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=Q='CU= (�2) Tv=} Q=w w QiY u}ov=}t =@ |iO=YD |Q}eDt � xmu}= Crax@ u; QO xm

%s} Q=O

E(
sX
r=1

urbrk�) = 0

%QovxOv}; DEA |}=yv pOt
Max

sX
r=1

uryrk

st :
mX
i=1

vixik = 1
mX
i=1

vi(�jxij)�
sX
r=1

urfyrj + brj�F�1(1� �j)g � 0;

j = 1; :::; n
ur � 0 ; r + 1; :::; s ; vi � 0 ; i = 1; :::;m (15)

QovxOv}; DEA pOt QO =y|HwQN |v}@V}B "1"1"5
'CiQo Q=Qk xO=iDU= OQwt |HwQN |=yQ}eDt u}tND |=Q@ Q=DWwv u}= QO xm |WwQ
EL=@t QO ,=@r=e xm CU= PERT=CPM l}vmD T=U=Q@ |i}m |v}@V}B VwQ
|=y|HwQN Q}O=kt|v}@V}B QO [4]"OQ}o|t Q=Qk xO=iDU= OQwt xSwQB pQDvmw|R} Qxt=vQ@
|Q=_Dv= Q}O=kt� yrj |x@U=Lt 'DEA QovxOv}; pOt R= xO=iDU= Qw_vtx@ |iO=YD
CQwQ[ �|iO=YD |=y|HwQN OQw;Q@ x@ \w@ Qt Q=}at h=QLv=� brj w �=y|HwQN
j@=]t �byrj u}tND� =y|HwQN u}tND Qw_vtx@ brj w yrj u}}aD |=Q@ "O@=}|t
T=U= u}=Q@ xm CU= =y|HwQN u}tND R= Cr=L ẁv xU |UQQ@ OvtR=}v 'VwQ u}=
QO w OwW|t `} RwD u=oOvQ}os}tYD u}@ =y|HwQN u}tND |=Q@ |}=yxt=vVUQB
'(OPrj) xv=v}@VwN Cr=L xU QO 'xOWx�=Q= C=Q_v u}ov=}t |x@U=Lt =@ C}=yv
x}yD OL=w w XNWt |Q}O=kt CQwYx@ (MLrj) ptDLt w (PErj) xv=v}@O@

[17]"OvwW|t
&C}ak=w x@ byrj Q=Okt u}tND u} QDl}ORv R= CU= CQ=@a (MLrj) �

R}Jxty xm |]}=QWCLD w sm ẁkw p=tDL= =@ =t= umtt |HwQN Q=Okt (OPrj) �
p=tDL= `} RwD |q=@ OL R= |v}tND u=wvax@ Cr=L u}= 'u}=Q@=v@ "OwQ@ V}B ?wN

&OQ}o|t Q=Qk |UQQ@ OQwt
CU= |]}=QW CLD w sm p=tDL= ẁkw =@ =t= umtt |xO=DU Q=Okt (PErj) �
`} RwD u}}=B OL R= |v}tND u=wvax@ Cr=L u}= 'u}=Q@=v@ &OwQ@ V}B O@ R}Jxty xm

"OQ}o|t Q=Qk |UQQ@ OQwt p=tDL=
%CU= 16 |x]@=Q j@=]t VwQ u}= QO =y|HwQN |Q=_Dv= VRQ=

yrj = (OPrj + 4MLrj + PErj)=6 (16)

%OW Oy=wN x@U=Lt 17 |x]@=Q R= R}v byrj |vwQO Tv=} Q=w
b2rj = (OPrj � PErj)2=36 (17)

|R=i u=Rw= =@ QovxOv}; DEA pOt "2"5
|@=} RQ= CLD |=yOL=w O=OaD xm OyO|t MQ |v=tR 'l}miD CQOk ha[ |xr�Ut
"OvW=@v nQR@ |Q=O|vat Qw]x@ =y|HwQN w =y|OwQw O=OaD ẁtHt =@ xU}=kt QO

%R= Ow@ Oy=wN CQ=@a 9 |x]@=Q |rm pmW T=U= u}=Q@ &O};|t CUOx@ 9 |x]@=Q

Max E(
sX
r=1

urbyrk)

st :
mX
i=1

vixik = 1

�j
mX
i=1

vixij �
sX
r=1

uryrj �
p
VjF�1(1� �j); j = 1; :::; n

ur � 0 ; r = 1; :::; s ; vi � 0 ; i = 1; :::;m (10)

