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u}kkLt xHwD OQwt xm CU= |tyt EL=@t R= =yxSwQB QO u=tR� xv} Ry |xvR=wt |xr�Ut
Q=Qk xHwD OQwt =Q |iO=YD |=y\}Lt C=k}kLD u}= R= |mOv= O=OaD =t= 'CU= xOw@ |O=} R

u; x@ xSwQB u=Q}Ot xm CU= |OQ=wt R= |m} R}v xSwQB C}i}m 'Qo}O hQ] R= "Ov=xO=O
|xr�Ut Q=DWwv u}= QO "CU= xDiQov Q=Qk |v=OvJ xHwD OQwt C=k}kLD QO xm OvOvtxkqa
=@ xSwQB u=mQ= R= |m} u=wvax@ xSwQB C}i}m pt=a uDiQo Q_v QO =@ u=tR� xv} Ry |xvR=wt
`k=w |UQQ@ OQwt |R=UxOQWi s=ovy QO xSwQB |=yC}r=ai QO Q}N-=D |iO=YD QDt=Q=B

xaUwD xSwQB C}i}m w u=tR� xv} Ry |xvR=wt |iO=YD pOt l} =OD@= =DU=Q u}= QO "OwW|t
|iO=YD |xOWO}kt |WR=U |R} Qxt=vQ@ swyit R= pOt pL |=Q@ x=ov; 'OwW|t xO=O

|xSwQB l} QO u; OQ@ Q=m 'G}=Dv pwYL w pOt K} QWD |=Q@ C}=yv QO w OwW|t xO=iDU=
|OQ@ Q=m Qou=}@ G}=Dv "OQ}o|t Q=Qk |UQQ@ OQwt `}=t R=o uR=Nt Q=QkDU= |xv}tR QO |ak=w
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|R} Qxt=vQ@ 'C}i}m w u=tR� xv} Ry |xvR=wt 'xSwQB |Ov@u=tR %|O}rm u=oS=w
"|iO=YD |xOWO}kt |WR=U |R} Qxt=vQ@ '|R=i |xQw_vtOvJ

xtOkt "1
|=Q@ =Q |irDNt |r=tDL= |=y`} RwD u}kkLt xt=O= QO [3]"CiQo s=Hv= 1963 p=U
[5w4]"Ov=xDiQo Q=m x@ xSwQB |Ov@u=tR QO =yC}r=ai s=Hv= u=tR uOw@ |r=tDL= *V}=tv
|=yC}r=ai s=Hv= u=tR =@ xSwQB |Ov@u=tR OQwtQO QwmPt C=ar=]t |t=tD xm u}= =@
w u=tR C}OwOLt CLD p}tmD u=tR |R=Uxv}y@ Q@ xOWpL p�=Ut 'xOw@ |iO=YD
=@ =yxSwQB |iO=YD |R} Qxt=vQ@ |=Q@ |}xU}=kt 1995 p=U QO "Ov=xOW RmQtDt `@=vt
EL@ QO R}v 1996 p=U QO [6]"OW s=Hv= 4|rai Xr=N VRQ= uOQmxv}W}@ hOy
hOy `@=D xU =@ |]N |R} Qxt=vQ@ pOt xU [7]C}i}m Q@ |R=UxOQWi Q}F-=D uwt=Q}B
w 'xv} Ry 'u=tR OQ=wt R= |m} xOWx�=Q= pOt xU R= l} Qy xm |Qw]x@ 'OW x�=Q=
Qo}O hOy `@=D wO Q@ C}@ wr]t OL u}}aD j} Q] R= Qt= u}= "OR=U|t xv}y@ =Q C}i}m
|xv=NQ=m l} QO Qo}O u}kkLt \UwD 1999 p=U QO VwQ u}= "OQ}o|t CQwY
VRQ= l} R}v 1997 p=U QO [8]"OW `k=w |UQQ@ OQwt w |R=UxO=}B |R=Uu=t}U
|xr�Ut u; R= TB [9]"OW xDiQo Q_v QO xSwQB |Ov@u=tR |xr�Ut pL |=Q@ |Q=_Dv=
Q=Qk |UQQ@ OQwt R}v Q=Oxikw |iO=YD |=yC}r=ai uDiQoQ_v QO =@ xSwQB |Ov@u=tR
x@ xr�Ut pL |=Q@ l}DUQw}y=Dt sD} Qwor= OvJ R= |@}mQD u; |] w [10]"CiQo
COt =@ =Q xSwQB |Ov@u=tR |xr�Ut u=QoVywSB '2005 p=U QO "OW xDiQo Q=m
|UQQ@ OQwt *hOy `@=D xm Cw=iD u}= =@ OvDiQo Q_v QO |iO=YD C}r=ai s=Hv= u=tR
|xr�Ut R}v 2005 p=U QO [11]"�xSwQB |=yxv} Ry ẁtHt uOQmxv}tm� R= Ow@ CQ=@a
ZQi |iO=YD CQwYx@ |OwHwt w `@=vt u; QO xm OW pL u=vJ xSwQB |Ov@u=tR
'xv} Ry |xvR=wt |UQQ@ |=Q@ |Ov}=Qi 2006 p=U QO xOWx�=Q= pOt QO [12]"CU= xOW

uOWKQ]t u=wD|t w xOw@v xSwQBC} Q}Ot QO |O}OH |xrwkt =yxSwQB u=tR |R=Ux=Dwm
|QovR=@ w |@=} RQ= uiw 1|v=QL@ Q}Ut VwQ uOWKQ]t =@ u=tRsy =Q xr�Ut u}=
=yQ_v =yp=U u}= |] QO 3u=tR� xv} Ry |xvR=wt |xr�Ut =@ x]@=Q QO "CUv=O 2xSwQB
u} QDOwR ,qwtat 'xSwQB |Ov@u=tR C=@U=Lt QO "CU= xOW x�=Q= |v} wv |=yVwQ w
QO "OwW|t xDiQo Q_v QO xSwQB p} wLD M} Q=D u=wvax@ C}r=ai u} QN; p}tmD u=tR
|R=Ux=Dwm =} xm@W j]vt |QovR=@ j} Q] R= =Q =yxSwQB p}tmD u=tR u=wD|t|rmCr=L

[1]"O=O Vy=m QDW}@ |}xv} Ry hQY =@ =yC}r=ai
'=yu; C}i}m QO Ov=wD|t =yC}r=ai s=Hv= u=tR COt Vy=m xm CW=O xHwD O}=@
'|QDWt =} =tQiQ=m C=Q=_Dv= K]U x@ xSwQB p} wLD p@=k sqk= |m}ORv u=R}t |va}
w u=tR 'xv} Ry hOy `@=D xU u}@ pO=aD EL@ QO "Oy=m@ u; R= w OW=@ Q=PoQ}F-=D
*u=tRCOt C=Q}}eD x@ C@Uv xv} Ry C}U=UL p}rLD s=Hv= x@ C@Uv xSwQB C}i}m
Vy=m ?}mQD u} QDy@ uOQw; CUO x@ u; hOy xm OwW|t s=Ok= =yC}r=ai *s=Hv=
xSwQB pm C}i}m w xv}tm xSwQB |=yxv} Ry ẁtHt xm |}xvwox@ CU= =yC}r=ai |v=tR

