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1-@"!P"
?@%#W U3 -+S/" -@#5U%3 #@41434>%#DVX@ %4 -,#2" >#T

8q U31U3% FXD:S^ [&XP #X5 -/D+5#X, ?;#/P FD'T3 =#T
-"4?W �%4 -O4#. )@ i38I.?XT )X@ =>4#X5U j5n4 )@

),#"#. c#q&X/,#" -I#P_A3 >3GISU3 >%#XP M RX!S"
FVD, #S9.1U3&X,3 %4 #XS9 #X0/I )X,>?XDO48Xl, M #XT

)X2!@ 1&XZ -/D+5#X, )@ ?Q/" =plI?" M -G#W a3&T#*"
�_"#W `DT#]" i3&+G:I43&X9% jX!P U3 \XD, 1&XZ yX5?

F.3 -/D+5#,)Burrough and Frank, 1996.(-/D+5#X,
pDX(" >3?@M B6X" %4 aM#X]I )X@ #X58L M #6VX53 >#XT

)/D"U-"U#X@ \D, >%#W y!6e" >#T44?XO)Kokla and

Kavouras, 2001.(-" c#�" >3?@-!q#X. �8S9 i38I
FG?O ?Y, %4 3%.)*+, 487MpX9  X5 U3 yX!6e" >#T

FX.#P&" BX53 ?@ BZM% -!DC4 -!q#.)Malek et al.,

2009.(�#6/6X.3 M >z8XC8L8I pX@3M% i#D" B53 %4>#XT
-" -/D+5#, c8'*" \D, -]DW&,4?O.)X@ -/D+5#X, i8N

-"U#@ \D, i#V,3 `0G M -W3%43 FD:$M`0" %#DV@ =44?O
c&X" #X5 #XT8<C3 )W F.3)X@ id >#XT)X,8O`DT#X]" >3

#@ plI?" -/D+5#,&X,?D<@ ?XY, %4 3% i#VX,3.i38X/P )X@
>#XT?Ds6" ?X60@ -,#lD6*L F07 U3 >U#G RS/" =),8',

c&" >3?@ -,#@U D._W RS/" U3 ?I3%#W -/D+5#, >U#.
-X" jX'P&X/W)Burrough and MacDonell, 1998.(

(1996) Bourough@�3 )W F.3 1434 i#*,t1i8XN -5#T
87M #0/53 \7 M j</7 =?@3 =18W =jq#.&X^#G )W &,%34 4
BDXD:I M �e*X" i3?W M y5?:I1&XZ&X,3.U3 >%#DVX@

1&5&L)@ M -5#DG3?s7 r%38P M #T-X:DlA r%38XP 1t5M
1U3&X,3 M j2XZ #5 #TU?" >3%34 -,8O#,8O j5n4 )@>#XT

BD:"#,&,3.B53 U3B53 -.%?@ M%BDX@ pX@3M% M #DXZ3 ),8O
-" %#'Z )@ -+D+(I `0" a#P8$8" �?"U %4 #0,d4M%.

`6VD. %4487M FD:S^ [&P \D, 13?'T M %#D. >#T
4%34.=-/D+5#X, [&XP &XDC8I -!;3 j"38P U3 -25?D9|XI

F.3 -,#"U.=)2lXZ %4 a#P_A3 FG#5%4 M c#.%3 �#'!V"
i#"UF.3 ?@.a#XP_A3 FG#5%4 &,M% =),8', >3?@GPS=

#X5 #X$#+I 13?X'T )X@ \XW?" )X@ c#X.%3 =FD:^8" BDD:I
%?@ =hXX.?L��XX. M =#XX$#+I \DC#XX,d M %bM?XX�. %4 -XX.

o% &Xq3M i#X"U %4 =13?X'T jX"#P )@ u387 i&,34?OU#@
-',&/T4.M jX"#P FP?X. U3 FXD:lI )X@ #X$#+I u387

h.?L u387 M 4%34 -,#"U ?D9|I =)2lZ `W3?I»h5#',
 54\,-6"#^3 \W?" B5?I«-X!:G FXD:^8" )X@ �8X@?" =

48X@ &T38e, j"#P.XI i3\XD" BDXD:I )XN?O>3?X@ ?D9|
)2lXXZFD:XX$M %4 yXX!6e" >#XXTid i8O#XX,8O >#XXT
[#Q,3?X60@ -X53?73 M >4#E6^3 ?Y/" U3 -CM F.3 -,&Z

)@ )W F.3c&" U3 id BDD:I >#714#]6X.3 -/D+5#, >#T
48Z)Malek and Twaroch, 2004.(

JM% )N?O3)XP8'Q" M RXS/" ?X@ -26" >#T>#XT
)/D"U U3 >%#DV@ %4 >U#G>4?@%#XW >#XTGIS%#XW )X@

-" )6G?O�&X,%34?@%4 =[8X.?" >U#XG )5?Y, -CM =&,8Z
F54M&("FVT \D, -5#T.U3 14#]6X.3 >3?@ )2,d FVe,

F58fP g@#I &5#@ )Ee*" ?T >3?@ =c8':" >U#G )5?Y,
44?O BDD:I -:S^.BDX@ -IM#]I >U#G )5?Y, )2,d ?<54

1%3\O1%3\O \D, M =4%3&, 3% id -T#Od M h,34 )W >3#T-5
a#lm3 #5 -], j5n4 )Wi#V25 i#Z-', =&,34%3KO.>3?X@

