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Introduction

Project portfolio management, also known as PPM, is a process that companies employ to
manage multiple initiatives simultaneously with success. PPM assists organizations in
determining which initiatives to undertake and how to allocate resources to them. It also ensures
that a company's project portfolio correlates with its strategic goals. Businesses must implement
PPM in order to achieve their goals and maintain a competitive advantage in today's fast-paced
marketplace.

In recent years, Artificial Intelligence (AI) has emerged as a new technology with the potential
to fundamentally alter how organizations manage their projects and portfolios. The application
of artificial intelligence has the potential to revolutionize project portfolio management by
delivering effective tools that can help organizations make better-informed decisions, improve
resource distribution, and optimize project performance.

The work of thesis has been carried out during a 6 month curricular internship with the support
of BTO S.p.A research team and explore the potential for Al to revolutionize project portfolio
management (PPM) and improve project performance overall. To begin, it is provided an
overview of project management and project portfolio management, with an emphasis on the
significance of efficient portfolio management in achieving organizational objectives;
exploring the main areas that project portfolio management (PPM) involves like selecting and
ranking projects, achieving a balance between resource constraints, and managing project
hazards.

This will be followed by a discussion of artificial intelligence (Al) and its implications in
modern business, with an emphasis on the potential benefits of using Al in PPM. It is described
how artificial intelligence can assist organizations with the rapid and accurate analysis of large
quantities of data, the identification of patterns and trends, and the formation of decisions based
on this information. Al can also improve resource allocation and organization, reduce the risk
of project failure, and optimize resource allocation for businesses.

Project Prioritization, Risk Management, Scheduling, and Resource Allocation are the four
main development areas examined in the core of the thesis as they relate to the implementation
of artificial intelligence in project portfolio management. A deep investigation of the literature
has been crucial in defining how artificial intelligence can be utilized to enhance performance
in each of these areas, which are all essential for an efficient portfolio management. Then, for
each of these field of application, have been examined some of the most effective Al
technologies and algorithms that can be found in the research literature.

In the final section of this discussion, the focus was on the most promising potential applications
of Al for PPM, discussing the advantages and disadvantages of incorporating Al into PPM,
offering future possible developments and concentrating on the potential benefits of Al in PPM,
such as improved project outcomes, reduced risk, and increased efficacy. However, nowadays,
there are still some barriers to implementing Al in PPM, such as the need for significant



technology investments and the prospect of job displacements as a result of technological
advancements.

So, overall, this thesis presents a comprehensive analysis of the potential of artificial
intelligence in project portfolio management and demonstrate how Al can be utilized to enhance
project performance and achieve organizational goals, providing an exhaustive examination of
the potential of artificial intelligence in PPM. By analyzing the most effective algorithms and
Al technologies identified in the literature, the main objective is to shed light on how
organizations can successfully implement Al in PPM to gain a competitive edge in today's fast-
paced business environment, providing companies an insight into how they can implement Al
in PPM successfully.



1.0 Company History

BTO Research S.p.a is an Italian research firm with its headquarters in Milan. The company's
name is an acronym that stands for Business, Technology, and Organization, and it is
specialized in providing consulting and research services for industries, such as technology,
business, telecommunications, consumer goods, market analysis, and more. BTO Research
S.p.a is known for offering high-quality and efficient solutions that assist organizations in
making a better use of their technology.

The organization places a significant emphasis on assisting organizations in Italy to recognize
and make the most of new opportunities presented by technological advancements. However,
they also provide services to international clients throughout Europe, particularly in Austria,
Germany, and Luxemburg. They have on staff a group of specialists that have a wealth of
expertise in the research and consulting fields related to the optimization of business
technology.

BTO
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Figure 1: Company logo

They provide their clients knowledge and insights in order to aid them in making intelligent
decisions and improving their overall performance in the markets in which they operate. The
company was born several years ago, when a group of experienced researchers and analysts got
together with the intention of establishing a company that would aid in the expansion of existing
businesses. This was the main input for the formation of the organization.

The group was aware of the market need for high-quality research and analysis services that
could provide clients with reliable and helpful information that would assist them in the
decision-making process for their businesses.

BTO Research has evolved and expanded throughout the course of the years, earning the
reputation as a reliable and trustworthy research and analytical partner; also the company has
established a track record of supplying clients in a wide range of sectors with high-quality
services that assist in the process of decision-making, goal setting, and project management.



1.1 Methods and Research Department

The technique that is utilized by BTO Research is methodical, and it includes the following
stages: identifying the problem or opportunity, collecting and analyzing data, making solutions,
and finally putting those suggestions into action and evaluating the results of those processes.

BTO Research's methods and strategies includes the implementation of different types of
frameworks and technologies, such as ITIL, COBIT, and Lean Six Sigma. Collecting and
evaluating data on technical trends, market changes, and competitor activity is a necessary step
in the process of identifying new opportunities in the field of technology. Additionally, the
corporation is active in technological research, which comprises assessing the capabilities as
well as the potential commercial implications of different technologies; this information is used
by BTO Research to assist customers in understanding the potential implications that new
technologies may have on their businesses and in developing plans to take advantage of the
opportunities that this technology presents. So the customer is provided with the necessary
knowledge to keep one step ahead of the competition and to make better informed decisions.
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Figure 2: BTO Manifesto

When it comes instead to providing consulting services for IT management and governance,
the evaluation process begins by assessing the client's existing practices and procedures. This
evaluation may involve data analysis, process mapping, and interviews with key stakeholders
in order to discover areas where there is room for improvement. The results of the evaluation
are used as the basis for the development of an improvement plan for IT management and
governance. This technique could entail modifying the organizational structure, improving the
processes, or adopting IT management frameworks such as ITIL or COBIT.

In particular, the ITIL framework is widely utilized in IT service management. This framework
provides a variety of best practices, some of which include incident management, issue



management, change management, and service level management. The organization is able to
assist clients in increasing the quality and efficiency of their IT services by discovering areas
in which ITIL best practices may be employed and establishing plans to put those best practices
into effect.

BTO Research often starts the process of delivering consulting services for digital
transformation by defining the client's business goals and objectives before looking at the ways
in which digital technology might potentially be used to assist in the accomplishment of those
goals. After the aforementioned areas have been identified, BTO Research will collaborate with
clients to develop a digital transformation strategy that will incorporate a timetable for the
implementation of new technology and processes. Defining the scope of the project,
establishing the resources that will be needed, and developing a plan for change management
are all examples of things that might fall under this category. In addition, BTO Research is able
to assist customers in identifying and mitigating any risks that are associated with the shift to
digital.

In terms of strategy, BTO Research utilizes a methodology that places a significant emphasis
on the collection of data, the interpretation of that data, and research. They apply a variety of
research methodologies, including as surveys, interviews, case studies, and literature reviews,
in order to collect information and insights. In addition to this, they utilize a variety of analytical
approaches, including as process mapping, data visualization, and statistical analysis, in order
to conduct data analysis and come up with suggestions. Because of this strategy, the firm is
now in a position to provide its customers with well-researched, actionable solutions that are
backed by both data and the standard practices of their sector



1.2 Professional Services

The company offers a wide selection of services, such as assistance with product creation,
analysis of the competition in the market, market research, and information about the industry.
Customers will be better equipped to make judgments and will have improved performance in
the specific sectors in which they operate with the assistance of these services. They cater to a
wide range of markets, including the business sector, the telecommunications industry, the
consumer products sector, and the technology sector. The experienced consultants and
researchers at BTO Research interact with clients to gain an understanding of their one-of-a-
kind requirements and provide recommendations for solutions that are tailor-made to assist
clients in accomplishing their objectives; Among these several services, the following are
figured out:
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Figure 3: Company Services

1. Market Intelligence: the company offers services in the field of market intelligence to
customers in order to assist such customers in better understanding their target market,
including market trends, consumer habits, and the competitive environment. This information
is utilized to guide corporate planning to provide the company an advantage over its
competitors.



2. Competitor Research: BTO Research provides its clients with the service of competitor
analysis to assist those clients in better understanding their competitors, including their
strengths and weaknesses, market share, and business strategies. Utilizing this information
allows for more informed decisions to be made, as well as more informed business planning.

3. Customer Insights: with the customer insights services offered by BTO Research, clients are
able to obtain a comprehensive understanding of the requirements, habits, and preferences of
their customers. Utilizing this data allows for the development of new products, an
improvement in overall customer happiness, and a rise in sales.

4. Data Analysis: the organization offers services in the form of data analysis in order to aid
clients in making sense of complicated data and employing it to influence the decisions they
make regarding their businesses. This includes graphical representation of the data,
interpretation of the data, and statistical analysis.

5. Strategic Planning: BTO Research works closely with its clients to develop and execute
strategic plans that are in line with the research goals that they have set for themselves, and it
provides assistance to its clients in this endeavor. A component of this is the formulation of
plans for the development of products, entry into markets, and expansion.

6. Training and Consultation: the organization provides training and consultation services in
order to assist clients in interpreting and using the findings of the study to influence their
business decisions. This involves attending seminars and lectures, as well as having private
sessions with seasoned advisors.

Research and the development of strategies are two of the primary services that BTO Research
provides. This service assists firms in identifying new possibilities afforded by technical
advancements and developing strategies for capitalizing on such advancements. The company
conducts research in a broad variety of technological fields, such as artificial intelligence,
blockchain technology, and the internet of things, with the goal of assisting businesses in better
comprehending the potential implications that new technologies may have on their operations.
In addition to this, they provide assistance to companies in the development of technology
roadmaps and plans that lead the companies' purchase and utilization of new technologies.

Instead, firms that make use of consulting services for IT management and governance are able
to improve the effectiveness of the methods they use for IT administration. Experts from the
organization work with businesses to evaluate their present information technology
management practices, locate areas in need of improvement, and devise and carry out strategies
to improve IT management and governance. This approach might prove to be quite beneficial
for businesses who have difficulty effectively managing and monitoring their IT operations.

Consulting for digital transformation is yet another important service offered by the company.
Using this service, firms are assisted in developing digital transformation plans and putting
those strategies into effect. Before supporting businesses in developing and putting into effect
adoption plans, the experts employed by the organization collaborate with those businesses to
identify areas in which digital technologies may increase productivity and competitiveness.



This service will be of particular use to organizations who are looking to capitalize on the
plethora of opportunities that are made possible by the advancement of digital technology.

In comparison to other research and analysis firms, BTO Research S.p.a stands out due to the
comprehensive scope of services that it provides. The company has a proven track record of
supplying customers in a wide range of sectors with high-quality research and analytical
services, therefore supporting those clients in reaching their goals, managing research projects,
and making choices.

The group of specialists employed by the organization have an exceptional level of expertise
and knowledge, as well as an in-depth comprehension of a variety of fields and sectors. They
utilize the most recent techniques and methods available to provide clients with information
that is accurate, trustworthy, and helpful.

Because of the firm's unwavering commitment to delivering services of the highest caliber, they
have earned a solid standing in the industry as a reliable and trustworthy collaborator in research
and analysis. Their attention to detail, capacity to provide outcomes on time, and dedication to
meeting their requirements are all highly regarded by their customers.

In addition to providing services in project management, these offers assist clients in the
processes of decision-making, managing research projects, and achieving their goals. BTO
Research is dedicated to providing its clients with the information and help they need to achieve
success in their respective industries.
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1.3 Project Management Consulting

By providing services in project management, BTO Research aids customers in managing the
delivery of a diverse variety of projects, particularly those related to the information technology
industry, with dependability and quality. Their project management services are designed to
ensure that clients receive high-quality research findings that live up to the standards they have
set for themselves and their businesses. The full project management services offer clients aid
in managing the delivery from the beginning to the conclusion, ensuring that it is completed on
schedule, within the allotted budget, and to the best level possible.

The following is a list of the many project management services:

1. Project Planning: the company meticulously collaborates with customers to understand their
research goals and construct a detailed project plan that outlines the project's boundaries,
timelines, and deliverables. This plan is then presented to the client for review and approval.
The implementation of this approach helps to ensure that the research project is appropriately
structured and planned, and that all parties engaged are aware of their respective roles and
responsibilities.

2. Resource allocation: BTO Research offers its clients assistance in the process of selecting
the suitable personnel, materials, and financial resources for their research projects. Because of
this, the likelihood that the research project will be completed on time and to the highest
standards is significantly increased.

3. Risk management: the company works closely with its customers to identify and mitigate
any potential threats that may have an impact on the study project. In order to accomplish this,
you will need to devise strategies to reduce the likelihood of undesirable outcomes and establish
protocols for dealing with unexpected complications.

4. Communication and collaborative efforts: the success of a research endeavor is dependent
on the ability to effectively communicate and collaborate with others. BTO Research
collaborates closely with the research team to ensure that everyone is informed and on the same
page. Additionally, BTO Research provides customers and stakeholders with frequent updates
as well as progress reports.

5. Project monitoring and reporting: BTO Research keeps a close watch on the growth of the
research project and provides customers with frequent updates and reports on the status of the
project. Because of this, it is much simpler for customers to remain informed about the
development of the project and to make any adjustments that are required to ensure the project's
success.

The following are some examples of projects that were successfully completed by the company:
* Developing a digital strategy for a manufacturing company to increase the company's
efficiency and competitiveness in the market.
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* Evaluating and improving the effectiveness of the IT governance framework for a big financial
institution

» Improving the overall quality and dependability of service provided by a government agency
by putting into place the best practices for IT service management.

