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|Q=Pox}=tQU ẁ[wt Q[=L |xr=kt p}rO u}ty x@ "CU= xOWv |UQQ@ =yVywSB
|v=tR VRQ= w sQwD |=yQDt=Q=B uDiQo Q_v QO =@ =Q EPQ pOt O}rwD C}iQ_ QO
|xRwL QO 'xv}W}B QO OwHwt Cq=kt Q@ |QwQt 1 pwOH "Ovm|t |UQQ@ pwB
'pwOH u}= |=yuwDU "OyO|t x�=Q= |OwHwt pQDvm |=ysDU}U QO |Q=Pox}=tQU
w hrDNt |=yx=oO}O R= |OwHwt sDU}U C}a[w Ow@y@ QO |Q=Pox}=tQU Q}F-=D
V}=tv hrDNt C=k}kLD QO =Q |O=YDk= syt |=yQDt=Q=B uDiQo Q_v QO u}vJty

"OyO|t

|O=yvW}B pOt "3
O}rwD x@ xm |}=ysDU}U |OwHwt pQDvm w C} Q}Ot |=Q@ =ypOt u} QDG}=Q R= |m}
u=WR=}v OQwt |q=m |=Q@ =yv; |xOW QO=Y VQ=iU =} OvR=OQB|t R=}v OQwt |q=m

56



2 2
|xQ

=tW
'35

�1|
xQwO

'�1
39

8u
=DUt

R�h
}QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "|OwHwt pQDvm |=ysDU}U QO |Q=Pox}=tQU |xv}W}B "1 pwOH

|O=YDk= |=yQDt=Q=B QO |Q=Pox}=tQU Q}F-=D w Cq=ktVRQ= sQwD V}=Ri= Vy=m Ow@y@ Vy=m Vy=m Vy=m Q=WDv= p=UpwB |v=tR O}rwD C}iQ_ O=Ui MQv C}i}m Ow@tm MQv p}wLD u=tR =yxv} Ryp �1975� C=mR=@p p �1977� u=Q=mty w utQ}@p p �1979� sQ w =QU}tp �1985� TDQwBp p �1985� Qv=@ w =QOv=Jp �1986� TDQwBp �1988� |Qwv w Qrmp �1989� woO=tJQp �1991� w}=W w w�=}rp �1994� hw�Q w =}=Op p �1995� =}=y w nv=yp p �1997� u=Q=mty w |rp p �1998� uJp p �1999� nv=} w=p �2000� nvJ w nv=} w=p �2001� nvJ w nv=} w=p p p �2002� u=Q=mty w nv=} w=p �2003� nv=w w sQwDU@=Qop p �2006� u}r w wyp p �2006� u=Q=mty w nv=Jp p �2006� u=Q=mty w nv=} w=p �2007� u=Q=mty w nv=} w=p p �2007� u=Q=mty w nv=} w=p p �2008� u=Q=mty w |OQ=twmp �2009� |r w wUyp p �2010� Q=twm =}=Dw} w |Q=O=v;p p �2010� Q=twm =}=Dw} w |Q=O=v;p p �2010� wU w w}Jp �2010� u=Q=mty w wUyp p �2011� u=Q=mty w |LrYtp �2012� |=O w |rp �2013� |=O w x}Uyp p �2014� u=Q=mty w |wUwtp p p �2014� p=}=Dp p �2015� u=Q=mty w u=B=}vwtp p p �2015� Q=twm =}=Dw} w u=} Q=Bp �2015� u=Q=mty w w}rp �2016� =QW}tp p �2017� u=Q=mty w |Q=w |Dp p �2017� Q=twm =}=Dw} w Q=twmp �2017� u}rp p �2017� |OQmyO w xO=R|ar=]p p �2018� xO=R=RQ}t w |tqep �2018� u=Q=mty w |r

