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Abstract

The correct storage and arrangement of products in the warehouse
increase efficiency in responding to requests, accelerate the
identification of products, increase accessibility of items in the
warehouse, make more use of available space in the warehouse,
reduce the possibility of product damage, and increase flexibility. The
review of studies in the field of warehousing and arrangement of
products in warehouses revealed that the use of machine learning
algorithms in this field is one of the important research gaps.
Therefore, in this article, using machine learning algorithms, we aim
to present an innovative algorithm for allocating goods to different
parts of a warehouse, for which a real case study is used. The goal of
categorizing products based on their characteristics is to minimize the
total cost of the system. Hence, spatial clustering algorithms based on
the density of applications with noise (DBSCAN), self-organizing
mapping neural network (SOM), and AGNES are used. The obtained
results show that SOM has better performance than DBSCAN. Also,
the DBSCAN algorithm performs better than AGNES.

Introduction
Warehouses play a crucial role in every supply chain that involves
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activities such as receiving, storing, picking, and transporting goods.
The way goods are stored directly affects the costs associated with
warehousing, so it is important to have efficient management systems
in place in order to stay competitive in the global market. Having an
organized warehouse layout, utilizing technology for inventory
management, and implementing streamlined processes can all
contribute to reducing costs and increasing efficiency in warehousing
operations. By continuously optimizing operations and staying up-to-
date with industry trends, businesses can ensure they are meeting
customer demands and staying ahead of the competition (Jinxiang Gu
et al.,, 2007). Storage is the primary and essential function in all
warehouses. The methods used for storing items can vary depending
on the type of warehouse and its specific goals and objectives
(Berman, 1996). The main goal of storage and warehouses is to meet
the needs of consumers or enhance service in a manner that takes into
account limitations in resources. Efficient management of storage also
helps to enhance the speed and reliability of deliveries, which has
been identified as a crucial factor for performance in the last twenty
years (Ann E. Gary et al., 1992). When looking at logistics costs from
an economic perspective, the costs associated with storage and
warehousing services make up around 15% of the total logistics costs
in developed countries like Germany (Handfield et al., 2013). In this
context, properly allocating storage can reduce costs. After deciding
how to store the goods, we determine their arrangement. The purpose
of this article is to determine the optimal arrangement of goods in the
dedicated storage system. Arranging the goods logically in the
warehouse increases efficiency in responding to requests, accelerates
goods identification, increases accessibility, makes better use of space,
determines the location of goods and protects them. It also provides
more flexibility and more suitable conditions for storage. It should be
noted that due to the functional nature of warehouses, which requires
rapid response to determine optimal goods placement, innovative
solutions are imperative. All algorithms proposed to solve organizing
goods in warehouses must completely consider inclusiveness
according to attributes like grouping, similarity, flammability,
degradability, inbound/outbound amounts, and stockroom area.
Therefore, according to the huge volume and diversity of data in these
systems, utilizing data extraction strategies can maximize efficiency
of mathematical planning models whose inputs include
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inbound/outbound amounts for each good and stockroom area
assigned. This confirms arrangements account for qualities like item
classes, quantities, traits, and warehouse restrictions. Usually,
algorithms presented by these methods typically have some
limitations. For example, you could reference the inventory of
products stocked in your warehouse. A useful way to enhance or
address existing issues is through the use of data-driven and machine
learning techniques. In this work, we aim to improve an innovative
algorithm described in prior studies using data-focused and
collaborative learning approaches. Next, we will provide a brief
overview of the framework. Then, the problem definition and
mathematical model are described. Following, the methods and
analyses employed and findings obtained are examined. After, the
effect of the algorithm on performance metrics is assessed. Later,
applications of machine learning methods for inventory are explained.
Finally, results and recommendations are presented.

Method

According to the items found in the storage facility, nine
characteristics for goods were identified, such as group one, group
two, similarity, combustion, combustible, corruption, violation, the
quantity of goods entering and leaving the warehouse, and storage
space extracted. Subsequently, 17 warehouse performance indicators
were used to calculate the cost function through a mathematical
programming model, analyzing 55 different scenarios. The
commodities were then classified using machine learning algorithms
SOM, DBSCAN, and AGNES, based on the identified characteristics
and inventory performance indicators, with the cost function
calculated for each algorithm. Finally, a comparison was conducted
between inventory performance indicators and the cost function using
the mathematical planning model and the suggested algorithm, with
performance evaluated through statistical tests like the Levene test,
Kruskal Wallis test, and the Brown for Syte test.

Results

Based on the inventory of 2800 different types of products in the
warehouse of Farasan Industrial and Manufacturing Plant,
characteristics were extracted for each product. Additionally,
warehouse performance indicators and cost functions were analyzed
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using mathematical programming models and machine learning
algorithms. The performance of three algorithms was compared with a
mathematical algorithm through statistical tests such as Levene's test,
Kruskal-Wallis test, and Brown-Forsythe test. The results showed that
the SOM neural network was more efficient than the other two
algorithms. Thus, by combining mathematical programming models
and machine learning algorithms, one can improve warehouse
performance and reduce costs, providing optimal solutions for factory
inventory management.

Conclusion

In previous research, it was found that products were stored in
warehouses without any prior processing. This created a gap in the
field, highlighting the importance of categorizing similar goods before
storing them in warehouses to reduce storage costs for factories and
manufacturing companies. To address this issue, a sophisticated
algorithm was developed to enhance product quality in warehouses
across all industries. Reducing storage costs is a common objective for
companies and factories, influenced by various factors in their
environments. This research focused on developing a model for
keeping products in warehouses by considering factors such as
product diversity. This study used DBSCAN, AGNES, and SOM
algorithms to classify products based on 9 features extracted from the
products, which resulted in 55 different classification modes with each
of the machine learning algorithms. The development of this
algorithm aimed to provide factory and warehouse managers with a
solution for making more effective decisions in arranging warehouse
products.
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VEO¥ g | vy o)u|fj>3wdu|wq,{uouw| Yot

3 s Kile s pui 0 S

5y Spl pa Ly mls i om0 a s Slas 0 S 4 a5 L
SOM zs 4K 3l oslitul b sdaT st 4 50 ab s S 5 Dol glacl
V.q),ﬁl\jDBSCAN ﬁ,,ﬁ\;t%@fut’,ama;#,ga\,aa,a
bodeTmsn 438 o0 oSOl (e L3l s AGNES o, U1 51 2: DBSCAN
S sl By S5 s00b e i 3n Wl 1 S 03000 Sl g5 SIS e S
Y gzms olei ol 5 SOM ze S b (gliazns 5 Shas Sl ol (gotiasOlis

