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SUMMARY A major topic in the field of network and
telecommunications is doing business on the World Wide Web
(WWW), which is called Electronic Commerce (EC). Another
major topic is blending Artificial Intelligence (AI) techniques
with the WWW. In the Ex-W-Pert Project we have proposed an
agent model for EC components that blends the traditional ex-
pert systems’ reasoning engine with a multi-layer knowledge base,
communication and documentation engines. In this project, EC
is viewed as a society of software agents, such as customer, search,
catalog, manufacturer, dealer, delivery and banker agents, in-
teracting and negotiating with each other. Each agent has a
knowledge-base and a reasoning engine, a communication engine
and a documentation engine. The knowledge-base is organized
in three layers: skill layer, rule layer and knowledge layer (S-R-K
layers). In this project, for each EC agent, we identify the class of
problems to be solved and build the knowledge base gradually
for each layer. We believe that using this multi-layer knowledge
base system will speed up the reasoning and ultimately reduce
the operation costs.
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1. Introduction

The World Wide Web (WWW) allows people at re-
motely located sites to communicate and share their
ideas using a common communication protocol that can
handle text files, images, sounds, forms, etc. WWW em-
bodies a tremendous amount of information and this
amount is increasing rapidly [7]. Using WWW, one can
address a file by simply calling the protocol (HTTP,
FTP, etc.), host, access port and path, respectively.
Presently, a common use of WWW 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. The hypertext files contain anchors
addressing other URLs and making connection to other
servers possible.

A new challenge in Al is extending the functional-
ity of traditional expert systems to be able to work on
the WWW. Electronic Commerce (EC) is a potential
application for such expert systems. In this project, EC
is viewed as a society of software agents, such as cus-
tomer, search, catalog, manufacturer, dealer, delivery
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and banker agents, distributed over the Internet and in-
teract and negotiate with each other. Each EC agents is
an expert in it’s own field. It has a knowledge-base and
a reasoning engine, a communication engine and a doc-
umentation engine. The knowledge-base is organized in
three layers: skill layer, rule layer and knowledge layer
(S-R-K layers). In this project, for each EC agent, we
identify the class of problems to be solved and build the
knowledge base gradually for each layer.

The structure of this paper is as follows. In Sect. 2
an agent oriented model of EC is introduced. In Sect. 3
the internal structure of the EC agents is introduced
and a viewpoint on knowledge representation in such
agents is presented. In Sect. 4 protocols for cooperation
and knowledge sharing are discussed. Implementation
issues are discussed in subsequent Sects. 5-9. Section 10
is devoted to a discussion on agent and agency, knowl-
edge representation, EC and developing tools. Finally,
a conclusion is given in Sect. 11.

2. Agent Model of EC

Conventional EC models are built upon functional
components, such as commodity information, ordering,
payment and electronic brokerage [25]. Commodity in-
formation includes a showcase 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 interactive catalogs and direc-
tories. Electronic catalog system offers more flexibility
as compared to the conventional catalog repository and
can answer to search requests. WWW based ordering
system includes a mechanism for placing and collecting
orders, processing and/or distributing them. Payment
system features a fail-safe mechanism for exchanging
goods for electronic money. Finally, electronic broker-
age involves special mechanism for offering a more effi-
cient or safer service, and various add-on tasks such as
bidding and bargaining.

In this project, EC is viewed as a society of software
agenis that interact and negotiate with each other. We
have devised 7 types of EC agents, namely: customer,
search, catalog, manufacturer, dealer, banker and deliv-
ery agents. Figure 1 depicts an artificial society of such
agents. Each agent is called an Fz-W-Pert Agent. The
main functions of the EC system, i.e., commodity in-
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Table 1
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Agent components of EC and their implemented functions.

Ordering
System

Commodity
Information

Type

Payment
System

Brokerage
System

Implemented
Functions

Customer Share Share Share

Share . customer identity management
. WWW search system
. catalog search system
. ordering management

. payment management

Search Implement — Share

Share WWW search system
. customer identity management
. reporting system

. payment management

Catalog Implement Share Share

. catalog search system

. catalog recording system

. customer identity management
. reporting system

. payment management

Manufacturer Implement Share Share

Share . ordering management
dealer management

. stock management

. catalog recording system

payment management

Dealer Implement Share Share

Implement . customer management
. stock management

. ordering management
. brokerage and sale

. delivery management

. payment management

Banker Share Implement

Implement

. secure transaction system
. customer management
. payment management

Delivery Share Share Share

. routing management

. customer management
. dealer management

. payment management

Implement

% Custome;'Agent ]
!

,7 Search Agent i

FCatalog Agent |

|l

| Dealer Agent |

| ]

,mnufacturer Ageniil

||

Banker Agent !

L

[ Delivery Agent

Fig. 1 Agent components of EC.

formation, ordering, payment and brokerage are either
fully implemented on an agent or shared among a num-
ber of agents. These functions are further detailed to
the list summarized in Table 1.

