	2
	


	The Astronomy Digital Library
	3



	Chapter
	7.3.

	The Astronomy Digital Library

	

	G. Eichhorn

	Harvard Smithsonian Center for Astrophysics
Cambridge, MA02138
USA
gei@head-cfa.cfa.harvard.edu


1. Urania

Astronomy has the most sophisticated on-line information access system of all the sciences (Boyce 1998). At its center is the Astrophysics Data System (ADS), a bibliographic system that provides access to the astronomy literature, as well as a large system of links to other on-line resources like electronic journals and data.

The idea that the Internet could be used to link sources of astronomical information into a unified environment is more than a decade old; it was fully expressed in the planning for the old ADS (Squibb & Cheung 1988) and ESIS (Adorf, et al. 1988) projects. These early attempts were highly data oriented, their initial goals were the interoperability of different distributed data archives, primarily of space mission data. Astronomical data are highly heterogeneous and complex; essentially every instrument has its quirks, and these must be known and dealt with to reduce and analyze the data. This quirky nature of our data essentially prevented the establishment of standardized tools for data access across data archives. The new, hyperlink connected network data system for astronomy is based on the highest level of data abstraction, object names and bibliographic articles, rather than the lowest, the actual observed data in archives. This change in the level of abstraction has permitted the creation of a system of extraordinary power. This new system, still unique amongst the sciences, has been dubbed Urania (Boyce 1996), for the muse of astronomy.

Conceptually the core of Urania is a distributed cross-indexed list which maintains a concordance of data available at different sites. The ADS maintains a list of sites which provide data organized on an article basis for every bibliographic entry in the ADS database. The CDS maintains a list of articles and positions on the sky for every object in the SIMBAD database. The CDS also provides a name to object resolver. The possibility for synergy in combining these two data systems is obvious; they have functioned jointly since 1993.

Surrounding this core, and tightly integrated with it, are many of the most important data resources in astronomy, including the ADS Abstract Service, SIMBAD, the fully electronic journals (currently ApJL, ApJ, ApJS, A&A, A&AS, AJ, PASP, MNRAS, New Astronomy, Nature, and Science), NED, CDS-Vizier, Goddard-ADC, and the ADS Article Service. All these groups actively exchange information with the Urania core, they point their users to it via hyperlinks, and they are pointed to by it.

The astronomy journals which are not yet fully electronic, in that they do not support hyperlinked access to the Urania core, also interact with the system. Typically they provide access to page images of the journal, either through PDF files, or bitmaps from the ADS Article Service, or both. Bibliographic information is routinely supplied to the ADS, and the SIMBAD librarians routinely include the articles (along with those of the electronic journals) in the SIMBAD object-article concordance.

While most data archives are not closely connected to the Urania system there are some exceptions. For example the National Center for Supercomputing Application’s Astronomy Digital Image Library (Plante, Crutcher, & Sharpe 1996) connects with the ADS bibliographical data via links which are papers written about the data in the archive. SIMBAD connects with the High Energy Astrophysics Science Archive Research Center (HEASARC) (White 1992) archive using the position of an object as a search key, HEASARChas an interface which permits several archives to be simultaneously queried (McGlynn & White 1998), and a new data mining initiative between CDS and the European Southern Observatory (ESO) (Ortiz, et al. 1999) will connect the Vizier tables with the ESO archives. Several archives use the SIMBAD (and in some cases NED) name resolver to permit users to use object name as a proxy for position on the sky, the Space Telescope Science Institute (STScI) Digital Sky Survey (Postman 1996) would be an example. The Space Telescope-European Coordinating Facility archive (Murtagh 1995) allows ADS queries using the observing proposals as natural language queries, and the Principal Investigator names as authors. The Strasbourg Data Center (CDS) has long maintained several of the most important data services for astronomy (e.g. (Jung 1971); (Jung, Bischoff, & Ochsenbein 1973); (Genova et al. 1998)); access to parts of the CDS data via ADS is a key feature of Urania.

