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Coding Theory / Cryptography

- No.5 Universal Coding -

Hiroshi Watanabe
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LzZ77

a=/8—%IL, Ziv, Lempel (1977)
— DURLOHBRERICET HEREFABELLLEND
— TAENEGDIEERBHENELD

AEROFSIEZEER/ALEROFESICER
— VF (Variable to Fix) &5
— VV (Variable to Variable) #%

BEICEOVHEL
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LzZ77

®  Universal coding, Ziv, Lempel (1977)
— Prior knowledge about symbol occurrence
probability is not required

— Compression efficiency is improved as the number
of input data increases

®  Variable length code is changed to Fixed/Variable
length code
— VF (Variable to Fix) code
— VV (Variable to Variable) code

B Dictionary based coding
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LZ77 (2)

#51t

— ARAT=RIZHLT. BBV IF(RIATAUT 94V R D)k
12, BB ERRELDT—RERL/ A= BB ENESMER

— RA—/8—UnBFETIE [AIT—200OE][EHT 5T
— SB[/ E—C DROT—FEEERHFSE

BEERFFIE

— RSATFAVT AR F—48{E->3bit
— EffE#k: {A3bit

— JURVICHERE vk # (alphabet->5bit)
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LZ77 (2)

B Encoding
— Search the same pattern with the input data in the
buffer (sliding window)
— If the same pattern exists, [Back Position][Number
of continuous data][next data] is fixed length coded

®  Fixed length coding
— Sliding window: If 8 data exists -> 3bit
— Number of continuous data: ex. Max 3bit
— Required bits for a symbol (ex. alphabet->5bit)
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m  T—4[AABCBBABCABCC..]D5HE

1 A (0,0)A
2 A B (1,1)B
4 (o} (0,0)C
B B B (2,1)B
7 AB C (5,2)C
10 ABC C (3,3)C
mEfE
— (3+3+5)*6/13*5=66/65
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Coding Example

® In case of data [AABCBBABCABCC...]

1 A (0,0)A
2 A B (1,1)B
4 [¢] (0,0)C
5 B B (2,1)B
7 AB ¢ (5,2)C
10 ABC C (3,3)C
®  Compression Ratio
— (3+3+5)*6/13*5=66/65
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2= .
E=5l Decoding Example
B FEET—EBLChLNELT—ECEER m  Recover location and data from Coded data (B,L)C
(0,0)A A A
1,1)B A B AAB (0,00A A A
©.0/C c GG 1,1)B A B AAB
(2.1)B B B AABCBB 0.0¢ c AABC
(5,2)C AB c AABCBBABC (2,18 B B AABCBB
3.3)C ABC |C AABCBBABCABCC (5.2)¢ AB c AABCBBABC
3.3)C ABC |C AABCBBABCABCC
#5256 S / Coding Theory and Cryptography 9 #5256 SEH / Coding Theory and Cryptography 10

m LZ77TDHEIR
— BT AT HHLALEMELLEDES
- [MEPEHALLERE
— LEWMEXRBDES
- BRNAVITORNOT—HEHALLEKS

. TRMEOHIR
— (P,LCEBIZHEILTZDTIEEL (P,L)HIWECEHSE

n EEH

— PKZip, ARJ, LHArc, ZOO
— Huffmané#iAEbHEnd
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B Improved version of LZ77

— If the continuous data number is more than a
threshold

= Out put location P, move L data
— Otherwise
« Output the first data in the buffer and move one

