
CHAPTER VIII 

MINIMISATION OF COST OF RUNNING A VEHICLE PER DAY : THE 
LINEAR PROORAMMING MODEL WITH SENSITIVITY ANALYSIS OF THE 
COST AND REQUIREMENT VECT.ORS 

Various manufacturers, firms, industria~ producers, 

and mamy· business and economic situations are often· 

concerned with problems of plannfng activities. The::Y deal 

with situations where a number of resources, such as man-

power, machines, land, capital, etc. are available, and 

are to be combined to. yield products. But in each case, 

·there are limited resources at their. disposal and within 

the limited resources there may exist many feasible alla-
. 

cations. out· of all available courses of action (i.e. 

permissible allocations of r~sources), it is desired to 

select-one or ones which will give the maximum profit or 

minimum cost of production. Such problems are referred 

to as the optimization problems. Recently, many new and 

important optimization problems have emerged in the field 
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of economics and have received,much attention. Classical 

optimization techniques have been found to be of little 

assist~nce in solving these problems. Therefore, new 

methods had to be developed and one of the very important 

of them is Linear Programming problems and the most widely 

used.and best known method for solving them is simplex 

method. 

8.1 Origin and Background : 

' 
The origin and background of linear programming has 

been in the field of econometrics and research into economic 

,... , relationships. Its roots go back· to 1874 and the works of 

.the m~thematical economists Leon Walras. Linear Programming 

as it: is known ta-day, is descendant from the input output 

method of analysis developed by the economist Wassily w. 

Leon·tief in the 1920s. The present day development stems 

.primarily from the work of George·B.Dantzig, who is credi
.1 

ted with develOping the. simplex method. 

8.2 Definition and Framework of L.P : 

Linear Programming in mathematical terms is concerned· 

with maximizing or minimizing a linear objective function 

of variables constrained by linear inequalities. It 
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provides a method for the determination of some best course 

pr courses of action. In this way it is ana.l.~ous to the 

producers of marginal. analysis in economics. ·It is one of "' 

the most inportant Opt.imization techniques develOped in ,the 

field of operations Research •. Its theoretical developments 

have been initiated and supported by a countless variety of 

practic-:u applicati·ons in economics and Industrial manage-

ment. In management ·terms, the· definition can be stated as 

below : . 

. 
11Linear Pr~ramming (L.P) is a technique for ~pecify-

. ing how to use limited resources or capacities of a business 

to .obtain a particular aqjective, such as least:cost, highest 

margin, or least time, when these resources have alternate 

uses. It is a technique that systematizes for certain 

conditions the process . of selecting the most desirable 

course of action from a number .of available courses of 

action, thereby giving management information for making a 

more effective decision about the resources under its 

control 112
• 

Linear Programming problems have the following frame-

work : 

1. There is some objective to be attained such as 

maximum profit, minimum cost, or minimum elapsed time, of 

the system being studied. 

. -.-'!-

- _; 
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2. There are a large number of variables to be handled 

siRRll. taneousl y. 

3. There are many interactions between the variables. 

4. Most linear programming-prOblems are also charac

terised by the presence of objectives that conflict with 

the principal objective of the problem. 

8.3 1eplication of Linear Programmin~ : 

Linear Programming developed within the last twenty 

five years has attracted much attention. It is applied,to. 

·a wide variety of problems. We shall show how Linear· 
:·.·.:. 

programming problems can arise in practice to different 

situations. 

"1. D:!termining most profitable mix to be obtained 

from existing facilities. 

2. D:!termining which parts to make and which to buy 

to obtain maximum profit margin. 

3. Scheduling orders to machine centres at least 

cost consistent with delivery promises and 

schedules. 

4. Establishing best 1 ocation of warehouses to 

minimise transportation costs. 



5. Selecting equipment and evaluating methods 

improvements that maximize profit margin. 
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6. Planning profits on a fiscal year basis to maxi

mize net return on an investment ~n plant, faci

lities, equipment, cash on hand, and inventory. 

7. Supplying a fluctuating sales demand at !.east 

inventory cost considering a fixed level of 

production and stabilised employment. 

a. Allocating production releases among several plants 

so as to maximize profit margin, considering 

manufactu-ring and distribution costs. 

9. Determining equitable sales and incentive compen

sation. 

1 o. Determining_ the feed mix· that satisfies nutritional 

requirements and minimises the cost of raising 

livestock. 

11. Programming a Chemical distalling type Operation, 

including the processing of purchased material, to 

obtain the highest manufacturing margin with limits 

of sales demand. 

12. Planning the most profitable CQ~inations of sales 

requirements and plant capacity that obtain a fair 

share of the market"3. 
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8.4 Advantages 1!_o Mane.gement _From Usin~ L.P : 

The benefits derived by management from using L.P. 

are· as follows : 

1. M:>re time to manage, by providing him with infor

mation quicker and permitting more delegation. 

2. Less pressure to get things done, because he can 

do more accurate planning and avoid pitfalls that 

create crisis situations. 

3. Better qualified·personnel, because the techniques 

provide insight into management prabl·ems and 

decision making tha~ formerly would have required 

years of experience and practice to obtain. 

Each and all of these factors. will add to. the ability 

of the manager to manage better, which, in turn, will reflect 

profitability for the finn. 

8. s· 'Problems in Introducing and ~oly_in9 

Experience so far indicates that to get most out of 

Linear Programme requires the solution of two major groups 

of problems. 

1. The direct·problem of providing the personnel, the 

know how, and the data for setting up and solving 

problems. 
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2. To attain the most benefits from the use of Linear 

Programme, it must be assimilated into the orga

nisation as a working tool and as an integral part 

of management thinking4• 

8.6 Future of Linear Pr~ramme s 

Experience so far indicates that U.near programming 

:will: move .forward as a part of the increased use of scien~ 

tific and mathematical tools rather than as. a particular 

techniqu~. Following predications can be made of Linear 

Programme : 

1. The increase of OR will increase ,:the use of L.P. 

2. The use of L.P for solving Operating prOblems will 

increase. 
/, 

3.Educational Institutions will expand the fields of 

L.P. 

4. Electronic computer will expand.the use Of L.P.5 • 

8. 7 Linear Pr~ramming Jlbdel with Sensitivity Analxsis : 

Our main aim is to minimise the cost of running a 

vehicle per day. The cost of running a vehicle per day 
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should be less than the earning from a vehicle per day. 

There are so many variables. But we are considering only 

the important variables for our purpose :- (1) number of 

staff per vehicle per day (Y1 ), {2) quantity of fuel 

(litres) required per vehicle per day (Y2 ), and (3 )" number 

of tyres and tubes (fraction) required for a vehicle per 

day (Y
3

). 

Let c1 be the pay per staff per day : 

c2 be the price of 1 {one) litre of fuel; 

c3 be the price of 1 (one) tyre/tube. 

Then our objective function will be, 

z = c1 Yl + c2 Y2 + c3 Y3 

Now our problem is to 

Min. z = cl Yl + c2 Y2 + c3 Y3 

subject to some constraints. 

The values of costs ( c1 , c
2 

,. c
3 

) will be obtained from 

the previous records of the corresponding transport corpo

ration. 

Now about the constraints : 

1. Y1 ~ b 1 = Minimum number of staff per vehicle per 

day; (we have taken this as 5.54 because 

Haryana SRTC takes 5. 54 en:tPl oyees per 

vehicle per day which is least among all 



the SRTU •s reported. 
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source : Performance Statistic - 1986-87 and 
1987-88 • • • (1) 

71.3198 litres per vehicle per day 

because Gujrat SRTC continued to report 

the best performance of 4.99 kms. per 

litre. 

Source ·: Performance statistics of STU's 1986-87 and 
1987'-88. 

Note : Quantity consumed per vehicle per day in Gujrat SRTC 
in 1987-88 = Total cost of fuel· in 1987-88. 

Rate per litre x No. of days in a year x No. of vehicles in 

1987-88 

= Rs. 6132.93 lakhs = 71.3198 litres. 
Rs. 3.66 X 365 X 6437 

3. Y3 ~ b 3 = minimum number (fraction) of tyres and 

tubes required per vehicle per day (we 

have taken this as 0.0106648 because 

Uttar Pradesh SRTC reports the lowest 

cost i.e. 19.3 paise per km. and average 

cumulative kms. performance per tyre is 
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9545 8 km which is the best among all· the·-

STU •s reported. 

sou.rce : Performance Statistics of STU •s - 1986-87 _ 
and 1987-88 ••• {III) 

Note: : Number of tyres and tubes .in Uttar Pradesh State 

Road Transport Corporation per vehicle per day in 

1987-88. 

