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xO=O u=Wv 4 |x]@=Q =@ (A0) p;xO}=O[ ?=wH w (A�) p;xO}= ?=wH x=ov; 'OwW

%OvwW|t
A� =

�
(max vij i 2 I�) ; �min vij i 2 I 0�	

A0 =
��

max vij i 2 I 0� ; (min vij i 2 I�)	 (4)

%O};|t CUOx@ 5 |x]@=Q R= A0 w A� 'u; QO xm
A� = f(vij = 9j i 2 I)g ;
A0 = f(xij = 1j i 2 I)g ; i = 1; 2; :::; n (5)

xO=O u=Wv S�j =@ p;xO}=O[ ?=wH R= xrY=i w S�j =@ p;xO}= ?=wH R= xrY=i Qo =
%O};|t CUOx@ 6 |x]@=Q R= S�j w S�j x=ov; 'OvwW

S�j =

vuut nX
i=1

�
vij � v�i �2 i = 1; 2; :::; n

S�j =

vuut nX
i=1

(vij � v�i )2 (6)

%O};|t CUOx@ 7 |x]@=Q R= [19]'=yxv} Ro |Ov@x@DQ |=Q@ |}=yv Q=}at 'C}=yvQO
Cj =

S�j
S�j + S�j

(7)

xSwQB u; C}kiwt p=tDL= |xOvyOu=Wv C0 |}xv=DU; OL =@ Q=}at u}= |xU}=kt
|xv} Ro C}kiwt Tv=W =@ Q@=Q@ (C0) C}kiwt |}xv=DU; OL 'Q=DWwv u}= QO "CU=

%OwW|t x@U=Lt 8 |x]@=Q CQwYx@ w h} QaD (A0) |}xv=DU;
C0 = S�0

S�0 + S�0
(8)

|=Q@ u; QO xm CU= xSwQB R= |Dr=L |xOvvmu=}@ '(A0) |}xv=DU; |xv} Ro u; QO xm
xDiQo jraD (I0) C}kiwt |}xv=DU; OL =@ Q@=Q@ |R=}Dt= C}kiwt |=yQ=}at |t=tD

%Ov};|t CUOx@ 9 |x]@=Q R= S�0 w S�0 'xt=O= QO "OW=@
A0 = f(vij i 2 I0)g ; i = 1; :::; n

S�0 =

vuut nX
i=1

(vi0 � v�i )2

S�0 =

vuut nX
i=1

�
vi0 � v�i �2 i = 1; :::; n (9)
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l} C}kiwt xH}DvQO w =ylU} Q u�t]t pQDvm \QW u} QDsyt xSwQB pt=wa u}@
|m} 'CU= xOW xO=O u=Wv 2 Q=Owtv QO xmu=vJ =Pr [30]"CU= BOT |xSwQB
|ovwoJ 'BOT |xSwQB l} C}kiwt |=Q@ xOW|}=U=vW |rY= |=yQ=}at R=
|xOvvmu}t[D '?U=vt lU} Q X}YND "CU= xSwQB u; QO =ylU} Q X}YND
x@ xSwQB l} |=QH= QO CrwO |OH OYk |xOvyOu=Wv w |Q=Pox}=tQU C}vt=
CU}v umtt Q=}at u}= s}kDUt |Q}oxR=Ov= |rw "CU= |YwYN VN@ CUO
|wor= u}= =@ xU}=kt =@ =D CU=ylU} Q X}YND |=Q@ p;xO}= |} wor= OvtR=}v w
QO =Pr "OR=U XNWt xSwQB C}kiwt QO =Q lU} Q X}YND Q=}at R=}Dt= '`HQt
=ylU} Q |}=U=vW |=Q@ xDiQoCQwY C=ar=]t |Qw;`tH w |UQQ@ =@ xar=]t u}=
C=Q_v x@ xaH=Qt w PPP |xSwQB l} QO =yu; ?U=vt X}YND |xwLv =}
xOW O=yvW}B xSwQB pt=wa u}@ lU} Q X}YND ?U=vt |wor= 'u=YYNDt