57



"""(
E

P
Q

)
O}rw

D|
O=Y

Dk=Q
=Okt

pOt
|x�

=Q="1 pwOH |xt=O=
|O=YDk= |=yQDt=Q=B QO |Q=Pox}=tQU Q}F-=D w Cq=ktVRQ= sQwD V}=Ri= Vy=m Ow@y@ Vy=m Vy=m Vy=m Q=WDv= p=UpwB |v=tR O}rwD C}iQ_ O=Ui MQv C}i}m Ow@tm MQv p}wLD u=tR =yxv} Ry

p p �2018� u=Q=mty w |vwU
p �2018� Q=twm =}=Dw} w Q=twm

p p �2019� u=Q=mty w RQB
p p �2019� u=Q=mty w |Qw=}

p �2019� u=Q=mty w M}W
p p p Q[=L |xr=kt

xNQJ R= hrDNt C=_Lr QO O}rwD |xv} Ry '|yOVQ=iU |xv} Ry hqN Q@ =t=
QO O}rwD |xv} Ry |DQ=@a x@ "CU= Cw=iDt u; Q}O=kt sQwD QF= Q@ w ODi=|t j=iD=
OwHw p}rO x@� Cw=iDt |=yMQv =@ C=_Lr u}= R= l} Qy QO w tp |v=tR |xR=@
|R} Qxt=vQ@ ji= |=OD@= QO O}rwD |xv} Ry Q=Okt xmu}= ZQi =@ "ODi=|t j=iD= �sQwD
=@ Q@=Q@ s=�l pm}U |=OD@= QO xv} Ry u}= 'sQwD MQv T=U= Q@ TB 'CU= C =@ Q@=Q@
Q@ O}rwD |xv} Ry MQv 's= �l pm}U pN=O t |x_Lr QO =t= "CU= Cei1(1�1)T

QO u; |rai VRQ= |x@U=Lt |=Q@ xm Ow@ Oy=wN Cei1(1�1)T ei1t Q@=Q@ sQwD QF=
Q O}rwD |xv} Ry TB "OwW|t ?Q[ e�rt QwDm =i QO Q=Okt u}= 'xNQJ |=OD@=

"OwW|t x@U=Lt Q} R CQwY x@ P O}rwD MQv=@ s=�l xNQJ QO q=m OL=w

Cei1(l�1)T

Q
PZ

0
Pe(i1�r)tdt (4)

xNQJ R= hrDNt C=_Lr QO 'O}rwD |xv} Ry x@=Wt R}v |Q=Oyov |xv} Ry u}vJty
|xv} Ry Cw=iD =t= "CU= Cw=iDt xNQJ pw] QO u; Q}O=kt sQwD QF= Q@ w ODi=|t j=iD=
|Q=Oyov |xv} Ry w tp |v=tR |xR=@ QO O}rwD |xv} Ry xmCU= u}= QO |Q=Oyov w O}rwD
x]@=Q wO R= u}=Q@=v@ "OvDi=|t j=iD= td w tp |=yxR=@ pt=W T |xNQJ u=tR pm QO
u}O@ "OwW|t xO=iDU= td w tp |=yxR=@ x@ \w@ Qt |Q=Oyov |xv} Ry |x@U=Lt |=Q@
=@ Q@=Q@ |R} Qxt=vQ@ ji= |=OD@= QO |Q=Oyov |xv} Ry Q=Okt xmu}= ZQi =@ =OD@= 'Qw_vt
Oy=wN hei1(T ) =@ Q@=Q@ s=�l pm}U |=OD@= QO xv} Ry u}= 'sQwD MQv T=U= Q@ 'CU= h
sQwD QF= Q@ |Q=Oyov |xv} Ry MQv 's=�l |xNQJ pN=O t |x_Lr QO u}vJty "Ow@
QwDm =i QO?} Q[ =@ xNQJ |=OD@= QO u; |rai VRQ= xmCU= hei1(1�1)T ei1t Q@=Q@
K]U `@=D xmu}= x@ xHwD =@ "OwW|t x@U=Lt hei1(1�1)T e(i1�r)t CQwY x@ e�rt
CQwY x@ td |v=tR |xR=@ QO w (P �D)tCQwY x@ tp |v=tR |xR=@ QO |OwHwt
%=@ Ow@ Oy=wN Q@=Q@ ?}DQD x@ xR=@ wO u}= QO |Q=Oyov |xv} Ry 'CU= (Q�Dt)

hei1(l�1)T

Q
PZ

0
(P �D)te(i1�r)tdt (5)

hei1(l�1)T

Q
DZ
Q
P

(Q�Dt)e(i1�r)tei1
Q
P dt (6)

|Q=Oyov w O}rwD '|yOVQ=iU |=yxv} Ry |rai VRQ= |x@U=Lt =@ C}=yv QO
u}= |=OD@= QO s=�l |xNQJ |=yxv} Ry pm |rai VRQ= 's=�l |xNQJ |=OD@= QO
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&u=tR OL=w QO =[=kD MQv %D

