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2 Abstract

= This research addresses supplier evaluation and order allocation by
,ng) developing a comprehensive hybrid model that integrates supplier assessment,
: demand forecasting, and order allocation. Initially, the simple weighted sum
iy method is applied for supplier evaluation, with a novel generalization by using

it for both weighting criteria and ranking suppliers. Subsequently, various
< machine learning algorithms are employed to accurately forecast future
: demand for supplied items. Finally, a multi-objective optimization model is
developed to minimize total supply costs, maximize order allocation to
efficient suppliers, and minimize the number of suppliers, subject to
probabilistic constraints on the authorized delivery delays and acceptable
quality defect levels. These probabilistic constraints are converted into
deterministic form using the chance constraint method, and the resulting three-
objective model is solved via fuzzy programming through the assignment of
membership degrees. Based on the findings, random forest method has the
best performance in demand forecasting and the proposed hybrid model can
be effectively implemented as an integrated enterprise decision support
system.

ISSN:YYaV-A+ YV

eISSN: Y§v$-a3AA

* Corresponding Author: M.Seifbarghy@alzahra.ac.ir
How to Cite: XXXXXXX


https://journals.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/
https://jims.atu.ac.ir/?lang=fa
https://jims.atu.ac.ir/?lang=fa
mailto:M.Seifbarghy@alzahra.ac.ir
http://orcid.org/0000-0002-6639-9339
http://orcid.org/0009-0008-6067-4484

Joad | € oyl | €0l | caro o e Slalllas anlihad | ¥

Introduction

Selecting the right suppliers and optimally allocating orders to them not only
improves supply chain performance, but can also play an important role in
increasing customer service levels. Supplier evaluation is a complex, multi-
criteria issue that requires the use of scientific and data-driven methods in the
face of large amounts of information and environmental uncertainties.
Supplier selection and order allocation issues generally fall into three
integrated categories: single sourcing for multiple products (using one
supplier for all requirements), multi-sourcing for one product (using multiple
suppliers for one product), and multi-sourcing for multiple products (using
multiple suppliers for different products). The third case is more complex and
requires broader coordination across the supply chain. The main gap in this
research, considering the research background, is the lack or existence of few
studies that have presented a coherent approach to combining supplier
evaluation techniques, demand forecasting, and order allocation to them.
Accordingly, in this research, a new method of simple weight calculation is
used. Machine learning methods are also used to forecast demand, and finally
a mathematical model is developed to optimally allocate orders to selected
suppliers based on predicted demand.

Methodology

In general, the main steps of this research include identifying supplier
evaluation criteria (based on literature and expert opinion), weighting these
criteria using the SIWEC method, evaluating and ranking suppliers using the
same method, collecting historical demand data and refining it, forecasting
demand using machine learning methods, and finally designing a multi-
objective mathematical model for optimal order allocation, considering cost,
time, quality, and constraints such as capacity and demand. In the supplier
selection criteria identification and determination stage, key criteria for
evaluating and ranking suppliers are identified based on research literature and
expert opinion. Ultimately, ¢ main criteria and v sub-criteria have been
selected. The main criteria include financial criteria, quality, responsiveness,
and industry experience. For prediction, various algorithms are used, such as
the random forest algorithm, which is a kind of composed of several parallel
decision tree algorithms, which are used to increase the accuracy and diversity
of the prediction. Finally, using several error criteria, the accuracy of the
algorithms in question is examined and compared. In the rest, a multi-
objective mathematical model is developed for finding the optimal order
allocation to each supplier. In the developed model, the objectives are costs



minimization, maximization of collaboration with the qualified suppliers and
collaborating with minimum number of suppliers. In order to solve the above
multi-objective model, the fuzzy programming method is used. In this method,
after solving the relevant mathematical model for each objective, taking into
account the model constraints, the following single-objective mathematical
model is formed and solved in order to maximize the minimum membership
degrees of the various objectives.

Results and Discussion

The case study of this research was conducted in one of the sample companies
considering the mentioned criteria. First, the supplier evaluation phase was
carried out using the SIWEC method and using the opinions of experts in the
range of very low, low, relatively low, medium, relatively high, high and very
high. The weight of the price criterion was +,'V), financial flexibility +,Ye1,
product quality +,Y17, item variety +,Y+1, delivery time +,Y2%, geographical
location +, )+ A, and finally experience in the industry +,)YVY. The same method
was used for ranking suppliers with respect to the mentioned criteria. The
machine learning algorithms were conducted and the best was selected based
on the given error criteria. Then, the multi-objective model was solved and the
result was that, a total of e¥11,Y, Yeve,o and Y¢A+,e kilograms of items ),
Y, and Y to be purchased, respectively

Conclusion

This This research presents a three-stage integrated framework for supply
chain management. In the first stage, suppliers were evaluated and ranked
based on key criteria using the novel SIWEC method. Then, future demand
was predicted using advanced machine learning algorithms including random
forest, SARIMA, and extreme gradient boosting, with random forest having
higher accuracy. In the final stage, a multi-objective optimization model under
uncertainty was designed and solved to allocate orders in a way that minimizes
costs, maximizes cooperation with the most efficient suppliers, and reduces
the total number of suppliers. One of the main limitations of this research was
the lack of access to different experts in various organizational units to
evaluate the indicators. Another limitation is the limited access to data related
to demand, which could have covered more years and increased the accuracy
of the forecast.

Keywords: Supplier selection, Order allocation, Simple weighted sum,
Machine learning, Demand forecasting



Joad | Soylad | €l || e o e Olalllas aslilad | §

o9 Moeslatul b i yliw anas g R gty R LSS\
crilo (S 50k 9 (& glw) odlw (39 dwlmo (g5

Ol 0L o3l ol ¢ ptign 0S8 (ylis (guiga 03,5 ool I * B e g

“JAJ'H ol{.ﬁ&b “5-».»\;@4 amb ‘du &""‘*ﬁ-‘ ,}Jf “’\":‘Jl &”L‘”Jl{
Ol Ol S T et
.;Mll,n}!toti.uuwax@m)m)\wu,\suuggg/L;,{;«su,;\w;ﬁf,;\,duﬁ

o AS>

i 5 OB iy DB WS al L5 Sl ol (o5 5 e St 5 a3 0
aosle (355 dmloue Cr 5 s )G ol Cini o8 55 el ety il o 4 el 5l
S slapz o S 5l epss o8 55 358 oo e3lizel OB LS ol U551 03 Jise s S Ol
aii‘@\igttf);.g;,ﬂte.u@u:ﬁ&:Amwgwﬁtwdlﬁguuw,uw,ﬂtg,myu
RS 0350 S (5l S laan e il Bl Oolal fols ddadis (giluarg Jue
Ol gl ozt gl sgdoms L OB WS sl sl (65l Jilus 5 1) 08 S a4 Syl
Sl ool 0k 03l dmmn 5 (Bl 3 N6 53 (AST (D Slome Ol e 9 DUl b 25 53 b Slons
Jdo 5 L3l o Lo g A 535 Shas o g sols (ol Ko ) 45 das oo Ol tas
ros Oty s &5 01528 4 Glajl s USS J11 05 5 LB 53 Wl (o o 4] (oS 5

D9 031> A &5

cw.zlﬂ 6/,53[.: ool L;!)-} 4.«.»:L>r~4 LJ'L}) LLJ.;)LLN W TEAY u,:.oU &L:))‘ .Ubejb.\:ls

DR s o

M.Seifbarghy@alzahra.ac.ir :J s sty 5 *


mailto:M.Seifbarghy@alzahra.ac.ir
http://orcid.org/0000-0002-6639-9339
http://orcid.org/0009-0008-6067-4484

4o s
ol el 51 (Sl ST 5 e S ST o s 2 e
bl (Hajiaghaei-Keshteli et al., v+ v) wsb o 08 1Sl ang ool OT
> Shat 3 s 41 o 165 6 (BOT & bl gy parabed 5 cmolis OB 1S ey
L) Ol e 4y Condst el 1531 55 o A il o oSk 03 b oo (et
S Cnl o jlandkin 5 odomy dlims ¢ O WS (b oL (Al et al, Yovy) us

L5 e b agarl e 3 Olsesls 5 (ode sla oy, Sleslaal p il v | gy O]
(Nazari-Shirkouhi et al., Y- Y¥) i o Jaows (glacoabi pute 5 Db
DB b Sl 3 b el T3 > ISt 4 e il i or Jamn Coalad oo
G a5 51 68 oy slaay a EalS (6l )8l Ty Collas!
G5 Sl dil 5 s LT, 08 S b Sl (Khan et al., v vr) el
5 6 LOT oo SBsl ¢l oy 2,085 e ST a0 s IS 2 5 S sl
1 i Olalol SB35 2alST ) Sy S clduy o 3 50 1) 0 iy 3 ,Sas
(Alietal, yov¥) das o 20530

laay o 2alS 5 DI Rl Com e g € el 0oy 5o (Sales 5 S5 )lS
> Ob e SSW 5 oo Dlad ol 53 1) Ol (6 s Sllanl S 0550
Sl anads 5 oS 5wl Ol iles (Gencer & GUrpinar, Y. +v) wis
Jyame oot @l sl (obate 16,8 on 13 LSS wmes 4w 3 IS 5k o
o3liznl) J guamen &G gl 68 L b e L3 plas (51 oS b &K S 03lizal)
a;Li:,.o\):Ax:.eQY}ML;\J{6@%@Q@)(de§iélﬁowwtx¢j\
N85 g e (S 5l p o Dl (Calee SN gz (g1 oS el i |
s s dslametal., Yovy) s,ls 5L el o o )3 (6 505 28 Kanles 4y 5 ol
L Lol i i 6lp 15 esls glas Sy 5 opdle 6,850 byl ol 31 Soliions
Slidos 3 & el Xy pl 5 Sl ol o3lial HIIE 56 la eyl e 3,40,

