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REHRELREE T, 2004 FHRFRIEHRE T EIT R - SHERE
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DOEMH L, 1 D L—7 OERITRENS L 5 R I8BEARG 72 HH Btk
BEOMETHD, 5 1 DIEEELT VI RADRKETH 2. BLiEEt
V7 + 27 ThHB CPLEX T, B30T 15 DR SHEk o 3 58 1000 £

Y, TATY X LOREMED 2000 5 o5 o 7ok, 2R E LT 200 HiE
DEBALDFEH L 72 £ 5 [5],

AW TR, EESEIBAEETE CFETOR#ELY 7 b =7 SDPA 12D
VTR %, SDPA I FReER ERERE 2 TR SIS & - TIEL. b E b
EW R, 1984 4F Karmarkar i1 S - CHIEEHERE I x4 2 2 3E R
TNTY AL LTRES NIz, ZEAA — 5 — Ok £ v 5 BRI AIE 72 0
Tk, FEECKHE 2 EEHERELET 2 L » S ERERHL»ERD,
TD®E S OPIFED R INTE T, BBV, BETEMER#E RO E
NIz EEE, EPCHNSETDH 5. RO LD, ZOFICHH A,
i 2 REAE O & 75 2L, (THIDSEIEEETH 2 L v ) ER %2 & A7 TR
STHIREI bEAWRECH 5 Z e B nE ko2, F LT, ISAEEMLS &
D I R OSFREE TR E %, BHENLHEERTTE 2R R  f#<
WMgie SLARAITbh TS, ZOFER, ZEOHY 100 J5 & 1000 JiFRE
boEORMEEERS Z LB E %> TS, SDPAZZH S OWREDH
BEBLERELTCWD, ko, SDPARFIHT 22 12X, FIHA
FREOFHIL mE b 2/ S % < Th, WREELEO BHR L2 A5 15
BIEMNTE S,

ARRORERIZLLT O Th 5, 2ETiE, SDPA 2S5 L ¢ 2 WPt
MBI DWW THAZ T 5. 3FE T, EHEHFAL 72 SDPA OfFEN21T5.
4T, NEETERE 2 < 72, SDPA 2853 L T 2 EXC A A D
BIMG 2k %, 5ETIE, FroEik?,

2 OHHRSHERTEHIRE
KETE, mEY 7 b7 =7 SDPA TR & & HSTIRE % P FR o 5 e R

Iipde &, 1997 AR FE LR LA RIS, 1999 FERIAFE KR
THEMRRIEREVFERELREE T, 2003 FE AR TR RHE
() B, BAETERRIERIIIRE & U OB g v o
¥ —BdtibFE L =y M@, T —~ ks, BEERbE, FEEE
FHEE, FHCRIEEEAEREOE T EEAOIC A Bk 2> Tn 3,
ZEPL »T0 B, 1998 FREAZE TEEFHR T ARIZEE, 2000 £RAY
RFRTFRMRRS B Y LRET. BAV A - E— - 2405,
R TERFARFBEERE T AR 2 58 C, BIAE (BR) ¥ LBl £ 9emT
) PRy —HIRE. BT — < s, WMha YR 4 7 AR
WAk, R, BREEFIA LR EEENES & O R B R O S0l
FRRICBIR 2R > T b, FIBESEHAL XV —Y g v X « )y —F e
Mathematical Programming Society.
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WOWTEHBEET 5, XFREETENEIIEE ICKE 27 7 A OBEEGHEMET
HY, BEFHERIE - 2 RETERE - 2 REFTERTE « P IEEEFEEE
LTEALTVLS (ZHSEAFORBIZ DWW T, FISTHES18][281 TN D T
SHRBENT WD), KEEEBEL T, KXFOR—NVFE(X, A % E) T,
INCFED R =V R (x,a 2 E)IER7 v, INKFEDA PV v 74K (x,a '
EVIEHZERTHI LT 5.

