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� � � � � � � � � � � � � � � � � � � � � � � � � 2014 u=Q=mty w |v=H=k;
� � � � � � � � � � � � � 2014 u=Q=mty w |v=@ Q

� � � � � � � � � � � � � � � � � � � � � 2014 u=Q=mty w sOkt |rmwD
� � � � � � � � � � � � � � 2015 u=Q=mty w QwqO |v=H=k;

� � � � � � � � � � � � � � � � � � � � � 2016 u=Q=mty w |}=NU
� � � � � � � � � � � � � � � � � 2016 l =orw@ w |O}vHr=

"1 pwOH QO xOW|UQQ@ |=y|oS}w CUQyi "2 pwOH
Q}eDt |=ypwrU O=OaD "9 �=} wB� |}xQwOOvJ |R} Qxt=vQ@ "1

u=tO}J 10 =ypwrU OOHt |Ov@ Qm}B "2
=yu}W=t u=tO}J .a |rwrU O}rwD sDU}U ẁv "3
=ypwrU u=tO}J .b |m} R}i .a

C=}rta ?}DQD "11 |R=Ht .b

C=}rta u=tR "12 xr�Ut ẁv "4
|a]k u=tR .a |rwrU V}=Q; .a

|r=tDL= u=tR .b O}rwD |R} Qxt=vQ@ .b

=} wB |=[=kD "13 |Ov@u=tR .c

|a]k |=[=kD .a u=tO}J .d

|r=tDL= |=[=kD .b |OwHwt |xv} Ry "5
|O}rwD sHL l}miD "14 Ow@tm |xv} Ry .a

O}rwD |xv=oOvJ |=yQ}Ut "15 |Q=Oxov |xv} Ry .b

O}rwD Q}Ut u} QDy@ ?=NDv= .a O}rwD |xv} Ry .c

u}W=t w C=}rta T=U= Q@ =yQ}Ut `=wv= u=}t R= ?=NDv= .b uwQ}@ R= u}t-=D |xv} Ry .d

pkDUt pwrU "16 u}W=t |xv} Ry "6
pwrU l} QO x@=Wt |=yu}W=t "17 O} QN |xv} Ry .a

=yu}W=t |=Q@ OwOLt C}iQ_ "18 |D=}rta |xv} Ry .b

CQwYx@ O=wt |}=Hx@=H "19 |}=Hx@=H |xv} Ry .c

|}xDUO .a Q=@ QU |xv} Ry .d

|mD .b O=wt |}=Hx@=H |xv} Ry "7
=ypwrU u=}t |Q=m sHL pO=aD "20 |rwrU u}@ .a

=yu}W=t u=}t |Q=m sHL pO=aD "21 |rwrU pN=O .b

Q=m |wQ}v X}YND "22 u}}=B w q=@ OL � pwrU |xR=Ov= C}OwOLt "8
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rwD|
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|R=
UxJ

Q=Bm
}

"CU= pkDUt w |a]k 'swrat xQwO Qy QO C=a]k |=[=kD "13
QO w O}rwD hrDNt |=yQ}Ut R= u=wD|t xa]k ẁv l} |=[=kD u}t-=D |=Q@ "14
w |}=Q=m V}=Ri= Ea=@ xm |oS} w u}= "CiQo ltm hrDNt pwrU u}OvJ =} l}
sHL l}miD x@ OwW|t C=a]k |}=Hx@=H Vy=m w Cq;u}W=t |Q}oQ=mx@ MQv

"CU= hwQat 6O}rwD
CU= umtt xQwO l} |=[=kD u}=Q@=v@ "CU= R=Ht |OwHwt Ow@tm w |Q=Oxov "15

"OwW u}t-=D |Oa@ =} |r@k |xQwO O}rwD R=
"Ov=|a]k w swrat |OwHwt Ow@tm w |Q=Oxov |=yxv} Ry "16

X}YND p@=k u}W=t u} QDW}@ w u} QDtm O=OaD w CU= OwOLt pwrU Qy sHL "17
"CU= swrat u; x@

Qw_vt QiY =yv; |}=Hx@=H u=tR w OwW|t s=Hv= =yxQwO u}@ =yu}W=t |}=Hx@=H "18
"CU= xOW

"OwW|t s=Hv= |mD w xDUw}B CQwYx@ C=a]k |}=Hx@=H "19
=yT}Ov= "1"1"3

&P =D 1 R= xa]k %p
&R =D 1 R= Q}Ut %r

&M =D 1 R= u}W=t %m
&C =D 1 R= pwrU %c
"H =D 1 R= xQwO %h
=yQDt=Q=B "2"1"3

&nQR@ C@Ft OOa l} %BM
&h |xQwO QO p |xa]k |=Q@ =[=kD %Dph

&r Q}Ut QO m u}W=t =@ p |xa]k C=}rta s=Hv= |=Q@ R=}v OQwt u=tR %tprm
Q}e QO '1 Q@=Q@ OW=@ xDW=O G=}DL= m u}W=t x@ r Q}Ut QO p |xa]k Qo = %aprm

&QiY CQwYu}=
&m u}W=t |R=Ov=x=Q u=tR %SMm

&STpr = max
m

SMm 'r Q}Ut =@ p pwYLt O}rwD |=Q@ |R=Ov=x=Q u=tR %STpr
&u=tR OL=w QO u}W=t |R=Ov=x=Q C@=F |xv} Ry %K