= Total cost of t~res and Tubes in 1987-88 
Cost of one tyre and tUbe x No.· of days 
in a year x Vehicle in 1987-88. 

~. 1017.90 lakhs 
= ~. 415Q X 365 X 6301 =·0.0106648 

4. sometimes it happens that 

c1 Y1) c2 Y2 + c3 Y3 

(i.e. cost of personnel~ cost. of fuel + cost of tyresjtubes)_ 

or c1 Y1 - c2 Y2 - e3 Y:3 ~ o = b 4 {say) • •. {IV) 

5. Sometimes it happens that 

c2 Y2 ~- c3 Y3 

(i.e. fuel cost~- cost of tyres and tubes) 

or c2 Y2 - c3 Y3 -~ o = b 5 {say) • • • (V) 

6. We should set our programme in such a way that. the 

c.ost of running a vehicle per day will be 1 esser than the 

earnings per vehicle per day. 
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(the earning per vehicle per day varies for different 

transport corporations) 

i.e. c 1 Y1 + c
2 

Y
2 

+ c
3 

Y
3 
~ b

6 
= earning per vehicle per 

day • • • (VI) 

Among the above six (6) constraints, constraints number 

1,2,3 respectively are considered for all combinations, but 

from the constraints 4,5,6: vJe have considered all possible 

cowbinations. We have calculated the optimum (minimum) 

value of the objective function z (in o-verall cost) as well 

as the corresponding Yi ..... 
~. 

We have also done the sensitivity analysis of the 

changes in (i) cost vector, (ii) requirement vector for 

each combination. 

(i) Changes in cost vector 

Let .bcK be the amount of which is added to the Kth 

component CK of cost vector, so that the new value of the 
A 

Kth cost component becomes C = CK + 4. CK 
K 

The range of values of ,6 C., is found so that the new 
r.... 

basic feasible solution shall remain optimum. 

Let 6 bK be added to Kth component bK of requirement 

vector, so that the new value of the Kth requirement 
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* component becomes b.r<: = bK + db.i<. 

The range of the values of A bK is found so that the 

new basic feasible solution shall remain optimu~. Now we 

shall consider the different road transport corporations. 

A. por NBSTC (for the year 1987-88) : 

cl = Rs. 40.40 

c2 = Rs. 3.66 (approx). 

c3 = Rs. 4150 (approx). 

The average earnings per vehicle per day 

(for the year 1987-88) is Rs. 656.31. 

Case - 1: : Considerina constraints - 1, 2 and 3 

H2re b = (b1, b2, b3) 

1'-'.dn cost = Rs. 52 8. 6 7 

Where y1 = 5.54 

y2 = 71.3198 

y3 = 0.01066 

Sensitivity analysis of cost vector. 

L).C / 40.375 1 ~ 

6C --' 3. 6875 2 ~ 

4C < 4150 3 ....... 

for NBSTC 
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Sensitivity analysis of reauirement vector. 

4b1 ~ 
5.54 

L'!. b2 < 71.3198 --
6b3 < 0.0107 -

Case No. 2 . Cons iderina constraints 1,2,3,4. . 

Min Cost = 61 o. 69 

Where y1 = 7.56 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity anal:r:sis of cost vector. 

6c1 ~ 
42. 8709 

. c 
4 2 <. 7.3568 

-..... 

" 8190 L\ '"'3 < -
Sensitivitv Analysis of Requirement vector. 

-2.0167 ~ 4 bl 

L:1b2 ~ 22.2594 

6 b3 < . o. 0107 
......... 

6 b4 ~ 81.3185 

Case No.3 Considerin9. Constraints 1,2,3,5 

Min Cost = P.s. 529.57 

~Jhere yl = 5.54 

y2 = 71.3198 

y3 = o. 01 066 
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Sensitivity Analysis of cost vector. 

~cl ~ 40.3750 

6 c2 < 3.7365 --
~c3 ~ 

3906.3694 

Sensitivity A~alysis of Re~!£emen~Vect~E-

6b1 ~ 
5.54 

-4 b2 ~ 
59.2272 

-. 0522 ~ L:'\ b3 ~ o. 0107 

-216.7716 < L'\. b 4 --
Case No.4 : Considerina Constraints 1,2,3,6 

.!V.dn Cost = R.s. 528.57 

Where yl = 5.54 

v = 71.3198 .... 2 

y3 = 0.01066 

Sensitivitz Analysis of Cost Vectors. 

6. c1 < 40.3750 
....... 

..6 c2 ~ 3.6875 

6C3 ~ 4150 

Sensitivity Anal_ysis of Requirement Vectors. 

-3.14 85 ~ ~bl ~ 5.54 

-34. 7553 ~- ~b2 ~- 7l.Jl98 

- o. 03 06 < ,6b3 ~ o. 0107 ....... 

-12 7. 2 C46 ~ ..(i b4 
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Case No.5 Consiclerinq Constraints 1121314,5 

Min Cost = 61 o. 69 

Where y1 = 7.56 

y2 = 71.3198 

y3 = 0.01065 

Sensitivity Analysis of Cost Vectors. 

4C1 < 42.2217 -
4c2 :::;' 7.3549 

~c3 s 791:1.8159 

Sensitivitv Anal vsis of Requirement Vectors. 

-2 • 016 7 ::::--. 4 b1 

4 b2 ~ 22.25 

~b3 s o. 0107 

4b4 ~ 81.3185 

~b5 -216.7716 < -
Case i~o. 6 : Consider~ Constraints 1 1 2 1 3 I 4 1 6 

Min 2ost = Rs. 610.69 

Where yl = 7.55 

y2 = 7l.Jl98 

y3 = O.Gl056 
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Sensitivity Analysis ot Cost Vectors. 

6C1 < 42.87 -
~c2 ~ 7.3568 

6C3 < 8190 
...... 

Sensitivitv Analysis of Heouirement Vectors. 

-2. 016 7 -6 4 b 1 

-6.2474 ..( ..6, b2 ~ 22.2593 ....... 

-0.0055 ~ .4,_b3 ~ o. 0107 

-45.7312 :<: <J b4 ~ 81.3185 -
-45. 7312 ~ 4b5 

Case No.7 Considering Constraints 1,2,3,5,6 

Ivti.n Cost = Rs. 529.58 

Where y 
1 = 5.54 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity Analysis of Cost Vector 

4 c1 -s 40.3880 

4 c2 ~ 3. 72 86 

~·C3 ~ 3906.8364 

Sensitivity Analysis of Reau ire me nt Vector. 

3. 14 86 ~ ~ bl z.. 5.54 

- 34. 7553 < 6 b2 < 59.2227 ......._ ....... 

o. 03 06 ~ ..Q. b3 ~ o. 0107 
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-216.7716 ~ 

-127.2046 ~ 

Case No.8 : Considering Constraints 1,2,3,4,5,6 

IV.d.n cost = 61 o. 69 

Where y1 = 7.55 

y2 = 71.3198 

v = 0.01066 ... 3 

Sensitivity Analysis of Cost Vector. 

6c ~ 42.8427 
. 1 -..: 

6C2 ~ 7.3342 

¢C3 < o. 0107 -.... 

Sensitivity Analysis of ~irement Vectors. 

-2. 015 7 ~ ~ b1 

-6.24 74 ~ 4b2 ~ 22.2593 

-0. 0055 ~ L} b 3 ~ o. 0107 

-45 ~ 7312 < L.\ b4 ~ 81.3185 ·--. 

-216.7716 ~ 4bs 

- 45.7312 < L_:~ b6 ......_ 

Note ·rhe actual cost per vehicle per day is Rs. 113 8 in 

19S,-88. 
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For Rajasthan S.RTC 

Taking the S&(me principles and conditions applied for 

NBSTC, we get the following : 

Our problem is, 

Subject to some constraints, 

.!-ere, cl = Rs • 3 9. 4 0 (in 87-88) 

c2 = Rs. 3.66 (approx) (in 87-138) 

c3 = Rs. 4,150 (in 87-138) 

About Constraints, 

( 1 ) y > 1 / 5.54 (b1) ... ( 1) 

(2) y2 ~ 71.3198 (b2) (2) 

(3) y 
3 ~ • Gl06648 (b3) ... (3) 

(4) cl Yl c2 Y2 - c3 Y3~ 0 = (b 4) (4) 

(5) c2 Y2 - c3 Y3 ~ 0 = (bs) (5) 

(6) cl Y1 + c2 Y2 + c3 Y3 ~ 1319 = (b,.. ) ••• ( 6) 
0 

Among six (6) constraints, number 1,2,3 respectively 

are considered for all co~binations, but from the constraints 

4,5,6 we have considered all possible co~binations. 

