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1)

Solve the Transportation problem whose Cost matrix is given as follows, by 

i) North West Corner Method

ii) Least Cost Method

iii) Vogel’s Approximation Method

	Destinations/Origins
	D1
	D2
	D3
	D4
	Capacity

	O1
	1
	5
	3
	3
	34

	O2
	3
	3
	1
	2
	15

	O3
	0
	2
	2
	3
	12

	O4
	2
	7
	2
	4
	19

	Demand
	21
	25
	17
	17
	


   Also discuss its degeneracy. Further compare the solutions found by all above methods.  

                                                                                                                 (Marks- 30)

Degeneracy:

O1 = 34, O2 = 15, O3 = 12, O4 =19 and

D1 = 21, D2 = 25, D3 = 17, D4 = 17.

Since D3 + D4 = O1. Hence, we conclude that given problem has degeneracy.    

Solution:
1. North West Corner Method

First of all, we’ll apply North West Corner Method to find out the solution. We choose NWC method for allocation. The origin in this question O1 is has capacity of 34 items and the destination D1 requires only 21 items. Hence, it is enough to allot the 21 items from the capacity of 34 from O1 to D1. So, O1 is alive with 13 more items. These items can be supplied to the right side destination of the D2, it has requirement 25. By supplying these 13 items, O1 is exhausted and remaining demand left is 12 only. So it can be supplied from the origin O2 to the destination D2. After supplying the 12 items, demand of D2 is completed. Hence, remaining 3 items of origin O2 is supplied to the destination D3. After providing the items 3 to D3, origin O2 will also be exhausted. Total demand of D3 is 17, so to completely fulfill the demand of D3, we need 14 more items. Hence, items O3 which are total 12 are supplied to the destination D3; hence remaining demand of the destination left 2 only after supplying the 12 from origin O3. So, in next origin O4, capacity is 19, so we supply the 2 items to complete the demand of D3. After supplying, demand of destination D3 is completed, hence we have remaining 17 capacity of O4, and demand of D4 is also 17. So, we supply those items to that demand. This completes the initial solution of the problem.
Calculations are shown in the table below.
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Hence, the total cost by North West Corner method will be

21 x 1 + 13 x 5 + 12 x 3 + 3 x 1 + 12 x 2 + 2 x 2 + 17 x 4 = 221
Marks-10
2. Least Cost Method

Following is the illustration of this method.
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We examine the rows O1, O2, O3, O4, in all of these rows; O3 is the least cost element in the cell (O3, D1). The origin O3 has capacity to supply 12 items to D1. And, thus O3 is exhausted, where as D1 still requires 9 more items. Hence, after deleting O3 row, we have the reduced matrix as in the table below.
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In this reduced matrix, we examine that 1 is least element in the cell (O1, D1). The origin O1 has capacity to supply 34 items to D1, but D1 requires only 9 items. Thus, requirement of D1 is fulfilled and D1 is exhausted, where as O1 still has capacity of 25 more items. Hence, after deleting D1 column, we have the reduced matrix as in the table below.
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In this given reduced matrix, we examine that 3 is least element in the cell (O2, D2). The origin O2 has capacity to supply 15 items to D2, but D2 requires 25 items. Thus, requirement of D2 is not fulfilled completely, 15 items are given to D2 and O2 is exhausted, where as D2 still requires 10 more items. Hence, after deleting O2 row, we have the reduced matrix as in the table below.
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In this reduced matrix, we observe that 5 is least element in the cell (O1, D2). The origin O1 has capacity to supply 25 items to D2, but D2 requires only 10 items. Thus, requirement of D2 is fulfilled completely, hence D2 is exhausted. And, 15 items are remaining in O1 to supply. Hence, after deleting D2 column, we have the reduced matrix as in the table below.
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Here, in this reduced matrix, we examine that 2 is least element in the cell (O4, D3). The origin O4 has capacity to supply 19 items to D3, but D3 requires only 17 items. Thus, requirement of D3 is fulfilled completely, hence D3 is exhausted. And, 2 items are remaining in origin O4 to supply. Hence, after deleting D3 column, we have the reduced matrix as in the table below.
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In this reduced matrix, we observe that 3 is least element in the cell (O1, D4). The origin O1 has capacity to supply 15 items to D4; requirement of D4 is 17 items. Thus, 15 items are assigned to D4, hence O1 is exhausted. And, 2 items are remaining in Destination D4. Hence, after deleting O1 row, we have the reduced matrix as in the table below.
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Now, we have one cell left. Hence, row O4 has capacity 2 which is assigned to D4.
Following is the allotment as per the least cost method.
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Hence, the total cost by Least Cost method will be

