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AHERHE T, FREEZFOBEHEMBICNT2FHEO—D2THHE R Mg
BRI OWTRRS, i, IEFEEHEZIT L > TURENTEFRREEM 2 Fo %M ERIE
IZ%t9" % surrrogate X EH & £ OHIFBEIZOWTRMAT 5.

1 ®|A
ABEECTIL, KO L 5 23R EREIC OV TERT 5.

Minimize f(z),
subject to Vi€ I, g;(z,v) <0

L, I={1,---,m},g: R*"xRT> R, V,CRY (i =1,---,m), V=],V [:
RS RETH. ZOMBEICENT o IFINEKOBOFTEESEEZRELTEY, VOITTH
5T EUSNDERIT I ERICRET D ENTE RV, EdL BV TR Z 2R8I
L CHRELZ AW RERELZIT OB, 29 L TEEN LITULITEL S, EREE
LOFEXRAWVWTHBEZRET 2010, TTREZ2EEETNALT S LWV D EERL
BrRd BEREEaX N E2B/MET2MBEOHE, REHEROLE), TERE, A%L— b
LZFROBD TEH L WTAEEEZF T A —INELIFETS. 0K > 2B
LTEDL D ICHMBEE RV L BRMBERZRE LERET LT 20088 THE e
DT LIIEFTELVWHETHS. EREEOHEBIZENTL, RTIA—FDEE2VLEZ
T TRELHBEZB->TLEIBAVRHAE ([2]), FEEMZ ED XL 2L b T
KDLV T LITRBEOREL R>TW3.



CDEI A HEEZFEOMBICHTE2REL L GEEREZEDTVIOR, X
FRBEETH D, vAR MEFELICBWDTIIRIZD T B e 3R M T h 3 REL Z
Z25:

Minimize f(z),
subject to Vi€ I, Vv eV, gi(z,v) <O0.

TROLENR MRS EIZETO v IZH L THINERZT L 5 RESGDO L TOR/IMEEST
9, LWHORETH L. FHEERRAZFERBVEELZELETZOZ2TOHEIZBNT
FRZHEORWE O RFORINLRBERMEED L VWOIERT, 20X 5 2FEIX Tworst
case approach] & HFEENS. TR DL S RFENMFEEHEZED BB L LTI, FHEE
HOBEDIRFRICBV TRV RE LEEZ /W E VI ES FOEFE L, VICHET 2R
EZANTZBEIT, FREEEZFORBELHNEN R ERME, ¥ EEEEME, L8
REEFEE L Vo FRERNRE L TRV TVREIZREIND LWV ZERET LN
5. THEEMZEORBEICHT 2 MERMEEXHT-DDOFEL LT, n 3 X ME#Efkics
T oRRA IRERVILFETINTVD [1, 2,5, 7, 8, 16].

FORT, FxIT[16] BV THREEEL FOENFEREICET2HEETo. £
DERIZ VN2 D A surrogate W & MEIEN 2 H D TH S, surrogate FxHElT 1965 4,
Glover [3] iZ& - T 0-1 BEFHERMBEICT2FBMBEEL LTREE N, 3521968
£, Luenberger [9] 12 & » THEMFHERIBEICOWTHLEATE 3 LWTREN, F0#E Y
Greenberg, Pierskalla [4], Penot, Volle [10], ##AK, B2 [14] %, #ENMFHEREICIT 5
surrogate XT EEICBH T D8R4 RERVDTIIN TV D, TNODREREBEI, Fx i [16]
IZBW TR EM 2 FF OB MEHERIEIZ XT3 5 surrogate MRTEER & £ O ME+4r 72 fil#4E
EIZDWTHEEIT- 72,

AFEIUER TIL [16] I2331F B surrogate B B & Z DOHFIBEEICOWTRAL, Z0OHFH
POV TEET 5.

2 #fE

RBEREEC K f IR 5 DIEERR = [oo,00] ~ORIM L35, fAMEKTH
% &‘i, {Ji.,_‘.é:@ X1, T2 € Rn’ o€ (0, 1) K‘_;(_TJ‘ LT,

f(1 =)z +azz) < (1 - a)f(z1) + af(z2)
BEVIEDEEXEWVND, fOTESTFT7ERDEDIICERTS:
epif = {(z,r) e R* xR | f(z) < r}.

ZoLE, fRMBERTHEIE L epif BIMESTHDZ LIXFETHS. f ® Fenchel 3£
BEB FERDL S ICEET S:

f*(v) = sup{(v,z) — f(z)},Vv € R™.

zER™

215



216

L<HBNAEEL LT, fATHEGEOMER THBEILE, f= " BRI IO LT
FUECTH 5. BEFHEREICH T, HHOERR UHRERAMBER THS L &, 2 ORIE
BB R & FEIT B

Wiz, f REMEIRTHS L1, EED 5, 12 € R, a € (0,1) KALT,

F((1 = a)er + azy) < max{f(z1), f(x2)}

BERYMDOEEEZV). RIS, EED o e REREOTEHBF I LTEE f oL~
EBEROELICERT 5:

L(f,0,a) ={z € R"| f(z)oa}.

