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Estimated Scale [Beware: Diverging evidences]

e Queries (only google, 2016)
— World-wide: ~150.000.000.000 queries / month

e Per day: ~5.000.000.000
e Per second: ~50.000

— Germany: ~5.000.000.000 queries / month
 Web (how to count / estimate?)
— 14.3 Trillion webpages (www.factshunt.com, 31.12.13)
— >4.29 billion webpages (www.worldwidewebsize.com, 15.10.14)

— >1 billion sites (www.internetlivestats.com, 15.10.14)
— ~5 billion sites (WorldWideWebSize.com, June 2016)
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Market Shares (2014)
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Web Basics Q;J verver T
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Searching the Web?

e Browser needs server name and page name (URL)
— Mostly taken from a link

e Browser loads page from server for display
e Web consists of >1.000.000.000 sites

e How can we search 1 billion sites in milliseconds?
— Corresponding to 100? 10007? billion web pages
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Crawling

e At query time, only one
server Is searched — located
at the search engine

e Every search engine has a
(partial) copy of the web

e Created and maintained by a
crawler
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Careful!

e Use 1000ds of servers for parallel crawling

e No server overload (DDoS)

e Adapt frequency of visits to change rate

e Watch your bandwidth

e DNS resolution is a bottleneck (caching helps)
e Never stop
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Not (easily) Indexed: The Deep Web
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What do you Expect?

e Climate researcher: The weather phenomena

e Traveler to Peru: Implications of the weather phenomena
e Citizens of Weimar: The Restaurant

e Cineastes: The movie

e Qutdoor fan: The brand
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Challenges to Keyword Search

e How can we measure relevance of a page given a query?

e Interpreting a query is difficult
— Users have different intentions and understandings

— Many words have many senses: Homonyms
e Usually you look for only one sense
e Usually a web side uses only one sense: One sense per discourse

— Many things have many names: Synonyms

e One remedy: Longer queries
— Use semantically close word to narrow down: ,El nino pazifik klima*
— But: These again have homonyms

— Large corpus (web): Precision increases, recall doesn’'t matter
— Small corpus (library): Precision may decrease, recall increase
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Boolean Keyword Search

 Nalve: A page Is relevant iff it contains all query token

e Disadvantages
— <El nino> — many false positives (because homonyms — el, nino)

— <El nino pazifik klima> — many false negatives

e ,El Nino ist ein Phdanomen, dass im pazifischen Ozean auftritt und das
Wetter weltweit beeinflusst”

e Web problem
— There are anyway 100.000+ hits
— FP are not really important, but ranking is

e Boolean information retrieval: From the 80ths
— Does not work for lay people (Web)
— Does not work for very large corpora (Web)
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Vector Space Model

e Transform each page into a high dimensional vector

e Every unigue token is a dimension
e Value can be binary, or count occurrences, or ...

e Vector as has many dimensions as there are unique tokens
on the web
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Example (after linguistic preprocessing)

Text verkauf | haus | italien | gart miet blih | woll
1 | Wir verkaufen Hauserin |1 1 1

Italien
2 | Hauser mit Garten zu 1 1 1

vermieten
3 | Hauser: In Italien, um 1 1

Italien, um Italien herum

4 | Die italienschen Gartner 1 1
sind im Garten

5 | Der Garten in unserem 1 1 1 1
italienschen Haus bliiht
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Comparing Vectors

e Page with semantically similar content usually share many
token

e Their vectors are similar (in some sense)

Kanzler N y
4 Steinbrtck ware gerne Kanzler ...

Merkel ist Kanzlerin der ...

Helmut Kohl war Kanzler der ...

Im Herbst essen wir Kohl

>
Kohl
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Pages and Queries

Text verkauf | haus | italien | gart miet blih | woll
1 | Wir verkaufen Hauserin |1 1 1
Italien
2 | Hauser mit Garten zu 1 1 1
vermieten
3 | Hauser: In Italien, um 1 1
Italien, um Italien herum
4 | Die italienschen Gartner 1 1
sind im Garten
5 | Der Garten in unserem 1 1 1 1
italienschen Haus bluht
Q | Wir wollen ein Haus mit 1 1 1 1 1