B Reduce redundancy
— Coding (P,L) or C selectively

B |mplementation
— PKZip, ARJ, LHArc, ZOO
— Can be combined with Huffman coding
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FFE1eHl Coding Example
m  F—4[AABBCBBAABC..]DHE (L>=2IZF%TE) ®  In case of [AABBCBBAABC...] (SetL>=2)
1 1 A 1 1 A
2 2 A A 2 2 A A
3 3 B 3 3 B
4 4 B B 4 4 B B
5] 5 (0] 5] 5 (0]
6 6 BB 3.,2) 6 6 BB 3.,2)
7 8 AAB (7.,3) 7 8 AAB (7.,3)
8 11 C C 8 11 C C
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n EEEEER m  Dynamic creation of dictionary
— BEIIHDB/IE—ETHEDOESE — Matching data with pattern in dictionary
— RC/G—U Kb ETT 25 RYRAD — Take data until the dame pattern disappears
- HEOFBELT4EHN — Output words in dictionary and data
n BR ®m  Characteristics
— EMFRIFLZ77TERLAIL — Compression ration is the same level as LZ77
— LZWAYKY—fE# — LZW is more popular
— LZ77ICHRTHERESFHIE — Matching complexity is lower than LZ77
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FFE1eHl Coding Example
m  T—4[ABBCBCABA..]DH&E ® In case of data [ABBCBCABA...]
1 A (1) A (0,A) 1 A Q) A (0,A)
2 B (2) B (0.B) 2 B (2) B (0.B)
4 BC (3) = (2.C) 4 BC (3) = (2.0)
5) BCA (4) A (3,A) 5) BCA (4) A (3,A)
8 BA (5) A (2,A) 8 BA (5) A (2,A)
#5125 -6 S / Coding Theory and Cryptography 17 #5256 S / Coding Theory and Cryptography 18

&S5 / Coding Theory and Cryptography




LZW

Lempel, Ziv, Welch

— LZ78DHE

— Deflate(LZH, ZIP)IZtERT30%EET
— DeflateTl&LZSS+HuffmanZi® A

— GIF, TIFFC#ER

e

— WelchlRARY—4t

— ARY—+,80—R->1=2X(1986)
— GIFFERHE->PNGOHE
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LZW

Lempel, Ziv, Welch
— Improved version of LZ78

— Coding efficiency is 30% lower than Deflate(LZH,
ZIP)

— Deflate employs LZSS+Huffman
— Used in GIF, TIFF

Patent

— Welch belonged Sperry Corporation
— Sperry+Burroughs -> Unisis (1986)
— GIF patent problem -> birth of PNG
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LZW (2)

MPBRESNABRSN. BLOT—2H3—FEIh TS
FRANITHLTHEITH D/ E— + RT—2EHLHEICE
E2 o)

RT—ENHOBE/NG—VERETS
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LZW (2)

Initial dictionary is prepared, each data is preliminary
coded

Register a new pattern that consists of stored pattern
in the dictionary and the next data

Pattern matching is performed again to the next data
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FFE1eHl

F—A[ABBCBCABA..] D5 &
— HEICA=(1), B=(2), C=Q)NEHFKEH

il B AB (4) 1)
2 B BB (5) )
3 (o} BC (6) )
4 B CB (7) 3)
5 A BCA (8) (6)
7 A ABA (9) 4)
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Coding Example

In case of data [ABBCBCABA...]
— A=(1), B=(2), C=(3) are registered in the dictionary

il B AB (4) 1)
2 B BB (5) )
3 (o} BC (6) 2)
4 B CB (7) 3)
5 A BCA (8) (6)
7 A ABA (9) 4)
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B HEIZA=(1), B=(2), C=Q)NEFKEH

n EESAITIHEEEN

E=H

1 @) A

2 ) B AB (4)
3 [©) B BB (5)
4 @3) € BC (6)
5 (6) BC CB (7)
6 @) AB BCA (8)

HE#E=ABBCBCAB...
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Decoding Example

. A=(1), B=(2), C=(3) are registered in the dictionary

B Update the dictionary even at the decoder side

1 @ A

2 [©) B AB (4)
3 ) B BB (5)
4 [©) [ BC (6)
5 (6) BC CB (7)
6 ) AB BCA (8)

Decoded results = ABBCBCAB...
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