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x�=Q= R}v |D=L}[wD Q=YDN= x@ 'pm}U Qy |xQ=@ QO "CU= xOW xDN=OQB Q_v OQwt

"CU= xOW
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u}= QO "CU= xOW xO=O u=Wv 1 pmW QO |rwtat |tm =QD O} Q@D pm}U l}D=tW
QO 'OQ=O Q=Qk `=@W= jwi=t Q=N@ Cr=L QO xr�Ut C=}[Qi j@=]t xm p=}U 'pm}U
xOW sm =QDt QwUv=Ovm Q=Wi =D QwUQBtm QO TBU 'xOW GQ=N QwD=QB=w= R= 1 C}a[w
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QO w xDiQ QwD=QB=w= CtU x@ 4 C}a[w QO OQ=O Q=Qk QwD=QB=w= Q=Wi QO xm |R=iwO `}=t
12 |=tO =@ xm Qr}J ?; =Hu}= QO� OwW lvN CU= Q=Qk xm |]}Lt R= =Q =tQo =Hu;
"OyO|t xt=O= OwN Q}Ut x@ 1 C}a[w QO w xDiQo �OwW|t OQ=w O=Qo|Dv=U xHQO
pQDvm sHL |=Q@ l}t=v}OwtQD pw= uwv=k T=U= Q@ pm}U u}= Q@ sm =L \@=wQ
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Q=Wi R= OwHwt umWQ=Wi Q}W QO xOW OQU V}B xm sy |rY= Q}Ut QO OwHwt OQ@t
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10 u=R}t x@ xm CU= xOW ZQi |tQo jwi=t Q=N@ CQwY x@ xOW xQ=W= u}W}B
x=Qty O} Q@D pm}U Q@ sm =L \@=wQ "CU= xOW sQo jwi `=@W= Cr=L x@ C@Uv xHQO
xUQy |=Q@ OQmrta ?} Q[ "CU= xOW xOQw; 6 pwOH QO xOvvm |} wHxiQY =@
"OwW|t h} QaD QwUQBtm |iQYt Q=m x@ QwD=QB=w= |DQ=QL Q=@ C@Uv CQwYx@ pm}U
COP = Qevap=WComp (2)

|O=YDk= |R=UpOt "2"3
x@ \w@ Qt |=yxv} Ry O}=@ =OD@= 'KQ] l} |rm |Q=Pox}=tQU |xv} Ry OQw;Q@ Qw_vtx@
Cq;u}W=t?Yv w O} QN w 11 (PEC) R=}v OQwt C=R}yHD w C=v=mt= R=U wCN=U
x@U=Lt 'OvQ}o|t Q=Qk xO=iDU= OQwt sDU}U uO=Di= Q=m x@ |=Q@ xm |YwYNt sR=wr w
|=yxv} Ry =t= "OvDUy 12 (FCI) C@=F |Q=Pox}=tQU |=yxv} Ry '=yxv} Ry u}= "OvwW
l} pt=W 'C@=F |=yxv} Ry u}= Q@ xwqa 'KQ] l} |Q=Pox}=tQU x@ \w@ Qt |x}rw=
sDU}U |R=Ov=x=Q |=yxv} Ry � sDU}U |R=Ov=x=Q Q}_v Qo}O |@v=H |=yxv} Ry |QU
pm �15 pO=at� sDU}U OQmQ=m '�CU= |Q=Pox}=tQU C@=F |xv} Ry OYQO 5 =D 1
|=yxv} Ry 'C@=F |=yxv} Ry w =yxv} Ry u}= `tH x@ xm CU= �|Q=Pox}=tQU |xv} Ry
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|D=aq]= 'C=R}yHD *Ct}k u}tND |=yQ=Owtv |xty "OQm xO=iDU= 14Ct}k u}tND

"xOvvm |}wHxiQY =@ |tm =QD O} Q@D pm}U Q@ sm =L \@=wQ "6 pwOH
sm =L \@=wQ pm}U |=RH=

Qevap = _mx(h1 � h5) QwD=QB=w=

�is;comp = h1�h2s
h1�h2a

QwUQBtmWcomp = _mfx(h2a � h1)+

(1� x)(h2a � h7)g

Qcond = _m(h2 � h3) QwUv=Ovm

h3 = h6 QwUv=Ovm R= Oa@ umWQ=Wi Q}W

h4 = h3 � x
1�x (h7 � h6) xOvvm |} wHxiQY
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"xQwUQBtm wO |tm =QD O} Q@D pm}U |m}t=v}OwtQD \@=wQ "5 pwOH
sm =L \@=wQ pm}U <=RH=
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p
PcondPevap QwUQBtm |v=}t Q=Wi