&xQwO l} QO m u}W=t C@=F |xv} Ry %DMm

&u}W=t R= xO=iDU= CQwY QO xQwO Qy QO u}W=t Q}taD w |v}@ R=@ |xv} Ry %MMm

&u=tR OL=w QO m u}W=t |D=}rta |xv} Ry %OMm

&m u}W=t |}=Hx@=H |xv} Ry %RMm

&m u}W=t R= OwHwt O=OaD %Nm
&r Q}Ut =@ p |xa]k OL=w Qy O}rwD |xv} Ry %ppr

&xQwO Qy QO p |xa]k OL=w Qy |Q=Oxov |xv} Ry %hp
&xQwO Qy QO p |xa]k OL=w Qy Ow@tm |xv} Ry %bp

&|r=wDt u}W=t wO u}@ p |xa]k OL=w Qy |}=Hx@=H |xv} Ry %IPp
&pwrU l} p}mWD |=Q@ C@=F |xv} Ry %FC

&pwrU Qy QO R=Ht u}W=t O=OaD u} QDtm w u} QDW}@ %LL;UL
&pwrU C}iQ_ � xQwO Qy QO TQDUO QO u=tR u} QDW}@ %TC
&(q1 2 f0; 1g) =yu}W=t |Q=m sHL pO=aD |=Q@ Q=}at %q1
"(q2 2 f0; 1g) =ypwrU |Q=m sHL pO=aD |=Q@ Q=}at %q2

uOw@|r=tDL= ZQi =@ xr�Ut pL |=Q@ 5Q=wDU= |R=Uxv}y@ VwQ R= [33]u=Q=mty w
"Ov=xOQm xO=iDU= C=}rta s=Hv= u=tR

sOa w pwrU O=H}= |=yxv} Ry OwN VywSB QO [34]u=Q=mty w |v=kLQ=Um =N
sD} Qwor= R= [35]u=Q=mty w QwqO|v=H=k; "Ov=xOQm ^=Lr R}v =Q pwrU R= pt=m |xO=iDU=
|xr�Ut w Ov=xDiQo ltm |rwrU O}rwD sDU}U |L=Q] |xr�Ut pL |=Q@ l}DvS
x@U=Lt =Q pwrU Qy x@ xDi=}X}YND |=yu}W=t O=OaD w CqwYLt O}rwD sHL =yv;
O}rwD |=ysDU}U |L=Q] |=Q@ |[=} Q pOt l} [36]l =orw@ w |O}vHr= "Ovm|t
\w@ Qt |=yxv} Ry s=tD uOQm^=Lr =@ w |v=Uv= |wQ}v X}YND Q@ O}m -=D =@ |rwrU
u=tRsy pL |=Q@ =Q Q=wDU= |R=Uxv}y@ VwQ R}v [37]u=Q=mty w |}=NU "Ov=xOQm x�=Q=
K}LY OOa \rDNt |]N pOt |x�=Q= =@ w =yu}W=t |}=}=B sOa ZQi =@ p�=Ut

"Ov=xOQ@ Q=mx@
|=ypwrU p}mWD hOy =@K}LY OOa\rDNt|]N Q}e pOtl} xr=kt u}= QO
pwYLt Qy O}rwD R=}vOQwtC}iQ_ |x@U=Lt |=Q@ Q=@u}rw= |=Q@ w xOW|L=Q]pkDUt
O}rwD |=ysDU}U |L=Q] syt OQ=wt "CU= xOW xO=iDU= uR=wDt O}rwD x=oO}O R=
pwrU Qy |=yu}W=t u}@ u}vJty w =ypwrU u}@ |Q=m sHL pO=aD xrtH R= |rwrU

"CU= xOW ^=Lr R}v

xr�Ut |R=UpOt "3
pOt C=}[Qi "1"3

%CU= Q} R C=}[Qi Q@|vD@t xOWx�=Q= pOt
R=Ht C=a]k |rwrU u}@ |}=Hx@=H u}=Q@=v@ &Ov=xOW ZQi pkDUt =ypwrU "1

"CU}v
=yu}W=t u}@ |xrY=i T=U=Q@ pwrU l} pN=O QO C=a]k |}=Hx@=H |xv} Ry "2
"OwW|t x@U=Lt xa]k Qy R= O}rwD O=OaD w �|r=wDt u}W=t wO |=Q@ OL=w l}�
Qy |=yDv= QO Ov=wD|t u}W=t l} "CU= swrat u}W=t Qy |}=Hx@=H |xv} Ry "3

"OwW =Hx@=H Cq;u}W=t Q=@v= w pwrU l} u}@ =} pwrU wO u}@ xQwO
O} QN |=Q@ |Q=Pox}=tQU w Ov=swrat |O}rwD OL=w QO OwHwt Cq;u}W=t s=tD "4

"CU}v R=Ht O}OH u}W=t
|R=Ov=x=Q |xv} Ry w =yv; |R=Ov=x=Q u=tR T=U= Q@ =yu}W=t |R=Ov=x=Q |xv} Ry "5

