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w CU= |QD=@ OwOLt `@vt 's}U|@ QoUL |=yxQo QO xOWxDN=vW |=y|oS} w R= |m}
?re= QO w Q=wWO xQo u=Q=Ry |=Q=O xm 1s}U|@ QoUL |=yxm@W QO |QD=@ uOQmu} Ro}=H
=D CU= sRq |@=} Q}Ut Ov}=Qi QO 2Ot=Q=m |SQv= pmDwQB l} u}=Q@=v@ "OvDUy umttQ}e OQ=wt
R= |m} 'u}= Q@ xwqa "Ci=} CUO =yxm@W u}=QO |SQv= hQYt |R=Uxv}tm hOy x@ u=wD@
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|xrY=i Q@ RmQtD w ly=J xQo lQLD w |SQv= C}OwOLt uDiQo Q_v QO =@ 'xr=kt u}= "CU=

|=yxQo =@ 4pt=a xQo s=v x@ xm@W uwQO xQo |}=}i=QeH |xrY=i w ly=J xQo |}=}i=QeH
KQW =Q OwN |O=yvW}B pmDwQB w x�=Q= ?U=vt hOy `@=D l} 'ly=J xQo |x}=Uty
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'Ot=Q=m |SQv= 'lQLDt ly=J xQo 's}U|@ QoUL |=yxm@W %|O}rm u=oS=w
"Q}N-=D u}ov=}t 'pt=a Q@ |vD@t |@=} Q}Ut

xtOkt "1
pt=wa R= QF-=Dt 's}U|@ QoUL |=yxm@W QO |@=} Q}Ut |=ypmDwQB |L=Q]
&OQm xHwD pt=wa u}= x@ O}=@ 'QFwt \=@DQ= l} O=H}= |=Q@ xm CU= |Q=}U@ syt
[14w13]'|Q}PBT=}kt 'xO=O 9`}tHD [12�7]'8pN=OD x@ u=wD|t pt=wa u}= |xrtH R=
w [19]12|D} Q}Ot OwN [18w17]'11=]N |Q}PBptLD 'O=tDa= C}r@=k [16w15]'10VWwB

"OQm xQ=W= [23�21]'OwOLt |SQv= [20]'13xO=O=Qi
w =yxQo lQLD 's}U|@ QoUL |=yxm@W QO |SQv= hqD= |=yQDt=Q=B R= |m}
|SQv= hQYt QO QDt=Q=B u}= Vkv |ovwoJ [24]"CU= ly=J xQo lQLD xrtH R=
|UQQ@ OQwt |D=k}kLD QO 'QDt=Q=B u}= =@ xr@=kt |=ypLx=Q w s}U|@ QoUL |=yxm@W
xOW |UQQ@ ly=J xQo lQLD |tm Q=}U@ C=k}kLD QO |rm Qw]x@ "CU= xDiQo Q=Qk
CU= xO=O C} RmQt Q@ |vD@t xm OvO=O O=yvW}B |WwQ 'Vv=Q=mty w u=Ov} wwo "CU=
s=Hv= xO=O T=U= Q@ 'lQLDt ly=J xQo CtU x@ =yQ}Ut O=H}= w C=]=@DQ= s=tD w
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|xOwOLt uwQO =Q OwN O}OH C}akwt QQmt |=ys=}B OQ=O R=}v =yvD lQLDt ly=J
Q=}at sy xm OvO=O x�=Q= |DNQO VwQ 'Vv=Q=mty w s}m [26]"Ovm QWDvt pwrU lJwm
p=YD= |=Q@ =Q ly=J xQo Q_vOt |R=Us=ovy@ MQv Q=}at sy w |}=}i=QeH |m}ORv
u=wva x@ ly=J xQo R= u}vJty &OQ}o|t Q_v QO CNQO x@ lQLDt ly=J xQo

|QD=@ u=wD x@ RyHt '7OvtWwy QoUL |O=} R O=OaD pt=W s}U|@ QoUL xm@W l}
|=yxm@W C=}YwYN R= |m} [2w1]"CU= OQ@ x=Dwm |} w}O=Q C=]=@DQ= w OwOLt
xOW|UOvyt ,qt=m =yQoUL Q=QkDU= u=mt CU}v R=}v xm CU= u}= 's}U|@ QoUL
u=mt Q}}eD u=mt= =} =yQoUL Vv}J u=mt= xm |}=yOQ@ Q=m QO C}Y=N u}= "OW=@
'=yQoUL Q=QkDU= |v=U; x@ xHwD =@ [3]"OQ=O |}=RUx@ C}ty= 'OQ=Ov OwHw =yQoUL
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pt=a xQo \UwD xO=O |Qw;`tH "1"2
"OwW|t s=Hv= pt=a xQo Q@ |vD@t QoUL xm@W uwQO |=yxQo Q}=U R= xO=O |Qw;`tH

