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a, | 0.36 0 00 00

a, | 0.18 01 01
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information, Massachusetts Institute of a, | 0.12 110 110 % >
Technology, Research Laboratory of 1 K3
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Letter Probability Codeword d‘ ) O m

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)

SI)s 1y €089 Jladal pyeSas g oy slad gy ©
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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 02 C(QB)
ai 0.2 o]
- . - - ®
;O Eualgd LU s 3 ,,1&
LD
claz) = a> %0 Q) = * 1 clay) = ar x 10 n =2
clay) = az = 1 clas) = aa * 11 13
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Codeword ‘) d‘ -) D -

Letter Probability
) 0.4 cla 2 )
aj 0.4 o
() 0.2 cla 1 )

C[ﬂ;,} =a3 %0

clay) = a3 x 1

claz) = a3 00
clag) = a3z 010
clas) = a3 %011

Letter Probability Codeword
a'_’{ 0.6 o3
as 04 claz)
"
clay) =0
(a3) ar =a3 %0
clar) =1
Letter Probability Codeword
a» 04 1
ap 0.2 01
as 0.2 000
as 0.1 0010
as 0.1 0011
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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
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00

10
010
011
1100
1101
1110
1111

Huffman

(trace from root)

SO
S1
S2
S3
S4
S5
S6
S7

0.25

0.14
0.0625
0.0625
0.0625
0.0625

0.21 /
0.15 ]
;’ 0.2
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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 : dﬁ > —

as 04 1

ay 0.2 01

a3 0.2 000
a4 0.1 0010
as 0.1 0011
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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

n) - —= N
AW = {aiay ...ay,qqay...az,...,a1ay...ay,a1dy ...axdy, ..., auGy - . . Ay}
Letter Probability Code
ayai 0.64 0
ajas 0.016 10101
ajaj 0.144 11
arai 0.016 101000
aras 0.0004 10100101
aras 0.0036 1010011
azap 0.1440 100
azan 0.0036 10100100
azas 0.0324 1011
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H(x”):_iP(ail)log P(a;) ym_’ ym'P(alz)...p(aln)H
- P(a,)logP(a, {77 > P@)P(@,)P@,)

—ip(ain)log P(a, )[{ii | _P(a)P(a) -P(a, )}

[EN

=)

d)\ﬂoo/‘i‘.’



Huffman s5 $ylwaslyy -—

«aanlys Jossr (A3 BaS b § (,9s50w @ (5)139s5

6)\/09/:')

30,0 lail

S) Jo3s Ay @ (s1ogal Hais b (3555
R RV Y [V EV VY

sSasls (PGP b Lwlbls —
)3 ax(@lwl ¢339 i)y Y BALW ) Olgd¢,-0
Gl pols) Crd)s gslays —

S0 oclatw) g () LSy | Voocs




(c.s131)(5)133525 (sloogumd Pl =
Job )3 aslas (s)le) Oiboadis a5 (3)g0 )y
889 (5)133xS ) osl@iwl iS5 ey ol
S0 slgiinyy Huffman

Adaptive Huffman Coding

os(dxwl 3)00 PSS VO Olbwlas pos Olc @ @
S50 ))S

d)\/w/»” Sayood, K. (2012) js yiiw Obuis



Unary coding -

slgitigy 2nb slacl sy 5)13553 (sogam ) °
Tt SN

OBO ) 9 Y 33 N shaad @ N 3ac O3)335 Sl —

(@M )8 )1
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1 10 SHwaslyy Lol «Cauwl aiagd (539320 s1yg0
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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
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Truncated binary encoding -
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O X N1 35 sigliay (313 N S5 a0
)01 Cuns @ |y @s5aals M=5 (sl sourad |

0

1

2

3 110 M
L 111 o

(5)\”09/3)



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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o1 15 a5 enls )Sems ()l b a5 s)gs )
:ile 0)1gel £089 Jladal (shls dg)a

Prob. Code

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

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

03)3 ONET (3BT a5 53 )1 HTikay Py 93 ) Sy Sy A ,@2
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(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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A={ay,a,..., 8y}
P(X =i)=P(a;)=p probabilty density function

F ()= p cumulative density function : |85+
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arithmetic coding is a practical way of implementing entropy coding
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10 0.7 0.55
c=.3 c=.3 0.49 —» c=.3
0.7 0.55 — 0.475—-
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0.2 — 03 — 0.35
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1. Initialize 'Y’ = 0 and &' = 1.

2. For each k find 1* = (tag — [%=D) f(u k=D — jik=1)y
3. Find the value of x; for which Fy(xp — 1) < t* = Fx(xp). sb
4. Update u'® and 1'©. %‘j

5. Conunue until the entire sequence has been decoded.
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_ 1 | 1
Ty(2)=P(X =1 —P(X=2)=-4—=025
x(2) ( }+2 ( ) 6+12

4
_ 1
Tx(5) = EP(X = k) + EP(X —5) =0.75

Tx(13)=Px=11)+P(x=12)+1/2P(x = 13)
= 1/36 4+ 1/36 4+ 1/2(1/36)
=5/72
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P(a,)=0.8 P(a,)=0.02 P(a,)=0.18
1321 saAlis 0)3)5 55 dso
Fxik) =0, k<0, Fx(l)=08, Fx(2)=082, Fx(3)=1

M —04+0-00=0 1D — 0+ (0.8 —0)Fyx(2) = 0.8 x 0.82 = 0.656
' =04+ (1 =008 =08 u?=0+(08—-0)Fy(3) =08x1.0=0.28

¥ = 0.656 + (0.8 — 0.656) Fx (1) = 0.656 + 0.144 x 0.8 = 0.7712
u'? = 0.656 + (0.8 — 0.656) Fx (2) = 0.656 + 0.144 x 0.82 = 0.77408

I = 0.7712 + (0.77408 — 0.7712) Fx (0) = 0.7712 + 0.00288 x 0.0 = 0.7712 % *‘B
u™® = 0.7712 4 (0.77408 — 0.1152) Fx (1) = 0.7712 + 0.00288 x 0.8 = 0.773504 3
0.7712 + 0.773504 -

Y Tx(1321) = 5 = (.772352
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A = a1, az, a3, as}

| 1 1 1
P(a1) = > P(az) = R P(az) = g’ P(as) = 3

Symbol Fx Ty In Binary Mog ﬁ] +1 Code
1 500 2500 0100 2
2 750 6250 1010 3
3 875 8125 1101 4
4 1.000 9375 1111 4
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