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前言

• 資訊檢索是擷取、組織和利用資訊的重
要技術

• 隨著數位典藏資料急遽成長，善用資訊
檢索技術，資料才會成為有用的資訊
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Data is of no use
unless you can actually access it.
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Outline

• 資訊檢索簡介

• 檢索模型 – 布林模型與向量模型

• 效能評估
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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
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Structured Data

• Structured data tends to refer to information in tables

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

50000SmithIvy

60000SmithChang

50000JonesSmith

SalaryManagerEmployee
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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!) 
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Unstructured vs. Structured data in 1996
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Unstructured vs. Structured data in 2006
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Need for IR

• With the advance of WWW - more than 100 
billion web pages in March 2008 [wikipedia]

• Various needs for information:
– Search for a specific information
– Search an answer to a question
– Search for information in a different language
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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

• Others:
– Cross lingual information retrieval
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Cross-lingual Information Retrieval
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Image Search
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Content-Based Image Retrieval

國立歷史博物館/師大/新視 提供
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Fancy Browsing Interface for Image Search

http://www.piclens.com/site/ie/
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Find Near-duplicate Images

http://tineye.com/
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Image Retrieval via Voice

國立歷史博物館/師大/新視 提供
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Search Functions

• 結構化查詢
– 特定結構文件: 網頁, 電子郵件, 新聞

– allintitle:李安奧斯卡

• 關鍵詞查詢
– 布林查詢: (A and B) or (C and D)
– 同音(台灣, 臺灣), 同義(中華文化, 中國文化), 近似拼字

– 術語推薦(台大: 台大醫院, 台大計算中心, 台大圖書館)
– 相關回饋(relevance feedback) 
– 跨語言查詢: Sony, 新力, 索尼
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Search Functions

• 範例式查詢 (Query by Example)
– 相似網頁, 相似圖片

• 自然語言查詢 (Free Text Query)
– 以較自然的方式來描述查詢主題，如"世界盃足球舉辦地點" 

(此處不強調語意理解)

• 問答 (Question Answering)
– 人物、地點、組織、事物、時間、數字

– 問題分析、文句擷取、答案抽取、答案排序 (強調語意理解)
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Result Presentation

• 資訊顯示處理
– 相關性排序(Relevance Ranking)
– 限制顯示筆數

– 限制顯示資料的詳細程度(註解或摘要)
• 資訊摘要(Summarization)
• 資訊分類(Clustering)
• 提示處理(Highlight)
• 資訊傳遞(Delivery)

– 資訊傳遞影響反應時間
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Text IR System Architecture

The user task Logical view of document
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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
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The Problem
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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
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Boolean Model (布林模型)

• 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
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Boolean Operator
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Unstructured Data in 1650

Which plays of 
Shakespeare contain the 
words: Brutus and Caesar, 
but not Calpurnia?
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Term-document Incidence Matrix
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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
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Can't Build the Incidence Matrix
– too Large in a Big Collection

• Consider N = 106 documents, each with about 1000 
terms

• On average 6 bytes per term, including spaces and 
punctuation ⇒ size of document collection is about   
6 GB

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

• M = 500,000 × 106 = half a trillion 0s and 1s
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Inverted Index

• Actually the matrix is extremely sparse, we can only 
record the 1s for each term
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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
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Tokenization and Preprocessing



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

41

Generate Posting
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia
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Processing Boolean Queries

• Consider the query: Brutus AND Calpurnia

– This is linear in the length of the postings lists
– This only works if postings lists are sorted
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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
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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 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

53

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 satisfactory 

middle ground
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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

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

• 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

• This score measures how well document and 
query "match"
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Recall: Binary Incidence Matrix
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Term Frequency
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Bag of Words Model

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

• "John is quicker than Mary" and "Mary is 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
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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
– 紅外線測量體感互動裝置 vs. Wii
– 台灣雲豹棲息地 vs. 高山

• We use the inverse document frequency to factor 
this into computing the matching score
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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

• Which word is a better search term (and should get a 
higher weight)?
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tf-idf Weighting

• Product of its tf (term frequency) weight and its idf
(inverse document frequency) weight

• Best known weighting scheme in information 
retrieval

• Note: the “-” in tf-idf is a hyphen, not a minus sign!

df
NtfW log)log1( ⋅+= where N is the number of documents
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Binary → Count → Weight Matrix
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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

d

cosine similarity

Euclidean distance
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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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Outline

• 資訊檢索簡介
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Retrieval Effectiveness

• Recall (查全率)
– 找到是正確的東西越多越好

• Precision (精確度)
– 垃圾越少越好

• Ranking (排序)
– 越需要的越前面越好

• Deadlink (死連結)
– 死掉連結越少越好

• RefleshRate (更新率)
– 更新率越高越好

• Response Time (反應速度)
– 搜尋速度越快越好
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Recall, Precision, and F-measure

PrecisionRecall
PrecisionRecallmeasureF

+
××

=−
21

da
aRecall
+

=

ba
aPrecision
+

=
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nDCG – Ranking Metric

• Normalized discounted cumulative gain

where i is the ranking position,
reli is the relevance of i-th ranking position,
IDCGp is the ideal DCGp
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Advanced Topics