.L&Lvu.a odddil gs’"liJ Lg}u«.e\i,: Jde 3] JeLsws



Yoo | Gy 5 (Sr S b 0K Lavasti dies ) adlisli )] 6581 35 SIS &1

(456) I pa ol ‘,:i,,ﬁly-oug A g

L Sl os osls 0L Sl o sl o) Sl a Jo- 0Lej 7 JSG Golle

SOM 2,55 J= 0les 5 SOM e 45 51 oS’ DBSCAN ﬁ)ﬁ\you;

A3l AGNES o2, S 51 a8
L;.;Lb.aQTLf’éb)LA_?u)'\l)ouﬁja‘i}acbﬁ:&d&ﬁ-.\...a,:‘/Jg.i):

S et Pl 0 d e b

ol 5l TV

(d’fr.?) oldodalin )\u\in OV

(TV - 0V) . ®)

st doys = 100



VEOF Gl | VY oyl | fﬁ;wdu|w¢.{ﬁuouw| Y.s

DBSCAN r}'ﬂ)}ﬁ‘ 6&5’ A2y )‘é_,.u' v JS.:»

53 438 w5 e oy S a3 e 0Li |, DBSCAN 28 Gl Ao ys v S
VTl i Loy e 5a S p ity 5 b oo YO Sl Lo o 02, SO
ot AL e (e Lal b alad o st Lo s iy 0 &S sb0kes Ll tll e
U el 423l 5 DBSCAN (1,580 o 873 ol 51 eSzn 55 o 15 o0
ol 03 U o ys Lal s (2alS VIS Oladr 0255801 (s 3o ol 0 S 1) 5
Ton )l Uast Aoy o 7S 5 bl o= 1oV st oy o iy ol 57 02, S

b o



YV | Gy 5 (S S b 0K arati s ) adlisli ) 6581 o35 SN K &1,

SOM ‘.:w_,ﬁl s Lo )s s ged A S

3 4 p ml e o 28 das e 0L |, SOM s b gl Ao s A S
YO o Loy o sy a5 e o iy 5 ABL 0 V8 I by e 05 S
o Bl e Cte el (olaS 3 Uast o s iy 0 457 5b00kes el 4L o
S 1y a3 s el il g el s 53 SOM e S5 5 o0
CIl o rmg 53 2l e ool dias (2alS U s &Y guases Olodr ﬁ,,in
by e aSTINRF Sl S s 5 il V8 Sl w by e STIIAF L Ll

el YO I



VEOF Gl | VY oyl | fjajwdu|wq,mouw| YA

AGNES (':%JJK” slas Lo s Hlsged 8 JSS

)sg}mGUJIA_h@J_:S.MsLSAQW\)AGNESV.g,,th;Ua;‘-.Lp);%Ji.’z
OF Sl s by o 58 U ity 5 A3l e sl Sl i b e 02 U1
a3 @b Sl il 5 AGNES (2, Sl ous 3 ol 51 S 53 00,5 (o0
O.:UJLMM)JW.&JUMKYKQLA%&)}@\‘SQPGUgc,..wjb
0255 Film sLa0se3T 51l s — 5 s 0 05T .ol [1-Y/8-1/F] wﬁ,,ﬂ
\%TdJ;WQ\H@QTOJuTJQy)Td\MMJ}.&@u}wd\.&j

.(Shapiro-Wilk,1965) ,= L &S oo (69 Jbo 5 @5 5l esls

&h;}mu uyji K J}JP,'

Cost function statistic df sig
DBSCAN .838 55 .000
SOM 613 55 .000
AGNES 710 55 .000




VoA | Gy 5 (S S b 0K arasti At ) adlisli )] 6581 o35 S S &1,

Jloji b ol b 8l o o il o5 SSU de 53 81 e iy o4 sl Gollae
sz@ J)./.'b LSJ‘JL.‘*‘ Cbou)b V.’{)}i” Aw D Laosls Obﬁ
Ogmn T dan 3 ol mal g 53 il ols (6l el a0 53T sl 5 )3

. . . . . T . . . )
l—“u*‘lij‘)‘-”}—f‘-’L“‘gi‘Gj—sd}—‘)‘)3.;‘—*"&)—9’}—”’;5—“).)‘.

05
.(Levene,1960) &

RPIRPS IR PP

. Leven .
Cost function St?atiiti?: Dfl Df2 Sig.
Based on Mean 45.780 2 162 .000
Based on Median 12.455 2 162 .000
Based on Median and With adjusted df 12.455 2 76.085 | .000
Based on trimmed mean 31.364 2 162 .000

Solsbias mhawn 3 Jlazl s a5 L b byl 2l 23) Jootr il
Sl ol w4 ,b S5 il sty ST 1 pl ol 055 s 5, 519=.000 < sig=0.05
oslizal a5 8 Sl 51 Ol ot 31050 05T ¢S oslial s o S0le 6 11 o 5
5 oy ) 6 355 a5 Sl (Slaesls 31 (Slas sammn 4 min Y pane 57 AS 0
Sl il Sl oslial U S o g Sl 558 03l Oge3T S a2 |y O3 g s3le

.(Brown-Forsythe,1974) &S (s b, 1, =S cpleos S ale

Cale 558 04l 0sa5T N g

Cost function statistic Dfl Df2 Sig.
Brown-Forsythe 10003.214 2 78.882 .000

sl ol S bos 8 s il ilisls 5 385 n 35700 (5lskas

o LSS G codias S 45 g0 55> ANOVA 540 53 wlul slaaes 3 S|

1. Levene’s Test
2. Brown-Forsythe




VEO¥ g | vy o)u|~>,¢.~gdu|wq,{uouw|n~

.ﬁsagm\Jg\,d&w,;oyﬂﬁjd,u\)guuz),;tcﬁwt

ol ISy S Oga3l NY g

Cost function
Kuruskal-Wallis H 146.754
df 2
Asymp. Sig. .000

Sulalina claw 9 3L 5i9=.000 o Twsay Jlaz! Sldie O3 VY Jodr @ 4 65 L
4_75_:3 Q‘)JL;A -\_&L@ AT j‘ J_‘:af o.LATC_,_w.M.! Jlaz| )\.\:u Qﬁ J.&LL;G/'O Lo
5, DBSCAN,SOM,AGNES (slacs, S 5 Kle S ol 5 st i Lo p &S 255

