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(P) minimize f(x) 

subject to gi(x) ;£ 0, 1::/i EI, 

t::.t:!.L,, I /;l:{-f~O)~-C,t,tl,,~"f'.ffiitt L,, f,gi: ~n-+ ~(i E J) /i800~C:TQo r,,,,,im 
(P) /: B It Q KKT i&~•t!~{lf:/:xtT QffiU;f-Jm5E t VCi&t _m~t.tt 0)0) 1 --:JiJ; BCQ(the 

basic constraint qualification) -C- 26 Q o Slater ~{lf:t.t c:', KKT i&jfj•ti~{lf:/:xtT Q ffiU;f-Jm 
5Eli{ih/: t 26 Q ii;, BCQ 1u,,,,im (P) O)MiJ; KKT ~{lf:~rrMft;: Tf;:<l00)~~+1tt.t$U;f-Jm5E 

/:t.t-::J--C\i'Qo :,fs:lJl~~-C-/i, BCQ t conical EHP(conical epigraph hull property) C:O) 

00~~~:fl' L,, MCV(minimum of convex) 00~-C-ffiU;f-J~ :tl,Q:11~{1:;r,,,,,im/:Blt Q~5'/;~ 
~To 

i1'1i~-vmt G--C, ffiir A~ ~n tOO~J: ~n-+ ~u {+oo} /:xtG--c~~t.tffl~~5E 
~T Qo 

epif = {(x,r) E ~n x ~ I f(x) :Sr} 

~ f O):r. e0 (f 7 7 t 1,, Ii\ f O):r. 1:: :7''7 7 epif il;8ffiir, Mffiir, ,:,1-p~O) t ~, 00~ f ii 
.::t-:tt-t'':tt8, M, ~-C-26-QC:\i':>o OO~f 0)~1~00~~ 

f*(y)= sup{(x,y)-f(x)} 
xEJR.n 

8f(x) = { v E ~n I f(x) + (v, y - x) :S J(y), 1::/y E ~n} 

~ f 0) g X /: B It Q ~:jj\\k?t t Ii' ') o 

co A= {f >-.iai I m EN, ai EA, )..i 2'. 0, f )..i = 1} 
i=l i=l 

cone A = { ax I a 2'. 0, x E A} 
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~ A O)~§t \,\ 'Jo PJ~'c'li, I li{f:JiO)~'c'f,t\,\1ffe'¥~11"t L,, 9i: Rn--+ R(i EI) Ii 
800~t 9 Qo :¼ t~$Ll~~11" 

S = {x E Rn I 9i(x) ;£ 0, Vi EI} 

ti~c-t.t\,\ t {.EUE'.9 Qo .:. .:. -r:-;zt,:,nJf~t::: OOJl9 Q %fr-nJf~ ~ = -::i~f)-9 Qo 

>E'.112.1 (M. L. Slater, [1]) I= {1,··· ,m} t9Qo 9i: Rn--+ R (i EI) ~800~t 
L,, x ES t9Qo :¼t~, Slatedk{lf: 

::lxo E Rn such that 9i(xo) < 0, Vi EI 

1J'/JX IJ "{£-::it 9 Qo .:. 0) t ~, {fJi0)800M& J: Rn--+ R 1:::.-kf L, -c, 

f(x) S f(x), \Ix ES 
-<==} ::l )q, ... , Am 2 0 s.t. 

{
o E 8f(x) + t Ai8gi(x) 

