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Abstract
Knapsack problem is a well-known optimization problem in computer science. It has many application areas in science
and engineering. Knapsack problem can be solved using genetic algorithm. Multiple knapsack problem (MKP) is a
special form of knapsack problem in which items are to be placed in more than one knapsack. Many researchers solve
MKP problem using different techniques such as ant colony optimization (ACO), particle swarm optimization (PSO) and
genetic algorithm (GA). The objective of this paper is to solve MKP problem using GA in an efficient manner. In this
paper MKP is solved using greedy genetic algorithm. The proposed genetic algorithm uses greedy approach in its
selection and reproduction operations of GA. The proposed greedy genetic algorithm is implemented on a standard data
set and results ensure that the proposed greedy algorithm performs better than the standard genetic algorithm.
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1.Introduction
The knapsack problem is a well-known NP-hard
problem. The knapsack problem is an optimization
problem in which the overall profit is to be optimized
and should be maximized while satisfying all the
given constraints. The knapsack problem is of many
types
such
as
0/1
knapsack
problem,
multidimensional knapsack problem, multiple
knapsack problem etc. In this paper, a 0/1 multiple
knapsack problem is solved. The MKP is a
generalization of 0/1 knapsack problem. In 0/1
multiple knapsack problems a set of n items is given.
A set of m knapsacks is given. Each item j has a
profit Pj and weight Wj. Each knapsack i has a
capacity Ci. We have to assign items in a knapsack
and we can assign one item in most one knapsack.
We have to assign items into knapsack such that none
of the capacity constraints of the knapsack is
violated. The total profit of assigning items to
knapsacks should also be maximized.
MKP has a large number of applications in science
and engineering. Many problems can be simulated in
the form of MKP and can be solved using MKP
solutions.
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A typical MKP problem may have hundreds of
knapsacks and thousands of items. Many techniques
are used to solve MKP problem such as branch and
bound, greedy approach, backtracking, bound and
bound etc. These approaches guarantee to give the
best possible solution but have complexity O(mn) in
the worst case. As the worst case time complexity of
solving this problem is very high so these problems
can be solved using meta-heuristic techniques such as
GA, ACO and PSO etc.
The main objective of this paper is to solve MKP
problem using GA in an efficient way. A new greedy
genetic algorithm is proposed which solve the MKP
problem in less number of iterations as compared to
standard generic algorithm.
The organization of the paper is as follows: The next
section illustrates the literature survey of the work
done on this problem till date. Then the proposed
algorithm to solve MKP problem is given which is
followed by result analysis, conclusion, and future
scope.

2.Literature survey
Umbarkar et al. [1] propose a genetic algorithm with
the dual population to solve optimization problems.
The application of dual population improves the
performance of the genetic algorithm for solving
these problems. It basically removes the problem of
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premature convergence of genetic algorithm by
providing diversity in the population. Pal et al. [2]
provide a comparative study on solving optimizations
problems using Firefly algorithm and particle swarm
optimization. The author compares the convergence
of the genetic algorithm for solving different linear
optimization problems.
Xiao-hua et al. [3] proposed a competitive decision
algorithm for multiple knapsack problems. The
author proposes a competitive decision algorithm
(CDA) to solve multiple knapsack problems. The
basic idea used by the author is that an entity with
more resources has a high chance to survive. So the
algorithm works on surviving the entities with more
resources and it performs well as compared to other
existing algorithms. The author design CDAMKP
i.e. CDA algorithm to solve MKP problem.
Kobayashi et al. [4] proposed a cryptosystem which
is based upon MKP problem. Salman et al. [5] solve
bicriteria sparse MKP problem. Godrich et al. [6]
uses knapsack problem in multiple radar architectures
for localization. Kumaraguruparan et al. [7] apply
MKP problem in task scheduling. Rahim et al. [8]
apply MKP problem in home energy management. Li
et al. [9] apply MKP problem in graph theory in
bipartite graphs. Author have been applied GA on
travelling salesman problem and N-Queen problem
[10−12].

3.Proposed work heading
In this work, multiple knapsack problem is solved
using greedy genetic algorithm. Algorithm-1 is a
standard form of the genetic algorithm which can
solve any problem that can be represented in genetic
form.
Algorithm-1-Standard genetic algorithm
(1) Generate initial greedy population for MKP
(2) Calculation of fitness of every chromosome
(3) Select parents- In this step parents are selected
from the population to perform crossover.
(4) Perform crossover- in this step crossover is
performed. The crossover operator generates new
children
(5) Add Children in Population
(6) Calculation of Fitness
(7) Perform Mutation
(8) Perform more Generations
(9) End-in this step, the genetic algorithm is stopped
and results are displayed.
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Algorithm-2 is proposed greedy genetic algorithm
that solve MKP problem. The algorithm generates a
greedy initial population.
Algorithm 2: Proposed greedy genetic algorithm
(1) Represent given problem in genetic form and
generate the greedy initial population of
chromosomes
(2) Calculate fitness of every chromosome of the
initial population
(3) Repeat steps 4 to 8 till an optimal solution is not
reached
(4) Select a set of parents from initial population to
perform crossover
(5) Perform cross over to generate children and
calculate the fitness of every child
(6) Add newly generated children chromosomes in
population and sort population by fitness
(7) Remove those chromosomes from the population
which are less fit
(8) Perform mutation and create population for next
iteration
Figure 1 is showing a process flowchart to solve the
MKP problem using greedy genetic algorithm. The
important point is that the proposed flowchart
generates a greedy initial population. It is based on
the concept that a better population will generate
better next generation. So the seed population is very
efficient in proposed algorithm.
The proposed algorithm is implemented on a data set
of 0/1 Multiple knapsack problem available online at
the website of Florida State University at the
department of scientific computing [13]. The data set
having many instances of 0/1 multiple knapsack
problem. In this paper, the proposed algorithm is
applied on standard MKP problems available in
dataset which is p01. P01 is a set of 10 weights and
profits for 2 knapsacks of capacity 70 and 127. The
following Table 1 illustrates the profit and weight of
items in the p01 problem.
Table 1 is showing a candidate solution for the p01
knapsack problem. The solution put Item1 and Item4
in knapsack-1(Knp1) and Item2, Item3, and Item5 in
knapsack-2 (Knp2). So the weight consumed in
knapsack-1 is 67 and profit earn is 160. The weight
consumed by knapsack-2 is 113 and profit earn is
166. Thus total profit earn by this solution is 326.
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Table 1 Representation of p01 multiple knapsack
problem

