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Abstract implementing a subsystem supporting the design and test of
prototypical technical objects. A fundamental ingredient of

sectors, there is a strong need for integrated informationthed syfsff[e_m is information managemelrllt rﬁqlr'”ng effrfec'ﬂ\_/e
systems (ISs) that will store, retrieve, manipulate anceNd €fficient DB support. To meet all challenges of this
exchange information efficiently to support all activities in 2@dvanced application, new information techniques such as
an enterprise. Moreover, such an IS should not be a onéORDBMSs and the ubiquitous Web should be employed to
size-fit-all or a permanent solution; rather, the adaptability provide adequate DB services and to facilitate the platform-
must be pursued so that the system can deal with all possibiedependent DB access.

changes resulting from new technologies or new application ~ As we know, there will be no single-step solutions
demands. In this paper, we present our first experience witfowards integrated technical 1Ss, but only continuous
developing such an integrated IS for a technical applicationmprovements consisting of many comparatively small
domain. From the data processing point of view, thégens On the other hand, in the competitive and ever-

environment to be managed consists of distributed clien . : : o
server systems embodieg by heterogeneous hardware afga"9ing world with which every enterprise is confronted
software components; unconventional data types such g@day, managing a huge amount of information in a system

multimedia data and HTML statements are to be managedhat is open, flexible, and extensible enough to withstand all
and effective and robust database (DB) support should bBossible changes will be essential for an enterprise to stay on
provided. To meet the challenges posed by these advanct leading edge or even survive. These changes may be
applications, new information techniques, such as Worldmposed by the emergence of new data types (e.g., the
Wide Web (WWW or Web) and object-relational databas@normous interest in multimedia contents), by the new
management systems (ORDBMSs), are employed to facirocessing requirements accompanying the introduction of
itate a platform-independent DB access via a versatile Usefe\y data formats, by the advancement of domain-specific
;r;g?ﬁ{ace, as well as powerful DB services with high eXte”techniques (e. g., the adoption of new methods and equip-
Y- ments for seat testing), or by the development in computer
. hardware and software areas (e. g., upgrading to or setting in
1. Introduction a new DB product or a new platform). Therefore, one of our
Although we have used DBMSs for more than 20 yearsnain concerns by designing and implementing such an IS is
in industrial domains to build up technical ISs supportingthe adaptability of the resulting system.
mission-critical design and development as well as In this paper, we are focusing on the specific problems
production and maintenance work, we are still unable taf connectivity in heterogeneous settings together with
shape truly integrated systems which can cover as margome DB support issues (such as extensibility of data types
aspects of the requirement spectrum as possible. Suamnd functionality), which we feel are the core aspects in this
technical ISs have to provide adequate functions for storagegard. In particular, we investigate which role can be
and management, retrieval and update, as well as exchanglyed by HTML documents, the HyperText Transfer
and dissemination of a wide variety of information. They areProtocol (HTTP), and finally the huge information repos-
necessarily exposed to distributed and to some degrétry of the Web itself to improve technical I1Ss. We do not
autonomous client/server environments whose “naturatlaim or want to prove that in such environments all DB or
appearance” is formed by heterogeneous hardware andformation retrieval/exchange problems can be solved by
software components (linked together by componentwareusing the Web techniques.
Indeed, while manual control procedures and semi- In the next section, we will at first outline the various
automated information exchange dominate its use in CADnformation management tasks which we face in our RITA
environments, a technical IS is often not more than groject. Then, Section 3 concentrates on enabling DB access
conglomerate of relational or object-oriented DBs, files,in a heterogeneous environment. In Section 4, the specifics
text-processing documents, image/photo repositoriespf Web connection as well as data modeling issues are
electronic mail systems, specialized CAD systems, etcinvestigated in order to manage the dynamics in application
which is nowadays more and more extended by individuascenarios. The potential of intelligent Web usage, that is, the
and unorganizetVebusage. automatic provision of information services supporting the
To improve this situation, we started the RITA projectwork of individuals or groups, is discussed in Section 5.
[7] which is carried out in cooperation with a leading Finally, in Section 6, we conclude this paper and give an
German manufacturer of automobile seats. Currently we areutlook on future work.

