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Abstract The objective of this paper is to examine the role of

The output and experience of a large European brokerage within the context of Electronic Commerce
project in Electronic Brokerage called "Generic and to present th&eneric Architecture for Information
Architecture for Information Availability" (GAIA) is  Availability (GAIAY), an expandable architecture for the
presented. The paper describes a reference model andnplementation of electronic brokerage systems.
functional architecture for value-added mediation in
Electronic Commerce. The customers are provided withl.1 Electronic commerce concerns
a uniform way of accessing heterogeneous suppliers
without changes in the supplier software. A way of Electronic Commerce offers a foundation for many
employing distributed objects for large scale service benefits for both the consumer and the supplier. The fact
integration and multi-enterprise transactions is shown. that DELL Computers profitably sells over $5M a day
The issues encountered during the implementation of thevia their WEB site is proof of the benefits that Electronic
CORBA-based pilot prototype and the application of the Commerce has to offer customers and suppliers [8]. In
architecture in 3 diverse domains are presented. parallel there are also risks associated with the

introduction and spread of Electronic Commerce.

Outside of the well-publicized issues, such as those in
1. Introduction regard to credit card fraud, there is a real danger in what

we will refer to as supplier overload. With the ease at

Dictionaries define commerce as “the buying and which the current state o_f the a_rt_allows th_e crgation of a
selling of goods and services”. WEB site, one can easily envision the situation where

Electronic Commerce can be broadly seen as applyingVery individual or organization producing goods and
the information technology and telecommunications S€TViCes sets up its own on-line WEB store. If such an
advances of recent years towards increasing theinstructured uncontrollable approach to the spread of

efficiency, effectiveness, and functionality of traditional €lectronic commerce continues, the future success and

diverse range of commerce related activities including s to fulfill its promise.

but not limited to: )
1.2 The need for the electronic broker

* Processes that aid the potential customer (individual
or business), in locating the goods and service they With this avalanche of on-line suppliers and
need and at the same time allowing suppliers toinformation about goods and services, how is the
make potential customers aware of their products.  consumer to locate, purchase, and obtain the goods and
» Processes facilitating the negotiation of a basis forservices they seek, at a fair market price, and from a

the transaction that mutually benefits all parties supplier they can feel confident with? The introduction
» The processing of the agreed transaction of the role of an on-line electronic broker into the
» The management of the on-line delivery of the good electronic commerce supply chain linking consumers and

or services from the supplier to the consumer suppliers presents the ideal solution to this problem.

« After sales services that ensure that the customer iMediation by these on-line electronic brokers joins
satisfied with the order and delivery process and iscustomers and suppliers thus stimulating the market

able to use the delivered goods or services to their
full extent. ! This work is part funded through the European
Commission’s ACTS Programme.
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activities of both parties. Electronic brokerage systems
have the potential of offering suppliers the capability to

Reference Model Functional Architecture System Architecture

expand the number and type of potential customers foi
their products thus allowing small and medium size - -
. . .. Search |1 GAIA
suppliers to more effectively and efficiently compete o 20 || zmso
with larger suppliers in their domain. Raterence $ . $ 1op Sania
Architecture Profile
1.3 The need for a supplier independent ety ‘L

