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B.Sc. (CBCS) DEGREE EXAMINATION, APRIL 2021.
Fifth Semester
Mathematics
Major Elective — OPERATIONS RESEARCH — 1
(For those who joined in July 2017 onwards)

Time : Three hours Maximum : 75 marks
PART A — (10 x 1 = 10 marks)

Answer ALL questions.
Choose the correct answer :
1. @rarlh sl uur@ser pseo Coiwann sraL@Hudie
Qeul_igd Gamererelldveney erefled
() ggralbsn sLGuUIG Camewnng
(<) sngHuopp Sraun
(@) eomawpp el HoL&ED

(FF)  @eael erglajlb @eeame



If two constraints do not intersect in the positive
quadrant of the graph, then

(a) one of the constraint is redundant
(b) the solution is infeasible

(¢) the solution is unbounded

(d) none of these

Quilsrésiul L LPPuWlér (1 SliglLenL

grsSwionar Fre|, @@ 2&bhs Sieurs LIHEUSHS

Caeneuuimer HMILD Gungjmer Blubgener
. (eTebevI J-&@Lb)

(M) z;—¢;>0 (or) z;—¢; <0

A necessary and sufficient condition for a basic
feasible solution to a maximization LPP to be an
optimum is that (for all j)

(@ z;-¢;20
b) z.-c¢; <0
(¢ z.-c¢;=0
(d z;—¢;>0 (or) z;-¢; <0
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m-s_(HUurhi&er  LHOID  N-TIHTDn DTS
wrhgemers GaETeam @@ e Quflgrasiul L
LPPWer @i enL ererug)

(@) em ddsrssiu L LPP

(@) n-slEUUTHEET LHHID M-eTHTDMD DHDOMSH
wrhsmens CamearTLg|

(&) Gsrray (<) wHpIDd () GremGd
(FF)  @eel eTamalwbd @dame

The dual of the primal maximization LPP having
m constraints and n-non-negatives variables
should

(a) Dbe a minimization LPP

(b) have n-constraints and m non-negative
variables

(¢) Dboth (a) and (b)

(d) none of the above

QrleoLsEE @ admoupn Siey erafled, s
(PSETEMLDE & .

(@) @@ avmaudp Siey

(<) srsHuslerers Sie|

(@) srsdwwner Siey

(FF)  @eel eTanauilebaney
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If dual has an unbounded solution, then primal

has
(@
(b)
(©
(d)

W)

an unbounded solution
infeasible solution
a feasible solution

none of the above

@QLLTONIFD HTEHE —6TeTLIF

@LLTHNFME® OSWUTETS DS

(1)
(<)
@

(FF)
The

@M ehepll GuTmener L epemkisaiedmhs)
20 QsdHE

ue Gummener Uw® epersaid(BHS L6
QRERIIG

R @bhepll QuTmeneT L epakiseel(mhal
U @esdhs,

@ @hemll QUITmHEneT 65 eLpavEIs6T 6dl(HHS)

transportation problem deals with the

transportation of

(@)

(b)

(©

(d)

a single product from several sources to a
destination

a multi-product from several sources to
several destinations

a single product from several sources to
several destinations

a single product from a source to several
destinations
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M-EPEOBIGET WLOHMID N-QeOkiEGHET OaTaTL 6
T.P.Qer Sirey ersdwuonang, iser @FisE&EbOsee

creTenilGand ererLig)
() m+n-1 (<) m+n+1
(@) m+n (FF) mxXn

The solution to a T.P. with m-sources and
n-destinations is infeasible, if the number of

allocations are

(a m+n-1 b) m+n+1

() m+n d mxn
n-Gouemawr  sdr woHmid n Ceumeser @ mbsTeD,
@UILIGUITES Q(BESGD &8s G o &E .

(=) n Sieysar (<) n! Sreyser

@) (-1 Seyser () (n!)' Sireyser

If there are n-workers and n-jobs, there would be
(a) n solutions (b) n! solutions

(¢) (- 1)!solutions (d) (n')” solutions
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QR RESEL[H SMTESE TS TR

Q®ESP g UID.

(@ T.P.Gure eugeiewoliy whmid Sirey

(<) Quilsrss (e

(@) Bleoy woHmid Flydseien cramanflEans gowms
@mosmed I HGw Siey

(FF)  CpsaT Henarsgid

An assignment problem can be

(a) designed and solved as a transportation
problem

(b) of maximization type

(¢) solved only if number of rows equals the
number of columns

(d) all of the above

n-Ceuamesdr oMb @rar®h Qubdrhseaicon, (A

wHpb B eers) eufleamswen sans@Esdr @

Qewerss cuflens eraruig AB <y, @Lb.

