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ẁ[wt C}ty= u=}@ "1"1
|=yQ=OtCN=U QOCiQW}B "CU}v QwYD p@=k s}U|@ C=]=@DQ= uwO@|oOvR xRwQt=
|QoUL s=Hv= |=Q@ =yQoULR} Qu}= "CU= xOW 6=yQoULR} Q |xaUwDEa=@lJwm
C=aq]= |Qw;`tH 'xrRrR uOQm TL |=Q@ =OY X}NWD Ovv=t |}=yQ=m QO u=w=Qi
=Q 'OvDU}v ?U=vt |v=Uv= C=i=WDm = |=Q@ xm |}=yu=mt w xO=Di= QwO j]=vt QO
QO s}U|@ QoUL |=yxm@W MIT x=oWv=O u}kkLt Q}N= VQ=Ro T=U= Q@ "OvQ=O
Q}F-=D =Q} R "Ow@ Oy=wN Q[=L uQk QO u}kkLt xHwD OQwt w QDQ@ |Qw=:vi 10 |xQtR
O=H}= w xOv}; Q=m w ?Um |=ypOt 7'Oa@ pUv |D=aq]= |=yxm@W QO |iQoW
|R=UQ=mOwN |xaUwD 9'<=}W= CvQDv}= 8'OvtWwy|oOvR w |R=Ht |Q=m|=y=[i
h}=_w s=Hv= '|} wU R= "CW=O Ovy=wN |v=Uv= pt=waCr=NO R= uDU=m w 10=yOv}=Qi
|SQv= hQYt V}=Ri= =@ xQ=wty s}U|@ QoUL |=yxm@W QO |WR=OQB w |]=@DQ=
CLD =Q =yxm@W u}= |}=Q=m xm |O}rm |}xr�Ut x@ =Q |SQv= C}OwOLt w xOw@ x=Qty
|SQv= Ow@y@ |=Q@ xm |OOaDt |=yVwQ OwHw =@ "Ovm|t p}O@D 'OyO|t Q=Qk Q}F-=D
=yOQ@ Q=m QDW}@ |=Q@ xm =Q=m|WwQ u=m =tm 'CU= xOW O=yvW}B =yxm@W u}= QO|iQYt
|=Q@ QoUL |=yxm@W OwOLt |SQv= C} Q}Ot u}=Q@=v@ "CU= xOWv x�=Q= 'OW=@ QF-wt
|@=} Q}Ut |=ypmDwQB |L=Q] Vr=J u} QDxOta x@ xm@W Qta pw] |R=Uxv}W}@

[6]"CU= xOW p}O@D
13Q}PBT=}kt w12Ot;Q=m|SQv=|=yVwQu} QDG}=Q wu} QD?w@LtR=11|Ov@xWwN
=yQoUL 'KQ] u}= QO [7]"CU= s}U|@ QoUL |=yxm@W QO |SQv= hQYt Ow@y@ |=Q@
l} |=Q=O l} Qy xm OvwW|t s}UkD xWwN x@ swUwt |v=WwBsy uwO@ |=yxwQo x@
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[10]"O@=}|t p=kDv= xWwNQU xQo x@

T (n) =

8<: p
1�p�(r mod 1/p) ifn 2 G
0 otherwise

9=; (1)

|=yxQo pm x@ C@Uv =yxWwNQU R= R=}v OQwt OYQO hQat p O=tv '1 |x]@=Q QO
R= |}xawtHt G w =QH= |rai QwO Qou=Wv r '�OYQO 10 p=Ft u=wvax@� xm@W
u}= [10]"Ov=xOWv ?=NDv= xWwNQU u=wvax@ Q}N= |=yQwO 1=p QO xm CU=yxQo
|=yxQo |Q=m Q=@ '=yxWwNQU |SQv= s=ovy OwR |x}rND R= |Q}owrH |=Q@ sD} Qwor=
pO=aD O=H}= |=Q@ VwQ u}= "Ovm|t s}UkD QoUL |=yxQo |xty u=}t =Q xWwNQU
|Q}osWJ pmW x@ x�=Q= u=tR QO sD} Qwor= u}= 'CyH u}O@ "CU= O}it xm@W QO Q=@
p=mW= 'p=L u}= =@ "O}WN@ Ow@y@ |SQv= hQYt ^=Lr x@ =Q QoUL |=yxm@W OQmrta
29|xOv=t|k=@ |SQv= x@ xHwD sOa p}rO x@ sD} Qwor= u}= QO xm CU=Hu}= |rY=
?=NDv= xWwNQU xQo u=wvax@ smQ=}U@ |SQv= xOv=t =@ xQo l} =OD@= R= Qo = '=yxQo
ẁ[wt u}= "OwQ|t u}@ R= 'xOQm x}rND =Q OwN |SQv= CaQU x@ |a}@] Qw] x@ 'OwW

