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A FORTRAN PREFPROCESSOR
FOR THE LARGE FPROGRAM ENVIRONMENT

Neal K. WHasgner
Comeuter Science Derartment
Universitw of Houston
Houstons Tewxas 77004

Abstrack. The wuse of & eresprocessor to aid structured
srodramming in Fortran has been widelw discussed. This ar-
ticle considers a design shilosorhw which is esrecially
oriented toward lardge srodgram develosrment and maintenance.
The desidn is distinguished bw the retention of the form of
the original source srogram in the standard Fortran outrut
trw the sresrocessor. A srecific imelementation is
described,

I. INTRODUCTION

Various software tools sre oftern nesrly essential for larde

rrodgram  develorments and one such useful tool is a8 rreprocessor
for the languadge used. A srerrocessor is esrecially helrful for
any  develorment involving the Fortran landusde as surrlied hw
many vendors. Evern after Fortran 77 is widelw imelementeds
eliminating some of the need for 8 rrerrocessorr recuirements on
8 lardge erodramming rrodect will often be so srecislized that
thew will best be met by 2 erervocessor written serecificallu for
that one arrlication. (Usually +the arrlications srogrammers
themselves should desidgn and imrlement such 3 rrerrocessor.) Une
can achieve the effect of 8 change in the comriler bw 8 change in
the rrerrocessor.

This article focuses on 8 srecific exrerimental Foartran
FTPRFTOCESEON., However the article 23lso sresents 3 much more

broadly arrlicable design methodolodwy namelwy & rFrerrocessor
which incorrorates the oridinzl source text into its ocutrut.

IT, DESIGN GOALS AND MOTIVATION

There now exist 28 surerrising number of srecial Fortran
FrerrOCessors. Thew serve to extend the Fortram lansguadge with
new control structures or new dats tures or other features. (Hee
Reifer L1231 for a8 list of 855 such rererrocessors.) These
rrerrocessors often suffer from manw of the following disadvan-
tadess
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’ 1. Comrile~time and execution ervors are not described
in source langusde terms.

2+ The sreprrocessed form of the rrogram is hard to
read and understandy and hard to correct or modify.

3. There is & need to maintain two serarate listings
necause of items 1 and 2.

4, In some sustems the extended features heind
rrocessed are not checked for errors.

3. Each mrerrocessor imrlements different tures and
forms of landusde externsions.

6. The rrerrocessor uses ur extra execution time.

7. The rresrrocessed text suffers im comrarison to
hand-~coded text designed to do the same task.

For examele the RATFOR srerrocessor develored buw  Kernigham
I8y thowush verw successfuls suffers from all the disadvantades

excert item 4.

In the lardge srogram enviromnments items 1y 2 and 3 form the
heart of the sroblem. (In an environment consisting mostlw of
emaller Frodgrams item 6y the extra execution timer maw be the
most imrortsnty as  is discussed in the context of WATFIV-8 bw
Oirksom and McPhee [41.) When the author srorosed to several col-
leadgues in  an  industre environment that 8 rrerrocessor be vused
for develoring a larde collection of Fortran softwarey their main
reason for redecting the ides was the need for two serarate
listingsy since this would greatls increase the amount. of work
reauired during debudding and maintenance.

With this criticism in mindy the suthor bedan the desisn of
2 rFreprocessor which would include the oridimal source landuasde
as comments in the srorrocessed text. If this were done in  such
a waw that the oridinal source was easily readable then only 2
comeiler listing of the rrerrocessed text would be needed.

A rumber of authors have sudgdested similar sustemsy the
closest beindg that of Boddw [13. Other interesting rrorosals have
heen diven by Bond [21y Charmonman and Wagener [31y Gales L[31y
Higgins L[61y Horowitz [71 and Msers [101. Howevery none of these
authors mention 3 kew festure of our sustem: the abilitwy to
recover the oridginal source code from the rrerrocessed text.

This feature will be discussed more thoroushlw later.

Of course the idesa of including the original source %s rnot
rews Assembler listing Producgd b certain qomﬁllers give the
comeiled high-level statements }nterSﬁersed in  the asgemblgr
code . arnother examrle is the inclusion of macro exransions in

assemhler code.
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Notice that there are other rosssible waws to tre Lo
2liminate the meed for double listings, For examerler one could in
# varistw of wsws retrisve the line numbers from the comeiler
listing snd mateh them up with the aerrrorriste statements in the
oridinal source listing., In f3cty our swstem a2lso does thisr as
will be described in the next section.