Qevap = _m(h1 � h8) QwD=QB=w=

�is;comp1 = h1�h2s
h1�h2a pw= QwUQBtm

Wcomp1 = _m(h2a � h1)

Wcomp2 = _m(h4a � h3) swO QwUQBtm
�is;comp2 = h3�h4s

h3�h4a

Qcond = _m(h5 � h4) QwUv=Ovm

h5 = h6 QwD=QB=w= R= Oa@ umWQ=Wi Q}W

h7 = h8 QwD=QB=w= R= p@k umWQ=Wi Q}W
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Ci=} R=@ ?} Q[ h} QaD R= 'p=U l} QO |Q=Pox}=tQU |xv} Ry uOQw; CUO x@ |=Q@

[22]%OwW|t xO=iDU= 21x}=tQU
CRF = i(1 + i)n

(1 + i)n � 1 (6)

u}W}B |=yVN@ QO xOW QmP \@=wQ R= 'QwUv=Ovm w QwD=QB=w= Ct}k |x@U=Lt |=Q@
xO=iDU= Q=R=@ QO OwHwt RwQ |=yCt}k R= \@=wQ u}= QO u}vJty "OwW|t xO=iDU=

%pm}U u}= QO OwHwt \}=QW |=Q@ u}=Q@=v@ "CU= xOW
Cevap = 200(AHT1 92 )0 54 (7)

Ccond = 25(AHT1 43 )0 75 (8)

xOvvm |} wHxiQY Ct}k |=Q@ u}vJty "CU= CQ=QL p=kDv= K]U AHT u; QO xm
nvRO[ Oqwi R= xO=iDU= ZQi =@

Ceconomizer = 1438 1A (9)

|xv} Ry |x@U=Lt |=Q@ "CU= `@ Qt QDt ?UL Q@ CQ=QL pO=@D K]U A u; QO xm
%R}v QwUQBtm

Ccomp = 
1mr

(
2 � �is) (P2
P1

) ln(P2
P1

) (10)

=@ xm CU= QwUQBtm u=tOv=Q w OQ@t SQ=W x@ \w@ Qt |=yxv} Ry 
2 w 
1 u; QO xm
?}DQD x@ [23]pwQmU= QwUQBtm |=Q@ Q}O=kt u}= "OwW|t ?=NDv= QwUQBtm ẁv x@ xHwD
P1 w QwUv=Ovm Q=Wi P2 'kg=s ?UL Q@ OQ@t |@O mr "CU= 0 8996 w 573
l}B wQDvR}= u=tOv=Q �is w OvDUy p=mU=B wr}m ?ULQ@ =yQ=Wi "CU= QwD=QB=w= Q=Wi

%R= CU= CQ=@a =yxv} Ry Q}=U "CU= QwUQBtm
PEC = 1 14(Ceva + Ccond + Ccomp1

+Ccomp2 + Ceconomixer) (11)

C=Q}taD |xv} Ry
OC = 0 02PEC (12)

C}=yv QO w N = 25 sDU}U Qta w i = 0 137 '�|RmQt lv=@ VQ=Ro � sQwD MQv
%O};|t CUO x@ 13 |x]@=Q j@=]t pm |Ot;QO R=}v `@=D

TRR = PEC
CRF

+OC (13)

|O=yvW}B VwQ u=}@ "4
NSGA� II |R=Uxv}y@ VwQ "1"4

x@ \w@ Qt |@=NDv= |=yQDt=Q=B =} QDt=Q=B <=kDQ= 'sDU}U l} |R=Uxv}y@ R= Qw_vt
xv}W}@ =} xv}tm =@ Q=m u}= '|UOvyt swra QO "CU= x}rw= Cr=L x@ C@Uv u; OQmrta
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CUO x@ pw=ODt O=wt w hQ=aDt \}=QW |=Q@ x]w@ Qt |=yQ=Owtv \UwD xm |}x}=B
u}= Q@ xwqa "OwW|t KqY= Q_v OQwt |xDiQ Q=m x@ O=wt R}v w \}=QW |=Q@ 'Ow@ xOt;
xO=iDU= OQwt R}v 19(fBM ) |U=U= pwOt ?} Q[ s=v x@ |Qo}O ?} Q[ '?}=Q[
Q=Qk xO=iDU= OQwt (CM ) pwOt Ct}k |x@U=Lt |=Q@ xm |}x]@=Q "OQ}o|t Q=Qk

