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Abstract

Objective: Selecting the supplier, alocating the goods to the suppliers, and pricing the
goods are the important challenges with which retailers are faced. The present study is
aimed at providing a multi-item supplier selection, order alocation, and pricing model
with stochastic demand and purchase from the suppliers who provide goods with al-unit
discount.

Methods: The study has used quantitative modeling by presenting mathematical model.
The demand functions are price-based with additive uncertainty. In this study, a mixed
nonlinear integer single-objective model was developed. To this end, the response surface
methodology was used to estimate the income function and the genetic algorithm was
applied to solve the model. Further, the Taguchi method was utilized to set the parameter
of the genetic algorithm. For verifying the proposed method, nine problems with different
product quantities and levels of variance of stochastic variables of demand were solved.
In addition, in order to evaluate the performance of the genetic algorithm, the results of
the algorithm in solving problems with small dimensions were compared to the results in
solving the model in Lingo software.



Results. The results of the study indicated that the difference between the results of
genetic algorithm and lingo is not significant. After solving the model for the examples
using the proposed method, it was determined that increasing the variance of the random
variable of demand results in decreasing the profit level.

Conclusion: Considering the supplier selection, order allocation, and pricing issues can
help retailers to make better decisions. Furthermore, demand based on the price and
various conditions of the discount are assumptions which make the model more practical.
The results of solving the model for various examples indicated that increasing
uncertainty in demand leads to a decrease in the amount of profit. Moreover, the genetic
algorithm is considered as an appropriate alternative to solve a mixed nonlinear integer
model of supplier selection, order allocation, and pricing.

Keywords: Pricing, Supplier selection, Genetic algorithm, Response surface methodology.

Citation: Teymouri, E., Amiri, M., Olfat, L., & Zandieh, M. (2020). Presenting a Supplier
Selection, Order Allocation, and Pricing Model in Multi-item, Single-Period, and Multi-Supplier
Supply Chain Management with Surface Response Methodology and Genetic Algorithm
Approach. Industrial Management Journal, 12(1), 1-23. (in Persian)

Industrial Management Journal, 2020, Vol. 12, No.1, pp. 1-23
DOI: 10.22059/imj.2020.285737.1007631

Received: July 19, 2019; Accepted: December 20, 2019

© Faculty of Management, University of Tehran



Tooh-BAAD el LLS

YEYT-ATFR & Sy o LLy

52 el 25 ) g 00 39 (531050 9 3l AR (0SS ol SIS Juro
‘Sﬁ‘} ﬂ‘é)’ﬂ" G‘*‘l?.ﬁhﬂ gsugaj) éﬂ’) b Ouwisaﬁes ‘s‘b)séﬁ d‘yu

1908 Olwe
:MBU) .Ol)_g" so\)_e; ‘uﬁl_.lan aoMe o8l s‘_;)L\.zL.«,o 9 Copdo oSl wldes 2D B0 S plo oj)j ‘Lg)_‘.'f.) ‘_;yr_db‘b
teymouri921@atu.ac.ir

LSJ'»?‘" :,.a.sao

amir @atu.ac.ir :asbbly .ol (2 ( bbb asde oSl (g ylbluc 5 o ydo 00l ( gixino Cu o 09,5 bl ¢ Jglume odin g5 %
cdll L

olfat@atu.ac.ir :asblly o\l pl o)y ( Shblb aodMe oKl ¢ g lulus 5 Co pio 0aSWEID ¢ driuo Co o 05,5 wliwl

m_zandieh@s0u.ac.ir :asbbly .l p! ¢yt ¢ i e olKld gyl bl 5 o o 01D ¢ sixino Cu e 05,5 jlusiils

oM
O VLS Larass VLS 5l jelatedy 008 el Gl dliune cildnlge T b ldg 303,54 oo slagadge 5l Sy sdad
olyon (oY s> (8cuasd § hyliw Lanass 0disS el okl Juo @) i ol Bun canlaVIS ()i cad o B1S ol
el S s | oS el Sl 5 9 ol (gLl

A0S guso dde i bl se Jue S ingg cpl 53 sl by Jde &l Go)b (S (gile e cllis g, 1 i
s (ol gy SuSS ] Wy 2L (1e59 (ly sl (e (Bolal Ojgods caid p Sie LYE lold .l ol sk
ppiods ol oa 3litul (255 gy 5 K55 s el ol (sl 8 onrenlite S5 g 1 Jae > sl el
938 Jo Lol (aolas jiite sl puilyly ciliseo golaw 9 YIS cilises juolie L aline & cooloiuiy by, 4 (piducone

D95 ooy o9 3 )Shos b aal oo 4 oS0 Jl3dley 53 Jaa Jo 50 ol b SogS slal b Plue o o] b5 b (slumlio
slaie ly Jao J> b nizmen b odalite oS BT S JI58le 5 )5 Jao > 5 S oyoS ol (o dunlio > :Loi8L
Al (R g g i ol Bolal e iyl JliI L &S A adeiie (ol (g, Sl el b laise

S35 s gm0 sl g 8005 41 (IS 0B g B )lhes 2SS 018 el Bl Alto lojron (55 i 53 18 S Aoyl
Lgbe prie Jho (35 G305 4 & Wtn ola gy indsS Gl balpd g Cuod (e LS pioren S 0 S

Sl 5 K5 pi s b o GRS dgw lise Lol )3 kb pae il b S A5 asute wiliske Pluw (sly Jho S 5l o
) ammlio ohlS (g8 cund ¢ (b lbw Lanast wdiS el Ol oo (e3ae i balike Jo

ol (rlaw i gy a5 v oS @S el e ¢ g I8 o 101908

2 L;)L\Su_ms 9 L)")lg'“’ um w.L..fuw;Ls ul}u.sl J.\A (\Ylﬂ\) L;da..a.o LIRS ‘L.'.' wdll ‘.)9.0&.0 ‘L5)""°I ‘uLuol «(Sygen saliwl!

WY inio Cypdo (55w g oy o Slasbgy 3,509y b 038 (el di 5 (5loy9d ST (VW (ol 0,555 S o
Fr-)

TE-) o ao o ajlod Y )50 VFAR ( iaio Cy e
DOI: 10.22059/imj.2020.285737.1007631
WA QYA 2y PN F/VA sl o

Ol ol e 008y ©



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke \

AodRo
2Oyl .l (L9 y803 B3 g9y yiu (rasasd dles Lol g s ye  Niales o Bolai Lol deg Judoay
S ) oolital b bl e gus S | bgy303,5 it Sinlad cl slul 5 50 oyl 43 e i Cunsd
oalS g (Siabon (halidl carge ((2300)lbe 4 bgye (Slammenad 2900 L 505 (9w jl 9 48 Copa ], LI
059> )3 b Plowe 5l (o (Bolad (Lol cod (a3 )l § (515 Cad G (So)lSe bl 258 baay o
S o )] i Lol L ) 093 VIS @S (el 48 395 o oty Sloj g ol -l g P05
Sy b e Bolad slolas dgng Judods g 800 3 disiud usio (glacond (glyld ¢ yolaw Calises yolie wadss )
1y acels g il 1 VLS olile Sy 1l oo i (63508 o)k 3l clivg 035 395 00 gytu9, YIS 3ljle
LBCidss dg2g g (lai s (Lol cod (a3 b)lin § )l Cad plojen lapeaal ) cnl 5l s il
sl g P03y ptn (slamraad 1 ;505 (o (V)0 &S5 5 (8) ol S0 p0alle 5 62,018 slom
S50 5g,800 5 6 yalagm p wiles o e b)) Al g iz caliste Layl s b o BuiiS ol sl S puos
parasS ol Gogad 53 (1503l laerenal 356l (sl (Jie dg2g 0ol Laulpd (i85 e ) il
Jie 095 a9 Sl pae L dgalge i e g cunlie (LBg) drwgd (izmed 9 (6)II5 Ceid 9 )l

