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=

A FFEEHERLE (Semidefinite Programming, SDP L #%) 2 FIOHHNAEBEIC LI DEL V7
b= T, AFESE D\ SDPA 2 EHEOMAENTWS, Th5DY 7 Y =TT
X, ERHAEEO R RE TR B ABRRIC, 2V A F—45P LU SEE 0B #EE 2
LTwa, Lol, BEEETIE, SERERAEY) 0?5, HEYEEREADGAZ
WAL KAELEERBE e SRETH 2, FHFETH, ZOR#EPrRRT 220K
SDPA D& R1E TR S ARAR I KERETH 2 HEAEEHY, 351, FERESL
EOLELDOLIREHAANTY 7 7 =27 SDPA-CG ORFE%21T-7-. TIRARDETY,
SDPA-CG T3 AR ORETI 2R TR UEEOFERfTO 2 LItk D,
SDPA iCHERAEVFEHEZ KBTS T2 03 TE, XD REELZMER2HKD 2 L B3]EE
ol MXDOBETIE, ‘A7 —27[ED SDP &, 75 745 ERIED SDP &1, /v
L/MERIE 3 5 SDPA-CG OFEEBRER 2G5, COEBREEL T, HEER#E
1L D SDP BRID & 512, BRI N 2 BE/NEA 1 ~ 2 FFRE OB WA IZIE SDPA-CG
WECE L RREEL . B, BAEBELRRAZ Y — 7 RMED SDP &M (T5IEH 1
X =500, HIRIZMEH=112,253) ERIERR B I ENTE .,

F—U—F IR, FIEEMEE, Rk,

1. T LI

NTAE, FIEEEEERIE (Semidefinite Programming, SDP LB&) oL T, Z0OBETH
2 FBO R B b 2 BERR RN, e REREANDICHZEORER RN T T
W3, NG (1998) EBMI, k7, EHEMBLABL 72 SDPA (SemiDefinite Programming
Algorithm, Fujisawa et al. (1996)) 2132 U%®, SDP 2 EWMHAEKIC L DEL Y 777
BEODBEFEIN, The b LI LI BEERSOHRISEAICITbI TWw 5, Alizadehet al.
(1997), Borchers (1997), Potra et al. (1997), Todd et al. (1996) &£, Zh oDV 7 b
727 T, FRNNREOSRE TR HFBERNRE, IVAF -4, BEIVAF—
SF, LUSREERHALTw3, Ly LEEE TR, SEREC xSV EHROHK» S, M

* WEERETERR £ - FHEREER 0 T152-8552 BB RXKRIL 2-12-1.
o TR BEEER D T606-8501 HARH AR XS5 HAHT,
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BERBERIEADOICHS RN 2 KRB #EL L RETH 3, Z 2 TEHETI,
ZOWEERTIRT 57: %, SDPA O£ KRR THE < BN R I 1R AACE: (Conjugate gradi-
ent method) WALV 7 b7 =7 SDPA-CG OBdF %#1T > 72, Vandenberghe and Boyd
(1994, 1995) T¥H, IHBAEHEL SDP Ity 2 ERGRT > ¥ v VIBABEOFTELI T
5,

HBAEER, FETIBNFTHrOEEETH 2B HERRORERETH Y, BE,
REBATFIDB T H B FBAROEE L L TFIHShTWwS, EXOFHNEET SDP 2#<
BRic BN 3 B ERROREITIIX, — BB R0, I OEET 2 EEE 3 IcEtE
I35k, SDPARIERAEVFRAER2 KBEKO T2 LM TE S, —F, {EOER
BB CHERMEIRERBICKZSEELTED, IVEVEEORLEL2ERT 212D
nT, TOREEIWAT S Z LBTFHEENS, KR T SDPA-CG 4K T 2 LR
RSB X U2 BT 25 SRS BT 2 RN 2 G 75, £, HBRAEEOKRT
FME%, ETAREMORE, RO LHEAEZR OV THRERTI. 36Kk, @MXO%Y
T3, KBRS 7oKy ) — 7RO SDP 8, 77 7 58RE o SDP &/, 8 &L U,
2 Vv A BMERGE 5t 5 SDPA-CG OBRIEIC DWW THR S,

B2/ TIX SDP OEE L ZORETH 5 TVHHRMKERZDOWVWTIARS, & 3HiTik SDPA
DEERFERE 2 HICBHTAHME L SDP 2B EDY 7 + 7 =7 SDP Tz &  OREES %
BT 5, B4 S TR HERR 2M  RIEMFETH 2 HEAELEIC D W T A
T2, F5HTREBRAEEE EIHAKEOZRE CHEL B HFBERRCHERT 22hl-o
T, IO L WHEHEREET 5. B 6 HT1k SDPA-CC OMEEFM 2175, 5 7H T,
KR 77 7 ORKR7 ) — 7 MED SDP &/, 77 7 3ER&ED SDP &M, 8L U, /v
LE/MERSEIC ST 5 SDPA-CG OFEEBRER L Thict T 2 F8 2B~ 5, F8H T
LD ERRG,

2. $TFFE{EEERME (Semidefinite Programming)

R B X n DETHIOES, 5™ % nXn ERRTHOEG LT 5. EBED X, ZERV" L
MLT, X ZiZXEZDORHE, T4hbb, TT1XZ XZO v —X) 283, X>0i X
ES"HBIEEHE, 2E W XY THRWEED ueR el u'Xu>0ThHh3 L2 RT. X>01%
XES"BEEEME, 2V EEDO ucKH L u'Xu>0ThsZ L BRT.

cesS", AceS™"(1<i<m), beR (1<i<m) & T3, 2Ok &, ¥EEMBHEBE
(Semidefinite Programming, SDP & #g) O FEE & HREIZUTOL 352615,

= M B sM C-X
HEEH A-X=b (1<i<m), X>0,

2.1 AR BAL  bws

WIRYE NAwtZ=C, 220,

RXEBELT, AES" (1<i<m) BPBEHIITHE I E2RET L. X B X >0 2HicT
FRIEOETARERETH Y, (y, Z) DX Z> 0 2l TINIEOETIRETH D L &, (X,
y, Z) %# SDP (2.1) DOWEEITATRER & FE33,

LT TIE, SDP(2.1) 0 EB W EEO¥ A L R AROFHEF B DLW TR S,
SDP (2.1) CIEHNEETUREESELET LI L2 RET S, 2O EREHICL D, SDP
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2.1) OBRBERIIUTFOREWT.
ArX=b (<i<m),
(2.2) N Aw+Z=C,
X>0,Z>0,XZ=0.

SDP 243 % F RO s 8 iR X 3 5 E OGP S ik & BRI, il S A Pzl -
TEALVORBERBINET I REBETHS, 22T, T SAPRUTOLICEESN
3.