In a nutshell, BTO Research S.p.a. is a research and consulting organization that provides its
clients with a wide range of services to assist them in achieving success in their respective
industries. Because of their commitment to delivering services of a high quality and the team
of professionals the firm has distinguished itself as a reliable and trustworthy business associate
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2.0 Project Management

Project management is the process of planning, executing, and concluding a team's work to
meet specified goals and success criteria. The most challenging aspect of project management
is finding a way to achieve all of the project's goals while taking into account all the constraints
that have been set, like costs, scope, timeline, and quality. The main phases of project
management can be described as follows:

The Project initiation — the first phase of the project management life cycle is known as the
project initiation phase, and its objective is to initiate a new project. During the "initiation"
phase, a business problem or opportunity is identified, a solution is defined, a project is
established, and a project team is chosen to design, develop, and deliver the solution to the end
user.

The Planning Phase — involves determining project goals and objectives, but also its tasks and
the required resources to complete them. In addition, it is necessary to develop a strategy and
budget for the undertaking. The project plan, that is developed in this stage, is utilized as a road
map for the project team, providing specific instructions on what must be done, when, and how.
In addition, it can help determining the essential path while identifying and managing the
project's associated risks.

The Execution Phase — includes all the activities of supervision and coodiation of the project
team in order to guarantee that all duties are carried out in a quick and effective manner. The
tasks are distributed to different people, the progress is monitored, while any required
adjustment is made. The manager of the project is responsible for ensuring that the project team
has all the resources they need to successfully complete the tasks that have been delegated to
them and that the project is completed on schedule.

The Monitoring Phase — it involves keeping track of the progress of the project throughout
specific controls while the project is progressing and making any necessary modifications to
ensure that it stays on track. During this phase the project manager is responsible for monitoring
the status of the project, identifying any difficulties that arise, and implementing any required
adjustments in order to ensure that the work is completed on time and without exceeding the
allocated budget.

The Closing Phase — entails finishing all remaining project-related tasks prior to formally
ending the endeavor. In order to do this, a project review has to be carried out, the outcomes
need to be documented, and the ownership of the project deliverables needs to be transferred.
It is the responsibility of the project manager to ensure that all project tasks are completed, that
all deliverables are produced, ensuring that the undertaking is concluded efficiently and
effectively.

13
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Figure 4: Project Management Main Phases

Communication with the project's many stakeholders is essential to the achievement of a
successful outcome for any given project. It is the responsibility of the project manager to keep
the stakeholders informed on the status of the project, any difficulties that have arisen, and any
changes that have been made. To accomplish this, it is necessary to provide an overview of the

project's goals, objectives, and current status while also addressing any concerns or issues that
may arise.

The process of determining, analyzing, and prioritizing risks, as well as taking steps to limit the
impact those risks have on the project are all components of risk management. The project
manager is responsible for identifying and analyzing potential risks to the project, in addition
to developing risk management methods and putting them into action.

Management of the process of acquiring products and services from external sources is referred,
instead, as procurement management. The project manager is responsible for establishing the
project's procurement needs, developing procurement strategies, and supervising the

procurement process to guarantee that the project's demands are fulfilled on time and within
budget.

It is possible to use many different methodologies for project management, such as Waterfall,
Agile, Scrum, Kanban, Lean, and Six Sigma. These methodologies are all viable options but
strongly depends on the nature of the project. Although each technique employs a specific

strategy and collection of tools, the end goal of using any of them is to produce a successful
project.

+ Agile is an iterative and incremental strategy in which requirements and solutions are
developed through cooperation amongst self-organizing and cross-functional teams.

* A linear sequential strategy is referred to as "Waterfall" and is one in which the development
of the project is planned as descending through the stages of conception, initiation, analysis,
design, construction, testing, deployment, and maintenance.
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* Scrum is a particular framework for the Agile approach that places an emphasis on the
production of a potentially marketable incremental product.

* The Kanban method to managing work moves through a process places a priority on just-in-
time delivery as well as a decrease in the amount of work that is currently in progress.

* Lean is an approach that focuses on reducing waste, increasing value, and improving
workflow

 Six Sigma is a methodology that focuses on decreasing process variability and discovering
and removing failure origins.

Agile project
management
methodology
provides flexible,
iterative design and
build process.

Tasks are
represented
visually on a board,
allowing team
members to see the
state of every piece
of work at any time.

Lean is a problem-
solving tool for
eliminating wastes
and removing
wasteful activities
that don’t add
value to the
process.

Woaterfall provides
a simple framework
for planning
projects. Tasks are
in sequential order.
The team
completes one task
or step then
performs the next
step

Figure 5: Project Management Methodologies

Six Sigma is a
method that
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organizations tools

to improve the
capability of their

business processes.

15



2.1 Project Portfolio Management
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Figure 6: PPM Framework

A relatively new discipline of business management known as project portfolio management
(PPM) examines how projects are selected, prioritized, integrated, managed, and controlled
within a multi-project environment that is now the norm for the majority of businesses. In
addition to PPM frameworks and approaches, academics have investigated a variety of PPM-
related topics, such as portfolio management success and performance (Patanakul, 2015) and
how it is connection to the overall business performance.

The project portfolio management (PPM) methodology may be thought of as a collection of
processes, although the PPM's essential procedures are still up for discussion.

The process of project portfolio management incorporates a wide range of sub-categories, some
of which include project selection, prioritizing, and assessment. In a similar manner, Padovani
and Carvalho (2016) developed a framework for the fundamental PPM processes. This
framework takes into consideration the objectives of the organization in addition to other
internal context factors, such as installed capacity, technological and human resources, and
other limitations.

* Individual project evaluation

There is a connection between individual project factors and portfolio management, such as the
availability of information and the clarity of project objectives, methodical decision-making,
ownership by or support from senior management, type project management framework,
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metrics, and measurement. This connection has the potential to increase the efficiency of
portfolio management (Martinsuo and Lehtonen, 2007). According to Ghasemzadeh (1999) and
other researchers, instead, it is recommended to identify some common parameters be evaluated
for each project before the stage of selection, when each individual project analysis stage was
being completed.

* Distribution of available resources

PPM has a direct connection to resource allocation, which may be defined as the process of
assigning specific resources to certain activities during the lifetime of a project (Chilton, 2014).
The consequences of ineffective management of resources allocation are readily apparent, for
example when organizations waste money on activities that do not provide desirable results,
they are unable to finance activities that do produce desirable results (Cooper et al., 1997). In
addition to this, a few studies that were conducted during the past years have demonstrated that
the distribution of resources may have an effect on performance (Klingebiel and Rammer,
2014).

* Risk management

Both PPM and financial portfolio management focus on maximizing value while also
mitigating risk, which is one of the main similarities between the two (Chiang and Nunez,
2013). The Project Management Institute (2008) defines portfolio risk as an uncertainty that, if
it materializes, will have one or more repercussions on at least one of the portfolio's strategic
goals, independently of the nature of those repercussions.

Responses to risks need to be planned, identified, analyzed, monitored, and controlled as part
of a project's risk management process before it can be considered complete.

The objectives of risk management are to increase the possibility and impact of positive
occurrences while simultaneously reducing the likelihood and impact of adverse events. After
the risks associated with the project have been cataloged and evaluated, the overall potential
effect of the endeavor is computed.

* Establishing priorities for a project

Prioritization is the process of designating a greater level of importance to certain initiatives
based on the results of evaluations and other managerial considerations. The ranking of projects
by priority provides input for the methodologies used to make decisions regarding constraints
such as the distribution of resources and the continuation or termination of projects.

There are a variety of qualitative and quantitative methods and techniques that have been
proposed in the literature for project prioritization. These methods and techniques include those
that are used for project selection, such as multi-criteria methods like AHP (Analytic Hierarchy
Process) and MCDA (Multiple Criteria Decision Analysis). These methods can be combined
with artificial intelligence techniques to create hybrid methods like fuzzy AHP. When it comes
to prioritizing initiatives, it is necessary to take into account different project aspects like
finances, risks and strategic alignment.
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Like said before, Project Portfolio Management is a process that involves managing many
projects, programs, and portfolios to ensure that they are aligned with the strategic goals and
priorities of the business. It entails picking out projects and programs, ranking them in
importance, and managing them such that the benefits are maximized while at the same time
resources are used as effectively as possible. PPM assists businesses in striking a balance
between their resources, managing their risks, and prioritizing their investments so that they
can produce the most value and accomplish their goals. To guarantee that the portfolio of
projects continues to be aligned with the organization's strategy, it requires an ongoing cycle of
evaluation, prioritizing, and decision-making. The following are important aspects of PPM:

1. the selection and prioritization process is needed to identify potential projects and
programs, evaluate them considering factors such as strategic alignment, risk, value, and
resource limitations, and then decide which projects should be approved and which should be
given priority for funding and resources.

2. One of the primary responsibilities of resource management is ensuring that the right
resources can be accessed and coordinated to support the portfolio of projects and activities.
This includes both financial and human resources, in addition to other resources like as
equipment, infrastructure, and technology. Moreover, this also includes various types of
resources.

3. The supervision and management of ongoing initiatives and programs which necessitates
the ongoing management and supervision of projects and programs to ensure that they are
completed in accordance with the stipulated deadlines, without exceeding the allotted spending
limit, and to the desired standard of quality. Consistent reporting on the current situation,
effective risk management, and thorough evaluation of performance are all components of this.

4. Monitoring and communicating the performance of the portfolio to all relevant
stakeholders, such as senior management, the board of directors, and clients, is an essential
aspect of reporting and analyzing the performance of a portfolio; in this way it is much easier
to confirm that the portfolio is delivering the promised benefits and to ensure that any issue is
promptly identified and resolved.

5. The term portfolio risk management refers to the process of identifying, analyzing, and
then managing the risks that are associated to a portfolio of projects and initiatives. This not
only mitigates the negative effects of risk occurrences but also ensures that the portfolio
continues to align with the organization's core values and long-term objectives.

In order for PPM to be effective, it requires strong leadership as well as collaboration within
the company and among all of the stakeholders. It is a continuing process that needs constant
progress as well as adaptation to shifting conditions. Through the implementation of PPM,
businesses can enhance the results of their projects and programs, maximize their return on
investment, and guarantee that their portfolio of projects and programs contributes to the
accomplishment of their strategic objectives.
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PPM can be defined as a fluid process that evolves along with the of company, modifying
during its lifetime in the objectives, initiatives, and resources available. It is important for
companies to perform periodic portfolio reviews to guarantee that their resources are being
utilized effectively and that their projects and programs are in accordance with their overall
goals.

The main benefits that come from having effective project portfolio management may have a
considerable impact on a company's overall level of success, which are respectively:

* the improved alignment with company goals: PPM helps to ensure that resources are
utilized in the most efficient manner possible by aiding organizations in aligning their projects
and programs with their strategic objectives.

* Enhanced Productivity: PPM helps firms prioritize their projects and initiatives, which
ensures that resources are used in the most effective and efficient manner possible. This
contributes to an increase in overall productivity. It is possible that this will lead to less waste,
decreased costs, and improved outcomes for the project.

* Improved decision-making: PPM provides organizations with the knowledge and expertise
they require to make decisions regarding their portfolio of projects and programs. This can be
accomplished through activities like maintaining consistent performance reporting and risk
management analysis; as a consequence, a correct and informed decision-making process may
also lead companies in discover and solve issues more quickly.

* Increased levels of satisfaction among stakeholders: Effective project portfolio management
enables businesses to communicate with stakeholders and work with them to achieve their
requirements for projects and programs, leading to stronger connections with stakeholders as
well as improved levels of consumer satisfaction; without close cooperation and participation
with a diverse group of stakeholders, including project teams, department heads, senior
management, and customers it is impossible to have successful project portfolio management.

* Improved risk management: PPM is designed to help businesses in recognizing and
managing the risks that are associated with the portfolio of projects and programs they are
working on. Because of this, they are able to mitigate the consequences of risk occurrences and
maintain alignment between their objectives and goals.

« efficient use of resources: PPM can assist organizations in ensuring that the appropriate
resources are available and in line with the portfolio of projects and programs, lowering possible
waste both in a temporary and monetary perspective.

* Better project results: Project portfolio management helps organizations in finishing
projects and programs on time, within budget, and to the required quality, which improves
project outcomes and creates value for stakeholders.

To ensure PPM strategy being effective, companies need to take into account, in addition to the
fundamental aspects that have previously been described, a number of additional crucial PPM-
related variables governance systems and process improvement. The first one is fundamental
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since a solid governance structure is essential to guarantee that projects and programs are
aligned with company goals and to ensure that the best decisions are made regarding the
allocation of resources and the management of risks; for this reason, a solid governance system
should always include establishing coherent norms and guidelines, clear roles and
responsibilities, regular reporting, and decision-making procedures. For what concern process
improvement, instead, it is necessary to specify that PPM is an ongoing process that needs to
be constantly developed and updated to accommodate for possible evolution of the around
environment and existing processes and workflows will need to be modified. Consequently, an
organization's PPM procedures to be successful, efficient, and provide the outcomes that are
desired, need be examined and improved on a regular basis.

A possible checklist of the most important steps involving a solid PPM implementation process
can determined by the following 7 steps:

1. Specify the organization's goals and aims in as much detail as possible: during the process
of implementing PPM, organizations should explain their aims and objectives while also
considering the projects, initiatives, and more general strategic goals that they are currently
working toward.

2. Evaluate present procedures: an in-depth analysis of an organization's existing project and
program management processes should be carried out in order to identify areas in need of
enhancement and to ensure that PPM is in accordance with established practices.

3. Establish a governance structure: companies have to establish a governance structure for
PPM that specifies roles, responsibilities, policies, and decision-making procedures.

4. Involve all relevant stakeholders: in order to ensure that project portfolio management
satisfies the requirements and expectations of all relevant stakeholders, including customers,
project teams, departmental leaders, and senior management, and a strong collaboration among
all these groups.

5. Establish PPM processes and tools: In order to support the prioritizing, resource allocation,
and risk management processes, organizations should implement PPM processes and tools,
such as project management software and portfolio management tools. These tools can help
support the PM and the PMO in the processes of prioritizing, allocating resources, and
managing risks.

