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1 Introduction - The motivation to reform Part I

Having spoken to many of the teaching staff both with departmental and college roles, it is evident we
need an approach which enables a smooth transition if we are to realise an October 2027 start. Before
discussing what is hopefully a final iteration in terms of structure, I wanted to Start by rercerating the
rational for change.

1. To simplify the structure and improve integration: The strength of the department is that
it is one of the few truly integrated engineering departments in the world. The aim is therefore to
create a structure that better lends itself to providing an integrated engineering education which
can remain coherent over the decades to come. To maintain coherence the structure proposes to
have five papers that span the two years of Part I, facilitating better vertical integration. In addition

harizantal intamration within o vaar (TA ar TRY wanld ha achiowvad he havine an annial maatine nf
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Paper 3: Electrical and Information Engineering (40L)

e Electronic circuits and devices (16L), based on current IA and IB Analysis of Circuits, but with some
additional details regarding devices such as diodes, photodiodes, LEDs and operational amplifiers.

o Electromagnetics (8L), based on current Physical Principles of Electronics and Electromagnetics

o Information theory (8L), new content, using only discrete probability and only binary matrix cal-
culus, could be seen as a simple illustration of the practical use of these mathematical disciplines in
communications and storage, so could be delivered before probability or linear algebra is covered.
Could broadly cover the 8-lecture “Short Course on Information theory” outlined on page viii of
David MacKay’s “Information Theory, Inference and Learning Algorithms”.

 Digital electronics (8L), based on current IA Digital circuits
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Elements of Information Theory

e Shannon’s Source Coding Theorem

o Entropy is the lower bound for compressing a data source

e Shannon’s Channel Coding Theorem

o Capacity is the supremum of information rates at which
data can be transmitted with arbitrary reliability over a
channel
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Elements of Information Theory

e Shannon’s Source Coding Theorem

o Entropy is the lower bound for compressing a data source

e Shannon’s Channel Coding Theorem

o Capacity is the supremum of information rates at which
data can be transmitted with arbitrary reliability over a
channel

Both of these and a few more things are currently taught in our
3rd year course

3F7: Information Theory and Coding

3/15



3F7 proof of the Source Coding Theorem
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3F7 proof of the Channel Coding Theorem

= 9ac
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The issue with channel coding

@ a general proof of the channel coding theorem is quite long

@ it has a direct and a converse part

@ it requires advanced concepts such as typicality, maximum
likelihood decision, union and other bounds...
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The issue with channel coding

@ a general proof of the channel coding theorem is quite long
@ it has a direct and a converse part

@ it requires advanced concepts such as typicality, maximum
likelihood decision, union and other bounds...

It’s impractical for a 1st year course because:
o the maths are too advanced

@ it’s hard to get a solid intuition from the proof
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The binary erasure channel
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The binary erasure channel
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o erasure
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o Capacity: C=1-p
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The binary erasure channel

I-p
0 »o ()
p
o erasure
p
1 0
1-p 1

o Capacity: C=1-p
o For any rate R =1 - p — & with € > 0, arbitrary reliability
can be achieved
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Random linear coding

01 1 00101
[x1,%x2,...xn] =[ug,...,ux]{1 0 0 1 1 0 1 0O
1 001 1 001

e this is binary arithmetic (over GF(2)): 1+1=0
e rate R = K/N
o K < N, codeword longer than info, code adds redundancy

@ code design: intelligent (e.g. Hamming code) or random
coding: just pick a random binary matrix
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Matrix inversion decoding

011007101
[0,2,1,2,2,2,1,0] = [u,ug,ug] {1 0 0 1 1 0 1 0
10011001
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Matrix inversion decoding

0 1 01
[0,7,1,7,7,7,1,0] = [u1,ug,us] |1 0 10
1 0 01
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Matrix inversion decoding

0 1 (] 01
[0,?,1,?,?,?,1,0]:[ul,ug,U3]{1 i 0 ] J 1 0‘
1 0 0 1

01 01

[0, 1, 1,0] = [ul,uQ,ug] ll 01 0

1 0 01

9/15



Matrix inversion decoding

0 1 0 0 1
[0,7,1,?,?,?,1,()]:[ul,uQ,ug]{1 J 0 ] J 1 0‘
1 0 01

01 01

[0, 1, 1,0] = [ul,uQ,ug] ll 01 0

10 01

there are L non-erased positions, where L ~ B(N,1-p) is a
random variable

@ does the resulting K X L matrix have rank K?

if yes: the information can be decoded

@ if no: the information cannot be decoded for sure
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Probability of success given L

o assume random coding, and L non-erased symbols

e probability of success = probability that a random K x L
matrix has rank K

e if L < K, P(success)= 0
e if L > K, this is a counting problem

o there are 2% binary matrices. Which ones of them have
full rank?
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Counting full rank matrices

IxL [- - = ... —]
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Counting full rank matrices
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11/15



Counting full rank matrices

IxL [- - — ... =] 2¢-1

o2xL [- - - ... -]

11/15



Counting full rank matrices
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Counting full rank matrices
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Counting full rank matrices

IxL [- - — ... =] 2¢-1
IxL [- - - ... -] 2F-2

3xL [- - - ... -] 2%-4

11/15



Counting full rank matrices

L
IxL [- - — ... =] 2¢-1
IxL [- - - ... -] 2F-2
3xL [- - - ... -] 2F—4

In conclusion
K-1

#(full rank K x L matrix) = l_[(QL - 29
=0
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Probability of full rank matrix

et -2
P(full rank K x L random matrix) = ——————
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The magic number

IfL =K,

K
P(full rank K x K random matrix) = 1_[(1 -27
=1

Y

_13 7 1 3
2 4 8 16 32
= (0.288788095086602. ..
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The magic number

IfL > K,
K
p= [] (-2
(=L-K+1
2 4 L-Ky\-1
= 0.288788095086602 - T - 5 -+ (1 -2"7%)

o this goes to 1 exponentially as L. — K increases

o for a given target reliability &, there exists an L for which
P(full rank K x L random matrix) > 1 -¢

for all N > L.
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