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Abstract

This paper answers the question: How does Scirus work? Scirus, a free Web search
engine dedicated to science, uses sophisticated search technology to create the
world’s most comprehensive science-specific index. The Scirus Index is comprised of
a unique combination of free Web sources and article databases. The process of
gathering and classifying the data in the Scirus Index is described. Search

functionality, the process of ranking results and refine your search is explained.

Keywords: Science, Technology and Medicine (STM), Web Search Engine, Speciality
Search Engine, Focused Crawling, Classification.
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Introduction

Scirus is the most comprehensive science-specific Web search engine available on the
Internet. Driven by the latest search engine technology, it enables researchers and
students searching for scientific information to chart and pinpoint the information
they need - including peer-reviewed articles, author home pages and university sites —
quickly and easily.

Scirus is powered by search technology provided by Fast Search & Transfer ASA
(FAST). A wide range of global companies with demanding search requirements
including AT&T, eBay, BroadVision, FirstGov, Freeserve, IBM, InfoSpace, Reuters,
T-Online, Terra Lycos, and Tiscali use FAST search technology.

Speciality search engines — also called vertical or topical Web search engines — focus
on specific subject areas. Elsevier has worked in partnership with FAST to create
unique processes that ensure that Scirus is the most comprehensive science-specific
index on the market today. Locating scientific information on the Web is fast and
efficient with Scirus because it:

< Focuses only on websites containing scientific content and indexes those sites
in-depth.

« Searches the world-wide-web for free sources of information such as scientist
home pages and university websites.

< Searches the world’s largest database of scientific, technical and medical journals.
 Locates pre-print, peer-reviewed articles and patents.

= Provides an intuitive interface and advanced search features that makes it
easy to use.

* Reads non-text files allowing access to vital PDF and PostScript files that are
often invisible to other search engines.

How Scirus Works



o e o o o o o o o o o o o o O

Pinpointing Results: The Inverted Pyramid

An efficient search engine is able to pinpoint results quickly and efficiently. An
inverted pyramid best depicts the process Scirus uses to pinpoint results.

At each phase in the process the data is increasingly refined. As a result, the Scirus
Index is a database of relevant, science-specific information.
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Seed List Creation and Maintenance

The seed list is the basis on which Scirus crawls the Internet. The Scirus seed list is
created by a number of methods including:

< Elsevier publishing units are periodically asked to supply a list of sites in their
subject area.

 Members of the Scirus Scientific, Library and Technical Advisory Boards provide
input on an ongoing basis.

« Webmasters and Scirus users regularly submit suggestions for new sites.

< Easily identifiable URLs (such as www.newscientist.com) are added on a regular
basis.

* An automatic URL extractor tool identifies new scientific seeds based on a link
analysis of the most popular sites in specific subject areas.

Because the seed list only contains URLs that have been manually checked for
scientific content Scirus is able to crawl the Internet in an efficient, focused way.

How Scirus Works
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Focused Crawling

Scirus uses a robot — also known as spiders or crawlers — to “read” the text on the

sites found on the seed list.

Unlike general search engines, the Scirus robot doesn’t follow links unless those
domains are also on the seed list. This type of focused crawling ensures that only
scientific content is indexed. For instance, if Scirus crawls www.newscientist.com
it will only read pages that fall under that domain. It doesn’t crawl a link to
www.google.com because that URL isn't on the seed list.

The Scirus robot crawls the Web to find new documents and update existing

documents. The process the robot follows is relatively simple:

¢ A scheduler coordinates the crawl. The job of the scheduler is to prioritise
documents for crawling, track the rules set by webmasters in their robots.txt files
and limit the number of requests a robot sends to a server.

¢ Independent machine nodes — sometimes called a “crawler farm” — crawl the
Web. They work in tandem and share link and meta information. Each node in

the farm is assigned a segment of the Web to crawl.

* The robot collects documents and sends them to the Index. It also stores a copy
of the page so that Scirus can show the portion of the document that actually
contains the search query term (also called a dynamic teaser or keyword in context).

Robots face a number of challenges when crawling the Web due, in large part, to its
exponential growth. Links are added and removed with great frequency. As a result,

it is necessary to index both the page and their relationships.
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Database Load

While the robot crawls the seed list, Scirus loads data from science-specific sources.
The loaded data consists of both partnership and Open Archive Initiative (OAI)
sources. Partnership sources currently include ScienceDirect, MEDLINE on BioMedNet,
Beilstein on ChemWeb, BioMed Central, and the US Patent Office.

