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Food Export Companies in Tehran Province)

Taha Keshavarz * and Mohammad Reza Amuzadeh
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Article Info Abstract
The purpose of this study is to investigate the impact of marketing capabilities on export
Article history: performance by considering the role of competitive advantage in food industry export companies.
. The research is classified as applied from the point of view of purpose and descriptive from the
Received:06 March 2023 point of view of method and nature. Most of the previous studies in the field of export performance
Revised: 14 May 2023 have examined the relationship between capabilities and performance, but not much research has
been done on marketing capabilities and their impact on competitive advantage. Another category
Accepted:12 Jul 2023 that plays an important role in export performance and is closely related to marketing

communications is distribution channels in foreign markets. Based on this, deciding on the method
of transferring the goods to the place of purchase or consumption is one of the important decisions
faced by managers of export companies; Because finding a suitable distribution channel in
Keywords: international markets is so complicated. In this study, the statistical population is food industry
export companies in Tehran province and the respondents to the questionnaire are CEOs and senior
managers of the commercial and export departments of these companies. After collecting the
questionnaires, the data is analyzed by SPSS, and SmartPLS softwares. The validity of the

Marketing capabilities,
export performance,

competitive ad\{antage, questionnaire has been examined through content and structure validity, as well as its reliability
structural equations, . through Cronbach's alpha test and composite reliability. The results show that the questions have
food industry export companies. high reliability. In terms of structure validity, which was analyzed by SmartPLS software, it is

determined that all the questions have good validity. Finally, the results of data analysis and
hypothesis testing show that: marketing intelligence, pricing, marketing communications,
distribution, and innovation have an impact on competitive advantage. Also, the results show that
competitive advantage affects export performance. Meanwhile, the mediating role of competitive
advantage in the relationship between the mentioned components and export performance is
confirmed. According to the relationships between research variables, better planning can be done
to improve export performance and gain a competitive advantage.
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Reference Definition Aspects #
Market intelligence involves collecting information about a company's
market in the areas of trends, competitors, and customers, in order to Market
Ahmadi, et al. 2! analyze and make accurate and confident decisions in determining intellicence 1
strategy in areas such as market opportunity, market penetration strategy, £
and market development.
Price is one of the elements of the marketing and refers to the amount of
Palma, et al. ('] money paid to receive a product or service. Pricing refers to a company's Pricing 2
strategy for setting a price for each of its products.
Falah LB Product innovation involves minor or fundamental changes in the Product 3
alahat, et al. products offered by a company to meet changing customer demands. Innovation
Marketing communications include all the relationships that an exporting
Li. ot al. [12 company establishes with other partners and business intermediaries in Marketing 4
’ ’ international markets. These relationships are often formed in the form of | Communication
a communication network.
Distribution is one of the components of the marketing, which in its
Martinez, et al.) | simplest form is responsible for transporting the product from the place Distribution 5
of production to the customer's place of purchase.
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#Question Variables
Market
1-5 . .
intelligence
6-9 Pricing
Product Marketing
10-12 ) e
Innovation capabilities
13-16 Marke"[mg'
Communication
17-20 Distribution
21-30 Competitive advantage
31-36 Export performance

Market
intelligence

Pricing

Product
innovation

Competitive Export
advantage performance

N

Marketing
Communications

Distribution
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C“H(I‘;l;‘ti"e F reg;)e)ncy Frequency | Education
9 9 9 Diploma
70 61 59 Bsc
97 27 26 Msc
100 3 3 PhD
100 97 Total
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Cumulative Frequency Frequenc ‘Work
(%) (%) ! y experience
5 5 5 <S5 yrs
60 55 53 6to 10 yrs
86 26 25 11to 15 yrs

100 14 14 > 15 yrs
100 97 Total
Education
- Diploma
" Bse
a Msc
PhD
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Work experience

B [ ess than 5 yrs

B 6to10yrs
.llt015yrs

More than 15 yrs
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Dispersion indices Central indices
Variables
Variance std Median | Mean
0.686 0.828 3.40 341 Market intelligence
0.656 0.810 3.25 3.30 Pricing
0.522 0.722 3.33 3.23 Product Innovation
0.417 0.645 3.50 3.54 Marketing Communication
0.469 0.685 3.50 3.57 Distribution
0.476 0.690 3.30 3.24 Competitive advantage
0.329 0.574 3.17 3.26 Export performance
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0.769 KMO test
6306.584 ¥ statistic
325 Df Bartlett Test
0.001 Sig
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Cronbach's alpha | Combined Shared Statistical | Factor Loading | Item #
reliability reliability significance
15.596 0.814 Q1
39.668 0.880 Q2
0.901 0.927 0.717 12.718 0.760 Q3 Market intelligence
39.183 0.867 Q4
44.380 0.905 Q5
15.626 0.796 Q6
0.850 0.899 0.691 19.635 0.872 Q7 Pricing
14.980 0.795 Q8
43.383 0.893 Q9
26.550 0.806 Q10
0.818 0.891 0.733 17.819 0.839 Qll Product Innovation
47.673 0.919 Q12
52.283 0.911 Q13 .
0.904 0.933 0.778 23311 0.796 Q14 Marketing
64713 0.929 Q15 Communication
44.643 0.888 Qlo6
45.213 0.908 Q17
0.850 0.901 0.700 8.069 0.629 Q18 Distribution
46.590 0.899 Q19
45.536 0.879 Q20
25.951 0.843 021
32.215 0.832 Q22
26.121 0.812 023
24.440 0.815 Q24
0.934 0.944 0.628 7.157 0.636 Q25 Competitive
20.444 0.819 Q26 advantage
34.756 0.861 Q27
14.310 0.734 Q28
7.461 0.643 Q29
40.795 0.889 Q30
27.182 0.844 Q31
18.691 0.793 Q32
0.860 0.895 0.588 23.364 0.730 Q33 Export performance
20.941 0.818 Q34
17.614 0.753 Q35
8.477 0.648 Q36
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Result t-) Significance (B) Path coefficient Path
(value

Market intelligence capability has a significant

Accept 2.259 0.242 impact on competitive advantage in exporting
companies.
Product innovation capability has a significant

Accept 2.647 0.276 impact on competitive advantage in exporting
companies.

Accept 2925 0.324 Pricing .c.apab111ty has a s1gn1ﬁcapt impact on
competitive advantage in exporting companies.
Marketing communications capability has a

Accept 2.522 0.261 significant impact on competitive advantage in
exporting companies.

Accept 3812 0.437 Dlstrlbl.lt.ablllty has a mgmﬁcant'lmpact on
competitive advantage in exporting companies.

Accept 28998 0.789 Competitive advantgge has a §1gn1ﬁcant 1'mpact on
export performance in exporting companies.
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Bootstrap Path
Si t-val Indirect
18 LT effect Dependent Mediating Independent
Low Up . . :
variable variable variable
0.025 | 2.250 0.034 0.367 0.191 Export perf |Competitive adv| Market intelligence
0.006 | 2.777 0.078 0.383 0.218 Export perf |Competitive adv| Product Innovation
0.008 | 2.655 0.094 0.485 0.255 Export perf |Competitive adv Pricing
0.005 | 2505 | 0.041 | 0326 | 0206 | Exportperf |Competitiveadvi  ~Marketing
Communication

0.000 | 3.789 | 0.145 0.516 0.345 Export perf | Competitive adv Distribution
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Increasing profitability and reducing risk always requires choosing a smart investment
path while taking advantage of data analysis; Therefore, it is necessary to provide a
technique in the form of a decision support system for stock portfolio management while
better understanding the position of data science. In this research, while combining data
science methods with the Markowitz model, classification and forecasting models have
also been created. Detecting financial fraud of companies is also effective; Hierarchical
and Cummins algorithms have also been used in order to cluster active companies in the
Tehran Stock Exchange. In terms of data classification, the linear support vector machine
classification algorithm has been identified with 70% accuracy in comparison with the
decision tree, Nyobies, nearest neighbour, and multilayer perceptron algorithms, and in
terms of building prediction models, the decision tree with the minimum amount of error,
in comparison with Nyobies algorithms, is the closest Neighbor, multilayer perceptron has
been identified. The primary data in the current research includes twenty titles of financial
indicators and daily data of stock prices of companies in the Python programming space.
It was concluded that choosing stocks from among the clusters formed by different stocks
of companies will reduce the risk of diversifying the stock portfolio. The mentioned
system will be able to generalize as a comprehensive model for data in different time
intervals and the indicators desired by the analyst, thus helping investors in a fast and
accurate analytical way. The performance of the final technique will be such that the
investor first selects several desired companies according to the heard, analysis, and news;
It predicts the price performance of companies; Then, it separates the companies that have
succeeded in accepting the condition by using the clustering model and separates the
portfolio of various stocks. It forms according to the amount of risk and expected return.
Importantly, as mentioned, the presented classification and forecasting models, in addition
to being used in the formation and management of the stock portfolio, will be able to be
effective in predicting the possible fraud of companies.
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Optimum location for the establishment of mobile phone towers with the aim of covering all demand
with high signal quality and low cost is an important challenge for telecommunications companies.
Therefore, if a proper decision is not taken, it may lead to environmental damage, economic
problems, and user dissatisfaction. Therefore, operators of telecommunication networks should plan
for the optimal location of mobile telephone towers in order to achieve the goals of sustainable
social, economic, and environmental development. The purpose of this research is to show how to
use ArcGis10.8 software tools and the best-worst technique for the optimal location of mobile phone
towers using sustainable development criteria. These criteria are: distance from the fault, distance
from historical and cultural places, distance from parks, distance from the river, distance from
medical centers (hospitals and clinics), distance or proximity from rural areas, proximity to the main
road, distance from residential areas, distance from schools and educational centers, height, land
slope, and slope direction. The innovations used in this research include the use of multi-criteria
spatial modeling, including the best-worst technique and its integration with geographic information
system techniques for locating mobile phone towers and investigating the optimal location for their
deployment. along with the application of new criteria of sustainable development, which was done
for the first time in Urmia city. The weights of the criteria were obtained by the best-worst technique,
and the data required for weighting were collected by interviewing experts who were experts of the
telecommunications company. The data related to each quality was entered into the ArcGis10.8
software, and various processing and fuzzy overlay operations were performed to prepare the
optimal final map. The general results obtained showed that it is not possible to use the masts in a
wide area from the west of the county, and the best points go towards the eastern areas near Lake
Urmia, which can be due to the selection of the criteria.
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Article Info Abstract

In recent decades, the rapid and remarkable advancements in technology have sparked
Article history: significant interest in the potential of big data and the extraction of valuable insights and
Received:20 January 2024 information from it. This has led to a surge in the utilization of big data analytics across various

industries, including supply chain management. In this paper, our focus is on evaluating the
Revised:8 June 2024 dynamics of a three-level supply chain, which encompasses a retailer, manufacturer, and
supplier, within different power structures. Notably, the members of this supply chain have

Accepted:24 June 2024 made substantial investments in big data analytics and are reaping the benefits of these
investments accordingly.
Keywords: In our quest to gain a deeper understanding of the feasibility conditions and factors that impact
big data investment within different power structures, we have meticulously examined the
Metallic yield damper, problem model in two distinct cases: one with big data investment and another without it. Our
hysteresis behavior, findings reveal that the direct impact of investment efficiency and cost improvement
hourglass pin, coefficient plays a significant role in determining the feasible limits of big data investment for
experimental study, all members of the supply chain. Furthermore, our research demonstrates that big data
nonlinear behavior. investment has a positive and far-reaching effect on the equilibrium profit of members. This
leads to an increase in the equilibrium price of products, as well as an enhancement in the
equilibrium level of green innovation and product quality across all power structures.
Funding Authors contribution statement

This research did not receive any specific grant from

funding agencies in the public, commercial, or not-for- Zahra  Esmaceli:  Conceptualization, ~ Methodology,

Software, Data curation, Writing - original draft,
profit sectors. SR .

Visualization, Investigation.
Conflicts of interest Naser Mollaverdi: Supervision, Validation, Project
The authors declare that they have no known competing administration.
financial interests or personal relationships that could have Soroush Safarzadeh: Conceptualization, Methodology,
appeared to influence the work reported in this paper. Validation, Writing - review & editing.

To Cite this article:

Esmaeeli, Z., Mollaverdi, N. and Safarzadeh, S. 2025. Investigating big data investment in a three-level green supply chain:
a game theoretic approach, Sharif Industrial Engineering and Management Journal, 41(1), 39-56.

https://doi.org/ 10.24200/165.2024.63579.2380

E-ISSN: 2676-475X © 2025 The Author(s). Sharif Industrial Engineering and Management Journal, Publish by Sharif University of

Technology This is an open access article under the CC-BY 4.0 license.


https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://doi.org/10.24200/j30.2024.63829.3289
https://portal.issn.org/resource/ISSN/2676-4776
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://sjie.journals.sharif.edu/
mailto:s.safarzadeh@qiet.ac.ir

BF-YA. e AF-F uL.....;b A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

https://sjie.journals.sharif.edu

951 sl

63k a1 05509 i Prlawdnns T (ol (g0 i) SO 53 03I (5,185 Aoy (o) 2

#Y ‘oA . \ ) .

03l 500 gy 9 (63930 pobi ' (Luclowsl 1,05

Olnl eoleol (lgol cixio o8ty g § glio cwiige caSisly’
ul)il ‘ul>55 ‘ul_'>5$ (2 oKisls ‘6‘5 ﬁ}l.c L_gaAS..‘LJ\o ‘ésl....a (g asjfr
.safarzadeh@qiet.ac.ir) Jyias ooim ¢

ol alio OleMb|

Ao Sledlbl g uils zl sl g oslo M Cows 3 1y (5 )les dz g8 ol sloans [0 (559d9iSE B, K5 slocd iy
0SB g c0d S a3 o by 300 5 1 el ¢ orlandis sl (0 G il Lidgh 58 el 03,8 Cl Lo T
605 aLo oo 00l3 IS o g 15 0 oxdansdas (yaols (50 i sliael el oy o)) & ja3 Galises (sl bl o
@IS el s o )‘*‘ff-’l’ Jolge g (Gad baulyd (qyp solaieds W0 0yt ol SLlTe 51 T b ceslite 5 wiiS e

el 00l oy o 9 g 0dlo DS (6 1T ke s Il g0 po Al e (D08 alizee glalisle jo el S
20lo M (N le s (SAD 390> )5 A0 gt yd 5 S TLep QLS e pritns 5l 5 (S ol
Lacl Jolss Sgus gy g0 00l DS (6,135 A0 s 45" a0 L Bl (piomen (el 0 oz slacl IS (ol
odds )08 gla sl (saen ;0 OV game CuisS § e (55905 (Jole gl (ol Y game Jolad cuad ]38l

VTN /Y bl s gyl
VRPN s Slol g,
WXPAT s s

(oS o B75lg
0o S (6,135 Loy
s el (5055
e Sl

&5k sk

e GBS 5 @398 (539750 La e 25l S (slapaeas Jle 3
looSlie slad (islupalp g (BaiiS el 5l gal> sla gy sl
3 s a 030285 e Sloan T3 St 5 @y 5 LT b paal)lS
Ol b b laosls Jlodg o Gayb 5l a5 ates (69)lge alox
523l 5L 5o Mol 085 01,3 (el 00255 o e sl 1, (ploas 3
95 5 S (sl 03la NS Jelodigan o5 sblje 5l ()b slacS 12 5
osilal 1 Olgiee bl salox I a8 eSS 0 953 (sl 0025
it sloosls 51 paglel Jie fpieas 0o 8 o Ll U558 5 oSlis
D5 025 dgn Sl (T slacdlad pls 5 (b e i, b i
gty sl ad iy slam oS 5 o8 5l S e oobiil ol i
S o oolitl 055 (laan T8 25 5 (59750 (silwatig (DY gaze
Ko pel goomie SV oy 08,0 wile S iy oo o
1y 095 s, b slasslo p ool NS sara; o olopls 55 "(UPS)
G5 sskiie iy aies Gl ez Stz 5 (el 003 o ke
Jelogan sz sl Yo o)lhe Vo aVle UPS e85 ,8 a5 col o
S g slo anpo g ams s ) Sy Jex D)l b A8 (oo 4o 00lop NS

oo )
okie oo b Lo Jlmns lacs gl oY go0 bl 4 oS 15 059 0
395 Slibee 5 09l (sla)lil (FanS el (ol yite 5500 5 Laosls )
@lpolliws jo (Kb gl o St S baselie 5 wiien axlse
ooy 3l g so a5 ciloads asd g g 095 ¢ ol jer slayalizasile
5 ool 5555 S slrodls saem 5l esliial 5,8 oolinul la)T sudss
Olosbo o 5l o5 5581 sl el 4 2505 (gl (i) o g e
Sl oS s o S gleeslo ST T glem sladl o Slee
3 ey 4y 03l S 51 eolannl GUG! as)ls Ldox 5 0 053 (59l mex
(bl slasysld o sl Sl (AU lacd iy ol s JolSS >
Ol 5o L8y eSS g bosls o paw gl dov sloco bl dop sl
oj9 8 Mgdoo Jluzms (SWj 25,8 Sda j9) 4 59, &5 Sl Slp)l5
Ji 5ol (0,255 Slbes (sl e Jole S 4 030N Juloig 125
slils BB Suiiem waiSGras glacudsl g Sy cal eal
030755 (o) bl enmali 0y Sy b3 5 a0 Ol
i)l 5SSl sz 4 h)law g 5 STy Gloj Sgete «cmels

! United Parcel Service

i pl a4 olccwl

iy o e g golio (okign (S3b 54, 3,0, it e aali (5050755 S 53 000 ST (6 T la s gy VT T gy 00l 5k g ol 53,53k i) ¢ luclon

https://doi.org/10.24200/165.2024.63579.2380 .45-¥4. . ,ae (1)F)

s © Hgo 3>

(OMOM

[ RO e S oKl syl

YEVEEVOX Sy S Ll


https://doi.org/10.24200/j65.2024.63579.2380
https://doi.org/10.24200/j40.2025.65873.1729
https://doi.org/10.24200/j40.2025.65873.1729
https://sjce.journals.sharif.edu/
mailto:s.safarzadeh@qiet.ac.ir

e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

Jolis  oddands yuals (50,0505 Syl i diaisl S 5T Lo
Lise )0 e 600 el S 5 weaiSads G g8, Sy
sl 0015 Gy B Jlgms ol s olo idghs Canl 485 JLai 5 1) eala DS
33 03le M Lass 13 cyaels (50 ey 408 Cilitie sl sl wigS> @

