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"xv=oOvJ |=yh=Qo Q@ |vD@t |xm@W l} R= |}xvwtv "2 pmW

p=} OvJ xQo wO u}@ u=wD|t 'xO=U h=Qo hqNQ@ xv=oOvJ h=Qo QO "OQm xO=iDU=
QO "CU= xOW xO=O u=Wv h=Qo ẁv u}= R= xO=U |rOt 1 pmW QO "OQm O=H}= |R=wt
V}=tv (i; j;mij) xv=oxU ?}mQD l} =@ ?DQt GwR l} |=H x@ p=YD= Qy =Hv}=
"CU= j w i xQo u}@ |R=wt p=} u}t=m Qou=}@ QYva u}twU u; QO w OwW|t xO=O
pkv w ptL |xr}Uw xm |v=tR '=yh=Qo u}= Q@ |vD@t pkv w ptL |xm@W QO
j |QDWt xrtH R= 'xOWv |yOCtON u=} QDWt |wU x@ i pLt R= CmQL OYk
u=} QDWt Q}=U w j |QDWt =@ umtt |]=@DQ= |=yp=} |t=tD CU= sRq 'OQ=O =Q

"OvQ}o Q=Qk |UQQ@ OQwt Q}Ut u} QDx=Dwm uDi=} |=Q@ 'xOv=t|k=@
pmW u}= QO "O} Q}o@ Q_v QO =Q 2 pmW QO xOW xO=O u=Wv xm@W p=Ft u=wvax@
COt 1 pwOH QO "OyO|t u=Wv =Q xQo wO Qy u}@ p=} xQ=tW 'p=} Qy |q=@ O=Oa=
u=tR xm CU= u}= Q@ ZQi =Hv}= QO "CU= xOW x�=Q= =yp=} u}= pw] QO QiU u=tR
w CU= |v=tR OL=w 30 =D 0 R= pw= |v=tR xR=@ 'CU= Q}eDt |v=tR xR=@ wO QO QiU

"OQ}o|t Q@ QO =Q 30 R= QDnQR@ |v=tR |=yOL=w swO xR=@
u=}=B x@ 1 �xQo � |QDWt x@ |yOCtON 25 u=tR QO OwW ZQi Qo = p=L
\w@ Qt QiU |=yu=tR QO O}=@ 'Ov=xOWv |yOCtON Rwvy Qo}O |QDWt wO w 'xO}UQ
|QDWt wO x@ 1 |QDWt pLt R= CmQL u=tR u} QDsm p=@vO x@ pw= |v=tR xR=@ x@
QiU u=tR u} QDsm 8 u=tR =@ '3 w 1 xQo u}@ 1 xQ=tW p=} =Hv}= QO "s}W=@ xOv=t|k=@
|yOCtON u=tR u=wvax@ |v=tR OL=w 4 ZQi =@ "OwW|t ?=NDv= p=} u}= w OQ=O =Q
|v=tR xR=@ QO Q=Okt u}= &OyO|t u=Wv =Q 37 Q=Okt QiU |atHD u=tR '3 |QDWt x@
R= CmQL |=Q@ umtt |=yQ}Ut u}@ R= ' ẁ[wt u}= x@ xHwD =@ "OQ}o|t Q=Qk swO
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t1 = t (6)

tj � ti�E1
MijX
m=1

x
lmij
ijmij �

MijX
m=1

x
lmij
ijmijd

lmij
ijmij + sj � E1

8i 2 f0; :::; Ng; 8j 2 f1; :::; N +Kg;
8lmij 2 f1; :::; Lmijg; i 6= j (7)

ti + E2
MijX
m=1

x
lmij
ijmij < T

lmij
ij + E2 8i 2 f0; :::; Ng;

8j 2 f1; :::N +Kg; 8lmij 2 f1; :::; Lmijg; i 6= j

(8)

ti � T lmijij

MijX
m=1

x
lmij
ijmij � 0 8i 2 f0; :::; Ng;

8j 2 f1; :::N +Kg; 8lmij 2 f1; :::; Lmijg; i 6= j

(9)

wi � wj�Q
MijX
m=1

LmijX
lmij=1

x
lmij
ijmij � qj �Q 8i 2 f0; :::; Ng;

8j 2 f1; :::; N +Kg; 6= j (10)

w0 � Q (11)

wN+K = 0 8 k 2 f1; :::;Kg (12)

x
lmij
ijmij = f0; 1g 8 i; j 2 f0; :::; N +Kg;

