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Task 1: Physical Basics

Task 1.1: Signal Transmission

Rgs Z
— - C 0>
RT.Z’ RRm

Tx cable Rx

Figure 1.1: Test setup

In Figure 1.1, a transmission line is depicted. Here, a transmitter with the output impedance
R, is connected through a long cable to a receiver with input impedance Rp;.

The transmitter is connected to the line with an impedance of Zj.

The impedances are R, = 15 Q, Rg =60 Q, Zy = 25 Q and Rg, > 1 M.

A)  What is the equation for calculating the reflection factor at an end of a line? Give the
equation for the reflection factor in general.

Calculate the reflection factors at both the transmitter and the receiver side.

In general: 0.5P for abstract

r=(Rr— 7 Rr+ 2 —formula (from script),
( g 0)/( r 0) 0.5P for correct Tx. 1P

] _ for correct Rx.
At the source/transmitter:

rre = ((Bre + Rs) — Z0)/((Rre + Rs) + Zo) = 1/2

At the sink/receiver:
TRy = (Rra — Z0)/(RRs + Zo) = 1
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B) A step signal of Vi = Viep = 4V amplitude is now being sent by the transmitter.

After the step has passed the transmitter circuit and the series termination resistor, it reaches
the beginning of the long cable.

Explain or give the equation: What will be the voltage V_qpern for the point in time when
the transmitted step reaches the beginning of the cable for the first time? Think about the
equivalent circuit diagram of the electrical setup.

Calculate the value Vi gpiern.

Since the wave sees Zy when looking into the cable, the circuit behaves like a 1 Point for correct
voltage divider. —explanation OR giving
the proper equation, 1
_ additional point if
Veablern = VStep * (ZO/(RT + ZO)) = 1/4 A4V =1V correct value - no points

without explanation.

C) Since the transmission line is not properly terminated, there will be reflections after the
injection of a step with Vr, = Viiep.

Explain by giving the formulas and calculate the values: what will be the voltage at the
beginning of the cable on the side of the transmitter when the wave reaches this point for the

first, the second and the third time?

For calculating the voltages Viaziq(t1)...Varia(ts) use following values Vigpiern = 2V, rrr = 0.25

and rr, = 0.5.

V]Hid(t()) =0V 1 Point for general

—formula, 1 point for
each correct value at t2

_or t3 (t1 is trivial) - no
point without it.

Viria(t1) = Veablern =2V
Varia(te) = Varia(ty) + (Varia(ty) — Varia(to)) - rre =2V +0.5- 2V -0V) =3V

Viria(t3) = Varia(t2) +(Varia(t2) —Varia(t1)) -r7e =3 V+0.25-3V—-2V) =325V
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D) What will the signal look like at half of the cable’s length L/2 (the middle) for the trans-
mission line from Figure 1.1 where the line is not perfectly terminated? Here, the cable does

not attenuate the signal.

In this task it takes the time T for the step from the previous task to propagate from one end

of the cable to the other. The propagation times of the signal at the transmitter and receiver

side of the cable can be neglected.

Draw the signal curve into the diagram below up to the time t=3T.

0.5P each for correct
value at t=0, t=T,
t=2T and t=3T, 1P in
total for correctly
changing the values at
multiples of 1/2T. Also
give points if values
match incorrect results
from task c)

Vcable( L/Z)A

red: primary solution

-5V >t
0O T T 1AT 2T 2T 3T

Figure 1.2: Diagram for drawing the voltage over time at half of the cable length
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E) In this task, the line has the same setup as depicted in figure 1.1 but the resistor Rg has
been properly chosen for a perfectly terminated line. Also, the voltages on the line have now

completely settled (steady state).

For the transmission line, a coaxial cable of 100 meter length is used which has an attenuation
of A = -5 dB. The transmitter inputs a signal of V;;, = 5V into the cable.

An amplifier (Gamp) after the transmission line at the receiver side, brings the signal to a
voltage level of V,,;, = 4V.

What is the gain Gy of the amplifier in dB?

’r'm/out = 201()910(‘/;,7,/‘/;)”75) = 1.938dB 1 Point for )
—Power/Voltage Ratio
Rx/Tx or
— M,ndBmandVoutdB'rn
1 Point Gain in dB.