Case No.1 : Considerin£_£onstraints 1,2 and 3 

Min Cost = Rs. 523.13 

== 5.54 
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= 71.3198 

= • 01066 

sensitivity Analysis of Cost vectors. 

.6 c1 ~ 39.3750 

~.C2 < 3.6875 -
6C3 < 4150 

........ 

B : SensitivitY Analysis of Requirement Vectors. 

4b1 ~ 5.54 

4 b2 ~ 71.3198 

6_b3 <. - 0.0107·· 

·Case No.2 . Considering: Cohstraints 1,2,3 and 4 . 
Min Cost = Rs. 610.22 

Where y1 = 7.74 

y2 = 71.3198 

y3 = 0.01066 

Sensitivity Analrsis of Cost Vectors. 

6 c1 ~ • 36.3937 

6C 2 ~. - 7.1210 

~c3 $. - 7795.6875 
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B Sensit:_ivity Analysis of Requirement Vectors. 

-2.2 085 < 6 bl -
.6b2 ~ 23.7728 

..(.\b3 < 0. 0107 ........ 

ob4 
::; 86.9488 

Case No.3 :Considering constraints 1,2,3 and·5 

Min Cost = Rs. 524.12 

Where, y1 = 5.54 

y2 = 71.3198 

y3 = O. 01066 

Sensitivity Analysis of Cost Vectors. 

4 c
1 

::;. 39.3750 

L~ c
2 

< 3. 7365 -... 

~ c3 :s 3906.3694 

Sensitivity Analysis of Hequirement vectors. 

L'._l b1 s 5.54 

.c~ b2 ~ 59.2272 

-. 0522 < ~b3 ~ O. 0107 

-216.7716 < ....... 4b 4 

Case No.4 Considering Constraints 1,2,3,4,5 

Min Cost = 610.22 

Where, Y1 = 7. 74 
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= 71.3198 

= o. 01056 

sensitivity Analysis of Cost vectors. 

4.Cl < 3 7. 059 0 --
~c2 < 7.1259 .__ 

~c3 ~ --= 7472.9;268 

B : Sensitivity Analysis of Repiremente ·vectors. 

-2.2085 < .c'~ bl -
6 b2 < 23.7728 . ...._ 

-0.0522 < 4 b3 ~ 0.0107 ........ 

4b4 < ...... 86.9488 

-216.7716 s 4 b5 

Case No.5 Considering Constraints 1,2,3 and 6 

ZVJ.in Cost = 523.13 

Where y1 = 5.54 

v = 71.3198 ~2 

y3 = • 01 066 

.Sensitivity Analysis of cost vectors. 

.:::""~ c 1 :S 39.3750 

<"~ c2 ~ 3.6875 

6C <_ 4150 3 ....... 
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B Sensiti~ Analysis of Re~::!:_rement_ Vectors. 

- 20.1886 .s 4 b1 :::;. 5.54 

-217.3318 < ~ b2 < 71.3198 
......... ~...__ 

0.1916 ~ ~ b3 <_ • G1 07 --
-795.4346 ~ 4 b4 

Case No.6 Considering Constraints 1,2,3,4,6 

JVI..in Cost = Rs_. 610.22 

·~Jhere y = 7.74 
1 

y = 71.3198 
2 

v = o. 01056 
~3 

Sensitivity Analysis of Cost Vectors. 

Li c1 ~ 36.3937 

.6.. 
,..., 

~ 7.1210 '"'2 

Li c 3 ~ 7795.5875 

B Sensitivity Anal vsis of Re~irement Vectors. 

2. 2 085 < L~ b1 

- 35.7788 ~ ~b2 < 23.7728 
---

o. 0853 < .C~),. b3 <. o. 0107 -- ....___ 

-708.4213 < .c~ b4 ~ 85.9488 -
-708.4213 .s -6. b"i 

Case No.7 Con_s_·J._· _de.::._r::...J.=.:. n:.:..SL Constraints' 1, 2, 3, 5, 6 

Hin Cost = Rso 524.12 

'.-Jhere y 
1 = 5.54 

v = 71.3198 -2 

v 0.01055 -.l = 
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sensitivity Analysis of Cost lectors 

4C1 .s 39.3750 

4C2 s 3. 7365 

4C3 < 3906.3694 
----

B Sensitivity AnalYsis of Reauirement Vectors. 

- 20.1886 < L'\, b1 ~ 5.54 ...._ 

-217.33.18 ::; L.:._\, b2 <._ 59.2272 
....... 

0.0522 .:S- 4 b3 ~ • 0107 

-216.7716 ~ .C:::\ b4 

-795.4346 ~ ~ b 5 

Case No.8 Considering Constraints 1,2,3,4,5,6 

Min Cost = Rs. 61 o. 22 

'dhere y1 = 7.74 

y2 = 71.3198 

y3 = 0.01066 

Sensitiv~Analysis of Cost Vectors. 

~ c1 ~ 37.0590 

L~ c2 -s 7.1259 

6 c 3 .s 7472.9268 
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2. 2 085 < 6 b1 -
- 36.7788 < 4 b2 ~ 23.772 8 --

o. 0522 .( 4 b3 :5- o. 0107 

-708.4213 
~ 4 b4 ~ 86.9488 

-216.7716 < ..("~ bs 

-708.4213 s .c~ b6 

For Pe,esu SRTC . . 
Taking the same principles and conditions applied for 

NBSTC we get the following :-

Our problem is, 

Subject to some Constraints, 

!-Ere ...... = Rs. 61.61 (in 1987-88) '"'1 

c 
2 = Rs. 3.66 (in 1987-88) 

,, 
'--3 = 4,150 (in 1987-88) 

About Constraints, 

( 1 ) y1 >- 5.54 (b1) . . . (1) 

( 2 ) y2 >/ 71.3198 (b2) (2) 

( 3 ) y3 >/ .0106648 (b3) ( 3) 

(4) ~1 Y1- c2 Y2 - c3 Y3 ~- o =(b ) 
4 (4) 
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( 5) 

( 6) 799 = (b,..) 
0 

... (6) 

Among six (6) Constraints, number 1,2,3 respectively 

are considered for all combinations, but from the ConstraintsA 

51 (,~ we have considered all possible combinations. 
L', 

Case No.1 : Considering Constraints 1, 2, 3 

Min Cost = Rs. 646.74 

Where y1 = 5.54 

y2 = 71.3198 

y3 = O. 01 C66 

Sensitivity Analys?:_s of Cost Vectors. 

< ....... 
61.6875 

< - 3. 6875 

4150 

B : 3ensitivity AnalYsis of~irement Vectors. 

4 b1 <, 5.54 
--..._ 

.6. b2 ~ 71.3198 

4 b3 ~ O. 01 C7 

Case No.2 : Considerin~nstraints 1,2,3,4 

Min Cost = Rs. 64 6. 74 

== 5.54 
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= 71.3198 

= .01066 

Sensitivity Anal~~s of_Cost Vect~. 

4c1 s 60.5536 

L_\C2 < 3. 6682 
--.... 

4c3 <. 4017.5457 ...... 

B Sensitivity Analysis of Reauirement vectors. 

4 b1 < o. 58 .,.__ 

- 9.9199~4 b2 < 71.3198 
........... 

- 0.0087.< db < 0.0107 ........ 3 
.,.__ 

-36.3070< ..... 4b4 

Case No.3 Consider inc~ Constraints· 1 I 2 1 3 1 5 

.l'ldn Cost = 64 7. 74 

Where y1 = 5.54 

y2 = 71.319 8 

y3 = 0. G1 066 

Sensitivity Analysis of Cost vectors. 

LS..c < 61.6875 1 ' 
- c ~ 2 ~ 3.7365 

.,(~ c - 3 ~ 39U6.3694 



B 3ensitivity_Analysis of Requirement vectors. 

L1 b1 ~ 5.54 

Ll b2 $.' 59.22 

• 0522 ~- 4 b3 ~ 0.0107 

-216.7716 _:s· Gb4 

Case No.4 : Considering Constraints 1,2,3,4,5 

Min Cost = 656.65 

Where y 
1 = 5.54 

y2 = 71. 319 8 

y3 = 0.01066 

Sensitivity_Analysis of Cost vectors .. 