8 m 2 f1; :::;Mijg; 8lmij 2 f1; :::; Lmijg (13)

ti � 0 8i 2 f0; :::; N +Kg (14)

wi � 0 8i 2 f0; :::; N +Kg (15)

u=tR pm |R=Uxv}tm hOy pOt u}= QO "OyO|t u=Wv =Q pOt hOy `@=D 1 |x]@=Q
|=yQ=@v= R= x}rkv p}=Uw GwQN u=tR `tH R= Q=Okt u}= |x@U=Lt |=Q@ "CU= QiU
QiY Q=@v= xQo QO |yOCtON u=tR xm u}= x@ xHwD =@ "CU= xOW xO=iDU= |R=Ht
"OyO|t u=Wv =Q Q=@v= x@ pkv w ptL p}=Uw CWoR=@ |=yu=tR `tH Q=Okt u}= 'CU=
|=yC}OwOLt "OwW O}OR=@ Q=@ l} |QDWt Qy xm Ovvm|t u}t[D 3 w 2 C}OwOLt
x@ |yOCtON |=Q@ pkv w ptL |xr}Uw K QFm =OL xm OyO|t u=Wv 5 w 4
w ptL p}=Uw CmQL R=e; u=tR 6 C}OwOLt "OvwW|t GQ=N Q=@v= R= u=} QDWt
ptL |xr}Uw Qy |=Q@ Cw=iDt R=e; u=tR uDW=O |=Q@ "OyO|t u=Wv =Q Q=@v= R= pkv
u=tR Ov=wD|t pOt CQwYu}= QO xm OQm O=H}= x}rw= xQo K O=OaD u=wD|t pkv w
xm |t=ovy Q}}eD u}= "Ovm x@U=Lt =RHt Qw]x@ =Q x}rkv |xr}Uw Qy CmQL ẁQW
QF-wt Ov=wD|t hOy `@=D Q=Okt Vy=m QO 'OwW|t xO=iDU= xr�Ut QO |v=tR |=yxQHvB
8 |=yC}OwOLt "Ovm|t x@U=Lt =Q x}rkv |xr}Uw GwQN u=tR 7 C}OwOLt "OW=@
"Ovm|t XNWt x}rkv |xr}Uw GwQN u=tR x@ xHwD =@ =Q ?U=vt |v=tR xR=@ 9 w
"Ov=x}rkv |xr}Uw C}iQ_ x@ \w@ Qt |=yC}OwOLt 12 C}OwOLt =D 10 C}OwOLt
u=tR QO x}rkv |xr}Uw \UwD xm |Q=@ �sHL� uRw xm Ovm|t u}t[D 10 C}OwOLt
|xr}Uw xm CU= |Q=@ Q=Okt Q@=Q@ sm CUO 'OwW|t ptL s=j |QDWt u=mt lQD
|=yvt 'xOQm|t ptL s=i |QDWt |va} |r@k |QDWt pLt R= GwQN s=ovy x}rkv
ptL |xr}Uw |Q}oQ=@ u=R}t xm OyO|t u=Wv 11 C}OwOLt "s=j |QDWt |=[=kD

"QiU u=tR |}xrB `@=D "3 pmW

1 T}Ov= "OvwW|t pt=W =Q N + K =D 0 Q}O=kt w OvDUy u=} QDWt w Q=@v= xQo
Q=@v= =} -=O@t xQo N + K =D N + 1 w 0 T}Ov= w CU= u=} QDWt hQat n =D
xQo R= xOW |Bm w |R=Ht |=yxQo N + k =D N + 1 |=yxQo "OvyO|t u=Wv =Q
Qo = &|R=wt p=} u}t=m j} Q] R= j xQo x@ i xQo R= QiU u=tR dlmijijmij "OvDUy Q=@v=
'i Qy |=R= x@ u}vJty "OW=@ p=} u}= x@ \w@ Qt |v=tR xR=@ u}t=l QO CmQL ẁQW
x@ q=m p} wLD =} |yOCtON |=Q@ sRq u=tR si "dlmiiiimii = 1 %s} Q=O l w m
OL T

lmij
ij "OwW|t ZQi QiY Q@=Q@ Q=@v= x@ \w@ Qt |=yxQo |=Q@ si "s=i |QDWt

|vRw C}iQ_ Q "�Q=@v=� QiY xQo R= CmQL R=e; u=tR t "lmij |v=tR xR=@ |=Q@ q=@
l} E1 "s=i |QDWt |=[=kD �sHL =}� uRw qi "pkv w ptL |xr}Uw �|tHL =}�
OQ=wt pt=W R}v xr�Ut u}= QO s}tYD |=yQ}eDt "nQR@ OOa l} E2 "nQR@ OOa

%CU= Q} R

x
lmij
ijm =

8>>>><>>>>:
1 R= |R=wt p=} u}t=m j} Q] R= pkv w ptL p}=Uw R= |m} Qo =

"Ovm CmQL p=} u}==@ \@DQt |v=tR xR=@ u}t=l QO j xQox@ i xQo
0 CQwYu}= Q}e QO

uRw |w=Ut =} QDnQR@ |Q=Okt wi "j xQo R= pkv w ptL |xr}Uw GwQN u=tR ti
"Ovm|t ptL i xQo R= GwQN s=ovy x}rkv |xr}Uw xm |tHL =}

%OQm |Ov@pwtQi u}vJ u=wD|t =Q |UQQ@ OQwt |xr�Ut jwi OQ=wt x@ xHwD =@

Min
KX
k=1

tN+k (1)

s:t :

NX
i=0

MijX
mij=1

LmijX
lmij=1

x
lmij
ijmij = 1 8 j 2 1; :::; Ng; i 6= j (2)

n+kX
j=1

MijX
mij=1

LmijX
lmij=1

x
lmij
ijmij = 1 8 i 2 f1; :::; Ng; i 6= j (3)

