Lecture notes from the course “Data Compression With Deep Probabilistic Models” by Prof. Robert Bamler,
University of Tuebingen, 1 June 2021; more course materials at https://robamler.github.io/teaching/compress21/
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Exercise 1: Decimal System

Consider the task of compressing a (variable-length) string of statistically independent
and uniformly distributed symbols from the alphabet X = {0, ...,9}. Here, “uniformly
distributed” means that all symbols from the alphabet occur Wlth equal probability.

Hp(Xi) = Ep [-Lopy PUK) ] = EF- 2o, 1 F = = Lrg, (10) %332 bty

23 234 41373
wfv@ (b) If you were to compress this sequence of symbols with an optimal symbol code, what ' 2> 39

y would be the expected code word length (i.e., the expected bit rate per symbol)?

(a) What is the entropy per symbol?

" 20
wa Can you do better than an optimal symbol code? Describe your approach first in EP[ l\)]"
words, then implement it in Python or in pseudo code (about 4 lines of code for =3 q M
W M%ncodlng and 4 lines of code for decoding).
Hint: you may assume that integers in your programming language can be of arbi-
,,4,_#14 t M yh Phg hyhpg bg ghg 132?5-6—9
Ser Q rary size (as is the case in Python), that they support basic arithmetic operations

(addition, subtraction, multiplication, and integer division with remainder) and 1032 7 54 = l’“w7
that they are represented internally as bit strings. In Python 3, integer division is
notated as double-slash “//”.

(d) What is the expected bit rate per symbol of your method from part (c), in the
limit long messages? Compare your result to the results from parts (a) and (b).

Exercise 2: Ternary System

All parts (a)-(d) exactly as in Exercise 1 above, but this time the alphabet is only of size
three. Thus, for each i € {1,...,k}, you have a symbol X; € {0, 1,2} with probabilities
PX;,=0)=P(X;=1)=P(X;=2)==
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class AnsCoder: R 2 N é <
def init (self, precision): :

self.precision = precision
self.mask = (1 << precision) - 1 1

self.compressed = 1 : "30&6& C’/’)W
def encode(self, symbol, scaled probabilities): W W ab_,

z = self.compressed % scaled probabil symbol]
.compressed //= scaled probabilities[symbo W "f’@ e
“for prob in scaled probabilities[:symbol]:
recision) + z . Wmﬁ’l 0[11) Feen - Voood
z = self.compressed & self.mask

Z += prob
self.compressed = (self.compressed << self.

, g ' 1%
self.compressed >>= self.precision g 7@"‘ uf(@yd g
for i, prob in enumerate(scaled probabiljties): )

if prob > z: Luwe O(A

symbol = i
break O(k) @

else:

é -= prob /

self.compressed = (
I§§¢I‘£nmp£essed * scaled probabilities[symbol] + zlj
return symbol

D&'W&W%MWWC@}/WW [W@M&

Unproing Rin=Tre A of ANS (& OG))

def decode(self, scaled probabilities):

condll -4
oold poymmends (g € |17.59)
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