Garten in ltalien mieten
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Using the Angle between Vectors 1|11 |1
2 1 11
i : 3 1|1
> (liT*vy i)
- . q d 4 101
Slm(d,CI)— 5 5 1011 1
\/Z Vg [I] Q 1111 1
Q: Wir wollen ein Haus mit Garten in Italien mieten
1 |d,: Hauser mit Garten zu vermieten
2 |ds: Der Garten in unserem italienschen Haus bluht
d,: Die italienschen Géartner sind im Garten
3
d;: Hauser: In Italien, um Italien, um Italien herum
5 | dy: Wir verkaufen Hauser in Italien
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A Solution?

e <El nino pazifik klima>

— ,,El Nino ist ein Phenomen, dass im pazifischen Ozean auftritt und
das Wetter weltweit beeinflusst*

» Missing words are not decisive any more — just a wider angle
» The more shared words, the smaller the angle, the better the rank

— Small queries, large results

» Pages having the same token in common with the query all get the
same rank

» We need more ranking power: PageRank
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Modul Information Retrieval

e lecture 2 SWS

e Exercises 2 SWS

e Slides are English

e Examination: Written (Klausur)

e Contact
UIf Leser
Raum: 1V.401
Tel: (030) 2093 — 3902
eMail: leser (..) informatik . hu-berlin . de
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Literatur

e Manning, C. D., Raghavan, P. and Schutze, H. (2008).
“Introduction to Information Retrieval"”, Cambridge UP

e Other
— Grossmann, Frieder: ,Information Retrieval“, Springer, 2004
— Henrich (2007): , Information Retrieval 1 “, Online-Lehrbuch
— Witten, Mofffat, Bell (1999): ,,Managing Gigabytes: Compressing
and Indexing Documents and Images”, Morgan Kaufmann
e Also interesting

— Lemnitzer, L. and Zinsmeister, H. (2010). "Korpuslinguistik - Eine
EinfiUhrung", narr Studienbicher.

— Ludeling, A. (2009). "Grundkurs Sprachwissenschaft". Stuttgart,
Klett Lerntraining.

— Manning, C.D., Schutze, H. (1999). ,Foundations of Statistical
Natural Language Processing”, MIT Press.
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Topics we Shall Discuss

e Evaluating IR systems

e Relevance models: Semantics of queries (IR model)
e User feedback (relevance feedback)

e Searching strings (exact, token-based, substring, ...)
e Building efficient search indexes

e Search on the web

e Language models

e Word colocations

e Word sense disambiguation
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Exercises

e We will form teams

e Five exercises, all must be passed
— IMDB crawler
— Boolean Information Retrieval the hard way
— Information Retrieval with Lucene
— Synonym expansion with Lucene and Wordnet
— Significant co-occurrences

e There will be a competition
e First exercise: 31.10.2014
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Questions

e Diplominformatiker?
e Bachelor?
e Semester?

e Special expectations, experiences, questions?
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| 6 | 5 5 ) 5] 5] 5] 5 5] 5 5 5 5 3 3 3 2 2 10| 5
| 7| 5 6 5 5 6 6 5 5] 6 6 5 6 5 2 2 3 1 1 8| 5
| 8 | 5 5] ) 5 5] 5] 5 5] 5] 5 5 5] 5] 3 3 4 1 1 7 5
| 9 | 5 5] ) 5 5 5] 5] 5] 5 6 5] 5 5 3 3 3 1 1 7 11
110 5] 6 5 4 6 5 4 5 6 5 4 6 6 3 3 3 1 2 11 9
| 11| 5 5 6 4 5] 5] 5 5] 5] 5 5] 5] 5] 2 2 2 2 1 10| 7
12 Durchschnitt | 550 5,60 550 522 580 580 530 560 590 520 520 580 5,70 280 280 310 1,20 1,30 0,9 7.4
13 'Wunschzahl 6,00 6,00 6,00 6,00 6,00 600 6,00 600 6,00 600 6,00 6,00 6,00 3,00 3,00 3,00 1,00 1,00
14 Abweichun¢0,50 0,40 0,50 0,78 0,20 0,20 0,70 0,40 0,10 0,80 0,80 0,20 0,30/ 0,20 0,20 -0,10 -0,20 -0,30
15 050 040 050 078 0,20 0,20 070 040 0,10 080 080 020 030 020 020 0,10 020 0,30 6,88 1
M 4 » M| Neues Format /%3 nEN| Il | »
Bereit | Mittelwert: 0,45 Anzahk 9@ Summe: 4,03 |@IEIEI 110 % -ZEZ- U -I:-i-:i-
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Freitext

