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1 Introduction
The MetaCrawler Softbot is a parallel Web search service that has been available at the University of
Washington since June of 1995. It provides users with a single interface with which they can query popular
general-purpose Web search services, such as Lycos[6] and AltaVista[1], and has some sophisticated features
that allow it to obtain results of much higher quality than simply regurgitating the output from each search
service. In this article, we brie y outline the motivation for MetaCrawler and highlight previous work, and
then discuss the architecture of MetaCrawler and how it enables MetaCrawler to perform well and to scale
and adapt to a dynamic Internet.

1.1 Motivation
Since its inception, the World Wide Web has grown at a staggering rate. As a result, nding information
on the Web is often dicult. To address this problem, search services such as WebCrawler[8] and Lycos [7]
were created which use robots to collect information and index it at one place, and directory services such as
Yahoo were created using human editors to organize and categorize Web pages. Both types of services make
it easier for users to nd the information they need. These services are also very popular as people like going
to one place and discovering the information they want. Several other services have also recently emerged,
such as AltaVista[1] and HotBot[5], which are attempting to form the most up-to-date and complete index
of the Web.
A common belief is that the majority of Web search services are roughly the same. They all index the same
content, and all use reasonable Information Retrieval (IR) techniques to map a query to potentially relevant
URLs. Our experiments suggest otherwise.
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1.2 Previous Findings
We found that each service returns di erent documents for the same query. Also, there is an inherent time
lag in each services' results { one service may have an index of a document that is only a day or two old,
whereas another may have an index that is a month old. Thus, you never know if the references returned
are fresh references, or stale references that were once appropriate. A nal complication is that each service
uses a di erent ranking algorithm. One service might rank pages that are highly relevant to a given query
in the top positions, whereas another may not. In practice, each ranking algorithm tends to work well for
certain classes of queries, but performs poorly in others. Taken all together, each service has an extremely
disparate set of documents in their index, not only in terms of which documents are indexed, but also in
terms of when each document was indexed. We previously demonstrated that by relying exclusively on a
single search engine instead of the MetaCrawler, users could miss over 77% of the references they would nd
most relevant[10].
We have also observed that the interface of each search service is often not optimal. Many of the features
users desire, such as phrase searching or ltering by location, are often absent or require a syntax dicult for
average users. Furthermore, many of the references returned by existing services were unavailable. Earlier
experiments demonstrated that by examining pages to ensure they exist and have quality content, as well
as by providing the user with added expressive power, over 75% of the references returned to the user could
be automatically determined to be irrelevant and subsequently removed[10].

2 The MetaCrawler Softbot
The MetaCrawler Softbot was created to address the problems outlined above. MetaCrawler is a Software
robot that aggregates Web search services for users. MetaCrawler presents users with a single uni ed interface. Users enter queries, and MetaCrawler forwards those queries in parallel to the sundry search services.
MetaCrawler then collates the results and ranks them into a single list, returning to the user the sum of
knowledge from the best Web search services. The key idea is that the MetaCrawler allows the user to
express what to search for and frees the user from having to remember where or how .
MetaCrawler has several features that enable the user to obtain high quality results. Users can instruct the
MetaCrawler to nd pages with either all of the words in their query, any of the words in their query, or
all of the words in their query as a phrase . Users can also specify if a word must or must not appear in
any reference returned, as well as if a reference comes from a particular geographic or logical location (e.g.
France or boeing.com). MetaCrawler has several additional features that will not be discussed here, but are
explained in detail at the MetaCrawler WWW site[9].
In order to accomplish its goal, MetaCrawler must be adept at several tasks. It needs to take user queries
and format them appropriately for each search service. Next, it must be able to correctly parse the results
and aggregate the results from the other services. Finally, it must be able to analyze the results to eliminate
duplicates and perform other checks to ensure quality. Figure 1 details the MetaCrawler's control ow.
It is important to note that accomplishing these tasks is only sucient to get MetaCrawler to work. There are
several additional requirements in order to make it usable, which in turn strongly impact how MetaCrawler
is designed. First and foremost, MetaCrawler needs a user interface that the average person can use. Second,
MetaCrawler must be able to perform its tasks for the user as quickly as possible. Finally, MetaCrawler
must be able to adapt to a rapidly changing environment.
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Figure 1: MetaCrawler Control Flow
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2.1 Understanding Query and Output Formats
MetaCrawler has to understand both the query format and feature set supported by each service. Understanding the query format is not dicult, but there are some details involved. For example, Alta Vista
prefers searching for phrases by enclosing the phrase in double quotes, e.g. \Erik Selberg" whereas HotBot
uses a menu option that selects phrase searching.
Translating a user query into the proper format for each search service is only half of the equation. MetaCrawler
must also parse the results of the query and collate results from di erent services into a single, coherent list.
This task is dicult because each service uses a di erent ranking criterion, and some services don't report any information about the ranking besides the order. Furthermore, because each service's robot is
slightly di erent, the URLs recorded for identical pages are often di erent; for example, one robot may nd
http://www.cs.washington.edu/homes/speed/home.html while another may nd
http://www.cs.washington.edu/homes/selberg, both of which point to the same document.

