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Matr.-ID.: Name: ID:
Task 1 Physical Basics
Task 1.1  TTL - Logic

21

A) Insert the logic level (HIGH, LOW) of the output and the state of the transistors (open, closed)
into the table according to the input configuration x1 and x2 at the standard TTL output driver

Vce

GND
Q <A > < — — >
Iyy(ts% Push-pull output
stage
X1 X2 T1 T2 Ts T4 y
0 0 \OQ)E/N / /ELOSED OPEN CLOSED |H
0 1 OPEN K cyés}gg OPEN CLOSED | H
1 0 OPEN CLos "orsN CLOSED | H
1 1 CLOSED <QPI§A CI<)SED OPEN \L‘ Commented [hm9]: -0.5p per wrong cell, consider

consequential errors!

1

when using a description, it has to be clear and disting

Usage of a second TTL output stage, connection of y1 to [le.

Commented [hm10]: 1p for description or drawing,
simplyfied drawing would be sufficient

Vee

GMD

Sender Receiver
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Matr.-ID.: Name: ID:

C) List two advantages for the use of TTL drivers.
High currents are possible;

Valid HIGH and LOW areas are wider at the input due to possible voltage drops on the

‘Iines‘ [l‘ ed [hm11]: 0.5p per advantage

D) How would it be possible to overcome the disadvantage of possible short circuits of a TTL
driver? Which part of the TTL driver needs to be modified? Modify the drawing to get the solution
and describe the purpose of the adjustments made.

Vcce

T1 needs an enable input. Additionall iod in reversg dir/ec\ion is needed between

enable and collector of ITZ‘ C ed [hm12]: 1pt for correct drawing, 0,5pt for

description of enable, 0,5pt for description of diode

Task 1.2 Differential Signals </

A) How could differential signal generation be realized?
Emitter Coupled Logic (ECL) with twisted lines.

B) What are the advantages for differential signal transmission? Name two. O

Higher speed since transistors don’t go into saturation (ECL)

Inherent compensation of disturbances, noise pulse on both lines and therefore not

visible in the differential signal. (c ed [hm13]: 0.5p per correct advantage
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Matr.-ID.: Name:
Task 1.3  Modulation

A) The signal in Figure 1.1 is received after a transmission. Which modulation scheme is used 1
when assuming all possible modulations are transmitted in that signal?

3 T T T T T T

Amplitude

)

J
A I

3 | | | | | | | |
0 6.2831912.566418.849625.132731.415937.699143.982350.265556.548

Time

~ Figure 1.1: Modulated signal

Commented [hm14]: 1p for correct determination of
modulation scheme

8/QAM

B) Now consider that 8QAM is used. e a possikle codipig for the modulation scheme. 3

-0.5p for wrong phases (when one is wrong and all others are
ok, nor reduction of points -> one mistake is allowed

Phase -0.5p for wrong amplitudes (no mistake allowed)
13 18 225 270 315 No points if other than three bit is used

Amplitude .
Requirements:
«8 different values

L 100 101 ( 1/20\ 111 «Only one value per phase

3 Bits are modulated in8QAM. N/ Commented [hm15]: -0.5p per wrong insertion (double
insertion or missing ones

2 000 001 010 \ K ) \)11
N

C) Briefly describe ASK modulation and give one disadvantage. 1
ibili

Amplitude shift keying: Linear change in amplitude in radio broadcasting, susce

Commented [hm16]: 0.5p for correct description of
modulation scheme (varying amplitude)
0.5p for disadvantage

caused by varying receptionjqualit. /[
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Matr.-ID.: Name: ID:

Task 1.4  Channel capacity, Bandwidth

A digital transmission system with a bandwidth of B=1,5*106 Hz has a channel capacity of C = 5 Mbit/s
(according to Shannon).

A) What is the minimum for the signal-to-noise ratio (SNR) in dB?

C=B*[log]_2 (1+SNR)

C ted [hm17]: 0.5p formula

ive\the\definition for the Cut-Off-Frequency.

regyency at which the signal amplitude has dropped by 3dB compared to the output

lue.

)

Task 1.5 i

A) When converting analgg signa

B) Which classes of signals are used as analog\and digital sign ; Name 4 signal classes.

