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Abstract

The Decision Support System (DSS) for \dlt@rganization Management is a component of thréudfi
Organization (VO) management toolkit, which is lgeoteveloped in the ECOLEAD project. The DSS mainly
supports VO operational and strategic managemesintylated rescheduling and reconfiguration of a 8Gch
simulations allow “what-if-analysis”, verifying andomparing various configurations and their robess)
discovering possible bottlenecks, and pre-prepgvtgntial adaptations of VO configuration and skthe. The
outputs are presented in a “human-friendly” wasupport the VO manager in decision about and reggmiifor VO
adaptation.
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1. Introduction experience and components from other projectsegtlat
to VO have been used. The information about
The Decision Support System (DSS) for Virtual contracted and potential partners will be obtafnaah
Organization Management is a research prototype of VBE Management System, e.g. partners’ profiles and
tool supporting a Virtual Organization (VO) manager competency management tool e-Cat [2]. The DSS also
This tool is dedicated to provide with simulatioh o contains a simulation unit, which is based on intra
individual VO members and their performance in the enterprise planning tool ExPlanTech [3].
VO. The simulation is one of the core functionastof The DSS mainly supports VO operational and
the workflow management systems [1]. strategic management by simulated rescheduling and
In the ideal case, there is no need for any changesreconfiguration of a VO (created in a VBE) plan and
in VO configuration or schedule during the VO schedule (represented by WBS and contracted
lifecycle. In the case of any deviations, i.e.afwnor allocation of partners’ resources to VO tasks).ifies
possibly in the future either VO configuration or rescheduling and reconfiguration, there is alsdtaro
schedule are not in line with the expectations.(e.g task of VO management supported by the DSS Heis t
deadlines cannot be kept), they might have to be “what-if-analysis” — simulation of various possible
adapted. The task of DSS is to support finding\& ne  scenarios of alternative futures. Such simulatitona
more appropriate VO configuration. The outputs help verifying and comparing various configurations and
VO manager decide about the negotiation for VO their robustness, discovering possible bottlenacks
adaptation. pre-preparing potential adaptations of VO
For the design and the development of DSS, configuration and schedule.
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Fig. 1. Scope of DSS in Virtual Organization lijele

The DSS suggests adaptation of VO structure and
thus the specific features of the VO structure nbast
taken into account. They are mainly:

VO members.They are autonomous, self-oriented
and distributed

Limited access to information.VO manager has
no access to the partners’ internal information.
She/he is limited only to information provided by
members and performance indicators.

Already concluded contractsWithdrawing from

a contract or changing the concluded details is
limited by the contract and the affected member’s
willingness.

1.1. Added value

Added values of the DSS are the following
features:

Using latest VO operational data.Integration
with other tools for VO operational management
allows the DSS to provide manager with VO
simulation based on the latest VO data.
Impending deviations alerting.After starting the
system VO manager is informed whether any

milestone has been elapsed without and there is no

sufficient information about fulfilling it, or if my
such milestone is expected in close future.
Suggestions of local adaptation and alternative
VO configurations analyzer.In case of deviation

or possible improvement of VO the simulation
part of DSS provides alternative
schedule/configuration of VO. The DSS compares
current VO schedule/configuration and an
alternative one and provides a list of details that
have to be negotiated and re-contracted with VO
members in order to transform the VO according
to the new schedule/configuration.

Murphy generator. Generator of random
deviations (negative as well as positive) of kegpin
deadlines and abilities to meet an engagement
allows proving the VO configuration robustness.
Outputs are presented in VO configurations
analyzer.

Thin client. Using web interface as system GUI,
the DSS may be maintained by any supporting
institution. In such case DSS users (VO managers)
are provided with tools that they could not afford
or maintain individually. This support saves VO
managers’ resources that would be used for
maintaining local decision support systems. If
required, the DSS may be deployed on the VO
manager’s server as well.

1.2. Relation to VO lifecycle

The VO lifecycle has been presented many times.
We refer to the one presented by Camarinha-Matbs an
Afsarmanesh [4], who concentrate the whole VO
lifecycle management. The DSS supports VO manager
during most phases of their VO lifecycle phasegpixc
dissolution: creation, operation and evolution (see
Fig. 1). The DSS is a tool for rescheduling (operat
phase) and VO reconfiguration (evolution phase).
Moreover, the DSS may be also applied during the
creation phase for VO configuration and scheduling.
During the whole VO life-cycle the DSS provides VO
manager with the possibility of what-if analysis.

