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An Efficient NAS Parallel Benchmarks Algorithm for Heterogeneous Clusters

TAKERU SASOU + and SATOSHI MATSUOKA tf

In this study, we implemented the optimization of the Kernel Benchmarks of NAS Parallel
Benchmarks for a heterogeneous cluster system and evaluated on the CPU heterogeneous
cluster. We used the technique of optimization that load sharing by changing data size corre-
sponding to a performance of each nodes. From the experimental results, our method achieves
improvement of performance on EP, IS, and MG. But in the case of CG and FT, increase of
a communicative overhead affects the performance, and the performance of our method less

than original CG and FT.
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BRELZDEVITFHEERN, 1 RTEST -5 %
BETETINT Y XLIDNTIE, & PE OMERECS
U THEIDREEAL D EWDTiEE HW.

#L T CPU D HATF O T AFREEICHEN
TATF OIS FHEOFMERET, TOHBIETD
WTREZEfT> 7. TOMRR, & PE OEICEL T
1 RIEFIT — 5 OHENEEEA BRI R LA
BLENA, B0ETH7 0y I OEKEEASEN
HFHITDNTIE, HBERSOA—/N—Ay R H
WAL TLEY, HEOERTER<HEREE .



2. CPUATOLRBEANOARSHFR

CPU OD#5% )—FMNRAET S CPUNFORY
FAFIZBNTIL, & CPUILFEBOERIZMNTS &
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3.1 EP
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ML DIRBEMEHEITIHIC, P(i=1,2,..,N,)
DUREERD PEACHLU THD Y THROBEK n; &

RDEIICLTRDB.

(1) nbase; = Z,I:E, 7 % P &R D

(2) surplusl = mod(n, ZkNil P ERDB
(3) mbase; = nbase; + 2Ll ¥ 5,

(4)  surplus2 = mod(surplugl,N,,) EZRDB.

(5) BL Pk =1,2,..,N,) 2RJEIC/— L7
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SteplE 0 U THENZF—DO—HNIENT INDIE

0o
Step2I—HIVIE/NT VIINS T O—)N VI /)N ~D

FEAATHL
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3.3 CG
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N7 BIVEDER S OMERERNICRC TS,
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DT Oy EEPEIGL TEHO S TAEREEZD
BT, AWHOWERS. OB, BHOT Oy 7 PE
ZE[D YT TS, allreduce BECITHEREERE
DOBOBERTENERT O AR IBENFEETS.
FHEEEO 1 % 188, £ /¥ MPIIRECV
EETHITLTHEE, 0% MPISEND 22 THEfT
THENIHEI, FIREREEREZEERES
T—ELUTITOETRILTES.
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EOF—N—~w K QBIMSFRING.

3.4 FT

FT? i3, Partial Differential Equation % 1 [E® 3

&1 V-Cycle YIFZ ) yRik

Ik = Mkrk B
ifk>1
rr—1 = Pry (restrict residual)
i1 = MFTlri_1 (recursive solve)
2p = Qzr-1
Ty =Tk — Az

(prolongate)
(evaluate residual)
zp = 2z + Sri (apply smoother)
else

zy = Smy (apply smoother)

RITFFT EKEDH 3 KT FFT #HWTHL 7L
TUZXLTHS. FT T, 3 kahiFiz » BiFmMc 1
Re7 Oy 7538, PE M » BIOBERKEBZ 515
Gl y, 2 FE LT 2 RL7 Oy 7 HEZETH, &PE
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RITFFT % z,y,z ®iAEIC 1 ET DO 3 ETHHE
TREINTHD, TNFNO 1 KT FFT 3% PE
THYLUTEITTES. 1 K070y 7 2EOBRAEIR
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O HEIOEHET 1 EEO FFT & 2 BHO FFT OfF
&, 2FEED FFT & 3EE® FFT OFTEFIOE
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& 3 RIT FFT #IKfTbh 5F oy 7 3 LEHER
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MG? 13, V-Cycle YVFZ ) wRED 2HNTR
7IHEBRERLTINVIVALTHS. MG T
FARBFEI & 72 DIE FRIL DR UABICEL BB LD
WW3RTT Oy 7 HELTEPEREIDETTNS.
MG OLEIIF 1 D restrict residual, prolongate,
evaluate residual, apply smoother ® 4 DD 7 x—
AT e, ThENOT 2—XDRBICBNTHE
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BRUEDOEDHINED 4DDT =X 5h
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MENEE A, RENEZE M 5L, ZNEND
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e restrict residual @%4_1\4_ X Ny