Each EC agent is an expert in its own field and

may interact with its human counterpart or behave au-
tonomously. For instance, a customer agent receives
instruction from a user to search the WWW space, to
find a catalog and dealer for a desired product and to
sign a contract. A dealer agent, on the other hand, iden-
tifies a customer’s needs and takes parts in bidding to
win the contract. A delivery agent competes to get a
shipment contract.

The functions mentioned in Table 1 are almost
self-explanatory. Some distinguishing features of this
project are summarized below.

e Generating the menu items of the window based
user interface using users’ utility model, in Cus-
tomer agent (Sect.5).

e The ability of off line query processing, and using
case-based knowledge to direct the search process,
in Search agent. Together with a custom report-
ing facility that allows a user select the form and
structure of the search report (Sect. 6) [15].

e Knowledge based guidance through the use of a
case-based classifier, in Catalog agent (Sect. 7).
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e Integer programming formulation of the Pickup
and Delivery Problem (PDP), and devising an al-
gorithm to handle PDP, in delivery agent (Sect. 8).

e Dealing with uncertain and non-deterministic busi-
ness practice, such as bidding and competing to sell
a product, in Dealer and Manufacturer agents, us-
ing game theoretic techniques (Sect.9).

Concerning portability and modular design of the
agents, we have used Java programming language to im-
plement the functions and make use of HTTP and IIOP
protocols for message based connections.

Presently, the Customer, Search, Catalog and De-
livery agents are fully implemented. The Manufacturer
and Dealer agents are implemented partially and the
Banker agent is at the system design stage. Specific func-
tions of the EC agents are described in Sects. 5-9.

3. Internal Structure of EC Agents

Figure 2 shows an overview of the internal structure
of Ex-W-Pert agents. Similar to conventional expert
systems, each agent has a local knowledge-base and a
reasoning engine. Compared to the conventional ex-
pert systems, a main difference is that all agents have
an additional communication engine and a documen-
tation engine. The communication and documentation
engines facilitate communication and navigation on the
internet.

3.1 Reasoning Engine and Knowledge Base

Human experts when engaged with a goal-oriented task,
try to achieve the goal within the constraints imposed by
the task and avoid the cognitive overload [13] through
selective utilization of their knowledge.

It is believed that human experts possess a con-
ceptual (mental reference) model of how the objects in
the external world interact based on standard operat-
ing procedures. Conceptual models have a hierarchical

¢ Communication
Client UNIX ' Englne
Workstation .

3

(.4- f

——
Knowledge
L/ Base

Client Power PC

Documentation g

Client PC Ex-W-Pert Agent

Fig. 2 Internal structure of a general purpose EC agent.
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structure defined best by the Skill-Rule-Knowledge (S-
R-K) levels [26] concerning with the routine, innovative
and creative problem solving tasks, respectively. The
multi-layer structure of the knowledge base, based on
the S-R-K model is shown in Fig. 3.

level-1: Skill-based level:

This level deals with the routine tasks. It de-
notes the kind of task for which problem solv-
ing knowledge and strategies are well defined.
At this level, reasoning is governed by stored
patterns of predefined rules. Such context spe-
cific patterns are called rules-of-thumb (or symp-
tomatic rules), that map directly from an obser-
vation to a ready-made solution.

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

level-2: Rule-based level:

This level deals with the innovative tasks when
dealing with familiar or similar problems. It de-
notes the kind of task for which problem solving
knowledge is well defined. Rule based behavior
is conventionally described by case bases, deci-
sion tables, digraphs, fuzzy sets and natural lan-
guage models[22].

At this level a query of an agent is accepted and
a case data base is consulted to determine the
action. For example, in case of a search agent,

Skill-based level
Compiled Rules: <«
S ————
- —
Finding relevant rules E—————— ]
Applying rules Rule base

Reporting

decrease of
familiarity

Rule-based level
N

- Case based Reasoning: v,.,
4 *E’ Extiacting similar cases e
% E Searching object data layer Related Case
E E‘ Reporting data base
z8
Knowledge-based level §
Problem Identification: \—-’._. 4
Identifying user’ goals e
Searching object data layer Knowledge
Searching EC layer base

Reporting

Fig. 3  Hierarchical knowledge base of the EC agents.
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the initial query comes in the form of a sentence
with reduced and restricted grammar[15]. This
is adopted to avoid unnecessary overload of nat-
ural language processing. Then a set of similar
cases are searched and cases matching the needs
of the user are retrieved. Further search is con-
ducted based on the instructions recorded on the
matched cases.

level-3: Knowledge-based level:

This level deals with the creative 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 other words, neither problem
solving knowledge nor the strategy is well de-
fined.

At this level a query is accepted and the agent
uses a KQML-CORBA based communication
protocol (see Sect.4) to consult with the other
agents to determine the proper action. For exam-
ple, a search is conducted by consulting a catalog
agent, which in turn, contacts the dealer and/or
manufacturer agents for proper information.

We believe that using this multi-layer knowledge
base system will speed up the reasoning and ultimately
reduce the operation costs.

