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|rY= ẁ[wt xrLQt u}= xm OwW|t O}rwD |xNQJ OQ=w pwYLt 'x}rw= pL=Qt |]

"CU= Q=DWwv u}=
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|xQ}HvR w pwYLt O@U x@ [32]VD=ar=]t QO nQ@vovq [31w30]"OQ=O |oDU@
u}t-=D |=yxQ}HvR R= |O=OaD CqwYLt R= |O@U |=Q@ u; QO w xDN=OQB u}t-=D
V}=Ri= =yxQ}HvR O=OaD xJQy xm CQwY u}= x@ 'CU= xOQm ?=NDv= =Q OwHwt
QDsm =yxQ}HvR O=OaD xJQy w O@=}|t V}=Ri= R}v sDU}U |oO}J}B |=yxv} Ry 'O@=}
Q=DWwv u}= QO "O@=}|t V}=Ri= =yxQ}HvR j} Q] R= pwYLt p} wLD |=yxv} Ry 'OwW
xOW xO=O xaUwD =yu; ?=NDv= w u}t-=D |xQ}HvR |xv}y@ O=OaD u}}aD |=Q@ |rOt

"CU=

17



"""p
wYL

t|
=Q@u

}t- =D
|xQ

}HvR
|xQ

m}B
|L

=Q]&C=a}=[ MQv %f
&|DWoQ@ CqwYLt MQv %g

&i xQo xv=}y=t O}rwD MQv %NPi
&�x=t x@� t xQwO QO i O}rwD xQo QO q=m OL=w Qy O}rwD u=tR %TPit

&i O}rwD xQo QO `@=vt Q=m x=tQy ORt %CHRi
&i xQo w t xQwO QO O} QN |=Q@ xOvvmu}t-=D O=OaD xv}W}@ %MIit

&nQR@ Q=}U@ OOa l} %M
&|}=yv pwYLt |=[=kD Q=}at h=QLv= %�1

&i xQo QO =[=kD Q=}at h=QLv= %�i
&u=v}t]= |OwHwt |Q=Oxov CyH u=tR xv}tm %�it

"lJwm Q=}U@ |OOa %"

x]U=w |=yQ}eDt "3"5
&t xQwO QO i xQo |q=m srk xOW|Q=O} QN |q=m srk Ct}k u}ov=}t %Cit

&i xQo R=}v OQwt |q=m srk Q=Okt %D0it
&t xQwO |=yDv= QO i xQo |q=m srk |OwHwt %Iit

&i xQo QO O}rwD w O=wt O} QN xOWs=tD |xv} Ry %Cit
Q@=Q@ CQwYv}= Q}e QO &t Q@=Q@ OwW s=Hv= iN xQo QO |O} QN t xQwO QO Qo = %T iN t

"CU= QiY

s}tYD |=yQ}eDt "4"5
&t xQwO QO ji xOvvmu}t-=D R= iN xQo QO xOW|Q=O} QN |q=m Q=Okt %Bijit

&t xQwO QO iN xQo QO ji xOvvmu}t-=D ?=NDv= sOa =} ?=NDv= %yijit
&t xQwO QO iN xQo QO q=m O} QN sOa =} O} QN %yit

"t xQwO QO iN xQo u=v}t]= |OwHwt %Sit

xr�Ut |[=} Q pOt "6
MinZ1 =

Xt=12
t=1 C1t (1)

MinZ2 =
Xt=12

t=1
X

i2iN
�
Iit � hCit� (2)

MaxZ3 =
Xt=12

t=1
X

i2iN
Xji=mi

ji=1 yijit (3)

MinZ4 =
X

i2iN

���Xt=12
t=1

�6� tit� � yit��� (4)

S:t:

cit =
Xji=mi

ji=1 Bijit �Dit; i 2 iN ; 8t (5)

Iit = Ii(t�1) +
Xji=mi

ji=1 Bijit �Dit; i 2 iN (6)

D0it = Dit + Sit � Ii;t�1; 8t; i 2 iN (7)

Sit = �i � p�it; 8t; i 2 iN (8)

