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Abstract. Since 1994, the Alexandria Digital Library
Project has developed three prototype digital libraries for
georeferenced information. This paper describes the most
recent of these efforts, a three-tier client-server architec-
ture that relies heavily on a middleware layer to present
a single uniform set of interfaces to multiple heteroge-
neous servers. These standard interfaces, all of which
are implemented in HTTP, support session management,
collection discovery and evaluation, metadata search-
ing, metadata retrieval, and online holding retrieval.
An XML-based metadata encoding scheme and a simple
Boolean query language have also been developed. The
architecture described by these interfaces has been imple-
mented at UCSB.
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1 Background

The Alexandria Project [1] is a consortium of researchers,
developers, and educators, spanning the academic, pub-
lic, and private sectors, exploring a variety of problems
related to distributed digital libraries for georeferenced
information.

Distributed means the library’s components may be
spread across the Internet, as well as coexisting on a single
desktop. Georeferenced means that all the library’s hold-
ings are associated with one or more regions (footprints)
on the surface of the Earth.

∗ The work described herein was supported by the NSF-DARPA-
NASA Digital Libraries Initiative, under cooperative agreement
NSF IR94-11330.

The centerpiece of the Alexandria Project is the
Alexandria Digital Library (ADL) [20], an online infor-
mation system inspired by the Map and Imagery Labo-
ratory [24] in the Davidson Library at the University of
California, Santa Barbara (UCSB). The ADL currently
provides access over the World Wide Web to a subset
of the MIL’s holdings, as well as other georeferenced
datasets.

2 Architecture overview

There have been three distinct system architectures as-
sociated with ADL since the Project’s inception in 1994.
The first, or “Rapid Prototype”, architecture [7] used
a desktop geographic information system (GIS) as the
user interface to a single ADL catalog database. The sec-
ond, or “Web Prototype”, architecture [8] replaced the
GIS with an HTTP server, which presented a user inter-
face of dynamically-generated HTML pages. This paper
describes the third ADL architecture, a generalization of
the Web Prototype with interfaces supporting multiple
clients and servers.

The ADL architecture (Fig. 1) follows the three-tier
model [18]. Servers manage library collections, middle-
ware implements standard services on these collections,
and clients present these services to library users.

ADL servers are responsible for maintaining collec-
tions of metadata describing the library’s holdings, and
for implementing query and retrieval mechanisms against
that metadata. (An ADL holding is an object cataloged
by ADL; the term does not carry the same connotation of
ownership as in a traditional library.) A holding’s meta-
data may include references to online representations of
the holding (e.g., URLs), but this is not required; i.e.,
ADL can also be used as an online catalog for offline or
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Fig. 1. ADL architecture

non-digital geospatial information. As such, ADL servers
are generalizations of traditional library catalogs.

As long as they expose the proper interfaces to the
middleware, ADL servers are otherwise autonomous; i.e.,
a site can implement an ADL server to “publish” specific
collections that are accessed only through another site’s
middleware.

ADL clients are responsible for presenting ADL ser-
vices to library users. These users may be interactive
(e.g., humans using a GUI), or they may be other pro-
grams using ADL as a data source. ADL clients are as-
sumed to be capable of maintaining enough local state
to support whatever notion of a session (global context)
that they require. ADL clients may also support complex
real-time user interactions (e.g., rollover help).

The crux of the ADL architecture is the middleware
layer, which maps an assortment of heterogeneous col-
lection servers into a few standard client interfaces for
metadata queries, metadata retrieval, and digital hold-
ing retrieval. These client interfaces are intended to be
generic enough to support arbitrary clients.

The middleware’s client interfaces are stateless – each
invocation of a middleware method by a client is a trans-
action unto itself, bearing no relation to previous trans-

actions except as conveyed by its parameters. This both
simplifies the implementation and execution overhead of
the middleware, and allows for clients of arbitrary com-
plexity. However, statelessness also makes iterative (suc-
cessively refined) queries more difficult to support.

The middleware’s client interfaces are the primary
public artifact of the ADL architecture, since they define
and circumscribe the library’s capabilities. In effect, they
are a snapshot of the ADL Project’s research into the ser-
vices a digital geospatial library should provide. In the
next section, we explore these interfaces in detail.

