the high cost of
execution. Consequently, the author feels the project was a success
as far as demonstrating that the concept is viable, but the final

product will receive a minimum amount of practical use.
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TIME, EFFORT, AND MONEY INVOLVED

The time which the project required is difficult to provide
accurately because the project was stretched out over an extended
period of time, From the initial design efforts to the completion
of documentation was a time span of two years, Therefore, the following

figures are based on person days and not calendar days.

Design --- 2 months
Coding === 1 month
Unit Tests === 1 month

Integrated Tests --- 8 days
Documentation --- 2 months

Costs for computer time utilized in the testing phases amounted

to $642.35, This figure was based on the following rates:

CPU time 1l min. = 9 units

K-byte time 1 min, = .037 unit

cards read 1 card = ,0006 unit

lines printed 1 line = ,0005 unit

pages printed 1 page = ,007 unit

disk EXCP's 1 EXCP = ,0002 unit
1 unit = $1

ELEMENTS TO BE CHANGED

The author hopes that one of the first changes to be implemented
in the preprocessor will be to allow specifications for a language to
be provided once and only once, After being provided once, they would
be stored on tape or disk and retrieved when execution begins. A user
would also be given the option of providing a new set of specifications
to temporarily override those specifications stored in the system. This
option was provided in the original design and subsequently eliminated

during implementation.
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Another desirable change would be to increase the efficiency of
the preprocessor, both in storage utilization and execution time, A
programrer knowledgeable in the intricacies of SFITBOL could accomplish
this task,

A change to the keyword overriding policy would be useful, To
allow the user to specify an alternate form of a keyword instead of
simply eliminating it completely would alleviate a problem in using
| the preprocessor with the PL/I language. Currently, to use the macro
facilit& with PL/T requires that there be no THEN keyword in the output
program produced by the first parse unless it is part of an extended
IF - THEN construct. This means no THEN keyword could be produced
during the first parse except in the expansion of a2 macro call, but
nany of the sxtended constructs produce that particwlar keyword, It
seems, therefore, that the user would be able to write very little

useful code outside the macros.
POSSIBLE FURTHER LEVLOPMENIS

There are obviously possibilities for further development. One
of these is to implement 2 more sophisticated macro facility. The
macro feature should not be made elegant, because the preprocessor
was not intended as a general purpose preprocessor. However, the
techniques for manipulation of formal parameters and actual argumenfs
might be upgraded to allow similar names for parameters and semantic
stack manipulation,

One other possibility is to allow the user to use continuation

cards in extended construct statements when continuation is indicated



by a symbol, This would involve deleting the continuation symbol
when it is encountered and replacing it in all occurrences of

continuation car&s.
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APPENDIX I, DETAILED IMPLEMENTATION INFORMATION

This Appendix contains detailed information about the implementation

of the preprocessor, It is intended as a guide to anyone wishing to
make modifications to the source code. Consequently, comprehehsion
will be severely-limited unless the reader refers frequently to

the source listing in Appendix V, The remainder of this Appendix
descrites the implementation by categories of modules as follows:
driver, definition scanning routines, macro definition scanner,
creation routines, service routines, semantic routines, insertion

routines, parser, scanner, and character retrieval routine,

Driver

The driver of the preprocessor defineé output associations,
function calling sequences, and arrays., Patterns and variables
are also initialized,

The driver reads the language name and checks it against
those which the preprocessor can analyze., Each input card is read
and appropriate processing is initiated. An OVERRIDE card is
processed directly by the driver. The first definition card
encountered causes the preprocessor to call SCANDEFS.- The
preprocessor éalls the MACRCSCAN routine when the‘first card of a
macro definition is read, The preprocessor will begin processing
the input program when the first card not recognized as a defirition
or an override card is read. The parse number indicator is set to
one, and the parser is called. When control is returned to the

driver, a test is made to determine if the parse was successful,
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If the parse was unsuccessful, a branch is taken to the error
exit for an unsuccessful first parse, If the parse was successful,

a message indicating such is printed, the output files are rewound,
and new input and output associations are defined. If no macro
definitions were provided,-a branch is taken around the second parse
and the temporary print and punch files are copied to the next
intermediate files., Otherwise, variables are reset to appropriate
initial values, and the parse number indicator is set to two. The
parser is called again, and a test for success is made when control
is returned to the driver, If an error has occurred, a branch is
taken to an error exit. Whether one or two parses are made, the
intermediate files are rewound and new input and output associations
are defined, .

If the declaration Séétément prototype is non-blank, declarations
are added for all new vériables introduced by the preprocessor., The
statement containing the string 'ADDED DECLARATIONS' is found in the
output files and a declaration is added at that point for each
variable name in the array VARLIST, Comments are also inserted to
indicate that these declarations were added by the preprocessor. The
remainder of the files are then copied, If no ADDED DECLARATIONS
statement is found, an error exit is taken.

The next step is to execute post-processing if required for the
language being processed, The intermediate files are rewourd énd new
input and output associations are defined, The language tyre is

checked,
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If the language is SNOBOL, each statement is scanned for the
-« ( symbols followed by blanks and ,(. At each occurrence, the
blanks and comma are deleted,

If the language is FORTRAN, all sequences of 'comment-null
statement-FORMAT statement' and 'comment-comment-aull statement-
null statement-FORMAT statement' are found. In each case, the
statement number from the first null statement is placéd on the
FORMAT statement. The comments and the null statements are deleted,

If the language is PL/TI, the first records of the output files
are scanned for either one or two comments followed by the same
number of null statements and a procedure statement, The label
from the first null statement is placed on the procedure statement.
The comments and the null statements are deleted, and the remainders

of the files are copied,

If any other language is being processed (possible only if the
language type pattern, LANGPAT, is enlarged to include other languages),
the files are simply copied to the final output files,

The preprocessor prints a successful completion message and
termim tes,

The section to print the appropriate intermediate files on an
error condition tests the parse number and rewinds the appropriate
intermediate punch file, An input association is defined for the
rewound file, and an output association witg a real printer file is
defined. The contents of the temporary punch file to be displayed

are read and printed, An unsuccessful termination messzge is also
I =

printed and execution halts,
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All error exits are provided in the driver. An explanatory
message is printed for each error, Other information is also
provided for certain errors as shown in Table A,I.1. If the
preprocessor has begun analyzing the input program, a branch is

taken to the section to print the intermediate file contents.

Definition Scanning Routines

One routine, SCANDEFS, controls all definition scanning except
that for macro definitions., When the first definition is encountered,
the first card of that definition is passed to this controlling routine.
The definition is processed as described below, and another definition
is read, After all nineteen definitions have been processed, or an
attempt has been made to decocde nineteen definitions, control is
returned to the calling routine,

To process a definition, the SCANDEFS routine determines which one
of fifteen individual scanning routines to call, based on the definition
name, The definition name, its enclosing angle brackets, and the ::=
symbol following it are stripped away., The remainder of the definition
is then passed to the routine being called, If the definition is for a
statement type, the routine reads another card and passes the entire
prototype to the routine, If the definition is that for a language
label, the routine determines whether or not the entire definition is
contained on the single card. If not, the routine reads another input
card and passes the entire definition to the routine for the LANGLABEL
definition. If an attempt is made to read a definition, but the card

contains an invalid definition name or no definition name in angle



ERROR EXIT

LANGERR
ENDPARSEERR
END2ERR
GTHANDEFERR
LEQUDEFERR
GEQUDEFERR
NOTDEFERR
NEQUDEFERR
MACCALLERR

ESCAﬁERR
PUNIDERR
PSTRERR
PEDOGRPERR

PEDCERR

Table A,I.l.

