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|O}=a xm Ovm|t ?=NDv= =Q OQ@y=Q u; xOvvmO}rwD 's}yO u=Wv UMN =@ =Q =QH= sOa
w R@U u=oOvvmO}rwD |O}=a |rwrat w Cra Q=Owtv 3 pmW "OR=U w= ?}Yv =Q |QDW}@
u=wD|t =Q R@U |xOvvmO}rwD l} |Q=_Dv= |O}=a |rm Qw]x@ "OyO|t u=Wv =Q |O=a
Ov=CQ=@a |rN=O pt=wa "OQm u}}aD |HQ=N w |rN=O pt=wa R= xwQo wO Q}F-=D CLD

C=e}r@D w =yu}Btm OQmrta w sOQt Vv=O w |y=o ; K]U R= |W=v OwN syt u}=
"CU= |twta

C@=kQ 'u=oOvvmO}rwD R=|NQ@ u=}t QO GSCM |=QH= =@ %u=oOvvmO}rwD u}@C@=kQ �
w |Q=HD u=Wv Q@ GSCM |=QH= lW|@ "OW Oy=wN O=H}= h}] wO u}= u=}t
'CqwYLt |xOW s=tD |=y@ Q}}eD x@ xHwD =@ |iQ] R= w CU= QF-wt CmQW Q=@Da=

[19]"OR=U Q}}eD Q=JO =Q u; Q=R=@ syU CU= umtt
|}xvwo x@ =Q xr�Ut |=} wB pOt O}=@ 'xr�Ut |rY= |=yQ}eDt |}=U=vW R= TB
QO =Q |}=} wB |x}[Qi u}= 2 pmW "OyO u=Wv |@ wN x@ =Q sDU}U Q=DiQ xm s} R=U@
xDU@ w |OQwNR=@ |xkrL wO pt=W xm OyO|t u=Wv |rwrat w Cra Q=Owtv ?r=k
pwYLt u=oOvvmO}rwD O=OaD 'CmQWl} QO GSCM |=QH= =@ B1 |xkrL QO "CU=
pwYLt Q=R=@ R= CmQW syU '=[=kD uOw@ C@=F CQwY QO w O@=}|t V}=Ri= R@U
C} Q}Ot Q=WDv= QO xOvQ=OR=@ |rt=a xm O@=}|t Vy=m |Q=_Dv= OwU u; `@D x@ w R@U
xOvvmO}rwD l} uOW jLrt R}v B2 |ivt |xkrL QO "CU= R@U u}t-=D |xQ}HvR
"OwW|t |O=a u=oOvvmO}rwD Q}=U OwU w VwQi V}=Ri= ?Hwt 'R@U |=yCmQW x@
pwYLt O}rwD =} =[=kD VN@ '|}=yCU=}U p=ta= =@ CU= Qw@Ht CrwO u}=Q@=v@
?Hwt R@U u=oOvvmO}rwD x@ xv=Q=} CN=OQB wUl} R= "Ovm j} wWD w l} QLD =Q R@U
CN=OQB 'Qo}O |wU R= w OwW|t u=oOvvmO}rwD Q}=U j} wWD w =yu; OwU V}=Ri=
pwYLt |=[=kD w V}=Ri= =Q R@U pwYLt |=[=kD xOvvmhQYt x@ xv=Q=} s}kDUt
GSCM Q=WDv= Q@ s}kDUt Q}F-=D CU=}U wO Qy lW uwO@ "OyO|t Vy=m =Q |O=a

"CU}v |v}@V}B p@=k =yu; QF= COW =t= &OQ=O
l} u=oOvvmO}rwD u=}t QO GSCM Q=WDv= |xwLv |R=UpOt VywSB u}= hOy
'sDU}U u}= Q@ QF-wt pt=wa p}rLD w x} RHD =@ =D OQ=O VqD w CU= pwYLt R= ẁv
Q} R C=[wQit w =yw} Q=vU Qw_vt u}= x@ "Ovm |UQQ@ =Q OQm} wQ u}= VQDUo |=yx=Q

