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Preface 

Information retrieval (IR) has changed considerably in recent years with the expansion 

of the World Wide Web and the advent of modern and inexpensive graphical user 

interfaces and mass storage devices. As a result, traditional IR textbooks have become 

quite out of date and this has led to the introduction of new IR books. Nevertheless, we 

believe that there is still great need for a book that approaches the field in a rigorous 

and complete way from a computer-science perspective (as opposed to a user-centered 

perspective). This book is an effort to partially fulfill this gap and should be useful for 

a first course on information retrieval as well as for a graduate course on the topic. 

The book comprises two portions which complement and balance each other. 

The core portion includes nine chapters authored or coauthored by the designers of 

the book. The second portion, which is fully integrated with the first, is formed by 

six state-of-the-art chapters written by leading researchers in their fields. The same 

notation and glossary are used in all the chapters. Thus, despite the fact that several 

people have contributed to the text, this book is really much more a textbook than 

an edited collection of chapters written by separate authors. Furthermore, unlike a 

collection of chapters, we have carefully designed the contents and organization of the 

book to present a cohesive view of all the important aspects of modern information 

retrieval. 
From IR models to indexing text, from IR visual tools and interfaces to the Web, 

from IR multimedia to digital libraries, the book provides both breadth of coverage and 

richness of detail. It is our hope that, given the now clear relevance and significance of 

information retrieval to modern society, the book will contribute to further disseminate 

the study of the discipline at information science, computer science, and library science 

departments throughout the world. 

Ricardo Baeza-Yates, Santiago, Chile 

Berthier Ribeiro-Neto, Belo Horizonte, Brazil 

January, 1999 

\ 
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Chapter 1 

Introduction 

1.1 Motivation 

Information retrieval (IR) deals with the representation, storage, organization 

of, and access to information items. The representation and organization of the 

information items should provide the user with easy access to the information in 

which he is interested. Unfortunately, characterization of the user information 

need is not a simple problem. Consider, for instance, the following hypothetical 

user information need in the context of the World Wide Web (or just the Web): 

Find all the pages (documents) containing information on college ten¬ 

nis teams which: (1) are maintained by an university in the USA and 

(2) participate in the NCAA tennis tournament. To be relevant, the 

page must include information on the national ranking of the team 

in the last three years and the email or phone number of the team 

coach. 

Clearly, this full description of the user information need cannot be used directly 

to request information using the current interfaces of Web search engines. In¬ 

stead, the user must first translate this information need into a query which can 

be processed by the search engine (or IR system). 

In its most common form, this translation yields a set of keywords (or index 

terms) which summarizes the description of the user information need. Given the 

user query, the key goal of an IR system is to retrieve information which might 

be useful or relevant to the user. The emphasis is on the retrieval of information 

as opposed to the retrieval of data. 

1.1.1 Information versus Data Retrieval 

Data retrieval, in the context of an IR system, consists mainly of determining 

which documents of a collection contain the keywords in the user query which, 

most frequently, is not enough to satisfy the user information need. In fact, 

the user of an IR system is concerned more with retrieving information about a 
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subject than with retrieving data which satisfies a given query. A data retrieval 

language aims at retrieving all objects which satisfy clearly defined conditions 

such as those in a regular expression or in a relational algebra expression. Thus, 

for a data retrieval system, a single erroneous object among a thousand retrieved 

objects means total failure. For an information retrieval system, however, the 

retrieved objects might be inaccurate and small errors are likely to go unnoticed. 

The main reason for this difference is that information retrieval usually deals 

with natural language text which is not always well structured and could be 

semantically ambiguous. On the other hand, a data retrieval system (such as 

a relational database) deals with data that has a well defined structure and 

semantics. 

Data retrieval, while providing a solution to the user of a database system, 

does not solve the problem of retrieving information about a subject or topic. 

To be effective in its attempt to satisfy the user information need, the IR system 

must somehow ‘interpret’ the contents of the information items (documents) 

in a collection and rank them according to a degree of relevance to the user 

query. This ‘interpretation’ of a document content involves extracting syntactic 

and semantic information from the document text and using this information 

to match the user information need. The difficulty is not only knowing how 

to extract this information but also knowing how to use it to decide relevance. 

Thus, the notion of relevance is at the center of information retrieval. In fact, the 

primary goal of an IR system is to retrieve all the documents which are relevant 

to a user query while retrieving as few non-relevant documents as possible. 

1.1.2 Information Retrieval at the Center of the Stage 

In the past 20 years, the area of information retrieval has grown well beyond its 

primary goals of indexing text and searching for useful documents in a collec¬ 

tion. Nowadays, research in IR includes modeling, document classification and 

categorization, systems architecture, user interfaces, data visualization, filtering, 

languages, etc. Despite its maturity, until recently, IR was seen as a narrow 

area of interest mainly to librarians and information experts. Such a tenden¬ 

tious vision prevailed for many years, despite the rapid dissemination, among 

users of modern personal computers, of IR tools for multimedia and hypertext 

applications. In the beginning of the 1990s, a single fact changed once and for 
all these perceptions — the introduction of the World Wide Web. 

The Web is becoming a universal repository of human knowledge and cul¬ 

ture which has allowed unprecedent sharing of ideas and information in a scale 

never seen before. Its success is based on the conception of a standard user 

interface which is always the same no matter what computational environment 

is used to run the interface. As a result, the user is shielded from details of 

communication protocols, machine location, and operating systems. Further, 

any user can create his own Web documents and make them point to any other 

Web documents without restrictions. This is a key aspect because it turns the 

Web into a new publishing medium accessible to everybody. As an immediate 
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consequence, any Web user can push his personal agenda with little effort and 
almost at no cost. This universe without frontiers has attracted tremendous 
attention from millions of people everywhere since the very beginning. Further¬ 
more, it is causing a revolution in the way people use computers and perform 
their daily tasks. For instance, home shopping and home banking are becoming 
very popular and have generated several hundred million dollars in revenues. 

Despite so much success, the Web has introduced new problems of its own. 
Finding useful information on the Web is frequently a tedious and difficult task. 
For instance, to satisfy his information need, the user might navigate the space 
of Web links (i.e., the hyperspace) searching for information of interest. How¬ 
ever, since the hyperspace is vast and almost unknown, such a navigation task is 
usually inefficient. For naive users, the problem becomes harder, which might en¬ 
tirely frustrate all their efforts. The main obstacle is the absence of a well defined 
underlying data model for the Web, which implies that information definition 
and structure is frequently of low quality. These difficulties have attracted re¬ 
newed interest in IR and its techniques as promising solutions. As a result, almost 
overnight, IR has gained a place with other technologies at the center of the stage. 

1.1.3 Focus of the Book 

Despite the great increase in interest in information retrieval, modern textbooks 
on IR with a broad (and extensive) coverage of the various topics in the field 
are still difficult to find. In an attempt to partially fulfill this gap, this book 
presents an overall view of research in IR from a computer scientist’s perspec¬ 
tive. This means that the focus of the book is on computer algorithms and 
techniques used in information retrieval systems. A rather distinct viewpoint 
is taken by librarians and information science researchers, who adopt a human- 
centered interpretation of the IR problem. In this interpretation, the focus is 
on trying to understand how people interpret and use information as opposed 
to how to structure, store, and retrieve information automatically. While most 
of this book is dedicated to the computer scientist’s viewpoint of the IR prob¬ 
lem, the human-centered viewpoint is discussed to some extent in the last two 
chapters. 

We put great emphasis on the integration of the different areas which are 
closed related to the information retrieval problem and thus, should be treated 
together. For that reason, besides covering text retrieval, library systems, user 
interfaces, and the Web, this book also discusses visualization, multimedia re¬ 

trieval, and digital libraries. 

1.2 Basic Concepts 

The effective retrieval of relevant information is directly affected both by the user 
task and by the logical view of the documents adopted by the retrieval system, 

as we now discuss. 

Page 25 of 133



4 INTRODUCTION 

Figure 1.1 Interaction of the user with the retrieval system through distinct tasks. 

1.2.1 The User Task 

The user of a retrieval system has to translate his information need into a query 

in the language provided by the system. With an information retrieval system, 

this normally implies specifying a set of words which convey the semantics of 

the information need. With a data retrieval system, a query expression (such as, 

for instance, a regular expression) is used to convey the constraints that must 

be satisfied by objects in the answer set. In both cases, we say that the user 

searches for useful information executing a retrieval task. 

Consider now a user who has an interest which is either poorly defined 

or which is inherently broad. For instance, the user might be interested in 

documents about car racing in general. In this situation, the user might use 

an interactive interface to simply look around in the collection for documents 

related to car racing. For instance, he might find interesting documents about 

Formula 1 racing, about car manufacturers, or about the ‘24 Hours of Le Mans.’ 

Furthermore, while reading about the ‘24 Hours of Le Mans’, he might turn his 

attention to a document which provides directions to Le Mans and, from there, 

to documents which cover tourism in France. In this situation, we say that 

the user is browsing the documents in the collection, not searching. It is still a 

process of retrieving information, but one whose main objectives are not clearly 

defined in the beginning and whose purpose might change during the interaction 

with the system. 

In this book, we make a clear distinction between the different tasks the 

user of the retrieval system might be engaged in. His task might be of two distinct 

types: information or data retrieval and browsing. Classic information retrieval 

systems normally allow information or data retrieval. Hypertext systems are 

usually tuned for providing quick browsing. Modern digital library and Web 

intei faces might attempt to combine these tasks to provide improved retrieval 

capabilities. However, combination of retrieval and browsing is not yet a well 
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established approach and is not the dominant paradigm. 

Figuie 1.1 illustrates the interaction of the user through the different tasks 

we identify. Information and data retrieval are usually provided by most modern 

information retrieval systems (such as Web interfaces). Further, such systems 

might also piovide some (still limited) form of browsing. While combining infor¬ 

mation and data retrieval with browsing is not yet a common practice, it might 
become so in the future. 

Both retrieval and browsing are, in the language of the World Wide Web, 

pulling actions. That is, the user requests the information in an interactive 

manner. An alternative is to do retrieval in an automatic and permanent fashion 

using software agents which push the information towards the user. For instance, 

information useful to a user could be extracted periodically from a news service. 

In this case, we say that the IR system is executing a particular retrieval task 

which consists of filtering relevant information for later inspection by the user. 
We briefly discuss filtering in Chapter 2. 

1.2.2 Logical View of the Documents 

Due to historical reasons, documents in a collection are frequently represented 

through a set of index terms or keywords. Such keywords might be extracted 

directly from the text of the document or might be specified by a human subject 

(as frequently done in the information sciences arena). No matter whether these 

representative keywords are derived automatically or generated by a specialist, 

they provide a logical view of the document. For a precise definition of the concept 

of a document and its characteristics, see Chapter 6. 

Modern computers are making it possible to represent a document by its 

full set of words. In this case, we say that the retrieval system adopts a full text 

logical view (or representation) of the documents. With very large collections, 

however, even modern computers might have to reduce the set of representa¬ 

tive keywords. This can be accomplished through the elimination of stopwords 

(such as articles and connectives), the use of stemming (which reduces distinct 

words to their common grammatical root), and the identification of noun groups 

(which eliminates adjectives, adverbs, and verbs). Further, compression might 

be employed. These operations are called text operations (or transformations) 

and are covered in detail in Chapter 7. Text operations reduce the complexity 

of the document representation and allow moving the logical view from that of 

a full text to that of a set of index terms. 

The full text is clearly the most complete logical view of a document but 

its usage usually implies higher computational costs. A small set of categories 

(generated by a human specialist) provides the most concise logical view of a 

document but its usage might lead to retrieval of poor quality. Several interme¬ 

diate logical views (of a document) might be adopted by an information retrieval 

system as illustrated in Figure 1.2. Besides adopting any of the intermediate 

representations, the retrieval system might also recognize the internal structure 

normally present in a document (e.g., chapters, sections, subsections, etc.). This 
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Figure 1.2 Logical view of a document: from full text to a set of index terms. 

information on the structure of the document might be quite useful and is re¬ 

quired by structured text retrieval models such as those discussed in Chapter 2. 

As illustrated in Figure 1.2, we view the issue of logically representing 

a document as a continuum in which the logical view of a document might 

shift (smoothly) from a full text representation to a higher level representation 
specified by a human subject. 

1.3 Past, Present, and Future 

1.3.1 Early Developments 

For approximately 4000 years, man has organized information for later retrieval 

and usage. A typical example is the table of contents of a book. Since the volume 

of information eventually grew beyond a few books, it became necessary to build 

specialized data structures to ensure faster access to the stored information. An 

old and popular data structure for faster information retrieval is a collection 

of selected words or concepts with which are associated pointers to the related 

information (or documents) — the index. In one form or another, indexes are at 

the core of every modern information retrieval system. They provide faster access 

to the data and allow the query processing task to be speeded up. A detailed 

coverage of indexes and their usage for searching can be found in Chapter 8. 

For centuries, indexes were created manually as categorization hierarchies. 

In fact, most libraries still use some form of categorical hierarchy to classify 

theii volumes (or documents), as discussed in Chapter 14. Such hierarchies have 

usually been conceived by human subjects from the library sciences field. More 

recently, the advent of modern computers has made possible the construction of 

large indexes automatically. Automatic indexes provide a view of the retrieval 

problem which is much more related to the system itself than to the user need. 
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In this respect, it is important to distinguish between two different views of the 

IR problem: a computer-centered one and a human-centered one. 

In the computer-centered view, the IR problem consists mainly of building 

up efficient indexes, processing user queries with high performance, and devel¬ 

oping ranking algorithms which improve the ‘quality’ of the answer set. In the 

human-centered view, the IR problem consists mainly of studying the behav¬ 

ior of the user, of understanding his main needs, and of determining how such 

understanding affects the organization and operation of the retrieval system. Ac¬ 

cording to this view, keyword based query processing might be seen as a strategy 

which is unlikely to yield a good solution to the information retrieval problem 
in the long run. 

In this book, we focus mainly on the computer-centered view of the IR 

problem because it continues to be dominant in the market place. 

1.3.2 Information Retrieval in the Library 

Libraries were among the first institutions to adopt IR systems for retrieving 

information. Usually, systems to be used in libraries were initially developed by 

academic institutions and later by commercial vendors. In the first generation, 

such systems consisted basically of an automation of previous technologies (such 

as card catalogs) and basically allowed searches based on author name and ti¬ 

tle. In the second generation, increased search functionality was added which 

allowed searching by subject headings, by keywords, and some more complex 

query facilities. In the third generation, which is currently being deployed, the 

focus is on improved graphical interfaces, electronic forms, hypertext features, 

and open system architectures. 
Traditional library management system vendors include Endeavor Infor¬ 

mation Systems Inc., Innovative Interfaces Inc., and EOS International. Among 

systems developed with a research focus and used in academic libraries, we dis¬ 

tinguish Okapi (at City University, London), MELVYL (at University of Califor¬ 

nia), and Cheshire II (at UC Berkeley). Further details on these library systems 

can be found in Chapter 14. 

1.3.3 The Web and Digital Libraries 

If we consider the search engines on the Web today, we conclude that they 

continue to use indexes which are very similar to those used by librarians a 

century ago. What has changed then? 
Three dramatic and fundamental changes have occurred due to the ad¬ 

vances in modern computer technology and the boom of the Web. First, it 

became a lot cheaper to have access to various sources of information. This al¬ 

lows reaching a wider audience than ever possible before. Second, the advances 

in all kinds of digital communication provided greater access to networks. This 

implies that the information source is available even if distantly located and that 
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the access can be done quickly (frequently, in a few seconds). Third, the freedom 

to post whatever information someone judges useful has greatly contributed to 

the popularity of the Web. For the first time in history, many people have free 

access to a large publishing medium. 

