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Management Summary

Management Summary

Over the past few years, Koninklijke PTT Nederland N.V., commonly known as KPN, has been
accelerating the roll-out of its fiber-optic network across the Netherlands. While the coverage
of fiber in the streets has increased significantly, a large number of buildings remain uncon-
nected. This is particularly the case for high-rise and duplex buildings that were not connected
during previous roll-out projects and are now included in so-called retrospective connection
projects. In these cases, the fiber infrastructure is already present in the surrounding area, but
individual buildings or addresses were skipped due to technical constraints, lack of consent, or
other project limitations. As KPN shifts its strategic focus from roll-out speed to maximizing
customer connections and capital efficiency, the need for a structured and financially informed
selection process becomes more pressing.

Currently, building selection relies on the internally developed selection model, which is a ma-
chine learning model that predicts area-level returns without building-level granularity. This
method was highly effective in the initial roll-out phase, but it does not account for address-
specific costs or customer probabilities and offers limited transparency for planners. As a result,
many decisions rely on manual interpretation, leading to inconsistencies and suboptimal capital
allocation. This thesis addresses these challenges by developing a new, data-driven model that
improves decision-making through more precise, transparent, and cost-effective prioritization.

The study follows the Managerial Problem-Solving Method (MPSM) and is conducted in col-
laboration with KPN’s Fiber Connect Planning & Capacity department. It introduces an in-
tegrated model that combines predictive machine learning for customer uptake, routing-based
heuristics for realistic trenching costs, and feasibility checks to capture operational constraints
like demolition risk or competitor overbuild. These components are synthesized into a com-
posite score used to rank buildings by financial and operational attractiveness. Clustering
techniques then group prioritized addresses into coherent project areas, directly supporting
practical formulation of rollout projects. Sensitivity analyses on weights, cost clipping, and
clustering parameters confirm the robustness of the method across different strategic scenarios.

The models were trained and validated on KPN’s historical datasets. The predictive model
achieves a balanced macro F1 score of 0.65 and an AUC of 0.67, which, despite reflecting
the inherent complexity of customer take-up behavior, clearly outperforms random baselines
and improves on the current approach by providing address-level probabilities. Cost estima-
tion experiments show that trench routing paths are on average 27% longer than straight-line
distances, and that multi-unit buildings significantly lower per-address costs. These estimates
were validated against actual historical project costs, confirming the credibility of the approach.
The feasibility assessment filters out non-viable cases, ensuring realistic planning outcomes. All
results are made directly actionable through a Power Bl dashboard that supports planners in
targeting investments and integrating the model into operational workflows.

Beyond its practical relevance, this thesis also contributes methodologically by showing how
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predictive modeling, cost heuristics, and feasibility assessments can be systematically com-
bined into a unified framework for infrastructure prioritization. It is among the first studies to
specifically address brownfield fiber-optic expansion. While tailored to KPN, the approach is
generalizable to other utilities where network decisions rely on heterogeneous, location-based
data. Future research could build on this by incorporating dynamic pricing, churn prediction,
or competitive response scenarios to further optimize strategic roll-out

il



Preface

This thesis marks the final step of my master’s program in Industrial Engineering and Manage-
ment at the University of Twente, with a specialization in Production, Logistics & Management.
It reflects not only the outcome of six months of dedicated research but also the culmination
of years of academic and personal development.

The research presented here was conducted in collaboration with KPN, where I had the op-
portunity to contribute to the optimization of fiber-optic network expansion using data-driven
decision-making. Working within KPN’s Fiber Connect Planning & Capacity team, I explored
how machine learning and cost heuristics can support strategic choices in a large-scale infras-
tructure context. I am grateful for the autonomy and trust I was given throughout this project
and for the openness with which ideas and insights were shared.

I would like to thank my supervisors at KPN, Danny de Graaf and Britt Gommans, for their
support, critical feedback, and willingness to engage in detailed discussions that improved both
the relevance and the rigor of my work. Their pragmatic perspective helped me bridge theory
and practice effectively. I also want to extend my appreciation to the entire Fiber Connect
Planning & Capacity team and other colleagues at KPN who offered their time, expertise, and
insights, which greatly enriched this research.

I am equally grateful to my academic supervisors, Dr. Stephan Meisel and Dr. Wouter van
Heeswijk, for their constructive guidance and critical eye. Their input pushed me to clarify my
research design, strengthen my modeling approach, and improve the academic contribution of
this work.

Lastly, I want to thank my friends, family, and partner for their encouragement during this
period. Their support helped me maintain perspective and motivation throughout the process.

I hope this thesis contributes to the ongoing development of data-informed infrastructure plan-
ning and that it proves valuable both within KPN and in the broader field of applied decision
science.

Lars Harm-Willem Lubbers

Enschede, July 2025

v



Reading Guide

This thesis presents the development of a data-driven decision-support model for selecting
financially viable fiber-optic connections within the Dutch telecommunications company KPN.
The structure of the thesis reflects the logical flow of the research process. It follows the
Managerial Problem-Solving Method (MPSM) [13]. Readers are guided through the problem

context, theoretical foundation, model development, and practical implications.

