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CHAFTER 1

INTRODUCTICN

1.1 Eurpose
The purrose of this guide isz:

- to provide the user with the ©procedures necessary to
implement and to execute the Hnational Fortran (RatFor)
Freprocessor and RatFor programs in the IBK 370's CHMS
e¢nvironment,

- to present the general fcrmat of each RatFor statement
and examples of its use.

- to provide information about changes made to the
Freprocessor so that it executes properly in Kansas State
University's IBM 37('s CKS envircnment.

- to provide documentation of the preprocessor by using

nodule access grarhs and a module access matrix.

1.2 Explanation of the RatFor Software FEackage.

The RatFor software package is one of many software tools
used to teach Scftware Engineering Courses. The package
vill aid the user who is learning how to write programs that
rake good tools and hcw to program well in the process. The
fackage contains a RatFor prerrocesscr and most of the
software tools that are outlined and presented in the book,
Software Tools, by Brianm W. Kerniqhan and P.J. Flauger.

The RatFor preprocessor is a preprocessor which allcws

for a simple extensicn of the Fortran computer language.

==



CHAPTER 1

The extension, FRational Fortran, provides modern flow
ccntrol statements like those in EL/I, COBOL, and ALGOL so
that structured programming can be achieved properly.
Freprocessing intc Fortran is a ccnvenient way to achieve
structured programming, By preprocessing into Fortran, the
user retains the advantages of Fortran, i.e. a language that
is universal, portable, and relatively efficient, while at
the same time concealing its wcrst drawback, unstructured
ccde. Except for a few new statements like while, repeat-
until, if-else, and the fact that it's easy to read and
€asy to urite, RatFor is Fortran. The preprocessor simply
translates each of the RatFor statements into equivalent
Fortran ccde.

The other software tools in the package are programs to
help the user develcp other programs. They are tools that
are generally used during the life cycle of a program.
Included 1in the ©package are Ratfcr .pattern finders, a
RatFor text editor, a RatFor text formatter, and many other
useful scftware tools. All of these tools are directed
toward mechanizinqlas much as possiltle those activities that
are at the heart of programming. Pregram development is the

Flace where these tools will have the most impact.

1.3 Packground.
The RatFor preprccessor software package was developed by

Erian W. Kernighanm and P.J. Plauger. The package was

-2-



CHAPTER 1

developed to enhance and demonstrate software engineering
teaching points presented 1in their bcok, Software Tools.
Their book and package present a comprehensive set of
programs which ©provides lessons in program design and
implementation.

______ Tocls book was obtained
from the Addison-Wesley Publishing Company in Reading,
Massachusetts., Addison-Wesley Publishing Company
distributes the software package by way of a 9-track ncn-
lakeled magnetic tape having the following characteristics:

Density - 800 bits per inch

Record length - 80 bytes

Number of blocks - 888

Block size - 10 records per Ltlock

Nucber of files - 1

Character set - EBCDIC (using the mapping described

in IBM 370 fFrinciples of Cperation Manual,

GA22-7000-4 and Reference Summary GX20-1850-2.)
Bcth upper and lower case alphaltetic characters are used in
the package. Questicns about the package that are not
covered in this guide or the book, Software Tools, should be
address tc Addison-wesley Publishing Company. Fortran used

in the package is standard (ANSI) Fortrane.



CHAPTER 2

USER'S GUIDE

2.1 RatFor Prograrring.

This chapter serves as an intrcduction to the RatFor
language. Additionally, it acquaints the user with the
apprcpriate IBM 370 CMS commands +that are necessary to
Ferform certain operations. The information gpertaining to
the RatFor statements and symkols 1is a consclidation of
informaticn extracted from chapters 1, 3, 8, and 9 of the
tcok, Software Tools, from the RatFor version of the
rreprocessor 1listing, and from the Fortran preprocessor
listiny. The procedures outlined in this chapter have been
tested and they work. The user 1is cautioned against any

deviation from the ocutlined [prccedures as the outcome is

vnpredictable.

Basically, RatFor is Fortran, except that several new
statements have been added to make it easier to control the
frrogranm flow. RatFor also prcvides some notational
ccnveniences so programs can be made more readable. Any
statement that is encountered ty the RatFor preprocessor and
is not recognized as teing a RatFor statement is considered
to be a regqular Fortran statement. All regqular Fortran
statements are simply passed thrcugh the RatFor preprocessor

vntouched except for blanks being removed. In the following

i m



CHAPTER 2

syntax graphs, a statement is any legal Fortran statement or
FatFor statement, A group cf RatFor and/or Fortran
ctatements can be enclosed in "% (", "$)", which are RatFor
notation for brackets, to mpake the group a compound
statement which is eguivalent to a single statement and
usakle anywhere a single staterent can be used. RatFor
source statements may begin anywhere on a 1line. The
Freprocessor scans all 80 colurns for source statements,
Therefore, columnns 73 - 80 should not be used for 1line
numkers, conmnments, etc. The 80 column scanning can be
changed by adjusting the read statement in the preprocessor
subroutine, Getch. Multiple staterents on a line must be
separated by a semicolon, The user must indent
systematically so he or she can easily see the scope of
ccntrol statements, A statement ending with a comma is
automatically continued. A statement that contains a "§ (v
[left bracket], is automatically continued until the "§)»
[right bracket], 1is encountered. Automatic continuation
also occurs for statements containing a " (" until a ™))" is
encountered. Consequently, the regular Fortran convention
cf statement continuation is not needed nor allowed.

The RatFor statements keywcrds are: while, repeat,
vntil, for, if, else, do, break, next, define, and include,
In RatFor these keywords are reserved words and must not be
vsed as variable names, Keywords cannot contain blanks or

they will not be recognized. The following syntax graphs

-5-
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and examples serve to present the formats of the RatFor

statements., All keywcrds are underlined.

2,1.1.1 The while statement: Lesigned to produce repetitive
operations.

