gy Ao
o 99 (ymolio i ) SO 50 lidd g (Ulylg 090 Job 9 ot b dag Slowouad 35|

Ol ool iy e

a.kashan@modares.ac.ir ..l ,l s « e Con i olKtils b winmw § gulio cwiige 0aSisls [Letils d(Jgme (Sodinm 55)

éJ.wL..)

tina.sardashti@modares.ac.ir ..l ! iy 55 (o yde ooy olStils do wicw 5 golio i 0aStdlo 0l (owlids )5 ggaeiils

Jelos (51 camalin 13l o olgieas bags jbas s Sl i Sl cali sloo oy o (5, Se 5 il 05T 5 Coranl ouuSy
1 Sk 533,509, s (o9 03,3 Sz 9 Ol 2 Angi rimed Cmlond (pelio i S 5o SVl 5 Jad
S rie O)5o a4 Gl laacly o iy oo GBS e85 QB aSadg o conl leel) 51 (S (5L Sl adb e
Sloas LI US' 50 0205 sldel 51 So 0 09w Al 4 2295 b cclin ozl (gFlal (s 2 g G38L Calpl S 25 )Lk
Sl @i Jao g0 (b clicls )0 (5,00 (Gaizd cpl 50 abboo Baiod ol (ool lacaglyl 5| Jgame CodeS Lai> g conlie
5 oS g g o 48,5 a3 10 oraangd elio ) 0 S i g (5l ly S g 6, Caend Slosamas b ol pod Sgliie
wz gley e b Jlyie 6505 premal a5 S0 b g ) Se (g Lol s ansbandls (5 )Lt Sl asilyi oo (b9 80555
el Jo Gl o Joe (Soumm Jodo 4 09300 00 )15 & alis (nl Jo sl &5 sl (61l 0025 (00 S5 0 1) 0S5k
GiRe%y Ol Gy 0950 ool il Cumaz (e g (Boloai goy 55 45 (O10) Syl 51 a8 5 pladl (5,518 0,550
Oeizmed g S (oo ool () Se 12 (55b )3 Bk g0 0 &S pladgw Egeme b odalin agh (nl 50 el (690)5_ laxss
OSaib 39 Om 6,50 (nlpln el (6500 (g3 o Lasl 5 S5 50 09 5 s JS S5 5l Sz calElar 50 4 S o g
el aisls Gl ) 6y slaclezr Syl pi oSl b Sl ool Cavsy pslie Joe 98 50 (rizres 39d oo bl 3ge (Il sl
Cewloads plowl Jpame nbeS b Lai o sla el b aboz Sl o iell (55 55, Sl

(010) Sl 51 oo 2 ps3 dlangs sl s o 5 i o (il (5,138 concd 1 gualS” (519

5 ke Jolge 4 Ll sloli V] ais o Sialen oy
TALojls (S o8 5 05 a2 (o) Jarme ZodeS aloz
o)l 4 5 0 Shoe S5 5 il ez malio sy S

doddo .Y

Es 5 Wiy yiin cilid cum bl 5l S olinls o)l
sl O3 9 9,8 S Zules )0 g oS aly Sy Jgeae
S )lie b g o g o g0 Wlh oo Sl al 5 o
aS wiles,S by g5 Ollllas o \gs] g Slgp 0,5 & jee
selie gl Slals Glaask y 5l GLig 800 5 g (B oS adss
95 WS oo odliiul 393 Jgame %% sln Glyie 035
5° Sk (gl eaiSady o cliks a0 gl G
el Dglie oy (5005 o 51 @lT 2al381 5 058l () yiiie
Sllalais (b ide jo (i 800,35 (e Slinls o5 Jl> o

(Corresponding author): a.kashan@modares.ac.ir
1 Huang & li

VP Lol - o los -1V ol

2 sla le 50 a8 ol (saaz 8,505, o ot o e
Omelio s sy 51 (S Canlonds (oS> Sllas Cu pae
obe Wl @iy 5 ol SVgaxme 4 el olge Jous
Gk 1y bodld pelionmy Cupae sl Gbyiie
YU ceaS L1y oV game ausleny byt a5 aiS o Sialen
Jolis i oy o e sl Cows @y anze Jlas b g
ol Sonlon g az LS O jga 4 050005 glasl plos colon

el O 9 (5590 42 ;LB;')I S D)Slo.c S u‘ ‘_é..\.m5

(o 6‘)‘! |) liSeo LgL(bLg}'i‘}.‘;m‘ Cered Sl 0 %)

VEVNYIVO i pdy VENVQ:28L )0 b
Y oo)lals VY 0,90

YO Slxaw

CandaS S g 0 g (ool A9 iled


mailto:a.kashan@modares.ac.ir
mailto:tina.sardashti@modares.ac.ir

YYY oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

s ,95 nl 5o &5 Ceslools &)l Jgama (Hlly 5 Jyarme
So Sl e s eniSads soe Gl e Wl (Sl
Slp oo Gher 5 Ty DV]ags w900 5
ol (8,5 515 30 b iz Jgame SS9 (siluainge
oolainl Cudgasme Jaw ol jo .ais S slgaing (gamgs il
o plprea (Hhly Glojy Casgaze 5 Jpare Cod (s
03,5 28 gl epizre b 4385 a5 )0 (65 el e
9 e yed gmlsy anlb 5l (il slalesl 09,5 253 a8
5 lls auie o dole o Ken 5 "Xl VFlaS
o1y gam 90 Ciles Cawliw (gl ol p Lol ol
2o bl ) Lol b Ll cpglate nl sl b 5 L
9 03,5 olerdn (6the LA @b (ilo]se 61y Cunlix
ool o2l [\"]..\m; e Ll 9,095 5L o 1) 045 Jow
DY garme oaliS sdgi S W05 (o) 1) (69,90 )10 5
g il yse b8 4 (BT g T Sl JUST 3 )b 51 o5
Wi 5 SShls oloy D Jold (am 93 (Sl (phe > Sy
JUIS b 5l ondsaisg s cYgame gly illy 5l eolic
5 bl S5y sy e il wms e Sl LI
0 eaSudy bawg Jpame (il (A8 Sl Sl
Shly Sl S Cpedla g SitgS d 5! I¥lsya8
O o5l ol jo as wiles S Bire |y 0, Slas 5 e
biS  pas 45 WS Slgiiny |y Slikes slaarja lade coul
dgazms ) ol g WS o IS o, e Do (sl 090 0 o
[velass

ol opmalio sy Cupe ppe sl 5l (S o3
dediulgz g Blaal jo olai 0szg b (yuelio iy 1o (5,500
pde SlaSew prizes 9 Sloas g Vgame ;0 £95
2 & pae Jol> oaiiS 590 Jolge 5l (So el Oglis
639139 oy ,35 55 S 39y walss T B 31 caalio yunni;
L] ols salss 2alS 1) mobaw pled izmad § Gelbio pni
iz el o0 o 1) (IS 1 oIS 5 3155 hgs
L ablie Glaglinl g wols J1 3 () 2 9550 (Jpameniz
DAl wsges oo gjloas Do 1) o

Sbds 0,5 Oige 5 Djse a4 Wl e Dbl
Shostes S ol o a8 cl Lk Gl S sy Sen
app 5l i b easSudsi 5 WS e L2l ) (e Slils

5 Koschnick and Hartman
6 bullwhip effect

WWw.pgprc.ir

Lo Laylib s camdg [V lojglco plinyl 1) Jos 5 Jiles
SYgame (B98 3yl Sz Slls &5 WS e Ol )
ool azlis OV¥game 4 Yaoro b ie el LS 5500
slogsb a sl lyiie Lol 5 wls it hles
sl Gl e culs, s a4 ase Lol cudl slids
33 639109 wrge L3 plo ay cos 20 Lyl b Y geame
SIS e 4y 5l 0y o nlply 00,5 00 J 5 S
S5 by S S Sl kS e i 5 cnlis
CaisS ol ol dgw g (6 dlowd iol38l Al jo
ghw b O¥game o)l Jpame ciSL L (Soop bl
w3 oo Gl 1) 6t cold) (ol oS mhaw g Sloas
SYgarme &S Jl> 50 358 00 Jparme ;S0 StS 5l 4 ymie
) e L wlon Y Sless gl 5 kS s b
Oled o .aips LualS |y Jaame caiS 3l olaws g wijlw 00,91
CoteS o @ el Sloos 9 Vb Lol S L WY game (e
Je ol bAvel o Dol wyls YL (o3 cond e
S Lol el 4 e Wl oo 55 5L slaced
el o ol (6 it slolas 4 oK 0519 ) 00
3 il el b (LS Cad 4 (BaiS S a0 a5 28
YL e b cuiS " Culn S lgios Jpame @9
50 23b oo Sgn Jbpo oS oS Glej yo g g 0,5 Sl
GNS Caad g5l a5 Cuslond ools lii glasdllas
Iv-Jewt clas 5 Jpame cuiS @ atuly olig,des 5
&ly Ll s s e i a5 coul glalins sl o, alius
5 ol Glacelon 5 auS e o) amy 5 Cows O L il
sladls ;5 w8 (o et 1y Sk 1 liogs s Lo LS,
St Sy (55, p Sl 0 0l g, gy S S

Iny] cadt oass
Oliebl S 0 iy e S5m0 5 ) 9 S g Ll o
5 o lpwar Coeal oad Wl Cuwas 4 Cens e
23,5 Gliabl (ul Jgam el wilgs oo oS el (55150 (g
Ol i az e Sene Sz 0 ool &l s wawe Jobo
ol s JJ ol bosls Slshd ceenl Lol
olyep 4y 5 QBaSadg ln ) YL Sleas glaas e
35 omebo ) o o T Sldlhe & 4 b [Pl
GLolis &l @ 4z L) ol ol g 5 0, (b

2 Jie
3 Xie
4 Zhang
CordnS g 300 g (oo 4y pilad



0y 5 QLB 003 Sl "

b Sl 098 o atBS R™ 5 as R ) L) e g
IR sgan glse anl G hlie )5 d(aen alles (gl o9l
&y OlO) IN] asS o oSato 1) lagy ] pgas a5 a5l
3590 oS QUi anl G plgieas | ol s g3ludinge
A e colno,s 5 ald 5l JSate 45 was e L5 Jes
o) g wame Sbil ghe S plsiea (Sl
Ol S oo L) et SUL gl G lgeas ((K859,9)
by eoras ) abli jloud able (egrias §ip
Sl oyo by ald 51 cend QUL plan oSS0l 4y s (b mlas
3 iz ahll S0) (eoras paal dhl 5 9 o0 St
R™ 5O gz deld 0 Was Olez SO lgieas a5 R™1
abadi Coalse > ) priiiee D)5 a4 b (D95 0 LIS
Sundge (w5 ) dg)ly Dygo by (s LAS o )y

