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 AOR-01  

BACHELOR’S DEGREE PROGRAMME (BDP) 

Term-End Examination 

February, 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 questions no. 2 to 7. Use of 

calculators are 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. 52=10 

(a) In an LP model, replacing  or  by = in the 

constraints can improve the value of the 

objective function. 

(b) In an assignment problem, the optimal 

solution is always along the main diagonal.  

(c) In queuing theory, the steady state solution 

exists if 0 <  < . 

No. of Printed Pages : 16 



AOR-01 2 

(d) In an inventory model with finite 

replenishment rate, if the replenishment 

rate is equal to consumption rate, the 

holding cost is zero. 

(e) Dynamic programming problem cannot be 

solved using recursive equation approach. 

2. (a) A company produces two types of diet 

products, A and B. Because of the need to 

ensure that certain important nutrients ,  

and  are present in the meal, it is necessary 

to buy the products  A and/or B. The amount 

of each nutrient available per unit of either 

product is given below, along with the 

minimum requirement of each nutrient :  

Nutrient 
Product Min. amount of 

nutrient required A B 

 36 6 108 

 3 12 36 

 20 10 100 

Product cost 

(per unit) 
20 40  

 Formulate the problem of deciding the 

amount of the products that should be 

purchased in order to meet the minimum 

requirements of nutrient at lower cost, as an 

LP problem. 5 
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(b) A petrol station sells 4000 litres of petrol 

every month. The parent company, wherever 

it refills the station’s tank, charges the 

station < 50 besides the cost of petrol. The 

annual cost of holding a litre of petrol is  

< 0·30. Find out the Economic Order 

Quantity. 5 

3. (a) An automobile dealer wishes to put four 

repairmen to four different jobs. The 

repairmen have somewhat different kinds of 

skills and they exhibit different levels of 

efficiency from one job to another. The dealer 

has estimated the number of man-hours  

that would be required for each job-man 

combination. This is given in the matrix 

form in the adjacent table :  

 
Job 

A B C D 

Man 

1 5 3 2 8 

2 7 9 2 6 

3 6 4 5 7 

4 5 7 7 8 

 Find the optimal assignment that will result 

in minimum time needed. Also find the 

minimum time. 4 
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(b) The data for an 5/3/F/Fmax problem is given 

below :  

 Processing Time 

 Job M1 M2 M3 

1 10 1 7 

2 7 2 8 

3 8 4 12 

4 9 3 10 

5 7 5 9 

 Find the optimal sequence of the jobs, 

minimum idle time of M3 and minimum total 

elapsed time. 6 

4. (a) A transportation network system has the 

following data-set :  

Factory 
Capacity 

(units) 
 Warehouse 

Demand 

(units) 

A 45  I 25 

B 15  II 55 

C 40  III 20 

 The transportation costs per unit (in <) 

allocated with each route are  

 I II III 

A 10 7 8 

B 15 12 9 

C 7 8 12 

 Find an initial basic feasible solution by 

Vogel’s approximation method and hence 

find optimal solution and the optimal 

transportation cost. 6 
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(b) The following is one of the tables obtained 

while solving an LPP using simplex method : 

CB 

Cj’s 3 5 0 0 0 Solution 

f XB X1 X2 S1 S2 S3 

3 X1 1 0    
3

1
 0 

3

2
–  2 

0 S2 0 0 
3

2
–  1    

3

4
 0 

5 X2 0 1    0 0    1 6 

 Determine whether the solution in the above 

table is optimal. If objective function 

coefficient of X1 changes from 3 to 6, find the 

new optimal solution and the optimal value 

of the resulting LPP. 4 

5. (a) Write dual D of the LP problem P given by 

 Minimize  2x1 + 3x2, 

 subject to  

  2x1 + 3x2  30 

  x1 + 2x2  10 

  x1 – x2  0, 

  x1, x2  0.  

