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Abstract. The space allocation problem is an optimization problem that involves
allocating resources or objects to different spaces or locations subject to certain
constraints. The space allocation problem has applications in many fields, including
logistics, transportation, manufacturing and urban planning. Solving this problem can
help businesses and organizations make informed decisions about resource allocation,
minimize transportation costs, and improve the efficiency of their operations. This
systematic literature review (SRL) examines the problem of space allocation and the
various methods used to solve it. The Kitchenham method is used in order to select
relevant 24 unique research papers from 231 articles published in the period 3™ January
2018 to 4™ October 2022. Each study can address several different methods and the
meta-heuristic algorithms are found widely used, and the Genetic Algorithm (GA)
occupies a leading position among others. 7 publications out of 12 that used meta-
heuristic algorithm as solution of space allocation problem include GA. In addition,
this work identifies and analyzes objectives and considerations of research papers. The
SRL concludes by providing some recommendations for future research in this area. It
is hoped that this review will be of value to researchers and practitioners in a range of
fields who are interested in the problem of space allocation and its solution.
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KEHICTIKTI 5OJIY MOCEJIECI: 9JIEBUETKE KYHEJI [IOJTY

P.3. Fanvimorcan

Fansivikan Payman 3eliHKbI3bI — «AKINApaTThIK TEXHOJIOTHSIAP JKOHE WHXKCHEPHs MEKTCOIHIH
MarucTpanThl, «Jlepekrep Typabl FEUIBIMY, Ka3zakcTaH-OpUTaH TEXHUKAIBIK YHHBEPCUTETI
ORCID: 0000-0001-7978-8344. E-mail: ra_galymzhan@kbtu.kz.

© P.3. Faneivkan, 2023

AHHOTANMs. KeHICTIKTI 06y MiHAeTi-Oenrini Oip HIeKTeyJaepAi ecKepe OTBHIPHIIN,
pecypcrapabl HeMece 0OBbEKTIIepl IpTYpIli KEHICTIKTepre HeMece OpbIHAapFa Oemyi
KAMTUTBIH OHTAWJIAHABIPY MiHIETi. byl Mocene IOTHUCTHKA, KOJIK, OHIIpIC JKoHE
KaJla KYpBUIBICHI CHSIKTBI KONTEreH cayiajapia KoJIaHbUiaabl. by moceneni menry
KOCIIMOPBIHAAp MEH YHBIMIIApFa pecypcTapibl 0oy Typajbl HETi3IeNTeH HIemiMaep
KaObUIIayFa, KOJiK IIBIFBIHAAPBIH a3aiiTyFa KoHE OJIAPABIH THIMIUIITIH apTTRIpyFa
keMekTeceni. by xxyiieni oneduerrepre moy (SRL) keHICTIKTI 667y MOCceNeciH KoHe
OHBI IICIIy YIIiH KOJJIAHBUIATBIH dPTYPJIi dicTepal KapacThipansl. KutueHxam omici
2018 xpuiasiH 3 KaHTapsl MeH 2022 KpUIABIH 4 Ka3aHbl apallbIFBIHIAA KapUsIaHFaH
231 MakanaHblH imIiHeH colikec 24 Oipereil 3epTTey >KYMBICTApbIH TaHJdy YIIiH
KOJIZIaHbLIaIbl. OpOip 3epTTey OipHele TYpii oficTepi KaMTybl MyMKIH KOHE MeTa-
IBPUCTHKAJIBIK AITOPUTMAEP KEHIHEH KOJNJaHblIabl, aJl FTeHETHKAJBIK anroput™ (GA)
OackajapIblH apachlHAa >KETEKUI OpbIH anaabl. KeHicTikTi Oemy MacerneciH wmienry
YIIIiH METa-3BPUCTHKAIIBIK AJITOPUTM/II KoJiianrad 12 0ackUIbIMHBIH 7-ciHe GA Kipei.
CoHbIMeH KaTtap, OYJ1 )KYMBIC 3epTTey KYMBICTAPBIHAAFbl MaKcaTTap MEH MalbIM/ay
OapbICHIH aHBIKTAWABI XKoHE Tanmmaiael. KopeITeiHAbUIal Kenme, SRL ockl camamarb
Oojamrak 3epTTeyiep VIIH Keibip YehIHbICTap Oepeni. bi3miH ofbIMbI3IIa, OYIT MOy
KEHICTIKTI 06y MoceleciHe JKOHE OHBI OpTYpJi caajapia MIeITyTe KbI3BIFYIIBIIBIK
TaHBITATBIH 3€PTTEYIIIED MEH TXKipHOeisepre naiigaasl O0mabl.