3 Client interfaces

The ADL architecture defines five standard client inter-
faces:

1. session: create or terminate a logical “session” be-
tween the client and the middleware.

2. collections: list the library collections supported by
the middleware.

3. search: identify library holdings that satisfy specific
Boolean constraints on standard high-level search-
oriented metadata.
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4. metadata: retrieve metadata for specified library
holdings.

5. holdings: request either a (possibly reduced-reso-
lution) graphic representation of a specified library
holding, or information on how to retrieve the holding
itself.

A sixth interface, mapbrowser, allows a client to request
a base map for a particular portion of the Earth’s sur-
face, specifying a projection and feature layers (coast-
lines, highways, etc.). Although this service is unrelated
to the contents of the library, it simplifies the develop-
ment of graphical clients that display maps as naviga-
tional tools.

3.1 Session interface

The session interface establishes a logical connection be-
tween the client and the middleware that persists between
method invocations. Since the ADL client interfaces are
designed to be implementable with stateless protocols
(e.g., HTTP), the client and the middleware must coop-
erate to preserve enough state to allow for incremental
queries, user authentication, etc. In the current ADL ar-
chitecture, almost all of this state is maintained by the
client; the session interface merely allows for the assign-
ment and de-assignment of unique session identifiers.

The session interface thus exists primarily to sup-
port tracking of system activity, especially user interac-
tions, for evaluation purposes [10]. All ADL interfaces ac-
cept a session identifier as a parameter, so in theory any
ADL system event can be traced back to the specific user
responsible for it. However, the architecture is explicitly
designed to not require this level of monitoring. In al-
most all cases, the behavior of an ADL interface does not
change if the supplied session identifier is null or other-
wise “invalid”.

The session interface exposes the following methods:

sessionID = start(name, password, client)

end(sessionID, client)

start initiates an ADL session. name and password iden-
tify the user to the rest of the ADL system. client is
optional information that the middleware may use to tai-
lor its behavior for specific clients. sessionID is a unique
session identifier, which may be used in any subsequent
calls to ADL interfaces.

end terminates the ADL session referenced by ses-

sionID. Although end is not strictly necessary, calling it
allows the middleware to recycle any resources that may
have been dedicated to supporting the specified session.
client, if present, is assumed to be client-specific ses-
sion history information. This information is passed by
the middleware to its session logging database, for later
evaluation by the ADL developers.

3.2 Collections interface

The collections interface allows the client to deter-
mine which library collections (logical groupings of li-
brary holdings) are accessible from the middleware. This
interface exposes two methods:

collectionIDSet = list(sessionID)

collectionMetadata = scan(sessionID,

collectionID)

list returns a set identifiers for all the collections that
the middleware has access to.

scan returns detailed metadata for the collection ref-
erenced by collectionID. These metadata are specified
by an ADL-developed collection metadata content stan-
dard [12]. The elements supported by this standard in-
clude general information (scope and purpose, update
frequency, use restrictions, etc.), domain specifications
(numbers and types of holdings, spatial and temporal
coverages, etc.), and search capabilities (i.e., the ADL
search buckets the collection supports; see Sect. 3.3.1)

Scan returns the collection metadata as an XML [4]
document. Since this encoding strategy is also used by
other ADL interfaces, we describe it briefly in the next
section.

3.2.1 Metadata formats

ADL uses two XML-based strategies to encode and trans-
mit metadata:

Semantic XML uses tags that directly denote the se-
mantic content of the metadata. This strategy is used
when the metadata content is understood by ADL, as in
the case of the collection metadata described above. A se-
mantic XML document type definition (DTD) defines the
structure and attributes of the metadata. For example,
the DTD for the ADL collection metadata begins with

<!ELEMENT ADL-collection-metadata

(internal-name, lowercase-name,

uppercase-name, full-title, short-title,

responsible-party?, scope-and-purpose?,

subject-coverage?, content-type?,

relationships?, creation-date?,

last-update-date?, update-frequency?,

metadata-schema?, sample-metadata-record?,

terms-and-conditions?, contact?,

((item-type-hierarchy, item-type-thesaurus?)

|~item-type-description)?,

((item-format-hierarchy,

item-format-thesaurus?)

|~item-format-description)?,

ADL-search-buckets?, alert?, item-counts?,

spatial-coverage?, temporal-coverage?)>

The complete DTD for the ADL collection metadata
is available at http://alexandria.ucsb.edu/docs/

metadata/ADL-collection-metadata.dt.
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Syntactic XML uses tags that describe only a hierar-
chy of named sections and, within sections, name-value
pairs that associate values with arbitrary attributes. This
strategy is used when the semantic content of the meta-
data is opaque to ADL, as in the case of the full method
of the metadata interface, which returns holding meta-
data of unknown type or origin. An example of syntactic
XML can be found in Sect. 3.4.

