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Data Is of no use
unless you can actually access it.
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Definition of Information Retrieval

* Information retrieval (IR) is finding material
(usually documents) of an unstructured nature
(usually text) that satisfies an information
need from within large collections (usually
stored on computers)
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Definition of Information Retrieval

* Dealing with the representation, storage,
organization of, and access to information
items

- Information items include text documents

(often unstructured), Web pages (semi-
structured), images, audios, videos, ...

* Converting information need to
information items

2009/1/8 L RRFIPH R/ LR KR 7
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Structured Data

e Structured data tends to refer to information in tables

Employee Manager Salary
Smith Jones 50000
Chang Smith 60000

Ivy Smith 50000

* Typically allows numerical range and exact match (for
text) of Boolean queries
- Salary < 60000 AND Manager = Smith

2009/1/8 L QU RS WIS S 8
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Unstructure Data

* Typically refers to free text

* Query formation
- Keyword queries including operators

— More sophisticated "concept" queries
* find all web pages dealing with drug abuse
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Database Retrieval vs. Information Retrieval

* Database System (DR Application)
— Structured data

- Exact search (no ranking)
- Commercial success (Oracle, IBM DB2)

* Search Engine (IR Application)
— Unstructured data
- Approximate search (ranking)
- Becoming dominant (Google, Yahoo!)

2009/1/8 fei BRI /0 B R 10
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Unstructured vs. Structured data in 1996

160 -
140 -
120-
B Unstructured
O Structured
Data volume Market Cap
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Unstructured vs. Structured data in 2006
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Need for IR

e With the advance of WWW - more than 100

billion web pages in March 2008 [ ixipedial

e Various needs for information:
— Search for a specific information

- Search an answer to a question
- Search for information in a different language

2009/1/8 s BRI R PET R/ L R RS
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Examples of IR Systems

* Database (library catalog)

- Search by keywords, titles, authors, etc

Text (Google, Yahoo)

- Search by keywords. Some using queries in natural language
* Multimedia (QBIC, WebSeek, TinEye)
- Search by audiovisual appearance (colors, texture, shapes...)

* Question answering systems (AskJeeves, Answerbus)
- Search in (restricted) natural language

e QOthers:

— Cross lingual information retrieval

2009/1/8 s e Tt Ll e Ay 14
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Web - Images - News - Blogs & Feeds - Shopping - More »
who is the president in Taiwan | Search | Advanced Search

Web Search Showing results 1-10af 1

The Chief of State of Taiwan is President Chen Shui-bian, and the Head of State is Premier ~ Marrow Your Search

(President Of The Executive Yuan) Frank Hsieh Government of Taiwan
World Facthook | Encyclopedia | BEC Profile | US Gavernment Travel Info | Maps Current President of Tai
Government Information Office, Republic of China (Taiwan) L]
.. comprehensive informatin about the ROC government on Taiwan includes announcements official documents and AV Ll
presentations. Who Is the Leader of Tai
@0 winw. gio. gov.twi + Save

Government Type of Taiy

Taiwan Security Research Taiwan President Late
Taiwan's President, Mired in Scandals, Survives Recall Yote (Washington Post, June 28, 2006) President Chen Shui-bian
easily sumaved a recall ...

Flag of Taiwan

wnw taiwansecurity.org/ - Cached « Save Facts about Taiwan
R.0.C. President L ee Teng-hui — A Profile Taiwan Info
.. economy of Taiwan in its liberalization and internationalization efforts, Through the pragmatic diplomacy successfully b
promated by T , , ) Expand Your Search
@ winw taipel. org/current/president/lee_p.htm - Cached - Save
President of Japan
Talw,an (RQ[JU[C_J“C of Chma) , , . President of China
This site prowides information about Republic of China on Taiwan, Visa, events, news, culture, Consulate Generals, -
2009/1/8 e L T L s 15
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wheee s Tatvan
Type tn yout question i English, French, Spandsh, German, [talian or Portuguese,

(Juestion:
where 15 Tarwan

Possible answers: xuL X7

1. ki Xien s 1n northem and southern Tarwan, Hi-Lu 15 central and north central

2. Located across the Tawan Stratt from mamland China (80 miles at the closest pomt), Tawan 1 a leading economic and trading center, with one of f
ports in the world (Kaohsung).

3. About ATT | In the News | American Cultural Center | Amencan Ciiizen Services | Visa Services | Services m Southem Tatwan | Agniculbure Service:
Commercial Services

4. However, due to the Chmese Conl War between the Kuotntang (KMT) and the Chinese Commurusts, the 1951 San Francisco Peace Treaty betw
and the Alhes faled to name the reciprent of Tatwan's soveresenty.

5. Tawan 15 a sub-tropical ssland, roughly 180 mules long, located less than 100 miles offshore of China's Fupan province.
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Cross-lingual Information Retrieval

|national palace musenm I[ FindTranslations J

LiveTrans

Source Language: | English | | Target Language: | Big5 v - @ Fast O Smart

Query/Translation Relevant Pages Relevant Images

* Mational Falace Museum
[Gloss translation:]
* TiT Museums: The Mational Palace Museum: ) Years Youngs!
[Gloss translation:]
* Jades from the National Palace Musenm
[Gloss translation:]
* Mational Falare Museurn Exhikition
[Gloss translation:]
* ETEE Bk
[Gless translation: national palace mmsenrn,
* BN E YR mﬁﬁwfﬁ‘:#’iﬁgﬁ
EPIET I e [Gless translation: national palace rovsenmn 0 prevent cultieal relic 10 conserve]
EEEEIR  mysemmmmien w2t
[Gloss translation: national palace mmwseurn president 51r]
* BT E i s S B BT 5 T M
[Floss translation: national palace rovsenrn coltural relic art 0 Soperise means]

national palace museum

Automatic Translations: BN/ 8UE {@0P5 SE; SUE @0 B B MU TEHEE;

Dictionary Lookup:Unavailable!