%R= CU= CQ=@a 'OQ}o|t
Cm = CB � fBM � fp � fT (3)

|xv} Ry pt=W 'OwW|t x�=Q= hrDNt |=yQwWwQ@ QO xm |}=yxv} Ry 'OQ=wt |NQ@ QO
O} QN |xv} Ry CQwY u}= QO "CU=yv; ?Yv |xv} Ry |xi=[= x@ C=R}yHD O} QN
[22]"OQw; CUO x@ 1 45 ?} Q[ Q@ |rm |xv} Ry uOQm s}UkD =@ u=wD|t =Q C=R}yHD
C=Q}}eD ?UL Q@ C=R}yHD O} QN |xv} Ry 'Ct}k u}tND |=yQ=Owtv |t=tD QO
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|=yxO=O R= OW=@ sRq xJv=vJ |va} &OwW u=}@ 'Ov=xOW OQw;Q@ =yCt}k u; xm |r=U
MQv w Ct}k XN=W O}=@ 'OwW xO=iDU= p=L u=tR |=Q@ X=N p=U l} x@ \w@ Qt
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|Oa@ |x@re|xHQO =@ xwQo QO?=NDv= Ov}=Qi w OvwW|t?=NDv= =[a= |xty 'OQ}o|t
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QDsmMU=Bl}|=Q@|t=LOR=|xrY=i QOkQy "O@=}|t xt=O= QDt=Q=Bu}=T=U= Q@C}iQ_
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[25w24]"OvDUyO wP |=yMU=B 'MU=B wOu}= 'OwW?=NDv=|t=LOR= |xrY=iT=U=

T}UB=D VwQ "2"4
'?=wH l} |=H x@ 'OW xO=O K}[wD xmu=vJ 'xiOyOvJ |R=Uxv}y@ |=yVwQ QO
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nij = rij

(
mP
i=1

r2
ij)1=2

; (i = 1; : : : ;m); (j = 1; : : : ; n) (14)

Nd = [nij ] (15)

O}k u=wva x@ xm OQ=O OwHw |]}=QW xr�Ut ẁv x@ xHwD =@ ,=@r=e '|R=Uxv}y@ QO
TB 'CtUk u}= QO "OwW s=Hv= u; x@ xHwD =@ O}=@ sDU}U |=kDQ= w OwW|t xDN=vW
'sDU}U Qy |=Q@ |@=NDv= s}tYD |=yQDt=Q=B w xOW xDiQo Q_v QO hOy `@=wD |iQat R=
CQwY sDU}U Qy |=Q@ TBU "OwW|t xO=O K}[wD p�=Ut R= l} Qy Ow}k OQwtQO
R= xm NSGA-II sD} Qwor= R= xO=iDU= =@ xt=O= QO w h} QaD |R=Uxv}y@ |xr�Ut
=Hu; R= "OwW|ts=Hv= xiOyOvJ |R=Uxv}y@ 'CU= |R=Uxv}y@ |=ysD} Qwor= u} QD=Q=m
'OwW|t p=@vO hOy u=wvax@ =ysDU}U |O=YDk= w |m}t=v}OwtQD OQmrta |=kDQ= xm
OQmrta ?} Q[ `@=D "OwW|t ?=NDv= uOW xv}y@ Qw_vt x@ hOy `@=D l} 'l} Qy R=
"OwW xv}W}@ =D OwW|t ?=NDv= |m}t=v}OwtQD OQmrta |xOv}=tv u=wva x@ '(COP )

OwW|t xO} RoQ@ |O=YDk= |xOv}=tv u=wva x@ 'OW |iQat xm TRR `@=D u}vJty
%R= Ov=CQ=@a Q_v OQwt |xr�Ut Q@ sm =L |=yO}k "OwW xv}tm u; Q=Okt =D

"CU= u=tDN=U |DQ=QL Q=@ ẁtHt Q=Okt Q@=Q@ w C@=F '�QwD=QB=w=� Qr}J Q=@ Q=Okt "1
xHQO 7 |=tO =@ w xOW OQ=w QwD=QB=w= x@ O=Qo|Dv=U xHQO 12 |=tO =@ Qr}J ?; "2

[21]"OwW|t GQ=N u; R= O=Qo|Dv=U
Q=Okt xQ=wty u; |=tO xm � \}Lt x@ u; |=tQo w xOw@ lvN=wy ẁv R= 'QwUv=Ovm "3

"OwW|t OQ=w �CU= |D@=F
sDU}U x@ �?;� xOW OQU \}Lt R= QwUv=Ovm w QwD=QB=w= QO CQ=QL p=kDv= CyH "4
Qcond w Qevap Ctqa u}=Q@=v@ "CU= �uwQ}@ |=wy� \}Lt x@ sDU}U R= w

"CU= |ivt w C@Ft ?}DQD x@
xm CU= |}xvwox@ xQ=wty xOvvm |} wHxiQY QO |tQH |=yu=} QH C@Uv Q=Okt "5
"CU= QDW}@ OQU u=} QH |=tO R= �xOvvm |} wHxiQY u=} QH� sQo u=} QH |=tO
|a=@W= Q=N@ 'QwUQBtm x@ |OwQw 'QwUQBtm QO pmWt RwQ@ R= |Q}owrH Qw_vtx@ "6