Due to the ever rising competition in nearly all industrial



2. RITA - aHeterogeneous, Adaptable | Sfor _ _
Technical Applications e

The goal of our project RITA is to build an integrated A
IS to handle and/or support the technical applications rejyuest documents oy/forms
involved in all essential processes of the enterprise. RITA put data back to sérver
will act as an information repository that manages data and
experience of earlier development projects and test suites, HTTP %
and helps to optimize the preparation and execution of new =z
tests by supporting the engineers in presenting the data in a n
suitable manner. Another aspect is to integrate relevant | WWW server |
information of new projects in the knowledge pool. By
establishing such kind of IS, the coordination and infor- manuals
mation exchange should be supported, resulting in shorter law suites ,TGI -
development cycles, making the achievement of goals more inhouse rules
secure, and reducing development costs. v

An integrated IS with these tasks and objectives can be | ORDBMS |
functionally decomposed in many parts. It often manages
huge amounts of complex data to be shared among %
independent or cooperative processes, in DBs. Moreover, it
should also provide ways for the user to interact with the Fig. 1: The architecture of RITA

system, as well as ways for different components of the  oyer varying circumstances, flexible reaction to changes is
system to communicate with one another in a decentrallze_d essential. An integrated technical IS with long-term goals
heterogeneous setting. Therefore, data modeling and manip- should empower users to dynamically alter data presentation,
ulation, workflow management and control, as well as infor- fU”Ct'Oﬁa' requirements, application logic, and other aspects
mation processing in a heterogeneous client/server w.rt.t (_aer_n_/lronment. ) )

environment are three main aspects of the system. Two significant advancement trends of the information
Moreover, the seamless integration into an existing infral€chnology, which are expected to make it possible to build

structure of the enterprise constitutes another importarl@rger ISs with features listed above, can be attributed to the
endeavor. emergence of the ORDBMS technique and the WWW

Typical characteristics centering on the role of RITA astechnique. The former prqmises the fulfillment of require-
an information repository can be summarized as below: Mentsa, b, andc through its strong modeling power, the

a. Large volumes of data with diverse structures should be storefCilities of user-defined types and functions, support for
and managed. There is a variety of complex data typespbject-orientation properties without sacrificing SQL and
including texts and reports, sketches of test plans, photos ansther mission-critical DB features such as robustness. And
videos of test progresses, etc. Moreover, data structures rangge |atter can be exploited to achieve simple DB connec-

from simple flat structures (part catalog) to heterogeneous: .
compound ones (CAD objects). Finally, dynamic integration%'vIty through HTML and CGI (Common Gateway

and use of newly defined data types should be allowed in théhterface). Besides, it facilitates friendly, homogeneous, and
IS. tailorable browser interfaces, efficient Web services for

b. Workflows and decision-making have to be supported. Theretgcal and also global information catalogs (e.g., 1SO,
fore the full functional spectrum of an industrial-strength gookmarks. Hotlinks etc.), as well as DB-based user group
DBMS including ad-hoc querying must be guaranteed. ?anagement for communication and authentication services

p

c. Object-oriented approaches are necessary for coping with the'® .
complexity in developing such a technical 1S. In particular, to(point d). Although ORDBMSs incorporate advanced

realize most of the sophisticated application logic related tomodeling facilities, their availability at the client side
e. g. complex object processing, native interfaces to objectremains an open problem which cannot be dealt with in this

O]Eiente? programming languages such as Java or C++ will b, her (noing). However, ORDBMSS offer the possibility to
of great use. &
d. An open, heterogeneous computing environment based ofitor€ HTML statements in DBs as data types, hence, these

Client/server architectures is now increasingly popular for IStwo techniques can be combined together, and their own

Consequently, it is also a great challenge to bring about sudiexibility can be employed to achieve more adaptable infor-
]E:lng:rt and platform-independent DBhacr(]:ess in such a sett;gg, thation repositories (poi}.
acilitate convenient interaction with the system, to provide a . , .
single and versatile catalog of local or global information The architecture of RITA based on these techniques is
repositories together, as well as to manage users through kriefly illustrated in Fig. 1, while more detailed discussion
uniform interface and communication service. will be made in the subsequent sections.

e. A characteristic group of the client/server applications are

CAD applications with advanced modeling and high band- . .
width demands on DB servers. Since they have to rely on data- Supportl ng a Heterogeneous Environment

shipping techniques, such applications require efficient client- ; ;

side data management support (object caching, consisten(ﬁ/ _AS stated _above,_one of the main problems in estab-

control, etc.). shing a technical IS is to provide support for a heteroge-
f. Most importantly, to keep up with ever rising competition and neous environment, i. e., to support different hard- and



