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Abstract:
work and telecommunications is doing business on the
World Wide Web (WWW), which is called Electronic
Commerce (EC). Another major topic is blending Ar-
tificial Intelligence (AI) techniques with the WWW.
In the Ex-W-Pert Project we have proposed an agent

A major topic in the field of net-

model for EC components that blends the traditional
expert systems’ reasoning engine with a multi-layer
knowledge base, communication and documentation
engines.

Key words
ware Agent
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1 Introduction

The World Wide Web (WWW) allows people
at remotely located sites to communicate and
share their ideas using a common communica-
tion protocol that can handle text files, images,
sounds, forms, etc. WWW embodies a tremen-
dous amount of information and this amount is
increasing rapidly [2]. What makes WWW more
attractive and useful is the capability of han-
dling URLs (Universal Resource Locators). Us-
ing WWW, one can address a file by simply call-
ing the protocol (HTTP, FTP, gopher, etc.), host,
access port and path, respectively. Presently, a
common use of Web system is running a client
application, using a browsing tool, pointing at
a local or proxy server to browse data written
in the hypertext format [6]. The hypertext files
contain anchors addressing other URLs and mak-
ing connection to other servers possible.

A major challenge is the prospects of Elec-
tronic Commerce (EC) using WWW, i.e., doing
business on the WWW. This paper proposes a

general model of EC as composed of intelligent
software agents, each agent is an expert in its
own field. The structure of this paper is as fol-
lows. In Section 2 an agent oriented model of
EC is introduced. In Section 3 a viewpoint on
implementing and applying human knowledge in
such agents is given and based on this in Section
4 a general model for EC agents is presented.
Section 5 is a discussion on advantages and draw-
backs and finally, a conclusion is given in Section
6.

2 Agent Model of EC

2.1 Functional components of EC

The main functional elements in EC are summa-
rized below. Software agents should be designed
to implement these functions.

Commodity Information: This includes a show-

case of goods and services offered, mainly
in the form of a simple home page or a
complicated electronic shopping mall. This
is the heart of EC and must include in-
teractive catalogs and directories. Elec-
tronic catalog system offers more flexibil-
ity as compared to the conventional cata-
log repository and can answer to requests
for search, bargaining and bidding, etc.

WWW Based Ordering System: This includes

a mechanism for placing and collecting or-
ders, processing and/or distributing them.

Payment System: This features a fail safe mech-
anism for exchanging goods for electronic
money.

—11-



Table 1: Agent components of EC and their functions

Commodity  Ordering Payment  Brokerage

Information System System System
Customer Agents Share Share Share Share
Search Agents Implement — — Share
Catalog Agents Implement Share Share —
Retailer Agents Implement Share Share Share
Vendor Agents Implement Share Share Implement
Banking Agents Share Implement Implement —
Delivery Agents Share Share Share —

Electronic Brokerage: This involves special mech- agent either fully implements or shares part of

anism for offering a more efficient or safer
service, and various add-on tasks such as
bidding and bargaining.

[T —= Customer Agent

| Search Agent

|

| Catalog Agent

||

| Retailer Agent

||

| Vendor Agent

||
j Banking Agent
i

\ Delivery Agent

Figure 1: Agent components of EC

2.2 Agent components of EC

In our project, EC is viewed as a society of soft-
ware agents that interact and negotiate with each
other. We have devised 7 types of agents for EC,
namely: customer, search, catalog, retailer, ven-
dor, banking and delivery agents. Figure 1 de-
picts an artificial society of such agents. Each

functions described above. Table 1 shows func-
tions of each EC agent.

In order to have EC agents behave intelli-
gently as of their human counterparts, they must
embody knowledge at various levels of abstrac-
tion. This issue is discussed in the following sec-
tion.

3 Hierarchical Model of
Human Behavior

In this section we consider the way of building
intelligence into the EC agents.

3.1 Problems

Let’s consider a simple case of user attended search
[5]. User attended search, by means of conven-
tional browsing tools and search engines normally
ends up with the tunneling effect of the cogni-
tive overload. That is, humans show poor perfor-
mance in keeping track of all simultaneous inter-
mediate pieces of information, when interacting
with the dynamic environment.

The cognitive overload is explained along with
three components[3]:

Information accessibility : This problem arises
when the effects of a decision is propagated
along the decision chains until reaching the
target on which the action cannot be di-
rect.