IFREEETETEOEER L, TN T XL BHEET S ETIRENZERTH
203, IGAMEENILER D VI ITEP ST VFEVELH S, £ I T,
¥R A B CARNS Z Lz L, WFR#EFTEMEE L2452 D TE 5/
R DWTCEHAT 5, —icmE i8R, 282 x 958, ROED X
S TEARbEN S,

minimize  f(x) minimize ¢
subject to g(x) <0, subject to f(x) < ¢,
nx) =0 glx) <0,
x < S, Wx) =0,
x € S,

COLE, FILOEHIEREPHAVAZ LIZED, FOBRCEBRT Z &
WTE2, $2&, HEKRIES IR L TEF LY, BB f(x) OJE
Mt L S (BLX) %, GIWERFEBTIENTES, LoT, UT
TREREEOERIZOVTDAFE 2 5, WFREFTBEREE L2 2 2 e
ATRE RIS OB 2 LT CHIZE LTz, &8, A, B,C,b,a b, c, k ZEHT
HY, BYOEBEHGERTLLIW)TH 3.

Ax=b,y=Ax+b N7 M VIZKTT B EIEHIR
AXB=C,X=AYB+C TTHNT XT3 2 REFEHIRY
x=0 N7 bvicktd 2 IEEHRY
X DHIEEME TN X3 2 I AR
x"Ax+b"x+c<0 N7 P AEXES %ith 2 K
(727210 A 3HIEEE)
X' X+ Y+A»EEEHE THNTH 3 5 2 K
y=|xlp =2tz (p=1,2,-) N7 IVEXT S p VLY
v = xllo=max{| x|} R P VIEZXT 5 0o /v LK
y=| X|l,=max»i,=1]| Xv|» TN % p /v AR
(p=1,2, )
x?<y? x,y=0 (p,q=1,2,--,p=q)
xTAx<yz y=0,2>=0
(7272 L A FHEIEEHE)
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Ao+ S Asxs DY EERE IATII R Z R (LMD
SE (X)) =y, X=X SIFRATE D EVE 1 2D 7 il
2i0dX) =y - T ORREIED W I

2T, WX) AT X o0 (BEFEEED) kR EH /NS REHIE,
ox(X) 13ATH) X O o (EEEED) L BHIC/NS RREEZEKRT 5.

o OFRISEMLIM b, SFREERHE IR RS A RE L RS0 %1% <
HohTws, #4228 UCEE W, 8, AX+XA"PEE
&7 % &5 e F(Th X OFFHEME, AX+XAT—H EEEM L S Hl
RSO TT, 8t RivMEd 2 0FRSETERIEL B 2 L THI T & 5,

LEEOHI 2 #i7: T EBOEB I & TMES TH 5. SR ERE L NET
HRTRETH D, WFREESHERIED 7 o 2 3NFHEREO 7 7 2 X D EIZ/E Wb,
Lo Lgd e, EM LB S XS 5N EHERE ISR /R E T %
ZENL N,

3 SDPA O#EAT
BITE, SAERTHEIEE L 72D DY 7 b7 2 7N — N 7 = 7 BREE VR
ENO0H 5, KETIH, MNIRHEFEMELZHESY 7 v =7 Ths SDPA
0, ZOREZOWTHND,

3.1 SDPA (ZDWT

FHEDO TNV —71, SDPA v 5 WipdErt iz Y 7 b v 2T &
BAFEL T 3, ZHIB/NEBONEK RELE KRS =757 5 K (Virginia X
) ERFEITHIR R T> T3, 2 TR/ A -S>V —AThHY, GNU
General Public License D FTEAiL T3, =27 VML TWEDT,
B 5 T IERHEFH L TR LWL, VY — X3 — Fidk—24X—=Y (SDPA On-
line for your future)http://sdpa.indsys.chuo-u.ac.jp/sdpa/ in & %7 > o — R
T5IEMTED, SDPA BERWAREZREL T L2, £ OMEICD
WCIERETHHZ T3, DITI, SDPA OB EZEL - (B, —EBoik
BEIZBHFEHTH 5).