6. Continuous monitoring and evaluation: Monitoring and evaluating processes and tools on
a regular basis is something that businesses should do in order to ensure that they are effective,
efficient, and producing the desired results.

7. Strive for continuous improvement: Project Portfolio Management (PPM) is an ongoing
process that has to be continuously enhanced and updated to account for shifting environmental
conditions. The portfolio of projects and initiatives that an organization is working on should
be reviewed on a regular basis to ensure that the projects and programs being worked on are in
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accordance with the company's goals and that resources are being utilized in the most effective
manner.

In conclusion, in order to guarantee the achievement of the desired results during the
implementation of Project Portfolio Management (PPM), careful planning and performance are
required. The goals and objectives of the organization should be defined, their current processes
should be evaluated, a governance structure should be developed, stakeholders should be
involved, PPM processes and tools should be implemented, monitored, and evaluated, and the
organization's activities should be improved continuously. Only then the company can be sure
that its PPM processes are producing the expected results.

The extent to which an organization's culture influences the success of its PPM implementation
is another factor that businesses need to take into account. It is possible that a culture that
respects the values of PPM, such as openness, cooperation, and ongoing progress, is most likely
to provide and develop an efficient PPM framework and provides profitable outcomes.

In order for enterprises to successfully promote the adoption of PPM and ensure its success,
they must also have the proper leadership and support in place. This may be accomplished by
appointing a "PPM champion", establishing a "PPM steering committee," and making certain
that senior executives are excited about and devoted to the success of the PPM initiative.

Nevertheless, enterprises need to take into account the relevance of education and training to
guarantee a successful implementation. This might include educating project managers,
portfolio managers, and other essential stakeholders on PPM methodology, tools, and best
practices, as well as supporting continuous professional advancement in the project portfolio
management (PPM) sector.

From all the previous passages it is possible to deduct that Project Portfolio Management is an
iterative process that needs regular evaluation and development; tools and methods adopted
should be evaluated often by businesses to ensure that they are achieving the intended outcomes
and this can be accomplished conducting periodic performance reviews, benchmarking against
the best practices in the sector, and involving stakeholders to ensure that PPM is in line with
their requirements and expectations.
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2.2 Artificial Intelligence

The term "artificial intelligence" (Al) refers to the process of imitating human intelligence in
computer programs. These programs are designed to carry out activities that have historically
required human intelligence, such as speech recognition, language translation, visual
perception, and decision-making.

The concept that a machine can be taught to perform tasks that would normally require human
intelligence by learning from vast quantities of data was the underlying main idea for the
development of artificial intelligence; in particular Machine Learning is a type of learning
process that is used to construct most of the contemporary artificial intelligence systems. The
main classification of Artificial intelligence systems is the following:

» Narrow or weak Al: This type of artificial intelligence is designed to carry out certain tasks,
such as speech or image recognition.

* General or powerful artificial intelligence: This sort of Al is capable of learning and
adapting to new conditions, and it can carry out actions that would ordinarily need the
intelligence of a human being.

* Supervised learning is a form of machine learning that involves training an algorithm on a
labeled dataset in order to accurately predict the correct label for new, unmodified data.

* Unsupervised learning is a type of machine learning that includes training the algorithm on
an unlabeled dataset in order to discover patterns or correlations in the data. This type of
machine learning may be thought of as "learning without supervision."

* Reinforcement learning is a type of machine learning in which an algorithm learns by
behaving in a particular environment and then being rewarded or punished for that behavior.
This allows the system to acquire information in a manner that is more natural to humans.

Types of Artificial
Intelligence

Based on Functionalities

Limited
Memory

Figure 7: Types of Al
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Nowadays Al is being utilized in a wide variety of industries, including healthcare, finance,
retail, and transportation, amongst others, to boost efficiency, automate procedures, and make
decisions based on data. However some concerns have been raised over the impact that Al will
have on employment including the long-term impact that AI will have on employment and the
workforce, as well as how society will adapt to the rising prevalence of Al in both the working
world and in everyday life.

Another challenge is ensuring that Al is utilized in a manner that is both ethical and responsible;
fo this reason, in order to alleviate the concerns that have been raised as a result of the potential
for Al to perpetuate preexisting biases, businesses need to be transparent about the process by
which they develop and train their Al systems.

One of the possible solution to this kind of problem, like suggested by different studies, is to
establish clear rules and best practices for Al development and deployment in collaboration
with relevant stakeholders that should include experts in ethics and human rights; all this in
order to ensure that artificial intelligence is developed and utilized in a responsible and ethical
manner.

So Artificial Intelligence has the potential to significantly impact a wide variety of industries
and increase efficiency but also has the potential to present a number of challenges and
obstacles. Nevertheless, it is important to remember that artificial intelligence is still in its
infancy and that there is still a great deal of space for research and development. For example,
the current limitations in artificial intelligence systems' ability to comprehend context and
emotions which may result in misunderstandings or errors.

As part of a deep dive, it is possible to investigate the underlying systems and techniques that
make artificial intelligence possible: the core concept of artificial intelligence (Al) is known as
machine learning, which refers to the process of enabling computers to learn from data and
improve their performance over time; the classification system for machine learning techniques
can be divided into four fundamental subcategories: reinforcement learning, unsupervised
learning, semi-supervised learning, and supervised learning. (Goodfellow et al., 2016).

A machine learning model is trained on a labeled dataset in the presence of human oversight,
with the end goal of the training already established. The model then generates predictions on
new data based on what it has learnt from the training data. These predictions are based on the
unknown data. Analysis of emotions, speech recognition, and the categorization of images are
examples of common applications of this technique.

Unsupervised learning refers to the process of training a machine learning model using an
unlabeled dataset, which is a situation in which the desired output is unknown. Finding patterns
or connections in the data that may be utilized for activities such as clustering or detecting
anomalies will be the focus of this endeavor.

Learning that is semi-supervised makes use of both labeled and unlabeled data. This type of
learning is a hybrid of supervised and unsupervised learning, and it is helpful in situations in
which the classification of data requires a lot of time or money.
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A machine learning model may be trained using reinforcement learning in a simulated
environment by being rewarded for doing the right thing and penalized for doing the wrong
thing throughout the training process. This type of learning is involved in a wide variety of
activities, including playing video games, constructing robots, and generating recommendation
systems.

One of the most important aspects of artificial intelligence is deep learning, which is a subfield
of machine learning that makes use of deep neural networks. The ability to recognize patterns
in data is the primary function of deep neural networks, which are built from several stacked
layers of interconnected nodes. This particular type of machine learning is utilized for activities
such as the categorization of pictures, the recognition of sounds, and the processing of natural
language.
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2.3 Industry 4.0

In the context of Industry 4.0, which refers to the fourth industrial revolution and is
characterized by the integration of cutting-edge technologies such as the Internet of Things
(IoT), big data analytics and cloud computing, artificial intelligence has the potential to
completely transform the manufacturing and production processes. This is because Al is able
to learn from its mistakes and adapt to new situations. A closer look at how artificial intelligence
is affecting the industrial and manufacturing industry is provided as follows:

1. Predictive Maintenance: this is one of the core uses of artificial intelligence in the fourth
industrial revolution (Industry 4.0). Al algorithms may be used to examine data from sensors
and machines to estimate when equipment will need to be maintained. This helps to cut down
on equipment downtime and increases overall equipment efficiency. By using predictive
maintenance, businesses may reduce their overall maintenance costs and prevent unscheduled
downtime.

2. Quality Control: artificial intelligence is also employed for quality control in the industry
4.0 paradigm. Al algorithms may be utilized to carry out inspections and categorizations of
various objects to guarantee that only the highest-quality goods are distributed to customers.
Implementing Al algorithms may help businesses reduce the number of faulty products they
ship to customers, improve customer satisfaction, and increase revenue.

3. Optimization of Supply Chains: supply chain optimization is another crucial use of Al in
the fourth industrial revolution. Al algorithms may be used to improve the efficiency of supply
chain operations, reduce waste, and maximize the effectiveness of logistics by analyzing data
on demand, production, and transportation. By adopting Al algorithms, businesses stand to
benefit from reduced costs, shortened delivery times, and increased customer satisfaction.

4. Personalized Manufacturing: the concept of personalized production is becoming
increasingly prevalent in the industry 4.0 sector. It is possible to utilize Al algorithms to
personalize production processes and make commodities that are tailored to the requirements
of individual customers. By using Al algorithms, businesses have the potential to raise their
levels of production and customer satisfaction while simultaneously lowering their costs.

5. Decision Support: Al algorithms may be utilized to provide support for decision-making in
a range of scenarios, including the allocation of resources, the management of inventories, and
the planning of production. Algorithms based on Al can provide assistance to organizations in
the areas of decision-making, the reduction of costs, and greater productivity.
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6. Self-Driving Robots: the usage of self-driving robots is becoming more prevalent in the
industry 4.0 sector. Al algorithms allow for the creation of autonomous robots that can carry
out a number of activities, including the handling of materials, assembling, and packing of
goods. Businesses that use autonomous robots are able to reduce their spending on labor,
therefore increasing their productivity and improving their relationship with their customers.

7. Energy Management: another essential use of Al in the Industry 4.0 space is in the realm
of energy management. Al algorithms may be used to increase energy efficiency and optimize
energy use. This is accomplished by analyzing data on energy use and identifying areas in which
improvements are possible. Through the implementation of Al algorithms, businesses have the
potential to cut their energy costs, reduce their carbon footprint, and improve their overall
sustainability.

8. Health and safety: in the field of production and manufacturing, health and safety are of the
utmost importance. Al algorithms have the potential to significantly improve worker safety in
industrial settings. They can do this by monitoring equipment, identifying potential hazards,
and immediately alerting employees. Through the use of Al algorithms, businesses may reduce
the risk of accidents, improve workplace safety, and save expenses associated with injuries
sustained on the job.
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Figure 8: Industry 4.0 Framework

Some of the ways in which artificial intelligence (Al) has been connected to Industry 4.0 is
causing changes in the manufacturing and production industry are listed below. As the
technology evolves and gets more advanced, there will surely be novel and imaginative uses of
Al in the fourth industrial revolution. However, in addition to manufacturing and production, a
vast array of other categories of businesses stand to gain significantly from the use of artificial
intelligence. Here are a few examples of how artificial intelligence is being employed in a
variety of fields:

The application of artificial intelligence (Al) in the medical field has the potential to improve
patient outcomes, reduce expenses, and boost efficiency. For example, Al algorithms might be
used to analyze patient data, such as medical records, imaging scans, and laboratory findings,
in order to enhance diagnostics and treatment protocols. This would allow for more accurate
patient care. It is also possible to utilize algorithms that are based on artificial intelligence to
monitor patients in real time. These algorithms can detect early symptoms of illness and provide
an alarm to medical staff about potential issues.

Artificial intelligence (Al) is being used in the financial services industry to boost productivity,
save expenses, and improve customer experiences. Al algorithms make it possible to automate
a wide variety of formerly labor-intensive tasks, including as fraud detection, customer service,
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and compliance monitoring, amongst others, but they may also be used to evaluate financial
data, such as stock prices and market movements, to enhance investment decisions.

Al is being used in the retail industry to enhance the shopping experiences of customers and
boost revenue. Al algorithms may be used to improve, among other things, supply chain
management, customize suggestions, and optimize pricing and promotions. they may also be
used to evaluate client data, such as purchase history and browsing activity, to improve
marketing and sales efforts. All these implementations can be done in order to increase
marketing and sales efforts.

In the transportation and logistics field artificial intelligence is being used to boost
productivity while simultaneously lowering operating expenses. For example, algorithms
powered by artificial intelligence may be utilized to improve delivery times, optimize routes,
and reduce the amount of gasoline needed. Algorithms powered by Al may also be used to
analyze data on traffic patterns, weather conditions, and road conditions in order to make
driving more secure and lessen the risk of accidents happening.

Artificial intelligence can be used in the energy sector to achieve the goals of increasing
efficiency, lowering prices, and improving the industry's capacity to remain sustainable. For
example, Al algorithms may be used to maximize energy output, reduce waste, and improve
efficiency while simultaneously optimizing energy consumption. In addition, Al algorithms
may be utilized to do data analysis on energy usage, weather patterns, and customer behavior
in order to improve energy management and save costs.

The use of Al in education has been shown to increase student outcomes while also reducing
costs and increasing efficiencies. For example, Al algorithms may be used to personalize
students' educational experiences, improve grading and assessment processes, and give them
with feedback in real time. Algorithms based on artificial intelligence may also be used to
analyze student data such as grades and test results in order to make learning and teaching more
effective.

Artificial intelligence is being used by the government to boost efficiency, cut costs, and
improve public services. Al algorithms, for example, make it possible to automate a wide
variety of labor-intensive tasks, including the preparation of tax returns, the filing of benefit
claims, and the monitoring of compliance. Additionally, Al algorithms may be used to analyze
data on crime trends, traffic patterns, and population demographics in order to improve public
safety and to limit the amount of money spent.
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Figure 9: Industry 4.0 Gaps
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3.0 Al Implementation for PPM

Every sector of the economy is now being challenged by new digital technologies, and these
days, artificial intelligence and machine learning are progressively finding applications in a
broad variety of economic fields. This competition is forcing businesses to adapt, or risk being
left behind. Project Portfolio Management is one of the most interesting topics because of the
significance of successfully managing corporate investments and the volatility that is inherent
to projects. Al will be mostly implemented during the planning process and the formulation of
the portfolio itself when it comes to ensuring that suitable projects are picked and managed in
the appropriate manner. A great deal of discussion is taking on in this moment about the
influence that artificial intelligence (AI) will have on program managers and portfolio managers
in the future. For example, the results of a study of project managers all across the country that
was conducted by the Harvard Business Review, and carried out in the United States, found
that administrative duties accounted for 54% of the managers' time. This proportion is greater
than the total amount of time spent on doing all other PPM-related duties combined. These
responsibilities include determining a project's scope, cost, and duration, as well as the schedule
for individual activities.