(Vamarzanietal., Y-Y%; Loetal, Y+ Y1) 55 & s odalie =



Joad | € oyl | € dl || o e Slalllan aslilpd | &

(5ol 3 gdnn 3 g2 5 b OIS (Gl iy a5 L R 0l ool OIS
S e OB ST el b5 LSS S 5 Gl e 3,05, 6 S Sl
S50 3 s ) 5 bl e il esls S0 1 6T 4 i slie Lamads 5 Lol
Olas S p " s a slasl 4 dn 0 S (SIWECY) esle S5 anloes o 5
Puska) 5 48 oo oslinnl 08 aiS™ sl ol 03 jsn ooy ¢S5 Olgie 4003 55 oo 030
Uygsw\@m,w;uzj,ggM‘L;,s,gd\ylkg,ﬂ};xetal.,Mv)
3 5 )15 4 53 08 S nl it bad s Sl ol slaobas 4 055 ol
et Sl Sl ade 0 s bl 6 85l (la B 5l (man 13 5b o0
05,5 s by ST Olais s S oty oo bladde opl i3 sh e 03linl Lo
Nayeri et al., ) uuS o ¢SS 0T Glols gl S0 @ poaal 53 Lol 4 4
Slerssss Olye 4 L 2o 5 08w b 5151 ol il llg (Yery
a;u»\g,yogmwugj,uwwﬁ&6lﬁa»kdju%d,uaﬁi
3,8 o p
43,5 b6l Lde iy &S ol esly Juls e ol ol Oolaal ST 5
oeile 6,85L (sled, Sl eslizal ¢S ple o)" Olse Cow OB AST ul s
S 1 Bl 5 65l atg L L OT (5l 4 ) LSS skaie 4 LolE 2y i )
S Lol el Catte OB S sl 4 Sl L dinge Lamads (5l by e
AL el
Dk 23 Do 41y G ) SlesT S S e

b S 4, 5 sl 4 (23 O3y pskie 4 S ple ) il by @

23053 g sledan 3 S ol 4 0w
A3 Lol g e sl ile 6,0k Calee By, pkiz alie @

4 ga5 Olo Lo &S5 Blg (sl onls orils b (s Jole o 8

' Simple Weight Calculation



S Jel @B b ol e e Sl g bl Je S5 @
OB pals sy a3, 5 pile (5,551

SR, Ay

e OBl ke 4 0w b 5 Sles ow 5 @0 sl gladle s
S > el 438 5 e 1 (ol a5 3550 58 (Sl oS s
Aile Lol 48 8 513 gy 23550 OE ST i Gy 4T 5 5,1 s b oo Dol
Seifbarghy and ,Hamidi et al., Y« Y85 VFe¥ ¢ 5 Ca s hw ) Slisios
55 ol janads alies () osdhe Ko Olads s Il s (Hamidi, v-vo
&l &l al> 0 95 Jue Babbar & Amin (Y-\A) .ol o5 § plesl OT L aslsl s
OB WS b ol 551 e sl alm o 55 47 (6 g 43 i3 g 511 35 lhw s 5 S5
ngﬁim41>f)>}c.;,fo,,p(QFD‘)L;a;;;,tfdz;wfb;wwuﬁ
Moheb-.Lsls @1yl i liw jawass 6l ol p e Solad ddadkis b,
OT 55 487 515 anw 55 |y dbadis 4> ,LSS Je ¢SGAlizadeh & Handfield (v-14)
e 338 (525 20l ke &K 15 DA a5 ,1 sl o els i gy s
it 53 OB b OBl gl dolas I s (MINLPY) L & Lk
L5 S eslatul Sleds

56k e dhde s Al sless, 5l Mohammed et al., (Y+14)
Sl 638 (o) T ol Sl & Zals (o 2oy ool Dlowr 5 G35 s
OB STl 4y 5 slhe il 61 (656 a3y 515 OE A sl o5
Sy S e (oS 5 3 855, <SS Khoshfetrat et al., (Y+7+) s S oslic
Sl 413 51457 (5 g 4y o5t sl it 5 OB a5 alies
L (3o aig Jobo &5 5 3 S o3l SEaS” sl oLl sl (636 (51 e dladas

eSSWangetal, (Y0Y4) .sls anw 5 ioliw aig polie Lamass gl b 4ua

' Quality Function Deployment
* Mixed Integer Nonlinear Programming



Juad | € ojledi | € dl || o e Slalllan walilnd | A

Slods S AS pal 4 il jamass 5 bl gl 1) MINLP sasis Jus
G Jue oSG Nasr et al., (YY) .5 gas 46151 o 55l (65l iyl b Lo o St
s Al a0 iy S 3 1y (gl Al e 93 oLk jeeeds 5 oliS uel Sl
L OB AS el o 5 comlio Sl 6l s BWM 5, 51 ol o o 55 .5 g 41|
o a0 3 5550 (oo eslitl elal (o S (ool Glaslas 4 a5
Ly S &K (b ¢l dadin bl o sliel (s (555 4k Je 6
Lols s i oS s LIsSlameetal., (Ye¥Y) as osls a5 (gl o9 dix ¢ J s
oS el Sl (sl slal o 53 S35, MILP 6 5 5l dbtantr (5lusigs (sledite

Aisls Sl S slew ewes
pde o L oS el Ol gl lanllee 5> Hosseini et al., (Y YY)
ES o 3 45505 5 b5 4 (63568 Izl s BWM (gl 55, b Il Lol Conkas

L3 ge o Il Gl dir SloyT (g5 5006 5 L1y (a3 5 (5,libl) 5ags Jube

Sy ssmwesls 555, &K 5 58 BWM 1 estizt L Nayeri et al., (v-yr)
Conbad oo Ll 3 55 1) (S Sl gt OES b g5 1 Al (OB iy
s landllan 52 8 8o g Bl janat ol ST o0l 515 s S
e b5 L oslael 5 2eDEA G iesTob 5 e laslas 3ol L
L3 ga5 03lizal (G3lugyls Cmio 53 OB AS el Sl 5 oLyl sl o san

.(Nazari-Shirkouhi et al., y-yv)
03Litul b J ol dl 1o 53 457 W3 a5 41,1 (gl e 535 S5 g, ¢ Vaezietal., (Y V¢)
5015055 SN 5 i5 2z slabl o elerl o3kl glaslme « BWM 25, 51
o OE S b 5265, & MULTIMOORA bt iy &5 b e

S ja 45 Wl anw g iHlew ewess gl eda s Jde ¢SS aalsl 4 515

' Multi-Objective Mixed Integer Linear Programming



Jafari-Raddani et > & s 55 55 1) G SN (e S 2 (55luesly
ks Mo A5 3 5148 (ggmm 4 Lnls dmw 5 1y (ol a0 95 5, &S Al (Y0YF)
Ol s 48, Gl OB sl B O g bslae 4 (83 055 Gl 58 (Sl
}.U.s\.sw}?&ul..ajc\é.!.axgé\a)}akdbdﬁw.w;aﬁogw
Taghavi et al., .5 ge puns 1) 5 O84S el @ a8l amads Sléliw sl
el 5 OB S el Ol 1 gl o o sl dran g5 (Sl 0 93 3, <SG (YY)
LS‘JZ CVaR )L::u Lv Lf""ti) Jde LE’"JL Z(}.\ 41:-,5 -LS))T%"U_LSJ‘“\:‘,L., )l.;.‘.’.»‘ yk\;-
Sy s B8 5 i jarass

Il 15 ST Jom al e 55 55 (oML 5 S ,ad b |y aies ol Kumar et al., (Y Y0)
Gl 636 Ddadn Jis &K a5 atls O WS b SU,l 4 36 BWM L
Tajally et .15 5a5 o 656 SbyT (55548l 5 b (Dlasls 5 0p S ety 58 (65l JBlum
B s 35m 6081 b 5 oIl (Sl 5 S aT bl e sl alzwedl., (Y1 Y0)
ool ol Glgemla 4 a3 05 6l 656 BWM Gy, 51 &S5 g0 4 Lo
L‘;:.AU6-\.1;.4.:.7)6‘;3ng\.'%(NWS\)OMJDJJ@JQ}}C}WL;})}\}Q\?JJJ{
s (Sl e 0305 Slgal (Sile dig Jpay S elsl 53 s gas eslizl o anS”
03 gos oslatwl S Hlaw