1.3 Relation to other components of VOM toolkit

The Virtual Organization Management (VOM)

toolkit, which is being developed in the ECOLEAD

project, is a distributed system consisting of salve
components developed by partners across the project

The components are partially independent with éeffin
functionalities and
functionalities the VOM toolkit should consist df a
the components. On the other hand, the modular
architecture ensures utility of the system evesoihe
components are not present in the system and o$age
any component in any other VOM toolkit. The global
architecture of the VOM toolkit is described in {Bg

The VOM toolkit consists of:

interfaces. To provide full

- VOMod (VO-Model), which describes the actual
state of contracted VO. It contains VO topology,
Work Breakdown Structure, management and



communication details and measurements of
defined performance indicators. VOMod allows
VO manager to model the VO structure and
provide the overview of the contracted VO.

SID (Supporting Indicator Definition), which is a
component  for  maintaining indicators’
information.

DI3 (Distributed Indicator Information Integrator),
which is responsible for information retrieval from
VO member locations according to VO
management demands.

MAF (Monitor and Finance), which provides
visualisation and access to information present in
the VOPM.

DSS (Decision Support System), to which this
paper is dedicated.

The DSS is configured according to actual state of
the VO. The configuration data are gathered froen th
VOMod, which contains another model of the same
VO. Contrary to the DSS, which provides possible
states of VO; the VOMod reflects the VO actual
configuration details and the latest informatiorthaf
actual VO state.

For the DSS, the VOMod is a source of
information such as VO specification, concluded
contracts details, and the latest information (regub
by DI3) about the VO performance.

2. (Re)scheduling and (re)configuration

Rescheduling process generates a modified version
of an already existing schedule. It is applied when
optimality or applicability of the schedule is agpted.

As proved by dynamic programming [6], any
component (sub-schedule) of the optimal schedule is
also optimal. On the contrary, the local optimabfy
individual schedule components does not ensure
optimality of the whole schedule. Thus, to keep the
entire schedule optimal, it is not sufficient tonpiy
compose the entire solution of locally optimal sub-
schedules. Each local change may corrupt global
optimum although the change is locally optimal geéo

the schedule optimal, new global schedule has to be
generated. The new schedule may but not need to
correlate with the old schedule in any component
except e.g. the one that caused the rescheduling.

If the schedule is required to be optimal, the
rescheduling implies the whole plan schedulingti@n
other hand the scheduling (without impact to the
schedule optimality) may be handled as an extreme
case of rescheduling — a local requirement to
reschedule covers the global schedule.

During the adaptation of a VO schedule an
assignment of activities to resources may be clénge
If the team of VO members is not affected this task
operated within rescheduling. If any member is
removed from VO and/or any new member joins the
VO this task is identified as VO reconfiguration. |
such case it comes under the evolution phase of VO
lifecycle.

The scheduling, rescheduling and reconfiguration
are not in general easy; very often they are NP

When the VO team is pre_negotiated and its task is pI‘OblemS For such cases heuristics are develd)lmd t

known, negotiations about resource allocation and

provide acceptable results although they do not

schedule is started. The term scheduling means duarantee optimality. In case of too hard problgvos

allocation of resources to activitiek the VO domain
the activities are components of the VO task thaaeh
to be executed; resources are defined as combiradtio

only NP hard) the rescheduling algorithm may vary
from the scheduling algorithm due to possibility of
utilization of partially existing schedule and rteld

VO member and its competencies (another competencyconstrains. The adaptation of VO during the VO
of the same member is another resource from the VO lifecycle is such problem.

point of view even if using one competency maytimi
using the others). To allocate activities to resesgra
plan must exist. The plan creatioraifinding the way
how to reach the goal using available resources
Theoretically, for a particular VO more than onampl
may exist. In such case the plan to be implemeisted
selected during the scheduling. It is importantise
the plan with the feasible schedule, which is aste
good as schedules for the other possible plans.

