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=@ w |HwR C=U}=kt j} Q] R= =yQ=}at uRw '|}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ "1

&OwW|t pY=L xOvQ}os}tYD Cw=[k

R= l} Qy ha[ w Cwk \=kv R}v w Qo}Om} =@ hrDNt |=ypOt |xU}=kt 1 pwOH
[6]"CU= xOW x�=Q= =ypOt

pOt R= 'xDiQoCQwY |=y|UQQ@ R= pY=L G}=Dv T=U=Q@ xm OwW|t Qw;O=}
?=NDv= p�=Ut |=Q@ l} w QiY |v=tQ; |R} Qxt=vQ@ w |}xm@W p}rLD Ov}=Qi *|@}mQD
Ov}=Qi R= |}xv=o =OH |=yOQ@ Q=m xJQo = 'CU= xOWv xO=iDU= QwWm pN=O QO xSwQB

"CU= xOW xOy=Wt Qo}O p�=Ut |=Q@ |v=tQ; |R} Qxt=vQ@ w |}xm@W p}rLD

|R=i |irO VwQ "2"2
30|mr=O|DUQB QU x@ =m} Qt;|}=wy |wQ}v QO|LQ] |Oq}t 1950 |xyO p}=w= QO
|W=v CQ=UN u=R}t� OQwtQO u=oQ@N |=yQ_v |UQQ@ Qw_vtx@ '31OvQ CmQW R=
KQ]t u=oQ@N Cw=[k |UQQ@ |=Q@ '�=m} Qt; QO |wQwW |tD= ?t@ OvJ Q=Hiv= R=
|xQ=@ QO u=oQ@N |ywQo ji=wD u} QDu�t]t x@ |UQDUO KQ] u}= *hOy [12]"OW
'Q=QmDx@ 'u=oQ@N R= |y=wNQ_v w xt=vVUQB R= xO=iDU= =@ xm CU= X=N |aw[wt
|UQQ@ VwQ u}= `k=w QO "OQ}PB|t CQwY =yu; R= pY=L OQwNR=@ x@ xHwD =@ w
Cq=-wU x@ xv=iQ]|@ MU=B [13]%CU= |rY= |oS} w xU =@ u=oQ@N O}=ka *pt=m
'=yu; R= OQwNR=@Ci=} QO w �xt=vVUQB� Cq=-wU p=UQ= C=aiO Q=QmD '�=yxt=vVUQB�
|=yxO=O '|irO VwQ QO "|ywQo CQwYx@ Cq=-wU x@ MU=B *|Q=t; p}rLDwx} RHD w
p}O@D |v}a ,=@} QkD |=yxO=O x@ |Q=t; |=yp}rLD R= xO=iDU= =@ xQ@N O=Qi= |vyP

"OwW|t |Q}os}tYD QO `=tH= x@ QHvt VwQ u}= &OwW|t
"OW `=O@= 32=DB wo w uti=m \UwD |Oq}t 1980 |xyO QO |R=i |irO VwQ
|=yQDt=Q=B w h=Oy= xm |r�=Ut Q@ `=tH= w |Q}os}tYD Qw_vtx@ VwQ u}= OQ@ Q=m
u}= syt |oS} w "OwW|txOvRQ= Q=}U@ |H}=Dv x@ QHvt 'CU}v XNWt ,=L} QY =yu;
CkO sOa x@ \w@ Qt `v=wt R= |Q=}U@ xm CU= Q}PBh=]av= |@ wJQ=J |x�=Q= 'VwQ
=y|Q}os}tYD QO CqmWt R= |Q=}U@ "OyO|t Q=Qk VWwB CLD =Q CL=QY w
\UwD xOWP=ND= |=ys}tYD u}vJty "CU= j}kO=v w Xk=v C=aq]= x@ \w@ Qt
CU= QDy@ u}=Q@=v@ "CU= |vyP COWx@ w '=yu; |OQi C}LqY T=U=Q@ u=oQ@N

[3]"OvwW xO=O V}=tv |R=i O=Oa= =@ |a]k O=Oa= |=Hx@ =yxO=O
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VOwN uwQO QY=va x@ =} �|vwQ}@ C=]=@DQ= x@ xHwD =@� Qo}O |=yxWwN x@ xWwN
xm@W QY=va R= |}xawtHt Q}F-=D [14]"OwQ|t Q=mx@ �|vwQO C=]=@DQ= x@ xHwD =@�
[15]"OwW|t xO=O V}=tv 2 pmW CQwYx@ T} QD=tQB wU QO QY=va Q}=U |wQ Q@
CQwYx@CU= |U} QD=tWij lwr@ "s}t=v|t lwr@T} QD=tQB wU QO =QWij |x}=QO

[14]"CU= 3 pmW
s=i |xWwN QY=va �C}ty=� Q}F-=D |rY= |xS} w Q=OQ@ Wij lwr@ uwDU Qy
j |xWwN *QYva Qo = xD@r= "CU= s=j |xWwN QY=va R= l} Qy x@ xHwD=@ xm@W
"Ow@ Oy=wN QiY 'jwi lwr@ QO x]w@ Qt uwDU OW=@v Q=PoQF= i |xWwN QY=va |wQ
V}=tv K]U n =@ holarchi w |@D=QtxrUrU Q=DN=U l} T} QD=tQB wU 4 pmW QO

[14]"CU= xOW xO=O
|xWwN Q}F-=D Qou=}@ w OvDUyWij |=ylwr@T} QD=tQB wU |=yx}=QO 4 pmW QO
\=@DQ= 'pw= \=@DQ= %OQ=O OwHw \=@DQ= ẁv wO pmW u}= QO "CU= s=i |xWwN Q@ s=j
=} swO |xWwN Q@ pw= |xWwN |Q=PoQ}F-=D Ovv=t 'CU= Qo}O |xWwN =@ xWwN l}
|xWwN QY=va |Q=PoQ}F-=D Ovv=t R}v swO ẁv \=@DQ= "swU |xWwN Q@ swO |xWwN
'?D=QtxrUrU T} QD=tQB wU uwDU w Q]U u} QN; |x}=QO "CU= VOwN Q@ swU
OyO|t u=Wv w CU= u; K]U u} QN; QO xkrL =@ Q_=vDt xm CU= |OL=w T} QD=t
T} QD=t QO xm u=vJ "CU= xDU@=w VOwN x@ \ki jwi K]U QO |QYva Qy xm
pw= uwDU QO 'OQ=Po|t QF= 2 |xWwN Q@ 1 |xWwN xm =Hv; R= 'CU= XNWt
QiY Q=Okt T} QD=tQB wU |=yx}=QO |x}k@ w xDiQo Q=Okt W21 \ki T} QD=tQB wU
pw= |xWwN Qo = "CU=yxWwN Q}=U Q@ pw= |xWwN |Q=PoQ}F-=D sOa |xv=Wv xm OvQ=O
'T} QD=t u}= QO "CiQo|t Q=Okt R}v W31 x=ov; 'Ow@ Q=PoQ}F-=D R}v swU |xWwN Q@
Wn;n�1 Q=Okt 'xDiQ}PB Q}F-=D QN; p@k=t |xWwN R= QN; |xWwN xm u}= x@ xHwD =@

