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EEDEBRICEIC AD S —LBE#HO
87V XL L BESRER
PEAY - REREARSHEN T 8 i R’

1. ECsIc

AR TIIEGDIHBRICE DNV X A1 5 — (LRSI 2 BUEFT B 2R R T 5, I, Al
T B AH 5 — (LB OBRMNTFSRARE S RES N (7] LZDBEISR) , [15) 2R E,
BAMICEHEETREEZ RO Z 7))V T ALEREINTVEY, KT, (15 TEALNTWD
XS ICAHBRTT TOMB AT % AH T —(LEBOBEGEHE T VTV X LERNT 3,
2. &E5OIEBRICEDI ADS—LEH

FEEATEZER X IS8T, C& X OETHRVEEETZ L, X ICHIEF <c (Kot eHBEr
W9 IR WEED (T, y e XICHLTy-zc CHBIITELE, s <cy LEET D), &5
12, X DETHEV_DDER AL BOEHEFZEELUTOXSICEDS (9D,
E&E210£ABCX kT3,

() A<P B && vae A, WeB, a<ob <= ACyepd—0C);

() A<P B &L JacAst.VheB, a<cb <= AN (Nyep—C)) #0;
(i) A<® B &L wbeB, JacAst.a<pob « BCA+C;

(iv) A< B &L FpeBst.Vaca, a<ch < (Naeala+C))NB#0;
v) A<®9B &L vae A, beBst.a<ch « ACB-C;

vi) A< B &L 3a€4, BeBst.a<ch « AN(B-C)#0.

B 21 0#£ABCXIZHRHUT, XAEDILID,
A< BigB< 4 A<D BB <Y 4
A< BirB< 4 A<D BB <) A
A< BigB<® 4, a<9BigB<C A
LOZHBRICHE DWW A A S — (LB ZERD LS ICED S ([11)D,
EHE220£A4VCXEL, CAXTheintC LT3, &j=1,...,6HLT,
19, (4) =inf {te R [A<® (tk+V) }.
CTORANS (LB 8] THAZT NI EAIKTS) AN T —{LBKO—RILIc > TV B,
iR (4, 5] THAE NS HREMEE Y MCEENTV 5,
3. KADTIEARICE DK AN S5 —{LEBDER:
COMTIE, EEH22 DA T—LBIRENY MUSHORBICERT 3.

8 3.1 AN S—LBIBEL RO XS KK TE %,
(i) I{)(A) = supsupinf{t € R |a <¢ v+tk};
! acAveV

(ii) 1% (A) = inf supinf{t € R |a <¢ v +tk};
’ acAveV
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(iid) I,E3‘),(A) =sup inf inf{t eR |a <c v+tk};
’ vEV a€A

(iv) I,E‘?,(A) = inf supinf{t € R |a <c v+ tk};
’ veEV a€A

(v) I (A) = sup inf inf{t € R |a <c v+tk};

a€AveV
(vi) I{%(A) = inf inf inf{t € R |a <¢ v +1tk}.
’ a€AveV

COMBEREST, SALNIES ATHT S 10 (A) (=1,...,6) DEEHEBTHET 251E%
RET 3,
4. ZHF—LBEBOHET IV XL EBIERR

FIEBTEIR O OTES K51, MERLEBZEMX 21—y REMR" £ LT, ZOMHEAT
BHBDMBHEEA=—co {a1,...,a,} KT B, BRESV =co{vi,..., v} ICKB AN T—{LEIEDET
B7NWVIYALEEZ S, TTT, co{ar,...,a0} BNT Mlay,... 0 DVEERLTVS, £12,
JEFESE C % GERZRMERY K0) —BILLT, pi,...,pm € RO\{0"}(m > n) BT,

C:=ﬂ{x€X | {pi,z) >0}
i=1
E9BL, CREAM#ELED, keitCZIRETSHILT, (pi,k)>0G=1,...,m) %5,
A 4.1 ([1] D Proposition 1.44 & Corollary 1.45 888) k€ intC & z e R* I LT, RHHK
DRVASH

inf{teR |z<ctk}= m max <<;z—)—lk—>,m>
i=1,...,m iy

aCALveEVICHLT, ME4lIDzRa—vICBEBRZZCLICKD, ME31DE6DDAHNT—
LB EFHEREEZ BN TE S,
EE 4.1 keintC &L, FEDqeNITHLT, I(g) :={1,...,q},

M= {(Al,...,Aq)eR"

q
Z)\Tzl, )\TZOfOTTGI(q)}

r=1
tBLlL, l}(b“ﬁ}ibio

i I A) =
() Ty (4) = max max max.