4&P ud �_W )@ -{DZ R!:I ?O3 =c#�"02/0)6XZKO
jDC4 )@ =48Z[&P U3 -T#Od #5 M R!:I i3\D" U3 -T#Od#,
i3\D" )@ R!:I98/0F.3.F58fP g@#I y5?:I B53?@#/@

i#2"3 >4%38" BD/N >3?@48@ &T38e, ?5KL.?<54 j2*"
,-X" o% -"#X</T cM3&6" >U#G )5?Y48Xl'W )XW &XT4

&XXZ#@ )6XXZ34 48XX7M plI?XX" a#XXP_A3.FXXC#q BXX53 %4
JM%)P8'Q" ?@ -26" >#TjX'P -@8X9 )X@ >U#G >#T
-',&//W.1%38T#X" ?5M#EXI U3 14#]6.3>3?X@ -'5&X^ >3

)X,8', =-X!:G 1434 o% )Xm4#q F5?5&"BX53 U3 FX.3 >3
4%38" ),8O.%38" U3 >%#DV@ %4#X5 M >4#EX6^3 jX!P )@ 4
48l'W-', `T3?G �.#/" 1434 )@ -.?6.4 =i#"U48XZ.

-,#X@U >#XT?Ds6" cM3&X6" >U#XG )X5?Y, ?<54 v?A U3
-X', -,#lD6*XL 3% &54?I M  Z #@ plI?"&X//W.v&XT

c&X" =?$#q -+D+(I FDC#:G-{DXZ yDX;8I M >U#X.
M BD:"#X, >#XTU?" #X@ -{DXZ -/:5 =>U#G #5 -:S^?Dw

% )6lC3)X5?Y, ?6VX@ %4 -5#DXZ3 BDX/N >z8XC8L8I p@3M
>480Z >U#G1F.3.&XT389 1434 i#*X, )XC#+" B53 %4

1. Intuitionistic Fuzzy
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-" ),8<N )W &Z>#XTU?" #X@ -5#XDG3?s7 -{DXZ i38I
pX@3M% M =yDX;8I >480XZ >U#XG  X'W )@ 3% BD:"#,

id -,#2"4?W -@#5U%3 -5#DG3?s7 >#DZ3 ?5#. #@ 3%.c&"
c&" >#T48l'W >4#0/*DL6l" >#T>U#XG )X5?Y, ?@ -/

4%3&, 3% [8.?".
FX.3 1&XZ -T4%#69#X. BDX/N )C#+" )"343 %4:%4

)X6G?O a%8X; plI?X" >#XT%#W ?X@ >%M?" [M4 he@
F.3.>U#G )5?Y, -,#l" -G?:" )@ �#E693 [8. he@

4%34 >480XXZ.yDXX;8I >3?XX@ -C&XX" [%#XX0N hXXe@ %4
>#DZ3)@ #0,d BD@ -,#2" p@3M% M >U#G1&X"d F.4&X,3.
%4=?XX9d hXXe@gXX'7 )XX@ )XXW)XXQD6, M >&XX/@>?XXDO
-"c&" ?<54 �3?e6.3 18(, =4U34?L-X26" -.#.3 >#T

1U#X@ >U#XG )X5?Y, =[8X.?" >U#XG )5?Y, ?@)X5?Y, =>3
)P8'Q"?@U >#TMRA#/">%#OU#.#,@)&"d &T389 F.4.

2--%PO( @0%Q%4
�#6/6.3hX,34 M �%4 i#XD@ >3?X@ #X0/I )X, -]DW >#T
M -"8'P1?X0@ 4%8X" gX^3M `C#P U3 ),3UM%%3?X^ >%34?X@

-"i#X.&/0" M i3&/'*X,34 %#W )5#L M #/l" )2!@ =&,?DO
c&" F9#. [#</T&/6VT \D, -�'W >#T)Cohn et al.,

1997.(>3?X@ �.#/" %3\@3 13?'T )@ -*,34 BD/N 487M
`6VD. =�#6/6.3),#53% >#T1%3\O F9#. )@ %4#^ 3% >3#T
-,8N i#D@ M-" -7%#9 >#DZ3 >%#6G% M -]DW M&X/W.

-XXOt5M U3 -XX25>#XXT`6VXXD. FXXl�"?XX@ -XX26" >#XXT
�#6/6.3M 48Xl'W 48X7M #X@ FXDC#:G i#2"3 =-]DW >#T

1434 -6.#WF.3 -�'W >#T.�#6/6.3 i#D" B53 %4>#XT
-]DW -,#2"1)QSR(1t5M 1#<5#7)6G#5 >3&X,3.FXD'T3

QSR8XXq 14?6VXXO M gDXX.M 4?XX@ )XXYq_" #XX@1U>#XXT
BZM% id >4?@%#W-" ?I44?O.-X" )X,8', >3?@U3 i38XI

>#T4?@%#WQSR),#"#. %4J8XT =-,#2" a#P_A3 >#T
[4d =-P8/EXX"1%3Mi#XX@U =#XXT-*XX5#', >#XXT2-XXq3?A =

)9#Z U3 ?<54 >%#DV@ M -.&/0"[#X, i8/G M [8!P >#T
4?@.>#XT4?@%#W U3 -*Xe@ )XYq_" >3?@QSRi =.�.

