




























































Linear Programming Problem 

-Mathematical Formulation 
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decision variable must be known and fixed. In other words. this assumption means that all the 
coefficients in the objective function as well �s in the constraints are completely known with certaint 

and do not change during the period of study. 
(b Divisibility (or contin uity). This implies that solution values of the decision variables and 

resourcès can take on any non-negative values, including fractional values of the decision variables, 
For instance, it is possible to produce 4.35 quintals of wheat or 17.35 thousand kilometers of clcto 
6.52 thousand kilolitres of milk, so these variables are divisible. But it is not possible to prOduce 2.6 

refrigerators. Such variables are not divisible and hence are to be assigned integer values. When it i 
necessary to have integer variables, the integer programming problem is considered to attain the 
desired values. 

() Proportiomality. This requires the contribution of each decision variable in both the objective 
function and the constraints to be directly proportional to the value of the variable For example, if 
production of one unit of a particular product uses 3 hours of a particular resource, then the 
production of 6 units of that product uses 3x 6, i.e., 18 hours of that resource. 

(d) Additivity. The value of the objective function for the given values of decision variables and 
the total sum of resources used, must be equal to the sum of the contributions (profit or cost) earned from each decision variable and the sum of the resources used by each decision variable respectively For example, the total profit earned by the sale of two products A and B must be equal to the sum of the profits earned separately from A and B. Similarly, the amount of a resource consumed by A and B must be equal to the sum of resources used for A and B individually. 

3. MATHEMATICAL FORMULATION OF THE PROBLEM
The procedure for mathematical formulation of a linear programming problem consists of the following major steps 

Step 1. Study the given situation to find the key decisions to be made.
Step 2. Identify the variables involved and designate them by symbols x, (j = 1, 2, ..). Step 3. State the feasible alternatives which generally are x,2 0, for all j. Step 4. ldentify the constraints in the problem and express them as linear inequalities or equations, LHS of which are linear functions of the decision variables. 
Step 5. Identify the objective function and express it as a linear function of the decisionvariables. 

2:4. ILLUSTRATIONS ON MATHEMATICAL FORMULATION OF LPPs 
Here are some problems from real life, which have been put in the mathematical format.

SAMPLE PR0BLEM1S 
201. (Product Allocation Problem). A company has three operational departments (wetvi processin8 and packing) with capacity 1o produce three different types of clothes namely Stig 

shirtings and woollens yielding a profit of Rs. 2, Rs. Suiing requires 3 nminutes in weaving, 2 minutes in processing and1 minute in packing. Stmilary 
metre of shirting requires 4 minutes in weaving, 1 minute in processing and 3 minutes 1 puerits 
One merre of woollen requires 3 ninutes in each department. In a wcek. total run tinte oy tue department is 60, 40 and 80 hours for weaving, processing and packing respectvely' Formulate the linear programming problem to find the product mix to maximize the projl 

Cand Rs. 3 per metre respectively. One metre of 

ach 
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Mathematical Formulation 
The data of the problem is summarized below 

Departnnents 
Weaving 

(in minutes) Processing 
(in minutes) 

Packing 
(in minutes) 

Profit 
(Rs. per metre) 

Suitings 
Shirtings 
Woollens 

3 2 
4 1 3 

3 3 
Availability (minutes) 60 x 60 40 x 60 80 x 60D 

Step 1. The key decision is to determine the weekly rate of production for the three types of 

clothes. 
Step 2. Let us designate the weekly production of suitings, shirtings and woollens by x metres, 

meters and xz metres respectively. 

Step 3. Since it is not possible to produce negative quantities, feasible alternatives are sets of 
values of Xj, X2 and x3 satisfying x 2 0, x2 2 0 and xz 2 0. 

Step 4. The constraints are the limited availability of three operational departments. One metre of 
suiting requires 3 minutes of weaving. The quantity being x, metres, the requirement for suiting alone 

will be 3x units. Similarly, x metres of shirting and x metres of woollen will require 4x and 3r 
minutes respectively. Thus, the total requirement of weaving will be 3x+ 4t + 3xg, which should 

not exceed the available 3600 minutes. So, the labour constraint becomes 3x+ 4r + 3x, 3600. 

Similarly, the constraints for the processing department and packing departments are 
2x + 2 + 3x3 2400 and x + 3x2 + 3x3 4800 respectively. 

Step 5. The objective is to maximize the total profit from sales. Assuming that whatever is 
produced is sold in the market, the total profit is given by the linear relation z = 2x + 4r + 3xg. 

The linear programming problem can thus be put in the following mathematical format 

Find x, X2 and Xz SO as to maximize 

z= 2x1 + 4x2 + 3x3 

subject to the constraints : 

3x+4x2 + 3x3 S 3600 

2x +2 + 3x3 S 2400 

X + 3x2 + 3x3 4800 

0, *2 2 0 and x 2 0. 

202. (Product Mix Problem). Consider the following problem faced by a production planner in 
a soft drink plant. He has two bottling machines A and B. A is designedfor 85ounce botles and B for 
6-0unce bottles. However, each can be used on both types with some loss of efficiency. The following 

data is available : 

Machine 8-ounce bottles 16-ounce bottles 

A 100/minute 40/minute 

B 60/minute 75minute 

Each machine can be run 8-hours per day, 5 days per week. Profit on a 8-ounce bottle is 25 paise 
Ind on a 16-ounce botle is 35 paise. Weekly production of the drink cannot exceed 3,00,000 ounces 
ad the market can absorb 25,000 8-ounce bottles and 7,000 16-ounce bottles per week. The planner 

Eshes to marimize his profitr subject, of course, to all the production and marketing restrictions. 

ormulate this asa linear programming problem. [Meerut M.Sc. (Math.) 1998] 
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Re aNgePONE e the siep wants to Anon ho many parts of cach type it should produce per 

v ender e ermaeze profit for an heur's run. Fornulate this problem as an Linear 

Pgrmmaag mendel so as to aNPmi:e total profir to the comyany [Delhi M.B.A. (Nov.), 2003) 

Mathematical Formmlation 

Ste Te kev deisiom is to produce the three type of parts for the autoatic washing machine. 

N krism variables: let r. i and r = number of type A, B and C parts to be produced 

Step . Feasible altmatives: 0, t 0 and a,2 0. 