General format:
--> while --> ( Boolean condition ) --> statement -->

Erocedure: Test Boolean condition; if true, do statement
cnce then test again. TIf the Boclean condition is ever
false, go to the first executalle statement following the
tody of the while. |

Example: This segment of code produces the sum of 10

numkers.

total = 0

while (total *= 10.)%{
sSum = sum + number
total = total + 1
$)

stop

end

Execution stops when the Boolean condition becomes false.
Ncte the "!" is an alternative symtol for the 1logical,

Ynot".,
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Tranclation:

total = 0
continue
23000 if (.not.(total.ne.10.))go to 23001
sulm = sum + numkter
total = total + 1
go to 23000
23001 continue
stop
end

If the while statement has a lalkel then during translation
that labkel is placed cn the continue statement that precedes
the if statement., Labels 23000 and 23001 are supplied by
the preprocessor. Preprocesscr supplied labels begin

arbitrarily at 23000 and are numtered upward consecutively.

2.1.1.2 The repeat-until statemrent: Also designed to produce

repetitive operation. However, the main difference between

the repeat-until statement and the while statement is the

point where the Booclean conditicn is tested. The Boolean

ccndition is at the end of the repeat-until locp and at the

teginning of the _while loop.

General format:

~=> repeat -->statement--> until -->(Boclean condition)*—)

Erocedure: The statement is executed one or more times until
the Eoolean conditicn becomes true, at which time the loop
is exited. The until part is optional, However, if it is

- .
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cmitted, the result is an infinite loop, which must be
troken some other way.

Example: This segment of code sums the variable A and the
square root of the variable A until the variakle Count is

greater than 5.

Count = 0

repeat 3(
A = A + sqrt(A)
Count = Count + 1
$)

until ( Count > 5 )

Translaticn:

count = 0

continue
23000 continue

a = a + sqrt(a)

count = count + 1
23001 if {.not.(count.gt.5))go to 23000
23002 continue

dnother form of the repeat-until is the form excluding the

yntil clause,

Example:

Count = 0

repeat 3|
A = A + sqgrt(A)
Count = Count + 1
$)

continue

—



CHAFTER 2

Translaticn:

continue

23C00 continue
a = a + sqrt (a)
count = count + 1
continue
go to 23000
continue

This second form of the repeat statement represents an
infinite loop and executes theoretically forever, The break
statement could be placed at a likely breaking point within

the loop to cause an exit out of the loop.

2.1.1.3 The kreak statement: Designed to enable one to get
cut c¢f an infinite loop.

General format:

=--> break -->

Frocedure: It causes whatever loop, 1i.e., repeat, while,

for,etc., it is contained in tc ke exited immediately. Only
cne loop is terminated by a break statement, even if it is
contained inside several nested 1loops. Program control
resumes with the statement following the loop which is
exited.

Example: Using the _break statement, the previously shcwn
infinite loop can Le exited.

el
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Count = (

repeat ${
A = A + sgrt(d)
Count = Count + 1

if { Ccunt > 5 )
break

3)

continue

Translaticn:

count = 0
continue

23000 continue
a = a + sqrt (a)
count = count + 1
if {(.not. (count.gt.5))go to 23003
go tc 23002

23003 continue

23001 go tc 23000

23002 continue
continue

The break statement causes an exit out of the loop and
pFrogram execution resumes with the continue statement. In

this example, the break statement translates to "go to

z23002z".

2.1.1.4 The for statement: Designed to produce repetitive
cperations that are tased on the iterations of a variatble.

General format:

--> for --> ( initialize;{ Boolean ccndition&;reinitialize H

<-- statement <-

= o



CHAFTER 2

Erocedure: Initialize and reinitiaiize parts are single
Fcrtran statements, i.e., J = 1 and Jd = J + 1, respectively.
The value, true cr false, of the Boolean condition Iis
dependent upon the value of the initialize and reinitialize
variatle, The statement is executed as long as the Boolean
ccndition remains true, If the condition is false, progran
execution resumes at the first executable Statement
fcllcwing the for statement, 1If the Eocolean condition is
cmitted, it is taken to be true, resulting in an infinite
lcop which must be broken in some other way.

Example: This segrent of code prints the value of the

variable inum until the variable i 1s greater than nunmkter.

numker = 10

for (i = 1; i < number; 1 =1 + 1)
5
inum = number - i
print 9, inum
next
$)

Tfranslation:

nurker = 10
i=1
23000 if (.not. (i.lt.numter))go to 23002
inum = number - i
print 9, inum
go to 23001
23001 1 = i + 1
go to 23000
23002 continue

This for statement executes as lcng as the Boolean condition

-11-



CHAFTER 2

"i < number™ 1s true. The next statement causes the
variable, i, to be incremented. The Boolean <condition can
ke left out.

Example:

nurker = 10
for (1 =1; ;i =1 + 1)

3 (

inum = number - i
print 9, inum
next

3)

Translation:

nucker = 10

i=1
23000 continue
inum = number - i

print 9, inum
2300141 =1 + 1
go to 23000
A for that does not have a FEoolean condition produces an
infinite locp. ©Note that althcugh the Boolean condition is
rissing, the semicolen that fcllows the Boolean condition
rust appear in the for statement. The reak statement can

te used tc cause an exit out of an infinite for loop.

Example:

e
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number = 10

for (1= 1; ;1=1+ 1)
3(
if ( 1 >= number ) break
inum = number - i
print 9, inun
next
¥)

Translation:

nupnker = 10
continue
i=1

23000 continue
if (.not.(i.ge.nurker))go to 23003
go to 23002

23C03 continue
inum = number - i
print 9, inunm
go to 23001

23C01 1 = 1i + 1
go to 23000

23002 continue

When the Poolean condition, i >= numker, becomes true, the

Ireak staterent is executed and the loop 1s exited.

