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Information Retrieval (aka “Search”)

e Naive: Find all documents containing the following words

e Advanced: ,Leading the user to those documents that will
best enable him/her to satisfy his/her need for
Information“[robertson 1981]

A user wants to know something

The user needs to tell the machine what he wants to know: query
Posing exact queries is difficult: room for interpretation

Machine interprets query to compute the (hopefully) best answer

Goodness of answer (relevance) depends on original intention of
user, not on the query

Answer is always a set of docs
“Leading”: Sensible ranking of all potentially relevant docs
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Difference to Database Queries

e Queries: Formal language versus natural language

e Result granularity: Set of documents versus relation as
defined by query

e Exactly defined result versus loosely described relevance
e Result set versus ranked result list

e DB: Posing the right query is completely left to the user
e |R: Understanding the query is a problem of the software
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The Informal Problem

e Help user in quickly finding the requested information
within a given set of documents
— Set of documents: Corpus, library, collection, ...
— Quickly: Few queries, fast responses, simple interfaces, ...
— Requested: The “best-fitting” documents; the “most relevant”
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Why is it hard?

e Properties of human languages

— Homonyms (context): Fenster (Glas, Computer, Brief, ...), Berlin
(BRD, USA, ...), Boden (Dach, Fussboden, Ende von etwas, ...

— Synonyms: Computer, PC, Rechner, Desktop, Laptop, Tablet, ...

e Properties of the corpus

— Runtime: Corpora today may have billions of documents
— Document heterogeneity: Length, format, language, genre,
grammatical correctness, special characters, ...
e Heterogeneous users: More precise queries versus usability

— Lay persons: Short queries with wide spectrum of interpretations
e Average web queries have 1,6 terms

— Professionals: Long queries often lead to zero results
— “Information broker” was/is a profession
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Quickly

e Time to execute a query
— Indexing, parallelization, compression, ...

e Time to answer the request (may involve multiple queries)
— Understand request, find best matches
— Success of search engines: Better results (and fast!)
— Process-orientation: User feedback, query history, ...

e Information overload
— “We are drowning in data, but starving for knowledge”
— If the corpus is large, ranking is a must
— Alternative: Result summarization (grouping on what?)
— Different search modes: What's new? What'’s certain?
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IR: An Iterative, Multi-Stage Process

e IR process: “Moving through many actions towards a
general goal of satisfactory completion of research related
to an information need.”

— “Berry-picking” [Bates 89]

UIf Leser: Information Retrieval, Winter Semester 2016/2017



Gesellschaft fur Informatik

 Im Information Retrieval (IR) werden Informationssysteme in Bezug
auf ihre Rolle im Prozess des Wissenstransfers vom menschlichen
Wissensproduzenten zum Informations-Nachfragenden betrachtet. ...
Fragestellungen, die im Zusammenhang mit vagen Anfragen und
unsicherem Wissen entstehen .... auch solche, die nur im Dialog
iterativ durch Reformulierung (in Abhangigkeit von den bisherigen
Systemantworten) beantwortet werden kénnen ... Die Unsicherheit
resultiert meist aus der begrenzten Reprasentation von dessen
Semantik (z.B. bei Texten oder multimedialen Dokumenten);... Aus
dieser Problematik ergibt sich die Notwendigkeit zur Bewertung der
Qualitat der Antworten eines Informationssystems, wobei in einem
weiteren Sinne die Effektivitat des Systems in Bezug auf die
Unterstitzung des Benutzers bei der Losung seines
Anwendungsproblems beurteilt werden solite.
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Prominent Systems I: Digital Libraries

e E.g. OPAC

— Combination of structured attributes and IR-style queries

l|universitztsbibliothek der Humboldi-Universitzt
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Prominent Systems Il: Desktop Search
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Prominent Systems Ill: Web Search Engines
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Properties of Information Retrieval (IR)

e |R is about helping a user
e [R is about finding information, not about finding data

e IR builds systems for end users, not for programmers
— No SQL
— IR (web) is used by almost everybody, databases are not

e |R searches unstructured data (e.g. text)

e 90% of all information is presented in unstructured form
— Claim some analysts
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History

e ~300 ad. Library of Alexandria , ~700.000 ,,documents*
e 1450: Bookprint

e 19th century: Indices / concordance

e Probabilistic models: Maron & Kuhns (1960)

e Boolean queries: Lockheed (—1960)

e Vector Space Model: Salton, Cornell (1965)

— Faster, simpler to implement, better search results

e 80s-90s: Digital libraries, SGML, metadata standards

e Mid 90s: The web, web search engines, XML

e End 90s: Personalized search engines, recommendations
e 2010: Mobile and context-based search, social networks
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Document or Passage