05,08 o 3l Lael Jolas Sgm g oo Jolas (sl it

@ Oy08 Glisee slo)lisls )0 0alo DS (g laT ke s Sl Lylys @

Sl &0 a>

5 ool (50,555 ,0 o3l M (6 I8 by ial3dl o olge 4> @
T o 0ol M (g, laF e yoo yo shie )A.;l; sholgs ax

s a5 (53b s,k sl S (g sl I 4 (25 ks (s
33 03l3e S (6l A e pos Lasl 15 55 00S el g coniiS a5 o by 200
SIS le s (G08 Lul ol o)y jolaieds il pogdle el onds 4185 )l
O g odlo M (gl ke Sl g0 WDyud alize glolsle o
oo 5l ookl b dge sla Jool ) ¢ oo sl o0l 2l 5,1 (6,)a8 a4y Lo
Sl o ceslize (e slosloitiy 5 Jelos Joall 4 g00e 5 600

el oads pdilojle 58 ol 4y jols gaslllhae .ol oo

Jge 8 epgm (i3 50 g ol Llsi sl o5 jlie g ale )U—‘ P9 L )
JJ.?U 9 DMTCA‘J&A—) @L..n ‘P)LQ"? g}“"" 5o loads d..‘:l)l LQB.:)L..M; 9 alswo
Bl ol oad ools medy Slir b goue Jho S Sl
Mgz e GSu )0 (e gleoliin g bjiiy (oS A

IH IR

Egogo Gludl 590.¥
S5 oyl 5 Cumyjlaze (nej 50,5 (e S ol 5o 5 SUks
ol bl eols JI3 das 5ose 0 ol |y e (60,5 9 b
Lsdli.u.ue Oy90 o L)l)LS‘fWL““" 9 PO )| 6)L~..u ‘Mw) 6&&@"
Sy pogdle a8l (gloely 51 (S 35 5w (5915 5 (S NS ke s g 4z g5
@ Wloy oo aeS e @ ) S b glady daorecan ) Cdlse
byt wlgs o Y game 5 laois] 3 40 48 58 50 slassle (salanly
S0 sk sl o ol bl i ax e ol 5 aiS Lds | (6 pden
o5 63k ity Jpel ©pS 0 L YY) e 5 ' J dil; ren
S )en 2l 5 (6505 ISD Slapnilile ( (JolSS 3k Joo Jelowigns 325
9 YLc [\.].&lab; @R c».\a..Suw‘La 9 OJJ)'L..: O |) 6)9193 .)l:u‘ Lgl).v
b e Syl slp S h lacu gyl (cyp 4 5 (V) Gl s
Sogo ol 63l e lw Wlaisls UML 0 ) 40 0,80 dw (55L SO
a0 ;o b ogygly wwed syl 4 oladilh cdgs T o 4 conl ooy
9800 ,% 9 0aS A5 () 5ed s 5 03,5 )] g 800 )3 g oaiiS s
DY el ot b 43 T 5 el )0 s g0l )l 5l eolazul b
UML G020y oS sbacl 51 (S lsieay ulf.s,..Su...ab (o ol
Slrdigas slaws 0uiS Wyl (g5l s (sloosg  sly2l 10 (5 550 L aillgs oo
sladled o 0e> Lo9,o.c a5 oeS b aed co lis a5 o0 )ls 3925 (0L )

2 Ma
£

SlacS 5 5l (S olsieds jo oyl o8 ,s Tas pals 1) ey
0 p5) )3 (§ Sy Cundgn 4y 03NS Juloighs jo 85k 5l ks 5
o8kas g Loli (s353 g0 ¢ hg, sbrools 5l g tanl Al Covs el
3Shos 3gte 5 Lol iy (595790 Silodinge Sl O OS (el

808 o oaliil 055 cnals (50,

Ui a2 95 ezl 50 e ; O waid sl sl L o
B ol co;;‘,.l:? L:JQWCM) JjL.wcﬁLv‘) raafcju‘)‘.\fwuw)l
oy Oldas (65l 5 (gilwimm 4 e a5 placodled 4 Ll )
1o 525 5l 6ol 50 45 ol b sl odd a> g5 s igd oo ol
Gdrwgs (60 paly ylbg 5l S u~°l’ G0y S e (5lyl g olool
5 LoslseMS 3l claimgsy Gilhe om0l o Plewlbes s
2 lg g ez Jud Caio lajlil 5 (S plyea gl o 2
I esliiul plpln 0ed @lee Sie jew el (Sop) S
ssbeay Lol g0,y (g5 yaely Cudbge )0 odlo DS Jelogas 1o
5o diis pl il S SeS eSS 1 sl 5w Blasl 4 Sloies
‘6)5]&“? )L..M;|9.> FL JL« L')Ln)'l...: )L.\.:l.: LIy Slowl L;L‘J..J)
u&).w.u @L))l 9 ‘s_))UaJ “_g)L)fCML.w ‘_g‘).v osls &‘5;‘ e)y 9 ‘u»)lé).v
P 9525 4 o e 505055 Syl Jged pliiey Mol e
shazme Plos S pde lp ES 15 (Gazr g aim aiile ) 5ebogs slaolal
9 K aiile Jlzms slacs jslid 5l slos S jsboay (525 (e 5 090
Jelosigay jo8 cpioren 0iiS o colatul wiadigr ais oo
odlo M daza o o S JLal slaosls 5 (65,50 Bpae slrosly (glalax]
Loy slaanl b silodinge £9090 (il o5 el Sl Ligy & j508
WS oo bty 1) el 2als 5 65, Gpae ;5 asrddo Bun
Pl st 5o oz Glogian obel 4 wulg oo boslo DS
03l DS Judoigay oSS L aS O g0 () 4 aiiS S s
Sl Loy slacdlad a8 ol el (50,0505 SO clac! 5 o isu oy oo
s L5 sbay izmen ol sl Mol Gleladl g 0,5 Hlulid ool
Iy 0dgs el 50,555 (5l wosloe M ulotigty o5 a5 aams oo pLas
[ sas oo a3l

[NEY 5 gdy 305 )‘ oolazuwl sl oo E UT L$°)L?)‘> L)S'Sb 4.7!.:" 4 d>g8 L

2 bl 8 Wlgiee 5 ol e Sl Sepel (B, Ll s edlo NS
Lol asls UT U;la...znw) )L\T OadlS g 0o &SLQM‘)B Solwdig
Jew b QT Gilwosly lp gyl 1o (gl slocS o (J ol
30 Supde glaiin gail) ol jiegh Bae culply e axlge
3 GGl b g digy Ll )b g 0ol NS (6 I8 Ale p (e
ol ol (0,055 )08 calisee (sl Ll

3 eadaid Sl 5o (LSb) sladue wind e LS gy p &S (o> U
233N (68 aleymr a5 (shosgidl 3l & SalS ety slatagy
Sy e Wl s asl asls Glejle g liie gl Wlg e
Ghges S g eaiSuls s 9 58 (el (500285 gy 4 Dlalllas
5 Y el (o) o ,0 5y oLl a5 Jl> o lend Sgazee
o (51 i 5 Lael Sgus o wilgi ce Lyl ol 5w Lo Slons

'Li



BF-YA. e AF-F uL.....;l; A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

Y5 ooy San g Sl ailes sl (53, 5550 (50357 4 (5l Dol
oz 5 Slez polrw o 1y b 0028 Zapaa sl laodls S >
IR Jelos g 325 0550 apwgildl 5 Lol ailaie 5 L)l o Jlads (615 0l
oals (IS aore 4o UML‘ 02 slleis g s 8 da ill> 5 wlosls
&y ool NS 5l oolaiwl o926 sl o925l mizmen m....\sloo; vy
GF s ilg (V1) Ml TPl s el ) el g0 iy cglan
lasdgyg (85,0 L1 0SS el oy o s (Sales
ol pal, Ml 058 oy s G wiedan Sliks 5 oolsodlS
Slacsogyy 58,550 b (ranags ol 5055 Ko 50 (s T
5 g Lawgd 5 00l WS pac jo wiedae Slls 5 Jease jaw g4z,
oalsd (Y YY) s emen Ml sas L) (YY) ySen
SIS Le pus g 03l DS slo509,9 bb jumw u...ob G0z 0 (6,108 B
anse SRSl Jae g oy p 1) SYgame w4250 (Sanmgs 9 Ghagh
Wawgl g idgh g 0o M (g IS ke s slaan o alS jglateds 55
spal, Jbwsazs (VYY) Yo Pleld w5 Jlsosaes
ooy Bodls M Ll 1) S oS &l lilas gy (g los oyl
Silostyliw sz ol 5 (gilast)law (ol Sgne jelateds 9 035
Joe (g )l cied punilo i Shal olo |3 wolo e M lasrs o
Ol sl 1y e slagt, 5 ik ek slaylnl g o Sla
PTVSMCTING 28 £ D W0 FCOVSINRLIE ¢ WA LTI I PR S |
Sleas o el (g0 ez sliael 6,105k p 3G e g3 s a5 slaJoue
G025y lial Limgh Jlisle g 00,5 cwyyp Lacl sgu jo 1) colo DS
ol 0391 g 00,5 S g oSy Gl Sate alllS g5 el
L JUS oSy 1, Lael 51 alaS o soslse DS cleas (5,138 aybe s oyl
lasleiing g00)5 Jolod |, Lacl sgm p Jol> @l g (obj)l JUS 99 52
i 55 (VYY) o 5 5 T lonls &1)) slacs Siisg, 5 o pono
L1y oy GalblS 50 jow el (5055 50 (6 NS Cd opilgd (6,500
SLOE @b 5 (ouyp s 5 g7 (SIS Loy g 0lo M slacsg)s
a1, U o 4 b i (6 lolg g (T o (i JUIS g0 b conliie 50
el (VoY) lSen s s mmen Tails,s Sy,
O  L ) 65,0liS e el g0y (Salon 5 5 IS ke
G4, g, 5l eolaiwl b g ool M g e SOy st Sl Sloos
@ly ) aelys 5 anie s ol B ogas al 0 5 eyn ik
(VYY) e 5 e (Tlon 5 b5l el 50,0255 00,5 Kinlan
Splon Pluws 5 s oS oo (owyp 4 3k sk 5l eslanul b 5
Sls (o DUT [ig,800,5 o] 50 a8 Wl ls o (el (G0 02y S
Joe 99 9 35 pete Joo G liagl il ools oo ploil ) ool DS diedun
555 o b esiSads 5 (Ol (Lhs )00 5 (5, 4 SISl 3L
ol gz ailay > LSy 800as Cwed g yho odg d0des Ceend Olo)l,E
Slool 51 laods cealydyo [M.xlao)f bl ) oy jo (Sales

el 0a &SIV Jaaz (o 9840

8 Liu
° Chen
10 Song
' Hu

@l oISl S 1) 395 HEaS el wiies Jlad asmao
S 5558l 55 (Ve o) T se 5 Sappsen T s e )
Caope Sl oS iglex hele Sy plgieas 1y GBS el 5 5
sle 2l laeas 1) °“‘~5u*-"l4 o pe g ools &)l jlasl u'“"b 8025 )

Nales 5 alolits s Slas 5 5l slaci; Sy oo

OF delisa 28 5 Laoslo DS ety Slillle (550 illas 500 (55 ]
el (50255 S ke o WIS e oz Jous Zuaio sl 3 51 S lsiea;
o 4 03l DS oE s b (Y2 YY) o)) e 5 jlacs 05t ablge 5o jums
20 258 5 0hsd 0 Sl el o) Cupe 0 Slae
Jelosigay j25 slaca s a5 wilaudl o g azlo y jeeb Jlb> o slaolazil
Strgs 5 el (502255 Sy ke & 2 FHE 5oy aoslop S
¥olee sy 5 oolinul b 5 (VYY) Seilasdl D¥as o alsil
5 o0yl 5 (Fadigh g (21ae vlge adgi idu jlesls FY . Ll g g L5l
el g 525 slaiablB (e o sabaly S5 51T slosls Jelowigay 2
B e ‘5)519.\ 6‘4.!9...4‘5 ).:l o g w‘b ofau) J)Sl.o.c 9 Lboé‘éu)l:
50 0l DS Judoxigy o i ol sl jo DA 05,5 Slaiy
bl & glasdlas jo 53 (VY1) oLSes 5 " S u*-"b &0 )
3 Slhles Ji 0,505, S lgie 4y 00lo e DS o gay jo0 cobld s
OY -+ Glagewl 5l oolazwl b g azsls ol u...oL\ G0,y 0 ,Slos Sgugn
ailosls Hlas 5,3l sledlobuws g3l Joo 9 o9 sl 31 50 s poe
2 stz P BB 5 558 5 daodlop NS Jeloxigar 125 o ke (slacihls oS

[W].J.S)b Sl u.mi.: S0y bl g aily5lg5 s Jguamo (Gdnmg

FaeS 0 b Cslond comw (Si90l Glo)lS 5 oS 0 ad 2B 3929
CotnS ausS eolatul L3 ) s 0B Coje 0 glcimsdy sl o8 o
Sladlsles ails oo o5 Wi oo Jolse 5l (65000 (S0 9 Jpae
a5z 3l 1 a8 b Algi oo o] 4 (g0 5w i | 5L (10,
§ Y gams CopiS galins 4y gouxie slo iy ) WS Bl i,
N pame S o J38,00 Jelse 5 Meass s cias ales
Sk s 9,509, b (ohgl )0 55 (VN Y) e g Bllae ilazsls
a1y oo (a5 (goymni; 50 CudS dap 9 (5 IS Ced slopoal
Congd zglans (538,515 0 L (V- 12) o San 5 "l oo (T los 5
diban (oli (50575 S 40 S predl slo e lieay kS
EZVCHOSNL NS SNPVEL AW S FPRVEL SO N R Y L L

[v\]*“"“)s oy @oges (5 i Slads

[yl .. . L. e e
5 S e S0 dgup 53 5 o3OS Jelodigdy s 50 (6 IS Ao s

. R T T PO [yl .
)| Ls:meQS)J ‘L\M:‘) Oy Ao (:3‘5 roe ‘)“"‘5’(5“ v ‘UYM

’ ”]...\ﬂoo; solaw! Sy (G, Co pde LS‘)? oo‘od)‘lf J...l;usm);u

el g0y 50 osls S Coedl Ll b g 3l claams o T

3 Seuring & Miiller
4 Nisar
3> Al- Khatib
¢ Bag
" Shoeleh
¢y



e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

POl gy Egdge Wlusl Gayzex ) Jgux

Different  Game Supply chain members CIEZ;O Product 9T Bio data
power Theor Suppli " Manufact experi  quality inpova inv eg; tment Year Paper
structures y upplier retailer urer ence tion
v v v v 2019 P. Liu
v v v 2021 S. Chen
v v 2022  Al-Khatib
Hosseini-
v v v v 2019  Motlagh,
et al
Nisar, et
v v 2022 al
P.Liu &
v v v 4 2022 Zhang
P. Liu, et
v v v . al
v v v v 4 2022  Hu,etal
Song, et
v v v v 2022 al
v v v v 2020 Li, et al
v v 2020 Bag, etal
Current
v v v v v v v v 4 research

Q,:.AL"‘501&26})00&;;5&@%&&3&@‘@4?93L‘\‘).bbu.f..hs}%)é -)
o bt (ol oy Ko siloie slaanl b opasas

5 bajsie ,0 solo S 6l alem b gaoge ool las Y
5 e (S 9lg S el il ol ] s Lol Vgl a5 ola el
0 59, 4 Of Gllae Lol i g o i S 115 50 iy 5l (g e 5429

Wy 3l S e (S5 G sy cpile gl 50 L sl sln <Y
el ool 433 )T Sl o Lolss (goaumdgags Jolse 51 SO olgie 4

5 Lacl (Jolss g 30 neli (50,055 (502, e S5 @ a2g b -
Lyl 5 08 il (gl los s s el o (slo i Joles jyoliio
iy a8 o 3 el 00 a1 o] 0 08l MS (63 o pos 45 i
axgi 35 peleyed 5 35 yeke Ll g0 4y L (550 (505> 50 L iagh

aslaisls

N
o 0 5 0, 6o g iy il saalllaa ;s saooliid

loauds S.a)ﬁdh‘mdbiadﬁﬁ)uﬁjdgﬁlf)a

AN

o eals (50,2255 53 000 S 55l (s 50 520 (slaimgy Siiin
Ol p S eie lagiagh wlead Al esede 5 (AS D)pen
393 |y (6768 mhe 03NS Larzee )3 jrw u-““l‘ S0y (§ NS Ced
031 (6,13 Ao yow Eoe (55l e 13 (ooS Lnd 3 lge g 03l olazs]
R e P T PSP PRU A TS NI PTSVES SN
@3)lpe WIS o ]y O] 3 (Suales 5 5 Sen sainge Ll s
5 Slawlro 0 092480 Jdody wilails (oS0 galins 4 a5 o
o G500, g odiS oy s 90 o) 0 o logos e, Jlos
S Jope aibsS gtz ol s A1 else 5l )b 5l s
T ST ags (xlag (50,55 S Sty el (50,05 (538,55,
sl ons aslis iegh OIS lsiear 5o YY) ol Kes
x4 b s Rl elinal b oS olagiagh eizees
oyl & Sals WIS 5 el G030 0 osloe M (6,05 e
wils plosle s obyiie @y Wlgioe s he (6 Il 45 (slosydl

sl i sl

N ‘QML G0y u@uwu Ol Corol g ] Slalllas oy az g5
S abes s S s bt b o S ol gy
S IR CEP S KU ¥ SN 0 [ TP I CEC U I CRPICEL AW I
S g ‘w..cl: G0y 0 D,yad alitre sla izl cod oS (ol 0ogy laiane
Wloads oy 03l IS (6 la8 ale yuo Ll 3 g (6 lAS Cead g Lael Jolss

el 2l @ 5050 Sladl 4 azgi Lyl ey slacs s

12 Agi



BF-YA. e AF-F uL.....;l; A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

(OY0) (o P0des ond W

(Vo) adgl olge b Slalad 0y )5 (gaiy 30 : M
Uiy >0) jow 69l v 1,

(qd >')UY9M@LSCJQM qd

Joe byl -
‘(J}-a:m b\>‘3 Slass) )‘)L 6"5’5'”:' LJ"‘“’"L" - a

Sosls DI SleMbl Judoxigay 1565 L 45wl 430 Sgugy s 10,
@ olgn soel Grpaslip 5o o 5l esliiul 5 o858 Sy (215 5 LB
)5 SeS g E8 28 6510)ll 5 6l et sloan o Sals

