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Abstract

The paramount importance of project portfolios for business drives managers to search for highly efficient
support tools to overcome complex challenges of their management. A major tradeoff is to acquire tools able to
produce a convenient portfolio project prioritization process, on which business investments are decided.
However, by using existing Project Portfolio Management Systems (PPMS), many concurrent projects in a
portfolio are usually prioritized and planned in the upstream life-cycle phases according to financial criteria, and
overlooking the portfolio alignment to enterprise strategies and the availability of resources, although their
importance. In this paper, we propose a conceptual formalization of PPMS with respect to a double portfolio
prioritization process that performs two levels of selections according to both: i.) Strategy alignment, including
returns on investment, size, and total cost; and ii.) Execution capability, as the organization should be able to
manage and deliver the selected projects' outcomes. The advantage of our PPMS framework is twofold. First, it
is useful to be customized by designers to fit organization needs. Second it is built with respect to the double
prioritization phase process, as an end-to-end process that guarantees optimal portfolios generation. Further, the
proposed PPMS system and its identified functionalities are validated through an implementation of a prototype
tool.

Keywords: model-driven development, project portfolio management system, project portfolio management
system process, analysis and design, project portfolio prioritization and optimization

1. Introduction

As organizations reach higher levels of maturity in individual project management, they focus on their collective
management as a portfolio of projects. This transition seems to occur when they realize that projects are
investments and not expenses, thus requiring alignment with organizational goals and creating value for the
organization's owners and other stakeholders. Collective management of project investments brings coherence to
the implementation of strategic and operational initiatives and helps the organization to create long-term
sustainable value. In project management, the enterprises should not only do projects right to meet the needs of
time, budget and scope, but also to align them with strategic objectives (Mantel et al., 2011; Bible et al., 2011;
Jian WEN, 2010).

Actually, a project portfolio is generally used to refer a collection of programs, projects or operations that are
managed as a group to achieve strategic objectives (PMI, 2012). Categorization, evaluation and prioritization of
the project portfolio are essential processes for project portfolio management and play an important role in
achieving the organization's strategic objectives. Assuming this, we established, in a previous work, a state of the
art about portfolio prioritization approaches and proposes a twofold approach, taking into account both strategic
and operational objectives of the organization (Driss et al., 2016a).

In many cases (Ricardo et al., 2017; Driss el al., 2018; Arisa et al., 2015), the only decisions criteria taken into
account in portfolio prioritization are financial, such as the Return on Investment (ROI) and capital rationing.
The profit-based nature of these criteria, applied generally at individual project level, leads most organizations to
adopt them (Augustin & Constanta-Nicoleta, 2014). In the other cases, the decision-making process is always
based on experience and subjectivity and depends on the profile of managers (Ricardo et al., 2017; Romeo and
Marivic, 2010). Then, the choice of experts greatly affects the quality of projects prioritization. We developed an
approach (Driss et al., 2016b) to make the decision of portfolio prioritization less subjective based on
information entropy and a hybrid approach. The approach is taking into account the imprecision of data and the
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uncertainty of the judgments of assessor's when evaluating organization projects according to both financial and
organizational criteria. (Augustin & Constanta-Nicoleta, 2014) argued that the general execution of projects
oriented organizations depends not just on the fruitful usage of a couple of extensive, complex activities that they
are actualizing yet rather on how the whole arrangement of undertakings is overseen.

Today’s business dynamics require considering another major criteria when building the project portfolio, which
is the availability of resources. Project portfolio prioritization processes based on qualitative and quantitative
criteria were used for resources allocation (Ghasemzadeh & Archer, 2000; Caballero & Schmidt, 2014).
Decision-making to justify the resources allocation under capital rationing was discussed in (Romeo and Marivic,
2010). However, to the best of our knowledge, no current approach considers the two main aspects
simultaneously, including financial, strategic and resources availability in building the project portfolio. This is
mainly due to the fact that resource availability is not precisely known at the early stage of portfolio construction
(Ou Liu et al., 2016). Thus, a first contribution of this work is a double-phase prioritization process, called PPMS,
that allows building a project portfolio. It starts by a pre-selection phase based on strategic, time, budget, and
scope criteria (1st prioritization) and ends by a refined selection phase (2nd prioritization) where selected
projects are composed in concurrent potential portfolios, and the optimal one  is  selected based on the
availability of resources, once the information is accessible.