Dur original desigm is illustrated im Fisgure 1y which dives
the srerrocessed text. There is no meed to give the source btexts
since the source is what arresars hetween the two dashed wverticsl

lines. {Actuallyy we have taken certain liberties heres: since
Fidure 1 iz sart of 8 listing sroduced bw an sdvanced version of
the serasrocessor. The origimsl design differed in 2 few minor

waws,) The basic desisgn strateswe, 85 should be evident from

Figure 1y was to shield the extended statements zs comments and
to move the dgenersted standard Fortran to the far right 15
columns, Verticasl lines are inserted where rossible im columns &
and 37 to serarate out the originsl source. In addition to the
features illustratedy the original design had an *INCLUDE® state-
ment for incorrorsting source text files,

Simelicitw was also an  imrortant rart of the originsl
design. For exasmrler such "suntasctic sudgar® ss the use of *l=¢
8% an slternative to *L.NE.' din the RATFOR sustem 81 was
resistedr since too manwy such srecisl features cam make it harder
to train mewcomers to the sustem.

Finallyr the desidgn aimed Lo he as flexible as rossible so0
that many different combinations of festures could be tried out.
This rrerrocessor was alwaws visualized 2s an exrerimental tools
and  during  its develorment many chandes were tried out in the
suntax of the extended statementsy in the waw thew were shielded
8% commentsy in the form of the generszted stamdard Fortramns and
50 forth. In this sense Figure 1 rerresents a2 fairly lste stadge
in the develorment.
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¢ IFOR 8 FROM T TO 1 BY ~1 DO :
I190007=¢1~T
! +(=1))/(~1)
G=T=(~1)
90007 G=G4(—1)
IF (190007 . LE
: +0)GOTOPO009
H = HT(S)
C4 ! FOR J FROM H¥1 TO N DO !
I190010=N
: ~(H+1)+1
J=(H+1) -1
90010 J=J41
IF(I190010.LE
: L 0)GOTOP0012
I = J - H
RR = RCJ)
ce WHILE RR +LT. RCI) DO :
90013 IFCoNOT o (RR. LT,

RCIIIGOTOP0015
RCI + H)Y = R(ID

I = I - H

IF (I +JLE. O GOTO 90016

CH# H THEN H
GOTO 90017
20016 CONTINUE

Ck : EREAK i
GOTO 90015

Cé H FI !
0017 CONTINUE

C# ! on !
0014 GOTO 90013
20015 CONTINUE

RCI4+HY = RR

C# ! On H
20011 I90010=190010~-1
GoTO 200106
90012 CONTINUE

C¥ 1on H
0008 I90007=190007-1
GOTO 920007
0009 CONTINUE

RETURN
END

FIGURE 1. Presrrocessed text.
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TIT. FINAL DESIGN AND IMPLEMENTATION

Rather tham dwell on this srerrocessor’s evolutions we will
discuss  its  fimel Fform in this section. The next sectiorn will
discuss the develorment and use of the rrerrocessor.

The final version of the rresrocessor consists of  two PLAL

srogramss the rrerrocessor itself (over 1000 card imadges Lons)
and a serarate rosterocessor for comeiler listings  (about 150
card  imsdges long), There are zslso four catalogued srocedures

(collections of comtrol cards) for using these prodrams,

One of the most interesting features of this rresrocessor is
that it will run in two modes! ®mormal® and ®recover', In "nor-
mal® modey comments and standard Fortran are idgnoreds and the
languade wtensions are tramslated as one would exrect. If rart
of the source text contained text that had already bheern  run
through the rrerrocessors this source text would look like com—
ments amd standard Fortram and so would bhe ignored,

In *recover® moder first +the oridginzsl source ig recomn-
structed and then the rrerrocessor rroceeds 8s in "normal” mode.
If no rart of the source text has alreadwy heen rrerprocessedy this
mode is  eacuivalent +to *rnormal® mode. If rart (or all) of the
source tex had been Frerrocesseds the effect of the
rrerrocessing on that rart would be undomer so that ererrocessing
would start from scrateh on all rarts of the source tewt.

A "recover®” mode imrlies an sldorithm for reconstructing the
source text from the rrerrocessed text. The aldgorithm is clesr
from Figure 1 amd from the following restrictions orn the form of
standard Fortran that a8 user of the srerrocessor must emerlow.

1+ A user is not alliowed to Frut &8 *"#* character in
column 2 of a8 comment. Thus the rrerrocessor can assume
that any comment startinmg with "CH* is denersted by itself
and can easily reconstruct the oridinsl source that the
comment shields.