The following are some of the possible ways that artificial intelligence and machine learning
will modify the processes and procedures that are now engaged in projects:

Lower expenditures: It is possible that teams and project managers will be able to focus their
attention on activities that deliver a greater overall return on investment instead of focusing on
manual operations that can be automated with the aid of Al In particular, Project Managers can
able to focus on human-centric responsibilities such as strategic thinking, creativity, problem-
solving, communication, and team building, amongst other things, while also contributing to
the automation of the more laborious components of project management, allowing for a more
streamlined and efficient workflow.

Improved Analytics: The ability of artificial intelligence to create prediction models, which
can then be utilized in analytics, is another key advantage given by Al. Artificial Intelligence
programs are able to gather data on previous projects and make highly accurate predictions
about when projects will be finished or which projects will advance thanks to the use of
historical data and real-time cost estimation, used to inform the team when a project is deviating
from the track that it was expected to follow; also the delivery of reports with updates in real-
time and the automation of approval processes can be helpful application to remove bottlenecks.

Increased accuracy: The incorporation of Al into project and portfolio management will result
in improved outcomes due to increased accuracy and efficiency when assessing data points in
real-time during the execution of a task. This is especially true when it comes to lowering the
quantity of human data entry in order to reduce mistake rates and making use of that information
in order to control possible hazards.
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Data driven decision-making: The most significant obstacle that many companies must
overcome is not a deficit in data collection but rather an inability to effectively utilize the data
that they have collected. Future project managers will benefit greatly from artificial
intelligence's capacity to analyze massive quantities of data, apply multiple analytical
frameworks, and present pertinent information in a manner that can be easily understood.

Risk management: hazards are one of the key variables that contribute to the failure of a
project; failing to manage risks could have a negative influence on the result of the project.
Because of artificial intelligence, project managers will be able to perform in-depth studies,
discover repeated patterns and trends that could be overlooked and use these information to
make decisions that are founded on real data. However, it is important to note that his aspect
does not lessen the importance of the so-called "human factor," characterized by intuition,
environmental awareness, and personal experience; rather, it merely adds another degree of
accuracy and depth to the study.
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3.1 Financial Portfolio Similarities

The processes and goals of project portfolio management (PPM) and financial portfolio
management (FPM) are somewhat comparable; in fact, both types involve collecting and
analyzing data, determining goals and objectives, selecting investments or projects,
continuously evaluating performance and making necessary adjustments, in order to reach
certain goals and objectives

The acquisition and analysis of data in order to arrive at well-informed conclusions, appears
both in PPM and FPM relying heavily on the gathering and analysis of relevant data. Data may
contain project ideas, schedules, budgets, resource requirements, and metrics about project
performance or they may include economic indicators, stock prices, financial statements, and
several other types of financial measurements while working with FPM. Both traditional
portfolio management and project portfolio management require the capacity to gather and
analyze enormous volumes of data in order to recognize patterns, opportunities, and trends.

A clear set of goals and objectives is also a need of both the PPM and the FPM, and each require
their own unique formulation. Increasing profitability, enhancing customer happiness, and
cutting expenses are all possible objectives that may be pursued through PPM. In the context
of FPM, goals might include things like optimizing returns, reducing risk, or reaching a desired
degree of diversity. Both forms of portfolio management involve the capacity to establish goals
and objectives that are clear, quantifiable, and in line with the overarching strategic direction
that the firm is moving in as a whole.

Consequently, it is also necessary a coherent selection of investments, in fact Project Portfolio
Management and Financial Portfolio Management both include the selection of investments or
projects. While the first one selects projects based on how well they connect with organizational
goals and objectives, the second one selects investments based on how well they align with the
aims and objectives of the portfolio. This needs the capacity to analyze many possibilities,
determine risks and possible returns, and make choices based on accurate information that are
in line with the portfolio's overall aims and objectives.

Another aspect of relevant importance is the performance monitoring; in fact PPM and FPM
require the continuous monitoring of performance in some capacity. PPM allows for
performance to be monitored through the tracking of project progress, the identification of
possible hazards, and the implementation of necessary modifications. The performance of an
FPM, instead, is managed by following the value of the portfolio, determining any possible
hazards, and adjusting as necessary. So, both the portfolio management environments involve
the capacity to monitor and evaluate performance on an ongoing basis in order to discover areas
that might use better and to make necessary modifications.

Obviously variations, alterations, and modifications must be considered on a case-by-case basis
in both PPM and FPM. Adjustments in PPM could involve redistributing resources, shifting the
priorities of a project, or even dropping a project entirely. Adjustments in FPM could involve
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purchasing or selling investments, rebalancing the portfolio's asset allocation, or cutting the
portfolio's overall risk. In conclusion, both traditional portfolio management and alternative
portfolio management involve the capacity to respond effectively to shifting conditions,
formulate appropriate strategies, and implement appropriate improvements in order to achieve
desired results.
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3.2 Flexible Integration of Machine Learning

Due to the unpredictability and complexity of the project management industry as a whole,
organizations and specialists face a number of obstacles when it comes to managing projects;
one example of this category of problem is the management of possible conflicts and
dependencies during the process of resource allocation and, his sort of issue, can appear in many
forms like constraint due to financial dependencies or time dependencies. Other examples
include the adjustments of multiple projects to prevent disorganized planning and the utilization
of an informed shared decision making to manage potential opportunities or threats during the
project's execution; both of them can help assure the successful completion of a project.

The majority of the methodologies and technologies that are currently used to support and
improve the quality of PPM are founded on the application of complex analytical techniques
that were created and developed in the field of operations research; and this valid for the
majority of the methodologies and technologies that are currently used. These methods make
use of statistical analysis and quantitative optimization in order to assess Whether the potential
solutions to a particular problem are the most effective or the least efficient that can be
accomplished.

Al-powered project management systems have been developed to integrate processing
knowledge with procedural methods in order to provide specific kinds of decision support for
establishing objectives and administering projects. For instance, the use of Al in project
management circumstances that are both heavily focused on data or cognitively challenging
can support the PM and the PMO in many different kind of activities.

Using artificial intelligence, and in particular through the use of machine learning, project
managers can rapidly distribute thousands of tasks while maintaining an overview of their
resources and projects. This helps to reach the sufficient degree of accuracy and precision while
simultaneously reducing bottlenecks and other potential impediments that may slow down the
actions of the company.

These strategies may also be used from managers and other specialists in evaluating enormous
amounts of data and gaining crucial insights on how to improve their overall PM practice, like
providing forecast of possible adverse situations, provide prompt warnings, and suggest
preventative measures in reference to problematic resource loads or deviations from business
priority lists based on past data in a very short amount of time.

Operations research and artificial intelligence undoubtedly provided a substantial contribution
to the evolution of the PM practice by addressing pertinent challenges from a variety of research
and philosophical perspectives and there is no doubt that this has led to significant
advancements in the practice of project management.

In terms of labeling, correlating, modeling, and measuring PM data and knowledge, there is
still a substantial amount of work to be done; the majority of this work must be performed by
people and it is important to keep in mind, especially in the context of project management, that
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essential data and knowledge are continuously generated throughout the course of a company.
During the decision-making process, these pieces of information and insights relate to both the
organization as a whole, such as the duration of a project, the overall budget, and key
performance indicators, and its individual employees, such as their competencies and
performance.

Nowadays there is a wide choice of different project management software packages that are
available on the market: Wrike (www.wrike.com), Asana (www.asana.com), Trello
(www.trello.com), and Jira (www.atlassian.com/software/jira) are among the project
management applications that are utilized the most frequently. These sorts of solutions provide
a setting that is easy to use and fundamentally supports several project management tasks while
also making it simpler to keep track of problems. In addition, they make the processes of
planning, coordinating, reporting, and time management clearer by offering interactive
graphics, issue boards, and deadlines. It is widely believed that the commercial PM solutions
that are currently available on the market can increase the overall efficacy of a business and
prevent teams from deviating too far from their original objectives. On the other hand, due to
complex and variable data accessible in hosted projects, many of them inaccurately hide vital
PM-related information.

Some examples of digital project management solutions that were constructed in the past
utilizing an Al-based approach are Stratejos.ai, PMOtto.ai, and x.ai amongst others. This kind
of software can be distinguished by an intuitive and simple user interface that offer aid to project
managers while they carry out routine responsibilities such project oversight. In order to give a
"zero-level" environment introduction, they rely on the expressiveness, immediacy,
interactivity, and descriptiveness that natural language delivers. They are utilized to automate
routine tasks such as generating project tasks from textual conversations, to remind and
schedule important occasions such as meetings, to extract superficial insights such as "top
contributors of the week", and to provide answers to fundamental questions such as "what is
my team working on today?".

It 1s important to bear in mind that artificial neural networks are at the core of the majority of
Al-based approaches to PM. Many publications, for example, demonstrates how neural
networks may be used to help solve a few issues, including resource allocation, prediction,
clustering (Zhang et al., 1998), classification, and forecasting (Burke and Ignizio, 1992), In
addition, neural network methods have been used, as stated by Wang et al. (2012), to predict
the success of building schedules and expenditures. Other noteworthy research includes the
development of a neural network for the purpose of predicting project performance (Cheung et
al., 2006), as well as the categorization of the riskiness of a project based on knowledge about
previous projects that were either successful or unsuccessful (Costantino et al., 2015).
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3.3 Machine learning for risk assessment

Al has the potential to be used to improve risk management within a project portfolio by
delivering capabilities for more advanced analytics and decision-making. The following is a list
of some of the several uses of Al that might be used for risk management in project portfolios:

Predictive modeling: predictive modeling is a technique that uses statistical and machine
learning algorithms to analyze historical data and identify patterns that can be used to make
predictions about future events. When it comes to the management of project portfolios,
predictive modeling may be applied to offer an assessment of the likelihood that specific risks
will become actualized. For instance, a predictive model may be used to investigate data on
previously finished projects to identify patterns that are associated with cost overruns or delays.
Once all these information has been gathered, decision-making processes may be guided by it,
and areas of risk within the project portfolio may be found and examined using the information.

Real-time monitoring: real-time monitoring systems that are powered by Al may be used to
follow the state of projects in real-time, delivering insights on prospective risks and difficulties
in the process. Real-time monitoring systems may be used to follow the status of projects in
real-time. For instance, a monitoring system that is powered by Al might be used to keep track
on the progression of a project, as well as its usage of resources and the constraints placed on
its financial resources. It is possible to make use of this information to identify potential risks
early on, such as a project that is at risk of falling behind schedule or a resource that is at risk
of being over-allocated.

Natural Language Processing (NLP): is a technique that may be used with Al to extract
valuable information from unstructured data sources such as project papers, emails, and social
media. NLP can also be used to translate natural language into machine language. For instance,
a system that is powered by natural language processing (NLP) may be used to analyze project
documents and locate key terms or phrases that are associated with potential dangers. It's
possible that phrases like "delays" or "budget limits" will be among these. Once all this
information has been gathered, decision-making processes may be guided by it, and areas of
risk within the project portfolio may be found and examined using this information.

Machine learning: the algorithms employed in machine learning may be applied to the
examination of huge amounts of data in order to discover patterns and trends that are not
immediately obvious at first look. This information may be utilized to identify potential areas
of risk, speculate on the outcomes of the project, and make the most efficient use of the
resources that are at one's disposal.

Expert systems: a body of past knowledge and a specified set of criteria may be utilized by
expert systems that are powered by artificial intelligence in order to provide recommendations
on risk management. These systems are able to analyze difficult circumstances, determine the
existence of potential dangers, and provide recommendations for mitigating or avoiding such
threats. They may also be used to give an analysis and identification of possible dangers, which
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is another service they can provide. For instance, a data analysis expert system might be used
to study information on finished projects in order to find patterns that are associated to
prospective risks. This would allow for earlier detection and mitigation of such issues. The
findings of this analysis might then be presented to the management of the project as ideas for
minimizing the risks that were discovered.

Of course, applications of the technology and methods described include, but are not limited
to, the following: data analysis; the localization and identification of potentially hazardous
circumstances; the acquisition of insights that may be utilized to influence decision-making. In
addition to these, they may be used to automate the procedures that are involved in risk
management, which enables project managers to spend their attention on other tasks that are
more vital. The implementation of Al in risk management may provide organizations with the
capacity to identify potential dangers at an earlier stage, to take corrective action, and to
improve the overall efficiency and effectiveness of their project portfolio management.

It is possible to use learning algorithms on vast amounts of data in order to discover patterns
and trends that are not immediately obvious. Because of this, the application of on of the four
main machine learning subset previously described can now be utilized to analyze the data. In
the context of project portfolio management, machine learning might be used to review data on
prior projects and uncover patterns that are related with risks in order to mitigate them. Finding
patterns that are associated with dangers is one way to go about accomplishing this goal. For
example, an algorithm for machine learning may be applied to the task of evaluating data on
finished projects in order to identify patterns that are associated to cost overruns or delivery
delays.

Utilizing each of these distinct methods, tactical approaches, and technological advancements
together there is the possibility to develop a comprehensive risk management plan. With the
assistance of Al-powered systems, data can be evaluated, potential risks can be recognized, and
insights can be supplied and used to inform decision-making procedures.

In particular, the area of artificial intelligence known as machine learning can be defined as a
subset of Al that use algorithms to learn from data and then either make predictions or
judgements. The process of evaluating historical data and discovering patterns that are
associated with several different types of dangers might benefit from the application of machine
learning. Within the parameters of risk assessment, this is something that can be accomplished.
The following represent an illustration of one potential use of machine learning to risk
assessment while overviewing the main steps for a successful implementation and deployment
of a ML integration within the risk management framework:

1. The gathering of data and the preliminary processing of it: when using machine learning for
risk assessment, the first step is to collect and preprocess the data that will be used in the training
of the model. This data will be used to simulate real-world scenarios. A "training set" will be
constructed with the use of this data. This may include information about prior efforts, statistics
from the relevant industry, or any other relevant data. Alternatively, this may contain any other
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relevant data. The data will need to be cleaned, converted, and formatted in a way that is
appropriate for use with the machine learning approach before it can be utilized.