sl (63900 (5l
Sy SYL a5 09l 018 (500l (i ygads by (Pransgd (el 02055 G b ey )3 lie
el oad plodl )5 omls waw 53 g S cogr 0l 5 J5 OV game By 8 (gomen (9,803 5
355 Slaydgiome & da g L by edS 5 A oo il iglite i g stedd Lyl b YIS iz ¢SS
LoVl casd cpwizmed g GBS ool dy YIS ja 3 )laws jlaie oS el lsesl b alaily 55 YIS clolis ab
4B)5 )l > Cued (oo g (B3l L 5 (loyg> S iyl 53 (0l Al A2 L S (o0 (6 S e
0055 ) sll Bl Jl(So (g 340lg) SewMS” Jio 295 oo o3listul (g y340U59) S g Jo jl sl 003
e gz @by pgan oL5gS joo b ¥ guae (sl (3 lhn (slaunliw (3 joliiod; &Sl (el
LSS el 55 me 558 Al il 53 witmed (Y15 ¢ L 5 S515) ol 03 4l oy 5 (gjyeliS
ol (it SlaiiSS ol £55 93 4 i IS sy S e )1 IS LSS g0 ) 395 oY
sl (e gt (e aosd il o)l 1 s SlBChSS )3 39 on ol o (slaiud 5 il
S 2 45 g 0y90 S 3 B lise S5 (bl iS¢ poome lachidSS )3 5 Wgd on el Cugi Sy
{ i g lgr) Mian (s3-03 5 IS g0 93 2 3 a8l o3l pr itee (sl 395 e Slaciy b lin
2 Rl B L 9ol o )3 098 g0 Jlosl (LSt © g0t LYK S adSS (IS Cadss 5 (VYO Y-V

(Vo ‘Vﬁi‘w 9 KuosSs gl 03l oMb) 5945 o Jlas! caass alSlas & )yguody 039500

1. Shi & Zhang 2.Zhang & Yang
3. All-units 4. Lot size based
5. Volume based 6. Chopra& Mindl
7. Taleizadeh, Stojkovska & Pentico



i \o,w‘\Y o,,ad\"ﬂi (RO S g0

ool die (slys igy840lje) Sy Jdo drwgy dlde pl Bun auid Cob mlie Codgisme § adsS ol padrdy
5958035 5 Cunl gabad e Lol a8 Jloj ( VI din (6 15 cuaid 5 B0 ol dy bl anass w0liS el
Gl 0y 0] as e 5 g e balisee Jae S el s sl g ydagy HBAS preli 1 Ciiss dlpidin

Dgd o J> S o3l g gewly pdaw bl yogy SGST 5l edlanl L &S
&L w55 sl (RSM) \C_wl; o ol 59, 3,509, 5 edltwl .l dlie oyl slaccygly dlos ;I andg
Syl gy 5 i slmadlie 3 .l imgs cpl 5303 (6ygle K55 winyg3l 53 ol 5l oaliul g el

Cawl 005 ol lie Lolss uﬁbLa., e 3 wle.)‘a

aoldl )0 g o Al (golpiiiin Jdo Luaw Do oo ylo (g Al ol Gl e g g ool dsbl )

Dediee ol EpS e L 3 g i Jle b olyar iaghy sl ol I w5 00d S5 s b,

Lol ddox | () iS a5 (o m3b i 0t el Ol 4 bgrye (slapaenal (sgpel (B) sbid
S A lgd e W ylojlus Ay o W 4y colpd 50 &S i adig o (ialS 9 dgw ]38l 5 138 31 5 olues
Slodl )3l (5950 el s pdpuldy (il pelatod; dal 4 a2 )lSs (IS 5t Ladje oo L loranss ()
039> 5> (gdie (claatlio B 13 5 U5l Lage olSuly B9 ,80ks 5 Cumle b Ly 303 5 ¢ 3ol 0255 g poce
Ol g 0 Al 4SSl 4 da g b lon S G 365 4 1) (gl Slardr g (1S 0B 5 ()b yapasS

(biidd
yLSen g 03l5 oMb il EUS ol Loy Waciuiss &) dllie ol o oddais S ks 5 claans b 5l SO
Ydm)*n 5 0305 domad 00Dy drwgi Iy JolS b disn Gl g (5905 (slaiadss b ol yer EOQ Jao (Y+)0)
g lal Lold 4 diwgn j9p0 piamew CO0 (G300 (5)lie LSS 5 auie Cudgazms b1y (1,Q) Jio S (V4V5)
e lawy o 8l 4 1) w4 &5 (1,Q) Covluw (50 338L jskaiody Lol 53,8 wyp cansl dtnnS
5 03l ja el 053 S edlal !l Gun ST (695 g iy o]l cdigy i 8L (gl ¢ oo 053 )S &l g 5lwdiing
L enl y9 e g Co8 (Bolal Lol b 2V (39290 i S 503 lallie )3 (V4IA) (gdorro i
Jice S0 g asd )3 4135 )0 pys Codgame SO lgieds |y wie Wl 50,8 sy |y IS Caidss g mite Codgase
Slacal 5l S 63,8 ooliin] S yomd 9y S5l ol o yskaieds g w3l &8l)) puses sae ad e (ciyaebp

sl g5 (538,585 )3 b (6350 s y9aelije; S s Joe dnwgs i ]

1. Response surface methodology 2. Tamjidzad & Mirmohammadi



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke £

9540039, I i Jro
e 53 il gy 5aabin aaliipy oS g Jtn o6 i und 5 s39250 Blouo > oo (sloJsa J S
Lol Jlisl @i owomen 5 3lilo 5 d9:aS slaayjo Jola & dagi b (09,8035 S8 9,340l j5) Sy
NS Casd e (VAD0) g 5l st (T )Y Wl (S5 ¢ ) WS o (6 peS ol y5 ke Al HMo o)Ly
) b9 r8aslijn) S ymy Jios 3 niSS (655,L54 o baodllie (B0 )8 gilae g 84eljg) Sy 2o 31,
Ol 4 Sy el (PO i Calion G (V2+2) o 5 SUl5 29800 ) 3590 iz 41 & 538y
1S o Wy ol lolis cos |y YIS ppiis 0aiiSadgi 53,8 Ly |y 08 el i g oaiiS ey G Jolis
S g a5 (23l il (s s Bun 5yl alite aist sl 048 el
S5 g o 900,8 Slaiciin ) V g yho e e Jice O yekaie s Wl el 0aiSudg dgu 50,5 iSTas
Sy IS B Jio 9 03,5 3)ly (B9 )340L50) Sy ()T S Jao 3 1) 055 )b oyt sl (V40 )
Ao Gygody (oolpiuiny Jdo 00D &) dndgr Cudgize pizmad g (IS @S b olyen ( oY s (54,8400 5,
db_’ c(Y’\\) u‘)l_gxo.bb 9 ua.u ML?" J>f).5|)§y d)l.m.)‘)] L)"’ﬁ) )l oaliil L» &S S AW ‘U}A)ﬁ u_lab)...c- ) 9 )M
® a8l prans b (c3aydelip Boy 5l e Cudgione 5 (ndsS b olyen oY Ws g ,3dlje; oSy dline >
lai clolay b ddungd ig,8d0lijg) Sy Jdo S ‘(Y~\A);o.xﬂ.nmi 9 S Gl ecwl S S eolai]
Canliw 93 gl .ol Juad (L 5> coosd prdaw ¢ el 3590 del )3 3,5 iy Bam 93 (gl Ll Jae L1558 &)
ol 04 oolitwl ddiasis jpa slacale ool 5l Jae o (sl dlie cpl o a8 5,54 1) (g905 g (S aisS
iz Ly 0y s din lawgy LaYlS .l (b ye Lol 5 08 o (6)lSS ogy8 Juad s yin L) YK
adlis ol Jae sbdrwss 51,500 (S5 Gl D508 5 0l di s 0 SdieS” Jlodds saidigyd g o &) (g)lde

aol 01335 eyl Gl ) bgapo (clrprona 55 Cads L olyons 59,8400y S pas Jdbo

SO sl 9 DL Al
yoboans 48 Cl 00 S ol Gl b ol o (639390 1S Jiluse 4 bgyye iangs ol sl 5l 6,505 iy
alio o) 40 a5 dged dix 4 dald] )3 Ngd o (Byre L yliw Lanass g 0aiS el Obl Jlue lgic b sdes