"CU= xOW x@U=Lt u=tR OL=w QO
"CU= swrat u=tR OL=w QO u}W=t Qy |D=}rta |xv} Ry "6

"CU= swrat |v=tR ji= |=OD@= QO O}rwD |=Q@ Q_vOQwt C=a]k `=wv= CUQyi "7
"CU= |a]k w swrat u}W=t Qy =@ C=}rta Qy s=Hv= u=tR "8

Qy O}rwD |=Q@ R=}vOQwt u=tR w swrat xa]k Qy O}rwD |=Q@ R=}vOQwt C=}rta s=tD "9
"CU= x=owro x=oDU}= u=tR =@ Q@=Q@ OL=w

"CU= swrat w |a]k C=a]k O}rwD |=Q@ u}W=t Qy C}iQ_ "10
R=Ht R=}vOQwt C}iQ_ u}t-=D |=Q@ u}W=t ẁv Qy R= OL=w l} R= V}@ X}YND "11

"CU=
C=}rta u}OvJ s=Hv= |=Q@ Ov=wD|t u}W=t Qy u}=Q@=v@ &Ov=xQw_vtxty =yu}W=t "12
u}W=t u}OvJ \UwD Ov=wD|t C=}rta Qy x@=Wt Qw]x@ "OwW xDiQo Q=mx@ hrDNt
O}rwD QO h=]av= V}=Ri= Ea=@ xm |oS} w u}= "OwW s=Hv= hrDNt |=yu=tR =@

"CU= xa]k l} |=Q@ O}rwD hrDNt |=yQ}Ut OwHw |=vat x@ OwW|t
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1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
tR�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt PP

p

RP
r
Qprch � tprm
Nmch

� q1 � q2 � TC �Xch; 8m = 1; :::;M;

c = 1; :::; C; h = 1; :::; H (6)
PX
p

RX
r

Cprch � q2 � TC �Xch; 8c = 1; :::; C; h = 1; :::; H
(7)

PX
p

RX
r

(Cprch + STpr � Zprch) � TC; 8c = 1; :::; C;

h = 1; :::; H (8)

Cprch � Qprch � tprm
Nmch

; 8p = 1; :::; P; r = 1; :::; R;
m = 1; :::;M; c = 1; :::; C; h = 1; :::; H (9)

CX
c

Nmch � Nm; 8m = 1; :::;M; h = 1; :::; H (10)

MX
m

Nmch � UL; 8c = 1; :::; C; h = 1; :::; H (11)

MX
m

Nmch � LL �Xch; 8c = 1; :::; C; h = 1; :::; H (12)

MX
m

Nmch �M �Xch; 8c = 1; :::; C; h = 1; :::; H (13)

MX
m

Nmch � Xch; 8c = 1; :::; C; h = 1; :::; H (14)

Qprch �M � Zprch; 8p = 1; :::; P; r = 1; :::; R;
c = 1; :::; C; h = 1; :::; H (15)

Zprch � Qprch; 8p = 1; :::; P; r = 1; :::; R; c = 1; :::; C;
h = 1; :::; H (16)

Xc�1;h � Xch; 8c = 1; :::; C; h = 1; :::; H (17)

Xch; Zprch : Binary (18)

Nmch : Integer (19)

Qprch; Cprch; Iph; Bph � 0 (20)

1b 'Ow@tm w |Q=Oxov |=yxv} Ry 1a "CU= xv} Ry sqk= pt=W pOt hOy `@=D
|R=Ov=x=Q 'xQwO Qy QO C@=F '|D=}rta |=yxv} Ry ?}DQDx@ 1f =D 1c w O}rwD |xv} Ry
pLt R= u}W=t |}=Hx@=H |xv} Ry 1g "OyO|t u=Wv =Q u}W=t Q}taD w |v}@ R=@ w
=ypwrU u}@ w =yu}W=t |Q=Oxov pLt =D =ypwrU R= '=ypwrU =D =yu}W=t |Q=Oxov
u=Wv =Q O=wt |}=Hx@=H |xv} Ry 1i w =y pwrU p}mWD |xv} Ry 1h "Ovm|t pOt =Q

"OyO|t
O}rwD pm xm OvyO|t u=Wv =Q O}rwD w =[=kD u}@ |x]@=Q 4 w 3 '2 |=yx]@=Q
"CU= |OwHwt R= |r=N u=}=B QO w ẁQW QO sDU}U w Q@=Q@ |v=tR ji= QO =[=kD w
|OwHwt =} xQwO u; O}rwD R= Ov=wD|t xQwO l} |=[=kD OyO|t u=Wv 5 |x]@=Q
u}@ |Q=m sHL pO=aD |=Q@ ?}DQDx@ 7 w 6 \@=wQ "OwW u}t-=D Oa@ =} p@k |xQwO

s}tYD |=yQ}eDt "3"1"3
&h |xQwO w c pwrU QO r Q}Ut =@ p |xa]k R= O}rwD u=R}t %Qprch

OW=@v QiY h |xQwO w c pwrU QO r Q}Ut =@ p |xa]k R= O}rwD u=R}t Qo = %Zprch
&QiY CQwYu}= Q}e QO '1 Q@=Q@