&u=tR OL=w QO q=m OL=w Qy |Q=Oyov |xv} Ry %h
&q=m OL=w Qy VwQi Ct}k %S

&�|OwHwt sDU}U QO |Q=Po x}=tQU u}}=B OL� lJwm Q=}U@ OOa %"
&|Q=Pox}=tQU CyH TQDUO QO |x}=tQU QFm =OL %�

&|v=tR p} RvD MQv %r
&=yxv} Ry sQwD MQv %i1

&VwQi Ct}k sQwD MQv %i2
"T=}kt ?} Q[ %�
%s}tYD |=yQ}eDt

&Q=@ Qy QO VQ=iU QwOY Q=Okt %Q
"|v=tR ji= |=OD@= QO O}rwD MQv V}=Ri= Qw_vt x@ |Q=Pox}=tQU Q=Okt %M
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u=mt= 'O=H}= R= TB |rLt |xv}y@ \=kv R= pmWDt x}rw= |=y?=wH |xawtHt
s=o 3 R= Ov}=Qi u}= "Ovvm|t sy=Qi =Q |QDj}kO |o}=Uty |wHDUH Ov}=Qi s=Hv=

"CU= xOW p}mWD
|rLt |xv}y@ \=kv h=Q]= QO x}=Uty |xm@W O=H}= "1 s=o
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C=@U=Lt xm Cw=iD u}= =@ CU= ẁQW ?=wH O=H}= Ov}=Qi QO swO s=o =@ x@=Wt s=o u}=
"OyO|t s=Hv= x}=Uty |xm@W QO OwHwt \=kv |=Q@ =Q NPWTP hOy `@=D
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u} QDy@ hOy `@=D Q=Okt xm |DQwY QO "OW=@ QDy@ |rai ?=wH R= u}vJty w OW=@
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"O@=}|t xt=O= |rai |x]kv pwL wHDUH p@k |xrLQt x@ C@Uv |QDlJwm

C=@U=Lt G}=Dv "5
|OOa p=Ft "1"5

u; QO xm CU= xDiQo Q=Qk |UQQ@ OQwt |O=YDk= \}=QW QO |OwHwt pQDvm sDU}U
i2 = 0=4 w =yxv} Ry w sQwD MQv |=Q@ i1 = 0=2 'p} RvD MQv |=Q@ r = 0=1 Q=Okt
CQwY x@ 'pOt ZQi x@ xHwD =@ =yMQv u}= "CU= xOW xDiQo Q_v QO VwQi MQv |=Q@
w |rwB OL=w C = 150 q=m OL=w Qy O}rwD |xv} Ry "OvwW|t ?}mQD |}x_Lr
sRq |Q=Pox}=tQU pk=OL "CU= p=U QO q=m OL=w D = 1000 sDU}U |=[=kD

"wHwCUH xm@W Q=DN=U "6 pmW

"|rLt \=kv R= xO=iDU= =@ x}rw= |=y?=wH xawtHt O=H}= "7 pmW

x}rw= ?=wH O=H}= Ov}=Qi "1"4
Q=Okt =@ � xOvvms}UkD QwDm =i |=Q@ x}rw= Q=Okt l} uOQm XNWt =@ =OD@= sD} Qwor=
xDW=O =Q u=Um} |xrY=i =@ |=RH= x@ C=YDNt |=yQwLt s}UkD C}r@=k xm |k}kL
"ODi=|t j=iD= Q} R s=o xU =@ x}rw= ?=wH O=H}= Ov}=Qi xt=O= QO "OwW|t R=e; 'OW=@

xOvvms}UkD QwDm =i Q}O=kt R= xO=iDU= =@ wHDUH |xm@W O=H}= "1 s=o
Q=Okt ?UL Q@ �M w Q Q}eDt wO =@ Q_=vDt� C=YDNt |=yQwLt s}UkD R= TB
xm@W 'C=YDNt |=yQwLt |wQ R= xOvQPo |ki= w |Owta \w]N `]=kD w QwDm =i
|Q} wYD 6 pmW "OwW|t p}mWD \w]N `]=kD |wQ �?=wH� \=kv |xawtHt R=
"OyO|t V}=tv =Q x}rw= |=y?=wH ,=Q_=vDt w xrLQt u}= QO xOt; CUO x@ |xm@W R=

wHDUH |xm@W \=kv |=Q@ hOy `@=D Q=Okt |x@U=Lt "2 s=o
R= 'wHDUH |xm@W |vOW \=kv s=tD |=R= x@ hOy `@=D Q=Okt |x@U=Lt |=Q@