G(an =-1- (Tin/out + A) = 3.062dB

Proof:
V/l'n,dBm, = 20l0.910(‘/m/1mv) = 73.979dBm

‘/outdBm - VL"rLdBm + A + Gamp = 172.041dBm

Vot = 10Voutabm/20) 5 1V = 4V
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Task 1.2: Sampling Theorem

A)  In the Figure below the spectrum of an RF channel and the associated receiver chain are
depicted. The receiver is interested in obtaining the Rx Data of user U2. Here, only one analog
mixer, one ADC, one analog Low-Pass etc. are being used.

1) First, the spectrum of interest Ul to U5 is mixed in a way (fro), that the leftmost frequency
of Ul will be at the DC frequency by using an analog RF mixer.

2) After that, the frequency content of the other spectra outside Ul to U5 is suppressed by a
Low-pass filter (Bp1).

3) An ADC afterwards converts the spectrum of Ul to U5 into the digital domain (fsampie)-
4) In order to receive data from an arbitrary user, the signal is digitally mixed using a Digital
Downconversion (DDC) (fppc v2). In the case of extracting user U2, it mixes the signal so
that the leftmost frequency of the desired user U2 is at the DC frequency.

5) At the end of this block, a digital Low-Pass filter removes the frequency content of the other
groups (BLpz).

What are the frequencies fro, fsample and fppc vz and the bandwidths Bypy and By ps for
correctly extracting the Rx Data of user U27?

fro=10 MHz 1P for fro, 1P for Brpi,
- 1P fOI‘ fSa,mplfz, 1P fOI‘
Brpy > 40 MHz —10 MHz =30 MHz fope_uz, 1P for Brp,

fSample >2-Brp1 =60 MHz

Ippc v2 =1/5% -Bysers =6 MHz

BLPQ > 1/5*BLP1 =6 MHz

A
Uul\jyu2

0 10 25 40 f

MHz MHz MHz MHz
fo Bipl fsa$p|e fDDi_UZ Bipz
RF Rx
Signal ADCPDDCP \[»Userl Rx |—>Data

RF Mixer

Figure 1.3: Base band spectrum and receiver chain of an RF signal
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Task 2: Media Access

Task 2.1: Multiplexing

A) What is the main difference between half-duplex and full-duplex transmission? Explain in
1-2 sentences.

Both are bidirectional transmissions schemes, but half-duplex transmission allows +1 pt for correct answer
only transmission in one direction at a time while full-duplex transmission allows
to transmit data in both directions simultaneously.

B) Name two different multiplexing schemes that can be used if only one single physical line

is available for a communication of multiple users.

e Time Division Multiple Access (TDMA) _ _S_gftpzofegpzcc};eme

e Frequency Division Multiple Access (FDMA) Division Multiple
e Code Division Multiple Access (CDMA) _ Access (SDMA)

C) Which property of a spreading code is needed in order to be able to do multiple transmissions
at the same time? Explain the effect of this property for the reception process.

The spreading codes have to be orthogonal to each other. Therefore the trans- +1pt for orthogonal
mission of one spreading code does not influence the other transmissions. In an ~ 1Pt for correct

. - S . . explanation

ideal case influences of other transmission sum up to zero in the receiver.
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Task 2.2: Modulation

Q
011
[
010
[
101 100 000 001
® L4 @ @ I
110
®
111
[

Figure 2.1: Constellation diagram

A) Figure 2.1 shows a constellation diagram for a digital modulation technique. Which type
of modulation is used here? Which properties of the signal can be varied with this modulation

type?

Modulation type: 8-QAM +0.5P for 8-QAM
Varied properties: Phase and Amplitude - +0.5P f'or correct
properties

© ITIV 2020 Communication Systems and Protocols WS2016/17 8 /32
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B) The symbol constellation from Figure 2.1 is now used by a transmitter to modulate data
bits on a carrier. The phase ¢ of the signal is defined relative to a sine reference signal as shown

in Figure 2.2. Determine the coding for each point in the constellation diagram and write it

down in Table

Figure 2.2: Phase difference of a sine signal compared to a reference signal (dashed line = refer-

ence signal).