35 s Db (Slediy (85 05y il LSS L alaly )3 Sl S5 e
SSSG i 4 bl 3 el 45,8 13 05liul 3y 40 pdioes Lo g5 ST Sl azils
S eSS ol S (K ash o o lal Sl Bl arw s L Gl 3 S
adeds ol ol o3linal G5 G gl 53 ST AL e (PUSKa et al., vove) oS 4L

tlonn 53 ke o 08 L3 Ol Lo s Iileal ol ol o5 8 a5 js e sl i,

' Normalized Weighted Sum



Joad | Soylai | €W || e <y e Olalllan asliliad | Ve

3 AN e s Ol Lo Ko by il o sla sl Ol
OT (i e b gy o2l sl s S wlyi Tavana et al. (Y+VY) Lo g o asl,
Moslem L 5 K5 oSG 03,8 o i 55 0 1) bl oo (Sl s &7 ol
Z:U.clé\..é.éﬁ@;u\i—@%ui”ﬁkgﬁswjbu\quﬂ\f.l.:.s;aj\)\(*'*ﬂ
Los & RANCOM' ) & 015 (o b sledin, o Sl blg L o
et bl el dulie o i g, cpl 3.3 S oylal ays § &1, Wigckowski (Y- Yv)
95 Dlaglie 3 (6 B3 0 S (L 6 0355 L 0331 0 ST G 5 ko 3lis
S0 S5l J s nloms bl (nl el a6l Skl blg 5 48 5 ) 5

F

5 OB WS a5l s a5 A3 Sl | oge S 505 25 dsbr o

ol S5 slebsy 35S o g 5 Conid pde (35 B0 s b ol et

A < 43\)\
L e Slides Slosl 5 gos,0 ) Jsdr
s AR Ol
o =2 -f-lﬁjl}ﬂ i ’ a Gei
Lol solew jeuas odS ol
) 2 s b L . (Babbar and
5, b b s A ;6 QFD Amin, Y- \/\)
(Moheb-
. Alizadeh and
I L (55 40k .
oMb S S0 o MINLP DEA Handfield,
YO1A)
o o L sy aby 3 5B AHP (Mohammed et
b s <56 TOPSIS al,, ¥+19)
s 6 Lz oo by 6 AHP (Khoshfetrat et
b al., ¥+Y+)
sl 3t MOMILP BWM (Nis.rf\t)a"'

' Ranking Comparison Method



(Islam et al.,

S,ls 23bas by MILP MILP \‘.\‘\)
IS ekt g by ST i bz s BWM (Hosseini et al.,
Y Prog gt ER YYY)
J)‘J )‘):““ @L"JT Sro AAUJ.{ szb BWM (Na¥er‘! ‘?)t al"
(Nazari-
3,4 3] - Z-DEA Shirkouhi et al.,
Y. YY)
3,0 - MOMILP s BWM (Vaezietal.,
MULTIMOORA ARARY
336 AHP (Jafari-Raddani
1 53La3 g3y el
” et MOMILP ;6 TOPSIS etal., Y+ V¢)
e P > o)) oy Sl Bl 035U (Taghavi et all,
Sy T ookl YeYe)
ISR b ST s by ;6 BWM (Kumar et al.,
6)5 Yo¥ 0)
s 6BWM Tajally et al.
| - o . . . 1]
o e KK &36NWS (Y+¥0)
2l 3 MOMILP S pl Ged )

o5 o 3 eslial pde () D) A le eds glulis Slidw (LSS o g

e, @l Sple oy 655554 pde (F daslas & 23055 lp &S pbe

Gl omble 6, S5b o tay 3l esliul 53 Slidsw Cusgdoes (F OB S 5l

68 3L S gl 510k jan 4 4 LSS i 5y 550 (F g abid 1 sla eyl syt

S0, OB WS el 4 Sl eees 5 b5l 6l sileang e 5 opdle

S ke G ol S5 5 on et

LOT o te bl 5 Lol it 6 oeble 5 5L i) cpotiz 3l ealizul ()

OB S el suady 5 bajlms & (23055 12 5 sl 5 rss S5k by (Y



Joad | € oylad | €l || o o e Slalllas aslilad | VY

) i Jo 6l (3t 5 o lmokir (68 rand (ble (6,8 3L S5 (1

ol jewass o

G )
Sl ke Gl ol (el Jole (IS 5k

(08 5 a5 Slosl bl ) 0B aS el U5 slalas g lulis )

(Puskaetal., Y+ Y¢)es gle 2o, Llaslan plas 23055 .Y

5 bolas 055 S &S ple pay b 0B wS el gunad; 5 ol Y
.(Pudkaetal., Y+Y¢).(s Ske

LT SV 5 Lol se 5l (glsesls LSMTC". ¥

il 5,8 b gla oy L Lol o i O

PS5k il g e gl ek (Sl Je & (b S
Lol 5 b b dile pladysgdous 5 CukS Olej ey 5o

bld e ol 5o Wols Ol 5 08 sS el b b aile glacus gdous
ey 5 ol Jisw 05 30 Slwe Ol ol It Gl gdone oman 345
sl okt 4 8 L5 55 Jde 3 T a8 a2l
(s g Bt Sl el odd osls O 5 ) IS8 53 oS 05lal 3 )0e digy 4 e 5 L
D5 (o0 G Ooda 5 5l 5 03 (oS £35Sl Gl (l 53 0s 8 8 LIS 4y
il T s i o e i S 4 ST 4 e g LSS

' Problem solving
¥ Prediction



e >

e 20 Sl les g lulil -1

bl slen ol & 23059 -2
gl 055 05 80

l

Sl 5 il 5l -3

LTIV gt

!

Pt o ob (slseals g gT e -4
LT ¥ g Lols

duglia by Lol iy Sy -5
Cudle (50700 ale Sy

w3 Ja <5 1o 6
dls i pmentel (gl Al i

.

G e Jol e Y S

RRLY wAU ul:'a‘.'ﬂ duJL:M wﬁﬁ K] @L...L.:.
Slasl bl 08U 5l (gvady 5 U5 Sl ST (Slasline el o oyl )3

g 33 el bdee Lot U adsl o Lp8 0 ololis OF 5 s 5 o



Joad | Coylad | €W | o Cu pde Olalllas aslilad | VE

V5 ol sl ¥ lg 5 LSCis Saneei et al. (v-v#) 5 Babbar and Amin (v-\A)
el SBl 25 5 ol 2
Oollanil 5 (85,157 )3 3 (L5 o plad Cead) Cuod ol 1 Jlo (slaslna )
095 &5 S I b by YIS anja Cls , O Ctls Ll s s
A e T 5o Gl
el Ol 5 (g e Dl bl ) 3,505 kST Jals 1dST (glajlne Y
AL o g g pDS
5 (3L, b il S0, Ole) 5D s sows Olej ol 2 o sSKoenl slaylns ¥

Cﬁw‘ (oJu)Lw M‘}-)KUOJ...S wu 4.1«4‘3) 0-1.35 u,;.au &L;&‘J”- C,.:v.;j.a

3 s a4 (23 055 Grmad 5 )les 4 23 055l p Sl Sy, Jol e
S8 aS el
:@\ﬂjcﬁq;‘fﬁu&”:)\xb\&lf
4 sban A Connl Oln o et 53 OEL,S e b 08 5 s dsl
(1) dasly Gallas rransss o Lo JSES s 5O LV LV BN o (6300 &) 50
oy 2 0 5 el 5 J slas Coanl Ol s oins OLES Xyj e oS S 520
oins OLES Bl i 0)Lil 55 50 juiie e Ol s o s el gl LBl o
B Al onl 53 Bl (0 3 3 B bl ol sl Hlae i Coenl

.uﬁfi@&\ij)‘okb}mbj)gmnj‘waﬁ@

Xy, Xyy X\n
Xyy  Xyy e Xyn
a=" " ! ()
xl-j
Xmy  Xmy = Xmn

mﬁwgdjudbjcjj)dl): :M w;h Qé; Jlo): At

(Sl atl 52 5V S0LL ) oo S jlkie oy oy 2 poandl s e



oy (Y)M‘) C,;Lb.a 45:}&‘5» osls &bnl] Q)yﬂb):}&@ (bu‘
T

S T
U Maxij{xi;)

(v)
Sleslizal U o ol 5520 5 55 58 e Jla i S i 5 1l Ool il dlms ¥
Sl L ST o, 55 a8 6l odds o Sl s ,lknl ol mul (V) adasl,

Dsb o dmlea 594 a3l OLES St. devi

Y

PN <n.._2}1:‘nij>
J=\ " n .
St.dev; = Vi=\y,..,m (n

n-—\

Sbre DIl 3 edidle g lalss @b Loy p DL e nl s F
0305 Sp gt 5 S8 Ol 4 (gt Coedl U Vg 55500 fidad dbsi e
AT o s (F) bl illae oS5 50
vij =n; X St.dev; Vi=1,..mj=1,..,n (¥)
Vij J.LJLEA)"O-LAT&:MN-L:J:{JLSJOJ;C)?L.)EM}O})O‘}:A41}-,5‘_‘).1‘)3 o
Bgh o debe (0) dasly Gl Calides o, 3 (6l 4

Sj = Zﬁ\vii Vji=\.,n ()

st el (P) dasly G ol (s 055 Olad b Hlire ol Jle 5 055 lae

..\}w
Vji=1,..,n ()