2. The Process of Training the Model: after the data has been cleaned and structured, it can then
be used to train the machine learning model. This happens after the data has gone through the
data preparation process. This is often performed by utilizing a training dataset in order to
"teach" the algorithm how to detect patterns that are associated with a range of threats. This
allows the algorithm to more accurately assess the risk posed by the data. There are several
algorithms that may be utilized, such as decision trees, random forests, and neural networks,
which are all viable possibilities for achieving this objective.

3. A critical analysis of the model: after the training phase of the model has been completed,
the following step is to conduct an evaluation of it to confirm that it is reliable and accurate.
This may be performed by utilizing a unique dataset, also known as a validation set, which was
not included in the process of the training the model. This collection of data was not included
in the original dataset that was used. During the phase where the evaluation is taking place, a
number of other metrics, such as accuracy, precision, recall, and score, will be taken into
consideration.

4. Use of the Model in Real-World Situations: if the evaluation stage of the process shows that
the model is effective, then it will be possible to implement it in a production environment. It
is possible that the model will need to be included into a risk management system or some other
type of software instrument in order to achieve this objective.

5. Continuous inspection and upkeep of the system: after the model has been successfully
implemented, it will need to be monitored and maintained in order to ensure that it continues to
perform properly after the deployment process has been completed. It is possible that the model
will need to be retrained on a frequent basis in order to achieve this objective. This is necessary
in order to take into account any changes that may occur in either the data or the environment.
It's possible that part of the procedure will involve monitoring the performance of the model in
the production environment and making modifications when they become necessary.

When doing risk analysis, a company that makes use of machine learning may be able to
analyze massive amounts of data and identify patterns that are associated with a wide variety
of dangers. It's possible that the organization will benefit from this. It is likely that this might
be of assistance to organizations in the early identification of risks, which in turn could lead to
more efficient risk management. In addition, many of the tasks associated with risk assessment
may be automated by using machine learning in the appropriate context. Because of this,
organizational resources are unburdened, allowing those resources to be redirected toward other
crucial obligations.

When it comes to the most frequent specific risks, like in software projects, Boehm, who is
considered, by many, to be one of the most important authors in this research area, listed risks
such as personnel shortfalls, unrealistic schedules and budgets, and the development of the
wrong functions and/or user interface as some of the most frequent risks that have a direct effect
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on the success of software projects. Boehm also listed risks such as developing the wrong
functions and/or user interface as one of the most frequent risks that have an indirect

In this field of study, the categorization of risk elements by team, organizational environment,
requirements, planning and control, user and complexity that was developed by Wallace is still
commonly utilized. Not only does it present common risk items in software projects, but by
grouping them according to a specific dimension within the areas that project managers have

to consider in the development of a software project, it makes it possible to identify what areas
are more likely to be problematic throughout the course of the development of the project itself
and prepare their risk management strategies accordingly. In addition, it presents common risk
items in software projects and groups these common risk items according to a particular
dimension within the areas that project managers have to consider in the development.

The usage of a portfolio chart, such as the one that was introduced by Dr. Ernest Wallmuller and
which can be seen in the table below, is an effective method for categorizing the discovered
risks in accordance with the priority that they pose to the organization.

Table 1: Risk Priorities According To Their Probability and Impact

Impact
High B A A
Medium C B A
Low C C B
Low | Medium | High | Probability

In recent years, machine learning has been increasingly popular in the field of risk management,
and a wide variety of methodologies have been utilized to implement this trend. Finding
practical applications of machine learning that can forecast prospective project hazards or an
overall risk level for a project was the primary emphasis of the examination of the current state
of the art that was carried out in this piece of research for the objectives of this article. From
that point on, it became able to determine not only some of the algorithms and assessment
metrics that were utilized the most frequently, but also the kind of information that was utilized
as inputs in the process of training the models.

An Artificial Neural Network model was developed in [18] to forecast the occurrence of
deviations in newly developed software projects. The risk factors that were found in the projects
served as the model's inputs, and the model's outputs included the differences that were
discovered in terms of time, budget, and personnel, as well as the number of work packages
that were successfully completed and the level of success achieved by the project that was being
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investigated. This experiment demonstrated the applicability of Neural Networks when the
intended information spans more than one category (in this case, the deviations in five attributes
related to the project), as well as the fact that the model can have a great performance and
accuracy, as seen in its results. In addition, the experiment demonstrated that the model can
have great performance and accuracy.

Both a Neural Network model and a Support Vector Machine model were developed in [19]
with the purpose of contrasting the two methodologies with regard to the amount of accuracy
they provided when assessing the degree of danger posed by software development projects.
The input that was used was a vector of risk factors from 120 different software projects. These
risk factors were collected after several interviews with industry professionals and were then
categorized according to six distinct risk categories (Environment Complexity, Project
Requirement Complexity, Cooperation, Team, Project Management, and Engineering). The
output was the anticipated result of the endeavor, which may be one of three different phrases:
"successful," "failed," or "challenging." Due to the tendency of the Neural Network method to
find a local optimum [19], the Support Vector Machine model had a higher accuracy than the
Neural Network method (80% vs. 70%, respectively). However, after changes were made to
the NN method by optimizing it with a Genetic Algorithm (GA), this caused it to become so
that the NN-GA method surpassed SVM in accuracy (85% vs. 80%, respectively) by reducing
the search for a local optimum.

The author of proposes a Neural Network architecture with a back propagation algorithm to
learn the patterns of a data set of completed projects in the past, which also includes 22 project
risk factors of areas such as estimations, requirements (for example, frequent changes to
requirements), and team organization. This can be found in [20]. (e.g., lack of skills or
experience). The results of the model were presented in the form of a categorization of the
degree of danger posed by the project: "risky" or "not risky." When compared to a Logistic
Regression model that was generated from and used on the same data set, it was discovered that
the model that had been developed had a greater level of accuracy and sensitivity.

An approach to predicting runaway projects in an organization was developed by the authors
of [11]. This approach involves using a questionnaire to identify the characteristics of projects
and then classifying them as "runaway" or "success" projects using a Naive Bayes classifier.
Runaway projects are projects that significantly exceed their budget and deadlines and fail to
produce an acceptable deliverable. These characteristics are broken down into five distinct
categories, which are as follows: requirements (for example, ambiguity of requirements),
estimations (for example, absence of stakeholders present for estimation process), planning (for
example, unspecified milestones), team organization (for example, lack of skills or experience),
and project management (e.g., inadequate project monitoring). Their approach was put through
a 10-fold cross validation in order to see how successful it was, and the results showed that it
had a predicted accuracy of 82.5%, with 33 out of 40 projects being properly identified.

Moreover, Bayesian classifiers were utilized in both [21] and [22]. In the first approach, a
Bayesian Belief Network (BBN) was utilized in order to construct a software risk estimate
model. This model was then applied to the primary software risk indicators in order to perform
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risk assessment in software projects. In the latter, a model for identifying and analyzing risks
in software development projects was constructed by combining data from 302 different
software projects with a Bayesian network that had causality constraints. This model was used
to evaluate the data. The authors found that it had an accuracy that was 1% to 7% higher than
the other models that were tested (Logistic Regression, Decision Tree, and Naive Bayes), which
they attributed to the incorporation of expert domain knowledge and causality discovery into
the BBN. Specifically, they found that the BBN was more accurate than the other models in the
range of 1% to 7%.

Support Vector Machines were utilized by the authors of [23] in order to simulate risk
categorization in software development initiatives. The model assigned each project either a
high risk or a low risk category. Another use of SVM was found in [24], where it was used to
forecast if the risk level of certain projects was "low," "medium," or "high." The authors
employed a Neural Network as a comparative tool and discovered that the Support Vector
Machine (SVM) had a higher accuracy (85% accuracy of the SVM compared to 75% accuracy
of the NN).

In [25], Multiple Logistic Regression was utilized in order to categorize various aspects of
software projects as either a "risk" or a "non-risk." This was done in order to determine the
likelihood of adverse outcomes. The input data was obtained by sending questionnaires to
professionals in the fields of software project development and management. The
questionnaires asked these individuals to categorize risk factors from eight different categories
(User, Requirements, Estimations, Cost, Schedule, Planning and Control, Team, and Software)
according to their risk level on a scale ranging from 1 to 5.

Last but not least, the writers of [26] classified initiatives according on whether they were
"risky" or "not risky" using Logistic Regression. The input data for the model that was built
was the responses to a questionnaire that focused on five perspectives of important risk
variables (Requirements, Estimations, Planning, Organization, and Management). The model
that was developed properly identified 35 out of 40 projects.

When it comes to machine learning models that may be used to anticipate risks in software
projects, there are a wide variety of options available, as is evident from the preceding
discussion. Yet, there are certain aspects of this subject that might benefit from more
investigation in order to enhance the applicability of machine learning models for risk
assessment.

Several of the studies that are provided in table 2 compare various machine learning algorithms
(for example, [19] and [24]). The objective of these comparisons is to evaluate the accuracy of
the algorithms' predictions in relation to a particular issue. But, they are also comparable in
terms of interpretability and the performance trade-offs that are involved in more interpretable
algorithms. This comparison should receive a greater amount of attention.
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The term "interpretability" refers to "the degree to which a person can grasp the source of a
choice" [27], and it is used in the context of machine learning. Machine learning models that
are interpretable make it much simpler to comprehend not just the forecast that the model has
generated, but also, and perhaps more crucially, the reasoning behind that prediction. In the
event that a forecast does not correspond to what was previously anticipated, developers can
make use of this information to determine whether or not there are problems with the data set,
the model, or potentially both. Yet, there is a tradeoff associated with interpretable machine
learning algorithms, and that tradeoff is the fact that predictive performance tends to be worse
with these algorithms. In other words, interpretable machine learning algorithms tend to be less

accurate.

In addition, taking into consideration the widespread use of software for project management
such as JIRA and Asana, the development of machine learning models that are compatible with
these applications may be one of the next areas of concentration for researchers working in this
subject. This integration with tools used for daily project management tasks has the potential to
make risk management just another step in the project management cycle, rather than a process
that requires a significant reorganization of an organization's workflow in order to integrate it

into their processes.

Table 2; Studies On The Use Of ML Techniques For Risk Management

Reference

Inputs

Outputs

Algorithm(s)

Evaluation metric(sh

A Novel Model for Risk Estimation
in Software Projects using Artificial
Neural Network [18]

45 risk factors of 20 software projects (70%
of data used for training. 30% for testing)

Deviations in project duration, cost,
number of personnel, completed work
packages, project success

Newral Network

Truining R'= 0.9978
Testing R = 0.9935
Validation R = 0.996
MSE” = 0.001

Software Project Risk Management
Modelling with Neural Network and
Support Vector Machine Approaches [19]

Data of T20 software projects collected through
questionnaires distributed in cities in China (83.3%
of data used for training, 16.7% for testing)

Classification of projects as either
“successful”, “challenged”, or “failed”

Newral Network

Accuracy = 10%

Genelic Algonihm NN

Accuracy = 83%

Support Vector Machine

Accuracy = SOk

Discriminating Risky Software Project
Using Neural Networks [20]

22 aributes of 40 projects in the OMRON
database (80% of data used for training, 20% for
testing)

Risk level of the project - “risky” or
“not nsky”

Neural Network

Accuracy = 82.2%
Precision = B1.82%
TPR? = 81.82%
TNR' = 8261%

Logistic Regression

Accurxcy = 81.5%
Precision = 100%
TPR = 66.7%
TNR = 100%

An Empirical Evaluation of Predicting
Runaway Software Projects Using
Bayesian Classification [11]

Responses on a 4 point Likent scale to a
questionnaire focusing on 5 viewpoints of
key risk factors in 40 SSBC projects { 10-fold
cross-validation used for testing)

Project classification as either “runaway”
or “stccess”

Bayesian classifiers

Accuracy = 81.5%

A Probahilistic Soltware Risk
Assessment and Estimation
Mode! for Software Projects [21]

Assessment of 27 risk factors (low, medium
or high) in 12 sofiware projects

Probability of the project being of low.
medium, or high risk

Bayesian classifiers

MMRE® = 003842
BMMRE® = 0.03911

Software Project Risk Analysis using
Bayesian Networks with Causality
Constraints [22]

Software project data from 302 projects collected
through questi ires {10-fold cros lidation
used for testing)

Bayesian network with
causality constraints

Accuracy = 75.15%

Classification of project’s perfe ce

based on risks identified as “low” or “high”

Decision Trecs

Accuracy = 108960

Nave Bayes

Accuracy = 12.85%

Bayesian classifiers

Accuraey = 14.17%

Classification of Risk in Software
Development Projects using Support
Vector Machine [23]

530 samples of o data sel created from
inf ion of soft develop
projects (70% of data used for training
and 30% for testing)

Project risk classification as either
“low risk™ or “high risk™

Support Vector Machine

Accuracy = 99.51%
AUCT = 98%

An Intelhigent Model for Software
Project Risk Prediction [24]

64 nisk factors of data from 120 projects (83.3%
of data used for training, 16.7% used for testing)

Classification of projects as either
“successful”, “chall d”, or “failure”

Neural Network

Accurxy = 1%

Suppont Vector Machine

Accuracy = 85%

Prediction of Risk Factors of Soltware

Risky Software Projects Based on
Logistic Regression Analysis [26]

questionnaire focusing on 5 viewpoints
of key risk factors in 40 S5BC projects

Classification of projects as either
“risky” or “not risky™

Logistic Regression

& e Data obtained from i ires di Classification of ch istics of a Z n 1 3
Development Project by Using ooy d T T gy .o | Multiple Logistic Regression | Accuracy = 90%
Multiple Logistic Regression [25] the risk level of 70 software projects software project as “risk™ or “non risk
An Empirical Approach to Ch iring | Resp on a 4 point Likert scale (o a

Accuracy = 87.5%
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In conclusion it is important to at least identify possible risks that can occur before development
begins, as software projects can face a variety of challenges before they are released to the
market. This makes it possible to begin planning risk management and mitigation strategies if
the risks materialize, which is preferable to dealing with the challenges as they arise. Risk
management in software projects is a research area that is consistently growing in popularity,
particularly when combined with machine learning approaches to create models that can
identify or predict risks before project development starts. The objective of this research is to
identify risks in a software project, and ultimately develop and implement strategies to prevent
or limit the impact of the identified risks if they materialize during the development of the
project.