0. €[] et o

CENPURCIF I VSN R ANC g W EJov o S T SRS -
s(~<9‘<\)
(P> ) Lol Jgame aoly o CuinS e ol o1 @

cagsl goolor NS o jglcssay ly ealde leanie  IC,

{(LY0) 0SB pas

S5 (5397 90 (55l sloa jp ggazme Joll iS4l €y, Gyl Gy
9 9 97 SIS sleanie faeme waSady Bgyd
G989 P (o9 SIS slaanie gaeme 5 hgjdes S

{(HY0) aiis omw‘u

sbanlp goslo W (6 I8l sanze i & 1 G, Gy, G

ir 2

((,Y8) At 0S5 0 AS O g5 (g 808 5 LSl
(<O <) Ll DY game l adyl olakd b Slge ggs 1 O
(Z) > 0) oS ()5 lo s (G 38 o po 1 Z)

(>0 s Gyl stsp ayo i

((N.>0) b cllo s plale 2l 397901 N,
(<Y<Y losle s s952 e 2L cayo Y

(A >0 Lol )5 o (55l Sy il

S aleyw o Sl o (Seal Lol 4 (o555l Gl 1O
e((Z. > ~) oalo o MS

aobo)lf Lg)l.\fcbl.oju 9 cJ> 5 UY}«A.?LA JJ}?U [ S

e(S_ > ')

(< U Y) Glosles zils peolo WS (g laS ke pus IS o ot L

(G > ) Lolis o st (52,285 a5l copo 16

alowo ol VY
(9200 ,5 So i el ordamdas (el (g0 s Ko pols saline y
6915y 0dlsS puals il 0591 Laide 0AiS el G g oS Ay G
slacl gdan S o 5 l0T ko p Jgame CoiS 10 waiSadsl g e
oxe ol blse 3l g ks (6 S ale s 00lo M Judomigas 5 40 0 uzei
G g0 J.QL...J ‘).«al:> UN.QSJJ B OO‘QQ){S Lg)‘.\fd.lLa).w ‘-gla‘).c JJ)JLS«O

| - [ | . e "

Lael 51 Sy po T80 g3 5 dsi (5397 90 (5)I0eSS slaa 3 50 3gagp
Slodilie o Sute N 3b b 5l ey U5 Lol b see
OLY  AAY ) g 5 gy alie ool 055y oolite (ansl HLaine
Sledbl 4 oS,8 S godlo W wledlbl 5 ol gadlas o
L‘ 9 &9.@9.4 C)Lu»)‘ d,tUa.o Ll 00l fg.:.w.o.l L5>)L> 9 ‘_,’J.‘>‘»b Lngo»)‘éu)lS
3oy 5 BanT3 S9p 50 )30 (5 S alep &5 (6,8l @ 4z g
S s (S 59198 5 0Ol NS o g 525 w0l b yidio (glovaswles tg
S0 A3S (oo (Sl W 3l (60 (S5 e g ¢ Jpamme CudS
ool sl o0 5 (slos 1 Gl Wil ooyl ganlllae 45 Jaide (el
ool 0oy o hais olaisl g 3 Jolis 1) adly sLis o ez ge
)| u‘}\@ u...cl.v ‘_;Lﬁofau) Gdod 4O L.I).b ‘).v) o o¢9.3.i O.IaA uol.‘>
CetS wile Slegoge pizmen 0,5 oolaiul oslo WS (5 ,laFayle pu
(238 olse 5l el peols (sloo o 51 (55l 50 38 s 9155 5 Jyamee

w9 i wlog e V.Y

PSR NECUN 3y FURJERRRVI S WPREIL SN0 PPRVEL AW/
4 S oo wgiceny b b Sl S¥gams 5 o)l Coenl bl
oS Ll 6551 B pae Bl jladg slaanl 3B Wl ) (ke
s 1) Cong oo s sl (eS¢ B pan Slge (pizpan 5 013k Al
sl

s i ilaie SlS g ,300,5 g 0aiiS el 5 saSaes LY
il 52 S Sy b i S o5 Lo cpl 4 g 05

Syl BI5 adg cud b wasSady LT

Syl 15 55350 sadsl Slge dsi sl (B oo b wonniS el
el g bzl Jpazs (55,8 .0
Y QA B rans L8300 Y game dlgi g LS S ln
sl anals LSl s 1) 0SS pae Sy glsl Sledlbl o e slasl cal
\4

-

Gl 4 i el (50,0505 slas! (Gom ) 03lo M (6 IS be s
ool 5 asaly i se slaailse (o cote 5L b 5l Lol

Sgd g0 Lacl 5l alas” o Sl sloasy ja
G Glhae Jpame CukS g e Gyl GGl aly A

[vg 5yl |

\
Y Y . . R
039 =2, s ;hl,-g Do 4 a4 iy SlaiRg,

Y

Jowo b o g b ool y VY
1Awd C).w Q—.’.‘ £ J..\.a I oausoslaw! @‘9" 9 oo L;‘Las UES sL(t:)...al)l.:
om0 (G piiio -

((Y0) (9,800 5 Cwaid I D

123



e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

exc=a,+s, )

9 (&) o3l M lae yo Seal slolis 4 6,95@_..,14 Oliee Egozo

a,=a +0o(c, +c,+c, +¢,) )

Gk 3 e G e 2 bW 5l e il
C s 5 (X)) R0l Glolss 4y (o985l ()liue (gadlio g0 j0 (5,135 )]
5 s s Sledlbl (EanS G pas sosloe M Julogas s b as
a9 9,8 o0 B bas s LBl o JBaS G as gle,llaul g ey gl
‘u,v‘).vL.‘ é}.u‘;o oslazul U\J}.am J—J}J 9 L;‘>|).|a o L;):».w.c wlé )| ks:y
Oenl glole 4 5685wl ol walo M o (6 ISl s > o
syl plae leas 5 WYeame iluob)lew 5 ol yiie
4 (2555wl (e O salal; (b oalple b oo Gl GEaLS S pan
3 emb () eolo DS (5,la8 Loy Il jo ol yiin Keal sl
) 03l DS (6 laF e s 5 Sl jo Kadl glolis 4y o685l l5e
u,mL (80 7203 clacl JS 60&‘&0)15 6)‘;\?4'.‘~L"J‘“’ Egoe ‘503)1:.4.) a,
Q% L;‘)" )95\.\46 6)‘..\.?4.:Lafw LS")lS )D u)ao (, Cir,C‘l.d,C‘is CO)

s, =8 +7(c, +¢, +c, +c¢,) )
3 ol i c0alo ST Judowisas jo5 30 (6 M8 ko b 500 (ggu
AT salaly & Lol i 5 o] 5 35250 e 5 o 2uls
o Solol caw altun (pl a5 T 0 395940 B0S G s slacyglgl 5

3 2955l Sy Gl LA 4 (0955l sl S 0 i ax

o> o @ML &:A.cro) L: ).:‘).: (Sd) oobd)kf 6)‘KAJLA)MJ o> o
Lael JS' soolog S (5,185 Lo jos (yfae oMo (5,) (5,138 Loy (9
le).v o..\;;;;é 6)|Af=\JLe)~u @l)lf u‘).uc )J s_)fo (, Cir,Cid,Cis CU)
lacl Ly ol onds 423 5 L5 o badilge 1 0,005 slaacl S (goslae DS
JESRIC S (O SNVEL SUUN L PV FFCINIUNEE VY PRUON P ISUE

il 85T Ll Jyame ,o Wilgs o b 51 plas
p=6(c,+c,) )
a1y G5l wolo e Jlotiga ;25 53 (5 NS ake o oS LT I aimen
Y osalal, gk Mins o olis O¥same a8 gl ;5 Sgetp Oy90
2 S I8l s e (,B\ ) Jyars S o ;0 Sgge l5e
ShSaloyw LS 5 Gy 9 €, Egemme (Gm 0o JloSige 525
ﬁr:(p_w_(\_e-)ctr_cir_ca)D )
Ceosd D9l b plpy a5 wenl b 00,5 swle al Folis A sabal,
sloaze (W) bghesne b gsaze 5 (D) (Shghesy>

¢o

Lol a4 o5l Glie podlo M (gl Al SIS oo 1O
(+<0<Y) Keal

Loley 4 ooSomuly Cejuw ool W (I8 le s SIS oo 1T
(<7 <)

asly (L yuiio —

(Jgame axlg slaws) J5 slolis : D

Sl 7ol e a5 d=[dr,s] el ) Sy e s o (T
(GY) el 00iiS el S g oaiSudys @ (g 808 5

(B> ) oSy SYsame CoieS ghos S50 w0
Jeloigan iz j0 i alem > o glojle ils s39290 IV
f(Nd > ~) odlo IS

(V> s 5l ige stV

(€XC > *) Ly 5l (6 yiinn 544,50y :€XC

0dla M (6,18 ke s > o (Rl Lol 4y o655l e g2%
(a,; >+)

(8, >0) soloe NS 6 NSl o > 3 Y guazmo g7 ey 1S

Ao (6 5l Jomo F.Y
el Ve Y Lalsy 8 4 bt gl Jote
D:a—ep+¢(ﬂ\+qd)+ﬂ.v+§exc M)

Ceasd popdle Lol oy o a5 sl o055 JS slolis Sl ) (sala,
o 5 G ) Sy SieS (L ) 5515 s 2 (D) Jpame
\% )].M.J 6)5]y ol 5A (5LQMJ§A 3O Ogupe ‘o):.zd)" slacl S9w )| o&‘oo%
el o a3 S L )3 (5 e 54,25 e 5 () Jgamme cuiS
G NS Ban 5 laanlb ogn g ol ams o sgmp cnl 58,5,k
Gy 5o bl Gl s Lo b g o0 ()b yiio Cnslgs Billase 5580
Wby Fogtpe oyl Slge sl eslitul (ng SlacsileiSS I 5T e
Sl glatie

v=IL,+yN, 1\
gl 4 (V) jew 6ysl95 Suddye Sl Joo (nl 3o ¥ salal, Billas
ouo038l (1l g s 5xsls8 5o IS Aoy I Jol> (lig )y 5355
318 (S (N ) laools DS Judowigty 525 (galimg 4 ol 4

N, =N +pu(c,+c,) D)
S b sl o boslo DS Jdosgdy s a5 skl ylye F galail) 3l
Jelsuizs o ISl Gl 5 e & (Ng) aimse 18
olo e M 638 le o SIS Khe f o] 50 a5 @yl (K oolo S
Gl e Kb csi 4 €, 5 G s (08 i Lags

Sow 5l Ol yiie lacogdgl (esls M g (s slaanT s goslopMS o
s od.usu,».aL



BF-YA. e AF-F QL.....;L A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

TN Ly, &0 a5 o 10 pronal sl ppicie Joles pyolie 1) gl

loads &l Cawgy yo VY

oS adgl sy sl @

AL Iy () Sl (Galiane (o) oS U5 (S 8 S5l )0
Dm0 ol & S ISl (63l L 9b g x50 el (g0 50
OF 5l S (00 i 1) (9,800 5 Cuagd (g 8005 Tl oS e
S g0 S |y s (3 el 5 agl Dlalid 5 lge Cad 00kiS (el
b SYgamme CudS o g eatats b SV guame Ceed G Saley
9 P,=P =W i e Jo Glp o5bse el cosSay
el os 43S a0 P, =W—0m

).véLa.A kg'l_mf)b CLu.»...q‘ U,.Jj) )l aéLb_ulLALLMy)‘w ;Y ‘SM

wiloads &l Cawga o Y2 VY Loy, &0 4 ol (sl pitin  Jolas

009,300,5 G ppy S b @

S0y S8 SISl 3l (o 4 (B9800, S e85 S5l 5
laisl oS Cl & j0me al @ (650 S bw 09 oo iS5y b9 003 5
S g0 (s | e 5955 el 9 gl Slabad 5 0lge Cead S ey
Th— 5 oy S5 ame Caad (go)lyo 0uiSudgi e gal> e )0
Lol (28,5500 b 51 53 A5 o 55T el DY game CoheS
985S (o8 et |) SV gazme (g 800 5 Caad g B0 5 el L
J> slpeasSady e, 008 bl alte 5 3l g5k sl
Ceslods as S a0 P =W=0M 5 P, =P—W s

ol polae iS5l hg, sl ookl b Jow Jo 5l e 1Y (g

loads

GO9S g2yl @
waiiSader e i e ool il i g5L 5l goges i gen i o
595 pre—al Sl e 50 Ly (lojen jobdn (15,803 5 5 ‘“—-*Sw-"l*
&l o oyl 90 Al 55 65k LSl (nl )0 LS o (655 el
Wload 435 a0 P, =W=0M 5 P, =p—W aiws J>

AITY Ly, el e 25 63l 5 osliial b Jo U 5l e 5P (GmidB
15 45 Wish oo Jols gl o weedi glo it ol polie gl YF

sloads c\SU g

03o S (6ylaF Ao (2 38y aliwo Y.OY

Dy sa8 Do o3OS Jlodisas oy (IS ke LIl o
Sonr Sl 0aiiS el 5 SV garme CoiS phaw Sgage (slp oS ulys
Cdlo Sl (Jae 0 71 g 1S g0 55l pes s (55155 el
el VY gddayl) &g 4y dliis Jo el 00l ST (6 A Lo s 90y

v, =1L, +yN. )
ST ALeps gy Sl 33 S (555 CodiBgn (e il Sl (sl

u‘r" 9 (Ilg ) e 6)5]95 LSLQU“BU G]a'“’ Egoimo )‘ 9099 (vn ) OO‘QOW

2 (Cis Cy) oy 809,5 503l NS (5 S ke s 5 () ) (505500 5
slotzyse 3 Spege ol S (6)) o515 o8 ol (D) Lol JS o5

Lol 0l ol 0ol M Jdon gy 325 (gazms 10 aS sl (g 800 >

ﬂd=(w—5m—(\—:9)cm—c,.d—co)D—(%z,q:,j )
) o8008 Ceagd Dolis b 4T ianl 00iiSugs sgm a5 A saba,
saiiSalgs J51s sloanyz0 (M) adgl lalad 5 olya Cend goma 3 (W
Ol 55 (€ig5 €,) oS adgi Godlo NS (5 IS e jor (54232 5 «(Cpy )
5 Slakad g Slge e Sk O 3l salal) o Cal plp (D) Lol s
Sb G Olakad g olge (e az Al 4w &5 el Sl Jgae
Jyaze slp 03938l (53] sasSudgs codlad pliee 4z g W)ls Jpazme 5o
GG s sadauly 45 098 oo Bl coiiSadgr dguw 10 ol ol ol
53 oaSadgs sule sabal ) 53 523 (6)) a3p Spnp cupi il wsloMS
39 G,laF oy oaimdylid 551 galaly pgd & le .l 0als 423 )T L
Gy 5 SIakers sanip cuyo Z) ol 0 a5 ol Jpamo CuhS
el Jgame oS mrla

ﬂ'_s=(m—(\—¢9)cts—cl.s—ca)é'D—(%hl;J 0
PRUSIONE JUNE SR ORPRE ANV SN < NE R RPN}
Gazp g (C) oaiSol laanm ggeme 5 (M) Slaid
5 Slye it 30wy (€ Cp ) 0diS aals (Godlor NS (5 S Lo puo
e Cewsty (D) S slolis 51 (0) ks oles Jgame 5l laka
bl 5o 5 ( 0 ) 432 S5t ey Sl (g AT A Le s salanlsay
01S el Sgmr @l pgs O le Canol o 413,53 ) 00 el sle
AR o po h Ol 39 48 el s 55155 50 AT Lo S5 35

o sy ;Lew DY

ooy o &,ya8 Galizee slo lisle 092y Judoas ol gasdllas o
Sgm 5 ol (L8 peitie Jols e yo T (NS 3 5 aBly slo mels
WS yaols (6 ey i o j08 alise sl lisle Jdovigds 1o e
SIS alep Ll )l 5 (G508 (5 5 409,803,5 (5 k) 0AS IS (5 0
F5e Jalse gare) 10 cowlio Lo el oy B el ool aislayy o
Dl wpl 3 a8 alisee gla Ll jo 0ol M (6 laS ko s yo

0315 S (6515 Lo yus (558 by Alliancn ).0.F
0uiiS sl 52y G2l @

Pebee oolitul SISl ik eniS el sy sl o
S 55 g Olsrear g jBe3,5 5 00 Salsi 5 s, lpiear 00 sl
09 g ooliul (285l gliil by 5l > sl corizeen digh oo a2 T
SYgaze 98 3l 1) 993 g Glime (b9 803,35 okl &S O 90 (nl
SIS by e 5 95m liee et 4 00T OIS s OIS o0 G
Sge O30 350 50 °"-‘-‘5u‘-‘°i‘ o8 Caled ) g d3ls o DY game Lok )0
IS (o0 (5 S et e (63158 (SIS A Lopes

£



e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

Ol 5l G S oo e 1y (Sg,800 5 Cead (g ,800,5 lal aS
5 (99,8008 o Crosl &y 0aiiS O g8 o2 Culed )0 S 0 (6 S prena

g & Joo S 5l a8 el Sl ekt (ol polie 1P 4l
ot @) Cansgey 0 45 ciiiand ¥ JIFY Lufy,

03NS M (5,15 Ao puw (39 (09,800 5 (S ) S sLew @

S5k 0N (5,15 abo s (9 (B9800 B (6 2y (S52,be 53 S 9
@S eels Il a5 &j50 nl 4l (B9 ,808,5 (5508) 4 S S
Ol 5l o Ao et 1) e 65155l 5 Dlakd g slge il
G5 e (289,800 ol g Jgazme oS gl (50,L50 caiiSalys
lr 23l3 p o0 (SB9,203 5 Ceand (pad (9,800,502 Culod ;0 S (oo
w5 s Py =W—O0M 3 P=D—W i Jo Jogs

@ Jow Jo 5l w2 pre—al sl e Jola iolie 1Y auiad
Siloas djl)' Cewgas jo a5 e O 6" v JQ?‘S) S yg0