Additionally, project portfolio process is carried out by project management systems (White & Fortune, 2002).
Their nature has changed considerably in recent decades; yet, they are still in development and hardly support
prioritization solutions (Ahlemann & Backhaus, 2006; Sajad & Sadig, 2016). Research proposals (Dorndorf et
al., 2000; Hartmann, 2002; Romeo & Marivic, 2010) mostly consider prioritization as an operational research
problem and propose algorithms to enhance project management systems with prioritization features. Few
attempts are tackling the development assistance for project management systems. For instance, (Kurbel, 1994;
Schulz et al., 1996) are proposed a prototypes that are limited to testing new features such as project scheduling,
project threshold and project activity.

At the same time, specific challenges in project management increase the complexity in real-world
decision-making and lead to heuristic approaches to assign projects into portfolio instead of dedicated systems
(Augustin & Constanta-Nicoleta, 2014). Challenges are such the growing number of business processes to
considering, the number of projects and the total restricted grant funding provided by the organization. As a
consequence, a survey of experts indicates that only in 20% of cases organizations have project management
systems that support programs and portfolios. In contrast, about 99% of organizations use such systems for
planning and time management (Frederik, 2009).

The study of a set of current well-known project management systems®, e.g. (Demetrios et al., 2010; Jehad,
2011), shows that they are very expensive in terms of user licenses, deployment, maintenance and upgrades.
They only deal with projects individually and not in a project portfolio context. From a software development
point of view, the source code of these systems as well as their design is not open. Therefore, organizations
become dependent on these proprietary tools. In terms of taking care of stakeholders, these systems do not take
into account all the actors of the company. On the other hand, project management standards such as 1SO21504
and PMBOK serve only to guide decision-makers in the topic of project portfolio prioritization but not as a
concrete framework.

As a matter of fact, there is unanimity neither on methodologies, nor on systems implementing these
methodologies for project portfolio management. Also, they are almost costly and could not be personalized to
the organization needs and specifications. Therefore, our second and main contribution in this work is a
conceptual framework for developing project portfolio management system. Concretely, we propose a novel
vendor-independent metamodel providing the main entities carried out by such systems together with major
functionalities, exhibited through use cases and activity diagram.

At the same time, by using the Model-Driven Development (MDD), an approach to software development by the
OMG?, a translation of the conceptual framework to a logical model and code generation are straightforward. As
a proof of concept, we show how we were able to implement this framework as a project portfolio management
prototype tool. The rationale behind our proposal is twofold: (i.) such framework is useful to be customized by
designers to fit organization needs; (ii.) building PPMS upon this framework are based on a double prioritization
phase process, as an end-to-end process able to generate optimal project portfolio.

Yhttp://mww.microsoft.com/project/en/gb/project-pro-2010-new-features.aspx accessed on January 5, 2019.
*https://www.mendix.com/model-driven-development/ accessed on March 18, 2019.
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The outline of this work is structured as follows. Section 2 reviews the related work in project management
systems. Section 3 proposes and describes the Project Portfolio Management System Process (PPMSP). Section
4 presents formal conception of the PPMS. Section 5 describes the modeling of the PPMS. Section 6 implements
the prototype of the system. Finally, Section 7 presents conclusion and future work.

2. Related Work

The process of project portfolio prioritization takes into consideration the evaluation of a group of existing new
projects in way to execute them in order to achieve strategic objectives (Mantel et al., 2011). Project portfolio
assessment is a repetitive work that finds the maximum possible added value for organizations (Ghasemzadeh &
Archer, 2000).

A good project takes not only his executing rightly but such as doing the appropriate project (Bible et al., 2011).
For that, portfolio prioritization approaches have a substantial part in portfolio management. However, there are
many approaches, and there is no consensus on the best methodology (Archer & Ghasemzadeh, 2004). Then,
organizations use the better methodology that takes into account their organizational project management.
(Mantel et al., 2011) divide also the project selection methods in two categories: nonnumeric and numeric.

2.1 Non-numeric Prioritization Methods

Qualitative prioritization models exist in the large organizations since they are easy to handle by the responsible.
They include mostly comparative approaches such as Quick sort (Q-sort) and Analytical Hierarchy Process
(AHP) (Mantel et al., 2011; Saaty, 2008). The AHP support stakeholders to classify and select the good projects
based on qualitative and multiple comparisons.