The OAI develops and promotes interoperability standards to facilitate the efficient
dissemination of content. OAI sources currently include arXiv.org, NASA (incl. NACA
and LTRS), CogPrints, The Chemistry Preprint Server, The Computer Science Preprint
Server and The Mathematics Preprint Server.

The Scirus database will continue to expand to ensure that as many science-specific
Web sources as possible are included in the index.

How Scirus Works
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Classification

The robot gathers all the pages and puts them into a “working” index. Scirus reads
every word that appears on the site and examines where the word appears on the
site (title, URL, text). Once the seed list has been crawled and the database has been
loaded Scirus is ready to classify the data. The classification process improves the
retrieval of science-specific pages and allows the user to perform searches that are
targeted towards specific scientific domains or document types.

Scirus performs document classification following two different schemes:

* The subject classification identifies scientific domain descriptors that can
be assigned to a document. Currently there are 20 subject areas available
for selection — such as Medicine, Physics or Sociology — covering all major
fields of science.

* The information type classification assigns a document type such as scientists'
homepage or scientific article. This narrows the search to specific kinds of
documents and prevents the retrieval of unwanted pages.

Subject Classification

Scirus maintains a customized linguistic knowledge base for each subject area. The
vocabulary on the pages is mapped against the terms from dictionaries which have
been compiled through training on a very large, manually pre-classified corpus of
scientific texts. The dictionaries are supplemented with entries from domain-specific
terminological databases.

The vector terms are weighted single word and multiword expressions. The weight
of the classification terms is determined by examining statistical properties from the
training corpus — such as the classification strength — and through partial manual
maintenance.

10
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In addition to their classification task, the dictionaries are also used to determine and
normalise terms for providing the main keywords relevant for the document.
Document meta information, such as the URL of the page and anchor text pointing to
the document is also used to refine and improve the subject classification.

The algorithm for subject classification allows the assignment of multiple categories
to a single document, because of the considerable overlap between neighbouring
scientific disciplines (such as Neuroscience and Medicine or Psychology and Social Sciences).

Information Type Classification

Scirus uses custom software to analyze the profile of a page and classify the information
type. Types that are recognized include scientific abstracts, full text scientific articles,
scientists’ home pages, conference announcements and other page types that are
relevant to the scientific domain. The classification algorithm analyses the structure and
the vocabulary of a page to assign one of the categories. For instance, scientists’ home
pages can be recognised by looking at structural information — such as the presence of
address information, biographical data layout, publication lists — and by the presence of

keywords like “homepage”, “publication list” etc.

The structural analysis also allows the extraction of certain information chunks from the
analysed pages. In the case of a scientists’ homepage the module will attempt to extract
information like the name and affiliation of the owner of the page and add it to the
document attributes.

11
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Scirus Index

Once the classification is complete the Scirus Index is ready for searching. Like the
Internet, the Scirus Index has grown substantially since it was launched in 2001.

Both the Scirus seed list and the number of pages in the database load have
continued to grow since Scirus was launched in April 2001.

# pages

April 2001 April 2002 April 2003

12
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Query

Scirus improves the ranking and relevance of results by implementing “intelligent
query rewrites” which are designed to automatically understand the intention of the
user and enable more intelligent searching by rewriting the queries. Query
transformations performed on the searchers’ behalf include the addition of quotes
around common phrases that are detected from the Scirus phrase dictionary and the
removal of non-essential search words in the query such as “what is” and

“where can | find information about”. Searchers have the option of running a query

without the re-writing function.

SCIfJS

for scientific information only

Advisory Board Submit Web site Search Tips Contact Us

|Basil:: Search Advanced Search Search Preferences |

|}what are the conventional risk factors in patients with a

¥ all journal sources ¥ all web sources [ Exact phrase

Searched for:  All of the words what are the conventional risk factors in patients with acute myocardial infarction

86 journal results (ScienceDirect | MEDLINE | Beilstein | BioMed Central)

Found: 80 Web results {All Preprints | NASA | US Patent Office)

166 total

Sort by: relevance | date

’l—| Save checked results ]—[ Ernail checked results ]—‘
1

Your query was rewritken to:

. Risk of nosocomial infections and effects of total cholesterol, HOL what are the "conventional
cholesteraol in surgical patients rlSktfaCtDFS Ind_D‘litlintscttg\'lth
CANTURK, N.Z. / CANTURK, Z. / OKAY, E. / YIRMIBESOGLU, O. / acute myoeardial Infarction

Wiwe did this by adding

ERALDEMIR, B., _Cnmcaa’ MNutrition, _Oct 200_2 _ _ UEES ) EETTE phrEsEs,
Background and aims: Changes of lipoprotein pattern in plasma occur in and by removing non-
many acute infections, The aim of this study was to analyse the role of | essential words,

total cholesterol and HOL cholesterol in postsurgical patients with - Repeat without revirite
nosocormial. ..

