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The SDPA (SemiDefinite Programming Algorithm) on the Ninf
(A Network based Information Library for the Global Computing)
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Abstract: In resent years, semidefinite program (SDP) has been intensively studied both in
theoretical and practical aspects of various fields including interior-point methods, combinato-
rial optimization and the control and systems theory. The SDPA (SemiDefinite Programming
Algorithm) [1] is an optimization software, implemented by C++ language, of a Mehrotra-type
primal-dual predictor-corrector interior-point method for solving the standard form semidef-
inite program. The SDPA incorporates special data structures for handling block diagonal
matrices and an efficient method proposed by Fujisawa et al. [2] for computing search direc-
tions when problems to be solved are large scale and sparse. In this paper, we also discuss
parallel execution of the SDPA on the Ninf [3], a global network-wide computing infrastruc-
ture which has been developed for high-performance numerical computation services. Ninf is
intended not only to exploit high performance in global network parallel computing, but also
to provide a simple programming interface similar to conventional function calls in existing
languages. Therefore, the SDPA on the Ninf enjoys the following features: 1. Solving many
SDPs simultaneously without complicated implementation. 2. Computational resources in-
cluding hardware and software distributed across a wide area network are available. We report
some numerical results on a parallel implementation of the successive convex relaxation method
proposed by Kojima and Tuncel [4] applying the SDPA on the Ninf.

Key words: semidefinite programming, primal-dual interior-point method, optimization soft-
ware, global computing

1 [C®HIC

FIEEMEEERIE (Semidefinite Programming : SDP) &, &8 &b, HlH5 5, #iE5E
EROT = RA T RETRIEVICAE RS, EUHNSEC X > TELEANM TR ERE
BEHTIENTEZOT, mATIIEEESE HBIHENTON TS, SDP 134 FaHH
IR (LP) i —KEHERMERE 2 BAKE X O K E RS EREONM TH 508, HIFNC LIEEHE
I E WD IR ZRE>T NS . > T SDP &L TERILTE 2R B (LRAENMRT 575017
T, FMNmE MBI T 2R NBEEZEZHIIENTES. ZDRD SDP 20
BUTHS LT (REICH<S TN THL WRIERICER EEER) JEvRELi
BERA BFREMEER >TSS [4]. 72, FESMHREL Y 7 MUY SDPA (SemiDefinite
Programming Algorithm) [1] Z2IZU® &L T, BEOWEI N —F 12 &> TSDP ITMT BV 7
NI TRHAREIN, 12—y PEXODRBAINTVWS. ZZHEEDMICE K DEBRIMEHTN



OB, NS OKEE 74— K Nw /T2 &2k SDP 07V U X ABEAED
BEERT T 2] X 5ICHEMTABB IR M < DI IE, BRI S R AN B & EiC,
B# 0> o — 5 il (5, [RREHE) B OBA b B ERARTH-T [3),SDPA 13E DB
LT 2 A A LB SR S AT M BIEM R T 5. A% TIE SDP & SDP I
92 ERHFLATEIC DO T 72 B & 12 BHEBIFE R O R JE Bl L B % B ICE E
THEHEAERNE: [4] % FIWTAES 725 ® SDPA OEMEHES A5 A DV THIAEFA S,

2 HIETE(EFTEME (Semidefinite Programming : SDP)

SDP 2 58—~ AIZId Vandenberghe & Boyd [6] 72EMHS. F/z SDP ITBET 35X
MOV IR 27 BEDBEREEDEF—LAR—IUHHFEETEHDTEEIIL TWEEERN 2
SDP NHifF SN T3 Ea TN BT EREL (7], > AT L Ll [8], ME&EREL [9)
RENDS.

2.1 SDP ICBH9 2ETEE

KIZ SDP ICHTHHERETRD. RV & nxn OEFTHOES, S % n x n DEMHT
FIDBRELETD. FBD X, Ze RV ICHLT, XeZ X X & Z O, Tabb, Tr XTZ
(XTZ O trace : EHR) 2&KT. X - 013 X € S” WIEEME, DEVLED u(#0) e R™IT
ML uTXu >0 THBIEERLTVWS. £ X =013 X € 8" NEEEME, DEVEED
weRIZHL uI'Xu>0THBIEERLTVS.