.6_ c1 < ........ 

4 c2 < 
' 

.6 
,~ <:: '"'3 ...... 

4 b1 

9.9199 ·~ Li b2 

O. G087 ~ 4 b
3 

- 36.3070 ~- 4 b4 

-216. 7715~ 4 b5 

60.2660 

3. 95 89 

3696.0938 

o. 58 

59.2271 

O. G1 07 
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Case No.5 Consider ina Constraints 1, 2, 3, 6 ------------------- ~ 

Min Cost = 646.74585 

Where yl = 5.54 

y2 = 71..3198 

y3 = o. 01056 

.;&uffiivity Analysis of Cost Vectors. 

A c
1 ~ 61.6875 

~c 2 ~ 3. 6 875 

,G.C < 4150 
3 -

B Sensitivi!Y_ Anal vsis of Reauirement Vectors • 

. 2.4669~ .6 bl 

-:41.5612 {;. 4 b2 

o. 0366 $-. 4 b3 

-152.1142 $ 4b4 

< -.......: 

s 
<. ...._ 

~ c;4 
:J·~-

71.3198 

o. 0107 

Case No.6 : Considerin£ Constraints_~~,3,4,6 

l"d.n Cost = Rs. 645.74 

Where yl = 5.54 

y2 = 71.3198 

y3 = 0.01056 

291 



~ c1 ~ 61.66 

6 c2 ~ 3. 6682 

~c3 < 4017.5457 -...... 

B : Sensitivity Analysis of ,.-{eouirement Vectors. 

2.4569:::;: 6 bl 

o. 0087 .:S 6 b2 

9.9199::!:.~03 

- 36.3070 < 4b4 

< - 0.58 

o. 0107 

71.3198 

Case No.7: Considerinq ConstraLnts 1,2,3,5,5 ------- ·-·-·--- ---- ----------- --·------- ---------- ---------

.!V'J.n Cost 

'/Jher:::? Y 
1 

4 c1 

L\ c2 

4 \-:'72 
-' 

y 
2 

y 
3 

< ........... 

< ---
$ 

= Rs. 64 7. 72 

= 5.54 

71.3193 

O.UlG66 

61..7094 

3. 73 89 

3906. 3Yi4 
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2.4669.~ 6 b1 

- 41.5612 ~ 4b2 

o. 052?. .:S ~\b3 
-215.7716 s 4 b4 

-152.1142 ~ 4 b 5 

fvlin Cost 

':Vhert~ y1 

y/. 

y3 

..6.. c1 < ............ 

4 (' < ~ ..... 
i. 

., 

4 c" < --...; 

2.4669{ 4b1 

9.9199~ 4 b2 

o. 0087 ~ 4 b3 

- 35.3070 ~ 4, b4 

-210.7715 ~~be: 
.) 

~ 

< ...... 
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5.54 

59.2272 

• 0107 

= ?.s. 65 8. 57 

= 5.54 

= 71.31980 

= 0.01066 

60.5966 

3.9736 

3528.5098 

o. 58 

59.2271 

o. 0107 
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For Guiri:it SrtTC ______ _...,._ ____ -·---

Taking the same principles and con eli ti ons applied for 

Ni3.:l'I.'C, we -;;et the fall m.,ring : 

Ou.c problem .is, 

Subject to some Constraints 

Here, C1 = F:s. 66 •. 29 (.in 1987-J8) 
.... 

= Rs. 3.56 II 

= n~ 4,150 II 
!"-:>. 

About Constraints : 

( 1 ) yl ~ 5.54 (bl) ( 1 ) 

( 2 ) y2 ~ 71.319 8 (b2) ( 2 ) 

( 3 ) y3 ~ "0106648 (b3) ( 3 ) 

( 4 ) c1 Yl - c2 Y2 - c3 Y3 ~- 0 (b 4) (4) 

(5) c2 I2 - c3 YJ ~· 0 Cbs) ... (5 ) 

( 5) cl Yl + c2 Y2 + c3 YJ ~ 1355 (b" ) ( i) ) 
:> 

Among six ( 5) constraints, nuroer 1, 2, 3 re.specti vel y 

an:! consider·~d for all com'oinati::ms, but from the constra-

ints 4,5,6 we have considered all possible combinations. 



Case No.1 : Considerin~onstraints 1,2,3 

Min Cost = Rs. 672.36 

Where yl = 5.54 

y2 = 71.-3198 

y3 = -o. o1 066 

Sensitivit;:x: Analysis of Cost Ve~~ : 

/_Of 

56.3125 

3. 5875 

Sensitivitl AnalysisLReqqirements Vectors : 

.6 bl ·-< 5.54 
..........; 

..6. b2 <. '- 71.3198 

A b 3 ~ o. 0107 

Case· No.2 . Considering_ Constraints 1,2,3 and4 . 
Min cost = 672.36 

Where y1 = 5.54 

y2 = 71.3198 

y3 = • 01066 

Sensitivitx: Analx:sis Of cost Vectors • 

.6. c1 ~ 64.2550 

4 c2 .$ 3. 7773 

4 c 3 < 4070.4006 
......... 
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·l. 

. ~: ' . 

:.·': 

·B : · se~sitivi~y AnaJ.!(:;ds ·.of Requirement Vector .• 

·· .. N~bi· ·_··~ · 
. : -.~:·· ~E;{·~.f~ b2 

· o. O?~~;i~ ,4· b . 
· · ':.~>:~\Yi··:c': . · ··. ~· 

·.< 
<~ 

. ; ~216~771.6.'·~ ::4b4 
' . ,•' . .:·;· 

:- ~ .. . .. . 

- . . .. 
~9346 

.: - . : ·~-:·,--.. -· ._.,_., 

71.3198:. 
. : ~. >> -~::i~:;;~~~/~~ 

.... ·· 

constraJ.nts i,2 ~3,5, · 

59~2272 

0.0107 
•,· 
_;-._ 

-~ . ·. . . ~ ·.. r • ·: . . . , 

··::_ Cas·e No. 4 ·: Con~! ae~ing Constraints.· 1 (2, 3, 4, 5 

Min Cost = Rs. 689.97 

= 5.54 

·.·.: ... ;f;tu:~ ,> 
'£{~:~~:·'.\. ·.· 
._ ... ;: . :: ./- -~ .. 

_._. -.. ~ . 

. : :. ' ~ 

..... ' 



. <: ~-·_- .. 

. ~-. 

·= 71.3198 

= 0.01066 

·, : .. >- .. -. ~--. 

'Sensitivity AnalYsis of-. Cost vector. 

·y4:ci· 

.,, ' ~.-~~·-~ 62' 
- _ .. :. 

.... ~ .. : ' 

·./"'· 
-~· 

-~<-·---
. :~.-:!-~:~ c3 ... · .. ::$'. 

6~~2173 

\ .4.1132 

'.3760.9377 
. '· 

---~-~~ .. ::~~~~~{_.j~~~: .. ~·,_ ~-- "~:-!· ···--·- . ; . --.. . :.. " .. ~ - - . : 
.... : 1 .• :.'(·B· :'.Sensitivity. Analysis of Requirement Vector 

. ·· \: :: ; .:o'~9346 

. ' ' . 59~·2272 
·. , .. 

. .. ' . - ~ 

· .. 
~ ._·· 

' ): ., .. ea:sE:p.' o:s ·&:· consideri~~{Constraints 1~2/3,6'-->~ 
:,_-·< .. --~_;:~~-:~~~~:~~-;::-~~~~-:~ ~~;:._·:-: .. ~--...... . -· ~- '. 

; . ~ 

,. :· · MiD.· ·Cost · .. - Rs • 672.36 .. 
./ -.,·Where, y1 = 5.54 

. ~ . 

y2 = 71.3198 

i3 ·= 'o. 01066 

·Sensitiviti Anal~sis of cost vector • . 
.6Cl < 66.3125 -; 

··Ac 
2 s 3.6875 

4c3 ~ 4150.0000 

. .. ; 

j' 
I • 
I. 

i' I .. 
. /·• 
,·.! 
j. .. I 

cr· 
'!-·· 
I 

I · .. I 
' ,: .. 

·.:-

\ . 

.. 

-~ . 