Seg4 1he oonstraints ane on the time. All the three parts are to be processed on each of the 

thre machies. On the drilling-machine, one type A part consumes 1/25th of the available hour,. a 

p Nrt omsanws l40th, and type C part consumes 1/25th of an hour. Thus the drilling-machine 

mstrainmt is 

1 ie. 0.04 + 0.0251, + 0.04 S 
40 

Similarly the other two constraints are 

(Shaping-machine) 

40 0 40S I, ic. 002 +0.03 + 0.025r SI (Polishing-machine) 

Siep 5. Proit must allow not only for the cost of the casting but for the cost of drilling., shaping. 
and polishing. Since. 25 type A parts per hour can be run on the drilling machine at a cost of Rs. 20. 
then Rs 20 x= Re. 080 is the drilling cost per type A part. Similar reasoning for shaping and 

and 

polishing gives 

Profit per type A pat = (- 5) 255 40 2.75 = 0.25 

0 Profit for type B part = (10 - 6) - + 4 3.00 = 1.00 

30 30 Proit for type C part = (l4 - 10) 52040=4 - 3.05 095 

The objctive is to nmaximize the total profit trom sales, viz., 0.25x, + * +0.95t. 

The linear progranmming prblem. therfore. can be put in the following mathematical format 

Maximize : = 0.25t + 0.95t 
subjoct to the constraints: 

0.040.025t + 004t; S I. 

0.040.05t + 0.0i I. 
0.025 + 0.03 + 0.025t; SI. 

and 

205. (Blending Problem). The mmanager of an oil refinery must decide on the oprimun mix 
N NssiNe bieniing preesses of which the input and output production runs are as follows 

Pnxss Outpur 
Cruie A Crude B Gtsoline X Gasoline 
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The maximum amounts available of crudes A and B are 250 units and 200 units respecively. 

Market demand shows that at least 150 units of gasoline X and 130 units of gasoline Y must be 

produced. The profits per production run from process I and process 2 are Rs. 4 and Rs. 5 
resDectively. Formulate the problem for maximising the profit. [Madras B.Com. 20051 

Mathematical Formulation 

Step 1. The key decision is to determine the number of units of gasoline produced from process I and 

process 2. 

Step 2. Decision variables: Let x, X = number of units of gasoline produced from process I and 

2 respectively. 
Step 3. Feasible alternatives: x 2 0 and y 2 0. 

Step 4. The constraints are on the availability of crude oil and demand of crude oil. vi 

(Availability of crude A) 

(Availability of crude B) 
6x +5x2 250 
4x +6r 200 

(Demand of gasoline ) 

(Demand of gasoline ) 
6x + 5x2 2 150 

and 9x1 + 5x22 130 

Step 5. The objective is to maximize the total profit from the production of gasoline, viz.. 

4x+Sx 
The required linear programming problem, therefore, is 

Maximize z = 4x1 + Sx 

subject to the constraints 

6x+ 5x2 250, 4x1 + 6r2 S 200. 

6r +5x2 2 150, 9r + 5x2 2 130. 

X20 and x2 2 0. 

206. (Production Problem). A complete unit ofa certain product consists of four units of 

Component A and three units of component B. The two components (A and B) are manufactured from 

two different raw materials of which 100 units and 200 units, respectively, are available. Three 

aepartments are engaged in the production process with each department using a different method for 

manufacturing the components per production run and The recouling mis of each component are 

given below: 
Output per run (units) 

nput per run (units) 

Department Raw material Component Component Raw material 
A 

6 

5 
2 

3 2 

Formulate this problem as a linear programming model so as to determine the number of 

oduction runs for each department which will maximize the total number of complete units of the 
final product. Himachal B.Tech. (Mech.) June 2007] 

Mathematical Formulation
Let = number of production runs tor department l. 

X, = number of production runs for department 2, and 

= number of production runs for department 3. 

Decision variables 



INEAR PROGRAMMING PROBLEM-MATHEMATICAL FORMULATION 57 

The objective, therefore. is to maximize z = 1.600r, +3,000r, + 5,600r, subject to the constraints 
15x+12t2 + 14x3 3,000 (Machine time restriction) 

4X1+3x2 + Sx3 1,200 
From the balance-sheet, we observe that the cash availability 

(Assembly time restriction) 

Cash Balance + Receivables Co-operative bank loan paid off -Top management salary plus fixed overheads - Interest on long-term loan - Interest on short-term loan. 
1.40.000+ 50.000 40.000 10.000 2.000 1.200 

1,36,800 (Interest on long-term loan is 24% p.a. paid every month, viz., Rs. 2.000 p.m.) 
2.500x + 4.500 +9.000x3 1.36,800 (Cash Requirement Restriction) Thus, 

Also, X22, *2 2 0 and x3 2 8. 
All x,(j = 1, 2, 3) are also integral valued. 

PROBLEMS 
221. A firm manufactures headache pills in two sizes A and B. Size A contains 2 grains of aspirin, 5 grains of bicarbonate and I grain of codeine. Size B contains I grain of aspirin, 8 grains of bicarbonate and 6 grains of 

codeine. It is found by users that it requires at least 12 grains of aspirin, 74 grains of bicarbonate and 24 grains of 
codeine for providing immediate effect. It is required to determine the least number of pills a patient should take 
to geimmediate relief. Formulate the problem as a standard LPP. 

222. Old hens can be bought for Rs. 2.00 each and young ones cost Rs. 5.00 each. The old hens lay 3 eggs per week and the young ones, 5 eggs per week, each being worth 30 paise. A hen costs Re. 1.00 per week to feed. 

If I have only Rs. 80.00 to spend for hens, how many of each kind should I buy to give a profit of more than 
Rs. 6.00 per week, assuming that I cannot house more than 20 hens? Write a mathematical model of the problem. 

[Pune M.B.A. 1999; Delhi B.F.I.A. 2008 
223. An animal feed company must produce 200 lbs of a mixture containing the ingredients X1 and X2. X 

costs Rs. 3 per lb. and X2 costs Rs. 8 per lb. Not more than 80 lbs. of X can be used and minimum quantity to 
be used for X, is 60 Ibs. Find how much of each ingredient should be used if the company wants to minimise the 

cost. Førmulate. 

224. A factory engaged in the manufacturing of pistons, rings and valves for which the profits per unit are 
Rs. 10, 6 and 4 respectively wants to decide the most profitable mix. It takes one hour of preparatory work. ten 
hours of machining and two hours of packing and allied formalities for a piston. Corresponding time requirements 
for rings and valves are 1, 4 and 2 and 1, 5 and 6 hours respectively. The total number of hours available for 
preparatory work. machining and packing and allied formalities are 100, 600 and 300 respectively. Determine the 
most profitable mix, assuming that what all produced can be sold. Formulate the LPP. 

