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1. Y. B.SC'

1)

3)

4)

5)

N

> [i ul N0.6. l. l
practit PROBABILITY

.Mﬂmraja‘ hotel there are 10 rooms, cach having sapacity of maximum 40 persons.

In lc Gine Sunday 40 passengers amvcd. z}l the hotel and manager places them at

On 10':11 in 10 rooms. What is the probability that

rancs om is cmpty?

no ‘;.l}' 7 rooms remain cmpty?

tarts with 5 passengers and stops on 7 floors. What is the probability that
all passengers leave on same floor?

?3 ::3ch passenger leaves on different floor?

::) on at least 3 floors, no passenger leaves?

Five different letters are distributed at random in 5 self addressed envelopes. Find the

probabﬂity that
a) exactly 2 Jetters
b) at least 3 jetters and

¢) none :
are placed n correct envelope. _
A student is asked to gucss an unknown order of 10 distinct cards. What is the

probability of exactly 4 correct gucsses if he calls each card only once at random?
What is the probability that all his guesses an- wrong?
A pack of cards consists of 5 identical senies. each containing 10 cards numbered 1 to
10. A random sample of size 15 is drawn from the pack
a) without replacement
b) with replacement.
Calculats the probability that each number is represented in the sample.
Twenty pairs of shoes are in a closet. Six shoes are selected at random. Find the
probability that there will be
a) at least cne pair
b) exactly 2 pars
among the 6 shocs selected.
In a game of oridge, what is the chance that
a) exactly 2 players
b) at least 3 players
get complete suit?
In a lottery, 2 tickets are drawn at a time out of the ttal mmnber of ¢ nckets numbered
1o 5 and returned before the next drawing 3 made Fwui the chaoec that 1 3
cach of the numbers 1,25 wall appear ot keaxs ¢

a)
b ¢xac

An clevator $
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1.3

1)

3)

4)

5)

)

7

Sc Practlca}

No.o.1.2
PROBABILITY GENERATING FUNCTION

ohability dist~bution function of a random variabe N is

pex) = (1/6) (5/6)*" ' x=1,2,3, ...
=0 ; otherwise

The T

n dobabﬂjty generating function of X.
b ECOand VEO)- ]
The probability of error in the transmission of a hit gver a c
; X denotes the number of errors in transmitting a block
“obability generaiing function of X,
;; iﬁmcc of the distribution of X.
jable Y 1s defined as number of tosce . P
random variab: asmu €223 required to obtain 5% 1 .
?o i is fossed repeatedly under identical conditions. Find cad when an unbiased
pfobability generating function of Y.
b) EQY) and V(Y). .
Let X1, X2y X3peevooeeees »X12 be mutually independent random variables havin g common probability

ommunication channel is p = 10~ *
of 1000 bite. Find

pR)= UM BT x=0,1.
=0 , otherwise

Find _ y

a) probability generating funcn_on of X ;.

b) probability generating function of Y.

¢) E(Y) and V(Y)

where Y =X + Xo +

Three fair six sided dice are tossed simultaneously. Let X denote the sum of the numbers observed

on the uppermost faces of the 3 dice. Find

a) probability generating function of X.

b) P(X = 17).

¢) P(X = 6).

Four tickets arc drawn at random with replacement from a bag containing *en tickets numbered

1, 2..., 10. Let X denoie the sum of numbers «m the tickets drawn. Find:,

a) probability generating function of X

b) P(X = 38).

In a lottery, tickets are numbered trom 000000 to 999999 and they are equally probable. What is

the probability that the sum of the digits of a chosen number will be 217

The joint p.d.f. of X and Y is given below

-
\

o I 2
o 116 | 1B 1/16
1 U8 | 1 178
2 116 | 18 1/16
Find
;) Probability generating function of X.
) prob“bﬂ_ity generating function of Y.
°) probability generating function and probability distribution of Z = X + Y.

CX Scanned with OKEN Scanner



O

" e Pmc“cnl No.6. 1.3
' G STOCHASTIC PROCESSES
¢ between armivals at L. and J Restaurant is ex
ess at 11,00 lestaurant is exponential with mea $
f bllﬂ\“bs\.' 3 i a.m. Determune wvie “‘“‘“\.in}' TNMtan D sunvtes g
0 vy, * |c:!‘llr.“"

l]‘ n ‘-t - l t ) Ve ll .“ ‘ Sy gh vty N ‘ (‘\
[ » [-‘t }11\ 1 Ie. 1() 3 \“I. 1 l . .
\ ]I | 1 S U 'L N l‘ll[!lll 1 l I. I - ll.l‘\. ‘.l tl] . ll“t W 1T 0o l l

]

0 S =

1; The probnhlh
il pility that a

wlity thal ¢ new cusiome 1 -
DR tomer Will arive between 11.28 and 11.33
o 33 am. given that th
” at the i

p) The pro

customcr ;uTi\'L‘ﬂl at 1 125 a.m.

¢) The probahilii_\' that time between two successive ammivals is at |
- s wnth i amvals 1s at fest 2 munutes
y WOod >SS ¥ ey St nuautes
A Yule tyPe of birth proces with ininally 2 members, expeniences es.
hour. Obtain s an average birth rate of 3
S rate of .
rs l . L 5
Laving 4 or more members X .
¥ St%;n i r\c '!Lﬂlbb.m m thc..populanon after 1 how 15 minuies
dard deviation of population at 2 hours and 30 minnte '
fem ocours according to a Pot . T S,
- whicl‘\ occm% - fl’oll\&son dlst.nbutlon with meaz 2 per day. The maxumum
ds on number ) f‘ ach Monday immediately afler a new order is received
of units left at the end of the week on Saturday (business is |

2
) prob:

mand for an i

dock Jevel is 10 item

The order size depen

cJosed on Sunday). Determine the following

3) The average wccldv size _of order.

b) The pn.)babillty.of mcwrmng shmlagc when th.c business opens on Friday morning.

9 A Populanon conStf.!ts Qf dcmcnts. w}ueh can spht. or die. The rate of splitting in a two is 3 per umt

gme and rate of dying is 2 per unit ome. If there is no interaction among the elements obtain the

d standard deviation (_)f population after 2 time units if initial population size is 100.

) 1 a.m. daily. There are 2 particular employees who come before 11 am. and

{ 2 employees per minute after 11 a.m. Obtain the probability

2 a.m.
replenishment of
an 1 day.

employces at 11.0
a machine. Stock

is exponential with me
f the

obtain cxpected number of
for the repair of

¢ time between breakdowns

urs cvery 7 days. Th
hine will remain broken for 2 days because 0

Determinc the probability that the mac

umavailability of parts.
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T.Y.B.S¢ Practical No.6.1.4 L
- QUEUKING: THEORY -]
arg A =l 22 Aha Rect ) s heket o Vet . :
{; Customess aive ot the first class tickel counter of a railway station at arate of 12 per hour These
is one clerk serving the customers at a ratz of 3() per hour, Obtain a) the probability that (he ‘iyrlt;ln
s empty. l',) the probability l!l-at there are more thap 2 customers in the gystem, ¢) the probability
that ﬁ;.:r‘c is no customer waiting to be .sc:.‘-.fv.:!. d) the probability that a customer is being served and
nob 23 is waiting. Assume that the arriva; of customers is in Poisson fashion and service time js
exponentially distributed. |
A Sl e L reepe . N
2) A tailor s;-)cc!ahzc- mn _lndlcs dresses. The number of customers approaching the tailor appears 10 be
Poisson distnbuted thh a mean of 6 customers per hour. The tailor attends the customers on a firer-
come-first-served basis and the customers wait if the need be. The average time taken by the tajlor

to attend one customier is 6 minutes, Obtain a) the average time that the tailor is free on a 10-hour

working day. b) the expc_:ctcd nuraber of customers in the tailor’s shop. ¢) the expected number of
customers waiing for ailor’s services. d) the probability that an arriving customer will be waiting
in the queus for more than 10 minutes. c) the probability that an arriving customer will be in the
shop for more than 15 minutes.

3) At Dr.Prachl’s clinic, on an average, § paticnts arrive per hour. Some patients require only the
repeat prescription; others come for minor check-up, while some others require thorough inspection
for the diagnosis. This takes Dr. Prachi six minuies per patient on an average. It can be assumed that
arrivals follow a Poisson distribution and the doctor’s mspection time follows an exponential
distzbution. Obtain a) the percent of times 3 patient can walk inside the doctor’s cabin without
having to wait. b) the average number of paticnts waiting for their tum. c) the average time that a
patient spends ir: the clinic,

hour. Customers arrive at the bakery according to a Poisson process, at a mean rate of 50 per hour
and the service time is exponentally distributed. Obtain a) the probability that there are more than 3

-customers in the bakery at the same time. b) the probability that a given clerk is idle,

- 6) AtoZ Groceries operates with three check-out counters and the operation is sct up such that the
customer will go to the first empty counter. Customers arrive at the store according to a Poisson
distribution, with a mean of 10 per hour. The service time per customer is exponential with mean
12 minutes. Obtain zj the expected number of customers waiting to be served. b) the expected
number of busy servers. ¢) probability t:at all the three counters arc busy.

7) Onan average, 96 patients per 24-hour day require the service of an emergency clinic. Also, on an
average, a patient requires 10 minutes of active attention. Assume that the facility can handle only
One emergency at a time. Suppose that 1t costs the cknic Rs.100 per patient treated. Each minute of
decrease in the average service time would cost Rs.10 per patient treated. How much would have ¢
be budgeted by the clinic to decrease the average size of the queue from 4/3 patients to patients?

¥) A company currently has two tool cribs, cach having a single clerk, in its manufacturing area. Gno
tool crib handles only the tools for heavy machmery, while the second one handles af other too)s, Jt
is observed that for each tooi crib the arrivals follow a Poisson distribution with a mean of 20 per
hour and the service time distribution is exponential with a mean of 2 minutes.

I'he tool manager feels that if the tool cribs arc combined in such 2 way that either clerk can handie
Ay knd of iools as demand arises. it would recuce the waiting B in the System:.
Analyze the data and commcnt on the managemen: 's opinion.
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y.B.S¢ practical No.6.1.5
1.Y.B.S€

QUEUEING THEORY -11
A small barber shop, operated by a single barber, has a room for at most 2 cusiomers. Potential
customers ;m-_ive.m v Pom:}on fasht(:n ki average rate of 3 per hour, Service time follows
expoﬂc“ml distribution W.lﬂl mc:fn Ya hour. Obtain
a) the average ume spent m ‘th'c snop by an entering customer.,
b) the probability that an amving customer can enter the system.
¢) the probability that the barber is busy. .
5y Customers armive a-t a bc.auly pa{lou'r n a Poisson fashion at an average rate of 6 per hour. Any
" iyiving customer is denied service if there are already 7 customers in alf at the parlour. A single
peautician attends tc armving customers on a FCFS basis at an average rate of 40 minutes per
customer. The actual service time 18 exponential. Obtain
2) the percentage of time the beautician is busy.
b) the expected number of custorpcm at the pariour.
¢) the average time a customer will spend at the parlour.
d) the average nqmbcr of customers who are denied entry per hour.
3) A service center is manned by 5 servers each of whom work independently at an average rate of 15
" minutes per customer. The actual distribution of service time for each server is ¢xponential.
Customers arrive at the center in a Poisson fashion at an average rate of 10 per hour. Any arriving
customer is forced to icave the system if all the servers are busy. Obtain
a) the sicady state probability distribution of the number of customers in the system.
b) the probability that 2 or more servers are free.
¢) the expected waiting time in the system for any arrival,
4) A self service car wash has four stalls in which customers can clean and wax heir automobiles and
room to accommodate maximum c three additional cars when all stalls are full. Customers artjve
at the car wash according to Poisson process at a mean rate of 15 per hour. If there is no room for
them on the grounds of the car wash, arriving customers must go cisewhere. The time required to
service a car appears to be exponeniiaily distributed with a mean of 12 minutes. Obtain
a) the avciage number of cars at the car wash at any given time.
b) the expected rate at which cars are denied entrance to the car wash.
One repairman is attending S machincs. The rate of breakdown per machine is one per hour while
the service rate is ten per hour. Obtam
a) the probability that the repairinan is idle.
b) the expected number of machines waiting for the service.
6) A company has five machines, each of which suffers breakdown at an average rate pf 0.5 per hour.
Thers are two repairmen and average repair time taken by cach of them is 30 minutes. Obtam
a) the probability that ail machines are in good condition.
b) the average time an out of order machine has to spend waiting for renaurs to start,

") Adoctor’s clinic can accommodate 2t most 10 patients (including the one being examined).

Patients arrive at the clinic in a Poisson fashion at a rate of § per hour. the time taken by the doctor

10 examine onc patient is expenentially distributed with 2 mean of 12 minutes per customer. Obtain
3) the expected waiting time in the system of a customer.
) the percentage of time the doctor is idlc.
©) the expected number of customers per hour who are denied the service,
8) Ala self-service facility arrivals occur according to Poisson fashion with mean 30 per hour. The
distribution cf service time is exponential with mean 5 minnics. Obtain
az the expected number of customers in service at service facility.
bj the percentage of time the facility is not used by customers.

3)

[

P _ _
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y.B.Sc practical No.6.2.1
T2

CHEBYCHEV'S v FQUALITY

Tie prohabilil}' distribution of a rundom vanable X is given by
pix) =18 v x=-11
=68 . x=0

Obtain a bound 10 P{ X1 = 1). Compare 11 wighy the actual probability and comment on the s
109 of a large lot of apples are bad. [£ X denotes the number of bad apples in 1 rando I
"~ ize 20. obtain a bound to P(0 < N <4} and compare Your answer with the aémal‘ rohl;-xrr\r-’p "
u  Itis suspected that 40% persons of a iaxgc community have high blood pressure. \&)a' ‘ls’thé :
e ebychev’s lower bound to the probantity that in 2 random sample of 100 persons from the

community, 30% to 50% of them wouid test positive for high bloog pressure? o

Obtain the above probabirlit)' usmg Cenural limit theorem and Compare the two.
1) The number of persons X, and Xz | lined Up respectively at

: 2, railway booking windows Aand B is
independent and Geometrically distributed with probability distribution given by

ame

where p = 0.2 for window A and p = 0.5 for wind
random. Obtain a bound to
a) P(| X5 - E(Xa) 12 5).
o) P( 1 Xg - E(Xp) | Z 3).
¢) P(IX - E{X)|> 8) where X = \_ + Xg.
5)  The marks of any student in T.Y.B.Sc. 1as mean 60 and standard deviation of 4. Find bound 1o the
probavility that : '
a)marks of a given student lies between 55 and 45.
b) the average marks of five given studerits lie between 55 ana 65.
¢) the absolute difference in marks of any two given students is greater than or equal to 6.
6) (X), X3, X3) follows multinomial distribution with parameters(i0, 0.2 N3 04
a) obtain Chebychev’s bound to P(0 < X1<4),PE<X,+X,<7).
b) compare cach of the above with actual probability.
7)  The chance of failure X of an electronic compoenent has p.d.f. given by
fix)=504x*(1-%)°; 0<x<1
=0 ; otherwise
Obtain a bound to P(0.4 <X <0.8).4
8)  The amount of toll X (in lakhs of rupces) collected per day at a booth is Uniformly distributed over
the intcrva] (20,40). Obtain Chebychev's bound to the probability ihat the average collection per
day during the: last one week lies bervreen Rs.26 iakhs and Rs 34 lakhs.

ow B. An armival joins the queue at any window at
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T e |
. I),--u;(ix.‘;li No.6.2.2
3.5¢. AT
OINOER STATISTICS

~ a N

1 2 randorm sample of size seven from z Population o3 continuope type, obtain the probability
Givel S

that llest order stati “c 2xceeds the population median,
a) sma td order statstic is less than the Population quartile Q..
b sccof;c median lies between the population Quartiles Q, ang Q.
<) 5-”“;’ -rvations are randomly made from 3 Population with n.d.f
I~1vc0f?:\': 21-N) L 0<x<]
20 . otherwise.
: obzbility that
F “:ﬁ;g;g;,]e median 1s more than 4 |
2) fourth order statistic 1s more than !,
i?random sample of size siX is drawn from 3 continuous Umform distribution over the intervai
(0, 2). Obtain p.d.f. o.f the san_'nple range and hence probability that the Sample range is lesg than K
forval!les OfK = 0.73, 1, 12: o -
The time taken per telephone caii X in minuteg follows an Expone
Obtain the probability that the sample range exceeds 4 minutes, base
n=10, 185, 20.
The monthly income X in thousands of rupees of workers in an area has p.d.f,
fix)y=e""" x>0, 00
= . otherwise

2) an unbiased estimate of g based on the order statistics (i) Y, (1) Ym.
b) standard errors of Your estimates.