Tyiiin ce3aep: KEHICTIKTI 0oiy; OHTAWIAHABIPY AJTOPUTMACPI; JKYHETl IIOIy;
cakTay KeHICTIr1H 0eily; ey 9JIiCTepi; cakTay MaKCaThl
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xypHaubl. 2023. V.4, Ne 3. ber 75-86 (arputmibie TiniHzge). https://doi.org/10.54309/
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AHHOTanus. 3amaya pacrpeaeseHns IpoCTpaHCTBa — 3TO 3ajada ONTUMH3ALNH,
KOTOpas BKJIIOYaeT B ceOsl paclpelesieHue PEeCypcoB WM OOBEKTOB 10 Pa3IUYHBIM
MPOCTPAHCTBAM HIIM MECTaM C Y4ETOM OMNpE/ACICHHBIX OTpaHWYeHui. JTa mpodiema
HaXOAWT TPHUMEHEHWE BO MHOTMX O0JacTsX, BKIIOYAs JIOTUCTHKY, TPAHCIIOPT,
MPOM3BOJICTBO M TOPOJICKOE IUIAHMpOBaHHWE. PerieHue 3Toil mpoOIeMBbl MOXKET
MOMOYb MNPEANPHUATHSIM W OpraHu3alusiM NPUHUMAaTb OOOCHOBAHHBIC PEIICHHS O
pacrpeneneHun pecypcoB, MUHHUMU3HUPOBAaTh TPAHCIIOPTHBIE PACXOAbl U IIOBBICUTH
3 PEKTUBHOCTH CBOEH AEATENHFHOCTH. B 9TOM cucTeMaTuueckoM 0030pe JUTEpaTypsbl
(SRL) paccmarpuBaercst npoOiiemMa pacHpeneieHus MPOCTPaHCTBA W pa3jInUHbIC
METOZIbI, MCIIONb3yeMble uid ee pemieHusd. Meron Kutuenxsma wncmomb3yercs ais
TOr0, 4TOOBI OTOOpaTh COOTBETCTBYIOIIME 24 YHHUKalbHBIC HCCIEI0BATCILCKHIE
pabotsr u3 231 crareu, omyOnmukoBaHHOW B mepuon ¢ 3 suBaps 2018 roma mo 4
okTs0ps 2022 roma. Kaxmoe nccnenoBanue MOKET KacaTbCsi HECKOJIBKUX Pa3IMYHbBIX
METOIOB, M METaIBPUCTUUYECKUE QJITOPUTMbl HAXOAAT LIMPOKOE NIPUMEHEHHE, a
reHetnueckuil anroput™m (GA) 3aHMMaeT JHIUPYIOIIEe MOJNOKEHHE CPeau APYTHUX.
7 mybnukanmii u3 12, B KOTOPBIX HCIIOJNIB30BAICS METadBPUCTUYECKUI aITOPUTM B
Ka4yecTBe pelIeHNs MpoOiIeMbl pacrpeneieHns IpoCTpancTBa, BkioyaioT GA. Kpome
TOTO, B 3TOW paboTe ONpPEACISIIOTCS M aHAJM3UPYIOTCS LS U XOA PACCYKICHUS B
HCCIIeNoBaTeNbckuX paboTax. B 3akmouenne SRL qaeT HEKOTOpBIE PEKOMEHIAINH TSI
OyIylIux MccieAoBaHni B 3ToM obmactu. Ha Ham B3misia, 3ToT 0030p Oyner moneseH
HCCIIEIOBATENSIM U NPAKTUKAM, KOTOPbhIE MHTEPECYIOTCSl MPOOIeMol pacmpenesieHus
MPOCTPAHCTBA U €€ PEIICHUEM B PA3ITUUHBIX 00JIACTAX.

