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BELOBBIILZOBA

BABI A F M 2 R M B ( Tamaki Tanaka )

BEAOZHNEEMMBEOP T, RHF — (b ( scalarization ) 2k 3
( Pareto ) BEM OB Y OBE ([11,18],10], [10],[12],[20], [21)%)
KECRINTWA, LLBNs, HHOBEETRELARY M LEMKO
SV I AEERHEACHLARDT —LOXBA LB VWL S I BbR B,
$r. HESRGLHTIMEOLETHLLEDNI, EWSDidk. BoEME
DHETAHT —LHEY (BED) BAXHTIE. ThIRBBEATHHC L
BHIBRT VBN, 2TORBEAFRA AT —LIzLo TROBNBENE S PR
BBV, B TABBMCTHAN T — LIz LD BAOHBIVEE R 5. &5
ik, AEREH (0D ) FHOSHNBENME L O EEEBAT 2,
i, [10IeBWT. AR MBEOHE AL AWM TIREBA, BEHAL 210
HodboleowTtiERzZekY 3,

1. A7 —{b&2#BEAOHEHT T

F9. BEEAOFEEELTBL, AHEEBLC. X, Y, 2 FzhEh E
Hausdorff RSB AIMHZEM ( l.e.s. ) & L. %M Z & pointed N7,
( i.e. tZ.<CZ, for vt 2 0, Z.N(-Z2.)={0}, Z.WRID (ETHW) MEH)

RE-> THEFEPEEINRTWL DO LTS (a-bel. = az2z:,b) . TOW. I

(L) RULEDT 2, XbICBHABHRICTAAEDIC, intZ.Z2¢ EHRET
2, ¥, 1.=-1,.. EHIORDEESADI.- ALK E Ext[A] Z.]lckoTET,
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( za<€ A is said to be a Z.-extreme point of A if there is no points z€4
such that z#zg and zg-z€1Z.)

> % D, Ext[A] Z.]lX minimal points£{k. Ext[A| Z-1i% maximal points&{k
dual cone

EEXTRW, b2, 20O L. zH LT, IORMZER I°icBIT 52008 71 &

prositive dual cone

ERxeE 2" ZROLIICEDTE L,

(8]
1

{z-€Z"| <z",2>20, Vvzel.}

Z*i: {z*ez‘l (Z',Z>>0, VZGZ«r\{O}}

chrolltg, XYOETHWHRIES A, B LTEEINRARY PVEBRK
f:AXB2Z IZOoWTHEEZ2EDDL, -,
f(A,y):;gA{f(x,y)}

f(x,B)‘:;g B{ f(x,y)}

M:=f(A,B)
¥ 35, |
( weak ) cone-saddle opoints
EFE1 O O(S#HHEHA. FHEA)
(1) H (e, Vo) XIDAXBIHMT 2Z.-BATH2L . RKOBMBREH-TH
WS,
f(x0,V0) €Ext[f(xq,B)| Z_-INExt[f(A,ya) | Z.]
(2) Ao, VOOV IOAXBIZHT 3 HRI.-BEATHS . KOMKRERET
BE WS, ' ' '
f(%0,¥0) €Ext[f(xa,B)| intZ2?] NExt[{f(A,ya)| intZ?]
( 27 ULintZ%:=intZ, v {0})
XA L-BEA2KOEAES. BL.-BA2KOE/AESVERFCEIZThIE. B
P2 SCS"TH Do ¥ 7/~. intll=1. OFIE. S=5" Th 3. ,
K. AABT—fblcBnWT, ZHMIOHEFRBEZ2 20X FRET IHEL (8]
oW, BRNBET-ROBB/IEHFUTEEL TH L,
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EE2 1,Y% 2 o @O FHausdorff l.c.s. L. ThFh N D.,C. 5 2
BbRTWEDHDET 2, COFKD (Z,D.),(Y.C.) &EL. A2 I ODETHZWVWEK
FHEAB. ze€h T B,

(1)Z 5 Y ~DE%y» monotonically increasing w.r.t.the lower
( resp. upper ) section on & at zp TH 2L iEk. XKOMBEEZHE-THE WS,

¥ (2)-9 (za)€C- for vze ({zg}+D-)NA
( resp. @ (2)-yv (zpg)el., for vze ({za}+D.)NA )

(2)I 5 Y ~"ODE{HyH strictly monctonically increasing w.r.t.
the lower ( resp. upper ) section on A at zp TH 2 & k. RKOMMBZEEHE LT
BaWw> (A7 L intC., intD.#¢ ) o |

Y (z)-w (za) € intC_ for Vze({zg}+intn_)nA
( resp. ¥ (z2)-9 (za)€intC, for vze ({za}+intD.)NA )