 Further, without solving P and D check if 











3

10
x,

3

10
x *

2

*

1
 and 

  









3

1
y,

3

5
y,0y *

3
*
2

*
1

 are optimal 

solutions for P and D, respectively. 5 
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(b) Find the optimum order quantity for a 

product for which the price breaks are as 

follows : 

Quantity Unit Cost (<) 

0  Q1 < 800 < 1·00 

800  Q2 < 0·98 

 The yearly demand for the product is  

1600 units per year, cost of placing an order 

is < 5, the cost of storage is 10% per year.   5 

6. (a) A bank has two teller machines working on 

savings accounts. The first teller handles 

withdrawals only. The second teller handles 

deposits only. It has been found that the 

service time distributions for both deposits 

and withdrawals are exponential with the 

mean service time 3 minutes per customer. 

Depositors are found to arrive in a Poisson 

fashion throughout the day with mean 

arrival rate 16 per hour. Withdrawers also 

arrive in a Poisson fashion with mean 

arrival rate 14 per hour. What would be the 

effect on the average waiting time for 

depositors and withdrawers if each teller 

could handle both withdrawals and  

deposits ? 5 
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(b) A project consists of eight activities with the 

following relevant information : 

Activity 
Immediate 

Predecessor 

Estimated duration (days) 

Optimistic 
Most 

likely 
Pessimistic 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 

F C 2 5 8 

G D, E 3 6 15 

H F, G 1 2 3 

 Draw the PERT network and find out the 

expected project completion time. 5 

7. (a) A fertiliser company  distributes its products 

by trucks loaded at its only loading station. 

Both, company trucks and contractors’ 

trucks are used for this purpose. It was 

found out that on an average every  

5 minutes one truck arrived and the average 

loading time was 3 minutes. 40% of the 

trucks belong to the contractors. Making 

suitable assumptions, determine : 5 

(i) the probability that a truck has to wait. 

(ii) the waiting time of a truck that waits. 

(iii) the expected waiting time of 

contractors’ trucks per day.  
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(b) A bakery keeps stock of a popular brand of 

bread. Previous experience indicates the 

following daily demand : 

Daily Demand Probability 

0 0·01 

10 0·20 

20 0·15 

30 0·50 

40 0·12 

50 0·02 

 Consider the following sequence of random 

numbers : 

 48, 78, 19, 51, 56, 77, 15, 14, 68, 9 

 Using the above sequence, simulate the 

demand for the next 10 days. Find out the 

stock situation if the owner of the bakery 

decides to make 30 breads every day. 5 
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 E.Amo.Ama.-01  

ñZmVH$ Cnm{Y H$m`©H«$_ (~r.S>r.nr.) 

gÌm§V narjm 

\$adar, 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 & 52=10 

(H$) EH$ LP {ZXe© H$s ì`damoYm| _|  `m  Ho$ ñWmZ na = 

{bIH$a CÔoí` \$bZ Ho$ _mZ _| gwYma {H$`m Om gH$Vm 

h¡ & 

(I) {H$gr ^r {Z`VZ g_ñ`m _§o, BîQ>V_ hb gX¡d _w»` 

{dH$U© Ho$ AZw{Xe hmoVo h¢ & 

(J) n§{º$ {gÕmÝV _|, An[adVu AdñWm hb H$m ApñVËd 

hmoVm h¡, `{X 0 <  <  hmo & 
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(K) n[a{_V nwZ:ny{V© Xa dmbo _mbgyMr {ZXe© _|, `{X  

nwZ:ny{V© Xa Cn^moJ Xa Ho$ ~am~a hmoVr h¡, Vmo YmaU 

bmJV eyÝ` hmoJr & 

(L>) J{VH$s àmoJ«m_Z g_ñ`m, nwZamdV©Z g_rH$aU {d{Y 

Ûmam hb Zht H$s Om gH$Vr h¡ & 

2. (H$) EH$ H$ånZr Xmo àH$ma Ho$ ImÚ CËnmX A Am¡a B ~ZmVr 

h¡ & ^moOZ _| Hw$N> _hÎdnyU© nmofH$-VÎdm| ,  Am¡a  H$s 

CnpñW{V gw{ZpíMV H$aZo Ho$ {bE A Am¡a/`m B CËnmXm| 

H$mo IarXZm Amdí`H$ h¡ & àË`oH$ CËnmX H$s à{V BH$mB© 

_§o CnbãY nmofH$-VÎdm| H$s _mÌm ZrMo Xr JB© h¡ & CgHo$ 

gmW hr àË`oH$ nmofH$-VÎd H$s Ý`yZV_ Amdí`H$Vm ^r 

gmW hr Xr JB© h¡ :   