Dit = �isi �
� 1� g

1� f � g
�
�Dsit; 8i 6= 1; 8t; si (9)

Cit = (1 + Vt)Ci(t� 1)

"OW=@ O}rwD |rta C}iQ_ R= QDsm ,=tDL O}=@ xQwO Qy |=[=kD "3
"s} Q=Ov O}rwD |xv} Ry w OQ=O OwHw q=m O} QN |xv} Ry \ki C=mQ=OD |=yxQo QO "4
"OvDU}v |UQQ@ p@=k pOt QO w Ov=VywSB |=yC}OwOLt xrtH R= u=tR w C}i}m "5
u}t-=D |R} Qxt=vQ@ Q}oQO w xDN=OQB u=oOvvmu}t-=D ?=NDv= |xr�Ut x@ Q=DWwv u}= "6
pwYLt O}rwD R= p@k u=oOvvmu}t-=D xm CU= u}= Q@ ZQi "CU}v �MRP� O=wt
|q=m Q=Okt QQkt Oawt QO O}=@ =yu; lQ=OD u=tR x@ xHwD =@ w Ov=xOW ?=NDv=
"OW=@ OwHwt xv=NQ=m QO �OwW|t pY=L pOt R= xm � O} QN CyH R=}vOQwt

"OW=@ xOW s=Hv= p@k R= |Q=PoVQ=iU |va}

s�qa w hOy `@=D "5
CQwYx@ O}=@ 'TvH QO u=WCw=iD p}rOx@ xm CU= CtUk 4 pt=W pOt hOy `@=D

"OvwW xDWwv =OH
"|}=yv |q=m Ct}k |R=Uxv}tm "1

"|OwHwt |Q=Oxov w O} QN |xv} Ry |R=Uxv}tm "2
sOa p}rOx@ O=wt Ow@tm lU} Q Vy=m |=Q@ u=oOvvmu}t-=D O=OaD |R=Uxv}W}@ "3

"xOvvmu}t-=D OwHw
O=H}= CyH C=mQ=OD xQo Qy QO |r=wDt |=yO} QN u=}t |xrY=i |R=U?U=vDt "4

"u=oOvvmu}t-=D QO |Q=m OyaD
w xOW |L=Q] u=Q}= |rN=O Q=R=@ x@ xHwD =@ jwi |=yhOy CU= QmP x@ sRq
"CU= QwWm |rN=O \}=QW x@ xHwD =@ u=oOvvmu}t-=D ?=NDv= |=Q@ pt=wa u} QDsyt

=yxOvQ=tW w =yxawtHt "1"5
&(i = 1; 2; 3; :::; n) xm@W QO =yxQo xawtHt %i

&(ji = 1; 2; :::;mi) xm@W R= i xQo QO j |xOvvmu}t-=D %ji
&xm@W QO C=mQ=OD |=yxQo xawtHt %iN

&xm@W QO |Ov@xDU@ w O}rwD |=yxQo xawtHt %ip
&i xQo R=}vV}B |=yxQo xawtHt %Ki

&i xQo R=}vTB |=yxQo xawtHt %Si
"(t = 1; 2; 3; :::; 12) |v=tR |=yxQwO xawtHt %t

=yQDt=Q=B "2"5
&t xQwO QO i xQo QO O}rwD |xv} Ry %CPit

&t xQwO QO ji xOvvmu}t-=D R= O} QN =@ i xQo QO q=m Ct}k %Cijit
&t xQwO QO i xQo |q=m srk |=[=kD %Dit

&|}=yv pwYLt xv=}y=t |=[=kD \UwDt %D
&t xQwO QO i xQo QO ji xOvvmu}t-=D O}rwD I@ xv}tm %MBijit

&t xQwO QO ji |xOvvmu}t-=D R= 'i xQo QO q=m lQ=OD u=tRCOt %Liji
&O=wt |Q=Oxov |xv} Ry MQv %h