3.2 Communication and Documentation Engines

EC agents must communicate with other agents in order
to work flexibly and autonomously. In this project, we
have considered building Java-based, KQML (Knowl-
edge Query and Manipulation Language [23]) speaking
and CORBA (Common Object Request Broker Archi-
tecture [ 11]) enabled agents that communicate over the
Internet. The communication engine is mainly respon-
sible for maintaining connection to the network, com-
municating with other agents and managing messages.
The communication protocol is discussed in Sect.4.2.
Documentation engine performs three main tasks:

e Acquiring data from the other agents, as requested
by the reasoning and communication engines.

e Preparing and reformatting data items to be appro-
priate for transferring over the internet. -

e Maintaining index of data items transferred and/or
retrieved.

Using documentation and communication engines, the
local knowledge can be shared with the other agents.

4. Cooperation and Knowledge Sharing
4.1 'Formal Ontologies

Knowledge sharing, data integration, knowledge inter-
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operation, and reuse requires a formal description of a
representational vocabulary, including classes, relations
and functions, which is called ontology [16]. Ontolo-
gies are considered as ways of specifying content-specific
agreements for the sharing and reuse of knowledge[19].

In this project we have developed ontologies for
both knowledge bases (e.g., agency and common-task
ontologies) and commodities (e.g., hardware-products
and software-products) that we experiment with. The
agency and common-task ontologies describe inter-
agent and intra-agent concepts, respectively. (See
Sect. 4.3 for an example.)

4.2 Communication Protocol

The EC agents interact based on a 3-step protocol com-
posed of agent identification, query processing and pay-
ment processing which is novel to this project. In the
agent identification step, necessary data for identifying
an agent is submitted and acknowledged. In query pro-
cessing step the kind and contents of the required service
is specified and in the payment processing step the price
and payment method is negotiated.

The above mentioned protocol is handled by a mes-
sage management mechanism depicted in Fig. 4. An in-
coming message is added to the end of the queue and
the message handler decides upon a proper process by
consulting the reasoning engine and appropriate layer
of the knowledge base.

Concerning portability, modularity, security and
transaction handling issues, the HTTP and I1OP proto-
cols are selected for message based connections. HTTP
is used for Web based connections and IIOP establishes
the client-server relationships, remote method invoca-

i
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Fig. 4 Communication engine.
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tion and integration of a wide variety of objects across
a network that EC agents may require their services.

4.3 Knowledge Sharing Protocol

Knowledge sharing over the Internet is done via using
KQML[23]. KQML is a semantics level communica-
tion language that is widely used for knowledge sharing
and agent communication projects[6].

We have developed a socket based and an object
based communication API for KQML messages. The
socket based one, similar to other projects, allowing
passing KQML messages encoded in ASCII form. The
object based API for Java objects allows, first, simplify-
ing the programming using command objects that take
care of the communication issues in an abstract way,
and second, as the API is installed on each machine,
communication proceeds in the same manner whether
or not an agent is on the same machine or on a differ-
ent machine.

Here is a simple example illustrating the communi-
cation and knowledge sharing procedure. In this exam-
ple, the agency and hardware-products ontologies (de-
scribed in Sect.4.1) are used.

Suppose that a Customer agent, say Agent-a, needs
some additional information for a given product. In
the first step, Agent-a asks for the information from
an agent that most likely has such information, in this
case, a Catalog agent Agent-b that Agent-a has already
recorded in the friendly agents list. (See Sect.4.4 for
security zones.)

(ask-one

:language KQML

:ontology hardware-products
:content (price(7x 7y))
:zone friendly

:sender Agent-a

:receiver Agent-b)

If Agent-b does not have that data and this request fails,
it first informs Agent-a of the consequences.
(sorry
tin-reply-to S1

:content (msg(check, report))
:transaction Pending

:sender Agent-b

:receiver Agent-a)

Then Agent-b passes a query to the naming server to
find a proper agent that has such data.

(ask-one
:language KQOML
:ontology agency
:content  (catalog(7list))
:sender Agent-b

:receiver mnaming)
The name server, returns a list of the agents that may
have the requested data and the security zone they be-
long to.
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(tell
:language KQML
:ontology agency

:content  (=((Agent-c, friendly),
(Agent-d, trustable),
(Agent-e, trustable)))
:sender naming

:receiver Agent-b)
Based on the answer of the naming server, Agent-b de-
cides to ask Agent-c to acquire the data.

(ask-one
:language KQML
:ontology hardware-products
:content (price(?x ?7y))
:zZone friendly
:sender Agent-b
:receiver Agent-c)
Upon a proper answer from Agent-c, such as
(tell

:language KQML

:ontology hardware-products
:content (=price(PC, 184000))
:sender Agent-c

:receiver Agent-b)

now Agent-b can fulfill the original request of Agent-a
by delivering this info to Agent-a and terminating the

transaction.
(tell

:language KQML

:ontology hardware-products

:content (=price(PC, 184000))

:in-reply-to S1

:transaction Terminated

:sender Agent-c

:receiver Agent-b)
Upon accepting the request, at the first place, Agent-
b continues to search and check until the goal of the
Agent-a, and consequently the user, is satisfied. Note
that, considering user friendliness, only part of the pro-
cess is visible to Agent-a and the user. They need not
be aware of all the details of the communications and
negotiations that Agent-b has gone through.