Fundamentally, low cost, greater access, and publishing freedom have al¬ 

lowed people to use the Web (and modern digital libraries) as a highly inter¬ 

active medium. Such interactivity allows people to exchange messages, photos, 

documents, software, videos, and to ‘chat’ in a convenient and low cost fashion. 

Further, people can do it at the time of their preference (for instance, you can 

buy a book late at night) which further improves the convenience of the service. 

Thus, high interactivity is the fundamental and current shift in the communi¬ 

cation paradigm. Searching the Web is covered in Chapter 13, while digital 
libraries are covered in Chapter 15. 

In the future, three main questions need to be addressed. First, despite 

the high interactivity, people still find it difficult (if not impossible) to retrieve 

information relevant to their information needs. Thus, in the dynamic world 

of the Web and of large digital libraries, which techniques will allow retrieval 

of higher quality? Second, with the ever increasing demand for access, quick 

response is becoming more and more a pressing factor. Thus, which techniques 

will yield faster indexes and smaller query response times? Third, the quality 

of the retrieval task is greatly affected by the user interaction with the system. 

Thus, how will a better understanding of the user behavior affect the design and 
deployment of new information retrieval strategies? 

1.3.4 Practical Issues 

Electronic commerce is a major trend on the Web nowadays and one which has 

benefited millions of people. In an electronic transaction, the buyer usually has 

to submit to the vendor some form of credit information which can be used for 

charging for the product or service. In its most common form, such information 

consists of a credit card number. However, since transmitting credit card num¬ 

bers over the Internet is not a safe procedure, such data is usually transmitted 

over a fax line. This implies that, at least in the beginning, the transaction 

between a new user and a vendor requires executing an off-line procedure of 

several steps before the actual transaction can take place. This situation can 

be improved if the data is encrypted for security. In fact, some institutions and 

companies already provide some form of encryption or automatic authentication 
for security reasons. 

However, security is not the only concern. Another issue of major interest 

is privacy. Frequently, people are willing to exchange information as long as it 

does not become public. The reasons are many but the most common one is 

to protect oneself against misuse of private information by third parties. Thus, 

privacy is another issue which affects the deployment of the Web and which has 
not been properly addressed yet. 

Two other very important issues are copyright and patent rights. It is far 
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from cleai how the wide spread of data on the Web affects copyright and patent 

laws in the various countries. This is important because it affects the business 

of building up and deploying large digital libraries. For instance, is a site which 

supervises all the information it posts acting as a publisher? And if so, is it 

responsible for a misuse of the information it posts (even if it is not the source)? 

Additionally, other practical issues of interest include scanning, optical 
character recognition (OCR), and cross-language retrieval (in which the query 

is in one language but the documents retrieved are in another language). In this 

book, however, we do not cover practical issues in detail because it is not our 

main focus. The reader interested in details of practical issues is referred to the 
interesting book by Lesk [501]. 

1.4 The Retrieval Process 

At this point, we are ready to detail our view of the retrieval process. Such a 

process is interpreted in terms of component subprocesses whose study yields 
many of the chapters in this book. 

To describe the retrieval process, we use a simple and generic software 

architecture as shown in Figure 1.3. First of all, before the retrieval process can 

even be initiated, it is necessary to define the text database. This is usually done 

by the manager of the database, which specifies the following: (a) the documents 

to be used, (b) the operations to be performed on the text, and (c) the text model 

(i.e., the text structure and what elements can be retrieved). The text operations 

transform the original documents and generate a logical view of them. 

Once the logical view of the documents is defined, the database manager 

(using the DB Manager Module) builds an index of the text. An index is a 

critical data structure because it allows fast searching over large volumes of 

data. Different index structures might be used, but the most popular one is the 

inverted file as indicated in Figure 1.3. The resources (time and storage space) 

spent on defining the text database and building the index are amortized by 

querying the retrieval system many times. 

Given that the document database is indexed, the retrieval process can be 

initiated. The user first specifies a user need which is then parsed and trans¬ 

formed by the same text operations applied to the text. Then, query operations 

might be applied before the actual query, which provides a system representation 

for the user need, is generated. The query is then processed to obtain the re¬ 

trieved documents. Fast query processing is made possible by the index structure 

previously built. 
Before been sent to the user, the retrieved documents are ranked according 

to a likelihood of relevance. The user then examines the set of ranked documents 

in the search for useful information. At this point, he might pinpoint a subset 

of the documents seen as definitely of interest and initiate a user feedback cycle. 

In such a cycle, the system uses the documents selected by the user to change 

the query formulation. Hopefully, this modified query is a better representation 
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Figure 1.3 The process of retrieving information (the numbers beside each box in¬ 

dicate the chapters that cover the corresponding topic). 

of the real user need. 

The small numbers outside the lower right corner of various boxes in Fig¬ 

ure 1.3 indicate the chapters in this book which discuss the respective subpro¬ 

cesses in detail. A brief introduction to each of these chapters can be found in 
section 1.5. 

Consider now the user interfaces available with current information re¬ 

trieval systems (including Web search engines and Web browsers). We first 

notice that the user almost never declares his information need. Instead, he is 

required to provide a direct representation for the query that the system will 

execute. Since most users have no knowledge of text and query operations, the 

query they provide is frequently inadequate. Therefore, it is not surprising to 

observe that poorly formulated queries lead to poor retrieval (as happens so often 
on the Web). 

1.5 Organization of the Book 

For ease of comprehension, this book has a straightforward structure in which 

four main parts are distinguished: text IR, human-computer interaction (HCI) 
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for IR, multimedia IR, and applications of IR. Text IR discusses the classic prob¬ 

lem of searching a collection of documents for useful information. HCl for IR 

discusses current trends in IR towards improved user interfaces and better data 

visualization tools. Multimedia IR discusses how to index document images and 

other binary data by extracting features from their content and how to search 

them efficiently. On the other hand, document images that are predominantly 

text (rather than pictures) are called textual images and are amenable to au¬ 

tomatic extraction of keywords through metadescriptors, and can be retrieved 

using text IR techniques. Applications of IR covers modern applications of IR 

such as the Web, bibliographic systems, and digital libraries. Each part is divided 
into topics which we now discuss. 

1.5.1 Book Topics 

The four parts which compose this book are subdivided into eight topics as 

illustrated in Figure 1.4. These eight topics are as follows. 

The topic Retrieval Models & Evaluation discusses the traditional models 

of searching text for useful information and the procedures for evaluating an 

information retrieval system. The topic Improvements on Retrieval discusses 

techniques for transforming the query and the text of the documents with the 

aim of improving retrieval. The topic Efficient Processing discusses indexing and 

searching approaches for speeding up the retrieval. These three topics compose 

the first part on Text IR. 
The topic Interfaces & Visualization covers the interaction of the user with 

the information retrieval system. The focus is on interfaces which facilitate the 

process of specifying a query and provide a good visualization of the results. 

The topic Multimedia Modeling & Searching discusses the utilization of mul¬ 

timedia data with information retrieval systems. The focus is on modeling, index¬ 

ing, and searching multimedia data such as voice, images, and other binary data. 

TEXT IR 

Figure 1.4 Topics which compose the book and their relationships. 
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The part on applications of IR is composed of three interrelated topics: 

The Web, Bibliographic Systems, and Digital Libraries. Techniques developed 

for the first two applications support the deployment of the latter. 

The eight topics distinguished above generate the 14 chapters, besides this 

introduction, which compose this book and which we now briefly introduce. 

1.5.2 Book Chapters 

Figure 1.5 illustrates the overall structure of this book. The reasoning which 

yielded the chapters from 2 to 15 is as follows. 

TEXT IR 

HUMAN-COMPUTER 

INTERACTION FOR IR 

MULTIMEDIA IR 

APPLICATIONS OF IR 

Models & 

Evaluation 

Improvements 

on Retrieval 

Efficient 

Processing 

Figure 1.5 Structure of the book. 

In the traditional keyword-based approach, the user specifies his informa¬ 

tion need by providing sets of keywords and the information system retrieves the 

documents which best approximate the user query. Also, the information system 
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might attempt to rank the retrieved documents using some measure of relevance. 

This i anking task is critical in the process of attempting to satisfy the user infor¬ 

mation need and is the main goal of modeling in IR. Thus, information retrieval 

models are discussed early in Chapter 2. The discussion introduces many of the 

fundamental concepts in information retrieval and lays down much of the foun¬ 

dation for the subsequent chapters. Our coverage is detailed and broad. Classic 

models (Boolean, vector, and probabilistic), modern probabilistic variants (belief 

network models), alternative paradigms (extended Boolean, generalized vector, 

latent semantic indexing, neural networks, and fuzzy retrieval), structured text 

retrieval, and models for browsing (hypertext) are all carefully introduced and 
explained. 

Once a new retrieval algorithm (maybe based on a new retrieval model) 

is conceived, it is necessary to evaluate its performance. Traditional evaluation 

strategies usually attempt to estimate the costs of the new algorithm in terms 

of time and space. With an information retrieval system, however, there is the 

additional issue of evaluating the relevance of the documents retrieved. For this 

purpose, text reference collections and evaluation procedures based on variables 

other than time and space are used. Chapter 3 is dedicated to the discussion of 
retrieval evaluation. 

In traditional IR, queries are normally expressed as a set of keywords which 

is quite convenient because the approach is simple and easy to implement. How¬ 

ever, the simplicity of the approach prevents the formulation of more elaborate 

querying tasks. For instance, queries which refer to both the structure and the 

content of the text cannot be formulated. To overcome this deficiency, more 

sophisticated query languages are required. Chapter 4 discusses various types 

of query languages. Since now the user might refer to the structure of a docu¬ 

ment in his query, this structure has to be defined. This is done by embedding 

the description of a document content and of its structure in a text language 

such as the Standard Generalized Markup Language (SGML). As illustrated in 

Figure 1.5, Chapter 6 is dedicated to the discussion of text languages. 

Retrieval based on keywords might be of fairly low quality. Two possible 

reasons are as follows. First, the user query might be composed of too few 

terms which usually implies that the query context is poorly characterized. This 

is frequently the case, for instance, in the Web. This problem is dealt with 

through transformations in the query such as query expansion and user relevance 

feedback. Such query operations are covered in Chapter 5. Second, the set of 

keywords generated for a given document might fail to summarize its semantic 

content properly. This problem is dealt with through transformations in the text 

such as identification of noun groups to be used as keywords, stemming, and the 

use of a thesaurus. Additionally, for reasons of efficiency, text compression can 

be employed. Chapter 7 is dedicated to text operations. 

Given the user query, the information system has to retrieve the documents 

which are related to that query. The potentially large size of the document collec¬ 

tion (e.g., the Web is composed of millions of documents) implies that specialized 

indexing techniques must be used if efficient retrieval is to be achieved. Thus, to 

speed up the task of matching documents to queries, proper indexing and search- 
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ing techniques are used as discussed in Chapter 8. Additionally, query processing 

can be further accelerated through the adoption of parallel and distributed IR 

techniques as discussed in Chapter 9. 

As illustrated in Figure 1.5, all the key issues regarding Text IR, from 

modeling to fast query processing, are covered in this book. 

Modern user interfaces implement strategies which assist the user to form 

a query. The main objective is to allow him to define more precisely the context 

associated to his information need. The importance of query contextualization 

is a consequence of the difficulty normally faced by users during the querying 

process. Consider, for instance, the problem of quickly finding useful information 

in the Web. Navigation in hyperspace is not a good solution due to the absence 

of a logical and semantically well defined structure (the Web has no underlying 

logical model). A popular approach for specifying a user query in the Web 

consists of providing a set of keywords which are searched for. Unfortunately, the 

number of terms provided by a common user is small (typically, fewer than four) 

which usually implies that the query is vague. This means that new user interface 

paradigms which assist the user with the query formation process are required. 

Further, since a vague user query usually retrieves hundreds of documents, the 

conventional approach of displaying these documents as items of a scrolling list is 

clearly inadequate. To deal with this problem, new data visualization paradigms 

have been proposed in recent years. The main trend is towards visualization of 

a large subset of the retrieved documents at once and direct manipulation of the 

whole subset. User interfaces for assisting the user to form his query and current 

approaches for visualization of large data sets are covered in Chapter 10. 

Following this, we discuss the application of IR techniques to multimedia 

data. The key issue is how to model, index, and search structured documents 

which contain multimedia objects such as digitized voice, images, and other 

binary data. Models and query languages for office and medical information 

retrieval systems are covered in Chapter 11. Efficient indexing and searching of 

multimedia objects is covered in Chapter 12. Some readers may argue that the 

models and techniques for multimedia retrieval are rather different from those 

for classic text retrieval. However, we take into account that images and text 

are usually together and that with the Web, other media types (such as video 

and audio) can also be mixed in. Therefore, we believe that in the future, all 

the above will be treated in a unified and consistent manner. Our book is a first 
step in that direction. 

The final three chapters of the book are dedicated to applications of mod¬ 

ern information retrieval: the Web, bibliographic systems, and digital libraries. 

As illustrated in Figure 1.5, Chapter 13 presents the Web and discusses the main 

problems related to the issue of searching the Web for useful information. Also, 

our discussion covers briefly the most popular search engines in the Web present- 

ing particularities of their organization. Chapter 14 covers commercial document 

databases and online public access catalogs. Commercial document databases 

are still the largest information retrieval systems nowadays. LEXIS-NEXIS, for 

instance, has a database with 1.3 billion documents and attends to over 120 

million query requests annually. Finally, Chapter 15 discusses modern digital 
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libraries. Architectural issues, models, prototypes, and standards are all cov¬ 

ered. The discussion also introduces the ‘5S' model (streams, structures, spaces, 

scenarios and societies) as a framework for providing theoretical and practical 
unification of digital libraries. 

1.6 How to Use this Book 

Although several people have contributed chapters for this book, it is really a 

textbook. The contents and the structure of the book have been carefully de¬ 

signed by the two main authors who also authored or coauthored nine of the 

15 chapters in the book. Further, all the contributed chapters have been judi¬ 

ciously edited and integrated into a unifying framework that provides uniformity 

in structure and style, a common glossary, a common bibliography, and appro¬ 

priate cross-references. At the end of each chapter, a discussion on research 

issues, trends, and selected bibliography is included. This discussion should be 

useful for graduate students as well as for researchers. Furthermore, the book is 

complemented by a Web page with additional information and resources. 

1.6.1 Teaching Suggestions 

This textbook can be used in many different areas including computer science 

(CS), information systems, and library science. The following list gives suggested 

contents for different courses at the undergraduate and graduate level, based on 

syllabuses of many universities around the world: 

• Information Retrieval (Computer Science, undergraduate): this is the 

standard course for many CS programs. The minimum content should 

include Chapters 1 to 8 and Chapter 10, that is, most of the part on Text 

IR complemented with the chapter on user interfaces. Some specific topics 

of those chapters, such as more advanced models for IR and sophisticated 

algorithms for indexing and searching, can be omitted to fit a one term 

course. The chapters on Applications of IR can be mentioned briefly at the 

end. 