225. A ship is to carry 3 types of liquid cargo-X, Y and Z. There are 3,000 litres of X available, 2,000 litres 
of Y available and 1.500 litres of Z available. Each litre of X, Y and Z sold fetches a profit of Rs. 20, Rs. 35 and 
Rs. 40 respectively. The ship has 3 cargo holds-A, B and C. of capacities 2,000, 2.500 and 3,000 litres 
respectively. From stability considerations, it is required that each hold be filled in tire same proportion. Formulate 

the problem of loading the ship as a linear programming problem. State clearly all decision variables and 

constraints. 
226. A fim produces three products A, B and C. It uses two types of raw materials I and ll of which 5,000 

and 7,500 units respectively are available. The raw material requirements per unit of the products are given below 

Requirement per unit of product 
Raw material 

A B 

3 4 

The labour time for each unit of product A is twice that of product B and three times that of product C. The 
entire labour force of the firm can produce the equivalent of 3,000 units. The minimum demand of the three 



4 
2 

-2 
-1 

5 3 4 
2 -3 -1 3 4 3 

7 
-10 

-5 6 10 4 -1 12 3 8 9 11 -3 
-2 -2 -15 (-1 

(ii) 
4 

19 18 23 . (iv) -11 
-2 -1 8 11 -12 

0 003. 
o 

004. . B* C; therefore, the matrix factors cannot be cancelled as is done in ordinary algebra. 2 005. A-=|5 
0 3 

006. (a) x = 1. y = 2, and z = 3, (b) equations are inconsistent. 007. k 4. 

Consistent; x = - 16k + 5, y = k, z = 11k - 3, where k is an arbitrary constant. k # t2. 

008. 
009. 

011. Any one of ej, e2 or ez. 012. (a) Yes, (b) Yes, (c) Yes. 013. Open half space. 015. (i) Convex, (ii) Convex, (iiü) Convex. 
018. Extreme points : X = (} * = (-11, 8), x3 = (12, 8): (2, 1) = x+ +X+ 3 019. () <A> = {(x, )lx2 + s 1} 
020. (1. 1) is the interior point of convex hul: (1. 1) = (0. 0)x + (0, 1)x + (1, 2)x + (4, 0) x 

(ii) <A> = {x|x = Axj + (1- A) x2; 0 s< 1 
6 

(1 O 2 -3 4 

2 3 
023. () 4 16 

-5) 3 -3 

(ii) x2 + 6x2 + 14x + 4x1*2 + 8x3 - 4x23 
024. () 2x2+ 4x2- 6x3- 6x*2 + 2x*3 + 4x23. 

026. (a) Positive definite (b) Negative definite. 
025. Yes. 

Chapter 2 

221. Minimize z = *+ X2 subject to: 2x + *2 2 12, Sx1 + 8x2 2 74, x1 + 6r2 2 24; x1, X2 2 0. 

222. Maximize z = 0.5x2 0.lx subject to: + 2 s 20. 0.5x2 - 0.Lx 2 6, 2x1 + 5x2 s 80 and 
x2 0, *2 2 0 where x1 = number of old hens and x2 = number of young hens. 
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223. 
Minimize z = 3x1 + 8x2 subject to: x t ^ = 200, * S 80, x 2 60, *. A è 0 

224. Maximize z = 10xj t 6x2 t 4xa subject to the constraints 

Xt2 + X3 S 10, 10xj + 42 t Sx S 600, 2x1 + 2x2 + 6r 300, x, *2, *2 0 

225. Maximize z = 30(*1a t2A t X3A) + 3S(\nt 2n t*n) + 401ct 2t X) Nubject to the conatralntu 

S 2,000, Exin S 2,500, 2xi¢ S 3,000; (= 1, 2, 3); 2x S 3,000, 2 *y 2,000, 

XS 1,500: (j = A, B, C); x 2 0 (i = I, 2, 3 and j A, B, C). 

226. Maximize z = 50x1 + 50x2 + 80x3 subject to the constraints: 

3x1 + 4x2 + 5x3 S 5,000, 5x + 3x2 + 5x3 S 7,500, 6r| + 3z t 2x1 S 18,000, 3x 2 

4x2 3x3, X1 2 600, x2 2 650 and x3 2 500. 

227. Maximize z = 10x + 15x2 + 12x3 + 20x4 subject to the constraints 

1.5x + + 2x3 + 1.5x4 S 150, 3x + 3x2 + 4x3+ 3x S 400, 6x + 5x2 + 6xy + 7x4 750, 

3x + 4x2 + 4x3 + 3x4 S 500, X1, *2, X3, X42 0. 

Maximize z = 2.75x + 4.15y subject to the constraints: 

50x+30y S 1,500, 45x + 30y 1,350, 30x + 45y S 1,350; x, y2 0, 

where z = Total Profit = Sale Price - Purchase cost Running cost 

228. 

-8-(3 2 4 45 ) 
Maximize z = 0.14x + 0.19x + 0.23x + 0.12x subject to the construints: 

229. 

1t2 t x3 + X S 20,00,000, x 2 2,00,000, -30x- 18x2 + 6x - 36x 0, 

-0.2x 0.2x2 + 0.8x 0.2x4 s 0, x1, 2» X3, *4 2 0. 

Maximize z = 4,00,000x + 9,00,000 x + 5,00,000x + 2,00,000 xa subject to the constrainta 

40,000 x + 75,000x2 + 30,000 x^ + 15,000 x� S 8,00,000, 

230. 

5,00,000x + 4,00,000x + 2,00,000 + 1,00,000 x 2 20,00,000, 

000 + 75,000x2 S 5,00,000, x23, 22 2, 5SxS 10, 5 Sx4S 10; x, *2* A4 20. 

Maximize z = 22.50 x + 40x» + 15x subject to the constraints 231. 

O.0Lx +0.03x2 + 0.02x S 120, 0.2x + 0.5x2 + 0.3x3 S 3,000, 

2 tX3 2 5,000, x S 3,000, 2,000, x S 6,000; x, X2, *g 
. 

2XIIZe z = 1,00,000 x + 80,000 x, + 50,000 xa subject to the constriaints 

+ 6,250x2 + 5,000x S 2,50,000, x S 12, x 2 5, 6 Sx^ S 10; *. *2» A 

= * t X + X3+ X + Xs + X t x7 subject to the constrainas 

44 Xs + 6 + X 2 35, x + Xs + X t x7 + X 2 55, *^ t 6 t A7 7A * 

* 1 2 * ¥32 50, xs + X + X + X t X4 2 60, X6 t 2 t Ay t *4 * 

tX3+ X4 + X5 + x6 2 45; 0 Sx S 40 (j = 1, 2, . ) 

XImize z = 4000 xi + 3500 x + (3500 -1000) xa + 2000x4 subject to the consIr 

015x2 + 0.15.xg + 0.75x4 s 600, + n t4 100. * 

3) t X4 S 80, x s 100, x + n 5 400, 200 M S 600, A1 A 
** 

a 
1 Apd subject to the comaia 



Linear Programming Problem 
-Graphical Solution and Extension 

"Graph is the best tool to visualise any concept" 

3:1. INTRODUCTION 

Linear programming problems involving two decision variables can easily be solved by graphical 
method. The method also provides an insight into the concepts of Simplex Method-a powerful 
technique to sólve the linear programming problems involving three or more decision variables. 

3:2. GRAPHICAL SOLUTION METHOD 

The major steps in the solution of a linear programming problem by graphical method are summarised 

as follows 
Step 1. Identify the problem-the decision variables, the objective and the restrictions. 
Step 2. Set up the mathematical formulation of the problem. 

