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15| 5
A AN T HAEYEHE minimax 732K
. [z, y) + o()
(P) min F'(z) = I;lea))/( W) — (@)
st g(@) = (91(2), ..., gm(z)) <

Hoy 2R™ fPEFE, X &R PIEEHFE, [ R xR =R, h:R" xR™ =R,
Vef(z,y) M Vaoh(z,y) FEHRT (v,y) #BE, f(r,y) 1 —h(z,y) KT y LY LR byHESE
B, g:R"—R™ ZEEWHMEE, ¢:R"—>RA¢:R" - RAMEE, f(z,y) —9(r) >0
H h(z,y) —(x) >0, V(z,y) e R" X Y.

W=ZER, FE¥ERT —REBREERHE RN (27 Bx)'/? fARZ NI
M 0 e Y p(r) = (@"Ba)'/?, ¢(z) = («"Dx)'*(B,D € R™" HXFRAIEEM),
X =R" W (P) A3CHR [1,2] BroFFRimes 2 o(z) = (27 Bx)'/?, o) =0, X =R" B (P) K
SCHR [4] BB RIS, 25 EEATI (o) o (x), W (P) 22 AR R AT o =R e
TSl R, BRI R B R — R

FERIRIX I B AR B Fir A RO (o Bo)'/? LRI e L B4 R, — R
HH—PDROIES, L WBEGHEE DR SM. m: STHk [2]-6] X ErafFFE e
B H— G Qg (x0), FFLL « Qg (v0) HZEE” VER—IHIHRFM (i zo AFERIBA
%), SR Kuhn-Tucker ZUGRPEMN B, T IX BN/, STHR [1]-16] BITe T &
PEHEFE S S AFRIXTE. SCHR (9] F8 STk [2,4] < Qo (v0) A" XARMAKTR, FHE T
XA G AS Bk T 4 H (7] RS Kuhn-Tucker BURAUHEAELSRME, TIARLER « xo K H AT S
R ISR BRI, XX RS — A HU a7 B S F B 2R S Vst A A L T .

W B H8: 2005-01-26; #£32 HEH: 2006-07-03
HEWH: ERERBFES (60473097; 60673177).
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ITTESN, RARGEXLR T REEZER R, 7E3CHk [10] #45 HH A Kuhn-Tucker 295 54
Ml Arrow-Hurwicz-Uzawa 25 iV e R AR D AR . X T X R ERREE AR
AT AR R AT, 7EX AN 23R S TR Kuhn-Tucker LT S5 (476 S e SOk R R 2
WHBFRBAETFR. X ATRERE B Ar BRI 1R 2 22 35 R WA DR I B AT ety o]
BRAESR. SR [11] XY o(z) = [|Az|p,, Y(z) = |Cx[|p, (A,C € R™*", p1,ps > 1) KM
(P), XA Kuhn-Tucker 25k T AL T H Kuhn-Tucker ZLG AR ELZ&F. A3CH) H 098
TE Arrow-Hurwicz-Uzawa R ST 44 H 05 (P) AR Kuhn-Tucker BIDAE (4. [F] BT
e, SCHR [7,8] BYAHSCES B IERTER 2 A I SCHk [12] 56T mingern maxyey f(2,y) s.t. g(z) <0
BYAER, X BLAUERA FOEF A ARG 4 S o R i A TR, 3 HASCW v iR
BAREOCHR [2,4] 5.

2 FREENA
wzrxeX,id
S={zeR":g(x) <0}, I(z)={i:gi(z)=

Z(x)={d €R": Vg;(x)"d <0, iel(x)},
(

0,i
ey JE@UTEE) ) +el)
Y(z)={yeY: Iz, y) — () zan h(:c,z)—@/}(:c)}'

EMX 100 FR g 7E 2* € SN X AR Arrow-Hurwicz-Uzawa 295 5, % FH RS
Vgi(z*)'d <0, i€ W, Vg(z*)'d<0, icV
KT deR" G, HPV={i:g(@*)=0,g ZMHP }, W ={i:gi(z*) =0, g ZIEMH }.

EMX 20181 Lipschitz BREL f : R” — R 7E « € R™ bW d € R § Clarke i)
J7 T SR SRR BE 43 5 8 S

=1,...,m},

f°(z,d) = lim sup w,
Y= ¢]0 t

Of (x) = {€ e R™: fo(z,d) > £Td, Vd e R"}.

SCHR [13] IEBA T f WIESERET, W of(x) = {Vf(x)}; & f ey, W f1E = &b
Clarke J~ SUIBBE 5 ™A B SCT B BR BE & — 3Ry

53 19 3% f:R" — R AEE Lipschitz %, N (). 0f (x) AAEZE M4 (). X
Vd € R", f°(x,d) = max{¢Td: £ € 0f (x)} .

38 2 A C R RHAEEEMNE, CCR NME FHVde O, € A, #15 d >0,
NIFFAE 3¢ € A#18 ¢Td >0, Vd e C.

