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Fixed Length Code and Variable
Length Code(1)

Fixed Length Code: FLC

— Egqual length binary code for Symbol A,B,C,...

— Effective when occurrence probability for A,B,C,... is same
— Natural binary code, Gray Code

Variable Length Code: VLC
— Unequal length binary code for Symbol A,B,C,...

— Effective when occurrence probability for A,B,C,... is
different

— Huffman coding, Arithmetic coding
— Variable length coding is sometimes called Entropy Coding
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BEERFSLEAERTS(2)
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URIL  EiERER BEERMS NIIUHS

A 0.4 000 0

B 0.2 001 100

c 0.15 010 101

D 0.1 011 110

E 0.05 100 11100

F 0.04 101 11101

G 0.03 110 11110

H 0.03 111 11111

IVMAE— =244 Evt 3 Evk/ouliL 2.5 Evk/ovRiL

Fixed Length Code and Variable
Length Code(2)

Symbol Probabilit FLC Huffman Code

A Yoa 000 0

B 0.2 001 100

Cc 0.15 010 101

D 0.1 011 110

E 0.05 100 11100

F 0.04 101 11101

G 0.03 110 11110

H 0.03 111 11111

Entropy = 2.44 bit 3 bit/symbol 2.5 bit/symbol
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Type of Codes

®  Non-block Code............ (Arithmetic Code)
m  Block Code
— Singular Code
— Non-singular Code
= Uniquely undecodable Code
= Uniquely Decodable Code
— Non-instant decodable code
— Instant decodable code......... (Huffman Code)
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Average Code Length

B et the occurrence probabilities of source symbol s;
(i=1,2,....N) be p;

® When code length to each symbol is noted as |; , an
average code length L is given by

N
L:zli Pi
i
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u EESH
DURIL EEHEE NTIIVUFS 8
A 04 0 L= ;I' P
B 0.2 100
c 015 101 =1x0.4
D 83 11000 +3%x0.2+3x0.15+3x%0.1
E .05 111
F 0.04 11101 +5x0.05+5x%0.04
G 0.03 11110 +5x0.03+5x0.03
H 0.03 11111
=25
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Average Code Length(2)

B Example

Symbol Probability Huffman

code 8

L=>1
A 0.4 0 ; iPi
B 0.2 100 _
c 0.15 101 =1x04
D 0.1 110 +3%x0.2+3x0.15+3x0.1
E 0.05 11100
F 0.04 11101 +5x0.05+5x%0.04
G 0.03 11110 +5x0.03+5x%0.03
H 0.03 11111

=25
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Compact Code

B When symbol of the source S is encoded to uniquely

decodable code, the code, which minimize the average
code length L, is called “compact code”

B Compact code structure given by Huffman is called

“Huffman code”

m By the way, what is “uniquely decodable code”?
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—BESAREFS

- HERIL, “UAHBLTHLEST S pl | #BE

“"OEREMINIE. B.CODORANTE D g

B 10

— ZRLSOBER O ARBTEETINT |© 10

BII—BISEETES, P 111
— FE®RF “0110” (X

“0"+“110” (AC) LiEETES
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Uniquely Decodable Code

®  Uniquely Decodable Code

— B,C,D can be distinguished Symbol | Code
by counting the number of A 0
successive “1” after the
appearance of “1” in the code B 20
sequence c 110

D 111

— Otherwise, “0” exists alone,

it can be decoded uniquely

— Code sequence “0110” can be
decoded to “0”+“110” (AC)
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= — R Ny
EEBOEELHE(2)
" —EBEESTAELHE
soAL [weE
— HEFJ “0110" & = i .
“01”+“10” (DB) H&U B 10
“0"+“11"+“0" (ACA) M2&EY D c 11
BEREROALEMABY, o o
—BITESTELL
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Uniquely Decodable Code(2)

