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~~ia:, ~7 J--;I,,O)~Ft,~7.:h5-{l:-¥?t [8, 10] O)§~iJ:f)1;~c'iv0, ;ft8-0)~F~~7.:h5-
{l:-¥?t [2, 3, 4] O)Wf~~ 2010 ~{~/C~.l:bT ~tco .:zl,:fflc'/a:, "t"O));tffl t L, T ~7 !-- ;I,,,Tlti:,1~rn,,~ [38] 
~§~iJ:~c'f)t;~ l.Jc 1~i';-,T/ti:BFJl.lU /C"'.Jv'Tllilffiu"t00 

.:zl,:flfHH!i;z!,:l'r~/c [4] O)J'!/il~c'd50iJ\ !U&ic [4] icia:iJ:v'~i'i-,T/ti:,~JE.fll!O)J;tffl (01,,:;z. J--1/-L 
.Ell!lffiuiJ: c:') /C"'.Jv'T, ~~O)~J!t,~;'ttc~:/&O)J.i~~Jffi~tcv' tJ~ '?o 

2 ~mjj 

2.1 /'\? t- 1vu~11::b'50)~fiffi 

.:zl,:fflc'la:Z~t,~{ftf§~FEIL Oz~ZO)~BC:900 ~i';-AcZ/CJ,tL,, AO){~~~P-1$, {ft 

f§~P-1$, {ftf§~l~l'l-22~-t":h.:f:hcorA, intA, clA t~"to *fcC::O)lffiu::X:c'ia:, 4.lf{i'i~~v'T 
CcZ~M8Mt"t00-:::>*~'~rO)~#~-tc~ 

(a) clG = C, 
(b) C + C <:;; C, 
(c) >..C <:;;CV>.. E [O, oo)o 
i\16, MC c Z 7J' solid t /a: intG =I= 0 ~-tc"t C:: t c'iv ~, pointed c'ivG t /a: C n (-0) = {Oz} 

iJ'l)JJ/;_1[9 0~i'i-c'iv00 8M Cc Z /CJ::-::i T.L.J-rO)J:: '? iJ:~7 r J\;}l~ff :s;c iJ,;)JJJ-_~:h, (Z, :s;c) 
/a:Jl~ff~ 7 !-- Jv~Fdl t iJ: 0 o 

It> L,, C 7J' pointed iJ: G ~ 7 !-- J \; ]ll!'{ff :s; c /a: .&:tt~~ t iJ: 0 o 
a E A 7J' weak maximal [minimal] point c'iv0 tla:, a :s;intC a [& :s;intG a] tiJ:0 J:: '? iJ: 

a EA\ {a} 7J'f¥ttl,iJ:v',~c'iv0 C:JE~9Go 
* ( E-mail: y-araya@akita-pu.ac.jp) 



184

V ~ z 0)~1:lJ:v'im5Hl"'El"iE:{21;: t 9 Go Vi, Vi E V, a E JR, V E V f;:~L, ·c 2 "'.JO)ffi"'El"O) 

~-~h5-ff~~rO)~~~~-~hGo 

aV:={avlvEV} 

-=fO) t ~ V ta:, {Oz} ~~.r-:;-7 r ;J; t 9 G""-7 r ;J;~Fdlt:dbG c:: t iJ"titi;J'<lb G hG o 

~ii 2.1 (ffi"'El"~~ : ~E-IB$-Ha[27]). A, BEV t, solid JJ:1¥!8ffl Cc Z f;:J-f VC ~rO) 
ffi"'El"~~~~-9 Go 

[lower] A -s:h B by BC A+ C (type 3) 

[upper] A -S:c B by A c B - C (type 5) 

5i~ 1. .r<:;7 }-;J;/ll)'{fFtffi"'El"lll)'{fFti~*~'*lJ:Jiv'iJ'dbGo .r<:;7 }-;J;/ll)'{fFO):t&J}"'El", x,y E Z t8ffl 
Cc Z t;:~L,T 

y- x EC (x -S:c y) ~ y Ex+ C ~ x E y- C 

1:db Go -15, ffi"'El"/ll)'{fFO):t&J}"'El" A, B E V t 8ffl C c Z f;:Jt L, T, _llJ20)$~ t:ttO)/lll'{Ff;f;:J-f Jib 
9 GB c A+ C (A -s:h B) t Ac B - C (A -S:c B) ti-~f;:~JJ:G ([2] ~~~)o 

-01J 1. ffi"'El"0)~751JlJ::t&J}"'El"t GT, 1!RFdJJ ~~~Go 

(i) A -S:~u] B ====? 

(ii) A -S:~u] B ====? 