Py

S s e gla el

Yo¥ o e o L 1y LUl S s Shae el V2 (YY) 0 Ka 5 5556 5 JT
Lo, Shes glajesla uuasy 5 LOT Oolal wlal » bOT givates 5 ode dllis
Cla oL (dudsy 3 = 5 155 (5,8 0310l e dlis BAD lows 540 o
eIl Calies clalS 5 5l o wld)510 51 e b 3 b 51U s Sles
o S 5 S b 53 e Sl gy p b 3,57 (6 S I kst (slatsu )
- 02 (o gae 3 Shas Sla jestli il Slaide 55 5 Slas e la \WVolal 3
5 OSTL Lo e sl Slas 5 o b o o sl Slas <Ol b Lo o 5 S sla
el s e T AW FNON S J g s 454;4&;\3 sz Sleil o g

oMl (v g5 gy (o5 ke b OY gz Dok e T

AGNES (31 5o dheker 02 ) S L OV guames Ol 51 by e 0

DBSCAN J&s 5 e o225 S b OV geame Olair 51 ey o SSke 1z

SOM 26, pmae 4K b U1 3 Y gummes Olodkinr Sl s 5 S00La 33

1. KPIs
2. Alberto Faveto al.



YN | Gy 5 (S8 b 0K arasti s 51 adlsli ) 6581 o5 SN S 1)

s slas Shee NV Jgu

h9oe Sl Khos

S shos s . ' 7
2] > < : S
(KP1) ots e ’ " ©

b ol sl | b )3 Olodr g oY1 gla ol sl | V] | VYP | VY | EYA | oY

S 3b oled ol [ L1 55 3L e 53 WY (g5lue 3| Op ) £ 22 \\%

&G Jsb 55 g poa a5 1y (oDl sl

Cond go 5> =031l 1y lods bl Sloj g lral % Y$ ¥ 'L 14
S 6,8
S ol 5L gladsly IS slaws Juls
oy '] FFYOLOEXY | RN | F¥e

550z Ll s Ml g e

PO ORI E PP
S slas el L g sl gL 55U JST | 0p | oYY | 0 AY | a¥e | 0y

el

b ISl Bl S i il
JECH I S s 30s Al o Aol B AS o | e | YEYE | YAYY | YV,YY | YVF

sl 0 (6,8 0510l o gae KP Lol [2d Y Jads ol

St 5 oS Je bt AGNES o5, 5831 s iy 5 Shas jasls Sl @
i blas 5 JU(gldb 5 28 Cond gn 83 (Zamny3b g lad ol g la ol 5 5l
il 03 99 DY guames Qlodr oS Jde 1 i

Sy 5 o e 55 136 Glad ol dla 15 sl > Shes 2l o KLe
Jobe 3l i Jhwcilas 5 i lis gl 5 oS Jde 5l 28 DBSCAN v;iuiuﬁ
sl 03 3 DY guzzes Qladr oS

SR UG JUTCIE P TCIUVR T F IR R PO SIS S S W L. WA
N pams Oledar oS Jbe 3l 250 SOM pas &S5 5 jawlilus 5 Jlsolab

ol 03y




VEOF Gl | VY oyl | fjajwdu|wq,{uouw| Yy

Ol b g e sl Shes N E Jgu

Ol b b o (Sd ;Ko
Q}:IA.G uaél."b -
el el Tz e
(KPI) uls”
BE r)‘éh 2o g 9 ol (esiS Gl p 5Ly se Ol
&35 50 Ol 390 [FYY VA YF YA
ol 353550 5L 53 e Ol &
Jis O 358 g0 i B jlhn Doy 5 (6 fe SBli Ol | oy | B0 FV[TSF| VA
ool dll 1S (it b plasil 6 457 Sbej o
Sk Ola Al [ VAC [VAY[ VA v
ol U
YK 55 b @l &l b il 0l
s Ol AU [ VY [AYO[AYY VA
el 5Y L)

el ok (S o1l Oley b s o KPI jasls jler O F ot sillas

Cils 0l 5 daimile (b 50l s 50l > Shas sl Kl @

RG] 03y CJY}M QL&.L:?GSJJA )\J:.J.:;AGNES (":i)ji“)b

DBSCAN r:‘i)}—i” 33 sl Ola 5 (639 se0la 3, Shas el u:_i,l_:a .

Olodear (oS Jie 3 28T (gt OLe 5 Jo 9205 Ol 62 5 (08 Jie I zies

R CERY QY}M

il 0laj 5 shisatsdle) ¢ s 250 e85 g 500k 3 Shas asls Kl @

Kap L b e 5las Ko 10 gt

el 035 OV games Oladr oS Jubs 1 208 SOM s <K s

g3 b ad o (Sl yShos

b:ﬂ.&c ‘Pw -
el aly ) C | € o
(KPI) suuds”
SIS sl @l 4 5m
SIS a5 okio 53 YIS Oles | AYY | ARY | ANY | VoY
(4o 5 S Mgmel 5530
o gk 4 5a laaysa plad odasOlis Sy pe o | Oley | VSYF | VLAY VYO A




N | Gy 5 (S8 b 0K arasti s 51 adlsli ) 6581 o5 SN S 1)

Wbl p s e

S sos 2l
= & & >y T < z S
(KPI) suuls :

el S (0 gee Sy e (1 SL

s |3 sl pa ples Juls 55136 a5
S Sl S 1SS

S ol e 2 S (9352 0 41 5

Gogrseausn | eSS absn ol 4 p Jold Losas| Ol | YAYY | FAYO | YAFF | YEAY

Olesi | AYF | VeYF | QYA | AVF

el o (6,8 oIl 4 pa b s e KPL Lastls lea 10 Jod 3llas

3 S 5 el 5 Dy o 458 (IS w3 5 Shos et U KL @
WLl 03 53 OY game Olakr oS Joe I 2is AGNES (o2, U1 55 (6357 30 43 52
DBSCAN (2,581 55 &y s 438 5 (651 458 5, Shes ol Sl @
Olodosr (oS ke 51 iy (3.5 g0 43 78 5 (SIS 5 ol 43 5 (o5 ke 31 S
el 03 55 DY gue