2.1.1.5 The 1if statement: Cesigned for conditional control
cf program flow.

General format:

--> if --> { boolean condition ) --> statement (i
<1F statement (i+1) <-- else <

Erocedure: If the Boolean condition is true, statement (i) is
executed, If the Boolean conditicn is false, statement (i+1)

-13-



CHAPTIER 2

is executed. The else clause 1is optional. In the case
wherc there are nested if's, the else always goes with the
rost recent un-elsed if.

Example: This segament of code reads a file until the end of

the file is reached.

read 9, input
if ( input != eof )
print 10, input
else
print 20
20 format ( ' end of data' )
continue

Translation:

read 9, input
if (snot.(input.ne.eof))go to 23000
print 10, input
go to 23001
23000 continue
print 20
20 format( ' end of data' )
23001 continue
continue

The execution of the 1if or else part of the if-else
statement is dependent upon the lcgical value of the Boolean
ccndition, "input '= eof" . As stated previously, the else

clause of the if statement can be excluded.

Ezample:

read 9, input

if ( input == eof )
$(
print 20

=Y i~
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20 format (' end of data' )
kreak
$)
print 10, input

Translation:

read 9, input
if (. not. (input .eg.ecf))go to 23000
print 20
20 format( ' end of data?' )
go to 23001
23000 continue
print 10, input
23001 continue
In this previous if statement example, the Boolean
condition is changed to compensate for the excluded else
clause. In this exanple, there are no logical
inconveniences caused by the exclusion of the else clause,
In other situaticns there may be logical inconveniences.

Therefore, the user must select the form of the if statement

that is ccmpatible with his program's logic.

2.17.1.6 The do statement: Designed to set up standard
Fortran dc loops.

General format:
-=> do --> limits --> statement -->

Frocedure: The limits must be a legal Fortran do statement

specification, i.e., "1 = 1,n", Using the 1limits, the

-15-
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FatFor preprocessor will build a 1legal Fortran do loop
around the statement. Do net attempt to form a reqgular
Fertran do logp AN a RatFor progranm, The RatFor
Ereprocessor preprocesses all dc statements and if the do
ctatements are not in the RatFfor form then the preprocessed
cutput is erroneous.

Example: This segment of code 1initializes an array.

dicension ikuf (80)
do k = 1,80

ibuf (k) = 0
call grader( ibuf)

Translation:

dimension ibuf (80)
do 23000 k = 1,80
ibuf (k) = 0

23000 continue

23001 continue

call grader( ibuf)

The second continue statement is produced in case the loop
ccntains a treak statement. If the statement is a compound
cstatement (a gyroup of statements enclosed in brackets or
Iraces) then a standard Fortran do 1loor is built around the

group of statements.

-16~-
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z.1.1.7 The next statement: Designed to cause whatever loop
that contains it to go 1immediately to the next iteraticn,
skipping the rest cf the loop bcdy.

General format:

-=> pext -->

Frocedure: The execution of a next statement causes a Jjump
toc the conditional part of a while, do, or until statement;
causes a jump to the top of an infinite repeat statement
loop; and causes a jump to the reinitialize part of a for
statement.

Example: This segment of code determines an average grade

Foint.

grade = 0
studen = 30
for (1 = 1; 1 <= studen; i = i-+ 1)
¥ {
grade = grade + score (i}
next
$)

aver = grade / studen

Translation:

=
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grade = 0
studen = 30
continue
i=1
23000 if (.not. (i.le.studen))go to 23002
grade = grade + score (i)
go to 23001
23001 1 = 1 + 1
go to 23000
23002 continue

aver = grade / studen
2fter each grade is added, the next is executed. Execution

cf the next statement causes iterations of the for loop,.

2.1.1.8 The define statement: Designed to allow one to place
symbolic constants in a program. Symbolic constants are
readaktle names placed on certain values.

Ceneral format:

--> define --> ( symbolic constant name, value ) -->
Frocedure: The first character of thé symbolic constant
rame must be alphabetic. The value <can Lke any integer
value. The define statement must be placed in a position
where it will be encountered Ly the preprocesser before the
symktolic constant that it defines is encountered.

Example: This example allows 80 card columns to be read.

=y B



CHAPTER 2

define( MAXCARC, 80 )
read (9,1) (ituf (i), i = 1, MAXCARD )
1 format( MAXCARD a1l )

There should only be one define statement for each symbolic
constant used. During preprocessor eXecution, the value 80
is inserted wherever the symbclic constant WMAXCARD™ is
encountered, For example, the preprocessor output of the
format statement would be, "1 fcrmat(80at1)", not that which

appears in the example

2.1.1.9 The include statement: Designed to allow replacement
cf the include statement with the contents of an external
Fortran file.

General format:

==> include --> filename -->

Erocedure: Filenare should be 1less than or equal to 8
alphanumeric characters, The first character must be
alphatetic.

Example: This segment of code demonstrates the inclusion of

common tklocks.

-19-
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dirension name (40}, ssn{40)
include confil
data a,b s 1.0, 2.3 /

-

—

A file called comfil must be established prior to execution
cf the preprocessor or an error ressage will be printed. Of
course, the contents of the file must ke standard Fortran

commnen block staterents.

2.1.1.,10 The comment statement: Designed to allow English-
like explanations c¢f the source ccde to be placed in the
Frogram.

Ceneral format:

--> % --> conmnent -->

Erocedure: The comment can begin anyuhgre on a line. The
comment can Le on the same line with a RatFor or Fortran
statement. However, once the comment is encountered on a
line, the rest of the line is assumed to be part of the

comment. Note, the programs in Software Tools show a pound

sign to signify a ccmment., The pcund sign has a sSpecial
geaning on the K.S.U. IBM 370 computer so the “%" character
was chosen to denote a commpent statement, The comment
statement appears only in the RatFor progran, The
preprocessor discards all comment statements during the
freprocessing of the RatFor progran.