e a7y IERECHT TRELTBY, MATLAB &£ E BRI/ S v

T—=YRHEE LI

® Mehrotra O FHEIFHEIEFEE AWz S ZABER Y A 7 O T S Tlig

<

07477 VEAKE L TR EBHRETH S

® FreeBSD Tl ports b S LT\ 2 D TEA DB

OMATLAB A ¥ —7 x4 AbHY, MATLAB ko bFIHTE 3
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o MPI & ScaLAPACK 2F]H L T, WFFIEHREETH S
O VL E 2 U T, GMP (The GNU Multiple Precision Arithmetic Library)
EROIZEREELAETH S
® H A (T EBATHIAFRE I bIHEL Twv 3
O<vILF ALY RHIGTH 2
V7 by xT7E, BRI E %S SDPA 2188, ZOIREMR TH % SDPA-C,
SDPARA, SDPARA-C, SDPA-M, SDPA-GMP %z 23k 2. ¥ DOY 7 b v
=7 0H BHEHIL, B SDP HEOMHERHER T 25 EHRED 2 WITHLEL
THBWMICE ST, RAM YT VYT HE LT B:0TH 5.
® SDPA (SemiDefinite Programming Algorithm)
EARTHY, %< ORIEC L THEE)IB5]
® SDPA-C(SDPA-Completion method)
TR 2 MR L, BARSEE 2R - ML SR < fi# < (181[24]
® SDPARA (SDPA paRAllel version)
SDPA DiFIETERR36]
® SDPARA-C(SDPA paRAllel version-Completion method)
SDPA-C Q7B (25]
o SDPA-M (SDPA-Matlab interface)
SDPA # MATLAB E»oEfTTE2 L5 Lizb 0D
@ SDPA-GMP (SDPA-GMP)
GMP ZH[H L7 2 BRAHIC LD, SBELBERDZ LN TE S
AR D SDPA 3L E L THIRNRHEEZT I 129, %< OREE
FLTwp, 7122, KREWERIRELE ICIREBS» 22 2L B0, 2084
Zix, MEOME 2N BT, @EUIRIREROERZRETT % & Lw,

3.2 KMUERIELREE f129IC

SDPA Z I FREEETETE 2 EXOG P EEIC Lo TEL. L L, FEXHH
REEZZDEEFRELZT TR, BEROXTRHI OB BT 28 2 5 I0H
Mz, RENZFTERMENTELS 2R TERw, 20k klELEL 72
WIZE, V7 727 eNn—F7 27 OWMETHLZ B TREIDELR S,
FFRHNC, V7 b7 (FTY RN TOERILICDOWTHRNRS, ik
BN S & 5 2 KRB REHEMED % < 1X, BUREE 2R > w3,
i, BEHECATERMIMRHE L E2EKT S, 20, 8%
2% OB E —BCERT 2 X587V XA LT — G R EE
T5ZEBFEARER D, RL, EHNEEOT VT Y X LEEKTIE, &
TOEENPZELHH> T w5128, &5 EHEOMIIEE2RE DOBER
B ERVEIIRHERZED TR, R R TRBLETHL, Ihd
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%1 SDPLIB OREEDEM

FEXonEHE | 1072~10*~107*~10"°~10"°~10""~10"*° i

M A Af 3 SR 6f 2f 1M 2114

WL TIx% < O H 0 [12]1[13][24] 2 E 2SR U CTEE T2\,

BEF Tz, N> F~v— 7 L SDPLIB712 b 2 KREAERE I B W T,
IFRHERT BT OB (TP O DI L 0 HEROEE) 2R1 TRLEZ. FEA
EQERBYXUTHS I EDPHERTE 5.

—H, "N—=FR Y27 OETEREDIEZ, PCr Ay EAviiyEE
Ths, LoLahs, bIEEOBEOWIHEREZEMT 2 1L, —
B — VI TAKERBETH 2, D, EEHEHD I V—71%, SDPA
Online Solver & 5 FR#ESTERIE AR 720 DN — F 7 = 7 EREZIREL L
Twa, Ik, 2—9»4 7 -3y bENLUTREE - OXFREEEE R
Kb E, YATAEBMEZTOLFHEY — NN ETHE, ZOHE/BRE2—Y
KHISETSNDEY AT LATHS, §FCCMEREE», V—RAa—F%
aAVNRANTEFEREL X, MATLAB 23z R nwED 2 —F o b BE
OTH 5.