Start

Item
Item1
Item2
Item3
Item4
Item5
Item6
Item7
Item8
Item9
Item10

Generate greedy initial population

Calculate fitness of population

Perform selection

More
iteration?

Stop

Figure 1 Proposed greedy genetic algorithm to solve
MKP problem

The proposed greedy genetic algorithm is applied on
same P01 MKP problem. Table 3 is showing results
50 iterations of the implementation. Table 3 is
showing results of the best solution after every 5
iterations. It is clear from the Table 3 that the best
solution (with profit 326) which is achieved in 15
iterations is the best solution and does not change
even after 50th iteration. Table 4 is showing a
comparison of results found using the standard
genetic algorithm and greedy genetic algorithm.
From the Table 4, it is clear that the proposed genetic
algorithm performs 18.09% better than the standard
genetic algorithm while solving p01 multiple
knapsack problem.

Table 2 Results for solving p01 MKP problem using the standard genetic algorithm

1
5
10
15
20
25
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Best
known
333
333
333
333
333
333

0
1
1
0
1
0
1
0
0
0

The proposed algorithm is applied to one instances
(P01) of a sample data set for multiple knapsack
problem. Table 2 is showing the results of instance
p01 using the standard genetic algorithm. It applies
the standard genetic algorithm on P01 MKP problem
and execute 50 iterations of it. The Table 2 is
showing result of the best solution in 50 iterations.
Table shows the results after every 5 iterations. The
best solution with profit 282 is achieved in 15th
iteration and does not change even after 50th
iteration.

Perform mutation

Generation No.

Knp2

4.Results and analysis

Perform crossover

Generate next population

Multiple knapsack instance - P01
A sample solution of the problem
Weight Profit Profit
Knp1
/weight
23
92
4.00
1
31
57
1.84
0
29
49
1.69
0
44
68
1.55
1
53
60
1.13
0
38
43
1.13
0
63
67
1.06
0
85
84
0.99
0
89
87
0.98
0
82
72
0.88
0

Multiple knapsack instance - p01
Random genetic algorithm
solution Best solution by Average solution
GA
that generation
241
192.15
241
206.7
244
213.35
282
230.8
282
230.8
282
230.8

of

Error (%)
38.17
38.17
36.48
18.09
18.09
18.09
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Generation No.

Best
known
333
333
333
333
333

30
35
40
45
50

Multiple knapsack instance - p01
Random genetic algorithm
solution Best solution by Average solution
GA
that generation
282
230.8
282
230.8
282
230.8
282
230.8
282
230.8

of

Error (%)
18.09
18.09
18.09
18.09
18.09

Table 3 Results for solving p01 MKP problem using the greedy genetic algorithm
Multiple knapsack instance-p01
Random genetic algorithm
Best
solution Best solution by Average solution
known
GA
that generation
333
309
231.85
333
309
244
333
309
253.7
333
326
263.95
333
326
266.1
333
326
268.85
333
326
268.85
333
326
268.85
333
326
268.85
333
326
268.85
333
326
268.85

Generation No.
1
5
10
15
20
25
30
35
40
45
50

of

Error(%)
7.77
7.77
7.77
2.15
2.15
2.15
2.15
2.15
2.15
2.15
2.15

Table 4 Results comparison using standard genetic algorithm and greedy genetic algorithm
Sr. No.

MKP instance

Optimal
known

1

p01

333

5.Conclusion and future scope
From this paper, it is concluded that the performance
of genetic algorithm depends upon the performance
of its genetic operations. Applying greedy approach
in the process of initial population generation
improves the performance of the genetic algorithm in
solving 0/1 multiple knapsack problem. From the
results of the experiments, it is clear that the
proposed greedy genetic algorithm performs 12%
better as compared to the standard genetic algorithm.
In future this work can be extended to apply the
greedy approach in other genetic operations such as
selection, crossover and mutation and its performance
can be checked. The proposed algorithm can be
applied to other instances of knapsack problem such
as multidimensional knapsack problem. It is
concluded that for solving NP-complete and NP-hard
problems the application of greedy approach in
operators of the genetic algorithm, improves the
performance of the genetic algorithm in finding better
solutions.
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solution

Best solution found
using standard GA
282

Best solution found
using proposed greedy
GA
326
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