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 Q.2 a. State the different phases in an operations research study.       (6) 
 
Answer: 
The phases in an OR study consists of the following steps: 
1. Definition of the problem. 
2. Construction of the model. 
3. Solution of the model. 
4. Validation of the model. 
5. Implementation of the final result. 
1 Definition of the problem 
The first and the most important requirement is that the root problem should be identified and 
understood. The problem should be identified properly, this indicates three major aspects: (1) a 
description of the goal or the objective of the study, (2) an identification of the decision 
alternative to the system, and (3) a recognition of the limitations, restrictions and requirements of 
the system. 
 
2 Construction of the model 
Depending on the definition of the problem, the operations researchteam should decide on the 
most suitable model for representing the system. Such a model should specify quantitative 
expressions for the objective and the constraints of the problem in terms of its decision variables. 
A model gives a perspective picture of the whole problem and helps tackling it in a well 
organized manner. If the resulting model fits into one of the common mathematical models, a 
convenient solution may be obtained by using mathematical techniques. If the mathematical 
relationships of the model are too complex to allow analytic solutions, a simulation model may 
be more appropriate. There are various types of models which can be constructed under different 
conditions. 
 
3 Solution of the model 
Once an appropriate model has been formulated, the next stage in the analysis calls for its 
solution and the interpretation of the solutionin the context of the given problem. A solution to a 
model implies determination of a specific set of decision variables that would yield an Optimum 
solution. An Optimum solution is one which maximize or minimize the performance of any 
measure in a model subject to the conditions and constraints imposed on the model. 
 
4 Validation the model 
A model is a good representative of a system, then the Optimal solution must improve the 
system’s performance. A common method for testing the validity of a model is to compare its 
performance with some past data available for the actual system. The model will be valid if 
under similar conditions of inputs, it can reproduce the past performance of the system. The 
problem here is that there is no assurance that future performance will continue to duplicate past 
behaviour. Also, since the model is based on careful examination of past data, the comparison 
should always reveal favorable results. In some instances this problem may be overcome by 
using data from trial runs of the system. It must be noted that such a validation method is not 
appropriate for nonexistent systems, since data will not be available for comparison. 
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5 Implementation of the final result 
The optimal solution obtained from a model should be applied practice to improve the 
performance of the system and the validity of the solution should be verified under changing 
conditions. It involves the translation of these results into detailed operating instructions issued 
in an understandable form to the individuals who will administer and operate the recommended 
system. The interaction between the operations research team and the operating personnel will 
reach its peak in this phase. 
 
  b. Rolls of paper having a fixed length and width of 180 cm. are being 

manufactured by a paper mill. These rolls have to be cut to satisfy the following 
demand:  (10) 

 

  Width:  80 cm.  45 cm.  27 cm. 
  No. of Rolls:  200  120  130 

 

   Obtain the linear programming formulation of the problem to determine the 
cutting pattern, so that the demand is satisfied and wastage of paper is a 
minimum. 

 
Answer: 

 
 Q.3 a. Give the standard form of a linear programming problem.            (4) 
 
Answer: 
Standard form of LPP must have following three characteristics:  
1. Objective function should be of maximization type  
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2. All the constraints should of equality type  
3. All the decision variables should be nonnegative  
 
      
 
    b. Solve the following LPP using Simplex method:      (12) 

Min Z = x1 – 3x2 + 2x3 
                                                   Subject to:     3x1 – x2 + 2x3 ≤ 7 
                                                                         – 2x1 + 4x2 ≤ 12 
                                                                         – 4x1 + 3x2 + 8x3 ≤ 10  

     x1, x2, x3 ≥ 0. 
Answer: 
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 Q.4   Find the initial basic feasible solution for the following transportation problem 
using Vogel’s approximation method. Further optimize the solution by MODI’s 
method to minimize the total cost of transpiration. (6+10) 

  
Answer: 
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 Q.5 a. Distinguish between total float and free float.       (4) 
 
Answer: 
The Total Float and Free Float of an activity may not always be the same number of days. They 
can be different based on its predecessor and/or successor activity relationships. By definition: 
Total Float (TF) = the maximum amount of time an activity can be delayed from its early start 
without delaying the entire project.  
Late Date – Early Date = Total Float 
Free Float (FF) = the maximum amount of time an activity can be delayed without delaying the 
early start of any of its succeeding activities. 
 
         b. A project consists of eight activities with the following time estimates:  (12) 
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(i) Construct PERT network. 
(ii) Compute TE, TL for each event. 
(iii) Find the critical path. 

