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DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING 

CS6704-Resource Management Techniques 

Question Bank 

UNIT-I 

Two Marks 

1. What do you mean by Operations Research (OR)?  

  Operation research is scientific approach to problem solving for executive decision making 

which requires the formulation of mathematical, economic and statistical model for decision 

control problems to deal with situations arising out of risk and uncertainty. 

 Examples: 

 Public transportation network 

 Planning in a city having own layout of factories 

 Limitations 

 Distance between OR specialist and manager 

 Magnitude of calculations 

 Money and Time cost 

 Implementations 

 

2. State the characteristics of linear programming problem. 

 All linear programming problems must have following five characteristic: 

 Objective function-there must be clearly defined objective which can be started in quantitative 

way in business problems the objective is generally profit  maximization or cost minimization. 

 Constrain-All constrain regarding resources should be fully writeout   in mathematical form. 

 Non-negativity-The value of variables must be 0 or positive and not a negative. eg: In case of 

production the manager can decide about any particular product number in positive or minimum 

0 not the negative 

 Linearity-The relationship between variables must  be linear. linear means propotional relation 

between 2 or more variables.that is the degree of variable should be maximum one 

 Finitess-The number of inputs and outputs need to be finite in case of infinite factors to compute 

feasible solution is not possible. 

 

3. What do you mean by Slack & Surplus variable? 

  Slack variable: 

            For the constrain of the type <= the right hand side normally represents the limit on the 

availability of resources on the left hand sides represents usage of limited  resources, by the 

different activities,(variables) of the model. A slack that represent the amount by which the 

available amount of resources exceeds its usage, by the activities. 

Get useful study materials from www.rejinpaul.com

www.rejinpaul.com



K.NITHYA AP/CSE  NANDHA COLLEGE OF TECHNOLOGY 

 

 Eg: 

 6x1+4x2<=24 

 6x1+4x2+S1=24 

 S1=24-(6x1+4x2) 

 Surplus variable: 

       For the constraint of the type >= normally represent minimum specification requirement in 

this case surplus represent the excess of left hand side over the minimum requirement. 

  

 Eg:  X1+X2>=800 

2X1+3X2>=600 

X1+X2-S1+A1=800 

2X1+3X2-S2+A2=600 

 

4. What are the steps in Graphical method? State the limitations. 

Step 1. Consider the inequality constraints as equality.  

Step 2. Draw the straight line corresponding to each equality constraint. 

Step 3. Find the feasible region. 

Step 4. Find the point of intersection by solving the equation. 

Step 5. Find the value of Z 

Case1: For maximization problem choose the vertex for which Z is maximum. 

Case2: For minimization problem for which Z is minimum. 

 

5. What is an unbounded solution and infeasible solution? 

Unbounded solution: 

 In some linear programming model the value of variable is increased indefinitely without 

violating any of the constrain, meaning that the solution phase is unbounded in at least one 

direction. 

Infeasible solution: 

If the constrain are not satisfied simultaneously the model has no feasible solution. if  there is no 

common region between two straight  line region then the solution space is Infeasible. 

 

6. Write the Canonical form of LPP and the Standard form of LPP.  

 Canonical form of linear programming problem: The linear programming problem can 

always be expressed as in the following form 

 Max or min Z=c1x1+c2x2+………….cnxn 

 Subject to  

 a11x1+a12x2+………..+a1nxn<=or>=b1 

 a21x1+a22x2+………..+a2nxn<=or>=b2 

 . 

 . 
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 . 

 ai1x1+ai2x2+………..+ainxn<=or>=bi 

 . 

 . 

 am1x1+am2x2+………..+amnxn<=or>=bn 

 where x1,x2………xn>=0 

 

 Standard form of linear programming problem: 

 Max Z=CX 

 STC 

              Ax<=b 

 and      x>=0 

 

7. List the applications of operation research. 

 Production- Linear program for aggregate planning 

     Network based technique for line balancing and project management. 

 Marketing- Linear program for production mix problem  

    Distance network related technique for shipping finished goods. 

 Finance-Integer programming for capital budgeting.  

          Linear programming for breakeven analysis. 
 

8. What is Sensitivity Analysis? 

  In many situations the parameters and characteristics of linear program may change over a 

period of time also the analysis may be interested to know the effect of changing the parameters 

and characteristics of the model on the optimality. The change in parameter may be discrete or 

continuous. The study about the effect in discrete change in parameters is called sensitivity 

analysis. 