%CU= xOW xDiQo Q_v QO |R=UpOt Qt= QO CrwyU |=Q@
"CU= C@=F |v=tR |=yxQwO pw] QO u=oOvvmhQYt w u=oOvvmO}rwD pm O=OaD �

QO w Ovm|t ?=NDv= =Q X=N OQ@y=Q l} |v=tR |xQwO Qy QO xOvvmO}rwD Qy �
CQwY QO w Ovm|t |v}@ R=@ =Q OwN OQ@y=Q '�|Q=m p=U l}� xQwO Qy |=yDv=

"OyO|t Q}}eD |Oa@ xQwO |=Q@ =Q OwN OQ@y=Q R=}v
w OvwW|t |Ov@xDUO |O=a w R@U xwQo wO QO \ki xOW O}rwD CqwYLt ẁvD �

"OQ=Ov |i}m w |Qy=_ |=y|oS} w QO |Dw=iD hrDNt u=oOvvmO}rwD CqwYLt
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Otu=oOvvmO}rwD O=OaD =@ xOvvmO}rwD Qy |O}=a xm Ovm|tXNWt q=@\@=wQ w C=L}[wD

XG =@ =Q R@U O}rwD OQ@y=Q |=Q=O u=oOvvmO}rwD C@Uv Qo = "OQ=O \=@DQ= OQ@y=Q u; QO
XG '(XG + XN = 1) s}yO V}=tv XN =@ =Q |O=a u=oOvvmO}rwD C@Uv w
Q=QmD |=} wB |x]@=Q l} |xrO=at [20]pw@} w "OvDUy (t) u=tR R= |a@=wD XN w
pwYLt u=oOvvmO}rwD C@Uv |=} wB C=Q}}eD MQv u; T=U= Q@ xm OQm x�=Q= =Q xOvwW

"CU= u=}@ p@=k Q} R CQwYx@ ( ~XG) R@U
~XG = XG [� (UMG � UMN )� � (UMN � UMG)]XN (5)

u=Wv |v=tR |=yxQwO |] QO =Q R@U u=oOvvmO}rwD C@Uv OWQ MQv `k=w QO 5 x]@=Q
(�(UMG � OW=@ |O=a pwYLt R= V}@ R@U O}rwD |Q=_Dv= |O}=a Qo = "OyO|t
'|O}=a hqDN= u=R}t =@?U=vDt wCU=C@Ft |OOa OWQ MQv u}= 'UMN ) > 0)

OW=@ QDW}@ |O=a pwYLt O}rwD |O}=a Qo = p@=kt hQ] R= "Ovm|t Q}}eD OWQ MQv
u=oOvvmO}rwD O=OaD w OW Oy=wN |ivt |OOa ~XG '(�(UMN � UMG) > 0)

"Ci=} Oy=wN Vy=m R@U
xOvvmhQYt |=Q@ xv}y@ OQ@y=Q ?=NDv= "2"3"3

OQ@y=Q wO =@ pwYLt u=Q=O} QN =} u=oOvvmhQYt 'OW x�=Q= 1 pmW QO xm xvwou=ty
x@=Wt R}v =yu; ,=trUt "|O=a pwYLt O} QN =} R@U pwYLt O} QN 'OvDUy xH=wt
Q_v OQwt |=yXN=W x@ xHwD =@ w Ovvm|t |UQQ@ =Q umtt |=yxv} Ro 'u=oOvvmO}rwD
=Q xOvvmhQYt |Q=_Dv= |O}=a |rm Qw]x@ "Ovvm|t ?=NDv= =Q OQ@y=Q u} QDy@ 'OwN