"CU= xDiQo =Q
|xOvyOu=Wv xm OvQiY |oty T} QD=tQB wU QO pw= Q]U |=yx}=QO u}vJty

"|]NQ}e sDU}U l} T} QD=tQBwU "2 pmW

"|]NQ}e sDU}U l} QO T} QD=tQBwU l} |x}=QO "3 pmW

"|}xm@W Q=DN=U w |@D=QtxrUrU Q=DN=U "1 pmW

C=U}=kt R}r=v; |=Q@ =Q |i}m Q}O=kt u=wD|t |}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ "2
&OQm p}O@D |OOa Q}O=kt x@

XYND uwO@ |OQi Qy xmCU= syi p@=k w xO=U |QOkx@ |}xm@W p}rLD Ov}=Qi "3
&Ovm xO=iDU= u; R= Ov=wD|t

x@ =Q u=oOvQ}os}tYD w u=aiv|P s=tD xm CU= |}xvwox@ |}xm@W p}rLD Ov}=Qi "4
&Ovm|t j} wWD u; QO CmQW

w OQwNR=@ u=mt= |@D=QtxrUrU p}rLD Ov}=Qi hqNQ@ |}xm@W p}rLD Ov}=Qi "5
"Ovm|t sy=Qi =Q =yQ=}at u=}t |vwQO \@=wQ |UQQ@

[12]%OvQ=O |}=yCw=iD R}v |@D=QtxrUrU p}rLD Ov}=Qi w |}xm@W p}rLD Ov}=Qi
&OQ}o|t xQy@ T} QD=tQB wU R= |}xm@W p}rLD Ov}=Qi "1

Q=}U@ QDW}@ *|HwR C=U}=kt s=Hv= p}rOx@ |}xm@W p}rLD Ov}=Qi QO C=@U=Lt "2
&CU= Q@u=tR

'OQ}o|t Q=Qk Q_v Ot =yxv} Ro w =yQ=}at u=}t|vwQO\@=wQ|}xm@Wp}rLD Ov}=Qi QO "3
|@D=QtxrUrU p}rLD Ov}=Qi CtU x@ |}xm@W p}rLD Ov}=Qi CQwYu}= Q}eQO

"O@=}|t jwU
Q}=U |wQQ@ xWwN l} *QY=va R= |}xawtHt C=Q}F-=D '|}xm@W p}rLD Ov}=Qi QO
Q=OQ@ u=ty C} wrw= Q=OQ@ "OwW|t xO=O u=Wv C} wrw= Q=OQ@ j} Q] R= sDU}U *QY=va
|@D=QtxrUrU p}rLD Ov}=Qi QO xm CU= |HwR C=U}=kt T} QD=t x@ \w@ Qt |xS} w
|yOu=tR=U w |Ov@xwQo 'C} wrw= |=yQ=OQ@ *uOQw; CUOx@ u}vJty "CU= pw=ODt
s=vx@ X=N |U} QD=t R= xO=iDU= =@ ?=wH uOQw; CUO x@ C}=yv QO w =yu;
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|L=Q] l} w QiY |v=tQ; |R} Qxt=vQ@ w |R=i |irO VwQ '|}xm@W p}rLD Ov}=Qi
Q_v R= j}kLD u}= "CU= xOW xO=O V}=tv u; |}=QH= sD} Qwor= 5 pmW QO xm xOW
?r=]t |Qw;`tH |=Q@ j}kLD C=}@O= VN@ QO "CU= |OQ@ Q=m j}kLD l} h=Oy=
VwQ R= u=Q}Ot R= |HvUQ_v |=Q@ w =yQ=}at u}}aD VN@ QO w |}xv=N@=Dm VwQ R=
|}xt=vVUQB w |YYND |=yx@L=Yt w |R=i |irO VwQ R= xO=iDU= =@ |v=O}t
'CU}v |Q=t; p}rLD Q@ |vD@t VywSB u}= uwJ 'Qo}O |wU R= "CU= xOW xO=iDU=
O=}v@ QO j}kLD u}= |=QH= x@ xHwD =@ "CU}v |QwQ[ |Q=t; |xvwtv w xat=H u}}aD

"CU= xOw@ O=}v@ u}= |=yxSwQB u=ty s}tYD |=yxv} Ro '=H=v uw=aD
'u=oQ@N C=Q_v R= |}xm@W p}rLD Ov}=Qi QO G}=Q |HwR C=U}=kt p}tmD |=Q@
R= xO=iDU= x@ xHwD =@ "CU= xOW xO=iDU= 'OvDUyu=tR=U OWQ= u=Q}Ot u=ty xm
Ov=wD|t xm CU= xy=t Q=yJ xR=@ l} pOt *|R=UxO=}B u=tR COt '|R=i |irO VwQ
u}vJty "O@=} V}=Ri= =} Vy=m u=oQ@N C=Q_v R= xOt; CUO x@ G}=Dv x@ xHwD =@
xm OvQ=O OwHw =yxv} Ro |xU}=kt |=Q@ |}xv=oOvJ |=yQ=}at xm CW=O xHwD O}=@
\UwD Q_vOQwt |=yQ=}at x@ xHwD =@ xv} Ro Qy "Ov=|i}m w |tm |=yQ=}at pt=W
=yxv} Ro uRw 'wOx@ wO |xU}=kt G}=Dv x@ xHwD =@ w OwW|t |@=} RQ= u}YYNDt s}D

"CU= Q} R |=ys=o pt=W |@}mQD pOt |=QH= "OwW|t XNWt

=yxv} Ro w =yQ=}at uOQm XNWt �hr=
pDy CN=U |=yxSwQB pt=W pOt u}= QO =yxv} Ro 'xar=]t OQwt u=tR=Ux@ xHwD =@
*ToQv pDy "2 &OyWt 1 *ToQv pDy "1 %R= Ov=CQ=@a Q_v OQwt |=yxSwQB "OvDUy

"j}kLD sD} Qwor= "5 pmW

"K]U n =@ holarchi w |@D=QtxrUrU Q=DN=U l} T} QD=t QBwU "4 pmW

u}= QY=va xJv=vJ "CU= pw= |xWwN *OwN Q@ pw= |xWwN QY=va |Q=PoQ}F-=D sOa
|Qo}O |xWwN xm |DQwYQO w 'W11 |x}=QO OvDW=O |vwQO Q}F-=D u=WOwN Q@ xWwN
Q=Okt |=Q=O Wn1 |x}=QO OvOw@ Q=PoQ}F-=D pw= |xWwN QY=va Q@ s=n |xWwN ,qFt
xDiQo OL=w Q=Okt QN; Q]U QO s=n |xWwN =@ Q_=vDt |x}=QO C}=yv QO "OW|t
"CU= xOW pYw VOwN x@ QN; |xWwN R= xm CU= |r=} |xOvyOu=Wv xm CU=
OwW|t xO=iDU= 36=w=R|m =D� |Da=U T} QD=t R= 'xSwQB ?=NDv= p�=Ut |=Q@
xDN=OQB T} QD=t u}= x@ xt=O= QO "CU= |}xm@W p}rLD Ov}=Qi R= |Y=N Cr=L xm