Explainable Al is another study subject that is gaining traction and should be explored to
explain the prediction of black-box models like Neural Networks and Support Vector Machines.
This research should be studied because the field is expanding. The use of interpretable models
or black-box models that, in the case of the latter, have their predictions explained by
explainable artificial intelligence should be one of the next steps in this line of research as one
of the next steps in this research area should be to focus on understanding the predictions that
are made by the models.
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3.4 Advanced Resource Allocation

Within the context of project portfolio management, there are several ways in which artificial
intelligence may be applied to make improvements to project scheduling. The main artificial
intelligence applications for project scheduling in PPM are:

1. The optimization of resources: Algorithms based on artificial intelligence might be used to
increase the efficacy with which project schedules allocate available resources. In order to
ensure that the project will be completed on time and without going over the budget that was
set aside, this may require figuring out how to make the most use of the resources available,
including the people, the equipment, and the resources at your disposal. One instance of this
notion is the employment of either the genetic algorithm or the simulated annealing method in
order to tackle the problem of resource-constrained project scheduling. Algorithms are
optimization methods that may be used to find the best possible answer to the problem of
allocating resources to tasks in a project schedule. Genetic algorithms depend on the principles
of natural selection and genetic mutation in order to build a population of potential solutions to
a given problem. On the other hand, simulated annealing makes use of the process of cooling
in order to find the solution that is optimal in every way.

2. the order in which activities are carried out in a project schedule: one use of artificial
intelligence is to help enhance the order in which tasks are carried out in a project schedule.
The critical path method (CPM), for instance, is an algorithm that may be used to identify which
activities need to be performed on time in order to keep a project on schedule. This may be
accomplished by reviewing the project schedule to identify the most important path and then
determining which tasks are to be carried out along that path. An additional illustration of this
would be the use of heuristic methods, such as the greedy algorithm or the branch and bound
approach, in order to find an estimated solution that is optimal. This would be an example of
how this would work. By considering a variety of criteria, such as project deadlines,
interdependence between tasks, and resource limitations, these algorithms can assist businesses
in determining the optimal sequence in which to execute activities.

3. Condensation of the timetables for the project: It is possible to employ artificial intelligence
to compress project timetables, which enables businesses to complete projects more rapidly
without losing quality or incurring in additional costs. The utilization of the critical chain
method (CCM), which seeks to reduce the amount of time necessary to finish a project by
including a buffer in the project's critical route while eliminating buffers from tasks that are not
on the critical path, is one example. CCM seeks to accomplish this goal by including a buffer
in the critical route of the project. The CCM algorithm can be of aid to businesses in finding
the critical path of a project and concentrating their efforts on finishing tasks that are placed on
the critical path in order to decrease the amount of time that will be required to complete the
project in its entirety.

4. Monitoring and control of the timetable: It is feasible to utilize artificial intelligence to keep
track of project timelines in real time and spot potential issues far before they become severe.
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Performing this step may entail recognizing activities that are going behind schedule,
discovering probable conflicts involving resources, and finding other factors that might have
an affect on the project's timeframe. After the potential issues have been identified and
analyzed, artificial intelligence may also be used to suggest answers that will bring the project
back on track. For example, algorithms for machine learning might be applied to the analysis
of historical data in order to draw conclusions and make projections on the upcoming
timeframes of various projects. These predictions may be used to assess the existence of
potential threats and give recommendations for corrective steps that can be done to decrease
the severity of such dangers. In addition, these forecasts can be used to determine whether or
not these potential dangers will occur.

5. Predictive analytics: This method uses artificial intelligence to analyze previously gathered
data in order to formulate forecasts on the timing of future project milestones. This may entail
making an estimate of the length of time it will take to complete the project, detecting any
possible dangers, and calculating how alterations to the schedule will affect the timeline. For
instance, firms can generate forecasts regarding the future timetable of a project by employing
techniques such as time series analysis or forecasting algorithms. These techniques help them
analyze historical data. These forecasts can contain information such as the amount of time
tasks will take, the date the project will be finished, and the resources that will be necessary to
carry out the work. These projections can be used from businesses to spot potential threats and
determining what precautionary measures to take in order to mitigate the impact of such threats.

So, Artificial intelligence, in general, possesses the ability to play an essential role in the process
of project scheduling for project portfolio management. This is due to the fact that it provides
organizations with the potential to optimize the allocation of resources, sequence activities,
compress schedules, monitor and regulate the project schedule, and make predictions about
future project schedules. This can eventually lead to better management of project portfolios,
as well as more efficient and effective scheduling of projects.

Additionally, technologies such as big data analytics, cloud computing, and the internet of
things can be used to collect, store, and analyze large amounts of data, making it possible to use
these Al techniques in real-time. This is made possible by the fact that these technologies can
be used to collect, store, and analyze large amounts of data. Nevertheless, in general, the choice
of an Al approach will rely on the specific problem that needs to be solved as well as the data
that is now accessible.
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3.5 Project Prioritization

Project prioritization is the process of determining which projects or project components are
the most important and should have the priority in terms of resources, time, and funding. This
decision is made by weighing the relative importance of various projects or project components.
It is possible to make use of Al in a number different ways to assist with the prioritization of
tasks, including:

1. Algorithms for Multi-Criteria Decision Making, more commonly referred to as MCDM,
are mathematical methodologies that are used to evaluate and rank projects in accordance with
a number of different criteria. The following are the two basic categories that may be applied
to these algorithmic processes:

* The Weighted Sum Approach: In this technique, each criterion is assigned a weight, and then
the evaluation of the project on each criterion is added to the product of the weight and the
evaluation of the project. This results in a total score for the project. It is widely accepted that
the project that was awarded the highest score was the one that was deemed to be the most
successful.

* Outranking Approaches: These techniques determine which project is the most successful all
around by contrasting and analyzing the performance of a number of various efforts. The
Analytic Hierarchy Process (AHP), also known as the Technique for Order Preference by
Similarity to Ideal Solution, is now tied for first place with the Technique for Order Preference
by Similarity to Ideal Solution as the two outranking procedures that have the most widespread
use (TOPSIS). The Analytic Hierarchy Process (AHP) is an organized process that gives the
decision-maker the capacity to break down a challenging choice problem into several smaller
sub-problems that are easier to handle. The TOPSIS method is based on the assumption that the
endeavor that is conceptually closest to the "ideal solution" and conceptually farthest away from
the "worst solution" will be the one that is the most successful. This is the underlying criteria
upon which the TOPSIS methodology was developed.

2. Predictive Analytics: Techniques from predictive analytics, such as time series analysis and
forecasting, are used in order to examine previously gathered data in order to generate forecasts
on the future performance of the project. Time series analysis is a statistical method that may
be applied to the study of historical data in order to identify patterns, trends, and seasonality.
Techniques of forecasting such as linear regression, exponential smoothing, and ARIMA
models are some examples of those that may be used to generate predictions regarding the
future performance of a project. These projections can be used to rank the priority of projects
based on the likelihood that they will be finished.

3. Machine Learning: The algorithms that are used in machine learning may be used to the
examination of historical data in order to provide projections on the success of future initiatives.
Using a variety of different methods, like as decision trees, random forests, and neural networks,
it is possible to find patterns and correlations in the data. This may be a very useful skill to
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have. This may be used to rate projects in terms of the chance that their completion will result
in a successful outcome.

4. Natural Language Processing (NLP) is a set of techniques that may be used to extract and
comprehend information from unstructured data like as emails, meeting notes, and project
documentation. These techniques can be used to extract and understand information from
unstructured data. Techniques from the field of natural language processing (NLP) such as topic
modeling, named entity identification, and sentiment analysis are some examples of the
methods that may be used to isolate the most important concerns linked to a project, identifying
potential dangers and deciding how the project should be prioritized. Other techniques that may
be used includes topic modeling, named entity identification, and sentiment analysis.

5. decision-making Algorithms: These Al-based solutions are utilized to prioritize projects
according to a set of established guidelines, best practices, and the accumulated expertise of
experts. Decision-making in rule-based systems is obtained from the system's adherence to a
specified set of principles, which is referred to as an algorithm. Expert systems are computer
programs that base their decision-making on the collective knowledge of a group of people who
are experts in a certain topic. It is possible to use decision-making algorithms, such as decision
trees and Q-learning, to make judgements based on historical data and predetermined criteria.

6. Simulation-based Techniques: Approaches based on simulation, such as discrete event
simulation and system dynamics simulation, can be utilized to model and evaluate the
performance of a project. This can be done through the use of simulation-based modeling and
evaluation tools. These techniques may be utilized to assess the potential dangers posed by a
project, keeping track of task pogress, and reach judgments on the proper sequence in which
project priorities should be completed.

The nature of the problem that needs to be solved, the amount of data that is readily available,
and the level of automation and accuracy that is required will all play an important role in the
decision regarding which of these approaches to use, sinse each of them comes with its own of
benefits and drawbacks. In addition, it is feasible to combine different strategies in order to
boost the efficacy as well as the precision of the process of assigning priorities to projects.

One of the main approaches that has been developed in literature is the multistage project
prioritization based on a portfolio value maximization, that is accomplished through the
formulation of a multiobjective optimization problem. Throughout the planning phases, the
optimality process chooses and schedules the projects, constructing portfolios whose purpose
is to optimize the global values of both technical and financial characteristics.

Problems of multiobjective optimization simultaneously consider two or more of the problem's
objective functions. A single objective function can be derived from an aggregate of numerous
functions by using certain criteria and weighting them appropriately, as is done in various
methods. As a result, the optimal solution to the issue has been determined by using the
knowledge that was supplied a priori (Stummer and Heidenberger 2003; Leite da Silva et al.
2011). Two methods that are frequently employed in the process of resolving issues of this
nature are known as mathematical programming and heuristic algorithms. These techniques, on
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the other hand, rely on subjective judgments and are not well adapted to deal with both financial
and nonfinancial characteristics at the same time. In some methods, the optimization process
for each objective function occurs one after the other, whereas in others, the objective functions
are handled as issue constraints (Tamaki et al. 1996).

The concept of optimality must be rethought in many multiobjective issues since the answer
may not be a global optimum but rather a group of solutions that include trade-offs among all
of the problem's objectives (Coello 2006; Ngatchou et al. 2005). According to Rivas-Davalos
et al. (2007), in these kinds of challenges, the solution that is best suited to a particular scenario
might be selected based on certain criteria that are determined after the fact. The optimality
concept, which was developed by Francis Ysidro Edgeworth in 1881 and then expanded by
Vilfredo Pareto in 1896, can be utilized to derive the trade-off solutions. This strategy is
predicated on the idea that the most advantageous option should be chosen.

The optimization model may be conceived of as a combinatorial problem with several
objectives and different variables, and it requires a significant amount of search space. The
Nondominated Searching Genetic Algorithm-II (NSGA-II) has been utilized to successfully
solve the given optimization model because of its ability to effectively provide a collection of
Pareto Optimal solutions in a single iteration of the algorithm. The solutions that were found
constitute a collection of feasible efficient project portfolios since they are the best trade-offs
among all of the technical and financial characteristics that were taken into consideration, in
accordance with the limitations of the issue.

The evolution of organisms is the inspiration for genetic algorithms, which are effective search
processes (Holland 1975). In order to carry out a simultaneous search in the solution space, they
make use of a collection of coded parameters and probabilistic transition rules (also known as
crossover and mutation operators). The information that is now available as well as information
from the past, including the fitness function, selection technique, and elitism mechanism, are
used to direct and define the next search state in order to investigate the most fruitful parts of
the solution space. Combinatorial issues are a natural fit for this approach to the problem; even
though it is not guaranteed that the genetic algorithms will find the global optimal solution to
the problem, the answers they provide are of high quality (Coello 2006; Goldberg 1989).

The Nondominated Sorting Genetic Algorithm-II (NSGA-II), which was presented by Deb et
al. (2002), was chosen to solve the proposed model out of the several multiobjective genetic
algorithms that are currently available. This was done because the NSGA-II has good
performance and overcomes some difficulties presented by other algorithms. These difficulties
include computational complexity for large populations, a lack of elitist mechanisms, diversity
maintenance, and the ability to handle problem constraints.

The NSGA-II features a fast nondominated sorting technique, in which each solution is
connected with a set of dominated solutions as well as a counter of solutions that dominate
them. This allows for the sorting of solutions in a more efficient manner. In this method, the
solutions are placed in order of importance according to the nondominated front in which they
are located.
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The challenge of assigning priorities to projects within a planning timeline with many stages
was investigated in the study. For the purpose of selecting and scheduling projects throughout
the planning horizon, the decision model that was built is predicated on value qualities. The use
of a multiobjective strategy makes it possible to concurrently address several technical and
budgetary criteria. The NSGA-II is employed in the process of decision model optimization.
The solution is a Pareto-optimal frontier that is made up of a group of trade-off portfolios, and
it is adapted to the requirements and parameters of the underlying issue.
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3.6 Improved Scheduling

Project portfolio scheduling is an essential component of project portfolio management. Using
Al may allow for the automation and improvement of the scheduling process, which may
subsequently be used to optimize the scheduling of project portfolios.

