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IX”HU31)LXT[ON

leaved and/or multi-word ucce::sedwmor hx. 111 tll [% ilp~rLKICll, S“1II::lt! V;ll Uid

programming term such operatloms arl’ rcprctientd by:

Do 1(J 1=1, N
R(1) = F(A1(I), A2(I],... ,NL(T))

10 CONTINUE

~.~

D(’I10 1=1, !4
R= EtAl(”I), A2(K),. ... Ak(I), R)

10 CWTINUE

rcspwttvely.

rr!cill LrL?f.!m





1)

2)

3)

operat Lens which were rcqu‘.rd.

The effort Involved in rnmli[y lng the call ln~ tx”quuncfw.

Initially the code wan

mentcd as FORTRAN110-loops.

mnemonicsubrcnl-

onvmtltms w:I:i
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Vcirth IM3LAM;L}’at thim(WY--I h.i:iu 11.~r,lw.lr.: I ~B.iLurtl ~li i L“!lr. ILK.::~ul~.iLhl,.

mult L-opcwation Vwri--mrmput:ltloll. Thv I’!oL[v.tl i~vl l-or lhl: f~%lluru iII

prccitiely the same ua aur~: t~le~L.tlLlrtIon or r~~il~lnd:lll~mlori”:;:Indrr-futrhes

of int@rmedLate rusult~.

The fOlhWhIg functlom arc ryp iml of Lhose lIq.Jl .IimmIII.1011. 11 Aouhl lJP

noted that the inikx I t.nkw on al1 viIlUPS from I to N.

R(I) = A(I)W(I) + C(I) (1)

R(I) L=A(I)*B(I) + C(I)W(l) (2)

R(J(I)H) = R(J(I)H) + A(I)*W(I) (3)

R(I) = R(I) +A(I)*m(,J(I)+K) (4)

The result rates ach~::’- are respectively on~ rrmlt per 10.25, 12.25,

10.25, and 11.0 machine cyclee on the 7600. Thw achluv~~ent of these rntuw

depmds on proper interleaving ot op~rations m tht an Jn::tructton i~ cxR-

cuted on every machine cycle. In pnrtLculnr, [t~t~~i=~Ui nperandfi~nlt liu

started on tha pmvinmi pries thrmufihthe lcJopm tlmt lhoy :Iruru~dy h

re~iatersi whmn needed. ThLs means Lhat them IH n ~tiirt UP the nssoclatud

with each subroutine. Furth*rmorc, Home time ran hu navml hy ●oing two rcsult~~

each time through the lCJLJp(or b~ttur YPL Eour) fious to lwttcr umortlze the

cost of incrementing the loop Index nnd performlw the r.nndltionaljump to the

beginning. Of cnurse the more doublim one do~a thm lower thu ~tnrt up time.

Also thm loop must Elt in the Y600 instruction stack for mxlmum -cutIon

efficiency and thts limit’:the nrnunt of doublin~. in actuml practice tha lack

OE rcgLutcre turmd out to bm the Ilmltiag fuctur as one fitartcdloosin8 cyclc~

walttng for reglstmm L(J become free. SincC our applicntlon wm nrlcntud to

short vectors and oincw the more complex functions ran inra the r~~lutt~rpro-

blem, we ~unernlly llmltcd thu roustnea to mm rcsultt]per lnup. On~ other

collnLdwrntLuniH mwmry cnnfllcts. lf two vnctor~ Ililpptifl h ~tnrt in tlm mum

m!mry hnllk, the secnnd Villtiw cmnut Im Crtrhd until thu hnnk him rvcovmud

Krm tlw tir:lt [utch. ‘CIIWWmmnry cmfllctn fianbe nvofded If one la r:lruEuL.