"CU= xOW sQo jwi O=Qo|Dv=U xHQO 10 C@=F u=R}t x@ xm CU=
s}tYD |=yQ}eDt u=wva x@ QwUv=Ovm w QwD=QB=w= Q=Wi 'xO=U|tm =QD O} Q@Dpm}U QO
w QwUv=Ovm w QwD=QB=w= Q=Wi '|}xrLQt wO |tm =QD O} Q@D pm}U QO "OwW|t xO} RoQ@
O} Q@D pm}U QO "OwW|t xO} RoQ@ s}tYD |=yQ}eDt u=wva x@ |v=}t Q=Wi u}vJty
u=} QH C@Uv u}vJty w QwUv=Ovm w QwD=QB=w= Q=Wi 'xOvvm |} wHxiQY =@ |tm =QD

"OwW|t xO} RoQ@ s}tYD |=yQ}eDt u=wva x@ xOvvm |} wHxiQY QO |tQH
NSGA� II |rt=mD sD} Qwor= "1"1"4

xm |}=}=Rt x@ xHwD =@ xm CU= xiOyOvJ |R=Uxv}y@ |=yVwQ R= |m} NSGA-II

uwvm =D |iQat u=tR R= 'OQ=O xiOyOvJ |R=Uxv}y@ |=ysD} Qwor= Q}=U =@ T=}k QO
Q=Qk xO=iDU= OQwt 'xOw@ =yv; ẁ[wt xiOyOvJ |R=Uxv}y@ xm |}=yVywSB ?r=e QO
O}rwD |=yMU=B |xU}=kt |=Q@ 23x@re s=v x@ |twyit R= 'VwQ u}= QO "CU= xDiQo
'|R=Uxv}tm |xr�Ut l} pL |=[i QO "OwW|t xO=iDU= sD} Qwor= \UwD xOW
x@ lD CQwYx@ X |=yxir-wt Qo = =yvD w Qo = 'OQ=O x@re Y MU=B Q@ X MU=B
R= QDsm ,=O}m = Y R= xir-wt l} pk=OL w xOw@ Y |=yxir-wt =@ |w=Ut =} QDsm lD
O w T 'E 'R 'A 'P 'L 'N |=yMU=B '4 pmW QO "OW=@ X Q_=vDt|xir-wt
'Ovvm|tv ?wret =Q =yv; |Qo}O ?=wH I}y xm |}=y?=wH "OQ=O x@re M MU=B Q@
OwW|t xO}t=v 24wDQ=B |xv}y@ |xy@H ,=Lq]Y= xm OvyO|t =Q |}xawtHt p}mWD
=Q |}=yv |xv}y@ MU=B |R=Us}tYD VwQ l} R= xO=iDU= =@ u=wD|t C}=yv QO xm
xO=O V}=tv 4 pmW QO xy@H u}= "Ci=} u; Q@ OwHwt |=y?=wH xawtHt u=}t R=

"CU= xOW
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"Q[=L VywSB |=Q@ |@D=QtxrUrU CNQO "5 pmW
x@ |}=Dn Q=OQ@ m C}=yv QO =D O}yO s=Hv= =ylqt s=tD |=Q@ =Q 3 =D 1 |=ys=o "4

"OwW p}mWD m� nT} QD=t l} =yv; uOQ=Posy Q=vm QO =@ w O}; CUO
|wQ R= =yv; R= l} Qy uRw uOQw; CUO x@ w =ylqt OwN |DiH |xU}=kt "5
Q=OQ@ l}� OyO|t u=Wv sy x@ C@Uv =Q =yxHvU |QDQ@ xm =ylqt T} QD=t
CUO x@C}=yv QO wm�nT} QD=t QO =ylqt uRw Q=OQ@ ?Q[ "1 %�1�m
X}YND QO Zk=vD Ow@v |=Q@ |Q=oR=U uwtR; "2 &?}kQ Qy |}=yv uRw uOQw;