03NS M (5,15 Ao puw (y9hs (53908 i (S92 5Lw @

oolazul o ‘_g)‘lg )‘| eob())b’ Lg)lAfA,gL.o)*u 9N (SOges S 65:{)1-‘-‘*‘ o
6oL Glejen sbdy  hg,800,5 o mq.;.;SL'),:.aL” S ael 09l o
o 6L 5l e de (s sl o S e 6)'50-*-"-'4’ S5 peand (5o pusie
D, =W=0M g P =D—=W ;5aius Jo sl p.058 0 ooliiul

Wi OF JIOY Lalg, & jeo d) puonal Gl jusito Joles polie A aidd

loas &l Cegey 4 oS

Comwlus Jdxi 9 goue oli . F

ool )l Al Joo (09 SAD sy Sz 30 Jle il i3 o
JUUES I 1 IPAPY USRI T-SCON [T PUSSCIOW INCSg N E5 VR [ VPR
az g5 b b il )by polie .ol ool aizlo gy (g5L (Joles slo 29,5 p0 gyl
iloads dll gy j0 Y Jado jo dlivss sl 5,8 @

&y 5 el by Jol Jlade (Jow jo byl polae eudas b
oz 50 5550 polie a5 1] oo Canndds puals (50 o sliael g g Lolis

JRH IR 4;|)| Cowgmy )0 Y

W08 sl sl sl ,s 9si e alisde a5 ebilen ) (GAze
b geslopdST ol eslo NS Julowigtjos p3 ()l eyl
Slde ;3 (e 3l (BaS Brae slacu gl g Glosle (A1 slaas ]2
51y o S game  Jolai Cead Gl (el (g0 50255 sliael oges Jols

)5 s (535158 5 DY game CoiS Jol a5 Ll

ol &S e BT Jdods ¥ o8 mlae a5 Sgd e 485 aml
Solegys wyls Lol o3l g Lacl 2y slaas jo pals o (g laSayle pu
IR rizpad Do oo als g0y S8 S Jolss g a8l ey
Gl g g Sl (Jolss g IRl g 50 Lasl Sl Sl

1A%

Ol 35 wpi (N) 0ol M (6,105 ale pr cy90s Sl 0 lojles il

sl o Jol> (1) 5o (55158 Cardibgn o (il cpl 1S
exc, =a, +s, av
) S aleyw (o S 50 Wl (5 i G025 e 3] sala)
ob e Senl slolis 4 oS5l (e Jole 93 4 a5 el (€XC,
Lol 4 oeXuly Sy 5 (O)) 03lo DS (5 la8 Lo s g <> 0

o 43...@‘9 (S ) oaloo)b' Lg)l.\fd.lLa).w O™ cJ>

£l 00l ST (6,138 Loy g9y > (5 0 yuziy IS slols Y galal,
Sasls Sabye (lie s (P) (B 8e0,5 Cuad pogdle Lol (ol o
qa) Jyarme SieS 9 (€XC,) 5 5| (5 yudn (0,285 G (V) G
Ll Gl (

D, =a—ep+Av, +Eexc, +¢q, Ov)
Coagd @oles 5l a5l (g,800,5 sgw i Slas NF galal,
o 9,800, glad e ple g chgBedes Cud Egame 5 (g 8005
...\gj‘sn Cawody Lol o

7, =(p-w-c,)D, )
Cood Sglay 5l 5w oo lid |y cuiS oy daw b 55 NO (galal
oxiSudgi slaan 3o ple g adgl Dlakd g olge Cuad Egame g (b9 Bodes
GRTAL s 55 550 ccalay 4 pg e g so o 45 LolES 4o oy
B3 oo L |y Jgame CubS o

‘o
ﬁd:(w—5m—ctd)Dn—(;z\qu (0)

5 Slge Caod Sglis 51 a5 sl 00iiS el dg @b Kilo VP salad,
O le ol oads Jolo Lol o 0 b 00S ey slaaiy 3o g adsl Slakad

el s (559195 50 (5l Aoy (SLgT 55 VP (salaily yo pgo

7, =(m—c,)éD, —(%hli'gj (%)

aliseo gla Lol jo oolo M (6,108 ke ps (g > j0 e ol o

Ll 00l R Q)..xé

o3OS (6135 a Loy (390 0SS (ol (5 by 925U @

63k 5 0ol Tl et oaiiS nali (508, (s3ilim 5o
Ceond yhg,800,5 lal dF jge cpl 4 el ool olain] ISl
oS he g0l eaiSag e WS (oo e 1) (S8,800,5
P2 Sl WS SpSpeedl (Shgedes Cend g DYgane
e 3l e g adgl Slabad g olge e et 4 oS el
318 5 o0

Oy 4y Joo Jo 5l e e 52 peenal gl yuiine Joles ji0lie 10 4
il @) Cansgey 5 4 s BV 1YY Luly,

0SS (6135 A Lo juws (yg oSS A gT (6 puy (S92 b @
Skl edlo M g IS le s (g eaiSag 6, sl 5o
9 pr = p — W calsns J> Lg‘f 9 oolazw! 5;..15»&‘
Sl S g0l s 3b el .l oud a8 5 a3 P, = W—Om



.b;‘—\”\.ua..a AAEAS UL..“;L Al O)Lmi) Ag! (50,98« y Q,\'ﬁ._\.a5&b..a Ls..:A...e,aGAl.c Gal=o

Cooud A ol g OMSWL oo (6,138 a bo yu Hi1.) Sl
bn.\.u..fwi.a Joli vgw 4o

Ceod &y Comilins g 00508 ol (50010 M (5,105 s Lo puns J31.Y S
e $3lg Job el 5o

Sge 3 351 Sls> 0y el el g0y bl saem (gl eslo IS
Saad lp OF (galal;) ol wales Cote oo slacl saen Jolw
GGy g Sad dga> 5 0g walsr LS, ©a8 sla sl
ilhas ol 08 Lo 5 St el (5005 slacl (gl eslo DS
03 ()l aley (2 ulyd 5 Ao Sente 0 pS 5 S sakal,
odlo M 6,18 Gl jus (lime jo S 3l o oy slaanld Sggs 4o
5 e 3l Jyamme LunheS Jalse ) S o 3l pd rizen il
Oy s o e il b Jlelse 5 Lol (e (228 (pme
5 Ceond ) Comwlas 30 G0 Gow ol 0ol OIS (g laS Loy
Olie > siie il 55 oly Jpame 5l adsl Slabd g slye wges

A5l 03l M (6,138 4 Lo o

20 xawdw g xlawgd ol g0y s Gammlio Y.F
0315 M lauxo

by el (gloe s 40 0 ) 2 (Sl gl (stglie jslares,
sl 0 sy 1 5 srbansgs Sl o alis (sl i plod o mbansds 5
el ool &)l gy ¥ Jgozr )3 (oelanss (50,0305 oy 2 @l

slaaialgs 5 lacoglsl 5 955 laanT b 4 cons )5 5 oS pllo iis
JERCOTRTY ‘o..s....Su,..aL. 5 005 o gl U 0gd oo el S0 (gom 3l b yiine

955 S S |y Jyae s Ssl5 9SS 50 NS alo w5 50
Tl s 3150 5 (55155 5 SV gz oS (SOl el 5 ot

b i3l sols IS
2013 o 5 9908 G gl o Il Lael 51 Sy po 0900 Y gz
Sygo 3 einlpls Sl 1) e op iy (el 095 gy, (o)l
slacl plos s 4y &j08 Jolw ol oM Judosigas jo0 5 (6,)laFasle s

RPARTAPES u,.AL‘ 80
SALS I (5 9 (59508 i (Gl 50 0aLSagi D5 Y (GAZD

ol 0018 sl 5 g 800 5 (6 0y SLosa b il 99 Ly

SRy Gl g Goges G Gouyli 5o hgy800 5 S P (gacs
Sy g NSl (50 slagylim plp Tl Gl hgses,s
3 O3 Joles 1) & o iy b ydes,5 plpln el saiSadss
Lasl ok (5,00, 2ol waly> u*"L’ (S0 5 D95 Sy, Ly g 0025

o3 oo AL (63b5 lie 4Ty (B 03,5 Sgw o i »

OA.HSU.».AU Er®y 9 &9 LW (5o, 4o a.\uSw.ab Sgus 1 (AU
Gy Sonsliow plp T Loy 5 caliSuls g pm; sgilio pln ¥ Loy
lr sl (i (Gh9800,5 () (Sl Cnlpli el by 00 >

Tl G20k )0 ($h5,800 5 L i sdg0s (5 (S5l 5o P (AT
kS 5 e Sp3lg gl g 095 Sl (it o Lael 05 (S
3 GhgsRe0 5 sy 1 5l g el 395 S o i 58 55 DY gae
) oS g e Syl mhaw (aytde g by P00, Ced (p ol
00isS (yuall oguasdy g 0aiiS a gl Sgu 0l S8 (gl jo adlaslails
SrPy 9 ©ogee B Gyl i plply el adl relS
shemedan; flue 5 GBaSBras gly bgy b (n gy b9 200,

Pl dge Sloy g e saaline ¥ g ) sla S5 o a5 ebples
S e ader Ol & e Gpsly ol e g aiiS el
b eizeen 0,5 18 055 Jlado o 5eS )0 99,808 5 Ceod 4y Sl
ol b duslie )5 G (655155 gl 9 0005 (rali 09 ) K2 4 228
ad,F 18 0alae M (6l ale s 3l Gt (oS Jlons e 4y ied
lalllas plosil g Lolis sanel> 5l 3o colis pyyl ,Kles alins ) ol

el (2l IS e s iz plmil 5l iy S5 S 52 50 15k

ol (50 255 50 03 EMS (631354 o paw (ol wo Jukows V. F
oM Jeloign ;25 )0 o IS le s il 135 BV salal, a5 b
Sl el Soe b 300 5 5 c00iiS ddgi 0diilS el pelans dw y2 (51

G 00 43‘)| W}.».- B oy d‘d.'aa‘)

slacl IS gooloe M (g a8 lo s (sl ylpme (i BV (galail) jo

SIS Glops | galaly 6,18 & jgo jo aS u.\gj‘sa Cawddy 0 a2

£A



e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

Cod & Sl iin 3T Lo 00lo S (6 RS Lo (e (prizren
ol o walst oled Jyame I adyl Slalad g Sl mpe 5 (SB95800,5
Sl b 0l e gy 0000 NS (5,135 0le ooy 285 g3 KLy aliss
bl labad 5 Slse 51 50kj s & ol (Ygame (sl 5 a4 0L

Sy gn 4045 (s (505755 %00 eliael (salomy 4

O Syt (Jsl gaz 0 10 a5 Wlosls lis gull ouds cwy p galius 0 @
sl (e e 423 el (n e 0 clael Ged sl (s390e
Ol el gae (T 953 52 oyl e o Sl pgloge L )
Dgr Aplg> 030 NS (6 1A A e o gl 1 50 gyl (3 g o8 J0 Joles
3 owel g0,z yo Lacl 51 Sy jo (g, a8 (o Jolad pae Ojgo po
2D Gilg e a4z ST o walss Lol sge gileatin Lylyd
2 o bazl 65 elr (Jg s (See (S 4 sl (505
ool 3 slinil 3 (BauS el anile) ool (g0 obaw 51 o
SeaS el (50,205 45 a8 Jolas 4 asilys o Laily, (dnwys g ailiaie

Whess pmy Gliw O Gl e 5 oges i ssliw lazle
als | SS9 o (555195 gl (i 5 (599,300 ,5 Caod 0 Sl
el g0l o Al sl aBly 5o () i Culo) o wlanilss
Gl 55 nlpln b on (IS 00 i Jogasay 5 caiSadg Sgu
5 ool 50,55 ok e Sslen jeliieds Bgd005 58,
Sl Wl e alis glasls 8 51 eoliusl L]y Sg sa¥ole qujes

olo DS oo 25 4o el (g0,050) sliael 51 S o (6l e
ol Sgu Siuldl o pony ol (sden 1o Jolw slaced iliEl Coge
Gdod 5 ool M (g Al s plply al wales a8 gl LSl
oS 525 075 (53l & e e 0 2153 G (5555 5 Jpame
oSl syl g Laas s 0olo S (6,la8 Lo s o ll cpl 0,5 Gy

2,5 J2lyr SaS (53950l 0B, slss jo lbes b

S9le g g oS el dgar Jolss polie b Jlosga jos ke @
b Cot oSl e 4 LolE e ol b duglin )0
USRI PR APNCURR SR IPVESUSN BRYU PN R RN EEANT P K P D
ez el 5l g 5 5 S j 0 )l wlalllas plowil g LS (gansl>
3l on Coosd 0 Lol ol 2alS jglaiedy .ol olas liS 4o oo
50 Syt Gl LinlEl g Sl g,k 5l BaS G pas 4 ise 25T
swﬁbu@wbdﬂ)#wﬂwd;d&w)wl

S Sl o 1 A

o 4 cel ol WS (5 IS ke pu oS Coenl by yol> agh mli @
clacl 3gw 5o o0l 3l wolae M T Ak Sl i &5 &g
(S gboas ouils salgs Y game CobS g jw (& sle plaw Liali8l g 0 s
s a8 Cuils wales 1) oY sy Sl g ol )5 eslo DS (g 1Tl ju Sloj
e 5 (sl 3 Jeloigas 25 Jold) Jigyo baams | lasls Gl il
€9

(o gy S 8ltns 15 (el (g0 shans (al3BI L i oo L s
o il et ol azily oS lagy i sdas 4 Lacl sus
03Bl a5 0502 glam Gl L 5 Jpame CodeS SRalS g Y guae

s
Ll g rbamts (el (000755 BV ey (el (002055 59
O3l g 9 olde (e et 055 (5 ) (532 )l )0 sl 5420 50
5o Lacl 5l alas” (2 dgu el 009 aicion i 4 (69508 yid (590 )L 4o
Cnt] Sl altne ol 4 5 g0 i Ly (6)%00 (500 30l
5o by (el 50,0255 53 Sk 6 08) (3 s9Tcumdes sl 5yl
ol oz alie (xlawgs el onzy 0 prizen S
S g ylae (oS DY g Cad (50908 S (52 i 0 ¢ rlads
5 hwgs slro oy Sl g0y yo ailasile 1) lade o i Jease
ansls Jlss a4 plyiie sl 1) sale (i )08 Jols i oxlanans

G5 4 O
dga g LSk smle (el swyp 4 ol iegh o
wasSade 5l S u,,.ab Gopzy So 0 odla M (6,138 e lo s
dilisee slo bisle cod g oalae M Lawe 15 00 el g ¢ b 808 ,5
9 6)519.» 5o Od.usu,‘.cl; ‘);M 6")“’7”) o el 00 4.o.‘>‘$).v s_)).AS
slacl ‘nl.o.'i Omizmed ilod S (6 I dlo pu ¢ Jgamo CudsS 0 caiiSadgs
L oclito g 00,5 ()l 08ale s oolop DS Judoisas o5 )0 0 )
644.]Ua.n C—lL“-’ “515)91944 Liloals QS'L"]‘ J,‘:Lw ‘o\.\..»‘obul ‘_.;)‘\.\fduLoJ..»
u.:.eb G0y S i 43 03l M (6 ,la8 g lo yus 4z g5 BB (Llye o pol>
Sl (sl 4L 8 y509m I3l (s 1 451, (5T Jomsiliy 5 035 a 05
o b yskd a5 il a8 oo ) Jpame CoinS S5t s S osls
Cenl 6)5).@ u.a..AL 6o)a.m) slacl le).: QRS 0 Aol 05.> JA[S) NS el
5 Ailgy B oS ooliiwl 093 ads 4y o] 5l g aslitin | oolo DS 3,1 a8
aiiler (Bl <) 5o shapel S Sl 50 S 4 g it
@ Wilgs g0 aS wrd oo &l (gaied )l sla iy il it (oml pogdle
el (50255 S ke 53 (598l (S yaabin 5 (6 S et slaon] b
u)“)ﬁjdm)awyj)lxbM)élféw5m&5
5 W Jeloigns 125 51 ol b5 ot 31 5t aalsl s amo il
R IR d.j‘)‘ L)T LJ WLM G.J)Jd.o GLQOLQ,M.W

sLacl Jf Goobo){f 6):3.?4..{[&]“: LS‘)? s> S s).\bl} Ry 0 @
O yad dLm)tl}L.: Sdod O G)Llf@‘ba)w > u)‘ Lol 00 ASU 0 )
i)y Klis (5530 galal, .canl oogy b yad Jsle 5 i 5 LSS
! A0 D Ogaps g.,uﬂ,..a 9 cb‘éo% Lg)L.\chLe).u u_7|)15 w‘).«o p.dﬁ.m.a
9 0lse o 9 (sD9,803,5 Ceosd A Sl ke Sl Sl inen
U"‘)"L"’ o ooloo)lf Lg)‘..\fd;l.a)..u u')-‘-" B L5"Lef Jj.c?u: )‘ 4.:.'5‘ Slalad
SISl p (25 0 2 slasl (gl 00l 53 (6l Al ps (01 S0
dinn) ol 50 8 8L S Jele .l sl Con aalsl 3 a5 gy walys
4 03l M (g lAT e s (e o Fyleds sl A 3o S5y o po Joli
SIS alo s Lawgs by so (g lwaingy ogas e )15 5 oS S5 LS
e TV N8) 55 g g gams bt 45wl dily oS e



BF-YA. e AF-F QL....;L A oled FY (g0,90 (i pd S i g é:L..,o (e (sole Gal=o

oz 51 oz s oo 3PS5 5 Il 5 e s (50 05 5059
O 55ys ded o )lse RaSe bojem g0 cal LLII g sl NS
Jelodiga s GisleSS IS alo e 5 (damecen) Bl Glojen
LoowsSads w5 (B9 JWU iz b asme o ool S
e 28,5535 b Joe (oo )T (Silod 5 3 (008 (el
5 02y sbael 5l o ja el pite plpiear 03NS ()l 4 Le
Coio SosileSS ple o (Saales 506N Cd (gl ale s 2L
slaoasls 53 o1 sl oy g inz IO 5 Lt ol ol oz o
el oy Sk 5 Silapre Lopata el g0 53,Shes

il Coan! 5l Wl o

References- ztw

1. Ahmed, A. K., Senthilkumar, C. and Nallusamy, S.,
2018. Study on environmental impact through analysis
of big data for sustainable and green supply chain
management. International Journal of Mechanical and

Production Engineering Research and Development,
8, pp. 1245-1254

2. Hewage, T. N., Halgamuge, M. N., Syed, A. and Ekici,
G., 2018. Big data techniques of Google, Amazon,
Facebook and Twitter. J. Commun., 13, pp. 94-
100.https://doi.org/10.12720/jcm.13.2.