 

9. What do you mean by the Optimum Solution?  

      Any solution to linear programming problem which satisfies the non-negativity restriction 

of linear programming problem is called feasible solution. Any feasible solution which 

optimizes the objective function of linear programming problem is called the Optimum solution. 

 

10. What is Simplex Method?  

  A simplex algorithm is a iterative procedure for finding in a systematic manner the optimum 

solution to a linear programming problem. It finds the optimum solution from among the set of 

feasible solution to the problem.  

Step 1. For applying the simplex method to the solution of linear programming problem first of  

 all an appropriately a selected set of variables introduce into the problem.  

Step 2. The iterative process begins by assigning values only to these variables and the decision 

 variables of the problem are set equal to zero.  

Step 3. It starts evaluation process where both X1 and X2 are equal to zero.  
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Step 4. The algorithm then replaces one of the initial variables by another variable.  

Step 5. The variables which contribute most to the desired optimal value enter in, while the 

 variable creating bottleneck to the optimal solution goes out.  

Step 6. This improves the value of the objective function.  

Step 7. This procedure of substitution of variables repeated until no further improvement in 

 objective function is possible. 

Sixteen Mark 
 

LP Formulation & Graphical method    

 

1. The agriculture research institute suggested to a farmer to spread out at least 4800 kg of a special 

phosphate fertilizer and not less than 7200 kg of a special nitrogen fertilizer to raise the 

productivity of crops in his yields. There are two sources for obtaining these mixtures A and B. 

Both of these are available in bags weighing 100 kg each, and they cost Rs.40 and Rs.24 

respectively. Mixture A contains phosphate and nitrogen equivalent of 20kg and 80kg 

respectively, while mixture B contains these ingredients equivalent of 50kg each. 

 Formulate the LPP and solve the problem using graphical solution method.  (8)   

  

2. (i) List out the graphical method procedure to solve simple linear programming problems of two 

decision variables.  (4) 

(ii) Examine the following LP problem using graphical method     (4) 

Minimize Z = 2x1 + 3x2 

Subject to 

x1 + x2 ≥6 

7x1 + x2 ≥14 

x1 and x2 ≥ 0. 

Theory 

 

1. (i).  List out the Modeling phases in detail.(4) 

(ii). Describe in detail about the principal components of Decision problem.(4) 

2. Show the conditions representing       

(i) Alternative optima 

(ii) Infeasible solution 

(iii) Unbounded solution 

                 Graphically with its procedure.  (8) 

Big-M Method 

1. A person wants to decide the constituents of a diet which will fulfill his daily requirements of 

proteins, fat and carbohydrates at the minimum cost. The choice is to be made from four different 

types of foods. The yields per unit of these foods are given below 
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Food Type 

Yield Per Unit 

Proteins Fats Carbohydrates 
Cost per 

unit 

1 3 2 6 45 

2 4 2 4 40 

3 8 7 7 85 

4 6 5 4 65 

Minimum 

Requirement 
800 200 700  

 

Formulate the LPP and solve using Big-M method.       (16) 

2. Solve the following LPP using Penalty method.     (16) 

Max Z=2x1+x2+x3 

4x1+6x2+3x3 ≤ 8 

3x1-6x2-4x3 ≤ 1 

2x1+3x2-5x3 ≥ 4 

X1, X2, X3 ≥ 0 

Simplex Method 

1. (a) A manufacturing firm produces two machine parts using lathe, milling machine, 

grinding machines. The different machining times required for each part, the machining 

times available on different machines, and the profit on each machine part are given in the 

following table 
 

Type of machine 
Machining times required (min) 

Maximum time 

available per week 

(min) Machine Part I Machine Part II 

Lathes 10 5 2500 

Milling Machines 4 10 2000 

Grinding Machines 1 1.5 450 

Profit Per Unit $50 $100  

 

Determine the number of parts I and II to be manufactured per week to maximize the 

profit by any method. (16) 

     

2. Solve the Following LPP using simplex method     (16) 

 Min Z = x2 - 3x3 + 2x5 

3x2 - x3 + 2x5  ≤  7 
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- 2x2 + 4x3  ≤ 12 

-4x2 + 3x3 + 8x5  ≤ 10 

 x2, x3, x5  ≥ 0 

Sensitivity Analysis 

1. Analyze sensitivity with the given optimum solution. (16)    

Max Z=6x1+8x2 

5x1 + 10x2  ≤  60 

4x1 + 4x2 ≤ 40 

x1, x2  ≥ 0 

Final optimum solution 

 

(a) If the right hand side constants of the constraint 1 and constraint 2 are changed from 60 and 

40 to 40 and 20 respectively. 

