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1.a)
Define Linear programming.








   b)
List the main characteristics of an LPP.






   c)
A firm manufactures two types of products A and B which have a profit margin of Rs.5/- and Rs. 4/- respectively. Each product is to be processed on two machines C and D. The processing time of A on machines C and D is 2hrs and 1hr respectively. The processing time B on machines C and D is 1hr and 3hrs respectively. During a week, machine C is available for 100hrs and machine D for 90hrs. Formulate as an LPP to determine the number of each type of product to be produced per week in order to maximize the profit per week.   
2.a)
State the objective of the transportation problem 





b)
How many basic variables will be there for a balanced transportation problem with 3 rows and 3 columns?







c)
A Manufacturer has distribution centres located at Agra, Allahabad and Calcutta. These Centres have 8,4 and 8 Units of his product. The retail outlets require the following number of units:





A - 5: 
B - 2;
C – 4;
D – 6; E – 3. The Shipping cost per unit (in Rupees) between each centre and outlet is given in the following table. Determine the optimal shipping cost.

	Distribution Centres
	Retail Out lets

	
	A
	B
	C
	D
	E

	Agra
	55
	30
	40
	50
	40

	Allahabad
	35
	80
	100
	45
	60

	Calcutta
	40
	60
	95
	35
	80


3.
Find the sequence that minimizes the total elapsed time (in hours) required to 
complete the following jobs on two machines M1 and M2 in the order M1 M2.

	Job1
	1
	2
	3
	4
	5
	6

	M1(Time in hours)
	4
	8
	3
	6
	7
	5

	M2(Time in hours)
	6
	3
	7
	2
	8
	4



Also find the total elapsed time and idle times of each machine.


Contd…2

Code No. NR-310502


       
       -2-



      Set No.1
4.
A large hospital complex has several operation theaters. Each operation table has a special light bulb attachments. The bulb is prone to failure. There are 200 bulbs installed in all. Considering 500 hours as period, the failure of similar bulb has been as under:

      
Out of 100 bulbs;

 

9 failed by the end  of first period



20 failed by the end of second period



33 failed by the end of third period

61 failed by the end of fourth period

77 failed by the end of fifth period

90 failed by the end of sixth period

100 failed by the end of seventh period

The management considers to make it a practice to replace all in a group at one time, then replace the individual bulb as and when it fails and after fixed interval of time again replace entire group of 200 bulbs. If the bulbs are replaced in group it costs Rs.5 per bulb and when replaced individually it costs Rs.20 per bulb. What should be the replacement policy of the hospital?
5.a)
Consider the following pay-off matrix and determine the optimal strategy.


              
         B

	
	I
	II
	III

	I
	6
	9
	4

	II
	5
	10
	7

	III
	9
	8
	9


                         A




















         
    b)
Write a note on zero-sum games.
6.a)
Give important applications of waiting line theory.

b)
The Pepsi company uses a capping machine which caps at the rate of 1 bottle every 2 time unit cycles. The bottles arrive at of 1 bottle every 4-time unit cycles. The work begins at 8.00 A.M with 12 bottles waiting to be capped. How many units of time are required to service the bottles that are waiting?
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.
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8.a)
State and explain Bellman’s principal of optimality in dynamic programming.

b)
The owner of a chain of four grocery stores has purchased six crates of fresh   strawberries.  The estimated probability distribution of potential sales of the strawberries before spoilage differ among the four stores.

The following table gives the estimated total expected profit at each store, when it is allocated various number of crates.