Cohn et al., 1997.
%4GIS1434 ?XX@ 1M_XXP =]DXX;8I M -,#XX2" >#XXT-=

1%3\O M -P3\6,3 4%38" =4?Q" `DT#]" )k3%3 a%M?$-5#XT
)@ -"8'P �%4 14% %4-X" �Xq jX"#W a%8;44?XO.
%#DV@ =B53 U3 >3&7>jD!(I M `DT#]" U3M hX.?L M #T

H.#LM -X]DW =&/XZ#@ >&X/N #X5 -�'W )2,d U3 hD@ #T
-,8N&X,3.�#X.3 %4=>%M4 =-X254\, i8XN -'DT#X]"

4%8X" i#XOz3M U3 >%#DVX@ M 4#X5U M `XW =u8/7 =c#'Z
&/6VXT -X]DW a#EXe*" >M#q =14#]6.3.U3 >%#DVX@

jD!(I1&X/5d an8E(" )W &,&+6:" i3?OGIS-X/6l"
1434 ?XX@-XX@ -5#XXDG3?s7 >#XXT�%4 ?XX@ -XX26" M yXX!2I

48X@ &X/T389 �%#9 i#07 U3 ?*@ -"8'P)Egenhofer

and Mark, 1995(B53 %4 )Wh+, a%8;QSRhDX@
&Z &T389 �,%?L hDL U3.12

`0" U3 -,#2" p@3M% M #fG #@ plI?" a#P8$8"B5?I
18XX7MQSRFXX.3)Cohn and Hazirika, 2001.(U3

M #fXG BXW% = X5z8C8L8I p@3M% M >z8C8L8I ?<54 v?A
)@ id #@ plI?" `DT#]"-" %#'Z&/5d.)@ B53?@#/@-O4#.

-"-25z8XC8L8I p@3M% M >z8C8L8I FD'T3 M 1#<5#7 i38I
�#6/6.3 %4 3%%4 id glI )@ M X -]DW -,#2" >#TGISX

FG#5%4.i#'TpX@3M% M #fXG [8X0]" =&Z 1%#Z3 )W i#.
`0" U3 -,#2" >#DZ3)]C�" B5?I�#6/6.3 >#T-,#2" >#T

F.3.c&X" U3 >%#DVX@ >#X/l" �(l" B53>U#X.>#XT
=-,#2" >#DZ3H.#L M h.?L�#6/6.3 =-,#2" >#T>#XT

%4 jXXD!(I M )XX5\QI \XXD, M =-,#XX2"GISFXX.3.%4
`DV+I-6VT M -"8'P 4?25M% M4 =-!W >&/@-69#/XZ

FX.3 )6Z34 487M -,#2" >#DZ3 -$#5% i#D@ )@ >%8;
>#X/l"?@ >?Xl7 >z8XC8L8I 1?X<, B5M#X/P #@ #0,d U3 )W

>z8C8L8I M �#+, )P8'Q" >z8C8L8I `DT#]"-@4#5 )S+,
-"&//W.�5?I#" jD2*I )@ FVe, J?<,9--W3?6Z3
#XXX5IM9-XXX" ?XXXQ/"44?XXXO)Egenhofer, 1991(M

)Egenhofer and Franzosa, 1991()X@ [M4 J?X<, M
)2I u#VqjEX6" >#XT3)RCC) (Cohn et al., 1997

and 2001(-" ?Q/"48Z.

1. Qualitative Spatial Reasoning
2. Visual Language
3. Region Connected Calculus
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c&X" J?6VO =-e5%#I �#(C U3>#XTIM9MRCC

#q )@FCg@#X/" %4 -]!6e" %8; )@ >U#G M -/D+5#, >#T
-X" 1&X5448XZ.(1996, 1997) Clementini and Di

Felice14?6VO i3?W [80]"1?6VX@ %4 3%IM9-XG?:"
&,4?W.)P8'Q" 3% -,M?@ M -,M%4 #0,d?XY, %4 U#X@ >#XT

M �&,4?'XZ?@ )6V@ )P8'Q" 3% 14?6VO i3?W M &/6G?O
%4R2       )@ y!6e"  5z8C8L8I )S@3% %#0N M j0N    F.4

&,4%Md .  %&5#/XZ3 >#T%#W )P8'Q")Schneider, 1999, 

2004(        1434 }8X, M #XT?<!'P yX5?:I j"#Z     >3?X@ -5#XT
 FX.3 148@ >U#G >#DZ3 -,#lD6*L .(1998) Zhan  18X(, 

  )P8'Q" U3 14#]6.3       �#6/6X.3 [#Q,3 >3?@ >U#G >#T    >#XT
  )k3%3 3% -l5?+I 4?W  .         >3?X@ >U#XG >z8XC8L8I U3 14#]6X.3

 c&X"  �5?I#XX" U3 14#]6XX.3 M >U#XG >#DXXZ3 >U#XX.  >#XXT
 �?6*XXX" 3 3 = 4 4 M  5 5 %4 )Tang and 

Kainz, 2002  (-" 1&54 48Z .  i3%#X2'T M 4#Z)2006 (
    38P >3?@ 3% >U#G p@3M%  )X. r%     B58X2I =>&X:@ M  pVX@

&,434.  
  J?6VXXO =?XX<54 >8XX. U3RCC -,#lD6*XXL >3?XX@ 

`eI �4%U c&" 4#0/*DL M >U#G >#DZ3 �?"2 %4 )Cohn 

and Gotts, 1996 ( FX.3 )6G?5KL [#Q,3 .   c&X" BX53 %4
    `eI M BD5#L �5?+I 14%U "   J8*" x-Z >n#@ �5?+I �?