A+D-S:~u] B+D 

aA ,S:~u] aB 

(iv) A -S:c b ====? A -s:h b and a -s:h B ====? a -S:c B 

~& 2.3 (C-proper: Hernandez-Rodriguez-Marin[16]). A E V 7J' C-proper [(-C)-proper] 1: 

dbG t ti, A+ C =/ Z[A - C =/ Z] 7J'M I) 1L-:J t ~ 1:db Go * tc, Vc[V_c] ~ Z 0) C-proper 
[(-C)-proper] 1:db Gft~:5-tffi"'El"O)~ t 9 Go 

~- 2.4 (Luc[31]). A E V t9Go 

(i) A iJ, C-closed [(-C)-closed] 1:dbG t ti, A+ C [A- C] iJ"i¥1ffi"'El"t:dbG t ~1:dbGo 

(ii) AiJ"C-~W [(-C)-~W] t:dbGtti, -=fh-t''hO)ZO)JlJ:{~uf;:~L,T, :j{~i1,ilitc9~~ 
~~O)Rt>0~#~9Gt~l:'dbGo 

A c tU + C [A c tU - C] 
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{Ua + Cl Ua are open} [{Ua - Cl Ua are open}] 

5i~ 2. X..7 }-;J.;/i[lUf sG t sfntC fjJ!JF:dNi:~tl:Go L,iJ, L,~,g.O)~fi\ sG t sfntC iJ">[P]{[i[ 
f;:::tJ:G r. t it>®Go J:-::> ·c sG t sfntC 1,r[R~IJL,t.:v' t ~' ~,g. A/;:: C-closed O){JxJEiJ">~~t 
tJ: G ([2] 1,r;g$Jffl) o 

~& 2.5. Vi, Vi E V t 9 Go V /;:::~O)J: -5 i;J:[Pj{filM~7<r~A 9 Go 

Vi ~z Vi ~ Vi sG Vi and Vi sG Vi 

Vi ~u Vi ~ Vi Sc Vi and V2 Sc Vi 

[PJ{[i[~O)~,g-1,r"t":h-z'':h [·JI, [·]u t~<o [PJ{[l[M~O)JE~J: l'J~7J'7f7J'Go 

A E [B]1 {cc} A+ C = B + C 

A E [Et {cc} A - C = B - C 

~& 2.6. SC V tt"Go AES 7J' l[u]-weak minimal element t:®G tf;J:, ff:§'.O) BES /i:--:J 
v'--C 

iJ">f&.l')"il.""JC tc'®Go S 0) l[u]-weak minimal element 0)~1,t l[u]-wMin(S,intC) t•<o [P]~ 
f;::: l,--C, AES iJ, l[u]-weak maximal element °c'®G tt;J:, {f:§'.O) BES /i:""Jv'--C 

A <!lu] B ===} B <!lu] A 
-mtC -mtC 

iJ">f&.l')"il.""J'C.. tc'®Go S 0) weak maximal element 0)~1,t l[u]-wMax(S,intC) t~<o 

3 ~.g-O)Ai.J5-{t-¥ji 

3.1 /'\? t-JvO)A1J5-11::~~ 

CO)fmc'ti k0 EC\ (-C) tt"Go 1983 $/;::: Gerstewitz [8] /;!:, X..7 }-;J.;~Ji{r.FJJJl!![;::::t5t,,--C 
t.ffO)J: -5 tl:~Ft1H~7':tr5-{r.M~ (Gerstewitz 0)7':fJ5-{r.M~) 1,rm~Gt.:o 

'Pc,ko : Z ➔ (-oo, oo], 'Pc,ko (z) = inf{ t E JE. lz Sc tk0 } = inf{ t E JE. lz E tk0 - C} 

_l~20)7':fJ5-{r.-¥?tii{~t.:J: -5 ti:%iJ"> [33] c'~G:hGo ;:JJ.:, C 7<t'¥~FJ!tt"G t, ~%7':tJ 
5-{r.M~7<t-a-uc tiJ"'9:DG:h--Cv'Go "t"O):fl, ~Gti [9, 10] c', X..'7 t-;J.;~Ji{r.F"~@t;::::Ji5ftG 
Gerstewitz O)M~0)..2js:fi:£1¥Jtl:'tifi:t (/l[l'if¥{5flt¥'ftl: • *-,~j%•ftti;J: .!::) 1,r~t, ,t.:o -1~20) Gerstewitz 0) 

M~ri, J;l,rO)JZ.tf"%t;:::~%c'~ Go 

7/Jc,ko : Z ➔ [-oo, oo), 7/Jc,ko(z) = sup{t E lE. ltk0 Sc z} = sup{t E JE. lz E tk0 + C} 
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'Pc,ko(z) = -'1/Jc,ko(-z) 

t: :h G OJ M~Ui, Pareto :i~Uf!!~ljlO)~~fi:ttJ; C::-"' 7 1-- Jv~~{l::FJl/HHc ;toi,' t ~/i!)bv ,J;t_ffl -7cr~-:Jo 
(Luc [31], Gopfert-Riahi-Tammer-Zalinescu [11]) 