"OwW xv}W}@
=Q} R "CU= xOw@ x=Qty xSwQB |Ov@u=tR |xr�Ut =@ xQ=wty lW w O}OQD '|iQ] R=
QO =OD@= p=tDL= |x} Q_v "OQ=O OwHw s=y@= =yC}r=ai s=Hv= u=tR QO =yxSwQB QDW}@ QO
QO |Qo}O C=ar=]t TBU [2]"OW KQ]t xSwQB |Ov@u=tR |xr�Ut QO 1960 p=U

pw�Ut xOvU} wv �
"1389 11 27 VQ}PB '1389 6 1 x}LqY= '1389 2 4 Ci=} QO %M} Q=D



"""xS
wQBC

}i}m
wu

=tR�
xv}R

yxv
R=wt

|xr
�Ut

pL|iO=YD Cr=L QO xSwQB |Ov@u=tR |xr�Ut xm CU= u; Q@ |aU j}kLD u}= QO
C}r=ai Qy |=Q@ CU= umtt Qo}O |wU R= "OQ}o Q=Qk |UQQ@ OQwt xQw_vtOvJ
OwN R= Oa@ |=yC}r=ai |Ov@u=tR |xwLv QO xm O}; OwHwx@ xOWv|v}@V}B |Q}N-=D
C=Q}N-=D VRQ= pY= u}= uDiQo Q_v QO =@ "OW=@ Q=PoQ}F-=D xSwQB pm QO C}=yv QO w
C}ty= "Ovm|t =O}B |}=RUx@ C}ty= =yu; R= ?=vDH= =} u=Q@H swRr w |Ov@u=tR
=@ =yC}r=ai |R=Ux=Dwm Q=DU=wN xSwQB u=Q}Ot xm OwW|t u=OvJwO |v=tR xr�Ut u}=
C=Q}N-=D xm CU= |QwQ[ w sRq =Pr "OvW=@ p@k x@ C@Uv QDxi=[= |xv} Ry hQY
�� OvDi= j=iD= |R=UxOQWi R= TB CU= umtt xm �� =yC}r=ai R= l} Qy |iO=YD
=Hv; R= =t= "OwW xDiQo Q_v QO u=tR� xv} Ry |xvR=wt w xSwQB |Ov@u=tR EL@ QO R}v
QO |iO=YD =Q =yu; u=wD|t u}=Q@=v@ OvDU}v XNWt =yQ}N-=D xvwou}= u=tR COt xm
Ov=wD|t p�=Ut xvwou}= QO |iO=YD hOy `@=wD uDiQo Q=mx@ wQ u}= R= "CiQo Q_v
Qo}O |=y|Qw;wv R= u=wD|t =Q xr�Ut u}= xm Ovm G}=Dv uOWQD|ak=w x@ |v=}=W ltm

"OQtWQ@ j}kLD u}=

5|WR=U |R} Qxt=vQ@.2
|Y=N Cr=L �� OW KQ]t 1974 p=U QO xm |WwQ �� |WR=U |R} Qxt=vQ@
QO xm CU= |}=yVwQ xrtH R= VwQ u}= [17]"CU= l} QDt|Bp= |=yVwQ R=
u}= QO "OQ}o|t Q=Qk �6xOvQ}os}tYD R= C=aq]= ?Um uwO@ |=yVwQ� |Ov@xDUO
I}y xOvQ}os}tYD w Ovm|t =QH= =Q |R=Uxv}y@ Ov}=Qi Qop}rLD \ki |Ov@xDUO ẁv
|xrY=i uOQm xv}tm VwQ u}= |rm VwQ "CW=O Oy=wNv |R=Uxv}y@ Ov}=Qi QO |Wkv
\UwD 7TQDUO QO Kw]U Qo = "CU= xr�Ut p=xO}= \=kv w TQDUO QO Kw]U u}@
ẁv R= xr�Ut w OvwW xO=O V}=tv f�k =@ R}v s=k hOy `@=D p=xO}= Q}O=kt w fk(x)

%OQw; CUO x@ Q} R pOt pL R= =Q fmax
k Q}O=kt u=wD|t x=ov; 'OW=@ |R=Uxv}W}@

f�k = fmax
k = max fk(x) 8k = 1; 2; :::;K

Subject to :

x 2 s (1)

'(wk) h=Oy= C}ty= u=Rw= OwHw CQwYQO '|WR=U |R} Qxt=vQ@ pOt C}=yv QO
%OwW|t |R=UpOt u}vJ

minf
KX
k=1

wk(��k )pg 1
p k = 1; 2; :::;K

Subject to :

fk(x) + ��k = fmax
k x 2 S ��k � 0 (2)

u}tyx@ "CU= s=k hOy x@ \w@ Qt C}OwOLt 8Ow@tm |i=QLv= Q}eDt '��k Q}eDt
%CW=O s}y=wN OW=@ Q_v OQwt h=Oy= uOQmxv}tm 2 pOt QO Qo = ?}DQD

minf
KX
k=1

wk(�+
k )pg 1

p k = 1; 2; :::;K

Subject to :

fk(x)� �+
k = fmin

k x 2 S �+
k � 0 (3)

CP pOt "CU= s=k hOy x@ \w@ Qt C}OwOLt 9O=R=t |i=QLv= Q}eDt '�+
k Q}eDt

'OvW=@|t QDl}ORv (fmin
k =} fmax

k ) p;xO}= \=kv x@ xm |}=y?=wH ?=NDv= T=U=Q@
"OwW|t |R=UpOt

|rwRvQ}e w C}i}m w u=tR uOw@xDUw}B=v ZQi =@� xSwQB C} Q}Ot QO C}i}m w u=tR
K}LY OOa |R} Qxt=vQ@ pOt xU [13]"CU= xOW x�=Q= �Q}PB=vO}OHD `@vt R= `@=D uOw@
j} Q] R= =Q ZwQit OQ=wt R= |m} pOt Qy xm |}xvwox@ Ov=xOW xO=O\U@ xDUw}B syx@
R}v 2007 p=U QO "OR=U|t xv}y@ Qo}O hOy `@=D wO Q@ ?wr]t RQt w OL u}}aD
|iO=YD Cr=L QO OwOLt `@=vt =@ xSwQB |Ov@u=tR |xr�Ut |=Q@ |O}OH sD} Qwor=
=@ xSwQB |Ov@u=tR 2009 p=U QO [14]"OW x�=Q= u=QL@ |xQ}HvR swyit R= xO=iDU= =@ w
pL |rai Xr=N VRQ= uOQmxv}W}@ |=Q@ |iO=YD CQwYx@ =yC}r=ai s=Hv= u=tR
C}OwOLt =@ xSwQB |R} Qxt=vQ@ w |Ov@u=tR |xr�Ut 2008 p=U QO u}vJty [15]"OW
sy |i=[=C}OwOLt xOWO=} |xar=]t QO [16]"CiQo Q=Qk |UQQ@ OQwt |v=Uv= `@=vt
|irDNt |=yCQ=yt |v=Uv= `@=vt xm CQwY u}= x@ OvDiQo Q_v QO |v=Uv= `@=vt |=Q@
"O=O Q=Qk xO=iDU= OQwt OwN x@ \w@ Qt |YYND |=H QO O}=@ =Q s=Om Qy w OvQ=O