KitroueBble cjioBa: pacnpeneneHue MPOCTPAHCTBA; AJTOPUTMBI ONTHMHU3ALUHM;
CHUCTeMaTHUeCKUid 0030p; pachpeneieHne TMPOCTPAHCTBA JJIS XPaHEHHS; METOMbI
peleH s ; Ha3HaYeHUE XpaHUIHIIA

Jast uutupoBanms: P.3. aaemvokan. [IpoOmema pacripeneneHusi MpOCTPaHCTBA:
crcTeMaTHUeCKuii 0030p auTepaTypbl//MexxayHapOAHbIH )KypHaT HHPOPMAITHOHHBIX H
KOMMYHHUKannoHHBIX TexHonorui. 2023. T. 04. Ne 3. Crp. 75-86 (Ha anr.). https://doi.
org/10.54309/1J1CT.2023.15.3.007

Introduction

Space allocation problem (SAP) refers to the challenge of optimally distributing a
limited amount of space among multiple competing demands or needs while minimizing
costs and maximizing efficiency. In many fields, the issue of space allocation has
become quite important (Pal, 2009; Xu, 2008). For instance, the positioning of things in
a warehouse where it is crucial to make the most of the available space and satisfy the
production demands (Bazzazi, 2009; D'Andrea, 2008). Similar to this, the distribution
of parking spaces for cars in parking lots where there are occasionally improper
distributions of cars (Chou, 2008; Ganesan, 2007). Another application of space
allocation is for crops in a land for cultivation where features as humidity or pH plays
important role and should be taken into account (Bossyns, 2007; Santé, 2008).

Every storage and warchouse is an essential component of the company's logistics
system, and its role is not limited to simple storage of material values. In its function of
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providing warehouse services, it is a key link in the process of deliveries and shipments.
The quality of the organization of the warehouse directly affects the activities of the
enterprise as a whole. The work performed at all warehouses is essentially the same
and includes temporary storage and placement of inventory, transformation of flows
and creation of high-quality logistics service in the service sector. In order to effectively
use the available space in the warehouse, it is necessary to continuously improve the
system of placing goods. In addition to the storage areas, it is necessary to allocate
zones where the reception, unloading, sorting and preparation of products for shipment
are carried out. A rational approach is a prerequisite for solving such a large volume of
tasks. For the effective packaging of products, certain schemes for the space allocation
of goods in the warehouse are being developed, which take into account the volume of
warehousing, the frequency of receipt and shipment of goods, as well as the methods of
packing. All this factors affects to the SAPs complexity, according to it, Frazelle in 1989
classified the space allocation problem as NP-hard (Frazelle, 1989).

It is important to provide permanent storage spaces for products to ensure the
supervision of their safety and care. In order to meet the needs of customers, a popular
principle is to place the most popular products in close proximity to the pick-up or
shipment point. Also, in practice, the method of long-term and short-term storage is
used, in which more necessary products are placed on some areas, and less on others.
Large warchouses often use cells to place batches of products together with a box or
pallet, while providing wide aisles for loaders with lateral fork movement. In general,
the effective placement of products in the warehouse is based on a rational approach and
optimization of storage and packaging processes.

This article provides a systematic review of the literature on space allocation. To
identify and analyze the results of the space allocation study, a systematic literature
review was conducted. All fields were chosen as a scope because idea is the same and
features are interchangeable. This study also examines the state of similar-topic research
at the moment.

This SLR consists of five sections: the current section is the first section; it is
introduction to research topic which is space allocation problem. The second section is
called methodology where shown gathering and selection of relevant studies. The next
section presents results and analysis of the literature in relation to the issues discussed
in the previous section. Finally, the last section concludes the research articles and
provides recommendations.

Materials and methods

This systematic literature review based on the Kitchenham method (Kitchenham,
2010). An SLR can show the present level of research on a subject while highlighting any
gaps and areas that need more investigation in relation to a specific research question.

