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Dictionary-based compressors

Lempel-Ziv Algorithms

Keep a “dictionary” of recently-seen strings.

No explicit
The differences are: frequency estimation
How the dictionary is stored
How it is extended
How it is indexed
How elements are removed

LZ-algos are asymptotically optimal, i.e. their
compression ratio goes to H(S) forn > o !l
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LZ77

lalac|alalc]alb]c]a]b

Dictionary
(al substrings starting here)

r
<2,3,c>

Algorithm’s step:

= Output <d, len, c>

d = distance of copied string wrt current position
len = length of longest match
c = next char in text beyond longest match

= Advance by len + 1

A buffer “window” has fixed length and moves

Example: LZ77 with window

r?IaIClalalcIalblCIalblalalalC\ (0,0, a)
EY

‘alc|a|a|clalblclalblalalalcl (1,1, c)

B ajalclalbiclalblalalalc] (3.4, b)

(a]a] clalbfalalalc] (3,3, a)

[alalclalalc juSmS———_aTale (1,2, c)

Bl Window size=6 \ within W
[ ] Longest match ] Next character
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LZ77 Decoding

Decoder keeps same dictionary window as encoder.
» Finds substring and inserts a copy of it

What if | > d? (overlap with text to be compressed)
= E.g. seen = abcd, next codeword is (2, 9, e)

= Simply copy starting at the cursor

for (i =0; i < len; i++4)
out[cursor+i] = out[cursor-d+i]

= Output is correct: abcdcdcdcdcdce

LZ77 Optimizations used by gzi p
T ——

LZSS: Output one of the following formats
(0, position, length) Or(1,char)
Typically uses the second format if length < 3.

Special greedy: possibly use shorter match so
that next match is better

Hash Table for speed-up searches on triplets

Triples are coded with Huffman’s code
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LZ78

Dictionary:
= substrings stored in a trie (each has an id).

Coding loop:
= find the longest match S in the dictionary

= Output its id and the next character c after
the match in the input string

» Add the substring Sc to the dictionary

Decoding:
= builds the same dictionary and looks at ids

LZ78: Coding Example

|
Output  Dict.

[@la|bla]alc]a|b]c|alb]c]b] (0,a) 1 = a
lalalblalalc]alb]|clalblc|b] (1,b) 2 = ab
lala|bJa]a]cla|b|clalb]c|b] (1,a) 3 = aa
lala|blala]e]alb|c|alb]c][b] (0,c) 4 =c¢
lala|bla]alc]albfelalb]c][b] (2,c) 5 = abc
lala|blalalc]alb]|c]alb]c]b] (5,b) 6 = abch
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LZ78: Decoding Example

Input Dict.
(Oayf@a [ [ [ [ T [ [T [[]] 1=a
(Lby[lafalb] [ | [ [ [ [ [ [ [ ] 2=ab
(1,a) [alalbfafal [ [ [ [ [ [ [ |] 3 =aa
(0,c) [alalblalafed [ [ | [ [ [ | 4=c¢C
(2,c) [alalb[alaclafbfe] [ | | | 5 = abc
(5,b) [aJa]b]a]a]c]a|b|c[a]b]c]b] 6 = abcb

LZW (Lempel-Ziv-Welch)

Don’t send extra character ¢, but still add Sc to
the dictionary.

Dictionary:
= initialized with 256 ascii entries (e.g. a = 112)

Decoder is one step behind the coder since it
does not know ¢

= There is an issue for strings of the form
SSc where S[0] = ¢, and these are handled specially!!!
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LZW: Encoding Example

Output Dict.
lala]blala]c]a|bla]blalc|[b]| 112 256=aa
lalalblalalc]alblalblalc|[b]| 112 257=ab
13 258=ba
lala|bla]a]c]alblalbla]c|b]| 256 259=aac
lala|blala]c]alblalblalc|[b] 114 260=ca

laJa]blalalcla]blabT™]c|b]| 257 {(261=aba
N N

‘alalblalalc|aMelalblalc)s (Zs1)262=abac

lala|blalalc]alb]a]bla]c]b] 114 263=cb

[EEN

lala[blalalc|a[bla[bla|c|b]

N

LZW: Decoding Example

Input Dict

112 fa] | [ [ [ [ T [ [ [T [ [ -Tone
112 @al [ [ 1 [ 1 [ 11 1] 256=ace e
113 [afalb| [ | [ [ [ [ [ [ [ | 257=ab

256 [ajafblafal | | [ | | [ | | 258=ba

114 [ala|bfafalc] | [ | | [ [ | 259=aac

257 ]alalblala.a.l.l; 7. 260=ca
261
261 [ala|bJaJa|clalbfalb] | | | 26l1=aba

114
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LZ78 and LZW issues

How do we keep the dictionary small?

