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Abstract: This paper presents an agent-based hierarchical modééftiranic commerce. We advance our research
in two possible directions that we propose for e-commeregr@mments, the Single Perspective Hierarchy and the
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1

The future Internet that we envision is a collaborative
environment motored by automated services. These
characteristics are also reflected in one of its major
components, electronic commerce, where a global in-
frastructure provides the benefits of a rich and reward-
ing environment, from which all business parties can
nevertheless profit.

In this paper, we propose an agent-based solu-
tion that maps well on a collaborative scheme. In our
model, we want to increase performance during the
resource discovery in a multi-agent scenario. We ren-
der a structured communication scheme very efficient,
and think that the degree of optimization employed
by such a scheme overruns the difficulty of setting a
structured communication environment.

We focus our research on a hierarchical commu-
nication model, where each agent is a node in a B-tree
structure. A B-tree structure benefits from a logarith-
mic search time, which is a significant optimization
for communication. Two logical models are further
deployed on a hierarchical structure. The first one
is the Single Perspective Hierarchy (SPHh which
the configuration is established at the beginning, and
all nodes have the same, unitary view of the network
structure. In a SPH, new nodes can join the hierarchy
if they appear in the collaborative group (Section 4),
but only one root node can exist at atime. The second
model is theMulti-Perspective Hierarchy (MPH)In
a MPH, each node is the root of a virtual hierarchic
tree, and it has its own view of the network structure.
We mathematically study the performance of each of
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these approaches, in termsrofind trip time(Section
4) and communication overhead.

The rest of the paper is structured as follows: Sec-
tion 2 presents related work in this area. Section 3 de-
scribes general features of the model proposed. Sec-
tion 4 gives a comprehensive description of the SPH
model, emphasizing on performance issues. Section 5
presents the second model, MPH, and outlines what it
brings new in comparison with SPH. Section 6 intro-
duces implementation details of the communication
scheme. Section 7 describes simulation results that
characterize the performance of the methods. Finally,
Section 8 concludes the paper.

2 Related Work

Research in this area has been particularly directed
towards agent negotiations [1][3][6], where possible
scenarios are explored during the negotiation process
until a mutual agreement is found. The negotiation
is basically a constraint satisfaction problem, because
the agents are limited by the offers advertised by the
others. These offers are sometimes imprecise or in-
complete, but agents still need to arrive to a consen-
Sus.

In a dynamic environment such as the electronic
commerce, agents must carry out various tasks that
can be viewed as a workflow of activities. Previous
research on multi-agent systems has also been con-
cerned with the relationships between multi-agent co-
operation and workflow [7][8][10]. The automation of
the business process may involve the execution of col-
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laborative tasks. Each task represents a logical piece
of work that contributes to a process [10] and can be
associated to a role. Predefined agent roles such as
query agents, resource agents, etc. can facilitate the
functioning of a distributed, multi-agent system. Yet
another substantial part of previous research has fo-
cused on mobile agents and methods to provide sup-
port for agents’ migration and users’ mobility [4][9].

3 General Model

A business group (BG) may contain several parties
(entities) each with particular economic interests. Fig-
ure 1 depicts a BG in which a company (Company
1) wants to purchase a specific resource R. We can
see from the figure that Company 2 can provide this
type of resource. The process of resource discovery in
a BG implies the identification of members with ap-
propriate resources. We may require mechanisms for
discovering and purchasing appropriate resources, for
providing access to remote storage resources, and so
forth.

In a dummy approach, Company 1 has to query
each particular party involved whether it possesses
that item or not. This method implies sequential com-
munication with each member of the BG and leads to
low performance. A multi-agent infrastructure formed
of intelligent agents should be implemented in order
to provide a robust and efficient BG structure.

We propose a hierarchical model of resource dis-
covery, where the topology of the parties involved in
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Figure 1: A business group (BG)

Node A sendsn to its parent in the B-tree and
its children (if it has any).

For all nodes: that receiven do
If n has the requested item, reply.
Else If m was received from a child then

(a) Forward message: to the other child of
noden.

(b) If noden is not the root then forward mes-
sagem ton's parent.

Else forwardm to your children.