software platforms. Currently, we evaluate two differentpage (0) which then is transferred back to the brow&eéx. (
approaches for maintaining DB access w.r.t. their  While in the past CGI programs for DB access had to be
adequacy for our needs. The first one is the “classical” usprogrammed in C or Perl, nowadays every DB vendor offers
of a programming language in conjunction with a platform-a special tool for this purpose. These tools are comfortable
independent graphical user interface (GUI) toolkit, e. g.,and provide a mixture of HTML and SQL, but they cannot
wxWindows [18]. The second one is to employ WWW- overcome some principal shortcomings of the CGI when
based DB access in order to have a platform-independeatcessing DBs [11, 15]:
tool, i. e., the WWW browser, for data displaying. In the+ As we have seen, six steps are needed to get a result from a DB
following we consider the pros and cons of both. After that, server back to the browser. Each time a DB is accessed, a con-
the ideas and the work to be done for employing the chosennection has to be established and access authorization has to be
technique will be described briefly. acquired. Since the DB server and the WWW server must be con-
tacted for each query issued to the DB server, the WWW server
. . is likely to become a bottleneck.
3.1 Conventional client/server approaches » Because of the statelessness of HTTP used for the communica-
So far, client/server approaches are chosen to structuretion between the WWW browser and the server, only single-que-
the application when DB access is involved. These ry transactions are possible.
approaches are typically based on traditional programming In the case of failures, there may appear in-doubt situations, since
languages (e.g., C or C++) together with a platform- the user cannot be sure whether or not the query execution was
independent GUI toolkit and have some drawbacks finished, e.g., connection failures may affect a query before (

concerning the implementation and maintenance of an Of D) or after its executiori{ to ). Hence, transaction proper-
application in a heterogeneous environment: ties (ACID) cannot be guaranteed even for single-statement up-

ith all i aul be buil ied and dates [6]. Therefore, this update option may only be used if the
* A program with all its modules must be built (compiled and ;se ig willing to deal with in-doubt situations and if acceptable
linked) on various platforms. That is, the graphical environment g’ qiates can be reached. This means that such an approach is
must be Sudpported by theGU”w"ﬁ't' Moreover_,lhbranes fo_rDBh only tolerable for simple data structures without consistency
access and communication as well as a compiler supporting the ., hqtraints across objects or for less important data resources
different libraries or language styles must be present for each

lath H th ot of sites 1o b tin ord (without system-enforced consistency control).
piatiorm. Hence, ther€ are a lot of prerequisites 10 be metIn Oragr A, oer problem of CGl-based tools is their restricted access to
to really begin to write a program. Furthermore, a significant

. ; only one DB server. In some cases, in conjunction with special
amount of the coding effort_ has'to be spent for the interface part products like IBM DataJoiner [9] or UniSQL/M [20], other DB
?ﬁ;eiigtz{z;?jn?r:garln;rr:i:etzlr?z;]r?clzlctsyc.) f a program is not only a time servers can be accessed indirectly, causing further performance
and manpower-intensive task, but also raises the question abou roblems.

availability of testbeds for each environment during the developNevertheless, CGl-based DB access has advantages, too:
ment phase. * By using HTML forms and tables a GUI for data input and dis-

The GUI with all its components is hard-coded into the applica- Play can be developed in a straightforward way. Input forms and
tion, therefore, is difficult to be adjusted to dynamics or changes, the resulting output pages can be created on-the-fly, providing
such as changes to the DB schema during application develop-the opportunity for dynamic reactions.

ment.  To establish a DB frontend, a single HTML page is sufficient for
However, the use of such conventional techniques for WWW client
DB access in a heterogeneous environment has some advan- stent
i ili i i ersisien
tages, too. These include the facility of implementing - mgdule cache

complex algorithms for the application using existing
libraries, and the perhaps higher execution performance.

3.2 WWW-based techniques 2
For heterogeneous environments, the Web offers some 0 @ HTTP
rather opposite properties - accessibility and ease of use, but u

possibly compromising performance. Since the integration| U3 |Ua

of the Java Virtual Machine (JVM) into WWW browsers, —
there exist two techniques for WWW-based DB access: CGlI N WWW server
programs and Java applets. Oy AD

D I:l 1N,
CGl-based gateways g B %%%L
The CGI enables the WWW server to transfer data| Y U 010101

submitted from a WWW browser to a program residing on - CGl programs HTML
the server (see Fig. 21), to execute it[{)), and to transmit server documents

images,
the resulting output{) back to the browserX). Such a | Java agpplet

o

program located at the server side can be a DB client which
establishes a DB connection, submits a query to the DBL_ i
server (1), gets the resultX), and converts it to an HTML  Fig. 2: Database access from the Web (overview)




the transfer to the browser. Hence, apart from a WWW browseright choice in RITA for specific DB applications relying on

and the server’s address, there are no prerequisites to access a@lﬁery shipping. Because of the different application charac-

in a distributed and heterogeneous environment. teristics in RITA, CGl-based as well as Java-based solutions
* Because of having only CGI programs and HTML pages both ofyyyst be employed.

which reside on the WWW server, all changes can be done in a For simple and low-frequent applications, e.g., for