P, i
(p“ k‘)’ S ’
¢ R Z)\sas - vj
pf),lk> Z As@s — V;

<
(o)
s )

(iv) I{%(4) = min max max< Pi a— ZW’:>
(e o)
(55

’8

. 2)
(11) Ik’V(A) )211{/}1“ ]211% zg}?ﬁ

(iii) 1(3 v(A) = max min
JeI(B) deM> 4.€I

neMP s€l(a)i€l(m) (pz, k‘)

(v) I(S) v(A) = max min max
s€l(a) peMPB i€I(m)

Pi 7as ZI»LJUJ
Pi Zx\ as—Zpij>.
1

j=

(vi) I (6) v(A) = min min max
AEMe peMB i€l(m)
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COEME D 4a x §x mADFBOBKEERDS LT, I)(A) ZAHTES, 20—,
IQ(A), .. I8 (A) EMEEOREBA TV B 1ebIc, WILFHERERE BED D 3.

I8 (A) DIEDFBIZDVTE, KD (A1, .., Aa) BT ZHIFAEMEEMRL < LT, EARD
5N3%,

Minimize t eR
subject to  t > <@%’€)’Z?=1 Asas — vj>, for all ¢ € I(m), j € I(B),
LP(2)): @
(LP(2) St
s=1
As>0 (s=1,...,a).

EHiC, FEAEORMERRDOKLSICEFLTE S,

Min teR
t. mi 5> a _
st min (P1,v5) 2 (P1, )0y Ass — tk),

min ,U) > L3 Aag — tk),
i (s 05) > s 5 A — 28
@

Yo =1,

s=1

As >0 (s=1,.

).

RD (t, M1, .., Aa) BT ZHRFEHERIE LP(3-1), LP(3-2), ..., LP(3-8) ZfRW\T, S HADHEDEK
fEE LT, I9)(A) DERRS 5N,

Min teR
s.t. t > <<—I)%H,Z)\sas—vl>, for all ¢ € I(m),
(LP(3-1)): o s=1
=1,
s=1
As >0 (s=1,...,0).

Min t€eR
s.t. t > <<—p%,2)\sas—vﬁ>, for all ¢ € I(m),
(LP(3-8)): a s=1
=1,

s=

1
As>0 (s=1,...,0).
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EHIC, LA DOMERERRDELIICERLTE S,

Min teR
s.t. <p1?U1> > (p11 Z;’;l Asa's - tk) s

(LP(3-1)): (Pm,v1) z (P> 1%, Asas — th)
Z)\s =1,
s=1

As >0 (s=1,...,a).

Min teR
s.t. <P1, vﬁ) > <p17 Zf:=1 As@s — tk> )

\/..

(LP(3-8)): (Pmyv8) > (Pmy 30, Asas — tk)

Z’\s =1,
s=1

As >0 (s=1,...,a).

FRIZ LT, I (A),... I (4) Otk ENB,

HBA2D Cloud Education System(fx#H Linux OS 3> ¥ 2 —%—, 4GB~218GB Memory, 10GB
Harddisk) Zf\T, EiEgO 7))V 3V XL 28R Z1T - e,
Bl 4.1 UTD3XTe 5 KocatBEhlicxt LT, C EFBzAWT. BiERER% Ll

3 KItDEHEH

A=co {ai,...,as},

a = (02, 0, 1.6), az = (1, 0, 0), a3 = (0, 1, 1), as = (0, 2, 0), a5 = (0, 0, 1.666667), ag = (0, 0, 0);
V =co{v1,...,v6},

v = (2.5, 1.5, 0), v2 = (1, 0, 1.5), v3 = (2.5, 0, 0), v4 = (0, 4, 0), vs = (0, 0, 2), v = (0, 0, 0);

3
C=m{xeR”|(pi,x)20},

=1
P = (17070)7 p2 = (0» 1,0), p3 = (0707 1);
k=(1,2,3).
AREERILUTOEY TH S,

I (A) OO : 1.000000,
1), (A4) Off © ~0.000000,
I, (A) O : 0.000000,
I (A) Off : 0.259259,
I (A) Ofi © —0.06667,
1), (A) Of : —0.444444,
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RIS o 7zBER - 0.000111s.
5 Xt DETEBH -

A=co{ai,...,a6}

a1 =(02, 0, 1.6, 1, 0); aa = (1, 0, 0, 1, 3); az = (0, 1, 1, 2, 2);
as=(0, 2, 0, 0, 1); a5 = (0, 0, 1.666667, 1.3, 0); ag = (0, 0, 0, 1, 2);
V =co{v,...,ve}

v = (25, 1.5, 0, 1, 0); vy = (1, 0, 1.5, 1, 0); vs = (2.5, 0, 0, 0.1, 2);
vi=(0, 4, 0, 1, 0.5); vs = (0, 0, 2, 0.3, 0.4); v = (0, 0, 0, 0.1, 0.5);

5
C={z eR" | (nz) 2 0}

i=1
p1= (170a07070); D2 = (07 1a07070); p3 = (0’0717010);
Pa = (0707 07 1,0), Ps = (01010107 1)a
k=(1,2,34,5).

