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Categories and Subject Descriptordl.2.11]: Distributed Artifi- a virtual building company to the sub-contractors in the market-
cial Intelligence, Intelligent agents place. The individual enterprises (sub-contractors) can then bid for

those partial processes. After the developer has received substan-
tial bids from the individual contractors, it then selects a group of
bids that meets its highest expectation based on multiple criteria,
such as competence, availability and etc. Once the virtual orga-
nization is formed, it goes into the operational phase. During the
1. INTRODUCTION operational phase, a buyer may request for a house at any given
Virtual organization refers to the temporary teaming of enter- time (the negotiation process between the buyer and the developer
prises. To realize this new generation of business model, the ability is omitted here for simplicity). After receiving a buyer request,
to form and operate virtual organization is very important. The pa- the developer notifies the individual participants of the virtual or-
per describes our experience gained by implementing a multi-agentganization, who may or may not commit to the subtasks depending
system that simulates an artificial marketplace, from which we have on their current problem-solving context and their local decision-
derived several decision-making mechanisms in various stages of anaking mechanisms. The developer accepts a buyer’s request only
virtual organization. A negotiation protocol and a bid selection al- when it has all the necessary commitments to complete the whole
gorithm are developed for agents to form a virtual organization. construction task. Only when all the subtasks are completed, the
M@ framework is adopted to support the agent’s local reasoning developer can collect money from the buyer. An agent may receive
process. In order to better understand the organizational problem,service request from the developer agent, it may also receive ser-
we adapt a statistical model that predicts the expected rewards ofvice request directly from the buyers or another virtual organization
individual agents and the performance of the virtual organization. that the agent also belongs to.
The comparison and analysis of the results from both the simulation
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and the model prediction are also presented in this paper. 3. THE FORMATION AND OPERATION
2. SCENARIO: VIRTUAL BUILDING OR- PROCESS
GANIZATION 3.1 Negotiation Protocol

In order to simulate the virtual organization, we have developed A negotiation protocol is developed to support the formation pro-
a scenario as the base of our model. A real estate developer, namegess of the VO. In this protocol, the proposal sent by the initiator
Concrete Developer, has recently won the right to develop a large agent includes the following information: the types of the subtasks
suburban area for residential use. Concrete Developer has alwayseeded for the organization, the estimated workload for each type
relied on a single outside contractor, who in turn enlists a group of subtask (partial processes), and the estimated profit of the orga-
of sub-contractors, to construct the residential buudlngs. How- nization. The bid from the potential participant includes the fol-
ever, after a careful analy5|s, Concrete D_eveloper decu_jed that itjowing information: the type of subtask the agent is capable of, the
would be much more profitable and effective to form a virtual or- - nymber of units it will contribute to the organization (capability),
ganization. The developer partitions the building process into five g the profit sharing rate (how much it requests from the virtual
partial processes (subtasks), namely framing, foundation, eldctrica organization’s profit). In our simple model, this protocol is suffi-
work, plumbing, and finishing, assuming they must be completed ¢jent for individual agent to decide whether or not to join a virtual
in sequence. The developer makes the initial proposal of forming organization and for an initiator to select a group of partners.

*This material is based upon work supported by the Research Gran
from University of the Massachusetts at Dartmouth.

'3.2  Partner Selection Process

The objective of the selection process is to form a virtual orga-
nization that would maximize the initiator’s profit. The initiator’s
profit depends on the profit of the organization and the profit to be

Permission to make digital or hard copies of all or part of thakafor handed out to other agents in this organization. Assume that a bid
personal or classroom use is granted without fee providatidbpies are B; contains the following information: type of tagk;, number of
not made or distributed for profit or commercial advantage aatidbpies commitments promisedly;, profit sharing ratess;, then the profit

bear this notice and the full citation on the first page. Toyaniherwise, to for the initiator would be:R - L' - (1 — Sum(S;)) whereL' is the
republish, to post on servers or to redistribute to listguiees prior specific practical workload L/ = min(Ly;) andl’ <:l L)

permission and/or a fee. Th  thi d . ive best-first h al
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First, it groups the bids into different bins according to which task set of mechanisms we developed and also to unveil any relevant
they are bidding on. Then it selects one bid from the first bin which information based on the data we gathered from both the simulation
will maximize the initiator’s profit, but it also remembers the sec- and the statistical prediction. Furthermore, we would like to study

ond best choice. It goes to the next bin and finds the best bid thatthe agent’s behavior under different control settings. By alternating

can be combined with the choice from the previous bin: if the ini- the parameters of different types of tasks for an agent, we would
tiator's expected profit from this set of combined bids is no less like to see the effect of the mapping function on agent’s promise

than the second best choice of the previous bin, it continues to theto the organization, the agent’s local utility, and the organization’s

next bin; otherwise, it will unwind to the previous bin and choose utility. Space limitation precludes the results and discussion, which

the second best and proceeds from there. It continues this procesgan be found in [5].