3.3 Search interface

The search interface allows the client to query the
searchable metadata in one or more of the collections ac-
cessible to the middleware. This interface exposes two
methods:

queryID, holdingIDSet = start(sessionID,

maxResults, collectionIDSet, query)

stop(sessionID, queryID)

start applies query to each collection referenced by
collectionIDSet (in no specific order). The form and
content of a query are described in Sects. 3.3.1 and 3.3.2.

start immediately returns a query identifier, and
then streams back a set of holding identifiers (one per
individual library holding), until either the query ter-
minates, or maxResults holding identifiers have been
returned. This “two-part” return is a deliberate design
choice, intended to facilitate the construction of multi-
threaded clients – they are free to collect the query results
in parallel with other activities, once the query identifier
has been retrieved.

stop terminates the query referenced by queryID re-
gardless of its progress. This provides the client with an
“escape hatch” for hung or long-running queries. It is not
strictly necessary to the architecture, although, like the
end method in the session interface, it can be of con-
siderable assistance to the middleware and underlying
servers, by enabling them to free resources no longer re-
quired to support a particular client.

3.3.1 Search buckets

The query passed to the start method specifies com-
binations of, and/or Boolean constraints on, the ADL
search buckets [9], a standard set of high-level searchable
metadata. Each collection supported by the middleware
must specify a mapping from its own metadata into the
search bucket attributes. This mapping will almost al-
ways be many-to-one; i.e., there will inevitably be a loss
of precision in querying the search buckets versus query-
ing the collection-specific metadata directly. However, by
exposing only a single high-level set of searchable meta-
data, the ADL middleware allows clients to be built that
can both exploit search bucket semantics (e.g., spatially

manipulate the “location” bucket), and search all of ADL
via a single connection.

The current set of ADL search buckets is:

1. geographic locations: the set of points, bounding
boxes, or polygons, in latitude-longitude coordinates,
that specify the holding’s footprint.

2. dates: any dates or date ranges associated with the
content or preparation of the holding.

3. types: the “logical types” of the holding. Types are
drawn from collection-specific domains which charac-
terize the form (e.g., map, aerial photograph, etc.) or
content (e.g., hydrographic feature, airport, etc.) of
the collection’s holdings.

4. formats : the formats or representations (online or of-
fline) in which the holding can be delivered. Formats
are also drawn from collection-specific domains.

5. assigned terms: terms from the topics and themes
(e.g., subject heading, index terms, keywords, etc.) of
the holding. Assigned terms must be drawn from spec-
ified controlled vocabularies.

6. topical text : terms from the topics and themes of the
holding (e.g., title, abstract, assigned terms, etc.).
Topical text need not be drawn from controlled vocab-
ularies.

7. originators : words from author, investigator, pub-
lisher, and similar attributes.

8. identifiers: any standard identifiers or numbers (e.g.,
ISSN, ISBN, report number, URL) associated with
the holding.

ADL does not require that collections populate every
search bucket, however, the buckets were chosen with the
expectation that they will be well-populated by most col-
lections.

Two important design characteristics distinguish the
ADL search buckets from otherwise similar “umbrella”
metadata schemes such as the GILS core attributes [17] or
the Dublin Core [25]. First, the ADL search buckets have
specific semantics, both in terms of constraints on their
content, and in terms of how they may be searched:

– spatial search looks for locations that either contain or
overlap a query location.

– temporal search looks for dates that occur either on or
before or on or after a query date.

– text search looks for text that contains all or any of
the query words, or the exact query phrase.

– hierarchical search looks for terms that are equal to or
are a subcategory of a query term.

This allows for much more powerful searches than if the
buckets were only specified to contain arbitrary text, or
(as in Dublin Core elements) arbitrary combinations of
types (text, coordinates, dates, etc.).