• Advanced Information Retrieval (Computer Science, graduate): sim¬ 

ilar to the previous course but with more detailed coverage of the various 

chapters particularly modeling and searching (assuming the previous course 

as a requirement). In addition, Chapter 9 and Chapters 13 to 15 should 

be covered completely. Emphasis on research problems and new results is 

a must. 

« Information Retrieval (Information Systems, undergraduate): this 

course is similar to the CS course, but with a different emphasis. It should 

include Chapters 1 to 7 and Chapter 10. Some notions from Chapter 8 are 
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useful but not crucial. At the end, the system-oriented parts of the chap¬ 

ters on Applications of IR, in particular those on Bibliographic Systems 

and Digital Libraries, must be covered (this material can be complemented 

with topics from [501]). 

• Information Retrieval (Library Science, undergraduate): similar to the 

previous course, but removing the more technical and advanced material of 

Chapters 2, 5, and 7. Also, greater emphasis should be put on the chapters 

on Bibliographic Systems and Digital Libraries. The course should be 

complemented with a thorough discussion of the user-centered view of the 

IR problem (for example, using the book by Allen [13]). 

• Multimedia Retrieval (Computer Science, undergraduate or graduate): 

this course should include Chapters 1 to 3, 6, and 11 to 15. The emphasis 

could be on multimedia itself or on the integration of classical IR with 

multimedia. The course can be complemented with one of the many books 

on this topic, which are usually more broad and technical. 

• Topics in IR (Computer Science, graduate): many chapters of the book 

can be used for this course. It can emphasize modeling and evaluation or 

user interfaces and visualization. It can also be focused on algorithms and 

data structures (in that case, [275] and [825] are good complements). A 

multimedia focus is also possible, starting with Chapters 11 and 12 and 
using more specific books later on. 

• Topics in IR (Information Systems or Library Science, graduate) similar 

to the above but with emphasis on non-technical parts. For example, the 

course could cover modeling and evaluation, query languages, user inter¬ 

faces, and visualization. The chapters on applications can also be consid¬ 
ered. 

• Web Retrieval and Information Access (generic, undergraduate or 

graduate): this course should emphasize hypertext, concepts coming from 

networks and distributed systems and multimedia. The kernel should be 

the basic models of Chapter 2 followed by Chapters 3, 4, and 6. Also, 
Chapters 11 and 13 to 15 should be discussed. 

• Digital Libraries (generic, undergraduate or graduate): This course could 

start with part of Chapters 2 to 4 and 6, followed by Chapters 10, 14, and 

15. The kernel of the course could be based on the book by Lesk [501]. 

More bibliography useful for many of the courses above is discussed in the last 
section of this chapter. 

1.6.2 The Book’s Web Page 

As IR is a very dynamic area nowadays, a book by itself is not enough. For that 

leason (and many others), the book has a Web home page located and mirrored 

in the following places (mirrors in USA and Europe are also planned): 
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• Brazil: http://www.dcc.ufmg.br/irbook 

• Chile: http://sunsite.dcc.uchile.cl/irbook 

Comments, suggestions, contributions, or mistakes found are welcome through 
email to the contact authors given on the Web page. 

The Web page contains the Table of Contents, Preface, Acknowledgements, 
Introduction, Glossary, and other appendices to the book. It also includes exer¬ 

cises and teaching materials that will be increasing in volume and changing with 

time. In addition, a reference collection (containing 1239 documents on Cystic 

Fibrosis and 100 information requests with extensive relevance evaluation [721]) 

is available for experimental purposes. Furthermore, the page includes useful 

pointers to IR syllabuses in different universities, IR research groups. IR pub¬ 

lications, and other resources related to IR and this book. Finally, any new 

important results or additions to the book as well as an errata will be made 
publicly available there. 

1.7 Bibliographic Discussion 

Many other books have been written on information retrieval, and due to the 

current widespread interest in the subject, new books have appeared recently. 

In the following, we briefly compare our book with these previously published 
works. 

Classic references in the field of information retrieval are the books by van 

Rijsbergen [785] and Salton and McGill [698]. Our distinction between data 

and information retrieval is borrowed from the former. Our definition of the 

information retrieval process is influenced by the latter. However, almost 20 

years later, both books are now outdated and do not cover many of the new 

developments in information retrieval. 

Three more recent and also well known references in information retrieval 

are the book edited by Frakes and Baeza-Yates [275], the book by Witten, Moffat, 

and Bell [825], and the book by Lesk [501]. All these three books are comple¬ 

mentary to this book. The first is focused on data structures and algorithms 

for information retrieval and is useful whenever quick prototyping of a known 

algorithm is desired. The second is focused on indexing and compression, and 

covers images besides text. For instance, our definition of a textual image is bor¬ 

rowed from it. The third is focused on digital libraries and practical issues such 

as history, distribution, usability, economics, and property rights. On the issue 

of computer-centered and user-centered retrieval, a generic book on information 

systems that takes the latter view is due to Allen [13]. 

There are other complementary books for specific chapters. For example, 

there are many books on IR and hypertext. The same is true for generic or 

specific multimedia retrieval, as images, audio or video. Although not an infor¬ 

mation retrieval title, the book by Rosenfeld and Morville [682] on information 

architecture of the Web, is a good complement to our chapter on searching the 
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Web. The book by Menasce and Almeida [554] demonstrates how to use queue¬ 

ing theory for predicting Web server performance. In addition, there are many 

books that explain how to find information on the Web and how to use search 

engines. 

The reference edited by Sparck Jones and Willet [414], which was long 

awaited, is really a collection of papers rather than an edited book. The co¬ 

herence and breadth of coverage in our book makes it more appropriate as a 

textbook in a formal discipline. Nevertheless, this collection is a valuable re¬ 

search tool. A collection of papers on cross-language information retrieval was 

recently edited by Grefenstette [323]. This book is a good complement to ours 

for people interested in this particular topic. Additionally, a collection focused 

on intelligent IR was edited recently by Maybury [550], and another collection 

on natural language IR edited by Strzalkowski will appear soon [748]. 

The book by Korfhage [451] covers a lot less material and its coverage 

is not as detailed as ours. For instance, it includes no detailed discussion of 

digital libraries, the Web, multimedia, or parallel processing. Similarly, the 

books by Kowalski [459] and Shapiro et al. [719] do not cover these topics in 

detail, and have a different orientation. Finally, the recent book by Grossman 

and Frieder [326] does not discuss the Web, digital libraries, or visual interfaces. 

For people interested in research results, the main journals on IR are: Jour¬ 

nal of the American Society of Information Sciences (JASIS) published by Wiley 

and Sons, ACM Transactions on Information Systems, Information Processing 

& Management (IP&M, Elsevier), Information Systems (Elsevier), Information 

Retrieval (Kluwer), and Knowledge and Information Systems (Springer). The 

main conferences are: ACM SIGIR International Conference on Information Re¬ 

trieval, ACM International Conference on Digital Libraries (ACM DL), ACM 

Conference on Information Knowledge and Management (CIKM), and Text RE- 

trieval Conference (TREC). Regarding events of regional influence, we would like 

to acknowledge the SPIRE (South American Symposium on String Processing 
and Information Retrieval) symposium. 
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Chapter 13 

Searching the Web 

13.1 Introduction 

The World Wide Web dates from the end of the 1980s [85] and no one could 

have imagined its current impact. The boom in the use of the Web and its 

exponential growth are now well known. Just the amount of textual data avail¬ 

able is estimated to be in the order of one terabyte. In addition, other media, 

such as images, audio, and video, are also available. Thus, the Web can be seen 

as a very large, unstructured but ubiquitous database. This triggers the need 

for efficient tools to manage, retrieve, and filter information from this database. 

This problem is also becoming important in large intranets, where we want to 

extract or infer new information to support a decision process, a task called data 

mining. As mentioned in Chapter 1, we make the important distinction between 

data and information retrieval. We are interested in the latter case, in which the 

user searches for data that fulfills his information need. 
We focus on text, because although there are techniques to search for im¬ 

ages and other non-textual data, they cannot be applied (yet) on a large scale. 

We also emphasize syntactic search. That is, we search for Web documents that 

have user-specified words or patterns in their text. As discussed in Chapter 2, 

such words or patterns may or may not reflect the intrinsic semantics of the 

text. An alternative approach to syntactic search is to do a natural language 

analysis of the text. Although the techniques to preprocess natural language and 

extract the text semantics are not new, they are not yet very effective and they 

are also too costly for large amounts of data. In addition, in most cases they 

are only effective with well structured text, a thesaurus, and other contextual 

information. . _ , 
There are basically three different forms of searching the Web. Two ot 

them are well known and are frequently used. The first is to use search engines 

that index a portion of the Web documents as a full-text database. The second is 

to use Web directories, which classify selected Web documents by subject. The 

third and not yet fully available, is to search the Web exploiting its hyperlinkf 

f We will use hyperlink or link to denote a pointer (anchor) from a Web page to another Web 

page. 
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structure. We cover all three forms of Web search here. 

We first discuss the challenges of searching the Web, followed by some Web 

statistics and models which can be used to understand the complexity of the 

problem. Next, we discuss in detail the main tools used today to search the 

Web. The discussion includes search engines, Web directories, hybrid systems, 

user interfaces, and searching examples. We continue with new query languages 

that exploit the graphical structure of the Web. Finally, we survey current trends 

and research issues. As Web research is a very dynamic field, we may have missed 
some important work, for which we apologize in advance. 

13.2 Challenges 

We now mention the main problems posed by the Web. We can divide them in 

two classes: problems with the data itself and problems regarding the user and 

his interaction with the retrieval system. The problems related to the data are: 

• Distributed data: due to the intrinsic nature of the Web, data spans over 

many computers and platforms. These computers are interconnected with 

no predefined topology and the available bandwidth and reliability on the 
network interconnections varies widely. 

• High percentage of volatile data: due to Internet dynamics, new com¬ 

puters and data can be added or removed easily (it is estimated that 40% 

of the Web changes every month [424]). We also have dangling links and 

relocation problems when domain or file names change or disappear. 

• Large volume: the exponential growth of the Web poses scaling issues 
that are difficult to cope with. 

• Unstructured and redundant data: most people say that the Web is 

a distributed hypertext. However, this is not exactly so. Any hypertext 

has a conceptual model behind it, which organizes and adds consistency 

to the data and the hyperlinks. That is hardly true in the Web even for 

individual documents. In addition, each HTML page is not well structured 

and some people use the term semi-structured data. Moreover, much Web 

repeated (mirrored or copied) or very similar. Approximately 30% 
of Web pages are (near) duplicates [120, 723], Semantic redundancy can 
be even larger. 

• Quality of data: the Web can be considered as a new publishing medium. 

• °TrCT; there 1S’m m°St Cases’ no editorial Process. So, data can be false 
mva ld (for example, because it is too old), poorly written or, typically, with 

many errors from different sources (typos, grammatical mistakes, OCR 

errors, etc.). Preliminary studies show that the number of words with 

typos can range from 1 in 200 for common words to 1 in 3 for foreign 
surnames [588]. 6 
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• Heterogeneous data: in addition to having to deal with multiple media 

types and hence with multiple formats, we also have different languages 

and, what is worse, different alphabets, some of them very large (for ex¬ 

ample, Chinese or Japanese Kanji). 

Most of these problems (such as the variety of data types and poor data quality) 

are not solvable simply by software improvements. In fact, many of them will 

not change (and they should not, as in the case of language diversity!) because 

they are problems (also features) intrinsic to human nature. 

The second class of problems are those faced by the user during the in¬ 

teraction with the retrieval system. There are basically two problems: (1) how 

to specify a query and (2) how to interpret the answer provided by the system. 

Without taking into account the semantic content of a document, it is not easy 

to precisely specify a query, unless it is very simple. Further, even if the user is 

able to pose the query, the answer might be a thousand Web pages. How do we 

handle a large answer? How do we rank the documents? How do we select the 

documents that really are of interest to the user? In addition, a single document 

could be large. How do we browse efficiently in large documents? 

So, the overall challenge, in spite of the intrinsic problems posed by the 

Web, is to submit a good query to the search system, and obtain a manageable 

and relevant answer. Moreover, in practice we should try to achieve the latter 

goal even for poorly formulated queries. In the rest of this chapter, we use 

the term Web pages for HTML documents (HTML is described in Chapter 6). 

To denote all possible data types available on the Web, we use the term Web 

documents. 

13.3 Characterizing the Web 

13.3.1 Measuring the Web 

Measuring the Internet and in particular the Web, is a difficult task due to its 

highly dynamic nature. Nowadays, there are more than 40 million computers 

in more than 200 countries connected to the Internet, many of them hosting 

Web servers. The estimated number of Web servers ranges from 2.4 million 

according to NetSizer [597] (November 1998) to over three million according 

to the Netcraft Web survey [596] (October 1998). This wide range might be 

explained when we consider that there are many Web sites that share the same 

Web server using virtual hosts, that not all of them are fully accessible, that 

many of them are provisional, etc. Other estimations were made by sampling 

0.1% of all Internet numeric addresses obtaining about 2 million unique Web 

sites [619] or by counting domain names starting with www which in July 1998 

were 780,000 according to the Internet Domain survey [599]. However, since not 

all Web servers have this prefix, the real number is even higher. Considering 

that in July 1998 the number of Internet hosts was estimated at 36.7 million 

[599], there is about one Web server per every ten computers connected to the 
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Internet. The characterization of the Web is a new task of the Web Consortium 
[797]. 

In two interesting articles, already (sadly) outdated, Bray [114] and 

Woodruff et al. [834] studied different statistical measures of the Web. The 

first study uses 11 million pages while the second uses 2.6 million pages, with 

both sets gathered in November 1995. Their characterization of Web pages is 

partially reproduced in the following paragraphs. A first question is how many 

different institutions (not Web servers) maintain Web data. This number is 

smaller than the number of servers, because many places have multiple servers. 

The exact number is unknown, but should be more than 40% of the number of 

Web servers (this percentage was the value back in 1995). The exact number 

of Web pages is also not known. Estimates at the beginning of 1998 ranged 

from 200 to 320 million, with 350 million as the best current estimate (July 1998 

[91]). The latter study used 20,000 random queries based on a lexicon of 400,000 

words extracted from Yahoo!. Those queries were submitted to four search en¬ 

gines and the union of all the answers covered about 70% of the Web. Figure 

13.1 gives an approximation of how the number of Web servers and the number 

of pages have changed in recent years. Between 1997 and 1998, the size of the 

Web doubled in nine months and is currently growing at a rate of 20 million 

pages per month. On the other hand, it is estimated that the 30,000 largest Web 

sites (about 1% of the Web) account for approximately 50% of all Web pages 
[619]. 6 

The most popular formats for Web documents are HTML, followed by 

GIF and JPG (both for images), ASCII text, and Postscript, in that order. 

The most popular compression tools used are GNU zip, Zip, and Compress 

What is a typical HTML page? First, most HTML pages are not standard, 

meaning that they do not comply with all the HTML specifications. In ad- 

Figure 13.1 Approximate growth of the Web. 
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dition, although HTML is an instance of SGML, HTML documents seldom 

start with a formal document type definition. Second, they are small (around 

5 Kbs on average with a median of 2 Kbs) and usually contain few images 

(between one and two on average with an average size of 14 Kb). The pages 

that have images use them for presentation issues such as colored bullets and 

lines. An average page has between five and 15 hyperlinks (more than eight 

links on average) and most of them are local (that is, they point to pages 

in their own Web server hierarchy). On average, no external server points to 

any given page (typically, there are only local links pointing to a given page). 

