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Abstract: This paper describes iDecisionSuppoxpléaborative decision-making support system tkat i
characterized by and provides safety, usefulndisieacy and usability. Its development is basedtlioe
principles of Decision Support Systems and is desigas a framework that can integrate third party
applications as decision support tools. Routinecgdores are facilitated by software agents and an
internal workflow engine, while there is the ad\age that the system can be accessed from anywhere a

any time through a friendly web-interface.
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1. INTRODUCTION

We well know that nowadays business processes eha
in

rapidly, especially when a company is involved
manufacturing highly customised products or it
simultaneously running different projects. (Cand€andea,
2011).

This leads to changes in the manufacturing prosessel

collaborative design, planning, production and ngemaent
among different participants and departments.

we previously said, this paper presents the
i|DecisionSupport (iDS) system that was developed by
?%opardo S.R.L. It is a collaborative decision-mgksupport
system designed to avoid the need for lots of imgirand
especially to prevent user rejection. Basicallypiiovides a
collaborative working environment where team mermber

hence to reengineering business processes. To leet@b attend different type of meetings, or work sessiolso, it
execute such changes in accordance with the cussméias an internal workflow engine which allows theation of

requirements there is a need of permanent comntioricand
constant decision making.

Another aspect of contemporary manufacturing entap is
their need for interdisciplinary teams to collaierand team
members are frequently distributed in differentalibens (i.e.
plants, research departments); sometimes entespnsake
use of external specialists whose responsabilit@ssist of
decision based activities.

When a project team is located at more than opeasia time,
it is very difficult to synchronise their tasks aogdtimise the
usage of these distributed resources. Therefoig,assential
that all participants contribute to the creationtlod process
models during the early stages of the projectduitaon, such
geographically dispersed teams need a suitableatttee

environment to model business processes concurreritie

objective of such collaborative model developmesittd

enable teams to improve their business processkstarten
product lead-times.

A digital factory depicts a hybrid persistent cormity where
a rich virtualized environment, representing a oasi
activities and processes of the factory, will faate the
sharing of factory resources, manufacturing infdramaand
knowledge and it will

meeting chains in order to automate different roaiti
procedures.

Following the above aspects we consider a factoty \with
corresponding functionalities that can supportgebpriented
activities on digital factory. Because users arepéised
geographically we consider a web based solution aimte
we are willing to equally support SME, we also sider an
open source solution as technology base.

Another aspect to mention here is that, from areth point
of view, iDecisionSupport is developed as a “fraragwfor
decision support tools that provides a collabogativ
environment where different software tools for dem
making can be easily integrated while the users azaness
them remotely and asynchronously” (Georgescu, Gande
Zamfirescu, 2007). Also it provides a default sietools such
as the discussion list (a forum-like tool for dissions), vote
(a tool that permits grading or expressing the exgients over
a set of issues), brainstorming (electronic braimsing based
on the IBIS approach) and mind map. It is worthwimg that
the decisional model that we implemented is basedhe
Shared Plans theory (Grosz, Kraus, 1996) and ittested for
the first time in a software prototype by our granf2001, as
described in Zamfirescu, Candea, Luca, 2001.

help with the simulation of



Besides its internal use at Ropardo S.R.L. theegystlso has
other important implementations, some of them deedrin
Chapter 6.

2. OVERVIEW

Basically iDecisionSupport creates a collaborativerking
environment where team members attend differené typ
meetings, or work sessions. The meeting type ishgethe
decision support tool that is used to support theeting.
These can be brainstorming, voting, discussiorstowetings
or any other type that results from any third pajpyplication
that is integrated. It is meant to be a highly esplocentric
solution (Filip, Donciulescu, Filip, 2002).

2.1 Using the system

iDecisionSupport provides access to the meetingsigibn
making sessions) via web-browsers avoiding the nted
install any desktop components, process that isallysu
cumbersome. The main idea of the design is to eétei any
constraint of time and space for the users. Bdgivdiat they
cand do is to access the system from any locatiamyatime
during the meeting time span.