e prolongate 16444 » N,

o evaluate residual (154 +4M) x N,

o apply smoother (154 +4M) x N,
FNFNOT7 2 — A TOEERIT ON,) 2DT, &
PE OHEEICEL TERSEET OB ne X ny X0,
DY AN % PE OEFEMNEEDILICR 2L DITS
BT, RlsAwmSENTAS.

AFOMBIL MG Tid, 3kx7 0y 7 5EEhik
RIS TR/ 7 Oy 7 E& PEICKHL THOET
HEBEEFETHETAMEINERS. ZNITXD,
ZPEICHL TEDYTENZT—FHA XN, Dtk
7% PE OEREMEREILICIRDOT, Blizs &8
TA5. ZOW, BHET - X TITHN2BEORE,
BEMENRFRL SO AREVYTSNZT Oy T &
BBBENRS S, ZHUIDOWTIR, BRSO EFEE
AEYIE—FTHRETHRIL TS, £z, 1 DD PE
MEHEOT Oy 7 EEYETIED, 1DOT AW
BT BBEEHETLERIIR2H6MH 0, ThicD
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ERERVICEEDTHEITL, TS AvE—2D
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4. M RBR

4.1 FHBRE

FMmEREE S LT, MEPEED Prestolll 7 7 A
Z9(F£2) & 16 /—REMLE. 17CBT 2FHEER
EEkIC, CPU #33L T 900MHz Bhifa 7=/ —
Kz1/—-RETTERET>/Z. 743, Prestolll
?/—RIFSMP v 272, /J—RRBfEL /—F
REED Xy b 7— 7 R TRIGEIC R 5D E T S
1 /=R 170X TOTEGL, /—F kR
1213 Myrinet2000 % fi/z. Li&, 1.6GHz /—F,
900MHz /—R &ZFNZTN/—F P, Q LRI &IT
T5.

# 2 Prestolll /—F ARy Y

CPU AMD AthlonMP 1900-+(1.6GHz)x2
Motherboard Tyan TigerMP
Memory 768MB DDR SDRAM

Network Card 1 100Base-T (Auxiliary)

Network Card 2 Myricom Myrinet 2000

42 RBRER :
CPU AT ORI IAFICHT ARSI HFEL B
AL 7=~ F Oxtis{t NPB(Hetero NPB) &4 125
V@) NPB(Original NPB) iz D\T CPU AF /22
FA8 ETHEERE T2, MET A IAB

ZHERAL, BEDEDIZ CPU HEDRN ) — R 2|
sy, /—R P OATHEMREINZ CPU HEERER
BETOA Y PF)LO NPB OHHE (homo) H#EHE .

4.2.1 EP

EP TOAMA#IE, 1 /—RTO EP £40%ET
M ETICT — YY1 ADLERET D, TORER,
/=K P& /—R QEFTHMOMLILNL176: 1 THo
DT, F=FFIIF 74 &L

EP OEB#EREH 3, RIITURT. EROER, ~
FOxtit EP AU 23 ) EP & Rt aEm L&
ERLTHEY, CPU AR ERBETOMRES LA,
CPU HHMAEEDE T L REEOHEETH 5.