2 pt: All amplitudes
2 pt: All phaseshifts

-0.5 pt: for every error

Bitvalue Amplitude Phaseshift correct
000 1 0° (0) correct
001 2 0° (0)
010 1 90° (7/2)
011 2 90° (/2)
100 1 180° ()
101 2 180° (r)
110 1 270° (37/2)
111 2 270° (37/2)
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C)

Figure 2.3. Assume that each symbol has the duration of two periods of the signal. Determine
the bit sequence that has been transmitted.

101-001-010-111-100-011-110-000

ID: 1
Now the symbols from Figure 2.1 should be used to transmit data. The signal is given in

B

f\\ \
A
Al \
! AN
T \

o ]

Vo 1

X /)

+0.5P correct symbol

A
/ I/\
1
\ 1 \
' ! 1 \
1
y
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- -- - reference (¢ = 0)

—— modulated signal
Figure 2.3: A modulated signal which uses the constellation from Figure 2.1 on page 8.
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Task 3: Arbitration

Task 3.1: CSMA/CA

A bus system of four nodes are using CSMA/CA as arbitration scheme and are connected via
open collector drivers (see figure 3.1). Each node has a five Bit identifier and the bus has to
cover a maximum distance of 800m.

Vee

Ry

«1&—}% «10«'\3--- «1&—?
Cl 02 C14:

Figure 3.1: bus system

A)  Which is the dominant bus level? Give a short explanation.

wired-AND: ,,0¢ dominant, ,,1“ recessive 0.5p for zero as
dominant bus level
0.5p for wired AND

connection

B) Name two advantages and two disadvantages of CSMA /CA.

Advantages 0.5p for each advantage
—or disadvantage

e no collisions on the bus

o—easy to-prioritize because-of individual-identifiers
e partly real-time capable with additional rules

o efficient use of bandwidth

Disadvantages

e length of the bus and data transmission rate are limited because of simul-
taneity requirement

e node with the highest prio can occupy the bus

e limited number of nodes /messages
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C) Isit possible to extend this bus system with any number of nodes? Give a short explanation.

No, the number of nodes is bounded by the number of identifiers. In this example 1P for reasonable

five Bits — 2° = 32 nodes " answer, no points
without explanation

D) Which requirement has to be fulfilled in order to guaranty a faultless function of the bus
system? Calculate the maximum bitrate that is achievable if the signal speed on the line equals

to 0.66 - c. (Speed of light ¢ = 3 1082)

1p for simultaneity and
correct formula

1p for correct value
factor of two is also
valid

Requirement: simultaneity
[ts - i} < {tB — ﬁ} with [ = 800m, v = 0.66 - ¢ = 0.66 - 3- 103™

0.66-3-105 1
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E) The data format uses a frame with a Start Of Frame bit (SOF) and an identifier with five
bits. The identifiers can be taken from Table 3.1. Using Figure 3.2, draw the impulse diagram

’ Node ‘ Identifier ‘

A
B
C
D

00101
01001
00100
00110

Table 3.1: Identifiers of the nodes

for the arbitration of the single nodes and the signal level of the shared bus line. Which node

is granted exclusive access to the bus?

Node C is granted exclusive access to the bus.

0.5p for correct

dominant SOF
0.5p for each
consecutive correct time

Node A

Node B

step (max 2)
0.5p for correct winning
node

—

Node C

Node D

Bus

Figure 3.2: Bus Access

© ITIV 2020 Communication Systems and Protocols WS2016/17
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Task 3.2: Carrier Sense Multiple Access/Collision Detection

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

e All nodes want to send as many messages as possible. The length of each message is given
in Table 3.2.

e A node is not allowed to send twice in a row even if the bus is free. 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 3.2.

e If a node willing to send detects that the bus is occupied it withdraws and waits for the
time specified in Table 3.2 (waiting time) until it will retry to transmit. Any ongoing
transmission is not influenced.

e If two or more nodes want to start a transmission on the free bus at the same time there
is a collision. All involved nodes withdraw from the bus and wait for the time given in

Table 3.2.
’ Node \ Packet length | Waiting time
A 2 2
B 3 3
C 4 4

Table 3.2: Specification of nodes

A) Fill in the signal sequence of the bus nodes, resulting from the specification as given above
(use Figure 3.3). Mark waiting times and collisions that occur.

