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CHAPTER I
Introduction !

1.1 penivarien | 4 S

. RV

Compututional processes have traditionaiiy been approached in what
. #3 assentially s seriel or gequential mannar. The entire procecuee
‘beginning with the writ;ng of a program and concluding with the actust

sxecution of the program--iaz been besed on the mmtim that an

o mstmcim stroanm g procesaed aus step at a tims.

N

Initial effcrvs in the £ielé of information pmwuxnz with regaxd ‘
to computers wore limited mainly to technologicat inprweamta of exlsting

tpcuit!oa. Sone of the goals in this area inciuded an increass in

- computationsl specd and @ decreass {p physiesl sise ond pewer conpuRption.

After these efforts ware successfully lawmched, howover, aé: wss Toaliged
that the serfal appreach to computatione)l procesess did net azult in

efficient ugse of available meou:cea. Tuds :eaxiution culninatod in

't

techa!quee: such ag mlti~pr@gtsming and tige-gharing.

s o

Although these techniques did yield highsr resource wiiisavion,
the spsed of computaticnal procesces vas new a function of techmologicel
limitstionse Further progrees in this area resulted in the ‘mceps: et R
Parcllel Processing; a concept whereby ceveral segments of m ié@tmctiaa |

. stmaa are proceszed eancmmtx,ro‘ - e . ;

1. I

Coummon to any d!mnim on mauo?. pros sci.ag ic an awmttaz

B ot thc cxiatenco of & lerge mxabez. of mcmkns wmits snd masotiss
mtrolhd by‘m opsrating systems In the past, the prohiditive SRponER
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i State-of-thc-art advances, howover, and in particular, Vex\t!clpatod ‘advances

.
[

- dnin:!go"ché effm:a of these poak perfedec Im e883¢t ca, $o tho cvent

implied by thls assumption cealad ghé- fate of any pregross in this area.

‘.' generated by Large Scele Intogration, have given fresh iepetus to rescarch

“in this area. Given a program vlth a large dogree of inherent paraueum.
‘the theorotical time required for problesa solution can ba reduced ® ... by

s factor at least es gsea: as the numhevr of procossors" [1]

\.

"‘The mcivoo for parailel processing include the tollcw!ng:

1.' Rul-tise urgemcy. Parallel processing can uu:roasa the apeed
of comtatlcn boyend the 1ixte izposed by Eeetmologlegl ficitetionse
20 aeduct:lca of tumarcund tiro of high priority jobs.

"3, keﬁuctﬁcn of msmory and time mqmmmts for “housekeepmg“

) chores. The simlteamus bu: preparly interl&e&ed cperations of mmﬁmg

inputs into :mw? and error checking and micmg ezn roduse the need ‘for

Llsege !ntermdlate grorages er cosexy eraefcre &am mms ia a )

,'t. . N -

, etcrag@ hierarchy. . AR .

4e An lucteam m einﬂt&a@ma 28EVINe O GuMY UEEES. ta the fﬁeld
\ta predicte rhe availability of apare mcesma casbieg e fastollatica
of e eyatem eauum, fewm eezmauumal em&s wmc cexvice €6 be

mvwed <o mm CeATD !mfm the faiiuze ecwurae o

' The subjsce of parallel procossing o bo dﬁvﬂ'&aﬁ into tmrm R

‘eeparate prodlen amaa. The firet problen ccoucs ne tho tieo & progren &5

e

- of the computer utility, fer myle, poricde ¢f pook doournd sze alfficult o

PAS

qritt& end ia%lwa &n oxpucﬁe ﬁadica:!oa 7 4 mueuaa vithin o pmgmﬂ.

In so=5 eases thie mdieaum e w mwpﬂﬁm by mm eﬁ tho

pmyem&ng laagmge icaelt. Tho mmd pmhiu:a mwlwo de‘csst!.em as

‘ comnatim tine a! che cegxmca crf 8 ptogr@ akgeh cen be mm B
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.concurrently. The final problem involves comxmmication and utilization of
tﬁh informstion by the computing system.

"Chupter I of this paper introduces the gemersl subject of parallel

pmcodat.ng by dafining the concepts of explicit and implicit parallelism. -

and discussing problems assoclated with these aresse L - SR

Chapter 1T ts primarily a survey of existing techniques for
detection of rub-task parallaliam as exemplified by arithmetic expressicns.
Chapter II concludes with the Intreduction of a new technique for detacting
sub-task p&fe.ue!!sﬁ in arithmetic expressicas. :

The msjor portion of this paper is contained in Chapter I1I. 1Ia |
this chapter a now tectaiqus is introduced for detecting parallel
processable gegzents withim a cingle program. The technligua has been-
!ﬁcorpor’ated in the foz_*m of & FORTRAN recogniser progrem. t‘ﬁio
recogniger inputs s sourge program slso written in FORIRAN end outputs ths
psrallol processable cegments of the source program. Detalls, Huitetions,

' and overalil flow charts of the recognizer are also contained ia _Chaptcr. ’
III. Detailed flow charts of the recognizer are given-{n Appendiz A.

- Throughout the remainder of this paper two thoughts should be kept

_§n mind. In order for parailei procesaing to by truly effective, the '
overhead vhich accompanioes this moda. of operation must be minlzimde Thus
any approach to this mhjec§ must include mechine organizaticn which can

- take edventage of paraliel processsble streams. In addition, it ia felt
that successful recognition of thcu stresne at coapllation time will

sinimize ovorhead during execution tim.‘

1.2 Hiezaxchies of Paralleliaz

Within en individusl progrem, parallelism can exist ot several .
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. levels-=from the level of siatements or groups of statoments of procedural

.

languageo to the level of micro operations. Discusgion in this papo:; will

. be confined to jntra-program rarallaolism as opposed to program parelleliss.
q The latter term refors to the type »f procossing in vwhich indspendent

< . i

programs are procund concurrently; &t is intended to bo gynonymous u‘lth
 the cenventional mcn!ns of sultiproceasiny in a mluprogtnwd
environmsent. Intra-progran parallolhn. n the otlier hand, refers to the
type of processing n whlch a single prog:tw can be partitioned lm:o talk. H
vhich can be performed in parallel. Two types of intra-program psrallelise .
will be considereds global and jgcale ' - S s B

In the gioha’. type of parailel proceszing a program is partitioned . i

into tesks which can be performed in parallal. Throughout this discugsion O

A omeree—
-

the ter=s "task®™ and “process" are tnt.mdod to mawn a gelf~contained _ : A ¢
portion of a computition which once Initiated cen be carried our to £t§
- completion without the nsed for sdditional inputiéo The completion of &
task is significant in that H:s occurrence cen initiate the exec\.t!orn of
moti»ar @3t of taske. An exmplo of auch a tack would be & single FORTRAN . o 3

atacmc or a set of such statemenitegs, Congidor, tot example, the

hypothetical mxm.w progran ghown in Figure 1 which illustrates both ‘ .
glodal md focal parcllsusm. v . ’ S ‘ . | . ;

hcwso tha two arithmetic expressions Sava !ndspcndme‘ input seta;_ :
thoy can theoretically be exocuted in parauel. Thiz ia an exazpie of s I
lndopendmt tasks consisting of single statsments. The two subroutine CALL o ' 2

statements, on the other huné, sre examplas of irdopendent tasks shich can

\'ccnclst of many statementss Again bocausa of the digjoint input m.,
these two statements could theor -tﬁcnuy Be' exeouted in psraliel.

Tho type of ressoning suggested hon has b'_nn lmmt};ated by
. - L . Lo '.:’ \ h" i’ ' ‘1.' '_ ‘1- ) g , \,’ . .

ra-«—.v' DR
—
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READ 100, A, B, C, D
.
.
X w AV2 o 2,0%%B o

Y-”ZQZ.WOO

10 Z = (A%B) ¢ (C*D)

.

CALL subi (A, B, E)
CALL SuUB2 (C, D, F)

END

Bwe2
D¥e2 o

coadith ¢ do. i

B . R ISy SF SR SR P SR .

® .:

. Féguze 1. Sample FORTRAN Program Illustrating Clobal end Local Paralleligm. 1
.: . 'i
1 1 i
4 T ‘ : ]
T2 . 3
L §
_‘.»_;; 1 R l i
T3 ) T3 F

% (9 (v) f
; Figure 2. Sequentlal and Parallol Execution o Two Taska. LS :

L ¥ . N R ;
: ) = o i
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e

several sources; a reforence prominent in this srea 1s that due to
Bernsteln [3]. Consider several tasks, Ty» of a sequenticlly organ’sed

program illustrated by a flow chart as shown in Pigure 2(a). If the

exacution of task T3 is independent of whother tasks T); end Ty are cxecuted

uquontﬂally or In parellol as chown in Pigure 2(b), then paral!elisu

.is saild to exist betwean ‘1'1 and '1'2.

With reference to Figure !, parallelism on a 1ccal lavel can be
illustrated by statemant 10. As choun jn Figure 3, Woub-tacks® 10a and
1Cb within the task depicted by statement 10 can bs executed seguentially,
{a) or in ﬁarai!oi (b} without eltering the oﬁtem at tﬁe cozpletion of

tho task.

i0a ’ _
21= AYB : & 3
10a 10%

; ‘ 2y = 4%B 2y = C*D

i0d
Z3 = C*D

] ' - | 10e
10c . S 12 e 23629
2w 21022 () : )

Figurc 3. Illustroticn of Paralliclficm en o Lecal Level.

A gecead {1lustratien of local garéueum fo glven by the
individual subetasks wichin sudroutine SUBL. Cmcelmbiy. tho .

subroutine could ltseze consict of gtatomente hav!ag the game !om as the

example nruh&t!c expressiens u‘l:han tha callma m&m. ‘these subom ‘
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_within tito subroutine could themselves de exocuiéd in parallel.

1.3 Exoliclt snd Imollet Raxalieley

‘;rha problem of recognieing parallel processable tagks within a
prograxz is dlftic;llt primarily because programs are ususlly written in
vhat is cssentially a serial manner. Tho golution to thig prodblem can be '
approached frum two directions. The first approach places the burden upon
the programmer and requires an Explicit indicaticn of perallielism. This

information 13 generated by issans of additionsl instructions within tho

. ptograuizing language itself. The gecond approach relieves ths progrezray

of eny ‘additional duties and rolics totally upon indlecators aisting in

» the ptogr.a ftealf end is knoun as lupllcu: pamllel!am

Neediess to say, each approech haa certain edvantegess If parallel
processing is cver to bo truly successful, it can caly do 8o by aveiding
e;:e mx&esd which a cozplex coxpllcr and a supervisory progzat wouid

creatce By slloving the programmer to indicate the parts of & program

wiich cen be exocuted in parallol, much of this undesirable overheed con ke

preventede This appreach, however, is of ntelo valuvo vhen cne considers
the many thoucends o! prograuzs alzsady in axhtenca, alnea !t is safe to
assun? that most would not bo recodad in ordez to take cdvmtage of
inherent pareneusa. Th!s prodlen muld be minimised, howewsr, lf
parallelisnm within thesa prcgrams could be detected \iaing impuc!t .
mogn!e!on techniqusae This cemmot b accoapnahed, m'm?. wﬁtm& &

eorresponding incroase in systen complexnityse o

“. -

A prodlem cozmsn to both appma.chaa 18 chat émémmely”
mcutablo pmcsses 2ay cozpeco for the sama resources (mry. :lo,.

o:c-). Thus thc mthodc ef !nd!catlng paxauoum to the eeesmﬂmz _ o
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lmxlucn eho port!m of a pmg:a tluch cm bo exscuted in p;uuel. N

CE ettt
PO

sys:eu and the bcnouta dtrlved by caraucl ptoceulng ere lntiutely, ,

relatad to tho ouran mhiteccuro of cke emm:!ng system, tho ca-k \-m
mnagemnt: algorithms, etce [S] el T " . xs §

; When paralliel tasks neo thc samo han!vam Tegources uko memOry
and 1/0, access to which 1s sertal, they ha:n to be  queusd up for '

service. Tiie solution is to overlap ﬂn parallel p:ocossu such that thc .
critical resource will aot emtc & bottlomck. Dljhtra. Knuth, and |
Coffman (14, 15, 16] have developed efficient cchoduuns proceau:e; for
using comeon resourcese - T L A or o E A
Wasn paulicl tasks mtyuhte coamon dstn (oeg-, one tuk lnputs
daca whereas anot:her edu:s the data). the gequence and tho m:ucrlag of ‘

the cparations with Tespect to gsach othar may be inpe,runt. Thus uhaa

sequentialiy coded tasks sre prepered for parsllel proceseing, it is -

important to determine whether % mot the outputs of parallel paths cre

tho same regordleﬂ of the éﬁo?’-md: scﬁmﬁco ot .cuecutim-' 1f the Mt& ’

of thls detamlnat!en ato eknlnna:. then tasgk ordorlns lntmticu -u:t

. X .
be lncorporated into tho execution of these taskee b

g Deplieis Razablolien R f,
In the exp!tcic appmeh to pa.nuollm. the ptegram Mmeif

-'f_«p' ‘

m- h normaily done by prwid’iag t:!na programasy v!ch .aateam
inatruccioaa which identity m mauel pxocaauh!.e emmc Ouo o! che
m: tnquancly mnticmd expncic approachas to psxnnens- is ﬁm PO!K
snd JOIN (s]. roax h an in.sttucucn vhich indicatas -m :nmmoa o
parellel tukn JOIN ls &n inaemcclm vhich lnitheu a m mlz auy

after tho pmcems mitsatﬁ by :he max are req:htod and urgs lzme eht

A it At 500 LG 50 BB S
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JOIN. The use of these instructions is illustrated in Figure 4.
* The PURK at lccaéim 100 meanss “Set the contentg of location
. 299 to 2; ;:hu\ fork te 101 and 200." The "2 in the instrustion indicstes
the number of proccssoré which the FORK at lecation 3100 will activate
(1f they are available). As a processor completas its instructions, it

branches to location 299 where it decrements the countei‘ by 1« If the

/ S 9

: ragult is not zero, the processnr is released. The processor which sets
¢
:
' -
L
. _— ..

100 4
106 FORK 200, 299, 2

O

105 .
ter 200 106 JOIN 299
JOIN
200
S 219
300 c _ 220 JOIN 299
S

() ‘ - (v)

Figure 4. FORK en6 JOINe (e) Plow Chert. (b) Instructicns S
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\. e - the counter ¢o zerc simply transfers to location 300 and continucs. A j
i : : a :
& - -7 distinct advantage of this approach is thac it 1s sicple and naturals B
.y I R k.
B The basic presise of tho PARALLEL FOR technioue (9] %5 that For |
: | BoiT
E" ‘ ctatmncs in ALGOL ptogtam and similar constructs in otter hmguagus AN
i >“-: Lo :
3 pemt: exploitat:lon of parallel activity. As en ms_zle, consider the . R
addition of two T x J matrices Ml and Izs Hathematleally thic would be 4
{ g repr2sented as Ce s
£ - . i
: B2 : C '
, In ALGOL, the instructions To do this would read as shown in ﬂgure Se. o R
oo Ty
- Smce the pa!rwiao additions are tndepmd«rt. they can b pettm fa 1» {
: A
: " parailels Ths izzplemtat!cn of this i:vrocesa aa a8 PAMH.EL FOR io enom ln . ;
, Figure 6. Bl initialises the genorstion of tha values of tha paxamters | }
- FOR K1 2 } STEP 1 WTIL I DO 3
- A
. {
x FOR K2 = 1 STEP 1 UMIL J DO 2
= MK, k2] e mfE1, K2] ¢ MfK1, k2] ;
3 _ '
i Figure 3. ALGOL instructicns for Acditien of Two Motrices.
i . . 4
‘I’g ] . ‘ , . . . N ‘%
i of the FOR statemsnt and csteblishes the new perallel peth cowmter (PPC). 1
é FREP §{s a function performed before a now get of parallel paths baging. If i
\ other PPC's exist for this precess, they 8EQ m&m Comm, whiick 21icws zeta ’ f
;';‘-5; of parallel paths to bs mested. PREP sots the new E@C to ane. 52 is t:ha b
3 stepping or incresemting fmu:time B3 {5 the exd tost snd tmﬁer., €0 oy i
b JOIN vhen an paths have been startedo BSs statts o new poreliel pethe , o ?
c ToMe
}>3 . Te 4
o BS i3 2 parallel path. BS ls the JOIN, !‘ha tmct!@ AND(I.) is o six@le N
o o
i~ two-my i’ark: it requosts :he cmmllet to utart a pamnel &2quence at L
L and 2dd cne to the current PPC for ehm mcu. .mm is a ttmctaen m& q
\ S0 i ) \7 . »
1 . c . 2 - 3
»;;; N ')B/’" ‘ 23 - *‘}
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. te tc_rmsnnto a set of parallel paths. thea execited, it reduces the

cm-mtl’m for the process by onee. If PPC ig then sero,.‘!t is popped up

' proeasm terminagtes it3 duties it is efither relecsed or it !n.it!cces a

'm.summw:xv. o

:. 'cizitim. The dlmted ranches repreme d!reeﬂen of mtrol and

going to differeat functional mea. The methed ls alaple arz\d d!mc. R

but the representation can be uzqio' gy tn hrgc mt!m.j

r,._,.m
L

AT . h

and pumssli\g continues. If PPC is not zefo, meaning that more paths . o3
temlxs tO be completed, it reiema the procesror executing the JOIH. For ‘
the mqalo given, the iuple'mtatim of this process wuld result in J
almltam-oua psiteise addltiuns as specified by the inmer FOR gtatement.

