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1 Introduction 1

1 Introduction

Over the past decades, software has become an essential enabler for science and
the economy. The evolution of software application development and maintenance
handling has become a vital domain both in academia and in business practice. In
the SW development management from the one-time linear development approach,
the focus moved to agile, flexible content handling with frequent SW upgrade ap-
proaches. Several vendors are providing tools and toolsets supporting lifecycle de-
velopment for such a concept of software; however, the related academic literature is
still scarce in the area of clear ALM definition, applicable methodologies, and meth-
ods.

1.1 The importance of Application Lifecycle Management

Application Lifecycle Management (ALM) has emerged as a crucial focal point for
enterprises across numerous industries (IT, automotive, aviation, and so on) aiming
to provide a solution for managing application software through complete lifecy-
cle, from their inception till their retirement. It was visible in the last few decades
an unparalleled transformation towards a software-centric economy, businesses of
all sizes are leveraging software applications to innovate, streamline processes, and
give value to customers. Consequently, the economic impact of software creation
and maintenance has expanded dramatically (Mishra and Alzoubi, 2023; Al-Saqqa
et al., 2020; van den Ende and van Marrewijk, 2014).

Thus the failure of software projects, including applications also, can be econom-
ically disastrous. Delays, budget overruns, and sub-optimal software quality are
not only costly but also erode market competitiveness. The proper management of
the ALM is essential for mitigating these risks and maximizing the economic effi-
ciency of software development challenges, as the ALM governs the entire software
application journey and plays a pivotal role in ensuring that investments in soft-
ware translate into sustainable economic returns. Therefore, applying efficiency in
application management, such as proper scheduling methodology in an ALM envi-
ronment, is crucial.

Although, as there is no clear and commonly agreed definition for ALM exist-
ing in the academic literature, so vendors were taking the chance to alter it to their
benefit. As a result, it is also hindering the next level of scientific analyses and devel-
opments. Lacking this mutual understanding, companies are deemed to use avail-
able project management methodologies like traditional- (TPM), agile- (APM), and
hybrid project management (HPM), which might be fitting partially only for their

purposes.
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1.2 Research questions

Therefore, the aim of the dissertation was threefold:

v' Research ALM scientific literature for

[+] definition and scope identification,

[+] enabling definition determination for methodological research,

v" To confirm the applicability of Matrix representation for scheduling investiga-

tion, including:

[+] simulation (artificial) environment setup,
[+] TPM, APM and HPM feasibility check,
[+] TPM, APM and HPM scheduling efficiency analysis.

v" To examine the effects of risk factors on the IT project’s structure for schedul-

ing.

As validation, a relevant ALM case study with scheduling performance evalua-
tion to be conducted as well.
Considering the goals above, the current study seeks to answer the following

research questions:

RQ1: How can a planning model be identified based on available scientific lit-
erature definitions that represents the Application Lifecycle Management (ALM)
scheduling problem?

RQ2: Do the existing project management scheduling methodologies (TPM,
APM, HPM) produce feasible solutions in the ALM environment, and how are
they performing?

RQ3: What are the risk factors for the scheduling problem in the ALM environ-
ment, and how are they influencing the feasibility and scheduling performance?

2 Related studies and research assumptions

This chapter provides a concise overview of the essential topics that are required to
comprehend the specific methodological study of ALM upcoming in this research.
Familiarity with these concepts is essential for understanding and analyzing the

methodology and findings of the research.
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2.1 Application Lifecycle Management

An application is a specific type of software designed to perform a particular
function or set of related functions for end-users. Applications are user-facing and
serve specific purposes. In academic contexts, "application" is a subset of software,
specifically referring to programs developed to address user needs in various do-
mains. Hereafter, this broader meaning of application is understood for the ALM
context.

The performance of the SW projects historically is worse compared to the tradi-
tional projects, for example, construction, and the phenomenon was already noticed
in the nineties in the Chaos report (StandishGroup, 2020). Several SW development-
specific factors are influencing this under-performance, which are not present in
other product development-related projects, like complex design processes, the im-
portance of clear requirements availability, specific collaboration methods and tools,
and so on identified in detail by the study.

The general approach for product lifecycle management was realized with the
PLM (Product Lifecycle Management), and in the beginning, software was just a
subpart of it, however, with growing SW complexity, the handling of it called for
specialization, first called software development lifecycle (SDLC) management, later
application lifecycle management (ALM). Despite this unique IT area’s apparent
importance, the research community usually leaves it to the PLM and ALM tool
vendors, who are ultimately promoting the convergence (Deuter, Otte, et al., 2019;
Deuter and Rizzo, 2016; Rao and Palaniappan, 2020). There are still connections,
though, for some of the PLM and ALM intersections for the project and program
management elements, interlinks between HW and SW products, change manage-
ment, collaboration, and reports (Deuter and Rizzo, 2016). This also shows that the
tremendous number of smart devices, for example, in ICT or even automotive, are
challenging the ALM. The case study in this dissertation shows how the ALM is real-
ized in an automotive supplier company and what challenges exist in the day-to-day
business.

The domain of Application Lifecycle Management is claimed by many scholars (Chap-
pell et al., 2010; Corallo et al., 2020; Rossberg, 2019; Rossman, 2010) to be a com-
prehensive software engineering approach that encompasses the entire lifespan of a
software application from its initial concept, through development and deployment,
to its ultimate retirement. During this lifecycle several aspects are present, however,
what makes ALM unique compared to a traditional project management or service
approach, is that in the Development perspective after the main phase (first green
line) there are potentially additional non-expected tasks and even subprojects ap-
pearing (smaller green lines) in a scattered way, as you can see in Figure 1. below.
This kind of approach is unique for application development, that during the Oper-

ations phase, there are several planned or unplanned, recurring changes happening.
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FIGURE 1: ALM process by Chappell et al. (2010)

Due to the fact that the changes are more prevalent in a SW development, the
classical project management process models, like the waterfall development model
that expects a clear scope definition already at the beginning of the project with no or
minimal changes, are challenged by such kind of SW development activities. Thus
from a methodology point of view, more flexible approaches are desirable to resolve
the situation, like the agile-(SGI, 2019) or partial traditional and agile combinations,
so-called hybrid project management approaches are expected in such an ALM en-
vironment, however, there is a tremendous gap in the scientific area how to identify
this problem context, and also then how to handle exactly such situations efficiently.

In summary, it is visible that the ALM literature in academia is still scarce, and a
thorough examination is necessary to find a proper scope definition. Such a review

is possible with a systematic literature review.