TDLE, fHREMERTHHIZ L L, FBD o e RIZHLTL(f,<,0) BWHESTHDZ
CIXFMETH 2. EEOMBBIIEMBER TH 253, £ OMIT—MITITR Y S22V, 72,
dhEHEIRRE & kI, B AVBE R OHIROBEE BB TH 5 & &, £ ORI HENEHER
BLMREh 5.

3 FTHEEEZFHFOEMIERMREIZNT S surrogate W xf EHE
[16] T8V THA~ 1%, RO L > REEER L=,

TR 1.(16) I = {1,--- ,m}, g, : R" xR? = R, &#E, FED v; € RUIZH LT g(-, )
BB Vic R, =1, m), V=2V, F={z e R* | Vi€ {1,--- ,m},Vo; €
Viogi(z,v:) S0} #0 LT 5.

TDEE, RO ODERMIIFEIE:

(i) RO K 13N TH B

Kg := U cl cone epi (i/\ig,-(-,v,-)) ,

vEV,AERT i=1

(if) £ D LA EREREMBIR £ ITR LT,

vEV AERT

inf{f(z) |z € F} = max inf{f(x)

Z)\igi(xavi) < 0} .
=1

EH 1 IIFREE 2R REMFERMEICN T 2 surrogate WAHER TH Y, 7z (1) Dk
HRZ OB RERBETH D Z L ERLTWVS. GEE, 20k 5 RUE5 &R
EWET2HENRAIZRINTNS (6,7, 8, 11, 12, 13, 14, 15)). #T% Lagrange %t
EEICEAT 2RI S RENTED, surrogate B EH & DEIE HIEVEER SO T
BB, T T TIIFRIT, IRITET 5 FreEEM % R o3 ERIBAIC % Lagrange POd EH & |
T 1 & OBEEICOWTIRRS.
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EE 2. 71I={1---,m}, g;: R" x R? = R, #fe, FED v; € RTIZx LT g(-,v5) :
B, V, C Ry, (G=1,---,m), V=] Vi, F={z e R" | Vi € {1,--- ,m},Vu; €
Vi, gi(z,v;) <0} #0 &7 5.

TDLEE, ROZODEMEITFIE:

Kp:= J epi (Z)\igi("vi)) )

veV,AGRf

(i) EEDOEBELEE f 1T LT,

vEV,AE]RQ_" T€ER™

inf{f(z) |z € F} = max inf {f(a:) + Z/\,-gi(:v, vi)} .

HIKIEE DA ITET 28T ([16], Theorem 3) & W IRD Z-2>DIHAFL Y 3¢

K, C Kg C epidp,

clcoKy, = clcoKg = epidy.

B0, K BBAMTHD EE Kg bERHMERDZ ENGh5D. UL, ROFINTRT
£, ZEOWEI—RRIZEK Y SLT=72 0.

Example 1. V; =V, = [1,2], g1, go ZIRD & 5 2% & T 5:

g(a: -v)? >,
gi(z,v) =4 2

0 z <,

0 —v <z,
g2(z,v) = g($+v)2 < —uv.

91,  PEBRLY, HIEE FIIROLOIREELRD.
F={zeR"|Vie{l, - ,m},Vy € Vi, g:(z,v;) <0} =[-1,1].

ZOEE, (91(0), (g, 0) IEENEHKD & 5 2B L 72 %

(91(-,v))"(w) = { op VW W >0,
00 w < 0.

['9) w > 0,

(92, v))"(w) = { 120-; +ow w<0.
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L2 T,
Ks = U clconeepi(Ag(-,v))* = {(z,a) € R? | |z] < o}
vEVA>0
720, Kg I3BAMER LR D, —F,
KL = U epi()\g(-,v))* = {(:C, a) € RZ | ‘JII < a} U {(0’ 0)}
vEV,A20

L7720, K IXFA%E Tix22u.