nmofH$-VÎd 
CËnmX  Amdí`H$ nmofH$-VÎdm| 

H$s Ý`yZV_ _mÌm A B 

 36 6 108 

 3 12 36 

 20 10 100 

CËnmX bmJV 
(à{V BH$mB©) 

20 40  

 àË`oH$ nmofH$-VÎd H$s Ý`yZV_ Amdí`H$Vm H$mo {ZåZV_ 

bmJV na nyam H$aZo Ho$ {bE {H$VZo CËnmX IarXo OmZo 

Mm{hE, `h {ZYm©[aV H$aZo Ho$ {bE LP  g_ñ`m gy{ÌV 

H$s{OE & 5 
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(I) EH$ noQ´>mob ñQ>oeZ à{V _mh 4000 brQ>a noQ´>mob ~oMVm 

h¡ & _w»` H$ånZr ha ~ma ñQ>oeZ H$s Q>§H$s H$mo ^amE 

OmZo na noQ>́mob H$s bmJV Ho$ Abmdm < 50 A{V[aº$ 

boVr h¡ & EH$ brQ>a noQ´>mob YmaU H$aZo H$s dm{f©H$ 

bmJV < 0·30 h¡ & Am{W©H$ Am°S>©a _mÌm (EOQ) kmV 

H$s{OE & 5 

3. (H$) dmhZm| H$m EH$ S>rba Mma {d{^Þ H$m`m§ªo Ho$ {bE Mma 

_aå_V H$aZo dmbo ì`{º$ {Z`wº$ H$aZm MmhVm h¡ & 

_aå_V H$aZo dmbo ì`{º$`m| H$s Hw$N> {^Þ-{^Þ àH$ma H$s 

àdrUVmE± h¢ VWm do EH$ H$m`© go AÝ` H$m`© Ho$ {bE 

{d{^Þ ñVam| na XjVm àX{e©V H$aVo h¢ & S>rba Zo Bg 

~mV H$m AmH$bZ H$a {X`m h¡ {H$ àË`oH$ H$m`©-ì`{º$ 

g§`moOZ _| {H$VZo ì`{º$ K§Q>m| H$s Amdí`H$Vm h¡ & Bgo 

ZrMo gmaUr _| EH$ Amì`yh Ho$ ê$n _| {X`m J`m h¡ :  

 
Om°~  

A B C D 

ì`{º$ 

1 5 3 2 8 

2 7 9 2 6 

3 6 4 5 7 

4 5 7 7 8 

  dh BîQ>V_ {Z`VZ kmV H$s{OE {Oggo Ý`yZV_ g_` 
H$s Amdí`H$Vm hmo & dh Ý`yZV_ g_` ^r kmV  
H$s{OE & 4 
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(I) EH$ 5/3/F/Fmax g_ñ`m Ho$ {bE Am±H$‹S>o ZrMo {XE 
JE h¡ : 

 àH«$_ g_` 

 H$m`© M1 M2 M3 

1 10 1 7 

2 7 2 8 

3 8 4 12 

4 9 3 10 

5 7 5 9 

 BZ H$m`mªo H$m BîQ>V_ AZwH«$_, M3 H$m Ý`yZV_ Imbr 
g_` VWm Hw$b ì`VrV hþAm Ý`yZV_ g_` kmV  
H$s{OE & 6 

4. (H$) EH$ n[adhZ ZoQ>dH©$ àUmbr H$m {ZåZ{b{IV  
Am±H$‹S>m-g_wƒ` h¡ : 