Step 3. Plot a graph representing all the constraints of the problem and identify the feasible region 
solution space). The feasible region is the intersection of all the regions represented by the constraints 

of the problem and is restricted to the first quadrant only. 
Step 4. The feasible region obtained in step 3 may be bounded or unbounded. Compute the 

Coordinates of all the corner points of the feasible region. 

Step 5. Find out the value of the objective function at each corner (solution) point determined in 

step 4. 

Step 6. Select the corner point that optimizes (maximizes or minimizes) the value of the objective 
function. It gives the optimum feasible solution. 

Remarks. 1. The above method is known as Search Approach Method. 

2. Another method known as Iso-Profit or Iso-cost approach, involves the following steps 
a) First for steps are same as in the Search Approach. In the fifth step we choose a convenient profit 

(or cost) and draw iso-profit (iso-cost) line so that it falls within the feasible region. 
) Move this iso-profit (or iso-cost) line parallel to itself farther (closer) from (to) the origin. 

c) ldentify the optimum solution as the coordinates of that point on the feasible region touched by the 
highest possible iso-profit line (or lower-possible iso-cost line). 

y, Compute the optimum feasible solution. 

SAMPL E PROBLEMS 

S01. A company makes two kinds of leather belts. Belt A is a high quality belt, and belt B is of 
ower quality. The respective profits are Rs. 4.00 and Rs. 3.00 per belt. Each belt of type A requires 
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twice as much time as a belt of type B, and if all belts were of type B, the company could mnake 1000 belts per 

day. The supply of leather is suficient for only 800 belts per day (Both A and B combined), Belt A requires a 

fancy buckle and only 400 buckles per day are available. There are only 700 buckles a day available for 

belt B. Determine the optimal product mix. [Madras M.BA. 2006; Delhi M.Com. 2005; M.B.A. (Nov.) 20091 

Solution. 

Step 1. The appropriate mathematical formulation of the given linear programming problem is 

Maximize z = 4x +3x2 subject to the constraints: 

21 +2 1,000 (Time constraint) 

Xt2 800 

400 and x2 S 700 

X20 and x 2 0, 

(Availability of Leather) 

(Availabiliry of Buckles) 

where x= number of belts of type A, and x = number of belts of type B. 

Step 2. Next we construct the graph by considering the cartesian rectangular axis OX,X2 in the 

plane. As each point has the coordinates of the type (x, x); any point satisfying the conditions 

X 2 0 and xz 2 0 lies in the first quadrant. 
Now, the inequalities are graphed taking them as equations, e.g., the first constraint 

2x+ 1000 will be graphed as 2x +2 = 1000. The equation is re-written as 500 = l. 
1000 

This equation indicates that when it is plotted on the graph, it cuts an x1-intercept of 500 and 

x-intercept of 1000. These two points are then connected by a straight line which is shown in 

Fig. 3.1(a) as line AB. Any point (representing a combination of x and xn) that falls on this line or in 

the area below it, is acceptable in so far as this constraint is concerned. The region 0AB formed by 
two axes and the line representing the equation 2x + = 1000 is the region containing acceptable 

values of x and z in respect of this constraint. 

Similarly, the constraint x + x 800 can be plotted. The line CD in Fig. 3.1(b) represents the 

equation x + = 800. The region OCD, formed by the two axes and this line represents the area in 
which any point would satisfy this constraint of leather availability. Further, the constraints x S 400 

and x 700 are also plotted on the graph which represents the area between the two axes and the 

lines x = 400 and x = 700 as shown in Fig. 3.1(6). 

K 

X = 400 
1000 3 1000 

2X +X2 1000 
800 800 X 700 

600 600 

400 X+X2 = 800 400 
easible 

/reaion/ 
200 200 

AL 
O 200 400 600 800 1000 

C 
O 200 400 600 800 1000 

Fig. 3.1(a) Fig. 3.1(b) 

tne constraints have been graphed. The area bounded by all these constraints, Calied 
feasible region or solution space, is as shown in Fig, 3.1(b) by the shaded area r 
ne optimum value of objective function occurs at one of the extreme (corner) points O 

the feasible region. The caordinates of the extreme points are 
(0, 0). P = (400, 0). = (400, 200), R = (200, 600). S = (100, 700), and T = (0. 700) 
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Step 4. We now compute the z-values corresponding to the extreme points 

Extreme point z = 4x+ 3x2 

(0, 0) 
(400, 0) 

0 

1600 
2200 (400, 200) 

(200, 600) R 2600 maximum 

S (100, 700) 2500 

T (0, 700) 2100 

Step 5. The optimum solution is that extreme point for which the objective function has the 

largest value. Thus, the optimum solution occurs at the point R, i.e., X = 200 and x^ 600 with the 

objective function value of Rs. 2600. 

Hepce, to maximize profit, the company should produce 200 belts of type A and 600 belts of 

type B per day. 

Alternative Method (Iso-profit approach) 

The feasible region (solution space) obtained in step 2 is as shown in Fig. 3.1(c) by the shaded area 

OPORST. 
Let the profit to the company (arbitrary) is Rs. 1200. The objective function then becomes 

4x+ 3x = 1200. 

We draw this equation as a straight line in the feasible region shown in Fig. 3.1(c). This line is 

known as iso-profit line. 

X,A 2x, + X = 1000 Direction of 
maximum z 

1000 /x = 400 

800 = 700 

T 

600 

400 

X + Xo = 800 

200 

O 200 400 600 800 1000 

Fig. 3.1(c) 

t may be noted that the iso-profit function (objective value function) is a straight line on which 

every point has the same total profit. 

NOW, we move the iso-profit line parallel to itself farther from the origin. We observe that one of 

Le iso-profit line touches only point R before leaving the feasible region. This iso-protit line is 

C as highest possible iso-profit line and point R gives the extreme point of the solution space 

Hence, the optimum feasible solution is: 

1 = 200 and x 
= 600 with Maximum z = Rs. 2600. 