Value- Continuous, Time- Continuous

Value- Continuous, Time- Discrete U /—\

Value- Discrete, Time- Continuous K /\ \

Value- Discrete, Time- [Discrete] \ \/ \

1.5p correct result
-0.5p if result is not in dB

[l‘ ted [hm18]: 0.5p per correct class of signals

)

N
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Matr.-ID.: Name: ID:

C) Which signal class does the following signal belong to? Briefly describe the generation of this
signal class. 2

s(t)
4 |

s+
b ®
1] Py "a"‘o—
3 9' P
(]
- 0‘ .—‘—'—c‘ 'C >t
m‘ IFTTT1

W Time discrete and value continuous

Signal g{ener/a/ti\r\cw\ Using a dedicated clock signal equidistant sample timepoints are

generate\kA\I\gaZh of\hesy/ti%goints the exact signal value is measured and }stored]. Commented [hm19]: 1p for correct determination of class

1p for correct description

/

/
(/
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Matr.-ID.: Name: ID:

Task 2  Wiring

Task 2.1  General Questions

A)

B)

0)

Task 2.2  Twisted Pair

A)

B)

What is an asymmetric line? Name one example for its application.

The conductors share one common ground line.

Coaxial lines for television. | Commented [Br20]: 0.5pt for description, 0.5pt for example |

ow does the wire length affect the wave impedance ZW?

It doesp’t affect the wave impedance.

N
\V

Name mr distortions of real data signals.

Noise, ipad signal edges, glitches, cross talk, reflections, bad GND, bandwidth issues

(cosmic Raéiatic% n*gneti}z?napacitive distortions| (c ed [hm21]: 0.5p per two correct causes

How does a twisted pair cable h

against ihtetferences from external sources?

Interferences affect both signal lines same time{When,a differential signal is send,

the receiver can reconstruct the original &gn{ | by MMlgnals from each other.

Any interferences are cancelled jout. {r ted [hm22]: 0.5p both lines are affected

~ < 0.5p differential signaling

Is using a twisted pair cable more beneficial against interferences @aﬂ squrces close to the

wire or ones that are farther away? Explain your answer.

Better against sources farther away. The interferences close to the wire affegts the ¢ r

wire stronger than the one on the other side. The interference is therefore @ere}(@th

longer distances, the interferences should even [oud. / C ted [hm23]: 0.5p for nearer sources
0.5p for reasoning
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Name:

Task 2.3

Signal source
(Sender)

Reflection on wires

Oscilloscope

Uy(t)

Y

Line termination
(Receiver)

Us(t)

§ Ay X

Transmission link
length | Uy(t) Ry
L4

Figure 2.1: Test setup

You have found a transmission link in the basement and want to find out the wave impedance. With the
etup givemin Figure 2.1 you make the measurements that can be seen in Figure 2.2. The signal source

N
At
] ——
h— Y
i
1
ot - Z
L1 {4\ < >
L9 51 19 74
/
7
[ 7
1 N
7
/
i O
Figure 2.2: Measurement
A) How would you divide the timeline? Explain and mark at least four points

ta , the propagation time of a wave on the wire. Are quite distinct in the figure as the

voltages on X and Y change fabruptly]. &

Commented [hm24]: 0.5p t_d explained
0.5p two points are marked
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Matr.-ID.: Name: ID:

B) Without calculation, make a quantitative statement about the reflection factors at the start and

at the end.

Uy overshoots Uinf -> r at end positive,

value goes down -> r at start is Inegative\ C ted [hm25]: 0.5p for estimation
0.5p for reasoning

C) Calculate the wave impedance (characteristic impedance) and the reflection factors at the start
and at the end.

U_x (0)=U_S*Z WI(R_i+Z_W)=2,7
U_x (inf)=U_S*R_T/(R_i+R_T)=3,8

Alternative Soluti

At point Y: forward running

Reflected wave

Re=1,6V/2,7V=0,59

Ci ted [hm26]: 1p correct values from figure
1p for z_w
1p for each reflection factor

At point X: forward running wave = -1,
Reflected wave= 0,4V %
Ra= -1,6V/0,4V=-0,25| \>

Ra=ri-zw/(r-+zw)

Zw=(ri/ra-ri)/(1+1/ra)=51,750hm

D) Calculate the internal sender voltage us

ux(inf)=us*(rt/(rt+ri))

us= ux(inf)*(rt+ri)/rt=4,427V} {r ed [hm27]: 0.5p formula
0.5p correct value
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Task 3 Data Transmission
Task 3.1 Line Codes

A sensor node has to be connected to your existing system. To lower costs and complexity, only one
line is available for data transmission. Nonetheless, timing recovery without additional measures should
be possible.