2.2 Project Management Approaches

For the scheduling performance examination of this research, different project
management approaches’ behaviors were compared in the simulation. The three
selected approach are reflecting the most commonly used methodologies in the soft-
ware development area, and they are providing assumably significantly different re-
sults also, which is why they were selected here. Need to notice, that further project
management approaches exists for software development, however, those are not
considered here in this context.

In the traditional project management (TPM) approach (for example, a construction
project or software development project that follows a waterfall process model), the
question is how much the realization of the predefined requirements realization will
cost. Therefore, while the scope is given and has to be completed, the time, cost, and
quality are convertible if necessary. This approach allows more than one completion
mode (technologies that require different time/cost/resource demands) (Creemers,
2015)

In the agile project management (APM) approach, the question is how many of the
features can be included within the given budget and time interval (for example in a
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sprint). While within a sprint the content is fixed, so new tasks are not allowed, be-
tween the sprints in the planning period rearrangements and new tasks can appear.
The overall goal is for all the approaches to realize the scope to the highest possible
degree. (Rasnacis and Berzisa, 2017; SGI, 2019)

In the hybrid project management (HPM) the traditional and agile methods are
combined, enabling new activities can appear and be involved anytime, and also
capable of handling multiple projects at once. (Reiff and Schlegel, 2022)

TABLE 1: Comparison of various traditional and flexible project man-
agement approaches

Traditional (TPMa) | Fixed Not Allowed | Handled
Agile (APMa) Flexible Not Allowed | Not Handled
Hybrid (HPMa) Flexible Allowed Handled

The nature of agile and hybrid projects, such as involving customers in the de-
velopment process, ensuring strong executive support, and providing the ability to
cope with emergent requirements, requires adaptive and flexible thinking for project
management as well. In the agile project management approach, the completion of
the project is more flexible, and the project structure can adapt to the changing cus-
tomer requirements. (Dingsoyr et al., 2012).

The feasibility and efficiency comparison of the above-described management
approaches in the ALM context has not yet been evaluated, thus creating such a
comparison would greatly contribute to the literature and also to the practical im-
plications point of view to business stakeholders.

2.3 Resource-constrained project scheduling problem

The use of mathematical modeling of economic processes has significantly con-
tributed to the development of methodological tools in recent history. Since the
1950s, the resource-constrained project scheduling problem (RCPSP) has been ex-
tensively studied in the field of project planning. This classical problem involves
scheduling a set of activities, taking into account both precedence and resource con-
straints, to optimize an objective function such as minimizing the overall project
duration or overall costs. Over the years, numerous researchers have devised ex-
act and heuristic solutions for this problem (see Moukrim et al. (2015), Kreter et al.
(2018), Tritschler et al. (2017), Abdolshah (2014), Demeulemeester and Herroelen
(2006)), and they have also explored various approaches and extensions. In their
work, Hartmann and Briskorn (2021) offer a comprehensive overview and classifi-
cation of the most significant extensions of the RCPSP.
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However, for the specific case of ALM, there is not yet available any quantitative
methodological analysis and evaluation for the scheduling performance. Thus ex-
amining the application of such scheduling feasibility and performance evaluation
is reasonable as the first step for this dissertation, which can open up the research
for even a potential ALM-specific extension for the RCPSP.

The ALM-related risk evaluation can be particularly important and exciting for
academics, business stakeholders, and field experts, as risk realization is usually
connected to negative effects during the lifecycle. Therefore the more prepared the
better-handled rule is valid, which means recognizing and mitigating the risks in
the early phase potentially can have fewer or smaller effects on the plan. As ap-
plication lifecycle management is a specific field even in the IT area, there are sev-
eral factors whose relevance need to be examined, and also, the ALM-specific risks
need identification. This research provides a summary of the comparison between
project-specific and ALM-specific findings. The main points are identified and de-
scribed, which were found during the ALM area examination in the literature review
in Table 4 in Paragraph 4.

2.4 Research assumptions

By assessing the research questions after following up a thorough examination of
the literature, it became feasible to develop the related research assumptions. There
are three research assumptions:

RA1: A planning model can be identified based on the unified ALM definitions
from the scientific literature.

RA2: The TPM, APM, HPM project management approaches using the matrix-
based planning method can be extended to solve the scheduling problem, and
result in feasible solutions with different results in the ALM environment. A sim-
ulation framework can be constructed to handle flexible dependencies and non-
planned tasks.

RA3: There are existing project-related risk factors that can be extended for ALM
scheduling problems, however, due to the differences between project and ALM
scope, ALM-specific risks appear also, which can have an effect on resources, cost,
and timing, and can influence the feasibility and scheduling performance.

After the research assumptions are shown in the next chapter, the related works

are presented.
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3 Results

In this chapter after the presentation of the research question, I present the research
completed related to them, with the decision about the research assumptions.

RQ1: How can a planning model be identified based on available scientific literature
definitions that represents the Application Lifecycle Management (ALM) scheduling prob-
lem?

The research addresses the gap in the definition of ALM by proceeding with a
rigorous systematic literature review of the available ALM-specific scientific liter-
ature. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) method was used to support the objective of the research. (Page et al.,
2021) Including findings for the keyword search "ALM definition" in the English
language from the Google Scholar search engine. A critical analysis then proceeded
to explore the definitions of existing application lifecycle management (ALM). This
study synthesizes an analytic framework from a total of 3230 sources, which contain
explicit information. Since ALM is also strongly vendor-driven and relies heavily
on non-referenced sources, therefore this study includes findings limited to peer-
reviewed sources such as journal articles, conference proceedings, books and book
chapters, PhD dissertations.

The screening overview for the yearly distribution can be seen in Figure 2. The
figure demonstrates well that the ALM area overall is currently a small, develop-
ing area in the academic literature, the dominant number of conference papers an
articles show that intense discussions are ongoing within the field.

[IBook Chapter
=  [llBook

[ JPhD Dissertation
% .Conference Papers

BlJournal Articles

10

0 —
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

FIGURE 2: Articles, Conference papers, Dissertations, Books and
Chapters yearly distribution over the years after the Screening

After analyzing the sources from a quality perspective, it was apparent, that there
are visible quality differences among the sources, thus two main categories were
created. The Top Academic entries, which are the upper half of the scientific journals
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according to the Scimago ranking (Q1 & Q2), and for Conferences based on Qualis
ranking top tier (Al & A2 & B1). The rest, still peer-reviewed quality sources are
belonging to the Extended Academic ranking in this overview, including articles from
Journals Q3 & Q4, conference papers, PhD dissertations, book and book chapters.