Dgd o 0Ll (X555
L oisS puali a9 (VIS iz 3 lhes sl (o o 236 Jin S (Yo ) S0 5 95Tl
S SO sy (Ve +2) Lo g Sl 3,5 o dliitiy | (s905 (sbinisss ¢ B ol 3l &l)] pane (sl

Lty YIS cpdin 0disS g 0,8y |y (o83 5k Canlow <S5 08 opuoli dis g 0aiiSadgr 5 Jolis puols

1. Sha 2. Whitin
3. Zhang & Ma 4. Lagrangian relaxation
5. Generalized Digjunctive Programming 6. Keramatpour, Akhavan niki & Pasandideh

7. Mohammadivojdan & Geunes 8. Haksever & Moussourakis



-] \a)w‘\Y b)sb‘\‘”&ﬂ (RO S g0

Lol s e Bun 3yl olite a5 (slacaslw oS el o g 1S oo Mg Bolas Lol
Vg o ot e Jie SO jedate cpdy bl sl 0aiSags dgw 3,8 yiSTas (ol gi prdaw 5 (23l
l_g Lglt\_b).os.) L)*’9) ;{_’ )] ‘L)a'ﬁ‘m 9 oJ.MSumL ul.’xu‘ d‘)’ 30 (Y'\\) \W""’; 90PN cL5)>LO.A Lol .)LW
03]y Dy J=> bes syl 5l oolatwl b dlius .».Suo odlatl dadlinis sbgs (30,400 3l oolail
03,8 ol (g3 SLolis b olyen (235l 5 el Al 3 SWOT g, 51 (V1)) " l3 5 (o03 scoel
5 PSO (6,LSulls ey 95 5 Jie oo jetateds oy 4l \ g jio dbiats ladd GV Jiao
s s gl bl s oo s e 5 (VoOT) T Sigm 5 (6 oSS ¢ i odlil 53l (go3 9
2 50 el 050 Gilisee Jolpe 53 ding (sl s (Jde ol G 0l &l glals yodis ol 600
T JliSse o 151 el ayin 3,8 JBlis jelatedy aliee Jnlpe p i ylhe Lanass 5 oS el sl g 090
cdl 55 (65L8 Lauly 5 53 g Sy dny dngi b 1 0aiiS ol 4 YIS s 5 0diiS psel lsasl dlis (Y+10)
3)S oy @Y N
)].\_o..o 9 oJ_....{uwcsl_, «_)l_>u.’1 d‘)_’ l) 49.\.&» ) 9 ).w L5_Lz_'> d)J)A.olJ)J «_i.; (Y'\;’) volf 9 uL.wLiJal.:Lwl)J
9 OKM&A% bl gly damnin @l 0gul (gjlwaigs 5l Ll 53,8 &l Sy bl v sl 4 papass
5 0 S 05 L5l (gl (glogeid (Vo 158) “50 ulS63 5 Ulgs acnalSingo 5,8 kil ) &y papass ko
9 500 ¢ ol e 200> Dlpiiiy ddianis Jod (g5,40b p g 0 lredin (658 maeual | oolainl b b i law auass
5 Lol alis (gl iz b 1y ddiniin g oaiS pebiiis ¢ oY Na ) 5 s s Jae 5 (V4 VA) Tyt
Jice 5l Ll a3 o)) 0908 ST g d9390 anja 3,5 Jolas 5l widgs @)l Glual 653,83 yme Lamass
Sl men Slal italiy slaie plo b ol g 2508 odlisl ety (56 Slol (2 paab
2 oamass g oLl diue el (Y1) il ain g odljle oo 53,5 duslie lN5e gjl 5 S Sl
295 Jao 5 gl bio)S (ol abansiz V5 jho (s Jue Sy (JBg o> £95 32 g shoygraiz (VB b
o5 9 )iy 4325wy eSl eudgione sl () Sl oalitnl b g a8)S a3 )3 55 1) CadSS g Jlky slaas>
Wz

o (658 sl oy (e (S (glogeis ((VoNR) T oSl g )'liﬂ 20,8 o 1y Joe dosly gy
e g 01 S ol5 (e jglatoy 85 9 505 slasline (58,5 Hai 13 L Slo)l (g paeliyy 9 (556 ol podds

1. Mafakheri, Breton, Ghoniem 2. Hassanzadeh Amin, Razmi & Zhang
3. Particle swarm optimization 4. Lee, Kang, Lai & Hong

5. Ventura, Vadebenito & Golany 6. Patra& Mondal

7. PrasannaV enkatesan & Goh 8. Sodenkamp, Tavana & Di Caprio

9. Mirzaee, Naderi & Pasandideh 10. Preemptive fuzzy GP

11. Handifield 12. Alegoz & Y apicioglu



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke 1

13,5 b o 1) (6lade lacadss g atilsl ojlil cplie slacudgisme 395 o ;5 Ll 53,8 Byxe o & b )law
O 035901 g anass lise il sUas lise ol (6y8p oUle Ll ogus 48T My 4 ol 4 by g
Lol GBlical 05,8 slpiudiy ddandu (Jdo ( yanass g ol dliue ly Y+ A) \)Jy g S ) 1y ey
5099~ JusS)le (soddoyn 4 lal dawgd Jao (plCunl Sy g daip (3)5 4eS 5 ()l ()5 dinder Jols
5 &S Cad L ol o 0aiiS ol bl aliue 28,5 s o b abaily j5 imgs pimgh losl yope b

g las Lol g a8 o @) IS Caass b 1) & guae (B8 pnal a8 Ll )3 (VS 205 )l
bl 58,8 a3 )3 jelatads g, 840ljg) S yuy Jbo dllie ol 3 gy cppl 1 s €l el Cansd o

ol 0045 0313 dmuwg oAbl

g3 o Gl
2 5 058l BIS el Sl g )3 Am oo ¢y (g (3o 02055 S )3 lio (] 53 b g 2 Ao
L by 8o uslio Cand b g WS (o ()l 3 1) YIS 090 4 sl B9 8033 )15 3925 (yhg 803 3 s e
Slasn] & )ygots ol @l douss 13 g ol 43,5 a5 )3 Bolal g ceoud | ol Lolss allio ol )5 4ol 4 dn g
390 Aol )d @l oS jglaiedy dllio oyl 55 ol Bolad Lol b Joluo (claacscs | sal )y b paess cun]
L 2o iliw 9 olsul Jlue (ol 0,005 Ca e Slusl )3 wizmen .Cusl o o3lizl RSM 5o, 51 \Lasil
Ol 0255 4 )lSe &5 Wload (g > jsboay ()0 Pluwe g )l (anass 9 QLT Blue lgie
5 parmass w5l s (giluwaz LSy Jlisany Gimginy ol Casl (6558 il 0 563,08 sl Blus
L LaYIS Casd 5 ool lime 008 sl Bl e <S5 0,y ¢ pibgy )y i 53 ansl (6 i5Cunrd
22 )5S0 daaogs K03 (S 31 2985 0 (65 poroucdl Cand (Slaudga0 g 0L (el sdndgr (SlaCudgdone & dngs

ol 004 031 dmwgi S5 iy 9N jolaie il &S Gl (5y9 0 o sl (503

ST Cuond g i ylaw yowadkd ¢ oS (ol LB (g jlwJ oo

Lol el pie 5 hpdss Ly oo (oY ain (205)lbw 5 ()5 s bl alie (gl (i3 ol
e pj Cldgyte Jao ol )3 29 o0 &l J59,840059) Jao S o s uf g oo dis (S 5 Ao O g0ty
K55 o 5l 8

sy
g g oS LY dix (g 8008 S dltee (] )3 )

m‘"""pl)Lm\flsdlfmwtjl@)bsxswl,\i)sm“ HBAS ol 51y YIS Wl o g jdedys Y

S e ) IS

1. Kellner & Utz 2. Markowitz portfolio theory



)] b)lc.n.s AY 2,9 dyas (RO S g0

s S S350 ) YIS (Lol ¥

O ygmody Coosd o Lold dlaly pli (cYLS (gly by Conl (ron (#ad i g Cuasd  Sie YK glolas ¥