2.2 Post-Processing References
Supporting a rich feature set can be problematic. Some services have all the features that MetaCrawler
uses, whereas others are lacking in particular areas such as phrase searching or weighing words di erently.
MetaCrawler implements these and other features not available from any service by downloading the pages
referred by each service and analyzing them directly. The time required to download all pages in parallel is
reasonable, usually adding no more than a couple of minutes to the search time. In addition, MetaCrawler
is able to process results that have arrived while waiting for others. Therefore, minimal computation time
required after all the references have been retrieved. It is important to note that while this does improve
quality substantially, it is a user-enabled option1 as most users prefer to have the results displayed quickly.
Downloading and analyzing references locally has proven a powerful tool. We can implement features not
found in some services. For example, Lycos does not currently handle phrase searching. MetaCrawler
simulates phrase searching by sending Lycos a query for documents containing all the query words, downloads
the resulting pages, and extracts those pages that actually contain the appropriate phrase. Using similar
methods, we are able to handle other features commonly found in some, but not all, search services, such as
requiring words to be either present or absent in pages.
In addition to simulating features on a particular search service, we are able to implement new features.
The most obvious is that by downloading a reference in real time, we have veri ed that it exists. This has
proven to be a popular feature in itself. We are also able to analyze the pages for sophisticated ranking and
clustering algorithms, and are able to extract words from the documents that may be useful for re ning the
query.

2.3 Collation and Duplicate Elimination
Detecting duplicates references is dicult without the full contents of a particular page, due to host name
aliases, symbolic links, redirections, and other forms of obfuscation. To eliminate duplicates, MetaCrawler
uses a sophisticated comparison algorithm. When comparing two URLs, it rst checks that the domains
are the same (i.e. is www.cs.washington.edu really bauhaus.cs.washington.edu?). It then checks if the
paths are the same using standard aliases (e.g. a URL of the form http://www.some.dom/foo often refers
1 The post-processing option is currently disabled pending additional coding that will ensure MetaCrawler does not cause an
undue load on remote sites by downloading pages.
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to http://www.some.dom/foo/index.html). Finally, if the domains are the same and the paths aren't,
it looks at the titles of the pages. If they are the same, it assumes that they are aliases, although rather
than deleting the reference it puts the link beneath the original. MetaCrawler is able to make an even more
concrete determination if it can download the page and compare the full text. There are issues that still
need to be resolved, such as mirrored pages, but our algorithm has worked well enough in practice.
MetaCrawler uses a con dence score to determine how close a reference matches the query. A higher con dence score indicates a more relevant document. To calculate each references' con dence score, MetaCrawler
rst distributes the con dence scores returned by each service into the range 0 to 1000. Thus, the top pick
from each service will have a con dence score of 1000. Then, the MetaCrawler eliminates duplicates, and
adds to the duplicated reference's score the sum of the removed references con dence scores. In essence, this
allows services to vote for the best reference, as a reference returned by three services will most likely have a
higher total than a reference returned by one. In addition, we provide the option of seeing the results sorted
by location rather than relevance.

2.4 User Interface
MetaCrawler must have a reasonable user interface if the average Web user is to interact with it. Visually,
there is a single text entry box, a set of radio buttons which describe the logic of the query (e.g. \All
these words," \As a phrase"), various options describing what results are desirable (e.g. results from the
user's country, .edu sites, etc), and sundry performance metrics (e.g. how long to wait). This preserves the
metaphor which people prefer and understand { one single interface with which to nd information on the
Web. It is important that we do not assume that the user is skilled in Boolean logic, as a large portion of the
feedback we received from users suggested that they often confused Boolean expressions (using AND when
they meant OR, believing that OR meant exclusive OR, etc.).

2.5 Performance
In order for MetaCrawler to be practical for mass use, it must be fast. A naive implementation would wait
until all search services returned results and then wait again until each reference has been downloaded. This
creates a barrier. This problem compounds during peak rates, when the slowest services can take on the
order of a minute longer to return results than the faster services.
We have addressed the performance issues using several methods. First, we have installed user-modi able
timeouts. This way, if some services are overly slow, MetaCrawler will time them out relatively quickly.
By default, this time is 30 seconds. Second, we only download references when needed, i.e. when the user
activates a particular option, such as phrase searching. As search services become more sophisticated, we
can implement more features without downloading references. We have also experimented with an explicit
switch to allow users to control when MetaCrawler does or does not download references, although initial
user feedback has indicated that users prefer implicit control versus dealing with yet another option.
We are also putting substantial e ort into showing something to the user as quickly as possible. While this
does not actually improve the speed of MetaCrawler, showing something quickly gives the perception of
increased speed, and gives feedback as to how long the query will take. MetaCrawler displays when a service
returns and how many results it returned. Our new Java interface prototype lets users see and explore
the partial results. This allows the user to examine what has come in quickly, possibly by following some
references. If the desired reference is present, then the user can quickly move on. Otherwise, no time is lost;
the query is still running, and has probably completed by the time the user is nished perusing the initial
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Figure 2: MetaCrawler Architecture
results. Early feedback from users on this feature has been positive.