"=ylqt =@ xU}=kt QO =yKQ] |QDQ@ O=Oa=
xm xOW xO=O u=Wv Q[=L VywSB |=Q@ |@D=QtxrUrU Q=DN=U l} 5 pmW QO
QO "OwW|t xO=iDU= QYva wO u}@ |xU}=kt |=Q@ '|a]k |@D=QtxrUrU VwQ QO
w 9 OOa =@ Q@=Q@ xv}W}@ VRQ= w 1 OOa =@ Q@=Q@ xv}tm VRQ= |@D=QtxrUrU VwQ
l} VRQ= sy QOkQy "OwW|t xO}HvU =yv; u}@ O=Oa= =@ =yv; u}@=v}@ |=yVRQ=
u}@ K}LY O=Oa= Twmat xm � 1 R= QDsm |OOa Qo}O |xv} Ro x@ C@Uv xv} Ro
|vyP Ov}=Qi l} '|@D=QtxrUrU p}rLD "CU= QDsm u; VRQ= 'OW=@ �CU= 9 =D 1
OwHw |@=} RQ= QO =]N RwQ@ u=mt= 'VwQ u}= |OOa CkO sOa p}rO x@ w CU=
C} wrw= w 2 Q@=Q@ B x@ C@Uv =Q A |xv} Ro C} wrw= |OQi Qo = p=Ft u=wva x@ "OQ=O
OwQ|t Q=_Dv= xm CU= |y}O@ 'OW=@ xOQm |@=} RQ= 5 Q@=Q@ C x@ C@Uv =Q B |xv} Ro
xm |DQwY QO "OW=@ xOQm |@=} RQ= 10 Q@=Q@ =Q C x@ C@Uv A |xv} Ro C} wrw=
Oy=wNv O=tDa= p@=k xH}Dv QO w Q=oR=U OQi u}= Cw=[k 'OwWv xOQw;Q@ Q=_Dv= u}=

"Ow@

G}=Dv uwt=Q}B EL@ "5
x@ xHwD =@ w xOW x@U=Lt Q} Qm Q=Ri=sQv R= xO=iDU= =@ u=tDN=U |DQ=QL Q=@ =OD@=
w Qo}Om} x@ ?rDt w R}= Q=Ri=sQv wO uOQm pB wm =@ =y|R=Uxv}y@ 'xOW x�=Q= |R=UpOt
NSGA-II xiOywO l}DvS sD} Qwor= VwQ R= xO=iDU= =@ w ?rDt Q=Ri=sQv \}Lt QO
QO |UQQ@ OQwt sDU}U xU |=Q@ |R=Uxv}y@ G}=Dv "CU= xDiQo CQwY |R=Uxv}y@

"CU= xOW xOQw; x}=B Cr=L QO Q}O=kt x=Qty x@ 9 =D 7 |=ypwOH
xv}y@ Cr=L w x}=B Cr=L QO hOy `@=wD w s}tYD |=yQ}eDt Q}O=kt u}vJty
xHwD p@=k |xDmv "CU= xOW xO=O V}=tv 9 =D 6 |=ypmW |=yQ=Owtv |wQ xOW
�6 pmW� Qo}O pm}U wO R= xOvvm |} wHxiQY =@ pm}U |=yxv} Ry xm CU= u;
Cra "CU= QDW}@ |rwtat O} Q@D pm}U x@ C@Uv xQwUQBtmwO pm}U |=yxv} Ry w
|rwtat pm}U x@ C@Uv xQwUQBtmwO pm}U QDW}@ C=R}yHD p}rO x@ swO |xrtH

xm =yXN=W R= l} Qy uRw xrLQt u}= QO %uwRwt T=}kt|@ T} QD=t p}mWD "3
T=}kt|@ T} QD=t w xOW ?Q[ =yxv} Ro R= l} Qy QO CU= xOW x@U=Lt ,q@k

%OwW|t x@U=Lt u}vJ uwRwt xOW
V = Nd �Wn�n (16)

|=yuRw R= |Q]k |U} QD=t W w uwRwt xOW T=}kt|@ T} QD=t V u; QO xm
"CU=yXN=W |=Q@ xOt; CUO x@

(+Ai) C@Ft p;xO}= ?=wH x@ C@Uv (d) |m}ORv =} |QwO u=R}t |x@U=Lt "4
C@Ft |=yXN=W <=R= x@ '|UO}rk= sQv T=U= Q@ (�Ai) |ivt p;xO}= w
"J2 = f1; 2; : : : ; ng |ivt |=yXN=W <=R=x@ w J1 = f1; 2; : : : ; ng

d+
i = f

nX
j=1

(Vij � V +
j )2g1=2; (i = 1; 2; : : : ;m)

d�i = f
nX
j=1

(Vij � V �j )2g1=2; (i = 1; 2; : : : ;m) (17)

CQwYx@ p;xO}= pL x=Q x@ Ai xv} Ro |@Uv |m}ORv %(C) |@Uv |m}ORv u}}aD "5
"OwW|t x@U=Lt Q} R

Ci =
d�i

(d�i + d+
i )
; (i = 1; 2; : : : ; n) (18)

T=U= Q@ xrLQt u}= QO =yxv} Ro |@Uv l}ORv Q}O=kt T=U= Q@ %=yxv} Ro |Ov@x@DQ "6
|Ov@x@DQ 'C}ty= u} QDW}@ |=v@t Q@ =Q OwHwt |=yxv} Ro u=wD|t |rwRv ?}DQD

