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Abstract 

Warehouses and distribution centers are among the essential components in the supply 

chain, and their management is crucial. In the classifications made in the literature, 

warehouse management methods and distribution centers are divided into manual and 

machine forms. This system has advantages over previous systems, such as increased 

flexibility, accuracy, and order preparation speed. In this project, this storage system is 

called an automatic reverse storage system (ARWS). In this research, a complete and 

comprehensive explanation about the automatic reverse storage system and its 

components and their relationship with each other is provided. The following are 

mathematical models related to ordering items, assigning items to shelves, and 

completing orders and routing. For validation, the proposed models for small-size 

problems have been carefully solved with GAMS software. Then, to select the 

appropriate metaheuristic method, the landscape analysis method has been used. Hence 

using the analysis method, population-based methods were selected. Taguchi is used to 

determining the parameters of this method, and its results are presented. 
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1. Introduction 

A warehouse or distribution center is a commercial building that is used to store goods. 

The primary purpose for warehouses and distribution centers is to deliver goods from 

suppliers, store and complete and deliver customer orders so that customer demand is 

delivered at the best time and a reasonable cost. Reasons for using the warehouse 

include the intermediate cycles between the two production processes, demand coverage 

at the time of delivery, storage due to discounts, seasonal fluctuations, supply of various 

products in the central location, and forecasting of assets and stored capital (Lee et al. 

2018). Therefore, the main purpose of most warehouses is to minimize the total 

operating cost according to the level of service expected by the customer. Warehousing 

also plays a vital role in the supply chain. In 2001, Farazel stated that warehouses are 

essential for the supply chain. In addition to their traditional role of transporting 

products in the warehouse, new goals have been defined for them (Frazelle, 2001). The 

automatic reverse warehousing system has advantages over the existing methods: One 

of these advantages is eliminating operators walking in traditional warehouses, which 

eliminates the system 2 to 3 times more efficiently. Also, the operator's efficiency is 

doubled by moving the inventory towards the operator and placing the operator in a 

particular place. Another advantage of this method is reducing errors in collecting 

orders, which has increased the accuracy of the used warehouses by up to 99%. Another 

advantage of this method (even compared to existing automatic methods) is its 

flexibility and high possibility of expansion and development, which means that the 

existing methods are difficult to expand and move after installation and implementation. 

However, the reverse storage system solves these problems (Hao et al., 2020). 

Automatic reverse warehousing system refers to all warehouses in which the shelves 

carrying items are transported to the operators, picking items inside the shelves and the 

operators completing the orders. This research intends to investigate the routing model 

and use several algorithmic techniques to reduce and not interfere with distance and 

costs. The problem of routing in an automatic reverse warehousing system is different 

from routing in other warehousing systems. This difference is due to the movement of 

the shelves towards the operators and the movement of the robots in specific directions. 

Determine the direction of movement of the shelves from their initial location to the 

operator and return to the selected location so that the shelves are allowed to move 

along certain paths. There should be no interference between the shelves, and the total 

distance or cost of the shelves should be Minimize. For novelty in this research, In this 

research, we directed to model and solve joint order throughput and loader routing 

problems in a multi-cache automatic warehouse system to reduce operation and distance 

costs while also taking into account multi-product and load factors. Given the 

uncertainty in real-world problems, the proposed model is first reformulated using 

various mathematics models. 

The remaining part of the article is arranged as follows: Section 2 presents a literature 

review of relevant work, Section 3 introduces the problem and two mathematics 

modeling, Section 4 describes numerical results of the previous problem under different 



 

scenario instances solved with meta-heuristic algorithms, and Section 5 concludes our 

study and discusses future directions. 

2. Research background 

Chen et al. (2011) presented a linear mathematical model for formulating PAP. They 

ensured that each product was concentrated in a specific area, making inventory 

management and equipment easier to use. The problem with this paper is that only one 

warehouse design has been considered (Hong et al. 2016). Gueriri et al. (2013) modeled 

and solved the problem of allocating items to shelves in a multi-layer warehouse to 

consider the compatibility constraints between classes and minimize logistics costs. 

Bortolini et al. (2015) proposed an integer linear mathematical model for assigning 

items to shelves to minimize storage and recovery costs and transportation costs. 

Pooya et al. (2021) cited two critical criteria for integration: proximity to harvest 

locations and time window. The proximity of categories assigns each order to categories 

based on the proximity of other group storage locations. An important consequence of 

proximity to batches is measuring the proximity between orders, which is implicitly the 

rule for ordering items based on their storage locations.

 
Figure 1. An example of a reverse storage system location including shelves, paths and robots 

 

Boysen et al. (2019) measured order closeness by calculating the level of 

interdependence between orders. They proposed a clustering model based on the integer 

programming of zero and one to maximize the categories' total dependence. Fomani et 

al. (2018) proposed a data mining approach and used genetic algorithms to solve it. 

Most of the authors who worked in order integration have focused on the solution 

method, some of which are mentioned below. Hen et al. (2010) presented the Repeated 

Local Search Algorithm (ILS) to solve the problem of order integration, while Volbeda 

et al. (2019) used the forbidden search algorithm to solve the problem of order 

integration. Hanson et al. (2020) suggested the numerical studies and compared the 

results with the seed algorithm. Caputo et al. (2021) proposed a model for integrating 

orders to select a path with the S-shaped routing model and used a heuristic algorithm to 

solve it. Machado et al. (2020) proposed a nonlinear integer optimization model to 

combine order integration and routing problems. This paper makes three important 



 

decisions to merge orders, arrange categories, and route operators by solving the model. 

Nishi et al. (2019) The suggested method efficiently optimizes the guide path by 

performing a local search using cell-based neighborhood search while retaining 

connection restrictions and solving a dynamic multicommodity flow issue. Malmir et al. 