&h |xQwO QO p |xa]k R= |OwHwt u=R}t %Iph
&h |xQwO QO p |xa]k R= Ow@tm u=R}t %Bph

w c pwrU QO r Q}Ut =@ p |xa]k R= OL=w Q O}rwD |=Q@ R=}vOQwt C}iQ_ %Cprch
&h |xQwO

&�K}LY OOa� h |xQwO w c pwrU QO m ẁv R= R=}vOQwt u}W=t O=OaD %Nmch
"QiY CQwYu}= Q}e QO '1 Q@=Q@ OwW p}mWD h |xQwO QO c pwrU Qo = %Xch

|[=} Q pOt "2"3
%CU= Q} R KQW x@ |[=} Q pOt

Min
PX
p

(hp �
HX
h

Iph + bp �
HX
h

Bph) (1a)

+
PX
p

RX
r

(ppr �
CX
c

HX
h

Qprch) (1b)

+
MX
m

PX
p

RX
r

CX
c

HX
h

(OMm � aprm � Cprch) (1c)

+
MX
m

H �DMm�Nm (1d)

+
PX
p

RX
r

CX
c

HX
h

MX
m

(K � SMm � aprm � Zprch) (1e)

+
MX
m

CX
c

HX
h

MMm �Nmch (1f)

+
MX
m

(RMm � (
1X

h=1

CX
c

Nmch +
HX

h=H

CX
c

Nmch

+
HX
h=2

����� CX
c

Nmch �
CX
c

Nmch�1

�����)) (1g)

+
HX
h

CX
c

FC �Xch (1h)

+
PX
p

RX
r

(IPp � (
MX
m

aprm + 1) �
CX
c

HX
h

Qprch) (1i)

%|=yC}OwOLt =@
HX
h

CX
c

RX
r

Qprch =
HX
h

Dph; 8p = 1; :::; P (2)

Ip;h=1 = 0; 8p = 1; :::; P (3)

Bp;h=1 = 0; 8p = 1; :::; P (4)

Iph �Bph =
CX
c

RX
r

Qprc;h�1 �Dp;h�1 + Ip;h�1 �Bp;h�1;

8p = 1; :::; P; h = 2; :::; H (5)
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"""O}
rwD|

=ysD
U}U

|L
=Q]

|R=
UxJ

Q=Bm
}

xOW|]N pOt "4"3
|]N Q}e 1 g CtUk QO jr]tQOk OwHw Crax@ xOWx�=Q= |[=} Q pOt hOy `@=D
CQ=@a "CU= Q}PBp}O@D |]N Cr=L x@ Kmh O}OH Q}eDt |iQat =@ xm CU=
u}vJty w u} Ro}=HKmh+Km;h�1 CQ=@a =@

���� CP
c
Nmch � CP

c
Nmch�1

����
%OwW|t xi=[= xr�Ut x@ Q} R |=yC}OwOLt

CX
c

Nmch �
CX
c

Nmch�1 = Kmh �Km;h�1

Kmh � 0
xW}ty Xch �Nmch CQ=@a Q=Okt xm =Hv; R= |rw CU= |]N Q}e 6 |xrO=at=v

"OwW|t u} Ro}=H Nmch 'CU= Q@=Q@ Nmch =@
p}O@D |]N Cr=L x@ xrLQt wO |] xm CU= |]N Q}e R}v 9 |xrO=at=v

%OwW|t
%Q} R |=yC}OwOLt w XNimch l} w QiY |=yQ}eDt h} QaD "1 |xrLQt

Nmch =
IX
i=1

i �XNimch
I = Min fNm; ULg
IX
i=1

XNimch � 1

XNimch : binary

%Ow@ Oy=wN Q} R pmW x@ QwmPt |xrO=at=v '=yQ}eDt |v} Ro}=H R= Oa@ xm

Cprch �
IX
i=1

(i �XNimch) � Qprch � tprm; 8p = 1; :::; P;

8r = 1; :::; R; m = 1; :::;M; c = 1; :::; C; h = 1; :::; H

XCiprmch |ivt=v |=yQ}eDt =@ O}=@ Cprch �XNimch CQ=@a "2 |xrLQt
%OwW xi=[= pOt x@ Q} R |=yC}OwOLt w u} Ro}=H

XCiprmch �M �XNimchX
i

XCiprmch � Cprch

XCiprmch � 0
%Ow@ Oy=wN Q} R CQwYx@ xOWx�=Q= |]N pOt u}=Q@=v@

Min

(1a) + (1b) + (1c) + (1d) + (1e) + (1f) + (1h) + (1i)

+
MX
m

(RMm � (
1X

h=1

CX
c

Nmch +
HX

h=H

CX
c

Nmch

+
HX
h=2

(Kmh +Km;h�1))) (1j)

xm q ?} Q[ =yv; |wO Qy QO xm OvwQ|t Q=mx@ =ypwrU u}@ w pwrU l} |=yu}W=t
Qy C}iQ_ pQDvm |=Q@ 8 |x]@=Q "OwW|t u}}aD Q@ Q=m \UwD CU= l} w QiY u}@