-20-



CHBAPTER 2

Example: This segment of code demonstrates the use

FatFor comment statement.

define (MAXCARD, B80) % maximum size of input

dimension ikuf (MAXCAREL) % input array
% read data into huffer
read (9,1) (ibuf (i), i = 1,MAXCARD )

1 forrat (MAXCARLT a1l )

The comment statements in the preceding example are
describe a symbolic constant, an array variable,
segment o©f code., Other exasmples of all of the

statements can be found in Appendix B.

2.7.2 RatFor Symbgcli

Notation,

The following symbols are reccgnized bhy the
freprocessor and are converted to the following

equivalents,

-21-
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symkol definition Eortran
== logical equal «©g.
!= logical not egual -.Ne.
—= ~ logical not equal .ne.
& logical and .and.
< less than «1t.
<= less than or equal to «le.
> greater than .gt,
>= greater than or equal to «ge.
% corment staterent no output

Kote, blanks are significant in RatFor programming. Symbols
like ">=" should nct contain klanks, i.e., "> =", Symbols

with klanks will not ke recognized by the preprocessor.

2.2

o

atFor Interactive Execution Procedures.

The procedures outlined in this section should ke used
to create and execute RatFor ©prcgqgrams. Explanations of the
commands copyfile, fmretr, fmsave, osjok, osprint, osretr,
and ossave can Ete found 1in the K.S.U. Qgéggg Guide.

Explanaticns of the commands runfort, watfiv,read, and type

can te fcund in the K.,S.U.

I
itn

MS Cookkock. Explanations of

the commands edit, input, getfile, and file can found in the

]
o
=
9]

N There are

1%}
g

ommand and Macro Reference Manual
Frotably other ways to achieve the same results. However,

if other ways are used, proceed with caution,

—
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The fcllowing 1is the minimal fprocedure for creating a
FatFcr program in an IBM 370 CMS environment. It is assumed
that the user knows how to logen the K.S5.U. computer systen
vtilizing an interactive terminal. All user responses are
underlined, Explanation lines are enclosed in parenthesis.

The other lines are system resgcnses.

{lecgon onto systenm)
R;

edit filename filetype

NEWFILE:

EDIT:

e}

as

[0}

I

I
1=
o
Ic
It

-
=z
Lie]
[t
H
.

{Now, enter your RatFcr progran. Press the carriage return
(CR) twice when all of the code has been entered to get out
cf input mode. Statements can tegin anywhere on a line.)

EDIT:

ile

[

o
-

At this point, your program has lkeen created.

_2 3_
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Zz.2.2 RatFor Preprccessor Storage, Retrieval, and Execution.

The RatFor Preprocessor Software Package was delivered
to K.S.U. via a 9-track nonstandard magnetic tape. Since
this tape was not created using standard IBM 1labeling
conventions, 1t was exceedingly difficult to work from the
tape., Consequently, the entire contents of the tape were
cff-loaded to cards. The RatFcr freprocessor source cards
can be read into the system via a card reader using the

follewing jotk cards:

//VMRDR JCE ( JOB CARL PARAMETERS)
:READ FILENAME FILETYPFE

$J0B

{(source cards)

SENTRY

Note: there is an upper limit cn the number of cards per job
input at a K.S.U. remote job entry terminal. At a remote
location, the RatFcr preprocessor source deck has to be
divided into two jobs, with each jok having a different
filename, Next, at an interactive terminal, logon the CHMS
system and then type READ *, for each file that was read in.
The READ * command brings the file(s) to your interactive
terminal, If more than one jok is used to read the source

then comtine the files first by using a copyfile command or

-2 Y=
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a getfile command. For example, the copyfile command to

cocmbine two files is:

copyfile filename2 filetype a1 filenamel filetype al(append)

Tc combined two files using the getfile command, edit
filenamel, go to the bottom of filename?l ty issuing the edit
command, kot, then issue the getfile command. An exanmple

getfile command is:

getfile filename2 filetype al 1 =*

After the files are combined, stcre the RatFor preprocessor
scurce code using the ossave or fmsave corpand. Note,
tefore using the commands, ossave or fmsave, contact the
K.S5.U0., Computing Center consultants for details surrounding

their usage, For example, one mright tyre:

cssave ratfor fortran

The syster will inform you when the file called RatFor has
Leen stored.
To retrieve the file, use the osretr or fmretr command,

Fcr example, type:

csretr filename filetype

_25_
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Cnce retrieved, the system will respond with messages such
as “"PUN FILE XXXX FROM Os"", where XXXX are four digits.
Then you type, read *, to bring the file to your terminal,
Ecefore you can execute the [preprccessor, you must first
create a text file, if the text file does not exist. To
create a text file, you must ccmpile the program. To

ccempile the program, type:

csijol ratfor fortran al (proc fortgc parm deck punch print

time ,U45)

The system will respond with:
sonth/day/year —— YOUR SEQUENCE NUMBER IS VMIXXXXX , where
IAXXXX are all digits, Once the RatFor program has been

conpiled, the system will respcnd:

ERT FILE XXXX FROM CS

FUN FILE XXXX FROM 0S

where XXXX are all digits. Your response should be

read ratfor listing

The 1listing will contain a 1listing of the progran,

diagcnostics (if any), and statistics of the file's

compilaticn, In the statistics section, the return ccde
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should be zero. If the return code 1is not zero then an
error has occurred. To get the return code, type the first

rage of the listing by issuing this conrand:

type ratfcr listing

when the first page has been printed, press the ‘t*attn!
tutton and type ht to stop the printing. If the return code
is not zero then get a copy of the listing by issuing this

command:

csprint ratfor listing

The system will respond with a listing numker. Record the
numter and your listing can ke ottained at the Computing
Center. Your listing will be distinguished by the listing

numkter., If the return code is zero, type:

read ratfcr text .