"OQm

|@D=QtxrUrU |R=Us}tYD "3"4
xv} Ro �u} QD?U=vt� ?=NDv= x@ C@ wv '|UQQ@ OQwt |=ysDU}U |R=Uxv}y@ R= TB
|@D=QtxrUrU p}rLD |R=Us}tYD� VwQ R= 'Qw_vt u}= |=Q@ "OUQ|t =yv; u}@ R=
Q@ TBU "CU=yQ=}at ?=NDv= p}rLD u}= pw= VN@ "OwW|t xO=iDU= [27]�26|a]k
uOv=wN |@D=QtxrUrU Cra "OwW|t |@=} RQ= =yxv} Ro xOW|}=U=vW |=yQ=}at T=U=
R=e; sQy T-=Q QO u=tR=U |=yOQ0@y=Q w h=Oy= R= O}=@ =OD@= xm CU= u; VwQ u}=
|m} VwQ u}= "s}UQ@ sQy u}}=B x@ =D OQm |}=U=vW =Q =yxv} Ro =yv; VQDUo =@ w OQm
R= xO=iDU= =@ xm CU= pt=wa C}ty= u}}aD w |Ov@x@DQ |=Q@ OQ@ Q=mQB |=yVwQ R=
p}rLD "OwW|t xDN=OQB =yQ=}at R= l} Qy |Ov@C} wrw= x@ =yxv} Ro |HwR C=U}=kt
Twmat pY= %CU= xOW =v@ xO=U ,=D@Uv |xaw[wt pY= 3 |=v@tQ@ |@D=QtxrUrU
QYDNt K}[wD xt=O= QO [27]&?D=Qt xrUrU Kw]U |r=wD pY= '|voty pY= 'uOw@
u}= |=ys=o "s}W=@ xDW=O |@=} RQ= lqt m w xv} Ro n O}vm ZQi "CU= xOt; VwQ

%R= Ov=CQ=@a VwQ
'=ylqt u}}aD "1

T} QD=t p}mWD w lqt Qy |=Q@ n(n � 1)=2 ?}kQ wO Qy |DiH xU}=kt "2
|@Uv |QDQ@ w CU= XNWt |}xrY=i QO |O=Oa= u; |=yx}=QO xm =@kQ n�n

"Ovm|t u=}@ |Qo}O Q@ =Q |m}
=@ Q=m u}= xm �1� n Q=OQ@ l}� lqt u}= |=Q@ ?}kQ Qy uRw uOQw; CUO x@ "3
R= xO=iDU= w p@k s=o T} QD=t |wQ |vwDU � |Q]U C=}rta |QU l} s=Hv=
u; QY=va `tH xm O};|t CUO x@ |Q=OQ@ w OwW|t s=Hv= 27xS} w Q=OQ@ VwQ

"OyO|t u=Wv lqt u}= |=Q@ =Q s=i ?}kQ uRw u; s=i QYva Q=Okt w 1
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"pm}U xU Qy OQmrta ?} Q[ xU}=kt "6 pmW

"pm}U xU Qy |O=YDk= `@=D |xU}=kt "7 pmW

"pm}U xU Qy QwD=QB=w= Q=Wi xU}=kt "8 pmW

CU= l}ORv sy x@ Q=}U@ Cr=L xU Qy QO QwUv=Ovm Q=Wi xm CU= u; xHwD p@=k
QDW}@ u; |xv}y@ Cr=L 'Cra u}ty x@ w CUq=@ QwUv=Ovm Ct}k =Q} R �9 pmW�

"OyO Vy=m =Q |O=YDk= `@=D =D Ovm|t =O}B p}t uOw@ |O=YDk= CtU x@
V}=Ri= OQmrta ?} Q[ xm |t=ovy xm OwW|t xO}O 9 w 8 '7 pwOH xU QO
xOW ?=NDv= hOy `@=wD 'VywSB u}= QO "CU= xDi=} V}=Ri= R}v pm |xv} Ry 'O@=}|t
=@ |R=Us}tYD w xOW ?=NDv= |Q}os}tYD |=yQ=}at u=wvax@ |R=Uxv}y@ Qw_vt x@
28T} wJ CQBUm = Q=Ri=sQv R= |Q}oxQy@ w|@D=QtxrUrU |R=Us}tYD VwQ R= xO=iDU=
x@ C@Uv |O=YDk= Q=}at R}v Qo}Om} x@ C@Uv =yxv} Ro |@=} RQ= QO "OQ}o|t CQwY
x@ xHwD =@ =yxv} Ro uRw "CU= xOW xO}HvU 1 x@ 2 R=}Dt= =@ OQmrta ?} Q[ Q=}at
xOQw; 10 pwOH QO xm CU= xOW XNWt Q=Ri=sQv \UwD Qo}Om} x@ C@Uv =yQ=}at