Table 2 shows that after the filtering and full reading the sources contain only
very limited information about the ALM definition explicitly, a total 76 relevant
sources explicit ALM definition. This is quite a low number of appearances, and
in several cases, scholars are highlighting the connection with the business-related
strong connections and vendor-specific ALM definition changes as part of the evo-
lution of their toolsets.

The exciting finding is that while in the Top Academic sources, the most common
appearance was for Definition E), which refers to ALM as a paradigm that contains
governance, development, operation/ maintenance, that enhances the level of abstraction

in ALM.
ﬁ
o 20

Journals Q1 Journals Q2 Qualis A1 Qualis A2 Qualis B1

Top Academic entries:

)
84%

21

Extended Academic:

7
5
3
a 3 /-
13 81% 78%
b 13 18
Journals Q3 Journals Q4 Qualis B2 Qualis B3 Qualis B4
3
| 6
Y-\
85%
80% 85% o Delinition present
A 34 105 8 Mo Delinition
4

Qualis B5 PhD Dissertation Book Book Chapter

TABLE 2: Definition availability in Top and Extended Academic rank-
ing sources (with percentage and total numbers) - Own edit

In the Extended Academic ranking sources Definition C) was the most prevalent,
referring to ALM as a framework for the coordination of activities (including require-
ments, modeling, development, build and testing) and artifact management (enforce-
ment of the processes for interconnecting activities; management of relationships
and links between the development artifacts; and reporting on the progress of the
development) during the SW lifecycle. See Figure 3 for the distribution of the found
definitions.
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The ALM definition findings after the systematic literature research are summa-

rized in the Table 3 which includes the
13
,

FIGURE 3: Summary of various definition scoped present in included
entries
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identified ALM definition scope below with the key highlight and the left side
and the main sources with references on the right side of the tabular.

Product life-cycle Management (PLM) and its equivalent in software, namely application
life-cycle management (ALM), are the overall business process that governs a product

or service from its inception to the end of its life in order to achieve the best possible

value for the business of the enterprise and its customers and partners.

PLM/ALM combines processes, people, and tools for the effective engineering of products
—from their inception until the end of service. It involves tacit knowledge of experts and
explicit knowledge, codified in procedures, process, and tools. PLM/ALM stretches from
know-how to know-what and know-why. (Lachainer, 2011), (Ebert, 2013), (Gatrell, 2016)
Application Lifecycle Management (ALM), a widely-used lifecycle for software
development and maintenance. (J. Rossberg, 2012), (Ramler, 2012)

A) a process for SW PLM/SDLC

B) SW development AND maintenance.

ALM “has emerged to indicate the coordination of activities and the management of
artefacts (e.g., requirements, source code, test cases) during the software product?s
lifecycle” (K4aridinen and Viliméki, 2009), Gatrell (2016)

The coordination of development lifecycle activities, including requirements,
modeling, development, build and testing, through the following:

C) Artefact management tool for SDLC. 1. enforcement of the processes that interconnect these activities;

2. management of relationships and links between the development artefacts

used or generated by these activities; and

3. reporting on the progress of the development effort as a whole.

ALM is often seen as a framework that aims at synchronizing all the lifecycle
activities instead of focusing on any specific lifecycle activity” (Schwaber 2006)

ALM is the product lifecycle management of computer programs that is a wider

D) an SDLC extended with phases approach than the SDLC, which is limited to the phases of the typical software

after development. development stages. In contrast, ALM defines stages after the development lifecycle
as well. (OGC ITIL, 2002),(Arya, 2011), (Chappell, 2011)

Application Lifecycle Management (ALM) is a recent paradigm for integrating

and managing the various activities related to the governance, development and

E) a paradigm: governance, development, | maintenance of software products.

operation/maintenance. ALM is a combination of three functions: governance, development and

operations, and three milestones: (start of) ideation, deployment and end-of life.
(Chappell, 2008) (Rossberg, 2014)

application management refers to the lifecycle-oriented control of the

problem resolution process for operational application systems excluding any fundamental
application development services. (Kueper, 2011)

F) ALM is a service for
after development part only

Establishing a standardized development-to-release workflow, often referred to
G) ALM for quality assurance as the ALM process, is particularly critical for organizations in their efforts to meet

tough IT compliance mandates. (Tracy, 2006)

TABLE 3: Summary table of ALM definitions and their scopes
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Additionally, after the systematic literature review, a critical review proceeded
to look for the establishment of a unified definition. This approach provides a com-
bined and refined synthesis of definitions created to provide a base for methodolog-
ical research.

In the following the elements of this unified ALM definition are described with
the keywords in the head of the line:

1. Scope of ALM. ALM is a holistic approach to managing software applications
throughout their entire lifecycle, from inception to retirement. It is realized
by integrating and managing various activities and workproducts related to 3
functions, namely, governance, development, and operations, including main-
tenance. Governance is an overarching management activity throughout the
whole lifetime of an ALM; however, its importance is greater upstream due to
its influencing factors. Development is mostly related to classical SW develop-
ment projects, which involve main RD-related work. Operations and mainte-
nance are rather similar to service; however, because additional development
tasks might occur at different sizes in this phase next to the bug fixing, these
tasks may be unique.

2. Phases of ALM. There are 3 primary milestones for ALM: ideation, deployment,
and end-of-life. There are 7 phases, which include requirement gathering, de-
sign, development, testing, deployment, maintenance, and decommissioning.

3. Key Components. The core components of ALM support the lifecycle through
processes and tools such as version control, issue tracking, continuous inte-
gration, and deployment automation. These components play a crucial role in
scheduling and resource allocation.

4. Scheduling Challenges. There are specific challenges associated with scheduling
in ALM. These include the following: resource allocation, as activity realiza-
tion is also mostly linked to finite resources; task sequencing, as the scheduling
of activities in the development and maintenance phases might need to be han-
dled differently; time estimation for resources based on scheduling methodolo-
gies might be difficult and not straightforward, and optimizing resource uti-
lization and scheduling, as currently existing methodologies are not yet proven
to be optimal for ALM specifics.

5. ALM development methodologies. The ALM is tightly integrated with the soft-
ware development process. For scheduling within ALM, flexible SW develop-
ment methodologies such as Agile, partially or fully applied as a hybrid ap-
proach, should be considered. However, there are currently no specific ALM-
related methodologies or frameworks proven to be optimal.
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6. Flexibility and Adaptability. ALM scheduling methodologies should be flex-
ible and adaptable to accommodate changing requirements, unexpected is-
sues, and evolving project priorities. The process of handling and managing
changes occurs not only during development but also during the operation
maintenance phase. These additional change requests can extend from the
task level up to even smaller subproject levels.