An attractive feature of this scheme is that it is indspendent of ' 3

the aumber of prvwcesacrs svailables At any given time the maximm nusder v _ ;

of active paths eqmin thc number ¢f avallable procesgorse thoen a : _ ’:.

s, -
e~ .

ney pamnel pathe.

L

The FORK an¢ JOIN and the FARALLEL FOR are but two examples of

5 AR RRCES B 4

explicit indication of parsilelism. Boecavse of the rolativa cioplicity of

indicating inherent parananm explicitly. thm kas bsan sA incx-easing
ancunt of effort in this direction. PL/1, for mle, ptwmea the TASK |
cption with tha CALL stacemont that ind!caces eommmc mtioa of

parallel tasks. TRAXQUIL, am ALGOL-l11¥e language (4], bas heen desiged

to uﬁloﬁt paralielie= in a!gor!tlau to ba iﬂplemted in my PEOCLE RIS

LU0 F A e AR TR 20

»4.. t

o
Tl

 Sutheriand [6] has proposed a graphical hngtta.ge (mem
prixnrny for display) that exhibits patalleuuz !n a W!m. The
cosputation 3 mzw 88 a directed graph in which & noce rcpnmtc s
prlmelw function or & !mctien of mﬂmly dcﬁmd fvnctim aad

1=
data tlovo The cperatimal paralielicm is mﬂce.ced by mltﬁplo ‘tosnches
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Another approach to th!s proties ig suggested in Single Auam |
l.unguages [7] Bere all the statemsnts are assigmnacs. Coly one
mmxz is aumd to assign a value to a vuhble. stm the - - '
mi@mtc.tn,dica:o t:he tmctioml relsticnzhips batusen t:m variasbles
end the generated !mctlm. the order of cxacution of the various ¥
r . ;
qmtitiea is also defined. The parallel opctnt!m m thus !np!lelcly .
speciﬂed by this repumtatlou. ‘Q. ;
S g}
Slnoo «xpuclt indxcetou ct patallel!m m 3@&:&! iy tczmlztcd
- at the tia of eoﬁing. it is highly dulmhla that thesa imuestm und e
v-" A ‘ .
related symbols ba slm;o md _nam.l. ) Sa- msiam:lm succiaced wich
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pre weyopmre, o

.auy dlccuulcn on expllclt f{ndicators can bo oimputled by uterrlnz to

'.tlov chu_'ts. Neceuary to such a reprosental:im are nodes and brmches

the next sequence of tascks to be undertaken. The JOIN node is ths point

' completed. The brmhes of a graph indicsto the pex-nluxbie t.rmsltlcnl

.mcluded to protect tht use of com ‘datae tha mcmnt Lock

conrentional FORK atatement mt be r.'m!itied to pernit m*cnmyins pstbs ;

Twops

_usetnl data lt tt u m pmpex')y cm:rouod. C‘m uy to pm: Ch!s h

those fndicatorg are givm here.

. !, Becaun Programs are tmuuy repremtcd by tlov charts [S. 19, ll].

which dafine computational procedures. A fask 5iode represents a FORK = .- '

operation. A decigion noda repregents a computstion whose outcome dotordués

of convergence of two or =ove parallel tagks; that is; control will move an

to the next sequence of @futlm enly after all the converging taskb asre

to the next set of cemputations as indicated by their orient:atiou

]

(dlrocclon) .

in cddiclm to these mncatora. addtt!oml priaitlve« :hould be

x1, xz,...). tct exauple, mkas tho data variables X, xz...., the

exclusive pmpercy of the btmeh nmlng the LOCK :tu.:emu ch. dual
statoment INLOCK (X1, X2,ee0) releues the ptavious!y locked cnemts.

Some of the prodlems ssuoe!ated with the PORK end JOIR end gimiler | .
- ,f« . <.A"‘L
f:ypo mtmnta [12] include tho twt that not ail patha fm s FOIX

statezent have to conversa to a single JOIN gtatement [9]. Thus tho 7}‘« \

| ey
a8 Pyt

Y$
FRT

PO NI

to toluca thelr procums attcr :!u r coaplcc!ana This can bo

menpuahoﬂ by moans ot the mu: statomont Such nleme P pmoesm T

I SO . =4 [P e —:- ™ 1. S

end init!ates no further u:t!cno

B . . . Dol . PREEVNDY

Another pmblu arises 'hcn t'o or mre mmt Cuu mk

awus to the m m:ical ﬂscurm. ) Sxml:cnoous wcom cm dcstmy
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" reuclon. ulustratod in ﬂguro 7(b). ie olup!.y a npnmtctioa o! ebo

>
H

¥
[

} } e w‘-u

4 . - : AT

to logk out commcn data freom other processes and thus give ite use to one
ptocoss:mlu!voly. If an interrupt occurs vhen LOCK 13 in otgcét;
however, the ccemon dats may nem perwit its use even to high priority:
processes. Tha soicticn is efther to lnhlbit the interrupt mtil en
UNIOCK is 1gsuad by the process and/er wern tha process of the occurrence
ot en interrupt and gllow it soms delay to unlock the date. Furthermore,
& process cen lock the date end go into an endless loop due to errors. An
obvious solution would be to éilow ths system to limit the tims during
vhich a lock can be effective [1=]

1.5 Imlists Exxalistisn -

- Prom ths outsst it must be statod that this approech to paraliet
processing i @ssoc!ata:d"sith soph!st:lca':eﬂ cakpﬂ!ng and supsxvisory
mgram and ths related overhead. Its aeer&etlmon ifez In 2hat it {0
lndepew:enc of the ptogram, and eﬁintbns programs mld m have o be
podified to take cdvantase of inherent pa:ancnsa. Aa algerithn written
by Pisher (173 uc lizes the input and wtpuc sets of each process within a
progrm to d-tenune egsential ordering and thus inherent parallelisnm.
Ccnaider the flov diagras of the process shom in Pigurs 7. Thoe algorithm
requires as inputs » .

1. The nuzber of pmcuses to be mlyzoac For tlus ermxe
each box tn the tlw d.‘.agran mmmcs a procoas.

2. l‘ho input and output m f)raachpmeuss m. anpu: sat forA

process G. for exampie, consists of the vax'labxu v m e tlze o:rcp& st

cmauts of the single variable g.

‘r_,-

3. The given per=issible ordering .3 amng the pmcenoa. mu
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‘posaible paths vhich axist between the processes. S e R =

T e Any initially known enaexitlal order 'r'amng the procoues..
'thza relation include: arcs connecting conditiomls to thoir vcrioua '

conditlonal successors. The ﬂov dilagram of this oxc;npio congists of cmly

- one conditional, process D, Thus process D and 1tz possible guccessorg E

’ md F comprisa the relation T (Figure 7(c}).
_,-} , Gtvm this information the algorithm geneutem
i '1', tha essential saerisl ordering rolation, and

2. 8, '_t.he covering for the essentiel mﬂalyomatmg relaticsi.

‘mls relation zepresentas T wﬁthout those ei'cs that direcr.ly join processas

d\ieh are Joined indirectly by a sequence of two or more arcs ia T.
‘Once the eesent!a! serial ordersns m:ng the p‘ccassea ic !mcm,

parslleliem inherent ir the overall process can be deterzmined.

~ Beference to Pigure 7(d) shows that processes A, B, and C can be
procused dmultareouaiy. Simﬂarly. processes D a:nd G can bs processed

cfcm: the results of processes A, B, and C are available. “,,,

g)

The impiicstion from the rclatton S is that the mra!l proeass can

ba’ aceompushed in three wnite of time o8 shown belowe
Uﬁ!’l‘ P TXL(E ' PROCESSES COMPUTED
S R - A, B, C h L
2 ' s - DG s T
3”" . . EerP P t

A poulble shortcoming ot th. alsorithm is ehat it fsiis to maﬂly
prcv!do any lndlca:!on ot f!ex!bilu:y an the oxdeﬂns of processing among -

che processos. Pcr exanple, the tuo variations uhzch fonw cau a!so bc
s

accoapu:shed in three mita ot tlu- with no vtolation ot the esm:ial

: mial order.
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2‘ Thus 1f only two processors were cvailabdble for the tiree units of tins, é
V?' : either of the two orderings shown above could get the job done. These i
altsrnatives are not apperent from the covering reletion Se
ri_
: ‘% Further d!ecueaim on implicit parallelisn will be continued in

A " Chapters II and III and wili take two dictinct forma. Chapter II will be

confined to paralielisx on a local levol as cxenpufi_ed by sudb-tesks

? o vithin arithmetic axpressions. in Chapter III o techniqus will be

in%roduced for detecting perallelism on a g;obal level.
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CHAPTER II
Algorithas for Dotection of Sub-Task Parallelism

This chapter will be devoted to implicit recognition of n;'b-t:;ak
 parallelism within arithmetic expressions. The first half of the chapter
wul present a brief survey of existing algorithans which are dosigned to
.&mmmummﬂm.mmm“MﬂumMm;mmm
which approaches tha problem in a somevhat dlttcmt manner. The |
arithmetie expreulm which w11l be used as an example for esch cigoﬂthu
fs given below. Lo o e

APByCoD*E*FoCall o
Thrpughéut this discussion, the ugual precedencs betwenn operators
will applys In order of increasing prscedenca, the precedence beCwean '

operators will bs ag followss ¢ and -, * and /, and 9, vhere Qat:an:‘.s

vy

‘for ‘exponentiation.

21 Hellormn's Algerithm [20] ~

Av

' 'trom left vo rlaht:" replacing by tempozary téaulto cach occurrence of _

- adjacent operands 'imuedlat:o!’,y foliowed by an operatcr. . These temporary
regults will be considered as cporends duriag the next paasea. Temporary
results gmera:ed durlas & given pass are sald to be at t:he sams level
and therefore can bm executed in parallel. There will be as many puwn '
aa there are levels in the gyntactic troe. The compuatlcn of chn |

oxpresi!on 1isted sbove is shown in Pigﬁrs 8.

Althcugh this algorithn i8 zimple and 2ut:, it hu two pmmmeed

RS . A: »‘AA 1; xa , -. ) . g_‘; ) °

This algorithm assumes that the input string ig written In ravarse

- Polish notation and centaing only binary operstors. The st‘rix‘xg ¢ egcamned ‘

- b 3.
. 2
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shortconingss The first is that it requires the input v':r!ng to be in

Polish notation; the second is its inability o handle cperators vhich

aze not commtative. ' . i

: : . TEMPORARY RZSULTS .
1 INPUT STRING AFTER THE fth PASS GENEPATED DURING ith PASS

AWW#B’

o

. RlwA¢B T T

RL CeR2 [*4GeHe . R2«D*E

R3 R6aGelis . RAmR2*F .

RS GoHe S _ BS=R3eR% e

“R6 He RO=R54C e

WD WON e

RY o R7=R6sH

Figure 8. Parallel Corpuzation of A«BCODVEWPeGsH Using Hellarman's
Algorithm, BRI

Lo oL . . R
‘ . g ) Ny,

T R

. The basic function of this algorithm is to eoablm tvb'subtmh of

gholuno level intc & level that i cne hghsre Por axswmple, A aad B,
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‘tesulea of the forms . - R S 2 R T S

- lncmnm:ed to level 3. The next search is succesaful, and a mbtm of

lnlthily of Ievel 0, are comtined to fm & suttree of level 1. ,‘Ihn e . ;
;A - -

clgoru:lm then scarches for another subfree of level 1 by attm"ing to ' -

coabine c andt D. Slnc.c précedence relationships detweon opetatm pmhiblt
thls eonbiaat:!on, the lml of subtree (4¢B) is incrementsd by onae The

algﬂru:ha now searches for a subtrea of level 2 by atteapt!ng t:o mbine T
1 s
C, D, and E. Since this conmbination ig also prohlhitod, sub:reo (MB) is - :

#

L

tevel 2 ia obtained by ccmblnlng u, D, B; and Fo tbosc m subtreea ars

then conbined to form a slns!e subtm of level 6-.

In a similsr mannsr the sx_btree (GOH). or!ginsnv of ltwe!. !. is
suez:essively zncrenanted vatil 3: achiovea a loml t L2 at that: tim ﬁt

is combi-xec utt;h the other auttt’x of the sewe XMJ. to tom a ﬁinax cvw

of lavel Se. . _ - ’ ) v:- . . » ' }‘

‘ths clgcr&t&m yields an ouz'.put lt:rmg in Toverse Poligh famch doss
not expmn!y show which aperatieas can be thfm in m—nm. LE‘uu
though the output string ts gcam:ea in enz pass, tlu raem:simn ot
‘the a!gonthn cauges it to be alcm, sd at least cne sdditicnal pess m!d
be roqulred to meify pa::allel ma:imso o Yo \ »

-3 mnm;sm[v} T i

s E . 45,';, o R

The goal of thig algorithn: ic te t'om quintuplu of tuq:e.mry

'~ -
- St

- R§ (operand i, opmm. opernd 2, starxt 1m!—m [ead hvex N
ope 13 end level op. 23, end levelwstart lovelel). ’

e

™ -

Mltwmltswchhan&ommlomlmbommin -

 paraliel. Iattlany. ail variables have a gtart 4 sod leval oc,uai to
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", Scanning begins with ths rightzost operator of the inmput string and

proceeds from right to left wntil an cperator is found whoge prioxity is
" lower thau thet of the previously scammed cparator. in the exaspie the
' scen would yield the following substrings '

i ) )

i

Now a lefl: to right scen proceeds umtil an operator is found whose priority

is lover than that of the left-most oporator of the substring. Thia

yiclds: D'EF. At this point & temporary result BU s avetlable of the

forms | - '
Ri(D,*,E,0,1).

The temporary resuit, R:, replaces one of Che operands &sd the othQr is ,

_Geleted together with its loft operators The new substring is then:

'm.*socon.

‘l'he left to r-ght scans arae repeated mu:l ro further quintuple cam

’ he pr,oduced, snd at that time, the right to left scan fa rue-initistede The

results of the process ave shown in Figure 9.
| Alchough the oxarple shows the algorithm appiied €o an expression
emtaizalng uuy binary operatoers, the zlgorithm can als=e handle subrreetion
and division 'slth a corregponding increaee in comxplexity. ‘
" A significant festure of this elgoriths 1s thut Pollsh notstion .7

playa no part in either the fnput stﬂng or the output quintupics. Secauae

’ of the meny scans and comparisens the algorithm Toquires, it bmamre

ccaplex as the lmgtn of the expresaicn and the diversity of opez‘azm
within the expression increapes e SO o

. aE
,“ X PR o

2.4 m ina Bersets &m (23] | o
!’ha alxoﬂ:hn usos smltipln pusu. !‘o mh ms cemsm:lc a

svx

.y




the next level until. the \tole expmaien has baen mum. 'nme the
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| CINITIAL STRINGS MB#CQD"E*MB

RIGHT TO LEFT SCAN - LETT TO axcur scan
D*E*FeGol S RINPOGOE
- - . o U . R24GeH
| B3$CoR2eGHE
BASRISR2eH

A+BeCoRZ4GHH
P : TLeRS4R2

) o * - R6oR2
R i 7
' QUINTUPLES Op.1 OPERATOR Op.2 START 2D
RL b * 3 o i
R2 F * BL : 2
R3 A ® B o ]
R4 < e G 2 ] 1
RS B s B3 1 2
R6 B4 * - RS 2 3
R? B2 + B 3 &

LEVEL

3 :
2v
1

G

Figure S Parauel cmutation of Areﬁe-cen‘mqefﬂ Usins Sauire’s
Algorithm.