3 Architectural Design
MetaCrawler is designed in a modular fashion, as depicted in Figure 2. The main components are the User
Interface, the Aggregation Engine, the Parallel Web Interface, and the Harness. The User Interface is simply
the layer that translates user queries and options into the appropriate parameters. These are then sent to
the Aggregation Engine, which is responsible for obtaining the initial references from each service, postprocessing the references, eliminating duplicates, and collating and outputting the results back to the User
Interface for proper display. Most of the sophisticated features of MetaCrawler reside in this component.
The Parallel Web Interface is responsible for downloading HTML pages from the Web, including sending
queries and obtaining results from each search service.
The Harness is the crux of the design; it's where the service-speci c information is kept. The Harness receives
control information detailing which references to obtain; it then formats the request properly and sends the
reference to the Parallel Web Interface, which then returns a page to the Aggregation Engine. It also sends
some status information back to the Aggregation Engine that is used to measure progress. The Harness is
implemented as a collection of modules, where each module represents a particular service. It is designed so
that modules can be added, modi ed, and removed without impacting the rest of MetaCrawler.
MetaCrawler's architecture provides several advantages. It provides a layer of abstraction above traditional
search services, which allows for greater adaptability, scalability, and portability as the Web grows and
changes.
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3.1 Adaptability
Search services are extremely volatile in today's Internet. New search services are being launched continually.
Almost as frequently is the rate at which search services upgrade their systems, which often means that their
searching interface changes. Finally, while many search services are emerging, there are also a number
of services being removed or moved to new sites, leaving and dangling references elsewhere in the Web.
MetaCrawler's modular design allows for new services to be added, modi ed, and removed quickly, thus
allowing it to easily adapt to a changing Internet.

3.2 Portability
The MetaCrawler Softbot is an intelligent interface to powerful remote services. It does not require large
databases or large amounts of memory. This provides great exibility in its location. Currently, MetaCrawler
exists as a universally accessible service at the University of Washington. However, we have created prototype
implementations that reside on the user's machine. We have also had great success in compiling MetaCrawler
on di erent architectures, including DEC OSF, Linux, and even Windows. The MetaCrawler Softbot can run
on most machines currently available with minimal e ort, which means that most users can use MetaCrawler,
either locally or remotely, without needing to invest in expensive hardware. Further, MetaCrawler is not
rooted to any platform-speci c technology, so as machines improve MetaCrawler will be able to adapt and
operate on those new machines as well.

3.3 Scalability
As the Internet grows, so does its user base. It is important that the MetaCrawler scale to handle these
users. The load on the servers handling the MetaCrawler service scales linearly with the number of requests
per day. Unfortunately, given the expected usage projections of the Web, even linear scaling may require
a daunting investment in hardware. However, using implementations resident on users' machines, we are
able to scale without the need to add more machines. Every user is responsible for their own network and
computational requirements, and they only need contact the server periodically to obtain updated service
lists and other new information.

4 Future Work
There are several promising areas for future work with the MetaCrawler Softbot. The rst is to have
MetaCrawler scale with the number of search services; currently, it accesses every service on each query.
While that is acceptable for a limited number of search services, a broadcast protocol won't work with a
large number of small or special purpose search services. One possibility is to use a learning-based approach
similar to SavvySearch[3], where MetaCrawler learns which services to use based on prior experience. Another
method is to take an approach similar to GlOSS[4] or the Content Router[11] which use information obtained
directly from the search services to route queries appropriately.
Other areas of research involve improving MetaCrawler's output method; currently, we support ranking by
relevance and location. Other options are being explored, such as clustering methods [2].
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5 Conclusion
MetaCrawler presents users with a single intelligent interface that controls several powerful information
sources, formats the user's queries for each service it uses, collects the references obtained from those services,
and optionally downloads those references to ensure availability and quality. It then removes duplicate
references and collates the rest into a single list for the user. The user need know only what he or she
is looking for the MetaCrawler Softbot takes care of how and where . We have paid special attention to
performance, making it a practical tool for Web searching.
MetaCrawler's architecture is a modular harness; we are able to plug in, modify, and remove services easily.
This enables us to combine many di erent resources without diculty. It is adaptable to new and modi ed
services. Because of its minimal resource requirements, it is very portable, able to exist as a server on
enterprise-scale UNIX servers or as a user application on a Windows box. Also, it exhibits reasonable scaling
properties, especially when viewed as a client application. The research service has been available to the
public for over a year, with a current query rate of over 150,000 per day.
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