ERRCR CONDITION

invalid language type

first parse terminated
aonormally

second parse terminated
abnormally

error in definition of
greather-than operation

exror in definition of
less=-than-or-squal oper,

error in definition cf

greater-than-or-equal oper,

error in definition of
not operator

error in definition of
not-equal operator

error in macro calling
sequence definition

no value returned from
scanner

rarser unable to identify

contents of syntax stack

failure to parse STRUC
to STRLIST reduction

failure to parse
ENDCOGROUP

failure to parse
=NDDO
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ADDITICNAL INFCRMATION

language type provided
in input

contents of syntactic
stack

contents of syntactic
stack

definition trovided
in input

definition orovided
in input

definition provided
in input

definition provided
in input

definition provided
in input

macro name

input statement teing
processed, ccnients of
syntactic stack

input statement teing
processed, ccnients of
syntactic stack

input statement Teirng
orocessad, contents of
syntactic stack

input statement being
processed, contents of
syntactic siack

inout statement teing
orocessed, ccntenis of
syntactic stack

Irror Bxiis with Additioral Izformation Proviced,



ERROR EXIT

PIFTHERR

PECASEERR

PQUERR

PREPUERR

PREPERR

PIFERR

FPDGRPERR

PDOERR

PCASEERR

ERROR CONDITION

failure to parse IF -
THEN clause

failure to parse
ENDWHILE

failure to parse
ENDCASE

failure to parse
QUITLOOP

failure to parse
WHILE

failure to parse
REPUNTIL

failure to parse
REFPEAT

failure to parse
IF

failure to parse
DOGROUP

failure to parse
DO

failure to parse
CASE

failure to parse
ENDREPEAT
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ADDITIONAL INFORMATION

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement teing
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

input statement bteing
vrocessed, contents of
syntactic stack

input statement being
processed, contents of
syntactic stack

Table A.I,1. Error Exits with Additional Information Provided.(cont'd).



ERROR EXIT

ELSEERROR

CASEERROR

DCERROR

IFERROR

REPERROR

WHERROR

QUITERROR

ECASEERRCR

EIFERRCR

EWHILEERROR

EREPERROR

EDOERRCR

Table A.I.1.

ERRCR CONDITION

error in semantic
processing of ELSE

error in semantic
processing of CASE

error in semantic
processing of DO

error in semantic
processing of IF

error in semantic
processing of REFPEAT

error in semantic
processing of WHERE

error in semantic
processing of QUIT

error in semantic
processing of ENDCASE

error in semantic
processing of ENDIF

error in semantic

processing of ENDWHILE

error in semantic

processing of ENDREFEAT

error in semantic
processing of ENDDO
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ADDITIONAL INFORMATION

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

portion of current input
statement not processed
by semantic routine

Error Exits with Additional Information Provided (cont'd),



ERROR EXIT

EDOGRPERROR

DCLBLKERR

GOTOBLKERR

PLUSBLKERR

MINBLKERR

NULLBLKERR

IFBLKERR

Table A,I,1,

ERROR CONDITION

error in semantic
processing of ENDDOGROUP

too few blanks in
DECLARATION STATEMENT
prototype to accommodate
actual argument

too few blanks in GO TO
STATEMENT prototype to
accommedate actual
argument

too few blanks in ASSIGN
PLUS STATEMENT prototype
to accommodate actual
argument

too few blanks in ASSIGN
MINUS STATEMENT prototype
to accommodate actual

argument

too ‘few blanks in NULL
STATEMENT &
accommodate actual
argument

too few blanks in IF THEN
GO TO STATEMENT prototype
to accommodate actual
argument
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ADDITIONAL INFORMATION

portion of current input
statement not processed
by semantic routine

actual argument

input statement being
processed

input statement being
processed

input statement being
processed

input statement being
processed

input statement being
processed

Error Bxits with Additional Information Provided (cont'd),
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brackets, input cards are skipped until another definition is encountered,
If the error occurs when the routine is attempting to read the nine-
teenth definition, control returns to the calling routine without

reading any additional input cards.

The individual scanning routines called by SCANDEFS are summarized
in Table A,I,2 and fall into four categories, The first category
contains those routines which scan statement prototypes. Each of these
routines has a single parameter which contains the prototype. Each
prototype is broken down by the individual routines into components,
Bach parameter name and the blanks immediately following it comprise
a component. All other parts before and between these components also
constitute components, For example, the prototype for a GO TO STATEMENT
contains two parameters -- a label (LAB) and a destination (DES),

If the prototype for a GO TO STATEMENT were 'LAB BRANCH DES', the
contents of the first component would be null, The second component
would contain 'LAB ', The third component would contain 'BRANCH ', and
'DES' would be in the fourth component. Additional columns are considered
to contain blanks through column eighty, The maximum number of

components possible for each definition is based on the number of
parameter names in the prototype. The numbers of components are as

follows:
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DEFINITION NAME MAX, NUMBER OF COMPONENTS

IF THEN GO TO STATEMENT Il
GO TO STATEMENT

NULL STATEMENT

ASSICN PLUS STATEMENT
ASSIGN MINUS STATEMENT

W M N0 W

DECLARATION STATEMENT

The components for each prototype are placed in an array. The
zeroeth element of each array is used to record the number of components.
For the example glven above, the zerceth element would contain %, The

arrays assoclated with the definitions are as follows:

DEFINITION NAME ARRAY AND DIMENSIONS
IF THEN GO TO STATEMENT IFPAT(0:11)

GO TO STATEMENT GOTOPAT(0:5)
NULL STATEMENT NULLPAT(0:3)
ASSIGN PLUS STATEMENT PLUSPAT(0:9)
ASSIGN MINUS STATEMENT MINUSPAT(0:9)
DECLARATION STATEMENT DCLPAT(0:3)

Each of the scanning routines which decodes a statement
prototype functions in basically the same way, The parameter names
for that statement.type are placed in a SNOBOL pattern. The definition
is searched for pairs of components, the second of which is a parameter
name. The first component of the pair ma} te null, and the second

component will include any blanks following the parameter name, IT
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the entire prototype has been scanned after entering the component
pair into the appropriate array, the routine immediately records the
number of components, If the last portion of the definition is not

a parameter.name, a component pair will not be found when that ls all
that remains to be scanned. Therefore, the remainder of the prototype
is placed in the array and the number of components is then recorded,
In either case, once the number of components has been placed in the

array, the routine tests to see if all the necessary parameters have been

specified, The exception to this procedure is in the routine which
scans the DECLARATION STATEMENT prototype. Since a blank prototype
may be specified for this statement type, no check is made for th§

appropriate number of parameter names.

Another category of definition scanning routines contains those
routines which scan the definitions of unique identifiers, unique labels,
literals, and continuations, These scanning routines are similar
because the numbers and types of parameters are fairly stable, Both
the identifier and label definitions must have a string followed by
an integer. Another string may optionally follow the integer. The
literal definition contains two strings, and a third string is optional.
The continuation definition contains either the single word NONE or a
string followed by a column number, Bach of these components is placed
in an element of the array associated with the definition as indicated

by the following:
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DEFINITION NAME ARRAY AND DIMENTSIONS
UNIQUE IDENTIFIER VARPAT(1:3)
UNIQUE LABEL LABELPAT(113)
LITERAL LITPAT(1:3)
CONTI NUATT ON : CONTPAT(1:2)

The third category of scgnning routines contains those. routines
which scan the definitions for end-of-statement, ignored columns,
comment, and language label. Each of these definitions has alternative
forms of information, the types of which must be recorded iﬁ the array
associated with the definition. The arrays and the definitions with

which they are associated are:

DEFINITION NAME ARRAY AND DIMENSTONS

END OF STATEMENT ECSPAT(0:1)
IGNORE COLUMNS IGNPAT(0:2)
COMMENT - COMPAT(1:6)
LANGLABEL LANLABPAT(1:9)

The END OF STATEMENT definition may specify either a symbol
string or a column number, Based on the contents of the definition,
either "STR' or 'COL' is placed in the zeroeth elepen£ of ECSPAT, The
string or column number specified is placed in the next element, The
IGNORE COLUHNS definition may specify either a single column number or
a sequence of column numbers separated by a hyphen. If only one column
number is specified, 'ONE' is placed in the zeroeth element, and

the column number is placed in element one. If a secuence is snecified.
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'SEQ' goes into the zeroeth element, and elements one and two will
contain the two column numbers given as the bounds of the sequence,

The COMMENT definition contains two sets of information., Each
set may be a symbol string, a column number, or both with a '+°'
between them, Element one of the associated array contains an indication
of what is present for the comment opener, Element four contains similar
information for the comment closer. The information is specified as a

string with the following meanings:

STRING MEANING
10 symbol string only
01 column number only
11 . symbol string and

¢olumn number

Elements two and three contain the string and column number, if present,
for the opener, Elements five and six contala the string and column
number, if present, for the closer,

The language label definition contains four pieces of information.
The first may be either a sitring, column number, or a sequence of columns
represented by two column numbers separated by a hyphen. The first
element of the language label array contains either 1 or 2, Tor one
column number or a sequence of them, respectively, The fourth element
contains the single column number or the first of the two column
numbers specified as the sequence bounds. The fifth element contains
the second column number of the seguence épecification. The second piece
of information may be of the same form as the first or may be a symbol

string, If the column or column sequence form is specified, the



ROUTINE NAME

SCANNULLDEF
SCANGUTODEF
SCANIFDEF
SCANPLUSDEF
SCANMINUSDEF
SCANDCLDEF
SCANVARDEF
SCANLABELDEF
SCANLITDEF
SCANCONTDEF
SCANCOMDEF
SCANECSDEF
SCANIGNCOLDEF
SCANLANLABDEF

SCANQOPERDEF

SCANDEFS

Table A,I.2.