LoT, BE1 LY, £ FEG MBS L T surrogate BCHHEMEK Y SLOD3, B
B2 XV, Lagrange MXEENK Y L7272V K 9 RRBEMBIMMNEET 5. EB, EHE
BE%E LT f(z) = —z D & &, Lagrange BAHEIIR W 272V F=[-1,1] &V,

inf f(z) = -1.

z€EF

—%, EBEDveEV, A€ RLITHLT,

v
-z +)\1—1((I) - vl)2 z > v,

2 2
F@) +> Mgilz,v) =4 -z —vp S T < vy,
i=1 v2 2
-+ /\2—2~(:c +v)° < -,
n>10Lk '_ca_k,
2
i . s ) < i -
z‘é‘an {f(a:) + ;/\zgz(zavz)} < uzéﬂgv,{ z}
= -1
< -1

if:, v = 1, /\1>O@k%,

2
) . 1 2
xl&fn {f(a:) + ;Aigi(x, v,')} < ;gfl {——x + /\15(:13 —1) }

BB, =1, \=00D%t%,

2
inf {f(a:) + ; Aigi(z, vz)} < infe-z+ Al%(m - v1)2}

T€R™
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EoT, EEDveV, AeRLIZHLT,

2
inf{f(z) |z € F} = -1> xiélﬂfn {f(x) + ;)\igi(l', Ui)}
& 72V, Lagrange XRHEIZEL D SLT2 720, 722 L2 D L &,

inf{f(z) s € F} = sup inf {f(:v)+z&gi(%vi)}

vEV,AeR2 zcR™

WAL T 5. — RIS BERTREMMBES I ) L CIX RERO L 5 RS HITRILT 5. BT
N7 E&sR0Z L.
_‘jf, V1 = 1, Vg = 1, A= (10) &j‘é&%,

inf {f(:c)

qi(z,1) < 0} =-1

& 729 | surrogate BURHED AL D 32D,

Bl1 ORT LI, HINESOER ETHIKBEOMS A 012722 K 5 72358, Lagrange
P EBIIRK Y SL72 72\, —J5 T surrogate FAERILZ OB EICKH L THEATE S
BAENEL, ZOBEKRIZBW T surrogate W EE Y, #MFHERBED 272 63 hEtERME
WHLTHLERTHIEWNWS Z B TES.

S5 Ak

[1] Beck, A., Ben-Tal, A. (2009). Duality in robust optimization: Primal worst equals
dual best. Operations Research Letters, 37, 1-6.

[2] Ben-Tal, A., Nemirovski, A. (2000). Robust solutions of linear programming problems
contaminated with uncertain data. Mathematical Programming, 88, 411-424.

[3] Glover, F. (1965). A Multiphase-Dual Algorithm for the Zero-One Integer Program-
ming Problem. Operations Research, 13, 879-919.

[4] Greenberg, H. J., Pierskalla, W. P. (1973). Quasi-conjugate functions and surrogate
duality. Cahiers Centre Etudes Recherche Opér, 15, 437-448.

[5] Hu, M., Fukushima, M. (2013). Existence, uniqueness, and computation of robust Nash
equilibria in a class of multi-leader-follower games. SIAM Journal on Optimization,
23, 894-916.

[6] Jeyakumar, V., Dinh, N., Lee, G. M. (2004). A new closed cone constraint qualifi-
cation for convex optimization. Research Report AMR 04/8, Department of Applied
Mathematics, University of New South Wales.



220

[7] Jeyakumar, V., Li, G. Y. (2010). Strong duality in robust convex programming: com-
plete characterizations. SIAM Journal on Optimization, 20, 3384-3407.

[8] Li, G. Y., Jeyakumar, V., Lee, G. M. (2011). Robust conjugate duality for convex opti-
mization under uncertainty with application to data classification. Nonlinear Analysis,
74, 2327-2341.

[9] Luenberger, D. G. (1968). Quasi-convex programming. SIAM Journal on Applied
Mathematics, 16, 1090-1095.

(10] Penot, J. P., Volle, M. (2004). Surrogate programming and multipliers in quasi-convex
programming. SIAM Journal on Control and Optimization, 42, 1994-2003.

(11} Suzuki, S., Kuroiwa, D. (2011). On set containment characterization and constraint
qualification for quasiconvex programming. Journal of Optimization Theory and Ap-
plications, 149, 554-563.

[12] Suzuki, S., Kuroiwa, D. (2011). Optimality conditions and the basic constraint quali-
fication for quasiconvex programming. Nonlinear Analysis, 74, 1279-1285.

[13] Suzuki, S., Kuroiwa, D. (2012). Necessary and sufficient conditions for some constraint
qualifications in quasiconvex programming. Nonlinear Analysis, 75, 2851-2858.

[14] Suzuki, S., Kuroiwa, D. (2012). Necessary and sufficient constraint qualification for
surrogate duality. Journal of Optimization Theory and Applications, 152, 366-377.

[15] Suzuki, S., Kuroiwa, D. (2013). Some constraint qualifications for quasiconvex vector-
valued systems. Journal of Global Optimization, 55, 539-548.

[16] Suzuki, S., Kuroiwa, D., and Lee, G. M. (2013). Surrogate duality for robust optimiza-
tion. European Journal of Operational Research, 231, 257-262.

[17] Tseng, P. (2009). Some convex programs without a duality gap. Mathematical Pro-
gramming, 116, 553-578.