' lml- All tenporsry resuits which cen be gmerated at thnt Iowal are -

ccasttucted and !nnmed appmpriatoly in the output miug m&med by :m

. eorrespmdlng )- 13, 18 mm. this output striag becones the inm etrlng Ear
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nusber of passes will be egusl To Cih nusber o2 levelo in tho egagestie

- teas Wammmﬁmmmlm%ﬂm‘mm

operator cid ceperfezd is meﬁ@f\ymo _
Tk sirple intormodicte lenguege whleh this slgeritha p@@ﬂw
ig the m spprepriste for smultiproecensor cozplilatian fo thet it chows

directly gll opernticas which can bo porfermed IR parallcl, wromoly thege

having the se=0 level aucber. ITha gintsetic trec gonegated by chig
algeritha §8 ghae in Figure 10.
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; Although Hellermen®s algorithm ig the stiwplest and moet rapid, it is
* hendicsppad ty its requirement for a Polish imput string and its '
ﬁ llln!uf:lw to binary operatorg. Stane's algorithm requires the fewest .
: | p?aoul but its recursivenses causcs it te be slow. In addition, the
reverse Polish string shich it generates fa not m a ferm mltgbh for
mlrlpra:cnscr utilizstica.
'9 2.6 Amnmmmmmsmmmnmﬂ
‘ ' This section will tntioduce o tecinique vhose goals ares 1) to
’ produce a binery tree which flluvstrates the parsileliem tnhevent in =
L arithmetic expression; and 2) to determine the mumtar of fesisters needed
5 to evsiuate u.:go arithmatic or hmim empressim without intersedigte
: transfers t0 mein SE2OTY. ) ) »JL '
This tédmﬁque is prospted by the 2a0t that adc&:lﬁs corputing
l sysi:em possoss multiple srithmtic smﬁts wilch car contain & laégo
3' " number of active storage: {registers). Ia addition, the superior |
: mesory bandvidths of the next generation of computers will slzplify som o
é of tho requirements of this techalqixo- . . K s . SRR 8
j In tie matexial presented below, a cosmlex uithmtic exprezalion
f is examinied to detmﬁno ite mxilm ceaputetionsl parslleliem. thil is
; accomplished by repcated resrrengement of the glven empresaictie mﬂag
this process ths given oxpressien in revarse Folieh tm is aleo tested for
| "well formation®, l.e., ervors ead oversights in the syntax, ote. .
’hc .rlthntic mssien which was used 23 & model eariter u&u ‘:
ziao be used here, nmly um@ma. m‘dsvtaila ot tbe a!gcrim *
'1. The first atep 1s to rewrite the expressics in reverse Poltsh .~ i




Yoy

* e ’ 1 : : - .
. 5&*«:~mw-u-muw~«m ycw:ummmc& Me Mmma-«o«mwwma o -ns...

new substrings. Constder the rlghmat n:bmin; Pem Q] Ba whurmg

fora and to reverse its order.
. | ‘ 9‘8_060'}‘*2006'05A 7
2. Stareing with the rightmst aysbol of the string, sssign
wvelght to.uch mesber of the string beced on the following procedurns
© Assign to symbol Sy the value Vi = (¥j_3) ¢ By 1w 1,2,eeesn
 whers Ry = 1 - §(S;) given that
5(3;) - 0 it Sy is a variable |
8(S5) = 1 82 S5 is a umary operstor
8(5)) = 2 1f S§ is a binary operator
end Viey = Vg2 ¢ Biois Viap = Vi3 ¢ Ryop, eteo;
suchthatvi,“-l)-vina,mdv = 0.
Bsins thic procedure, the fellowing expxeu!cn regultes

Root
Node

Rote thet for a “well-formed suprescion” of n syzhols Vo = 1o »
3. At this point the mot node of the proposed binary trse can ba
detorminod. ‘l'hua the gim mlng can to dswmw tato two lndegmﬁem: stbe=
atrlnga. To determine the root nodc. dcavw & itne to the left e! the ﬂru
symdol with g waight of 1 (hu, Sges, Viml) to the Iafl: of the ‘ylbol ﬁth

ths highest weight, V (7, si-s, vi-vi.s). The m laéemamt subsn'ingo

ecmiat ot tka stringa to the tofe and to the "uht of tMa lino. ‘!bo me
aode w!li ba the lofmu mevbor ¢f the string ¢o Che la2t of ths liai
(1-15. Sqed, Viﬂi)o Kote that V; alco equals 3 for 1-93 bowaver, V,, lu
chem from the earifest cccurrance of a asywbel wich the Mahes: mlsht.

4 The nexz ziep ﬂ. to ioek for paraueum wi.hla mch o tb.o

S AR SPCTRUIPRIURR N5 STRIRIN -~ SRR YISO | LI XY

] 16 13 xz_’u 10 9 8 7] 6 5 &4 3 2 1
Sgl¢] R & Gle ¢ p = D « C e B A
Ve L) 2 1 2 jr 2 3 2 2 1 2 1 2 1

bt B s

1

e e e bl e S AL o, it sk S &

—r b o

TR TP S TR TP
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consisting of che symbols within the valucs of Vil te the right and te the

lett of Vye Transpose this substring with the substring to the right of

it whose leftmost wember has a weight of Vyel.

INITIAL RIGHTMOST Sg ¢ |* F * E Dile C ¢ B A

- SUBSTIRIKG Vg 112 3 2 3 2411 2 1 21
——r P

FINAL RIGHTMOST £1110 9 8 7 6 5 4 3 1

SUBSTRING Sy « « C ¢ BA®* P % |[E|lD

vy 1 2 32321 21 1

This proce&ure s repeated untn the initiel V; occupics the position {w2
in efxe mbséting. For this exawple this is already t:ho caoo. ‘rhus the .
rightmst gubstring u in thka proper form.

S« The transpositim pmadure of step & is applied net to the
lefteost substring. However, elnce tho loftrost substring of this ciarple
consists ef anly two cpersads and o operator, no t;ﬁrthor operaotions az’é
nECessarye S

,6. Tha seculitant binary tm iz ghowmn in Flgure 11, ‘ﬁw nusbors
aasi@m! to each node reprasent the Eixml woight Vy of the syahol ae
determined in stapg 1-5 abovoe a ' '

e

Somz obmm’im end e@mﬁ'o s thls algcrithu ara given Boio\;.

l; ‘rhs two brenches ¢a eiehcr slde of ths root Rode cem be o&:ceﬁ'cd ’

in paranel. ﬁithm each main hraneh. the crenamauiem pmadm oe stop
4 yioids cupplemtaey ot nodese Ths wb-hzmhae o c‘a@h side ot em .
euppleﬁmtary nodes can be em.u’ed in pax’eneie

2. The nuzber '/f lavele in the binary exes can to pmacted Qm o
the Polich form of the orlgin&l stringe o . :

L

Hae OF LEVELS & MAX [wmza oF vs; Vm] tn the eum.rmg (:sgm»

moac or lasmots) mtaining Ve

L . . . ' - 1,
[ . a . - . ]

3¢ The tree is traéarssd in o wedifiod posemer form Eié]o The

LAt e

Sl kX DR faam s NS D Aok

SNU LI DR R A AR A LA i AR 6L S SN 3 L e oA

ST AL

it

Do ol P N

on. ao- - A
NS AR SRSy M 4

sk et S

ST
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resulting expression is A

D¥EVFoAoBICOGHH R

0 H G c . B

Figurs 11. Binary Troe for Parallel Computation of A¢BsCoDYEWFoGel.

4o An added featura of this technfque §s that the nuzbor of
rogutora required to oveluace this expression without k‘temdiate SIORE
and FETICH opera"ions le obtained diractly froa the binary tree. !hls
intomﬁ:im {8 provided by the highest wa!gm: assigmsd to &ny node uithin
the trec. Thus for this example the expmssim cosa!d be evegluated using at'
‘WOSt two registers without resorting to intemd!ate g/tores and tetchu.

5. ‘ ‘I‘hls tochaﬂquo of recognising panlielim on a loeat level hn \

RV Y applhd to a -msu inatmction. 1n pu‘t!cular, aziehm:lc ‘

axpregsicn. It u vorthtmuo mt!onlng t'uc each varlable within the

: i, ‘ad

. e . "
X o k‘[ R . e
R RTINSO NIRRT O Br PN PSR 0y P M i, \ A AL
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expresaion can itself be the result of a processable task: Thus this

eéchn!quo can be extended t:0 a higher level of parallel strean recognition,

.7

$.0., globnl paraslielisnm.
6. No formsl proof has been ottained for this aslgorithm. It
has, hoifevar, been applied to many oxasples of varying complexity with

0

satisfactory results. - . .
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CHAPTER

. Parallel Task Deteution at A Global Level

3.1 kﬂn&&l&ﬂ&ﬂ&

‘The problem presented here i3 that of comuiug a canventionally
writtsen progrom for multi~-proceselag. This involves the dstecticn of
. the parallel processsble segmonts and an indication of vhst tesks can be _
initlated in perallel and what tasks must ba completed befofe the gtart
of the next 5equcncc of taskse. ‘A graph thmretic rodel ig pregantod
wh!ch 8cams to provide enough gmemuty that it s independent o! tha
language, the applic&t‘tmu the mode of compuat'im, ond the numbor ,
'ox procesgors in tua 4:75\'943: Scm graph t@“mmology vill be explained
naext to fecilitate Eurther dlacu&slme
Co:nputatf.oxml pmessas are modeled by crimced grapha in '.shich the
' verticos (nedes) repteaemt: single tesks and the erientcd edgea (directed
branches) repx‘ea«mt the permissible transiticm to the mext task én
sequences. Agaln, as beforc, & gingle teask muy ropregent one or more -

stotemmts in a computsticnsl procedurs and the associcted datae

Lo

oA b Ly e Gt

«, A dirsctod greph vhich conslets of n verticos and a ot of oricated

edses_:cm be reprosented in a cumputer by its connectivity matriz 4

of diremsica n x n such tﬁac its gemorie torm Cu aé a "i" 1f ond only if |
. there 18 a directed odge from mede § to node I end it ia "% othorwvise
[18] The proportios of the directed geaph snd hence of the compueatiensl
procoss it repmaemta can bo studicd by simpﬁe mm\xpulatime oe tho
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\‘A graph coneisting of a set of vertices and edges ‘h.‘uid to be .
stronzly compectoed 1f and only §{f any node in it is mchab!e froa any
o:her. A MILQB of any graph 18 dufined aa ceznsutlng of a subgaet of
vertlcac with all the edges between them rotcin«l. A MB&Z 2txonzly
sonnected (M.S.C.) _gm is a strongly connacted subgrsvh that inclgdeﬁ
all posaible nodeg which are strongly connectud with each other. Given

‘a connectivity matrix of a graph, all ita McS+Ce subgraphs can be :
determined simply by well h}dm mothods [18]s A given program graph can
be reduced by raplacing ueh‘ot ita K.S.cg subgraphs by a eingle vorton and
reta!ning the edges ccanectsd -between thego ‘vert!cea and otﬁez’s. Aftor the
.reduction, the roduced graphz will not contaln any otromgly connected

com@n.s {n theme. )

The paragraphs walchh follow will deacribé ths gequence of operaticns

needed to prepare for parsilel m‘ecsaatn,, in a mx:ipmeasor eomguter P

program written for a uniprocessor machine. It: ghould bs pointed out thst

some of the indicated opetacacsw can be portofmd a&mltaneous!y durling

cos:puat:ion or asumbzy. o I ‘v"*-” - ) :

v

¢ The first stap is to derive duﬂng cempllagticon the pmgmm

greph which Mem:it&es Che sequence {n vhich tha eogput:atlcma! tagka ars

executed. The program graph is reprosgented in the eomuter by ite g ;:3*"; :

connectivity matrixke An exarple of such a graph g ahom in Pigwre lz(a)

2+ By an analyois of the cmcctﬁon Bateis, the maxir:aai Pi:mgly ’

. connected components are derived by eimple cwo.«:ims r 2 J. "Me type cf

comprnent s {liustrated by tasks ¢ cnd ¢ in Fﬁgm 12{a). Baeh nerimsl

strongly connocted cozponent (oubgraph) is nest cmu!dmﬂ ec s niagle e

tagk, and the new graph. called the peduced or cmmm graph, ﬁs

constructed. This reduced graph is llmstrated an ?igm 22(b)s The

PRI e v g
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&xamplo are 111ua:ret:ed in Pigure 14.

.. o

coudc?med version of the program graph does not contain any strongly
connected coxponents, f.a., it has no loops. -

3. From en lnput-output amlysls of sach taak, it can be detex'nined
.‘lt gome tasks can bs performed in parallei. If two tesks exist in waich
‘tho input parameters of cne are not a function of the output psrameters of
the other, and vice versa, then by definition the two taska can be executed
in parallel. Thus from the input-output get analysis of the tazks, the

previously obtained reduced graph 1g transformed into a 2arajlcl tagk gruvh

: vhich indicates parallel tasks. ‘uiersas the roduced graph shows anly V

permlasible c:axisitlona between tasks, the psrallel task graph gives

cmides:ati'm to the irput-output relaticnships between tasks. In this

latter graph two or more branches cmanating froa a single vertex npi'aunea
a FORK operaticn, and tha conjunction of tve or more branches into a vertex
13 equivalent ¢tc a JOIN opamts_eaa Pigure 13 illustretes che perailel task
graph for the program graph ef ?2gure'12. _ _

4o Pron the cormestivity nﬁtﬂx ef tho parallel task grapk, the
sequances in which the tasks must be performed sre deterzineds The
metkgd uged to dstermine shich tasks czn be performad in perailel uses the.
6&me¢ttv£ty mtﬂx of thg final form of the program graph and the process
of “precedence partitlons“ {19]. Ti> method (uses a serles of euninntiens
(partitione) of colums (end corresponding mr) in the m:rix d\ich
contain enly zeoros. Wienever more than ons eelum can be removed £rom the
mtrh during a givan elinlnation, the t‘aua repneeated by the mée
nases of the eliminated esluzng can be m.oeuted in parancl. The mlea

of eliminations used eo daternine the parauex procosub!a cask’ m the

’
eyt
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' Figure 12. Graphicel Representatica ef e Computatiomsl Procssg.
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roda a is elimineted; the second step eliminates node bj during the third
itoration nodes ¢ end ¢ are eli?rlnsted: the £clutth iteration eliminstes

nodes e and £3 the fifth iteta;iau ?15&11;:03 .node g« Thus the precedence
partitions are (a), (b), (c,d), (e,t); and (g)e This indlcates that task

a st pracede b, which in turn precedes the tasks {c,d) which cm ba done

in parallel, etce.

oy

3 3 & & 35 <@—— Sequeace in which
: all-zero colwmms

. : ' sre vemoved.
Precedence Partitions = [(&)9 (®), (c;a), (o,;2), (8)3

Figure 14 Precadance Partitions of the Program Gnyh of Figure 12,

2
e
(s

3.2 A FOXIRAN Farsilel Isgk Recosniser , 4
As mentioned in the introductory chapter, prograns written in~

-

FORTBAN readily lend themselves to investigatiun of parailel processing

‘ _ 33
Reference to Figure 14 indicates that during the first step only -

techniques. ' In order to determine the degres of spplicebllfty of the )
method descrided in the previcus ssction, it was decided to appiy the
method to a sample FORTRAN programe This wes accozplished by writing’a

{ e
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program whose inﬁxxt conalsts of a chm mcev progrem; its curput
consists of a listing of the tasks within tha source program which can bo
executed in paraliel. The progranm written to eccomplish this parallel
task detection is known in its final form as s FORTRAN Parallel Task

actual structure of the sourcs program language.
indicators genergted by the way in which the program $s sctually written,

as suggested by Berstein [3}. Coasider, for exasmule, the ariiimctic

axpressions given below.

Because the right-hand sido of the eecemd expragsicn é@es m‘: com:ain a
paraneter generated by the computation which imserlutely precedes it,

the tvo computsticns can bo accomplished in parallele.
hand; the erpregscions were rexritten as ohowm beica. the terminatica of

the first computationr would have to precede the inftiztien of the sscsnde

- The key to the dstezrdnation of

Xl = 248
X2 =« CoD

Xi = 2R
22 o X1eC

Ingtead it relies en

18 the presence of the equality sigx in each of the expressicas.

effect, the “right<hand gide® of the seqmd cquality mest boe eospared to

‘the Pleft-hand side® of the filrst equuty.

K

~

i

If, on the eother

i l‘he mo@!.ser, elso wvritten in FORTRAN, does not Investigete the

£ the essentisi orderia,g. cf m,

_Although the irzpucic indicator bere«zhe enmality slgn«-ﬁa Mly

ap;areat, other (thsugh perhaps legs obvimm) !chatcts exict in ethar

staterzntse Considor t&a eritimdc Ir statmx :

Mthms,gh no equality sim is mmt hm, the r!slm-haml m letc-hgad
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suggestion is still presemt. Ths paraseters within the parentheses in the
statensnt above must &mwmmwca«ofmmmutn
order to deteraine essenticl oxder. Thus X aud Y in Chis statement are

|| “right-hand® parsmeters. An tdenticel argument holds for tha mm'

| statements | |

PRINY 100, X,Y

The READ statemont, on che other hand, ecnslits entirely of
®left-hand" parameters. This ceans that unless the READ statemxnt fs the
successor of a conditional or the explicit successor of n previous stotemsat,
it can be executed ccncurrently with &ny statesmat that does not reguize itt
nraaetcrs with the excepticn of aother READ gtatimente ‘

A suinouting CALYL gtatemsat ay cousist entiraly of “right-hand®
varisbles, or it may contein “rightehsnd® end “left-hana® veriables.
Consider the seguenca of sbatomeics shom bdolcew, |

X1 = AeB L
X2 = CoD
-CALL ALPRA (x2,X2,X3) ‘
The inplicatim ham fa thee Xﬁ-:fi!!.xz). Thug ln & mannar analogous to
an grithmetic expreesica, X1 md 42 are ’t!sht.w veriables and X3 {3 a
*left-heai® varisble. )

The DO statesmsnt a-mqﬁ;xgcmzem.mmmym
sters nor dges it ct itzelf gemerate sny porametars. The repested mriea
of m:m;&uamlcammr.m forn a ¥locp™,
howaver, and du2 to the gruph ea:sidcrstim given muor, ail of the
mtma!th!a:!mmmi&reéuaslnglamintbm
flow cliart of e cmtimi process. Thig Mcim 19 cligo mede _
mmb&camﬂumlnot&%mqaimcmeamzmhm

" only th!onah‘ the D) grstenent. Statements guuu Py m\x‘m, bom, eaz ‘ Yt

i

e Smesud2g.
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ba exazined for inherent p:rnuausa in & cenner p!auar te that applied to

statamenta outside of a DO loop.