"CU=
QO xSwQB h=Oy= Q@ Ovv=wD|t xm OvDUy xSwQB QO |a]k sOa OQ=wt =ylU} Q
p}rOx@ BOT |xSwQB l} QO [31]"OvW=@ Q=PoQ}F-=D 'C}i}m =} u=tR 'xv} Ry ?r=k
QO hrDNt pt=wa Qw[L '|DN=UQ} R |=yxSwQB QO pwtat |q=@ |x}=tQU sHL
w xSwQB R= QD=Qi |U=}U � |O=YDk= pt=wa R= xSwQB O}OW |Q}PB Q}F-=D � xSwQB OvwQ
R= QDq=@ ?D=Qt x@ Ov=wD|t � =ylU} Q ẁkw Q}F-=D &xSwQB R=}Dt= |xQwO |vqw] COt
VN@ |oDUmWQw w xSwQB CUmW x@ QHvt |DL w OW=@ CN=U pwtat |=yxSwQB
K}LY C} Q}Ot R= u=v}t]= hOy =@ =Pr "OwW xSwQB QO xOvvmCmQ=Wt |YwYN
R= |m} =Q �pt=a u} QD?U=vt x@ xSwQB |=ylU} Q X}YND� 'xSwQB |=ylU} Q
=ylU} Q K}LY C} Q}Ot R= u=v}t]= [1]"Ov=xDUv=O xSwQB C}kiwt \wQW u} QDsyt
CQwY QO 'xv} Ry u} QDtm =@ u; Q=F; pQDvm =} lU} Q ẁkw sOa R= u=v}t]= |=vat x@
p=tDL= w Q=F; |@=} RQ= '=ylU} Q |}=U=vW s=o xU QO ,=twta xm &CU=ylU} Q ẁkw
X}YND [32]"OQ}o|t CQwY =yu; pQDvm |=Q@ ?U=vt Vvm =w w 'lU} Q Qy ẁkw
u�t]t |R} Qxt=vQ@ w '|@=} RQ= '|}=U=vW |=vat x@ 'pt=a u} QD?U=vt x@lU} Ql}
C}rw�Ut xm |rt=a xm =QJ &CU= lU} Q u; C} Q}Ot w pQDvm |=Q@ pt=a u;
u; pQDvm |=Q@ sRq |r=t- |vi u=wD |=Q=O 'OQ}PB|t =Q lU} Q l} C} Q}Ot
u; K}LY C} Q}Ot x@ sRrt =Q w= '\@DQt |kwkL- |r=t C=OyaD w CU= lU} Q

"Ovm|t
'=ylU} Q |Ov@ Q=DN=U |xwLv w =ylU} Q|}=U=vW ?wJQ=JC}at=Hp}rOx@
?wJQ=J R= Q=DWwv u}= QO 'OyO|t x�=Q= =ylU} QX}YND |=Q@ =Q |Ot;Q=m |=v@t xm
u=Wv =yu; "CU= xOW xO=iDU= [32]|v�=RN w Q=Wi= \UwD xOWx�=Q= lU} Q |}=U=vW
pL=Qt |t=tD 'BOT |=ylU} Q |}=U=vW |xv}tR QO u}W}B C=ar=]t xm Ov=xO=O
QO =Pr "CU= xOWv xDiQo Q_vQO xSwQB pt=wa |t=tD `i=vt =} xO=Ov VWwB =Q xSwQB
`i=vt x@ QYLvt xv w xSwQB x=o}=H R= =ylU} Q |}=U=vW '=yu; |O=yvW}B ?wJQ=J
|xOta |xDUO 9 QO 'xSwQB Qta |xQwO |t=tD |=Q@ w |YwYN VN@ =} CrwO

[32]"CU= xOW x�=Q= '3 Q=Owtv QO xOWxO=OV}=tv
u=tR p}rO u}ty x@ xm CU= Q@u=tR w xO}J}B |Ov}=Qi 'lU} Q X}YND Ov}=Qi
X}YND C=Qm =Pt QO "OwW|t PPP |=yxSwQB |O=OQ=Qk C=Qm =Pt hQY |O=} R
lU} Q X}YND QO =Q OwN X=N `i=vt w CW=OQ@ xSwQB hQ] Qy 'lU} Q
hrDNt |=yxv} Ro |UQQ@ Crax@ BOT C=Qm =Pt uOW|vqw] ?re= w OQ=O Q_vQO
s=_v O=H}= |=Q@ ?U=vt VwQ l} QU Q@ xSwQB |=yhQ] ji=wD w lU} Q X}YND