A) Name two line codes that fulfill these requirements.

RZ (bipolar), diff. Manchester, Manchester

15

annel’s signal power is 500 times higher than its noise, its maximum frequency amounts

oned in the preceding task.

Shanngn Limit = W * log2( 1+S/N)[bit/s] ~ 5000byte/s ->high enough,

symbol féte <=>rcqax - only 1bit/symbol possible-> none of the codes mentioned above

[
is jsuitable \

Task 3.2 CD

GPS and mobile phones use*CDM

A) CDMA is using a special class of godes, one example are Walsh-Codes. How is this class of

A
AV

B) Which influence does this have on the bandwidth of the transmitted signal?
The bandwidth increases. /-\

©ITIV 2015 Communication Systems and Protocols SS 2015 10/ 28
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Commented [Br28]: 0.5pt per correct code
-0.5pt for incorrect code

Commented [Br29]: 1pt for usage of symbol rate as criteria
1pt for conclusion

Commented [Br30]: 0.5pt for spreading codes, 0.5pt for
reason



Matr.-ID.: Name: ID:

The so-called Gold code is an alternative to the method of generating these codes presented in the
lecture. It uses two different linear feedback shift registers (LFSR) whose outputs are XOR-ed. The start
value of the LFSRs is called “seed”. The different codes are obtained by using different seeds for LFSR1
while LFSR2'’s seed is left unchanged.

The gold code generator in Figure 3.1 shall be used in the following. The seed of LFSR2 is fixed to “001”

Fx

L—D Q T D Q D Q
LFSR1 i L sk L sk
Clock r |_ l_ G*: Output
q_\,
L—D Q D Q T D Q
| > Q- |—> 3 |—> qr LFSR2
O Figure 3.1: Gold code generator
C) How many'Gold codeg cah be génerated in this way?

2"n-1 =7 (000 as seed does ngft couny

D) List the first two gold codes generated %y this’generato
different participants does the generator alloy on you

(st%eds 001 and 010), how many 5
h

001: 0010100
010: 1100110

- 7 participants Commented [Br31]: 1pt for number of participants
2pt per correct gold code
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Matr.-ID.: Name: ID:

E) What would happen if you used the seed “000” in one of the LFSRs?

This LFSR would not contribute to the code generation and render itself therefor useless.

Task 3.3  Symbol Stuffing

You want to transmit formatted text but due to limitations of your transmission system you can only use
the uppercase letters A-Z and whitespace. However, it should be possible to transmit italic, bold and
strike-through text.

TCLCHIS TASK IS CBSCSTUPI SC [CLICCCOOLCIC

[/

WA

/0y

AVAVARS

Y

B) What could happen if you did not use a separatexegmmand word?

)

Repetitions would be problematic

20N
J

P

>

©ITIV 2015 Communication Systems and Protocols SS 2015 12 /28
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commands

0.5pt for correct escaping of “C”
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Matr.-ID.: Name: ID:

Task 4 Error Protection

16

Task 4.1 Error Detection

A) What is the general difference between Safety and Security? 1

Security: Malicious errors caused by attackers

Safety: Accidental ferrors] ( commented [hm33]: 1p correct difference

B) ame two properties of a good hash function (for communication purposes)? 1

Driﬁe nt inputs should lead to different hash values (reduce number of collisions)

Exepnt\alculation of hash

maI}*rfJnge in input values -> large change in hash h/alue] [Commented [hm34]: 0.5p for each correct property

with XOR operations.

FF FF

A) Determine the given generator polynomial

1

CRC-8 (x7+x6+x2+xl+\l]) Commented [hm35]: 1p correct polynomial

-0.5p without xA7
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Matr.-ID.: Name: ID:

B) Calculate the data stream that will be transmitted if the following bit string is to be protected:

10101110 .