"OwW|t

l} w QiY |v=tQ; |R} Qxt=vQ@ "4"2
|v=tQ; |R} Qxt=vQ@ R= u=wD|t OW=@ xr�Ut R= |} RH `@=vt X}YND xm |t=ovy
|R} Qxt=vQ@ |twta pOt "OQ@ xQy@ =yxv} Ro u}@ QO `@=vt X}YND |=Q@ l} w QiY

[3]%CU= u}vJ |v=tQ;

Minimize Z = PK(wjd+
i ;wjd�i )

Subject to aijxj + d�i � d+
i � bi

for i = 1; 2; :::;m; j = 1; 2; :::; n
xj + d�i = 1 for i = m+ 1;m+ 2; :::;m+ n;

j = 1; 2; :::; n
xj = 0 or 1

xm =yxv} Ro pm O=OaD n &OwW ^=Lr pOt QO O}=@ xm |i=Oy= O=OaD m 'u; QO xm
=Hv}= QO� C=i=QLv= |@Uv C}ty= =} |[=} Q uRw wi &OvwW xO}O O}=@ ?=NDv= QO
w uRw |xOvyOu=Wv w O};|t CUO x@ |}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ xm |vRw
"=yu=tQ; R= |ivt w C@Ft h=QLv= u}t=i R= Ov=CQ=@a d+

i ; d
�
i &�CU= xSwQB C} wrw=

umtt |=yxSwQB j = 1; 2; :::; n xm |r=L QO CU= l} w QiY Q}eDt l} xj
u; xj = 0 Qo = w OwW|t ?=NDv= xSwQB u}t=j OW=@ xj = 1 Qo = &Ov=?=NDv= |=Q@
�\UwD `@vt hQYt Q=Okt� |vi ?} Q[ |xOvyOu=Wv aij "OwW|tv ?=NDv= xSwQB
QO `@vt u}t=i Qou=Wv bi w 'Ovm|t xO=iDU= `@vt u}t=i R= xm CU= |}xSwQB u}t=j
"OvwW ^=Lr O}=@ ?=NDv= |xr�Ut QO xm CU= C}OwOLt |=yQwDm =i =} TQDUO
x@ uRw T=U=Q@ =Q Q_v OQwt |=yxv} Ro ?=NDv= 'l} w QiY |v=tQ; |R} Qxt=vQ@ pOt
OW=@ QDnQR@ wi xJQy xm |Qw]x@ OyO|t Q=Qk |}xm@W p}rLD Ov}=Qi R= xOt; CUO

"CU= QDW}@ VvOW?=NDv= Tv=W
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"=yxSwQB R=}v OQwt `@=vt "2 pwOH

w |R} Qxt=vQ@ |r=} Q OQw;Q@ xSwQB s=v�RwQ� |L=Q] �u=twD OQ=}r}t�
35 85 1 ToQv
50 56 2 ToQv
60 154 3 ToQv
40 11 4 ToQv
70 119 ?Qe u=QyD ToQv
40 119 jQW u=QyD ToQv
90 355 V}m ToQv

|r=t C}OwOLt %R= Ov=CQ=@a �� Q_v OQwt |=yC}OwOLt u=ty `k=w QO �� u=tR=U
QFm =OL w Q_v OQwt |=yxSwQB |=QH= |=Q@ u=twD OQ=}r}t 900 dr@t QFm =OL pt=W
Q_v OQwt |v=tR w |r=} Q OQw;Q@ "|L=Q] w |R} Qxt=vQ@ |=Q@ CUO QO u=tR RwQ 275

"CU= xOt; 2 pwOH QO =yxSwQB R= l} Qy |=Q@

p}rLD Ov}=Qi R= xO=iDU= =@ =yxSwQB C}wrw= w uRw uOQw; CUOx@ �O
|}xm@W

|Da=U T} QD=t R= xO=iDU= =@ R}v w u=oQ@N xwQo C=Q_v R= xO=iDU= =@ xrLQt u}= QO
xHwD O}=@ "OQ}o|t s=Hv= |HwR C=U}=kt =yQ=}at w |v=Qta |=yxSwQB u=}t =w=R|m =D�
pL=Qt x@ xHwD =@ w |R=i |irO VwQ |x}=B Q@ T} QD=t u}= pL=Qt |x}rm CW=O

%R= OvDQ=@a pL=Qt u}= "OwW|t =QH= u; |xv=oQ=yJ
|YNW Q_v x@ xHwD =@ u=oQ@N w OwW|t|L=Q] |R=i ^=ir= T=U=Q@ xt=vVUQB "1
"Ovvm|t s=Ok= xt=vVUQB p}tmD x@ C@Uv u=Qo}O Q_v R= `q]= uwO@ w OwN

xO=iDU= 3 pwOH R= p}O@D |=Q@ &OvwW|t p}O@D |R=i |FrFt O=Oa= x@ |R=i ^=ir= "2
Qw]x@ |FrFt |R=i O=Oa= <RH xU R= l} Qy u}ov=}t xm u}= R= TB "OwW|t
xOW x@U=Lt u}ov=}t R= OQi Qy MU=B |R=i |xrY=i 'OW XNWt xv=o =OH
|xrY=i '�VQ@ VwQ R= xO=iDU= =@� |a]k OOa x@ xrY=i u}= p}O@D R= TB w
|R=i |FrFt OOa l} xm |DQwYQO "OwW|t XNWt xv=o =OH Qw]x@ xQ@N Qy

%OW=@ Q} R CQwYx@
A(i) = (a(i)

1 ; a(i)
2 ; a(i)

3 ); i = 1; 2; 3; :::; n

u=QyD *ToQv pDy "5 &OyWt 4 *ToQv pDy "4 &OyWt 3 *ToQv pDy "3 &OyWt 2
|irDNt |=yQ=}at u}vJty "V}m *ToQv pDy "7 &jQW u=QyD *ToQv pDy "6 &?Qe
QO "OQ}o|t Q@ QO =Q |i}m w |tm |=yQ=}at xm OQ=O OwHw =yxv} Ro |xU}=kt |=Q@
'�C1� |O=YDk= |=yu=mt x@ |m}ORv %R= Ov=CQ=@a ?NDvt Q=}at VW j}kLD u}=
OQwt OwU '�C3� |DQ=} R |=yu=mt x@ |m}ORv '�C2� |DL=}U |=yu=mt x@ |m}ORv
xv} Ro Qy "�C6� pkvwptL C=v=mt= x@ |UQDUO w '�C5� =[=kD K]U '�C4� Q=_Dv=
CU= QmP u=}=W [16]"OwW|t |@=} RQ=XYNDt s}D\UwD Q=}atVW u}= x@ xHwD =@
CUO x@ u=oQ@N Q_v x@ xHwD =@ w |Ov@x@DQ l}vmD R= xO=iDU= =@ Q_v OQwt |=yQ=}at
|=yx@L=Yt j} Q] R= w u=oQ@N Q_v =@ j@=]t |rLt \}=QW x@ xHwD =@ w Ov=xOt;
\UwD xO=iDU= OQwt |=yQ=}at |}=U=vW R=TB xm |}xvwox@ 'Ov=xOW p}OaD |YYND
=@ =yQ=}at u}= 'pDy CN=U |xSwQB ?=NDv= |=Q@ |HQ=N w |rN=O u}kkLt Q}=U
Q=Qk u=oQ@N Q=}DN= QO |Ov@x@DQ |xt=vVUQB w xOW |R=U|tw@ u=oQ@N Q_v x@ xHwD
=Q Q_v OQwt R=}Dt= =yQ=}at x@ u=WC=}@ QHD x@ xHwD =@ '=yQ=}at |UQQ@ R= TB =D xDiQo
xt=vVUQB QO OwHwt |=yQ=}at u}@ QO xm OvQ=O Q_v Ot =Q |Q=}at xJv=vJ =} w &OvyO@
|x}rm Oa@ |xrLQt QO "OvyO O=yvW}B =Q u; uwt=Q}B |D=L}[wD w Q=}at u; 'CU}v
=@ =D OQ}o|t Q=Qk u=oQ@N Q=}DN= QO Qo}O Q=@ OwHwt |=yQ=}at w |r@k |=yQ=}at
Q=@ =yQ=}at x@ xOWxO=O X=YDN= |x@DQ u}ov=}t x@ xHwD =@ w |irO VwQ |Q}oQ=mx@
|xt=vVUQB CWoQ@ wCiQ xrLQt xU R= TB C}=yvQO "OvQ}o Q=Qk T=}k OQwt Qo}O
|irO Ov}=Qi 'xrLQt Qy QO =yQ=}at |xQtv u}ov=}t hqDN= x@ xHwD =@ w '=yQ=}at
T=}kt x@ xHwD =@� u; =@ |w=Ut =} GvB R= QDnQR@ uRw xm |Q=}atVW w hkwDt