A X=b; (1<i<m),
(2.3) P=(X, y, Z) g’"lA,-y,-+Z=c,
X>0,Z>0, XZ=puI (>0)

722U, I REMATH2ET. £ED p>0 12t L, FLAAPEOEABN—BREEET LI LM
HohTwd, £7z, FulvSA Pid SDP DN EETRIREROES DN DWE o e iiff & k-
TED, p—» 00D L % SDP OBRBERCIET A2 L dHIShTw3, Kojimaetal (1997) %

SDP D FEICHHERETIE, BRAR AT A —F p 2B TEOEBEER I T/ SA LD
(X,y,Z) #7—4% v bEL, %D Newton FFENHe,

A X=b (1<i<m),
(2.4) {

XZ=ul, gmlA;-yi-FZ: C.

—feiz, XZ IZWFTII TR L, R2.4)DEBLIZE S"XRA"XS" 515 R X SX R ~NDEH
&b, HiE Newton B2 ERATE 2w, 2078, BEE CloEg RERHH(dX, dy,
dZ) BREENTET:, XRXTIF, 3 MZ HAE (Monteiro and Zhang (1996)) D
TR, ZOBHRLBEE LT, EALERRERAAE LTS5 Tw3 HRVW/KSH/M
77\ (Helmberg et al. (1996), Kojima et al. (1997b), Monteiro (1997)) & NT J51a (Nesterov
and Todd (1995, 1997)) iZDWTaRR3, Z» HRVW/KSH/M A& NT FATik, EER
HiE(dX, dy, dZ) DFHE 2 FRBITHIDIEEHEORE FERRCBEBET 5 2 L3 TE& %, SDPA-
CG Tix, choDFEAFERR N L RARELZHERALTWS,

MZ Fmk . EEDOIEAITTY PER it L, Hpy : R7">S*"2DUTO L S CEET .

Ho(4)= PAP“+2(PAP")T .
5 P Ay —) > 7fF5I0%E % U, H(A) 3R 7 —Y ¥ 7 ShIAT5 P AP Otz
LT3, ZOLE, Hr(A)IZ AT 2BBMETHE Z L 2EREL TBL.

F 2.4 O XZ=pl % H(XZ)=Hp(uI) CBEHZ 2 LUTOHFR LR 2E 2,

Ai'X:bi (lézsm),
(2.5) {

g’:AiyﬁZ: C, H:(XZ)=Hy(uI).
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Z ORIz Newton # & #A L, BRAM (dX, dy, dZ) #UTFOFERRTEL 5.
ArdX=p:. (1<i<m),

{ﬁ;Aidyi‘FdZ:D, HP(XdZ+ dXZ)=HP(K) .

7L, pi=bi—AirX,D=C—2M Ay~ Z, K=pl-XZ Th%. 12>HOBERNEMED

EITAREH, 2 DHOSEASWREDOEITAREN, 3 DHOFASHEFHEICHEL Tw5,
ZDOAHBRRO MBS R OV TOFMIE Todd (1997) 2RI hlzv,

HRVW/KSH/M 5@ - MZFABEO P LT Z 2 R3BECHET 2. 2oL &,
HRVW/KSH/M A (dX, dy, dZ) ZELTOES L TRDBIENTE S,

(2.6)

- {Ba’yzs, dZ=D— 3 Ady;,
dX=X(X"'K—dZ)Z", dX=(dX +dX")/2.
722 L,
Bi=A+ XA;Z7'  (1<i<m, 1<j;<m),
s=pi— A X(X'K—-D)Z (I1<i<m).

DFD, ¥ BOBREZRLHEL, 2075 2R BT T8 FERREHBE, dy &
HET 2. 0%, dZ, dX, dX ®IEXEHET 3,

NT ¥m@ : 75 W %
W= Xl/Z(Xl/ZZXl/Z)—l/ZXl/ZZ Z—l/Z(ZIIZXZIIZ)l/ZZvlm

rEETSZ (MZAABEDO P L LT W2 2358 HY). 2ok, NT A (dX,dy,
dZ) BUTDE3 L TRDLIENTE 2,
08 {dezs, dZ=D~ 3 Ady;,
dX=W(X"'K—dZ)W, dX=(dX+dX")/2.
ZZT
BU:Al' WAJW (lézﬁm, 1£]£m),
Si:pi_Ai' W(X_lK_D)W (1SZS m) .

175 W 2K 181k, NT FROFHETEE HRVW/KSH/M SRIOFHEGE L IZIZEFET
Y, FEHEPAEVHERABRBRIEZLALEDLORVWI L ZERLTBL.

Z DHEIOBRBEIC SDP O—R#y % EXH N AR OBE 2 I T IR T,

— R EWARE

Step 0. X>0 k Z>0 %23 L5 R (X, 9y, Z) 2R 5,

Stepl. L, BEORER (X, y, 2) BT EAEEZMI LT ekold, REEZRTT 5,
Step 2. HFERAHM/NT A -5 u%ED, FRUI-FETERAN (dX, dy, dZ) 2585 T 5.
Step 3. FREDRAT v 7K ap EXHIED R 7T v 7R as ZED

X=X+adX>0 , y=y+a.dy , Z=7Z+a.dZ>0

£9 5,
Step 4. Step 1 XRE 3%,
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3. BMBEOVZIIxz7NORER

HIE TR 72 EBOF N A IS L - T SDP %< &, FERBOKREMIR 2.7) /24
(2.8) COBERFEDHE, FORTHEIBEHERR Bdy=s DHEFELN TS Z L5
HonTwa, Fujisawa et al. (1997a, 1997b) £2HE. Z OKEHFEBERR Bdy=s D5EII,
REL DI TLUTDO3I>OH 3,07k 5,

(1) 1#EIT5 B DREXEDEHE,
(I REITFIB D a Vv X ¥ —0H 5 WIXEIEa LV X & — i,
() dy #K>27-HDRAGE,

n% SDP OEHEIFTIH X, ZOKEX, mEBERERI M yOKESIETEE, ThS
(1), (II), (D) oFt&EwIE, 8E, 2 Ondm+ w*m?) flops, m/3+ O(m?) flops, O(m®)
flops DEFE &, mX m OFREITHI B ORES DA TV BLETH 5, 28, MEHERR Bdy
=8 DEELUSNDE > E, 0P+ nPm) flops DEE L, WL DD nXn DITFIORERSD X €
VBHETHS, L, EHESHEFKL N SDPA (SemiDefinite Programming Algorithm)
Tl¥, Fujisawa et al. (1997a, 1997b) THE L2 & 5 KB TAEBRBEE N L (1) O
DR E VRN L HETHERZT>TWS, 22T, BTABBELMELE, n X7 3mdiR X
<, HHITTH A: 1<i<m) BBETH 2 Z L 2ERL, HATRBEHE~DOIGHIZ X BN
5, DUF, BB T30, fREHEL LT, £TOFKITH A 1<i<m) s, L f
FOECoBRL»F LRV L EKET S, 2Dk % SDPA TiE, O ) flops T (1) D
HADOHEZT>TW3, ZhiCL D, SDPA BB CABELREIE S S3 I 2 L 2RI
LTw3, LrL%&H5, Fujisawa et al. (1997a, 1997b) Tl n 2L TmHRD TKE L
RLMEIIBL CEPHREETH L Z LERMEa N TS, EEE, SDPA kn 2EET 5 &, &t
HEIX Ond), XEVHERER O Lk 5,