1010 1110 0000 000 : 1100 0111
1100 0111

0110 1001 0000 000

110 0011 1

000 1010 1000 000

1100 0111

C ted [hm36]: 2p: calculation correct
Op if systematic error

1p if single calculation error

Op if more than 1 calc error

1p correct transmitted bit stream

C) With a transmissionSystem that uses CRC for error protection, a sender transmits the following
bitstream: 10011000 001000

1001 1000 0010 0011 011

1001

0000 1000 0010 0011 011

1001

0001 0010 0011 011
1 001

0 0000 0011 O11

10 01

01 001

The receiver will assume that the transmission is error ﬁree\. C ted [hm37]: 2p calculation correct (remainder =0)
Op if systematic error
1p if single calculation error
Op if more than 1 calc error

1p receiver ASSUMES an error free transmission

©ITIV 2015 Communication Systems and Protocols SS 2015 14 /28



Matr.-ID.: Name: ID:
Task 4.3 Comparison of LRC and CRC

In Longitudinal Redundancy Check (LRC), a block of bits is organized in a table with rows and columns.
Then the parity bit for each column is calculated and used to create a new row of an additional parity
data word. After that the new calculated parity bits are attached to the original data and sent to the
receiver.

Original data
|11100111 11011101 00111001 lOlUlODll

11100111
11011101
00111001
10101001

( LRC = 10101010

|

(11100111 11011101 00111001 10101001 10101010
Original data plus LRC

A) With a anon ystermythat uses LRC for error protection, the following bitstream was
received: 00011000 10100011 10111011

used. What doesthe re

eiver Conclude from the result?

00011000
10100011
10111011

the receiver will assume that the transmission is errof ffree], Q C ted [hm38]: 0.5p calculation correct
0.5p receiver ASSUMES an error free transmission

B) Assuming that the sender has sent the following bitstream instead itst eam in Task 4.3A):
10011000 00100011 10111011

LRC method.
Note: Hamming Distance (HD) is lowest weight of any undetectable error.
means all 1, 2, 3 bit errors detected.

No, the receiver will still assume that the transmission is error Free\

free transmission
So, the HD of LRC =2 0.5p correct HD of LRC

C ted [hm39]: 0.5p receiver still ASSUMES an error

©ITIV 2015 Communication Systems and Protocols SS 2015 15/28
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©)

D)

Which detection scheme would you prefer regarding

Could these errors from Task 4.3A)-B) be detected by using the CRC method with a “good”
selected CRC polynomial? Name an example from the given table where the CRC would
guarantee detection of these errors. Explain your answer.
Note: Hamming Distance (HD) is lowest weight of any undetectable error. For example, HD=4
means all 1, 2, 3 bit errors detected.

CRC Polynomial Guaranteed HD Up to max. data lenght (in bits)

CRC-3 (x?+1) HD=2 2048

CRC-4 (x3+1) HD=3 11

CRC-5 (x*+x1) HD=3 26

[CRC-5 (x*+x*+1) HD=4 10
CRC-8\ X +x*+x3+x1+1) HD=4 119
CF\R’&% (x\(x“+x3+x2) HD=5 9

4.1: "Good" polynomials for HD at given CRC size and data length

Yes, with a “good” CRC polynomial these errors would be detected.

There gtétwo CRX, polynomial with HD > 2 and max. data words length > 16|

C ted [hm40]: 1p this error is detectable with CRC

CRC-5 &4+(1) %c&p-a (XTAXA+X3+X1+1)

A

(LD

Compare LRC against CRC on\the fetlowin
Error detection
Implementation

e criterid? in your answer!

Error detection:

There are some CRC Polynomials with HD > 2 (and g'rze7/8 M detects more

errors than LRC. K m \

Implementation: \v )

CRC has a clever hardware implementation (shift register) —> fastMp L

By LRC the complete data plus LRC have to stored and compared -> slowéand/@ \

expensive

For this criteria CRC seems more fficient &

1p for one correct polynomial

C ted [hm41]: 1p reasonable explanation for error

©ITIV 2015 Communication Systems and Protocols SS 2015 16 /28
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Matr.-ID.: Name: ID:
Task 5 Media Access
Task 5.1 CSMA/CD

In this task we have a look at a bus system with arbitration that is derived from CSMA/CD. The following
rules apply:

15

e All nodes want to send as many messages as possible. The length of each message is given
in Table 5.1.

e A node is not allowed to send twice in a row. After each successful transmission it has to wait
until another node has finished its transmission. The values of the assigned waiting times for
each node are given in Table 5.1.

e __If a node willing to send detects that the bus is occupied it withdraws and waits for the time

Node Packet length Waiting time

\A\ 1 2
)—B\ 2 2
c/ / 3 2

A) Fill in the signal sequence of : esulting from the specification as given above (use

Figure 5.1). Mark waiting times and.coffisions/that pccut,. ]-[Commented [hm42]: +1 P correct solution

| Transmission +— aiting i”% /C0|"Si0”
Nodo A J i A

At
NodeBJﬁ -

Node C Jf——F

L¥ " t

g
e

i

t
T

PR TR

0 1 2 3 4 5 6 7

Figure 5.1: Signal sequence
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Matr.-ID.: Name: ID:

B) Which problem occurs and how could it be solved?

Identical waiting time causes many collisions, transmitting is impossible. The waiting time
has to be changed so that every node has a different waiting f(ime\. C ted [hm43]: +0.5p for collisions
+0.5p for solution

C) The packet length is unchanged and node C has the highest priority. Modify the waiting times
so that all nodes have send data after nine clock cycles (use Table 5.2). The waiting times
should be as short as possible. Fill in the signal sequence of the bus nodes, resulting from the
nadified waiting times (use Figure 5.2). Mark waiting times and collisions that occur, label which

\should be evaluated with a [cross). C ted [hm44]: +1 P for tc=2
+1 P for tb=3
+1 P for tc=4
+1 P all send data until t=9
Node Packet length Waiting time +1P correct solution
A 1 4
B 2 3
\?S\ 3 2

Table 5.2: Modified waiting time

""""""" - T o

Ao R TN S t\,‘< A [ S S —
0 1 2 3 4 5 6 7 8<9 /0 11 12 13 14 15 16 17

Node A

Node B

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15°16 17

Figure 5.2: Signal sequence

Node C
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Task 5.2 CSMA/CA

A communication system comprises five communication nodes that use CSMA/CA as arbitration
scheme. In order to transmit data a node transmits a dominant start bit (,0°) for synchronization purpose.
After that a 5 bit message identifier followed and 10 bits of payload data is sent. The message identifiers
are unique for each node and all data is sent MSB first. The bus has to cover a maximum distance of
500m.

A) Name two advantages and two disadvantages of CSMA/CA
Advantages Disadvantages
e no collisions on the bus e length of the bus and data transmission

rate are limited because of simultaneity
requirement]

C ted [hm45]: 0.5p for each advantage or

B) Which require
What are then

nts have to be fylfilled in order to guaranty a faultless function of the system?
plicationg for thg transmission rate?

The requirement of simultaneity has/to fulfilled. The signal propagation time ts is much smaller
compared to the digit length it hime to

|

disadvantage

C ted [hm46]: +0.5P for Simultaneity

C) Calculate the maximum payload data rate of bus, pe a propagation time of 0.66-c
(c=3-10"8 m/s).

Transmission rate

[t_s=INK[t_b= L/TR]

With I=500m, v=0.66-3-[10]"8 m/s

TR«V/I=(0.66-3-[10)"8 m/s)/500m=396000 1/s

Start Bit +5 Bit message identifier and 10 bits data

payload data rate= 10/16-transmission rate=247500 [1/s />

+0.5P for Transmission rate formula

C ted [hm47]: 1P for transmission rate

©ITIV 2015 Communication Systems and Protocols SS 2015 19 /28
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Matr.-ID.: Name: ID:

D) Figure 5.3 shows an impulse diagram for the bus system described above and the signal level
of the shared bus line. Indicate the identifiers of the given nodes as far as possible (use Table 2
5.3, mark uncertain identifier bits as X).