architecture for electronic brokerage

| Standard
i
< Standard Profile

In order for the electronic brokerage concepts to be Speciication
effectively implemented it is key that such
implementations be based on relevant architectures and Figure 1. GAIA Standard Formulation Levels of
agreed standards. The brokerage architecture must be Abstraction
scaleable and be applicable to the distributed on-line
nature of today’s electronic commerce supply chains. It .
must handle the diverse nature of the existing and futurez' The GAIA project
goods and services to be traded. At the same time it must . .
handle the heterogeneity of the systems deployed by thé-1 Conception of the GAIA project
actors involved in the supply chain and the . ) _
heterogeneous networks linking them. The architecture 1he GAIA project was conceived in 1996 to address
must allow implementations that are commercially the requirement of the on-line bu_smess society fo_r a
feasible. It must support the ability of actors taking the Standards-based brokerage architecture, as outlined
role of broker to add value to the supply chain and to@Pove. Around the central theme of the project, to
financially benefit from this added value. The prod_uce an z_archltecture for br_okered |nforma_1t|on supply
architecture must support the transaction oriedtetD services, objectives were defined to establisBAIA
properties which are currently absent in today’s mostStandard — with architecture ~ and  protocol
commonly used Internet technologies [16]. To ensure€commendations, and a generic toolset to c_:ontnbut_e to
success, the architecture must be generic and applicabi@'® development of practical, interoperable information
to a diverse range of domains. And most importantly, toProkers. In this way, GAIA wouldacilitate the location
ensure fair competition and protect the consumer from g2nd purchase of online information, goods and services.
monopolistic environment the architecture must be The GAIA consortium comprises service providers
supplier independent. from diverse fields in IT, telecommunlc_atlo_ns and
The explosion in Internet access and the advent ofcommerce, and a number of research organisations.
electronic commerce presents great potential for the .
market for electronic brokerage services. To date, mosg-2 Overview of GAIA’s work
efforts towards the realization and standardization of this ] )
market have focused on infrastructural issues such as [N the remainder of this paper, we present the key
secure on-line payment, electronic product catalogues®sults of theGAIA ‘project with reference to their
and digital delivery. However, if there is to be @application and applicability in electronic commerce.
interoperability between businesses in the supply chain, AS shown in the following Figure 1, th&AIA
permitting participation of both large and small suppliers environment has been modeled from a number of
and promoting choice and diversity, a supplier- Perspectives, differing in their level of abstraction.
independent architecture for brokerage meeting the At the most abstract level, th&AIA Reference
above described requirements is required. The Generidlodel provides a common basis for the description and
Architecture for Information Availability (GAIA), ~ SPecification of brokerage systems. TBaIA Reference
presented in this paper, is being developed by anModelis defined in terms of the Roles, Actions, Events
international consortium of nineteen organizations. The@nd Entities involved in electronic brokerage. ThilA
GAIA approach supports an information society in which Functional Architecture defines the functional elements
Information Brokers offer service economies and ©f the GAIA system, embodyinghe GAIA Reference
refinements that enhance the supply chain to theModel. The Functional Architecture specifies the roles
advantage of producers and service providers in divers@nd relationships between tHBAIA Services which
domains. instantiate the Actions and supporting Events of the
Reference Model. Based on the functional relationships
of architectural elements and their relationship to the
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world at the large, the GAIA Standard is specified. pre and post sales support. Clearly the brokerage system
The development of generic tools within the must interact with back-of-house systems supporting
architecture has been a core activity in the project,such functionality.
providing key reusable services, including user access Central to the reference model is tGAIA broker,
components and mechanisms to use data from existingvhich acts as a locator and supplier of information or
repositories. TheSAIA pilot implementation broker is  services to customers, i.asers who seek services and
built on the CORBA distributed object architecture. The information online, and likewise a distribution
experience theGAIA project gained from building a mechanism for suppliers wishing to promote goods and
CORBA-based Broker is described later in this paper.  services. The broker either supplies the information or
Crucially important to the development and validation service to the customer itself (in which case it is acting
of the GAIA approach has beethe involvement of in the supplier role), or else (playing a customer role
representative bodies and user communities in trials ofitself) it sources the information or service from another
the GAIA service. GAIA selected three target domains in broker/supplier. Information about online services or
which to demonstrate various implementations of theinformation (generically called products) is maintained
developed GAIA compliant brokerage systehe Music by brokers, so that they know where to locate the
industry, the Technical Components industry, and theproducts required by the customer. The information
Publishing industry. The Music Industry Trial focuses on maintained by a broker may be arbitrarily specialised,
delivering information and product in specialized genreswith special brokers for particular domains or
(namely dance, ambient, and free improvisation) to thegeographical regions. Brokers may be federated, thereby
sector's highly dispersed global consumer base. Theextending the domain or geographical coverage of
Technical Components Industry Trial provides electronic individual brokers.
brokerage services to allow engineers to select and The function of the broker is to provide a path
retrieve technical information on a wide selection of die whereby a customer may find and obtain a product. If the
for the design oMCMs (MultiChip Module) and hybrid  broker knows where such a prodwan be found, he
circuits. The Publishing Industry Trial allows students, supplies the customer with the location information. If
researchers, and industry experts to locate, order, anthe broker does not know the location of a product, he
receive digitally a wide range of on-line material, requests a search on his behalf from other brokers, thus
including scientific articles from journals and widening the search. In order to allow a search to be
agricultural information such as agricultural statistics carried out, the terms of the search need to be clearly
and customer contacts. defined. A description needs to be given by the customer
The span of these domains, from the structured,to the broker of the product that he requires. The use of
highly specified, standards oriented, technical nature ofmetadata is central to the functioning of tlAIA
the Technical Components industry to the artistic, broker, both for the customer to describe the product that
loosely structured, multimedia nature of the Music he requires, and for th@AIA broker to propagate the
industry, is to ensure that tl@AIA architecture covers search to further brokers.