 

Answer: 
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 Q.6 a. Define saddle point in a two-player zero-sum game. Find out the saddle point 

for the given pay-off matrix:  (6) 
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Answer: 
Saddle point:- In a two-person Zero-sum game a pay-off matrix A = (aij) is given then  the 
matrix has a saddle point (i, j) if ijjiijij

aa minmaxmaxmin = . 

For the given pay-off matrix the saddle point is calculated as: 
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By taking the maximum of the row minima we see that Player I is guaranteed not to get less than 
the amount 2 by choosing strategy 2, while, by considering the minimum of the column maxima, 
Player II is guaranteed not to lose more than 2 by choosing his strategy 3. The upshot is that they 
will settle on the (2,3) element which is worth 2 to Player I (-2 to Player II) and either player 
may be worse off if they deviate from the strategies indicated. The amount that they settle on, 
here 2, is known as the value of the game and the element (2,3) of the matrix is a saddle point.  
 
       b.  Customers arrive at one person barber shop according to Poisson process with 

a mean inter-arrival time of 20 minutes. Customers spend on an average of 15 
minutes in the barber’s chair.  (2×5) 

   (i) What is the probability that a new arrival need not to wait for the barber to 
be free? 

   (ii) What is the expected number of customers in the barber shop? 
   (iii) How much time can a customer expect to wait for his turn? 
   (iv) How much time can a customer expect to append in the shop? 
   (v) Management will put in another chair and hire another barber when a 

customer’s average time in the shop exceeds 1.25 hours. How much must the 
average rate of arrivals increase to warrant a second barber? 
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 Q.7 a. Define management. What are the managerial functions?        (8) 
Answer: 
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  b. Draw and explain line and staff organization. State its advantages and 
disadvantages also.         (8) 

 
Answer: 
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 Q.8 a. Define the various steps involved in the process of decision making.  (8)

  
Answer: 

Following are the important steps of the decision making process. Each step may be supported 
by different tools and techniques. 

Step 1: Identification of the purpose of the decision: 

In this step, the problem is thoroughly analysed. There are a couple of questions one should ask 
when it comes to identifying the purpose of the decision. 

• What exactly is the problem? 

• Why the problem should be solved? 

• Who are the affected parties of the problem? 

• Does the problem have a deadline or a specific time-line? 

Step 2: Information gathering: 

In the process of solving the problem, you will have to gather as much as information related to 
the factors and stakeholders involved in the problem. For the process of information gathering, 
tools such as 'Check Sheets' can be effectively used. 
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Step 3: Principles for judging the alternatives: 

In this step, the baseline criteria for judging the alternatives should be set up. When it comes to 
defining the criteria, organizational goals as well as the corporate culture should be taken into 
consideration. 

Step 4: Brainstorm and analyze the different choices: 

For this step, brainstorming to list down all the ideas is the best option. Before the idea 
generation step, it is vital to understand the causes of the problem and prioritization of causes. 

For this, you can make use of Cause-and-Effect diagrams and Pareto Chart tool. Cause-and-
Effect diagram helps you to identify all possible causes of the problem and Pareto chart helps 
you to prioritize and identify the causes with highest effect. 

Then, you can move on generating all possible solutions (alternatives) for the problem in hand. 