This is true even for home pages of Web sites. In fact, in 1995, around 80% 

of these home pages had fewer than ten external links pointing to each of 

them. 
The top ten most referenced sites are Microsoft, Netscape, Yahoo!, and top 

US universities. In these cases we are talking about sites which are referenced by 

at least 100,000 places. On the other hand, the site with most links to outside 

sites is Yahoo!. In some sense, Yahoo! and other directories are the glue of the 

Web. Without them we would have many isolated portions (which is the case 

with many personal Web pages). If we assume that the average HTML page has 

5 Kb and that there are 300 million Web pages, we have at least 1.5 terabytes of 

text. This is consistent with other measures obtained from search engines. Note 

that this volume does not include non-textual documents. 
Regarding the languages used in Web pages, there have been three studies 

made. The first study was done by Funredes [637] from 1996 to 1998. It uses 

the AltaVista search engine and is based on searching different words in different 

languages. This technique might not be significant statistically, but the results 

are consistent with the second study which was carried out by Alis Technology 

[11] and is based on automatic software that can detect the language used. One 

of the goals of the study was to test such software (done in 8000 Web servers). 

The last study was done by OCLC in June of 1998 [619] by sampling Internet 

numeric addresses and using the SILC language identification software. Table 

13.1 gives the percentages of Web pages written in each language (with the 

exception of the OCLC data that counts Web sites), as well as the number of 

people (millions) who speak the language. The variations for Japanese might 

be due to an inability to detect pages written in Kanji. Some languages, m 

particular Spanish and Portuguese, are growing fast and will surpass French in 

the near future. The total number of languages exceeds 100. 

13.3.2 Modeling the Web 

Can we model the document characteristics of the whole Web? Yes, as has 

already been discussed partially in Chapter 6. The Heaps’ and Zipf’s laws are 

also valid in the Web. In particular, the vocabulary grows faster (larger (5) and 

the word distribution should be more biased (larger 6). However, there are no 

experiments on large Web collections to measure these parameters. 
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Language Funredes 

(1998, %) 
Alis Tech. 

(June 1997, %) 
OCLC 

(June 1998, %) 
Spoken by 

(millions) 
English 76.4 82.3 71 450 
Japanese 4.8 1.6 4 126 
German 4.4 4.0 7 118 
French 2.9 1.5 3 122 
Spanish 2.6 1.1 3 266 
Italian 1.5 0.8 1 63 
Portuguese 0.8 0.7 2 175 

Table 13.1 Languages of the Web. 

.1 III. 

log(File Size) 
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Figure 13.2 Left: Distribution for all file sizes (courtesy of M. Crovella, 1998). Right: 

Right tail distribution for different file types (from Crovella and Bestavros, 1996) All 

logarithms are in base 10. 

An additional model is related to the distribution of document sizes. Ac¬ 

cording to this model, the document sizes are self-similar [201], that is, they have 

a large variance (a similar behavior appears in Web traffic). This can be mod¬ 

eled by two different distributions. The main body of the distribution follows a 

logarithmic normal distribution, such that the probability of finding a document 
of size x bytes is given by 

P(x) = —t= exp -(Inx - [i)212c2 
xc\J2i: ' 

where the average (fj.) and standard deviation (a) are 9.357 and 1.318 respec¬ 

tively [59]. Figure 13.2 (left) shows the size distribution of the experimental 
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The right tail of the distribution is ‘heavy-tailed.’ That is, the majority of 

documents are small, but there is a non-trivial number of large documents. This 

is intuitive for image or video files, but it is also true for HTML pages. A good 
fit is obtained with the Pareto distribution 

where x is measured in bytes and k and a are parameters of the distribution [59] 

(see Figure 13.2 (right)). For text files, a is about 1.36, being smaller for images 

and other binary formats [201, 819]. Taking all Web documents into account, we 

get a = 1.1 and k = 9.3 Kb [58]. That is, 9.3 Kb is the cut point between both 

distributions, and 93% of all the files have a size below this value. In fact, for less 

than 50 Kb, images are the typical files, from 50 to 300 Kb we have an increasing 

number of audio files, and over that to several megabytes, video files are more 

frequent. The parameters of these distributions were obtained from a sample 

of more than 54,000 Web pages requested by several users in a period of two 

months of 1995. Recent data collected in 1998 show that the size distributions 

have the same form, but parameters change [58]. Related information can be 

found on Web benchmarks such as WebSpec96 and the Sun/Inktomi Inkbench 

[395]. 

13.4 Search Engines 

In this section we cover different architectures of retrieval systems that model 

the Web as a full-text database. One main difference between standard IR 

systems and the Web is that, in the Web, all queries must be answered without 

accessing the text (that is, only the indices are available). Otherwise, that would 

require either storing locally a copy of the Web pages (too expensive) or accessing 

remote pages through the network at query time (too slow). This difference has 

an impact on the indexing and searching algorithms, as well as on the query 

languages made available. 

13.4.1 Centralized Architecture 

Most search engines use a centralized crawler-indexer architecture. Crawlers 

are programs (software agents) that traverse the Web sending new or updated 

pages to a main server where they are indexed. Crawlers are also called robots, 

spiders, wanderers, walkers, and knowbots. In spite of their name, a crawler 

does not actually move to and run on remote machines, rather the crawler tuns 

on a local system and sends requests to remote Web servers. The index is used 

in a centralized fashion to answer queries submitted from different places in the 

Web. Figure 13.3 shows the software architecture of a search engine based on 

the AltaVista architecture [17]. It has two parts: one that deals with the users, 
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Figure 13.3 Typical crawler-indexer architecture. 

consisting of the user interface and the query engine and another that consists 

of the crawler and indexer modules. In 1998, the overall AltaVista system was 

running on 20 multi-processor machines, all of them having more than 130 Gb 

of RAM and over 500 Gb of disk space. Only the query engine uses more than 
75% of these resources. 

The main problem faced by this architecture is the gathering of the data, 
because of the highly dynamic nature of the Web, the saturated communication 

links, and the high load at Web servers. Another important problem is the vol¬ 

ume of the data. In fact, the crawler-indexer architecture may not be able to 

cope with Web growth in the near future. Particularly important is good load 

balancing between the different activities of a search engine, internally (answer¬ 
ing queries and indexing) and externally (crawling). 

The largest search engines, considering Web coverage in June 1998, were 

AltaVista [17], HotBot [380], Northern Light [608], and Excite [240], in that 

order. According to recent studies, these engines cover 28-55% [749] or 14-34% 

[490] of all Web pages, whose number was estimated at over 300 million in 1998. 

Table 13.2 lists the most important search engines and their estimated sizes along 

with their corresponding URLs. Beware that some search engines are powered 

by the same internal engine. For example, HotBot, GoTo, and Microsoft are 

powered by Inktomi [395] and Magellan by Excite’s internal engine. Up to date 
information can be found in [749, 609]. 

Most search engines are based in the United States and focus on docu¬ 

ments m English. Nevertheless, there are search engines specialized in different 

countries and/or languages, which are able, for instance, to query and retrieve 

documents written in Kanji (Chinese, Japanese, and Korean). Also there are 

search engines that take other approaches, like Ask Jeeves! which simulates an 

interview [34] or DirectHit [215] which ranks the Web pages in the answer in 

order of their popularity. We should also mention those search engines aimed at 

specific topics, for example the Search Broker [537] which allows us to search in 

many specific topics and DejaNews [212] which searches the USENET archives. 
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Search engine URL Web pages indexed 
AltaVista www.altavista.com 140 
AOL Netfind www.aol.com/netfind/ - 

Excite www.excite.com 55 
Google google.Stanford.edu 25 
GoTo goto.com - 

HotBot www.hotbot.com 110 
Infoseek www.infoseek.com 30 
Lycos www.lycos.com 30 
Magellan www.mckinley.com 55 
Microsoft search.msn.com - 

NorthernLight www.nlsearch.com 67 
WebCrawler www.webcrawler.com 2 

Table 13.2 URLs and estimated size (millions) of the largest search engines (May 

1998). 

There are also engines to retrieve specific Web pages such as personal or institu¬ 

tional home pages or specific objects such as electronic mail addresses, images, 

or software applets. 

13.4.2 Distributed Architecture 

There are several variants of the crawler-indexer architecture. Among them, 

the most important is Harvest [108]. Harvest uses a distributed architecture to 

gather and distribute data, which is more efficient than the crawler architecture. 

The main drawback is that Harvest requires the coordination of several Web 

servers. 
The Harvest distributed approach addresses several of the problems of the 

crawler-indexer architecture, such as: (1) Web servers receive requests from dif¬ 

ferent crawlers, increasing their load; (2) Web traffic increases because crawlers 

retrieve entire objects, but most of their content is discarded; and (3) informa¬ 

tion is gathered independently by each crawler, without coordination between 

all the search engines. 
To solve these problems, Harvest introduces two main elements: gatherers 

and brokers. A gatherer collects and extracts indexing information from one or 

more Web servers. Gathering times are defined by the system and are pei iodic 

(i.e. there are harvesting times as the name of the system suggests). A broker 

provides the indexing mechanism and the query interface to the data gathered. 

Brokers retrieve information from one or more gatherers or other brokers, up¬ 

dating incrementally their indices. Depending on the configuration of gatherers 

and brokers, different improvements on server load and network traffic can be 
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Figure 13.4 Harvest architecture. 

achieved. For example, a gatherer can run on a Web server, generating no ex¬ 

ternal traffic for that server. Also, a gatherer can send information to several 

brokers, avoiding work repetition. Brokers can also filter information and send 

it to other brokers. This design allows the sharing of work and information in 

a very flexible and generic manner. An example of the Harvest architecture is 
shown in Figure 13.4 [108]. 

One of the goals of Harvest is to build topic-specific brokers, focusing the 

index contents and avoiding many of the vocabulary and scaling problems of 

generic indices. Harvest includes a distinguished broker that allows other brokers 

to register information about gatherers and brokers. This is useful to search for 

an appropriate broker or gatherer when building a new system. The Harvest 

architecture also provides replicators and object caches. A replicator can be used 

to replicate servers, enhancing user-base scalability. For example, the registration 

broker can be replicated in different geographic regions to allow faster access. 

Replication can also be used to divide the gathering process between many Web 

servers. Finally, the object cache reduces network and server load, as well as 

response latency when accessing Web pages. More details on the system can be 
found in [108]. 

Currently, there are hundreds of Harvest applications on the Web (for ex¬ 

ample, the CIA, NASA, the US National Academy of Sciences, and the US Gov¬ 

ernment Printing Office), as this software is on the public domain.]: Netscape’s 

Catalog Server is a commercial version of Harvest and Network Appliances’ cache 
is a commercial version of the Harvest Cache. 

t Information is available at harvest.transarc.com. 
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Enter ranking keywords In any language 

P 
SlTOle Swrtti 

l+searching +Web +engine 

Search 

Enter boolean expression: Range of dates: 

From: 1 

To; 

e,g: 2t/Mart96 

—I Count documents matching the boolean expression. 

To take advantage of advanced search features, please consult the Help section, 

Figure 13.5 Query interface for complex queries in AltaVista. 

13.4.3 User Interfaces 

There are two important aspects of the user interface of search engines: the 

query interface and the answer interface (see also Chapter 10). The basic query 

interface is a box where one or more words can be typed. Although a user would 

expect that a given sequence of words represents the same query in all search 

engines, it does not. For example, in AltaVista a sequence of words is a reference 

to the union of all the Web pages having at least one of those words, while in 

HotBot it is a reference to the Web pages having all the words. Another problem 

is that the logical view of the text is not known, that is, some search engines use 

stopwords, some do stemming, and some are not case sensitive (see Chapter 7). 

All search engines also provide a query interface for complex queries as well 

as a command language including Boolean operators and other features, such as 

phrase search, proximity search, and wild cards. Figures 13.5 and 13.6 show the 

query interfaces for complex queries for the three largest search engines. They 

provide several filtering functions. The results can be filtered by additional words 

that must be present or absent from the answer or in a particular field such as 

the URL or title, language, geographic region or Internet domain, date range, or 

inclusion of specific data types such as images or audio. 
The answer usually consists of a list of the ten top ranked Web pages. 

Figure 13.7 shows the three top documents for the main four search engines 

for the query searching and Web and engine. Each entry in this list includes 

some information about the document it represents. Typically, the information 

includes the URL, size, the date when the page was indexed, and a couple of lines 

with its content (title plus first lines or selected headings or sentences). Some 

search engines allow the user to change the number of pages returned in the list 

and the amount of information per page, but in most cases this is fixed or limited 

to a few choices. The order of the list is typically by relevance, but soiting by 

URL or date is also available in some engines. In addition, most search engines 

also have an option to find documents similar to each Web page in the answer. 
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Return to Fewer Options 

Look For 
Search for pages 
containing the 
search term(s) in 
the form specified. 

Language 
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all the words 

any language 

Word Fliter 
limit results to 
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must not contain the words 

more terms ® 

Oate 
Limit results to 
pages published . f 
within a specified anytime ~i | 
period of time. * * ' ' '.'' 

v' After -j or on 

January -j | 

Pages Must Include 
Return only pages 
containing the 
specified media 
types or 
technologies. 

Jimage 

J Java 

J audio J video _J Shockwave 

J JavaScript J ActiveX J VRML 

J Acrobat J VBScript 

Location/Domain 
Return only pages 
in specific domains 
(wired.com, 
doi.gov), top-level 
domains (.edu, 
.com), and/or 
specific continents 
or countries 

(See the domain 
and country code 
index for more 
detailed info.) 

Continent 

anywhere 

xx Domain 

(.com, .edu) website: (wired.com, etc) 
country code: (,uk, ,fr, ,jp) 

Page Oepth 
Control what type 
of pages are * Any Page 
searched within 
each Web site. Top Page 

x/ Personal Page 

\"r{ Page Depth 

Word Stemming 
Searches for 
grammatic 
variations of your 
search term. Ex: 
Searches for 
"thought "will also 
find 'think"and 
’thinking". 

Return Results 
Choose the 
number of results 
to be cisplayed and 
the length of each 
description. 

—I Enable Word Stemming 

full descriptions -i 

| SEARCHl clear settings| 

Words anywhere: 

Words in title: 

Publication name: 

Words in URL: 

Select. Collection 

'"-Worldwide Web 

^All Sources 

See our listo: 

►SELECT DATE RANGE 

Fill in one date field or both to narrowyour results by date 

7" End. date: i Start date: 

OSort results by date 

►select SOURCES OaII Sources below 

□Journals Magazines ONon- profit web sites 

□News archives Q Educational web sites 

OPersonal pages OMilitary web sites 

□Commercial web sites OGovernment web sites 

Documents written in: Any language 

Web sites from: All countries O 

wtmted/yy 

►SELECT SUBJECTS OAII Subjects 

□Arts 

□Business & Investing 

□Computing & Internet 

□Contemporary life 

□Education 

□Entertainment 

□Gov’t, Law 

□Health •&. M 

□Humanities 

□Products & 

□Reference 

□Social sciences 

□Sports & Recreation 

□Technology 

□Travel 

Figure 13.6 Query interface for complex queries for HotBot (left) and NorthernLight 
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► AltaVista found 3,156,580 Web pages for you. Refine your search 

1 • Welcome to PCfriend USA Searching Engine Web Site 
URL: www .pcfriend riei/menu 1.htm 

Last modified 23-Feb-98 - page size 626 bytes - in English i Translate 1 

2. Searching Engine 
Home| TYP Databsnk| TYP Homepagesl Net Trade Center| Fair News| Leading 

Firms, Business & Finance Databasel New Media Databasel World Trade 
Promotion... 