(b) Check whether addition of new constraint 6x1 + 3x2 ≤ 48 affects the optimality. If it does 

find the new optimum solution. 

UNIT-II 

 

Two Marks 

1. Write the dual of the following LPP 

Max Z= X1+X2 

STC 

2X1+X2 ≤ 2 

-2X1+X2 ≥ -5 

X1,X2 ≥ 0 

Solution 

Min Z=2 Y1+ 5 Y2 

     2 Y1+2 Y2 >= 1 

     Y1- Y2  >= 1 

 

 

 

 

CB YB 
Cj 6 8 0 0 

XB X1 X2 S1 S2 

8 X2 2 0 1 1/5 -1/4 

6 X1 8 1 0 -1/5 1/2 

     Zj – Cj   = 64 0 0 2/5 1 
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2. Distinguish between transportation problem and assignment problem. 

 

           Transposition Problem              Assignment problems 

1.Supply at any source may be positive 

quantity 

1. Supply at any source will be one 

2.Demand at any destination may be 

positive quantity 

2. Demand at any destination will be one 

3.One or more source to any number of 

destination 

3.One source one destination 

3. What is meant by balanced problem? How do you convert unbalanced transportation 

problem to balanced one? 

When a sum of supply is equal to demand then the problem is said to be balanced 

transportation problem. A problem is said to be unbalanced, if the total supply is not equal 

to total demand. Here the unbalanced one is converted to balanced one by adding dummy 

row or column whichever is necessary. The unit transportation cost of the dummy row or 

column is assigned to zero. 

 

4. Define Floyd’s algorithm. 

It is used to find the shortest path and the corresponding distance from any source node to 

any destination node in a given distance matrix. This algorithm take initial distance matrix 

and initial precedency matrix as input then it perform n iteration and generates the find 

distance matrix and the final precedency matrix.one can find the shortest path and distance 

using this method  

 

5. What is assignment problem? 

An assignment problem is a particular case of transposition problem, in which a number of 

operations are assigned to equal number of operators, where each operator performs only 

one operation the overall objective is to maximize the overall cost of the given assignment. 

 

6. How the maximization case is handled in assignment problem? 

The maximization problem are converted to the minimization one of the following method 

Step 1. Since Max Z=Min(-Z) 

Step 2. Subtract all the cost element of the cost matrix from the highest cost element in 

that cost matrix. 

 

7. Give the areas of operations of assignment problem. 

Assigning jobs to machines 

Allocating men to job or a machine 

Root scheduling for a travelling salesman 
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8. Define feasible solution and basic feasible solution. 

A set of non-negative decision value Xij (i=1 to m, j=1 to n), satisfies the constrain equation 

is called feasible solution. 

A basic feasible solution is said to be basic ,if the number of positive allocation are               

(m+n-1), if the number of allocation are less then (m+n-1),then it is called degenerate basic 

feasible solution. 

 

9. Enumerate the method to find initial basic feasible solution for transportation problem 

North-west corner method 

Least cost cell method 

Vogel’s approximation method 

 

10. Define shortest path model. 

In transport organization, one of the objectives is to find the shortest path to a particular 

node from any one of the other node in a network. Determination of shortest path using 

special procedure is known as shortest path model. 

Sixteen Mark 

Dual Simplex Method 

1. Use a dual simplex method to solve the following LP Problem.   (16) 

Min Z= 2x1+4x2 

Subject to  

2x1 + x2 ≥ 4 

x1 + 2x2 ≥ 3 

2x1 + 2x2 ≤ 12 

x1, x2  ≥ 0 

  

2. Solve the following LPP by using dual simplex method.    (16) 

Min Z= 3x1+2x2 

Subject to  

3x1 + x2 ≥ 3 

4x1 + 3x2 ≥ 6 

x1 + x2 ≤ 3          x1, x2  ≥ 0 

 

3. Use dual simplex method to solve the LPP                   (8) 

Maximize Z = -3X1-2X2 

Subject to   X1+ X2 ≥ 1 

X1+ X2 ≤ 7 

X1+ 2X2 ≥ 10 

X2 ≤ 3 

            and   X1, X2 ≥ 0 
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Dual Problem 

1. (a) Solve the following linear programming problem using the result of its dual problem.(8) 

Minimize Z = 24X1 + 30X2 

            Subject to        2X1+3X2 ≥ 10 

4X1 + 9X2 ≥ 15 

6X1 + 6X2 ≥ 20 

X1,X2 ≥ 0 

Sensitivity Analysis 

1. Explain the concept of post optimality analysis using following methods. (8) 

(i) Adding a new constraint 

(ii) Adding a new Variable 

(iii) Making changes in the right hand side constants of the constraint 

(iv) Making changes in the objective function coefficient. 

