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Clickstream Example

What topics is this user browsing on each of
the following pages?

True Class: Business

T al0l=
e B Ywe feobe ok e | =i |
-.um-ﬂjﬂ-ﬂmn_ﬂmh\’-tm.d_}djﬂ
L T ee—— B
mmmnﬂ GEaich - S Pan - Tahwood - Help m} =
‘Waleams, cartebens D06 [Sig D ey Wanage - febe Yaboo! Yies - Custorrey
KT LTI i [ et ek oy pody | POIROEG | maa g - st - sdd biokere, 1L motd
BiiPuy . Fureh Towaly [T ]
baodig oz Lo ey - Begmgrch | Sy etz Brol Torws

Er— [Capri =] 5 | il Leshus i

Gt i maieca? i it o i, Bosvg, Sie & Beallh

@y @@m@av&

Beeeiieesger [Apafeedy (0w Bwkis Lo
Wearket Summeny (5] Tep Stardes

L PTG &IPS v | i

Lk WordCom scandal
1] S W i pm ET
1wl Bhosdew b otwe A revebiben of froted i
P Fires Wi pduy, bl parte baprap amangee
i i 42w om ey e
Come RPN 59177341 irreer wws ameng ke
Hagdssy L0 43 31 i Anmfrme of meeslor hapan himirg
EET N TEIOP - [ARTLaeg
- T Pkl Aries, LES bedces, weuld Indices
1 ...--.lr\] AT I.l."#h'lu aViden from FinanceVizion
[igztom ¥ b LIEIHI00 !»;!'_".:I.'.l't.'.'.'“lzd -?“'JH : . T
I.‘\.llrllllpn.dl‘lll‘ndh. Lyl bin Bl s s P ar Lzedbar - X
ke I - Th Ve vy Ve 2 R | _]J
[

.‘.‘.
&




True Class: Business
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True Class: Business
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True Class: Sports
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True Class: Sports

Soccer Listings for Wadnesday, Jun. 26
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True Class:; News

[ medc e = - O3 B3| Byoeark et (e | e kB [ X S
[ [ b eyt oAbk ot e o AU b =g |
[ a8
| e 1w ok B International a2 30
EEEH g b i =T MTETEN CEMTIN |+ o0d

W gy | FPoat 31 D =| B TR

neshen |Piea | Wl nms, [Einoion

unmcenr | Bl ramasiis

w-‘um-rlmnr-\ﬂl
ﬂ‘ﬂnl.' E-Mnimo At o
] P

Security Tight for G=8 Talks at Liyllic Spot in
Canada e

0y CLOFORD ERALSS

TTAWA, Ture 2% — The phote ops are grorankesd b premebs

Carda ar a prisEe carit of Bockey Momtan ranqaity win
Ereanbat Buch nad the athier Soowp of § basders doess e wockd s peeblens
Wasieess i ared Thors diagy mn the et willags of Elanarsckis

Eut tur Carsdmn pecunty Bortar are propanng sdnsordnan masnes s .
ety et Victariss sapiead and eree i At Poovics t Barron's

el thi Bard of modnd dorrsinaties thio oltved the btk sch aesnng of ga'{ﬂ us
tnamial warkd ey, o ot ki podt ofy of Gers i, ard e Sonust of
|| e Armericas n Cachbice Dy Lot yea ek e

A wichs apeorarent of procest grocges have besn quirt shout ety meact plans » Wil give you
Bt s bres sncganized e uontnnd domrastratons Bomn mrourd Canada 5100 cradit
el the Thied S1aes to monch this week agaenst g babration, fres Uik vl
ponmd carpans good, whik appotsg skbreton of & Excle bty as

11

True Class; News

D G fwe Feis ek o | =i |
[ - B e M- LU RRTUEE L SR, TR R i |
T ] T r————— [ereyr=] E
] al
Technology
| B e Fpck Birnes

ol | flade b Sevk fakas v M I
[Feat W Do =] B || Wsicams, bretgormen

T iBE D6 ST0E 111k PM BT

WerldCom Says ¢ Hid Expenses, | DESES s i
" Guh S Topl | Uram g =
Tine Ton:

By SRA0H FCIBIERD st A LI HEREHECH
The Brore o 32 mated's cecoadlangsn
Vorng-dmaine camied # i At ot
dirclopad what ruay be oo cE s Lot
canss of Silrs corporis hieskisemng vt

L For Wrwy eqiars:
| IR

-

HAERET FLACE
_ -
X
Selback bn Cable Loss wiia
P i s A Erp SEORCE WOHNEDH brohersdogy 2ren nad iga
- ardane sy b Dinid

Theo pawafid pow ©oogetors
are baing showm e

rorthem Few Tmaca. Wids
Crwns hosgeed o be ns fiusk

Evca Exhard Tt Parrans, knawn o e
“grand regobater,” coudd pok convaze e
Hewrhoun ¢ Caralp b aliear £0L Tive
“Wlatresr b0 o0RARE £ Mo Thew caide TV

i s pis Greed Dty
busk Far cfcizacy | P T e
' . - bt Pssre 5 W b

ki rofllr. Sl mod esre
341 |

Haind- Held Sades Befsousnd
Ty ELOOW DR W
Faka yesd that #2 foarth- quater koarkad

o

12

ol




Hla r

True Class:; News

al0i =

Du R e Foss Jeoko o | = |
R I T R o e R |

PR [ PN M ep————— ] = e |

! Politics

[———

O RS
wa) prur
]

[

R IEART Y]

trip

Lighiless Tunsel
(A Ery DA VT FIRESTOME
= Armirake wicish rd that tury had frexd
| st wpraigh caeh b e for shord be mops
| o — o -
|Coroes | woct, b wmned st o) ko
Ly i S s s

Ehe Xew 1o

Sakir | efni Sabved G b Febee

AFDATT SR D5, 000 d1d0 PH £T

ﬁ Rialge Urged U gross Wat i Splis
[T =

By THE A3 A TED FREss

Cangreds dheokd aer i ap the LNLE wien
o The agseey g o Bemskdd
Sccunty Dot i Buch edbrmmstrabian rad
todary

Senaers Debate Wellare

By THE &23001ATED: FRERE

Senmien worked b Forge 4 compromis:
wwet weliire refomn Teda, b ddferences

Asale s COUE | peraagesd over phld-cors ail ek

sequiicmazah

Amtrak Gives Beef 2 Weeks, In 8

[Fonfitan B B el S | ot

§ o DS EEMTTR 1

WASHESCTON TALE Tesuk vt { bl ivierede poa
Bepih i E Crnia g dopar| M sin s
p.“u._ .r!‘ Licwa Tean

Tarm Laraee T Sign Ui for Hewslediers,
Flaas Copled

T CREL HITLEE

Brnsle Repobbooms v the | Giperrn

b o hawe 4o rer il dher | ]
oot s Eng [T Conedvan ol
arud [he g eat poos by =f | S—]
srrendenzy e joba rew iddir by a-mall, with

o g s Thoe Rl [
HEWS ALY SIS Bk il dia W oy
Frurs :
P PATRICK.E TYLIE Ol e s bl
Presivinr Bark's od dres PR
opeeed azew penod of 147 Listma H e

drplomary o e Bd dla Bt
b can % maread?

WHITE K

ELEITER
]

13

User Demographics
Sex: Male

Age: 22
Occupation: Student
Income: < $30,000
State: Pennsylvania
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Information Sources

Data

Clickstream Data

Panel of representative web
users collected by Jupiter
Media Metrix
Sample of 30 randomly
selected users who browsed
during April 2002

— 38k URLs viewings

— 13k unique URLs visited

— 1,550 domains
Average user

— Views 1300 URLs

— Active for 9 hours/month

Classification Information

Dmoz.org - Pages classified
by human experts

Page Content - Text
classification algorithms from
Comp. Sci./Inform. Retr.