\¡$ŠQ>ar 
j_Vm 

(BH$mB`m±) 
 JmoXm_ 

_m±J 
(BH$mB`m±) 

A 45  I 25 

B 15  II 55 

C 40  III 20 

 àË`oH$ _mJ© Ho$ gmW {Z{X©îQ> à{V BH$mB© n[adhZ bmJV| 
(< _|) {ZåZ{b{IV h¢ : 

 I II III 

A 10 7 8 

B 15 12 9 

C 7 8 12 

 dmoJb g{ÞH$Q>Z {d{Y Ûmam EH$ àma§{^H$ AmYmar 
gwg§JV hb kmV H$s{OE Am¡a {\$a BîQ>V_ hb Am¡a 
BîQ>V_ n[adhZ bmJV kmV H$s{OE & 6 
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(I) EH$Ym {d{Y Ho$ à`moJ go EH$ LPP hb H$aVo g_`, 
àmßV hmoZo dmbr EH$ gmaUr {ZåZ{b{IV h¡ : 

CB 

Cj’s 3 5 0 0 0 hb 

f XB X1 X2 S1 S2 S3 

3 X1 1 0    
3

1
 0 

3

2
–  2 

0 S2 0 0 
3

2
–  1    

3

4
 0 

5 X2 0 1    0 0    1 6 

 {ZYm©[aV H$s{OE {H$ Cn`w©º$ gmaUr H$m hb BîQ>V_ h¡ 
`m Zht & `{X X1 Ho$ CÔoí` \$bZ JwUm§H$ H$mo 3 go 6 

_| ~Xb {X`m OmE, Vmo n[aUm_r LPP H$m Z`m BîQ>V_ 
hb Am¡a BîQ>V_ _mZ kmV H$s{OE & 4 

5. (H$) LP g_ñ`m P {ZåZ{b{IV h¡ :  

2x1 + 3x2 H$m Ý`yZV_rH$aÊm H$s{OE  

O~{H$ 
  2x1 + 3x2  30 

  x1 + 2x2  10 

  x1 – x2  0, 

  x1, x2  0. 

BgH$m Û¡V D {b{IE & 

AmJo, P Am¡a D H$mo hb {H$E {~Zm, Om±M H$s{OE {H$ 

Š`m 









3

10
x,

3

10
x *

2

*

1
 Am¡a  











3

1
y,

3

5
y,0y *

3
*
2

*
1

 H«$_ím: P Am¡a D Ho$ 

BîQ>V_ hb h¢ & 5 
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(I) EH$ CËnmX Ho$ {bE BîQ>V_ Am°S>©a _mÌm kmV H$s{OE 

{Og_| CËnmX H$s _mÌm Ny>Q> {ZåZ{b{IV h¢ :  

_mÌm BH$mB© bmJV (<) 

0  Q1 < 800 < 1·00 

800  Q2 < 0·98 

 CËnmX H$s dm{f©H$ _m±J 1600 BH$mB© à{V df©, Am°S>©a 

bmJV < 5 Am¡a g§J«hU bmJV 10% à{V df© h¡ & 5 

 