5 MK 5 rand A58 (s ks 45 38 (IS 4y 50 3 Sas e ls (Sl

@‘a:y&&wob%w{JJﬁ)\}JSOM G&MJJ‘_&‘)?}AQJA

Fle! Cd g G L las e glas Shes NN g

=i ghn 7 b Lo o (Sl3 Khos

R
S5 8 o R & ol T ol z|
(KPI)

ol JU1 38T 5 (g obas Sl Sl Ole
Ol Sl Ole 0 | FAY| OF,Y | FAN | FE¥
355 on deloes s Syl fl,,gsl Ol deoys Ol gea
lalbst sluw 87 Cl A4S et la oSG Sl gl
Sl gl | by plail o 53 1) Sl e Lo 5 ok S | DL AY | YA V2| Ve
A8 o 6,5 051!

‘-Lﬁ),w -\.&LGA )lf C?a.; Q:M (5‘;1 ‘S)L_M JJ.G.»; AY AF AY M




VEOY Gl | VY oyl | fﬁ;wdu|w¢.{ﬁuouw| Yt

ol (5 Seslnl elar! Oyt 5 5 L Jad 0 KPL (a2l 4w 8 s llas
ol
,'\J;;;ﬁAGNESr;i,,is\,s\M,ﬂjou\@woupﬂ;ubu@ég .
el 03 g DY gz Olodr oS Js 1 S Slusl gllas (6l g Olodr (oS Js
DBSCAN ‘._-i,)_ijlﬁ Sl sl 5 Oludl s 0l s Shas Lo ls ke @
03 9 DY gme Olodiar oS Jbe | i o g (6l 5 9 Olodkr oS ks 1 2aS
el

e dSad 53 g 5 Slail sl Ol Sl Ol s Shas Losls . Kle @
sl 03 59 DY guaes Glodr oS Jobe I S SOM

SUI s eile 850 duﬁ,,ﬂ 5,8
6\-“&;:?@*——47}@\—:0’.5}‘ S0 ‘s‘ﬁu—il—"»«shv%uf\“j‘ 2 92
Loty S (ol ok 55 47 ol 3l eslizal b S oo oslizl Ul (511 as
S LAY L sl 058 s SISl plowl 5 555 a4 s |y L SU1 ile (6, 8s
5 LoV ploulr 6l m Foli S Gl s i plail L 534S (Y 5o
S0 S30 SV smazme s Oladzr S (oo 3lgtin 1) 357 50 g (2lTon e
i 5l (S 5 ep Olad 5 Al S5 La0T 285 5 Slhes 015 5 65,
Ao Ll i sl 5 Sl g s e 5 L 62505 Gl sSTB) ileane:
(@u,gu,‘@\fc,w@\mp)avukép%m&,ﬁ,(;ﬁaﬁ
S 3 13 54 g 5L 53 VIS Oslayl 5 gl ol 5 Jsames Oyl 58 ¢l s 0 sDhe .l
LaS ls 1) Uy ol (o smme Jpa o (e (slapa, S 58 gledle L
crl Ol sladis ¢l m Sles sla it planil 5 (Jasme sa S35 S 5L
Sl oSl ey (1) 0L 5 (I S0L b aigy 5 o i 1 )b

Fo Ol 03 Al (el Sy BLSU S 5 o s s a0 e 03 (olend

1. Yang Li at al.



N8| Gy 5 (S S b 0K orati s ) adlisli ) 6581 o35 SN S &1,

L5 0 eslial 0Lty s e e &5 51 Sy G5l ST a0
g AT ol &Sy oL 53 osllas 3 Shes (g5lgiins Jbe o5 515 Olas 0T
(YY) 0L 5 3 LS ulags yls A LIS ¢S s lad 3140 (sla,lil 5o
V55 sla o S glomler ¢l b o 2 Slas 0350 LI Slas o) 2 4
L oS ('-::’.)j—i” S LaoT sl &8 55 L1 e 55 (g5lue o3 LOSG
OTC_,.»A_S-QLU')Mﬁ@ﬂgﬁfang@B)Jrg)g&&gbdﬁfag
ol b)) i 5, Sas 2 65 )3 (gl ol ;530 05V L g 51l il e
IMLv;iJj_is\dgtgou@u.uﬁ,\;_dt_i;,u)yIML;,,,\H\{;,ngs
(J o Arb 5, Shas a5 L pb.uﬁ‘ |25 ehidu a3 g |y (Solwatg 3 Shes
sl ay 5ol8 amiys 50,57 0 s 4 Sl (5 Ll 8 s 1 6 g OS50
ol Fewln guuibe )y 4wl
33 Slws o3 Usb 53 158 Sl Syl a5 L (YY) "0, 808 5 855 05
s St 358 3350 5 By M5 55 o gllanl SSTEe 4 i Ll 5 e L
505 St b 5o 13I8 (5, W b 5 055 Sl ek (St Gl o sas
Sl e am 5 L (YY) 20l 5 LS 5 (6 mm .3 503 45151 L1 5 (6 5los o3
S il e LalS 5 51 al b5l 53 e GBS e 03 Sass ;S o511
3, Ss gl 630 SKile gnas g om 5 SIS oslinal b ST 5 Sl L
T ORI by e e 53 5 e ) ol LaOT s 575 s U1 eSS (5,800
3 odd (6,8 5L O sz 51U cilalesLoE p3lie el sind Ol sioa (63555

S Y a5 U 0L Ko 53,5 (6,85 wpaas Ol s 7 G LSE L]

1. support vector machine

2. Johannes Karder at al.

3. integrated machine learning (IML)
4. Neven Voca at al.