The standard way to access iDecisionSupport is diggua
web-browser, logging in, selecting the meeting atatting
the work. However, procedures that require manypsste
usually lead to frustration and ultimately to usejection
especially when they only need to write down anaide
comment some issues. It cannot be expected thattywe
people that simply have to say “yes” or “no” to siesues
will be familiar with the whole system in order b@ able to
login, select the meeting from maybe another tethefsame
kind, open it and vote. To avoid this, all the @etparticipants
are notified with e-mails that contain access linksthe
meetings. Following these links the users will gaitcess
directly to the meeting without any knowledge abdie
whole system. Simple actions like grading an issue
expressing the agreement of one can also be dogetldi
from a form that they receive in the e-mail alonghwa
briefing of the meeting. Overall, the system wasigieed to
deal with group decision making as well as withivigtlal

The main application flow as showed in Figure Hésigned
to be intuitive and easy to be exploited by uskes know to
work with web applications at normal level.

In our case the facilitator is the initiator whesf$he considers
that a new problem appeared and needs to conteding and
then he/she becomes the facilitator of that ses$\mfind it
important for the facilitator to be a person thaeda a
response, and know what team to assemble in codeddress
it. You should know thatmost of our practical cassig this
approach were succesful. In this case meetingriitiator is
thefacilitator and using shared plans selectedmi®going to
find the right path to solving the problem usinglsoprovided
by the system at that precise moment.

Of course iDS system also allows a more complexgeisa
when a dedicated facilitator is available and tafmsactive
role in the decision making.

2.2 Decisional process as a Shared Plan

“Shared Plans theory states that the participagésl o have
mutual beliefs about their goals and actions tpédormed
and the capabilities, intentions, and commitmentsthe

participants. Originally inspired from a social ¢ypf human
collaboration, the model, which formalizes thesetakstates
of collaborative actions, was applied afterwardsntodel

teamwork of agents” (Zamfirescu, Candea, Luca, 20B4ch

meeting is configured according to the characiessof the

decision problem and the group (e.g. duration efrtieeting,
time interval, anonymity settings, number of intamtions,

voting type, etc.). This configuration can be candly

updated during the meeting and, at the same timés i
possible to be imported from previews meetings romf
containing plans.

The system provides a commitment phase for eachimgee
where all the participants can agree or disagreen upe
meeting configuration. (e.g. propose a differemtetiinterval,
voting time, number of interventions, etc). In tipkase all
these issues can be discussed until a mutual agrednom
the group is reached.

decisions and support synchronous and asynchroncl$ Roles and Security

collaboration.

New problem
appear - new

decisional
process is
necessary

Step 1. A new team is
selected and the
problem is targeted and [

explained

Step 2. Aplanis
proposed to team
mermbers or a plan will
be build on time of
decisional process.

Step 5. Tool resulting is
maonitoring and
dlternatives are

evaluated,

Step 4. Running of
selecled ool |.e.
brainstorming, voting
alternative analyses, etc.

Step 3. Each step from
decisional process is a
tool associated to a
decisional session.

Ny

Figure 1- Decision Life Cycle

The system provides four basic roles for the pipdiats:
system facilitator, meeting initiator, participaamid observer.
These are designed to facilitate the functionalitiescribed in
the previous subsection.

The system facilitator is responsible for creatimgpource
profiles, classifying available resource, grantumger access
and other administration issues.

The meeting initiator is the one that has the rightreate and
configure new meetings and invite the necessarjcpants.

It can be looked at as the meeting leader in riéal the

meeting initiator or the chairperson. The user Hzet this role
must have thorough knowledge about the systemderatio

manage the meetings. “Group facilitators may previh

interface between the group and the technologyssisaithe
group in using computer-based models.” (DeSanG@lupe,

1987).



The participant is the user that can access thesgtimg plans
that directly concerns him/her and perform the fioms
permitted by the initiator and the facilitator (egyade items,
come up with ideas, comments etc). This type ofippant
can be seen as the usual one that does not nesaligho
knowledge about the system because he/she iseabbfy e-
mail about all the meetings and attends them onjy
following the received links.

The observer role is attributed to participantst i@ only
invited to “observe” the meeting and they are rmvaed to
perform any actions.

Access in the system is controlled by using usessaand
passwords. Each user can access a number of grbjased
on project-membership assigned by the project respke. If

the user is not a member in a project then he dasa® any
information from that project. Additionally, the@ss to each
decisional session is controlled through membershipser

can have one of the 4 roles in a session and carasd
change information in that session based on thegsidefined
by its role. If he has no membership to a sesslimn the
cannot perfom anz action in it (not even openimgviewing).