    -X" BDD:I 3% 14M&(" 1&D]. M =F.3  &X/W . #XT%#W %4 >
[#Q,3   )5#L ?@ 1&ZRCC>U#G?Dw y5?:I M     =jX"#W >U#X.
j0N M     )XS@3% hZ    %4  X5z8C8L8IR2  )X@     1&X"d FX.4
F.3 .          )X5?Y, ?Dm|XI F(I ?D93 i#DC#. %4 >?<54 JM%

)P8'Q" ?@U >#T3)@    )!DX.M(1982) Pawlak M )1991 (
    c&" >3?@ M 1&"d &5&L     ]6.3 4%8" -/D+5#, >U#.  %3?^ 14#

FXX.3 )XX6G?O. >3?XX@ )XX5?Y, BXX53 4?@%#XXW )XX,8', >3?XX@ 
c&" )2C >U#.   %4 3% ud >M% -X6], >#TMalek et al. 

)2009 (-" &54 i38I.  
i#XX'T       >?XX"3 -/D+5#XX, =&XXZ 1%#XXZ3 )XXW )XX,8O
 XXD2]I `6VXXD. %4 -,&XXZ#,  M -,#XX2" a#XXP_A3 >#XXT

  )@ 13?'T a#P_A3     -X" %#'XZ   &X5d .      M )X5?Y, }8X'Q" %4
1U8"d   W >3          [#X'I M i38/P B53 hZ8L >3?@ ?DO3?G M j"#

 `0XXX. -XXXCM =4%3&XXX, 48XXX7M id a#XXXPM?G M �XXX,387
)XXP8'Q"   )XXD+@ i#XXD" %4 >U#XXG RXXS/" M >U#XXG >#XXT

FDC#:G   c&" )@ g73% #T      -/D+5#X, M >U#XG >#DXZ3 >U#X.
-" `*N )@ ?6*D@ 4%89.  

     )P8'Q" )5?Y, =4#5U 14#]6.3 487M #@   #T   \XD, >U#G >
 F54M&(" >3%34  -5#T F.3  .      )X5?Y, B53 %4 )2,d FVe,

            #X5 -], ?@ -!5n4 487M #5 M a#P_A3 i3&+G BD@ -IM#]I
   -', 1434 }8$8" a#lm3  48Z .        g@#XI ?XO3 =BeX. ?<54 )@

             -X/:5 =&XZ#@ `DX, >U#XG )XP8'Q" U3 >?EX/P F58fP
/! "0 5 -', =          �&X,3 a#XP_A3 )W 4?W �#l/6.3 i38I

    Fl�" j5n4 #5 M F.3             1U3&X,3  X5 )X@ M4 ?XT -X]/" M 
&,4878" .    o% -"#X</T cM3&X6" >U#G )5?Y, [M4 j2*"
-"           &XZ#@ )6XZ34 487M plI?" a#P_A3 48l'W )W &T4 .

   JM% FC#q B53 %4     )P8'Q" ?@ -26" >#T      )X@ >U#G >#T
  -', j'P -@89    c&" -CM &//W       >?X60@ 4?2!'P ?@U >#T

 &,%34)Roy, 1999 .(     @#XI -X!'P BDXD:I [8X. j2*X" g
 F.3 F58fP .      F.3 %38Z4 3?73 %4 g@#I B53 BDD:I . )62,

c&" %4 ?<54 FD'T3?�L  [&P =-,#2" p@3M% -/D+5#, >U#.
       F.3 >U#G  5z8C8L8I >#T#fG %4 -,#2" p@3M% -.%?@ .

            M J8*X" >#DXZ3 >3?X@  5z8C8L8I p@3M% %#md �!w3 %4
 )@ >U#G     1&XZ 1&54 �V5?W M >U#G?Dw a%8;  &X,3 .  [&XP

  B53 )@ )78I       -X@ )X@ ?Q/" `0" )62,         g@#XI i&XZ ?Dm|XI
-"  5z8C8L8I p@3M% %4 F58fP 44?O .123  

)XXP8'Q" -,#XXl"  >U#XXG >#XXTIFSFXXDC#:G #XX@   >#XXT
(1986) Atanassov =)1999 ( M)2001 ( `D':I i38/P )@

)P8'Q"        &,&XZ -XG?:" >U#XG >#T .      )XP8'Q" )X5#L ?X@
FXXDC#:G   >U#XXG &XX/,#" >480XXZ >U#XXG )XX5?Y, =M3 >#XXT

   D._W     &XZ -$#5% `Y/" u8N%#N >3%34 .    id U3 &X:@
(1997) Coker )XXP8'Q" >M% >U#XXG >z8XXC8L8I   >#XXT

   4?W -G?:" 3% >480Z .       %4 %#X@ BD6Ve, >3?@ )5?Y, B53
  1U8qGIS      )/D"U %4 >4?@%#W J?<, #@ M      i8O#X,8O >#T
)@ =id  )!D.M(2004) Malek&Z -G?:"  .  )XC#+" g^3M %4

+" id -$#5% M >?Y, -,#l" ?$#qF.3 )C#.  