KiZ SDPA TOERFIZRT., £11ZWV L O0OBTAKEEZE % SDPA 12 k > THEW»
L&D, HERMEAEVHEBERRL TS, ZOMETE, 1 22BULIE#TsIoE
YoERI2ETHY, SOIEREL 0.1 UTFC%% £ TSDPA DKEREVEL -,

ZORLY, HEREOKRTSZBEHERR Bdy=s DHEREREINTWE Z EHB0Hh
5. 2O OFHERHEIIX, mBPKEL LI ONTIHEHREALTEY, FRiZE bRV
SHEREH AL T3, 72, R X ) OKESFIIFREITI B OBEFRS BRI TV S,
LT, mBPRELSLDZEONT, ZOFAHOFEAAET ) IFFELIMALTBY, Zhiced
ROFRAEY BEALTWVS, 2%, mBKEL L3I Oh0, SFERECAEVFERED
BRP O CEEECHREIC RS> TS,

SDPA DA DBETEDY 7 b7 =7 (Alizadeh et al. (1997), Borchers (1997), Potra et al.
(1997), Toddetal. (1996) %) TH, BMEHERR Bdy=s Ok LT a v A ¥ —3FEP
BEIVAF—SEEOEBEEZFEAL TV S0, FEORESRE-> Tw3, @E, 20k

F1. BRCKBMELRES SDPA Ik > TRV & SOTERBLFERAAEY,
n 100 100 100
m 1024 2029 3992
Bdy = sOFMERF /) TL1R | 575.6 B | 5140.6 #
ZOMOEMIOFEEM | 468 | 498 5.3 %
e 75.7% | 580.5 % | 51459 %
R AEY [ 15.1MB [ 41.3MB | 142.0MB
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D ixREEEFRT 27012, REBESFIASIATWS, KR T, SDPARERE LT
SDPA D& RE T MEABRRR Bdy=s T XERETH 2 B AREELZER LY 7 b
v =7 SDPA-CG DBF 21T 72,

4. #HEAREKECR

34k 1X, Hestenes and Stiefel (1952) M3 U712 55T, REITFIBNHRTHOEE
ETHIBEFERR T I REMRETH S, 38U < i&, F f1(1993), Golub and Van Loan
(1983) &£, I e L3I, FHECERERFAE LT HRVW/KSH/M AH & NT
HaEAWS, 20L&, $EHERR Bdy=s OFREITY B 3NHTIEEMBTH 3 Z L 14
SNTBY, REAURELZEB T ILPAETHS, B, ERARE L THOFRA (AHO
FAZF) 2ERT 258, 75 B IWNHTEEBE L 22 L3RS Wwo T, o KEHE (SOR
i) 2ERHALRTRIERS W,

4.1 HERE*
LFo7raY XAk, Golub and Van Loan (1983) T~ & Tv» 28K HERFR Bdy
=8 PR EREN R R AETH 5,

Algorithm 4.1 : 31§ RECE
k=1; dy=0; r=s
while (r=+0)
h=r'r
if (k=1) p=r
else
B=t/t: and p=r+fp
end
g=Bp
a=t/(p"q)
dy=dy+ap
r=r—aq
L=t; k=k+1
end

ZORBAMED 1 RIEDHEIZ, KEXI mXmDFH B L KEImDRY bV p DFED
HEOET L, O(m)flops TEHETE 2ok s, Lo T, HRAMBERX IV KEZIEm
DR HBAREZHE BB T 2HERR,

(% Bp DFFHE+ O(m) flops) X GtRARED KEE )

Yird, ki, FRHTAAEVRIE, KEImD22O20X7 b dy, bOMICKEEmD 3D
DVEERARZ MV r, p, g, KEE mXmDITH B L KEEmDRY M)V p DBOFFHICHE
BRAEVRERS,

SDPA DB, 72 £ 2 HRATIIDB TH - T, REITH B BEICH B, DD, AV AF—
MEZITIEEDL I, TTRETY BOBZERRPHELZNEZRFET I L, mdTKEL
RolBE, AHBEEC AT VHRAEOE A, SFEEICHELE W, 20 Bp OFEFEIEET
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HY, ZOWSELOFIRMICFHET 2 HECOCTRATHENRS,

4.2 @iAED &G FALE

HBRAFHED T NVT Y ZARZBWT Bp DR ERER2ED 3 &, MEARAR & B Alck
TR DL ERHER R, HRAEEORERBUCHEIT 2 2 L8005, HEAFCEDOIN
WAEAHEDRERBERS THEE LT, AMLED G HORENFAION TS, ZhiX, B
FRALBly=s*B<<Rbvic, b2ETH THHMAEITHMizL T,
(M'BM )Y (M'dy)=(M'b) L W > BEFEBRE2ME L IcHYT 3, 20L& 177
M'BM T OFREEL2BES TN, HRAEEOICREZIES LI ENTES, FHLLE,
Z& fib (1993), Golub and Van Loan (1983) &£,

Z OEIAES &G AREEERHW L &, 1 REOHERILEY OXEARE S, #F
HFRRRE MM z=r 2 P02, 6/ X €Y ZRTAETY M £ KE S mODEERN
ZMVIRBEZETZLHPUMZ S, X o THILEITHNIZ, 7% M'BM " OEEE? L V&
Ha8, BEHERNR MM z=r % X D HEICHEL Z LN TE, §ILETH M OFFRCAEY
EHEVFELEOVREDERELZEIZIL TS HDNEE LV, ThE TR REiLEITY 03
EahTway, | BEELEILEE LTI, ARV 78b5, Jhid, 179D %217
5| B OX sy (0% Y, diag (Bu, Be,..., Bum)) E L2 E %, BIEEITHIM L LT DV %
FRATZ2HDTHS. 72, I FELNIFAEITIIE LT BDTELEIAVAF—3ELD 5,
ZhiL, 175 B O ¥ 0 OEALHINEITYI M Thb¥a ki3 k52, BRI LV A ¥ —4
BT5H%ETHS. b LITH BB ThHNIE, AILEITHI M b RARECHE=/A1T5 kD,
5T M'BMT BEATYICGE T L, IR BLS k3 Z eB8FHENS, LeL,
SDPA-CG D56, REFTH B 3—RCERTHITHY, Z0F FLRTLIVAF—{T5%2HE
AT52l3TEY, ASrOHBBNEER D,

