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Operation Research problems (OR) have been solved by operation 

research technique efficiently for a long time.  Graph theory techniques 

are competent with OR techniques in some area like transport problem. 

Identification of a better technique to solve the OR problem is very 

important. In this paper, the better performance of Big M method on 

transport network with non – integer edge capacities is reported. The 

redundant constraints removal in Big M method improve its 

performance. 
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Introduction:- 
Linear ProgrammingProblem (LPP) deals with the optimization (maximization or minimization) of a function of 

decision variables, known as objective function, subject to a set of simultaneous linear equations.  (or inequalities) 

known as constraints. The term linear means that all the variables occurring in the objective function and the 

constraints are of the first degree in the problems under consideration.  Linear programming techniques have been 

used in many industrial and economic problems.  

 

Graph theory is a very natural and powerful tool in operation research.  The areas of OR in which graph theory is 

used most frequently and profitably are transport networks and theory of games 

 

In this paper, network – flow problems is formulated and solved using graph theory technique and operation 

research technique and the better performance is reported. The redundant constraints removal in OR technique 

improves its performance. 
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Graph theoretic approach in Transport Network:- 
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Figure 1:- [A Transport Network] 

 

A Transport Network (TN) is shown in  Figure1.  The numbers written beside the edge are the edge capacities.  The 

capacity Cij of an edge (i,j) can be thought of as the maximal amount of some commodity that can be transported 

form station i to j along the edge (i,j) per unit of time in a steady state. The objective of the method is to find the 

maximal amount of commodity flow from a given vertex s to another specified vertex t via the entire transport 

network. 

 

Algorithm for finding maximal flow:- 

In a given transport network G, a flow is an assignment of a non negative number fij to every directed edge (i,j) such 

that the following conditions are satisfied. 

(i) For every directed edge (i,j) in G,   ijij cf   

(ii) There is a specified vertex s in G, called the source, for which  

 
i

is

i

si Wff  

where the summation are taken over all vertices in G and W is the value of the flow. 

(iii) There is another specified vertex t in G, called the sink, for which  

 
i

it

i

ti Wff  

(iv) For each intermediate vertex j, 0
j

ij

i

ji ff  

Theorem 1 

In a given Transport network G, the value of the flow W from source to sink is less than or equal to the capacity of 

any cut separating s from t. 

 

Theorem 2 (Max-flow - min cut theorem) 

In the given Transport Network G, the maximum value of a flow from s to t is equal to the minimum value of the 

capacities of all the cuts in G that separates s form t. 

 

In this Transport Network of figure 1, there are eight cuts that separate s form t.  These cuts (Identified by vertex set 

P) and their capacities are given below.  C(P, ̅) is defined to be the sum of the capacities of those edges directed 

from the vertices in set P to the vertices in  ̅. 
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LPP on Transport Network:- 

Transport network problem can be solved by big M-method.  First the transport network problem is formulated, and 

then solved using Big-M-Method. 

Formation of LPP:- 

Max Wfhz  '.  

subject to cffA  ',0''. and 0'f  

0''. fA , where  
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where „A’ is the incidence matrix of the digraph obtained by adding an edge from „t‟ to „s’ in the transport network.  

Also note that the edges in f, c and „A’ must appear in the same order. 

 

In  the LPP some of the constraints are of equal type. So big M method is used  to solve the  LPP[2]. 

 

Algorithm for ‘Big M –method’ 

Step 1 

            Express the LPP in the standard form by introducing slack and / or surplus variables if any. 

Step 2 

            Introduce the non negative artificial variable R1,R2,……..to the left hand side of all the constraints of   or 

=type. 

              A very large penalty is assigned (-M for maximization problems and +M for minimization Problems) as the 

coefficients of the artificial variable in the objective function. 

Step 3 

Solve the modified linear problem by Simplex Method. 

 

 

Result and discussions:- 
Graph Theory Technique 

Table 1:- Cut sets and their Capacities 

Vertex Set P C(P, ̅) 

{s} 9 

{s, p} 12 

{s, c} 19 

{s, d} 7 

{s, b, c} 11 

{s, b, d} 10 

{s, c, d} 16 

{s, b, c, d} 8 

  

The result of the graph theory techinique in TN is reported in Table 1.The maximal flow possible from source s to 

sink t in the network is 7 units. The graph theory algorithm terminate in a finite number of steps on the edge 

capacities being integers. 
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OR Technique, Fist table of big Method 

Table 2:- 1
st
 ITERATION 

 