"xO=U |tm =QD O} Q@D pm}U |=Q@ |R=Uxv}y@ G}=Dv "7 pwOH
xv}y@ Cr=L x}=B Cr=L Q}eDt

306 200 P1(kPa)

1377 1200 P2(kPa)

597 43 612 21 ($)TRR

1 73 1 53 COP

"xQwUQBtmwO pm}U |=Q@ |R=Uxv}y@ G}=Dv "8 pwOH
xv}y@ Cr=L x}=B Cr=L Q}eDt

282 200 P1(kPa)

1423 1200 P2(kPa)

634 500 PM (kPa)

683 59 708 38 ($)TRR

2 42 2 18 COP

"xOvvm |}wHxiQY =@ pm}U |=Q@ |R=Uxv}y@ G}=Dv "9 pwOH
xv}y@ Cr=L x}=B Cr=L Q}eDt

253 200 P1(kPa)

1403 1200 P2(kPa)

607 500 P6(kPa)

0 32 0 2 X

737 28 786 94 ($)TRR

2 63 2 36 COP

C@Uv xOvvm |} wHxiQY =@ pm}U |=yxv} Ry uOw@ QDW}@ OQwt QO "CU= XNWt
hQ] R= "OQm xQ=W= xOvvm |} wHxiQY ?Yv |=yxv} Ry x@ O}=@ xQwUQBtmwO pm}U x@
Q=@� xr�Ut O}k u}t-=D |=Q@ xm OwW|t QDsm QwD=QB=w= QO xDi=} u=} QH |@O Q=Okt 'Qo}O
|} wHxiQY =@ pm}U 'p}qO u}= x@ xm OQm u}t-=D |QDW}@ |DQ=QL K]U O}=@ �Qr}J
umWQ=Wi Q}W x@ |OwQw OQ@tV}=tQUV}B |iQ] R= "OQ=O |QDW}@ |=yxv} Ry xOvvm
|iQ] R= w OwW QwD=QB=w= OQ=w |QDy@ \}=QW =@ OQ@t =D OwW|t ?Hwt 'QwD=QB=w= R= p@k
�6 pmW� OQmrta ?} Q[ Q=Okt 'p}rO u}ty x@ xm O@=} Vy=m sy QwUQBtm Q=m
Cw=iD Q=Okt 'xOt; CUO x@ G}=Dv j@] |rw CU= QDW}@ Qo}O Cr=L wO x@ C@Uv
|} wHxiQY =@ pm}U w xQwUQBtmwO pm}U QO �7 pmW� xv}y@ OQmrta ?} Q[

"CU}v O=} R xOvvm
CU= QDW}@ xQwUQBtmwO pm}U R= |rwtat pm}U QO QwD=QB=w= |xv}y@ Q=Wi Q=Okt
K]U Q=Okt '?}DQD u}= x@ xQwUQBtmwO pm}U QO xm CU= u}= Cra "�8 pmW�
Vy=m w Ovm|t =O}B |QDsm Q=Okt |O=YDk= `@=D ?}DQD u}O@ w O@=}|t Vy=m pO@t
"OwWv GQ=N uOw@ xv}y@ Cr=L R= OQmrta ?} Q[ Q=Okt xm O@=}|t xt=O= |}=H =D
|=Q@ xm OwW|t |W=v =Hu; R= sy xOvvm |} wHxiQY =@ pm}U QO Q=Wi uOw@ QDsm
QO |DQ=QL K]U =@ ?U=vDt =tQo xm =Hu; R= QwD=QB=w= QO sQH |@O uOW sm QF= Vy=m
QO Q=Wi Q=Okt 'sQH Vy=m QF= u=Q@H |=Q@ 'CU= xDi=} u=} QH sQH QO =tO hqDN=
|xDmv "O@=} Vy=m |QDW}@ u=R}t x@ O}=@ |m}t=v}OwtQD w |O=YDk= |xv}y@ Cr=L
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Cra x@ |rwtat |tm =QD O} Q@D sDU}U 'OwW|t xOy=Wt xmu=vJ "CU= xOt; CUO
|} wHxiQY =@ sDU}U u; R= TB w OwW|t ?=NDv= =yxv} Ro Q}=U x@ C@Uv uOw@ u=RQ=
=@ sDU}U xm CW=O CkO O}=@ xD@r= "OwW|t xO} RoQ@ swO |xv} Ro u=wvax@ xOvvm
Qo}O |=ysDU}U x@ C@Uv |QDy@ w QD`} QU |Q}PBpQDvm |=Q=O xOvvm |} wHxiQY
w |rwtat O} Q@D sDU}U C@=kQ 'OwW =yxv} Ro OQ=w sy |Q=}at u}vJ Qo = w CU=
|}=wy w ?; \}=QW x@ xDU@ |DL w OwW|t R}v QD|OH xOvvm |} wHxiQY =@ pm}U
CLD xOvvm |} wHxiQY =@ sDU}U CU= umtt 'u=QyD s}rk= RH x@ |}=ys}rk= QO