'PATTERN' CREATED

NULLPAT(0:3)
GOTOPAT(0:5)
IFPAT(0:11)
PLUSPAT(0:9)
MINUSPAT(0:9)
DCLPAT(0:3)
VARPAT(1:3)
LABELPAT(113)
LITPAT(143)
CONTPAT(1:6)
COMPAT(1:6)
EOSPAT(0:1)
IGNPAT(0:2)
LANLABPAT(1:9)
GTHAN

GEQU

LEQU

NEQU

NOT

Scanning Routines,

PARAMETERS
NULLDEF
GOTCDEF
IFDEF
PLUSDEF
MINUSDEF
DCLDEF
VARDEF
LABELDEF
LITDEF
CONTDEF
COMDEF
ECSDEF
IGNCOLDEF
LANTABDEF

TYPEDEF,
OPERDEF

CARD

54
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information is stored as indicated above, but in elements three; six

and seven, If a symbol string is given, 'STR' is placed in element-

two, and the string is placed in element six, The third and fourth

pleces of information in this definition are character strings. They
are placed in elements eight and nine, respectively.

The fourth and final category of scanning routines contains a
single routine which scans the definitions for the five relations --
greater than, less than or equal, greater than or equal, not equal,
and not, Each of these definitions has a single variable associated with
it in which the symbol string for the appropriate operator is placed,

The definitions and their associated variables are as followsi

" RETATTON VARTABLE
GREATER THAN GTHAN
LESS THAN OR EQUAL LEQU
GREATER THAN OR EQUAL GEQU
NOT EQUAL NEQU
NOT NOT

VMacro Definitién Scanner

The macro definition scanner (MACRCSCAN routine) is not included
with the other scanning routines because it has some basic structural
and technigue differences from those routines. It is called directly
from the driver., It is called once for each macro definition and
is therefore likely to be called more than once per execution of the
preprocessor. The information extracted is stored in a SNOBOL table

as opposed to simply an array,
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The macro scanning routine is called when the first card of a macro
definition is encountered by the driver. This card contains the
string '¢MACRO CALL)::=' followed by the name of the macro. The
macro name is immediately followed by its formal parameters separated
by commas and enclosed within a single set of parantheses,

EXAMPLE:

{MACRO CALLY): :=WHEN(X,Y)

MACROSCAN deletes the angle brackets and their contents before
extracting the macro name and the parameters, A second card is read
if the parameter list extends past the end of the first card. No blanks,
imbedded or at the end of the first of two cards, are allowed, The
zeroeth element of the MPARM array is set equal to the number of
formal parameters provided. The first parameter is placed in element
one of MPARM and succeeding parameters are placed in consecutive
elements of MPARM,

The next card is read and should contain only the string
'{MACRO DEFINITION»::="', The cards folio{aing are read and their
contents placed in the MACREPSTR variable until the end of the definition
is founrd. The end is signified by a card containing only the string
'END MACRO DEFINITION' beginning in column one, This string is not
added to MACREPSTR.,

The parameter list pattern is started with a series of 81 blanks,
The formal parameters are then added to this pattern from the MPARM
array. The macro scanner next breaks the MACREPSTR contents into
components and stores those components in.the MPAT array, The zeroeth
element of MPAT is assigned the number of components in the replacement

text. A component is defined as for the statement scanning routines,
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The contents of the MPAT array are copied into the macro table
MACROTAB indexed by the macro name in the form of a string. The
parameter list for the macro, currently in the MPARM array, is copied
into the element of MACROTAB indexed by the mzcro name in the form of
a string suffixed with the character 'P', The routine then outputs a
message that this macro definition has been processed and returns

to the driver,

Creation Routines

There are eight routines which create items for the preprocessor.
Six of them create statements, The other two create unique identifiers
and labels, Each of the statement-creating routines has a number of
parameters equal to the number of parameter names which appear in the
corresponding statement prototype. Each of these routines utilizes
the array containing the appropriate statement components. By replacing
the components containing parameter names with the corresponding
arguments supplied in the call to the creating routine and including
enough blanks to retain the format and length of the prototype (to
eighty characters) in the output, the routines create statements which
are standaxd in the base language.

The routines which create statements, their outputs and parameters

are as follows:



ROUTINE NAME OUTPUT STATEMENT PARAMETERS

CRNULL NULL STATEMENT LAB

CRIF IF THEN GO TO STATEMENT  LAB,VAL1,RL,
VAL2,DES

GRGOTO GO TO STATEMENT LAB,DES

CRMINUS ASSIGN MINUS STATEMENT LAB, VAR, VALL,
VAL2

CRPLUS ASSIGN PLUS STATEMENT LAB, VAR, VAL1,
VALZ

GRDCL DEGLARATION STATEMENT VARNAME

The routines which create unique identifiers and labels élso
utilize the arrays associated with the definitions provided, VARNUM
and LABELNUM are the variables used to make the identifiers and labels
unique. Each routine uses the appropriate variable and then increments

it by one. Enough leading zeroes are used with these variables, which

are initialized to one, to create items of the lengths specified in
the definitions. The routine which creates unique identifiers adds
each one to the array VARLIST which is indexed using the variable
NEXTVAR, This array is later used to add declarations to the program
if required, Neither UNILABEL nor UNIVAR has any varameters., The

routines and their outputs are as follows:

ROUTINE NAME CUTPUT
UNIVAR unique identifier
UNILABEL unique label

Service Routines
Two service routines are present in the preprocessor which
manipulate the semantic stack, The routines are POP,SEM and PUSH,SEM

which'pop items off and push items onto the semantic stack, respectively.
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The semantic stack is represented by the array SEMSTACK
which contains ten elements. Element 1 represents the element
at the bottom of the stack., The variable TOP contains the subscript
of the top element in the stack.

Each of these routines méy have from two to seven parameters,
The first parameter is always the number of items to be acted upon,
that is, the number of items to pop from or push onto the stack. The
second through seventh parameters are passed differently in the two
routines, Variables are passed to the POP.SEM routine in which the
popped items will be returned. These variables’ names are passed as
character strings, and values are assigned to the corresponding argu-
ments using two levels of indirection. Variables passed to the

PUSH.SEM routine as parameters two through seven contain values to

be pushed onto the stack. The values are assigned from the.
corresponding arguments using only one level of indirection,
POP,SEM extracts a value from the top of the stack an&
decrements the stack pointer, TOP, PUSH.SEM increments TOP, the
stack pointer, and assigns a value to the stack's new top element.
Each routine loops until the number of wvalues indicated by the

first argument have been processed,

Semantic Routines

Most of the semantic routines call the statement creation
routines. These routines are always called with a label value, This
is necessary because if a symbol is normally used for terminating a
label, an extraneous symbol will appear in the output if a null

value is passed as the label,
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Semantic Routine 0 - This semantic routine is called when the parser

recognizes a 1abei on a statement, The routine inserts a null
statement with the label just recognized. If a2 language label is
terminated by a symbol, that symbol is removed from the label
tefore the null statement is created. This step is necessary
because the terminating symtol is already provided in the null
statement prototype.

