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 AOR-01  

BACHELOR’S DEGREE PROGRAMME (BDP) 

Term-End Examination 

December, 2021 

 

(APPLICATION ORIENTED COURSE) 

          AOR-01 : OPERATIONS RESEARCH              

Time : 2 hours Maximum Marks : 50 

  (Weightage : 70%) 

Note :  Question no. 1 is compulsory. Answer any four 

questions out of question nos. 2 to 7. Use of 

calculators is not allowed.  

1. Which of the following statements are True and 

which are False ? Give a short proof or a  

counter-example in support of your answer. 52=10 

(a) The union of any two convex sets is convex. 

(b) The following project network has a unique 

critical path : 
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(c) For each cell (i, j) in an optimal solution  

to a transportation problem the value  

(ui + vj – cij) xij = 0. 

(d) The optimal value of the dual of the 

following LPP is 24 : 

 Maximize z = 4x1 + 3x2 

 subject to  

  x1 + x2  8 

  x1, x2  0. 

(e) In a single server queueing system, if the 

mean arrival rate is 2 per hour and mean 

service rate is 3 per hour, the system will 

reach the steady state. 

2. (a) Solve the following linear programming 

problem by two-phase method : 6 

 Maximize z = 3x1 + 2x2 + x3 

 subject to  

  – 3x1 + 4x2 + x3 = 7 

 – 3x1 + 2x2 + 2x3 = 8 

  x1, x2, x3  0. 

(b) Find the shortest route in the following map : 4 
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3. (a) An electrical goods manufacturing company 

produces two products, P1 and P2. Products 

are produced and sold on a weekly basis. The 

weekly production cannot exceed 25 for 

product P1 and 30 for product P2 because of 

limited available facilities. The company 

employs total of 60 workers. Product P1 

requires 2 man-weeks of labour, while P2 

requires one man-week of labour. Profit 

contribution of P1 is < 60 and of P2 is < 40. 

Formulate it as an LPP and solve for 

maximum profit using graphical method. 5 

(b) A company uses annually 50,000 units of an 

item, each costing < 1·20. Each order cost is  

< 45 and inventory carrying cost is 15% of 

the annual average inventory value.  

(i) Find EOQ. 

(ii) If the company operates 250 days in a 

year, the procurement time is 10 days 

and safety stock is 500 units. Find 

reorder level, maximum, minimum and 

average inventory. 5 

4. (a) Use the dual simplex method to solve the 

following LPP : 5 

 Maximize z = – 2x1 – x3 

 subject to  

  x1 + x2 – x3  5 

  x1 – 2x2 + 4x3  8 

  x1, x2, x3  0. 
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(b) Seven jobs are to be processed on two 
machines A and B in the order A  B. Each 
machine can process only one job at a time. 
The processing times are as follows : 

Job 1 2 3 4 5 6 7 

Machine A 10 12 13 7 14 5 16 

Machine B 15 11 8 9 6 7 16 

 Find an order in which these seven jobs are 
to be processed so as to minimize the total 
elapsed time. Find the elapsed time and idle 
time of each machine. 5 

5. (a) A project has the following time schedule : 

Activity 
Time  

(in weeks) 
Activity 

Time  

(in weeks) 

1  2 2 4  6 3 

1  3 2 5  8 1 

1  4 1 6  9 5 

2  5 4 7  8 4 

3  6 8 8  9 3 

3  7 5   

 Construct PERT Network and compute 

critical path and its duration. 5 

(b) On a railway platform, goods trains arrive at 

a rate of 30 trains per day. Assume that the 

inter-arrival time follows an exponential  

distribution and the service time distribution 

is also exponential with an average of  

36 minutes. Calculate :  5 

(i) The mean queue size 

(ii) The probability that the queue size 

exceeds 10  
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6. (a) For air ticket booking, there are two 

counters for customers. The customers 

arrive in Poisson fashion at an average rate 

of 9 per hour. The service time for booking 

clerks at both the counters are exponentially 

distributed with mean time of 15 minutes. 

