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ABSTRACT

SYNCHRONOUS NETS FOR SINGLE INSTRUCTION STREAM -

MULTIPLE DATA STREAM COMPUTERS

by Annette J. Krygiel

Synchronous Nets, or S Nets, are developed as a modeling tool
particularized for describing processes on Single Instruction Stream -

Multiple Data Stream (SUM) computers. S Nets are a modification of
Petri Nets, using transitions and places to model events and conditions.
However S Nets introduce vector-mask places to model the conditions of
the array resources of SIMD machines. These places are distinguished
from scalar places which model the scalar resources. S Nets also
introduce a new kind of transition. One type correlates with the Petri
Net transition, but the mask firing transition is particularized to the
SIMD environment, modeling the inherent capability of a computation ex-
ecuting on a SIMD machine to alter the participation of the vector
aggregates in successor events.
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SYNCHRONOUS NETS FOR SINGLE INSTRUCTION STREAM -

MULTIPLE DATA STREAM COMPUTERS

1. INTRODUCTION

This paper is concerned with the problem of mapping algorithms

onto certain classes of parallel processors to exploit parallelism in

the algorithm to the maximum extent supportable by the machine on which

it is implemented. The approach taken is one of providing a tool -- a

graph-based modeling system called Synchronous Nets or S Nets - to

describe such an implementation. This not only supports examination of

the possibilities for parallelism in the algorithm and the machine, but

also provides a means of describing and documenting results.

1.1 SIMD Architectures

The processors of interest are of the single instruction stream-multiple

data stream (SLMD) architectures as described by Flynn [1] who distinguishes

four classes:

Single instruction stream - single data stream (SISD)

Single instruction stream - multiple data stream (SIMD)

Multiple instruction stream - single data stream (itISD)

Multiple instruction stream - multiple data stream (MIMD)

Figure 1 illustrates an SIMD architecture, which typically consists of

a control unit with its own memory, and (possibly) some limited processing

capability; an array or vector unit consisting of N Processing Elements (PEs)

and at least N memories (PEMs); and an interconnection network for interpro-

cessor communication. Associated with each PE is some indicator (mask)

for signaling participation or non-participation in instructions. In

implementation, usually a conventional sequential machine is attached

to the control units, i.e. a mini-host. In some instances then, the

SIMD "system" can admit a multiplicity in the instruction stream, where[ .....



on# of the instruction streams is provided either by the control "processor"

or the mini-host, in addition to that utilized by the array resource.

A Multiple-SIMD (MSIM) architecture is configured as two or more

independent SIM machines, each with its own control unit, array unit, etc.,

and with one interconnection network. These SIMD components have the ability

to perform synchronously or asynchronously, and using the same instruction

stream or different instruction streams. Such an architecture is illustrated

by Figure 2.

1.2 Potential of SIMD Architectures

SIiD machines are considered "special purpose". They perform spectacu-

larly on problems to which they are well suited 12]. For instance, an IBM

360/75 system augmented with a STARAN showed a 57:1 gain for adaptive clustering

algorithms which accomplish pattern recognition on LANDSAT imagery using

statistical measurements [3]. Krygiel reported a 70:1 improvement with STAAN

over a UNIVAC 1108 for a 1024 point Fast Hadamard Transform [4]. Daley's

implementation of a weather prediction model on ILLIAC IV required 11

minutes in comparison to 27 hours on an IBM 360/67 [5].

To derive high performance, the application should have a high degree

of parallelism, with the topology of the algorithm consistent with the

topology of the machine. Unfortunately there are no simple means to gauge

this desired isomorphism. Modeling is one approach that can be employed.

S Nets were specifically developed to accomplish this, and are a modification

of Petri Nets [6, 7, 8] supplying constructs particularized to SIMD (and

MSIMD architectures).
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2. DETnjI7:OK OF S7N.CZ.O14OUS '.',S

2.1. SYTSH OVMV=W

A Synchrozous Net, or S Set, is a directed graph with a macrking

and a set of descriptors (9]. The vertices of the graph are vector-mask

places, scalar places, and :ransi:ious. Scalar places and vector-mask

places are connected with arcs to transi.tions and vice ve-rsa. A

mariin associates a non-megative integer with each scalar place, and

associates a tuple, of nou-negative integers with each vector-mask

*place. The non-negatIve u=:bez is called the'mi~ber of zokens. De-

* scriptors are associated with each transition and characteri".ze :he

behavior of the transition.