	No. of crates
	Stores

	
	1
	2
	3
	4

	0
	0
	0
	0
	0

	1
	4
	2
	6
	2

	2
	6
	4
	8
	3

	3
	7
	6
	8
	4

	4
	7
	8
	8
	4

	5
	7
	9
	8
	4

	6
	7
	10
	8
	4


For administrative reasons, the owner does not wish to split crates between stores.  However he is willing to distribute zero crates to any of his stores.  Find the allocation of 6 crates into 4 crates so as to maximize the expected profit.  Use dynamic programming approach.     
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1.
A firm produces two types of toys. Labour time required for first type is twice that of the second type. If the first type alone is produced, the firm can produce 1000 numbers per day. In a day, a maximum of 300 and 500 numbers of first and second type of toys respectively can be sold. The profit per toy is Rs. 10/- for the first type and Rs. 6/- for the second type.

a) Formulate an LPP to maximize profit per day.




b)   Solve graphically.

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

  


   b)
For the following transportation  problem find the solution for maximum profit

Ware House

	
	
	W1
	W2
	W3
	W4
	Supply

	Factory
	F1
	90
	90
	100
	110
	200

	
	F2
	50
	70
	130
	85
	100

	Demand
	
	75
	100
	100
	30
	


The cell values are profit per unit.


3.
The following data relates to six jobs on Two machines. Sequence is M1 M2; Find the sequence of jobs to minimize total elapsed time.

	Job
	A
	B
	C
	D
	E
	F

	Machine M1(Time in hours)
	30
	120
	50
	20
	90
	110

	Machine M2(Time in hours)
	80
	100
	90
	60
	30
	10


Also find the total elapsed time and idle times of each machine.

Contd…2

Code No. NR-310502


       
       -2-



      Set No.2
4.
There are two offers of coal handling equipment in a thermal power station

Offer A; cost; Rs.20,00,000

capacity:200 tons/hr

       
Block

 

I
II
III
IV
V
VI

     
Operating-cum-

      
maintenance cost

      
per year



      
(in Rs thousand)

120
130
140
160
190
220

    
Resale (salvage value)

       
 in Rs thousand

1600
1550
1450
1300
1100
800


Offer B;cost:Rs.40,00,000
capacity:300 tons/hr

      

Block


I
II
III
IV
V
VI

      
Operating-cum-

     
 maintenance cost

     
 per year



      
(in Rs thousand)

140
145
151
160
172
190

     
Resale (salvage value)

        
in Rs thousand


3500
3400
3250
3050
2800
2500      

      
Each block is of 5 years duration

Which offer should be accepted consistent with optimum replacement policy for minimum average annual cost?
5.a)
Briefly explain “dominance property”






b)
A and B play game in which each has three coins 5p,10p and  20p. Each selects a coin without the knowledge of the others choice. If the sum of the coins is an odd amount, A wins B’s coin. If the sum is even, B wins A’s coin. Find the best strategy for each player and the value of the game.
6.
Internet users arrive at a centre following a Poisson distribution with an average time of 10 minutes between one arrival and the next. The time taken for internet browsing is on an average 30 minutes and it follows an exponential distribution. What is the probability that the system in the centre is busy? How many more systems should be established to reduce the waiting time to less than or equal to half of the present waiting time?

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.
An organization is planning to diversify its business with a maximum outlay of Rs. 5 crores.  It has identified three different locations to install plants.  The organization can invest in one or more of these plants subject to the availability of the fund.  The different possible alternatives and their investment (in crores of rupees) and present worth of returns during the useful life (in crores of rupees) of each of these plants are summarized in table.  The first row of table has zero cost and zero return for all the plants.  Hence, it is known as do-nothing alternative.  Find the optimal allocation of the capital to different plants which will maximize the corresponding sum of the present worth of returns.

	Alternative
	Plant 1
	Plant 2
	Plant 3

	
	Cost
	Return 
	Cost 
	Return
	Cost 
	Return

	1
	0
	0
	0
	0
	0
	0

	2
	1
	15
	2
	14
	1
	

	3
	2
	18
	3
	18
	2
	7

	4
	4
	28
	4
	21
	-
	-
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1.
A mining company owns two different mines that produces a given kind of ore in grades A,B and C. The mining company has contracted to provide a smelting plant 12 Tons of A, 8 Tons of B and 24 Tons of C grade ores per week. It costs the company Rs. 2,000/- per day to run the first mine and Rs. 1,600/- per day to run the second. In a day’s operation the first mine delivers 6 Tons of A, 2 Tons of B and 4 Tons of C grade ores, where as the other mine delivers 2 tons of A and 6 tons of C grade ores. How many days in a week each mine should be operated to fulfill the orders most economically? 

a)
Formulate as an LPP








b)
Solve graphically.
2.a)
Distinguish between a transportation problem and an assignment problem.

b)
Solve the following transportation problem with transportation cost, demand and supplies as given below.