Semantic Routine 01 - This routine processes items recogznized as

unidsntified-to-end-of -s<atement (U-ECS) and macro calls. Any sequence of
one or more items terminating in the end-of-statement condition and

not containing any token recognized as part ¢f an extended construct

is reduced to the U-EOS token. This routine checks the string

recognized as U-ECS to determine if it is a macro call,

If the U-ECS is a macro call, the actual arguments of the macro
call are broken out and placed in an array, The macro's formal
parameters and the number of éérameters,as well as the macro's
replacement text components are retrieved from the macro itable, The
parameters are placed in a SNOBCL pattern. The components of the
replacement texi are copied irto a2 siring, replacing the formel
parameter names with actual arguments. The macro call is made into
a comment and inserted into the output, followed by the expanded
macro text.

I7 the sequence recognized as an U-ECS dees noi ceontain a
macro call, the statement is copied &rsctly Zrom the input to
the output,

Semantic Routine 1 - This routine is called by the tarser wnen the

exterded construct xeyword ELSE has been rscognized. The routine
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pops a label name from the semantic stack and creates another
unique label, An unconditional branch to the new unique label and
a null statement with the label popped from the semantic stack are
inserted into the output, following a comment indicating that the
EISE keyword was processed at that point. The unique label cteated
in this routine is pushed onto -the semantic stack,

Semantic Routine 2 - This routine processes the statement which

begins a CASE extended construct. The index of the CASE is
extracted and two unique labels are created. A counter indicating
the nesting level of the structure is incremented by one. Another
counter which records the number of CASE structures currently
started but not finished and a counter indicating which case within

- the current CASE structure is being processed are incremented. A single

conditional branch is created which branches to the second unique
label created in this routine if the value of the index of the CASE
is not equal to one (the value of the case counter for this CASE
structure). This statement is inserted into the output after

the CASE statement in the form of a comment., The index of

the CASE, the label which was the destination of the conditional
branch, and the first unique label created in this routine are
pushed onto the semantic stack,

Semantic Routine 3 - DO statements are processed by this semantic

routine, The items of the DO -- the index, beginning value, ending
value, and increment value -- are broken out of the statement, If
no increment value is specified, a default value of 1 is used, A

unique label and a unique identifier are created, and the counter
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indicating the nesting level of the structure is incremented. Two
assignments with subtraction and one assignment with addition are
created and inserted in the output., The first subtraction

assigns the unique identifier the value of the enﬁing value less the
increment value, The second subtraction assigns the index the
beginning value less the increment value, The addition has the unique
label and assigns the index the value of the index plus the increment,
The DO statement is made into a comment and inserted into the output,
followed by the three created statements, The increment value, the
index of the DO, the unique identifier, and the unique label are pushed
onto the semantic stack,

Semantic Routine & - A DOGROUP statement is processed by this routine,

The DOGROUP statement is made into a2 comment and inserted in the output.

The counter indicating the structure nesting level is incremented.

Semantic Routine 5 - When the parser recognizes an IF - THEN statement,

this routine is called to process it. The Boolean condition is extracted
from the statement and 2 unique label is created. A conditional branch
which tests the negation of the Boolean condition and branches to the
unique label on truth of the negation is inserted in the autput

following the IF - THEN statement in the form of a comment. The unique
label ;s pushed onto the semantic stack.

Semantic Routine 6 - This routine processes a REPEAT UNTIL statement.

The Boolean condition is extractgd, a unique label is created, and the
nesting level counter is incremented., A null statement with the
unique label is created and inserted after a comment containirg
the REPEAT UNTIL. The unique label and the 3oolean condition are

pushed onto the semantic stack,
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Semantic Routine 7 - A WHILE statement is processed by this semantic

routine, The Boolean cordition of the WHIIE is extracted and two
unique labels are created. The nesting level counter is incremented,
A conditional branch with the first unique label is created which
branches to the second unique label if the negation of the Boolean
condition is true., The WHILE statement is converted to a comment
and inserted in the output, followed by the created statement., The
second and first unique labels are pushed onto the semantic stack,
in that orxder,

Semantic Routine 8 - This semantic routine processes the QUITLOOP

extended construct. A unique label is created and an unconditional
branch to that label is created, The QUITLOOP statement is converted
to a comment and inserted in the output, followed b& the created
branching statement. The unique label and the string 'QUIT' are

pushed onto the semantic stack.,

Semantic Routine 9 - The parser calls this routine when an ENDCASE

has been recognized, Three items are popped off the semantic stack,

Two null statements are created with the second and first items from the stack
as labels, The number of cases for this CASE structure is reset to

zero, The number of CASE structures and the nesting level are both
decremented by one., The created statements are inserted following

the ENDCASE in the form of a comment.

Semantic Routine 10 - This semantic routine is called by the

parser to process an ENDIF, One item is popped from the semantic
stack. There are two possible types of values for this item, the
string 'QUIT' or a label, If the item is the character string

'QUIT', two more items are popped off the stack and the first of
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those two items and the string 'QUIT' are pushed back onto the
stack, If the item is not the string 'QUIT', it should be a label,

A null statement using the item from the stack is created and
inserted into the output following the ENDIF in the form of a
comment,

Semantic Routine 11 - This semantic routine processes the ENDWHILE

statement. Two items are popped off the semantic stack and the
nesting level counter is decremented by one.

If the first item popped off the semantic stack is the character
string 'QUIT', the second item is the label which was the destination
of the branch created for a QUITLOOP structure occurring within the
WHILE - END#HILE construct., The variable indicating the presence
of an enclosed QUITLOCP structure is set to one. Two more items are
popped off the semantic stack. These items are now considered to be
the first and second items popped off the stack,

Whether or not a QUITLOOP structure has occurred, an unconditional
branching statement is created with the first item popped off the stack
as the destination. A null statement with the second item popped
off the stack as the label follows the unconditional branch., These
two statements are inserted in the output following the ENDWHILE
statement in the form of a comment,

If the QUITLOOP structure indicator was set, another null statement
is created. This statement has the label which was the destination of
the unconditional branch created for the QUITLOOP occurrence and is

inserted in the output.
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Semantic Routine 12 - The ENDREFSAT statement is processed by this

semantic routine. Two items are pooped off the semantic stack and
the nesting level counter is decremented by one.

If the first item popred off the serantic stack is the character
string 'QUIT', the second item is the label which was the destination
of the branch created for a QUITLOOP structure occurring within
the REPEAT UNTIL - ENDREPEAT construct. The GUITLOOP occurrence
indicater is set to 1 and two more items are popped off the semantic
stack, These items are now considered to te the first and second items
porped off the stack,

Wnether or not a QUITLCOP structure has occurred, the second
itenm popped off the stack is used as the destination of & conditional
btranching statement which tests the negation of the firsi item
pooped off the stack, The ENDREPSAT is converied o a2 comment and
inserted in thg output, followed by the created conditional statement.

If the QUITLCOP cccurrence flag was set, a null statement is

created with the latel used as the destination of the branching
statement which replaced the QUITICCP statement. This null statement
is inserted in the output.

Serantic Routine 13 - The parser calls this semantic routine when an

ENDDO has teen recognized. Fcur items are popred from ine semantic
stack and the nesiing level counter is decremented by cne,

If +he first i%em popred off the semantic siack is ihe characier
siring '"SUIT', ihe second item is the latel created 3s the Tranching
des*ination during SUITLCCP rrocessing, Two mcre items are Zopped

from the semantic stack. These are added %o ithe third znd Tcurth
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items popped previously, and the four items are considered to be
the first four items popped from the stack. The QUITLOOP occurrence
flag is set to one,

Whether or not a QUITLOOP structure has occurred, two unique
labels are created. Five statements are created to te inserted in
the output following the ENDDO statement in the form of a comment,’
The first statement is a conditional branch which tests if the
increment value (the fourth item popped from the stack) is positive.
The destination of this statement is the first of the two new unique
labels, Another conditional branching statement is the second
created statement, It has the first item popped off the stack as
its destination-and tests if the index value (third item from the
stack) is greater than or equal to the second item popped from the
stack, An unconditional branch with the second unique label as its
destination is created next and‘is followed by another conditional
branch, This statement has the first unique label as its label,
tests if the index value is less than or equal to the second item
popped from the stack, and branches to the first item popped off
the stack if the condition is true, The fifth created statement
js an assignment statement with an addition operation. The statement's
label is the second new unique label and it increments the index value
by the increment value.

