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Q}F-=D "CU= xOW ^=Lr O}OH pwYLt |xaUwD |oJQ=Bl} O=a@= u=wva x@ u=} QDWt
xt=vVUQB R= xO=iDU= R}v|@=} RQ= |=Q@ "CU= xOW|UQQ@ |QDWtC}=[Q Q@ O=a@= u}=
Q_v Ot '|Q=PoQ}F-=D |UQQ@ |=Q@ |Q=t; Q=Ri=sQv TBU w u=oQ@N \UwD u; uOW QB w

"CU= xOW xOQw; xRwL u}= C=}@O= QwQt 1 pwOH QO "CU= xOw@
=@ O}OH pwYLt |xaUwD Ov}=Qi QO u}t-=D |xQ}HvR |Ov@ Qm}B CtUk QO
xH=wt u}t-=D |xQ}HvR C=t}tYD Qo}O w u=oOvvmu}t-=D ?=NDv= |=Q@ |[=} Q |=ypOt

"s}DUy
x�=Q= O}OH pwYLt |=Q@ u}t-=D |xQ}HvR |Ov@ Qm}B |tm pOt [17]Rtr} w w Rw} Qo
=Q |L=Q] u=tR w OQ}o|t Q_v QO =Q pwYLt O}rwD |xQwO =yvD pOt u}= "Ov=xO=O
|aU w CU= pkvwptL ẁv w u=oOvvmu}t-=D ?=NDv= 'pOt |xr�Ut "Ovm|tv ^=Lr
xm OQm ?=NDv= u=wD|t |irDNt |=yxv} Ro OQwt Qy QO "OQ=O =yxv} Ry |R=Uxv}tm QO
QO =[=kD |=Q@ C}a]k sOa xar=]t u}= QO "Ov=Cw=iDt lQ=OD u=tR w xv} Ry ^=Lr R=
pwYLt |xaUwD |=Q@ |v}t[D CtON u=tR swyit u}vJty "CU= xOW xDiQo Q_v

"CU= xOW xOQw; xar=]t u}= QO Q=@ u}rw= O}OH
u}vJty w VwQi w O}rwD xt=vQ@ 'O} Q@}y u=wva =@ OwN pOt QO [18]|r w |v}t=
Q}e CQwY x@ =[=kD "Ovvm|t u}}aD u=tRsy CQwY x@ =Q u}t-=D |xQ}HvR |Ov@ Qm}B
xQ}HvR w[a Qy |=[=kD u}ov=}t "CU= xOW pOt 5xOW KqY= T=@ VwQ =@ |a]k
"OQ=Po|t Q}F-=D u=v}t]= |OwHwt K]U Q@ =[=kD Q=}at h=QLv= R}v w |}=yv |=[=kD Q@
|=Q@ |vqw] Q=}U@ u=tR w pwYLt x=Dwm Qta |xQwO pt=W pOt Qo}O C=[wQit
"OQ=O OwHw R}v Q=DWwv u}= QO |v}t[D CtON u=tR swyit "CU= C}iQ_ V}=Ri=
QO =Q O}OH pwYLt u}t-=D |xQ}HvR |Ov@ Qm}B |xr�Ut [19]u=Q=mty w p=Bv
OQ=O OwHw ?=NDv= |=Q@ xv} Ro u}OvJ xQ}HvR K]U Qy QO xm Ov=xOQm |UQQ@ |r=L
pOt l} Q=DWwv u}= pOt "Ov=Cw=iDt =yQ=}at Qo}O w lQ=OD u=tR 'xv} Ry Q_v R= xm
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u}= "CU= xOW xO=iDU= R}v |v}t[D CtON u=tR R= w CU= xOW ^=Lr =[=kD

"Ovm|t xO=iDU= l}DvS |Q=mD@==Qi sD} Qwor= R= xr�Ut pL |=Q@ Q=DWwv
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C=[wQit
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"CU=

"CU= |a]k u=} QDWt |=[=kD �
"CU=yv; u=}t O=OQ=Qk Oka Q@ \wvt =RH= u=}t \=@DQ= �

"CU=yv; C}iQ_ w Ct}k QO xQ}HvR |=RH= Cw=iD �
|v} Ro}=H s=ovy x@|va} 'CU= xOW xOQw; pOt QO|rwYLtwO|v} Ro}=H Q=my=Q �
pwYLt O}rwD w OwW|t sm QwQt x@|t}Ok pwYLt O}rwD 'O}OH =@|t}Ok pwYLt
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xwQo w xOvvm`} RwD 'xOvvmO}rwD 'C=a]k xOvvmu}t-=D pt=W |L]U 4 u}t-=D |xQ}HvR
ẁv 'O}rwD u=R}t 'xQ}HvR |=RH= u}@ \=@DQ= C=t}tYD =D OwW|t xO=O xaUwD u=} QDWt

'p=UQ= 'O}rwD |=yxv} Ry "Ovm P=ND= =Q O}OH pwYLt |L=Q] w CqwYLt p=UQ=
R}v `@=vt R= xO=iDU= sOa w u=} QDWt |D}=[Q=v 'O=OQ=Qk 'pwYLt |L=Q] '|Q=Oyov