¢) correlation coefficient perween Ysand Y,,

ity that one of them is at least twice ag large as the other,

t 15 drawn from ar: Exponential disteihng: ; .
Updfandcgf of Y,. ponential distribution wity fean one. Obtain
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- B.S¢ practical N0.6.2.3
BIVARIATE DISCRET Y DISTRIBUTTONS

the weight of jaundry soap in 1-kilogram box. P(W < 1) = 0.02 and P(W > 1.072) = 0.08.
pox of soap light, good or heavy depending on whether W < 1 | < W < 1.072 '
72. respectively. [1 a random sample of n = 50 boxes, let X denote the number of light

{ Y the number of good boxes.

the joint p.i. of X and Y?

«hat are the parame!ers of the .dxstnbution‘j/

en that X =3, how is Y distributed conditionally?
e F(Y 1 X = 3).

the correlation coetficient between X and Y.
d that the percentage of students securing first class, second class, pass class and failure
are 40 20. 30 and 10 respectively out of 100 students who have zlp?earvd

\ X, X; and X3 be the number of students who have secured 1%, 2" and

Lot Whe
we call @
o W7 1.0
bO-\'CQ anc
W hat 18

o) o
(lf; determin
¢! find P
it is observe { the
ata sertain examination
for this examination, L¢
ass class respectively. Staie
a) the joint distribution of X;. Xz and Xj.

b) marginal distribution of X, J\'; and Xg'.
¢ joint marginal distribution of Xy and )v !
d).condilional distribution of Xy and ;(2 fox_g,wcn Xs. o ' _
¢) conditional distribution of X, for given N, and X; hence find E(X;/ X; =10 and X3 = 13).

The M. G.F. of (X, Y) is given by -

(02¢7 +0.5¢" +0.3)

Write the probability distribution of

(N Y)

b) Y given X = 2.

¢) X given Y = 2.

Also find E(Y / X = 2) and E(X /7 = 2). _ -

One of the sumbers 1, 2,..., 6 is to be chosen by casting an unbias;d die. Let this random
¢xperiment be repeated five independent times. Let the rando{n variable X, de_notc the number of
terminations in the set {x ; x = 1, 2, 3}and let the random variable X, denote tne number of
ferminations in the set { x ; x = 4, 5}. Compute P(X1=2 X2 = '1 >

Four independent observations are made on a random variable X having p.d.f.

flx)=1-|x];-1<x<1

=0 . otherwise . o
Suppose that the interval -1 to 1 is divided into 4 distinct classes of the same length. Fmd\ the -
probability that one observation falls in cach of the first two classes, two in the third and none in the
last class, N\

Hence find correlation between Xy and X,.
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1)

5)

6)

B.Sc. Practical No.6.2.4
BIVARIATE CONTINUOUS DISTRIBUTIONS

Let X and Y have a Bivariate Normal Distribution with parameters
Lli“}“ O(T"IG (T" 25, p=0.6
Determine the following pxobnbxhﬂcs
A P2<Y < 7)
Y A=1)
&) P(-3 X <3)
APE3<NX<3/Y =-3)
1et X and Y have a Bivariate Normal Distribution with parameters .
=1, u =2, cr,: =16, 012 =25 p=12 13
Netermine the following probabilities.
) P(X > 2)
b)) P(X =2 'Y =2)
A Bivariate Normal sttnbutxon has the p.d.f.
fix,y) = C exp (- xTHxy-ylli-oExy <o
Find llm x.ons(anl C and the parameters of the dxstnbunon Also find the conditional p.d L of Y
given X =
Find the Lonbl"n( k and the parameters of the following Bivariate Normal Distribution.

f(.\',_v):kcxp{—g—_i[x—7) —Z(x—7 vas )+Q\y+5) ]lf

A Bivariate Normal Distribution has the p.d.f.
p

f(x,y)=kexpif%§kx+2)2—2.8(x+2 Ty-1)+4(y-1 )2]}

Find

a)y, t2, G, O, P.

b) conditional mean of Y given X = x.

c) V(Y /%)

The marks X and Y scored by candidates in an examination in two subjects are known to follow a
Bivariate Normal Distribution. The mean of X is 52 and its s.d. is 15 while Y has mean 48 and s.d.
15. Also p = 0.6, Write down the joint p.d.f. of X and Y. If 100 marks in the aggregate are needed
(o pass in the examination, find the proportion of candidates who pass in the examination. Also find
P( X -Y! < 10).
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S \'”1‘[( ¢ N(‘E 01" CORRELATION ('()[lt‘[«[(j”l‘l\v—l
3“1. ” \

mple of 30 pairs of obscrvation from a normal population £ave a correlation
5 . ‘ :

\ random ® -0.7. Is it likely that the vanables in the population are uncorrelated?

. ol O s ON . ~ . . . . o g

coethe tr-'.‘“ { value of ‘r" in a random sample of 27 puirs that is significant

g e B

2 al I
p) A 0.01 Jevel.

in cms) and the number of leaves of 15 sunflower planiis was obtained and recorded as

4. hetoht ( - > ’ ' ' !
The heig ulate correlation coeflicient and test its significance.

{ollows. Cale

Ht(incms) [20127[2924[30[37(23[24[28 15253125
No.of icaves | 16 | 19 | 18 [ 20 | 2530 | 16129 [ 25| 32| 18| 23 | 24
\ correlation cociTicient of 0.72 was obtained from 2 sample of 29 pairs of abservations.
:; Can the sample be regarded as drawn from a bivariate normat pogulation with correlation
" coefficient of C.8?
b) Obtain 95% confidence interval for the population correlation cocfficient p in the light of the
information provided by the sample.

In an air pollution study a researcher obtained the following results with regard to the number of
lichen specics ( X ) and the respective disfancc from cach of the 25 chemical factorics (Y in kms).
X =1165, TY =18520, X’ = 56947, LY’ =1437.24, TIXY = 9024.40.

Test the hvpothesis that the corresponding correlation valuc for the population is 0.8.

._‘\__1

The correlation coefficient between body length and body weight of Anabas scandens (lresh watsr
fish) for two samples of sizes 40 and 50 was 0.5 and 0.55 respectively. Test whether the correlation
cozflicients arc significantly different.

o
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1 LE PARTIAL CORRELATION AND REGRESSION
‘\ﬂ”/'r i i PR "
ple gives the weights X (in pounds), heights X, (in inches) and the ages of 12

The following o

1) hovs: gt X 64 | 71|53 |67 55|58 77157 (5651|7678,

57159149162 |51150)55)48 5242|6157
I |
g |10{6 (11.{8 |7 |10|9 |[10]|6 |[1219 1

|
—

Jeasl squarc regression of Xy on X; and X.

the weight of @ boy who is 9 years old and 54 inches tall. :
of a Pizza shack collected the following data for the past 12 months on the total

iy sales X, (in 000’s of rupees), number of advertisements appearing every month (X,) and
mon

athly cost of advertising (in 00’s of rupees).
mo

ZX,=4324 ZXZ:IIO ZXJ:1331
yx =10 2X; =107 X 2=1513.27

TYX, X, =40963  FFX,X,=490223 F X, X, =1263.5

Find the plane of regression of X; on X; and Xj.
;; Estimate the total monthly sales of pizza if the cost of advertisement is Rs.15.200 and the

aumher of advertisement monthlv is 16,
) Aninstructor wished to dctcrmin.c ihz re!alior-:sbip of 'marks on a final examination to those on the
" o unit tests conducted during the year. Calling X, X; and X3 as the marks of a student on tl_xc
final exam, first unit test and second unit test respectively, he obtained the following computations
for a total of 120 students.
T,=73, X.=68 X;3=7.0, 0:=9.0, 0;=10, ;=08
In=~ 065, rizs= 060, rqa= 0.70
2) Find the least square equation of X; on X; and Xj.
b} Estimate the final marks of two students who secured respectively (9, 7) and (4, 8) in the two
unit tests. ’
¢) Obtain multiple correlation cocificient R ;. » 3 and test its significance.
d) Obtain partial correlation coefficient r ;.. 3 and test its significance.
) Inati-variate distribution, it is given that
01:3'; 0,747 G3=95 ;1"2'3=0.9 ) r,j—'0.6 y r12=0.65
a) Oblain regression tine of X; on X, and Xs.
b) Find Partial correlation coefficients r 7.3, T 13- 2and £ 23. 1
) Find Multiple correlation coefficients R 1. 23, R2.12and R1. 12
d) Caleulate o . - 2,

Note the variates are measured fiom their respective means. )

3) Find the

o
-—
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!mlcﬂcni NO -+ 15
5¢. .
E - \AMIMUM UIKELIHQ
Y- OF M D, Mg
i? . 1 A 01
pibh li(\’rp VETiIOD OF MODIFIED ppy In‘mmgl(('):;) OF Moy,
Al ) e S0 ) M

g: < SOUAR, S
. function (p.d.f) of 3 random v,y .

ns from a population With thig p.d ril_blc (tvyx be
S8 given S

.« denst
pability 4
pet!" Ofobscf"'auo

. f
ngp . © H[L ‘ Jy ']I]r’ 3 fas :
¥ dof moments ; l M g ’K‘ om
0 n‘-f'l; of maximuin likehhooc Prarmey..
- meth? dard error of the m.Le, for cacty .,
(lx)'l “Slil“mcesm{lax - x>0,6>0 ~24€N ( )-—f-‘.!.lgf(l,"]()vv'iun ex
an¢ =6¢ , » ¥ TS CXamplee .
? 2 % O)z 0 . . otherwise. Ples ("W’),(C),
| ' le values :1.0, 0.7, 2.5, 8.9
| . ved Samp ’ ) » 0.9, 12.0. 7.
gavt =8X0—1 : 0<x<1,6>0, ; 5,11.75,15_5’ w
) % 0 -0 - ; otherwise. and 155
observed sample values :0.41, 0.57, 0.75, 0.78, 0.65 0.g- 0
' T Y02, 048 )
c)f(\:’ 9) 92 . ,and ('%;_

Obschd Samnle valucs :5.4,~7.1, 5.6, 6.2, 6.4,
Given the pd.f fix, ®)of arv. X, and a random ¢
s p.0.£5 estimate the unknown parameter g by

0 method offmor-r{cnts o

o aann ) __ 1
fed "'.Cth&d 1 Mahaaarain: Saciuioou
al

for cach of the following exemples {a),(b),(c):-

4.9, 5.8, 6»3, 5.5 hnd 4.8
i D! L B Jin a u 2“ 1 W
a 1 ’.-.-

1
)i, ) =5 3 0<x <8

={ ; otherwise.
Observed sample values are: 1.3, 0.6, 1.7,2.2, 0.3 and 1.
bifr, )=V B<x<oo,—w<h<a t,

=0 ; otherwise,
Observed sample values are: 1.3,0.7,3.6,54,74 25 39 4.1,25d2 4
ﬁ 1 ' ’ y Seery Jey ol 20200 2 6.
N = > .-izx-6]
) (%, 8) ?c y —O<Xx<w, ~0<hH<w
=0

; otherwise.
are: 1._9, -1.8,2.9,-2.2,1.5,2.2,-1.4. -1.5, 1.6 and 1.7.
probabilitics and observed frequencies in four classes AB, Ab, aB and 2b

T;;)bferved sample values
. ;m]lov.vmg table gives
arenege CAng

e

08 AB Ab 2B ] Toul |
Probais | !
Probabilico 1= A e Sl
®liy | 246 1-6 1-6 g | !
\-—.& 4 4 4 :\ 1 o
Observed | og e St R R
Frequf.nc > 30 2) / 1 A ;
b"* . B , | I .
Ymer 9 <] Fep
f }J)mem“\‘d of = Esmﬁa{c the unknown parameter O by
. mﬁ[h()d “‘leﬁcd i -
of m ax_mu Simragom C}n-sqwg

* likelhood and obtain its standard ertor.

)

(3 Scanned with OKEN Scanner



16

‘.

¢ random variable Xis given by

)

¢ of a diseret
T \

e pm
24

| P 1-q° o

. 1-q°
_p 0P 1. A samiple of 30 observations gaye :
[istimate p using fave the frequencies for i
v ¢ W0 Lase
um chi-squie 0 Lases as

hete § g pegpectivelt. 2

] an l 0“ of modmc\l m.tmn‘\ :

2 meth , nf,ngxin]ll!ll likelthoou
» \

b m:l v of moments. :

am . YY)
1 pservations and their respective probabilities (as per a genetic model)

) are classified

< \
\ h\)o o:@ to SeX alld COlOf‘bhﬁdﬂCSS as fOHO\Vs:

2000
—eqencies | MALE | FEMALE (Probabilities | MALT | F
SORMAL cal 515 RORVAL T oALE | FEMALE

C 4 - | i i Y g
- IND 40 5 VAL 1 (p2) T (p2) 4 p

cOLOUR'
,g=1land 0 < p <1, estimate parameter p by method of maximum likelihood. Also find

,_\pcctcd frequencies.

4 random sample of 10 observations from a population with p.d.f.
ux? . X > 0, " >0

ﬂx,p)=2pxc‘ S
= . otherwise
isg'\'cn as fOﬂOWS: 1-2’ 38’ 6‘89 2'87: 075, 3191 0'72, 105, 5.4 and 7.82. Estimate unknown

eter PV
2) method of maximum likelinood and find its standard error
b) method of moments.
¢

P
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. practle TIINAE
AL : :
\' . 1A «
th(:i'\“*\\i"\n 4 LINELIHOOD AND ™ ETHOD O NMONEN
ait ) :
L cmnie of Sobservatioas §01, 00201 6 ,
o ;,n‘-\"‘m <amy 1 1.6, 5., anliby taken [rom 4 popul
P ) SN ) ey PuUlalion wily o
\\ b ‘; (r
(¢ parameters o and [} by
e e

1\\i\
RN TATRL
Nl 2.0,2.9

wile oy 4L, -lnd}_ll 5 ”
. o samp! ++ e taken fy
et sa ! sise uyfy . . aken from a popul

. 5 N & N B VA , =D o A
fix. . Ve b il Hoo b 0

| moments andd b) methad of maxinmum likelihoo
aheervations 2.3, 12,09, 3.2, 1.6, ‘

ation with p.d f

cimate b.':*.';unrh:l‘s aand b by
““‘1""‘\_;1“,& of moments and b) method of maximum likelihogd.
\ S.Amplc of size 102 s t:akcn. froxr} a normally distribute population having mean H and variance
N e N~ NG, 7). The observaiions are as follows: 6.1 3, 5.02, 5.55, 6 3; 3.57 4‘8 95751
<~ and 499 Tind » 994, 3,571, 4.82, 4.95, 5.80,
;Srﬂa;ﬁimum h'kclih()(zd emimat? Em.l.e) of (1) pwhen g * = 0.4 (ii) 5 ® when, "= 525
pym.le’s of 1 and . and P([‘,\ > 4.25). o '
Ihe ‘mhmmi L:Lxlg 18 (ll.;\\ n .?jom; N:gﬂll\;b bl{er:)rtT:lal distribution with parameters k and P,
Frequeney: 2i4 123 45 13 4 400.

Fsimate parameters kK and p by method of moments,
A random variable X takes values 0, 1, 2, 3, 4 and 3 witly probabilities:

p(x)= (1 +pm)e "™ wheux =10

=m(l-p)e ™ whenx=1

GivenkeN | 0<p <1,

=1 X
e "'m sade
= whenr x =2, 3, 4, 5.

Jgveom>0and 0 <p <1
NG ’

The observed frequencies are 37, 19, 22, 15, 6 and 1 respectively. Find maximum likelihood
estimates of unknown parameters p and m.
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pris (ical No- 7. :
o Pt

«

ROE BAVES' ESTIMATION

1)

‘

6

- n 0 of defective items in a large shipment jg unknown
" _.‘_opon1.1f"1 ;nolt'-f"' a=>5 an'd B 9 10. Suppose that 29 items
fictd with "‘(”‘“m[ exactly one item is found to be defectie
Ship'um::[:c ihe Bayes’ estimate of 62

ol - of incoming calls at a sinall city telephone excha
1S ily numbCl

and the prioy distri
are selected
- If the squared el

bution of g is
at random from the
TOr loss function ig

A nge has a Poisson distribution
The v 9. The mean ©. however, vmx-':s',rom day to day, This vanation iy represented by a
i mct;' ity with mean of=100 and variance 200, Fiy. days are g

densit)
qamma ¢

elected ay random and the

i incoming calls found was 90, 95, 108,100 and 106 Find Bayes’ estim
of incoming

of datly incoming calis 6, using sguared .en"ox: loss function,
s one of the best known specics 9f PInes in the Northern Uniteq States and Canada,
White ".m, is susceptible to a blister rust, which develops canker in the bark. These cankers swell,
White P”?"l e death of twigs and small trees, A forester wishes to estimate 11, average number of
n:sulu?i l;inc trees per acre in a forest. The number of diseased trees can be modeled by a Poisson
df““,“ 1'(l)n with parameter 6. Since 8 changes from area to area, the forester believes that © has an
dxs;g::nlﬁal distribution with mean 1/a. = 5, Find Bayes’ estimga

ex]

te of the mean number of diseased
pine trees Per acre, if the forester takes a random sample of 50 and

g ate of the average
pumbe!
numhcr

Y‘\ = 200. (Use squared crror loss function),
L |

Thc distribution of lifetimes of bulbs made by a certain manufacturer ig €xponential with mean 1/0.
Suppose 6 has a priori exponential distribution with mean 1. Using squiied error loss function, find
Dayes' estimate of O if the 1otal of 25 observations is 29.