URL: top I .twri -online .corn .tw/search/eindex htrn 

Last modified 22-Sep-98 - page >ize 4K - in English [ Translate ] 

3. Searching Engine 
Welcome] ~ [Contact] ~ [Map] ~ [Search] Searching Engine - Here are some pope 
complete, substring. Infoseek. the... 

URL: violet .tele .pitt edu/search html 

Last modified 23-Jun-97 - page size 12K - in English [ Translate ] 

Web Matches 49,690 1 -10 ► 

Get the Top 10 Most visited Sites for "Searching Web Engine" 

1.iPs-VLl)J-l.web 
welcome to sybilweb overview | about sybllweb | site map | search 
| help | contact Search Tips Answers to Frequently Asked 
Questions (FAQ) Search Corner Web Compass Canada Sybil’s 
Search Engine overview sybllweb, the Web component of Sybil’s 
Search. 
99% httpyAvww.sybilweb.com/ 
See results from this site only. 

Maintenance. Computers 
Aha, you have found the CompLallnos S.A., Costa Rica, Design, 

Submitting, Hosting, Maintenance, Translation, Links, Logo 
99% http://www.complatlnos.com/ 

See results from this site only. 

3. © Yu Search Enuine - Vh Internet Pretrazivac 
Srpskl Info Add URL Add E-mail Business Open Site Dally 
News . Guide YuSearch Promo. Advertising Web Hosting Click! 
Web Search Enter keywords for searching Yu Web: E-mail Search 
Enter keywords for searching E-mail: Web Index Arts 
97% http://www.yusearch.com/ 

See results from this site only. 

Power Search found 113,731 items for: 

[Searching Web engine 

Special Collection World Wide Web All Sources 

Q Documents that best match your search 

1. Internet Search Mechanisms 
79% - Directories & Lists: Internet Search Mechanisms Internet 
Search Mechanisms Harold Goldstein - dcbiker@goldray.... - Visit 
the Goldpages See Fossilized Insects, get your beading supplies and WWW 

help save the... Date Not Available 
Commercial site: http://goldray.i95.net/searcheshtm 

2. Internet Search Mechanisms 
79% - Directories & Lists: Internet Search Mechanisms Internet 
Search Mechanisms Harold Goldstein - dcbiker@goldray.... - Visit 
the Goldpages See Fossilized Insects, get your beading supplies and WWW 

help save the... Date Not Available 
Commercial site: http://goldray.conVsearches.htm 

3. N&tVet Web Searching Web Picks 
79% - Directories & Lists: NetVet Web Searching Web Picks 
Search Tools This Site Other Veterinary WWW Search Forms Other 
Search Engines Search NetVet and the Electronic Zoo I Other WWW 

Veterinary... 01/07/98 
Educational site: http://netvet.wustl.edu/searchhtm__ 

T^p»Tma7rh« (AbaYour Xesuttsl Show Title; only List bv Web site 

74* WT Search Engines - This documents collects some of the most useful search engines available on the 
WWW. Omissions are the fault of the maintainer. Suggestions for additions are welcome! Some interesting 

information sources are available only through specialized software. 
http://cuivAVW.unige.ch/meta-indcx.htrn] 

Search for more documents like this one 

73* welitaxi com : the search engine and database navigation interface/gm.d - wditaxl.com is a breakthrough 
navigation service designed to help Internet users conveniently search the World Wide Web webtaM.com 
enhances the existing capabilities of current versions of Netscape Navigator (2.0 and higher). This free service 
was develop®) to offer efficient point and click access to search engines, navsgroups and thousands of 

hard-to-reach databases.webtaxi.com provides... 
http://www.webtaxLcom/ 
Search for more documents like this .one 

71* Free Software from AOl.and PLS - The industry's leading search software products are now free! nbsp; 
PLS's powerful search engine and products, accompanied by complete documentation, are available for 
download from this Web site free of charge.Check it out And check back frequently for updates on product and 

service offerings. 
http://www.pls.com/ 

Figure 13.7 Output for the query searching and Web and engine for the four main 

search engines; from top to bottom: AltaVista, HotBot, NorthernLight, and Excite. 
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The user can also refine the query by constructing more complex queries based 
on the previous answer. 

The Web pages retrieved by the search engine in response to a user query 

are ranked, usually using statistics related to the terms in the query. In some 

cases this may not have any meaning, because relevance is not fully correlated 

with statistics about term occurrence within the collection. Some search engines 

also taking into account terms included in metatags or the title, or the popularity 
of a Web page to improve the ranking. This topic is covered next. 

13.4.4 Ranking 

Most search engines use variations of the Boolean or vector model (see Chapter 2) 

to do ranking. As with searching, ranking has to be performed without accessing 

the text, just the index. There is not much public information about the specific 

ranking algorithms used by current search engines. Further, it is difficult to 

compare fairly different search engines given their differences, and continuous 

improvements. More important, it is almost impossible to measure recall, as the 

number of relevant pages can be quite large for simple queries. Some inconclusive 
studies include [327, 498]. 

Yuwono and Lee [844] propose three ranking algorithms in addition to the 
classical tf-idf scheme (see Chapter 2). They are called Boolean spread, vector 

spread, and most-cited. The first two are the normal ranking algorithms of the 

Boolean and vector model extended to include pages pointed to by a page in 

the answer or pages that point to a page in the answer. The third, most-cited, 

is based only on the terms included in pages having a link to the pages in the 

answer. A comparison of these techniques considering 56 queries over a collection 

of 2400 Web pages indicates that the vector model yields a better recall-precision 
curve, with an average precision of 75%. 

Some of the new ranking algorithms also use hyperlink information. This 
is an important difference between the Web and normal IR databases. The 

number of hyperlinks that point to a page provides a measure of its popularity 

and quality. Also, many links in common between pages or pages referenced 

by the same page often indicates a relationship between those pages. We now 

present three examples of ranking techniques that exploit these facts, but they 
differ in that two of them depend on the query and the last does not. 

The first is WebQuery [148], which also allows visual browsing of Web 

pages. WebQuery takes a set of Web pages (for example, the answer to a query) 

and ranks them based on how connected each Web page is. Additionally it 

extends the set by finding Web pages that are highly connected to the original 
set. A related approach is presented by Li [512], 

A better idea is due to Kleinberg [444] and used in HITS (Hypertext In¬ 

duced Topic Search). This ranking scheme depends on the query and considers 

the set of pages S that point to or are pointed by pages in the answer. Pages 

that have many links pointing to them in 5 are called authorities (that is they 

should have relevant content). Pages that have many outgoing links are called 

hubs (they should point to similar content). A positive two-way feedback exists: 

Page 54 of 133



SEARCH ENGINES 381 

better authority pages come from incoming edges from good hubs and better 

hub pages come from outgoing edges to good authorities. Let H(p) and A(p) be 

the hub and authority value of page p. These values are defined such that the 

following equations are satisfied for all pages p: 

H(p)= A<^ ’ A(p) = H(u) 
ues | p—>u v£S \ v —>p 

where H(p) and A(p) for all pages are normalized (in the original paper, the sum 

of the squares of each measure is set to one). These values can be determined 

through an iterative algorithm, and they converge to the principal eigenvector 

of the link matrix of S. In the case of the Web, to avoid an explosion of the size 

of S, a maximal number of pages pointing to the answer can be defined. This 

technique does not work with non-existent, repeated, or automatically generated 

links. One solution is to weight each link based on the surrounding content. A 

second problem is that the topic of the result can become diffused. For example, 

a particular query is enlarged by a more general topic that contains the original 

answer. One solution to this problem is to analyze the content of each page 

and assign a score to it, as in traditional IR ranking. The link weight and the 

page score can be included on the previous formula multiplying each term of the 

summation [154, 93, 153]. Experiments show that the recall and precision on 

the first ten answers increases significantly [93]. The order of the links can also 

be used by dividing the links into subgroups and using the HITS algorithm on 

those subgroups instead of the original Web pages [153]. 
The last example is PageRank, which is part of the ranking algorithm used 

by Google [117]. PageRank simulates a user navigating randomly in the Web 

who jumps to a random page with probability q or follows a random hyperlink 

(on the current page) with probability 1 — q. It is further assumed that this 

user never goes back to a previously visited page following an already traversed 

hyperlink backwards. This process can be modeled with a Markov chain, from 

where the stationary probability of being in each page can be computed. This 

value is then used as part of the ranking mechanism of Google. Let C(a) be the 

number of outgoing links of page a and suppose that page a is pointed to by 

pages pi to pn. Then, the PageRank, PR(a) of a is defined as 

PR(a) = q + (1 - q) PR(Pi)/C(Pi) 
1=1 

where q must be set by the system (a typical value is 0.15). Notice that the 

ranking (weight) of other pages is normalized by the number of links in the 

page. PageRank can be computed using an iterative algorithm, and corresponds 

to the principal eigenvector of the normalized link matrix of the Web (which 

is the transition matrix of the Markov chain). Crawling the Web using this 

ordering has been shown to be better than other crawling schemes [168] (see 

next section). 
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Therefore, to help ranking algorithms, page designers should include infor¬ 

mative titles, headings, and meta fields, as well as good links. However, keywords 

should not be repeated as some search engines penalize repeating words (spam¬ 

ming). Using full terms instead of indirect ways to refer to subjects should also 
be considered. 

13.4.5 Crawling the Web 

In this section we discuss how to crawl the Web, as there are several techniques. 

The simplest is to start with a set of URLs and from there extract other URLs 

which are followed recursively in a breadth-first or depth-first fashion. For that 

reason, search engines allow users to submit top Web sites that will be added to 

the URL set. A variation is to start with a set of populars URLs, because we 

can expect that they have information frequently requested. Both cases work 

well for one crawler, but it is difficult to coordinate several crawlers to avoid 

visiting the same page more than once. Another technique is to partition the 

Web using country codes or Internet names, and assign one or more robots to 

each partition, and explore each partition exhaustively. 

Considering how the Web is traversed, the index of a search engine can be 

thought of as analogous to the stars in an sky. What we see has never existed, 

as the light has traveled different distances to reach our eye. Similarly, Web 

pages referenced in an index were also explored at different dates and they may 

not exist any more. Nevertheless, when we retrieve a page, we obtain its actual 

content. How fresh are the Web pages referenced in an index? The pages will 

be from one day to two months old. For that reason, most search engines show 

m the answer the date when the page was indexed. The percentage of invalid 

links stored in search engines vary from 2 to 9%. User submitted pages are 

usually crawled after a few days or weeks. Starting there, some engines traverse 

the whole Web site, while others select just a sample of pages or pages up to 

a certain depth. Non-submitted pages will wait from weeks up to a couple of 

months to be detected. There are some engines that learn the change frequency 

of a page and visit it accordingly [175], They may also crawl more frequently 

popular pages (for example, pages having many links pointing to them). Overall, 

the current fastest crawlers are able to traverse up to 10 million Web pages per 

The order m which the URLs are traversed is important. As already men¬ 

tioned, the links in a Web page can be traversed breadth first or depth first. 

Using a breadth first policy, we first look at all the pages finked by the current 

page, and so on. This matches well Web sites that are structured by related 

topics. On the other hand, the coverage will be wide but shallow and a Web 

server can be bombarded with many rapid requests. In the depth first case, we 

follow the first link of a page and we do the same on that page until we cannot go 

deeper, returning recursively. This provides a narrow but deep traversal. Only 

recently, some research on this problem has appeared [168], showing that good 

or enng schemes can make a difference if crawling better pages first (using the 
RageRank scheme mentioned above). 
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Due to the fact that robots can overwhelm a server with rapid requests 

and can use significant Internet bandwidth (in particular the whole bandwidth 

of small domains can be saturated), a set of guidelines for robot behavior has 

been developed [457]. For this purpose, a special file is placed at the root of every 

Web server indicating the restrictions at that site, in particular the pages that 

should not be indexed. Crawlers can also have problems with HTML pages that 

use frames (a mechanism to divide a page in two or more parts) or image maps 

(hyperlinks associated to images). In addition, dynamically generated pages 

cannot be indexed as well as password protected pages. 

13.4.6 Indices 

Most indices use variants of the inverted file (see Chapter 8). In short, an inverted 

file is a list of sorted words (vocabulary), each one having a set of pointers to 

the pages where it occurs. Some search engines use elimination of stopwords to 

reduce the size of the index. Also, it is important to remember that a logical 

view of the text is indexed. Normalization operations may include removal of 

punctuation and multiple spaces to just one space between each word, uppercase 

to lowercase letters, etc. (see Chapter 7). To give the user some idea about each 

document retrieved, the index is complemented with a short description of each 

Web page (creation date, size, the title and the first lines or a few headings 

are typical). Assuming that 500 bytes are required to store the URL and the 

description of each Web page, we need 50 Gb to store the description for 100 

million pages. As the user initially receives only a subset of the complete answer 

to each query, the search engine usually keeps the whole answer set in memory, 

to avoid having to recompute it if the user asks for more documents. 

State of the art indexing techniques can reduce the size of an inverted file 

to about 30% of the size of the text (less if stopwords are used). For 100 million 

pages, this implies about 150 Gb of disk space. By using compression techniques, 

the index size can be reduced to 10% of the text [825]. A query is answered by 

doing a binary search on the sorted list of words of the inverted file. If we are 

searching multiple words, the results have to be combined to generate the final 

answer. This step will be efficient if each word is not too frequent. Another 

possibility is to compute the complete answer while the user requests more Web 

pages, using a lazy evaluation scheme. More details on searching over an inverted 

file can be found in Chapter 8. 
Inverted files can also point to the actual occurrences of a word within a 

document (full inversion). However, that is too costly in space for the Web, 

because each pointer has to specify a page and a position inside the page (woid 

numbers can be used instead of actual bytes). On the other hand, having the po¬ 

sitions of the words in a page, we can answer phrase searches oi pioximity queries 

by finding words that are near each other in a page. Currently, some search en¬ 

gines are providing phrase searches, but the actual implementation is not known. 

Finding words which start with a given prefix requires two binary searches 

in the sorted list of words. More complex searches, like words with errors, 
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arbitrary wild cards or, in general, any regular expression on a word, can be 

performed by doing a sequential scan over the vocabulary (see Chapter 8). This 

may seem slow, but the best sequential algorithms for this type of query can 

search around 20 Mb of text stored in RAM in one second (5 Mb is more or 

less the vocabulary size for 1 Gb of text). Thus, for several gigabytes we can 

answer those queries in a few seconds. For the Web this is still too slow but not 

completely out of the question. In fact, using Heaps’ law and assuming j3 — 0.7 

for the Web, the vocabulary size for 1 Tb is 630 Mb which implies a searching 
time of half a minute. 

Pointing to pages or to word positions is an indication of the granularity 

of the index. The index can be less dense if we point to logical blocks instead 

of pages. In this way we reduce the variance of the different document sizes, 

by making all blocks roughly the same size. This not only reduces the size of 

the pointers (because there are fewer blocks than documents) but also reduces 

the number of pointers because words have locality of reference (that is, all 

the occurrences of a non-frequent word will tend to be clustered in the same 

block). This idea was used in Glimpse [540] which is at the core of Harvest 

[108], Queries are resolved as for inverted files, obtaining a list of blocks that are 

then searched sequentially (exact sequential search can be done over 30 Mb per 

second in RAM). Glimpse originally used only 256 blocks, which was efficient up 

to 200 Mb for searching words that were not too frequent, obtaining an index 

of only 2% of the text. By tuning the number of blocks and the block size 

reasonable space-time trade-offs can be achieved for larger document collections 

(for more details see Chapter 8). These ideas cannot be used (yet) for the Web 

because sequential search cannot be afforded, as it implies a network access. 