Le us assume that you have inherited Rs. 1,00,000 from your father-in-law that can be 

ve na cambination of only two stock portfolios, with the maximum investment allowed n eithe 

Oryoto set at Rs. 75,000. The first portfolio has an average rate of return of 10%, Wnereus tn 
firrt lT a risk rating of 
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not accept an average rate of return below 12% or a risk factor above 6. Hence, you then face importanu question. How much should you invest in each portfolio? Formulate this as a Linear Programming Problem and solve it by Graphic Method. 

the 

[C.A. Final (May) 19991 
Solution. 
Step 1. The appropriate mathematical formulation of the linear programming problem is: Maximize : = 0.10x + 0.20r subject to the constraints: 

t2 S 1,00,000. x 75,000, x2 75,000 
0.10x+0.202 2 .12(r + *2) or -0.02x + 0.08x2 2 0 

4x + 9x2 S 6(t1 + 2) or -2x + 3x2 0 

x2 0 and x2 20 
where x = amount invested in portfolio 1, and x = amount invested in portfolio 2. Step 2. The first constraint x + X2 S 1,00,000 can be graphed by plotting the straight line 
L.00.000 * L00 00o .This cuts a x-intercept and xz-intercept of 1,00,000 each. The area below this line represents the feasible area in respect of this constraint. Similarly, the other constraints are 
depicted by plotting the straight lines corresponding to the equations x = 75,000, x2 75,000, -2x, + 3x = 0, and -0.02x +0.08x = 0. Here, the area below the first three lines and beyond the fourth line gives the feasible region in respect of these four constraints. Thus, the feasible region in respect of the given problem is as shown in Fig. 3.2. 

X 
100 x= 75,00o 

Xg=75,000 
75 

+X2 1,0,000 
-

0-02x, 
+0-08x, = 0 

50 

25 

A 

25 50 75 100 

Fig. 3.2 
Step 3. The coordinates of the extreme B (75,000, 25,000) and C = (60,000, 40,000). Step 4. The z-values corresponding to the extreme points are 

points are: O = (0, 0), A = (75,000, 18,750), 

z = 0.10x + 0.20Ox2 
(X. *2) 
(0 

Extreme point 

0) 
(75.000, 18,750) I1,250 

A 

(75,000, 25.000) 12.500 

14,000 maximum 
(60,000, 40,000) 

Hence. the optimum solution is 

X = 60,000, x^ 40,000 and maximum return = Rs. 14,000. 303. A farm is engaged in breeding pigs. The pigs are fed on various products grown on me farm. In view of the need too ensure certain nutrient constituents (call them X, Y and Z), it is necessary 
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huv two additional products, say. A and B. One unit of product A contains 36 units of X. 3 unus 

f Y and 20 units of Z. One unit of product B contains 6 units ofX, 12 units of Y and 10 units of Z 

The minimum requirement of X, Y and Z is 108 units, 36 units and 100 units respectively. Product A 

costs Rs. 20 per unit and product B Rs. 40 per unit. 

Formulate the above as a linear programming problem to minimize the total cost, and solve the 

problem by using graphic method. 

Solution. Step 1. The data of the given problem can be summarised as follows 

10 

IC.A. Final (May) 2002 

Nutrient Nutrient content in product 
Minimunn amount 

constituents 
of nutrient 

A B 

X 36 06 108 

Y 03 12 36 

Z 20 10 100 

Cost of Product Rs. 20 Rs. 40 

Making use of above information, the appropriate mathematical formulation of the linear 

programming problem is 
Minimize z = 20x + 40r2 subject to the constraints 

36x + 6x2 2 108, 3x + 12x2 2 36, 20x + 10x2 2 100, and x, *2 ~ 0. 

where X = number of units of product A, and x2 = number of units of product B.* 

Step 2. Consider now a set of cartesian rectangular axis OX,X2 in the plane. As each point has the 

cOordinates of the type (x, x^), any point satisfying the conditions x 2 0 and x 2 0 lies in the first 

quadrant only. 
The constraints of the given problem are plotted as described earlier by treating them as 

equations 
36x + 6x2 = 108, 3x + 12x2 = 36 and 20x1 + 10x2 = 100 

1. and 01 
or 

The area beyond these lines represents the feasible region in respect of these constraints; any 

point on the straight lines or in the region above these lines would satisfy the constraints. The feasible 

egion of the problem is as shown in Fig. 3.3. 

3x+ 
12x2 

= 
36 

20x 

+ 

10x 

= 

100 

36x + 6x, = 108 

12 

10 

8 

A 
10 12 14 16 18 

Fig. 3.3 

Step 3. The coordinates of the extreme points of the feasible region are 

A (0, 18), B = (2, 6), C = (4, 2) and D = (12, 0). 
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X2 

15 X8 
12 

X2=10 

200x, + 120x = 1,800 

3 

O 3 6 9 12 

Fig. 3.4 
Step 3. The coordinates of the extreme points are: A = (8, 5/3), B = (8, 10). and C = (3, 10) 

Step 4. The z-value corresponding to the extreme points are: 

(1 X2) 
(8. 5/3) 
(8, 10) 
(3, 10) 

z = 400x + 360*2 

3,800- 
6,800 
4,800 

Extreme point 

A minimum 

B 

C 

Hence, the optimum solution is: 
x = 8 and x2 = 1.7 or 2 (approximately), minimum z : 3.800 

Thus, 8 grade I inspectors and 2 grade 2 inspectors should be assigned to have Rs. 3,800 as the 

total minimum inspection cost. 

305. Use the graphical method to solve the following LPP: 

Minimize z = -x + 2x2; subject to the constraints: 

-X + 3x2 10, x + *2 6, 

- x2 S 2, and x2 0, 2 2 0. 

Solution. The constraints are re-written in the intercept form. Thus, we write 

-10 10/351 , and s1 
First, we treat these inequalities as equations and graph them as straight lines. Now, considering 

the inequalities, shade the feasible region for each constraint. The common region OABCD gives the 
Solution space of the LPP. It may be noted that we have considered the feasible region only in the 

Tirst quadrant of the cartesian axis, as x2 0 and x^ 2 0. 

0 
2*0 -x+3X2 

, -2 

TT 

1 2 3 45 6 X 

Fig. 3.5 

The coordinates of the extreme points are: 

O (0. 0), A = (2. 0). B = (4, 2), C = (2, 4) and D = 0. 
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The z-value corresponding to extreme points are 

Extreme point 

0 (0. 0) 

(2. 0) 
(4. 2) 
(2, 4) 

(0. 

-2 minimum A 

0 B 

6 C 

D 

The minimum value of z occurs at the extreme point A (2. 0). Hence, the optimum solution of the LPP is 
2. = 0 and minimum z = -2. 

306. Use the graphical method to solve the following LPP: 
Maximize : = 2x1 + 3x2: subject to the constraints 

+ *2 S 30, x1 - x2 2 0, *2 23, 

0Sx 20 and 0s x S 12. 
Solution. To graph the given inequalities, we first treat them as equations x + = 30, X *2 = 0, 2 = 3, x = 20 and x = 12 and plot each of these equations as straight lines. We use 

the inequality condition of each constraint to plot the corresponding feasible region. The common region ABCDE satisfying all the inequalities (feasible region) is shown in shaded Fig. 3.6. 