D; = a; = bip;a; = -

Do ee Ol D;(pi, &) = Di(py) + &

-biZ'B

Ai Oy u_o...n)...c )9@4\.’ Lol o; )LAM «_9‘).>u| 9 Ui J.iJL.A b [AiJBi] ol 2 uﬁ.)LaJ dLolm = & 5

9 Si9p=) Gl odd a3 )3 )5 deljd o e Slodl 1 ()l )3 (w8 L i 3L —a; 5l xeS WL

(Vo) Sil5 g b g Voot g 5 SO Y o 91332 ol

Ol Lad g dsdg Cudgize LY (gl ¢ g 800,8 Y

YK i

048 (ol 3

YIS slass ol

pli (YIS (el plf 0aiiS ol i gl i yiSTas K
EAS aels 3les N

ales

lodds iy yai ) O yaods Jdo gladles

el azs isy yo plf o_\;;SOﬁp;ls el VB w3 ase iy
pli 038 ol 31 pl T (YIS 235l a0 150

K i (ise y3f 0diiS el 5 Y oYL s wd

K i ise 53 oS el 5T Y ool as i

O yawd ) d>dg) Cudgde :BG

Pl (YIS 59008 4iz 32 19,

el Y (55055 i is;

ol Y ol al el el )y by g

(s ) (b Lols) § YIS (gl il 590 L& U :D;(p;) = a; — bip;
LY Gl olas Lol ol :Di(py &) = Di(p) + &

1. Petruzzi & Dada

2. Pen, Lai, Liang & Leung



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke A

A 2B =40 g A = —a dlie opl >y (ke b [Ag Byl 03930t y3 &1 (VI 4l (Bolas puiie i
ol 0045 48,5

i Y ol ool e Jleaisl mjes ofi (&)

Pli YIS (sl plf oS (e i o 1Sy

pli YIS Lo yiwd )3 (g3g350 JBlas :lq;

pli YIS o yiwd 3 (g35350 ,iSlis UG,

pli GV Cund ol > :lp;

pli Y o (sYL s> up;

e
s 525 )lse Jold Jue (gl yuiie
K (auiss Gise p f oxisS el & (oY i ylaw jlade gk
J 0aiiS el 0 1 (VIS b law lade i5q;;
[ YK olaw lads :q;
ol e 3 9 S0, LBk LSS iy j3) oS el Sl GV Wy 5 a5 Syge 0 0) g ke e Ve
S Oy
pli VI oo p;
oSl b YIS (g 71 o Y17) S5 5 (o5 5 (193) b 5 5558 Sair (55,5 5 > b i
Do o iy yai ) dlaly ]
z; = q; — Di(p;)=q; — (a — bp;) () i
Wbl aild dg3g dl3le (VI 3109, 0 4 Jao Jdod 5 (g3l Jde 53 0uiiS Jubud S§ lgisds Z; yunio
Lo =l cad g ()l jlide) =a; b il Zp Gl o ) 3929 YIS 35008 Spgo il 8 0 9 & 5l 5,5 2
e g b bz dely cads ) ol coled o 0 Zp YL s Cwl A Gx & ol o b plp oS cul (o
(VN Sl g o 9 Voo e g o 9228 (bl 5 (659 0) o

OV BY Lalgy) 298 o0 &l)l osds (Slyb pusns dis o e Jdo wdbol Glbgyae g dliwe Bun 4 a>g5 b

I 2 "
maxz {f (pi[D;(py) + €] — silzi — & Dfi(e)de; ( ;

i=1 - Ai

Bj
+ f @D + 2] — gile: Dﬁ(s)del}

i
K,:]'

1 N 1 N
Zzzcuk ZZSCIUXSOU
K

(=1 ]:1 i=1 ]=1

~



)] b)lc.n.s AY 2,9 dyas (RO S g0

S.T

Kij

N
ZZ Cijk 9ijk < BG

1
i=1j=1

dqiji 2 diLjYijk, Vi, j, k

dqiji < dfjyiji Vi, j, k

Kij
S$qij = Z dCIl]k Vi, j
k=1
N
qi = quij Vi
j=1

sqij SSCU Vi,j

lg<qi<up; Vi

AL‘SZL'SBL' Vi

Ip; < p; < up;

q;; =20, y;; €{0,1} Vi, j

(¥ e

(¥ aa,

(0 dla

(S

(V ol

(A dlal

(A dal,

(Ve ak,

(V) oy,

(VY aka,

(VY abay,

alaly ol Gisu s (Caol (g,800 )5 el 350 dgw 10,8 Sl jelaiody 5 Ban B Sl ¥ dla,

l_fdwl,\_i)s.Ol)'_,,o)_gu_::;,..o_\_ai);‘gg_,»b_fsoliu.w\@.,fbddgd;?:bomwt}l_\i);;.au.i}a:

Ao « 8l é.’l_a f’)l—@(" w?u Lol ).31).3 u»)LCLw .)9~o§ uLo) Dl(pl) + z; 9 u»)LCLw b‘)Lo fpli..b: Dl(pl) + &

Cudgd e o0 id3d )] ¥ Cudgiste ol glito 008 el o 1Y o gl Jiig fon aiia sl Jig o

Dbl ) 2eS eyiwd pd dsdg jlasl o.\_;;SO,,o;l_'; bowgy odball) s @ do g b s dAlie Cul 430y



wr ol 850555 Cag it 3 (6,15 Chond g iyl amasss DS (el B! Joe \E

L VLS j2 yliw 3905 Vo Cudgione g sl 0aiiS ueli o 51 YIS o 5 lhw cud )b ,Sily A Cudgdons 15yl o0
gy |y i Jlaie g Lol )le akly 2 puiiio eded 585 oyl j1 ey 45 455 o o o )l
Bijabe g —a; L yolp Ay Jlade e o plis 1) Z; 4 bgsye 039ae VY dlaly S 0 b Z; = q; — D;(py)
Ly Vij ywsiio (992 ) g 00 Wl 0S8 o ascin |) Y eud 3900 VY Codgione Cowl oad (sl Colid o
b i g 0aiiS el S (el i el 2080 Jdo 4 350 (2 5S35 &S (Yo +) SIS g (b o amd e Lo
e 5 23l oS ol x5 i 53 glaions saisl Jho dessi (sl gl sl 4235 Cadgi
G (VW) ohlSen g ol e dlie (gzmad wdsd | olyan (b)lhw janass § OBl 4 byye gladlie
ol ESus Plae g4 51 Ll Joo 457 15,8 o)Ll 395 Allia )3 Kil5 g (5 .3)l5 239 LOlE e ()05 Cueid
ol St liune o) Al AL Sy (slalonsiz Slubxe (loj b oo yoN)l £ g dline S o sl 5]
g 039 03,pls adlis ) Glangi 4 Sl 4 2395 b eellio oyl (odlotiin Jao culply VT Y+ 8 L) 39500
4 45 Cl ESes Pluws 55 5l ung glalozsir bl Slwlre ploj 5 Casl Vg jio g (s o (Juo (rimen

ol g « 535 Pluo clp pogada ol B8 Jlade 1)l Cawd

g3 wliig y

Sl T b gy

ol gy D98 e 03l Sif pi ol g Gl o (wlid ) LSS I oaleidy Jo S jslaiens
Cl Siho (giludingy SloAR]B 5 3500 cnuogi (sl &l (3L 5 ()bl S SISS I clasgaree sl e
OhSR (e «Ban 2l ped g Jgl Lie o (Rodrmn 4 a2 L () VA (S8 (gl 5 (5065 g0 pe)
5 ol palie gl polate (s D5 00 035 (3055 RSl oalisl b Cuansd (] il 350 Sal)> daslons
slagilejl qshw 4 dog b Atun plpug; 91q; b zolaw (ol K9 o0 48,5 o 5 (ol g Vb daw «ad
ol sl il (oIS () olas slolis Jlois] @jgp & 405 b pialejl jo ) g o ()b cusli
Gl 2905 o Al Hasil 3590 Al 3 ¢ B3kt dae (gl N o Mg asuie dax 4 dolal Lol
g Laghleil an drg b g oo a8 Jlai > (tolejl 2 (29,5 lgieds g ol dule 2l (Sils ool 2
N3l I RSM g,y lalors (sl il co s 4y )l 3)90 doly> (sl ()5 @l cosalanney (slo g5