DIGIVE] 0,5 o SIS (g sLid yo ,o0 alaii

S Jols (e g0 el S adllas o
Jyaze )lazdl &y 4 45 by B03,5 G g easiSudss
DS 0 sl 0 48,5 L5 10 cgyd o |y aiiSug
e B CohS gl W Gigten 5 4 (958 Cead (s,
S5 e TS ) Lie 25 A o Slids s o (Ils
(oo Sk 458 0590 50 9,800 5 K00 Bk sl g aiS e
O 00 RS e el Py GiEe 4 (B9 Sl 5 Ay
v ad Sloroad b ol jen Slids jo o) Ken Gudod
D9 g ooyt (sPrans 99 (malio sy Sy (g 5 CokeS
Slacsiban s 358 o0 03 S ey alis (nl S sl 457 (S,
sebieds Buiod opl o cplpl ol (5, L 5 (5,00 (5
S S p melio eyl ol Sl anllae
S pe 55b &5 adi e bl 3k 9 0 slas
S )Be2 3L S mizmen g Canl oS o i SISl Jals
dagsba i 005, 90 Cod Joe Sebiee a5 Sl o
Sl 4 peea la it Ngd oo amlie 5 Jo silede
Cod Lol ol ol ainlgs aulxe dgw ali ol diciog
2 oo ol waSBrae Lo 5; 2 S5 Jelse
ol L)l 59 F5e Jelse abgrpe slagls 5 oty Sldl
Sgw @i 3,5 Wb sl .0l walss dlge 3w b Julge

9 Liu

VP Lol - o los -1V ol

GAp doyd & S e Sadblye g Bed > il S
WS oo ol CSo @ Cdiblye saisSudg a5 e Slals
o S e oLer 5 s [F] wusS e cslas 25
Clls @ ang b 4 ple aas (SSs owyp
clls 5 &5l Slels sleasby G,k 5l oy 00,5
Sleiol acw [N Ylas s aslego jlasil S o sansSadys
Slowonal b olyon | (g050e (5,0 alds Ko o
G ol a5 05 115 o L 50 elio pazy S 40 (6,105 s
9 Cod “M )....:L o Lolas 9 Sl ui’j)é"‘))} h_i) 9 o..».;..\a.]y
S anlns jslaie 1y logssbar, 5 Jao Jloz wenl Slicls
lasl angy Closal 55, 2 Gmelioyasy a8 oslys
5 oaiSalsi 95 0 5l 50 g WS e Sl 50 Gealio o
anlllas (nl 55 5 Wlodgs ) 355 Sg rlans (3T 4y g P00,
T S 0y90 30 5 3l 008 (gm0 3 | (G5l (5L OIS
Ivy] caloass cou S i Lol sgw (6,108 STl gl
Jyame ct Sl 13l o500 1) Slaios (1) Ken o Sl
plol dtn il peabio oy ailSgs JUIS Co ke 2 ogene
Ceod o, oS o 1) Kaledr gl idu 5l g ol
LIS 90 Atny bl (yrabio o255 IS Sm0 S9ut 5 (b9 8005
SN g sgm Tl e 5 Yed YY) 55 00l

Do) s 5 ) (oS5 e g 6l 1,
Slolis b b sl ye g9 omelio ey o gmyp b
Ol 98 Ceand 5 (bl 5 CoteS @y dily 0SS ya0
)M....) Lg)lio.m GL“’W )é Jl,...m.n 09“.\ 45w‘ IXWERIN
b ()52 i ;o S5l dgw g el (5, Ko 8 5l
s.a...." IR M ‘5)@ )...C GLQW )é L:au] ‘_ngb}m
ol By 50 il 3 0y Copae g, cnl 51 DAL
Sy Slopls 020 JS @il S5 S Sloveai 5 a3
Pt 45 Fse olul den (18,5 Jla 10 4LB3S gla gy )
Olgs bal38le 55 g wisd oo o] Sz Sl Lol 0 ol
i 0 olal des aass cpl o ailai | Qi 4 25wl
pipssdl Gl ol (Saezmn JdS 4 g 09l e a8
05,05 o (O10) v 551 asanlys oolawl (o, Kl 3
49 blas golass a5 casl opl 5 (5,8 m, oSl ol jo el

7 karray
8 Sang

CandaS Sy g0 § (oo A9 pildd



YYf oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

Lio glaan o )0 CoiS gl (5 il eaisS uSaia s By
Jyame axly S colS

P30 Je 58 e il 5 Lo (5,138 ale 3L By

poo Joe ,o (dome Dbk pasty

P9 oo 5 (o ()35 ayleyus (2150 6

Ban &l 58 Cgane Y slaws b cpulas cupot €
Lolis auls 8 gune YIS slaws 56 colas uyo @@
©lsg a0

o 5 ouiSudy Sy Jalt xas 53 (el oy S
Cesloaiazs 5 L s e 800 ,5

el Jgpame 5 oaniSass #

) eanSady Jpame haid (g laxil &0 4y 59200 ,5
b S o0

4 (hges,> cpl Gyl sl L ) (ilgass suiiSady
Sy oo 9,0

Lol 5yke 4 il oo dsrge Lol 5l Llos aian #
@ Slels slaasl ;0 allg oo Gog,800 5 5 cariSudyi #
S S il S e O g

gl 5 Hly S (bl wand ST ol saen o
Celoaiass § LA s CokS

SS9 oo iy slael o YLl g Jxd oo opl yo %
Lol Joro s sl s i 519 05 o0 )18 oy 990 0)99
S 0 o )

ol b e (Omin) coisS whw | Lo aien
Lol S92 g0 0aSudgi el g (i

s 3l Al BB (Prmax) Shly ©ae Job pSlas
Al e aie Jpazme Sy S (e & 0aiSags
slp anze SShe L8 S A Ll e 0 %
alon )b e yo Slds

Sibwdae Y

g ol plowl Slidos j950 b g @l Glooyd 85 & o L
Sglitte Lol b g0 cod (gl ol gl dunlie

WWw.pgprc.ir

Tl 13 sl el g loase cols Jaw ,o 40
&b Cale )0 5 0580 2lolid oo j2 50 jpate slaas o
dgo,d wad oluls gloasly 5 bagie wlul 5 oew
Ll Goe al gy ahds o)l wad legh ol 04l o
5 Joe (Souzmm Jodo a4 Iy sl ailxe 3L, slals,
55 (010) (5,813 0,651 S 51 e o allas (555
A dnlez solatwl

oo (5 pricio

bl Loe Jsbo i p

CodsS w1 0

CP9,909,5 (b b Ceed i Prr

P800, 4y 0alSulgl (g8 LS W

he Slls ange Ay

e Slls anse Ay

g0, ik claaiyse o sarSudy oS lie gy t
Jsl Joe 9 03,5 o+ Fr

Jsl Joe eaiiSadgs o5 - By

sl Je (i e JS 2900+ Fipgre

P95 Joo (B9 2005 Sgm 1 Ty

p9> Joe oaisS ol sou i Ty

p9s Joe u*“l-“’)-‘"-‘) S5 o5 i Thmgrr

b ol

Shly wae Jsb o iidn : Pmax

St mhaw oo emin

P800, & oaiSadgs lawgs (goliian (B98 Sl i P
al slolis : ko
um)am;@mwm,lomw&mkl

Lolis [0 Coad o il oariS wSaie : Kp

Jow slolis jo Jowe Slads iy il oaisS WS k,
Jsl

Joe slola o e olbids asu il oaisS uSase km
Jsl

Sliaks coz Ll e 2

Cgere Jpame w>ly S yeass anje: Co

(o B 2iile (B raan (55,50 (55505555 asa : Cy

Jyame 0>y G by coaS bis 5l 56 ause: By

CandaS S g 0 g (ool A9 iled



0y 5 QLB 003 Sl h

a4 “—“f:"l’ 5](9) = kl(e - Hmin) O Hgeo A CobS
4 4zl o 03,51 g(pr) = ko (Pr — Pm) o900
Lolis b «(V)g (V) dolae g [VA] ()] 1Ken 5 Sloge (sallie
Shge 4 1y Ol 5 coaS mhaw ((lly wwnd 5l Sl
g oo 43,5 a3 1o (F) doles
D(p, 6, am, ay,py) = (1 +-2) (ko + k1 (6 —

Pmax

gmin) - k2 (pr - pm))( kr\/a_r + km\/@) (\c)

6‘)|°km9kr ‘kZ ‘kl ‘k050<a’<1j)o<\5

Loty als (g jlmonls (sly lasul jo s anil oo oo (s polie
D o 03lainl (B) doles O g0 4y st i )

ks = ko — kyOmin + k2D ()

Do 4 LA 0l Coles 9 ¢ pitie il pl 4 a2 i L cnl o
b aalys (8) aloles

D(pr.6,p,am ar) = (14-2) (ks + Ky
kzpr)(kr\/a_r + km\/ am) *
e jo olol proyemy S g 0 poniy slasl g wilss cnlnle

Dy wpleS 5 Sygo d (Bg,8 e
E”(prl ar) = (pr - W)D(prr o, P Am, ar) - (1 - t)ar )
E,(w,0,p,an,t) = WD(pgr, 0,p,an, a,)
D(prr 9, P, Qm, ar)Co
max

= (Bo )

+ B, (0

- gmin))D(pw 9; P, Am, ar)

-C, —a, —ta,
Fm+r(W:0,p;am,ar,t,pr) =

prD(pr'gﬂp'am!ar)_p;ZXD(prlelpram'ar)_ ('i)

(BO + Bl(e - emin))D(pr' 0, P Qm, ar) - CI —am —
ar

(hgyBe0 s Vo Ccla gy amEr, mr ol o as
(5‘)‘0 Bl ‘BO 50<€<1 9 A.S)‘D 0)4.79) ij om“y
G boly b oK b coles jo il e uie (g polie
NV abayl)) oosSades oV e alal)) (59,800 15 dgu wiled ol

Zbls pales 5 & jso arly (Valal) ML”)-*-’U) )

VP Lol - o los -1V ol

Sylae sHlwl 99 30 ¢ dizme Jow 50y (Slds AU e

DN s
Jol Jue

oS as (B9 ,8 Ceod (6 S el (Sl ek 0 i (5o
Fp iy o Slds P SOl Soe B cusS mhuw W
Lol A (oo SUls 9 P (SB9,809,5 Ceod b 1S Lo
wrod Jl )5 Sl 50 b gtie sLAlE 0sd e 22
Uolae &j90 4 (Hhly 5 CuteS o (e 5 (Lo Slils

2lios 25

D(p,H,am,ar,pr) = (1 +Z(p)) * (kO + (\)
](9) - .g(pr)) * h(arfam)
st Z(P) s yiine aly slolis kg alolas ol jo oS

Cead il g(Pr) kS gl 3B J () (5
L sl Lol b g, » olinks olsb h(ay, am)s
Gl Joe b olids @b (V) Jsaz 55 oads abl Slidios g0
L gl il @l $lizs nl 50 &5 Cawsl 0sd (gus) p (Sgliie
5 Sldol s IYPIGKen 5 ol Gboalie & w25 L
&b g (V) Wolae & 90 a0 [A] V' lojlis g 65 YY] 5
ol ooy a8 5 a3 5 (YA) dolee & g0 4y pgo bl
h(a,, ay) = kAJa, + ki an, ()
Sl Lol b VAL o 5o 5 SToge (s allie ;o cpuion
S5 (Makal; ©jge ) CdeS whaw (Sl «aeid )
e Z(p) = —E— . sl coe il o1 o a5 s
Pmax
(Slly Dae i 4 Slly Sae Cuns b cnl 0 &S
P Jgame (o5 wgene w0 (95l sy (sl S
Cgare YU slows 13b ol ooy @ o1 j0 a8 Cl ous
Cenload a8 )5 a5 0 SG g e e (5 lNe g Lo &6 o
Sl (F) dolas & g0 a5 a5
D@00 = (1+ =) (ko + K1(6 = Oin)
Prmax

—k(pr — pm)) (a<1)
slawi 4 (65kwjl 5l o Cgere Jyame S Al 4 axgi b

D!