Sj

w; =
J j=15j

Pl gl sl (555 mex
Sy o 4 ool 5l 0 3 Colhge SIS fole oK Lo 585 2ty
S Culoy bl g baay o el L o i ol Lol YL Ol g b ookl

S Faldad oa Lsﬂfr.:«m" Ol ol b 4 150 g slesls jleslamnl .ol of jon



Joad | Coylad | €l | e Cu pde Olalllas aslilad | VS

}ﬁﬁgg}%lk}ﬁiqbHL'SGAG.QSLM)TQ}M;Lsai).gjjéaﬁy¢w;t):

.Javan-Molaei et al., Y+ ¥¢) waas L5 28Ty 5150 Ol uis a5 g o

w)jdb)}aAAJLbO|j&4{‘) L;&j_;)‘ﬁj}lﬁ ow@jgjﬁéé&#d\
g oS el gz 11 35 U 5y se dab Sl B Olgie 4 CS 8 ol A8
9 cA.Z..ZJf LSLAO)}J LSL,&LSJ J.ALG 92 4 C,SJJ w‘ L 4.>-JL: &JJ...G.A 'LSLSA
WS ol sl Koy OB US el Lo g sddadl )| it lawge Ol
13 355 a annly SIS 3 1y 5es, e el Sl e )8 Ul 4 S
S G b sl OB el 1 s L B s 3l s &) s

eile 8L dw S sledsy 3 eslinul
S S glalis b Gl slacs o oo 5 orile (6,8 5k e gomnosls 6“;&,);@‘
Sl 5 pduolanil ( oIS 5 esls 2l 1) b o o S35 claesls H5 ey

s oo 1 1y el o e

ol Ko oz, S
Smote b sdaib Gl S Cul a8 S s o sl S
AT 3 Sl eslizal b iy ol oS o fos rmnad S5 p3 (6345 55 Sl b G S
Al s a8 bl 0Kl b ol laesls I (gl Skl (glas ged ¢ glidunS
Sdde olg oS Colg s s e sl aww,aw@*;s-,.s&auﬁ
2 S LSl b gduaib 53 Sy STl L) Ok ple mls oS5 b

anJA)AJE.LML;uj:i:sjQl:>'-)>>|.,\x54u_J.LnCﬁ\&s.-\iT@@:e\{(Qwﬁ)

' Random Forest



o bl aeolael b 5l Yaems T ag polie oS syl i

(Friedman, Y«+1)s 45

B3 0Ll S 25 o) S
ﬁ@;ﬁja,w@cu,,\s@;uéﬁgﬁ,,ﬁt&“&‘;wg;afguz:
ﬁ.);@‘ 35 S 40 S5l o2 5 Suaib 6l b &S ool el S
a5 (CHEN, Y417) Lo g o 5 45 5 = e (Friedman, ve+1) L 5 1zl o
(= 5 ko Slaesls Ly e LIS 5 Jsd BB 80 YL Zs o Lo a cCanl il

SISO i 3 sles 28 s )8
03Uzl b 5 35l oo (65150 oy g s |y 55 ¢ a8 sl 35, M, XGBOOSt
ok oS 5L dde ol S e Sl | S glae lalls LIS g5 )
Galss gl 1, 0T & 358 0 bts LT 5 (658 e K w0 Cand 03, S50

b‘)qu.a dTa..Ll‘ LS‘E’-J?Q Jz.b) b L;ch:\: 9 c.l:ﬁ

1l 25 A S ) S sl S5

4 LOT S 5 5 Jluns ladue I las sazme sl b Jog) cnl T (6 S35
) S S e

A3 e e LSJ:f('-:""‘: Sl 5l Jde lang Lsfmw slals )-¥
LS e o5lial Colie
-Li\{ksor:i)}i“kgbjub\iv.:ﬁ'&):ksﬂii;}Uggj\kg\)\bi“bjlgfﬁ&j\ﬂdff—\‘

.v\il.ojunggﬁf}lq-hc:buij!ﬂuiﬁj\%ﬁjag

' Extreme Gradient Boosting (XGBoost)
¥ Boosting
" Overfitting



Joad | Soylai | €W | e cu pde Olalllas aslilad | VA

Loyl rb_)}ij‘

Glabens a8 Sl Sloj sbresls o i gl 5,08 5 b de o5 Tl jle Jote
G S IS wig,y olulid posdle Jue ol 35 o o guies ARIMA 1 ailanns 5
Slaalse oS b Lol ST o Bl (2 53 531 (b b lale 050( b
Siladde & 536 (b ii ol san 4 6,8 SO 5 oS ot 5 Kbe ¢ g S50 55
G55 w8l 1 0T Sy opl Comlaosls 53 0igi )16 5 ooen (sla S
Javan-)sle e dTedsl cailale W5 b Juad 55 il c(gloy 5 5k, (olyls (sbaesls
Molaei et al., v-v¥)
(Senetal, YoYR) wsb o 5 7 5 4 a0 sk 4 0n s S ol bl

sy 5 Jad slaesls (g iludde 5> Ll -

Lols 65 Sl (Sawls S Sl (6 lrosls gl camlio -

Sy O yge 93 S T slaoyss (gl 58> b s 4l o -

Laosls 55 s & L;u}ij\

QT&MF‘)Q)J#QJLAM@G}Y\JC%&W—

s o sl dde 2Ll slaslne
@5‘)} cu\&wﬁ ;13‘-‘1*’ O Q}Lﬂ.’f u:“"“'“k;‘j’ &LA)\J.J‘ clk:— LS’li-))‘ t;u)l:&c
(Robinetal., Y1) 1S o eSS oo o 2 Olsl 4 45 Lizes

o e sl o Sibe o 0Ls 1 (MAEY) Gllae sl (S0l st s -l
93 ki Lo sta gt Jde 457 das o OLES Slan ) ol 0 o iy 5 gals s olis
DMis oins OLES Yy 0T 55 457 358 (oo amlons (V) ol 51 5 Sl 03 8 ol o i
b & g0l 3lAs T w.up@ﬁ)ﬁ\bjsmwﬂ,‘mﬁ“;u@sb

AL (o

MAE = =¥ \|ly; = 9| )

' Seasonal Autoregressive Integrated Moving Average (SARIMA)
¥ Mean Absolute Error



Sl o ke o otias Ol ((RMSE V) st Sl o 0 K0ls Hdo s ls o
B c&JJ{Lb_ .qun dos > g‘_ge-; sl RIS p df)f b 5 Clales
@‘)M}E&Ad‘.))\) MAE QM&M@L&QQJ@J&JL&AJ}?-)Q)}«.&

als u;g_u, W) 41:4.1) Loly

RMSE = /—Zi=‘({f‘m »

Jobe Lo 55 0k 0315 e 35 il g o 030U 1T ek g 5 LRZ ol
Gk g s o &1yl ke 5 Shes oo Sl Il Hlan ol ol Waasls byl ST 4
g p el (4) dal

I, i3
RY =\ — i=\J1 i q
i, i) )

Can 3 MalS s i Je oS Sl gima cpl s il ) ol s li e 45555 500 53
sl Ay Y gams ) S ST o s
sty 5Kk do s 5,20 IMAPE ™) s glbst t s ke Lasli =5
39506 25 4 (Rl Hldie 4 Cnd gt sl das s (S oIl (gl g el Gllas
Q)}.pd.fbdwjéub'-cup}wCﬂ\é!}):.J}.&@waLi}(\')@\)&Uax}
el 031y Al 3 s 5 pdy wlie s s 4 9 AST e Ol Ao s

MAPE = -3, [P x v ()
e Ol (o 1y 2530050 O o sla (S35
Sl Sl 4 Bl e 4 $SKnp (V) (Al polie 8 Slej iie 4 Sawls
355 68 55 sl slbs 4 zmie Ll e 5 b oo
O dmslie Ol 5 Claesls (6,8 oIl doly 1 Jites slae pl i pdo wlie

S e er‘Jéb Oglaze slaosls as gaze b Calides sad s

' Root Mean Square Error
¥ Coefficient of Determination
" Mean Absolute Percentage Error



Joad | Soylad | €W || e e Olalllan anliliad | Yo

&y OT s S 558 0 @1 Ao ys Sy go s MAPE ams 10WT (6 s i
sl FOT s b Ol 5,8

OB S ol & Sl jlin anads gl oLy dde b

2 0P 25 S DB S b Gl Garass 6l (25 e (e ol 5
LOT aon latad 53,5 o plowl oSl iz G b 51 p381 o8 ol
(3 OB LS al b Jales YL 4t 58 4 5 b ol adtin (68 el O )
oM AS a5 b 53 b pmen ol (S Bl a4 0T sl j2alS
Sl s gdoea oy )bg:,tah;cd.c 05,5 Ll gl oy 515 Sles Carw 3 LU
g odkd (B ome Jue lasle Tl b dal o eslatul owild Glalys gl (5 yasbi

