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1.a)
Describe the different methods of solving O.R. models.





   b)
Write the dual of the following primal problem. 


Minimize Z = x1 + 3x2   Subject to :     3x1 + 4x2 ( 5




  
 

      x 1 + x2 ( 2







      x1 + 2x2 ( 3

  





     x1, x2, x3 ( 0



2.a)
When do you say a solution to a transportation problem is degenerate ?



b)
A company has three plants X,Y,Z and each producing 50,100,150 units of a similar products.  There are five ware houses W1,W2,W3, W4 and W5 having demand of 100, 70, 50, 40 and 40 units respectively.  The cost of transporting the products from plants to warehouses is given in the following matrix.

	
	W1
	W2
	W3
	W4
	W5

	X
	20
	28
	32
	55
	70

	Y
	48
	36
	40
	44
	25

	Z
	35
	55
	22
	45
	48


Determine the transportation schedule so that the cost is minimized.
3.a)
Solve the following minimal assignment problem :

	Job 
	Machinist

  1           2          3           4         

	A
	12
	30
	21
	15

	B
	18
	33
	9
	31

	C
	44
	25
	24
	21

	D
	23
	30
	28
	14


b)
Find the sequence that minimizes the total elapsed time (in hours) required to complete the following jobs on three machines ABC in the order BAC.

Job Number 
:
1
2
3
4

Machine A
:
9
7
3
7

Machine B
:
5
5
6
12

Machine C
:
1
2
4
3
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4.a) 
Explain briefly the importance of Replacement Analysis.


b) 
What do you mean by “Money value is not counted and counted” in Replacement Analysis?
c) 
The cost of the machine is Rs.6100 and its scrap value is only Rs.100. The maintenance costs are found to be:   

   
Year

  1
2
3
4
5
6
7
8

   
Maintenance
 100
250
400
600
900
1250
1600
2000

             cost(Rs.)

   
When should the machine be replaced?

5.a)
Briefly explain the limitations of game theory.



   b)
Find the optimum strategies for the following game by graphical method.





B

	
	1
	2
	3
	4
	5

	1
	-1
	3
	4
	-2
	6

	2
	4
	2
	6
	3
	2



          A

6.
Customers arrive at a Car-washing plant according to Poisson distribution with mean 2 per hour. Service time per customer is exponential with mean 25 minutes. The car space in front of the window, including that for the serviced can accommodate a maximum of 5 cars. Other cars can wait outside this space. a) What is the probability that an arriving customer can drive directly to the space in front of the window? (b) What is the probability that an arriving customer will have to wait outside the indicated space? (c) How long is an arriving customer expected to wait before starting service? (d) How many spaces should be provided in front of the window so that all the arriving customers can wait is front of the window at least 20% of the time?
7.a)
What are the reasons for stocking items in inventory?

   b)
A manufacturing company purchases 10000 parts of a machine for its annual requirements ordering one month usage at a time.  Each part costs Rs. 30/-.  The ordering cost per order is Rs. 25/- and the carrying charges are 25% of the average inventory per year.  You have been asked to suggest a more economical purchasing policy for the company.  What advice would you offer, and how much would it save the company per year?

8.a) 
Write a note on the application of dynamic programming.


   

   b)
Define the following terms in dynamic programming :
         
(i) State  (ii) State variable   (iii) Immediate return    (iv) Optimal return .
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1.a)
Define operation Research and discuss its scope.



       

   b)
Maximise:
Z = 50x + 60y

Subject to the Constraints:


0 ≤ x ≤ 400,

0 ≤ y ≤ 400,

2x + 3y ≤ 1500,  3x + 2y ≤ 1500






Use the graphical method



2.a)
Briefly explain the Vogel’s Approximation Method.


  
   


b)
An oil corporation has got three refineries R1,R2,R3 and it has to send petrol to four different depot D1,D2,D3 and D4. The cost of supplying of one litre of petrol from each refinery to each depot is given below. The requirements of the depot and the available petrol at the refineries are also given. Find the minimum cost of shipping after obtaining the initial solution by Vogel’s Approximation Method.

	Depot


	D1
	D2
	D3
	D4
	Available

	R1
	10
	12
	15
	8
	130

	R2
	14
	11
	9
	10
	150

	R3
	20
	5
	7
	18
	170

	Required 
	90
	100
	140
	120
	


3.a)
A salesman has to visit five cities A,B,C,D and E. The distances (in hundred kms) between the given cities are as follows :



	From/To 
	 A           B          C          D         E

	A
	-
	7
	6
	8
	4

	B
	7
	-
	8
	5
	6

	C
	6
	8
	-
	9
	7

	D
	8
	5
	9
	-
	8

	E
	4
	6
	7
	8
	-


If  the salesman starts from city A and has to come back to city A, which route should the salesman select so that the total distance traveled is minimum.
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b)
A Company has six jobs which passes through three machines ABC in the order CBA.  The processing time in minutes for each job on each machine is as follows:

Job

:
1
2
3
4

Machine A
:
23
28
12
19

Machine B
:
11
6
12
7

Machine C
:
29
43
12
18

Find the sequence that minimizes the total time.