We can observe two distinct parts of this algo-
rithm. The first consists of bottom-upapproach (the
Else If clause), where at each step, a node forwards
the message it receives to its parent (if it is not the
root) and the other son (the one from which it did not
received the message). We call thiitom-upbecause
the request travels up to the parent, towards the root.

the electronic commerce scenario is associated with a In the second part, after arriving at the root of the hier-
binary tree structure. Each branch represents a com- archy, we have top-downapproach (th&lseclause).
munication link and each node in the tree represents The message is now always forwarded to the two chil-
an entity that may possess and/or request resourcesdren, traveling from the root to the leaves and covering
during the business process. Each node can be anthe second branch of the tree relative to the root.
agent that wants to discover the necessary resources In a requester-responder communication, the
or items, a broker that provides various items, or it round trip time (RTT)is the time necessary for the
can have both functionalities [2]. request message to travel from the requester to the re-
sponder and for the reply to get back to the requester.
In the worst case, the requester and the responder are
the furthest apart, on the leaf level (Figure 2). For
example, the requester can be the leftmost leaf in the
The single perspective hierarchical model (SPH) is tree and the responder can be the rightmost leaf. In
presented in Figure 2. Each party has the same view this case, the message has to climb all the way to the
of the communication structure in the BG. The hierar- oot and then go down on the right branch to the leaf.

4 Single Perspective Hierarchy

chy is thereforeabsolute Any node in the binary tree

- a leaf, the root or any intermediary node - may re-
guest an item, and any of them can provide that item.
The algorithm has a series of steps that are described
in pseudo-code below:

1. Node A, which denotes agent A, needs itém
and creates a request message

The number of levels in a B-tree withhnodes is log-
arithmic, given bylogan .

In a simplifying assumption, let us consider that
all the links have the same length and traveling speed,
and are covered in a unit of time. Therefore, the worst
time that we obtain for a request-response message is:

Tspy =2-(L—-1)=2-logyn -2, (1)
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wheren is the number of nodes (agents) ahds the
number of levels in the tree.

After the provider has been found, a direct link
with the requester can be established by calling the
associated proxy (Section 6). Consequently, the RTT
is given by the formula:

RTTspg =Tspy+1=2-logon —1. (2)

The drawback of the method is related to the mes-

sage traffic generated in the BG. At each step, the node

that is forwarding the request must transmit the mes-
sage on two routes: either to the parent and to the
other child (the sibling that did not transmit the mes-
sage), or to its two children. There are two exceptions
though: if the current node is the root of the hierarchy
or the initial node (the requester), the message must
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the notion ofpriorities to differentiate between par-
ties. For a certain business entity A, an agent B may
have a higher priority than another entity C, because
it usually provides resources that are needed by A. As
a result, the concept dévels of prioritiesemerges.

be forwarded on a single route. Therefore, each node The |evels of priority are associated with the levels in
usually sends the received message on one route andihe pinary tree. The importance that the root gives to

a copy of this message on the other. The number of
messages thus doubles with each forwarding. In the
worst case, the whole tree will be covered, meaning
that a message will travel along each of the links be-
tween any two adjacent nodes. This leads to a worst
case number of messages®f— 1, where N is the
number of nodes in the binary tree.

We can see that a substantial reduction of the

a node decreases towards the leaves. Since business
entities with higher priority are closer to the root, the
speed of resource discovery is increased.
TheRequester Idshowed in the first column are
unique id-s associated with a node when entering the
group. The forwarding table (Table 1) fdvode 1
states how this node is viewed in the relative hierar-
chy of each other node and to what nodes it should

overhead induced by messages sent can only be forward a request message coming from them. For ex-

achieved during the bottom-up part of the algorithm.
At this stage, if a node can provide the requested item,
it will stop and not continue to forward the message to
the parent. Thus, a large part of the tree that was ac-
cessible through that parent does not have to be cov-
ered. We know that, if the responder node is the root,
as much as half of the nodes in the binary tree will
not be visited, otherwise even more than half of them
will not be accessed, depending on the position of the
responder. On the other hand, during the top-down
stage of the algorithm, only a small part of the tree,
namely the sub-tree of the responder will not be cov-
ered. There is no control over the rest of the routes.

5 Multi-Perspective Hierarchy

In the multi-perspective hierarchical model (MPH)

that we propose, each agent has a personal, distinct

view of the communication structure in the BG. The
notion of hierarchy is therefonelative to each entity.
Basically, each agent is the root of its own hierarchy

ample, the first row states that in the hierarchical view
with Node 2as root, the parent dlode 1is Node 4
and it has no children (it is a leaf). This tabular rep-
resentation of the forwarding information reduces the
amount of memory necessary in a MPH approach.

The longest time required by a message to travel
from the requester (who is always the root relative to
its hierarchy in the MPH model) until it arrives at a
node that can provide the item is:

3)

with n being the number of nodes ahdhe number of
levels in the binary tree. When the provider is found,
a direct connection link can be established with the
requester. That leads to a RTT value of:

TMPH:L—lleggn—l,

(4)

With the multi-perspective hierarchical model, the
RTT for the worst case is 2 times less than in the case
of single perspective hierarchical model. Depending

RTTypa = Typy + 1 =logan .

represented as a binary tree, and therefore the solely on the relative position of the requester and the re-

requester. Any other node may provide the item and
be the responder.