Oygo a3 Lolis s 5o (ol b 0l 0 08938] Jgams OT Lolss
oo)j—l J.A‘s.c ple }l 6...4[; slele IS 0 cus Q.;“ oo
o 3l caslons 00938 Lol JS & coles o g covlons

10 Giri & Sharma
S Sy 0 g (owiddfen & piled



D9 Al

Oladllas 51 S 30 0ad 00y )15 a4y Dbk &b Y Jeuo

oAl h(@y, ) ks g(p)sad s
Auang & LT ] AR P
Szmerekovsky & Zhang [Y¥] (Z,Z’fféyimg) p=(e>1)
Xie & Neyret [T G Gk 20
Xie & etal[¥7] k[T + K[ (150011:21;2%)
Seyedesfahani & et al [YY] kn/Z + km\/ﬁ) (1500,1:212%)
— -v 3 —-e
Yue &etal. [Y4] (‘Z ﬁf;‘fg ‘;mo) ppo (e>1)
Giri & sharma [4] kiJai —kepfar;, |

Coles (Y akl; 100 <1 5,5 35,5 as o baslol jo
DOk oo ) Dyge & Pr e S las
ks + k.0

<
pr kz

5651 = pT
ks +ky
k,

(Y)

LBl aleS 05 D)9 4], Dr
ks + ky
wsp <——— QAD)
ka
(Sl dogibas ke 0,50, 98 St (358 Sgw alles

Nig o dmnlie g J>
Jol Jow s ud i — S pdsCinl (55

S Djgeo Ay 9,800 )5 g 0aiiS e G abaly (65b ol 5o
o,y 00Sadg Jawe ol jo a8 canl gt (6, Sen 2 (550
Jw‘ )L._>LM: kJ"l 6‘;} L51> o|) &)"‘ w‘ 9 g)‘5)3°‘>)'>5
WigS oo (SO 9y g 30, (55) Jols S Sl o &
Ome |y By 5l gl e b o kel sy jslate 4y a5
J= s Eelb ol g pey (S el S 5 @S
Ml}u L)“ﬁ)‘%‘))? 4«‘.9‘) )J.)La.o ‘.\.ul )D u.tb.:Lu 05..»6.&
O 9 ‘55"“"‘5" JLA;‘ oo.,.,S.ny 09....4 éJLJ )O 9 K .LQ‘P
ol Mol 4 a5 aw] walgs Casay 0oisSades gy polie

el aplgs Canss LugSae Latwl by, 4 S
ol 1y g 800,55 diny polie 3k cnl pod ool 5o
L)‘")‘}L“ ‘1,;)51‘50 Cawdy L.DrAl)L: 9 OMSAJ}: Ls‘Lib).»..JuA

el aalg3 Sy p3 g 4 Ghg 00 5 Gy o e

VP Lol - o los -1V ol

ap
E@ne) = (147 U ka0~ (3
+km\/am)(pr_w)_(1_t)ar
Fm(W,G,p,am,t)=(w— £P Co
— (Bo+B, (8= 0pn)) ) (1
Ay
+ ap) (ky+ ky 0
pmax
_kzpr) (kr\/a—r+km\/a) _Cl
—a, — ta,
ep
Fr (6,0, a4, 4y, 1) = (pr -—— G
~ (By+ B0 = 6,0) ) (1
ayY)
+ 2P ) (ks +4, 0
pmax
_kzpr)(kr\/a+km\/ am) _Cl
—a, —a,

ail Lol als cplpls ccanl Sgzge Lolis 51 Blas daian

o lgan Joe y3 (VWakal)) bods ol il jho 5 25,5 0 lgen

el )8

ks + ki6 — kyp, >0 0%
il o Jod b Joe by pd pla g
0<6,,<0<1 0%

Co= w=pp O0)

0 <p < prmax (%)
0<t<1 OY)
0<ap<a (\A)
0<a-<a )

W = py K]

Ll 3 Sigo 4 P lade iSTas ((VY) alaly 4y axgi b
k3+k19_k2pr >0 = k3 +k19 > kzpr
ks + k6 ¥V

= pr < X
2

CandaS S g 0 g (ool A9 iled




0y 5 QLB 003 Sl b

Jal Jowe (5500 550

Ly Ghss8e0,5 g oasSads o ekl ll cnl o
Sb S S e e sk S ol
Gl 23l oo LT el lre (OS5 e BL3 ) (5,500
Ol 59 45 S Bls5 S a5 (295 o slal b |2
) s IS 05 Gl g (o) S0n 5 (38155 0 oniy (glasl
4255 by oS o0 Sl yo ) 02 S g @l cnlpl )l

ubls M‘j’ 2 JS‘“"
MaxF,(0,p,am, ar,pr) = (0r — ﬁco B
(504 10— ) (142 G+ 10—

kzpr)(kr\/a_r + km\/ am) - Cl —an — ar

s.t
k3+k19_k2pr>0,60 SPTS%,OS
2

amS(ZZ,OS arSOVz:OSPﬁPmax,eminﬁ
o<1

(YA)

g oaiiSadg a5 gloj el jasin Bas &l ;0 a5 jshiles
Sl ysio @y gy P P Bladd WiiS o (5, Sen 5,900,
s JS 99 (55, 1t g W Sl e § it (555 e
W58 5T Lasl s Sgm pendl 50 Ll g a0 50
oLl TY) }l oolau Qlial (Jae ‘.;“\“"“‘ Jdo a3 | I
Ly 5yl pos (St 951 S 5 350 @ (052 yaie
Jae ol cales 5o cnlple il ool (3L Slasby, 5l peeeas
Sl yrie dngy 3lEaiOI0) ()3 o)l alews
goue Jlse JERC TR Sl KV PESLR VTR CEL W ) (oo

Abasles ools ylid Jow yoe 60 )8

p9S Juo

Sl 5o (Y9) dobas &g 4 1) links olsb Jas opl o
oS s
h(ar, an) = (az — ﬂzar_yam_s) %)
) Slals 5 codeS mhaw (Hhly wwdd 5l Sl Lol &b
g oo ai8 T la3 o (V) doles &g
D(p, 0, @, @, py) = (1+ =5 (ko + ky (6 = Oin) =
ky(r = Pm)) (@2 = B0, @ ™%) ¥

VP Lol - o los -1V ol

Max F.(p,,a,) = (1 + p‘;zx) (ks + k.0 — %)

kzpr)(kr\/a_‘r + km\/ am)(pr -w)—(1-1ta,
s.t k3 + klg - kzpr > OrCO < Pr
< X,
2y J> Uhg) 5l e polie (40,5] Canss gz > (0l o

05 a, <,

Cewds Lg).w‘).w Ao ))QLG.A U“j) UJ‘ )‘ as 09...:640 oolaiwl
A S g,808 5 dga @l 51 ol o ol s Lol walys
255 Gie [@r D) ebsesS EnSpeod lopite
Yol ol pole I3 e golee b g ge

< JF, JF,
e S @) B G = 00 57 = 0)
T T
pem = k3+k21i+kzw )
2

2
K2 (14 522)" (ks + ka6 — kyw)* P
p‘max
16 k2 (2t — 2)?
P S Gre poodle bl ol (S o p @l

09,800, Sgw &l 0g xde Wb (Jow slacasgase

sm o —
a;™ =

O Gl Sle by, 5 Hskate (nl sl 098 DLl 5 () 2
aloaios gl (Cawgar) ;0 (curyy Ol s Salgs oolazl
Sgw @l (A) 9 (Y9)g (YO) SVolae 28,5 L o b cpl iy
@l Joe Gl meps e Gialod Frp b a5 ) oaiiSdys
e Lalgy bgyd 58,5 i po L) euiiSadys dgm &l
Cldele g5 70 4 (Lalydgame) (ueeal sl pite
et 25 Joe 55l e Jo @ cnlple

Max F, (W, 0,p,ay,t) = <W— £p Co —

Pmax

(Bo +B1(6 - 9min))> (1 4-2) (latlad ko)

Pmax

(k$(1+pf‘n" ) (ks + k6 = kpw )2

ax

4k, (2t-2) + ke o/ Om > h (YY)

2
k%t(1+p"‘p ) Ceat ks 6 = kp w)*
max __C _a

16 k2 (2t-2)2 1 m

S.t
0= p < pax Omin <0 <kz + k10 —kypr >0
1,05t<1,(=sw<p,, 0 a, <,

5l oolaul Gl coaSadgs S b Joo (Sazmy Jdo 4
& oy (S 59 5] Sy 5 05 @l (092 yaie ST g,
» olple bl (L2l sy, 5l peeal sl e
«(010) (5, I5l18 o801 abewg 2 Joo cnl U b ol
sl Cavdy 5 0diS oy real slopiie Al polie

Sl

CandaS Sy g0 § (oo A9 pildd



YYA oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

Slil g 22by S Gogy 5l ae polie 0 )s] sy S
&b el jo cplpls 0sd co oolaiul sgw ali (04 xie
(ar,pr)‘d'l d)jW‘&L“)M“Mwﬁ)%'))’ Sgew

«Yolro cpl ols J13 ja0 (golue b g 09 o0 a8 5 5o
am, _ . oM, _
=0. 20, 0y

(VF) doleo 0Py o (6l IXVIROWRY 6“J°L’~° SIS

l; AJ‘ <° Cawdy <anT') blas (

W aaler Candy (YA) doles Ojgo @ Ay pstie doleo

(YA) 5 (V) dolas & )90 0 hg 800 5 dinge polie o(plpli

VY RV FESCAY

1

 (Beam ™ (14572 (kaka O-keapy) (o~ w) \ 1+
a, = ) %)
psm = k3+kq0+kow -
2k,

asm = 4-1+y (Bzyam ( k (1 =
2

&6 (o9 e b bl (pl (Soags (o Gl s bxil yo

ol U9y 5l polate Gl (Sl 098 (guay g 800 )3 g

)(k3+k16 kow)2\ 147
(YA)

o)BT (Cawgus) 5O gy ol al veles colaswl yie sl
PN O Jlesl g ags polie cpl 18,5 a5 0 b Cowl sus
Sy 085S g3 (Lo yuniie digy ol (YV)oasuS ud g5 ogu
el Salgs
ange haly; Loyt B85 Sl o b sasSudy g &l
231 a3 1) 25 & G005 eas (slo e

Max IT,(w,0,p,am,t: (™, as™)) s.t

@™, as™) = {(pr,ar) | (o ) =

Max I1,(p,, a,)} (Y9
ks +ki0—kpr>0,0< p<pnagx,Omin<0=
L,0<t<1,Co=w<p,0<a,<a,

Sgw @l (YA) 5 (FV)(YY) O¥oles 285 Hlas o b cpl iy
s Joe ol pepsse Giabod T b oS 1) saiiS s
e gy byt 558 5 b 1y aaiSly g ol

SBIS meplyS 5l 4 (Llagase) peenal sl peite
Max I, (W, 0, p, @, t)

= (W _E Co— (By+ B, (6 — emiﬂ))) (1

Pmax

ap ) ky + k60 — kzw) «
2 2

\

. )
—am™p, (4 Ty Baran™ (1 + Pa_p) (ks + k10 — kyw)? 1+V\ \
\ k(1 -1) / }

Pmax

o (Bevan (14 52) Gkt kb~ kow)? \
— — — 1
C—a,— (4t (=D

WWw.pgprc.ir

Spolie o OgY Ky dky kg 0 <a<1,l,oa8

&b silesles (slp ol 55 Jow cpl 5o &5 aidbioo Coe

a5 b alple 09d oo eoliiul (B)akal; icte s 5l Lo

(7)) dole @90 4 LolE @b Cules )3 pitin ot (0l &

D(p,0,an, a,p,) = (1 + “f’lx) (ks + k0 —

kapr) (@2 = B2, am™°) )