This command brings the RatFor text file to your terminal.
Eefore you execute the text file, there are two preliminary
commands that mnust be issued. These preliminary commands
define the input file (05) and the output file (01),

respectively. The preliminary ccmmands are:

5
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filedef 05 disk (user's filename) (user's filetype) al (perm
filedef 01 disk (ofilename) (ofiletype) al (perm recfm fb

block 800 1lrecl 80)

whereas, the user's filename and filetype is the name of the
file that the user created and the filetype given to the
file, Ofilename and ofiletype is the name and type of the
file that the pregrocessor will cutput, After the

rreliminary commands have been issued, type:

runfort ratfor text

and the system will respond:

EXECUTION BEGINS ...

If the input, RatFor program, is syntactically correct, the

Freprocessor will print the follcuihg:

¥*%* EEGIN RATFOR PREPROCESSOR
%%k YAIT *%%

*%% END RATFCR PREEHCCESSOR ***

1

The output is in the file that was defined as 01. If the
FatFor program is neot syntactically correct, then an error

ressage (s) will be printed. After the errors have been

corrected, restart with the preliminary filedef commands.

T
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The execution procedure of a program that has been
Freprocessed ty the RatFor prefprccessor is no different from
any other Fortran program's execution procedure. You now
kave a standard Fortranm prcgraum, Compilation of your
freprocessed program can be accomplished through interactive
ccmpilaticn procedures, 1i.e., Watfiv (user's filename) or
through submission to 0S (osjok) for a batch compilation,
Frogram compilaticn and executicn procedures, and Fortran
compilers!' constraints are outlined in the K.S.U.'s
Computing Center's CMS Cookbook and CP/CMS Guide. A sample

execution is listed in Appendix C.
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RATFOR PREPROCESSOR DOCUMENTATICHN

3.1

2

etailed Descrirtion of Changes Made.

This section contains the specifications for each of the
changed preprocesscr's subroutines, modules, and other
chanqes. Each of the preprocesscr's modules is described in
the Lbook, Software Tools, Therefore, only explanations of
the changes will ke given, The parameters passed and the
rames of the common klocks used in each module are listed.
For the contents of a common block, reference the block data
sutroutine found in the preprccesscr listing in Appendix A
c¢f this report, For the contents of a sukprogram, reference
the listing at Appendix A also. The main program calls

the subroutine, Parse, and Parse does the rest of the work.

Specificaticns for changed modules are as follows:

3.17.1 Module Name - Main Program

Farameters Eassed - ncne
ade - Write statements were inserted to inform the
user of the preprccessor's status, i.e., when preprocessing

is beginning, is occurring, and has ended.

3.1.2 Module Name - Initkw
Function - Install the key word, define, in the key word

— i s . o

table so that recognition of symktolic constant definitions

o e
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can occur,
Eararpeters Passed - ncne

Changes Made - Previously, this module installed only the
lover case character representation of the key word, define,
in the key word tatle. Consequently, when the upper case
representation of define was encountered by the
preprocessor, it was not recognized as a key word. Fortran
data statements which reflects the  upper case character
representation of define and statements which inserts the

upper case representation into the key word table were added

tc this module.

3.1.3 Module Name - Gettok

Function - Breaks the input into alphanumeric strings,
guoted string, and single non-alphanumeric characters,
Additionally, it strips out the blanks, tabs, and comment
cstatements that separate tokens; it handles file inclusions
and line numkers.

Farapeters Fassed - token, token size, and uses the conmmon
rlock, Cchar.

Changes PFade - To allow recognition of the upper case
character representation of the key word "include", Fortran
data statements which reflect upper case representation of
include and statements which determine whether or not a
token 1is the upper case representation of include were

added.

¥ -
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J.1.4 Module Name - Putch

Function - Fut a character into the output buffer until the
last character on a line has been reached, then transmit the
contents of the output buffer to the output file.

Farameters Fassed - character |(c), output device number (f).

Changes Made - Fortran statements were inserted to insure
that the preprocessor would cutput fixed length records,
i.e. 80 byte records. Variable 1length records cause

protlems during compilation.

3.1.5 Other Changes

The output file number for the Preprocessor was
arkitrarily changed to 01, This change was made in the
[Ieprocessor subroutine called Cutdcn. In subroutine
Cutdon, there is a call to sutroutine Putlin with arguments
that contain the numkter of the cutput file. The number in
that call statement was changed to 01.

The error message file number is 09. A file number of
C3 causes the error messages to Le printed at the CHMS
terminal. I1f desired, one can have the error messages
rrinted on a file by changing the error message file number.
To change the errcr message file number, locate the
[Teprocessor subroutine, Remark. In subroutine Remark,
change the output device nurber from 09 to whatever is

desired, Before executing the preprocessor, a filedef

compmand must be issued to define the new error message file.
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In the LFklock data subroutine, the array, Extlet, now
ccntains the hexidecimal representation of 1lower case
alphatets to allcu- recogniticn of lower case alphabets,
Before this change, the preprocessor would ignore RatFor

statements written in lower case letters.

This section contains the module access graphs of all

the major subroutines of the RatFor preprocessor, The
graphs are arranged in functional order. The directional
flow of the graphs is downward. Other directions are
denoted Ly lines capped with arrowheads, Each box

ccnstitutes a module, A box that has a thick horizontal
tottcm line is a terminal node. A terminal node is onhe
wvhere the directional flow stops, (that is, no other

kranching cccurs).
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This section ccntains the access matrix for the RatFor
freprocessor. This matrix is designed to show the modules
that a particular module calls and the modules that call a
farticular module. 7o determine what modules a particular
rcdule calls, locate the name of the calling wmodule cn the
left side of the matrix. From the name of the module, scan
horizontally until "1's" are encountered, Scan vertically
from the "1's" to find the nares of the modules called. To
determine the modules that call a particular mcdule, locate
the name of the called module at the top of the matrix.
From the name of the module, scan vertically dcwnward until
"1*s" are encountered. From the "1's"%, scan horizontally
and to the left +to find the names of the modules doing the
calling. There are 58 modules including the main program,

thereby producing a 58 by 57 matrix.
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3.4 RatFor sStatistics.