"BOT |=yxSwQB QO C}kiwt pt=wa "2 Q=Owtv

`i=vt u}@ pO=aD T=U=Q@ C}kiwt h} QaD |=v@t Q@ w |Qw;`tH C}kiwt pt=wa u}=
"OvwW x�=Q= w |yOQ=DN=U 'xSwQB QO Q}oQO pt=wa |t=tD

'xSwQB pt=wa |t=tD |=Q@ pO=aDt C}kiwt swyit T=U=Q@ |UQQ@ u}= |xH}Dv
xwQo 7 QO 'O=OQ=Qk l} |Q}opmW |xrLQt QO QF-wt pt=wa =@ nvy=ty '2 Q=Owtv QO
C}kiwt |=Q@ xm OvyO|t x�=Q= =Q |D=t=Rr= 'xOWx�=Q= pt=wa "CU=xOW x�=Q= xOta
|UQQ@ =} w O=yvW}B |xrLQt R= 'xSwQB |Q}opmW |xrLQt QO BOT |=yxSwQB
"CU= |QwQ[ 'O=OQ=Qk uOW|}=QH= w C=Qm =Pt u=}=B =D |YwYN u=}v=@ \UwD xSwQB
xSwQB |t=ovy xm OQm Q} wYD xvwou}= |twyit ^=Lr R= u=wD|t =Q xOWx�=Q= Q=DN=U
CrwO TBU 'OvwW xOvQ@ =Q ?U=vt |xSwQB l} |YwYN u=}v=@ =OD@= xm CU= jiwt
'Ovm C}=tL |@ wNx@ u; R= xSwQB pQDvm w C} Q}Ot QO OwN ?U=vt Vkv |=i}= =@
QO =ylU} Q C} Q}Ot w pQDvm R= OvtVwQ |Q=DN=U =@ Ovv=wD@ hQ] wO C}=yvQO w

"OvwW u�t]t xSwQB pw]
?=NDv= |Q=Pox}=tQU |=Q@ X=N |xSwQB l} =OD@= 'xSwQB l} |Q}opmW QO
C}kiwt Ea=@ xm �xSwQB ?=NDv=� QO =Q |}=yQ=}at xrLQt u}= QO O}=@ u=}v=@ 'OwW|t
=D OvwW|t ?=NDv= �Q=Pox}=tQU |=mQW� u; R= TB "Ovm |UQQ@ OwW|t u; |D;
'�|r=t O=yvW}B� O}=@ sw}UQUvm =OD@= "OvyO p}mWD =Q KQ] ?L=Y sw}UQUvm
wO u}= C=YNWt "Ovm XNWt xSwQB s=Hv= |=Q@ =Q OwN �|vi O=yvW}B� TBU
xYk=vt QO u; CUmW =} sw}UQUvm |RwQ}B QO =Q |rY= Vkv '|O=yvW}B |xDU@

"OQ=O
|xOvQw;sy=Qi w Q=Pox}=tQU |t=L wUl} R= %CU= xv=owO |Wkv CrwO Vkv
C=tON |xOvvmpQDvm w |twta `i=vt |xOv}=tv Qo}O |wU R= w CUw= Q=m |xv}tR
|L=Q] |@ wNx@ =Q �xYk=vt Ov}=Qi� O}=@CrwO s=o u}rw= QO "CU= u=Q@ Q=m x@ xOWx�=Q=
CU= Q@xv} Ry w xO}J}B |Ov}=Qi 'BOT |=yxSwQB QO xYk=vt Ov}=Qi "Ovm C}=Oy w
u; |}=yv |xv} Ry w xSwQB CWwvQU QO |oQR@ Vkv xYk=vt l} jiwt |Q=RoQ@ w
xrLQt u}= QO "OQ}o|t s=Hv= xOvQ@ =@ ,=QYLvt |}=yv C=Qm =Pt TBU "CW=O Oy=wN
QO "CU= C}ty= R�=L Q=}U@ '|twta VN@ `i=vt `i=Ot |xrRvtx@ �CrwO pQDvm�
C}=tL� "OwW|t x}yD KQ] |xt=vCki=wt 'ji=wD x@ uO}UQ w |}=yv C=Qm =Pt u=}=B
?wr]t s=Hv= w s=wO |=Q@ |v}t[D '|twta VN@ QO u; ?} wYD w �|Q=Pox}=tQU R=
l} Qy QO =Q |r}YiD |=yXN=W '1 pwOH "CU= u; R=}Dt= |xQwO pw] QO xSwQB