One use of artificial intelligence that might be used to create changes to the scheduling of
project portfolios is the employment of optimization algorithms. Optimization algorithms can
be used to determine an optimal schedule for a portfolio of projects based on a number of
parameters, such as the total duration of the projects, the availability of resources, and the
interdependencies between the projects. This ideal schedule can then be used to prioritize the
projects in the portfolio. For instance, genetic algorithms may be used to simulate the process
of natural selection in order to find the approach to a project that will be most successful.

Artificial intelligence may be applied in different ways to accomplish the goal of improving the
scheduling of project portfolios. One of these ways is the employment of methodologies that
are based on simulation. These techniques may be applied to model and simulate the scheduling
process, as well as to identify and resolve any potential problems and conflicts in advance of
their manifestation. For example, a simulation model might be used to identify whether or not
there are potential bottlenecks in the scheduling method and whether or not there are probable
resource conflicts between different projects.

Al may also be used to improve project portfolio scheduling by providing project managers
with real-time information and insights on the scheduling process. This can be accomplished
by giving Al access to project portfolio data that can be so updated in real time. For instance, a
system that is based on Al might be used to monitor the scheduling process and provide project
managers with real-time information on the availability of resources, the progression of the
project, and any potential issues that may arise.

However, it is crucial to keep in mind that the inclusion of Al into project portfolio scheduling
can be a very demanding task that requires a large investment of both time and money in order
to be accomplished properly. In addition, an Al system that is used for the scheduling of project
portfolios needs continuous updates and developments carried out on it in order to ensure
accuracy and consistency over time.

In general the use of artificial intelligence to the scheduling of project portfolios necessitates
the completion of different steps of factors, including:

1. Being aware of the specific scheduling problems that the artificial intelligence system is
intended to resolve for these problems. For instance, an artificial intelligence system for project
portfolio scheduling might be used to improve the accuracy of project schedules, identify
probable conflicts and bottlenecks, or optimize resource allocation.
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2. Figuring out the requirements for the artificial intelligence system, which includes
determining the data that will be used to train the model, the performance metrics that will be
used to evaluate the system, and the particular use cases that the system will be used to address.

3. Acquiring the data that will be used toward the development of the model and getting it ready
for usage. In most cases, this requires cleaning up and organizing the data, in addition to perhaps
combining it with other sources of data, such as resource allocation, project status, budget, and
other data associated with the project.

4. Teach the Al model to do certain tasks by utilizing the many different machine learning
approaches. In order to achieve this objective, it is frequently required to train the model using
a dataset that contains data from previously completed projects and to search for patterns and
trends within the data. It is possible to train the model using a wide number of approaches, such
as neural networks, genetic algorithms, and decision trees.

5. Incorporating the Al system into the process of project portfolio management: the majority
of the time, this necessitates integrating the Al system with the PPM tools and processes that
are already in place, in addition to testing the system to ensure that it is functioning in
accordance with the plans.

6. Monitoring how the Al system is operating and making any required adjustment to it as
necessary. In most cases, this means studying how the system is performing with the help of
the predetermined performance indicators and making adjustments as required in order to boost
how well the system is operating.

7. Ensuring that the data are accurate and up to date by doing consistent reviews of the data
pertaining to the project in addition to any additional data that is linked in order to enhance the
functionality of the model.

There are numerous different applications for Al that may be used to optimize the scheduling
of project portfolios. One of these applications is scheduling software. The following is a list
of some of the most typical approaches:

1. Algorithms for optimization: These algorithms may be used to optimize the scheduling of
projects within a portfolio by determining the best viable schedule given a set of limitations.
This allows for the portfolio's overall efficiency to be increased and making it possible to raise
the portfolio's overall efficiency. For instance, evolutionary algorithms, simulated annealing,
and other optimization approaches can be used to build a most effective schedule by taking into
consideration the total duration of the different projects included in the considered portfolio,
the accessibility of the resources and any additional pertinent constraints.

2. Predictive modeling: Predictive models, which are developed by analyzing data from
completed projects in the past, may be used to produce estimates about the length of time it will
take to complete a project. For instance, in order to provide an accurate estimate of the amount
of time a project will take to complete and the resources that would be necessary, a neural
network model may be trained with data taken from previously finished projects.
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3. Simulation: A variety of different scheduling scenarios can be investigated and assessed with
the help of Al-based simulation models. For example, a simulation model may be deployed in
order to investigate the impact that a variety of strategies for the assignment of resources have
on the schedules of different kinds of projects.

4. Support decision: decision support systems that are based on artificial intelligence have the
ability to deliver real-time information and insights to project managers on the scheduling of
projects; in fact an Al system may do real-time data analysis on a project and provide project
managers with early notification of any possible conflicts in the project timetable or restrictions
in the resources that are now available.

5. Natural Language Processing (NLP): Information may be extracted from unstructured data
such as emails, meeting notes, and other project-related materials by using natural language
processing. For example it may be possible to utilize these kind of information to make projects’
deadlines more precise and complete and speed up the completion of the work.

However, like said before it is necessary to remember that the inclusion of Al into project
portfolio scheduling is a demanding undertaking that requires a large investment of both time
and money, and for this reason it is essential to stress the difficulty of this endeavor. In addition,
the Al system needs to go through regular upgrades and enhancements in order to guarantee
that it will continue to be accurate and relevant in the future. On the market, right, it is possible
to find a variety of tools for managing projects using Al in multiple roles. Primavera P6, Deltek,
and Microsoft Project are some examples of these kinds of systems; each of them has integrated
Al into their own software in their own unique way. These technologies offer optimization and
scheduling based on artificial intelligence, resource leveling, and other functions that can
increase the scheduling capabilities of project portfolios.
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3.7 Al assistant for PMs

There are artificial intelligence assistants available for project managers that may assist them
into different kind of duties connected to projects. These artificially intelligent assistants make
use of natural language processing (NLP) and machine learning methods to comprehend the
project manager's demands and provide responses to them.

The Microsoft Project XAl is a good illustration of an AT assistant that can be used by project
managers. It makes use of Al to deliver real-time insights and recommendations to project
managers, such as spotting possible schedule issues or resource restrictions. The Al assistant
may also be used to optimize project timelines by offering various solutions for the distribution
of available resources.

Another illustration of this would be the Wrike A, which is a component of the widely used
Wrike project management software. It automates repetitive operations using artificial
intelligence, such as organizing meetings and assigning resources, for example. In addition to
that, it is able to conduct an analysis of the project data in order to identify any possible hazards
and make suggestions about how these risks might be mitigated.

Challenges with PM software

No Al-based dashboard Al-based Dashboard is missing for Project Sponsors and

PMs.
No real-time change Change Management is not real-time nor integrated.
management
Lack of integrated Integrated issue management and escalation are missing.
issue management
No project baseline, Project Baseline, Versioning, and Forecasting are missing.

versioning

Real-time project status Some PM software tools lack the capability of real-time

reporting project status.
Lack of risk scoring Risk Scoring is missing & unavailability of automated risk
notification.

Figure 11: Challenges of PM software
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There are also artificial intelligence-based virtual assistants for project management that may
assist with a variety of activities, including the scheduling, budgeting, and allocation of
resources, amongst others. These Al-powered systems may be included into already existing
project management platforms like Trello and Asana that can be used to automate repetitive
tasks as well as provide real-time insights and recommendations to project managers;
furthermore, these assistants can be used to automate tasks that require a high degree of human
judgment. Also it is important to remember that the particular features and capacities of Al
assistants might differ based on the tool or platform that is used. Obviously some artificial
intelligence assistants are more sophisticated than others and may provide assistance with a
larger variety of activities, while others may have more restricted capabilities.

In general, the more relevant field of application for these software are:

1. Scheduling: Artificial intelligence-based scheduling can employ optimization techniques and
algorithms such as genetic algorithms, simulated annealing, and other optimization approaches
to develop and optimize project schedules. They are able to produce the most effective schedule
possible by taking into consideration a variety of restrictions, such as the availability of
resources, the relationships between tasks, and the deadlines for the project. In addition to this,
they are able to offer real-time updates on the status of the program and indicate any possible
conflicts or delays in the timetable.

2. Budgeting: Al-based budgeting assistants can employ techniques such as predictive analytics
and machine learning to examine previous project data and give insights on cost patterns and
anticipated cost overruns. This is accomplished through the usage of Al. They are also able to
offer advice on how to make the most of the allocated funds for the project.

3. Resource Allocation: Al-based resource allocation aides can employ optimization techniques
such as linear programming, mixed-integer programming, and other optimization approaches
in order to distribute resources across projects. They can design the most effective strategy for
allocating resources by taking into consideration a variety of restrictions, such as the availability
of resources, the skill levels of the workers, and the deadlines for the projects. Furthermore,
they are able to deliver real-time information on the status of resource allocation and detect
possible resource bottlenecks.

4. Risk Management: Al-based risk management assistants have the ability to apply techniques
such as text mining, sentiment analysis, and natural language processing in order to assess
project data and detect possible dangers. They are also able to employ predictive analytics to
forecast potential future dangers and offer advice on how to protect themselves from such risks.

5. Communication: Al-based virtual project management assistants can use natural language
processing and machine learning to understand and respond to project manager's requests, such
as scheduling meetings, sending reminders, and providing real-time updates on project
progress. In addition, they are able to make use of sentiment analysis in order to comprehend
the tenor of the message and deliver a response that is more suitable.
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6. Document management: Al-based assistants may utilize methods such as optical character
recognition (OCR) and natural language processing to automatically categorize and tag project
papers, which makes it simpler for project managers to locate the appropriate document at the
appropriate moment.

7. Predictive analytics: Al-based project management assistants can employ techniques such as
machine learning, time series analysis, and other predictive modeling approaches to make
predictions about the future results of projects and recommend strategies to improve their
performance.

8. Progress tracking: Al-based project management assistants can use techniques such as
computer vision and natural language processing to track the progress of the project by
monitoring the project's documentation, communications, and other relevant data. This
provides the project manager with insight that can assist them in making decisions regarding
the project.

Challenges with PM software

Project builder Dependency management Personal Kanban board
Project baselining Schedule management Resource management
Integrated risk Resource calendar Task management
management

Dashboard reports

Project burndown chart Resource rate report Project issue report

Milestone report Task allocation report Project status report

Project forecasting report  Project wise productivity report

Figure 12: Challenges of PM software and Dashboard reports
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However, is essential to emphasize that these types of software are not intended to act as a
substitute human project managers, because the real purpose of these tools is, on the contrary,
to enhance the capabilities of human project managers and to assist those managers in making
choices that are better informed.
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4.0 Conclusion: benefits and challenges

Today, Artificial Intelligence and Machine Learning are becoming a reality in a wide variety
of industries, which means that digital transformation poses a challenge for every sector
currently available on the market. Project Portfolio Management is one of the most interesting
topics because of the importance of effectively managing corporate investments and because of
the volatility that is inherent to projects. When it comes to ensuring that multiple projects are
selected and managed in the appropriate manner, Al can be considered a valid support,
especially during the planning process and the definition of the portfolio itself. This is because
Al is able to predict which projects will be most successful. The impact that artificial
intelligence (AI) will have on Program Managers and Portfolio Managers is a topic that is
receiving a lot of attention right now. According to the findings of a survey of project managers
that was carried out by Harvard Business Review, administrative tasks took up 54% of the
managers' time, which is a bigger percentage than all of the other PPM-related duties combined.
The majority of these responsibilities consist of making decisions on the project's scope and
budget, as well as establishing work schedules.

The following is a list of the most significant areas in which Al and ML might potentially alter
the processes and workflows involved in projects:

Reduced Expenditures: By assisting in the automation of laborious manual processes, artificial
intelligence (Al) may free up teams and project managers so that they are better equipped to
focus on tasks that have a greater overall value. In particular, project managers concentrate on
human-centric responsibilities such as strategic thinking, creativity, problem-solving,
communication, and team building, among other things, while also contributing to the
automation of the more arduous components of project management.

Analytics: Another significant advantage brought about by artificial intelligence is the ability
to create predictive models. For example, the engine can deliver reports and updates in real-
time using historical data, estimate costs in real-time, and eliminate bottlenecks thanks to
process automation. Additionally, the engine can make highly accurate predictions about when
projects will be finished, or which projects will advance. It may also boost visibility for
managers and team members by alerting them when a project is diverting from the track that
was originally planned for it.

Efficiency: Whenever it is feasible, incorporating Al into a strategy for Project and Portfolio
Management will improve outcomes as a result of improved accuracy and efficiency in real-
time analysis of data points as the work progresses. This is especially true in regard to the
reduction of human errors in data entry, which allows for potential dangers to be managed in
advance. By improving the decision quality (DQ) with the use of Al, managers may be able to
improve their performance on projects throughout the portfolio, which may then lead to the
PPM function being more strategic and "intellectual."
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Decision-making that is driven by data: Rather than a deficiency in the collecting of data being
the primary issue, many companies struggle with effectively employing the data at their
disposal. The ability of future Al to filter through massive volumes of data, apply analytical
frameworks, and provide pertinent facts in ways that are easy to understand will be of
significant use to future project managers.

Hazards are one of the primary factors that contribute to the failure of a project; risks that are
ignored may result in an unfavorable outcome for the project. Risk management is essential.
Project managers will be able to deep dive into data, identify repeating patterns and trends that
would be missed by cursory looks, and then utilize this knowledge to make choices that are
data-driven. This capability will be made possible by artificial intelligence (Al). However, this
does not diminish the usefulness of the "human factor," which is defined by intuition,
environmental knowledge, and personal experience when evaluating the risks associated with
a project; rather, it provides an additional degree of precision and depth to the study.