Research question

Any research study, including a thorough literature review, must include a research
question. It guides the research process and provides a clear focus for the review.
The aim of SLR is to provide valuable insights and inform decision-making in space
allocation by reviewing previous studies. In order to achieve the specific objectives and
stay focused on topic, following research questions were formulated:
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Q1 What is the current status of empirical research on space allocation problem?

Q2 What kind of methods/algorithms have been used to solve the space allocation
problem?

Data Collection

This study collected articles from reputable databases, such as IEEE Xplore and
Web of Science, Google Scholar. This online database selection is considered the most
relevant and complete for various knowledge following the context in this study. This
study uses articles published from 2018 to 2022, as Juan (2018) and Guesto (2007)
reviewed all articles before 2018 (Charris, 2018; Gu, 2007). This period used to see
as many relevant studies as possible in a predetermined domain. To find a relevant
study, the following keywords are used «(Title, abstract or author-specified keywords
("Space allocation" OR "space allocation problem" OR “storage space allocation’)
AND ("algorithms" OR "optimization" OR “methods” OR “solution”) NOT ((“shelf
allocation” AND “shelf space allocation”)).

In the initial phase, the articles obtained from 3 databases with this query were 231
articles.

Inclusion and Exclusion Criteria

The purpose of the inclusion and exclusion criteria is to guarantee that the studies
chosen for the review are pertinent to the research topic and satisfy the predetermined
standards for the population, intervention, comparison, result, and study design of
interest. This makes it more likely that the evaluation will be comprehensive,rigorous
and provides an accurate and reliable results. There are a lot of papers were found
while searching by keywords. However, not all articles are valid and chosen for further
analysis. The titles and abstracts of the found studies are then checked against the
inclusion and exclusion criteria. At this point, studies are excluded that do not adhere
to the inclusion criteria or the exclusion criteria. Table 1 shows the criteria used in this
study.

Table 1 — «Inclusion and exclusion criteria

Criteria Inclusion Exclusion
Publication date Articles published between 2018-2022 | Articles published outside the period
Language English All other languages
Document available | Article should be available as full-text | Articles that are not available for free or
full-text
Document type A conference paper proceeding or |Books, academic thesis, project reports
journal article

Study selection and Quality Assessment

After inclusion/exclusion criteria there left 89 papers. There also were papers
that chosen several times as papers gathered from three databases, and Mendeley’s
application helped to remove them. Part of articles did not pass the selection based on
abstract. The next stage of selection papers is full-text screening. It is time consuming
process; however, it helped to determine whether the article truly belongs in the final
selection of articles for the systematic review. The last stage is a quality assessment
process. This procedure involves assessing the caliber of the papers that will be
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examined. To determine whether the chosen papers satisfy the objectives of this study,
there are three questions. The quality assessment questions were created and adjusted
based on SLR-related research carried out by (Kitchenham, 2010). Modifications made
to the questions as described below in compliance with the requirements of this SLR:

QA.01: Is the topic addresses in the paper related to space allocation?

QA.02: Is the article clearly describing the research objectives or content?

QA.03: Is the article clearly describing the methodology?

All articles evaluated from 0 to 9, ranked and chosen 24 papers for further research.

Results and discussion

Status of Empirical Research

This session will provide the answers to Q1, which have been mentioned in the

previous sub-chapter.
Time of publication

Number of publications per year

Publications

2018 2019 2020 2021 2022
Years

Figure 1 — «Years of Articles Published»

The Fig.1 provides the total number of publications for the years 2018 through 2022.
The table demonstrates how publications have gradually increased over time. There
were only two publications in 2018, and there were five the next year, in 2019. In 2020,
the number of publications rose to six, and in 2021 and 2022, it stayed at five. This
data could indicate a growing interest in the space allocation or an increase in research

activity in this field.
Author country

cnine 42

Figure 2 — «Author country»

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0

e £ International License

80



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2023. Vol. 4. Is. 3.

According to the Fig.2, researchers from China have published the most articles with
10 which is almost 42 per cent of all papers, followed by the United States with 3 article
and Indonesia with 2 papers. 4 studies are from South Asian countries while countries
as Cuba, Nigeria, Hong Kong, Morocco, and Portugal each have one article about the
space allocation problem.