NX
i=0

MijX
mij=1

LmijX
lmij=1

x
lmij
ijmij � 1 8 j 2 fN + 1; :::; N +Kg (4)

N+KX
j=1

MijX
mij=1

LmijX
lmij=1

x
lmij
0jmij � K (5)
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u=tR xr�Ut O=a@= V}=Ri= =@ 'CU= NP-hard |xr�Ut l} pkv w ptL |xr}Uw
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\UwDt ?=wH l} R= V}@ |R}J |rLt |xv}y@ u}= '|O=a Cr=L QO "O@=}|t
|O=} R OL =D xOt; CUO x@ ?=wH C}i}m ,qwtat '|rLt |wHwCUH QO "CU}v
pmWt l} u}= w &OQ=O |oDU@ sD} Qwor= K=Q] |wU R= xOWh} QaD |=yCmQL x@

"CU= |rLt |wHwCUH Q@ |vD@t |=yOQm} wQ QO |U=U=
pmWt u}= `iQ |=Q@ 6Qwwro OQi \UwD 1986 p=U QO 5xawvtt |wHwCUH
l} x@ sD} Qwor= |Dkw xm CU= u}= xawvtt |wHwCUH QO x}rw= pY= "OW x�=Q=
|xt=O= |=Q@ 'Ovvm|tv O=H}= |Ow@y@ hOy `@=D QO xm =Q |D=mQL 'O}UQ |rLt |xv}y@
xm CU= |]QW x@ uDUv=O R=Ht u}= "OwW|t xOQtW R=Ht |rLt |wHwCUH
|=Q@ VwQ u}= QO "OvW=@ xDW=Ov Q=Qk sD} Qwor= |xawvtt CU}r QO QwmPt C=mQL
s=vx@ |}x_i=L R= 'xOt; CUO x@ u}= R= V}B xm |}=y?=wH x@ uO}UQ R= ?=vDH=
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|SD=QDU= QO |rw �hr=4 pmW� OvwW|t =Hx@=H Qo}Om} =@ xOW ?=NDv= |=yxQo
Q}O=kt u}}aD |=Q@ "�?4 pmW� OvwW|t =Hx@=H R}v u}@=t |=yxQo |t=tD Twmat
xOW xO=iDU= xiQ]l} Tv=} Q=w p}rLD uwtR; w C=W}=tR; |L=Q] R= Qo}O QDt=Q=B wO
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xOW |L=Q] |=yxvwtv pL R= pY=L G}=Dv 'T=U= u}= Q@ "CiQo Q=Qk |UQQ@ OQwt
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QO Tukey uwtR; R= |Q}oxQy@ =@� xv=oOvJ C=U}=kt w Tv=} Q=w p}rLD R= pY=L
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"xvwtv p�=Ut |Q=mD@= w j}kO pL R= xOt;CUO x@ |=y?=wH V}=tv "6 pmW

pL w |Q=mD@= VwQ R= xOt;CUO x@ |=y?=wH hqDN= OYQO V}=tv "7 pmW
"j}kO

xm OyO|t u=Wv xawvtt |wHwCUH sD} Qwor= |=QH= R= xOt;CUO x@ G}=Dv |UQQ@
'|QDWt 8 =D 4 =@ |}=yxvwtv |va} 'xr�Ut \UwDt w lJwm O=a@= QO sD} Qwor= |=QH=
Oy=wN Q@ QO =Q CPLEX xOvvmpL |=QH= R= xOt;CUO x@ j}kO pL =@ Q@=Q@ |}xH}Dv
QHvt j}kO pL QO q=@ OL R= QDy@ |}xH}Dv x@ QDnQR@ O=a@= QO sD} Qwor= u}= "CW=O
xU}=kt QO R}v |O=yvW}B sD} Qwor= |D=@U=Lt u=tR xm CU= |r=L QO u}= "OwW|t
wO R= xOt; CUO x@ G}=Dv u}@ |xU}=kt 6 pmW QO "CU= QDsm Q=}U@ j}kO pL =@
pY=L ?=wH |xOvyOu=Wv xm 'Q=Owtv nvQR@U \N "CU= xOW xO=O u=Wv VwQ
QO w CU= j}kO pL R= pY=L G}=Dv Q@ j@]vt pw= |xvwtv 75 QO 'CU= TS R=
QO CPLEX xOvvmpL |=QH= R= GDvt u}}=B w q=@ OwOL u}@ |Q=Okt =yxvwtv Q}=U
OYQO R}v 7 pmW QO "OyO|t u=Wv hOy `@=D |=Q@ =Q GAMS V23 5 Q=Ri=sQv
Cw=iD u}= "CU= xOW xO=O u=Wv �|v=}=B |xr�Ut 24 QO� =y?=wH u}@ hqDN=

%CU= xOt; CUO x@ 16 |x]@=Q ?ULQ@

hqDN= OYQO =

GAMS R= pY=L ?=wH u} QDy@ |q=@ OL � xawvtt |wHDUH ?=wH
GAMS R= pY=L ?=wH u} QDy@ |q=@ OL �100
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QF-wt Qou=Wv xm 'OQ}o|t Q@ QO =Q OYQO QiY =D �18 u}@ |Q}O=kt XN=W u}=
u}= QO |UQQ@ OQwt O=a@= =@ |r�=Ut |=Q@ xOW xDiQo Q=m x@ |Q=mD@= sD} Qwor= uOw@