• 文件處理與索引建置

• 網路資訊檢索

• 網路廣告
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Advanced Topics

• 文件處理與索引建置

• 網路資訊檢索

• 網路廣告
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Document Processing for Indexing 

Index Construction



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

73

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
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Controlled Vocabularies
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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 is explicit. Nice for 
browsing

• However, it is difficult and expensive to 
create, to use, and to maintain



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

76

Automatic Indexing

• Parse documents
• Scan for word tokens
• Stopword removal
• Word stemming
• Phrase recognition
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Tokenization

• Design decisions
– Numbers (510 B.C.)
– Hyphenation (state-of-the-art, state of the art, B-52)
– Capitalization
– Punctuation (，。、：)
– Special characters

• Languages such as Chinese and Japanese need 
segmentation (部門聯絡, 飛越南太平洋, 土地公有政策)

• 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 satisfy
– Example: "to be or not to be"
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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
– 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"
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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 ..."
– 中文斷詞程式: http://ckipsvr.iis.sinica.edu.tw/

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

• Words
– Basic tokens
– Word stems (詞幹)

• 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"



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

84

Advanced Topics

• 文件處理與索引建置

• 網路資訊檢索

• 網路廣告
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Web Search Overview
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Search Is a Top Activity on the Web



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

87

Without Search ...

• Without search, content is hard to find in Web

• 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? 109 every day
• Users: Users are different, more varied and there are a 

lot of them. How many? 109

• Documents: Documents are different, more varied 
and a lot of them. How many? 1011. Indexed: 1010

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

• Ads and spam
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Links
• Web search in most 

cases is interleaved 
with navigation... i.e., 
with following links
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Bowtie Structure of the Web
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Queries
• Most frequent queries on a large search engine on 

2002.10.26
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Query Log in Taiwan (AltaVista)

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

• 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)
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Types of Queries [Chuang2002]
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Types of Image Queries

34.4%

23.4%

8.0%

Clustering top 1000 distinct highest-frequent query terms
from the image search engine in Taiwan (2002/7-9)
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User Needs in Web Search
• Informational user needs: Find something about 

"low hemoglobin"

• 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?
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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: 動物園導覽
• Stock price: msft
• Albums/movies etc: 海角七號
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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
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Use Context to Modify Query Results

• 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
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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 UI, 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)

7.26 bytes1.10 words3.55 charactersGAIS

6.31 bytes1.22 words3.18 charactersDreamer

AllIn EnglishIn Chinese
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How Do Users Evaluate Search Engines

• Classic 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
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Documents

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

current status of flight AA129
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Dynamic Content
• Most (truly) dynamic content is ignored by web 

spiders. It’s too much to index it all

Fetterly 1997



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

106

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
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Online Language Population

Global Reach
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Top Ten Languages Used in the Web

183.4 %15.7 %6,499,697,060100.0 %1,022,863,307WORLD TOTAL

421.6 %7.8 %2,490,817,19319.0 %194,241,342Rest of World Languages

156.0 %20.7 %4,008,879,86781.0 %828,621,965TOP TEN LANGUAGES

664.5 %16.5 %143,682,7572.3 %23,700,000Russian

118.7 %48.8 %59,115,2612.8 %28,870,000Italian

327.3 %14.0 %230,846,2753.2 %32,372,000Portuguese

78.0 %45.8 %73,945,8603.3 %33,900,000Korean

235.9 %10.7 %381,193,1494.0 %40,974,004French

106.0 %59.2 %95,982,0435.6 %56,853,104German

229.2 %18.8 %429,293,2617.9 %80,593,698Spanish

83.3 %67.2 %128,389,0008.5 %86,300,000Japanese

309.6 %9.9 %1,340,767,86313.0 %132,301,513Chinese

128.0 %27.8 %1,125,664,39730.6 %312,757,646English

Internet Growth
for Language
( 2000 - 2005 )

Internet
Penetration
by Language

World Population
2006 Estimate
for Language

% of all
Internet Users

Internet Users,
by Language

TOP TEN LANGUAGES
IN THE INTERNET

Internet World Stats (Jun. 30, 2006)
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Document Languages
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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 effectively
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Size

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?

• Users
– They may switch to the search engine that has the 

best coverage of the web
• Media



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

113

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
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Number of Chinese Web Pages

4,930,000,000 pages
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Advanced Topics

• 文件處理與索引建置

• 網路資訊檢索

• 網路廣告
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First Generation of Search Ads: Goto (1996)
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Ranking of Advertisers in Search Results
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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?



2009/1/8 數位典藏國家型科技計畫 / 中央研究院 版權所有
Copyright © National Digital Archives Program / Academia Sinica

119

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
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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

• 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 a result, users are often satisfied with what they find after

clicking on an ad

• The advertiser finds new customers in a cost-
effective way
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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)
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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?

• Available resource
– 數位典藏技術導論 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)