Solution Methods

This section will provide the answer to the Q2. A bar diagram shows the number of
times each method was used in the reviewed literature is shown in Fig. 3. It should be
emphasized that this statistic takes into account the overall number of applications of
each method in the research under consideration, as a single publication may cover a
variety of methodologies.

Number of references associated with types of solution
methods

m Exact

® Heuristic

= Meta-heuristic
Simulation

® Policies and rules

Figure 3 — «Distribution of solution methods»

According to Fig.3 the most frequently used solution is meta-heuristic with 12
references; this method might be used as a main solution or mostly for comparing with
another main solution. Heuristic follows with 7 references. Exact methods are also
used widely even if complexity of problem increases every year. In addition, research
community accepts using simulation and policies and rules.

Exact

Exact methods are a category of problem-solving techniques used in optimization
issues that guarantee to find the optimal solution for a problem. These techniques often
use mathematical models and algorithms to thoroughly go over all potential solutions
to a problem and choose the best one based on a predetermined set of standards. In
reviewed literature were used exact methods as linear programming (LP), branch and
cut (BC), mixed-integer linear programming (MILP) and integer programming (IP). In
total in 6 references were mentioned exact methods. Table 2 lists authors related to exact
methods of solving SAP.
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Table 2 — «Authors that used exact methodsy

EXACT

LP Fernando, Anushika & Mirando, Uditha & Perera, Dinesha. (2021); Iman Ghalehkhondabi and
Dale T Masel. (2018); D. Perera, U. Mirando and A. Fernando. (2022)

BC De Armas, Laidy & Valdes-Ramirez, Danilo & Morell, Carlos & Bello, Rafael. (2019)

MILP Assia Ait Ouhaman, Khalid Benjelloun, Jean Pierre Kenné, Najib Najid. (2020)

IP Jafari Kang, Masood & Mobtahej, Pooyan & Sedaghat, Atefe & Hamidi, Maryam. (2021)

According to the table above, widely used exact method is linear programming;
Fernando et al. (2021) introduced LP that solves SAP by efficient palletizing, specifically
speaking, the total number of pallets needed each day is calculated based on the daily
demand for each product as well as other warehousing-related restrictions in a multi-
product manufacturing environment (Fernando, 2021). While Masood et al. (2021)
proposed to replace hard constraints with punishments which are reflected in the form
of additional labor costs and allow flexibly solving the problems of cargo placement in
compartments and called this method as soft optimization method (Jafari Kang, 2021).
On the other hand, Bello et al. (2019) suggest using methods depending on the size of
the container terminal; in their study they used Branch and Cut method and genetic
algorithm (Armas, 2019).

Heuristic

A heuristic method is a problem-solving approach that uses practical techniques or
"rules of thumb" to find a solution. Unlike exact methods, which guarantee an optimal
solution, heuristic methods prioritize efficiency and speed over guaranteed optimality.
Heuristics are often used in situations where the problem space is too large to search
exhaustively or where an exact solution is not required. Examples of heuristic methods
in this literature review includes simulated annealing based on heuristics (SAAH) a two-
phase heuristic (2PH), curb space allocation heuristic (CSAH), brain storm optimization
(BS0O), best fit (BF), bottom left (BL) and lowest horizontal line (LHLA). Table 3 below
shows the relation between authors and heuristic methods.

Table 3 — «Authors that used heuristic methods»

HEURISTIC

CSAH Meigui Yu and Armagan Bayram. (2021)

BSO Rahul Nath, Amit Rauniyar and Pranab K Muhuri. (2019)

2PH Maria A. M. Trindade, Paulo S. A. Sousa, Maria R. A. Moreira. (2021)
BL, BF, LHLA Hongwei Tian, Zhixiong Liu, Xingxu Deng. (2018)

SAAH Yimei Chang and Xiaoning Zhu. (2019)

As shown, each author used unique algorithm and no one has same method. More
specifically, Paulo S. and Maria R. (2021) by using a two-phase heuristic could reduce
travel distance of workers by 15% which is approximately 477 km per month (Trindade,
2022). Another case is article from China, H. Tian. et al. in 2018 studied yard storage
allocation and concluded that BL algorithm is effective if storage space is sufficient,
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while BF usable when yard storage is insufficient (Tian, 2018). Finally, Khalid B. et al.
(2020) proposed heuristic algorithm that in less computational time solves big scale data
than MILP (Ouhaman, 2020).