- 10.2951~ ~ b1 ~-

-186.4655 ~ 4 b2 ~ 

0.1544 s .::'~ b3 ~ 

-6 82 • 4 6 4 0 .$ 4 b 4 

5.54 

71.3198 

~ 0107 

Case No.5 : Considerino Constrdints 1,2,3,4,5 ------------- ·--- ----- ------<--- --------------- ---·---

IVd.n Cost = Rs. 672.36 

Where, y1 = 5.54 

y2 = 71.3198 

y ::: 0.01066 
3 

4 cl ~ 66.29 

4 c2 ~ 3.7773 

4C3 s 4150 

B : Sensi~ivitv Analvsis of ~e~uir~ment vector. 
---- __________ ::,.,..L_ _______ ;._ __ - ~ .. --- -·- ---.--------------------

- 10.2951 ~ <:\ b1 ... 

- 16.9281 ~ 4b2 

o. 0149 ~L_\b3 

- 51.9572~4b4 

-682.46415 L4b
5 

< 0.9346 
-.... 

< 71.3198 ...__ 

< 0.0107 ...__ 
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case No.7 : Considerin~ Constraints 1,2,3,5,6 

/ 

Min Cost ··= Rs. ·673.36 

Where, y1 = 5.54 

y2 = 71.3198. 

y3 = o. 01066 

Sensitivit~ Anallsis of cost Vector. 

_4c1 -~ 66.3125 
.. 

,• ~ 

:4 ~ < 3. 7365 
...... 

4 
c· 

3' $ 3906.3694 

B: Sensitivitz Anallsis of Reqt!_irement Vector. 
--
.· .· · .. :,: . ~ 

:\ ~~~Jo·J29-5-~:4: bJ> ~ . -
. --~l.8~~;4,?56:~-~b2' 

'0~0522<4b -~-...... 3 

'-216. 7716~4_b4 

•682.4641~ ~b5 

5.54. 

59.2272 

0.0107 

·case No.8 : Considering Constraints 1, 2, 3, 4, 5, 6 

Min Cost- = Rs. 689.97 

Where, y1 = 5.54 

y2 = 71.3198 

y3 = 0.01066 

Sensitivitx_ Analx_sis of Cost Vector 

64.2173 

4.1132 

·3760.9377 
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- 10.2951~ 6b1 

- 16. 9281~ 6 b2 

o. 0149< ~ b3. 

- 61.9572 ~ ~b4 

-216.7716 .{_ 4 b5 

-682.4641 ~ 4 br 
0 

For .Andhra SRTC 

300 

0.9346 

59.2271 

o. 0107 

Taking the same principles and conditions applied for 

NBSTC w.e get the following 

Our problem is, 

Subject to some constraints, 

J-ere cl = Rs. 53.56 (in 1987-88) 

c2 = Rs. 3.56 II 

,, = Rs. 4150 II 
'"'3 

.N:Jout Constraints, 

( 1) yl ~ 5.54 {bl) . . . {1) 

( 2 ) y2 ~ 71.3198 (b2) { 2) 

( 3) y3 ~· 0.0106648 (b3) ( 3) 

(4) cr Yl - C.l.. Y2 - c
3

Y3 )/ 0-1b4 ) ( 4) 
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(5) 

(5) 

Among six (6) constraints number 1,2,3 respectively 

are considered for all combinations, but from the constraints 

4,5,6 we have considered all possible combinations. 

f'/dn Cost = Rs. 6 02.42 

Where, yl - 5.54 

y2 = 71.3198 

y3. = 0.0106648 

53.6875 

3. 5875 

4150 

5.54 

71.3198 

o. 0107 

Min Cost = Rs. 61 o. 05 

Where, yl = 5.58 

y2 = 71.3198 

y3 = 0.01066 



3 02 

A.~ ~f!.sitivitz ~alzsis of Cost Vector. 

Lc1 ~ 5o. 9623 

,6C2 $ 7. 0801 

~c3 ~ 8098.5361 

Lb1 ~ 2.1891 

..C::,b2 ~ • 0019 

4b 3 ~ .:· 02 58 

~b4 ..:S .1493 

Min Cost = Rs. 603.42 

Where, y1 = 5.54 

y2 = 71.319 8 

y3 = o. 01066 

< 53.6875 
........_ 

< ....... 3. 7365 

3906.3694 

4b1 ~ 5.54 

~b2 ~ 59.2272 

-0. 0522.$' 4b3 ~ o. 0107 

-216. 7716~ 4b4 



Min Cost = Rs. 615.80 

Where, y1 = 5.58 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity An~is ~~-~~~~ Vector : 

.1493~4bi 

4b2 ~ 

o. 0522 ~~ b3 :S 

.6b4 ~ 

-216. 7716~ .6b
5 

Min Cost 

Where, y1 

y2 

y3 

so. 0483 

·7. 445 0 

7988.7002 

2.1891 

• 0019 

8. 0268 

= R:,602. 4255 

= 5.54 

= 71.3198 

= o. 01066 
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Sensitivitv Anal~sis of Cost Vector. 

.& cl ~ 53.6875 

4C2 < -.........: 3. 5875 

~c3 ~ 4150 

B : Sensitivit~ Ana~~~s of _Re~irement Vector. 

14. 8422~ 4 b1 

-217.5049~ 4b2 

0.1919~ 6b3 

-796.4342 ~ 6b4 

< ....... 

5.54 

71.3198 

o. 0107 

Cas·e -~o·. 6 : Considering_ __ Constraints 1, 2~..~.d.c..§. 

Min· Cost 

Where, yl 

y2 

y3 

4c1 < ...... 

6 c 2 ~ ....... 

4C 3 < -

.1493<4bl 

-107. 7078=::; 4b2 .::;. 

o. 0949 ~ <_'\b3 ~ 

= Rs. 61 O. OS 

= 5.58 

=· 71.3198 

= o. 01066 

50.9623 

7. OQOl 

8098.5361 

2.1891 

o. 0019 
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-788.4213~ 4b4 < -- 8. 0268 

-788.4213 ~ 4 b 5 

Case No.7 : Consideri~onstraints 1,2,3,5,6. 

l-"J.in Cost = Rs. 603.42 

Where, yl = 5.54 

Yz = 71.3198 

y3 = 0.01066 

. Sensitivit;:( Analy_sis of Cost Vector. 

4 c 1 < 53.5865 -
6C2 < 3.7365 --
~c3 ~ 3906.3694 

B : Sensitivitl Anal:isis o~ Reqqirement Vector. 

14.H422 ~ ~bl 

-217.605$ ~ b2 

o. 0522 ~ 4 b3 

-216. 7 716 .s: 4 b 4 

-796.4343 ~4 b 5 

< -
< ......_ 

5.54 

59.22 72 

o. 0107 

Case No.8 ~ _ Considering__~2nstraints 1, 2, 3 !..~L~!..§. 

Min Cost = Rs. 615.80 

Where, yl = 5.68 

Yz = 71.3198 

y3 = 0.01066 
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Sensitivitv Analysis of Cost Vector. -----
:; 50.0483 

< - 7. 4450 

7988.7002 

B : Sensitiv&_An~lysis of Reqq_irement Vector. 

0.1493 s L~ b 1 

-107.7078 ~-<6. b2 

o. 0522~~ b3 

-788.4213 s.~ b4 

-216.7716~L""~ b 5 

-788.4213 .S:4 b6 

For Kerala SRTC 

2.1891 

0.0019 

8. 0268 
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Taking the same principles and conditions applied for 

NBSTC we get the following : 

Our probl erna is, 

Here, 

About constraints, 

( 1 ) 

(2) 

yl >- 5. 54 (bl) 

y2 >/ 71.3198 (b2) 

= ~. 54.80 (in 1987-88) 

~ ~- 3.56 If 

= Rs. 4,150 It 

. . . (1) 

(2) 
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(3) y3 ~ .• 0106648 (b3) • • • (3) 

' 
(4} cl Y1 - c2 Y2 - c3 y3 .~r 0 (b4). • • • (4) 

(S) C2Y2 - C3Y3 ~· 0 (b ) 
5 ••• (5) 

(6) c1 Y1 + C2Y2 +C3Y3~. 1344 (b6) • • • (6) 

Among six (6) constraints, number 1,2,3 respectively 

are considered for all combinations, but from the 

constraints 4,5,6 we have considered all possible combi-

nations. 

Case No.1 : Considering constraints 1,2,3 

Min Cost 

Where, xl 

Y.· 
2 

y3 

Sensitivit~ Anal~sis of 

A c 1 ~· 

6c2 ~ 

· 6C3 ~ 

B :Sensit-ivit:y: Analy_sis of 

= Rs. 608.65 

= 5.54 

. - .71.3198 

= 0.01066 

Cost Vectors •. 