16




Dmoz.org
— Cateqgories
; 1 Arts
e Largest, most comprehensive human- .
edited directory of the web 2. Business
P 3. Computers
» Constructed and maintained by 4 Games
volunteers (open-source), and original
set donated by Netscape 5 Health
- Used by Netscape, AOL, Google, 3 :ZVT:
Lycos, Hotbot, DirectHit, etc. .
« Over 3m+ sites classified, 438k 8. Recreation
categories, 43k editors (Dec 2001) 9 Re'ference
10.  Science
11.  Shopping
12.  Society
13.  Sports
14 Adult 17

Problem

e Web is very large and dynamic and only a fraction of
pages can be classified
— 147m hosts (Jan 2002, Internet Domain Survey, isc.org)
— 1b (?) web pages+

e Only a fraction of the web pages in our panel are
categorized

1.3% of web pages are exactly categorized

7.3% categorized within one level

10% categorized within two levels

74% of pages have no classification information

18




Text Classification

Background

e |nformational Retrieval

— Overview (Baeza-Yates and Ribeiro-Neto 2000, Chakrabarti
2000)

— Naive Bayes (Joachims 1997)
— Support Vector Machines (Vapnik 1995 and Joachims 1998)

— Feature Selection (Mladenic and Grobelnik 1998, Yang
Pederson 1998)

— Latent Semantic Indexing
— Support Vector Machines
— Language Models (MacKey and Peto 1994)

20
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True Class: Sports
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Tokenization & Lexical Parsing

e HTML code is removed
e Punctuation is removed
e All words are converted to lowercase

e Stopwords are removed

— Common, non-informative words such as
‘the’, ‘and’, ‘with’, ‘an’, etc...

Determine the term frequency (TF) of each

remaining unique word

23

Result: Document Vector
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Test Document

home 2
game 8
hit 4
runs 6
threw 2
ejected |1
baseball | 5
major 2
league 2
bat 2
?
bush 58 game 97 sale 87
congress | 92 football 32 customer | 28
tax 48 hit 45 cart 24
cynic 16 goal 84 game 16
politician | 23 umpire 23 microsoft | 31
forest 9 won 12 buy 93
major 3 league 58 order 75
world 29 baseball ' 39 pants 21
summit 31 soccer 21 nike 8
federal 64 runs 26 tax 19
{News Class} {Sports Class} {Shopping Class}
25
Test Document
home 2
— game 8
hit 4
runs 6
threw 2
ejected |1 ——
baseball | 5
_____major 2
league | 2
bat 2
bush 58 » game 97 sale 87
congress | 2 football | 32 customer | 28
tax 48 > hit 45 cart 24—
cynic 16 goal 84 game 16 <
politician | 23 umpire 23 microsoft | 31
L forest 9 L won 12 buy 93
» major 3 » league 58 — order 75
world 29 baseball |39 -« pants 21
summit 31 soccer 21 nike 8
federal 64 runs 26 < tax 19
{News Class} {Sports Class} {Shopping Class}
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Test Document

home
game

hit

runs
threw
ejected
baseball
major
league
bat

NN N O RN O AN

| P({News} | Test Doc) = 0.02 | | P({Sports} | Test Doc) = 0.91

| | P({Shopping} | Test Doc) = 0.07

bush
congress
tax

cynic
politician
forest
major
world
summit
federal

game 97
football
hit

goal
umpire
won
league
baseball
soccer
runs

{News Class} {Sports Class}

RERBwoBb6& 88
BRBB B RE R

sale 87
customer | 28
cart 24
game 16
microsoft | 31
buy 93
order s
pants 21
nike 8
tax 19