The lime {in minutes) required to serve a customer at a certain facility has an exponential
distribution, for which the value of the paramcter 6 is unknown, Tke

prior distribution of 8 g a
gamma distribution for which the mean is 0.2

> and the variance is 1. The average time required to
serve a random sample of 20 customers is observed to be 3.8 minutes. If squared error loss function
Bused, what is the Bayes' estimate of 67

The brain weight (in grams) of adults is assumed to have a normal distribution, that is

150

9, a random sample of 150 gave ) X, = 241380 grams. The
jm]

0 itself has a normal distribution N(1800, 9). Find Baves' estmate of &
nction. What is the Bayes’ estimate if absolute error 1oy luncoion is

NE, 0= 6). In order to estimate
“perimenter believes that
ing squared error loss fu
used?
Given that 1,0
Gwhere §

»1,1,0,0, 1, 0, 0, 1 is a random sample trom a Bernoully distribution with parameter
loss function, |

Prior uniform distribution on (0. 1], obtam Bayes” estmate of wsing squared error

* un Ao find the Baves' nsk.

dm;bs isa Sing,lc'o'ns‘:wamm trom a negatve tinomual, that is, NB(10, 8) distribution. If the prior
080N of 6 i Beyy B(3. ) obtam

syer estimate of § using quadratic error loss function.
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CIVE ) LON

of MAagnetic field - ioi

he B G,
IS \{'(‘1 . ‘ ) .
el . ] 0.0063. Obtan: 90, confidence mterval
V3 R A = . ' O mCan wasei,n
~ 1 distribution of N having an unknown Varlance ;
Norm Bz el « N, e,
i Id of strawberry plant lollows Nevanal distribution wigy AVerage vield
RS g elds 10 o : . i . . ape o
[ance G Yiclds of 10 strawbe plants in an uniformi(y al are gy, n bel
"o i ;) ; 4 3 - b dte viven IO |
Plant i 6 7 g ) ’
e 3¢ = 23 o) ’ :
vield 239 110 =30 217234 oy g iRl 225
~ompute 039, confidence limits for average yield 11 whep, : 225
ot h . 2

1o ~is known as 1600.
a)o *

b)o 215 WIRNUWiL. |
The following are the data on time
diskettes on PC 386.

doppyno.l 2 3 4
o 00 96 97 101

Assuming INormal distnbution of X compute 999, ¢
iirnc for formatting floppy diskettes when

X (i seconds) required to format 1.2 mp floppy

5 6 7 8
93 95 g9 99

onfidence interval for vanance of

a) mean time is known as 90 seconds.

b) mean time is unknown.

A random sample of size 9 from N{,;, G 7) population
v(x - {) ¢ =30. Find 90% confidence interval foroc2if

L
a) ptis unknown.
b) wis known as 72.

A nutritiorusi examined the basal metabolism of 30 volunteers in two grol

16 and n = 14. He reported X = 36

gives sample mean X = 68 and

ipsof m =
cal’sqm/hr, ¥ = 32 cal/sqr/hr, 2 (x.-x )2=

2
X

7286, 7.y, - ¥) = 14.46. Obtain 95% conidence intorval for 2.2 assuming

2
O-Y

Normal distribution of the basal me*abolism in two groups with unknown means.

The oil contents of two brands of s
follows

X 22 24 25 96
Y 24 21 20 56

0ap measured {(in mg per gm) were found to be as

20 23 21
22 25 28 29 30 27

Assuming that of] contents X, Y are following N( 1, o 7) and N( 112, o ?) find 99%

2
“onfidence inte-val for

7
g,
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- denote the pcnf!eabiliry ofmroi.ds in upper deck o.r' furnace and Y that in the
)i Lc'..}\ Jeck. An cxperiment was'}?mfmmcd-an(.l ( l)S'.:.!'V:lll()nS on permcability f
fower rc obtained. Permeability of toroids is as follows
010ds ?;5 1916.7 1891.6 1964.2  1848.0 2129.6 22185 22358
X 2?43:4 2055.0 19220 2068.1 1911.0 19744 2055.1 31548
e 95% confidence interval for difference between averages of two

- -0X L e~ > ey > 0 - . .
P =@c : x20,0 >0. Using m.l.e of 6 and dsymptotic distribution of

tain 99% confidence interval for 8 if sample mean of 48 obscrvations js
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cal N0.7.1.5
g, practical NO LINEAR MODELS

7.Y- 3 oy oiter s anaiyzing the vending machine Service routes in his distribution system. The
 coft drink onsible for tie studyﬂhas suggested that the two important variables affecting the
1) i;g'ﬂﬁ"cr rcs P ;y are the number of cases of product stoci.<ed(x 1), :m_cl the distance walked by the
,éci.i“z;. fmm](e.\‘ "), The engineer has collected 10 observations on delivery time which are shown
ic
w;’on._ 1 2 3 4 5 6. thtg.al o ag 9 10
oS ey 1668 1150 1203 1488 1375 151; 8.00 17.83 7924 2150
gelery Y5, 3 3 4 6 Prusing, 730 s
n0.0f c”j‘;’)';\.z 560, " 220 . 340" B0 1 A505f 5330+ 110" 5510 1460 605
distance (—ar.‘staﬁsﬁcal medely=Bo+B; x,+p 2 X 2% ¢, 1o the delivery time data,
,)Fizahizly_~N(E(y.i),oz)andei~N(0, o*)fori=1, 2.5 10.84,B,,B,are
suc-h own Palr amefers. : a
. { best linear unbiased estimate of 0, P1, B 2.
e find an estimate of © *and of cov( A, B2). '
¢) Also 95% confidence interval for B ; when (i) & * = 8.8 (ii) o * jo unknown,
d) Obtain ent was conducied to determine the influence of acid bath temperature(x), on an
) A :::;;::mcasurc of the whiteness of rayon (y). X is the controlled variable and Y s the
P i
dependent variable Whiteness of rayon{y) Temperature
W Y2 y3 X
76.5 80.2 76.0 30
83.5 891 799 35
84.2 772 895 40
85.7 851 995 25
97.5 71.5 894 45
103.2 845 108.7 50
1152 775 1115 35
108.1 79.2 1023 65

If'7, is the average-whiteness ar acid bath temperatare( x ; ), and if we assume that
E(¥y)=BotPix;fori=1,2 .. ; 8.
where g and B | are unknown parameters Find
3 the least square estimate of Boandf,.
b)99% contidence interval for B o.
) %8% zonfidence interval for o *
The _fO_Howz'ng gves a properry evaluation data, where 1+ sule price of the house (in R LI00):
i:living Space(square feet) ; x , - age ot houses (in years).
£\' 25,9 ?._9.5 279 259 299 299 309 289 359 31,5 31.0 309
! 9491? 001175 1232 1121 9 1240 1501 1225 2
”Fﬁlhe bnear < 6-’ 40 54 42 36 51 32 3
A Stalistical mode} y “Po+PBux,-%,)+ PalXo-X,)+e¢

‘hcrc v, - J h ’ N 2
B Find gy MY, 67 ) and ¢i~N(, 0% )fori=1,2 . ;12
NEar unhy; ~otd -
) Obtg “i unbiased estimare of Bo.B1 B

€ best | ) . . - X
30y o<, Stlinear unbiased estimate of Bo+ 2P 11, and Is standard Error.
Ty s & Confidence interval for Bo+t2pB,-p,.

YPothesis Hy : Po+2 Pi~p,=33 h
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A
prctt
i - . AT
«\]mncnlial p.d.t. with mean . In order to test He: 0 7 10 against
yo has : ' ) . NV D ¢ « § o -
wol bt ]h Jqtical vegion of the form C = (X X <y or X cs },where ¢ < ¢z Find ¢,
at ~ L - Ve b . p .
M anen ‘““ has saMC pmlmlnh!y and the zize of the test is 0.05. What is the power
-1‘1 \ b

¢1. 3 W '\!‘,,"n: O - ‘ 1‘, = 2. S, 15, 20-

e ._s.\‘\“ T . . . e )
et * el an unknown number 8 are whitc. To test the hypothesis

0% pains U S, {ollowing procedure is used. Select two marbles at random from the

gad l n:C‘l“ and reject Ho if one of them is white. Find the level of significance and
Ua ~nlac Lo L
"meﬂé ~ 5,10, 18, . . .
».:-“. Lol the tcs ofa cell as of type A of type B 1s long and expensive, but recent series of
atiied A H 1 o " { { 1 1
Pt ¢pnﬂ~3f"’_‘_‘ dhown that the quantity (in certain units) of an easily quantifiable chemical
iERE jescribed by a

_,.',ﬂLe ha N(p=10,0 2=1 ) random variable for type A and by a

AT Bl s W 1l c
:.qusinfd n ‘hff;l)l :.Z;}Zm variable for type B. In future it is decided to classify a cell as type A if
‘\:l’ﬂ -15,0 ’ore (han 12 units of chemical and as ty‘ge.B otherwise. Obtain suitable measures of
N contain® not nrlm classify. where should the point of division be drawn if it is required to set the
it 1&5Pi1ﬂ5; ftiﬁs,:lascm-{;m a type A cell equal to 0.01? What then is the probability of other kind
wahilty bq T

nential distribution with mean 0 to test He: 0=2

nrole v .

P 1esification . . ,

of m:h.;-mp]c of size 2 is drawn from expo

.‘ﬂfﬁf“j“;;"a ~3. The critical regior 18 C=4(Xy, Xz2) /0.5 <X, +X; <0}, Find the level of
-"".’f.;\ s 55 -

= e ance and paWE of the test.
Lf—._«:;om ariable X }11;15 the following probability density function

f(&@):gxe- : 0<x <1
=0 - otherwise
~1 the critical region is C = { ( Xy, X2)/0.75 < X1 Xa} Find the size

nat 6 =4, 6, 10, 15. Sketch the power curve.

TotestHo: 0= i against H,: 6 _
d values of power functio

fIhC 1est an i . .
; ?m e is packed in lots of 100 each. Let X denote the number of defectives in a packet of 100 and
2 Poissen variable with mean m. To test H : m = 0.5 against H, : m < 0.5 it is decided to sclect

12 packets and mspect the jtems in them. If they contain less than two defectives, it is proposed to

iect Hy. Find the level of significance of the test. Obtain the K(m) power function of the tesi
Skeich the powei CUIve, considering m = 0.3, 0.25, 0.16, 0.08, 0.02.

" Consider 2 random variable following a Normal distribution with mean 6 and variance 4. The

smple hypothesis Hp : 6 = —1 8 rejected and the alternative H, : 6 =1 is accepted if

N2y 3K A e + 10X, >0. Find the power and size of the test.

* The proportion p of swimmers in a large population is unknown and it is desired to test Ho : p = 0.5
‘f%‘m§f H,:p=0.75. A random sample of 5 people is drawn from the population. Let Y = number
;é“?:m&ei% in the sar‘nple. The follc_)."ving critical regions are proposed.

m@%#&p)&a{;&q,mphf{&=L5}
ol s¢ obtain probability of type I and type T errors and

given three,

hence suggest the best critical region
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..o'l.\l" .

1 ~QTING OF L POTIIESES-T

« « is a random sarauic from Beroulli distribution with parameter p. Find
TS R ;st-ill" Ho :p = V4 azainst Hy 1 p = 1/3. What will be the conclusion if the
we V111033 for 16598 ?
‘l“ u‘[C ().1( } rc 1- 07 ()‘ (J’ 1‘ ~ ~ . . . . ‘
. 'Cl\miullS “1 - random sample of size 10 from Poisson distribution with mean 0. Obtain
s (N .10 O ¢

Ve ! 4 for testing Ho : 0 = 0.5 against H, :’0 = 0.1. Also obtain power of the test.
L1: 419337,; 10 is drawn from N( p =60, 5 ) distribution. Obtain BCR of size 0.05

By san p1c10 4 qoainst Hy 1 O > = 4. Whar will be the conclusion if the sample observations
- = 2 ds -

st Hi oaciively-
2 ad 000 “”"“”,‘1';5"}501550“ distribution with parameter 8. To test Ho : 6 = 0.75 against
O'O:m 0 variable }g m sample of size 8 is taken. Obtain UMP test of size 0.1 assuming normal
isi f <0.752r ali‘oi;)son distribution. Also, determine values of power function K(6)
L ation 10
roximatio 0.2, 0.1. . .
;f% = 06,05 0.41;)6021-1'3;0“,5 uniformly most powerful test for testing Hy: p = 0.2 against

A Hy O S 503, 59.7, 623, 56.5, 57.6, 53.4, 62.02 |

fpft‘:' 2 60.0. 61.% ken from N( t, 0 © = 25 ) population. Obtain BCR for testing H, : =50
i© 6(1;;‘ of size TZ)L Sso find the value of n such that probabilities of type 1 and type II errors are
s o = 60, AlsO,

Design NC)T";““E 4 on a single observed value of x from a population with probability distribution
as -
H|1?>(0')2__qx-1p.x=1,2,3, ..... 1 (q=1-p,0<p<1)
px) ~ :

- otherwise. ) :
] of significance of the test i3 approximately 0.36. Evaluate the power function

Assume Lhai 1{‘)“’;5 0.30. 0.35, 0.40, 0.45, 0.50 and draw the power curve. .
Kip) forp; 'ie io 15 d,rawn from N( 1, 6 > =10 ) distribution to test-HO.: p = 100 against .
Asample of s1 rive UMP test of size 0.10. What will be the conclusion if the sample observations

13105110907' I6)¢133 5 68.1, 82.3, 93.8, 102.5, 113.7, 79.2, 108.6? Also, find the value of power
a y 71.0, 1922, B0+ % ’

ion when pt = 98. ) )

i";;ﬁﬁgm sample of size 9 is drawn from a population having p.d.f.

A

f(x,0)=éc_5;x20,0>0

=0 . otherwise ' .,
Derive UMP test of size & = 0.05 for testing Hp : © = 2 against H : 6> 2. If a-rzmdom' Ea;nplv ﬂfrczgx
tiis population yields values 1.7, 3.5, 2.15, 3.1, 2.21, 1.78, 1.89, 2.17, 1.5; will the null hypo |
be accepted?

G Scanned with OKEN Scanner



~\

)

3

7.2.2; IKELIHOOD RATIO Ty

e f the tests are not EXpeeted )
~ryvations o1 .
;Sc' f (1)"!]\{1“

N~N(@, o ') To test Ho:p =g againg
ble - 5 specified by likelihood ray, Cst crite
on 0 cept or reject o at 596 level of signifj
1 ac .
 regt do you
().

et ¥ I distribution wiy
ot vs Normal disir on with y
(ritie” v battery folloy

one

~an .
"‘Lc e of ¢ g, Aran
o pon "( 12 hours.

\'ill'in
.qxltloxﬂ f'si?.c 0.0

n sample of 20 batteries showeq the m
d(');‘hc producer claims that on ap average

Agal ife of battery 70 hours or producer’s claim j
d-' e 0 ‘]\bragc ll <

aion . is drawn from a Normal no ula
4V g the of size 10 1s dr: Pop

- . |
- sample fer 1o test Ho: 6 2 = 90 against Hi:o® £ 90,
and® 3 orde

Laane® 1w
\-.171- B anC ai

- qif1ed 64
51&.“77 7] 76! le ,O
%, 1d‘onl samp
Ard

y und to b

. on
M butIOI ?
t-na {he alternd

nd v be mn

96, 72, 66, 77, 91.

it be concluded that the population standard
can it be that it is less than 2 kg at 194 level of si
g;cndcntly distributed normal variables w

nknown me;

tion witl me

rour conclusion if the sample observations gre
>0 d state your

f 25 people at a local weight -]oss center is taken ang
-th“a standard deviation of 1.5 kg. Assuming weight 1os;
e 5 kg W

’ }ll}

L2 “"‘\Ci'k: o 2
1mon?