54.8125 

3. 6875 

4150 

Re~ire~nt 

5.54 

71.3198 

o.oio7 

Vector. 
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I-' .Lin Cost = Rs. 610.50 

Where, y1 = 5.57 

y2 = 71.3199 

y3 = 0.01066 

Sensitivity Analysis of cost Vector • 

.6c1 ~ 53.68 

.4C2 ~ 7. 3186 

4c3 $ 834 7. 3252 

6 b1 ~- • 0310 

~b ~ .4640 
2 

Lb3 .s • 0004 

-6b4 ~ 1.7032 

Case No.3 : Considerin~ Constrain~s 1,2,3~ 

Min Cost = Rs. 609.65 

Where, y1 = 5.54 

y2 = 710 3198 

y3 = o. 01066 



~c1 s 54.8125 

LC2 ~ 3. 7365 

~c3 ~ 3906.3694 

B Sensitivity Analysis of Recru:irem.ent Ve~. 

4 b1 

,4b2 

• 0522 :::; 4b3 

-216.7716 ~ 4b4 

< ......... 

5.54 

59.22 72 

• 0107 

Case No.4 : Consigering Constraints 1,2,3,4,5 

Min Cost - Rs. 624.42 

Where, yl = 5.57 

y2 = 71.3198 

y3 = • 01066 

Sensitivity Analysis of cost Vectg£. 

4,c1 < 52.6648 
-.... 

~c2 ~ 7. 5881 

4c
3 < -- 7991.0850 

B : Sensitivity Analysis of Requirement Ve~ • 

• 0310~ A b 1 

..6. b2 ~ • 4640 

·309 
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• 0004 

1. 7032 

-216. 7716~ ~ b 5 

Case No.5 : Considering Constraints 1,2,3,6 

Min Cost. = Rs. 608.65 

Where, y1 = 5.54 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity Analysis of Cost Vector • 

..6. c1 ~ 54.8125 

Lc
2 ~ 3. 6875 

L1 c3 ~ 4150 

B : Sensitivity Analysis of Re~irement Vector •. 

- 13.4145.{ Gb1 $ 5.54 

-200.8520 ~4 b2 ~ 71.3198 

0.1771 ~ 6 b3 < • 0107 ._ 

-735.1186$ 4 b 4 

Case No.6 : Considering constraints, 1,2,3,4,6 

Min Cost = Rs. 610.50 

Where, y1 = 5.57 

y2 = 71.3198 

y3 = o. 01066 



Sensitivity Analysis of Cost Vector. 

53.6813 

7. 3186 

834 7. 3252 

B : Sensitivity Analysis of Requirement Vector • 

• 0310~ ~bl 

-100.1941~4 b2 ..s .4640 

. o. 0883 ~L1 b3 .::; o. 0004 

-733.4212~ L1 b4 ~ 1. 7032 

-733.4212$4 b 5 

Case No.7 : Considering Constraints 1,2,3,5,6 

Min Cost = Rs. 6 09.65 

Where, yl = 5.54 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity Analysis of C~~-Vector. 

~ c1 ~ 54.8125 

~ c2 < 3. 73 65 
.-.....;. 

_6_C3 ~ ---..: 4150 

B : Sensitivity Analysis of Requirement Vector. 

- 13.4145~4b1 ~ 5.54 

-200.8521$4 b2 .$ 59.2272 
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• 0522.:S' 4 b3 ~ o. 0107 

-:216. 7716 $ <:S.. b4 

-735.1187~4 b 5 

Case No.8: Considering constraints 1,2,3,4,5,6 

Min Cost = Rs. 624.42 

Where, y1 = 5.57 

y2 = 71.3198 

y3 = o. 01066 

Sensitivity Analysis of Cost Vectors. 

52.6648 

7.5881 

7991.0850 

B : Sensitivity Analysis of Requirement Vector. 

o. 0310~ 4 b1 

-100.1941 ~4 ~2 ~ 

o. 0522 -S'4 b3 :;. 

-733.4213~,6. b4 ~ 

-216.7716 ~ 4 b 5 

-733.4213~_6 b6 

.4640 

.0004 

1. 703 2 
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Constraints 

1. 1,2,3 '. 

2. 1,2,3,4 

3. 1,2,3,5 

NBSTC 

o.c~28.67 
y1 = 5.54 

Y2 =71.319_8 

Y3 = 0.01066 

1>11 
O.C=510.69 

y1 = 7.56 

y2 =71.3198 

Y3 = 0.01066 

tlA ' 
O.C=529. 57 

y1 = 5.54 

y2 =71. 3198 

Y3 = 0.01066 

Results at a Glance 

- ---- --------, .. 

Pepsu Rajasthan 
SRTC SRTC 

o.c.~46.74 o.cJ~'523 ~ 13 · 

y1 = 5.54 y1 = .5.54 

y2 =71. 3198 Y2 =7l.3198 

y3 = o. 01066 y3 = o. 01066 

O.C.~46.74 t.. 
O.C.=610.22 

y1 = 5.54. . y1 = 7. 74 

y2 =71.3198 y2 =71.3198 

y3 = o. 01066. y3 = o. 01066 

~ o.c.=s47.74 o.c.-!~524.12 
y1 = 5.54 yl = 5!"54 

Y2 =71.3198 y2 =71. 3198 

Y3 = b. 01066 y3 = o. 01066 

Gujrat Ar1ililra · I<erala 
SRTC SRTC SRTC 

0. c. !6 02 .. 42 
D., -. t, ' 

O.C.=672.36 O.C.=608.65 

y1 = 5.54 'y1 = 5.54 y1 = 5.54 

y2 =71. 3198 y2 =71. 3198 y2 =71. 3198 

y3 = o. 01066 y3 = o. 01066 y3 = o. 01066 

R.. 
0 • c • =o 72 • 3 6 

' fl.. 
O.C.=610. OS 

Q,.. 
O.C.=610.50 

y1 = 5.54 yl = 5. 68 y1 = s. 57 

Y2 =71.3198 y2 =71.3198 y2 =71.3198 

Y3 = 0.01066 y3 = o. 01066 y3 = o. 01066 

Rt. 
O.C.=573.36 ~' o.c. =603. 42 

~ 
o.c .=609. 65 

y1 ~ 5.54 y1 = 5.54 y1 = 5;.54 

Y2 =71.3198 y2 =71. 3198- Y2 =71.3198 

y3 = 0.01066 y3 = o. 01066 y3 = o. 01066 ------------- _____________ , __________________________________________________________________ _. __ __ 
4. 1,2,3,4,5 

p., 
Q.C=610.69 O.C.=656.66 O.C.=610.22 O.C.=689.97 O.C.=515.80 G.C.=624.42 

Y1 = 7.56 Y1 = 5.55 Y1 = 7.74 Y1 = 5.54. Y1 = 5.58 Y1 = s.5a 

~=71.3198 Y2 =71.3198 Y2 =71.3198 Y2 =·71.3198 Y2 =71.3198 Y
2

=71.3198 
·~-·---cJ.--=_0.01066 X3.= Q-..0.1066 Y3 =; Q.QtQ&& Y3-= Q.Q1.Q66. Yl"=; .Q.QlQ6..6 y3"- Q..,Ql.Q.6.6.._ 

contd ••• 

" 

w 
t-A 
w 



contd. from page 313 ••• 
------ ·--- ··- -- -:-··- --------------- -----------------------------:----··----------------~-------------- ------------------------------------- -·-- --·-
5. 1,2,3,6 O. C=52 8. 6 7 O.C.=646. 74 o.c.=523.13 O.C.=672.36 o. c. =602. 42 o.c.~o8.S5 

y1 = 5.54 y1 = 5. 54 y1 = 5.54 y1 = 5. 54 y1 = 5.54 y1 = 5. 54 

y2 =71. 319 8 y2 =71. 319 8 y2 =71. 3198 y2 =71. 3198 y2 =71. 319 8 y2 =71. 319 8 

