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e In this exam paper, there are _6_questions, 14 pages (including cover page). Answer

ALL questions,

e All notes and books are not allowed,
Answers could be either in Thai or English,
e A calculator is allowed.

1. Explain the following terms clearly (20 Marks)

1.1 The table given below is a comparison of performance evaluation techniques.
Please fill all the blanks appropriately (5 marks)

Criterion Analytical Modelling | Simulation Modelling Experiment
Time required Small
Tools Instrumentation
Accuracy Moderate
Cost High
Scalability Low

1.2 What are the differences between Poisson and Exponential Distributions? (3

Marks)

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

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

.....................................................................................................................................
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1.3 Below is M/M/1 waiting time in the system when p (traffic intensity) is varied.
Please plot M/D/1 waiting time (5 Marks)

10

9 /

W (Waiting time)

P

—a— M/M/1

Figure 1 for question 2

1.4 Please describe: Queue delay, service delay, time delay in a system, packet delay of
arrivals, (5 Marks)

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

.....................................................................................................................................
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1.5 From the graphs shown below, please use your knowledge to explain, interpret,
and/or compare to each other (as much as you can): (5 Marks)

pix) pmf of
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1.6 What is the probability distribution according to the below graphs? (2 marks)
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.....................................................................................................................................
.....................................................................................................................................

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

2. A packet arrives at a transmission line every K seconds with the first packet arriving at
time 0. All packets have equal length and require oK seconds for transmission what
o<1. The processing and propagation delay per packet is P seconds. The arrival rate

here is A=1/K. Please find (10 marks)

2.1.1 Average time (T) the packet spent in the system.
2.1.2  Average number of packets in the system (N)

Nit) ﬁ

- 1st Packet 2nd Packet
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arrival arrival
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' ' 1
1 akK |+ P : N
0 K 2K 3K i

1st Packet 2nd Packet
departure departure

Figure 2 for question 2
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3. (A) Consider queue with finite buffer N, FIFO service discipline and single server. If
the system requires dropped packets not more than one packet every 1,000,000 packets
when traffic intensity is 0.6, and packet arrival rate is 6. Determine N, system
throughput, and probability that queue is not empty. (10 Marks)

"—I» [THO—> s

)\,'PB
Pg = Blocking probability

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

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

4. Two systems shown below are (A) TDM (Time Division Multiplexing), and (B) SDM
(Statistical Multiplexing) There are M sources with arrival rate of A/M. in (A), TDM has M

slots to carry all sources traffic. Please find the system time delay of (A) and (B) by using
M/M/1. (10 Marks)
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1 (- [112]3] [m[1]2]3] |m]
. S i =

TDM, Time Division Multiplexing
2 > Each user can send p/N packets/sec and
has packet arriving at rate /N packets/sec

AUM
N 2
[iimm

Packets generated at random times

(A) Time Division Multiplexing

A Buffer |t packets/sec

— G

g\ﬂ—> Statistical
i _ﬂ/ Mutliplexer

o

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

5. ARQ Protocol Performance
a. Stop-and-Wait ARQ Protocol performance: use the below information to

answer the following question. Calculate the efficiency of Stop-and-Wait
ARQ in the system that transmits at R=1 Mbps and with reaction time of 1
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msec for channels with a bit error rate of 10"-6, and 104 (be careful, these
are not probability of the frame loss). (10 Marks)

)
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Frame
tpf op t time tpfOC Fack tP’ op

Figure 3 Delay components of Stop-and-Wait ARQ

e The basic time to send a frame and receive an ACK, in the absence of errors, is

given by
10 = 2tprop+ 2tproc+ tf + tack
= 2tprop+ 2tproc+ nf/R + na/R
Where

nf= number of bits in the information frame
na = number of bits in the ack frame
R = bit rate of the transmission channel
** The effective information transmission rate of the protocol in the absence of errors
Reff = (nf—n0)/t0

Where n0 = number of overhead bits in a frame (given by the total number of bits in the
header and the number of CRC bits

e Let Pfbe the probability that a frame transmission has errors and needs to be re-
transmitted.

e  The probability of no error frames is /-Pf

Stop-and-Wait ARQ on average requires tSW=t0/(1-Pf) seconds to get a frame through.
Thus the efficiency of Stop-and Wait ARQ with packet loss is:

Ry =R, _

t n
Msw =— sw = :

R

(1-2)
1+& + 2(tpr0p +lproc)R /

ny ny
Suppose that frames are 1,250 bytes long including 25 bytes of overhead. Also assume that
ACK frame are 25 bytes long.

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

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

6. Figure 4 shows a periodic model of TCP window dynamics in steady state. In this
model, we assume that: (20 Marks)
e A maximum window size is W,

A minimum window size is W/2

Constant Packet loss Probability is p

So, 1/p packets are transmitted between each packet loss,

TCP run on steady state, so slow start (during start up) is not concerned.
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Figure 4 A periodic model of TCP window dynamic behaviour in steady state

Use the above information answer the following question
a) Prove that the number of packet transmitted during each period of window is

1T w
N ==
umber of Pkts >RIT ( > - W)

Where T is the periodic between detecting packet losses.

b) Prove that the average transmission rate in this model is

1 3
RTTY\ 2p

The result is known as the inverse square-root p law

¢) If a TCP connection has an average round trip time of 200 ms, and packets are

lost along the connection with probability 0.05, please find the average rate of
the TCP source.

.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
.....................................................................................................................................
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13

The following information may be useful when students have to deal with queueing theory.

e M/M/1
e Number of Customers in the system in steady state
=L
l1-p

where L is the number of customers in the system in steady state,
p is the utilisation factor or traffic intensity
e The mean queue length in steady state

2 2
Lq:p_ or Lq = A
1-p H(p—2)

where L, =mean queue length in steady state
A = average arrival rate
L = average service rate
e Mean waiting time in the queue in steady state
A
T (-2
where W, is the mean waiting time in the queue in steady state

e M/D/1
e Number of Customers in the system in steady state
A’S
= pr——
2ut(1-p)

where L is the number of customers in the system in steady state,
p is the utilisation factor or traffic intensity
[ = average service rate
e The mean queue length in steady state
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AS
Te=
2u*(1-p)
e Mean waiting time in the queue in steady state
2

2430~ p)

e LOG Values:

log (0.5) |- 0.30
| log (0.6) | - 0.22
log (0.7) |- 0.15
log (0.8) |- 0.10
log (0.9) |- 0.05

log (1.0) |- 0.00
log (1.1) 0.04
log (1.2) 0.08
log (1.3) 0.11
log (1.4) 0.15
log (1.5) 0.18
log (1.6) 0.20
| log (1.7) 0.23
log (1.8) 0.26
log (1.9) 0.28
log (2.0 0.30
log (2.1) 0.32
log (2.2) 0.34
| log (2.3) 0.36
log (2.4) 0.38
| log (2.5) 0.40
| log (2.6) 0.41
log (2.7) 0.43
log (2.8) 0.45
log (2.9) 0.46
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