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1 Introduction
1.1 Text

Searching

e A breathtaking number of information resources are aviladinoks, databases, the web, newspapers,

o To locate relevant information, we need to be able to sediebetresources, which often avatten
texts:

— Searching in a library catalog (e.g., using OSCAR)

— Searching the web (e.g., using Google)

— Advanced searching in text corpora (using regular expoassi(e.g., using Opus)
1.2 Speech

Searching in speech

« One might also want to search fepeech e.g., to find a particular sentence spoken in an interview
one only has a recording (audio file) of.

o With current technology, this is only possible if the intie is transcribed, using the IPA or another
writing system.

e Itis, however, already possible to

— detect the language of a spoken conversation, e.g., whenifig in to a telephone conversation
— detect a new topic being started in a conversation

o In the following, we focus on searching in text.

2 Searching in a Library Catalog
Searching in a library catalog

e To find articles, books, and other library holdings, a ligrgenerally provides databasecontaining
information on its holdings.

o OSCAR is thedatabase frontendproviding access to the library database at OSU.

e OSCAR makes it possible to search for the occurrendiesél strings occurring in the author, title,
call number, etc. associated with an item held by the library



Basic searching in OSCAR

o Literal strings are composed of characters which naturallist be in the same character encoding

system (e.g. ASCII, ISO8859-1, UTF-8) as the strings enddal¢he database.

e For literal strings, OSCAR does not distinguish betweerengnd lower-case letters (i.e. they aren't

so literal after all ;-)

o Adjacent words are searched as a phrase.
— art therapy
— vitamin ¢
Keyword searching in OSCAR

¢ In addition toquerying literal strings, the keyword searcfuery languageof OSCAR also supports
the use of

— special charactergo abbreviate multiple options
— specialoperators for combining two query strings (boolean operators) or rfybaly the mean-

ing of a single string (unary operators)
2.1 Special characters
OSCAR: Special characters

e Use* for 1-5 characters at end or within a word.

— art* findsarts, artists, artistic
— gentle*n

e Use** for any number of characters at end of word.
art** findsartificial, artillery

e Use? for a single character at end or within a word.

gentlem?n

e The special and? characters must have at least 2 characters to their feffo( efficiency reasons)

2.2 Operators
OSCAR: Literal Strings and Operators (1)
e Useand or or to specify multiple words in any field, any order.

— art and therapy
— art or therapy

— C+ Or C++

e Useand not to exclude words.
art and not therapy

OSCAR: Operators (Il)

e Use parentheses to group words together when using moretieaoperator.

art therapy and not ((music or dance) therapy)

e Usenear to specify words within 10 words of each other, in any order.
— art near therapy
e Usewithin n to specify words withim words of each other. The value ntas no limit.

— art within 12 therapy

3 Searching the web

Searching the web
A computer user

e wants to find something on “the web”, i.e., in files accessifidethe hypertext transfer protocol (http)
protocol on the internet

e goes to asearch engine= program that matches documents to a user’s search requests
e enters ajuery = request for information
e gets a list of websites that might be relevant to the query

e evaluates the resultseither picks a website with the information looked for dorenulates the query

The nature of the web

Web pages are generally less structured than a record ireaylidatabase (with title, author, subject,
and other fields).

One generally searches for words found anywhere in the desum

It is, however, possible to includeetadatain a web page.

Metadata is additional, structured information that is slown in the web page itself: e.g., the
language a web page is in, its character encoding, authpsdkds, etc.

Example for anetatag <META name="keywords" lang="en-us" content="vacation, Greece">



Search engines Google: Advanced searching

. More elaborateveb forms are provided as alternative to using operators:
e Search engines (e.g., Google)

match all: matches all terms in your quer
— store a copy of all web pages yourquery

— create arindex to provide dficient access to this large number of pages (e.g., Googlentlyr match any: matches as many terms in your query as it can find
searches over 4 billion pages) e.g., I'm looking for a restaurant that hialsq or bb-que or barbeque in the title
— compute a rank for each web page to be able to rank the quedysres = most search engines return “match all” followed by “matci"arsults

e Search engines filer in various ways:

exclude: eliminate documents which contain certain words

— stemming treatbird andbirds as the same or not

L ) ) 3.2 Improving searchin
capitalization: treattrip andTrip the same or not p 9 9

— use ofoperators Improving searching (1)

— special interface for advanced searching How can | make my searches better?

