Vol. 36

No.7 AL S5 B

LINPACK R F 27— DAEFIR S | ILAIE
WEFFHERE AP1000 FIEEEEY 7 v o v — ¥ 12 &k 58—

B M OAT W ok B
Fom zZ BT g I g &

LINPACK X F v —7 iz WiFlh e~ b b& L, NCA & AP 1000 % Fvs ¢ HEAE % S04f
L7z, LINPACK OFHE TR EHSEETH DT — I 8T VAVETNAREE 2 2 L S w0 F— 5 %
SRR, Tuv Ry EET L o TITHIRMEESVEEE L o ey M EREETH
DEOERESE S N BB S 7o, HRY — 2 MEICH U T, BUREITI T 619, W5ET
WFC ATR DOPERENE S e, F /2, 1000X1000 DIFFI %18 < Bdr, NCA L7 16 LT,
NCA ZfFHIL % 128 £ D AP 1000 & IEIZRZSOMHRENE S 1T,

Parallel Vector Processing of the LINPACK Benchmark on the
AP1000 with Numerical Computation Accelerators
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This paper evaluates the performance of the LINPACK benchmark on the AP1000 with the
Numerical Computation Accelerator (NCA) option. When parallelizing the program, matrix
data were distributed among cells for load balancing and data-parallel execution. The block-
ing technique was applied to the code in order to utilize matrix multiplication and outer
product routines, which were easily vectorized and could attain high performance on NCA. We
obtained 61% of the theoretical peak performance for single-cell execution, and 47% for
multiple-cell execution. A 16-cell configuration with NCA can sustain a performance which is
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comparable to a 128-cell configuration without NCA for a 1000 X 1000 matrix.
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Table 1 Memory reference for p=128 and single-processor
performance of matmul (double precision).

TERE

V2= RN N R MFLOPS

Loop rolled 0.504 65.9

Loop unrolled 0.129 80.3

3.2 R bIE

TUT T ADNT MG, FETATY R A0k
TAAZ70T L RHEREE LT, 17505, 494,
R IVDIAE—, (THOIAE—, XTIV DRDHS
KEBBREDEEY 2 — % NCA 12 & 2 BEEK T
BEEZ I,

N7 PBIZEEL, RO 3 HICEE L.

OUNP ADT—FDu— /R 7 L EREE % X
TV a—NU, N7 MNrSA T A DL,
EREAEDC k,

eN—TTru—-0rIL, AEVERBELEERS T
k.

OXJ MEETELZFEIMEL, SA4A 754
DA — N~y FOEBE NS T2 L.

3.2.1 I7IEEENEEIL

THIEERD BN —F > M—M-+L"XU" 12 X, v
=TT ru—=)) 2 REURELEIT T, 22T,
L7, Uy MIZKREIBENZTIN sXE, X p, sXp DT
SIThsE+5(X3). UFOHET, A, & A, 13T
TADE TEE e EnNThETIOLT 2,

1EON =TT M O 15|52 FEH+ 2707 Y
AR5 MM +Z520 L o U 120, (1 p)st DR
BNBUS T = Du—F &, 2stp HOEHNEL S
NH0T, XEVEERRIE R=1+p)/2p L b,

INenv—=7ra—-y o7 E2HEL, 1EOL—F
TIIIM D lnar TTEFEIHTE B LI BT NLTY XA
WEET 5,

M+ 0 =My + 20028 "t U s
({=0,, lnaz—1)

NI MV RS OEREBRBICES &, lnae=4 &
BB .5=[s/4] £T2EL, U+t EDT -5 u—F
EBS EDHMBEENSEENZ DT, R=d+p)/8p
L,

KL, s=f=p=128 L L7z DITFIREEE Y o
—/Vmatmul O X &) BIFFK & NCA Hf FRE 0 Bk
BEZR LTz, N7 M LBERI -, N2 MVEDS
RWLIEEROEEMREE R 08, £ VP OSSR EE
BET =8OR MV REEBETIZN THS, 207



