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High Performance Grid Computing
for Optimization Problem
HEBRERZERE TR R HIK
FEIR 7t (Fujisawa Katsuki)
Department of Architecture and Architectural Systems,
Kyoto University

Abstract: Grid computing has recently received much attention as a powerful and in-
expensive methodology for solving large numerical problems that an existing single CPU
cannot process. Ninf is a grid computing infrastructure which enables us to easily ac-
cess computational resources including hardware and software library distributed across
a wide area network. The basic Ninf system employs a client-server model, where the
server and client machines are connected via a local area network or the Internet. We
have been applying the Ninf system to optimization problems and polynomial systems of
equations. Among others, Takeda et al. reported that the Successive Convex Relaxation
Method (SCRM) on a LAN setting Ninf system can deal with some large size Quadratic
Optimization Problems through numerical experiments. To solve larger size QOPs, how-
ever, we need more computing resources, and we implemented a highly parallel SCRM
which utilizes several PC clusters connected via the Internet. In this talk, we discuss
grid computing for optimization problems through some numerical experiments of the
SCRM and polynomial systems of equations.
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HIEEMEEHERIE (Semidefinite Programming : SDP) (3¥&¥RE/L, HEHSH &
M ERUCERIEER ED TN BICRILVCIDEZRS, FNHAEIC X > THER
NECTRERZE I C LA TESZOTRIETIIEEEL & HEICHENMTDONT
W3 EELDTN—TTIE 1995 £& D SDP 2L D ERNAMEEETH LY
7 b7 27 SDPA (SemiDefinite Programming Algorithm) ZBAFE% St L TITWL. 7>
22—y b EXORBELTW3 [1]. 5H D SDPA & Ver 6.0 TH Y, TOREXRBER
ZREALTWS [2].

SDPA A EDEHEEHEEDY 7 by 277N IV X LOSELHEBEE DM i
Lo TKIBICHREZM EE VTV AN, BE TN A BEEFHERIEOY A X K& A>T
W3 T DICHEDADOMREN L2 TIIEREICREEZB C LIIR#ETHS. Thod
OR#EZ RS 5 DDUFEFHEDOFEL LTV 5 X 2FHE (Cluster Computing) & 7
Y FEtRE (Grid Computing) DERAFEHZEDH TS, K, HHFTREEIE A —/—a
Y¥a—22IFLHL T BIEHICHMIEEERIC K > TERTNTWIN PC L EDR
fiZEH EEZH &8, BEEZIEFICEE LRy PV —IBBZAVTEREICESL
T, —DOREAEAFETER (PC VS AZEMHINS) L UTHEHT ZMENETHAI
TONTVB (V5 RZFE). £/ PC VS RARAGHERE AV Z—2 v b ED
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G v b T — 2 THEE LT & B IC AR DB R A5 B & LR
BHORELRBICTDNTVS (FU v REHE).

ZCTARLTIE Y SAREERY Y v REHER BB LRI SR LRl ERENT 5.
—DBIMBECRIEICH T 3 BRI 3, 4], & 5 — DR SEBSERARARO
LTI (ARR CHEHEIR) 2RO BWETHS [5,6). /=7 Vv RFERERT S
P IR Y 7 b 2 7 RFIFT 208N B 5. SEIGMTITEIEN EERHRE
B TR ENTV S S v REFEREET 37250V 7 ¥ £ 7 Ninf 7] 2V 3.

2 USRBEHELET) Y FEFEY X T L Ninf

U5 R AGTEICHET 3% PC RT— 7 AT — 3 i EDRMEEL, (&R
5T 1990 FREIF X VA S Tz R LRI ZMiA: PC TR I NIV 5 A XE
BRI PCOUSAZLMIENTED REDISAAFEBOETHICK->TWVS. 75X
ZETEBUIER O LI FHEME EMERE LAN THA L, B—Y AT LDA A—T %R
I B UFEFHBEREMTH 5. FIC—fkD PC HEifiziEHT S PC 75 A X TE, BED
PC OEMEL LRI K > THRKD R —/8— a2 ¥ 21— Z—DEHEH 5 EEE
DAARNNT A=V ABEZER LTS,