The development of the Urania system was strongly supported by NASA through the funding of the ADS and the data centers. Frank Giovane and Guenter Riegler at NASA were the major advocates for this system. Without their vision of a large scale information access system, Urania would not have been as successful as it is. The following describes the center part of Urania, the ADS in more detail.

2. The Astrophysics Data System (ADS)

2.1 History

The first major part of the ADS is the Abstract Service. It was started in 1993 with a custom-built networking software system to provide access to distributed data (Murray et al. 1992). By summer 1993 a connection had been made between the ADS and SIMBAD (Set of Identifications, Measurements and Bibliographies for Astronomical Data, (Egret et al. 1991)) at the Centre des Donn´ ees de Strasbourg (CDS), permitting users to combine natural language subject matter queries with astronomical object name queries (Grant, Kurtz & Eichhorn 1994). The user interface for this first version of the ADS was built with the custom-built software system that the ADS used at that time. The search engine of this first implementation used a commercial database system. A description of the system at that time is in (Eichhorn 1994).

By early 1994 The World Wide Web (WWW) had matured and was widely accessible through the NCSA Mosaic Web Browser. It now was possible to make the ADS Abstract Service available via a web forms interface; this was released in February 1994. Within five weeks of the initial WWW release use of the Abstract Service quadrupled (from 400 to 1600 users per month), and it has continued to rise ever since (Eichhorn 1997). The WWW interface to the ADS is described by (Eichhorn et al. 1995b) and (Eichhorn et al. 1995a).

The second major part of the ADS is the Article Service. It contains scanned full journal articles for most of the astronomical journal literature going back to volume 1 for most journals. The first full article bitmaps, which were of Astrophysical Journal Letters articles, were put on-line in December 1994 (Eichhorn et al. 1994). By the summer of 1995 the bitmaps were current and complete going back ten years. At that time the Electronic ApJ Letters (EApJL) (Boyce 1995) went on-line. From the start the ADS indexed the EApJL, and pointed to the electronic version. Also from the beginning the reference section of the EApJL pointed (via WWW hyperlinks) to the ADS abstracts for papers referenced in the on-line articles.

With time, other interfaces to the abstracts and scanned articles were developed to provide other information providers the means to integrate ADS data into their system (Eichhorn et al. 1996b). With the adoption of the WWW user interface and the development of the custom-built search engine, the current version of the ADS Abstract Service was basically in place. Combined there are now over 3.3 million abstracts and bibliographic references in the system. The Astronomy Service is by far the most advanced, and accounts for ¢

85% of all ADS use.

A detailed description of the ADS and the CDS has been published in a special issue of Astronomy & Astrophysics Supplements in April, 2000; (Overview: (Kurtz et al. 2000), Search Engine and User Interface: (Eichhorn et al. 2000), System Architecture: (Accomazzi et al. 2000), Data: (Grant et al. 2000)).

2.2 Data Holdings

2.2.1 Abstract Service

The ADS abstract service consists of four semi-autonomous (to the user) abstract services covering Astronomy/Planetary Sciences, Instrumentation, Physics, and ArXiv Preprints. The Astronomy database contains about 880,000 records, the Physics database has 1.4 million records, the Instrumentation database has 660,000 records and the ArXiv Preprint database has 230,000 records. About 60% of the records have abstracts, the rest are table of contents entries (title and authors).

Linking between from the ADS to other on-line information is a central part of the Digital Library in Astronomy. The ADS contains about 5.4 million links, roughly half of them to external resources, the other half to resources within the ADS. Maintaining and expanding this system of links is a major part of the ADS mission.

2.2.2 Article Service

With permission from most astronomical societies world-wide and some commercial publishers, the ADS has scanned a large part of the astronomical journal literature, as well as many conference proceedings. This part of the ADS provides access to full journal articles. We have currently scanned 1.9 million pages. These scanned articles can be retrieved in different formats (gif format for viewing on-screen, and PDF or Postscript for printing).

