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Abstract— The field of mathematics plays a vital role in 

various fields. One of the common themes in operation 

research is the modelling approach .Problems turn out to be 

intractable when subjected to standard technique this paper 

shows how graph theory and networks may be profitably used 

to model certain operations research problems from a 

different point. 
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I. INTRODUCTION 

One of the common themes in operations research is the 

modelling approach. Unfortunately many accurate models of 

operations research problems turn out to intractable when 

subjected to standard techniques. However certain discrete 

problems can be profitably analysed using graph theoretic 

models. This paper introduces useful concepts from graph 

theory and shows how they may be used to look at certain 

operations research problems from the view point of the 

graph theory. Many of the Indian industries making use of 

operations research activity are cloth mills, Indian Railways, 

Indian Airline and Defense organizations and other 

corporation in India while making use of the techniques of 

operations research. 

II. APPLICATION OF GRAPH THEORY IN OPERATIONS 

RESEARCH 

Graph theoretical concepts are widely used to study and 

model various applications, in different areas. Graph theory 

is very powerful tool in operations research.   Many important 

operations research problems that can be solved using graphs. 

Transport network where a graph is used to model the 

transportation of commodity from one place to another the 

objective is to maximize the flow or minimize the cost within 

the prescribed flow. 

A. Job Scheduling 

The process of allocation of resources to different tasks by an 

operating system. The system handles prioritized job queues 

that are awaiting CPU time and it should determine which job 

to be taken from which queue and the amount of time to be 

allocated for the job. 

B. Time Table Scheduling 

Consider a playschool with S teachers  P1 ,P2,...,Pm;and n 

classesC1 ,C2 ,...,Cngiven that teacher P1 is required to teach 

class Pj for Tij periods schedule a complete time table in the 

minimum possible numbers of periods . The problem can be 

formulated as graph theory model in which a bipartite graph 

G = V, E  is devisedwith V= V1ᴜ V2 where  V1={P1,P2,...,Pm} 

and  V2={C1,C2,...,Cn} and points Pi and Cj are joined by Tij 

lines. 

The timetabling problem is equivalent to colouring 

the points, so that no two adjacent points have the same colour 

with as few colours as possible each colour representing a 

distinct period. 

The use of graphs in problem solving in operation 

research is the following. It’s often convenient to depict the 

relationship between elements of a system by means of a 

graph. Thus one often sees a transportation, PERT, or 

assignment problem represented by a graph. Such 

representations are often an aid in describing a problem and 

are useful. 

C. The Optimal Assignment Problem 

Consider a factory in which n workers: W1, W2,...,Wn are to 

be assigned to n machines M1,M2,...,Mn in a one -to-one . 

Each worker has been tested on each machine and a table of 

standardized times are available providing information about 

relative worker abilities. The problem is to assign the workers 

to machines so as to minimize the total of the standardized 

time of the assignment. The problem can be formulated as a 

graph theory model in which a weighted, bipartite graph G 

=(V,E) is devised with V= V1 ᴜ V2 where V1={W1,W2,...,Wn} 

and V2={M1,M2,...,Mn}. The line joining Wi and Mj is 

weighted with tij, the standardized time for worker Wi on 

machine Mj . The problem is equivalent to finding a minimum 

weight perfect matching on G. An efficient algorithm for this 

problem, called the Hungarian method, has been given by 

Kuhn. 

D. Chinese Postman’s Problem 

In 1962, a Chinese mathematician called Kuan Meiko was 

interested in a postman delivering mail to a number of streets 

such that the total distance walked by the postman was as 

short as possible.  How could the postman ensure that the 

distance walked was minimum? 

1) Traversable Graphs 

A traversal graph is one that can be drawn without taking a 

pen from the paper and without retracing the same edge.  

  
 Graph 1:              Graph 2:             Graph 3: 

The difference between the three graphs can be established 

by considering the order of the vertices for each graph. We 

obtain the following: 

a) Graph  1 

VERTEX ORDER 

A 3 

B 3 

C 3 

D 3 
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b) Graph  2 

VERTEX ORDER 

A 3 

B 4 

C 4 

D 3 

E 2 

c) Graph  3 

VERTEX ORDER 

A 4 

B 4 

C 4 

D 4 

E 2 

F 2 

When the order of the graphs are even the graph is 

Traversable . When there are two odd vertices we can draw 

the graph but the start and end vertices are different . When 

there are four odd vertices the graph cannot be drawn without 

repeating an edge . 

2) Chinese Postman Algorithm 

An alogirthm for finding an optimal Chinese postman route 

is 

1) Step 1:  Make list of all odd vertices. 

2) Step 2:  Make list of all possible pairing of odd vertices. 

3) Step 3: Find the edges that connect the vertices with the 

minimum weight for each pairing. 

4) Step 4: Find the pairings such that the sum of the weights 

is minimised. 

5) Step 5: On the original graph add the edges that have 

been found in step 4. 

6) Step 6: The length of an optimal Chinese postman route 

is the sum of all the edges added to the total found    in   

step 4 

7) Step 7: A route corresponding to this minimum weight 

can be easily determined. 

a) Example 1 

A postman has to start at A, walk along all 13 streets and 

return to A. The numbers on each edge represent the length, 

in meters, of each street. The problem is to find a train that 

use all the edges of a graph with minimum length 

 
1) Step 1: The Odd Vertices are A and H 

2) Step 2: There is only one way of pairing these odd 

vertices, namely AH. 

3) Step 3: The shortest way of joining A to H using the path 

AB, BF, FH, a total length of 160. 

4) Step 4: Draw these edges onto the original network. 

5) Step 5: The length of the optimal Chinese postman route 

is the sum of all the edges in the original network, which 

is 840m, plus the answer found in step 4, which is 

160m.Hence the length of the optimal Chinese postman 

route is 1000m. 

6) Step 6: One possible route corresponding to this length 

is ADCGHCABDFBEFHFBA, but many other possible 

routes of the same minimum length can be found. 

b) Example 2 

A country council is responsible for maintaining the 

following network of roads. The number on each edge is the 

length of the road miles. A council worker has to inspect all 

the roads, starting and finishing at A. Find the route of an 

optimal Chinese postman. 

 
c) Solution 

There are four odd vertices B, C, D and E. There are three 

possible ways in pairing these odd vertices and the minimum 

length of each pairing is 

BC + DE = 7 

BD + CE = 6 

BE+CD=12 

Draw the edges BD and CE onto the network. The 

route is ABCFCEFEDBADA. The length in the network is 

24. The length of an optimal Chinese postman route for the 

worker is 24 + 6 = 30. 

III. GAME THEORY 

Game theory has developed into an important operations 

research tool. Game theory is a digraph method. A directed 

or digraph for short is a graph in which each line has been 

given a direction. The familiar usage of graph theory in game 

theory is in the definition of a sequential game. There, you 

require a connected and a cyclical graph in which each vertex 

represents a decision point and each node represent an action 

of the player to which the above vertex was assigned to. What 

we actually do in game theory with graphs is to use them to 

represents some networks. We sometimes represent an agent 

as a vertex and an agreement between two agents as an edge 

so that we can use some graph theoretical tools to analyse the 

situation. 

IV. CONCLUSION 

The main purpose is to cover the evolution of the relationship 

between game theory and operation research. It’s my belief 

that operations research has been so successful that it may 

have put itself out of business. It must be clear that graph 

theory, the theory of digraphs and networks, have blossomed 

not only in the branch of mathematics but also as systematic 

tools in operations research. 
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