|=yxO=O =yxWwNQU 'u}= Q@ xwqa "OwW QHvt QoUL |xm@W pt=m pwi= x@ Ov=wD|t
xwqa xm 'OvyO|t p=kDv= ly=J x@ |t=olD C=]=@DQ= VwQ x@ w ,=t}kDUt =Q OwN
=@ QoUL |=yxm@W QO ,=YwYNt =yv; `} QU nQt Ea=@ 'uOw@ xv=v}@ `k=w Q}e Q@
LEACH RmQtDt w x=o ; |SQv= |xNUv [11] LEACH-EP "OwW|t nQR@ xR=Ov=
uOW p}O@D |=Q@ |DYQi 'QDq=@ |xOv=t|k=@ |SQv= =@ xQo 'LEACH-EPQO "CU=
QO Cw=iD =yvD "CU= x}@W Qo}Om} x@ pmDwQB wO u}= OQmrta "OQ=O xWwNQU xQo x@
|xOv=t|k=@ |SQv= R= xO=iDU= =@ xm CU= uOW xWwNQU |=Q@ R=Ht |xv=DU; u}}aD
u}}aD p@k QwO |=yxWwNQU s=tD R= xOv=t|k=@ |SQv= \UwDt w |vwvm QwO QO =yxQo
x@U=Lt 2 |xrO=at \UwD 'TEP (n) 'n xQo |=Q@ |y=o ; |SQv= |xv=DU; "OwW|t
|SQv= K]U E (n) 'xWwNQU |=yxQo R= Q_v OQwt OYQO p 'u; QO xm OwW|t
p@k QwO QO xOW ?=NDv= |=yxWwNQU |SQv= K]U u}ov=}t Ech�av w n xQo
nQR@ T=}kt QO s}U|@ QoUL |=yxm@W w CU= |t=olD R}v pmDwQB u}= "CU=

"Ovm|tv |v=@}DWB =Q

TEP (n) =

8<:p� E(n)
Ech�av ifE (n) � 0 5� Ech�av

0 ifE (n) � 0 5� Ech�av
(2)

|Ov@xWwN %CU= xrLQt wO pt=W [12] (ERA) x=o ; |SQv= |@=} Q}Ut sD} Qwor=
x@ uOW p}O@D |=Q@ C@=kQ R= p@k xQo Qy '|Ov@xWwN |xrLQt QO "|@=} Q}Ut w
?=NDv= |=Q@ xOW u}}aD u=tR QFm =OL Qt}=D u}= "OQ=O pkDUt Qt}=D l} 'xWwNQU
|=Q@ |v=tR xQwO 'OW=@ QDq=@ xQo |SQv= K]U xJQy "OyO|t u=Wv =Q =yxWwNQU
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COW x@ |oDU@ 'Qo}O ?=D?W sQm CtU x@ ?=D?W sQm l} ?PH x@ p}=tD 'xm
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dij2)(xi � xj) + �"i (6)
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QoUL |=yxm@W QO Qta pw] V}=Ri= |xr�Ut OW xQ=W= QDV}B xm Qw]u=ty "CU=
|OQm} wQ |=y|Q=mD@==Qi R= xO=iDU= =Pr [26]"CU= NP-hard |}xr�Ut s}U|@
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QFm = 'xOW |Ov@xWwN s}U|@ QoUL |=yxm@W Qta pw] |R=Uxv}W}@ |=Q@
l} \UwD xOW x@U=Lt ?U=vD u=R}t T=U= Q@ O}=@ \}=QW OH=w |=yxWwNQU
Q@ |vD@t |Ov@xWwN |=ysD} Qwor= QO [32w31]"OvwW ?=NDv= xQoQy |=Q@ hOy `@=D

|=ynvU |wQ |iO=YD Qw]x@ |}=Pe O=wt |wHwCUHQO xm CU= |}=yxe=@ Qwk
s=Hv= =@ =Q |QU=QU |xv}y@ ?=wH sD} Qwor= u}= [29]"OvQ=O Q=Qk |}xJ[wL |x}W=L
sD} Qwor= l} |=}=Rt SFLA [29]"Ovm|t p=@vO |i=WDm = |wHwCUH xrUrU l}
Q=DiQ T=U= Q@ =Q (PSO) C=QP `=tDH= |R=Uxv}y@ sD} Qwor= w (MA) uS Q@ |vD@t
xO=iDU= =yxe=@ Qwk |R=Ht C}atH R= SFLA "Ovm|t ?}mQD =yxe=@ Qwk |a=tDH=
[29]"OvyO|t u=Wv =Q =ypL x=Q R= |}xawtHt hrDNt |=yxe=@ Qwk u; QO xm Ovm|t

