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"OW=@v |ivt pwB |HwQN u=} QH |=yvt pwB |OwQw u=} QH xm =vat u}= x@ "OvW=@|t
|HQ=N |r=t u}t-=D C}iQ_ C}OwOLt x@ \w@ Qt R}v �8 |x]@=Q� sDiy C}OwOLt

"OW=@|t
COt =D xQwO u=}=B R= p@k O}=@ xOvvmO}rwD xm CU= u}= Q@ ZQi =yv; pOt QO

"Ovm CN=OQB u=oOvvmu}t-=D x@ =Q OwN |yO@ (tmaxk < T ) |YNWt u=tR
swO |w} Q=vU "2"1"3

|yO@ CN=OQB Cryt Ov=wD|t xOvvmO}rwD xm CU= u}= Q@ ZQi swO w} Q=vU QO
'Cr=L u}= QO "(tmaxk = T ) Ovm O}OtD xQwO QN; =D u=oOvvmu}t-=D x@ =Q OwN
VwQi R= pY=L Ot;QO pLt R= k |xOvvmu}t-=D x@ =Q OwN |yO@ Ov=wD|t xOvvmO}rwD

"Ovm CN=OQB VDqwYLt
|xv} Ro xm CU= R=}v 'tmaxk = t xm |v=tR |va} '\}=QW u}= uOQm pOt |=Q@
u}O@ "OwW xi=[= xOW |L=Q] pOt QO |Q=HD Q=@Da= O=OQ=Qk O=it x@ |tQ=yJ
`@=D QO xOvvmO}rwD O} QN |xv} Rt x@ wkQk(1 + �k)T�dkx4

k CQ=@a 'Qw_vt
"OwW|t xi=[= xOvvmO}rwD |xr�Ut QO �7 |x]@=Q� pwB pO=aD C}OwOLt w hOy
QN; QO k |xOvvmu}t-=D x@ CN=OQB sOa =} CN=OQB x@ \w@ Qt |Qv}=@ Q}eDt x4

k

C}OwOLt QO O} QN |xv} Ry x@ CQ=@a u}= xm CU= QmP x@ sRq "OW=@|t xQwO
'xQwO QN; QO CN=OQB CQwY QO =Q} R 'OwW|tv xi=[= �6 |x]@=Q� xHOw@ Ow@tm
PN= x@ |R=}v w OwW|t QUm VwQi R= pY=L Ot;QO pLt R= O} QN |xv} Ry
uOQm xi=[= CyH C}OwOLt xU 'u}vJty "OW=@|tv u; C@=@ xQwO pw= QO s=w
xi=[= xOvvmO}rwD |xr�Ut x@ Q} R j@=]t |Q=HD Q=@Da= O=OQ=Qk x@ sQ=yJ |xv} Ro

%OwW|t

T � 1 +
�
1� x3

k

�
M � tk; 8k = 1; 2; :::;K (10)

T +
�
1� x4

k

�
M � tk; 8k = 1; 2; :::;K (11)

T � �1� x4
k

�
M � tk; 8k = 1; 2; :::;K (12)

%OW=@|t Q} R CQwYx@ TCF O}OH O=OQ=Qk CLD xOvvmO}rwD |xOW |R=UR=@ pOt
Max �2

m(Rn; Qk; Qn; xik; tk; l) =P
n pnE (min fRn; yng)�P
k wkQk

"
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

+(1 + �k)T�dkx4
k

#
�Pn vn (Rn � In)

�Pn hnE (max fRn � yn; 0g)
�Pn �nE (max fyn �Rn; 0g)
�l h(1 + rl)T � 1

i
+P

k wkQk
h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k
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� �(1 + rm)tk � 1�
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(2); (3); (4); (5); (6); (8); (9); (10); (11); (12)
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Max �1

m(Rn; Qk; Qn; xik; tk; l) =P
n pnE (min fRn; yng)�P
k wkQk
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(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
�Pn vn (Rn � In)

�Pn hnE (max fRn � yn; 0g)
�Pn �nE (max fyn �Rn; 0g)
�l h(1 + rl)T � 1

i
+P

k wkQk
h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
� �(1 + rm)tk � 1�

(1)