A

TITECH Mat suoka Lab Pr'esfo III Cluster'

e 256 PC machme
! 512 CPU (A'rhlon
' MP 1900+)

¢ Each machine has
2 CPU with
| 768MB memory

e Performance
716.1 GFLOPS
(LINPACK)

le The 47th ranking

. inthe 19th TOP

500 list

1: PC 75 X% (Athlon 1900+ : 512 CPU) : IR LK ¥08 - StEAZER A
RIRFZEEE. R 47 I (2002 4E 6 A) DOEEERFED

I ARHRBRICETAEMIEEIN—FRI 27 VT R 2 T7OFACTITFBHEN
TE%. PC V5 ARTIE CPU ATV A LOEEREFRICHDLITHTICERMNICE
BENTVS FICR Yy T —O H— KXy b T —2 XA v Fid Myrinet 72 E D&l T
BHEOHEMMER TN S ALV, T4 H— FRNBANTERIIAER/NE
DB THEEEINZTLEHABV. £V T MY 2 7 TRAEFFHBEEZERT372HDOV Tk
17 MPI % OpenMP % ENEETH 3. £/ PC 7 5 R ZO2kMRER EIF57-8IC
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EHEN— R 7 OFEZITo 10 IBORNWTOa ADRAr Y a—1) V%175 SCore
MERAEINTVS. K 1EAHETHEALTWS PC 7S5 RZ20—HITH5. MTrLT
X ICHATERY B0 - A REAZEY AMARBICRBEIN TS, 256 5D PC I
B 512 fElD CPU MMEEE N TV 5. 2EMEEE, 716.1 GFlops IJ3Z L2002 £ 6 HD
Re s TGRSR 47 (DB E U TEREET N TV S (TOP500: http://www.top500.0rg).

RV FEtREZERT 572860V 7 b 27 Ninf(REIFEFEY X7 L) [7] i£D
WTEBAZITS. V7 b 27 OMFHEDFEM TIEBHC Bz K 51 MPI % OpenMP
I EMNERTIEN Ninf NS DEMEIERPRZ SR EF >TWVWS. ThdDr S
AZGFAHEOEMIEANICETOFHERD LAN FTESESIAEL THWAESICHY
5N %. Ninf TRERMO 7 S A 2GFEREI L ZEEE XY VI—T (A EZ—%v b
F)TEHELT, BEVOFTEBERE (FIC CPU NU—) ZEMCEA U, KEAXE
EHRELES T EAFELAEMNICE>TVS.

\ 7/

o Ninf RPC API

BTEICHL. R EAE DA A—SEHE
» BALIDLICE BN, 3IMMEFEMETLE | Ninfoal

» JERKIUHL
o Ninf_call(Func_NaME, ... .);
2 FUNC NAME =
ninf://7HOST : PORT/ENTRY NAME

ninf://130.54.45.242:4000/sdpa
e C, C++, Fortran, Java, Lisp, COM,
Mathematica, ...

2: Ninf RPC API

Ninf LICIEUTOL > RN D 5. 1. BEOBBICIcA V2 —T 24 ARFE->T
WBDTHELEREOERRTHTENETEZ Y I b7 #EHRHTZT EMNAIEETH 5.
20 AV E =32y FFICK o TIREICES, #EESNTHWEN—FD 27, VT T2 7D
FIEMNOIHETH S. 3: ZLHRAERE (C, C++, Fortran, Java % &) ZHRICHVB T & H
A[RETH %. X 213 Ninf @ RPC APl ZBICHHALLEDTHS. EHEOBEETU
HUILBN TS LT I BZiEET 52D EEZD Ninf ICBW TR, LEICEE S h
12FATSVILT J2ANARERDT, M2 DX T7IVEATESATSUNA VA
F—VENTVWBHEBRD IP 7 RLARR— N BEZIEET 5. 7z Ninf TIXEH,
FEEHADIEE LAY R— FENTH D FEFHDHBE TRIHER S KEBD Tt XD 5
EEZITOTLNTES.