— how search results aranked e Be on the watch foambiguity = one word has multiple meanings
— clustering: group similar results or not e.g.,bed: flower bed, sleeping bed, truck bed

3.1 Operators e Usesynonymsand other related words

e.g.,plant: building, complex, works, power (distinguish from flora)
Google: Operators (1)
) ) e Be aware ofstop words = words that search engines ignore because they are “uniafierf such
e +: Require a word to occur in the result asthe, of. and so on

e.g., To find a restaurant that serves both tofu and BBQ onld ogu+tofu +BBQ. e.g., The Police won't help you find the rock band any more thagtice will

e -: Disallow a word from occurring in the result

e.g., As gpotatos purist, | search fopotatos -potatoes Improving searches (1)

e “: Include synonyms of the word e Exclude problematic words

) e.g., “jdferson airplane -starship” (if you don’t want info on the Stap years)
e Quotation Marks (phrases)

e.g.,"hat Cheer" when looking for sites okivhat Cheer, lowa e Be aware ofparts of speechand what other guises they come in.
e.g.,plant: planting, planter, planted (distinguish frquower plant)

Google: Operators (Il) « Continually narrow your focus (using the feedback)

e intitle: Find words used in a title e.g., Want to find information on the garhiearts

— e.g.,intitle:Buckeye finds only web pages which has this word in the title 1. hearts: too vague, too many non-card game sitesdd a related word

2. hearts cards: better, but still greeting cards listed | seetrick listed on one site’s description
and realize this makes for a good keyword

— e.g.,inurl:1ling returns more linguistics webpages tHamg does 3. hearts cards trick: good, but now we get card tricks time for boolean expressions

e inurl: Find words used in the url

e link: Find pages that link to a certain page 3.3 Ranking of results

— e.g.,link:www.osu.eduto show pages linking to the main osu web page Ranking of results
e site: Find pages that are part of a single domain o Ideally, the webpages matching a query are returned as aneattist based on a pagesevance
— e.g., l want to find strange attractions involving fish. Knogvbne site which has such ftwone e How can a search engine, which does not understand langietgemine the relevance of a particular
cantryfish site:www.roadsideamerica.com. page?



Information used to rank results

3.4

Counting the number of links to and from a page, to determow popular a page is. (As a result,
unpopular or new pages require a more specific query to belfpun

Keeping track of the nature of links to a page; linked pageghirtbe thematically related.

e.g., Even if | never mention Sinclair Lewis on a page degugilhis bookBabbit, it can be identified
if many Sinclair Lewis sites link to my page.

bonusegpenalties for sites known to be of hjfpw quality
looking for keywords in metadata
counting how often a web result was clicked on by a uskek-through measuremen)

various secret ingredients

Evaluating search results

Evaluating search results
What measures can one use to evaluate how successful a sery i

precision: How many of the pages returned are the ones we want?

e.g., Google gives me 400 hits for a query, 200 of which ar@edlto the topic | want; precisioa
50%.

recall: How many pages on the topic we wanted were actually giverg@d(to calculate for web
searching)

e.g., Google gave me 200 pages | wanted, but there were lgct080 pages on that topic out there
somewhere on the internet; recal0%.

We saw earlier how to use our initial results to refine our gagd improve precision

4 Advanced searches with regular expressions

Motivating regular expressions

If one wants to be able to describe more complex patterns ofs\and text, sometimes boolean expressions

aren’t enough:

In a large document | want to find addresses with a zip codgérgiarith 911 (around Pasadena, CA);
but clearly we would not want to report back all occurrencégroergency phone numbers in the
document.

I want to find all osu email addresses which occur in a long text

I’'m writing an online fill-in-the-blank quiz, and | ask you tmme the Jackson 5: for Jermaine, | want
to accepiGermaine, Germane, Jermain, and so on.

= It would be nice to have a compact way of representing all eé¢hoptions.

Anything where you have to match a complex pattern so-ca#igdlar expressionsare useful.

Regular expressions: What they are

e Aregular expression is a compact description of a set afgdrii.e., a language (formal language
theory).

They can be used to search for occurrences of these strings

Regular expressions can only describe so-cakedlar languages

This means that some patterns cannot be specified usingaregigressions, e.g., finding a string
containing any number dds followed by exactly the same numbertus.