CeS" A eS"(1<i<m)b,y, eRA<Li<m),XeSZec8S ET%. Zn&
&,SDP O EMEE RHBEIILLTFOL DI H5EZ 5N 5.

EMRE - A
SUN (e CeX

HHRIGRE Ao X =b (1<i<m),

' X > 0.

xS EIRE

i=1
gt Y Awi+Z=C,

i=1
Z > 0. )

FRHEBL T, A; € SU(1 < i < m) BT TH DT EERETS. (X,y,Z) 1 SDP
DETTRMTH 5 L1, X NEMBEOESTERTH Y (y, Z) BN EOEG M TH
BLEEET. £72, (X,y, Z) 4 SDP OEFFARENAM TS 5 &1, X A EREDRT I8N
B (DED, X » O B TEATER) THU, (y, Z) DK BEOETAENAR (O
0, Z » O Eiil-TETIER) ORATHS.

http:/ /new-rutcor.rutgers.edu/ ~alizadeh /sdp.html
?http://www.zib.de/helmberg/semidef.html
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2.2 SDP [CXMT DERMARE

BUFTIE, SDP 0 2T AR O BEE A DV THIBIC A B, SDP (1) 1213 =517 Al A
MEET B L2 RETH. ZOEEMMERIC LD, SDP (1) OREMIUTORE BT,

m
ZAin—Z:C, (2)

i=1

X»>0,Z>0, XZ=0.

SDP {2 X9 % F R0 N AIEIS BRI EHEFIREIC 0§75 EXH N RTE & FIRIC, /X2 P g -
THERSRNS BEFICPORT D REBETHD. T T, HLNA PIENRT A—=F u 2HWTEL
ToLoTEHRESINS.

( Ai o X = bz )
(1<i<m),

P={ (X,9,2)d Awi+Z=C, ;. (3)
i=1

X>0, Z»~0,
( XZ =ul (p>0).)

FZU I € S™ ZBAfTHERT. EBD > 0 ML, FL/NA P LOSN—BIHEETHZ

ERFMENTNWS. £/, FUL/XX P i3 SDP OWN S EITRIRERDESR DN DIE S M s
2o THY p—0DEE SDP ODEEMICUCRT 2T EDHSNT NS [10].

SDP DERMPIAETIE, BRAFIS A—F 4> 0 2RO FRORMEHETHLNZ LD
B (X,y,2Z) #5—5v h &L, %0 Newton AN L.

AiOX=bi (1S1.Sm),
S Ayi+Z=C, XZ =l (

i=1

KiZ SDP 1T % —RAS ERMNANREDOBEE LU FITRT. 7238 Mehrotra & [14] ®ER
SN SIEDFEES 574, Mehrotra B 3B EMIC A 2D TI 5513 SDPA [15] 28E1CL T
W2 &2,

SDP IZ39 5 E MM A =%

FIEO. k=0&LT, X% 0, 2°> O WM (X090 2°) 28R (EITHRMT
BLTHLW).

FIE1. BEOMR (X5, yF, Z%) BT REEBETRSE, TV VR LERTTS.
FE2. UTFOK D ALM2#HZT LI BERSM (dXF dy*,dZ%) 23ET 3.
(X* 4+ dX* yF + dy*, 25+ dZ*) e P
BARICIIRE S MESE T 572DI2KD Newton HEERZHEL.

Ao (XF+dXFy=a; (i=1,2,... ,m),
(Z* +dZ%) = C - 11, Ai(yf + dyb),
XkZk + XkdZ* + dX*ZF = uI,

dX* e 8", dzZF e 8", dy* € R™.
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FHE3. FLWRKER (XL, gkt Z8) 2RO G4

Xkl = x* 4 0,dX* - O,
ZM1 = ZF 1+ 04dZ* - O,

BT LIOTEDD.
FIE4. k=k+1ELT, FIHITRS.

EREL, apag>0EZAFy TR (AT T REHTRDRE <MD EH L WRESNET
TREEROERICES X TE T, UBORETREEZ4ET 5. £, NETEBLLIRET
K% DRERKZET D).

