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Q2

a)

iii.

[Three Hours]

[Answer all questions, each question carries ten marks]

List three factors considered for routing, to find an optimized route to a
destination.

Explain the use of the back-off algorithm in Carrier Sense Multiple Access
with Collision Detection (CSMA/CD).
[2.0 Marks]

Discuss the requirement for Multi-Protocol Labelled Switching (MPLS)
technology stating the drawbacks of conventional Internet Protocol (IP)
networks.

Distinguish the functions of control plane and data plane in MPLS
architecture.

List the steps of MPLS operation.
[3.0 Marks]

Consider the MPLS network given in Figure Q1. Label ranges for each router
extends to four digits starting from the router number. (e.g.: Router X label
range is from X000 to X999)

1.

il.

Identify the Edge and Core Label Switch Routers (LSRs) in the network.

Develop the relevant Routing Information Bases (RIBs), Forwarding
Information Bases (FIBs), Label Information Bases (LIBs) and Label
Forwarding Information Bases (LFIBs) for the Label Switched Path (LSP)
extending from PCl1 to Pgé through R1, R4, R5 and R3.

Update the LIB, FIB and LFIB of R5 for all possible LSPs from PC1 to PC}'A’ 47:
through R5.
[5.0 Marks]

State the difference between flow controlling and congestion controlling.

Ilustrate the difference between “slow start” and “slow start with
congestion avoidance (CA)” congestion controlling algorithms.
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Q3

Q4

ii.

ii.

ii.

iii.

State two load shedding policies in router centric congestion controlling
and explain one of them.
' [3.0 Marks]

Briefly explain, “Stop and Wait” Automatic Repeat Request (ARQ) flow
control method using suitable diagrams.

Consider a 2.5 Mbps link with a 50 ms round-trip time. Calculate
maximum data sending rate assuming that the data sending node uses
the “Stop and Wait” ARQ flow control. Assume that the frame size is 1
kB.

With the results of part c).ii, explain the drawbacks of Stop and Wait
ARQ flow control and propose a suitable flow control method to

overcome those drawbacks.
[4.0 Marks]

What is the benefit of Asynchronous Transfer Mode (ATM) compared to
Time Division Multiplexing (TDM) in terms of transmission efficiency.

State and explain two types of ATM connections.

Describe the switching operation of the ATM.
[3.0 Marks]

List the key security concepts of a network and explain each of them regarding
data security using appropriate examples.

[4.0 Marks]

State authentication techniques and briefly explain how they function.

[2.0 Marks]

What is the difference between authentication and authorization?

[2.0 Marks]

Explain the Multi-level Security model.

iii.

[2.0 Marks]

Briefly explain Pure-loss, Infinite, Pure-queueing and Lossy-queueing
systems used in generalized traffic model.

What is Time-Constant-Busy-Hour (TCBH), Busy-Hour-Calling-Attempts
(BHCA), Call-Completion-Ratio (CCR) and Busy-Hour-Calling-Rate
(BHCR)?

An exchange has 20,000 subscribers. If average BHCA is 10,000 and CCR
is 60%, calculate the BHCR.
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Q5

b)

iv.

On average two calls arrives every 5 seconds. During a period of 10
seconds, what is the probability of more than one call arrives?

In a telephone system, the average call duration is 2 minutes. A call has
already lasted 5 minutes. What is the probability that a call will last at
least another 4 minutes?

A [8.0 Marks]

150 calls with a length of 200 s time duration are offered to a group of 10
trunks during a busy hour. What is the Grade of Service (blocking probability)
provided? Use erlang B table attached at the end of the paper. Clearly mention
the assumptions made.

[1.0 Mark]

Delay system modelled with erlang C equation.

Hint: The formula for erlang C is given by,

ii.

ii.

A”.N/

N!(N —A)
_q Al ANN

2?]:01(3) +

NI(N-A4)
Define the notations in erlang C equation.

Penvay =

What are the assumptions made to derive given equation?
[1.0 Mark]

What are the advantages and disadvantages of sliding window method?
List two from each.

In GBY4, if every sixth packet being transmitted is lost and if we have to

send ten packets then how many acknowledgements are received to the

sender side? Clearly draw a diagram to illustrate packet trarismissions.
[5.0 Marks]

A group of five trunk is offered 2Er] of traffic.