until an optimal solution is found. 5. RELATED WORK

3.3 Penalties for Lack-of-commitment Multi-Agent system has been used to simulate different types of

An enterprise needs an incentive to encourage the agents to fy)-organizations. [2]. used a multl-agent_ system to model a set of firms
fill its promise to the VO. A penalty for lack-of-commitment is the in competition with each other within a §hared market. .[1] pre-
most straightforward incentive and is also easy to be implemented.sented an approa_ch towards pr ocess-_orlented collaboratlvg inven-
Depending on how the penalty is calculated, there are different tory managementin supply ch_ams, tak".‘g adv_antage ofmultl-agent
penalty policies. A linear penalty policy has a fixed penalty rate technology in terms of modeling and simulation. [3] has studied
for each unfulfiled commitment. A progress-based penalty policy market-based approaches forta;k-as&gnment multi-agent systems
has a decreasing penalty rate as more commitments have been fulpur work has a different emphasis from the above work.

filled. It charges a heavy penalty if the agent can not fulfilamini- 6. CONCLUSION AND FUTURE WORK

mum percentage of its promise, and it charges a much less penalty Thjs paper describes our experience in the study of virtual or-
if the agent has fulfilled a certain percentage of the obligation. ganizations by implementing a multi-agent system to simulate the
To react rationally toward the penalty of lack-of-commitment, the yjrtyal organization. We proposed a negotiation protocol for au-
agent needs to incorporate the penalty policy into its local decision- tomatic formation of a virtual organization. We also presented a
making process. In our model, this is implemented by introducing RBFS algorithm to find the optimal membership for the virtual or-
a control parameter in the utility mapping function (See Section ganjzation. This solution we applied to the virtual building com-
3.4 for more detail) associated with the organization task. By ad- pany may not be adequate for a large number of agents and bids,
justing this parameter, different penalty policies can be reflected in some sort of heuristics or filters are needed for the screening of bids
the agent's decision-making process, so the agent can balance thé, order to reduce the complexity. We have incorporated the moti-
profitand penalty when making decision on which task to perform. yational quantities framework for the task selection process so that
- . . agents can make rational decision during their operation. We pre-
3.4 Ut”'ty Mapplng Function of MQ sented a utility mapping function that can model the agent’s pref-
In a virtual organization, each member agent receives service erence, promise and the penalty policy of the organization. We

requests not only from this organization (referredoeganization adapted a statistical model that allows us to predict and analyze the
t_ask), but al_so f_rom Other_organlzatlons (if the agent belongs_to mul- agent's behavior and the influence on the organization utility. We
tiple organizations) or directly from customers (referreduatside have performed experiments to verify and evaluate these mecha-

task). When there is a conflict between different tasks, the agent nisms.

needs to decide which task to commit. ThéQ framework[4]

provides such a mechanism for keeping the different motivational 7. REFERENCES
concerns separated, because they represent progress that are n_: . . . . .
interchangeable. Based ad @ framework, we assume that each [1] Yonghui Fu, Ra.‘JGSh I?lplanl, Robgrt d? Soqza, and Jingru Wu.
different type of task produces a different type of MQ. For instance, Agent-_based S".““'a“?” applications: multl-_age_nt enabled
tasks from organization A produc® Qurganisation, tasks from modeling and_3|mulat|0n toyvards colla_boratlve inventory
organization B produc@/ Qorganizations, and tasks from direct management in supply chains.fnoceedings of the 32nd
customers produc®/ Qgir.ct- There is a utility mapping function conference on V\A_nter S|_mulat|on, pages 1763-1771. Society
associated with each type of MQ, and it reflects how the agent eval- for Computer Slmula_mon International, 2000'_

uates this task in terms of the contribution to its local goals and ob- [2] Z- Guessoum, L. Rejeb, and R. Durand. Multi-agent

jectives. To focus on the study of virtual organization, we assume  Simulation of firms and organizational forms. Pnoceedings

that the outside tasks only produce monetary value, the mapping  ©f thesecond international joint conference on Autonomous
function for M Q;r.: is expressed ag(z) = x, which maps each agents and multiagent systems, pages 1000-1001. ACM Press,
unit of monetary value into one unit of local utility. 2003.

The mapping function is expressedfi) = a- + - (1 — ((1 — [3] Tore Knabe, Michael Schillo, and Klaus Fischer.
b Inter-organizational networks as patterns for self-organizing

multiagent systems. IRroceedings of the second
international joint conference on Autonomous agents and
multiagent systems, pages 1036-1037. ACM Press, 2003.

[4] Thomas Wagner and Victor Lesser. Relating quantified
motivations for organizationally situated agents. In N.R.
Jennings and Y. Legpance, editordntelligent Agents VI
(Proceedings of ATAL-99), Lecture Notes in Artificial
Intelligence. Springer-Verlag, Berlin, 2000.

[5] Qinhe Zheng and Xiaogin Zhang. Automatic formation and
analysis of multi-agent virtual organizatidie Journal of the

4. EXPERIMENTS Brazlian Computer Society: Special Issue on Agents

The experiments were designed to verify the correctness of a ~ Organizations, Accepted, to appear.

b)%)z), wherea is the expected utility from/of the virtual organi-
zation depending on how important the agent feels about the orga-
nization’s achievementb is a control parameter arfl< b < 1,
which works withc together to reflect the penalty policy (See de-
tails in the following example). By adding a third variakl¢o the
formula, the agent has more control on how to fulfill its promise
to the organization. The intention is the agent tries to fulfill its
promise to the organization; afterwards the utility gain from per-
forming organization tasks would slow down.