= Throw the dictionary away when it reaches a
certain size (used in GIF)

= Throw the dictionary away when it is no
longer effective at compressing (e.g. conpr ess)

= Throw the least-recently-used (LRU) entry
away when it reaches a certain size (used in
BTLZ, the British Telecom standard)

You find this at: www.gzip.org/zlib/

‘# zlib Home Site - Microsoft Internet Explorer
Eile Modifica

(P ndietro - ) = [ € D cerca &2 1k
P f

5]

wisualizza Freferiti Strumenti 2

# =
1ndiriz=0 | @] http://wwve.gzip.orgizlib/ - 1~ B vai

A Massively Spiffy Yet Delicately Unobtrusive Compression Library
(Also Free, Not to Mention Unencumbered by Patents)

(Wof Related to the Linux zlibc Compressing File-I/O Library)

Welcome to the zlib home page, created by Greg Roelofs and maintained by Jean-loup Gailly (on disk space
provided by France Teaser). If this page seems suspiciously similar to the PNG Home Page, rest assured that the
similarity is completefy coincidental. No, really.

Current release:

zlib 1.2.1

Version 1.2.1 adds many improvements and features to zlib. Here are some highlights:

T P e T e T e NPt | Pty €t

&) Operazione completata 0 Internet
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Burrows-Wheeler Transform

The big (unconscious) step...

My 18, 1224

SRC Report |

A Block-sorting Lossless
Data Compression Algorithm

M. Baurews and DT Wheeler

Syzmeamz Rsnsarch Cunrer
130 Lysio Awenne

Faliz Al Culifeenia 54301
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The Burrows-Wheeler Transform

Ssi ppi #m ssi

i ssi ssi ppi
i #m ssi ssi
pi #m ssi ss
i ppi #m ssi
i ssi ppi #m
Si ppi #m ss
si ssi ppi #m

(D(D(D(D'O'OB_'_'_'_'#'H

(1994)
Let us given a text T = mississippi# L
m ssi ssi ppi # m ssi ssipp | i
i sSsi ssi ppi #m #m ssissip | p
Ssi ssi ppi #mi ppi #missis | s
si ssi ppi #m s Ssi ppi #ms | s
i sSsi ppi #m ss Ssi ssippi# | m

MT

p
[
S
S
[
[

A famous example

final
char
(L)

sorted rotations

o

to decompress. It achieves compression
to perform only comparisons to a depth
transformation} This section describes
transformation} We use the example and
treats the right-hand side as the most
tree for each 16 kbyte input block, enc
tree in the output stream, then encodes
turn, set 3L[i]$ to be the

turn, set SR[i]$ to the

unusual data. Like the algorithm of Man
use a single set of probabilities table
uging the positions of the suffixes in

lue at a given point in the vector SR

O O B B H- 0 0|0 & O (2 @00 00

we present modifications that improve t
when the block size is quite large. Ho
which codes that have not been seen in

with $ch$ appear in the {‘\em same order
with Schs. In our exam
with Huffman or arithmetic coding. Bri
with figures given by Bell™\cite{bell}.
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A useful tool: L > F mapping

#t30 0O~

How do we map L's onto F's chars ?

... Need to distinguish equal chars in F...

|:> Take two equal L's chars
|:> Rotate rightward their rows

o

Same relative order Il

The BWT is invertible

Two key properties:
1. LF-array maps L's to F's chars
2.L[i] precedes F[i]inT

Reconstruct T backward:

T=.. ippi #

InvertBWT(L)
Compute LF[0,n-17;
r=0;i=n;
while (i>0) {

TLi] = L[r];

r = LF[r]; i--;

b
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How to compute the BWT ?

]
< 2 €N

SA BWT matrix
—

We said that: L[i] precedes F[i]in T

 EE.