Ce?;rﬁguacgéggx?gtmg? dal Eggqu?rlcsatsrat(;%nsict()jlztsbonsistenc yperforming test data input or browsing in a requirement
P catalog, HTML and CGI programs are adequate. By

control is tolerable for DB applications in a heterogeneou%upplying manuals and law suites as HTML documents
environment, this approach saves budget and time [11]. Du biquitous” browsers provide a homogenous user interface

to the mentioned strengths, CGl-based DB access is g o\ ihole IS for the dissemination and retrieval of such
right choice for low-frequency access to simply-structuredy; " o information. If workflow control or application
:,?]\g;é%lé%eenp SZia eo.fgf’e sIgrth?g(ra gf?gﬁ?t'tmeénzegg]g Icr)gic, e.g, for complex data manipulation, are needed at the
browsing data of previous tests Y Wient side, Java programs can be integrated in HTML pages,

: and the same user interface, the WWW browser, can be used
Using Java for data input and presentation.

The programming language Java offers new opportu- . . .
nities for accessing a DB from a WWW browser. An applet4- Supporting Dynamically Adaptable Appli-
i. e., a Java program embedded in an HTML page and trangations
ferred to the browser using a normal HTTP connection ((1)  As we have seen, both approaches accessing DBs from
and (2), see Fig. 2), is able to open a connection to a Dkhe WWW support a uniform user interface in a heteroge-
server residing on the WWW server's machine. A “trustetheous environment. In this section, we discuss how to
applet”, an applet which is cryptographically signed by aprovide the means for dynamic adaptation to changes in our
certified institution and accepted by the user, may connect @5 through the joint facilities of WWW techniques and
a DB server located even anywhere. Several differenprpBMSs.
approaches exist to access a DB from an applet [15]:
 The first one requires the use of the JDBC (Java DataBase Co#.1 Usi ng WWWwW techniques
{‘hGCtJiVity' 55])""‘” SQIé-baseSiS:SIICI%vgl interfacgl (Cih')deﬁ?idti” . In Section 2, we have outlined the requirements for
e Java language. some rivers enaple the applet 10 g . . :
rectly conne(?t togthe DB servéné andla), others use aggecial CthA’ including the !’un-tlme support for new data types
%uch as new test suites. To provide adequate tools for the

Communication Server located between the applet and the D ; : .
server (J to 00), e. g., IBM's DB2 JDBC driver. ynamic creation of new data types as well as the input and

« Another technique is based on proprietary CLIs, e. g., MsglJavlisplay of instances of these new data types, we will exploit
[4] for mSQL or J/OCI [21] for Oracle. the WWW-based techniques presented in last section.

e Using an applet as a CORBA (Common Object Request BrOkeCreating new types

Architecture) client, embodies a conceivable third approach of .
getting data from a DB server. In this case, the Communication The spe_CIflcatlon .Of new data types by means of WWW
Server in Fig. 2 will be an ORB (Object Request Broker). is a non-trivial task, since the number and the types of new

Beside some drawbacks like longer loading times of{tributes required are usually unknown in advance. As a
applets in comparison to normal HTML pages or the loss ofPNSequence, using only a single static HTML form is not

HTML as an easy-to-maintain user interface, Java offers gufficient. For this problem, we have considered two
number of advantages for accessing DBs: possible solutions. The first one is to create new types in an

« Because of the direct DB connection, it is possible to have u|0ng.attribute-by-attribute manner using chained HTML forms.
transactions, i. e., consisting of more than one query. The second one employs a Java program for this purpose.

The user is no longer in-doubt about the fate of DB queries due  Using chained HTML forms requires either to alter the
to the direct DB connection and the now possible 2PC (Twoew type step by step or to pass all user input from one form
Phase Commit). to the next and then to create the new type with a single

It is possible to support application logic at the client side, i. e.operation. Since the step-by-step connection of the WWW
the WWW server will be relieved from certain processing tasksserver and the DB server may result in dubious situations,
For example, lists or tables may be redisplayed or reordereghe first alternative is unsuitable for our demands. On the
without contacting the server again. , other hand, the second way only needs a WWW server
Hence, Java is adequate for implementing WWW-connection for each step, but the new attributes specified in
based complex and data-intensive applications, i. €., applhrevious steps must be integrated into the current page, i. e.,
cations incorporating workflow control, traversing a DB, or 3 G| tool must convert the attribute descriptions to

performing complex data manipulation. HTML’s “hidden value tag”, integrating the data invisibly
into HTML pages.
3.3 Remark and outlook Employing a Java program offers opportunities such as

Due to the weaknesses of “traditional” programminggraphically aided user interaction, and, apart from only a
languages concerning the provision of DB access in a hetesingle DB access at the end of the creation process to insert
ogeneous environment, WWW-based techniques are thibe data, a server-independent construction of types, as well



as a dynamically changeable GUI. Hence, creating a neweatly fit into tables, such as image, audio, full text, and

type can be done by selecting a base type, specifying th¢TML, are not understood by RDBMSs. Specific data types

attribute’s name and clicking anAdd’ button. If all as well as the operations on them cannot be dynamically
attributes are specified, onl\fCteaté must be pressed to customized to individual application domains. As a result,

built a new type. although the proposed idea concerning the WWW technique

For example, to create a new type for the “static backean give our IS some degree of flexibility in the heteroge-

rest inclination test”, we have to select “float” as base typaieous environment, the full expectation, however, cannot be
for the different angles of inclination and the load, “image”met by only using RDBMSs to support the underlying data

for the pictures, and “text” for the special observations.storage and management.

