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14 2 Architecture of a Search Engine 

We may have more specific goals, too, but usually these fall into the categories 
of effectiveness or efficiency (or both). For instance, the collection of documents 
we want to search may be changing; making sure that the search engine immedi
ately reacts to .changes in documents is both an effectiveness issue and an efficiency 
issue. 

The architecture of a search engine is determined by these two requirements. 
Because we want an efficient system, search engines employ specialized data struc
tures that are optimized for fast retrieval. Because we want high-quality results, 
search engines carefully process text and store text statistics that help improve the 
relevance of results. 

Many of the components we discuss in the following sections have been used 
for decades, and this general design has been shown to be a useful compromise 
between the competing goals of effective and efficient retrieval. In later chapters, 
we will discuss these components in more detail. 

2.2 Basic Building Blocks 

Search engine components support two major functions, which we call the index

ing process and the query process. The indexing process builds the structures that 
enable searching, and the query process uses those structures and a person's query 
to produce a ranked list of documents. Figure 2.1 shows the high-level "building 
blocks" of the indexing process. These major components are text acquisition, text 

traniformation, and index creation. 

The task of the text acquisition component is to identify and make available 
the documents that will be searched. Although in some cases this will involve sim
ply using an existing collection, text acquisition will more often require building 
a collection by crawling or scanning the Web, a corporate intranet, a desktop, or 
other sources of information. In addition to passing documents to the next com
ponent in the indexing process, the text acquisition component creates a docu
ment data store, which contains the text and metadata for all the documents. 
Metadata is information about a document that is not part of the text content, 
such the document type (e.g., email or web page), document structure, and other 
features, such as document length. 

The text transformation component transforms documents into index terms 

or features. Index terms, as the name implies, are the parts of a document that 
are stored in the index and used in searching. 'The simplest index term is a word, 
but not every word may be used for searching. A "feature" is more often used in 
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Fig. 2.1. The indexing process 

the field of machine learning to refer to a part of a text document that is used to 
represent its content, which also describes an index term. Examples of other types 
of index terms or features are phrases, names of people, dates, and links in a web 
page. Index terms are sometimes simply referred to as "terms." The set of all the 
terms that are indexed for a document collection is called the index vocabulary. 

The index creation component takes the output of the text transformation 
component and creates the indexes or data structures that enable fast searching. 
Given the large number of documents in many search applications, index creation 
must be efficient, both in terms of time and space. Indexes must also be able to be 
efficiently updated when new documents are acquired. Inverted indexes, or some
times inverted Jiles, are by far the most common form of index used by search 
engines. An inverted index, very simply, contains a list for every index term of the 
documents that contain that ~ndex term. It is iny.~r~d in the sense of being the 
opposite of a doc~ment file that lists, for every~d.~¢ument, the index terms they 

' 41 . .. 
contain. There are many variations ofirn~~~~~d'indexes, and the particular form of 
index used is one of the most import~nt ¥'r~cts of a search engine. 

Figure 2.2 shows the building block~>'of the query process. The major compo
nents are user interaction, ranking, and evaluation. 

The user interaction comporteri·i: provides the interface between the person 
doing the s~arching and the search engine. One task for this component is accept
ing the user's query and transforming it into index terms. Another task is to take 
the ranked list of documents from the search engine and organize it into the re-
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16 2 Architecture of a Search Engine 
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Fig. 2.2. The query process 

suits shown to the user. This includes, for example, generating the snippets used to 

summarize documents. The document data store is one of the sources ofinforma
tion used in generating the results. Finally, this component also provides a range 
of techniques for refining the query so that it better represents the information 
need. 

The ranking component is the core of the search engine. It takes the trans
formed query from the user interaction component and generates a ranked list of 
documents using scores based on a retrieval model. Ranking must be both effi
cient, since many queries may need to be processed in a short time, and effective, 
since the quality of the ranking determines whether the search engine accom
plishes the goal of finding relevant information. The efficiency of ranking depends 
on the indexes, and the effectiveness depends on the retrieval model. 

The task of the evaluation component is to measure and monitor effectiveness 
and efficiency. An important part of that is to record and analyze user behavior 
using log data. The results of evaluation are used to tune and improve the ranking 
component. Most of the evaluation component is not part of the online search 
engine, apart from logging user and system data. Evaluation is primarily an offiine 
activity, but it is a critical part of any search application. 
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