"OyO|t x�=Q= C}kiwt |=yQ=}at xwQo 7 u}= R=

48



"""w
|O

=Rv=N
|i]

Yt
'|v�

=RN
?U

=WQo |x@ QHD w Vv=O =@ =D CiQo Q=Qk u=YYNDt R= |ywQo Q=}DN=QO C=k}kLD Qo}O QO
|=Q@ "Ovvm p}tmD =Q pOt C=aq]= 'BOT |=yxSwQB `v=wt w CqmWt R= OwN
'VwQ u}= |=Q@ "OW ?=NDv= |irO VwQ 'u=YYNDt Q_v |}=Qoty w |Qw;`tH
C=YNWt xm &OW p}mWD |Qw[LQ}e CQwYx@ u=YYNDt R= xQiv 14 |t}D
p}tmD R= pY=L G}=Dv 'QwO Qy QO VwQ u}= QO "CU= xOt; 1 pwOH QO s}D |=[a=
s}D |=[a= u}@ xQ=@ wO xOvyOMU=B Qy C=Q_v Q=}at h=QLv= x=Qty x@ '=yxt=vVUQB
C=Q_v w OvwW `r]t s}D O=Qi= Qo}O C=Q_v R= OvDUv=wD|t O=Qi= =Pr "OW|t VNB
u=tR =D Q=m u}= "Ovvm K}LYD G}=Dv |}=Qoty w QDq=@ CkO x@ uO}UQ |=Q@ =Q OwN
xt=O= '�10 Q=}at h=QLv= |xv}W}@ '=yQ=}at |t=tD QO u}at |}=Qoty x@ |@=}CUO

"Ci=}|t
Qy C}ty= xm OW xDU=wN u=oOvyOMU=B R= 'pOt QO Q=}at Qy uRw u}}aD |=Q@
MU=B "OvR=U XNWt |i}m CQwYx@ =Q xSwQB |}=yv C}kiwt QO C}kiwt pt=a
pt=wa %CU= xOW |:tm '9 =D 1 u}@ |O=Oa= =@ 'pW= u}= R= xO=iDU= =@ u=oOvwWVUQB
9�7 |D=}L C}ty= w '7�5 q=@ C}ty= '5�3 u}}=B C}ty= =@ '3�1 C}ty= uwO@
"Ow@ |@=} RQ= C}r@=k 'O=O|t ?=wH u; x@ xOvyOMU=B xm |Q_vt u}twO "OW u}}aD
|xOvyOu=Wv 3�1 xm 'OW u}}aD 9�1 u}@ R}v =yQ=}at R= l} Qy |@=} RQ= CrwyU
|@=} RQ= uOw@CrwyU =@ 9�7 w 'VqD w xv} Ry hQY =@ 7�5 'xv} RyQ)B 5�3 'umttQ}e
CQwYx@ C=R=}Dt= 'G}=Dv QO |}=Qoty w =yMU=B CkO V}=Ri= |=Q@ "CU= Q=}at
?=NDv= |=Q@ "CU= xOW u}}aD �Q=}at u}rw=� =v@t Q=}at =@ =yXN=W |xU}=kt
wO ?Q[pY=L QPH R= pY=L VQ}PB pt=a '=yQ=}at u=}t R= |}=yv |=yQ=}at