YJ= 0.01066 y3 = o. 01066 Y3 = O. 01066 y3 = o. 01066 Y3 = 0.01066 Y3 = 0.01066 

----- ---- ·- ---- ------ -~- ----- --· -·- - ---------------------------------------------------------- ------------- ----------------------
6. 1,.2,3,4,6 O.C=610.S9 o. c. =64 7. 7 O.C.=610.22 o.c.=672.36 0 • c • =61 0 • 85 o.c. =610.50 

y1 = 7.56 y1 = 5. 54 Y1 = 7.74 Y1 = 5.54 y1 = 5. 68 y1 = 5. 57 

y2 =71. 3198 ¥2=71.3198 Y2 =71. 3198 y2 =71. 3198 ¥2=71.3198 y2 =71. 3198 

Y
3 

= O. 01066 y3 = o. 01066 y3 =0. 01066 y3 =0. 01066 Y
3
= 0.01066 y = 0.01066 

3 
-~------------------------ --------------------------------------------- ----------------------------------
7. 1,2,3,5,5 O.C=529.S7 O.C.=647.74 o.c.=524.12 O.C.=673.36 O.C.=603.42 0. c. =6 09. 65 

y1 = 5. 54 yl = 5. 54 Y1 = 5.54 y1 = 5. 54 y1 = 5.54 y1 = 5.54 

¥2=71.3198 y2 =71. 3198 ¥2=71.3198 ¥2=71.3198. y2 =71. 3198 y2 =71. 3198 

Y
3

= 0.01066 Y3 = 0.01066 Y3 = 0.01066 y3 = 0.01066 Y3 = 0.01066 Y3 = 0.010~6 

------------------------------------------------------------------- -------------------------------------~~----- -- -·--·-------- ---
8. 1,2,3,4:,5,6o.e:w:610.69 O.C.=658.57 o.c .=61 o. 22 0. c • =6 89 • 9 7 O.C.=615. 80 O.C.=624.42 

y1 = 7.56 yl = 5.54 Y1 = 7.74 y1 = 5.54 y1 = 5. 68 y1 = 5.57 

Y2 =71. 3198 y2 =71. 3198 y2 =71.3198 Y2 =71.3198 Y2 =71.3198 y2 =71. 319 8 . 

y3 = o. 01066 y3 = o. 01066 Y3 = 0.01066 Y3 = 0.01066 y3 = o. 01066 y3 = o. 01066 

----- --- ---- ---- --··--·-- -- -.--- ----- ----- -------·------ ---- ----------------~----------~-------------~- ---
9. Actual cost 113 8 122 0 1308 1489 1349 1483 
--------------------------- ·- -··----- __ ..,- ----- ·- --- --~- ---------------------- ----·---- ------- ·----··· ------- ------- -------·-·-- ...... ---

!0. ·Actual 
Earning 656.31 799 1319 1355 1399 1344 

w 
~ ----- ----.-- -·- ---- ---------------- ------- --·- - -- ----------------- ---- ----·---------- -------------- -------- -- ,p.. 
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The folloNing conclusions are drawn from the abGve 

table and the analysis made in detail earlier. 

1) If we add the constraint c1 Y1 .'>- c2 Y2 + c3 Y3 , then 

the total cost changes rapidly. 

2) Out of all the cases, the minimum of optimum cost 

is ~. 528.57 (Case No.1 and Case No.5), the maxi-. 

mum of optimum cost is ~. 610.59 (Case No.2,4,6 

and 8). 

3) The values o£ Y
2 

and Y
3 

are same in all cases and 

are same as the speqified minimum values. 

4) In Case No. 1,7,5 and in Case No. 2,3,4,6,8 the 

costs are different slightly but their correspond-

ing Y1 , Y
2

, Y
3 

respectively are recorded same which 

is happening due to fraction. 

5) The difference between the Actual cost per bus 

per day and the 1 ov;est hypothetical cost per bus 

per day is (Rs. 1138 - Rs. 528.57)= "s. 609.33 and 

the difference between tl1e Actual cost per bus per 

day and highest hypothetical cost per bus per day 

= Rs. 527.31. 

6) The difference between the earning per bus per 

day and the 1 owc:st hypothetical cost per bus per 
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day is Rs. l2 7. 64 and the earning per bus per day· 

and highest hypothetical cost per bus per day is 

Rs. 45.62 •. 

7) · The actual cost per bus per day is almost double 

than the hypothetical cost per bus per day. 

8) The difference between the actual cost per bus per 

day and the actual earning per bus per day is 
. -

Rs. (-) ,481.69. 

For Pe:p_sf!Ja SRTC : , 

1) . The ,effects of the individual constraints are 

·' more or less the same. 
- .:1 

2) Out of-all the cases, the minimum of aptimum.cost 

is Rs. 646.74 (Case No. 1,2,5,6) the maximum of 

Optimum cost is Rs. 658.57 (Case No.8). 

3) The values of Y1 , Y
2 

and Y
3 

are same in all cases 

and are same·as specified number. 

4) Here, in all the cases the costs are different · 

slightly but their corresponding Y1 , Y
2 

and Y
3 

respectively are recorded same which is happening_ 

due to fraction. 

$) The difference between the actual cost per bus per 

day and the lowest hypothetical cost per bus per 
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day is Rs. 5 73.26 and the difference between the 

actual cost per bus per day and the highest 

hypothetical cost per bus per day is ~. 561.43. 

So the Actual Cost per bus per day is more than 

double than the hypothetical cost per bus per day. 

6) The difference between the earning per bus per day 

and the lowest hypothetical cost per·bus per day 

is ~. 152.26 and the difference between the 

earning per bus per day and the highest hypothe

tical cost per bus per day is ~. 140.43. 

7) The difference between the actual cost per bus 

per day and the actual earnings per bus per day 

is (-) Rs. 421. 

1) If we add the constraint c1 Y1 ~.c2 Y2 
+ c

3 
Y
3

, then 

the total cost changes rapidly. 

2) Out of all the cases, the minimum of optimum cost 

~. 523.13 (Case No.1 and 5) the maximum of optimum 

cost is Rs. 610.22 (Case No. 2,4,6 and 8). 

3) ·rhe values of Y2 and Y
3 

are same in all cases and 

the same a·s specified number. 
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.4) In case No •. 1,3,5 and in- case No. -2·,4, 618 -the 

.c·osts;-are differ~nt slightly __ but .-their -correspond-:· 
• :-.~~~~-~-·.: • ' · .. :,! ,: . - ~ . - ~;- . 

ing ,.;Y1 , Y2 , _ Y
3 

respectively .-are recorded s~e ·which 

> is -h~~pe~ing \::due ·to fr~~~.i.~~- - :· ... _ - -' 
- ' ~ , ~ ' . . '. . ::··;.;; :7>·. ' . ._ 

-:.· _. ;.,-, . .'. -·; .. · .. .:. _,,.. .) .... -,--

5) · The difference. between the ·:actual .:cost ·;p-er bus_-~_:.per 
-··:•; 

- !'. 

· day ~d the· 1 owest .hyPothetical cost pe~ '_bus~-per 
day ~5. Rs. 13~a ~ Rs. s23.i3. =lis •. 784.8~- ~d-the: -:· 

· -• · -. actuar·_-~ cost _per bus per day :and_-the ·highest >hypo.;. 

-, the~-l~-~1-cost;-~er bu~ pe; -d~y is Rs. ;•697~-7~~:~rThe 
.; ·---~ -_· . '· . :" .. -_ ·. ·-· ... . - . . - . - ,_.. . : -~~ -...... 

actual ,coSt per.' bus per<day :is more than:::40u1lie. 
:-. · . .-·: :'· -·-_./: - ··::·- .. ·.: -,-_ . ·_: .. ·:_·-;.~·;:;:~--- ~---,~----.. -:·:-~ -·,,--\. ·. ··-.<~1~-V-~~~----f:_ F;{. __ :_.:: 

than the. hypothetica:J. COSt-·per-btiS~i_per:di;iy;;.:;i,·'~j-·:·< -- -

... · ..•.. <:.;~~···· ·.•.~;\41H~~.~~b~t~~n. ··~~i~~:ffn~t~~i~~··~~,*~~;·· .. 
<. '- • •• . and .the: 1 owest, _hypothetical· ·-;co5t per·)bus)perJ:(lay_-

_-.-_ _,, . ,y, •. ",;,:-:- -~ _ .... , --.. - .• - ' - •• ,._ J_:~--~ . ' -:: -<·_!· .. .-:: ... - :: ~.-\\:. 

is Rs~ <795-.87. _and the· diff~re:nce .between 'the ·eain-: 

.· ~~~. ;er:~us per aay··and.hlghest.-hypothetical\:C~st 
: l. 

per bus ·per day is Rs. 708. 78. 
.·_ .. : 

7) The difference between the actual cost per ~bus per 
· .. _· :( 

day and the actual earning per bus per day is Rs.11 • 

. For Gujrat SRTC: 

· 1) The effects of the individual constraints are more 

or less the same. 
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Out of all the cases, the minimum of optimum cost 

is Rs. 672.36 (Case No. 1,2,5,6), the maximum of 

optimum cost is ~. 689.97 (Case No. 8,4). 