Second, the attributes comprising the ADL search
buckets were selected specifically to describe and query
georeferenced spatial information, as opposed to generic
digital information. This bias is apparent when compar-
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ing the ADL search buckets to the Dublin Core elements,
for example:

– ADL has no “title” search bucket. We have found that
titles are not a very useful discriminant for geospatial
information. In particular, many scientific datasets
have titles that are simply concatenations or abbre-
viations of attributes that are already represented in
other search buckets.

– ADL provides separate search buckets for “geographic
locations” (space coverage) and “dates” (time cover-
age), while Dublin Core blurs this distinction with
a single “coverage” element. This reflects the impor-
tance of geographic queries in ADL.

– Dublin Core provides three elements (“Creator”,
“Publisher”, “Contributor”) to distinguish concepts
which ADL merges into the single search bucket “orig-
inators”. In this case, we have found the finer reso-
lution of the Dublin Core elements to be irrelevant for
queries against most ADL content (maps and images).

3.3.2 KNF Query language

The query passed to the start method is written in a sim-
ple language we call KNF (“Kevin’s Normal Form”). The
syntax of KNF is quite similar to the LISP program-
ming language, and supports both method invocation
and simple Boolean expressions. Queries are assembled
from Boolean combinations of predicates, each of which is
applied to a particular search bucket. For example,

(and

(contains

(rectangle

(coord -133.1262 31.9119)

(coord -110.6262 40.0369)))

(or

(overlaps

(rectangle

(coord -122.7626 38.3006)

(coord -121.4461 37.3357)))

(overlaps

(polygon

(coord -113.12 31.91)

(coord -110.62 31.91)

(coord -110.62 40.03)

(coord -113.12 40.03)

(coord -113.12 31.91))))))

specifies that the location bucket must contain the first
rectangle, as well at least one of either the second rect-
angle or the polygon. KNF queries are strictly Boolean
– there is no precedence or weighting of predicates other
than that enforced by conjunctions and grouping.

It may be helpful to think of KNF as an alternative
to the WHERE clause in an SQL SELECT statement. To
continue the analogy, the start method’s collections

parameter is analogous to a SELECT statement’s FROM

clause. The SELECT is implicitly the holding identifiers
that start returns.

3.4 Metadata interface

The metadata interface provides access to partial and full
metadata for specified holdings. A typical sequence is for
the metadata interfaces to be invoked to evaluate the re-
sults of a search.

The metadata interface exposes two methods:

scanMetadata = scan(holdingID)

fullMetadata = full(holdingID)

scan returns a small subset of the specified holding’s
metadata, e.g.:

<doc>

<section>scan

<group>location

<name>west_bounding_longitude</name>

<value>-115.625000</value>

<name>east_bounding_longitude</name>

<value>-115.500000</value>

<name>north_bounding_latitude</name>

<value>33.125000</value>

<name>south_bounding_latitude</name>

<value>33.000000</value>

</group>

<group>title

<name>title</name><value>

Westmorland East; Digital Raster Graphic

(DRG) Data

</value>

</group>

<group>date

<name>begin_date</name>

<value>1996-05-08</value>

<name>end_date</name>

<value>1996-05-08</value>

</group>

<group>type

<name>type</name><value>MAPS</value>

<name>format</name><value>TIFF</value>

</group>

<group>collection

<name>collection_id</name>

<value>ius_catalog</value>

<name>object_id</name>

<value>adl_catalog:800089</value>

<name>parent_id</name>

<value>adl_catalog:909</value>

</group>

</section>

</doc>
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The scan subset includes:

1. Those search buckets which are most likely to have
a single, unambiguous value (location, date, type).

2. The holding’s title.
3. Identifiers for the holding’s collection and any parent-

level metadata, as well as for the holding itself, which
can be used in subsequent data or metadata retrievals.

These attributes were selected to maximize the utility of
the scan metadata for quick evaluation, while minimiz-
ing the amount of per-holding information that a client
must manipulate. For example, the current ADL client
automatically retrieves all scan metadata for all holding
identifiers returned by the search interface.

full returns all available metadata for the specified
holding. As mentioned above (Sect. 3.2.1), there is no
guarantee that a client will be able to interpret any par-
ticular attribute in a given holding’s metadata. However,
the XML packaging always allows a client to unambigu-
ously parse the metadata, and (for example) display it in
the hierarchy implied by the nesting of the group tags.