-z--0J1&, ~~ri [1] c' .I;),rOJ J:: -5 tJ:-"' 7 1-- 1viiHHl::FJlJmtc:tott G ~F*i~OJ 2 ~tiOJr~R~M~ 
hinf: Z X Z--+ (-00,00] C::J-.~R~iffl~hsup: Z X Z--+ [-oo,oo)-7crwffl]tl,ko 

hinr(z, a)= inf{t E lR lz Sc tk0 +a}= inf{t E lR lz E tk0 + a - C} 

hsup(z, a)= sup{t E lR ltk0 + a Sc z} = sup{t E lR lz E tk0 +a+ C} 

1t.> i:j 0 A,, hinf, hsup ti Gerstewitz O)lffl~O)fJt;5,Rc'® Go (hinf(z, a) := 'Pc,ko (z - a) for a, z E Z) 
~ G tz:, ~1t.>7tiJ'Go 

-"'7 1-- JvO) 7.. 7J 5-{l::lffl~ hinf, hsup -1crm-@-OJ:r,,ll@rtz:tJ1;5Jt9 G t: c:: -7cr~ x. Go m-@-0) 7.. 7J 5-
{l::-cf~O)~~ti 2000 ${~tc~€nt "J tr..o t: O)~~O)~fj-ftEf\JtJ:ffttc'® G 2000 ${~W!mOJ EBr:f:r
Georgiev[6, 7] 7J' G~il* t:l, 2000 ${~1&-'¥tz: Hamel-Lohne[14], Hernandez-Rodriguez-Marin[16] 

tJ; C:: OJ]l[~tJ;~~t;~;Ii:, "J tr..o ~~fi, 2010 ${~tz: [29, 30] OJ~-t;, G.I;),rOJM~OJ~$tJ:ttf!t1cr 
~}/i]-"'G~~-7cr~66tr..o inf0 = oo c:'. sup0 = -oo /cr~60G t: C::[Z:J:: t:l, 

h!nr, hl:,r : V x V--+ [-oo, oo] 

h~up, h~up : V XV--+ [-oo, oo] 

1,r~O)J:: '? /C;E~9 Go lffl~ h!nr, hl:,f, h~up, h~up Ii, ~.ffllffl~0)1~',i/rj1,r~tr.. L, LV'Go 

h!nrW1, ½) = inf{t E JR IVi sh tk0 + V2} = inf{t E JR ltk0 + ½ C Vi+ C} 

hl:ir(V1, ½) = inf{t E JR IVi Sc tk0 + ½} = inf{t E JR IVi C tk0 + ½ - C} 

h~up(Vi, ½) = sup{t E lR ltk0 + ½ sh Vi}= sup{t E lR IVi C tk0 + ½ + C} 

h~up(Vi, ½) = sup{t E lR ltk0 +½Sc Vi}= sup{t E lR ltk0 + ½ C Vi - C} 

f~tE, m-@-0)7..;IJ 5-{l::-cf~O)~~fi~tc~/i!)bv'~~iJ~tJ;~ :h tv'Go ([2, 3, 4, 12, 13, 15, 19, 

25, 26, 32, 34, 40] ~-z--O)~~::X:l/(1crJ!J::) 
m-@-0)7..h 5-11::M~ra:, -"'7 1-- 1v0J:.i.. h 5-11::M~c'nlt t:i 11."'.J --ci, ,rr..m~tJ:'11.fii orrntFFfiff 

'11 • 5t:,~l~tttJ: C::) ra: imfJHz:n\t t:i 11.-:Jo L, t;, L,, ~~-~}/i]'ti • iffl~OJ~ W'titJ: C:: ra:m-@-tz:~tJJtJ: 
?k1~-1crf1ttfJox.tJ:1,,, tn1t11. GtJ:v'o *tr.., m-@-OJ7..h5-{l::M~OJ~-@-, 1 ~~t 2 ~~c':@v'iJ' 
~GPfrc'J!G:hGo ([2, 3, 4, 5] ~~) 

