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Web Search Engines 
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Estimated Scale [Beware: Diverging evidences] 

 
• Queries (only google, 2016) 

– World-wide: ~150.000.000.000 queries / month 
• Per day:       ~5.000.000.000 
• 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 

Server S: 

  \index.html 
  \main\pic.jpg 
  \main\text.html 
  … 
 

Client/Browser: 

S: Gib „\index.html“… 
 

<html> 
  blabla <a href=„http:T\index.html“>blublu</a> 
</html> 

Server T: 

  \index.html 
  \comm\pic.jpg 
  \comm\product.html 
  … 
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Searching the Web? 

 
 
 

• Browser needs server name and page name (URL) 
– Mostly taken from a link 

• Browser loads page from server for display 
• Web consists of >1.000.000.000 sites 
• How can we search 1 billion sites in milliseconds? 

– Corresponding to 100? 1000? billion web pages 
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Crawling 

 
 

• At query time, only one 
server is searched – located 
at the search engine 

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

• Created and maintained by a 
crawler 
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Careful! 

 
 

• Use 1000ds of servers for parallel crawling 
• No server overload (DDoS) 
• Adapt frequency of visits to change rate 
• Watch your bandwidth 
• DNS resolution is a bottleneck (caching helps) 
• Never stop 
• … 
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Not (easily) Indexed: The Deep Web 



Ulf Leser: Information Retrieval, Winter Semester 2016/2017      11 

What is a Search result? 
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What do you Expect? 

 
 

• Climate researcher: The weather phenomena  
• Traveler to Peru: Implications of the weather phenomena  
• Citizens of Weimar: The Restaurant 
• Cineastes: The movie 
• Outdoor fan: The brand 
• … 
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Challenges to Keyword Search 

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

• Interpreting a query is difficult 
– Users have different intentions and understandings  
– Many words have many senses: Homonyms 

• Usually you look for only one sense 
• Usually a web side uses only one sense: One sense per discourse 

– Many things have many names: Synonyms 

• 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 

• Naive: A page is relevant iff it  contains all query token 
• Disadvantages  

– <El nino> – many false positives (because homonyms – el, nino) 
– <El nino pazifik klima> – many false negatives 

• „El Nino ist ein Phänomen, dass im pazifischen Ozean auftritt und das 
Wetter weltweit beeinflusst“ 

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

• Boolean information retrieval: From the 80ths 
– Does not work for lay people (Web) 
– Does not work for very large corpora (Web) 



Ulf Leser: Information Retrieval, Winter Semester 2016/2017      15 

Vector Space Model 

 
 

• Transform each page into a high dimensional vector 
 

• Every unique token is a dimension 
• Value can be binary, or count occurrences, or … 
• 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 blüh woll 

1 Wir verkaufen Häuser in 
Italien 

1 1 1 

2 Häuser mit Gärten zu 
vermieten 

1 1 1 

3 Häuser: In Italien, um 
Italien, um Italien herum 

1 1 

4 Die italienschen Gärtner 
sind im Garten 

1 1 

5 Der Garten in unserem 
italienschen Haus blüht 

1 1 1 1 
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Comparing Vectors 

• Page with semantically similar content usually share many 
token 

• Their vectors are similar (in some sense) 

Kanzler 

Kohl 

Steinbrück wäre gerne Kanzler … 

Helmut Kohl war Kanzler der … 

Im Herbst essen wir Kohl 

Merkel ist Kanzlerin der … 
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Pages and Queries 

Text verkauf haus italien gart miet blüh woll 

1 Wir verkaufen Häuser in 
Italien 

1 1 1 

2 Häuser mit Gärten zu 
vermieten 

1 1 1 

3 Häuser: In Italien, um 
Italien, um Italien herum 

1 1 

4 Die italienschen Gärtner 
sind im Garten 

1 1 

5 Der Garten in unserem 
italienschen Haus blüht 

1 1 1 1 

Q Wir wollen ein Haus mit 
Garten in Italien mieten 

1 1 1 1 1 
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Using the Angle between Vectors 1 1 1 1 

2 1 1 1 

3 1 1 

4 1 1 

5 1 1 1 1 

Q 1 1 1 1 1 

Q: Wir wollen ein Haus mit Garten in Italien mieten 

1 d2: Häuser mit Gärten zu vermieten 

2 d5: Der Garten in unserem italienschen Haus blüht 

3 
d4: Die italienschen Gärtner sind im Garten 

d3: Häuser: In Italien, um Italien, um Italien herum 

5 d1: Wir verkaufen Häuser in Italien 

( )
2][

][*][
),(

∑
∑=

iv

iviv
qdsim

d

dq
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A Solution? 