If the QUITFLAG occurrence flag was set, a null statement is created
and inserted in the output. The label on this statement is the
destination label of the unconditional branch created during QUITLCOP

Trocessing.
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Semantic Routine 14 - This semantic routine processes the ENDDCGROUP

statement, The statement is converted to a comment and inserted in
the output. The nesting level counter 1s decremented by one,

Semantic Routine 15 - This semantic routine is called whenever ihe

parser reduces an item or series of items to the STRLIST (structure’
list) token.

The routine returns immediately if there are no unfinished
CASE structurss or if the preprocessor is processing statements within
another structure contained in a CASE siructurs, Ctherwise, the
number of cases for this CASE structure is incremented by one, and
a unique label is created. Three items are popred from the semantic
stack,

An unconditional tranch with the first item popred from the
semantic stack as the destination is created, A conditional tranch
with the second item from the semantic stack as the label ié created
next, This statement tests if the third item from the semantic stack
(index of the CASE) is not equal to the counter incremented above.
and branches to the new unigue lavel if the conditicn.is true.

A comment noting that two stdtements are being inserted is
created ard inserted in the output. The two branching statements
are inserted immediately following the comment,

The index of the CASE, the new unique latel, and the Jirst item

povved from the stack a2re now pushed onto the stack, in <hat order,

Insertion Routines
There are three routines which insert sirings inio the ocutput,

each in its own way.
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Insertcom - The single parameter COMSTR contains a string to be converted
to a comment and inserted in the output. The routine will attempt to start
the comment in column one. If this column is to be ignored, the routine
determines where to start the comment. If a sequence of columns. has been
specified for the ignored columns in the IGNCRE COLUMNS definition, the
preprocessor discovers the first column which is not an ignored column.
If no sequence was specified, the preprocessor uses the first column
following the ignored column,

If a comment begins in a specific column, the columns preceding
that column are filled with blanks., If a symbol siring starts the
comment in that column, the string is added, followed by the parameter,
If no symbol string is needed, the parameter is added to the comment
being built., The comment is truncated, if necessary, to eighty
characters,

If a comment ends in a particular column, the string is
truncated or padded with blanks, as necessary. If a comment ends with
a certain string, the current comment string is truncated as necessary
to maintain only eighty characters, If the comment will end in an
ignored column, enough characters are deleted within the parameter
string portion of the comment to ensure the comment ender will not
appear in an ignored column. The comment clesing string is added
after the appropriate position has been determined. Enough blanks
are added, if necessary, to make the final string eighty characters
long., Finally, the comment is inserted in the output.
Insertstmt - The single parameter STR.INS?T'contains the string to
be inserted in the output as a statement. A counter of the

positions in the output string (I) and a counter of the positions



in the parameter string (CHARKTR) are set to zero, The variable
TYPE is set depending on whether a single column or a sequence of
columns was specified in the IGNORE COLUMNS definition,

CHARKTR and I are both incremented by one, The final portion
of the statement has been constructed if CHARKIR is equal to the
number of characters in the parameter string. An entire card has
been constructed if I is equal to 80, Branches are made if either
of these conditions occurs,

A branch is made to check the current position in the output

(value of I) against ignored columns. If only one column is ignored

and the column currently indicated by I is that column, a blank is
inserted, If a sequence of columns is specified and the column

indicated by I is one of the ignored columns, a blank is inserted,
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A branch is made to increment I and continue processing this statement.

In either case, if the column to which I points is a usable column,

the character in the position of the parameter string indicated by

CHARKTR is added to the output string being constructed and a branch

is made to increment both CHARKIR and I.

When an entire card image has been constructed, it is inserted

iﬂ the output. I is reset to 1l and the card image area is nullified,

The preprocessor then branches to check for a column to ignore,

When the last portion of a statement has been completed, this

portion is padded with blanks and inserted in the output.
Insert - The single parameter INSRT.STR contains the statement to
be inserted., This string contains blanks in ignored columns.

The statement is broken into sections of eighty characters and
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inserted in the output one at a2 time. If the last section of the
statement is less than eighty characters long, this portion is

padded with blanks before inserting it in the output.

Parser

The structure parser has no parameters. It is called once by
the driver for each parse desired, Control is returned to the point
of invocation when the entire input program has been analyzed. Brror
conditions take special error exits out of the parser.

When the parser is called, it immediately requests a token
be placed on the syntactic stack by the scanmer, The parser then
tests the contents of the syntactic stack, reduces those contents to
appropriate tokens, and calls semantic routines and the scanner
according to the strategy of the the modified Production Language

in Ta.ble AII 03 .

Scanner

The scanning routine retrieves single characters from the input
program and determires what syntactic tokens are to be presented to the
parser. A character string is built of the input characters, and when
an item is recognized, a token is placed on the syntactic stack and
return is made to the parser. The scanner makes tests in the
following order: comment, literal, end of statement, keyword appearing
at end of statement, end of a language label, blank character, extended
construct keyword followed by a blank, If the scanner is in the middle
of a statement, the test for end of a language label is skipped., If

the end of statement condition is not recognized, the test for a

-
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keyword appearing at the end of a statement is skipped. If the blank
character test is not._satisfied, the test for an extended construct
keyword followed by a blank is skippeds A minimum amount of backup
is used in the scanner, A more detailed description is contained in

the remainder of this section,

The scanner begins by recording whether or not an end-of-statement
condition (e-o~s) was encountered in the last card scanned, If the
variable EOSNEXT is equal to one, that is, the e-o-s condition
should be signalled immediately, a branch is taken to return an
e-0-s condition, If EOSNEXT is not one, the GETCHAR function is
called to return a character and its column number, If this character
is the first character of a token or the first non-blank character of
a token, the starting column of the token is recorded. If this
column is the first non-ignored column of a card, it is determined
whether or not all blanks left over from a previous card should be
discarded. If only a comment was found on the previous card, these
blanks will be retained. Another condition under which the blanks - ..
will be retained is when a comment was not the only thing found
on the previous card and an e-o-s condition was found in the |
previous call to the scanner,

Whether or not the blanks are retained, the next step is to add
the new character to the current token. The label start position
variable and the comment only indicator are set to zero.

The scanner then examines the token siring for the veginning of
a comment, There are three different forms of comment openers to look
for, and the scanner uses whichever one corresponds to the definition

provided by the user, When the column opening string is two characters
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long, it is necessary for the preprocessor to inspect the character
following an occurrence of the first character of the string, If

the second character is not the second of the specified string, a backup
procedure is invoked by restoring the first character thought to

open the comment and its column number, If a comment opener is not
recognizged, the scanner branches to test for a literal., If the
beginning of a comment is found, the e-o-s flag is reset to the

value it contained before the call to the scanner, the comment-only
irdicator is set to one if nothing else has been encountered in this
statement, and a search is made for the end of the comment,

The search for the end of the comment also has three possible
methods and is controlled by the definition of a comment for this
particular language, If the comment closer is a string of two
characters, the backup procedure will again be utilized if necessary,
When the end of the comment is found, the token, which consists of
the text of the comment and any opening and/or closing strings,
is added to the current statement string, and the token variable is
set to null, A branch is then taken to the point near the beginning
of the scanner where another character is retrieved, thus avoiding
the manipulation and test of the e-o-s indicator, The comment is
not returned to the parser.

If the test for a comment is unsuccessful, the scanner analyzes
the input characters for a literal, The literal beginning may be
defined as one or two characters, If a two-character opening is used,

the backup procedure is used if neceSSary; If the beginning of a
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literal is not recognized, the scanner branches to test for an
e-o0-s condition,

If the literal openirg is found, a search is made for the erd of
the literal, In searching for the end, special processing is utilized

for any special sequence specified in the literal definition., If the

first character of the ending string, which is the Tirst character of
any special sequence, is encountered, a test is made fof the special
sequence,if one was provided, If a special sequence is found, the
scanner continues to search for the literal end, Otherwise, a test is
made for the end of the literal at that point, If a literal ender is
not found, the scanner continues to search for it. If the end is
recognized, the literal is added to the token string and a branch is
taken to the portion of the scanner which processes items not identi-
fied as extended constructs or comments,

The next section of the scanner tests for the e-o-s condition,
The scanner utilizes the informetion provided by the user in the
end of statement definition to analyze the input in this section.
If the end of statement is signified by one or two symbols, the scarner
tests for these characters, using the backup procedure for a two-character
string if necessary, If the end of statement is signalled by a
column, the scanner tests if the column-number of the mest recently
retrieved character is that specified in the end-of-statement definition.
If the erd-of-statement condition is not recognized, a branch is *aken
to test for a language label. If what appears to be an end-of-statenent

condition is recognized and that condition is indicated by a column



77

number, the next input card is read and tested to determine if it is
a continuation. If so, a branch is taken to the section of the scanner
which tests for a blank character.