Note that just like any other formalism, regular expressiaa such have no linguistic contents, but
they can be used to refer to strings encodingatural languagetext.

Regular expressions: Tools that use them

e Avariety of unix tools (grep, sed, .. .), editors (emacs),.and programming languages (perl, python,
...) incorporate regular expressions.

e Implementations are venylecient so that large text files can be searched quickly; buefimient
enough for web searching no web search engingfers them (yet).

e The various tools and languagesfei w.r.t. the exact syntax of the regular expressions tHewal

4.1 Syntax of regular expressions

The syntax of regular expressions (l)
Regular expressions consist of

e strings of literal characters:, A100, natural language, 30 years!
e disjunction:

— ordinary disjunctiondevoured | ate, famil(y|ies)
— character classe$Tt]he, bec[oa]lme
— ranges:[A-Z] (any capital letter)
e negation:["a] (any symbol but)
["A-Z0-9] (not an uppercase letter or number)

The syntax of regular expressions (II)

e counters

— optionality: ? colou?r
— any number of occurrences:(Kleene star)0-91* years
— at least one occurrence:[0-9]+ dollars

e wildcard for any character:heg.n for any character in betwedreg andn



The syntax of regular expressions (lIl)

e Escaped characters: to specify a character with a specahine ¢, +, ., 2, (), |, [, 1) itis
preceded by a backslas¥) (

e.g., a period is expressed\as
e Operator precedence, from highest to lowest:
parentheses§)
counters® + ?
character sequences
disjunction|
4.2 Grep: An example for using regular expressions
Grep
e grep is a powerful andfgcient program for searching in text files using regular esgi@ns.

e |t is standard on Unix, Linux, and Mac OSX, and there also amous ports to Windowse.g.,

http://gnuwin32.sourceforge.net/packages/grep.htm, http://www.interlog.com/tcharron/grep.html or http://www.wingrep.com/).

e The version of grep that supports the full set of operatoratimeed above is generally called egrep

(for extended grep).

Grep: Examples for using regular expressions (1)

In the following, we assume a text file. txt containing, among others, the strings that we mention as

matching.
e Strings of literal characters:
egrep ’and’ f.txt matchesand, Ayn Rand, Candy and so on

Character classes:

egrep ’the year [0-9][0-9][0-9][0-9]’ f.txtmatchexhe year 1776, the year 1812,
the year 2001, and so on

Escaped characters:
egrep 'why\?’ f.txt matchesthy?, whereasgrep ’why?’ f.txt matchewhy andwh

Grep: Examples for using regular expressions (I1)

disjunction ():
egrep ’G|g’ f.txtmatches org, soegrep ’'G|lgouda’ f.txt matchegouda or Gouda. Note
that (G| g) ouda has the samefkect.

grouping with parentheses:

egrep ’un(interest|excit)ing’ f.txt matcheuninterestingorunexciting.

Any character (.):
egrep ’o.e’ f.txt matchesre, one, ole

Grep: Examples for using regular expressions (l11)

4.3

Kleene star (*):
egrep ’a*rgh’ f.txt matchesrgh, aargh, aaargh

egrep ’sha(la)*’ f.txtmatchesha, shala, shalala, orifyoure Van Morrisonshalalalalalalalala

One or more{):
egrep ’john+y’ f.txt matchesjohny, johnny, ..., but notjohy

Optionality (?):
egrep ’joh?n’ f.txt matchesjon andjohn

Text corpora and searching them

Corpora

A corpusis a collection of text.

Corpora with the works of various writers, newspaper tetts, have been collected and electronically
encoded.

Corpora can be quite large

The British National Corpus is a 100 million word collectiogpresenting a wide cross-section of
current written and spoken British English.

Another example is the European Parliament Proceedingdl&aCorpus 1996—-2003.

How corpora can be searched

Both the BNC and the European Parliament corpus can be sehnsing on-line web-forms.
Both of the web forms allowegular expressionsfor advanced searching.

To provide dficient searching in large corpora, in these search engigetareexpressions over char-
acters are limited to single tokens (i.e. generally words).

BNC:

— web form: http://sara.natcorp.ox.ac.uk/lookup.html
— regular expressions are enclosed in

European Parliament Corpus:

— web form: http://logos.uio.no/cgi-bin/opus/opuscgp.pl?corpus=EUROPARL;lang=en
— in the simplest case, regular expressions are encosed'in
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