4.4 Security

Basically, the security service of CORBA’s common ser-
vices is adopted to build fine grained locally secure
transaction and business processes.

Furthermore, we have devised three security zones
for the agents to operate, i.e., friendly, trustable and
hostile [29]. Each agents can operate in any of the se-
curity zones when dealing with the other agents. In
the friendly zone the information is exchanged freely.
In the trustable zone check and verification steps are
added using public coding and decoding keys[12].

Agents competing for scare resources may apply in-
dividual strategies to increase their own utilities, there-
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fore they may operate in the hostile zone. In this
project we have used game theoretic and machine learn-
ing techniques to design a multi-agent learning language
(MALL)[30] to handle this case (see also Sect.9).

5. Implementation: Customer Agent

In customer agent, we have considered building a
window-based user interface to serve both the begin-
ner and advanced users. A novel feature is generating
the menu items using user utility model. This is the
first step towards migrating from current direct manip-
ulation user interface to indirect management interface
(i.e., digital secretary). Figure 5 shows examples of the
user interface windows for the search agent[15]. The in-
terface unit is composed of a set of hierarchically related
windows. It starts with the most simple functions and
becomes more complicated as going down the hierar-
chy. Usually, the first interface window depicts the main
functions of the system together with troubleshooting
and help menus. By clicking on a button, another win-
dow is popped up that offers more detailed functions.
The way of generating dynamic menus is described here-
with.

Building an accurate user model is essential to de-
cision making and decision-support tasks. A model of
the user’s preferences is required to make proper deci-
sions or to suggest goods alternatives. While much work
on reasoning under uncertainty in Al has focused on
providing representations and tools for reasoning about
belief, relatively little work has addressed elicitation of
utility methods. Reasoning with influence diagrams do
focus on the problem of selecting the best action as-
suming that the utility function is given. The models

Main window

Yelcome to Intelligent Search Agent LU

: Keywords I‘ Query |
{| Command = Search . T -
| Time s il Set o I " Reset |
| Cost = nil R \ SR
| evuords: Relatec | start [ . End__ |
e o SR show \|  Help |
|

F¥ggarch . [ view © | CEdiE - (1 erine’ X Send

é-;Kt:.'y\nfor‘d‘s |
‘ Query ‘ |
o Cost I

Setting search cases

 Default Setting:
10 < cases < BD

_ﬁirm_?!_l : Urgency |
E&ii:a"ult - 1:' Number |
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ﬁre&ision‘l
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1
|
|
|
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Fig. 5 Example of user interface.
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for reasoning about utility in Al is pointed out in [33]
which attempted to define a Bayesian network-like mod-
els for reasoning about utilities. In the same direction,
it was shown that utility functions are decomposable as
Markov networks [5].

In this work, we are particularly interested in au-
tomatic elicitation of user utility model. The example
is of a user interacting with the customer agent. If the
agent keep a model of the user’s utility model, then the
user critiques will help to gain a better understanding of
the user preferences and, thus, present the user quickly
items that are most likely to interest to the user. Figure 6
depicts the scenario.

Basically, the customer agent presents the user with
a menu displaying a set of candidates. The user selects
one candidate. Based on the user’s choice the agent up-
dates its belief about the user’s preferences and upon
this new belief, passes a query to the other agents to
retrieve the items that may interest the user. The agent
is required to identify the most relevant feature to the
problem. This information is used in the search of new
candidates or in the formulation of questions to the user.
This scenario continues until identification of solution
to the user’s utility maximization problem.

While this problem has been extensively studied in
the field of decision analysis, eliciting utility for inter-
active decision making raises new issues and offers new
ways to facilitate the process of acquisition of the utility
model. We cite in particular:

e The system has access only to a partial imperfect
knowledge of the user model and using this local
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Condidate 2

]

Condidate 3

v

user critiques

(Evidences to be entered (S:a;“:!date
to the utility model) olutions
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v

I Extract the weight of each feature |

!
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I Query Database
Fig. 6 Incremental elicitation of user utility model.
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information, the system should reason about global
dominance among alternatives.

e The elicitation process and the inference should
take only a reasonable time. This implicitly imply
that the system has to reason about information
that matter most for the user choice, while drop-
ping less influencing information.

e Effective display of the information. This includes
facilitation of the user feedback and generating ex-
planation.

6. Implementation: Search Agent[15]

Figure 7 shows how the customer agent receives an in-
struction and transfers it to a search agent, and how the
search agent retrieves and summarizes the acquired data
by attending to the user’s questions, clarifying the needs,
conducting search, fetching data, selecting relevant data
items, arranging and ordering the data, and making a
report of the results.