~)l!] 3.1 ([2]). J-.fcOJ7..;IJ5-{l::!ffl~tc-:Jv't, ~iJ'nltt:J11.-:)o 

l~t u~fi, }XJ.fOJM{*tz:tJ;"'.J--Cv'00 J::"Jt, l~t u~/Z:-:)v'tOJm-@-tz:J.f9G7..h5-
{l::!ffl~ti, -"'7 }-Jj,,O)~-@-C::[iJ\tJ;t:J, h!nf c:'. hl:,f 0) 2-:)-1crwffl-"'G~'~7J~®Go 
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3.3 ~'8-~~c7.:1J5-0)~}t~!I 

l'ruWL"JE~ L, tc~~O) 7-.;/J 5-{t!m~O)'i1:fli/S:Jffl!«G c t 1:, ~~Im% t 7-.;/J 5-0)~~JEfll[~ 
1c@G c ti,NB*Ga ~~JEfll[r;JJj::jlfO)fnliX [2] L"mfJJrc::f!ll.:hG.:h Tv'GiJ\ Gutierrez et al.[12, 13] 
re J: -:J T [2] O)~ I) iJ"t\stfli~ .:htca .:t0)1&, Kobis et al.[25, 26] IC J: -:J Tjcp,\t~/C3b tea *flf1iri, 
[2] O)f~:iE/Vi [4] ~il*9 G 0 

~JM 3.2 (l-infru). Cc Z ~ solid/J:008it k0 E intC t9Ga 

(i) ifi L, Vi E Ve 7J' (-C)-fl°J'f-1:, Vi E V 7J' C-fl°J'f./J:Gr;:f, h(nr(-, ·) r;1:~~{@t:®Go 

(ii) ~ G re, Vi E Ve iJ, C-closed, Vi E V IJ: G ra\ ~iJ, i3 X Ga 

Vi </. Vi + C ~ h(nf(Vi, Vi) > 0 

(iii) ~ G re, Vi E Ve, V2 E V iJ, C-compact IJ: G r-J.', ~iJ, i§ x Ga 

Vi</. Vi+ intC ~ h(nf(Vi, Vi) :C:: 0 

~JM 3.3 (u-infru). Cc Z ~ solid/J:008it k0 E intC t9Ga 

(i) t L, Vi E V 7J' (-C)-fl°W-1:, Vi E V-e 7J' C-fl°W/J:G/;:f, hhlf(·, ·) /j:~~f@t:®Go 

(ii) ~ Grc, Vi E V, Vi E V_e iJ, (-C)-closed/J:Gr-J.', ~7J'§XGa 

Vi <t. Vi - C ~ hh>f(Vi, Vi) > 0 

~JM 3.4 (l-supru). Cc Z ~ solid/J:008~, k0 E intC t9Ga 

(i) t L, Vi E V iJ, C-fl°J'f-1:, Vi E Ve iJ, (-C)-fl°W/J:Gr;:f, h~up(·, ·) /i~~{@t:di":>Ga 

(ii) ~Grc, ViEV, V2EVe1J'C-closed/J:G/;f, ~7J'§XGa 

Vi </.Vi+ C ~ h~up(Vi, Vi) < 0 

(iii) ~Grc, ViEViJ"C-compact-Z:, ViEVe/J:G/;:f, ~7J'§XGa 

Vi </. Vi+ intC ~ h~up(Vi, Vi) :S 0 

~JM 3.5 (u-supru). Cc Z ~ solid/J:008~, k0 E intC t9Ga 

(i) t L, Vi E V-e 7J' C-fl°J'f-1:, Vi E V 7J' (-C)-fl°W/J:G/;:f, h~up(·, ·) r±~~{@t:di":>Ga 

(ii) ~ G IC, Vi E V-e iJ, ( -C)-closed 1:, Vi E V IJ: G f;:f, ~iJ, i3 x Ga 

Vi </. Vi - intC ~ h~up(Vi, Vi) :S 0 
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4 ~~~~ 

4.1 ~? t--11t¥t,~r~~im 

~~4.1 (-"'7rlvl/lP:grJlffl). X, Y7<r~"ftJ:t,v~i'i\ Z7<£"/JvL~relL f:XxY---+Z7<r"-"'7r 
Jv{lliilffl~t9 Go -"'7 1-- Jvl/lP:gr",fflt fa:, ~O)i\7<£"ilfillf;:9 x EX t fj E Y 7<£"J!--:Jf:J- G r",ffl"fd5Go 

(P) f (x, y) E wMaxf (x, Y) n wMinf (X, y) 

i.: i.: "f, w MaxA t w MinA fa: A 0) weak maximal point, weak minimal point ~f*O)~if "f di) 0 o 
J~ (x,y) EX X Y ;l}_l!cO)r",fflO)!~"f®GlJ:Gfa:', (x,y) fa: f 0) X X y _l"fO)sE) C-1/!P:J~,"f®G 
tv''?o 

~- 4.2 (-"\7 }-;v{Hfl~O)i1:1:t'li). K 7<r"-"'7 1--Jv~rell X 0)8~ir, Z 7<£" solid "f pointed tJ:8@1 
CcZ~~~T~0@0)Mm~«~~htc/~L~Mt9Go 

(i) -"'7 1-- Jv{lliilffl~ f : X---+ Z tJ'I K _l"f C-1$8"fd5G t fa:, .::Ch-t''hO) x1, x2 EK, >. E [O, 1] 
tzEZ~~LT,~T~~~ft--:Jt~"f®Go 