L

1il.

Find the Grade of Service (GoS) and write down it as a percentage.

Hint: Erlang B equation is given by,
AC)
C!

Pg (c.ay = o AEL
k=0(';!')

Referring to the Erlang B table, validate the blocking probability with part
b).i. Clearly mention all the assumptions made.

Find the probability that only one trunk is busy.
[5.0 Marks]
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0.01

.0001

.0142
.0868
2347
4520

©.7282

1.054
1.422
1.826
2.260

2.722
3.207
3713
4.239
4.781

5339
5911
6.496
7.093
7.701

8.319
8.946

9.583 .

10.23
10.88

11.54
12.21
12.88
13.56
14.25

14.94
15.63
16.34
17.04
17.75

18.47
19.19
19.91
20.64
21.37

22.11
22.85
23.59

0.05

.0005
.0321
A517
3624
.6486

9957
1.392
1.830
2.302
2.803

3.329
3.878
4.447
5.032
5.634

6.250
6.878
7.519
8.170
8.831

9.501
10.18
10.87
11.56
12.26

12.97
13.69
14.41
15.13
15.86

16.60
17.34
18.09
18.84
19.59

20.35
21.11
21.87
22.64
23.41

24.19
24.97
25.75

0.1

0010
0458
.1938
4393
7621

1.146
1.579
2.051
2.558
3.092

3.651
4231
4.831
5.446
6.077

6.722
7.378
8.046
8.724
9.412

10.11
10.81
11.52
12.24
12.97

13.70
14.44
15.18
15:93
16.68

17.44
18.21
18.97
19.74
20.52

21.30
22.08
22.86
23.65
24.44

25.24
26.04
26.84

Erlang B Traffic Table

Maximum Offered Load Versus B and N

0.5

.0050
.1054
.3490
7012
1.132

1.622
2.158
2.730
3.333
3.961

4.610
5279
5.964
6.663
7.376

8.100
8.834
9.578
10.33
11.09

11.86
12.64
13.42
14.20
15.00

15.80
16.60
17.41
18.22
19.03

19.85
20.68
21.51
22.34
23.17

24.01
24.85
25.69
26.53
27.38

28.23
29.09
29.94

1.0

.0101
1526
4555
.8694
1.361

1.909
2.501
3.128
3.783
4.461

5.160
5.876
6.607
7352
8.108

8.875
9.652
10.44
11.23
12.03

12.84
13.65
14.47
15.30
16.13

16.96
17.80
18.64
19.49
20.34

21.19
22.05
2291
23.77
24.64

25.51
26.38
27.25
28.13
29.01

29.89
30.77
31.66

Bisin %
2

.0204
.2235
.6022
1.092
1.657

2.276
2.935
3.627
4.345
5.084

5.842
6.615
7.402
8.200
9.010

9.828
10.66
11.49
12.33
13.18

14.04
14.90
15.76
16.63
17.51

18.38
1927
20.15
21.04
21.93

22.83
23.73
24.63
25.53
26.44

27.34
28.25
29.17
30.08
31.00

31.92
32.84
33.76

5

.0526
3813
.8994
1.525
2219

2.960
3.738
4.543
5.370
6.216

7.076
7.950
8.835
9.730
10.63

11.54
12.46
13.39
14.32
1825

16.19
17.13
18.08
19.03
19.99

20.94
21.90
22.87
23.83
24.80

25.77
26.75
27.72
28.70
29.68

30.66
31.64
32.62
33.61
34.60

35.58
36.57
37.57

10

A111
5954
1.271
2.045
2.881

3.758
4.666
5.597
6.546
7.511

8.487
9.474
10.47
11.47
12.48

13.50
14.52
15.55
16.58
17.61

18.65
19.69
20.74
21.78
22.83

23.89
24.94
26.00
27.05
28.11

29.17
30.24
31.30
32.37
33.43

34.50
35.57
36.64
37.72
38.79

39.86
40.94
42.01

1765
7962
1.603
2.501
3.454

4.445
5.461
6.498
7:551
8.616

9.691
10.78
11.87
12.97
14.07

15.18
16.29
17.41
18.53
19.65