The S Net eyxhibits dynamic behavior r.esUlting from the firting Of

transitions. Om.17 -enabled. transitions =ay f~,and a trznsi:±ou is

enabled (also called firahi..) if the mar-king of its 1--ediate ante-

cadent places (in~put places) meets certain reetiirements. Mhe firing

of a transition changes the macking On its input places azd its !±=adi-

ate successor places (output places) 1z accordance withb =be transition'sa

jjAScri±;;Or.
As w:h petri ,jets S Nets use tranlsitons to model events and

places to =odel conditions with arms representing the paths &!Iowed

f or passage of control. ,"he firing of a transition models the

occurrence of an event; tokens in a place man =odel the holding of a

condition; however there axe particular requirements associated vith

holdings !or voczor-zaak places other thaz 4ust the presence of tokaens.

3



intrinsic and or-nlto thIs system is :he notion of VecZt-Zask

places, which can be used to model aggregates of logica.7 associated

and homogeneous condt:ons whose initial and ceasig events are s ocr. n-

izad., i.e., the conditions of a set of array processors. These aggre-

gates are further chaac:erized by the fact that the =arkiag of some

members of the aggregate =a be relevant to the firing of a successor

:rans±:ion while others ay not. "his characteristic can model the

participa:on-or =on-parc .pat on of so=e elements of the array

processor I= subseque=t events; or viewed a.tera ively, the event

resul=ug in a condi:.on has transpired with the par:icipa:t.on and/or

no-participation of some elements of the array processor.

Unique to S .Nets is the concept of t-o kinds of firings - one of

which - the mask -Iring - provides for alternatives in ihe markings

of the aggregates. This enables modeling of changes in the partici-

pation or =on-partcipato=n of the elements of an array processor as

it proceeds from event to event.

2.2 S H= GWAES

S Nets will be defined in te.-s of sets. The element of a set

vii be designated -i:thn { }. The CUMINALIT of any set shal. be

designazd I J and refers to the nuber of elements in the set, i.e.,

I jref ers to the =ioer of elements in S.

U S - (SL' 329**@j 1 , then ISI *j

Also Important in :he S Net defii:ion is. the notion of tuplas noted

as - 3nd c=s-s:ing of ordered components. -be cad i=alit7 of a

=We is also designated .but it is more appropriAtely called

its DflWSICFALZTT.
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An S Net Graph will be a quadruple (T,SU,A), V:h an . :.a.

markeg X0 and a set of :ansi:iou desc-ipto:s D, where:

- A fi te set of -s-i- so . , 2 3  " I* TI.,

S - A fini e se: of. sC21 places (sl, s2 ,...s 1 l}.

V - A f'"ite set of vector-mask places (< 1 9 .4 9>**< ul K1
A - A finite set of directed arcs (aa1 ,,,& J~*CAI)' such that

A (~~)U (TxP) , where P w - US aind P is called the set of places,

and the elements of A are of the form <p, tk> or -c, pk>', so that

either an are connects a place to a t:ansition or a -asi:±on to a

place.

Transitions are of two ty1pes -those ac-_cmplish.±n a simple

fJ%..n.., and those accomp'U hin a mask fir.;. The descriptor for a

transition ti is D [iI and desiguates the transi:ion Mype. This will

be further defined under "Rules for Executiou".

The set U is de-ftued as a subset of Vxg, wahere:

V - A fizita sat of eleents called vector places (V V ,.Vjv}

each e*ement of V, desiguated V., is a cuple of some nuber of ordered

co=pOnens, where vI - 1 , Vi2,...Tip>, and p > 1, and IVli des d o

ziecessa-rily equal IV jI when .9 + J, but IVJv JU1.