5. Sezai Tokat at al

6. FCM



VEOF Gl | VY oyl | fﬁ;wdu|w¢.{ﬁuouw| Y\s

L YD) 0Sn 5 i 0 S i 8 i 5355 (6,856 0T 53 0ol
uhw@k))‘)QJU"LS‘J’L;;))‘LSJBJL"‘}M)JO}.‘."”'L‘jﬂ&.‘f“b
GFslS ol 5 aSS Losls 5 e 3 S0, &S5 skie ol (gl OT .5 gas 451,
Mggu\,sj\jw\.\_@é,ﬁ@u:wdmfg,w"ugg.:&;@g;,\@ﬁ
33 03 151 5 g @St HU S 5 O geme gL I G
)b‘))éﬁ&jé)bbﬁbdb)&-hw}jﬂ (Y.Y$)VO‘)@)jbﬂﬁ
LS‘J—’ \_AQT -\.J:-‘JJ.; uQT )‘ oJ.&déLw L;T C)L:ff uﬂ\.w‘ » C)‘JA )\ C_,.&\JJ: )l o
sy S i &5 gloosls ( K35 (S3b 6l 353 e Jdbe &G slou!
S 1y 355 53 e TS 5 5" 0 el 25 o 4 bl o o alo
a.\L&S_wH{W ..U.\‘.\)‘}st)j.\)jﬁ%)b\' 6&3))6}\.«:0,:5-5)’))\* QLA)CJJ.A
03 f s S 5 G Dl o Jildo 05 55 (ol Ko (slagz, S 5
A5 a5 0L LT gl izstls 5 b S 305 (F56 6l st ot & 4V
LS 5 Do gulS Wl bles oo &51) alis ol 5315 &35 o SNUMLP e S
)Lgldii‘_g.aﬁj.aC,.Ui.u:\lim‘_;\j&Apdgjﬁsj:f;lij\o:m\l;_gwb(\“\'?)
b\.g.._&ﬁ @bl—gﬁ] (S dog—w wb&-uﬁﬁj w\)a Lals ﬁ‘)‘;w}jjﬁabﬁ.k.q-
) Groos (58 (55 3L 3,1kl slagz, S Gl 5 (g 5 BB sbay o ol o
Sl polis 6,850 5yomlil 5 Lidu o 55 g gla chalas 5500 gl p
S aST 1y sl Sl 1 glanadst W i das oo Wl ) p LKl i pes 5
Iy Ll S 0 g0 ola,ll dul 3 3 (63,5,8 Il &K Ol siear mbile 6,5 5L sla i,

1. Jakob Giner at al.

2. Eunsu Doat at al.

3. Titratable acidity

4. MLP

5. lllya Kaynov at al.

6. One-Warehouse Multi-Retailer



VW Gy 5 (S8 b 0K arati s ) adlisli ) 6581 o35 SN S 1)

D 53 edle (5 80k (slagns ) S8 5,8 AV g

J= 9o Wlio Olasein
3 |3 3
a = \\’*‘ ~ 3
3 co Y \ ¢ 2
3105 4l c . N
3 i3 ‘i; 2 éi\ a2 :3‘ :{
;j Q¢ § ) 3 ’3 o
LEE 4 ?
o 2
SVM Yoy OKes 5 J KL
IML Y.ovy OLSan 5 55,5 Luila g
ANN Yovy AL 5 85505
FCM AR O 53 S g gl
Machine vision ARAA O 5 i oS
Random forest-
Y.vF oL Ken ;
MLP-PLS ST 532 s
DRL Y.vf Ol Kan 5 gl LI
SOM-DBSCAN- . .
Yovf o guioes
AGNES T e
J= s o amlas NA Jpi
Syl A
Ol g alo _ et S GAMS
Y SOM SBan wb lude
YSYAY YSYAY YVFFAY YSYAY

ot Sl i o)) (LSl slann s S S bl s shiean (g
35 GAMS ,153le 5 SOM  ae &S0 sm LT 3 g 3l odeTomsw lac!
el 0581 VA g 53 (63590 andllan g1 OIS 54 ls 3, 5 51,5 (gileslsT
Al o 6 g 3, Shas (gl el i w6, LSl gy 058 oo odalive &S bOler
Jioe o e 508 gy dilen 01,8 g atls 3g, 5 51,8 slasliT o, S| >
SISl gy 5o edsian § b 55 lajbee 5 Sl 0T 5 a8 dibly o 250

.Q‘oww;#)bcé:j’ﬁd‘)éﬁ.h




VEOF Gl | VY oyl | fﬁ;wdu|w¢.{ﬁuouw| YA

G S dom 5 oy

b e Loyl 55 Y pame Olodia oS Jdie )y p a0l dlie ol 53
g@&,.mdjl_waﬁzstgwjo&jm@;ﬁ;,),wuﬂa{uu—\;ﬁ
P S hscain ( Shs s ol pesde 1 Ll 5 DY game Oledar o
S 0g,S er ) Bl ke (Shycia ol b 4§ b s OV e ol
e Lp -V Gl # Gl 0 153 F alis Y g0y Sen ¥
s 5 (T) Lt 31N a5 55 53555 (5 529 93 50dd S5 (K55 S
Lis a8 50 oY pams 1 (5 505 45 s 45 (S) (5 lwe 0
Glnaiws Cadibes Il 00 5 1y Y games (3870305 5 pudle 5,850 duv;wiu
Mouww)ﬁ4{@jg.ﬁ:}\:ﬁ)ul)aaywob%QWJV.&J;
L g 458 55 &) s 5515 Olakr 51 8 Y e 55 (3515 1 ot Sl al
3 U8 alie GV (ciiarws gl 4S5 el 5ojs> cpl )3 35 50 Dt 4 4
Sl slaay ja 2alS ioman 5 DY pame (Gl &S aal 5 )L 5o Oleder
‘5|jmg;w,\ﬁjﬁ|¢gﬂjz ol s uls sud g S b 5 Sl )8 s
\)Gt_.prw,aL;aﬁ,\f%u«f@\o,\isfm,uwy;;y,mou.\ﬁ3%
2 Ol )8 g Lacs b a5 Gl Blial« o (s 5l,L0 slaay 58 05 57 aaS 5505
Sl pladis b s g b Ogel g 53 & ol 4 e 5 b ks O & Ok
Ui gl sl Lol 5 pl o 1S 03 a5 355 45,8 Lo 55 Ll s &Y guames Oledr
as a8 by e cpl s aS Sl ol 51 LSS LI s SV g (lbaes
3355545 abljarais Gyl 55 OV pame Ol 5304 S5 S35 55 esdle
PRE-PE Y G N VPN ST FUEIPS IWES JPL ISP I T P T
&l Al sl Y yams [y L S5y o pla SL1 2 55 5,13 OISl o o lxiTS)
I 00 (gl Ll 330 | DY guames L AiL a2dll 5oy Sdidulb YIS Jlis

