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1. What are Vf (xi, x2) and Hr(xi, x2) and write its expansion in vector/matrix form. Write 

the sufficient conditions for a local minimum at x *, a local maximum at x *, and a saddle 

point. Determine Vf (xi, x2, x3) and Hr(XI, x2, x3) of the following function. Prove whether 

the function is concave or convex. 

f (XI, X2, X3) = 3XI2 + 2xl + xl- 2XIX2 - 2XI X3 + 2X2X3- 6xi -4X2- 2X3 

2. Solve the Non-linear Programming Problem 

Min: f(xi, x2) = XI2 + xl + 5 XIX2 

Subject to XI2 + xl + XIX2 = 48 

XI, x2 are free variables 

(8) 

(6) 

3. (a) Write the situations under which chance-constrained and goal (weights methods) 

programming are applied and write its general formulation for objective function and 

constraints. (6) 

(b) A growth oriented company, which establishes monthly performance goals for its 

sales force that has maximum available hours per month for visits of 640 hours. Further, 

~ . it is estimated that each visit to a potential new client requires a 3 hours and each visit to 

a current client requires 2 hours. The company establishes two goals for the coming 

month; (i) contact at least 200 current clients; (ii) contact at least 120 new clients. 

Overachieving either goal will not be penalized. Formulate the Goal Programming Model 

and solve it using the graphical approach. (8) 

4. Consider a canal irrigated area containing different soil types in various areas of the 

command. Let the subscript 'i' represent a particular subarea having a homogenous soil 

type within the irrigated command; the subscript 'j' represents farms characterized by 

their size, their level of technology/input, their productivity or efficiency, and their 



financial resources; and the subscript 'k' represents crops, which can be grown in each 

soil and farin types in kharif and rabi seasons. Farmers have installed ,shallow tubewells 

to supplement canal water supplies, or as a source of water in times of a canal water 

shortage. It is also assumed' that the water table is positioned in such a way that the 

groundwater withdrawals will not significantly affect the canal water flow. The 

maximization of net annual income from the irrigated command is just one possible 

objective. 

a. Draw a conceptual groundwater balance model for the aforementioned irrigated 

command showing all possible input and output components. (5) 

b. Formulate the non-linear and chance-constrained optimization model to determine (6) 

I. How many hectares in subarea 'i' on farm type 'j' should be planted with crop 

'k' in each season (with resource constraints of land, water demand, water 

availability, groundwater balance, and others) 

2. Allocation of canal water and groundwater to meet the irrigation demand 

(random variable). 

5. (a) Diagrammatically show multistage backward recursive dynamic system, depicting 

input state, output state, return function, and decision variable. Define stage, state 

variable, decision variable, the return function, and the transition function in dynamic 

programming. Write the general formula for forward and backward recursive 

relationships in dynamic programming. (7) 

(b) With reference to Eqn. (4), write the backward recursive equations for (a) 

deterministic dynamic programming for determination of optimal seasonal allocation of 

water to multiple crops for optimal cropping. The objective is to maximize the total net 

benefits from all the crops. The decision variables are the area and water to be allocated 

to each crop in a particular stage. State variables are the area and water available for the 

remaining crops; and (b) stochastic dynamic programming (SDP.) where weekly canal 

release and evapotranspiration are stochastic variables. The objective of SDP is to 

maximize the expected value of relative yields in all the weekly irrigation periods. (4) 