(2021) discuss joint order batching methods of orders using mixed-integer programming 

approaches for the picker routing problem. Numerous numerical experiments in small, 

medium and large scales were performed. Three alternative meta-heuristic algorithms 

are employed to solve the defined model: the genetic algorithm, the particle swarm 

optimization algorithm, and the honey artificial bee colony algorithm. We presented two 

mathematics models with different meta-applications for this objective and compared 

them to five algorithms to solve the allocation problem in automated warehouse 

systems. The main reason for developing meta-heuristic algorithms to address the 

problem is their efficient computing time to fix the model to optimality compared to 

CPLEX solver for a significant shift in various seniors. 

3. Automatic reverse warehousing system allocation model 

3-1 Modeling the allocation problem 

When items enter the warehouse, they must be placed on the shelves. It is crucial to 

decide which item of goods and how many to put on which shelves. It is assumed that 

the floors of a particular shelf are not superior to each other. For example, if a particular 

item can be selected from the three floors of a particular shelf, the first floor is not 

preferable to the third floor or vice versa. However, it must be clear that Each item is 

placed on which floor and which shelf so that no other item can be placed in it. 

Problem assumptions: 

• Customer demand is indefinite, and for this purpose, it is assumed that the demand is 
fuzzy triangular and indefinite, and their demand is independent of each other. 

• According to customer demand, the amount of receipt of each item of goods in 

specific periods is precise, determined by the inventory issue. 

• The number of items as well as the number of shelves are fixed. 

• The amount of goods in the warehouse at any time is less than or equal to the total 
number of warehouse shelves. 

• The number of operators is known, and each operator busy completing orders can 
complete six orders simultaneously. 

• The location of the shelves is not fixed and changes at different times according to the 
items placed on it so that the total distance traveled is minimized. 

• Shelves move in fixed and fixed directions, so the distance is considered orthogonal. 



 

• Lack of inventory is not allowed. 

• Time is considered discrete. 

• The number of robots is known and determined. 

Decisions: 

Decision on the allocation of items to the shelves: One of the important decisions that 

must be made at any time is to which shelf each item and how many are allocated and 

placed in it. 

 Decision on picking items to complete orders from the shelves: Another decision that 

must be made at any time is to pick up the items needed to complete the orders and send 

them to customers, and therefore it must be specified how many Type i item should be 

removed at any time and from which shelf. 

 Decision on allocating robots to shelves for transportation: One of the important 

decisions that must be made at any time is which robot should be assigned to which 

shelf at any time to minimize the total cost of the total distance traveled. 

Set of problem indexes, parameters and variables: 

The set of indices, parameters and variables are as follows. 

Index: 

i,i'  items 

 t  Time period 

l   Floor 

s     Shelf 

j     Place 

r     Robot 

Parameters: 

N:        Number of items 

M1       Number of vertical shelves 

M2      Number of vertical shelves 

H       Number of floors on each shelf 



 

   T          Planning horizon 

P2     Penalty, if product i and j are placed on separate shelves with orders with 

frequency more than α 

K, K'       Places to receive items and complete orders 

D1  The distance matrix that dsk shows the distance of the s shelf from the place of 

receiving items 

D2         The distance matrix that shows dsk 's shelf distance from the order completion 

location 

T1      is a set of pairs of items with αii '≥ α 

T2     is a set of pairs of items with αii '<α 

α       is a value between zero and one, which is the scale for placing items within sets T1 

and T2. 

F     is the flow matrix that fit represents the amount of product i entering at time t 

O     is the order matrix where oit represents the demand for goods i at time t. 

ε     is the cost of transporting one unit of cargo per meter 

capi   the maximum number of loadable units of the i-th pen in a floor 

ii       the ratio of the i and i'-item orders to the total orders 

C     is a matrix N × N in which it is equal to one if product i is compatible with product 

i 'otherwise it is zero 

(s, l)    the l-th floor of the s-th shelf 

P1      discount, if product i and i 'are placed on the same shelf with orders more than α 

( , )j j jL u v
      Location coordinates j m 

 ,r r rL u v  
    The basic coordinates of the rm robot 

bist 1 If item i is on shelf s at time t, 0 otherwise  
yislt The number of items i assigned to location (s, l) at time t 

x′islt 1 If the item i is removed from place (s, l) at time t, 0 otherwise 

xislt       1 If the item i is assigned to location (s, l) at time t or exists, 0 otherwise 



 

y′islt   1 If the item i is assigned to location (s, l) at time t or exists, 0 otherwise  
qit       Number of classes assigned to the i-th item at time t 

1ii stW    1 If the items i and i' are on the shelf at time t and αii' ≥ α, 0 otherwise 

2ii stW   1 If the item i is on the shelf at time t but the item i' is not and αii' <α, 0 otherwise 

3ii stW   1  If the item i at time t is on the shelf s but the item i' is not and αii' ≥ α, 0 
otherwise 

 ,rt rt rtL u v     Coordinates of the r-th robot at time t 

 ,a a a

st st stL x y   Shelf coordinates s at time t before moving 

 ,b b b

st st stL x y   Shelf coordinates s at time t after work 

xlsjt             1  If shelf s is assigned to location j at time t, 0 otherwise      

rstxl     1  If robot r is assigned to shelf s at time t, 0 otherwise 

   
   

   

min . . , . . ,

. . , . . ,

. . , . . ,

a a
rst islt st rt rst islt st

r s l i t r s l i t

b a
sjt islt st rst islt st rt

i s l j t r s l i t

a b
rst islt st sjt islt st

i t i s l j t

z xl x d L L xl x d L K

xl x d K L xl x d L L

xl x d L K xl x d K L

 

 

 

    

   

    

 

 

 

   
   