HEHRERINT A=Y EAT VT & o, ag ZEEBITESRT LITEKD, KBS DGR % fREES
BT ENTED. £, BT o)V EEE GRS L THASDETHESI L HAETHS.

3 SDPA &LEEAFIETES AT A Ninf
3.1 Ninf EIZ$H1F3 SDPA DIEFIRKTT

KiCBEEBRE RO Ninf(KBEFIEHES 25 L) [3] ETEET ZHL W SDPA IZDWTHN
255, V7 bz 7 OO EMRTIE PVM * MPI REMELEN, Ninf i 2 s OHH
LIRS BMER-TWS. BEOENZ RET L, PPE B0 DDH LEtEHEDMER
ANTRBATWSDE BT B E0H 5. LML TOEKGEBRERD CPU N — 24D
SHE R S FIRT AOIME TR, IS ICEN - BFIch 2t ERERIRT 2 HETEF Y b
T OFEEEVWSIEEHAEL B, T2 T, BERMOSERF L EBmET T Y b 77— THEBL
T, BEWDFEEER (Fic CPU XU —) BAEMMCIERL , KEERREEZDRR B EN
Ninf O EBERBHO—DIEoTWS. ¥, 75 A5 FHERIEROMIL 3t E 2 Bikae
LAN THAL  B—3 AT ADA A=V 2 RHT B UFIFEHNTH 2. FC—RO PC Hifiz
ERT S PC 25 A% (K1) TR, IFED PC ORI & EMAELI K > T, RO A—/N—
QP a—F—DETENSKEHBOI AN T =< > ARERL TWD. @I T, ZN
50 PC 7 I AV AW REEBERE®RET S.

1: PC 7 5 A% (Pentium II 350MHz : 66 &) HELHEKF WIS

K 2 12 Ninf ECEIfET 5 SDPA OfE#lAZEERL TWa. BAICHEKOD Ninf Computational
Server |2 Ninf Executable (5 EID$EIX SDPA ©F 17 5 ) Z%Ek9 5. Ninf Executable
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+259 Eictrtscrrical Labcestry, A RigrTs Resarva

SDPA on Ninf

 Ninf Client Library | =2

Ninf RPC

Ninf_call(“sdpa”, ..} .
. . e

a Program

B 2: Ninf ET® SDPA

Copignt 1959 Blnatecmical Lsborstory, A% Rires Resorved

Ninf A44Y—/R

D247 b

3: Ninf A& ¥ —/N—

1$,UNIX E72& T C++, C, Fortran % (K 4) TR IN TWNIEBSITIER T 5 Z LN HJEET
H5. £2IN5EHD Ninf Computational Server i&, A% P —)\— (Meta Server) ICL>TE
HINTWS., ZZTH 2 OEFOL 3122 —H—A Ninf Client Library % Fi\YT Meta Server
IZ SDPA OFtEEREHL 72 LKET S (Ninf_call("sdpa”,...) ZFELT). TDHFE AP —/)\—
W, BBRINTWAY—N—0O0—FOFHZfT>T, 21— — (53147 b)) OFHERET—
N—EDEDRY s T—27 DN RIEDFEIBITS (K 3). £ OFRE, B %7% Ninf Computational
Server WHEE SN TEENTOND. DED, AT —N—IZHBICEMSEEZITRN, EEEMN
DEAN—T v bEtREEER T Y- N—2 DT HL THEEREZHIHEHAITR>TNS.
Z @ Ninf ETHiFIEINET S SDPA ITIILATOX SR H 5. 1. BEOREEIC Lz 57—
Tz A AZFO>TWNDDT, HEAREREDRRTUSEET S SDPA Z2EET 5 LN THE
THD. 2: 17—y PRI > TRBITHER, Rftcni TWAN—FU 7,V I7b0xT
DFANFIRETH 5. FTEIOKMEERTIX, PC 7/ 5 A4 (CPU : Pentium III 500MHz 64 & +
Celeron 500MHz 64 &5 = 128 &) #Z Ninf Computational Server &L THW3S.