If the end-of-statement condition is recognized, the token string
is added to the current statement. It i1s necessary at this point
to determine if an extended construct keyword ends at the end of the
statement but has not been recognized, This will be the case if e-o-s
is indicated by a symbol and a keyword ends immediately preceding that
symbol or if e-o-s is indicated by column number and a keywcrd ends
immediately preceding a blank in the ending column or in the ending
column itself, If a keyword is recognized in this manner, it is
necessary to set the EGSNEXT variable to one so the scanner will signal
e-0-s immediately upon its next invocation. The keyword found is
added to the syntactic stack and control is returned to the parser,

If a keyword is not found at the end of the statement, the e-o-s
flag is set for this stgtement, the EOSNEXT flag is reset to zero,
the 'unidentified to eﬁd of statement' (UECS) token is added to
the syntactic stack, the token string is set to null and c¢ontrol is
returned to the parser,

The next portion of the scanner tests for the end of a language
label if this is at the beginning of a statement, If there is anything
in the current.statement string followed by a blank or only blanks
occur in the current statement string, the test for the end of a
language label is not made, and a branch is made to the section of
the scanner which tests for a blank character,

The test for the end of a language label is based on the definition

provided for language labels, If the definition specifies a column
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number or a series of column numbers as the determination of the
end of a language label, the first test will be satisfied if the
current column is the single column number or within the specified
sequence, Otherwise, a branch is taken to the section of the scanner
which tests for a blank character.

If the definition specifies a symbol to terminate a language

label, the current character is tested against the specified symbol,

If a two-character language label separator is specified, the next char-
acter is tested and backup is used if necessary to restore the
previous character as the current character, If the symbol string
does not match, a branch is taken to the section of the scanner
which tests for a blank character,

Once the scanner has determined that this character/column could
be terminating a language label, the label is extracted from the
token string. It is either the entire token or the last portion of
it, The column number the label actually started in is computed,
The column number computed is compared with the starting column value(s)
specified in the language label definition. If this column number
cannot start a language label, any necessary backup is performed and a
branch is taken to the section which tests for a blank character,
At this point the scanner knows a label has been found if a string
is the label terminator. If the label is terminated by column
numbers, the first character of the label is checked to see if it is
a valid character for the start of a label. Any remaining characters
are checked against the characters allowable for the remainder of the

label, If either of these tests fails, any necessary backup is performed
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and a branch is taken to the section of the scanner which tests for a
blank character, If these two tests are passed, the next input
character is tested for a label delimiter, that is, a blank or a
special character which is allowed directly following a label, If
this test fails, backup is performed and a branch is taken to the
section which tests for a blank character.

If a label is recognized by the scanner, the label is placed in

a comment indicating that it was removed from the statement and placed

on a null statement inserted immediately preceding the current statement.
This insertion function will be performed by the semantic routine which
will be invoked when the scanner returns control to the parser, The
label's character positions in the current statement are replaced by
blanks, the LABEL token is placed on the syntactic stack, and return

is made to the parser.

The next section of the scanner tests for a blank character, A
blank encountered at this point in the scanner's execution causes a
branch to the section to search for a keyword. If the character is
any non-blank character, a branch is made to the BEGSCAN1 label in
the scanner., The effect of this branch is to allow the scanner to
read the next input character and begin it$ analysis once again,

The next section tests for a keyword, The first of two tests
compares the token string with extended construct keywords which
begin or end constructs, such as DO and ENDDO, The second test is
against the extended construct keywords which appear in the
middle of extended constructs, that is, the keywords THEN and UNTIL,

If the token string does not satisfy either of these tests, a branch

is taken to the section of the scanner which handles items not yet
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recognized. If the keyword for THEN has been recognized, the
unidentified-to-then (UTHEN) token is added to the syntactic stack.
Otherwise, the keyword itself is added to the syntactic stack. The
token string is added to the current statement, the token string is
set to null, and control is returned to the parser,

The section which processes unidentified items simply branches
to the BEGSCAN1 label in the scanner to read the next input character
and begin its analysis again.

A section at the end of the scanner tests for an error condition
when the scanner attempts to retrieve another input character at the
beginning of the scanner but fails, If the token string is currently
all blanks or is of zero length, a test is made to determine whether
or not an e-o-s condition was found before this call to the scanner,
If so, the failure to return a character indicates the end-of-file
condition, The ECF token is added to the syntactic stack and control
is returned to the parser. If an e-o-s condition had not been discovered,
an unended statement occurs at the end of the input and an error exit
is taken, If the token string contains at least one non-blank
character when the failure o return a character is encountered, an

error exit is taken,

Character Retrieval Routine

The GETCHAR routine retrieves a single character from the input
program and returns the character and its column number to the scanner.
The two parameters are CHAR and COL, which will contain the character

and its column number, respectively, on a successful return., These
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arguments are passed as variable names in the form of character strings
and one level of indirection is used to assign the appropriate values
to them,

The routine first increments the column number counter (global
variabte COLNUM) modulo 80, If the resultant column number is 1,
the routine begins retrieving characters from the next card. This
card may have already been read by the scanner in testing for a
continuation card., If the card is not available, the routine tests
if the end of file condition has been encountered previously, either
by this routine or by the scanner in testing for a continuation card,
If not, the next card is read into the program, Otherwise, the card
which was read for the continuation test is copied into the variable
from which the routine retrieves characters, If the end of file
condition is encountered when reading a2 new card in this routine,
the GETEND variable is set to 1 and a return with fallure i1s made,

To retrieve a character, the routine tests if the current
column is an ignored column as specified in the user's IGNCRE COLUMNS
definition, If this column is to be ignored, a branch is made to
the beginning of the routine so the next character can be analyzed.,
If this column is 2 usable one, the character in that column and
the column number are assigned to the appropriate arguments and a

successful return is made to the scanner.



APFENDIX II, DETAILED USER INFORMATION

The three types of input to the preprocessor are information
about the base language, macro definitions (optional), and a program
written in the extended version of a programming language. The
first type consists of a keyword override card and definitions
given in a form similar to Backus-Naur Form, The definitions must
be grouped together, and the override card may either precede or
follow the definitions.

The override card contains the string 'OVERRIDE:' starting in
column one, The keywords to be overridden follow the colon and are
separated by commés. The first blank indicates the end of the
keywords.

EXAMPLES :

OVERRIDE:IF ,THEN,ELSE,ENDIF

overrides the keywords IF, THEN, ELSE, AND ENDIF
OVERRIDE: WHILE

overrides the keyword WHILE

A1l the definitions about the base language begin with the
definition name enclosed in angle brackets and followed by ::i=,
The definition name and the remainder of the contents of each
definition are described below,

UNIQUE LABEL -- The information needed to create unique labels is
as follows:

1) Uniform beginning -- a sequence of one or more characters

which conforms to the rules for writing labels in the
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2)

3)

standard language bﬁt which is shorter than the maximum
allowed length. The preprocessor will use this uniform
beginning to Eegin any labvels it creates,

Variable digits -- an integer specifying how many digits
should be used to make the latels urique. The preprccessor
will bvegln counting at 1 using these digits (filling with
leading zeros) and will imbed them in any labels it creates.
Remainder -- 2 sequence cf zero or mere charzciers which
conform to the rules for ending labels, This sequence
should not include any character(s) used to separate a

label from the siatement with which it is associated.

The uniform beginning must immediately follow the = and at least

one blank must separate the components of the definition.

