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“This paper i designed (0 the b the frst of a set o mairix algorithms for the hypercube.

o bl p ey of  coneurent s s hy e clficint s ey 10w We
build algorithms that run on a vriet of concurrnt processors and scae well
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measorements on optimized code for the hypercube.
I Seton 2 e e b general decomposiionwhe i Secion . we el s o e
opumal e of Sqae Subblcks: his sston o s 2t pe
analysis
e ahre e proveor bt s tovs oo
I Secion 5 e conrot he lonthms wih sty snd anaye xplict implementations
onthe Callech Mk I bperuite. Seion ¢ contain ur conclsions. Appendis A decribs
mportant tchnial st i th communicaion whik sppends B sumimares the cucnial
Rardwar esuresand perfonmanc of the Caiech yperape.

2 Decomposition

ve comdeiog the clsof concurer computes commonly emed MIMD (Ml
Instruction, Muliple
here,

messages. Decompositon involves breaking up the underlying data-in this cas initial and
final matrices— We w
find that

For the main body of the text we will only need thal the procesors have at least a
two-dimensional periodic mesh intrconnect. The hypercube includes this 0pology
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square mesh:
48 armay s strajghtforward using th techniques deseribed in Section 4.
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whete C. A, and B are full. M M matrices (for simplicty. we wil only discuss the
mulllvln(mn of square matrices)

e assume that the matrices A4 and B are decomposed as subblocks, shown in Fig. 1. We
i e (o b e €. e e e lipheaion. v o decmpesd
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ot coud pethap fom th ipu f e procig s, The
oo vt e el i of e s The o o
and it performance analysis o recangular subblocks and ther extreme limi. 3 pure row or
olumn decompositon (1D ring). wil come nex

Note 0 assuing the input matices A and B already resde in the Hypercube

of A or B. This is natural if A and B came from previous processing steps of some larger
gt On the other hand.

aa “flow through' matrx mulipler. some addiional hardware enhancement s required
e e 70, perommance v T .+t i of ey T

i thi regard and we will not discuss it here.

3. The square subblock decompositon
3. The algorithm

in g 2 for
ubmatnes ae denoted by at: o denies m.nxC,wlhusn(‘Mu(l"M(‘“
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manipulated s ey wee single cemensof the matix
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the second “row have 3 copy of 4, nd o on.
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Proddytia

S e i, 3. Wiy the coped 4 subblcks it the curenly g 8
subblocks.
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32 Performance analysis fo square subblocks
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between two processors. This s an accurae assumption for the Caliech,/JPL machines —see
A

Finaly. the time actualy 1o compute the submatex product (10 be added 10 €' is

i @
Whee 5 i (e e 0 do  foing pint muliply or add (hes tw times are vry narly
cqual in or Hadware—se Appendi ). Therclore, th total computaton e of the mairix
muliplcaion houl
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4 Rectangular subblock decomponiton
41, The aorithm

We now wish 10 extend the previous algorithm (0 the case where the submatrices in cach
procsorae o longer square, Te sustio i a shown . F. .
P Mt s decompsed oo Y, ,pocsrarywher, o sty of
resnnicn. v st st b e Ny <y T e in cch prcetr
=M/ =/, Frhrmors same it the gt
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42 Performance anaisisfo rectrangulr subblocks

“The timing analysis of thisaigorithm is 3 fllows:
The brosdast-mliph-rll e o e alporitm i reeaed N, imes. For cach such
eyee, the tme taken
it (83 Vo ©
“The time 0 mulipy subblocks is
2ty = 2t o

and the time to rol erticlly is
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Theefoe, the otal computtion time fo the rctanguar subblock lgoith is
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