&i xQo QO i |q=m srk |=Q@ k xQo QO k |q=m srk R=}v ?} Q[ %�ki

18



2/
2x

Q=tW
'32

�1
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt |v=tR |=yxQwO QO xQo Qy QO O} QN uOQm ?U=vDt Qw_vtx@ Z4 hOy `@=D |x@U=Lt
"Ov=?U=vDt

xr�Ut hOy `@=wD `}tHD "8
xr�Ut hOy `@=wD 'AHP VwQ R= xO=iDU= =@ w u=tR=U u=oQ@N C=Q_v x@ xHwD =@
'W2 'W1 |=yuRw hOy `@=wD |HwR C=U}=kt x@ xHwD =@ xm Ov=xOW |Ov@C} wrw=
Ov=CQ=@a h=Oy= "CU= xOt;CUOx@ Z4 w Z3 'Z2 'Z1 ?}DQDx@ |=Q@ W4 w W3

%R=
&sqk= O} QN |xv} Ry Vy=m "1

&xOWs=tD Ct}k Vy=m "2
&xOvvmu}t-=D |Q=O=iw w OyaD V}=Ri= "3

"u=oOvvmu}t-=D OOaD V}=Ri= "4
pL=Qt |] R= TB "OvW=@|t xOy=Wt p@=k 1 pwOH QO `@=wD u}= |HwR C=U}=kt

%R= OvDQ=@a W4w W3 'W2 'W1 Q}O=kt C}=yv QOAHP VwQ
W1 = sqk= O} QN |xv} Ry Vy=m x@ \w@ Qt = 0 382
W2 = xOWs=tD Ct}k Vy=m x@ \w@ Qt = 0 382
W3 = u=oOvvmu}t-=D OOaD x@ \w@ Qt = 0 10525
W4 = xOvvmu}t-=D |Q=O=iw w OyaD x@ \w@ Qt = 0 13075
QO "OwW|t xO=iDU= 18|WR=U |R} Qxt=vQ@ VwQ R= =Hv}= QO hOy `@=D `}tHD |=Q@
L � P |=yVwQ QO "s}vm|t xO=iDU= |R=Uxv}y@ |=Q@ Q=oR=U `@=wD R= VwQ u}=
pLx=Q l} x@ C@Uv OwHwt pLx=Q |m}ORv VHvU Qw_vtx@ l} QDt |xrY=i R=
Oy=wN Q=oR=U `@=D l} CQwYx@ h=QLv= R= VHvU u}= "OwW|t xO=iDU= p;xO}=

[34]%Ow@

L� P =
hXk

i=1 
j
�
fj(x�j )� fj(x)

�pi1=p
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Cit =
X

ki
Ckit �iki �

� 1� g
1� f � g

�
+ CPit; 8t; i 2 ip

(10)

Cit = Cit; 8t; i 2 iN (11)Xji=mi

ji=1 Bijt � D0it; 8t; i 2 iN (12)

yijit �MBijit�Bijit; 8t; i 2 iN ; ji 2 1; :::;mi (13)

yijit �M � Bijit 8t; i 2 iN ; ji 2 1; :::;mi (14)Xji=mi

ji=1 yijit � miit; 8t; i 2 iN ; ji 2 1; :::;mi (15)

yit �M �
Xji=mi

ji=1 Bijit; 8t; i 2 iN ; ji 2 1; :::;mi (16)

yit �M �
Xji=mi

ji=1 Bijit; 8t; i 2 iN ; ji 2 1; :::;mi (17)

tit = t � yit; 8t; i 2 iN (18)

Bijit � 0; 8t; i 2 iN ; ji 2 1; :::;mi (19)

yit 2 f0; 1g ; 8t; i 2 iN (20)

yijit 2 f0; 1g ; 8t; i 2 iN ; ji 2 1; :::;mi (21)

TPit = 0; 8t; i 2 iN (22)

CPit = 0; 8t; i 2 iN (23)

Ii0 = 0; i 2 iN (24)

pOt |=yC}OwOLt K}[wD "7
x@U=Lt =Q C=mQ=OD xQo Qy QO xOW|Q=O} QN |q=mCt}k |vRw u}ov=}t 5C}OwOLt
x@U=Lt C=mQ=OD |=yxQo R= l} Qy QO q=m |OwHwt 6 C}OwOLt QO "Ovm|t
|=yDv= |OwHwt =@ xQwO Qy QO xOW|Q=O} QN |q=m ẁtHt CQwYx@ xm OwW|t
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|=Q@ xHwt |xv}y@ ?=wH w [36]xOW pL DICOPT Q=Ri=sQv 19Qwr=U =@ w xOW

