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Letter Probability Codeword
a 0.4 c(ar)
ai 0.2 c(ay)
as 0.2 c(az)
a4 0.1 c(aq)
as 0.1 c(as)
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c(a4) =a1 x0

c(a5) = o * 1

Letter Probability Codeword
a» 04 c(ar)
ap 0.2 c(ay)
a3 0 2 c (a3 )
ai 0.2 o]

Bl @108 N5 s

clas) =ax x0 o = ao k1 clayg) = ar % 10

clay) = az = 1 clas) = ar % 11




Letter Probability Codeword ‘) d‘ -) ) =
a- 0.4 clas)
aj 0.4 o
aj 0.2 clay)
c(a3) = a3 %0 claz) = a3z =00
clay) = a3 x 1
clag) = a3z 010
clas) = a3 %011
Letter Probability Codeword
a'_’{ 0.6 a3
as 04 claz)
" — O
c(as) ar =a3 %0
clar) =1
Letter Probability Codeword 2\l
ar 0.4 1 B 2 ‘>
a 0.2 01 Aed
a3 0.2 000
] . ay 0.1 0010 PA
G)wosynd 0.1 0011

as
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a,(0.4)
a,(0.2)
a5(0.2)
a,(0.1)

as(0.1)

a,(0.4)
a;(0.2)

a;(0.2) 70

}14 aj(0.2)41
1

(...sB)) B =—

a,(0.4)
—» a5(0.4)70

a,;(0.2)-1

— 4(0.6)

a,(0.4)

[=4x14+2x24+2x3+.1x4+.1x4=2.2bits/symbol

the redundancy is 0.078 bits/symbol.




000
001
010
011
100
101
110
111

00
10
010
011
1100
1101
1110
1111

Binary Huffman
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(trace from root)
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S4
S5
S6
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Minimum Variance Huffman Codes

—

Letter Probability Codeword Letter Probability Codeword
az 0.4 c(az) a; 04 claz)
ap 0.2 c(ar) a) 0.2 o]
as 0.2 c(as) ap 0.2 clay)
a, 0.2 o] az 0.2 claz)

Letter Probability Codeword  Letter Probability Codeword
) 04 1 i) 0.2 10
iy 0.2 01 az 0.4 00
az 0.2 000 as 0.2 11
a 0.1 0010 ay 0.1 010
as 0.1 0011 as 0.1 011
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letter  probability codeword

o 0.4 0
i 0.2 10
ds 0.2 110
ay 0.1 1110
as 0.1 1111
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A= {aw az’a3}
p(a,)=0.8 p(a,)=0.02 p(a,)=0.18

Ent=0.816
Letter Codeword A0

aj 0

a» 11

as 10
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n times

o

n) ” A
Al ={aja...a1,aay...as, ..., ayajy ...ay,aydy ...ardj, ..., A - . . Ay }
Letter Probability Code

< (X)
ajai 0.64 0 H (X ) — R < H X
aras 0.016 10101
ajas 0.144 11 (n) (n) (n)
ayay 0.016 01000 H X <RV <H(X '
aras 0.0004 10100101 iy
aras 0.0036 1010011 1
asay 0.1440 100 R—=_
aza; 0.0036 10100100 N
azas 0.0324 1011

|, =1.7228 bits/digram=0.8614 bits/symbols
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Unary coding -
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1 10 SHwaslyy Lol «Cauwl aiagd (539320 s1yg0
2 110 L) 250w )l ol
3 1110
4 11110
5 111110

S)bwos s



mmomb ¢5)133s5

M @ Gy a3ileadlh 9 Camd g)la bkl of
N 230,06 Awlas '8
I

r=n-—qgm
m G

35 unarysless il oslaswl O (Semd p)la)g ©
23,8
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JOw

Unary
Code

1

01

001

0001
00001
000001
0000001
00000001
000000001

10

11

010

011

0010
0011
00010
00011
000010
000011
0000010
0000011
00000010
00000011

Unary
Code

Constant
length code

/

Unary
Code

100

101

110 Constant
111 length code
0100
0101
0110
0111
00100
00101
00110
00111
000100
000101
000110
000111

m=4

Bernd Girod: EE398A Image and Video Compression




Truncated binary encoding

aslasw) Truncated binary encoding jl Cygoos) e s
301 (,0

Ol sLad M (5)13555 esn Olla o) )

(39303 )35 jl 9 s Pl Sl M oasplis
30360 13 Ay 10g,M @y il o3laiw) (Jg.oas

2" <m< 2™ a5 Alls g3l

S N Jol slad 2" 1-m sl

A0 axlatw! G N+1 ) slad (Bsls (sl o

truncated binary encoding for numbers from 0 to 5

0] 00 [ 4]110
1| 01 |[5]111
2 | 100

GIELE 3| 101

[
5
2

B\




Truncated binary encoding -

Calgisy @)05 a5 lesled Sy sgub ol e
L) Qs a3)ls

PSR sA) b (0 3 H)PGS)y slastes ©
QW8 A5

3 (3N N+1 85 330000 (333 N 25 230 @
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Golomb (5)13535-J06s =

m=5

n g r  Codeword n q r  Codeword
0o 0 0 000 08 1 3 10110

1 0 1 001 09 1 + 10111

2 0 2 010 10 2 0 11000

3 0 3 0110 12 1 11001

4 0 4 0111 12 2 2 11010

5 1 0 1000 13 2 3 110110
6 1 1 1001 14 2 4 110111
7 1 2 1010 15 3 0 111000
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011> 5 e)ls J5oms (2N b a5 sy)lge ) @
:iws )lglsl £089 Jladsal (shyls ooy

Prob. Code

word
o, 0.95 0
a, 0.02 10
o, 0.03 11
Ent =0.335

Avrage Bit Rate=0.95x1+0.05x 2=1.05 blts/symbo 4

03)3 ONET (3BT a5 53 )1 HTikay Py 93 ) Sy Sy A
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Ee




(Bs3Lad )1 1l (5)135sS -

Letter Probability Code
apaj 0.9025 0

ayaz 0.0190 111
apas 0.0285 100
arda) 0.0190 1101
ara; 0.0004 110011
ara; 0.0006 110001
asa) 0.0285 101
asa, 0.0006 110010
asas 0.0009 110000

Avrage Bit Rate=0.611 bits/symbols
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(70%1)Cubls ealgd Sy (930 G0 331 )3 A Easlgd FaiES
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