BOLETLET &%, BRI T 5MEOHECFERTELI ATV DRRECKET LR
bz, 2XEY CRIEOENETH 2 SDP 2L L &, I HFBRAR Bdy=s B HE
HBEBALUFECBWT, RiLEEE LT Zhao et al. (1996) XA X4 —1 >, Lin and
Saigal (1997, 1998) i, HEEMZAELIVAF—SEEFERALTWS, XHETIE, =
KL TmBRKENW—RDSDP 2 TE 3770w Y TR ZER2EHNET D,
WS RWERYFERIE UTHARATr—) v 7R FERLTWS,

5. HRBEEDRE

W RN ROBE L U CRKERETH 2 1B AREERV2 &, AMBL I/ S5hRwvi:
O, W ODLDORIENET S, KETE, n KRN LmBKER (m=00n?) BETAHB L HE
B ZERREL, TOIIRME, BI U, 2ho2BRTL2DOREEHMEORWE
BHERZDOWLTRNS,

51 FHERT PILORDEK
HBAWEDERBETCHELZITOIKRE S mXm DITHI B L REEmDZ bV p DRI,
HEREP AV FERHEDO AT SDPA-CG ORISR ELFEEP S5 2 5 Z L iZBcBRT, %
T, T BOEBEFER*HELRFLTBE, ERETERD { X2V T ZLBup; 25833
DTIX, mXmiT¥| B 2T 27: 0D A€ £ 1 RIEH7- D O(m?) flops DHEENHET
HY, mIKE B TRKEBELEE R BECHRIE N,

% TR, HRVW/KSH/M A OB EDFHEHEICDOWTRR2 & Bp CitEEh 3 K
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EEMORY MVE QLT DY, EED i THLT,
4= 2 Buty= jéAi-XA,-Z“p,-
= g’"}l Tr(AX A;Z )b,
=Tr<A,-Xg}1 A,-ij‘1>
= A- X3 AnZ"
PBRY LD, &>, MTFOX > 2FETH Bp DHERTS 2 LB TE D,
(5.1) H=3p4;,, H=XHZ"', g=AcH (1<i<m).

COEEFETIE, HERLEXLUTEIZAE X uXn OITHIRETOENTE 2 [E43 (4#° flops) £ B
BB EWTES, £/, mXmDITF B 2RRFETICT A, K&E S nxXn OEERTHI%
BB O ¢ HRVW/KSH/M ARIOENT[EICKR 5.

FEiEIC LT NT AEOBER, UTOHERFETRD L I LB TE 3,

(5.2) leép,-Aj, H=WHW, g=A~H (1<i<m).
SHEE L A€ ) 13, HRVW/KSH/M 5RO & & 2 b 550,

52 EMEOEFTIALMOBE
B HERR Bly=s * £ BARECHRIBONEMEE Y T 5. 2O dyvd, &
(2.7) #7213 2.8) wky, WELUERAIA (dX, dy, dZ) %3HET22e08TE5, Ly
L, ZOEBEERFEIZ, (2.6) 0L TOERIZE: S0,
—f@iz, SEBEERAA (dX, dy, dZ) &, DUTFO &> 2R R 7.

A dX+p; (1<i<m),
.3) éAia’ydeZ:D,
He(XdZ+dXZ)=HxK).
R (2.7) FRR (2.8) WX VEESKEMERAA (dX, dy, dZ) BWT, {F
BEO XL,
pi‘Ai’dAX:bi—éBﬁ@j,
YWISEERS DD, FREOETALEECBT 28EE pi— A-dX 13, BEHFBERROEE b,
— 3\ Budy, L —BF 5. RBHEHEARRRCHBAMELAVS L&, FEABERRO®EE
N7 MV b—Bdy GHERBABREO T VT ZAHO rizZL <, BEHBERROEME dy
SIRET 5 ERIEOETIREM IC 0 T 2385 pi— A dX BHD THET ZLEN R WL, ZOHE
ERBIABRBZHFEHEZBYEbI 3,
UL, ZRTRIEBEERSTE (dX, dy, dZ) », ERIEOETIEESHLZ LB T,
TN AETRBENEL, & oT, UTOR/N_EMEOREM® IX* * dX ORb DI
BT 3.

(5.4) minimize |dX —dX|r  subject to A dX=p;: 1<i<m).
IR, T B 2 RS ERAOSF IS L TB 0, Bl dX* 3L FOsHES
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BIZE o THBB I ENTE D,
(5.5) Gw=r, Jzﬁphwh AX*=dX+J .

ZZT, HEAEFD r BHBRAWEOHEZERHT L r THY, £, mXmIFHITI G D
EERG; 1B

Gy=A:-A; (I1<i<m, 1<j<m),

THEz N3, 22 TR, 2TBEFERAR Guw=r 2@, ThIREFHERTR Bdy=s L[
CAEXDOBETHY, BEFERZ Bdy=s LRI L BRETHL L5 CBEbNR S
0, UTFORZECHRHS, 27, 175 G ZENHHEAEOZE KRB BV TLRLEDH, SDP
R ETIBRIIVAF—AEETRITLV, FREELLTVS L ST A BE
RITFIRSIE, G bBICRS ZENTFREIND, LoTHLDBEE, IVAF—BRICHD»S
HER, 2V AF—0EE LRTRIORE, IV R F—50%E LT R - TR RS
Gw=r 2R HERSEINS VI LIH/FTE 3,

LT, SFEShELOELIERAIE (dX*, dy, dZ) &, U TFOBEER .

ArdX=p (1<i<m),
.6) éAmWHM:D,
Ho(XdZ+ dXZ)+ H+(K) .

DE Y, FRBOETITEEN & SOHRIEOEITIREM SR S hTw 3, MR ERH S
NTWRWE, ZORERFFIILUC L > TELNRETH S0, ERCHIZENLNE
2w, HETEE BT 3EEOHFREH X 5.3 Hioh ik,

5.3 HEQREOVRTEM

R AL 2R AR Bdy=s BT 5 &, HROZEm GEAERROKE ) H
DRIECIEEEZBE dy BRI ZEPHIONTWS, LELEDYNS, ERICEEEZDFELZ
U3 BRECERLRE dy PGR T 2EEEIZ Y. 5.2 i Tl X 52, IPUER AL
IR S B BB W - T AR L, SDPA-CG DIE ¥R 7 2 BEHHE o LT 15B4
BEORERIT B> Thkv, ZOHTCRIRAMBOKRTRBZO>LWTHERT 3.

Kojima et al. (1997a) TiZ, B KBIPEKORIHA DD & admissible divection &
MEEN DU T ORER T TIALHER A2 REL 12,

(5.7 |He(XdZ + dXZ)— Hp(pd — X2Z)\|r < k| Ho( I — X2Z)||r .

