


Information and Compression
File

,
100K characters.

Each character has 8 possible types a,bisdict,
d gih

Can be encoded with 3 bits

File: Jo0K bits

-> you know in
addition the frequency of

each character

Huffman coding

Pet (Prefix- Freenes)

A variable length encoding is prefx free if
the encoding of any

character is nota

prefix of encoding of any
other.
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Huffman Kodiy Algorithm : Greedy Algorithm

A variable length encoding can
be described by

a tree.
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D) decoding tree
2) every leaf is a symbol .

3) if you branch at a mode,
then both

ys
. HaffancXsfCa)

n= 1X1 , #ofchers .

forall(EX , enquene (6Cgf(x))g@)

for i = 1 to n ,
allocate a tree mode Z

녕조 left-child-delete-min(Q)

⑭ O right-child-delete-min(Q)
f(z) = f)(left-child)+ fcright-chid)
Make left-child & right-child the

childrenof z

enquant (CEpf(z) +Q).



Euntunes O(nlogn)
Theorem : Alg above produceso tree T st.
_

the cost of encoding witht is minimum
possible among all prefix free encodings
位 坐 V

1 ×1>2 : xgy : lowest free elements

X = X - {x,y } U②}

151 = 1メー1

Inductively assume that
the algo builds

the F tree for.

Goal: by adding gy as left-bright
-

child of zate F is also optimal for X .

Cos( t-
)

= CosCt=
)

- f(z) d (z ⇒ tfexdix)
t fegsideg)

= cost( T) - f( cxntfey》(d(x)-Dt " t "



= coStI )+ f (x) tf (y)

T' : optimel tree
CostCt') < CostCt) (FSoC)

Assume further that &y are

sibling eni T'

Erüse : Work out thecase
when x&

y
are not siblings (HINT: reduce to

the above case)



Gal: prove lowerboards on encoding size
of File F guen frequencies f · X=Going

#hm1i C : 50 , 13"-> 30 , 13
* lossless

encoding (one-one-map)
. Then

,
there is an

fie EiES0 ,1y"s .t . K (F)l > h.·

Proof : Suppose mot
-

#of possible fulrs -
2F+2+...+z

+

= で2くてで

so contradictor

Thm2: FEso11y" be a sequence of

n w.a.r. bits. Themg

IPrLICCD ≤ n-t] ≤ 計
Pr 블 3 F이는

…+서kvcz'



=武

*m3 : C :
, prefexfreeencoding.

F : n-Vandam bits ,

Them ECICCD ]≥ n .

Ihm So, be a setof possible

feles. C : enjective functor 50 , 13 So, 13
Then :

1) there's a file st . KC(F)K- log4
FEG 기

)IPrEICC야기스 10g11 - ←]
드1

3) f prefex-free (g F : random

IE ( IC냐기] =
10g ~
lcc냐|



Gren : frequencies ofcharacters.

We will fund a set of fules G

"With typical frequencies"
File containe n characters

C diff chers possible
char i has frequency Ei)= p(e)

Lemma : the number fdishnet
_

files of length n
and frequencies

f(llg +() , .., f(c) is



Profs If there are 2chars
Live . ( = 2), you

know this :

f(.) )=(

n-feu ) !

,

smler famulaffail
.… fean.

"

By Then 4g encoding length
~ loglf



= 10 g _(n ! )
一、 10g

Use Stirling's approx.{ Mir
log (d !) ~ MologM-

"small"

4 = nloyn 一育 farloyfcr )
= n . logn一前 pli)

n . logp( a )n)

= nlogn
- 愛 npci- logep (i)

- semplisology (n)



SinceSpsis = l , first & last turmos
cancel

= 一 mpli>- logep (i ' )

Now ,
- logphis = log,es{

こn能道
Entropy of fres
distr

= minimum possible compressed



size of file withgaven freg
= "information content" on the

file.


