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e Dictionary-Based Compression

e This family of algorithm does not encode single
symbols as bit streams, instead they encode
phrases of variable length as single tokens.

o LZ77 (1977 by Ziv and Lempel) compression
uses previously seen text as a dictionary.

o LZW by Terry Welch in 1984 - patent of USA.
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* Example :We use the Random House
Dictionary of the English Language, 2nd Ed,
Unabridged.

‘A good example of how dictionary based compression....’
1/% 82%/3 674/4 1343/60 928/75 550/32 173/46 421/2

-
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s = next input character;
while not EQOF
{ ¢ = next input character;

if s + ¢ exists in the dictionary
S =8 + C;
else

{ output the code for s;
add string s + ¢ to the dictionary with a new code;

S = C;

}

output the code for s;
END
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output code string

G A

2
3
A B 1 4
B A 2 5
A B
AB B 4 6
B A
BA B 5 7
B C 2 8
C A 3 9
A B
AB A 4 10
A B
AB B
ABB A 6 11
A EOF 1
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s = NIL;
while not EOQOF
{
k = next input code;
entry = dictionary entry for k;
output entry;
if (s != NIL)
add string s + entry[0] to dictionary with a new code;
S = entry;

¥

END
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S k  entry/output code string
1 A
2 B
3 C
NIL 1 A
A 2 B 4 AB
B 4 AB 5 BA
AB 5 BA 6 ABB
BA 2 B 7 BAB
B 3 C 8 BC
C 4 AB 9 CA
AB 6 ABB 10 ABA
ABB 1 A 11 ABBA
A EOF

{ROARA A LU 2l VS SR 2 ABABBABCABABBA
MZE R 1 S A IHE S eI B BRYE



LZW

Example: |
Input string:“wabbawabba”wabbawabbawoowo0”

.. .. input | output| dictionary
Initial dlctlonary symbol code | code phrase
code phrase w

1 A a 5 6 wa

) a b 2 7 ab

b 3 8 bb

3 b a 3 9 ba
4 0] A ) 10 a’
5 W W 1 11 ™w
ab 6 12 wab

ba 8 13 ' bba

A\ 10 14 = a*w

abb 1.2 151 -wabb




LZW

« Example 2
e |nput string:“ WED WE WEE WEB WET..””

Characters Input Code Output Ictionary
“W” A 256="“"W”
“E “ ‘W’ 257=“WE”
“D* ‘E’ 258=“ED”
Lo ‘D’ 259="“D"”
“WE” 256 260="“"WE”
Cence ‘E’ 261="E"“

“WEE” 260 262="“"WEE”
“AW?” 261 263="E"W”
“EB” 257 264=“WEB”
Cence ‘B 265="“B"“
“WET” 260 266=“"WET”

CCAd CTC 267:66’]:‘/\99
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| ZW Decoding algorithm :

Initial:z& A5 —1{[E dmait,;
(e Hp 3 HEZ SRt Fids 2 A sE i
Stepl: while not EOF
GEA N1l
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Example 2:

6W9
6E9
6D9
256
6E9
260
261
257
6B9
260
6T9

OLD-CODE

‘W?°
‘E°
‘D’

256
‘E°

260

261

257
‘B’

260

LZW

Input codes : “ WED<256>E<260><261><257>B<260>T”

CeAGC

“W”

“E”

“D”

(13 AW”

“E”

(19 AWE b

“E A6e

(11 b
WE

“B”

(19 AWE”

“T”

character

CW’
6E9
6D9

6E9
¢ ¢
6E9
6W9
CB’

¢ ¢

CT’

256=“"W?*
257=“WE”
258=“ED”
259=“PAr»
260=""WE”

2 6 1 =“E Aee
262=“"WEE”
263=“E W
264=“WEB”
265=“B Ace

266=""WET”



Applications
File compression—UNIX compress

* The UNIX compress command is one of the earlier
applications of LZWV.

» The size of the dictionary is adaptive.
o Start with the size of 512, using 9 bits for the codeword.
o If filled up, the size is 1024, using 10 bits for the codeword.
> Double the size until 2'¢, then becomes a static dictionary.

» If the compression ratio falls below a threshold, then
the dictionary building process is restarted.



Applications

Image Compression—The Graphic Interchange
Format (GIF)

* GIF works well with computer-generated
graphical images.
e It is another implementation of the LZW

algorithm and is very similar to the

compress command.

o |f a pixel using b bits, then the initial size of the
dictionary is 2b*/,

> When the dictionary is filled up, the dictionary
size is doubled until 4096.



Applications

Image Compression— The Graphic
Interchange Format (GIF)

Comparison of GIF with
arithmetic coding

Arnthmetic
Image GIF Coding
Sena 51,085 53,431
Sensin | 60,649 = 58,306

Earth 38048

Omaha = 61,580 @ 56,061

ZkHER4E 3% Unit 5 Dictionary-Based
2013/6/14 Compression sk 18
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BEGIN
low = 0.0; high = 1.0; range = 1.0;

while (symbol != terminator)
{
get (symbol);
low = low + range * Range_low(symbol);
high = low + range * Range_high(symbol);
range = high - low,;

¥

output a code so that low <= code < high;
END
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Symbol | Probability Range
A 0.2 0, 0.2)
B 0.1 0.2, 0.3)
C 0.2 0.3, 0.5)
D 0.05 0.5, 0.55)
E 0.3 0.55, 0.85)
F 0.05 0.85, 0.9)
$ 0.1 0.9, 1.0)

(@) TR AR 34T
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Symbol low high range
0 1.0 1.0
C 0.3 0.5 0.2
A 0.30 0.34 0.04
E 0.322 0.334 0.012
E 0.3286 | 0.3322 | 0.0036
$ 0.33184 0.33220 | 0.00036
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BEGIN
code = 0;
k =1;
while (value(code) < low)
{ assign 1 to the kth binary fraction bit

if (value(code) > high)
replace the kth bit by O

k=k+ 1;
¥
END

TSR A 1% — & Bkt — B AE [ low, high) &[]
HVEUE > EIAAERA A] DU (R AE lowAlThighHy I [E] A
P B B RO HE Y 05
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BEGIN
get binary code and convert to
decimal value = value(code);
Do
{ find a symbol s so that
Range_low(s) <= value < Range_high(s);
output s;
low = Rang_low(s);
high = Range_high(s);
range = high - low;
value = [value - low] / range;
¥
Until symbol s is a terminator
END
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value Output Symbol | low | high range
0.33203125 C 0.3 | 0.5 0.2
0.16015625 A 0.0 0.2 0.2
0.80078125 E 0.55 | 0.85 0.3
0.8359375 E 0.55 | 0.85 0.3
0.953125 $ 0.9 1.0 0.1
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Predictor Prediction
P1 A
P2 B
P3 C
P4 A+B-C
P5 A+ (B-C)/2
P6 B+ (A-C) /2
P7 (A+B)/?2
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Compression Program Compression Ratio
Lena | football | F-18 | flowers
Lossless JPEG 1.45 1.54 2.29 1.26
Optimal lossless JPEG 1.49 1.67 2.71 1.33
compress (LZW) 0.86 1.24 2.21 0.87
gzip (LZ77) 1.08 1.36 | 3.10 | 1.05
gzip -9 (optimal LZ77) 1.08 1.36 3.13 1.05
pack (Huffman coding) 1.02 1.12 1.19 1.00
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