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Abstract— In this paper, we propose a linear programming problem (LPP) to minimize the transportation
cost by using the simplex method. Simplex method is a linear programming method for transportation
problems. The aim is to minimize transport costs. Transport costs need to be minimized to increase sales
margins. In this document, we examine three cases that are smaller, larger, and equal to the company's
budget. The results of our work show that using the simplex method is a very effective way to reduce
transportation costs.
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[.  INTRODUCTION

Among various economic optimization problems,
transportation problems are logistical problems
for organizations, especially manufacturing and
transportation companies. Various methods are
used to solve transportation problems. This
paper focuses on how to optimize transportation
costs using the simplex method. The simplex
method is linear programming technique for
solving optimization problems, usually involving
a function and a set of constraints expressed as
inequalities. It is suitable for general problems
that need to optimize a linear objective function
subject to linear constraints. In our real life, we
encounter a lot of business and manufacturing,
and often face the problem of how to optimize
transportation costs. Solving the transportation
problem involves minimizing the distance while
considering the given constraints. In general, the
simplex method is a technique used to determine
the best use of limited resources to achieve a
desired goal, whether maximizing profits or
minimizing costs.

We chose our project on optimization on
transport cost as many companies tend to lose
most amount of money while transporting the
goods. Optimization of the transport cost can be
done by many methods. While studying about
how companies tend to optimize cost,

companies keep different constraints that
means how can the cost vary by sending the
goods early, on time and late. [2] this paper delt
the problem of cost of storage and transportation
by an probability distribution method (stochastic
method).[3] This paperintegrates ordering costs,
replenishment costs, inventory and in-transit
holding cost, transport costs, and shortage costs.
We transfer some of the transport costs. [4] the
paper is about how the crude oil is transported in
China by optimizing the transport cost. The cost
was calculated in MATLAB. [5] [6]

[7] paper is about optimizing the cost by keeping
the demand variable and cost of route constant.
[5] paper deals with the optimization of cost of
public transport and [6] [7] deals with
optimization of cost by keeping the number of
goods variable. Both paper has different
approach for optimization of cost. We preferred
the method of keeping demand variable and cost of
route constant as many companies forget to
consider this type of optimization and lose a
amount of profit gained. The optimization of
transport cost by keeping the demand variable
and cost of route constant can done by least cost
method, north west corner method, stepping
stone method and the simplex method. [8] the
paper deals with the use of north west corner
method. By choosing the best method to solve the
problem we saw that the least cost method, north
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west method and the stepping stone method
didn’t compare the corners in the given condition.
The corners are the constraints in the given
problem. [9] and [10] gave us an idea how the
simplex method is used in calculation. In this
paper we have used the simplex method to solve
the problem which will compare all the corners
and give the most optimized value.

13

14 A=[211100@;123010;221881];
15 b=[2;05;6];

16 c=[-3 -1 -3 0 0 0];

17 Aug=[A b;c @]

18 % trivial solution of x was x1=x2=x3=0

19

In this paper we are sticking to the model where
we can optimize the cost by distributing the
goods when demand places are assigned.

>> lesstha
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Researchers have found the simplex method in

which constraints (equations) are placed in form
of matrix and then maximized equation is
converted into a minimized by multiplying with
negative symbol, then then matrix get reduced
with the help of row echelon form so after that
we can get the values of %, y, z then we put it
into

equations to get minimized transportation cost.
This type of method can best be solved by using
MATLAB. We have wused MATLAB and
demonstrated 3 cases on how to solve the
simplex method. By Observations on the most
recent papers we have conclude to form an
equation where the demand would be variables
and the cost of route will be coefficients, the
method was giving different values if we place
the equation in different row of matrix.

II. METHODOLOGY/EXPERIMENTAL

The methodology which we have used to
optimize the problem is the simplex method. In
simplex method we are keeping the cost of
route constant and the supply to the
warehouses as variables. Simplex method is a

linear programming method. We tend to have
some pre conditions to solve and get the value of
the main condition. We have written the code in
matlab to solve the following cases. Discussing
the cases below

1608

Case 1: When the cost according to our
condition is lessthan or equal to our budget

Lets take an example and understand the method
Max 3x1+x2+3x3

Min -3x1-x2-3x3 Subject to  2x1+x2+x3<=2
x1+2x2+3x3<=52x1+2x2+x3<=6x1,x2,x3>=0
maximize the profit = minimize the cost

therefore we have multiplied the equation by -1
forminimization.