Ai9i(x) = 0, 'v'i E J 

Slater ~{lf:IUoilm (P) O)f§/j17'J> KKT ~{lf:~ ¥it~ 9f~ <It) O)+½'~{lf:'t:'ib Q o L, 7J' L, t.tiJ' G, 
{=fJiO) 800~ f : Rn --+ R t:::.)t,t L,-C roiJm (P) O)fWiJ, KKT ~{lf:~riit~ L, -C :t, Slater ~{lf: 
7'J>,ox"{[. L, -C 1, \t,t\,\~11"7J'ib Q o -15-r:-, i'XO);:E'.f£'t:'liroilm (P) O)fWiJ, KKT ~{lf:~riit~ 9 
t 1, \ 5 .:. t t:::Jf9 Q M~+½'11iLl~f.IlfE'.7'J>~-" G :tL -C 1, \ Q o td!. L,, .:. .:. 't:' lif'lli~O) t~ <It) I 
~~~~11"t~}E'.L,-C}E'.~~~-"Qo 

:t'.11 2.2 (M. A. Goberna, V. Jeyakumar, M. A. Lopez, [5]) 9i : Rn --+ R (i E 

J)~800M&tL,, xESt9Qo .:_O)t~, {J(O)=-::itiil'U{@:: 

(i) x t:::;B\,\-C BCQ 7J'/JX I) "iL-::io 9f.t:b't:>, 

Ns(x) = cone co LJ 8gi(x) 
iEI(x) 

td!. L,, I(x) = {i EI I 9i(x) = O}, Ns(x) = {v E Rn I (v, y - x) S 0, 'v'y ES}. 

(ii) {:f:JiO) 800~ f : Rn --+ R t:::.)tf L, -C, 

f(x) S f(x), \Ix ES 
-<==} ::l I'~ I, ::l Ai 2 O(i EI') s.t. 

{
o E 8f(x) + ~ Ai8gi(x) 

iEJ' 

Ai9i(x) = 0, 'v'i EI' 
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1'9Ll 2.1 I= {1,2,3} t G, g1(x) = x-1, g2(x) = 0, g3(x) = -x-1 c'.9-Qo :::_O)t ~' 
S=[-1,l]"f:';lijf'J, 

{ 
{l, 2} x = 1 

\:/x Es, I(x) = {2,3} x = -1 

{2} xE(-1,1) 

T;j;j-QO)T, I~)O)ffi~K~?L-~ft~~l,T~X.Qo x=lO)t~, 

I(x) = {1, 2}, N8 (x) = [O, +oo), 8g1(x) = {1}, 8g2(x) = {O} 

LJ 8gi(x) = {O, 1} ~ f'J, cone co LJ 8gi(x) = [O, +oo) 
iEI(x) iEI(x) 

.-. Ns(x) = cone co LJ 8gi(x) ~I'), x = 1 t::Blt'T BCQ /inl<; f')--fl."'Jo 
iEI(x) 

x = -1, x E (-1, 1) 0) t ~:1:; lcnijH::~;z-Q t BCQ iJ!nl<; f') --fl."'Jo ~ ?L, S O){=f~O)J~I:: 
Blt'T BCQ iJ!nl<; I') --fl."'Jo 

,WIJ 2.1 0) ~ -j I::, S O){=f~O)BI:: Blt'T BCQ iJ!nx I') --fl."'JiJ' t!.'-5 iJ•~a/aJ""-Q 0) ii@~T/i 
td-lt' t:: ~, ;E'.~O){~:b I') t:: BCQ iJ!nl<; I') --fI.? T It' Q ::. t ~a/aJ""- Qt::~ O);E'.:E!I!. ~ ~""- Q o 

~:Ell!. 2.3 (D. Kuroiwa, S. Suzuki, S. Yamamoto, [7]) I ~{=f~O)~"[:'fd-lt '~'¥-~, 
gi: ]Rn-+ lR (i EI) ~800M&t L,, x Es c'.9Qo ::.O)t ~, {'JZO)-="'Jiilcn{!OC: 

(i) x t::Blt'T BCQ iJ!nx; f')--fl."'Jo 

(ii) {')ZO)~~iJ!nl<; I') --fl."'J: 

{ v E lRn I ( v, (v, x)) E clcone co LJ epig;} = { v E lRn I ( v, (v, x)) E cone co LJ epig;} 
iEI iEI 

~}:I 2.4 (S. Yamamoto, [6]) I ~{=f~O)~Ttd-1t,~'¥ffi~, gi: ]Rn-+ lR (i EI) ~8 
OOM& t 9 Q o t t::, conical EHP iJ!nl<; I') --fI. "'J, 9 td-:b-1::,, 

cone co LJ epig; : M 
iEI 

t 9 Qo ::. 0) t ~, s O){=f~O)g x t::Blt'L BCQ iinl<; tJ --fl."'Jo 

::. :tL G 0) YE:E!I!. ii x t= ~1¥ t., td- It,-~ t: X'J9 Q ~{lf: ~~.:it. Q ::. t T, ~ tJ @~ 1: BCQ 0) nx; 
--fI. ~ a/aJ,,.Z Q ::. t iJ!"[:, ~ Q t It\ -j ::. t ~ i1' L, L It\ Q O ::. ::. T ll}'(f,WLl 2.1 ~~;it_ l ::. 0):::. t ~ 

®1~9 Qo 

~ I') 

gi(Y) = 6{1}(Y) + 1, epigi = {(1,$) I$:;,. 1} 