3.5 Holdings interface

The holdings interface allows the client to retrieve li-
brary holdings using their holding identifiers. These iden-
tifiers are usually obtained from the search interface.
However, since ADL holding identifiers are persistent,
they can be saved (or, for example, emailed to a col-
league) and then passed directly to the holdings interface
during a subsequent session.

The holdings interface exposes three methods:

image = thumbnail(holdingID)

image = browse(holdingID)

URL = access(holdingID)

thumbnail returns a reduced-resolution image rendition
of the corresponding holding, as a MIME-typed byte
stream. Thumbnail images are small (typically 100 by
100 8-bit pixels, compressed with GIF or JPEG) in
order to minimize download time. They are intended
to help a library user make quick “go/no-go” decisions
about whether to pursue a (possibly much) larger, full-
resolution version of the holding.

browse also returns a reduced-resolution (but more
detailed than thumbnail) image rendition of the cor-
responding holding. Browse resolution is informally de-
fined as “big enough to make an informed decision as to
whether the full-resolution holding is worth retrieving”.
Our browse images are typically about 500 by 500 pixels.

access returns the URL of an HTML document (the
access report), from which full-resolution versions of the
holding may be retrieved. In earlier versions of ADL,
the equivalent of access returned the holding itself, as
a MIME-typed byte stream. The extra level of indirection
was added to the current version for three reasons:

1. One metadata field (the URL returned by access)
can now be used to group together multiple copies,
multiple formats, and multiple packagings of, and
other accessibility information related to, a single
holding.

2. Large holdings can be moved to wherever space is
available, without having to rewrite the correspond-
ing catalog database. The access method need only
maintain a relatively simple mapping between holding
identifiers and storage locations.

3. All of the distribution restriction issues currently
facing ADL are related to full-resolution holdings,
not lower-resolution versions or metadata. Enforcing
these restrictions in the access method means we
don’t have to worry about them elsewhere.

4 Implementation

4.1 Client

The current implementation of the ADL architecture
includes a sample client “JIGI” (Java Interface to Geo-
graphic Information). As its name implies, JIGI is im-
plemented entirely in Java. It is distributed as a self-
installing stand-alone application, for any platform (Win-
dows, Macintosh, Sun, SGI, etc.) supporting release 1.1
or higher of the Java Runtime Environment [21]. As
a standalone application, JIGI has more functionality
than a browser-hosted applet, and also avoids the incom-
patibilities between different browsers’ implementations
of the Java virtual machine. JIGI also requires far less
support from the rest of the ADL architecture than did its
predecessor “Web Prototype” [3] client, which was driven
by server-generated HTML pages.

JIGI implements a graphical user interface (GUI) to
ADL, using four cooperating windows. A map browser
(Fig. 2) allows the user to draw a rectangular region on
the Earth’s surface as a query against the geographic lo-
cation bucket. The map browser can also display the

Fig. 2. JIGI map browser



J. Frew et al.: The Alexandria Digital Library architecture 265

Fig. 3. JIGI search options window

Fig. 4. JIGI workspace

footprints (geographic extents) of holdings returned by
a query.

A search options window (Fig. 3) allows the user to
select one or more collection servers to query, and to spec-
ify constraints on any search bucket that the collections
support. The search options window also controls query
submission and any other query limitations (e.g., max-
imum size of result set).

A workspace (Fig. 4) accumulates query results in
a tree structure that can be browsed like the directories
in a file system. Selected holdings may have their thumb-
nail images displayed; their footprints plotted (in the map
browser window), their full metadata displayed (in the
metadata browser), or their access URLs invoked. The

Fig. 5. JIGI metadata browser

workspace also allows query result sets to be saved to
local files and reloaded into subsequent JIGI sessions.

A metadata browser (Fig. 5) displays the full meta-
data for selected holdings, as an expandable text hierar-
chy.

JIGI currently does not directly access digital hold-
ings. Instead, if the holding’s access interface returns
a URL, JIGI passes that URL to the user’s preferred web
browser. For current ADL holdings, an access URL typ-
ically invokes a web page containing legal disclaimers,
a browse image, and FTP URLs for the holding’s con-
tents, in various formats.