"Ov=xOW xO}O pOt QO
w \}=QW xm |Qw] x@ CU= OwU |R=Uxv}W}@ hOy pOt u}= QO |rm Qw] x@

%OW=@ Q=QkQ@ Q} R |=yC}OwOLt
"OwW xOQw;Q@ u=} QDWt |=[=kD umtt OL =D �

"Ovvmv C}r=ai OwN C}iQ_ R= V}@ xQ}HvR |=RH= �
"OW=@ |rwYLtwO O}OH =@ s}Ok pwYLt |v} Ro}=H ẁv �
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Ovyt &c C=a]k |xOvvmu}t-=D QO j |xa]k x}rw= |OwHwt IIcj
&f |xOvvmO}rwD QO j |xa]k x}rw= |OwHwt IIfj
&f |xOvvmO}rwD QO i pwYLt x}rw= |OwHwt IIfi

&d |xOvvm`} RwD QO i pwYLt x}rw= |OwHwt IIdi
&f |xOvvmO}rwD w c C=a]k xOvvmu}t-=D u=}t pkvwptL |xv} Ry TCcf

&d |xOvvm`} RwD w f |xOvvmO}rwD u=}t pkvwptL |xv} Ry TCfd
&g u=} QDWt xwQo w d |xOvvm`} RwD u=}t pkvwptL |xv} Ry TCdg

&f |xOvvmO}rwD |=Q@ i pwYLt |L=Q] |xv} Ry CDNPfi
&f xOvvmO}rwD xOWv xO=iDU= `@=vt |xv} Ry CUSf

&|QDWt |D}=[Q=v |xv} Ry CDC
&|R} Qxt=vQ@ |=yxQwO pm O=OaD Nperiod

"nQR@ |OOa M
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t |xQwO u=}=B QO c C=a]k |xOvvmu}t-=D QO j |xa]k |OwHwt Q=Okt Itcj

&t |xQwO u=}=B QO f |xOvvmO}rwD QO j |xa]k |OwHwt Q=Okt Itfj
&t |xQwO u=}=B QO f |xOvvmO}rwD QO i pwYLt |OwHwt Q=Okt Itfi
&t |xQwO u=}=B QO d |xOvvmO}rwD QO i pwYLt |OwHwt Q=Okt Itdi

u=}=B QO f |xOvvmO}rwD w c C=a]k |xOvvmu}t-=D u=}t j xa]k R= u=} QH u=R}t Stcfj
&t |xQwO

|xQwOu=}=B QO d |xOvvm`} RwD w f |xOvvmO}rwD u=}t i pwYLt R= u=} QH u=R}t Stfdi
&t
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"t |xQwO u=}=B QO f |xOvvmO}rwD QO i pwYLt R= O}rwD u=R}t Qtfi

|} wOwO |=yQ}eDt
c C=a]k xOvvmu}t-=D u=}t p=YD= |xOvyOu=Wv 'u; 1 Q=Okt xm |} wOwO Q}eDt Y tcf

"CU= xQwO Qy QO f |xOvvmO}rwD w
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&CU= xQwO Qy QO g u=} QDWt
u=}t O=O Q=Qk uOW xDU@ |xOvyOu=Wv 'u; 1 Q=Okt xm |} wOwO Q}eDt Y Y tcf
�OOHt |Ov@ Qm}B p}rO x@� t |xQwO QO f |xOvvmO}rwD w c C=a]k |xOvvmu}t-=D

&CU=
u=}t O=O Q=Qk uOW xDU@ |xOvyOu=Wv 'u; 1 Q=Okt xm |} wOwO Q}eDt Y Y tfd

&CU= �OOHt |Ov@ Qm}B p}rO x@� t |xQwO QO g |xOvvm`} RwD w f |xOvvmO}rwD
u=}t O=O Q=Qk uOW xDU@ |xOvyOu=Wv 'u; 1 Q=Okt xm |} wOwO Q}eDt Y Y tdg
&CU= �OOHt |Ov@ Qm}B p}rO x@� t |xQwO QO g u=} QDWt xwQo w g |xOvvm`} RwD

|=Q@ f |xOvvmO}rwD s}tYD |xOvyOu=Wv 'u; 1 Q=Okt xm |} wOwO Q}eDt XXt
fi

"CU= t |xQwO QO i O}OH pwYLt |L=Q]
CQwY x@ xmCU= hOy `@=D |xOvyOu=Wv 2 |x]@=Q 'xOW x�=Q=|[=} Q pOt QO
'u=} QDWt |D}=[Q=v |=yxv} Ry |=yvt xOvvm`} RwD w xOvvmO}rwD OwU |R=Uxv}W}@
Ot;QO =@ CU= Q@=Q@ xOvvmO}rwD OwU "CU= O}OH pwYLt |L=Q] w `@=vt |Q=m}@
R= C=a]k O} QN |=yxv} Ry |=yvt 'xOvvm`} RwD x@ CqwYLt R= pY=L VwQi