                                                           
1.Broad boundary 
2.Egg-yolk 
3.Rough set 
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3-  !"#$  %&' ()*+, -,&./ )IFS(  
     !"# $%&"'( )*+ ,!- ./      0.-12 34!."56 78"9 ./ :-    ; "&

<(  =-.- "!">9 ?@/A2 :  
            ."BCD ./ 3/EFB@ ABGH <5IA( A2- 3)*+ ,!- 78"J(

Atannasov   + ;    ./ KELM)1999 (Atanassov   NBO"!
<( ?@EP .  

  
 0)*121) IFS :(  

 ?BB%QG RABBOX<BBS6A%T  BBUEVW( ?BBP"+  .XD  0"BB2IFS 
 UEVW(  XEY :-A ./ X +  G NZ-   [.E\  

A AA : { x, (x), (x) | x X} ! " # $ %  
<( X"%+  //A2)Ibid.(  

& ' & 'A Av : x , , : X ,( " (1 1    7BB%6A6  BB+ 
         ALBQU N!E>U ]?U  I./ ; N!E>U  I./x X%  -. 

<( X"F@ <( ^?\ _AP ,!- ./ ; ?Q&/ ?QQG :  
  

A A(x) (x)) " * # )0 1  
  

    :`"BBBO aBBBVb( 3/.-?@"cBBBZ- :`"BBBO  BBB!Ad@ ./
C :[ , ] [ , ](0 1 0 1  N!E>BBU e+"BB6  BBG NBBZ- <cBBP"f@

   :`"O  UEVW(A      :`"O  UEVW(  + -. Ac a!?g6  <(  G ?Q
 :-.-/ ;          NBZ- X/E+ <8;1@ "! :/E5\ ; :`A( _AP ;/  .

     :`AB( _AP hgiC( )  , C( )  0 1 1 0   _ABP hBgi 
ABB+ ];/ A!/"BBj( <("BBV6 :-a,b [ , ]% 0 1  ABB2-a b! 

XD  0"2C(a) C(b)+   /EB+ ?&-EM B kbUA+ ; B  .  ,B!-
  + l!-AP       ./ <BmG .EiIFS        ./ <B(-18- ; NnB%@ ABgc5( 

         /EI; N!E>U ]?U  I./ ; N!E>U  I./ X/E+  cn+-;
/.-?@.  
  

 0)*122) Ibid:(  
A+ ;/ A& :-B IFS ; A<( -. "&AfmVU ,!-    4B!A56 X-E6

/AG:   
A B iff ( x X)( (x)A

(x) and (x) (x));B A B
A B iff ( x X)( (x)A

, - % "

) " # + #

 - % "

  

(x) and (x) (x));B A B
cA : { x, (x), (x) | x X};A A

A B : { x,min( (x), (x)),A B
                   max( (x), (x)) | x X};A B
A B : { x,max( (x), (x)),A B
                  min( (x), (x)) | x X};A B

A : { x,max( )i ii

 " #  #

 ! # " $ %

.  ! " "

# # $ %

/  ! " "

# # $ %

 ! "! ,min( ) | x X} i I;ii
A : { x,min( ),max( ) | x X} i I ;i i ii i
A : { x, (x), (x) | x X}A A
A : { x, (x), (x) | x X}A A

# $ % %

 ! " # $ % %

 ! " 0" $ %

1  ! 0# # $ %

1
1

"

#

  
     [."BgU 7%6A6  + .EGo( l+-;.    ̀ - ?B@- :  3 BUEVW(A!`

3:;"n6      ?QY p"VcI- 3p"VcI- 3q-AcP- 3aVb(   3 UEVW(
X"b(- AfmVU ; ];18 AfmVU 3 UEVW( ?QY q-AcP-.  

ABBBMD ./ $%&"BBB'(  BBBG /ABBBG X"FBBB@Ai"M ?BBB!"+ 
 UEVW(          B+ :/ESBP :`"BO :"B&        :"BQg( <B5%gi .EBi

      /E+ ?&-EM 1%@ hJQ(  + eI-. N%8"5O .<(        AB&  B+ X-EB6
  0.-12P    NZ./ .-?j( r! (p)"  NBZ./"@ .-?j( r! ; 

  lBBBmT "BBB!(p)#  BBB+ 3/-/ NgnBBB@ -.  :.EBBBi   BBBG
(p) (p)" * # ) 1.  

  
 0)*123)  3"4"5"2  &6') (Coker, 1997:(  

   BUEVW( Nn*@     :"B&$   ;1$       4B!A56 [.EB\ ,!?B+ 
<( ?@EP :  

~

~

: { x, , | x X}
: { x, , | x X}
 ! $ %
 ! $ %

1 1 0
0 1 

  
  

           <S6"B@  BUEVW( :;. :/ESBP :`"BO :sE8E#E6X 
  0/-E@"MT   ̀ - IFS  ./ "&X G NZ-    BZ l!-ABP ./     B@"2

(T ) (T )03 1 ^?\ <( ?QQG:  
~ ~

i j i j

i i

(T ) , T;
(T ) G G T for any G ,G T;

(T ) G T for arbitrary family {G | i I} T.

%
. % %

% % 2

1 0 1
2
3 !