0.5P for collision at t=0
0.5P for Node A

1—5—' Transmission W Waiting time ¢x 1+r Collision sending first

1P for not sending twice

in a row
, 1P _for each correct
Node A sigTiftt 1% TC (LakK
t t tl t tl t t ; .
, A A A A A f A subsequént faults into
Node B —
tp tp tp tp tp tp tp
A
Node C t
te te to t
0 1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Figure 3.3: Signal sequence

B) Is the length of the media related to the duration of sending? Give a short explanation

Yes, the data to be send has to be long enough for the signal to travel twice the 1P for correct answer
media during sending time ~ with explanation
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Task 4: Error Protection

19

Task 4.1: Multiple Choice
A)  Specify whether the statements in table 4.1 are true or wrong.
Hint: Wrong answers will be penalised. The task will be evaluated with a minimum of 0 points.

+0,5P each correct

Statements True V answer

-0,5P each wrong
Security is the protection against malicious errors caused by Yes answer
attackers '

In a good hash function for communication purposes, a small
change in input value results in a small change in hash value

“Natural” redundancy has no dependable information value Yes

All even number of errors with even number of bit errors per
row/column are detectable by Block Check methode for error
detection

All error bursts > degree of CRC generator polynomial are
detectable

A CRC generator polynomial must have ,1° in most significant Yes
bit (MSB)

Table 4.1: Multiple Choice

Task 4.2: CRC-Calculation
A) To protect data transmission in a mobile device, a given CRC generator polynomial should

be implemented. Draw the linear feedback registers with XOR operators for the given generator
polynomial.
Given CRC generator polynomial: 27 + 2% +2° + 22 + 1

l—— +1P if design works
(structure is error-free)

FE FF FF | FF | FF FF | FF +1P everything is
correct

7}
H
7}
W

X
)
7}
b
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B) Calculate the data stream that will be transmitted if the following bit string is to be
protected: 10101110

1010 1110 0000 000 : 1110 o0101 2pt: calculation correct
1110 0101 Opt if systematic error

1pt if single calculation

0100 1011 O error
111 0010 1 Opt if more than 1
011 1001 10 calculation error

1pt for correct complete
transmitted bitstream

11 1001 01
00 0000 1100 000

Bit stream as it is transmitted: 1010 1110 1100 000

C) With a transmission system that uses CRC for error detection, a sender transmits the
following bitstream: 1001 1101 0001

Carry out the CRC error detection scheme of the receiver, assuming that the generator polyno-

mial ¢ + 2! + 1 has been used to generate the checksum at the sender. What does the receiver
conclude from the result?

1001 1101 0001 : 10011 1,5pt: tcalculation
correc
% Opt if systematic error
0000 0101 00 1pt if single calculation
100 11 error
001 1101 Opt if more than 1
1 0011 calculation error

0,5pt for the correct
0 1110 statement

The receiver assumes that an error occured during transmission.
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D) In a system, data has to be transmitted from a mobile device to a server. The raw data
consists of three bytes that are sent every 40 ms. Assume that in every transmission a maximum

of three bits (not obligatory as a burst error) could flip. Could every possible error be detected

by using CRC with a well chosen CRC polynomial? If so, give the shortest possible CRC
polynomial from the table 4.2 which would guarantee detection of these errors. Explain your

answer.

Note: Hamming Distance (HD) is the lowest weight of any undetectable error. For example,

HD = 3 means that all 1 and 2 bit errors can be detected.

4 | CRC Polynomial g;aranteed Ezgﬁ’l ‘Z;flx{)ifsta
1 | CRC-3 (22 +1) HD=2 2048

2 | CRC-4 (2% +1) HD=3 11

3 CRC-5 (z* + 2) HD=3 26

4 | CRC-5 (z* + 22 +1) HD=4 10

5 | CRC-8 (" +a*+23+2'+1) | HD=4 119

6 | CRC-8 (27 + 2t + 23 + 2?) HD=5 9

Table 4.2: CRC polynomial with guaranteed HD

Yes, with a well chosen CRC polynomial, these errors would be detectable. +0,5P realize HD=4
There are three CRC polynomials with HD>3, but only of them has max. data ;’4(1;?) realize Up to >
word length > 3*8 = 24. —> CRC-8 (#5) :

_ +1P correct answer
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Task 4.3: CAN Bus
A) Consider the following data frame at Node A (sender).
Find and mark three errors in the given data stream and give a short explanation of each error.