20.77
21.90
23.03
24.16
25.30

26.43
27.57
28.71
29.85
31.00

32.14
33.28
34.43
35.58
36.72

37.87
39.02
40.17
41.32
42.48

43.63
44.78
45.94

20

.2500
1.000
1.930
2.945
4.010

5.109
6.230
7.369
8.522

9.685

10.86
12.04
13.22
14.41
15.61

16.81
18.01
19.22
20.42
21.64

22.85
24.06
25.28
26.50
27.72

28.94
30.16
31.39
32.61
33.84

35.07
36.30
37.52
38.75
39.99

41.22
42.45
43.68
4491
46.15

47.38
48.62
49.85

30

4286
1.449
2.633
3.891
5.189

6.514
7.856
9.213
10.58
11.95

13.33
14.72
16.11
17.50
18.90

20.30
21.70
23.10
24.51
25.92

2733
28.74
30.15
31.56
32.97

34.39
35.80
37.21
38.63
40.0%

41.46
42.88
44.30
45.72
47.14

48.56
49.98
51.40
52.82
54.24

55.66
57.08
58.50

40

6667
2.000
3.480
5.021
6.596

8.191
9.800
11.42
13.05
14.68

16.31
17.95
19.60
21.24
22.89

24.54
26.19
27.84
29.50
31.15

32.81
34.46
36.12
37.78
39.44

41.10
42.76
44.41
46.07
47.74

49.40
51.06
52.72
54.38
56.04

57.70
59.37
61.03
62.69
64.35

66.02
67.68
69.34



46
47
48
49
50

51
52
53
54
55

56
57
58
59
60

61
62
63
64
65

66
67
68
69
70

il
72
73
74
75

76
77
79
80

81
82
83
84
85

86
87
88
89
90

2433
25.08

25.83
26.59
27.34

©28.10

28.87

29.63
30.40
31.17

- 31.94

32.72

33.49
34.27
35.05
35.84
36.62

37.41
38.20
38.99
39.78
40.58

41.38
42.17
42.97
43.77
44.58

4538 °

46.19
47.00
47.81
48.62

49.43
50.24
51.05
51.87
52.69

53.51
54.33
55.15
55.97
56.79

57.62
58.44
59.27
60.10
60.92

26.53
27.32

28.11
28.90
29.70
30.49
31.29

32.09
32.90
33.70
34.51
35.32

36.13
36.95
37.76
38.58
39.40

40.22
41.05
41.87
42.70
43.52

4435
45.18
46.02
46.85
47.68

48.52
49.36
50.20
51.04
51.88

52.72
53.56
5441
55.25
56.10

56.95
57.80
58.65
59.50
60.35

61.21
62.06
62.92
63.77
64.63

27.64
28.45

29.26°

30.07
30.88
31.69
32.51

33.33
34.15
34.98
35.80
36.63

37.46
38.29
39.12
39.96
40.80

41.63
42.47
4331
44.16
45.00

45.85
46.69
47.54
48.39
49.24

50.09
50.94
51.80
52.65
53.51

54.37
55.23
56.09
56.95
57.81

58.67
59.54
60.40
61.27
62.14

63.00
63.87
64.74
65.61
66.48

30.80
31.66

32.52
33.38
34.25
35.11
35.98

36.85
37.72
38.60
39.47
40.35

41.23
42.11
42.99
43.87
44.76

45.64
46.53
47.42
48.31
49.20

50.09
50.98
51.87
52.77
53.66

54.56
55.46
56.35
57.25
58.15

59.05
59.96
60.86
61.76
62.67

63.57
64.48
65.39
66.29
67.20

68.11
69.02
69.93
70.84
71.76

32.54
3343

3432
35.22
36.11
37.00
37.90

38.80
39.70
40.60
41.51
42.41

43.32
44.22
45.13
46.04
46.95

47.86
48.77
49.69
50.60
51.52

52.44
53.35
54.27
55.19
56.11

57.03
57.96
58.88
59.80
60.73

61.65
62.58
63.51
64.43
65.36

66.29
67.22
68.15
69.08
70.02

70.95
71.88
72.82
73.75
74.68

34.68
35.61

36.53
37.46
38.39
39.32
40.26

41.19
42.12
43.06
44.00
44.94

45.88
46.82
47.76
48.70
49.64

50.59
51.53
52.48
53.43
54.38

55.33
56.28
57.23
58.18
59.13

60.08
61.04