(@) @Qupdlyd Bule gepbsul s Gorb Clsmeir
Cauamar (psadler GewrssiiLbhSng

(<) Qupdlyd Auledr Gepbsuls Corb QsmerL
Cauamar @midludler QewerssiiuBEng

@) @updlyp Bule @gepbsul e Crrb Csmer
Cauamar @miluder QewerssiiuGEng

(F)  @Qupdlyd Buler oflsurs GCoprb Csmer
Cauaner @migludled GswrssiuBEmng
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10.

In ‘n’ jobs are two machines, say A and B,
sequencing problems in which the order of
processing is AB

(a) job having minimum time on machine B is
processed first

(b) job having minimum time on machine A is
processed in the last

(¢) job having minimum time on machine B is
processed in the last

(d) job having maximum time on machine B is
processed in the last

n-@updrhsafe® @ resor(H Couamavgener
Qeuers@eug GsrLrumear eufland (PEnME &emTdH @S 6T

(@) aueruL wepuie Siéss (pigub

(<) auaruL wepuile SiTéss (pigwmg

@) @rueanh Ceumeseaier GFuTssDd SemgliLms
@Cr aufleng Qamarr FlLbSMETLITES @) (HS @D

(FF)  Cupsa ergla|b @)deana

Sequencing problems involving processing of two
jobs on ‘n’ machines

(a) can be solved graphically

(b) cannot be solved graphically

(¢) have a condition that the processing of two
jobs must be the same order

(d) none of the above
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PART B — (5 x 5 = 25 marks)
Answer ALL questions, choosing either (a) or (b).

11.  (®) demeu(mid LP-g QUENTLIL (peDen
Lweatu®ES Siss :
Slsrssiiul L z = 20x, +40x,
SLHUUTHSEH&GE 2 L Ll L
3x; +6x, 2108
3x, +12x, = 36
20x; +10x, 2100

oMb Xy, Xy 20.
Solve the following linear problem by using
graphical method :

Minimize z =20x; +40x,

Subject to the constraints :

3x; +6x, 2108
3x, +12x, = 36
20x; +10x, =100

and x;, x, 20.
Or
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12.

(<) Epssanr. LPP-o cuenruL wpapuliler Sirds.
QuilgmssLiLl L 2 =X +X,
SL(HUUTH&EH&E 2 Ll L

X, +xy <1
—3x, +x4 23
x20,x,20.

Solve the following LPP by graphical
method :

Maximize z =x; +x,
Subject to the constraints :
X, +x,<1
—-3x, +x, 23
x20,x,20.

(=) EpssanL. LPP-sarer @yl enapw er(pgis.
APlsrssiiul L 2 = 3x; —2x, +4x,
SL(HUUTHSEH&GE 2 LUl :

3x; +5x, +4x4 27
6x;, +x, +3x5 24
Tx, —2x, —x5 <10

X, —2x5 +5x5 23
4x, +Txy —2x45 2 2
x,20,x,20,x520.
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Write the dual of the following LPP :

Minimize z = 3x; —2x, +4x,
Subject to the constraints :
3x; +5xy +4x4 27
6x; +x, +3x5 24
Tx, —2x, —x5 <10
X, —2x5 +5x4 23
4, +Txy —2x45 2 2
x,20,x,20,x520.
Or
(<) Spssar.  LPP-o3  @rien
popuie Srés.
Sdgréssiiul L 2 = 3% +X,
SLHUUTH&ER&E o L Ll L :
X tx,21
2x, +3x5 22
x,20, x,20.
Use dual simplex method to
following LPP :
Minimize z = 3x; +x,
Subject to the constraints :
X tx,21
2x, +3x5 22
x, 20, x,20.
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13. (@) &pssaw  T.P.-ler Osmiss  Siglinen

grsdHu  Siellener el Adlgrer  wpevpufed
QuUmIs.
D: | D2 | Ds | Dy | @Y
O 1 2 3 4 6
02 4 3 2 0 8
O3 0 2 2 1 10
Coenau | 4 6 8 6

Obtain an initial basic feasible solution to
the following T.P. using the matrix minima

method.
Di1 | D2 | Ds | D4 |Capacity
O 112|314 6
02 4 13210 8
Os 0|2 |21 10
Demand| 4 | 6 | 8 | 6
Or

(<) Spssar  T.P.-wler Qsriés Siglinen

FmgSw

Sirellenarr Vogel's Cgmymu (penpmenwiLs

vweTU(hSS sreaTs.
Di D: Ds Dy efliy
S1 (20 25 28 31 200

Se
Ss

32 28 32 41 180
18 35 24 32 110

Gseneu 150 40 180 170
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14.