'CqwYLtZ} waD?}W (TTi) |Oa@ pwYLt =@ i pwYLt |v} Ro}=H |xQwO QO
u=tR R= xQwO u}= "OwW|t xDN=vW (�tfi) CqwYLt |v} Ro}=H ?} Q[ CQ=@a =@
pwYLt |v} Ro}=H ?} Q[ 'xQwO u}= x@ xHwD =@ "Ot=Hv=|t pw] x@ tbfi u=tR =D tafi

"O};|t CUO x@ 1 pwtQi=@

�tfi

8>>>><>>>>:
1� �tfi�1 tbfi�1 � t < tafi
tbfi�t
TTfi
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=@ |v} Ro}=H C@ wv xm |v=tR =D "OUQ@ 1 x@ =D O@=}|t V}=Ri= 1

TTfi
CN=wvm} ?}W
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w OUQ@ QiY Q=Okt x@ =D O@=}|t Vy=m 1

TTfi+1 CN=wvm} ?}W =@ |Oa@ pwYLt
"OvwW|t |iQat =yQ}eDt w =yQDt=Q=B '=yT}Ov= xt=O= QO "Ov=t|t |k=@ Q=Okt u}= QO

=yxawtHt w =yT}Ov=
&pOt |v=tR |=yxQwO t 2 f1; :::; Nperiodg
&pwYLt C=a]k u=oOvvmu}t-=D c 2 f1; :::; Cg

&CqwYLt u=oOvvmO}rwD f 2 f1; :::; Fg
&u=oOvvm`} RwD d 2 f1; :::; Dig
&u=} QDWt xwQo g 2 f1; :::; Gg

&|rY= CqwYLt i 2 f1; :::; IPg
"pwYLt |xOvyOp}mWD C=a]k j 2 f1; :::; Jg

=yQDt=Q=B
|xQwO QO i pwYLt |=Q@ |rwYLt wO Q=my=Q QO pwYLt |v} Ro}=H ?} Q[ �tfi

&f |xv=NQ=m QO t

&f |xv=NQ=m QO O}OH pwYLt =@ i pwYLt |v} Ro}=H ẁQW u=tR tafi
&f |xv=NQ=m QO O}OH pwYLt =@ i pwYLt |v} Ro}=H u=}=B u=tR tbfi
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fi
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&i ẁv pwYLt QO j |xa]k O=OaD Bij
&d |xOvvm`} RwD C}iQ_ Capd
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&i pwYLt R= f |xOvvmO}rwD C}iQ_ Capfi
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&f |xOvvmO}rwD QO i pwYLt |OwHwt |Q=Oyov OL=w Qy |xv} Ry CIfi
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"Ov=xOW
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xQwO 7 |] pOt "CU= xOW |UQQ@ O}OH pwYLt u=wva x@ s}U|@ uwiOy w
xOvvmu}t-=D 2 O=OaD "CU= xQwO 4 pwYLt wO |v} Ro}=H |xQwO xm CU= xOW pL
CmQW x@ jraDt wO Qy xm xOvvmO}rwD 2 'CqwYLt xOvyOp}mWD C=a]k |=Q@
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=D xOvvm`} RwD w xv=NQ=m u=}t pkvwptL |xv} Ry w u=} QDWt xwQo w xv=NQ=m =@ O=OQ=Qk
pwYLt sHL QUm =@ =Q u=} QDWt |D}=[Q=v |xv} Ry 5 |x]@=Q "CU= u=} QDWt xwQo
�xOWv xO=O MU=B |=[=kD� =yv; |=[=kD |=yvt u=} QDWt x@ u=oOvvm`} RwD R= |r=UQ=
|xv} Ry 6 |x]@=Q "OyO|t u=Wv 'OL=w Qy |=R= x@ |D}=[Q=v |xv} Ry QO ?Q[
QO C}iQ_ |xv}W}@ |=yvt |tU= C}iQ_ hqDN= ?Q[ =@ xm CU= `@=vt |Q=m}@
7 |x]@=Q "OwW|t x@U=Lt |Q=m}@ OL=w |xv} Ry QO xQwO u; |=Q@ xOW xDiQo Q_v
|L=Q] |xOvyOu=Wv 1 w QiY Q}eDt ?Q[ =@ =Q O}OH pwYLt |L=Q] |xv} Ry R}v

"Ovm|t u=}@ 'pwYLt OL=w Qy |L=Q] |xv} Ry QO 'xv=NQ=m QO O}OH pwYLt

MaximizeZ = Gain(f) +Gain(d)�
Cus:Dis� Csource� PDIC (2)

Gain(f) =
X

f

X
d

X
i

X
t
PfiStfdi�X

c

X
f

X
j

X
t
PcjStcfj �

X
f

X
i

X
t
(CPfiQtfi+

FCPfiXXt
fi)�

X
c

X
f

X
t
CAcfY Y tcf�X

f

X
j

X
t
CIfjItfj �

X
f

X
i

X
t
CIfiItfi�X

c

X
f

X
t
TCcfY tcf (3)

