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Abstract 
Manufacturing organizations of the present time are facing the challenge of satisfying the higher expectations of the customer 

which are changing frequently. The challenge increases with the global competition. The customer needs the quality 

products/services at the lowest possible cost and within the shortest possible time. In this paper a solution to the problem of 

warehouse scheduling wherein the shipment cost and shipment time is optimized is presented using the Genetic Algorithm and 

Adoptive Genetic Algorithm. 
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1. INTRODUCTION 

Manufacturing organizations of modern times are no more 

simple systems of converting a set of input resources into a 

useful products and services by maintaining high 

productivity, but they have evolved into a frequently 

changing complex system of satisfying higher expectations 

of customers.  Global competition further increases 

complexity.  In order to support its global competitiveness 

and higher customer expectations, an individual 

manufacturing enterprise has to be integrated not only with 

its related systems, but also with its partners, suppliers and 

customers. 

 

Changing business environment requires corporations to 

continuously evaluate and configure their supply chains 

(SCs) to provide customers with high quality 

products/services at the lowest possible cost and within the 

shortest possible time. The optimization of warehouse 

scheduling in particular the optimization of shipment cost 

and shipment time will achieve the required objective and 

the same time enhances the capability of Supply Chain. In 

the present paper the Genetic Algorithm and Adoptive 

Genetic Algorithm are used for the optimization purpose. 

 

2. BACKGROUND 

Changing business environment requires corporations to 

continuously evaluate and configure their supply chains in 

order to sustain the global competition. The warehouse 

management system manages the all types of the materials 

in one place and delivered efficiently with the minimum 

time. It dispatched the materials as per the customer requests 

without the delay time also it maintains all information 

about the materials and stock list.  The optimization 

techniques are employed to find out the minimum shipping 

cost and minimum shipping time. 

 

Literature survey reveals that the Genetic algorithm is 

widely-used for optimization of shipping cost and time. In 

this work the Genetic Algorithm and adoptive Genetic 

Algorithm is used for optimization of shipping cost and 

shipping time which automatically enhances the capability 

of supply chain. 

 

3. METHODOLOGY 

3.1. Genetic Algorithm (GA) 

When the search space becomes massive, we need a specific 

method to unearth the optimal solution. GA handles a 

population of feasible solutions and each solution is 

signified through a chromosome, which is just an abstract 

representation. In each chromosome, the fittest individuals 

have a better chance to produce off-springs by mixing 

features of the parents or by altering one or more of the 

parents’ characteristics whereas, the bad individuals are 

most likely to die. Decisions that have to be made for 

applying GA consists individual or chromosome 

representation, method of crossover, probability of 

crossover, method of mutation, probability of mutation, and 

population size. The elements of the GA are populations of 

chromosomes, selection according to fitness, crossover to 

create new offspring, and random mutation of new 

offspring. The following flow chart shows the simple 

Genetic Algorithm. 

 

The all parameters are started before the genetic algorithms 

and then find the fitness charge of the genetic algorithm. 

The chromosomes in a GA population typically take the 
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form of bit strings. Each locus in the chromosome has two 

feasible alleles: 0 and 1.Each chromosome can be thought of 

as a point in the search space of candidate solutions. GA 

operators are selection, crossover and mutation. 

 

 
 

3.2. Adoptive Genetic Algorithm (AGA) 

In usual genetic algorithm, the mutation rate or probability 

is stable for all chromosomes to unearth the fitness function. 

So there is no altering in any values for the best fitness 

values for the best chromosomes. The adoptive genetic 

algorithm is used to tune the value near the best value with 

the less time. The following flow chart is shown the 

adoptive genetic algorithm: 

 
 

In this paper the following constraints were used 

1. Population size: 500 

2. Number of generation: 700 

3. Crossover rate: 0.4-0.2 

4. Mutation rate: 0.6-0.4 

5. Punishment values: 1.6-1.5 

6. Number of warehouses =7 

7. Number of customers = 7 

 

 

1. Shipping cost between customers and warehouses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Warehouse( J) 

Customer (I) 

1 2.9 3.2 3.5 3.14 3.15 3 2.1 

2 3.9 4 4.3 3.62 3.6 4.1 5.8 

3 3.5 3.6 3.5 3.14 3.12 3.6 4.8 

4 3.5 3.6 3.6 3.19 3.17 3.6 4.9 

5 3.3 3.4 3 2.99 3.07 3.4 4.6 

6 3.3 3.4 3.1 3.04 3.13 3.5 4.7 

7 3.1 3.3 3.8 3.31 3.28 3.2 1.8 
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2. Shipping time between customers and warehouse. 