Transportation Problem 

1. Consider the following transportation problem involving three sources and four 

destinations. The cell entries represent cost of transportation per unit.                    (16) 

 
            

 Obtain IBFS (Initial Basic Feasible Solution) using North-West Corner Method and VAM             

then optimize the solution using U-V (MODI) Method.             

Assignment  Problem 

1. (i) Write the procedure for Assignment problem. (6) 

(ii) A company has team of four salesmen and the company wants to do business in four 

districts. Considering the capabilities of salesmen and the nature of districts, the company 

has estimated the profit per day in rupees for each salesman in each district as below: 
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   Assign the salesmen to districts to maximize the profit.                    (10) 
 

2. Company has one surplus truck in each of the cities A, B, C, D and E and one deficit truck 

in each of the cities 1, 2, 3, 4, 5 and 6. The distance between the cities (in km) is shown in 

below matrix. 

            

Find the assignment of trucks from cities in surplus to cities in deficit so that the distance 

covered vehicles is minimum. (16) 

                              

Dijkstra’s Algorithm 

1. Find the shortest path from node1 to node 9 of  the distance network using Dijkstra’s   

Algorithm.           (16) 

                                

 

 

 

                                                                  

UNIT-III 

Two Marks 

1. What are the conditions a problem to be Fathomed? 

A problem is said to be fathomed if any one of three conditions are met. 

i. The value of decision variable of the problem are integers 

ii. The upper bound of the problem which has non-integer value for its decision 

variable is not greater than current best lower bound 

iii. The problem has infeasible solution 
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2. Write the fractional cut for the source row;   

(1+0)X1 + (0+ (1/3))S1 + ( (-3/3) +(1/3))S2  = 0+ (1/3) 

(1/3)S1 + (1/3) S2 > = 1/3 

-(1/3)S1-(1/3)S2 <= -1/3 

-(1/3)S1-(1/3)S2 + S3 = -1/3 

 

3. Describe a dynamic programming problem. 

It is a special kind of optimization technique which subdivide the original problem into 

number of sub problems as the variables solve each sub problem individually and then 

obtains the solution of original problem by integrating the solution of sub problem 

 

4. Define backward recursion and forward recursion. 

Backward recursion  

Backward recursion begins from last stage and the stage will be numbered as stage 1. While 

the first sub problem will be numbered as last stage sine the recursion proceeds in the 

backward direction. 

Forward recursion  

Forward recursion in the first sub stage will be numbered as stage 1 and the last sub 

problem will be numbered as last stage. The recursion proceeds in the forward direction 

from the first stage to the last stage. 

 

5. Describe the general form of an integer programming problem. 

Syntax 

Objective Function 

Constraints 

Decision Variables with inequality 

Decision variables with condition 

Example 

Max Z= 7X1 + 9 X2 

Subject to Constraints 

X1+ X2 <= 6 

X1+2X2 <= 35 

X1,X2 >= 0 and integers 

 

6. Define recursive function in dynamic programming. 

A function which links the measure of performance interest of the current stage with the 

cumulative measure of the performance of the previous stage as a function of the state 

variable of the current stage is known as recursive function of the current stage.  
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7. Show the Bellman’s principle of optimality in dynamic programming 

It states that the optimality policy must be one such that regardless of how a particular stage 

is reached all later decisions proceeding from that state must be optimal. 

 

8. Define lower bound and upper bound. 

Lower Bound 

This is a limit to design a lower value for a function at each and every node the 

lower bound value at a node is the value of objective function corresponding to the 

truncated values of decision variables. 

Upper Bound 

This is a limit to design a upper value for a objective function at each and every 

node the upper bound value at a node is the value of objective function 

corresponding to the linear programming solution in that node. 

 

9. Define pure and mixed integer programming problems 

In the pure integer programming of all the decision variable of an integer 

programming problem needed to be an integer. 