A Q-sort is another non-numeric way to handle the prioritization task. In the first place, it separate the
undertakings into three subsets utilizing whatever criteria that chiefs have picked or been told to utilize. If there
are more individuals, separate them into two others subsets. Then, we repeat subdividing operation until no
subset has more than seven or eight projects. Then, we prioritize the alternatives in each subset and we arrange
the subsets in order to ranking the entire list of projects.

2.2 Numeric Prioritization Methods

Project proposals are selected with Numerical aspect (Caballero & Schmidt, 2014) tacking into consideration
both some quantitative and qualitative criteria such as:

—  Financial point of view as Discounted Cash Flow (DCF), Net Present Value (NPV), Internal Rate of Return
(IRR) and pay-back period. (Blocher et al., 2010) state that the most organizations use these models to
prioritize projects.

— The weighted scoring models take a lot of parameters that contain their importance weight. Projects are
scored with respect each criterion weight (Mantel et al., 2011). (Archer and Ghasemzadeh, 2004) claimed
that thse methods are simple to use, but they have some limitations.

— Operational research models based on optimization algorithms are another way to select an optimal portfolio
called Decision Making Unit (DMU) that produces the maximum profit. (Archer & Ghasemzadeh, 2004)
claimed that these kinds of uses are difficult to implement and need a lot of data sources.

Several challenges make difficult the correct choice of project portfolio management system, such as: (1) Lack
of information, unreliable cost data, time to completion, availabilities of resource, and benefits of projects
(Cooper et al., 2001; Radulescu et al., 2001); (2) The annual plan review carried out by organizations, which
automatically eliminate opportunities for new project proposals originating from different sources (Lu et al.,
1999; Kendall & Rollins, 2003); (3) Dynamic change, particularly in large organizations, which is mandatory to
create the dynamic capabilities needed to survive and outperform competitors (Chrusciel & Field, 2006; Walker
et al., 2007); (4) The management difficulties in large organizations that have many business units, as each
business unit has its own list of priority and preferences. In addition, project portfolio selection is not always
rational, but rather is based by the human factor since lobbying activities (Yelin, 2005).

In the literature, there are many software tools for project management (Sajad & Sadiq, 2016). These software
tools have advantage and disadvantage. The advantage of these tools is that they meet the needs of portfolio
management, including collaborative work. Nevertheless, the lack of such solutions is that they are very
cumbersome to put in place, and they require having already a certain level of maturity in the governance of the
projects. They also require a thorough review of internal processes to adapt to those imposed by these tools.

Table 1 shows a comparative study to highlight the value of our approach to designing the tool for prioritizing
and optimizing the project portfolio. Our proposed PPMS have the advantage of integrating the management
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module relating to the prioritization of the portfolio. In addition, it takes into account the constraints related to
the allocation of available resources (human, capital, equipment ... etc.). The strong point offered by these PPMS,
is that it makes it possible to take into consideration the methods of prioritization and the criteria associated with
the projects in a flexible way. Thus, the systems generating criteria and prioritization methods are proposed in
our design analysis. In addition, this paper shows the conceptual model based on UML diagrams that model the
prioritized and optimal project portfolio. Finally, we validate the PPMS with an implementation of the prototype
that contains a set of functionalities that take into consideration the double prioritization steps.

Table 1. A comparative study of prioritizing project portfolio tools

Project Stakeholders| Project Prioritization | Resources Process Design | Environment
Management performance methods
Softwares and criteria
standards
Primavera® Project The user can Identify, Personal, Activity Not internal
Manager define  the| categorize and |[Equipment  |operation public
criteria prioritize
potential risks
only
MS Project®  |-Project People, Monitor the Not PC-based
Manager N/D N/D Equipment  |project’s public  |software
-Team progress
member
-Manager
dotProject’ Project N/D N/D N/D Task tracker Not [Web
Manager public |application
Assembla® Team N/D N/D N/D Perform project Not [Web
member activities and public |application
task tracking
Redmine® Team N/D N/D N/D Task Not [Web
member identification public |application
1s021504° -Steering Guidance on | Guidance on | Guidance on |-Define portfolio] N/D |Internal
committee use criteria | prioritization resource |-ldentify
-Project allocation |components
Manager -Assess
-Project team components
-Senior -Portfolio
Manager alignment
-Portfolio
performance
-Portfolio
Optimization
PMBOK’ -Steering Define Sequence Activity |-Project going N/D |internal
committee activities activities resource |-Project plan
-Project management |-Project
Manager execution
-Project team -Project
-Portfolio monitoring and
Manager mastery