Q=yJ x@ u=W} R=Uxv}y@ h=Oy= j@] 'TCQTP w TCTP p�=Ut |=ypOt
OUQ|t Q_v x@ xOWx�=Q= C=}@O= Q@ |QwQt =@ "�1 pwOH� Ov=xOW |Ov@s}UkD xDUO
CU= |r=L QO u}= "Ov=X=N hOy `@=D l} |R=Uxv}y@ p=@vO x@ ,=QFm = u}kkLt
"OW=@ xDW=O hOy u}OvJ u=tRty Qw]x@ Ov=wD|t xSwQB l} |ak=w |=}vO QO xm

"xO=iDU= OQwt h=Oy= j@] C=k}kLD |Ov@xDUO "1 pwOH
p=U j}kkLt hOy `@=wD ẁv

1966 Loostma

=} xSwQB u=tR uOQm xv}tm

1973 Kotiah& Wallace

`@=vt R= xO=iDU= Ow@y@

1989 Elsa

1996 Chan et al

1999 Heganzy

2005 Tung Yang

2007 Rabbani

2008 Drezet& Billaut

2001 Elrayes and Moslehi

|=Q@ xv} Ry w u=tR uOQm xv}tm2001 Hegazy and Ersahin

|Q=QmD |=yR=UwCN=U2001 Hegazy and Wassef

2001 Leu and Hawang

1996 Burns et al

|=Q@ xv} Ry w u=tR uOQm xv}tm

1997 Feng et al

|Q=QmDQ}e |=yR=UwCN=U

1997 Li and Love

1998 Maxwell et al

1999 Li et al

2000 Feng et al

2004 Zheng

2005 Zheng et al

2005 Hua Ke.& Baoding Liu

1996 Babu and Suresh

xv} Ry =} w u=tR uOQm xv}tm
1999 Khang and Myint

C}i}m uOQm xv}W}@ =@
2005 Elrayes and Kandil

2006 Pollack-Johnson

2006 Tareghian et al

2007 Afshar et al

2008 Eshtehardian et al
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|iO=YD |xOWO}kt |WR=U |R} Qxt=vQ@ "4
|xOWO}kt|WR=U|R} Qxt=vQ@ u=wva =@|rOt xQw_vtOvJ|iO=YD |xr�UtpL|=Q@
�� [18]CU= CP pOt w CCP OQm} wQ R= |@}mQD u; T=U= xm �� 12|iO=YD
hOy `@=wD pOt u; QO "OW x�=Q= 13|r=t O@U ?=NDv= ẁ[wt =@ '2007 p=U QO

"OwW|t |R=UpOt Q} R CQwYx@ |iO=YD |=yC}OwOLt w |iO=YD

|iO=YD C}OwOLt "1"4
=@ \@DQt |iO=YD C}OwOLt x=ov; 'OvW=@ p=tQv |iO=YD Q}eDt wO ~bij w ~aij Qo =

%Ow@ Oy=wN Pn
j=1 ~aijxj

P (
nX
j=1

~aijxj � ~bj) � 1� �i i = 1; 2; :::;m (8)

p=tQv `} RwD |=Q=O b w a OwW|t ZQi 'OW=@ ~li(x) =
Pn
j=1 ~aijxj � ~bj Qo =

u}ov=}t w p=tQv `} RwD =@ |iO=YD |Q}eDt R}v ~li(x) u}=Q@=v@ 'OvDUy sy R= pkDUt w
%s} Q=O u}=Q@=v@ "Ow@ Oy=wN var(~li(x)) Tv=} Q=w w E(~li(x))

P (~li(x) � 0) � 1� �i i = 1; 2; :::;m (9)

%s} Q=O TBU w

P

0@~li(x)� E(~li(x))q
var(~li(x))

� �E(~li(x))q
var(~li(x))

1A � 1� � (10)

p=tQv `} RwD l} |atHD `} RwD `@=D '(z) = P (N(0; 1) � z) xm |Qw]x@
"CU= OQ=Ov=DU=

�E(~li(x))q
var(~li(x))

� '�1(1� �i) i = 1; 2; :::;m (11)

E(~li(x)) + '�1(1� �i) �
q
var(~li(x)) � 0 i = 1; 2; :::;m

%s} Q=O C}=yv QO w

E

 
nX
j=1

~aijxj � ~bj

!
+ '�1(1� �i)�vuutvar

 
nX
j=1

~aijxj � ~bj

!
� 0 i = 1; 2; :::;m (12)

|iO=YD hOy `@=wD "2"4
"Ov=p=tQv|iO=YD |=yQ}eDt|oty ~ckj hOy `@=wD QO OwU?}=Q[ xm OwW|t ZQi
%CW=O s}y=wN x=ov; 'OW=@ k hOy `@=D |=Q@ xOW xOy=Wt Q=Okt xv}W}@ ~ckj Qo =
c�ij = max ~ckj i = 1; 2; :::;m j = 1; 2; :::; n (13)

Oy=wN sDU}U |=yC}OwOLt x@ xHwD =@Pn
j=1 c

�
ijxi hOy `@=D Q=Okt u} QDy@ f�k

R= 'hOy `@=D �k = 1; 2; ::;K |=R= x@� k |oty OwW|t ZQi xm|Qw]x@ "Ow@

10|iO=YD |R} Qxt=vQ@ "3
,qwY= "CU= |QwQ[ C}a]k sOa \}=QW QO |Q}os}tYD Cq=L R= |Q=}U@ QO
|vWwQ Q} wYD '|iO=YD |=yu=} R Q@=Q@ QO|}=DU}=C}r@=k Q@ xwqa|iO=YD |=ypOt
|iO=YD |=ypOt pL |=yVwQ R= |m} "O=O Ovy=wN u=Wv |D; |Q}os}tYD R=