2. A user is not allowed to code 3 standard <{(non-
comment) Fortran ststement with blarnks in columns 7-57,
Thus the rrerrocessor knows that anw  standard Fortran
statements which are not comments and which wse only
columns 1-6 and S58-72 are statements which it denerated.
Im "recover® mode such statemenrnts can be recosnized and
deleted, (In rracticer few reorle would ever srace over to
column 38 to bedin a8 Fortran statement.)

All communication to and from the rrerrocessor is via For-
tran comments. Anw ortions to the rresrocessor are srecified on
a8 srecial "C OFTIONS® card at the bedimnming of the rrogram. The
C OFTIONS® card idis iditself rrerrocessed (or dgenerated if rot
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sresent) to indicate also the defsult ortions in effect. The
rreprocessor  ddentifies itself bw two comments and sroduces *er-
ror messade” comments for snw errors it detects. Fimaslle it

rroduces  an error count for each subrrodgram and 2 grand total of
the number of errors. (See Figure 3 for examrles.)

. Let us list and discuss some of the sreprocessor ortions as
given on the C OPTIONS® card st the head of Fidgure 2. The ef-
fects of several of these ortions are shown in Figure 2.

1. As discussed abover the rrerrocessor will run in

either "mormal® or "recover® modes where "R=1" means
"recover? mode.

2, The starting value for the 5-digit integers used
for dgenersted statement labels can be chanded from the

defsult value diven by "N=90001°*., (This is essential to
avoid durlicate lsbels if we add extended statements to
rrerrocessed text and run the srerrocessor a3 second time in
rormal® mode.)

3, The srerrocessor will eroduce 8 source listing
("8=1")y s listing of the rrerrocessor outrut (*"5=2%) or a
*racovered® source listing (°5=3"), (Usuallus one would want
norme of theser but a3 "recovered" comriler listing as shown
in Figure 2 and discussed in the next section.)

4, The number of columns (right-Justified to column
723  for the denerated standard Fortran can be changed from

the default value diven bhw *L=15".

5, The character used +to mark boundaries can be
changed from the default dgiven by tR=si /%, (If R is set
eaual to s blanks then the boundaries are ot marked.)

6. If reauestedy the rrerrocessor will automatically
reformat source text to srovide uniform amounts of indenta-
tion for blocks and loors. This ig srecified bwy settindg
sEe mqual to some rositive inteder which will be the number
of columns used for each level of nesting, Comments are
onlwy reformatted if the first norn-blank character after

column & is a "X".

7. The srerrocessor will ortionally sut dgrid marks of
», % impto the reformatted comments to indicate the levels of

+

mesting.

8., The rrerrocessor will rroduce update numbers for
columns 7380 of generated statements. (Th%s ig so0 it can
interact successfullw with the IBM Urdate Utilitw.)
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$.JO0R

C OPTIONS
UTEF FORTRAN FREFROCESSOR» VERSION 2.3»27 MAR 1978y

Chdd
Ckdd

(A
G

C

NDATE OF JOR: 02 MAR 1979y TIMED 17115147 STARTING
mumber of source cards deleted)
okk CHECK FOR JORER
IJ = 0
TJOKE = @
FOR I FROM 1 TO 5 DO
IF (IPCTY EQ. O
THEN
IJ = 1
. kXX MOVE JORER TO 5TH POSITION
IRCTD IRE)
16¢1.D 185
IRS)Y = O
I8(%) = @
TJOKE = 1
. s Xk JUMP QUT DF CONTAINING LOOR
BREAK
FI
on
IF (T4 JEQ. O)
THEN
e kKX NO O OJOKER
ITYFE = JTYPE(IRys I8)
ELLSE
+ XXX HERE 5TH CARD I8 JOKER
ITYFE = ¢
FOR I FROM 13 + IACE TO 1 + IACE BY -1 DO
FOR J FROM 1 TO 4 DO
+ N « XXX TRY EACH FOSSIBLE CARD
IR(S)Y = 1
1SS = )
IT = JTYPE(IRy I5)
IF CIT «GT. ITYFED
THEN
+ + + ¢« Xk HERE HAND BETTER THAN ANY FREVIOUS
ITYPE = IT
IR = T
st = .J

]

FI
on

on
+ XXX STORE BEST VALUE OF JOKER IN STH CARD

IR(S) IR

IS(5) IS
FI
RETURN
END

# f

FIGURE 2. WATFIV Comriler listing (recovered).