22T, k€(0,1) LGELEERRT ST A -5 ThH B, AR TRE, HESNISEBERAR
8 2 O admissible direction &7 3 & &, IR AEFEOREER T T2 Lz, 2Dk
i, HBRAMEOBRRETIORME (5.7) OHEETbRIhER SR, & (.7 DX
i3, EPERFAD dX & dZ 2 EATWS, LEzido>T, COEGEXFEIF v 7 L L
ST 5L, REAEKICE > TRO LG HERR Bdy=s QLR dy 005, £ TRQ2.7)
¥R (2.8) kY dX, dZ ®EEL, KR (5.5) 12 & D FREOETUREMEORBIE S
TR dX* 2HET 22 L k-, ERBERAE (dX*, dy, dZ) 2B aThiER S %20,
HBAEED 1 REWC 2N T OHERITS £, 2B0OHERE» KBS Lk
3. T TR, dX* 8LV dZ %3tEY T, BEECREG.7) OED |H(XdZ+dXZ)— He(ul
—X2)|r 2 FHT 3 HEC DV THRNG,
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EBHER AR (dX, dy, dZ) 3R (5.3) %@, Lik#->7T,
He(XdZ+dXZ)=H(uI—XZ)
BEMINL, LoT, &4 5.7 0L

|Ho(XdZ+ dX*Z)— Hp(pI — XZ)|r
=|H(XdZ+(dX —J)Z)— He(pl — XZ)|r
=|HXdZ+dX Z)— He(uI— XZ)— H\JZ)|r
= "HP(JZ)”F

L, DY, 52 TR BITRENOMIEL T 23 EAHE (5.5) CHEAT 2T J %
HHAT 22wk, |H(XdZ+dX*Z)— He(ul— XZ)|r DFHE TR TH 5. ¥ 7z,
|H-(JZ)|r 13, FTRN2 &> REEAHET, HEah 3,

HRVW/KSH/M 5RDHE :

|Hz:o(J2)| e =((Z2"*TZ") +(ZTZV*)7) 2]l
:“(ZUZJZUZ)"F
:1/TI'((Z1/ZJZUZ)(ZUZJZUz)T)
=JT1(JZIZ)

- 2 z: (JZ)AJZ)s: .

UEXY, & (6.7 OELAOEERLUTOFERETHEEINS,
Gw=r, J= éA,-wj, H=JZ,

(5.8)

& (.1) OEDOM=/ 3 H)(H)x ,

1oL, Go=ArA; 1<i<m, 1<j<m), ZOFHEGTHECLD, HEKKEE nXnDITHOH
TE 6 [ (12%° flops) 1IZEDEEEBVLER 72D L, KEX uXunDITFOHITE1
El5> (2#° flops) 1 ETHME (5.7) OELOFFEMWEEC 2 - 1,

BBEME 6.7 0L, UToLdIcHETE 3,

| Hz ol — XZ)r=I((pI — Z2 X Z"2) + (I — Z2 X ZV%)7) /2|
=|(uI— 2" XZ"")r
=JTr((pI— ZV2 XZ"*) (I — ZV2 X Z"2)T)
=VTr((ul— XZ)(uI— XZ))

— Bl XDl - X2

NT FaOHs :

Hoo T2 =I(W 520 1+ (-0 Z05)7) 2
= %élg(( W2 JZWYR) ,+ (W2 JZWYE),)?

IhERVw3 L, & (6.7 OLEIOEZIUTOHEAETHEEINS,
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Gw=r, J= ﬁ‘i Aw;, H=W'2JZW"?

5.9 I3
it (.1 DLEBOM= [T (H+ H

COFEREIZLD, HRAKEZ uXn DT OEIE 6 [H4S (12#°flops) 1E EDFFEEND
BRSO, KEX axXnOfTFIOBIHE 3 B4 (6#°flops) 1EETHME (5.7) DA
OFFEHHREIC o Tz,
RBEME G.7) OATIZ, UTo X3 cstEsn3,
| Hw-1o( eI — XZ)||

=Wl = W2 XZW?) + (el = W XZW2)7) /2] e

== WP XWXW )5

=JTr((uI— W2 XWXW-2)(ul — W P XWXW-V?)T)

=JTr((pI - XZ)(ul — XZ))

= B3I~ X2) eI - X2),:.

6. SDPA-CG DOYEREEFM

B#iz SDPA-CG QBB ER - HHA AT Y BIZOWTHRN, SDPA O ZFh &L OB 2T
5. Xiz, SDPA-CG TOEEFEE*1T\>, SDPA tH#&% 3 2 Z £ T, SDPA-CG DEE=
SDPA iz 3 2RI DWW ITHEL2MZ 5. & E, HRAMEORLERFR L L THAX
r—0 7 EBERLTWAS, £7- SDPA 48 Mehrotra # 4 7O EBHHNEETH 2 DICHL,
SDPA-CG i3 Bi#ie S ZEBF 7 4 7D ERGA EEE (Mehrotra 7 4 7 TidR\Ww) THHI L%
oz T,

27, WEHFERRE2HBRAGMETHE N L 2OHERBICOWTR~RS, HRVW/KSH/M
FEDEHE L, Bp DFFEICIKRE X 2 DT OB E 2 A OFEESLETH D, KT &MHE
OHBEWBKREE nDTHOHIE 1 HSOHEESLETH S, Ihox2&3 LT

K& & n DITFIRAILOHITHE 3 E5 (6#° flops) X (FEBRAECE D KR EIH)

DFHENSBETHY, nXn OTFIFESOAE Y BLBEE R D, 72, NT AAOHEE,
Bp OFHEICKE Z n OITFIOBIE 2 BSOHEELLBETHY, KTHREOHEICIKRES
& n OFFOBIE 3 A OHERBLETH 2729, ThoE2EFHLT

ARES nDITFIRLOHIIE S ES (104° flops) X GEBEAFLED KE E%)

DHEEBLETHY, nXn DITHEESDO AT YBHELL L, LoTrniZLmBSKER
SDP %f# < BE&, # €V #HARDOE LD ik, SDPA-CG it SDPA il m X m OREATY B
BRELEWZ &8, ERICERICEL.

R FHERFEOBS 5 5, SDPA-CG & SDPA %t~ 3%, 3#HiTiRR7 & 512, SDPA &3
RE (EBHHNAREDORIE) ThHr 20 O% < 13, BEHBERE Bdy=s iZ&YP3NS, %72
KR ABEDOFEREIZ Z O ERBEHICHBIL T 5, Licht-> T, SDPA-CG DEERET
o BRI, RBRAEEOREBREICKEIKELTWE EWwE S, £21F, BRTAHEL
M Z T & &0, SDPA ORERBICBEL TOIERZE, RHETERAR -, SDPA-CGC &
ERBICBEL TOBRZE, REHEHREM, $RAREOREREEEZRL VWS, T/, 0
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e (B
400 T T T T T T T T
O "SDPA-CG” O
350 | "SDPA” + ]
300 + -
250 .
200 © g
150 + T4
& + 7
100 - £t -
+
50 | +] T © .
Lt o ©
0 KL oaoaoo ol o | ! ) L 1
1020 102 10" 10° 10" 1072 10=* 10~ 10~° 107° 1077
PLEGE 5.2

1. SDPA t SDPA-CG OBBRZE—RHEHHES 7 7.

£2. HBRAEHEOKEEL.