7. Measurement and Metrics. Measuring and tracking key performance indicators
(KPIs) related to scheduling in ALM is also crucial due to the flexible struc-
ture handling and necessary contracted values to be contacted. These metrics

include project duration, resource utilization, and task completion rates.

So as a summary, the ALM definition unified contains the extended definition
of time, cost, resources, and quality. The time perspective is covered by the scope
and phases, stating ALM is from inception to retirement of the software applica-
tion, which is divided into 7 phases: requirements gathering, design, development,
testing, deployment, maintenance, and decommissioning. The resources are the re-
newable and non-renewable resources necessary to implement the activities in the
scope defined. which allocation is handled by the key components along the ALM
development methodologies in a flexible scheduling. The quality parameters are de-
termined by the Measurement and Metrics for observing the readiness and maturity
levels.

The research question RQ1 was focused on available ALM definitions and their
characteristics and on how a common definition can provide a strong basis for future
research. The extracted definitions and their summaries are revealed and shown,
reflecting a total of 7 different interpretations. The definitions cover the current aca-
demic understanding of the application life cycle management scopes and contents,
and the unified ALM definition with its details provides a base for future method-
ological research as well. As a result, RA1 is accepted.
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RQ2: Do the existing project management scheduling methodologies (TPM, APM, HPM)
produce feasible solutions in the ALM environment, and how are they performing?

For the research of this question, the Matrix-based representation method was
used for the formerly presented project management approaches (TPM, APM, HPM)
with the help of a Monte Carlo simulation. This made it possible to have a measur-

able output for the comparable analysis. The details are described in this section.

Agent-based implementations for project management approaches

For TPM, APM, and HPM, respectively, an agent is programmed to execute the
schedule problem solving. Respective, they are called Traditional Project Manage-
ment agents (TPMa); for the Agile approach, the agent is APMa, and for the Hy-
brid approach HPMa, see Figure 4 for comparison of various agent’s behavior for
scheduling problems.
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FIGURE 4: Comparison of project management approaches and their

agent-based implementations when the target function is the mini-

mal total project time. (¢}, ¢;, q; represent time/cost demands/quality

parameters, respectively, of completion mode j, ;; is the resource i of
completion mode j.)

Working in a structure called project domain matrix (PDM) which has 3 manda-
tory domains, namely, logic domain (LD), time domain (TD), and cost domain (CD),
and two supplementary domains, namely, quality domain (QD) and resource do-
main (RD) see Figure 4 for example (Kosztyan, 2022).
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Simulation framework

Determining the feasibility of the scheduling problems with the various agents
(TPMa, APMa, HPMa) a simulation was created that focused on the solution of the
problem. In case the problem was feasible, means the appearing risks were not hin-
dering the solution, it "survived" this challenging, risky environment. Therefore,
the Monte Carlo simulation (MCS) was selected, one of the most frequently applied
risk management methods. This is a useful technique to simulate project risks and
uncertainties. In MCS, risk effects, such as delays, cost overruns, and overwork,
can be simulated by changing the time/cost/resource demands of the tasks (Kwak
and Ingall, 2007). In MCS, task demands follow theoretical or empirical distribu-
tions. By combining MCS with matrix-based techniques, the interdependencies of
the risks can also be modeled. In the case of flexible project structures, the project
can be restructured (Kosztyan and Szalkai, 2018, 2020), and this extension is crucial
for handling flexibility, such as in agile and hybrid projects. During the simulation,
the feasibility is evaluated as the project survives the risks, yields a feasible project
structure, or fails and becomes infeasible.

Datasources

Selecting adequate project plans from a project database was problematic be-
cause none of the known project generators (such as ProGen (Kolisch and Sprecher,
1997), RanGen I (Demeulemeester, Vanhoucke, et al., 2003), and II (Vanhoucke et al.,
2008)) nor open project data sources (such as MMLIB (Peteghem and Vanhoucke,
2014) and PSPLIB (Kolisch and Sprecher, 1997)) distinguish mandatory and supple-
mentary tasks or consider strict and flexible dependencies. Therefore, there are no
score values linked to task completion or task dependencies. Nevertheless, with-
out considering flexible dependencies and priorities of task completion, the flexi-
ble project plans cannot be modeled because lower-priority (supplementary) tasks
cannot be postponed, and the project plan cannot be restructured. Since there is
still no real project database that contains an empirical distribution of the priorities
or the flexible dependencies, the selection of tasks/dependencies and priorities fol-
lowed a uniform distribution. Another challenge was that currently there not yet
existing ALM-related databases, thus as ALM is strongly related to IT projects, such
databases were used for this simulation. Three different datasets were used, which
are the following:
Dataset A: contains selected data from the project databases. PSPLIB (j30 dataset)
and MMLIB (MMLIB50 dataset). Database selection was performed based on the
specified criteria, including the number of activities and serial/parallel indicators,
of which the values best fit the projects in the IT sector.
Dataset B: In addition to the selected instances from existing standard datasets,
project instance generators have been considered as another source of project data.
The widely accepted generator ProGen (Kolisch and Sprecher, 1997) was selected.
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Dataset C: Consists of empirical project data from the database presented by Batse-

lier and Vanhoucke, 2015 from IT area.

[ | Survival analysis-based risk evaluation (SABRE) tool |

- N e TPMa . Modification TPMa N N Modification of Y TPMa N
Original project Modification of )APMa Feasible of project )AFMa urvived project unning project >APMa Survived
plans constraints roject plans proj plans ing proj projects
I

HPMa parameters HPMa parameters HPMa
STAGE 1 STAGE 2 | STAGE 3

FIGURE 5: The proposed simulation framework

Figure 5 shows the proposed simulation framework. In this simulation, the in-
fluence of risk effects, such as the modification of constraints (see stage one) and
overruns of cost and time (stage two and stage three) are mitigated by project man-
agement agents. The properties of the surviving projects are handled by different

kinds of project management agents.