N=90001 s U=00000000s Ll S B= |/ pH= $7p G, T o =123y P00 sR=l s F= 3

ElL

LAREL2

ONE
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IV, DEVELOPMENT AND USE OF THE FPREFROCESSOR

The errerrocessor was coded in PL/I for use in a2 standard
seademic IBM environment (IBM 360/65 with OS/7MVT and HASF)Y., The
first version was comrlete in Just a few weeks a3s 8 PL/7I rrodram
with some 406 statements. Thern over s six—-month reriod 2 dreast

many chandes and extensions were made to the oridginal desidgrny
based on use of the rrerrocessor as it was chandging.

o The origirmal version handled structured control structures
similar to those imn Figure 1. The chandges and additions in

chronological order were a3s follows?

1. An "INCLUDE® statement was incorrorated., This bad
heern elanned from the bedinning and was essentisl for larde

Fortran erograms with many subroutines and numerous Ccommon
blocks,

2, Some minor chandes to the suntax made tLhe control
st ructures look more like those of Aldgol 468.

3, The *C OPTIONS® card was imelemented as an imrroved
way to feed ortions to the Frerrocessor.

4, The ideaz of a "recover" mode for the Frerrocessor
was discovered and imrlemented.

5, The rrerrocessor was made to dgenerate B-didgit ug-
date nmumbers in columns 73-80 of added text. These were

needed for srorer interfacing with the IRM Urdate Utilitwu.

&, B reformatting feature was added to indent source
statemernts im order to show the derth of nesting. The
EreRPrOCessor Uses @ verw simele reformatting algovrithm: if
there is insufficient room to move the statement over to
the desired columns it Juszt moves it as far as it can  and
makes no attemert to add amother line. As an afterthoushts
ortional insertion of srid markes was incorrorated to show

how manw levels of nesting were rresent.

2. The dgenerated standard Fortran statements in ocom-
siler listings were found to be of very little interests so

a special rostrrocessor for comriler listings was written
to  "recover® the source but retesin lime numbers and error

messages of the comriler listing. This rostrrocessor will
ortionally list or surrress ang statements incorrorated

with an "INCLUDE® statement.

? rroblems were encountered in imrlementing the
oriqingw EZ:iQnt The "INCLUDE® feature was harder to imrlement

thar exrected because OuT ervironment did not readilw allow
rewinding of certain spurce inrut files. The originsl design
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called for 2 final comment to be denerated diving the totsl
rumber  of  ererrocessor errors (iF there were asnwles 238 shown in
Figure 3. This seemed straightforward and caused no sroblems with
the WATVIV comriler. Howevers to the author’s smazementsy Our
version of the IBM Fortran H comeiler dgave 3 terminal ervor  for

this kindg of final comment. Thus the rrerrocessor was changed so
that it would mot sroduce this comment for the H comsiler.

The rrerrocessor has been used for three medium-sized Fore
tran develorment proJects (ezch sbout 1000 card images long) and

greatly facilitated the srogram develorment. The TINCLUDE® fea-
ture reroved the most usefule since it allowed identical common
hlocks to be chendged in 2 number of slaces at once. (In manwe  ern-
vironmentsy this feature will already bDe rrovided by some swstem
wtilite.) The mnew control structures at hand allowed comrletely
GOT0less srodrams to be produceds with statement labels onlwy used
for Format statements. There were essentially no reroblems with
the rrerrocessor itself,. AllL other forms of listinmg were cuickly
drorred in favor on the "recovered® comriler listing (illustrated
irn Figure 2)r 85 soon as it was available,

The srerrocessor was also used for sart of two different

urniversity olasses. One class was a3 liberal-arts mathemstics
class which learned some rudimentary rsrogramming using the
FrEMTPOCeSS0r. Because list~directed imnrut-outrut was availablers

the students were taught a3 version of Fortran with nrno statement
labels at a2ll! The other class was an endineering-oriented in-
troductory Fortran class. The students were irntroduced to  the
srerrocessor for one Ferodgremming rrodect. Thew adarted to the
Frerrocessor more raridly than was exrected and even develored a
very indidgnant asttitude asbout the lack of an "IF~-THEN-ELSE®
statement in the standard Fortram thew had been usindg. Fresroces-
sOr  source errors which were rrorerly identified bw rrerrocessor
error messages sometimes caused spurious comriler error messadges
which bothered some students.
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FOR I TO 100

CHEF  FFE ERROR (PFOR® STMT MISSING *DO") £44%
FOR I TO 100 w0
FI

Chdd  #$F ERROR (*FI° WITHOUT MATCHING “IF®) $£4%
ELSE

CH#EE  #4% ERROR (*ELSE®" ENCLOSED BY *DO-0OL®) #4%
on
{n

CHEE  ### ERROR (*0D®" WITHOUT MATCHING "D0O®) ###%
ELSE

CH%d  F#4 ERROR (*ELSE® WITHOUT *IF-FI®) $#%4%
FIT

CHEEFE F4# ERROR ("FI* WITHOUT MATCHING *IF®") #&%

ChEd 44 14 ERRORS IN THIS SURPROGRAM $###
END

CHEfF  F#% 15 FREFROCESSOR ERRORS TOTAL #44#

FIGURE 3. Frerrocessor error messadges.