SDPA SDPA-CG
NEED || RIEFTERRE | Bk | REETERE | Bd5RE | #EaRED
FRE A% (#) (#) ERBEEE
1 13.5 | 1.61e+02 1.5 | 1.73¢+02 1
2 25.9 | 2.95e+01 2.0 | 4.26c4-01 2
3 38.4 | 7.77c+00 2.6 | L.77c+01 3
4 50.8 | 2.11¢+400 3.3 | 7.78¢+00 7
5 63.2 | 4.52¢-01 4.4 | 3.57¢4+00 21
6 75.7 | 8.19¢-02 6.3 | 1.49¢4-00 51
7 88.1 | 1.32¢-02 9.2 | 5.85¢-01 98
8 100.6 | 2.10e-03 13.8 | 1.72¢-01 171
9 113.0 | 3.32¢-04 21.9 | 5.57¢-02 319
10 125.4 | 5.50¢-05 36.3 | 1.65¢-02 586
11 137.9 | 1.02¢-05 63.5 | 4.32¢-03 1124
12 150.3 | 2.06¢-06 116.8 | 1.30e-03 2214
13 162.8 | 4.15¢-07 214.2 | 3.97¢-04 4084
14 365.8 | 1.69¢-04 6392

BRE2Z7S5 7 Lb008M 1 THY, BENCIOIREONE, Mt REHERR - T
w5,

%2 %Y, SDPATR%D 1 EXETINEERFRZ—EDEHETHEDY, HERMLIZIZA
UT®H %%, SDPA-CG Tk 1 FRETIHERZRZIZIZ—EDHAAETHS DO, KERETD
LA O REREHIIIREN/NE L BB ON TR TEBY, FRICEBRVWERET
OHERFELBAL TWE I 803, 226k 7572 LK1 TiE, SDPA ZBW»
TIXBERZE OXH & RREEHERRITIZIZEHIL T 523, SDPA-CG TIRRBUNE 2 DX HUC
72wl T RRETERMRIEBCHE L Tws, 2otk Y, SDPA-CG Tid, BREREIH %
ZLh5 T, HBGEREOKERBEBSERCHELZ, Fhict by, 1 EREBEZL,LE
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3. BECAEEZEES SDPA-CGIZ X - TRV L SO BRI L ER AT Y,
n 100 100 100
m 1024 | 2029 | 3992
Bdy = b OFVERM | 1978 | 27108 [ 4748
FOMOEFOFTEREE | 458 | 488 | 578

RETE R 242% |31.8% 5318
TR A€ | 55MB | 6.1MB | 7.4MB

BRI TWE I E8SH» 2,

D% Y SDPA-CG it SDPA W HR, SORNERZE DS D 2 FEE K & B E OB LI LUR SR % B
KD B ZENTE S, —F, SDPA-CG TEEBEOEMUREREZRD 5 2 L1, FHERM O
POREETH S, ko T, SDPA-CG I EREOEMEEFECIE e RO TR p 2 BEE S
DBEETIHAYREEOERAR BRI ThE LEL NS,

3, 24 TER U B CARBLIEZ SDPA-CG 2 & - Tz & 80, FHERR L
FERAXEY BRUI BRTEMEE 2.4 8 AR, ETTEEROINEREN 0.1 U Teko7 &
ETH5.

F3LD, SDPA-CCUImMBPREL o> TH, BERBMH- A VFERAEL ZNIEEHLT
WEWZ EWBSDDL, £, B1EERI BB LICED, SDPACGIZZD LS RBTr X
Db mHKE L KB REICTL, BETERME-EHAT) OlAIKBWT SDPA X v iEh
TWbZEHh3,

7. BEERER

SDPA-CG #HWT, k27 YV — 7D SDP &1, 7 5 7 45EI4&E o SDP &R/, / 1V A5
AMERIEOTEERR 51T - /-,

BK7 U — 7B SDP £, md3 O(#?) THY, nic L TmbIERCKEREETH
5, Flz, HHATFIDIERICBETHY, (5.5 ® (5.9) WHI217Y G S{@EITHI k5, 7
7 7 53 EIRIRE D SDP &1, SDP O ¥ MIED NS KT HEBOEFEE L s WREIETH 5. — R
ZOLI BB, BEOY 7 MY 27 2BV T EITAIRENANEET 2 BEIC N, W
NN EEOIEBE S & 2{@ANH 2, /VARAMEEER, o 2-50REEE Y, HEY
BELRETIE R v, ZORMER, RETINECLMETHY, BEOY 7 vy 27120
T7% < SDPA B WT Y, HEITY B ORBEXZOHEICHER»» 2ETH 3,

TRTCOEBRTHERAANE, HRVW/KSH/M A ZER L, HREAREDKTEE 5.7)
TOD kX 0.1 & UJz, 5HE%EERZ, DEC Alpha (CPU 21164) 300 MHz, 256 MB x € Y T{T-
7.

71 ‘X2 —2KED SDP &%

G=(V,E) 2R 7:F5%, 1212L, V={1,2,..., n) 3ESAES, EC{(G,)):i,/EV,
i<j}BEES., VOBMIEATHECITHLT, B i,;EC (<) DFTRTORT IR L
CENEETHBEE, CRIFT7GCDZY)—7ThHoEWD, A7V —sREL R, 75
7GCORRRED7 ) —2 % BROU3HETH, NP-RETHS I LBHONTHE, RO
SDP DEGEEY, 777 GORKI V-2 DREDO LR %2525 2 L8385 T3, Helm-
berg et al. (1996) E£R,
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F4. BK7 ) —7HEEO SDP BN TORBRER.

SDPA SDPA-CG

KB B | A€V | E | BHE| A€V | CGED

(n,p) n m || B ()| (MB) || E¥ (#)| (MB) | REEIEK
(100,0.9) 100 539 7 13.3 8.5 10 24.7 5.1 336
(100,0.7) i 100 1530 6 237.3 26.1 8 16.8 5.6 222
(100,0.5) || 100 2513 6 1116.1 60.0 8 17.7 6.2 208
(100,0.3) || 100 3528 6 3078.2 102.0 9 25.8 6.7 259
(100,0.1) || 100 4476 7 7249.7 175.0 10 19.9 7.2 80
(200,0.9) | 200 1977 7 662.6 49.0 10 209.8 9.8 385
(200,0.7) || 200 6054 9 223.6 14.9 450
(200,0.5) || 200 9957 9 258.0 16.9 488
(200,0.3) { 200 14032 9 179.6 18.9 277
(200,0.1) {| 200 17932 12 275.0 21.0 155
(300,0.9) || 300 4568 8 8988.2 193.0 11 1331.9 25.4 778
(300,0.7) || 300 | 13669 10 | 14423 30.2 833
(300,0.5) || 300 | 22572 10 | 1289.0 34.9 697
(300,0.3) || 300 | 31580 9 724.0 39.7 340
(300,0.1) || 300 | 40388 12 | 1169.4 44.3 411
(400,0.9) || 400 8116 11 | 3668.7 43.1 849
(400,0.7) || 400 | 24079 10 | 43224 51.6 1114
(400,0.5) || 400 | 40094 10 | 2994.6 60.0 641
(400,0.3) || 400 | 56073 10 | 2483.7 68.4 516
(400,0.1) || 400 | 71895 11 | 1996.6 77.3 304
(500,0.9) If 500 { 12694 11 | 8102.6 65.9 939
(500,0.7) || 500 | 37596 10 | 6973.3 79.0 838
(500,0.5) || 500 | 62499 10 | 6152.9 92.1 694
(500,0.3) || 500 | 87591 10 | 5053.4 105.0 530
(500,0.1) || 500 | 112253 12 | 4662.9 118.0 358