e Besonders gut

e Art der Vermittlung

e Selbsttest

e Dozent

e Ubungsaufgaben

e 4  Hochschulpolitik

e Viel Programmieren

e 3  Atmosphare

e 2 Interessante Aufgaben
e Anwendungsorientierung
e Wiederholungen

UIf Leser: Information Retrieval, Winter Semester 2016/2017

e Verbesserung

2 Tafelbild

Zu wenig probabilistische
Methoden

Ruhig anspruchsvoller
machen

Zu wenig aktuelle Forschung
Folien vor VL online stellen
Algs im Pseudocode angeben
Erste Aufgabe behalten

Ubung: ,,Fur Nicht-
Kerninformatiker viel
Aufwand”
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Related Topics we shall not Discuss

e Information Extraction, Named Entity Recognition

e Entity Search

e Personalized, social-media based, local, mobile, ... search
e Search Engine Optimization

e Detecting similar texts (plagiarism)

e Computational Linguistics

e Text classification

e Text clustering

e See lecture ,,Computational Natural Language Processing*
— Maschinelle Sprachverarbeitung
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Entities

—
e s
o H Aktuelle Nachrichten - Berl... XJI & Detroit - Google-Suche x 4
I Aktuelle Nachrichten -Berl.. % /| [ Aktuelle Nachrichten - Berl.. % | & b
€ ) (0 @ | https://www.google.de/?gws_rd=ssl#q=DetroitBustick=HisIA AAOPGE-LQAUIME qrl FeCsFIKOMXEspOtoALSawty UoFUU c
('7 2 | @ @ | nttps//www.googled|| [ € ) (0 @ | https://www.google.de/? s R
Meisthy ht Fi t T WBI A Lehre G Googl N Buecher kauf Projekt: P Rei MyStuff hub Berli Wetts
[8) Meistbesucht | Frequent T el 4| [B) Mestoesucht [ Frequent 54 wer 3 | [8) Meistbesucht | Frequent & A Lehre G Google | | Mews | | Buecher kaufen | | Projekte | | Paper | | Reisen | | MyStuff || hub | | Berlin er
~
Go gle der pate Go gle Francis Ford Cd Go gle EH nmelden
Alle Bilder Alle Bilder Alle Maps Bilder MNews Videos Mehr » Suchoptionen ﬂ
bnisse (0,69 Sekunden)
. . . . ST LIaIr
Der Pate (F Francis Ford ¢ City of Detroit | Official Website Warren g ores
https://de. wikip| hitps://de wikipedi www.detroitmi gov/ v Diese Seite (bersetzen
Der Pate (Origin Francis Ford Coppol Official home page of Detroit including directory of city departments, calendar of events and press
Francis Ford Cog Produzent. Als Regig releases.
Handlung - Hinte) Leben - Filmografie
Detroit — Wikipedia |
Der Pate — Francis Ford q hitps://de wikipedia org/wiki/Detroit 1
nitps://de wikip| hitps://en wikipedi Detroit [d1 tioxt] (frz. Détroit [detwwal} ist eine GroRstadtim SOdosten des US-Bundesstaates Michigan
Der Pate (englis Francis Ford Coppol Sie liegt direkt an der kanadischen Grenze, am ] o
istmit iber 21 Wi been a central figure Uberblick - Geographie - Geschichte - Bavélkerung DetrOI‘t
Der Pate — Francis Ford ( Detroit - Wikipedia GroBstact, Michigan
gupz'fide'_"r‘”:“ﬁ www.imdb.com/na nttps //en wikipedia org/wiki/Detroit ~ Diese Seite Ubersetzen
er Pate — Teil i
Jahr 1974 und di Francis Ford Coppol De(mms. the mustp?puluus city in the U.S. state of Michigan, the fourth-largest city in the Midwest and the Detroit ist eine GroRstadt im Siidosten des US-Bundesstaates Michigan.
- creative, supportive I largest city on the United States—Canada border. Sie liegt direkt an der kanadischen Grenze, am Detroit River zwischen
Lange: 196 Minu dem Lake St. Clair und dem Eriesee. Wikipedia
Deutscher Titel. f . f . .
Francis Ferd ¢ Wie das verfallene Detroit zum Berlin der USA wird - WELT Elache: 370 km?
www.whoswho.de/ www welt de > Motor » Hehe: 183
Der Pate | T Als risikofreudiger ui 09.01.2016 - SchlieRlich ist Detroit nicht irgendein Standort, der wie so viele andere Regionen mit ohe: m
. Filmgestaltung, die iiberkommener Industrie massive Prableme mit dem Ortszeit: Freitag, 06:42
Wetter: 9 °C, Wind aus NW mit 23 km/h, 88 % Luftfeuchtigkeit B
Der letzte Kin shrinkingcities : Detroit Bevalkerung: 668.701 (2013)
wnin-fv.de > Untq www.shrinkingcities.com/detroit.0.html ~ Arbeitslosenrate: 10,2% (Apr. 2015)
Der Pate | A U_ N it [_)_E Gelegen im Norden des Mittleren Westens der USA, wurde Detroit Anfang des 20. Jahrhunderts Zentrum
iepilot Filmgeschichte. Fan der amerikanischen Automobilproduktion. Die "GrofRen ...
VAVI‘I’W“'-TO“'ED'SI Kommende Veranstaltungen
e Infos zum Fil .
won Wario Puzo u Fra’:ﬂ%‘\fm’:ﬁ;ddg Metro Detroit - Tourism and Travel | VisitDetroit.com - VisitDetroit.com Mo,24 OKL  Gresn Day
b g pllot.dey https://visitdetroit.com/ » Diese Seite Ubersetzen
Alle Infos zu Francis ; - . 19:00 The Fillmore Detroit
Der Pate - 1 in Detroit geboren For the bestinformation regarding metro Detroit tourism and travel, explore VisitDetroit.com. A trip to
hittps:/fwww am ¢ - Detroitis a trip you wont soon forget Sa. 29, OKL Luke Bryan
Amazon.de - Kau|
Francis Ford ¢ . ’ ) Ford Field
werden kostenlo wnw Spigel de » Detroit Metropolitan Airport > Home
Francis Ford Coppol www.metroairport.com/ + Diese Seite Ubersetzen Sa. 22. Okt The Stylistics
Der Pate - [ Interview erzahlt der Official Homepage for Detroit Metro Airport DTW. Helpful information for people flying into Detroit Metro
hitps:/fwww.am
Amazon.de: Find P f - . f o
Bl ray-Angebot Francis Ford ¢ Detroit Hotels | finden Sie Marriott Hotels in Detroit. Uber 25 weitere ansehen
! . Www.vicampo.de: www.marriott de/hotel-search/detreit hotels michigan_united-staies iravel/ =
https://www.google.de/search?sa=X&biw=13 Sehen Sie Marriotts Detroit Hotels und finden Sie die perfekten Zimmer fur Ihre Art des Reisens. Unsere . -
Hotels in Detroit bieten mit Hightech-Ausstattung und Interessante Orte Uber 15 weitere ansehen -
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Entity Search