Node A

Node B

Node C

Node D

Bus

0 1 2 3 4 5 6 7

Figure 5.3: Bus Access

O Node |BitO |Bitl |Bit2 |Bit3 |Bit4
A) b X X X X

g /{ 1 0 1 X
% 0, 1 1 X X
D 0 / L 0 0 1
iexs of the nodes\ [l‘ ted [hm48]: 0.5p for each correct line
E) i i i o the/bus? 1
Node E (five nodes are mentioned in the task) is ale ﬁ@
OR: No one of the four nodes A-D is allowed Nﬁi datal. > [t‘ ed [hm49]: 1p for correct solution

(

()
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Task 6  Practical Aspects of Communication Systems

15

Task 6.1  General Questions

A student wants to transmit data over a very long distance. Because of budget reasons, a connection
with one single wire has to be used for this transmission. The transmission should use Aloha with
unipolar NRZI.

A) How can clock recovery be done for the above network?

Since a long line of ‘0’s or ‘1’s can be transmitted a bit stuffing is necessary to change the

value frequently.

preamble can be used to synchronize the two klocks\. {r ted [hm50]: 1p for correct answer either bit stuffing
or preamble

e transmitted data will have variable length. Name two ways of determining the data field
ithin a transmission:

;p/em in length field of frame

Use of &elin@r [da‘ta field [r ed [hm51]: 0.5p for each correct answer

N /LD

C) What needs to be changed i

the network real time capable?

An appropriate protocol and media\acgess haxve to@ chosen.

Examples: token passinﬁroto%le{\}el FD&

A, TDMA
All access is controlled by one master/ \ C ted [hm52]: 1p for changing protocol or media

access

/\V

~@,
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Matr.-ID.:

Name:

Task 6.2  Physical Layer of Customized Bus

A customized bus should code the raw data with Manchester. The voltage level on the bus is generated
by an inductivity. This inductivity is driven by an open-collector that is connected to the output stage of
the microcontroller. The transmission is initialized by a logical Zero (start-bit) and ended by a logical

One (stop-bit).

A) What is the advantage of the induced voltage levels?

Sine-shaped pulses require lower bandwidth for transmission.

Data can be transmitted on power line

C) Draw the Manchester ¢oded gnd ra

graphic. Please write do

complete frame.

Voltage on
Transmission Line

Coded Data

Raw Data

Bits

©ITIV 2015

Us

thé

data (information) transmitted over the wire in the following
ssmitted data. The figure shows the transmission of a

mﬁ%h

L

L

/N,

Start

BEEEEEE

Stop

Figure 6.1: Transmission on customized bus|
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Commented [Br53]: Also galvanical isolation might be
possible.

Commented [hm54]: 1p for correct coded data
1p for correct raw data
1p for start and stop bit (it is OK, if first and last bit is empty)




Matr.-ID.: Name:
D) How can data integrity be checked purely on physical layer? (Name two)

Check for start-bit and stop-bit

Successive pulses must have different polarity

Between two clocks/pulses of a frame only one pulse is allowed to be |missing\ [r ed [hm55]: 1p for each correct answer

E) Because of license reasons Manchester coding cannot be used. Why can't differential
anchester be used for the system? Please name the Problem and a possible solution.

Diffebential Manchester is alternating, therefor last level depends on number of ‘0’'s and

‘N}h%eans the stop bit ends not always at recessive level.

or oMrity a second stop-bit or parity-bit has to be [added\.

C ed [hm56]: 1p for problem
1p for possible solution

(/@@
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Task 6.3  FireWire
A) Different FireWire structures were built during a student laboratory. During test phase you notice

that not all FireWire systems are working correctly. Please state if the below FireWire systems
are working correct. Mark the roots, if the systems are correct and all nodes starting at the same

time. Give a reason, if the FireWire is not working correctly.

[ Ci ted [hm57]: 0.5p for correct and right master

| C ed [hm58]: 0.5p for correct and both masters

- Reason
L m x
0 .
m |~
'C N
e yar

Rings are not allowed in FireWire

0.5p for wrong if masters are marked AND reason says two
different nets

X

One/out&ut canr(ét have multiple connections
N

VAN

VAN

X

\

X

Connections between all nodes are no Ilovyéd witﬂin

[t' ted [hm59]: 0.5p for wrong and correct reason
{ C ted [hm60]: 0.5p for wrong and correct reason
[ C ted [hm61]: 0.5p for correct and right master

[ C ted [hm62]: 0.5p for wrong and correct reason

FireWire. Because we get rings and muliple
connections to the different nodes.
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Task 7 Networks

Task 7.1  General Questions

19

A) Your task is to decide on which type of connection to be used in a network consisting of
components in need of predictable latencies. Justify your decision.