"CU= xar=]t

5 pmW QO sD} Qwor= u}= Om x@W "CU= ?U=vt xawvtt CU}r pw] |=Q@ 3N=2
"CU= xOW xO=O u=Wv

|D=@U=Lt G}=Dv "5
|UQQ@ OQwt Q=@ u}DUNv |=Q@ xar=]t u}= QO |UQQ@ OQwt |xr�Ut xm u}= x@ xHwD =@
VN@ u}= QO 'OQ=Ov OwHw |y@=Wt u; |=Q@ |aw[wt C=}@O= QO w 'CU= xDiQo Q=Qk
3 =D 1 xvwtv p�=Ut u}= QO "OwW|t |L=Q] u; |=Q@ |QDWt 12 =D 4 =@ xr�Ut 99
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\UwD xOW x�=Q= ?=wH '|QDWt 12 w 10 =@ xOW |L=Q] p�=Ut Q}=U QO
QDnQR@ O=a@= =@ |r�=Ut QO =yxR=@ u}= "CU= xR=@ l} pt=W CPLEX |xOvvmpL
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"xvwtv p�=Ut C=YNWt R= |NQ@ "2 pwOH
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2 2 1 3 =D 1 A,B,C,D,E

2 2 2 9 =D 4 A,B,C,D,E

2 3 1 12 =D 10 A,B,C,D,E

3 3 2 15 =D 13 A,B,C,D,E

2 2 1 2; 1 F,G

2 2 2 3 F,G

2 2 3 5; 4 F,G

2 3 1 6 F,G

2 3 2 7 F,G

2 3 3 9; 8 F,G

3 3 1 10 F,G

3 3 2 11 F,G

3 3 3 12 F,G
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1. time dependent vehicle routing problem (TDVRP)
2. Bowman
3. intelligence transportation system
4. local search
5. tabu search
6. Fred Glover
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namic vehicle routing based on online tra�c informa-
tion", Transportation Science, 38(4), pp. 420-433 (2004).

23. Fleischmann, B., Gietz, M. and Gnutzmann, S. \Time-
varying travel times in vehicle routing", Transportation
Science, 38(2), pp. 160-173 (2004).

24. Taniguchi, E. and Shimamoto, H. \Intelligent trans-
portation system based dynamic vehicle routing and
scheduling with variable travel times", Transportation
Research Part C, 12, pp. 235-250 (2004).

25. Chen, H.K., Hsueh, C.F. and Chang, M.S. \The real-
time time-dependent vehicle routing problem", Trans-
portation Research Part E, 42, pp. 383-408 (2006).

26. Bock, S. \Real-time control of freight forwarder trans-
portation networks by integrating multimodal transport
chains", European Journal of Operational Research, 200,
pp. 733-746 (2010).

27. Liao, T.Y. and Hu, T.Y. \An object-oriented evalua-
tion framework for dynamic vehicle routing problems
under real-time information", Expert Systems with Ap-
plications, 38, pp. 12548-12558 (2011).

28. Liorini, S., Potvin, J.Y. and Zu�erey, N. \Online vehi-
cle routing and scheduling with dynamic trave ltimes",
Computers & Operations Research, 38, pp. 1086-1090
(2011).

127





�13
93

u=DU
@=D�

'h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

�| :v
iC

W=O
O=}�

'13
8�1

29
"X

'1/
2|

xQ=t
W'

30
�1

|xQ
wO

R
es

ea
rc

h
N

ot
e|=Q@ DGWMA w GWMA pQDvm |=yQ=Owtv

|iYw |i}m |=yxYNWt
�Q=}O=DU=� �|r}atU= s} Qt

�OWQ= |U=vWQ� |wHWv=O� O=Rm}v xO}tL
�OWQ= |U=vWQ� |wHWv=O� `=aWsHv= =}wQ

�T� <=QyRr= x=oWv=O '`}=vY |UOvyt |xOmWv=O

|=yQ=Owtv R= QDW}@ Ov}=Qi lJwm |=yCi}W hWm CaQU 'x_i=L =@ pQDvm |=yQ=Owtv QO
lQLDt u}ov=}t pQDvm |=yQ=Owtv Q}N= |=yp=U QO xm |Qw]x@ &CU= 1CQ=ywW pQDvm

QD=Q=m '�DGWMA� xv=owO |twta uwRwt lQLDt u}ov=}t w �GWMA� |twta uwRwt
lQLDt u}ov=}t |=yQ=Owtv w �EWMA� |}=tv uwRwt lQLDt u}ov=}t |=yQ=Owtv R=

V}=B |=Q@ ,=@r=e =yQ=Owtv u}= "Ov=xOW |iQat �DEWMA� xv=owO |}=tv uwRwt
|i}m |=yxYNWt "Ov=p=tQv |xDUw}B `} RwD ZQi CLD 'Q}eDt |i}m |=yxYNWt
O=OaD VQ=tW =} �|}xrtHwO `} RwD =@� j@]vt=v sqk= O=OaD VQ=tW |=v@tQ@ '|iYw