X 3 (& Ninf ZHWTEEHE Nz Client-Server system TdH 5. KT THIEKRERE R %
—D (BRNENE, BT R E—E) ZRT. TOHA Ninf Client 1X 1 D PC TH 5.
3ICH B K51 EZHS. £ LT Ninf Client 5 FEFEHAIC Ninf Server (PC 7 5
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~Ninf Client-Server System ZAL =1 514k

L o BERORHESCRM) . REME—E
Ninf Client  #EONE, FMHEGSOP)OHER  BEOHE, T—I0OEKS T
Ninf Server SDPERLI=H DV PSOPADORIT Path following EICKHMD IR

data
client

Ninf Client
(PC)

result

K 3: Ninf Client-Server system

ZZ) EOERD PC BEUHENS. Z LT Ninf Server L TIZRIFHCE < OFHEED
ERENTREHIEI NS T LIk D, DA Ninf Server ($HEED PC 7 5 A X TH
BKENTOVTEEL, FERD PC 7S5 AZRFNFTHERBHICREINTVTE X
V. FORBRERENTVWBEA Y EZ—2 v DRy b T — 7 D EENEEIC
xo>TL 5.

3 BEERER
3.1 Ninf ZRAVEERDEME (SCRM) DL

KICLLTFD& 5 I —RE#LRIE (NQP) X 5. CTTTce R a; € R, q; €
R" 3EBAI BV, b€ Ry, € R* I3EH, Q €e R ldnxn DEBITHITH .

T
max cCT (1)

(NQP) subj.to x € F

_ . ale+b, <0 (i=1,---,my)
CCTHEF IERTHBLIRET . F R ELDXSIC my BOFIHIFIE m,
ED_KFMAHOSBRENT VS, TT T Q REEMETHLASTHEXVDT, LP
R SDP 713 T/ <&, —MROIEMN (CZR) HEMEEEEN TS, KES [4]1d NQP i<
LT, BREEEEFHEREE [3) 28 U T, Ninf L THFBHES % SDPA ZHWT
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HERIT-oTWVS. BXREEEEFERINETIE, FUDHDICHEE F 222 E T HEE
EEHTS. TOHE LP HEA° SDP G EZ#B0BRLAWT, COEEN F OMa
WCIGRT 2 CatER2 T 2. BNBEBIE LD X S Ic—MERKS T ik HEE
(") ZIRET B LHTES. F LTD T ODFAEEL F OMALETOD T D
KEIZ—TBDT, TOUHERFANT NQP 2 ONKELFYTHS. co7Id
Y XLTIR 1 REDOH THEERD SDP EMFEEZ#EM ZIINE RSV, ThHDEK
@ SDP EMARIEIIATEITEHAA L7z Ninf ZHWTEA S5 E# L TIERIAICHEI I LN
T%%. TOHER L OHEBEFREZFHTSC Lic Ko TRIBREFILERENT
W5, IIZ PC 75 AZ (CPU : Pentium 11T 824MHz 128 B TOERIERZ/RT. fFH
9 % RIREI IR REHEIRIE [4] T LC80-144 (n = 81, my = 120, my = 1) & Frac50-20
(n=>51,m =21, my=1) DZDTHB. £ 11& PC ¥5AXTD CPU DEHL
EFEtOHERLEOBFZEERLTVS. HilZIE CPU B 128 BD & FiZ LC80-144 T3
92 &%, Frac50-20 TIZH 90 EDOBE(LZZEM L TV 5. Ninf Server LD SDPA DiECH)
ICET B4 —/N\—\y REEET 3 &, L EBEOREINKZ VD Ninf Server £ TD
SDPA OEITERID 5D ZEENKEL Ko T, EIMLDFIRIEM LT BT LickS. @
# CPU 128 B2H LIZIBEIC ¥ 90 FOMFTULHENMELNDZ LB L.