3) The values of Y1 , y2 and Y3 are same in all cases 

and are same as the specified minimum values. 

4) In case No. 1,2,3,5,6,7 and in Case No. 4,8 the 

costs are different slightly but their corre-spond-

ing Y1 , Y2 and Y
3 

respectively ·are recorded same 

which is happenihg due to fraction. 

5) The difference between the actual cost per bus 

per day and the l Ot¥est hypothetical cost per bus 
. . 

per day is Rs. (1489 - 672.36) or Rs. 816.54 and, 

the difference between the actual cost per bus per 

day and the highest hypothetical cost per bus per 

day is Rs. (1489- 589.97) or Rs. 799.03. The actual 

~ cost per bus per day is more than gouble than the 

hypothetical cost per bus per day. 

5) The difference between the actual cost per bus per 

day and the actual earning per bus per day is 

(-) Rs. 13 4. 

7) The difference between the actual earning per bus 

per day and the lowest hypothetical cost per bus 

per day is Rs. 682.64 and the difference between 

the actual earning and the highest hypothetical 
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. ' . ·:I: •;' 

·- .. -·; )~·: ' .. ·':: -. --~d:>:;. ;,4, 8,_.:;'- · e/c:ost~_,_: are-_ differen~_,:slightl ut their-~., .. ·,-- ·;·:.'-'~;;·/;/ 
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.. '.r::;:· . :::':· · corre~P~C?9.ding~::y1 ·, ~--,· lJ··~f;re~pec;~~vel~~-~a.re .recorded -:·:';~~:J:~· 

:~~: ·. . . . ' •\T~: ~~ii1fii~:happ:ing ~e"i{~f~~f· l , ..•.. :.:;;·;,. 

· \S) ·. -The :diffe;tence between:. the actucU. cost' per ."'ehicle . -.- . 
· <~ ~ -~-:)~·~.t--r~=~~:_.;;\·-_ ,. __ : .- . ·._ .~\- _.- · >~---~::· .-::;:~l~::r.:: 

·per day/;and· .the lowest hypothetical cost .pe'.r··-'--:·. 

··:·._vehicl-~ .per- ~y ·is Rs. 740.50 · ahd the ~-diffe~~Jb~·: ... 
. '. 

'~-between ::t:ne actual cost' per vehici'~ .per·· day ~and:the 
:_~ghes~'t:b~Othet:ical cos~ per':cit.cl~~ p~r ta~· i~. 
Rs.:-<727~;:~0~ The actual cost pe~ vehicle per ·day is 

- . -.. -~ .. -

more than double than the hypothetical cost per 

vehicle per day. 
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6). The difference between· the· actuar';;::e.aming ·per- .: ;: :;-
/ ... ':: ·.:: t~'-;· · .. ':·\h-·.:_:· .~ .. '·.; ::· ... <:.:·· --.:·' . . :_. . :, .. ·. ' ' : ,1_ • • • ... ~::~·<~ ._/-.. -.··_;:· . . ·: ·.·:·: ... ~' ·,·. ~ · .. <.-, ·::~ ~; .·_:>~··:~>- . i_ •. 

.. ·_ .,: _ ;:vehicfe;per ... ,.day -·<ind:t,ha··lowe~t '~·hypOthe~ical<.C:9s.1;1~(J :~.• .. · 

·' p-t~~~i~~~x~:-;f~~--:~~;~~~;;;'l~i~~tf~4.·~~~?'~;;~1~~~~- -• 

.' .. · .. 

.. -.· .. :. ~ . ': . 
:·.··: 

·• !r' 

,~~<i~~--~ ;betweenc;th~- -~ctual~ -~a:i:l;d.ng:~·per··._veliicle_·,~per- ~y;i',~~,d·- . 
' .. -~· .. , ~' ~-->.:· :·· \- :' . '• ::i:.:~\~ ·-. ~· -~; :_.' ~( ~; ~ 1 '<-~-' . _-,,'_- '.:_~ --:; ~~!~ ~ ·=·: :-~~- ~~ ~ .. -~~ .: --:.:.~~?~~:_ :/~~-~-:: \ .. ~.: ( .~~-;~·:{;~::-;·.~·l/: ' . ~;-.:~ ;/~~j~~6 :-1' ·~ 

. :. ,, .::{: .:the':.·J:iigliest: :'hypothetica;t~.-~os:t >per'.£veJ:licle:_:per.~:¢i:Y.{ 

------ ··;:;_~;,F,~~~~~~~:~_t_t_,__ _ -l-~;;•-- __ -- ·;~i;:~r-- >is.··-: ., --~~t -- 11·--_ -- _-_ 
. :-· .· 7) .: ,-The .t~f.ference_ betwe~n: the actual· cost ·_per vehic;J_e; · 

.;., . ,·· 

per ·.vehi~le 
.• ' • . . • ~ ! 

·.-. 

. : ·'"_:-/';~; ~~,-;~<-
. -.·. • '- .·. i ,·:,c~~/':f:::< ~\ .. 

~~ .·, 1' ·-:~~ ~ ~.-· . . ~ : '~-· . _.:. ·.· '· -~~~- \-~-~~-\ .·: _, • . - ... ·· . 

·· .. :;. ;...---.... 
·._ .. _)\· 

. 
- . ,:. ; ''~-~,: ~- .. 

::: . 

. <:'~2)\·:·. sOut;·:~~:of:. <ill -the\~cases., .. the :minimum. of 'Optimum ~:costJ."- . -:, 

. q?;rf;_.\,~~i{t!o:: iJ~tr:e< ::e1 ::~ ·4f:. ~~~m ~.~~}f . 
... ·.: 

'• .. \'· ' . . .. 
3) The .:values. of Y2. and Y3 ·are.· s·ame.-in all 

. ,.· 

are -same as the specified minimum.values. 
;-·., 

.. r·-.:· 
. \ ~-.- . : 

2,6 -~f£;'{~e. 
·,,, 

No.· :4~1 - 1;he costs. are· different slightly,~ put.· th~·ir 
' -~- ' . 

COrreS~Onding Yl 1 . . Y2 1 Y3 -respeCtiyely are :re~orded 

same which· is . happening due to :fraction.· 

-'f 

__ ( 
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5) ·rhe difference between the actual cost per vehicle 

per day and the loNest hypothetical cost per vehicle 

per day is ~. 874.35 and the difference between the 

actual cost per vehicle per day and the highest 

hypothetical cost per vehicle per day is Rs. 853.58. 

6) The difference between the actual earning per 

vehicle per day and the lov1est hypothetical cost 

per vehicle per day is 735.35 and the difference 

between the actual earning per vehicle per day and 

the highest hypothetical cost per vehicle per day 

is Rs. 719.58. 

7) The difference between the actual cost per bus per 

day and the actual earning per vehicle per day is 

Rs. (-) 139. 

Among six SRTCs, the hypothetical cost (lowest) calcu-

1 ated for t'llBS'rC is ranked as second. But the difference 

between the actual earning per vehicle per day and the 

P,ypothetical cost per vehicle per day of NBSTC is the 1 owest 

among all SRTCs i.e. Rs. 12 7. 54 (1 owest taking hypothetical 

cost per vehicle per day) and Rs. 45.52 (Taking highest 

hypothetical cost per vehicle per day). The highest is for 

!<ajasthan SRTC i.e. Rs. 796.58 and Rs. 783.20. 

The difference between the actual cost per vehicle per 

day and the actual earnings Der vehicle per day of NBSTC 
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is t-he ·highest :-i~ ~•-. _,(.:.) ~;: ~481. 69 among 'all· the . SR'l'cs. --~~---~--

•t:kk~~)?~_p£}c:~~:£:~Ea7:·f-~f-·;,•-};xh~,_,-~-ff~~:~~~-· .. :~·~~w~_el1_{~~~-:~--i~S~:~- .. :: .. 
--~o~t'::p·~;·: ~~h:.i~!'~. ;p_~-r~:;&y-:.~d h~-~h~tical\cost ·p~r-, venicii:.e.': ~-

f ·~·· : 
·:dpos.itian"·:;~n·:·NBSTC, kthe·::reasems·:··for low'.:profit$il·ity ··are:··:::·'· 
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