Descriptive statistics

The simulation results in Figure 6 show the descriptive statistics of 48,000 schedul-
ing problems, which are based on a set of 50 project structures. The project structures
of 1-25 consisted of generated and real IT projects, and the control groups (26-50) fol-
lowed construction project structures. Since 0-50% of task completions and depen-
dencies between tasks are considered flexible, the constraints were calculated indi-
vidually for each scheduling problem. Figure 6 shows the time, cost, quality, score,
and resource constraints by project structures and by flexibility parameters. Con-
straints are specified at 1 and % of the theoretical range of project demands. These
constraints were the same for all PMas; therefore, they can be compared. However,
the specification of constraints fits the possibilities of the project plans. Therefore,
it can be ascertained that the real projects from Dataset C have more time and cost
demands (see project structures 21-25 and 46-50 in Figure 6(a,c)). In that case, the
quality demands are also higher (see project structures 21-25 and 46-50 in Figure
6(e)). On the other hand, the generated projects (from Dataset B) have the highest
resource demands (see project structures 15-20, 35-20 in 6(g)). From the MANOVA
cluster, only one project structure (49) is shown to exhibit a relevant difference in

constraints (compare 6(a) and 6(c) and 6(k)).
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Feasibility versus flexibility

Figure 7(a) shows the feasibility rates of project management agents by stages
and flexibility. The survival rate gives the ratio of feasible project scheduling prob-
lems in the given stage managed by TPMa, APMa or HPMa. Stage by stage, in-
creasingly fewer projects survive the changes in constraints (Stage 1), the changes in
demands and structures in the planning phase (Stage 2), and in the tracking phase
(Stage 3). Especially in Stage 3 (see Figure 7(b)), the TPMa is more sensitive to the
changes in demands, while the flexible approaches are generally less sensitive (see
Figure 7(b)), even if the flexibility ratio is high (see Figure 7(a)).

In line with Figure 6(d,f,h,j), Figure 7(a) shows that generally, the increase in flex-
ibility increases the rate of feasibility for all approaches. However, this opportunity
can be exploited primarily by agile and hybrid approaches. In addition, in cases of
lower flexibility (< 20%), the TPMa manages more feasible projects than does APMa
(see Figure 7(a)).

The interesting result is that HPMa made better use of the opportunities offered
by flexibility. HPMa makes more feasible projects than the agile approach.

As a summary, the research question RQ2 was focused on the feasibility of the
project management approaches in for the ALM scope. The simulations showed the
feasibility and sensitivity of the solutions based on multiple flexibility factors and
different target functions. As a result RA2 is accepted.
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RQ3: What are the risk factors for the scheduling problem in the ALM environment, and
how are they influencing the feasibility and scheduling performance?

Risk is characterized as the absence of assurance regarding the outcome, which
can either be a positive change or a negative threat. Effective risk management
involves the process of recognizing and regulating any hazards that could hinder
an organization’s ability to meet its business goals (Government Commerce, 2007).
Managing risks are standard task in project management already, the intent behind
Risk Management is to identify, evaluate, analyze, assess, and mitigate potential
product issues defined in ISO/IEC 31000 (Barafort et al., 2019) also. Risk Manage-
ment is a total product life cycle process. Risk is normally perceived as something to
be avoided because of its association with threats, and as previously introduced, the
ALM environment is more extended compared to the project scope, thus it provides
additional space for potential risk factors to appear. Unfortunately, the risk factors
for ALM are scarcely researched yet, the literature mainly contains narrowed-down
ALM scopes. In the following, those ALM environment-related risks are presented,
which are identified from the structural and scheduling point of view from the avail-
able academic literature. This means that the several general and introduction re-
lated, for example ALM organizational point of view risks are not considered here,
even though there are significant risk factors also identified for ALM organization
adaptation (Akgun et al., 2020; Tiiziin et al., 2019), and later on related to operation
(Cheng, 2010).

Risk management approaches are also different for Agile, which is often used in
ALM environment also, as the intention of Agile ideology with the iterative loops
is to "fail early” and still be able to react to the appearing issues. Buganovéd and
Simitkova (2019) creates an analysis to compare traditional and agile risk manage-
ment and highlights the advantages and disadvantages on both sides. She points
out that organizations use projects to manage changes for developing and deploy-
ing new products. In today’s competitive environment, only those who can manage
the risks and realize the project more efficiently will succeed.

Due to the above-discussed differences in ALM and PM scope also the risk scopes
require additional analysis. Project- and SW-wide risks need an extension in theory
for the ALM scope also. Academic research for this field is very limited, a risk col-
lection and assessment tool is proposed by Choetkiertikul and Sunetnanta (2012),
mostly focusing on distributed SW development-related risks. However, mostly the
general Life Cycle Management area risk management (Castaneda et al., 2020; Hum-
mer et al., 2019; Niemann and Pisla, 2018; Sonnemann et al., 2015) or the Software
Development Life Cycle is researched (Roy, 1962; Sahu et al., 2014). So in the follow-
ing, as a restriction it will be treated the relevant risks such as project risks, which
should be proper and acceptable for the ALM model. The limitation can be resolved
with a further study of the ALM scope in the future.

Table 4 collects the factors from the literature related to the project management
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Komal et al. (2020)

et al. (2009)

and Madhuri et al. Aiello and Sachs
Scope Creep . (2016) and No
(2018) Ajmal et al. Rossberg (2019)
(2022) &
Change in Kossmann (2016) Chanda et al.
Requirements and Venkatesh (2013) No
and Balani (2016)
Albtoush and Doh | Banjanin and
Budget Overruns | (2019) and Jackson | Strahonja (2018) No
(2002) and Ebert (2013)
. . Aiello and Sachs
Majerowicz and (2016) and
Schedule Delays Shinn (2016) and Tudenhof No
Park (2021) acennomer
(2011)
Resource Issa and Tu (2020) I:EZSEEZEE;:% No
Constraints and Mishra (2020) (2010)
Issa and Tu (2020)
Feasibility of and Rahman et al. | Aiello and Sachs No
problem (2021) Beek et al. (2016)
(2024)
Komal et al.
(2020), Shafqat Akgun et al.
Quality Issues et al. (2022), and (2020) and Otibine No
Wawak et al. etal. (2017)
(2020)
Akgun et al.
I’Ef:;iliili ¢ No (2020) and Corallo Yes
y et al. (2020)
Ké&aridinen and
Version Control No Vilimaéki (2008) Yes
Issues and Pirklbauer

TABLE 4: Risk factors appearing in Project Management and Appli-

cation Lifecycle Management environments

and Application Lifecycle Management risk factors, and showed which academics

were investigating on the topics. Below providing a brief insight also how they are

related to general project approaches, to SW projects and to ALM. Since the focus of

this dissertation is the methodological approach, the main emphasis thus is on the

ALM-specific non-planned activities elaboration and its effects.
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FIGURE 8: Performance of risk mitigation of project management ap-
proaches

Performance of risk mitigation

From the simulation Figure 8 shows the performance of risk mitigation of the ex-
plored project management approaches. The ideal risk mitigation strategy maintains
all project plans as feasible.