2009/1/8 B FR AP ¢ LR 18
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Image Search

WwWeb Images Maps Mews Shopping Gmall more ¥ chihyi.chiu@gmail.com | My Account | sign out

Go ogle |I.II].iVEJ’Sit}.f H Search Iroapes ] [ Search the Web l W
Moderate SafeSearch is on MNew! Google Image Laheler

Images Showing: |All irnage sizes L | Results 1 - 20 of ahout 215,000,000 for university [definition]. (0.25 seconds)

, L
lvan Franko Mational University The University of St Andrews, ... History of the University of Pictures of the University
af ... 1500= 915 - 2376k - png Sydney 1200 7498 - 312k - jpg
491 x 322 - 25k - jpg wisn ythion .org 87 % 366- 81k-jpg wisny fla ac Uk
wanny franko bviv ua [ More from wwiw python.org ] i Lsyd eduau [ Maore fram wwsi gla ac uk ]

IO | P T M T
YAl g L

Pictures f the niwersitmr University Library Ewvents at the University of Yiew of The University of St
1200 % 1793 - BBk - jpg 477 320 - BBk - jpg Hamburg Andrews
w03 ac uk wiend st-andrews ac Uk B40 x 426 - 89k - jpg 450 274 - 29k - jpg
wianal LNi-hamburg.de i ython org
2009/1/8 B KR TFIIPHFE /P AP R RS
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Content-Based Image Retrieval
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Fancy Browsing Interface for Image Search

http:/ /www.piclens.com/site/ie/

« PicLens

Version 1.6 for Internet Explorer

2009/1/8 Ak Lt AR Lo e 21
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Find Near-duplicate Images

http:/ /tineye.com/

; www.worth 1000.com
: 2 BB mlY_w g -+ hilto e wdrh | OO0,

ikl pedin.ws
¥ 1 o Anedican. gotha ey -+ hife. ikl oodia
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Image Retrieval via Voice

& 10:35

B2 g ¢ 18 4 A/ FF & /ATAR $R i
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Search Functions

4L
51}#‘ ?' Fg

Lot~ B, 2+ 37F
- allmtltle e QEET"F

ﬁgéﬁp‘z ﬁ

- #+%39: (A and B) or (Cand D)

- Paﬂ(r«? i/if’) F(¢ w2, PR, T
- BFHRE(F e A Fl, 2R e, 0 AW
- 7}5 F&@ i éﬁ(relevance feedback)

- B3 7 43:9:Sony, 374, 7 A

2009/1/8 L R ORGSR TS WA YRS A
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Search Functions

ﬁi@ 57 439 (Query by Example)
AB IR ARIE Y

* X% 7 A (Free Text QUQTY)
ES =82 ,{: e 3\ Haﬂ‘ S AL e R § ROk E YR B

* % (Question Answering)
- RS~ 2 P FRBEE S FREE (R FLLfE)

2009/1/8 fei BRI /0 B R 25
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Result Presentation

* AT AL
- #p B 1+ B (Relevance Ranking)
- " ko 2
- LB TR AR AR R (LR A R )
o T I & (Summarization)
. ;' 4 3 (Clustering)
e 3 77 2 (Highlight)
. ;;7“ i £ (Delivery)
- PR éﬂg}; J&; B

2009/1/8 i FRFIIPH R/ AR R
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Text IR System Architecture

The user task Logical view of document
[awen / [owcumens ||
Query Document
Representation Representation

Similarity
Comparison |

Ranked D ocsﬂ

2009/1/8 e IR L LS 27
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Text IR System Architecture

* The user task
— Convey the semantics of information need
- Retrieving and browsing results

* Logical view of document

— Full text representation and indexing
* Build a set of index terms
* Remove stopwords
* Apply stemming
* Identify phrases

2009/1/8 i FRFIIPH R/ AR R
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The Problem

Information Seeker Authors
-~
%’ ;

Concepts Concepts

Query Terms < > Document Terms

The same concepts?

2009/1/8 L RRFIPH R/ LR KR
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Information Needs and Queries

* Information need: the topic the user desires to know
more
- Dependent on prior knowledge, subjectivity, context

* Query: what the user conveys to the computer in an
attempt to communicate the information need

— Users don’t express their information needs into queries
well at first

* User-training plays a important role
- In Google, general users use 1-3 word queries
— In Westlaw, professional users use 10-12 words queries

2009/1/8 fei BRI /0 B R 30
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Boolean Model (# +k$i3])

* Weights assigned to terms are either “0”or “1”
— '0' represents "absence": term isn’t in the document
— '1' represents "presence": term is in the document

* Expressing Querying with Boolean operators
- AND, OR, NOT

* Returning all documents that satisfy the query

2009/1/8 e et VA o 32
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Boolean Operator

111 |0

2009/1/8

0|1
0|1
1| 1
A OR B
Nl o1
olo|o
1101
A AND B

A NOT B

(= A AND NOT B)

Fid R AP EE P L R RS
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Unstructured Data in 1650

Which plays of
Shakespeare contain the
words: Brutus and Caesar,
but not Calpurnia?

2009/1/8 I L U VA Lo g 34
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Term-document Incidence Matrix

ANTHONY
BruTuUs
CAESAR
CALPURNIA
CLEOPATRA
MERCY
WORSER

2009/1/8

Anthony  Julius The Hamlet Othello

and Caesar Tempest
Cleopatra
1 1 0 0
1 1 0 1
1 1 0 1
0 1 0 0
1 0 0 0
1 0 1 1
1 0 1 1

Fid R AP EE P L R RS
Copyright © National Digital Archives Program / Academia Sinica

R = O O =) OO

Macbeth

O O OO+

35



Incidence Vectors

* To answer the query: Brutus and Caesar and
not Calpurnia

— Take the vectors for Brutus, Caesar, and
Calpurnia

- Complement the vector of Calpurnia

- Do a (bitwise) and on the three vectors
- 110100 and 110111 and 101111 = 100100