2 1

. . . , . . . ,

. . . , . . . ,

3 1

r s l

a a
rst islt islt st rt rst islt islt st

r s l i t r s l i t

b
rst islt islt sjt islt islt st

r s l i t i s l j t

ii st ii st

i i t s i i t

xl x x d L L xl x x d L K

xl x x d K K xl x x d K L

p w p w
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                  1 

Objective 1-3 consists of four parts, the first part (parts 1 to 3 of the objective function) 

is the total cost of the distance traveled by the robots to move the shelves from their 

current location to the item collection section and return the shelves to their original 

location. it shows. The sum of the distances includes the distance traveled by the r robot 

to reach shelf s and from the location of shelf s to the place of receiving items and from 

the place of receiving items to the location of shelf s. The second part of the objective 

function (parts 4 to 6 of the objective function) shows the total cost of the distance 

traveled by the robots to transport the shelves from their current location to the order 

completion section and return the shelves to their original location. The total distances 

include the distance traveled by the r robot to reach shelf s and from the location of 

shelf s to the place of completion of the order and from the place of completion of the 

order to the location of shelf s. The third part of the objective function (seventh to tenth 

parts of the objective function) shows the total cost of the distance traveled when one 

shelf is called at a time for both the order completion section and the receiving section 

for picking items inside the shelf. Is. Total distances include the distance traveled by 

robot r to reach shelf s and from shelf location s to place of receiving items (order 

completion) and from place of receiving items (order completion) to the place of order 



 

completion (receiving items) and from the place of order completion (Receive items) to 

the location of the s shelf. 

To solve the model and use GAMS software verson 24.8.1, the model must be 

linearized. For this purpose, we present the equations linearly: 

2 1,     , ,ii st isltz x i i T h l      

3 1,     , ,  ijst jshtz x i j T h l     

4 11 ,     , ,islt i sht ii stx x z i i T h l         

5 1 islt i shtx x    

6 21 2 ,     ,   ii st isltW x i i T      

7 21 2 ,     ,    ii st ishtW x i i T      

8 21 1 2 ,     ,islt i sht ii stx x W i i T         

9 1,     , ,3ii st isltx i sW i T u      

10 1,     , ,3ii st iuhtx i sW i T u    
 

11 11 3 ,     , ,  islt i uht ii stx x W i i T h l       
 

We also convert the target distances to linear due to being non-linear to do the job and 

use the GAMS software more appropriately. 

12  ,a a a a a a a

st rt st rt st rt rst rst rst rstd L L x u y v xu ux yv vy           

13  ,a a a a a a a

st st st st st st std L K x Kx y Ky xk kx yk ky         

14  , b b b b b b b

st st st st st st std K L x Kx y Ky xk kx yk ky         

15  ,a a a a a a a

st st st st st st std L K x Kx y Ky xk kx yk ky
              

16  , b b b b b b b

st st st st st st std K L x Kx y Ky xk kx yk ky
              

17 0a a a
st rt rst rstx u xu ux     

18 0a a a
st rt rst rsty v yv vy     

19 0a a a
st st stx Kx xk kx     

20 0a a a
st st sty Ky yk ky     

21 0b b b
st st stx Kx xk kx     

22 0b b b
st st sty Ky yk ky     

23 0a a a
st st stx Kx xk kx

      

24 0a a a
st st sty Ky yk ky

      

25 0b b b
st st stx Kx xk kx

      

26 0b b b
st st sty Ky yk ky

      

Relationships 11 to 18 are embedded in the objective function and the objective 

function will be in the form of relation 27. 



 

 

 

 

 

27 

 

   
 

min . . . .

. . . .( )

a a a a a a a a
rst islt rst rst rst rst rst islt st st st st

r s l i t r s l i t

b b b b a a a a
sjt islt st st st st rst islt rst rst rst rst

i s l j t i t

z xl x xu ux yv vy xl x xk kx yk ky

xl x xk kx yk ky xl x xu ux yv vy

 

 

         

       

 
 

   

 

. . . .

. . . . . .

r s l

a a a a b b b b
rst islt st st st st sjt islt st st st st

r s l i t i s l j t

a a a a a
rst islt islt rst rst rst rst rst islt islt st st

r s l i t

xl x xk kx yk ky xl x xk kx yk ky

xl x x xu ux yv vy xl x x xk kx

        



         

       



 

  
   

2 1

. . . , . . .

3 1

a a a
st st

r s l i t

b b b b
rst islt islt sjt islt islt st st st st

r s l i t i s l j t

ii st ii st

s i i t s i i t

yk ky

xl x x d K K xl x x xk kx yk ky

p w p w

   

 
 

  

       




 
 

 

To solve the model with precise methods, the constraints of the initial model, which was 

nonlinear, became linear. One of the model inputs is the order matrix and it is also 

stated in the model hypotheses that the operator can complete 6 orders at a time. To 

select orders and place them in groups of 6, different methods can be used, one of the 

most common methods is random selection of orders and their classification. On the 

other hand, due to the similarity between categorized the items ordered in each order. 

GAMS and MATLAB software has been used to categorize orders and also to solve the 

model. To classify orders based on similarity, take the order matrix (Figure 1.a (left) in 

which it is assumed that we have 18 orders and 10 items) and for the convenience of 

calculations in the next steps according to that new matrix (Figure 1.b (right)). The 

number of rows and columns is equal to the order matrix and the number of rows of the 

new matrix is equal to the number of orders or customers and its columns are equal to 

the number of items in the warehouse. entry j is ordered and otherwise, it is zero. 

