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Abstract- there are two problems in computer science algorithms, the knapsack problem and the shortest paths on weighted 
graphs problem, that are well-known and researched in the past decades. A complex problem that combines these two, as a 
two-step problem on the same entities, is the main idea and subject of this paper, in which this combination will be 
presented, along with several examples for it. 
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I. INTRODUCTION  
 
The research is within the scope of theoretical 
algorithms. In this branch, there are two well known 
problems that are:  
 
a. The knapsack problem dating back far as more 

than a century ago ([6]), which is that for a set 
of items, each with a weight and a value, we 
have to determine the number of each item to 
include in a collection so that the total weight 
is less than or equal to a given limit and the 
total value is as large as possible.  

b. The shortest path problem is the problem of 
finding a path between two vertices in a graph 
such that the sum of the weights of its 
constituent edges is minimized as summarized 
in [1].  

 
There are several algorithm that handle these 
problems, some more efficient than others. We focus 
on two algorithms for these problems that are:  
 

 

 

The research combines the two problems and 
algorithms to a two-step problem that is described in 
the next part of this paper.  
 
There have been papers about dynamic programming 
solutions for the knapsack problem, using shortest 
path problem, with the creation of a knapsack graph 
such as [4] and [5], but these papers gave a solution 
to the knapsack problem using the shortest path 
problem, thus considering two aspects of weight and 
value, as opposed to the complex problem presented 
here, taking into consideration three properties: item 
weight, item value and edge weight (that connects 
two items, but its weight is not depended on its 
vertices). 
 
II. THE COMPLEX PROBLEM 
 
A. Description and notations-building the graph 
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B. The complex two-step problem  

 
 
III. THE ALGORITHM FOR THE COMPLEX 
PROBLEM  
 

 
 

  

 

 

 
 

 
 

 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,  Volume-5, Issue-1, Jan.-2017 
http://iraj.in 

A Complex Problem of Knapsack and Shortest Paths on Weighted Graphs 
 

33 

 
 
IV. MORE RESULTS AND EXAMPLES FOR GD 
 

 
 
V. SCOPE AND OPTIMIZATION OF THE 
ALGORITHM 
 

 
 
Thus, the algorithm is relevant to these cases in which 
there is an unlimited supply of each kind of item. 

 
 

 
 
VI. ONGOING WORK 
 
As mentioned in the previous part, the solution of the 
problem as presented here is not optimal for the cases 
in which the supply of each item is limited. Another 
algorithm, more efficient one for these cases is being 
tried for the second step, instead of Dantzig's greedy 
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approximation algorithm, for achieving better results 
for both cases (limited and unlimited amounts of the 
same item), and portraying them in the combined 
complex algorithm. 
 
A system, written in Java, was built for 
manufacturing the results shown in this paper, based 
on the complex two-step algorithm described above. 
Improving it for the second step (a different algorithm 
for the knapsack problem) is a work in progress. 
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