4.a) 
Running cost and resale value of a small machine whose purchase price is Rs.6000 are given   below

    
  Year


1
2
3
4
5
6
7


   
Running cost(Rs.)
1000
1200
1400
1800
2300
2800
3400

   
Resale value(Rs.)
3000
1500
750
375
200
200
200

   
Determine at what age replacement is due?





b) 
Let the owner has three of above type machines, two of which are two years                        old. Now he is considering a new type of equipment with 50% more capacity than one of the old ones at a unit price of Rs.8000 with the running costs and resale price as follows:   

   
Year


1
2
3
4
5
6
7
8

  
Running cost(Rs.)    1200    1500    1800    2000    3100    4000    5000    6100

  
 Resale price(Rs.)
4000
2000
1000
500
300
300
300
300

Assuming the loss of flexibility due to fewer machines is of no importance and that he will continue  to have sufficient work for three of the old machine, what should his policy be?


5.a)
Explain briefly:

(i) Competitive games     (ii)
zero-sum games
     (iii)
strategy


    b)
Find the solution of the following game.









B

	
	I
	II
	III

	I
	1
	3
	11

	II
	8
	5
	2




A



  
6.
An airport terminal service three types of customers: those arriving from rural areas, those arriving from suburban areas, and the transit customers who are changing planes at the airport.  The  arrival distribution for each of the three groups is assumed poisson with mean arrival rates 10, 5 and 7 per hour respectively.  Assuming that all the customers require the same time of service at the terminal and that the service time is exponential with mean rate 10 per hour, how many counters should be provided at the terminal under each of the following conditions:
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a) The expected waiting time in the system per customer does not exceed 15 minutes.

b) The expected number of customers in the system is at most 10

c) The probability that all counters are idle does not exceed 0.11

7.a)
Derive the Economic Order Quantity Formula with instantaneous replenishment when shortages are allowed.

   b)
Given the following data for an item of uniform demand, instantaneous delivery time and Back order facility.


Annual demand = 900 units, cost of an item = Rs. 50/-, Ordering cost = Rs. 900/-, Inventory carrying cost = 30%, Back order cost = Rs. 15.  Find out


i) Minimum cost order quantity ii) Maximum number of back orders                   iii) Maximum Inventory level  iv) Time between orders  v) Total annual cost.

8.
A man is engaged in buying and selling identical item. He operates from a warehouse that can hold 500 items. Each month he can sell any quantity that he chooses up to the stock at the beginning of the month. Each month he can buy as much as he wishes for delivery at the end of the month. So long as his stock does not exceed 500 items. For the next four months he has the following error free forecasts of the cost sales prices. 


 Month:  
              i 

1
2
3
4

   
Cost:


Ci

27
24
26
28

      
Sales price: 
             Pi

28
25
25
27

If he currently has a stock of 200 units, what quantity should he sell and buy next four months. Find the solution using dynamic programming.
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1.a)
What is Operations Research? Describe briefly its applications.




   b)
Use graphical method to solve the following LPPS:


Maximise
Z = 3x1 + 4x2


Subject to 
       2x1 + x2 ≤ 40



        2x1 + 5x2 ≤ 180 





         x1, x2 ≥ 0


2.a)
Give the mathematical formulation of a transportation problem.



   b)
What is the use of Vogel’s approximation method?





   c)
A Company has 4 warehouses and 6 stores, the cost of Shipping one unit from warehouse i to store j is Cij



	Cij
	7
	10
	7
	4
	7
	8

	
	5
	1
	5
	5
	3
	3

	
	4
	3
	7
	9
	1
	9

	
	4
	6
	9
	0
	0
	8


and the requirements of six stores are 4,4,6,2,4,2 and quantities at warehouses are 5,6,2,9. Find the minimum cost solution.

3.a)
Solve the travelling – salesman problem given by the following data :


C12 = 20; C13 = 4; C14 = 4 ; C15 = 10 ; C23 = 5; C34 = 6; C25 = 10 ; C35=6; C45=20,

Where Cij = Cji and there is no route between cities i and j if the value for Cij is not shown.

b)
Find the sequence that minimizes the total time required in performing the following jobs on three machines in the order ABC.

Job 

:
1
2
3
4
5

Machine A
:
3
6
2
4
5

Machine B
:
7
9
13
8
11

Machine C
:
2
15
11
5
4

4.a) 
Briefly explain what you mean by “individual and group replacement policy” in Replacement Analysis.








b)
There is a special light bulb that never lasts longer than 2 weeks. There is a chance of 0.3 that a bulb will fail at the end of first week. There are 100 new bulbs initially. The cost for individual replacements is Rs.1.25 and the cost per bulb for group replacement is Re.0.50. Is it cheaper to replace all the bulbs,

(i) Individually
(ii) every week 
(iii) every second week.
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5.a)
For the following pay-off matrix, determine the best strategies and the value       of the game
                  Y



	
	j
	k
	l

	p
	60
	50
	40

	q
	70
	70
	40

	r
	80
	60
	75




X

b) Briefly explain the limitations of game theory.
6.
Alpha company used two large machines in a processing operation. Each machine is running all the time, except when down for repairs.  Given that a machine is running at time t, the probability that it fails between t and t + dt is λ dt with λ in terms of failure per hour. Any time a machine fails it is immediately assigned a repair crew (assume at least 2 are always available) for each machine the repair time is negative exponential with average 1/μ hours. 

a)
Find the steady-state probabilities Po , P1 and P2.

  
b)
What is the average down time of a machine.

c)
Let  λ = ½ and down time costs Rs.200 per hour down. Also let it cost Rs.50 μ per hour to operate the repair service at the rate of μ. Find out the optimal service rate.