the needs of a wide array of other domains. Whilst brokerage involves various phases of business
operation [3], including awareness creation etc., it is the
2.3 The GAIA Reference Model transaction phase that is of most concern to GAIA. The

“actions” which theGAIA architecture caters for during
Before describing the Functional Architecture, which a transaction are
is a key result of GAIA anthe basis for deployment of
brokerage services, we will briefly outline the Reference *
Model, which is the highest level of abstraction
f;?ﬁ:g&f;y.by GAIA, Inorder to clarify the use of * Locate, \_Nhere the customer obtains from 'the proker
The core concepts promoted by tBAIA project’s the location and terms of supply for a required item
reference model are the roles of customer, broker and ~©Order, where the customer requests supply of the
supplier, and the actions of search, locate, order and required item from the given location _
deliver. These generic roles and actions have been founyj Delivery, where the broker causes the item to be
to be a good basis to discuss and develop a working ~Sentto the customer
demonstrator broker infrastructure, with brokers and  Around these main actions are supporting actions, of

suppliers spread around Europe. The scope of thgynich the most important are authentication, tariffing,
reference model has been limited to these areas Ofng connection to payment systems.

electronic brokerage and has not been formulated t0 Based on these concepts, a more detailed architecture
address other areas of brokerage such as workflow angan pe developed, first in terms of functional

Search, where the customer describes the nature of
the product, and the broker returns the identity of
products matching this description
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decomposition, and then in terms of systems
architecture.

Rest of
Functional
Architecture

Technology
Functions

. . F
3. GAIA Functional Architecture -

The GAIA functional architecture decomposes the
overall functionality of the brokerage system into a Figure 2. GAIA Functional Unit

number of components, and describes the roles and
relationships of the components, and the manner indifferent Transactions. As a result, each candidate

which they interoperate. The key elements of GAA technology has its own Functional Unit, which is

functional architecture are tH8AIA kernel Functional ~ invoked when that particular technology is required.

Unit Managers (FUM) Functional Units (FU), and A number of different Functional Units can exist

abstract primitives (AP)These are described in detail Which fulfil the same functional requirement of the

below. brokerage system. In order to select the most appropriate
FU (and technology), the brokerage system needs to

3.1 Functional Units know which is most useful at any particular time. This is

the responsibility of the Functional Unit manager, or
The brokerage system provides a number of services"UM. Each function of the brokerage system has a single
to its users. These services are supported by the functionsUM, which is invoked in terms of abstract primitives by

of the brokerage system. These include, for example, ~the Broker kernel. ThisFUM selects the most
appropriate of the candidate technologies, and calls the

* searching _ corresponding FU. The interface between the FU and the
* metadata collection FUM is defined in an open, platform-independent,
» format translation programming-language-independent manner. It is

jmportant to notice that all thEUs subordinate to the

sameFUM havethe sameinterface, expressed in terms
bstract primitives, and also specified in CORBA IDL
IDL is used to define the interfaces in an

Each of these functions can be provided by a numbe
of different candidate technologies. However, the
operations that are required to be carried out remain th

same - regardless of the selected technologies, th ) . . .

functional requirements do not change. The requiredunamb'gUOUS|y fas_hlon).Thls holds true even in the case
operations are described in terms of abstract primitives,Of con5|_derable differences be“’_VeeT‘ the te_chnologles
which can be mapped to the protocol requests Ofused to implement these FUs. This hides the internals of

whatever technology is selected to support the function._particmz’Ir FUs fromthe FUM. For example, a new FU

A mapping component, called a Functional Unit (FU), is implementing some recently emerged search protocol,

defined for each candidate technology, and converts call$@" De developed Dby a third party vendor and
to abstract primitives into protocol instructions. The FU Incorporated into the broker without any modification of

acts as an interface between its particular technology and"y Othér component. This makes the architecture easily

the rest of the brokerage system. extensible.
Functional Units are defined for each candidate
technology that can be used to fulfl a particular
functional need of the brokerage system. A Functional
Unit accepts abstract primitive invocations, and maps The kernel of the brokerage system acts as a buffer
them to calls to the particular technology to which it is between the&fUMs, and as a bus fdne transmission of
dedicated. The results of the calls to the technology areabstract primitives between FUMs. It also acts as a
translated into the corresponding abstract primitives andrepository of local information, and as a shared data

3.3 The Kernel and Abstract Primitives.

returned by the FU. store for FUMs. All calls to abstract primitives are
_ _ executed via the kernel, which exports all the abstract
3.2 Functional Unit Managers primitives imported by the variouBUMs, and imports

all those exported by the FUMs.