In mixed integer problem all the decision variable of the integer programming 

problem need not to be an integer 

 

10. Write the fractional cut for the source row;  

(1 +0) X1 + (2+0) X2 + (0+(2/3))S1+ ((-3/3) + (2/3))S2 = 2 + 2/3 

2/3 S1 + 2/3 S2  >= 2/3 

-2/3 S1 – 2/3 S2 <= -2/3 

-2/3 S1 – 2/3 S2 + S3 = -2/3 

 

Sixteen Mark 

Cutting Plan Algorithm (Pure Integer Programming) 

1. Consider the following integer linear programming problem and solve it.             (16) 

             Max Z= 5X1+  8X2 

Subject to  

X1 + 2X2  ≤ 8 

4X1 + X2  ≤ 10 

X1,  X2   ≥ 0 and integers. 

2. Consider the following integer linear programming problem and solve it.             (16) 

             Max Z= 5X1+10X2 + 8X3 

Subject to  

2X1 + 5X2 + X3  ≤ 10 

X1 + 4X2  + 2X3 ≤ 12 

X1, X2 and X3   ≥ 0 and integers 
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3. Solve the following linear programming problem by cutting plane algorithm 

Maximize Z = X1 + 2X2 

Subject to X1 + 2X2 ≤ 12 

               4X1 + 3X2 ≤ 14 

X1 , X2 ≥ 0 and integers. 

 

Mixed Integer Programming 

1. Find the optimum integer solution to the following LPP. 

Maximize Z = 7X1 + 9X2 

Subject to      –X1 + 3X2 ≤ 6 

   7X1 + X2 ≤ 35 

X1, X2 ≥ 0 and X1 is an integer.     

Branch & Bound   

1. Solve the following all integral programming problem using branch and bound method 

Maximize Z= 10X1 + 20X2 

Subject to  

6X1 + 8X2 ≤ 48 

X1 + 3X2 ≤ 12 

X1, X2 ≥ 0 and integers. 

2. Solve the following all IPP using branch and bound method 

Maximize Z= 5X1 + 4X2 

Subject to  

X1 + X2 ≤ 5 

10X1 + 6X2 ≤ 45 

X1, X2 ≥ 0 and integers. 

Dynamic Programming 

1. (i) Write the procedure for dynamic programming problem. (6) 

(ii) A distance network consists of eleven nodes which are distributed as shown in figure. 

Find the shortest path from node 1 to node 11 and also the corresponding distance. (10) 
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2. Find shortest path from city A to city B along arcs, joining various cities lying between A 

and B as shown in the following figure. Distance between each cities are given. (10) 

                    

3. Select the shortest highway route between two cities. The network in figure provides the 

routes between the starting city at node 1 and the destination city at node 7. The roués pass 

through intermediate cities designated by nodes 2 to 6.  

 

UNIT-IV 

1. Describe the Unconstrained problem.  

The graph of a continuous function Y=f(x) of a single independent variable x in the domain 

(a,b). The domain is the range of values of x. The domain limits are generally called stationary 

points. There are two categories of stationary points: inflection points and extreme points. The 

extreme points are further classified as either local or global extreme. 

Local extreme represents the maximum or minimum values of the function in the given range of 

values of the variable points. 

Global extreme represents the maximum (or minimum) values of a function is the maximum (or 

minimum) value among all local maximum (or minimum) values of a function 

 

2. A sufficient condition for a stationary point x0 to be an extreme is for the Hessian matrix H 

evaluated at x0 to be  

(i). Positive definite when x0 is a minimum point.  

(ii). Negative definite when x0 is a minimum Point.  
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By Taylor’s theorem for 0< θ<1, 

f(X0 + h) – f(X0) = ∇f(X0)h + (1/2)h
T
Hh |x0+ θh 

    Because X0 stationary point, ∇f(X0)= 0.  Thus, 

f(X0 + h) – f(X0) = (1/2)h
T
Hh |x0+ θh 

if X0 is minimum point, then 

f(X0 + h) > f(X0) 

for all non-null h. Thus for X0 to be an minimum point it must be true that  

(1/2)h
T
Hh |x0+ θh  > 0 

    The continuity of second partial derivative guarantees that the expression (1/2)h
T
Hh has the 

same sign at both X0 and X0 + h. Because h
T
Hh|X0 defines quadratic form, this expression is 

positive if and only if H | X0 is positive definite. 