After having specified each attribute needed, a data type for In contrast to RDBMSs, object-oriented DBMSs [16]

the new test suite can be created. o . .
exhibit much stronger modeling power which stems from a

Data input and display rich type system. However, supporting application-specific,

Data input and display for instances of dynamically@dvanced data types is not the sole requirement which is
created types can be realized using HTML forms and page§Ssential in our setting. &6t of the conventional DB
With a fixed number of attributes, a template for HTML féatures (e. g.integrity constraints, fine-granule concur-
forms consisting of input fields for each attribute can be/€ncy control, content-based query and query optimization,
generated during the type creation process. In addition t8S Well asobustness issues such as recovery and backup)
this, an HTML page, extended with SQL statements, i€ still critical.
needed to insert the data using a CGlI tool. To provide data To gllow users to model and manipulate unconven-
display, another generated and SQL-enriched HTML paggonal data effectively and to use object-oriented technol-
for'the CGl tool must be produced during the type creationggies for application development without losing the
This page contains a selection statement and a data outinefits of SQL and all the commercial-strength DBMS
section for each attribute, based on a template for each baggytyres, recently almost all of the top DB vendors have
type. ) _ redirected the strategies to object-relational and are

In the case of our new test suite, the data input formgxtending their DB server architectures accordingly.
consists of text Input fields for the angleS and the |Oad, a te)@ha”enges posed by adaptab'e |Ss are expected to be met b)

area for the observations, and an input field for the path tthe emerging object-relational technique [3,13,14,19] for
the picture. The data display page may be composed @kyeral reasons:

small units consisting of a label for and the value of an . . o
attribute for text-based types, as well as pictures embeddedSupport of a rich and extensible set of data types for technical in-

into the HTML page formation management, such as full-text, multimedia, temporal,
’ and spatial data.
4.2 Using ORDBM Ss * The ability to enable dynamic WWW connections: The ability to

define HTML as a new data type allows the DB server to natively
understand, search on, and dynamically generate HTML pages
efrom the underlying DBs directly.

So far, we have discussed that the WWW offers a
promising means for a platform-neutral and user-friendly
style of DB access in heterogeneous environments, wher
information is distributed both throughout an enterprise (the Support for user-friendly interaction and consistency control:
Intranet) and all around the world (the Internet). Moreover, Today, active rules have become one of the main properties of
there is an ever-broadening spectrum of information the object-relational technique. In the presence of more freedom
resources, and users want a system that handles all the dat USe" interaction with the system, more attention should be paid
types involved in the operational processes of the enterprise.On the consistency and integrity of stored data.

As an example, the RITA system should provide more tham A flexible and extensible architecture which is easily tailored ac-
textual descriptions of test progress and test patterns: therecording to domain-specific demands: Generally, the architecture
are photos and videos recording the course and the statug§ontains two kinds of components: a core engine, which pro-
change of the vehicle seats, graphics designed for Seaﬁ/ldeg, among others, the ability to create new‘data types, new
constructions and spatial locations, as well as CompositefunCt'onS' and new access methods; and a series of pre-built or
multimedia documents reporting the final test results. The US€r-developed modules (such as DataBlades, Extenders, or

Snap-Ins), which are collections of data structures with functions

Web supplies on one hand an arena to present such mixy, . manipulate them, and optionally new access methods. As a

media information, on the other hand, it requires effective result, it is unnecessary to worry about, e. g., new data formats
DB support to manage this information. An increasing that emerge dynamically and continually in an enterprise and
demand for new types of information and corresponding thus need to be included and maintained.

ways to manage them is posed on DBMSs.

Why choosing an ORDBM S?

Traditional relational DBMSs (RDBMSs) do not In lllustra [12], e. g., HTML pages are of the data type
support advanced data types natively. Since they considelefined by the Web DataBlade, whose kernel isNaebEXx-
only character strings and numbers, data types that cannplodefunction executing inside the lllustra DB server.