As noted above, a number of different candidate Communication between ti@AIA kernel andFUMs,
technologies can be used to fulfil a particular functional and betweedrUMs and Functional Units, is carried out
requirement of the brokerage system. Depending on then terms of abstract primitives. In a pure CORBA world
details of theGAIA transaction (underlying network, we would call them just methods of particular published
Customer system capabilities, domain requirements,interfaces. However, to allow a non-ORB based
etc.), different technologies may be more useful duringimplementation of a GAIA broker and to keep the
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N information, using email, mobile terminals, etc.
Kernel » interacting with external directory services.
» allowing the user to provide feedback on a particular
5 E Action or transaction.
This is illustrated in terms dfUMs in Figure 4. The
Table 1 contains a brief description of every FUM

a5 specified by the GAIA Functional Architecture.

Local
Databasg

FUM
Mﬁ@
FU
Directoy Metadata
2 p Services Authenticati Customer FUM Collection
FUM on FUM EUM
g
Component Component Component

FU

FU

Technology Technology Technology

Broker Kernel

TS Tecnnaiogy-Spece ream em Payment
Instructions S'SS;\;h Locate FUM| | Order FUM I:S);Iivery Dletlivery E
FUM FUM
Figure 3. Communication between FUM and FU
interface general, a concept of abstract primitives was Figure 4. GAIA Functional Architecture FUMs
introduced. These abstract primitives correspond to a ) o )
particu'ar Operation which a FUMuvill Carry out on In the event that a GAIA bI’Oker IS a d|Str|bUted en“ty,

behalf of the kernel, or which thEUM expects the With different FUs and FUMs running on different
kernel to carry out. EacRUM imports aset of abstract ~Platforms to the kernel, inter-module communication
primitives, representing those services which the FUMUuses the CORBA model. The internal operations of the
expects to receive from some other part of the systembroker (the abstract primitives imported and exported by
The services which thEUM is prepared to provide to the FUMs) are encoded using thBOP [6] inter-orb
other elements of the brokerage system are presented jprotocol, along with any data or other variables required
the form of exported abstract primitives. All abstract for the operation, and then transported among-thils.
primitives are imported from, and exported to, the The pilot implementation developed by tHBAIA
kernel. The kernel acts as a bus for abstract primitivesProject supports this distributed model.
Abstract primitives are also used in communication
between théFUM and its FUs. The FU exports abstract 4. Choice of Brokerage protocols
primitives to the FUM.

4.1 The GAIA Standard
3.4 Elements of the GAIA Functional
Architecture: Description of FUMs As previously discussed, the architecture of G#dA
brokerage system is designed so that a number of
different technologies can be used to fulfil any particular
functional requirement of the system and furthermore,
+ searching for and identifying information Products the GAIA Broker can interoperate withnon-GAIA

The core activities of the brokerage system include:

that fit a user description systems where compatible technologies have been
« sourcing information Products the identification of implemented. However, in order to promote
which is known interoperability, GAIA also specifies a “GAIA
« allowing users to order Products Standard”, in which one technology is selected for each
» delivering information in file format FUM.

The criteria for selection reflected the over-riding
need to specify a workable standard, with the best
chance of producing brokerage systems that are
interoperable with other information navigation systems.
Key selection criteria include the following:

» delivering information as a continuous media stream
e monitoring use of the system and charging for it
» enforcing the security policy of its particular
security domain
+ collection of information about what is available
(metadata collection) * popularity and acceptance
» providing a user interface to the brokerage servicess standards status
and alerting users as to the availability of « functionality
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Table 1. FUM Responsibilities Summary

other points in the chain. The supply chain may take a
number of different forms:

FUM Responsibilities | » a minimal chain, where the customer and the broker
Search Accepts requests to carry out a search for 46 the ends of the chain, and there are no intervening
Products that fit a particular ~uspr links. In this case, the broker plays the role of
description. It returns Ilsts_ o_f identifiers pf supplier to the customer.
Products that fit th_e des_(_:nptlon. - » a three-piece chain, where the broker deals with the
Locate Accepts Product |dent|f_|ers, and dlscoyers customer and the supplier, but not with any other
where they may be obtained. It returns lists broker.
of Suppliers and locations for the Produdt. a longer chain, with one or more inter-broker
Order Manages negotiations between a Custdmer operations.
and a Supplier, in order that agreempnt -
may be reached on the terms |of . :
availability of a particular Product qr Minimal Supply Chain
group of Products. Following the
negotiation phase, the ordEM accepts BSFEJ%';ELFEES
purchase commitments from the Custorper
and forwards them to the Supplier. | It o
returns a notification of the status of the 3-piece Supply Chain
order Action.
ltem Manages the delivery of file-structurgd
Delivery items to the Customer. BROKER
Stream Manages the delivery of real-time mulfi-
Delivery media data streams to and from the
Customer. Longer Supply Chain
Payment Provides a mechanism for payment ffom
one actor to another. BROKER [ | BROKER ()} BROKER | - | BROKER
Authentica | Provides a mechanism which allow a uger
tion to prove his identity to the brokerage
system.
Metadata | Supports the collection of Produgt Figure 5. Supply Chains
collection | descriptions and where they are available
Customer hI_Drowd_es an mte_rface for the user to a Iow4_2 Minimal profile
im to interact with the brokerage system.
gpeziclﬁ%da;\e/gﬁt ;‘C'g]ur:'hen a Customgr- As specif_ied by th&AIA referencemodel,_aGAIA
- . - : transaction is composed of a number of actions, such as
D|rec_tory P_rowdes an mt_erface between an extenal search, order and delivery. Each transaction is initiated
Services directory service and the brokerape

system.

» feasibility of integration with other information

navigation systems.

The functionality of aGAIA broker is rather diverse,
and different interactions in th€AIA system present

Y by the customer, who makes a request to the broker. In
the event that the broker is able to fulfil the request, the
transaction involves no other actors. In this simple case,
the GAIA transaction involvesthe customer and the

broker, and the only protocol which needs to be

standardised is that between the customer and the broker.
This is done in a trivial way using the HTTP protocol

varying requirements to the underpinning technologies.[11]. The “GAIA standard” refers to such arrangement as
For the purpose of selection of appropriate protocols, thea “minimal profile”.

operations of a brokerage system can be broken into the

following three categories:

* interactions with the customer
e interactions with other brokers
* interactions with suppliers

4.3 Basic profile

In the event that the broker is not able to fulfil a
request, the action may be propagated on to other
brokers, with the original broker playing the customer

The first and last of these occur at the two ends of arole. The supply chain is thus made up a single customer,
supply chain, while inter-broker operations take place atone or more suppliers, and one or more brokers. In order
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to propagate an action from one broker to another, a
standardised communication protocol must be defined 1op /@
for broker-broker interaction. TheGAIA Standard
prescribes invocation of the remote broker's Customer $—¢—‘—#
FU. As shown in Figure 8, several mechanisms for BROKERﬁgROKERﬁgROKER .| eroker
implementing a Customer FU are possible. In order to

achieve global interoperability amoiG@AIA brokers, at
least one type of customer FU must be made mandatory
Since the interfaces were specified in CORBA IDL, and el
the overall GAIA architecture matcheshe distributed

object model rather well, CORBA IIOP was nominated Figure 6. Search, Locate and Order Action Supply
as mandatory in the so called “GAIA basic profile”. Chains

Where two or more GAIA brokers comply withe basic
profile, they can be involved in a chained transaction.

4.4 Extension modules SM;ELM' - SMTFP#'ME |
_ _ _ BROKER () BROKER ([ BROKER - - | BROKER SHITEH ’@

The extension modules in ti@AIA standard specify MPEGIRTP
the profiles to be used for various brokerage functions, VPEGRT? MPEGIRTP FTP
thereby admitting supplier systems which do not adhere DELIVERY ACTION
to the GAIA basic profile tothe widerGAIA Standard. ] ] ] ]
Example protocols are 239.50 for discovery, ISO ILL for Figure7. Delivery Action Supply Chain
ordering, and FTP [10] for item deliveryMore A Broker can choose an appropriate set of Extension

extensions can be easily added whenever necessary.  Modules to conform to according to the functionality it