Because it was necegsary to place an initial upper bwz::'. o th.
acope of t.hls project, the recogniser in its preaent form possssaes cortain
linitaticus. Thus only a subset of the antire FORTRAN gubget i5 conglderad
for raccgnition. As an exasple, the GO TO Inetruction is mot patt of the
subsot of instructions that are recognlsed. This is not to say that the
recognigar doss not perait transfer cperations altaezether, alnée the three-

brench srithmetic IF ctatermt 85 an accsptable forme IF stetomente,

bwévar, may thezeelves generats loops within the program. To eliminste

these loops it would be necescery to analyse the comectivity matrix in
the mé: amtioned earucé before beginning the proeoas of precedsnica
partlti:fm. Tha zeeosum c&oss not pressptly psrfom this mlycls.

If it i¢ determined, that tvs subsoutines can be mcad
eoncurrmtly. no consideration is given to the fect that both my aecou
meinory 1ocationg established By COMMOH or EQUIVALENCE ststogantg.

The recoznizer zsauses that stabmts vsthin the ssurce progran
are written correctly uocﬂrrdmg to the rules et FORTRAN. Thus the absence
of a comms Immediately sfter the fomt m:mz nuuber in & mm:
statement, for czample, wiuld cauze the meognxm to elisdrngts thst -
etcem: free the roeognium pmme

Soas limitations were placed on the vecognicer au'exy o shlplify '
programming sxd Co maks it sore mns.guhio in terms of u-m-y msimso.
Mswemmmbmmmmem%mablounmn. and
no s:a!.;mt can hsve s@ore than four 'tis&-hsu!" or P‘lqt:&.cnd" paransters,

‘m recogniser cannot accept imbedded blenks within a‘me,. nor wiif

it cccept ststewants which roquire moTe than me aamhrd pechedooard -

4
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in subsequent paragreyhis as the recognizer is discussod in detalls

. sumrary of tho ctatement typas accspted by the recogalsger is glm' dbelaw.

hend® and "jefr-hand® variables as mectod earuu. Ag the vs:‘hblos

' lnpottmt dintinctﬁ«x te suéo depending on uhethar or not the &nt’mt 59 _ ;&

YU My e o e

- 3?
form. : Source progran statoment fusbers may bo cnte to five digits in length,
dbut the .osmtmt nuzber must terminste in columm !lmwal the punched cord
repreganting the source progrem statement. o .

. The sssumptions and limitaticas l!stod abovo are not ell inclusive. ‘

Im .tthat will be msde to 11at as meny of thaso limitations as possidle

3.3 Iheccy of Oneatien _ |

The recognition process consists of three Ma. In Phasze I,
the progras statssents are coiepcw'w the W£m éno 8t a tiss. 1%e
first consideratlon mede after this READ operation is the determination of
whether or not the statement 45 Gxocutable. This is done Dy comparing the

ststement type to the standard typss acceptod by the recogninsr. A

Non-Exocxtable v Exsuutable
PORMAT : Do _
REAL ' BEAD ;
coOMDs s " Thrse-Brench Arithmetic IPF-
INTEGER PRINT
DIMENSION CONTINVE
¢ CALL "
END

S ' Arithmetic Expmezicme
In addition, the mmim will accopt cossent css\!c and gl}edblank eards.
| As ozch executeble statement s rend, it 15 easlysed for "right-

within the statement aze cbtained, they are p!ceod ia cebiea cwuln!ﬁ'
variables only of tho sams kind, l.2., ”ruh*-hmd" or ”ldc-haad" A S o

within & 00 loop. & “latt-hand® varieble within & DO loop, for mxo. sa gl
net pluod in the scme Cable cs . “natt-baad" vct!ebte oucslde ct e 90 !
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lcop. Thue depending on its location vithsn a progru, a variable can bo
placed in one of four tables. :  ' S . «j‘ 2

The locatlon of a variadle within a tabdlo s determined by t.he
Exacutable Statement Number (ESN) assigned to the statement containing the
variabdble aﬁ the timo the statement is read. The tebdles mtioned here are
d!mﬁ{s!med (50 x 7). All variables of the same t:ypo within s a‘utmt wzn
occupy the ganme liné but ditterent colums of a particular tablo.

‘ An mu of vhat has been discussed here is givan below. Assume
that the statemnt ghown is the fouﬂ:h exscutable stnteunt which has boen
tead. Asgume further thet the ststemsnt is not located vlthv a DD loopa _
The entries in the appropriste tgbieg gre shewn below the statmt.

XI - MB’*(C-D) -

LEFT-HAND TABLE OUISIDZ DO 'RIGHE~HAND TABLE QUTSIDE DO

2 13 1} X1 1 4 4] A B ¢ b
L
. '.‘ . _ ; ) . o ';é}yﬂ; .

’x'ha tlrsc eo!tm !n each tabie oomrpmda te the auuber of em:tiea .

which hm b«a mde in that tabls. The mo'\d enlusn eancains the
Executable Snemﬁc Nulber. ‘nu chird colum com‘:alna the number o!

mlablu cmtainsd !n that mtry. Colm 6-7 cmuin :he actual

variables: they correspond in nmber to tha entry n cohm 3¢ SR RRPIRE Y
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; START ] .
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- READ NEXT ‘
o | SOURCE L .
- PROGRAM
STATEMENT
MAKE ENTRY
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| APPROPRIATE
| TABLE
GENERATE
CONNECTIVITY ] f
MATRIX
]
|
' | Do Lcop FNTRIES IN
; LIMIT RH AND LH
| TABLES
&
RECORD IF
STATEMENT S ER—
SUCCESS0RS .
N &N .
' : ) STATEMENT 1S : =
CONTINUE, o
PRINC, CALL | «
READ, OR AZ ‘ o
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, 1init of the DO loop, 1.e., the gtatement number. The IF statement also

generates entries in a tablo which records the .t;'ateaenc i\umbers of the
three poasible- IF statement successorse.- -
| In addition, the addraess field of each executabio statement i
scamed to detem!ne If it is & possible succeasor of an IF gtgtement or
tho Iimlt ot a DO loap. ‘When a match is found, the ESN of the gtatemmnt
mder u\tudy is entered in the appropriate table.

Throughout this READ process; none=executable at:atemnta are ignored.
The READ procasas is continued wntil an END statement is resched. At that
point the recogniczer is te.ad,; te begin Phase 1II ¢f the :ecosni"Scn prccews-o
generation of tho comnectivity matrix. A flow chert oE Phase I of ehe
recognition procesa §s shown in Figure 13,

The goal of the recognizer dur!nk’ the second phase is the generatica
of the connectivity matrix of the source plrogram. Thig 18 accomplisghed by
analysing the varisbleg in each of the four tablen genorated during Phase I.
In general, v&labies in tha Yright-hsnd" tables are compared to entrics
in the "leftehand® tabless When a mstch ie found. & "1" ig entered at tho
approprlet:a polm: in the co:mectivity matrixe '

" The key to this matching process is the Mmabie statement
number. An entry in a "rtght-hand" twle wﬂlx not be compared to an entry
in a "left-hand” table vhen the ESN ot.’ the leeter excoeds the ESN of the
formar. ‘rha teammg here is that & “tight-hcnd" entry cennot affect the

Lo

statements wvhich succeed it in the aequmtiu pmess. L =2

PRRERY

(For the sake of conveniance and brevity, the terme "r!.gm:-hmd"
and “left-hand® will be writtan as RH and LH, respectively, throughout the )

remaindar of this discuseion.) T e .

. I
T Y it

The unique structure of [0 loops create an sddif:_‘ireml iéﬁonmﬁ
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T STATEMENTS . [¥ f

R WITHIN DO i

. imiel
N L ');e“r

COMPARE REV ©

WITHIN DO TO i

LHV OUTSIDE 3
1
COMPARE RHV 3
OUT'SIDE DO TC APPROPRIATE b
LEV OUTSIDE ENTRIES 3
D0 ‘ INE 3
_ ! i
wxs | CCMPARE ERV i
APPROPRIATE WITHIN DO %0 3

ENTRIES LHV WITHIN

: INE THIS 0O . $
3 l * . i . ,‘f

- 3

COMPARE RHV
OUISIDE DO
TO 1LHY

WITHIN DO

N

MAKE
APPROFRIATE | -
ENTRIZS | |- vl
ING -

APPROFRIATE
ENIRIES FOR
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consideratlén during Phese II. Recall that a RH variable may exist

s

within a DO'loop'_or outside of a DO loo;i. For thig reason it 1g nscessary

iy
P

to compare RH viriables to variables tn both LH tebles.

1 @ RH variable within a DO depends on the outcome of a state-

~ ment which piecedes the DO statement, the mtx& in the cormnectivity m&!x

.8 from the statement containing the LH variabie to the Do mtemt and

not to the gtatement containing the RH varigblee. Slxnilat'ly. if & kﬂ
variable 6utslde of a DO loop depends on ths outccome of any scutemtnt
within a DO block, the entry in C ic from the DO statement to the state-
ment containing the RH variagble and not froam the statemunt generating the
required out;:om. In effect, then, an entire DO loop is congidered as
either a ptcdecesaer cT successor of a pmieuimt statexentes Thisg 1s in
line with the graph polictes prasented earlioer. ‘

. This comsideration may pmducq a.dxsparicy.:howve‘r, when the tics
comes to implement the parallel processable blocks gener;ted ky the
recogni zers. For exsmple, 1f & sovrce program contains t:waty c«ocutabie

statements fifteen of which are contained within a DO locop, a high dezgres

. of potential parallelism is iost {f the statemants within the DO ere not

: themselves coxisidemd for possible concurrent execution. For this resson,

in addition to the overall cennectivity mtrix, tho recognlm will

gcma ato a matrix for each DO block and output t:he components of the blqck

‘ eh!ch may be execut:ad in parailel. In its prccene form, tht reoog!um

w.u not accept more than five DO blockc nor will f¢ :ecoguso fabedded
DO's, feee, a DO within e DO. _ . - SR
A final consideration important to Cha mtchlrg proewe 1Y cmateﬂ

by the IF ctatemt. I2 the guccessors of an IF statement lacated vltlgin _

VEETR N

& DO loop are also located within the loop, no complicetions arise. 1
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- _ln the connectivity mstrix for that DO loop.

. o 43
relationship botween the IF statemunt and its successors will be roflected

If, on the other hand, a

' . possitle guccessor of this IF gtatenant 18 located outalde of the DO, then

thelr relacloashlp w!u ahow up ia the matrix for the overrsu progtam

. If it 15 dotermincd that for a glven proy:am R tesgks can be
inlttated simultansously and cne of thess tasky aa a meceasor of an IF
atatmt, thea the comcurme: exccution of all H tasks zsy not bo
peraissibles Oniy thosc tasks within the block which vould nomauy
touow the successer of the IF ststement can be executed ln parslleols Tho
ﬂov chart for Phase Il of the recognition prececs io ehoen in Figure 16¢

Phago III of the teeomitlcn pr ‘cees ia dmted o tho ganerstion

of the porailel procescsble tazkes within ths BOUEC® PTOgLade This is
accerplichod by performing procedence mrtﬁtima on ths ermncsbiviey
matrices geacrated in Phaszo II. Preszedenee mtieiima ware discrusged in

the first scction of this chapter. ,
" The output is in the foram of a 1ist of blockse Each dlock contelng
the ctaterant numbers af the statersnte within the pmgram whick can bo

mcuted concurrentlye

Appendin B of thig papor conteins m'wle which 1llusteetes

in dotail the mathod dicocusged horoe Appendix A contalns & ecomplete FOXTRAN

listing of the rocogniser pregram with accoupumiying £16w €lartse

N

3. Q.E&mméém |
‘thie chapter hos iatreduscd a mothed fer m@gmlcang pazeneus::
6n a g!obel lovol. The methed has boea mplemted an ?:he gorn @g a

mm'w recognigors On a limited baeis. et least, ﬁt haa bzea @m mr

- the mathod of precedonce pm!tacme ean ha weceaefuny er:ployeﬂ to

Ny 3 X i
2 L T

e PR
e L

- "‘ix_ o .-. o C ‘,. ,'-- -‘.‘S.’() X

P

. R
R et £ e o Ea <"i-\4 .

i

L4 d i 2N

el

o

o allrn

"8 Lt il fap i Mk it L e i’ S 102

i

orabiodade,




1.

b1

Ty

23

”ﬁ‘-?‘m TN
-

~

Sir ot st bttt s e

TR
2
poo
£ 1
N
i
N
t
H
1
Cr .
s
L)
SN M
N .
o -
4 "

. procem umch lo lndependent: o!.' t:he source mzran lmgmgo.

sd 3;
'detézlnihe parallel pmcessable. tasks wifhin e corputationsl ptocess. The | ’_«‘ g
‘recognizer u:seIf possesses both major and minor liritations 'vh!dz must . . 'ﬁ-‘f ;
be eliminated before the racognitian cacques used hire cas b applied Y
to’ pmgtm more eonplex in nature than the exauple programe’ o '

Sowe of the limitations of the recognim can be eliminated quite R
t;as!lg}. Racognition of a mre oonplet:e sat ot mmm instructions, !or |
éXample, can be accomplished dnrlng Phase I 'by sluple expsnsion of the :
recognition process. "l‘he genératﬁm of t:he dommecivity ntrix during - j E ' u_
Phage II » howaver, uould be sexewhat mre eoaplicated becam of t&e ﬁ\y ; .
t:ypes of loops and branches uhich can be created by meral instmt!ms . ‘ :;
in the FORTRAN set. o LTy o
In ordez to sccommdate a soume pmgm uhich hssj sore than 99 :
executable statamts, it would beo neceasary to «pand the stise of the 1
eppropria&e tablesa Simiiar action would also be nocessary to mmdacc _
executable sta%'m”s with more than four “right<hand” or “laft<hana®* .. | ) z '
paremsterse e e . ! ‘ |
Becauss FORTRAN subroutines sre compiled geparatelys it may be 3
degirable to write portions of the main program in the form of tMtn:inea-t =
. 1f nemory limitations ware to bacoae a pﬁblm. in is:s ytesenc fa:a, t:se »
main program is the largest component of the reeosmaer program and muisns | ’ ’j
V515563 woz'ds in DOWOTYe . . . a?’ B R RIS x ' 3
As was atatod earlier, the mt:hod of precodeszeo partit:i@s 23 E _ | x 4
im:apendmt of the source progran laitgzxago.‘ ‘l‘ho rceognltim proeess. . ; :
hovwet, ie based. en t:he language used by t:he oourca progtam ‘_‘th\.s :ha A k 3
recognizer cannot aceept a ooux‘ee pmgram vrittm ia a Ianguag;: ot!ur wan . 'j

'FORTRAN Purchermte, ie: is not poss!bla to iuplmt s :eccgtitiea w7

. . ] TN TR T
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 conaiderably more officient for work of this naturce

g ey

.7 Lol

. . : a3
- I §s quite uke!y, hosevcr. that FORTZAN {3 not tho hest lansmge

';mmlnizplmndagammmmm tharmk.atbﬁama

@ey dateriime that & liet pronecsing langusge, fer exssple, wauld te

2

More important, bowaver, 18 a nood to doterxine the benefits

W, tf eny, by applying thoss techniques to tha !mdamcql '

problen--the reduction of total procsssing time. Before this type of
information can be obtained, it will be necessary to mske exhaustive
meaguremants in a memmor sicdler to that propossd by Rusgell end Eatﬁn

[25]. 1t 18 mot cnough to movely doterzine that two tasks cam be cxecuzed

. concusrently; it st ke dotareined m.\ethex o Bt thia coReuXTEARt

executicm =111 gotually reseie ﬁn a mra efficicnt wellizaticn 6f syeren
resources.