A user interacts with the customer agent by either
specifying a number of keywords or an input query. The
system considers activating the relevant level of skill-
rule-knowledge based search. In each case a proper set
of keywords and search attributes are identified. The
“WHERE” package is used to communicate with the
other index servers on the internet. The outcome of
inquiry comes in the form of lists of candidate URLs
that possibly contain the data. These lists may have
superfluous and partially unrelated data items that are
trimmed and based on the scoring algorithm a proper

Customer Agent

User \
Input Query Interface

i 4 B A , ‘ 1 Search Agent
Inference dp! Extracting | [ Deleting ¥ Indexmg
i Engme = Related |’ superﬂuous ‘\ &
tOTET D Keywords - datatr o) Reporting
& Scoring
p————4
1 &
e——r
Indexing

Knowledge

Index Data

Fig. 7 Search agent.
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list of URLs is devised. Then the “RETRIEVE” pack-
age is used to actually fetch the data and the “REPORT”
package is used to index and make a report of the thus
acquired data. This report is displayed to the user on
demand.

7. Implementation: Catalog Agent

In catalog agent, the main idea is to have an expert to
help the customers know more about products, so that
they can select the one better matched to their request.
This has advantage for manufacturers in the way that
will let them advertise their products, and for customers,
because will help them find their request.

Figure 8 shows how a catalog agent receives and
processes requests from the other agents (see example
in Sect.4.3) and interacts with a database of goods in
order to retrieve the kind of information which is not
available through conventional search engines. The ar-
rows depict the passage of messages between catalog
agent and the other agents. On the right side, the mech-
anism of generating active html files using Oracle Web
Request Broker (http://www.oracle.com/products/
asd/was/collateral/was30_twp.html) is depicted.

Manufacturers and dealers first record their goods
and services in the data base and the catalog agent re-
trieves the relevant data items from the data base and
produces a hypertext catalog document that fits the cus-
tomers’ needs. This document is produced on the fly,
based on the instructions given by the customer agent.

The catalog agent will let the customer know about
the specification that each product can have, through
knowledge navigation [ 107, [20].

Each product in the database is recorded with its
features. The features are mostly given in numerical val-
ues. Each feature may have a range of variation, which
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Fig. 8 Catalog agent.
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is divided into limited number of qualitative clusters
(e.g., low, medium, high and very high). Clustering
the features in these groups, will let the user not only
know about the values of each feature, but also know
about the position of that product in the typical prod-
ucts. Besides, when the user indexes some products with
a feature, this kind of clustering, will enable the system
show the variation in that feature. So each feature in the
database will not only be shown with its exact value,
but also with the cluster which it belongs to.:

A new feature is knowledge based guidance
through the use of a case-based classifier. The case-
based classifier has a set of data previously clustered.
For each new product it will just look for how similar
is the current product to each group. The most appro-
priate group is the most similar one. For most of the
products besides the specification of each product that is
described by the features, it is necessary to have a gen-
eral type (e.g., Computer for personal use, Computer
for official use, etc.). The type of a product might also
be one of its features (e.g., the number of pins for ICs).
The type of product is the main category for each prod-
uct, and is the most important issue, which the system
will introduce to the customer in the first place. When a
new product arrives, case-based classifier finds the simi-
larity and clusters each feature. It will also put the new
product in the appropriate type.

When a user requests for some products, the sys-
tem will show one sample for each type including the
features which are important in that product (in the ex-
ample of computer, the features can be speed, memory
capacity, etc.). If the user is aware of the exact specifi-
cation, the only thing to do is choosing one type and
define the value for each attribute and then submit this
request to the catalog agent. The catalog agent searches
for that request and finds the exact match, or if doesn’t
exist, the most similar one, in its database. For finding
similarity we consider weight for the features and asso-
ciate the more important features with higher weight.
If the user doesn’t know the exact variation in each
product and doesn’t have a clear idea about how the
features vary, he/she can choose one type (in our ex-
ample let’s consider computer for personal use which is
type A), and say “I want a ... (computer) type ... (A),
but please show me the variation in feature, let’s say
speed.” Now the user can choose one group and say “J
want speed Medium, but please show me the variation
in feature ... (e.g., memory capacity).” The catalog
agent indexes the computers which are in type A and
the speed is medium, by the feature memory capacity.
This routine can go on until the user gets aware of his
request and order it.

Apparently in each step the user is free to ask the
system to show the variation in one feature, or directly
define the value for each feature. When the user directly
defines values, the system will ask him which features
are not important to him (don’t care features and while
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searching will not assume those don’t care features), as
constraint. The system also has the ability of warning
the user of possible trade-offs. When it completes the
database search, it will notice if there is a direct or in-
verse relation between any two feature in each product,
which is repeated among all items. Then will consider
it as a rule. For each new product if the rule is true, it
will continue its belief about that rule, but if the new
product is conflicting, it will cancel the rule (learning).
Then whenever it finds some failure in its search (the
user asked for an item but it can not find the exact or
even similar match) then it will try to explain the fail-
ure with its rules. If any rule matched to the current
situation, it will accept it as a reason and warn the user
about that trade-off. The final result of the Catalog
Agent is that the user knows about his exact request
and explicitly can explain what he wants.