Node A (Sender)
SOF ARB Field CTRL Field Data Field (RC Field ACK Field EOF [0

SF| D10.0 [RMR|ws [DIC3.0|  DBT.( CRCI4.0 |DEL|ACK|DEL|  FEOF6.0  |IFS2.0
LJojof.Jujaf o [ofofofofafufafofsfoftfofefofufol.fojrf o [0 | 1 [ufujafof[a]i]1]1]1

i) SOF is '’ 1 pt.: for each correct

(
(ii) RTR is "1’ should be 0’ for data frame B ?g:;l i?(_;ler;tsif;cation
(iii) DLC is "11’ but only 1 Data Byte prs:

(iv) CRC DEL is "0’

(v) There is a '0’ in EOF
(vi) ACK has to be recessive "1’

B) In CAN bus communication it is very important that every participant is able to count the
errors. Please give a short explanation why any erroneous participant must be recognized and

deactivated.

Malfunctioning participants can bring the complete bus to a deadlock by persistent 1 pt.: for correct answer
transmission of error flags

C) Please name the three different error states in CAN communication and explain the limi-

tations of the participant in each error state.

Starting state ,error active“, full-valued participant, no limitation +0.5 pt.: for each
—correct name

If the value 127 is exceeded the node becomes ,error passive® and is no more
+0.5 pt.: for each
allowed to generate an error flag R
. . _ correct limitation
If the error counter further increases the node has to be disconnected from the

bus ("bus off")
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ID: 1

12

12

Table 5.1: clock signals

’ Master ‘ Low period ‘ High period ‘

Bus Systems
I’C-Bus Synchronization

Complete the waveforms of the signals that result from the interaction between the nodes

on the SCL signal.

small (0 time steps). The individual masters want to establish a clock signal according to the

data from external signal lines (SCL, SDA). The reaction time within each node is neglectably
following table 5.1:

Three I?C Bus Masters want to send data to one slave. Each node needs one time step to read in

Assume that Master B is initiating the communication cycle.

Matr.-ID: 123456
Task 5
Task 5.1:

A)

Master A
Master B
Master C

19 / 32

Figure 5.1: Signal sequence

t1o
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Task 5.2: Flexray: General Questions

A) What were the main goals during the development of Flexray in automotive network topolo-
gies? Name at least two features to fulfill this goal.

Development of deterministic, fault tolerant communication system with high- +1P for communication

bandwidth (10 MBit/s) as a backbone connecting several bus gateways. — backbome connecting
several bus gateways.

+0,5P for each named
feature of:
deterministic,
fault-tolerant,
high-bandwith.

B) With Flexray it’s possible to run the system in dual-channel mode. Explain the advantage
and disadvantage of the dual-channel mode over single channel mode.

Advantage: double the bandwidth (20MBit/s) compared to single channel mode. +0,5P per adv./disadv.
Disadvantage: Less reliability, because it’s not possible to transmit redundant
frames.

C) Which arbitration schemes are used in the different available Flexray segments in order to
cope with multiple senders?

. Dynamic
J Static Segment ‘ Segment
N FTDMA
TDM (mini-slotting)

+0.5pt. per correct
arbitration scheme and
correct assignment
CSMA /CA for dynamic
segment also valid.

© ITIV 2020 Communication Systems and Protocols WS2016/17 20 / 32
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Task 5.3:

In this task we want to investigate the data transmission and scheduling with Flexray. The used
topology is shown in Figure 5.2. Additionally, the slot durations for the scheduling are given in

Table 5.2.

Flexray: Bus Access

Node A

Node B

Node C

Channel 1 I

Node D

Channel 2

A)

Figure 5.2: Flexray Topology

’ Static slots ‘ Minislots ‘

|

s ‘

100ns

|

Table 5.2: Slot durations

scheduling of the frames according to the Table 5.3.