3. Mukhtarov, 1., 2023. Methodology of leveraging big
data in financial services for enhanced decision-
making. Qurarncoswvie pvinku u banxu, pp. 104-115

4. Zhong, R. Y., Newman, S. T., Huang, G. Q. and Lan,
S., 2016. Big Data for supply chain management in the
service and manufacturing sectors: Challenges,
opportunities, and future perspectives. Computers and
Industrial ~ Engineering, 101, pp. 572-591.
https://doi.org/10.1016/j.cie.2016.07.013

5. Madhani, P. M., 2022. Big Data Usage and Big Data
Analytics in Supply Chain: Leveraging Competitive
Priorities for Enhancing Competitive Advantages. [UP
Journal of Supply Chain Management, pp. 19-20

6. Liu, P., 2021. Pricing rules of Green Supply Chain
considering Big Data information inputs and cost-
sharing model. Soft Computing, 25, pp. 8515-8531.
https://doi.org/10.1007/s00500-021-05779-1

7. Tambuskar, D. P., Jain, P. and Narwane, V. S., 2023.
An exploration into the factors influencing the

D98 (Gl B, (e Candg g by slacaglsl Jolt) SIS 5 S (Sg
e eSS 5 (B slecdlan) vl sl esla NS (6l ake
Toba 3 Ghpte el 5la)5 5 Lo sl g (g5leSin b il s (5
sbzsb ilwosly 5 @ ISalow o nlply el lole i
Soslenr az p3Y 39155 Ued 5l 50150 & 4z g8 0o DS Joloiga 52
shosliinl (sare) ;5 Sjles by paatie (S9p S92y ok L sleesly
Sz celin Glojles S ol Jol> @bl Joloigay i g el ;551
Sz 0 pheylS Gyl dx s GBgeeS Glaosls (0 edaie )|

g w2l Cuoal Fl 5 S slaan ] slaosls (s slaex

90 30 ST Sladllas garwgs jghiteds oaisplosl glo ow) g guls 4 axg5 b

implementation of big data analytics in sustainable
supply chain management. Kybernetes. pp. 1-12.
https://doi.org/10.1108/K-07-2022-1057

8. Liu,J., Chen, M. and Liu, H., 2020. The role of big data
analytics in enabling green supply chain management:
a literature review. Journal of Data, Information and
Management, 2, pp- 75-83.
https://doi.org/10.1007/s42488-019-00020-z

9. Mageto, J., 2021. Big data analytics in sustainable

supply chain management: A focus on manufacturing
supply chains. Sustainability, 13, pp. 7101.
https://doi.org/10.3390/sul3137101

10.Li, Q., Kang, Y., Tan, L. and Chen, B., 2020. Modeling
formation and operation of collaborative green
innovation between manufacturer and supplier: A
game theory approach. Sustainability, 12, pp. 2209.
https://doi.org/10.3390/su12062209

11.Ma, W., Zhang, R. and Chai, S., 2019. What drives
green innovation? A game theoretic analysis of
government subsidy and cooperation contract.
Sustainability, pp- 11, 5584.
https://doi.org/10.3390/sul 1205584

12.Tate, W. L., Ellram, L. M. and Dooley, K. J., 2012.
Environmental purchasing and supplier management
(EPSM): Theory and practice. Journal of Purchasing
and Supply Management, 18, pp. 173-188.
https://doi.org/10.1016/.pursup.2012.07.001

13.Holt, D., 2004. Managing the interface between
suppliers and organizations for environmental

[~


https://doi.org/10.12720/jcm.13.2.
https://doi.org/10.1016/j.cie.2016.07.013
https://doi.org/10.1007/s00500-021-05779-1
https://doi.org/10.1108/K-07-2022-1057
https://doi.org/10.1007/s42488-019-00020-z
https://doi.org/10.3390/su13137101
https://doi.org/10.3390/su12062209
https://doi.org/10.3390/su11205584
https://doi.org/10.1016/j.pursup.2012.07.001

e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

responsibility—an exploration of current practices in the
UK.  Corporate  Social  Responsibility  and
Environmental —Management, 11, pp. 71-84.
https://doi.org/10.1002/csr.55

14.Seuring, S. and Miiller, M., 2008. From a literature
review to a conceptual framework for sustainable
supply chain management. Journal of Cleaner
Production, 16, Pp. 1699-1710.
https://doi.org/10.1016/j.jclepro.2008.04.020

15.Nisar, Q. A., Haider, S., Ameer, 1., Hussain, M. S., Gill,
S. S. and Usama, A., 2022. Sustainable supply chain
management performance in post COVID-19 era in an
emerging economy: A big data perspective.
International Journal of Emerging Markets. pp. 1-15.
https://doi.org/10.1108/IJOEM-12-2021-1807

16. Al-Khatib, A. W., 2022. Big data analytics capabilities
and green supply chain performance: Investigating the
moderated mediation model for green innovation and
technological intensity. Business Process Management
Journal. pp. 1-10. https://doi.org/10.1108/BPMJ-07-
2022-0332

17.Bag, S., Wood, L. C., Xu, L., Dhamija, P. and Kayikci,
Y., 2020. Big data analytics as an operational
excellence approach to enhance sustainable supply
chain performance. Resources, Conservation and
Recycling, 153, pp. 104559.
https://doi.org/10.1016/j.resconrec.2019.104559

18.Fu, X., Liu, S. and Han, G., 2021. Supply chain
partners' decisions with heterogeneous marketing
efforts considering consumer's perception of quality.
RAIRO-Operations Research, 55, pp. 3227-3243.
https://doi.org/10.1051/r0/2021126

19.Zhu, G., Zhang, J., Xing, E. and Han, D., 2022. Pricing
and quality decisions with conspicuous consumers.
Transportation Research Part E: Logistics and
Transportation  Review, 165, pp. 102857.
https://doi.org/10.1016/j.tre.2022.102857

20.Hosseini-Motlagh, S.-M., Nouri-Harzvili, M. and
Zirakpourdehkordi, R., 2019. Two-level supply chain
quality improvement through a wholesale price
coordination contract on pricing, quality and services.
International Journal of Industrial Engineering and
Production Research, 30, pp- 287-312.
https://doi:10.22068/ijiepr.30.3.287

21.Shoeleh, R., Seifbarghy, M. and Pishva, D., 2019.
Modelling pricing, vertical co-op advertising and
quality improvement in a non-cooperative three-
echelon supply chain using game theory approach.
RAIRO-Operations Research, 53, pp. 1937-1965.
https://doi.org/10.1051/r0/2018109

22.Mohan, A., Karthika, V. and Simon, S., 2021.
Application of Big Data Analytics in Enhancing the
Supply Chain Management System. Asian Basic and
Applied Research Journal, pp. 82-89.

o)

23.Azeem, M., Haleem, A., Bahl, S., Javaid, M., Suman,
R. and Nandan, D., 2022. Big data applications to take
up major challenges across manufacturing industries:
A brief review. Materials Today. Proceedings, 49, pp.
339-348. https://doi.org/10.1016/j.matpr.2021.02.147

24.Shi, C., Li, D. and Wu, T., 2021. Influencing factors of
catering O20 customer experience: an approach
integrating big data analytics with grounded theory.
Tehnicki vjesnik, 28, pp- 862-872.
https://doi.org/10.17559/TV-20210124041130

25.Holmlund, M., Van Vaerenbergh, Y., Ciuchita, R,
Ravald, A., Sarantopoulos, P., Ordenes, F. V. and Zaki,
M., 2020. Customer experience management in the age
of big data analytics: A strategic framework. Journal
of Business Research, 116, pp. 356-365.
https://doi.org/10.1016/.jbusres.2020.01.022

26.Sanders, N. R., 2016. How to use big data to drive your

supply chain. California Management Review, 58, pp.
26-48. https://doi.org/10.1525/cmr.2016.58.3.26

27.Liu, P., 2019. Pricing policies and coordination of low-
carbon supply chain  considering targeted
advertisement and carbon emission reduction costs in
the big data environment. Journal of Cleaner
Production, 210, pp- 343-357.
https://doi.org/10.1016/j.jclepro.2018.10.328

28.Liu, P. and Yi, S.-p., 2017. Pricing policies of green
supply chain considering targeted advertising and
product green degree in the big data environment.
Journal of Cleaner Production, 164, pp. 1614-1622.
https://doi.org/10.1016/j.jclepro.2017.07.049

29.Chen, S., 2021. Analysis of customization strategy for
E-commerce operation based on big data. Wireless
Communications and Mobile Computing, 2021, pp. 1-
11. https://doi.org/10.1155/2021/6626480

30.Song, H., Shu, Y., Dai, Y., Zhou, L. and Li, H., 2022.
Big data service investment choices in a manufacturer-
led dual-channel supply chain. Computers and
Industrial ~ Engineering, 171, pp. 108423,
https://doi.org/10.1016/.cie.2022.108423

31.Liu, P. and Zhang, F.-j., 2022. Pricing strategies of
dual-channel green supply chain considering Big Data
information inputs. Soft Computing, pp. 1-19.
https://doi.org/10.1007/s00500-021-06611-6

32.Liu, P., Long, Y., Song, H.-C. and He, Y.-D.,2020.
Investment decision and coordination of green agri-
food supply chain considering information service
based on blockchain and big data. Journal of Cleaner
Production, 277, pp- 123646.
https://doi.org/10.1016/j.jclepro.2020.123646

33.Hu, H.,, Li, Y. and Li, M., 2022. Decisions and
Coordination of Green Supply Chain Considering Big
Data Targeted Advertising. Journal of Theoretical and


https://doi.org/10.1002/csr.55
https://doi.org/10.1016/j.jclepro.2008.04.020
https://doi.org/10.1108/IJOEM-12-2021-1807
https://doi.org/10.1108/BPMJ-07-2022-0332
https://doi.org/10.1108/BPMJ-07-2022-0332
https://doi.org/10.1016/j.resconrec.2019.104559
https://doi.org/10.1051/ro/2021126
https://doi.org/10.1016/j.tre.2022.102857
https://doi:10.22068/ijiepr.30.3.287
https://doi.org/10.1051/ro/2018109
https://doi.org/10.1016/j.matpr.2021.02.147
https://doi.org/10.17559/TV-20210124041130
https://doi.org/10.1016/j.jbusres.2020.01.022
https://doi.org/10.1525/cmr.2016.58.3.26
https://doi.org/10.1016/j.jclepro.2018.10.328
https://doi.org/10.1016/j.jclepro.2017.07.049
https://doi.org/10.1155/2021/6626480
https://doi.org/10.1016/j.cie.2022.108423
https://doi.org/10.1007/s00500-021-06611-6
https://doi.org/10.1016/j.jclepro.2020.123646

BF-YA. e AF-F QL....;L A oled FY (g0,90 (i pd S i g é:L..,o (e (sole Gal=o

Applied Electronic Commerce Research, 17, pp. 1035-
1056. https://doi.org/10.3390/jtaer1 7030053

34.Agi, M. A., Faramarzi-Oghani, S. and Hazir, 0.,2021.
Game theory-based models in green supply chain
management: A review of the literature. International
Journal of Production Research, 59, pp. 4736-4755.

35.Liu, P. and Yi, S.-p., 2018. A study on supply chain
investment decision-making and coordination in the
Big Data environment. Annals of Operations Research,
270, pp. 235-253. https://doi.org/10.1007/s10479-017-

36.Wang, Y., Wang, X., Chang, S. and Kang, Y., 2019.
Product innovation and process innovation in a
dynamic Stackelberg game. Computers and Industrial

Engineering, 130, pp- 395-403.

https://doi.org/10.1016/1.c1e.2019.02.042

37.Liu, P. and Yi, S.-p., 2016. Investment decision-
making and coordination of supply chain: A new
research in the big data era. Discrete Dynamics in
Nature and Society, pp- 1-18.
https://doi.org/10.1155/2016/2026715

2424-4

el YA NV Ly oo & s o meonad (gl i Jobes olie 1) gl

* \
ed(+vhg' —(Aeh—z*)z\)(

N,+he, N, + N, +hoc,ON, +hc,N.N,) OV

* \

O —thg' —(—Aeh+ 2" )z, AzM an
: |
= S +he S, +c,S
" e(+vhgo'—(/\eh—/1‘)z\)( HheS, +6,5,) QY
. \
4a = —Yhe' —(—Aeh+/1')z\ hol @
. )

P e(+th0Y —(Aeh —ﬁ')z‘)

el 00 )] Cengy saalol jo alg, ity K, 6 K| 3T M .S, 68, N, t N, sl

\

(K, +c¢,K, +K, +c4K,) (V)

el 00 L) YB JIYY Luls, 5o eoc (sl jeite Jolas jyolie o iS5l glizial g, ) oolinal b aline > 51 g oF (g

* \

m = —C.. —C YY)
S —r(veh+ Az e
I = - \ — Az M ")
¢ (=h¢"—veh+ A")z,

* \ \
w = (¢, +Yc,zc,+—cyc.—c,) %)

“he —x(—Feh+ A)z) P
= \ hoT o)

T he —x(ven+ 2z,

= ‘ F+¢,F,~F, +c,F.) )

p = (
o(+hg" ~(reh—¥2")z,)

el 00l &S| s dalol jo ¥ aad oLl G . P I ‘ iy (F9
)l Cegmy aald] o Y 4, .5E F;BTMCF C\4 A\)Jﬁ

oY


https://doi.org/10.3390/jtaer17030053
https://doi.org/10.1007/s10479-017-2424-4
https://doi.org/10.1007/s10479-017-2424-4
https://doi.org/10.1016/j.cie.2019.02.042
https://doi.org/10.1155/2016/2026715

oy

e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

ol YV VY Laslgy &0 @) rhans 12 poenal (Gl juiiie Jolss e 22850 (g, 5l oolawl b Jaw Jo 5l e ¥ (gamid

* \

m = - — Y +c Y, +Y +cY) V)
YO(—hg' —Y(—Yeh+ 1")z) ‘
. |
I, = - — Az M (YA
 —Yhg' —¥(=Yeh+ ")z,
W (Ve a Y 4o a Y o2, YY) o
Y(—h¢' —v(—Yeh+1")z)) e
q* = \ hoT ¥
© —xhg' —¥(-veh+ 1)z,
e ) | \
= Y\r_ Y+C[SZ\)]V+)7A+COZK+_Z\CWK.+Y:‘ V)
P e )z e )

Lol 0als &1, Cawgny (ganlol ¥ gaad wlily T 9 AL Y lJY polae
" )

5 ge ol s 12 el (gl peite Jole pyolie gl Y8 JIPY Ly, Ll s 5 3l 5l ool b oo U 51 o 1F (g

m = — (e e d)) (rv)
O(=hg’ —(-feh+1")z)
. \
[, = - — AzM rY)
¢ —hg'—(-Feh+ ")z,
. \
w = J,+e J, +J, +c,J, ()
h¢'+(—\°eh+l‘)z‘( o «)
. |
q, hoT )

B —h¢o' —(—\‘eh + A7 )z,

* \
(Jo+e J. +J,+c,J,) D)

p= h¢' +(—feh+ A")z, ‘

ol 00l &l Canga gaalol jo B ganad oLl J G J polio
Y \

sl 00 &L, Gy 13 BV IV Laly) &g ds Jow U 5l ot gl 5 el sl peiie Joles pyolie 1 (A

* \
" es(+vhp —(reh-2')z) ™
oo Az, (a—e(c[d +c, +6¢, )+ YAN +& (s +a.))
“ ~Yhg' —(-reh+ 27z, o
W= \ U, ()

Y

e(+\‘h(p' —(/\eh A )z,)



BF-YA. e AF-F uL.....;l; A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

. hgo(a—e(ctd +c, +5cts)+7//1N. +(§(s. +a.))

4a= ~thg' —(~reh+ 2z, ™

* \
P +Yeho' —e(/\eh —ﬂf)z‘

fvH

v

sl 0 8] Canmg bl o O sanas olsly U, b U, polis

il 7 JNEY Laly) & a0 a0 oo Jo 5 G prlaw 12 peenal sl juiite Jolss pyolie if (gamad

U/\

"= 5(h¢*+v(—feh+z*)z,) a

/ ﬂ,z,(a—e(ctd+ctr+5cts)+}//1N +§(S.+a.))
g~ Y
o —hg" —x(—feh+ ")z, o

. U

q

v e(—hgo' +(Aeh—%’)z\) N

hgo(a - e(ctd +c, + 5ct5)+ yAN. + f(s. + a.))
—hg' —v(~¥eh+ ")z,

q; = (fo)

¥ \
p = U, (£%)

e(—hqo' +(Aeh—\%')z‘) ‘

ol o &8l] Cawg saalsl o F anad olily U, 6 U, ol

A
el B) BV Ly, & oo & ke U 5l g ebans o8 oncd (sl i Joles jolie Y g

. U

Al

" v (o' +¥(—veh+2")z,) ™

/ ﬂz,(a—e(ctd+ctr+5cts)+7/ﬂN +(§(s.+a.))
.= FA
N —vhgo‘—f(—rehwi')z, o

U,

W= )
—Yehp' +¥e (\‘eh -1 ) z,

. h(p(a—e(ctd+ctr+5cts)+j/ﬂ,N,+§(s_ +a_))

e =" Yhe' +¥(-veh+1')z, ¢
p*:a—e(ctd—ctr+5cts)+}//"t]\[+§(S,+0£,)+ U, o
Ye —veho' +’Fe(Yeh—/1')z\

sl 00 8] Canmg bl o Vo sanas wlsly Ul s U, polis

el (OF) JIOY Lalg, & 50 ) ool (5o iie Jolas ppolie A (A

o¢



oo

e 5 hoelonsl 1,25 -5l (5255 8,529, i Prbamdes s (el (500255 S 5 0000V (535 el () 2

. ocg (hgaY +(—\‘eh+l’)z\)—h2‘ (a—e(ctd +e, )+ VAN +E& (s, +a.))

5(hg' +(—reh+2")z,)
o Az, (a—e(ctd +c, +6¢, )+ AN +& (s +a.))