3. A necessary condition for X0 to be an extreme point of f(x) is that  ∇f(X0)= 0  

By Taylor’s theorem for 0< θ<1, 

f(X0 + h) – f(X0) = Δ f(X0)h + (1/2)h
T
Hh |x0+ θh 

Where h is defined earlier 

for sufficiently small |hj| , the remainder term (1/2)h
T
Hh is of order hj

2 
hence  

                  f(X0 + h) – f(X0) = Δ f(X0)h + 0(hj
2
)  ˷̃   ∇f(X0)h  

( ∂f(X0) /  ∂xj  )  <  0 

( ∂f(X0) /  ∂xj  )  >  0  

By selecting hj appropriate sign it is always possible to have  

hj ( ∂f(X0) /  ∂xj  )  < 0 

By setting all other hj equal to zero Taylors expansion yields  

f(X0 + h) < f(X0) 

X0 is minimum point. Similarly f(X0) must vanish. So ∇f(X0)= 0  

4. Describe the Kuhn-Tucker sufficient conditions in nonlinear programming.  

KKT Conditions 

 

 

 

 

 

 

5. Describe the concepts of the Newton-Raphson method.  

Newton’s algorithm is widely used because, in the near neighborhood of a root, it is more 

rapidly convergent. The method is quadratically convergent, by which error of each step 

approaches a constant k times the square of the error of the previous step. The net result of this is 
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that the number of decimal places of accuracy nearly doubles at each iteration. This method is 

also based on linear approximation of the function.  

Xn+1 = Xn -     

 

6. Describe the concepts of Lagrangean multiplier. 

Maximize or Minimize Z= f(X1,X2,…Xi, ….. Xn) 

Subject to  

Gi (X1,X2,Xj,Xn) = bi, i= 1,2,…m 

Xj ≥ 0 j=1, 2 ,3….n 

The modified form of above model is  

Maximize or Minimize Z= f(X1,X2,…Xi, ….. Xn) 

Subject to  

gi (X1,X2,Xj,Xn) = 0, i= 1,2,…m 

Xj ≥ 0 j=1, 2 ,3….n 

Where 

gi (X1,X2,Xj,Xn) = Gi (X1,X2,Xj,Xn) – bi 

The model consists of n variable and m constraints. The objective function is non linear and the 

constraints are in linear form. 

Let L be the Lagrangean function and  i  be the lagrangean multiplier of the i
th

 constraint, then 

 

7. Write the general form of Bordered Hessian Matrix 

 

8. Show that the function it is convex or concave 

f(x) = x
4
 + 6x

2
 + 12x 

df/dx  = 4x
3
 + 12x + 12 
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d
2
f/dx

2 
= 12x

2 
+ 12 

Since d
2
f/dx

2 
is always > 0 for all values of x, the function is convex. 

 

9. Show that (0,0) is the saddle point to the function  

f(x1,x2) = 18x1x2 + 5x2
2 

           18 x2   = 0     X2 = 0 

 

  18 x1 + 10 x2  = 0           18 x1   = 0     X1 = 0 

Thus (0, 0) is the only point satisfies necessary conditions. 

H(X) =      0     18 

                 18    0
 

The principle minor determinants of H(X) have values 0 and  -324 respectively 

Hence H(X) is indefinite and (0,0) is saddle point 

Newton Raphson method 

1. Find the root of X log10 X - 1.2 = 0 by Newton Raphson method correct to three decimal places. 

(8)                        

2. Solve by Newton’s Method, a root of e
x 
- 4x       (8) 

3. Explain the Newton Raphson method, determining the stationary points of the function  

 g(x) = (3x-2)
2
 (2x-3)

2 

Convex or Concave
 

1. Verify whether the following function is convex or concave and find the maximum or      

minimum solution point: 

f(x) = 4x1
2 

+
 
3x2

2
 + x3

2
 - 6x1 x2 + x1 x3- x1/2 - 2x2 +15 

2.  Find the maxima and minima of the function 

   f(x) = x1 + 2x3 +x2x3-x1
2
-x2

2
-x3

2
 

Problems With Equality Constraints 

Jacobian Method 

1. Solve the following Non-Linear programing using Jacobian Method 

Min f(X) = X1
2
 + X2

2
 + X3

2 

Subject to 

g1(x) = X1 + X2 + 3X2 - 2 =0 

g2(x) = 5X1 + 2X2 + X3 -5= 0 

2. Consider the following problem 

f(X) = X1
2 

+ 3X2
2
+5X1X3

2 

Subject to 

g1(x) = X1 X3 + 2X2 + X2
2
 - 11 =0 

g2(x) = X1
2
 + 2X1X2 + X3

2
 -14= 0 
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Give the feasible point X
0
 = (1,2,3) it is required to study the variation f(=∂cf) in feasible 

neighbourhood of X
0 

and  identify this condition..  