Each agent creates its personal hierarchical view
according to some criteria. In this context, we use

sponder for MPH and SPH, there can be cases where
the RTT is less for the SPH model, although the worst
case for MPH performs better. With MPH, since each
node can only forward the message to its children,
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Requester Id Parent Children
2 4 -
3 4 2,6
4 2 3,7
5 3 -
6 2 4,5
7 5 2,3

Table 1: Forwarding table faWode 1

we always go down the tree, in a top-down approach.
Therefore, we do not benefit from the message traf-
fic reduction that may appear in the bottom-up part
of the SPH algorithm (Section 4). We have a trade-

Setting Description
N =50 Number of nodes
(entities in the business group)
t €1]0...20] Travel time along link between
nodes/; and.V;, in time units
Negp = 50 Number of runs with different

(agent, broker) distributions

Table 2: Simulation settings

be the subsev_C'K C N with the property:VN; €
N,VN; € N.CK,(N;, N;) are directly connected.

The property states that checkpoint nodes can be

off between the search speed (the worst case is double reached from any node in the network through a direct

times faster) on one hand and the additional storage
and message traffic on the other hand.

Imagine a MPH scheme where an agent wants to
discover the possible provider for resource X. The re-
quester is situated at the top of its hierarchy, and the
message sent from the root will have to travel on all

link. Once the provider has been found, it contacts
the checkpoint nodes thus stopping the forwarding of
the message to the nodes below the checkpoints. Our
simulation results (Section 7) show that for a large set
of nodes, a substantial reduction of traffic cost can be
achieved. Also, we emphasize the random choosing

branches, except the subtree with the responder as root0f the N_C'K subset. With a good random genera-
(because the responder will not forward the message tor, we can benefit from the uniform coverage of the

to its children any more). We can see therefore that the
message traffic in the network has to count all the links

that the message travels along and is roughly given by
the following formula:

n n

n
5 50 oot

—+1
22+’

5)
wheren is the number of nodes arids the level in the
tree where the responder is situated. We start with the
root on level 0. The equivalent form for expression 5
is:

Jj=1

The message traffic is pretty large, approaching
n when the responder is a leaf node. A large part of
the traffic cost is due to the fact that the search con-
tinues on additional branches in the tree, even if the
resource provider was found. In order to leverage this

whole network, without the hassle of picking particu-
lar nodes.

6

The hierarchical models proposed are based on a
multi-agent communication framework, developed in
a distributed environment. We are using the Java plat-
form that facilitates portability on several operating
systems. We are using the lookup facility that the
JINI technology [11] provides, in order for agents to
participate in communication. We add new service
providers and agents to the network by registering via
a Discovery protocol to a lookup server.

From the implementation point of view, agents
inter-communicate through a proxy, using semantic
objects. The proxy is obtained by querying the JINI
lookup service for a service implementing the agent
or broker interface. The XML format for semantic ob-

Implementation aspects

cost, we propose an optimization method that reduces jects favors a very flexible communication, where ele-

the traffic in the subtrees that do not contain the re-
source provider.

We introduce the concept atheckpoint nodes
which denote a few randomly chosen nodes from the
integral set, with the role ofontact points We for-
malize this concept as below:

Definition 1 For any binary tree distributioril” over
the set of noded’ = {N;|0 <=1i <=n}, wherenis
the cardinal of setV, |[N| = n, we defineN_CK to

ments of interest can be user-defined. Below is an ex-
ample of request for a specific resource that an agent
can send.

<TRANSACTI ON | D> 724 </ TRANSACTI ON | D>
<ACTI ON_TYPE> r equest </ ACTI ON_TYPE>
<SENDER | D> 7 </ SENDER | D>
<RESOURCE>

<NAME> resource X </ NAVE>

<QUANTI TY> 1 </ QUANTI TY>
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Figure 3: Traffic overhead in the business group

<QUALI TY> Extra </ QUALITY>
<DESCRI PTI ON>
buyer’s descri pti on,
specific requirenments
</ DESCRI PTI ON>
</ RESOURCE>
<Tl MESTAVP>
2/ 5/ 07 4:05:07pm
</ TI MESTAMP>
<LI| FETI Me> 24 hours </LI FETI ME>

We point out the importance of the timestamp and
lifetime fields included in the description of a seman-
tic object. Their presence was introduces in order to
define a life period for any message in the network,
and implicitly for any request from an agent (potential
buyer). A message should not remain active for an in-
definite period of time. An expired message would be
useless and would only introduce iverhead in the com-
munication network. Therefore, the lifetime period
specifies a time in which the message is of interest for
the emitting entity. After this period has passed, the
message can be discarded.