The RatFor preprocessor has 2318 lines of source code,
including ccmments. It takes an average of 36 seconds to
ccmpile the preprocessor using the 1IBM 370's O0S Batch
fystem, PFaximum core used during compilation is 102K.

The resgponse tire of the preprccessor is dependent upon
the workload of the 1IBM 370. Additionally, as the
complexity cf a program increases, the preprocessing time
also increases, For example, a program that has numerous
nested if-else statements will take 1longer to preprocess
than a program with the same nunmkter of statements but fewer
if-else statements. The preprocessing (CPU) time for
different size progyrams are listed telow. These times were

taken during a weekday afternocn and complex RatFor progranms

were used.

Size of Progran Preprocessing CPU Time
50 lines 2.8B2 seccnds

100 lines 7.14 seconds

500 lines 26.58 seconds

1000 lines 57 seconds

- 1
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THE IMELEMENTATICN OF A RATFOR TOOL

4.1 lgg;ggentatigg FrbcedggggL

Each of the RatFor tools in the RatFor Software Package
ccntains the modules that are necessary tc provide the
function for which the tool was intended. Hcwever, these
ecdules alone may nct be sufficient to execute the tool. 1In
the software package, the tools are arranged according to
the sequence in which they are rpresented in the book,
Software Tools., Consequently, the user should ke aware that
the tools often call on wmodules, including block data

sodules, that were written in earlier sections or chapters

of the book, Software Tools and these called-on modules may
cr may not te a part c¢f the tocl that is going to be used.
Generally, the names of the modules of a tool are listed

at the end of the section or the chapter of Software Tools

in which the tool is gresented. To determine if any called-
c¢n mcdules are missing, the 1listed names should be compared
with the nares of the modules that are actually in the tool.
If the names of the modules of a tool are not listed at the
end of the secticn or the chapter, one can preprocess the
tcol, compile the tool, attempt to execute it and the
pissing mecdule (s) if any, will be 1listed. Another method
cf determining if wmodules are missing is to search the
source code of the tool manually fcr mcdule calls and then

search for the module being called.
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when a tool calls on a previously written module that is
not a part of its set of modules then the previously written
sodule must be located in the previous section's source
cards, extracted fror the previocus section's cards, and
inserted into the appropriate place in the tool that is
Ieing constructed. 2 tool might also call a module which
vas supposed to be written as part of an exercise in a

preceding chapter of Software Tocls, In this case, the user

will have to create the module and then insert it into the
appropriate place hefcre attempting to execute the tool.

Some tools may have more than one version of the same
module in them. The primary Furpose here is to demonstrate
that one can achieve greater software productivity and
rerformance bty refining what has already been done, instead
cf endlessly reinventing the same things Vwith minor
variations, In such cases, the user has to select one
version of the module and remove the other(s) befcre
€xecuting the tool.

Each RatFor tool employs the use of symbolic constants.
Therefore, the user must insure that all necessary define
statements are present 1in the tool tefore attempting to
freprocess it. The symbolic constants are listed throughout

the sections or chapters of Software Tools in which the tool

is presented and are typed in upper case letters in the
tocol, The rest of the tool's code is in lower case letters.

Cnce a tool 1is pieced together, it can be preprocessed and
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compiled using the prccedures outlined in section 2.2.2 and
section 2.,2.3 of this report. Section 4.2 of this report
will explain how cne of the RatFor tools, the text

formatter, was implemented.

4.2 Introduction to the Text Formatter,

The text formatter is a tcol similar to SCRIPT, tut
unlike SCRIPBT, the text formatter is portable, The text
formatter is used to format a dccument on a line printer or
interactive terminal, It can produce output which is
Faginated, titled, centered, indented, etc. The text
formatter accepts input which 1is interspersed with text
formatter commands and produces the command descriked
cutput.

The text formatter is a very useful tool for anyone who
is revising a draft or any other document, Once a draft is
correct, it will never have to¢ ke completely retyped again.
If the draft is revised, all one has to do is type in the
revisions, subkmit the draft to the text formatter and obtain
the desired output, Machine formatting eases the typing
job, since margin alignment, centering, underlining, etc.,
are handled by the computer, not ty a typist. Using wachine
formatting, drastic fcrmat changes in a document can be made
without altering any of thé text material, But most
important, machine formatting seems to encourage writers to

improve their product, since the overhead of making an
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imprcvement is small.

4.2.1 Implementaticn cf the Text Formatte

A list of modules that are used by the text formatter is
given in the Dback of chapter 7 of Software Tools The

listed names are:

main program init getlin comand
comtyp getval set gettl
space brk put text
leadtrl underl center width
phead pfoot skip putc
puttl putdec putlin getwrd
putwred spread

This 1list of names was compared with the names of the
rcdules that were actually in the set of text formatter
zodules, Initially, only the modules- getlin, putc, putlin,
rutdec were found to be missing. However, after locating
these missing modules in the previous sections and scanning
their code, it was noticed that these mcﬁules also called on
rcdules which were not in the text formatter's set of
todules, Consequently, the follcwing modules were found to

Ee missing:

getlin putc putlin putdec
ctoi itec index length
scopy inmagp cutmap

kith the exception of the module ‘“getlin", all of the

Bissing modules were found in the previous sections' cards,
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extracted from these secticns and inserted into the
appropriate place in the text formatter. The module getlin
had to be written. The function of the module, getlin is to
read in the document to be formatted a line at time. After
the module, getlin, was written, it was inserted into the
text formatter'!s scurce code.