STEP 1: add slack variables in the equations to
make theinequality to equality

2 X1+ x2+ x3+s1=2 x1+2 x2+ 3 x3+s2=5
2x1+42x2+x3+s3=6

Fig. 1. Declaring the augmented matrix/tableau
STEP 2: put these values in an augmented matrix

X1 x2 x3 sl s2 s3 rhs

Fig. 2. The output by declaring the augmented
matrix/tableau in fig 1.

STEP 3: Check which column in the last row is
the smallest and having a negative sign. In the
following case, it's the number -3. As there are
two -3 in the tableau will choose the first -3 from
the lest most corner and consider its column.
Divide the coefficients of x from RHS as RHS/x
and check which number is the smallest. The row
with the smallest number is the one which will
have the pivot 1.

In our case the 1st row will have the smallest
RHS value, sowe need to make the value at 1st
row 1st column as the pivot

1. To make the 2 as pivot 1, we need to divide
the 1st row by

2. After that we need to make the values
below the pivot 1 zeros as that the definition of
having a pivot 1
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)

20 Aug(l,:) = Aug(l,:)/2 L .
21 for i=2:4 24 Aug(2,:)=Aug(2,:)/2.5
22 Aug(i,:)= Aug(i,:)-Aug(i,1)*Aug(l,:) 25 for i=1:4
23 end 26 if i~=2
27 Aug(i,:)=Aug(i, :)-Aug(i,3)*Aug(2,:)
28 end
29 end
nug = 1609
Fig. 6. The row transformation to make other
Bug = number as pivotls
1.0000 0.5000 0.5000 0.5000 0 0 1.0000
1.0000 2.0000 3.0000 0 1.0000 0 5.0000
2.0000 2.0000 1.0000 0 0 1.0000 €.0000 )
-3.0000 -1.0000 -3.0000 0 0 0 GACCOI‘dll’lgly, we get
Rug =
1.0000 0.2000 0 0.€000 -0.2000 0 0.2000 Flg' 7' The Output Of 1St Operatlon performed ln
0 0.6000 1.0000 -0.2000 0.4000 0 1.6000 ] ]
0 1.0000 0 -1.0000 0 1.0000 4.0000 flg 6The reduCted matrlx
0 1.4000 0 1.2000 0.6000 0 5.4000
X1 x2 x3 sl s2 s3 RHS
Fig. 3. The row transformations to get the pivot
1s . D
Fig. 8. The output of the 2nd operation in fig 6
STEP 6: Check whether the last row have a
Fig. 4. The output of the 1st operation in fig 3After smallest negative number. If present, then we
reducing the 1st row we get need to continue solving the sumsthe way we did
in STEP 5. If not present we can conclude thesum.
Aug = The columns having pivot 1s will have the

000 answer equal to RHS. The columns with no pivot

§§§§ 1s will have answer as 0.

.0000

1.0000
0
0
0

5000 0.5000 0.5000 0 0
5000 2.5000 -0.5000 1.0000 0
.0000 0 -1.0000 0 1.0000
.5000 -1.5000 1.5000 0 0

[ A

In our example

x1= 0.2 x2=0 x3=1.6 s1=0 s2=0
s3=4

STEP 6: substitute the values in the inequalities
and check2x1+x2+x3= 2(1.6) + 0+ 1.6 =2

STEP 4: check which is the next smallest value in x1+2x2+3x3= 0.2 + 0 + 3(1.6) =5

the last rowwith negative sign. In our example the

value is -1.5 which lies in the 3rd column. Divide 2x1+2x2+x3=2(0.2) + 0+ 1.2=2 <6

the RHS with its corresponding values in the 3rd Therefore, our values are correct.

row. We can see that 1/0.5=2., 4/2.5= 1.6 and

4/0=infinity. The one with answer as infinity is

IR

Fig. 5. The output of the 2nd operation in fig 3

The s3 in the 3rd equation determines how much

. the value hasreduced in the equation,
not considered. As 1.6<2. The row and column of
the coefficient of x that is divided with the RHS is
considered.
In our following example the 2rd row 3rd column x STEP 7: substitute the values in the maximization
coefficient is the one that is bringing the least condition,3x1+x2+3x3
value of RHS.

3(0.2)+0+3(1.6)=5.4

Therefore, we have gained a profit of 5.4units
STEP 5: make the 2.5 as the next pivot one and
reduce the numbers above and below to 0 with
the help of row transformation method

Fig.9. The final output of the sum
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Case 2: when the cost is equal to our budget.