In Table 5.3 the nodes shown in Figure 5.2 and the assignment of their available frames to
the static slots are given. Complete the signal diagram in the Figure 5.3 and perform the static

’ Node \ Static Slots \ Frames \ Redundant Frames
A 1,3,5 | AL A2, A3 A2
B 2,4 B1, B2 B2
C 1,4 C1, C2 -
D 5 D1 —
Table 5.3: Static Node Assignments
Static Segment Dynamic Segment NIT
Slot no./Minislots . 2 : ¢ > AR R 113
Channel 1 o B2 A2 B1 A3 al 0 e
Slot no./Minislots ___ | 2 | } | ! | ° |6|6|6|6|7|8|9|9|9|1°1
Channel 2 i d1 B2 A2 C2 D1 i D;6 i 3 i B9 : i 3
Figure 5.3: Signal sequence
© ITIV 2020 Communication Systems and Protocols WS2016/17 21 / 32



Matr.-ID: 123456 ID: 1

B) Calculate the duration of a complete communication cycle! Assume a Network Idle Time
(NIT) of 1ps and that all minislots depicted in Figure 5.3 are idle!

5 * tstatic + 10 * taynamic + tnrr = 5% 5pus + 10 0.1pus + 1us = 27us

C) What is the purpose of the minislots with regard to bus access, which are used in the
dynamic segment of the communication cycle? Is it possible that multiple nodes can own the

same minislot? Justify your answer!

Prioritized bus access within the dynamic segment controlled with a slot count. +1 pt. for each
Not possible for multiple nodes to own the same minislot: Similar to static slots ~ duestion.

each minislot is exclusively owned by one FlexRay node. A minislot thereby only

defines a potential start time of a frame transmission in the dynamic segment.

D) In Table 5.4 the parameters for the dynamic segment are given. Complete the signal
diagram in the Figure 5.3 and perform the dynamic scheduling of the frames for Channel 1 and

Channel 2 according to the Table 5.4. Number the minislots with slot IDs dependent on the
length of your scheduled frames. Note that each channel offer its own minislots for transmission.

’ Node ﬁ’rames—l Slot-1D ‘ Frame Duration

A AT 7 100ns
B B9 9 300ns
C C8 8 500ns
D D6 6 400ns

D11 11 200ns

Table 5.4: Dynamic Segment Parameters
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Task 6: FireWire

Task 6.1: FireWire Structures

A) Different FireWire structures were built during a student laboratory. During test phase
you notice that not all FireWire systems are working correctly. Please modify the FireWire
systems given below by adding or removing as few connections as possible to get one correct
FireWire system each. Draw the corrected system in column 2 (Corrected System) and give a
reason, why the system has to be modified in column 3 (Reason).

Corrected System Reason

A FireWire has to be a connected graph

Rings are not allowed in FireWire

a1
13

s
3
—

L

Rings are not allowed in FireWire

One output cannot have multiple connections
and rings are not allowed in FireWire

A FireWire has to be a connected graph

H B
HEE

Rings are note allowed in FireWire

Table 6.1: FireWire structures
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0.5 P. per system

Task 6.2: FireWire Arbitration

The FireWire network shown below is given. The complete self-configuration of the network is
already done including initialization, tree identification and self identification.

A #1 #1B C
#2 #1
#2 2
D E #1 #1F #2 #1G H
#1 #3 #3 #1
#2 #2 #1 #1
I #1 #2K #1 #1 L M #2 #2N

Figure 6.1: FireWire network

Now a normal FireWire bus cycle should be considered. For simplification, several assumptions
should be taken into account:

A list of nodes wanting to send is given.

All nodes start requesting the bus at the same time.

Processing of arbitration request is done in zero time. There are no additional delays for
propagation of the arbitration decision.

If a node receives multiple bus request, it will always forward the request that it receives
from the port with the lowest number.

A) Mark the root of the FireWire Network!
The following nodes request access to the bus: A, E, F, I, M. Determine the order in which
the nodes will be granted access to the bus.

L is root. 1pt for root
I.LA F.E M —2pt for correct order
) 9 ) )
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B) What happens if two nodes send their parent requests at the same time during the tree
identification process? Does this influence the decision which node becomes the root node?

Justify your answer.

A random waiting time for the two participants is added by the nodes. After 1pt for correct
the waiting time a new notification message is transmitted. The participant that ~€XPlanation waiting

. . . . time
needs to wait for a longer time becomes root, so this can influence the root node _1pt correct answer for
assignment. root node influence

Task 6.3: FireWire Encoding

A) FireWire uses a special coding scheme with an additional STROBE signal. Explain the
purpose of the this signal and a possible implementation.

Either Data or Strobe changes its logical value in one clock cycle, but never both. 1pt for purpose
This allows for easy clock recovery with a good jitter tolerance. Implementation ~ 1Pt for implementation
by XORing the two signal line values.