.R\Jﬁ_)u‘).’&ywou-&%@W}ﬁb;‘s-@%b\)k&yww



| Gy 5 (S S b 0K arati s 81 4l ) 6581 o5 SN S &1,

Slapn, SN L ods 853 855 a0 an a5 L OV yaamms (sl shinay
ol 00 55 DY yams (Gkstiws 4y SOM —ae i s AGNESDBSCAN
Lol 53 DY pamme Oledoar (oS JHds a a5 L o 5 o0 1y Cadies
Loty S 3, Shoe 48 TSl oy O pames Ol s 488l javaied
O ol gl cl sl s OT (gl el 4 (505 d b (g 5870s05 5 uiile 6,8 a0
oo OT (sla el o ol 5L 65 o0ls 5 ile (5,8l (slag s S g > Shas
Lol sl adlie ol 55355 4 8 5L a0 ais ) e (slagn s 5 S e 5 352
(.;w_is\\_ga,\_.z;s Cl 00 Sl el s ol as Tl sy se slos el
AGNES oz, L 5 458 mb #YY SOM sas b cay 5 w6 1 \VFDBSCAN
ot 03,5 OBl (S L ey e 5 2,5 Sl 1 40 16 VA
d sl a U sl A3 14l SOM AGNES, DBSCAN, o2, Sl s s i
635 a3 03l 5 ilols SIUT Ll o (a8 b s 03 S Sl rb,ui”
235 oslil udly Sy S 050 5T 51 ot b
Oloslr 45wl 4 o ola Tzt 4y 58 w5 SOM ae S 5
el a2ils A A Sl g 53 5 VR e 5 5 Ll s OY suases
Y e Olonkr 458 WU 4 Comd 0Tt 41 58 @l DBSCAN (2, U1 55
RIS PRI S-WEYATE NG | PN ST TN BT PURCIC SR RGN | PR N VRS SS W I
Olodzr a2 L ook 5 oslis o das s Ol DBSCAN v;i,,ij\ sl Lo ys
2U o S eaTose 4 52w AGNES (2, 801 55 13,516 5Ll 53 OV s
Ot 03 5 Sl 03yt ISP Sl o 5 53 B3 Y e Olekr 4 o
(r et s Shes Lol o) p L (b Sl os izt =10 F Sl
5O L ks e glas Shes s atypo L das e s Sas 0lej L a5 e (sl Slos
ol 5l & 5 5 ames s Shae L2 la WV gl 015 oo olaim] (slacd st
oo Ls Sl (Y pames Sl oS Js 1 2 SOM pnae 4K 3 5 Shas



VEOF Gl | VY oyl | fﬁ;wdu|w¢.{ﬁuouw| Y.

St 53 SV e Dlezr (oS Jio 0 20555 5 DBSCAN 5,81 55 5 Shae
935, Sh LarLt Sl 51t AGNES i S0 53 3 Shas st ik 5
s 4K a8 Cl gxe ks ) el 03 55 5Ll 55 DY seames Oledar oS Jube
Ll 42313 g 5 Syl 4y Con (5 522 5 Shes SOM

335 el 5 glaslgiin ST Olidss sty
a0 DLl b mio s 5 68 oyl a5 b (S35 4 () b dlis o
553 SV e (6l 6 505 U8 S35 U1 o0 45 pitls DY s (vt
e 3 s OV guames dlen 1125 S
O gmms Ghuaied 5 GAbdd g (gl b (g5 esl L;Lag,;,ﬁ)jf\u Sl alie ol s %
SAuad g 3 0lg 0 aS 3 S oo hiuaiws abed O st |y OV pame 45T S oslinal
58 eslizal OT 31 ST sla_iass 53 656
suﬁ)}-@ Ssla el oo (sl 6,805 du‘.;win S0l o e ol
23,5 ealial (gduad o
Y gz Slor S5 slanzs s S 31 015 on Sk Doty WY Olakr (s %
oS e3lizal 5Ll 3

é\.’w u..bjw
il e il s ) plade 4abOLL fas3 ol

ORCID
Mohsen Kuchaki https://orcid.org/0009-0000-3140-8509
BehnamVahdani https://orcid.org/0000-0001-9850-2698


https://orcid.org/0009-0000-3140-8509
https://orcid.org/0000-0001-9850-2698

Y| Gy 5 (S S b O arasti s (51 4l ) 6581 o5 SN S 1)

GLm
oKils Ol s ile 5 5 (sls s lih (VWAF) oy i S 5 Loy e Slalp ol i )
O Wbl Slaptaea b Lo Sllos 5 )L g ke ,(WAY) (Jxie ¢ ade Y

S S pde Obejle

Refrences

3. ALONSO-AYUSO, A, TIRADO, G. & UDIAS, A. (2013). On a
selection and scheduling problem in automatic storage and retrieval
warehouses. International Journal of Production Research, 51, 5337-
5353 https://doi.org/10.1080/00207543.2013.813984

4. International Conference on Industrial Engineering and Systems
Management (IESM) (pp. 1-7). IEEE

5. ARABANI, A. B. & FARAHANI, R. Z. (2012). Facility location
dynamics: An overview of classifications and applications. Computers
& Industrial Engineering, 62, 408-
420.https://doi.org/10.1016/j.cie.2011.09.018

6. BALLESTIN, F., PEREZ, A. & QUINTANILLA, S. (2020). A
multistage heuristic for storage and retrieval problems in a warehouse
with random storage. International Transactions in Operational
Research, 27, 1699-1728 // https://doi.org/10.1111/itor.12454

7. BERMAN, B. (1996). Marketing channels, John Wiley & Sons In
CORPORATION, P. T. C. 1999. Introduction to data mining and
knowledge discovery, Two Crows

8. BHARATI, M. & RAMAGERI, M. (2010). Data mining techniques and
applications MUHAMEDYEV, R. 2015. Machine learning methods:
An overview. Computer modelling & new technologies, 19, 14-29.