8. Implementation: Delivery Agent

The delivery agent, among the other functions depicted
in Table 1, is mainly responsible for delivering goods to
customers as agreed during the negotiation between the
dealer agent and customer agent. The delivery agent
compiles the requests into a plan that assigns the re-
quests to vehicles, and for each vehicle, constructs a
route through the locations assigned to that vehicle so
that all side constraints are satisfied, and the total cost
involved executing the routes is minimal.

We recognized that the delivery agents’ planning
task falls into the class of Pickup and Delivery Prob-
lems class (PDP), and devised an algorithm to handle
this, using integer programming.

The PDP problem in its most basic form consists of
a fleet of vehicles and a set of customers’ requests. Each
vehicle has a given capacity, a start location and an end
location. Each transportation request specifies the size
of the load to be transported, the locations to pick up
(the origins) and the locations to deliver (the destina-
tions). Each load has to be transported by one vehicle
from its set of destinations without any trans-shipment.
Each request specifies, at least, an origin location and
a destination location. The vehicle travels through the
locations so that each origin is visited before the corre-
sponding destination.

PDP problem has a number of variations. The
problem characteristics are quite important in design-
ing a fast algorithm. For example, the model depends
highly on whether the requests are serviced by a single
agent or multiple agents. Also a static domain requires
customers to specify their requests before any solution
is searched. A dynamic model on the other hand, al-
lows customers to request services after the vehicles are
dispatched. The objective functions applicable to rout-
ing problems include minimizing the number of vehicles
and route length and also maximize the customers’ sat-
isfaction.
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Optimal methods typically involve one of the three
approaches: dynamic programming, mathematical pro-
gramming and branch-and-bound methods{31]. Here
we use the integer programming method with focus on
formulating a single vehicle PDP problem, since for
multiple vehicles a satisfactory general solution has yet
to be developed.

Let \V be the set of transportation requests. For
each transportation request ¢ ¢ A/, a load size ¢; € N
has to be transported from the origins N;" to the set of
destinations N, . Each load is subdivided as follows:

4 = Z%’Z—Z%’

jeN; JEN]

Where ¢; is positive for pickups requests and negatives
for delivery requests. We define also the set of origins
as the union of all origin points and the set of desti-
nations as the union of all destination points, that is
N* =U;enN;" and N* = U;en N; .- Furthermore, the
vehicle has a capacity @, a start location +o and an
end location —o. Let G = (V, E) the graph represent-
ing possible locations the agent can visit, and F the set
of edges connecting the locations.

Definition 1: A pickup delivery problem route R for a
vehicle is a directed route through a subset S of V' such
that:

1. R starts from a node in the start location +o0 and
ends in an end location —o.

2. All locations in N;" are visited before all locations
in N, .

3. The vehicle visits each location in N; U N," only
once.

4. The vehicle load never exceeds Q.

5. The route R ends in +o.

The definition states that a feasible pickup delivery
route starts in a start node, and ends in an end node.
It also visits each location only once making sure that
goods are previously loaded in pickup nodes before vis-
iting delivery nodes. The vehicle load should not exceed
the vehicle capacity.

To model then our pickup delivery problem we
have to translate this conditions into constraints of an
Integer Programming Problem(IPP). If we let z(e) the
variable defined as:

z(e) = 1 ife is chosen in the optimal route
"1 0 otherwise

And c(e) the cost associated with the edge e then we
can express formally the constraints as follows:
Condition 1: Node balance

Each node should be visited only once. It follows that
from all edges incident to a any node, exactly 2 edges
are chosen in the optimal route. With each nodev € V'
we associate the set:
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8(v) = {(u,v) : (u,v) € E}

The node balance condition can, then, be written as
follows:

z(6(v)) =2

Condition 2: Reference direction

This condition is added only to make the formulation
easier. Namely, The agent is supposed to start at +o
and end at —o. We add the fact that the agent has to
come back to the start location +o0. We write

z((—o0,4+0)) =2

Since all routes end in —o, adding the cost of coming
back to 4o the objective functions does not influence
the solution. This condition is added to make the sub-
sequent formulation easier.