%CUv=O Q} R pt=a 3 Q}F-=D CLD u=wD|t
R@U CqwYLt VwQi Ct}k ?}DQD x@ PN w PG Qo = %pwYLt O} QN |xv} Ry �
"O=O Oy=wN K}HQD =Q QDu=RQ= pwYLt xOvvmhQYt 'OW=@ |O=a CqwYLt w
x@ R@U CqwYLtCt}k,qwtat %R@U pwYLt O} QN x@ xOvvmhQYt K}HQD u=R}t �
'QDW}@ |=yOQ=Ov=DU= w C=t=Rr= C}=aQ =} X=N C=R}yHD w O=wt |Q}oQ=mx@ p}rO
3|]}LtCU} R C=L}HQD '\}=QW u}= QO "CU= |O=a CqwYLt R= QDq=@
pOt u}= QO w OQ=O |U=U= Vkv pwYLt ẁv ?=NDv= QO u=oOvvmhQYt
"OW Oy=wN xO=O u=Wv � 2 [0; 1] O=tv =@ CN=wvm} `} RwD l} CQwYx@
w OvQ=O |}q=@ |]}LtCU} R |=yxeOeO w =y|v=Qov u=oOvvmhQYt R= |NQ@
|Q=O} QN |O=a pwYLt R= QDq=@ Q=}U@ |=yCt}k =@ =Q R@U pwYLt OvQ[=L
Qo = Qo}O hQ] R= "Ow@ Oy=wN l} x@ l}ORv � OOa X=NW= u}= |=Q@ &Ovvm
�� OW=@ xDW=Ov xOvvmhQYt |=Q@ |v=OvJ C}ty= |]}LtCU} R C=_Lqt
w CU}v pwYLt uOw@ |O=a =} R@U ẁv x@ xDU@=w w= O} QN '�QiY x@ l}ORv
u=R}t xm CU= |QwQ[ xDmv u}= QmP "CU= C}ty= R�=L O} QN Ct}k ,=iQY
'xat=H |twta nvyQi R= |W=v OwN 'R@U |q=m O} QN x@ u=oOvvmhQYt K}HQD
xJQy "CU= xv}tR u}= QO xDiQo CQwY C=e}r@D u=R}t w sOQt |y=o ; K]U
x@ sOQt C@eQ 'OW=@ QDq=@ �VRwt; w nvyQi 'Cq}YLD� xat=H |y=o ; K]U

"Ci=} Oy=wN V}=Ri= R@U pwYLt O} QN
COtOvr@ |=yOQ@y=Q x@ xHwD =@ %(SC) xOvvmhQYt x@ CrwO |xv=Q=} u=R}t �
's}kDUt |xv=Q=} pmW x@� xv=Q=} R@U CqwYLt O} QN |=Q@ ,qwtat '=yCrwO
xOvvmhQYt ?=NDv= QO xm OwW|t xO=OX}YND �QDsm ZQ=wa =} C=}r=tVy=m

"CU= QF-wt
XNWt |O=a w R@U CqwYLt u=oOvvmhQYt O=OaD wC@Uv 'pt=a 3 u}= Ov};Q@ R=

"�4 pmW� OwW|t

%R=
(PN ) |O=a CqwYLt VwQi Ct}k w (PG) R@U CqwYLt VwQi Ct}k �
(CN ) |O=a CqwYLt O}rwD |xv} Ry w (CG) R@U CqwYLt O}rwD |xv} Ry �
|HQ=Npt=wau} QDsyt (IM) GSCM |=QH= |=Q@ x}rw= |Q=Pox}=tQU|xv} Ry �

%R= Ov=CQ=@a R}v
(SM ) xOvvmO}rwD x@ CrwO xv=Q=} Q=Okt �

\}=QW =Hu}= QO 'OW QmP pOt C=[wQit QO xm xvwou=ty %xOvvmO}rwD Q=R=@ syU �
|w=Ut C@Uv x@ R@U CqwYLt u=Q=O} QN w CU= sy x@=Wt u=oOvvmO}rwD s=tD
R= xOvvmO}rwD Qy Q=R=@ syU u}=Q@=v@ "Ovvm|t O} QN R@U CqwYLt u=oOvvmO}rwD R=
CqwYLt u=oOvvmO}rwD O=OaD x@ (NCG) R@U pwYLt u=Q=O} QN O=OaD s}UkD

"( NCGNMG
) Ot; Oy=wN CUO x@ (NMG) R@U

CU= Q@=Q@ xOvvmO}rwD l} |=Q@ GSCM |=QH= R= Q=_Dv= OQwt |O}=a u}=Q@=v@
%=@

UMG = NCG
NMG

(PG � CG + SM )� IM (1)