Gain(d) =
X

d

X
g

X
i

X
t
PdiStdgi�X

f

X
d

X
i

X
t
PfiStfdi �

X
d

X
i

X
t
CIdiItdi�X

f

X
d

X
t
CAfdY Y tfd �

X
d

X
g

X
t
CAdgY Y tdg�X

f

X
d

X
t
TCfdY tfd �

X
d

X
g

X
t
TCdgY tdg (4)

Cus:Dis =
X

t

X
g

X
i
CDC:(Dt

gi �
X

d
Stdgi) (5)

Csource =
X

f

X
t
CUSf :(1�X

i
�tfi) (6)

PDIC =
X

t

X
f

X
i
CDNPfi:XXt

fi

S:t: : (7)

Itcj = It�1
cj +Qtcj �

X
f
Stcfj 8c; j; t (8)

Itfj = It�1
fj +

X
c
Stcfj �

X
i
BijQtfi 8f; i; t (9)

Itfi = It�1
fi +Qtfi �

X
d
Stdgi 8f; i; t (10)

Itdi = It�1
di +

X
f
Stfdi �

X
g
Stdgi 8d; i; t (11)

Itcj;fj;fi;di = IItcj;fj;fi;di t = 0 8c; i; 8f; i; 8f; i; 8d; i: (12)X
d
Stdgi � Dt

gi 8g; i; t (13)

Qtcj � Capcj 8c; j; t (14)

Qtfi � �tfiCapfi 8f; i; t (15)
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Ovyt

"|rwYLtwO |v} Ro}=H Q=my=Q QO CqwYLt O}rwD u=R}t "2 pmW
"pwYLt |L=Q] |}wOwO Q}eDt Q=Okt "6 pwOH

xQwO |}wOwO Q}eDt7 6 5 4 3 2 1
0 0 0 0 0 0 1 XXt11

XXt
fi

0 0 0 0 0 1 0 XXt12
0 0 0 0 0 0 1 XXt21
0 0 0 0 1 0 0 XXt22

"OwW|t s=Hv= xv=NQ=m C}iQ_ u} QDW}@ QO |}=yDv= w |}=OD@= |=yxQwO QO O}rwD
|=Q@ w xOW OwOLt swO |xQwO R= TB |t}Ok pwYLt |=Q@ C=O}rwD u}vJty

"�2 pmW� Ovm|t =O}B V}=Ri= QwQt x@ O}OH pwYLt
pwYLt |L=Q] |} wOwO s}tYD Q}eDt Q=Okt 6 pwOH QO xt=O= QO u}vJty

"CU= xOt;
p}rO "OwW|t s=Hv= |}=OD@= |=yxQwO QO xv=NQ=m wO Qy QO pwYLt |L=Q]
u}vJty w x}rw= |=yxQwO u=ty R= pwYLt wO Qy |=Q@ =[=kD OwHw ẁ[wt u}=

"CU= u=tR pw] QO C=]=@DQ= w O=OQ=Qk Oka Ct}k uOw@ C@=F

C}U=UL p}rLD "5
|wQ Q@ C}U=UL p}rLD CtUk u}= QO |O=yvW}B pOt |}=Q=m |UQQ@ Qw_vt x@
QO CqwYLt O}rwD |xv} Ry w u=} QDWt x@ CqwYLt VwQi Ct}k |=yQDt=Q=B
CQwY x@ =yQDt=Q=B u}= |=yT}Ov= s=tD |wQ Q@ C=Q}}eD "CU= xOW s=Hv= xv=NQ=m
hOy `@=D |rY= Q=Okt |wQ Q@ =yQDt=Q=B u}= C=Q}}eD QF= "CU= xOW p=ta= u=Um}

"CU= xOt; 8 pwOH w 7 pwOH QO
hOy `@=D QO C@Ft ?} Q[ =@ u=} QDWt x@ CqwYLt VwQi Ct}k C=Q}}eD
xv=NQ=m O}rwD Q}eDt |xv} Ry?} Q[ u}vJty "CU= hOy `@=D Q=Okt =@CyHsy,qt=m
=@ Twmat |x]@=Q u; C=Q}}eD xH}DvQO w CU= xOt; |ivt Ctqa =@ hOy `@=D QO
Ct}k C=Q}}eD xm CU= XNWt QDt=Q=B wO u}= |UQQ@ =@ "OQ=O hOy `@=D C=Q}}eD
sRq xD@r= "CU= xv=NQ=m QO O}rwD Ct}k R= QDW}@ Q=}U@ Q}F-=D |}=yv `@=D Q@ VwQi
=[=kD Q=Okt Q@ VwQi Ct}k V}=Ri= Q}F-=D C}U=UL p}rLD u}= QO xm CU= QmP x@