-Project stop

! (Demetrios et al, 2010)
2 (http://www.microsoft.com/project/en/gb/project-pro-2010-new-features.aspx accessed on January 5, 2019;

Jehad, 2011)

® (http://www.dotproject.net accessed on January 5, 2019; Christiane et al., 2009 ; Luyin et al., 2010)

* (Juan et al., 2011 ; http://www.computingportal.org/node/9585 accessed on January 5, 2019)

5 (Christelle, 2011; Hasliza et al., 2011 : http://www.redmine.org/projects/redmine/wiki/Featues accessed on
January 5, 2019)

® (1SO 21504, 2015)

” (PMBOK® Guide Sixth Edition, 2017)

45




http://cis.ccsenet.org Computer and Information Science \ol. 12, No. 3; 2019

In the next section, we will present our project portfolio prioritization and optimization process. It’s important
for the implementation of our PPMS.

3. Project Portfolio Management System Process (PPMSP)

The PPMS based on both prioritization and optimization methods can be used during the enterprise prioritization
process. The adoption of our PPMSP is a key factor for the implementation of our system. The Project
Management Institute (Project Management Institute, 2012) presents a standard framework for project portfolio
management that identifies, categorizes, evaluates, selects, prioritizes and balances the project portfolio. (Bible
et al., 2011) have built a detailed project portfolio management (PPM) framework with a Pre-assessment stage
and a selection stage. In the selection phase, the candidate projects are selected according to specific criteria, for
example, the results of the profitability analysis. The selection phase incorporates the evaluation of the favorable
parts of the projects, trailed by the selection both of the initial and optimal portfolio. (Archer & Ghasemzadeh,
1999) proposed a general framework for project selection taking into account the full life cycle of projects. The
process that supports our PPMS is depicted in Figure 1 and it consists of three main phases namely: Evaluation,
Planification and Monitoring.

3.1 Evaluation

A lot of candidate projects are proposed. These activities can come from client requirements, legal/ecological
prerequisites, the development of new products, and so on. After that, candidate projects are reviewed if they are
connected to something like one key objective of the organization. Any project that does not meet this criterion
should be removed. Next, a business case is produced for the potential projects with the reason for characterizing
some principal attributes of projects such as NPV, costs, duration, risk level, etc. We consider additionally the
assessment of various criteria that are critical achievement factor for any project and incorporate the economic
and technical feasibility and sustainability. The economic evaluation guarantees that project is profitable for the
organization. Technical feasibility ensures the organization can obtain the technology to undertake the project.
The sustainability assessment includes ecological and social impact.

Evaluation b Planification b Monitoring
- .

PPMS Process

Leamed lessens for
next Planning
Horizon

Figure 1. Project Portfolio Management System Process by using Bizagi®

'Bizagi Process Modeler Version 2.7.0.2 May 6, 2014.
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3.2 Planification

It consists in two steps (prioritization and optimization) because the visibility on available resources is not
sufficient when creating the portfolio through the selection of projects under financial and other criteria. And
then refine that selection once the visibility on available resources becomes better. So, an optimal solution is
found and decision-makers can make adjustment in the final selected portfolio.

3.3 Monitoring

It includes the activities required to develop all deliverables of projects according to the scope, time and cost
approved. And finally, it should include portfolio performance assessment and verification that goals were meet.
It gives valuable information and learned lessons to the organization.

4. PPMS Specification

During the development of this section, we collect the information needed to develop an analysis and design
approach for our future PPMS tool. For this, an in-depth survey was conducted through the study of research
work carried out in the field of project management. We then discuss the project environment of our system.

The objectives of companies and organizations are on the one hand the satisfaction of its customers through
services meeting their expectations and realized in the budgets and the deadlines, and on the other hand the
optimization of the resources so that the company can carry out its work in a profitable way. Due to the fact that
the resources are small and the manpower limited, the project portfolio can’t be managed by a person dedicated
to this role. This implies a high risk of drift if there is no well-managed project portfolio management system
that facilitates communication between different actors.