2009/1/8 e et VA o 36
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Can't Build the Incidence Matrix
- too Large in a Big Collection

e Consider N = 10° documents, each with about 1000
terms

* On average 6 bytes per term, including spaces and
punctuation = size of document collection is about

6 GB

e Assume there are M = 500,000 distinct terms in the
collection

e M =500,000 x 10 = half a trillion Os and 1s

2009/1/8 i FRFIIPH R/ AR R
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Inverted Index

* Actually the matrix is extremely sparse, we can only
record the 1s for each term

BruTUsS — | 1 2 / 11 | 31|45 | 173 | 174

CAESAR — | 1| 2| 4 5| 6|16 | 57 | 132

CALPURNIA | — | 2| 31| 54 | 101

\—n\,-_" e ~
dictionary postings
2009/1/8 B KRR E /P S R BT
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Inverted Index Construction

Collect the documents to be indexed
- Friends, Romans, countrymen So let it be with Caesar ...

* Tokenize the text
- Friends Romans countrymen So

* Do linguistic preprocessing
- friend roman countryman so

Index the documents that each term occurs

2009/1/8 fei BRI /0 B R 39
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Tokenization and Preprocessing

Doc 1. | did enact Julius Caesar: |
was killed i" the Capitol; Brutus killed
me.

Doc 2. Solet it be with Caesar. The
noble Brutus hath told you Caesar
was ambitious:

Doc 1. | did enact julius caesar | was
killed 1" the capitol brutus killed me
Doc 2. so let it be with caesar the
noble brutus hath told you caesar was
ambitious

2009/1/8 e IR L LS 40
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Doc 1. | did enact julius caesar | was
killed i' the capitol brutus killed me

Doc 2. so let it be with caesar the ———

ncble brutus hath told you cassar was
ambitious

2009/1/8

Generate Posting

term  doclD

I

did
enact
julius
caesar
I

Was
killed
i

the
capitol
brutus
killed
me

S0

let

it

e
with
caesar
the
noble
brutus
hath
tald
you
caesar
Was
ambitious

Fid R AP EE P L R RS

1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

term  doclD

ambiticus
be
brutus
brutus
capitol
cassar
cassar
cassar
did
enact
hath

I

I

i

it
julius
killed
killed
let

me
nable
S0

the
the
tald
you
Was
Was
with

2
2
1
2
1
1
2
2
1
1
1
1
1
1
2
1
1
1
2
1
2
2
1
2
2
2
1
2
2

term doc. freq.

[ ambitious [ 1|
be |1
brutus | 2 |
capitol

Copyright © National Digital Archives Program / Academia Sinica
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BruTUSs — 1|—|2/—4|—|11|—|31|—|45 | —|173 |—| 174

CALPURNIA & — 2 |—| 31 |—| 54 |—| 101

Intersection —

2009/1/8 Bl PRI P )9 R R 42
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BrutTUs — 1 —|2—/4|—|11|—|31|—|45|—| 173 |—| 174

CALPURNIA & — 2 |—| 31 |—| b4 |—| 101

Intersection —

2009/1/8 e IR L LS 43
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BrutTus — 1| —|2 —|4|—|11|—|31|—|45 |—| 173 |— 174

CALPURNIA & — 2 |—| 31 |—| 54 |—| 101

Intersection — 2

2009/1/8 L RRFIPH R/ LR KR 44
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BruTUs — 1| —|2}—4|—|11|—|31|—{45|—|173 |—| 174

CALPURNIA @ —— 2 —| 31 |—| 54 |—| 101

Intersection — 2

2009/1/8 e IR L LS 45
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BrutTus — 1 —|2—=4|—|11|—|31|—|45|—|173|—| 174

CALPURNIA & —— 2 —| 31 |—| 54 |—| 101

Intersection — 2

2009/1/8 e IR L LS 46
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BrutTUS — 1|—2—|4|—|11|—|31 |—|45 |—|173 |—| 174

CALPURNIA @ —— 2 |—| 31 |—| b4 |—| 101

Intersection — 2 —| 31

2009/1/8 e IR L LS 47
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BruTus — 1 —|2—l4|—|11|—|31|—|45|—| 173 |—| 174

CALPURNIA & — 2 |—|31|— 54 |—| 101

Intersection — 2 |—| 31

2009/1/8 e IR L LS 48
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BruTus — 1 —{2—l4|—|11|—|31|—|45 |—|173 |—| 174

CALPURNIA —— 2 —| 31 |— 54 |—| 101

Intersection — 21— 31

2009/1/8 e IR L LS 49
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Processing Boolean Queries

* Consider the query: Brutus AND Calpurnia

BrutTus — 1|—|2—|4|—|11|—|31|—|45|—| 173 |—| 174

CALPURNIA & —— 2 |—|31|—|54|—|101

Intersection = 2 —| 31

— This is linear in the length of the postings lists
— This only works if postings lists are sorted

2009/1/8 fein R TR 2 B R 50
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Boolean Queries
* Primary commercial retrieval tool for 3 decades

* Many professional searchers (e.g., lawyers) still
like Boolean queries - you know exactly what
you are getting

2009/1/8 e et VA o 51
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Review of the Boolean Model

* Binary decision (relevant or non-relevant)
No partial match (compared to ranked retrieval)

* Good for expert users with precise understanding of
their needs and the collection

* However, most users are not capable of writing
Boolean queries (or they are, but they think it’s too
much work)

2009/1/8 i FRFIIPH R/ AR R
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Review of the Boolean Model

* Retrieve too few or too many documents

- Use AND operations tends to produce high
precision but low recall searches

- Use OR operators gives low precision but high
recall searches

- It is difficult or impossible to find a satistactory
middle ground

2009/1/8 fei BRI /0 B R 53
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Review of the Boolean Model

* Query 1: "standard user dlink 650" — 200,000 hits

* Query 2: "standard user dlink 650 no card found" — 0
hits

* It takes a lot of skill to come up with a query that
produces a manageable number of hits

e With a ranked list of documents it does not matter
how large the retrieved set is