QO "OvQ=O |Q=t; Ov}=Qi pQDvm QO |O=} R OQ@ Q=m '�uwU=wB `} RwD =@� |UQR=@ OL=w QO =yXkv
|iYw |i}m |=yxYNWt |=Q@ DGWMA w GWMA pQDvm |=yQ=Owtv Q=DWwv u}=

"OwW|t |UQQ@ =yv; \re Q=OWy MQv Q@ =yQ=Owtv |=yQDt=Q=B Q}}eD QF= w 'xOW |L=Q]
|R=Ux}@W R= xO=iDU= =@ '|iYw |i}m |=yxYNWt V}=B QO =yQ=Owtv u}= |}=Q=m u}vJty

"OwW|t xU}=kt DEWMA w EWMA pQDvm |=yQ=Owtv =@ w Qo}Om} =@ wrQ=m Cvwt
u=vJty 'OvwW|t V}=B |iYw |i}m |=yxYNWt |Dkw xm CU= |m =L xrY=L G}=Dv

"OvQ=O lJwm |=yCi}W hWm QO |@ wN |}=Q=m =yQ=Owtv u}=

esmaeili m@alzahra.ac.ir
nikzaad@gmail.com
roya.anjomshoaa@gmail.com

Q=Owtv 'GWMA pQDvm Q=Owtv '|}=tv uwRwt lQLDt u}ov=}t %|O}rm u=oS=w
"xr=@vO pw] \UwDt '|iYw |i}m |=yxYNWt 'DGWMA pQDvm

xtOkt "1
QO Q=Owtv u}= [1]"OW x�=Q= 1959 p=U QO Q=@u}rw= EWMA pQDvm Q=Owtv
'=yOa@ "Ovm|t pta QDy@ lJwm C=Q}}eD hWm QO CQ=ywW pQDvm Q=Owtv =@ xU}=kt
DEWMA pQDvm Q=Owtv w Ci=} xaUwD EWMA pQDvm Q=Owtv '2005 p=U QO
hWm QO DEWMA pQDvm Q=Owtv xm O=O u=Wv xOW s=Hv= C=ar=]t [2]"OW KQ]t
"Ovm|t pta EWMA pQDvm Q=Owtv R= QDy@ Ov}=Qi u}ov=}t lJwm |=yCi}W
pQDvm |=Q@ =Q EWMA pQDvm |=yQ=Owtv R= |t}taD u}r w wW 2003 p=U QO
uwRwt lQLDt u}ov=}t pQDvm Q=Owtv O}OH Q=Owtv u}= [3]"OvOQm x�=Q= Ov}=Qi u}ov=}t
Ov}=Qi u}ov=}t lJwm |=yCi}W hWm QO w OwW|t xO}t=v 6�GWMA� |twta
2009 p=U QO "CU= DEWMA w EWMA pQDvm |=yQ=Owtv R= QDU=UL
QO u}vJty [4]"OW x�=Q= Ov}=Qi Tv=} Q=w =} u}ov=}t V}=B |=Q@ GWMA Q=Owtv
Ov}=Qi Tv=} Q=w w u}ov=}t u=tRty V}=B |=Q@ |@}mQD GWMA Q=Owtv 2009 p=U
C}a@D \}=QW QO GWMA pQDvm Q=Owtv 'C=ar=]t R= |NQ@ QO [5]"OW |L=Q]
u}vJty [6]"CU= xOW|UQQ@ '=t=o Ovv=t 'p=tQv Q}e |xDUw}B `} RwDl} R= C=Oy=Wt
V}=Ri= |=Q@ 'u; s}UQD Q=Ri= sQv =@ x=Qty 'uwU=wB `} RwD =@ GWMA pQDvm Q=Owtv

[7]"OW x�=Q= u}t-=D |xQ}HvR C}i}m

'pwYLt C}i}m Ow@y@ w C=a}=[ Vy=m QO |}xOta Vkv |Q=t; |=yVwQ xRwQt=
R= |m} �pQDvm Q=Owtv� "Ovvm|t =i}= pwYLt C=}L |xNQJ hrDNt pL=Qt |]
1920 xyO QO Q=@u}rw= xm CU= 2�SPC� |Q=t; Ov}=Qi pQDvm |=yQ=R@= u} QDsyt
|UQR=@ 'CqwYLt R= |Q}oxvwtv Q@ |vD@t =yQ=Owtv u}= "OW KQ]t CQ=ywW \UwD

"OvDUy pwYLt CW=@v= pm x@ G}=Dv s}taD w =yxvwtv
C}ty= R�=L Q=}U@ pQDvm R= GQ=N \}=QW hWm CaQU 'pQDvm |=yQ=Owtv QO
'OQ}o|t CQwY |Ovmx@ lJwm |=yCi}W hWm 'CQ=ywW |=yQ=Owtv QO "CU=
'Ov=T=UL Q=}U@ lJwm C=Q}}eD hWm QO 3x_i=L pQDvm |=yQ=Owtv xm u; p=L
|r@k |=y|Q}oxvwtv C=aq]= R= '|rai |xvwtv Q@ xwqa =yQ=Owtv u}= QO xm =QJ
xO=O Cr=NO |Q}os}tYD QO R}v Ov}=Qi xDWPo ?}DQD u}= x@ w &OwW|t xO=iDU= R}v
pQDvm Q=Owtv w 4�EWMA� |}=tv uwRwt lQLDt u}ov=}t pQDvm Q=Owtv "OwW|t
pQDvm |=yQ=Owtv R= |}=yp=Ft 5�DEWMA� xv=owO |}=tv uwRwt lQLDt u}ov=}t