# —hg' —(~¥eh+1")z,

x U,

Wy

g +(~veh+ 1)z,

w

. h(p(a —e(cq+c, +8c, )+ AN +& (s, +a_))

4a = ~hg" —(~¥eh+1")z,

. U

'Y

P e +(—feh+ ")z,

ol 00 &3l Cavgms saalol o A (sandd Ll 5 U,

¢, +c, +c, +cg Se(ctd +c, +5cts)6?_UF
\ \ \
+ +
e—f(a+r) e§—7ﬂ,u—§(a+r) e—f(0'+z')—gol9

\

vr= \
_—e(\‘+5)+}//1,u+§(0'+r)+g00\
B yolyly so0e yrolie ) Jgar
Parameter Value Parameter Value
a 20000 ;. ) 2000
e 0.9 ) 3000
o 0.8 Cii ) 3000
A 0.75 0, 0.8
T 0.75 z, 3
) 0.85 4 0.8
0) vy 5] 0.35 y 0.9
h 3 ¢ 0.85
) 4000 o 0.6
Cy S 7000 S, 6000
) 9000 a. 7000
¢, S 1000 N, 7000

oY)

oY)

%)

(00)

(0F)

M ).sbl.a.n

oY)

(1)



BF-YA. e AF-F QL.....;L A oled FY (g0,90 (i pd S i g rlo wiige ole Gal=o

.ng.g‘)u.w )’| J.»al: GO @Ly .TJS«A—?

Scenario
Variables Supplier as leader Manufacturer as leader Retailer as leader Vertical Nash
With invest. Without With invest. Without With invest. Without With invest. Without
mnvest. nvest. mnvest. invest.
T, (m$ 43.7 15.5 84.3 30.0 46.5 16.5 86.1 30.6
T, (m$ 23.4 83.4 23.0 8.2 93.0 33.1 99.4 353
T, (m$ 85.0 30.2 43.7 15.5 25.1 8.95 89.0 31.7
D 4593.6 2740.0 4556.4 2718.7 5026.5 2999.3 9458.7 5644.0
P($) 544223 36903.3 54444.0 36916.8 54170.2 36753.4 51589.3 35213.5
w ($) 43718.2 29858.3 43781.3 29895.9 30051.6 217134 35479.4 24942.3
m($) 41600.4 279453 26725.5 19069.6 19158.4 14544 .4 27363.2 19451.6
q, 1446.1 862.9 1434.4 855.9 1582.4 944.2 2977.2 1778.6
ll-g 1276.0 761.4 1265.7 755.2 1396.3 833.1 2627.4 1567.8
013 bauzo 33 (ulangs (ol (g0 puaniy s ¥ Jgu
Scenarios
Variables Manufacturer as leader Retailer as leader Vertical Nash
T, (m$) 124.66 67.14 107.96
T, (m$) 66.79 134.29 124.64
D 7753.70 8352.53 10591.3
P(%) 3995.69 39508.37 37686.42
W ($) 2440.98 17830.59 20318.21
q, 25780.46 2629.50 3334.32

o1



Sharif Industrial Engineering and Management Journal (2025), 41(1), 57-72

Sharif University of Technology ST

https://sjie.journals.sharif.edu/

Research Article

Analysis of Customers' Lifetime Value with a Clustering Approach Based on Som
Artificial Neural Networks and Markov Chain (Case Study: Pasargad Digital Bank)

Maral Mirzaei Moradi !, Hossein Razavi Haji Agha*?, Hanan Amouzad Mehdirji * and Ali Alikhani 4

! Faculty of Industrial Management, University of Tehran, Kish International Campus, Iran

2 Department of Management, Faculty of Management and Financial Sciences, Khatam University, Tehran, Iran

3 Department of Technology and Innovation Management, Faculty of Industrial and Technology Management, University of
Tehran, Tehran, Iran

4 Department of Industrial Management, Faculty of Management and Social Sciences, Islamic Azad University, North
Tehran Branch, Tehran, Iran

* corresponding author: (h.razavi@khatam.ac.ir)

Article Info Abstract
Clustering of customers and analysis of their lifetime value is one of the basic strategies of policy making
Article history: in production and marketing. Since the advertising strategies of many businesses are implemented
] regardless of the financial behavior clusters of customers and the expected income resulting from the
Received:27 January 2024 dynamic financial behavior of customers, the advertising policy based on the customers’ lifetime value in

. the dynamic clusters of their financial behavior can save a lot of advertising and marketing costs to manage
Revised:25 November 2024 the costs imposed on businesses. This is despite the fact that the studies conducted in the field of customer
Accepted:30 December 2024 lifetime value analysis have not paid attention to advertising strategies based on lifetime value. The
existing methods for determining the lifetime value of customers rely on static clustering of customers'
status, while customer clustering based on their financial behavior is a dynamic and time-varying
phenomenon. Therefore, in this research, the lifetime value analysis of customers and the optimization of
advertising strategy in the dynamic clusters of their financial behavior using a self-organizing neural
network and dynamic stochastic programming have been discussed. For this purpose, based on the status
of each customer belonging to a cluster during consecutive weeks, a Markov chain is formed from the
. clusters containing customers, and the lifetime value of customers is based on the transition probability
clustering, matrices of customers' status from one cluster to another, and it is also estimated based on the expected
markov chain, income of customers in each cluster. The results showed that customer clustering with the self-organizing
neural network method can explain at least 91% of the changes in the data. Also, the findings showed that
the optimal advertising strategy for each cluster of customers with a certain expected income level will
lead to different lifetime value for customers, which shows the importance of dynamic clustering of
customers and determining the optimal level of advertising cost in each cluster to gain more customer
lifetime value.
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Variable Symbol Std. Deviation | Minimum Maximum Median Mean
Lag Index R 0.81934 3 1.5827 1.5778
Frequency Index F 7.498 29 17 16.55
Monetary Index M 192,403,725.3 | 2,122,996 | 868,913,107 | 820,380,134.8* | 251,955,046.9
Advertising Cost P 625,974.43 40,065 2,899,302 754,240.8 908,229.6
Revenue from Rev 427,840,236 3,168 2,550,608 380,183.7 503,503.6
Transactions

Weekly Customer Clustering
Using RFM Data and SOM
Analysis

Forming a Markov State
Transition Probability Matrix
for Customers Between
Weekly Clusters

Calculating Customer
| Retention Probabilities for
Each Cluster and Estimating
Expected Customer Revenue

Determining the Optimal
Advertising Cost Strategy for
Each Cluster Based on
Maximizing Customer Lifetime
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Quality Performance Indicator Minimum Maximum Average
Quantization Error 0.218755 0.263433 0.240162
Percentage of Explained Variance 91.2 92.69 91.973397
Topographic Error 0.116883 0.309091 0.205877
Casky-Lag Error 1.579139 2.116103 1.801255
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Clustering Method Number of Proposed Clusters Percentage of Explained Variance
SOM 4 91.973397
K-Means 6 84.32216
Density-Based 3 87.151097
Distribution-Based 4 86.690851
Lo S 1l 55 Gl e Corridg JUL! Jloio! i yile .0 Jgur

Base State Cluster 4 Cluster 3 Cluster 2 Cluster 1

Cluster 1 0.2276973 0.2499102 0.2434439 0.2789486

Cluster 2 0.2227514 0.2430747 0.2536052 0.2805688

Cluster 3 0.2162457 0.2476340 0.2506298 0.2854906

Cluster 4 0.2293489 0.2363759 0.2599985 0.2742767
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ANOVA F-Statistic (Significance Level) 623.585 (0.000)
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Advertising Initial State Cluster 4 Cluster 3 Cluster 2 Cluster 1
Group
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Initial State Probability Vector 0.1586538 | 0.3990385 | 0.2115385 | 0.2307692
Cluster 1 0.2314555 | 0.2430538 | 0.2327301 | 0.2927606
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Advertising Group Cluster 1 Cluster 2 Cluster 3 Cluster 4
High Advertising Cost Customers 0.7800136 0.800625 0.500136 0.8536118
Low Advertising Cost Customers 0.7867881 0.7948517 0.4210856 0.8971313
SOM (slaaiigs g Flald gbrog)S yd b ytiee yos Job (13,1 )e Jguzr
Customer Lifetime Expected Cluster Discount Advertising Advertising
Value in Cluster Revenue Rate (a) Cost Group
24,191,615 20,786,274.96 Cluster 1 0.1653 945,790.09 High Advertising
Cost Customers
23,849,653 20,729,791.73 Cluster 2
24,800,590 21,837,171.77 Cluster 3
22,900,153 20,345,779.40 Cluster 4
23,377,350 19,950,112.37 Cluster 1 0.1653 864,090.72 Low Advertising
Cost Customers
22,132,280 19,305,156.80 Cluster 2
23,956,439 21,194,436.37 Cluster 3
21,385,392 18,840,387.35 Cluster 4
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Average Customer Lifetime Value Expected Revenue Estimation Method
19,534,908 17,063,712.09 Based on K-Means Algorithm
21,193,052 18,512,098.32 Based on Data Density
20,593,746 17,988,605.45 Based on Data Distribution
23324.184 20373.638.84 Based on Self—Orgamzmg Neural Net.vvork and Stochastic
Dynamic Programming
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Glaze is one of the fundamental components of ceramic products such as tiles, porcelain
Article history: dishes, and sanitary ceramics. The formulation of glaze is a critical and complex process,
Received:24 April 2024 representing one of the most significant and challenging aspects within the ceramic
industry. Establishing the optimal formulation for glaze production is crucial for
Revised:28 September 2024 enhancing product quality and minimizing production costs. In this study, grounded in
Accepted:8 October 2024 practical experiences from a factory setting, the issue of glaze formulation is examined

and analyzed using an operations research approach for the first time globally. The
outcomes of the developed model were tested and successfully implemented on the
production line. To ensure the practical implementation of this research within the industry
Keywords: and to enhance user accessibility, a user-friendly software was developed. It is crucial to
recognize that different factories employ a variety of raw materials in their glaze
production processes. This variation arises from factors such as the unavailability of
certain raw materials, the elevated costs associated with some materials, and the expenses
related to transportation. The chemical composition of raw materials varies significantly,
with the percentage of oxides differing based on the specific mine and the section of the
mine from which they are sourced. Consequently, determining the optimal proportion of
available raw materials for producing a glaze with a specific Seger formula necessitates
repeated analysis. This iterative process is essential to identify the appropriate formula,
which can then be implemented in the production line. In this study, conducted with real-
world data and a thorough understanding of the problem through the production process,
as well as an extensive review of relevant literature, the issue of designing a glaze formula
is analyzed using operations research methodology. This paper presents a novel approach
to glaze formulation, which can serve as a foundation for future research in this area.
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SMOLG =) MOL, )
SEGPARM * SMOLG = MOL, + PS, - NS, Vi ®
ZCostJ_ *X, < GlazeCost 2]
L <X <U Vj V)
PS >0, NS >0, MOL >0, Vi,

)

SMOLG 20, X 20, Vj
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Oxide SIOZ TIOZ A1203

BaO

ZnO K,O |Na,O MgO CaO

Target Seger Value {2.90 0.00 0.30

0.05

0.05 0.04 (0.06 0.15 0.65
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Raw Material No. [SiO, TiO, |[Al,O3 BaO ZnO K,0O Na,O MgO CaO
1 48.80 0.07 36.10 0.00 0.00 2.60 0.14 0.35 0.12
2 54.88 0.07 40.63 0.00 0.00 2.88 0.18 0.40 0.14
3 74.00 0.03 14.60 0.00 0.00 5.60 3.90 0.00 0.80
4 98.00 0.04 0.78 0.00 0.00 0.15 0.08 0.01 0.02
5 0.72 0.00 0.00 0.00 0.00 0.00 0.00 20.39 32.00
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 56.00
7 0.00 0.00 0.00 77.67 0.00 0.00 0.00 0.00 0.00
8 0.00 0.00 0.00 0.00 99.99 0.00 0.00 0.00 0.00
Bons J9SUgo p 2 O Jgux -4yl Olgo B pan YL w9 B pan (b v aypa P Jgu
Oxide Molez:u/lrz;lro\;;’elght Raw Material | Cost (per | Minimum | Maximum
& No. unit) Usage (%) | Usage (%)
Si0; 60
1 150 0% 100%
TiO, 80
2 110 0% 100%
Al;O3 102
3 230 0% 100%
BaO 153
4 192 0% 100%
ZnO 81
5 110 0% 100%
K,0 94
6 105 0% 100%
NaZO 62
7 140 0% 100%
MgO 40
8 190 0% 100%
CaO 56

olaws 35 g osle Yo 51 yiaS lad (g ¥ 03 (sadsl Slgo slows Yoo o 2l
3o alis plo cplply il anSTY0 5l 568 Clad (o 05290 slaaus]
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Raw Material No. Batch Formula (%) Raw Material No. Batch Formula (%)
! I 1 10%
2 12% 5 8%
. 2 3 20%
4 SR 4 32%
2 o 5 18%
6 16% 6 3%
[ S 7 6%
g R 8 3%
Total D% Total 100%
(ol a5 5 amlic) A Jguo
Oxide SiO, | TiO2 | ALOs [ BaO | ZnO | K,O | Na,O | MgO | CaO
Target Seger

2.90 0.00 0.30

0.05 0.05 0.04 0.06 0.15 0.65

Seger from Traditional
Method 2.82 0.00 0.30

0.09 0.11 0.05 0.04 0.28 0.41

Seger from
Mathematical Model 2.90 0.00 0.30

0.05 0.05 0.06 0.04 0.15 0.65

Deviation (Traditional)
0.08 0.00 0.00

0.04 0.06 0.01 0.02 0.13 0.24

Deviation
(Mathematical) 0.00 0.00 0.00

0.00 0.00 0.02 0.02 0.00 0.00

Total Deviation From

Traditional Method 0.58
Total Deviation From
Mathematical Model 0.04

ssalivo )l 55 Jsesd 5 caloard 5IUT daclal glsil 4 bgy o Sledb!
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GAMS s 050 o0 0oulss GAMS 15816 5 b a4 Silegil &y g0y
2 S e SleFld oLy Joe J= slp |, CPLEX goarsS > 58l 5
4l 5l (6 S Voo 45 095 oo sudlive Slolore 2y Mg, & S
Silegil & ypoa g a3 T 5l Lol gulis closloe pladl 5l uy 05 o0

g g0 odpline QT i F S j0 aS 09l o sogate py8 0y
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150 10% 5%
110 8% 12%
230 20% 21%
192 32% 33%
110 18% 9%
105 3% 16%
140 6% 3%
190 3% 1%
Total Cost — 168.29
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K Glaze - [Oxides ]
File Edt View Insert

NS

CEX]

-

<|

Format Records Tools Window Help vy -8 X
" # VH T X,
Application Surface tension || Thermal Expansion || Molecular || shemical nature Oxide
temperature factor factor Coefficient weight
0.32 4.10 0.099 123.20 v Acid Zro2
0.00 3.00 4.000 80.00 T Acid Tio2
1.00 0.80 0.029 69.60 T Acid B203
0.38 3.40 0.035 60.10 7 Acid Sio2
0.00 4.50 4.000 160.00 T Amphoteric Fe203
0.32 6.20 0.061 101.90 T Amphoteric Al203
2.00 1.20 0.083 223.20 t Base PbO
0.60 3.70 0.129 153.40 t Base BaO
0.59 3.80 0.159 103.60 T Base Sro
0.88 0.10 0.331 94.20 T Base K20
0.60 4.70 0.094 81.40 T Base Zn0
0.88 1.50 0.331 62.00 T Base Na20
0.58 4.80 0.150 56.10 T Base Ca0
0.54 6.60 0.026 40.30 T Base Mgo
0.88 4.60 0.099 29.90 T Base Li20

Record: 14| <[ 1 » M [p¥|of 15

K Glaze - [Glazes]

Loyl 55529 9 LausT (8 y%0 ) S

File Edit View Insert Format Records Tools Window Help

Record: 14| ¢ | T [ 21| of 10

DRSS KN VeV X,
Glazes and their properties
Weight % of oxygen" Mole formula ”Molecular weight" Chemical nature " Oxide | Frit No.01 Glaze name
7.56% 0.3280 69.60 v Acid ;I B203 Glaze entry mode
39.17% 1.9690 60,10 v Acid v Si02 5
ot — Formula
4,79% 0.1420 101,90 v Amphoteric v Al203
— = - o
38.27% 0.5180 223.20 «|  Base . PbO Chemical analysis
2.34% 0.0750 94,20 v Base v K20
3.37% 0.1640 62,00 ol Bame |+| Ne20 oo
4.51% 0.2430 56,10 =™ aie . cao
[" Select
] I 100.00% Sum of percentages
v
Record: 14| ¢ b | M P¥|of 7 .
K AILL] Add new oxide [
241.78 {mhjm) Surface tension 1.00 {mol) Total moles
762 *10/-6JK  Thermal expansion coefficient 905.69 ('C) application temperature

Wl a3 g o boad 5IUT g adgl Slgo (B ymo ¥ S5
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K Glaze - [Calculation of glaze from raw materials]

File Edt View Insert Format Records Tools Window Help
NRS& ) WY X,
- | Start calculations | | Frit No.06 ” Glaze name |
| k2o |[ poo |l apos | sic2 || 203 [ Max || Min |9 weight|[ Unitprice | Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% 100.00% 0.00% ? 0 Orthoclase
0.00%  0.00%  0.00% 0.00%  56.30% 100.00% 0.00% ? 0 Boric acid
0.00%  0.00% 28.30% 66.70% 0.00% 100.00% 0.00% ? 0 Pyrophyllite
0.00%  97.70%  0.00% 0.00%  0.00% 100.00% 0.00% ? 0 Red lead
68.10% 0.00%  0.00% 0.00%  0.00% 100.00% 0.00% ? 0 Potassium carbonate
0.00%  0.00% 34.70% 40.90% 0.00% 100.00% 0.00% ? 0 Halloysite
? Totale weigh % of raw materials
| K20 || PbO " Al203 " Si02 H B203 | ? Raw materials cost of final glaze
7.73%  25.30%  8.37%  29.49% 29.11% | Chemical analysis of desired glaze o n— i
axponsion || tension || temperature
0.4200 05800 0.4200 2.5100 2.,1400 | Mole formula of desired glaze oefiiceqt
! ? ? ? ? Chemical analysis of resulting glaze 7.05 206,54  820.23
= ? ? ? ? BN 2. tormuis of resuiting glaze ? ? ?
v
< [*]