[29]%OwW|t xYqN Q} R pL=Qt QO SFLA

O=OaD n w =yTmrBtt O=OaD m xm |Qw]x@ 'n w m ?=NDv= %x}rw= |yOQ=Okt "1
'(F ) xJ[wL QO xvwtv pm C}atH 'u}=Q@=v@ "CU= TmrBtt Qy QO =yxe=@ Qwk

"F = m� n %R= Ow@ Oy=wN CQ=@a
O=H}= |iO=YD Qw]x@ =yxe=@ Qwk (F ) |x}rw= C}atH %|R=Ht C}atH O=H}= "2
CQwYx@ S |=yQ}eDt \UwD xe=@ Qwk Qy '|Oa@ S |xr�Ut l} QO "OwW|t

"OwW|t xO=O u=Wv Fi = f(fi1; fi2; : : : ; fis)

?DQt |rwRv ?}DQD x@ |oOvR=Q@ VRQ= T=U= Q@ =yxe=@ Qwk %`} RwD w |R=U?DQt "3
n |w=L TmrBtt Qy w xOW s}UkD TmrBtt m x@ C}atH pm TBU 'xOW
u}rw= QO xOW ?DQt CUQyi R= xe=@ Qwk u}rw= Ov}=Qi u}= QO "CU= xe=@ Qwk
|xe=@ Qwk?}DQD u}ty x@ w swOTmrBtt x@ swO xe=@ Qwk 'OQ}o|t Q=QkTmrBtt
TmrBtt u}rw= x@ ,=OOHt s=m+ 1 |xe=@ Qwk "OwQ|t m TmrBtt x@ s=m
"O@=}|t xt=O= x]w@ Qt TmrBtt QO =yxe=@ Qwk |xty p=kDv= =D p=wQ u}= "OwQ|t
Qy QO "CU= |rLt |wHwCUH Q@|vD@t xrLQt u}= %=yTmrBtt pt=mD "4
Fw w Fb u=wvax@ |oOvR=Q@ VRQ= u} QDO@ w u} QDy@ =@ |=yxe=@ Qwk 'TmrBtt
xDN=vW Fg u=wvax@ |QU=QU |oOvR=Q@ VRQ= u} QDy@ =@ xe=@ Qwk w xOW xDN=vW
|oOvR=Q@ u} QDO@ =@ xe=@ QwkC}akwt Ow@y@ |=Q@ =yvD |rt=mD OvwQ 'TBU "OwW|t
7 |x]@=QQO |oOvR=Q@ VRQ= u} QDO@ =@ xe=@ Qwk O}OH C}akwt "OwW|t xO=iDU=

%OwW|t s}_vD u}vJ
Di = rand()� (Fb � Fw) (7)

Fwnew = Fwold +Di; (Dmin � Di � Dmax) (8)
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O=H}= =Q QDy@ pL x=Q l} Ov}=Qi u}= Qo = "CU= xe=@ Qwk R=Ht u=mt Q}}eD xv}W}@
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%OW Oy=wN s}_vD 9 |xrO=at
Di = rand()� (Fg � Fw) (9)
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"OvwW|t ?DQt |rwRv ?}DQD x@
sD} Qwor= 'O}; CUO x@ Q=QmD C@=F O=OaD =} |QU=QU pL x=Q l} Qo = %xtD=N \QW "6
Q=QmD xQ=@ wO pL=Qt w wQ@ 2 |xrLQt x@ 'CQwY u}= Q}e QO "OwW hkwDt
|rY= sD} Qwor= |rLt |wHwCUH VN@ QO w |O=yvW}B VwQ QO [29]"OwW
xm OwW|t s=Hv= |DQwY QO KqY= u}= "CU= xDiQo CQwY KqY= 'SFLA

sD} Qwor= 9 =D 7 \@=wQ x@ \w@ Qt pL=Qt |=QH= R= TB =y?=wH QO |Ow@y@ I}y
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wor=
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QD

"|O=yvW}B |@}mQD |@=} Q}Ut pmDwQB |WOQo Q=Owtv "3 pmW

=yxWwNQU |xrY=i '=yxQo xOv=t|k=@ |SQv= xrtH R= |@=} RQ= Q=}at Q=yJ pt=W
`@=D "CU= |}xWwN u}@ w |}xWwNuwQO |UO}rk= \UwDt |xrY=i 'ly=J R=
`@=D Q=yJ |vRw u}ov=}t CQwYx@ u=wD|t =Q MOFSA QO |Ov@xWwN |xiOyOvJ

%CWwv 10 |x]@=Q j@=]t hOy
OFClustering =

Min fwc1 � fc1 + wc2 � fc2 + wc3 � fc3 + wc4 � fc4g (10)