"OwW|t xO=iDU= 'OW x@U=Lt p@k VN@ QO xm NPWTP |x]@=[
wHDUH |xm@W QO |rLt |xv}y@ |=y?=wH uDi=} "3 s=o

O=H}= OwN |x}=Uty \=kv =@ xU}=kt QO hOy `@=D |=Q@ =Q Q}O=kt u} QDy@ xm |]=kv
|=y?=wH R= |Q} wYD 7 pmW "OvwW|t ?=NDv=|rLt |=y?=wH u=wva x@ 'Ovvm|t

"OyO|t u=Wv xm@W QO |rLt |xv}y@
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QO OwU `@=D |xv}y@ Q=Okt w |Q=Pox}=tQU |xv}y@ Q=Okt 'VQ=iU |xv}y@ Q=Okt Q@
QO C}U=UL p}rLD u}= G}=Dv u}vJty "CU= xOW xO=O V}=tv 9 =D 4 |=ypwOH
p}rLD u}= R= Q} R syt G}=Dv "CU= xOW x�=Q= 15 =D 10 |=ypmW QO Q=Owtv ?r=k

%OvDUy \=@vDU= p@=k C}U=UL
`@=D `k=w QO "O@=}|t V}=Ri= OwU `@=D Q=Okt xOvvms}UkD QwDm =i Q=Okt V}=Ri= =@ "1

"CU= |OwaY `@=D l} xOvvms}UkD QwDm =i ?UL Q@ OwU
"O@=}|tV}=Ri= R}v OwU `@=D Q=Okt 'sD} Qwor= |wHDUH |=yQ=QmD O=OaDV}=Ri= =@ "2
sy=Qi sD} Qwor= |}=Qosy w QDj}kO ?=wH uDi=} u=mt= 'Q=QmD O=OaD V}=Ri= =@
"CU= QDW}@ |=yQ=QmD QO OwU `@=D Q=Okt V}=Ri= p}rO ẁ[wt u}= xm OwW|t
sHL V}=Ri= Qt= u}= p}rO "O@=}|t V}=Ri= sDU}U OwU `@=D =[=kD V}=Ri= =@ "3
Q@ OwU Q=Okt |=Q@ |OwaY `@=D l} u=wD|t xH}Dv QO "CU= sDU}U VwQi

"CiQo Q_v QO sDU}U |=[=kD sHL ?UL
u}= "OwW|t sDU}U OwU `@=D Vy=m x@ QHvt |yOVQ=iU |xv} Ry V}=Ri= "4
`@=D '|}xv} Ry |=yQDt=Q=B V}=Ri= Cr=L QO xm CU= Cra u}= x@ OwU Vy=m

"O@=}|t V}=Ri= sDU}U |xv} Ry
"� xOvvms}UkD QwDm =i x@ C@Uv pOt C}U=UL p}rLD G}=Dv "4 pwOH

TP � �

38969 936 0 1
39146 700 0 2
39355 167 0 5
40031 743 2

"sD} Qwor= Q=QmD O=OaD x@ C@Uv pOt C}U=UL p}rLD G}=Dv "5 pwOH
TP � MaxIteration

38805 388 5
38820 299 10
38938 108 50
39146 700 100
39489 535 200
40195 451 500

"|yOVQ=iU |xv} Ry w sDU}U |=[=kD x@ C@Uv pOt C}U=UL p}rLD "6 pwOH
TP � A TP � D

39866 183 �40 23587 443 �40
39686 313 �30 27511 364 �30
39506 442 �20 31165 574 �20
39326 571 �10 35103 680 �10
39146 700 0 39146 700 0
38966 830 �10 42800 225 �10
38786 959 �20 46648 487 �20
38607 088 �30 50497 588 �30
38427 217 �40 54435705 �40