Control-directness : This problem arises when
information needed to make decision is not
directly accessible and must be inferred along
the decision chains.
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Counter-intuition : This problem arises when
the ability to anticipate a future state be-
comes limited by many factors such as non-
linearities in the domain model, life time of
data items, etc.

In building intelligence into the EC agents,
we have devised the ways of imitating humans as
close as possible. However, an intelligent agent
should overcome the above mentioned problems
in order to be found useful.

Skill-based ’

decr ease of
familiarity
Rule-based ’
decr ease of incr ease of
familiarity complexity

Knowledge-based l

Figure 2: Hierarchical model of human behavior

3.2 The model

Human experts when engaged with a goal ori-
ented task, try to achieve the goal within the
constraints imposed by the task and avoid cogni-
tive overload through selective utilization of their
accessible knowledge.

It is believed that human experts possess a
conceptual (mental reference) model of how the
objects in the external world interact based on
standard operating procedures. Such models can
further be applied to novel or unanticipated sit-
uations. The structure of the conceptual model
is hierarchical.

Conceptual models have a hierarchical struc-
ture defined best by the Skill-Rule-Knowledge
(S-R-K) levels[9] (see Fig. 2). In the S-R-K
perspective, skill based level denotes almost rou-
tine performance. In this level, human perfor-
mance is governed by stored patterns of prede-
fined instructions. Such context specific patterns
are called rules-of-thumb (or symptomatic rules),
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that map directly from an observation to a ready-
made solution.

Rule based level represents more conscious
behavior when handling familiar or similar prob-
lems. Rule based behavior is conventionally de-
scribed by case data bases, decision tables, di-
graphs, fuzzy sets and natural language models
[7]. The model for this level is a set of stored
if-then-else rules.

Knowledge based level accounts for tasks for
which common patterns in stored knowledge form
do not exist and reasoning should start from the
so called first principles, starting from problem
identification.

In this project, for each EC agent, we identify
the class of problems to be solved belonging to
each level, build the knowledge base gradually
for each level. We believe that using this multi-
layer knowledge base system will speed up the
reasoning and ultimately reduce the operation
costs.

4 A Model for EC Agents

Figure 3 shows an overview of the Ex-W-Pert
agents. Similar to conventional expert systems,
each agent, no matter local or remote, has its
own local knowledge-base and reasoning engine.
Compared to the conventional expert systems,
a main difference is that all agents have addi-
tional communication engine and documentation
engine. The communication and documentation
engines facilitate communication and navigation
on the internet.

<—>

Server Workstation

[.]

Communication
Engine

Client Workstation
Py b
! <> L Reasoning
) = o
Client Power PC Knowledge
y Base i

Documentation <
Engine

Eﬁ

Client PC

Ex-W-Pert System

Figure 3: A General Purpose EC Agent



4.1 Reasoning engine and
knowledge base

Figure 4 shows the multi-layer structure of the
reasoning engine and knowledge base, using the
S-R-K model.

level-1: Skill-based level:

At this level a query of an agent is ac-
cepted and by searching the knowledge-
base, proper immediate action is selected.
For instance, in case of a search agent, the
query comes in the form of a list of key-
words, submitted by the customer agent.
Then search agent finds related keywords
and conducts search using the new set of
keywords.

level-2: Rule-based level:

At this level a query of an agent is ac-
cepted and a case data base is consulted
to determine the action. For example, in
case of a search agent, the initial query
comes in the form of a sentence with re-
stricted grammar. This is adopted to avoid
unnecessary overload of natural language
processing. Then a set of similar cases are
searched and cases matching the needs of
the user are retrieved. Further search is
conducted based on the instructions recorded
on the matched cases.

level-3: Knowledge-based level:

At this level a query of an agent is ac-
cepted and the agent uses its knowledge
base to interact with the other agent and
identify the actual needs. After this prob-
lem identification level, the proper action
is determined by consulting other agents.
In case of a search agent, the search is con-
ducted in two phases: object phase and
electronic commerce phase. In the ob-
ject phase ordinary search is practiced as
described before. In the electronic com-
merce phase, the search is conducted by
consulting a catalog agent, which in turn,
contacts the vendor and retailer agents for
proper information.