"Q}PBu=mt= pL x=Q Qy |Q=PoRtQ "4 pmW

'p=L u}= =@ "OwW|t ^=Lr hOy `@=D QO |irDNt |=yQ=}at 'OwHwt |=y|Q=mD@==Qi
x@ =yVwQ u}= QO |i=m =v |=yQDt=Q=B ?re= 'OW xO=O u=Wv xtOkt QO xm Qw]u=ty
hOy `@=D u}= "CU= xOW x�=Q= O}OH |xiOyOvJ `@=D l} VN@ u}= QO "OwQ|t Q=m
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Ovyt

"M�M O=a@= =@ s}U|@ QoUL |xm@W |xOwOLt "5 pmW

x@U=Lt 100=4 = 25 Q@=Q@ A Q=Okt 'C = 16 w M = 100 ZQi =@ 'p=Ft
"OyO|tVWwB =Q 25�25CaUw x@|}xk]vt ,=@} QkD xWwNQU Qy 'u}=Q@=v@ "OwW|t

|@}mQD |Q=mD@==Qi sD} Qwor= "3"5
?=D?W sQm w |}xe=@ QwkVyH |=ysD} Qwor= ?=NDv= |xR}ov= x@ =OD@=VN@ u}= QO
sD} Qwor= l} SFLA '|rm Qw] x@ "s} R=OQB|t |O=yvW}B pOt QO ?}mQD |=Q@
|QU=QU |wHwCUH C}r@=k w |D=@U=Lt |q=@ u=tOv=Q =@ |t=LOR= Vwy Q@ |vD@t
C}atH Q@ |vD@t OvtWwy |Q=mD@==Qi sD} Qwor= l} 'sD} Qwor= u}= "CU= ?wr]t
?}mQD =Q 54l}Dtt |=ysD} Qwor= w 53C=QP s=LOR= sD} Qwor= |=}=Rt xm CU=
|}=v=wD w q=@ |D=@U=Lt |}=Q=m =@ |DmQ=Wt |Q=mD@==Qi sD} Qwor= l} SFLA "Ovm|t
|R=Uxv}y@ p�=Ut CU= QO=k sD} Qwor= u}= "CU= ?wN |QU=QU |wHwCUH
=Q |iO=YD w |a]k OQ@y=Q wO Qy sD} Qwor= u}= "Ovm pL =Q xDUw}B w xDUUo
=Q=m |QU=QU |wHwCUH s=Hv= s=ovy QO |a]k OQ@y=Q "OQ}o|t Q=mx@ u=tRsy
w uOw@ |wk '=y?=wH QO ẁvD u}t[D |=Q@ |iO=YD OQ@y=Q w RmQtD C} wkD w
sD} Qwor= u}= "OQ}o|t Q=Qk xO=iDU= OQwt |rLt |wHwCUH Ov}=Qi |Q}PBh=]av=
R= [31]"Ovm pL =Q xDUUo w xDUw}B |R=Uxv}y@ p�=Ut xDUO wO Qy CU= QO=k
x=Q O}rwD |wQ Q@ w CU= |r=tDL= |=ysD} Qwor= xwQo x@ jraDt FFA 'Qo}O |wU
|=Q=O FFA [27]"Ovm|t RmQtD wHwCUH |=[i Q@ K]U u} QDu}}=B QO =ypL
|vD@t sD} Qwor= u}= "CU= |Q=mD@==Qi |=ysD} Qwor= Q}=U x@ C@Uv |O=} R |=}=Rt
Qw] x@ O=Qi= C}atH pm OwW|t Ea=@ xm CU= |oOvWNQO w ?PH |xHQO Q@
QO xwQoQy =D Ovm ltm w OvwW s}UkD |}xR=@ u}ov=}t =@ |}=yxwQoQ} R x@ Q=mOwN
=QH= Q=QmD O=OaD x@ C@Uv sD} Qwor= u}= "Ov@=} `tHD |rLt |xv}y@ MU=B l} h=Q]=
"CU= V}=Ri= p@=k QDt=Q=B u}= R= xO=iDU= =@ |}=Qosy p=tDL= w CU= s}_vD p@=k
'|Ov@xWwN 'xDUw}B C}y=t =@ pL p@=k p�=Ut R= |}xOQDUo h}] w =}=Rt u}=
Q=DWwv u}= QO [28]"CU= sD} Qwor= u}= |=}=Rt Q}=U R= |@}mQD |R=Uxv}y@ w |Ov@xk@]
VqD u=tRsy xm |]}=QW QO w [33]|R=wt CQwYx@ FFA w SFLA |=ysD} Qwor=
|vD@t O}OH |@}mQD sD} Qwor= 'OwW xO=iDU= sD} Qwor= wO Qy |=}=Rt R= OwW|t
CrwQ MQJ ?=NDv= |SD=QDU= 'u}= Q@ xwqa "CU= xOW x�=Q= |t=LOR= Vwy Q@
?=wH QO ẁvD O=H}= w h=WDm = C}r@=k |r=tDL= Ow@tm u=Q@H |=Q@ 55 (RWS)

|@}mQD sD} Qwor= Om x@W "OQ}o|t Q=Qk xO=iDU= OQwt hQY |}=Qox@Nv R= ?=vDH= w
xOW x�=Q= 6 pmW QO MOFSA |t=olD KQ] QO |Ov@xWwN |=Q@ |O=yvW}B