The counters remain open for 8 hours per 

day.   

(i) Find the hours of the day for which 

both the clerks are busy.  

(ii) Find the expected waiting time of a 

customer in the queue. 5 

 

(b) The data given below refers to the time 

taken by different operators on different 

machines : 

Operators 
Machines 

A B C D E 

1 10 5 7 8 2 

2 11 4 9 4 3 

3 8 4 9 7 10 

4 7 5 6 4 1 

5 8 9 7 5 4 

 Find an assignment of operators to machines 

that will minimize the total time taken. 5 
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7. (a) An investment company wants to study the 

investment proposals based on the profit 

factor. While analysing a new investment 

proposal, the company estimated the 

probability distribution for the profit as 

follows :  

Profit 

(in thousands) 
Probability 

3 0·1 

5 0·2 

7 0·4 

9 0·2 

10 0·1 

 Using the random numbers : 19, 7, 90, 2, 57, 

28, simulate the profit of the company for six 

trials. 5 

(b) Solve the following transportation problem : 5 

Source 
Destination 

Available 
1 2 3 4 

1 21 16 25 13 11 

2 17 18 14 23 13 

3 32 27 18 41 19 

Requirement  6 10 12 15 43 
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 E.Amo.Ama.-01  

ñZmVH$ Cnm{Y H$m`©H«$_ (~r.S>r.nr.) 

gÌm§V narjm 

{Xgå~a, 2021 

 
(ì`dhma_ybH$ nmR>²`H«$_) 

  E.Amo.Ama.-01 : g§{H«$`m {dkmZ           

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

 (Hw$b H$m : 70%)$ 

ZmoQ> : àíZ g§. 1 H$aZm A{Zdm`© h¡ & àíZ g§. 2 go 7 _| go {H$Ýht 
Mma àíZm| Ho$ CÎma Xr{OE & H¡$ëHw$boQ>am| H$m à`moJ H$aZo H$s 
AZw_{V Zht h¡ & 

1. {ZåZ{b{IV _| go H$m¡Z-go H$WZ gË` h¢ Am¡a H$m¡Z-go 
AgË`  h¢ ? AnZo CÎma Ho$ nj _| g§{jßV Cnn{Îm `m 
àË`wXmhaU Xr{OE & 52=10 

(H$) {H$Ýht Xmo Ad_wI g_wƒ`m| H$m gpå_bZ Ad_wI hmoVm 
h¡ & 

(I) {ZåZ{b{IV n[a`moOZm ZoQ>dH©$ _| EH$ A{ÛVr` H«$m§{VH$ 
nW h¡ : 
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(J) n[adhZ g_ñ`m Ho$ BîQ>V_ hb _| àË`oH$ H$mopîR>H$m 

(i, j) Ho$ {bE _mZ (ui + vj – cij) xij = 0 h¡ &$ 

(K) {ZåZ{b{IV LPP H$s Û¡Vr H$m BîQ>V_ _mZ 24 h¡ : 
z = 4x1 + 3x2 H$m A{YH$V_rH$aU H$s{OE,  
 O~{H$ 
  x1 + x2  8 

  x1, x2  0. 

(L>) EH$b godH$ n§{º$ àUmbr _|, `{X _mÜ` AmJ_Z Xa  

2 à{V K§Q>m Am¡a _mÜ` godm Xa 3 à{V K§Q>m h¡, V~ 

àUmbr An[adVu AdñWm _| nhþ±MoJr & 

2. (H$) {Û-{d_r` {d{Y H$m à`moJ H$aHo$ {ZåZ{b{IV a¡{IH$ 
àmoJ«m_Z g_ñ`m hb H$s{OE :  6 

z = 3x1 + 2x2 + x3 H$m A{YH$V_rH$aU H$s{OE,  
 O~{H$  

  – 3x1 + 4x2 + x3 = 7 

 – 3x1 + 2x2 + 2x3 = 8 

  x1, x2, x3  0.  