X 20 40 

*X2 = 30 30 

20 
EAD X212 

10 

30 O 10 20 40 

Fig. 3.6 
The coordinates of the extreme points of the feasible region are; 

A (3, 3), B = (20. 3), C = (20, 10), D = (18, 12). and E = (12, 12). The z-values corresponding to extreme points are: 

Extreme point 
2x1 + 3x2 

(3, 3) 15 
A 

(20 
(20, 10) 

B 
3) 49 C 

/0 
(18. 12) 
(12, 12) 

D 
72 maximum 
60 

The maximum value of z occurs at the extreme point D (18, 12). Hence, the optimum solution 1S 
x= 18, 2 = 12 and maximum z = 72. 

307. The advertising agency wIshes to reach two types of audiences, customers with annu0 incomes greater than Rs. 40,000 (target audience A) and customers with annual incomes of less than Rs. 40.000 (target audience B). 1he total advertising budget is Rs. 2,00,000. One programme of 7V 
advertising costs Rs. S0,000; one pogramme of radio advertising costs Rs. 20,000. For contract 
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than 4 kg. of B and ninimum of 2 kg. of B2. Since the demand for the product is likely to be related to the price 

of the brick. find out graphically minimum cost of the brick satisfying the above conditions. 
pric e 

(Bangalore M.B.A. 1997 
322. Find the maximum value of z = 50r + 60r2 subject to the constraints 

2x + 3x S 1500, 3r + 22 1500, 0 x 400. 0 400. 

323. Maximize : 1.75x + 1.50x2 subject to the constraints 
8x+t2 320, 4x + 5x2 200, 0 x 2 15, 0 S 2 10. 

324. Find the maximum value of z = 7x + 3x2 subject to the constraints: 

X +2x, 2 3, x + *2 S 4, 0 s s 5/2, 0 2 3/2. 

325. Show graphically that the Jmaximum or minimum values of the objective functions for the following 

problem are same 

Maximize (or Minimize) z = 5x1 + 3x2 subject to the constraints 

t 6, 2x1 + 3 2 3, 0 s 2 3. 0 S^ 2 3. IPurvanchal M.C.A. 1996] 

326. Find the maximum value of z = 5x + 3x2 subject to the constraints: 

+*2 6, 24, + 3x2 2 6, 0 sx 4, 0 <^ s 3. IMadurai M.B.A. (DPL) 2009] 

327. Solve graphically the following L.P.P. 

Maximize z = 3xj +22 subject to the constraints : 

-2x + X2 = 1. x s 2, * +*2 3, *, *22 0. 

328. Find the minimum or/and maximum value of: = 3x1 + 5x2 subject to the constraints 

(a) -3x1 + 4r 12. 2x - *2 2 -2 (b) 4, 2r S 6, 3x + 2t 18 

2+3x22 12, 4 2 x 2 0. 22 x^ 20. +2 9, *j, *2 2 0. 

3:3. SOME EXCEPTIONAL CASES 

In the preceding sections, we discussed some linear programming problems which may be called 
well-behaved' problems. In each case, a solution was obtained, in some cases it took less effort 
while in some others it took less effort while in some others it took a little more, But a solution was 
finally obtained. It should not be taken as a rule. There may be an L.P.P. for which no solution exists 
or for which the only solution obtained is an unbounded one. Though such problems seldom occur in 
real situations, it will be an omission, if at this stage, the reader is not exposed to such exceptional 
cases. 

This section considers the following three special cases that arise in the application of the 

graphical method: 
( Alternative optima, (i) Unbounded solution, (iii) Infeasible (or non-existing) solution. 
1. Alternative optima. When the objective function is parallel to a binding constraint (i.e.. a 

constraint that is staisfied as an equation by the optimal solution), the objective function will assume 

the same optimum value at more than one solution point. For this reason they are called alternative 

optima. The problem iven below shows that there is an infinity number of such solutions. 

SAMPLE PROBLE MS 

329. Use graphical method to solve the LP.P. 
Maximize z = 2x + 4x2 subject to the constraints: 

x + 2x2 S 5, *1 + *2 4; and x}, x2 20. 

Solution, The problem is depicted graphically in Fig. 3.8. The extreme points of the feasible 

region are 0, A, B and C. 
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Z 2x, + 4X2 

+ 2x = 5 

Fig. 3.8 

We observe that our objective function (iso-profit linc) is parallel to the line BC (or the first 

constraint). which forms the boundary of the feasible region. Thus as we move the iso-profit line away 

from the origin, it coincides with the portion BC of the constraint line which forms the boundary of 

the feasible region. This implies that any point including extreme points B and C on the same line 

between B and C is an optimal solution. Therefore, in fact an infinite number of values of i. A2 give 

the same value of objective function. 

Now, the value of objective function at each of the extreme points is evaluated as follows: 

( 2) 
0) 

= 2x1 + 412 
Extreme point 

(0. 0 8 
(4. 0) 

A 10 maximum 
(3. 1 

B 10 maximum 
(0, 2.5) 

Since, any point on the line segment BC gives the maximum value (: = 10) of the objective 

function, there exists an alternative optima. 

C 

2. Unbounded solution. When the values of the decision variables may be increased indefinitely 

WIithout violating any of the constraints, the solution space (feasible region) is unbounded. The value 

of objective function, in such cases, may increase (for maximization) or decrease (for minimization) 

ndefinitely. Thus, both the solution space and the objective function value are unbounded. 

V330. Use graphical method to solve the following L.P.P : 

Maximize z = óNj + 2 Subject to the constrainis 

Solution. The problem is depicted graphically in Fig. 3.9. The two extreme points of the feasible 

region are A and B. 

2x + *2 2 3, *2 
- 1 2 0 and x, 2 2 0. 

x, 

B 

2x +X = 3 

Fig. 3.9 

= x 
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We observe. that the feasible region (solution space) is unbounded. The value of the objecive 

function at the extreme points A (1, 1) and B (0, 3) are 7 and 3 respectively. 
But there exist number of points in the feasible region for which the value of the objective 

function is more than 7. For example, the point (3, 6) lies in the feasible region and the objective 
function value at this point is 24 which is more than 7. Thus both the variables x, and xz can be made 

arbitrarily 1large and the value of z also increased. Hence. the problem has an unbounded solution. 

Remark. An unbounded solution means that there exist an infinite number of solutions to the given 

problem and the optimal value of : lies at infinity. 

3. Infeasible solution. When the constraints are not satisfied simultaneously, the linear 
programming problem has no feasible solution. This situation can never occur if all the constraints are 
of the S type. 

331. Solve the following L.P.P. : 
Maximixe z = X1 + 2 Subject to the constraints: 

X +*2 1, -3x + x2 2 3 

x 2 0, xz 2 0. IGuru Nanak Dev Univ. B.Com. 20061 
Solution. The problem is depicted graphically in Fig. 3.10. As shown in the figure, there is no 

point (. ) which can lie in both the regions (satisfy both the constraints), there exists no solution 
to the given problem. Hence, there is infeasible solution. 