4.1 Study Environment and Genesis of Projects

One of the crucial management issues within organizations is the process of building the project portfolio.
Indeed, the project portfolio is the culmination of a very complex process that originates from the generation of
project ideas and, finally, the insertion of selected ideas (after prioritization and planning) into the range of
projects. This requires a number of steps. These steps are not necessarily the same for organizations: it depends
on how decision-makers want to organize the process, according to the objectives to be achieved, or according to
the technical specifications of the products or services. Indeed, organizations manage two types of projects:
projects for internal use and projects in partnership with other companies. Internal projects (the most numerous
and vital for organizations) are generally the projects needed for business continuity, small projects, marketing
communications projects, IT projects and those related to investments in infrastructure. The sources of
innovation in organizations are of two kinds: external sources and internal sources.

4.1.1 External Sources

Suppliers and contractors. Business leaders approach these external legal entities to learn more about the
evolution of technologies related to their areas of activity. In this context of information exchange, interactions
benefit businesses and enable them to innovate and better meet the needs of customers.

Experts and consultants. They are physical persons or corporations who are more familiar with the behavior of
the clients of the organizations. Generally, the entity responsible for the strategic development of the company
seizes them to make the technological watch in the world. It is an information process characterized by some
monitoring of the evolution of practices outside the organization. The goal is to predict as much as possible what
could happen in the short, medium or long term, or what would become of a particular technology. This allows
reactivity consistent with the current or future change.

Customers. They constitute the consumer market and are classified in two categories: residential customers
(physical persons) and business customers (legal persons). Business customers represent a market segment
comprising SMEs (Small and Medium-sized Enterprises) as well as LEs (Large Enterprises). These clients will
have to be placed at the center of innovation strategies because the projects will have to respond to their specific
preferences. It is in this vein that these clients will participate in the evaluation and prioritization of the
organization's projects. It is also through their opinions that we find certain ideas of projects and innovation. It is
the customers' opinions that drive the organization to ask consultants to trigger technology watch, and suppliers
to develop a new technology. It is in this perspective that the organization takes their needs into account during
the project prioritization process.

The competitive market. Considered as the external environment of the company, it arouses the interest of the
managers, the needs of the customers, the creativity of the entrepreneurs and / or suppliers and especially of
those who operate in the same sector of activities. This drives the organization to innovate in order to keep its
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customers and hold the monopoly of the market.

The partnership. The external environment of the company is often threatened by competition. To cope with
this, the organization uses partnership (strategic decision-making means) thus allowing the generation of project
ideas through exchanges.

The expansion of the territory. To adapt to the new realities of the market, the company will have to consider
the territorial expansion through the projects of creation and implantation of the subsidiaries, and the projects of
reorganization to improve the quality and the diversification of the products and / or the services. The idea or
need to take ownership of a given territory generates new project ideas and fosters innovation.

4.1.2 Internal Sources

The management team of the company. It is composed of the president of the organization and the
vice-presidents placed at the head of the poles (marketing, sales, strategy, finance, administration ...). It is usually
these authorities who are the promoters of the projects. They can, depending on the case, be entered by the PMO
(Project Management Office) for approval or rejection of a project idea.

The department heads. To carry out their needs, they formulate a certain number of projects. Depending on the
case, they can proceed with the evaluation and / or prioritization.

Business directions. They are led by diversified business line managers where business people (analysts,
supervisors, and employees) who build on their experiences, formulate project ideas. Users of the project
portfolio management system report to these departments, who are responsible for providing products and / or
services to clients. Their opinions on the prioritization of certain projects are necessary to the extent that their
expertise makes it possible to bring a better judgment on the complexity of certain projects related to the
customer service activities.

The strategic development component. It is a generally "ad-hoc" structure whose number of members is
reduced. She is responsible for producing the company's strategic plan to guide actions over the next five years.
This plan will be the preferred tool for the evaluation and prioritization of projects by the PMO.

PMO. According to the companies, the PMO manages two types of projects: the specific projects of the finance
sector and the projects of the business areas of the company. Among the PMO's competencies is the role of
prioritizing projects on the basis of the data provided by the promoters. It applies methods and uses
contextualized criteria to achieve strategic objectives while meeting the needs of users. He must always seek a
consensus between the actors. Its power of approval of project ideas is at two levels: the first for projects
requiring a lower investment, it has the power of final decision of prioritization and rejection. The second for
projects requiring a very large investment, approval of the steering committee is essential. The PMO works in
collaboration with the Information Systems Directorate (ISD).