The TPMa keeps all tasks, and therefore, the score is maximum in all cases, but
the price of this strategy is to "lose" more project plans than other strategies. More-
over, considering only feasible project plans, TPMa shows the most significant ten-
dency to delays and overbudget situations. If risk factors are moderately correlated
the TPMa demands a substantial amount of additional resources.

The APMa shows a very different picture. Interestingly, the agile technique is
the only approach that reduces project costs despite the risk factors. The price of this
strategy, however, is that it attains the largest decrease in quality and scope.

It is also interesting that when risk factors are moderately correlated, because
of the forced parallelization, the demand for resources is increased to the greatest
extent in this strategy. HPMa keeps most project plans feasible, and this approach
creates balance within the multimode methods and the restructuring techniques,
which means that this strategy can well mitigate the risk effects in order to keep the
project plans within the constraints. In the meantime, it retains more of the scope
than agile techniques.

When risk factors are correlated with each other, they greatly enhance each other’s
risk effects. These effects of interdependencies between risk factors occur particu-
larly in the case of using TPMa. TPMa is very sensitive to the changes in the time,
cost, and resource demands and their interdependencies, which is in line with the
experience gained so far in software projects. The agile techniques can better miti-
gate the risk effects; however, if risk factors are correlated with each other, because
of the forced parallelization, this technique is also sensitive to the resources.

Figure 9 shows the effect of project management agents, all explored structural
properties, such as project structure and flexibility low-level risk factors, such as
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FIGURE 9: Variable importance for feasibility

changes in costs (Ac), duration (At), resource demands (Ar), et cetera; and high-level
risks, that means when TPT, TPC, TPQ, or TPS values violate the corresponding
constraint, that are assessed through the constraints (C,%). According to the result,
the low-level root causes and structural parameters have a greater direct impact on
feasibility. The most important variable for maintaining the project feasibility is the
selected project management agent (XPMa, 24.3%). In addition, the second most
important variable is the flexibility rate (18.8%). The correlation between risk factors
is more important (11.1%) than the risk factors themselves. According to the results,
TPMa is the most sensitive to the shocks where only a few (10%) of task demands
are changed, but these changes are (even 10 times) higher.

The risk factors (Ar, .., At) are more important than the constraints as the result
of an agreement (C;%, .., C;%). This observation proves that after the contract phase,
there are more challenges for the project manager to ensure that the project plan
remains feasible. The more challenging task is resource allocation, both in traditional
and flexible project management approaches.

As a summary, the research question RQ3 was focused on the risk factors in the
ALM area and how the risk factors are influencing the feasibility and the scheduling
performance. The ALM-specific risk factors from the literature review are analyzed
and then presented here with their description. Risk factors possible to involve in
the simulation were more in detail evaluated and explained the correlations. As a
result, RA3 is accepted.
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FIGURE 10: Radar chart for the performance of the agents for ALM

Validation

To robust the simulation results, a validation was conducted within an ALM
environment for a real-life problem. The case study was carried out at a global auto-
motive supplier established in 1871, a leading company that specializes in manufac-
turing brake systems, interior electronics, automotive safety, powertrain and chassis
components, tires, and various other automotive parts. The organization operates
in 58 countries, with a total sales of €33.8 billion and an employee count of approxi-
mately 190,000. In this case, the focus was on electronic brake systems’ software ap-
plications, where the company is a top-tier supplier and competes with well-known
companies that showcase the organizational structure and key data. The challenge
for ALM handling appeared at the beginning of the decade, and the company has
answered with an agile changeover from the structural and methodological point
of view, which partially supports their targets, therefore investigating further how
to support the challenging continuous SW update requests. The ALM naming con-
vention is not explicitly used (yet); however, the problem definition is fitting for this
case very well. As can be seen in the radiograph in Figure 10 the simulation results
and the case study results are agree and support each other.

Agent/Function [ ime 11 Cost | 'Score! | Resoiiree 1| Resource 2]
TPMA Worst | Worst Best Best Best
APMA Second | Second | Second Second Worst
HPMA Best Best Worst Worst Second

TABLE 5: Summary table for the performance of agents for ALM
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The summary visible in Table 5 refers to the setup of the case study results, which
were presented and discussed with the company management and experts for the
organization improvement projects. The results confirmed the planned changeovers
for a hybrid type organization changeover instead of the full-agile organization in-
troduction. Their main decision factors were related to time and cost, which is
why the HPMA was favorable for them. The performance-related score factor, even
though it seems to perform the worst, as the customer also accepted the agile method-
ology introduction, the content management was commonly agreed upon and ac-
cepted as not fulfilling all content. The company, though, expects some improve-
ment in the resource efficiency on the training curve.

4 Research theses

Considering the research questions and assumptions with the corresponding results,
three research theses with subtheses were formulated as follows:

RT1: Based on the unified ALM definition -including time, cost, resource and
quality aspects also- the matrix-based planning model can be applied for schedul-
ing purposes in the ALM environment, as it fulfills the flexible requirements rele-

vant to the planned and non-planned activities.

RT2: The ALM scheduling problem can be set up as an extended project man-
agement scheduling problem and the existing project scheduling methodologies
(TPM, APM, HPM) provide feasible solutions in the ALM environment with dif-
ferent performance levels:

RT2.1: TPM approach manages more feasible projects in case the flexibility is
lower, and it provides all cases the highest score on customer satisfaction due to
execution of all defined tasks, and fewer resources per time unit, however also the
highest project budgets with longest projects due to the worst project scheduling

performance.

RT2.2: APM approach manages significantly more feasible project than TPM
when the flexibility is higher, and in general the shortest projects with the lowest
budget if other target function is selected, however requires more resources per
time unit than TPM.

RT2.3: HPM approach provides the most feasible projects in case higher flexi-
bility is present, and shows the best performance for targets to reach (cost, time,
quality), and this secures the best total project value.

RT3: A total of 9 risk factors extended from the project scope to the ALM en-
vironment are confirmed related to scope, time, cost, resources, and quality; also
ALM specific risk factors focusing on the scope change, specific to ALM schedul-
ing were identified:
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RT3.1: The 3 most influential risk factors in the ALM environment are the follow-
ing: the applied project management approach, the degree of structural flexibility,
and the correlation between the risk factors.

RT3.2: In the ALM environment, the low-level risks (changes in cost, time, re-
sources) have a higher impact than the high-level risks (fulfillment of constraints
by the target function).

RT3.3: TPM is the most sensitive to the shock effects, with only small changes
(10%) of task demands can result even 10 times higher modifications in the dura-

tion, resources, and costs.