(ii) -"'71--Jv{[gilffl~J: X---+ ZfJ"K _l"f~O)C-1$8"fil50tfa:, .::Ch-t''hO)x1,x2 EK t 
>. E [O, 1] f;:~VC ~:i:\O) fiS GtJ,tJ,~~ ft"'.J t ~"fd500 

~- 4.3 (-"'7 J--;I,,{[g[fffl~0)~7!1!~,itt). X 7<r{llf§~rell, Z 7<£"/ JvL~rellt9Go -"'7 J--;I,,{[g[fffl~ 
f: X---+ Z tJ, X _l"f C-l!l!~"fil50 t fa:, 

{x E Xlf(x) ~c z} 

*M-1:E$ [24] fa:, -"\7 1-- JvO)~Fii~,7.,h:J-{l::lffl~ h;nf(·, Oz) 7<£"fflv'T, ~O)~ '? lJ:-"'7 l- Jv 
I/IP:gO):(¥tEJE:Ef.7<£"~~ Lf..:o 

~1' 4.4 (*M-1:E$ [24]). X, Y 7<£"/ JvL~relJO)~"flJ:v' compact8~ir, Z 7<£" solid"f pointedlJ: 
8@1C c Z f;:~~T~/l[I{@O),j;j'ijmtJ,,j;j'ij~~hfc/ JvL~rell t9Go -"'7 1--Jv{[]!{lffl~J: X x Y---+ Z 
tJ\ ~TO) 2 ~{47<£"ilfilltc9 t 9 Go 

(i) X >-+ J(x, y) fa:, .::Ch.:fhO) y E Y f;:151.,,,T X _l"f C-l!l!t-1:"f C-t'jl;i1:1:J~~"fdi)Go 

(ii) y >-+ f(x, y) fa:, .::Ch-t''hO) X EX f;:151.,,,T Y _l"f (-C)-Ji~"f~O) (-C)-J$8fffl~"fd5Go 

.::CO)t~, jfa::':!>tJ:< tl/; 1 ":J0)-"'7 !--Jvl/lP:g7<i_-~":)o 

;zf,:f//1i"ffa:, *'f~irl/lP:,~r",Ji!!O)JE:i:\{l::7<£" LT, [24] t [PJ:jiO)-'f.r:t;"fO)~ifl/lP:,~0)1¥tEJE:Ef.7<£"~ < o 
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4.2 ~'8-~,~r~~Jm0)~~1tc~-8-f~~®0)8•1i • ~m·li 

* "f iHmc:, ""'7 r 1v~1.~rnclle~ EI ~JJ:%-rtt~ 1..., tdt@r~-~FJ!Jm~'.iE:i:\ {l::"t Go 

~- 4.5 (ffi~~-~FJl/m). x, Y ~~1:/J:v'ffii'i-_ f: x x Y---+ v ~ffi~{[!['s'.{ft"tGo ffi~~-~ 
MBt~,~~:i:\~•k"txEXtyEY~R-:J~GM91:®Gt'.iE■"tGo 

(l-P) F(x, ii) E l-wMax(F(x, Y), intC) n l-wMin(F(X, ii), intC) 

( u-P) F(x, ii) E u-wMax(F(x, Y), intC) n u-wMin(F(X, ii), intC) 

#,f, (x, y) EX x Y iJ~-1ic~FJl!m~M1:®G lJ: Gl;f, (x, y) Ii F ~ X x Y _t-r~~ l-C-¥1iJ;!a [iii 
u-C-fi,,;!a] 1:®G tv''5o 

~f;:, ffi~{@'s'.~~8'11 • 1'm'ti~ffl~~¥f:AVC .:t~•tifl:H;:-:Jt,,Tal\iJ-"<Go C.tLGli, [27, 

29, 36, 37, 38] IJ:c:'~*~mlvf~1:®Go 

~- 4.6 (ffi~{@'s'.~~8'11 • [Lf)'ti). K ~-"<7 r Jv~Fdl X ~8ffi~1:®G t 9 Go 

(a) ffi~f@'s'.~ F: X---+ V iJ~ K --11: l-C-~8 [u-C-~8] 1:®G t Ii, .:ttL.:f'tL~ x1, x2 EK, 
,\ E [O, 1] t V E V lc:Jt L, T, 1),riJ,g)I; l:J 1L-:J t ~ 1:®G o 

F(x1) ::;iu] V, F(x2) ::;iu] V ===} F(.\x1 + (1 - .\)x2) ::;iu] V 

(b) ffi~{[]['g'.~ F: X---+ V 7J' K --11: l-C-~[Lf) [u-C-~[Lf)] 1:®G t Ii, .:ttL.:f'tL~ x1, x2 EK, 
,\ E [O, 1] t VE V li:J,J-L,T, 1),riJ,g)/;l:J_l[-:Jt~1:®Go 