.x;;@@fi:ucﬁ;)»ujgb.\.a@\jsw

HE NP 4
® =V, P) sl 5500 el kil P
(S =LY, ) 08 uS b il S

e bl @
AT o S S sl gy 3 b 514 S oS i s 055 U
s bl p aS 0)95 &K Jsb 3P el 350 o8 Lo flas: MIND,,
Gl amiie 42308
LT (or Gy o e ol 2 5D Gl 550 o8 sl ST MAXD,
358 (on ¢l S oS ol Lo 5 ST P ol 3550 ol et By
D ool 3550 doly 2 Glil 4 b o 53 50 6l Slome O ST : MAUD,,
Lo P ol 3sm o5ty 8 I3l 4 b b g Ol dolai gite : UDg
e bl w55 51338 (o 55 suKen (AS sl el S oS ol
el 1355 5 D 551kl ol ol 5 Dy

p&AU:)}A&UJALQJ’!@&ﬁ):&fu@jwmjajiﬂb:MAUQp



o B 5 P e 3550 o8 s (Sl 4 AS B Aoy 33kt e UQps
HQps oSoba bdle s 55 51538 (o (5 s08an 3 ol ol S oS
el I3y 55 5 OQps 3,1kl Ol =il
o,,ggiiJ,L,;p;,}Avﬁwuﬁscmwuq,u:c%ps

2535 S5 sk )38 oS sl 4 P el 5550 oI (OIS i e 1 X

S ol oS a5 Sl pe b Ol (51 &Ky a1 U

D‘:W}:Q‘}:unbﬂ)anbd.MdAJIAbli)Uhj:aththuiﬁb

Min Z, = 33255077 Pys Xps (1)
Min Z. = Y3Z3U, ()
Subject to:
MIND,, < 3335 X,s < MAXD, Vp=\YY,...,P (%)
Y323 UDps Xps _

MAXD, < MAUD, Vp=\)%...,P (\0)
2523 UQps Xps B
~maxp, =~ MAUQp Vp =25, P (%)
'S Xps < CAps - Us Vp=20r ., P Vs =0y, S (W)

o ol 1y OB wS” el 31 5 glaay ja (VY) sty 53 gl oyless (oot

S0 1y LIS 08w b 5l 5 el gamme (V1) dal) )3 o35 s w6 S
J;wa@d\ﬁgt?wwuJf;l.w(\f)@\));(wa.udu.w@
Sl dal s JUs aly s olaw Gl obs aua 2als wsle o glles oST AST
23> Calitne JE AT b 1l a5 g peme S AST (o el (VF) s pidoms



Joad | S oylad | €l || o o e Slalllas aslilad | YY

S S 0 d S (V0) Cys s .upruoT GLo& S 5 Bl 03 gl
.MQMQijujl@jlqbwogxwajlcmL;)\y\iﬁvﬁjh&iﬁs-l:y
o ol 35sm 61 )3 (ST LailE o3 5l (10) Ty sdoms ailie (V9) s gikome
ST o J STy oS sl Lo oI5 el o8 L (1Y) s pdoms B
OA) dasly Soyse @ Ml cdls Cosgdome gy wlal 5 (V0) Cus gl
Miller and Wagner, ) s3 8 o b5 (olad o 3 4 (V4) dlaly Gallan o 5 00T

21450)
S0 UDps Xps B
( MAXD,, = MAUDp) =2\ —a Vp=\%%...,P (\/t)
gz;q“DpS Xps tZ\-q \/m < MAUD,, .MAXD, Vp =
WY e, P (19

4 eild Cusgdoms gy plal 5 (8 Cusgdows dilen 53 (VF) Cusgdoms
:::den Ji‘)“‘: (\")C.ﬂ)}bﬁ
SV UQps Xps + Zy_g | X323 0Qps. Xpps < MAUQ, .MAXD, Vp =
V¥ e, P (r)

7
|

i~

%

30 pl 03358 o ealil (5B g5y aslp Sig) S O e L Jbs o sk
e cJube Glgmssutome 35 5 53 b s o sll by e (5L Jis o 1 ey
Calien Ooldal Sy oo Sl y5 il 03900 S ot 4 5 e &S5 5L,
AEL o Ol oy geie a3 il odzas O A e 1 550358 o o 5 LSS
o 68w Dda i p3lie e s ok edins DS ZP 5 Z]Y palie pioen

NV =1,Y,) Ll

Max A (r)
Subject to: (19, (1), (19) -(r+)
w_
1< ZZ,'\/V—ZZ% (rn
_7W
1< Zy—Zy (f?’)

= zB-zV



zV -z,
= zV-zB (rA)

A= (r9)

2l dbe J= ) g g3k mls
5SS Ol 4 et 0Ly 5 e S S8 3 53 G ol (53,50 elas
ol el o gl Ol 53 sy ol Y e 5 (S Dl g 0K S W 5
o saeSule 5 31k sl (S5 O e LG Y paze A 5 0 g 53 S0
S Sl 5l gl ey g ¢ bl sl sl g 51 (S ey B S 503 5,05 Ll
(o ke Jals Glelo o gy Dl el OB a5l Sl s e e
qa,;eupma;m\%@fdgwuﬁ,Qtfjlxwu,lf‘@\f,;pﬁ,u
os 03,57 ) s )3 45 Sl o> S il eddsuail glasban 5 5 bajbas

el

Collaail g (6,187 O ys g 8L ys el eles Cad) Cad Juli: Jbo slajlne N
o (0T 55 Slejoyss ¢ S lu b b ,ys cYE ause cstls 0D Jb
i

el ¢ 55 5 (5 i DI L GLLI) 03,51 3 CokST Jald 10k Slaslma Y
AsL o

5 (SoL,s b aslaw €1 0l 5D sew 0oy Juls & o SSoualy (glajlns ¥

el (0 Jlv &l 587 B oS sl aleold) o Lol o ond 40

il e (db g e Lo j3 ) sa Sldle Slad) Cato j3 4 2 Jeli s pLe F
el ol oslazml 5L 5 s sl j ol
Q‘J}QJQWBQ.loyf&\.q_vd}-b-d;ﬁbu:})wow&‘fsjboblﬁb
JL‘LAU‘}&AJ.\;”T@)J%)Y d)ub-Cﬁﬁb)‘&b‘d‘fu‘ﬂb&a)bb-’.&;ﬂﬁj

j?)?}&j?gfg;d..:45\?\/L;Ub)\::uc;‘jiJ)‘okbjc&ﬁb\%ﬂ‘%\f’f



Joad | S oylad | €W | o Cu pde Olalllas aslilad | YE

ol SN 5 s dal gt + VBV Uslas LT 5 liliel Col il lkie 457 A5, o F Y 50
Sl T MDY sl 85" b ms o Ls sl 4 Jgl o, 0l Jle 5 5Lzl s le
338 o damDe O Jgdo 5548 5 dals VYA ol Sl Hlie 355 O
Y s Golloe 355 S5k Jla s 51 oy OB S b b5 51 slaskins 055 slal o
polie L gt 3 b 5l Cd s la (gl WYY sde Jle Ol g 4 LT o oty
VYA 5 A 5 VA 50 TS slie a Y e 3 5 e 0,50 0 ok Jbe
AT o Sy vV OY

Sple o) KaS 4 bjlas 055 o Jb i palas Y g

Sr
Cond g0 oL & oS bllaasl
L] Cood (P18
d-’-"-“"f""' Ji_}"". r)\ﬂ ”J}‘Js J\A
.
Y VA T A I YT YN VY O3

VDo, 330 L sbee 2 6314 G bs) S S 45 oS b 3,8 i s,
Ol A Caaal 315 S ol a8 (b)) laslns S 4 s, s
Ol el oS (05 sed Ol el als ey Hlre o st 50 oS
old o5l ¥ Jsdor il G Hlae U daly 3 0,5 3131 Lo g Calibes 08 S
oo 055 26 s lgs Sl a5 55 K05 slan ¥ (T Jder i il 3L
T o Sy O s il e 2 o guas 3 08 S

Shael 53 Q¥ g el el o gl Sl Glaslne 055 0357 o b aslal o
coslu G55 ¢ sazme gy Gillas Sljlael 05 sa5 pexr 5 0 F Jsr 3 0aT s G5
AT gt oy GBSl 6l ¥ Jad b 5 s el

OB US il S5 Sliltel ¥ J g

oS




el
AVE \ES V0 Y VPV VOA

23]

awwt,@nwo\}f@%qn;p\pvowwtﬁ&gwom@u
o315 jolamstl 3 s 4 e o8 s 11, S Shael Ol g g 2eS” + VP9 Sliel L ol
el

528 a3l elizl L LSS (ST el G383 (i e (0ly Jobe o 5
5 LB alale slaosls b plowl Loyl 5 (B3 0LsLS Co s o bolas Ko
Lo gty B Y S0 05 8 o Yo YF Ul aad B Y VP Sl o5l 5o Slisises
.»J@ombﬁjﬁwﬁb}:wfpguudu@ﬁ