9. CELIK, M., ARCHETTI, C. & SURAL, H. (2021). Inventory routing in a
warehouse: The storage replenishment routing problem. European
Journal of Operational Research.
https://doi.org/10.1016/j.ejor.2021.11.056

10.L1, L. & CHEN, Z. Hungarian-based Heuristics for Single-machine Flow-
Rack AS/RS with Determined Storage and Retrieval Locations.
Proceedings of the 3rd International Conference on Computer Science
and Application Engineering, (2019). 1-7.
https://doi.org/10.1145/3331453.3361669

11.DUPONT, L. Warehouse location problem with concave costs: heuristics



VEOF Gl | VY oyl | rﬁjwdu|w¢.{ﬁuouw| Yy

and exact method. The Proceedings of the Multiconference on"
Computational Engineering in Systems Applications", (2006). IEEE,
1341-1346. https://doi.org10.1109/CESA.2006.4281845

12.GASTWIRTH, J. L., GEL, Y. R. & MIAO, W. (2009). The impact of
Levene’s test of equality of variances on statistical theory and
practice. Statistical Science, 24, 343-360.

13.GOETSCHALCKX, M. & RATLIFF, H. D. (1990). Shared storage
policies based on the duration stay of unit loads. Management Science,
36, 1120-1132. https://doi.org/10.1287/mnsc.36.9.1120

14 KALFAKAKOU, R., KATSAVOUNIS, S. & TSOUROS, K. (2003).
Minimum number of warehouses for storing simultaneously
compatible products. International Journal of Production Economics,
81, 559-564. https://doi.org/10.1016/S0925-5273(02)00368-7

15.L1, L. & CHEN, Z. Hungarian-based Heuristics for Single-machine Flow-
Rack AS/RS with Determined Storage and Retrieval Locations.
Proceedings of the 3rd International Conference on Computer Science
and Application Engineering, (2019). 1-
7.https://doi.org/10.1109/ACCESS.2023.3246518

16.LU, W., MCFARLANE, D., GIANNIKAS, V. & ZHANG, Q. (2016). An
algorithm for dynamic order-picking in warehouse operations.
European Journal of Operational Research, 248, 107-122.
https://doi.org/10.1016/j.ejor.2015.06.074

17.LU, Y., SUN, Y., XU, G. & LIU, G. A grid-based clustering algorithm
for high-dimensional data streams. International Conference on
Advanced Data Mining and Applications, (2005). Springer, 824-831.
https://doi.org/10.1007/11527503_97

18.HAN, J. & KAMBER, M. (2001). Data mining: concepts and techniques.
1st edn San Diego. CA: Academic Press.

19.HAND, D. J., MANNILA, H. & SMYTH, P. (2001). Principles of data
mining (adaptive computation and machine learning), MIT Press..

20.MATZLIACH, B. & TZUR, M. (2000). Storage management of items in
two levels of availability. European Journal of Operational Research,
121, 363-379. 10.1016/S0377-2217(99)00037-5

21.MCKIGHT, P. E. & NAJAB, J. (2010). Kruskal- wallis test. The corsini
encyclopedia of psychology, 1-1.
https://doi.org/10.1002/9780470479216.corpsy0491

22.MEZGHANI, S. & FRIKHA, A. (2012). A heuristic approach to the
warehouse management problem: a real case study. International
Journal of Logistics Systems and Management, 13, 342-357.
https://doi.org/10.1504/1JLSM.2012.049702.



Y| Gy 5 (S S b O arasti s 51 4l ) 6581 o5 SN S 1)

23.MITCHELL, T. M. (2006). The discipline of machine learning, Carnegie
Mellon University, School of Computer Science, Machine Learning

24.MIRZA, S., MITTAL, S. & ZAMAN, M. (2016). A review of data
mining literature. International Journal of Computer Science and
Information Security (IJCSIS), 14, 437-442.

25.NISHI, T. & KONISHI, M. (2010). An optimisation model and its
effective beam search heuristics for floor-storage warehousing
systems. International Journal of Production Research, 48, 1947-
1966. https://doi.org/10.1080/00207540802603767

26.PALMER, A., JIMENEZ, R. & GERVILLA, E. (2011). Data mining:
Machine learning and statistical techniques. Knowledge-Oriented
Applications in Data Mining, Prof. Kimito Funatsu (Ed.), 373-396.
https://doi.org/10.5772/13621

27.QIU, R, SUN, Y. & SUN, M. (2022). A robust optimization approach for
multi-product inventory management in a dual-channel warehouse
under demand uncertainties. Omega, 102591.
https://doi.org/10.1016/j.0mega.2021.102591

28.QUINTANILLA, S., PEREZ, A., BALLESTIN, F. & LINO, P. (2015).
Heuristic algorithms for a storage location assignment problem in a
chaotic warehouse. Engineering Optimization, 47, 1405-1422.
https://doi.org/10.1080/0305215X.2014.969727.

29.REVILLOT-NARVAEZ, D., PEREZ-GALARCE, F. & ALVAREZ-
MIRANDA, E. (2019). Optimising the storage assignment and order-
picking for the compact drive-in storage system. International Journal
of Production Research, 1-
21http://doi.org/10.1080/00207543.2019.1687951

30.ROTH, A. J. (1983). Robust trend tests derived and simulated: Analogs
of the Welch and Brown-Forsythe tests. Journal of the American
Statistical Association, 78, 972-980. http://doi.org
/10.1080/01621459.1983.10477048

31.SEYEDI, I, HAMEDI, M. & TAVAKKOLI-MOGHADDAM, R.
(2019). Truck Schedulin Cross-Docking Terminal by Using Novel
Robust Heuristics. International Journal of Engineering, 32, 296-
305.http://doi.org/10.5829/ije.2019.32.02b.15.

32.SHAKERI, M., LOW, M. Y. H., TURNER, S. J. & LEE, E. W. (2012). A
robust two-phase heuristic algorithm for the truck scheduling problem
in a resource-constrained crossdock. Computers & Operations
Research, 39, 2564-2577. https://doi.org/10.1016/j.cor.2012.01.002.

33.SHAPIRO, S. S. & WILK, M. B. (1965). An analysis of variance test for
normality ~ (complete  samples). Biometrika, 52, 591-611.