"Ov=x_i=L =@
pw�Ut xOvU} wv �

"1393 6 4 VQ}PB '1391 6 25 x}LqY= '1391 4 3 Ci=} QO %M} Q=D



"""|
=Q@D

G
W

M
A

wG
W

M
A

pQDv
m|

=yQ=
Owtvw Ov=|}xrtHwO `} RwD Q@ |vD@t np w p |=yQ=Owtv pt=W |iYw |i}m |=yxYNWt

CqwYLt O=OaD np pQDvm |=yQ=Owtv QO "Ov=uwU=wB `} RwD Q@|vD@t u w c|=yQ=Owtv
|}xrtHwO `} RwD R= xt |xQ=t; &(xt) OwW|t VQ=tW xvwtv Qy j@]vt=v =} ?w}at
"CU= p0 pQDvm CLD \}=QW QO pwYLt Qy uOw@ ?w}at p=tDL= "Ovm|t |wQ}B
VQ=tW �xvwtv n pt=W� |UQR=@ OL=w Qy QO =yXkv O=OaD c pQDvm |=yQ=Owtv QO

"Ovm|t |wQ}B uwU=wB `} RwD R= (Ct) pY=L OOa "OwW|t

|iYw |i}m |=yxYNWt |=Q@ GWMA pQDvm Q=Owtv "1"2
Ot=W}B O}vm ZQi [3]"OW |iQat 2003 p=U QO Q=@ u}rw= GWMA pQDvm Q=Owtv
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2 716 2 73 2 772 2 896 2 902 2 912 2 932 2 969 2 984 2 987 2 99 2 996 L

1! 0 9 0 75 0 5 1! 0 9 0 75 0 5 1! 0 9 0 75 0 5 �
EWMA EWMA EWMA

1 6989 1 6998 1 8748 2 1 9223 1 9284 1 9728 2 0984 2 0208 2 0556 2 0994 2 2344 p1 = 0 1
2 0004 1 9924 2 1835 2 4188 2 284 2 302 2 3697 2 5595 2 4895 2 5352 2 6099 2 8162 0 11
2 4141 2 427 2 6233 2 9561 2 7597 2 7829 2 8937 3 2192 3 1696 3 2274 3 3244 3 6646 0 12
2 9991 3 0086 3 2139 3 7667 3 4554 3 4947 3 6411 4 1489 4 2876 4 3352 4 4525 4 9968 0 13
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26 42 25 3716 25 441 30 3334 47 8121 44 6731 41 1653 42 9086 110 7385 107 426 101 42 97 1047 0 18

94 0299 86 2867 78 7324 86 8481 169 0269 159 816 147 986 139 157 308 743 306 533 301 372 302 537 0 19

370 1304 371 256 371 05 370 772 369 8552 370 227 370 105 369 105 371 0244 370 055 369 289 370 065 0 2!
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79 8735 73 6727 67 2416 67 107 111 4775 105 329 95 9248 88 7813 145 6038 142 179 138 202 129 452 0 21
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12 1251 11 8843 12 0819 13 683 15 8532 15 215 15 1822 16 2523 24 3435 23 6696 22 9841 22 9206 0 23
7 4065 7 3821 7 5886 8 6566 9 1799 8 9271 9 0094 9 9582 13 1044 12 731 12 5385 12 8842 0 24
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3 8756 3 8494 4 0639 4 6217 4 4341 4 4185 4 5242 4 9868 5 4295 5 3912 5 4039 5 8111 0 26
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2 1064 2 135 2 2749 2 4625 2 3555 2 35 2 4181 2 5575 2 5199 2 5418 2 5771 2 7533 0 29
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15 04085 14 3919 13 3548 10 5188 13 2414 13 1322 12 8556 12 2006 14 48755 14 166 13 564 13 6095 0 16
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30 81035 29 9991 29 4722 26 1291 39 7105 36 7781 33 6826 32 5528 67 9747 62 7379 55 4729 47 1724 0 18
77 07515 70 3184 63 3928 59 4273 129 22335 115 013 98 2296 83 236 217 9138 208 082 186 771 158 262 0 19
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26 70965 23 1175 20 0439 18 2205 57 9854 52 7733 45 0629 38 3635 106 58395 100 252 94 9531 81 4994 0 21
5 65515 5 3425 5 2413 5 6699 11 16835 10 4712 9 9882 11 1267 27 5233 26 4109 24 251 22 831 0 22
2 9499 2 9608 2 9188 3 3923 4 40315 4 3336 4 5137 5 41955 9 76205 9 52515 9 26715 10 1142 0 23
2 3232 2 295 2 283 2 5512 2 83725 2 8418 2 9694 3 63845 4 77215 4 75295 4 81085 5 8005 0 24
2 0689 2 0307 2 035 2 1722 2 30005 2 31735 2 3771 2 7581 3 05115 3 1501 3 24935 3 9359 0 25
1 93105 1 8714 1 8694 1 9498 2 067 2 0794 2 0726 2 314 2 3901 2 4538 2 54665 3 0201 0 26
1 82785 1 7616 1 7521 1 7919 1 92995 1 93195 1 8964 2 05045 2 05585 2 1027 2 1547 2 4726 0 27
1 73825 1 6478 1 6459 1 6647 1 8222 1 82635 1 7798 1 85765 1 88725 1 91325 1 93755 2 1373 0 28
1 6459 1 5736 1 5623 1 5745 1 72765 1 7298 1 6649 1 6975 1 76035 1 7708 1 79835 1 9275 0 29
1 5528 1 4656 1 4647 1 476 1 64015 1 6431 1 5605 1 5776 1 6563 1 66065 1 6741 1 7422 0 3
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DEWMA DEWMA DEWMA
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3 34925 3 35245 3 5597 4 22695 3 8405 3 89845 4 1012 4 82745 5 08595 5 1519 5 28965 5 99345 21
4 06585 4 07775 4 30355 5 19475 4 7587 4 805 5 07665 5 97515 6 8777 6 84475 6 9373 7 93775 22
5 0587 5 0998 5 362 6 5794 6 1667 6 0993 6 4363 7 68145 9 9237 9 7097 9 77065 10 813 23
6 60735 6 62545 6 9064 8 5573 8 41 8 2989 8 5847 10 2268 15 315 14 823 14 6086 15 8 24
8 958 8 99335 9 3607 11 6932 12 3784 11 9047 12 1199 14 4999 26 16675 25 0454 24 0615 24 8775 25