10 9 8 7 6 5 4 3 2 1 

     Items      
       

orders 
 10 9 8 7 6 5 4 3 2 1 

     Items      
  

 orders 
  1 1  1  1 1 1 1    1 1  1  1 1 1 1 
1  1 1  1 1 1 1  2  1  1 1  1 1 1 3  2 

  1  1  1 1   3    2  1  1 1   3 
1   1 1 1 1   1 4  1   1 3 1 1   1 4 

1 1  1 1  1 1 1  5  1 1  1 1  1 2 1  5 
  1  1 1   1  6    1  2 1   1  6 
1  1 1 1 1 1 1  1 7  1  1 1 1 1 1 1  1 7 

 1    1 1  1 1 8   1    3 1  1 1 8 
 1  1 1 1 1   1 9   1  1 1 1 1   4 9 
1  1   1   1 1 10  2  1   1   1 1 10 
1     1  1 1  11  1     1  1 1  11 
1  1  1      12  1  1  4      12 

1    1     1 13  1    1     3 13 
 1     1 1   14   1     1 1   14 
1 1 1 1 1  1   1 15  1 1 1 1 1  1   1 15 

 1 1 1 1   1  1 16   1 2 1 1   1  1 16 
1  1 1 1 1 1  1 1 17  1  1 1 1 1 1  1 1 17 
1    1 1  1  1 18  1    2 1  1  1 18 

Figure 2. The similarity between two categoris between order matrix (left a) and created matrix 

(right b) 

The cluster center is then randomly selected from the orders according to the number of 

categories. The distance of each order from each cluster center is obtained, which is 

obtained from the sum of the absolute value of the difference between each order and 

each cluster center (Table 1 where orders 8, 14 and 15 have been selected as the center 



 

of the cluster). After calculating the distances, it is time to assign orders to the 

categories. For this purpose, the allocation problem can be used because each category 

must have six orders; on the other hand, each order must be assigned to only one 

category. Therefore, with these two assumptions and minimizing the sum of distances, 

this problem can be considered and solved as an allocation problem. After solving the 

allocation problem, the centers of the clusters are obtained again. for finding the new 

centers of the clusters, the average of each calculated cluster is considered one if the 

value obtained is more significant than 0.6. Otherwise, it is considered zero. Moreover, 

the above steps are repeated until there is no change in the clusters.  

Table 1. The order clustering-based of orders and distance to three clusters 

Assigning orders to clusters based 

on the allocation problem 

Distance to the 

cluster 3 
Distance to the 

cluster 2  
Distance to the 

cluster 1  
Orders 

2 7 5 7 1 
3 6 6 6 2 
3 3 7 5 3 
1 7 5 3 4 
3 4 6 4 5 
2 7 5 7 6 
1 7 7 3 7 
2 4 0 6 8 
2 5 3 3 9 
2 8 4 6 10 
3 5 5 9 11 
1 6 8 4 12 
2 6 6 4 13 
3 0 4 6 14 
1 6 6 0 15 
1 5 7 3 16 
1 9 5 3 17 
3 6 6 6 18 

 

Pseudo code for clustering items based on similarity: 

Input: order matrix, Output: clustering orders; k=1; 

Start 

norder=number of orders, nbatch=norder/6; 

Select nbatch orders from orders to cluster centers; 

While k=1 

    Allocation orders to cluster based on allocation problem 

    Calculated new cluster centers 

    If new cluster centers=old cluster centers 

k=0  
  Else  

   k=1   
    end if  
end while 

Figure 3. Pseudocode clustering item based on similarity for allocation theory 

 



 

The results of solving the problem for the three layouts presented in here below:  

Table 2. Cost of different warehouse layouts based on various item’s cost 

Cost   
(xk,yk)=(1,5) 

)=(11,5)',yk'(xk 

(xk,yk)=(5,1) 

)=(7,1)',yk'(xk 
(xk,yk)=(1,1) 

)=(11,1)',yk'(xk  

480 520 1080 Cost 
50 20 10 Cost1 
10 30 40 Cost2 

450 480 900 Cost3 
20 20 30 Cost4 
10 10 20 Cost5 
80 100 160 Cost6 
10 10 20 Cost7 
30 10 10 Cost8 
20 20 50 Cost9 
40 60 80 Cost10 

-240 -240 -240 Cost11 

For this particular issue, it seems that considering the section of picking items inside the 

shelves on one side of the warehouse and the section of picking orders on the opposite 

side, it costs less than other arrangements. 

4. Results of combining models 

4-1. Statistical of Properties of the answer space 

In this study, two groups of statistical criteria have been used to legislate the properties 

of the answer space of the allocation problem: 1) distribution criteria, which study the 

topology of optimal local solutions in the search space and the function space, 2) 

correlation criteria, Show the unevenness of the answer space and the correlation 

between the quality of the solutions and the distance with the best solution. 

Distribution of local optimal solutions in search space: This criterion shows the 

concentration of population p of solutions in the whole search space s. The mean normal 

distance of the population p is defined as follows: 

 

 

 

 
,

( , )
0 ( ) 1

. 1 . ( )

s p t p t s
dist s t

Dmm p
p p diam p

    


 
 

Indicates the Hamming distance between the two answers and diam(p)=max dist(s,t) 

.Dmm close to zero indicates that p population solutions are concentrated in a small  

area of the S search space. The mean variance of the difference between the Dmm  

initial population U and the final population O is as follows: 

 ∆𝐷𝑚𝑚=  𝐷𝑚𝑚(𝑈)−𝐷𝑚𝑚(𝑂)𝐷𝑚𝑚(𝑈) ≤ 1   
 

 

 

 



 

4-1- Analyze the results using different algorithms 

In this section, the results of the implementation of several population-based 

metaheuristic algorithms are presented and discussed. For this purpose, particle swarm 

optimization (PSO), genetic algorithm (GA), Invasive weed optimization (IWO), Coco 

algorithm (CA), Simulated Annealing (SA), and electromagnetic algorithm (EA) have 

been used. In order to show the efficiency of population-based algorithms compared to 

algorithms based on one answer to solve the allocation problem, the refrigeration 

simulation algorithm has also been compared with the mentioned algorithms. The 

parameters set for each algorithm by the Taguchi method are presented in Table 4 

 