The cencopt of psrallicl procesaing cen bo. easuy de?@dc-ﬁ ca e
intuitﬁw basﬁs- Proof of !ts actual wﬁ-th, hawever, (o zxh b.aﬁ'det to

obzain.  Thet poroilel precessing will pley & vitsl role $a i;xm future of

- informatica processing cennot b2 demfedo HMucsh wesi mﬁw ©3 ko dm

{,".‘\

-

before it can live up to itg promiee. ' . N o iz‘.,
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" The Recogni zer Pr:ognn--?lw Charts And Llsting

This Appemux lncludea a emiete 11sting of the recegnlser ]m;graa

and aeetmpany!ng flow charts. ‘me listing bzgins wa page 73.

Deflnitlm of gome of the iwortsnt tetm end varieblc names used

o in the tlow cherts snd the reeogaulzer pmgrm are gim below. oo

. NEST - Table viieh records the executable stetemmat type:
i NTABESN - Table which stores axecutedle staotemont mrmder snd typee

" ‘'RES - Table ehich stores the emecutable staotoments zmd thair %

" assigned mumbar.

. mmw Table fn chich 1Y vaxiabzea curside ef a B0 Iecp ere

. storede :
NLEUDD - Table in which LH varlasbles uzthin a B0 Poop ave m:cm:d
REHODO - Teble im waich BR variables outgide of a DO leop ar
stored.

Tablie In which BH variables \‘dt’kﬁn a DD leop are sc@rerd
Table vhich records the eddrcssg aﬁd statm: W eﬁ’ a
0 loop iizdt. -

HRHEDO
RYAEDD

NTABIP
) statement SuCCES8OLSe
RC - The cenmnectivity matrix fer the oversll source PYERTORe -

‘NCy = Cemmectivity &criees for es:h no lcop within the soures

progren.

- NI8 -« Tesporary otora fmr each eouree pregrem 5&:&%&.

- BX = Table vhich conteing secoptablo cxecutable ctatensat types.

" NLED « Index for HLHIDD.

- KTIF

RONEX - Teble which ceamtsins seceptsble mmmhies cta

CYpes.
-n»:sr, N, X, iR = ‘h:bima ehfiich ceacain e&mstmta fer immz e
zznfpulation. Co
KESK - Executaoble stgtemt avnhoer. g

HDD - Dsterrdimes i€ varisbles cre 2o be stered in tables faz' mraes
‘bies within a DO teep ox ouesida ef o BO lccp.
LBV « Index for HLEWDO,. L . T

HREY - Indewt for KREWDO. . ‘ ) R S R S
HRHD - Index foz NREODOD. : B -

NEDD - Ingex for NIARDO. : ’ S

Indox for HTABIR. o

+ * RIFO, NIFY - Tgbles for stcrmg lt.? azacmmt mmmao : S
- NPP - Table ehich cgatains th@ paraxzal pm@aszabi@ smts &g t&s T
: source pEogTad. . _ o

Teblc whlch records the addreoss mﬁ atetmt mm&:m oE b4 ‘_

,.
R
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. l.lm:od hero are gll the subroutines used by the recognizer program.

_4 A bzlcf statezent on the purpose and peculiscities of the cubrcu:ino

mmiu sach gubroutine listed.

Sam;m 0

- This subroutine is accessed avery time s DO ststement within tha

. source progran is resd by the recognisere The primary purpose of this

subroutine 1s to Tecord the 1imit of the DO loop as written in the DO
stwo Scamning h-eglns vith cotum 10 and stops vhen & bloik,eehm
is cneombcﬂd & character etm than s diwmmk aftor the lm limit wili
cmo an cmr, and s dlagnosrt!c ikl % iasw.'

Subtou:!no MIFAD

m puspose of this subroutine ll te mord varfables ag fnput by
ths READ sutme- The subroutine begins a scan of th; lnym stateent
with colum %1, but ne variasble is macsed witil the comma after the _
fnput formet statawmsxit nusber hag bun Tecogaized. Scemming is completed

sftex m m:gm £5rd containing the READ statement hes Decn resd.

Sutmmtluo HVAR

nm subroutice cea anly be celleod fm one of the ether sshmutﬁnsse
Ica tmccicn ie t:o take & word transaitted by the calling asmuzmo aad

- - sight=fJustify the vu-hbxu {ound tboro&n and retumn tba vaciadbiog Co the

calling subroutine, HVAR has the ca;ubiuty of moptﬁng veciables which
hagin tn one word and tcmunata in m edjscent word, The process of

A :-@:-xmuymg the mubﬁu withis . wxd {s besed on ingtructions

.>‘

trnaa!ct«' by the culling N&mueiu. ﬂus Mmtla& Sacludes the
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g nunber of cheracters in the variable name msd the location In the
] v
) 5 i transnitted word at vhich the variable terzinatese ,‘
0 . Subroutine MIF | j
a, \ e i The purpose of this sudroutine £g to record the varicbles used in

i IF statements and to rocord the successcrs of IF statemants. Although

scanning begins with cofusn 9, the presance of a variable s not expected

RPRY S RN % [CRT SR SHIVRVES "C e SO N

until the leading left parenthesis has been detecteds. Tha gearch for

variables cessss vhen the rightmost right paTenthesis 83 founds AL that

point tho search begins for the guccsssors of the II ftatements A

character othor than a blank botween the rightnost risht paranthasis end

the first 4igit of ths £ivst successer will causs the soan o stopt o

T . disgnostic will d¢ fssuade The scanning process will normally cease when : ’ '

- L & blenk {8 next enmcountered. Thug there should B no isdedded blmﬁw

L ’ within the thres successors. . : ' : :
- X

N Subroutine WFRINT SR ' - .
o "\ - "..o M .

- 'mt purpose of this mmm:l.w io to recozrd the vnrlable nezes |
- ' issued m the FRINT seatmt.- The manh for the verisbles does not

begin uncil after the couma aftcr the output forest statemsnt nusber has

been encourtered. The gesrch cmtlnms il g dlank after the varublo
ust is ftound.

e ' o , Subrouting MCALL 4
} \;m - - This sulrcutine records the nsses of the ﬁassbeura fasued ir the
' CALL staecmnta In s2dicicn t) recosnising the ve: 1abie nemss, the

subrostine must pw m.rum um:hcr thoy ace :am-w or Seftm

D verisblies. mu i3 accoaplished by mar!n; each variebdle m nsﬁ the

.
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variable names found in both lctc-w tables. If g match is found, the
variable 1o labelled as a right hand variabdls, lf no match is found, it
10 assumed that the variadle was generated within the called subroutine.
Consequently, it is 1abelled as a ieft-hand variable.

The search continues until aftor the blank after the rightmost

right paventhesis is found,

Subrou:in- MAZ ..
This eubroutine is called vhensver an arithmutic statement is found
. N

in the gource programe MAE detects the variables on both sidex of the

equslity sign and labels them accordingly. The subroutine determines that

the end of & variable neme has been reached svhon it mo(mtora & spacial

character. This charactor wiil slzc initiste the start of & Jeagoh for e

B L L T Lyt Srepuny St R W e o PRI SUR O P PRT S I0 WIS A

flew variabie: The seszrch continuss wtil & diank is fouide
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FILL TABRLES
WITH BLAKKS
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PHASE I
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Flgure 17. Floy Disgrsn of ¢

W e
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KESH=XISNe1
NESNeKESH
NES(KESN,1)

]

STORE SOURCE
STATEMERT IN
NES(KESN.Z-
i1)

STATEMENT IS
EXECUTARLE

<

NDQm1
REST{KESN)mA
HDGS=BESH

NI DCaNTDOs1

HTABESH{KESN
1)=EESHsNTAB
ESH(KESH,2)s
RBEST(uEsH)

7| KDGed

NTABBO{NIDO,
&)=RESH -
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PROGRAM PDS ( INPUY sOUTPUT ) '
DIMENSION NEST(99) NTABESN(9942) oNES(99,113 +NLHODO(S50+7 ) s
INLHWDO(5047) ¢y NRHODO (50 97 ) sNRHHDG 50973 s NTABDO (5 06 ) » -
2NTABIF{23+814NC(99499) yNCL130+30) \NC21¢30530)sNC3130s301)
4NC4(30930)sNC5t309301sNIS(10)EXIT) sNONEX(5)EXTCBE»
S5TEST(11)4NX(10)+MX(10) oNMX(10) sNM(5) sNIFO§1093) s '
6NIFW(10+3) yNPP(30,10)

DATA NBLANK/55B/

DATA 8LANK/‘5555555555555558/ ,
FORMAT s REAL o COMMON o INTEGER , O IMENS 1 ON S
oAracuonsx(1).1=1.5)/06172215012400008.zzcsoxxaooooooooe.
103171515171600008s 11162405070522C08s 046311595162311178/
DOSREAD s [F oPRINT yCONTINUE 4CALL sEND

DATA (EX(11+131571/04170000000000008s 220501046000000008s
111060000000G00008s 2022111624C00000Bs 03171626111625056
203011414000000098, 05160400C00006008/

AsBoCoDoE2FoGoH

- DATA (EXT(L1913148)/C1Bs02B+03B5048+05B906B+07B¢108/

50

51
52

53
54

5%

56

57

DATACTEST(E)9i=1+11)/77000000000000008s 77770000000500008
177777700000000008, 77777777000000008s 77777777770000008
277T77777777700008, 7777TTT77777770C8, 777771 7TYTIITTITTIBY
318B¢ TITT717777778455555555855587

DATA (RM(I30121e5) /778, 77TTRTTTTITIBT7TTFTITIR TV ITTIRY

DATA (NX(I1)s1~14+8)/77000000000000 Bs 7700003000G00085
17700000000008s 77000000008s 7700050085 7700006 s
277008, 778/ -

DATA(MX{[!e]%]1:81/100000000000C00Bs 1C006906000ONE
1100260000008, 1000000008 10000008+ 100C0B»

2.008, 18/

DATA (NMX(l)ol‘loloy/3389345’358;309037396089
141B¢42Be43Be448/

TYPE INTEGER BLANKEXoEXT2TEST _ .

NO SO0 1=1,99 . ) . Lo ' A

NEST(1)=BLANK e ‘

CONT INUE : -

DO S2 J=1,2

NO 51 I=1,99

NTABESN(1+J)=BLANK

CONTINUE S

DO S4 J=1,1il ERR S

DO 53 %1499 , A L B

NESCI oJ)=BLANK R . N

CONTINUE : T 2 SRR

CONTINUE .

DO 56 Jsl,7

PO 55 [=1,50

NLHODO( I o J) =BLANK

NLKWDO( | 4J) =BLANK

CONTINUE _ . : - T

CONTINUE - o O i

DO S8 J=1,7 : - S s ATErL

DO 57 I=1,50 S S N A I

 NRHODO( T 3J) =BLANK | I e B e

© NRHWDO( 1 9J) =BLANK SIS

coarxuue LR St T e

pus

~ -




58

59
60

61

&3
&6

85
66

.92

70
2000

72

73
74

.18

15
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c e cedb o e e TR T 0 Tl A Meeas o 4T RN RS F R M ot batata o R e

CONTINUE .
NG 60 J=1e4 L o

DO 59 [51,5 e } ;
NTABDO( 1 ¢JisBLANK : . o
CONTINUE -
CORTINUE . : -
DO 62 J=1,8 ' ' 9
DO 61 I=1,20 : S B
NTABIF(1,J)=BLANK ’ :
CONTINUE : . - L
CONTINUE S : [
DO 64 Js1099 4 :
DO 63 I=1,459

NC(1,0)20 o
CONTINUE : . : R
CONTINUE o B

CO 66 Jel 430

DO 65 i=1,30

NCL(LeJ)=0

 RC2(1yat=0

RC31teJ)=20
RCA 1T oJ)n0
NCL{TeJlal
CONTINUE
CONTINUE

DO 94 J=21610
DN 92 [=1,3
RIFW(Js1)=BLANK
NIFO(Ja1)aBLANK
CONTINUE
CONTINUE

KSN=s]

KE SN=NDOSNLHWaNLHO=NRHW=NRHOSNTDO=NT | FSNERRRG

READ NEXT SOURCE PROGRAM STA?rHENY
READ 2000.(NISIIIs1=1510)
FORMAT(RG +9R8)

CHFCK FOR END

NIST=NIS(2) R
NISTeNIST.ANDSTEST (3}
IE(NISTeEQEX(T) 129072
CHFCK FOR AN ALL-BLANK CiRD
NO 73 122,10
TF(NIS(])EQ.BLANKIT3,75
CONTINUE

CONTINUE

KSNaKSN+1

GO 70 70

CHECK FOR COMMENT CARD S e

NIST=NIS(1) .
N!ST-N!ST:ANO.NKC3P :
NISTeNIST/MX(3) N

© NISTENIST.ANDGNX(8) = -_'.ﬁ:

76

IF (NISToFQ.EXT(3))74,76
CHFCK COLUMNS 1 10 5
NIST=NIS(1)
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' CHECK FOR FORMAT IN COLS. 7-12

77
an

81
82
83

200

201

203
204
20%

206

207

220

"

IMISTENISToANDeTEST(10)

IF (TEST(111.EQoMISTIBOLT?

HISTeNIS(2!
MISTaNISTeANLYEST(6)
IF(MISTeEQsNONEX(1))T4,80

CHECK FOR REAL IN COLS., 7-10
NIST=NTIS(2)

MISTENIST.ANDSTEST (&)
IF (MIST4EQ.NONIXi2)1744+81

CHECK FOR COMMON IN COLS. 7-312

MISTulll ST.ANDSTEST ()
IF (MISTJEQNONEX(3)174,82

CHECK FOR INTEGER IN COLSe 7-13

MISTeNISTeANDSTEST( 7}
IF (MIST.EQ.NONEX(4))174,483

CHECK FOR DIMENSION IN COLSe 7-15

MISTaNIST.ANDSTEST(8)

IF (MIST.EQeNONEX(51174,200

STATFMENT 1S FXECUTABLE
KFSN=KFESN+1

NF SN=KFSN

NES{KESNs1)sNESN

DO 201 le1,yl10

Jzl+l

NES(KESNJIsNIS(I)

CONYINUE

CHECK FOR DO

MISTENIST.ANDLTEST(2)

IF (MIST.EQ.EX(1112200203
CHECK FOR READ

MISYENISTeANDSTEST (&)

IF (MIST.EQ.EX{2:12300204

CHECK FOR IF _

MISTENISY«ANDeTEST(2) _
IF(MISTeEQEX(3))12405205

CHECK FOR PRINT

MISTeNISTeANDSTEST(5)

IF (MISTeEQ.EX(4))250+206 ‘

CHECK FOR CONTINUE :
MISTeNIST.ANDSTEST(8)

IF (MIST.EQ.EX(5))260+207
CHECK FOR CALL
MIST2NISTeANDTERT(4)

IF tM:QT.EO.EX(b!&Z?OoZBO
STATFMENT IS A DO

NDQ=]

NEST(KESN)=EXT(1)
NDOS=KESN

- NTDO®NTDO+]

300

CALL MDO(HTDO.NIS-NTABDO.NERR.KESN)

NTABESN(KESN1 YsKESN
NYABESN(KESNs2)eNEST(KESN)

IF(NTABIF(101)0EQeHLANK) 7644340 ‘
%FE IF COLSe 1-% MATCH SUCCFQSORG OF IF STATEMENTS
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260

e

'sao

350
362
363

360
365

MISTeNSAD I B
CIF (MIST.EQ.TEST(11)1744+350 R
_ ADDRESS FIELD IS NOT BLANK ST

DO 365 lelo¢NTIF

IF (NTABIF(NTIF 01)eEQeBLANK) T4 +362 o e

PO 360 Jm2,5 B
IF(MISTOEQoNTAB!F(NTlFoJ))3639360 S
LaJ+3 :
NTABIFINTIF L) =KESN

CONTINUE - -

CONTINUE

LGN TO T4

230

239

236

= amg

229

STATFMENT IS A R?Ah
NEST(KESNI2ERT ()
CALL MRE AD(NLHH.NLHOoNLhUDOoNLHODOoNDOoKESNoN!SQHXsNXO

INMX JNERR)

IF (NTDOGEG.0)30046238

LOUK FOR MATCH BETWEEN ADDRESS
FIELD OF KESN AND 0O LOG® LIMIT
129

DO 239 J=ml,8 .
1al-]- . -
IFt1eE0.81228,229 ' RS
NSADaNIS(1) ' ‘ :
NSADBNSADOANﬁOTES‘ (7)
NSADeNSAD/MX(T)

NSADMNSADANDTTYTY 7777778

NSDRNSAD

NSDaNSDeANDONXI T

- NSD=NSD/MX(1) S SO

259

. 231

232

’33
2%
237

2%8

- 260

NSDHNSDANDGNY(8)
lF(NSD-EO.NBLANK!?BIoZB?

CONTINUE

IF{leEQeB)237 4233 L0 5
NSADeNIS(1} Coe T

G0 10 224 : :
NSADaNSAD e ANDsNM(B=1)

IFINSADCEQeTEST (1111300237 .
!FlNSADoEQ.NTABDOtNTBSoB))ZSBoSOO

NNO=O . .