13 4928 13 2589 13 5975 16 9557 20 48565 19 5939 18 8324 21 8788 49 3297 46 9693 44 839 44 022 26
22 7607 21 9781 22 1256 27 0713 40 0075 37 0274 34 5655 37 6091 101 931 97 0537 93 5438 89 3408 27
49 015 45 1794 43 2868 50 7475 95 21835 89 1909 80 2269 80 1026 222 3214 218 13 213 368 208 614 28

154 7918 139 939 127 048 136 181 262 2451 250 35 238 785 234 157 418 08545 404 566 418 158 420 482 29

370 5431 371 41 369 755 370 116 369 7398 371 291 370 967 371 818 369 7743 370 71 369 38 370 25 30!
ARL0

123 38225 113 078 102 064 97 56 157 53375 150 108 138 355 125 095 186 7588 182 391 178 426 168 365 31
42 3285 39 617 37 5267 39 9068 61 47535 57 4893 52 805 50 4518 87 9328 84 8207 82 3607 77 7085 32
21 10845 20 1125 19 6425 22 0968 29 18555 27 5286 26 0862 27 1025 44 8563 43 3619 41 8144 40 1117 33
12 79365 12 4528 12 5595 14 2547 16 70145 16 0788 15 5407 16 8966 25 37615 24 5556 24 1641 23 8548 34
8 7205 8 6041 8 75815 10 0461 10 75555 10 5889 10 5703 11 6665 15 90535 15 4586 15 3509 15 46 35
6 50605 6 43275 6 56295 7 60645 7 62095 7 65905 7 7078 8 54375 10 6824 10 4074 10 3223 10 7918 36
5 06225 5 00445 5 1771 5 8992 5 8268 5 75205 5 9542 6 61015 7 63005 7 6306 7 5821 8 0312 37
4 1002 4 0643 4 2224 4 784 4 62235 4 6468 4 77845 5 30415 5 74955 5 7879 5 81005 6 25665 38
3 43795 3 41725 3 54425 3 98725 3 7961 3 8229 3 96095 4 367 4 5429 4 5568 4 63715 5 03015 39
2 91675 2 90635 3 0288 3 38285 3 2376 3 25315 3 39175 3 6659 3 74975 3 77255 3 8456 4 09795 40
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q1 = q2 = 0 9 q1 = q2 = 0 75 q1 = q2 = 0 5
2 631 2 551 2 436 2 316 2 834 2 8 2 764 2 765 2 969 2 961 2 96 2 978 L