  

  
 t;`(IFS (X),T)    B+ "! B :/ESP :sE8E#E6 :">O 
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 ."LcM-IFT   <B( 0?B@-EM B   /EBP .   ALBQU AB&IFT  rB! 
     `"+ :/ESP :`"O  UEVW((IFOS)  ./ X NBZ-  .  aBVb(

IFOS  cn+ :/ESP :`"O  UEVW( )IFCS (Z-N.  
  

 0)*124) :Ibid(  
  ?BBBB%QG A!ELBBBB6)X,T (  :sEBBBB8E#E6 :">BBBBOIF ; 

A AA x, , ! " # $ rBB! IFS ./ X?BBP"+  .XD  0"BB2
   :`"O <@;./A      :`"O ."cn+ ; A0    4!A56 abP ,!?+ 

<( /EP:   

o

A {K : K is an IFCS in X and A K},
A {G : G is an IFOS in X and G A}

0  ,

 ,

"
!

  

  
  %>91 :[Ibid.]  

o o o

o

oc c c co

A B (A B) ,A B (A B)
A A A
A A ,A A

0 0 0

0

0 0

.  . /  /

, ,

  

  

  
4- >;/             3"?4"5"2 @*?A, %B CD1/&?, E-$  %&F

 %&'  !"#$  
          <B( 0/.;D  B(-/- ./  G <!"!">9 ; 4!."56 <("V6    ?@EBP

:.;DE@    h%ju6 ,!- :"&  ?@- .       ,cB( 3Av"w ,c(  G "W@D `-
             ]`x ?Bw ./ "BSQ6 "!">B9 ["gC- -o8 Nn%@ yA\ <v"!.

 0?P 0/.;D  ?@- .  "2 ,%cn*@ ./        ./ `AB( `- <B'!A56 ?!"+ ]
       /EBP 0/-/  B=-.- :`"BO :sE8E#E6 .        ./ X-ABG `- ]"BS8- "B+

     ./ `A( 3<8EV5( :sE8E#E6IFT    <B( 4B!A56        "B+ ; //AB2
 /"V@3/EP <( 0/-/ )!"V@ .  
  

 0)*125)  :! %*/IFT:(  
 `ABBBBBB()IFB (  :/ESBBBBBBP :`"BBBBBBO  BBBBBBUEVW(
A AA x, , ! " # $BBO ./  :/ESBBP :sEBB8E#E6 :">
(X,T)<( 4!A56 [.E\ ,!-  +  G NZ-  /EP :  

cA A A0 03  .  
  

 (D6G2:  
o

~A A ! "0       !" #$% &  !" A      '()*+, -.+)% /0 
 1234o o

~ ~A or A" "0 1 .  
 5+67" =<(  

 !"  
o o

o
A A

A { x, , | x X}" # # $ # # % # & '0 1 0 1  
89 :+!  

A A
A { x, , | x X}( (

( " # # $ ) ) % # & '0 1 0 1
o o

oc
A A

A { x, , | x X}" # # % # # $ # & '0 1 0 1   
;4" ,+2,  

o

o o

o c o oc c

A A A

A A A

A A A A A A A A
{x, min( , , ) ,

max( , , ) | x X}.
( (

(

( ( ( ( ! " ! ! " ! !
" # $ $ % #

# % % $ # '

0 1
0 1

  

  ))!" <))=o
~A A ! "089   :+))!o

~A "1 +))4 
o

~A "  .  
 5+67" > =(

  ))!"A  89 '())*+, >?))4 @   :+))!o
~A "    +))4

o
~A "1 .  !"o

~A " 1 .  
 <)))))))=oc

~A "   & ~A( "1 ;4" ,+)))))))2, 
o

~A A ! "   . A))))B  ))))!"o
~A "   .89  :+))))!

o
~A A ! "  .  

  C/DE2      1)F 8+G)H IJK& C,         L&M C)@ ()BNIM9 
1OH    #/PF MN (H"JQ     (*+,  6R3F -.+% -+B .1F     C)@ A/H"N
IM9         C)@ S)T"  )6R3F 1F+U2B o

~A A ! "    MN '
1V+W             #/)PF MN 1FJ)OX YZ)* C), C[\?F ;4" C@    -+)B

  S?/H  6R3F -.+% .   8+/, C,N    !"  U4A    +4 oA NJ]  
  89 '(2*+, -.+%          NJ), ()B"J^H 1_Q +_H9 ;/, `" R*" :+! .

      L&M ." A/B"J)^,  )!" ;4" ,+2,        :N+aR)T" 1@" R)*" -+)B
  C, (4+, 'A/2@  A/*+, - U4N (4(b cd+2F & 1W"JH e+6HN

    ̀ " R*" ." :N+aRT" +, +Q     )aQ +_H9 -+B  ;)*&M  /?     ." - )Q
    C, +_H9 ;/, f4gJVJ=JQ #,"&M   (49 STN .    -" ), ;/)2hOB

  ;/))2i j" ^R))T" & k))4 3Q C)), '1H+))ZF l1))* k))4 3Q
ST" .+/H 1$d+2F.  
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 $12<(6 :  
   (/2@ m %   ()/2@A AA x, ,"# $ % &    f)4 IFS  MN 

(X,T) (*+,  .   :N"JH+)]IFOS       MN eJOG)F -+)B A    +), "M 
<4(H"   , -M"n!C    5MJ)o

i iG Gx, , : i I}# $ % & '{'  & 
 :N"JH+))]IFCS YF+))* -+))B A <4())H" +)), "M  -M"n))!