 

 
Warehouse (J) 

Customer (I) 

1 4.48 5.83 7.9 7.33 8.08 4.18 2.11 

2 15.91 14.75 12.23 12.21 12.03 15.26 19.23 

3 10.86 9.7 7.33 7.15 6.98 10.21 15.45 

4 11.65 10.48 8.11 7.93 7.76 11 16.23 

5 9.13 7.96 4.85 5.73 6.58 8.58 14.61 

6 9.14 8.25 5.3 6.18 7.11 9.01 15.06 

7 6.48 7.4 9.91 9.33 8.73 6.2 0 

 

 

Following symbols are defined for the problem under 

consideration. 

V: represents the m customer 

U: represents the r warehouse 

E: The edges that links with customers with warehouses. For 

each edge Eij (link warehouse I with customer j) 

Vi: Customer request 

qj: Warehouse j capacity 

 

The criteria for evaluation depend on two main factors: the 

shipping cost cij between warehouses I and customer j and 

the shipping time spent Tij in the process of shipping from 

warehouses i to the customer j. The two factors are 

represented in forms of two objective functions to solve the 

problem of scheduling multiple warehouses as follows 

 

 

1. An objective function to minimize the shipping cost Cij of 

request Vi of every customer i(i=1..m), from the warehouse, 

(j=1..r), that is assigned to him (i.e, the only one link xij that 

is equal to 1) 

m r 

Minimize f1(x) = Σ Σ vicijxij 

{                                 i=1j=1 

 

2. An objective function to minimize the shipping time Tij 

of every customer I,(i=1..m), from the warehouse j,(j=1..r) 

that is assigned to him (i.e the only one link xij that is equal 

to 1): 

m r 

Minimize f2(x) = Σ Σ ijxij 

i=1j=1 

 

Subject to: 

a. Every customer I has been assigned to only one 

warehouse j 

r 

Σxij=1                 , i= 1,2…m 

j=1 

 

1 if customer is allocated to 

xij =        {                     warehouse j,i=1,2..m,  j=1,2..r 

0 otherwise 

b. The total demand of all customers Vi, (i=1..m), 

does not exceed the total capacities of all warehouses 

m r 

Σ vixij ≤  qi        , i=1,2..m           i=1 

 

Merging the shipping cost and the shipping time objective 

function yield the following fitness function : 

 

f(x) = w1.f1(x) + w2.f2(x) 

 

Where w1 is a fixed weight of f1(x), w2 is a fixed weight of 

f2(x). 

 

The way to determine the values of w1and w2 are computed 

as follows: 

 

𝑤1 =
𝑤1

𝑤1+𝑤2
                 𝑤2 =

𝑤2

𝑤1+𝑤2
 

 

Where      w1 is f’1(x)- f’1,min(x),    and      w2 is f’2(x)- 

f’2,min(x) 

 

The evaluation of the fitness function f(x) is computed as 

follows: 

 

eval(f(x) = w1.f’1(x)+w2.f’2(x), 

 

Where f1(x) is the first derivative of f1(x), and f2(x) is the first 

derivative of f2(x), 

 

The first derivative f1(x) (shipping cost functions) is 

computed as follows: 

 

𝑓1(𝑥) =
𝑓1 𝑥 − 𝑓1,𝑚𝑖𝑛(𝑥)

𝑓1,𝑚𝑎𝑥 𝑥 − 𝑓1,𝑚𝑖𝑛(𝑥)
 

 

where f1,max(x) is the highest cost value achieved for any 

chromosome in a generation, and f1,min(x) is the lowest cost 

value achieved for any chromosome in a generation. The 

first derivative f2(x)(shipping time function) is computed as 

follows: 

 

𝑓2(𝑥) =
𝑓2 𝑥 − 𝑓2,𝑚𝑖𝑛(𝑥)

𝑓2,𝑚𝑎𝑥 𝑥 − 𝑓2,𝑚𝑖𝑛(𝑥)
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Where f2,max(x) is the highest time value achieved for any 

chromosome in a generation, and f2,min(x) is the lowest time 

value achieved for any chromosome in a generation. 

For AGA 
1. Si = [fmax-fmin/favg]

nc 

2. Nmr = 0.7{[1+B(fmax-fmin)
nc

-(favg)
nc

]Si X [(fmax-

fmin)
nc

-(favg)
nc

]} 

Where Si=Sigma function.    Nc &B=Constants 

Nmr = Adoptive mutation rate 

fmax = Corresponds maximum fitness value 

fmin = Corresponds minimum fitness value 

favg = Corresponds average fitness value 

 

For different number of iterations the Shipping cost and time 

has been calculated. 

