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pro\'iders: finding the least expensive airfares for a given route, 
for example. 

Most crawlers make an archival copy of some or aU of a web
page, and extract the links immediately to find more pages to 
crawL Some crawlers, like the HeritrLx spider employed by the 
Internet Archive, the "wget" program often distributed with 
Unux, a nd web robots buiJt into browsers and other web 
cHents, are pretty much done at this stage. However. most 
crawlers create an archive that is designed to be parsed and 
organized in some way. Some of this processing (like ""scrap
ing" out links, or storing metadata) can occur within the 
crawler itself, but there is usually some form of processing of 
the te.\1 and code of a webpage afterward to tl)' to obtain struc
tura1 information about it. 

The most basic fom1 of processing, common to almost every 
modem search engine, is extraction of ke)' terms to create a 
keyword inde.x for the web by an .. indexer."' We are all familiar 
with bow the index of a book works: it takes information about 
which words appear on any given page and reverses it so that 
you may learn which pages contain any given word. In retro
spea, a full-text inde.x of the web is one of the obvious choices 
for finding material online. but particularly in the early devel
opment of search engines it was not dear what parts should be 
indexed: the page tides, metadata, hyperlink teX1, or ful l text 
(Yuwono eta!. 1995). lfindexing the full text of a page. is it pos
sible to determine which words are most important? 

In practice, even deciding what constitutes a "'word" (or a 
"term") can be difficu1t For most western languages, it is pos
sible to look for words by finding letters be~veen the spaces 
and punctuation, though this becomes more difficu1t in 
languages like Chinese and Japanese, v.itich have no dear 
markings between terms. In English, contractions and abbre
viations cause problems. Some spaces mean more than others; 
someone looking for information about "York"' probably has 
little use for pages that mention .. New York," for instance. A 
handfu1 of words like .. the" and •my" are often dismissed as 
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"stop words" and not included in the index because they are 
so common. Further application of nahtral language process
ing (NLP) is capable of determining the parts of speech of 
terms, and synonyms can be identified to provide further d ues 
for searching. At the most extreme end of indexing are efforts 
to allow a computer to in some way understand the genre or 
topic of a given page by "reading" the text to determine its 
meaning.1 

An index works well for a book. Even in a fairly lengthy 
work, it is not difficult to check each occurrence of a keyword, 
but the same is not true of the web. Generally, an exhaustive 
examination of each of the pages containing a particular key
word is impossible, particularly when much of the material is 
not just unhelpful, but - as in the case of spam - intentionally 
misleading. This is why results must be ranked according to 
perceived relevance, and the process by which a particular 
search engine indexes its content and ranks the results is really 
a large part of what makes it unique. One of the ways Google 
leapt allead of its competitors early on is that it developed an 
algorithm called PageRank that relied on hyperlinks to infer 
the authority of various pages containing a given keyword. 
Some of the problems of Page Rank ·will be examined in chap
ter 4- Here, it is enough to note that the process by which an 
index is established, and the attributes that are tracked, make 
up a large part of the "secret recipes" of the various search 
engines. 

The crawling of the web and processing of that content hap
pens behind the scenes, and results in a database of indexed 
material that may then be queried by an individual. The final 
piece of a search engine is its most visible part: the interface, or 
"front end," that accepts a query, processes it, and presents the 
results. The presentation of an initial request can be, and often 
is, very simple: the search box fotmd in the comer of a web
page, for example. The sparse home page for the Google 
search engine epitomizes this simplicity. However, providing 
people with an extensive set of tools to tailor their search, and 
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The Engines 

to refine their search, can lead to interesting challenges, par
ticularly for large search engines with an extremely diverse set 
of potential users. 

In some ways, the ideal interface anticipates people's behav
iors, understanding what they expect and helping to reveal 
possibilities without overwhelming them. This can be done in 
a number of ways. Clearly the static design of the user interface 
is important, as is the process, or flow, of a search request. 
Westlaw, among other search engines, provides a thesaurus 
fLmction to help users build more comprehensive searches. 
Search engines like Yahoo have experimented with auto
completing searches, anticipating what the person might be 
trying to type in the search box, and providing suggestions in 
real time (Calore 2007). It is not clear how effective these par
ticular elements are, but they exemplify the aims of a good 
interface: a design that meets the user half-way. 

Once a set of results are created, they are usually rarLked in 
some way to provide a list of topics that present the most sig
nificant "hits" first. The most common way of displaying 
results is as a simple list, with some form of summary of each 
page. Often the keywords are presented in the context of the 
surrow1ding text. In some cases, there are options to limit or 
expand the search, to change the search terms, or to alter the 
search in some other way. More recently, some search engines 
provide results in categories, or mapped graphically. 

All of these elements work togeilier to keep a search engine 
continuously updated. The largest search engines are con
stantly under development to better analyze and present 
searchable databases of the public web. Some of iliis work is 
aimed at malcing search more efficient and usefi.u, but some is 
required just to keep pace. The technologies used on the web 
ch ange frequently, and, when they do, search engines have to 
ch ange witl1 them. As people employ Adobe Acrobat or Flash, 
search engines need to create tools to make sense of iliese 
formats. The sheer amount of material iliat must be indexed 
increases exponentially each year, requiring substantial 
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