HTML pagesasdatatype



This function i1<TITLE>DlspIay Tests</TITLE>

called through
client DB appli-
cation
— Wehdriver It
selects
Application
Page (an HTML
page containing

interface <HR NOSHADE>

a<TABLE BORDER>

<A HREF="/RITA/">[RITA Home]</A><BR>
<H1>Display Tests</H1>

<?MISQL SQL="set schema RITA;"><?/MISQL:
<TR><TH>Test_Number<TH>Test_Name</TR:

<?MISQL SQL="select test_number, test_name
from tests where project_number=1997006;">

investigated in another paper [23] based on our practical
experiences with the RITA project.

It should be noted that current ORDBMSs, in their
infancy, cannot yet meet all the promises and challenges.
Type extensibility provides a fundamental facility to
manage changes. However, a real adaptable IS is faced with
more complicated situations than just to be able to define
application-specific data types and functions on-the-fly.
Primary requirements in technical domains include, among

embedded SQL<TR><TD>$1</TD><TD>$2</TD></TR>
statements) store@?/MISQL>

others, efficient support for large and complex objects. In
such a context, managing changes needs extensive study of

in the DB |</TABLE> semantic-rich data relationships and genuine set-valued
WebExplode | <HR NOS_}-’I’ADI_E> _ ) attributes, efficient support of schema evolution and object
parses the <A HREF="http://www.uni-kl.de/AG-Haerder™>  migration, as well as management of versions and configu-

extracted page ;Database Group, University of Kaiserslautern

YA 1997 rations. Our work in this direction can be reflected by an
executes the "™

. — i ongoing project ORIENT [22] aiming at integrating
embedded SQIFig. 3: An Application Page stored in DB relationship semantics into an ORDBMS and another
gueries, and project being planned to enhance ORDBMSs with mature
formats the resulting HTML page, which is then transferredsersion concepts. All these efforts rely on the extensibility
back to the client browser program Webdriverthrough the  inherent in ORDBMSs.

Web server.

Due to the length limit, we can only present a simplified5, External WWW Usagein Technical Infor-
example. Fig. 3 illustrates afApplication Pagewith the mation Systems

corresponding output of the Browser shown in Fig. 4 L . .
P g outp g Thus far, we have primarily discussed the “internal

In thlSWﬁy, WEIE Netscape: Display Tests usage” of HTML and HTTP providing a p|atf0rm_
many  problemsy Fe Ear view co Bookmas optens Drsctry winaow | independent means for information representation and
inherent W B E A S Y B Ed transfer in heterogeneous environments. However, we did

previous geners
tions of Web
connections ar
solved,

including  diffi-
culties with the

GoTos [letp: //ohe/ogi-bin/Mebdriver UItsble s, not yet check the original ideas and objectives of the Web
itself and how they could be exploited to improve the
“external information exchange” of technical information

systems.

What's New?|What'’s Cool?|{Destinations||Net Search|

RITA Home]
Display Tests

5.1 Personalizethe Web

management 0  [Test_Number Test_Name .
complex datd = E‘;ﬁﬂiﬁ;s - The WWW or Internet already connects vast infor-
types and th{ Fro emperature dhange fost mation resources dlspt_arsed around the world Qnd is increas-
need 10 WIitE 3:am o Unversts o kammim 1957 ingly perceived as a single, global data repository offering
proprietary all users simple means of authoring as well as uniform,
CGl access ant= e — simple, and (sometimes) fast access. Millions of persons,
management Fig. 4: Browser output organizations, and institutions have built the Web which

code. Moreover, since tifgplication Pagesre kept in the ~ currently incorporates hundreds of millions of pages of
DB, they can be easily retrieved or manipulated using th¥arious kinds of information. We strongly believe that the

powerful functions provided by the Web DataBlade modulepotential of the Web has to be tapped to broaden the
spectrum of services in technical 1Ss. Moreover, this

43 Comments provision of.services' ha}s to be tailored to the specific tasks
] ) ) and professional activities.
~ Our primary goal is to implement an adaptable IS that Al pages of information just referenced by their URLs
is flexible enough to keep up with the rapid and unpreqgre equally proximate to a user. Hyperlinks can group
dictable changing of requirements on how data are used angdome” of the related information to enable a kind of
managed. Therefore, a DBMS that can natively support newlustering and to reduce the user's decision space. Web
data types, enables dynamic and interactive Web connegrowsers as cross-platform, multimedia information
tions in all platforms, and allows users to easily custom thejisplays and command generators are ubiquitous. Together
functionality and express specific application logic, iswith these browsers they simplify somewhat search and
crucial in today’'s competitive world. ORDBMSs, though access of information pages, however, their accessibility is
without a generally accepted standard definition at the timgompletely impersonal. Users often complain that the infor-
being, embody a promising potential to build advanced I1Sgnation accessed in the Web is badly organized, irrelevant,
satisfying more complex requirements. The modelingoutdated, or even wrong. On the other hand, they quickly
potential as well as the shortcomings of ORDBMSs arggose track and get lost if they follow chains of hyperlinks to