7 Simulation results

We have studied the performances of the hierarchi-
cal models proposed in a simulated scenario with 50
nodes. The (agent, broker) distribution pairs, namely
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Figure 4: Average round trip time for messages

time variation can be due to several factors, ranging
from different physical distances to different commu-
nication bandwidth over the internet. Therefore, we
have considered connection links of different length,
with distinct travel time along the links. In the simu-
lated experiments we assign random travel time along
links, given by a number of time units in the inter-
val [0...20]. A synthesis of the simulation settings is
presented in Table 2.

The simulation results in Figure 3 show the av-
erage message traffic in the business group. The mes-
sage traffic during a run of the algorithm is determined
by the number of messages (representing the same se-
mantic object) sent in the network. In over words, the
traffic during a run is given by the number of links
along which the messages describing a particular se-
mantic object travel. Our results are given as an aver-
age measure of all the simulations carried out.

The average message overhead in the network is
mathematically described as:

Ny
(Zj:lll t;gy)
Nea:p ’

POl

m (7)
where N, is the number of runs carried out and,
is the number of links covered during th¢h run. t;’?’y
is the travel time along the link, that connects nodes
N, andN,,.
We can see that the lowest message overhead is

the agent that requests a specific resource and the bro-obtained in the third case, where we employ the MPH

ker that provides the resource were designated ran-

domly from the entire set of nodes, in order to de-
termine the average efficiency. We have run the ex-
periments over 50 different (agent - requester, broker
- provider) distributions in the hierarchy.

In real business environments, it is highly un-
likely that the travel time of the message between
two nodes is the same for any pair of nodes. The

method, with checkpoint nodes. We can infer that

the presence of checkpoints has a high influence over
the message traffic, leading to substantial reductions.
With a uniform distribution of checkpoint nodes we

can obtain significantly good results, because large
areas of the hierarchy, below the checkpoints, are no
longer searched once the provider is found. Of course,
in some cases, the agent may want to find the best fit
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for his request, and not stop when the first provider
responded. He would rather trade efficiency (speed)
and traffic reduction for quality of solution (resource).
Therefore, the semantic object representing the re-
guest would also incorporate information with respect
to the search model preferred. The results also show
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point nodes, that reduce the traffic overhead. As future
directions of research, we intend to build upon the cur-
rent communication framework to support large busi-
ness groups in distributed environments. We will di-
rect our study towards efficient algorithms and imple-
mentation extensions for collaborative, dynamic eco-

that the SPH model produces less message overheadnomic groups that perform transactions in e-business

than the MPH, without checkpoint nodes. That is due
to the reduction in the number of messages which can
be obtained during the bottom-up stage, as discussed
in Section 4.

We also studied the average round trip time for
each of the methods (Figure 4). We can see that the
last two methods produce similar timing results with
respect to finding the provider and delivering the re-
sult to the agent. They also give significantly better
results than the first method, which is approximately
double times slower, in average. The speed-up of the
last two methods is determined by the way in which
the scanning of the tree is performed, while search-
ing for the provider. The scanning is carried out in a
top-down approach, starting from the root of the hi-
erarchy. In contrast, the first method, Single Perspec-
tive Hierarchy, may also perform bottom-up searches
which slow the process down.

8 Conclusions

In the context of dynamic nature of electronic com-
merce, various business entities want to have a fast
access to resources that exist in a business group. This
paper proposes two methods of optimizing the discov-
ery process of available resources: the Single Perspec-
tive Hierarchy method and the Multi-Perspective Hi-
erarchy method. We improve upon usual linear meth-
ods and study a logarithmic search algorithm that uses
binary trees to speed up the search.

In the Single Perspective Hierarchy method, we
have a single view of the whole tree, shared by all
business parties. Each node must transmit the mes-
sage either bottom-up or top-down, or stop forward-
ing if it can provide the requested resource. If the re-
source is found during the bottom-up stage, the mes-
sage overhead is reduced. With the Multi-Perspective
Hierarchy method, each node has its own hierarchy,
based on priority levels. The resource discovery is
usually faster in this case, but we have to pay in terms
of additional storage required by the forwarding ta-
bles. Furthermore, we do not benefit from overhead
reduction obtained if the resource is found during the
bottom-up stage, since the search with MPH always
starts from the root and not from an arbitrary node
in the tree. A significant improvement of the MPH
method is obtained with the introduction of check-

scenarios.
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