3. Architecture

The DSS consists of 3 functional modules
supported by théortal (user interface), antocal
repositoryof VO configurations. Functional modules
are:VO configuration editqrAlternative configuration
analyzer and VO simulation module. The Fig. 2
presents the architecture of the DSS. Descriptiati o
modules follows:
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The editor allows editing configurations alreacly . .
present in the Local Repository and creating new Fig. 2. Architecture of the DSS

configurations. A new one can be uploaded to
DSS from the VO manager’s local computer,
created by VO manager through the Portal, or
based on the actual state of the VO.
Configuration analyzer

This module is capable to compare original
(contracted) VO configuration and results of the
simulation. The differences are presented to the
VO manager as a set of details that should be
discussed with the VO members to adapt the VO.
The results of simulations can be used for
identification of potential risks or bottlenecks of
the running VO. Capability of alternative
configuration evaluation is one of the most
important features of the DSS.

VO simulation module

DSS uses multi-agent technology for simulation of
individual VO members to allow setting up their

decides to include the partner to the VO (existiy
member) or when he decides to include the partner t
the re-scheduling process or what-if analysis (e

VO member). Each agent is configured to be as good
model of a partner as possible in the simulatio©f
(re)configuration and (re)scheduling. The inforroati
about partners’ profiles, competencies, assigredia
fulfilments, supposed behaviour and others comes
mainly from the VO configuration.

If it is required (during the VO reconfiguration)
new VO members may be included to the simulation
online. In such case the basic profile of the parta
defined by the VO manager who may utilize any
information resource usually e.g. during the VO
creation phase.

- ! The simulation module uses agent based model
specific features. Properly configured agents can jynerited from the ExPlanTech and ExtraPlanT
be applied in simulated negotiation of VO  ,rqiacts [3]. Each VO member is represented by one
adaptation to estimate behaviour of the real VO independent agent. The agents from ExPlanTech/
members. It saves resources needed for recurrentgyiopjanT were developed to schedule mainly in
negotiation about even small adaptations of VO jhtr4_enterprise environment: for the DSS theseizge
schedule and configuration. are adapted and extended by abilities to negaitiate
extra-enterprise environment.

During the simulation, both the configuration of
the simulation and the agents may be adjusted by VO
manager. The VO manager changes configuration
details according to his/her expert knowledge and
accessible information about VO members. When the
request for reconfiguration or rescheduling appdiaes

Inside ' the simulation module, existing and  g4ents negotiate as the modelled partners are seghpo
potential VO members are represented by agents. The, " 44 Any generated configuration may be released

agent is created at the moment when VO manager ; htentially alternative configuration of the VO.

The simulation is the core of the DSS. Therefohag
dedicated the following subsection.

3.1. Simulation of VO



Fig. 3. Scheduling and re-scheduling interfacB$6

The negotiation of agents is based on 4. Use Cases
communication  (information exchanging) and
information evaluation. The process of communicatio The DSS concentrates on operation and evolution
is defined by negotiation protocols. The phases of the VO lifecycle (It can be applied dytire
communication makes such information accessibte tha creation phase as well.). Firstly, a VO manager
the provider aims to be accessed by those whotwant configures DSS according to the current state ef th
access them. The actions of decision making what VO. Relevant data such as VO specification, coredud
information should be provided and decision making contracts details, and description of already etaztu
utilizing the information, although they directly tasks are gathered from VOMod (another component of
influence the communication, are not elements of VOM toolkit).
communication. When the DSS is configured, a manager is allowed

During simulation, random and pseudo-random to change tasks and their assignment details |éctse
events (violating a schedule) are handled by tie su tasks to start negotiations about their un-assignme
module called Murphy. This module is responsible fo and to invite new members into the VO. The un-
changing the service related configuration detafls  assignment is negotiated with model of related VO
VO members’ (e.g. delivery date and actual avditgbi member. In similar way, the manager is allowed to
and capacity) by defined values, by defined prditgbi  adapt schedules and contracts. The Fig. 3 presents
and in defined time — all of them defined by the VO screenshot of the sscheduling and re-scheduling
manager. The Murphy is not crucial for the DSSibut  interface of DSS. To assign a free task, the mariage
present it allows testing robustness of generateéd V required to define a current VO member, which ie ab
configurations and their schedules. to provide appropriate competency and work on the



task, or another VBE partners have to be identéied

Any opinions expressed in this paper do not nedgssa

potential VO members. Their models are consequently reflect the views of the European Community. The

used for negotiations about cooperation withind@e

Community is not liable for any use that may be enad

The output of the DSS is information whether the VO of the information contained herein.

can continue its mission, set of details that Havee
negotiated with real VO members to adapt the O if
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information about robustness of the VO configumatio
and schedule.