4.2 Communication engine

The communication module is mainly responsi-
ble for maintaining connection to the other agents

—14—
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)

Related Case
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Figure 4: Knowledge base and reasoning engine

and managing messages. Figure 5 depicts a mech-
anism for message management in the communi-
cation engine. As it is shown, incoming messages
are processed by consulting the knowledge base.

The EC agents interact based on a 3 step
protocol composed of agent identification, query
processing and payment processing. In the agent
identification step, necessary data for identify-
ing an agent is submitted and acknowledged. In
query processing step the kind and contents of
the required service is specified and in the pay-
ment processing step the price and payment method
is negotiated.

4.3 Documentation engine

The documentation module perform three main
tasks:

e Acquiring data from the other agents, as
requested by the reasoning and communi-
cation engines.

e Preparing and reformatting data items to
be appropriate for transferring over the in-
ternet.

e Maintaining index of data items transferred
and/or retrieved.
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Figure 5: Communication Engine

4.4 Implementation

From implementation point of view, each agent
is actually composed of:

e A data translator for converting the input
data to an internal frame data structure
and conversely, convert the internal frame
structure to output data.

e A reasoning engine together with customiza-
tion and learning modules.

e A local multi-layer knowledge base, as de-
scribed above, including domain rules, case
data base, etc.

e An interface module that can be plugged
into a window-based user interface for in-
teracting with the user and reporting thus
fulfilled jobs.

e A documentation engine for converting data
to and from the hypertext and other for-

mats suitable for transferring over the WWW.

e A communication engine, for launching http,
ftp, etc., applications, managing I/O mes-

sages and communicating to the other agents.

This EC agents reside in a network of en-
gineering workstations and personal computers
that are connected by the Local Area Network
(LAN), or internet in general and communicate
using the NFS and/or HTTP protocols. The
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main communication protocol is HT'TP. All the
local units need not run a HTTP daemon if there
is a HTTP server workstation supporting them
all. However, remote units serving data and doc-
uments, must be equipped with a running HT'TP
server daemon. Free and commercial HT'TP server
daemons are available for Unix, Mac and Win-
dows platforms.

There is a physical home for each agent, i.e.,
a platform that the agent can use its resources
to run and offers user interface facilities. Many
agents may share the same home, but due to se-
curity concerns, an agent cannot have more than
one home.

4.5 User interface

We have considered building a window based user
interface to serve both the beginner and advanced
users. Fig. 6 shows examples of the user inter-
face windows for the search agent [5]. The inter-
face unit is composed of a set of hierarchically
related windows. It starts with the most sim-
ple functions and becomes more complicated as
going down the hierarchy. Usually, the first in-
terface window depicts the main functions of the
system together with troubleshooting and help
menus. By clicking on a button, another window
is popped up that offers more detailed functions.

All the transaction and communication ac-
tivities are done at the background and the user
is not required to be aware of the HT'TP connec-
tions. Therefore, it is not necessary for the user
to have networking and WWW knowledge in or-
der to use and interact with the system. How-
ever, advanced users can activate the preference
and customization functions in order to get more
advanced features of the system.

5 Discussion

Some current issues in EC are mentioned in [1],
[8] and [10]. The traditional idea of Electronic
Commerce, by means of electronic data inter-
change (EDI) and private or local area networks
(LAN) has been around for some years. What
internet based EC adds to this is changing from
private networks to a global network together
with interactive data interchange, with a reason-
able cost, but at the expense of lower security.
Moving to a global network implies less control
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Figure 6: User Interface

over the kind and amount of data available. Most
of the research in EC is concentrated on identifi-
cation and implementation of EC components.
We think that implementing and applying Al
techniques to EC is a new and challenging task
for both fields.

In this project we propose application of the
Ex-W-Pert system architecture [4, 5] for such im-
plementation, that is, adding the communication
and documentation engines to the conventional
expert systems. In this project various hardware
(PC, Workstation, Mac, etc.) with various oper-
ating systems (MAC, WINDOWS, UNIX, etc.)
and various methods of connection to the inter-
net (LAN, VAN, Internet) are considered and a
mechanism for communication and cooperation
is proposed.

6 Conclusion

In this paper, a general model for Electronic Com-
merce (EC) components was introduced and the
ways of implementing intelligence into a WWW
based search engine was discussed. An architec-
ture for WWW based multi-layer intelligent EC
agents was demonstrated. Software agents of the
EC family are currently under active develop-
ment.
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