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Nowadays an increasing number of enterprises eedtie importance of competitiveness improvemeruuitin
collaboration. It is obvious that the collaborativetwork is becoming an effective tool that enalsesll and
medium sized enterprises (SMEs) to survive underdiiobal crisis pressure. It enforces enterpriseftus
resources and means on the main activities, anebigild the architecture for manufacturing systaneffective
ways. Therefore, we decided to continue workingresearch topic of collaborative manufacturing petge
management. In this paper we introduce the nowhdéwork for the further development of the existing
collaborative network concept in which we combimadltiple project management methodology and fractal
model of collaborative network of enterprises. Fheposed framework enables SME-s to use resouroes m
efficiently, reduce manufacturing costs, rapidlgpend to customer demand changes, increase thagpinoty,
reduce total lead time of collaborative projectspliove the products quality, improve the practice
of collaboration in multi-project management, imggcstability, share the expensive costs and equipmeduce
inventory, raise the accuracy of the forecast, cedhe data entry time, and improve the performanckelivery.

In this paper, we will present the project-baseakctl collaborative network framework, multiple jeat
management and fractal model framework. We wiltadtice our vision of information and communication
processes in the novel collaborative network, taskd relationships of collaborative enterprisesjquto
managers, external and internal relationships ajept managers.

1. INTRODUCTION

A collaborative network include partners (e.g. amigations and people) that are
largely autonomous, geographically distributed, dmeterogeneous in terms of their
operation environment, culture, social capital guals, but that collaborates to achieve
common or compatible goals, and whose interactiares supported by computer net
work [7].
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Today manufacturing companies in order to survivelen significant competitive
pressure companies must increase product porti@dyce time to-market, shorten product
development cycles and at the same time maintawd garoduct quality and reduce
investment costs [11].

The global competitiveness for the small and meesizad enterprises can be
achieved by looking outside of company borders.akoithere is no unified system for the
collaborative project management. Collaborativetneas are working in independent
environments. It is not possible to support a gartorganization in case if there is the
delivery problem, delay or unexpected equipmenakdadewn.

Therefore Customers, retailers, producers, sugpli@nd subcontractors set up
a cooperative network, and it is reasonable to ntlbgeroject management functions to the
collaborative environment. In our paper we preseatnew fractal based framework for the
collaborative project management in the Networlcafaborative SME-s. This research is
important for the SME-s, which are working on cbiaative projects and interested in long
term relationships. This framework enables collabee enterprises to work in one
environment. It is possible to startup the new ualt enterprise, when the business
opportunity arises. The proposed framework candaeel @lso by software developers.

In Section 2 we introduce critical aspects of dwmdia@ative enterprises, virtual form
of enterprises, and fractal manufacturing. In ®ect8 we present fractal management
framework for collaborative projects. The applioaticase study explains how the new
framework could be used in Section 4.

2. LITERATURE REVIEW

2.1. COLLABORATIVE ENTERPRISES

The collaborative network includes independent rpniges with compatible and joint
goals. There are different forms of partner rel&lips between manufacturing enterprises.
The networking facilitates communication and infatian exchange that goes through the
coordinated networking, cooperation, up to collation. The collaboration form comprises
of independent enterprises with compatible andtjgoals [2]. In the manufacturing
alliances, very often there are phases of interdl@boration, e.g. design and planning
phases of a project, intermixed with periods whes participants work on assigned tasks
independently. Then from time to time they “comgether” (physically or virtually) and
integrate their results for the joint problem sotyi Therefore, a collaboration process
clearly involves periods of cooperation only. Thenderstanding and supporting
of collaboration is leads to understanding and etipp the other less demanding forms
of interaction.The collaborative enterprises optenithe opportunities in the value-added
supply chain. In fact, the involvement of a colleditve network represents not only
a survival factor but also a competitive advantagethe face of turbulent market
scenarios [5].
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Scientific associations play an important role aacilitators and promoters
of collaboration among professionals involved ispecific discipline. Some initiatives in
this area have been launched in recent years suitte dFIP/SOCOLNET, ESoCEnet, CTS,
BASYS [7]. The comprehensive collection of methadsl tools for collaborative networks
was developed under ECOLEAD project [3]. The THINkative project was one of the
first initiatives to introduce the concept of Cbitaative Networked Organization (CNOSs) as
a more general concept to encompass various collab® forms such as virtual
organization, virtual enterprise, professionaluattcommunity, etc [4].