NTABDC{NTDO +& ) uKESN e S

GO T0 300 ; I ‘

STATEMERT IS AN I _ e
NEST(RESNIZEXT(3) - g o Lo

“NVIFeNTIF+l 8 KBIFeNTIP

CALL HlF(NRHH-NRHO.NRNRDOoNRHODOchSNsﬁERRoNlSoNX'MX9

lNMXoNﬂO.NTI?eHTAB'Fl

" 280
© 1NMXoNDO JNERK

Gh 0 236

STATEMENT IS A PRINT o L
NESTIRESHIeEXTL4)

CALL MPR!N?tb°Hu:ﬁRHOeNRHHDOoNRHODOoKESNoN!SeNXoMXo

GO TN 236 BRI
STATEMENT 1§ A courtnuz
ueswvnesnnuhxfcs» s




VAT

Wy L

N

270

S [N
IR Py v\mlaw\\ h»w [

'( ol. 5:’1/#;1’13‘-\-&»4%: =2

=~

77
GO TO 236 ) . o L
STATFMENT IS A CALL Lo S F
NFSTIKESNI=EXT(6) -
CALL MCALL(NDO;NRHO.NLHOoNRHw'NLHwoNRHODOoNLHODO.

INRHWDO ¢ NLHWDO +KESN s NXoMX s NMX ¢+ NERR NI $)

280

290

GO T0O 236

STATEMENT IS AN AE OR A REPLACEMENT ,
NESTI(KESNI=EXT(T7) ’

CALL MAE(NRHOoNLHOoNRHwvNLHH;NRHODO.NLHODO.NRHNDOo

INLHWDO s NDO ¢ NX o MX o NMX oNERR 9N 1S oKESN)

GO TO 236
KESN=KESN+1
NEST(KFSN)=EXT(8)
NTABESN(KFSN)1)eKESN

 NTABESN(KESN+2)=NEST(KESN) SR
. NEStKESNy1)=KESN : L

292

500

201%

2035

2045

2059

2070

2088

2092

_CONYINUE

00 292 lI=1,10 y - SRR
Jul+} . S :
NES(KESN ) eNIStT)

CONTINUE

GO 10 %00

STATEMENT NUMBERS “00-99Q COMPRISE PHASE. !l
CONTINUE

PRINT 2010

- DO 2015 J=1,KESN

PRINT ZQZO’QNES(J0‘?O€=10!13 ' ’ . B
CONTINUE _ : —
PRINT 202%

N0 203%% Jel RESN

PRINT '0300(NTABESN(J9336!5102'
CONTINUE

PRINY 2040

DO 2045 JalJNBIF

PRINT 20620(N7AB!F(J9!!9K‘108)
CONTINUE

PRINY 2050

DO 2085 Je)l {NTDO

PRINT 20524 (NTABDOtJoE) o1m1¢b)
CONTINUE

PRINT 2040

PRINT 2065

NO 2070 Je1 oNLKO

PRINY 2075¢ (NLHODO(Jol)plnl07)
CONTINUE

PRINY <080

PRINT 2045%

DO 2088 J=) NRKED

PRINTY 20750‘NRH000(J0!)t!01v7'
CONTINUE o T
PRINT 2090 ' L et e

.

"PRINT 2065 S

PO 2092 Jn1oNLHK S R S
PRINT 2078, (NLHHDO(J.!)'!ﬂto7) T e

PRINT 2094 e ‘ ¢f~-‘5\ -

R

SR

Vi

s wtbiai o

R oYy

x it prere




—n

ainl

. % . .
. ’ . Sove LN Ll
DR it LR R L T RY E] P - O S uy

. 2025 FORMAT(IH112X+*NTABESN® /43X s*(1) (2)‘)

PRINT 2065 T o

D0 2096 J=1oNRHW S

PRINY 20750(NRHHDO(J;I)0!‘107) ’ _
2096 CONTINULE .
2010 FORMAT(IMY ®THE EXECUTABLE STATrMEN?S OF THE SOURCE®,

1% PROGRAM®, 7,1 X+®AND THEIR STATEMEMT NUNBERS ARE®,

2% LISTED BELOWe®R4/)
2020 FORMATIIH +124R6,9RB)

2030 FORMAT(1H o+la4Ra)
2040 FORMAT{IH1 17X +#NTABIF2,/48(1) (2) (3) (Q)#,

1*  (5) (&) (7)Y (81%) 4
2042 FORMATUIH +121X o120 1% 33 RAVIN)ILINLIX))Y
2050 FORMATULIH o//7+TX+*NTABRDO® /791X e®(2) (2) 13} (a)e) ey
2052 FORMAT(IH ¢2(12+2X 14RO 41X 14) L . - A
206G FORMAT(1IH1 ¢16X o 2NLHODO®) :
206% FORMATULIHM o%(Y) (2) (32 18) {(5) t6) te)y
2075 FORMATIIHO3{12:2X)04tRTH21XD)

- 2080 FORMAT(1HY o 1&X»®NRHODOR) . ' o e ﬁ“f

2090 FORMAT(1H1 416X +#NLHWDOR)
2094 FORMAT(LH1 416X +#NRENDO®)
N1zl $ NTCeNTIF=0
502 IFINTABESH(N141)4EQ:BLANK)IS04:506
504 Nl=N1+1 $ GO TO 502
506 CONTINUE
IF INTABESN(NL +2) «EQoEXT (111600510
S10 IF(NTABESN(NI2)4EQ.EXT1211502:520
520 IF(NTABESN(N102)oEQeEXTI31)800+,522
822 IF(NTABESNIN1+2)oEQeEXT(4))8004524
8264 IFINTABESNIN142)eEQeEXTIS) 18042526
526 JFINTABESNIN) 021 FOJEXT6) 18000528
528 IF(NTABESN(N12)oEQeEXT(T)1800,530 S )
590 IFINTABESNINL+2)¢EQeEXT{R)1950,550 -
550 PRINT 2100sN1s (NTABESNINIol)olels2)
2100 FORMAT(1H1+#PPS WAS UNABLE TO DETECT ONE OF THE STANDARD®s
17+ FORMS IN THE TABLE OF EXECUTABLE STATEMENT NUMBTRS®,
2/ vN1=2 013, ONTABESNINL 111220 T3 #NTABESN (N1 52 2% 4R1)
GO TO 1999
STATEMENT IN THE 600S AND 700S ARE USED TO
ANALYZE SOURCE PROGRAM STATEMENTS WITHIN A DO LOOP.
600 N2=NTABESNINIs1) § NS=0 § NTCENTC41 $ NPOSNPWeNPT1aNPT2:0
610 Nao0 $ NKel § NlmN1+l , A o
612 IF(NTABESNINIo1)oEQuBLANKIG1&4616 R
614 Nl=N1+1 $ GO TO &12 : et
616 N3=NTARESN(N1o))
N§ENS+1
618 NasNa+l s N3=NBol $ Ne=Nyas
COMPARE KESN OF DO STATEMENT 10
KESN OF STATEMENTS PRECEDING DO

. 520 IF(NRHHDOUINSs21-N3167246264672

626 TF(NLHODO(NG+2)oGE«N216500628

678 NTaNG+N6 8 NIO=NReNG
-COMPARE RHV WITHIN DO TO LHV OUYS!DE DO
!FtNRHHDO(NS.N?).EQoNLHODOiN&.NlOl36300632

630 N‘llNLNODOQﬂﬁozi :




632

634

636

650
652

LN

"NCIN11oN2) =)

GO 10O 818 s

IF(NRHVDOtNSaB)oGY.N5)63Qu696

NS=NS+l $ GO TO &28 )
NB8=NR4l § NSe}) .
lF(NLHODO(NAoS)oLT.N8}6180628
lF(NZoEQ.NYABDO(NKoZ))6?6»652
N&=1

NSaNRA=]1 $ NoxN9=3

- N1O=NB+NS

656
658

6460

- 682 N

664
666

o .
3
D

670

672
674
676
678 n
820
682
SHIRY 1Y

686

" 688

690
692
700
102

“08
708

108
710

T2
T

. 116

718

NT7=N5+N6&

IF(NRHVDO(NS.NT)oEQ.NLNWDO(NQvNIO)i658’660

N11=NTABDO(NK 1)
NCIN1IWN2) =]

NK=NK+1 _ L T

GO TO &%0

IFINRRWDOINS ¢3) 03 eN33662o664
N8=k54¢1 & GO TO 656

NBxNB+X 8 NS=}

~!F(NLHMDO(NQoBboGEsN8!656o666

Né=N&+Y

lFtNLHWDOQN&szlaEGoNTﬁaﬂD(NKoQ)!668;656

NK=NK+}! & GO TO 650

BEGIN COMPARISON OF RMV WITHIN DO TO LRV axrnxu DO

N4=z20

!F(NYABESN{N\oZ&.EQo?X?QE))67206?§

TFE{N2LEQNTABDOINTC &) 1 T504610
Na=N&e+: B NS:NB*I $ N&tN?as
N10=N8+N9

NTeNSHNS
FFINL Mg oo‘na,z‘ac?onv)saa»eez
Rexia+] €& GO TO &80 s

!F(NRHNDO(NS@;loG?eNLHWDO(N#&!))6860720
KF(NRHNDO(NSaN??-EQ;NLHHGO!NQ»N!O))7000638

IPGNQHNOOQNSO3l;uToNS!&QQ%G??
N52N541 3 GO TO &8 .
N5=NR+1 § NS=)
t?'NLHRDO‘NQQJ).LVON8)57Q0576
GENERATE ENTRIES IN NTC MATRIC
NIleNLMRDOING 421
iF(NYCoEQo‘??on(OQ
RCIERYIIoN3I®) - :
S0 0 Tig
IFiNTCeEQe2iT06 70D
NC2tHE1 N3 =]

GG T0O 718 ' e
IF(HYCoEQe3)ITIOWT) 2 2
RNCHINIE NS I=) RS S
GO 10 718 )
lF(NTCcEQ.‘i?‘Qo?I@ .
NCAINIY N3 }=) R e
GO TO 718 Lo
NRCSINYIoNS)2t

GO Y06 T1M S
CONTINUE

r* .
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st
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N
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g
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Vo
B
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PART
K]
L

TR

Y R 4 s

NI N

T Cotia absd hse rebditecs

20
22

724

125
T26

128

74

150
52
- 7954
55

756
57

758

164

170
72

774
76

T8
T8N0

782
766

800

802
804

80S-

806

| tscnnunoozna.zn.Lremz:saa.san ‘f*g |

L

. Ef' \:\ Y
GO 10 €88 -
CHECK FOR IF :
IFINTABESNIN] +2) o EQ.EXT (3117224672

NTIF=RTIF+)
lF(NTAB!F(NTIFoe)sEQoNTARFSN(Nlol‘\7¢Qt722
NMe6

STORE SUCCESSORS OF IF STATEMENT WITHIN DO
IFINTABIFINTIFoNM) «GToNTABDOINTCo&) 17264734
NPQeNPO+]1 $ NPT12NPT1+l

NIFOGUNPT1,11=NPO
NIFOtNPT1¢2)=NTABDOINTCH2)

NIFOINPTI +3)=NTABRIF(NTIF oNM)}

NMeNMe ]

TF{NMGT 818672725

NPW=ENPW+]1 $ NPT22NPT2¢1

NIFWINPT241)=NPW

NIFW{NPT22t=NTARESNINY 1)
NIFW(NRPT243)=RTABIFIRTIF RM} .

GO TO 728

MAKE ENTRY IN NCI FROM IF S?&TEﬁtN? 10 ITS SUCC SSORS

NQ=1
lr(uxrwxna.xb.EQ.BLAwavsa.vsa

IF(NPEQO)504+755 S S

B0 TST Ju]¢NP . o

DO 75& =13 SN :

NIFWE S T I=BLANR =

CONTINUE . e e

CONTINUE LN ‘ :

GO TO 504 ' e =

HAZNIFM(RD 2 ) . :

NR=NIEW(NGQ3)

IFINTCeEQLY1 17644770

NCICNAWNE =]

G0 10 T66

IF(NTCeEQa2) T2 772

NCQINAJNG Y=Y

GO 10 766

IF(NTC.EQ.1}71697TB

NC3(NAJNB =} v R

GN TO 186 : : RS
IFINTC2EQaB 1780782 ’ IR

NCaQ{RAWNB) =) e

GO YO 766

NCHINAWNBI =]

NO=NQ+1 - o :

G YO 7152 ' ’

STATEMENTS IN THF soos ANALV2E aLL souace PROGRAN

FXECUTABLE STATEMENTS OUTSIDF OF A DO,
NKENSE] § Na=d ) :

N2a=NTABESRINI o113 Lo
trtnnnoooeNSozb.Ee.Nztaob.soa
1Fwnnuﬂoocus.2s.eo.aLAna)soa.sos
NSENGE1 S GO TO 302

NaeNa$} )

7.

™

B R SN

e Y

LW
tﬁ.
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8o
810
812

81a

i Xa

818
813
340
. 841
842
8aa

845
8aé

848

850

860
862

84&
870
872

87

N5=NR=1 & N6=N9=3
N10=K8+N9
N7=NS+Nb ‘

COMPARE RHV OUTSIDE DO TO LMV OUTSIDE DO
TF (NRHODO (NS oN7: ¢ EQe NLHODO(N& +N10)814+816
NIYI=NLHODO(N& ¢ 2)

NCINI1«N2)=]

Tt

.GN TA 804

NS=N§ &)Y
RF(NRHODO(NS.3J.LY.NS)BIS.BIZ

NB=NR+1 $§ N5=}

TF(NLHODO (NG +3) LT.N8)806+810

N&=0 '
IrtmraaooeNK.l).EQ.BLA&¥)870.862
lF(NTABDO(NKsZ)oLY.¥2)8b6§87O N -
N&=N&--1 § NS=N8=1 $ Ne=N9=3 :
IF(NLNVDO%NkoZ).PQ.BLﬁNK)&?O;G&S N
IFINLNHDD (NS 02) LT 2218460870 . ff
R10=R8+N9

COMPARE RHV CUTSIDE DO YO LHV WITHIR DO
N7=05%18
lF!NRHOOO(NS.N?)cEO.NLHWDO(N&oNIO)!85&.360
NYIX=RTABDOINK2)

RTINIIWN2)=]

NK=NR+}

GO YO 8t

!F(NRHODO(NS-B).GT.N53862.864

R5=RS+1)

GO 1O 848

N&=NR<¢1 ¢ N5=})

IFINLHEDO (NG 93 oL ToNB)BEG 4846

CHECR FOR IF STATEMENTY OUYSIDE DO
lF(NTABESN(Nl.2).EG.EXT(Sl)872.50&
NTIF=NTIF+l $ NM=zg

SYORE SUCTESSORS CF IF SYATE&ENY OUYSIDE 00
KPO=NPO+} $ NPT1=NPT1¢}

NIFOINPT] 41)=KPO

" NIFOUNPTY+2)=NTARIF INTIF 42)

LY,

. 951

952

- 1009

1630

RIFOINPTY o3} NTABIF {NTIF yNM)
RM=NM+1
TFINM.GT.B)504,874
MAKE ENTRIES IN NC FOR SUCCESSORS
OF IF STATEMENT QUTSIDE DO
NQ=1
IF(N!FOGN09IioEQ.&LANK)lOOOo9S2
NAZNIFO (KQy2)
RB=RIFOtKQ43)
RCONA JNB) =] N
NQ=NQ+l $ GG TO 951 P
CONTINUE T =

PRINT 1800 L T

DO 1030 J=1.20

PRINTY 1805’Jo(NC€Joi!cl'l'20’
CONTINUGE

PRINT 1810

%,




et oy e e

e s ——— P—— ———— —— g

1032

1040

1051

10%2
1G%6

1060

.‘;\y.