UMN = NCN
NMN

(PN � CN ) (2)

l} P=ND= R= xOvvmO}rwD l} OwU w |O}=a xm CU= u}= CU= srUt xJu;
O=OaD?}DQD u}= x@ wCU= Q=PoQ}F-=D u=oOvvmO}rwD Q}=U OQ@y=Q ?=NDv= Q@ 'X=N OQ@y=Q
l} QO Qo = ,qFt "Ovm|t Q}}eD hrDNt |=yxQwO QO X=N OQ@y=Q l} =@ u=oOvvmO}rwD
CqwYLt u=oOvvmO}rwD x@C@Uv =Q |QDW}@ OwU R@U CqwYLt u=oOvvmO}rwD 'xQwO
GSCM OQ@y=Q P=ND= x@ u=oOvvmO}rwD Q}=U V}=Qo Oa@ |xQwO QO 'Ovvm ?Um |O=a
R= "Ci=} Oy=wNV}=Ri= (NMG) R@U pwYLt u=oOvvmO}rwD O=OaD w O@=}|tV}=Ri=
|=yCU=}U x@ xHwD =@ w O@=} V}=Ri= R@U pwYLt u=oOvvmO}rwD O=OaD Qo = Qo}O hQ]
u; =@ ?U=vDt u=oOvvmhQYt O=OaD 'sOQt swta |R=UnvyQi w CrwO |k} wWD
"O@=}|t Vy=m l} Qy OwU u; `@D x@ w R@U u=oOvvmO}rwD VwQi syU 'O@=}v V}=Ri=
u=ty u}= "Ci=} Oy=wN Vy=m GSCM |=QH= x@ u=oOvvmO}rwD V}=Qo \}=QW u}= QO
w OwW|t xv}y@ OQ@y=Q Q}}eD ?Hwt u=tR QPo QO xm CU= sDU}U |}=} wB |oS} w
ẁ[wt u}=Q@=v@ "OR=U|t u=}=tv =Q sDU}U |U=vW|}=} wB j} Q] R= |R=UpOt x@ R=}v

O=OaD |v=tR |xQwO Qy QO xm CU2=} wB xNQJ l} 'CtUk u}= QO |UQQ@ OQwt
OwN OQ@y=Q xOvvmO}rwD l} |Dkw Qo}O u=}@ x@ "Ow@ Oy=wN Q}eDt R@U u=oOvvmO}rwD
=Q OwN OQ@y=Q u=tR QPo QO w V}=B =Q w= Q=DiQ u=oOvvmO}rwD Q}=U 'OyO|t Q}}eD =Q
|O}=a x@ xHwD =@ =yxOvvmO}rwD R= |m} OQ@y=Q Q}}eD p=tDL= u}=Q@=v@ "Ovvm|t Ot;RwQ
3 |x]@=Q "CU= h} QaD p@=k Q} R CQwYx@ hrDNt OQ@y=Q wO R= xOt; CUO x@
Ovm|t u=}@ =Q GSCM |=QH= x@ |O=a |xOvvmO}rwD OQ@y=Q Q}}eD |Q=_Dv= VRQ=
Qw]x@ "OW=@ xDW=O |QDW}@ |O}=a GSCM |=QH= xm CU= C@Ft |DQwY QO w
\ki w CU= CqwYLt |O=a O}rwD x@ OQ@y=Q Q}}eD |Q=_Dv= VRQ= 4 |x]@=Q x@=Wt
xDW=O x=Qty x@ =Q |QDW}@ OwU |O=a CqwYLt O}rwD xm CU= C@Ft |]}=QW QO

"OW=@

� (UMG � UMN ) =

(
UMG�UMN

UMN
UMG � UMN

0 UMG < UMN
(3)

� (UMN � UMG) =

(
UMN�UMG

UMG
UMN � UMG

0 UMN < UMG
(4)

8



1/
1|

xQ=t
W'

36
�1

|xQ
wO'