"CU= |iO=YD |xOWO}kt |R} Qxt=vQ@ VwQ xQw_vtOvJ

11|iO=YD xOW O}kt |R} Qxt=vQ@ "1"3
|iQat =Q |iO=YD |xOWO}kt |R} Qxt=vQ@ OQm} wQ 1963 p=U QO QB wm w RvQ=J
h=Oy= |xty uOQmxv}W}@ uO=O Q=Qk Q_v Ot =@ =Q 4 |]N |xQw_vtOvJ pOt "Ov=xOQm

%O} Q}o@ Q_v QO

maxZk =
nX
j=1

ckjxj k = 1; 2; :::;K

Subject to :
nX
j=1

aijxj � bi i = 1; 2; :::;m (4)

CQwYx@ bi =} aij =} ckj |=yQDt=Q=B R= |m} smCUO CU= umtt |rta p�=Ut QO
l} x@ pOt CQwY u}= QO "�OvwW xDiQo Q_v QO |a]kQ}e� OvwWv h} QaD |a]k
pOt |=yC}OwOLt |v} Ro}=H |=Q@ [3]QB wmw RvQ=J "OwW|t p}O@D |iO=YD |xr�Ut
'p=Ft u=wvax@ "OvOQm O=yvW}B =Q |}=ypOt '|iO=YD |=yC}OwOLt R= |O=OaD =@ 4

%R= Ow@ Oy=wN CQ=@a OwW xOQw;Q@ s=i C}OwOLt xm u}= p=tDL=

P (
nX
j=1

~aijxj � ~bi) � 1� �i i = 1; 2; :::;m (5)

pOt "CU= s=i C}OwOLt uOWvxOQw;Q@ |=Q@ R=Ht p=tDL= u} QDW}@ �i xm |Qw]x@
"CiQo Q_v QO 6 pOt CQwYx@ u=wD|t =Q xQw_vtOvJ |R} Qxt=vQ@

maxZk =
nX
j=1

~ckjxj k = 1; 2; :::;K

Subject to :
nX
j=1

~aijxj � ~bi i = 1; 2; :::;m x 2 S (6)

pOt l} x@ uOW p}O@D C}r@=k '6 OQm} wQ QO xQw_vtOvJ |iO=YD |R} Qxt=vQ@ pOt
%OQ=O =Q |a]k |R} Qxt=vQ@

min fk = E(
nX
j=1

~ckjxj) k = 1; 2; :::;K

Subject to :

P (
nX
j=1

~aijxj � ~bi) � 1� �i i = 1; 2; :::;m x 2 S (7)

Q=_Dv= VRQ= xm CU= |OQm} wQ '|iO=YD |xOWO}kt |R} Qxt=vQ@ OQm} wQ |rm Qw]x@
|iO=YD |=yC}OwOLt uOw@xHwt R= |v}at p=tDL= x@ xHwD =@ =Q h=Oy= |xty

"Ovm|t xv}W}@ '(1� �i)
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xDiQo Q_v QO `@=wD QDW}@ xm OwW|t xOy=Wt TCTP |xr�Ut C=}@O= |UQQ@ =@
C}i}m w xv} Ry 'u=tR hOy `@=D xU |UQQ@ x@ Q=DWwv u}= "CU= xv} Ry w u=tR 'xOW
Ow@y@ ?Hwt xSwQB C}i}m w u=tR 'xv} Ry |xNQJ u=tRsy |Q}oQ=mx@ "OR=OQB|t
hOy `@=wD "OW Oy=wN C=OyaD s=Hv= QO |Q}os}tYD |R=Uxv}y@ w |}=QH= OQmrta
x@ xt=O= QO xm C}i}m w xv} Ry 'u=tR %R= Ov=CQ=@a j}kLD u}= QO xOW xDiQo Q_v QO

"s} R=OQB|t =yu; KQW
u=tR hOy `@=D "1"1"5

u} QDsyt w u} QD|U=U= |}xSwQB w Q=m Qy s=Hv= QO u=tR xm Cio u=wD|t C-=QH x@
OwN Q=Okt u} QDsm x@ xSwQB u=tR COt xm CU= u; Q@ |aU xQ=wty "CU= QwDm =i
xDiQo Q_v QO |R=UxOQWi =@ s-=wD |r=tDL= C=Q}N-=D j}kLD u}= QO xm =Hv; R= "OUQ@
COt u=wD|t "Ow@ Oy=wN |iO=YD CQwYx@ C}r=ai Qy s=Hv= u=tR COt 'xOW
u}vJ 'OW Oy=wN s=Hv= xikw uwO@ C}r=ai xm ZQi u}= =@ '=Q xSwQB p}tmD u=tR

[11]%O=O u=Wv

T (d; ~l) = maxfTkn(d; ~l) + (dkn + ~lkn)g (k; n) 2 A (19)

|xawtHt Qou=Wv A |xawtHt w 'xSwQB sDN u=tR Qou=}=tv Tkn(d; ~l) u; QO xm
%R= Ow@ Oy=wN CQ=@a u=tR� hOy `@=D C}=yv QO "CU= =yC}r=ai |xty

minT (d; ~l) (20)

Oy=wN |]NQ}e hOy `@=D u}=Q@=v@ 'CU= min(max) ẁv R= 20 |x]@=Q uwJ
%OwW|t pta 21 pOt j@=]t |]N hOy `@=D l} x@ u; p}O@D |=Q@ xm Ow@

min y

Subject to :

y � Tzn(d; ~l) + (dzn + ~lzn) (21)

xi=[= pOt |=yC}OwOLt x@ xm CU= |r=tDL= |=yC}OwOLt O=OaD z u; QO xm
"OW Oy=wN

xv} Ry hOy `@=D "2"1"5
u}= =@ 'CU= xSwQB xv} RyhOy `@=D 'Ov=xDiQo Q_v QO =Q u;u}kkLt QDW}@ xmhOyu}twO
|m} "Ov=xO=O Q=Qk |UQQ@ OQwt |vwo =vwo |=ypmW x@ =Q xv} Ry `@=D 'u}kkLt xm Cw=iD
Q_v QO 'xOWv xDiQo Q_v QO |r@k C=k}kLD QO xm j}kLD u}= QO xOta |=y|Qw; ẁv R=
|R=UxOQWi R= TB w =yC}r=ai QO CU= umtt xm CU= |iO=YD Q}N-=D Q=Okt uDiQo
%O=O V}=tv Q} R pmW x@ u=wD|t =Q xv} Ry hOy `@=D u}=Q@=v@ "CU= xO=Di= j=iD= =yu;

minCN +
X
i

X
j

�ij(DN
ij � (dij + ~lij)) (22)