The following performance indicators have been used to compare the performance of 

the algorithms: 

  *
f s   : Fit rate The best answer found (the lower the better) 

    
50

* *

1

/ 50i

i

f s f s



 : The average value of the best answer found in 50 times the 

algorithm is executed, where  *
if s  is the best answer found in the first time the 

algorithm is executed (the lower the better) 

 SD: Standard deviation The best answer found in 50 algorithm executions (the 

less the better) 

 FFE : Average number of fitness function evaluations (the lower the better) 

 

Table 3. The different number of cases in time=100 with metaheuristic algorithms 

 Number of 

items 
Number of 

shelves 
Number of 

places 
Number of 

floors 
Number of 

Robots 
Time 

First 5 10 10 3 7 100 
Second 10 20 20 3 15 100 

Third 30 60 60 3 40 100 

Fourth 40 70 70 3 50 100 

Fifth 50 80 80 3 60 100 

 

Five examples with the parameters listed in Table 3 are solved based on the above 

evaluation criteria and their results are presented in Table 4. 

 

Table 4. Evaluation criteria for the warehousing systems with different algorithms 

Examples 
Criterion 

Algorithm  *
f s    

50
* *

1

/ 50i

i

f s f s



 SD FFE 

First GA 8373 8527 1.2 15028 
COCO 9281 9625 0.9 18472 

Electromagnetic 9238 9728 1.1 28462 
PSO 8598 8726 1.4 14764 
IWO 8493 8732 0.97 17236 

Simulated Annealing 9261 9372 1.3 20184 
      



 

Second GA 14822 15281 0.8 12872 
COCO 17263 17625 1.3 17363 

Electromagnetic 19272 19736 1.7 15271 
PSO 16281 17292 0.9 16382 
IWO 15289 15823 1.1 14293 

Simulated Annealing 18620 18731 1.4 14826 
      

Third GA 25056 25417 0.7 10736 
COCO 27430 28342 1.3 9212 

Electromagnetic 26301 26572 1.06 26363 
PSO 26962 27413 0.84 18272 
IWO 25863 25927 1.8 8434 

Simulated Annealing 26523 27144 1.5 21837 
      

Fourth GA 48263 49732 1.7 28178 
COCO 52372 54217 2.4 38961 

Electromagnetic 59762 62817 2.1 36413 
PSO 62198 64831 1.9 29744 
IWO 54921 58266 3.1 37169 

Simulated Annealing 62917 63817 2 37259 
      

Fifth GA 83426 86286 1.8 29817 
COCO 87326 89635 2.5 31972 

Electromagnetic 95261 98665 1.7 34818 
PSO 86427 87625 3.2 32971 
IWO 89376 92763 2.6 30128 

Simulated Annealing 96468 97526 2.4 33952 

As the results of Table 4 show, in most of the criteria studied, the genetic algorithm 

works better than the other methods mentioned for the allocation problem, but for a 

more detailed study of the performance of the proposed algorithms, a few examples 

whose information is in table 5 is also solved with GAMS software. The entry and exit 

of items is also generated randomly by Matlab software. 

 

Table 5. Features of some examples to examine the results of meta-heuristic algorithms 

Issue 

Number 
Number of 

items 
Number of 

shelves 
Number 

of places 

Number of 

floors 
Number of 

robots 
Time 

1 2 2 3 3 1 10 
2 3 2 3 3 1 10 
3 4 3 1 3 2 10 
4 5 4 2 3 3 10 
5 6 5 4 3 3 10 

 

The examples presented in Table 5 were solved with GAMS software and the meta-

heuristic algorithms in question, and the difference between the answers (in percent) is 

presented in Table 6. As it is clear from the results of this table, the genetic algorithm 

has performed better than other algorithms. 

 

Table 6. Difference between accurate and meta-heuristic answers of the warehousing items 

Algorithms First Second Third Fourth Fifth 
GA 0.03 0.06 0.05 0.09 0.08 

COCO 0.09 0.08 0.12 0.06 0.1 



 

Electromagnetic 0.08 0.1 0.06 0.09 0.07 
PSO 0.05 0.07 0.09 0.08 0.06 
IWO 0.07 0.04 0.1 0.05 0.08 

Simulated 

Annealing 0.09 0.12 0.14 0.1 0.11 

 

4-2. parameters of a numerical Issues in reverse warehousing 

The issues in the reverse warehousing system are entirely interdependent to form an 

integrated system. For daily planning of an automatic reverse warehousing system, it is 

necessary that the output of the inventory problem, which is the flow of items entering 

the warehouse, along with the output of the allocation problem, how to put the items in 

the selected shelves, picking items from the shelves to complete orders. The allocation 

of robots to shelves and the allocation of places to shelves is considered along with the 

output of the routing problem that shows the path of movement of shelves with 

robots. In order to investigate the automatic reverse storage system and the proposed 

models, the parameters of a numerical example are presented and solved. The 

parameters of the example are shown in Table 7. 

Table 7. Parameters of the problems under consideration in the automatic reverse warehouse  

Parameter Value  Parameter Value  Parameter Value  Parameter Value  

Number 

of items 
5 

Location of 

receiving 

items 

(5,1) 

The cost of 

maintaining 

each item 

50 

T1 

1,0,1,1,0

0,1,0,1,0

1,0,1,1,1

1,1,1,1,0

0,0,1,1,0

 
 
 
 
 
 
  

 

Number 

of shelves 
4 

Place of 

completion 

of the order 

(5,17) 

 

Warehouse 

capacity 

 

240 

Number 

of floors 

on each 

shelf 

3 

 

Number of 

robots 

 

3 

 

Fund 

 

20000 

T2 

0,1,0,0,1

1,0,1,0,1

0,1,0,0,0

0,0,0,0,1

1,1,0,0,1

 
 
 
 
 
 
  

 

Examined 

time for 

each day 

20 

Random 

demand for 

goods for 

one day 

 