-, A -, it:, sat of &laments called =asks {M19 "'6MjIM j}; each element of ,

desiga:tsd Mi, is a cuple of some nmber of ordered components, where

M.1~ 2 . m0"'q <~ > -1, and IN I does not mecessarily7 equal

IMIwhe I + i.but 1MI aU



M'e relaion to detem-e U, a subset of VZU , is:

U- ((V, 1)lv £, cM, and ?(V , x) is -je}

W'here ?:'±* Mj) - "-Te ith eG1=em of V is associated with the ith

el==t of , ad che j :h c=gpcn=: of V is associated with the j th

c=Pome=of X. simce W Iu and IMJI - JUJ, then JVJ m!I

but for every V i and H~ :L9IVj I JM I. (This dlffaremce ii d!mensiozallty

will not a:e S Net execution.) ..

If ? is U U S, .and A is as defined, the :iple t(.,T,.A) is a bi-

pa-ti:e directed X-zaph "sLe all nodes can be partitioned i:no t-jo

sees, ::ansi:ions and places, such that each arc direc:ed T a element

of one set is direc:ed TO an eliem: of the othe: set, and v:ce ve-sa.

The-efc?=- a:cs f:=(to) a vector--ask place or a scala: place are

always d rected to !(fro) a tz=stin.

Z= the S Net Graph, t=smit.ous are :epresented by the S2

places axe :ep:esented by ,.and the vec:o:-mask places by Q
0."

Within that last symbol, the vect: symbol V is 0 and the =ask10

s]=bol Xi is O m The diensiomallty of Vo:IV4 Iin

0
o s pa-rcra as

.The dtzenstoma z of X I Is not -oted the graph buzz is .peci-

.ad in tbe foa1 desdgIn az f X, e-s, -L...

4m 9,=L2 q.. Arm.s ar demotad as -



Alogously to a ? a t Net, the strctu~ a! an S Net i.s dofinad

sw'as to zake c-lear the reatasb~p af places and t::as:±onr. F7cr

*acth ::ms:ftoz : z T of the 'let, :he--. are -mo !=im~s def~inmd:

:be iapu: fimectiam (C) , desi±Fa:±Ig :!2e set. of !inpiu: places !arz

the ::ams±±o~i; an.d the ouzput f!mctiou O(z), desigoza:±in the set of

oUzpuC places for :.he t-a=s±±o-ZM,

1:T2, whbere I~t) - {I p, cA 1

0: r , whaea Or ( p1 cr'p>CL)

The~ ZP LACES of a t~azsitioz are al the scalar? places =md vector-

=ask places di-eczed ie--dately TO the ==asiticu. The OVM'Dr. PLACES

of a zzamasiou are all the scalar places and veczor-mask places

directed idaeyFRom the zrazi±o.

2.3.1 S Net Exazple

Given the S Net shoim iM ?i6'-=* 3, we shall delintat-a the. xrzb

of the S Net as f'llovs:

a 0 {, 3 1  V' t5t t

S -(Sit S., 2 S )

I V1 1 9"2 ' "1

V4,' V4* v42 9 "43

"2 K3# !14

7



-" 4M21, MOY", '413

4- 1' 42' 43', ,, V. ' :',,
<<19V I -> 9 <VV M <7140 > - <V 4' "2,> 4 <3 >1 ' : >  = ' V,

A. ( 4 l > <>, <s U:> <4., l , s2 t >, , :

194 ,m2  242 oI 2

Ct4C <7 4

2.4 A 3 'S
2. 4

The i.nf.4.re set of ==o-megative j=tegers (0, 1,...) is desi az:ed

N; the set of 3olean =bers (0, 1) is. des-gFa:ed 3; :he set {0} is

desiga:ed Z; and the set {1 is desi:ated L. A.sc the :- old

C&a:=es:zm products art de!f±ed:

-h~.J;each =ebe i s of the- 0 to N, ON->.
2 ft

3- 3x~z...3; each mee is of =he for= <Bit 3Ba'*O.)

ZF - ZXZ=:...Z; each ze-be: is of the f = <10, 0,...0>

L: - LzL...L; each ==ber is o! f :be fa=m <1, i,...1>

vhere NJ and 3,, are eleiem=ts of N and 3, respec:vely.

A !A NG is a func:ion K where

X: S - R; V N far all V,4 C V; 4 Coai M.