.DO 1032 J=lo2

PRINT 13059Jo(NC1‘J0!’01 10203
CONTIRUE

Ki=l=1l $ K2=0% M2=N2

1=0 & N=N2+}1
IF(L.GYaN2)I1I0T0,1051

i=1+1 $ N=N-1
IFtIeGTeM211054,1052
IFINC(NLIEQ.D)105141060
K2=02+1

NPP(K1cK2Y=L

-L=L+]

GN 1O 1040
M2=M2-~-X2
K1=K1+41 S K2=0

TGO TO 1040

1670

1072
—'10?6

o 107R
. 1080

© 1096

1094
1092

1800 FORMATIIHY1 20X e®NCHEL/:5Xe*]1 2 3 4 5 6 7 8 % 0%

DO 1080 J=1.K1
DO 1078 [=1eNTC

lFtNPP(J.l!.EQ.NTABDO(XoZl)IO?ZviOTB

DO 1074 K=1410

NPP(JK]=0

CONTINUE
KPP{J.,11=NTABDOIT»2)
CONTINUE .
CONTINUE e
PRINY 109N

82

FORMATC 11 +#THE BLOCKS CONTAINING THE STA?ENEHT HUMBERS#,
1® OF TilE®4/51X+*INPUT PROGRAM WHICH CAMN BE EXECUTED INz,
- 2% PARALLEL ARE GIVEN BELOw®)

DD 1064 J=1eK1

PRINT lOQZ.!NPP(J.i)’l=1'103
CONTINUE
FORMATCIHR+10Xe2015)

1 123 456789 0%

1805

FORMAT(1IH +1342012)

1810 FORMATIIHNG20X+s¥NC1%4/45Xe%) 2 2 4 5 6§ 7T & © Q%
1# 1234656 78S %)

1999

CONTIHUE
FND

SUBROUT IME NDO(NYDO:NISoNTABDO.NCRRoKESN)

ODIMENSION NTABDO(SoﬁtoNlIO)980“(10)'H(7)’L(61;NM(S)eNKSCIO)

NDATA BLANK/IR /

"DATA {K(1)e1=14+81/770000000000000 Bs
17700000000008'A T700000N008« 770000008,

27T00R, 7787

DATA (M(I)'i=105)/10000ﬂ60030

DATA (LT 1oIalo&) 277777777008,

177770000008, 7TT0COCO0COR/ . -
DATA(NM(I,o!tl95)17l8077778077777739777771778’777777777781

22

- TYPE INFEGER BLANK
- K3=10 $ Ké&=Q .

K5=K3-6 S K6=K3- .
x:nxs:zi

10000008, 10C00R,

7?777100608.

x’
-

EIS

.\i‘
2

776000000006008B
7700008,

100R,
DATA(NUNIilo!*l'10)/33813“8035ﬂ936903790608'6189428-4399468/

o

:{g . - -.‘ B .

1
,‘l

‘.B/
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K=K ARDeN(KS)
K=K/M (K&}
KK ARDN(8?

CHECK FOft BLANK A& COLUMN K3

IF (X.FQ, BLANK)SH.OO

-30 K3=K3+41

K5=K5+1
K6=K6+1
G 10 22

COLUMN K3 DOES NOT CONTAIN A BLANK

Ka=K4+)

K3=K3+]1
KSz=K3-§
K6=K3-9

CHECK FOR DICIMAL OIGIT

K=N1s¢t2)
K=KcANDHNIKS)

- K=K/M K6 )

50
60
65

106 FORMAT(iH o%ERROR !N FORMAY OF DO STATEMEMNT®,
11 QSHNYDO-'!293“K33QXZ'ZXQ3HKQ'O!2o?Xe3HK9'O

70
72

T4

76

78

a0

S9

" fYPE INTEGER ccnm.aunx.ap
_'F(NDO.:O.I)ZOﬁO . "

K=K, ANDN{8)
D0 50 J=1,10

IF (KeEC.RUM(JI) V4050

CONTINUE

IF (K .EQ.BLARK)ITO85

NFRR=1}

IN CCLUMN K3

PRINTY 100=NTDOQK3OKQOK5v¥6

21292Xe3HK6=,4121)
GO Y0 99

LOOP LIMIT HAS BESN READ

GO TO (T2:T4eT5e78)cKs

K7=4 $ K8=1}
GO YO 80
K7=3 $ K8=2
GD 1D 80
X7=2 $ KB8=3
GO TN 8C
KT=1 $§ K8=4

MIS CONTAINS L0OP LxMXT
MIS=HIS(2)eANNLL(K?)

MES=MIS/M(KR)

"!S=“ISoAqDaNM‘KQ‘
NTABDOINTDD41)1=KRTDO
NYARDO(NTDOo2 )=hESN
NTABDOINTDO,3)=M4] S

RETURN .
END

SUBROUY INE MREAD(NLHH.NLHO.NLHHDOvNLHODOQ

INDO+KESNoMIS oNXeMX o NMX yNERR } '
DIMENSION NULHWDO(S0+71 oNL “090‘550730"!5!10)9{v_

TNX (109 4MX (101 4NMX(10)

DATA COMMA L P RP/55B:51B+5207

DATA BLANK/58B/

PES

!‘.
i

SR

2 itk T e St i i s e o i trid s
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< . . ’
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20

30

40

41

42

63

&4

&5

46

47
49
48

" 50

52
54

56
58

&0

62

65

66

70
71
72

NLHW=NLHW+]}
NLHWDO(NLHW ¢ 1 ) =NLHY
NLHWDO(NLHW o2 3 =KFSN

GO 10 4O

NLHO=NLHO+1
NLHODG(NLHKD 411 =NL HO
NLHONO(NLHD .2 ) =KESN
K3z11 $ K&=RP=K5=0

L=1

DO 82 I=2.10
1IF(1e£Qe2141,442

¥6=5

GO Y0 43

Ké6=1

DO 80 J=Kb648

K=NIs(!?

K=KeAND XU}
KsK/MX(J)

K=Ko ANDeRX(8}

GO TO (4444795606210
CHECK FOR BLANK IN COLUMN K3
IF (KoEQ,BLANKIAS;90
K3=K3+1

IF (K3-72146045499

L=1

GO 70 89

CHECK FOR LEFT PARENTHESES
IF(KeEQeLP)GB (469
IF(KeEQeBLANK) 72,470
K5=K5+1
[F(F%oEQe0150052
K22K3+41

L=2 .
GO TO 8C .
CALL NVARIHISsI¢KGoJ NV
LM=K4e=0 8 GO TC 73
K3=K3+1

L=3

GO 10O 80
IF(KeEQeRP)IS8 454
K5zK5-1
IF(KSeGTo0)55%660
K3zK3+41

L=4

GO T0 80
IF(KeEQCOMMAYE6 466

K3aK3+4+1 .

L=1

GO TO 80 '
IF(KeEQeBLANKYS6 696 .
CHECK FOR END OF VARIABLE
IF(K.EQaCOMMAY 71,78
IF(KAsEQeD166,4T2

ChLl NVAR(NIS I oK4 oJ oNV)

LM=] $ K4=0 '

)
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;
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"73 IF(NNO.EQe1174,76 - 3\

85

. T4 NP=NP+1

NP1=NP+3 | ey

NLHWNO(NLHW ¢3) =NP _ J: A
NLHWDO(NLHY NP1 ) =NY - kY
IF(LMeEQe1164,5% -

76 NP=NP+1}

NP1=NP+3
NLHODO(NLHO,3) =NP

gy

NLHODO (NLHO 4NP1) =NV

IF{LMeEQe1164,54 )
CHECK FORMAY STATEMENT WUMBER !N READ STAfFMENY

90 IF(K&FQ,.0 .AND.K30L5016)91047
91 DO 92 L=1,10

92 CONTINUE

93 K3sK3+1

78 K4=K4+1

100

IF{KeECeNMX(L) 193,92 i
GO TO 47 L S

L=l
GO To 80

K3=K3+1
=2

80 CONTINUE SR o | N
. I
96

CONTINUE

PRINT IGCoK3oK4oK5cK60KESN

NERR=Z

FORMAT(1H +%NO COMMA FOLLOWING RIGHT PARENTHESKS“O .
1% AFTER PARAMETER NAME#41H ¢3HK3=e1242Xs 3FK6ﬂ9u292Xt S

N

23HK5=.12.zx»aunsc.xz.2x,5uxes~=.xz) Lo

99 RETURN

- 2777777771777700008, T777TT77777777008, T1TI1TTTIIT7TTTITIY

10

“L259-L1 - SRS

END .

SUBROUTINE NVAR (NISsl4K4eJsK)

DIMENSION NIS(10),N(B)MIB) sRM(T) A U

DATA (N(L)oL=1+8)/770000003000000 Bs 77770000000000803»
17777770000000000R, 77777777000060008s 77777T77T760000C8

DATA (M(L)sL=152)/18:100B+100008510000008+1000000008 .
1100000000008+ 10000000000008+1000000000000008/
DATA(NM(L)oLzl07)/778977778,77777’807777777789777777777780
17777777777778-777777777777778/ ‘ .

IF(y~ KQ’ZO,ZO.IO - B g S
L1210=-J i I

P

KeNIS(T)oAMDGN(L2) T I S
K=K /M(L1) o ST S S RIS
K=KeAND o NM (K4 } PR - St

GO 1D 99
1F(J=1125,25,30
Ji=y .
GO TO 35

J1=J~1

L3=J1-1

L5=6%(J~1)
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40
45

99

10

20

30

a2
43

T &4
6%

46

47

48

L6=8~L3
L7=9=-L&
K1sNIS{I—~1)sANCeNM(L 4!
Kl=K1#(2081 5}
IF(J=1140440,45
K=X1 -
GO TO 99
K2eNTS(1)sANDSNIL3+]1)
K2sK2/M(L6)
K2=K2 e ANDoNM{LT)
KzK1eCReK2 i‘
RETURN - E‘
FND L
TN

-~

SUBROUT INE MIF(NRHH9&RPOoNRHHDOoNRHODOoKE%NoNFRRoPlSoNx0

IMX o NMX ¢ NDO o NT IF JNTARIF )

'y

DIMENSION NRHWDO(5057) ¢NRHODO(5007) sNX(10) ¢
IMXUTI0) o NMX (103 osNTABLIF(20:8 sHIS(10)
DATA BLANK ¢MUL 9DIVADD+EXPoPERSUBLPoRP,COM/

"11R 94 7B 950Bv45B94747B¢578+4668+51B:52B+54B/

TYPE INTEGER BLANK DIV ,ADDEXPsPER,SHB +COMRP

IF(NDOoEQe3 110520
NRHW=NRHw+1
NRHWDO { NRHW ¢ 1 ) =NRHW
NPHwDO(NRHw.Z;zxssn
GO TO 30
NRHO=NRHO+1
NRHODO ( NRHO ¢ 1 ) SNRHO
NRHODO ( NRHO 42 3 =KE SN
NTABIF(NTIF,1)oNTIF
NTABIF(NTIF,2)=KESN
NFaK4=0

K329 $ Lol § K520 $ K7=0
DO 160 122,10
IF(1.EQe2)4]e42

Ké6e3

GO TO 43

Ké=1

DO 150 J=K6 48

KeNIS¢l)

. .‘

- KeKe ANDoNX( J?
- KsK/MX(J)
. KeKeANDNX(8)

GO TO (44048+64080.90),L

LOOK FOR LEADING LEFY PARENTHESI!S

IF(KeEQeLP}&T 45
K3sK3+1

Lel

GO TO 150
K3=K3+1

- L=2 L

K5=K541
GO 10 46
IF(KoEQ-BLANK)aéaSO
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52
54
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57
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59
60
61
63

62

64
65
66
67

68

69
70

71

T2

T4

76
78

. 80

a2
A

86

- GO TN 46 ‘ T

88

"LOOK FOR A DECIMAL DIGIT IN COLUMN K3
50 ) :

(3N [ P o
’ DR R . -
B e R VRPN PN PR 13
e i .. et
i e . . incdiid
AN . <t . et

W . S .
D . .. L

-

87
D0 52 Nel,10

CJFIKeEQeNMX (M) 146452

CONTINUE : :
LOOK FOR A SPECIAL CHARACTER IN COLUMN K3
IF(KeEQeMUL 146055 B
IF(KeEQeDIVIL6+56

TFIKeEQeADDILE 57

IF(KeEQePFRYILE SR ; B
IF(KeEQeSUBY L6459 MRS :
IF(KeEQelLP)4T460 : e
IFIKsEQeRP1I110461 ‘ o ’
IF(K5=1)162¢62463

L=2

GO 70 150

K4ei(o+]

K3sK3+])

L=3

GO TH 150 :
LOOK FOR SPECIAL CHARACTER WHICH WOULD TERMINATE

VARIABLE NAME

IF(KeEQeMUL 1 T0 465

IF(KeEQuDIV)IT(1+66

IF(KeEQeADN 170467

IF(KeEQoSUB)T0»68 , - : .
IF(KeEQeLP) 71,869 ' o : S
IF(KoEQeRP)I115467 . : S

CALL NVAR(NISeIoK&oJeNV)

NPaNP+1 :

NPYuNP+3

K4=0 _ .
IFINDOEQ.11T2+74 . S - i,

K5sK541 : ' :

GO Tn 70

NRHWDO( NRHW ¢ 3 ) =NP

NRHWDO ( NRHW ¢ NP1 ) =NV

GO TO 76

NRHODO(NRHO ¢ 3 ) BNP o : '
NRHODO(NRHO ¢NP) Y uNV : R .
IF(KeEQeRP)ITB 46 ‘ L A
K32K3+1 S : '
L=b «
GO TO 150 :
IF(KoEQsBLANK) 78,82
I1F(KeEQeRP) 78,484 R
NO 86 N=1,1n » o ‘ ot
IF(KeEQeNMX(N)188:86 SRS -
CONTINUE . o : P

SUCCESSOR OF IF. STATEMENT HAS BEEN FOUND
K4oKa+1 R o -
K3=K3+41 W T e
L=S - e
GO T0- 150 N ST S
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PR -

47 Kée1

N0 92 Nol,s10 o CoTER T e
IFIKeEQeNMX(N) 18R 492 ‘ R
92 CONTINUE A T A
94 IF(KeEQ«COMI98,76 L . o
96 IF(K.EQ.BLANK)I93,97 ot SR LT
97 PRINY 1oc.xesn.x3.xa.xa 1ed : S
" NCRR=3 .
GO Y0 170
100 FORMAT(1H .ucHARAcrea OTHER THAN COMMA FOLLOH!NG'-
1% FIRST OR SECOND POSSIBLE SUCCESSOR®41H o5SHKESN®=e12e2X,
23HK3=o12.2X03HK6=ethZXo3HK6'oIZQZX.ZHl-o1202X02NJ1012)

- 98 K7sK74)

K8=K7+2
CALL NVAR(NIS\!OKQOJQNV?

- KanQ IR T
NTABIF(NTIF.KB)ENV : S A R :‘
IFtKT~ 3’1050;700170 : . I

105 K3sK34] o LT ' :
Lub S S
GO TO 150 - S A
110 KS=K5-~1 : N _
IF(K5)78:7R 046 , 4 4 e
115 K$eKGal , , L S o C e
GO YO 70 o : - - ‘
150 CONTINUE o T I
160 CONTINUE . B ER R
170 RETURN e A LR :
EhD ‘ : S R

- susnouvxms MPRINT(NRHN.NRHOnNRHwDO’NRHQDOeK‘SNo
INISsNX oMY o NMX g NDOJNERR )
DIMENSION NRHODO(SO»?)sNPHNDO(SO.?)oN!S(!O)e
INXCL0) $MX(10) yNMX10)
DATA RLANK,LPRP(COM/S5Rs51R+52Rs56B/
TYPE INTEGER BLANKRPsCOM o
IF(NDCeEQe1)10+20 S
10 NRHYaNRHW+1 s
. NRHWBO({NRHW ¢ 1 ) sNRHW '
" NRHWDO(NRHW +2 ) =KESN
GO TO 30
20 NRHC=NRHO+)
NRHODO ( NRHO »1 ) eNRHO
NRHODO ( NRKO ¢ 2 ) aKESN

Y

30 K&s0 S K3s12 § xs-npao $ L-l $ KBe=0 S K9°0

DO 300 123410
| IFULLE0.2)41462
41 K6o6 S
60 TO 43 . S e

43 DO 200 JuK6R Lo
KaNIStI) R s
KuKsANDJNXtJ) . ‘
KeK/MX{J)
KeKoANDeNX( &)

,Go ?o (46.55.85»100;1100125!;L




AR .‘p‘»‘.‘;. AR " ~"1'- . ;
DT I B F e g, Jr'ﬂ«"’u-‘"* 3“0&!;5.\@):«(6‘.-\“4' Wwa-n-“..mm-om *%Wvﬂw B R

L . R
1 i .
89
46 TFtKEQ+BLANK}IS0,55
&N KamK3el _ _ P
L=} ; L ot ' R
GO 10 200 ‘ .
- LOOXFOR PRINT FORMAT STATEMENT NUMBER
%5 DO 60 N=1,10 , "
.- IF(KeEQeNMX(N))70+60 - _ 51
<L ~ 60 CONTINUE . it :
c LOOK FOR COMMA AFTER STATEMENT NUMBER ' R
T IF(KeEQeCOM) TS +80 e T
$ 70 K3uK3s) B '
| L=2 o o
I GO TO 200 ~ o
79 K3=K34)
L=s3 T L L
i 6N ThH 200 . . TR
8O PRINT 5004K3+Ka4KSIKESN § NERRma : ;T
- GO TO 400
: . 500 FORMAT(1H »®CHARACTER OTHER THAN COMMA AFTER LAST®,
3 1% DIGIT OF FORMAT STATEMENT NUMBER®,IN o%uxsn.lz.zx-
23HK4'dZoZXoBNKSGalZoQXoSﬂHKESN‘dZ)
85 IF(KaEQ«LPIS0455
S0 KInK3+) .
K5=K5«1 s
1 Led
GO ¥0 200 g
95 K4mkae) :
K32K34] .
L=z& _
GO YO 200
109 IF(KEQ«LPI105:14D
108 KS=K54]1 § K7=y $ M=l S K9al
106 K3sK3el .
L=t
- GO TO 200
4 110 IF(KEQRPIITIS5+108
: 118 KS=xS5-] ,
;’ 'F‘KSQLEOO‘12°'106 4 i
‘ 120 ¥3=x3+] : ‘ : . S R
| GO Y0 200 N A
; 125 IF{KeEQeCOMI130:135 N i
- 130 CALL NVAR(NISsMyKa oKX ToNV)
o .
NPsNP+l § NPluNie3 o S
] -~ IF(NNOeEQe111314132 ' ' o
] 131 NRHWDO(NRHWs3)eNP _ o0 R
. NRHWDO (NRHW o WP 1 ) sNV L IR T RN
1 GO TO 133 . e e o
. 192 NRHODO(NRHO,3)aNP R
1 o NRHOWO(NRHOQN"))INV ’ s
! 133 TF(KA4EQa1140001% T, .
: - 136 K3zk3el RV 2
6 Kea0 - . o Wl T )
B - .