4.2 Middleware

The ADL middleware is responsible for implementing the
client-middleware interfaces described above, and map-
ping them into interactions with an arbitrary number of
metadata catalogs. Additionally, the middleware imple-
ments whatever access controls ADL requires.

ADL clients communicate with the middleware via
HTTP [5]. We selected HTTP as the basic protocol owing
to its ubiquity, simplicity, and the ease with which cur-
rent HTTP servers can be extended to support the level
of functionality we require.

Each family of interfaces supported by the ADL mid-
dleware is bound to a particular URL. This eliminates the
need for top-level switch logic to direct requests to the
appropriate handlers, but does require that the client be
aware of which URL implements which interface.

All ADL interfaces are implemented as HTTP GETs
or POSTs to the interface’s URL. (For example, session.
end is a POST method, since its client argument may
be arbitrarily large.) By convention, the pathname por-
tion of the URL ends with interface/method. Method
parameters are passed according to the CGI [15] encoding
conventions. Except as noted, return values are provided
as ASCII text (MIME type text/plain). An error mes-
sage may be returned in lieu of whatever other return
values the method supports.

The current ADL middleware layer is implemented by
an AOLserver [2] HTTP server. All ADL-specific func-
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tionality is implemented by C functions and Tcl scripts
executing in the context of the AOLserver.

4.2.1 Access control

The ADL middleware supports whatever access policy is
dictated by ADL. Two specific access controls are sup-
ported in the current implementation: host-based and
user-based.

Host-based access control is used to refuse connections
from clients that are not running at an ADL-approved
Internet address. This is currently used to limit access
to ADL to only those hosts connected to an IP network
managed by the University of California. To this end, the
access-control module maintains an explicit list of net-
work numbers from which it will entertain connections.
Although this mechanism is inherently unscalable, it suf-
fices to meet the UC-only distribution restrictions im-
posed by third parties on some proprietary materials in
the ADL collections (e.g., commercial remote sensing im-
agery).

The session interface can be used to implement
a crude user-based access control mechanism, simply by
configuring the other interfaces so that they refuse to ac-
cept invalid session identifiers. So far, we have not seen
any advantage to the easily-defeated increment of secu-
rity that this would provide.

4.2.2 Query and retrieval mapping

The ADL middleware maps KNF queries and holdings

requests into queries specific to the underlying ADL
servers. If multiple servers, or multiple databases on a sin-
gle server, must be queried, this layer handles the requi-
site fan-out/fan-in. Note that we currently assume that
multiple databases are disjoint; thus, the fan-in process is
currently simple collation, with no duplicate detection or
other conflict resolution.

In the current implementation, a basic architectural
assumption is that the underlying servers will expose
views that are, as closely as the particular server allows,
exact correlates to the ADL search buckets and meta-
data sections. Thus, the translation functionality of the
mapping layer is currently limited to “transliterating”
KNF into various dialects of server query languages (e.g.,
SQL).

4.2.3 Database connections

The ADL middleware maintains a pool of client connec-
tions to whatever underlying servers are currently sup-
ported. The database connection layer is responsible for
presenting a single functional interface to these shared
connections. This serves to both localize whatever special
knowledge (e.g., database client library) is needed to com-
municate with a particular server, and to minimize the
setup or teardown time associated with making or break-
ing database client-server connections.

4.3 Servers

The ADL architecture imposes only the most general re-
quirement on collection servers: that they expose query
and metadata interfaces that the middleware can map to
the client interfaces described in Sect. 3 above. In par-
ticular, there is no requirement that the collection server
implements a specific internal metadata schema, as long
as appropriate views of that schema are exposed to the
middleware. There is not even an architectural require-
ment that the server be a database system.

Nonetheless, the currently-implemented ADL collec-
tion servers are all relational databases. Comprehensive
relational schemata allow the collection servers to ful-
fill a custodial role that, while not required by the ADL
architecture, is often important to the organizations sup-
porting the collections. For these organizations, the col-
lection server doubles as a long-term metadata repository,
which would have to be duplicated if it could not be di-
rectly connected to ADL.

Using relational databases for collection servers also
means that the middleware can formulate queries in
a semi-standard language (SQL). However, since SQL
queries are schema-specific, this does not by itself guar-
antee a standard middleware-collection interface. What
is also required are standard views in the collection
databases. These views present the appropriate collection-
specific metadata attributes in terms of attributes that
are, as nearly as possible, equivalent to the ADL search
buckets. As part of the middleware-collection connection
protocol, the collection server returns the text of the spe-
cific SQL queries that apply to its “bucket view”. The
middleware then loads these queries into its query map-
ping facility.