Find an initial basic feasible solution to the
following T.P. using Vogel’s approximation
method.
D: D2 Ds Ds Supply

S1 20 25 28 31) 200
Se 32 28 32 41| 180
NE 18 35 24 32) 110
Demand 150 40 180 170

EpssaTL Q)L @gsEl (O sansdamar seuarddld
Qames.

Gouemevwim_ger
XY 7Z
A 8 7 9 10
Coumaser B 7 9 9 8
C 10 8 7 11
D 10 6 8 7

Qewerss Cworsgs CQFwe GMDHSLUL FOS
@ms@bugurear  Geumewrl satler  Couane
REIGELOLE SIS
Consider the following assignment problem :
Workers
A X Y Z

A 8 7 9 10
Jobs B 7 9 9 8

C 10 8 7 11

D 10 6 8 7

Find an allocation of jobs to the workers so
that the total cost processing is minimum.

Or
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(<) Sp&ssal @FIGS(H samsdmars Srés.

15, (=)

A B C D
10 25 15 20
15 30 5 15
35 20 12 24
17 25 24 20

. S

Solve the following assignment problem :

A B C D
10 25 15 20
15 30 5 15
35 20 12 24
17 25 24 20

B~ W N

EpssaL  sseudsear @Qubdrhsefler Ssmer
Quorss  Cewerss Cprb, wallCrrmsatd
aupmslILGSEDg, LOMD  sLbBEH CFoeug
Si@idluldane GTEITM SilgLitenuled
Qm&dng  aalld  @Gopbsuls  Cbrss
Crrsenss  Qamam.  Ceumeseailer o sb5
auflengulilenand seor_MHls.

Coueve : A|/B|C| D |E|F| G
Quipdyn M : 3|87 4 19|87
@uipdd Ms : 413|125 |1(4] 3
Quprido Ms : 6|7|5|11|5|6]| 12
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Determine the optimal sequence of jobs that
minimizes the total elapsed time based on
the following information processing time on
machines is given in hours and passing is not

allowed :

Job : A/B|C| D |E|F| G

Machine M : 3187 4 [9|8]| 7

Machine Mo : 4132 5 14| 3

Machine Ms : 67511 |5|6]| 12

Or
(<)) eueguL wpeperw 2 LGurdldg, smiLrul L

@uipdrhsafle 19 6treu (pLD Couamavseners
QeuersgeausghHasrs Carssuul L. Crrsas
GDdNESED, sTeugl eubeurm @uibdrapb
sl  CQeuw  Ceuamgw — Ceuamerenwis
sar_plwe|b. Goaibd, @rearh Coemasamarnyhd
weugions  Qaug  wpuss CsameuliLipb
Qwrss Crrsdleanybd sarsdl (b s.

Gauemav 1 | cufflena : A B C D E
Criyw : 3 4 2 6 2

Caemwer 2 euflens : B C A D E
Criyb : 5 4 3 2 6
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Job 1

Job 2

Use graphical method to minimize the time
added to process the following jobs on the
machines shown, (ie) for each machine find
the job which should be done first. Also

calculate the total time elapsed to complete

both the jobs :
Sequence : A B C D E
Time : 3 4 2 6 2
Sequence : B C A D E
JLTime : 5 4 3 2 6

PART C — (5 x 8 = 40 marks)

Answer ALL questions, choosing either (a) or (b).

16.

(<) Simplex @epeowl vwearLbhsS SposarT

LPP-aows Siiés :
Quflsrsliul L 2z =4x; +10x,
SLHUUTH&ER&GL LI L&) :
2x, +x, <50
2x; +5x, <100
2%, +3x,, <9
X1, X9 20.
Use Simplex method to solve the following
LPP:
Maximize z =4x; +10x,
Subject to the constraints :
2x, +x, <50
2x, +5x, <100
2%, +3x,, <9
Xy, X9 20

Or
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17.

(<) Big-M wpevperwits Lweru@®gs),

Quilgmssliul L z =3x, +2x,

SL(HUUTH&ER&GL LI L&) :
2x, +x, <2
3x, +4x, 212

Xy, X9 20.

Use Big-M Method to

Maximize z = 3x; +2x,

Subject to the constraints :
2x, + x4, <2
3x, +4x, 212

X1, X9 20.

(S) @rievl  (epewll LwetLhss &la'pésass&o'rl_
Qereu(md LPP-eow &rrés.

Quilsrssiiu L z = 2x; +x,

SLHUUTH&ER&GL LI L&) :
x, +2x, <10
X +%x,<6
X, —%X5 <2
X —2x, <1

Xy, X9 20.
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Use duality to solve the following LPP:
Maximize z = 2x; + x,

Subject to the constraints :

X, +2x, <10
X, +x, <6
X, =Xy <2
x; —2x, <1
X1, X9 20.
Or
(=) Wemeu@pd LPP-g @rien simplex pevpulled

Eirée.
APlsrssiiul L z =10x; +6x, +2x,
SLHUUTHSER&GL UL L G| :

X+ X, +x, 21

3%, + Xy —Xq 22

X1, X9, Xq 20.