-3x, + X = 3 

X 21 

Ol 

Fig. 3.10 

PROBLE M S 
332. Find the maximum value of z = 10x1 + 6x2 Subject to the constraints : 

Sx+3t2 S 30, *1 + 21 S 18 and x. *2 2 0. 
333. Find the maximum value of z = X1 + 2x2 subject to the constraints : 

X - *2 S I, X t X223 and * 2 0, *2 20 
334. Find the max imum valuc of z = 2r1 + I2 subject to the constraints: 

X- *2 10, * S 20 and x2 0, x^ 2 0. 

335. Find the maximum value of z = 3x1 + 2x2 subject to the constraints: 
2x+ 2 S 2. 3x + 42 2 12: , *2 2 0. 

336. Find the maximum value ol z= 3x1 + 2x2 subject to the constraints 

- 2 + 3x2 S 9, x- 5x2 2 -200 and x1, k2 2 0. 

Panjab 1Tech. Univ. M.B.A. (Dec.) 2009 337. Consider the follow ing LPP 

Maximizez = 3x + 7x2 subject to the coustraints 
4x t 542 20, 2 t *2 5 6, 2 2 7, 2x, 5 7: *20 and x2 0. 

Demonstrate whether it is possible to get a solution to the above LPP. 
IDelhi M.B.A. (ICA) 2015] 
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338. A company buying scrap metal has two types of scrap available to them. The first type of scrap metal 
has 20% of metal A, T0% of impurity and 20% of metal B by weight. The second type of scrap has 30% of metal 
A. 10% of impurity and 15% of metal B by weight. The company requires at least 120 kg. of metal A. at most 40 
kg. of impurity and at least 90 kg. of metal B. The prices for the two seraps are Rs. 200 and Rs. 300 per kg. respectively. Deterinine the optimum quantities of the two scraps to be purchased so that the requirements of the 
Iwo metals and the restriction on impurity are satisfied at minimum cost. INagpur M.B.A. 1997 

339. A manufacturing firm has a long history of production troubles. It produces two products A and B, which 
are equally profitable. Recently, the company has entered into contract to supply 40 units of A and 20 units of B 
per week to another company. The technology of the chemical process implies that production of A must always 
be at least as large as of B. There are two raw material constraints to be satisfied: 

5A + 8B 400 and 55A + 5OB 2,750. 
Solve the problem graphically and comment on the solution obtained. 

3:4. GENERAL LINEAR PROGRAMMING PROBLEM 

We shall now consider the LP.P. in the general context, that is, when the number of variables is more 
than two. 

Definition 1 (General Linear Programming Problem). Let z be a linear function on Ri defined by 

(a) 2 C1X2 + c2*2 t.. + C 
where c's are constants. Let (a) be an m x n real matrix and {bi. ba, be a set of constants 
Such that 

d1+ a122 + .. t 4X2or S or = b1 

+42 or S or = b2 (b) 
a21+a22 X2 + 

CmX + 2 2 +.t nn2 or s or = bn 

and finally ler 

(c) x0, j = 1, 2. ... n. 

The problem of determining an n-tuple (x, 2, . X) which makes z a minimum (or maximum) 

and satisfies (b) and (c) is called the general linear programming problem. 

Objective function. The linear function 
z C1*1 + C2*2 t. + Cyn 

s called the objective function of the General LP.P. which is to be minimized (or maximized) 
Constraints. The inequations (b) are called the constraints of the General L.P.P. 

Non-negative restrictions. The set of inequations (c) is usualy known as the set of non-negative 

restrictions of the General LP.P. 

Definition 2 (Solution). An n-tuple (r, A ) of real numbers which satisfies the constraints 
a General L.P.P. is called a solution to the General LP.P. 

Definition 3 (Feasible solution). Any solution to a Generat L.P.P. which also satisfies the 
no-negative restrictions of the problenm. is called a feasible solution to the General LP.P. 

Definition 4 (Optimum solution). Any feasible solution which optimizes (minimizes or maximizes) 
the bjective function ofa General LP.P. is called an optimum solution to the General LP.P. 

Note. The term optimal solution is also used for optimum solution. 

Example of a general L.P.P. (Diet problem). Given the nutrient contents of a number of 
different foodstuffs and the daily minimum requirement of each nutrient for a diet, determine the 
balanced diet which staisfied the minimum daily requiremen1s and at the same time has the minimum 
COst. 
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Mathematical Formulation 

Let there be n different types of foodstuffs available and m different types of nutrients required. Let 

aij denote the number of units of nutrient i in one unit of foodstuff j, i = 1, 2, m; 

j= 1, 2, .. n. Let x, be the number of units of food j in the desired diet. Then, the total number of 

units of nutrient i in the desired diet is 

Let b, be the number of units of the minimum daily requirement of nutrient i. Then, we must have 

i = I. 2. 

Also, each x; must be either positive or zero. Thus, we also have 

j I, 2. ,20, 

Finally, consider the cost. Let c, be the cost per unit of food j. Thus, the total cost of the diet is 

given by = (1.1+ (22 +.+ Cn 

Thus, the problem of selecting the best diet reduces to the following mathematical form 

Find an n-tuple (x1. X2. .. X) of real numbers, such that 

i = I, 2, 

j= 1, 2, n 
(a) ; +42X2 +.. + jn2 b; 

(6) y20 

and for which the expression (objective function) 
C1+ (22 + 

may be a minimum (least). 

This is a General L.P.P. It is general in the sense that the data b,, a, and c, are parameters, which 

for different sets of values will give rise to different problems. 

Slack and Surplus Variables 

Definition 1 (Slack variables). Let the constraints of a General LP.P. be 

Sb, i = 1, 2. .. k 

Then, the non-negative variables i which satisy 

dij + ati = b; 

j=1 
i = 1, 2. ... k 

are called slack variables. 

Definition 2 (Surplus variables). Let the constraints of a General L.P.P. be 

i =k+ 1, k + 2. . 

Then, the non-negative variables xi which satisfy 

ik+ 1. k + 2. .. 
j=l 

are called surplus (or negative slack) variables. 

3:5. CANONICAL AND STANDARD FORMS OF L.P.P. 

Afier the formulation of linear programming problem (LP.P.), the next step is to obtaín its solution. 
But for the solution of any linear programming problem, the problem must be available in a particular 
form. Two forms are dealt with here, the cunonical form and the standard form. 
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The Canonical Form 

The general formulation of linear programming problem discussed in the previous section can always 
be-put in the following form 

Maximize z = CjX1 + c2X2 +.. + C subject to the constraints 
4i1+a;2X2 t.. + djnn S b;; i = , 2, .m 

by making use of some elementary transformations. This form of L.P.P. is called the canonical form 
of L.P.P. The characteristics of this form are 

The objective function is of the maximization type. 
The minimization of a function, fw), is equivalent to the maximization of the negative expression 

of this function, -f), i.e., 
Minimize fx) = - Maximize{-flu) } 

For example, the linear objective function 

Minimize z = C1X + C2*2 +.+Cn 

is equivalent to 
Maximize h = -z = - C1X1- C2*2 Cnan 

with = - h. 