% start reducing the other columns and make al and a2 @s
Aug(2,:)=Aug(2,:)/3;
for i=1:3
if i~=2
Aug(i,:)=Aug(i,:)-Aug(i,1)*Aug(2,:);
end
end
Aug(1,:)=Aug(1,:)/1.3333;
for i=1:3
if i~=1
Aug(i, :)=Aug(i, :)-Aug(i,3)*Aug(1,:)
end
end

Fig. 11. The output of the operations performed
in fig. 10.

Step 2:al and a2 as pivots means the value of
al=4 and a2=3.After this step we need to make
al and a2 as zeros.

So we need to start reducing the way we did in

the previous example

Lets understand the case with an examplemax

x1 +x2 +x3
Fig. 12. The code to perform row reductions and

min -x1 -x2 -x3 getal=a2=0
subject to 2(x1) + x2 + 2(x3)=4
3x1 + 3x2 + x3=3x1,x2,x3>=0 The output after reducing, here x1=0.5, x2=0 and

x3=1.5 andal=a2=0

in this case we have already got the minimize

condition so wedon’t need to multiply the X1 x2 <3 al a2 RHS

condition with -1.

This case consist of 2 phases.

PHASE 1: add arbitrary variables and minimize Rag =

according tothe arbitrary variables O -0.7500  1.0000  0.7500 -D.5000  1.5000
1.0000 1.2500 -0.0000 -0.2500 0.5000 0.5000

Z(Xl) +Xx2 + 2(X3) +al=4 0 -0.0000  0.0000  1.0000  1.0000  0.0001

3x1+3x2+x3+a2=3

Fig. 13. The following pic shows al=a2=0(if the
columns of al and a2 are filled that means
al=a2=0)

min al + a2

Step 1: make the tableau and 1st reduce the

columns with aland a2 and make them as pivot PHASE 2: Now we remove the arbitrary

variabled from the sum and minimize according
% 3x1 + 3x2 +x3 + a2 = 3
% min al + a2
As[21218; 3316801];
b=[4;3];
c=[@ @8 11];
Aug=[A b;c 8];
% make al and a2 as the pivot 1s
Aug(3,:)= Aug(3,:)-Aug(l,:);
Aug(3,:)= Aug(3,:)-Aug(2,:);

Fig. 10. Set up an augmented matrix with min
al+aZcondition and reduced the rows to get al
and a2 as pivot 1s

Accordingly we get
% start reducing the other columns and make al and a2 9s
Aug(2,)=RAug(2,:)/3;
to the actual minimization condition
Aug = min  -x1-x2 -x3]
1 2 0
; ' ' X1 X2 X3 RHS
-5 -4 -3 0 )
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Bug =
0 -0.7500 1.0000 1.5000
1.0000 1.0000 0 0.5000
-1.0000 -1.0000 -1.0000 0
.

Fig. 14. Removed the columns of al and a2 and
minimizing with respect to -x1-x2-x3

As we have all three -1s, we need to choose the
left hand side

-1 and start reducing the way we discussed in
the casel. The following is the code that we
wrote in matlab to reduce.

rom the left hand side if same numbers are given

a1 if im=2

42 Aug(i, :)= Aug(i,:)-Aug(i,1)*Aug(2,:);
a3 end

aa end

as -1:

46 if di~=l

a7 Aug(i, :)=Aug(i, :)-Aug(i,3)*Aug(l,:);
a8 || enc 1

a9 end|

Fig. 15. The code to bring x1 x2 or x3 as pivotThe
following is the reduced matrix

Lug =
0.6000 0 1.0000 1.8000
0.8000 1.0000 0 0.4000
2.6000 0 0 -2.2000

Fig. 16. Getting x2 and x3 as the pivot

By the tableau we understand x2=0.4 and x3=1.8

if we substitute the values of x1=0 x2=0.4 and
x3=1.8 in theequations we get LHS=RHS

by substituting the values of x1, x2 and x3 in our
conditionwe get 0+0.4+1.8=2.2

therefore we have a profit by 2.2 units.

Case 3: when our cost is exceeding the budget

In this case we add the surpuls variables s1 s2....
And every surplus variable will have an arbirary

Aug =

fx 5>

variable accordingly. The suplus variables will

have values -1 as we need to reduce to equalize
witbh rhs

This time our example is min 4x1 + x2 subject
to 3x1 +x2>=10

x1 +x2 >=5

x1 >=3x1,x2>0

Step 1: make the tableau including surplus
variables and arbitrary variables. And let the 1st
minimization condition beMin al+a2+a3

Rug =
3 1 -1 0 0 1 0 0 10
1 1 0 -1 0 0 1 0 5
1 0 0 0 -1 0 0 1 3
0 0 0 0 0 1 1 1 0

Fig. 17. The augmented matrix with the condition to
minimize according to al,a2,a3