"Ov=xOW ?=NDv= OvQ=O =Q �CQm}r

�|vwQO |oDU@=w� |vwQO \@=wQ |@=NDv= |=yQ=}at u}@ =}; �?
OQ=O OwHw

C=Q_v x@ xHwD =@ =yQ=}at u=}t �|vwQO |oDU@=w� |vwQO |x]@=Q OwHw sOa =} OwHw
|=yQ=}at u}@=t |rwrat w Cra |x]@=Q OwHw xm |Qw]x@ 'OwW|t XNWt u=oQ@N
Qou=}@ xiQ]l} |x]@=Q OwHw w CU= Qo}Om} R= Q=}at wO |Q}PB Q}F-=D Qou=}@ Q_v OQwt
OwHw |vwQO |oDU@=w =yQ=}at u}@ xJv=vJ "CU= Qo}O Q=}at Q@ Q=}at l} |Q=PoQ}F-=D
xO=iDU= |@D=QtxrUrU p}rLD Ov}=Qi Ovv=t OwHwt |=yVwQ R= u=wD|t OW=@ xDW=Ov
|=Q@ OwHwt VwQ =yvD =yQ=}at u=}t |vwQO |oDU@=w OwHw CQwYQO |rw OQm
u}= Q@ u=oQ@N 'Q_v OQwt VywSB QO "CU= |}xm@W p}rLD Ov}=Qi =yxSwQB |Ov@x@DQ
K]U V}=Ri= xm |wLvx@ OQ=O OwHw xiQ]wO \@=wQ =yQ=}at |t=tD u=}t xm Ov=xO}ka
V}=Ri= w OwW|t Q=_Dv= OQwt OwU V}=Ri= Ea=@ '?NDvt Q=}at l} u=wvax@ =[=kD
=[=kD K]U <=kDQ= xH}DvQO w xSwQB C=a}iQD V}=Ri= Ea=@ =yxSwQB |yOOwU p=tDL=
|UQDUO p=tDL= V}=Ri= Ea=@ |DL=}U |=yu=mt x@ |m}ORv u}vJty "OwW|t
C=v=mt= x@ |UQDUO xJ Qy CiQo xH}Dv u=wD|t Tmar=@ w OwW|t C=v=mt= x@
\@=wQ Qou=}@ 6 pmW """w s} QDl}ORv |DL=}U |=yu=mt x@ OW=@ QDW}@ pkvwptL

"CU=yQ=}at u=}t |vwQO

X}YND |=Q@ Q_v OQwt `@=vt w u=tR=U h=Oy= uOQm XNWt �G
u=tR=U x@ |v=tR=U R= 'u=tR=U ẁv x@ xHwD =@ xm OvDUy |}xvwox@ u=tR=U h=Oy=
h=Oy= w �h=]av= p@=kQ}e� |Q=@H= h=Oy= pt=W h=Oy= u}= "Ov@=}|t Q}}eD Qo}O
h=Oy= '|v=tR h=Oy= '|r=t h=Oy= R= |}xawtHt Ovv=wD|t w OvDUy Q}PBh=]av=
`@=vt w h=Oy= j}kLD u}= QO "OvQ}o@ Q@ QO R}v =Q x@=Wt OQ=wt w |v=Uv= |wQ}v =@\@DQt
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|vO
t=v

}UO
}Uw

|r[
iQi

Y "|R=i |FrFt O=Oa= x@ |R=i ^=ir= p}O@D "3 pwOH

h} Q=aD CU=Q x@ AJ CtU C}LHQ= AJ x@ CU=Q CtU C}LHQ=
|R=i O=Oa= |R=i O=Oa=

Q}F=D |@ u=Um} C}ty= 1 1 1 1 1 1
QFwt ,=D@Uv QDsyt ,=D@Uv 2 33 3 3 67 0 27 0 33 0 43
O=} R Q}F=D O=} R C}ty= 4 33 5 5 67 0 18 0 2 0 23

O=} R Q=}U@ Q}F=D O=} R Q=}U@ C}ty= 6 33 7 7 67 0 13 0 14 0 16
QFwt ,qt=m QDsyt ,qt=m 8 33 9 9 67 0 1 0 11 0 12

j}kLD |=yxDi=} "4
=yxSwQB u=Rw= x@ \w@ Qt u; |rY= |=yxDi=} &CU= xDi=} Q=yJ |=Q=O j}kLD u}=
X}YND w Q=OC} wrw= |=yxSwQB ?=NDv= "CU= |}xm@W p}rLD Ov}=Qi VwQ T=U=Q@
|xDi=} Qo}O l} w QiY |v=tQ; |R} Qxt=vQ@ pOt j} Q] R= u=tR=U `@=vt |xv}y@
CQwY |}xm@W p}rLD Ov}=Qi VwQ ?wJQ=J QO j}kLD u}= uwJ "CU= u; *|rY=
u=}@ |rY= |=yxDi=} u}= uOQw; CUO x@ |=Q@ |}=QH= |=ys=o VN@ u}= QO 'xDiQo
s=o QO xm OwW|t XNWt swO w pw= s=o T=U=Q@ |aQi |=yxDi=} Q}=U "OwW|t
CUO x@ =yu; u=}t |vwQO \@=wQ x@ xHwD uwO@ =yxSwQB w =yQ=}at uRw swO w pw=
w =yQ=}at u=}t |vwQO \@=wQ x@ xHwD =@ u=Rw= u}= sQ=yJ w swU s=o QO "Ov};|t
w GvB |=ys=o QO xm |D=@U=Lt =@ 'sDiy s=o QO C}=yvQO "Ov};|t CUO x@ =yxSwQB
x@ =yxSwQB w =yQ=}at u=}t |vwQO \@=wQ x@ xHwD =@ xSwQB Qy uRw 'OwW|t s=Hv= VW
Q=Qk xO=iDU= OQwt l} w QiY |v=tQ; |R} Qxt=vQ@ pOt QO u=Rw= u}= "O};|t CUO