2.2. VIRTUAL FORM OF ENTERPRISES

Virtual organizations (VO) are focused on collaimn among enterprises combining
the properties of business-to-customer (B2C) arsihless-to-business (B2B) [6].

Advanced and highly integrated supply chains, wirtenterprises/virtual organizations,
virtual (professional) communities, virtual labanagés/e-science are illustrations of a major
trend in which entities seek complementarities poid efforts that allow them to better
participate in challenging and competitive oppoitiaa [5]. There is a list of properties that
are considered for creation of collaborative virtoeganisations in ECOLEAD project:
independence and autonomous of enterprises; sitieisabetween running and evolution
of the enterprise and CN; life cycle and agilityconfiguration of CN [3].

The Virtual enterprise (VE) represents a temposadlignce of enterprises that come
together to share skills or core competences asdurees in order to better respond to
business opportunities, and whose cooperationgpated by computer networks [7]. The
Virtual Organisation (VO) represents a concept lsimito a VE comprising a set
of independent organizations that share resourwslklls to achieve its targets but that are
not limited to an alliance of profit enterprises 6 therefore a particular case of VO [7].

The virtual enterprise management is defined asaagriented design, control, and
development of all enterprise activities startingn the material purchase and finishing by
the final product. The goal is to establish theatiehships with carefully selected
cooperation partners and to support the matenmisrégormation flows between them.

The virtual Breeding Environment (VBE) representsassociation of organizations
and a number of related supporting institutions)eaithg to a base long term cooperation
agreement, and adoption of common operating prie€iand infrastructures, with the main
goal of increasing their preparedness towards reqidiguration of temporary alliances for
collaboration in potential VO. Namely, when a besi® opportunity is identified by one
member, a subset of VBE organizations can be selé¢otform a VE/VO [7].

2.3. FRACTAL MANUFACTURING AND PROJECT MANAGEMENT

The flexible network is made up of autonomous opendent units. A fractal is
generally a unit of a business or recursive patidrith has objectives, achieves results and
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acts autonomously. Fractal has been widely appbedescribe and model various spatial
phenomena, urban morphologies, transportation mé&sy@nd complex structures. In the
context of manufacturing systems, the fractal cphds embodied in a ‘factory within
factory’ and has various manifestations such astdlafactory, basic fractal unit (BFU)
model, fractal layout, the fractal manufacturingteyn (FrMS) and other fractal-like systems
including the holonic manufacturing system [18] ath@ bionic manufacturing system
[19].The objectives are orientated on its contiidfruin the entire value adding process of an
enterprise. This does not necessarily have tofits@acial contribution. The Self-organizing
and self-optimizing unit characteristics of the cted company differentiate goal
management from resource management in SMEs natwdrkl].

A project is a temporary entity within the SMEswetk. It reaches a certain objective
in a limited amount of time [11]. Organizations aly divide each project into several
subprojects to provide better management contrdl tanlink ongoing operations of the
performing organization. The project phases aravknas the project life cycle: preliminary
estimation of order, order acceptance, works plamniproject optimisation, works
implementation and acceptance [12].

Accordingly to proposed model all the enterprisee autonomous independent
business units which are forming the VO when thesirmss possibility arises. The
collaborative project is seen as temporary uniictvis started by the project manager who
was initiated new VO. This project manager is chlfgoject initiator or father project
manager. Each project exhibits fractal charactesistThis highlights the possibility
of dynamic reconfiguration in order to exploit uesss opportunities and event handling
[10].

In the project-based fractal enterprise model, lswitis (goals) and means (resources)
are managed by a project manager. A fractal projerave modular structure and all the
projects, starting from father project and up te lilwer level of child project, are managed
in the same way. [17]. The main responsibilitiesaoproject manager are to achieve the
project goal, define the task plan, receive messagel information from managers of its
father project (if any), answer requests to its ofather project (if appropriate), and
negotiate with other project managers playing meaasager role for the allocation of the
needed resources. Also, a project manager haseoveemessages and information from its
child projects, detect and predict abnormal sitresj and if it is necessary to repair the
project task plan [10].