%OQ=O |D=@U=Lt pmWt wO u=vJty 10 |x]@=Q p=L u}= =@
&OwW|t u=}@ sP

r=1
urbyrk Q=Okt pm R= |Q=_Dv= VRQ= |xr}Uwx@ O}rwD `@=D �hr=

CQ=@a l} |xr}Uwx@ xm CU= (vj) Tv=} Q=w pt=W =yC}OwOLt R= |m} �?
"OwW|t xrwtQi swO xHQO

Q=Okt xm s}vm|t ZQi '10 |x]@=Q R= |]N |R} Qxt=vQ@ |x]@=Q l} G=QNDU= |=Q@
11 |x]@=Q R= 'Ovm|t jOY =yxO=DU s=tD OQwtQO xm byrj |iO=YD Q}eDt l}

%O};|t CUOx@
byrj = yrj � brj� ; r = 1; :::; s ; j = 1; :::; n (11)

CQ=@a brj w �u}ov=}t� s=j |HwQN R= xQ_Dvt Q=Okt R= CU= CQ=@a yrj =Hv}= QO
`} RwD R= xm CU= |iO=YD Q}eDt l} Qov=}@ R}v � "CU= Q=Okt u; Q=}at h=QLv= R=
Vj Q=Okt C=[wQit u}= CLD "Ovm|t |wQ}B �2 Tv=} Q=w w QiY u}ov=}t =@ p=tQv

%OwW|t x@U=Lt 12 |x]@=Q j@=]t
V ar(byrj) = V ar(yrj � brj�)
V ar(byrj) = b2rj�2

Vj = V ar(byj) = (
sX
r=1

urbrj�)2 (12)

%CW=O s}y=wN 12 w 10 CqO=at s=eO= R=

Max E(
sX
r=1

urbyrk)

st :
mX
i=1

vixik = 1

�j
mX
i=1

vixij �
sX
r=1

uryrj � (
sX
r=1

urbrj�)F�1(1� �j);

j = 1; :::; n
ur � 0 ; r = 1; :::; s ; vi � 0 ; i = 1; :::;m (13)

hOy `@=D s}v=wD|t u}=Q@=v@ &byrj = yrj � brj� 'OW xQ=W= R}v QDV}B xm u=vJ
%s}vm |U} wvR=@ u}vJ =Q 13 |x]@=Q

Max E(
sX
r=1

urbyrk) = E(
sX
r=1

ur(yrj � brj�)) =

E(
sX
r=1

uryrk �
sX
r=1

urbrk�) =
sX
r=1

uryrk (14)
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t %CWwv C}OwOLt wO CQwYx@ =Q u; u=wD|t jwi Q=Ou=Qm C}OwOLt uOQmxO=U =@
vi � wi�
vi � 2wi � wi� (19)

=@ xm 'w0r u=wvax@ s=r |HwQN uRw uDiQo Q_v QO =@� =y|HwQN |=Q@ 'x@=Wt Qw]x@
%s} Q=O �CU= xOt; CUOx@ |ywQo |@D=QtxrUrU p}rLD R= xO=iDU=

ur � w0r�
ur � 2w0r � w0r� (20)

u=Rw= Qo = xm CU= u}= |}=Q=m |xR=Ov= VHvU QO |R=i u=Rw= R= xO=iDU= Qo}O Cra
's}vm pOt OQ=w w p}O@D u}at w |a]k u=Rw= CQwYx@ =Q u=U=vWQ=m |@} QkD w |R=i
w =y|OwQw u=Rw= uOW|R=i =@ xm CU= |r=L QO u}= "OW Oy=wN xHwtQ}e pOt
xHwtQ}e p=tDL= w xOW QDW}@ pOt |Q}PBh=]av= 'XNWt xR=@ l} QO =y|HwQN

"O@=}|t Vy=m pOt uOW
|O}OH pOt 'QovxOv}; DEA pOt x@ jwi |=yC}OwOLt uOQmxi=[= =@ p=L