Manh 2Zkding associates a MCU"-nezatve iintawe with each scalea

place - X(s) for each s c S - and two vectors of :on-moza:ve

icagers with each vea:or-mask place, one of those associated vectors

being a Baalesn vector - KCV,) !or "a V, c V and KC.1.) !or each

8
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A =ar.kL~g .-or S Net ms= spe±-!7 all~e cz:por.z==s. Benctm4crh,

whe= the fimczioU 'K is speci.fied =~d tha =zppi±-; is !=-: S, then K
&sbi;gv~ wem the inppimg is -407 V, the= L 1-s bS4g &giVa;

=rd when :he =app:Lim; is for M, XA~L is being givem.

Am M,:aL MAP.R-G Xo'.- Ze!fied as :he !±.rs: ina-.icxmg of the S Net

A MUSK Y.ARKFG% for a mask M4. is a fuanction K. such that M.;3

Mae set of possible =ask =--kings for a=7 M, is (M)am-d denotes the

co--doma±i of1 a mask markimg, czmsLs:±g Of desigmated :~~sof 3-

or ia approprtiaze, the entire product set 3-

2.4.1 Notation for Yark!ings

^Me covenrion adopted :o show markimgs will be that of ( and

> . Twhe former is used to distiznguish the making of9 a s-'Ee e..ez

or ccoment, and the is± used when =-re zhan one elaza=o

:oipcnn:is !ive1ved, thereby denoing a-- orderig wi~respect :

==ki..ngs of elee:s orcocnn.

As an exznple, mrig ; places sit,2 s, 3-. arm desi&nazted

K~s, - (); T-Cs 2 ) - (0); XCS3) (0), and if

S { ,si tis is C;U--vale=: to K: S Z.
.3

9



By def:itiou V and a are sets consisti=g of elemen:s whi-. are

tuples. TO V ( {71,V7, and UO - cvl, v12 , T 13 an d V2 " 21' vZ2

then K: Z3;7 V * Z2:s eqivalent to:

.,(V;1 )  altzr-a:aly X(vll) - (0); (v(0); (v) - (0);

and - c0, 0-; al:era:ely T{v7!) - (0); 7(v22) - (0). Si=ilarly,

for " -- . , uU' a marking K(1.l) - 41, 0, 0, des gna:ts -tha

:= ) - (1:),=.j.} -C K(, j, - (0). ,.

2.4.2 GrapL..c ?ortrayal of --. rkings

Ma v-129S are ilustrated with the preset of tokens. Dots in

any place represent :okens. Tokens in masks may, al:erna:±ve!7, be

represented by Boolean symbols for legibility.

The symbol for ,show a token in =,, and miz This is

synonamous with the symbol

Given the S Net exa=ple of Figure 3, Figure .4 illustrates an

marking where masks are marked with tokens but vector places are not

markef,% with tokens. This example assumes the initial marking is:

r0sQ-(1) ; X0 (62. - (0) ; KO (23) -(0)

KO (71 ) - to( T (V)C < o, 0, >

-K( 2) 3) ' 0 (74
-% ci, , o, o

Zo Nd - <o, 0, 1>

A asi=emnt of tok=s" to a vector place V may leave som of the

c ,=,en places marked wih tokens and others enpc:, . .e., all

elema v of V4 may not bhave tokens. Since the vIi mIay be large,

10



graphic designation of v~hcorpe are m a:ad =us. =eosssar-ly

be 11-4 tad. Tor e~zame, a 0 Dart-ays a thr~i:zee zC=Qze:-S,

then Q ±-md-icates that two v C V4 are =azkad. Symczczous ara :hea

0i 0
isnc~ azd saloever Q o*2.y cozvy a '

a-e zakad 'out does not 4 d.sti~gesh the ± dividual ela=a=:s, mor does

it: !=ddcaza how zy tokens are in each v a&=kd. Bawevz S Sets

use veccor-cask places -.a zodeal conditions =esult:±g f~uand lea-

to evezrst and V ±a isslva-ys expressed SFzphically ±z cm-ljamc±on vrit

T.* I is X iic i=.l be used S-aPhically 'Cc e~-c CZo ah=5sLOv.

of which 4 are zazkrd - at least -I- =arkigs resul:i~g from an

CztzI- of the 5 Ne:.

2.5 3flLZS IFOR =-CUON

'he graph and structure of S Sacs bay. been addrassed ~previzus

Sections. of this Chzpt=;- Now d~scussed urill be :!ze dy--zic behavior

of S Nets.