The executive committee. The steering committee is a multidisciplinary "ad-hoc" team created and assembled
to decide on the prioritization of very important investment projects. He may be required to obtain the agreement
of the project vice-president.

5. PPMS Modeling

Information systems (IS) are socio-economic systems that include software, hardware and the surrounding
organizational system. Models play an important role in the design and implementation of these information
systems (Frederik, 2009). Depending on the stage or level of IS design and implementation, three different types
of information models can be distinguished: 1) conceptual models that help document, analyze, and understand
the functional requirements that an IS must meet. These models do not take into account the technical aspects
and focus only on the problem to be solved and / or on the processes to be supported. There are the conceptual
models that will be treated in this work, 2) conversely; design models specify the overall architecture of the
information system by detailing the description of the most important building blocks called components.
However, such technical components are not discussed in this article, and 3) finally, the implementation models
depend on the use of specific technologies and are closely related to the programming of software and
frameworks.

In general, information models describe the static or dynamic aspects of information systems. Therefore, models
are distinguished as those with information structures, i.e. data structures (data models), and those with
information processes (process models). In a nut-shell: data models lead to database design, while process
models typically serve as the basis for programming functionality.

Several graphical languages are available for IS modeling. One of the most widely used is the Unified Modeling
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Language (UML) (Object Management, 2005). UML class diagrams allowed for data modeling while activity
diagrams are used for process modeling. The design and implementation of information systems should be
viewed as a construction process and a subject of design science that explores how researchers can build
high-quality artifacts that are good solutions to practical problems (Winter, 2006; Hevner et al., 2004).

The design part is the most delicate part. Indeed, from the functional needs we have identified the use cases
diagram; then we proposed to define the class diagram. Finally, we modeled the activity diagram. In order to
model the different diagrams we used Enterprise Architect software version 7.5, published by Sparx Systems.
Enterprise Architect covers all aspects of the development cycle from requirement management to design phases.

The use cases are expressed from the needs identified below, containing all the actions to be performed by the
system, in response to the actions of the actors. We present in Figure 2, the use cases diagram to associate the
needs of the system with their stakeholders.

Functional requirements or functional needs of end users express functionalities of the PPMS. These are needs of
the application and are intended to identify system’s use cases. The actors who interact with the system have
different roles. The Project Portfolio Manager is responsible of Portfolio. The database of resources gathers all
data concerning resources (financial, material, human ...) and the Resource Manager is responsible for resource
management and assignment. As for The Executive Director, he set up and monitors strategic objectives. The
criteria generator system is the repository of criteria and sub-criteria. But the tools generator system is the
repository of tools prioritization. Finally, the administrator is responsible for authorization management.

The portfolio is defined by its scope that several criteria are combined by associating organization (job, function,
product, and market), geography (region, country, and continent) and accounting (OPEX: operational
expenditure and CAPEX: capital expenditure). Then, offensive issues are considered as strategic alignment,
arbitration decisions, coherence of resource management information and finally communication that providing
reporting means to decision-makers to ensure the proper use of resources and the traceability of decisions.
Furthermore, defensive issues are taking into account to break inconsistencies since "first come, first served"
resource allocation and a high project requests that exceed the company's capacity.

The repository construction is important to build portfolios and its update is the basis of the system. So, it
contains catalogs, databases ... etc. There are three ways to consider and through their combinations, we can
define project life cycle, nature of financial commitments and extent in the organization.

For measuring gains from project prioritization, the system will have to measure gains through a comparison
between current and future portfolio, based on indicators such as portfolio success rate (number of successful
projects / number of projects launched), mortality (number of failed projects / number of projects launched),
Portfolio value rate (realized value / expected value), total risk or average risk level, gap between effective delay
and expected time, resource utilization rate, strategic coverage coefficient and coverage coefficient by domain
(job, function, type of project ...).
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Figure 2. PPMS Use cases diagram
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The class diagram represents classes constituting the system and the associations between them. It expresses in a
general way the system’s static structure. According to our study explained in the paragraph called "functional
requirements”, we have been able to identify the main classes shown in Figure 3. This diagram represents project
portfolio prioritization and optimization in an organization by integrating two systems: one generates project
performance criteria, while the other generates prioritization methods (numeric and nonnumeric). After
prioritization stage comes resource optimization stage required to execute projects, using the company's database
management system. The diagram contains 15 classes as described below:

The class named "user™ contains user information system, determined by a login and other information relating
to his identity. Once authenticated, he’s associated with one or more roles. A user can be a project portfolio
manager. This class thus makes it possible to identify the staff which interacts with the system. The class called
"role” contains the information about all roles assigned to a user. Each role is determined by an identifier and a
name. It’s possible to know if a specific role is owned by one or more users. The class "PortfolioManager"
collects data on the portfolio manager nature. A portfolio manager is represented by registration number and
department. Usually, this representation depends on the structure and organization adopted by the company. The
manager can also be a team attached to the PMO. The class named "portfolio" represents the organization’s
decision making unit. It gathers the data relating to the portfolio identification. Several portfolios can be
managed by a portfolio manager. The class "project™ collects data on projects making up the portfolio. A project
is determined by an identifier, a start date, an end date, and a label. The class called "evaluation™ is characterized
by a project evaluation date and a score calculated by taking into account one or more criteria. Project evaluation
is usually the responsibility of the evaluation committee, which is represented by officials from different levels
of decision-making. The class "planification™ is characterized by a date and rank of prioritization according to
the prioritization method used. The system is flexible in such a way as to give decision-makers the opportunity to
choose the appropriate method. The class "criteria” is associated with a type and a weight. The criteria are both
qualitative and quantitative. The class "resource™ contains information about available resources that will be
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allocated to projects. Each resource belongs to a category and has a capacity not to exceed.

class PPMS
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- name_usar char 1 1.7 denominated_roke: char
Portfolio _ . . Portfolio Manager
+id Portfolio manage +idManager
- dPortfiolio: int N - kManager. int
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+id Portfolio 0.1
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Figure 3. PPMS analysis classes’ diagram

The activity diagram is a behavioral diagram of UML, making it possible to represent the triggering of events
according to the states of the system and to model parallelizable behaviors. It is also used to describe a workflow.
An activity diagram can be used to model an interactive process, global or partial, for a given system. It is
advisable to express a temporal dimension on a part of the model, from diagrams of classes or use cases. From
the study above, we have been able to identify the activity diagram shown in Figure 4 of the project portfolio
prioritization system.
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Figure 4. PPMS Activity diagram

In short, our proposed PPMS allow involving the various stakeholders in the whole levels of the organization
such as: Portfolio Manager, Resource Manager, Director, Resource Databases, Generator of prioritization tools
and criteria generator. Furthermore, it takes into consideration both the qualitative and quantitative criteria which
are defined by the evaluation committee. The prioritization methods are too taking into account and they are
flexible to choice. These methods are then numeric and non-numeric. All kinds of resources among others are
considered since human, capital and equipment. They are everything integrated and managed by the database
management system. Our model supported by a process that contains several steps such as: portfolio
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identification, portfolio pre-screening, portfolio study, portfolio screening, portfolio double prioritization,
portfolio execution and portfolio performance. So, our PPMS is designed by general framework called PPMSP
and described by classes diagram, use cases diagram and activity diagram. Finally, our model takes into account
concomitantly the internal and external enterprise’s environment.

6. PPMS Implementation

We developed a prototype for PPMS as a part of an ongoing research study whose aim is to improve project
portfolio management practices at organizations. This PPMS is oriented to solve the problem related to the
evaluation and the Planification phases by involving a set of functionalities that cover all the steps found in the
PPMSP. The design of our prototype is focused on the individual project evaluation and portfolio selection
phases of the PPMSP that covers the generating of the feasible solutions and allows the users to perform
different scenario assessment by changing constraints and parameters. The PPMS implements the following
components: information entropy algorithm for prioritizing project, branch and bound concept for generating
possible portfolios, and mathematical programming for selecting a best portfolio. The software is a client server
application developed in java language (Java Development Kit Library: JDK 1.8) in accordance with the Model
View Controller (MVC) architecture. The persistence of the data is based on the integration between Java
Persistence API (Application Programming Interface) and SQLite database. The source code of the current
version of this implementation is available in the Github website®. Then, our prototype was designed to offer the
following features:

— User accounts and roles management: the PPMS implements an authentication system and a classification of
users into distinct roles to access the system functionalities. Figure 5 shows the login interface. Once logged
in, the user is redirected to the home screen page.