135

140
145

150
15%

160
200
300
- 350

37%
a40n

10

20

20

4]

&2
43

&4
4%

Le3 ‘ G
GO TO 200 '
IF(REQeBLANKIIS504120
TFIKEQeCOMI1L84150
K7=) $ Mal

GO 10 130
IFIKeEQeBLANK)15%,180
K8el § K7=y § Maj

GQ 10 130 "
K3iaR3+]

Ko=Ka+) $ L=g

GO TO 200

CONTINUE

CONTINUE:
[FtKS.EQ41)1375+400

K=l $ K920 $ GO 1G 130
RETURN

END

IF(NDOGECe1110420
NRHW* NtHy+ )
NLHWeHLHW+1
NRHNDO{ NRHW o 1 ) =NRHY
NRHWNO{ NRHW ¢ 2 ) *KESN
NLHKWDO{NLHW» 1 } SNLHW
NLHWDOCNLHW ¢ 2 ) SRESN
GO 1O 30
NRHO=NRHO+1
NLHO=NLHO+1 |
NRHODO NRHO . 1 ) :NRRO
NRHODQ( NRHO+ 2 1 *KESN
NLHODO(NLHO 41 ) =Ni.HO
NLHODO (NLHO» 2 ) =KESN

SUBROUTINE MCALL(NUQsNRHOQNLROQNRHHoNlHHONRNQDOO
INLHODO o NRHWDQ o NLHIDO JKESN o X s MX ¢ NMX JNERR NI SY
DIMENSION NRHODO(S047) ¢NLIODOISOoT) JNRHUDOISOeT) s
INLHWDO(SOe7) oNXE10) cMX Y10 NMXL10 o MISILIO)

DATA BLANKCOMILP+RP /588 56R+3:R452B¢

DATA NBLANK/5555%555%555555%0R/

TYPE INTEGER BLANK +COM,RP

P A

K3214 $ K4uwKS2RB=0 $ NPR=NP3=0 § L=] $ Ni=] § N2ee

NMATCH=a2NLHOC

DO 00 l=2,10
lF(!oEQ.?)QlOQZ

Xé=h

GO Th &3 ,
Ké=1 .
DO 200 J=Ké & L

KeNISEI) oo

KaReAMDNXJ)

RaRsMx(J) '
KlKQANDQNX(e)

GO YO t«a.ss.ﬁs.ao.95}.L
TFIKEQolL P} SOsQS

K3=K3+1 L
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. GO 10 200 T TR

11
e
F 1

- 6%

e

10
%

8%
90

‘A‘9s
Yo
' 560

- 11K sSHK3 ¢ 1242Xo3HRAR e J2:2X+3HLSm 242X,
- R2RI=y [L o2 2MJ=, RZ;CR»SHKESN*’l2) .

100

- 101

v

LA
Ag

110
103

103%
118

117
122

- 118

120

123

nn

R S

124

123

126

L S
ST w2 e o
/. GO T0 200 R

-IF(REQWLPITOW1%0

- - GO TH 200
- 80

- GO 10 200

IFINDOEQs 1112y 26 ¢ ot

L $1141 31 . L i T 3.?;* _ x ;*F 4 4 T o~ ‘ -r\i\'.“ :

IFIR.EQ.LP150430 S Lo J
Re=Ka+l O T S

Ry=K3al o e e

Le3 - - R R S

GO 1O 200 T P

RI=) § Mel $ ®S2KS81 | o
R3=K34l ,_ oo -
L4 T e

IFtK.EQWRPIBS 75 S T, »
X5eRSw] N R T I S
!F(KS.GY¢1»75.90 N I
K3ek3el L '

Les - S T e

1F LR EQ.COM1 1004320 R o LT
PRINT 500sK3¢K&sBS o odsKESN ’ :
FORMATIIN +%XD COMMA FOLLCWIRG RP wITHIN paeAnaten LlSt*c

NERR®SG ST o
GO 10 &00 - o Sl Pt s
cALL Nvaatuls.u.xa.xv‘nv» : BRI o

TF (NLHODO (HMATCH3) s EQ.NBLANK}I105+120  © . -
szuLuoaoeamarcw.ﬁa».Eesnezzseexos .
N)=Nl+l § N2=N)le® i
IFtN1GT, nnwono«&uAtcn°3tslosolxo . ot
RMATCH=NMATIH-1 & Nle=l § N2ea = . oo o o &
tFtNMATCH.G?oO)Inl:IlS SR TRy
N1zl $ Nz=4 R T Lo
‘NMATCHaNL MY o L :
!F(NwaDo«nNArcw.at.EQ.NBLANK»xzosxaz T
tFtNLRs&OtNMA?C&.&za.so.NV)130;118 ST
N1=N1+1 § N2=N1e3 e L e
IFINToGT NLHRDOCNRATCH,$112200222 Y RSN O AT S
NMATCHENMATCH=1 S Nl=l $ Nzeé T
IF(NMATCHAGTe 011174225 . - A S
IFIRREQe114004224 S
Ki=k3+l .

Le3 $ NMATCH=NLHO 8 erz L aa-~

VARIABLE 1N PARAMETER LIST :s A LEF?nﬁaﬁb
VARIABLE OUTSIDE OF. A RO,
NBS=NPSe1

NP2=NPS+3 | :,:,
Ka=0 S

NLHODOINLHO o3} aNRE - - -

_NLHODOLRLMOWNPI=NY . RN
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GO 10 122 - ’ e r
127 RULHWOOUINLMW S ) =RPS : a ' ‘
NULHNDO L NLHW o RP2 ) =RY
GO YO 12%
C VARIABLE N PARAMETER LIST !S & RIGHT-RAND VARIABLE
C WiTHIN A DO
- 130 NPRaNPRe}

ehie

IF{NDDEQ.Y1133,4182 : AR : o g
122 NRHGDOINRNXO 43 1=NPR S P
NRHCDOtNRHOWNPY ) =NV
GO YO 123 :
133 NRHWDODL NRMHW I ) =ENPR ' . D
NRHWND ( NRHY JNPY JaNY , - SR
GO 13 123 . :
189 IFiReEQ0:COMI15%4160
18% R7=J & Nel
G3 70 100
160 EF(K-EQ.RP)!70060 . . : -
170 8821 $ K™-J $ Mz} - : . . 4
G0 10 10¢ ’ e
200 CONTIRUE - U
300 CONTIRUE ’ s o
400 RETURN
END -

4 e mme e A

© s w Wy e
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k4

v
Ly
ittt

Lt

SUBROUTIRE MAE (NRND o KUK » NRKW o NL W o NRHODD o RLHOD G,
INRHUDO s HLHWDO JNDOJNX o MR o NHRX s NERR NI S o XESRY )
DIMENSION NRHRODO(S0e T yALHODO(SO 0 7] o RRNWODISDeT Y s
INLHEDOES0e T e NX IO oML 20D JBNRE IO JNISIID)
DATA BLANR MUL +DIV oADD L SUBPERCONWLE sRPJREQS
195844 7R o508 oASB AR5 TRe56B S 1RS2B54B/

TYPE INTEGER BLARKWDIV,ADDSUBWPERICORWRP
IF(NDOEG1110+20 )

10 MRHW=NRHN+1 i , 3
NUHW=NLEW e o e
NRHROO { NRKW + 1 ) ©NRMY . S R
NRHUDO I NRKW s 2 } =RESN ‘ : _ _ g TN
NLRWDO HLHW L 5 2R Hw _ o o ' 7

’ NLHUDORLMK 32 } =RESN ~ R ' }

‘ ' 60 YO 30 - ) o ]

20 NRHO=NRHO+) . 3 :

" NULHO=zNLKO+1 c : o L

. NRHODO U NRHO o2 ) =NRNO 8 S . 3
NRHODOtNRHO+ 2 J=RESN T . g
NLHODO tNLKEG ¢} V 2NLRO ' o &
NLHORO{NLHO 2} =RESN

0 K\t7 $ Ra=NP2Q § J=) 8§ Nlu2 & R3=) , . .
B 3% 12247 . L T

1 Co R“K‘*l - : e T Cos T _

’ ' “ Ra=RIN e T o R AT S

NTNTS s PO St S

ReNiSt2) S T LpmESATe s rE
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oo

kexfnx(J) ' ' o RS
K=o ANDIIXCE ) . : C T
IFtR.EQeNEQIND 32 _ o e

= 32 IFIR.EQeLPI32,35

37 NR&=R4 $ NJ=J S KS=}
35 CONTINUE ;
"~ PRINT S00.X3,X4.R6RESK C
500 FORMATUIN o®AE SEARCH FAILED TO TURN UP EQUALITY®,
1% SIGR&IH *3HK3= o I2 02X e3HRA= 4 1242X o 3HKEE, I242XKs
25HRESNe , 12} .
NERR=zg ’ . ’ : i
GO TO 430 : : K
&) IF(XS)14).A) .42
41 KRA=KG $ NJI=y
: GO 10 &3 : T o : L
42 MXA=NESE § Mi=N) o
43 CALL NVARIRISNIJMES I NVY ' ' i
C LEFT-RARND VARIABLE RETURNS aND wibLL nou 13 srcasu
IF(RD0.EQL1150445 e
AS NLHODOINLHD 3 )= Ry
NLHODO(NL&Q.Q!*HW o
TGO 1D 5% C e
50 SLHWDOIRLHN3 =] : 7
. KLHRDD E NLHW o & 3 =Ny ) '
S5 HP=D § Lel $ xtae _ I
T R3=R34) B : T
DD 300 [*2,:Q - ) : '
IF(1eEQe2160035 : :
K&z 5e) :
GO TO 70 S S
R&=1 : _ ‘
DO 260 Jeks .8 . p
w=RIg¢L) ‘
KeKo ANDNXIJY
- ReRMXEI)D
KaK.AND.NxQB)
o GO YO (75115} sL
c LOOK FOR DECIMAL oxezt
75 DO 80 M=},10
!F(KoEQcW(H’}SSs&O
80 CONTINUE
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GO TO %0 - s ~ R ARS

85 Rek3e} L A e . LA
lg‘ ] . . . - ) . S ’ ‘

GO T0 2090 R e

C LOOR FOR SPECIAL CHARACTER T S
90 IFIKJEQeMULIBS 82 S s

G2 IFIRLEQ.DIVIZE .38 : o ,

94 IFtK.EC.ADDIBS oS8 . _ R L
.88 ITi{KeEQaSURIBS S8 oo , ’ o i
98 IF(R.EQ.PER}IBS 100 . D
100 IF(XJEQ.CONIBS 4202

102 IF(R.EQ.LPIBS 104 T
108 IFIREQRPIZS 104 i WAL

108 EFIRJEQBLANRIAGOL1YD
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110

115
117

119

121}

- 122

12¢
127
130

135

140

145
200
300
400

RN

KéazK4+)

K3=2K3+]

L=2

GO TO 200

LOOK FOR TERMINATING SPECIAL CHARACTER
IF{KEQeMULI1300117
IF(KsEQeDIVI1I30.119

IF(KeEQeADD1 1305121 : ‘ .

IF(K.EQGeSURI130:123

IF(KeEQeLPI1304125

IF(KeEQeRPI120012T . S :
1F(KsEQeBLANK1130,110 : BRI

CALL RNVAR(NISe1eX&eJeRV) )
A RIGHT-HAND VARIABLE IS RETURNED AND wILL NOW BF SYORED
HP=NP+] : “
NPY=NPe3 L -

K&=0 : S R N
IF(RDO.EQa1)1405135 ' '
NRHODO(NRHO 33 ) =NP

NRHODG ( NRHO NP1 ) =NV

GO TO 145

NPHWDO { NRME 5 3 ) =NP

NRHWDO ( RRHY o NP1 ) =NV

IF(KoEQeBLANK)400,85

CONTINUE

CONTINUE

RETURN

END
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"APEENDIX B

in Exsmple of the Rocognition Process

This Appendix will f1lustrate the theary of operaticn of the.

 POKTRAN paralicl task recognlzer. This will be accesplisbed by applying

the recognition techniques to a Wle' gource pyogrem. A 1isting of the
sample program follcvss Tho numbars to the left of the azecgtable
stefamts_ are the numbers assigned by the recogniser during Phaes 1.

c THIS IS A TEST PROG2AM DESICGRED TO CHECR PFS

DIMENSION A1(10),42(10),43(10) :
INTEGER .41,A2,ABC 42,21 ,%2,8,C.D Lo e

1 FEAD 100, {A1(E),I=1,10),8,C,D

2 READ 109, (A2(1),E=1,10),53,H5T 8520

3 BD 10 Iei,10 :

4 1P(a1(1)-A2(1))20,30,40

5 20 X1={AL(1))9(B<C)

6 R2=D4(B/C)

7 A3{T)=X1X2

8 10 CONTINUZ

c THIS IS A TEST CONENT

8 30 PRINT 200,B,C,D :

10 &8 CALL ALPHA(A1,A2,ASC,B%,BS5) L
11 FRINT 3057,31@2.(&3(:).5«1,10) o TR
12 CALL BETA{X1 X2,A3,E5) o : -

2 IF(B4~B5)50,50,60 :

14 50 READ 315,E,F,G.H ‘ o

15 X3=(E*F)e{G=F)
16~ X=EGeG

17 XSuX3-X4 ’ o .
18 R6=(BL2B3)*RS T ;
"19 60 PRINT 4,%3,%4,%5

20 ERINT $2,(A1(X) zazgxe),gm,camixbpzax;z@)

190 E’O&W(IOZZ.SI?»)
200 FORME(iKD,8 B C D?,/,3I3)
3037 FORMAT (IR ,213,1677.1)

313 FORMAT (4F7.8)

& FORMAR (3777 .4)
S2 FORMAT(1213,10F7. l)
21 END
- 95A R . ’ ;- o ?_ e -
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A listing follows of the tables gravcrated during Phsge !.‘the

NTABIF .
€2) (3)

4 20

NTABDO
(2) (3)
3 |

~
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b
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partitions accomplishod in Phage IXI,
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connectivity matrices generatod during Phase II, end the pracedence
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: S, Mumwmo .
: 1) (2) (3) (4) (5) (6) N
E 1 5 1 X1
i 2 6 1 X2
§ 3 7 1 A3
E .
i NRHWDO
(1) (2) (3 (%) (3) (6) ¢)]

| 1 4 2 Al A2
i 2 L] & Al 1 B c
§ 3 6 3 D B c
' 4 7 2 X1 X2
{ THE BLOCXS CONTAINING THE STATEMENT NUMBERS OF THE IMPUT
t FROGRAM WHICH CAN BE EXECUTED IR PARALLEL ARE GIVEN EELOV.

(1,2)

(3) ' r

(9,10,11,12)

(13)

(14)
| (15,16)
i 7
. (18,19,20)
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rFOO0OOO0O0O0OO0O0O0OO0OOOM=NOSODO
CO0C0V00DO00CONOMOOTOOO
NOOOOOOOOOOOOONISOCOOO
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MSCOO0O0DOO0OOROOOOOOOOO

NOOMNMODOODOCOOOLIOELSOOOLO0

~OO0MO00000O0COO0000CODD .
VO tODOOO0O00OTOOOCOCOO
CPHO~NOOOO0O0C00TOCOOSCOO -
ROCOO000C000000CTCO00DOD

700000000000000000000

600000000000600000000‘
500000000000000000000

' 600000000000,000000000 '
31.L°°00°000°°°0000000
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~O00O000O00O0CO0CO0OOOOO0O

HNANITNONDRORNAOANINONDAO
*d ol vk oot of ol vd wd 6 =i N
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. 0000000000000 00O00O0 .
.700000000000009000000
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300000000000000000000
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ANATNONDOORANMINODOAD
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