- “ 4 what i the
M he Sample of

S12¢ 10 mives

can life of 77 hourg anq “andard
a battery wijy last longer than 74
S frue at 50, level of significance?

an pw=70 and unk:iown

use llkclihood ratio test ay 3% ievei uf

d=Vviation of weight loss is 2 kg
gnificance? "
ith parameters

; - ; 2. .
ch '\ 2 | NGz, 6 2) respectively where the common variance g ? jg unknown.
P 4 2 aﬂ( 2y

5 ; o test Ho: py = 1, apainst Hilpy < 1, based onr
N("“’ C lﬂ\'clﬂ]ood ratio test t 0. H

what is the the two populations? If the observed values are
q from J

draw! ,g 31 26 27_' ?‘3 3837
X £ 42 34 37 3>
N i =

e 5w
: ur corclusion at 1% level of significance?
M IO ’
What 15)

andom samples

and X light bulbs yielded mean life of 891 houis and standard deviation
4 random sample 2:;];7] Cbz)}nlo brand Y light bulbs vielded mean life of 592 hours and standard
) dom sz :
of 10. A 1an

. . 2 _ 2 ai
jation of 8. Use these datatotestHy: 0! = o , against
devia ’

H;: ol> crgat 1% level of

sume that life of light bulb of both brands follow Normal law, o
significance. 3\59511;] ‘; '8 15 '2 6 1.';:10.4, 1.4, 0.8 be a random sample from Exponential distribution
[,Ci].S. 2-43{- y Aoty My LU,y

o, ! {
ith mean A, Can you conclude that A # 2 at 5% leve! of si
with mean A. L.

»

gnificance?

r
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NO T2 s PARANFTIC T ESTS
«u:«"' NQi - :
4
i ~i !
. y of INTHAS m.mul.uuncd by a certan ompany
\ < . - ’ <Oy ar 1¢ f
‘ H” i i . 3 " 5 6 - as |
AL ’ < 7% s . :
.\|’(\ 0 363 = 250350 275 35 ’
il qenificance . viteck il the fourth decile f ¢, ” 171
P ! '.\ ‘

“"'»7\‘ ; R lg‘\'cl O‘ € time distribe e
It wi e - » . s
w350 hour™ ~ : keys of a particul:
: ~malec Monkey a pairticula species are found 1
Wit - At e ( 0 He
W, r hl} ,n o e '§ 8.4(). 9_ IO’ 9_23’ ).8‘), 10.()5‘ 8- l 5, ](,.()(). (),l’)(' l} ”r') ,} . ) l -
) ) N, Js o . ‘ . . . | ! ¢ S, L ] f ¢ 1
SR 4 (:(- ~an 1t b€ concluded, using 5|gn.lust at 1% level of significance, ; l
( N hich the sample is draswn is greater than .41 hv'g 1}-.:[{! 2 me
: ‘g s¢ no

a5 &1
1015

hian

’ ~ X . . o “'
-\'Ji] ¢ ouulauO" from rmal
.:1_‘5‘:01 on.) coaching class at an MBA en:
w7 g5 students from a 2 an MBA enirance test are listed belor
73 76 84 69 92 74 82 70 99 e

M centiles “ < 59 100 72

Wi 65 Dc5d-ri K test at 5% level of significance to test whether the average percentil
(jjcoxon sngl’rom this class is 72. (Use .nqrmal approximation.) = e

cof3s 1:;1: hat W § alespersons in his insurance company spend at least 119 hours per

Mﬂ Cﬁcl;- A random sample of 18 new salespersons revealed the following data.

» 6 128 126 120 99 125 91 96 119 137 103 93

61 fevel of significance, using Wiicoxon signed-rank test whether the data supports

e ?/‘c’;laim. (Use normal appr oximation.}

acer’S - tions from normal of daily temperatures in a certaia city for two

 following data shows

=L(0fam0rlth.
25 0.8 5.3 -1

2.3 0.7 =22 09 29 34 25 52 58 -43
i be concluded that the pattern of deviations above or below normal temperature is a result of

random process? Use run test at 5% level of significance. |

. following data of males(M) and females (F) was recorded during rush hours at a bus stop.
AFFMMFFMMEFMMMMEMEMM

WI\MH\'H?MFWNH\MWIVHVH MMMFFF
PR alcs and females in the

- test at 5% level of significance to check 1t e arrangement of maics ai
wis random. (Use normal approximation. )
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(jcal No.7.2:5
- e '
B NON-PARAMETRIC TESTS )1
odels went on a diet in an at
adot ly ]choscﬂ - PPt o lose W3ight (in | ) with th

130 ults. - ' ¢
.>5$mans“;;c 124 141 ]3§ }32 IS 138 140 146

Reh BT 115 136 133 128 153 131 135 )39

weigh! t-t 1 5% evel of significance to check if he diet ig an effective g,

W st eans of logiy
[Sf‘lb PSR , e 2
cight wsofa group of 15 high-school students before angd afer 4 training brog

o f SCOMCS Jramme
Test s pelow.
) oqven 5 78 84 S8 S8 70 7

wBE e 63 7019 T4 88 g gy

‘. > po L 9

swerelE g4 86 75 94 50 95 97 98 7y 19 1o o 1(9)5 @ o
sectt st at 19 lovel of significance (o check if the training has any effegq oy .. 20
Uit Sign | approximation. ) : on the test

v (Use normit .
[0its were asked to solve a puzzl¢ under normal

ULEY it

S children . ormal conditions and ung
) T“:jti\tiuofcl; of stress. The following data represents time(in seconds) taken to séﬁetﬁfe

con )
p;lﬁ;al 126 117 115 118 118 128 125 120 125 13) 133 1o
dition -

- 130 118 125 120 121 125 130 120 119 140 145 13
Condition . . .

Do the data indicate sufficient evidence to conclude that time taj.:;. .. more under

onditions of stress? Use Wilcoxon test at 5% level of significance. (Use normal
gpproximation. ) . . , ,
Ap random sample of size 10 is obtaxnf:d from one population and a random sample of size
[1is obtained from a second population. The observations are as follows. .
Populaion- 026 1.00 1.29 5.00 8.00 16.00 1.60 8.20 10.20 12.81
I{X)
Pepulation-  0.16 0.08 0.10 0.00 1.28 2.02 0.80 2.56 1.26 5.10 /.24
Yy
Test, al 1% level of significance, using run test whether the population distributions
epresented by these two samples are different. (Use normal approximation.) R
) The average monthly expenditures (in Rs.) on cosmetics of working women (X) and
ho'us(:vj;vcs (Y) are listed below.
.\3 "0 820 850 860 920 870 880 910 1000 890 930
i 30 780 660 750 650 970 855 730 900 o
‘c; f“-‘dmn lest at 5% level of significance to check if there is a significant difierence
e two sets of data,

1€ numbyor . . i . ) :
fOuow;nbu of words in emails sent by boys () and gitls (Y) were found (o be as

=

X

e 086 01 76 93 100 g2 9 88 84

Usc.‘vlélnn.m-ﬁﬁ 6790 77 78 97 87 75 1

ey o tney-Wilcoxon test at 5% level of significance to tesl whether the
%1 per emal e same for boys and girls. ,

average
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children, who cnro;imf fm a swimming c.l;.tss, were d
- seve lﬂ pildren in £oth A ware taug.z,hl by traditional meth
et The € oyt Dy @ NEW mcthoa. The instructor olaimed that
yar X 1..].';;‘ ”“L traditionai iethod. At the end of the cours
e ¢ B :‘|:.Ihc two groups were as foliows,
e chiel Tee 86 80 7P U7 63 62 87 75 84 61 g5
oD _\(.\\_) 95 85 *56 57 91 79 94 55 51 74 g

i H : 93 95 82 6
ap B3 ¢ test to cheek the claim of the instructor at 1% level of signiﬁcm;):

ivided into twy groups
ods; while group B
the new method is
¢, the AWIMniing scores

it

.
S

ore

\,1,],1.\\11“116.‘
1% i
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.1":\’0'7'2'6 - - 8
ap. Il et .,~Qi_rl‘£1\"rl..\l., PROBADINVTY R0 TEST
y l}‘ ' R » B
'l‘_\‘ \ "a's
ndom vati ah]c‘haj«;ng probability mass function (p.d.f)
Nt o -py T X0 1
by ™7 s P n . otherwise
. 01‘5[1‘61\8«“1‘ o = ().'()3 i.l'!‘l(] (3 0.10 for testing 14, : D= 0.5 against 11, .
Dot ll ‘l will be the conclusion it the first sample observation hag value 1.; LeP
Vha CLe '

nle N follows a binomial distribution (n = 19 i

PEURE anadie N\ ol . ‘ > ). Derive SPRT

. o \ 15 and B = 0.20 for testing I:Io p= Vs against H, P =3/4, o

D pength aacr of road accidents per day at a junction is asgsumed to follow a Poigson
e ith v nkrown mean A. In order to test Hy : ), = 1 against H, ;A = 2. it

di<mhuc o ust ¢PRT cf strength o= 0.10, B = 0.10. What is the decision if the

was de€l - ocidents observed on 8 days is 1,1, 0, 2,0, 1,2, and 0 respectively? Also

ent the test graphically. =~ .
. r:{ low N(1L» O ¢ = 0.5 ) distribution. .Denve SPRT to test Hy : p =10 against
cl" 15 with @ = 0.0 5, B=0.01. What is the decision if the sample observations
H1-p7 > 12,9, 12.5, 13.2, 12.6, 11.9?
\'quo’llow N(p =120, 0 2 distribution. Derive SPRT to test Hy : 0 = 28 against
a0 with a = B = 0.05. At what stage and what decision will be taken if the

rvations are 130, 185, 150, 165, 170, 200, 1407
riable X follows an exponential dictribution with mean 1/0. Derive

4)

100 7
sample 00S©
6) A random va
SPRT to test _
H,:0 = 3 against H, :6=1with @ =0.20, B = 0.10. What is the decision if the

sample observations are 1.2, 0.5, 0.9, 2.3, 1.8?7
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GENETICE.T

allele (a)

. "n \nl‘ ti n (‘ﬂ“(‘d ;lll)llllSHl "l Int"l i_‘* th‘\ l'(‘.“llh [ : l. 20 ,‘,qi ¢
)N e
Ollllﬂl pﬂl cnts

koL E tion i¢ 2 result of its dominant allele (A). T
0 > enta . n on
ﬂs ::0““ “'.p:,yc‘l‘fi; d. Determine the .probability that

e albin

al . ino.
W chitd s A% ‘_‘lbu re albinos
)“e“"t f (WO children are &L-FF: )
‘;) e 0% ™ pildren one is albino and other is normal.
0

o) ot (_’f ::: gene W produces wire-haired t'cxturc m dogs; i'S_ recessive allele w -
A gominé - oth hair. A group of hcterozygous_ wire haired individuals are crossed
produc‘?s srogCﬂ arc then test-crossed. Determine expected genotypic and
nd thetl li cafios among testfcrossed progczrlly.‘ \
phcnoﬁ'glra dishes may be long (LL), round{ ££) and oval(L £). If long are crossed
Shape 0 ones and then F, are allowed to cross among themsclves; what phenotypic
will Oare expected i F,? : _
pios 2 ' f sheep is due to recessive allele b and white wool due to its dominant
plack WOA white male is crossed with a white female, both carrying the allele for
allele B’["hc)’ 21ce a white lamb.(.malc offspring), which is then backcrossed to a
plack. “rent, What is the probability that backcrqssmg offspring being black?
fcm'ak" Pod feld of corn was found to be segregating for yellow and whitc
An isolat Yellow colour is governed by a dominant allele and white by its
cndOSPC::['I cle. A random sample of 1000 kernels revealed that 910 were yellow.

. Tsﬂi allelic frequencies for this population.
iy dedness is assumed to be an effect of a single recessive trait. In a certan
The left hande ) y . .. ‘wro .

pulation,; the prevalence o.f left nandf:(. pcoplc. is -10 %. If both parents are right
&dcd, what is the probability that their first child is left handed?
Paldness is governcd by sex influenced trait which is dominant in men and
recessive in women. In a sample of 10,000 men 6233 were found bald. In a sample

of equivalent sice, how many rion bald women are expected? - .
The iarescncc of horn in a special breed of sheep is dominant in males and recesstve
in females. If a sample of 900 female sheep is found to contain 225 horned ones

a) what percentage of females is expected to be heterozygous?
b) what percentage of males are expecied to be horned?

 Anarrow reduced eye called ‘bar’ is dominant seX linked condition {(B) in

drosophila. Full wide type eye is produced by its recessive allele b. A homozygous
wide type female is mated to a bar eyed male. Determine F, and F, phenotypic and
wnofypic expectations, (Assume F, are crossed among themselves to produce F1)
Among New-York Cauzasians, the frejuercy of ABO blooG groups weie fO%md_
% type O, 36% type A, 12% type B and 3% type AB. Obtain allelic frequencies

| uing

3 Bemstein’s method
b gene counting method.
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eirod? GENETICSII

white fruit colour is gov::mcd by a dominant allele W and
' ! . A dominant allele at another ind ; ¢
ml"r sq o nllclo W A. ! s T ! ependent agyc tin
Sy :”disc shaped fruit and its recessive allele d yields sphere shayeq :
Lo p oduce White disc shaped variety is crossed with homozypous vellow
{ Omoz)'go ety 10 produce F).
p:l(lio\::d {0 cross at random among themselves, obtain phenoty
LI Lo : .
) E, 1 “’uorirossc d what phenotypic ratios are expected in F,?
ﬂ)lf f3 -tcsabbits is governed by a d'ommant all'clc L and long by its recessive
Eh o m; e results from the af:non of dominant gepotype B_ and brown
: ;u:lc ‘. th'e enotype bb. Determine expected genoiypic and phenotypic ratios in
ﬁ«g;vﬂl m the cross i .
o’ ngmyL:bb b) L£Bb x Le.Bb c). dihybrid testcross.
)L {Bb* 2 yellow cotyledon 18 domman.t to green and inflated pod shape is
o3 gardm:o I’wnB tricted form. When both traits are considered jointly in self
d(’n-‘{mmdihybﬁ ds, the progeny appeared in the foﬂ9wing manner: 61 green and
frilzed 103 green and inflated, 556 yellow and inflated, 184 yellow and
st t the data for independent assortment.

o= es

w“sﬂ;;wd;;radish may be long (LL), round (£ £) or oval (L £) and its colour may

'lhi:d (I';{) white (rr) or piiik (Rr). If long white strain is crossed with round red

e " ghat ’phcnotypic ratios are expected in F; and F,? ( F, are crossed among

hensehes foproduce F2) © |

A gene locus with co-dominant alleles is known to govemn feather colour in

chickens such that BB- black, Bb- blue, bb-splashed white. An independentty

egregating locus L governs leg lcng.th such that L'.L-nc‘mnal length, L £ -squatty type

leg, £ - genotype is lethal. Determine phenotypic ratio among the matured

progeny if dikiybrids are crossed among themselves.

A dominant allele Y is respensible for yellow seed colour and its recessive allele y

produces green. Co-dominant allele at independent assorting; locus R specify the

shape, such that RR-round, Rr-oval and 1r- shrunken. From a cross between yellow-

oval and green-oval, obtain the phenotypic ratios expected in the progeny.

A dominant allele L. governs short hair in guinea pigs and its recessive allele

tgovems long hair. Co-dominant allele at an independently assqrting locus specify

hair colour. YY-yellow, Yy- cream, vy-white. From crosses between dihybrid

thort-cream nigs, the following phenotypic distribution is observed. 50-short&

eany, 21-short & yeilow, 23-short & white, 21-long & cream,7-long & cream and

E‘lvilg & white. Are data consistent with Mendel’s laws? ‘ .

colourass}!mCd C stands for colour and R (independent of C) is rcspo.ns1blc. for red

recmi»vglﬂ;rcccss.wc al}clc r responsible for yellow. cc rc.prcsents white.(c 1s

v rom dihybrid crosses in the offspring generation; out of 160 plants; 90
“TeColeur, 25 yellow and rest white, Test the data for recessive epistasis.

pic ratios
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coun is due to interaction of two domingm,
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.quxon in tvpes at this locus | e U jlie
lol”'cd arer all 0 other gCnO VPES ¢ CUs produce \_Ul()\m\,\\ aewrone o
0 e AL -crossed to pu '
Lcnnl}'l"" 5 coldm"d strain 1 test- | : iy L()‘()imk“ straing the i) are w ol
¢ mOngu f()ﬂ \V‘th r' are Crossed '1.-.()“g lhbn\\ VES Lo l”()dl\b&. It 4 ),
10 et 2
l.(\]oufcd ’“)O coloured & 2460 colourless. Test the data tor duplicate recessive
0
-hﬂ“‘s
¢ fasts random mating the frequencies of the phenotypes A 13 "
qr yperitne! o 5,275, 975 and 625 respectively, Ot ALbo,
o4 © ld Jbb Were 8125, 4 ¢ tain allelic
foonoan
b
;CQUtnc’c"



sractical N0.8.1.3 .
e T GENETICS.III

Y.B
ihybrid testoross it was observed that the phenotypes A B_, A bb, a1

> ir; babdgc-c urred 67, 19,3._9 a’nd TT times respectively. Verify whether thr,alsil; 1}ngc
i so obtain ™ easure of linkage by m.Le. method, also obtain s $.E. (Assume genc;
are in coupling phase) ‘ :
In dinybeid e (Benel are in coup l.mg phase) the observed frequencies of the
F’hcnmypcs RY., B3, rr'Y_ s d myy F‘, generation were 187, 35, 37,31
respestively. 165 whether fiiere is 2 linkage, if so obtain measure of linkage by
m.l.e. method, also oblain its S.E. \
In dihybrid eross AB/a.b i t13c obscrved frequencies of the phenotypes A B
A_bb, aaB_and aabb in Fy generation were 1221, 219, 246, 243 respectively,
Eiknatc the recombination factor between A and B by
a) square root'mcthod
b) product ratio method
1n a cross of the type Ry/rY x Ry/rY the following results were found.

