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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
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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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Figure II.3., Modularity of the Preprocessor.
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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,