538 30 %Y CR™ KHIEWELE, flr,y) R XY - R, V. f(z,y) BELXLT (z,v)
HEE HIL g(v) = maxyey f(z,y), W dg(x) = Co{V.f(v,y) 1y € M(x)}, it M(2) = {y €
Y f(x,y) = g(x)}, Co RnBEHITH.

MTLHER k€ R, X (P) IAMT BATBI S EOL:

(Py)  min &z, k) = max{f(z,y) + ¢(z) — k[h(z,y) — ()]}
yey

zeXN
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S 4 (). B o B (P) MEAMME b = F(27), W 2 & (P ) WIEBMME @ (2, k") =
0; (i). {i:w € Y(@")} ={i: f(@", 1) + (") — k" [A(z", y;) — P(27)] = 0}

3 FEHER

FE 1 Wt BN (P) Wi, B g 7 o AW E Arrow-Hurwicz-Uzawa 2955,
MAFTE s* €N, 1<s* <n+1,t* R, NV ERT k*€R,, yf €Y(a*),i=1,...,5 [§if}

0€ Y 1 [Vaf (@ yf) = k" Vah(a®,y))] + Dp(a®) + Op(a")k* + Y NiVg;(x*), (1)
=1

j=1

f(x*vy;()'i_spi(x*)_k*[h(x*ay?)_wi(x*)]:07 i=1,...,s", (2)

Mgi(x*)=0, i=1,...,m, (3)

>0, i=1,...,s, Y ti=1, (4)
i=1

Hr 0 o SCF IR ST
B R4 E d e Z(a¥), N

Vgi(z*)Td <0, i=1,...,m, deR" (5)
B Arrow-Hurwicz-Uzawa 25 GEEIFETE d € R, {815
Vgi(z*)Td <0, ie W, Vgi(z*)Td<0, ieV. (6)

FEX as(t) = 2+ t(d + sd), Hft s # ¢ RHEL BA, a.(0) = 2%, 250 = g+ sd. FHEHIRE
B s > 0, TH1E 0 = 6(s) > 0, {75

as(t)e SNX, te]o,d]. (7)

B s >0, BT X ZHW, XMRAS/DMMIt>0F as(t) e X. Xt ieV, BT gi(a*) =0 H g; &
MIEg, Z4 (5) Fl (6), XVt > 0, gi(as(t) = gilas(t)) — gi(as(0)) < Vgi(a*) T (td + tsd) < 0.
Xt ie W, FYy o) — gg,(2*)T(d + sd) < 0, MFEL/MG t >0, &

gi(as(t)) < 0. (8)

B e {1,...omI\(VUW), BRAFX (8) X7/ t > 0 PIL, BFA gi(es(0) =
gi(x*) <O F as(t) KT ¢ LR, FHIL, (7) AL
B 2 BN (P) BEfif, ICHRMEN & sl 53 40) J0 o~ 2 (Py-) BIRIUME,

H @(z*, k%) = 0. Jfif (7) M as(0) = 2* Fl t = 0 MATIE minge,5 Pas(t), k*) BIfE, H
P(a;s(0), k") = 0. EEEIMME (P) FHRIZMAM & > 0. BT Vof(z,y) M Voh(z,y) FIEH
KT (2,y) EEL ¢ fl ¢ o R* ERMEREL, AERIE @(as(t), k) 2T ¢ 1E [0,0] LR
Lipschitz §. #1C 0(t) = ®(as(t), k%), W t = 0 J& mingepo,5 0(t) BIME, T 1 & ¢ = 0 LBFAT
Tri, ARYEST OT TS EE E A 6°(051) > 05 FHKE[HE 1 (i) 153 max{n-1:n € 90(0)} > 0.
H 00(0) AR MIRRIFLE nas = n(d,s) € 90(0) H nas > 0. BRHARTEEREHI
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SCRRBEYRI (BT (18] RIEEE 2.3.9), o (t) BIRE XL 0s(0) = 2%, 2250 = d 4 sd HFFTE
a5 = E(d,s) € 0, D(x*, k*), {75 &1 (d + sd) = nas > 0. B 0,®(z*, k*) JRAEZ B4 HAE
sd+ Z(x*) = {d+sd:de Z(x*)} KM, FIHSIE 2 (G0 0,(x* k") = A, sd+ Z(z*) = ),
AL XRS5 > 0, F7E & = £(s) € 0uP(a™, k), {15

E(d+sd) >0, Vde Z(z"). (9)

B 0,0 (2", k) B4, HUFH] {&) H— MRS T {¢,} B &, — € € 0,(x", k). FEEMH
(9) &5 &, (d+ sxd) > 0, Vd € Z(a*). TEMAGEXFEE d, 4 s, — 0, 15

§'d >0, Vde Z(z"). (10)

AR (10) FH T TRL
Td <0, .
{ Vgi(z*)'d <0, i€l(z*) (11)

KT deR" T T4, FIFSCHK [10] iy Farkas 513, RS (11) KT d € R” THFN T
FTEN; > 0,0 € (o) {75
£+ Y NVgi(a)=0. (12)
i€l (x*)