�ij =
���� CC�CNDCij�DNij

����CQwYx@ xmCU= i�jC}r=ai |xv} Ry?} Q[�ij u; QO xm
|=QH= |=Q@ |rta u=tR dij 'i � j C}r=ai p=tQv u=tR DN

ij "OwW|t h} QaD
w i� j C}r=ai |=Q@ xOW xDiQo Q_v QO |iO=YD Q}N-=D Q=Okt ~lij ' i� j C}r=ai
u=tR QO =yC}r=ai |xty xm |]}=QW QO CU= xSwQB s}kDUt |=yxv} Ry `tH CN

"OvwW =QH= OwN |rwtat

"CU= |R=Uxv}W}@ ẁv

f�k = max
nX
j=1

c�ijxi i = 1; 2; ::;m

ST : x 2 S (14)

%Cio u=wD|t 15 pOt x@ xHwD=@
nX
j=1

~cijxj � f�k i = 1; 2; :::;m (15)

xv}tm =QPK
k=1 "k |r=L QO 's=k hOy `@=D =@ \@DQt |iO=YD |WR=U C}OwOLt

%xm Ovm|t

P (
nX
j=1

~ckjxj � f�k � "k) � 1� �k i = 1; 2; :::;m (16)

|=yxrO=at w \@=wQ x@=Wt "CU= s=k hOy `@=D |xv=DU; OL '�k xm |Qw]x@
Q=QkQ@ 17 |xrO=at R}v |iO=YD hOy `@=wD |=Q@ C}=yv QO '|iO=YD C}OwOLt

%Ow@ Oy=wN
E(f�k �

nX
j=1

~ckjxj) + '�1(1� �k)� (17)vuutvar(f�k �
nX
j=1

~ckjxj)

�"k � 0 k = 1; 2; :::;K
|[=} Q O}t= |Q=t; s}y=it R= xO=iDU= =@ 17 w 12 |=yx]@=Q QO xm OwW|t x_Lqt
l} x@ |iO=YD C}OwOLt OQ=Ov=DU= p=tQv `} RwD R= xO=iDU= u}vJty w Tv=} Q=w w

"CU= xOW p}O@D |a]k hOy `@=D x@ |iO=YD hOy `@=D w '|a]k C}OwOLt
=@ RQ=sy CCCP VwQ |rm pOt u=wD|t 17 w 12 |=yx]@=Q j@] u}=Q@=v@

%O=O V}=tv u}vJ =Q 6 |xrO=at

min
KX
k=1

wk("k + ��k ) +
mX
i=1

wi(��i )

Subject to :

E(f�k �
nX
j=1

~ckjxj) + '�1(1� �k) �
vuutvar(f�k �

nX
j=1

~ckjxj)

�"k + ��k = 0

E(
nX
j=1

~aijxj � ~bj) + '�1(1� �k) �
vuutvar(

nX
j=1

~aijxj � ~bj)+

��i = 0 x 2 S "k; ��k ; ��i � 0 i = 1; 2; :::;m (18)

|O=yvW}B pOt "5
OwHwt |=yC}OwOLtTBU w hOy `@=wD =OD@= xar=]t OQwt |xr�Ut |R=UpOt |=Q@

"OvQ}o|t Q=Qk |UQQ@ OQwt
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u=}v
UL

tO}
t=w

xO=R
|Oy

tp
}a=t

U= pOt =@ j@=]t xm CCCP VwQ R= xO=iDU= =@ 27 pOt pL |=Q@ |}=yv |R=UpOt
%R= Ow@ Oy=wN CQ=@a CU= 19

min
KX
k=1

wk("k + ��k ) +
mX
i=1

wi(��i ) +
ZX
z=1

wz(��z )

Subject to :

y � "1 = f�1
E(
X
i

X
j

�ij(DN
ij � (dij + ~lij))� f�2 ) + '�1(1� �k)�vuutvar

 X
i

X
j

�ij(DN
ij � (dij + ~lij))� f�2

!
� "2 +��2 =0

E(f�3 �
X
i

X
j

qij(DN
ij � (dij + ~lij))) + '�1(1� �k)�vuutf�3 � var

 X
i

X
j

qij(DN
ij � (dij + ~lij))

!
� "3 + ��3 =0

E((~xi � ~xj)� (dij + ~lij)) + '�1(1� �k)�r
var

�
(~xi � ~xj)� (dij + ~lij)

�
+ ��4 = 0

E((dij + ~lij)� (DN
ij )) + '�1(1� �k)�q

var((dij + ~lij)� (DN
ij )) + ��5 = 0

E((DC
ij)� (dij + ~lij)) + '�1(�k)�q
var((DC

ij)� (dij + ~lij)) + ��6 = 0
E(y � Tzn(d; ~l) + (dzn + ~lzn))) + '�1(�z)�q

var(y � (Tzn(d; ~l) + (dzn + ~lzn))) + ��z = 0
z = 1; 2; :::; Z
"k; ��k � 0
xij ; ~lij � 0 (28)

xQw_vtOvJ |iO=YD pOt l} xm 27 pOt xm OwW|t xOy=Wt 28 pOt QO
CCCP OQm} wQ `k=w QO "CU= xOW p}O@D xQw_vtl} |a]k pOt l} x@ 'xOw@
u=wvax@ =Q =yu; TBU w xOQm p}O@D |a]k hOy `@=wD x@ =Q |iO=YD hOy `@=wD =OD@=

"OQ}o|t Q_v QO C}OwOLt l}

|OQwt |xar=]t "6
C}i}m w xv} Ry 'u=tR |xvR=wt |=Q@ xQw_vtOvJ |r=tDL= |xr�Ut VN@ u}= QO
QO xm CCCP OQm} wQ T=U=Q@ `}=t R=o uR=Nt Q=QkDU= |Q=mv=t}B CmQW l} QO
|x]U=wx@ |a}@] R=o p=kDv= "OW Oy=wN xDiQo Q=mx@ OW K} QWD u}W}B |=yVN@
p=kDv= VwQ u} QDxO=U R= xO=iDU= |DL w CU= xH=wt |Q=wWO =@ u; |R=o C}y=t
x@ xHwD =@ "OwW|t xH=wt |O=} R CqmWt =@ |vqw] pY=wi QO xrwr \w]N |va}
=} |H"u="p= VwQ 'CUOQwO j]=vt x@ R=o p=kDv= |=Q@ |Qw=:vi OwHwt |=y|}=v=wD
R=o ptL |Q=wWO CU= xDUv=wD '|O=YDk= VwQ l} u=wvax@ xOW`}=t |a}@] R=o