X 41 X 2 DZFO® Ninf Client Library % V)2 Ninf @ RPC API ZfEBIZFHHAL ZH D
TdH 5. Ninf TiZ, R, FERBIOREHL AU R—F INTHBO, @BFOBEKEHL IR T
FITTHIENARRITIEO>TNS.
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Ninf RPC APT

o BIBMITHL. HEAEIOAA—SFRH Ninf-call
» Bt Ninf IDL (Interface Description) !
CRBHME. SINMETERALE
» ERMBUHL. FLAT VA
e Ninf_call(Func_Namvg, ....);
7 FUNC NAME <
ninf://HOST: PORT/ENTRY_NAME
e C, C++, Fortran, Java, Lisp, COM,
Mathematica,

X 4: Ninf RPC API

3.2 FRF¥IEFETEENMENDERH

Z DT, UTFO KL D7 = RRELHEE (NQP) 28X %. ZZTce R a;€ R, q; €
R" 3EEANRT MV, b€ R,y € REIZER, Q € RV idnx n OERITHITHS.

max cT:c

(NQP) subj.to ¢ € F

(5)

FE{azeRn: a;frm-!-biﬁ()(i:l,...’ml)}

CITHEE FRIERTHBERETS. FIREEZEDOLIIC m FOBEHKRE mo FO=
KEHIRNSBRINTVWS, 22 THH Q BEEMETHRLITHIWDOT, LP ® SDP 72
T, —ROEN (2R) SHERED S ENTWS. BRES [5]1d NQP ML T, BRFEEE
EFEREMIE [4]) AL T, Ninf L THHIENET S SDPA Z HNWTEEZITo> TS, BR¥IE
EMEETEBETIE, ZUDICHER F 2228 0MEREERT 5. TD0HE LP FHL SDP
BARE Z2B0ELHWT, ZOEEN F OMMEIIIERT 5 £ TEtE2 Mk 5. BRBEEII L
OIS —BHEERED T &R BEREER (Tx) ZIRET DI ENTES. F LTO Tz DR
KiEE F OMNEETD T DBERER—HIT 50T, ZOHEEZHNWT NQP 2 < ONKE
REGEMTHS. ZO7IT Y XATIR 1 REOFTERD SDP EBFIMEEFENRTIITR SR
V., 25 OEEO SDP EREIIRIE THIAL 7= Ninf ZHWT, B 55158 L TIRBIC
R ZEMTES. TORE, < OHEBEFEFAT S Z LIk > TRIBEEmEAER SN
TW3. BEICHIHED PC 75 X% (CPU : Pentium III 500MHz 64 & + Celeron 500MHz 64
B =128 ) TOEBREERT. HHAT2MER, FEhKEHREIFRE [5] T LC50-1296 (n = 51,
my =75, mg = 1) & LC30-162 (n = 31, m; = 45, mg = 1) DD TH5. X1 I PC U
52 TOH CPU OBREEFLOLREDEBRERL TV, FIZE CPU A 128 BDEE
12 LC50-1296 TI3# 100 3, LC30-162 T 57 SO EE(LEERL TWD. K 2 THEAL
7= Ninf Executable DRENCET 54 —/N—A\v R 2ZET 5L, E<HEOHRENKRENER
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# 1: PC 75 A% (CPU 128 &) T® CPU OB & EHLD thER & DORIfR

LC50-1296 LC30-162
CPU(R) | ZEfTFE (B) K% EiTRE () | &R
1 31050 1.000 4647 1.000
2 5571 1.994 2349 1.978
4 7830 3.966 1194 3.892
8 4003 7.757 618 7.519
16 2042 15.206 345 13.470
32 1029 30.175 213 21.817
64 565 54.96 159 29.226
128 310 100.161 82 56.67

Server T® Ninf Executable D EfTEEID 5D D BEENKE 2> T, WML DOEhERIZM ET S
ZEiT/zB. BE CPU 128 BEERAL ZHAIC 100 FOMEFULHIBRRESN DT EEZBL .
TINS5 DERDIDIT Ninf IZX2BEMIIEREL <, SDPA 2 TRMOREILY 7h U
7 EDHERDBSRIMFEINDEIATHS.

BEE Ninf Il TEEABCHERSEZREL TESIVNEL ZBTRINE ST O D%
£, RHEE, BEEARCRRLERZORM EE EHABEOERITIIR S BHKL X7
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