(3)Z 25 Y ~OF{FyH strongly monotonically increasing w.r.t.
the lower ( resp. upper ) section on A at zo TH 5 L id. XKOMBEEH~ T
HZEWS (ZZFL intC,.#¢ ),

Y (z)-1 (za)€intl_. for vze ({za}+D)NA, z# 1z,
( resp. ® (z)-¢ (zg)€intC, for vze ({zg}+D.)NA, z# 2z, )

HEZ2MHE WS OPET 3,

#l1 I ok (2,207 5 (R ,R)~® monotonically increasing w.r.t.
the lower ( and upper ) section on Z at any point z€Z T» 3., ¥ iz
intZ.#¢ OB, Z:N\{0} oxix (Z,2.)» 5 (R ,R)~®D strictly mono..
L. THB, ¥4 10 ok (Z,I.)»H (R ,R)~® strongly monotonically

TH 5,
i 2 s { (a b)Y | b iz 0 1
:: a’ 3 c’ ==
1 Lc'dJl
a b
S = { ( ] a, b, ¢, d 2 0, atb#0, c+td#0 }
2 ¢ d
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a, b, c,d >0}

DERFhoxid, (K,K) »H5ZhHEHHEAD monotonically, strictly
monotonically, strongly monotonically increasing w.r.t. the lower ( and

upper ) section on K at any point (x, yyER TH 3,

%3(W1®§Wﬂ)wuﬁ%MUM i (C[0,1]1,0.) #5 (R,R) ~O

sti"ongly monotonvically increasing w.r.t. the lowerA( and upper ) section
on C[0,1] at any point x€C[0,1] TH 3%, HL.

D.:={ x=C[0,1] | x(1)20 for te[0,1] }
Y B, kR, -

S:={ v&BYV[0,1] | v is nondecreasing on [0,1] } (=D: )
D ILE. (C[O,l},DJ;ﬁ’-E»(R ,R.)~® monotonically increasing ... T3 %,
¥z, SN\ {0} Ol strictly monotonically increasing ... T% %,

EmOREBE LT, 27“)0)?1‘!;!3@&%55]"9“6 semi-saddle points OEEZE H 2
TEL, FROEALETEAEBNHNZEEDOLPD WY, #$#E S IIEELED
DEF-Hokick b,

EE3 g, g, % AXBLOEHMEMERKET 2.
(1) m(xa,ya)d® (8y,8)) OAXBIZBIY % seni-saddle point TH % ki,

KROBEFZREMZTRHEZ WS,

glwmyw < %ﬁmyw; viEh
g%xmyw 4 ggxMy% Vy€EB
(2) HXa,ya) ¥ (gl,gz) DAX Bz 4 2 strictly semi-saddle point

THoHeid. ROBMBZHEIRHEZ W S5,
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gl(x@,y@) < gl(x,ye), VXEA, X# Ko
gz(x@,ya) > gz(xn,y), YYEB, y#Va

— . gF gzo)ﬁiiiﬁ?%’o)@,ﬁo)ﬁi%é: — 89 3,

IT. R bPNEEE f 0))(735—’{1:6:4:")\ f O#HBESOREHBOTZERD
IO HE X 5.
FH1 ($EATH L2200 +3%M)  Let functionals 3 .y : ¥ > R
and a point (xa,y@)EAX_B be given.
(1) Suppose that wl and 1.02 are monotonically increasing w.r.t. the
lower and upper sections on M at f(Xa,ve), respectively. If (Xo,Va) is

a strictly semi-saddle point of (wlof,;bzo\f), then (Xe,y¥e) is a Z.-

saddle point of f.

(2). Suppose that wl and z[az are strictly monotonically increasing

w.r.t. the lower and upper sections on M at f(Xa,va), respectively. If

(X0,¥a) is a semi-saddle point of (z,blolf,z,b2 « f), then (%xg,¥e) is a weak

Z,-saddle point of f.

BIlTERLEZ LD S, KORNESNZ, HL. & 2°€Z° ZHLT
f-z,(x,y):=<2‘,f(x,y)>

tEZERY B,

F 1 (1) If there exist zi, zéeZ: such that a point (Xe,Va)€EA4XB

is a strictly semi-saddle point of (f ‘_,f_ ) ( thus z: ,z;
: l : z2y Z5 o 1 2

eI\ {0}

necessarily ), then (Xg,¥a) is a Z.-saddle point of f.

(2) If there exist z3s z*Z‘EZ:\{O\.}‘,..such that a point (Xq,¥a)EAXB
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is a semi-saddle point of (f_z*’f—z*)’ then (xg,Ve) is a weak Z.-saddle
1 2

point of f.