"CU= xOWv ^=Lr

"|OQwt |xar=]t u}t-=D |xQ}HvR C=YNWt "3 pwOH
Q=Okt u=wva
7 xQwO O=OaD
2 C=a]k u=oOvvmu}t-=D
2 u=oOvvmO}rwD
3 u=oOvvm`} RwD
5 u=} QDWt xwQo
2 CqwYLt

xQwO 4 |v} Ro}=H |xQwO

"|rwYLtwO |v} Ro}=H Q=my=Q QO hOy `@=D Q}O=kt "4 pwOH
Q=Okt u=wva

4137345 hOy `@=D pm Q=Okt
2917680 u=oOvvmO}rwD OwU
1311415 u=oOvvm`} RwD OwU
45750 |QDWt |D}=[Q=v

0 `@=vt |Q=m}@
46000 CqwYLt |L=Q] |xv} Ry

"xv=NQ=m Qy C=O}rwD u=R}t "5 pwOH
2 pwYLt 1 pwYLt xQwO2 xv=NQ=m 1 xv=NQ=m 2 xv=NQ=m 1 xv=NQ=m

0 0 690 650 1
0 0 250 642 2

125 163 330 487 3
345 325 245 155 4
490 488 25 60 5
690 650 0 0 6
690 650 0 0 7

CmQW x@ jraDt R}v =yv; xm QwWm hrDNt \=kv QO xOvvm`} RwD 3 'OvDUy |rY=
pwOH� CU= pOt u}= |=y|oS} w R= u=} QDWt xwQo 5 u}vJty w OvDUy |rY=
|=Q@ xm CU= xOW ^=Lr pOt QO R}v u=} QDWt |=[=kD R= CmQW |v}@V}B "�3
=O}B V}=Ri= QwQt x@ O}OH pwYLt |=Q@ w OwW|t sm QwQt x@ |t}Ok pwYLt

"Ovm|t
Qwr=U w �GAMS 24"1"2� Rto |R=Uxv}y@ Q=Ri=sQv R= xr�Ut pL |=Q@
pL u=tR "CU= xOW xO=iDU= sQ C}=@=o}o 6 =@ |YNW |xv=}=Q QO CPLEX

|=RH= lD lD w hOy `@=D pm Q=Okt 4 pwOH QO xt=O= QO "CU= x}v=F 0/031
"CU= xOW xO=O V}=tv '|rwYLtwO |v} Ro}=H Q=my=Q R= xO=iDU= |=R= x@ u;

hOy `@=D QO C@Ft Ctqa =@ u=oOvvm`} RwD OwU w u=oOvvmO}rwD OwU Q}O=kt
Ctqa =@ CqwYLt |L=Q] w `@=vt |Q=m}@ '|QDWt |D}=[Q=v |xv} Ry Q}O=kt w
|v} Ro}=H Q=my=Q R= xO=iDU= p}rO x@ `@=vt |Q=m}@ |xv} Ry "OvwW|t KQ]t |ivt
Qy O}rwD u=R}t 5 pwOH QO "CU= QiY xQ=wty O}rwD xDUw}B Vy=m w |rwYLtwO

"CU= xOW XNWt |v=tR |xQwO Qy QO pwYLt Qy |=Q@ xv=NQ=m
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"|rwYLtlD |v} Ro}=H Q=my=Q =@ |O=yvW}B pOt |xU}=kt "3 pmW

"CU= xOW xOQw; 3 pmW QO Q}O=kt u}= 'QDy@ |xU}=kt |=Q@
'Cq=L s=tD |=R= x@ |OQwt |xar=]t u}= QO xm OyO|t u=Wv pwOH u}=
|rwYLtlD |v} Ro}=H Q=my=Q R= QD?wr]t |}xH}Dv |rwYLtwO |v} Ro}=H Q=my=Q
Q}=U R= QDW}@ xOvvm`} RwD w xOvvmO}rwD OwU Q_v R= |rwYLtwO Cr=L "OyO|t x�=Q=
u=}t QO "CU= QDsm Cq=L s=tD R= |QDWt |D}=[Q=v xv} Ry Q_v R= w CU= Cq=L
"OQ=O p=@vO x@ =Q xH}Dv u} QDy@ swU |xQwO QO |v} Ro}=H '|rwYLtlD |=yQ=my=Q
u}=Q@=v@CU= Q@=Q@ Cq=L u}= s=tD QO `@=vt |Q=m}@ w pwYLt |L=Q] |xv} Ry Q}O=kt

"CU= xOt=}v pwOH QO

|OOa |=yp=Ft "7
O=a@= "CU= xOW |L=Q] |rY= |xr�Ut |=Q@ hrDNt p=Ft 15 CtUk u}= QO
Ovv=t � =yv; |}xv} Ry Q}e |=yQ}eDt =t= CU= |OQwt |xar=]t x@=Wt pw= p=Ft 5
pwYLt |v} Ro}=H ?} Q[ w =yC}iQ_ 'C=a]k R= pwYLt p}mWD ?} Q[ '=[=kD
|=yQ}eDt OOHt w xOW QDnQR@ |OQwt |xar=]t O=a@= swO p=Ft 5 "CU= xOQm Q}}eD �
xr�Ut O=a@= OOHt QN; p=Ft 5 QO TBU "CU= xOQm Q}}eD O=a@= u}= QO |}xv} RyQ}e
pwOH QO xt=O= QO "Ov=xOQm Q}}eD |}xv} RyQ}e |=yQ}eDt p=Ft Qy QO w xOW QDnQR@