FERRELTO®EY TH B,
1) (A4) O : 1.000000,
I3 (A) Of 1 0.205128,
I (A) ofifi : 0.180000,
1) (A4) O - 0383262,
I} (A) Off  0.276316,
1), (4) Of + —0.048252,
FHRIC D o 72HEf © 0.000138s.
5. HBhYIC
b, (15 TREE N, 4 DDRAT—(LBIBOBIEFI REO ML TH DL, KFRTHENL
7z 6 D inf BIZX A5 —(LBIBUICINA CTsup BEEEL, V ={0}, C=R? (p1,...,p, e R* 25
AT V) £932LT, (15| TROF/-T24 DDRA S —(LBEBMVEZHE 5,
BEW
[1] G.-y. Chen, X. Huang, and X. Yang, Vector optimization: Set-valued and variational analysis,
Lecture Notes in Economics and Mathematical Systems, 541, Springer, Berlin, 2005.
[2] P. Gr. Georgiev and T. Tanaka, Vector-valued set-valued variants of Ky Fan’s inequality, J.
Nonlinear Convex Anal., 1(3), 245-254, 2000.
[3] P. Gr. Georgiev and T. Tanaka, Fan’s inequality for set-valued maps, Nonlinear Anal., 47(1),
607-618, 2001.
[4] C. Gerstewitz (C. Tammer), Nichtkonveze dualitdt in der vektoroptimierung, Wiss. Z. Tech.
Hochsch. Leuna-Merseburg 25(3), 357-364, 1983.
[5] C. Gerstewitz (C. Tammer) and E. Iwanow, Duality for nonconvez vector optimization problems,
Workshop on vector optimization (Plaue, 1984). Wiss. Z. Tech. Hochsch. Ilmenau 31(2), 61-81,
1985.



228

(6] A. Gopfert, H. Riahi, C. Tammer, and C. Zalinescu, Variational methods in partially ordered
spaces, Springer-Verlag, New York, 2003.

[7] A. H. Hamel, F. Heyde, A. Lohne, B. Rudloff, and C. Schrage, Set Optimization and Applications
— The State of the Art, Springer Proc. Math. Stat., 151, Springer, Heidelberg, 2015.

[8] A. H. Hamel and A. Lohne, Minimal element theorems and Ekeland’s principle with set relations,
J. Nonlinear Convex Anal., 7(1), 19-37, 2006.

[9] D. Kuroiwa, T. Tanaka, and T. X. D. Ha, On cone convezity of set-valued maps, Nonlinear Anal.,
30(3), 14871496, 1997.

[10] I. Kuwano, T. Tanaka, and S. Yamada, Characterizaton of nonlinear scalarizing functions for set-
valued maps, in Proceedings of the Asian Conference on Nonlinear Analysis and Optimization,
S. Akashi, W. Takahashi, and T. Tanaka (eds.), Yokohama Publishers, Yokohama, 193-204,
2009.

[11] I. Kuwano, T. Tanaka, and S. Yamada, Unified scalarization for sets and set-valued Ky Fan
minimaz inequality, J. Nonlinear Convex Anal., 11(3), 513-525, 2010.

[12] D. T. Luc, Theory of Vector Optimization, Lecture Notes in Economics and Mathematical Sys-
tems, 319, Springer-Verlag, Berlin, 1989.

[13] S. Nishizawa and T. Tanaka, On inherited properties for set-valued maps and ezistence theorems
for generalized vector equilibrium problems, J. Nonlinear Convex Anal., 5(2), 187-197, 2004.

[14] Y. Ogata, Y. Saito, T. Tanaka, and S. Yamada, Sublinear scalarization methods for sets with
respect to set-relations, Linear and Nonlinear Analysis, 3(1), 121-132, 2017.

[15] Y. Sonda, T. Tanaka, and S. Yamada, Computational methods on scalarizing functions for
sets in a vector space, Session ID: B3-5 in “Proceedings of the Japan Joint Automatic Con-
trol Conference,” The Japan Joint Automatic Control Conference, Kyoto (Japan), 2010. DOIL:
10.11511/jacc.52.0.137.0.



