
 

Today Huffman Codes

Howdoes compressionwork Lossy JPG MEG MP3

vs Lossless ZIP RAR
Huffman 1952

gradstudentbackthen didthisinsteadofpreparingforfinals
Improvedonhisprofessor'swork

Normally howdowe represent atext

ASCII 8bitspersymbol char Includes
manysymbols

Whathappens if we onlyuse 32symbols a 2 spacecomma

Now we cando 5bitspersymbol Fixedlengthenadings
Observation some symbols are used more oftenthanothers

e a t i us W X 2

Shortcut frequent symbols have shorterencodings

eg e I

at what is 0101 aa or be

81 301
Toavoidsuch ambiguity we use pretiededrxfreeco.de



Def Aprefixcodefor alphabet S is a function C S 10.1

sit V7YES xty.cat isnot aprefixofcly
Theexample above is not aprefixcode

eg a 11

enol

k 001

rhin

u 0000

Suppose we have a file of 1billion symbols with
the following frequencies

fat 0.32 fe 0.25 the 0.2 fjo 18 two05

bits symbol 2fat 2fet3ft 2ft 4fu 2.3bits symbol

So the file canbe representedwith 2.3 billionbits

Dels AverageBitsperLetter forprefixcode c is
ABL a failcall



Can we do better Lower ABL
Yes UH 000K ABL a 2.25

swapencodingof r and k
ABL c 2.23

We can model prefixcodes as trees

Onlyleaveshave labels

I I
II

fi IABLG Estxdepth 7



Claim Thebinarytreecorresponding to an optimal
prefix code is thighnodehas

either 0 or 2 children
leafnodes

Proof Assumetowards contradiction T is thebinary
treeof an optimalprefix code but is not full

somenode u with a single child

0
It

Then we can replace u by its child This
decreases

somedepths andleaves the others unaffected Heme

ABI decreases contradicts with T is optimal



GreedyAttempt 1 ShannonFano Fano 1949

Professorof DavidHuffman

Split S into 5 and5 with almost equal frequencies
then recursivelybuildtree for S and 52

f t 5 t tu

fatfr fetfrtfu o.si Sitar Site k u

2.25 fits symbol
8

A 0 Optimal ABL is 2.23
18 Sothis is suboptimal

I



HuffmanEnooding

Observation Intuitions

1 Lowest frequency symbols shouldbeat the lowest deepest level
2 Thelowest deepest level always contains at least 2 symbols
3 Theorderof symbols in alevel does not matter

we don't care 10110 is 01101

Huffman's GreedyApproach 1952 build the treebottomup
1 Make anode with 2 childrenleafnodes for the two

lowest freq symbols of 3
2 Replace y with the metasymbol Y 0.1
its freq is the sum offreqofy andz I3 Rinse Repeat until we have a single
metasymbol it'll be the root of the 25 0.1
huffmante



e.g 2 5t tu
fri57

fruk 0.43
1 ee
2 so

3 or

4 no done

In
Pseudocode

HuffmanCS

1 If 151 2
2 Returntreewith rootandtwoleaves
3 Let y and z be

lowest freq symbols in S
4 S'S
5 Remove

y andz from S
b Insert new symbol wins.tw fwfytfz7T HuftmanCS

8 T add children yandztoleatwi.int
9 Return T