In collaboration with the libraries at the Harvard-Smithsonian Center for Astrophysics and at Harvard we have included scans of historical observatory publications from the 19th and early 20th century. Currently we have about 300,000 pages from these publications in the ADS. We expect to get another 500,000 pages of these publications by the end of 2003. This part of the astronomical literature is often difficult to access, especially from small colleges and from developing countries.

Having much of the astronomical literature available through the ADS makes it easy to access for anybody world-wide as long as World Wide Web access is available.

2.2.3 Reference and Citations

In addition to the abstracts and scanned articles, the ADS also provides reference lists and citation information. Currently there are 8.8 million references in the database. Some of them were extracted from scanned articles, some were purchased from ISI (Institute for Scientific Information), others were supplied to the ADS by the publishers directly. We currently have over 630,000 records with references, and over 840,000 records with citation information. These numbers are constantly increasing as we process more scanned articles, and receive more references from ISI and the publishers.

Table 7.3.-1. ADS Mirror Sites.

	Country
	Mirror Site
	URL

	USA
	Harvard-Smithsonian CfA, Cambridge, MA
	http://ads.harvard.edu

	France
	Centre des Données Astronomiques de Strasbourg
	http://cdsads.u-strasbg.fr

	Japan
	National Astronomical Observatory, Tokyo
	http://ads.nao.ac.jp

	Chile
	Pontificia Universidad Catolica, Santiago
	http://ads.astro.puc.cl

	Germany 
	European Southern Observatory, Garching
	http://esoads.eso.org

	Great Britain
	University of Nottingham, Nottingham
	http://ukads.nottingham.ac.uk

	China
	Beijing Astronomical Observatory, Beijing
	http://baoads.bao.ac.cn

	India
	Inter-University Centre for Astron. and Astroph., Pune
	http://ads.iucaa.ernet.in

	Russia
	Institute of Astr., Russian Acad. of Scie., Moscow 
	http://ads.inasan.rssi.ru

	Brazil
	Observatorio Nacional, Rio de Janeiro
	http://ads.on.br

	Argentina
	University of Cordoba, Cordoba
	http://ads.unc.edu.ar

	Korea
	Korea Astronomy Observatory, Taejeon
	http://ads.kao.re.kr


2.2.4 Usage Statistics

In a typical month (Jan 2003) it is used by more than 67,000 individuals, who make ¢ ~1.2 million queries, retrieve ~30 million bibliographic entries, read ~1.6 million abstracts, access ~300,000 articles, and download ~1.4 million pages. More than 10,000 users use the ADS regularly (10 times or more per month).

According to a survey of 34,000 of our users, 40% of the ADS users are scientists, 30% are students, 8% are teachers, and 7% are amateur astronomers. The rest are librarians, journalists, and other interested people. One interesting part of the access statistics is the type of queries that are done. About 2/3 of the queries are author queries. 20% of the queries use the title field, and another 20% use the abstract text field.

2.2.5 Mirror Sites

The ADS is mirrored world-wide at 12 sites. Table 1.1 shows the current mirror sites and their URLs. Setting up a mirror site is fairly easy. The hosting institution has to provide a server and an Internet connection. Such an abstract mirror site can now run on a Linux PC with 20 Gb of disk space. A partial article mirror site can run on as little as 80 Gb of disk space. If you are interested in having a mirror site, please contact Dr. Guenther Eichhorn at gei@cfa.harvard.edu for detailed requirements.

3. Conclusion

Astronomy has the most sophisticated and interconnected discipline centered information retrieval system of all the sciences. This has changed the way astronomers do their research. The existence of the ADShas provided large time savings for scientists, and it has made possible searches that were not possible before. The extension of the current system into the Virtual Observatory system will further enhance and expand these new capabilities and enable even larger productivity gains in the near future.
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