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Abstract:
Every organizations objective is to maximize its profit or minimize their costs incurred on the resources. One of the immediate opportunity is in the 
Assignment problem, which involves assignment of right task to a right agent, that is assigning a job to a machine or to a worker in order to minimize 
the cost of performing the job on that machine (or by the worker). This is a standardize Assignment problem.When constraints are taken into 
consideration, that is, when the agents are assumed to have a limited capacity, we have the Generalised assignment problem. Generalised assignment 
problem is a well-known NP-hard combinatorial problem. The objective is to find the maximum profit or minimum cost of assignment of n jobs to m 
agents such that each job is assigned to exactly one agent for utilizing the resources offered by the agent but not exceeding its capacity. On the basis of 
dominant principle technique an Arbitrage method is developed for solving Generalised Assignment Problem. The algorithm used in this method can 
obtain the optimal solution in minimum computational time. Simulation of the method for solving the generalised assignment model was done using 
MATLAB. The proposed method is then applied to problems defined as per open source standard OR library available for Generalised Assignment 
Problem. These solutions were compared with the important standard heuristics. The simulation of generalised assignment problem using MATLAB 
gives near optimal solutions for small sized problems and an optimal solution for large sized problems defined in standard 0R library.
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1.  INTRODUCTION:

Any organization in the world operates with a sole objective to 
maximize its yearly prots thereby minimizing its costs or 
expenditures. This can be achieved, if and only if, the tasks 
performed in an organization are assigned to a right employee or 
worker (well qualied and vast experience in performing the 
specic task). It can also be right task performed by right 
machine and extended to several other real life industrial 
assignments. The above problem's solution can be achieved by 
the assignment model, which is a special case of transportation 
model where in one worker performs only one task, thereby 
minimizing the overall costs. If the employee or the worker is 
constrained by its capacity, it becomes a Generalised 
Assignment Problem.

Here we propose a method called an 'Arbitrage Method for 
Solving Generalised Assignment Problem'. Arbitrage is a 
business term which means a practice of buying something in 
one place and selling it in another place where the price is higher 
to make prot. The principle on which this method converges to 
optimality.

The proposed Arbitrage method is a heuristic approach (unlike 
meta-heuristic) for solving Generalised Assignment Problem 
(GAP). This method searches for right assignment of jobs to 
right agents based on highest prot at a low cost while not 
exceeding the cost capacity of each agent.

2.  LITERATURE  REVIEW:

The classical assignment problem study goes back in history to 
the work of G. Monge in late 18th century, although the study 
was based on linear programming of transportation problem 
(Demand and capacity equals one). To solve the assignment 
problem, a Hungarian method was developed by Harold Kuhn 
(1955). Several other methods for solving the assignment 
problem are also known.

The Mathematical Formulation of Assignment Model:

Consider an assignment of n-jobs to n-agents. Let C  be the cost ij
th thincurred on assigning i  job to j  agent. X =1 - agent i is assigned ij

to job j. X =0 - Otherwise.ij

Generalised assignment problem (GAP) is a NP-hard 
combinatorial problem. It nds the maximum prot or 
minimum cost assignment of n jobs to m agents such that each 
job is assigned to exactly one agent for utilizing the resources 
offered by the agent but not exceeding its capacity, Feltl (2003).

Mathematical formulation of GAP:

Let I be a set of agents and let J be a set of jobs. I=(1,2,.....,b) and 
J=(1,2,......,a).