These theses are in accordance to the research questions and research assump-

tions. In the next chapter the overall summary and conclusions are presented.

5 Summary and Conclusion

The rapid rise of technology requires a deep understanding and efficient manage-
ment of software programs or applications, which are essential to modern busi-
ness operations in industries such as info-communication, automotive, healthcare,
aerospace, and many other areas. An unparalleled shift toward a software-based
economy could be seen in recent decades. Companies of all sizes use software to
innovate, optimize workflows, and offer value to customers. Software creation and
maintenance now have a greater economic impact. Software project failures, though,
can hurt the economy. Delays, budget overruns, and poor software quality cost
money and reduce market competitiveness. Minimizing these risks and maximizing
software development project economics requires effective handling of applications
throughout their whole lifecycle. Application Lifecycle Management (ALM) offers a
framework for such a solution as it manages the entire software application process
from inception via development and maintenance of the application till its retire-
ment. It can ensure long-term economic returns for software investments. This is
why it is highly important to research this area and provide academic solutions for
the business challenges listed above.

The contribution was threefold in this dissertation. On the first count, there is
a contribution to the ALM literature by providing a synthesized ALM definition
supporting future methodological research as it is based on a thorough systematic
literature review for the definition and modeling of ALM based on peer-reviewed
quality academic sources. This step was necessary as ALM is a relatively new and
yet less researched area in the scientific literature, with mostly vendor-driven infor-
mation available in the area. Therefore, a rigorous systematic literature review was
conducted, including as wide a range of sources as possible, with the presumption of
keeping the quality by selecting peer-reviewed sources. It was a keyword search for
explicit ALM definition, and after identifying the relevant sources, a critical review
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was performed to gain the content. It was revealed that overall, seven types of ALM
definitions are occurring among them. The most frequently occurring definitions
highlight that ALM is strongly related to artifact management during the application
management, also that it is a process similar to and based on the PLM but specific for
SW development, and thirdly, that ALM is a paradigm, a holistic consisting of gover-
nance, development and operation/maintenance elements. Based on these relevant
sources and field experience, I have proposed a unified ALM definition that joins the
understanding of different aspects like scope, phases, key components, scheduling
methodologies, flexibility, and metrics. Considering the fact, that such a widespread
summary description was not yet available previously in the literature, this defini-
tion can serve as a base for future investigations by any scholars to proceed with
methodological research by understanding better the scope and attributes of ALM.

On the second count, quantitative research proceeded for applicability and sen-
sitivity checks of recent PM methodologies, such as traditional, agile, and hybrid,
to see how efficiently they provide solutions for ALM scheduling problems. The
matrix-based scheduling algorithm, which is applicable for projects, was extended
with a flexible schedule handling option in the form of non-planned task handling.
The project management execution types were then represented as agents, respec-
tively. For Traditional Project Management (TPM), a Traditional Project Manage-
ment agent (TPMa) was created, similarly for Agile PM and APMa, and for Hybrid
PM and HPMa. In the environment, the scheduling performance is evaluated, and
how the algorithms are performing is described. In addition to the performance
evaluation, a risk evaluation has proceeded concerning the extended scope of the
ALM compared to the classical project scope understandings from the academic lit-
erature.

On the third count, a present-day case study is executed in an ALM environ-
ment at an automotive supplier company that is facing application development
challenges, and after the modeling and evaluations, recommendations are provided
to their management about the results and potential changes for improvements. The
case study is an important reinforcement of the previously theoretical and simula-
tion environment-proven methodologies that were tested in a real-life problem. The
environment and problem definition involved several professionals from the execu-
tion level up to management levels in several rounds to ensure the representativity.
The simulation with the case-study data showed results according to the expecta-
tions based on the theoretical concept. The company appreciated the academic sup-
port for confirming an efficient way of working determination in their business area.

As an overall summary, the targeted goal of the dissertation is fulfilled to extend
the ALM scientific literature with several value-added results, which also appeared
in several conferences, proceedings, and in the form of article publications. Practi-
tioners involved in the process were also highlighting the positive effect by asking
and answering questions outside of their daily routine, helping them to rethink the
way of their work, and even supporting it with proven academic data. The ALM
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area though far from being complete, is rather the start of a new journey for poten-
tial researchers based on the provided results.

5.1 Contribution to literature

First, it needs to be noted that the ALM-related academic literature is still scarce and
expects growth from several perspectives because it started up as a mostly vendor-
driven area, and not even a clear or unanimously accepted ALM definition exists.
This is due to the vendor’s purpose to form the ALM according to their business
interest and also to the fact of the quick development of the concept itself. Business-
related authors and professionals are sharing and contributing to the general knowl-
edge base of the ALM; however, the scientific community currently has limited time
and effort invested in the area.

1. The dissertation’s first parts focused on the literature review, in a broader
sense, to get to know the ALM more in detail and more focused on finding existing
ALM definitions so that, as a next step, a unified concept can be created to sup-
port further methodological research by the academic community, which is under-
researched today. The cross-sectional systematic literature review method was used
to provide the base for the existing definitions in a broad scope of scholarly literature.
Then, a critical review proceeded to analyze and create a unified ALM definition in-
tended to integrate the scopes and attributes. So the first significant contribution was
the created systematic literature review on the ALM definition. This can also be used
as a base for a longitudinal or a meta-research, for example, for SIMILAR method
(Kosztyan, Csizmadia, et al., 2021) for further extending the ALM literature. The ad-
ditionally proposed ALM definition can be a base for further research by academics,
opening up new horizons for methodological research, as the problem already exists
in the business, as revealed by the case also. Also, in an article, the publication un-
der review he Evolution of Definition in Application Lifecycle Management — A Systematic
Literature Review Article with a Critical Analysis.

2. A matrix-based method was developed and proposed to examine the feasibil-
ity of IT projects with existing project management approaches (TPM, APM, HPM)
programmed as agents. Similar feasibility-related comparisons did not exist before
in the academic literature based on such complex simulations using real-life data as
input. Therefore, the second main contribution is coming from here, published in
the article Survive IT! Survival analysis of IT project planning approaches.

3. A case study proceeded with an automotive supplier company ALM-related
challenging situation evaluation and using the previously demonstrated matrix-
based method extended to the existing ALM environment. The case study involved
several experts and managers in a leading automotive supplier that had not yet

recorded such a complex HW-SW-related approach in the literature beforehand. The
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Application Lifecycle Management scheduling problem was recognized and real-
ized after the interviews and internal investigations were followed up on by lead-
ing managers. The quantified data and scheduling problem analysis with several
approaches (TPM, APM, HPM) was revealing deeper context and potential further
organization development for the company towards higher efficiency.