2009/1/8 fei BRI /0 B R 54
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Ranked Retrieval

e We wish to return in order the documents
most likely to be useful to the searcher

* Assign a score - say in [0, 1] - to each
document

e This score measures how well document and
query "match"

2009/1/8 e et VA o 55
Copyright © National Digital Archives Program / Academia Sinica



Recall: Binary Incidence Matrix

ANTHONY
BruTUuUs
CAESAR
CALPURNIA
CLEOPATRA
MERCY
WORSER

Each document is represented by a binary vector € {0, 1}

2009/1/8

Anthony
and
Cleopatra

1

e e T e T I S

Julius
Caesar

O O O = = =

The
Tempest

R = O OO OO

Hamlet

-0 O - = O

Fid R AP EE P L R RS

Othello

= = O OF= OO

VI,

Copyright © National Digital Archives Program / Academia Sinica
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Term Frequency

Anthony  Julius The Hamlet Othello Macbeth

and Caesar Tempest
Cleopatra
ANTHONY 157 73 0 0 0 1
BruTUS 4 157 0 2 0 0
CAESAR 232 227 0 2 1 0
CALPURNIA 0 10 0 0 0 0
CLEOPATRA 57 0 0 0 0 0
MERCY 2 0 3 8 5 8
WORSER 2 0 1 1 1 5
Each document is represented by a count vector € NIVI.
2009/1/8 e L e L oL A 57
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Bag of Words Model

e We do not consider the order of words in a
document

* "John is quicker than Mary" and "Mary 1s quicker
than John" are represented the same way

* In a sense, this is a step back: The positional
index was able to distinguish these two

documents

2009/1/8 e et VA o 58
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Document Frequency

* The document frequency is the number of
documents in the collection that the term occurs in

* Rare terms are more informative than frequent terms
EhSURPIERR T KR vs. Wi
- CAZRNRLE v F b

* We use the inverse document frequency to factor

this into computing the matching score

2009/1/8 e IR L LS 59
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Collection Frequency vs. Document Frequency

* The collection Frequency of a term is the number of
tokens of the term in the collection

Word Collection frequency Document frequency
INSURANCE 10440 3997
TRY 10422 8760

* Which word is a better search term (and should get a
higher weight)?

2009/1/8 e IR L LS 60
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tf-idt Weighting

* Product of its #f (term frequency) weight and its idf
(inverse document frequency) weight

N
W = (1 + logtf ) - logd_f where N 1s the number of documents

* Best known weighting scheme in information
retrieval

* Note: the “-” in tf-idf is a hyphen, not a minus sign!
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Binary — Count — Weight Matrix

Anthony  Julius The Hamlet Othello Macbeth

and Caesar Tempest
Cleopatra
ANTHONY 5.25 3.18 0.0 0.0 0.0 0.35
BRUTUS 1.21 6.10 0.0 1.0 0.0 0.0
CAESAR 8.59 2.54 0.0 1.51 0.25 0.0
CALPURNIA 0.0 1.54 0.0 0.0 0.0 0.0
CLEOPATRA 2.85 0.0 0.0 0.0 0.0 0.0
MERCY 1.51 0.0 1.90 0.12 5.25 0.88
WORSER 1.37 0.0 0.11 4.15 0.25 1.95

Each document is now represented by a |real-valued vector| of tf-idf weights
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Vector Space Model

* Queries and documents represented as n-
dimensional vectors in the space
- Each dimension corresponds to a term
- Documents are points or vectors in this space

* Rank documents according to their proximity
to the query
— proximity = similarity
- proximity = negative distance
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Vector Space Similarity

cosine similarity
GOSSIP
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Summary:
Ranked Retrieval in the Vector Space

* Represent the query as a weighted tf-idf vector
* Represent each document as a weighted tf-idf vector

* Compute the cosine similarity or Euclidean distance
between the query vector and each document vector

* Rank documents with respect to the query

* Return the top k (e.g., k = 10) documents to the user
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Retrieval Effectiveness

e Recall (% > ¥)
- B EILE e 6 4 5 A
* Precision (# 7z &)
- FEAR D RS
* Ranking (# =)
- AR T B PART G ARYT
* Deadlink (5* i %)
- TR AR AR
e RefleshRate ({ #73)
- [ ATFARR AX
e Response Time (¥ J&:i# &)
- OF @ R ARPARST
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Recall, Precision, and F-measure

Retrieved
Part

b

on-relevant | Relevant

I[tems | Items
d

Recall =

a+d

.. a
Precision = ——
a+b

2 x Recall x Precision
Recall + Precision

F1—measure =
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nDCG - Ranking Metric

* Normalized discounted cumulative gain

P greli DCG,

DCG, = ; log (11 7) nDCG, = IDCGy

where 1 1s the ranking position,

rel. is the relevance of I-th ranking position,
IDCG, 1s the 1deal DCG,
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Document Processing for Indexing

[T [owcumens ||

Document Processing

h

Query Document
Representation Representation

Similarity
Comparison |

' Index Construction

Ranked Doc
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Manual Indexing

* Indexers decide which keywords to be
indexed in a document based on
controlled vocabularies

— Examples: libraries, Medline, Yahoo

* Significant human costs, but no
computational costs

2009/1/8 L QU RS WIS S
Copyright © National Digital Archives Program / Academia Sinica

73



Controlled Vocabularies

Example: Medical Subject Headings (MeSH)

1. Anatomy Bacterial Infections

2. Organisms Virus Diseases

3. Diseases Parasitic Diseases

4. Chemicals and Drugs Neoplasms

5. Analytic, Diagnostic, Musculoskeletal Diseases

Therapeutic Tech Equip

_ - Digestive System Diseases
6. Psychiatry & Psychology

Stomatognathic Diseases

14. Health Care

Pathological Conditions

15. Geographic Locations
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Controlled Vocabulary Indexing

* There are many controlled vocabularies.
None is the best!
- Library of Congress Subject Headings (LCSH)
- Medical Subject Headings (MeSH)
— LCSH is broad, while MeSH is detailed