"OwW ?=NDv= |]}=QW u}vJ

|Q}oxH}Dv "6
w T}UB=D VwQ w xiOywO l}DvS sD} Qwor= VwQ R= xO=iDU= =@ VywSB u}= QO
Qr}J sDU}U u} QDy@ ?=NDv= *|SD=QDU= u}}@D ut[ '|@D=QtxrUrU |R=Us}tYD VwQ
xQwUQBtmwO '|rwtat � |tm =QD O} Q@D pm}U xU 'u=QyD QO u=tDN=U l} |=Q@ |tm =QD
|O=YDk= w |m}t=v}OwtQD |R=UpOt w OW xDiQo Q_v QO � xOvvm |} wHxiQY =@ w
Q=@ "OW xDiQo Q_v QO sDU}U pm |xv} Ry w OQmrta ?} Q[ 'hOy `@=wD "OW s=Hv=
w QwD=QB=w= Q=Wi "OW xDiQo Q_v QO C@=F w QwD=QB=w= Q=@ u=wvax@ u=tDN=U |W}=tQU
|=yQ}eDt u=wvax@ xOvvm|} wH xiQY QO|tQH u=} QHC@Uv w|v=}t Q=Wi 'QwUv=Ovm
R= xO=iDU= =@ |R=Uxv}y@ R= pY=L |=y?=wH u=}t R= "OvOW xDiQo Q_v QO Q=PoQF=
pm}U |=Q@ OQmrta ?} Q[ u} QDW}@ "OW ?=NDv= ?=wH u} QDy@ T}UB=D VwQ
O} Q@D pm}U |=Q@ xv} Ry u} QDsm w 2 63 Q=Okt =@ xOvvm |} wHxiQY =@ |tm =QD O} Q@D
R= O} Q@D pm}U u} QDy@ ?=NDv= |=Q@ "CU= QqO 597 43 Q=Okt =@ |rwtat |tm =QD
|R=Us}tYD VwQ QO "OW xO=iDU= |@D=QtxrUrU VwQ R= xOW xv}y@ |=yCr=L u}@
Qo}Om} x@ C@Uv =yxv} Ro |@=} RQ= QO w OW XNWt =yC} wrw= =OD@= '|@D=QtxrUrU
xOW xO}HvU 1 x@ 2 R=}Dt= =@ OQmrta ?} Q[ Q=}at x@ C@Uv |O=YDk= Q=}at R}v
|tm =QD O} Q@D sDU}U =@ pw=C} wrw=|@D=QtxrUrU |R=Us}tYD VwQ x@ xHwD =@ "CU=
Q=Qk |Oa@ x=o}=H QO xOvvm |} wHxiQY =@ sDU}U w CU= 0 386 R=}Dt= =@ |rwtat

"CU= xQwUQBtmwO O} Q@D sDU}U x@ jraDt x=o}=H u} QN; w OQ=O

"pm}U xU Qy QwUv=Ovm Q=Wi xU}=kt "9 pmW

"|@D=QtxrUrU Q=}at T=U=Q@ |}=yv R=}Dt= "10 pmW
"=yQ=}at T=U= Q@ Qo}Om} x@ C@Uv =yxv} Ro uRw "10 pwOH

O} Q@D sDU}U Q=}at x@ C@UvxOvvm |}wHxiQY =@ QwUQBtm wO =@ |rwtat
3 2 1 |Ot;QO |=yR=}v ẁtHt
7 4 1 OQmrta ?} Q[

=yCWwv=B
1. total revenue requirement (TRR)
2. NSGA-II
3. economizer
4. cop
5. relative intermediate pressure (RIP)
6. hidden layers
7. technique for order preference by similarity to ideal solution

(TOPSIS)
8. carrier HAP 4.50
9. steady state-steady
ow(SSSF)
10. surge
11. cost estimate of purchased equipment
12. �xed capital investment
13. total capital investment
14. estimating charts

15. design type factor
16. material factor
17. temperature factor
18. Pressure factor
19. base module factor
20. six tenth rule
21. capital recovery factor(CRF)
22. objective functions
23. dominance
24. pareto optimal frontier
25. crowding distance
26. de�nite analytic hierarchy process
27. eigenvector
28. expert choice
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