Kiz. CHOORBRD AOPESIPERBC LT R, I ORAKE b &
8 D oM LT, A 25 D-convex TH5HEid. MD NXMEALZEBEN S, FA,
WS ORPDRELHAT B,

K cone[f(A,ya)+Z.—f(Xa,¥a)]

12
K2:
conefSl:={rxa] A 20 and a8 }

cone [f(xa,B)+Z-—f(Xa,¥a)l

EH2 (#EAEATH272D0LEHEMH) Let a point (Xe,¥2) €A XB be given.
(1) Suppose that two cones KI\{O}, KZ\{O} are open. If (Xg,Va)

is a Z.-saddle point of f such that f{(A,ve) and f(xgs,B) are Z.-convex,

Z_-convex, respectively, then there exist z‘l, z*zeZ:\{O} such that

(Xe,¥e) is a strictly semi-saddle point of (f—z'*,fz,).
1 2

(2) If (%xa,ve) is a weak Z.,-saddle point of f such that f(&,ys)
and f(xy,B) are Z;-convex, Z_--convex, respectively, then there exist

z:, z:€Zi:\ {0} such that (%a,ve) is a semi-saddle point of (f_*,f_»).
1 2 z] 1z

F1EEHZ2DPE, BEEDIFHODBDLETROIDIBENFRDIALDIEIFHAN
L 7%,

* 2 Suppose that f satisfies that two sets f(A,y) and f(x,B) are
Z.-convex and Z_.-convegx, for any y€B and x< 4, respectively. Then
Sv = U { semi-saddle points of (f—z”f_z,:)‘}.

23,25 €21\ {0} 1 %2

B 1 e o



CHheoDERE., FTES ALBXYMEST. X7 MLUEBKEE f A% Z.-convex
-concave { i.e. Af(xl,y)+(1—l)f(x2,y)€f(lx1+(1—l)x2,y)+z+ for

every x,, X, €4, 2 €([0,1], and each y€B; #f(x,yl)+(l-u)f(x,y2)€

1’ YZEB, #€[0,1], and each x€4 )

f(X,ﬂY1+(1-#)Y2)+Z_ for every y
0)}}56&‘:%&‘9-('4\50
COHOBBIHATIMATBEB N, [19] CBWITRHFEETHIZLZIEHITD

Ao TWaM, 22TREIEYT 3,

2. #EAOSENBELHE~OBA

COMTHS> ZENRBELLHELBZROLSICEALEINEDBD L T B,

(P) minimize f(x) subject to g{(x)€D_,
XE A

22T, EM XY, I EHEIGGEED l.e.s. L. HFIZEM Y EM# C. 2
SO THFEBEPAS>TWE2H0OLT 5, D. & Z ONLET. D-=-D. T 3,
Az XoRSEaE L. X7 MLVEREK 240, g:X-0Z2 oL T. £(xe) &
flAng '(D-)] @ minimal element % 2 (T XTD) x.€8ng (D) 2K
Ew, BlHEiOREL TR, (P) RO (Pi) LRI IENVTE B,

( to find all xa such that )

(PP f(xe) € Ext{f{Ang '(D-)]C.]

¥/, intC.2¢ OBEBEEMELT. KD (P)) ¥ExBh 2,

( to find all %a such that )

(P3) f(xq) € Ext[f[ANg-'(D-)] | intc?]

Ihe o (Pi)\ (Pé) CHBEAOERAZBEHT A 2D, OB O Lagrangian

2EZAH28129 5,
L(x,s):= f(x) + sg(x) (HL. s:Z-Y )
ZZT. FELEHEZ 29BN 3,
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EH 3 Let S be a subset of mappings of Z into Y, 0€S,
C. a.pointed convex cone in Y,
D, a convex cone in Z.
If there exists (Xa,Sa)€AXS such that
(D (xa,sg) is a C.-saddle point of L w.r.t. Ar!g‘l(D_)><S‘
( resp. weak C.-saddle point ... ) ’ k
(2)'sgfis monotonically increasing w.r.t. the lower section on
g(h) at 0 (resp. strongly monotonically increasing ... )

then %o is a solution for (Pi) ( resp. (Pé) ).

COEHONEER IR, BAMNEOREE MAEME ( Slater ) BNHE
A

EH 4 Let C., be a pointed convex cone in Y with intC.# ¢$, D, a
convex cone in Z. Suppose that AN g -2(intD.)# ¢ and

U {(fgx),g(x))} is a C. X D.-convex set.
x€idng '(D.)

If x, solves (Pi) { resp. (‘P;’z) ), ‘then there exists a mapping sg of Z

into Y such that o , '
(1) the point (%p,5q) is a C.-saddle point of L w.r.t. .
Ang '(D.)XS ( resp. weak C,-saddle point ...), where S is
a ( suitable ) subset of mappings that satisfy the following
property (2), |
(2) se is monotonically increasing w.r.t. the lower section on

g(A) at O.

LrLads, BREROBALODWIREEIDLAC BRED R V. DED.
sa OFMHF (2) 2B W T, strongly monotonically ... FTIEW Z % W,
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