1! 0 9 0 75 0 5 1! 0 9 0 75 0 5 1! 0 9 0 75 0 5 � =

DEWMA DEWMA DEWMA �

7 4042 6 5127 5 7007 4 0223 6 3523 6 20325 5 8416 5 14745 5 392 5 38525 5 3445 5 3544 c1 = 20
8 65405 7 85675 6 8797 4 96495 7 3023 7 2209 6 8884 6 1153 6 27105 6 27195 6 2776 6 35355 21
10 2786 9 413 8 34715 6 09415 8 4457 8 4007 8 1593 7 3323 7 55015 7 4878 7 5116 7 71695 22
12 02275 11 3234 10 2274 7 6381 9 97125 9 9732 9 7802 8 99855 9 4982 9 33615 9 307 9 53205 23
14 1596 13 6133 12 6317 9 6353 12 09835 12 0699 11 993 11 2871 12 6541 12 2986 12 0044 12 2768 24
16 9106 16 5654 15 7728 12 5088 15 4095 15 2167 15 1535 14 68 18 68805 17 7353 16 6433 16 8326 25
20 5853 20 5711 20 2637 16 8789 21 2749 20 6533 20 3734 19 9074 30 9941 28 479 26 2505 24 4675 26
27 5375 27 1835 27 1013 24 1366 34 60535 31 8841 29 9462 29 8125 60 48525 53 8083 47 5095 41 6867 27
44 01405 41 5539 41 1923 38 4933 71 6433 63 4946 55 5855 51 1725 135 2545 123 012 107 214 88 44 28
117 52485 103 066 91 5796 82 893 202 3934 179 278 155 072 126 261 317 7118 304 174 282 382 253 265 29

371 99265 371 115 370 502 369 373 371 0997 370 871 370 649 369 641 371 91645 369 463 370 491 371 363 30!
ARL0

48 3988 39 8866 33 9798 29 4497 92 14995 85 8622 75 6666 61 4966 145 09105 141 864 135 179 119 743 31
9 49555 9 05305 8 1152 8 445 21 68145 19 9582 17 8308 17 7219 50 8714 48 3829 44 8491 40 2067 32
4 1173 4 01465 4 09035 4 64275 7 93845 7 4147 7 2317 8 62855 19 56765 19 397 18 1736 18 038 33
2 82145 2 809 2 83275 3 2647 4 11135 4 0687 4 2917 5 33125 9 24245 9 18255 9 38275 10 1308 34
2 3709 2 33575 2 3817 2 6325 2 89085 2 9727 3 10315 3 8579 5 45685 5 36245 5 517 6 5318 35
2 1385 2 116 2 1258 2 27615 2 41825 2 45285 2 54205 3 1116 3 6127 3 7465 3 8378 4 7055 36
2 0208 1 9846 1 9912 2 0806 2 1831 2 1959 2 26105 2 63945 2 76625 2 86815 3 0113 3 6798 37
1 9271 1 88095 1 8921 1 9208 2 04035 2 04325 2 08735 2 3476 2 3647 2 42085 2 5502 3 06825 38
1 8577 1 80395 1 81595 1 8087 1 92955 1 94205 1 9702 2 13445 2 14445 2 1823 2 27905 2 64725 39
1 7908 1 74325 1 73895 1 71805 1 85915 1 8633 1 8802 2 00365 1 99225 2 02245 2 09485 2 3359 40
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pQDvm Q=Owtv w Ovm|tptaGWMA wEWMA Q=Owtv wO R= QDy@|ivt|=yCi}W
"CU= DGWMA pQDvm Q=Owtv R= QDy@ \UwDt C@Ft |=yCi}W QO DEWMA
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"OwW|t O=yvW}B |D; |=yVywSB |=Q@ |D=aw[wt u=wvax@ 14xDU@tyOwN

u}= QO "Ov=xOW x�=Q= 'C=Oy=Wt |xDUw}B `} RwD uOw@p=tQv ZQi =@ w 'Q}eDt |i}m
|iYw |i}m |=yxYNWt |=Q@ DGWMA w GWMA pQDvm |=yQ=Owtv xr=kt
VQ=tW j@]vt=v sqk= O=OaD =yu; |] xm |}=yOv}=Qi QO =yxYNWt u}= "OW x�=Q=
O=OaD =yu; |] xm |}=yOv}=Qi QO w '|}xrtHwO |xDUUo |=y`} RwD |=Q=O OvwW|t
ARL u=R}t "OvDUy uwU=wB `} RwD |=Q=O OwW|t VQ=tW |UQR=@ OL=w QO =yXkv
C=Q}}eD Q}F-=D w xOW xOR u}tND wrQ=m Cvwt |R=Ux}@W R= xO=iDU= =@ pQDvm |=yQ=Owtv
xm OyO|t u=Wv G}=Dv "OW |UQQ@ =yv; \re Q=OWy MQv Q@ =yQ=Owtv |=yQDt=Q=B
QO q2 w q1 R}v w GWMA pQDvm Q=Owtv QO q� =yQ=Owtv |L=Q] |=yQDt=Q=B V}=Ri=
OwW|t pQDvm Q=Owtv ARL0 QO xHwD p@=k Ow@y@?Hwt �DGWMA pQDvm Q=Owtv
w GWMA pQDvm Q=Owtv QO �� =yQ=Owtv pmW |=yQDt=Q=B V}=Ri= xm |r=L QO
=yQ=Owtv ARL0 QO |yHwD p@=k Ow@y@ �DGWMA pQDvm Q=Owtv QO � w � R}v

=yCWwv=B
1. shewhart control charts
2. statistical process control (SPC)
3. memory control charts
4. exponentially weighted moving average (EWMA)
5. double exponentially weighted moving average (DGWMA)
6. generally weighted moving average (GWMA)
7. double generally weighted moving average (DGWMA)
8. average run length
9. center line (CL)
10. upper control limit (UCL)
11. lower control limit (LCL)
12. kurtosis
13. skewness
14. auto-correlated DGWMA control chart
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