However, m a distributed architecture where the index is also distributed, logical 
blocks make sense. 

13.5 Browsing 

In this section we cover Web tools which are based on browsing and searching in 

particular Web directories. Although the Web coverage provided by directories 

is very low (less than 1% of all Web pages), the answers returned to the user are 
usually much more relevant. 

13.5.1 Web Directories 

The best and oldest example of a Web directory is Yahoo! [839], which is likely 

the most used searching tool. Other large Web directories include eBLAST 

ookSmart, Magellan, and NewHoo. Some of them are hybrids, because they 

also provide searches in the whole Web. Most search engines also provide sub¬ 

ject categories nowadays, including AltaVista Categories, AOL Netfind Excite 

annels, HotBot, Infoseek, Lycos Subjects, and WebCrawler Select, ire spe¬ 

cific to some areas. For example, there are Web sites focused on business, news, 
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Web directory URL Web sites Categories 

eBLAST www.eblast.com 125 — 

LookSmart www.looksmart.com 300 24 
Lycos Subjects a2z.lycos.com 50 - 

Magellan www.mckinley.com 60 - 

NewHoo www.newhoo.com 100 23 
Netscape www.netscape.com - - 

Search.com www.search.com - — 

Snap www.snap.com - - 

Yahoo! www.yahoo.com 750 - 

Table 13.3 URLs, Web pages indexed and categories (both in thousands) of some 

Web directories (beginning of 1998). 

Arts & Humanities 

Automotive 

Business & Economy 

Computers & Internet 

Education 

Employment 

Entertainment Sz Leisure 

Games 

Government 

Health & Fitness 

Hobbies &; Interests 

Home 

Investing 

Kids & Family 

Life & Style 

Living 

Local 

News 

Oddities 

People 

Philosophy Sz Religion 

Politics 

Recreation 

Reference 

Regional 

Science & Technology 

Shopping & Services 

Social Science 

Society & Culture 

Sports 

Travel & Tourism 

World 

Table 13.4 The first level categories in Web directories. 

and, in particular, research bibliography. Web directories are also called cata¬ 

logs, yellow pages, or subject directories. Table 13.3 gives the URLs of the most 

important Web directories (not including the search engines already listed in 

section 13.4). 
Directories are hierarchical taxonomies that classify human knowledge. Ta¬ 

ble 13.4 shows the first level of the taxonomies used by Web directories (the 

number of first level categories ranges from 12 to 26). Some subcategories are 

also available in the main page of Web directories, adding around 70 more topics. 

The largest directory, Yahoo!, has close to one million pages classified, followed 

by LookSmart, which has about 24,000 categories in total. Yahoo! also offers 
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14 regional or country specialized directories in other languages including Chi¬ 

nese, Danish, French, German, Italian, Japanese, Korean, Norwegian, Spanish, 

and Swedish. In most cases, pages have to be submitted to the Web directory, 

where they are reviewed, and, if accepted, classified in one or more categories 

of the hierarchy. Although the taxonomy can be seen as a tree, there are cross 
references, so it is really a directed acyclic graph. 

The main advantage of this technique is that if we find what we are looking 
for, the answer will be useful in most cases. On the other hand, the main 

disadvantage is that the classification is not specialized enough and that not all 

Web pages are classified. The last problem becomes worse every day as the Web 

grows. The efforts to do automatic classification, by using clustering or other 

techniques, are very old. However, up to now, natural language processing is not 

100% effective in extracting relevant terms from a document. Thus, classification 

is done manually by a limited number of people. This is a potential problem with 

users having a different notion of categories than the manmade categorization. 

Web directories also allow the user to perform a search on the taxonomy 

descriptors or in the Web pages pointed to by the taxonomy. In fact, as the 

number of classified Web pages is small, we can even afford to have a copy 

of all pages. In that case they must be updated frequently, which may pose 

performance and temporal validity problems. In addition, most Web directories 

also send the query to a search engine (through a strategic alliance) and allow 
the whole Web to be searched. 

13.5.2 Combining Searching with Browsing 

Usually, users either browse following hypertext links or they search a Web site 

(or the whole Web). Currently, in Web directories, a search can be reduced to a 

subtree of the taxonomy. However, the search may miss related pages that are 

not in that part of the taxonomy. Some search engines find similar pages using 
common words, but often this is not effective. 

WebGlimpse is a tool that tries to solve these problems by combining brows¬ 

ing with searching [539]. WebGlimpse attaches a small search box to the bottom 

of every HTML page, and allows the search to cover the neighborhood of that 

page or the whole site, without having to stop browsing. This is equivalent to 

following hypertext links that are constructed on the fly through a neighborhood 

search. WebGlimpse can be useful in building indices for personal Web pages or 
collections of favorite URLs. 

First, WebGlimpse indexes a Web site (or a collection of specific docu¬ 

ments) and computes neighborhoods according to user specifications. As a re¬ 

sult, WebGlimpse adds the search boxes to selected pages, collects remote pages 

that are relevant, and caches those pages locally. Later, the users can search 

in the neighborhood of a page using the search boxes. As the name suggests, 
WebGlimpse uses Glimpse as its search engine [540]. 

The neighborhood of a Web page is defined as the set of Web pages that are 

reachable by a path of hypertext links within a maximum predefined distance. 

This distance can be set differently for local and remote pages. For example, it 
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can be unlimited locally, but be only three at any remote site. The neighborhood 

can also include all the subdirectories of the directory where the Web page is. 

The result is a graph of all the neighborhoods of the Web site or collection, and 

for each Web page, a file with all the Web pages in its neighborhood. When 

searching, any query in the whole index can be intersected with a neighborhood 

list, obtaining the relevant Web pages. A nice addition to WebGlimpse would 

be to visualize the neighborhoods. This problem is the topic of the next section. 

13.5.3 Helpful Tools 

There are many software tools to help browsing and searching. Some of them are 

add-ons to browsers, such as Alexa [10]. Alexa is a free Web navigation service 

that can be attached as a toolbar at the bottom of any browser and accompanies 

the user in his surfing. It provides useful information about the sites that are 

visited, including their popularity, speed of access, freshness, and overall quality 

(obtained from votes of Alexa users). Alexa also suggests related sites helping 

one’s navigation. Another navigation service and searching guide is WebTaxi 

[805]. , 
There are other tools that use visual metaphors, which can be broadly clas¬ 

sified into two types: tools designed to visualize a subset of the Web and tools 

designed to visualize large answers. Both cases need to represent a large graph in 

a meaningful way. Specific commercial examples of tools to visualize Web sub¬ 

sets are Microsoft’s SiteAnalyst (formerly from NetCarta), MAPA from Dynamic 

Diagrams, IBM’s Mapuccino (formerly WebCutter [527], shown in Figure 10.22), 

SurfSerf, Merzscope from Merzcom, CLEARweb, Astra SiteManager, WebAn- 

alyzer from InContext, History Tree from SmartBrowser, etc. Non-commercial 

works include WebMap [220], Sitemap, Ptolomeaus, and many earlier research 

[234, 578, 564, 20]. We have not included more generic visualization software, 

where Web visualization is just a particular case, or other related visualization 

tools such as Web usage analysis [642, 294, 737]. 
Metaphors to visualize large answers are covered in Chapter 10. Visual 

tools are not yet deployed in the whole Web because there is no standard way of 

communicating visualizers and search engines. One possible approach is to use 

a markup language based on XML (see Chapter 6), as proposed in [15]. 

13.6 Metasearchers 

Metasearchers are Web servers that send a given query to several search en¬ 

gines, Web directories and other databases, collect the answers and unify them. 

Examples are Metacrawler [715] and SavvySearch [383, 223], The main advan¬ 

tages of metasearchers are the ability to combine the results of many sources 

and the fact that the user can pose the same query to various sources through 

a single common interface. Metasearchers differ from each other in how lanking 
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Metasearcher URL Sources used 
Cyber 411 www.cyber411.com 14 
Dogpile www.dogpile.com 25 
Highway 61 www.highway61.com 5 
Inference Find www.infind.com 6 
Mamma www.mamma.com 7 
MetaCrawler www.metacrawler.com 7 
MetaFind www.metafind.com 7 
MetaMiner www.miner.uol.com.br 13 
MetaSearch www.metasearch.com — 

SavvySearch savvy.cs.colostate.edu:2000 >13 

Table 13.5 URLs of metasearchers and number of sources that they use (October 
1998). 

is performed in the unified result (in some cases no ranking is done), and how 

well they translate the user query to the specific query language of each search 

engine or Web directory (the query language common to all of them could be 

small). Table 13.5 shows the URLs of the main metasearch engines as well as the 

number of search engines, Web directories and other databases that they search. 

Metasearchers can also run on the client, for example, Copernic, EchoSearch, 

WebFerret, WebCompass, and WebSeeker. There are others that search several 

sources and show the different answers in separate windows, such as A1140ne, 
OneSeek, Proteus, and Search Spaniel. 

The advantages of metasearchers are that the results can be sorted by dif¬ 
ferent attributes such as host, keyword, date, etc; which can be more informative 

than the output of a single search engine. Therefore browsing the results should 

be simpler. On the other hand, the result is not necessarily all the Web pages 

matching the query, as the number of results per search engine retrieved by the 

metasearcher is limited (it can be changed by the user, but there is an upper 

limit). Nevertheless, pages returned by more than one search engine should be 
more relevant. 

We expect that new metasearchers will do better ranking. A first step in 

this diiection is the NEC Research Institute metasearch engine, Inquirus [488, 

489], The main difference is that Inquirus actually downloads and analyzes 

each Web page obtained and then displays each page, highlighting the places 

where the query terms were found. The results are displayed as soon as they 

are available in a progressive manner, otherwise the waiting time would be too 

long. This technique also allows non-existent pages or pages that have changed 

and do not contain the query any more to be discarded, and, more important, 

provides for better ranking than normal search engines. On the other hand, this 
metasearcher is not available to the general public. 
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Measure Average value Range 
Number of words 2.35 0 to 393 
Number of operators 0.41 0 to 958 
Repetitions of each query 3.97 1-1.5 million 
Queries per user session 2.02 1-173,325 
Screens per query 1.39 1-78,496 

Table 13.6 Queries on the Web: average values. 

The use of metasearchers is justified by coverage studies that show that 

a small percentage of Web pages are in all search engines [91]. In fact, fewer 

than 1% of the Web pages indexed by AltaVista, HotBot, Excite, and Infoseek 

are in all of those search engines. This fact is quite surprising and has not been 

explained (yet). Metasearchers for specific topics can be considered as software 

agents and are covered in section 13.8.2. 

13.7 Finding the Needle in the Haystack 

13.7.1 User Problems 

We have already glanced at some of the problems faced by the user when inter¬ 

acting with the query interfaces currently provided by search engines. First, the 

user does not exactly understand the meaning of searching using a set of words, 

as discussed in Chapter 10. Second, the user may get unexpected answers be¬ 

cause he is not aware of the logical view of the text adopted by the system. 

An example is the use of uppercase letters when the search engine is not case 

sensitive. Hence, a word like ‘Bank’ loses part of its semantics if we search for 

‘bank.’ Simple experiments also show that due to typos or variations of a word, 

even if correctly capitalized, 10-20% of the matches can be lost. Similarly, for¬ 

eign names or words that are difficult to spell may appear incorrectly which may 

result in a loss of up to 50% of the relevant answers, as mentioned in section 13.2. 

Another problem is that most users have trouble with Boolean logic. In 

natural language, sometimes we use ‘and’ and ‘or with different meaning de¬ 

pending on the context. For example, when choosing between two things, we 

use an exclusive ‘or,’ which does not match the Boolean interpretation. Because 

of this, several studies show that around 80% of the queries do not use any 

Boolean or other operation. For these reasons many people have trouble using 

command query languages, and query forms should clearly specify which words 

must or must not be contained in a document that belongs to the answer. 
There are a few surveys and analyses of query logs with respect to the usage 

of search engines [647, 403, 728]. The latter reference is based on 285 million 

user sessions containing 575 million queries. Table 13.6 gives the main results 
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of that study, carried out in September 1998. Some of the strange results might 

be due to queries done by mechanized search agents. The number of queries 

submitted per day to AltaVista is over 13 million. Users select a search engine 

mainly based on ease of use, speed, coverage, relevance of the answer, and habit. 

The main purposes are research, leisure, business, and education. The main 

problems found are that novice users do not know how to start and lack the 

general knowledge that would help in finding better answers. Other problems 

are that search engines are slow, that the answer is too large, not very relevant, 

and not always up to date. Also, most people do not care about advertising, 

which is one of the main sources of funding for search engines. When searching, 

25% of the users use a single keyword, and on average their queries have only 

two or three terms. In addition, about 15% of the users restrict the search to 

a predefined topic and most of them (nearly 80%) do not modify the query. In 

addition, most users (about 85%) only look at the first screen with results and 

64% of the queries are unique. Also, many words appear in the same sentence, 

suggesting that proximity search should be used. There are also studies about 
users’ demographics and software and hardware used. 

13.7.2 Some Examples 

Now we give a couple of search examples. One problem with full-text retrieval is 

that although many queries can be effective, many others are a total deception. 

The main reason is that a set of words does not capture all the semantics of a 

document. There is too much contextual information (that can be explicit or 

even implicit) lost at indexing time, which is essential for proper understanding. 

Foi example, suppose that we want to learn an oriental game such as Shogi or 

Go. For the first case, searching for Shogi will quickly give us good Web pages 

where we can find what Shogi is (a variant of chess) and its rules. However, 

for Go the task is complicated, because unlike Shogi, Go is not a unique word 

in English (in particular, because uppercase letters are converted to lowercase 

letters, see Chapter 7). The problem of having more than one meaning for a 

word is called polysemy. We can add more terms to the query, such as game and 

Japanese but still we are out of luck, as the pages found are almost all about 

Japanese games written in English where the common verb go is used. Another 

common problem comes from synonyms. If we are searching for a certain word 
but a relevant page uses a synonym, we will not find it. 

The following example (taken from [152]) better explains the polysemy 

problem, where the ambiguity comes from the same language. Suppose that 

we want to find the running speed of the jaguar, a big South American 

cat. A first naive search m AltaVista would be jaguar speed. The results 

are pages that talk about the Jaguar car, an Atari video game, a US foot- 

)H t®a™’ a 1(fal network server, etc. The first page about the animal is 
ranked 183 and is a fable, without information about the speed. In a sec¬ 

ond try, we add the term cat. The answers are about the Clans Nova Cat 

and Smoke Jaguar, LMG Enterprises, fine cars, etc. Only the page ranked 
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25 has some information on jaguars but not the speed. Suppose we try Ya¬ 

hoo!. We look at ‘Science: Biology: Zoology: Animals: Cats: Wildcats’ and 
‘Science : Biology: Animal_Behavior.’ No information about jaguars there. 