(ii) All the constraints are of the """ type, except for the non-negative restrictións. 

An inequality of ">" type can be changed to an inequality of the "s" type by muliplying both 
sides of the inequality by -1. 

For example, the linear constraint 

1S equivalent to 

- a1 X1 - ai*2 - Gjnd'n S -b; 

An equation may be replaced by two weak inequalities in opposite directions. For example, 

a t a2x2 t ..+ ain b; 
is equivalent to 

aj1X tap*2 t.. + innS b; 

t ind bi and 
4i11a2*2 . 

(i) All the variables are non-negative. 

A variable which is unrestricted in sign (i.e., p0Sitive, negative or zero) is equivalent to the 
erence between two non-negative variables. Thus, if x, is unrestricted in sign, it can be replaced by 

), where x and are both non-negative, i.e., 

where x 2 0 and x" 20. 

The Standard Form 

The Eeneral linear programming problem in the form 

subject to the constraints Maximize or Minimize z = e1x + C2*2 +.. +Cyn 

+ Gin'n bj i = 1, 2, .., n 

12 Xn2 0 
is known as in standard form The characteristics of this form are : 

Al the constraints afe expressed in the form of equations, except for the non-negative 
restrictions. 

ne right hand side of each constraint equation is non-negative. 
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The inequality constraint can be changed into equation by introducing a non-negative variable on 

the left hand side of such constraint. It is to be added (slack variable) if the constraint is of " type 

and subtracted (surplus variable) if the constraint is of *2 type. 

In matriz notation the standard form of LP.P. can be expressed as: 

(objective function) 
Maximize or Minimize z = cx 

subject to the constraints 
(constraints 

Ax = b. 

(non-negative restrictions) 
and A = (a,): 

x 20 

c = C1, C2 Cn) h = (b. bz . b 
where 

i = 1, 2, ., m:j = 1, 2, n. 

Remarks I. The coefficients of slack and/or surplus variables in the objective function are always 

assumed to be zero, so that the conversion of the constraints to a system of simultaneous linear 

equation does not change the objective function under consideration. 

2. The linear programming forn 
Maximize z = cx subject to the constraints : Ax < hb. x 2 0) 

is known as the canonical form of the LP.P. 

Theorem 2-1. The set of feasible solutions to an L.P.P. is a convex set. 

Proof. Let the L.P.P. be to determine x so as to maximize the linear function z = c'x subject to 

the constraints Ax = b, x 2 0. 

Let x, x be to feasible solutíons to this problem, so that 
Ax = b; Ax = b; x) 20 and x2 0. 

Now, consider con vex combination of x and x, namely, 
x = i.x + (1 - 7,) x, 0i.1. 

Cleariy Ax = A f).x + (1 - 7.) x3] = 7. Ax) + (1 - ,) Ax2 

= .b +(1 - 2)b = b 

Again, since x 2 0, x 2 0, and ., 1 - 7 2 0, x 2 0. 

Hence, x is also feasible solution to the problem. Thus, the set 

S = {x ]x is a feasible solution o an L.P.P.}

S a Convex et. 

Remark. in general a conve set S is cither empty or unbounded or closed. 

The empty set occurs when the constraints are not satisfied simultaneously. In this case the system 

yields n0 olutíon. An unbounded set implies that the region of feasible solution is not constrained in 

at least one direction. 

A closed set implies that the region of feasible solution is a convex polyhedron, since it is defined by 

the interections of a finite number of linear constraints. 

SAMPLE PROBLEMS 

340. Rewrite in standard form the following linear programming problem : 

Minimizez = 2x + z + 4 subject to the constrains 

-2x 41z 4, + 2x2 + X 2 5, 2x+ 3x 2. 

p22 and xz unrestricted in sign. 

Solution. As the constraints are in the form of inequalities, we introduce slack variables x 2 0 

and in the first and third inequalities and a surplus variable xg z 0 in the second inequality of 

the constrairit. 
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Further since xy is unrestricted in sign, we write x = x - x". where x" 2 0 and x" 2 0. Thus 

the constraints of the problem become: 
- 2.x1 + 4x2 + X4 = 4 

X +2x2 +(3 - x3) - x6 = 5 

2x+3(r3 ) + xs =2 

The non-negative restrictions are 

20, 2 20, x 2 0, x" 2 0, x 20, xs 20 and x 2 0. 

The objective function of the problem is converted into that of maximization by multiplying it by 

-1). Also we assign a cost zero to each slack/surplus variable. Thus, the revised objective function is: 

Maximize = - 22 - m - 4(x - *") + 0.x + 0.x5 + Ox6 

where Z*= - . 

Thus, the given LPP in standard form is : 

Maximize z= -2x1 2 - 4x3 + 4x3" + 0.xa + 0.xs + 0.xg subject to the constraints: 

-2x+ 4 + 4 = 4, X1 t 22 + X3" -X6 = 5 

2x1 + 3x3 - 3x3" + Xs = 2, x; 2 0: j = 1, 2, 3, 3", 4, 5, 6. 

V341. Reduce the following LPP 1o its standard form: 
Maximize z = 3x + 4x2 + óx3 Subject to the constraints : 

2x + *2 + 2x2 6, 3x + 2x2 = 8, 

7x1 3x2 + Sx2 9; 2 0, *2 20 and x3 unrestricted in sign. 

Solution. Since, the first and third constraints are inequalities with 2 sign, we introduce surplus 

variables 4 2 0 and xs 2 0 in the respective inequalities. 

Further since x is unrestricted in sign, we write x3 = X- 3, where x320 and x" 2 0. 

Thus, the constraints of the given LPP are 

2x1 +2 + 2 (r3 *3) + X4 = 6, 

3x1 + 22 

7x 3x2 + 5 (r3 -") +xs =9 

= 8, 

The objective function will be: 
Maximize z = 3x1 + 412 + 6 (x3 - x3"). 

The given LPP in its standard form is 

Maximize z = 3x + 4x2 + 6x3 - 6x3" +0 4 +0 Xs Subject to the constraints 

2x1 + 2 + 2x3 - 2x3" + 4 
= 6, 3x1 + 2x2 = 8 

Tx 3x2 + Sx3- 5x" + Xs =9 

X20. x2 2 0, X32 0, x320, x^ 2 0 and xs 2 0. 

PROBLEMS 

4. Reduce the following L.P.P. to its standard form 

Maximize z = X - 3x2 subject to the constraints

-X+ 2r S 15, X^ + 3x = 10 

A and r, 
unrestricted in sign. 

43, Write down the following LPP in standard form 

Maximize z = 3x t, 2x2 + X3 Subject to the constraints 

2 3x2 S 3. 1 t 2t2 t 3x1 25, 3x, + 21 2 

X0, r 2 0 and x2 0. 