,C  5MJo
j jK K{ x, , : j J}# $ % & '1F p4+OH  A/BN .

   c,+)))qF 8" )))@ &N C)))R6V" & M+R?))), &N '1)))H&MN &N
1U2?OB 1F  4. -+B  j" ^RT" 8"JQ @N:  

  

i i

o
G GA : x, max( ), min( )* "# (% % &1  

i i

o
G GA : x, max( ), min( )"# $ ($ &1!  

j jK KA : x,min( ),max( )(
* "# (% % &1  

j jK KA : x,min( ),max( )( "# $ ($ &1!  
cA : A A( (

* * * " !  
cA : A A( ( " !! ! !  

 0%GH3:  
kV"(   o o oA A A*+ +!  
r(     []A A A( ( (

,-+ +  
j (   o o

{[], }A { , }A,- " *!  
N(    { , }A { , }A( (

* " *! !  
5+67":  

k))))))V" ( 8J))))))i
i iG G% ) ($1 ;4" ,+))))))2, 

i iG Gmin( ) min( )% ) ($1 <))= o oA A
% . %

!
s & 

  8Jio oA A
$ " $

!
 ;4" ,+2, o oA A+! .    U4N t d ."

i iG Gmax( ) maxin( )(% . $1' 1))))))))))))))234 
o oA A*

$ . $& o oA A*
% " % ;4" ,+2, o oA A*+.  

  

r ( 5+67" C,+GF»kV"«.  
  

j (1F  A/H"N  

i i

o
G GA x, max( ), max( )"# $ ( $ &1!  

C@ +uH9 ." 'e+W :  
i iG Gmax( ) min( )( $ " ($1 1;4" ,+)))))))2,  

i i

o o
G GA x, max( ) , min( ) A"# $ ($ &"1 !!. 

5MJo ;/OB C,o oA A** "1F 5+67"  NJ*.  
  

N ( 5+67" C,+GF»j«.  
              . )F &N C)u/RH MN & M+R?, &N '1H&MN &N +u24" C, +Q

  (H(F9 STN C, .   1)F :N"N 8+G)H e+W     cd+)2F C)@ NJ)*
C,         1)OQ" 1)23F f4 C, :(F9 STN   ()H" .     1)OQ" ." MJ)v2F

              e+)OX" +), ()4(b cd+)2F j" ^R)T" 8+)ZF" w(X '8NJ,
 -+B U[OX* &!ST" .  

  
 0%GH4:  

{o, }
{ , }A (

*!(2R?B 1OQ"  .  
5+67" : C/DE MN4 C@ (* 5+67"   

{o, } {o, }
{ , }A { , }A( (

* " *! ! .  
  

+GH e+W1F :N"N 8  C@ NJ*  
{o, } {o, }{ , }.{ , }A { , }A( (* * " *! ! !  

i i

i i

o o
G G

G G

o o

A x, max( ), max( ) A

x,max( ), max( )

A A

"# $ ( $ &/

"# $ ( $ &/

"

1
1

! !!

! !!

  

i i

i i

o
G G

G G

o o

A x, ( max( )), max( )

x,max( ), max( )

A A

* "# ( ( $ ( $ &

"# $ ( $ &/

* "

1 1 1
1

!

! !

  

  

  -" ,A              5+)67" xJ)KJF ;)4" 8+)T ;/)OB C, y/H 
1F NN ! .  

  

 $12<(7) I4E2::(  
   (/2@ m %A AA x, ,"# $ % &   f4 IFS   MN (X,T) 

(*+, . 1H& ,A1F k4 3Q 5MJo ;4(, "M  A/2@ :  
E cA X A(" !  

  

     e+zQ" x"JH" NJb& C, CbJQ +,    3Q -+)B     MN :()* k)4 
 cd+))2F ." :N+aR))T" +)), & -NJ_))* -gJ))VJ=JQ -+B+D))%
         :N+T 1H+ZF l1* k4 3Q 8"JQ 1F '(4(b :(* j" ^RT"

         ()2H+F & y)/Q ()4"&. +)4 : aW 8&(, "M -.+%  S?)H"N 89 .
 k))4 3Q5 .8 MN 1H+))ZF l1))* f))4 ." 12))*&M L ))UH 

1F STN C, -.+% 1Z4gJVJ=JQ -+B+D% (BN.  
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 YZ*1 .-NJ_* -.+% l1*  

  
 $12<(8) )-./ 6*.9 I4.O" PI, :(  

  f4IFS   (2H+F A           -+D)% MN :N+)T 1H+)ZF l1)* 'IFT 
 !" 'ST" YzRF :  

1- A  , A  ,A( ( (
* !s(2*+, CR?, Av2F   

2- o o oA  ,A  ,A* ! s(2*+, CR?, Av2F   
3- A  , A  , A*   !(2*+, YzRF  .  

