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The Problem:

Given: Literal objects (binary files)

—

1

<
<«

\

4

Determine: “Similarity” Distance Matrix (distances between every pair)

Applications:  Clustering, Classification, Evolutionary trees of
Internet documents, computer programs, chain letters,
genomes, languages, texts, music pieces, ocr,




® |nf0rmatlon DIStanCG (Li, Vitanyi, 96; Bennett,Gacs,Li,Vitanyi,Zurek, 98)

D(x,y) = min { Iplli P(X)=y & p(y)=x}

Binary program for a Universal Computer
(Lisp, Java, C, Universal Turing Machine)

Theorem (i) D(x,y) = max {K(xly),K(y|x)}

Kolrr+ogorov complexity of x given y, defined
as length of shortest binary ptogram that
outputs x on input y.

(i) D(x,y) <D’(x,y)  Any computable distance satisfying $2 ~D'*¥) < 1
for every x. y

(iif) D(x,y) is a metric.




However:

X’
Y,

D(x,y)=D(x’,y’) = === But x andy are much more similar than x’ and y’

® So, we NOorm alize: Li Badger Chen Kwong Kearney Zhang 01
Li Vitanyi 01/02
Li Chen Li Ma Vitanyi 04

dix,y)= _ D(xy)
Max {K(x),K(y)}

Normalized Information Distance (NID)
The “Similarity metric”




Properties NID:

e [heorem: () 0sdxy)<1
(i) d(x,y) is a metric
symmetric,triangle
inequality, d(x,x)=0
(i) d(x,y) is universal
d(x,y) = d’(x,y) for every
computable, normalized
(0=d’(x,y)<1) distance
satisfying standard “density”
condition.

e Drawback: NID(x,y) = d(x,y) Is
noncomputable, since K(.) is!




In Practice:
e Replace NID(x,y) by

NCD(x,y)= C(xy)-min{C(x),C(y)}

_ max{C(x).C(y))

Normalized Compression Length (#bits) compressed
Distance (NCD) version x using compressor C
(gzip, bzip2, PPMZ,...)

e This NCD is the same formula as NID,
but rewritten using “C” instead of “K"




Genomics just one

example;

also used with (e.g.):
carp MIDI music files

Bluginale :_h— (music clustering)
FinbackW hale

Languages

Cat Farungulates
“PolarBear 5_\7 (language tree)
GreySeal .
Harborseal Eutheria Literature

Horse
WhiteRhino — OCR
Gibbon
Gorila ———— Primates

Human
Chimparzes —— [— Time sequences:

PyamyChimp

umatanommguan — F— | (All data bases used in
S e eeens all major data-mining

Opossum Metatheria

Wallaroo S conferences of last 10Y)

Echidna rototheria .

Platypus — Superior over all methods:
In: Anomaly detection

Heterogenous data
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. e HTRELNTONOXKVII D,
_«4 JIET Ha3al Nioaam yxe 6bin n3secTeH rogmYHbIn
tAna. .

_ o VipnaHgum HanrpobHble COopY>KeHWA BO BpeMsa NeTHEro m
21anauaro CONHUECToAHMA obpawerel K Bocxoaswemy ConHuy, Kotopoe Bo-
CTUTaeT 8 3TO Bpemsi CBOeH CaMol CEBEPHOM MW CaMOK I0XKHOM TO4YKM Ha
HebocBOae, HTO Nerko yeraeTs 8 NioBom mMecTe 3eMHOro wapa.

APXUVNBATOP PA3BUIPAETCSH B MY3bIKE

C NOMOLUBLIO O6bIYHOM KOMMBIOTEPHOM NporpamMmbl cXaTtrns dan-
nos MOXXHO OT/INHMUTD KMTACCMHYECKYIO MY3bIKYy OT [XKa3a u poka, He
BOCHPOM3IBOAR HU OOQHOM HOTbI. 3TO HEOXNOAHHOE OTKPbLITHME NOMO—
XeT onpeaennTe, KOMy U3 KOMMO3MTOPOB NPUHaANEXAT My3blKalh-
Hble NMPoOM3BeAeHUA, ABTOPbLI KOTOPLIX A0 CMX NOP CHYUTANNCHL HEN3—
BeCTHbIMMN!.