SDPA Online Solver i%, 7'V v FEEEMERAWLZ3IEBDZ 747>k «
V=NV RATLTHS, 7V y NERiZAWTWS 20, HBEANCSEL 725
Y)Y —Z22BNCHIET 2 2 L8 TE, IRMICED LW EHE® S A2
b - T\, SDPA Online Solver ® ik —24-2—3® URL 13X DY
TdH %, http://sdpa.indsys.chuo-u.ac.jp/portal/

MPI 258fE 3 2 WH|GHHERBENHE TE 2 41k, SDPADK—L_—YT
NEENTWBWIEIEAY 7 v 7 =7 SDPARA £ SDPARA-CpY —2 2
—NzFyrao—FL, BRETORRE TCRKEESIRETmEEE L 2L b 1]
BECHD, IhHpDY 7 b7 TR, FELSWETFE S 2201, &5
BRI 2 "CFICEHEZEIVIRD, »OREEMOBERER2I T2 X
IBBEIBRENTV S, ZORE, WIFHEHICBW(REAEDR -7 Y
4T A DBERENTWB25136], %72, SDPAICKHEEES 4 75 Y Goto-
BLAS[1912 ) v 7 &8 B3I LIk, ~VvFay « FuvyH LTI NF R
vy FICLBAFEIREZIT) L b TE 5,

3.3 7L UEHE

SDPA %254 75 ) Ch{BEKTHERT 284, 9B wiiEs
SDPA D ANBRCIHIRT 2 4BA B2, LinL, ANTF—5 #{EKT 3 = &1k
DY OEMBETHS, b L, MATLAB 3z a8 chniE, YALMIP[20]
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8 s A # [ 8]
LW ETFTY I EREFEAT S L REFEF TS, WIZIE, RO LD %R
MEAEZ L5, ZHEIE nXn OXTI X &£ YV T, EHIE nXn ONFRTT
1A & B, itN n RITTOBAATIN I TH 5, MEFD A=BIX A—B»
BIEEMEITICH S Z L 2EHRL, 42013 A DERIVIEATHL L%
Bk 3,

maximize Tr(Y)

subject to X > O, Y > 0,
X+Y=1I, Xz=0,
(AX+XA) < B,

Bz 11X n=50 D%, ZOMELZERRIcELL, SDPARKXO AT 7 —
IRERT 2L, T—F774MVE5 T2 5. bbb, AJI7—F%
T 270D Ta 77 L30B8 ERS, LrL, YALMIP 245 &,
ROES AN TTHEL ZEBTES,

X=sdpvar(n, n);

Y =sdpvar(n, n);

I=eye(n);
F1=set(X>=0)+set(Y>=0);
F2=set(X4+Y==1)4+set(X(:) >=0);
F3=set(A«X+X+A< =B);
solvesdp(F1+F2+F3, trace(Y));

BAID 6 T CRIEZER L T Y, RED LTI & > TR Cib~x7zY 7 b
7 ERAWCHEEZEE WS, MATLABZ ZZC0HIE, 88LZ20
BHEREZHBTELOTIIRWES I, 1 DERLTEL &, MEOTTKRNE
FWCixoTh, WHHEIELELE CEXBH kb Tidiwy, ERLo
[IRE % i < DI LB R R, ATHIEBDRIC n a3 LT O(n°) BEICR 5
ZEBRTFHENS, BHAEDPCTIE, nix50 56 100 F2EDORMER L OB
[RATHAD.

3.4 /7 b T
SDPA Ofthiz & ffasEstHifIE R Y 7 b = 7L, BEBHEFEINT

X7, FORT, EEPH->TWBEHDORLUTICERLE. chsld, EES
&, NBH/FEARE, YV —Ra— NOEHM//NA + YV TOREAR, BEDEFEH/EHE
KT R ERR TH 5.,

SDPA[35], SDPARA[36], SDPA-C[13]{24], SDPARA-C[25], SeDuMi[29],
SDPT3[31], CSDP[s], DSDP[3], PDSDP[2], PENBMI, PENSDP[16],
SDPLR[9], SBmethod[14], SP[32], SDPSOL[34], SDPHA[8], SDPPack[1]

NSOV T VT2 TDESLE, —BICEDI I LEETERY, 1 DDSHM
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¥ & U %, H.D. Mittelmann @ & — A = — ¥ (http://plato.la.asu.edu/
bench.html) DEFHMFIFHTE 2, ZOR—LR—VIZIZE, EO»DY 7 b
7T, ¥R F2— 78 ThH5 SDPLIBMIDME s £ 2 12 GiFER 7%
FRRPEEHIN TS, T2 RLRD, {FY 7 v o7 kEhThdGRE
LTWAMENLH L L5 Th S,