F5 g (A casSadg oY) hg,800,5 Sgw milsi aalsl jo

ol b 2ol by mpeS oo S 50 1) () s

s (MMeasSadss (1Y) by 00,5 g &g ool

ls r"-*“l? 2 Syee aly (T‘f)wi&'e,;d)‘

My (r,ar) = (14 L) Ues + ka6 = ko )@z -

Baa;" am™ )(pT_W)_(l_t)aT v
m,(w,0,p,an, t) =(w-— pi’i Co— (Bo+ B,(6 —
Omin))) (1 3 )(k3 + k160 — kapy)

(az — ,Bzar am )~ C —ap —ta, )

M (6, p, e £) = (pr == Co— (Bo + B (6 -
Omin) ))(1 3 )(k3 + k10 — kapy)(az —

Bra;t am” ) - C1 —am — ar %)

OV «(18) 08) (V) (V) by, ples 55 Je ol 5o

358 Sy g5 Jl ailisn 1B Jyl Jae wile (1) OA)

amlie 5 Jo wilodse dasibasl 980, 93 Cod

g oo

P£9o J..\.n o..\.HS..\.Jg; - Q‘)...lfu.uﬂ ‘S)Lv

dwle  og,800 5 digy polae ool jo ol Jaw asle
UM 9 és...u < JLQ.C‘ oA.».Su\.Jy Sgww GL’ 9 M;Mb‘?
ol Plaol 4 a5 awlaalys casss sanSadss aige polie
el anlys Casdy ugSae Liwl g, a1, (Kinge
Ay polie (3l ol pad sl o B3 Jae asles
Cawdo Lﬁrﬁ‘)beod.usuy 6[2)».’.~o uuL.n‘).\‘) wsﬁaé?
Sy 25 T & Gy ,900 5 ey e ol sl (o0
el salgs

Max I,-(p,, a,) = (1 + )(k3 + k.6 —

kzpr)(az .BZar Am~ )(pr - W) - (1 - t)ar s.t (Y0)
k3+k19_k2pr>0,COS WSpm ,OS arS
az

CandaS S g 0 g (ool A9 iled



ey Lo g LA o0lj s e

dolee oz Joalivs slal o9: S5 5 Sz v azgi L
S & o Ban b Gt ol Ceny Jsezme Sz
5l iz slaldle i sl eolanul b alivs ool slo psie S
5l oolaiwl b al> o cpl jo Lol lgs Mathematica alo>
wslss Sy |y atge polie (OI0)s, S o 5l
Jsla> ;o 1, Mathematica ,1581 o 5 b Jol Jow aigs slogewly
o3l b Jol Joo dinge slageals 945 (o0 oaline (0) 5 (T)
Ay gl ROW W | #)9(F)Jglaz ;0 OI0 0,651 5
Q) 5 (V) Jslax ;o |, Mathematica 13381 o5 L pgo Jow
5 oslizal b Jsl Joe e slagely 5 0pS oo samliv
FOWISWELE )s (A) Jslaz ;0 OlO 2,651

Sooslaiul b oo 90 ;0 10 a5 weo o olis bl awslis
250 bol> sy lagly OO0 (2,6l

90,2 &5 (2loogw Jlax ggame 45 390 oo osaline (rizen
O &S (§)Sen 5 o9 I Jae 93 e 0 aiiS e leol Bk
U X O S

(™ 4 1L, < M) (Fp™™ + FS™ < Fépr)

aslyz 092y Joe g0 ;0 50 050 90 w6 Ken (plpls
g aly (LSl 5 S b @ 4 ) Sen pas 5 il

Yvya

s.t
ks +ki0—kp,>0,0< p<ppgx Omin<0<1,0<t<1,Csw<
Pm0 < ap < ay

& S Jdo 4 S Joe wiile (o ) cend 0l o
&b g e DL (o) 5l esliiul Gl oniiS adgi g
5 e Sl it gl (St 035] S 5 g
@ e ol J> b caled ) calplo adboed (£2L) slagshy,
optics inspired ) <l 5l wale (6, 50M 3 0 oS! (salins
oo slo e gy polie J(Optimization (O10))
gooe Jle idu j0 g ael aelyd Cuwns o sanSades

Al plem ools lis Jaw y0er (60,8
S Jb.o

Jbe 5l oad (b Gladae (39 @25 ool lis (s
by o osls 2y 3l jebaie cpl 4y a5 Conloaids oolainl goue
el s gl il VA] )5 § Sloge allie 51 iagh 4
GBS S50 g oud plodl sl gy 4 azgi b s (S
4 55 G 50 sl el Lol @l Il s 350
0 ob)s]‘ (Y) J5J> B aS Sl ouls Lg)l;\fox Jl...c )5.‘9

ooy prolis ¥ Jpur

ol Omin | Pmax | Pm ko ky k, k, k,, Co
Sladio 10 Wl Yee | oy - /5 Y/5 VA Ve

sl Y 6 | By | B1 | B, a £ a, [
Hlado \1id VA ¥ A ODeovee Jf Ay [ N O

Jol Jow eaisSadys — S Sl (50 Mathematica 16l s 5 s5luange sove Jo mbs ¥ Jgoz

oaiiS Ayl puenal lo puiin

49803 5 el (gl il

Fmsm Wsm esm psm amsm tsm Frsm prsm arsm
TLASOAYE. | Yoo | o | WY | 19993394 | ofeeeenenn VE | AT eae. | PYAVYR | V0R0FY .-
Jsl Jaw sanSadg — S USeul (5L O10 02,650 oae J> mbi - ¥ Jguz

0aiiSulgl praal (5l s G9,900,5 praal Sl yise
Fmsm Wsm 95"‘ psm amsm tsm Fr sm prsm arsm
FoAPADA. | YAYAA | - | VVAAYA | Yeeeeeenn ofe---BAOY | AYAYYR-. | YYAVYR | V0sOva--

Jol Joe 5,52 55 Mathematica 58l o 5 o5le i oue Jo mbs 10 Jgux

bl iy S ol sl iiie

c c

Pr 0°

Fintr

c

p

apm® a,’

ASAZYOO-YF | YEA/YO |

ARTAS

1999994V | 1443444Y-

VP Lol - o los -1V ol

CandaS Sy g0 § (oo A9 pildd



YY. oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

Jol Joe (5, 8e 55k cclin ;0 010 03,631 s30e Jo ol f Jgu

a0 o2y JS ool (sl e

Fpar” prS | 6°] p€

c (o

am ar

ASAZYOO-OY | YEAQNY \ 'Y

199999999/27 | 144994949/v4

pgo Joe saisSady — I pUSiul 50 Mathematica 158l » 5 s5le ange ooe Jo b Jous

0uiS ad gl paenal 5l ko

49,800 ,5 real (5lo yiie

l—[msm Wsm esm psm amSm

tsm l—[rsm pTSm arSm

VEYA-0%-YEA31) | YFAAY VoY | 199998aad

S[AYY | VATO-TAYIVIAY | FYY/AYE | /- YFYE

p3o Joe oaiiSadss — S ISzl 55k O10 02,5301 (soae Jo> b :A Jgax

ouiiS gl ponal (5o yuiio

9,900 5 el (5B s

sm sm sm sm sm
I, w 0 p am

tsm Hrsm prsm arsm

VEYA-YE--YEPVY | YFA/QNY \ VY | YY/OAA

ERERR Ve | VAF-YVONFYYY | YYV/YY | AF/ATAY

£9S Jow 5,5 s3b .Mathematica H3le s o3l age g Jo il Jous

O30 o255 IS el (glo yoiie

l_Im+rc prc ¢

c c c

p am ar

YADOTYTAYZAARE | YEAYSA | </A9A

VV/AYY | YAYA08)Y | Q9AVEIY

g Joo 6 )5 55k wcdio ;3 OO o2, go0e J> s e Jgu

Crelio yozeiy JS e (glo yiiie

l—Im+rc pre ¢

c c c

p am a,

YAQZ - YYOAFFAT- | YFA/AQY |

VY/AQAZ | #VIPARY | AQ/ATRY

(e olinds anie o)ls jialS oS w9 Lo lal
Sgw Y SE 4 azgi b 5 g by des,s S (Sl
ol b3 Ky Sl 4 S (g j800,5 5 eaiSales
5 e DLl ange (g pBed 5 dgw iy (il s
Shly 5 00Sadsi s rizren 5 (Bl (o5 ,800 5 Caard
5 9,8 odes Ceoid g o DUl anpa anl oo SRl 58
g Mt ol Ky Slyds @ G (L5 oS o
Card g IS lie Z5 5 Wb ley o5 LS LS
b s aiten e o8 Koy Sl & S (phg Bes 5
L 5w g 5lg e dome Sk anje .a5ls olog oy iol58l
A Cumd B9 ed, g odiiSasl dgw I SS 4 axg
aoie Ky Gialpl bosses wles> L3 Ky ol s
AL Udgs 9w g (B9800, Sgm (g (e Dlads

b Gl

WWw.pgprc.ir

Joe ouiiS ud gi — S pdSiw] (65U Camwlins Jodxs
Js!

odes Cuod ¢ SBg,800 5 el g Mol (Lo Dl ane
e Ky Olais 4 Cons (s cohS mlhaw 5 g5
4 o (Hllg 5 (lore Slid e (8 jlie 7 5 g dind
Slils anse kg Gl L g aites (el (oS kg Ol i
CSylie g5 g b G 50 s g Gl o
Sy 9 00SOdgi Sger ) IS 4 4z gi Lo lo Glug Ol s
b g ot ola Ky Sliess 4 G (s (g 000 5

25,00 2al33l 08 Jla g a9l
iS5 (89,8 odes Crard g ol (o Sl anpe
CS )i £ g Wit el Ky Sloss 4 Cos LS

CandaS S g 0 g (ool A9 iled



0y 5 QLB 003 Sl s

= g8 00 B Sg = 00005 0 g Sgu

367276490 408815760

309668590
233014840

142902030

100694500 75432802 66540184
114789810 -9 —0
93122900

5 4 3 2 1
— Sl 5k s Ky clis b ) Lol sgu wilgs - S8
Jsl Joe cosSadgs

6522818
480453861

309668590
146413827

5567618 130242531
93122900 109130607
41150761 P _‘
64471168
5 4 3 ) n

= g8 00 )3 Sgus 50 S 0 Jg5 Sgu
= Sl (5L 5 Ky el Sl 5l ool 390 il ¥ S

Jsl Joe cocSadgs

610269722 — Gy 5035 Sy = S S Sgu

309668590

171974608 187927033

102604844

5 4 3 2 1

=SSl 55b o Ky ol Lo 1 ol 0w alg —F Sl

le J..\.A aJ.:.lSJ.:JgS
318015844 301287326
326528229 309668590 ’
294178786
o— —T L g —
93195723 93122900 86658296
93179793 91090832
5 4 3 2 1