* It solves the vocabulary mismatch problem.
The domain ontology 1s explicit. Nice for
browsing

* However, it is difficult and expensive to
create, to use, and to maintain
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Automatic Indexing

e Parse documents

e Scan for word tokens

e Stopword removal

* Word stemming

* Phrase recognition

2009/1/8
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Tokenization

* Design decisions
— Numbers (510 B.C.)
- Hyphenation (state-of-the-art, state of the art, B-52)
— Capitalization
— Punctuation (> o ~ 1)
— Special characters

* Languages such as Chinese and Japanese need
segmentation (F8F° B %, HAkm = TF, 4 0 205 FT)

* Record position information for proximity operators
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Stopword Removal

* Stopwords are the words that can be
discarded from a document representation

- Function words: a, an, and, as, for, in, of, the, to, ...
- About 400 words in English

* Removing stopwords makes some queries
difficult to satisty

- Example: "to be or not to be"

2009/1/8 e et VA o 78
Copyright © National Digital Archives Program / Academia Sinica



Word Stemming

* Stemming is the process for reducing inflected
(or sometimes derived) words to their stem -
generally a written word form

* The stemming process is often called conflation

* Conflate terms manually is difficult and time
consuming

* Automatic conflation using rules

- Suffix stripping: "goes" = "go", "cats" = "cat"

— Porter stemmer: "police", "policy" = "polic"
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Phrase

* A sequence of related words carry a more
specific meaning than the single words

- e.g., "home run" vs. "home" and "run"
- Any other examples?

* Two approaches for phrase recognition
-~ Statistical approach
- Part-of-speech tagging
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Statistical Approach

* Consider all word bigrams

nm n n n

- Example: "hit a", "a home", "home run", "run
yesterday", ...

* Select by collection frequency or document
frequency

- Example: "home run" (54), "run yesterday" (1)

* If a pattern occurs often, it is probably a
phrase

— Counter example: "announced yesterday"

2009/1/8 s BRI R PET R/ L R RS
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Part-of-Speech (POS) Tagging

* Assign POS tags

— Usually with a probabilistic or rule-based part of
speech tagger

- Example: "... hit/v a/art home/n run/n ..."
— ¢ < ¥7394% 7V http: / /ckipsvr.iis.sinica.edu.tw/

* Match phrases by POS patterns
- n+v: "home run"
- a+n: "white house"
- atn+v: "big home run" (Is this a good phrase?)
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Index Granularity

e Words

— Basic tokens
- Word stems (;##%)

* Phrases
— Statistical recognition vs. part-of-speech
- e.g., "information retrieval", "home run"

* Concepts
- Manual or automatic recognition rules
- e.g., "about medicine", "in the digital library society"
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Web Search Overview

a
L

[ /' Web crawler ™._

-

PN
/ ‘tfggg

3 ﬂ | [Search]

/ Indexer

Za\

| Indexes Ad indexes
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Search Is a Top Activity on the Web

How often do you use search engines on the Internet?

Four or more times each day
At least once every day

35.1%'

Several times each week

At least once each week

10.3% |

Several times each month

Less frequently 3.9%
Never
0 100 200 300 400 500 600 700
EPI"OSpeCf Number of Responses
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Without Search ...

e Without search, content is hard to find in Web

e Without search, there is no incentive to create content
- Why publish something if nobody will read it
- Why publish something if I don't get ad revenue from it

* Somebody needs to pay for the Web
- Servers, web infrastructure, content creation
- A large part today is paid by search ads
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Web IR: Differences from Traditional IR

* Links: The web is a hyperlinked document collection

* Queries: Web queries are different, more varied and
there are a lot of them. How many? 10° every day

e Users: Users are different, more varied and there are a
lot of them. How many? 10”

e Documents: Documents are different, more varied
and a lot of them. How many? 10'. Indexed: 10

* Context: Context is more important on the web than
in many other IR applications.

* Ads and spam
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Links

Short / Nav .\EI

e Web search in most

cases is interleaved Topic exploration @}
with navigation... i.e.,
. . . Topic switch e—O—— _
with following links R
e
;8
Methodical rasuvlts %
exploration c =

Query reform

*—8—0—0
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Bowtie Structure of the Web

_Jm,ffendrﬂ5~nﬁw

Tube

@ Strongly connected component (SCC) in the center
@ Lots of pages that get linked to, but don’t link (OUT)

@ Lots of pages that link to other pages, but don't get linked to (IN)
@ lendrils, tubes, islands
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Queries

* Most frequent queries on a large search engine on

2002.10.26

1 sex 16
2 (artifact) 17
3 (artifact) 18
4 porno 19
o) mp3 20
6 Halloween 21
7 SEX0 22
8 chat 23
9 porn 24
10 vyahoo 25
11 KaZaA 26
12 xxx 27
13 Hentai 28
14 lyrics 20
15  hotmail 30
2009/1/8

crack

games

pussy

cracks

lolita

britney spears
ebay

sexe

Pamela Anderson
warez

divx

gay

harry potter
playboy
lolitas

31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

juegos

nude

music
musica

anal

freeb

avril lavigne
www. hotmail.com
WINzip

fuck
wallpaper
hotmail.com
postales
shakira
traductor

Fid R AP EE P L R RS
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46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Caramail

msn

jennifer lopez

tits

free porn

cheats

yahoo.com
eminem

Christina Aguilera
incest

letras de canciones
hardcore

weather
wallpapers
lingerie
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Query Log in Taiwan (AltaVista)

&0 EW k| B
MP3 42561 1.95%
&, 24970 1.14%
% &, 24363 1.12%
sex 20182| 0.92%
B 2 15071 0.69%
icq 13899 0.64%
B3 13622| 0.62%
Ak ] 12210 0.56%
L R 12092| 0.55%
2 E 11680[ 0.53%
o H A 11640[ 0.53%
EE S 10000| 0.46%
W B, % 9817 0.45%
o H 9530 0.44%
B 9328 0.43%
bbs 8613| 0.39%
kimo 8166 0.37%
104 7943 0.36%
N ER 7456 0.34%
k33 7217 0.33%

3% B k# : 2.183.506
2009/1/8

* More than 1/3 of these are
queries for adult content

e Does this mean that most
people are looking for adult
content?