Vol. 36 No.7

NWTYRATRITINM & U OFTERT vy
RGNS DT, pPEREDORZ PLEEELL
%% p=128 O L 2 ATIRREE DR KE NS
sENB N—TTru—) ko T RIEHL/M &
721, NCA 2 - TOfTFEEEN —F > OHEREE
22%eRE I e,

3.2.2 NBEENCFIT—IHEEORE

LINPACK O#FEEFEIZ I, (1) FI_2Z b TR
7 PV E D RWEE (LU SERAT v 7 1-d), (2)
TR7 IABFIRZ VLD REWEES (RARA7y 7 2-
a) O2BENDL, N7 PERELFEOLDICE,
FINT NV EFTRZ VDD BRI PVEOREWHE%
N7 MWV PAFTIZO—FTED8BRW, 20085
RIZIZEICEBZ DRSO T, 1), Q) kET 5
2D0DNV—F U ERELR.

LINPACK R¥ F = — 27T, n=500 OE% &k
T TEE, 220NV —F > 2R L ZBE DOMEE
X, Q) WHIET A —F 0 R BEOIEAOMEE
WL T, 5%DEESES NI,

3.2.3 7oy InmE

—fc, SREEHENE, 1THIREETEIC AT 1 EEN
BEBEDI-Y DT —F u— NEEBL 0, &%
BENE S I LWy, 22T, LINPACK D4 > 7Y X
VT =y a rTiE, TR A ESSET 2 EEED
HETuvxr 7y 2% o THEIL, NCA 2355

BFE I icky, RuvF~—rHEROM E*K-
2.
MFLOPS
300.0 {
280.0 4 x 4 Cells |4
260.0 [|»aZ]""0tt0sege, |
2400 || i
220.0 e 3 x 3 Cells| |
200.0 ',-'"n ) it il T
180.0 |2
160.0 2x 2 Cells |+
140.0 =
120.0 J/r
100.0

0 10 20 30 40 50 60
Blocking Factor

5 Juvw*yr7y27% ok LINPACK (TPP)ERE L DB
& (NCA 5/, YA X n=1000)
Fig.5 Relationship between blocking factor and LINPACK
(TPP) performance (using NCA, matrix size n=
1000).

* NCA TREon s lkreid, B EEERIC, SEL 43.7
MFLOPS, {7528 80.3 MFLOPS (1) T® 3.

LINPACK R > F = — 7 OAFIR T N VALE 1573

X 51z, MHFIETED o &> F~— 7 MR L O
BERLY. 0 DDAE W EREESOEE2AETIT
Ted, T2 0 WS W EITHIRERE 1 BlH7z b OfE
EDRT+D %70, B E U TOBEERENE S Lz,
VBB LWIZE ZOEMSEL RY, ©— 2R
Bohd o OEBEBRD 5N5, WS —27 Lk 3
o DEE, BNVEDEZ 21 L7:08oT/N& Lo T
W, TuvFr IS BEELEIO ST AT, o OE
PEHEBREROHET 2 2 L CHEIEAEER R NCA it
WBTE, BERETT O T ARETT S L8
BRI 72 5,

4. fERCEBE

N FT—7 DFERERIT S5 2T, UTORE
H5.

Cells : 2VE (=N:XNy).

I IRUFv— 7 OHRE,

Wnarr 7 DFSGOWREDE SN L RIEY A X,

Toear - BERE — 7 HRE. BE/NMUSEREZ=Y

b DMRED BB ERET B,

4.1 ROFIT—IDHER

9, NCA ML e ok =s (K
6), TNIIMEY A X n T 2HEREE Ty Lk
bOTH5, 0<n<500 DHHETIE, » OIMZFE

EBDBREETW R, n>500 TIXEERELSEIFIL CIT
., RLIZRLI NCAIZ X 2 1TFIBEE OB A MR
80.3 MFLOPS t#iz o B/ Thb, ZOEET
Bonk_rF~v—r QEEEREORKEL, n=
1400 DEFD »=68.2 MFLOPS T#H Y, NCA D ¥ — 7

MFLOPS
70.0

60.0 el
50.0 <]

