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p�i (wp) =
(wp + �i + Ki=ai)2 (15)

%C=@F=
@NP ri(pi)

@pi
= �2aipi + ai(wp + �i) +Ki

8i = 1; ::; n; ; @
2NP ri(pi)

@p2
i

= �2ai < 0 (16)

u}=Q@=v@ "CU= |ivt s=i VwQixOQN OwU `@=D swO jDWt 'OwW|t xOy=Wt xm u=vJ
pi |xv}y@ Q=Okt 'jDWt uO=O Q=Qk QiY |w=Ut =@ w CU= Qakt ,=O}m = OwU `@=D

%OwW|t x@U=Lt
@NP ri(pi)

@pi
= 0) p�i (wp) =

(wp + �i + Ki=ai)2 (17)

|xr�Ut |=Q@ =Q (KKT) \}=QW 'nQ@rmDU= pO=aD |x]kv uDi=} |=Q@ p=L
xOvvmO}rwD |xr�Ut QO =Q u; TBU w xDWwv |R=@ u=wQ}B u=wvax@ =yVwQixOQN

"s}vm|t |Q=Po}=H

Q_v QO =@ '1 z w QiY Q}eDt '|}=yv pOt QO |R=UxO=U |=Q@ xm CU= QmP x@ sRq
l} u=wvax@ w xOW O=R; 
z(1� z) CQwYx@ �nQR@ OOa l}� 
 |xt} QH uDiQo

"CU= xOW xDiQo Q_v QO xDUw}B Q}eDt
Ot;QO "CU= pm |=yxv} Ry |=yvt |w Ot;QO =@ Q@=Q@ 'xOvvmO}rwD Xr=N OwU
q=m O} QN |xv} Ry |m} %CU= CtUk wO pt=W u=WwQixOQN CN=OQB R= pY=L
x@ u=WwQixOQN CN=OQB |Qo}O w wp |WwQixOta Ct}k =@ u=WwQixOQN \UwD
5 |x]@=Q R= xOvvmO}rwD pmOt;QO u}=Q@=v@ "CU= u=W|OwHwtC} Q}Ot |=Q@ xOvvmO}rwD

%OwW|t pY=L
TRm =

nX
i=1

xiDi(pi) (wp + �i) (5)

pwYLt pkv w ptL w O}rwD |=yxv} Ry pt=W xm xOvvmO}rwD s}kDUt |=yxv} Ry
%O};|t CUO x@ 6 |x]@=Q T=U= Q@ 'CU=

TDCm =
nX
i=1

xiDi(pi) (Cm+ �i) (6)

=D 7 \@=wQ pt=W xOvvmO}rwD \UwD VwQixOQN ?=NDv= |L]UwO pOt C}=yv QO
"CU= 14

Max NPm =
nP
i=1

xiDi(pi) (wp + �i)� 1
C

�
nP
i=1

xiSri + Sm
�

�C2
�
nP
i=1

xiDi
�
Hri(1� yi)2 +Briyi2

�
+Hm

nP
i=1

xiDi(pi)2
Cap

�
� nP
i=1

xiDi (Cm+ �i)� 
z(1� z)
S:t : (7)
nX
i=1

xiDi(pi) � Cap (8)

Cap �
nX
i=1

xiDi(pi) � 
 z (9)

xi


� 1� yi � xi 8i = 1; : : : ; n (10)

xi = f0; 1g ; 0 � yi � 1 8i = 1; :::; n
C � 0; wp � 0; 0 � z � 1 (11)

MaxNPri(pi) =)pi � wp � �i)Di(pi) i = 1; : : : ; n (12)

(pi � wp � �i ) � 0 (13)

pi � 0 (14)

|x]@=Q "OyO|t u=Wv =Q xOvvmO}rwD Xr=N OwU |R=Uxv}W}@ hOy `@=D 7 |x]@=Q
OyO|t u=Wv 9 C}OwOLt "OyO|t u=Wv =Q xOvvmO}rwD O}rwD C}iQ_ C}OwOLt 8
z Q}eDt 'OW=@ QDsm O}rwD C}iQ_ Q=Okt R= u=WwQixOQN |=[=kD ẁtHt x=oQy xm
xOvvmO}rwD \UwD |WwQixOQN Qo = xm Ovm|t u=}@ '10 C}OwOLt "OQ}o|t 1 Q=Okt
Oy=wN QiY VwQixOQN |q=m u}t-=D QO xOvvmO}rwD CmQ=Wt u=R}t 'OwWv ?=NDv=
u}t-=D QUm 'OwWv ?=NDv= xOvvmO}rwD \UwD VwQixOQN Qo = Qo}O CQ=@a x@ &Ow@
11 \@=wQ "Ow@ Oy=wN QiY OwW|t Q=Po =w xOvvmO}rwD u}= x@ xm pwYLt |=[=kD
OL=w Qy Xr=N OwU 12 |x]@=Q "OvyO|t u=Wv =Q =yu; |xvt=O w =yQ}eDt ẁv
Ct}k xm Ovm|t u=}@ 13 |x]@=Q "OyO|t u=Wv =Q 'i VwQixOQN |=Q@ pwYLt
VwQixOQN |=Q@ |OwHwt |xv} Ry w |WwQixOta Ct}k ẁtHt R= O}=@ |WwQixOQN
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Ovyt [27]"?r]=wO VwQixOQN xO |=yQDt=Q=B Q}O=kt "2 pwOH
ai Ki �i �i Bri Hri Sri i