Step 2: like our previous case first we need to
make al a2 a3 our pivot 1s then we need to start
reducing accordingly and finally we need to
bring al=a2=a3=0

15 As[31-100100;110-10010; 1000 -1001];

16 b=[10;5;31;

17 c=[00000111];

18 Au c ol

19 Aug(8, :)=Aug(4,:)-Aug(1,:);

24 if i~=3
25 Aug(i, :)=Aug(i, :)-Aug(i, 1)*Aug(3,:);
26 end
27 end
28 Aug(1, :)=Aug(1,:)/3;
29 for i=1:4
if d~=1
31 Aug(i, :)=Aug(i, :)-Aug(i, 5)*Aug(1,:);
end
end

Fig. 18. The code to make al=a2=a3=0

The tableau we have formed after performing
someReductions

x1 x2 sl s2 s3
RHS

al a2 a3

Fig. 19. The output from fig 17 and 18
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Bug =
0 1 0 -1 1 2
0 0 1 -1 -2 1
1 o 0 0 -1 3
0 0 0 1 3 —-14

Step 3: after making al a2 and a3 as zeros we
need to remove al a2 a3 from the tableau. Now
we need to put our actual minimization
condition and solve

min 4x1 + x2

x1 x2sl1 s2 s3 RHS

Rug =
0 1 0 -1 1 2
0 0 1 -1 -2 1
1 0 0 0 -1 3
4 1 0 0 0 0

[

Fig. 20. Removed the columns of al, a2, a3 and
minimizingaccording to 4x1+x2

As out minimization condition is positive we need
to just needto make x1 and x2 as our pivot 1s.

Which can be done by reducing the rows using
reduced row echelon form

The following is the matlab code

46 % remove al a3 a3

a7 % min 4x1 + x2

48 % we need to get pivot 1s in x1 and x2 to find the values of x1 and x2
49 A=[010 -11;001-1-2;1000 -1];

50 b=[2;1;3];

51 c=[41000];

52 Aug=[A b;c 0];

53 Aug(4,:)=Aug(4, :)-4%Aug(3,:);

54 Aug(4, :)=Aug(4,:)-Aug(l,:)

Fig. 21. The code to bring x1 and x2 as pivot 1s

From this we can conclude (x1,x2)=(3,2)

By substituting the values in the minimization
condition weget we have minimized the cost by
14 units.

Fig. 22. The final output of case 3

III. RESULTS AND DISCUSSIONS

The methodology explained us that we can
considered 3 cases less than equal to, equal to
and greater than equal to our budget. In the less
than equal to case we need to add the slack
variables, in the equal to case we need to add the
arbitrary variables and in the greater than equal
to case we need to add the surplus variables and
the arbitrary variables and start to solve those
equations to get the value of the variables that is
the demand which will give us the optimized
cost.

If there is an equation of maximize, we need to
convert it into an equation of minimize and solve
the problem as maximizing profit is equal to
minimizing cost. Every problem is unique and it
has it own steps to solve as the corners are
different. In the examples which we written in
the methodology have the answers as following:

Case 1: x1= 0.2 x2=0 x3= 1.6 s1=0 s2=0 s3=4
Case 2: x1=0x2=0.4 x3=1.8

Case 3:x1=3 x2=2

We need to round up the values and send the
goods accordingly in the cost of routes with which
the variables were and by substituting the value
in the maximize equation we will get the value to
our maximization condition.

IV. FUTURE SCOPE

This method can be applied in the real life
problems. We can find values of cost of
transportation of routes and get the budget of
the total transportation cost and solve the
problem with simplex method. Matlab has a in
built function of linprogwhich we can use to solve
the problem in an easier manner.

V. CONCLUSION

In this paper we have discussed how to decrease
the transport cost. Many companies are not able
to gain the maximum profit because they don’t
optimize the transport cost. With thehelp simplex
method we are able to optimize the cost in an
effective manner.
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In the 3 cases we have discussed we can see how
the cost is reducing. In real life, we have mixed
conditions given. To solve the mixed condition
we need to identify the slack, arbitrary and
surplus variables and solve accordingly. If there

is arbitrary variables involved we need to solve
the problemin 2 phases as discussed in case 2.

In the results we saw that
In case 1 we reduced the costto 5.4units

In case 2 we reduced the cost to 2.2 units andIn
case 3 we reduced the cost to 14 units.

We were able to find the corners by which we
were able to reduce it the lowest cost. This was
not possible in least cost and north west corner
method. If we apply this method and solve it
problem in matlab we will be able to solve such
problems easily.
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