40.0

30.0 f

20.0 f

10.0 !
0.0 _g

0 500 1000 1500
Matrix size

6 RyFv—7DHEEMEEE
Fig.6 Benchmark performance of single processor.



1574 BRI A 23R S

#F 2 LINPACK Ry F¥—7 DGR

July 1995
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Table 2 LINPACK benchmark results. o
(a) n=1000 Table 3 LINPACK benchmark results for #=1000 (reported
— in Ref.1)
Cells Time [s] 7 [mrrops) Vmax/ 7 vear — : 8
7716 2 51 %662 0.16 Cells Time [s] Speedup Efficiency
9 3.12 215.4 0.23 512 1.10 147 0.29
4 4.58 145.6 0.34 256 1.50 108 0.42
10.3 65.0 0.61 128 2.42 66.5 0.52
- 64 3.51 46.0 0.72
(b) 2=500 N 16 11.5 13.9 0.87
Cell 7500 n Nnats 7 pear 500/ 4 41.3 3.90 0.97
eus [MFLOPS} [order] [order] [MFLOFS] ¥ peak
16 624 2000 800 1696 0.37 R4 BMDPORITER (16 M)
9 321 1500 620 954 0.34 Table 4 Execution time of each function (using 16 cells).
4 145 1000 480 424 0.34 (a) SPARC ®#f#EH
1 54.4 | 500 164 106 0.51 PSS A % 5
(c) n=1000 Ny 500 1000 1500 2000
Cell 1000 Nmax Nnaty ¥ peak 7[000/ Tau [S] 2.52 15.66 48.06 108.67
| Turors] | [order] | [order] | [usors] P pean Teate [s] 179 13.24 4272 99.44
Tnatmu . . .75 .
16 804 | 4000 | 1200 | 1696 | 0.47 B ES% 8 2‘; 2 zg 3: ZT i‘ gi
9 453 3000 900 954 0.47 L owert s = : - :
4 201 2000 600 494 0.47 Teomn [s] 0.73 2.42 5.34 9.23
1 65.0 1000 200 106 0.61 Teonn/ Tau [%] 0.29 0.15 0.11 0.08
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(b) NCA %fitH

MY A X n
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Tau [s] 0.86 2.73 6.42 11.74
Teate [s] 0.19 0.82 2.50 5.07
Tnatmus [s] 0.05 0.46 1.60 3.88
Touters [s] 0.09 0.23 0.65 0.82
Tcomm [s] 0.67 1.91 3.92 6.67
Teomn/ Tau (%] 0.78 0.70 0.61 0.57
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Table 5 Effect of communication mechanism on perfor-

mance.
(a) SPARC 0 A EH

Cells 4 9 16
n 1000 1500 2000
Vora [wriops] 16.0 35.6 63.6
1oyl [MFLOPS] 16.0 35.0 62.2
Pora/ P1ov1 1.00 1.02 1.02
tora [s] 41.9 63.3 84.0
Hoyt [s] 42.0 64.5 | 85.9
Zbrd_flbyl [S] 0.1 1.2 1.9
(b) NCA %#ftH
Cells 4 9 16
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Yora [wrrLops] 145 321 624
st [rervoes] 146 288 473
Pora/ Vies 0.99 1.11 1.32
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troyt [s] 4.58 7.75 11.3
l‘bra‘*flbyl [S] 0.03 0.72 1.88
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Table 6 Result of simulation by MLSim.

7/ ¥pean
[order] | [orrops] | [orLops] ¥ peak /S

256 8000 | 10.3 27.1 | 0.38 18.6 0.020
64 4000 | 2.55 6.78 | 0.38 18.6 0.020
16 2000 | 0.667 | 1.70 | 0.39 18.6 0.021

4 1000 | 0.176 | 0.42 | 0.41 18.6 0.022

256 1000 | 1.47 27.1 | 0.054 | 4.05 0.013
64 1000 | 0.702 | 6.78 | 0.10 7.47 0.014
16 1000 | 0.411 | 1.70 | 0.24 14.0 0.017

4 1000 | 0.176 | 0.42 | 0.41 18.6 0.023
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