"OvQ}o|t
|@Uv uRw '=yQ=}at u=}t |vwQO \@=wQ uDiQo Q_v QO uwO@ pw= s=o QO %pw= s=o
QO "s} Qw;|t CUO x@ |@D=QtxrUrU p}rLD Ov}=Qi l}vmD R= xO=iDU= =@ =Q =yQ=}at
|=yxSwQB ?=NDv= QO u=R}txJ x@ w Q=}at s=Om xm CU= u}= =t p=-wU xrLQt u}=
R= Q_v OQwt |=yQ=}at |xU}=kt |=Q@ #OQ}o Q=Qk xHwD OQwt O}=@ QDW}@ Q_v OQwt

"OwW|t xO=iDU= 4 pwOH |xt=vVUQB
R= |m} xJv=vJ 'xt=vVUQB u}= *CU=Q w AJ CtU |=yQ=}at |xU}=kt s=ovy
Q@ AJ CtU Q=}at |QDQ@ |vatx@ Qt= u}= OvwW ?=NDv= AJ CtU |=yxv} Ro
|=yQ=}at |xU}=kt CQwY QO xm |Qw]x@ &Tmar=@ w CU= CU=Q CtU Q=}at
CQwY QO '|O=YDk= |=yu=mt x@ |m}ORv w pkvwptL C=v=mt= x@ |UQDUO
�pw= Q]U w xt=vVUQB AJ CtUk QO� O=} R Q=}U@ C}ty= |xv} Ro ?=NDv=
C=v=mt= x@ |UQDUO� Q=}at O=} R Q=}U@ C}ty= |vatx@ Qt= u}= xm CW=O s}y=wN
CQwYQO w CU= �|O=YDk= |=yu=mt x@ |m}ORv� Q=}at x@ C@Uv �pkvwptL
x@ C@Uv xv} Ro wO C}LHQ= sOa |vatx@ Qt= u}= 'u=Um} C}ty= xv} Ro ?=NDv=
VwQ R= xO=iDU= =@ u=oQ@N `=tH= x@ uO}UQ w C=U}=kt s=Hv= R=TB "CU= Qo}Om}
Ovv=t C=@U=Lt u}vJty "OwW|t p}O@D |R=i O=Oa= x@ |R=i ^=ir= |R=i |irO
|HwR C=U}=kt =@ xm |Qw]x@ OQ}o|t CQwY |@D=QtxrUrU p}rLD Ov}=Qi VwQ
CU=yQ=}at O=OaD =@ Q@=Q@ u; |=yQ]U O=OaD xm O};|t CUO x@ |vwDU T} QD=t
uwO@ Q_v OQwt |=yQ=}at |@Uv C}ty= |xOvyOu=Wv T} QD=t u}= |=yx}=QO w

"CU=yQ=}at u=}t |vwQO \@=wQ uDiQo Q_v QO
(C1; C2; C3; C4; C5; C6)=(0 21; 0 12; 0 22; 0 10; 0 15; 0 21)

%R= Ow@ Oy=wN CQ=@a |FrFt O=Oa= u}ov=}t
Am = (am1; am2; am3) =

(1=nX a(i)
1 ; 1=nX a(i)

2 ; 1=nX a(i)
3 ) (1)

%OwW|t x@U=Lt u}vJ |R=i O=Oa= u}ov=}t R= OQi Qy MU=B |xrY=i u}vJty
(am1 � a(i)

1 ; am3 � a(i)
3 ; am3 � a(i)

3 ) =

(1=nX a(i)
1 � a(i)

1 ; 1=nX a(i)
2 � a(i)

2 ;

1=nX a(i)
2 � a(i)

2 ) (2)

`q]= x@ u}ov=}t R= xQ@N Qy |xrY=i w OwW|t |L=Q] |O}OH |xt=vVUQB "3
P=ND= |O}OH ?=wH 'xrY=i u}= x@ xHwD =@ Ov=wD|t xQ@N Qy p=L "OUQ|t |w
|xU}=kt |xt=vVUQB |=Q@ 'p=Ft u=wvax@ "ORQw O}m -=D OwN |r@k ?=wH Q@ =} Ovm
ptL C=v=mt= x@ |UQDUO |=yQ=}at |xU}=kt s=ovy QO w �hr= s=o � =yQ=}at
O=} R Q=}U@ C}ty= Q=Okt �4 pwOH QO� |O=YDk= |=yu=mt x@ |m}ORv w pkv w
'u=oQ@N |oty C=Q_v x@ xHwD =@ TBU "OwW|t p}O@D �6 33 w 7 '7 67� x@
pwtQi� x@U=Lt u}ov=}t R= OQi Qy |xrY=i w �1 pwtQi� x@U=Lt |R=i u}ov=}t

"OUQ|t |w `q]= x@ |Oa@ |xt=vVUQB QO w �2
O=Oa= <RH xU R= l} Qy u}ov=}t Qo}O Q=@ 'swO |xt=vVUQB |Qw;`tH R= TB "4
w xt=vVUQB u}= |=yu}ov=}t hqDN= xJv=vJ "OwW|t x@U=Lt |FrFt |R=i
|irO Ov}=Qi OW=@ QDsm �0 2 ,qFt� |YNWt |xv=DU; OL R= |r@k |xt=vVUQB
swU |xrLQt x@ CQwY u}= Q}e QO '�s}=xO}UQ ?=wH x@� OwW|t hkwDt |R=i
wO |=yu}ov=}t hqDN= [17]"OwW|t |L=Q] |O}OH |xt=vVUQB w xDWoR=@

%OwW|t x@U=Lt 3 |x]@=Q j@=]t xrLQt
S(Am2; Am1) = [1 3(am21 + am22 + am23)�

(am11 + am12 + am13)] (3)

|R=i|O O=Oa= u}= w xOW p}O@D |R=i O=Oa= x@ |R=i ^=ir= sy R=@ 'C}=yv QO
%CW=O s}y=wN jwi |R=i OOa uOQm|R=i|O |=Q@ "OvwW|t