Lagrangean  

1. Solve the following Non-Linear programing using lagrangean method 

Max Z= 4X1 – 0.02 X1
2
 + X2 – 0.02 X2

2 

Subject to X1 +2 X2 = 120 

X1 and X2 ≥ 0 

2. Solve the following Non-Linear programing using lagrangean method 

Optimize Z= X1
2
 + X2

2
 + X3

2
 

Subject to 

g1(x) = X1 + X2 + 3X2 =2  

g2(x) = 5X1 + 2X2 + X3 =5 

X1 , X2 , X3 ≥ 0. 

Problems With Inequality Constraints 

Karush Kuhn Tucker condition 

1. Solve the following NLPP 

Max Z= 7X1
2
 + 6X1 + 5X2

2 

Subject to 

X1 + 2X2 ≤ 10 

X1 - 3X2 ≤ 9 

X1, X2 ≥ 0 

2. Use the Kuhn Tucker conditions to solve the following Non-Linear programing Problem 

Max Z =  2X1 - X1
2 

+ X2 

Subject to constraints 

2X1 + 3X2 ≤ 6 

2X1 + X2 ≤ 4 

X1, X2 ≥ 0 

UNIT-V 

Two Marks 

1. Illustrate the project management phases. 

It determines the start and end times of each and every activity. These can be summarized in 

the form of time chart. For each non-critical activity, the amount of slack time must be 

shown on the same time chart. This will be useful at the time of adjusting non-critical 

activities for resource leveling or resource allocation. 

 

2. Analyze forward pass & backward pass in critical path calculations.  

Forward Pass Calculations  

It determines the earliest occurrence times of the events. In this phase, the computations at 
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node 1 and advance recursively to end node n. 

Initial Step: Set Project starting time as 0 

General Step j : Given that nodes p,q…and  v  are directly linked to node j by incoming 

activities (p, j) (q, j),.. and (v,j) and that the earliest occurrence times of events(nodes) 

p,q…and v have already been computed, then earliest occurrence time of event j is 

computed as  

Δj=max{ Δp+Dpj , Δq+Dqj , …. Δv+Dvj} 

Δj represents the longest path to node j 

Forward pass calculation used to find earliest start and finishing time (EST, EFT) 

Backward Pass Calculations  

It calculates the latest occurrence time. Following the forward pass, the backward pass 

computation starts at node n and progress recursively to node 1, 

Initial Step: The earliest and latest occurrences of the last event of the project are same 

General Step j :  

Given that nodes p,q…and  v  are directly linked to node j by outgoing activities (p, j)(q,j),.. 

and (v,j) and that the latest occurrence times of events(nodes) p,q…and v have already been 

computed, then latest occurrence time of event j is computed as  

Δj=min{ Δp-Dpj , Δq-Dqj , …. Δv-Dvj} 

The backward pass is complete when Δj at node 1 is computed. 

Backward pass calculation used to find latest start and finishing time (LST, LFT) 

 

3. Summarize the total and free floats of a critical activity?  

Total Float 

(TF)i,j = (Latest Start –Earliest Start) for activity i , j 

(TF)i,j = (LS)i,j –(ES)i,j 

The calculation of time by which the completion of an activity could be delayed beyond the 

earliest expected completion time. 

Free Float 

The time by which the completion of an activity can be delayed beyond the earliest 

finishing time. 

(FF)i,j = (Ej – Ei) - Dij 

where Dij is the duration of time from the event i to event j. 

 

4. Draw a network for following project 

 

 

           

 

Activity A B C D E F G H 

Precedence - - A A B,C B,C D,E F 
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Solution 

 

 

 

 

 

 

5. Describe the two important techniques used in project management.  

Critical Path Method (CPM) 

CPM is a network diagramming technique used to predict the total duration of the project in 

deterministic way. The main purpose of CPM is to calculate project’s finish date, to identify 

what extent each activity in the schedule can float without delaying the project, to identify 

critical activities. 

Project Evaluation and Review Technique (PERT) 

In earlier CPM have assumed deterministic estimates for time duration of various activities 

in a project. But in reality, activity durations may be probabilistic hence probabilistic 

considerations are incorporated while obtaining time durations of the activities in a project. 