Ware house

	Factory


	
	W1
	W2
	W3
	W4
	Demand

	
	F1
	19
	30
	50
	10
	7

	
	F2
	70
	30
	40
	60
	9

	
	F3
	40
	8
	70
	20
	18

	Supply
	
	5
	8
	7
	14
	


3.
A book binder has one printing press, one binding machine and manuscripts of five different books. The time required to perform the printing and binding operations for each book are known. Determine the order in which books should be processed, in order to minimize the total time required to turn-out all the books.

	Book
	I
	II
	III
	IV
	V

	M1( Printing Machine)
	3
	7
	4
	5
	7

	 M2( Printing Machine)
	6
	2
	7
	3
	4



Also find the total elapsed time and idle times of each machine.
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4.a)
Explain briefly “how the replacement problems are classified?”

b) 
Fleet of cars have increased their costs as they continue in service due to increased direct operating    cost (gas and oil) and increased maintenance (repairs, tyres, batteries,etc..).The initial cost is Rs.3,50,000 and the trade in value drop as time passes until it reaches a constant value of Rs.40,000.

Given the cost of operating, maintaining and the trade in value, determine the proper length of service before cars should be replaced.


Years of service
  1
        2
                3

4
      5

Year end trade in      2,90,000
    2,10,000     1,50,000    1,10,000
  40,000

value(Rs.)

    
Annual operating
11,500
     12,800        13,600
        14,000
    15,000    

 cost(Rs.)

    
Annual maintaining
 3000
     5000           8000
       12,000
    15,000 

              cost(Rs.)

5.a)
Briefly explain the general rules for dominance.




b)
Use dominance property to reduce the game to 2x2 game and hence find the optimal strategies





player B

	5
	-10
	9
	0

	6
	7
	8
	1

	8
	7
	15
	1

	3
	4
	-1
	4


   player A
6.
Trains arrive at the yard every 20 minutes and the service time is 40 minutes. If the line capacity of the yard is limited to 6, find

(a) the probability the yard is empty




(b)
the average number of trains in the system.                                         

7.a)
The demand for an item is 6000 units per year.  Its production rate is 1000 units per month.  The carrying cost is Rs. 550/- /unit/year and the setup cost is Rs. 2000/- per set-up.  The Penalty cost is Rs. 1000/- per unit per year.  Find out        (i) Economic Order Quantity (ii) Number of orders per year (iii) Time between two consecutive orders.
   b)
The annual demand for an automobile component is 15000 units.  The carrying cost is Rs. 0.4/unit/year.  The ordering cost is Rs. 15/- per order and the shortage cost is Rs. 10/unit/year.  Find the optimal values of (i) Economic Order Quantity (ii) Maximum Inventory Level (iii) 
Cycle time (iv) Number of orders per year.
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8.
An organization is planning to diversify its business with a maximum outlay of Rs.4 crores.  It has identified three different locations to install plants.  The organization can invest in one or more of these plants subjects to the availability of the fund.  The different possible alternatives and their investment (in crores of rupees) and present worth of returns during the useful life ( in crores of rupees) of each of these plants are summarized in the following table.  The first row of the table has zero cost and zero return for all the plants.  Hence, it is known as do-nothing alternative.  Find the optimal allocation of the capital to different plants which will maximize the corresponding sum of the present worth of returns.