%Ovm|t pta Q} R Ov}=Qi T=U= Q@ pt=a xQo ?=NDv= |=Q@ ly=J xQo
Q}o =Qi VNB OwN u=o}=Uty |=Q@ |rLt Qw]x@ =Q CU=wNQO s=}B l} =OD@=
MU=B |xDU@ "OvyO|t MU=B ly=J xQo x@ s=}B Ci=} QO =@ x}=Uty |=yxQo "Ovm|t
u} QDl}ORv Ov=wD|tly=J xQo u}=Q@=v@ &CU= xOvDUQi xQo TQO; w C=YDNt pt=W
C=YDNtly=J xQo "OwW|t xO}t=v �pt=a xQo� xQo u}= "Ovm|}=U=vW =Q OwN x@ xQo
?=NDv= Ov}=Qi 1 pmW "Ovm|t xQ}NP OwN QO |Oa@ |=yxO=iDU= |=Q@ =Q pt=a xQo

"OyO|t V}=tv ly=J xQo \UwD =Q pt=a xQo
uwQO =Q OwN Q_vOQwt |wHwTQB s=}B ly=J xQo 'pt=a xQo |}=U=vW R= Oa@
s=}B ly=J xQo =OD@= 'pta u}= s=Hv= |=Q@ "Ovm|t QWDvt 's}U|@ QoUL xm@W
=U;p}U sD} Qwor=\UwD pt=a xQoTBU &Ovm|t p=UQ= pt=a xQo x@\ki =Q wHwTQB
s=}B Q=WDv= Ov}=Qi 2 pmW "Ovm|t QWDvt QoUL |xm@W QU=QU QO =Q wHwTQB s=}B
|Oa@ xQo Ov=wD|t xQo Qy 'wHwTQB s=}B Q=WDv= |] QO "OyO|t V}=tv =Q wHwTQB
pt=a xQo T=U= Q@ Q}Ut C} Q}Ot `k=w QO "Ovm u}}aD pt=a xQo CtU x@ =Q OwN
QO =Q =yxQo |SQv= C=Q}}eD w xQo |=yCUmW 'pt=a xQo xm|Qw]x@ &OwW|t s=Hv=

"OQ}o|t Q_v
xQo =D xQo Qy |xrY=i u}=Q@=v@ "CU= �s=o O=OaD� Or}i |=Q=O wHwTQB |xDU@
=OD@= pt=a xQo xm CU= CQwY u}= x@ Ov}=Qi u}= C=}�RH "CU= |vOWu}}aD pt=a
&Ovm|t VNB x}=Uty |=yxQo x@ QiY s=o O=OaD =@ =Q wHwTQB s=}B pt=W |xDU@
Or}i |UQQ@ w wHwTQB |xDU@ Ci=} QO =@ 'pt=a xQo |x}=Uty |=yxQo TBU
&CU= s=o l} pt=a xQo =D u=WOwN |xrY=i xm OvwW|t `r]t xDU@ QO s=o O=OaD
|=Q@ =Q xDU@ w Ovvm|t s=ovy@ l} Q=Okt x@ xDU@ uwQO =Q s=o O=OaD Or}i =yv; TBU
�CU= wHwTQB |xDU@ |xOvDUQi xm |}x}=Uty R= Q}e x@ xD@r=� OwN u=o}=Uty
`r]t wHwTQB s=}B |xDU@ Ci=} QO ZLtx@ R}v x}=Uty |=yxQo "Ovvm|t p=UQ=