BENCHMARK=EP; GLASS=R

Milops

) 5 10 15 2
Nurriber of proccessers

¥ 3 BENCHMARK=EP, CLASS=B

X3 ENCHMARK=EP CLASS=B(Mflops)
#CPU || Hetero NPB | Original NPB homo
2 9.93 717 12.57
4 22.58 14.34 25.10
8 47.78 28.71 50.14
16 97.40 57.35 | 100.26
4.2.2 IS

IS TOEF UL Stepl, Stepd THNEHEZNITT
W, 1 /=R TOEFRRLE DT —& 31 ek
#9 B, Stepl TORITRERMOWLIZ P:Q =1.54:
1, Step3 TOEITHBOMILIZ P:Q =138:1T
Holn. EROEIT —& 41 X Stepl TiE 3 : 2,
Step3 Tid 7:5 &L 7z,

IS DERERZK 4, £4I1FT. EP Fk, ~\T
O RME IS 1A D)1 IS & ki@ M Rgm L&
ERLTNWA.

x4 BENCHMARK=IS CLASS=RB(Mflops)

#CPU || Hetero NPB | Original NPB homo
2 19.27 15.72 21.51
4 35.97 29.02 38.12
8 67.95 55.42 71.07
16 113.30 97.72 118.09




BENCHMARK=!S; CLASS=B

° 5 10 15 20
Number of processsars

4 BENCHMARK=IS, CLASS=B

4.2.3 CG

CG TOAEMPEUIITI-NT MEEEORDOE
IR E TICRET D, FORE, /—RP&/—
R Q EFHREIOMIIT 147 : 1 Thok. vy
%UD%T@H’J; Po H P1~15 :Q =5:4:3 tbf:
CG OERERER 5, £5I1TRT. AT OXHME
CG I CPU ¥4t 8,16 OB, AUTPFID CG &
kg MEE T REN S, ZHUL, AT O
{t. CG & CPU ¥t 8,16 ORHICIZHREITSHIZ 8 x 8
DT Oy 7IZHELTED, DEBMEN <Rkl
IEERKOBEML, BEA—N—AYEDOEALE
ENERTHS. &6 ICRDBEEKOLHNPEICLS
F %, allreduce BIEICBIT2EBEATY T HE, N
JMVEEBODOR®H® 131 @EEROESERY

BENCHMARK=CG; CLASS=B

o 5 [ 1 20
Number of proccessers

B 5 BENCHMARK=CG, CLASS=B

ENCHMARK=CG CLASS=B(Mflops)

#CPU | Hetero NPB | Original NPB homo

2 139.34 93.27 133.54

4 239.08 177.69 247.05

8 342.82 438.42 615.62

16 655.76 764.40 1050.01
4.2.4 FT

FT Q&AM EIL 1 K7 FFT ORITHE Lz T
mEL, TOMHRIEIP:Q=151:1Thok. 7

Original CG

#CPU Hetero CG

2 allreduce jHid 11850 5925
LN RV RRIE 1950 1950

4 allreduce Wig 23700 5925
N7 R 5850 1950

8 allreduce fE 23700 11850
Ay VERTIE 17550 1950

16 allreduce Jif% 29625 11850
AU b VERTIE 9750 1950

Oy 780U TORII P : Pois : Q=5:4:3&
L7z

FPT OEREREZH 6, K8ITFRT. 2 /—FRTH
ATBEATVDAT Y TRHEETED, 4 /—R
PLETOHRFEMEIT-> TS, AF Ot FT &4
UDF IV FT K0 ENEREE 2> TWBA, LR
FIDSEETHGEERD A v —T 1 XOFREEIT L
BEBEOT—N—A\y FEANRORERFEREEX
5N%. ETRRTEERMOLEERS L, ~F
O3l FT 34U ¥ )0 FT IC AR 30%LL LiEfE
BN AL TWS, ATORBE FTICBTSE
PEAEOYToNET Oy 7 BOEEI 4 THD
BbE< 7Oy /eE0E TS PEOT Oy 7%
135 7RDT, AvtE—IH A XORYET 25%TH
B, FOED, Avt—IY A XOREEI L DERE
DA —IS—Ny KRNI S, AT O &2
F—IN—=Av ROEANEZLSNDN, FICONT
WHRERAEFTHS.