(((a3 � a1) + (a2 � a3))=3) + a1

C=U}=kt |=QH= s=ovy QO u=oQ@N C=Q_v |Qw;`tH VwQ '|R=i |irO Ov}=Qi
"OwW|t =QH= =w=R|m =D� |Da=U T} QD=t 4 |r= 1 |=ys=o QO Ov}=Qi u}= &CU= |HwR
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="|R=i ^=ir= R= xO=iDU= =@ |HwR C=U}=kt T} QD=t "4 pwOH
C=v=mt= x@ |UQDUO ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

pkv w ptL QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |O=YDk= |=yu=mt
C=v=mt= x@ |UQDUO ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

pkv w ptL QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |DQ=} R |=yu=mt
C=v=mt= x@ |UQDUO ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

pkv w ptL QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |DL=}U |=yu=mt
C=v=mt= x@ |UQDUO ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m =[=kD K]U

pkv w ptL QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt
C=v=mt= x@ |UQDUO ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m OQwt OwU

pkv w ptL QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt Q=_Dv=
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

|O=YDk= QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |DQ=} R |=yu=mt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

|O=YDk= QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |DL=}U |=yu=mt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m =[=kD K]U

|O=YDk= QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m OQwt OwU

|O=YDk= QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt Q=_Dv=
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m x@ |m}ORv

|DQ=} R QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt |DL=}U |=yu=mt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m =[=kD K]U

|DQ=} R QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m OQwt OwU

|DQ=} R QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt Q=_Dv=
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m =[=kD K]U

|DL=}U QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt
|=yu=mt x@ |m}ORv ,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m OQwt OwU

|DL=}U QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt Q=_Dv=

=[=kD K]U
,qt=m Q=}U@ C}ty= C}ty= ,=D@Uv C}ty= ,=D@Uv C}ty= Q=}U@ C}ty= ,qt=m OQwt OwU
QDsyt O=} R O=} R QDsyt u=Um} QDsyt O=} R O=} R QDsyt Q=_Dv=
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}UO
}Uw

|r[
iQi

Y "swO |xrLQt G}=Dv T} QD=t "5 pwOH
C=v=mt= x@ |UQDUO =[=kD K]U OQwt OwU x@ |m}ORv x@ |m}ORv x@ |m}ORv xSwQB Q=}at

pkv w ptL Q=_Dv= |DQ=} R |=yu=mt |DL=}U |=yu=mt |O=YDk= |=yu=mt
0 14 0 14 0 13 0 2 0 13 0 13 OyWt 1 ToQv
0 14 0 15 0 14 0 19 0 13 0 12 OyWt 2 ToQv
0 15 0 14 0 13 0 2 0 13 0 13 OyWt 3 ToQv
0 15 0 11 0 14 0 2 0 13 0 1 OyWt 4 ToQv
0 13 0 16 0 15 0 08 0 14 0 17 ?Qe u=QyD ToQv
0 16 0 15 0 17 0 07 0 14 0 16 jQW u=QyD ToQv
0 14 0 15 0 15 0 06 0 19 0 19 V}m ToQv

Q=}at l} x@ xHwD =@ %xm CU= u}= OwW|t KQ]t xrLQt u}= QO xm |r=-wU "s} Q}o@
u}= R= xO=iDU= =@ #QOkJ w Ovm|t ltm xSwQB s=Om |=QH= x@ xSwQB s=Om 'X=N
O=OaD xm O};|t CUO x@ |a@ Qt |=yT} QD=t Q_v OQwt |=yQ=}at O=OaD x@ VwQ
6 |r= 1 R= B O=tv =@ =yT} QD=t u}= "CU=yxSwQB O=OaD =@ Q@=Q@ u; uwDU w Q]U

"OvDUy sWW s=o \@=wQ pw= QYva xm Ov=xOW xO=O u=Wv sWW s=o QO
CUO x@ |=yT} QD=t uOQm?Q[ =@ =yQ=}at |=Q@ |vwQO |oDU@=w u=Rw= %sHvB s=o
|vwDUT} QD=tl} pY=LT} QD=t "O};|tCUO x@ swU w pw= |xrLQt R= xOt;
"s}yO|t u=WvWc =@ =Q u; w CU=yQ=}at O=OaD Q@=Q@ u; |=yQ]U O=OaD xm CU=

WC =

266666666664

0 37 0 40 0 45 0 25 0 29 0 03
0 05 0 21 0 18 0 29 0 26 0 16
0 19 0 14 0 03 0 20 0 18 0 33
0 15 0 04 0 10 0 14 0 16 0 28
0 15 0 12 0 15 0 09 0 03 0 12
0 09 0 10 0 09 0 03 0 08 0 08

377777777775
�

266666666664

0 21
0 12
0 22
0 10
0 15
0 21

377777777775
=

266666666664

0 29
0 17
0 18
0 15
0 12
0 08

377777777775
%CW=O s}y=wN u}=Q@=v@

(C1; C2; C3; C4; C5; C6)=(0 29; 0 17; 0 18; 0 53; 0 12; 0 08)

j} Q] R= 'xOW KQ]t |=yQ=}at x@ xHwD =@ =yxSwQB |}=yv |}=yuRw %sWW s=o
xOt; CUO x@ `@ Qt |=yT} QD=t R= l} Qy "O};|t CUO x@ =yT} QD=t ?Q[
swO |xrLQt QO xOt; CUO x@ *Q_=vDt *|vwDU T} QD=t QO sQ=yJ |xrLQt QO
u; |=yQ]U O=OaD xm CU= |vwDU Q=OQ@ l} pY=L |xH}Dv "OwW|t ?Q[
Q=}at Qou=Wv i u; QO xm s}yO|t u=Wv Wpi =@ =Q u; w CU=yxSwQB O=OaD Q@=Q@

xHwD =@ =Q =yxSwQB '=yxSwQB u=}t |vwQO \@=wQ x@ xHwD uwO@ R}v s=o u}= QO %swO s=o
"s} Qw;|t CUO x@ =Q |}=yv |xOWQ=Hvy uwRwt uwDU w xOQm xU}=kt Q=}at Qy x@
|Ov@C} wrw= Q=}at Qy T=U=Q@ =Q Q_v OQwt |=yxSwQB xrLQt u}= QO `k=w QO
xm s} Qw;|t CUO x@ |U} QD=t w xOQm Q=Hvyx@ =Q xOt; CUO x@ O=Oa= 'xOQm
=@ Q@=Q@ u; |=yuwDU O=OaD w Q_v OQwt |=yxSwQB O=OaD =@ Q@=Q@ u; |=yQ]U O=OaD

"�5 pwOH� CU= Q_v OQwt |=yQ=}at
xm |t=ovy "CiQo Q_v QO =Q =yQ=}at u=}t |vwQO |oDU@=w u=wD|t p=L %swU s=o
's} wW RmQtDt Q=}at l} Q@ \ki s}v=wD|tv 's}vm|t ?=NDv= =Q Q_v OQwt |=yxSwQB
xH}DvQO "s} Q}o@ Q_v QO Qo}O |=yQ=}at x@ xHwD =@ =Q Q=}at u; |x]@=Q O}=@ xmr@
CUO x@ |HwR C=U}=kt |xr}Uwx@ Qo}Oty Q@ =Q =yQ=}at s=tD QF= CU= sRq
QO xOWKQ]t Cq=-wU �6 pmW x@ xHwD =@� |HwR C=U}=kt |=QH= |=Q@ "s} Qw;
Q@ Q=}at Qy |Q=PoQ}F-=D u=R}t pw= ?r=k QO %Ov=|rY= ?r=k wO QO CtUk u}=
Q=}at wO u}@ xm OwW|t XNWt swO ?r=k QO w OwW|t XNWt Qo}O Q=}at
pY=L |xH}Dv "OvQ=O Q_v OQwt Q=}at Q@ |QDW}@ Q}F-=D l}t=Om xU}=kt CLD
p}mWD =yQ=}at =Q =yu; uwDU w Q]U xm CU=yQ=}at O=OaD x@ |a@ Qt |=yT} QD=t
p}rLD Ov}=Qi VwQ Ovv=t T} QD=t Qy |}=yv |xOWQ=Hvy uwDU TBU "OvyO|t
xYqN Q} RT} QD=t QO xrY=L G}=Dv "O};|tCUO x@ Q=}at Qy |=Q@|@D=QtxrUrU
C=U}=kt T} QD=t |}=yv |xOWQ=Hvy uwDU 'u; uwDU Qy xm |Qw]x@ 'Ov=xOW
|=yu=mt x@ |m}ORv Q=}at x@ xHwD =@ pw= uwDU�CU= Q=}atl} x@ xHwD =@ |HwR
"�CU= """w |DL=}U |=yu=mt x@ |m}ORv Q=}at x@ xHwD =@ swO uwDU w |O=YDk=
=@ Q_=vDt Q=Okt OW=@ xDW=Ov OwHw |vwQO |x]@=Q Q=}at wO u=}t xm |DQwY QO