Meta-heuristic

In recent years, so-called metaheuristic methods have been widely used to solve
time-limited problems.The advantage of these methods over classical heuristic methods
based on the local search method is that they allow you to explore a larger search space
to find a solution close to the optimal one, whereas local search methods stop after
finding a local solution of the selected neighborhood. Classical meta-heuristic methods
are genetic algorithm (GA), simulated annealing (SA), particle swarm optimization
(PSO). Beside classical methods Late Acceptance Hill Climbing (LAHC) and improved
NSGA-III were reviewed. Table 4 presents authors that have used different types of
meta-heuristic method for solving space allocation problem.

Table 4 — «Authors that used meta-heuristic methods»
META-HEURISTIC

GA Fernando, Anushika & Mirando, Uditha & Perera, Dinesha. (2021); Rahul Nath,
Amit , Pranab K Muhuri. (2019); Mingjun Zou, Qing Wang, Shu-an Liu. (2019);
Faizal Noor Arif, Budhi Irawan, Casi Setianingsih. (2020); Mingzhu Yu, Zhuobin
Liang, Yi Teng, Zizhen Zhang, Xuwen Cong. (2021); Wen Shi, Song Wang, Lei
Yang, PiChao Zheng, ChunWen Liu, Yue Tian. (2022); M. Mubashir Babar, Abdul
Rafay Khan, Abeer Javed Syed, M. Abdul Hai, Shaarif Asim. (2022); De Armas,
Laidy & Valdes-Ramirez, Danilo & Morell, Carlos & Bello, Rafael. (2019)

NSGA Peijian Wu and Yulu Chen. (2022)

LAHC Asaju La’aro Bolaji, Ikechi Michael,Peter Bamidele Shola.(2019)

SA Wen Shi, Song Wang, Lei Yang, PiChao Zheng, ChunWen Liu, Yue Tian. (2022);
PSO Zhou, Chenhao & Wang, Wencheng & Li, Haobin. (2020); Rizki Tamias, Casi

Setianingsih, Budhi Irawan, Satria Rana Dityantomo, Reyhan Adiptya Putra, Rizka
Shinta Wulandari, I Putu Yuda Danan Jaya, Muhammad Faris Ruriawan. (2021)

According to the table, the most popular method between researchers is genetic
algorithm (GA). It was used 7 times among all articles. As example, Mubashir M.
et al. (2022) solves the problem of fitting boxes with varying dimensions into racks
with the help of GA (Babar, 2019). In addition, Wen S. et.al (2022) showed that GA
has more advantages in both parameters as speed and the quality of the solution than
simulated annealing (Shi, 2022) On the other hand, Tamias R. (2021) proposed PSO
for optimization of storage arrangement of manufactured goods in the warehouse and
obtained best fitness (Tamias, 2021).

Simulation

In two studies were used simulation model. R. Hu et al. (2020) simulated the model
of airport parking space in order to understand how to optimize it (Hu, 2020). Also,
Meigui Yu and Armagan Bayram (2020) built macroscopic simulation model to fully
depict the relationship between the transportation system and the policy governing curb
space allocation (Yu, 2021).
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Policies and rules

Yang X. et al. (2022) developed a stochastic programming model using the concept
of recourse and suggest a hybrid storage policy combining class-dedicated and sharing
strategies (Xu, 2022). They could decrease transportation cost and increase the income.

Performance Measures

The variables that have been optimized in the literature are provided and categorized
in this part in accordance with the suggested technique. There are four parameters
that were optimized; they are time, handling cost, space and distance. Table 5 shows
relationship between authors and performance measures.