MNporpaMMbl apxmBmpoBaHa OaHHbIX, Hanogobue zip, He TONbKO CKK-
MaloT Paninkl B MPUeEMNeMbIe NO pasMepam apXmBbl. MIX MOXHO MCNONB30-
BaTb X ONA Pacno3HaBaHMA A3bIKa, H3 KOTOPOM Hanu1caH OTPLIBOK TEKCTa.

Pyau Limnmbpacu, Flon BuTeiHbM N POHanea e Boned 13 fonnaHackoro
HALMOHANBHOM MCCNeaoBaTeNbIKOrO MHCTUTYTA B AMcCTepaame pelunni No-
CMOTPETb, MOXKHOC N MCMONb30BaTh 3TY 0COBEHHOCTL, YToObl pacno3HasaTh
MY3bIKY Pa3HbIX XXaHpoB. OTNMYMTeNbHaA 0COBEeHHOCTL NpUemMa B TOM, HTO
AS1A paznuyeHmsa My3blKanbHbIX XaHPoB He TpebyeTca NpovrpbisaTh HW o4 -
HOW HOTbI. BMecTo Toro 4tobbl nckaTh 0bme MenoguHeckmue n pUTMimnHec-
KWe PUCYHKK, NporpaMma Npocro COKMMAaeT 2ByKOBble pannsl.

3ATMNAX MOPAXEHNS

3anax BNMAEeT Ha Halue NnoBefaeHMe, TaK KakK Mbl CKNOHHbI 3anomMmu-
HaTk ero B CBA3HM C IMOUMAMM, KOTOPbIe eMYy CONyTCTBOBASN, cHUTaeT
NCMXONOor N3 yHueepcnteTta Bpayna (CLUA).
Peiyen Xepu nposena cepuyio 3KCNEPUMEHTOB C y4acTUeEM CTYOEHTOK YHK-
RepcuTeTa bpayHa, 4Tobbl NpoBepUTL, KaK BAMAET 3aMax Ha SMOLUNKM K No-
o~ HllacTpecaTU Tpem yHacTHULAM McCnenoBarma Getno nne -~
=~ ~anurnv. nobennTe B KOTOR™ 7

ANEKCEM JIAHWYEB

Ecnv aTomoxon o

Aep
npe
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ComplLearn Toolkit

home |
documentation |
download |

forums |

license |
development

What is CompLearn?

The CompLearn Toolkit is a suite of simple-to-use utilities that you can use to apply compression techniques
to the process of discovering and learning patterns.The compression-based approach used is powerful
because it can mine patterns in completely different domains. It can classify musical styles of pieces of music
and identify unknown composers. It can identify the language of bodies of text. It can discover the
relationships between species of life and even the origin of new unknown viruses such as SARS. Other
uncharted areas are up to you to explore. In fact, this method is so general that it requires no background
knowledge about any particular classification. There are no domain-specific parameters to set and only a
handful of general settings. Just feed and run.CompLearn was written by Rudi Cilibrasi.Press

CompLearn is described in New Scientist and Technology Research News.About

_ComplLearn was developed at the National Research Institute CWI in Amsterdam. It was created to support
the research paper Algorithmic Clustering of Music.

System Requirements

CompLearn runs under Windows and Unix. Complearn requires an installation of the Ruby scripting language.
Installation instructions for \Windows, Linux, and Unix here.

Compression is achieved through the Ruby BZ2 library.

For visualizing your graphed results, the AT&T's graphviz package is also needed.
The toolkit requires very small amounts of disk space to install and run.

Web design by juliob.com



http://complearn.sourceforge.net/index.html
http://complearn.sourceforge.net/documentation.html
http://sourceforge.net/project/showfiles.php?group_id=91288
http://sourceforge.net/forum/?group_id=91288
http://www.opensource.org/licenses/bsd-license.php
http://sourceforge.net/projects/complearn/
http://www.cwi.nl/~cilibrar/
http://www.newscientist.com/news/news.jsp?id=ns99993602
http://homepages.cwi.nl/~cilibrar/musicart/trnmag.com/Stories/2003/042303/Software_sorts_tunes_042303.html
http://www.cwi.nl/
http://www.arxiv.org/abs/cs.SD/0303025
http://www.ruby-lang.org/
http://complearn.sourceforge.net/doc/install.html
http://raa.ruby-lang.org/list.rhtml?name=bz2
http://www.research.att.com/sw/tools/graphviz/
http://www.juliob.com/