20



2/
2x

Q=tW
'32

�1
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt

"|}xQ]k ?UJ C=OQ=w Cr=L QO pwYLt O}rwD "2 pmW

"O}OH pwYLt xv=}y=t |=[=kD OvwQ "2 pwOH
OviU= uty@ |O QP; u=@; Qyt Qw} QyW O=OQt Q}D O=OQN CWy@}OQ= u}OQwQi x=t
2516 2276 2339 2024 2150 2213 2245 1440 2309 2150 2593 1045 �|OOa 25 uDQ=m T=U= Q@� VwQi |v}@V}B

xOy=Wt 's}vm xHwD Cr=L wO QO pwYLt uDQ=m Qy |xOWs=tD Ct}k \UwDt x@ Qo =
CU= u; |rN=O O}rwD R= QDu=Qo Q=}U@ xOWs=tD Ct}k pwYLt C=OQ=w QO xm OwW|t
x}YwD CmQW x@ xv=NQ=m QO pwYLt u}= O}rwD xH}DvQO '�QDu=Qo p=} Q 480667�
CmQW |=yCU=}U x@ xHwD =@ xm OvQ}osWJ Q=}U@ =yCt}k hqDN= u}= "OwW|t
u}= Cra '|k]vt Q_v R= "Ow@ Oy=wN p=} Q 483750 xv}W}@ w p=} Q 33435 xv}tm
|=yCt}k uDiQo Q_v QO =@ 123 ?UJ O}rwD |xOWs=tD Ct}k xm CU= u; OQwt
|O}rwD C=v=mt= x@ xHwD =@ w xDi=} Vy=m u=oOvvmu}t-=D \UwD xOWsqa= |x}rw= O=wt
u}= CU= QDy@ 'CU= Q}PBu=mt= u; QO pwYLt O}rwD xm xv=NQ=m QO OwHwt C=R}yHD w
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|=Q@ |}xOvvmOwOLt C=}[Qi ' ẁ[wt |oOQDUo p}rOx@ "CU= xOW xDN=OQB '|tQwD
C}at=H |=Q@ "CU= xOQm X=N |}xR=Ov= =D =Q pOt OQ@ Q=m xm xOW xDiQo Q_v QO u;

%OwW|t O=yvW}B u; QDW}@ OQ@ Q=m w xr�Ut x@ uO}WN@
"xr�Ut x@ u=tR QwDm =i uOQm xi=[= �

=@ R=}v OQwt |=yq=m |=Q@ ?U=vt |Q=PoVQ=iU u=tR O=yvW}B w uDiQo Q_v QO �
"xOvvmu}t-=D \}=QW x@ xHwD

"O}rwD |Ov@u=tR w |R} Qxt=vQ@ s=Hv= w O}rwD \N |=yC}OwOLt uDiQo Q_v QO �
"Q=R=@ |=[=kD Q}}eD CyH x[Qa QO OQwNR=@ uDiQo Q_v QO �

|=yq=m C}i}m OQ w u=oOvvmu}t-=D \UwD xOWu}t-=D |=yq=m C}i}m uDiQo Q_v QO �
"u=tR=U C}i}m pQDvm OL=w \UwD =yu; \UwD xOWu}t-=D

Q=}U@ pwYLt |xOWs=tD |xv} Ry xm OwW|t xOy=Wt 3 pwOH QO |iQ] R=
Ct}k |R=Uxv}tm Qo = xm |Qw]x@ CU= Q}eDt w OQ=O |oDU@ hOy `@=D ẁv x@
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9. generic bill of material
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=Q]10. engineer to order
11. product modularization
12. compatibility
13. Modular
14. integrated
15. integrality
16. Modularity
17. generic master planning model
18. compromise programming
19. Solver
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