Circuit Switching, easier to guarantee latency

task is to decide on which type of connection to be used in a network consisting of

C) Name the ree components of & network on chip node in the basic setup and their respective
task

Computing Unit : Run, ar@p\lcatlon or part of an application

Network Interface : Medh |ng/l(etwe7g Caomputing Unit and Network

Routing Unit : Embedded inte Iigerée tyét (%cjdes on the direction of the data

Oy
VAIRS
\V

D) How do networks and busses differ from each other?
Bus : dedicated and fixed physical communication chagne| /—\

I
Network : different and multiple communication channels are possibﬂe\ \ Commented [Br63]: There are other correct answers

\ v ) possible. 1pt is given for correct distinction.
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Task 7.2

Routing

Figure 1 2 shows a 4x4 meshed network with bidirectional links for wormhole packet-switching

communication.

A) Which routers are passe
provide the coordinates of th

(1,0),(2,0),(3,0). (3, 1), B,

Routel

Routel

Routel

Routel

0y @0 2.0 3.0
P Fors o

o @y @y @Y
P Fors Fom

©2 @? @2 @2
P Fors Fom

©3 @y @3 @3

Route!

acket/sent from (x, y) = (1, 0) to (3, 3) using XY-Routing. Please

B) The routers (1, 0) and (2, 1) are experiencing heav

packets have to wait before being forwarded. As an alte
If a port is occupied the opposite dimension is used, so |

towards their east port, such that
ative/‘hot potato XY-Routing” is used.

ich\routers are passed

casg of Xtewards Y and in case of Y
towards X. If no heavy traffic is present common XY Routing i§ us :@

by a packet sent from (x, y) = (1, 0) to (3, 3) for that routing

(1,0),(1,1),(2,1),(2,2),(3,2),(3,3)
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C) Which classes of routing algorithms is hot potato XY-Routing associated with?
Adaptive Routing: Since Ports are used depending on Traffic in Routers

Non-Minimal Routing: New routes can lead to non-minimal detours

D) Describe two scenarios: one in which common XY Routing is preferable and one in which “hot
potato XY Routing”.

Balanced network traffic XY Routing will find the shortest Path

If%&«q traffic is present at certain ports, hot potato XY can reduce the latency

ND
\V

E) Instead|of XY:-Routing, Flooding is considered for the given network.
How many tj is a'packet forwarded when flooding is used, with router (1, 0) being the origin
and router ( the destinatiol

F) How many times is a packet for
router (1, 0) is the origin and router

9

G) What is the minimal time to live for a packet sent by router (1,ter 2,2)?

)
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Task 7.3 Communication Models
This task focuses on Communication Models like the OSI reference model.
A) The (notional) company “Simple Communications” has taken the position that layered

communication models are unnecessary. Name one reason why they would fare better with a
layered model and justify your answer.

Maintainability

B) What is the purpose of the presentation layer in the OSI reference model?

[4] Transport Layer: 500 us
[5] Session Layer: 1 ms
[6] Presentation Layer: 1.5 ms

[7] Application Layer: 2.5 ms

Computer 1 Computer 2
Application A Application B
(Layer 7) (Layer 7)

“/

Router

Bridge \)

Figure 7.2: Data Transmission Scenari

C) Please calculate the communication latency for the router, bridge and for 1. The
payload size can be assumed as small. Thus, data transmission latenc
independent from the payload size.

Router L3 = 2* Layer[3]+ 2* Layer[2]+ 2* Layer[1]=222 us

Bridge L2 = 2* Layer[2]+ 2* Layer[1]=22 us

Computer 1 = 2* Layer[7]+ 2* Layer[6]+ 2* Layer[5]+2* Layer[4]
+ 2% Layer[3]+ 2* Layer[2]+ 2* Layer[1]
=5ms+ 3 ms + 2ms + 1000 us + 222 us = 11222 us

©ITIV 2015 Communication Systems and Protocols SS 2015 28 /28

Commented [Br64]: Also other answers are possible if they
show the advantages of layered models.

Commented [Br65]: 1pt per correct component.
-0.5P falls die oberste Schicht nur einmal berechnet wird
(Abzug pro Rechnung)