3. FRACTAL PROJECT MANAGEMENT FOR COLLABORATIVE NEWORK

In this chapter we introduce the framework of fahcicollaborative project
management, developed for collaborative networgndérprises under IMECC project. This
project combines the machine building cluster diustrial enterprises of Estonia, consulting
companies and research institutions. The projéiaior creates the project plan and divides
it into fractal subprojects. The subproject managgr also divide the project into fractal
subprojects. All participants are working in thengaway. The information about subproject
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fulfillment is sent automatically and all the paipiants can track the project fulfillment in
real time. In case of delay the partners can seestiurce and to support the partner
enterprise with materials, resources or information

Accordingly to framework the enterprises can pgréte in different forms: project
initiator enterprise (Entl), partner enterprisesnirthe existing collaborative network
(example: Ent2, Ent3 and Ent4), and ad-hoc paengrprises outside of the collaborative
network (example: Ent5 and Ent6). In order to inwerthe quality of collaborative work we
propose to include the Intelligent Decision Sup@ystem (IDSS) into the framework [12].
The functions of information exchange between @miges, creation and support of Web
pages with User Interfaces for VBE and VE provides small enterprises, possibility
of integration with Enterprise Resource Planniygtems (ERP) and support of knowledge
base are also included . The role of the projechager is to implement the monitor-
analyze-plan-execute (MAPE) loop, which compriseghbscheduling and control for
a given order or resource Fig. 1 [24].

Project manager rolein theVO
Request for

chang
Change

Sympton plan
Sensor Effector:

Fig. 1. Role of project manager

In our framework we assume that the enterpriseuress are managed by project
managers (PM). The Entl receives the order acaglgdio predefined project portfolio the
initiator enterprise creates the new virtual enieg in e-manufacturing system, and
establish the collaborative project plan based wm oesources and available resources
of partner enterprises that could be received fremmanufacturing system. Then the
Intelligent Decision Support System (IDSS) engirieeananufacturing systems helps to
recalculate the manufacturing project in the waat thnables the maximum positive cash
flow [13].

After that the optimization engine discovers thétlboecks [15] and uses the partner
enterprises available resources to solve the mtuafhen the IDSS engine selects the
preferred potential partners send out quotationghes ERP systems of collaborative
enterprises. When the partner selection is congplite PM 1 sent the invitation to join to
the VO for participation to the members of VBE aaldo can recommend including the
stand alone enterprise VE. There is possibilitgatect partners from existing collaborative
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network and also to include the partners outsidin@fboundaries of collaborative network,
or ad-hoc enterprises is added [12]. After the ramttis signed the Entl startup the father
project plan and delegates the parts of the prgpan, called fractal projects or child
projects, to the partner enterprises Ent2, Ent3 land. It enables partner enterprises to
participate together in the product developmentcggse and to optimize the product
development and product manufacturing processes.
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Fig. 2. The structure of the fractal project mamaget for the Collaborative Network

For every fractal project management is used aramrufacturing system. The system
sent the preliminary requirement and deadlinefi¢opartner enterprises and receives back
the child project plans. It is the responsibilit the child project managers to provide
required resources that are stated as availabileei’’VBE collaborative environment. The
child enterprises can also use subcontracting argearch, select, accept and invite new
partners to join the VE. E-manufacturing system agas the project as one whole, at the
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same time the projects managers of child projeat® lenough freedom and act in the role
of independent manufacturing enterprises. For el@ame part of the fractal project 1.3 is
outsourced by PM 4 to subcontractor enterpriseshvare not members of the CN, or so
called standalone enterprises. The child projecd Rl recommend to the management
of VO to include Ent5 and Ent6 into VE, which erebthem to exchange the information
with VE patrticipants. The information exchange tendone manually through the upload
of required information to the web portal on VO.ehhthe fractal Projects 1.2.1 and 1.3.2
are formed and managed by child projects PM 5 andNRespectively.