13.7.3 Teaching the User 

Interfaces are slowly improving in assisting the user with the task of acquiring a 

better grasp of what Web pages are being retrieved. Query forms must specify 

clearly if one or all the words must be in a page, which words should not be 

in a page, etc., without using a written Boolean query language. Second, users 

should try to give as many terms as possible, in particular terms that must be 

or should not be in the pages. In particular, a user should include all possible 

synonyms of a word. If the user can restrict the search to a field (for example, 

the page title) or limit some attribute (date, country), this will certainly reduce 

the size of the answer. In case of doubt, the user should remember to look at 

the help information provided by the search engine. If he cannot find where one 

of the relevant terms is in a page, he can use the Find option of the browser. 

Even if we are able to pose a good query, the answer can still be quite large. 

Considering that the visual tools mentioned before are not yet available for the 

general public, the user must learn from experience. There are many strategies 

for quickly finding relevant answers. If the user is looking for an institution, he 

can always try to guess the corresponding URL by using the www prefix followed 

by a guessed institution acronym or brief name and ending with a top level 

domain (country code or com, edu, org, gov for the US). If this does not work, 

the user can search the institution name in a Web directory. 

If we are looking for work related to a specific topic, a possible strategy is: 

(1) select an article relevant to the topic, if possible with non-common author 

surnames or title keywords (if it is not available, try any bibliographic database 

or a Web directory search for a first reference); and (2) use a search engine to find 

all Web pages that have all those surnames and keywords. Many of the results 

are likely to be relevant, because we can find: (a) newer papers that reference 

the initial reference, (b) personal Web pages of the authors, and most important, 

(c) pages about the topic that already contain many relevant references. This 

strategy can be iterated by changing the reference used as better references 

appear during the search. 
As mentioned at the beginning of this chapter, the Web poses so many 

problems, that it is easier and more effective to teach the user how to properly 

profit from search engines and Web directories, rather than trying to guess what 

the user really wants. Given that the coverage of the search engines is low, use 

several engines or a metasearcher. Also, remember that you have to evaluate the 

quality of each answer, even if it appears to be relevant. Remember that anybody 

can publish in the Web, and that does not mean that the data is correct ox still 

valid. The lessons learned in the examples shown above are: (1) search engines 

still return too much hay together with the needle; and (2) Web directories do not 

have enough depth to find the needle. So, we can use the following rules of thumb. 
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• Specific queries Look in an encyclopedia, that is the reason that they 
exist. In other words, do not forget libraries. 

• Broad queries Use Web directories to find good starting points. 

• Vague queries Use Web search engines and improve the query formulation 
based on relevant answers. 

13.8 Searching using Hyperlinks 

In this section we cover other paradigms to search the Web, which are based 

on exploiting its hyperlinks. They include Web query languages and dynamic 

searching. These ideas are still not widely used due to several reasons, including 
performance limitations and lack of commercial products. 

13.8.1 Web Query Languages 

Up to this point, queries have been based on the content of each page. However, 

queries can also include the link structure connecting Web pages. For example, 

we would like to search for all the Web pages that contain at least one image and 

are reachable from a given site following at most three links. To be able to pose 

this type of query, different data models have been used. The most important 

are a labeled graph model to represent Web pages (nodes) and hyperlinks (edges) 

between Web pages, and a semi-structured data model to represent the content 

of Web pages. In the latter model, the data schema is not usually known, may 
change over time, may be large and descriptive, etc. [2, 129], 

Although some models and languages for querying hypertext were pro¬ 
posed before the Web appeared [563, 72, 184], the first generation of Web query 

languages were aimed at combining content with structure (see also Chapter 4). 

These languages combine patterns that appear within the documents with graph 

queries describing link structure (using path regular expressions). They include 

W3QL [450], WebSQL [556, 33], WebLog [476], and WQL [511]. The second 

generation of languages, called Web data manipulation languages, maintain the 

emphasis on semi-structured data. However, they extend the previous languages 

by providing access to the structure of Web pages (the model also includes the 

internal structure) and by allowing the creation of new structures as a result of a 

query. Languages in this category include STRUQL [253], FLORID [373], and 

WebOQL [32], All the languages mentioned are meant to be used by programs, 

not final users. Nevertheless, there are some examples of query interfaces for 
these languages. 

Web query languages have been extended to other Web tasks, such as 

extracting and integrating information from Web pages, and constructing and 

restructuring Web sites. More details about Web query languages can be found 
m the excellent survey by Florescu, Levy, and Mendelzon [258] 
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13.8.2 Dynamic Search and Software Agents 

Dynamic search in the Web is equivalent to sequential text searching. The idea 

is to use an online search to discover relevant information by following links. The 

main advantage is that you are searching in the current structure of the Web, 

and not in what is stored in the index of a search engine. While this approach 

is slow for the entire Web, it might be used in small and dynamic subsets of the 

Web. The first heuristic devised was the fish search [113], which exploits the 

intuition that relevant documents often have neighbors that are relevant. Hence, 

the search is guided by following links in relevant documents. This was improved 

by shark search [366], which does a better relevance assessment of neighboring 

pages. This algorithm has been embedded in Mapuccino (see section 13.5.3), 

and Figure 10.22 shows a Web subset generated by this type of search. The 

main idea of these algorithms is to follow links in some priority, starting from 

a single page and a given query. At each step, the page with highest priority 

is analyzed. If it is found to be relevant, a heuristic decides to follow or not to 

follow the links on that page. If so, new pages are added to the priority list in 

the appropriate positions. 

Related work includes software agents for searching specific information on 

the Web [602, 477]. This implies dealing with heterogeneous sources of infor¬ 

mation which have to be combined. Important issues in this case are how to 

determine relevant sources (see also Chapters 9 and 15, as well as section 10.4.4) 

and and how to merge the results retrieved (the fusion problem). Examples are 

shopping robots such as Jango [401], Junglee [180], and Express [241], 

13.9 Trends and Research Issues 

The future of the Web might surprise us, considering that its massive use started 

less than five years ago. There are many distinct trends and each one opens up 

new and particular research problems. What follows is a compilation of the 

major trends as we have perceived them. 

• Modeling: Special IR models tailored for the Web are needed [308, 155, 

652]. As we have seen, Web user queries are different. We also have the 

pull/push dichotomy: Will we search for information or will the informa¬ 

tion reach us? In both cases we need better search paradigms and better 

information filtering [782]. 

• Querying: Further work on combining structure and content in the queries 

is needed as well as new visual metaphors to pose those queries and visualize 

the answers [44]. Future query languages may include concept-based search 

and natural language processing, as well as searching by example (this 

implies document clustering and categorization on the Web [810, 120, 157]). 

• Distributed architectures: New distributed schemes to traverse and 

search the Web must be devised to cope with its growth. This will have 

an impact on current crawling and indexing techniques, as well as caching 
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techniques for the Web. Which will be the bottleneck in the future? Server 
capacity or network bandwidth? 

• Ranking: Better ranking schemes are needed, exploiting both content 

and structure (internal to a page and hyperlinks); in particular, combining 

and comparing query-dependent and independent techniques. One problem 

related to advertisements is that search engines may rank some pages higher 

due to reasons that are not based on the real relevance of a page (this is 

called the search engine persuasion problem in [543]). 

• Indexing: Which is the best logical view for the text? What should 

be indexed? How to exploit better text compression schemes to achieve 

fast searching and get lower network traffic? How to compress efficiently 

word lists, URL tables, etc. and update them without significant run-time 

penalty? Many implementation details must be improved. 

• Dynamic pages: A large number of Web pages are created on demand 

and current techniques are not able to search on those dynamic pages. This 
is called the hidden Web. 

• Duplicated data: Better mechanisms to detect and eliminate repeated 

Web pages (or pages that are syntactically very similar) are needed. Initial 

approaches are based on resemblance measures using document fingerprints 

[121, 120]. This is related to an important problem in databases: finding 
similar objects. 

• Multimedia: Searching for non-textual objects will gain importance in 

the near future. There are already some research results in the literature 
[579, 80, 136]. 

• User interfaces: Better user interfaces are clearly needed. The output 

should also be improved, for example allowing better extraction of the main 

content of a page or the formulation of content-based queries [766]. 

• Browsing: More tools will appear, exploiting links, popularity of Web 

pages, content similarity, collaboration, 3D, and virtual reality [384, 638, 

385, 421]. An important trend would be to unify further searching with 
browsing. 

An important issue to be settled in the future is a standard protocol to 

query search engines. One proposal for such a protocol is STARTS [316], which 

could allow us to choose the best sources for querying, evaluate the query at 

these sources, and merge the query results. This protocol would make it easier 

to build metasearchers, but at the same time that is one of the reasons for not 

having a standard. In that way, metasearchers cannot profit from the work done 

by search engines and Web directories. This is a particular case of the federated 

searching problem from heterogeneous sources as it is called in the database 

community [656]. This is a problem already studied in the case of the Web, 

including discovery and ranking of sources [161, 845, 319]. These issues are also 

very important for digital libraries [649] (see also Chapter 15) and visualization 

issues [15]. A related topic is metadata standards for the Web (see Chapter 6) 
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and their limitations [544]. XML helps [436, 213, 306], but semantic integration 
is still needed. 

Hyperlinks can also be used to infer information about the Web. Although 

this is not exactly searching the Web, this is an important trend called Web 

mining. Traditionally, Web mining had been focused on text mining, that is, 

extracting information from Web pages. However, the hyperlink structure can be 

exploited to obtain useful information. For example, the ParaSite system [736] 

uses hyperlink information to find pages that have moved, related pages, and 

personal Web pages. HITS, already mentioned in Section 13.4.4, has also been 

used to find communities and similar pages [444, 298]. Other results on exploiting 

hyperlink structure can be found in [639, 543, 154], Further improvements in this 

problem include Web document clustering [810, 120, 162] (already mentioned), 

connectivity services (for example, asking which Web pages point to a given page 

[92]), automatic link generation [320], extracting information [100, 115], etc. 

Another trend is intranet applications. Many companies do not want their 

private networks to be public. However, for business reasons they want to allow 

Web users to search inside their intranets obtaining partial information. This 

idea leads to the concept of portals for which there are already several commercial 

products. New models to see Web sites as databases and/or information systems 
are also important. 

13.10 Bibliographic Discussion 

There are hundreds of books about the Web. Many of them include some in¬ 

formation about searching the Web and tips for users. A recent book edited by 

Abrams includes a chapter on searching the Web [3]. Other sources are [682], 

the special numbers of Scientific American on the Internet (March 1997) and 

IEEE’s Internet Computing on Search Technologies (July/August 1998). For 

details about crawlers and other software agents see [166, 817]. 

In addition, the best source for references to the Web is the Web itself. To 

start with, there are many Web sites devoted to inform and rate search engines 

and Web directories. Among them we can distinguish Search Engine Watch 

[749] and Search Engine Showdown [609]. A survey about Web characterizations 

is given by Pitkow [641] and a good directory to Web characteristics is [217]. 

Other Web pages provide pointers and references related to searching the Web, 

in particular the World Wide Web Consortium (www.w3.org), the World Wide 

Web journal (w3j . com) and WWW conferences. These and other pointers are 

available in the Web page of this book (see Chapter 1). 
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Ad hoc retrieval: 

standard retrieval task in which the user specifies his information need through 

a query which initiates a search (executed by the information system) for docu¬ 

ments which are likely to be relevant to the user. 

All-pairs or spatial-join query: 

a query that requests all the pairs of objects that are within the specified distance 

from their partner. 

Amdahl’s law: 

Using N processors, the maximal speedup S obtainable for a given problem is 

related to /, the fraction of the problem that must be computed sequentially. 

The relationship is given by: Sn < f+^yj/N < j 

ASCII: 

Standard binary codes to represent characters in one byte for most European 

languages. 

Belief network: 

a probabilistic model of document retrieval based on interpreting documents, 

user queries, and index terms as nodes of a Bayesian network. This model is 

distinct from the inference network model. 

Bit-parallelism: 

a speed-up technique based on exploiting the fact that the processor performs 

some operations in parallel over all the bits of the computer word. 
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Block addressing: 

a technique used to reduce the size of the lists of occurrences by pointing to text 
blocks instead of exact positions. 

Boolean model: 

a classic model of document retrieval based on classic set theory. 

Browsing: 

interactive task in which the user is more interested in exploring the document 

collection than in retrieving documents which satisfy a specific information need. 

CACM collection: 

a reference collection composed of all the 3204 articles published in the Commu¬ 
nications of the ACM from 1958 to 1979. 

CISI collection: 

a reference collection composed of 1460 documents selected from previous col¬ 
lections assembled at ISI (Institute of Scientific Information). 

Clustering: 

the grouping of documents which satisfy a set of common properties. The aim is 

to assemble together documents which are related among themselves. Clustering 

can be used, for instance, to expand a user query with new and related index 
terms. 

Coding: 

the substitution of text symbols by numeric codes with the aim of encrypting or 
compressing text. 

Collection: 

a group of items, often documents. In (digital) libraries this designates all the 

works included, usually selected based on a collection management plan. 

Compression of text: 

the study of techniques for representing text in fewer bytes or bits. 
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Content-based query: 

query exploiting data content. 

GLOSSARY 439 

Conversion: 

changing from one form to another, as in converting from analog to digital (also 

called ‘digitization’), or paper to online (as in ‘retrospective conversion’ of a card 
catalog to an online catalog, or old books to scanned images). 

Cystic Fibrosis collection: 

a reference collection composed of 1239 documents indexed with the term cystic 

fibrosis in the National Library of Medicine’s MEDLINE database. 

Data cartridge: 

data structure and associated methods to represent and query a particular mul¬ 

timedia data type. 

Data mining: 

extraction of new data, relations, or partial information from any type of data. 

Data retrieval: 

the retrieval of items (tuples, objects, Web pages, documents) whose contents 

satisfy the conditions specified in a (regular expression like) user query. 

Database industry: 

the organizations, including commercial, government, and not-for-profit sectors, 

who produce, provide access to, and market databases of bibliographic, reference, 

and full-text information. 

Database producers: 

the organizations, including commercial, government, and not-for-profit sectors, 

who create electronic abstracting and indexing tools as well as other reference 

and full-text databases. 

Database vendors: 

the organizations, primarily in the commercial and not-for-profit sectors, who 

license databases from their producers and provide search software and a front 

end for consumer access to the information contained. 
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Digital library: 

the combination of a collection of digital objects (repository); descriptions of 

those objects (metadata); a set of users (patrons or target audience or users); 

and systems that offer a variety of services such as capture, indexing, cataloging, 

search, browsing, retrieval, delivery, archiving, and preservation. 

Digital object: 

a string of bits that is viewed as an entity in its own right (e.g., a full-text 

document) though it may be a part of another digital object (e.g., an image that 

is part of a book), often with associated ‘metadata’ and sometimes with terms 
and conditions (especially on access). 

Digital preservation: 

ensuring that a digital object continues to be accessible and useful over a long 

period of time, which usually requires both media conversion (copying from one 

old tape format to a new tape format before the old tapes are no longer readable) 

and format conversion (changing from some file structure or encoding to a newer 
one that will continue to be used and understood). 

Directory: 

a usually hierarchical categorization of concepts in a domain of knowledge. 

Distributed computing: 

the application of multiple computers connected by a network to solve a single 
problem. 

Distributed information retrieval: 

the application of distributed computing techniques to solve information retrieval 
problems. 

DLI: 

Digital Libraries Initiative, a program of the US National Science Foundation, 

for research and development related to digital libraries, which began with $24M 

of funding split across six universities for 1994-98, and which will continue from 
1998 onward with roughly double that amount of support 

Document: 

a unit of retrieval. It might be a paragraph, a section, a chapter, a Web page, 
an article, or a whole book. 
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GLOSSARY 441 

a representation of a document such as the title and a short summary. Surrogates 
are commonly used to display the answers to a user query. 