B) Indicate the impulse diagram for the case that the following bit sequence (given in binary
notation) should be transmitted. Use figure 6.2.

1100111001000101001101004

1pt for corrent data
signal

1pt for correct strobe
signal
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Figure 6.2: FireWire impulse diagram
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Task 7: Routing

Task 7.1: General Questions

A) Explain the term hop in context of routing.

Data transmission between neighboring nodes. all or nothing

B) Describe 2 possible reasonable goals of a routing algorithm.

Finding short routes all or nothing
Reducing routing overhead Ny 2
Adaptability to changes in Topology or varying traffic loads

Avoidance of routing loops

C)  Describe the difference between a deadlock and a livelock.

Data is forwarded through a network without reaching its destination all or nothing
A situation where a link is blocked by one transmission that is waiting for the
other transmission to finish is called a deadlock

D)  Your Task is to find a routing solution that minimizes packet sizes. Decide whether source
or distributed routing is more suitable in this context and justify your answer.

Distributed Routing is more suitable since routing information does not have to  all or nothing
be included in the packet header.
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E)  Your Task is to find a routing solution in which overhead is scaling well. Decide whether

source or distributed routing is more suitable in this context and justify your answer.

Distributed Routing hast constant protocol overhead thus better scalability. In  all or nothing
source routing this depends on the path.

Task 7.2: Dijkstra’s Algorithm

Figure 7.1: Given network topology

A)  With node C as the starting point, calculate the shortest paths in the network shown in
Figure 7.1, by using Dijkstra’s algorithm. For that write down the order in which nodes are

visited in each bracket under the current step and fill out the given tables that encompass the

shortest paths after each visitation of a node.

step 1 step 2 step 3 step 4 step 5
node C C B A D
vertex || dist. | pred. || dist. | pred. || dist. | pred. || dist. | pred. || dist. | pred.
A 00 - 00 - 5 B 5 B 5 B
B 00 - 3 C 3 C 3 C 3 C
C 00 C 0 C 0 C 0 C 0 C
D 00 - 8 C 8 C 7 C 7 C

Table 7.1: Dijkstra’s algorithm
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Correct order of

. . . . execution 1 P{Eack
B) How many times does Dijkstra’s algorithm in general have to be calculated in,rder 1tox
generate a complete routing table ?

Number of Nodes in the network all or nothing

C) Write down at least 2 reasonable examples for the meaning of the weights in a topology
commonly routed with Dijkstra’s algorithm.

traffic loads, bandwidth, latency all or nothing, only 1
N\ —example -> nothing

D) Name two characteristics of a given network that would lead you to consider Dijkstra’s
algorithm instead of others presented in the lecture. Additionally justify your decision.

Non-Mesh Topology , Optimal Routing for selected weights instead of pure Man-  all or nothing
hattan

E) Explain the term Time-To-live that is used in Flooding and the reason for using it.

Time-To-Live defines how many hops a packet can take until it is invalid. The all or nothing
amount of packets sent around in flooding can be limited that way.
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Task 8: Network Topologies

Task 8.1: General Questions
A) Which topology is better suited for safety-critical applications, torus or tree? Justify your

decision!

Tree has a single point of failure and generally a lower average flexibility than Alternative solutions
torus which is thus better suited. —are possible. The
reasoning needs to be
sound. No points
without reasoning!

B) The term "broadcast" refers to a style of communication where one node needs to send a
message to all other nodes reachable over its connected communication structure. Discuss a bus

versus a network regarding broadcast capabilities. Which topology is better suited? Explain

your answer!

A Bus is an implicit broadcast communication structure since all the slaves may +1 for Bus as broadcast
listen on the data and address lines. ~ medium

C) Name an algorithm you know from the lecture that can be used to enable broadcast
transmissions in an irregular network topology (i.e. a topology without a clear structure like
ring or mesh) and shortly summarize its procedure.

flooding. Send the message to all connected nodes other than the incoming node. +1 for flooding
A ——=1 for correct
explanation
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Task 8.2: 4D Topology

Meshed topologies offer a very suitable solution for future many-core architectures, especially
because of the easy routing scheme available (x,y-based routing). When we increase the amount
of nodes in a mesh, it can be useful to scale the mesh into a higher dimension instead of adding
the nodes in the same dimension. A higher dimension keeps the diameter low while increasing
the flexibility of the nodes.