The project management phases are known as thecprife cycle: preliminary
estimation of order, order acceptance, work plagniproject optimisation, works
implementation and work acceptance [12]. Fractajgat management ensures that partners
manage the child projects in the same way. Thiblesao optimize the total cost of the
whole project, minimize the project cycle time amgbrove quality, due to improved control
and information exchange between partner entemissgiven in Fig. 2.

The disadvantage is that ERP systems should mddifibe able to exchange data.
The e-manufacturing system enables to collect requdata and track the situation
supported by IDSS system monitoring function [14]there was a delay in one of the
fractal projects, the child project managers toesohe problem together with the VE project
managers to minimize the whole project delay. Theaaufacturing system enables the
transparency of the whole VE. The partners caactly exchange required information
within the VE. The advantage of e-manufacturingtaysis the ability to receive the
information from different sources and to combinanto the whole project plan. The
traceability of data is enabled by the help of ag¢h5], which responds in on-line manner
to any change made by any participant of the VO.

4. CASE STUDY IN FRACTAL MANAGEMENT OF COLLABORATNE
MANUFACTURING PROJECTS

The case study is based on the project that wagdavut by using the traditional,
sequential project management approach. It is doted how to implement fractal
management approach into project management cqnogpich could minimize
manufacturing cost and production time, enablesmprove the quality of the product,
improve information availability, and improves thkipment reliability [20]. The fulfilling
of those aims could not be done without the prddacsystem support by Intelligent
Decision Support system (IDSS).

4.1. “BIG-BAG FILLING STATION COMPLEX” PROJECT MAN/AEMENT.

In general, the project management has six maps g€ production chain. There are
the preliminary estimation of order, order accepgarwork planning, project optimization,
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works implementation and work acceptance (Fig.3t thre necessary to successfully
produce desired outputs or outcomes [21]:

Preliminary estimation of Orderaccentana
order e

Fig. 3. Sequence sequential order of project psicgs

The project management processes by project mitiahterprise. In this context
of sequential order processing the ready desigardents were sent to internal and external
suppliers and subcontractors after the productldpueent was finished. The suppliers and
subcontractors had the function to design and naatuife the product without being able to
exert genuine influence on the product orientedgtled he advantage of clearly separated
and hardly networked processes was thus opposeeripus disadvantages. If production
engineering began after the product developmeimisghed, the total lead time between the
product development process and manufacturing psostrt-up increased. In addition, the
cost of sequential order processing is higher, tduthe reason that during the production
development process the know-how of production Gmgs cannot be integrated into the
design parts, it results also in production costease.

4.2. THE PROTOTYPE DEVELOPMENT FOR “BIG-BAG FILLINGTATION COMPLEX” PROJECT
MANAGEMENT.

Based on the virtual enterprise (VE), Virtual orgation (VO) and VO Breeding
environment (VBE) approaches, collaborative netwiorkBig-Bag Filling Station complex
will be developed. The experience of several ptsjét applying has revealed a number
of disadvantages in sequence project managemeictsie (Fig. 6). The most considerable
disadvantages are: non-efficient usage of resourcigh manufacturing costs, slowly
respond to customer demand changes, low produyctilag high total lead time of projects.
We assume that the web based environment for VBEalraady worked out. The project
initiator enterprise creates a new virtual orgaimraand new project within the VO. It
includes all enterprises which participate in prichn process Fig. 4.

When the virtual organisation is created, the mtojeitiator enterprise establishes the
collaborative project plan based on own resouraes available resources of partner
enterprises that could be received from e-manufagfisystem. The companies inside the
VO are able to track the project execution plath@ web environment. They are able to
make suggestions, corrections in the execution p@eocordingly to their needs. The
information will be available for each enterprigethe real-time operation mode. It allows
project manager to respond in fast manner to tlagéd situation, to interact immediately
with other managers and to correct the utilizatadnresources regarding to the project
needs. The participants of the VO can recommendimrite to join the project also the
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companies outside of the VBE, for the durationha project. If the proposed company is
accepted by partners the new account will be opened-manufacturing system. The
information related to the joint outsourcing compatcomplishment of its commitments
will be available to VO members.
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Fig. 4. Virtual organization with the companiessdé of the VBE boundaries

4.3. APPLICATION OF THE FRACTAL STRUCTURE FOR PRGJE MANAGEMENT

The application of fractal project management loalset integrated into proposed case
study. This step favours to establish the projeah&agement and gives an opportunity for
future management of multi-projects. It is an intpot requirement on the way to
production project development. The method of &hkgtroject management for the
realization of parallel processes between prodeceldpment and process design, where the
IDSS supports the different activities of projechmagement with up to date information
and optimisation feature is developed Fig. 5.