5.2 Practical implications

The systematic literature review can also provide valuable insights to professionals
from a practical perspective, as no similar review has existed before. If the objective
is to gather information on the fundamental concept and the extent of coverage for
experts, this can be achieved through the article and theoretical assessment of the
dissertation.

The proposed method compares traditional, agile, and hybrid project manage-
ment approaches from the viewpoint of different stakeholders. It proposes a meta-
network analysis method, which has not been applied in software development
projects to date, and has also extended it for the ALM environment. The analysis
showed that all methods not only have advantages but also have disadvantages.
Most of them are in line with experience, but other methods need a deeper analysis.
First, similar to experience, traditional project management approaches produced
the most infeasible project plans. This result completely matches the Chaos Report’s
results (SGI, 2019), where waterfall projects, which follow traditional project man-
agement approaches, provided three times more failed projects. However, this study
also demonstrated that a benefit would occur only if at least 20% of tasks and de-
pendencies were flexible. The lesson could be learned that when this requirement
cannot be satisfied, the agile project management approach can produce more failed
(infeasible) projects.

In terms of scheduling, the traditional project management approach and the
implemented TPMa operate only in terms of multimode task completion. This ap-
proach assumes that tasks can be completed in different kinds of ways. In contrast,
agile techniques assume a flexible project structure, where dependencies between
tasks can be flexible and lower-priority tasks can be postponed until the next project,
but usually, only one completion mode is specified. The results showed that in the
case of a flexible project environment, where the flexibility rate is high, this approach
can genuinely produce more feasibility, and in this way, it can make remarkably
more projects capable of success than traditional approaches. However, this advan-
tage dissipates when the technology requires strict dependencies.

Due to project flexibility, another impressive result is that an agile project man-
agement approach usually obtains the shortest and least expensive projects, even
though specifying a single implementation mode. However, this strategy’s expense
is less content and lower quality. For this reason, it is essential to involve customers

for whom the scope of activities to be excluded from the project should be defined.
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At the same time, it is also a vast challenge for developers to manage many parallel
activities simultaneously.

The hybrid project management approach can take advantage of both flexibility
and the choice of completion modes for scheduling; therefore, it provides the best
schedules and those that are most feasible, and after the risk analysis, those with the
most survived project plans, but these values are best only for the target functions.

The hybrid and, especially, the APMas are better in the flexible project environ-
ment. In this case, more feasible and better (for example , shorter, less expensive )
projects can be specified. Nevertheless, the project structure, such as the size and
the parallelization (i2), are less important factors for survival. Agile and traditional
project management approaches can usually better mitigate the effects of risk fac-
tors, while the hybrid approach helps to ensure the most surviving projects.

Hybrid techniques allow both multiple modes and flexible structures, and there-
fore, it is assumed that this is the supreme technique of project management. This
assumption is reinforced by the fact that this technique provides the highest ratio of
feasible solutions and the best scheduling performance when only the target func-
tion is considered. Based on the proposed database, HPMa provides the most feasi-
ble solutions; therefore, a software development project is more likely to survive the
risk effects if a project plan is managed by a hybrid project management approach.

As an outlook, related to the automotive Case Study, available data can become
information and knowledge for organizational setup and scheduling for this specific
industry. The future for smart actuators and the challenge of SW becoming a prod-
uct (SWaaP) are already leading to the Application Lifecycle Management world
step-by-step. Industry demands input from academia related to processes, schedule

optimization, and more.

5.3 Research Summary Table

See the below Table contains the summarized Research Questions, Assumptions and
Theses for a better overview combined together.
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Item

Statement

RQ1:

RA1:

RT1:

How can a planning model be identified based on available scientific literature defini-
tions that represents the Application Lifecycle Management (ALM) scheduling prob-
lem?

A planning model can be identified based on the unified ALM definitions
from the scientific literature.

Based on the unified ALM definition -including time, cost, resource and qual-
ity aspects also- the matrix-based planning model can be applied for schedul-
ing purposes in the ALM environment, as it fulfills the flexible requirements
relevant to the planned and non-planned activities.

RQ2:

RA2:

RT2:

RT2.1:

RT2.2:

RT2.3:

Do the existing project management scheduling methodologies (TPM, APM, HPM)
produce feasible solutions in the ALM environment, and how are they performing?
The TPM, APM, HPM project management approaches using the matrix-
based planning method can be extended to solve the scheduling problem, and
result in feasible solutions with different results in the ALM environment. A
simulation framework can be constructed to handle flexible dependencies and
non-planned tasks.

The ALM scheduling problem can be set up as an extended project manage-
ment scheduling problem and the existing project scheduling methodologies

(TPM, APM, HPM) provide feasible solutions in the ALM environment with
different performance levels:

TPM approach manages more feasible projects in case the flexibility is lower,
and it provides all cases the highest score on customer satisfaction due to exe-
cution of all defined tasks, and fewer resources per time unit, however also the
highest project budgets with longest projects due to the worst project schedul-
ing performance.

APM approach manages significantly more feasible project than TPM when
the flexibility is higher, and in general the shortest projects with the lowest
budget if other target function is selected, however requires more resources
per time unit than TPM.

HPM approach provides the most feasible projects in case higher flexibility
is present, and shows the best performance for targets to reach (cost, time,
quality), and this secures the best total project value.

RQ3:

RA3:

RT3:

RT3.1:

RT3.2:

RT3.3:

What are the risk factors for the scheduling problem in the ALM environment, and
how are they influencing the feasibility and scheduling performance?
There are existing project-related risk factors that can be extended for ALM
scheduling problems, however, due to the differences between project and
ALM scope, ALM-specific risks appear also, which can have an effect on re-
sources, cost, and timing, and can influence the feasibility and scheduling per-
formance.
A total of 9 risk factors extended from the project scope to the ALM envi-
ronment are confirmed related to scope, time, cost, resources, and quality;
also ALM specific risk factors focusing on the scope change, specific to ALM
scheduling were identified:
The 3 most influential risk factors in the ALM environment are the following:
the applied project management approach, the degree of structural flexibility,
and the correlation between the risk factors.
In the ALM environment, the low-level risks (changes in cost, time, resources)
have a higher impact than the high-level risks (fulfillment of constraints by
the target function).
TPM is the most sensitive to the shock effects, with only small changes (10%)
of task demands can result even 10 times higher modifications in the duration,
resources, and costs.

TABLE 6: Summary for Research Questions, Assumptions and Theses
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