gHy) = b{o}(Y), epig; = {(O, $) I$:;,. O} 

g3(y) = 6{-1}(Y) + 1, epig3 = {(-1,$) I$:;,. 1} 
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coneco LJepig; = {(x,o:) I lxl <::'. o:} 
iEJ 

ti B~ G 7'.J~ 1:: 1¥J c' 26 0 OYc' y, conical EHP 7'.J> JixJ) ft---:J o L, t;: 7'.JL:J -C, JEJ:!I!. 2.4 J: I'.> S O){f:~ 
0) -~ 1:: B 1,' t BCQ 7'.J>fflG I'.> ft---:Jo 

g = min {g1, g2, · · · , gz} 

i::J},f;:9 J: ".J f,tt1J!ffl~g1,g2,·· · ,gz: ]Rn ➔ lR 7'.Jt(f:(£90 C: ~, g i:: MCV(minimum of 

convex) !ffl~C:\,'".Jo ::_O):&f:'c'/i, I= {1,2,··· ,m}, J = {1,2,··· ,Z}, f,gi,j: JR.n-+ 

lR (i E J,j E J) i:: t1J!ffl~t L,, 

gi = min{gi,1, gi,2, · · · , gi,l} 

C: JEilb G :tl,0 MCV lffl~ gi 1::J,f L, L, ffiU~~.g- S = { X E ]Rn I gi(x) <::'. 0, Vi E J} 1:: B if 
0 ??Z 0) J: -5 t.t fi]fj f ~ r"'i ~ i:: ~ x. 0 = 

(P) minimize f(x) 

subject to x E S 

K = {k: I ➔ JI :3 x E lRn s.t. gi,k(i)(x) <::'. 0, Vi EI} 

sk = {x E ]Rn I gi,k(i)(x) :<::'. 0, Vi E J} 

t L,, {f:~O) k EK 1::;t,tL,t?JZO)fijr~H~r"'i~i::m~9Q: 

(Pk) minimize f(x) 

subject to X E sk 

:Ell 3.1 (D. Kuroiwa, K. Ishibashi, [8]) 

inf f(x) = min inf f(x) 
xES kEKxESk 

r"',~ (P) ti, ~m.Hl!JO)r"'iim (Pk) (k EK) O)q:r'c'fit1J\~l,,f[l!i::~---:Jtt0::. t 'c'fillj;<::. t 7'.)> 
't:'~00 ::.::.'c'?)ZO),WUi::~x.00 

In 1 2 2 
17U 3.1 g1,1(x) = 2(1x+ll+lx-ll)-1, g1,2(x) = (x+l), g1,3(x) = (x-1), g2,1(x) = 

2 4 
2x, g2,2(x) = -2x + 2, g2,3(x) = - 3x + 3 t L,, 

t 9 {S. if;:, I= {1, 2}, J = {1, 2, 3} C: L,, i E J, j E J 1::x,f L, -C 
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tB<o ::.OJt~, 

S = [-1, O] U {1}, K = {k(l,l), k(l,2), k(2,1), k(3,2)} 

skci,i) = [-1,0], skci,2 ) = {1}, skc2 ,1 ) = {-1},skca,2) = {1} 

tfJ:.Q 0 k(l,l) f;:J,j"l,"( 

coneco(epigt1 Uepigt1) = {(x,o:) Ix< 0, o: ~ -x} U [0,+oo)2 

coneco(epig!,1 Uepigt2) = {(x,o:) I o: ~ x} 

cone co (epigi,2 U epig2,1) = { (x, o:) I o: > -x} 

L"~Qo ::::_O)::::_tiJ•G, x E Sk(i,j) (i E I,j E J) t't0t, k(1,1),k(1,2) ~ffl~L,f,:~/:: 
BCQ iJ! J1JZ IJ _l[ t.: t.t \,' J,~ Ii t.t \,' iJ!, k(2,1) -e Ii x = -1, k(3,2) L" Ii x = 1 /:: ;JS\,' -C BCQ iJ1 

J1JZ IJ _l[ t.: t.t 1,.,, ::::.. t iJ1n::EJ. 2. 3 J: IJ .v iJ, Q o ::. OJ t ~ k(3,2l 1:: aJ==I T Q t , n::E!I!. 2. 2 iJ, G Fo5!ffl 
(Pkca,2) OJfWiJ1 KKT?k1tf:~rrMit.:~t.t\,'J;-5t.t800M&JiJ1.f¥ttTQo ~~' f(x) = -x t 
UJ\ OJ J: -5 t.t Fo5!ffl ~ ~ .:z Q: 

(Pkca,2)) minimize f ( x) 

subject to X E sk(3,2) 

x = 1 Ii (Pkca,2)) OJWflL"~Qo l,iJ>L, af(x) = {-1}, 8g1,3(x) = {0}, 8g2,2(x) = {-2} 
J: I) 

{
o E af(x) + L >.iagi,k(i)(x) 

iEI' 

..\igi,k(i)(x) = 0, Vi EI' 

~c1;1-t.:-t I'~ I, Ai~ 0 li.f¥t£l,f.t\,'o 
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