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3IT205: NETWORK MATHEMATICS
Max Time : 3 Hour] [Total Mark

Instructions: 1. All questions are compulsory
2. Figures to the right indicate full marks. &
3. Answer Both Sections in Separate Answer sheets

SECTION-I
Q-1 Answer the following questions.

[A] Consider a link to which packets arrive as a Poisson process a e of 450 [4]

packets/sec such that the time taken to service cket is_exponentially
1 byte? and that the

distributed. Suppose that the mean packet length
d 10 packets

link capacity is 1 Mbps. ,
(a) What is the probability that the link’s queue
respectively? <

(b) What is the mean number of packets ir
number in the queue?

(c) What is the mean waiting time?

at is the mean

[B] 4]
or given Markov chain:
¢¢1.Compute Stationary
probability 2. Compute
Residence Time in each state of
markov chain.
[C] 4]

&)

Compute temporal path

o length for all nodes and
=g 5
show steps of matrix
DD 0 ' ® ©® | building
| Tim
| :

=0 1 T=2 T3

OR
Q
sider that, a person is on an infinite staircase on stair number 10 at time 0 [4]
ir

tentially moves once every clock tick. Suppose that he moves from
to stair i+/ with probability 0.2, and from stair / to stair i-/ with

ility 0.2 (the probability of staying on stair / is 0.6).

Compute the probability that the person is on each stair at time 1 (after the
first move), time 2, and time 3. Page 1 of 6
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[B] Compute the mean number of customers in an M/D/

[C]

Q-2
[A]

(B]

[C]

I system that has a
utilization of (.7

(a) How does this Compare with g similarly loaded M/M/1 system?
(b) Compute the ratio of the mean number of customers as a function of p.

Compute temporal 1

length for ai nodes ang
show steps’ g
building.

Prove that normal and extensive forms are equivalent if info
permitted.,

In the 802.11 (WiFi) protocol, each station
airtime, For simplicity, assume that time j
tfransmission takes eXactly one time slot, |
slot, airtime ig Wwasted. If only one Station s
both fail, and both must try again,

0N sets are

d that each packet
does not send data in a
atagit succeeds. If both send,

Does the WiFj game of above exan ave a correlated equilibrium? If so,
describe it.

Consider the state-rate-tramsiti

(a) Write down the 0 matrix
for this system.

(b) Use the O matrix to
compute the stationary
probability distribution of this
chain.

Q-2

[A] Show xamplﬁf a pure strategy that is dominated by a mixture of other
PUIC strai®gies, although none of the strategies in the mixture dominate the
pur

(Bl Supp

[4]

[4]

send contends for [3]

[4]
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[4]
Au e s 6z A ’\Q

Q-3 Answer the following question.

[A] Compute the delivery predictability [PROPHET] new values fordP\% Py - M
LPac Pini=0.75 B =0.25

[B] Following table shows the current message vectors for Nod ode B [4]

respectively. Show respective message vector’s contents after e ter with

Write pseudo code for two hop routing pro

[C] Show the mathematical formulag
protocol with objective func
constraints.

Based Routing (SBR) [4]
Jfixed parameters & set of
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Q.4
[A]

[B]

[C]

Section II &

Answer the following:

ize at §)me network
fer size from 5
se that you run

Loss rate with 5 1.20% | 2.30% 1.90% | 2400 3.00% (8% USORI20% | 4500 2.20%
buffers

Loss rate with 100 0.10% | £.60% 1.10% | 0.80% 0.30%¢ e | 1.90% | 0200 1.20%;
R R TR R ol B fiaid

Consider a company that has two network «ge
providers (this is also called multi-homing). Sfippo
provide different delays. For example, the low
delays are under 50ms, and the higher- JVIGET may guarantee a bound of 20ms,
Suppose the company has two commo yu plications, A and B that have different
sensitivities to delay. Application A is ¢ tolerant of delay than application B. Moreover,
the applications, on average, generate In amount of traffic every day, all of which
has to be carried by one of tk € Company wants to allocate g/ the traffic from
the two applications op aximizing their benefit while minimizing its

e
payments to the link pr vti
Represent the proble \

r_‘}‘c,’,é '(;'I:PJ

i

Freants

8 to the Internet through two
that the providers charge per-byte and
d'provider may guarantee that transit