"CU=

Q=yJ |@Uv C}ty= s}_vD |=Q@ C@=F uRw Q=yJ ?}DQD x@ 'wc4 =D wc1 u; QO xm
x@ hOy Qy "OW=@ 1 Q@=Q@ O}=@ =yuRw u}= |Q@H `tH "CU= fc4 =D fc1 hOy
QDq=@ uRw Qy OOa xJQy 'u}=Q@=v@ "OwW p=tQv 1 h=Q]= xm OwW|t s}_vD |wLv
x@ xk]vt l} "CW=O Oy=wN u}at u=tR COt |=Q@ |QDW}@ |@Uv C}ty= 'OW=@
xOW `} RwD |iO=YD Qw] x@ xQo N u; QO xm O} Q}o@ Q_v QO =Q M �M CL=Ut
jCjj O=tv =@ xQo j |=Q=O xWwN Qy w OW=@ xDW=O OwHw xWwN C O=OaD Qo = "CU=
|SQv= |R=Uxv}W}@ |=Q@ u=wD|t =Q fc1 'hOy u}rw= '(j = 1; 2; : : : ; C) w OW=@
i xQo |@Uv |SQv= Ei u; QO xm 'OQm h} QaD 11 |xrO=at =@ =yxWwNQU |xOv=t|k=@

%OwW|t xDiQo Q_v QO j xWwNQU |@Uv |SQv= E CHj w

fc1 =

1
N

NP
i=1

Ei

1
N

CP
j=1

E CHj

(11)

?=NDv= ly=J =D =yxWwNQU u}@ \UwDt |xrY=i |R=Uxv}tm |=Q@ fc2 swO hOy
%OwW|t h} QaD 12 |xrO=at j@] hOy u}= "CU= xOW

fc2 =

1
C

CP
j=1

d (CHj ; Sink)

M
2

(12)

ly=J R= s=j |xWwNQU u}@ |UO}rk= |xrY=i hQat d(CHj ; Sink) u; QO xm
xO=iDU= 1 |xOwOLt QO fc2 hOy `@=D uOQm p=tQv |=Q@ M=2 Kq]Y= R= "CU=
=D =yxQo u}@ |}xWwNu=}t |xrY=i |R=Uxv}tm |=Q@ fc3 hOy u}twU "OwW|t
13 |xrO=at CLD u=wD|t =Q hOy u}= "CU= xWwN u=ty x@ \w@ Qt |xWwNQU

%OQm pOt

fc3 =

1
N

NP
i=1

CP
j=1

d (ni; CHj)xij

A
2

(13)

xOW pYDt CHj x@ i xQo Qo = xm |wLv x@ CU= |Qv}=@ QDt=Q=B l} xij u; QO xm
"Ow@ Oy=wN QiY u; Q=Okt CQwY u}= Q}e QO 'CU= 1 u; Q=Okt 'OW=@ 1 Q@=Q@
xm |tUk x@ 'OwW|t xO=iDU= 1 |r=wLQO fc3 uOQm p=tQv |=Q@ A=2 Kq]Y=

"�5 pmW x@ O}vm ẁHQ� CU= xOW xO=O KQW xrO=at QO A Q=Okt
|}xWwN u}@ |xrY=i u}ov=}t |R=Uxv}W}@ |=Q@ fc4 sQ=yJ hOy 'C}=yv QO
CHk xm |wLv x@ 'OwW|t u=}@ 14 |xrO=at CQwYx@ w xOw@ =yxWwNQU u}@
p=tQv |=Q@ x@=Wt Qw]x@ A Kq]Y= R= w 'CU= CHj x@ xWwNQU u} QDl}ORv