The text formatter also used symbolic constants which
were not included in the text formatter's set of define
statements, Note that all ofrthe syekolic cecnstants are
typed with upper case 1letters while the rest of the text
fcrmatter®'s code 1is in lower case letters. The symbolic
constants were 1lcocated by manval sScanning of the text
formatter's code, The missing symbolic constants were found
in a previous secticn's cards, extracted from that section,
and inserted into the text formatter's cards,

~Last, it was noticed that the text formatter used common
blocks and array variables found in the tlock data module of
the RatFer preprccessor. These commcn blocks and array
variables cards were extracted from +the pfeprocessor‘s
source cards and used to form a blecck data module for the
text formatter, The commen klock's name is Cchar, Cchar
ccntains array variatles for upper and lower case letters,
rumbers, and special characters, See the text formatter
listing in Appendix B for the actual content of Cchar.

After all of the missing parts had been located and

placed in the text fcrmatter, the cards were read into the
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system under the filename, Textfrm, and the filetype, Watfiv.
At this point, the text formatter was ready to be
preprocessed. It was preprocessed by using the procedures

cutlined in section 2.2.2 of this report.

The text formatter commands will be briefly explained in
this section, For a more detailed explanation of a command,
reference chapter 7 of Software Tocls 411 formatter
commands tkeqins with a period. There should only be one
ccmmand on a line and that command should precede the

line(s) of text material that it is suppose to affect. The

fecrmatter commands are:

Command  Break? Default  fupction
.bp n yes n= +1 begin page numbered n
«DE yes cause break
-Ce n Yes n= 1 center next n lines
.fi yes start filling
-.fo no empty footer title
.he no enpty header title
.in n no n= 0 indent n spaces
.15 n no =1 line spacing is n
.nf yes stop £illing
.P1 n no n= 66 set page length to n
.ID n no n= 60 set right margin to n
.Sp 1 yes n= 1 space down n lines
.ti n yes n= 0 temporary indent of n
.ul n no n= 1 underline words from

next n lines

The value of the variable, n, is an integer., If the integer
is preceded bty a %“#" or "-", the previous value is changed
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ly this amount; ctherwise the arqgument represents the new
value., If no argument is given, the default value is used.
A line that consists of blanks causes a break and produces a
rumber of blank lines equal to the current line spacing., If
@ line begins with n blanks fcllowed by text, it causes a
treak and a temporary indentation of +n spaces, The listed
defaults and the special blank line actions help ensure that
a document containing no formatting commands or only basic

formatting ccmmands will still be fcrmatted reasonakly.

4.2,.3 Execution of the Text Formatter.

Before executing the text formatter, an input file
containing the document to be formatted has to be created
with the text formatter commands interspersed. The input
file can be created using the procedures outlined in section

2.2.1 of this report. An example input file is:

.bp

+Tm 60

.ce

+ul

A Format Test

This file is a test fcr the RatFor text formatter.
The text formatter will neatly format the contents
of this file, The title will be centered and
underlined, The text material will re arranged in
60 character lines.

.br

The text fcrmatter uses the computer to do work
that a typist normally does.

Once the input file has been created, the input file and
the output file have to be defined as file 05 and C1,
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respectively, before executing the text formatter. This can
te dcne by issuing a fileder command for each file. The
command to invoke execution of the text formattar depends on
the method used to compiled the text formatter, After the
text formatter has teen executed, 1its output can be printed
using the osprint or type commands. If the preaviously
cescribed input file was submitted to the text formatter,

the cutput would start on a new page and look as follows:

A Eormat Iest
This file is a test fcr the RatfFcr text formatter. The text
formatter will neatly format the contents of this file. The
title will ke centered and underlined. The text material
will be arranged in 6C character lines.

The text formatter uses the computer to do work that a3

typist normally does.

The output of the text foruwatter r=aflects the commands
issued, The text formatter takes 2.37 and 4,07 CPU secornis
tec format 50 and 100 lines of 1input respectively. The
listing of the RatFor version of the t=2xt <formatter can be

found in Appendix B of this report.
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CONCLUSICNS
The RatFor Software Package contains the preprocessor

and many tools., Detailed explanations of the preprocessor

and the tools can be found in Software Tools, Using the
took Software Tocls and this report, a user can implement
the RatFor preprocessor and tools in the IBM 370's CHMS
environment,

The IEM 370's job control 1language was a major obstacle
ta the preparation of this report. It was an obstacle in
that there was no single source to be referenced. The
frocedures outlined in this report contains inforration
derived from IBM ranuals, computing center consultants,
instructors, and my personal knowledge.

The RatFor code 1is easy to read and write. Therefore,
recessary changes could be made without fear of introducing
rerplexing errors intc the code. Reading and revising are
keywords in programming and the RatFor. programs are well
suited for koth. Each of the mcdﬁles that make up a RatFor
tcol rarely spreads over more than one page. The modules
are cohesive in that they can be taken out of one tool and
used in another tool without any modification teing made to
them.

Recoamendations for further improvement of the RatFor
Software Package are;

1. Create a magnetic tape that is cowmpatible with the IBM

370.
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2. Write the prerrocessor and each tool on the tape as
individual files, However, insure that each tool is
complete tefore being written tc tage. By this I mean, all
rcdules, define statements, and tlock data information of a
tool should ke corktined before the tcol is written to tape.