25-20-15 

Price per 

unit of 

goods 

 

100 

Number 

of days 
3 

Capacity of 

each floor 
20 P1 100 

Demand for items in 

random order (Table 3) 



 

reviewed 

ε 1 

The cost of 

maintaining 

each item 

2 P2 10 

To solve the example, it is first necessary to solve the inventory problem according to 

the parameters presented in Table 8, and to solve the problem with GAMS software, the 

outputs are as shown: 

Table 8. Inventory amount of output based on five items per order 

Commodity Amount per order The distance between orders 

1 10 0.5 (we receive orders twice a day) 

2 10 1 (We receive an order once a day) 

3 25 1 (We receive an order once a day) 

4 10 0.5 (we receive orders twice a day) 

5 10 0.5 (we receive orders twice a day) 

After executing the allocation problem, the routing problem must be solved separately 

for each time and the shelf movement paths must be specified.  

4-3. Comparing the results of with the existing methods 

In order to show the efficiency of the proposed models for the allocation problem and 

the routing problem, several comparisons have been made. In order to compare the 

existing storage methods with the method presented in the research and routing 

considering the movement of the shelves and their stability. In Table 10, the problem of 

allocating items based on compatibility (model presented in the research) and standard 

methods of storing items. The problem of routing is in two ways; one is based on the 

automatic reverse storage system that moves shelves to pick and place items. The 

second method is based on stability shelves. Operators move in the warehouse to pick 

up and place items for several issues with specific parameters solved, and the results are 

presented. The numbers in the table are the total cost of the distance traveled.  

Table 9. The outcomes of storage and routing methods with regarding existing methods 

  Distance traveled Examples examined 

  1 2 3 4 

rev
erse 

sto
ra

g
e 

Random 370 436 634 844 

The nearest place 404 436 570 832 



 

Exclusive 356 432 569 816 

Full circulation 404 472 602 864 

Based on class 376 468 554 872 

The model presented in the research 316 332 430 634 

R
o

u
tin

g
 a

ssu
m

in
g

 sh
elf sta

b
ility

 

Random 244 260 294 396 

The nearest place 236 256 286 398 

Exclusive 244 260 284 392 

Full circulation 252 280 294 400 

Based on class 240 280 284 400 

The model presented in the research 240 245 274 384 

According to the results of solving the examples with the mentioned methods, the 

following can be mentioned: 

1- The numbers in the table show that in each example, whether the routing is assumed 

to be stable on the shelves or the routing is used in the reverse storage system, the 

model presented in the research for storage and collection of items based on 

compatibility has better results and distance cost. It has less storage than other methods. 

2- Comparing the model presented in the research with two routing methods with the 

assumption of shelf stability and routing in the reverse storage system shows that the 

distance of the routing method with the assumption of shelf stability is less than the 

movement of shelves. This is due to the small space of the problem and the demand for 

all items, while the reverse warehousing system is used in huge warehouses with a 

distributor role. Suppose blue houses contain shelves on which the items needed for an 

order being placed. Also, due to the movement of the shelves in the reverse storage 

system is equal to 140. 

3- In all the examples studied, it is assumed that the collection of requested items is 

general, while in warehouses that have the role of distributor and the reverse 

warehousing system is implemented in them, the volume of orders is small, but the 

number of orders received is high. On the other hand, merging orders reduces the 

number of round-trip shelves and, consequently, costs. For investigating this issue, 

warehouses are presented in Table 10. 
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Figure 4. A sample warehouse with storage based on different compatibility 

 

Table 10. A number requested based on three various clusterings in warehouse systems  

Order number 
Requested items 

Clustering orders 
A B C D E F G H I J K 

1 √ √     √     3 

2  √ √ √ √ √     √ 2 

3 √     √  √    1 

4 √ √  √  √    √ √ 2 

5  √     √ √  √  1 

6  √ √ √ √ √    √  2 

7 √ √ √    √    √ 3 

8 √ √  √   √  √  √ 3 

9 √   √ √  √  √   1 

10  √  √ √   √  √ √ 2 

11 √  √ √ √ √  √   √ 2 

12 √ √ √ √ √   √    2 

13   √   √ √  √   3 

14 √    √   √  √  1 

15   √  √ √ √ √  √  1 

16   √ √   √  √ √ √ 3 

17 √ √   √ √ √ √   √ 1 

18 √ √  √  √    √ √ 3 

According to the example provided, they assume the movement of shelves and merging 

orders in groups of six and the allocation model presented in the research. The total 

distance traveled by the shelves equals 276 while assuming the stability of shelves and 

lack using Merge Orders (MO). The distance traveled is 540. Therefore, using (MO) 

and moving shelves will significantly reduce the cost of distance traveled. Table 13 



 

shows the total space required, for example, scenarios with eight shelves, and also, the 

costs required for each layout are calculated. In order to investigate the effect of the 

arrangement of the shelves, as well as the location of the item arrangement inside the 

shelves and the completion of (MO), 3 examples are presented and several scenarios are 

considered for each example. As it is clear from the examples, as the number of shelves 

increases, the variety of shelving and the location of the items in the shelves and the 

completion of orders also increase, and different scenarios must be considered. Table 11 

shows the total space required, for example, scenarios with eight shelves, and also the 

costs required for each layout are calculated. 

Table 11. Total space and costs related to warehouse scenarios with 8 shelves 

Scenario 

number 

Required 

space 

 

Total 

distance 

Prioritize 

scenarios in terms 

of space 

Prioritize scenarios in 

terms of total distance 

1 40 224 3 1 

2 42 336 4 6 

3 42 288 4 3 

4 42 292 4 4 

5 35 240 1 2 

6 40 240 3 2 

7 42 224 4 1 

8 36 312 2 5 

As we consider total space and cost to warehouse in scenario two we have the most total 

distance between space and other shelves while in scenario eight we have considered a 

small space but with a bit long distance than scenario two. Table 12 shows the total 

space required for example scenarios with 9 shelves and also the costs required for each 

layout are calculated. 