12| #mi ssi ssipp
11| i#m ssissip
8 i ppi #m ssis

5 | issippi#ms Given SA and T, we have L[i] = T[SA[i]-1]

1 ni ssi ssi ppi
10| pi #mi ssi ssi
ppi #m ssi ss
si ppi #mi ssi
Si ssi ppi #mi
ssi ppi #ni ss

L
[
p
S_
s
2 i ssissippi#|m
#
p
|
s
s
[
Ssi ssi ppi #m| |

w o b~ N OO

How to construct SA from T ?
T ——
SA
[12] #

11| i # Elegant but inefficient

g | 1 ppi# COMPARISON_BASED_CONSTRUCTION(char *T, int 1, char *£54)
5 | 1 ssippi# { for(i=0ri<n i+t) SAH =T+

2 i SSi ssi ppi # QSORT(SA, n, sizeof(char *), Suffix.cmp); }

1 | m ssi ssi ppi

10| pi # SUFFIX_CMP(char **p, char ¥*q){ return stremp(*p,*q); }

9 | ppi #

7 | sippi #

4 | sissippi#

6 | ssippi#

3 | ssissippi #

Input: T = mississippi#
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Many algorithms, now...

(/’— _\\\\\ 1972
1990
R — 1994
i Famch |
L 0(n) tee 1997
1999
2000
KEPP
<>wm] mod2 spit | 2003
| HES
I MF Sucdnct DS KJP 2004
i Deep-shallow | Sununcx O(nloglngn}
[ ss | ; /
2005
Hybrid ISA |
’ (! ¢
S~ MP 2006
Cache aware
\Pnanx-nnusuns/ \ INDUCED COPYING / REGURSIVE / v

final
char

L)

sorted rotations

o

L B el B N T+ T R - T+ S o

2PeEE R R RERERERBEREEEEERERERREDR

to decompress. It achieves compression
to perform only comparisons to a depth

transformation} This section describes
transformation} We use the example and
treats the right-hand side as the most

tree for each 16 kbyte input block, enc
tree in the output stream, then encodes
turn, set $L[i]$ to be the

turn, set $R[i)§ to the

unusual data. Like the algorithm of Man
uge a single set of probabilities table
using the positions of the suffixes in

value at a given point in the vector $R
we present modifications that improve t
when the block size is quite large. Ho
which codes that have not been seen in

with $ch$ appear in the {\em same order
with schs. In our exam
with Huffman or arithmetic coding. Bri
with figures given by Bell™\cite{bell}.

Compressing L seems promising...

Key observation:
e Lis locally homogeneous

- | s highly compressible

Algorithm Bzip :

© Move-to-Front coding of L
® Run-Length coding

© Statistical coder

M Bzip vs. 6zip: 20% vs. 33%, but it is slower in (de)compression !
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An encoding example

—
I

mississippimississippimississippi

# at 16

L = ipppssssssmmmii#p %ssssmm Mtf = [i,m,p,s]

Bin(6)=110, Wheeler's code

Alphabet
1041403141410210

RLEQ = 0314 |zI+1

Bzip2-output = Arithmetic/Huffman on [Z|+1 symbols...
... plus Y(16), plus the original Mtf-list (i,m,p,s)

You find this in your Linux distribution

A The bzip2 and libbzip2 home page - Microsoft Internet Explorer

File Modifica Visualizza Preferiti  Strumenti 2 a
7 . 2 @) )
Qudetro - ) - [x] [B] @) DOcera £ 2%

Indirizzo [&] http://sources.redhat.com/bzip2/ ~ | B vai : Collec

The bzip2 and libbzip2 official home page

The master version of this page lives at http://sources.redhat.com/bzip2/, and new stuff, mainly executables, will appear there first.

The current stable version of bzip2 is 1.0.2.

« What is bzip2?

« Why would T want to use it?

« Getting the latest version - bzip2-1.0.2 (released 26 Jan 2002)
« Documentation

« Getting an older version

s What's your day job?

« Other stuff T did: cacheprof, a memory effects profiler

What is bzip2?

bzip2 is a freely available, patent free (see below), high-quality data compressor. It typically compresses files to within 10% to 15% of the
best available techniques (the PPM family of statistical compressors), whilst being around twice as fast at compression and six times faster
at decompression.

Why would I want to use it?

« Because it compresses well. So it packs more stuff into your overfull disk drives, distribution CDs, floppy disks, Zip disks, backup
tapes, ... whatever. And/or it reduces your phone bills, customer download times, long distance network traffic, ... whatever. Pretty
obvious really. Who's arguing? It's not the world's fastest compressor, but it's still fast enough to be plenty useful.

afford to do a

i o A T

and, as far as T know, patent-fi
B I T