Lyl plgs g ol 6o ¥ S

& Glaze - [Calculation of glaze f raw materials] B
File Edit View Insert Format Records Tools Window Help ] i (R IC
R & 4 XA
-~ . .
Start calculations | Frit No.06 ” Glaze name |
[ ko || Poo |[ alos | sio2 || 8203 || Max || Min- [o% weight]| unitprice || Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% | 100.00% 0.00% 45,08% 0 Orthoclase
0.00% 0.00% 0.00% 0.00% 56.30% | 100.00% 0.00% 51.71% 0 Borioacid
0.00% 0.00% 28.30% 66.70% 0.00% | 100.00% 0.00% 0.41% 0 Pyrophyllite
0.00% 97.70% 0.00% 0.00% 0.00% | 100.00% 0.00% 25.90% 0 Red lead
68.10% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.17% 0 Potassium carbonate
0.00% 0.00% 34.70% 40.90% 0.00% | 100.00% 0.00% 0.00% 0 Halloysite

123.27% Totale weigh % of raw materials

| k2o | Poo |f 403 || sio2 | e203 | 0.00 | Raw materials cost of final glaze
7.73%  25.30%  8.37%  29.49%  29.11% | Chemical analysis of desired glaze‘
Thermal Surface Application
expansion tension temperature
0.,4200  0.5800 0.4200 2,5100 @ 2.1400 Mole formula of desired glaze coefficient
7.73% 25.30% 8.37% 29.49% 29.11% | Chemical analysis of resulting glaze 7.05 206.54
0.4200 0.5800 0.4200 2.5100 2.1400 Zahr formula of resulting glaze 7.05 206.54

L]
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I Glaze -[Calculation of glaze from raw mater

Fle Edit View Insert Format Records Tools

Window Help v mil? X

NR & WEE WX,
-~
l Start calculations | | Frit No.06 “ Glaze name |
[ k2o | poo | aeos | sioz |[e203 | Max || Min o weight][ Unitprice | Raw material |
16. 908 Solve the model @ Ortlioclaze
0.00; ) Boric acid
End of calculations =
0.00} Pyrophyllite
Red lead
68.10 Potassium carbonate
Show answer -
0.00) Halloysite
? Totale weigh % of raw materials
I K20 “ PbO " AlR03 " Si02 " B203 | ? Raw materials cost of final glaze
7.73%  25.30% 8.37% 29.49%  29.11% | Chemical analysis of desired glaze‘
Thermal Surface Application
expansion tension temperatiire
04200 05800 04200 2.5100 @ 2.1400 Mole formula of desired glaze cogficlent ”
? ? ? ? ? Chemical analysis of resulting glaze 7.05  206.54

—! ? ? ? ? ? Zahr formula of resulting glaze ? ?
v
[ 4

0y G ydely bl g Lanwlxs plxil wig O JSCi

raw materials]

File Edit ‘iew Insert Format Records Tools Window Help ol [a) 2
& - T
Start calculations | Frit No.06 “ Glaze name |
| k20 || Poo [ 4203 | sic2 || 203 | Max || Min- [l%weight| Unitprice | Rawmaterial |
16.90% 0.00% 18.30% 64.80% 0.00% | 100.00% 0.00% 45,08% 0 Orthoclase
0.00% 0.00% 0.00% 0.00% 56.30% | 100.00% 0.00% 51.71% 0 Boileacid
0.00% 0.00% 28.30% 66.70% 0.00% | 100,00% 0.00% 0.41% 0 Pyrophyllite
0.00% 97.70% 0.00% 0.00% 0.00% | 100.00% 0.00% 25.90% 0 Red lead
68.10% 0.00% 0.00% 0.00% 0.00% | 100.00% 0.00% 0.17% 0 Potassium carbonate
0.00% 0.00% 3470% 40.90% 0.00% | 100.00% 0.00% 0.00% 0 Halloysite
123.27% | Totale weigh % of raw materials
| K20 || PbO || Al203 || Si02 || B203 | 000 | Rawmaterials cost of final glaze
7.73%  2530% 8.37% 29.49% 29.11% | Chemical analysis of desired glaze
Thermal Surface Application
expansion tension temperature
04200 05800 = 04200 25100 21400 | Mole formula of desired glaze costicknt
275%  25.30%  8.37%  29.49% 29419 | Chemical snalysis of resulting glaze 705 | 20654 82023
- 0.4200 05800 0.4200 25100 2.1400 | Zahrformula of resulting glaze 7.05 206,54 820,23 Resulting glaze
v

gl >
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In the financial literature, the capital market plays an essential role in economic growth
through the financing of enterprises, the optimal allocation of resources, the improvement
of liquidity of assets, the improvement of company management, and the increase of
transparency in the economy. One of the most important challenges that shareholders
always face in the market is to make the right decision and be in the right position with
buying and selling stocks. Stock forecasting that predicts future stock movements and
benefits shareholders has been an attractive research area for financial studies and
researchers for the past. In this research, we present two models of neural networks that
receive inputs and predict price and movement trends, and finally, the performance of
these two models is compared. The data studied in this research includes the price data of
the 5 largest shares of the New York market during the years 2000 to 2020, in which 80
percent of the initial samples are used as training data and the remaining 20 percent are
used as test data.

In the proposed VMD-LSTM model, first, the stock price time series is decomposed using
the variational mode decomposition algorithm (VMD) into the intrinsic mode functions
(IMF), and then each of these IMFs is predicted by the LSTM model and After interpreting
the results. In the second proposed method, available features, including price and some
of the most important technical indicators, are used to predict stock prices. In the GA-
LSTM model, the genetic algorithm is first used to select the best features from the entire
set of features. Then, the time series of the stock closing price was predicted by an LSTM
network using the selected features. The results of the research showed that because both
models are very good in price prediction, the proposed GA-LSTM model, which is
developed based on feature selection, has less error and more accurate performance.
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Item Parameter Value
1 Chromosome Size 25
2 Population Size 100
3 Crossover Rate 0.8
4 Mutation Rate 0.02
5 Number of Generations 100
6 Fitness Function MSE
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Item Parameter Value
1 Model Step 4
2 Number of Hidden Layer Neurons 300
3 Dropout Rate 0.2
4 Activation Function Relu
5 Optimizer Function Adam
6 Batch Size 256
7 Number of Epochs 100
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Item | parameter value
1 High Highest price of the stock during the trading day
2 Low Lowest price of the stock during the trading day
3 Open Opening price of the stock on the trading day
4 TP Typical price of the stock
5 Adj Close | Adjusted closing price of the stock on the trading day
6 Volume Trading volume of the stock on the trading day
7 SMA(S) 5-day Simple Moving Average
8 SMA(20) 20-day Simple Moving Average
9 SMA(50) 50-day Simple Moving Average
10 EMA(10) 10-day Exponential Moving Average
11 EMA(20) | 20-day Exponential Moving Average
12 EMA(100) | 100-day Exponential Moving Average
13 MACD MACD line (Moving Average Convergence Divergence)
14 Signal line | Signal line of the MACD indicator
15 ATR ATR (Average True Range) indicator
16 ROC ROC (Rate of Change) indicator
17 RSI RSI (Relative Strength Index) indicator
18 SO%K Stochastic Oscillator %K indicator
19 William%R | Williams %R indicator
20 | Lower Band | Lower band of the Bollinger Bands indicator
21 Upper_Band | Upper band of the Bollinger Bands indicator
22 SD20 20-day Standard Deviation of price
23 MOM Momentum indicator
24 SnP_Close | Closing value of the S&P 500 index on the trading day
25 DJIA_Close | Closing value of the Dow Jones Industrial Average (DJIA) index on the trading day
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Item parameter Value
1 Model Step 4
2 Number of Network Layers 3

3 Number of Hidden Layer Neurons | 300

4 Dropout Rate 0.2
5 Activation Function Relu
6 Optimizer Function Adam
7 Batch Size 512
8 Number of Epochs 80
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Item | Stock Selected features
1 (UNH) | ['High', 'Low', 'Volume',MACD','Adj Close','WI'/ROC', EMA(10)','mom','RSI'," atr','SnP_Close']
) GS) ['Adj Close','MA(50)','High','Low",'Signal Line',)MA(5)',/)ROC','sd(20)","atr', MACD",'
EMA(20)",'RSI']
3 | dBM) | ['High',Low!,'Signal Line',’ WI', 'MA(5)', 'SMA','sd(20)','atr'/ MACD',EMA', RSI']
4 dPM) | ['upper_band',lower band','Low','Signa | Line' ,'WI' ,'MA(5)' ,/EMA(10)' ,'mom', 'RSI' ,'atr']
5 dNJ) | ['Open', 'High', Low",'Signal Line','Adj Close' ,/STOK',;ROC',EMA(10)",'RST,]
5Oy Joo 90 S (sl F Jgur
VMD-LSTM GA-LSTM
Item Stock
MAE RMSE | (%)R? | MAE | RMSE | (%)R?
1 (UNH) 5.292 6.445 98.15 | 3.77 5.093 98.84
2 GS) 3.54 4.409 97.98 | 2.967 | 3.996 | 98.34
3 dBM) 2.073 2.738 95.80 | 1.746 | 2.456 | 96.62
4 JPM) 1.705 2.097 98.81 1.44 1.887 | 99.03
5 JNJ) 1.284 1.733 96.42 | 1.295 | 1.886 | 96.09
Lo ple b golessiony sJoo @i amslio ¥V Jgur
(UNH) GS) WJPM)
Item Model
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Vehicle routing problems are a category of complex mathematical problems in the field of
transportation and supply chain management, and a wide variety of these problems have been
introduced. One category within this field involves the collaboration of two different types of fleets
in a network, where in many cases, one of the fleets must patrol the graph as a support fleet and is
not subject to the same constraints as the other fleet, such as only visiting a vertex or an edge once.
Examples include refueling fleets or trucks providing services to drones, where these fleets patrol
the network so that the other fleet can use their services as needed.

In this paper, the problem of the free movement of such fleets on a graph is examined as a free patrol
problem, which can be used as a sub-problem in the modeling and solving of many routing
problems. To this end, the problem is modeled as a mixed-integer linear programming (MILP)
problem in both discrete and continuous time spaces. Generally, it is expected that the model in
continuous time space will exhibit lower computational complexity, but since modeling in
continuous time requires changes to the graph, leading to an increase in the number of vertices and
edges, its behavior needs to be more thoroughly investigated. On the other hand, another challenge
in analyzing this problem is that the objective of the free patrol sub-problem depends on the main
problem, as without the main problem, the free patrol problem may lose its objective, with a fleet
patrolling the graph within a designated time. Therefore, to decouple and make the free patrol
independent of the main problem, five different objective functions have been introduced for each
model, covering a wider range of comparisons, leading to ten models in total. Subsequently, all ten
models were solved exactly using randomly generated data for ten different graphs. Finally, the
behavior of the models was evaluated and compared from various perspectives. The numerical
results demonstrate the superior performance of the continuous time model over the discrete time
model.
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Continues-Time Discrete-time
sample | objective | #Variables | #Constraints | Time (s) | GAP% | #Variables | #Constraints | Time (s) | GAP%
— Obj 1 663 67 14.24 0% 6540 11448 34.36 0%
(]
g‘ Obj 2 662 67 5243 0% 6540 11448 371.32 0%
& Ob;j3 662 67 44.99 0% 6540 11448 540.50 0%
Obj 4 667 77 1.60 0% 6546 11460 35.18 0%
Obj 5 676 95 111.58 0% 6554 11476 776.68 0%
~ Obj 1 2259 115 46.70 0% 12609 22419 255.52 0%
% Obj 2 2258 115 3600.47 164% 12609 22419 3716.85 -
E Ob;j3 2258 115 3600.83 | 295.48% 12609 22419 3617.76 -
Obj 4 2264 127 0.46 0% 12616 22433 85.60 0%
Obj 5 2278 155 3601.41 | 114.43% 12629 22459 3644.23 | 102.09%
e Obj 1 3969 163 48.98 0% 15520 27648 38.08 0%
% Obj 2 3968 163 3600.62 | 213.73% 15520 27648 3617.23 -
§ Ob;j3 3968 163 3601.61 | 225.46% 15520 27648 3612.01 -
Obj 4 3975 177 0.45 0% 15528 27664 105.02 0%
Obj 5 3992 211 3601.16 71.55% 15544 27696 3617.44 | 134.47%
< Obj 1 4098 184 3.49 0% 17115 30321 109.08 0%
% Obj 2 4097 184 3600.74 | 294.79% 17115 30321 3615.59 -
E Obj3 4097 184 3600.44 | 283.29% 17115 30321 3611.66 -
Obj 4 4105 200 0.53 0% 17124 30339 93.88 0%
Obj 5 4123 236 3600.48 84.88% 17141 30373 3607.88 | 118.29%
“ Obj 1 9924 298 1.56 0% 24880 44165 203.76 0%
%_ Obj 2 9923 298 3600.51 | 334.01% 24880 44165 3673.42 -
vg) Ob;j3 9923 298 3603.88 | 405.40% 24880 44165 3672.53 -
Obj 4 9932 316 1.08 0.00% 24890 44185 3624.25 16.95%
Obj 5 9953 358 3600.65 | 105.86% 24910 44225 3629.65 | 229.74%
© Obj 1 12525 331 28.08 0% 29845 53343 617.26 0%
%_ Obj 2 12524 331 3605.89 | 364.67% 29845 53343 3685.13 -
U%) Ob;j3 12524 331 3600.96 | 521.69% 29845 53343 3673.34 -
Obj 4 12534 351 2.08 0% 29856 53365 3616.85
Obj 5 12560 403 3602.03 | 109.87% 29881 53415 3628.24 | 223.77%
~ Obj 1 15927 403 18.31 0% 30450 54204 482.38
%’L Obj 2 15926 403 3600.96 | 455.88% 30450 54204 3632.67 -
(% Ob;j3 15926 403 3600.46 | 485.68% 30450 54204 3633.04 -
Obj 4 15937 425 1.19 0% 30462 54228 1526.66 0%
Obj 5 15964 479 3600.86 | 117.32% 30488 54280 3643.31 | 184.54%
0 Obj 1 15927 403 18.31 0% 30450 54204 482.38
'q?i Obj 2 27176 535 3600.90 | 458.05% 41610 74463 3647.24 -
(;%) Ob;j3 27176 535 3600.94 | 500.65% 41610 74463 3763.38 -
Obj 4 27188 559 8.24 0% 41623 74489 3754.43 | 192.59%
Obj 5 27220 623 3601.21 | 105.16% 41654 74551 3667.80 -
o Obj 1 34665 643 93.82 0% 41296 73339 654.40 0%
'% Obj 2 34664 643 3601.89 | 561.07% 41296 73339 3649.47 -
§ Obj3 34664 643 3604.45 | 683.70% 41296 73339 3699.68 -
Obj 4 34677 669 2.56 0% 41310 73367 3625.86 2.94%
Obj 5 34708 731 3601.97 | 131.54% 41340 73427 3672.57 | 258.34%
o Obj 1 34776 646 40.71 0% 44395 79231 1291.05 0%
Z) Obj 2 34775 646 3601.67 | 613.24% 44395 79231 3697.17 -
g Ob;j3 34775 646 3601.03 | 471.27% 44395 79231 3664.13 -
n Obj 4 34789 674 8.62 0% 44410 79261 3653.55 | 135.71%
Obj 5 34825 746 3601.08 | 106.61% 44445 79331 3639.09 | 168.39%
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Continues-time Discrete-time
objective | Time(s) | %Optimal | #Variables | #Constraints | Time(s) | %Optimal | #Variables | #Constraints
Obj 1 31.34 100% 13473 325 463.02 100% 25310 45032
Obj 2 3246.61 10% 14597 339 3330.61 10% 26426 47058
Obj 3 3245.96 10% 14597 339 3348.80 10% 26426 47058
Obj 4 2.68 100% 14607 358 2012.13 50% 26437 47079
Obj 5 3252.24 10% 14630 404 3352.62 10% 26459 47123
Sample 1 224.84 100% 666 75 351.61 100% 6544 11456
Sample 2 | 2169.97 40% 2260 125 2263.99 40% 12614 22430
Sample 3 | 2170.56 40% 3974 175 2197.96 40% 15526 27661
Sample 4 | 2161.14 40% 4104 198 2207.62 40% 17122 30335
Sample 5 | 2161.53 40% 9931 314 2960.72 20% 24888 44181
Sample 6 | 2167.81 40% 12533 349 3044.16 20% 29854 53362
Sample 7 | 2164.36 40% 15936 423 2583.61 40% 30460 54224
Sample 8 | 2165.76 40% 24937 531 3155.42 20% 39389 70434
Sample 9 | 2180.94 40% 34676 666 3060.39 20% 41308 73362
Samplel10 | 2170.62 40% 34788 672 3188.99 20% 44408 79257
Average solving time (obtimal results): 23.88 s Average solving time(obtimal results): 453.61 s
Average solving time: 1955.77 s Average solving time: 2501.45 s
No. of obtimal results: 23 No. of obtimal results: 18
% of obtimal results: 46% % of obtimal results: 36%
Objective 1- Solving Time Objective 1- No. of Variables
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Since hardware may experience sudden failure and software solutions are often costly, users
need an environment to perform computational and data storage tasks without expensive
hardware and software. Cloud computing can provide this capability, but the presence of cyber
hackers and their attacks raises user concerns about their data security. As information is
precious, losing it can result in significant costs for the information owner. To address this
problem, companies have emerged to ensure the safety of cloud computing services, and cloud
users can entrust their information security to them. This article aims to examine the
competition between security provider companies and cyber hackers using game theory and
determine the strategies of each player to determine the game structure. These structures are
based on the leader's decision to determine the security level initially or after an attack has
occurred. The company decides what price to offer the user based on the value of the
information, the amount of effort needed to return the information after a successful attack, the
security level it needs to maintain, and the power structure. Similarly, the hacker decides how
much effort to put in based on the value of the information. The results show that the price
decreases linearly based on the information value when the company is the leader. In addition
to the results obtained about the company's profit, it shows that in general, the company's profit,
when it is a leader, is more than when it is a follower, and in particular, the company's profit
based on the percentage of returned information in the leader's position is much higher than in
the position of the follower. The level of security provided is also different according to the
position of the company, and when the company is the leader, it is much higher than when the
company is the follower, based on the hacker's credibility and the value of the returned
information.
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The efficient transportation of goods and passengers from origin to destination is a crucial aspect of
supply chain management. The design of transportation systems plays a key role in determining
system costs and customer satisfaction. In cases where direct communication between all points is
not feasible, the hub and spoke system can be utilized. The design of the hub network is a strategic
decision that faces uncertainties such as demand, costs, and system reliability. Natural and unnatural
events can impact the efficiency of hub facilities, leading to additional costs for the system. Capacity
limitations in hub facilities may necessitate crisis management strategies, such as transferring flows
to backup hubs during emergencies. This study explores the use of single backup and multiple
backup approaches to address hub unavailability and meet demand requirements. A mathematical
model is presented to investigate and solve the single and multiple backup strategies. Due to the
complexity of the problem, a genetic algorithm approach is employed for optimization. The
performance of the algorithms is evaluated using the CAB dataset, demonstrating the effectiveness
of the proposed solutions. Comparing the results of single backup and multiple backup strategies
reveals that the latter is more advantageous in terms of system costs and congestion in hub nodes.
This study highlights the importance of strategic planning in transportation systems and the benefits
of implementing backup solutions to ensure efficient operations. This research underscores the
critical role that transportation systems play in the overall success of supply chains and the
significant impact that effective logistics management can have on customer satisfaction and
operational costs. The strategic decisions made in designing transportation networks can have far-
reaching implications on the overall efficiency and reliability of the system. By exploring different
backup strategies and utilizing a mathematical model, organizations can better prepare for
disruptions and ensure continuity of operations. The use of genetic algorithms and data analysis
tools can provide valuable insights into the performance of transportation systems and help identify
opportunities for improvement. Overall, this study emphasizes the importance of proactive planning
and the adoption of innovative solutions in the field of logistics and transportation management.
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— 096 | 040 | 013 | 072 | 0.8 | 064 | 001 | 048 | 006 | 079
aren .
009 | 021 | 026 | 031 | 0.06 | 0.38 | 0.06 | 090 | 0.86 | 0.80
0071055 [ 005 | 022 | 096 | 0.63 | 008 | 031 ] 051 | 051
Parent 2
0301 0.66 [ 085 | 0.60 | 0.16 | 027 | 040 | 054 | 058 | 0.37
096 | 040 | 013 | 032 | 096 | 063 [ 008 | 031 | 0.5 | 051
Offspring | -
T 009 | 020 | 026 | 031 | 0.16 | 027 | 040 | 0.54 | 058 | 037
w 007 1 055 005 | 022 | 084 [ 0.64 | 0.00 [ 048 | 0.06 | 0.79
Offspring 2
030 | 066 | 0.5 | 0.60 | 016 | 038 | 006 | 090 | 086 | 0.80
(Sl abliy Slos ¥ o
B | 096 | 040 | 0.3 ] 072 | 0.84 | 0.64 | 0.01 [ 048 | 006 | 0.79
arer
009 021 | 026 [ 031 [ 0.16 | 038 | 0.06 | 090 | 0.86 | 0.80
0.07 | 055 | 005 | 022 | 096 | 063 | 008 [ 031 | 051 | 051
Parent 2
030 | 0.66 | 0.85 | 0.60 | 0.16 | 027 | 040 | 054 | 038 | 0.37
! 096 | 040 | 0.05 | 0.22 | 0.96 | 063 | 0.08 | 048 | 0.06 | 0.79
Offspring | :
0091 0217 0.5 | 060 | 016 | 027 | 040 | 090" | 086 | 0.80
007 | 055 1043 {072 | 084 | 0.6 | 000 | 031 | 051 ] 051
Offspring 2
030 | 0.66 {026 {031 | 016 | 038 [ 0.06 | 0.54 | 038 | 037
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0.63 0.12 0.05 0.54 0.21 0.62 0.86 0.33