The dual simplex method to solve the
following LPP.

Minimize z =10x; +6x, + 2x,

Subject to the constraints :
X tXy+x, 21
33X, + Xy —Xq 22

X1y X9, X3 20.
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18. (=) Wemeumd @L rHmiseh samsdmans Siss.

QJLdUILD [ORETG! Smuy
Di | D2 | Ds | Dy
0O 1 2 1 4 30
Oq 3 3 2 1 50
Os 4 2 5 9 20
Caama 20 | 40 | 30 | 10
Solve the following transportation problem :
Origin Destination Available
D1 | D2 | Ds | Da
O 1 2 1 4 30
02 3 3 1 50
Os 4 2 5 9 20
Required 20 | 40 | 30 | 10
Or

(<) Y13 - 50 ST GGET, Y14 =20 S| ETG&HET, Xo1 .
55 jeTey&arT, Y31 = 30 S|ETG&HET, Y32 = 35

D6TE|&ET, OHMILD Y34 =25 S|ETE&HET GTETLIGNGL
Qar@ssiul_(Hererg. @ees T.P. wler 2 sps

Sirour
SjaTesartlen @)L
1 9 70
11 5 2 8 55
10 12 4 7 90
Coemauwirer 85 35 50 45

{66 &HET

@omatuaiid, gmear Spbs FrsSHwLTET
Siouns LIHNS.
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Given x;; = 50 units, x;, = 20 units, x,, =

55 units, x3; = 30 units, x;, = 35 units and

Xy, = 25 units. Is it an optimal solution to

the transportation problem :

Available units

70
55
90

If not, modify it to obtain a better feasible

Yesreu@md  sawsdn@E 2865 QRSHISS g mer

H
11
26
15
10

Find optimal assignment to the following

6 1 9 3
11 5 2 8
10 12 4 7
Required units 85 35 50 45
solution.
19. (& .
SITEHTS.
E F G
A (18 26 17
B 13 28 14
C |38 19 18
D 19 26 24
problem.
E F G
A 18 26 17
B (13 28 14
C |38 19 18
D (19 26 24
Or

H
11
26
15
10
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(<) Weraumpd  @R&HEELH  sansdHE 2865
REIGEL_(H DL L UM WLIH HTEHTS.

A B C D
1 5 3 2 8
2 7 9 2 6
3 6 4 5 7
4 5 7 7 8

Determine the optimum  assignment
schedule for the following assignment

problem.
A B C D
1 5 3 2 8
2 7 9 2 6
3 6 4 5 7
4 5 7 7 8

20. (&) @ poould, wn  Camesd  Geuw
Couemrig aTerg). e eubleumermd @ e
Qupdrmser A wpod B, A, B eem
auflemsler, afiCu Gsde CeuamBHd. bHS
Caumasafler  OQeuorss  Cprmger  (Loewfl
Cprmsaiie) @mGs  Casrhssuul(Herearg).

Bragar  Qorss Coersaws T  @onbs

CFweTEsLD BanL_Glum Coemaeuwimen
Gauemevsari e auflenganwiss SIS . Ter
wdUGeners srems.
Gouenev : J1 Je Js Js Js  Js
@Qupdrd A : 1 3 8 5 6 3
@updrd B : 5 6 3 2 2 10
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In a factory, there are six jobs to perform,
each of which should go through two
machines A and B, in the order A, B. The
processing time (in hours) for the jobs are
given here. You are required to determine
the sequence for performing the jobs that
would minimize the total elapsed time, T.
What is the value of T?

Job : Ji Jd2 Jds Ju Js s

Machine A : 1 3 8 5 6 3

Machine B : 5 6 3 2 2 10
Or

(<) Epssan. Ceumasdr eperm Qubdrmhseen
ABC aflowguiler Qewerssiiu@dng, erefled
Qwrss Crrsdlaners GMDLILISDHSTET
Couamavsaflen auflanaamus srews.

Qewerss Coyibd (el Coimhsalld) Gouaa

1/2|3|4] 5 |6
Quipglyb A 8|3|7]2| 5 |1
Qupglyb B 314152 1 |6
Quipglyn C 8|7/6[9] 10 |9
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Find the sequence that minimizes the total
time required in performing the following

jobs on three machines in the order ABC :

Processing Time (in hours) on Job
11234 5 |6
Machine A 813|712 5 |1
Machine B 314|512 1 |6
Machine C 8|7(6[9] 10 |9
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