Condition 3: No Subtours

The agent should visit all the cities making a unique big
cycle (Hamiltonian cycle). For each subset of nodes U,
let [U : U] the set defined as follows (called the cutset
of U):

U:U]={(u,v) e E:ueU;v g U}
The no Subtours conditions is, then, written as:
z([U: U] =22

Condition 4: Precedence
Each pickup node, denoted by +i, should be visited first
before its corresponding delivery node, denoted by —i.
We first construct the set:

U,={UCV|-0¢UTieV;
+i¢ U}
The precedence condition can then be written as:

YU €Uy, z([U: 0]) 2 4

—1eU and

The collection of feasible solutions to the PDP are the
solutions to the set of constraints:

z((+0,—0)) =1

z(6(v)) =2 YveV
2([U:U] =2 YUCV
z([U:U)z4 VUeU,

Condition 5: Capacity

At each point, the capacity of the vehicle should not be
exceeded. If we let y; specify the load of the vehicle ar-
riving at node 4 then the capacity condition is captured
by the following equations:

yo+:O

y=Q (ZGN;FUN;)
zle)=1=y +q=y;
Yy =0

(e=(i,4) € E)
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At this point, we wrote all the equations that a fea-
sible route has to satisfy, but some of the constraints
may be redundant (implied by other strong constraints)
or implicit (i.e., satisfied with equality by all feasi-
ble solutions). For example, if U = {+o,—i} then
z([U : U]) = 4. We construct the set

U, ={UCV |3 |U|Z|V]-3,
eV, +idUand—ic U}
For the set of Subtours constraints, some constraints are
implied by precedence constraints. For example, if U is
a subset of nodes such that —o € U and +i ¢ U, then the
Subtours constraint for U is implied by the precedence

constraint for U — {—o}. We construct then the set U’
that contains only irredundant subtour constraints.

U ={Ucv|3<|U|<|V|-2
Vi(+i e U & —ieU)}

The reduced IPP containing only necessary constraints
defining all feasible routes is then given by:

eckE
z(6(v)) =2 (veV)
z([U:U] =2 U ely)
z([U:U)) 2 4 (U eU,)
Yot =0
yu<Q (I€NJTUN])
zle)=1l=y+q=uy; (e =(i,5) € E)
0<z(e) <1 (e€ E)
0<y <1 (GcV)

Solving this problem would be easy if the variables are
not required to be integer (i.e., polynomial-time using
Simplex algorithm or Interior Point Method). Forc-
ing the solution to be integer makes the problem com-
putationally expensive (NP-Hard[31]). Note however
that it is possible to use the structure properties of the
graph G = (V, E) in a way to characterize the facets
of the convex hull of the set of all feasible solutions.
If such knowledge is available, the facets are exactly
the constraint to be added to the initial IPP such that
solving the IPP with standard Linear Programming ap-
proaches would return an integer optimal solution. Un-
fortunately, for a large class of combinatorial problems,
only a partial linear description of their convex hull is
known[1].

Given the complexity of PDP and routing prob-
lems in general, many algorithms do not seek global
optimal solutions, such as, a branch-and-cut algorithm
that solved a small size PDP[28] and a column gen-
eration approach to the PDP[35]. Note however that
these techniques are more suitable for off-line compu-
tation due to the large time it takes to find the solu-
tion. Developing approximate algorithms that supplies
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in real-time the delivery agent, during interaction with
the dealer agent, with' the near-optimal action to carry
out is an incentive for more research.

9. Implementation: Dealer and Manufacturer
Agents

We have developed a Multi-Agent Learning Language
(MALL), aimed to make agents learn from their en-
vironment about the strategies of their opponents and
later make their own plans depending on the other play-
ers’ moves. The MALL language is currently bundled
with the dealer and manufacturer agents when compet-
ing against each other by applying individual strategies
attempting to increase their own wutilities. Details of the
language and implementation are given in [29],[30].

For instance, a dealer applying a strategy with
lower cost and better services to the customers is more
likely to increase its own income. For the purpose of
this example, let us say that given the basic knowledge of
the environment (the market), plus, the signals of dealer
agent A is sending, the dealer agent B tries to learn A’s
strategy. Obviously, agent 4 is omniscient about his
own strategy and we can say that the game is zero-sum
(since the benefit of A is the loss of B). Then B by
analyzing the signals that A gives will get some hints.
Agent A can be said to play partially revealing to make
its opponents get the least indicating signals[39]. On
the other hand, agent B in this case, would construct its
own plan through a process of explanation and analysis
of the information revealed by agent A.

10. Other Works and Discussion
10.1 Agent and Agency Concerns

A variety of methods and techniques have been sug-
gested to deal with multi-agent environment 8], [21],
such as cooperation[27], coordination[2], interoper-
ability [ 18], open agent architecture (KAoS)[9], and
Agent Oriented Programming (AOP)[32].

Among the well defined and technically imple-
mentable features specified as agents’ attributes, the fol-
lowings are implemented in this project:

e Reactivity (i.e., selectively sense and act, e.g., dealer
agent).

e Autonomy (i.e., goal directness, proactive and self-
started behavior, e.g., search agent).

e Collaboration (i.e., work with other agents and en-
tities to achieve a common goal, e.g., customer and
catalog agents).

e Knowledge-level communication ability (i.e., com-
municate with other entities in a language higher
level than symbol level program to program proto-
cols, e.g., dealer agent).
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o Inferential capability (i.e., act on abstract task spec-
ification, using models of self, situation, and/or
other agents, e.g., customer and dealer agents).

e Temporal continuity (i.e., persistence of state and
personality, e.g., customer agent).

e Adaptation (i.e., learn and improve with experi-
ence, e.g., customer, search and dealer agents).