Table 5 — «Classification of performance measures»

Time De Armas, Laidy & Valdes-Ramirez, Danilo & Morell, Carlos & Bello, Rafael. (2019);
Mingjun Zou, Qing Wang, Shu-an Liu. (2019); Mingzhu Yu, Zhuobin Liang, Yi
Teng, Zizhen Zhang, Xuwen Cong. (2021); Lvqing Yang, Yezi Xu, Yan Zheng, Youjing
Bai. (2017); Yimei Chang and Xiaoning Zhu. (2019)

Handling Cost  Meigui Yuand Armagan Bayram. (2021); Maria A. M. Trindade, Paulo S.A. Sousa, Maria
R.A. Moreira. (2021); Yang Xu, Ming Wang, Kin Keung Lai and Bhagwat Ram. (2022)

Space Faizal Noor Arif, Budhi Irawan, Casi Setianingsih. (2020); Mingzhu Yu, Zhuobin
Liang, Yi Teng, Zizhen Zhang, Xuwen Cong. (2021); Maria A.M. Trindade, Paulo S.
A. Sousa, Maria R.A. Moreira. (2021); Hongwei Tian, Zhixiong Liu, Xingxu Deng.
(2018); Zhou, Chenhao & Wang, Wencheng & Li, Haobin. (2020); Rahul Nath, Amit
Rauniyar and Pranab K Muhuri. (2019); Rongfang Hu, Lin Zhang, Xianding Xue.
(2020); Fernando, Anushika & Mirando, Uditha & Perera, Dinesha. (2021); Bolaji,
Asaju & Michael, Tkechi & Shola, Peter. (2019); Jafari Kang, Masood & Mobtahe;j,
Pooyan & Sedaghat, Atefe & Hamidi, Maryam. (2021); D. Perera, U. Mirando and A.
Fernando. (2022); Wen Shi, Song Wang, Lei Yang, PiChao Zheng, ChunWen Liu, Yue
Tian. (2022); Rizki Tamias, Casi Setianingsih, Budhi Irawan, Satria Rana Dityantomo,
Reyhan Adiptya Putra, Rizka Shinta Wulandari, I Putu Yuda Danan Jaya, Muhammad
Faris Ruriawan. (2021); Defeng Suna, Ying Mengb, Lixin Tangc, Jinyin Liud, Baobin
Huange, Jiefu Yang. (2020); Assia Ait Ouhaman, Khalid Benjelloun, Jean Pierre Kenné,
Najib Najid. (2020); Jafari Kang, Masood & Mobtahej, Pooyan & Sedaghat, Atefe &
Hamidi, Maryam. (2021); Yang Xu, Ming Wang, Kin Keung Lai and Bhagwat Ram.
(2022);

Travel distance Iman Ghalehkhondabi and Dale T. Masel. (2018)

According to the table, most of articles target efficiency of space in warehouses.
However, it does not mean that others goal is only minimizing travel distance, increase
revenue or save time, most of them optimizing two or three parameters at the same time.
For example, Mingzhu Y. et al. (2021) proposed IP model and GA to allocate container
terminal yard space and reduce waiting time (Mingzhu, 2021). Also, by solving space
allocation problem Yang X. et al. (2022) minimized transportation cost and maximized
income (Xu, 2022).

Conclusion

In this paper was conducted a systematic literature review of research articles that
published between 2018 and 2022 on space allocation problem using Kitchenham
method. It can be seen that number of publications are not decreasing. Totally summarized
24 relevant papers and found that researchers from China are leader. Also, by analyzing
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solution methods, its found out that the most used method is genetic algorithm and
meta-heuristic in total, because this type of methods deals easily with large and complex
data. However, classical methods as exact and heuristic are also widely used. The main
objective of space allocation is to maximize the utilization of storage space while
maintaining efficient and effective operations. However, researchers’ aims are different,
by efficiently using space they want to save time, travel distance, space or handling
costs. According to analysis, most popular measurement is space (maximizing or
efficient using). Finally, most part of papers has written in warehouse in manufacturing
organizations.

We know that recent years the scope of application of artificial intelligence is
growing. However, there are any articles based on artificial intelligence and deep
learning. Therefore we think that trend is here and this field is still new and interesting.
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