B Uniquely un-decodable Code

“ ” Symbol | Code
— Code sequence “0110” can A 3
be decoded to 2 ways. 3 o
et e e Tu
+ +
] (ACA). D 01
This sequence cannot be
decoded uniquely.
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=0t A -
JERREF TS Non-instant Code
n —EESTHLHFETHO>TL. HEIFLRABIC. ®  Even though a code is uniquely decodable, there is a
—EBICEETCERVEENGFET S, case that a code cannot be decoded instantaneously. It
S IERRES R LI S is called non-instant code.
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=t A 53 A
ERFFTS(2) Non-instant Code(2)
n FEREEFS A m  Example of Non-instant Decodable Code
_ —EEETENEETHBA. v | #EE — Uniquely Decodable Code, Symbol_{ Code
EBBEETHD A o but Non-instant Code A o
B 01 B 01
- “01111110...”
- HE%RJ“01111110.." (% c 011 tS:Siiseq‘l’ezce fopan c 011
e 5> laam quely decoded as o T2
s e O (CD)) “0"+111"+“111"+°0..." (ADD...)
E—EBITESTEDA, however, at the time of “01111...” it can be interpreted as
“01111.." DB R TIE “017+"111" (BD)ITIRTE. “01"+"111” (BD), at the time of “011111..", it can be
“011111.." DEATIE “0117+111” (CD)IZRRIRTES, interpreted as “011”"+“111" (CD)
_ ) . - — After the arrival of the second “0”,
— ADDIZHEETEDDI(X. 2EHD“O"HNEIFELTHD, ADD is determined.
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5=, Ak 5 e
BREF AT 5 D&Y Condition for Instant Code
n SEREAS ®  Non-instant Code
— FEELRACAI—URMOFESEOEOHAITEHATNS — Same pattern appears at the head of other code
B IOV REM m  Prefix condition
— EOFBLMDOFEDIEE (Prefix) (TS — Any code does not appear at other code’s header
n FEOK m  Code Tree
- BHESHEOE(RiFER) ICOABYHTOND — Each code assigned to end of branches (terminated
node)
0 0
10 10
11 11
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Huffman Code

m  Structure

— Make branch to each symbol and assign probability

— Combine two branches giving least two probability
and assign “07“1”

— Obtain probability of unified branch, and regarded
as one branch

— Again, search branches giving least two probabilities
— Repeat this procedure until branches unified to one
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NTRUFE(2)
NTIUHFB OB
— CEDZEHELE(0.15)¢E9 % — — —
— BEEEMALF(0.4)E75 TR
— FEAZHAELG(1.0)ET D 3 GelliG
C 0.1 110
D 0.05 | 111
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Huffman Code(2)

®  Example of constructing Huffman code
— Unify C and D, make E(0.15)

. Symbol | Proba | Code
— Unify B and E, make F(0.4) bility
— Unify F and A, make G(1.0) A 0.6 |0
B 0.25 |10
C 0.1 |110
D 0.05 [111
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INTIURFE(I)

BDNTTUFFZ DR

— CLDZEHALE(0.15)¢T 5 sutL [mE | HBE
— BLEE#HALF(0.4)E9 5 A 0.6 |1
— FEAZEELG(L.0)ET D B 0.25 |01
c 0.1 |000

A D 0.05 | 001

NTIUFESDERIE
1R TIT AL
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Huffman Code(3)

B Another example of Huffman code
— Unify C and D, make E(0.15)
. Symbol | Proba | Code
— Unify B and E, make F(0.4) bility
— Unify F and A, make G(1.0) A 0.6 |[1
B 0.25 |01
C 0.1 | 000
D 0.05 | 001

Structure of Huffman
Code is not one way
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Application of Huffman Code

. EGFSEIIETEN\IIUHE m  Huffman Code at Image Coding
— 2MEEBFESIISBITE5ULUTAFEEE — Run-length coding at binary image coding
— H.261IZE1T5DCTRE#D2:RTVLC — 2-D VLC of DCT coefficient at H.261
- BERIMLOVLC — VLC for motion vectors
— Coded Block Pattern®VLC — VLC for Coded Block Pattern
— Macroblock type®VLC — VLC for Macroblock type
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— N > K 2 g
SULVT AFFIE Run-length Coding
n 2MEERTE. AEREEERDERTIRIEZIURILEHLL m  Successive length of white and black pixels are
NIRRT EEETS regarded as symbol and Huffman coding is applied at
B HERZ0, REERELLET L. EiT H00EHK (Zero Run binary image coding
Length), & H1DBEHISHLTNIIUFEERR ®  White pixel “0”, black pixel “1”, Huffman code is
designed to successive number of “0” (Zero Run
Length) and “1”
0000110000011 100 0000110000011 100
[€ 4 >]€23]¢ 5 |35 [€ 4 >]€23]¢ 5 |35
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2RTVLC 2-dimensional VLC
m 2RFTDCTIHREEZigzag Scan, LRTOT—HESIIZZ #2 ®  Arrange 2-D DCT coeffs. by zigzag scan to 1-D data
B REHOTRNT —2L0DES (25 B m  Separate coeffs. to non-zero and zero ones parts
B AMERGEORB) DEFELANIL(EFIEAVTIRE. FD m  Treat the combination of quantization levels of
BERIIZESR T H00DEE (Zero Run Length) DA EhE%E significant coeffs. (non-zero coeffs.) and successive
DURILELTIRS “0"s (zero run- length) before it as a symbol
B AREEROFVESD (Run,Level) DAEHEENTIUHF m  High probable part of the combination of (Run,Level) is
&1t (Variable Length Code: VLC) Huffman coded (Variable Length Code: VLC)
B ZhUSNOES &, EscapeFBLEOHEAELE TEERMEIL ®  Low probable part is fixed length coded by the