=Q= 95 00,5 dgw =T 00 US 0y Sgm

= SISl 3k 50 € Colem Jolo 5l Jolo S s -0 S
Jsl Joe cosSadgs

VP lawol -Y o los -1V ol

5 S il K Sl 4 e o Slinds anje
Mwwj)ﬁomwﬁd)maw‘wba)‘w
S i 75 ke Gl L g s Gulas oS ke s
v b oo Gli8l caS (Shg,8 cdes Caand g 3yl lugs
Cood g Cewl ol oS Olyoss ol 4 Cos corlS
@ argi ks g e Sl anie o il (oBg 800 5
Ol S A G 9,900 5> dguw g 03S A g8 dgas F S
obes € Dl s 4 G oS mhaw 9 o il 4y
A Cad o0g,800,5 Cead i ol ojlsen g aius
0idlS oS & Gl g aiiis s o5 LS € Ol
Olyadd 4y s (39,8 00 Cead el Sl s 9 )10
Sy BJSL a4z g b b g &5 e €55 ¢ omo Sl 4 o
ol @ Ol yoss 4 G G s g o bl 4y
03 Caogd  £lg,800 5 Caand aiiwd ol Lo, 9 ditied
ool (oS U Dl 135 4 Lo &5 Lo 753 9 (Sl ¢ 209,
5 o Wbl aje il lug oS @ ialiEl L g cl
Sgw g odiSadgs Sgw FUSE g Jou 4 azg b o3

A Gl b ates (e @ Ol ) ol g 80055

g 18 00,5 Sgas 0005 0 g Sgm
309657270 309668590 08793180
C < <
309667290 309663470
93121378 93122900 93759566
”; C o O
93129098 93122006
5 4 3 2 1
*Jf,li:w“_g)‘lg)okl Combes Jolos 5l ol 0 milgs —) S0
Jsl Joe casSadgs

CandaS Sy g0 § (oo A9 pildd



YYY oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

8486255057

7557115417

9466688321

8970060056 8015273532

5 4 3 2 1
=,y JS g

e 53k By comba o 5l ol o0 JS 95 i A S0

9466688405
8970060058

8486255057
7899527418

8015273355

6502 3L By Comles Sl 51 Jeol> 0 pumiy JS 0gm0 ol -4 S

1/5341E+13
1/32572E+13
1/29377E+13 1/64416E+13
1/42808E+13
o =0 “._’-*_8/70-9.8&12
7/14038E+12
6/46923E+12 / 7/6673E+12
6/64256E+12 )
ITICRNESIWER S LW A By
5 4 3 2 1

£90 Jow ;o saSady — S Ul

P99 Juo oS a9 — S plSeinl (65L Commlis Jolxi

5 03l b (o Kg Sl &y i S a3 5 (g
S s 30l g i Sl 4 oy il L
5 he Sl ause (20558 odas B (g 800 3 Cuid
Sges V0 JSD g Jouzr a4 az g b 5 g (e il anie
ki Sl & Cod (hgBes s sgw g caiSady

JRCH PPN [ SE¥1 [t PSR T SV HES oW

WWW.pgprec.ir

309668590 324244595
286340818
298930214 317915150
80876548 93122900 102108934
= =0
86985850 99197283
5 4 3 2 1

g 5005 dgu S (g5 g

— Sl s5b o @ ol Lo 5l ol g ailgs -F S
Jsl Jow sassSadgs

Jol Jow 6550 (53 Camwbus Jdxi gobs

anje g o Sk aze o (lly (kS mhaw (S5 ok o
g M b ol )l Olyoss 4 cond e Slls
sl ke Olass 4 s by 800 5 Caed aiien ool
dey kg s 4 o Ll cob g s ole @
& ‘kl ‘k() U““")‘ﬂ L: 9 el U""L"‘“’ ‘519 Bl 9 BO & akz
deg Gl L 5 oo (RaliE (239800, caid By 5 By
ALY S8 o e (ol o 2815 b 80,5 Cend
By kg g coiS L L ye sla el )l Comlas Julos 4
ool Hlas ¥ US jo ases e lid 1y o) 5L ;0 By g
Db oo il Fingr© e dey Foebly Gl oS 05l o
Sade By yielyly Gl b aS 0ed o 0ols las A S o
oS 59 o ool las AUSE ul 55 5 by oo 2alS Frpg €

b oo 2ol Frpyr € Jlaie By el b 2l L

9146723586

7849458531
9830864766

8486255057
7650684364

5 4 3 2 1
— iy S Sy

63 5o K Sl s 5| Jolo o255 JS 3500 s Y JSC
6)KQ®

CandaS Sy g0 § (ool A9 piled



0y 5 QLB 003 Sl o

) o e L Sy &y G ke
‘5»3)50&?&4:3“5»3)3 OM:CAA;“SA;‘)B ‘J)l.wc C)J
Aid wla oSy Ol yid 4 Coed o bl ajo g
Spe AT USS @ azg byl (Si leg g Gl
;L.’> az u‘).».».!u D Cood ‘)«43)30&).5 Oga g od.uS‘A.Jy

£90 Jow (5,800 (53U Comwlus Sl oo lis

G ky el il b aS 59 e odaline VY 510 JSE o
By Sl IS 55 5 b oo Gl Ty e By
S Lai (5 a8 (T 05 w0 g0 (28 ) Ty laie
Lol o5 092 c3lop (slanie Wb Jpame ;o ol 4 4l

1/50582E+
13
— o 1/42808E+13 1/35239E+13
1/46669E+13 -
1/38997E+13
7/14038E+12
7/52873E+12 7/33333412 6/94962£+12%/762E+12
5 4 3 2 1

= g5 00 )3 Sgus 50 S 0 Jo5 Sgu

73,41.@)‘6)'0)\)5WL&M)‘J_@[}QS.JCJ‘}J_\YM
£93 Jow yo caiSades

1/26486E+13 1/34647E+413  1/50968E+13 /591266413

1/42808E+13
— ———O
6/32398E+12 O/ 73288E+12 7/54845E+12 7/95316E+12
7/14038E+12
5 a Pyt "3)".’335—*' *Zad.:.:f »A..Jy 39,,1

= Sl g5l e @ el Lo 3l Jols s moles -1V SR
p90 Joo yo cauSades

1) bl —Y o Lo 1Y ul>

5 3l b (oS Ky Ol 4 s S )l F 5  (Hllg
(kS gl W5 plugi (st Sl ay Ky Gl L
Ko Sl s o (5,8 0008 Cead g (239,800 5 Cead
b o pals Ky Gl L g ais el LS (LS
G axg b g g e Slids anie 5 o Slids anie
4 Cumd (B9 00 )5 g g 0aS A5 3gm V) SS9 Jgo
o il iy b L g st s s Ky i

b
4 S CodS mhae g (g S9b oo oamlie VY SE 5
A Cod &Sl 5l ol g Connd ol € Sl s
loss ooS € Sl b g cend s o5 L £
W S (505 (£89,800,5 Ceodd 5 (g Bodes Ceand )l
a3 il e il E il L g Wl s LS £ s
4238 5 g Sl el (o ESN it ) S o Slils
@ S 003 S5 5 (B9 303,35 g o e Dbk
o ol e (2ol € il b g 0l ol LS £ i
5o,¢aw4%:3)o5g_é..\mégb)ogw§llfolmﬁj‘ls

Dgdge yuden S35k
1/656E+13

1/42808E+13
1/27311E+13 1/33779E+13 1/53118E+13

7/66525E+12

6/69041E+12 ‘_P__*—d
O== ===

7/14038E+12 8/28174E+12

6/37514E+12

5 4 3 2 1
TR 9,8 03,5 Sges TR 00S W S5

— Sl 5L o Ky conlis o 5l ol sgu sl =YY S
£90 Jow jo eauuSadys

9 M ol O Ol 4 G ColS mhans g (1)
S jlie £ g (D900 ,5 (9,8 odes Cuard s ol
L Sllog 5wt ol (s @ Senis &4 e
Lo g some lids aie o Jo olids anse w5)ls S5
A Cond (919,900 13 Sgus g 00iiS Aol dgu IV S & ax g3
Iy anly oo Galdl @ (ol 3L g aiins ol @ Ol s
OSL 99 B Sgw 4z 0 5 Lol )5 wgane YIS slaws Sk

CandaS Sy g0 § (oo A9 pildd



YYf oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

S5z -f

WJyame Gigy8 Cuand 331 (g5l az LSS alis gl cnl 5o
Sl din San b (5,800 el g CudS mhaw (g
28,5 513 aslllas 3590 (5958 03,5 9 0aS a5 Sgm

ol o &5l byl el S Ken clils
2 boaiSadgs o WS oo 12l (Jowe DLl (bg 5800,
9 (ol 50.05S ge iBBlge g 800 ,5 Slils S an e
(6 )5 Slils e b cou Lol ol oad b3
ool oS w5 25Lls

sl yralio 253 JS S Lo a5 Jow )5 Gl o
SSen 5o SF Rl b (6,50 (o35 il anlie jlosliul L
ebosw JBlas £gemme 0l ouoriw caiS el — S ST
30 O &S (5 )Kan IS dgw 5l wis S o lesl By g0 0 4
90 O S (nlplh Wdg S sS 998 oo peed (S5L
s SS9 0 iy slel ai 4y g ety walss S92g oS4k
o aalyss QUL 5 So g 1 4 6 )Ken pae g Cul
23ls lad Jae (3052 63,15 a3e Jlo (53,51 L g3y
0991 Sy (612 (6, 55M1,3 o 568 5l 092 g0 Slosl jo s
Ol 5o el oot eolatul Lacl oguw (10,5 Ay ¢ @l
99 58 y0 a5 o (plaz gl B AT (goae Jlie J> )0 Bl
4 Cad Sy sl O10 )l Sl oslanal Jow
RPYRCORS TR JN T PO

G9) 2 Gt Jolse peildee &5 jshailen (Aly s> o
o5 e Jalse (558,55 5 L nlply 358 oo il Lolis
Cosdly ]y g (nl Wlgi oo S )90 4 LA 5, 2
o g5 0,008 sliael o Shae gy (nl jo S 505
Olgsn el oads sy ()08 5o 5 (oS0 (5l sl 90
2,5 L) 3 s e 5f slasl il plu jo )5 ,Sles ()l
S5 gralio 2y o5 sl B (B8 gl (ol )5 pizes
o Gyare Lz e o, alles Olise Lol Jgazs
)5

&b -0

[1] Alizadeh, N., & Kashan, A. H. (2019). Enhanced
grouping league championship and optics inspired
optimization algorithms for scheduling a batch

WWw.pgprc.ir

1/99926E+13
1/42808E+13 1/71369E+1

1/14246E+13
8/56841E+12 8/56584E+12
Msaw
7/14038E+12
4/28429E+12
5 4 3 2 1

= g8 00 )5 dgu 50 S Jo5 Sgu

= Sl 65k o Ay ol o 5l Lol sg molgs —VF JSCS
£90 Joe y0 caisSadgs

2/65145E+13
3/28832E+13
2/85607E+13

2/58758E+13 3/06841E+13
=05 S 29
5 4 3 2 1

&3k 0 Ky sl (o 1 Lol o oy JS S5m0 b V0 S
£90 Jdo 5, Kan

3/1712E+13 2/8563075”

3/01165E+13 2/70477E+13

2/55749E+13

O iy JS S5

63 5o By ol Jelos 51 Jiol o255 JS gm0 aili-15 S
P9 oo 5, Sen

3/01161E+13

2/85607E+13

3/171E+13 2/70467E+13

2/66747E+13

—— 02y JS 25w

&3k By coles ol 5l ol ooy IS 350 i IV Y5
£ Joe 5,500

CandaS Sy g0 § (ool A9 piled



(0 5 QLS 00l Lo h

[11] Jalili, S., & Husseinzadeh Kashan, A. (2019).
An optics inspired optimization method for optimal
design of truss structures. The Structural Design of
Tall and Special Buildings, 28(6), 1598

[12] Jie.L, (2014) Sale mode choice of product
extended warranty based on the service level
International Conference on Management of e-
Commerce and e-Government, 341 — 347.