Refine your search
using these keywords
found in the results:

Full text article available from science :fr_."-m--:r
sirnilar results

[ 2. PAPP-A, a novel marker of unstable plague, is not influenced by assent
hypolipidemic treatment in contrast to CRP herademds

Ceska, R. / Stulc, T. f Zima, T. / Malbohan, 1. / Fialova, L.,
Atherosclerosis, Jan 2003
PII S0021915002003131 50021-9150(02300313-1 Elsevier Science Ireland | £2ronary
Ltd Letter to the editor PAPP-A, a novel marker of unstable plaque, is not | coronary artery disease
influenced by hypolipidemic treatment in contrast to CRP Richard Ceska coronary heart disease
Tomas Stulc Third Department of Internal... )

. excerpta medica

Eull fost amticla auailablo frans sciewmce A eimner

carotid
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Search

Scirus has a wide range of features to help users pinpoint the information they're
looking for.

Basic Search

The basic search function enables users to specify:
e Search only on the exact phrase.
e Show results from all sources or select either journal or web sources.

Refine Search

Users can refine their search by selecting from a list of relevant classification terms.
These terms are identified by analysing the top 100 results and tabulating the most
common classification terms assigned to them.

The “refine your search” term functionality is based on the classification terms added
to the document during indexing.

Advanced Search

The Advanced Search option allows the users to customize their search in the
following ways:

e Select from a range of 20 searchable subject areas spanning health, life, physical
and social sciences.

e Locate data within a specified date range.
e Search by information type — such as scientific conferences, abstracts and patents.

e Search within specific information sources such as journals on BioMed Central or
a web source such as NASA.

e Search by journal title, article title or author name.

14
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|Advanl::ed Search Basic Search Search Preferences |

Iwhat are the conventional risk factors in patients with ar IAII content fields j IAII of the words j

AMD -

| |AII content fields j |AII of the wards j

Published between | |1976 7] ong |2003 7]
Information types IV all [0 conferences
[T abstracts [T patents
[T articles - Preprints
[ Books [ scientist homepages
[T company homepages
File formats | W all [T roF
[ HTmL
Content sources ¥ all journal sources ¥ all web sources
[T Beilstein on Chemieb r Chemistry Preprint Server
[T BioMed Central [ coaPrints
[ MEDLINE on BioMednet I E-Print arxiv
[T Sciencebirect r Computer Science Preprint Server
[ Mathematics Preprint Server
[ uasa
[T us patent Office
[T other
Subject areas ™ all [T Life Sciences
(| Agricultural and Biological Sciences [ Materials Science
(| Astronary [T Mathernatics
(| Chemistry and Chemical Engineering [T Medicine
(| Corputer Science [ Neuroscience
[ Earth and Planetary Sciences (| Pharmacology
(| Economics, Business and Management (| Physics
(| Engineering, Energy and Technology (| Psychology
[T Enviranmental Seiences [T Sacial and Behavioral Sciences
(| Languages and Linguistics (| Sociology
[ Law
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Ranking

Scirus uses an algorithm to rank the documents resulting from a query. Algorithms
are procedures, or formulas, used to solve a problem. Ranking is based on two basic
values: term and links.

Term Frequency

For term value, the location and frequency of occurrence of the terms within the
document are measured. The global frequency of the term within the whole index
is also taken into consideration. Scirus asks the following questions when looking at
term location and frequency:

e |s the term in the title?

e |s the term in the text in a link?

e Where is the term located in the text (top, bottom)?
* How many times is the term used?

To ensure that full-text articles are not ranked higher than title/abstract pages Scirus
counts the number of keywords and then divides them by the total number of terms
in the document. Scirus also examines the length of the URL.

Short URLs (such as www.microsoft.com) are more relevant than longer URLs

(such as www.microsoft.com/help). Scirus does not use meta tags because they are
subjective to ranking tweaking by users.

When the terms in a query occur near to each other within a document it is more
likely that the document is relevant to the query than if the terms occur at a greater
distance. Therefore the proximity of the search terms influence the Scirus ranking.

16
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Link Analysis

Scirus uses link analysis as part of its relevancy ranking system. For link value, the
number of links to a page is analysed. The cardinality or importance of a page is
determined by calculating the number of links to a page. The more links to the page,
the higher the ranking. Scirus also analyses the anchor text — the text of a link or
hyperlink — to determine the relevance of a site.