FTMEBE Bt E-X
#RRE EsX=0 ((, NEE),
(7.1) I-X=1,X>0.
BxIME - &/IMb Yo
RIS M on+({2 ysEis—Z=E,Z>0.

\J)EE

7272L, EZAKEX axXn TEENET1IDTY, E; BKEE uxnT (4,7) FEHE (,0)
ZHOEZD 1 TRYODEEN 0 OITFI2ET.

ZDSDP T, |E| 2808 ET2 L, m=n(n—1)2—|E|+1HBERVIID. Lid>T, m
DREXZB O THY, n TH_RmBIMBDTRKELRVES, /2, ETOHKITINIIBE TS
b, (5.5 BEV(5.9) KRN LITH] G 3ATIH L k5, FEERTIIZOME2ERNH
BALTw3,

WEEBRIT, S F A5 705 SDP(7.1) OstERITol, ZDIFVFALT T 72
DDITRA—F n, pSD, NTA—F nid 77 7DIEEDHE, 85 A—F p 0<p<]) iF
BOEREERTH 5, EBRERIIE 4 ORT, £4121, SDPA B X ' SDPA-CG D EREE
¥, STERER, 2T VHERAE, &5 U SDPA-CG ORI FERE OB AR D KBRS
RLTH3., 2B, RPOZLHOES L, FEBELkeT -9 2EFTET, B 2 L8R
BETholZ L ®ET. %72, SDPA 8 X 1F SDPA-CG DT &FIIBEE 0.1 AT L
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To. FIAE (X0 00, 2°) LT, UTFOXS> RAEFHERLE.
‘FZ%” w=10mn, ¥¥=0 (VG )EE), 2Z°=10nI—-E.

EEHER L D, SDPA-CG 2 SDPA ICHE~RGFERE L X2 ) HFHEBKIBICHEIRLTVWS Z
LGB,

7.2 45 759EMED SDP ##

G=(V,E) 2B\ SS5 735, 12720, V={1,2,..., n I3EHAES, EC{(, )): 4
EV,i<j} 3EHEE. B Co=Csu (1,))EE) bE26N TS, nIEKLKET 2. /5
7 oEIEIE, | LI=|Rl=n/2 %2555 VORE (L, R) OFT, L LRICE=N2ED
HADBN DicrierCiy; ZR/NET B0E (L, R) » RO ARIETHY, NP-HETH S Z &8
HohTwd, LUFD SDP O&REES, B/INAEOMEDO TR E %5, Helmbergetal. (1996)
2.

F M BE: sME  ArX
HHISRE E. X=1/4 (1<i<wn),
E-X=0,X>0.
(7.2) n 1
WAPIE | BALL 3Ly

=1

BRI wI+ NyEat Z= Ao, 2> 0.

ZZT, Av=diag(Ce)—C, %7z, Ei 3RKEIN uXnT (i) FEHOEXN1T, BHOE
FENB0THBITHNERL TS,

SDP (7.2) OHFITINZ 1 D EROTEBTH Y, D7D (5.5) BLU (5.9) KEHI 3 (n
+1)X(n+1) DITF G iix, FEPoERN3In+1ELLEELEWL, L, SDP (7.2) ©
FRIEIC X, NWEETIRBESEEL R, —RIC2 0L > 2EEIR, SDPA & FOBRED Y
A7 TRBWT, NEETAREMRATEET 2 FABREORE I N, FIOHH S EOIE DS
By, FrERMIS 1 2T HIH 5. Fujisawa et al. (1997a, 1997b) ZHZHH,

BEEERTIX, V54277 71xdd 5 SDP (7.2) OHER{T-7-. ¥HL (X, Z2°
&LT, (1001,0,1001) %fEML7-. SDPA-CG TCOHEDOEFTHEBHEHEIC L > T, &4
(5.7) 2Rl TEMVERAARPHET LB TERL R I ENHEAL, R5121, 20
KR T SDPA-CG 0 KGRI, HERME, SOz, RKERE CORBARED REEH
Berli, EBRER LD, SDPA-CG i3S FETTHEMENSEE L RIS L TiE, D
BEYTRWI L8505,

7.3 /N LBMERIE
FER™ (0<i<p)BEZ5NTV3ET 5, ZOLE, /VARMEBEIMTO XS 1
EFZRENSD,

minimize

P
F+ EFiyi“ subject to y.€R (1<i<p).

ZZTICIE CDARZ bV Vv, DD ||Cl=CTC DEXBEBEOFERFBTH L. DR
B3, RO SDP cE#Hitx %, Todd et al. (1996) Z&HH,



312 HEHEE E46%E E25 1998
%£5. 757 HEMED SDP ERITOEBRER.
Wit | RRARED
(n,p) n| m || RIEEEK | 3HEEH | Fvv 7 FAR
(100,0.1) 100 | 101 13 16.2 | 3.65¢-01 121
(100,0.5) 100 | 101 14 22.8 | 1.96e-01 195
(100,0.9) 100 | 101 15 25.0 | 1.12e-01 206
(200,0.1) 200 | 201 15 225.0 | 4.22¢-01 277
(200,0.5) 200 | 201 16 307.6 | 1.70¢-01 366
(200,0.9) || 200 | 201 15 207.6 | 4.55¢-01 220
(300,0.1) || 300 | 301 16 1088.5 | 4.92¢-01 381
(300,0.5) || 300 | 301 16 1415.5 | 4.21¢-01 554
(300,0.9) || 300 | 301 16 1134.1 | 3.69¢-01 372
(400,0.1) || 400 | 401 17 3469.4 | 5.82¢-01 538
(400,0.5) 400 | 401 16 3075.7 | 8.88¢-01 434
(400,0.9) || 400 | 401 17 3679.2 | 4.69¢-01 540
(500,0.1) 500 | 501 17 6939.9 | 6.41¢-01 491
(500,0.5) || 500 | 501 17 8983.4 | 6.96¢-01 701
(500,0.9) || 500 | 501 17 7916.8 | 6.77¢-01 648
AR
/Mt Yp+1
0 /0 FT I 0 0 F
Py ( )i+( ) +( ):z,z>o.
" 2\r 0/No 1)"\R o <
FRIE -
0 Ff
At —( )-x
A F 0
0 Fr _
LIS T )x=0 =iy,
F. 0
I 0)
‘X=1,X>0.
(o 7 >