%8B, Hifit~7z YALMIP & CSDP, DSDP, PENSDP, SDPA, SDPLR,
SDPT3, SeDuMi iz L T %,

4 FIRHAREE
AETIE, SDPA 2ESEL Ty 2 0N 25 E OB & 7R 3

4.1 XFrgEEEREDIRER

SIFRSER T, [11][26] [27] CIRES NI BHRIEMETH 5. 7,
PR (S H OO & o FdN2) 28K L & 5. BARXITEHEEIP2H
ViZH L, Sa8EG K BPROMEE W & &, SR & s,

eVreXK, Va=0, axeX

e K ={xcVIVycK, <z, y>=0}=%

oV, ycint (X), g=GL(V), gXK =K, gx=y

Z 2T, int (K) IR X ORNEE2EWRT 5. GL(V) X V ETo—#Kk—
REBFETDH 5. NFRSEFTEFEOFEMERE, GEYVIZAEO T T) Iin#E X
BERAWIZRD &S R TRT I ENTE S,

FERIE Bt
maximize <e, x> minimize <b, y> D
subject to <fx = b, subject to z = HA*y—ec,

x & X, ze XK,

T, B, 2,4,z THHN, 2,z KOBEHETL VOEERTHD,
y I3POBERRICHEZM W BT 2. /2, A1 Vo WADKREE
B, A*Z A OREELET, Who VADOHBERTH 2. 2ETIIHEL 2
a2 720, HOEGIERE e L oL S 24U s ¥ 2 0~ S R4
i, SFR#E K DS TRINE W 2 MEATH 2 Z L 2EELTHL.

(1) OWRIEOXGHEIC £ D, RIZRT L9 B FICHEH & (5R) Boo E B A
D3I, & R FREOEITHREMR (Ax=0, T=XK), 7,z %I RIEDET
AR (2=A"F—¢, 2EX) L L LS. ZDL X, FITERIL

(e, &> < <b, >
LW RERNELIIT S L RRANT WS, KETIEUT, ETWENA (2
=A*y—e, Ax=>b, x<int (X), z€int (X)) BEFELET % & \» 5 Slater DFEE
FHRRET S, T2 L(E)IONERL D, TREORBEHEE 2/, SUTHE
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DiHEfEY Y,z L LIz k&,

e, x> =<b,y”
EWVIS BRI D 20 GHlic DWW T [30] D 4 EEZIRL TH S niaw), ¢
> T, XIFRHEETERE (D) 2 < 2 &,

z=AYy—c

HAx = b

<e, x> =<b, y>

reX, zeX
L0 HEREELT (v, y,2) 2ROT2 2L LEMliTH 5.

(2)

4.2 Euclid #J Jordan (%

RETTEIIA S FEZ2HET 288 &£ LT, Euclid ¥y Jordan (X% 2 H A 3
%. Euclid 9 Jordan fR# (V, O) 12 &V, XIRREEG [ E 2 Bt E i E D
LR E UTH—BNICHR S CEMAJgEE b, 22T, VIFBRRITTEREE
ff, O BLAT Rl VXV—->V O2HEEHETH 3.

exrOy=yOoux

oV, BER, (ax1+ Bx2) Oy=ax O y+ Bx:0y

0x0(x0x)0y)=(x0x)0(x0y)

0 xOx+yOy=0=x=y=0

ZDEE, UTORRERHZTNZ bLE LT, BTG e & (FETHIX)
W ZERTDHIENTE D,

xOe=2x, eOx=x xOx'=x'"Ox=e

FrzexeVIE, x=2kAer EVIFEARTARY MVGHETE S, 2Dk
& x L yORMELx, Y &, x0OYy BANRY PNVGIRELI L EICTESZLT
DEBEOM L EET 5.