"ly=J xQo \UwD pt=a xQo ?=NDv= Ov}=Qi "1 pmW

"wH w TQB s=}B Q=WDv= Ov}=Qi "2 pmW

s=ovy QO 'ly=J xQo lQLD x@ xHwD =@ [27]"Ovm|tv xO=iDU= CNQO |v=}t w[a
=@ 'Vv=Q=mty wnv=D "O@=}|tV}=Ri=ly=J xQo x@ xO=Op} wLD Q}N-=D 'xO=O |Qw;`tH
l} 'CU= pt=m NP |xr�Utl} xm p} wLD Q}N-=D |R=Uxv}tm |xr�Ut uDiQoQ_vQO
j} Q] R= sD} Qwor= u}= "OvO=O x�=Q= xr�Ut u}= pL |=Q@ |v} Ro}=H |i=WDm = sD} Qwor=
CQwYx@ xO=O |Qw;`tH w lQLDt ly=J uO=OCmQL w V}=t}B Q}Ut |R=Ux=Dwm
pw] O}OtD |xr�Ut 'Vv=Q=mty w w�=S [28]"OR=OQB|t xr�Ut u}= pL x@ 'u=tRsy
CQwYx@ lQLDt ly=J xm |}xvwo x@ OvOQm |UQQ@ =Q s}U|@ QoUL |xm@W Qta
QoUL xQo Qy w Ovm|t |Qw;`tH xOWh} QaD p@kR= Q}Ut O=ODt= QO =Q xO=O |@ w=vD
|R=Us=ovy@ 'lQLDt ly=J x@ |t=oOvJ |]=@DQ= Q}Ut l} |wQ Q@ =Q OwN |xO=O
Vy=m =Q |SQv= hQYt R}v w V}=Ri= =Q xO=O p} wLD MQv 'ly=J lQLD [29]"Ovm|t
V}=Ri= lQLDt ly=J |m} R}i CaQU p}rOx@ =Q |Qw;`tH Q}N-=D =t= OyO|t
RmQtD lQLDt ly=J QD`} QU |xO=iDU= |ovwoJ Q@ 'u=Q=mty w utJ=w "OyO|t
xOvWwQi sD} Qwor= Q@ |vD@t 'x}=B Q=wty Q}Ut |xOvR=U sD} Qwor= l} =OD@= =yv; "OvOQm
R=}v OQwt T=tD u=tR T=U= Q@ Q}Ut C=t}_vD =@ =Qu; TBU "OvO=O \U@ =Q OQoxQwO
ly=J u}@ QF-wt |=yQ}Ut Ov=wD@ xm pmDwQB l} uDi=} [30]"OvOQm O}OtD xQo Qy QO
|QwQ[ 'Ovmv hQYt Q=}U@ =Q xm@W `@=vt =t= O@=}@ =Q QoUL |=yxQo w lQLDt
xQo |xv=Y} QL |x}@aD s=v x@ sD} Qwor= l} 'Vv=Q=mty w nv=}H 'wQu}= R= "CU=
xm OyO|t |R=Ht C=YDNt l} xQo Qy x@ sD} Qwor= u}= "OvO=O O=yvW}B |R=Ht
[31]"Ovm|t u}t[D ly=J x@ =Q QoUL |=yxQo R= xDU@ |xv=Y} QL wrH x@ p=UQ=
|xNQJ Q=Okt w ly=J lQLD Q}Ut |Ov@ Qm}B syt QDt=Q=B wO Q@ 'Vv=Q=mty w u=N
"OQ=Po|t Q}F-=D |SQv= |}=Q=m Q@ 'lQLD Q}Ut ?=NDv= =Q} R "OvOQm RmQtD =yQoUL Q=m
|Q=m|@ Cr=L QO =Q u=WQta pw] R= |O=} R ,=D@Uv VN@ 'QoUL |=yxQo u}vJty
\=@DQ= u}vJty w ly=J lQLD `=aW w Q=m |xNQJ Q}F-=D =yv; 'u}=Q@=v@ "Ovv=QPo|t
|=Q@ OvO=O O=yvW}B 'u=Q=mty w s}m [32]"OvOQm |UQQ@ =Q |SQv= hQYt ^=Lr R= =yv;
Q}=U 'ly=J xQo lQLD p}rO x@ |SQv= QDW}@ hQYt w Q=@ QU O=H}= R= |Q}owrH
'pt=a xQo TBU Ovvm s}_vD pt=a xQo s=v x@ um =U xQo l} =@ =Q u=WQ}Ut =yxQo
s}m |O=yvW}B sD} Qwor= [33]"Ovm s}_vD ly=J xQo O}OH C}akwt =@ =Q OwN Q}Ut
|xv}tR QO xm CU= |}=ysD} Qwor= u} QDO}OH R= |m} '14 IAR s=v x@ 'u=Q=mty w
O}OH C}akwt Qy QO sD} Qwor= u}= "CU= xDiQo Q=Qk xO=iDU= OQwt ly=J xQo lQLD
|x}=Uty |=yxQo R= ly=J xQo |}=}i=QeH |xrY=i uDiQoQ_vQO =@ 'ly=J xQo
u}= xr=kt u}= QO "CU= xO}t=Hv= |SQv= |}=Q=m OQwt QO |@ wN Q=}U@ G}=Dv x@ 'VOwN
O}OH C}akwt Qy QO '|SQv= QDW}@ |R=UxQ}NP |=Q@ TBU s}vm|t u=}@ =Q sD} Qwor=
|}=}i=QeH |xrY=i w ly=J xQo |}=}i=QeH |xrY=i uDiQoQ_vQO =@ 'ly=J xQo
"s}yO|t x�=Q= ?U=vt hOy `@=D l} 'ly=J xQo |x}=Uty |=yxQo R= pt=a xQo
sD} Qwor= swOVN@ 'OwW|t|yOv=tR=U CQwY u}= x@ Q[=L |xr=kt 'xt=O= QO
VwQ w OQ}o|t Q=Qk |UQQ@ OQwt hOy `@=D swU VN@ QO "OyO|t KQW =Q IAR