e Very often people search information about an entity
— Location, person, movie, product, football player, pop singer, ...

e Entity search

— Detect entities in text and build a knowledge base

e Despite homonyms, synonyms, colocations, abbreviations, spelling
variants and spelling mistakes ...)

e Extract related facts (Wikipedia, Freebase, ...)
e Person age, address, spouse, income, place of birth, ...

— Detect entities in queries

— Answer with extracted data (not “just” a page page)
e Which entities?

— Today: Wikipedia
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Applications in Business

e Given an incoming complaint mail: Which product (line) Is
affected?

— Recognize and normalize product; forward mail or link to FAQ

e Given twitter etc.: What problems are most frequently
reported by our customers?
— Recognize and normalize “problems”; assign to product (lines)
e Improved customer self service
— Entity Search for product and problem
— Precise routing and prioritization of requests
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WBI Research in Text Mining

e Entity recognition and search in biomedical texts
— Genes, diseases, mutations, species, drugs, ...

e Relationships: Gene regulation, protein-protein-interaction,
disease-drug-mutation ...

e Text classification: Molecular ... cancer ... colon ...
e Table similarity search

e We mostly work on scientific literature
— But also web crawls, patent search, ...
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GeneView
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Detecting Gene Names

The human T cell leukemia lymphotropic virus type 1
Tax protein represses MyoD-dependent transcription by
inhibiting MyoD-binding to the KIX domain of p300.
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Detecting Gene Names