o ©

1D-Mesh (2x1) 2D-Mesh (2x2) 3D-Mesh (2x2x3)

Figure 8.1: Drawing higher-dimensional meshed networks

Mathematically speaking, higher dimensional meshed topologies behave the same as lower di-
mensional topologies. For drawing them on a sheet of paper, some techniques exist. If we con-
sider a 1-dimensional topology consisting of two nodes and want to move towards a 2-dimensional
(2x2) topology, we simply copy our original nodes and connect each node with their exact copy.
For a 2x2x3 topology, we copy the existing 2x2-rectangle two times (resulting in 3 rectangles)
and connect each original node with their first copy and their first copy with the second copy.
The same technique can be applied to a 4D topology, where we copy our 3D cubes and connect
each node to its next copy.

A) A 2x2x5x5 mesh topology is given. Each node can be described by the tuple (x1,x2,x3,x4).
Find the shortest path from the source point (0,1,0,1) to the destination point (1,0,2,4).

Thereby, the routing policy that each node has to obey is described as follows:

1. Try first to route in the direction of the largest vector component (||Azl||, ||Az2]|, [|Az3||
or ||Az4]|) from the local position towards the destination.

2. In case there are multiple directions with the same largest value for the respective vector
components possible, choose the direction of the previous step.

3. In case none of the above rules is possible, prioritize first x1 then x2 then x3 and finally
x4 among the directions with the largest vector components.

In your answer please name all traversed nodes (i.e. their coordinates) in the correct sequence.

(0,1,0,1) -> (0,1,0,2) -> (0,1,0,3) -> (0,1,1,3) -> (0,1,2,3) -> (1,1,2,3) -> (1,0,2,3) +0-5 pts per

> (1,0,2,4) —intermediate step (start
T and end point are

optional and don’t give

extra points)

+1 pt for a full solution

with no errors
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B)  Can the routing policy described in the previous question A result in a lifelock? Justify

your answer!

Lifelock is not possible since all the steps of the algorithm only move towards the +1 pt for Lifelock.
—Explanation may be

short but must be
present.

target and never away.

C) Explain the difference between a lifelock and a deadlock in a network.

In a lifelock, the system still continues but a transmission never reaches its desti- +1 pt for Explanation
nation (due to e.g. circles) while in a deadlock, the system is stuck due to mutual
blocking of links.

D) Assume now that there may be broken nodes which may not be selected by a routing
algorithm. To cope with these broken nodes, there is an additional rule that extends the first

rule and which says:

1. In case a selected direction is not routable (due to the target node being broken), choose
among the remaining directions the one of the next largest vector component from the
local position towards the destination.

Furthermore assume that there are two broken nodes: (0,1,0,3) and (0,1,1,2). Route a packet
again starting from (0,1,0,1) towards (1,0,2,4) and name all visited nodes on the way.

<O717071) -> (071702) -> (1717072> -> (1717172) -> (1717173) -> (1717174> -> (1707174) +0.5 pts per

-~ (1 0.2 4) —intermediate step (start
e and end point are

optional and don’t give

extra points)

+1 pt for a full solution

with no errors
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A tesseract is a 2x2x2x2 Topology, also labeled "4d-cube". It can be drawn with two 3D cubes
next to each other or with an "inner'-cube and an "outer"-cube.

Figure 8.2: Two ways of drawing a Tesseract (i.e. a 4-d cube)

E) What is the average flexibility (average number of connections of each node) and the
diameter of a tesseract? Shortly explain why your answer is correct.

flexibility = 4 , the Tesseract is a regular topology with each node connected to +1 for each answer,

exactly 4 others (one in each dimension). — o)y witlrreasonable
explanation

diameter = 4 , since the Tesseract has only two states in each dimension,

the shortest path between the two nodes that are the furthest from each other

(i.e. diameter) must switch the state in each dimension.

F) What is the minimal amount of nodes/links that must fail, so that there is no route between
any two nodes in a 2x2x5x5 meshed topology? Explain your answer.

At least 4 nodes must fail, since any node is connected to at least one other node +1 only with a short

in each dimension. For every node on a corner it is exactly 4 -> if all of those fail ~ eXplanation, it is also
possible to refer to the

there is no route to this node. fexibility
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