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Abstract :- As projects become more software intensive, their management and implementation complexity increases.  Managing software projects is actually managing complex projects.  A software product or project is considered to be a brain product.  Having to manage the way an individual or a team thinks towards delivering a project successfully requires more management capabilities than individual experience.  Project management methodologies have been and keep on being developed for the same purpose, to run a project on time, budget, and quality.  Unfortunately there are many dimensions on how success can be either conceived or obtained.  This paper defines a number of facets and dimensions of project management implementation, by taking the project needs as a basis for determining the proper project management approach.
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1. Introduction

The success recipe in the development of an IT project is mostly the same in the development of any type of project (construction, services, etc.). IT projects and specifically software oriented projects are continuous, lining and never-ending projects.[1]  The most significant characteristic in the implementation of such projects is the management of the implementation process. [2]  Successful project management can foresee the course of the projects not only in its technical and engineering perspective but mainly towards its functionality and operations.  Project management identifies and supports the project’s achievements, as far as the quality aspects concerned (reliability, maintainability, usability, portability and efficiency)[3], [4], rather than the identification or evaluation of the technologies used to archive the quality characteristics.  Project management is not a new concept or a technological breakthrough. Progress and innovations in the field of project management are based on the integration of the existing practices and their transformation to the technological needs of the society at current times. Managing a project using defined project management methods and practices pays-off. The average ROI for organizations, which have implemented a project management improvement initiative, is 88.10% [5]. 
2. Project Management and Software Project Management

The The concept of project management is broader in scope than the scheduling and tracking the implementation of a project’s requirements. This broad concept of project management includes the interrelated processes, which are required to control and enable the successful outcome of a project. 

Developing a software system is more a management technique than a technical capability. Software development is under the discipline of software engineering and like all engineering disciplines is based on structured engineering methods[6]. Building quality software is a kind of art, just like building a quality construction [7]. Information technology systems require much more than innovation and bright ideas. Seeking for identification of the goal and management practices that will support the activities towards meeting that goal is what mostly required.

Software project management differs significantly from other project management concepts.  Software is an outcome that cannot be touched, and it is difficult to describe its functionality.  Most of the software projects failed because their requirements were not clear and stable throughout the development process [8]. 

Software is actually considered to be a brain product. It is developed within the brains of programmers and other technical staff who participate in the implementation team of a project.  Managing the way software engineers think and work towards completing a software projects is quite difficult and risky [9].
The difficulty is to manage and synchronize brilliant, in most of the cases, minds without a written, accepted and defined management and implementation process.

[image: image1.bmp]On the other hand the risk of having a software project being developed without proper documentation, metrics, planned activities (especially in testing and configuration), is often overseen [10].  Industry data indicated that 26% of software projects failed outright and 46% experienced cost and schedule overruns [11].

3.  Project Management Facets 

The management practices which are selected to be used or being used in project management, vary among projects.  An information technology project has many differential factors that can influence its management approach [12].   

An information technology project has two prime facets.  The technology, which identifies the type of the project and the constraints which identifies the complexity of the project.
Taking for instance a data entry project, it is obvious that the technology expected can be easily manageable unlike the constraints of the project that needs more structured management methods to be controlled.

The technological facet of a project can be defined by the following set:

TF = {algorithmic complexity, software, hardware, telecommunication, services, . etc.}

 the same set of elements can be defined as: TF = {te1, te2, te3….ten}  (te = technological element)
TFi..n defines the technological elements a project may have.

The constraint facet of a project can be defined by the following set : CF = {budget, time, effort, data, ….}  

the same set of elements can be defined as : CF = {ce1,, ce2, ce3….cen}  (ce = constraint element), which  defines the constraints elements a project may has. 
On the other hand, both of these project facets need to be measured against the size factor.

The volume facet of a project, third one, can be defined by the following set

VF = {Complex, Large, Medium, Small, ….}

the same set of elements can be defined as :
VF = {ve1, ve2, ve3….ven}  (ve = volume factor)

VFi,n defines the size elements a project may have.

Figure 1 presents a graphical interpretation of the relations among the project facets resulting to the identification of the project management complexity. 
Figure 1.  Project Management Complexity

It can be noted, from figure 1, that once the technological complexity increases along with the volume of the project, the management effort depends heavily on the constraints of the project.   