"OR=U hQ]Q@ |O=} R OL =D =Q

C}i}m hOy `@=D "3"1"5
�xSwQB |=yC}r=ai s=Hv= C}i}m� uDiQo Q_v QO j}kLD u}= |=y|Qw;wv Qo}O R=
hrDNt `}=vY C@=kQ uDiQq=@ w C}i}m C}ty= x@ xHwD =@ "CU= hOy `@=D u=wvax@
C}ty= R= 'xSwQB C}i}m |xrwkt x@ uDN=OQB |UOvyt u} wv |=yO=OQ=Qk Qwy_ w
COt Vy=m =@ u=tRsy xm CU= u; Q@ ZQi j}kLD u}= QO "CU= xOW Q=OQwNQ@
`@=D u=wD|t u}=Q@=v@ "OW Oy=wN xDU=m R}v =yu; C}i}m R= =yC}r=ai |=QH= u=tR

%OQm h} QaD Q} R CQwYx@ w xv}W}@ =Q C}i}m hOy
max

X
i

X
j

qij(DN
ij � (dij + ~lij)) (23)

h} QaD qij =
���� QC�QNDCij�DNij

���� CQwYx@ �C}i}m u=R}t ?} Q[� qij u; QO xm
xm � p=tQv Cr=L QO C}r=ai s=Hv= C}i}m u=R}t ?}DQDx@ QC w QN [7]"OwW|t
s}tYD |=yQ}eDt '=yQDt=Q=B |k@=t "OvDUy xOQWi w �OwW|t xDiQo Q_v QO �100

"OvwW|t ZQi p@k Ovv=ty R}v |iO=YD Q}eDt w

=yC}OwOLt "2"5
QO xm Cw=iD u}= =@ 'xOW xDiQo Q_v QO C=k}kLD QFm = Ovv=ty xr�Ut |=yC}OwOLt
Q_v OQwt |=yC}OwOLt "OW Ovy=wN xDiQo Q_v QO |r=tDL= CQwYx@ j}kLD u}=

%R= Ow@ Ovy=wN CQ=@a xr�Ut QO
"OvwW `k=w xHwD OQwt O}=@ xSwQB |=yC}r=ai s=Hv= |R=}vV}B \@=wQ �hr=

~xj � ~xi � dij + ~lij (24)

u}@ =t xOW xDiQo Q_v QO |iO=YD Q}N-=D x=Qtyx@ =yC}r=ai |=QH= |rta u=tR �?
"OW=@ |w=Ut =yu; R= |m} =@ =} 'xOw@ i� j C}r=ai xOQWi w |rwtat |=yu=tR
DC
ij � dij + ~lij � DN

ij (25)

"OvW=@ QiY R= QDlJwm O}=@v xm@W |=yO=O} wQ ẁkw |=yM} Q=D �G

~xi � 0 (26)

'xv} Ry |xvR=wt |xr�Ut |rm pOt u=wD|t Q}N= |=yxrO=at x@ xHwD =@ u}=Q@=v@
%CiQo Q_v QO u}vJ =Q j}kLD u}= C}i}m w u=tR

min y

minCN +
X
i

X
j

�ij(DN
ij � (dij + ~lij))

max
X
i

X
j

qij(DN
ij � (dij + ~lij))

Subject to :

~xj � ~xi � dij + ~lij

DC
ij � dij + ~lij � DN

ij

y � Tzn(d; ~l) + (dan + ~lzn)

~lij ; ~xi � 0 i = 1; 2; :::; n (27)
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|xr
�Ut

pL"OwW|t xDiQo Q_v QO � = 0 05 '� = 0 025 '� = 0 02 '� = 0 01
=Hv; R= "CU= P3

k=1 wk = 1 w xOw@ (k = 1; 2; 3) |=Q@ wk > 0 u}vJty
x@ u=wD|t =Q Q=Okt C}=yv|@ '�k = 1; 2; 3 |=Q@� 0 < wk < 1 xR=@ QO xm
R= l} Qy C}ty= u=Rw= OQwtQO xSwQB u=Q}Ot C=Q_v `=tH= =Pr 'O=O X=YDN= wk

Q}O=kt "CU=xOW K} QWD 2 pwOH QO xm CU= C}r=ai 19 |=Q=O xSwQB u}=
xOW x�=Q= 2 pwOH QO R}v xQw_vtOvJ |r=tDL= |xr�Ut QO R=}v OQwt |=yQDt=Q=B

"CU=
j@=]t 28 pOt OQwtQO xv=DU; OwOL 'xSwQB u=U=vWQ=m w u=Q}Ot C=Q_v `=tH= =@

"xr�Ut QO OwHwt |=yQDt=Q=B Q}O=kt "2 pwOH
?} Q[ ?} Q[ C}i}m u=R}t C}i}m u=R}t xOQWi xv} Ry p=tQv xv} Ry u=tR u=tR C}r=ai h}OQC}i}m xv} Ry ��� xOQWi ��� p=tQv �p=} Q uw}r}t� �p=} Q uw}r}t� xOQWi p=tQv

0 000044 6 67 90 100 600 500 15 30 h=Q]= |v}JQ=w}O 1C=U}U=D
0 000225 5 85 100 200 150 20 30 uw}U=Ovwi |=QH= 2R=o uR=Nt

0 00160 20 80 100 500 400 10 15 AtB j=]= CN=U 3|v=WvVD;
0 000025 5 95 100 150 100 20 30 QNDU= CN=U 4

0 00250 2 95 100 12 10 1 2 |wQ uRNt Q=QkDU= 5uw}U=Ovwi
0 010000 2 90 100 10 8 2 3 CQwB=U CN=U 6R=o xrwr
0 00250 10 90 100 60 40 8 10 uRNt |R}t;nvQ 7

0 000278 1 67 95 100 65 60 20 30 w R=o xrwr |=QH= 8R=o |=yAtB Q=QkDU=

0 000100 2 90 100 70 50 3 5 xrwr p=v=m QiL 9R=o
0 000225 2 85 100 120 100 8 10 |R}t; nvQ 10=yxrwr
0 00250 3 33 85 100 40 30 20 30 R=o |Wm xrwr 11

0 000025 1 95 100 90 80 7 10 xrwr p=v=m QiL 12|v=WvVD;

0 00090 0 40 85 100 32 30 10 20 |Wm xrwr |=QH= 13|v=WvVD;

0 00250 0 50 95 100 3 50 3 6 9 AtB QDrW |=QH= 14xv=N
0 000625 1 95 100 22 20 5 10 |kQ@ C=R}yHD ?Yv 15
0 005625 1 85 100 10 8 2 3 CQ= x=J |=QH= 16

0 01000 5 90 100 10 5 1 2 pwUBm ?Yv 17|v=WvVD;