* A few very frequent queries,
a large number of very rare
queries
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Image Query Log in Taiwan (PCHome)

PCHome 2002/01--2002/03

— R S &R —HEE W — A M EweE

Qoo 40943 pucca 079322 B AF A% 23608
2002 R 16179 Qoo 4953§EER =2 16662
= 8571 ARENS 46557fc ik 15485
EHReEl 6627 Bl A R 452935 A SR 9277
SHE 4577 v ERUE MNTTIERE 8234
Hitd 3967 B4 2819E AR 5966
PRzl 3453 BasEH 2696EES 5659
EEE LT 3334n5 8 8RR 2531 5= 5409
TR 313FEERTE 17037% B % 5119
RIne 2564 [EIRE 2T 1352 T 323K 4854
E=EE 2395 Fh4EEE 1246 2 ER] 4610
TS 1923 (BT 1H 1144 FHE TR EAR 3568
e 1859 187 135§ ok 3489
BMW 1581 B&& 110535 pEtE R 3309
SHE 1576 1A B ZEEF 10965 2k 3244
B i 1263 FARatesZs 2874
T 1249 7w 2613
Fol 1171 =S | 2594
= 1148 FEENS 2136
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Types of Queries [Chuang2002]

Science & Technology.

 Healthcare Unknown Qqery terTns: java, Inrdwe
Arts & Hamanities Adult drivers, input software, cgi,
Mews & Media photoshop, computer wirus,

. shareware, ... eic.
Politics & Society

Business & Finance

yames
Travel
Education
Search Fngoines .
Shopping e Graph & Picture
Recreation & Chat
2009/1/8 fein R TR 2 B R 94
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Types of Image Queries

Clustering top 1000 distinct highest-frequent query terms
from the image search engine in Taiwan (2002/7-9)

Society & Culture
Mations & Politics . “Humanities & Arts
Computers & Netwmks\ \Communications
Life and Consumption Business & Finance

Mature & Astronomy

Leisure & Sports

Entertainment

Animals & Plants

201 95

Animation & Comic



User Needs in Web Search

* Informational user needs: Find something about
"low hemoglobin"

e Other user needs

- Navigational user needs: I want to go to this web site:
"hotmail", "myspace", "United Airlines"

- Transactional user needs: I want to make a transaction to
buy something: "MacBook Air", "Acrobat Reader"

— Chat with someone: "live soccer chat"

* How can the search engine tell what the user intent
for a particular query is?

2009/1/8 e IR L LS 96
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Context

* What can we do to guess user intent?

* Guess user intent independent of context:
- Precomputed "typing" of queries

* Better: Guess user intent based on context:
- Geographic context
- Context of user in this session (e.g., previous query)

— Context provided by personal profile (Yahoo/MSN do this,
Google claims it doesn’t)
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Guess by "Typing" of Queries

* Calculation: 5+4
* Unit conversion: 1 kg in pounds
* Currency conversion: 1 euro in kronor

* Tracking number: 8167 2278 6764
* Flight info: LH 454

* Area code: 650

* Map: &+ Bl ¥ 9

* Stock price: msft

e Albums/movies etc: /& & = 5

2009/1/8 i FRFIIPH R/ AR R
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The Spatial Context: Geo-search

* Three relevant locations
- Server (nytimes.com — New York)
— User (located in Palo Alto)
- Web page content (nytimes.com article about Albania)

* Locating the user
- IP address

- Information provided by user (e.g., in user profile)
-~ Mobile phone and GPS

* Geo-tagging: parse text and identify the coordinates of
the geographic entities (Important NLP problem!)
- East Palo Alto CA — Latitude: 37.47 N, Longitude: 122.14 W

2009/1/8 fein R TR 2 B R 99
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Use Context to Modity Query Results

e Result restriction: Don’t consider
inappropriate results

- For user on google.fr ... only show .fr results

* Ranking modulation: use a rough generic
ranking, rerank based on personal context

* Contextualization/personalization is an area of
search with a lot of potential for improvement

2009/1/8 e et VA o 100
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Users

Use short queries (average < 3)

Rarely use operators

Don’t want to spend a lot of time on composing a query
Only look at the first couple of results

Want a simple U], or like a information portal?

Extreme variability in terms of user needs, user
expectations, experience, knowledge, . . .

- Industrial/developing world, English/Chinese, old/young,
rich/poor, differences in culture and class
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Term Length per Query (Taiwan)

In Chinese In English All
Dreamer 3.18 characters 1.22 words 6.31 bytes
GAIS 3.55 characters 1.10 words 7.26 bytes

2009/1/8
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How Do Users Evaluate Search Engines

e (lassic IR relevance can also be used for web IR

* Trust, duplicate elimination, readability, loads fast,
no pop-ups, ... (any others?)