(Fixed Length Code: FLC)
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combination of Escape code and FLC (Fixed Length
Code)
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2R ITVLC(2)
8x8 DCTREUD A

AQERIOYY DCT f&#

40 41 40 41 42 72 73 74
41 40 40 44 78 110110112

69314715289 9 —4 —3 -5
—142-68 13 17 -7 —4 3 -3
40 42 41 79 111112112111 -1 63 33—18-22 4 10 =1

40 40 43 83 110111111113 wedp —31 18 4—10—-5 5 5 —5

51 52 56 83 110110111110 -31 7 2-2-1 2 -1 0

72 73 83110111114110112 -1 20-5-7 6 2 —3 —4

110111110112112111110113 -6 3—14—4 6 6 —4 —4

112111112110110112114111 010 0 1 1-3-4 3
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2-D VLC(2)
B Calculation of 8x8 DCT Coefficients

Input Image Block DCT Coefficients

40 41 40 41 42 72 73 74
41 40 40 44 78 110110112

693-147+15 289 9 —4 —3 -5
—142-68 13 17 -7 —4 3 -3
40 42 41 79111112112111 -1 63 33—18-22 4 10 —1

40 40 43 83 110111111113 weadp —31 18 4—10—-5 5 5 —5

51 52 56 83 110110111110 -31 7 2-2-1 2 -1 0

72 73 83110111114110112 -1 20-5-7 8 2 —3 —4

110111110112112111110113 -8 3-14-4 6 65 —4 —4

112111112110110112114111 010 0 1 1-3-4 3
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2RITVLC(3)
EFt (EFILRTYT16)

2F{t DCT &# IDCT {E (E5E1g)

o 0o o0 47 43 34 34 55 80 86 76
o o o 38 36 38 62 79 104112108
o o o0 39 37 47 73 99114118119
0O O O wep 41 39 53 83105110110113
o o o 47 47 62 90108110111116
o oo 81 81 88100108110111114
o 0 o 111113110105103108112111
o 0o o 110115111 99 99 112122122
Zigzag scanning
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2-D VLC(3)
B Quantization (Step=16)

Quantized DCT Coeffs. IDCT Value (Decoded Image)

47 43 34 34 55 80 86 76
38 36 38 652 79104112108
39 37 47 73 90114118119
=) 41 39 53 83105110110118
47 47 62 90108110111116
81 81 88100108110111114
111113110105103108112111
110115111 99 89 112122122

696-152 .07 ;24 O

)

©0o0000O0O0

oo o0oo0oo0o0o0o0

©co0oo©00o0o0o0oO0
[

Zigzag scanning
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2RITVLC(4)

Zigzag Scan [2& %2 FILiELOSULUT R

696 -152 —136 0 —72 0 24 0 56 —24 —24 24 40 24
00000000 24 00 —24 0000000....000

Zigzag Scan IZ&BBFIELANIL (AU TIR)EOTULUT R

43 -9 80-40103-1-1121
00000000 1 00 —1 0000000....000
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2-D VLC(4)

B Quantized Value and “0” Run-length by zigzag scan

696 -152 —136 0 —72 0 24 0 56 —24 —24 24 40 24
00000000 24 00 —24 0000000....000

B Quantized Level (Index) and “0” Run-length by zigzag
scan

43 -9 80-40103-1-1121
00000000 1 00 —1 0000000....000
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2RITVLC(5)

