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1. Answer the following questions (16 marks)
1.1 What are the main differences between “Space Switching” and “time Switching”? (4

marks)

1.2 According the below ATM Cell structures, show the maximum virtual channel per port

at UNI (User-Network Interface) and NNI (Network-Network Interface) (4 AZLIU)

Bit

> » a ow N =




Student INAME . sooaismsnnnis s s sosvsmismnines b sasaesmmiamss oo StudentID ..o,

1.4 What are the differences between preventive flow control and reactive flow control? (4

points)
Throughput
A knee cliff
" - AN throughput AxARRMIN BTN IAILAN
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Preventive control Ay
. |
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2. From the given Figurel below, please explain how each step works (HUNT

Mode, PRESYNC Mode and SYNCH Mode) (10 marks)

Bit by bit

ALPHA consecutive
incorrect HEC

DELTA consecutive
correct HEC

Figurel for question no. 2



3. 3-stage delta network (15 marks)
Cell A and cell B enter to ATM switch as shown in the below picture. ATM switch architecture is

a 3 Stages of Delta Network. Cell routing table is assigned below

Stage 1 Stage 2 Stage 3

i 0 0 0 —(port1)
\ 0 0 0 —(port3)
i 1 1 1 —(ports)
0 0 0 —(ports)
1 1 1 | —(ports)
— 0 0 0 —(port7)
— 1 1 1 —(port8)

| |

| |

3 Stages of Delta Network

Figure?2 for question no. 3
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Port | VCI | VCI | Port | internal

In In | Out | Out | header

3 6 18 3 1,0,1

3 8 20 4 0,1,0

5 6 22 5 0,0,1

5 8 18 6 1,0,0

Table 1 Cell routing table in ATM Switch

3.1 What are the output ports of cell A, B and C? (5 marks)

3.3 If we want cell A routed to output port number 7, what the internal header values for cell

A are. (5 marks)
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4. Below is the 8 x 8 Knockout Switching Element structure (Input 8 ports, Output 8 ports) with

8 x 4-type concentrators (Input 8 ports, Output 4 ports). Answer the following questions.
Broadcast Buses
1 —9 l_
T ®

p p—— L 4

B =s=rmemeas

piEgiEa—

gl < ek g

Figure 3 Use the above diagram in answering question no. 4.

4.1 How many rows of cell buffers are required in this Knockout Switching Element

structure? (5 marks)
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4.2 If there are 8 cells of data and each cell of the 8 cells enters each input port
simultaneously with all the 8 cells exiting at one same output port number 1, how many

cells are dropped? (5 marks)

5. There are 4 nodes in the communication system as shown in Figure 4 (A). Node A and B
transmit data by using router R to deliver traffic to their destination nodes C and D
respectively. Only a single buffer is provided in R (traffic from A and B are stored into the
same buffer). The service discipline of R is first-come-first-serve. The link bandwidth, which
is a normalised value and indicated by C, are 8, 2, 2, 3 for the link A-R, B-R, R-C, and R-D,
respectively. Node B is a fixed transmission rate source while A is a variable rate source.
Node A is able to vary its transmission rate, f, up to 8. Node B transmits data first until time
zero then node A inserts its traffic. From the given graph in Figure 4 (B), answer the
following questions (please explain clearly):

5.1 Explain what, why, and how (a),(b),(c) and (d) happen, (10 marks)
5.2 Give the normalised values in (e) and (f). Please show how you get such figures, (10

marks)
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Input rate = f ,| A! c=3 R C=2 :! C'

C = link capacity

Total }hroughput
& 4

(ers k\
1‘0/ \~ (b)

» Input rate of A and B

B)

Figure 4 Figure (A) and (B) used for question 5



6. Explain how EFCI (Explicit Forward Congestion Indication) works, please also shown source

node behavior in terms of traffic load.(10 marks)

= i, Feedback cgnt'rol loop iR
) Congested ATM Flell with congestion experienced
Data cell Switch is marked

Desti-
nation

ATM Switch | <= I ATM Switch

RM cell ]

Figure 5 Figure used for question 6
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The figure below shows source’s rate behaviour.

Bit rate
A

.
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7. The below Figure shows Shuffle exchange network, please draw a switching routed path for

input port 2 routed to output port 7 (10 marks)
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8. Figure 6 shows VBR traffic time slots (in cell time). Please show that which VCR cells are
conform and non-conform using Generic Cell Rate Algorithm (GCRA) parameters as

follows: (15 marks)

T(PCR) =1 cell time, T(PCR) = 0 cell time

T(SCR) =4 cell time, T(SCR) = 3 cell time

MBS = 3 cells
(15 marks)
t (cell time)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
_Tj:l:- [ ]T| [ [ 1
Slot with ATM cell Empty slot

Figure 6 VCR traffic arrival time

10
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arrival of a cell at time 1,

Non Conforming Cell

Conforming Celi
TAT=TAT+T

Figure 7 Generic Cell Rate Algorithm

Your answer (for PCR):

t=1: TAT = __, conforming, TAT =

11
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Your answer (for SCR):

t=1: TAT = __, conforming, TAT =

9. Leaky bucket

Figure 8 shows leaky bucket with data buffer or buffered leaky bucket with data buffer scheme.
Tokens are generated with rate [ and stored in the token bucket which has finite capacity M. If
the token bucket is full (,BT 2 M) then next token is discarded. An arrival cell from the data
buffer is placed and transmitted with L rate with a token from the token bucket if the token bucket
is not empty otherwise the cell is stored in the data buffer which has a finite capacity M if it is not

full ( N < M )and discarded when it is full ( N => M ). (10 marks)

B = the data buffer size

Arrival cell Data Buffer Cell with Token )
N = number of cells in
u
> o network the data buffer
“«—>
B

T M = the token size
st cellcve e - K = number of tokens in
full data buffer Token token bucket
M =
v o B = atoken generated rate
Y A = an average cell
8 l arrival rate
lost token due to p = an average cell

transmitted rate

full token buffer

Figure 8 Leaky Bucket with data buffer

12



Student NAME ..onnneeeetiniee et i eanes StudentID ..covvvvvnnniiiiinnin,

The below figure shows arrival of cells and tokens, please draw transmitted cells in the given time

slots. Please also state clearly that what cell numbers will be discarded.

11213 <— Cell Number

. 123456 7891
égﬁzalIIIIIIIIlIIllﬂl-|HHI_lHllllllllllllLlHHI—IHHHIIIIllIlII
|

<— Number of

I I I I I I Tokens in Poc
Token [ANEnl. ENEEEE NENENE ENEENE. ANEEEA. NENEEE SENEEN AN

<— Cell Number

Transmitted) ) 000000
Cells | 1

Figure 9 For question 9
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