[13] Karray, S., Martin-Herran, G., & Sigué, S. P.
(2022). Managing advertising investments in
marketing channels. Journal of Retailing and
Consumer Services, 65, 102852.

[14] Kashan, A.H., 2015. A new metaheuristic for
optimization: optics inspired optimization (OIO).
Computers & Operations Research, 55, pp.99-125

[15] Kirmani, A., Rao, A.R., (2000). No pain, no
gain: a critical review of the literature on signaling
unobservable quality. Journal of Marketing 64 (2),
66-79.

[16] Koschnick, C., Hartman, J.C., 2020). Using

performance-based  warranties to  influence
consumer purchase decisions. Eng. Econ. 65 (1), 1-
26.

[17] Liu, B., Shen, L., Xu, J., & Zhao, X. (2020). A
complimentary extended warranty: Profit analysis
and pricing strategy. International Journal of
Production Economics, 229, 107860.

[18] Modak, N. M., Panda, Sh., Sana, Sh. S., (2015).
Managing a two-echelon supply chain with price,
warranty and quality dependent demand. Cogent
Business & Management, 2: 1011014.

[19] Movahedi, M. M., Shayan Nia, S. A, &
Yousefnejad, H. (2019). Simulation of a Multi-Stage
Whip Effect in a Multi-Product and Multi-Level
Supply Chain. Journal of Quality Engineering and
Management, 9(4), 295-304. (in Persian)

[20] Rabinovich, E., Maltz, A., Sinha, R.K., (2008).
Assessing markups, service quality, and product
attributes in music CDs’ internet retailing.
Production and Operations Management 17 (3),
320-337.

[21] Sadeghi, R., Taleizadeh, A. A., Chan, F. T., &
Heydari, J. (2019). Coordinating and pricing

VP Lol - o los -1V ol

processing machine with job conflicts and non-
identical job sizes. Applied soft computing, 83,
105657

[2] Allah Taleizadeh, A., Mokhtarzadeh, M (2020).,
Pricing and two-dimensional warranty policy of
multi-products with online and offline channels
using a value-at-risk approach, Computers &
Industrial Engineering.

[3] amoozad mahdiraji, H., Moddares Yazdi, M.,
Mohaghar, A., Jaafarnejad, A. (2021). Cooperation
Modeling for Unlimited Three Echelon Supply
Chain: Game Theory Approach. Management
Research in Iran, 18(1), 171-191. (in Persian)

[4] Bergen, M., John, G., (1997). Understanding
cooperative advertising participation rates in
conventional channels. Journal of Marketing
Research 34 (3), 357-369.

[5] Cardenas-Barron,l.E., Sankar Sana,Sh.,( 2014 ).
A production-inventory model for a two-echelon
supply chain when demand is dependent on sales
teams' initiatives. International Journal of
Production Economics, 155, 249-258.

[6] Chien, Y. H., Zhang, Z. G., Wang, J., & Sheu, S.
H. (2020). A note on optimizing practical product
warranty via linear pricing. Quality Technology &
Quantitative Management, 17(2), 234-253.

[7] Das, R., De, P. K., & Barman, A. (2021). Pricing
and ordering strategies in a two-echelon supply
chain under price discount policy: A Stackelberg
game approach. Journal of management analytics,
8(4), 646-672.

[8] Dos Santos, R. R., & Guarnieri, P. (2020). Social
gains for artisanal agroindustrial producers induced
by cooperation and collaboration in agri-food supply
chain. Social Responsibility Journal.

[9] Giri, B.C., Sharma, S., (2014). Manufacturer's
pricing strategies in cooperative and non-
cooperative advertising supply chain under retail
competition. International Journal of Industrial
Engineering Computations 5 ,475-496.

[10] Huang, Z., Li, S., (2001). Co-op advertising
models in manufacturer—retailer supply chains: A
game theory approach. European Journal of
Operational Research 135 (3), 527-544.

CandaS Sy g0 § (oo A9 pildd



\AR4

WWw.pgprc.ir

Pawgd el 0 ,0n s SO o bl g g oy90 Job 5 CetS mdaw digy Slosead 35

decisions in two competitive reverse supply chains
with different channel structures. International
Journal of Production Research, 57(9), 2601-2625.

[22] Sang, S.J., Zhang, Q., 2020. Research on
optimal decision of green supply chain based on
Uncertainty  Theory.  Chinese  Journal  of
Management Science 28, 127e136,09.

[23] SeyedEsfahani, M. M., Biazaran, M.,
Gharakhani, M., (2011). A game theoretic approach
to coordinate pricing and vertical co-op advertising
in manufacturer—retailer supply chains. European
Journal of Operational Research 211,263-273.

[24] Szmerekovsky, J., Zhang, J., (2009). Pricing
and two-tier advertising with one manufacturer and
one retailer. European Journal of Operational
Research 192(3), 904-917.

[25] Whitefield, R.l., Duffy, A.H.B., (2012).
Extended revenue forecasting within a service
industry. International Journal of Production
Economics 141 (2), 505-518.

[26] Xie, W. (2017). Optimal pricing and two-
dimensional warranty policies for a new product.
International Journal of Production Research,
55(22), 6857-6870.

[27] Xie, J., Neyret, A., (2009). Co-op advertising
and pricing models in manufacturer —retailer supply
chains. Computers & Industrial Engineering 56 (4),
1375-1385.

[28] Xie, J., Jerry, C., Wei. (2009). Coordinating
advertising and pricing in a manufacturer—retailer
channel. European Journal of Operational Research,
197, 785-791.

[29] Yue, J., Austin, J., Huang, Zh., Chen, B.,
(2013). Pricing and advertisement in a
manufacturer—retailer supply chain. European
Journal of Operational Research 231,492-502.

[30] zhang, Z., He, S., He, Z., & Dai, A. (2019).
Two-dimensional warranty period optimization
considering the trade-off between warranty cost and
boosted demand. Computers & Industrial
Engineering, 130, 575-585.

CandaS S g 0 g (ool A9 iled



0y 5 QLB 003 Sl s

detH,*™ =

Jepker(1+

a
Pmax

2 ) (py—w)(ks +e1 O—kapr) (kryar +Kimam)

221/(17,3
2
) (k3 +k19—k2 (Zp-r-—W))Z

4a,

ap
Pmax

k,2(1+

)
ool 1y ol el cnl Jlego 9gr cute sl sl
oS oo

sm _ Kr
detH,”™ = 20 (1 +

ap )2 ko (Dr=w) (k3 +k10=kopp) (kri@rtKmy/am) _

Pmax
2
ky(ks+k,0—k,(2pr—wW)) )
2

*)
oo sl el og Cute g Joe slacusgaze a4 axgi b

S o0 B e ]y el (7) dolas og Cute Cp

k2 (pr—w) (k3 +k16—k,opr) (kr\/a_r+km\/ am) >
Ve,
2
Fer(k3+k10—ko(2pr—w))
2

b omizmen g Conl J18 0 pg0 byl (V) 28 (5285 ks o L

20,5 o Ol K audgame ;o b piio (5,3,

)

ol @b 5l Ghgy800,5 (b e (K U
£9° Juo — (i

Tr & Gh9800 )5 ool Sl juiie & S | (9,800 ,5

s ells pules 3
%1, —2— _ ap
T = Botr a0y =y (142 (o, -
w) (ks + k16 — k3p;) QD)
o1, v -
azgr = —2k; (1 + %) (a2 = Boa;" am %) )
%1, _ 9%F, _ —-1-y -5
da,dpr  Oprdar vB2ar am (1 +
L) (ks + ks = ka2, — W) ®)

o= sle (pl g ol malys LSaS 1) ede gl e
p.,..f‘sc &,laab Hrsm

%11, 2211,

02a da,op

sm __ T T T
Hm = L ®)

Oproar 92py

VP Lol - o los -1V ol

.
9“0,0

B25b 3l hgy803 5 (b puiio (SSe LI

Jal Joe — it o 5o

b psd Slitine 3l ool LSis il comia il
p9d Slitine (plpli WSl oo (6 S el Sl piite & Sond
9,808 5 (raudi (5l itie &y i | g,800 5 Bum &b

PEBlo pealsS ) 20 4

ap
02p, _ (Vg ) w) s+ a0-kzpy) o
a%a, 43fa,3
9%F,

T = ~2ky (14 -°2) (kofTy + k@) )

Pmax

°F, R kr(1+p::1x)(k3+k19—k2(2p,—w))
0a,0pr - dproa, - 2va,

) omsle (ul s ol puolss LS5 ) i e Sile g
oS se (6 AKels H, ™

o*F,  3%F,
2
Hosm = “a, da,-0p,. (\c)
T 8°F, 8°F,

ap,da,  &%p,

o ple (! 5l ool b o] ey blai Sty oy 2 8l
IS G ) 2 4 (S g Y gyl 0 b Gl il
OO e (pre by @l (o yaie S SIS g oY byt
:&Ujlomiwqu;u

2 2
22;:: <0 5222: <0 -
detH,*™ >0 -Y
S GO Cute (pre Sgz BB g Y by (IS 5k 4
Fesrs b ol (ol gloysine lie 3o a5 sl nl o ile
Osiee S dar $09ro i 4 g ol jsiee v (0SS
aidly Caodlall oo i £9,8 b Olieyd (S
(1) (1) pgo 4 po Fie SYsleo @y azgi bs Jol by L]

0%F;, o
9 % < 0 ual).)l.u [raw }SD (\YJ) JJ«Q C;me;g‘ajw 9
r
K . B3 K - - & g aZFr

9 orie e ple Jloe s jladie gy p bipgs byl Ol

CandaS S g 0 g (ool A9 iled



YYA

3 alige s 55 ps0 byt (V) i B8 s L
Sl (K bodgame ;o b psie )18, L i

WWw.pgprc.ir

oiags el 0,565 o ,0 Slids 5 (g 0y90 Jsb 5 CoisS prlav digy Slowonas 35

sw).)Lo U"‘)‘ OJLQM‘L\OM—‘ Cowdo ‘bLRJLSiA.:-QJ‘soA})JJ Lg‘)"
WIS Goo py (S g g byl o blE plwb
OO Cde e b U (09 priie S (S g oY bogyl
: @l;‘ )'I ol Sy (i any il

%11,

szr

detH,"™ >0 -Y

955 b ol (shol (sl gire (lie 55 a5l (e Sile S
e GBdRy (§39%0 i s g ol jeie my 1 2SS
il Coodlal e o fie £4,5 bl (S

(V)e(V) p9d 4l po Bido OYolas 4 a> g5 b: ol b Sl

<0,<0 -\

—— <0 plplo ws S3(YV)g (VA)

5 e pw ile Gle o laBe cwyn bt pgs byl oLl

L (oo 5180 ped b o] (o Ce
detH,*™ = =2k, fr a;” " a0 (—y —y?) (1+

2
L) (o = w) (ks + ka6 — kp pr) (@ —

Pmax

_ o 2
Boay an™) = B e " a2 (14 ) (ks +
k16 — ky 2p, — w))? )

= oolw |) U‘ ‘uw-’)-‘lﬁ L)"‘ UL\..\.A)J\) 009 (W) uL..:‘ ‘5‘)-\
sm —2-y -5 ap 2
detH,”™" = B, a, [ (1 +Kax) k(v +

y? )Ep‘r —w)(ks + k19__ k; o) (as —
B2a;Y am %) — y2Bra; a8 ((ks + ki6 — ky (2p, —
w))?) @)

o g (VA) 5 (1F) S¥olne 5 4255 b (F) Wolan Jgl Coand
SYolee 4 azgi b 5 ol ol (glaie Joo gla el )l 05
Crad o Joe gl el 091 S 5(YT)s (VA) ((VF) L(OY)
Sz rlnly el Cute (5)lake 525 () Wolas pges 5 pgo

S oo A, 1) ) ekl (B) aolee (09 ce
2k,(r +v*)(pr —w)(ks + k10— ky Pr)(az
- ﬁzar_yam_‘s) )
> 2By, a0 (ks + k, 6
—k,(2p, — w))?)