Step 5: Evaluation of alternatives: 

Use your judgment principles and decision-making criteria to evaluate each alternative. In this 
step, experience and effectiveness of the judgment principles come into play. You need to 
compare each alternative for their positives and negatives. 
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Step 6: Select the best alternative: 

Once you go through from Step 1 to Step 5, this step is easy. In addition, the selection of the best 
alternative is an informed decision since you have already followed a methodology to derive and 
select the best alternative. 

Step 7: Execute the decision: 

Convert your decision into a plan or a sequence of activities. Execute your plan by yourself or 
with the help of subordinates. 

Step 8: Evaluate the results: 

Evaluate the outcome of your decision. See whether there is anything you should learn and then 
correct in future decision making. This is one of the best practices that will improve your 
decision-making skills. 

         b. What is forecasting? Explain the time series technique for forecasting.           (8) 
 
Answer: 

Forecasting is about predicting the future as accurately as possible, given all of the information 
available, including historical data and knowledge of any future events that might impact the 
forecasts. 

Forecasting should be an integral part of the decision-making activities of management, as it can 
play an important role in many areas of a company. Modern organizations require short-term, 
medium-term and long-term forecasts, depending on the specific application. 

Time series data often arise when monitoring industrial processes or tracking corporate business 
metrics. The essential difference between modeling data via time series methods or using the 
process monitoring methods discussed earlier in this chapter is the following:  
Time series analysis accounts for the fact that data points taken over time may have an internal 
structure (such as autocorrelation, trend or seasonal variation) that should be accounted for. 

• time series analysis 
What we will analyze in details. The idea is that the evolution in the past will continue into the 
future. 

Time series: stationary 
trend-based 
seasonal 
Different time series will be considered: stationary, trend-based and seasonal. They differ by 
the shape of the line which best fits the observed data. 

Methods : The methods which can be used are (linear) regressions, moving averages and exponential 
smoothings. They differ by the importance they give to the data and by their complexity. 

moving average 
The general expression for the moving average is  

Mt=(Xt+Xt−1+⋯+Xt−N+1) / N. 
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Results of Moving Average  
Supplier  $  MA  Error  Error squared  

 

1  9           
2  8           
3  9  8.667  0.333  0.111  
4  12  9.667  2.333  5.444  
5  9  10.000  -1.000  1.000  
6  12  11.000  1.000  1.000  
7  11  10.667  0.333  0.111  
8  7  10.000  -3.000  9.000  
9  13  10.333  2.667  7.111  
10  9  9.667  -0.667  0.444  
11  11  11.000  0  0  
12  10  10.000  0  0  

The MSE = 2.42 as compared to 3 in the previous case.  

Regression 

In statistics, regression analysis is a statistical process for estimating the relationships among 
variables. It includes many techniques for modeling and analyzing several variables, when the 
focus is on the relationship between a dependent variable and one or more independent variables 
(or 'predictors'). 

exponential smoothing 
This is a very popular scheme to produce a smoothed Time Series. Whereas in Single Moving 
Averages the past observations are weighted equally, Exponential Smoothing assigns 
exponentially decreasing weights as the observation get older.  

In other words, recent observations are given relatively more weight in forecasting than the 
older observations.  
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 Q.9 a. What are the different methods for marketing communications?       (8) 
 
Answer: 
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Internet marketing is technically a form of both advertising and public relations, because 
sometimes you are paying for the media and controlling the message, and sometimes you are 
communicating to the public at no charge. Internet marketing is increasingly important as more 
and more people shop online or start their search for a supplier of products and services online. 
Recent surveys show that about 85% of potential buyers like to check out a company online 
before they buy from them. 

       b. Compare and contrast the Maslow and Herzberg theories of motivation.       (8) 
Answer: 
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Herzberg found that the factors causing job satisfaction (and presumably 
motivation) were different from those causing job dissatisfaction. He developed the 
motivation-hygiene theory to explain these results. He called the satisfiers 
motivators and the dissatisfiers hygiene factors, using the term "hygiene" in the 
sense that they are considered maintenance factors that are necessary to avoid 
dissatisfaction but that by themselves do not provide satisfaction.  
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