�13
99

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt

"R@U CqwYLt R= CrwO C}=tL |rwrat w |ra Q=Owtv "5 pmW

Q=Ri=sQv DSS 6 4E |xNUv QO xr=U 50 |v=tR ji= l} QO xm CU= C@=F w
R= =D Ovm|t ltm pOt |R=Ux}@W "CU= xOW |R=Ux}@W Vensim PLE32
x@ \w@ Qt C=L}[wD "s} wW x=o ; u=aiv|P Q=DiQ x@ 'CqO=at |OOa pL j} Q]
pwOH QO ' |Q=Ri= sQv pOt QO xDiQ Q=m@ |Q}o xR=Ov= |=yOL=w w CqO=at '=yQ}eDt
|=} wB pOt |xDi=}\U@ 6 pmW `k=w QO "CU= xOW x�=Q= 1 xQ=tW CUw}B A1
xvwou=ty "OyO|t u=Wv =Q u; R= |QDW}@ C=}�RH w CU= 2 pmW QO xOW x�=Q=
pOt w OvDUy QF-wt GSCM Q=WDv= QO |OOaDt pt=wa 'OW u=}@ 2 pwOH QO xm
pOt sDU}U RQt uwQO QO =Q |rY= `iv|P 3 =@ \@DQt pt=wa u} QDsyt 'xOW x�=Q=
|=yQ}eDt u}=Q@=v@ "CU= xO=O Q=Qk sDU}U R= GQ=N \}Lt QO =Q pt=wa Q}=U w Ovm|t
\}Lt |oOwr; K]U� Ovv=t R@U pwYLt hQYt w O}rwD R= CrwO C}=tL Q@ Q=PoQF=
|y=o ;� w �|rrtr= u}@ C=QQkt w C=t=Rr=� ' �pwYLt uOw@ R@U |xHQO� '�CU} R
RQt R= GQ=N QO |vyP pOt p}tmD |=Q@ xm OvDUy |i}m |=yQ}eDt '�|twta Q=mi=

"OvQ=Po|t Q}F-=D pOt Q@ |@}DQD T=}kt OvJ QO w Ov=xOW xO}O pOt
xvwou=ty "OWK} QWD pOt|=ysDU}UQ} R |=Q@ xOWOQ=wCqO=at 1�6\@=wQ QO
`@=D l} '|O}rwD |=yCmQW QO GSCM |=QH= |=Q@ 'OwW|t xO}O 6 pmW QO xm
`@=vt |Q}oQ=mx@ w C=R}yHD Q=QkDU= |=Q@ sRq u=tR Qou=}@ xm CU= xOW h} QaD Q}N-=D
=@ p=tQv `} RwD l} j@] u=tR u}= 'pOt u}= QO [9]"CU= R@U O}rwD |=Q@ =yC}iQ_ w
xOW xDiQo Q_v QO p=U 4 QFm =OL w p=U 0 2 OQ=Ov=DU= h=QLv= 'p=U 2 u}ov=}t
"CU= Q} R CQwYx@ Cr=L |=yQ}eDt wO w u=} QH Q}eDt x@ \w@ Qt CqO=at "CU=

GSCM di�usion rate = DELAY FIXED(NM � ~XG;

Random Normal(0; 4; 2; 0:2; 0); NM � ~XG) (7)

NMG = Initial V alue+ INTEG(GSCM di�usion rate)

(8)

NMN = Initial V alue� INTEG(GSCM di�usion rate)

(9)

u=Q}= |R=UwQOwN CavY QO pOt |R=U xO=}B "1"4
|R=UwQOwN `}=vY QO |oOwr; C} Q}Ot w xar=]t '|DavY ?qkv= x}rw= |=yRwQ R=
|rrtr=u}@ u; |xvt=O =Q} R &CU= xOw@ =yCmQW w xat=H |=Q@ syt |xr�Ut l}
|xv}tR QO|}xOv}=Ri |=yQ=Wi =@ u=yH QU=QU QO |R=UwQOwN |=yCmQW [21]"CU=
w |a}@] \}Lt |wQ Q@ |} wQOwN `}=vY w OvDUy xH=wt |]}LtCU} R p�=Ut
|=yCmQW u}=Q@=v@ [22]"OvQ=Po|t Q}F-=D pwYLt Qta |xNQJ pL=Qt s=tD QO |v=Uv=
"OvDUy OwN Q=m w ?Um QO CU} R \}Lt |=y?}U; Vy=m x@ Qw@Ht R=UwQOwN