"OwQ|t Q=mx@ pwrU
x@ xDU@=w O}rwD CaQU u; QO xm CU= Q_vOt xDUw}B O}rwD x=oO}O xr=kt u}= QO
'=yu}W=t O=OaD u=}t x]@=Q uO=Ou=Wv Qw_vtx@ 9 |xrO=at=v "CU= x=oDU}= u} QDOvm
|xv}W}@ x@ xHwD =@ 10 |x]@=Q "CU= xOW xDWwv O}rwD sHL w R=}vOQwt C}iQ_
|=yu}W=t O=OaD ^=Lr x@ pwrU Qy "CU= xOWh} QaD u}W=t ẁv Qy R= OwHwt O=OaD
xOW xOQw; 12 w 11 \@=wQ QO xm CU= C}OwOLt |=Q=O u; x@ xDi=}X}YND
|=yu}W=t O=OaD OWv p}mWD |rwrU Qo = xm Ovvm|t p}tLD 14 w 13 \@=wQ "CU=
x]w@ Qt Zprch Q}eDt OW=@v QiYQprch xm|DQwYQO "OW=@ QiY u; x@ |Y}YND
xOW ^=Lr 16 w 15 \@=wQ QO xm QiY CQwYu}= Q}e QO w OW=@ l} O}=@
p}mWD ?}DQDx@ O}=@ xQwO Qy |=ypwrU xm CU=vat u}= x@ 17 |x]@=Q "CU=
u=Wv =Q =yQ}eDt uOw@C@Ft w K}LY OOa 'l} w QiY R}v 20 =D 18 \@=wQ "OvwW

"OvyO|t

pOt |=y|Qw;wv w =y|oS} w "3"3
R=}vOQwt C}iQ_ |x@U=Lt "1"3"3

xOW h} QaD xv=o =OH Qw]x@ u}W=t Qy |=Q@ C}iQ_ C}OwOLt OwHwt `@=vt s=tD QO
x@ x]w@ Qt pwrU '`@=vt C}OwOLt w C=}rta ?}DQD uDiQoQ_vQO =@ xm|r=LQO CU=
R=}vOQwt C}iQ_ xr=kt u}= |O=yvW}B pOt QO "OQ=O G=}DL= |QDW}@ C}iQ_ w u=tR
u=wvax@ pwrU Qy QO u}W=t ẁv Qy R= R=}vOQwt O=OaD w pwYLt Qy O}rwD |=Q@

"OvwW|t x@U=Lt xDUw}B O}rwD x=oO}O R= w h} QaD s}tYD |=yQ}eDt
pwrU l} |=yu}W=t u=}t |Q=m sHL pO=aD "2"3"3

Ovm|t pL =Q pwrU Qy QO |rwYLtOvJ O}rwD \N pO=aD |xr�Ut l} pOt u}=
sHL pO=aD |=Q@ "CU= hrDNt |=yx=oDU}= |Q=m sHL uOWl}ORv u; |xH}Dv xm
OYQO q1 pk=OL O}=@ u}W=t Qy xm CU= xOW xO=iDU= q1 QDt=Q=B R= u}W=t Qy |Q=m

"OW=@ pweWt pwrU |D=}rta u=tR R=
=ypwrU u}@ |Q=m sHL pO=aD "3"3"3

pwrU |Q=m sHL xmv}= ZQi =@ pwrU Qy |=yu}W=t xwQo w C=a]k |xO=wv=N
"OwW|t XNWt 'OW=@ QDtm TQDUO QO u=tR pm OYQO q2 R= Ov=wD|tv

pkDUt |=ypwrU "4"3"3
|=ypwrU OwHw |}=Pe w |mWRB C=a]k '|} wQ=O `}=vY p}@k R= |}=ysDU}U QO
CU}v R=Ht |rwrU u}@ |}=Hx@=H =ypwrU ẁv u}= QO "CU= Q}PB=v?=vDH= pkDUt
x@ \w@ Qt s}D u}vJty "O@=}|t X=YDN= xO=wv=N l} \ki O}rwD |=Q@ pwrU Qy w
pwrU u=ty C}i}m u}t[D w |Q=Oxov '|Ov@u=tR '|R} Qxt=vQ@ pw�Ut =yvD pwrU

[39w38]"CU=
xv=oOvJ O}rwD |=yQ}Ut "5"3"3

h} QaD Q}Ut u}OvJ xa]k Qy O}rwD |=Q@ '=yu}W=t uOw@|twta |oS} w T=U= Q@
"CU= xOW

|O}rwD |xa]k l}mkD "6"3"3
l} pN=O QO |O}rwD Q}Ut u}OvJ =@ Ov=wD|t xa]k l} O}rwD xm CU=vat u}= x@

"OwW s=Hv= |irDNt |=ypwrU QO =} pwrU
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QW

C}
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w`}
=vY

|U
Ovyt "|OOa |=yp=Ft |iQat "3 pwOH

?=wH |]N pOt |]N Q}e pOt O=OaD O=OaD O=OaD O=OaD O=OaD |xQ=tW
xv}y@ pL u=tR C}OwOLt Q}eDt � pL u=tR C}OwOLt Q}eDt xQwO pwrU u}W=t Q}Ut xa]k xr�Ut

113249 3 277 308 112 129 80 2 2 3 2 2 1
189517 5 351 430 164 171 106 2 2 3 2 3 2
169405 3 343 392 38 151 88 2 2 4 2 2 3

