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Network Coding
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Working instructions

» This exam consists of 12 pages with a total of 4 problems.
Please make sure now that you received a complete copy of the exam.

The total amount of achievable credits in this exam is 60 credits.

Detaching pages from the exam is prohibited.

Allowed resources:

— one non-programmable pocket calculator
— one page A4 cheatsheet
— one analog dictionary English «» native language

» Subproblems marked by * can be solved without results of previous subproblems.

» Answers are only accepted if the solution approach is documented. Give a reason for each
answer unless explicitly stated otherwise in the respective subproblem.

» Do not write with red or green colors nor use pencils.

» Physically turn off all electronic devices, put them into your bag and close the bag.

Left room from to / Early submission at
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Problem 1 Muiltiple choice and short questions (10 credits)

The following subproblems are multiple chouce / multiple answer, i. e., at least one answer per subproblem is
correct. Subproblems are graded with 1 credit per correct answer and —1 credit per wrong answer. Missing
crosses have no influence. The minimal amount of credits per subproblem is 0 credits.

Mark correct answers with a cross X
To undo a cross, completely fill out the answer option .
To re-mark an option, use a human-readable marking X .

For Subproblems a) — d) consider the network below, which consists of a wired network with two computers
connected to an AP that serves two wireless clients according to IEEE 802.11.

a)* How many broadcast domains does the network contain?
Os Oes O Os 02 O«

b)* How many collision domains does the network contain?
0« Oz Os g Os

c)* Which of the following statements are true?

0o B »

] Computers attached via Ethernet address wire-
less computers directly.

] Wireless computers can differentiate between
other wireless clients and computers attached
via Ethernet.

D Computers attached via Ethernet explicitly ad-
dress the AP.

D Wireless computers address computers at-
tached via Ethernet directly.

D Wireless computers commonly bypass the AP
when communicating with each other.

[ Computers attached via Ethernet are aware of
the AP.

d)* Assuming random linear network coding with a generation size of N > 4, the chance that N + 1 packets

suffice for decoding ...
[ is near 100 % for GF(16) and GF(256).

D primarly depends on the generation size.

[ primarly depends on the field size.

[ increases exponentially with the number of ad-
ditional coded packets.

[ increases linearly with the number of additional
coded packets.

solutions maximizing the sum rate.

| e)* Briefly explain the difference between the ETX and EoTX metric.

1

|

| f)* In which way does FEC differ from Network Coding?

1

|

1 g)* Given a coded packet network with two flows whose I
| data rates are denoted by ry, r.. lts feasable set of 1
| solutions is shown in the figure below. Mark the set of

A 4

g
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Problem 2 Finite extension fields (16 credits)

We consider a Galois field F,,. First, answer the following simple questions regarding this finite field.

a)” Given a, b € [y, state the rule for the + operation. |
1
|

b)* Given a, b € [F3, state the rule for the - operation. |
1
1

¢)* Which condition must hold for p such that [, forms a Galois field. |
1
1

We now consider the Galois field formed by p = 2. Using this field, we can create so called finite extension

fields Fq[x].

d)* Briefly explain in your own words what a finite extension field is. |
1
1
1
|

e) State the elements of Fg[x]. 1
1
1
1
|

f) Argue whether Fg[x] can be implemented in an efficient way on today’s computers. |
1
1
1
|
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We still consider Fg[x]. A reduction polynomial for this field is r(x) = x3 + x + 1.

g)* Why do we need a reduction polynomial?

h) Which general condition(s) must hold for such a reduction polynomial?

i) Given a = x + x + 1 and b = x2 + 1, provide the result of a - b over Fg[x].
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Problem 3 IEEE802.11 medium access (19 credits)

This problem discusses the distributed coordination function (DCF), which is the basic medium access
strategy of IEEE 802.11-based networks. The DCF is schematically depicted in Figure 3.1.

_ DIFS =

Contention window

<

Busy medium

SIFS

/ / 'B'>a(':|'<off' slots

/

Next frame

- t»lSIot time

Defer access

Figure 3.1: IEEE 802.11 medium access

Backoff interval

a)* Explain how the DCF works when a node is ready to transmit a frame (assuming no prior frame loss).

b)* How is frame loss detected in case of unicasts and multicasts?

c)* Explain whether or not transmitting nodes are able to differentiate between frame loss and collisions.
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d)* Explain whether or not the DCF is fully functional in case of nodes operating in monitor mode.

We now assume a network consisting of two nodes operating in monitor mode in range of each other. For
the sake of simplicity we assume that

 both nodes are backlogged,
+ no further communication of other nodes takes place,
» no random frame losses occur, and

 both nodes are perfectly synchronized, i. e., time is slotted and both nodes have a common view of
when a time slot starts.

Let X; € {0,1,..., N;} denote the random variable denoting the number of contention slots drawn by node
ic{1,2}.

e)* Determine the expectation E[X;] and briefly discuss its influence on the expected maximum throughput.

f)* Derive the probability of a collision in case of Ny = N> = N.
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g)* Derive the probability of a collision in case of Ny < Na.

De

rive the probabil

ity that node

2s

uccessfull

ytr

ansmits a

frame

in that case.
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Problem 4 Network coding in lossy wireless packet networks (15 credits)

We consider the network depicted by the hypergraph G = (N, H) in Figure 4.1. Note that only maximum
hyperarcs are drawn, which imply all smaller ones.

@ l ﬁ‘@

Figure 4.1: Hypergraph of example network, only maximum hyperarcs are drawn

We assume that packet losses, i. e., erasure events, are independently and identically distributed. Resource
shares are denoted by 0 < 7; < 1 for all i € N. We further assume othorgonal medium access, i. e., nodes do
not transmit concurrently.

a)”* Draw the induced graph G’ = (N, A) and number the arcs in lexicographic order.

—_
e . —

(a,B) e H J

(a,B) ;i Yj

Table 4.1: Solution table for Problems b) to d)
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b)* List all hyperarcs (a, B) € H in lexicographic order and assign hyperarc indices j = (a, B) in Table 4.1.
c) Determine the network’s hyperarc capacity region (Table 4.1).

d) Determine the network’s broadcast capacity region (Table 4.1).

|
|
We now consider an unicast session between Node 1 and Node 4. |
|
e) List all s — t cuts. 1
1
|
|
|
1
f) Derive the value of each s — t cut. I
|
|
|
1
|
|
1
|
1
g) Assuming ez = 1, explain the condition such that Node 2 can assist in forwarding traffic. |
|
|
|
1
h) Now consider that €3, ¢5 < 1. Briefly explain why the condition established in Subproblem g) no longer

necessarily holds. (You do not need to state the exact condition, only explain why the previous one is no
longer necessary.)
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Additional space for solutions—clearly mark the (sub)problem your answers are related to and strike
out invalid solutions.
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