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Please chech r,vhether you have got the right question paper.

Note : l. All questions are complrlsory. ( Subject to lnternal Choice )
2. Figures to the right indicate fLrll marks.
3. Use olnou--programmable calculator is allowed and mobile phones are not

allou.',.1.
4. Normal distribution table is printed on the last page for reference.
5. Support )'our answel's lvitl-r diagrarns / illustrations, wherever ltecessary.
6. Graph papers will be supplied on request.
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Q1.A) Multiple choice questions (Attempt Any 8)

i) In linear programming, unbounded solution means
a) Infeasible solulion b) Degenerate solution c) Infinite solutions d) Unique solution

ii) If M r N - 1 : Number of allocations in transpoftation, it means
(Where 'M' is nunrbcr of rows and 'N' is number of columns)

a) There is no deueneracl, b) Problern is unbalanced
c) Problem is degenerate d) Solution is optimal

iii) Floats for critical activities will be always
a) One b) Zero c) Highest d) Same as duration of the activity

iv) The total time required to complete all the jobs in a job sequencing protlem is known as

a) Ob.jective lirnetion b) Decision variable c) Redundancy d) Constraints

vi) If in an assigntlent problem, number of rows is not equal to number of columns then
a) Problem is degerrerate b) Problem is unbalanced
c) It is a rnarinrization problerr d) Optimal solution is not possible

vii) The traxin'rr-rni tiure in rvltich an activity will be completed assuming allpossible delays and
postponements is lernred as

a) Optirnistic iirne b) Most likely time c) Pessimistic time d) Expected time

viii) The various alternatives or courses Of actions available to each player in a game are called as

a) Saddle points b) Strategies c) Pay off d) 'n' player game

ix) tn sirnplex. a nra.rinrization problem is optirnalwhen all DeltaJ, i.e. Cj -Zj values are

a) Either zero oi positive b) Either zero or negative
c) Only positivc d) Only negative

x) Which of the foilori'ing considers difference between two least costs for each rorv and column
while flncling initial basic feasible solutiou in transportation?

(8)

a) Idle time b) Irrocessir-rg tinre c) Elapsed tiure d) Processing order

v) In linear prograinnring. _ represents mathematicalequation of the lirnitations irnposed by
the problem.

a) North u,est conrer rutle

c) Vogel's Appioxinration method
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b) Least cost method
d) Row minima metho
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Ql"B) True or lalse (Attempt Any 7) (7)
i) Probability ola project completing in its expected time (Te) will be always 100%.
ii) If saddle point is available in a game. it is called as pLrre strategy ganle.
iii) Slack represcuts r-rnutiIized resources.
iv) If in a transportation problem, number of rows is not equal to nurnber of columns, then the

problern is rrnhrlartced.
v) If rve itttrodtrce an Llunecessary dummy activity, the error is termed as redundancy.
vi) Job sequencing problerrs are solved to ensllre that, both, the totaltime to complete alljobs

and idle tirrrc oleach machine are maximum.
vii) When rrole than one optirnal solution is possible in a linear programming problem, it is

termed as 'ur.rique solution'.
viii) Regret uurtt'ir is urade to convefi a maxirnization problem into minimization problem in

ass igrr rr rerrr.

ix) Critical path nethocl (CPM) considers the three time estimates: rnost likely, optimistic and
pessinr istic t irne esl inlcles.

x) In solving a.iob sequencing problern, it is assumed that alljobs require the same sequence of
opellt iorrs.

Q2.A) (8)
A company proclr-rces 2 plodtrcts A arrd B. xt and x2 are the quantities manufactured of Products A
and B respectivel)' 'fhe follorving objective function along with constraints is given to you:
MaxZ- 8xr , l6r.'
Subject to constrainrs:
xt+x25lOU
x: S 125

xr +2x:Si0lt
xr >0;.r:>0
Find how manl' urrils of Product A and ProdLrct B should be produced by the company so that the
profit is maximizeti. Is itacase of rrLrltiple optirnal soh-rtions? Use graphical method to solvethe
LPP.

Q2.B) You are givc'ir the per unit cost of transporting goods from 3 factories to 4 customers.
The 3 factolics A. ts ancl C have capacity to supply 500, 300 and 200 units respectively.
The

(i)You are required to f-incl the Initial Basic Feasible Solution using Vogel's Approximation (5)
Method.