"CU= x}v=F u=tR OL=w �

p=Ft 'Q=@Da= O}}-=D R= TB "CU= xOW xU}=kt |]N pOt Q=@Da= O}}-=D Qw_vtx@ G}=Dv
p=Ft xU u}= 3 pwOH QO "CU= xOW p}rLD xv}y@ ?=wH w pL |]N pOt =@ sQ=yJ
|=yxO=O w OvyO|t u=Wv =Q 4 p=Ft |=yxO=O 8 =D 4 |=ypwOH "CU= xOW |iQat
wO xm pw= p=Ft QO xvwtv |=Q@ "CU= xOW xDiQo 4 p=Ft |=yxO=O R= pw= p=Ft xU

"CU= 4 p=Ft pw= |xa]k wO Qw_vt xOW xDiQoQ_v QO xa]k
'u}W=t ẁv CWy 'hrDNt O}rwD Q}Ut xU =@ s=OmQy xa]k VW 4 p=Ft QO
?}DQDx@ |=Q@ 0 5 w 0 6 Q}O=kt =@ pO=aD ?}=Q[ 'xQwO Qy QO pwrU xU QFm =OL O=OaD
QO xQwO xU =@ Q@=Q@ |v=tR ji= w xk}kO QO |rwB OL=w 50 |R=Ov=x=Q |xv} Ry 'q2 w q1
C=}rta ẁv x@ xDU@ u}W=t Qy |R=Ov=x=Q u=tR CU= |vDio "CU= xOW xDiQo Q_v
u=tR u} QDW}@ =@ Q@=Q@ xa]k l} O}rwD |=Q@ |R=Ov=x=Q R=}v OQwt u=tR w CU= Cw=iDt

"CU= xa]k O}rwD Q}Ut R=}vOQwt Cq;u}W=t |R=Ov=x=Q

"C=a]k C=aq]= "4 pwOH
=[=kD |}=Hx@=H |xv} Ry |xv} Ry |xv} Ry

xa]k3 xQwO 2 xQwO 1 xQwO |rwrU u}@ Ow@tm |Q=Oxov
OL=w Qy OL=w Qy OL=w Qy

650 615 490 0 3 1 2 1 j
530 510 600 0 1 7 4 2 j
980 910 1200 0 2 11 5 3 j
410 700 840 0 8 4 1 4 j
610 650 550 0 5 3 8 5 j
800 770 950 0 9 10 14 6 j

"=yu}W=t C=aq]= "5 pwOH
|xv} Ry

u}W=t|}=Hx@=H Q=@ QU C@=F |D=}rta
xQwO QO xQwO QO xk}kO QO

3000 100 100 4 1 s
4000 25 25 6 2 s
500 85 85 1 3 s

12000 20 20 8 4 s
8000 40 40 2 5 s
9000 50 50 4 6 s
25000 15 15 9 7 s
1000 30 30 2 8 s

%Q} R |=yC}OwOLt w 20�10 '8 '7 '5�2 |=yC}OwOLt =@
CX
c

Nmch �
CX
c

Nmch�1 = Kmh �Km;h�1;

8m = 1; :::;M; c = 1; :::; C; h = 1; :::; H (21)
PX
p

RX
r

Qprch � tprm � q1 � q2 � TC �Nmch;

8m = 1; :::;M; c = 1; :::; C; h = 1; :::; H (22)X
i

i �XCiprmch � Qprch � tprm; 8p = 1; :::; P;

8r = 1; :::; R; m = 1; :::;M; c = 1; :::; C; h = 1; :::; H
(23)

XCiprmch �M �XNimch; 8i = 1; ::; I; 8p = 1; :::; P;
8r = 1; :::; R; m = 1; :::;M; c = 1; :::; C; h = 1; :::; H

(24)X
i

XCiprmch � Cprch ; 8i = 1; ::; I; 8p = 1; :::; P;

8r = 1; :::; R; m = 1; :::;M; c = 1; :::; C; h = 1; :::; H
(25)

Nmch =
IX
i=1

i �XNimch; 8i = 1; ::; I; m = 1; :::;M;

c = 1; :::; C; h = 1; :::; H (26)

I = Min fNm; ULg ; 8m = 1; :::;M (27)
IX
i=1

XNimch � 1; 8i = 1; ::; I; m = 1; :::;M;

c = 1; :::; C; h = 1; :::; H (28)

Kmh � 0 (29)

XCiprmch � 0 (30)

XNimch : binary (31)

|D=@U=Lt G}=Dv "4
Q=Ri=sQv u=Qm w xN=W VwQ =@ w |L=Q] |OOa p=Ft Q=yJ pOt Q=@Da= |UQQ@ Qw_vtx@
w pL |]N Q}e w |]N pOt wO Qy =@ pw= p=Ft xU "CU= xOW pL 12 wov}r
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|L
=Q]

|R=
UxJ

Q=Bm
}"|R=Ov=x=Q u=tR "6 pwOH

|R=Ov=x=Q Cq;u}W=t |R=Ov=x=Q u=tR Q}Ut xa]kQ}Ut 8 s 7 s 6 s 5 s 4 s 3 s 2 s 1 s
11 0 0 0 5 11 5 2 7 1 s