PMO challenges

Ongoing improvement A value add adds looks for opportunities to add value to
portfolio management, project management processes,
project management tools, and project management

knowledge.

Projects not aligned
with strategy

A surviving PMO is an
adaptable one

Getting the project
basics right

A PMO tool can be a
key to success

Use of PMO tools to
show value

A PMO needs to understand the business strategies and if
the current projects are aligned with the business strategy &
what value is going to be delivered by them

Projects are becoming more complex & using new ways to
deliver projects such as SCRUM, Lean, and Six Sigma., For
these new ways, a PMO needs adaptable processes,
governance, reporting & metrics.

With all the challenges that a PMO faces, the one challenge
that should not exist but often does, is getting projects basics
done right — business case supported projects, status
reporting, resource management.

This is not a simple task and the success of a PMO can rest
on the success of the tool it chooses if the tool is too complex
for the PMs to use or does show value reports, it will fail.

A big challenge for a PMO to survive is to understand what is
valuable to senior management & provide this value in terms
of metrics via automated reports.

Figure 13: PMO challenges
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4.1 Takeaways

As a direct consequence of the increasing prevalence of Al across all industries, PPM software
has evolved to the point where it can gradually automate the activities of project managers. This
accelerates the delivery and execution of projects by project teams; however, the use of Al in
project management is not predicting the end of project managers and PMOs in their present
forms. In this age of change and automation, the position of project manager will likely continue
to exist, however, in the same way that other professions, its tactical and operative roles will
progressively diminish during this digital transitions.

In fact, despite the fact that Al is capable of carrying out more mechanical and tactical project
tasks, such as resource assignment or status reporting, the Project Manager's primary focus will
be on ensuring that the outcomes of the project produce the expected level of business value
and that these outcomes are in line with the strategic goals of the company. At the same time,
PMOs have the ability to free themselves of tasks that are "less intellectual" and become more
active in assisting PMs in the process of strategy formulation.

For this reason, organizations have already begun to plan for the use of artificial intelligence in
the field of project management in order to prevent project managers from being fully overtaken
by the new technology; for instance, some have even incorporated it into their courses for
training and certification in order to teach project managers how to use Al to automate, enhance,
and maximize the return on investment from projects. This is done in order to prevent project
managers from being completely overwhelmed by the new technology.
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Use of Al in PM software

Eliminates the need for
human input

Ensures nothing is
overlooked

Predictive analytics for
projects

Project teams’
productivity

Integration with comms
tools

An Al project management system can eftectively handle
scheduling, reminders, and follow-ups to eliminate the need
for human input.

Al helps PMs save time on their various tasks by helping to
make sure that nothing is overlooked.

Al can use its ability to observe how a project is moving &
make educated predictions.

Al can monitor project teams & make predictions based on
the patterns of habits.

Some Al PM tools integrate with comms tools like Slack &
PM tools like JIRA to solve issues.

Figure 14: Use of Al in Pm software

60



References

[1] https:/ /www.broadcom.com /sw-tech-blogs /clarity /ai-in-ppm-planning

[2]https: //www.linkedin.com /pulse /how-aiml-reinvent-role-project-portfolio-managers-ppm-
michael-collins /

[3]https://www.enterprisetimes.co.uk /2021 /04 /26 /ai-isnt-just-for-it-4-ways-ai-technology-
powers-the-pmo/

[4]https:/ /odr.chalmers.se /server/api/core /bitstreams/15d25d13-7e23-4aba-8fb5-
f2f0edeb 1285 /content

[5] https://pmo365.com/ai-in-project-management-8-real-changes/

[6] https:/ /projectric.com/blog /gartner-and-the-future-of-project-portfolio-management-ppm/

[7]https: //questoraclecommunity.org/learn/blogs /how-ai-will-affect-the-future-of-project-

management/

[8] A Learning Framework for Project Management Tim Kotnour, University of Central
Florida, Industrial Engineering & Management Systems, Orlando, Florida 32816-2450 USA

[9]1 A Modern Approach towards an Industry 4.0 Model: From Driving Technologies to
Management Georgios Tsaramirsis, Hindawi, Journal of Sensors, Volume 2022

[10] A Multistage Value-Based Model for Prioritization of Distribution Projects Using a
Multiobjective Genetic Algorithm, Fernando L. R. Mussoi, Raimundo C. G. Teive, Brazilian
Society for Automatics—SBA 2013

[11] O. Mizuno, T. Hamasaki, Y. Takagi, and T. Kikuno, “An empirical eval uation of
predicting runaway software projects using bayesian classifi cation,” in Product Focused
Software Process Improvement, F. Bomarius and H. Iida, Eds. Berlin, Heidelberg: Springer
Berlin Heidelberg, 2004, pp. 263-273.

[12] A reinforcement learning approach to dynamic resource allocation$ David VengerovSun
Microsystems Laboratories, UMPK16-160, 16 Network Circle, Menlo Park, CA 94025, USA

[13] An Analysis of the State of the Art of Machine Learning for Risk Assessment in Software
Projects Andre Sousa, Joao Pascoal Faria, Joao Mendes-Moreira, Master’s in Software
Engineering, Departament of Informatics Engineering Faculty of Engineering of the
University of Porto, Porto, Portugal

[14] Portfolio scheduling: an integrative approach of limited resources and project
prioritization Félix Villafaneza, David Pozaa, Adolfo Lopez-Paredesa, Javier Pajaresa and
Fernando Acebes, Journal of Project Management 5 (2020) 103-116

61


https://www.broadcom.com/sw-tech-blogs/clarity/ai-in-ppm-planning
https://www.linkedin.com/pulse/how-aiml-reinvent-role-project-portfolio-managers-ppm-michael-collins/
https://www.linkedin.com/pulse/how-aiml-reinvent-role-project-portfolio-managers-ppm-michael-collins/
https://www.enterprisetimes.co.uk/2021/04/26/ai-isnt-just-for-it-4-ways-ai-technology-powers-the-pmo/
https://www.enterprisetimes.co.uk/2021/04/26/ai-isnt-just-for-it-4-ways-ai-technology-powers-the-pmo/
https://odr.chalmers.se/server/api/core/bitstreams/15d25d13-7e23-4aba-8fb5-f2f0edeb1285/content
https://odr.chalmers.se/server/api/core/bitstreams/15d25d13-7e23-4aba-8fb5-f2f0edeb1285/content
https://pmo365.com/ai-in-project-management-8-real-changes/
https://projectric.com/blog/gartner-and-the-future-of-project-portfolio-management-ppm/
https://questoraclecommunity.org/learn/blogs/how-ai-will-affect-the-future-of-project-management/
https://questoraclecommunity.org/learn/blogs/how-ai-will-affect-the-future-of-project-management/

[15] Applications of machine learning methods for engineering risk assessment — A review,
Jeevith Hegde, Borge Rokseth Department of Marine Technology, Norwegian University of
Science and Technology, Otto Nielsens Veg 10, 7491 Trondheim, Norway

[16] Design and Development of Machine Learning Technique for Software Project Risk
Assessment - A Review, Mohamed Najah Mahdi, Mohamed Zabil M.H, Azlan Yusof, Lim

[17] Kok Cheng, Muhammad Sufyian Mohd Azmi, Abdul Rahim Ahmad, 2020 8th
International Conference on Information Technology and Multimedia (ICIMU)

[18] M. H. Calp and M. A. Akcayol, “A novel model for risk estimation in software projects
using artificial neural network,” in Artificial Intelli gence and Applied Mathematics in
Engineering Problems, D. J. Hemanth and U. Kose, Eds. Cham: Springer International
Publishing, 2020, pp. 295-319.

[19] Y. Hu, J. Huang, J. Chen, M. Liu, and K. Xie, “Software project risk management
modeling with neural network and support vector machine approaches,” in Third International
Conference on Natural Computation (ICNC 2007), vol. 3, 2007, pp. 358-362.

[20] W.-M. Han, “Discriminating risky software project using neural networks,” Computer
Standards & Interfaces, vol. 40, pp. 15 — 22, 2015. [Online]. Available:
http://www.sciencedirect.com/science/article/ pii/S0920548915000136

[21] C. Kumar and D. K. Yadav, “A probabilistic software risk assessment and estimation
model for software projects,” Procedia Computer Science, vol. 54, pp. 353 — 361, 2015,
eleventh International Conference on Communication Networks, ICCN 2015, August 21-23,
2015, Bangalore, India Eleventh International Conference on Data Mining and Warehousing,
ICDMW 2015, August 21-23, 2015, Bangalore, India Eleventh International Conference on
Image and Signal Processing, ICISP 2015, August 21-23, 2015, Bangalore, India. [Online].
Available: http://www.sciencedirect.com/science/article/pii/S1877050915013654

[22] Y. Hu, X. Zhang, E. Ngai, R. Cai, and M. Liu, “Software project risk analysis using
bayesian networks with causality constraints,” Decision Support Systems, vol. 56, pp. 439 —
449, 2013. [Online]. Available:
http://www.sciencedirect.com/science/article/pii/S0167923612003338

[23] M. Zavvar, A. Yavari, S. M. Mirhassannia, M. R. Nehi, and A. Yanpi, “Classification of
risk in software development projects using support vector machine,” Journal of
Telecommunication, Electronic and Com puter Engineering, vol. 9, pp. 1-5, 2017.

[24] Y. Hu, X. Zhang, X. Sun, M. Liu, and J. Du, “An intelligent model for software project
risk prediction,” vol. 1, 12 2009, pp. 629-632.

[25] T. Christiansen, P. Wuttidittachotti, P. Somchai, and S. Vallibhakara, ‘“Prediction of risk
factors of software development project by using multiple logistic regression,” ARPN Journal
of Engineering and Applied Sciences, vol. 10, pp. 13241331, 01 2015.

62


http://www.sciencedirect.com/science/article/pii/S1877050915013654
http://www.sciencedirect.com/science/article/pii/S0167923612003338

[26] Y. Takagi, O. Mizuno, and T. Kikuno, “An empirical approach to char acterizing risky
software projects based on logistic regression analysis,” Empirical Software Engineering, vol.
10, pp. 495-515, 10 2005.

[27] C. Molnar, Interpretable Machine Learning, 2019, https://christophm.
github.io/interpretable-ml-book/

[28] Developing Al Based Scheme for Project Planning by Expert Merging Revit and
Primavera Software Karim M. Aljebory, Mustafa Qaislssam, Al Qalam University College,
2019 16th International Multi-Conference on Systems, Signals & Devices

[29] Development of an extended selection algorithm for projects in a project portfolio
Markus Brandstétter Dr. Julius-Hahnstrasse, 2/1/18 2500, Baden, Austria

[30] Explainable artificial intelligence: an analytical review, Plamen P. Angelov, Eduardo A.
Soares, Richard Jiang, Nicholas I. Arnold, Peter M. Atkinson, 1 School of Computing and
Communications, Lancaster University, Lancaster, UK, Lancaster Intelligent, Robotic and
Autonomous Systems (LIRA) Research Centre, Lancaster, UK, Lancaster Environment
Centre, Lancaster University, Lancaster, UK

[31] The AMA Handbook of Project Management, third edition, Edited By Paul C. Dinsmore,
PMP, Jeanette Cabanis-Brewin, AMACOM American Management Association

[32] How to apply Al technology in Project Management, Qiankun Wang, PM World Journal,
Vol. VIII, Issue III, April 2019

[33] An Introduction to Project Management, Fifth Edition By Kathy Schwalbe, Professor
Emeritus, Augsburg College Department of Business Administration Minneapolis,
Minnesota, 2015

[34] Learning about risk: Machine learning for risk assessment, Nicola Paltrinieria, Louise
Comfortb, Genserik Reniers, Safety Science, 2019

[35] International Conference on Artificial Intelligence: Advances and Applications, Garima
Mathur, Harish Sharma, Mahesh Bundele, Nilanjan Dey, Marcin Paprzyck, 2019

[36] Portfolio scheduling: an integrative approach of limited resources and project
prioritization, Félix Villafafieza, David Pozaa, Adolfo Lopez-Paredesa, Javier Pajaresa and
Fernando Acebesa, Journal of Project Management 5 (2020) 103-116

[37] Project Management Basics: How to Manage Your Project with Checklists, Melanie
McBride Chandler, Arizona, USA, 2016

[38] Project and Programme Management, Ninth Edition, Dennis Lock, 2007

[39] On the Advancement of Project Management through a Flexible Integration of Machine
Learning and Operations Research Tools, Nikos Kanakaris, Nikos Karacapilidis and Alexis
Lazanas, Industrial Management and Information Systems Lab, MEAD, University of Patras,
26504 Rio Patras, Greece

63



[40] Project portfolio management: a landscape of the literature, Int. J. Business Excellence,
Vol. 18, No. 4, 2019

[41] Project portfolio management for Al projects Developing a framework to manage the
challenges with Al portfolios Master’s thesis in Management and Economics of Innovation,
Lucas Andren, Jonas Meddeb, Chalmers University Of Technology, Gothenburg, Sweden,
2021

[42] Project portfolio management Towards a new project prioritization process Driss El
Hannach, Rabia Maghoubi, Mohamed Ddahchour, National Institute Of Posts And
Telecomunications, Marocco

[43] Project Portfolio Management Studies Based on Machine Learning and Critical Success
Factors, Augusto Hayashida Marchinares, Igor Aguilar-Alonso, Facultad de Ingenieria de
Sistemas e Informatica, Universidad Nacional Mayor de San Marcos, Lima, Pert, Escuela
Profesional de Ingenieria de Sistemas, Universidad Nacional Tecnoldgica de Lima Sur, Lima,
Pert

[44] Selection of Projects for Project Portfolio Using Fuzzy TOPSIS and Machine Learning,
Zhu Zhe, Master’s thesis in Technology Industrial Systems Analytics, School of Technology
and Innovations, Vaasa, 2021

64



65



