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I. ZINTRODUCTIOH

At the Wew York COZNON mnmeeting (Augest 1371} zn
informal qgroup bagan discussing a review. of the FORTRAH
facilities on the IBY-1800, AL subseguant nestings ia Los
Angeles (Necenmber 1971} and Chicage {April 1972y a formal
gonaittee met, subcosmittee assidnments ware pade, and
tentative suygestions were written down far distributioca to
the rest of th2 committee. During the aonth befors the
Miani Beach meeting (October 1972) a gquestionniire basal on
ideas generated by the Compittee was mailad to the satircs
1800 Project and the results from th2 B84 r2turas wvere
supaarized and analyzed to form an appendix to the finaal
report. Also the report of the subcommitte2 on the prazsant
1800 FPORTRAY was nade into an appendix. (The matzrizl by
the ANSI standards subcopmittee was published in CASI 51 ani
the report of the Purdue/LSX process rantrol standarcds
subcommitiee iIn CAST &7.) The agtual rorugh drafb of the
final report was prepared fust prioer to the Miagmi Bzach
megting and preszated at ap 1800 session.

This fimnal report of the Ceanittzs sopnsists »f a
critical analysis of the 14900 PORTRAN facilities from the
vigw-point of process controeol and data acgquisition users --
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*gsensor-based™ applications, if you will. Thae sabraitine
librariss are considz2red, bhut other parts of thz monitopr arz
not, The conclusions for this report include both soma
syggestions for improvemsnts that could readily be pmade to
the current facilities and the conzensnus of ths PFIATRAN
fleview Compnitt=e on what a future sensor-basad high-level
lanyuage {pertaps a Proqgran Product) should be like.

Ii. THE PRESENT 1800 FORYTHRAN CONPILER

In Decesber 1969 at the dontreial CTOMMDYN meztiny the
final report of the NPX Review Committez (ZAST 26} included
a section on the FORTRAY ceorpiler, noting then that the
analysis was valid also for TSX and Card System FORIPRAN.
%05t of what was said in that report is still gerwsane;
however, the prasent Committee has done some furthsr wock on
documenting both what the PORTRAN cowmpilar actually 3pe23 and
vhat the effects arz 71 sensor-based applications.

Historically, the 1800 PORTFAN compiler was dzveloped
directly from that for the 1130, which is, in turn, a sabset
of ©USA Standard PFORTRAN ({X3.9~1966} with sowe extzasicns.
It 15 a phased compiler, residing on disk storage ia 31
sections. These phases are passed over th2 gourcs projrax,
which resides in core storage durirng the entire conmpilation.
Each phase of the compiler is sequentially real into cor» to
perform its transformations on the sourcs strings, asving
all strings from onz end of core to the othsr in the prorcess
and generating the relevant tables. If any phase destects a
source error, the comnplete source statement stoing is
replacel with the error inforwation. When the compilation
is complete, the 2rror messages are listed sc the geperated
object code is placed on disk storage in the proper forrat
for handling by the disk management prograns.

* The compiler does appear to be guite vrapid during
compilation and does indeed meet the IBM specifirations,
However, it is apparent that the conpiler achieves littla if
any optimization of the obiect code in terms of words of
core occupied or of execution time reguired. In Appenilix A
is presented a sample program and the disassaebly of tha
object code jJeneratad to illustrate some of the methods used
by the compiler., Some of the inefficiencies that shoull be
noted include:
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1} the handliny of negativs constants,

2} "calculation" at awscution time of array subscripts
which are constants,

3} oabdect stora for DATR staternents,

4) almost total lack of short instructioans,

5} minimal optiamization fror statement to statzsment.

on2 of the features of the compiler which descrves
special attention is the fact that pzuch of the co2ding
gaeneratad is not in-line, but linkages to suhroutines.
Furthermore, both the subroutines thenmsalvas and tha
linkages to thes itptroduce additional inefficienclies in both
code and time, such as overly universal routines for devices
or facilities that wmay not even be present and chazking
routines that consume »puchk time while providing little
actual protection. {In fact, two of the potentially
disastrous pistakes that any FORTRAN program aight coontain
and which will cause undetermined errors--sut-af-range array
indices and thz wrong number of paramstars in a subrouatine
call--are not even relianly caught by all the the checking
that is provided.}

A final nots on the presant 1800 zompiler shoull be
pade about the errosr messages generatei,. In Appenldix B
exanples of these messages and comments on thes are given.