1 j5 0 0 5 2 0 0 5 0 2 s
11 11 0 0 0 3 0 0 8 3 s

8 0 4 7 0 7 8 0 0 1 s
2 j10 0 0 0 0 7 0 10 0 2 s

10 6 6 7 0 0 0 10 5 3 s

8 6 0 0 0 0 4 8 0 1 s
3 j9 0 0 0 0 0 2 9 1 2 s

7 0 7 6 0 0 0 0 6 3 s

10 9 10 8 0 0 4 9 0 1 s
4 j8 0 0 3 4 5 0 8 0 2 s

6 0 0 0 0 0 0 6 2 3 s

10 10 0 1 3 0 6 0 6 1 s
5 j10 0 0 10 0 2 0 1 0 2 s

8 0 0 0 0 0 4 8 7 3 s

10 0 10 0 0 2 0 0 8 1 s
6 j11 0 0 5 7 0 0 11 0 2 s

3 0 0 0 0 3 0 2 0 3 s

"hrDNt |=ypwrU w xQwO QO C=a]k O}rwD |Ov@u=tR |xt=vQ@ "1 pmW

=yO=yvW}B w |Q}oxH}Dv "6
|L=Q] |=Q@ \rDNt K}LY OOa |]N Q}e |[=} Q pOt l} xr=kt u}= QO
O}rwD |R} Qxt=vQ@ w |rwrU V}=Q; |xr�Ut wO xm OW x�=Q= |rwrU O}rwD |=ysDU}U
hrDNt |=yQ}Ut p}@k R= |irDNt |=y|oS} w w Ovm|t pL u=tRsy Qw]x@ =Q

=@ K}LY OOa \rDNt |]N pOt ?r=k QO =Q xOWx�=Q= pOt wov}r Q=Ri=sQv
u=tR "CU= C}OwOLt 3791 w Q}eDt 6073 |=Q=O pOt "OQm pL u=QmwxN=W VwQ
xDU@=w |OwQw |=yxO=O Q}O=kt x@ |O=} R OL =D xv}y@ ?=wH x@ uO}UQ |=Q@ R=}v OQwt
xk}kO 1048 R= Oa@ xOWx�=Q= |=yxO=O =@ Q_vOQwt |xr�Ut |=Q@ xv}y@ ?=wH "CU=

"Ot; CUOx@ 1053836 hOy `@=D =@ w

xv}y@ ?=wH |UQQ@ "5
QO 'Q}Ut Qy =@ O}rwD sHL xm OvDUy O}rwD xv}y@ |xt=vQ@ 11 w 10 '9 |=ypwOH
ji= |xv}y@ |xt=vQ@ w Ow@tm w |OwHwt Q}O=kt 'R=}vOQwt C}iQ_ 'xQwO w pwrU Qy

"OvyO|t u=Wv =Q |v=tR
C=a]k O}rwD?}DQDx@ xHwD uwO@ C=a]k O}rwD |Ov@u=tR |xt=vQ@ R}v 1 pmW QO
"CU= xv}y@ |rwrU V}=Q; xOvyOu=Wv 11 pwOH "CU= xOW xO=O u=Wv pwrU Qy
=@ "OyO|t u=Wv hOy `@=D sqk=l}miD x@ =Q hOy `@=D |xv}y@ Q=Okt 12 pwOH
u=wD|tv xv} Ry sqk= |NQ@ uOw@Cw=iDt u}vJty w xOWx�=Q= pOt |=y|oS} w x@ xHwD
R= s=Om Qy |}=Q=m x@ \w@ Qt 13 pwOH "OQm xU}=kt x@=Wt p�=Ut =@ =Q pOt ?=wH

"CU= xOW p}mWD |=ypwrU
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Ovyt "C=}rta u=tR "7 pwOH

|xv} Ry C=}rta s=Hv= u=tR w =yu}W=t O=OaD |xv}W}@
Q}Ut xa]kO}rwD 8 s 7 s 6 s 5 s 4 s 3 s 2 s 1 s