6. (H$) EH$ ~¢H$ Ho$ nmg ~MV ImVm| na H$m ©̀ H$aZo Ho$ {bE 

Xmo Q>¡ba _erZ| h¢ & nhbr$ Q>¡ba _erZ Ho$db dmngr 

Am¡a Xÿgar Q>¡ba _erZ Ho$db O_m H$m H$m`© XoIVr h¡ & 

`h nm`m OmVm h¡ {H$ O_m Am¡a dmngr XmoZm| H$s godm 

Xa H$m ~§Q>Z MaKmVm§H$s` h¡ Am¡a _mÜ` godm Xa 3 {_ZQ> 

à{V J«mhH$ h¡ & O_mH$Vm© ßdmgm| ~§Q>Z _| _mÜ` AmJ_Z 

Xa 16 à{V K§Q>o H$s Xa go {XZ-^a AmVo h¢ & dmngrH$Vm© 

^r ßdmgm| ~§Q>Z _| _mÜ` AmJ_Z Xa 14 à{V K§Q>o H$s Xa 

go AmVo h¢ & O_mH$Vm© Am¡a dmngrH$Vm© Ho$ Am¡gVZ 

àVrjm H$mb na Š`m à^md n‹S>oJm `{X XmoZm| Q>¡ba _erZ| 

O_m Am¡a dmngr XmoZm| H$m`© H$aZo bJ| ?    5 
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(I) EH$ n[a`moOZm H$s AmR> J{V{d{Y`m| go g§~§{YV gyMZm 
ZrMo Xr JB© h¡ :  

J{V{d{Y 
VmËH$m{bH$ 

nyd©J 

AmH${bV Ad{Y ({XZm| _|) 

AmemdmXr A{V g§^m{dV {ZamemdmXr 

A – 1 1 7 

B – 1 4 7 

C – 2 2 8 

D A 1 1 1 

E B 2 5 14 

F C 2 5 8 

G D, E 3 6 15 

H F, G 1 2 3 

 PERT ZoQ>dH©$ Amao{IV H$s{OE Am¡a àË`m{eV 
n[a`moOZm nyU© H$aZo H$m g_` kmV H$s{OE & 5 

7. (H$) EH$ ImX H§$nZr AnZo CËnmXm| H$s bXmB© AnZo EH$_mÌ 
bmoqS>J ñQ>oeZ na H$aHo$ {\$a Q´>H$m| Ûmam {dV[aV H$aVr  
h¡ & Bg H$m_ Ho$ {bE H$ånZr AnZo Q´>H$ Am¡a R>oHo$Xmam| 
Ho$ Q´>H$ XmoZm| H$m Cn`moJ H$aVr h¡ & `h nm`m J`m h¡ {H$ 
EH$ Q´>H$ Am¡gVZ à{V 5 {_ZQ> _| nhþ±MVm h¡ d 3 {_ZQ> 
H$m Am¡gVZ g_` bXmB© Ho$ {bE boVm h¡ & Q´>H$m| _| go 
40% Q´>H$ R>oHo$Xmam| Ho$ à`wº$ {H$E OmVo h¢ & Cn`wº$ 
_mÝ`VmAm| Ho$ {bE {ZåZ{b{IV kmV H$s{OE : 5 

(i) àm{`H$Vm O~{H$ Q>́H$ H$mo àVrjm H$aZr n‹S>Vr h¡ & 

(ii) àVrjm H$aVo Q´>H$ H$mo àVrjm H$aZo _| bJm g_` & 

(iii) R>oHo$Xmam| Ho$ Q>́H$m| H$mo à{V{XZ àVrjm H$aZo _| 
bJZo dmbm àË`m{eV g_` & 
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(I) EH$ ~oH$ar AnZo `hm± ~«¡S> Ho$ bmoH${à` ~«m§S> H$m ñQ>m°H$ 
aIVr h¡ & {nN>bm AZw^d {ZåZ{b{IV X¡{ZH$ _m±J 
gy{MV H$aVm h¡ : 

X¡{ZH$ _m±J àm{`H$Vm 

0 0·01 

10 0·20 

20 0·15 

30 0·50 

40 0·12 

50 0·02 

 `mÑpÀN>H$ g§»`mAm| Ho$ {ZåZ{b{IV AZwH«$_ na {dMma 
H$s{OE : 

 48, 78, 19, 51, 56, 77, 15, 14, 68, 9 

 Cn`w©º$ AZwH«$_ H$m à`moJ H$aHo$ AJbo 10 {XZm| H$s 
_m±J H$m AZwH$aU H$s{OE & `{X Bg ~oH$ar H$m _m{bH$ 
àË`oH$ {XZ 30 ~¡«S> ~ZmZo H$m {ZU©` boVm h¡, Vmo ñQ>m°H$ 
H$s pñW{V kmV H$s{OE & 5 