"CU= xOt; =yp=Ft u}= G}=Dv 10
?U=vD x@ R}v hOy `@=D w CU= xOQm Q}}eD xr�Ut O=a@= 11 w 6 '1 |=yp=Ft QO
Qy CN=U |=Q@ R=}v OQwt xa]k O=OaD 12 w 7 '2 |=yp=Ft QO "CU= xOW QDW}@
hOy `@=D pm =t= ' xOQm Q@=Q@ wO R= QDW}@ =Q pL u=tR xm CU= xOQm Q}}eD xa]k
|=RH= C}iQ_ 13 w 8 '3 |=yp=Ft QO "Ov=xOQmv Q}}eD =yCt}k =Q} R 'Ov=xOW QDsm
|=yp=Ft QO "Ov=xOQm Q}}eD OYQO 20 OwOL =D |iO=YD CQwY x@ u}t-=D |xQ}HvR
xOQm Q}}eD |iO=YD CQwY x@ C=a]k w CqwYLt |x}rw= |OwHwt 14 w 9 '4
|v} Ro}=H |xQwO u}vJty w CqwYLt |=[=kD 15 w 10 '5 |=yp=Ft QO w CU=

"CU= xOQm Q}}eD CqwYLt

|D} Q}Ot |=yx}YwD "8
GQN x@ |Q=}U@ CkO |QDWt x@ VwQi Ct}k OQw;Q@ QO O}=@ xar=]t OQwt CmQW �
uOw@ C@=F ZQi =@ w 10 Q}}eD =@ 'QDt=Q=B u} QDQF-wt u=wva x@ QDt=Q=B u}= =Q} R OyO

"u=} QDWt x@ VwQi Ct}k C}U=UL p}rLD "7 pwOH
|OYQO Q}}eD hOy `@=D Q=Okt QDt=Q=B C=Q}}eD

hOy `@=D VwQi Ct}k
��98 95425 ��50
��53 2373667 ��20
��26 3075408 ��10
��12 3629333 ��5

0 4137345 |rY= Q}O=kt
��2 4225103 ��5
��16 4809109 ��10
��40 5805557 ��20
��100 8258933 ��50

"xv=NQ=m QO O}rwD |xv} Ry C}U=UL p}rLD "8 pwOH
|OYQO Q}}eD hOy `@=D Q=Okt QDt=Q=B C=Q}}eD

hOy `@=D O}rwD |xv} Ry
��6 4384231 ��50
��3 4241920 ��20
��1 4189632 ��10
��1 4163489 ��5
0 4137345 |rY= Q}O=kt

��1 4111201 ��5
��1 4085057 ��10
��3 4032770 ��20
��6 3875907 ��50

"|rwYLtlD |v} Ro}=H Q=my=Q =@ |O=yvW}B pOt |xU}=kt "9 pwOH
hOy `@=D pm |D}=[Q=v OwU OwU CU=}U|QDWt u=oOvvm`} RwD u=oOvvmO}rwD
2906495 371250 1065248 2258497 pw= |xQwO
3574993 190500 1201610 2609883 swO |xQwO
3896872 89250 1242670 2789452 swU |xQwO
3567536 155250 1156159 2612627 sQ=yJ |xQwO
2665728 334500 920750 2125478 sHvB |xQwO
1540738 562500 627674 1521564 sWW |xQwO
4137345 45750 1311415 2917680 |rwYLtwO

|v} Ro}=H Q=my=Q =@ |O=yvW}B pOt |xU}=kt "6
|rwYLtlD

Q=my=QhrDNt |=yCU=}U x@ xHwD =@ hOy `@=D |=RH= Q}O=kt |[a@CtUk u}= QO
|xQwO 6 pt=W =yCU=}U u}= "�9 pwOH� OvwW|t xO=O V}=tv |rwYLtlD
QO pwYLt wO |v} Ro}=H 'CU=}U Qy QO |DQ=@a x@ "OvDUy hrDNt |v} Ro}=H
|xQwO R= TB |v} Ro}=H = pw= CU=}U� ODi=|t j=iD= XwYN x@ |xQwO l}