2 2 2 2 3 3 3 3
5 0 0 0 4 3 1 5 3 1 s

1 j3 25 0 0 1 6 0 0 4 0 2 s
4 25 9 0 0 0 2 0 0 3 3 s

7 75 0 8 4 0 5 6 0 0 1 s
2 j1 25 0 0 0 0 3 0 2 0 2 s

6 9 3 4 0 0 0 6 3 3 s

1 75 3 0 0 0 0 3 4 0 1 s
3 j9 5 0 0 0 0 0 9 8 6 2 s

3 75 0 8 7 0 0 0 0 5 3 s

4 25 2 4 1 0 0 3 2 0 1 s
4 j4 5 0 0 5 6 2 0 2 0 2 s

6 5 0 0 0 0 0 0 8 9 3 s

9 75 8 0 4 1 0 2 0 7 1 s
5 j4 75 0 0 5 0 3 0 4 0 2 s

6 75 0 0 0 0 0 6 7 4 3 s

3 75 0 4 0 0 7 0 0 2 1 s
6 j8 25 0 0 9 3 0 0 3 0 2 s

1 25 0 0 0 0 1 0 4 0 3 s

"C}iQ_ w O}rwD |xv}y@ |xt=vQ@ "10 pwOH
xa]k xQwO6 j 5 j 4 j 3 j 2 j 1 j

1 |xQwO
1548 1998 O}rwD
708 798 |OwHwt

950 550 600 490 Ow@tm
950 550 840 1200 600 490 =[=kD

2 |xQwO
2520 1640 1755 O}rwD
800 8 530 650 |OwHwt

1200 112 Ow@tm
770 650 700 910 510 615 =[=kD

3 |xQwO
1810 402 1092 O}rwD

|OwHwt
Ow@tm

800 610 410 980 530 650 =[=kD

"=ypwrU C=aq]= "8 pwOH
50000 pwrU Qy p}mWD C@=F |xv} Ry

5 pwrU Qy QO R=Ht u}W=t u} QDW}@
2 pwrU Qy QO R=Ht u}W=t u} QDtm

8000 u}W=t w pwrU Qy |=Q@ TQDUO QO u=tR

"R=}vOQwt C}iQ_ w O}rwD |xv}y@ Q}O=kt "9 pwOH
�xk}kO� C}iQ_ O}rwD u=R}t xQwO pwrU Q}Ut xa]k

7897 5 1755 2 2 3 1
2460 1640 2 1 2 2
7992 1998 1 1 1 3
4368 1092 3 2 1 3
6966 1548 1 2 3 4
3618 402 3 2 3 4
7240 1810 3 1 3 5
3360 2520 2 1 3 6
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"""O}
rwD|

=ysD
U}U

|L
=Q]

|R=
UxJ

Q=Bm
}"=ypwrU |}=Q=m "13 pwOH

|D=}rta OYQO |D=}rta u=tR pwrU xQwO
pwrU �xk}kO� pwrU
99 9 7992 1 1
87 6966 2 1

72 8 5820 1 2
98 7 7897 5 2 2
90 5 7240 1 3
99 8 7986 2 3

u=}t |Q=m sHL pO=aD w |O}rwD |xDUO l}miD 'sDU}U OOHt |Ov@ Qm}B 'O}rwD
O}rwD R=}vOQwt C}iQ_ 'Q=@ u}rw= |=Q@ "CU= xOW xDiQo Q_v QO =ypwrU w =yu}W=t
O}rwD \N pO=aD |xr�Ut pL ut[ pOt w x@U=Lt xDUw}B O}rwD VQov T=U= Q@

"OyO|t x�=Q= =Q xv}y@ ?=wH '|rwYLt OvJ
"OvwW|t s}UkD x@=Wt |=yxO=wv=N x@ C=a]k |rwrU O}rwD |=ysDU}U QO
u}= QO xOWx�=Q= pOt OW=@ O=} R xO=wv=N l} C=a]k u=}t Cy=@W xm|DQwYQO
=yu}W=t |}=Q=m V}=Ri= Ea=@ x]w@ Qt pwrU |=yu}W=t u=}t pO=aD O=H}= =@ xr=kt
R= |OQ=wt uOQm^=Lr =@ =Q xOWx�=Q= pOt "Ovm|t x�=Q= =Q |QDy@ G}=Dv w OwW|t
C=}rta u=tR '=yu}W=t uOw@TQDUO QO '=[=kD pFt |}=yQ}eDt uOw@|r=tDL= p}@k
"O=O xaUwD u=wD|t pwrU Qy |=yu}W=t |}=tv=H w |Ov@u=tR w xv} Ry ?}=Q[ w
p@=k pOt |}=Q=m |rwYLt OvJ O}rwD \N pO=aD |xr�Ut |xaUwD =@ u}vJty
O}rwD VQov R= Q=@ u}rw= |=Q@ pOt u}= QO xmv}= x@ xHwD =@ u}vJty "CU= V}=Ri=
C=a]k |}xDUO O}rwD Cr=L =@ u; OQmrta |xU}=kt 'CU= xOW xO=iDU= xDUw}B

"OW=@ |Oa@ |=y |UQQ@ ẁ[wt Ov=wD|t

"pwrU Qy QO u}W=t O=OaD w ẁv %xv}y@ V}=Q; "11 pwOH
3 pwrU 2 pwrU 1 pwrU

2 : 1 s 1 : 2 s
2 : 2 s 1 : 3 s 1 |xQwO

1 : 8 s
1 : 1 s 3 : 2 s1 : 4 s 2 : 4 s 2 |xQwO
2 : 8 s
1 : 1 s 1 : 1 s

3 |xQwO1 : 2 s 2 : 2 s1 : 3s 2 : 3 s1 : 8 s

"xv} Ry sqk= l}miD x@ hOy `@=D |xv}y@ Q=Okt "12 pwOH
xv} Ry Q=Okt xv} Ry KQW
42958 75 O}rwD xv} Ry

39998 Ow@tm w |Q=Oxov xv} Ry
300000 pwrU p}mWD |xv} Ry
2880 u}W=t C@=F |xv} Ry

481025 u}W=t |D=}rta |xv} Ry
2130 u}W=t Q=@ QU |xv} Ry
5750 u}W=t |R=Ov=x=Q |xv} Ry

154000 u}W=t |}=Hx@=H |xv} Ry
25094 C=a]k |}=Hx@=H |xv} Ry

1053836 hOy `@=D %xv} Ry pm

=yCWwv=B
1. machine modi�cation
2. non-deterministic polynomial
3. group capability index (GCI)
4. machine modi�cation
5. robust optimization technique
6. lot splitting
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