%�10 |x]@=Q� OW h} QaD xDioV}B Q=}at
VQ}PB QwDm =i = (|@=} RQ= CrwyU�C}ty= ?} Q[)1=2 (10)

|@=} RQ= QO pt=a u; |}=Q=m w C}ty= |xOvyOu=Wv 'pt=a Qy |=Q@ u; Q=Okt xm
|}=yQ=}at |=vat x@ '5 R= V}@ VQ}PB pt=a "CU= BOT |xSwQB l} C}kiwt
xv} Ry QO =yu; |@=} RQ= u=mt= p=L u}a QO w OvQ=O \UwDt R= QDq=@ C}ty= xm CU=
pt=a xm 'Ov=xOW ^=Lr pOt QO |}=yQ=}at \ki =Pr &CU= umtt |rw@kp@=k u=tR w

"�2 pwOH� Ov=xOQw; CUOx@ 5 R= QDq=@ VRQ= =@ |WQ}PB
Q=Qk VUQB OQwt R}v C}kiwt |}xv=DU; OwOL '=yQ=}at uRw Q@xwqa 'swO s=o QO
XNWt Q=}at Qy QO C}kiwt |=Q@ =Q sRq |=ypk=OL |}xv=DU; OwOL "OvDiQo
x@ |}xv=DU; OwOL R= 'Q=}at l} QO 'xSwQB l} R=}Dt= uOw@u}}=B "OvR=U|t
=} =yjwWt uwJ '|O=OQ=Qk hQ=aDt |=yQ=R@= =@ xY}kv u; u=Q@H u=mt=sOa |=vat
CQwYu}= Q}e QO &OyO Q=DN=U Q}}eD O}=@ |}xSwQB xvwou}= 'xH}DvQO "CU=yCv=t[
|Ov@`tH =@ "CU= ptDLt u; CUmW w OQ=Ov OwHw xSwQB C}kiwt |=Q@ |Uv=W
u}= &CU= xOt; 2 pwOH QO =yQ=}at R= l} Qy uRw w |}xv=DU; OL 'QwO 3 QO C=Q_v
X}YND Q=}at |}xv=DU; OL "OyO|t p}mWD =Q |@=} RQ= pOt T=U= =yXN=W
CUOx@lU} QX}YND |xv}y@ |wor= =@ j@=]D OYQO T=U=Q@xOvyOu=WvlU} Q

"�3 pwOH� CU= xOt;
u}}aD Q@xwqa &=ylU} Q ?U=vt X}YND |va} 'C}kiwt swU Q=}at |=Q@
pt=a u} QD?U=vt xm OW xDU=wN u=YYNDt R= '�=yQ=}at Q} R� =ylU} Q uRw
'lU} Q X}YND pY= xU "OvR=U XNWt R}v =Q lU} Q Qy X}YND |=Q@
|}=U=vW QO |rY= |=yQ=}at &|r=t C}rw�Ut w '|O=YDk= `i=vt 'pt=a u=wD
u=YYNDt R=l} Qy R= "Ov=xOw@ u=oOvyOMU=B\UwDlU} QX}YND u} QD?U=vt
xDU=wN (Ri; i = 1; :::; 9) X=N lU} Q Qy |=Q@ '|irO s}D QO xOvvmCmQW
\UwD =Q (Ck; k = 1; 2; 3) X}YND Q=}at xU R= l} Qy VWwB u=R}t OW

[17]"BOT |=yxSwQB QO =ylU} Q |}=U=vW Q=DN=U "3 Q=Owtv

xU u}= uO=OQ=Qk =v@t [33]"CU=ylU} Q C}rw�Ut VQ}PB QO 8V=O=B- lU} Q
pt=wa u}@ =Q =ysy=iD<wU |}q=@ OL =D lU} Q X}YND OvwQ QO Ov=wD|t pY=

%Ovm QDu=U; =Q ji=wD x@ |@=}CUO w OyO Vy=m xSwQB
lU} Q |=y|oS} w =@ ?U=vDt 'O@=} X}YND w= x@ O}=@ lU} Q xm |rt=a u=wD "1