"�pw=
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=vY
|U

Ovyt "xr�Ut O=a@= Q}}eD =@ |OOa |=yp=Ft "10 pwOH
hOy `@=D pm |L=Q] |QDWt |D}=[Q=v u=oOvvm`} RwD OwU u=oOvvmO}rwD OwU p=Ft
4137345 46000 45750 1311415 2917680 1 p=Ft
226229 46000 748500 362300 658429 2 p=Ft
3903549 46000 103050 1258702 2793897 3 p=Ft
3961070 46000 86250 1273078 2820242 4 p=Ft
4337260 46000 237375 1422120 3198514 5 p=Ft
9750147 70000 3468750 4717647 8571248 6 p=Ft
4026544 70000 3393000 4824877 2664667 7 p=Ft
17851612 70000 1818000 7154965 12584646 8 p=Ft
9625572 70000 3545250 4728842 8511979 9 p=Ft
8234929 70000 4813500 4632895 8485534 10 p=Ft
28909971 208000 5081250 14138166 20947522 11 p=Ft
25703676 208000 4998000 14135401 16774274 12 p=Ft
35942399 208000 3918750 16263576 23805573 13 p=Ft
28803776 208000 5149500 14101078 20650503 14 p=Ft
26626749 208000 7872000 14316433 2039315 15 p=Ft

|=Q@ =Q u}t-=D |xQ}HvR |=[a= O=} R |ovy=ty Q=my=Q u}= "OQ=O =Q =QH= ẁQW R=
"O@r]|t ?U=vt |x[Qa

u} QDy@ x@ C@Uv |OQwt |xar=]t QO |rwYLtwO |v} Ro}=H Q=my=Q R= xO=iDU= �
"CU= xOw@ QD?wr]t OYQO 6 '|rwYLtlD Q=my=Q R= xO=iDU= Cr=L

CU= QDy@ 'xar=]t OQwt CmQW |=Q@ O=OQ=Qk Oka |=yxv} Ry uOw@ q=@ Cra x@ �
ẁ[wt u}= 'OvDUy Q=OQwNQ@ |QDq=@ C}iQ_ R= xm OvwW@ ?=NDv= |v=oOvvmu}t-=D

"Ovm|t xO=t; |OL =D =[=kD |v=yo =v C=Q}}eD Q@=Q@ QO =Q xQ}HvR u}vJty
O}rwD uOQm sm =@ CmQW Q=Wi Q@ xwqa 'Q=R=@ QO O}OH pwYLt uOw@ pw@kt |=Q@ �
R}v uOw@ Qw;wv =} ?U=vt Ct}k Ovv=t |Qo}O |=ylQLt O}=@ '|t}Ok pwYLt
|iQat u=tR QO QDsm OwU x@ QHvt O}OH pwYLt QDu}}=B Ct}k "CiQo Q_v QO
"OW Oy=wN R}v pwYLt dwr@ |xQwO x@ uO}UQ R= u=v}t]= ?@U =t= 'OwW|t

|O=} R |=]N 'pwYLt uOw@ Qw;wv u=R}t x@ xHwD =@ pwYLt Qta u}tND QO �
hrDNt |w} Q=vU u}OvJ |=Q@ =Q OwN =yu=tR=U CU= QDy@ u}=Q@=v@ "OQ=O OwHw

"Ovvm xO=t; pwYLt Qta R=

|Q}oxH}Dv "9
w O}OH CqwYLt |xaUwD |=Q@ u}t-=D |xQ}HvR |R=UpOt x@ VywSB u}= QO
u=R}t 'xr�Ut u}= QO "CU= xOW xDN=OQB |ak=w |xvwtv l} |wQ Q@ u; |R=UxO=}B
pwYLt|v} Ro}=H |xwLv 'q=m p=UQ= 'Cq}yUD |OwHwtK]U 'xQ}HvR |=RH= O}rwD
l} Q=DN=U pOt "OvDUy pOt u}= C=t}tYD wRH '=RH= u=}t C=]=@DQ= w s}Ok =@ O}OH
u=oOvvm`} RwD 'u=oOvvmO}rwD 'C=a]k u=oOvvmu}t-=D pt=W|L]UQ=yJ u}t-=D |xQ}HvR
w xOvvmO}rwD OwU |R=Uxv}W}@ QO |aU w OWm|t Q} wYD x@ =Q u=} QDWt xwQo w

CUO xQ}HvR QDW}@ OwU OYQO 16 x@ Ov=wD|t 'Ct}k lOv= C=Q}}eD =@ =[=kD
"O@=}

Cr=L u=wva x@ swU |xQwO|rwYLtlD|v} Ro}=H Q=my=Q j@] xm u}= x@ xHwD =@ �
pwYLt |v} Ro}=H QDt=Q=B CU= QDy@ 'OW |iQat O}OH pwYLt Q=WDv= xv}y@

"OW=@ xDW=O |QDy@ xH}Dv =D OwW xDN=U swU |xQwO pwL
CQwY x@ pwYLt x@ \w@ Qt C=aq]= O}=@ 'O}OH pwYLt |xaUwD Ov}=Qi QO �
'xOv}; u=} QDWt C=Q_v Ci=} QO w Q=R=@ QO x@=Wt CqwYLt x@ xHwD =@ pt=m
u}= "OwW xO=iDU= O}OH pwYLt |=[=kD |v}@V}B QO u; R= w OwW G=QNDU=
|v} Ro}=H Q=my=Q w Q=R=@ x@ pwYLt|x[Qau=tR|xOvvmu}}aD Ov=wD|t|v}@V}B