Based on the system organization a user can gagssonly
to specific projects and sessions, as setup byptiogect

responsible, without having access to other paftsthe

system.

All the operations done in a session (tool usaga) be
tracked during its lifetime if the meeting initiatdecides this
is needed. In other situations the session can dieas
anonymous; in this case the operations can be dgnine
users having the right access (based on roleghbutacking
is not done and there is no way to tell that amgigioperation
was done by a specific user. Votes are countedhiays are
entered and appear in discussion lists or in dawaditool but
without author or timestamp. In this way the endrusan be
assured there will be no harm upon him due to pisions.
Access to a session and its data is dictated bysbe roles
and session status (information can be changedvaméy the
session is open, in other cases it is read-onlgv¥erybody).

3. System Architecture

The most important aspect of iDecisionSupport is
decentralized architecture which allows integratdifferent
third party applications as support tools. Thesa oeside
anywhere on the Internet and are seamlessly actéysthe
users inside iDecisionSupport without being affddby their
location. This distributed environment (illustrated~igure 2)
is created by the main components of the system:

After an application is integrated as a support (detailed in
subsection 4.4), it runs inside a meeting and csaetext that
is provided by the web client. Basically, the ctiessues a
HTTP request on the application’s web entry poid apens
the tool inside a browser window/frame. The requesitains
a meeting token that the tool uses to load meetatated
bnformation from the server, information that adlya
represents the meeting context.

WEB GUI
Client

DSS Server

DSS Framework

o
Figure 2 - DSS Framework

/

This consists of: meeting time span or duratiost bf

participants along with their assigned rights, rimept
configuration and current work. First of all theokomust

know what the time period (time span) of each nmeetio it

can display the correct available actions. If ip&ssed its end
date then all the information must be “read-onlgd (more

actions can be performed by the participants) @r ifieeting
has not started yet then no actions can be pertbiaeit is

still possible to configure it. Then, the tool mbstow what

users participate at the meeting and what rightsdzh of
them so it will display the correct available an8o The user
context represents the actual user that is loggedd system
to participate at the current meeting and it is &dsded from
the server based on the meeting token.

During the meeting, the tool saves the actual wot& the
server on each user action or periodically dependim
network traffic. This procedure is part of the work
iiSynchronization process which ensures that all vibet is
done during a meeting is also available on the esefar
further processing. The process starts when thd too
configuration is used to create the “blank” workadée.g. in
case of a voting meeting it consists of the iteamg| data that
represents the voting type, anonymity settings). etthis
initial data is updated during the meeting by rdaug all the
actions performed by the participants (e.g. gradingtem or

the iDS Server which is the central component thaidding a reply or idea, etc). Depending on the tool

handles the decisional meetings, registers toolgnplementation this data is persisted into the @oell, or

provides access rights for users

the IDS Web Client which provides we
accessl/interface to the whole system

the decision support tools

Each of these components (including each individlual) can
reside anywhere on the internet and they commumiaéih
each other though web service.

just maintained as long as there is at least ore that

paccesses the meeting. Work results are storedthetserver

in XML format. There is a common result format tthie
server can interpret and it is used in the transfecess of the
results. This process allows the server to creagetimg
chains where the output of one meeting is the ingfuthe
next. (e.g. the main topics that result out of aifstorming
are automatically inserted as the topics that hewebe
processed in a voting meeting). It is not neces$arthis
result format to be at the same time the interatd dormat of



each tool. If the tool has a different format thénmust to be developed and the most convenient one haketo
provide XSL transformation files (XSLTs) from and the selected, a workflow is used that has a brainstogmieeting
common results format so it can be included in a&ting followed by a voting one. In this case the idead tome up
chain. in the brainstorming meeting are considered sepassues
and automatically imported in the vote meeting tiadibws,
graded and the one that gathers more votes issélented for
further processing. Once the first meeting has eénthe
workflow system automatically starts the second amel
imports the items and details into it. The workflowespect
the WIMC/Wf-XML standard and can be developed vatty
compliant workflow editor.