2-D VLC(5)

B Zero-Runélevel DA EHE m  Combination of Zero-Run and Level
Data # |Run Level Data # |Run Level Data # |Run Level Data # |Run Level
1 (DC) 43 9 o) 1 (DC) 43 9 o) 1
2 (o] 9 10 (o] 2 2 (o] 9 10 0 2
3 (0] -8 11 (0] 1 3 (0] -8 11 (0] 1
4 1 -4 12 8 1 4 1 -4 12 8 1
5 1 13 2 -1 5 1 1 13 2 -1
6 1 3 14 EOB 6 1 3 14 EOB
7 0] -1 7 0] -1
8 0 1 EOB: End of Block 8 0 1 EOB: End of Block
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hy —
2RITVLC(6) 2-D VLC(6)
m  DCH%: 8bit FLC ®  DC Component: 8bit FLC
— 43 = 32+8+2+1 = “0010 1011” — 43 = 32+8+2+1 = “0010 1011”
B (Run, Level): Huffman Coding B (Run, Level): Huffman Coding
— (0,9) = “0000 0001 1000 0" — (0,9) = “0000 0001 1000 0"
— (0, -8) = “0000 0001 1101 1~ — (0, -8) = “0000 0001 1101 1~
— (1,-4) = “0000 0011 00 1~ — (1,-4) = “0000 0011 00 1~
- (1,1)=*"0110" - (1,1) =*0110"
— (1,3) = “0010 0101 0" — (1,3) = “0010 0101 0"
— (0,-1) =*111" — (0,-1) =*111"
- (0,-1)=*111" - (0,-1)=*111"
- (0,1) =“110" - (0,1) =“110"
#5256 S / Coding Theory and Cryptography 45 #5256 SEHM / Coding Theory and Cryptography 46
hy —
2RTVLC(7) 2-D VLC(7)
®  (Run, Level): Huffman Coding ®  (Run, Level): Huffman Coding

— (0,2) =“0100 0”
- (0,1) =11 0"

- (0,1)="110"

— (8,1) = “0000 111 0"
- (2,-1) = “0101 17

— EOB = “10”

#5125 -6 SE / Coding Theory and Cryptography
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— (0,2) =“0100 0”

- (0,1) =11 0"

- (0,1)="110"

— (8,1) = “0000 111 0"
- (2,-1) = “0101 17

— EOB = “10”

#5256 SEHM / Coding Theory and Cryptography
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2RITVLC(8)

m H.261 2-D VLC ORFEE

2-D VLC(8)

m  Code length of H.261 2-D VLC

| Level | | Level |

123456 7 8 9 1011 12 13 14 15 .. 127| 123456 7 8 9 1011 12 13 14 15 .. 127|
o] 2 56 8 9 91113 13 13 13 14 14 14 14 o] 2 56 8 9 91113 13 13 13 14 14 14 14
1 4 7 911131414 1 4 7 911131414
2 5 8111314 2 5 8111314
3 6 9 1314 3 6 9 1314
4 6 1113 4 6 1113
5 7 1114 5 7 1114

RUN |6 7 13 RUN |6 7 13

7 7 13 7 7 13
8 8 13 . . 8 8 13 . .
9 8 14 Run 6 bit (FLC) + Level 8 bit (FLC) 9 8 14 Run 6 bit (FLC) + Level 8 bit (FLC)
10| 9 14 10| 9 14
1| 9 1| 9
12| 9 12| 9
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Ay —
2:RITVLC(9) 2-D VLC(9)
| Level | | Level |

123 456 7 8 9 1011 12 13 14 15 .. 127| 123 456 7 8 9 1011 12 13 14 15 .. 127|
13| 9 13| 9
14 | 11 14| 11
15 | 11 15 | 11
16 | 11 Run 6 bit (FLC) + Level 8 bit (FLC) 16 | 11 Run 6 bit (FLC) + Level 8 bit (FLC)
17 | 13 17 | 18

RUN |21 | 13 RUN |21 | 13

22 | 14 Escape 6 bit (VLC) 22 | 14 Escape 6 bit (VLC)
5 8 EOB 2 bit (VLC) 5 8 EOB 2 bit (VLC)
26 | 14 26 | 14
63 63
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