L DOOXFHE X e L, XK={xox|VxEV} &% % & 5 % Euclid # Jor-
dan R (V, O) 8FET 5. #iZ, H % Euclid # Jordan £ (V, O) iz}
L, XK={xOox|Vxe V} 3L 2 2 LMo Tws, Euclid #9 Jor-
dan RECBIL TF < OISRV SN TV 5605, AR TIEEAD 2 LW,
TN RS D 2 71, [10][21]70 &% THEIEE 12w,

4.3 FIHREEDRE
Euclid # Jordan %z Fv 2 &, frsfatis I (1) o otk g (2) i3,
ROTIERICESHZ DL I LIPTED,
z=A%y—ec
Ax = b
x0z=0
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1 ERNAREOBEE

lxe X, zeX,

BP0 3 D20FERCHEB T2 £, FHROFE 2dim (V) +dim (W) TH Y,
INREH (x,y,z) ORITLEZE LW, 2R L, 4FBHD xE€X, z€X D&M
D7z, WD 3 DDEXH» S 7% 5 HEARICHMIC Newton k2 #H T %
PZ2UTIE, —RCBFREEREShZ Y, REFCBWTE, ZOAERRD
Hesse T3 {31751 & F7-AE L 72\,

ZDT, HHERCPORT 2 & 5 it (Fula S 2) 2L L, Z Oififjich
S THEARROREBITIIT DD T 500, AT THAT 5/ 885 1 7
DEVHNEETH S, EEO >0 L,

z=Hy—e
HAx = b
x0z = pe
xr €int (X), 2z & int(X)
DIRZ—ETH 5 ZENTHTE 2700, 2% (x(w), y(p), z(w) £ 35,
ZDEX, FLRRAFRDESIWCERINS,
{(x(10), y(10), (1)) € VXWX V] > 0}

ZOMBIIELNTHD, po0DEE, REHFED1I D) CET 2 Z
HonTwsd, KoT, FU/SADEFEEZ 1200 L7223 FAcEDIE, fxiE
FRCIE DOV TWL ZEBRFETE S, 7T X LAOHBEEZUTTRL 72 (X
1 4 20).

INZIBHRS A T DERASE

Step 0 : FIMKIE & (2, y, z)Sint (X)X W Xint (K) &, T A —% u>
0, EF0<o<] Z3ER,
Stepl: & L, HEDOKRIES (x, y, z) DT MR LTz 5,
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12 o A K = [ 12 ]

RE=KT T 5.

Step 2 ! |JREH T L ANRA EDEHE(Y —% v M) iZE D 5 Newton 5
B (dx, dy, dz)E VXWXV &+ 2,

Step3 . XOKES (2, y, z)+a(dx, dy, dz) »5, $83 int (X)X W Xint
(K)WCBEBELIRAT YTV AR a 25HET 3.

Stepd : K1E&E (x,y,2) &, T XA —% n 2FHFL, Stepl ITR 5.
(x,y,z):=(x, y,z)+aldx, dy, dz), 11:=op.

ZOTNTY)RALEBNT, KEAD x & z LT X ONEE K-
TW3ZEREHLTY bWz, Zhd, ZOBESANEELRTh 2HEE
ThH5., HHARMCONCREZFEHT 21, BERAM (dr, dy, dz), AT
VTP AR e, B oD3IRELEIWET Z20NERELEKRA bR, Lr
Lihs, BHE2OIKELTE, ATy 74X a 3RS ZED 0.9 %
FERE, 8 o12001 05 01EE LAY, REBCEIPGET 22 en
Zw, koT, BETBLEE, FOIIRMBERRET I LIV, F, FR
A (dx, dy, dz) OFFHEIZ, EXCFHAEOFHEFHOKES 2 Hd 5, %
DIz, VEVEERTRD 3 2 Lp3HE HKM AEsi171[221 NT A
26IRNMELFHENTWS, RETOHHEELKZ 2 ICHY, NEEDEE
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[Abstract] The optimization software SDPA which has been developed by our group
is a solver for symmetric cone programs. The symmetric cone program is
a large scheme which includes linear programs, second-order cone programs
and semidefinite programs. It has many applications covering various
fields such as combinatorial optimization, systems and control theory,
robust optimization and quantum chemistry. Primal-dual interior-point
methods, which are polynomial-time algorithms, were proposed to solve
symmetric cone programs. SDPA is based on the primal-dual interior-
point method. In addition, SDPA utilizes sparsity of data in several ways
and parallel computation to solve huge size problems efficiently. Using
SDPA, we can obtain the solution of symmetric cone programs easily
without knowing the details of the algorithm and its implementation tech-
niques. This paper briefly explain the SDPA and its variants. Then
outlines an algorithmic framework of the primal-dual interior-point method.
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