As the values of the constraints increase, the project management complexity decreases.  In figure 1, the maximum area covered by the correlation of the three project management facets identifies the project management complexity.  A small area indicates management restrictions, while a larger area indicates more room to work.   In other words, the larger the area of the rectangle, the more capability to move around.

4. Project Management Dimensions

Having defined project restrictions, a project can be described sufficiently.  Given a project description, the management process that will be followed throughout its implementation needs to be determined as the next step.

The project facets have a significant role in the selection of the project management process.   Depending on the project, the management process can be viewed under different dimensions.

If a project must maintain throughout its development high development performance throughout its development, then the management practices need to integrate engineering practices, which will be used as technical inspections milestones or reviews.  

If a project seems to have a clear and safe implementation route, with conventional technologies and expertise, then strong planning and estimations practices are enough to set the project management process on the autopilot.

The dimensions, through which project management can be viewed, depend on the type of the project and the activities need to be performed by the project management organization.

The following four project management dimensions cover most of the project management expectations 
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Figure 2.  Project Management Dimensions.

and concepts based on the project needs and the project management goals.
Organizational: Management by managing the project in an organizational level.  Formation of steering committees, monitoring by job description and tracking by project milestones and project deliverables and documentation.

Planning: Management by monitoring the plans and estimations drawn in the early phases of the project.  

Tracking : Management by volume.  Quantitative management.  Tracking on the planned activities in a demanding way following the project plan in detail, or tracking by specific guideline requirements.

Engineering: Qualitative management. Management by technical quality assurance.  Monitoring and supporting the engineering processes followed in the project.  Technical quality control to assure that the results of the project will be the desired results at once, prior to their delivery.  

5. Selecting a project management methodology

Project management can actually be performed with two approaches.  The first approach can be called ‘Management by Voice’, and requires the self-called practitioner’s experience, based on heroic teams and ad hoc processes [13].  The second approach can be called ‘Management by Process’, and requires the use of a methodological framework [14].
Project management methodologies have been blamed as time and budget consuming, bureaucratic processes. This is possible when the methodology, which has been selected to support the management of a specific project under specific restrictions, is not the proper one.

The selection of the method, one can use to perform project management can be more complex than the project itself.

Having to properly identify project facets and project management dimensions in order to identify the category from which the methodology will derive is not all that needs to be done.

A new set of parameters which diversifies the selection of a project management methodology, as well as its implementation process, has to be considered.

This new set of parameters can be seen as a fourth project management facet, the methodological facet, of a project, which can be defined by the following set:

MFi= {Time for Method, Budget for Method, Complexity of Method, Experience on Method, …}

 the same set of elements can be defined as 

MF = {me1, me2, me3….men}  (me = methodological element)

This defines the methodological elements a project can have as constraints

If complex software, for example, needs to be developed under custom requirements in a tight schedule then it is obvious that time for using a project management methodology is not much left.  Likewise as software needs to be developed by ‘technical wizards’ then it is very difficult to use a project management methodology to those who never worked in a controlled environment [15].

Identifying a methodology that can satisfy all the constraints of a project is so impossible as is to find a project with all of these constraints.  Successful project management is based on a combination of engineering and managerial processes and tasks. [16], [17].
Nevertheless, the selection of a methodology, which can be used towards managing a project, needs not to be restricted to a single methodology. If a project has many implementation and management constraints, then more than one methodology can be used to support its management effort.

6. Project Management Selection Approach.

Defining project management via a number of facets and dimensions helps significantly towards understanding the project’s environment and the  management approach that needs to be followed towards successful project management.   

Figure 3, presents a model using the relationship between project management facets and project management dimensions, affected by project constraints, towards defining a project management approach. 
The relationships presented in figure 3, can produce a number of combinations primarily between the project management facets and dimensions, where each one is very likely to occur.  Every combination affects the project management constraints and goals for each project specifically.
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Figure 3.  Project Management Approach

The directed graph presented at figure 4, indicates a high level representation of the relationship between project management facets and dimensions.
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Figure 4.  Representation of Project Management Facet-Dimension Elements

Table 1 lists the edges (e) generated for the directed graph of figure 4.