5. Related work

Multi-agent technology was successfully studied in

lot of other workflow oriented projects such as [1]
(summary of capabilities of workflow and agent

technology), [7] (workflow management system based

on agent technology), ExPlanTech [3] (intra-enisgor

[1] Yan Y, Maamar Z, and Shen W. Integration of Wlaw

and Agent Technology for Business Process
Management. The Sixth International Conference on
CSCW in Design, London, Ontario, Canada, 2001, 420-
426.

[2] Hodik J, Beva P, Vokinek J, Biba J, and Semsch E.

e-Cat — VBE Members Profiing and Competency
Management Tool. In Intelligent Production Machines
and Systems 2nd I*PROMS Virtual International
Conference, 3-14 July 2006. Elsevier, 2006. ISBD80-
045157-8.

scheduling agent based tool), PRODNET Il [8] (agent [3] Hodik J, Beva P, Pchou ek M, Vokinek J, and Ji

based distributed information management system of

Virtual Enterprise), JBees [9] (agent based diatet
workflow system), WARP [10] (agent based
architecture for controlling the workflow operatioh
distributed services).

6. Conclusion

In this paper we presented the DSS that is a
component of a Virtual Organization Management

toolkit. The DSS provides its user (VO managerhwit
simulation of a VO; the simulation is based on op-t

PospiSil: ExPlanTech and ExtraPlant: multi-agent
technology for production planning, simulation and
extra-enterprise collaboration. International Journal

of Computer Systems Science and Engineetdhg20,

no. 5. 2005, p. 357-367.

[4] Camarinha-Matos L. M. and Afsarmanesh H. Vittua

Enterprises: Life cycle supporting tools and tedbgies.
In Handbook of Life Cycle Engineering: Conceptsplso
and Techniques. Chapman and Hall, 1997.

[5] Hodik J., Mulder W., Pondrelli L., Westphal and

Hofman, R., ICT Services Supporting Virtual
Organization Management, in same volume, 2007.

[6] Bertsekas D P. Dynamic Programming and optimal

Control, 2nd ed. Athena Scientific, 2000. ISBN 1-
886529-09-4. Vols. 1 and 2.

date information. The simulation module of the DSS  [7] Krzysztof P and Marinescu D C. An agent-based
utilizes multi-agent technology, where each VO workflow management system. In Proc. AAAI Spring
member is represented by an agentWhen the  Symposium Workshop "Bringing Knowledge to
simulations in the DSS are executed, potential new  Business Processes”, Standford University, CA, 1999
configurations and schedules (including constrains) ~ [8] Hamideh A, César G, and Hertzberger L.O. Virtua
generated for the VO. The results of simulatiomsza Enterprises and Federated Information Sharing. In

. e . o DEXA'98, LNCS 1460, Springer-Verlag Berlin
used for |de_3nt|f|cat|on of potential risks or betibcks Heidelberg, 1998, 374-383.
of the running VO.

[9] Savarimuthu B, Tony R, Purvis M, and Fleurke M.
Monitoring and controlling of a multi-agent based
workflow system. In Proceedings of the second
workshop on Australasian information security, Data
Mining and Web Intelligence, and Software
The work is (part-)funded by the European Internationalisation — Volume 32, 2004, 127-132.

ECOLEAD (European Collaborative Networked Workflovy Architecture in Support qf Web Services. |

Organizations Leadership Initiative) (contract N©6 Proceedings of 11th IEEE International Workshops on

Enabling Technologies: Infrastructure for Collabive
IP 50(_39_58), and I*PRQMS Network of Excellence and Enterprises (WETICE 2002), 2002, 176—181.
the Ministry of Education.

Acknowledgement