"OwW|t QiY Q@=Q@ Q} R T} QD=t QO u;266666666664

0 37 0 40 0 45 0 25 0 29 0 03
0 05 0 21 0 18 0 29 0 26 0 16
0 19 0 14 0 03 0 20 0 18 0 33
0 15 0 04 0 10 0 14 0 16 0 28
0 15 0 12 0 15 0 09 0 03 0 12
0 09 0 10 0 09 0 03 0 08 0 08

377777777775
Q_v QO Q=}at Qy x@ xHwD =@ =Q =yxv} Ro u=}t |vwQO |oDU@=w O}=@ p=L %sQ=yJ s=o
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5 |x]@=Q |xr}Uwx@ Q_v OQwt |=yxSwQB |=Q@ |rm u=Rw= C}=yv QO %sDiy s=o
%OwW|t pY=L

WANP = WP �WC )266666666666664

0 33 0 27 0 40 0 30 0 29 0 27
0 14 0 16 0 22 0 19 0 16 0 18
0 11 0 17 0 14 0 16 0 17 0 15
0 13 0 12 0 08 0 10 0 13 0 12
0 12 0 08 0 05 0 08 0 09 0 09
0 09 0 08 0 05 0 07 0 07 0 09
0 09 0 12 0 05 0 09 0 09 0 10

377777777777775
�

266666666664

0 29
0 17
0 18
0 15
0 12
0 08

377777777775

=

266666666666664

0 318
0 172
0 146
0 113
0 090
0 073
0 088

377777777777775
(5)

w =yQ=}at u=}t |vwQO \@=wQ x@ xHwD =@ =yxSwQB u=Rw= u=ty pY=L |xH}Dv
"Ov@=}|t OQ@ Q=m 6 pwOH QO |v=tQ; |R} Qxt=vQ@ QO u=Rw= u}= xm CU=yxSwQB

OQwtQO w xOW x�=Q= pw= Q=}at |=Q@ u; |x@U=Lt |xwLv w T} QD=t u}= "CU=
"CU=xOW QmP sDiy s=o QO |}=yv |xH}Dv '=yQ=}at Q}=U

WPi = Bi �Ai (4)

%R= CU= CQ=@a pw= Q=}at x@ xHwD =@ WP 1 T} QD=t

WP 1 =

266666666666664

0 35 0 54 0 39 0 34 0 34 0 23 0 18
0 07 0 11 0 21 0 16 0 17 0 09 0 17
0 09 0 05 0 10 0 26 0 15 0 07 0 11
0 09 0 06 0 03 0 09 0 13 0 23 0 19
0 11 0 07 0 07 0 08 0 11 0 23 0 15
0 12 0 10 0 12 0 03 0 04 0 08 0 10
0 18 0 06 0 08 0 04 0 07 0 07 0 09

377777777777775

�

266666666666664

0 13
0 12
0 13
0 10
0 17
0 16
0 19

377777777777775
=

266666666666664

0 33
0 14
0 11
0 13
0 12
0 09
0 09

377777777777775
"l} w QiY |v=tQ; |R} Qxt=vQ@ pOt "6 pwOH

l} w QiY |v=tQ; |R} Qxt=vQ@ pOt =yC}OwOLt w h=Oy=
Minimize Z =

P1(d+
1 + d+

2 ) |Q=@H= h=Oy= jkLD
P2(0 318d�3 + 0 172d�4 + 0 146d�5 + 0 113d�6 + uRw u} QDW}@ |=Q=O xm |}xSwQB ?=NDv=

0 090d�7 + 0 073d�8 + 0 088d�9 ) OW=@ |}xm@W p}rLD Ov}=Qi QO
Subject to

85x1 + 56x2 + 154x3 + 111x4 + 119x5+ CN=U |=Q@ xHOw@ u} QDW}@ R= xO=iDU=
119x6 + 355x7 + d�1 � d+

1 = 900
35x1 + 50x2 + 60x3 + 40x4 + 70x5+ |R} Qxt=vQ@ C=a=U u} QDW}@ R= xO=iDU=

50x6 + 90x7 + d�2 � d+
2 = 350 |L=Q] w

x1 + d�3 = 1 pw= |xSwQB ?=NDv=
x2 + d�4 = 1 swO |xSwQB ?=NDv=
x3 + d�5 = 1 swU |xSwQB ?=NDv=
x4 + d�6 = 1 sQ=yJ |xSwQB ?=NDv=
x5 + d�7 = 1 sHvB |xSwQB ?=NDv=
x6 + d�8 = 1 sWW |xSwQB ?=NDv=
x7 + d�9 = 1 sDiy |xSwQB ?=NDv=

Xj = 0 or 1 j = 1; :::; 7
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|vO
t=v

}UO
}Uw

|r[
iQi

Y "l} w QiY |v=tQ; |R} Qxt=vQ@ pOt pL "7 pwOH
xOvy=m xv} Ry xOvy=m xv} Ry VRQ= Q}eDt 07�03�2009

2 hOy 1 hOy u}y@ s}tYD 12%28%28
0 0 1 00 X1 1

�0 17 0 1 00 X2 2
0 0 1 00 X3 3
0 0 1 00 X4 4

�0 09 0 1 00 X5 5
�0 07 0 0 X6 6
�0 09 0 0 X7 7

0 0 375 00 n1 8
0 0 20 00 n2 9

0 32 0 0 n3 10
0 0 0 n4 11

0 15 0 0 n5 12
0 11 0 0 n6 13

0 0 0 n7 14
0 0 1 00 n8 15
0 1 00 0 p1 16
0 1 00 0 p2 17
0 0 0 p3 18
0 0 0 p4 19
0 0 0 p5 20
0 0 0 p6 21
0 0 0 p7 22
0 0 0 p8 23
0 0 0 p9 24
0 0 1 00 n9 25

0 G1= %1 hOy
0 16 G2= %2 hOy

pY=L Q} R G}=Dv 'WINQSB Q=Ri=sQv \UwD u; pL |xH}DvQO w |R=UpOt R=
|L=Q] |=Q@ RwQ 255 w u=twD OQ=}r}t 425 xHOw@ =@ 5 |r= 1 |=yxSwQB %OvwW|t