Universilﬁlsbibliolhel

|l Anmelden | ? Hilfe |

4 Sehnellsuche | # Ressource finden | 4 Suche in 0|
Suchen | Ergebnisse

Ergebnisse der Schnellsuche

Suche nach "shakespear death” in Literatursuche HU, gefunden 4

Kurzansicht ¥ollansicht el

1- 10 von 37 geholten Eintrige (weitere Sitze holen) Suche in

No. Autor Titel
1 Shakespears A Catalogue of the Shakespeare Exhibition, held in thd
‘niilliarn Eodleian Library to commemorste the desth of
2 Bartlett Henrietta  Catalogue of the exhibition of Shakespeareana held =t

Mews York Public Library, April 2o July 15, 1918
2 Erckenbrecht Shakespeare sechsundsechzig
Ulrich
4 Shakespeare King John
wiilliarn
5  Shakespeare Kénig Johann
idilliarn
&  Shakespears The life and desth of King John
ifilliarn
7 Shakespeare The life and desth of King John
filliarn
2 Shakespeare The first part of Henry the Fourth, with the life and dextll
filliam Henry sirmamed hot-spurre
9 Shakespeare The second part of Henrythe Sixt, with the desth of the
wiilliarn Duke Hurrfrey

10 Shakespeare The third part of Henry the Sikt, with the desth of the D

shakespear death

Google

suche: @ Das'web O Seiten auf Deuts
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Tipp: Suchen nur nach Ergebrissen auf Deutseh . Sie kinnen hre bevorzugh

Death - [ Disse Seite (bersetzen ]

THE DEATH OF SHAKESPEARE. Shakespeare died in 1616 on his kirthday,
w The first one says his cause of death was unknown. .

library thinkouest argis17Sdeath biml - 4k - Im Cache - Ahnliche Seiten

Death: Shakespeare - [ Liess Seite Ubersetzen |
Shakespeare iz ong of the world's most respected dramatists, and,
guite a bit to say about various aspects of death. ...

litarary thinkoguest orgi BEESishakey bim - 13k - Im Cache - Ahnliche Sd

The Death of William Shakespeare and Nis will - [ Diese Seite

% Wolfram onputsions,

when did shakespeare dig? 8

Thiz iz difficutt to believe as the diary entry was written fifty years after Shald
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Shakespeare Death QUOLES - [ Diese Seite bersstzen |
Shakespeare's tragedies have some deeply moving death-guates. His quat)
bring tears rolling down the cheeks. The sadness in the quotes moves ...
guotations about.comiod/shakespearequotes/atard? ktm - 18k - In Cache -|

Death ClUotes - [ Diese Seite (hersetzen |

Wiliam Shakespeare: Death Quotes &nd, when he shall die, Take hi
stars, And he will make the face of Heaven £o fine That all the .
guotations about.comfcsinspirationguotesfaMeath kitm - 27k - Im Ca

Shakespeare's Biography: Information on Shakespeare's|
Inthis year came the first reference to Shakespeare inthe world of the thes
Robert Greene declared in his death-bed autobiography that ...

wewewy shakespeare-online combiography! - 57k - [m Cache - Shnliche Seitel

Amazon.corm: |5 Shakespeare Dead? Books: Mark Twain

‘niilliarn Horks

Amazon.com: |z Shakespeare Dead?: Books: Mark Tweain by Mark Twwain
W amazon.comShakespear e-Dead-Mark-Tweain/dp/141 9126792 - 166k

" Lo fisr, i

Input interpretation:

William Shakespeare date of death

Result:

Saturday, April 23, 1616

Date formats:

Julian calendar Saturday, April 13, 1616

Julian day number = 2311405

Jewish calendar 6 Iyar, 5376

Islamic calendar 6 Rabia II, 1025

Time difference from taday (Thursday, Octeber 21, 2010):

394 years Smonths 28 days

20583 weeks 5 days

144 L

Searching only  Searching tokens

metadata

Interpreting

within documents
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Documents

e This lecture: Natural language text

e Might be grammatically correct (books, newspapers) or not
(blogs, Twitter, spoken language)

e May have structure (title, abstract, chapters, ...) or not
e May have associated (explicit or in-text) metadata or not

e May be in different languages or even have mixed content
— Foreign characters

e May have various formats (ASCII, PDF, DOC, XML, ...)
e May refer to other documents (hyperlinks)