"OwW|t xO=iDU= fc4 uOQm
fc4 = A

1
C

CP
j=1

d (CHj ; CHk)
(14)

xOwRi=CqO=at x@ fc4 w fc3 'fc2 h=Oy=|R=Up=tQv |=Q@ xm =Q|D=Lq]Y= '=Hu}= QO
=@M�M O=a@= =@|}x}L=v QO|}xm@W O}vmZQi "s}yO|tK}[wD p=Ftl} =@ 'xOW
"OwW|t xO}O 5pmWQO =yxQo uQ=kDt `} RwDZQi "OW=@ Q=}DN= QOC|=yxWwNO=OaD
w |}xWwN uwQO |=yxrY=i 'OW=@ Qw=Ht |xWwNQU wO |xrY=i \UwDt A Qo =
"OQm p=tQvA wA=2KqY= =@?}DQD x@ u=wD|t =Q 14 w 13CqO=at QO|}xWwNu=}t
p=tQvM=2 KqY= =@ u=wD|t =Qly=J =D =yxWwNQU pY=wi u}ov=}t 'u}= Q@ xwqa
u=wvax@ "OQm x@U=LtA = Mp

C
CQwYx@?} QkD Qw]x@ u=wD|t =QA QDt=Q=B Q=Okt "OQm
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QDs} Q=O |va} 'OvQ}o|t Q_v QO OwN |xOvDUQiR=@ u=wvax@ =Q ly=J =yxWwNQU u}=
|t=}B OwN |x@ wv x@ K]U QFm =OL =@ |=yxWwNQU 'TBU "PN(nq) = Sink

Qw] x@ VwQ u}= "Ovvm|t VNB Rm |xOwOLt QO `k=w |=yxWwNQU Q}=U x@
\UwD |r=UQ= s=}B "OwW pt=m BDB Q=DN=U xm |v=tR =D OwW|t Q=QmD xDUw}B
|v=tR "CU=yxQo u=mt C=aq]= w xOv=t|k=@ |SQv= K]U 'xU=vW pt=W =yxWwNQU
=yxWwNQU Q}=U R= =Q s=}B l} pk=OL BDB Q=DN=U R= GQ=N |}xWwNQU xm
|v=UQRwQx@ Q} R ?}DQD x@ =Q OwN |xOvDUQiR=@ xQo w OwN K]U Ovm|t Ci=} QO
BDB Q=DN=U QO xm v |xWwNQU R= s=}B l} =yvD u |xWwNQU Qo = "Ovm|t
OwN K]U Level(u) = Level(v) + 1 |x]@=Q =@ =OD@= Ovm Ci=} QO OQ=O Q=Qk
|v=UQRwQx@ =Q OwN |xOvDUQiR=@ xQo K]U PN(u) = v |x]@=Q =@ xt=O= QO w
"OyO|t V}=Ri= v |xWwNQU K]U R= QDq=@ K]U l} x@ =Q OwN K]U w Ovm|t
R= |}xawtHt R= =Q |}=ys=}B 7 pmW j@] Q_v OQwt |xWwNQU Qo = 'Qo}O |wU R=
u=wvax@ =Q ?U=vt xQo x=ou; 'Ovm Ci=} QO fv1; v2; : : : ; vpgCQwYx@ =yxWwNQU
?=NDv= 15 |xrO=at |xiOyOvJ |oOvR=Q@ `@=D R= xO=iDU= =@ OwN |xOvDUQiR=@ xQo
u}= x@ MOFSA QO |@=} Q}Ut |xiOyOvJ |oOvR=Q@ `@=D OQmrta "OQm Oy=wN
R= u xQo =D 'Ov=UQ pk=OL x@ =Q hOy `@=wD Q=yJ |vRw \UwDt O}=@ xm CU= wLv
xQo ,qFt '7 pmW Ovv=t 'uOW xOvDUQiR=@ |=Q@ ORt=v |=yxQo R= |}xawtHt u=}t
=Pr "Ovm ?=NDv= xOvDUQiR=@ |xQo u=wvax@ 'Ovm|t xv}tm =Q |oOvR=Q@ `@=D xm =Q v1
R= xOvDUQiR=@ xQo ?=NDv= |=Q@ R}v |t=oOvJ |@=} Q}Ut QO '|Ov@xWwN R=i Ovv=ty
1 Q=Okt |xOwOLt QO h=Oy= u; QO xm OwW|t xO=iDU= xiOyOvJ |oOvR=Q@ `@=D

"OwW|t p=tQv
OFRouting(v) =

Min fwr1fr1(v) + wr2fr2(v) + wr3fr3(v) + wr4fr4(v)g (15)

x@ x=ou; 'OwW xDiQo Q_v QO u xQo |xOvDUQiR=@ u=wvax@ v xQo OW=@ =v@ Qo = u}=Q@=v@
(Ev) |SQv= K]U |xv}W}@ =@ ORt=v xQo ?=NDv= Qou=}@ 'fr1(v) pw= hOy ?}DQD
|xrY=i u} QDtm =@ |}xQo ?=NDv= u}@t fr2(v) '?}DQD x@ h=Oy= Q}=U w CU=
|=Q@ fr3(v) '(Distv) ly=J =D u <=O@t xQo R= BDB Q=DN=U QO |QU=QU
'(Loadv) ly=J x@ v xQo j} Q] R= Q}Ut QO =yxWwNQU Q=@ pm |R=Uxv}tm
u}= "CU= (ECv) xm@W pm|iQYt |SQv= u=R}t u} QDsm u}tND hQat fr4(v)