The following three estimates are used  

to - Optimistic Time 

tm - Most likely time 

tp - Pessimistic time 

 

6. Write the formulae for Mean and Variance of beta distribution. 

The probabilistic data for project activities generally follow the beta distribution. 

The formula for Mean(µ) and  Varience (σ
2
) of beta distribution are given below 

µ = (to + 4tm + tp)/ 6  

σ
2
 =((tp-to)/6)

2
 

7. Define critical activity and critical event. 

Critical Activity 

The difference between starting and ending time of an activity is called as total float. For an 

critical activity the value of total float need to be zero. 

Critical Event 

The event with zero slack is called as critical events. Slack is the difference between start 

and end events. 

Slack = Li -Ei 
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8. Define GANTT chart (Time Chart) and Draw a sample.  

The next stage after completing network calculations is to draw Gantt Chart (Time Chart). 

The start time and completion time of each and every activity will be represented on this 

chart. This chart gives clear calendar schedule for the whole project. It also used for 

resource leveling purpose. Using this chart one can adjust the non-critical activities 

depending upon their total floats to minimize the peak requirement of resources. This helps 

to level the resources. 

 

9. Illustrate resource leveling technique. 

The objective of this technique is to minimize the peak requirement and smooth out period 

to period variation without altering the normal project completion time. 

The peak manpower requirement occurs from the beginning of the project to end of the 

project at any week. In this week if any activity has a slack then postpone the activity to the 

maximum extend.  In this way resources are altered and equalized. 

 

10. Find out the probability of completing the project 5 days earlier than expected 

(Actual Completion Time (µ) = 28 days, σ = 2) 

 

Z = (X- µ)/ σ 

               = (23 – 28) / 2  

    = -2.5 

P (Z <= -2.5) = 0.5 –P (0 ≤ Z ≤ 2.5) 

                    = 0.5 – 0.4938 

                    = 0.0062 

Sixteen Mark 

Network Diagram 

1. Illustrate the primary rules for Network construction and construct a project network for a  

construction company that has listed down various activities involved in constructing a 

community hall. These are summarized along with immediate predecessor(s) details in table. (8) 

 

        

 

 
 

Critical Path Model 

        

1. The followin table gives the activities of a costruction project and duration (8) 

 

Activity 1-2 1-3 2-4 3-4 4-5 

Duration 20 25 12 6 10 

 
Let us construct the network for the project and identify the critical path 

Activity A B C D E F G H I J K L M N 

Predecessor - - A B A C,D F E,G H I J,L A K M 
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2. Determine the critical path for the project network shown below. All the durations are in 

days. Compute the floats for the non-critical activities of the network in the figure and 

discuss their use in finalizing a schedule for the project. 

             

3. A project consists of activities from A to H as shown in below table. The immediate 

predecessor(s) and the duration in months of each of the activities are shown in the same 

table. 

(a) Draw a project network and find the critical path and the corresponding project completion 

time. 

(b) Also, Draw a Gantt Chart / Time Chart for this project  

         

PERT 

1. Consider table below summarizing the details of a project involving 11 activities.  
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(a) Construct the project network.  

(b). Show the expected duration and variance of each activity.  

(c). Find the critical path and the expected project completion time.  

(d).What is the probability of completing the project on or before 25 weeks?  

(e). If the probability of completing the project is 0.84, find the expected project completion time.  

 

2. A project consists of activities from 1 to 6 as shown in below table  

(a) Construct the project network. 

(b) Show the expected duration and variance of each activity. 

(c) Let us now find the probability of completing the project 

(i) Atleast 4 weeks earlier than expected  

(ii) 4 weeks later than expected 

 

 

 

 

 

 

 

 

 

 

 

Resource Levelling 

1. Consider the problem of project scheduling as shown in table. Obtain  a schedule which will 

minimize the peak manpower requirement and also smooth out priod to period variation of man 

power requirement. 

 

      

 

 

ACTIVITY 

ESTIMATED DURATION (WEEKS) 

Optimistic 
Most 

likely 
Pessimistic 

1-2 1 1 7 

1-3 1 4 7 

1-4 2 2 8 

2-5 1 1 1 

3-5 2 5 14 

4-6 2 5 8 

5-6 3 6 15 
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2. A project consists of eight activities as shown in table. The duration in weeks and the manpower 

requirement for each of the activities are also summarized in the same table. Find and give the 

project schedule which minimizes the peak manpower requirement and also minimizes period-to-

period variation in manpower requirement.  
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