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PARALLEL COMPUTING ON A HYPERCUBE:
AN OVERVIEW OF THE ARCHITECTURE AND SOME APPLICATIONS*
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ABSTRACT

A hypercube parallel computer is a network of processors. each with only local memory.
whose activities are coordinated by messages the processors send between themselves. The
interconnection network corresponds to the edges of an n-dimensional cube with a processor
at each vertex. This paper gives an overview of the hypercube architecture and its relation to
other distributed-memory message-passing multiprocessors.

The computation of a crossproducts matrix is an important part of many applications in
statistics and provides a simple yet interesting example of a hypercube algorithm. This exam-
ple is presented to illustrate the concepts in programming a hypercube.
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reasons the bypercube fs suiteble for 8 very broad class
qnmun-muutu, fied

The most popul etbod of progr ing & hyper-
cube is Lo write & single program that will rua asynchro-
pously oa each pode working oa different data. Some
spplications can be splist into bomogencous sectioas that
oaturally result (nto aa ideatical program oa esch node.
Whea this is not the case, it is still casier 10 writs 8 sin-
gle program whoss function will differ depending oa the
node where It Is running rather thea 64 or 128 different
programs. The best way to fliustrats this is by an exam-
ple, which is given in the next soction.

Debugging facliities are improving, but still bhave a
loog way to go. For cxample, processor lights oa the
Intel (PSC indicats if processors are busy, idle, or com-
municating. This is aa troaic throwbeck to the carly
days of computing, whea It was useful to watch com-
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puter ls lights 10 teil what was going on. Similar
taf tos caa pow bs more coavenically obtained
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tios petterns have been developed for the bypercube and
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from system-log post-procossors. For example
SEECUBE, developed st Tufts U., gives a color grapbics
sdow-motioa replay of 8 peralid program executioa from
busy-idls states of processors aod st Cls Ume it works
o the Intel or NCUBE Such displays sre
wselw] oot caly ia debuggiog but also for improving
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ing oa progr {ng aids

Some reai-time debuggers bave
wiif likely becoms svallable
(for ple [1]), bowever,

stmple debuggiog techaiques such as inserting print state-
ments.
8 hypescube is becoming easier becauss

Secoad, more debugging aids are becoming svellsble. And
third, Ubrartes of b matrix
P sad and other weelwd subrou-
mmm‘wurzmm-aymu

LI
!n {
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6. Compuation of A = XX an an §-precessar hyparcads,
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quires this P but ia reverse order.
The total time for this cromproduct computation is
WLy 4 G+ W8 4 Wptydioer,

whers 7 = 2% 18 the sumber of processors. Tise Srat past
of the exp (Socsd product comyp )
decresses linearly with 7 sad the secoad part (summs-
toa) (acressss logartthmically with 7. Thus for & given
matstx, there is 8 ber of pe that
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suas a8 identical program oca esch
ldt. We start with coe pertitios X, of X oa each sode.
Providing X; te esch sode will differ betwesa diferent
machines, For example oa the Intel machine, the bost
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walt 10 receiw jocel perameters aod matsix from hast

all reovw(d,0, 12,15, nbost , idp )
s« spar(l) aad o
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all recvw (d, o mx), p'n*¢ , Lo, ahost , idp )

computs jocal crossproduct
all cromp ( K1), Hmx),s,p)

over each d.

add peod

dol0k=1d
knefboe = feor ( mypode() , 2°%(k-1) )
call lseadw (d, k, (1), leamat®4 , kneboc ,0)

cll lrecvw (d, k, S(mx) , lenmat®4 , In , node , idp )

call sdd ( S(1), S(mx) , leamat )

u-pwd)mml).upmt-m md-,mao
mmmd:.n woa £ ncighbor. Sy

which balt

axecisfon time bn seconds for r processors

matsix stre
s 120 200 300 1000 100 200 400 100 200
100 100 100 100 30 30 30 200 200

46.7 77.7 1938 3880 9.9 195 %92 155.1 3100
239 394 9735 1944 S0 99 19.7 795 1366
126 203 494 978 2.7 3.1 100 423 809
7.4 310 257 498 16 28 32 252 437
47 67 141 268 L1 18 29 173 266
37 49 83 1456 9 13 18 140 187
32 40 335 86 9 10 13 123 154
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