 

For Iteration value = 5,        Enter no of iteration: 5, 

Cost of GA: 27.203, Cost of AGA: 25.4237 

Time of GA: 80.5652, Time of AGA: 71.4144 

 

 
 

 
 

2) For Iteration value = 10, Enter no of iteration: 10 

Cost of GA: 30.483,  Cost of AGA : 20.5418 

Time of GA: 68.8136,  Time of AGA : 67.2109 

 

 
 

 
 

3) For Iteration value = 15, Enter no of iteration: 15 

Cost of GA: 26.4096,  Cost of AGA: 22.8585 

Time of GA: 91.4582,  Time of AGA: 68.637 

 

 
 

 
 

4)For Iteration value = 20,  Enter no of iteration : 20 

Cost of GA : 31.5403,  Cost of AGA : 27.1373 

Time of GA : 83.351,  Time of AGA : 76.1482 
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4. CONCLUSIONS 

In this work GA and AGA using MATLAB environment are 

used for optimizing shipping cost and time in a 

manufacturing industry. The analysis is carried out for 5, 10, 

15 and20 iterations. Based on the results, it is concluded that 

AGA gives lower shipping cost and time as compared to 

GA. 

 

REFERENCES 

[1] Chih-Ming Hsu, Kai-Ying Chen and Mu-Chen Chen, 

“Batching orders in warehouses by minimizing travel 

distance with genetic algorithms”, Journal of 

Computers in Industry, Vol.56,pp.169–178,2005. 

[2] Temel Oncan, “A Genetic Algorithm for the Order 

Batching Problem in Low-Level Picker-to-Part 

Warehouse Systems”, In Proceedings of the 

International Multi Conference of Engineers and 

Computer Scientists, Vol.1,pp.1-6. 2013. 

[3] Jinxiang Gu,Marc Goetschalckx,, Leon F. McGinnis, 

“Research on warehouse design and performance 

evaluation: A comprehensive review”, European 

Journal of Operational Research, Vol.203, pp. 539–

549,2010. 

[4] Jalal Atoum And Mamoun A.Rababaa, “Multiple 

Warehouses Scheduling Using Steady State Genetic 

Algorithms”, The International Arab Journal Of 

Information Technology, Vol. 7, No. 3, pp.310-

316,July 2010. 

[5] Seyed Mohsen Mousavi and Seyed Hamidreza 

Pasandideh, “A Multi-Periodic Multi-Product 

Inventory Control Problem with Discount: GA 

Optimization Algorithm”, Journal of Optimization in 

Industrial Engineering, Vol.7, pp.37-44,2011. 

[6] Anshul Gupta, Vishal Narayan, Abhishek Raj, Harsh, 

and D.Nagaraju, “A Comparative Study of Three 

Echelon Inventory Optimization using Genetic 

Algorithm and Particle Swarm Optimization”, 

International Journal of Trade, Economics and 

Finance, Vol. 3, No. 3,pp.1-4, June 2012. 

[7] Nga Lam Law and K.Y. Szeto “Adaptive Genetic 

Algorithm with Mutation and Crossover Matrices” 

IJCAI-07 pp.2330- 2333 

[8] Rahul Malhotra, Narinder Singh & Yaduvir Singh   

“Genetic Algorithms: Concepts, Design for 

Optimization of Process Controllers”,   Computer 

and Information Science Vol. 4, No. 2; March 

2011,pp.39-54,ISSN1913-8989,  EISSN 1913-8997. 

 

BIOGRAPHIES 

Mr. Ashokkumar M Vangeri completed 

his B.E (I&PE) from Gulbarga 

University Gulbarga in 1995, M.E 

(Production Engg.) from Gulbarga 

University Gulbarga in 1997. Since then 

held the positions of  Assistant Professor 

and Associate Professor and presently working as Associate 

Professor in the Department of Mechanical Engineering in 

Guru Nanak Dev Engineering College, Bidar. Presently 

perusing PhD in the area of Supply Chain Management from 

VTU, Belgaum. 

 

Dr. Shivanand S Hebbal completed his 

B.E. (I&PE) from Gulbarga University 

Gulbarga in 1985, M.Tech (IE&OR) 

from IIT Bombay in 1990 and PhD 

from IIT Roorkee in 2004. Since 1985 

he held various positions like Assistant 

Professor, Associate Professor and 

Professor. Presently working as Principal PDA College of 

Engineering Gulbarga. He worked as Dean (Academic 

affairs), involved in the formulation of rules and regulations 

for the college under autonomous state. Worked as 

reviewer/referee for various national and International 

journals. Four candidates have been awarded the PhD under 

him in VTU Belgaum, and another four are perusing under 

VTU Belgaum and two under JNTU Hyderabad. Presently 

he is the Academic Senate member of VTU Belgaum. He 

has more than 75 publications to his credit. 

 

Mr.Dilip Biradar completed his BE in 

Mechanical Engg. from BKIT, Bhalki, 

and presently persuing his M.Tech. in 

CIM from Guru Nanak Dev College of 

Engineering, Bidar. 

 

 

Mr.Shivashankreppa B completed BE in 

Mechanical Engg. From REC Hulkoti, 

and ME from BVB College of Engg. 

Hubli. Presently working as Associate 

Professor in the dept. of Mechanical 

Engg. He has a teaching experience of 

22 years. 

0 2 4 6 8 10 12 14 16 18 20
80

100

120

140

160

180

200

220

Iteration

F
it
n
e
s
s

 

 

GA

AGA