2.5.1 Mmabled s:a-zs±:±omz

A 3C2la2 place iS 3OXG i'f ±t has at least one cck= iz it.

A vec~-.a-:sk place <7I ,' Is EDLDLNG if1:

at least one xCma) (IC)$,-jq*j 1, Md

V C V, h"s a zon-eo zarkin for all those ,j for which z C

bas a non-z~o makz

A boldin for a vector-=ask place :Ls .4 contrast to a =arking of

that place. Whereas a markin=g associ~ates Same sac of "Cagers 14:h

veccor-masc places., a holding for a vec=or-mask plaCe REQUIRES that

the compoents of Vbe =azlcad with tokens ev'ern'herm chat their

associated Nicomponmuns ara marked with tokams.



A transition t is =-IA3L= also called fl?.A3LZ =mdar t~he !ol*ou"±ng

ccud±:±4ons: P. is E;A.BLZ if all sca2lar places 4-2 -(t) are hclding

and all vector-mnask places in 1(:) are holding.

2-5.2 F--!ing Transitions

A ?.2Gis a f!nctiou of a mrnsition whichx bas o its do=!=n

and range the marking of the irnput and ouzput places of4 =ha :Tr--si :4ion

There is a -, irtng associated with every enabled transition -.. 'he= a

6==itou : is enabled* its firin=g functior is defined a: a -,±ven

zarking X of the S Nat, and the fi:i=S yrields KZ..w~ a new marking.

2.5.3 7ran-sitiou Types

AMANS=ZON TYE specifUes the !±iig capabilIties o! the:z-

sition - ither simple or =ask !firing -desigA.nated SFT and T ra:spec-

tively.

2.5.4 Zransi:±Aon DescriJptors

A M.ANSfl ON DES 'RonI Dt] specifies the :rzansi±:±on ty.pe,

eithar. WT or MPT, and for every7 vect-m-ask Output placetc

Of the r.ams±:±onV speciieas (Qthe set of zaricings for Y!..

Deciptrs for a trasi:iou #. ith vector-mask output places

4~ ~ CT~ 30 4*.V ! , are spec-INfied:

DII- 17p64 ZCHM) - WH)* x £ w(B....=c ) a H.)]

wherea the *laments of o,'(M i ) are explicitly listed, as:

Dt a (type; KC.%I:) C( 29 4C 2000 K(AX C (< 2. C 0001

12



2.5.5 , u-as for a S.ple Firing

A S--LE FIR"IIC associated vth an enabled :-:ansi:on t is such

that:

For every scalar I-nzu: ,lace s, then

X (3) (K S)

car eve=-' scalar out-ut place s, :hen

K +(s) -KCs) +

For every vector-=ask i-put plact.<V, M.,>, them: for v.4 C VC,

Kn, (vi) - K(7 )-1fo hose for which C M4 has a

=on-zeroc =&kng; and f'or m~ iir C

C ) K (m) for all j.nii j n ji.

For every vector-mask output place.<Vi, ?>, them: for v, C VC

J-1,2....)17.11
X+ (v )+ 1 for :hse j for whichm., c .. has a

non-zero, marking; and for z i c i

Kn~(ae XE 'Cm )foall J

As see2 f!oM the fir-ng rulas, SIMs do not alter tbe±: !zpu: or output

=asks.

2.5.6 3ulhs for a 1ask 7-i-=Ig

A Mk _M= is asscasM teh am smabad :=as±ii= : tha: has

:zz las. =a '71y MC, mtp place, a=d is such tha:

For every scala: input place s, then

K 1 (S) - ~(S) 1

Per every scilarz cut-ut place a, then

K i-(s) ( ~S) + 2



I jmKC~jmfor those j !or±whch=j cC It has a

non-zaro ma--:k±Z; and !or m £C :

x~ (j) - X (Zu for all j*

'For every vector-zask output: place <V1v ml', then !or X i

K (M) c 'W(X,)t where W(M4. is specif1ied by the :as:c

descriptor DIC), and ~3IJ)is o-dtiss:clychosen.