DTD: 

Document Type Definition: SGML definition for a markup language. 

E measure: 

an information retrieval performance measure, distinct from the harmonic mean, 
which combines recall and precision. 

Edit distance: 

(between two strings): minimum number of insertions, deletions, and replace¬ 

ments of characters necessary to make two strings equal. 

Efficiency: 

a measure of parallel algorithm performance given by: (p — jt, where S is speedup 

and N is the number of processors. 

Entropy: 

measure of information defined on the statistics on the characters of a text. 

Exact match: 

mechanism by which only the objects satisfying some well specified criteria, 

against object attributes, are returned to the user as a query answer. 

Extended Boolean model: 

a set theoretic model of document retrieval based on an extension of the classic 

Boolean model. The idea is to interpret partial matches as Euclidean distances 

represented in a vectorial space of index terms. 

Extended pattern: 

a general pattern allowing rich expressions such as wild cards, classes of charac¬ 

ters, and others. 
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Faceted query: 

a query which is divided into topics and/or facets, each of which should be 
present in documents in the answer. 

Feature: 

information extracted from an object and used during query processing. 

Federated search: 

support for finding items that are scattered among a distributed collection of 

information sources or services, typically involving sending queries to a number 

of servers and then merging the results to present in an integrated, consistent, 
coordinated format. 

Filtering: 

retrieval task in which the information need of the user is relatively static while 

new documents constantly enter the system. Typical examples are news wire 
services and electronic mail lists. 

Full text: 

a logical view of the documents in which all the words which compose the text 
of the document are used as indexing terms. 

Fuzzy model: 

a set theoretic model of document retrieval based on fuzzy theory. 

Generalized vector space model: 

a generalization of the classic vector model based on a less restrictive interpre¬ 
tation of term-to-term independence. 

Global analysis: 

a reference to techniques of identifying document and term relationships through 

the analysis of all the documents in a collection. Global analysis is used, for 
instance, to build thesauri. 

Granularity: 

the amount of computation relative to the amount of communication performed 
by a parallel program. 
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Guided tour: 

a sequence of navigational choices (usually in a hypertext) aimed at presenting 
the nodes in a logical order for some goal. 

Harmonic mean: 

an information retrieval performance measure which combines recall and preci¬ 
sion. 

Heaps’ Law: 

an empirical rule which describes the vocabulary growth as a function of the 

text size. It establishes that a text of n words has a vocabulary of size 0(n@) 

for 0 < (3 < 1. 

HTML: 

hypertext markup language of the Web, based on SGML. 

Huffman coding: 

an algorithm for coding text in which the most frequent symbols are represented 

by the shortest codes. 

Human-Computer Interfaces (HCI): 

the study of interfaces which assist the user with information seeking related 

tasks such as: query formulation, selection of information sources, understanding 

of search results, and tracking of the retrieval task. 

Hypertext model: 

a model of information retrieval based on representing document relationships 

as edges of a generic graph in which the documents are the nodes. 

Independence of index terms: 

see Term-to-term independence. 

Index: 

a data structure built on the text to speed up searching. 
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Index point: 

the initial position of a text element which can be searched for, for example a 
word. 

Index term (or keyword): 

a pre-selected term which can be used to refer to the content of a document. 

Usually, index terms are nouns or noun groups. In the Web, however, some 

search engines use all the words in a document as index terms. 

Inference network: 

a probabilistic model of document retrieval based on interpreting documents, 
user queries, and index terms as nodes of a Bayesian network. 

Information retrieval (IR): 

part of computer science which studies the retrieval of information (not data) 

from a collection of written documents. The retrieved documents aim at satis¬ 

fying a user information need usually expressed in natural language. 

Information retrieval performance: 

an evaluation of an information system in terms of the quality of the answers it 

generates with regard to a set of test queries. The quality of the answer set is 

evaluated by comparing the documents in it with those in a set of documents 

(provided by specialists) known to be relevant to the test query in focus. 

Informative feedback: 

information to the user about the relationship between the query specification 
and the documents retrieved. 

Interoperability: 

the working together of a number of computer systems, typically for a common 

purpose, such as when a number of digital libraries ‘support federated searching,’ 

often enabled by standards and agreed-upon conventions including data formats 
and protocols. 

Intranet: 

an Internet type network built inside an organization, which may or may not be 
connected to the Internet itself. 
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Inverted file: 

a text index composed of a vocabulary and a list of occurrences. 

Keyword: 

see Index term. 

Kohonen’s feature map: 

a bi-dimensional map whose regions represent the main themes in a document 

or in a collection. 

KWIC: 

KeyWords In Context, a technique that displays the occurrences of query terms 

within the context of the documents retrieved. 

Latent semantic indexing: 

an algebraic model of document retrieval based on a singular value decomposition 

of the vectorial space of index terms. 

Levenshtein distance: 

see Edit distance. 

Lexicographical order: 

order in which the words are listed in a dictionary 01 telephone guide. 

Local analysis: 

a reference to techniques of identifying document and term relationships thiough 

the analysis of the documents retrieved by a given user query. 

Local context analysis: 

a technique of query expansion which combines local and global analysis. 

Logical view of documents: 

the representation of documents and Web pages adopted by the system The 

most common form is to represent the text of the document by a set of m exmg 

terms or keywords. 
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MARC: 

a standardized record format used by libraries and bibliographic utilities for 

sharing and storing cataloging information about bibliographic materials. 

Metasearch: 

a search technique common on the World Wide Web where a single point of 

entry is provided to multiple heterogeneous back-end search engines. A meta 

search system sends a user’s query to the back-end search engines, combines the 
results, and returns a single, unified hit-list to the user. 

Metadata: 

attributes of data or a document, usually descriptive as author or content, often 

broken up into categories or facets, typically maintained in a catalog, sometimes 
recorded according to a scheme like the Dublin Core or MARC. 

MIMD: 

a parallel computer architecture consisting of multiple instruction streams and 
multiple data streams. 

MISD: 

a parallel computer architecture consisting of multiple instruction streams and 
a single data stream. 

Model for IR: 

a set of premisses and an algorithm for ranking documents with regard to a user 

query. More formally, an IR model is a quadruple [D, Q, R, R{qr,d3)\ where D 

is a set of logical views of documents, Q is a set of user queries, T is a framework 

for modeling documents and queries, and R(qi,dj) is a ranking function which 
associates a numeric ranking to the query qj and the document dj. 

Modeling: 

the part of IR which studies the algorithms (or models) used for ranking doc¬ 

uments according to a system assigned likelihood of relevance to a given user 
query. 

Multidimensional Scaling (MDS): 

a method to map objects into points, trying to preserve distances. 
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Multimedia data: 

data combining several different media, such as text, images, sound, and video. 

Multimedia Database Management System: 

system able to represent, manage, and store multimedia data. 

Multimedia Information Retrieval System: 

Information Retrieval system handling multimedia data. 

Multitasking: 

the simultaneous execution of multiple, independent tasks. On a single pro¬ 

cessor machine the tasks share the processor and their execution is interleaved 

sequentially. On a machine with multiple processors the tasks may execute con¬ 

currently. 

Nearest-neighbor query: 

a query that requests the spatial object closest to the specified object. 

Neural networks: 

an algebraic model of document retrieval based on representing query, index 

terms, and documents as a neural network. 

n-gram: 

any substring of length n. 

Non-overlapping lists model: 

a model of retrieving structured documents through indexing structures imple¬ 

mented as non-overlapping lists. 

Object-relational database technology: 

technology that extends the relational model with the mam features of the object- 

oriented one. 

Occurrence list: 

a data structure which assigns to each text word the list of its positions in the 

text. 
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OCR (Optical Character Recognition): 

software that takes as input a bit-mapped image (for example, produced by a 

scanner) and outputs any text present in the image as ASCII text. The quality 

of the result depends on the text type and fonts and can be as high as 99%. 

Online Public Access Catalog: 

see OPAC. 

OPAC (Online Public Access Catalog): 

library management system software which provides user access to information 
contained in a library collection. 

Optical Character Recognition: 

see OCR. 

Panning (see also zooming): 

action of a movie camera that scans sideways across a scene. This effect can be 
simulated in a screen window even in the absence of the camera. 

Parallel computing: 

the simultaneous application of multiple processors to solve a single problem. 
Each processor works on a different part of the problem. 

Parallel information retrieval: 

the application of parallel computing to solve information retrieval problems. 

Pattern: 

set of syntactic features that describe the text segments to be matched, ranging 
from simple words to regular expressions. 

Precision: 

an information retrieval performance measure that quantifies the fraction of re¬ 
trieved documents which are known to be relevant. 

Probabilistic model: 

a classic model of document retrieval based on a probabilistic interpretation of 
document relevance (to a given user query). 
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Proximal nodes model: 

a model of retrieving structured documents through a hierarchical indexing struc¬ 
ture. 

Query: 

the expression of the user information need in the input language provided by 

the information system. The most common type of input language simply allows 

the specification of keywords and of a few Boolean connectives. 

Query expansion: 

a process of adding new terms to a given user query in an attempt to provide 

better contextualization (and hopefully retrieve documents which are more useful 

to the user). 

Query preview: 

a low-cost, rapid-turnaround visualization of what the results of many variations 

on a query might be. 

Range query: 

a query that requests all the spatial objects that intersect the given range. 

Recall: 

an information retrieval performance measure that quantifies the fraction of 

known relevant documents which were effectively retrieved. 

Reference collection: 

a collection of documents used for testing information retrieval models and algo¬ 

rithms. A reference collection usually includes a set of documents, a set of test 

queries, and a set of documents known to be relevant to each query. 

Regular expression: 

general pattern that allows the expression of alternative strings, repetitions and 

concatenations of substrings. 

Repository: 

a physical or digital place where objects are stored for a period of time, from 

which individual objects can be obtained if they are requested and their terms 

and conditions are satisfied. 
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Retrieval task: 

the task executed by the information system in response to a user request. It is 
basically of two types: ad hoc and filtering. 

Retrieval unit: 

the type of objects returned by an information retrieval system as the response 
to a query, e.g. documents, files, Web pages, etc. 

Scatter/Gather: 

a browsing strategy which clusters the local documents in the answer set dy¬ 

namically into topically-coherent groups and presents the user with descriptions 
of such groups. 

Search history: 

a mechanism for tracking the history of a user session or of a collection of user 

sessions. The search history should show what the available choices are at any 

given point, what moves have been made in the past, short-term tactics, and 
annotations on choices made along the way. 

Search starting point: 

where or how an information-seeking task is initiated. Search interfaces should 
provide the users with good ways to get started. 

Semi-static text: 

a text collection which does not change too frequently. 

Semi-structured data: 

data whose structure may not match, or only partially match, the structure 
prescribed by the data schema. 

Sequential or on-line text searching: 

the problem of finding a pattern in a text without using any precomputed infor¬ 
mation on the text. 

SGML: 

standard markup metalanguage. HTML is a markup language based on SGML. 
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Signature file: 

a text index based on storing a signature for each text block to be able to filter 
out some blocks quickly. 

SIMD: 

a parallel computer architecture consisting of a single instruction stream and 
multiple data streams. 

SISD: 

a traditional sequential computer architecture consisting of a single instruction 

stream and a single data stream. 

SMP (Symmetric Multiprocessor): 

a common MIMD computer architecture where all of the parallel processors 

have equal access to the same system resources, and any processor can execute 

any task. The processors may operate independently, or they may cooperate to 

execute a parallel task concurrently. 

Source selection: 

the process of selecting one or more document collections from a set of document 

collections where the selected collections are most likely to contain documents 

relevant to the query. Commonly used in distributed IR systems. 

SQL3: 

the upcoming SQL standard for relational databases. 

Spatial Access Methods: 

file structures for fast storage and retrieval of spatial objects like points, lines, 

polygons. 

Speedup: 

a measure of parallel algorithm performance, defined as: 

S = 
Running time of best available sequential algorithm 

Running time of parallel algorithm 

STARTS (Stanford Proposal for Internet Meta-Searching): 

a protocol for distributed, heterogeneous search developed at Stanford University 

in cooperation with a consortium of search product and seaich service vendors. 
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Statistical text compression: 

a reference to techniques and methods of text compression based on probability 

estimates for the rates of occurrence of each symbol. 

Stemming: 

a technique for reducing words to their grammatical roots. 

Stopwords: 

words which occur frequently in the text of a document. Examples of stopwords 
are articles, prepositions, and conjunctions. 

Suffix tree and suffix array: 

text indices based on a lexicographical arrangement of all the text suffixes. 

Syntax tree: 

structural interpretation of a query, where the nodes are the operators and the 
subtrees are the operands. 

Tag: 

a string which is used to mark the beginning or ending of structural elements in 
the text. 

Term-to-term independence: 

a fundamental assumption underlying the classic vector model which states that 

the vectors used for representing index terms form an orthonormal basis. Such 

an assumption is usually interpreted to mean pairwise orthogonality (but not in 
the generalized vector space model). 

Text structure: 

information present in a text apart from its content, which relates its different 
portions in a semantically meaningful way. 

Textual Image: 

image that is mostly text and then can be compressed more than conventional 

images. In addition, by using OCR, keywords can be extracted and used for 
retrieving the image. 
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Thesaurus: 

a data structure composed of (1) a pre-compiled list of important words in a 
given domain of knowledge and (2) for each word in this list, a list of related 
(synonym) words. 

TREC collection: 

a reference collection which contains over a million documents and which has 
been used extensively in the TREC conferences. The TREC collection has been 
organized by NIST and is becoming a standard for comparing IR models and 
algorithms. 

User information need: 

a natural language declaration of the informational need of a user. For instance, 
‘find documents which discuss the political implications of the Monica Lewinsky 
scandal in the results of the 1998 elections for the U.S. Congress'. 

User relevance feedback: 

an interactive process of obtaining information from the user about the relevance 
and the non-relevance of retrieved documents. 

URL: 

stands for Uniform Resource Locator and is used to address any Internet re¬ 

source, including Web pages. 

Vector model: 

a classic model of document retrieval based on representing documents and 
queries as vectors of index terms. The model adopts as its foundation the notion 

of term-to-term independence. 

Vocabulary: 

the set of all the different words in a text. 

WAIS: 

(Wide Area Information Service): suite of protocols designed to publish infor¬ 

mation and to allow querying of databases in the Internet. 
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Working memory load: 

information about the decisions and choices made during an interactive user 

session. A system with a well designed interface should keep this information 

around to facilitate the task of the user (for instance, allowing the user to easily 
resume temporarily abandoned strategies). 

XML: 

a subset of SGML, defined for the Web. In XML it is easier to define new markup 
languages. 

Z39.50: 

a national standard that has become an international standard. It is a protocol 

foi client/server communication with retrieval systems, allowing a single client 

to interact with one or more systems, or retrieval systems (or gateways) to com¬ 

municate with other retrieval systems. It supports connection-oriented sessions, 

having a system EXPLAIN itself, submission of queries, obtaining information, 
the results lists, and obtaining retrieved documents. 

Zipf’s Law: 

an empirical rule that describes the frequency of the text words, 

the i-th most frequent word appears as many times as the most 
divided by ie, for some 9 > 1. 

It states that 

frequent one 

Zooming (see also panning): 

action of a movie camera that can either move in for a close-up or back away to 

get a wider view. This effect can be simulated in a screen window even in the 
absence of the camera. 
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