EEATIE, p=100, 200, g=7r=100 D 2 DD / N AB/MERIEZ B2, 2 OREE, HEIT]
| B ORBEZOHEICHER
BOE S BEPINLETH S, SDPA-CG TiE, 51T & 52178 B 25HE¥ ¥
Bp 23T 5 71: REITH B OFBEROFTEETTb 2w, YR, FATIINETH 27:9, Bp
OHELEHIIFT IRV, HRAREORKERIC X > Tid, SDPA &V b ERICER
HAestETE 2R H 2. ZOMETIE, BEITY B OREROHECKEBLN 2D
T, B E LTHARY =) > 7R3 TbY, HiE, HEakEes@Em Lz, IR (X0,

WEIZR D, SDPA 250BHEOY 7 b 7 2 7T RBWT, HREITY

Z°) LT, UTOLS 2mzERL.

¥=0 1<i<p), yha=11]4dl,
(I 0\, 0 F0T>
ZO_(O I)y”*’+(Fo 0)

x={o 1)
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6. p=100, g=7r=100 D/ VA BMERIEO EBRREE.

HIxT 69 SDPA SDPA-CG

B || AR | BREEE | KB | RiEEtE
Fry 7 | O | BE (F) | D | B ()
10~ 4 369.2 8 255.9
1072 6 510.1 11 334.5
103 7 580.6 13 395.0
10~ 8 651.0 14 435.9
1075 9 721.5 16 536.2
1076 10 792.2 17 585.7

£7. p=200, ¢g=7r=100 D/ N L E/IMELIEIE D EES R,

HxTEY SDPA SDPA-CG

Wt | RIE | RRREE | B | BEEE
Fry 7 | B | KE (B) || DK | RE ()
107! 4 794.4 5 368.7
1072 5 948.7 9 618.9
1073 7 1257.6 10 713.9
10~ 8 1415.2 12 981.0
10°° 9 1572.1 14 1358.4
1076 10 1733.6 15 1643.5

% 612 p=100, g=7r=100 @ / v L &%/MERIFE % SDPA 3 & UF SDPA-CG Tz & =D, 1
SHOBEEZE LS 107 ~10" LA T2 % % £ T, TRERY, EHHERMER L, £, £7
2 p=200, g=7r=100 O ./ N L B/MLREIE % SDPA 8 & 1 SDPA-CG TV 72 & & 0, HNH
IOSERZEH 107 ~10" LA Fic 2 % £ ¢, ERERE, FRETERBZRUZ. / )V ARIMER
B, o2 20V REMHELEL D, INREOBECRSIIEERSZWOT, M
SRR ZE R A Lo, IO L X, P, D 2 Z TR ERE L 3O O B RIEE$
e L7k x,
|P—D|

max{l.O, IPLlel}

ELTERSNDMETD 3.

8. Y (C
AARTIRELELTUTOZ DO Z & 21T 7=,

1. SDP 2 FEIA MBI L DR YV 7 b = 7 SDPA e A EEHAANTZY 7 b
v =7 SDPA-CG %#BF L 72, SDPA-CG Ok & BB, FINASEORKRE CEERFHD
FEOBCHWZBEAERROBRETH 2B L TuEnI tigd b, Zhickh, x€Y
FHESZDVZHIZBIENTE, niUmbdik & 2 AkHER SDP 285 & & 23TIREW
ol

2. &KZ7V—27/&ED SDP &M, 77 753EIR&ED SDP &/, 8L, /VvAag/IMER]
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B3 5 EEREUEET 28 L T, SDPA-CG BRI & > THECECBIBE L, Rz 4
TEHBENHLI L ERLI,

(a)

(b)

(©)

¥ 72,
(a)

BAk7 Y — 78O SDP ERICSt L T i, SDPA-CG i SDPA izl BHERL L U
XRENVFHENKIBICHEEINR, SETHEL LB TERDL - BKHEYL SDP % #
{ZEWBTET,

77 73 EED SDP ERIcx LT3, RIEDRT T, HEAEEE2HE > COIEDETEER
FAMNHETE R hD, E2BLIERERLE., ZhZZ ORESASRETHERE
Bl nwZ iz k 5,

BHATFINETH 2/ NV ai/MERIEICX L Tid, SDPA i A&l Em i g %25
7z,

AEEBREELT,

BEORVEERD &5 & ¥ 2 L ARAFEDO KIREIIEHHHE 2, ZhICfvE
HEFROSERT 5

Zensrpote, £oT, BREOALRER 2 RD S - L 3BERETINETHS. £h
Z, FEREEORLRERERDLRL &b, R, TR EOBBENRD 5>hhid+aa8E
¥ RBELEE~DIGH % £12, SDPA-CC 3ERITH 3 L Bbh 3,

|

B

AWFe0—Bit, FHEHBCEFEmLEFE (9-&45f B-2), F (9-#%-2), F (9-#£-3)
KEIWTIThhi:, 221, AR EHFZESDO A VN—IZINZ TTF & > - HIREEE,
KEFEIRBIEE, LRERBERCBRHOBERL LT,

& £ X M

Alizadeh, F., Haeberly J.-P.A., Nayakkankuppam, M.V., Overton, M.L. and Schmieta, S. (1997).
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In recent years, Semidefinite Programming (SDP) has been intensively studied from both
theoretical and practical aspects in various fields including interior-point methods, com-
binatorial optimization, and the control and systems theory. Besides the SDPA
(Semidefinite Programming Algorithm) which the authors’ group developed to solve SDPs
using the primal-dual interior-point method, many computer programs for SDPs are now
available through the Internet. Most of those programs utilize direct methods such as the
Cholesky factorization or the LU factorization to solve a system of linear equations which
arises at each iteration to generate a search direction. The system of equations to be solved
at each iteration is full dense in general. Hence, as the size of the system of linear equations
gets larger, the use of such direct methods becomes more difficult ; even storing its coefficient
matrix in the computer memory becomes impossible. To overcome this difficulty, we incor-
porate the conjugate graduate method, which is a popular iterative method for solving
systems of linear equations, and various improvements into the SDPA. In particular, the
resultant modified method, which we call the SDPA-CG, does not store the coefficient matrix
of the system of equations to be solved at each iteration. This feature of the SDPA-CG
makes it possible to handle much larger size of SDPs than the ones that the SDPA can do.
Some numerical experiments show that when the SDPA-CG is applied to sparse problems
having a large number of inequality constraints, the conjugate gradient method works very
efficiently in earlier stages of the SDPA-CG until the SDPA-CG generates an approximate
solution with a low accuracy. In particular, the SDPA-CG solves an SDP relaxation of the
maximum clique problem which has 500500 variable matrices and more than 110,000
inequality constraints.
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