However, other features, such as mobility (i.e., mi-
grate from one host to another in a self-directed way)
are considered unnecessary, therefore not implemented.

10.2 Knowledge Representation and Reasoning Con-
cerns

In a multi-agent system, dealing with novel situations
in an innovative or creative way is a necessity. There
are already some representations and models suggested
to deal with innovation and creativity. For example,
the model by Kolodner and Wills[38] includes re-
interpretation, evaluation, assimilation, strategic con-
trol. The initial formulation of the problem to be
solved may be incomplete, contradictory and under-
constrained. The process of understanding and formu-
lating the problem is re-interpretation. Evaluation is
the process of weighting the alternative solutions. As-
similation is a means for calling relevant solution al-
ternatives, and strategic control is defined as breaking
typically rigid control structure and allow more inter-
action among processes. ‘

In re-interpretation and assimilation, adaptation is
a necessity[17]. It allows the agent to consider the
knowledge missed from the other parts and derive a bet-
ter solution. The idea of using adaptation knowledge in
the other procedures of reasoning has been previously
used in many works[24],[36],[37].

Based on the idea of interacting the adaptation
knowledge with the other knowledge sources, we have
made a kind of network in which the nodes are the con-
straints which represent a new problem to be solved.
We make the link between two nodes if there is any
adaptation knowledge which may inform us having one
of the constraint in the problem description allows us
to adapt the solution in the way that satisfy the sec-
ond constraint. The direction of each link shows that
adaptation in which direction is possible. This allows
us to use all adaptation knowledge available, combine
them, and depict them in the network. Therefore, hav-
ing a new constraint we can move through the network
regardless of which knowledge we are using and find
possible interpretation for the new problem[34].

10.3 Electronic Commerce Concerns

Some current issues of EC and representative projects
are mentioned in [3],[4], and [25]. The generic EC
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model may be viewed as a set of actors using media
performing business actions. The actors are providers
(dealers, merchants, etc.), and consumers (users, infor-
mation seekers). The media is composed of multime-
dia objects (documents, images, software, etc.) which
represent goods or services. The actions are business
processes, such as stock management and payment pro-
cessing.

Almost all of the projects mentioned in [3] and
[25], concentrate on either of the actors, media or ac-
tions. They mainly focus on identification and imple-
mentation of EC functions and business processes. At
this moment, there is no proposed model other than
ours to cover the whole set of actors, media and ac-
tions. Furthermore, in the other projects, the consumers
are assumed to have a wide variety of domain exper-
tise[4]. We, on the contrary, assume that the customers
are ordinary and casual users and provide them with
tools and techniques, borrowed from Al, to share the
expertise with them. We think that implementing and
applying Al techniques to EC is a new and challeng-
ing task for both fields. In this project we propose ap-
plication of the Ex-W-Pert system architecture[14],[15]
for such implementation, that is, adding the communi-
cation and documentation engines to the conventional
expert systems to help the actors and put the burden
of knowledge processing on the system rather than the
actor itself.

The idea of EC, 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 inter-
change, with a reasonable cost, but at the expense of
lower security. Moving to a global network implies less
control over the kind and amount of data available.

10.4 Developing Tools

There are already some agent developing tools avail-
able, mostly implemented in Java programming lan-
guage, such as Agent Building Environment (ABE),
Java Agent Template (JAT), Java Expert System
Shell (JESS), and enhanced with Object Request
Broker (ORB), suitable for distributed object plat-
forms, such as Voyager and Open Agent Architec-
ture (OAA), JKQML (http://www.alphaWorks.ibm.
com/formula/jkqml) and AgentBuilder (http://www.
agentbuilder.com). Although such tools and environ-
ments can facilitate the communication (for example,
using KQML language in JAT as the knowledge level
communication) and message passing (for example, us-
ing HTTP and IIOP protocols in ABE and OAA, re-
spectively), but they fail to provide the appropriate aids
to build extensive knowledge bases in the sense we use
in this project.

One exception is Open Knowledge Base Connec-
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tivity (OKBC) (http://www.ai.sri.com/ okbc/) for
accessing knowledge bases stored in knowledge repre-
sentation systems using a model of knowledge represen-
tation systems based on a common conceptualization of
classes, individuals, slots, facets, and inheritance. The
protocol supports both networked and direct access to
knowledge bases. However, OKBC is mostly an inter-
face to the knowledge based system and does not help
building the knowledge base itself in the multi-layer
fashion described in Sect. 3.1.

11. Conclusion

In this paper, a general model for Electronic Commerce
(EC) components was introduced and the ways of im-
plementing intelligence into a WWW based agents was
discussed. An architecture for WWW based multi-layer
intelligent EC agents was demonstrated. Present issues
and implementation status of such agents of the EC fam-
ily was discussed in detail.
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