%R= CU= CQ=@a xm OwW|t h} QaD |R=i u=Rw= =@ QovxOv}; DEA pOt s=v x@

Max
sX
r=1

uryrk

st :
mX
i=1

vixik = 1
mX
i=1

vi(�jxij)�
sX
r=1

urfyrj + brj�F�1(1� �j)g � 0;

j = 1; :::; n
vi � wi:�
vi � 2wi � wi:�
ur � w0r�
ur � 2w0r � w0r�
ur � 0 ; r = 1; :::; s ; vi � 0 ; i = 1; :::;m (21)

Qo = "s}vm|t pL =Q pOt w 'xDiQo Q_v QO 1 pO=at =Q � Q=Okt =OD@= 'pOt pL QO
xO=O Vy=m =Q � Q=Okt 'OW xHwt=v |UQQ@ OQwt |=yOL=w R= |m} |}=Q=m Q=Okt
?=NDv= |xvt=O V}=Ri= ut[ Q=m u}= =@ "s}vm|t pL =Q u; ,=OOHt w (� = 0 9)

CU= u}= u; ?}a |rw 'O@=}|t Vy=m pOt uOW xHwtQ}e p=tDL= '=yQDt=Q=B u=Rw=
xt=O= QOku; � Q=Okt Vy=m u}= "OwW|tv p=ta= j}kO Qw]x@ u=U=vWQ=m Q_v xm

[18]"OwWv xHwtQ}e |OL=w I}y =D O@=}|t
|=yxO=O uOw@p=tQv ZQi =@ jwi |xOt; CUOx@ |=ypOt CU= QmPx@ sRq
|iO=YD `} RwD QO Q}}eD CU= |a}@] w xO}UQ C=@F= x@ �=y|HwQN w =y|OwQw� pOt

"Ow@ Oy=wN Q=PoQ}F-=D =ypOt C=@F= OvwQ QO =yxO=O

|OOa p=Ft "6
?aW |}=Q=m OQ=O OYk u; C} Q}Ot w CU= x@aW 10 |=Q=O |mv=@ O}vm ZQi
'sDU}U u}= QO xm CU= QmPx@ sRq "Ovm |v}@V}B |D; |r=t p=U |=Q@ =Q OwN

OwW|t pOt l}miD CQOk V}=Ri= ?@U =y|HwQN w =y|OwQw |=Q@ uRw p=ta=
u=Rw= xR=Ov= Qy "�OwWv pOt uOW xHwtQ}e ?@U uRw p=ta= xmu}= Q@ \QWt xD@r=�
|[=} Q |=ypOt R= xO=iDU= =@ xm |}=Q=m u=R}t 'OvW=@ QDOwOLt =y|HwQN w =y|OwQw
'xwqax@ "O@=}|tV}=Ri= pOtl}miD CQOk u}=Q@=v@ w 'Ow@ Oy=wN QDsm Ovvm|t?Um
|UQQ@ CLD OL=w =D OwW|t ?@U =y|HwQN w =y|OwQw |=Q@ u=Rw= |@} QkD p=ta=
w� Ovm|t O}rwD |}x_Lqt p@=k Qw]x@ xm |}=y|HwQN x@ QDW}@ uRw p=ta= =@ Ov=wDv
Ovvm|t hQYt O=} R Q=}U@ =yv; R= xm |}=y|OwQw x@ sm Q=}U@ uRw p=ta= w �Tmar=@
umtt C} Q}Ot u}vJty "OyO u=Wv O=} R |rwkat=v Qw]x@ =Q OwN |}=Q=m '�Tmar=@ w�
=y|OwQw R= |[a@ |=Q@ w xDW=Ov pw@k =Q pOt \UwD xDiQoCQwY |yOuRw CU=
u}= pL |=Q@ "OW=@ p�=k |Y=N C}ty= � |}=Q=m Q@ Q}F-=D ^=Lr R= � =y|HwQN w
u=Rw= |R=UOwOLt x@ 'C} Q}Ot |vyP |=yC} wrw= uDW=O ^=Lr CyH QO w pmWt