CandaS S g 0 g (ool A9 iled



Making Optimal Decisions on Quality Level, Warranty
Period and Advertising in a Two-Level Supply Chain

Ali Husseinzadeh Kashan!!
(Corresponding Author); Associate Prof. Faculty of Industrial and Systems Engineering,
Tarbiat Modares University, Tehran, Iran. a.kashan@modares.ac.ir

Tina Sardashti?
MSc. Student in the Faculty of Industrial and Systems Engineering, Tarbiat Modares
University, Tehran, Iran. tina.sardashti@modares.ac.ir

Abstract: Emphasizing the importance of competition and cooperation in supply chains
caused a resurgence of game theory as a tool for the analysis of interactions in a supply
chain. The development of the business and the complexity of retailing requires a change
in the advertising approaches. Affiliate advertising is one of the ways that manufacturers
and distributors can jointly participate in advertising programs. Therefore, a variable is
defined as the participation rate, which is a percentage of local advertising costs that the
producer agrees to pay. In this research, we consider cooperation in advertising during
two different advertising function models along with pricing decisions, warranty period
and quality level, in a two-level supply chain. Therefore, demand will be affected by
price, advertising, warranty period and quality level. Manufacturers and retailers can have
cooperative advertising. The theory of non-cooperative and cooperative games is the tool
used to solve this problem. Due to the complexity of the model, a meta-heuristic
algorithm, optics-inspired optimization (OIO), which is a population-based search
algorithm, is used to solve the problem. In this research, it was observed that the sum of
the profits claimed by both parties in the non-cooperative game is smaller than the profit
of the whole system in the cooperative game, and the profit of each individual is also
lower in the non-cooperative state than in the cooperative state. Therefore, cooperation
between two players increases their profits. Also, sensitivity analysis has been done on
some parameters, including parameters related to product quality.

Keywords: Pricing; Advertising; Quality level; Warranty; Game Theory, Optics Inspired
Optimization (O10)

Introduction

Supply chain management is a new approach that has dominated operations management
in recent years. One of the duties of the supply chain is to convert raw materials into final
products and distribute them to customers. Supply chain management coordinates
activities so that customers can obtain products of high quality and at minimum cost.
Supply chain management includes guiding all members of the chain in an integrated and
coordinated manner, and its purpose is to improve performance in order to improve the
productivity and profit of the chain. It also coordinates different strategies for the
production system [6]. Market demand depends on various factors such as product
quality, supply time, brand, etc. [7]. The new market situation convinces us that
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advertising is needed to promote product sales. Customers are usually more interested in
well-known products, and customer demand is sensitive to advertising plans [5].
According to the conditions of competition in the market, offering products with better
conditions than other competitors will make the business profitable. Therefore, a chain
needs appropriate pricing and maintaining a higher quality level in order to obtain
customer satisfaction and as a result, increase the number of customers and profits.
Quality is closely related to product returns. Products with low service levels and low-
quality levels reduce customer satisfaction and lead to frequent product returns. While
products with high quality and service levels can meet customer needs and reduce the
number of product returns. At the same time, high-quality products and competent
services have a higher selling price due to better quality [12] & [16]. The issue of
competition is the first issue that companies face in realistic situations, and their policies
and those of their competitors determine their market share and profits. In recent years, a
growing trend in research has focused on competition [13]. Taleizadeh and his colleagues
investigated a case where a manufacturer sells its products through online and offline
channels and offers a two-dimensional warranty policy including the warranty period and
the warranty usage package for products sold through the online channel. The effect of
the service level on the supply chain and the selection of the product warranty sales mode
by the manufacturer [2]. Today, one of the most important challenges of supply chain
management is to create cooperation in the supply chain despite conflicting goals and
demands, diversity in products and services, as well as different management styles. One
of the updating factors resulting from non-cooperation in the supply chain will be a
whiplash effect. which over time will reduce the profitability of the supply chain as well
as all levels [3]. Advertising can be done in cooperation. Collaborative advertising is a
marketing strategy in which the retailer runs local advertising and the manufacturer agrees
to share a portion of the retailer's total advertising cost. The percentage of local
advertising revenue that the producer agrees to pay is called the participation rate [4].
Karai et al recently investigated how to optimally allocate resources to retailer advertising
through cooperative advertising programs and manufacturer advertising in a mutual
monopoly [10]. In the other researches, considering all the effective dimensions that were
mentioned before, caused complexity in the demand and the softwares were not able to
respond to it. In this research, all dimensions are considered and due to the resulting
complexity, meta-heuristic algorithm will be used. algorithm (OIQ) is a population-based
evolutionary algorithm that is inspired by the science of optics. An artificial ray emitted
from an artificial light point is reflected by the function surface, depending on whether
the reflecting surface is a part of a peak or a valley, and the artificial image point (a new
point R™*1) is searched as a new answer in the domain. is written in R™), it is formed
either directly (in the direction of the position of the light point in the search space) or
inversely (against the position of the light point in the search space).[11] & [1]
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Problem statement and formulation

In this study, a two-level supply chain including a manufacturer and a retailer who
exclusively sells the manufacturer's product is considered. The manufacturer decides on
the selling price to the retailer w, the quality level 0, the warranty period p, the national
advertising costa,,, the participation rate t, and on the other hand, the retailer decides on
the local advertising cost a,. and the selling price to the customer p,. In this research,
cooperation in advertising along with price decisions, quality level and warranty in a two-
level supply chain is investigated. The method used to solve this problem is non-
cooperative and cooperative game theory. Therefore, in this research, in order to study
the effect of power balance of the supply chain on the optimal decision making of the
chain members, two games are created, the non-cooperative game includes Stackelberg
as a producer, and a cooperative game is also considered. The model is solved and
compared under two game theory approaches. The decision variables will be calculated
to maximize the profit function. The demand function will be formulated under the
effective factors on consumer demand, based on a review of the previous literature and
the relevant functions of the effective factors, as well as the relationship between these
factors. In order to formulate the profit function in each model, it is necessary to know
the costs and income. Therefore, first the expected costs in each model are identified and
finally the profit function is formulated based on the identified costs and revenues. This
research aims to calculate the optimal point of the objective function with mathematical
methods, but due to the complexity of the model and the magnitude of the problem, it will
also be used in some stages of solving the meta-heuristic algorithm (OIO).

Decision variables

p: Warranty duration

6: quality level

p,-: retail selling price

w: selling price of the manufacturer to the retailer

a,,: cost of national advertising

a,: local advertising cost

t: producer's participation rate in retailer's advertising costs
FE,.: first model retailer's profit

F,,: producer profit of the first model

Fp.: the total profit of the supply chain of the first model
Parameters

Pmax. the longest warranty period

Omin - Minimum quality level

P.m: Selling price suggested by the manufacturer to the retailer
k,: basic demand
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k,: reflecting the effectiveness of the quality level in demand

k,: reflecting the effectiveness of price in demand

k.: reflecting the effectiveness of local advertising in the demand of the first model

k.,: reflecting the effectiveness of national advertising in the demand of the first model
a,: market cap for advertising

Co: The cost of repairing a defective product unit

C,: The cost of technology (consumed energy such as electricity, ....)

By: The cost of maintaining the basic quality of a product unit

B, : Reflecting the effectiveness of the quality level in the costs of maintaining the quality
of a product unit

&: sensitivity coefficient of the effect of the number of defective goods on the objective
function

a: the sensitivity coefficient of the effect of the number of defective goods on the demand
function

Assumptions

* A two-level supply chain including a manufacturer and a retailer is considered.
* It is a single product manufacturer.

* The retailer exclusively sells only the manufacturer's product.

* The manufacturer sells its product only through this retailer.

* There is always a minimum of demand. In other words, the demand is positive.
* Manufacturer and retailer can participate in promotional programs jointly.

* In all games, the effects of price, advertising, warranty period and quality level are taken
into account.

* In this model, interactions between members of the supply chain are discussed in a
period, and in terms of game theory, we examine the static model.

* There is always a minimum level of quality (8,,;,)t0 maintain customer satisfaction
and manufacturer credit.

* The maximum warranty period (p,,4,)Can be provided by the manufacturer to the
customer for a specific product.

* a,there is a ceiling in the market to bear the maximum cost for advertising at the market
level.

By reviewing the literature review in table (1), the advertising function has been
investigated with different models, in this research, the first advertising function is based
on the articles of Xie et al. [17], Seyed Esfahani et al. [14], Giri and Sharma [8].
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First model

It is assumed that the customer's demand, taking into account the effect of price, national
and local advertising, quality level and warranty, is in the form of the following equation.

D(p' 0,ay, a,, pr) = (1 + Z(.D)) * (ko +](9) - g(pr)) * h(ar’ am) (1)

In table (1), the function of advertising has been examined with different models. In this
research, first advertising function is considered as equation (2).

h(ar' am) = kr\/a_r + km am (2)

The demand function affected by price, warranty, quality level and advertising is
considered as equation (3).

D(p' 0,am, ar, pr) = (1 + - ) (ko + k1(9 - gmin) - kZ(pr - pm))( kr\/a_r +

Pmax
. 3)

where 0 < a < l1and kg ¢« k; < k, ¢ k, and k,, have positive values. which is initially
used to simplify the demand function by changing the variable in the form of equation

4).
ks =ko—k1Omin + kobm (4)

Therefore, according to this variable change, finally the demand function will be in the
form of equation (5).