#CPU Hetero CG Original CG
4 49.51 45.78
8 36.30 27.23
16 18.29 13.41

BENCHMARK=FT; CLASS=B

2000
1600 |-
1600
1400 s e
g o
i
g -
E s
= 1000 o
800
00+
Py
400 o
200
0 s 10 [ E)

‘Number of procoassers

B 6 BENCHMARK=FT, CLASS=B

4.2.5 MG
MG DEFH BT evaluate residual TOFEITREILL
ETICHEL, FOWIIP:Q=135:1Thoz



&8

BENCHMARK=

-7 CLASS=B(

flops)

#CPU Hetero NPB | Original NPB homo
4 380.24 380.35 490.28
8 708.06 734.75 921.19
16 1412.46 1464.88 | 1841.40

7“D‘77§‘JD%T®J:H1P0:P1~15 : Q=5 1 4:3 &
L.

MG OERERER 7, EIITRT. EROER,
AT ORME MG 14 8CPU OB & &EHRWTAH U DT
VMG K0 HEERRLLEL TWa, EREEOFRNS R
&, 16CPU BN THERERREL ILRTHER
HEETIE 2 7% T DIZ L, ETHRET 13.3%K
FLTWS., Zhid, BT oy 7804 THNHE
mLzZ & kA BEEROBMANRREEZ 5N 5.
£ 10 ICEbLBERBKOSW PE ORERKO k%
RY. 7t 8CPU OB KE<HRETL THWaD
MZDWTIIHFERTH 5.

BENCHMARK=MG; CLASS=B
3000
2500
2000 P
2
& 50 -
H i
L
1000 <
500 o .
o
o 5 10 15 20
Number of proccassers
B 7 BENCHMARK=MG, CLASS=B
*®9 ENCHMARK=MG CLASS=B(MHflops)
#CPU | Hetero NPB | Original NPB homeo
2 321.50 295.03 408.28
4 571.72 543.42 743.02
8 1001.73 1144.52 1524.26
16 2283.54 2048.93 2632.27
= MG ORER s
#CPU | Hetero CG | Original CG
2 4610 2766
4 5512 2766
8 6396 2766
16 8600 2766
5. & %

EP & IS TEAT ORI OAH P HET>127
TYZXAAENERERERL THO, AT
KRN REEIN TS, LnL, 7oy 78I

F— BB ET>TVWBETIT Y XLTIE, CGRFT
TREHEENETL TS,

CGlE7 oy 7 nENEA 212> T, £HEE
DWEAT Y TENEKTS. 20Ok, SHEEZ
TOy JEISRELEADE VWS RETRERNS#HZR
BlDIZT Oy 7 B EEP 3T 2B 0nEY,
BLABEEOA—N—Ay RPEAL FHRTHE L
EZ2560 5. CC ORBERBENTONA 7T
ALTHE, BEPEREIDYTET Y I XEEAL
X, BEATvTENMEAIC S WREERDLE
MBHO, FINOEFHEOEENSHOFEETH 5.

MG Tldttem A R snAER, FT TRAYDFI
D7 NTYXLETREBERE RS, TR FT R
EHOELTHBETHDOICHL, MG TET Oy
D OBBERORBOSLT, HOWBFTAyE—
HA ZDEDL TN TINT U ZLTHY, FT & MG
TR Ay =81 XORBEEIC L2 BEDA—/N—
ANy RA\DOEENEDIZDTHSH. CPU AT O
REECHL TEFMMRET ORI, AvtE—I91
ADOFREYENRIETEEBIIONWTEBNLETHS.

6. FLHESHDRE

AFETIE NPB2.3 O —FNRFT—0 5 @z
CPU AT ORBEMTICARIRERS LS 7 IVT
UZLEBELTEEL, CPUHEOAANTORY
5 AYERE FTHEET o7, ZO#E, EP, ISMG
TiIMREm LA RSN b DD, CG, FT TiXEHE
BEDOAFT Y TROBERLBERDO Ay - H A XD
REHIZ L DBEOA—N—Ay EAEAL, B
BETE2RBERE . FORYD, SEIEER
MEALBNE IBFEOERNSBOBETHS.
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