~ Search and locate actions involve the customer jshes to achieve. There is one extension module for
finding a resource or product with the assistance of thegach of the functional areas which are not covered by the
broker. By default, specification of the actions takes gasjc and Minimal Profiles, and one extension module
place via HTTP [11], with the customer using a WWW o1 each of the existing areas (Customer, Discovery and
interface to theGAIA broker, andthe results of the  order) to allow the use of protocols other than IIOP. The

discovery are returned to the customer via the WWW gytension modules specified and the protocols they are

returned via email, using th&MTP with MIME )

extensions. It should be noted that searches are Table 2. GAIA Extension Modules

particularly likely to be initiated on a GAIA broker by Extension

entities which conform only to the Z39.50 protocol in the Module

ftﬁ'eﬁ fgﬁf‘fﬁ%&gﬁf?ﬁ’i’ﬂgg chained using 239.50 10 =0 " pelivery  FTP, Internet email/MIME, GEDI
Order involves the customér asking that a resource orStream Delivery - MPEG/RTP

product be delivered to him by the broker or the supplier.Securlty PKIX / GSS, SSL, Java Access

Protocols supported

Once again this takes place via a WWW interface, andPayment nglfo' System

the order is transported to the broker via HTTP. If the Discovery 739 50

order needs to be propagated, and the basic profile i?)rder ISO.ILL

supported, the order is ‘translated’ to abstract primitives, .
encoded with [IOP, which are used for inter-broker Customer 23950, 1SO ILL, email
communication. At the supplier end of the chain, 1SO o

ILL may be used for ordering from libraries. 5. Building a CORBA-based brokerage

system

The Delivery action may either be carried out using a
direct supplier-customer delivery (where the broker has As noted earlier, the internal interfaces of GA&IA
only worked as a referral agency, or is itself the Functional Architecture were defined in CORBA IDL.
supplier), or via a supply chain of multiple linked This proved to be an excellent choice for a number of
deliveries. A delivery to the customer may make use of areasons. Subsequently the decision was made to also use
number of different protocols, including FTP [10], e- CORBA as an integration mechanism for the pilot
mail/MIME [13][14][15], and MPEG/RTP [9][12] (in  development of th&AIA Broker. This decision too was
case of continuous media delivery). venerated by experience, although initially there were a
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number of difficulties. » Directory Services FUMuilt with OmniBroker (a
GAIA made the decision to use IDL for the shareware ORB), running on NT

specification of functional interfaces for the following « Customer FUMnterface built with VisiBroker (from

reasons: Visigenic), running on Solaris

+ it is widely accepted as a standard Other ORBs thaGAIA worked with include ILU, a

» itis rigorously defined, independent of platform very early CORBA implementation from XerdXARC

» it is easy for systems designers and programmers tdaboratories, and OmniOrb, another shareware ORB. Of
learn the ORBs tried, only Orbix and VisiBroker gave full v2.0

» it is readable by technical staff with nOORBA compatibility, with support for multi-threading and for
training dynamic service activation. OmniBroker was entirely

« it is supported by tools such as “idldoc” [4] which satisfactory apart from lack of multi-threading, which

can produce documentation useful in a collaborativemade it suitable for a singly-threaded systems
environment. component such as the Directory Services FUM, but not

o ) for the Broker or for the Search, Order or Directory
By May 1997, an initial set of IDL interfaces for the pyms. Dynamic service activation was considered
FUMs describeabove had been produced. In July 1997, jynortant for efficiency, rapid start-up response time,
the Consolidated Design for ti&AIA Broker [2] was and to support service fulfillment by agents.
published, which detailed the IDL interface of the Broker Overall, the experience of ORB implementation was a
Kernel, and rationalised the interfaces of the FUMs. good one. All components of the Functional Architecture
There was some debate as to whether these CORBAyere implemented with less “compromise” than the
compliant interfaces should lead to a CORBA-basedpgject expected. The Kernel aRtIMs werebuilt from
implementation of th&SAIA Broker, i.e. with functional — scratch based on their IDL definitions, and largely coded
integration occurring around an ORB. The alternative iy c++. TheFUs were afeast partly based on existing
was to use lower level protocols to integrate, with coqe with a CORBA wrapper around them to offer the
higher-level communication provided by a combination gym/FU interface.
of proprietary middleware and GAIA’'s own solutions. | the Spring of 1998, the User Interface architecture
(Note that Microsoft's equivalent to CORBA,.€. ook shape. A layer of Java classes was built to offer this
DCOM, was not in the running, because it does not yefinterface to diverse clients, and two structurally different
support cross-platform interoperability) . User Interfaces were produced ugbnThe “pure Java”
The eafly experiments with ORBs were promising but jnterface comprises Java applets or applications resident
problematic. A key issue was interoperability between o; gownloaded on the client machine, which call the
different ORBS: prior to CORBA v2.0, no standard for groker via 11OP. The “dynamic html” interface uses a
interoperability was defined. Version 2.0 specifi@&©P proprietary webserver API to link a site-configurable
(General Inter-ORB Protocol) and IIOP (Internet Inter- front end to the Java classes resident on the webserver
ORB Protocol) [6], the latter instantiating the former (GAIA used Netscape’s LiveConnect protocol to do this;
over the Internet Protocol, IP. The first v2.0-compliant 3other choice would have been MicrosoftSAPI
ORBs appeared soon after GAIA started work, but protocol). In addition, a non-Java User Interface was
interoperability was far from assured. constructed, which provided access for non-GAIA clients
By December 1997 interoperability via IIOP was rynning the 239.50 search and retrieve protocol [7]: this