%OQm u=}@ u}vJ u=wD|t =Q h=Oy=

fr1(v) =

1
N

NP
j=1

Ej

Ev
(16)

fr2(v) = Distv
1
p

pP
j=1

Distj
(17)

fr3(v) = Loadv
1
p

pP
j=1

Loadj
(18)

fr4(v) = ECv
1
p

pP
j=1

ECj
(19)

|t=oOvJ |@=} Q}Ut BDB Q=DN=U QO =yxO=O p=UQ= w Ci=} QO |=Q@ |Ov@u=tR
u} QDq=@ |=yxWwNQU =OD@= 'Q=DN=U u}= QO "OQm xOy=Wt 8 pmW QO u=wD|t =Q
TBU "Ovvm|t p=UQ= QDu}}=B K]U l} |=yxWwNQU x@ =Q OwN |=yxO=O 'K]U

"|O=yvW}B |@=} Q}Ut sD} Qwor= Om x@W "6 pmW

"|O=yvW}B |@=} Q}Ut QO wQUB CN=UQ} R "7 pmW
|iO=YD pmW x@ P0 C=QP |x}rw= C}atH =OD@= QO 'OwW|t x_Lqt xm u=vJ
pmW x@ MOFSA Q=QmD QyQO "OwW|t s}UkD P2 w P1 C}atHQ} R wO x@ w O}rwD
|xiOyOvJ |oOvR=Q@ `@=D j} Q] R= =Q (P2 w P1) SFLA w FFA C}atH '|R=wt
|xrLQt R= xDi=} pt=mD C}atH wO 'TBU "OyO|t Q=Qk |@=} RQ= OQwt 10 |xrO=at
C=QP w OwW|t p}O@D O}OH P2 w P1 x@ xQ=@ wO w xOW \wrNt sy =@ ,=OOHt p@k
QFm =OL =D sD} Qwor= "OwW|t ?=NDv= CrwQ |xNQJ R= xO=iDU= =@ |iO=YD CQwYx@

"OwW|t Q=QmD =yQ=QmD O=OaD

|@=} Q}Ut "4"5
|Qw;`tH |=yxO=O p=kDv= |=Q@ 'MOFSA |@=} Q}Ut sD} Qwor= |=QH= QwO Qy QO
l} 'ly=J CtU x@ |Ov@xWwN |xrLQt QO xOW ?=NDv= |=yxWwNQU R= xOW
|xW} Q QO ly=J xm |Qw]x@ OwW|t O=H}= BDB s=v x@ 56wQUB CN=UQ} R

"CU= xOW xO=O u=Wv 7 pmW QO Q=DN=U u}= "OQ}o|t Q=Qk Q=DN=U
Qo}O CQ=@a x@ 'OwW|t s}_vD QiY K]U QO ly=J BDB CN=UQ} R QO
|=yxWwNQU x@ |t=}B ly=J 'BDB p}tmD Qw_vt x@ "Level(Sink) = 0
d0 'Rm = dmul�d0 u; QO xm |Qw]x@ 'Ovm|t p=UQ= Rm |xOwOLt QO `k=w
C@=F |QDt=Q=B dmul w xOw@ �1"3 Ov@ x@ O}vm ẁHQ�|} w}O=Q pOt QO|}xv=DU; xrY=i
OwN K]U s=}B u}= Ci=} QO R= TB =yxWwNQU |xty "CU= 1 l}ORv |Q=Okt =@
"Level(nq) = 1 %s} Q=O w Ovvm|t RwQx@ ly=J K]U R= QDq=@ OL=w l} x@ =Q
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w`}
=vY

|U
Ovyt "|O=yvW}B |@=} Q}Ut sD} Qwor= hrDNt pL=Qt |v=tR |oO}J}B "1 pwOH

|v=tR |oO}J}B sD} Qwor= |}=QH= |xrLQt
O(MaxIter � PopSFLA �N � C) SFLA =@ |Ov@xWwN
O(MaxIter � PopFFA �N � C) FFA =@ |Ov@xWwN

O(MaxIter � (PopSFLA + PopFFA)�N � C) MOFSA =@ |Ov@xWwN
O(M � C2) MOFSA =@ |@=} Q}Ut

QO OwW|t xO=iDU= FFA w SFLA sD} Qwor= |=Q@ u=Um} nPop C}atH w xOW
Q_v QO MOFSA QO FFA w SFLA C}atH xR=Ov= |=Q@ nPop=2 p=L u}=