Phenotype RY Ryy rf¥_ rryy

Observed freq 360 120 160 20
Fstimate the recombination factor between A and B
2) square root method
b) product ratio method
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simple cpidcmic with one infected person in population of size 86 and 1l
o .y ) - & ' ) Y C 3 and the
ate a8 0.35, draw the epidemic curve by talaing 1 0,03, 0.04. 0 0% 1.1

. < ARSI A T N . a X1

por &

n i . .
)8, When the curve attams waximuwm? What are the numbe, of suse plible

x!\f““.“‘
007 X 1 Banstiake 1 I

d mlmh“ 0‘1 lnfc‘g,ll\ L.S..'\I { l-ill fime’ .

;n 5 simple Cpl(lt‘ml‘f there were 5.5 suscentibles and 3 infectives at the start, The
afection rate is 0.90, T = tf3 obtain Vﬂluca_ f’i w when t = 0.01, 0.02, 0.03. 0.04.
0.05, 0.06, ()_‘07, 0.0'8, 0.09. I?r:l\v the epidemic curve. At what value of epidemic
cune attains 1ts maximum? What are the sumber of susceptibles and infectives at
that time? _ ) . .
o a general cpidenic model with removai, A _a‘md y respectively represent the
number ofsusccplll‘lcs and the number ot infectives at any time t, If the total size of

the group is 500 with .
- d relative removal rate is 300. obtain values of y when x take the valucs

o= 450 an . |
50, 250, 200,150. What is the maximum value of ¥? At that time how

150, 400, 35
many individuals are expected to be removed? According to threshold theorsm what

will be lower iimit of X?
Assuming that an epidemic has started with five carriers in a group of 200

susceptib e, find an estimate of the total size of the epidemis if the relative removal

rate for carriers is 4.
For a carrier model there are 275 susceptibles and 17 carriers at the start, infection

ateis p = 0.1 and removal rate is ¥ = 0.375. Find the number of susceptibles that
will escane infection.

For a carrier model with 20 carriers and 450 susceptibles at start, infection rate is § =
0.0075 and removal rate y = 0.075, find the number of susceptibics left uninfected at
the end of § days, 10 days, 15 days and 20 days. Will the situation change
substantially if by intensive drive the removal rate for carriers is doubled?
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EPIDEMICS-II

The following data is collected from houscholds of size 3 with one primary case of
rslcs. Etimate the value of p, th'c chance of adequate contact and obtain.its S.E

e ofchain {1} (L1} {L,1,1} {1,2} e
observed fred 25 140 135

he value of p, the chance of adequate contact between a susceptible

in conjunctivitis when 500 households each of size 3(",vitqhs:;i‘;zzlsublb e

conmdcrcq. It was reported that in 180 houscholds the disease

bers and in 197 houschold all members are affected. Also obtain

jtimale
infective
inlroduction were
spread t0 two mem

its gtandard cr1or. | .
pssuming &l households are of size 4, estimate p, the chance of adequate contact

The observed rrcqqcncics of the chains {2}, {2,1}, {2,1,1} and {2,2 .
73 and 124 respecuw:ly.Usc a) Greenwood model 1521 46143, 180,

b) Reed frost model
Estimate p-the chance of adequate contact between susceptible and infective in an

epidemic from a data of §(10 hou:ichoidv. cach of size 4. started with two introduction
only two members Were ‘nfected in 143 houscholds whereas all members were ;
infected in 217 houses. Use Geenwood model.

p-the probability of adequate contact between a susceptible and infective

Estimate | )
d from 175 households cach of size 4 with single introduction. The

Data s collecte
observed chain frequencics of the chains {13, {1,1}, 11,1.1}, {1.2}, {1,1,1,1}

{1;1:2}: {1’2;1}““(1 {]:3} arc 10: 9, 6; 20, “, 3, 20 and 116 l'CSIi'UCtivcly. Estimate

p using
2) Greenwood model

b) Reed Frost model.
For a household of size 4, find the p-obabilities of the chains {1,2,1} and {2,1}

{2,1,1} using
a) Greenwood model

b) Reed Frost model
assuming probability of adequate contact between susceptibles and infective is 0. 05,
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. . 5c. practi BIOASSAYS.I
'l'-\’ . ‘
[ two prcpurmions A and B required for a fixed response are given to
f seven experimental animals each. Obtain the relative poteny

B wssuming normality of

Al doses 0 "
n A Jiferent grouPs

‘( A with reference to
of ¢

a) :

p) log1) 11 58 171 1.44 1.24 1.89 2.34

* 1§85 200 227 170 147 220

0, fiducial limits for the relative potency in both the cases.

a shows the amount of drug A and drug B required to cause cardiac

£

242 1
Also obtatl
:[ he following dat

mrcstil‘kl’f;kg 46,0 467 44.9 41.0 452 50.4 369 40.0
DcnseBm g 68.6 633 736 68.0 69.1 655 644 650
Dose d for each drug. Using log dose as retameter, estimate the

Fight pigs were usec 101 g 4 : e |
otency of B with respect to A as standard preparation. Also find the 95% fiducial

fimits for the same.
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1.7 ’
practict! He BIOASSAYS 1T
. &0
' 1'.~
Al

 linc assay, dosages were

o paralle .
oint P2 = 42.0 mg of test preparation

Np .-
nd (21"‘)’"‘[28‘0 mg 12
¢ !
L. 140 mEs Sz
g § Were given as followys.

= 21.0 mg of standard preparation

Response .. T, T,
s T raL e 23 _ves
T gl G S
53 70 61 76
52 otency of test prcparat.ion_wi'th standard preparation after verifying
(imate the pAlso obtain 95% fiducial limits for the potency.
\alidity testS: responses Were observed in a (3,3) point assay of vitamin B ..
ﬂtcfouomng"’l'ﬂ- Si Sa Ss | T | T, | 15|
o ol 0.8 1.2 1.8 4 6 \ 9—\
e | 65 75 | 86 60 78 | 84
Respo™ 60 | 76 | 83 | 62 | 73 | 84 i
61 68 83 67 66 | 83 |
45 55 82 65 75 L 83 J
72 75 82 58 73 01 719 |
62 71 84 70 RN

rotimate the potency of the test preparation relative to standard preparation after
camying out the necessary validity tests. | |

la (3,3) print-parallel line assay, doses werce Sy = 0.12, S; = 0.24, 53 = 0.48,
ndT, =025 T, =05, T3 = 1.00. (with usual notatiotts)

Responses were given as follows.

Dose S1 S2 s3 | 11, T2 | T

esponse | 298 250 230 274 L 176 | 19

280 153 228 293 231 | 17

262 228 199 325 | 20 | X

| 304 259 216 339 | 189 | 1t

L | 300 256 201 301%_710_ -2
test for assay validity. N
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~ Y. 0 WL
. practieal B¢ BIOASSAY S-111

of 3 w.cpar.nion of insulin weiv injected to batches of micc and the
oS U . a @\ n v a . ’
richt dos F e Jiowing the symptoms of collapsc was recorded. Table below gives
-0 L By . s
aber € \ber of mice tested (n) and number of convulsed mice(r). Using,

Ry the nun ) :
aose ;).] | the dose as a dose metameter estimate LD 50 for this preparation using
',“-.'{.'7(‘1” ) '

;.-‘Q‘ﬂ n]‘:(/h

!

Qu.

, 85 [ 105 | 13| 181 21 | 28 |
38 37 40 |37 | 31| 37 | 30 |
11 14 18 | 21| 23| 30 | 27 |

» th"ﬂw‘, using probits. Make natural log transformation.

Fim T NDARD PREPARATION _TEST PREPARATION __|
-z ! Z n r |
T34 | 33 2 - 6.5 40 2|
[~ 5.2 | 32 S 10.0 30 | 10 |
’_7___(_)____ 38 il 14.0 0 | 18 |
—-_—_3;5#__ 37 14 21.5 35 l 21 }

10.5 140 18 290 | 41 | 271 |
—13.0_| 37 21

18 .0 31 23

210 131 30

28.0 30 27

The following table gives the numbers of frogs tested (n) with different doses (z) of
2 drug and the number of survivals (r). Log transformation (x = log 10 Z + 4) 1s used

for linearity. Estimate LD50 using probit method.

B 20 20 20 18 10 \ 10 \
; :
r 20 16 07 04 01 \ ooj
7x10¢ | 200 25 250 | 300 | 350 \ 400 j
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‘5t 20% per annum.

M()p

INVENTORY MODELS-I..

a2 u.lif:cnu dg;«.pﬂd of a‘q itom at lhc' rate of 600 rems per yea, Ile
czwphccpcfm‘ ;];cr at a cost of Rs.8 r:cr item and ~lh.c cosf of ordering is Rs.12 cach
.‘."5 as l}\ (olditig costs are 20‘}'{.) per year of vah%c, now [requency should he
r £l ‘.St:;gks and what is the optimal order quantity? What is the minimum
-y Jus SOV :
et

: 9
clovant cost:

el 19957 ring sompany pu‘rcha,sfzf ?8,00(.) parts of _a’n_mcl‘xi’nf: for its annual
y gtuf3Ct ordering oie month’s usage at a tume. Each part costs Rs.20. The
e er order is Rs.30 and the carrying charges are 15% of the average
prdering 695‘ l\’@ar. Is the current ordering policy the best for the company? If not,

in‘/‘mfoﬁ,fz;}imal policy? What would be the company’s annual saving if it
what 38 E " timal policy?

wdopted the ‘21)3::1)’ sells its product at the rate of 500 units per day throughout a
The {A‘BC 0‘; of 250 days. To satisfy this demand the company manufactures it at the
o ggauniis per day. The direct costs per unit are Rs.1.50 for material, Re.1.00
ate of 8 and Rs.2.50 for hire of machinery and other variable overheads. The set-
for labour batch would be Rs.600 and the stock-holding costs have been estimated

yp cost PE Calculate the optimum quantity to be manufactured in each batch

and the total inventory cost for the year.

Suppose you are reviéwing the production lot-size decision associated with a
H . . .
nrggjucf.icn operation where the producticn rate is 8000 units per year, annual

Ecmand is 2000 units, set-up cost is Rs.300 per production run and holding cost is

Tiv
....

s.1.60 per unit per year. The production run is 500 units every 3 months. Would

you recommend a change in production lot size? If so why? How much could be
saved, if any, by adopting the new production lot size?
Adealer supplies you the following information with regard to an item of inventory.
Annuai demand: 5000 uruts.
Ordering costs: Rs.250 per order
[nventory-holding costs. ~ 30% of the value of inventory per year
Inventory stock-out costs:  Rs.19 per unit per year
~ Price; Rs.100 per unit.
Find
:) Economic order quantiiy. -
i gty should be allowed to be backordered?
Toy be the niaximun: inventory at any particular time of the year?
. um fotal relevant cost.
t:r“’ dgalcr sells .spccial computer chairs. Each purchase order costs Rs.50 to
chajpg 2 the holding costs amouat to Rs.80 per chair per year. The dealer sells
g month. He has estimated the shortage cost at Rs.20 per chair per year.

.’

(
1% he EOQ for the chagrs

al} c S ’ . _
d'l“Tfredt UPPlY of the chairs comes, how many chairs are expecied to be

0 lhe AAAVJ’ ALU‘II A‘L“A‘J A LML &) L A :‘

Sy

Merg ; .

Mg lr}sx Mmediatefy?
& min;

um total relevant cost?
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s a demand of 12000 units/year for an item and j
, comp:m.\ - month. The cost of one setup is Rs.400 and :L(l lltlgladr} produce 2000
o ¢ shortage cost of one unit is Rs.20 per year. Find the opg -
pet (otal cosi per year assuming Rs.4 as the cost per unit, Also ﬁn(l; ttl;]num lot sizc
e

ulc & - »
znd\'imum inventory level.
m .
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} la,-:u‘tlull N INVENTORY MODELS.1j

qdor buys magazines from its publisher (¢ " Rs.10 cach
‘oo VO 5. ]

sne i ek " and se
paziné . The magazine 18 a weekly magazine and the probabilil' sells them
B c“c .

g . p 3 distribut;
D \‘, R gemand 15 given as i‘;"ow'“ﬁ : ¥ distribution
b etV 50 31 320 33 34 35 36
z i g0 0.13 018 0.8 015 012 g5
l\,\»mhx :{b; cannot returm unsold magazines how many magazineg should tle
! 4‘\‘:[1 'l \\'CC'\? L L >
I " rder each ' of a certain nr ;
endor o;:i\=C price of a unit of a certain product is Rs. 1,000 and its holding cqst p
Nt L= . Cr

e criod 18 Rs.100. If the order quantity iv 4 units, find the Permissible rang
it 0P | the following probability distribution of demang. &e
- \j\\‘l —T —_—

gf@_}l,a.'/ 0 1 2 3 4 5 6 4 -
1\;1}1«1{11*_'“,. 0.10[0.10 ] 0.20 [ 0.25]0.15 | 0.05
D et company sells its “Niango Barfi by weight. The barfs feiches the best
aveet-t yitis prepared but there is an unlimited market for one dav old barfi
akes a profit of Rs.20 per kg. on fresh barfi but 2 loss of Rs.4 for ors

k g \C on the da
:u‘ﬁ The daily demand for the product is a random variable with p.d.f,

r

guen b1V 0.1-0.005x ; 0<x<206
=)~ ; otherwise
- many kgs- of the barfi must thC.COI:npany make daily?
H"‘_‘holcsgler in flowers wants to decide how many baskets of flowers he must
, A “ﬂ urc eVery moining. He estimates the demand for flowers to be rectangular
E,r,z:.m 30 and 40 baskets. The purchase price for one basket i R< 50 and the
thg price 18 Rs.80. One day old flowers are worthless. What would be your advice
coarding the number of baskets the wholesaler must procure every morning?
The probability distribution of weekly sales of a certain item is as follows.
Weekly sales: 0 1 2 3 4 5 6
pobability: ~ 0.03 0.06 C.15 0.34 0.23 0.12 0.07
The cost of carrying one unit for one week is Rs.40 and the cost of understock is
Fs.60 per unif per week. If the demand occurs at a uniform rate over the week howy
many units of this item must be siocked at the beginning of each week?
The demand for ‘integrated circuits’ at an electronic goods dealer is a random
vanable with probability distrib+:tion as given below.
Weekly demand(in ’00 units): 0 1 2 3 4 5 6
Probaf?fﬁfyi 0.08 0.10 0.22 0.25 0.15 0.15 0.05
j?“ﬂmmc the optimum inventory policy for the dealer if he is to order the circuits
| '”O?deﬁ Manufacturer at the begiuning of each week. From past experience he has
"0 that the cost of keeping 100 circuits for a week is Rs.0.20 while the loss due to

0 gy . .
‘ﬂiiom;”g the 100 circuits in stock is Re. 1 per week. Assume demand occurs at a
Py rate,

LUl gy .. . .
| W " demarg in kgs. for a certain product is a continuous random variable with

P
\ o E00S 5 <y <

h ) 0 t1 -
[ e, o OlCIwise
[ Kby o “iﬁ':n?]r. vn . . R . . » 5 o e ta Do m,’lq
Ry TS OF s product iz Re. 180 while the seiling price i Re. 300
| 0w o\ | roduct 2 Re.1 :
“1(( Ty § -

4y Npe g i predt O . ew o3 crinein ab 1. wte9
Y RES st bo made daily I die demand occurs &t 2 uniform rate?
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and for @ certain commodity is a random varizble with a probability
.1y js rectangular between 500 and 1,000 units. The cost of
Rs.80. I.f ths inventory policy is to stock 700 units cvery
ling price. Assume that all unsold units at end of day are

T
L ll\ avlt
N d “'hICh

e ation o &
dxsu’ll’}".w a unit 1

e compute the sel
is engaged in the manufacture of personal computers. The XYZ
to supply 24000 chas.is every year to the computer company.
small-scale entrepreneur undertakes to supply the

- jired on 3 daily basis. It finds that the cost of holding A computer chassis
chass® T Re.1 per unit per month and there is a clause in the contract penalizing
unit per month for missing the scheduled delivery date. The XYZ
" produccs the chassis at the rate of 3000 chassis per month and the setup

3 [&5500 per batch. Determine
- frequency should batches be started and what should be the batch size?

is the minimum total relevant cost?
hal d emand for a p:micular item of' invcntoq is 10000 units. Inventory carrying
‘ v unit per year is 20% _and ordering cost 18 Rs40 per prder. The price quoted
by the supplier is Rs.4 per unit. Howc.ver the sugpher is willing to give a discount
of 5% for orders of 1500 or more. Is it worthwhile to avail of discount offer?
. Find the optimal order quantity for a product for which price breaks are as follows:
‘ Quantity ordered {units) Unit cost (Rs.)
0 < Q< 100 20
100< Q< 200 18
16

200 <Q
demand for the product is 40 units. The storage cost is 20% of the

SS.
\\ﬂfgl:;}c con1p:ln)v

an g
comP? > ompany being a

The monthly

unit cost

of the product and the cost of ordering is Rs.25 per order.