SARIMA Model Prediction

2500 1 — Feal Demard Y
SARIMA Prediction h/\
o / (\‘ |I ll'l / \\I[
[ [ [
1500 ’/LJll \/\ /. k\‘ | 34
100 \/\/v/ \[\,_/ \
500
2016 2017 2018 2020 2021 2022 2023 2024
XGBoost Model Prediction
2500 { — Real Demand .'.
XGBoost Prediction
2000 /\ f\
."\ |
1300 (\F/ Irf\\ }r\/g k\ 'I|| \J \/\: L/\ \J
1000 \
500
2016 2017 2018 2020 2021 2022 2023 2024
Random Forest Stacking Moedel Prediction
2500 { — Heal Demand
coml:m:u Model Predictio
2000 { === Future Predictio
e \j\ '\.'r\J
1006 /\‘_
2016 2018 2019 2020 2021 2022 2023 2024 2025

T e P e A
s s, o Ske Osmmar b)) Slaslan ulal y Calibee slgaz ) S 5 Shes

Sl 0l 45‘)‘? J}A})bcﬂbﬁd;



Joad | Coylad | €l | e Cu pde Olalllas aslilad | Y&

bz S 5 Shos il - U

MAE RMSE R? r:e_J‘,i.\l

YA+ QY YVY,FY ©EAD Lo sl
AEAK VEaNY CAYO bl 0Lsl S e i
AR SV AV ©A5A sl K

Sl sl Lol STl ) et 3 Shes o e bolas K s oll
DAY Sjpoa OT oS 5 45 b g iy 0 S ST Ve VFs (Y2YF o5 aale i
O3k p S AS YYD 5 (UYF) Gl OLS™ o 8L YOVA (00) & 5 45 o 8 5kS
3553 () £7) L LSS 5 gt enlad oo 035 Bl (51 ol (1)) 013 -
o sh e 8 5

el Sl ok 5 5 45T AL o B8 ¥ pMI (slgmad odins 0L D Sk cmen
B e T iy izt oS £ 51 p3hata

S8 Y (3}\5! sl s oS Lr:"’U 63% Slgad =0 J >

oS el
4 [ ¥ Y Y \ o
ryél

)
A)oras VE s VAT VAv s VEa s AFors

QA=

ObS 4z, LY
040+ » OO+ v s DS+ van Odrran DS+ van SYanan ;
sl

Okl e l-v
OYdr v PO v s Drvvan O s OFvene :
095




S Sl 4 o e sty s sl a e 53 5B (sl Slees Ol STl
S35 tat ¥ dslas (Wal o p SAS Ve e g 3 olhn JS Sl 5 L) 2 S SS
& gl e o873 g dal 5l ST 6l a5 s o 308 e a8 ki )
ool Sl p S S o Gl & DI Ol (Bl ke mmes ey (o
o 5,5 i 538 U Gillan 5 bl Ol il 5 S0l b e i (sl oS

54k
S SAS o sl DBAS sl 55 o b ol Sl 5 o S0e —# st

ol s By o

4 0 ¥ Y Y \ oS b
VY VY BRTA LY YD VYA e ;Jf<3l,~=
7.0 10 7.0 7.0 1.0 7.0 sollal il sl

Sl oS Sk oSk oSk (S

L e SAS &S slila m ol a5ty 8 sl & S el doys ST
G5 i 53 ot Boles (A3 SNy i S Sl 5
) (o 4 (orlin SlAde 4570 g il L JST Gl ASTY 3 ST 050 e
Syl oS als a sl p SAS a1l 4 AST S Ao s (B3l ke pmas
s goad 8 55 0 s Gillae 3 bl O3l il 5 il b Jle s 5 5
L o 28 s Gallan Calisee p3B1 (a5 08 ST el b b bl

S dalp hay 3l Ad oyl Ol NS o8 ) glailes ads L (BL Jobe o e 4
ssbte p .38 e eslizal (VO-(Y+) 5 OV) 5 OF) 5 (Y)=(Y0) Loy, s (5500

&Lbol,u_tpdﬂ?,nf@&m?,\?o,\,aduﬁgu\@,m;mmwt
)JJ:>'-U JW\C%J}W LQ\J‘. M‘)D*Q Qw\%ﬁ&;}’m‘)bb)v J}A:—

2335 (o0 S5 (e



Joad | Soylai | €W | e e Olalllas aslilad | YA

S5 an Gua G\jj sl v olule Jsds= =V J i

el Z, Zy Z.
) £Vt N 4
Y ApVx) ! A §
¥ AR ¥4 Y

S:Jf@yb/\d}&&bgb}cgj\éﬁ)MUJ.{UZ})&JE)"J}Q)}.,&)J
T 3l edd ol 5 palie s L35 o Obusl & oF o 5V O US al ulad ol
b Sl & oplpl ol o 03l s Il ol ot & ok e ollas

W55 al s Sy g b 5 Y OB S

S \ ¥ ¥ $ W=\ Z=p AT
. | Xy =IAeex Xi=Vfee Xm0 Xip=4ee Y= Z=\AYY
\ Xo=Wo,0  Xe=der  Xpe=arv  X=r P=) Z.=¥
A Xo=pAr 0 Xp=Ver  X=Avr Xp=¥ro o y= A= pee
L;,mfDf,gfwm,ajmvo,a}arw,v\,,,;Jsw}v}\ SHE gt
Al dal g

S S 4o 5 Cou
03,8 Bl el 6y Sy pite (sl Sl i 4SS Sy S sy !
Slalre lal 5 S gl p g iy Sl eslized L OB aS el cJ gl alo o > ool
6 S ol b iy 6‘*&1»@‘ 3 G5 o b e S GuaT, 5 b5l SIS
W i 0T (Gl o b1 3l 0Ll & o 5 5 Lo sl ¢ ol [ Joli ile
Jie &S5 ol dlom o 53 35 s 65V 3 5 bslas K Ol pl 55 &S
4 ool jared Bl o 5 (b Cslad e Ll 0 Cog dadinr gileang



S QB S a5 (e iy JBl 4y Lt 5 48 3 55 planil (514587
b 2l OB WS el S sl 5 3 5s
Jﬁci}\f-\xswt%;.JBJ.;‘4.3-U‘j:kséjb)bLS‘ODJLKWLSLQJJ{)KJM&‘
G031l 5 ol SRl s SUes slad ja 2ol (oo 50 5 U5 (g0l
S LSl o

g on Sladls 53 Calitne OB 5 4 g 2ws pde Gedid ol ol (sl pubome 51 (S
2315 4 3 gden g i K05 Lydgdons Lol 035 Lpatla S5l sk 4 el
2030 G Gl Sl s (o b o3ls () &S (o 4 AL (0 LB L b e sla
W}C’;}ijﬁj);&@Jﬁ:&%:}wji.asﬁ\pll)ﬁﬂC,.S:}:J:.{:
o B8 55 g fead ) g 4 D) iy el ST ABL 8 Lo D3y o
Sl gy s Yol 45T 3L (61 03L 3 SC a5 bl Ll 5 (o0 LOLES olad pte 35
Lols w55 &8 Glaj 53 o sas & il 0 OT S3ldie 61y (65 i g5 )l sl
S Clods s § b 55 Cul 55 0B ST el Gl S 4 sa Bl e adeia b
VL 5 b sl 5587 5o Vsame o pl Bl G (slgssdons I (S5 WIS
AL ol Sl S anle i 0L &K 5 O]

Gl laslas plosl (gl e 4 Jbo anes elT Dlads ol
5 Sileassg Ll K3 mlo )3 Jde aislzel 5 elarl 5 Jaomen
BWM Lg\.au.’z})j\ol.iu\}‘54,:?@]@_149;)),2;}\&:;%@.:}1@ slgli (slwg,ls
oo s 55 5 )Lt RANCOM 25, cpioman 5 Z shisl 5liss 53 BWM (o sus
Lols Conlad pute b agarl o (51 51 03L omlad pute 5 sl (S5l g 5 S5, 31 015
255 o

ébﬁu;bjw
A il e 48 mn 08 iy 5



Joad | Soylad | €W || ey pie Olalllan anliliad | ¥

iCwon Joloa  Cwgn

A Camdge ol (&2 CoiS illasif 5ok
(G S00Z) v_i\.:.B‘Jv- J‘i}’”“ r‘)u'] ab)j]_).'e ‘5“.» aj.:;'-
¥ Y > ¥ 5 0 5 )

0 ¥ 0 0 i 0 i Y
0 Y 4 Y 4 0 0 Y
4 0 & Y 4 4 4 ¥
¥ ¥ 0 ¥ 0 i \% [

P aps i ok & CokeS sl 9 ol
CA-Q-:S
[RITLV-) @\9‘,0."- J{._}’J {)\ﬂ o:)}ba Jh o}::'-
VLAY Y N0 LAY YS A0 CAYS \
50 COY 80 50 CVA 50 VA Y
A Cavy VY vy CEY A A ¥
VY Y $IYA 5% Y4 Y4 VY \
RYNY AV e Ned LAY IRLY CATY o 0

ol oo ol oo ol ol 9 okiS el
7 oS 0 S ¥ oucs Yoods Y oousS ) S o >

Y Y \g 4 Y ) \

Y 0 Y 4 ¥ 4 Y



¥ ¥ ¥ 5 ¥ ¥ \i

¥ \ ¥ 5 \ 0 0

J\:.u,h d’p}"a’ BE sdS wU}h ‘;U} J.;bu.a —;j.f Jj-b'