12 x 0 + 9 x 1 + 15 x 3 + 10 x 5 + 17 x 2 + 15 x 3 + 2 x 4 = 238
Marks-10
3. Vogel’s Approximation Method
In Vogel’s approximation method, we compute difference between row and columns. Following is the matrix with row difference and column difference.
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Here, we have column difference equal, so tie is broken arbitrarily and minimum row cost is selected. So we select cell (O3, D1). Thus 12 items are allocated to from O3 to D1. This exhausts the row O3. However, there are still 9 items required in column D1. Reduced matrix is shown below.
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Here, we have column D2 with high difference and minimum row cost is selected. So we select cell (O2, D2). Thus 15 items are allocated from O2 to D2. The requirement of D2 has not been completed. This exhausts the row O2 that has left 0 items. However, there are still 10 items required in column D2. Reduced matrix is shown below.
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In this matrix, we have D2 with high difference and minimum row cost is selected. So we select cell (O4, D2). Thus 10 items are required by D2. We allot 10 items from O4. The requirement of D2 has been completed, so it is exhausted. And, O4 has 9 more items. Reduced matrix is shown below.
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In this matrix, we have all the columns with same difference so tie is broken arbitrarily and minimum row cost is selected. So we select cell (O4, D1). Thus 9 items are required by D1. We allot all 9 items from O4. The requirement of D1 has been completed. So O4 and D1 both are exhausted. Reduced matrix is shown below.
[image: image16.png]Row

Destinations/Origins | D] Da] Capacity Difference
[ 33 |34 o)
Demand 70

Column difference (0)  (0)




In this matrix, we have the columns with same difference so tie is broken arbitrarily. So we select cell (O1, D2). 17 items are required by D3. We allot all 17 items from O1. 17 items are still left in O1. The requirement of D2 has been completed. So D3 is exhausted. Reduced matrix is shown below.
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We assign remaining all items to D4. Hence, it is completed. 

Following is the allotment as per Vogel’s approximation method:
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Hence, the total cost by Vogel’s approximation method will be

12 x 0 + 15 x 3 + 10 x 7 + 9 x 2 + 17 x 3 + 17 x 3 = 235
Incorrect description

Marks-07
Comparison between all methods:

NWC method = 221

Least Cost Method = 238

Vogel’s Approximation method =235

NWC has better initial solution in this example.

2)
Solve the following unbalanced Assignment problem;

	Machines/Jobs
	A
	B
	C
	D
	E

	1
	4
	3
	6
	2
	7

	2
	10
	12
	11
	14
	16

	3
	4
	3
	2
	1
	5

	4
	8
	7
	6
	9
	6


                                                                                                                (Marks- 10)                                

Solution:
Following is the solution of the unbalanced assignment problem.

	Machines/Jobs
	A
	B
	C
	D
	E

	1
	4
	3
	6
	2
	7

	2
	10
	12
	11
	14
	16

	3
	4
	3
	2
	1
	5

	4
	8
	7
	6
	9
	6


We select the least element from each row of the given matrix and subtract the same from all elements of that row to ensure at least one zero in each row. New matrix is given below.
	Machines/Jobs
	A
	B
	C
	D
	E

	1
	2
	1
	4
	0
	5

	2
	0
	2
	1
	4
	6

	3
	3
	2
	1
	0
	4

	4
	2
	1
	0
	3
	0


Now, we select the least element from each column of the given matrix and subtract the same from all elements of that column to ensure at least one zero in each column. New matrix is given below.

	Machines/Jobs
	A
	B
	C
	D
	E

	1
	2
	1
	4
	0
	5

	2
	0
	2
	1
	4
	6

	3
	3
	2
	1
	0
	4

	4
	2
	1
	0
	3
	0


We assign machines to jobs and bold those jobs in row wise. And omit other jobs in other row. Resultant matrix is given below.
	Machines/Jobs
	A
	B
	C
	D
	E

	1
	2
	0
	4
	0x
	5

	2
	0
	1
	1
	4
	6

	3
	3
	1
	1
	0
	4

	4
	2
	0
	0
	3
	0


We assign machine to jobs and bold those jobs in column wise. And omit other jobs in other row. Resultant matrix is given below.
	Machines/Jobs
	A
	B
	C
	D
	E

	1
	2
	0
	4
	0x
	5

	2
	0
	1
	1
	4
	6

	3
	3
	1
	1
	0
	4

	4
	2
	0x
	0
	3
	0x


This is final answer of our unbalanced assignment problem. Marks-10