0 69 1020 18 7 10 8 716 6 7 7 238 3 1
1 69 2680 44 6 80 8 1204 8 6 6 184 6 2
1 51 2980 31 9 792 7 2021 1 5 202 1 3
0 96 510 18 5 9 3 924 9 8 5 161 5 4
0 62 930 52 8 16 4 2644 2 18 6 126 6 5
1 98 3240 32 7 866 1 1253 3 21 8 232 2 6
1 27 1040 30 5 139 4 1044 2 4 4 223 1 7
0 75 780 20 8 18 5 560 2 7 9 160 1 8
1 72 2790 39 1 16 1 2829 9 4 245 9 9
1 02 2560 36 1 1091 324 6 17 5 245 10

C}U=UL p}rLD w x} RHD u}= "OW Oy=wN O}}-=D jwi C=Q}F-=DC}U=UL p}rLD w x} RHD
"OQ}o|t Q=Qk xO=iDU= OQwt u=WwQixOQN OQ =} ?=NDv= p}qO K}[wD |=Q@ u}vJty
u=Qm w xN=W Qwr=U =@ 14 wov}r Q=Ri=sQv \UwD |O=yvW}B pOt '|OOa |=yp=Ft QO

"CU= xOW pL

OwU |wQ Q@ VwQixOQN ?=NDv= Q}F-=D "1"5
|=yQDt=Q=B Q}O=kt "OQ=O OwHw ?r]=wO VwQixOQN xO w xOvvmO}rwD l} 'x}=B p=Ft QO
|OwQw |=yQDt=Q=B Q}O=kt "CU= xOW xDiQoQ@ [27]u=Q=mty w w} VywSB R= |OwQw
"Cap = 1500wHm = 4 'Sm = 200 'Cm = 20 %R=Ov=CQ=@axOvvmO}rwD
xHwD "CU= xOW xO=O u=Wv 2 pwOH QO u=WwQixOQN |OwQw |=yQDt=Q=B Q}O=kt
O}rwD C}iQ_ 'VwQixOQN ?=NDv= pOt |}=Q=m R= u=v}t]= |=Q@ xm O}W=@ xDW=O
QqO pwB OL=w w p=U l} u=tR OL=w "CU= xOW xDiQo Q_v QO OwOLt xOvvmO}rwD
|=Q@ 'VwQixOQN ?=NDv= Cr=L QO |O=yvW}B nQ@rmDU= |R=@ pOt G}=Dv "CU=

%R= CU= CQ=@a xOvvmO}rwD C=t}tYD
0c� =  35
913w�p =  38; x� = f1; 1; 0; 0; 1; 0; 0; 1; 1; 0g0z� =

y� = f0 011; 0 005;�;�; 0 007;�;�; 0 014; 0 003;�g
OwU xv}W}@ "Ov=xOW ?=NDv= 9 w 8 '5 '2 '1 u=WwQixOQN pt=W VwQixOQN GvB

%R= CU= CQ=@a u=WwQixOQN Ct}k Q}O=kt "CU= 1336257 xOvvmO}rwD
p� =

f1205 170;1271 869;�;�;1233 094;�;�;987 089;1287 291;�g
sOa |SD=QDU= |xH}Dv "CU= xOW xO=O u=Wv 3 pwOH 2h}OQ QO u=WwQixOQN OwU
xv}W}@ '�OvW=@ xDW=O OwHw VMI sDU}U QO VwQixOQN 10 Qy |va}� ?=NDv=
W �p = 1324=265 |xv}y@ |WwQixOta Ct}k =@ 980675 xOvvm O}rwD OwU
QN; h}OQ Q}O=kt "CU= xOW xOQw; 3 pwOH 3 h}OQ QO VwQixOQN xO OwU "CU=
|=yxDi=} =@ "CU=yu; ?=NDv= p}rO x@ ?NDvt u=WwQixOQN OwU V}=Ri= '3 pwOH

%s} Q}o|t xH}Dv jwi
Q@ |D@Ft Q}F-=D VwQixOQN ?=NDv= OQwt QO xOvvmO}rwD s}tYD '|O=} R OL =D "1
xOvvmO}rwD OwU 'OwW|t xO=O u=Wv G}=Dv QO xm Qw]u=ty "OQ=Po|t w= OwU