"OwW|t xDN=OQB
u}}aD QO u=Rw= |@Uv C}ty= u}}aD |=Q@ 'xOt; ptax@ C=k}kLD R= |NQ@ QO
u=Rw= '|ywQo |@D=QtxrUrU p}rLD VwQ R= xO=iDU= =@ w '|Q}os}tYD |=yOL=w |}=Q=m
R= xO=iDU= =@ u=U=vWQ=m Q_v uDiQo Q_v QO |=Q@ "CU= xOW xOQw; CUOx@ =yQ}eDt
w xOt; CUOx@ pOt |=y|HwQN w =y|OwQw |=Q@ |}=yuRw �2 |x]@=Q� VwQ u}=
|=y|HwQN w =y|OwQw R= l} Qy x@ xOWxO=O X}YND uRw u} QDsm xmu}= ZQi =@
l} Qy x@ xOW xO=O u=Rw= Q@=Q@ wO =@ Q@=Q@ R}v u; uRw u} QDW}@ w OW=@ QiY Q@=Q@ pOt
uRw ,qFt "O=O V}=tv |FrFt |R=i OOa l} CQwYx@ =Q u; u=wD|t 'OW=@ =yv; R=
|@D=QtxrUrU p}rLD R= xO=iDU= =@ xm � wi |a]k OOa |=Hx@ pOt QO s=i |OwQw
OwW|t u=}@ (0; wi; 2wi) |FrFt |R=i OOa CQwYx@ �CU= xOt;CUOx@ |ywQo

"�2 pmW�
uDiQo Q_v QO =@ OL=w Qy |a]k |}=Q=m u=R}t 's}yO Q=Qk pOt QO =Q jwi u=Rw= Qo =
umtt 'pOt QO u=Rw= u}= uO=OQ=Qk =@ xm =Hv; R= =t= "O};|t CUOx@ u=U=vWQ=m Q_v
O}=@ jwi |xOt; CUOx@ u=Rw= |=Q@ 'OwW p}O@D xHwt Q}e |DQwY x@ xr�Ut CU=
xr�Ut Ci=} QO u=wD|tv xm u}= x@ xHwD =@ |rw "CiQo Q_v QO u=v}t]= |x}L=v l}
u=wvax@ =Q `}Uw |xvt=O l} CU= QDy@ 'CU= xHwt |v=v}t]= |xk]vt xJ QO
"OQm Oy=wN Q}}eD � Q=Okt Q}}eD =@ xk]vt u}= xm 'CiQo Q_v QO u=v}t]= |xk]vt
QD|a]k xOW x@U=Lt |}=Q=m 'OW=@ QDl}ORv 1 x@ � Q=Okt xJQy 'Qo}O CQ=@ax@
'OW=@ QDl}ORv QiY x@ � Q=Okt xJQy w OwW|t p=ta= QDj}kO u=U=vWQ=m Q_v w
^=Lr u=Rw= R= |QD`}Uw xR=@ QO u=U=vWQ=m Q_v w CU= QD|R=i xOWx@U=Lt |}=Q=m
xO=iDU= 18 |x]@=Q j@=]t ' �VQ@ R= '(vi)s=i |OwQw |=Q@ p=Ft u=wvax@ "OwW|t

%OwW|t

wi � wi(1� �) � vi � wi + wi(1� �) (18)
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Om =y|OwQw =y|HwQN
x@aW |=yxv} Ry |=yxv} Ry xv} Ry by1|}=]a= Cq}yUD by2|mv=@ u}@ C=tON

|Q=O= |rUvQB xQ=H= OP ML PE OP ML PE
1 24 46 298 5800 5027 4800 410 362 300
2 25 41 295 5920 4972 4910 430 356 310
3 32 40 300 5750 5019 4952 421 353 320
4 33 44 305 5610 5083 4823 412 354 313
5 27 46 296 5520 5088 4899 418 367 304
6 21 42 297 5742 5010 4962 429 347 310
7 19 38 301 5825 5017 4898 432 346 317
8 22 39 292 5912 4970 4992 409 353 326
9 24 45 294 5852 4994 4901 399 352 309
10 20 14 306 5712 5031 4925 415 349 311