* On the web, precision is more important than recall
- Precision at 1, precision at 10, precision on the first 2-3 pages
— But there is a subset of queries where recall matters

2009/1/8 e IR L LS 103
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Documents

* Some documents are generated dynamically from
scratch when the user requests them - usually from
underlying data in a database

AA129

Application server]-

Browser
Back-end

current status of flight AA129 databases

2009/1/8 Ak ot A i e 104
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Dynamic Content

* Most (truly) dynamic content is ignored by web
spiders. It's too much to index it all

SR EEAATOER
90% —
80% - . |
o L i - H i
60% ||
50% |
40% —
O complete change (0)
30% M large change (1-28) —
20% O medium change (29-56)
Osmall change (57-83) ]
109 HEno text change (64) -
O no change (85
DOJ,-EI 1 . 1 | . 1 | . 1
Fetterly 1997 all .com .de .net uk Jp .org cn gov edu
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Multilinguality

* Documents in a large number of languages
* Queries in a large number of languages

* First cut: Don’t return English results for a Chinese
query

* However: Frequent mismatches query/document
languages

* Translation is important

2009/1/8 et Kt AR oy 106
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Online Language Population

Qnline Language Populations
Tatal; 5014 Milhon
{Sept.. 2004)

English

Dutch 1.7% 3520

Poruguese
3.1%

italian 5.8%

Korean
3.9%

French 4.2% '

Garman
6 5%

Japanzze
B4% Spanish 13.7%
8.0% Global Reach
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Top Ten Languages Used in the Web

Internet World Stats (Jun. 30, 2006)

World Population

TOP TEN LANGUAGES Internet Users, % of all 2006 Estimate

IN THE INTERNET by Language Internet Users for Language
312,757,646 30.6 % 1,125,664,397
132,301,513 13.0 % 1,340,767,863
86,300,000 85 % 128,389,000
80,593,698 7.9 % 429,293,261
56,853,104 5.6 % 95,982,043
40,974,004 4.0 % 381,193,149
33,900,000 3.3% 73,945,860
32,372,000 32% 230,846,275
28,870,000 2.8 % 59,115,261
23,700,000 2.3 % 143,682,757
TOP TEN LANGUAGES 828,621,965 81.0 % 4,008,879,867
Rest of World Languages 194,241,342 19.0 % 2,490,817,193
1,022,863,307 100.0 % 6,499,697,060
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Internet
Penetration
by Language

27.8 %

9.9 %
67.2 %
18.8 %
59.2 %
10.7 %
45.8 %
14.0 %
48.8 %
16.5 %
20.7 %

7.8%
15.7 %

Internet Growth
for Language
(2000 - 2005)

128.0 %
309.6 %

83.3%
2292 %
106.0 %
235.9 %

78.0 %
327.3%
118.7 %
664.5 %
156.0 %
421.6 %
183.4 %
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Internet Hosts (million)

Document Languages

100.0-
10.011
1.017
0.1-
English Japanese German French Dutch Finnish Spanish Chinese Swedish
Language (estimated by domain)
2009/1/8 L QU RS WIS S
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Duplicate Document

* Significant duplication: 30%-40% duplicates
in some studies

* Duplicates in the search results were common
in the early days of the web

* Today's search engines eliminate duplicates
very etfectively
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174000000
ATEG00000
139200000
121800000
104400000
S7000000
BOGO0G0)
DEZ00000
FAT00000
1740000

k=

Gize

Sep 1995
Mar 19596
oep 1996
Mar 1997
Sep 1997
Mar 1958
Sep 1998
Mar 1999
Sep 1999
Mar 2000
Sep 2000
Mar 2001
Sep 2001
Mar 2002
Sep 2002
Mar 2003
Sep 2003
Mar 2004
Sep 2004
Mar 2005
Sep 2005
Mar 2006
Sep 2006
Mar 2007
Sep 2007
e 3388

The Web keeps growing
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Who Cares about the Web Size

* Search engine designers
- How many pages do I need to be able to handle?

* Crawler designers

— which policy will crawl close to N pages?

e Users

- They may switch to the search engine that has the
best coverage of the web

e Media

2009/1/8 B R R SRR R 112
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How to Estimate the Size of the Web

* OR-query of frequent words in a
number of languages

* But page counts of google search results
are only rough estimates

2009/1/8 Ty FRFALAPE /7 L@ R0 113
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Number of Chinese Web Pages
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Goc )g C = (| ST | ERRT

= @ FrE#EE O FdE O BRIUEE O SEeEE
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Advanced Topics
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First Generation of Search Ads: Goto (1996)

Wil boe ce sl estate

Acamws M0 of all users naw !
Praeriurms Livings resth 79 ol ol
Invtarret vier s Sgn up for Drermiurm
Livhngr todaey b

Walrmngton's mformation and real estate gude. This g your o
e anytheng to do with Wimagton

o | W, Budy Bade, S0 (Cont te adweriin w

LT

o =l

- Gﬂwr—i“mm

Wilmington's number one real estate company

wWww COISSCOIEL. O (Cort te adwmitizan §0.3T)

> ]

atraga

Evarylhing you nésd to know about buying or sellkng 3 home C
N on my Web sitel

WL W WE LD [ Cost to sdvertieen IO 23)
i ey

@ No separation of ads/docs. Just one result!
@ Buddy Blake bid the maximum ($0.38) for this search.
@ He paid $0.38 to Goto every time somebody clicked on the link.
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Ranking of Advertisers in Search Results

Web Imaoes Maps News Shopping Gmail more

GO U'g IE [discount broker
Web

Advanced Search
Search | Ereferences

Results 1 - 10 of about BOF,000 for discount broker [definition]. (0.12 seconds)

Sponsored Links
Rated #1 Online Broker
Mo Minimums. No Inactiv
Transfer to Firstrade fge

Information on online discount brokers emphasizing rates, charges, and customer commenis
and complainis.
wiww broker-reviews.us/

- B4k - Cached - Simiar pages

I}ncu-u nt Brokers. Flank.-' Brulmmgm’ Minimum tcl- Open Amnunt Comments, Standﬂn:i
Commis- sion®, Reduced Commission, Account Fee Per Year (How to Avaid), Avg. ..
\-mw.smartrnuney.ccm;'hmhﬂm-‘index.cﬁn?stcry-EU{]ﬁ-dismunt-tahle - 121k -
Cached - Similar pages

lo maintenance fees. Sign up now.
TDAMERITRADE .com

ing -
$4.95 per Trade, Market or Limit
Smarthoney Top Discount Broke
www. TradeKing.com