{Shopping Class}
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Test Document

home
game

hit

runs
threw
ejected
baseball
major
league
bat

NNN O RN O AN

P({Sports} | Test Doc) = 0.91

game
football

league
baseball
soccer
runs

{Sports Class}

B
]
RIS
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Classification Model

e A document is a vector of term frequency (TF)
values, each category has its own term distribution

e Words in a document are generated by a multinomial
model of the term distribution in a given class:

d, ~M{n,p2(pS, P, PS )}

- Classification: argorcnax{ P(c|d)}

arg mex{ P(¢)? P(w, |¢)" )

c?C i71

|V| : vocabulary size
ne: #of times wordi appears in class ¢ 29

Results

e 25% correct classification
e Compare with random guessing of 7%

e More advanced techniques perform slightly better:
— Shrinkage of word term frequencies (McCallum et al 1998)
— n-gram models
— Support Vector Machines

30
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User Browsing Model

User Browsing Model

» Web browsing is “sticky” or persistent: users tend to
view a series of pages within the same category and
then switch to another topic

e Example:
{News} {News} {News}
ST v W | o |
BB oot ———— =
R o B ——
s = _» j ._..‘._,.. i s _} : !m

32
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Markov Switching Model

arts 83% 4% 5% 2% 1% 2% 6% 3% 2% 6% 2% 3% 4% 1%
business 3% 73% 5% 3% 2% 3% 6% 2% 3% 3% 3% 2% 3% 2%
computerg 5% 11% 79% 3% 3% % 5% 3% 4% 4% 5% 5% 2% 2%
games 1% 3% 2%  90% 1% 1% 1% 1% 0% 1% 1% 1% 1% 0%
health 0% 0% 0% 0%  84% 1% 1% 0% 0% 1% 0% 1% 0% 0%
home 0% 1% 1% 0% 1%  80% 1% 1% 0% 1% 1% 1% 0% 0%
news 1% 1% 1% 0% 1% 0%  69% 0% 0% 1% 0% 1% 1% 0%
recreation 1% 1% 1% 0% 1% 1% 1%  86% 1% 1% 1% 1% 1% 0%
reference 0% 1% 1% 0% 1% 0% 1% 0%  85% 2% 0% 1% 1% 0%
science 1% 0% 0% 0% 1% 1% 1% 0% 1% 75% 0% 1% 0% 0%
shopping 1% 3% 2% 1% 1% 2% 1% 1% 0% 1% 86% 1% 1% 0%
society 1% 1% 2% 0% 2% 1% 3% 1% 2% 2% 0% 82% 1% 1%
sports 2% 1% 1% 0% 0% 0% 3% 1% 1% 0% 0% 1% 85% 0%
adult 1% 1% 1% 0% 0% 0% 1% 0% 0% 0% 0% 1% 0%  93%

16% 10% 19% 11% 2% 3% 2% 6% 3% 2% 7% 6% 5% 7%

Pooled transition matrix, heterogeneity across users

33

Implications

e Suppose we have the following sequence:

{News} {News}

e Using Bayes Rule can determine that there is a 97%
probability of news, unconditional=2%, conditional
on last observation=69%

34
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Results

Methodology

Bayesian setup to combine information from:
e Known categories based on exact matches
e Text classification

e Markov Model of User Browsing

— Introduce heterogeneity by assuming that conditional
transition probability vectors drawn from Dirichlet
distribution

e Similarity of other pages in the same domain

— Assume that category of each page within a domain follows
a Dirichlet distribution, so if we are at a “news” site then
pages more likely to be classified as “news”

36
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Findings

Random guessing 7%

Text Classification 25%
+ Domain Model 41%

+ Browsing Model 78%

37

Conclusions

19



sSummary

e Each technique (text classification, browsing model,
or domain model) performs only fairly well (~25%
classification)

e Combining these techniques together results in very
good (—80%) classification rates

e Future directions: larger datasets and newer text
classification and user browsing models

39

Applications

Newsgroups

— Gather information from newsgroups and determine whether
consumers are responding positively or negatively

E-mail

— Scan e-mail text for similarities to known problems/topics

Better Search engines

— Instead of experts classifying pages we can mine the
information collected by ISPs and classify it automatically

Adult filters

— US Appeals Court struck down Children’s Internet Protection
Act on the grounds that technology was inadequate

40
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