|iO=YDQ}e |=y|OwQw Vy=m Q@ |iO=YD |=y|HwQN V}=Ri= Q@ RmQtD |=Hx@
V}=Ri= |=Q@ '=y|OwQw Vy=m Q@ RmQtD ,=D}y=t xO=iDU= OQwt pOt u}=Q@=v@ "OwW RmQtDt
h=QLv= w (�yrj) =y|HwQN |Q=_Dv= VRQ= "�QwLt|OwQw Cr=L� Ow@ Oy=wN |}=Q=m
"OW=@|t 2 pwOH KQW x@ �17� w �16� \@=wQ R= xO=iDU= =@ =yv; (brj) |vwQO Q=}at
|=Q@ =Pr 'CU= =y|HwQN uOw@p=tQv Q@|vD@t |O=yvW}B pOt xm =Hv; R=
Qw_vtu}O@ xm OvwW |UQQ@ ?aW |=y|HwQN uOw@p=tQv O}=@ =OD@= pOt R= xO=iDU=
xOW xO=iDU= �Normal Probability P lot� �OQ=Ov=DU= p=tDL=� Q=Owtv R=
Y2; Y1 |=y|HwQN uOw@p=tQv R= |m =L 3 pmW |=yQ=Owtv �3 pmW�"CU=

"Y2; Y1 uOw@ p=tQv Q=Owtv "3 pmW

'pLt |xQ=H= |xv} Ry w |Q=O= |xv} Ry '|rvUQB |=yxv} Ry � ?aW |=y|OwQw
'xOv}; |r=t p=U |=Q@ p=U Qy u=}=B QO � ?aW u=mt uOw@|Q=H}DU= ZQi =@
?aW |=y|HwQN OQwtQO |rw "OwW|t |R} Qxt=vQ@ '|Ov@xHOw@ s=_v ?r=k QO
l}vmD |=v@tQ@ |v}@V}B '�|mv=@ u}@ C=tON VOQo w |}=]a= Cq}yUD u=R}t�
|=yp=U QO =yx@aW R= l} Qy |=y|HwQN Q}O=kt R= xO=iDU==@ PERT=CPM
|wU R= |v}tND |=y|HwQN w ?aW |=y|OwQw "OQ}o|t s=Hv= xDWPo |r=t
u} QDxv=v}@O@ w (ML) u} QDptDLt '(OP ) u} QDxv=v}@VwN ?r=k QO |DUQB QU
OYk C} Q}Ot "CU= 1 pwOH QO xOW x�=Q= C=aq]= CQwYx@ (PE) Cr=L
|LqY= C=t=Ok= V}B=W}B 'xOv}; |r=t p=U |=Q@ x@aW Qy |}=Q=m u}tND =@ OQ=O
Q=_Dv= OQwt |}=Q=m "OyO s=Hv= VD} Q}Ot CLD xawtHt |}=Q=m Ow@y@ |=DU=Q QO =Q
CUQB QU lU} Q w '1 pO=at |Q}os}tYD |=yOL=w |t=tD |=Q@ (�) |DUQB QU

"CU= OYQO50 pO=at |Q}o s}tYD |=yOL=w |t=tD |=Q@ (�) ?aW
QovxOv}; DEA pOt R= xO=iDU= =@ |}=Q=m u}tND %pL

'Ov=|a]k w C@=F xOWs=Hv= |Ov@xHOw@ p}rOx@ ?aW |=y|OwQw xmu}= x@ xHwD =@
R= 'OQ}o@ Q_v QO =Q =y|HwQN QO |iO=YD pt=wa xm |rOt uOQw; CUOx@ |=Q@
C}y=t p}rOx@ xm =QJ 's}vm|t xO=iDU= =y|OwQw Q@ RmQtD =@ QovxOv}; DEA pOt
|=y|HwQN V}=Ri= |=Q@ |k]vt |R} Qxt=vQ@ '|]}Lt pt=wa |Q=PoQ}F-=D w |iO=YD
|k]vt =Pr "OwW |FvN |]}Lt pt=wa u}= \UwD Ov=wD|t xOvQ}os}tYD |=yOL=w
�?aW� xOvQ}os}tYD |=yOL=w R= l} Qy |}=Q=m V}=Ri= Qw_vtx@ C} Q}Ot xm CU=

"?aW |=y|HwQN |=yQ=}at h=QLv= w =y |HwQN |Q=_Dv= VRQ= "2 pwOH
x@aW Om y1j y2j b1j b2j

1 5118 360 12 9 4 28
2 5120 361 12 9 4 47
3 5130 359 11 5 4 10
4 5128 357 11 4 4 06
5 5129 365 10 1 4 35
6 5124 355 11 4 4 45
7 5132 356 12 4 4 37
8 5131 358 12 3 3 71
9 5122 353 12 53 3 87
10 5127 354 11 4 4 16
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=y|HwQN R= l} Qy |L}HQD uRw C}=yv QO xm OW s=Ok= lv=@ |DUQB QU |xOQsy
CUO 4 pwOH CQwYx@ �2 |x]@=Q� |ywQo |@D=QtxrUrU p}rLD VwQ R= xO=iDU= =@
�� VQ@ x@ xHwD =@� u=Rw= Q=Ou=Qm C}OwOLt =y|HwQN R= s=Om Qy |=Q@ "O};|t