(ii) Find tlre total ucrsl of transportation schedule obtained using VAM (2)
OR
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c Ltstol'n a r-S R arrd S reqtrire 50 0 and 320 units res ti
-\-._!ustonter .
Factori--- P o R S

A ----.- 12 i0 12 13

B 1 11 8 t4
C 6 t6 11 7
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(i) Drau,the netu'ork diagram and identify the critical path.
(ii) Find earlicst start tinre. earliest finish time, latest starl tirne and latest finish time for each

acl i\ il-\

(iii) Find free tloat lbr activity B.

Q2. D)'fhere at'e 6-iobs to be perfbrmed in a factory and each would go thror"lgh 2 machines
A ancl B iti the orcJer AB. The processing tirne (in hours) is given for each job in each
machine.

Paper / Subject Code: 86001 / Operation Research

Q2.C) You are siverr the f ,cllorving details for ist f 8 activities:'o a consrslrrlg oI 6 actr
A(]'I'IVITY NODE DURATION (davs)

A 1At-L 4
B 1-3 6

C 1-5 13

D z-) 5

E 2-4 20
F 4-6 10

G 3-6 6

H 5-6 16

Job Machine (A) Machine (B)
I l J

II 4 8

III 2 6
IV 5 6
V 9 4

VI 8 1

€)
(4\

(1)

(i) Determine tlre seclLtence of perforrning the jobs that would minimize the total time of
cornpleting al I the.lobs.

(ii) Find totai elapsecl time.
(iii) Finct iclle iinre fbr both the machines.

Q3.A) Six.jobs alc to lre processed in three machines A, B and C in the order A-B-C.

(2)
(3)
(2)

You are given
tirne fol each iob i h machi

Find the seqLrence that minimizes the total elapsed time required to complete the jobs. (2)
Calculate the total elapsed time (3)
Find idle tinre on Machine A, Machine B and Machine C. (3)
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(i)
(ii)
(iii)

lue Iof eac lt eac lne.

.IOB Time in Machine
(A) - hours

Time in Machine
(B) - hours

Time in Machine
(C) - hours

I 12 J 7

II 8 4 10

III 7 2 9
IV 11 5 6

V 10 2 1l
VI 5 4 4
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ou are given llre tbllou irrg details for a with 8 activil les
Activity Node Optirn istic time (days) Most likely time (days) Pessirnistic time (days)

A t-2 4 6 8
nD :--) ) 7 15
{- 1AL-+ 4 8 t2
D 3-5 10 l8 26
E 4-6 8 9 t6
r 5 -7 nt 8 t2
G 6-1 I 2 3'

H 1-8 6 7 8

Paper / Suhject Code: 86001 / Operation Research

(i) Drarv the net',r,orli cliagram.
(ii) Find the erpected time of project cornpletion along with standard deviation.
(iii) What is the plobabilitl,of the project completing in 55 days?

OR

(3)
(2)

At

(7)
(1)

(2)
(s)

Q3. C) You are given information about the cost (in Rs. Thousands) of performing different;jobs by
different persolls. Pl cannot perfornr J3. P3 not perform J4

(i)Obtain optinral rrssignnrent and find cost of such assignment.
(ii)ls it a case olalternativc optimalsolution?

Q3.D) Two firnrs. Luclio texiles and Rayotr textiles have 3 strategies each to select from. The 3

strategies are Ilo aclr''ertisernent, using moderate advertising and using heavy advertising. You are
given tire ;ia1'o11'nratrix from view point of Lacko textiles, showing its market share under
several corrbinations of strategies:

pay-off in Rs.10,000/-
llayon textiles

- No advt (l) Mod advt (ll) Heavy advt (l
No aclr'1 (l)

Lacko textiles l,4od advt (ll)
ilear,l advt (lll)

50

l0
75

28
45
50 l

40
50
52

(i) Fincl the sacldle point anTvalue of game.
(ii) Comnrerrt on the strategy to be selected by both the companies.
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fsolls. l'I ca can

JOB

P
E
R
S

o
N

.f1 J2 J3 J.4 J5

P1 27 1B x 20 21

P2 31 a1L+ 21 t2 17

P3 20 17 20 X t6

P1 22 28 20 I6 27
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Q4. A) Yolt al'e given a solution for a trartsportation cost problem. Figures in each cell represent
per unit trattsltortation cost. Figures in circle within each cell represent number of units

al locatecl firl transl;ortation. X. Y and Z are the 3 factories and A, B, C and D are the 4
cLlstomers.