EXAMPLE:

(for FORTRAN)  {UNIQUE L4ZELY) +:=24 3

This example will create labels such as 24001 and 24002,

UNIQUE IDENTIFIER -- The information needed to create unique variabls

names is as follows:

1)

Uriform veginiaing -- 2 sequence c¢f one or more charactiers
wnich conforms to the rulss for neming identifiers in the
standard language bui which is shorter than the maximum
allcwed length., The preprocessor will use this uniform
teginning to begin the names of any new identifiers it creates,
Tariazble dizits -- an integer steciiying how nany disiis
should be used to meke <he identiliers unique., The

treprocessor will tegin counting at 1 using these digits
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(filling with leading zeros) and will imbed the digits
in any identifier names it creates,

3) ' Remainder -- a sequence of zero or more characters which
conforms to the rules for ending identifier names,

The uniform beginning mast immediatelr follew the = and at least one
blank must separate the components of the definition.

EXAMPLE:

(for PL/I) 4UNIQUE IDENTIFIER ) ::=LAB 3 XY

Tﬁis example will create identifiers such as LABOQIXY and

LABOOZXY,

LITERAL -- The information the user must provide about literzals is as
follows:

1) Literal opener -- & one- OT two;bharacter symbol string
which begins a literal,

2) Literal closer -- a one- or two-character symbol string
which ends a literal.

3) Special sequence (optional) -- a two-character symbol
string which does not terminate a literal but would cause
an error in determining where a literal ends if no special
handling were provided because the first character of this
special sequence is the same as the single character which
normally terminates a literal, An example of this is the
string '' which may appear within a literal in some
languages in which a single quote normally terminates a
literal.

The literal opener must directly follow the = and at least one blank

must separate the definition components,
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EXAMPIE:
If ' is beth the literal orvener and literal closer, and "' is
is a sequence requiring specizl handling (as in PL/I):
(IITERAL Y 13=" ' "
COMMENT -- The informatiocn the user must provide about comments is as
follows:

1) Comment opener -- a cne- or two-character symbol string in
single quotes which begins a comment; or 2 column numkter in
which a2 comment begiﬁ : Or a one- or twc-character symbol
string in single quotes which tegins a comment followed by
a + and the column number in which the symbol string must
start to indicate a comment.

2) Comment closer -- a one- or bm-gharacten symbol s*ring in
single quotes which ends a comment; or a column numter in
which 2 comment ends; or 2 one- or iwo-characier symctol
string in single quotes which ends 2 comment followed by
a + and the column number in which the symbol string must
start to terminate a comment.

The comment opener must directly follow the = and at least one bdlank
must separate the definition components,

EXAMPLE:

If a C must aprear in column I to indicate a comment, and

a comment ends in cclumn 72 (as in FCRTRAN):

{CCMMENT ) ::="C' + 1 72
TANGLABEL -- The information the user must orovide zbout latels on

statements is as follows:
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1) Label opening delimiter -- the column number of the siztement
in which the label must begin; or a series of column numters
within which the label must tegin represented by two column
numbers separated by a hyphen.

2) Label closing delimiter -- 2 one- or two-characier symbol
string enclosed in single quotes which separates a label
from the statement with which it is associated; or a2 column
numbef in which a2 label must end; or 2 series of column numbers
within which a2 latel must end represented by two column
numbers separated by a hychen,

3) Starting character set -- 2 set of characters enclosed in
single quotes which may start a label,

4) Remaining characier set -- a set of characters enclosed in
single quotes which may be used in all other character
positions of a label,

The opening delimiter must begin directly following the = and at
least one blank must separate the compconents of the definition,

EXAMPLES:

(for FORTRAN)

{LANGLABELY) ::1=1-5 1-5 '0123456789" '0123456789'

(for PL/I)

(I.ANGI.AﬁEL} $1=2-72 ":' 'ARCDEFGHIJXLMNOPGRSTUVTWXVZ@#$"

' ABCDEFGET JKLYNQPSRSTUTWX ¥20123456785@#3 !

for SNCBOL)
<;ANG1ABEL'> 11=1 1-72 "ARCDEFGHIJXLMNCPERSTUVWXZZ'

' ABCDEF GHT JXLMNOPSRSTUVWA YZ0123456789, !
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GREATER THAN, CREATER THAN CR EQUAL,
135S THAN OR ESUAL, NQOT =QUAL, NOT -~ The operator for each lcgical
overation shculd be enclosed in single quotes and directly follow
the =,

EXAMPLES :

10

(for PL/T)  {NOT ZQUAL ) ::
(for sNeBoL) {IESS THAN) ::='LT'
(for FORTRAN) {NOT 3 ::=',NOT.'
IGNCORS COLUMNS -= The informetion the user must provide azbout columns
to ignore in creating and scanning statements is as follows:
Column numbers -- the number of 2 column to be completely
ignored; or a2 series of column numcers for columns to be
ignored recrresented b} two column nuﬁbers separated by a
hyohen,
The definition item must immediately foliow the_=.
EXAMPLE:
(for SNOBOL, FORTRAN, and PL/I) { IGNCRE COLUMS ) ::=73-80
ENMD (F STATEZMENT -- The information the user mus:t provide atout the end
cf statement ccndition is as fcllows:
End of statement indicator -- 2 cne- or two-characier symbol
string in sirgle quotes which indicates the end of & statement;
or a column number which ‘erminates 2 statement {either =
regular statement or on 2 coniinuation card),
The irndicator must inmediately follow *he =,
XAMPLES
(for SHCBCL) {EMD OF STATIMENT ) ::=72

(for PL/I}) {Z¥D CF STATEMENT ) ::=';’
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CONTINUATION -~ The information the user must provide atout continuation
cards is as follows:

Continuation symbol -~ 2 single character followed by the column

number in which that symbol must appear to indicate a centinuation

caxd; or the string NONE to indicate that statements may cross

card boundaries without specifically indicating continuation.
The continuation symbol or the word NONE must immediately follow the
=, If a symbol is indicated, 2t least one blank must separate it
from the column specificaiion,

EXAMPLES ¢

(for syoBoL) {CONTINUATION ::=+ 1

(for PL/I)  <CONTINUATION ) ::=NONE

GO TO STATEMENT, IF THEN GO TO STATEMENT,

ASSIGN MINUS STATEMENT, ASSIGN PLUS STATEMENT, DECLARATION S”A”EHEYT -
In every statement definition, there are certain ccnventions which mus?
be followed, At least one blank must appear between 2 parameter name
and the items on either side of it. A parameter name may, however,
begln in column 1 of the prototype, i.e., directly following the =,
The perameter rames must te spelied exacily as specified in the descrip-
tion of each definition,

The definition names of the statements, their function, and their
parameters are as follows:
NULL STATEMENT -- 3 null statement.

Parameter nanes:

IAB == 12tel on tne nuil statement



GO TO STATEMENT -- a branching statement,
Parameter names:
LAB -- label on the branching statement
DES -- label of the statement which is the destination
.of the branch
IF THEN GO TO STATEMENT -- a conditional statement in which the
result of a true value is a branch,
Parameter naﬁesx
LAB -- label on the conditional statement
VALl - first value in the condition

RL -

relational operator in the condition
VAL2 - second value in the condition
DES -- label of the statement which is the destination
of the branch
ASSIGN MINUS STATEMENT -- an assignment statement in which the
expression being evaluated is a subtraction.
Parameter namesi
LAB -- label on the assignment statement
VAR —-- identifier to be assigned a value
VALl - minuend
VAL2 - subtrahend
ASSIGN PLIS SfATEMENT -- an assignment statement in which the
expression being evaluated is an addition.
Parameter names:
LAB -- label on the assignment statement

VAR -- identifier to be assigned a value

89
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VALl - first addend
VAL2 - second addend
DECLARATION STATEMENT -~ a declaration statement for one variable
which is global in scope and is of type 1nteggr;
Parameter namest
VARNAME -- identifier to be declared.
Note: If declarations of identifiers are not required,
a blank prototype must be provided,
The first column following the equal sign, column 1 of the
prototype, is treated as column 1 of a card image., Therefore, if
a label must appear in a particular position and the remainder of
the statement must appear in a particular position, the definition must
appear in the same form with enough blanks included to position items
correctly, Since the user also defines the length of identifier names
and labels created by the preprocessor, the user must be sure to allow
enough space for these to fit if the parameter name is shorter than
the item which will be created to replace it. In some cases, a user's
variable will be used in the place of a parameter name. Consequently,
if blank spaces are critical, it may be wise to use identifiers with
the same number of characters in the names., Since the definition
name takes up some space and the preprocessor requires an 80-column
prototype, itwo cards will be needed for each definition., Even if the

prototype provided by the user could fit on one card with the definition

name, it is necessary to provide two cards, leaving the second one blank,
All variables introduced by the preprocessor are integers and have
global scope. Consequently, declarations for these new variables

should be placed wherever declarations for global variables are normally
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placed in a program written in the tase language, To allow the pre-
processor to positlon these declarations ccrrectly a special input
statement must be included in the extended program containing only
the string ADDED DECLARATICNS, When the preprocessor is ready to
add declarations, it will replace this statement with the aporopriate
declarations, If declarations are not required and such has been
specified in the declaration definition, the 'ADDED DECLARATIONS'
statement should be omitted.