— Portfolio and project management: it include such as the defining of criteria, the exporting of portfolio
selection results to a PDF (Portable Document Format) file, and the Create, Retrieve, Update and Delete
(CRUD) operations over projects and portfolios.

— Portfolio prioritization and optimization: it consists of a double prioritization step as seen in Figure 6.

— Portfolio comparison: it consists for comparing and presenting two or more portfolios to decision makers
who can choice the best and optimal portfolio.

Fermer 3

Username:

Password:

PPMS. -

Figure 5. Login interface of PPMS

The technologies used in the development of the PPMS are all from Oracle suite. All source code was developed
using Java API. There are three layers for PPMS architecture: The data layer is supported on database engine; the
business layer contains the implementation of all classes with its attributes and methods (ensuring data
processing and data access), and; the Graphical User Interface (GUI) is implemented with html pages over
JavaFX. The developed PPMS has been implemented in web environment using open source programming
language and Database Management System (DBMS).

! https://github.com/INPT-SEEDS/PPMS
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Figure 6. Planification page of PPMS

7. Conclusions and Discussion

Project Portfolio Management (PPM) has been considered as the bridge between enterprise strategic
management and project management. One of the most important objectives of PPM is to choose the right
projects and portfolios. The design of the Decision Support System through PPMS focuses on project
prioritization and choosing the right projects from the many opportunities the organizations face.

To achieve success in implementing their strategy, public or private organizations need to know how to manage
their resources effectively while overcoming their current challenges. The scarcity of resources obliges
organizations to formally and rationally prioritize their project portfolios, in line with their organization's strategy,
to ensure the achievement of objectives and the creation of value for their stakeholders. This value can take the
form of economic return, sustainability, market share or even social visibility. This can only be achieved if the
organizations set up a prioritization system that will be shared by all stakeholders.

In this paper, we have presented our formal modeling of the PPMS based on double prioritization steps. It can be
integrated with applications in the organization and web services provided by business partners in the whole
architecture. This prioritization system can assist senior management to prioritize portfolios and projects that
represent the best alignment to strategic and operational drivers, with the least risk of achievement. This system
takes a list of potential portfolios and projects and assesses each to identify the optimum portfolio,
acknowledging organizational and resource constraints such as availability of investment funds and different
resources. It assesses then two components of the potential project portfolio: first, the ideas and level to
alignment to strategy, including returns on investment and size in terms of total cost. Second, the organization’s
execution capability should manage and deliver the project portfolio outcomes. We have also validated the
PPMS with an implementation of the prototype containing a set of functionalities that cover all steps in the
PPMSP.

To enable this system in the organizations to occur, it is necessary to collect key information about projects
proposals. This is usually undertaken using a project portfolio assessment and prioritization form, which has two
goals: On the one hand, allowing business operations to register an idea for investment evaluation and to make a
potential funding decision through governance arrangements. On the other hand, the collecting enough
information for assessing the proposals under prioritization model can made before starting the important work.

Project portfolio prioritization is an effective approach for optimizing and rationalizing project management, but
it is not sufficiently exploited.One of the most important reasons that hamper this approach into practice is the
project management system, which usually focuses on the operational aspects of project management without
taking into account portfolio management as a whole. In this work, we set up a PPMS development framework
based on the MDD whose objective is double:;

— Provide the necessary tools for the implementation of such an adaptable system to the needs of each company.
MDD frameworks are widely used for their ability to enable custom development, based on this metamodel,
with less effort and cost.

— Implement a double prioritization step process:
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o Pre-selection of projects that can compose theproject portfolio based mainly on strategic and
financial criteria.

o Final selection of the optimal portfolio mix based on optimizing the allocation of resources to the
portfolio, once the visibility of available resources is more concise. This second phase is justified
by the fact that information on resources is often available late compared to the deadline for the
periodic creation and validation of the portfolio.

This work can be completed along several areas of improvement, namely:
— Setting up an implementation for a given context of a company (proof of concept)

Extension of the portfolio development framework to integrate concepts and packages oriented towards project
management in general and not only portfolio prioritization management.
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