# 1: PC 75 X% (CPU 128 &) T® CPU DKL BFELDHE L DR

, LC80-144 Frac50-20
CPU(R) [ FEiTHRE () | IR TR ]

1 33125 1.00 289259 1.00

2 16473 2.01 145980 1.98

4 8238 4.02 72343 3.99

8 4145 7.99 36272 7.97
16 2099 15.78 18595 - | 15.56
32 1118 29.62 9424 30.69
64 624 53.08 4822 60.00
128 361 91.76 3200 90.39

% 2: Grid TiE (K 4) TOREEBRER

|ihE LC80-144 BLevel20-3
Ninf Server DEAT Kyoto | Tokyo | Kyoto | Tokyo
Wit 1795 1333 883 597
P—/3— FTOREITHR (7)) | 16486.5 | 16395.6 | 1053.6 | 984.2
FRERERFE C — S(B) 0.150 | 0.117 | 0.046 | 0.028
IR ERERE C — S(B) 0.275 | 0.069 | 0.130 | 0.182

#£ 1 OBYEEER TIE Ninf Client & Ninf Server @ PC {3 LAN TEHFEh TV,
JIC Ninf Server D PC 75 A& ZZDEPL L T—DRERMICRET 5. BEMICIX
R 2D X > % Grid BIETEEZ1TS . Ninf Client PC 3 AKICHRE L T LAN THES
7z Ninf Server (PC 75 A& Pentium I1I 850MHz 4 &) Z{#F 3 % & [@RFIC Internet
TEHEENTWBHEITAD Ninf Server (PC 25 X & : Pentium III Xeon 700MHz 4 &)
LFIHTS. £ 20 Grid RETICBU 2BUAERBRERTH 5. BHNIFRIEDETIE
RPREMNESNZD, T EED K H I CPU DFEENRLZT2HTH D, Y—/—0D
FOMETEBIIFEFHEER L BIIZEFRLTHS. £/ C - S (C « S) &l Client
M5 Server(Server H'5 Client) \OT — H R XREITH B DY, TOMELIEFIT/HE L
MXBTLICRHILTVS. TOFBFEEHEETIER Y b7 —F QAR REIC K E 7%
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Grid Test Bed in Japan

4: Grid R (A < EX)

ENRONBD, ¥—/\— ETORETREMIFL TOB T LA D Grid RE LTOR
BOEFBHEMSE LT B T b3, ThEDRERD X 51 Ninf i £ 5 &ELid B
H U< SDPA ZJ T { DK@V 7 b 27 L DGR LSRRI NB LTS
TH%.

3.2 KREME-ZRIZIIEXEBLERAFERXDOLBER

FEBEEAABRROLTOANR (EBRUERR) Z2RDZ T &, BENEE
KRB TH B 7500 Th, TEMITIT VAT L L HilfE, Bai(k, Ry T2, G REMAZ,
(EZT2FISHZR DEELMETH 3. 5, 6) TRIRREZSERERAAERRD
2TORZIET 2 EANCE 2R, KRBT S L2HNE LTV 5. MR SHKE
HRE FE—FERZHVONTWS. £/ [5, 6] TId TaED & 3 %4 cyclic n-roots problem
EPEENZRIEICH U THREERNMTbh TV 3.

T1+zT2+ - +2,=0
T1T2+ ToTz+ -+ TnT1 =0
Z1Z2Z3 + -+ TpZT1X2 =0

T1Z2Z3 - Tp — 1 =0,

ZEASBEROREKR CEBOFEAMEMY 21CDN T, RO B R EEOEHAH TN
DA R THENYT 5D T (& 3 2MR), B— D EH# E TR ARIEXMREZE
CLREELELRAEETHS. Ko TH/FRAXHEREDFERBHELT7)IVIY XL%
WHHE L TRHFERIEDOMERD TS, & 3ICRS5N S X S5 ITRDBMOMERUE n A
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KEL BIENTHRERICRS. COROREKDSETIIEANZE T2 TOME
ROBBZLIIRHETHD. —DDRERDBI-DIciE, FIHHBENSHAE L THRE FE—N
ARBHT BV T NI 2T E—DETTILEND S. ZD7HERX EDBFEZFRNT
LTORERD D I=DIIIROBERE FRO T AREHTEL0ENHS. LM LELR
OOt AHENIEAEBNDOT, HHO T A WHEEXLE T EHAEEETHS. n
M 12 LA FOBAICIE, T TIRETOANENRD SN TNBH, n BN 13U EDFHITE,
WEELTOINRIIRDEN T a7 LA LTS OFEERELT n A 13 D
BEICBOTE2TOINRZRDB T LITAIIL TV S.