"OW=@ pwYLt
O}OH pwYLt w OQm hPL xQ=@l} x@ =Q s}Ok pwYLt u=wD@ xm |DQwY QO �
|rwYLtlD |v} Ro}=H Q=my=Q uDiQo Q=m x@ lU} Q OQm u; u} Ro}=H ,qt=m =Q
Q=my=Q u}= |=QH= |xv} Ry =Q} R "Ow@ Oy=wN |QD?U=vt |xv} Ro w O@=}|t Vy=m
p@k |t}Ok pwYLt Qo = "CU= |Q=wWO Q=m |v} Ro}=H u}= |ovy=ty "CU= QDsm
Q=R=@ syU uO=O CUO R= p=tDL= 'OwQ Q=vm Q=R=@ R= ,qt=m O}OH pwYLt OwQw R=
O=} R O}OH pwYLt |iQat s=ovy |t}Ok pwYLt |OwHwt Qo = "OwW|t O=} R
O=} R xDiQ CUO R= VwQi w s=Oyv= R= |W=v |=yxv} Ry V}=Ri= lU} Q 'OW=@

"OwW|t
|=Q@ VQ=iU |v}@V}B =} w OW=@v u=v}t]= p@=k ,qt=m =[=kD |v}@V}B Qo = p=L �
|v} Ro}=H Q=my=Q 'OQ=O OwHw O}OH pwYLt |x[Qa R= Oa@ s}Ok pwYLt
|QDW}@ |=QH= |xv} Ry w QDsm lU} Q Q=my=Q u}= "OwW|t x}YwD |rwYLtwO
TB Q}}eD C}r@=k 'OwW|t =QH= xDUw}B CQwY x@ w u=tR pw] QO uwJ w OQ=O
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}BCq=L Q}=U C@Uv x@ |QDy@ xH}Dv OYQO 6 u=R}t x@ |rwYLtwO |v} Ro}=H Q=my=Q

CU= xr�Ut u}= |x}=B pOt |xDi=} Q}}eD `k=w QO |rwYLtlD Cr=L "OyO|t x�=Q=
pOt |xU}=kt CtUk u}= QO w CU= xOW xDiQo |Q}W@ w u=} QiaH |xar=]t R= xm
|=yQDt=Q=B w O=a@= =@hrDNt p=Ft 15TBU "CU= xOW s=Hv= xar=]t wO u}=|[=} Q
QO pOt "CU= xOt; =yv; pL G}=Dv w Ov=xOW x�=Q= x}rw= pOt x@ C@Uv xDi=} Q}}eD

"OyO|t x�=Q= ?U=vDt G}=Dv R}v QDoQR@ O=a@= =@ p�=Ut
CQwY x@ w Qo}Om} x@ xHwD =@ =Q CqwYLt |=[=kD u=wD|t |D; C=k}kLD |=Q@
u}vJty "OvQ=Po@ Q}F-=D Qo}Om} Q@ u=tR pw] QO xQ=wty xmv=vJ OQw; CUO x@ |rt=aD
w C}a]k sOa uDiQo Q_v QO 'O}OH pwYLt x@ `H=Q pt=m C=aq]= uOw@v p}rO x@
C=k}kLD |=Q@ |}xv}tR Ov=wD|t '=[=kD |v=yo =v V}=Ri= =@ xr@=kt |=Q@ C}iQ_ V}=Ri=

"OW=@ |D;

|D}=[Q=v 'pkvwptL 'O=OQ=Qk Oka '|Q=Oyov 'O} QN 'O}rwD |=yxv} Ry "OQ=O xOvvm`} RwD
hOy `@=D QO 'VwQi Ot;QO p@=kt QO w `@=vt |Q=m}@ w pwYLt |L=Q] 'u=} QDWt

"OvDUy |[=} Q pOt
sR=wr CavY |OQwt |xar=]t |=yxO=O R= xO=iDU= =@ xOW x�=Q= |[=} Q pOt
Rto |R=Uxv}y@ Q=Ri=sQv =@ w j}kO CQwY x@ pL "CU= xOW pL |DwY |r=D}H}O
pOt |=yQDt=Q=B |wQ Q@ C}U=UL p}rLD w 4VN@ QO pL G}=Dv "OwW|t s=Hv=
xOW s=Hv= QDt=Q=B u}OvJ |wQ Q@ C}U=UL p}rLD "CU= xOW s=Hv= 5 VN@ QO
QDt=Q=B "Ov=xOW x�=Q= xar=]t u}= QO =yQDt=Q=B u}= u} QDQ=PoQ}F-=D R= OQwt wO w CU=
Q}}eD xm OW |}=U=vW QDt=Q=B u} QDQ=PoQ}F-=D u=wva x@ R}v u=} QDWt x@ VwQi Ct}k
pL G}=Dv u}vJty "OwW|t hOy `@=D QO Ow@y@ OYQO 16 x@ QHvt u; OYQO 10
'T=}k u}= QO "CU= xOW xU}=kt |rwYLtlD Q=my=Q hrDNt Cr=L 6 =@ xr�Ut

=yCWwv=B
1. new product development (NPD)
2. supply chain management (SCM)
3. product rollover strategy (Mono/Dual)
4. benchmarking
5. modi�ed bass model
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