established. Systems integration of the basic frameworkniarface evidently could not support the full range of
was 4 weeks behind schedule and some “workarounds’goker functions.

were in place to handle some environment problems, €.9. As shown in Figure 8, three User Interface

concerning bugs in naming services antOP  grchitectures  were  developed  for  theGAIA
incompatibilities. However, with commercial  gemonstrator.

requirements now mandating the use of a mixed Tpe “pure java” interface is highlighted, as the choice
Solaris/NT platform for a distributed Broker architecture, \yhich most readily supports the deployment of
the use of ORBs was felt to have been beneficial. Theorokerage client softwvare in a heterogeneous
implementation deployed to demonstrator sites for thesnyironment and is the solution being used iNGHAGA

GAIA trials makes use ofhe following interoperating  Technical Components Domain demonstrator. At the

components: time of writing, binding to Java fron©DRBs is much
- Broker Kernel, built with Orbix (from IONA Ltd), bPetter supported than binding to C++, Java being
running on Solaris or NT amenable to the provision of simpler arrangements for

. assorted FUMsuilt with Orbix, running on Solaris Mmemory allocation etc.

or NT
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Figure 8. User Interface architectures trialled with
the CORBA-based GAIA Broker

Figure 9 concludes the discussion on GAIA
projects experience in developing and implementing aE.
CORBA based brokerage system by presenting an
example of the search action as implemented within the
Technical Components Domain demonstrator.

1
1

Q H Customer FU
1 JAVA Classeq

.

wWww

Browser
(IloP)
JAVA

pplication

Thin Customer|
Ciin

Customer

GAIA Kernel
(NT and ORBIX)

| i 23950 @

)

Technical- Components Domain Broker

Figure 9: Technical Components Domain
Demonstrator

The simplified operation and implementation of each .
of the shown modules can be summarized as follows:

A. Customer — theGAIA Technical
Domain Client application is

Components
loaded on the

Z Glient C.
Z over
. http

Domain Customer FU has been developed with
VisiBroker from Visigenic and with Java. Call Back
target mechanisms are initiated and used to track the
progress of the issued search request.

Kernel (with associated FUMSs) the kernel and
associated FUM$iave been developed in C++ in
conjunction with the Orbix CORBA environment
from IONA Ltd. The kernel maintains a session for
each activeGAIA transaction. Whenthe kernel
receives the search request for the transaction it will
move the session to the search state and pass the
request to the Search FUM. In the demonstrator
there is only one Search FU implemented so the
request is passed to the Z39.50 Search FU.

Search FU - the Search FU uses Z39.50 technology
to formulate the search request. It was developed
using existing software with an IDL CORBA
wrapper. The FU will take the search request from
the FUM and convert it into Z39.50 format.

Supplier Database — the actual technical components
supplier data is stored in a ZEBRA database.
ZEBRA is a Z39.50 server developed by Index Data
IS, a partner in th&AIA consortium.The ZEBRA
server processes the search request and returns
details of the result set to the Customer via the
above described modules.

To sum up the ORB experiences of GAIA, it is noted
that cross-platform and cross-ORB interoperability is a
reality and that the CORBA approach offers flexibility
welcome in the provisioning of services in a distributed
environment. Whilst CORBA is at present an immature
technology, it can be expected to evolve in the near
future and constitute a key enabler technology for

Electronic Commerce [18]. Other object-based
== @ approaches, such as DCOM, may also become

. Elecmm;cz:u::;emsumanase ___________ 1 applicable'
GAIA intends to promote its CORBA-based

specifications and toolkits. Two areas where CORBA-
implementations may provide significant advantages are:

the Z39.50 search and retrieve protocol
Directory Services

The advantages of CORBA implementations, as
specified by GAIA, are that service creators need not
grapple with

low-level encoding and transport

customer’s Windows based PC. This application hasmechanisms, and can use a much more standardised
been written in Java and in addition to user |nterfaceapproach to Systems integration based on business-level

functions it also includes
functionality [17] to assist the user in the operation

of the system. After being authorized by the system g

the customer performs a search operation by
entering his/her search criteria and submitting the
request.