Every edge in the graph begins at a project management facet and ends at a project management dimension.    A set of edges identifies the project management approach for a given project.

For example, the set of edges   PM = {(ft,pd), (ft,de), (fv,dt)}   indicates that there are technological considerations on the planning and engineering dimensions, and volume considerations on the tracking dimension.

	e  (edges)
	f(e) (Vertices)

	e1
	(Fv,Do)

	e2
	(Fv,De)

	e3
	(Fv,Dp)

	…
	…

	e16
	(Fm,Dt)


Table 1. Edges generated from the representation of project management facet-dimension relationship
By defining the elements of each facet specifically, using the sets described in the definition of each project management facet, the representation of he project and the project management approach that needs to be taken, can by much more clearly described.

For example:  If element i in the engineering dimension indicates ‘Reusable Software Components’, that means that the project is one with reusable code, functions, subsystems, test scripts, etc.  If this analysis level will be chosen, then the number of the elements that can be added on each project management dimension (for further characterization of each dimension) can create an exponential increase on the combinations that can be made with the project management facet elements, changing an one to many combination relationship into many to many relationship.

This complexity might be hard to be defined and managed, but it definitely results in a detailed project environment description.

This specific status of each project management dimension and facet relationship, in the one to many combinations, can be represented in the project management facets and dimensions relationship graph by the following notation:

E(k) = {(Vfi,j),(Vdn)} 

where: E(k) = edje k,  Vfi,j = Vertex of Facet i and facet element j,  and Vdn = Vertex of Dimension n.

In a similar way, and by accepting the many to many combinations relationship between the project management dimension elements and facet elements, a well-defined project management approach can derive from a new graph (figure 5) where each edge will be represented with the following notation: 

E(k) = {( Vfi,j),(Vdi,j)}

where: E(k) = edje k,  Vfi,j = Vertex of Facet i and facet element j,  and Vdi,j = Vertex of Dimension i and dimension element j.
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Figure 5. Detailed Partial Representation of Project Management Facet-Dimension Relationship

Table 2 lists the pattern of edges generated for the directed graph of figure 5 in a detailed representation of a project management facet-dimension relationship which indicates the impact of facet elements on the PM dimension elements.
	e  (edges)
(PM facet elements)
	f(e) Vertices  

(impact of facet elements on PM dimensions)

	E1
	(Fvi,Doi)

	…
	…

	E8
	(Fni,Dnj)


Table 2.  Impact of facet elements on PM dimension elements. 

Applying this notation to the Facet – Dimension relationship graph, and infinite number of edges can be generated each one describing specifically its impact on the project environment and project management definition.

7.  Results

This paper presents three significant results.   The first one is that a project has many direct (technology and constraints) and indirect (volume) facets.   Each facet has a number of elements varying from project to project.  Understanding the elements of each facet one can understand the type of project that has to manage.

The second result from this paper is the introduction of the project management dimensions.  The four dimensions as presented indicate the project management goals.  Depending on what has to be achieved, the ‘how’ to be achieved is based on the selection of one or more management dimension.   The management dimensions affect the project facets, and together create a new project management facet having elements the methodology constraints that shall be thought about before adapting the selected methodology to managing the specific project, since there is a great difference between understanding the right thing to do, and being capable of doing it.

The third result of this paper is the presentation of an analysis that takes in consideration the project phases and management dimensions to create the proper project management guidelines, which is the proposed project management methodology for the specific project.

8.  Conclusion
Approaching the way an information technology project can be managed is based upon a number of parameters dealing with the project, the implementation process, the project constraints, the expected quality, and many other goals and expectation that define successful project management.

This paper introduced a method for identifying the project’s goals and environment towards selecting the proper project management methodology based not only in the project manager capabilities or project goals, but mainly on the project needs. All projects have the same goals, which are all related to successful implementation.  But what is successful and what is not?  In this paper it is clearly stated that successful project management is based on understanding the project needs and adjusting the proper management process upon these needs.

In general, this paper introduces a new set of parameters which redefine the concept of project identification towards information technology project management.
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