Consider the Bayesian network in Figure. It
shows that when there is a packet loss (cause)
there can be a timeout at TCP transmitter
(effect). Similarly, on the J]oss of an
acknowledgement, there can also be a timeout.
A packet loss can lead to a duplicate
acknowledgment being received at the
transmitter. Packet and ack loss are mutually
exclusive, as are duplicate acks and timeouts,
And, finally, if there is either a duplicate ack or a
timeout at the transmitter, it will retransmit a
packet.

Find P(packet loss [ retransmission)

Aelveina s it

OR

Xperiment, a researcher counted the number of packet arriving to a swiich in each
Ims time period. The table below shows the count of the number of time periods with a
certain number of packet arrivals. For instance, there were 146 time periods that had 6
arrivals. The researcher expects the packet arrival process to be a Poisson probage #ialiGhe
best Poisson fit for the sample. Use this to compute the expected count for each number of

[4]

[4]

[4]

[4]



[B]
(€]

Q-5
[A]

[B]

[C]

Q-5
[A]

[B]

arrivals. What is the chi-squared variable value for this data set? Determine whether the
Poisson distribution adequately describes the data.

Number of packer . ,‘ . = ﬁ s 5
atricats 2 3 4 3 ] 7 8 9 10 11 1 13 14
Count 18 128 |56 [i0s 126|146

164 ‘165 ’13{1 )zm 73 ‘u 23 1(" 9

Use Lagrangian optimization to find the optimal value of z=x" + 2y subject to the co
that x*+y” = 1 (i.e. the points (x.7) lic on the unit circle.
Use Bayesian network presented in Q.4[C] above[OR] and find P(ack loss ismisgion)  [4]

Answer the following

|
|
Perform test to validate total unimodularity (TU) of given matrices. If it i then derive  [4] |
the partition matrices. |

R )
e N e 4
B o
i)
Prove that [3]

X~ Mu.c®) then (Xp)o ~ Nyo, 1),

Consider the following probability mass functi fined jointly over the random [4]
variables, X, ¥, and Z:

P(000) = 0.05; P(001) = 0.05; P(010) 0.3:P(100) = 0.05; P(101) = 0.05:

P(110)=0.1; P(111)=0.3, S

(a) Write down pX, pY,pZ, XY p

(b) Are Xand ¥, Xand Z, or Y. 1 nt? What is the probability that X=0 given

that Z=7? |
R |

Answer the following

Two users, Alice afd Bo schedule jobs on a machine in one of two time periods, [4]

Period 1 or Period 2. lic edules a job during Period 1, she gains a benefit of 20

units, and incurs a costNits, and during Period 2, she gains a benefit of 10 units and

incurs a cost of 20 units. If Bob schedules a job during Period 1, he gains a benefit of 100

t of ’units, and during Period 2, he gains a benefit of 10 units and
Each user may schedule at most one Jjob in one time unit and in
t one job can be scheduled.

units and incurs
incurs a cost

¢ case where » users can schedule jobs on one of & machines, such that
incurs a specific cost and gains a specific benefit on each machine at each of m
rite out the ILP for this problem.

[

below, test the null hypothesis that the mean loss rate is 2% at the 95% 3
el.

Loss rate with 5

1.zo°-1 :_309;’ 1.909.-:,‘ 240%  3.00% 1.30%’ 2.10% 3.2@%‘ 4.50%) 2.2.0%‘
huffers S
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Q-6
[A]

[B]
[C]

A hotel has 20 guest rooms. Assuming outgoing calls are independent and that a guest
room makes 10 minutes worth of outgoing calls during the busiest hour of the day, what is
the probability that 5 calls are simultaneously active during the busiest hour? What is the
probability of 15 simultaneous calls?

Answer the following questions.

What are the characteristics of Helper Nodes ? Write message deletion algorithmfly

Show the classification chart of mobility models and list mobility metrics.

Write pseudo/algorithm code for - 1. Packet Drop Policy 2. Queuing Policy &

X X END OF PAPER
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