 Not covered
— Semi-structured data (XML)
— Structured data (But: Keyword search in relational databases)
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IR Queries

e Users formulate queries
— Keywords or phrases
— Logical operations (AND, OR, NOT, ...)
e Also other operators: “-ulf +leser”
— Natural language questions (e.g. MS-Word help)
— (Semi-)Structured queries (author=... AND title~ ...)
— Voice (Siri)
e Documents as queries: Find documents similar to this one

e Query refinement based on previous results

— Find documents matching the new query within the result set of
the previous search

— Use relevant answers from previous gueries to create next query
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Searching with Metadata (PubMed/Medline)

+ulf -leser - Google-Suche ;_1 Myers-glau] sequence[ti] - Pub... G ;_1 Search Field Descriptions and Tags
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Hat Biotechnol. 2007 Maw25(5):5659-75. Epub 2007 Apr 22,

Search Field Descriptions and Tags

Genome sequence and identification of candidate vaccine antigens from the animal pathogen Dichelobacter nodosus.

r 15, Food JI, Panlsen IT.

My NCBI 7]
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One page.
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Location ID [LID
IesH Date [WHDA]
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IeSH Subheadings [SH]
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Full &uthor Matne [FAU] Other Tertn [OT
Full Irrestigator MNatne [FIRE] Crarer
Grant Mumnber [GE] Pagination [PG
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Phattnacological Action MeBH Tetrtns [PA]

Place of Publication [PL]
Publication Date [DF]
Publication Type [PT]
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Title [TI

Titlefdbstract [TIAB]
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Query Refinement

) pubMed History - Mozilla Firefox

Datei  Bearbeiten  Ansicht  Chronk  Leseseichen  Extras  Hilfe

Qj - - @ /‘ | hitkpe f s, ncki. nlm. nib. gov sites/entrez = | h.d | D‘] |

") Nachsehen | ) Frequent Google I‘~| WEBI I‘\| Lebre | ) Mews | Suchen |} Buecher kaufen | ) Paper suchen | Reisen | MyStuff

+ulf -leser - Google-Suche Q «r-j Search Field Descriptions and Tags

NmumlL brary of Bledicine

Journals

BT eight hours of inactivity.

Search numhers may not be continuous; all searches are represented

To save search indefinitely, click query # and select Save in Wy MCBI

To cotrhine searches use #search, e.g., #2 AND #3 or click query # for more options.

.
-
-
.
Search Most Recent Queries

#15 Bearch Myers-g[au] sequence][ti]

#23 Search Myers-g[au] sequence[ti] “Nucleic acids res’'[ta]

#12 Search Myers-g[au] sequence[ti] Nucleic acids res[ta]

#21 Bearch Myers-g[an] sequence[ti] Nucleic acids rese[ta]

#210 Search Myers-g[an] sequence[ti] Nucleic[ta]

#19 Search Myers-g[an] sequence[ti] Nucleic ta]

#18 Search Myers-g[au] sequence[ti] Nucleic [ta]

#17 Search Myers-g[an] sequence[ti] nat[ta]

#16 Search Myers-g[au] sequence[ti] nature[ta]

#14 Search Myers-g[au] AND sequence[ti] and nature[ta]

#13 Search Myers-g[au] AND sequence|ti]

#12 Search Myers-g[an] AND string[ti]

#11 Search Myers-g[an] AND genome][ti]

#10 Search Myers-g[an]
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Dublin Core Metadata Initiative (W3C), 1995

identifier:
format:
type:
language
title
subject:
coverage:

description:

creator:
publisher:

contributor:

rights:
source:
relation:
date:

ISBN/ISSN, URL/PURL, DOl, ...
MIME-Typ, media type,
Collection, image, text, ...

Keywords
Scope of doc in space and/or time
Free text
Last person manipulating the doc

Copyright, licenses, ...
Other doc

To other docs

Date or period
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Usage in HTML

<head profile="http://dublincore.org/documents/dcg-html/">
<title>Dublin Core</title>

<link rel="schema.DC" href="http://purl._org/dc/..." />
<link rel="schema.DCTERMS" href="http://purl.org/..." />
<meta name="'DC.format" scheme="." content=""text/htm" />
<meta name="'DC.type" scheme="."" content="Text" />

<meta name="'DC.publisher"”™ content="Jimmy Whales" />

<meta name="'DC.subject" content="Dublin Core Metadata' />

<meta name="'DC.creator" content="Bjorn G. Kulms"™ />

<meta name=""DCTERMS.license'" scheme="DCTERMS.URI"
content="http://www.gnu.org/copyleft/fdl_html" />

</head>
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Multimedia Retrieval