For every7 vector-cask output place <Vi, ' then a- Vir C Vil

x (V (V ~~+ Ifar those j or whchm c M~ bas a

==-zero arlmg, i.e., -Where I~ (ml)

The assig==eut of a Boolean vector to by !C- c is a mappizg ofM

MMro W(,'4 ), whiere, the domais is 14and the cc-domai= consists of the

elemes of Wm)

3y 'the !±.Irn defiz±:4.cs, !fL4=cs reove tokens fr places azd

add token~s to otbe places, and im the case of the =ask !irtmg =ark

the zasks of the vector-mask outprut places. It should be noted that

the ==ba of tck~s subtracted by a =amsit:Lt firisg& does not

-mms-s&ad 1. equal Cte in that Iz adds.

2.5.7 ?rens±:±ous and 'heir Descriptors

As seen from the firs8g defimitiams, ST~s !m ferig do ze: change

the x(M~ of their cV,, X I imput and output places, "*he=* the fis.n
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17 ':7?4 :s simple, the maz-kiz;s for =my output =asks of -.he trzms-:.o

arq spec.-84d at X Thi transizion descri±ptor is noted s--P!.y as

For"1"S ::2;5W.i~; )I!1or lluput masks, md sicethese

Fa-k g za accmilsh~e by ~t tamiihme firing a no the !zi

i~a..

designated markimgs of that =ask, i.e.,

D - f xE; M1) c (<I, a, 0:11 <19 if 020.)

Fi9=8~ 6 shows a mask fi±:±mg of two output =asks M,. and wit ri

possible markings "fat each mask, io..

D ."(~ txxv)c ('1c, 0, o3, '1i, i. oz-, x(*2 41,1,(,1

At the t±ie of fi-- mg, the =ask zarking that is aczp2.±sbxed b7 the

.:ramslz:±o is arzbit.ary. Ac-inordimg to the !irlng ?zla stated for the

.. T , is == alad- v'-h one cuple of :he Sat WU:). ls Figure 5

af te: f 1=dsg of e1, the D~t I al.ows =--kings I CM1) vi', 0, 01, a:

2.5.9 Bcamp!a of M~ask Firing Tframs±:±oaa

FigSw. 7 though Figura 10 show Wp-s in a S Net aSd ~1 a-

tate how they, perfom Given an izt:U a.1irklmg:

K 0 S cl): 1 0 (s 2) a (0); -0(s33 0
OvI -0 K(V 2 -ca at 03,



-~ [(!.T; K(MI) £ (<I, 0s O>' <01 0 '

D: 2- =.MFT; K(M2 ) C (<1, 0, 0:, <0, 0, 1%)]

D(t 3 ] 4 D 4  -5 - SF;]

Figure 7 reflects the initial marking and shows that t is

enabled. Transit on t 1 then fires, and the results are sho-n in

Figure 8 *The marking assigned f or M, b7y was '1, 0, 0> which is

designated in D(t!] and is 'shown on the gSraph as one member of the

set Wot Afted t fi--s v r eceives one :oken since m.l is =arked

with a token, and a token is removed from s .

The vi token e-..ables t2 since sz also holds a token, so chat

the firing of t 2 can co=enc. If t 2 fires cha=g ing the marking K(2)

to c!, 0, 0>, and if the firing sequence t 1 , c2 ' 3 , : is assumed,

then Figure 9 illustrates the marking after t 4 has fired. i

Figure 9 a token is again in sI; KQ) is <1,0, 0f> ::r the

previous firing of t 1 ; TN' 2) is <1, 0, 01'4 as Marked from= the pr*eioUS

fir-ng of t 2 ; KCV1 ) I s 40, 0, 0> since the token in v .1 placed there

as a result of the firs: t 1 !--I= vas rezoved at the firing of t.

r72) is <0, 0. O> since the token in v21 placed there after the

fI:Lng of t., was removed at the firing of t 3 "

Where Figure 9 shows t 1 enabled, FIgure 10 shows the results

-.- In '3 s f" -I-- ftn of -"t" , - .) - -o ,0, 1,, a z=king

alternative also described In D[I 1 ]. (The selection of :he marking

is arbitrary, and could have been <1, 0, 02 again.) Given K%) U

40, 0, 1>, by firing definition v13 nov receives a token. Since %3

also holds a token, t 2 is enabled, and so on.
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3. S NET APPLICATION

Before proceeding with an illustrative application one more definition

is provided. An INTERPRETATION of an S Net is an assignment of labels to the

transitions and/or places of the Net to indicate for the transition the event

that it models and for the place the condition that it models.