Table 12. Various senarios with Total space and costs related to warehouse scenarios with 9 

shelves 

Scenario 

number 

Required 

space 

 

Total 

distance 

Prioritize scenarios in 

terms of space 

Prioritize scenarios in 

terms of total distance 

1 36 340 2 6 

2 42 264 4 1 



 

3 42 272 4 2 

4 49 272 7 2 

5 40 372 3 7 

6 45 392 5 8 

7 42 320 4 3 

8 48 332 6 5 

9 35 330 1 4 

10 48 332 6 5 

Table 13 shows the total space required for example scenarios with 12 shelves and also 

the costs required for each layout are calculated. 

Table 13. Various senarios with Total space and costs related to warehouse scenarios with 12 

shelves 

Scenario 

number 

Necessary 

space 

Total 

distance 

Prioritize scenarios in 

terms of space 

Prioritize scenarios in 

terms of total distance 

1 42 432 1 4 

2 45 568 2 9 

3 49 432 3 4 

4 56 504 5 8 

5 42 464 1 5 

6 49 488 3 6 

7 49 400 3 2 

8 54 576 4 10 

9 56 496 5 7 

10 56 416 5 3 

11 60 504 6 8 

12 60 504 6 8 

As shown from Tables 11 to 13, scenarios that are in the priority in terms of space 

required are not in the priority in terms of total distance traveled. Also, scenarios in the 

priority in terms of total distance traveled are not in terms of space required. If the space 

required to arrange the constraint is problematic and we are faced with space 

constraints, a scenario should be chosen that requires the least space. If we are facing a 

space constraint, a scenario should be selected that requires the least space. With this 

constraint, for the first example, scenario five, for the second example, scenario nine, 

and for the third problem, scenarios one and five are selected. According to the selected 

scenarios, in case of limited space, the sections for receiving items and completing the 

order should be symmetrical on both sides of the desired space. If the company's policy 



 

is to minimize the total distance traveled without considering the space, for the first 

example, scenarios one and seven, for the second example, scenario two, and for the 

third problem, scenario twelve is selected. According to the selected scenarios, to 

minimize the total distance, it is better than the section for receiving items and 

completing orders be located on one side of the warehouse space and close to each 

other. Suppose the company's policy is to take into account the space and reduce the 

distance traveled simultaneously. In that case, the desired policy should be selected 

according to the importance of each of these two cases. For example, if space is 

essential for a company and the total distance traveled is 1-a, the space and distance 

should be normalized. The best scenario should be selected by multiplying them by the 

considered importance. The results of comparing all three examples for a = 0.3 are 

presented in Table 14. 

Table 14. Multi examples of warehouse design scenarios with a coefficient of importance of 0.3 

for space 

 

Example 

 

 

Scenario 

number 

 

 

Necessary 

space 

 

 

Total 

distance 

 

 

Normal 

space 

 

 

Normal 

total 

distance 

 

 

Score 

 

 

Ranking 

scenarios 

based on a 

= 0.7 

 

T
h

e first ex
a
m

p
le 

 

1 40 224 0.1786 0.8485 0.6475 2 

2 42 336 0.1250 0.8889 0.6597 6 

3 42 288 0.1458 0.8727 0.6547 4 

4 42 292 0.1438 0.8743 0.6551 5 

5 35 240 0.1458 0.8727 0.6547 4 

6 40 240 0.1667 0.8571 0.6500 3 

7 42 224 0.1875 0.8421 0.6457 1 

8 36 312 0.1154 0.8966 0.6622 7 

 

T
h

e seco
n

d
 ex

a
m

p
le 

 

1 36 340 0.1059 0.9043 0.6647 8 

2 42 264 0.1591 0.8627 0.6516 2 

3 42 272 0.1544 0.8662 0.6527 3 

4 49 272 0.1801 0.8474 0.6472 1 

5 40 372 0.1075 0.9029 0.6643 7 

6 45 392 0.1148 0.8970 0.6624 6 

7 42 320 0.1313 0.8840 0.6582 5 

8 48 332 0.1446 0.8737 0.6550 4 

9 35 330 0.1061 0.9041 0.6647 8 



 

10 48 332 0.1446 0.8737 0.6550 4 

 

T
h

ird
 ex

a
m

p
le 

 

1 42 432 0.0972 0.9114 0.6671 11 

2 45 568 0.0792 0.9266 0.6724 6 

3 49 432 0.1134 0.8981 0.6627 7 

4 56 504 0.1111 0.9000 0.6633 9 

5 42 464 0.0905 0.9170 0.6691 13 

6 49 488 0.1004 0.9088 0.6662 10 

7 49 400 0.1225 0.8909 0.6604 4 

8 54 576 0.0938 0.9143 0.6681 12 

9 56 496 0.1129 0.8986 0.6629 8 

10 56 416 0.1346 0.8814 0.6573 2 

11 54 416 0.1298 0.8851 0.6585 3 

12 63 384 0.1641 0.8591 0.6506 1 

13 60 504 0.1190 0.8936 0.6612 5 

14 60 504 0.1190 0.8936 0.6612 5 

The results of comparing all three examples for a = 0.7 are presented in Table 15. 