P apS e ob) & s A 9 ok
Ceosd

T o I ST SR kS pals
VA5 VASE AT aATY Y CYTY Y \
CTE VAVE NFe aE NSE AR ey Y
Cvvs VIFA FA N0 e XOF VA e YOY v
BTy VAVE A YED W T VARV Ty ¥
0 VAOY DAY XS of BTN o
CATO Y5 VY AW sy VNAA T s

ol s (g s

7 0 \ Y \i \ o kS CJ’:"U
Aoy V0 A Y0 Ao 5 Y Aoys ¥ Aoy ¥ Aoys ¥ Sl
AL LY AT LY LY LY N
5l 5la 5ol 5la oNle Sk EPIRHE

fﬁ%WﬁTW‘WUJJOKwWU@JE_%ﬁ Jj-b'

oS ol
4 o) ¥ Y Y \
r)\?l
TSR 10 Voo Vo e s o)
. S 4 4 4 190 S e LS Y

Yoo — Ave Voo AKX VFO Q)JJP,-QJL”U‘\%)L@—V




Joad | Coylad | €l || o o e Slalllas aslilad | ¥

ORCID
Mehdi Seifbarghy http://orcid.org/s « « +-+ « + Y-s YV Y
£¢0.9
Shamim Sheikh Ghanbari http://orcid.org/* » + 8-+« +A-T V-
tLENE

GL;a

S oalizal b 0B aiS” sl bl alins (VP F) 15 0 ¢ w5 (Shgo (B S
L 53l Jor ol Lo e Sl kol gm0l 5 (AS 3 Sar 8 S 55805,

AA-OV doeis VY o la (VY 695 ¢ gxin o pibe Ooladllas anlilizd .¢So s 5 55

References

V. Ali, M. R,, Nipu, S. M. A., & Khan, S. A. (Y+YY). A decision support system for
classifying supplier selection criteria using machine learning and random
forest  approach.  Decision  Analytics Journal, Vv, Y+«YVA
https://doi.org/) +, Y« Y V/j.dajour. Y+ YY,) « + YYA

Y.Babbar, C., & Amin, S. H. (Y+YA). A multi-objective mathematical model integrating
environmental concerns for supplier selection and order allocation based on
fuzzy QFD in beverages industry. Expert Systems with Applications, 4Y, YV-
YA https://doi.org/Y +,) + YV/j.eswa.Y )Y, + 3, £)

Y.Chen, T. (Y+)1). XGBoost: A Scalable Tree Boosting System. Cornell University.
https://doi_orq/\ )Y €0/Y4Y4TVY,Y4Y4VAe

¢ Friedman, J. H. (Y- +1). Greedy function approximation: a gradient boosting machine.
Annals of statistics, YYA4-YYYY, https://doi.org/) «+, YY) ¢/a0s/) + VY Ve

°©.Gencer, C., & Gurpinar, D. (Y+ +V). Analytic network process in supplier selection: A
case study in an electronic firm. Applied mathematical modelling, YY() ),
YeVe-Y Al https://doi.org/Y +) YV japm.Y e« 1,0 0,0 0 Y

o oy let) o (S ) 4 125 Ol i Al Ol e (JLa) oL e sl ok 55 (5ol ol 20l (1 g SLikas!

OLL e T

Name of Journal is licensed under a Creative Commons Attribution-
NonCommercial ¢, International License.


http://orcid.org/0000-0002-6639-9339
http://orcid.org/0000-0002-7105-1644
https://doi.org/10.1016/j.dajour.2023.100238
https://doi.org/10.1016/j.eswa.2017.09.041
https://doi.org/10.1145/2939672.2939785
https://doi.org/10.1214/aos/1013203451
https://doi.org/10.1016/j.apm.2006.10.002
http://orcid.org/0000-0002-6639-9339
http://orcid.org/0009-0008-6067-4484

1.Hajiaghaei-Keshteli, M., Cenk, Z., Erdebilli, B., Ozdemir, Y. S., & Gholian-Jouybari,
F. (Y+YY). Pythagorean fuzzy TOPSIS method for green supplier selection in
the food industry. Expert Systems with Applications, YY¢, Y.V,
https://doi.org/Y+,) + YV/j.eswa.Y« YV, Y. . ¥1

Y.Hamidi, M., Seifbarghy, M., & Yousefi, M. (Y Y1). Integration of Quality Function
Deployment and MCDM Techniques in a Neutrosophic Environment for
Supplier Selection and Evaluation. Asia-Pacific Journal of Operational
Research, ¢1{+V), Yee .« YA https://doi.org/V+, )Y £Y/S-YIVedodYoeo. . VAT

A.Hosseini, Z. S., Flapper, S. D., & Pirayesh, M. (Y« YY). Sustainable supplier selection
and order allocation under demand, supplier availability and supplier grading
uncertainties. Computers & Industrial Engineering, 1o, Y«VAY),
https://doi.org/Y +,) + Y1/j.cie. Y+ Y,V « VAN

i.lslam, S., Amin, S. H., & Wardley, L. J. (Y+Y)). Machine learning and optimization
models for supplier selection and order allocation planning. International
Journal of Production Economics, YEY, YeAYY O,
https://doi.org/) +,) + Y/j.ijpe. Y+ ¥V,) < AYVY O

V + Jafari-Raddani, M., Asgarabad, H. C., Aghsami, A. & ,Jolai, F. (Y+Y¢£). A hybrid
approach to sustainable supplier selection and order allocation considering
quality policies and demand forecasting: a real-life case study. Process
Integration and Optimization for  Sustainability, A()), Y3-14,
https://doi.org/Y +,) + + V/SENY 1T+ -+ YY1 v VO X

VY. Javan-Molaei ,B., Tavakkoli-Moghaddam, R., Ghanavati-Nejad, M., & Asghari-Asl,
A. (Y+Y¢). A data-driven robust decision-making model for configuring a
resilient and responsive relief supply chain under mixed uncertainty. Annals
of Operations Research, Y-YA, https://doi.org/) +,) + +V/s) + £VA-+ Y- T VAW

VY.Khan, M. M., Bashar, I., Minhaj, G. M., Wasi, A. I., & Hossain, N. U. I. (Y:YY).
Resilient and sustainable supplier selection: an integration of SCOR ¢, and
machine learning approach. Sustainable and Resilient Infrastructure, A(°),
¢oY-¢19_ https://doi.org/) *,) + A /YYVARTAG, Y YY,YYTOVAY

VY.Khoshfetrat, S., Rahiminezhad Galankashi, M., & Almasi, M. (Y+Y+). Sustainable
supplier selection and order allocation: a fuzzy approach. Engineering
Optimization, oY (%), YEderowy,
https://doi.org/Y+,) +As/2 ¥ 0Y1OX Y+ 19,1 TTT Y Ae

V¢ Kumar, A, Mangla, S. K., & Kumar, P. (Y+Y®). A decision framework for supplier
selection and order allocation for environmentally-sustainable perishable food
supply chains. Annals of Operations Research, Y£1(Y), YYev-)1YAe,
https://doi.org/Y «, Y+ +V/SV + £VA- 4 V- TENY.Y

Ye.Lo, H. W., Chi, C. Y., Pai, C. J., & Deveci, M. (Y+Y1). A data-driven two-stage
decision-making model for supplier selection and negotiation-based

procurement planning. International Journal of Production Research, 7¢()),
Y4-1Y, https://doi.org/) +,) « A/ Y VOEY, Y YO, YOTAY. 0



https://doi.org/10.1016/j.eswa.2023.120036
https://doi.org/10.1142/S0217595925500186
https://doi.org/10.1016/j.cie.2021.107811
https://doi.org/10.1016/j.ijpe.2021.108315
https://doi.org/10.1007/s41660-023-00350-x
https://doi.org/10.1007/s10479-024-06038-w
https://doi.org/10.1080/23789689.2023.2165782
https://doi.org/10.1080/0305215X.2019.1663185
https://doi.org/10.1007/s10479-024-06413-7
https://doi.org/10.1080/00207543.2025.2539305

Joad | S oylad | €W | o Cu pde Olalllas aslilad | ¥§

V1. Miller, B. L., & Wagner, H. M. (Y 412). Chance constrained programming with joint
constraints. Operations research, YY), Age-ay.,
https://doi.org/) «,) YAY/opre. ) Y,1,4Y .