Consider the problem of summing the rows of a 4x4 matrix A, multiplying

the resultant sum by a 4xl vector B, then storing the results in the first

column of A. This is described with the FORTRAN algorithm:

DO 200 I - 1, 4

DO 100 J - 1, 3

100 A(I, 1) - A(I, 1) + A(I, J+l)

200 A(I, 1) - A(I, 1) * B(I)

If it is assumed that an 8 PE SIMD machine is available for this compu-

tation, some data storage scheme for the vectors needs to be developLd.

Figure 11 depicts one such scheme. The Figure indicates that PE0 has the

first row in its PEM, PE1 has the second row, etc. With parallel hardware

available, the four row sums can be formed simultaneously, and then all four

sums multiplied by the vector also simultaneously. This is shown in an S Net

model in Figure 12 which is marked to reflect a holding of condition after a

t2 firing.

Transition t2 models the event which adds the Jth column of matrix A to

the first column of matrix A. Assuming a sequence of transition firings such

that t4 and t5 have conflict resolved by the status of loop counter J, when

t4 finally fires, all rows are summed; and transition t7 models a parallel

multiplication of all four sums by the appropriate element of vector B.

Something less than the maximum utilization of the vector resource is

indicated when the S Net is put into this sequence of firings. The marking

on the vector-mask output place resulting from the t2 firing is depicted

17



on Figure 12 as 4/8. Thus the utilization of the array resources is a by-

product of an S Net execution. Both the parallelism achieved by the array

resource (4) and the utilization with respect to the maximum parallelism

supportable by the array hardware (8) becomes apparent. Finally, the

marking of the mask suggests some additional management activity required

of the vector resource. It is necessary to specify which of the PEs available

will participate in the process and which will not.

The S Net mask models control over the array resources, the designation

of which PEs are participating in events and which are not. The event modeled

by t2 is an array operati.-n sivn:e the output place of t2 is a vector-mask output

place <VI , Ml>. This evv . .akes place with the first four PEs of the array

resource participating and the latter four non-participating since K(MI) -

<14, 04>. The add opera-ion (the event modeled by t2) is performed by the

four array resources simultaneously and results in a condition viewed as a

logical aggregate -- a vector condition, i.e., the Jth column of matrix A

has been added to the first column of matrix A for all PEs participating.

If t2 had a scalar output place (it does not) as well as a vector-mask

output place, it would model an event performed by a scalar resource con-

current with an event performed by an array resource.

4. SUMMARY

In this paper, a new modeling system -- that of Synchronous Nets or

S Nets -- has been developed as a modification of Petri Nets. S Nets are

analogous to Petri Nets in that they model occurrences of events with the

firings of transitions, and model the holding of conditions with the presence

of tokens in places. However, S Nets are a modeling tool particularized to

express algorithms for SLMD and MSIMD architectures, providing richer detail

for the SflD environment than do Petri Nets. S Nets have introduced vector-
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mask places to model the conditions of a set of array processors. These

places are distinguished from scalar places which model scalar resources. The

array resources are modeled as logically associated and homogeneous aggregrates

by a single vector-mask place. The underlying parallelism of the array

hardware is modeled by the dimensionality of the vector element of the place,

and the mask is used to model control of the aggregate as to the designation

of which members of the aggregate will participate in the firing of subsequent

events, modeled by transitions.

More exposition of the modeling capability of S Nets, particularly the

properties of concurrency and conflict, as well as the relationship of S Nets

to Petri Nets is supplied in [9], as are additional examples.

The richer detail of S Nets enables the differentiation of Flynn's classes

of architectures. Because of the increased modeling power lent by S Nets with

vector-mask places, the multiplicity of the data stream can be depicted.

Figure 13 illustrates the S Net modeling of the architectural classes.

The SLD architecture is readily distinguished from the SISD Just by

the added detail of vector-mask places. The MLM-2 architecture which allows

both scalar and vector concurrency, such as that of the BSP [10], is distin-

guishable from the MIMD-3 architecture which allows concurrent SUID resources,

such as that of Siegel's PASM [11]. Both are clearly different from the MIMD-1

architecture of the conventional distributed processors.
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