VEOY Gl | VY oyl | rﬁjwdu|w¢.{ﬁuouw| YYs

https://doi.org/10.2307/2333709

34.Heuristic solutions for transshipment problems in a multiple door cross
docking warehouse. Computers & Industrial Engineering, 61, 402-
408. https://doi.org/10.(1016)/j.cie.2010.09.010

35.SUKHOV, P., BATSYN, M. & TERENTEV, P. A Dynamic
Programming Heuristic for Optimizing Slot Sizes in a Warehouse.
ITQM, (2014). 773-777. https://doi.org/10.1016/j.procs.2014.05.327

36.TOOTKALEH, S. R., GHOMI, S. F. & SAJADIEH, M. Tootkaleh, S. R.,
Ghomi, S. F., & Sajadieh, M. S. (2016). Cross dock scheduling with
fixed outbound trucks departure times under substitution condition.
Computers & industrial engineering, 92, 50-56.
https://doi.org/10.1016/j.cie.2015.12.005

37.TAN, P.-N., STEINBACH, M. & KUMAR, V. (2013). Data mining
cluster analysis: basic concepts and algorithms. Introduction to data
mining, 487, 533

38.VAN DEN BERG, J. P. & GADEMANN, A. (2000). Simulation study of
an automated storage/retrieval system. International Journal of
Production Research, 38, 1339-1356.
https://doi.org/10.1080/002075400188889

39.VELICKOQV, S. & SOLOMATINE, D. Predictive data mining: practical
examples. 2nd Joint Workshop on Applied Al in Civil Engineering,
(2000).

40.WAUTERS, T., VILLA, F., CHRISTIAENS, J., ALVAREZ-VALDES,
R. & BERGHE, G. V. 2016. A decomposition approach to dual shuttle
automated storage and retrieval systems. Computers & Industrial
Engineering, 101, 325-33. https://doi.org/10.1016/j.cie.2016.09.013

41.WITT, A. & VOB, S. (2007). Simple heuristics for scheduling with
limited intermediate storage. Computers & Operations Research, 34,
2293-2309. https://doi.org/10.1016/j.cor.2005.09.004

42.XIAO, J. & ZHENG, L. (2010). A correlated storage location assignment
problem in a single-block-multi-aisles warehouse considering BOM
information. International Journal of Production Research, 48, 1321-
1338. https://doi.org/10.1080/00207540802555736

43.YANG, D., WU, Y. & MA, W. (2021). Optimization of storage location
assignment in automated warehouse. Microprocessors and
Microsystems, 80, 103356.
https://doi.org/10.1016/j.micpro.2020.103356

44 ZAERPOUR, N., YU, Y. & DE KOSTER, R. B. 2015. Storing fresh
produce for fast retrieval in an automated compact cross- dock
system. Production and Operations Management, 24, 1266-1284.



Y0 | Gy 5 (S S b 0K arati s ) adlisli ) 6581 o5 SN S 1)

https://doi.org/10.1111/poms.1232

45.ZHANG, G., SHANG, X., ALAWNEH, F., YANG, Y. & NISHI, T.
(2021). Integrated production planning and warehouse storage
assignment problem: An loT assisted case. International Journal of
Production Economics, 234, 108058.
https://doi.org/10.1016/j.ijpe.2021.108058

46.Faveto, A., Traini, E., Bruno, G., & Chiabert, P. (2024). based method for
evaluating key performance indicators: an application on warehouse
system. The International Journal of Advanced Manufacturing
Technology, 130(1), 297-310.http://doi.org/ 10.1007/s00170-023-
12684-4

47.Do, E., Kim, M., Ko, D. Y., Lee, M., Lee, C., & Ku, K. M. (2024).
Machine learning for storage duration based on volatile organic
compounds emitted from'Jukhyang'and'Merry Queen'strawberries
during post-harvest storage. Postharvest Biology and Technology,
211, 112808. https://doi.org/10.1016/j.postharvbio.2024.112808

48.Kaynov, |. (2021). Deep Reinforcement Learning for Asymmetric One-
Warehouse Multi-Retailer Inventory Management.
https://doi.org/10.1016/j.ijpe.2023.109088

49.Tokat, S., Karagul, K., Sahin, Y., & Aydemir, E. (2022). Fuzzy c-means
clustering-based key performance indicator design for warehouse
loading operations. Journal of King Saud University-Computer and
Information Sciences, 34(8), 6377-6384.
https://doi.org/10.1016/j.jksuci.2021.08.003

50.Li, Y., Wang, H., Bai, K., & Chen, S. (2021). Dynamic intelligent risk
assessment of hazardous chemical warehouse fire based on
electrostatic discharge method and improved support vector machine.
Process Safety and Environmental Protection, 145, 425-
434 .http://doi.org/ 10.1016/j.psep.2020.11.012

51.Karder, J., Beham, A., Werth, B., Wagner, S., & Affenzeller, M. (2022).
Integrated Machine Learning in Open-Ended Crane Scheduling:
Learning Movement Speeds and Service Times. Procedia Computer
Science, 200, 1031-1040. https://doi.org/10.1016/j.procs.2022.01.302

52.Giner, J., Katic, D., Kovacs, K., Glawar, R., & Sihn, W. (2023). A
computer vision based approach to reduce system downtimes in an
automated high-rack logistics warehouse. Procedia CIRP, 118, 1078-
1083. https://doi.org/10.1016/j.procir.2023.06.185

53.Voca, N., Pezo, L., Jukié, Z., Lonéar, B., Suput, ., & Kri¢ka, T. (2022).
Estimationof the storage properties of rapeseeds using an artificial
neural network. Industrial Crops and Products, 187, 115358.



VEOF Gl | VY oyl | rﬁjwdu|w¢.{ﬁuouw| YYs

https://doi.org/10.1016/j.indcrop.2022.115358

54.adier, A. L., & Alpan, G. (2013, October). Scheduling truck arrivals and
departures in a crossdock: Earliness, tardiness and storage policies. In
Proceedings of 2013

Refrences (In persian)

1. Zanjabi Farahani, Reza and Asgar, Nasreen (2005) "Warehousing and
Storage", Tehran, Amir kabir University of Technology.

2. Alimi, Hossein Ali (2001), "Warehouse management and operations

related to warehousing systems”, Tehran, Industrial Management

Organization

lne (g 4l ol 4l (5,1l v;_,,in S5 GLIOFY) el (Sl € puomn ¢ S S 1l (21 4 Sk
WV CVIONY (o o ks Solafllos ¢ poliams| (g5lue 3 bt &S S (g 5loe o3 O aaies
DOI: 10.22054/jims.2024.75441.2876 .xvs

Industrial Management Studies is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.