'pw= |xrLQt QO xm CU= CQwY u}= x@ nQ@rmDU= |R=@ QO |Q}os}tYD Ov}=Qi
lQDWt |R=UQB R=@ |xNQJ '?NDvt u=WwQixOQN '|R=@ Q@yQ u=wvax@ xOvvmO}rwD
|R=Ov=x=Q w Ow@tm C@Uv 'pwYLt |WwQixOta Ct}k '=yVwQixOQN |=Q@ pwYLt
u=wvax@ =yVwQixOQN 'swO |xrLQt QO "Ovm|t u}}aD =Q u; sOa =} O}rwD \N
Ct}k w xOQm xv}y@ =Q OwN OwU 'xOvvmO}rwD C=t}tYD G}=Dv T=U= Q@ |R=@ u=wQ}B
CQwYx@ 's=iVwQixOQN |xr�Ut |=Q@ KKT\}=QW "Ovvm|t u}}aD =Q|WwQixOQN

%CU= 18 |xrO=at
(pi � wp � �i ) � 0 ?�i � 0;
�2aipi + ai(wp + �i) +Ki + �i � 0 ?pi � 0 (18)

OQ=w 'ptmt \}=QW R= hrND |=Q@ 
 nQR@ xt} QH uO=O Q=Qk =@ =Q Qm =D u=m \}=QW
u=wD|t xrY=L |R} Qxt=vQ@ pOt pL =@ "s}vm|t xOvvmO}rwD |R=Uxv}y@ |xr�Ut
"OQm XNWt =Q u=vm} R=@ R= s=OmQy ?wr]t |SD=QDU= w nQ@rmDU= pO=aD |x]kv

%CW=O s}y=wN u}=Q@=v@
(M1) Max NPm =

nP
i=1

xiDi(pi) (wp + �i)� 1
C

�
nP
i=1

xiSri + Sm
�

�C2
�
nP
i=1

xiDi
�
Hri(1� yi)2 +Briyi2

�
+Hm

nP
i=1

xiDi(pi)2
Cap

�
� nP
i=1

xiDi (Cm+ �i)� 
z(1� z)� 
 nP
i=1

�i(pi � wp � �i )

+

nP
i=1

pi [�2aipi + ai(wp + �i) +Ki + �i]

(19)

S:t

�2aipi + ai(wp + �i) +Ki + �i � 0 i = 1; :::; n (20)

"13 |x]@=Q w 11 =D 8 \@=wQ x=Qty x@
" Hri
Hri+Bri

=@CU= Q@=Q@M1 pOt QO yi 8i = 1; : : : ; n|xv}y@ Q}O=kt %2 x}[k
%C=@F=

@NP m
@yi

= Di (Hri(1� yi)�Briyi) 8i = 1; ::; n;
@2NPm
@y2
i

= �Di (Hri +Bri) < 0 (21)

NPm `@=D C w wp ' (8j = 1; : : : ; n; j 6= i)yj C@=F Q}O=kt |=Q@ xH}Dv QO
uO=O Q=Qk QiY Q@=Q@ =@ =Q yi |xv}y@ Q=Okt u=wD|t w CU= Qakt ,=O}m = yi x@ C@Uv

"OQm x@U=Lt jDWt
@NP m

@yi
= 0) y�i = Hri

Hri +Bri
(22)

"CU= jO=YM1 pOt |=yC}OwOLt QO Q=mOwN Qw] x@ y�i Q=Okt xm CU= K[=w

|OOa |=yp=Ft "5
?=NDv= sOa |SD=QDU= x@ C@Uv QDy@ OQmrta x@ QHvt VwQixOQN ?=NDv= |SD=QDU=
T=U= Q@ 'xOvvmO}rwD OwU Q@ u=WwQixOQN ?=NDv= C=Q}F-=D uO=O u=Wv |=Q@ "OwW|t
VwQixOQN?=NDv= |SD=QDU= wO|=Q@ |OOa|=yp=Ft|O=yvW}B nQ@rmDU=|R=@ pOt
s=Hv= =@ R}v xt=O= QO "OwW|t xU}=kt =yu; G}=Dv w OW Oy=wN s=Hv= ?=NDv= sOa w
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&((1336257� 980675)� 980675 = �36=26)
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%s} Q}o|t xH}Dv jwi |=yxDi=} x@ xHwD =@
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2200 � Cap � 3800 ) NPm # NPri "
QO VwQixOQN w VwQixOta Ct}k Q=Okt Q@ O}rwD C}iQ_ Q}}eD Q}F-=D '4 pmW QO
pOt |=yQ}eDt C=Q}}eD |=Q@ "CU= xOW xO=O u=Wv z� = 0 w z� = 1 Cr=L wO
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11. teacher-learner-based optimization algorithm (TLBO)
12. locally managed inventory & vendor managed inventory
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