V. CONCLUSIONS

Let us first re-examine the list of disadvantadges from sec—
tiorn II  and see whether this rrerrocessor takes care of them.
The first three disazsdvantadges relate to the need for double
listings., Withh 2 °®recovered® comriler listing (Figure 2)y this
rrerrocessor allows one to det along verw well with Just one
shorty easily read listing., The line number on the listing or-
rosite an extended statement refers to the first of the sequence
of denerated statements which translate the source statement. In
rractice there was never any difficulty interrreting the line
number references of 3 comriler error messade, Thus the asuthor
feels that this rrerrocessor . verw successfulley eliminated anw

nead for doubhle listinds.

Furthermores if the rrerrocessed text of 8 rrogram is given
to someone for wuse on another machines it is readable in that
farm and 2 serarate listing of the source text is not needed.

This rrerrocessor has extensive error chechks and errvor me s
aades (see Figure 3) but does not attemrt ang error eorregtlon.
Actualluy the reformstting wass added as a rartial error indicator
sirnce mistakes in the level of nesting were amond the most com-—

mor. With the reformattings, there was never any difficulty
finding the cause of Fresrocessar errors.
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To helr with disadvantage Sy the sresrocessor cories 2 small
rart of the algol 68 sunbtax. Inm 2 later versions ome might
rerlace *FI* with the "ENDIF® of Fortraem 77. Howevers & sroblem
with leoors would remsiny since the Fortran 77 "D0° still recuires
s statement label.

This srerrocessor had execution time (dissdvantade &)
dgenerallv somewhat less thaen comerile timer but still sisgnificant.
The rrerrocessor has verw elaborate mechanisms designed to cut
dowri  on this extra ererrocessor execution time. Unfortunatelus
these mechanisms rroved to be 2 little too elaborste to be
desirable in everwdaw use. Halfwaw through the develorments when
the *recover® mode was thousght ofr the idez was rot to stert =2l-
waws with the source as inrut to the erresrocessor. 6 srogram
develorment envirorment was visuazlized with freauent srodgram g~
dates. Surrose Lhe rrerrocessed text is maintsined ss the mairn
Frrogram text. Then rrerrocessing would not be needed if onlwy 2
comrilation was desired. Simrle urdates rot involving extended
features could alsc be made without rumning the srerrocessor at
all. Certain other simerlie urdates might a2llow the sresrocessor to
be run in "normal® modes where it would raridly skir over anw
rrerrocessed  text. For a8 comprlicated urdate the sresrrocessor
could alwaws be run in "recover® mode. Notice that for 2 rum  in
"recover® moder chandges and additions could be made to the
Frerrocessed text without regard to the location of aznw dgenersted
stendard Fortrans since this would a3ll be deleted anuway. In
summarys the author feels thet these elaborate Testures would
eliminate much of the rrerrocessor execution time. However the
simrlicity of starting from the originsl source esch time seemed
to outweidgh amw savings obtained inm this waw.

Disadvantage 7y the fact that 2 rresrrocessor eroduces non-
ortimized coder would have to be lived with ~—- in the same waw
that we live with the inefficiercies of a high-level lanmduzde
comrared with assembler languasse. (0Ff course we can 3lwaws hand-
code individusl sections.)

FL.ZT was chosen because of its string-rrocessing features
and because it dave dgood access to the machine in our enviror—
ment, Also this rrovides 2 degree of rortability as PL/I becomes
more widelw imrlemented. In facts a2n imrlementatiorn im rortable
Fortram or in Snobol might srove rather unaccertsbly slow. (In
our envirornments FL/I is much faster for string srocessing than
standard Faortran,)

Irn conclusions Fortram can become almost releasant when
statement labels are needed onlw for Format statements. (Fortran
77 eliminates this needs but unfortunatelw does not have labhel-
free loors.) In 2 larde rrogram envirornments special routines to
rosterocess comriler listings seem rarticularlu valusble and
could be nicelw combined with the ture of rrerrocessor discussed
here. Finallwy automatic formatting seems esreciallw desirable
for errogram develormentr and with this srerrocessors using its

*recover® feastures the source itself cam be reformatted arnd not
Just the comsiler listing.
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