"|O=a w R@U CqwYLt u=oOvvmhQYtC@Uv O=OaD|rwrat w|ra Q=Owtv "4 pmW

CU= |}=H xOvvmhQYt |=Q@ QUx@ QU x]kv 'pwYLt ẁv wO u}= ?=NDv= QO
%OW=@ u=Um} pwYLt wO Qy |O}=a xm

PG = PN + SC
(1� �) (6)

OW=@ q=@ R@U pwYLt R= xO=iDU= x@ |QDWt �K}HQD� C}U=UL Qo = x]@=Q u}= QO
|=yCt}k =@ =Q R@U pwYLt 'Q=O} QN w xOW lJwm QUm GQNt '�l} x@ l}ORv ��
Vy=m QUm GQNt QF= 'OW=@ QiY x@ l}ORv � Qo = 'TmaQ@ "O} QN Oy=wN sy QDq=@
Ct}k R= QDsm |DrwO xv=Q=} w |O=a |q=m Ct}k ẁtHt xm |]}=QW QO w O@=}|t

"OQ=Ov x}HwD xOvvmhQYt |=Q@ R@U O} QN 'OW=@ R@U pwYLt
R@U CqwYLt hQYt w O}rwD R= CrwO C}=tL K]U "3"3"3

P=ND= =@ Ov=wD|t 'GSCM Q=WDv= QO |rY= u=aiv|P R= |m} u=wvax@ R}v CrwO
R= C}=tL "Ovm C}=tL R@U CqwYLt hQYt w O}rwD R= ẁvDt |=yCU=}U
'|D=}r=t |=yC}i=at =} C=i}iND xrtH R= hrDNt p=mW= x@ Ov=wD|t u=oOvvmO}rwD
O}rwD C=R}yHD w x}rw= O=wt |mQto |=yxiQaD Vy=m '?U=vt |r=t Cq}yUD u}t-=D
|=Q@ Qo}O hQ] R= "Ovm RwQ@ |HQ=N QDQ@ `}=vY =@ |rrtr=u}@ Cqt=aD p}yUD w R@U
h}iND 'xv} Ry R= |WN@ p}rkD =@ Ov=wD|t CrwO R@U pwYLt O} QN w =[=kD j} wWD
x�=Q= pwYLt ẁv x@ xDU@ xm |}=yj} wWD Q}=U w xOwRi= VRQ= w ZQ=wa C}i=at w
`=wv= VywSB u}= QO "Ovm ?}eQD R@U CqwYLt hQYt w O} QN x@ =Q sOQt 'Ovm|t
w O}rwD |=Q@ |DrwO xv=Q=} pmW wO x@ w CU= xOW `}tHD =yCU=}U u}= hrDNt

"OW Oy=wN pOt OQ=w R@U CqwYLt hQYt
(SM ) xOvvmO}rwD x@CrwO xv=Q=} wC}=tL u=R}t R=|rwrat w|ra Q=Owtv 5pmW
Q=mi= Q=Wi '|rrtr=u}@ C=QQkt w C=t=Rr= "OyO|t u=Wv =Q R@U (SC) xOvvmhQYt w
|oty 'pwYLt uOw@ R@U |xHQO w |]}LtCU} R |=y|oOwr; K]U '|twta
R@U CqwYLt R= CrwO C}=tL K]U Q@ s}kDUt CQwYx@ xm OvDUy |rt=wa <RH
V}=Ri= |DrwO |=yjwWt u=R}t 'pt=wa u}= R= l} Qy V}=Ri= =@ w OvQ=Po|t QF=

"Ci=} Oy=wN

pOt |HvUQ=@Da= w |R=Ux}@W "4
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1. green supply chain management (GSCM)
2. replicator dynamics
3. environmental preference
4. boundary adequacy
5. structure assessment
6. dimensional consistency

7. parameter assessment
8. extreme condition
9. family member
10. reproduction
11. sensitivity analysis
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