We dene C  as the cost (or P  prot) of assigning job j to agent i.ij ij

W  be the resources (or the weights) required by agent i to ij

perform job j.

b  be the availability of resources (or capacity) of agent i.i

X  =1 if agent i performs job j.ij

X  =0 Othewise.ij

Therefore we have,



26

INDUSTRIAL ENGINEERING JOURNAL
August 2019

There are various solution methodologies for generalised 
assignment problem. Among them all, the work by Ross and 
Soland (1975) was the rst on GAP. They proposed a branch and 
bound method. Later Savelsbergh (1997) introduced branch and 
price approach and Nauss [2003] soon after followed with his 
branch and cut approach. In 2006, Nauss (2006) proposed an 
integer programming methodology for solving GAP, but this 
took longer computational time to obtain solution for large sized 
GAP problems. The heuristic approaches for solving GAP were 
developed in early 1990s. Heuristic algorithms are designed to 
generate near optimal solutions. Heuristics use linear 
programming as well as several Lagrangian relaxation methods; 
Narciso and Lorena (1996), Haddadi and Ouzia (2004), 
proposing the  Lagrangian Relaxation with surrogate relaxation 
by the former and Integrated Lagrangian Relaxation and 
Subgradients by later. Monfared (2006) and V. Jeet and E. 
Kutanoglu (2007) introduced their modications to Lagrangian 
Relaxation to obtain their methodologies. S. Raja Balachandar 
and K.Kannan (2009) proposed a new heuristic approach for 
solving GAP on based dominant principle.

Various Meta-heuristic search techniques were introduced 
specially to obtain solution for large sized problems.. Tabu 
search algorithm using an ejection chain approach was devised 
by Yagiura et al (2004). Chu and Beasley (1997) gave a genetic 
algorithm based solution for generalised assignment problem 
while Amini and Racer (1994) gave a computational 
comparison of alternative solution methods. Osman (1995) 
proposed a simulated annealing approach and Feltl (2004) 
proposed a hybrid genetic algorithm to solve GAP. Cattrysse 
and Wassenhove (1992) gave a survey of algorithms for earliest 
existing GAP solution methodologies.

Generalised assignment problem has been modeled for many 
real life applications. In computer networks, machine loading, 
facility location, resource scheduling, allocation of memory 
spaces, designing computer networks, vehicle routing problems 
and so on. 

3. METHODOLOGY

3.1 Arbitrage Methodology:

A unique approach is adapted on the basis of dominant principle 
technique which searches for the optimal solution based on 
arbitrage principle. Here, a least or maximum value element as 
compared to the other elements in the rows or columns of the 
matrix is considered to be the dominant element. An algorithm 
is obtained for this approach. This algorithm assumes that the 
prot to be generated when each job is performed by an agent at 
a given cost (weights) is known, and in turn does not exceed the 
overall cost capacity of each agent. 

We input all the required data, we initialize matrix X=0 having 
same order as prot and weight matrix. We nd the maximum 
prot (dominant variable) in each column from the prot matrix 

and make that corresponding row and column of matrix X =1.ij

We construct matrix Sol by dividing prot matrix by weight 

matrix. Next we check if x £b , if not we nd the maximum x  i i j

(cost) for that i and equate it to 0, so also Sol =0. Now, for that j ij

we nd maximum Sol  which means minimum cost, and equate ij

the corresponding value in matrix X to 1 (Arbitrage principle). 
Thus obtaining an updated matrix X. Thus satisfying constraint 
(1.5) after going through a number of iterations. We also check 
for the constraint (1.6) if satised such that the same job is not 
assigned to two agents.

4. RESULTS:

The proposed Arbitrage method for solving Generalised 
Assignment Problem is simulated using MATLAB. The 
algorithm is tested on 99 test problems ranging from 5 agents/15 
jobs to 20 agents/200 jobs to 80 agents/1600 jobs. All these test 
problems are considered as maximization problems and are 
taken from open source OR library (www.people.brunel.ac.uk). 
Of the 99 problems we used, 60 problems are categorised as 
'small-sized' problems and 39 problems as 'large-sized' 
problems. The result of these sets of problems is tabulated in 
Table 1.

Table 2 compares the results of Arbitrage method for large sized 
problems with Dominant Principle Heuristics,  Dynamic Tabu 
Tenure with long term memory mechanism and Lagrangian/ 
Surrogate Relaxation (all four methods consider the problems 
as maximization problems). Table 3 compares the results of 
proposed method for problem set 1 to 12 with other existing 
methods. 