Because pages in the database load aren’t crawled, it isn’t possible to conduct a link
analysis. These pages are assigned a static score. Every time a new Scirus Index is
created the static score is examined for relevance.

Scirus uses a special general terms dictionary with “select” scientific terms to identify
which pages deserve a science flag. In cooperation with the Computational Linguistics
Department at the University of Munich, the Scirus development team identified over
50,000 scientific terms that occur uniformly across all subject areas. In order to receive
a science flag the page needs to meet a threshold number of matches.

The results with the highest rank score are listed first. Each document that matches
a query is given a rank value. Static ranking is assigned based on an analysis of the
document alone. Dynamic ranking is based on the location of the query terms in the
document.

17
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Results

To ensure that results analysis is an efficient process, Scirus presents results in a
number of innovative ways:

e |t “collapses” the site to prevent returning multiple pages of the same Website.
Although the content is different, pages from the same domain often look alike.
If the user clicks “more hits from” at the end of the citation Scirus will display
more matching results from the same Website.

e Dynamic teasers (also called relevant text) return the part of the result relevant
to the query and highlight the search terms. For example, if you search for
genetic manipulation the first result has the following teaser:

|J' 2. Single neuron labeling and genetic manipulation
Aug 2002
...Supp pp 1158 - 1159 Single neuron labeling and genetic manipulation Liqun
Luo & Hui Zong The authors are in the Department.. neuroscience. Now imagine
that one can use genetic manipulation to create, at will, singly-labeled
neurans in...
[http: /fwww . nature. com/egi-taf/DynaPage. taf?file=/neuro...]
similar results

e Sources are branded so that it is clear whether the results are from the Web or
loaded databases. For example, BioMed Central results are displayed as follows:

Save checked results ]—[ Email checked results ]—‘
1. Gene targeting in mosguito cells: a demonstration of 'knockout' technology in extrachramosarmal

gene arrays

Eggleston, Paul / Zhao, Yuguang, 8MC Genetics, Jul 2001

...cultured somatic cells as a model...demonstrated in both mosquitoes 51 and

Drosophila.. recently, gene targeting has been...determined in this way...1 A— 10 7 cells were
transfected...suggest a targeting efficiency.. .developed for mosquitoes. Functional.. Analysis

of the gene targeted...
O BioMed central

Full text article available from

18
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Conclusion

The vast amount of information available on the Internet can make searching a long,
complicated process. Speciality search engines like Scirus provide a more productive

search by:

< Focusing only on sites with subject-specific data.

= Searching the “deep” web.

e Filtering out irrelevant data.
Scirus, like the Internet itself, is a work-in-progress. We work in partnership with FAST
to keep pace with evolving technology so that our users can tap into the vast pool of
scientific information available on the Internet. Through an in-depth process of

filtering information, classification and ranking Scirus is able to pinpoint information
more precisely than any other science-specific search engine.

19
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Glossary

Algorithm
A procedure, or formula, for solving a problem.

Anchor Text
The text contained in (and sometimes near) a hyperlink.

Crawler
The part of a search engine that surfs the web, storing the URLs and indexing the
keywords and text of each page.

Deep Web
Content that general search engines can’t access. Also known as the Invisible Web.

Dynamic Teaser
Search terms that are highlighted in the search results. Also known as keywords in
context.

HTML
Hypertext Mark-up Language is a set of tags used to structure text and multimedia
documents posted on the Internet.

Index
An index — also known as database - is a collection of web pages maintained by a
search engine.

Invisible Web
Content that general search engines can’t access. Also known as the Deep Web.

Keyword

A word, a phrase or a group of words, sometimes combined with other syntax used
in a query.

22
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Lexeme
The fundamental unit of the lexicon of a language. Find, finds, found, and finding are
forms of the English lexeme find.

Meta tag
A construct placed in the HTML header of a web page, providing information that is not
visible to browsers. The most common meta tags are keywords and description.

Nodes
A terminal in a computer network.

PDF
A file format used to represent documents independent of the original application
software, hardware, and operating system used to create those documents.

Query
Instructions given to a search engine in order to locate web pages.

Ranking
The process of ordering web sites or web pages by a search engine so that the most
relevant sites appear first in the search results.

Robot
A program that follows hypertext links and accesses web pages. Also known as a Spider
or Crawler.

Robots.txt
A text file stored in the top level directory of a web site to deny access by robots to
certain pages or sub-directories of the site.

URL
A Universal Resource Locator is a unique address that specifies an Internet resource.

23
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