locate the desired information. Thed Client Sover
standard “help” of the browser||Browser 1<a-#~ proxy \W ” / proxy || Server 1
orkgroup

software such as “Bookmarks” or
“Hotlists” (to keep track of proxy
frequently used URLs for fast Client V| (firewall) \ Server
relocation) is quite static and will||Browser ni<e-»| proxy = proxy [ % Server m

quickly get out of control as these = i . :
lists arow and their entries become Fig. 6: Extended Web model illustrating the proxy topologies

obsolete. A number of reasons such as slow network dgroup of agents and their connectivity has to be configured
connection speeds, helplessness or inability to locate infolt system start-up which makes this approach somewhat
mation already found, insufficient means to manage anétatic, whereas the WBI approach (Web Browser Intelli-
organize retrieved information [17] require more appro-gence, [1]) can dynamically connect agents for specific
priate user support for accessing the Web. We believe th&asks based on data contained in HTTP requests and
the provision of Web services has to be shifted from manudesponses. In our proposal, we adhere to this mediator archi-
management to automatic approaches thereby tailoring tHecture where the provision of useful Web-related services is
Web for individual users - at least in professional environperformed by a number of cooperating agents acting

ments. between a wusers Web browser and the Web.
To sketch the full potential of the mediator idea, we
5.2 Proxy topologies would like to point out the entire range of proxy topologies.

For this purpose, the simple Web model resulting in dA‘S shown in Fig. 6 we can distinguish between client,

very tight linkage of Web browser and Web server has to b@'or@;g%?éi?d;ewir r%rsoxc')?lss'.ble for all Web transactions
adjusted to allow for suitable user assistance. Although the 1€Nt proxy | ponsi '

fundamental communication mechanism of the Web Of a single user, whereas a server proxy observes/handles all

HTTP whose simple and direct request-response protoc<5FQUESts to a server. Finally, the workgroup proxy controls
between browser and URL server is stateless - cannot t?él server accesses of one workgroup which may be a

changed, the Web model could essentially be improve&lrjgfblte pleascemfgr %u;ldgguﬁtggevi\aalg Ngﬁbﬂgﬂlgmt}&e Sii
concerning our needs by introducing programmable interprinc)i/ I()a/peach gf these proxies can %e im Iemer’1ted b a
mediaries between browsers and servers. A first decouplin IIab%rét'n setofa entg as outlined abo% y
is achieved by the use of a so-called proxy which serves Ing 9 ' utll ve.
gigmesdlator for the user's Web transactions as illustrated B 3 \WBI architecture

In this scenario, a client issues an initial request to the In our special environment, we include a number of

proxy which performs the Web transaction on behalf of thea%emds s;mphfa/mghand rt]allonng the Wib accesbs r;colfthe d
client. Note, the proxy’s response is passed back to thigdividual needs where these agents periorm on behalf an

client. Usually, the original response is not modified, but, indS assistants of the Web user. To replace the normal proxies
by such agent-based assistance systems, we have adopte

principle, a proxy can produce arbitrary responses . .
Nowadays, a proxy is typically used to provide page cachin e key ideas of thg WBI approach [10]. WBI consists of
ur types of agents:

forindividual USETS or groups of users in an organization; orl Monitor agents track and record user actions to provide informa-

.the other han.d’ It can Incorporate a one-way flr_ewa}ll for tion for other agents. For this purpose, they observe the request/
Intranet security. SIHC? each request of a browser is d'recu':'dresponse stream and perform, without altering it, actions based
to the related proxy, it can check for cached pages or thegp the stream, e. g., monitoring page contents or deriving usage
authorization of the user before further actions are taken.  patterns.

This rudimentary form of control and service optimi- « Editor agents intercept the communication stream, modify re-
zation could be greatly expanded by evolving the idea of a quests or responses, and forward their own requests/responses.
mediator between browser and server. Some architecturalHence, they can connect to either the request part or to the re-
approaches for establishing such a mediator are recentlySPonse part of the stream. Examples for such modifications in-
proposed in the literature. [2] proposes a proxy server shell clude inserting additional related links or information, highlight-
called OreO that can be used to modify the HTTP stream gfg;e;g’r g‘gfgy\,'sngr URLs, or adding annotations to a response
betw_een a client and a Web Server. The Proxy SeIVel Generator agents receive requests and convert them into respons-
consists of a number of cooperating agents which can carry

- g C es by using any other resource, €. g., a local storage system, a
out various tasks as kind of an assistant of the user. Thestandard form, or the Web. For example, a default service is to

original request proxy request pass a URL request on to the appropriate Web server, to retrieve

the response, and to pass it back to the browser. Likewise, a

Browser HTTP cached page is located in a local store and immediately delivered
Proxy back.