"OvwW|t ?=NDv= x}rw=
1 |=yxSwQB 'CU= XNWt �7 pwOH� Q=Ri=sQv |HwQN pwOH R= xm u=vJ
CUO x@ G}=Dv x@ QDW}@ xHwD =@ "Ov=xOW hPL 7 w 6 |=yxSwQB w ?=NDv= 5 |r=
?}mQD u} QDy@ w xOW C}=aQ pOt swO w pw= h=Oy= xm OwW|t XNWt xOt;
`@=vt u=R}t '=yxSwQB uRw Qo = u}vJty "CU= xOt; CUO x@ X}YND |=Q@ =yxSwQB

l} w QiY |v=tQ; |R} Qxt=vQ@ pOt CN=U "5
u}vJty w |}xm@W p}rLD Ov}=Qi R= xOt; CUO x@ u=Rw= R= xO=iDU= =@ xrLQt u}= QO
xrwtQi l} w QiY |v=tQ; |R} Qxt=vQ@ pOt 'OwHwt |=yC}OwOLt w u=tR=U h=Oy=
x}rw= |=yxSwQB u}@ R= xm CU= |}xvwox@ pOt u}= R= xOt; CUO x@ G}=Dv "OwW|t
u}@ QO |}xvwox@ u=tR=U `@=vt Qo}O w |v=tR '|r=t `@=vt w OwW|t ?=NDv= xSwQB OvJ
TB 'C=aq]= u}= |x}=B Q@ "OwW xOQw;Q@ u=tR=U h=Oy= xm O@=}|t X}YND =yxSwQB
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=|Q}oQ=mx@ 'xDi=} Ow@y@ VwQ |Q}oQ=mx@ R= Qw_vt "OQm xQ=W= `@=vt X}YND w =yxSwQB
"OyO|t Q=Qk Q_v Ot xSwQB ?=NDv= s=ovy QO =Q u=Q}Ot |=yR=}v |x}rm xm CU= |rOt
u=mt= '=yQ=}at w =yxSwQB u=}t |vwQO |oDU@=w |UQQ@ %R= Ov=CQ=@a =yR=}v u}=
|HvUu=mt= C}=yv QO w pOt |R=Uxv}y@ u=mt= '|i}m w |tm |=yQ=}at |UQQ@
|=ypOt 'OvDiQo|t Q=Qk x=iDU= OQwt xSwQB ?=NDv= |=Q@ uwvm =D xm |}=ypOt "`@=vt
|=}vO QO CW=O Q_v QO O}=@ "OvDW=Ov =Q `t=H |UQQ@ |=QH= u=mt= |rw OvOw@ |@ wN
\@=wQ u}= uDiQo Q_v QO xm OQ=O OwHw |vwQO \@=wQ =yxv} Ro w =yQ=}at u=}t |ak=w
\@=wQ uDiQo Q_v QO u=mt= xm |WwQ =yvD "Ovm|t QDl}ORv C}ak=w x@ =Q xr�Ut
OQwt |xr�Ut QO xm |t=ovy u}vJty "CU= |}xm@W p}rLD Ov}=Qi OQ=O =Q |vwQO
l}Uqm |v=tQ; |R} Qxt=vQ@ 'OwW|t T=UL= `@=vt |HvUu=mt= x@ R=}v '|UQQ@
w QiY |v=tQ; |R} Qxt=vQ@ R= O}=@ Q=J=vx@ w OQ=Ov =Q |HvUu=mt= u}= |=QH= |}=v=wD
'=yxv} Ro w =yQ=}at O=OaD V}=Ri= CQwYQO xm CW=O xHwD O}=@ xD@r= "OQm xO=iDU= l}
CU= umtt xH}DvQO w Ov@=@|t V}=Ri= |Oa=YD CQwYx@ |HwR C=U}=kt O=OaD

"OwW xDU=m pOt CkO R=

QmWD w Q}OkD
x@ �xQ� |v}tN s=t= |rrtr=u}@ x=oWv=O |WywSB Q=@Da= R= xO=iDU==@ VywSB u}=

"OwW|t |v=OQk w QmWD xr}Uwv}O@ xm CU= xOW C}=tL 751022�91 xQ=tW

w Ovm|t Q}}eD R}v pOt |=QH= G}=Dv Ovm Q}}eD xSwQB Qy R=}v OQwt `@=vt =} 'TQDUO QO
?=NDv= sOa Cra "OvwW ?=NDv= Qo}O |NQ@ w hPL =yxSwQB R= |NQ@ CU= umtt

"CU=yxSwQB u}= u}}=B C} wrw= w uRw R= |W=v R}v 7 w 6 |=yxSwQB

|Q}oxH}Dv "6
|vwQO \@=wQ |}=U=vWR= TB w Q_v OQwt |=yQ=}at ?=NDv= R= TB j}kLD u}= QO
|}xm@W p}rLD Ov}=Qi R= xO=iDU= =@ =yxSwQB |Ov@C} wrw= x@ C@Uv =yQ=}at u}= u=}t
|=yC}OwOLt x@ xHwD =@ w xOt; CUO x@ C} wrw= w u=Rw= R= xO=iDU= =@ "OW s=Ok=
|=yxSwQB 'u; pL R= TB xm OW xrwtQi l} w QiY |v=tQ; |R} Qxt=vQ@ pOt 'OwHwt
|=Q@ RwQ 255 u=tR COt w CN=U |=Q@ u=twD OQ=}r}t 425 |xHOw@ =@ 5 |r= 1

"Ov=xOW hPL 7 w 6 |=yxSwQB w ?=NDv= x}rw= |L=Q]
|Ov@x@DQ QO xO=iDU= OQwt |=yQ=}at|}=U=vW x@ u=wD|tj}kLD |=yxDi=} xrtHR=
xm |WwQ |Q}oQ=mx@ '=yQ=}at u=}t |vwQO \@=wQ |}=U=vW 'pDy CN=U |=yxSwQB
C} wrw= w uRw |}=U=vW 'OyO|t Q=Qk Q_v Ot |Ov@x@DQ s=ovy QO =Q u=oQ@N C=Q_v
"OQm xQ=W= `@=vt C}OwOLt x@ xHwD =@ ?NDvt |=yxSwQB ?=NDv= C}=yv QO w =yxSwQB
R= 'OQ=O xSwQB ?=NDv= O}OH |=ypOt u}@ QO|}xOQDUo OQ@ Q=m xO=iDU= OQwt pOt
|Ov@C} wrw= |=Q@ xDi=}Ow@y@ |WwQ |x�=Q= x@ u=wD|t pOt |D} Q}Ot |=yOQ@ Q=m xrtH

CWwv=B
1. analytic network process
2. zero-one Goal programming
3. Keeny & Raifa
4. fuzzy delphi
5. compensatory model
6. cost bene�t analysis
7. analytical hierarchy process
8. multi-attribute utility
9. noncompensatory models
10. Electre
11. Promethee
12. Checklist model
13. unnumerical ranking
14. scoring model
15. Delphi method
16. utility theory
17. decision trees
18. correlation analysis
19. data envelopment analysis
20. net present value
21. return of investment
22. Bubble diagram
23. Portfolio maps
24. Schniederjans
25. Kyparisis
26. Sanathanam
27. Lee
28. bene�t, opputunity, cost, risk
29. Meade & Presley
30. Dalki
31. Rand

32. Kaufmann & Gupta
33. outer dependence
34. inter dependence
35. Supermtrix
36. Saaty & Takizawa
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