An example of an integrated third party applicateould be
FreeMind (http://freemind.sourceforge.net/) whisha mind
mapping software described in subsection 4.4. FregMas
its own XML representations of the mind map modelland
is also a desktop application. First, a web acpesst was
developed for it which uses the meeting token tadldhe
meeting and user context from the server and thiaeg the
user to access it through Web Start. Being a dpskig 5 Agents
application it must be downloaded. The applicapackage is

the one that actually handles the work and uploleisesults  |nternet-based, distributed systems have becorsengal in

on the server through the exposed web-service. modern organizations. When combined with artificial
This example shows the flexibility of our framewaak well intelligence (Al) techniques such as intelligeneaty, such
as its decentralization. tools that can be systems can become powerful aids to decision makers

_ (McDermott, Mikulak, Beauregard, 2008) The utilipat of
- web based hosted on a different server that DSpftware agents in Decision Support Systems waseprdo
Server runs, be a very efficient approach to this kind of sysiems

- standard application that runs on local computer arfléscribed in studies like Yen, Fan, Sun, Hanraltymer
process complex data but still can be connecteld Wi{2007). Ropar_do S.R.L. started reseach|_ng softwgemnts in
the framework 1999 and in 2001 when the first prototype of

iDecisionSupport was developed and included sewsgaht
4. COMPONENTS features. The current version of iDecisionSuppoas ha

The iDecisionSupport framework is made up of twoirma mature internal agent e_nvironment for software_ tgehat
components: the DSS server and the DSS web cltéet (perform very specific actions which cannot be galieed.
interface). In addition, there are of course tras@described 4.4 Reports

in Chapter 5) that can reside anywhere and integtmectly P
with the server using the server API and that camdressed

. iDecisionSupport allows generating reports for Wk that
through the web-client.

was performed in a meeting. This can be done fioentdol
side (if it is implemented) or from the server'desi Each tool
may generate reports in its own way and provide the user
for download. However, regardless the tool repgrtin
procedure which may or may not exist, the serveritsaown
reporting system that can generate reports usiegwbrk
results that are saved in the common results forReports
are generated following defined templates.

4.1 Server and Web Client

The server handles all the business logic by s&pgra
meetings in projects and plans (subplans) and gesva web-
service API for the tools. It uses a relational athaise
(PostgreSQL, MySq! or other) to store the entiferimation
of the meeting (metadata, duration, participants,) @s well

as the conclusions of the meeting that are trarsfdrom the 5. SUPPORTING TOOLS
actual tools. It also manages the data transfen fsoe tool to . _
another. iDecisionSupport provides a default set of toolattban be

_ o o . combined to efficiently process of a certain seterhs. Other
The iDecisionSupport web-client is the access pmirdll the  custom tools can be developed and integrated isysem if
described features. It has a tree view of all theetings necessary. Most of them are web-based but desktop

(grouped by projects and plans) and manages tlessiée the applications are/can be also integrated.
meeting tools. Moreover it has different entry psirand

views for accessing the system from the notifigatioks. Next we show few of the tools that are availabésheof them

are detailed on the literature and but it is not stope to
Both components are built using the Java languageJava explain each of them in detail.

related technologies (spring, struts, axis for websices,
JSP/JSTL, JADE (Java Agents Development Frameworl,1 Discussion List
jBPM for the workflow engine).
The Discussion List is the tool that provides fordike
4.2 Workflow engine discussion threads for different aspects that ne&edbe
discussed. It inherits all the forum features fdwead
The iDecisionSupport system has its own internatkilv  management and also adds new ones like maximuriesepl

engine which allows the creation of meeting chabfs per user, maximum replies per topic or anonymoplkyireg.
different types where the output data of one isitipait data

for another. This allows having multiple meetingsamt to
resolve more complex issues. For example, if saaas need



5.2 Vote

Vote is a decision support tool for voting (pooliragtivities.
It handles different items or issues (describefiléa text) that
can be graded or voted by the users using seveztioahs.
These include: 10 point scale grading (Figure 3erehthe
items receive grades from 1 to 10), yes/no votimigefe users
can vote yes or no for each item), agree/disagmng
(where the users can express their agreement ¢l the
items) or multiple choice (where users select sssubf the
initial items).