0.66 0.86 0.49 0.70 0.57 0.57 0.79 0.47

0.73 0.48 0.19 0.50 0.64 0.05 0.51 0.65

0.89 0.84 0.12 0.54 0.42 0.93 0.18 0.03

0.98 0.21 021 0.45 0.21 0.73 0.40 0.84

0.77 0.55 0.15 0.12 0.95 0.74 0.13 0.56

0.58 0.63 0.19 0.49 0.08 0.06 0.03 0.85

0.93 0.03 0.04 0.85 0.11 0.86 0.94 035
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Origin-Destination route Members of set A
Rout 3 to 2 1,6}
Rout 5 to 2 {1,6}
Rout 3 to 1 {1,6}
Rout 3 to 6 {1,6}
Rout 3 to 4 {1,6,DR}
Rout 3 to 8 {1,6,DR}
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Parant

0.64 | 040 013 ] 072 084 | 096 | 001 | 048 | 006 | 079
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Optimal
L3 L2 L1 Factor Factor Symbol
Level
L2 10N 8N 6N Population Size A
L3 40N 30N 20N No-improvement Counter (NIC) B
L2 0.9 0.7 0.5 Crossover Rate C
No-improvement threshold for mutation
L2 0.7 NIC 0.5 NIC 0.3 NIC ) D
increase
L2 0.8 0.6 0.4 Secondary Mutation Rate E
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Optimal L3 L2 L1 Factor Factor

Level Symbol
L3 10N &N 6N Population Size A
L3 30N 20N 10N Number of Iterations B
L2 4N 3N 2N No-improvement Counter (NIC) C
L3 0.9 0.7 0.5 Crossover Rate D
L1 0.7 NIC | 0.5NIC | 0.3 NIC No-improvement threshold for mutation increase E
L1 0.8 0.6 0.4 Secondary Mutation Rate F
L2 3WN 24N VN Number of perturbations by the secondary mutation G
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CSApHMLP-SB problem CSApHMLP-MB&DL problem
Objective
E £ . _5 ? 45 s é _5 @ Function
Nl B a :2 2 £ Relati Elo g :2 25 o E1O \dé/ Difference
z 55 mr 22 E| 9 2 oz 2z £ %)
g O 2 gF < g Oz = i <
is 5 © i & i ©
1
0.5 | 3448949 3448949 0 294 3.6 341451666. 34145166 0 1116.0 34
17.6 9 6.9
0 17.6
3805280 3805280 376324769. 37632476 1.1
0.7 49 7 497 0 338 2.7 3 93 0 903.4 29
3450031 3450031 339889758. 34013481 1.5
; 0.5 66.0 66.0 0 329 2.6 3 70 0.07  409.9 2.5
0.5
3742485 3742485 31.. 368199904. 36891849 1.6
0.7 425 425 0 0 2.3 2 6.8 0.19 3434 3.7
3872070 3872070 340268066. 34026806 13.7
0.5 253 253 0 47.0 2.3 0 6.0 0 663.9 4.7
1
4171758 4171758 358532515, 35853251 16.3
0.7 556 556 0 494 4.6 53 0 906.4 3.0
4904781 4915513 488934204. 48893420
0.5 281 66.1 021 983 34 45 0 6181.9 4.8 1.1
0
5359265 5359265 527989060. 52798906 1.5
0.7 615 615 0 71.1 3.5 07 0 3952.2 5.2
5037449 5037449 103. 479519946. 47951994 5
0.5 798 798 0 4 4.0 6.9 0 6569.5 5.0
8 | 0.5
5287754 5287754 102. 518988864. 51898886 1.8
0.7 998 998 0 g 3.5 45 0 3794.5 6.8
5440173 5440173 156. 474593040. 47461408 14.6
0.5 311 311 0 9 3.6 4.8 0.0 4004.8 6.6
0
5828048 5828048 129. 509988668. 51001129 14
0.7 656 65.6 0 5 4.2 R4 0.0 3064.6 7.1
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. . Exact .
N B o Exact Solution Acl};c?rei:‘:;n Ri:l;g:e Solution GA (”Sl“)lme
Time (s)
0 0.5 604452699.7 608127341.6 0.6 244.9 5.7
0.7 658946986.1 658946986.1 0 251.9 5.4
9 0.5 0.5 609097319.5 609097319.5 0 261.0 53
0.7 651716489.8 651716489.8 0 257.8 8.6
{ 0.5 613520708.5 613520708.5 0 560.9 5.5
0.7 645540583.6 645540583.6 0 263.4 5.2
0 0.5 718664173.0 718664173.0 0 463.8 10.1
0.7 803584995 .4 804976825.8 0.17 582.5 11.4
10 0.5 0.5 770589710.5 770589710.5 0 661.1 9.3
0.7 853374023.0 853374023.0 0 828.4 10.8
1 0.5 889723733.6 889723733.6 0 6923.4 11.2
0.7 980861092.0 988504006.2 0.7 5765.5 10.1
0 0.5 844900021.9 844900021.9 0 1235.5 13.4
0.7 934466522.6 934466522.6 0 1351.2 13.4
1 0.5 0.5 860597271.8 860597271.8 0 1242.4 12.0
0.7 942040689.9 942040689.9 0 1423.2 13.1
i 0.5 939229463.0 939229463.0 0 2003.5 12.9
0.7 1023269325.2 1023269325.2 0 8545.9 11.4
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CSApHMIP-SB probl CSApHMI.P-MB&DL problem

20 problem

GA Time (3)
e

%
%

GA

23762589452

26406627951
2899801136.7

Time (s)

—

21324359
92426625
26950418

3

21289217646
2445633432
2757351073

[ I | S R ]

P [ = lh
SSE
Lh (S W LA

)

55792787
9559384 .1

6
912255859
6
3

13218293288
2190716018.0
2597356424 .6
6414613436.0
6685037156.5
7141627797.5

[N ]
[ e e
= O LA e

J

3601064674 4
67684897359
68559674056

32652722878
6017563666.4
6610346774.8

46429863931
36626954233
6294517267.0

4570886916.3
3500665660 .4
6179716043 .4

85342270285

3 0.5 * 10773156256.4 6055
0.7 * 11371977068.4 7342
03 79217405891 3126 7643130162.8 1216.7 0.03
4 0.5 9469152660.7 430.6 89395231154 1189.8 0.05
0.7 11226235624.2 683.8 10937292781.3 1107.1 0.02
03 70067812651 3342 69350676088 14243 0.01
5 0.5 85567154882 306.1 84494004357 14123 0.01
0.7 10737465417 .4 311.8 9818706330.2 1472.0 0.09
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Improvement in Maximum Network Coyered Flow Covered Flow
Covered Flow Flow with Backup Without Backup Hubs B N
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Hospitals are one of the key parts of the health system that are responsible for providing
services to patients. The optimal allocation of hospital beds is one of the important issues
that plays a significant role in the financial and clinical performance of hospitals.
Therefore, in this article, an algorithm in six main steps, including data collection,
simulation, scenario definition, simulation model execution, calculation of the importance
degree of output variables, and ranking of scenarios, has been developed using a computer
simulation approach and considering the bed-sharing policy among different hospital
departments. The main criteria considered in this study include patient rejection (PR), the
percentage of resource utilization (RU), and the length of the queue (LQ). Due to the
nature of uncertainty in the problem, a fuzzy DEMATEL method has been used for ranking
scenarios. Finally, the best scenarios have been identified from the total scenarios
considered, which can be taken into account by hospital managers in decision-making to
improve the overall performance of their medical unit using optimal scenario assumptions.
The presented algorithm has been investigated on a case study, and its results have been
analyzed and reviewed. The considered case study hospital has two inpatient departments.
The first department is designated for triage patients and first-type clinic patients, while
the second department is for second-type clinic patients. In the conducted case study, the
weights of each decision criterion are 0.33, 0.09, 0.27, and 0.30 ,respectively. A total of
36 scenarios have been defined for the case study. In the end, based on the developed
model, scenario number 20 has been chosen as the best scenario. In this scenario, the
percentage of patient rejection for triage is 9/5%, the resource utilization percentage is
70%, and the average number of people waiting in line for first and second-type clinic
patients is 19.73 and 1.27, respectively.
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Time between triage and clinic patient arrivals

Percentage of male/female triage patients

Percentage of patients assigned to wards 1 and 2

Pereentage of male/female patients in ward 1

required information for
the simulation

w

Step 2: Define decision and

Percentage of male/female patients in ward 2

Length of stay of triage patients {days)

Length of stay of patients in ward 1 (davs)

Length of stay of patients in ward 2 (days)

response variables and
simulate the system

w

Step 3: Define scenarios

Response variable: Average percentage of
rejections from triage, average percentage of
resource utilization, average number waiting in
ward 1, average number waiting in ward 2

Decision variable: Percentage of resource capacity
of each ward (bed) that is allocated to another
ward

Step 4: Run the simulation

according to decision
variables and define levels

Step 6: Ranking scenarios
according to the weight of

» model and obtain the values of
the response variables

!

Step S: Calculate the importance of

[

each factor and simulation
results

response variables using fuzzy
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Ward 2 Ward 1 Vari o . o .
Female Male | Female | Male ariable 2 (%) Variable 1 (%) Scenario
- - - - 0 0 1
3 2 - - 20 0 2
6 4 - - 40 0 3
8 6 - - 60 0 4
11 8 - - 80 0 5
14 10 - - 100 0 6
- - 2 2 0 20 7
3 2 2 2 20 20 8
6 4 2 2 40 20 9
8 6 2 2 60 20 10
11 8 2 2 80 20 11
14 10 2 2 100 20 12
- - 4 4 0 40 13
3 4 4 20 40 14

4 40 40 15
8 6 4 4 60 40 16
11 8 4 4 80 40 17
14 10 4 4 100 40 18
- - 6 7 0 60 19
3 2 6 7 20 60 20
6 4 6 7 40 60 21
8 6 6 7 60 60 22
11 8 6 7 80 60 23
14 10 6 7 100 60 24
- - 8 9 0 80 25
3 2 8 9 20 80 26
6 4 8 9 40 80 27
8 6 8 9 60 80 28
11 8 8 9 80 80 29
14 10 8 9 100 80 30
- - 10 11 0 100 31
3 2 10 11 20 100 32
6 4 10 11 40 100 33
8 6 10 11 60 100 34
11 8 10 11 80 100 35
14 10 10 11 100 100 36
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Value Parameter Value Parameter
Exponential | The time between the patient's | Exponential The time between patients' arrival at triage
(schedule) arrival at Cilinc (n=8.5h)
45 Percentage of female patients in 55 Percentage of male patients in triage
triage
55 Percentage of patients assigned 45 Percentage of patients assigned to ward 1
to ward 2
35 Percentage of female patients in 65 Percentage of male patients in ward 1
ward 1
70 Percentage of female patients in 30 Percentage of male patients in ward 2
ward 2
Tr(2,3,4) Duration of hospitalization of patients (clinic ward 1)
Tr(2,3,5) Duration of hospitalization of patients (triage)
Tr(2,4,5) Duration of hospitalization of patients (clinic ward 2)
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Average number in Average number in Average percentage Average percentage of Scenario
queue(ward 2) queue(ward 1) of resource usage (%) | rejections from triage (%)
0.19 0.11 54.90 100 1
1.27 0.03 55.10 100 2
43.59 0.01 51.10 100 3
100.30 0.00 47.10 100 4
223.68 0.00 37.90 100 5
350.73 0.00 23.10 100 6
0.19 0.41 61.20 62.50 7
1.27 0.10 61.80 62.50 8
43.59 0.03 57.90 62.50 9
100.30 0.01 53.80 62.50 10
223.68 0.00 44.70 62.50 11
350.73 0.00 29.90 62.50 12
0.19 3.18 65.40 32.60 13
1.27 0.40 66.70 32.60 14
43.59 0.10 63.00 32.60 15
100.30 0.03 58.80 32.60 16
223.68 0.01 49.60 32.60 17
350.73 0.00 34.80 32.60 18
0.19 75.70 64.00 9.50 19
1.27 19.74 69.80 9.50 20
43.59 0.88 68.10 9.50 21
100.30 0.19 63.50 9.50 22
223.68 0.06 54.10 9.50 23
350.73 0.02 39.20 9.50 24
0.19 174.40 58.50 2.40 25
1.27 74.28 67.70 2.40 26
43.59 19.71 69.10 2.40 27
100.30 0.88 65.70 2.40 28
223.68 0.19 56.20 2.40 29
350.73 0.06 41.10 2.40 30
0.19 286.19 51.30 0.40 31
1.27 147.33 63.50 0.40 32
43.59 74.07 66.20 0.40 33
100.30 19.71 65.60 0.40 34
223.68 0.88 57.30 0.40 35
350.73 0.19 42.30 0.40 36
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Corresponding triangular
fuzzy number

Linguistuc judgments

(0,0,0.25)

No influence (N)

(0,0.25,0.5)

Very low influence (VL)

(0.25,0.5,0.75) Low influence (L)

(0.5,0.75,1) High influence (H)
(0.75,1,1) Very high influence (VH)
Average queue length of ward 2. Average rejection percenta

0.300

Average quene length of ward T, o
1m Average resource utilization
percentage 0.094
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12 11 10 9 8 7 6 5 4 3 2 1 Scenario

0.588 | 0.450 | 0.326 | 0.269 | 0.225 | 0.225 | 0.727 | 0.589 | 0.465 | 0.408 | 0.364 | 0.363 Score
- 31 23 21 17 18 - 32 30 27 26 Rank

24 23 22 21 20 19 18 17 16 15 14 13 Scenario
0.392 | 0.253 | 0.129 | 0.072 | 0.050 | 0.114 | 0.478 | 0.340 | 0.216 | 0.159 | 0.115 | 0.120 Score

29 20 11 - 7 33 24 15 13 9 10 Rank

36 35 34 33 32 31 30 29 28 27 26 25 Scenario
0.356 | 0.217 | 0.113 | 0.115 | 0.154 | 0.310 | 0.365 | 0.226 | 0.101 | 0.064 | 0.083 | 0.195 Score

25 16 6 8 12 22 28 19 5 - 4 14 Rank

g ylaw oy o g o e Y Jau
Decision variables
Response variables Value of Value of
variable 2 variable 1 .
Average Average Percentage | Percentage variable | variable | Scenario
1 1 0, 0
number in number in of . of . Woman | Man | Woman | Man 2 (%) 1 (%)

queue queue resource rejection
(ward 2) (ward 1) usage (%) (%)

127 19.736 69.80 9.50 3 2 6 7 20 60 20
43.586 19.711 69.10 2.40 6 4 8 9 40 80 27 Best
43.586 0.883 68.10 9.50 6 4 6 7 40 60 21
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