



















 
 
 
 
 
 
 
 
 
 
 
 
 
 

EE274 Lecture 4

Huffman Codes

Oct 9,2023



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Announcements

HWI patches on Ed

start early on homeworks

SCL tutorial

SCL on Windows



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Real
Kraft's inequality

Entropy H x Ed bi log bits

Joint entropy for i i d variables

H X EHAD NH x

w equality
KL divergence D p11q Oniff p q



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Recaf
Main Result

1 For every prefix code Elle 7 H x

2 Can achieve Ellx H x with prefix

codes on blocks



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Achieving
Shannon codes HEE EUX CHA 1

do better than this TODAY

Blocks of n
H Effs HG th

practical implementations next week



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

hbMQuiz
Berk

Xeon

P x 0 1 p Plat Miff
1 1 Hex plogzyp I b logs

Chip
12 DLBelpllBeoca blog.tgtd p log g
13D BeoCO3 I1BeoCo 7 0.4889



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QUIZ

1.4 Max DCBerCP HBeog
pECaD qeH1

infinity

15 Is DCBeolp Berg D Belg Beolp

MI 1 23

9 0.4



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Quiz
Q2 X Bex 0.001

2 1 Shannon code

iI
T.es

10000.00000

ELLA 1.009 0 999 1

0.001 10



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Quiz

Q2 X Bex 0.001

2.2 HEX I 0.011

23 ELA HEX E 88



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Optimalcodeforbeoco.nl

Blocksize

EX I bit symbol

0.011 HG



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Optimalcodeforbeoco.nl

fhyEj
Paix Plx pay

µ
due kindb

01 0.000999 10

I
10.000

110 YY

0.000001 I 11
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fly 1.002921 a 0.501 bits symbol

Closer to entropy 0.011



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Outline

Optimal Prefix Code Conditions

Huffman Code Construction

Huffman Coding in Practice



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

s t prefix free cond It 2 his 1



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Conditions for optimality

t.IFPispj.tt
Otherwise swap the codewords

2 The two longest codewords

have the same length
Why still prefix free

May e If shortening violates

Of prefix property argue that
original code also violates



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Huffmancdeconstructim
1 List of nodes symbol prob

2 While more than one node left

E pick 2 nodes with least poob

Ii merge the 2 nodes

create new node
W the 2 nodes as children

pooh sum of boob of children

3 Last remaining node is the root

Break ties arbitrarily



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HuffmanExambleI
Iis

B 0 25 1 93,10
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7012,0
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HuffmanExartle2
A 0.35 7

3,0
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Optimality

See Cover IThomas Ch 5

Based on
X
X NNX A B C c

A B C
III

g's

optimality
D E Of



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Huffmancodest
Greedy algorithm
Works for general wi 0

Wili sit prefix code
is

Tie breaking
multiple
possible

Has Ella.ae IdYesff.E39EEcdE



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Decoding
Tree based decoding

Too many branches
if O left
if I right

Bad for modern computer
architectures



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I fgEfd_ecodinga.o

B 10

000 A C 110
001 A D 111
010 A
011 A

defdecodesybol fastbitary100 B
101 B state bitarayf 3110 C
111 D decode state tablelstate

num bitszencodelentsencoded actions num bitsA I

BI



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tablegfesedffeditimax dental

Want to fit in cache
Limit max depth

16.24

Constrained Huffman code

best code with max depth constraint



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tablebaseddecoding

PL 3535553 3
Fibonacci

Huffman code HW

Max depths X1



 
 
 
 
 
 



 
 
 
 
 
 

Huffman coding SCL demo 
 

https://colab.research.google.com/drive/15eCkqs1FcGMhWaYHjVrABH6eNgXW_Gvj?usp=sharing 

 
 

 
 
 
 
 
 



 
 

 
Huffman coding in practice 
 

Deflate/gzip: 
https://datatracker.ietf.org/doc/html/rfc1951




	 	  

http/2 header compression: 
	 https://www.rfc-editor.org/rfc/rfc7541#appendix-B


	 

	 	  

JPEG Huffman coding tables: 
https://www.w3.org/Graphics/JPEG/itu-t81.pdf


 



 

















 What'snext

Theoretical intuition behind

entropy block coding

Practical block stream codes

to get closer to entropy
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