S:t :

bk +
�
1� x1

k

�
M � tk; 8k = 1; 2; :::;K (2)

dk +
�
1� x2

k

�
M � tk; 8k = 1; 2; :::;K (3)

bk + 1� �1� x2
k

�
M � tk; 8k = 1; 2; :::;K (4)

dk + 1� �1� x3
k

�
M � tk; 8k = 1; 2; :::;K (5)P

k wkQk
h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
+
P
n vn (Rn � In) � B0 + l

(6)

B0 + l +
P
n pnE (min fRn; yng)�P

k wkQk
h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
�Pn vn (Rn � In)

�Pn hnE (max fRn � yn; 0g)
�l(1 + rl)T+P
k wkQk

h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
� �(1 + rm)tk � 1� � 0

(7)

l �ML (8)X
i
xik = 1; 8k = 1; 2; :::;K

Rn; Qk; Qn; l � 0; tk int; xik binary (9)

QO xm OW=@|t 7 (MINLP) \rDNt |]NQ}e |R=Uxv}y@ pOt l} 'jwi pOt
OOa tk w |Qv}=@ xik 'Ov=C@Ft |k}kL |=yQ}eDt l w Qk 'Rn |=yQ}eDt u;
|=yCQ=@a xm CU= OwU |R=UQFm =OL 'jwi pOt hOy `@=D "OW=@|t K}LY
O=OQ=Qk CLD s=N O=wt O} QN xv} Ry 'Q=_Dv= OQwt Ot;QO u=R}t pt=W ?}DQD x@ u;
PN= xv} Ry 'Ow@tm xv} Ry '|Q=Oyov xv} Ry 'CqwYLt O}rwD xv} Ry '|Q=HD Q=@Da=
CN=OQB u=tR =D O} QN dr@t |Q=Pox}=tQU R= pY=L OwU u=R}t w �s=w xQy@� s=w
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t=l
v=Qi/

"""|
r=tu

}t- =D
|xO

vvmn
vy=t

yO
=OQ=Q

kxv
}y@

|L
=Q]�2 w 1 |=yw} Q=vUQO xOvvmO}rwD |xr�Ut x@ \w@ Qt |=yC}OwOLt� w

Rn; Qk; Qn; l � 0;0 � uk; �k � 1;
bk; dk; tk int; xik binary

swO |w} Q=vU x@ \w@ Qt j = 2 w pw= |w} Q=vU x@ \w@ Qt j = 1 'pOt u}= QO
xr�Ut u=wvax@ xm CU= xOvvmO}rwD |R=Uxv}y@ |xr�Ut u=ty 16 C}OwOLt "CU=
Qy xm CU=vat u=O@ u}= "CU= xOW xOQw; pOt QO C}OwOLt u=wvax@ |v}}=B K]U
K]U s}tYD |=yQ}eDt� |OwQw |=yQDt=Q=B |=R= x@ xOvvmO}rwD xr�Ut xv}y@ ?=wH
"CU= �u=oOvvmu}t-=D xr�Ut� |}q=@ K]U xr�Ut |=Q@ |vOW ?=wH l} '�|}q=@

RmQtDt Q=DN=U =@ xr�Ut pOt "4"3
pOt pL G}=Dv =@ pOt u}= pL G}=Dv '|O=yvW}B O=OQ=Qk |HvU Q=@Da= w |UQQ@ |=Q@
|xQ}HvR |R=UpOt x@CtUk u}= QO 'Qw_vt u}O@ "OwW|t xU}=kt RmQtDt Q=DN=U =@
=[a= |t=tD 'RmQtDt Q=DN=U QO "CU= xOW xDN=OQB RmQtDt Q=DN=U =@ QwmPt u}t-=D
xr�Ut RmQtDt pOt "Ovvm|t |Q}os}tYD xQ}HvR pm OwU uOQm QFm =OL CyH QO

%CWwv Q} R CQwYx@ u=wD|t =Q VywSB u}= QO xOW u=wva
Max �SC (Rn; Qk; l) =P
n pnE (min fRn; yng)

�Pn vn (Rn � In)�Pk ckQk

�Pn hnE (max fRn � yn; 0g)
�Pn �nE (max fyn �Rn; 0g)
�l h(1 + rl)T � 1

i
(19)

S:t : (8);X
n
vn (Rn � In) � B0 + l (20)

B0 + l +
X
n

pnE(minfRn;n g)