Lol 04 o3latwl 0 aswws Design Expert

Sl § o 3 o581
09y S oo 05 el 48 ol (gaeT a8 Bolal g gl g (Siludine gy « ST v oSl
o) Enas 3ol ol SLj el IS Sl () Ve e S St g ) 0o 4t LLlSH dpnloo

sl GBS by g i cablls el ¢ s slacles obj))

1. Talbi 2.Gen & Cheng



AR \o,w‘\Y o,,ad\"ﬂi (RO S g0

SBad @l plyieds Gilaw 5 a3 aije bolyen 1 ol Gl 3)50 sal)> )85 @b (el Cesd @ 5l g

9 oo o3l K55 v yg3N 1 (o8 Olgn dnlxe (glp g oa 48,5 Jlas )

P93g09S JLSlw
038 (a5 LSl (el V g s sl il 00d U5 oy 93 ) pigeg S bl (ool ST o oS
Gyo 45 Gl 3 a2y | s Jal pgd Jlop )1 3929 ) g sieo () Sy 0diiS el o IV 2 (gl oS
Mt 9 LS a5 51 Jlte (ol o 55 YIS Cand g 395 0 (ol 00058 (el S 51 Jlas o (YIS 5
Sl 2590 03]193) 05 035 (3l pgd Sl Sl g 05 023153 Jalis Vg o Jla bl 4l gy 0aiiS (el
Sl 2l pojgegsS iy 53 S drdg s 3l oalisl 5 sl (o] Cead (gl 2)90 A g 5 4235 s

A3 oo Ui |y pigagyS sl V S A8 Gauo d3dg ) bgspe Cudgiome 4D wdelcmsd Clgs 45

] Y11 l Y12 ‘ ..... ‘ Yin | | Y I Yiz | I YIn |
A J A J
Y Y
Jol Y ol 1 oYl
qc11 ‘ qci2 | qciny | qacn qcr2 chml b1 | ‘ Pr
S J 19 J\ J
Y Y Y
Jol sVl g3 818 pals LY cud

Cloa piuled g Y UK

Db ge | oS el T (VIS 0y 5 B s oS dn3gs ) s %y
jowwk)'lid\lgd.\i)ﬁdho-&)ﬁ Yij
P Y 55 cudd Pi

A5 Cad i lisie B80S el 51 VLS 1 a (lyms 00id po a1 o Cyian o b epgd 31350

..\)TUA 2 )J) Jf\w & u|9> )]J)g O g0 O’l » Aﬂ‘_gn Cawd & Y& P dl): oJ.wd).ao

Qc Qc; Py Py

Slaa i led 0g5u .Y IS



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke 'Y

N

QC; = ) qcj (VY i,
2

A gl Cunod W gi

)t e 9 990 plosl 3 Lol 31 4T SIS el 3lass L) 53 YISy gl ) g yio Sl g5 sl
395 6393 5xe »> YIS Cod ipgd I3, LSS (sl Ngd oo Mgi 3olai jobdy yai e EAS el ¢ ol
9 oy ) Andgr oI5y (Bolal U0 B Al e S g o0 W CEISs w98 b g (Bolal @ g
2 VLS o el a3 e i ( (gl Y g sio sl elul g 0980 Wi e 53 4209 ST
Cod o 5 LY 5l (63,90 VI po 3 e p (e & (Sy90 )3 sl S5 LLE 29 0 (s 018 (peals
2 g el Oygods Y Hlade oS sl onds aps ()55l Wbl Cawd S hg,B00y5 Cudyls |y o.u.fumb
Joad i e polde 4y a9y Cand il pusno Ll (o )law polde 4l 4y dogi U .og gl 0)ligd oudidly dgus

Dgd g0 duolo 0)ligd YIS 2 1y 5 Cand g 3 dla (ol (ol 9 298 0 ) (s Byl s g ol

Wi Qb

Aol oo Cowd 4 YIS 5 )lhw g 2,5

bl 4595l
s 255 sl Dgsoly 5l 3 655 sl npisnsS (i  seions 5l Shas 31 S5 oS
3, 2559 Llzwsl y Sas 5l alisee gloil A8 o Jos SUjlp ml @ dag b Sas pl 05 oo odlaiwl (gan
Jinl b Bl jobods pgjgeg)S K (ldiilue el ogus 43 . o] S50 ¢ (saad) sldblue «dg) 45 > dilen
Pl iyl ) ) 5ks ol VL & Lael 5l ool Wl oo 51 g 5 B9 o0 5] Camon o 51 il
=450 g bl by oS 5 5l Alie (5 Wb oo ()RS S 2 53 acw il o3 2l S Ay
bowg (Juws sliael gl g niiwn 8 Jud gla oy yitg o Juus jl (s> &S Ojao (pd ol 00 o0l
& 5 dmd p2 2 Loanss 255 ggoome gy (il ) i labile GBIl oad bl glapiges S ol

2ol o
4oty 65l Glapjses)S coles 3 9 48 0 S 5 RS L L) lopgises)S layy) sy i) gblds Jos
P39y (s g Sl slabainie (slabi S5 bli gmen dblis sy by, I il glgl 0yl 0 S92

gdse 030l \S03 13y el s bl 5 ) g yheo 3,03, el (GBS bl ) Wlis )



VY )] b)lca.s AY b)sb‘\‘”&ﬂ (RO S g0

)‘D)_g )‘ alads LJ" iy u]9> Lgl.)«.ﬂ )l Lbu) 9 39“"@ ul?w] u|9> )‘bﬁ J9]o Jo dlags Li) cd‘dja&)& 09:..» )
51558 piggyS (1 ;o (s gl by > W oo Sl pgd Iy I Sl oy Sl b abais p) I Jol
Eygmody 2y pojong)S 93 azmln (im Al o S99 4 lo pigeg)S A, 93 Bl sla e LS oS5
C = AC\ + (\ - A)C‘v O ygod AJ))B Pg)?ag; ol.ij ‘J..wl.) CY = (Y\,Yv, ,Yn) 9 C\ = (X\,XY, ...,Xn)
il 3 Bolal Gygods &S Gl Oygo pds @bld 0950 sl V g yao o (Bolad i SO A Hlade g dales
635 Sy (Sl S ot 358 sz 93 g (gl ) g pho oy i e Sl s 95 Wggal;
5 0d Ll ) 5 jho slapgiges,S Jliie (VI j2 (gl 0adib o drdg s (55l 50 93 g S (0
N2y gV g o slaoy p (giine dabdl )3 Nigd o g5 15558 93 el (nl 2 g 2gbiee Mg A Sl 9 e (4l
23 9o (s 35 038 (el I VIS i 5 G (B0l g0ty dgy G Jals sl 158
Dgd o oyl bl ALl 2939 o..\...Sw.oLa 93 5 YIS dw &5 Jloj (gl Jlo 5 asldl
Al = [11()'1'1’1!1]
4, =[0,1,1,0,0,1]
Al s 4 5 Sl 90 & i e 15 L (bS5 fbli Jas | g
Cl = [11011J0I0I1]
¢, =[0,1,1,1,1,1]
Sl Sl )le pd blis slaylsy (izmen
B, =[0/2,0/3,0/5,32/5,53/2,23/1]
B, = [0/1,0/6,0/3,35/1,51/6,25/5]
8l ol o3l Caad pgd (5 o 9 YIS 2 15 (s 00bByo Al s Jg) (5 4 Yl pgigag S 93 )3
D, = [0/12,0/54,0/34,34/58 ,51/92 ,25/02]
D, = [0/15,0/45,0/4,33/8,52/4,24/3]
Hgd o 43l By o By oy Dy 9 Dy lacls 3 Y jo b3 aiia wrew 9 Gy 9 €y bl
E, = [0/12,0,0/54,0,0,0/34,34/58,51/92,25/02]
E, =[0,0/15,0/3,0/15,0/35,0/05,33/8,52/4,24/3]
Ol sl bgd o A1 (5 o g 02138 el IV y0 005 oo Sl 05 b Yl pigenS 93 3