5.3 Brainstorming

Brainstorming is another decision support tool tiiiws the
development of electronic brainstorming meetingsg$ons).
The activity starts with an initial aspect (problemquestion)
that is the subject for debate and ideas coming ttee users.
Each of these ideas is commented with positive egyative
arguments which are going to be the source of nesstipns
that continue the cycle. Throughout this procediats of
ideas are generated and their positive and negasipects are
emphasized.

5.4 MindMap

MindMap is a tool that serves to creating mind rdagrams
that are meant to generate, classify and visuadzas. This is
actually the Free Mind (http://freemind.sourceforgs)

application integrated in the system and it is @ecexample
of a desktop application that can be integrated.
communicates with the other components in the saayethe

web-based tools do, the only difference is thatas to be
downloaded locally in order to be run.

5.5 Custom tools - integrating a new application

The custom tools represent third party applicatitret are
integrated into the system or tools that are Woitn scratch
to serve some custom purposes. Regardless thethgeall
need to follow the same guidelines so they camtegrated
in iDecisionSupport. The most important aspecthis heed
for a web access point so they can respond the H&glests
that are issued by the web client, so they canpeaed inside

from different point of views and different amenditee may
come out. If there are any amendments then thegtrgg sent
back to the authors and resubmitted until therenaramore
amendments. The second step consists of the pmjegbsal
endorsement vote by all the approving committee berm
So that it can be approved it needs a 50+1 % Vigeré 3)
result, otherwise it must be revised by the authors

This process was implemented in iDecisionSuppaoduth a
workflow which had a discussion meeting in the admeants
generating step and a vote meeting for approviegptioject.
In the discussion meeting all the amendments apdeas
new topics of discussion (that were of course contatewith
suggestions) and in the vote meeting the projempgsal was
approved or rejected. All the meetings were creaed
configured automatically by the workflow system atik
necessary participants were notified via e-mailattend the
meetings.
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Figure 3 - Voting tool

Once one project is approved the iDecisionSuppgmtes is
invoked in the validation activities step throughgeoup
decision from the approving committee; here
validation/invalidation of the continuation of th@oject is
decided by usage of voting tool to project completi

At the end of the project the phase of analysisthed
documents step is followed by a group decisionndigg the
originality of the work.

For the ULBS project, the implementation objectiw#sthe

a browser window or frame. In case of a standaloriBecisionSupport system were: collaborative worgareling

application it still needs a web-access point teatls meeting
and user context from the server (using the HTTguest
token) and then lets the user download run it lgcal

Upon registration, the tool (or tool developers)sinprovide
the web access point URL and other informationnaigg the
tools behaviour like: type of results (follows tltemmon
results format or has its own internal represemtafi and
XSLT transformations in case it does not follow ttenmon
results format.

6. IMPLEMENTATIONS
6.1 Workflow for approving research project proplssa

The system was implemented at “Lucian Blaga” Ursitgrof
Sibiu and it was designed to support the procesgppfoving
different projects proposals. When a new projecuismitted
for approval it is first reviewed by the approvingmmittee

the technical documentation of the projects, nmdtibns for
all team members in order to be up-to-date withstia¢us of
all projects, all the collaboration work must béiawed even
if the team are dispersed for a limited period iafet or
unavailable from on-line point of view at one morentime.

6.2 Support for the FMEA process

Failure Mode and Effect Analysis (FMEA) is the pedare of
preventing process and production problems beftwey t
occur. FMEA processes are based on worksheetsdinin
important information about the system, such asrévision
date or the names of the components. On these hestsall
the items or functions of the subject should béedisin a
logical manner, based on the block diagram. Foh é&aen or
function, the possible failure modes, effect andises are
listed and each of them are graded for their sgvdf),

the



frequency of occurrence (F), and detection ratimg). ( the iDecisionSupport system can facilitate the pssc For
Afterwards, the Risk Priority Number (RPN) is cdlted by example, some items must be discussed before theybe
multiplying S, F and D. Once this is done it is yede graded or they simply need some details collectedh feach
determine the areas of greatest concern. participant. In this case, a workflow is createdevehthe first
step is performed in a discussion list or braimstog meeting
that is followed automatically by the grading (Joteeeting.
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