The annual demand-for @ product is' 64,000 units. The ordering cost is Rs.10 per
order and the estimated cost of carrying one unit in stock for a year is 20%. The

nomnz! price of the product is Rs.10 per unit. However, the supplier gives a quantity
a time and a discount of 5% if

discount of 2% on an order of at least 1,000 units at
ihe order is for at feast 5,000 units, Suggest the most economic purchase quantity

per order,
Company A wants to know what production cost its major competitor Company B

has a.csi@ud to product item X. After a bit of investigation Company A has
cellected the fullowing data about Company B’s production process:

roduction 10t $1Z€.....cvvveererens 2,600 units
SEE-UP COSt ,....eeesseeseeeeene Rs.135
;}nnua] flcmand ..................... 30,000 units
Irfsnd UCHCI FAle. ... veevrveeraenanann 200 units per.day ‘
- entory holding costs............ 189% of the average inventory value per year
the c.cr_\nonﬁc

‘Mpan o ¥ i
tsize nil A] has furtier jearnt thar ¢ ompany B produccs accordiny, {0

odel What i- . p . s WO (1 vear
- (LI. \1 !nd‘. 15 {hc C.Onl??_u)f B’S COS! Qf produ&lng o ,\.'. ( _‘.’er!

prudtu:i 1
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5 REPLACEMENT THEORY

o iade dng rcpl.accmcnt 0(1;: a machgne, whose cost is Rs.12, 200 and the scrap value
fir 18 9. aning maintenance & operating ) costs are found to be as follows,
p A, The S O O B i
1800 | 2500 | 3200 | 4000

800

¢ - unning a macling, the cost of which is Rs.60,000, are givea Lelow

1hen woted N
" data COUEEE=S 1 B SN 5
L 30,000 20,400 | 14,400 9,650
4,270 4,880 7§
7 4,2 88 5,700 6,800
ls 16,600 18,000 21,000 25,000
ol o.f Jmc optimum period for replacement of the machine.
et 'c"rranspo «t Company owns three mini buses, two of which are two years old while the
) T{le Mﬂ:is only a year old .Each of these buses wa§ purchased for Rs.8 lakhs. The company
gird ot it réplacing the ﬂu‘e.e puses by two ﬁ.lll-.Sl.ZCd buses, each such bus containing 5G%
comcl:ci;ﬁn o capacity than a muni bus. Cost of cach is Rs.12 lakhs. Using the following data, statc
more ihe mini buses be replaced by the Full- sized buses. If not, state why? If ves, state when?
- whethe FOR A MINI BUS
e 1 | 2 3 4 5 6 | 7 173
e cost(Rs000's) | 30 | 36 | 48 | S0 [ 80 | 112 | 150 ; 200
e value (Rs.000's) | 700 [ 610 | 550 | 490 | 320 | 200 | 100 | <0
e FOR A FULL-SIZED BUS B
| okt 1 1 2 3 4 5 16 17 T 8"
Running cost(Rs.000's) [ 34 | 39 47 S8 | 72 . 90 | 120 | 160
* Mesale vaiue (Rs.000s) | 1000 | 920 860 810 760 | 660 540 400

The data on the running costs per year and resale price of equipment A whose purchase price is
| Bs.200, 000 are as follows.

Year 1 2 3 I 7
Running 30,000 | 38,000 | 45,000 | 58,600 | 72,000 | 90,060 | 110,000
cost(Rs.)
* Resalevalue | 100,000 | 50,000 | 25,000 | 12,000 | 8000 800G | 8000
__ (Rs). [ i ;

"/ Whats the optimum period of replacement?

! :tl::bffuﬁment‘ﬁ is two years old, cquipmcn‘t B which 15 a new model for the same usage is

Should c'r i ‘r’n‘zp‘[lmum period of rt.:plac_crpcnt is 4 years witly an average cost of ks.72,000.

™ thcfé;i ‘n ,A be cllangedﬂwlth equ:prrllcnt B? If so, when? . . :

S g cstim::)s:lmg Rs.50, OOL’J and operating & maintenance 'c.ost for its use over a specific

it o or;x VC t? be Rs.800§) for each of first five vears and increase by Rs.2000 per year

Pleeq °I;lim;tl} N AT, If money is worth 10% per year. waen should the two wheeler be

TNy, ok "TJ scrape value)

a,km led o Ir{irt;(;g "eiud two machines A & B. The price of A is R5.5000 2nd runing costs are

:Z'a;h‘ﬂt - Whict 1o the first five years each. increasing by Rs.200 every year after [ifih year,

‘ 200 fOr Boa . .

rl}llurs;a‘ ndhdr:hb T s vears, inereasing by Rs. 200 per vear thereafter, If money is worth
2 wie

P T ) iqe . P
W siilar capacitv ag A, costs K8, 2500, hut will have running costs of

1N TWY cormmm e o . - v e . ) Sy 8 arhineg o mld e
"0 seeap vales for the maclines, deterraine which machine should ve
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ited provides .fC’.W SeIvice acrosg the Ganges. Ope ol their
boats is in poor condilign and requires jmp
N gy 20 000. The ferry !‘0“{0"“ can """0 be disposed off right ne
costing Rsf';ebaired and used it wﬂl_ have a life of ton years but will peeg minor
700()1 o3 end of five years COS.[lng RS.8()()0.()1)0!'1[‘"]3 cost of the fevry will be
l.cpgizs a tl-]ach vear if all the repairs are carried oy Al the und of ten yc:{rs, the
Rs. 16090 ¢ " s:cl'“l’ value of Rs.5000. As an alternative, the company may
. _-M" hs\cw ferry for Rs.40, 000. 1t has an estimated life of ten yeary with a
-hase :l.ls required at the end of five years amounting o Rs.4000. The operating
inor rcl’“"fcm’ will be Rs.12000 every year. A¢ (e end of ey years the ferry wil|
! do iJ'monc_y is worth ] 2%

the ey
ost f?gcrn}’ value of Rs.6000. What should the company 6

h"wi 9 (nssume operating fzost incurred at tlllc beginning of (e year)
ser year 1 contains 10,000 rasistors each of which js 1o be 1eplaced on failure. The
0 A .a)'b"c"c lacing an individual resistor is Rs.1, while if ajj resistors are replaced at
T cost Of_rcp the cost per resistor would be reduced to only 35 paisa . The percentages
sume _ﬂmm’ surviving S(t) at the end of month 1 are g follows,
ofP~’§15‘Oo‘ T11213 14156 }
s(Tt) 10097907030 [15] 0]
sion the optimum replacement policy.
Delilr%g computer installation contains 2000 components of identical nature which
?m s:bjcd to failure as follows.

Month end 1121314 q

o, failure to date | 10 | 25 | 50 §0 100
The cost of individual rcplaccmcr.lt 15 Rs.3. If all the components are replaced in one
lot, then the cost per component is Rs. 1. .
2) Assess which policy of replacen?cnt would be economical.
b) If sroup replacement is economical at current costs, then assess at what cost of
individual

replacement would be uneconormical.
¢) How high can the cost per unit in group replacement be to make a preference for
individual

replacement policy?

l0) Ina factory 1000 lamps are in use. The life distribution of lamps is as follows.

Ay lim
UN compan e .
" ediate repairg
w for

Life (in hours) | 300 - 400 [ 400 - 500 500 - 600 F 600 - 7_(__19_!_1()_()'_'.@@

| —=

Probabilty [ 0.07 [ 0.13 035 027 [ oug
Cost of replacement on failure is Rs.6 per lamp. Cost group replacement is Rs.1.8
per lamp, Assuming that failures occur just before the end of an interval, whenever

they ooy during an interval, Determine optimum repiacement policy.
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oy No.8:2:4 DECISION THEORY

d machinery is offered § machines by a comn

.ond han - e for Re .
ccon of the machines for Rs.2200/- at fair, but he K

any for Rs.5000,.

only, He
nOWS lhﬂt anv m ) II"

P RN )
c-']‘l | each h anything latcer on. Obtag ¥ achs
A d-c" 10 5"\"15(6 and not.fCtC fl)l?\'inq% e m(zl llz.lm the payofr matris unqes lhc:hlncs not sold
hY [ <10 " & g .... -
g be ﬂl“r has the option © b B el c Illncs as he chooses, at the rate of s}s{uml)u(.n
(y > sV S : > 5 ne . €
e ed "UQing the various | I CC, determine the Opumal stratepy f, $.1000/-
lz.‘ltmlchinc, . , g £Y for the dealer in
L 'Y wments of witeh ind: ;
e ['owing matrx, e C!L}l\?m s of waich indicate the COsts, obtain the decision :
o . fo ~1Q] ak . S10ns us
e ﬁ'nciplcs of decision making o115 using
ol 1t A, '
let® & Ap {\_Z" "‘}L “M | XS
l/;—-j‘s"(, 221132
DU T22 (34130 ] 20
lf-:;:q']‘q' 22 (18] 18120
| Qy ! AT e ! ——
v/‘gjw 22[18] 18 [ 18 |
Se| b=l T s _ N
s boy i thinking of sclling a special one time edition of a sports magaz; .
0Pt Dased on his knowledge of his ¢ . ) gazine to his repular
-ustomers. s ' customers, he believes that he can sell

x ff“SpJp;rtOIZ copics. The magazines can be purchased at Rs.8/- cach and can be sold for Rs.12/

| et zines that are nol sold can be returned to the publisher for a refund of 50 o

| b )\lﬂ‘z"“[ (he payoff matrix for the above problem. ’

1 ,‘L‘t‘ﬂ-“;:;\, further estimates that the probabilities associated with selling of 9 to 12 copies are
10,0.20, 0.10 respectively, determine the best decision using the E.M.V. approach.

£.P.P.L and hence find the E-V.P.L.

e
Find the
(or parts dealer finds that the cost of a particular item in stock for a week is Rs.10,- and the

1m0 o , e by L
o hortage is Rs.30/-. The probability distribution of weekly sales (in ‘000) is as

tofaunit §
f;]m\S.

T Sles 000y [ 0 | L | 2 [ 3 1 4 5%
Tabability: 0.1010.10{ 0.20 | 0.25] 0.15| 010 0.10

Fow many units per week should the dealer order? Also find the E.P.P.L(Expected payoff (cosi)
whperfect information) and hence the E. V. P.[.

forthe past 200 days, the sales of bread from the Fresh Food Bakery have been as follows.

—

( Uiy Saes (loaves): | 0 ] 100 | 200 | 200 | 400
“24f Days: 10 | 60 | 60 | 50 | 20

"Mebakery’s production costs are Rs.2 per loaf, sale price is Rs.4 per loaf, and any bread

s ) .
pa"zl‘? :‘h‘he end of the day is contracted to a local farmer who pays Re.1.per loaf. Draw up 2
i 3‘ le for each sales/production cambination. ' '

“'D"ﬂmine regret matriy.
f. :clilc,§fst action using the E.O.L. approach.
o ;Lct\unum amoiifit the bakery owner should be willing to spend for perfect
.U! the number of loaves expected to be demanded in a day.

Maip
M’m :
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considering drilling a well. In the past only 709

47 i . 70 of the wells had yielded :
wne ¢ in the area. On finding no water at a depth of 200 feet some pcr)som (lﬁxl‘l:(llcr

a0 c ,
A of 200 ¢ to 250 feet but only 20% struck water at that depth. The cost of drilling is Rs.50
. s Rs.50 per

ho

dept” - gown U : ~ates that if he docs not have hi i

o ¢ estimates the s : 8 own well he will have 1o p:

?;;t ¢ glm::rs (in Pv terms) 1o buy water from a neighbour, Py R8:15,000 over
" 10 Yo :

e pext cision could be optimal.

ing de
e follot\\;ﬁ“ a well.

Yot 00 feet. :
2 il U ;g rzis found at 200 feet, drill further upto 250 feet,
) fno W

at a

e to represent the situation

cision I and determine the farm owner's strategy under the

1-\r‘.:;"v‘ approach.
. facturer 0f 3 POP ular brand of refrigerator intends to market its new fuel economy
A options as follows. .
LTO go ahead and launch. |
3 a test market.

o) To
roduct is launched, the demand may be poor, good or excellent. The probabiiitics of poor,

" gr excellent demand .are_20"%), 40% and 400{0 respectively. If a test market is used at a cost of
g 7 [akhs, it will give the indication of market being cither favourable or unfavourable, there being

- 0 chg’mcc of market being faveurable and unfavourable. If the test market response is
50 ble and the product is lﬂlﬂ:]Cth, the probability of poor, good and excellent market are 10%,
2% and 70% rcspcctive'l_y. And'Lf thc test r:mrket response is unfavourable and the product is
':a uneiied, e corresponding prevabiilies of pour, good 'and excelient maiket are 80%, 10% and
1% The payoffs of the above categorizs of.demand are Rs.4 lakhs, Rs.3-Iokhs and Rs. 14 lakhs
spectively. . N
3) jgnoring the cxpcnsc already incurred, draw a decision tree for the above problem.
b) Suggest an optimal strategy for the manufacturer.

4 landowner has an option to sell rights for oil 2xploration. If he sells the rights, he can get Rs.5
lzcs and a further Rs.60 lacs if oil is found. However, as an alternative he can himsclf conduct a test
o check whether oil is there, the cost of which 1s Rs.12 Jacs. If the test succeeds, he can expect a

model. It

' profit of Rs.120.lacs by selling the oil. Alternatively, the landowner can have soundings performed

atacost of Rs.3 lacs. The test of soundings is perfect 70% of the times if oil exists and 90% of the

" times, if oil does not exist. If it is expected that the oil exists with a probability of 0.3, what should
~ telandowner do? Use a decision tree.

.
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eetlcal No.8.2.5
s, Prac tca THEORY OF GAMES

iy the (addle point in the following payoff matrices and the pure strategies for each player:
niil] " Y

1a¢ (i) - -1 -3 -5 2] (1) B
6 o 3= E9skil 7 3 4 10
X -4 > 1 2 7 A 3 0 -2 -4
‘ 5 4 6 9 5 6 6 6 7
2w 20 €101 20 2] -34 2 3

is the vaiue of the game in each case?
What ff table of a two person zero sum game is given below.
ApayO B

10 7
A 8 9
) Calculate maximin strategy of player A.

y) Caloulate minimax strategy of player B.

) Is there @ saddle point? . - :
;) What proportion of the time should player A adopt his first and his sccond strategy?

) What percentage of the time shouid player B adopt his first and his second strategy?
E)What will be tire average value V'’ of the game?

“or the following games- | o

) Reduce them to 2 x 2 matrices using the principle of dominance.” .
) Hence determine the optimal strategies and the value of the game in each case.

. ()
@ B B
5 A Ms A -11
A 3 -1 ~4 A -1 -10 0
207 4 e
e the following game after veducing it to a 2 < 2 gatie using dominance.
B .
30 2 :
Al 4 14
\ 6 9
he e following game using the graphical method.
R
(-1 4
A 6 3
3 2
|3 1]
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_me using the graphical methoqg

oﬁvin‘g ‘\f
. {oﬂ

X o 2 °
4 1
X ¢ of suarchi :
J]ay a gam iii ung comns in whic]

and B P v selects a coin wj ©h cach y,,
7y€r Al 5. Each player SCic! e lthOU_l the knowiedg,. . 3 Coins. 2
o coin s i even, A wins B’s coin and if the sum of £¢ of the other lp €, 25 paise
0P {(h(& e for Playef A v Comns jg odd ;} F _‘]Y{;r $ Choiee
i Ying Als Cop -

PN

«‘J d 0 alri'\'
e 'Off m .
- e § ay for each piayer and the valy
ptis nal stratcey r two match d © of the gam,
ither one O ches and simuy]
taneously Buess

B , out c1
1i tak If only one of the players guesses correctly th how many, ... .
‘ N the loser hag 1, - av—};ﬁ e
: ¥ the

Aol -4 2

e following game as an LPP and obtain its solution,
,m.mulate . g ) i O s
S Y

T

19 3
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. pri VITAL STATISTICS
1de and standardized death raies for the local pg 1
alate 0 €F0E B crude death ra oL the standard popuigy, " O™ e folloing i

C“  compare = “§tandard Local ]
A e aion | Deaths | Popufavor — Deaths
| Grovp_ 600 18 400 16
010 00 > £300 6
| 10- 20 3000 24 2400 24
p-60 | 30 20 700 21
|60 -/L@J;f'ﬁ'ﬁ._'for Country A on the basis of the following data.
Caleulate S. 1. ' Specific death rates for Life table stationary
KA?‘" country A (per ‘000) Population of contine

(in yT3) (standarq)

Males Females Males Females

— 20.0 5.0 600 17500

i 1.0 0.5 2100 2000

28 1.4 1.0 5500 5150

2854 2.0 1.0 4800 4650

o 3.3 2.0 4300 4100

15— 54 7.0 5.0 4500 4200
| Gk 150 12.0 +000 4300

65 ~74 40.0 ’ 35.0 v 2600 v 203C o ' "

B 1200 | 110.0 1600 1850

The number of births occurring in a count

Iy 1n a particular year is shown here classified according
to age of mother, together withi the female population in ¢

ach age group of the reproductive period.
Age | Female | Numb.cr of births to |

Group | population ! mothers in e age- g vup |

15-19 84796 | 23493_“4

0-24 | 70018 14547 | .