P aS YL a3 s b Ll ggame (Jg 0dd o B3lad O ygods YIS 1 115 4038 Cons &5 Conl (55
Ll ﬁlﬁ W UL" D dl}b)lbﬁ



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke \k4

bl 4’ ©pgmo (s 258 o0 o3l CA19SG 8 e pos jldllie (pl )3 sl ] 53 Gl csim hos
sebdn g aely +/Y ojluley ST VI 0 3 whaw 3509, Ly S o s /0 sl 4 iClgn Vg a0 b
Alods Lasiie Vg yio 43y 534S SEALS el 4y o B3kl & jpods a5 Ao Clgn s S oy B0l

g b g
aalls 125 ety yaseihe e (S 4y bl 31as5 By sl by s sy Slies i by S5 o651 o

--\-:L.tuﬁ

Loodgue Jlost
2 A3dg Cudgde W » S5 S WgS lan gd bld e 0 b aS 3l deng Cudgize dix oaddly Jde y
H1P GBS el Codgime jlondidg pigagS 4 Sype 2 g Jlol ol Ginles 025 53 (0t
aals oy drgi L g g iy () S oM el y I VIS 0)lhes sl o Cpgo (s pigagsS S

Db oo Jloel 55 Codgiome (pl dgd o el () ) dlse o

555 5501 510 i el
Sl Slo)lbe dlie cpl )3 oadad S jlai 3 sla el )y (a8 lais 4 5l bl (S olaiuiig w2)oSl 5
o b (S pasudie o plgisds b Jus S g Cumex e g9) ik €5 9 @ £ (Jus 2 5 Cumex o
Aiilogo b o2 )8l (b ond b)) slaclse Sl (i ks g g 488 i ) Gialejl b 5 e
5 Ng-Sso Ll b piell (gl o cpdin gy cnl )3 258 o0 o3l (25T g, I da el rlas jslaiea;
gl (sl 3 ope S el g i (b 0T L btz slatalel (2656 Sag) bl 2 s
R S R

il 45,5 ol YN8 a5 a3l 5 5] o0litel b K55 w50 4 bogsyo coliaslina el (85 b
5 CPU:core i —¥Y+ - Y/¥-GHz Jols slascin l)ls ond ploul o dluwgas Sluoloe 45 ot (e
cwl RAM: £ GB

W A

ol j ©pgots Seif wiysNl sl (ol I 4



Vo

) b)lca.s AY 2,9 dyas (RO S g0

S ool s g Ulgn wumes o3ll 4 1S dls yo

e B 53 (SNl i plyisa ]y Clgx o dg jlade 193 al> e

S & d s 4 s lgieds 1y Cumes | (o0 tpaw dls o

e B lya 5l 3 5 00,5 bl bl yglaiads 1y ypally qshiblune ol 31 oolizl | 2o dlo o
Al nd 4 4l de Comes U aums bl | ablis Jos 1)lgs ds e

e i P Jlonl 41y b 0 i)l Al e

00,5 5L S o 4 Syl puE e (L ) o363l wiBgi b b 4 iy G0 50 1oy s e

\4
Bl gy b oplly sl
> Sldslue
y
PCE&y L bl
y
PM Jlois| b lapgi00,S e

Am3 o LS 1) SBF w30)9S) )l gl VS

&9y

A

it Sl dy gl Comen Wy

Carar (SAjlp @b sl

&b olol ol ()8 oy
SHln

A

1-pC ¢ 5 b ass ol

Sl 0ol &y By by

S5 i y9] Oyl gld Y S




U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke "

g sasl

Sons Jbo

e cslmodld sl 015 03lil (35 50 ] ool i GBYIS (cl) US qisf 55 5o Ko ledbl §| Limgiy oyl 52
iloas a g dbgrpe ulid)lS s b g Balai ygods Jlai de (slaodh plu g ond syglaen @ S0 ool
i (S 1) YIS o (gl Al LS (525 00138 5l oy 1y 295 SV W55 o iS55 ol
A6 Jae (Sazey p g0 VI 2 € pito Guil)ly i Sl & a2 Ll 00 4B, i 13 YIS 03 5 VIS
oy S0 s > sl 0 8,8 a5 > lly ol (sl 3L g Lawsie nS g 4 YIS olass a3 S
o Ll s ol e 3 9 VI Gl b plog S 5 S o (ol (5 ke 93 o )3 Sy Ll
253 0L ) dg2g e a5 Jao S (sl conlpli sl 0ad (23)lde VI cd )b pilor v 5 pilea S

ol 05 1)) 135 g 0 YIS s (elmodls sl yio xSk b Jloys aejsi celyls € puiio oIS (slos 13

Y6 aw el .V Jous
Cod (YL us | Cwd b | cudyb | g o 9 S b a
5o Yo Vo5& F¥-Vo-) AR YIYSA VAYY VoYY S YK
5o Yo Ve YA-Y5-\ VIV Y/YAY V/ADY \Yarle 93 <YK
Yo Voo Voo Ve A-YO-) VO- /) WA VY YeolY daw YK

ol 01 )Y ol 13 35 LY gl 58 ol 4 bgyyo coled|

LY (6l oEaiS ol ay bgsyo lodls ¥ Jgas

¥ Y Y Y8 N1
3 A ] s || 3 o
% 5 3 f}* 3 5 3 f}% 3 5 3 :;g DS el
FADY Xexs .
ASY | volar | ¥y | oysxe | ose | Yvisey | Y. B+ | YAYE | Ve V oS yuals
0 YY
§ox0 :
FYOA | s | VFAA | Yy o | AT YOEYe | N | Y ¥ BIY-Y | Voo | Y oaiS el
FESY | s | VANV | Yee | YYYA | e | YYYOY | A YayD Yo YIOSA | WY | Y eaiS el
XA .
OFSY | 00 | WASS | Yoo | YYYR | 0. | WAFAY | Y- . o- VISAY | Ve | ¥ oS el




VY ) b)wc\r o,,ad\"ﬂi (RO S g0

S Lad 0gueS cleds oS Cowl Lgaoro dllie B g 55 Y0 5 oY (i 53 dliwe sl (gl SleMb
gV ee Ao Ul Cudgan YIS 03 g i YIS s (gl o yiwd )3 dodg lie g o0 613395 sl 3,4
Gl Joy anlg Yoo

g sl Lajilojl 5 oad 48,5 a3 )3 pdaws 93 (LY Ceasd g YIS 35lhes ls0) baiio (<l

DIV s a2V 03 5 G5 ¢ 2 dw sl 5 65550 <S50 £ 5 Gl ol 5o el slatale]
sl S5 o )3 g Wisd oo plodl aye B0+ Slasiay b tlojl (talojl )b o 5> A 350 DFY g OFF
B+ slyo el Slie g delyd Hlade g 0 o5 Bolad dae S5 (&) Y o clols dolas Liso )98
oo 1y lack Of fit o1y R sl & Joios 9 0 48,5 ,ai )3 layilejl (g8 lsicdy 5 00l dploes ,,S5