The human T cell leukemia lymphotropic virus type 1
Tax protein represses MyoD-dependent transcription by
inhibiting MyoD-binding to the KIX domain of p300.

e Typical problems
— Multi-token entities with ill-defined boundaries
— Abbreviations
— Synonyms, homonyms, polysemy
— lIrregular spelling, naming variations
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Beyond Entities: Understanding Text is Difficult
(even for us)

~1he PAX1 protein represses MyoD-dependent
transcription by inhibiting MyoD-binding to the KIX
domain of p300.*

PAX1

MyoD

binds _t

Inhibits_binding w‘n
represses

KIX | p300 -

has_domain has_transcriptional _activity
when_bound by MyoD
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Biomedical Web

filter |text|<1000000 I

Web crawl! (Rele-
vant, Unrelevant

v

| remove markup I<—|

repair markup I

v

annotate sentences I

Y

| annotate tokens I

v

Scientific literature
{Medline, PMC)

4' annotate pos tags Ii

annotate genes
{machine-learning)

annotate diseases
(machine-learning)

annotate genes

annotate drugs I |
)
(dictionary) (dictionary)

| annotate drugs

I | annotate entities
(diseases, dictionary)

(machine-learning

filter |drugs| = 0 I | filter |gene|>0

I | filter |disease| > 0 I

(a) Unique gene
annotations

(b) Unique disease
annotations

(c) Unique drug
annotations

UIf Leser: Information Retrieval, Winter Semester 2016/2017

rank | Drug ID, Drug name FPMU | #Web [ LogsFold | Indication rank | Drug ID, Drug name #PMUC | #Web | LogoFold | Indication
1 DB01619 Nolahist 0 143 -Inf allergies and the common cold 1 D03.132.760.664 64 2 4.64 fluorescein photoactive dye
D27.505.519.625.375.425.400 D27.505.954.122.136 Tomatine
2 D05.750.716.579.159  Cuemid 0 86 -Inf hypercholesterolemia P D04.615.885.347.300 Phloxin-B 50 3 1,08 red-colored dye
D27.505.519.186.071.202 _ _ _ , 3 D04.345.891.900 Trichodermin 49 2 4.25 acts as an antifungal and protein
3 DBE00237 Butalan 0 50 -Inf insomnia, anxiety disorders synthesis inhibitor
D27.505.954.427.210.350 - - - -
3 D04 615 131 384 555 3 517 553 Jeoression chromic P 4 D04.345.891.870 Fusariotoxin an 5 3.81 trichothecene mycotoxin
P ' pain,
D27 505 054 427 700.122.055 5 DB02859 Soraphen A 57 4 3.47 |nh|b|torl' 9f acetyl CoA carbaxy-
Pamelor (Nortriptyline) |as-e actvity _
5 D03.066.515.530 1 55 6.38 Nicotinamid _deficiency (vita- 6 DO_3.3§3.129.?08.86? 109 1] 3.24 axidation |nh\b|t_or5, cyanine
D?27.505.696.377.605.600.708 min) Thiadiazoles dyes, metal chelating agents
Nicobion 7 DB02929 K201 441 39 3.14 anti-arrhythmic potential
6 [D03.383.129.308.207 Krebiozen T 61 —6.29 nutritional supplementation 8 D03.383.533 Oxazines 70 8 2.77 heterocyclic compounds (used
(Creatine) as fluorescent dyes)
7 DB00729 Prantal 1 53 -6.09 peptic ulcer, gastric hyperacid- 9 D05.750.716.622.300 83 11 2.55 anchor artificial joints
ity, ‘hyperhidrosis Bone Cement
8 | DBo1178 Chlormezanon 40 1838 -5.88 | anxiety, muscle spasm 10 | D05.500.249.600 33 i1 255 Tight harvesting antennae from
D27.505.954.427.210.950.015 Phycobilisomes e.g. algae (used as fluorescent
9 D03.383.097.217.900 . 2 82 -5.72 chemotherapy dyes)
,D27 505.519.124.035 Triaz- 11 MRANEAR ART.EaR TS 7 5 4R HIV
iquone
10 DB00241 Butalbital 3 119 -5.67 headaches, migraines, and pain
11 DEB00653 Bitter salt 11 395 -5.53 magnesium  deficiency, acute
D27.505.696.663.850.014 nephritis in children, ...
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