�X
n

vn(Rn � In)� l(1 + rl)T

�X
n

hnE(maxfRn � yn; 0g) � 0

Rn; Qk; l � 0 (21)

\w@ Qt pw= C}OwOLt "CU= 9 (NLP) |]NQ}e |R} Q xt=vQ@ pOt l} jwi pOt
QN; C}OwOLt w xQwO QN; QO pwB pO=aD x@ \w@ Qt swO C}OwOLt 'xHOw@ Ow@tm x@

"OW=@|t |HQ=N |r=t u}t-=D C}iQ_ C}OwOLt

pOt pL OQm}wQ "4
Np- COW x@ p�=Ut wRH |]N Q=DN=U QO |DL |L]U wO |R} Qxt=vQ@ p�=Ut
K]U xr�Ut '|L]UwO p�=Ut QO 'OW QmP xm Qw]v=ty [30]"OvwQ|t Q=tW x@hard

u}= QO "OwW pL xv}y@ CQwYx@ '|}q=@ K]U xr�Ut |OwQw Qy |=R= x@ O}=@ |v}}=B
|=xrLQt xU pL VwQ R= 'pw= |w} Q=vU QO |v}}=B K]U xr�Ut pL |=Q@ 'VywSB
u}= swO |w} Q=vU QO w CU= xOW xO=iDU= u=Q=mty w |v=LDt= \UwD xOW |L=Q]
|=Q@ w CU= xOW xO=O j}@]D pOt QO xOW p=ta= C=Q}}eD =@ |=xrLQt xU VwQ

B0 + l +
P
n pnE (min fRn; yng)�P

k wkQk

"
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

+(1 + �k)T�dkx4
k

#
�Pn vn (Rn � In)

�Pn hnE (max fRn � yn; 0g)
�l(1 + rl)T+P
k wkQk

h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
� �(1 + rm)tk � 1� � 0
Rn; Qk; Qn; l � 0; tk int; xik binary (14)

xOvvmu}t-=D |xr�Ut "2"3
O=it x@ `H=Q |Q}os}tYD |=Q@ u=oOvvmu}t-=D xm CU= u}= Q@ ZQi 'VywSB u}= QO
uOQm QFm =OL 'hOy 'Cr=L u}= QO "OvyO|tp}mWD hqD�= |Q=HD Q=@Da= O=OQ=Qk
u}= R= pY=L OwU 'C}=yv QO w OW=@|t �u=oOvvmu}t-=D� hqD�= |=[a= OwU ẁtHt
"OvW=@ xOQ@ OwU C@Uv l} x@ xty xm OwW|t s}UkD |DQwYx@ =[a= u}@ hqD�=
Qy QO QwmPt |Q=HD Q=@Da= O=OQ=Qk CLD u=oOvvmu}t-=D hqD�= xr�Ut 'T=U= u}= Q@
|w} Q=vU QO u=oOvvmO}rwD OwU `@=D ?}DQD x@ '�2

S w �1
S "CU= xOW pOt w} Q=vU wO

%Ov=xOW pOt Q} R CQwYx@ xm OW=@|t swO w pw=

Max �1
S(bk; dk; uk; �k) =P

k (wkQk
h
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

i
�ckQk � wkQk((1 + rk)tk � 1))

(15)

Max�2
S(bk; dk; uk; �k) =P

k (wkQk

"
(1� uk)x1

k + x2
k + (1 + �k)tk�dkx3

k

+(1 + �k)T�dkx4
k

#
�ckQk � wkQk((1 + rk)tk � 1))

(16)

u=R}t pt=W ?}DQD x@ xm CU= MINLP pOt l} R}v jwi |R=UQFm =OL pOt
\w@ Qt CYQi xv} Ry w s=N O=wt x}yD xv} Ry 's=N O=wt VwQi R= u=oOvvmu}t-=D Ot;QO

"OW=@|t xOvvmO}rwD x@ |Q=HD Q=@Da= |=]a= x@

xOvvmO}rwD w u=oOvvmu}t-=D nQ@rmDU= |R=@ "3"3
�Q@yQ� u=oOvvmu}t-=D u}@ nQ@rmDU= |R=@ l} CQwYx@ 'QwmPt |Q=HD Q=@Da= O=OQ=Qk
"CU= xOW pOt 8|L]U wO |R=Uxv}y@ xr�Ut l} ?r=k QO �wQ}B� xOvvmO}rwD w
QO |R=@ u}= QO Q@yQ u=wvax@ �hqD�=� u=oOvvmu}t-=D ẁtHt xm CU= QmP x@ sRq