xOW xDiQo Q_v QO |rwB OL=w " = 0=1 Q=Okt 'sDU}U Q=m x@ ẁQW |=OD@= QO
� = 10 =@ Q@=Q@ |Q=Pox}=tQU |=Q@ TQDUO QO |x}=tQU QFm =OL u}vJty "CU=
|Q=Oyov |xv} Ry w |rwB OL=w A = 100 |yOVQ=iU |xv} Ry "CU= |rwB OL=w
VwQi Ct}k "CU= xOW ZQi |rwB OL=w h = 130 u=tR OL=w QO q=m OL=w Qy
^=Lr pOt T=}kt ?} Q[ u=wva x@ � = 2 w |rwB OL=w S = 170 q=m OL=w Qy

"OyO|t V}=tv =Q OwU `@=D |QU=QU QakD =} ?OLD sOa 9 pmW "CU= xOW
|xOvvms}UkD QwDm =i =@ =Qp=Ft|vOW|=[i|xm@W'sD} Qwor= xmCU= xOWZQi
xOW Ci=} |rLt |xv}y@ ?=wH Qy |=Q@ wHDUH Ov}=Qi "Ovm|t O=H}= = 0=2�
\UwD p=Ft pL R= TB "OwW|t s=Hv= Q=@ maxiteration = 100 O=OaD x@
QO p=Ft |}=yv G}=Dv "CU= xOt; CUO x@ x}rw= |rLt |xv}y@ ?=wH 15 'sD} Qwor=
|=y?=wH u}= |xDi=} pt=mD TP wM 'Q Q}O=kt "CU= xOW xO=OV}=tv 2 pwOH
=@ QN; Q=QmD QO "CU= xOW x�=Q= 3 pwOH QO 100 Q=QmD |=yDv= QO |rLt |xv}y@
"OwW|t XNWt pOt |=yQ}eDt |xv}y@ Q=Okt 'xDi=} pt=mD ?=wH u} QDy@ ?=NDv=

CU=}U p}rLD "2"5
|=yQDt=Q=B Q}}eD =@ \@DQt hrDNt |=yw} Q=vU =D CU= xOW VqD VN@ u}= QO

"M w Q |=yQ}eDt ?UL Q@ TP `@=D K]U "9 pmW
"|OOa p=Ft G}=Dv "2 pwOH

Q}eDt Q� M� TR� TC� TP �

Q=Okt 58 30 10 10 198253 324 159106 624 39146 700

"|OOa p=Ft QO |rLt |xv}y@ |=y?=wH |xDi=}pt=mD Q=Okt "3 pwOH

Evl� TP Evl�M Evl�Q ?=wH xQ=tW
|rLt |xv}y@

�123708 76 9 525 0 640 1
30191 330 0 10 20 2
5533 468 8 037 3 006 3

�41873 332 9 415 1 276 4
2502 53 5 838 2 766 5

""" """ """ 6
38792 353 9 550 50 175 491
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"VwQi sQwD MQv MQv x@ C@Uv pOt C}U=UL p}rLD "15 pmW

|=Q@ |rwRv `@=D l} u=wD|t TB "O@=}|t Vy=m OwU `@=D Xr=N |rai VRQ=
"CiQo Q_v QO OwU `@=D w sQwD MQv |x]@=Q

|=[=kD OL=w D VwQi R= pY=L Ot;QO 'q=m OL=w Qy VwQi Ct}k V}=Ri= =@ "7
QO "OvQ=O s}kDUt |x]@=Q Qo}Om} =@ Ot;QO `@=D w OwU `@=D "O@=}|tV}=Ri= R}v q=m
"CU= |OwaY |x]@=Q l} q=m OL=w Qy VwQi Ct}k w OwU `@=D |x]@=Q xH}Dv
|=yxv} Ry ẁtHt Xr=N |rai VRQ= 'q=m OL=w Qy O} QN Ct}k V}=Ri= =@ "8