(i) YoLr are recluirecl to check the above solution for optimality. (3)
(ii) If it is not optitrai. Lrse rnodified distribution method to obtain optirnalsolution. (3)
(iii) Find optiiual tlansportation cost. (2)

B) You are given the following inforven the tollowing rntormation tbr a project with 8 ac tivities
Node Normal Duration

(days)
Crash cost per

dav (Rs)
Maximum possible

crash time
1-2 6 80 2
lt 8 90 4
1-4 5 30 2)/
--+ J 0
)< 5 40 2
3-6 12 200 4
4-6 8 s0 a

J

5-6 6 0
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The cost o1'corrpleting the eight activities in normal tirne is Rs.6,500.
Indirect cost is I{s.160 per day. T'lie contract includes a penalty of Rs.l00 per day for every day of
delay more than I 7 ciars.

(i) Drau, rire: nctrvork diagram and find critical path. (3)
(ii) Crash tltc ploject duratiort to find the total cost of completing the project in l7 days (4)

OR
Q4.C) A colrpritn'lrloduces 2 products x1 and x2usingthree resources S1, 52 and 53. Productxl

gives ploliL of'Rs.i0 per unit and product x2 gives profit of Rs.40 per unit. The 3 resoulces
Sr. S: anri Sr lre l\,ailable to the extent of 200 units. 600 units and 500 units respectively.
The fbiioi.,'ing objective function and constraints are given to you:
Max Z =, li)rr i-40xt
Strb.iect 11, ;, r1 1.1 1'11i1115;

r, -+- 1r. '{li),'I

Bxl i55'<699
3xy + 4r1 '< 500
xt>0,,r:i0

A B C D Supply

x IJ I t9 0 200

Y 1l 18 15
ilD

1 ,500

Z 1t 22
:l!0,

t4

---4)
5 300

Demancl 180 320 100 400
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are gr\ eil illc roilo\\ illg snllpte\ sotuUOn em:
rj ------> 30 40 0 0 0

C X B X1 X2 Sr Sz Sr
t(\ X2 100 1t2 1 U2 0 0

0 S2 100 1112 0 (-) st2 1 0
U S: i00 I 0 (-) 2 0 1

Zl ---- 2A 40 20 0 0

A) With referencr' 'ro tirc above table answer the following :

i) Check if the alrove sollrtion is optirnal or not. (2)
ii) If it is not optinral. flnd optirnal solution" (5)

B) With lelercnec tu llrc rrptirnal sirnplex lable in rhe above problenr obrained by you, answerthe

Paper / Subject Code: 86001 / Operation Research

You tir lbllo* i lut to the above probl

follori iug:
iii) Find the optimai product mix and optirnal profit
iv) Which resources are scarce and which are unutilized?
v) Is it a case 01'altenrative solution? Justilv )'our answer
vi) What are the siradou prices of the resources? Justify.
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(2)
(2)
(2)
(2)

Q5 A) Explain the conccpts: Total float, Free float, Independent float and Interfering float. (8)
B) Discuss Anr'.-i ar-cirs rvhere techniques of operations research can be applied. (7)

OR
C) Ansrver unr'3 ril the tbllou.ing : (15)
i) Explain the tcrnr:: i{eclundaut constraint and infeasibility in linear prograrnming
ii) What do,!r)i.r nrcurr irr alternative optirnal solution in transportation? How do you identify

alternative soiuiior: in a transportation problem? Further what is the procedure to find that
alternatiVe soI rri i,.rtr'?

iii) Explairr tinr.'..,')t lril(lc ol[in project craslting.
iv) Discuss the signilicance of theory of games. Briefly discuss the terms: Players and Pay off.
v) Distinguish betrveen PERT and CPM.
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NORMAL DISTRIBUTION TABLE

Area Under the Strinclarcl Normal DistribLrtion

Z 0.00 0.01 0.02 0.03 0.04 0.0s 0.06 0.07 0.08 0:09
0.0 0.0000 0.00.+0 0.0080 0.0120 0.0160 0.0199 0.0239 0.0279 0.03 19 0.03 59
0.1 0.0398 0.043 8 0.0478 0.051 7 0.0557 0.0s96 0.0636 0,0675 a.0114 0,07s3
0.2 0.0793 0.083 2 0.0871 0.0910 0.0948 0.0987 0.1026 0. I 064 0.1 103 0.1 1 41