a3 o i € Luibyly Jol pdaw 0 (oY 4w glaodlsy asgazee

Y dw asgooo £ il g Jol gdaw (sl lack of fit g R palie £ Jgus

lack of fit R &b g9
foee) 5l yieS -[ay S 420
feve 5l eSS RAN 90 d>yd
<IADQ -/Aa dus d>yd

o 6yhline 5 93 5 S5 4y g (gl lack Of fit ;g0 p-value jlade (395 olixe o ¥ Jou 4 4555 L
Sl il Jloyi oaiidly b (gly 50 bodile @je8 Cpuicmed g g0 0310 (05l dw x> Bl cdus 4> &b (4l
ot dy 35 YIS 00 g i i (gl pumed g oo 0313 el Canlio dw day ml € uilyly 500 Zalaw
Wigs oo yo3ly 5 00> (astis 53 4 polaw plw (gly g dw d e Luibyly Jol e gl sy
VO alayly ©)gods 00508 b 5l b jusio il 2y 51 o odbodld (o3l Jae € Jol pdaw 9 YIS dw (4l
]
y =11665/6 + 1512/409q, + 2378/877q, + 20605/2q; + 131/3694 (Vo alasl,
*py +4425/2703p, + 10130/87p3 — 205/624q4 * p,
—310676q, * p, — 1457/05 = p; — 1636/89q?
— 2578/64q% — 10317q3 — 439/611p? — 972/7221p3
—209/707q? * q, — 59/994q? x p; — 242/591q% * p,
—90/316q * q3
32 > e s 55 sl el (sl 00548, 5 (sl 9 ge plo ol welst e 255 (s
i 35500 e s s 0133k Slo szl 51 Sy sy sl i 55 bl 5 i s 3l g o



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke

A

s ol ggbans 0 Jpia

P aww P93 T B b ol
[Ae ] 5+ %] ¥ 5] [ s 515 ega 3lass]
A <A N (Pe) &bl & 5
Iy AN A (Pm) Lo &5

ol 04 03l LYY )b 51 )l 0959 pdaw duo 3 Jole dus aSl 4y s g5 b
N

dw i o Bun U»Lu‘ ﬁ% .)9»:&0 odlésiuw! (N) C)’ )‘ adasuio pu.Q.aS d)ﬁfb)'l.ﬁ‘ dl)g c@;l; &9) 5

il )3 5200 s s 0D 5 Gy (sl AR iy S a2y 5 W le o 33 325 T £

ol = 2 LS oS )l VP alally 095 o ookl gyl dz o2 £ 5l aliue ol Ll

S _ o1 !1 Z”: < 1 )
N = —1Ul0810 | 3
N N4 \y;

N . e = - . ..S " s -
d‘)‘bd‘jJ‘J?—""Lf c.:l?cu‘ w.u)9i” L;‘)J u_‘>9]a..u w]c‘am)hd‘); S5 L:.»‘).M) DMDULWJNM)L\.M

(V5 alay,

sl oy Gilisko gk (gl % oo ,Siblos

Main Effects Plot for SN ratios

Data Means
A B
82.5 1 .\\
82.0 1 /\‘
8 815 \ /
-
©
o
Z 810 : : ’ :
2 1 3 1 2 3
5]
c
S 825
Q
= o—/\
82.0
81.5 \-
81.0 ; T T
1 2 3

Signal-to-noise: Larger is better

N - .
c,.\a.w 51&,&&‘,{; )‘J-M iJSmc

S ade m Jgl e (o Sas g Cumen dlas zg yielyl (sl ol asuie 0 S 45 465 Lo
it £ ehly slp g 1A (G pod e @bl £ 5 yiall (sl i Juus 2l (1 ¥ g Canmen blas 6
Do o J> 0)bsd Jdo o ol )b oaidl ydlds I eolatwl b g o Sl /N0 bz pod pdaw 50

J= b 2edie Jo 5K JliBlep 3 € sl )3 (2B aw sl )3 Jio (S ool (oo liel (sl
ol 005 &) 5 Joas 13 sy B doy g S winysSl 5 550 55 Je



ALY ) b)wc\r o,,ad\"ﬂi (RO S g0

S5 ok o $5 181 43 S Jo il T Jgue

£ dw o £ 95 mhw £ S mhaw

VWEAF/VE WWRY/VA VEFEY/Y- i Jlle s y3 Clgs

WAFY/ATA AAARVAREY VEVY /A% S whayoSl lo>
AVAS ¥/avs YIVe¥ GBME] oy

Ol S Sty miuyoN) g 65 e 0 o Olgs BMB] sy 9 0 0dblie £ ol > &S 48 Lo
SR 090 O S ] S5 i s3] cawlin 3 ySlas g Clgz 93 (o 5ol BB sniad Lis & Cuwl duo

A3 o Hlis ) €SS paw 5 oY A Jdo o Clgs

15 <10* a5 gad
1
__0sf
43
&y
b2
0
05+
4l :
0 5 10 15 20 25 30 as 40
i jad

Gloa 25w 095 0 S

PV g Ve L ply cudpa b s slasy caliane slal (ool 38l ay asgi b oY E0d g oY il Plus sly
ol oads o Y Jada 0 o lej 5 Al calisee dlal (gl g Jlade sl sus 48,5 Lo

e 2l )3 Jo loj g Clgr Jlade Y Jos»

€ aw @a.w € 9 @o.w £y @a.w
208 s |27 s |25 s |vow
jé; .g} )‘ 13: ~3} 3. :-3: .3} ).

¥AAY yayy WYFY/AYA 0/aYY yasa AAAARVARLY ¥/50 yayra A ARRYZRTA Y dw

O/A-A AN WeYEIYA- AL ATARRAA YYO¥/50- Of+¥Y ATAAR YV /FYE YK i

/00 | YevyY YYY-¥/e¥Y AAdY Y-5NS AZZARVASRN a/AayY YWAYA YAYYA/OY Y o>

LJI)_A.A.‘U LSL"‘-‘.‘"’)-."bﬁ“’ u]).....u AJB)?J@..\JB&DJ‘) degomo 4 LSI)-f IS JJ.@ AW ;DJQJUM
Ao o s LYK calisee polde j3 1y € yusie uib)lg



wr ol 850555 Cag it 3 (6,15 Chond g iyl amasss DS (el B! Joe A

\ES. . Yeooo
Nai YO«
VEY Toorn
VY A\
VWA« [N
WS Deos
Y-
olsly S i)l 93 e uilly s e oilily o g b)ly 93 e uilly A e
u.:\/l.g 0D
Yoo \
Yeouo
Voo
osboly o byl 93 e lly aw o

Cilises GBYIS 3w g8 il g ciliteo gl wle! p1 dgms Ol paads T JSKuS

ol (dalS g Mgy odes jobdy bl o Eol38l uil)lg a7 Sloj cCunl [asuin £ IS (0 S 4368 e

alizeo zolaw () b o GBI 35 dgw byl plol g Cunlad pis dx 2 &S £8)F s WSl Ol e
Lo bgydaeljsy Sy (RS Cnd Jao iy lodlie 1 39w (ljee 3 Lo &b (Bolas i (bl
5,550y 3l ealaiwl i sanlin (Yo VY) llSan o (b (Vo)) «Sl5 5 (s (bl oo cdndgy Cudgione

S5 4
2 S ot ] s 0t el LIl (slyy (g 03,5 oS atten o S BYIS a lhs 5 (68 Cunsd
Iy 395 LoVl BuiiS ol dlins oyl 5 i oy dodgr Cudgdme b (23 b )liw 5 Gkl alzes o o)
o a8)S p L 3 Bolal 5 Cuad & diluly (s O jgon VI QLA (piomen 035 (o0 &) oSS L ol jen
Olig o3 sl Slgi oo 0aB3l Juo dd 03l g Vg jho (b pd Jho G jlai e e Jo pslaitods ]
) i GlaYls S ilg o aS g SLbg «Kiw cogs &Y guame (|5 yoomed alisee plio ) Jld
A5 1S ameias 0ol Jie 1 ooliiwl L il dudo cdiloy a8 4 g A58 ans cilises ogill 5AiS el