25-29 72660 16746
(30-34 | 75924 10229
3539 | 75109 5257

40- 44 71625 1432 »

45-49 66660 93 .
The total Populatior: of the country during the year was 2, 255,800. With the'above data, détesmine
3 (e crude birth rate, '

“ ¢ 8eneral fentility rage.
*1€ Age-specific fertility rares.
>

B the oty fertility rage.

-
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| ed on the basis of females alone) 4, shown in o f
i “‘Pl PRGN — \c ('“""i "o
| s s, —— | Mortality ratc | 8 table along
. a L '1‘ f,/h" 1‘1(0
ity At et 1) | _(per thousand)
At el cusand) | (PST T2 220C)
e o0 s ”3/2/’ 0.40175
LA g L 0.42418
A 85901 0.45215

:/) ’/ et VS
lé,{/%‘f///lo-ggf; 0.49320
- s 1. — 3
s ;7-9968 823292
o3 —5.2736

050 ) 52 | 0.70473

278 = ihe basis of above data,

A0 / . on .

% (532111 and I;I;}:Ction Rate (GRR) and Net Reproduction Rate gy, from the fq

: |
ch Ollown

\

ng
.t.,fuf‘um Gros® [ Female Female N
C ‘d.ulsw //I’) z:;inzflj;’j births Mortality rate
(in ;07‘;05)'-*: 19423 0.189
Dy | 79965 | " 0.108
I
,,/;,7.7;3"'” = v-i;;; 6.127
T 7687 .| . 33289 116
A%’/;%@—"_ 8713 0.162
R | 608 0.189
,45/.49/’,’ data, calculate
o followine
GFR
jFE
6RR : .
Nﬂ/rm.pmmon No. of births | Years lived
Age (in ‘000s) by 1000
Group Female births
/5—79*”*"'"'1?2.7 2971 4813
- 164.2 22773 | 4790
"176.1 28245 | 4761
177.6 19548 L4126 |
185.2 11462 4685 |
167.1 3235 4632 |
150.3 217 4552 |

G Scanned with OKEN Scanner



' 30

N0 9" 1.2 LIFE TABLES. T

!i' g .
) . (»H*‘“'m dx 1000q I

8 (
\ . lh«. ‘. ; 5 . r j
;u""rl el 93107 . 0.66 : | 4
A e = ADT j
1! - - 0.80 .
8 il : 0.90 ;
1 ] 1.00 ]
1% . } 1.12 g
19 o ; 1.23 ]
;(7 - ) 1.33 . _
18, o l g 1.40 y 4,842,446
9 ing table
IPIC:C the fi HOWI . . d ~ q x L x T . e ;
, (o Age (\) 1273 " * * " "
0 1129 * * ¢ X
. 1090 " * * 58510
: e <
3 1049 - . - 56374 -
4 ability that a life aged 30 will survive 10 years is 0.85 and the probability that 2

'
~

b . »
hat thc.PrO e 10 years is 0.6, find the probability that, of three persons all aged 30, at
e 40 will survve ges 40 and 50 and at least one will die after age 50.
35, and 40 respectively. Find the probability that
age 45 while the others survive to age 55.

d
fife 3%56 i die between a
]cJS‘ on ang 30:

them attains age 65.

! St ) )
lf

¢ = 1000 V100-X

f; gm probability of 2 life surviving from birth to agesi9.

s b) the probability of a lifc aged 36 dyu.lg. before ag; ’ .

b i g s Su{?‘::f (5(1Z r?(frtali.ly of 0.048790. Find the probability that he
lfe aged 50 is subject to a constant 10

il die between the ages of 70 and 80.

-‘
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acticd! No2 13 PR TABLES-II
. pr

ot

] _ 859916 & £, = 682859; fit Gompertz law of mortality,

2o
_o37753 T 33542311, £,,= 32669.855, £ = 30039.787: fit

> 2.
e _ 33539‘37’ .w, = A + Bc"
woft 430 fn]Ol'mhI.\ Hox . o
GV qaw (')on a city is 50 lakhs. On the assumption that it is stationary
hOP“I“t-aning ™ mortality, find
g 1 jation c’»\'pc? crsons who arc aged 55 years or more.
] u,'ﬂunlb" 0 Pcrs ons who are aged 25 years or more but less than 45 years.
perof P ns who are less than 18 years of age.

o U £ persons who arc aged 70 ycars or.m.orc.
) [r.Jh‘ qumber © fpa city is 95 lakhs. Assuming that it is a stationary population
i’ poPUIBUOHh? o Hality, find the number of schools and college the city needs on
ﬂ ,{cnci“g H ghool for every 1500 students and one college for every 8000
"‘pegsis of one 759 of the residents in the city who are aged 5 years or more
mf b umc that ° .

AsS alify for study at school and 65% of the residents, who are

enls: ars qu :
;{; fes$ thah lzry;mrc but less than 20 years qualify for study at college.

V)

,g:dlli);::;my table (period of selection 2 years) is given below find
AsleC
‘} ) Pl +t

pl g

ilaus [ ¢ £ x+2 | Age attained

m ﬂ[—’r ak y X+2

/%/ 286024 | 485094 | 484096 32

3 |a8s028 | 484080 | 483059 | 33

5 | 484012 483042 | 481994 34

ertain select mortality table the period during which selection is assumed 10

- ffect an the mortality experienced is four years. Given the following table and

}[;13:;[30] = 494, 985, find the values of

) L[] +2

B £

VAT

041

f@catcntry d[x] d[x]+l d[x]+2 d[x]+3 d[x]+4 Agc'attaincd
[x] x+4
N 641 | 778 864 | 907 927 24
A 640 | 781 866 913 933 25
60| 782 | 871 | 919 | 942 26
B 1639 785 876 | 928 950 27

~U_ 1639 780 | gs4 | 935 | 953 28
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eactical No.9.1.4

v 8¢ ANNUITIES-]

7 1.50 is contributed by a 25 years old Person to his provide
A ;unl“‘_‘z month, what will this particular contribution amount ¢, b\.j
the ‘:';«Umc age of 607 Assuming a rate of interest of 8% p.a.? '
?.L.,“I‘_‘O‘ﬂl,yol”“l interest on Rs. 1000 i.n four years at a certain rate ig Rs.200 and in 5
s «« Rs.256 at the same rate. Find the rate of interest.

\ ji;I:'of Rs.100 is lent at interest of 12% ?1 convertible monthly, What is the total
" et camed in 12 years and 5 months? Calculate effective rate of interest,

jnteres ccumulated value at the end of 12 years and on: and a half ronth of an

rind the 2 . . ;
: l:ount of Rs.750 invested at 9% p.a. for the first six years and thereafter at 10% p.a
R .d.

opvertible qum‘rcrly.. i

‘.\ jas a right to receive an amount of Rs.500 at the end of 6 years from now. The
;ighi has been sold to B f(_)r a present va!uc calcula'tcd at the rate of 79% p.a. The
money thus received was invested by A in a deposit account at 9% p.a. payable half
o flv. After 4 years the account had to l?c closed angi A then invested the amoun;
vailable at 5% p.a. How much has A gained or lost in the transaction, at the end of

nt fund during
the time he

§ years? ; i
Three loans of Rs.800 each were given to Mr. Shah four years, three years and two

vears ago, respectively. The interest charged by the lc?nder was 12% p.a. Mr. Shah
could make a repayment of Rs.600 only at present with the promise to clear the dues
at the end of three and a half years from now. How much will he have to pay then?
Three years ago A bought industrial share for Rs.500 and has received on it three
vearly dividends of Rs.50/- each the “irst one having been paid one year after
i;urcfmsc. He wants to scll the share 10w and realize a rate of interest of 8% p.a. on
the transaction. For how much should he sell?

A person has purchased a bond of the face value of Rs.1000 on which interest js
payable 7% p.a. He received in all three-interest payments, the first one falling due
one year alter purchase. At the end of three ‘years if the bond is redeemable at no
extra premium ( 1.¢. on par) and if the person has realized an interest yield of 8% p.a.
inthe transaction , what is the purchase price?
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. No9- 1 ANNUITIES-I]

 scooter is Rs.40000/-. A company howeye, off

4 ’ t of Rs.5000 is to
ice jate paymen 810 be made
ash ] jmmed and Scricg
Sof 5§ ¢
|ual

» > the ins . .
e ‘\.hcr“" af ot made mcro?ﬂcr, 1 ﬁr§t installment being Payable
il y wishes to realize a rate of interegg of l())o(’ at the ¢ng

. l;wnths-d . (ransition, Cﬂlc?l;{tsc ’il&l)f ycar}y nstallmeng? /0 Convertjp)
"Sl " '. w . .4, 1 1o ~
:”\C:u"‘ l;;[lcd {02 pﬂ)’mcgt (;‘cr ten c?:rs 'lfir.l,() .‘(val S, thc fll’st payn]cn( be:
W s en (rom NOW a0 a years. The annual payment i incre cing
one )'C"rn ihe panCﬂt is ceased at the end of 5" year. Caleyl My
1 i ' . UG-
0P ulated value of payments to Mr. X at ratc of ingeyegy
e and 366 sent and accumulated value at an effective yaqe of 90
e S T, | "
‘1 ;nIJlC l]le "RS 120 p.a_ payablc quati luuy fOl' chlvc vears?
Vi due O value and accumulated value at the rate of interes
i e presen 1 10 erest of 7% p.q
il ate i ity under which 10 payments of Rs.600 cach are made at e .
ery three YEars , qlc first payment being due 20 yeary hence.
. he present Valuc.qf an increasing annuity for ten years under which the first
- Oy (Rs.200 is paid one year from now and the successive Payments increa
P et -ycar Assume 8% rate of interest, 5¢
pyRs 13 Lﬁ(cs 2 loan of Rs.2 lacs at 10% rate of interest for house rep
? A P:f::pay in 20 equal installments. Find
a8
!ﬂ goual installment hl
) : y :
e nterest contained in the eighth pi}f?fm

) . Aot PSR
mandmg after the 8 payiiciic is made,

¢ ianl AN
A np_y,::p:l. Juiot

ngumc (hat first payment is made at the end of one year from now.
| Ciculate the prcsent'value of an

J)mmediate perpetuity and

b perpetuity due

fike payment is donc at an effective rate of intercst of 8% p.a. of Rs.180 p.a.

avable twice a year. .
| Uulate the present value of an immediate perpetuity of Rs.200 p.a. payable half
flyalarate of interest of 6% p.a. convertible half yearly. The first payment being
#eved at the end of six years from now.

crs.mstallmcnt

70/0[),;1,?

/
op.a. of an

air which he
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' 0.9.1.0 ‘
’r‘cucnl No PREMIUMS AND ASSURANCRg

oo ST |

i { 5 79488 | 78942
S11 | 546 | 585

of interest of 10% p.a. the preseng v

f Rs.5000/- for 3 years for a persop,
f Rs.3000/- for a person aged 42y

alue of
aged 40 years,
€ars receivape on

: alc
g #summs rcc o

; —"‘.data;m' &Surm:mcc o

m\;pmﬂ"’“t assuf

0 5

qing %E° X

Pt { assurance of Rs.3000/- for 3 years for
‘-:31'51' ” Jowmen
oubl 0

0 do ing tcmP

caS

rary assurance of Rs.10000/- on a person aged 40 y

a perso
rary assurance of Rs.10000/- for 3 years for 4 pe?sf)%fggg i%ars.

\'zr‘cﬁc 4 tempo €ars for 3 years

eriod of 2 years. LIC (1 :
et neons based o LIC (19707 wtimatemarty g

pans 7 at
. calcl;lgﬂcz 30, the present value of :
fgrapcﬁon assurance of Rs.15000/- for a period of 25 years.

e csurance of Rs.50000/-
t) whole !lfc ;slslolc life assurances of Rs.5000/-
eress”S assurance of Ks. 10000/~ for a penod of 10 years, provided the death
ﬁ} wmpora-fy ' » ' : (] ' '
xurs after
saining age 35 ycars- :4ino both i :
g secil cndomCﬂt assurance providing both increasing death benefits and
nereasing survival )
henefits of Rs.5000/- for a period of 10 years.
4nendowmeni assurance of Rs.10000/- 18 given to a person aged 28 for a terms of
10 years with '
lhe following benefits.
i)one fifth of the sum assured at the end of every alternate yecar in case the person
suves (] that
period
%f”” Sim assured at the end of year of death, whenever it occurs during the loem of
)(cam. L .
"Bl he value of i

" Ue 1970.73

assurance.
3) table at 6 %.]
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S5
LIC (1970-79) ultimate table at 6 o,
118 of l";o;' < m assured of Rs.10000/- for .
"~ qium$
ol et
0 e assurance:
l‘ b Il [ 3 ’
Lof o assurancs
o nt ssurance

yremiums limited to 20 years,

for 25 yecars, premiums limited 15 years

. assurance -the assurance to Commence ;
end?™ { femporary . ©atage 35 yeary and
; lecn"‘, ue
‘n {0 Con(lﬂ
e T g years: ent assurance for 25 years.

for 1 “endow ) :

p Jouble (fevel annual premium under 2 special 'Endowmcnl ass
25 years. In the event of death during the firs

00000087 eturnable and in the event of death during the

3 g paid athc end of 25 years, the basic sum assured bee

FK‘ i;';“;;;ind 6 % interest. ]
197

ticy provides for the following benefits,
mxcial al;‘;u‘z of Rs.1000/- with guaranteed annual additions of Rs.400/-
{ . u A .

urance of R
10 years tota)

last 15 years or
Omes payable. [Basis-

for each

&S aid after the first, if death occurs within the term of assurance,
* premium P payable on survivance to the end of term of assurance and

/- .
b) g_‘:lg‘.(,)i?ioup assurance of Rs.20000/- at death after expiry of the term of assurance.
¢) free

) t i i
Czlbulau: n:cmium under the policy on the life aged 30 years for a term of 25 years,

o 1IC (1970-73) table & 6% rate of interest.]