3. HMake a table of contents for the tape so that the user
will know what file to access when a specific tool is
desired, List the commands that are necessary to read the
tape and to tring the file ufp at an interactive terminal.
Cnce the file is brought to a terminal, the procedures

cutlined in this report can be used.
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APPENDRIX C



Sample Execution

vin/370 online 1jh359 gsyosu

logen vawrl 300k
ENTER ACCCUNT NUMBER
¥XYXXXXX
ENTER S5 NUMBER
IXXXXXXX
LOGCN 4T 19:13:48 CST TUESDAY 11,08,77
CKS V3 PLC 8 - B/9/77 05: 16
Y-10,31/77 17:19 * 'CP TERM PROMPT BEL®' is now the default.
FCRMATTING DISK 'A?
E;
€dit getc watfiv
NEWFILE:
ELIT:
case m
input
INPUT:
define (MAXCARD,B80)
define {BLANK,32)
define (NEWLIKE,10)
define (EOF, 1003)
define (EQOF, 10003)
% copy - copy input characters to output
integer getc
integer c¢
while (getc (c) -= ECF)
call putc (c)
stop
end
% getc - get character from standard input
integer functicn getc({c)
integer buf {MAXLINE),cC
integer i, lastc
data lastc/MAXLINE/, buf (MAXLINE) /NEWLINE/
lastc = lastc + 1
if (lastc > MBRILINE) $(
read (16, 100,end=10) (buf (i) ,i=1,MAXCARD)
100 format (MAXCARD atl)
lastc = 1
$)
¢ = buf(lastc)
getc = ¢
retuarn
16 ¢ = EGF
getc = ECF
return
end

file
i



Sample Executicn

filedef 05 disk getc watfiv al (pecrm

E;

filedef 01 disk stdout fortran atl (perm recfm fL tlock
EQ0 lrecl BO)

k3

runfort ratfor text

EXECUTION BEGINS...

**% BEGIN RATFOR PREPROCESSOR *%%

%%k WYAIT % %%

**%¥ END RATFOR PREPROCESSOR #x%x*
1

type stdout fortran

INTEGERGETC
INTEGERC
CONTI NUE
23000 IF(.NOT. (GETC (C).NE.10003))G01023C01
CALLPUTC (C)
GOTC23000
23001 COKTI NUE
STOP
END
INTEGERFUNCTIONGETC (C)
INTEGERBUF (81),C
DATALASTC/81,,BUF (81) 10/
LASTC=LASTC+1
IF(.NOT. (LASTC.GT.81))G0T023002
READ (10, 100,END=10) (BUF(I),I=1,80)
100  FORMAT(80A1)
LASTC=1
23002 CONTINUE
C=BUF (LASTC)
GETC=C
RETURN
10 C=10003
GETC=10003
RETURN
END
SUBROUTIKEPUTC {C)
INTEGERBUF (80),C
INTEGERI,LASTC
DATALASTC/0/
IF (LNCT. (LASTC.GT.80.GR. C.EC. 10} ) GOTO23004
CONTINUE
I=LASTC#1
23006 IF(.NOT.(I.LE.80))GOT023008
BUF (L)=32
23007 I=I+1
GOTC23006



Sample Execution

23C08 CONTI NUE
WRITE (9, 100) (BUF (I) ,I=1, 80)
100 FORMAT (' ',8041)
LASTC=
23004 CONTTIKUE
IF(.NOT. (C.NE.10))GOT023009
LASTC=LASTC+]
BUF (LASTC) =C
23009 CONTINUE
RETURN
END

1 H
csjob stdout fortran a1l (proc fortgc parm deck punch print
time ,20)

11/08/77 -- YOUR SECUENCE NUMBER IS VM192148
E;

ERT FILE 7939 FROHM CS
EUN FILE 7940 FROM 0S5

ks

read stdout listing

~ RECCRD LEKGTH IS v132% BYTEZS,
| JH

type stdout listirg

HASP SYSTEM LOG
19.21.56 J0B 627 -- VH1921u48 --
19.22.23 30B 627 END EXECUTION.
sVH192148 JCB  {(XXXXXX,XXXXXXXX, .S,
/ 5000,1601, 1),
/ '*FIOCD, JOHN!',TIME={(,20)
¥*ROUTE PUNCH VMWR1
*%¥RCUTE PRIKT VEWR!
/095J0B EXEC FORIGC,PARM='DECK?
/SYSIN DD DATA DLM='/%?

SU0031 REGICN SIZE - 256K, MAXIMUM CCRE USED - 90K
SU0041 EXCP CCUNT - UR 343 114, UR 380 63, DA 251
SuUg011 STEP 1 FORT EXECUTION TIME = 1,2 SEC RETURN CODE =0

ht

E;

erase stdout listing
E;

read stdout text

[

filedef 10 disk tesfile watfiv al (perm
R
C-3



Sample Executicn

runfcrt stdout text
EXECUTION BFGINS. ..

THIS IS5 THE CCNTENTS CF THE FILE, TESFILE, BEING
FRINTED. TESFILE IS BEING READ FROM CHNE FILE AKD
CCPIED TO ARNCTHER FILE, 09, A FILE NUMEER OF 08
CAUSES THE OUTPUT TC BE PRINTED AT THE TERHWINAL.
i
lcgoff

CHECKPOINTING...
FILE *STDCUT WATFIV' NOT SAVED; FROJECT SPACE FULL.
[0 YOU WISH TO PROCEED WITH LOGOFF (YES/NO) 2
yes

CONNECT= 00:31:42

]

b
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ABSTRACT

The Rational Fortran (Rat¥or) Preprocessor |is a
[reprocessor which allows for a simple extension of the
Fortran computer language. 2lone, Fortran is a ©pcor
language for grograreing or for describing programs. The
Fational Fortran extension provides nwrodern control flow
statements like those in P1/I, COBOCL, and ALGOL. It avoids
tne use of Go To statements thus enakling c¢ne to write
structured programs properly. RatFor is easy to read,
vrite, and understand, and readily translates into fortran,

This prciject describes the implementation eand the
cperation procedures necessary tc execute the RatFor
Ireprocessor and RatFor programs in the IBE 370's CHS
envirenment, TIncluded are detailed descriptions of charnges
rade to the programs; detailed descriptions of RatFor
statements and examples of their usage; actual examples of
the preprocessor's output: some rodule access graphs; a
eodule access matrix; and listings of sample executicns of
FatFor programs that are found in the Lbook, Software Tools,
ty Brian W%. Kernighan and P.J. Plauger. The sample
executions will include the RatFor File Copying program and

the RatFor Text Formatter prograws.