"CU= xOW xDiQo Q_v
%CU= Q} R CQwYx@ w} Q=vU wO Qy |=Q@ xOW |L=Q] |L]U wO pOt

Max �j=1;2
S

�
bk; dk; uk; �k; Rn; Qk; Qn; xik; tk; l

�
S:t :

C = argmax �j=1;2
m

�
Rn; Qk; Qn; xik; tk; l

�
(17)

bk � dk � tmaxk (18)
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u=oOvvmu}t-=D s}tYD |=yQ}eDt pt=W xm CU= ?=wH Q=OQ@ l} pO=at 'C}atH
�C}atH |=[a=� =y?=wH uOQm Om |=Q@ s}tYD Q}eDt Qy |k}kL Q=Okt R= "OW=@|t
2 pmW QO xr�Ut u}= |=Q@ xOW |L=Q] ?=wH Q=OQ@ R= |=xvwtv "CU= xOW xO=iDU=

"CU=xOW xO=O V}=tv
xmCU=C}atHs= i w[a QOk|xOvvmu}t-=D |SD=QDU=xi;k 'jwi?=wH Q=OQ@ QO
j = 1; 2; : : : ; D xm OW=@|t (xji;k)k|xOvvmu}t-=D s}tYD |=yQ}eDtpt=WOwN
=y|R=@ |Qw�D QO xmCU= u=oOvvmu}t-=D |=y|SD=QDU= ẁtHt pt=W jwi ?=wH Q=OQ@
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"CU= xOW xO=O KQW xv=o =OH CQwYx@ sD} Qwor= wO Qy
GA sD} Qwor=

pO=at s}tYD Q}eDt Qy w swRwtwQm pO=at xOW p}rLD ?=wH Q=OQ@ 'sD} Qwor= u}= QO
QO "OwW|t O}rwD |iO=YD CQwYx@ sD} Qwor= u}= QO x}rw= C}atH "CU= uS l}
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|=[a= u} QDy@ R= |OYQO '|oOvR=Q@ `@=D |x@U=Lt R=TB '?=NDv= |xrLQt QO
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l} Q=Okt Q}}eD j} Q] R= R}v VyH Qorta "OW=@|t (0; 1) |xR=@ QO |OOa !
=@ ?}DQD x@ VyH w ?}mQDR=@ |=yQorta "OwW|t p=ta= swRwtwQm QO uS OvJ =}
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w O} QN C=}rta |=Q@ |r=t u}t-=D CqmWt w VOQo QO x}=tQU Ow@tm =@ xm
^iL w pmWt u}= pL |=Q@ |}=yQ=my=Q p=@vO x@ w OvDUy xH=wt CmQW O}rwD
u=Wv VywSB u}= "OvW=@|t \}=QW u}= QO OwN |Qw;OwU w C@=kQ |xYQa
x@re |=Q@ QF-wt |rLx=Q Ov=wD|t u}t-=D xQ}HvR uwQO R= |r=t u}t-=D xm OyO|t
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|=]a= =@ Ovv=wD|t 'OvDUy xH=wt |r=t CqmWt =@ =yv; l} SD=QDU= u=} QDWt
OwN |Qw;OwU w =[=kD '=yv; O} QN |r=t u}t-=D ut[ '=yv; x@ |Q=HD Q=@Da=
x}=tQU 'u=oOvvmu}t-=D xm CU= xOW ZQi VywSB u}= QO "OvyO V}=Ri= R}v =Q
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|aw[wt u=wvax@ Ov=wD|t R}v |oDUmWQw |=yxv} Ry uOQm ^=Lr 'u}vJty "O=O

=yCWwv=B
1. Trade Credit Financing
2. Di�erential Evolution
3. Supply Chain Finance

4. Partial Credit Guarantee
5. Revenue Sharing
6. Buy-Back
7. Mixed Integer Nonlinear Programming Problem
8. Bi-Level Optimization Problem
9. Nonlinear Programming
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