%OwW|t xO=O V}=tv C}OwOLt wO CQwYx@
u1 � 0 56�
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9=; (by1) pw= |HwQNx@ \w@ Qt |=yC}OwOLt

u2 � 0 35�
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9=; (by2) swO |HwQNx@ \w@ Qt |=yC}OwOLt

uDiQo Q_v QO =@� �21 x]@=Q� |R=i u=Rw= =@ QovxOv}; DEA pOt |=QH= =@
%OwW|t pY=L p}P G}=Dv �jwi |=yC}OwOLt

=@ Qov xOv}; DEA pOt R= xO=iDU= =@ Q_v OQwt |OOa p=Ft |=Q@ |}=Q=m Q}O=kt
OOa x@ � u=R}t xJQy 'O}OQo QmP xm Qw]u=ty "OW=@|t 5 pwOH KQW x@ |R=i u=Rw=
u=oQ@N Q_v QDj}kO p=ta=w pOt uOw@ QD|a]k |xOvyOu=Wv 'OW=@ QDl}ORv l}
?aW R= |NQ@ =} s=tD |=Q@ |}=Q=m VHvU pOt 'Q=Okt u}= =@ CU= umtt =t= "CU=

"=y|HwQN u=Rw= "4 pwOH
=y|HwQN (W 0r)|L}HQD uRw

|}=]a= Cq}yUD 0 56
|mv=@ u}@ C=tON 0 35

'CU= (�2) Tv=} Q=w w QiY u}ov=}t =@ |iO=YD |Q}eDt � xm =Hv; R= "OvDUy
xDiQo Q_vQO 'OQ=Ov=DU= |iO=YD Q}eDt � 'pOt pLQO C=@U=Lt |oO=U Qw_vtx@
|=y|HwQN w �|ivt� |}xv} Ry C}y=t pOt |=y|OwQw xm =Hv; R= "CU= xOW
w =y|OwQw |t=tD O}=@ =OD@= pOt pL |=Q@ =Pr 'OvQ=O �C@Ft� |Ot;QO C}y=t u;
xOW xO=iDU= Q} R |R=UT=}kt|@ VwQ R= Qw_vt u}O@ "OQm T=}kt|@ =Q =y|HwQN

%CU= xOW xO=iDU= pOt |=y|OwQw %CU=
rij = MIN(Xij)

Xij
i = 1; 2; 3 j = 1; 2; :::; 10; 8 i (22)

"s=j x@aW R= s=i |OwQw %Xij
KQW x@ QovxOv}; DEA pOt R= xO=iDU= =@ Q_v OQwt OOa p=Ft |=Q@ '|}=Q=m Q}O=kt

"OW=@|t 3 pwOH
|R=i u=Rw= =@ QovxOv}; DEA pOt R= xO=iDU= =@ ?aW |}=Q=m u}tND

"|R=i u=Rw= =@ QovxOv}; DEA pOt R= pY=L ?aW |}=Q=m Q}O=kt "5 pwOH
?aW 1 2 3 4 5 6 7 8 9 10
|}=Q=m 0 994 0 970 0 985 0 992 1 0 971 0 986 0 958 0 975 0 98

"=yv; u}@ |oDU@ty ?} Q[ w |v}tND |}=Q=m =@ ?aW |ak=w |}=Q=m xU}=kt "6 pwOH
Omx@aW (y1)|}=]a= Cq}yUD (y2) |mv=@ u}@ C=tON |ak=w |}=Q=m |v}tND |}=Q=m