0.3 0.1119 4.D.l1 0.1 2s5 0.t293 0.1 33 1 0.1368 0.1 406 0.1443 0.1480 0.1517
0.4 0. r s54 (] l_i9t 0.t628 0.1664 0.1 700 0.1736 0.1772 0.1 808 0.1 844 0.1 879
0.5 0.1 91 5 0. I 950 0. 1 985 0.201 9 0.2054 0.2088 a.2n3 0.2157 0.219A 0.224
0.6 0.2257 0.?-::91 0.2324 0.2351 0.2389 0.2422 0.2454 0.2486 0.251-8, 0.2549
0.7 0.2s 80 0.2612 0.2642 0.2673 0.2705 0.2734 a.2x:64 0.2797 4.2823. 0.2852
0.8 0.2881 0.29 r 0 0.2939 0.2967 0.2995 0.3023 0.3051 0.3078 0;3106 0.3 133

0.9 0.3 r59 0.31 86 0.3212 0.3238 0.3264 0.3289 0,3315 0.3340 0336s 0.3389
1.0 0.3,+ 1 3 0.343 8 0.3461 0.3485 0.3508 0.3531 0.3s54 0.357',? 0,3599 '.a3621

t.t 0.3643 0.3 665 0.3686 0.3708 0.3729 0.3749 0.3770 0.3190 , 0.38+0 0.3830
1.2 0.3 849 0.j869 0.3888 0.3907 0.3925 0.3944 0;.3962 0,3980 .4399:7 0.401s
1.3 0.4032 u.4 0.19 0.4066 0.4082 0.409;9 0.41 15 0.4 13 1 0.4141 0.4t62 0.4177
1.4 0.41 9? 0.,1201 0.4222 0.4236 0.4251 0.4265 0.4279 0.4292 0.43.06 0.43t9
1.5 0.4332 0.4345 0.1351 0.4310 '0.+382 0.4394 A:44A6 0.4418 a.4429 0.4441
1.6 0.44.r1 4.4463 0.4474 0.4484 0.4495 0:4505 0.451,5 0.452s 0.4535 0.4s4s
1.7 0.455.+ ().:1.i6.1 0.5413 0.45 B2 0.4591 0.4s99 0.4608 0.46t6 0.4625 0.4633
1.8 0.4641 0.4649 0.4656 0.4661 0.4611 0.4678 0.4686 0.4693 0.4699 0.4706
1.9 0.4113 4.41 19 0.4726 0.4732 0.4138 0.47 44 0.4750 0.4156 0.4761 0.4767
2.0 0.1172 0.411B 0.4783 0.4788 0.4793 0.479.8 0.4803 0.4808 0.4812 0.4817
2.1 0.4821 0.,1826 0.4830 0.493 8 0.483 8 0..4842 0.4846 0.4850 0.4854 0.4857
2.2 0.486 i 0.4 846 0.4868 0.4871 0.4875 0,4878 0.4881 0.4884 0.4887 0.4890
/.. J 0.789j {).,1li96 0.4898 0.4901 0.4904 0.4906 0.4909 0.491r 0.49t3 0.4916
2.4 0.491 ti 0..r3l0 0.4922 0.4925 4.4927 a.4931 0.4931 0.4932 0.4934 0.4936
2.5 0.493 8 0.49.10 0.4941 0.4943 0.194s a.4946 0.4948 0.4949 0.4951 0.4952
2.6 0.4953 0.4 95 5 0.4956 0.49s8 0,4959 0.4960 0.4961 0.4962 0.4963 0.4964
2.7 0.4965 0.r966 0.4967 0.4968 0.4969 o.4970 0.4971 0.4912 0.4973 0.4974
2.8 0.4911 4.497 5 0.497 6 0.4971 0.491'7 0.4918 0.49',79 0.4979 0.4980 0.4981
2.9 0.4981 0.4982 0.,1982 0.4983 0.4984 0.4984 0.498s 0.4985 0.4988 0.4986
3.0 0.49 865 t.4931 0.4987 0.4988 0.4988 0.4989 0.4989 0.4989 0.4990 0.4996
4.0 0.499(;8
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