0 00250 1 95 100 6 5 4 5 |=yAtB ?Yv 18|v=WvVD;
0 00250 0 50 95 100 1 0 5 1 2 R=o O} QN O=OQ=Qk 19
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u=}v
UL

tO}
t=w

xO=R
|Oy

tp
}a=t

U= "|iO=YD C=Q}N-=D |xv=tRxU u}tND Q}O=kt "3 pwOH
b m a C}r=ai
5 3 0 d0;1

6 4 0 d1;2

5 3 0 d1;3

7 5 0 d1;4

1 1 0 d4;5

1 1 0 d5;6

2 2 0 d5;7

6 3 0 d7;8

2 2 0 d8;9

2 1 0 d8;10

7 4 0 d10;11

6 3 0 d11;12

5 3 0 d12;13

4 2 0 d13;14

4 2 0 d14;15

1 1 0 d14;16

1 1 0 d16;17

1 1 0 d16;18

1 1 0 d18;19

Vy=m x@ QHvt � Q=Okt V}=Ri= R}v swO hOy `@=D OQwt QO "OyO V}=tv =Q C}i}m
u}= Cra "OQ=O |v=wNsy C}ak=w =@ R}v Qt= u}= "CU= xOW f�2 hOy `@=D Q=Okt
V}=Ri= C}r=ai u; s}kDUt |xv} Ry Q=Okt =yC}r=ai |R=Ux=Dwm =@ xm CU= u; xO}OB
p=@vO |k]vt |OvwQ xm Cio u=wD|t R}v swU hOy `@=D OQwt QO "OQm Oy=wN =O}B
R}v u; C}i}m Vy=m O@=} Vy=m xSwQB p}tmD u=tR COt QOkQy xm |Qw]x@ "Ovm|t
CUO x@ G}=Dv � = 0 001 Cr=L QO xm u}= xHwD ?r=H |xDmv "OwQ|t Q=_Dv=
x@ xHwD =@ "CU= xO=Ov u=Wv hrDNt |=yw} Q=vU x@ C@Uv |D}U=UL xvwoI}y xOt;
|wQ |R=UxOQWi p=ta= u=R}t xm OUQ|t Q_v x@ 'pOt pL R= xOt; CUO x@ G}=Dv
umtt xm 'O@=}|t Vy=m ,=H} QOD |OvwQ \}Lt C}a]ksOa V}=Ri= =@ =yC}r=ai
xHwD =@ xm OwRi= O}=@ "OW=@ |R=UxOQWi R= TB C=Q}N-=D uDiQo Q_v QO R= QF-=Dt CU=
h=Oy= OQwtQO xOt; CUO x@ Q}O=kt u} QDO@ '� OQwtQO xOW xDiQo Q_v QO Q}O=kt x@
(� = 0 05) C}a]ksOa K]U u} QDxv=Q}oCNU xm OvyO|t |wQ |]}=QW CLD
|=yQ}eDt |=Q=O xm |iOy `@=wD OUQ|t Q_v x@ xm u}= QDsyt |xH}Dv "ODi= j=iD=
G}=Dv w OQm Ovy=wN |] =Q uOWQDO@ OvwQ u=v}t]= sOa K]U V}=Ri= =@ Ov=|iO=YD

"OW Oy=wN QD?wr]t=v xOt; CUO x@

%CU= Q} R |=yQ=OQ@ j@=]t 'h=Oy=
w = (0 47; 0 31; 0 22)

w = (0 31; 0 47; 0 22)

w = (0 22; 0 31; 0 47)

xOW xDiQo Q_v QO C=Q}N-=D |iO=YD Q}O=kt "1"6
'|Q=t; |Q=OQ@xvwtv |=Hx@ ,qwtat C}r=ai l} u=tRCOt OQw;Q@ Qw_vtx@ xm =Hv; R=
x@ \w@ Qt Tv=} Q=w w u}ov=}t |x@U=Lt |=Q@ =D@ |QDt=Q=BxU =} xv=tRxU ?} QkD R=

|=yQDt=Q=B =@ C}r=ai Qy
(a) xv=v}@VwN u=tR "1

(m) ptDLt u=tR "2
(b) xv=v}@O@ u=tR "3

CUO x@ Q} R |=ypwtQi R= ?}DQD x@ `} RwD u}= Tv=} Q=w w u}ov=}t 'OwW|t xO=iDU=
"O};|t

te = a+ 4m+ b
6 (29)

Vte =
�
b� a

6
�2

(30)

=D �0 |xvt=O QO xv=tRxU u}tND sDU}U R= j}kLD u}= QO xm CU= QmP x@ sRq
3pwOH QO =yu}tND |=Q@ xOW xDiQo Q_v QO Q}O=kt "CU= xOW xO=iDU= �100

"Ov=xOW xOQw;
Qw]x@ � hrDNt Q}O=kt w C}ty= u=Rw= |=yQ=OQ@ R= l} Qy T=U=Q@ 28 pOt
CPU3000 C=YNWt =@ |}xv=}=Q w 8 |xNUv Lingo Q=Ri=sQv \UwD xv=o =OH
|xvR=wt R= |irDNt |=y?}mQD 4 pwOH "CU= xOW |R=Uxv}y@ RAM1G w
h=Oy= R= l} Qy |xv}y@ Q}O=kt x=Qty x@ =Q |iO=YD C}i}m w u=tR 'xv} Ry
l} Qy |xv}y@ Q}O=kt 'xOt; CUO x@ G}=Dv QDy@ p}rLD |=Q@ "OyO|t V}=tv
QO �� Q=Okt w w Q=OQ@ QO C=Q}}eD� hrDNt |=yw} Q=vU T=U=Q@ 'h=Oy= R=
|xv}y@ Q}O=kt Qou=}@ 'pvB Qy QO 4 pwOH |=yQ]U "CU=xOW x�=Q= 4 pwOH
w hrDNt |=yQ=OQ@ Qou=}@ R}v =yuwDU w 'h=Oy= |xv}y@ Q}O=kt w s}tYD Q}eDt

"OvDUy

G}=Dv p}rLD "2"6
|ak=w |xSwQB l} R= xOW xDiQo Q=mx@ pOt K} QWD |=Q@ OW xQ=W= QDV}B xm u=vJ
p=tQv Cr=L QO xSwQB u}= "CU= xOW xO=iDU= `}=t R=o uR=Nt Q=QkDU= |xv}tR QO
"O}UQ Oy=wN s=tD= x@ p=} Q uw}r}t 1600 pO=at |}xv} Ry =@ w |Q=m RwQ 183 QO
u=}t l}ORv CqO=@D |awv '4 pwOH hrDNt |=yw} Q=vU R= xOt; CUO x@ G}=Dv

"OyO|t u=Wv =Q h=Oy=
Qy QO � Q=Okt V}=Ri= =@ xm CU= u}= OwW|t \=@vDU= 4 pwOH R= xm xJv;
u}=Q@=v@ "O@=}|t V}=Ri= 'CU= u=tR hOy `@=D u=ty xm f�1 hOy `@=DQ=Okt 'uwDU
Q}O=kt uOWQDO@ OvwQ u}= "Ovm|t p=@vO =Q uOWQDO@ OvwQ hOy `@=D xm Cio u=wD|t
QO OyO|t xR=H= xm u; p}rO x@ "OUQ|t Q_v x@ pwkat w |y}O@ |Qt= 'hOy xv}y@
w u=tR� xv} Ry |xvR=wt C}ak=w R= |QDTwtrt w QDy@ Q} wYD 'C}a]k sOa \}=QW
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"""xS
wQBC