Mozilla Firefox
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|ehe ® Flickr: Suchen [+ | gunmera valle yran rey - Guogle B.. [0j | ## Fick: Suchen
mtisf | Web Dilder Maps Mews Shopping Mail Mehr v
Y = g Bttt Bibkauviie
Suchen Google s Coimsare ) Cwabsre) 2500
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e e
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- - — o ik 3
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 Note: Neither searches within images
— Flickr: tags (“folksonomy”)
— Google: text in neighborhood

UIf Leser: Information Retrieval, Winter Semester 2016/2017




,oearch by Image“ (10/2014)

Lt e

L S e L L i 3 2 Ly

! Go gle B3 teser_ulf 01jpg - | ! Go gle B taged..2014 2.0PG

Jeb Images MNews Shopping Maps More = Search tools

Images Mews Shopping Maps More = Search tools

Image size: T T Image size:
' 1348 = 899 - IS 4000 = 3000
okl
.? M Mo other sizes ofthis image found.
i

Tip: Try entering a descriptive word in the search box.

No other sizes ofthis image found.

Tip: Try entering a descriptive word in the search box.
Visually similar images Report images

Visually similar images Report images
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Question Answering

e Asking for a specific bit of information

— What was the score of Bayern Munchen versus Stuttgart in the
DFB Pokal finals in 19987

— How many hours of sunshine has a day in Crete in May?
— When does the next S9 leave this station?
e Most prominent: IBM Watson (2011)

— “IBM Watson is a technology platform that uses
natural language processing and machine learning
to reveal insights from large amounts of
unstructured data”

e Hot topic for personal assistants
— E.g. Amazon Echo, Apple Siri, Google Assistant, ...

e QA: Mixture of statistical NLP, Machine learning and IR
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Historic Texts

Iehu'u]’m's varlicn- &hwﬂﬁgh
alle dumdyrfmvon ters Arcvava
dﬂmﬁ:nmlmmﬁmamﬁ :

: wurs fiopteqd
dyman ey rme ke 'nﬂm;{;t‘ s
i enwarmdiigry cmlica
S ha‘xgrﬁhﬁtpsizathrhumm&
H  Grequelegen alithean mvolgea
heirshe dulh:smﬂtmﬁar}tl’;
2 mam yoikimes autmy Sl
o7 (iljaffon- 0 yey wilie. 28 unn ome
B heefylies mdie ou hiachelons g
i lmrenmachm&uwalgmwamn

Sachsenspiegel, ~1250

— "Swerlenrecht kdnnen

wiled— volge dis buches
lere.alrest sul wi mer ken,
daz ...”

Multiple representations

Facsimile

Digitalization / diplomacy

e How well can the facsimile be
reproduced from the dig. form?

Differences in individual writers
(proliferating errors)

Different translations
Different editions
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Other Buzzwords

e Document management systems (DMS)
— Large commercial market, links to OCR, workflow systems, etc.
— Many legal issues (compliance, reporting, archival, ...)
— Essentially all companies run some form of a DMS
— Every DMS includes an IR system

e Knowledge management

— “More sophisticated” DMS with semantic searching
e Ontologies, thesauri, topic maps, ...

— Social aspects: Incentives, communities, enterprise standards, ...
e Digital libraries

— Somewhat broader and less technical

— Includes social aspects, archiving, multimedia, ...
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Enterprise Content Management

e ,The technologies used to capture, manage, store, deliver,
and preserve information to support business processes”

e Authorization and authentication

e Business process management
MANAGE and document flow

\ o om \ = Compliance: legal requirements

— Record management
STORE WCEM | DELIVER

CAPTURE .
— Pharma, Finance, ...
WFI . .
e > e Collaboration and sharing

— Inter and intra organizations

@ — Transactions, locks, ...

e Publishing: What, when, where
— Web, catalogues, mail push, ...

Quelle: AlIM International
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Technigue versus Content

e [R is about techniques for searching a given doc collection

e Creating doc collections is a business: Content provider
— Selection/filtering: classified business news, new patents, ...
— Augmentation: Annotation with metadata, summarization, linking
of additional data, ...
e Examples
— Medline: =>5000 Journals, <20M citations, >500K added per year

— Institute for Scientific Information (1SI)
e Impact factors: which journals count how much?

— Web catalogues ala Yahoo
— “Pressespiegel”, web monitoring
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Self Assessment

e Give a definition of ,Information retrieval“

e How is information retrieval different from database query
evaluation?

e« What are means to shorten the number of queries
necessary to fulfil an information request?

e What is the difference between classical IR and Question
Answering?

e What are possible types of answers to a IR query?
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