 YZ*1_* -.+% :N+T l1* 1F 8+GH "M -NJ (BN.  
           k/)oJQ N ,M+)@ ." 1V+{F ' R_, `MN -" , CF"N" MN

            1)F  )@| M&N ." pu2)T :.J)W MN :(* N+4   NN )! . MN
   :M"JB+F  4&+zQ ." 1] ,        Y?)Z/= S)T" ;)ZOF -"    14+)B

C$6d       ()2H+O, 1E+, :(GH -(2, .     1)a[R^F Y)[X  )F" ;)4"
      C, e+2U/T rnb +4  ," NJb& 8Ji    NM"N :(2u2T C[/T& .

}d"         C)$6d MN 12/$4+)H ~bJF CR%M STN ." 5+X    -()2,
1F   NJ)* .      1)OH ' )U4N t )d ."         & c)/EN -+)B. F 8"J)Q

         N )@ ;/)/3Q ;/F. p*J= k[R^F 5+$6d ;/, 12*&M .
 +))4 & Y))/OPQ 1XJ))H t+a))* -+))B. F ;/))/3Q �))E"& MN

:N+T   :N"N -.+T    ST" NJbJF -+B .  YZ*1 8+GH     :()2BN
CHJOH              )B 89 MN C)@ S)T" -.+)% C$q2F ." -"   Y?)Z/=  

            C)bMN A)B & S4JDX CbMN AB ':(* :N"N �}@ -" ,
  NM"N S4JDX w(X .          CG)$H &N C)KM+X  )B -" ), ;4" ,+2,
1F M+@ C, - RTM N&M .  

          S4JDX w(X & S4JDX �,+Q &N '(* 8+/, ChH9  ,+2,
 NM"N NJb& -.+% xJKJF f4 -" , :    �),"JQ ;)4" 5" )//�Q

     C), :N+T 1H+ZF xJKJF -" ,       S)T" CR)TJ/= 5MJ)o.  MN 
YZ* 3              MN S4JD)X w()X & S4JD)X �,+)Q &N p4+)OH 

:(* :N"N 8+GH -(3,&N -+D% (H".  

  
  

  
 YZ*2 .C$q2F p4+OH  -NJ_* -.+% CXJOuF fO@ C, ;/3F+H -"

 RTM #/PF MN .  4JzQ�+,1F 8+GH "M S4JDX 5+bMN   & (BN
;/4+= - 4JzQw(X 5+bMN "M S4JDX  .8+OB  :(4N C@ CHJ!

1F N+$F �Ob 'NJ*S?/H f4 �+F&yV  �+2RF Y?Z/= &N  4.  

  
      C, cd+2F ;R*"N M+/R]" MN +, e+W     -.+% :(F9 STN

     ) 8" ))@ &N & 1))H& , &N '1))H&MN &N 1))234 ) -NJ_))*
1F        <4 Q+F f4 Y/ZGQ +, 8"JQ06 6       !"# $% &"'($) 

 %*""+ !"",)*' *-./""0. 1""' () 231""4 .5""'  !""6789 ):""9
;(*<#(    2$% 5"' $% 21=  >"# ?91"@A       !"# *"= 5"B1C

          1"DBE !0.F:G:H:I &'($) *-.% 2314 !B10A  !# 1' !B10A
  !A J1KB ()  /=% .  L.*I1A 6 6       M:"N:A $% 2(*"' A  $ 

B3( O,( P)18Q :   
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o o o o o o o E o E

o o o o o o o E o E

o o E E

* o

E o E o E

E o E o E

A B A B A B A B A B A B
A B A B A B A B A B A B
A B A B A B A B A B A B

R
A B A B A B A B

A B A B A B
A B A B A B

! ! !

! ! ! ! ! ! ! ! !

! ! !

! ! ! ! ! !

!

! ! ! !

" " "# "# " "
" " "# "# " "

# " # " # "# # "# # " # "
$

# " # " # "# # "# #
" " "#
" " "#

6 6

         

   

         

 

     

  

E E

E E E E E

E E E E E

A B A B
A B A B A B
A B A B A B

! ! !

! !

! ! ! ! !

% &
' (
' (
' (
' (

" # "' (
' ("# " "' (
' ("# " ") *

 

    

 

  

  
     )(/RA 5.()% *= *C(+   1. ,+    JE S%*.T"U' ()     V1"C

362!A W) X0YA OG1Z  /=%.  
 5['() )% S\1]A J(:@Q 5'1R^.*6I 1'  :  

  

R

+ + + ,+ ,+ ,+% &
' (+ ,+ ,+ ,+ ,+ ,+' (
' (+ ,+ ,+ ,+ ,+ ,+

$ ' (,+ ,+ ,+ ,+ ,+ ,+' (
' (,+ ,+ ,+ ,+ ,+ ,+
' (
,+ ,+ ,+ ,+ ,+ ,+) *

1

  

!""B$)% ;(*<""#(  21""=o oA B! !" $ O"",( !DI1""B 
!B$)% ;(*<#(  21=o oA B"  O,( !DI .  

            &"'($) X7"76I $ 2F:"G:H:I &"'($) P1"7_`a !,)*'  
  
  

          )% $ O,( *N1Z 5G1RA M:N:A 3( b)1c X0YA1B $ X0YA
5G1RA /# /=(:c 5<c(%*H 1DBE 5' *-.% 2(.  
  

5-0G%84 E H:.1-F5  )2%I  
             !.:"-G( 5"+ O,( V/# >#:+ :, d. 3( >e' X.( )%

    !@7R.1B 2(*' !A:YQ     O7f'1g 1' *-.% 2:, 3( $    h3i 21=
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