You can use it too!

e CompLearn Toolkit:

http://complearn.sourceforge.net

e “x” and “y” are literal objects (files);

What about abstract objects like “home”,
“red”, “Socrates”, “chair”,

Or names for literal objects?



http://complearn.sourceforge.net/

Non-Literal Objects

e Googling for Meaning

e Google distribution:
g(x) = Google page count “x”
# pages indexed




Google Compressor

e Google code length:
G(x)=log 1/g(x)

This is the Shannon-Fano code length that has
minimum expected code word length w.r.t. g(x).

D Hence we can view Google as a Google Compressor.




Normalized Google Distance (NGD)

e NGD(x)y) = G(x,y) — min{G(x),G(y)}
max{G(x),G(y)}

I Same formula as NCD, using C = Google compressor

Use the Google counts and the CompLearn Toolkit
to apply NGD.




e “horse”: #hits = 46,700,000
e “rider”: #hits = 12,200,000
e “horse” “rider”: #hits = 2,630,000

e #pages indexed: 8,058,044,651

NGD(horse,rider) = 0.443
Theoretically+empirically: scale-invariant




Universality

e Every web author i generates its own
individual Google distribution g i
individual Google code length G |
individual NGD denoted NGD i

Theorem




Numbers versus log-probability
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number

Probability according
to Google.

Names in variety of
languages and digits.

Same behavior in all
formats. Google
detects meaning:

All multiples of five
stand out.




Colors and Numbers—The Names!

\Colors




Colors vs Numbers: Minimum
Spanning Tree Animation
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Hierarchical Clustering of 17" Century Dutch Painters,
Paintings given by name, without painter’'s name.

[ Steen Prince’s Day [ Steen Leiden Baker Arend Oostwaert ]

. Steen Keyzerswaert
Steen The Merry Family

Rembrandt The Prophetess Anna

[ Steen Woman at her Toilet

Rembrandt The Stone Bridge

Bol Swartenhont

Bol Maria Rey ]

Steen Two Men Playing Backgammon

[ Bol Consul Titus Manlius Torquatus

Rembrandt Portrait of Maria Trip

Bol Venus and Adonis

] [ Rembrandt Hendrickje slapend ]

[ Rembrandt Portrait of Johannes Wtenbogaert

Hendrickje slapend, Portrait of Maria Trip, Portrait of Johannes Wtenbogaert, The Stone Bridge, The Prophetess
Anna, Leiden Baker Arend Oostwaert, Keyzerswaert, Two Men Playing Backgammon, Woman at her Toilet,
Prince's Day, The Merry Family, Maria Rey, Consul Titus Manlius Torquatus, Swartenhont, Venus and Adonis




NGD in SVM (Su

learn concepts (binar

Training Data

classification

Positive Training
avalanche

death threat
hurricane

rape

train wreck

Negative Training
arthritis

dandruff

flat tire

missing dog

sore throat

Anchors
crime
wash

(22 cases)
bomb threat
fire

landslide

roof collapse
trapped miners

(25 cases)

broken dishwasher
delayed train

frog

paper cut

sunset

(6 dimensicns)
happy

Testing Results

Positive tests

broken leg
flood
murder
sinking ship

broken toe
dizziness

headache

burglary
gas leak
overdose
stroke

caf in tree
drunkenness
leaky faucet

practical joke rain

fruancy

help

vagrancy

safe

Negative tests

car collision
heart attack
prneumonia
tornado

contempt of court
enumeration
littering

roof leak
vulgarity

urgent

Positive
Predictions

assault, coma,

electrocution, heat stroke,
homicide, looting,
meningitis, robbery,

suicide

menopause, prank call,
pregnancy, traffic jam

Negative
Predictions

Accuracy

sprained ankle

15/20 = 75.00%

ache, anncying sister,

campfire, desk,
mayday, meal

ort Vector Machines

Example:

Emergencies




Training Data

Example: Classifying Prime Numbers

Positive Training
11
23
41
59
73

Negative Training
10

18

25

32

3

Anchors
composite

(21 cases)
13
29
43
61

{22 cases)
12

20

26

33

9

(5 dimensions)
number

Testing Results

Positive tests

prime record

Negative tests

Positive
Predictions

101, 103,
107, 109,
79, 83,
89, 91,
97

110

Negative
Predictions

Accuracy

18/19 = 94.74%




Training Data

Example: Electrical Terms

Positive Training
Cottrell precipitator
attenuator

brush

control board
electric circuit
electrical fuse
filter

instrument panel
precipitator
security

solar panel
transmitting aerial

Negative Training
Andes
Gibbs
Quakeress
affecting
capitals
deeper
exclamation
introduces
monster
repudiate
sob

Anchors
bumbled

swimmers

(58 cases)

Van de Graaff generator
ballast
capacitance
control panel
electrical circuit
electrical relay
flasher

jack

reactor

security measures
spark arrester
transponder

(55 cases)
Burnett
Hickman
Southernwood
aggrieving
concluding
definitions
faking
kappa
parenthesis
retry
swifter

(6 dimensions)
distributor

Testing Results

Positive tests

‘Wimshurst machine
battery

capacitor
distributer
electrical condenser
electrograph

fuse

light ballast
rectifier

security system
spark plug

zapper

Diana
Icarus
‘Waltham
attractiveness
constantly
dimension
helplessness
maims
pinches
royalty
teared

premeditation

Negative tests

Positive
Predictions

cell, male plug,
panel, transducer,
transformer

Negative
Predictions

Accuracy

10/10 = 100.00%

Boswellizes, appointer,
enforceable, greatness,
planet

aerial
bimetallic strip
circuit

electric battery
electrical device
electrostatic generator
inductance
load

relay

solar array
sparking plug

DuPonts
Lorraine
‘Washington
bearer
conviction
discounting
humidly
marine
predication
shopkeepers
thrashes

resistor

antenna

board

condenser

electric cell
electrical distributc
electrostatic machi
inductor

plug

resistance

solar battery
suppresser

Friesland
Madeira
adventures
boll
damming
distinctness
hurling
moderately
prospect
soap

tuples

suppressor




Training Data

Example: Religious Terms

Positive Tratning
Allah

Jerry Falwell
Saint Jude
crucifix

religion

Negative Tratning
Abraham Lincoln
Jimmy Carter
encyclopedia
minus

seven

Anchors

spirit

Testing Results

(22 cases)
Catholic
Jesus
The Pope

devout

Christian

John the Baptist

Zeus
holy

sacred

(23 cases)

Ben Franklin
John Kennedy
evolution
money
telephone

helmet
mouse
walking

(6 dimensions)
evil follower

history

Positive tests

Bill Clinton
Michael Moore

Dalai Lama
Mother Theresa
hible

prayer

FEinstein
atheist
internet
science

rational

Negative tests

God
Muhammad
church
rabbi

George Washington
dictionary
materialistic
secular

scripture

Positive
Predictions

altar, blessing,
communion, heaven,
sacrament, testament,
vatican

earth, shepherd

Negative
Predictions

Accuracy

angel

24/97 = 88.89%

Aristotle, Bertrand Russell,

Greenspan, John,
Newton, Nietzsche,
Plato, Socrates,
air, bicycle,

car, fire,

five, man,
monitor, water,
whistle




Comparison with WordNet Semantics

http://www.cogsci.princeton.edu/~wn
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0
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accuracy

NGD-SVM Classifier on 100
randomly selected WordNet
Categories

Randomly selected positive,
negative and test sets

Histogram gives accuracy
With respect to PhD experts
entered knowledge in the
WordNet Database

Mean Accuracy is 0.8725
Standard deviation is 0.1169

Accuracy almost always > 75%
--Automatically




Translation Using NGD

P ro b I em.: Given starting vocabulary
English Spanish
tooth  diente
joy  alegria
tree arbol
electricity  electricidad
table tabla
money  dinero
sound sonido
music  musica
Unknown-permutation vocabulary
plant  bailar
car hablar
dance amigo
speak coche
friend planta

Translation: English  Spanish

plant planta
car coche

Predicted (optimal} permutation dance  bailar

speak hablar
friend amigo
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