"OwW|t xDiQo

|@}mQD sD} Qwor= OQmrta |@=} RQ= "6
w p}rLD |=Q@ '2017 |xNUv '?rDt Q=Ri=sQv R= xO=iDU= =@ |R=Ux}@W 'VN@ u}= QO
OQmrta 'hOy u}= =@ "OwW|t x�=Q= |O=yvW}B MOFSA pmDwQB OQmrta |@=} RQ=
x=o ; |SQv= l}Uqm pmDwQB '|rY= LEACH |=ypmDwQB p@=kt QO MOFSA

pmDwQB l} w �2 Ov@ x@ O}vm ẁHQ� (SIF) |R=i Q@ |vD@t OQm} wQ '(ERA)

QO |@=} Q}Ut Q=mwR=U "OwW|t xU}=kt [34] (FSFLA) |Q=mD@==Qi Q@ |vD@t
x@ =yxWwNQU |xty xm |Qw] x@ 'CU= |t=olD FSFLA w SIF 'LEACH

MOFSA |@=} Q}Ut sD} Qwor= QO |rw "OwW|t pYDt ly=J x@ s}kDUt Qw]
|R=Ux}@W |=Q@ u}=Q@=v@ "OQ=O =Q |t=oOvJ |@=} Q}Ut |}=v=wD ERA u}vJty w
xO=iDU= OQwt |t=oOvJ |@=} Q}Ut Q=DN=U 'nQR@ T=}kt s}U|@ QoUL |=yxm@W
Q=mx@ R}v FSFLA w SIF 'LEACH |=ysD} Qwor= |=Q@ ERA pmDwQB QO

"OwQ|t

|OQmrta |=yXN=W u}}aD "1"6
|=yXN=W 's}U|@ QoUL |=yxm@W QO |@=} Q}Ut |=ypmDwQB |}=Q=m u}}aD |=Q@
QO [34]"CU= xOW x�=Q= xm@W Qta pw] Qta w |SQv= |QwxQy@ |@=} RQ= |=Q@ |OOaDt
2 pwOH QO 'OvwW|t xO=iDU= Q=DWwv u}= QO xm |}=yv; 'hrDNt |=yXN=W u=}t

"CU= xOt;

|R=Ux}@W C=t}_vD "2"6
u}= V}=tR; R= p@k |Q=mD@==Qi |=ysD} Qwor= QO pQDvm p@=k |=yQDt=Q=B s}_vD
OQwt |OOaDt Q}O=kt 'hOy u}= x@ |@=}CUO |=Q@ "CU= syt Q=}U@ =yl}vmD
[35]"OW ?=NDv= QDt=Q=B Qy |=Q@ xv} Ro u} QDy@ C}=yv QO w CiQo Q=Qk uwtR; w |UQQ@
SFLA w FFA |=yQDt=Q=B xrtH R= MOFSA pmDwQB |=Q@ QDt=Q=B C=t}_vD
QO |t=oOvJ |@=} Q}Ut w |Ov@xWwN xiOyOvJ `@=wD |=yQDt=Q=B w xOW KqY=
QO |@=} Q}Ut w |Ov@xWwN |=Q@ xiOyOvJ `@=wD uRw "CU= xOW xYqN 3 pwOH
|=yOQ@ Q=m QFm = QO =Q} R 'CU= xOW s}_vD FND |R=Uxv}W}@ |=Q@ 10 |xrO=at
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1. micro-electro-mechanical systems (MEMS)
2. sink (base-station)
3. self awareness
4. self con�gurablity
5. fault tolorant
6. micro-sensors
7. next generation networks (NGN)
8. smart living
9. internet of things (IoT)
10. process automation
11. clustering
12. energy e�ceint
13. scalable
14. cluster head
15. single - hop
16. multi - hop
17. forwarders
18. data aggrigation
19. swarm intelligence
20. soft computing
21. metaheuristics
22. �tness function
23. application speci�c
24. forwarder node
25. complete(Exact) search
26. heuristic search
27. random search
28. polynomial time complexity
29. residual energy
30. advertisment message
31. mamdani fuzzy inference system
32. fuzzy rule- base table
33. simulated annealing
34. Frog Leaping Algorithm
35. single-point crossover
36. anti-predator
37. particle swarm optimization (PSO)
38. hetrogeneous networks
39. free space model
40. multipath fading channels
41. modulation
42. time divition multiple access (TDMA)
43. carrier sense multiple access (CSMA)
44. �rst node dies
45. half nodes die
46. last node dies
47. bioluminescence
48. 
ashing
49. L�evy Flight

50. memetic algorithms
51. shu�ing
52. L�evy Distribution
53. particle swarm optimization (PSO)
54. memetic algorithms
55. rollette wheel selection (RWS)
56. backward directed backbone (BDB)
57. application spesi�c
58. application requirments
59. adaptively
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