\}Lt QO =Q |O=yvW}B VwQ |R=Ux}@W G}=Dv sQ=yJ VN@ "OwW|t x�=Q= |O=yvW}B
QO "OyO|t Q=Qk |@=} RQ= OQwt w V}=tv OPNET Modeler 14 0 R=Ux}@W

"OwW|t x�=Q= |O=yvW}B VwQ |Q}oxH}Dv sHvB VN@

IAR sD} Qwor= "2
pt=a xQo \UwD xO=O |Qw;`tH |=yVN@ QO QYDNt CQwYx@ sD} Qwor= u}= KQW

"OwW|t x�=Q= pt=a xQo |} w}O=Q |xOwOLt R= lQLDt ly=J xQo GwQN w
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Objective function : Minimum (0 7 DS;N + 0 3 DN;A) (1)

DN;A w CU= x}=Uty xQo =D ly=J xQo |}=}i=QeH |xrY=i DS;N u; QO xm
lQLDt ly=J xQo xm |}=Hv; R= "CU= pt=a xQo =D x}=Uty xQo |}=}i=QeH |xrY=i
xQo =D ly=J xQo |xrY=i 'OvDUy ly=J xQo x@ \w@ Qt x}=Uty |=yxQo w CU=
&OQ=O hOy `@=D QO |QDsyt Vkv pt=a xQo =D x}=Uty xQo |xrY=i x@ C@Uv x}=Uty
xO=O X=YDN= 0 7 ?} Q[ 'x}=Uty xQo =D ly=J xQo |xrY=i x@ p}rO u}ty x@
"OwW|t xO=O X=YDN= 0 3 ?} Q[ 'pt=a xQo =D x}=Uty xQo xrY=i x@ w OwW|t
'OwN |x}=Uty Qy |=Q@ ly=J xQo CU= XNWt hOy `@=D x@ xHwD =@
QO 'Ovm|t x@U=Lt =Q OwN =D x}=Uty |xrY=i w pt=a xQo =D x}=Uty |xrY=i
|xrQ xQo u=wva x@ 'OW=@ xv}tm u; |=Q@ pY=wi u}= ẁtHt xm |}x}=Uty Qy C}=yv

"OwW|t |iQat pYiq@

xrQ Q}Ut s}_vD "2"3
|xrQ xQo j} Q] R= �xrQ Q}Ut s}_vD� s=}B pt=W xDU@ l} 'lQLDt ly=J xQo
'xrQ Q}Ut s}_vD |xDU@ Ci=} QO =@ pt=a xQo "Ovm|t p=UQ= pt=a xQo x@ pYiq@
Ovm|t p=UQ= xrQ xQo CtU x@ 'xDU@ u}= CWoQ@ Q}Ut O=ODt= QO =Q xO=O |=yxDU@
xQo Qy "OyO|t p} wLD 'lQLDt ly=J xQo x@ =Q =yxDU@ pYiq@ |xrQ xQo TBU w
CtU x@ xrQ xQo u} QN; w Ovt=v|t xrQ xQo 'OQ=O Q=Qk xrQ Q}Ut |wQ@ xm |QoUL