The “BIG-BAG station” design project is divided insub-projects. The sub-projects
are independent self organising units, but have ghme management structure with
estimation of order, order acceptance; work plagniproject optimization; works
implementation and work acceptance steps includgde- Each sub-project is managed by
project manager [25]. Active projects consume reseslin order to perform the project
accordingly to the projects tasks plan. The reguiresources are internal or external
resources of a production plants that are doirgnibktal construction, conveyors production
and stations production. Those companies are saomathultipurpose plants: the batch
production companies for the components, desigmpenmas, etc. A production VE lifecycle
may extend up to 10 years and to have several tanpomilestones when the project owner
must decide if the project should be continued @i &0, the resource sharing and sub-



90 Igor POLYANTCHIKOV, Eduard SHEVTSHENKO, Sergei KRAMRENKO

project delegations between project managers araittened by successful project
evolution.
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The fractal order processing has the following idgtive features: transfer
of information in real time; production industry gsoduction facility supplier, early
integration of production companies into custongzprocess; production company is an
active partner in the process chain. Compared setfuential order processing, the fractal
order processing enables a substantial projecttisedand setup time reduction. By the use
of the fractal based framework for collaborativeojpct management it is expected to
achieve the reduction of the total project expemsesproduction time up to 20%. The time
required for the confirmation of changes is reduiteth several days up to one day and the
probability of error making during the project filitient is eliminated.

The spreading of incomplete or questionable infdiona gives producers the
possibility to intervene and to promote processftigd production design. However
the advantages of this approach are partially agtveel by disadvantages of strongly
networked operational sequences, which lead teeasad difficulty of control [22]. The
fractal project management approach eliminatesrthim disadvantages of old structure, as
well it improves the products quality, improves firactice of collaboration in multi-project
management, improves stability the sharing of tkgeasive costs and equipment, reduces
the inventory, raises the accuracy of the forecashices the data entry time, improves the
performance of delivery consumes time for projestadlopment.

5. CONCLUSIONS

In this paper we created a new model which integratollaborative systems
requirements, concepts of virtual enterprises, ID@$hodology, project management and
fractal structure.

The existing sequential order of project processmdime consuming. Today the
company has a lot of problems related with theimetdelivery or orders. The pittance
of time has an impact for the quality and affectedelation with customers. We have
proved that the introduced fractal project managemeproach will have a positive effect
on the future project implementation, which is tkason of this research project initiation.

We estimate that implementation of presented cdnedp give the following
advantages for the collaborative networks of emisep. It will enable to reduce: inventory,
cycle time, the data input time, manufacturing saatd total lead time. In addition, the
system will enable to use resources more effigientlise the accuracy of forecast and
the delivery and the effectiveness of collaboratmelti-project management will be
improved. Partners will be ale rapidly respond tstomer demand changes, share the
expensive costs and equipment and improve the pteduality.

The disadvantages of the proposed framework are fulietraceability of the
collaborative project. Partners are able to seeathparticipants of virtual enterprise but
the project managers are required to follow theeptsxd methodology for the fractal project
management. In case if any of the partners is moidiag information on time the
information about total project fulfillment will benisleading. In proposed framework
the project manager need more time to check ifddwa was properly sent. The partners
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have more responsibility inside of the virtual argation and there should be done audit
of stand alone partner enterprises. The enterpidesta structure should be adjusted
accordingly to the requirements of the Virtual Rleg environment. Company also

requires additional expenses for some applicat@nsoftware to successfully work in

the virtual system. The enterprise data structur@ the existing applications should be
adjusted accordingly to VE requirements. The tragnshould be provided for the labor

before the enterprise can be connected to virtoi@rprise. The new approach application
consumes an addition time of project manager. Apegg&nce is also required before
the new system will be work properly. In future wave are planning to continue work in

the direction of IDSS system development for callaltive network of enterprises.
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