proxy response original response » Autonomous agents react to trigger conditions (e. g., events or

- - - - time intervals) independent of the usual request/response stream.
Fig. 5: Simple Web model extended by an intermediary Such an agent terminates after having performed its task which



could be some housekeeping actions (e. g., to detect obsoleteated in a scenario in Fig. 7, pages of interest could be

links and find their new URLs) or some “active exploration” of |ocated by observing Web usage patterns. Monitorify (

the Web to find new or refreshed information. the page accesses of individuals or of the group (frequency,

These agents are dynamically created and linke@ontents) could lead to the identification of clusters of

together by a system kernel. To keep persistent data, thegtrieved pages and to the extraction of keywolt)s Vith
are using an ORDBMS to store information of HTML as these hints, autonomous agents could search for related
well as other advanced types. Typically, a combination ofjocuments [{}) to be added to the “cached library”. To
agents of different type is constructed to assist giverensure the “importance and relevance”, a user can confirm
requests/responses. To enable their proper activation, eagliggestions [{) concerning these extensions. Finally,
agent is registered in the kernel component with its triggegenerator and editor agents could add links or annotations to
rules for activation. Such triggers can refer to times ofresponses] to communicate amendments for updated or
intervals as well as to specific situations when particulafqew information sources to the group members.
servers are accessed or specific document types are received | g similar way, access to highly volatile and
(€. g., only.comURLs or HTML documents, respectively). frequently changing information could be provided for the
Based on such trigger rules and collaborating agents, oyroup. This concerns newsletter, information of profes-
model of Web usage could be enhanced in the followingjonal organizations and activities as well as a calendar of

way. events or a whiteboard.
) ) Another important issue is the authoring and publi-
54 Automated index of viewed pages cation of the research results or other achievements of the

Retrieval of previously-viewed pages is often group. Editors could provide a uniform presentation and
frustrating, since it is hard to remember and to relocate suahform about changes or replacement of requested reports.
pages. The current use of bookmarks only allows som8&ince bibliographic and state information of research reports
imperfect support, because these handles are unorganizeslolves over time (draft, submitted, accepted, published,
static, and difficult to maintain. Many situations such aswhen and where), an autonomous agent could make sure
obsolete links or source document updates are not propertiiat all requests are always directed to the current version of
treated. WBI agents, however, could greatly improve thighe report.
situation by automating a local index capturing the personal

history of accessing pages. For example, to provide easy-t6:6 Enhancement of convenience and perfor mance

use and up-to-date information a monitor extracts text from Obviously, Web assistants could take over a substantial

pages accessed and records it in a DB. An editor adds @fare of the user's routine work. For example, electronic
appropriate query form to the browser interface to allow for,; management could greatly benefit from the use of
keyword search. Hence, a generator can then search the D& ot \which can tailor the mail handling, organization, and
access the Web, and produce the requested results. Note, fl&iaval to the needs of individuals. With the given

search of the personal history limits the search spac@to 1

> amework, a mail DB could be easily integrated giving
- 10" pages as compared to a Web search &f 100" multi-dimensional access by time, hierarchically organized

pages and improves dramatically relevance and precisioq piects, contents, etc. Likewise, advanced use of monitors
Furthermore, an autonomous agent could regularly chec

L . nd generators could also speed up the user’s work as well
the cached pages for timeliness or adjust URLs. as internal processing. For frequently used chains of hyper-

. . links, this access behavior could be detected and the
5.5 Maintenance of cached library combined use of these agents makes a shortcut available to
In technical environments, frequent references occur tehe user. Monitoring of traffic speeds could be exploited in
all sorts of catalogs (related to parts or manufacturers) angarious ways. Internally, there are typically several transac-
standards (ISO, ANSI, DIN). Of course, fast access to theitions performed per requested Web page (HTML, graphics
latest WWW editions, including all corrections and changes(GIF)). Hence, expensive, but less important transfers could
is highly desirable, which could be best achieved by a locabe delayed or automatically switched off. Moreover, WWW
cache of this “distributed digital library”. Since large access could greatly benefit from the knowledge about
volumes of data are involved, a workgroup library would becurrent traffic conditions by propagating warning signals to

most economical. the user, selected use of servers, or dynamically routing
Library retrieval and maintenance

could be improved by a similar use of ager - > Web )

as discussed in the previous sectipn add annHati_ons all

and related links recor Webntigage

(keyword search, detection of obsolete and conte

hyperlinks, cache refresh of updated pages).

Furthermore, unknown documents whic¢h ®—D> - — = |D
may contribute to the work of the group . seek related
could be searched as some kind |of user profile documents

automated background activity. As illus- Fig. 7: Automatic retrieval of pages of interest
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