"� xOvvms}UkD QwDm =i x@ C@Uv pOt C}U=UL p}rLD "10 pmW

"MaxIteration sD} Qwor= Q=QmD O=OaD x@ C@Uv pOt C}U=UL p}rLD "11 pmW

"sDU}U |yOVQ=iU |xv} Ry w =[=kD x@ C@Uv pOt C}U=UL p}rLD "12 pmW

C}@ wr]t Cr=L u}= QO "O@=}|t Vy=m OwU `@=D Q=Okt p} RvD MQv V}=Ri= =@ "5
Xr=N |rai VRQ= u; `@D x@ xm Ovm|t =O}B V}=Ri= sDU}U Q}Ot |=Q@ pwB |v=tR

"O@=}|t Vy=m sDU}U OwU
|v=tR ji= pw] QO sDU}U |DN=OQB |xv} Ry Q=Okt '=yxv} Ry sQwD MQv V}=Ri= =@ "6
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Q@ OwU `@=D 'Ot;QO `@=D =@ OwU `@=D s}kDUt |x]@=Q x@ xHwD =@ "OwW|t sDU}U

"CU= |OwaY `@=D l} R}v VwQi sQwD MQv ?UL

|D; |=yVywSB |=Q@ O=yvW}B |x�=Q= w |Q}oxH}Dv "6
QO =@ �EPQ� O}rwD |O=YDk= Q=Okt pOt O}rwD C}iQ_ V}=Ri= QO |Q=Pox}=tQU
pL |=Q@ "CiQo Q=Qk |UQQ@ OQwt xr=kt u}= QO 'pwB |v=tR VRQ= w sQwD uDiQo Q_v
|=yx@vH "OW x�=Q= xm@W |wHDUH |xQ}eDt wO |R=Uxv}y@ VwQ |O=yvW}B pOt
=yQDt=Q=B Q}}eD x@ pOt hOy `@=D C}U=UL u=R}t u}vJty w sD} Qwor= hrDNt
QO |Q=Pox}=tQU QF= u=wD|t |D; C=k}kLD |=Q@ "OW |UQQ@ |OOa p=Ft l} =@
QO |Q=Pox}=tQU u}= "OQm |UQQ@ =Q |OwHwt sDU}U VwQi sHL w =[=kD V}=Ri=
EPQ w EOQ xrtH R= hrDNt l}Uqm |=ypOt QO Ov=wD|t =[=kD MQv V}=Ri=
pt=wa |Q=PoQ}F-=D \}=QW QO |O=yvW}B pOt uDiQo Q_v QO u}vJty "OwW p}rLD
C=k}kLD |xt=O= |=Q@ |@U=vt ẁ[wt Ov=wD|t 'O}rwD C}iQ_ Q@ u=tR Ovv=t Qo}O

"OW=@

"p} RvD MQv w =yxv} Ry sQwD MQv MQv x@ C@Uv pOt C}U=UL p}rLD "7 pwOH
TP � r TP � i1

40097 758 �40 44978 246 �40
39816 606 �30 43556 159 �30
39740 331 �20 41912 851 �20
39227 417 �10 40405 202 �10
39146 700 0 39146 700 0
38680 598 �10 37644 530 �10
38337 836 �20 35877 287 �20
38223 715 �30 34287 272 �30
37806 122 �40 32839 362 �40

"q=m OL=w Qy O} QN |xv} Ry w VwQi Ct}k x@ C@Uv pOt C}U=UL p}rLD "8 pwOH
TP � C TP � S

102065 827 �40 �40154 62 �40
86336 045 �30 �20329 29 �30
70606 264 �209 �503 96 �20
54876 482 �10 19321 368 �10
39146 700 0 39146 700 0
23440 491 �10 58972 033 �10
7711 182 �20 78797 365 �20
�8018 127 �30 98622 698 �30
�23747 436 �40 18488 03 �40

xH}Dv QO "OvQ=O Twmat |x]@=Q xv} Ry `@=D =@ OwU `@=D "O@=}|t V}=Ri= sDU}U
Vy=m OwU `@=D Xr=N |rai VRQ= Q=Okt q=m OL=w Qy O} QN Ct}k V}=Ri= =@
Q=QkQ@ sDU}U OwU w q=m OL=w Qy O} QN Ct}k u}@ |rwRv |x]@=Q w O@=}|t

"OwW|t
C@Uv 'xQwO l} QO q=m OL=w Qy VwQi Ct}k 'VwQi sQwD MQv V}=Ri= =@ "9

=yCWwv=B
1. Economic Production Quantity
2. grid search algorithm
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