[1]"OW=@ xDW=O lU} Q u; Vy=m =} pQDvm |=Q@ =Q u=wD u} QDW}@ O}=@ w xOw@
xOyaQ@ pt=a Qy xm |}=ylU} Q |oQR@ =@ ?U=vDt O}=@ xSwQB |O=YDk= `i=vt "2
=Q |QDtm lU} Q Oy=wN|t |YwYN Q=Pox}=tQU Qo = "OwW s}_vD 'OQ}o|t
|=ylU} Q xm|Dr=L x@ C@Uv OwN |Q=Pox}=tQU |wQ R}v =Q |QDtm OwU 'OQ}PB@

[2]"Ovm|t Ci=} QO 'CU= xOw@ xDiQ}PB =Q |QDxOQDUo
xm O@=} X}YND xSwQB R= |}=yhQ] x@ O}=@ xSwQB |=ylU} Q |r=t C}rw�Ut "3

[31]"OvW=@ xDW=O lU} Q =@ ?U=vDt |i=m |r=t Q=@Da=
lU} Q Qy C} Q}Ot C}rw�Ut xm CW=O Q=_Dv= u=wD|t q=@ pwY= OQ@ Q=m =@
"OQ=O lU} Q u; VQ}PB |=Q@ =Q xR}ov= w u=wD u} QDW}@ xm OwW pwLt |rt=a x@
lU} Q ẁkw R= 'lU} Q x@ Vvm =w Q=R@= K}LY C} Q}Ot =@ lU} Q |xOvQ}PB pt=a
Qo}O lU} Q ẁkw CQwY QO w 'OyO|t Vy=m =Q u; Q=F; =} Ovm|t |Q}owrH
Q]N x@ xSwQB `i=vt w OwW|t u=Q@H lU} Q Q=F; xm OvDUy u�t]t xSwQB pt=wa
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xOWQmP pwY= "OQ@|tv Caivt xSwQB R= xvqO=a=v Qw]x@ OwN |=yC}rw�Ut R= QD=Qi
u}}aD QO '|y=wNQ_v QO u=oOvvmCmQW |}=tvy=Q |=Q@ |rY= |=yQ=}at |xrRvtx@

"OvDiQo Q=Qk VUQB OQwt lU} Q X}YND u} QD?U=vt

|O=yvW}B |=yuRw w =yQ=}at "4
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Abstract
Due to inadequate public funding and an increasing de-
mand on infrastructure facilities, many governments
worldwide are exploring new arrangements through pub-
lic private partnerships (PPP), among which the BOT
(build-operate-transfer) type model of procurement is
a popular option. The BOT arrangement o�ers host
governments an opportunity to accelerate infrastructure
development without incurring large public expenditure
and borrowing. Since the frequent use of the BOT ap-
proach has had relative success in developing countries
(usually a long list of projects have budget restrictions),
they are candidates for implementation through
this model. Due to some failures, we are aware that

not all projects are suitable for the BOT approach, and
there is an urgent need to choose a suitable model for
the project. In this paper, a decision support system
model was made based on a multi criteria decision mak-
ing model (MCDM). The technique for order preference
by similarity of ideal solution (TOPSIS) model assesses
the success of a BOT project as a computer program.
This program gets the speci�cations of a project and
delivers its opportunity of success as the output. To
construct this model, the success appraisal indexes of
the project were de�ned in two groups: Critical success
factors and risks allocation. BOT projects encounter
many situations that are inconvenient risk allocations in
dealing with these situations, which probably result in
failure to achieve the project's purpose. So, the success
of a BOT project depends on the assignment of a proper
risk allocation between di�erent participants. Thus, a
comprehensive structure was proposed for identifying
critical success factors and risks, and a framework for
appropriate risk allocation to project participants was
de�ned. It aims to support decision making as a priority
to see which project is more appropriate to be delivered
by the PPP approach, as well as selecting which incen-
tive should be granted to private parties by governments
(and when), to increase the projects chances of success.
Consequently, disadvantages can be controlled or miti-
gated with risk measurement tools.

Key Words: PPP projects, BOT, success evaluation, risk
allocation, MCDM model.
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