TABLE I. IYmfng rmsults fnr randomly rhwen input-vectors

cast! 1: Result-Vector L)ltit[nct Irom Luput-Yectnrs

Olsplacement “Max Min Averqw r’klx Mtn Average
,

c1 3256 2767 2817 4516 3989 4006
5 3H13 1.022 ~~?,~ 2(130 1213 1806
10 2266 1022 1179 3035 1213 1517
15 1939 1022 1188 2961 121.3 1429
20 2820 1022 1353 3990 121.3 1799
25 1926 1022 1177 2346 12L3 1424
30 1990 ]o~~ 1166 2393 1213 1508

Ratiu (Average/Minimum) for odd Ilisplacements

1.17 1.18

Cnse 2: Result-Vector Not Wcesqnrily Ilistlnct from Tnput-Y~*ctor:~

u 3221 2756 2816 4G61 3997 4003
5 1999 1022 1168 2346 1220 1411
10 2269 1022 1194 XW9 1220 1551
15 1977 1022 1179 z34~ lzzfl 1398
20 2840 1022 1282 2oQ9 1220 1720
25 2323 1022 1192 ?770 1220 1455
30 1935 1022 J159 3099 1220 1550

1.1.6 1.17
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DO 1(I1=1,N
J(I) = x(K)
21 _ X(I) - J(I)

22 -y(I) - ~~~(y(I))

Wi(I) - 0.25*Z1*Z2
W2(I) m 0.25*Z2
W4(I> = 0.25*Z3 t

10 W5(I) = 0.25
,

no 20 CSl,N
W3(I) = W2(I) - W1(I)
W6(I) = 0.25 - W4(I)
W7(I) = W4(I) - W1(I)
W8(I) = 0.25 - W2(I)

20 W9(I) = W6(I) - W3(I).

The routine is broken into two loops, mch of whlrh fl.ts in LhQ instruction

s t~.ck. The “vectorlzed” routl.ne runs 4.5 timtis f;mtcr than the FOltTRANvershm

and requires 4.25 machLne cycles per result produced.

It iS hoped that the previous examples d(~~ngtrilte that “vnctorlzntlon” on

the 7600 Is not llmited to the standard sequential datn ncccss definition.

A STAR EXM!PLE

The following example shows that nt least one nonseqllential access function

for which there is no STAR hardware implementation can b,’%ectorlzed” in the

more general sense, even on STAR (a machine whose -hardware is dcslcned for sequen-

tial access operations).

lht we have done is to compose a method for comwtinx S(J(I))=S(J(I))

+ W(I)*?(I) Whkh uses some Iarfic subset of the 256 rl~~lst(:rsm the s’cM-1OO

nti a fast random access cnche mm-y nnd crmtcs the n~’r.o.qsary executable

a



.

operntlun lf([):*P(I) ==R(1) i~ rlon~ fur :11.I I. So our problem is trivially

r(’duccd tcr S(J(I)) ::.S(J(J)) “} l{(r). Kt~xt the instrurtton srr i n~ is rnnst rur-

( l’d . ‘1’hk method here i:i to n~e tha~ first sume number of S values are hlock-

fetched into rhn rcgisters and then R values rim brought into the registers

a t)J.oclg n t a time and ilddd into the proper S rc~fstcr until the values of R arc

(’SII;IIISI.C!CI. In ordpr Eor this to he done h r time competitive with the 7600 “

LIILS t;tr~mmoE instruction:; must. be r.onstructcd ustnf:only vrctor operations.

TIILISTAi!-J.0(1 hardwarl? in:; tructfon [or scalar rl~~istm m,lclltlon in 62 AL)IJN;

(X) 1. (Y) to (Z) with the format

:
I

i

!I



only vwtor operations.

1. Coastruct n control vector (W).

10 ...010... 0 C-IV.

~~

m/2 bits

rcplecatcd n tlcmi

Rote hmra that n x m - total numbrr of R val UP:.

2. Construct m reglstcr bins vuctor cDf 32 bit word:l (INN).

o 7 15 31

‘I- 32

I ~

.—. —.— .— .. ---- .. - -— --- - .-

bit ——. . .

words of
01s I

\l

——— . —-. —.- .- -. ----- . - .

0
‘1 ‘o %

o
‘2 ‘o ‘o——-—.8 ● . .

9 ■ ● .

● m .
—-L .—— .

0 r
m 80 ‘o

● —-- )
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CONCLUSION

The conclusion of this paper iti, hope~lllly, GIIVi CtILG. Tlicrt~ Is vL*ctori-

zation and there is “vectorization”. OnP ~houlcl not lM: intimLd:lLcd by vt~ctor

hzrdwar~ into believfng that new algorithms arc Iwdxl d~en all tlInL mny he

needed itI %cctarization”.