3-15 oed 30 eflecied an endowment assurance p?ﬁcy of Rs.10000/- payabie at the

mzluofa% years of at previous dcat?l, with the condition that the premiums payable

uring the first 5 years shall be or.dmary whole life premium, the premium payable
hereafter being correspondingly increased. Calculate the annua] premium during the
Isst 20 years using LIC (1970-73) tables at 6% rate of interest. '

i Alife aged 40 effected an endowment assurance policy of Rs.5000/- payable at the

~ adof 15 years or at previous death with the condition that the annual premiug,
payable during the first 5 years is three times the annual premium payable thereafter.
Caculate the annual premium payable during the first 5 years using LIC (1970-73)
utimate table at €% rate of interest.

j) Clculate net annuai premium unde- a special endowment assurance of Rs. 18000/-
@ (35) for 25 years, the premium payment limited to 20 years. In the event of death
uing the term of assurance, total premiums paid are returnable and On survivance

0t end of 25 years, the basic sum assured becomes payabie.
Bai: LIC (1970-73) tabe.
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5. PMCHIC!:'«DIS\?.IJ e )
e following data. NUITIE,
pidet M= T s 5

90484

=606 p.a. rate of interest, calculate, using a
Assumlgf.lg- Jife annuity of Rs.10000/- p.a. for 8 above dat

\ “t‘-‘iﬂ;mcm being xpadc imr.ncdiatcly.
z)g:}cmd temporary e annuity of Rs.50001- p.a. 10 3 pereon aged 50
) . Years for 5
: ‘cﬂg:r: ihe first payment bemg made on attaining age 53 years
, 2000/~ o &
0~p.a.toa Person aged 50 years for

ape urs with a deferment period of 2 years,
!, commutation functions based on LIC (197¢.73 al .
;) Usit 5. rate of interest compute the present valye ¢ £ ) ultimate mortality tabjes 4

a/! -
6% p diate life annuity of Rs.10000/- P-a. for a person aged 60 y
cars,

I immediate life annui
1) temporary immediate lite annuity of Rs.10000/. p 5. £, 10yearstoap
€rson

sged 30 yeart

oalif annuity due of Rs.lOOQO/- P-2. 10 a person aged 50 years

§a deferred temporary immediate life annuity of Rs, 10000/-p.a ‘for 20 years t
A, (4] a

ort :‘.de 40
,.yc ars; deferment period being 5 years, _

¢) an increasing temporary  life annuity duc of Rs.1000/-
p)crson aged 30 P-a. for 25 years to

years. .
) Aperson received a bonus of Rs.60000/- at the time of his retirement (j

years). He wishes to buy an increasing life annuity with Ry, 5500/- a: tii(lle.cﬁ;t- age 60
e of A based o oo and the smount increasing by Rs, A every yer
Find the value of A based on the commutat - : y year.
mortality tables. on functions of LIC (1970-73) ultimate

S] ﬁsﬁc (1970-73) ultimate mortality tables.] .
v, :::thg:cth OfFRs.Z.OO/.- p-a. is payable to a life aged 60 years. If the a..nnuita'nt ‘
| ¢ annuity INto an annuity commencing Rs.100/- and increasing by a

S5.LIC (1970 year, d'etcrmmc the amount of annual increase,

) Fadgg ~73) ultimate table using 6% p.a. ratc of interest).

g at ages 25 to 28 years if at 6%

T, " 14974, .27 = 14.892, 2 55 = 14.806, a 55 = 14.715, ¢ 25 = 98206.
il g b sum'[-);re cidovment benefit of Rs.6000/- for a person aged 40 years

5=

261 @ 30, p‘?i {0 255 G0 at 6% p.a. given that a g, 57= 13.060 and 2 4.,
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'0.9.2.1
_ practical RO RELIABILITY

«(s of 10 components ABCDEF.GHLI and I with reliabilitics 0.8

Lansist '
qstem u‘HSL 0.85, 0.98, 0.7, O'RR'.,O'Q(’ and (,)'95 respectively which are connected
N A 0.9% )]" '('“"wmu given below. Find the reliability of the system,
0.7 * jn the dI9E
n
as s F

- .,

pitity of the configuration given in the following figure:
jabihity’ ©

pndtherel

95 B os

L=
[ 09 R

,_
_{<
:
L
>0

The figures indicate reliabihties)

(Note:

an be performed to detect a disease before it develops t” ully and tl'uj'
ondition goes beyond cure. But none of these tesfs are confirmatory in nature. lhg .
m; nave series of stages to be performed sequentially. The tests are denoted by‘m (t
-1 3‘,,.9) andBjg=12. .9). Stages and tests along with their probabilities of

failure are listed below.
Set A
i) A;(0.05)
(i) cither (A; (0.10) and As (0.10) together) or Aq (0.15)

(i) A (0.12)

3 Asetoftests ¢

(v either Ag (0.15) or A7 (2.12) or Ag (0.05) and Ag (0.05) together.
Set B

(i) either B, (0.05) or B, (0.07)

(i) By (0.12)
(i) cither B, (0,08) and Bs (0.15) together or B6 (0.09) and By (0.20) together.

Determine the reliability of each of the two sets of tests.

’
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uit consists of 15 valves, 20 1esistors and 10 cap

The components in each category are identic Acttators, a||

ic circ

66 L ceries. a2 ge i sr e al ir faj
p ;t:‘“ ccif‘} ;ﬂu::d 0 follow exponential distribution with the followin:::cg:gaifladurc
oo ure

s’ ai ime (i

o :

Coes 20,000

R‘Sis“')tﬁt ors 20,000.

a

_c::[;:il‘w eliability of the system for 100 hours? Also, find the MTBF of the
Wha
Q‘Sfcm'

i failure time of a component is cxponentially distributed. Ten jdent;
‘ Supposchts are tested and the failure times in hours are observed to be as f:llllc?vcvzl-

)
compon® = 560, ts =500, ts =495. t; =475, 1,
=480, 125 630, t3 » > 55 547D, s 17=562, t3=478 t,=614. 1, =
‘r u-;ﬁtc the hazard rate and the reliability of the component for 500 h 09m‘ » tio =566.

o 4 equipment consists of 100 parts distributed in 3 branches A (20), B (20) and C

' § is connected in series with a branch which has B and C connected in parallel.

§0). A1s .
( exch branch, the parts are themselves connected in series. Fach part has constant

azard rate 0.005. Compute the reliability of the equipment at 10 hours.
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19.9.2.2
jcal NO-7*% TIME SERIES
.ot
B or of thefls (i i
L pow the number of thefls (in thousands) in the United g
.o data sh end line using the metl : ¢ Slates for
ing 48 paw a trenc & the method of semi-ayer;
fl¢ r"f‘; 935’19})156 Dlhc original data. erages for the data,
V¥ e g e 1988 | 1989 11990 11991 1997 T9 -
D e the B T087 | 1 O 1992 | 1993 1%
Ll >=T1980 | 22— et | 1994 | 1995 |
oy ‘»‘*%"H‘ajo 20.1 [ 20.7 1 21.5 1 23.4 1 24.7 [ 238 [ 245 2\*3]“2751
- STALN R '
o of /l/"‘.’”’ﬂhcﬂs for the year 1996. —
s L e number O .
| i“"cdlcx abolic irend in the sales (in thousand Rs.), determine the trend values
[ uene®) ard
“,;unum}”',-,a data. ____—— -
B .}“,‘c follow¥ 1994 | 1995 | 1996 | 1997
ﬁ/rﬂ’ﬁﬁ’ 20 19 17 15
"es | 7:6 sales for the year 1998
o agtima ' :
o, ¢ e trend values for the following data by the method of least squares
1 h];u[.‘lle - ear trend.
i \;. ]i,"lgahnC( _
st ] Quarter
Year .
I I m v
1995 | 25 | 30 | u1 | 32
1996 | 27 28 25 34
1997 | 22 27 21 30
1998 | 24 25 20 33

cilate seasonal indices by the ratio to moving average method for the following

data:

[—_ Quarter
Year

I o | m | v
1981 ] 68 | 62 | 61 | 63
11982 65 | 58 | 66 | 61
L1983§ 68 | 63 | 63 | 67

e

E. LS: . :
§filioto trend method, compute seasonal indices for the following data.

B :

~ Year

uarter

; 1980 | 1981 | 1982 | 1983
- 75 1 86 | 90 | 100
060 | 65 | 72 | 78
g 54 | 63 | 66 | 72
— il
IV |59 | 80 | 85 | 9%
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1 indices using link relatives method:
one

se?s

[/”F”f Quarter |
Yeer o ln | m | v
J991 | 60 | 65 | 78 | 87
ooz | 54 | 7.9 | 84 | 73
003 | 6.8 | 65 | 93 | 64
ooa | 7.2 | 58 | 7.5 | 8.5
Rical
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'N0.9.2.3 61
gical NO- SIMULATION

[ //rr’ain,m,lum_staccordhlg to the follouw:
e at 8 GO — Ollowmg freque .
W R A EAELIEX 1y LU
. : 23 :
) (g cy o quired by truck drivers at t},¢ po 6] 12 6}
o i

Sthas follow;

e 1.0]1.5]20 "8 frequoncy

d .bun()' . ‘ .

W 35 [ 27|13

5 r — . R -
re et rage wailting HInS f)f the truck ditvers and Proportion of i -
e AV lating for 10 arrivals. die time of g
L ] slm

by SIS rion : 85, 96, 28, 66, 68. 35 g

::r‘-cf . ) mbut;on . ’ ’ ) N 19, 4)’ 69’ 59
i “”"'fe‘ffjszribuﬁm 74, 29, 92, 62, 31, 44, 24,

J n'] .

i 0, 52, 43
r ¢ iion begins at time t= 0. Fc;mt cuﬂs;tomer arrives later.
AL ertamn product, the probability dicrot. o
gl)z;c of 3dd[;fcr et d . probability d‘SMbunons of the daily
" goman follows.
. e are as
fead UM

Daily Demand Distribution

4 1 516 71819
i |3 10 T [
Dcmﬂ;m, 0.02]0.08]0.11]0.16 | 0.19 1 0.13[0.10 |0 08 0.0710.06
Droba Lead Time Distribution =

— T fays, 2 3 4 3 —‘

mﬁﬁ“”ﬁ [0201030[035[015|

. Wz) is Rs.20 per unit per day, ordering cost (Cf) is Rs.80
holding cost (Cy) is Rs.2 per u{ut per day, opening stock on 1% day is 30 units,

Consider a simulation plan which calls. for a reorder quantity of 40 units and reorder
el of 20 units. It is assumed that crders are placed / recejved before the end of the
day. Using following random numbers generate demand for 15 days and by

smulaiion arrive at average cost per day. .

Random Numbers (Demand) : 68, 13, 09, 20, 73, 07, 92, 99, 93,18, 24,22, 07, 29,
1. :

Random Numbers (Lead time) : 47, 74, 25, 21, 47

ACompany manufactures 30 units per day. The sale of these items depends upon
énand which has the following distribution. *

Jmand (units) [ 27 [ 28 | 29 | 30 | 31 | 32
Sy 0,10 0.15] 0.20[0.35] 0.15 | 0.05 5
“Production cost and saje price of each unit are Rs.40 and Rs.50, respectively.
pc:al‘:'yl?flt;{ product is to be disposed off at a loss of Rs.15 per unit. There is a -
Sl :(-)Slayl)cr u;ul;l if dcfmar;]d 1s not mct.stﬂmlg thc;{t f(t)ﬂozlar}l’% random num

fan, Proiivloss for the company for the next ten .
| %‘W 10,99, 65, 99, 95, 01, 79, 11, 16, 20.

e Mdom observations trom each of the foilowing (5 in a, b and 2 in ).
lnn-bnn

| dislribution:f(x)zflg : 6<x<24

per order,

tn I)Onftntia] o = 0 ; otherwise
iy . SUIOUtion with mean = 2.

401

‘lélnﬁuf"

OMwithm=3 2 =04
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f a factory ‘is normally dictribute

0 of pmduc.non hou§s 1sd a!lso no
it P e no- O P Simulate the aily

e 0k 1o d g iimate the daily productio

9 . :“ho,,rs “‘:i ays to st

“ jor

dllctio

n rate,

1l
N

ients for 30-minute a
l}ggﬁfggodes of work an
1€ Vz;:te the work- . —
m [ Time Required (minutes)
45
60
15
45
15

ules all
vs il

d the

Il patients a e ~lini atients and
t.lla:ﬂz:ﬂcpthc dentist’s <linic for 7 p
sum

idle ti tist.
48 atients as well as idle tlmle7for the dentis
e for ﬂ;%l’gz’ 11, 34, 25, 66, and 17,

‘

Mally
Productjop

1, 50, 22, 01, 80, 19, 37, 13, s
672,65,20’ 95, 59, 21, 84, 87, 3

ppointmcnts.

—
— ]

IR

—

.

ts arrive at the clinic at their scheduled argjy

62
d with can R1=200 ko and
Stribugeq With u?can
.production

Mg random,

ai
Use the follow,

s, 34
9, 87

The followin

ty distributiop, of

0.40

I
010
0.20

o — ]

Probabijl;

al time, starting
determine average waiting

Use the following random
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U

funCﬁon . .
o, determine the relative decrease in demand and |
¢ iIence an

by ? % o astici :
o fo the clasticity of demand. Compare the regul witl _
d emand corresponding to X = 4, 1 the correct value

are de

{he dem
NED A
P, 2

Jat WO commo
¢ demand fu
P o 100 — 0.5 x\

6X*+108X,

ange in prt

The demand fun

respcctivcly, whe
n maximize the fotal pro
nctions of discriminating monopolist are Py = 12 —q and P, =20+ 3

total cost functionis C =3 +2(q, +q 7).
the prices set and quantities sold in the two markets that will maximize

the total profit. Show that discriminating monopolist charges more price in the less

elastic market.
Assume that the de
P,= 100 - 2({ 1—q 2 C1: 30 q. and
. P,=95-q - 3q, C,=25 G, respectively.
Find the cptimum prices, quantities and profits when
3) duopolists recognize their dependence.
%dllopolists do not recognize their dependence.
: ¢ cost function of a firm is given by C =2 Q - 2 Q* +Q’.

The demand fu

a) AC fUncﬁOh
"IMC function
C) -'lt’ W]lat lc'Vel of

63

No.9.2-4
MATHEMATICAL ECONOMICS. {

at point X = 4 and P = 6 is given by ¥
: YX=10-p.1r
- If the price

mand and price of tea and X; and P, are dem

and functions are given by and and price of

-0.5

ditics arc competitive. Also obtain four clasticitics of demand
s mand.,

nction
* 2 and the cost function

{librium output.

ice, output and profit after the imposition of a tax of Re. 1 per unit
: . 1 per uni

if the government grants subsidy of Re.1 per output,
roduces amounts X; and X, of two goods A and B at the total cost

+4X X, +6X].
ctions for these goods are P; =40 - X; and P, = 100 -5 X
re P, and P, are the prices. Determine the quantities and px{ces

fit Alen find mavimiren neafe
P, o000 Acide saaseiniasncesnnd ‘ILOLIL_

mand and cost function of duopolisis are

............

ata output AC is minimum?

¢ demar:gmftxn o e o AC = MC .

‘, average reve::CUOn P = 86 - 25 X, verify the rclationship between marginal
ue and ¢lasticity of demand (14).
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0.9.2.5 _
] 1,,.actical N MATHEMATICAL ECONOMICS.- 1y

oduction function Q_= fé(L, K)=LK -0.2 Lz. - 0.8 K*. Construct the
1€ P inal productivities Jor labour (L). Assuming that K = 10, examine
:f-k and ﬂc: of the pr(?(llngllon funcu_on. |
dI:c th 'S'igou function is given by Q = 5 L K ™, where L and K represent
‘1“. produ® i Sl respectively. The prices per unit of labour and capital are Rs.2)-
1 dcal ly. If the cost is fixed at Rs.500/~, determine the amounts of
al in order to maxiniise ﬂ3e7out5>113t.
jabour ¢ roduction functionis Q =5 L """K "+~ The price of labour is Re.1 per
pbo?

Afim 2 price of capital Rs.2 per unit. Find the minimum cost combination of
it &0 [gvlabour for an output rate of 20.
capital 311,5 production function i3

and B dcapit

abour, capital and output are R:.1, 4 and 9 respectively. Find the

The prices of 1 { combination of capital, labour and output.

paimum Pr off
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1.9.2.0
teal N7 INPUT-OUTPUT MODELS

e
“Sf.l jivided into tw
4 » 15 dnaded mnic U scclors ¢ 1
t! g the l:(ml(lm\l\:‘s’l and input output table in
ae v, - {o OWS.
\“‘,ﬂ“i “(1“5 18 - f s
N o8 e urchiasi Yz ————
X rhv‘ﬁh “producing | Purchasing Scctors Final
SCC““.S 717”7 o 1 1)Cman([
7 200 . 250 EO TG
—1 100 50
| N 2 400
e

Slogy matrix.

hn .
ec of the two scctors are desired to be 180 and 440 units for

3 “_Wm‘:; :icmnnds
\I(foi'cl ‘mdl.l e find the total output in accordance.
e '.ﬁ;a wector E which is consistent with the output vector X and
\ ‘iizfnglogmﬂm‘ A.
25 0.2 0.3 0.2
- 121 : A= 104 0.1 0.2
18 0.1 0.3 0.2 |

¢ added in each sector and show that the total value added in

- and total final demand is cquzﬂ,. .
¢ sector input—output matrix [ ] — A] is given as

L AE
[ 1 -05 0 1
-02 1 =05
{—04 01 }
{ith abour coefficients (0.4, 0.7, 1.2) and the household demand for the outputs of

1000, 5000 and 4000 respectively, determine the level of output. If

fyee sectors a3 eten :
s wage rate is Ks. 10/- =2 labour day, find the equilibrium prices of the
cnmodities in the three sectors.

| gwme that the economy is divided into three sectors and input-output table in

. hysical units is as follows.
|

A

e the gross valu

rProducing Purchasing Sectors Final
Sectors I I il Deimand
I 100 | 150 | 225 45 |
o0 | 135 | 150 | 300 115 ]
I 270 | 200 | 300 130 x
Labour
(in lacs) 12 10 16 |
Y 200 and

Ul iy

. ling] TP

4 ffﬂpcc:}i:?ands for the products of the sectors L, Il and I rise 10 100,
", find the corresponding, rise in the employment.

iy "
" o7 30K N 330 o i M Be g 13O0 SR s e BTk Rk oR
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