\Y.Mohammed, A., Harris, I., & Govindan, K. (Y:Y4). A hybrid MCDM-FMOO
approach for sustainable supplier selection and order allocation. International
Journal of Production Economics, YV, YVY-YAE,
https://doi.org/Y «, Y+ Y V/j.ijpe.Y Y3, ¥, ¥

YA.Moheb-Alizadeh, H., & Handfield, R. (Y:)YA). An integrated chance-constrained
stochastic model for efficient and sustainable supplier selection and order
allocation. International Journal of Production Research, ¢1(YY), 1Ad.-
143, https://doi_orq/\ YA/ Y YoEY Y IV, VN EVYY A

Y4.Moslem, S. (Y Y®e). Evaluating commuters' travel mode choice using the Z-number
extension of Parsimonious Best Worst Method. Applied Soft
Computing, 'Y YYAYA, https://doi.org/Y +,) + Y V/j.as0c. Y+ Yo,V YA A

Y+.Nasr, A. K., Tavana, M., Alavi, B., & Mina, H. (Y*Y)). A novel fuzzy multi-
objective circular supplier selection and order allocation model for sustainable
closed-loop supply chains. Journal of Cleaner Production, YAY, YY£44¢,

Y).Nayeri, S., Khoei, M. A., Rouhani-Tazangi, M. R., GhanavatiNejad, M., Rahmani,
M., & Tirkolaee, E. B .(Y+YY) .A data-driven model for sustainable and
resilient supplier selection and order allocation problem in a responsive supply
chain: A case study of healthcare system. Engineering Applications of
Artificial Intelligence, Y€, Yooy,
https://doi.org/Y +,) + Y1/j.engappai. Y+ YV, ) +10) )

YY.Nazari-Shirkouhi, S., Tavakoli, M., Govindan, K., & Mousakhani, S. (Y+Y¥). A
hybrid approach using Z-number DEA model and Artificial Neural Network
for Resilient supplier Selection. Expert Systems with Applications, YYY,
VYAVER https://doi.org/ Y +,) VT /j.eswa. Y+ YV, 114V ET

YY.PuSka, A., Nedeljkovi¢, M., Pamucar, D., Bozani¢, D., & Simié¢, V. (Y+V¢).
Application of the new simple weight calculation (SIWEC) method in the case
study in the sales channels of agricultural products. MethodsX, VY, Y« Y4¥.,
https://doi.org/Y+,) * Y V/j.mex.Y«Y¢,) . Y4Y¥

Y £ Robin, X., Haas, J., Gumienny, R., Smolinski, A., Tauriello, G., & Schwede, T.
(Y+Y)). Continuous Automated Model EvaluatiOn (CAMEO)-Perspectives
on the future of fully automated evaluation of structure prediction methods.
Proteins: Structure, Function, and Bioinformatics, A3(VY), YaVvVy-Y4AT,
https://doi.org/Y +,) + + Y/prot.YIY ¥

Yo Saneei, M., Seifbarghy, M., & Hamidi, M. (Y+Y1). Sustainable supplier selection
and order allocation using hybrid fuzzy weighting methods, scenario-based
programming, and flexible robust optimisation. International Journal of
Mathematics in Operational Research, 1Y), YYA-YAo,
https://doi.org/Y+,) 2+ ¢/IIMOR.Y: Y1,1 0¥ )



https://doi.org/10.1287/opre.13.6.930
https://doi.org/10.1016/j.ijpe.2019.02.003
https://doi.org/10.1080/00207543.2017.1413258
https://doi.org/10.1016/j.asoc.2025.112918
https://doi.org/10.1016/j.engappai.2023.106511
https://doi.org/10.1016/j.eswa.2023.119746
https://doi.org/10.1016/j.mex.2024.102930
https://doi.org/10.1002/prot.26213
https://doi.org/10.1504/IJMOR.2026.152311

Y1.Seifbarghy, M., & Hamidi, M. (Y-:Y°). Supplier selection in Neutrosophic
environment with a hybrid fuzzy decision-making method. OPSEARCH, -
V4, https://doi.org/) +, Y+« V/sYYodY-sYo-v) Y.

YVv.Sen, N., Temur, L., & Atilla, D. (Y+Y¢). Yellow Fever Vaccine Demand
Forecasting with ARIMA, SARIMA, Linear Regression and XGBoost. IEEE
Access. https://doi.org/) +,Y Y+ 3/ACCESS.Y : Y £,Y0 VoY

YA.Taghavi, S. M., Ghezavati, V., Mohammadi Bidhandi, H., & Mirzapour Al-e-
Hashem, S. M. J. (Y + Y £). Sustainable and resilient supplier selection, order
allocation, and production scheduling problem under disruption utilizing
conditional value at risk. Journal of Modelling in Management, Y4(Y), 1oA-
14Y, https://doi.org/) +,)) + A/JJMY-) +-Y . YY-. Yo.

Y4.Tajally, A., Babakhani, B., Jeyzanibrahimzade, E., Parvin, M., & Irani, S. (Y Y®°).
Sustainable supplier selection and order allocation problem considering the
agility and resilience dimensions: a novel multi-stage data-driven decision-
making approach. International journal of systems science: Operations &
logistics, ' 1(V), YéoAven,
https;//doi_orq/\ Y CA/YYY YAV E Y Yo, YEoAYVeT

¥+.Tavana, M., Mina, H., & Santos-Arteaga, F. J. (Y * Y¥). A general Best-Worst method
considering interdependency with application to innovation and technology
assessment at NASA. Journal of Business Research, !eZ NYYYVY,
https://doi.org/) +,) + Y/j.jbusres.Y « Y Y, + A, + ¥1

¥).Vaezi, A., Rabbani, E., & Yazdian, S. A. (Y Y¢£). Blockchain-integrated sustainable
supplier selection and order allocation: A hybrid BWM-MULTIMOORA and
bi-objective programming approach. Journal of Cleaner Production, ¢¢¢,
YEYYN, https://doi.org/ Y+, YV T/j.jclepro.Y « Y £,V €YYV T

¥Y.Vamarzani, M. Z., GhanavatiNejad, M., Tirkolaee, E. B., Simic, V., Sazvar, Z., &
Nayeri, S. (Y+Y1). A hybrid data-driven approach for the viable supplier
selection problem: a case study of the oil and gas industry. Environment,
Development and Sustainability, Y-£). https://doi.org/Y +,Y + +V/s) +TTA- . Yo.
RARYRYVY]

Y¥.Wang, G., Hu, X., Li, X., Zhang, Y., Feng, S., & Yang, A. (Y:Y+). Multiobjective
decisions for provider selection and order allocation considering the position
of the CODP in a logistics service supply chain. Computers & Industrial
Engineering, Y&+, Y «1Y\V1 https://doi.org/) +, Y Y T/j.cie. Y+ Y 4,) 1Y) T

V¢ Wigckowski, J., Kizielewicz, B., Shekhovtsov, A., & Salabun, W. (Y:YY).
RANCOM: A novel approach to identifying criteria relevance based on
inaccuracy expert judgments. Engineering Applications of Artificial
Intelligence, 'Y, Y+ W)€, https://doi.org/Y +,) + Y/j.engappai. ¥+ YY, 1+ V) ¢

References [In Persian]


https://doi.org/10.1109/ACCESS.2024.3517652
https://doi.org/10.1108/JM2-10-2022-0250
https://doi.org/10.1080/23302674.2025.2458756
https://doi.org/10.1016/j.jbusres.2022.08.036
https://doi.org/10.1016/j.jclepro.2024.141216
https://doi.org/10.1007/s10668-025-07198-w
https://doi.org/10.1007/s10668-025-07198-w
https://doi.org/10.1016/j.cie.2019.106216
https://doi.org/10.1016/j.engappai.2023.106114
https://doi.org/10.1016/j.engappai.2023.106114

Joad | Coylad | €W | e Cu pde Olalllas aslilad | Y&

Yo Seifbarghy, M., & Yousefi, M. (Y- Y ¢). Supplier Selection Problem Using Combined
Approaches of Neutrosophic-Based Quality Function Deployment and
EDAS. Journal of Industrial Management Studies, TFH(VY), °V-iA
https://doi.org/) +,YY2¢/jims.Y+Y£,vY4711¢,74) ¢



https://doi.org/10.22054/jims.2024.79614.2914

	ارزیابی تامین کنندگان و تخصیص سفارش با استفاده از روش نوین محاسبه وزنی ساده (سایوک) و یادگیری ماشین
	در کل اهداف اصلی این پژوهش شامل پیاده سازی یک روش جدید  برای ارزیابی و رتبه بندی تامین‌ کنندگان تحت عنوان "روش سایوک"، استفاده از روشهای یادگیری ماشین برای پیش بینی تقاضا به منظور یکپارچه سازی آن با مدلهای بهینه سازی و نهایتا طراحی یک مدل ریاضی برای ت...
	به طور کلی مراحل اصلی این تحقیق عبارتند از:
	محدودیت (16) نیز همانند محدودیت قبلی بر اساس روش محدودیت شانسی به محدودیت (20) تبدیل می گردد:
	به منظور حل مدل چند هدفه فوق از روش برنامه ریزی فازی استفاده می شود. در این روش پس از حل مدل ریاضی مربوطه به ازای هر هدف با در نظر گرفتن محدودیتهای مدل، مدل ریاضی تک هدفه زیر به منظور حداکثر نمودن حداقل درجات عضویت اهداف مختلف تشکیل و حل می گردد. در ا...
	𝑀𝑎𝑥 𝜆                                                                                                          (21)
	پیوست ا. جداول پیوست:

	http://orcid.org/0000-0002-0772-4509
	Mehdi Seifbarghy
	http://orcid.org/0009-0008-6067-4484
	Shamim Sheikh Ghanbari
	منابع
	1-سیف برقی، مهدی و یوسفی، مروارید (1403). مسئله انتخاب تامین کنندگان با استفاده از رویکرد ترکیبی گسترش عملکرد کیفی و ارزیابی مبتنی بر فاصله از متوسط راه حل ها در محیط نوتروسوفیک. فصلنامه مطالعات مدیریت صنعتی، دوره 22، شماره 73، صفحه 57-98.