(I) {ZåZ{b{IV ZŠeo _| bKwV_ _mJ© kmV H$s{OE : 4 
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3. (H$) {~Obr H$m gm_mZ ~ZmZo dmbr EH$ H$ånZr Xmo CËnmX 
P1 Am¡a P2 ~ZmVr h¡ & CËnmXm| H$mo ~ZmH$a gmßVm{hH$ 
AmYma na ~oMm OmVm h¡ & gr{_V gw{dYmE± hmoZo Ho$ H$maU 
P1 H$m gmßVm{hH$ CËnmXZ 25 Am¡a P2 H$m gmßVm{hH$ 
CËnmXZ 30 go Á`mXm Zht hmo gH$Vm h¡ & H$ånZr  
Hw$b 60 AmX_r H$m_ na bJmVr h¡ & CËnmX P1 Ho$ {bE 
2 AmX_r-gmßVm{hH$ l_ Am¡a CËnmX P2 Ho$ {bE EH$ 
AmX_r-gmßVm{hH$ l_ Amdí`H$ h¡ &  P1 H$m bm^  
< 60 Am¡a P2 H$m bm^ < 40 h¡ & Bgo LPP Ho$ ê$n _| 
gy{ÌV H$s{OE Am¡a J«m\$s` {d{Y H$m à`moJ H$aHo$ 
A{YH$V_ bm^ Ho$ {bE hb H$s{OE & 5 

(I) EH$ H$ånZr EH$ CËnmX H$s 50,000 BH$mB`m± à{V df© 
à`moJ H$aVr h¡ & àË`oH$ CËnmX H$s bmJV < 1·20 h¡ & 
àË`oH$ Am°S>©a bmJV < 45 Am¡a _mbgyMr aImd bmJV 
dm{f©H$ Am¡gVZ _mbgyMr _mZ H$s 15% h¡ & 
(i) EOQ kmV H$s{OE & 
(ii) `{X H$ånZr EH$ df© _| 250 {XZm| VH$ MbVr h¡  

Am¡a dgybr H$mb 10 {XZ Am¡a gwajm ñQ>m°H$ 
500 BH$mB© h¡, Vmo nwZ: Am°S>©a ñVa, A{YH$V_, 
Ý`yZV_ Am¡a Am¡gV _mbgyMr kmV H$s{OE &  5 

4. (H$) {ZåZ{b{IV LPP H$mo Û¡Vr EH$Ym {d{Y go hb H$s{OE : 5 

z = – 2x1 – x3 H$m A{YH$V_rH$aU H$s{OE,  
 O~{H$ 

  x1 + x2 – x3  5 

  x1 – 2x2 + 4x3  8 

  x1, x2, x3  0. 
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(I) gmV Om°~ Xmo _erZm| A Am¡a B na A  B Ho$ H«$_ _| 
nyao {H$E OmZo h¢ & àË òH$ _erZ EH$ g_` na Ho$db 
EH$ Om°~ nyam H$a gH$Vr h¡ & Om°~ nyam H$aZo H$m g_` 
ZrMo {X`m J`m h¡ : 
Om°~ 1 2 3 4 5 6 7 

_erZ A 10 12 13 7 14 5 16 

_erZ B 15 11 8 9 6 7 16 

 Hw$b ì`VrV g_` H$m Ý`yZV_rH$aU H$aVo hþE BZ gmVm| 
Om°~m| H$m AZwH«$_ kmV H$s{OE & ì`VrV g_` Am¡a 
àË`oH$ _erZ Ho$ Imbr ahZo H$m g_` ^r kmV H$s{OE & 5 

5. (H$) EH$ n[a`moOZm H$s J{V{d{Y`m| H$s Ad{Y {ZåZ{b{IV h¡ : 

J{V{d{Y 
Ad{Y 

(gßVmh _|) 
J{V{d{Y 

Ad{Y 
(gßVmh _|) 