}i}m
wu

=tR�
xv}R

yxv
R=wt

|xr
�Ut

pL"hrDNt |=yw} Q=vU x@ xHwD =@ hOy `@=wD |xv}y@ Q}O=kt w =yC}r=ai s=Hv= u=tRCOt |r=tDL= |xv}y@ Q}O=kt "4 pwOH
� = 0 015 � = 0 01 � = 0 001

(0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) (0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) (0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) w

15 15 17 4 17 41 17 4 15 15 15 15 d0;1
20 20 20 52 20 6 20 53 20 20 20 20 d1;2
10 10 10 10 10 10 15 15 15 d1;3
20 20 30 30 30 20 20 20 20 d1;4
2 2 2 2 2 2 1 1 1 d4;5
2 2 2 2 2 2 1 1 1 d5;6
10 10 10 10 10 10 8 8 8 d5;7

23 06 23 92 20 20 20 20 20 20 20 d7;8
5 5 5 5 5 5 3 3 3 d8;9
10 10 10 10 10 10 8 8 8 d8;10

21 56 24 54 20 20 20 20 20 20 20 d10;11
10 10 7 7 7 7 7 7 7 d11;12
20 20 11 25 11 18 11 24 10 10 10 10 d12;13
9 9 9 9 9 9 6 6 6 d13;14
5 5 5 5 5 5 5 5 5 d14;15
3 3 3 3 3 3 2 2 2 d14;16
2 2 2 2 2 2 1 1 1 d16;17
5 5 4 4 4 4 4 4 4 d16;18
1 1 1 1 1 1 1 1 1 d18;19

141 60 145 46 127 18 127 20 127 20 123 115 115 115 f�1
1945 25 1933 89 1894 44 1894 1894 40 1963 55 1903 05 1903 05 1903 05 f�2
�93 83 �94 07 �93 09 �93 09 �93 09 �92 32 �89 32 �89 32 �89 32 f�3

� = 0 05 � = 0 025 � = 0 002
(0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) (0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) (0 22;0 31;0 47) (0 31;0 47;0 22) (0 47;0=31;0 22) w

20 44 20 66 17 29 17 82 18 01 15 8 18 38 18 39 15 d0;1
26 17 26 51 20 79 22 83 23 11 20 22 47 22 47 20 d1;2

10 10 10 10 10 10 10 10 10 d1;3
30 30 29 8 26 57 26 62 27 23 30 30 24 67 d1;4
2 2 2 2 2 2 2 2 2 d4;5
2 2 2 2 2 2 2 2 2 d5;6
10 10 10 10 10 10 10 10 10 d5;7
30 30 20 30 30 20 25 73 25 73 20 d7;8
5 5 5 5 5 5 5 5 5 d8;9
10 10 10 10 10 10 10 10 10 d8;10
30 30 20 30 30 20 20 20 20 d10;11
10 10 8 84 10 10 8 08 10 10 7 32 d11;12
20 20 18 18 20 20 16 62 20 20 10 06 d12;13
9 9 9 9 9 9 9 9 9 d13;14
5 5 5 5 5 5 5 5 5 d14;15
3 3 3 3 3 3 3 3 3 d14;16
2 2 2 2 2 2 2 2 2 d16;17
5 5 4 5 5 4 4 4 4 d16;18
1 1 1 1 1 1 1 1 1 d18;19

168 60 169 2 136 12 162 7 163 1 131 50 147 60 147 60 128 40 f�1
1788 42 1785 25 1890 21 1839 74 1836 82 1918 34 1862 04 1862 02 1939 86 f�2
�96 46 �96 51 �93 66 �95 79 �95 83 �93 20 �94 73 �94 73 �92 60 f�3
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UL

tO}
t=w

xO=R
|Oy

tp
}a=t

U= |WR=U |R} Qxt=vQ@ VwQ R= xQw_vtOvJ |iO=YD pOt pL |=Q@ "OW |UQQ@ xSwQB
sOa xm OyO|t u=Wv pOt pL R= pY=L G}=Dv "OW xO=iDU= |iO=YD |xOWO}kt
h=Oy=|t=tD xm |Qw]x@ 'OQ=Po|t xv}y@ |=y?=wH Q@|@ wr]t=v Q}F-=D\}LtC}a]k
|Qt= 'hOy |xv}y@ Q}O=kt uOW QDO@ OvwQ u}= "OvQ}o|t V}B QO =Q uOWQDO@ OvwQ
'C}a]k sOa \}=QW QO =D OyO|t xR=H= xm =QJ &OUQ|t Q_v x@ pwkat w |y}O@
"OyO V}=tv =Q C}i}m w u=tR� xv} Ry |xvR=wt C}ak=w R= |QDTwtrt w QDy@ Q} wYD
Qo}O h=Oy= uOQm xi=[= =@ =} `@=vt C}OwOLt ZQi =@ u=wD|t =Q xOW x�=Q= |xr�Ut

"O=O VQDUo 'xSwQB |xOW?Um VRQ= Q=Okt Q}_v

|Q}oxH}Dv "7
EL@t QO |OQ@ Q=m Q=}U@ p=L u}a QO w syt p�=Ut R= |m} TCTP xr�Ut
p}rLD 'xSwQB l} QO u=tR� xv} Ry |xvR=wt |rY= hOy "CU=yxSwQB |Ov@u=tR
x@ Qw_vtx@ =yC}r=ai s=Hv= u=tR COt C=Q}}eD x@ C@Uv 'xSwQB |=yxv} Ry C}U=UL
xSwQB |=yxv} Ry pm xm |}xvwox@ 'CU=yC}r=ai Vy=m ?}mQD u} QDy@ uOQw; CUO
pt=a uDiQo Q_v QO =@ u=tR� xv} Ry |xvR=wt |xr�Ut Q=DWwv u}= QO "OwW xv}tm
|=yC}r=ai QO Q}N-=D |iO=YD QDt=Q=B =@ hOy `@=wD R= Qo}O |m} u=wvax@ xSwQBC}i}m

=yCWwv=B
1. critical path method
2. project evaluation and review technique
3. time cost trade o� problem
4. net peresent value (NPV)
5. compromise programming (CP)
6. no preference information
7. achievement levels
8. slack deviation variable
9. surplus deviation variable
10. stochastic programming (SP)
11. chance constrained programming (CCP)
12. chance constrained compromise programming (CCCP)
13. portfolio selection
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