Pg—aS > Al e 0)9> S Sl Glojed 9 A S (e a3 D e JEI ) (i sl jsie 9,803 5




A ) o,w‘\Y b)sb‘\‘"&ﬂ (RO S g0

el @l (29 el 4 g b S (S e (098 Cuosd g ool & )k e ol SIS el
yiony 25 ) Jae I (el S5 550 izt ol 008 Slgiaiy ROM (g, 000l ol (5055 sl
5 i 42 (i S pltiay 1 oolitul 355 gy 31 b stobly s (sl <S55 o550 > e (515
ltio & jglaio s Cal 0nd odlisl o] dplad e YIS (gl 5 US @i S e o sloosls jlosdal b,
el Casd 4y gl 5 ond b Ll @b bl yite gl cglize il ly 5 WYL slass
i il iy 3oL ekt el g i oS el s & o 1B S 4 a2 b g o 5 e
Dgd gy 803y dow Linli8l Coge Mlg o yiday leMbl Cuns gy cpl 51l o (il dgw bl yid plod!
cwlio Bun 1l (pposd ) ] asuio mjei b Jleis] Bolad Lolis a5 Sl RSM g, 1 edlaiw] yuicmen
OS] (8,5 5 a5 3 L g Clon (slab puin (g 5 (09 S Cuner 4 dagi L 5 Sy o)Xl ]

An3 o 8 i clolss ¢ 4l uwsbio LIS dlio ol Jio b el oS sloclys b a2yl S

owiaT slaging 3 ! ¢ SHdleiin
Kg oo e 35 350 ST slaingh sl
g 013 drwgl (gg0 ST Wile bacass glail pluw (gl odd oyl Jde o o dpiuiy @
b dmg 15 0)9d (> sl Jhe g oo Sloiiny @
35k Lol golgs ples 51 o0lits] sl 0 3 Loma 303 anebad pie g oS LS b Wlio oyl Jao 5 @
D9 o iy ST sloingh slp oy Slod briuslad pac plo g colf (S 5 o) - s
5505 sl S 65 ,LSan g RIM L ] awslie g Ll &b o5 gl omas &Sl oolai] @
Sy i 55 555 S0 b ol S35

&Qbw

References
Alborzi, M. (2009). Genetic Algorithms. Tehran, University of Saneati Sharif press. (in Persian)

Alegoz, M., Yapicioglu, H. (2018). Supplier selection and order alocation decision under
guantity discount and fast service option, Sustainable Production and Consumption, 18,
179-1809.

Chopra, S., & Meindl, P. (2007). Supply Chain Management: Srartegy, Planning, and
Operation. 4"Edition. New Jersey: Pearson.

Gen, M., & Cheng, R. (2000). Genetic algorithms and engineering optimization. first Edition.
New Y ork: John Wiley and Sons.



U 850205 Cag py 0 53 (6 o g iyl (amassS 0 kS e B! J ke \AS

Haksever, C. & Moussourakis, J. (2008). Determining order quantities in multi-product
inventory systems subject to multiple constraints and incremental discounts. European
Journal of Operational Research, 184(3), 930—945.

Hassanzadeh Amin, S., Razmi, J., & Zhang, G. (2011). Supplier selection and order allocation
based on fuzzy SWOT analysis and fuzzy linear programming. Expert Systems with
Applications, 38(1), 334-342.

Kelner, F.,, & Utz, S. (2018). Sustainability in supplier selection and order allocation:
combining integer variables with Markowitz portfolio theory. Journal of Cleaner
Production, 214, 462-474.

Keramatpour, M., Akhavan niki, S.T. & Pasandideh, S. H. R. (2018). A bi-objective two-level
newsvendor problem with discount policies and budget constraint. Computers &
Industrial Engineering, 120, 192-205.

Lee, A.H.l, Kang, H.Y., Lai, Ch.M., & Hong, W.Y. (2013). An integrated model for lot sizing
with supplier selection and quantity discounts. Applied Mathematical Modelling, 37(7),
4733-4746.

Mafakheri, F., Breton, M.B., & Ghoniem, A. (2011). Supplier selection-order allocation: A two-
stage multiple criteria dynamic programming approach. International Journal Production
Economics, 132(1), 52-57.

Mirzaee, H., Naderi, B., Pasandideh, SH.R. (2018). A preemptive fuzzy goal programming
mode for generalized supplier selection and order allocation with incremental discount.
Computers & Industrial Engineering. 122. 292-302

Mohammadivojdan, R. & Geunes, J. (2018). The newsvendor problem with capacitated
suppliers and quantity discounts. European Journal of Operational Research, 271(1), 1-
11.

Moheb-Alizadeh, H., Handfield, R. (2019). Sustainable Supplier Selection and Order
Allocation: A Novel Multi-Objective Programming Model with a Hybrid Solution
Approach, Computers & Industrial Engineering, 129, 192-209.

Myers, H. R., Montgomery, D., & Anderson-Cook, Ch.M. (2009). Responce Surface
Methodology: Process and Product Optimization Using Designed Experiments. 3"
Edition, New Jersey: Wiley and Sons Inc.

Patra, K., & Shyama Kumar, M. (2015). Multi-item Supplier Selection Model with Fuzzy Risk
Analysis Studied by Possibility and Necessity Constraints. Fuzzy Information and
Engineering, 7(4), 451-474.

Pen, K., Lai, K. K., Liang, L, & Leung, S.C.H. (2009). Two-period pricing and ordering policy
for the dominant retailer in a two-echelon supply chain with demand uncertainty. Omega,
37(4), 919 - 929.

Petruzzi, N. C., & Dada, M. (1999). Pricing and the newsvendor problem: a review with
extensions . OperationsResearch, 47(2), 183-194.

PrasannaVenkatesan, Sh., & Goh, M. (2016). Multi-objective supplier selection and order
allocation under disruption risk. Transportation Research Part E, 95(1), 124-142.



Yy ) o,lo.».f&‘\Y a,,:‘\\"iﬂ (RO S g0

Shi, J., & Zhang, G. (2010). Multi-product budget constrained acquisition and pricing with
uncertain  demand andsupplierquantitydiscounts. International Journal Production
Economics, 128(1), 322—-331.

Shi, J.,, Zhang, G., & Sha, J. (2011). Jointly pricing and ordering for a multi-product multi-
constraint newsvendor problem with supplier quantity discounts. Applied Mathematical
Modelling, 35(6), 3001-3011.

Sodenkamp, M.A., Tavana, M., & Di Caprio, D. (2016). Modeling synergies in multi-criteria
supplier selection and order allocation: An application to commodity trading. European
Journal of Operational Research, 254(3),1-16.

Talbi, E. (2009). Metaheuristic:from Design to I mpelementation, John Wiley and Sons.

Taleizadeh, A., Stojkovska, I., & Pentico, D. W. (2015). An economic order quantity model
with partial backordering and incremental discount. Computers & Industrial Engineering,
82(2), 21-32.

Tamjidzad, Sh., & Mirmohammadi, S. H. (2016). Optimal (r, Q) policy in a stochastic inventory
system with limited resource under incremental quantity discount. Computers &
Industrial Engineering, 103, 59-69.

Tamjidzad, Sh., & Mirmohammadi, S. H. (2018).A two-stage heuristic approach for a multi-
item inventory system with limited budgetary resource and al-units discount. Computers
& Industrial Engineering, 124, 293-303.

Ventura, J. A., Vadebenito, V.A., & Golany, B. (2013). A dynamic inventory model with
supplier selection in a serial supply chain structure. European Journal of Operational
Research, 230(2), 258-271.

Whitin, T. M. (1955). Inventory control and price theory. Management Science, 2, 61-68.

Zhang, G., & Ma, L. (2009). Optimal acquisition policy with quantity discounts and uncertain
demand. International Journal of Production Research, 47(9), 2409-2425.

Zhang, Y., & Yang, X. (2016). Online ordering policies for a two-product, multi-period
stationary newsvendor problem. Computers & Operations Research, 47, 143-151.