• <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 

 
• Lecture  2 SWS 
• Exercises   2 SWS 
• Slides are English 
• Examination: Written (Klausur) 

 
• Contact 

Ulf Leser 
Raum: IV.401 
Tel:  (030) 2093 – 3902 
eMail:  leser (..) informatik . hu-berlin . de 
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Literatur 

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

• 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 
• Also interesting 

– Lemnitzer, L. and Zinsmeister, H. (2010). "Korpuslinguistik - Eine 
Einführung", narr Studienbücher. 

– Lüdeling, A. (2009). "Grundkurs Sprachwissenschaft". Stuttgart, 
Klett Lerntraining. 

– Manning, C.D., Schütze, H. (1999). „Foundations of Statistical 
Natural Language Processing”, MIT Press. 
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Web 
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Topics we Shall Discuss 

 
• Evaluating IR systems 
• Relevance models: Semantics of queries (IR model) 
• User feedback (relevance feedback) 
• Searching strings (exact, token-based, substring, …) 
• Building efficient search indexes 
• Search on the web 
• Language models 
• Word colocations 
• Word sense disambiguation 
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Exercises 

 
• We will form teams 
• 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 

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

 
 

• Diplominformatiker?  
• Bachelor? 
• Semester? 

 
• Special expectations, experiences, questions? 
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Feedback vom Letzten Mal 
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Freitext 

• Besonders gut   
• Art der Vermittlung 
• Selbsttest 
• Dozent 
• Übungsaufgaben 
• 4 Hochschulpolitik 
• Viel Programmieren 
• 3 Atmosphäre 
• 2 Interessante Aufgaben 
• Anwendungsorientierung 
• Wiederholungen 

• 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 
– Übung: „Für Nicht-

Kerninformatiker viel 
Aufwand“ 
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Related Topics we shall not Discuss 

• Information Extraction, Named Entity Recognition  
• Entity Search 
• Personalized, social-media based, local, mobile, … search  
• Search Engine Optimization 
• Detecting similar texts (plagiarism) 
• Computational Linguistics 
• Text classification 
• Text clustering 

 
• See lecture „Computational Natural Language Processing“ 

– Maschinelle Sprachverarbeitung 
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Entities 
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Entity Search 

 
• Very often people search information about an entity  

– Location, person, movie, product, football player, pop singer, … 

• Entity search 
– Detect entities in text and build a knowledge base 

• Despite homonyms, synonyms, colocations, abbreviations, spelling 
variants and spelling mistakes …) 

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

– Detect entities in queries 
– Answer with extracted data (not “just” a page page) 

• Which entities?  
– Today: Wikipedia 
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Applications in Business 

 
• Given an incoming complaint mail: Which product (line) is 

affected? 
– Recognize and normalize product; forward mail or link to FAQ 

• Given twitter etc.: What problems are most frequently 
reported by our customers?  
– Recognize and normalize “problems”; assign to product (lines) 

• 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 

 
 

• Entity recognition and search in biomedical texts 
– Genes, diseases, mutations, species, drugs, … 

• Relationships: Gene regulation, protein-protein-interaction, 
disease-drug-mutation … 

• Text classification: Molecular … cancer … colon …  
• Table similarity search 
• We mostly work on scientific literature 

– But also web crawls, patent search, … 
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GeneView 



Ulf Leser: Information Retrieval, Winter Semester 2016/2017      35 

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. 
 

• Typical problems  
– Multi-token entities with ill-defined boundaries 
– Abbreviations 
– Synonyms, homonyms, polysemy  
– Irregular spelling, naming variations 
– … 
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MyoD 

p300 KIX 

PAX1 

has_domain 

binds_to 
inhibits_binding 

has_transcriptional_activity_ 
when_bound_by_MyoD 

represses 
reason 

„The PAX1 protein represses MyoD-dependent 
transcription by inhibiting MyoD-binding to the KIX 

domain of p300.“ 

Beyond Entities: Understanding Text is Difficult 
(even for us) 
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Biomedical Web 
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