V ::;iu] F(x1), V ::;iu] F(x2) ===} V ::;iu] F(.\x1 + (1 - .\)x2) 

• [ l-(-C)-~8] = [ u-C-~[Lf)] 

• [ u-(-C)-~8] = [ l-C-~[Lf) ] 

L. L. °C't>, ®~~O)~.JitJ-'l'iO)~ '? ~'liJl!f.J'JJx I) ll.-::Jo 

fili~ 4.8. K ~-"<7 r/v~Fdl X ~8ffi~1:, k0 E intC t"tGo ffi~{@'s'.~F: X---+ V fi:-:Jv'T, 
1), r ~ C. t 7J'7t7J' Go 

(i) t L, F 7J' l-C-~8/J: Gtf, hjnr(F(·), {Oz}) t hiup(F(·), {Oz}) Ii K --11:~8~~1:®Go 

(ii) t L, F 7J' u-C-~8/J: Gl;f, ht,r(F(·), {Oz}) t h~up(F(·), {Oz}) Ii K --11:~8~~1:®Go 

(iii) t L, F 7J' l-C-~[Lf)IJ: G l;f, hjnr(F(· ), {Oz}) t hiup(F(·), {Oz}) Ii K --1--C~[Lf)~~""C:®Go 

(iv) t L, F 7J' u-C-~[Lf)IJ: Gtf, ht,r(F(·), {Oz}) t h~up(F(·), {Oz}) Ii K --1--C~[Lf)~~""C:®Go 

~ii 4.9 (ffi~{@'s'.~~'¥1!!m'ti). X ~{ll:J:§~Fdl t "t Go 

(i) ffi~{@'s'.{f F: X---+ V 7J' X 1: l[u]-C-r'¥1!!m (u[l]-(-C)--1'¥1'm) 1:®G t Ii, 

{x E XIF(x) ::;iu] V} = {x E XIV ::;(~bi F(x)} 

iJ,{f)%~ VE V --CW!ffi~1:®G t ~I;: i3 ':lo 
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(ii) .i'f"{@i~{tF: X--+ V 'fJ\ X "C l[u]-C-1:-¥:imm (u[l]-(-C)-r-¥:imm) "'C®G tfi, 

{x E XIV :::;~u] F(x)} = {x E XIF(x) :::;c£b) V} 

'fJ\{f~O) VE V "CWJ.i'f""C;l&G C: ~fC. § '?o 

~m 4.10. X t.f:{ll.t§~Fdl t t" Go .'E'rf@~~ F: X--+ V fc_-:)t,,·r_ .l;J,rO) c. t 'fJ\'Jf'fJ'Go 

(i) t L, F 'fJ\ l-C-r-¥:immtJ: G f;f, hlnf(F(·), {Oz}) t h~up(F( ·),{Oz}) fir-¥:imm-c;I&G 0 

(ii) t G F 'fJ\ u-C-r-¥:rmmtJ:Gfj\ h~f(F(·), {Oz}) t h~up(F(·), {Oz}) fir-¥:rmm-c;I&Go 

(iii) t L, F 'fJ\ l-C-1:-¥:rmmtJ: G f;f, hlnf(F(·), {Oz}) t h~up(F(·), {Oz}) fiJ:-¥:rmm-c;I&G 0 

(iv) t GF'fJ\u-C-J:-¥:rmmtJ:Gf;f, h~f(F(·),{Oz}) t h~up(F(·),{Oz}) fiJ:-¥:rmm-c;I&Go 

4.3 ~~~,~0)1¥1:E~1' 

3.3W-cm*Gtcf•i>roo~tAh5-0)~ffi~gJ t4.2WO)M.t.f:ffl~i'rb~Gt,.l;J,r0) 

M*t.f:f~G c. t-c~ Go 

~1' 4.11 (l~O)~,i:a~1'). X t Y t.f:/ Jvb~FdJO)~-ClJ:v' compact"C8tJ:.i'rtt"Go t G, 
•i'f"{@i~{j F: X x Y--+ Ve 'fJ\ C-proper, C-compact O){@it,f: C: G~{j"C;l& IJ, ~ G fC.~O) 4 ?k{tf: 

t.f:rr/illtct" t t" Go 

(i) i-tl.:ftl,O) y E Y -C, F(·, y) fi X 1:-C l-CJJ800~-C&JGo 

(ii) i-tl.:ftl,O) y E y -C, F(·, y) fi X J:-c l-C-r-¥:rmm-c;I&Go 

(iii) :t-n.:fn,O) X EX -C, F(x, ·) fi y J:-c l-CJJ[!!]OO~"C;l&Go 

(iv) :ftl,~tl,O) x EX -C, F(x, ·) fi Y J:"0 l-C-J:-¥:rmm-c;I&Go 

:fO) t ~, F fj:f};-;IJ: < t t 1 -:)0)~ l-C-~~t,f:~-:)o 

~1' 4.12 (u~O)~#,i'~1'). X t Y t.f:/ Jvb~FdJO)~"ClJ:v' compact"C87J:.'E'rtt"Go t G, 
•i'f"{@i~{jF: X x Y--+ V-c 'fJ\ (-C)-proper, (-C)-compactO){@it.f:C:G~{j"C;!& IJ, ~ Gfc.~ 
0) 4 ?k{tf:t.f:rr/ilit.::t" t t" Go 