These problems are tested on System: Lenovo; Windows 10; 
Processor: Intel (R) Core (TM) i7-4700MQ CPU @ 2.40GHz, 
2401 Mhz, 4 Core (s), 8 Logical Processor(s).
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Table 1
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Table 2
Comparison of Large Sized problems with Dominant Principle Heuristics (DPH), Dynamic Tabu Tenure with long term 

Memory mechanism (TSDl), Lagrangian/ Surrogate Relaxation (RH)

XXData not available
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Table 3
Comparison of Percentage deviation from best known solution of various methods for solving GAP

MTH: Martello and Toth constructive heuristic; 

FSA: Cattrysse fixing simulated annealing algorithm:

SPH: Cattrysse.Wassenhove set partitioning heuristic;

RSSA: Osman hybrid simulated annealing/tabo search;

TS6: Osman long term tabu search with first-admissible selection:

TSI: Osman long term tabu search with best-admissible selection:

GA~: GA without the heuristic operator;.

GAb: GA with the heuristic operator. branch-and-Salomon and Van

AM: Arbitrage Method

5. DISCUSSION:

The results from Table 1 shows 12 sets of problems labeled as 
small size. The number of Agents ranging from 5 to 10 and the 
number of jobs ranging from 15 to 60. Each set has 5 problems 
each. For the ones labeled as large-sized, there are 5 sets of 
problems namely GAP a, GAP b, GAP c, GAP d, GAP e. 
Number of agents ranging from 5 to 80 while the number of jobs 
ranging from 100 to 1600. GAP e having 15 problems and GAP 
a, GAP b, GAP c, GAP d having 6 problems each.

The proposed Arbitrage method gives a near optimal solution 
(best known), having a maximum average percentage deviation 
of 7.9%. For large sized problems where the results were not 
available, this method could give immediate results with least 
computational time, as compared to the other methods. This 
method computed results for all the large sized problems. GAP 
d and GAP e sets are having 0% deviation from the best 
optimum known. Thus illustrating the reliable application of the 
proposed methodology for solving large-sized problems 
efciently. The results of large sized problems are compared 
with three other heuristic approaches, Dominant Principle 
Heuristics, Dynamic Tabu Tenure with long term memory 
mechanism and Lagrangian/ Surrogate Relaxation in table 2.  It 
is clear from table 2 and table 3, the Arbitrage method gives 
improved optimal solution for large-sized problems as 
compared to small-sized problems. 

6. CONCLUSION:

The Arbitrage method for solving Generalised assignment 
problem is a different approach for solving GAP. It is an exact 
method which tries to converge to optimality by using minimum 
resources while maximizing prot within its resource capacity. 
As the term arbitrage is described, it tries to buy something (or 
do a job) at one place at lower cost while selling something at 
another place which is at higher cost in order to satisfy all GAP 
constraints.

The proposed method is solved for 60 small sized problems and 
39 large sized problems taken from the open source OR library 
(www.people.brunel.ac.uk). The results of these problems are 
compared with other existing solution methodologies. The 
results of problem sets, GAP 1 to GAP 12, shows a higher 
average percentage deviation as compared to the other methods 
with a maximum of 7.9%. This percentage deviation, as 
observed in the comparative study of problem sets from GAP a 
to GAP e for large sized problems is reduced to zero.

Thus it can be concluded, that this method is an heuristic 
approach for solving Generalised Assignment Problem that 
gives a near optimal solution. Arbitrage method tries to 
converge to optimality by searching a reduced search space 
thereby minimizing the computation time. This method gives 
improved optimal solutions for large sized problems which 
makes it reliable to use for such problems. The proposed method 
is simulated using mathworks MATLAB.



32

INDUSTRIAL ENGINEERING JOURNAL
August 2019

 All the problems sets have been considered as maximization 
problems. A slight modication in the algorithm can make its 
solution optimal for both maximization as well as minimization 
problems. Applying this algorithm to one of the GAP variant/ 
extension with a minimal modication, in regards with a real 
life application and verifying the results, both these, remain as 
the future challenges.
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