61.99
62.95
63.90

64.86
65.81
66.77
67.73
68.69

69.65
70.61
71.57
72.53
73.49

74.45
75.42
76.38
77.34
78.31

38.56
39.55

40.55
41.54
42.54
43.53
44.53

45.53
46.53
47.53
48.54
49.54

50.54
51.55
52.55
53.56
54.57

55.57
56.58
57.59
58.60
59.61

60.62
61.63
62.64
63.65
64.67

65.68
66.69
67.71
68.72
69.74

70.75
a7
72.79
73.80
74.82

75.84
76.86
77.87
78.89
79.91

80.93
81.95
82.97
83.99
85.01

43.09
44.17

45.24
46.32
47.40
48.48
49.56

50.64
51.73
52.81
53.89
54.98

56.06
57.14
58.23
59.32
60.40

61.49
62.58
63.66
64.75
65.84

66.93
68.02
69.11
70.20
71.29

72.38
73.47
74.56
75.65
76.74

77.83
78.93
80.02
81.11
82.20

83.30
84.39
85.48
86.58
87.67

88.77
89.86
90.96
92.05
93.15

47.09
48.25

49.40
50.56
51.71
52.87
54.03

55.19
56.35
57.50
58.66
59.82

60.98
62.14
63.31
64.47
65.63

66.79
67.95
69.11
70.28
71.44

72.60
73.77
74.93
76.09
77.26

78.42
79.59
80.75
81.92
83.08

84.25
85.41
86.58
87.74
88.91

90.08
91.24
92.41
93.58
94.74

95.91
97.08
98.25
99.41
100.6

51.09
52.32

53.56
54.80
56.03
ST27
58.51

59.75
60.99
62.22
63.46
64.70

65.94
67.18
68.42
69.66
70.90

72.14
73.38
74.63
75.87
7711

78.35
79.59
80.83
82.08
83.32

84.56
85.80
87.05
88.29
89.53

90.78
92.02
93.26
94.51
95.75

96.99
98.24
99.48
100.7
102.0

103.2
104.5
105.7
107.0
108.2

59.92
61.35

62.77
64.19
65.61
67.04
68.46

69.88
71.31
72.73
74.15
75.58

77.00
78.43
79.85
81.27
82.70

84.12
85.55
86.97
88.40
89.82

91.25
92.67
94.10
95.52
96.95

98.37
99.80
101.2
102.7
104.1

105.5
106.9
108.4
109.8
111.2

112.6
114.1
115.5
116.9
118.3

119.8
121.2
122.6
124.0
125.5

71.01
72.67

74.33
76.00
77.66
79.32
80.99

82.65
84.32
85.98
87.65
89.31

90.97
92.64
94.30
95.97
97.63

99.30
101.0
102.6
104.3
106.0

107.6
109.3
111.0
112.6
1143

116.0
117.6
119.3
120.9
122.6

1243
125.9
127.6
1293
130.9

132.6
134.3
135.9
137.6
139.3

140.9
142.6
1443
145.9
147.6



91
92
93
94
95

96
97
98
99
100

61.75
62.58
63.42
64.25
65.08

" 65.92

66.75
67.59
68.43
69.27

65.49
66.35
67.21
68.07
68.93

69.79
70.65
71.52
72.38
7~.25

67.36
68.23
69.10

69.98

70.85

7173
72.61
73.48
74.36
75.24

72.67
73.58
74.50
75.41
76.33

77.24
78.16
79.07
79.99
80.91

75.62
76.56
77.49
78.43
79.37

80.31
81.25
82.18
83.12
84.06

7927
80.24
81.20
82.17
83.13

84.10
85.07
86.04
87.00
87.97

86.04
87.06
88.08
89.10
90.12

91.15
92.17
93.19
94.22
95.24

94.24
95.34
96.43
97.53
98.63

99.72
100.8
101.9
103.0
104.1

101.8
102.9
104.1
105.3
106.4

107.6
108.8
109.9
1111
112.3

N is the number of servers. The numerical column headings indicate blocking probability B in %.

109.4
110.7
111.9
113:2
114.4

115.7
116.9
118.2
119.4
120.6

126.9
128.3
129.8
131.2
132.6

134.0
135.5
136.9
138.3
139.7

149.3
150.9
152.6
154.3
155.9

157.6
159.3
160.9
162.6
164.3