(i) i-tl~tl,O) y E Y -C, F(·, y) fi X 1:-C u-C-1$800~-C®Go 

(ii) i-tl~tl,O) y E Y -C, F(·, y) fi X J:"0 u-C-r-¥:rmm-c;I&Go 

(iii) i-tl~tl,O) x EX -C, F(x, ·) fi Y J:"0 u-C-!$[!!]00~-C®Go 

(iv) :ftl,~tl,O) x EX -C, F(x, ·) fi Y J:"0 u-C-J:-¥:rmm-c;I&Go 

:fO) t ~, F fiYtJ: < t t 1 -:)0)~ u-C-~~t,f:~-:)o 

5ili 3. J:t20)f¥tf~gfc_-:)t,,·c [24] O)*a*tlUit9G t, .i'f"{@i~{tfc.f5JG'iJ'O):::l:::.;1\7 r'i"I: 
O)?R{tf:iJ~~~n Tv'Go :fO)gESfi, .i'f"OO~tAh5-0)~ffi~flt.f:fiJ.ffl L, Tv'G tc"th"C;l&Go 
.i'rf@~{jfc. f5J G iJ'O)?R{tf:t.f:~~ tJ:t:rntJ'v ,fttJ:H'9riJ\ x..7 I- JvO)~J~~fl t O)::k~ tJ:~v '"'C 

®Go 
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( a) ~-g.~,:ar,,~~O)'..lE'.itfl:'..i;:? l, '\ -r 
[4] c:tl:, -"''.7 }-;J,,~grJlJmO)~@:tJ;;j:Jt;~t LT (l-P) t (u-P) 7<£'JE~ Ltco LiJ' L, l ~t 
u ~O)~JlJ:J.15-b-lt-'Ni!!O)JE~t ~~~x GhGo {i!!O)JE'.A{i:'..O)n$f;:-::)1.,, >Ttt, ~1&0)~,'ffl 
c:&i:>Go 

(b) ~-g.0)¥ti;g;lE~O)j_JUiiEIIJH;:-:>l," "t' 

-"''.7 rlv~g0)1¥t£JE'.fll!.7<£'liGtccl60)-=p}tf;:-::)1.,,,Tfi, JY.riJ'&i:>G ([39] ~~)o 

• -fi:iJ GiJ>0).7'iJ 5-{l:'..Mf:{ Ct1H~ • ~Ft~%) 7<£'fflv '"f-"'7 r ;J,,{fi'i!mf:{7<£' 7'h 5-{I:'.. LT, 
-thfi:M L T~f;:¾J G h Tv 'G'.%f:{{fi'i!mf:{O)f/1i~~-lt G7Ji'to ([24, 38] tJ: c:') 

• -"''.7 r ;J,,{iilfflf:{f;: J: G{tO)ffii5-f;:M LT, {i:if G iJ>O)~!WJg'.<J::f_Ffl7<£'~ffl't G nito 
([37] ;fJ: c:') 

• -"' 7 r Jv~-Brcr,lmlc£'-"' 7 r ;1,,~5t~~Arcr,Jmfi:t.lcl6Jbts' t v, -5 nito ([22] tJ: c:) 

ffii?i-O)~gJEf!I!.f;:-::)1.,,,T, [4] c:fi C-1!cO)!iHJJO)-=p$f;:,t§~'tG) ffii?i-O)~F~%7'h5-
{1:'..-'=F$7<£'fiJ!tl L Tffii5-~g0)1¥tEJE'.f.ll!lc£'1~G C:. t 7J'c:~tco {i!!0)77°P--rfi:'Jv >Tfi~1& 
O)llJ/mc:&S Go ffii?r~-~rcr,JmO)!Ji?rfi, -1~c0)7J$0){i!!f;:, ffii?r{rJli1~ffiO)lJiEl:IJinitiJ'&i:> G iJ, 
t¾lh1J:v'o 