EXAMPLES :

(for FCRTRAN) {YULL STATEMENT ) ::=IAB  CONTINUE

(for sN0B0L)  {GO TO STATEMENT ) ::=LB : (DES)

(for PL/T)  {IF THEN GO TO STATSMENT p::= LAB :

IT VALL RL  VAL2 THEN GO TO DES
(for PL/1)  CASSIGN MINUS STATEMENT) ::= 1AB :
VAR = Va1 - VAL2 ;

(for SNOBOL) <ﬁSSIC-H PLUS STATEMENT p ::=LA3
VAR = VAL:L + VAL?
(fOI.‘ FORTBAN) <DEGLARATI-GN STATE:"ENT > H=LAB I)HEGER VARNA}E

art

(]

Macro definitions have thres

iy |

, th

0}

macro name znd terameters,
the replacement text, and an indication of the end cf the definition.
The first caxd of a macro definition begins in column 1 %ith the string
' <MAGRO CALL > t:1=" followed immediately by the mecro nzme zand a2 list
of parameter names enclosed in parentheses, The serameier names zxe

separated by commas and no iatedded blarnks are allowed, The next card

' gtartin

ay
)=
(5]
Q
o
I_J
H
[

starts with the sizing ' (YACRO DEFINITION ) ::

The remainder of the card is left blank, The next card is the Teginning
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of the replacement text for the macro., The last card of the replace-
ment text is followed by a card containing only the string
'END MACRO DEFINITION' starting in column 1,

The parameter names appearing in the replacement text will be
replaced by the actual arguments of a macro call during ccde expansion
by the preprocessor. Because of storage limitations, there can bte no
more than twenty components 1in a macro replacement text, where a
component is defirned to be a parameter name and following blanks or
a string of characters appearing between parameter names,

EXAMPLES

{ MACRO CAIL ) ::=SWAP(X,Y)
{MACRO DEFINITION) ::=
T=2X
X=X
Y=T
EMD MACRO DEFINITION
In the 2bove example, SWAP is the macro name, X and Y are
the formel parameter names., Wnen the preprccessor exzapds th
call SWAP(A,3), the following cocde will te inserted:
T=A
A=3
3="T
This macro definition contains the following seven components:

\ s - —
/ ) 2
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If this macro were to te used in the extended version of SYCBOL,

it could not be called with arguments longer than one character tecause
the space before the egqual sign would have to te retained, In FCRTRAN

aa

the arguments cculd te cne or two characters long.
EXAMPLE:
The call SWAP(AL,A2) would result in the Ffollowing inserted
codes
T = Al
Al= A2
A2= T

No argument may ve of longer length than the correstonding
parzmeter name and the blanks immediately following it. A call of
this macro with either arzument longer than two characters would cause
an error during the creaticon of the code to te inserted,

'The same macro could te defined as follows:

(mcno CAIL > ::=SWAP(X,Y)

T=X
X =Y
h 4 e

END MACRO DEFINITION
Using this definition, the SWAP nmacro may vte called with 2rzuments

-I-l.
cf longer length than two characters,

Since the objectives of the preprocessor iaclude encourazin

the use of structured trozramming fechnlques, Zollowing zuide-

v

lires are provicded Zor the user %o use in wriiinsg mecro definiiiors,

It is feli that Yy following these guidelines, 2 user will e ncre
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likely to write macro definitions of constructs in line with the
aims of structured programming.
1) Sequentially execute statements within the definition
wherever possible. In other words, avoid using branches
among statements within the definition,
2) Avoid branching out of the definition wherever possible. That
is, do not specify branches to labels not within the
macro definition,
3) Use extended language statements defined in the preprocessor

if possible.

Parameter names must be unique and no parameter name may be
jdentigal” to the beginning of another parameter name of the same
macro., This is due to the scanning technique used by the preprocessor
in decoding the macro replacement text into its components. For

example, the names ABCD and ABCDE may not be used as parameter names

in the same macro definition. The preprocessor will fail to recognize
ABCDE as a parameter name in the replacement text because it will
always assume the first four characters constitutes an occurrence

of the parametef name ABCD,

The syntax of the input program is nearly identical to the syntax
of the base language involved, Many of the input program statements
will be copied directly into the output. Extended statements should
follow the same syntax as normal statements, even though the constructs
are unknown in the base language. For example, when processing an
extended FORTRAN program, the preprocessor will expect statement

labels to be entirely numeric and appear in columns 1-5, continuation
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to be indicated by a special symbol in column 6, and Boolean expressions
to be expressed using the FORTRAN relational operators,
The syntax of the extended constructs statements will be
similar to the syntax of other statements in the base language,
There are specific requirements, however, which must be followed,

1) A blank must follow each extended. construct keyword or
the keyword must appear at the end of a statement.

2) The conditions specified in extended construct statements
must be specified in forms appropriate for the base
language because these conditions will be copied directly
into the expanded text,

3) The conditions in the WHILE and REPEAT UNTIL statements
must be enclosed in parentheses,

4) The following pairs of extended construct: keywords must
appeay in the same statement: REPEAT and UNTIL, IF and
THEN, CASE and OF, All other extended construct keywords
may not appear in a statement with a sscond keyword,

The ending keywords must appear in statements with no other

text, The DOGROUP and QUITLOOP keywords are the only
construct-opening keywords which must appear alone,

The special statement to position new declarations should be
placed wherever the user wishes to have the declarations added, All
variables introduced by the preprocessor are integers with global
scopes, The user should keep this in mind when inserting the special
statement, The statement should contain only the string ADDED DECLARATIONS
and any end-of-statement specification normally required by the

base language translator.



EXAMPLE: (PL/I)

TEST: PROC OPTIONS (MAIN);
ADDED DECLARATIONS :
Y = 5;

DOT

1 TO 3;
T

Y -1;
ENDDO:

END TEST;

Restrictions

The user must keep the following restrictions in mind when using

the preprocessor:

1) Only one QUITLOOP structure may be used within another

2)

3)

4)

1001) )

The text following the THEN keyword and its succeeding blank
must appear as a normal statement on a separate card, That
is, if a specific number of columns must be blank at the
beginning of a statement, that same number of columns must
me blank in this situation.

Array elements may not be used as actual arguments in macro
calls,

No continuation cards may be used in statements containing
extended constructs,
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VALZ2
+ VAL?

VAL1
VALL

VAR
VAR

:(DES

<NULL STATENMENT>::=LABR
<GO TO STATEMENT>::=LAB
<DECLARATION STATEMENT>

SNORJIL
<ASSIGN MINUS STATEMENT>::=LAB

<ASSIGN PLUS STATEMENT>::=LAR
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ABSTRACT

This report describes the design and implementation of a
preprocessor which is intended to allow and encourage the use
of structured programming techniques in a variety of base
languages. Eight structured programming control structures
are implemented in the preprocessor which currently works with
the PL/I, SNOBOL, and FORTRAN programming languages. The
extended constructs are translated by the preprocessor into
statements which are standard in the base language. The input
provided by the user includes information about the base language
syntax, optional macro definitions, and 2 program written in the
extended version of the language. The extended version includes
the features of the base language, user-defined macros, and the
built-in structured programming control structures. The output
produced by the preprocessor consists of a printed listing and
a temporary disk file., The disk file may be used as input to
the usual translator for the base language. The macro facility
is a simple text replacement macro processor, included because
it is not possible for one person to think of all the control
structures which may be desirable at all times. The facility
is crude and allows no semantic stack manipulation, A set of
guidelines is provided for use in writing macro definitions
to reduce the likelihood of writing macros which conflict with
the principles of structured programming and, therefore, undermine

the purpose of the preprocessor.,