D(pr,6,p,am,a) = (142) (ks + k1 — kap ) (erfr +hemfar) — (5)

Tablel. Advertising function used in some studies

Researchers The effztzta(r)fsi\;ertising Price effect g(p)
. ay — Bra,’ ay’®
Huang & Li [9] (azz, ﬁfzy, :_Sy >mg) p

Szmerekovsky & Zhang [15] (Z;fzyag i’"o) p=€(e>1)

) a, — Bra.’ ay,’® ko —k
Xie & Neyret [18] (azz,ﬁzﬁ,zy,% >m0) (ko", k, >2p0)
Xie & et al [17] e[y + K [@m) (lfo"’ 1:2 ";po)
Seyedesfahani & et al [14] kpJar + kyfam) (1500, ]:2 k>2p0)

o 7. & —e

Yue & et al. [19] (‘;22 [;fz;g ‘;'"O) (> 1)

Giri & sharma [8] kriJari — krjJary |

Therefore, the profit functions of chain members and the entire chain based on costs and
sales prices will be as follows.
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F"r(p-r; ar) = (pr - W)D(pr' e' P, Qm, ar) - (1 - t)ar (6)
Fm(W, 9; P, qm, t) = WD(pT, 9, p,ay, ar) - ﬁl)(pr' 9' P, Am, ar)Co - (Bo + Bl (9 —
Bmin))D(pr; 0,p,an, ar) -C,—a, —ta, (7)

Fo oy r (W,H,p,am,ar,t,pr) = prD(prﬂe:p'am'ar)_%D(prﬂeﬂplamlar) -
(BO + Bl(g - gmin))D(pr: 9!.0! amr ar) - C1 - am - ar (8)

where m + r, m, r represent the whole chain manufacturer, and the retailer, respectively,
and where 0 < ¢ < 1and B,<B; have positive values. Now, the above profit functions are
modeled, solved and compared under two game theory approaches.

Stackelberg game - First model

In this game, the relationship between the manufacturer and the retailer is a sequential
non-cooperative game, in which the manufacturer is the leader and the retailer is the
follower. Therefore, at first, the optimal values of the retailer will be calculated and
applied to the producer's profit function, and then the optimal values of the producer will
be obtained. In the first step, we obtain the optimal values of the retailer based on the
producer variables and parameters. Therefore, the retailer's best response will be as
follows:

Max F(pr,ay) = (1+2%2) (ks + ka8 = kopr) (krTr + ko) (or = w) = (1= D)a
s.t. k3+k19_k2pr>0;COSprS% 05 a, < (9)

In this solution method, the concaveness of the function must be proved. Therefore, at
first, the retailer's profit function is derived from the retailer's decision changes. By setting
it equal to zero, the points a,.«p,-are obtained.

k3+k,0+k,w
pﬁm = 317 27 (10)

2
i (1+-"L=)" (e +k1 6k w)*
Pmax

sm _
ar = 16 k2 (2t—2)2 (11)

By considering these optimal values and applying them to the producer's profit function,
the optimal values of the producer's variables will be obtained.

The producer's profit function considering the optimal relationships of the retailer's
decision variables will be as follows.

Fr (0,0, 8, 6) = (W = —2=Cy = (Bo + By (6 = Oin)) ) (1 4+ =2 ) (252222) 4 (ky /@,

Pmax Pmax 2

ap

2
2 (1+P:::,1x) (k3+k19—k2W)2) CCa - (k%t(upmax) (k3+k19—kzw)4> (12)

4k, (2t-2) 16 k3 (2t-2)2

Therefore, we seek to optimize the following model.
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Max F,p(w,0,p,ap,t) = (w — 2y~ (By+ By (6 - emi,,))) (142 () ke, ay, +

Pmax

2
g (1422 ) (ks +ky 0 - kpw )? gt (1422 ) Chgt kg 0=y w)*
Pmax )_ Pmax —C —a

4 ky (2t-2) 16 k% (2t-2)2 1 m

Sithy+ k@ —kypr >0,0< < Proge Omin SO<1,0<t<1,6<w<p,,0< a, <a, (13)

The reason for the complexity of the producer's profit function model is that it is not
possible to use the method of proving the concavity of the profit function and obtaining
the global optimality of the decision variables from mathematical methods. Therefore,
finally, by solving this model by means of heuristic algorithm (OI0O), the optimal values
of the manufacturer's decision variables will also be obtained.

Cooperation-First model

In a cooperative game, communication between players is allowed. They can agree to
implement or fulfill a better output and result, where the chain members agree to
cooperate and increase the profit of the whole system. Therefore, we consider the profit
function of the entire chain and obtain the optimal values according to it. Therefore, we
will have the objective function as follows:

MaXFm+r(9l P, Qm, Ay, pr) =(pr— ﬁco - (BO + 31(9 - gmin))) (1 + - ) (ks + k,6 — kzpr)(kr\/a_r +

Pmax:
k3+kq
k2

Km/Qm) — C —a,,, —a, s.t. ks +k60—k,p. >0, Co <p, < ,0<a,<a, ,0<5a,<a,,

0<p < PmaxOmn<0<1 (14)
Second model

Second advertising function is considered as equation (15).

h(ar, am) = (az — B2, am™°) (15)

The demand function affected by price, warranty, quality level and advertising is
considered as equation (16).

D(p,6, am, ar,pr) = (1+ =) (ko + k1 (8 = Omin) — Kz (0r — Pm)) (@2 = B2a; @ ™®)  (16)

p

According to this variable change, finally the demand function will be in the form of
equation (17).

D(p,6,am ar,py) = (1425 (ks + k16 — kop,) (@2 = B, am ™) (17

Therefore, the profit functions of chain members and the entire chain prices will be as
follows.

M (proar) = (14 2E) (s + ka0 = ko p)(@ = Boy @y ™ )(pr =w) = (1= t)a, (18)

I (W, 0,9, @, £) = (W = -2 Co = (Bo + By (8 = Onin))) (1 + ") (ks + k10 = kopy)

Pmax
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(ay — Bra, an %) — C; — ap, — ta, (19)
I (6, P, @ @y, 8) = (Pr = 2= Co = (Bo + By (0 = Ornin) D1+ 575 (kg + ka6 —
kapr) (@2 = B0y  am™®) = C1 = am — a; (20)
The above profit functions are modeled, solved and compared under two game theory
approaches.

Stackelberg game - second model

As in the previous model, in the first step of this game, we obtain the optimal values of
the retailer based on the producer variables and parameters. Therefore, the retailer's best
response will be as follows.

Max I(pr,ar) = (1 + ﬁ) (k3 + k0 — kzpr)(az - Bza;yam_é)(pr -w)—(1-0a;
s.t ky3+ki0—kp,>0,C < w<p, ,08a, <, (21)
The optimal values of the retailer will be obtained as equations (22), (23) and (24).

1

Bzam_8(1+ — )(k3+k16—k2pr)(pr—w) 1ty
a. = Pmax (22)
r (1-v
sm _ Kz3tKi0+kow
L (23)
(15m2) —1
1 (Boryam 2 (14— ) (kg+k 8—kyw) 2\ 1+Y
sm _— Pmax
aj —41+v< (1D ) (24)

The profit function of the producer, taking into account the optimal relationship
conditions of the retailer's decision variables, will be as follows.

s.t
(pls*m' aim) = {(pr' ar) | (pr: ar) = Max Hr(pr: ar)} (25)
ks +Kki0—Kkypr>0,0< p<Pmax Omin <0<10<t<1,C<=w=<pn0<a,<a

Therefore, we will have the final model of the producer's profit function, taking into
account the conditions of the optimal relations of the decision variables (constraints) as
follows.
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Pmax Pmax

-Y
( 1 (Bayam ™ (14 2) (kg + ks — heyw)? ﬁ\ \
—am™%B, K4 T+ Dmaz } / —G-ap

Max (W, 0,p,am,t) = (W _ Co—(Bo+ By (6 — Hmin))> (1 + i) (f) Kaz

k(1 —1t)

ax

-1
—(4 T b (=D

1
By am™® (1 +2L) (ks + ki — kpw)? \ ™7
2. s.t

ks +k0—kypr,>0,0< p<ppax Omin<0<1,0<t<1,6,<w<p,,0<a,<a, (26)

In this part of the solution, like the previous model, due to the complexity of the producer's
profit function, it is not possible to use the method of proving the concaveness of the
profit function and obtaining the global optimality of the decision variables from
mathematical methods. Therefore, finally, by solving this model by means of the meta-
heuristic algorithm inspired by optics (optics inspired optimization (OlQ)), the optimal
values of the decision making variables will also be obtained.

Numerical examples

To show the applicability of the designed models, a numerical example has been used,
and for this purpose, the data of the basic articles have been used.
Due to the complexity and large dimensions of the problem, it is difficult to solve four

equations and four unknowns obtained from the derivative of the objective function with
respect to each of the decision variables of the problem using different software, including
Mathematica. In this step, we obtain the optimal values using meta-heuristic algorithm
(Ol0). You can see the optimal answers of the first model with Mathematica in tables (3)
and (5), and the optimal answers of the first model using the O1O algorithm are in tables
(4) and (6). You can see the optimal answers of the second model with Mathematica
software in tables (7) and (9), and the optimal answers of the first model using the O10
algorithm are in tables (8) and (10).

Table 2: Parameter values

parameter emin Pmax | Pm kO ky k; k, km CO
value 0.5 12 300 | 200 500 4.6 2.6 1.8 100

parameter Y () By B4 B2 a £ a, Cq
value 26 |18 40 80 | 50000 | 0.4 0.2 | 200000000 | 5000

Table 3: Numerical solution results of optimization of Mathematica, Stackelberg game - producer
First model

Producer decision variables Retailer decision variables
F sm WSm eSm pSm a sm tSm F sm prsm aTSm

m m. T
309658240 | 300 | 0.5 | 12 | 19999999 | 0.0000000016 | 93109000 | 321.739 | 15654100

Table 4: Numerical solution results of OlO algorithm, Stackelberg-producer game-First model
Producer decision variables Retailer decision variables
F sm Wsm esm psm a sm tsm Fsm p sm a sm
T T

m. m. T
309968590 299.99 | 0.5 | 11.9979 | 200000000 |{0.00005953 [93122900|321.739|15652500
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Table 5: Numerical solution results of optimization of Mathematica, first model cooperation game-

First model
Decision variables of the entire supply chain
Fnar’ 2 8° p° an’ a,’
8486255034 248.915 1 11.99 199999970 199999970

Table 6: Results of numerical solution of OlO algorithm in MATLAB, cooperation game-First model
Decision variables of the entire supply chain
Fosr 258 8¢ [ an’ a.’
8486255057 248.913 1 12 | 199999999.93 1999999999.79

c

Table 7: Numerical solution results of optimization of Mathematica, Stackelberg game - producer -
Second model

Producer decision variables Retailer decision variables
nmSm Wsm esm psm amsm tsm Hrsm prsm arSm
14280560349911 |248.93 | 1 | 12 | 199999999 | 0.0123 | 7035031317192 | 322.834 | 0.03424

Table 8: Numerical solution results of OIO algorithm, Stackelberg-producer game-Second model

Producer decision variables Retailer decision variables
Hmsm | wsm | gsm | psm | amsm | tsm Hrsm | prsm | arsm
14280760036673] 248.913 | 1 | 12 [32.588 [ 0.00000769 | 7140375014231 | 323.37 | 84.8494

Table 9: Numerical solution results of optimization of Mathematica, first model cooperation game-Second
model

Decision variables of the entire supply chain
I | pre | 8° | p° | an’ | a,’
28554348268866 | 248.248] 0.998[11.9973] 312951 99876.3

Table 10: Results of numerical solution of OIO algorithm in MATLAB, cooperation game-Second model
Decision variables of the entire supply chain
My’ | P [ 6 ] p° | an’ | a’
28560715864940 | 248.893] 1] 11.9986| 61.6861] 89.9467

The comparison of the results shows that better answers are obtained in both models using
the OIO algorithm. It can also be seen that the sum of the minimum profits claimed by
both parties in both models is smaller than the total cooperation profit shared between the
two. Therefore, there will be cooperation between two players in both models, and non-
cooperation will not benefit any of the players. Also, sensitivity analysis has been done
on some parameters, including parameters related to product quality.
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