(c) □J~.7' l--if-.4J!~O)*ffl~i;:1EJ~t"t' 
ffii?r~~{l:'..rcr,Jmfi, ili:$i-0)£~'fiiJ,PJ.l.f;f h T v' G 1 ~ § i'l"JO) P; '\7' r ~~{l:'..rcr,JmJ f;:~~ 
c:~ G c:. tiJ, 2014 $fi: Ide et al. O)p}fJ'l [17] c:frJaJ} L Tv 'Go ~grJl:lmfi-3/-L.fll!.lffiii tlS'Hi 
tJ:!mf;f,iJ,&i:>GO)c:, [4] O)~:JHi (~-g.~Jiifi:'..fJ'S0)7:1□ -=fc'O)) □ 1t~. l--if-.4~~ 
*ffl~,;:rsJ~t"t'O)~~fJ::~-1' lvA 1---✓c:&i:>G t i3 XGo Pl'\7' }-3/-L.f_El!iffiijO)fflj);f;:fPJftT 
fi, JY.TO)llJJffltJ:c:7<£'m~'tGJ0~iJ,&SG t~x Tv'Go 

• ~-g.f~O) □J~A l--if-.41£-EO)~ '3 ,c::'..lE'.m9° ~O)fJ'? 
(2 A~fa-3/-L., n A~fa-3/-L., ~F~fo-3/-L.tJ: c:) 

• 2A~~□if-.4,c::cl=.Ht~ 1if-.40)~'..lEJ ,;1;E0)~-3i;:'..lE'.fi9~0)fJ'? 
'.%f:{{iic:fi, 7°v-'¾'- I, J, t.a\i?i-Jl!x~O)ffii5-7<£' S1, SJ, f: S1 x SJ ➔ lR t l.Jct 
~, .iffi'/:iti~TO)J: -5 fi:n:'.R't Go 

MaxMin f(x, y) = MinMax f(x, y) 
xESryESJ yESJxESr 

Ttl. c<i;t, ~-g.f~~® F c<,;i;E'31J:~O)fJ'? 

-"''.7 }-;J,,~grcr,im (/ ,{?YO) Minimaxn:'.f.l.1!7<£'-"''.7 }-JJ,,{@""-'BA*9Grcr,Jm) fi, 1980 • 1990 
${~fo~A.,f;:WfJ1l~ htc ([37, 38] -'?i-O)~~::stl'W7<£'~~) o [37] c:fi, -"' 7 r ;J,,{[ll[""O);j:Jt;,m 
minimaxn:'.f!I!.iJ, 1-"''.7 rJv/l(!tfFO)~~AJ tv'-5%c:~fJl.~hTv'Go c:.nri, -"''.7 rlv~ 
Jil{l:'..rcr,JmO)•[iJi_t{±nO)tJ:1.,,' c:. t ;fJ;O)iJ>t9;□h1J:v 'o (-"''.7 r ;J,,~Jffi{l:'..rJJJmc:fi, domination 
property[31], pointed tJ: C:-"' '.7 r ;J,,!j'lf:g O)ffl;a;iJ'&i:> Go) L 7J' L, minimax JE:f.ll!fi maxmini 
{lt minimax{liJ,if&i?rllif~*c:tJt;::k'tG t 1~Lv'J t1.,,,-5-=timc:&SGtccl6, ~~ric:.n 
G 0)5lcfipffJ1lf;:1}.> L.@f0~7<£'~ ~ Tv 'Go 
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~17 t- ;v{iO)t¾'.f~JX:tt·liO)fiM/i"fti, 1980 ~{~tcJI I~ [20, 21] fJ~~17 t- ;vfi~~O)t¾'.f~~~ 
tiffii'i-{l~~rc i'J: G t. v, -5 ~ 17 t- Jv:i&Ji{l::FJl~O)-fW.§..7,J. "f~ x G Fdl~B7<£'rnti L, tea [20, 21] 

"fti, t¾'.f~~~O)t!1;5it. VC 't¾f~~~J t_t,,;_jffii';-~~7<r'~AVCv'Ga t, L,iJ,L,tcG, 
~ § 8¾JO)ftt~Fdl~ • minimax ~fit,~ 17 t- Jv./N~{l::FJl~O)W~JIJ,J. "ftii'J: <, ffii'i-:1&~{1::Fdl~ 
O)W~.§.J,i. "fl;ifffa9~~i'J:0)1J' t,9;0.tli'J:v' t. ffi~ti~ ?t. Tv 'Ga 

r'eb:1im,s~1:.:_tcti, fffa::st [4] O)!]EaJ11<£"T$tcJ'!tfflv'tc (~re, ffii'i-~~t.7-fJ':7-0)~~~fiO) 
g~5t) tlkr"fi'J: <, tc. < ~ A.,O)~~i'J:::1){ >1 r7<£'ffl~* L,tc.a c:: c::rc~litJ1<£"$ LH:f*90 *tc, 
r'eb:1im,s~1:.:.0)c~a1<£"~~~~m~f:f:lL,~~*~ 
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