IYI. EFPECTIS OF PHESENT COMPILER OF SENSOR-BASED APPLICATIUNS

Although the 18030 comrpiler is relatively easy to use
and perhaps evan wall suited to - compila-and-3o
environpent, it provides for senscr-based work only with the
inefficiences c¢itéd above. As the MPX Review Tommittes
stated in 19692 -

sost 1800's are -iged in process controal and real-time
data acjuisition and processing. Ia this snviconsant a
program may be compilad and tested a f=w times and then
re~comnpiled for wodification avery month aT 8O
thersafter, Mowever, during systeas ospzration, muzsh »f it
on a contingous 3a5~days-a~-yesar basis, thase same
programs may be oxecuted hundreds v 2ven thousanis of
times each day. Thus a fast cowpilation spepd #2ans
little rslative to fast execution tiwves. Evan minor
progran inefficiences result in  aany hours of wasted
execution tiame.
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Tre views of 1440 Projocct menbers were solisited
Septenber, 1972; ippendiy € gives a sumpary aud analysis of
the answers of the 88 ipstallations out of sonse 200 i1 the
1800 Project replying. It is seen frosw these responses that
there is much dissatisfaction with the current FOITRAN
facilities for the 1R80Q; however, thore i3 far fron
ananimity on what actual changes would be dasirable.

IV. COHCLUSIONS

The Committse, considering the resualts of the
guestiornaire and factoring in theiyr own knowledgz and
experience, decided to suggest eight improvements dhich
could easily be madz to the present 1800 PORTRAY Ffacilities:

1} HMake €80 {unused variable in DATA statements) 3and
HPOHDEFINED  VARIABLES®™ vhen only in DIMENSION
statenment into warniangs, not fatal errors.

2} Store negative constants as sugh, trather than as
positive constants which have to ba subtracted from
zero vwhen used at axecution tine.

3} Calculate addresses for variables with constant
subscripts at compile time,

4}y Drop the ‘standard FORTRAN" designation so that
##0OKE WORD INTEGERS® and such will anot be reguired.

5} Provide a wmethod of storing INSKEL TOMNROY on disk
for use at compilation source tias in a manner
analogous to NASYSTEN S5YMBOL TABLE® in the
assembler.

6} Count all statements from beginming of program for
giving statzment numbers with € messagas.*

7y Give the first statement in whizh an uwndafined
variable is usedqd.

8) Store arrays forvard in memory.

b

*This improvemant was subseguently included ia the V3IA3
release of ¥PX.
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Besildes reconsending these iapnovements for the current
POBTRAN “acilities, the Fovier Conmmittz2 also addrazsszd
itself to the gqaoestion of the qeoraral Faatures Adesirel in
future high-~level languages for s=nsor=-basz] uss both on the
1800 and vwhatever IBY may veplace it with. The main
conclusion was that the lanqguage should not be lismitel in
usefulness either by its name or by strict adherencse t3 any
standard., Specifically, it need not be called PFORTRAN and
desirable featurss should not be omittsd just because they
are beyond the scope of ordinary implementation of FORTRAN
of whatever variety. On the other hand there is a real
conseanses that the language should e based on  FORTRAN,
rather than on PLAT, ALGOL, BASIC, etc.

As far as standards are concerned both the current ANSI
and that »pow bheing preparced have many dasirable features,
somne of which migat well be included as individual itens
{but not Iin toto as a ¥standard") in a future language;
howegver, the c¢ost in core, in compilation time, and pechaps
ir higher softwatve rental charges would hiave to be carsfually
weighed, ¥inally, the IS4 proposed 561 standard for
Pexternal -procedure reforences for usge in industrial
coaptter control svstems' {(alse known as Ythe Purdue
gsxtensions to FORFRAN for process control™ was viewed with
nixed feelings, which might best be summarized as follows:
The Commitiee <can see ne  objection to  using the
pomrenclature, order of calling paraneters, etc., of 361 in a
future language for sensor~bassd applications, but tnis
usage should in no way limit efficient utilizatian af good
hardware design or restrict the ismplesentation of features
not included ina the standard.