The general strategy, then, is for the collection server
databases to implement views that correspond as closely
as possible to the relevant client-middleware interfaces,
and to furnish the middleware SQL query templates for
those views at the time a middleware-collection connec-
tion is established. This strategy has, so far, allowed us
to support several different collections with quite dif-
ferent internal schemata, most notably a heterogeneous
catalog [6] with over one million entries, and a global
gazetteer [11] with about 6 million entries.

The collections servers in the current ADL are im-
plemented using the Informix Dynamic Server – Uni-
versal Data Option (IDS-UDO) [13] database manage-
ment system. IDS-UDO extends the standard relational
data model with abstract data types, which we exploit to
support queries at the collection level that more closely
match the capabilities of the ADL search buckets. Specif-
ically, we use the MapInfo SpatialWare [23] spatial data
types to implement spatial searches, and the Verity [14]
text data types to implement text searches. Compared to
standard relational database types, these extended types
provide both additional search functionality, and more ef-
ficient indexing for very large collections. However, there
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is nothing inherent in the middleware-collection interface
that would prohibit collections being implemented in any
particular metadata management system.

5 Status and directions

From July 1998 to the present (December 1999) the
ADL architecture described herein has been implemented
on the ADL testbed system at UCSB. Access to the
UCSB system is currently restricted to Internet domains
controlled by the University of California, primarily to
limit access to certain proprietary collections. The ADL
testbed servers have been supporting well over 1 million
catalog records, and about 6 million gazetteer records.

Two factors are now driving the evolution of the ADL
architecture. First, work is under way to incorporate the
ADL testbed system into the California Digital Library
(CDL) [16]. The association with CDL poses both con-
straints and opportunities – constraints because CDL re-
quires a standard web browser as a user interface, rather
than a standalone client; and opportunities in the expan-
sion of the ADL user community to a much wider au-
dience. Second, the ADL architecture and testbed form
the technical core of the Alexandria Digital Earth Pro-
totype (ADEPT), the ADL Project’s current major re-
search thrust. ADEPT seeks to extend the ADL archi-
tecture with a much broader array of services, including
visualization, data fusion, personal collections, and col-
laborative instructional environments.

5.1 ADL-4 architecture preview

In response to the CDL and ADEPT challenges, the
“ADL-3” architecture described in this paper is being re-
vised. The new “ADL-4” architecture, while still under
development, will incorporate the following changes or
additions to the current architecture:

– ubiquitous XML: All externally-visible data streams
in the ADL-4 architecture use XML-based encodings.
All XML elements have source attributes that refer-
ence the elements’ semantics. XML DTDs have been
implemented for queries (replacing KNF) and access
reports (replacing arbitrary HTML). Using validated
XML instead of idiosyncratic formats makes it eas-
ier for other systems to connect to ADL, and permits
richer client functionality.

– middleware-server interface: The need to support an
increasing number and diversity of collection servers
has led to the formalization of the middleware-server
interface in ADL-4. A single generic driver is used to
connect to relational databases; additional drivers al-
low collections to be supported by indexed files or
gateways to non-ADL services.

– stateful middleware: While statelessness is attractive
from the standpoint of scalability and simplicity, the

combination of stateless middleware with a stateless
client (e.g., a web browser) severely limits the library’s
overall functionality. The ADL-4 middleware architec-
ture thus implements session management, result set
caching, and other features to allow stateless clients to
perform iterative queries.

– multiple clients: The ADL-4 architecture supports two
sample clients, the CDL web interface and a revised
version of JIGI. The CDL web interface is imple-
mented with a thin server-side layer that translates
the ADL-4 middleware protocols into HTML pages.

– servlets: The ADL-4 middleware moves from an
AOLserver-specific implementation to one that ex-
tends a generic HTTP server with servlets [22], Java
components that run in the server’s execution context.

– remote holdings: ADL-4 uses the San Diego Super-
computer Center’s Storage Resource Broker (SRB) [19]
to connect collections to (possibly remote) large scale
holding storage. This provides a standard way for
ADL collections to catalog, and expose access to, dis-
tributed repositories.
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