Stock Brokers | Discount Brokers | Online Brokers
Most Recommended. Top 5 Brokers headlines. 10, Don't Pay Your Broker g
May 15 at 3:39 PM. 5. Don't Discount the Discounters Apr 18 at 2:41 B
www. fool.comfinvestin gmrakarsﬂ ndex.aspx - 44k - Cached - Similgefiages

ree Funds 007

I
§7 Trades, No Share Limit. lp-Depth
Research. Start Trading Ogline Now!
www.Scottrade.com

Discount Broker

Discount Broker - Definition of Discount Broker gerfiivestopedia - A stockbroker who cames

100 fres trades, up
for transfer costs, §
www. sogotrade.com

$3.95 Online Stock Trades
Market/Limit Orders, Mo Share Limit
and Mo Inactivity Fees

www . Marsco.com

Clnlln& s[n::k bmknr S s riffors l:ha best in discount brokerage investing. Get stock
market quotes from this“intemet stock trading company.
www.sogotrade . com! = 38k - Cached - Similar pages

Jan 11, 2004 ... f you're not big on hand-holding when it comes fo investing, a discount
broker can be an economical wey to go. Just be sure to ask these ...
moneyceniral. man comdicontent/investing/Startinvesting/PEE6171.asp - 34k -

Cached - Similar pages
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Sogo Trade
pears in
results.

ap-
search

SogoTrade
pears in ads.

ap-

Do search engines
rank advertis-
ers higher than
non-advertisers?

All  major search
engines claim no.
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Do Ads Influence Editorial Content?

* Similar problem at newspapers/TV channels

* A newspaper is reluctant to publish harsh
criticism of its major advertisers

* No known case of this happening with search

engines yet?
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How Are Ads Placed?

* Advertisers bid for keywords

* Open system: Anybody can participate and bid on
keywords

* Advertisers are only charged when somebody clicks
on your ad

* How does the advertiser determine its bid price?
— Basis is a second price auction, but with twists

- Squeeze an additional fraction of a cent from each ad means
billions of additional revenue for the search engine.
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Keywords with High Bids

According to http:/ Swww. cwire.org/highest-paying-search-terms,/

460.1
465.85
462.50
461.44
450.44
450.30
457.87
456.50
45317
45231
450.4
450.35
44025
447.74
447 40
446.44
44634
445 8
442 86
442.08
440.7
440.1
43081
430.78
43032
43023
438.72
437.06
437

435.0
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mesothelioma treatment options
personal injury lawyer michigan
student loans consclidation

car accident attorney los angeles
online car insurance quotes
arizona dui lawyer

michigan car accident attorney
free auto insurance quote
personal injury lawyers los angeles
free onling auto insurance quote
accident attorney michigan
michigan auto accident attorney
accident helpline

automohile accident lawyers

dui defenss attorneys

ashestos cancer

arizona dui

business liability insurance quote
loan consilidation

student loan consolidation

dui defenss lawyers

home equity line of credit

life insurance quaotes

criminal lawyers new vork

loan federal consolidation
refinancing

equity line of credit

lasik eye surgery new york city
2nd mortgage

free car insurance quote
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43586
43586
jinm
§3c.4

$36.34
$36.33
33615
j34E
j34.8

334.70
33471
$34.53
334.38
334.37
334.26
§34.02
$33.40
§33.45
333.44
jiza
33336
$3312
j33.07
332.45
§32.45
332.02
331.08
$31.03
j3LR1
33137

pennsylvania medical malpractice attorney
medical malpractice ohio
automahile insurance quote
loan consolidating

commercial insurance quote
tax attorney

home equity loans

instant auto insurance quotes
home equity loan rates

home ocwners insurance guotes
home equity line
compensation solicitors
automobile insurance quotes
term insurance quotes

instant car insurance quotes
auto insurance online quote
new york criminal attorney
secured loan

equity lines

criminal lawyer new york
refinance mortgage

equity loan rates

manhattan mini storage
equity line

home equity credit

loan consolidate

secured loan consclidation
laser hair removal new york city
home equity rates

free credit report com
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Ad Ranking

* First cut: according to bid price
- Bad idea: open to abuse
- Example: query "accident" — ad "buy a new car"

* Instead: rank based on bid price and relevance
* Key measure of ad relevance: clickthrough rate

e Result: A non-relevant ad will be ranked low
- Hope to achieve win-win-win long-term

* Other ranking factors: location, time of day, quality,
and loading speed of landing page
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A Win-Win-Win?

* The search engine company gets revenue every time
somebody clicks on an ad

* The user only clicks on an ad if they are interested in
the ad
- Search engines punish misleading and nonrelevant ads

- As aresult, users are often satisfied with what they find after
clicking on an ad

e The advertiser finds new customers in a cost-
effective way

2009/1/8 Bei g B R AL ) P 1 R 4 122
Copyright © National Digital Archives Program / Academia Sinica



A Win-Win-Win?

* Why is web search potentially more attractive for
advertisers than TV spots, newspaper ads or radio
spots?

* Someone who just searched for "Saturn Aura Sport
Sedan" is infinitely more likely to buy one than a
random person watching TV

* Most importantly, the advertiser only pays if the
customer took an action indicating interest (i.e.,

clicking on the ad)

2009/1/8 R I A el 123
Copyright © National Digital Archives Program / Academia Sinica



Actually It's often not a Win-win-win

* Example: keyword arbitrage
- Buy a keyword at Google

— Then redirect traffic to a third party that is paying
much more than you had to pay to Google

— This rarely makes sense for the user
* Ad spammers keep inventing new tricks

* The search engines need time to catch up
with them
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Who Own a Search Term?

* Example: geico
— During part of 2005: The search term “geico” on
Google was bought by competitors.

— Geico lost this case in the United States

* Currently in the courts: Louis Vuitton case in
Europe
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Thanks for Your Attention!

* Any question?

e Available resource
- B P BB R http://ebook.iis.sinica.edu.tw
— Introduction to Information Retrieval
http: / /www-
csli.stanford.edu/~hinrich /information-retrieval-
book.html (Some slide contents are excerpted from this book)
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