7.a)
What are the relevant costs for inventory decisions?  How are they obtained in real life situations?

   b)
The annual demand for a component is 7200 units.  The carrying cost is Rs. 500/unit/year. The ordering cost is Rs. 1500/- per order and the shortage cost is Rs. 2000 / unit / year.  Find the optimal values of Economic Order Quality, maximum inventory, maximum shortage capacity, and cycle time.

8.
A distance network consists of 11 nodes which are distributed as shown in figure.  Find the shortest path from node 1 to node 11 and also the corresponding distances.

	Arc
	Distance
	Arc
	Distance

	1-2
	8
	5-7
	8

	1-3
	7
	5-8
	1

	1-4
	4
	6-9
	3

	1-5
	2
	6-10
	5

	2-6
	4
	7-9
	5

	3-6
	8
	7-10
	1

	3-7
	4
	8-10
	5

	4-7
	6
	9-11
	5

	
	
	10-11
	5
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1.a)
Discuss the various phases in solving an OR problem





   b)
Solve the following linear programming problem by graphical method


Minimise    Z = 2x1 + x2  subject to the constraints



5x1 + 10x2 ≤ 50



x1 + x2 ≥ 1



x1 ≤ 4



x1, x2 ≥ 0 

2.a)
What is meant by “Degeneracy” in a transportation problem?


b)    Solve the following transportation problem to maximize profit.


Profit (Rs) / Unit 

Destination

	
	
	A
	B
	C
	D
	Supply 

(Units)

	Source
	1
	40
	25
	22
	33
	100



	
	2
	44
	35
	30
	30
	30



	
	3
	38
	38
	28
	30
	70



	Demand

(Units)
	40
	20
	60
	30
	


3.a)
Give two areas for the application of assignment problem


       (2)

b) 
A company has five trucks available for use located in cities A, B, C, D and E. One truck is required in cities 1, 2, 3, 4, 5 and 6. The mileage between cities is shown in Table. Determine the assignment of trucks that will minimise the mileage travelled by all trucks.

	From cities
	To cities

	
	1
	2
	3
	4
	5
	6

	A

B

C

D

E
	20

15

18

8

12
	15

32

15

24

20
	26

46

2

12

18
	40

26

12

22

10
	32

28

6

22

22
	12

20

14

20

15
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4.a)
Explain group replacement concept and its applications.


   b)
Find the cost per period of individual replacement policy of an installation

     
of 300 bulbs given in the following:

i) Cost of replacing individual bulb is Rs 3/-

ii) Conditional probability of failure is given below

 Week no.               
  0
   1
    2
    3
    4

Conditional prob.
  0
  1/10    1/3
   2/3     1

 of failure

5.a)
Briefly explain

     
(i)pure strategy

     
(ii)mixed strategy

     
(iii)optimal strategy 








    b)
Find the saddle point, optimum strategies and value of the game in the 
following pay off matrix






Y

	
	A
	B
	C
	D

	I
	-3
	4
	2
	9

	II
	7
	8
	6
	10

	III
	6
	2
	4
	-1



          X
6.
In a factory, the machine breakdown on an average rate is 10 machines per hour. The idle time cost of a machine is estimated to be Rs.150 per hour. The factory works 8 hours a day. The factory manager is considering 2 mechanics for repairing the machines. The first mechanic a takes, about 10 minutes on an average to repair a machine and demand wages Rs.100 per hour. The second mechanic B takes about 8 minutes in repairing a machine and demand wages at the rate of Rs.125 per hour. Assuming that the rate of machine breakdown is Poisson distributed and the repair rate is exponentially distributed, which of the two mechanics should be engaged?

7.a)
Derive the Economic Order Quantity formula for the manufacturing model without shortages.

   b)
An automobile factory manufactures a particular type of gear within the factory and this gear is used in the final assembly.  The particulars of this gear are: Demand rate ( R) = 14000 units / year, production rate K = 35000 units/year.  Setup cost Co= Rs. 500 per set-up and carrying cost Cc = Rs. 75/unit/year.  Find the economic order quantity, cycle time and number of set-ups per year.
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8.
A distance network consists of 11 nodes which are distributed as shown in the following table.  Find the shortest path from node 1 to node 11 and the corresponding distance.

	Arc
	Distance
	Arc
	Distance

	1-2
	8
	5-8
	12

	1-3
	7
	5-9
	7

	1-4
	1
	6-9
	9

	2-5
	5
	7-9
	6

	3-5
	9
	7-10
	13

	3-6
	2
	8-11
	4

	3-7
	8
	9-11
	2

	4-7
	10
	10-11
	15
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