# 3: cyclic n-roots problem(n = 11,12, 13) DK % IILEDMEEL
n | RO |
11| 184,756
12 | 367,488
13 | 2,696,044

% 4: PC 7 S AXTOD CPU OEE L EE(LOLR & DA%

cyclic-11 cyclic-12 cyclic-13
# CPUs EITHR (1) | R | Frha () [ FEE 1T D) | FER
2 ’ 47,345 1.00
4 23,674 2.00
8 11,852 3.99
16 5,927 7.99
32 2,967 15.96
64 1,487 31.84 2,592 1.00
128 1,332 1.95 10,151 1.00
256 703 3.69 5,191 1.95
# paths traced 16,796 41,696 208,012

F4ldn=1112 13 DBBCBVTKREPE—NRAREHTEVT V2T 2K 3

@ Ninf Client-Server system 2BV TAFTUL UI-RBIERTHS. CPU DHZE(LE
A, ETEREOBELDOLBREEZFHE LT 5. # paths traced & IA[ADFRE b+
C—SADEHEE N ZRLTWT, Ninf Server £ TEITENIZHRE b E—3RBH
DVT b+ 27 DEFERE—BLTNS. n =11 DFFTIE PC 75 XX (Celeron
500MHz 64 &) TEERZITV, n = 12, 13 DFPATIFTHD PC 75 X Z (Athlon 1900+
5128 K188 2AVTVS. £4%2R3 LHHTS CPU OBBICRE > RN
BohTWA T ehbhs. £72 1 CPU DL ETIRIEEICETRENIIS LEEEN
HRIEG ERMTREEHTAC EICHIIL TV S,
W . HEIFEONER, BRHEHA E R LTV E X LIZEEIERZEO/NE (B) %
e RNESeA, AEEA, PHRAERUBMEROEE, (HK) REDOKHE AR UTHIIITE
EAN EEEHHREMERY ) v FIEt v 2 —0BOkd, mhiet, EesE, Btk
£ ERRESICESBBBRLET.

LEXM

(1] K. Fujisawa, M. Kojima, K. Nakata and M. Yamashita, “SDPA Ver 6.0

(Semidefinite Programming Algorithm) User’s Manual ,”, August 2002,
http://www.is.titech.ac.jp/ “kojima/sdpa/index.html

198




[2]

[5]

[6]

[7]

M. Yamashita, K. Fujisawa and M. Kojima, “Implementation and Evalua-
tion of SDPA 6.0 (SemiDefinite Programming Algorithm 6.0),” Technical Re-
port B-383, Tokyo Institute of Technology, Oh-Okayama, Meguro, Tokyo, Japan,
http://www.is.titech.ac.jp/research/research-report /B/B-383.ps.gz

M. Kojima and L. Tuncel, “Discretization and Localization in Successive Convex
Relaxation for Nonconvex Quadratic Optimization Problems”, Mathematical Pro-
gramming, 89, pp. 79 111, 2000.

A. Takeda, K. Fujisawa, Y. Fukaya and M. Kojima, “Parallel Implementation of
Successive Convex Relaxation Methods for Quadratic Optimization Problems”, To
appear in Journal of Global Optimization.

A. Takeda, M. Kojima and K. Fujisawa, “Enumeration of All Solutions of a Combi-
natorial Linear Inequality System Arising from the Polyhedral Homotopy Continu-
ation Method,” Journal of the Operations Research Society of Japan, Vol.45, No.1,
pp. 64-82, 2002.

Y. Day, S. Kim and M. Kojima, “Computing All Nonsingular Solutions of Cyclic-
n Polynomial Using Polyhedral Homotopy Continuation Methods,”, To appear in
Journal of Computational and Applied Mathematics.

M. Sato, H. Nakada, S. Sekiguchi, S. Matsuoka, U. Nagashima and H. Takagi,
“Ninf: A Network based Information Library for a Global World-Wide Computing
Infrastructure”, HPCN’97 (LNCS-1225), pp. 491-502, 1997.

199