S, BT (e, k) = max{f(x,y) — k"h(z,y)} + (@) + K (@), MFASCHR [13] e

A 2.3.3, 518 3 F0 4(1), 115 (x, k%) 78 «* LM CBREE, 1S fE7E t* € R, w € dp(a™),
v € OY(z*) EFF

= Y VLS y) = K Vah(z®,y)] +w + kv, (13)
i€ Jo(x*)
Hrb Jo(a*) & J(2*) = {i:yf € Y(2*)} WENARTE, H
tr>0, Y t=L (14)
i€ Jo(z*)

£ (13) A, i3k [16] B9 Caratheodory BHE, FE7E s* € N, 1 < s* < N {15

i=1

iGJo(m*)

B (12)-(15) 875 (1)-(4). -

4 % Bl
THEGZIE (P) B

: f(z,y) + (z" Bx)'/?
P < R"
(P1) mlnr;leax h(z.y) — (7 Da) 12 st. g(z) <0, zeR",
: f(z,y) + | Az]lp,
P t <0 R™
(P2 ) — |l o= e R
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HAY, f, h, g FWESRE (P), BAI D J&n x n MFRAHLIEERE, A€ R™ ", C € R™ ", p,py > 1.
AR BRI E X, R, A%

O(x"Bx)"/? = {By: 9" By < 1,9"Bx = («" Bx)'/?};

SO [17] 41 1 < p < oo, A€ R, W 9 Az, = {ATC: |Clly < 1T Az = | s}, 3
Fpg>1p gt =L Fp= 1 g =00 Fp=oolllg=1 T dEHE 1 AHE
Arrow-Hurwicz-Uzawa A5 FHTE (P1) M1 (P2) 7 Kuhn-Tucker ZLRfRAEME (.

it 1 % o BNE (P) Wi, H g 7F o* QW& Arrow-Hurwicz-Uzawa 25 5
P, MFTE s* €N, 1<s* <n+1,t*€R", A\ €RM k* €Ry, yf € Y(a*),i=1,...,5,
weR" veR" ffifg

>t [Vaf(a®,y) — k*Vah(z®,y))] + Bw + k*Dr+ Y A5 Vg;(z*) =0,
1=1

j=1
f(x*vyr) + (I*TBx*)l/z - k*[h(x*vyr) - (I*TD‘I*)I/Q] = 05 1= 17 <. '73*7

»

Mgi(x*)=0, i=1,....m, t; >0, i=1,...,s%, tr =1,

wT Bx* = (JJ*TBLL'*)l/z, vIDr* = (,’E*TDLL'*)l/2,
wTBw < 1, vITDr < 1.

IS 2 o BWE (Py) B, H g 78 o* AR Arrow-Hurwicz-Uzawa 23R 5
M, MAAE s* € N, 1<s* <n+1, 6" €R N €RT, k" € Ry, yf € Y(a*), i = 1,...,5%,
weR™ veR™ {§if5
Dot Vaf @ yp) = K Vah(z®, y))] + Aw + B C v+ NV (") =0,
i=1 j=1

@ yi) + 1Az [|p, — k7 [R(2",y7) = [|[Ca™[lp,] =0, i=1,...,5",
Ngi(@*) =0, i=1...,m, />0, i=1...,s, > /=1,
=1

{ whAz® = | Az*|lp,, v'Cx* = [[Cx*|p,,
[wllgp <1 vl <1,

Hofp,g>Lp 4+ =L, %p=1Mg=00;&p=c0oll ¢g=1,i=1,2

O 1 AT SCER (2] Ty e R 3. FIE T 3.2 Kok [4] A ERE 3.1, Sk (2],
[4] ZEIERAT & (P1) B9 Kuhn-Tucker BUIBLLAERT, BR T AR IEE AN, FrAf B A2
[z, y) Fl h(z,y) 7E R™ x R™ E¥EZERH, MNP FRMAE Ve f(x,y) F Voh(x,y) FAE
HRT (x,y) BEE,  f(o,y) M —h(z,y) KT y £ Y LR EEESR, SHAMALRDBEES.
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Kuhn-Tucker Type Necessary Optimality Conditions for a Class of
Nonsmooth Minimax Fractional Programming

WU Hui-xian', LUO He-zhi®
(1. Department of Mathematics, Hangzhou Dianzi University, Zhejiang 310018, China;;
2. Department of Applied Mathematics, Zhejiang University of Technology, Zhejiang 310032, China )

Abstract: In this paper, we consider a class of nonsmooth minimax fractional programming problems
with nonlinear inequality constraints, where the numerator in the objective function is in the form of
sum of differentiable function and convex function while the denominator is in the form of difference of
a differentiable function and a convex function, and the constrained functions are differentiable. The
Kuhn-Tucker type necessary optimality conditions for such class of problems are developed under the
Arrow-Hurwicz-Uzawa constraint qualification. The results obtained in this paper improve and generalize
some existing results in the literature.

Key words: nonsmooth minimax fractional programming; Kuhn-Tucker type necessary conditions;
constraint qualification.