"Ov} wo �IR� pYiq@ |xrQ xQo =Q ly=J xQo
xQo |} w}O=Q |xOwOLt R= GQ=N 'lQLDt ly=J xQo xm |v=tR QO CU= umtt
OvwQ@ u}@ R= xO=O |=yxDU@ 'OwW|t s}_vD xrQ Q}Ut xm |v=tR =D OQ}o|t Q=Qk pt=a
|v=tR |xR=@ QO pmWt u}= R= ?=vDH= |=Q@ &Ovmv Ci=} QO =Q =yv; ly=J xQo w
w Ovm|t Q=@v= xOWXNWt |v=tR |xR=@ QO =Q xO=O |=yxDU@ pt=a xQo 'QwmPt
xQo CtU x@ =Q xOW Q=@v= |xO=O |=yxDU@ 'xrQ Q}Ut s}_vD |xDU@ Ci=} QO s=ovy

"Ovm|t p=UQ= ly=J

pYiq@ xrQ xQo |}w}O=Q |xOwOLt R= lQLDt ly=J xQo GwQN "3"3
|xOwOLt |UQQ@ |=Q@ xDU@ l} 'XNWt |v=tR |xR=@ QO 'pt=a xQo Ovv=t IR xQo
'xDU@ u}= Ci=} QO =@ ly=J xQo &Ovm|t p=UQ= lQLDt ly=J xQo x@ |} w}O=Q
=Q |}xDU@ w OQ=O Q=Qk pYiq@ xrQ xQo |} w}O=Q xOwOLt QO Rwvy OW Oy=wN xHwDt

"Ovm|t p=UQ= IR xQo |=Q@ MU=B u=wva x@
Oy=wN xHwDt Ovmv Ci=} QO =Q MU=B |xDU@ IR xQo '|v=tR |xR=@ l} QO Qo =
xDU@ l} u}=Q@=v@ 'CU= xOW GQ=N IR xQo |} w}O=Q |xOwOLt R= ly=J xQo OW
uOWso R= ?=vDH= |=Q@ Ovm sqa= pt=a xQo x@ =D Ovm|t p=UQ= pt=a xQo OYkt x@

"Ovm R=e; =Q xO=O |=yxDU@ uOQmQ=@v= 'xO=O |=yxDU@
xQo |} w}O=Q |xOwOLt R= GQ=N =Q OwN ly=J xQo Qo = 'lQLD p}rO x@ u}vJty
p=UQ= OwN u=o}=Uty x@ xrQ CU=wNQO s=}B |xDU@ |rLt Qw] x@ xQ=@ wO 'O@=}@ IR

C}akwt QO O}OH IR xQo l} ly=J xQo =D �1"3 VN@ VwQ =@ x@=Wt� Ovm|t
O}OH IR xQo j} Q] R= xrQ Q}Ut s}_vD |xDU@ l} TBU &Ovm ?=NDv= OwN O}OH
|xrQ Q}Ut R= pkDUt xrQ Q}Ut s}_vD O}OH |xDU@ "Ovm|t p=UQ= pt=a xQo x@

"OwW|t |@=} Q}Ut pt=a xQo x@ '|r@k
xQo x@ Q}Ut u} QDx=Dwm 's}U|@ QoUL |xm@W uwQO QoUL xQo Qy xm|}=Hv; R=

=yxQo s=tD |=Q@ Ov}=Qi u}= &CU= s=o wO pt=a xQo =D u=WOwN |xrY=i xm OvwW|t
"OwW|t s=Hv=

QoUL |xm@W uwQO =Q wHwTQB |xDU@ pt=a xQo xm Qw]u=ty 'Ck}kL QO
x@ w wHwTQB |xDU@ Twmat CyH QO R}v |}=yu=}O=Qo 'Ovm|t QWDvt s}U|@

"OwW|t O=H}= pt=a xQo CtU
xQo x@ s=o l} xm =Q |}xQo u; OwN u=o}=Uty u=}t R= CU= QO=k QoUL xQo Qy
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