   1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-

m 

-

m 

-

m 

-

m 

-

m 

Q 
C

v 

C

i 
W 

fs

b 

fs

d 

f

cs 

f

bc 

f

bt 

f

cp 

f

ct 

f

dt 

f

dc 

ft

d 

s

1 

s

2 

s

3 

s

4 

s

5 

s

6 

s

7 

s

8 

s

9 

s

10 

A

1 

A

2 

A

3 

A

4 

A

5 

0 
A

1 

-

m 

-

1 
1 1 

-

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 

0 
A

2 

-

m 
0 

-

1 
0 0 1 1 

-

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

0 
A

3 

-

m 
0 0 0 1 

-

1 
0 1 1 0 

-

1 

-

1 
0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 

0 
A

4 

-

m 
0 0 

-

1 
0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 

0 
A

5 

-

m 
0 0 0 0 0 

-

1 
0 

-

1 

-

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

4 s1 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5 s2 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

1 s3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 

5 s4 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

2 s5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

6 s6 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

4 s7 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 

2 s8 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

1 s9 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

1 
s1

0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

  

Z

j-

cj 

-

1 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

   1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
-

m 

-

m 

-

m 

-

m 

-

m 

Q 
C

v 

C

i 
W 

fs

b 

fs

d 

f

cs 

f

bc 

f

bt 

f

cp 

f

ct 

f

dt 

f

dc 

ft

d 

s

1 

s

2 

s

3 

s

4 

s

5 

s

6 

s

7 

s

8 

s

9 

s

10 

A

1 

A

2 

A

3 

A

4 

A

5 

0 
A

1 

-

m 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 

2 
fb

t 
0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 

3 
fc

t 
0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 0 

-

1 
0 0 0 1 0 0 1 1 0 0 

2 
fd

t 
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 

7 W 1 1 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 

2 
fb

c 
0 0 0 0 0 1 0 

-

1 
0 0 0 0 1 0 0 0 

-

1 
0 0 0 0 0 0 1 0 0 0 

2 s2 0 0 0 0 0 0 0 0 0 0 0 
-

1 
0 1 0 0 0 0 0 

-

1 

-

1 
0 0 0 0 1 0 

1 s3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
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Table 3:- Final table ( eighth iteration) of Big M-method 

 

For all Zj-Cj  0, fsb = 4,fsd = 3, fcs = 0, fbc = 2, fbt = 2,  fcb = 0, fct=3,  fdt = 2, fdc = 1, fdt = 0.  Max Z = W=7. 

The result is shown above in Table 2 and Table 3.Table 2 is the initial Table of the Big –M-method and Table 3 is 

the final Table of the Big M-method. The Big M –method terminates in a finite number of steps depends on the edge 

capacities being real values (not only integer). 

  

The TN problem is solved by graph theory and LPP method. It is observed that Big-M method is suitable for real 

values. 

 

Redundant Removal Technique:- 

The Big-M method can be improved by redundant removal algorithm. The computational complexity of any LPP 

problem depends on the number of constraint and variable of the LPP. Quite often large scale LPP may contains 

many constraint which are redundant. The presence of redundant constraints does not alter the optimal solutions. 

But, they may consume extra computational time.   

 

Caron et.al [1] developed an algorithm for identifying the redundant constraint. In this method, the objective 

function of the original LPP is not considered. 

 

* let P denote the given LPP and 

*Pi denote the LP P without the i
th
 constraint xa j

n

j
ij

1

≤  bi  of  P and  

* let the objective function of LP P                            

Pi be max Zi=


n

j
ij

a
1

jx  

Step 1: 

Find the optimal objective function value to the problem Pi , i=1…..m by using the simplex method .let zi be the 

optimal objective function value of the problem Pi 

 

Step 2: 

Check whether zi bi , The i
th
 constraint . xa j

n

j
ij

1

≤  bi  is the redundant if zi bi otherwise it is not redundant. 

Conclusion:- 
In this Paper, a TN problem is solved by using Max Flow Min – Cut Method and Big M Method.  A Redundant 

constraints removal algorithm is Suggested to reduce the computational time of the Big M Method. The better 

3 s4 0 0 0 0 0 0 0 1 0 0 0 0 
-

1 
0 0 1 1 0 0 0 0 0 0 

-

1 
0 0 0 

4 
fs

b 
0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

6 s6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

1 s7 0 0 0 0 
-

1 
0 0 0 0 0 0 0 

-

1 
0 0 0 1 0 1 1 

-

1 
0 0 

-

1 

-

1 
0 0 

3 
fs

d 
0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 

-

1 
0 

1 
fd

c 
0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 

1 
s1

0 
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 

  

Z

j-

cj 

0 0 0 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 1 1 0 1 
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performance of the Big M-method for non integer edge capacities is also reported. Further study on Redundant 

constraints and variable removal in LPP improve the performance of the simplex method. 
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