B. Customer FU — th&AIA Technical Components

Interaction Agent objects.

GAIA’s impact on the supply chain

6.1 Customer Impact

The heterogeneous nature of GAIA compliant
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broker will ensure that the prospective customer will be compliant brokers in many diverse domains.

able to use their current computer environment and In summary, the adoption of th&AIA supplier-
telecommunications infrastructure to access the serviceindependent generic electronic brokerage concepts,
of a GAIA compliant broker. Accessing &AIA architecture, and standards presented in this paper will
compliant broker, as opposed to other current on-lineallow consumers and suppliers to better capitalize from
retail points of presence, will ensure that customers carthe supply chain benefits which electronic commerce has
locate, order, and receive delivery of a wide range ofto offer.

products and services from suppliers in a global non-

monopolistic environment. The ability of &AIA 7. References

compliant broker to add value to the process of a

customer obtaining goods and services will optimize the1] GAIA Project Deliverable D040go be updated aB0403
ability of customers to select the right product, at the jn November, 98)

right price, and at the right time. [2] GAIA Project Deliverable DO9020 be updated a®0903
in December, 98)
6.2 Supplier Impact [3] Ed. S.Plagemann & J.Hands, “An enterprise model for

brokerage”Guideline 3 from ACTS SIA Chait997

As with the customer, the heterogeneous nature of g4] http://herzberg.ca.sandia.gov/idldoc
GAIA compliant broker will ensurethat a supplier 2] hitp://www.syspace.co.uk/GAIA/

e . - 6] http://www.omg.org
wishing to promote, sell, and deliver their product or [ I .
Serviceg via Fz)iGAIA compliant broker will not phave to [7] Z39.50 Protocol SpecificatipriThe Z39.50 Maintenance

. : . L . Agency, http://lcweb.loc.gov/z3950/agency/
invest in a new infrastructure. Establishing acommerC|aI[8] Moules “The Middleman Always Knocks Twice"

relationship with a GAIA compliant broker will allow  |yformation Strategy/Economist Groufpril, 1998

the supplier to access a larger global potential custome[9] ISO/IEC IS 13818Information technology - Coding of
base. Better deals are available via the broker formoving pictures and associated audio information
financial and distribution services than could be [10] RFC 959%ile Transfer Protocol

negotiated direct with today’s service providers. [11] RFC 2068/2069HTTP v1.1(T. Berners-Lee et al).
Additionally, the new technologies offered byGRIA [12] RFC 1889,RTP: A Transport Protocol for Real-Time
compliant broker allow new functionality to be Applications ,

implemented to aid the supplier. For exampleéGAlA [13] RFC821 Simple Mail Transfer Protocpl.Postel

broker operating in the office automation domain could -4 RFC822 Standard for the format ARPA Intemetiext
messaged.Crocker

use push distribution functionality to automatically [15] RFC1521, Multipurpose Internet Mail Extensions Part

distribute, on a try and buy basis, new upgrades t0 &yne:Mechanisms for Specifying and Describing the format of
suppliers word processing application 4 customers  |nternet Message BodieN.Borenstein & N. Freed

who have purchased the product via the broker. [16] Smith, Maroulis, “A Transaction Service formulated on
an ODP Compliant EngineeringPlatform”, IFIP/ICCC
6.3 Broker Impact ProceedingsTrondheim, Norway, June 1966

[17] Koutsabasis, Darzentas, Spyrou, Darzentas “Facilitating

The adoption of the concepts of tBAIA brokerage User-System Interaction: ti@AIA Interaction Agent” HICSS

environment will create business opportunities for entry Hawaii, January, 1999 _
II’]tO new brOkerage marketS The Value'added [18] Watson (1998), Distributed Object TeChnO|Ogy, a key

capabilities of the architecture ensure that theenabler for E-CommerceTREG Hamburg, Germany, June,

perspective broker has the potential to financially 1998
prosper from their operation. The generic nature of the
architecture allows the broker easily to move into an
environment supporting multiple domains. The
distributed heterogeneous nature of the architecture will
allow the broker to establish business relationships with
other GAIA compliant brokers allowing chained
brokerage transactions.

6.4 Developer/Implementers
The documentation and toolkits developed as part of

the GAIA project will allow implementers ofGAIA
compliant brokers to easily design and implem@AtlA
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