1  2 2 4  6 3 

1  3 2 5  8 1 

1  4 1 6  9 5 

2  5 4 7  8 4 

3  6 8 8  9 3 

3  7 5   

 PERT ZoQ>dH©$ AmaoI ~ZmBE Am¡a H«$m§{VH$ nW Am¡a 
BgH$s Ad{Y kmV H$s{OE & 5 

(I) EH$ aobdo ßboQ>\$m°_© na _mbJm{‹S>`m± 30 _mbJm‹S>r 
à{V{XZ H$s Xa go nhþ±MVr h¢ & `h _mZ br{OE {H$ 
Jm{‹S>`m| H$m A§Va-AmJ_Z g_` MaKmVm§H$s` ~§Q>Z _| h¡ 
Am¡a godm H$mb ~§Q>Z ^r 36 {_ZQ> Am¡gV H$m 
MaKmVm§H$s` ~§Q>Z h¡ & {ZåZ{b{IV kmV H$s{OE : 5 

(i) Am¡gV n§{º$ AmH$ma 
(ii) dh àm{`H$Vm {H$ n§{º$ AmH$ma 10 go A{YH$ h¡   
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6. (H$) hdmB© OhmO H$s {Q>H$Q> H$s ~wqH$J Ho$ {bE `m{Ì`m| Ho$ 

{bE Xmo H$mC§Q>a h¢ & `mÌr à{V K§Q>m 9 H$s Am¡gV Xa go 

ßdmgm| ~§Q>Z _| AmVo h¢ & XmoZm§o H$mC§Q>am| na ~wqH$J ŠbH©$ 

Ho$ {bE godm H$mb MaKmVm§H$s` ~§Q>Z _| h¡, {OgH$m 

_mÜ` H$mb 15 {_ZQ> h¡ & H$mC§Q>a à{V{XZ 8 K§Q>o Iwbo 

ahVo h¢ & 

(i) {XZ Ho$ do K§Q>oo kmV H$s{OE {OZ_| XmoZm| ŠbH©$ 
ì`ñV ahVo h¢ & 

(ii) `mÌr H$m n§{º$ _| àË`m{eV àVrjm g_` kmV 
H$s{OE & 5 

 

(I) ZrMo Vm{bH$m _| {XE JE Am±H$‹S>o AbJ-AbJ _erZm| 

na AbJ-AbJ Am°naoQ>am| Ûmam {bE JE g_` H$mo 

Xem©Vo h¢ :  

Am°naoQ>a 
_erZ 

A B C D E 

1 10 5 7 8 2 

2 11 4 9 4 3 

3 8 4 9 7 10 

4 7 5 6 4 1 

5 8 9 7 5 4 

 

 _erZm| Ho$ Am°naoQ>am| H$m dh {Z`VZ kmV H$s{OE Omo 

Hw$b {bE OmZo dmbo g_` H$mo Ý ỳZV_ H$aoJm & 5 



AOR-01 12 

7. (H$) EH$ {Zdoe H$ånZr bm^ H$maH$ Ho$ AmYma na {Zdoe 
àñVmdm| H$m AÜ``Z H$aZm MmhVr h¡ & ZE {Zdoe 
àñVmd H$m {díbofU H$aZo _| H$ånZr Zo bm^ Ho$ {bE 
{ZåZ{b{IV àm{`H$Vm ~§Q>Z AmH${bV {H$`m$: 

bm^  
(hOmam| _|) 

àm{`H$Vm 

3 0·1 

5 0·2 

7 0·4 

9 0·2 

10 0·1 

 `mÑpÀN>H$ g§»`mAm| 19, 7, 90, 2, 57, 28 H$m à`moJ 
H$aVo hþE N>h à`mgm| Ho$ {bE H$ånZr Ho$ bm^ H$m 
AZwH$aU H$s{OE & 5 

(I) {ZåZ{b{IV n[adhZ g_ñ`m hb H$s{OE : 5 

òmoV 
J§Vì` 

CnbãYVm 
1 2 3 4 

1 21 16 25 13 11 

2 17 18 14 23 13 

3 32 27 18 41 19 

Amdí`H$Vm  6 10 12 15 43 

 