Table 15. Multi examples of warehouse design scenarios with a coefficient of importance of 0.7 

for space 

 

Example 

 

 

Scenario 

number 

 

 

Necessary 

space 

 

 

Total 

distance 

 

 

Normal 

space 

 

 

Normal 

total 

distance 

 

 

Score 

 

 

Ranking 

scenarios 

based on a = 

0.7 

 

T
h

e first ex
a

m
p

le
 

 

1 40 224 0.1786 0.8485 0.3795 6 

2 42 336 0.1250 0.8889 0.3542 2 

3 42 288 0.1458 0.8727 0.3639 4 

4 42 292 0.1438 0.8743 0.3630 3 

5 35 240 0.1458 0.8727 0.3639 4 

6 40 240 0.1667 0.8571 0.3738 5 

7 42 224 0.1875 0.8421 0.3839 7 

8 36 312 0.1154 0.8966 0.3497 1 

 

T
h

e seco
n

d
 

ex
a

m
p

le 

1 36 340 0.1059 0.9043 0.3454 1 

2 42 264 0.1591 0.8627 0.3702 8 

3 42 272 0.1544 0.8662 0.3680 7 



 

4 49 272 0.1801 0.8474 0.3803 9 

5 40 372 0.1075 0.9029 0.3461 3 

6 45 392 0.1148 0.8970 0.3495 4 

7 42 320 0.1313 0.8840 0.3571 5 

8 48 332 0.1446 0.8737 0.3633 6 

9 35 330 0.1061 0.9041 0.3455 2 

10 48 332 0.1446 0.8737 0.3633 6 

 

T
h

ird
 ex

a
m

p
le

 

 

1 42 432 0.0972 0.9114 0.3415 4 

2 45 568 0.0792 0.9266 0.3334 1 

3 49 432 0.1134 0.8981 0.3488 7 

4 56 504 0.1111 0.9000 0.3478 6 

5 42 464 0.0905 0.9170 0.3385 2 

6 49 488 0.1004 0.9088 0.3429 5 

7 49 400 0.1225 0.8909 0.3530 10 

8 54 576 0.0938 0.9143 0.3399 3 

9 56 496 0.1129 0.8986 0.3486 8 

10 56 416 0.1346 0.8814 0.3586 12 

11 54 416 0.1298 0.8851 0.3564 11 

12 63 384 0.1641 0.8591 0.3726 13 

13 60 504 0.1190 0.8936 0.3514 9 

14 60 504 0.1190 0.8936 0.3514 9 

As shown from Tables 14 and 15, the selected scenarios also change by changing the 

coefficients of the importance of space and the total distance traveled. Another 

important point in warehouse design is to determine the optimal number of robots, 

shelves, and floors that for the issues raised above (examples 1 to 2), these parameters 

have been analyzed. Of course, the number of floors is limited due to operators' access 

to the upper floors and the dimensions of the items placed inside them. According to the 

shelves used in entire warehouses, the number of floors is between 3 and 6. The robot 

and the shelf parameters are also changed based on the studied examples, and the 

execution time is 100.  

Table 16. The results of the algorithm implementation are presented for two different examples 

Example 

 

Number of 

shelves 

Number of 

floors 

Number of robots 

   3 4 5 6 7 8 9 10 

 6 4 41555 36238 28321 14724 - - - - 

5 21060 35595 31735 38238 - - - - 



 

 

 

First 

example 

 

6 21601 20967 29603 36533 - - - - 

7 3 20759 17590 26900 25419 23997 - - - 

4 27013 31031 36302 26120 30574 - - - 

5 20822 36430 21507 26876 27386 - - - 

6 26950 34680 29216 38809 34534 - - - 

8 3 15629 28084 28707 24837 24682 41893 - - 

4 21752 31014 37375 33800 32868 29563 - - 

5 36989 33145 31811 35596 41790 44708 - - 

6 28930 27930 23036 28694 24438 37198 - - 

 

 

 

 

Second 

example 

 

7 4      - - - 

5      - - - 

6      - - - 

8 3       - - 

4       - - 

5       - - 

6       - - 

9 3        - 

4        - 

5        - 

6        - 

10 3         

4         

5         

6         

Based on implementation by metaheuristic algorithm, we have two different examples 

included in the optimal number of robots, shelves, and floors. As the results show, most 

of the scenarios have happened between floors 3,4,5,6. In contrast, others are not busy 

picking and completing orders. Also, in shelve 7,8, most picking events have happened 

and based on the number of robots, the cost is going down, especially when more robots 

are added to the systems. 

5. Conclusion and Future Discussion 

Warehousing and warehouse management is one of the critical issues in the 

warehousing system that imposes many costs on the system, so its proper management 

significantly impacts reducing costs. Picking and completing orders is also the most 

important and costly part of warehouse management: storage, routing, order integration, 

and plan. According to the different models that have been proposed for these sections 

by researchers, different warehouse management systems have been proposed and used. 

Then the mathematical model of inventory, routing, and allocation problems related to 

the reverse storage system with its necessary assumptions was presented and solved 

accurately. A suitable metaheuristic algorithm had to be selected for the allocation 

problem, which is one of the complex problems. The answer space analysis was used, 



 

the genetic algorithm was selected as a suitable solution for large-scale problems, and 

finally, the genetic algorithm was selected as a suitable solution method for a complete 

problem. It was solved with the presented models, and for some examples, the presented 

method was compared with the existing methods. The results of the implementation of 

the models presented in the research, as well as the existing methods, express the 

following: 

Regarding shelf stability, the distance cost is lower than conventional storage methods 

according to the allocation model presented in the research based on compatibility 

between items. This result is also accurate when the shelves are movable, meaning that 

storage or pens will cost less than other storage methods based on compatibility 

between them. In the studied examples, storage based on compatibility of items with the 

assumption of shelf stability was less expensive than storage based on compatibility and 

mobility of shelves. The orders presented in the research will be used to reduce costs. 

The parallel movement of pickers and robotics makes the modeling, analysis, and 

optimization of this system completely different from manual picking systems or the 

robotic systems mentioned earlier in this paper. However; The following is a guide to 

future research and some of the available open cases: considering the time for 

warehousing, Integrating problems and solving them online, and providing more 

efficient meta-heuristic algorithms to solve problems with vast dimensions. 
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