1 5132 371 0 995 0 994
2 5134 372 0 971 0 970
3 5144 370 0 986 0 985
4 5142 368 0 996 0 992
5 5143 376 1 1
6 5138 366 0 972 0 971
7 5146 367 0 987 0 986
8 5145 369 0 959 0 958
9 5136 364 0 976 0 975
10 5141 365 0 989 0 98

|v}tND |}=Q=m w |ak=w |}=Q=m u}@ |oDU@ty ?} Q[ 0 979182
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=Q=|}=Q=m =@ w xOQw; CUOx@ =Q ?aW |ak=w |}=Q=m '��20|x]@=Q� |R=i u=Rw=� lv=@

|}=Q=m G}=Dv u}@ |q=@ |oDU@ty "�6 pwOH� s}yO|t Q=Qk xU}=kt OQwt |v}tND
CLY Qov=}@ �StatGraphics Q=Ri= sQv \UwD� '|ak=w |}=Q=m w xOW |v}@V}B

"CU= u; |q=@ |}=v=wDw xOW x�=Q= pOt

|Q}oxH}Dv "7
|=Q@ '|iO=YD |=yxO=O |WWwB p}rLD |=ypOt R= |O}OH pmW xr=kt u}= QO
|Qw]x@ "OW x�=Q= '|R=i u=Rw= =@ QovxOv};DEA pOt u=wva CLD |}=Q=m |v}@V}B
|ak=wQ}e `} RwD '|}=Q=m u}tND u=mt= sOa |va} 'DEA CqmWt u} QDsyt R= xm
'=Q=m ?aW O=OaD Vy=m =@ w Ovm|t `iQ =Q pOt |=y|HwQN w =y|OwQw x@ u=Rw=
|UQQ@ Qw_vtx@ Q=DWwv |=yDv= QO "OyO|t V}=Ri= =Q ?aW u}@ |}=Q=m l}miD CQOk
|v}tND |}=Q=m u; QO xm 'OW xDN=OQB |OOa p=Ft l} pL x@ xOWx�=Q= pOt CLY
w OQmrta R= |m =L G}=Dv u}@ |q=@ |oDU@ty "OW xU}=kt ?aW |ak=w |}=Q=m =@

"CU= |O=yvW}B pOt |v}tND |q=@ CkO

"OwW|t pL pOt w xDiQo l} Q@=Q@ =Q � =OD@= pOt pL QO u}=Q@=v@ "OwW xHwt=v
w (� = 0 9) xO=O p}rkD =Q � Q=Okt 'O}OQo xHwt=v lv=@ ?aW |}=Q=m Q=Okt Qo =
O@=}|t V}=Ri= =yQDt=Q=B u=Rw= ?=NDv= |xvt=O Q=m u}= =@ "OOQo|t pL pOt =OOHt
Q_v xm CU= u}= 'u; ?}a |rw 'OwW|t xDU=m pOt uOW xHwtQ}e p=tDL= R= w
|}=H =D OQ=O xt=O= QOkv; � Q=Okt Vy=m u}= "OwW|tv p=ta= j}kO Qw] x@ u=oQ@N
(� = 0 9) u=R}t =@ p=Ft u}= QO Cr=L u}= "OOQov xHwtQ}e |OL=w I}y |}=Q=m xm
5 pwOH QO (� = 0 9) K]U QO w pOt u}= pL =@ ?aW |}=Q=m u=R}t "O=O MQ
xOv}; DEA pOt R= xO=iDU= =@ Q_v OQwt |OOa p=Ft |=Q@ |}=Q=m Q}O=kt "CU= xOt;

"OW=@|t 5 pwOH KQW x@ |R=i u=Rw= =@ Qov
Vy=m pOt u}= R= xO=iDU= =@ =Q=m |=yOL=w O=OaD 'OwW|t xOy=Wt xm Qw] u=ty
pOt u}= QDy@ l}miD CQOk |xOvyOu=Wv u}= xm CU= =Q=m OL=w 1 \ki w xDi=}

"CU= 15 pOt x@ C@Uv
|=y|HwQN ltmx@ '21 pOt R= xOt; CUOx@ G}=Dv CLY |UQQ@ Qw_vtx@
l}Uqm pOt R= xO=iDU= =@ '|}=Q=m u}tND xQwO p=U u=}=B QO xOt; CUOx@ |ak=w
u=U=vWQ=m Q_v p=ta= w QwLt |OwQw (DEA�CCR) |=yxO=O |WWwB p}rLD

CWwv=B
1. data envelopment analysis (DEA)
2. stochastic data envelopment analysis (SDEA)
3. chance constraint programming (CCP)
4. land, lovell, thore
5. charns, cooper, rouds
6. chance constraint data envelopment analysis
7. banker charnes cooper
8. decision making unit
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