	Alternative
	Plant 1
	Plant 2
	Plant 3

	
	Cost 
	Return
	Cost
	Return
	Cost 
	Return

	1
	0
	0
	0
	0
	0
	0

	2
	1
	12
	2
	16
	2
	9

	3
	2
	15
	3
	20
	3
	12

	4
	3
	19
	4
	25
	-
	-
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1.
A farmer has to plant trees of two kinds, A and B, in a farm 4400sq.m in area. A tree requires at least 25 sq.m and B tree require 40sq.m of land. The annual water requirement of A is 30 units and B is 15 units per tree, while at most 3300 units of water is available. It is also estimated that the ratio of the number of B trees to the number of A trees should not be less than 6 / 19 and not more than 17 / 8. The return per tree from A trees is 15 times as much as B trees. What should be the number of each type so that the expected return is maximum?

a) Formulate as an LPP.








b)   Solve graphically.

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


b)
Solve the following transportation problem with unit transportation cost, demands and supplies as given below

	
	Destinations
	Supply

	Origins
	P
	Q
	R
	

	
	5
	7
	8
	70

	
	4
	4
	6
	30

	
	6
	7
	7
	50

	Demand
	65
	42
	43
	


3.
Find the sequence of jobs that minimizes the total time elapsed to complete the jobs with the following data. Sequence is M1 M2.

	Job
	1
	2
	3
	4
	5
	6

	Machine M1
	4 
	10
	16
	10
	12
	9

	Machine M2
	8
	9
	8
	6
	12
	2



Also find the total elapsed time and idle times of each machine.
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4.a)
The cost of a new machine is Rs.5000. The maintenance cost of nth year is given by  Rn=500(n-1); n=1,2…. . Assuming that the money value will not change with time, after how many years will it be economical to replace the machine by new one?








   b) 
A pipeline is due for repairs. It will cost Rs.10,000 and last for 3 years. Alternatively, a new pipeline can be laid at a cost of Rs.30,000 and lasts for 10 years. Assuming cost of capital to be 10% and ignoring salvage value, which alternative should be chosen?
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.
A computer shop has a laser printer. The jobs for laser printing are randomly distributed approximating a Poisson distribution with mean service rate of 10 jobs per hour, since job pages vary in length (pages to be printed). The jobs arrive at a rate of 6 per hour during the entire 8 hours workday. If the laser printer is valued Rs.30/= per hour, determine

(a)
The percent time an arriving job has to wait 

(b)
Average system time 

(c)
Average idle time cost of the printer per day.

7.a)
The annual demand for an automobile component is 36,000 units.  The carrying cost is Rs. 0.5/unit/year.  The ordering cost is Rs. 25/- per order and the shortage cost is Rs. 15/unit/year.  Find the optimal values of (i) Economic Order Quantity (ii) Maximum Inventory (iii) Cycle time (iv) No. of orders.

   b)
The demand for an item is 16000 units per year.  Its production rate is 900 units per month.  The carrying cost is Rs. 400/- unit / year and the setup cost is           Rs. 3000/- per set-up.  The Penalty cost is Rs. 1000/- per unit per year.  Find out (i) Economic Order Quantity (ii) Number of orders per year (iii) Time between two consecutive orders.
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8.
An electric item has three components in series.  So the reliability of the system is equal to the product of the reliabilities of the three components, i.e., T = r1r2r3.  It is a known fact that the reliability of the system can be improved by providing standby units at extra cost.  The details of costs and reliabilities for different number of standby units for each of the components of the system are summarized in table.  The table capital budgeted for this purpose is Rs 8. Determine optimal number of standby units such that total reliability of the system is maximized.

	N. of Standby units
	Component 1
	Component 2
	Component 3

	
	Cost (Rs.)
	Reliability
	Cost (Rs.)
	Reliability
	Cost (Rs.)
	Reliability

	1
	1
	0.70
	3
	0.85
	2
	0.85

	2
	2
	0.85
	4
	0.95
	3
	0.92

	3
	3
	0.95
	6
	0.98
	5
	0.97
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