Chapter 1 — Introduction

This chapter introduces the research context, the strategic relevance for KPN, and formulates
the central problem and research questions. It explains the methodological approach based on
MPSM and defines the scope and deliverables of the project.

Chapter 2 — Current Situation

This chapter describes the current operational environment at KPN. This includes performance
indicators, stakeholder roles, connection processes, and the limitations of the existing selection
method. This chapter motivates the need for a more data-driven approach.

Chapter 3 — Literature Review

This chapter provides an overview of relevant academic and technical literature on fiber-optic
network planning, decision-making under uncertainty, and the application of machine learning
for infrastructure prioritization. It positions the research within existing theoretical and applied
work.

Chapter 4 — Solution Design

This chapter explains the step-by-step development of the selection model. This includes data
preprocessing, feature engineering, model formulation, and validation strategy. It presents
four model components: Connectivity Potential, Cost Estimation, Feasibility, and Composite
Scoring.

Chapter 5 — Results

This chapter evaluates the performance of each model component using both quantitative
metrics and sensitivity analyses. It discusses the implications of the model outputs and demon-
strates how the results inform decision-making within a project selection dashboard.

Chapter 6 — Conclusion, Discussion, and Recommendations

This chapters summarizes the research findings and reflects on the model’s effectiveness, lim-
itations, and generalizability. It gives recommendations for KPN and gives recommendations
for further research. The chapter concludes with an overview of the theoretical and practical
contributions.
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1 Introduction

The telecommunication sector is a large sector in the Netherlands with several competitors
competing for a limited number of customers. Many of them play a large role in current society
due to the digital world we live in. KPN is the biggest telecommunications company in the
Netherlands. This thesis will explore and create a concept to improve the selection process of
homes connected of the Fiber Connect Planning & Capacity team.

1.1 The company

Established in 1989, Koninklijke PTT Nederland N.V., commonly known as KPN, is a leading
Dutch telecommunications and IT provider. With a strong presence in the Netherlands, the
company offers a wide range of services which includes fixed and mobile telephony, data, and
television. KPN serves both private customers and business users, from small enterprises to
large corporations. In 2024, KPN generated revenues of €5.634 billion and solidified its position
as the market leader in the Dutch telecommunications sector. Furthermore, KPN continued to
lead the Dutch fiber market, expanding its footprint to cover 63% of the Netherlands, including
through its joint venture Glaspoort[20]. This thesis focuses on the roll-out of fiberglass by
KPN, specifically the activities performed by the Fiber Connect Planning & Capacity team.

1.2 Research Motivation

In 2019, KPN accelerated the expansion of its fiber-optic network. The reason for this was
to replace the very old copper infrastructure with a higher-speed and more reliable fiber-optic
network. The strategic goal behind this was to maintain and potentially improve its position
as a premium telecommunications provider. Additionally, competitive pressure played a role,
because alternative providers such as Delta and ODF were also deploying fiber-optic networks
in the Netherlands. In this competitive environment, being the first to deploy fiber in an area
was important, as customers typically do not feel the need to have multiple fiber connections
in their homes. Therefore, it was important for KPN to be the first to connect areas to keep
existing market share and potentially gain more market share.

KPN’s fiber-optic network generates revenue through two primary channels. Firstly, by directly
acquiring customers who subscribe to KPN services, which yields the highest financial return.
Second, through wholesale agreements in which third-party providers, such as Odido, deliver
services over KPN’s network infrastructure. Although wholesale agreements generate revenue,
this is significantly lower than revenue from direct customers. Consequently, maximizing the
number of properties connected to the network, particularly those with high potential for direct
customer acquisition, is essential to achieving both commercial and strategic objectives. KPN
has set a target of having the Homes Passed (HP) status for 80% of private properties by 2026.
HP means that the fiber-optic network is for example already in the street, but that the home
itself is not connected to the fiber-optic network.

During the initial roll-out phase, the focus on rapid deployment led to incomplete connec-



1. Introduction

tions within many areas. A significant number of properties were not connected during these
projects, despite fiber infrastructure being present on their streets. This was primarily due
to operational constraints such as homeowners being unavailable during connection attempts.
These unconnected properties are particularly concentrated in high-rise buildings, which means
KPN still has a lot of room to grow their network.

Consequently, KPN has shifted its focus more on actually connecting addresses and efficient
use of their capital expenditure (CAPEX). For this reason, KPN is now revisiting past projects
with the intention of connecting previously unconnected properties. However, the current pro-
cess for selecting which building to connect is based on criteria developed for evaluating entire
areas rather than individual buildings. This results in low accuracy and inefficiencies in re-
source allocation. Additionally, the process relies heavily on manual selection and subjective
decision-making, which increases labor intensity and inconsistency. As a result, potentially
viable buildings may be overlooked, while resources may be allocated to projects with limited
financial return.

To address these limitations, there is a need for a structured, data-driven selection methodol-
ogy that evaluates properties on an individual basis and incorporates financial viability into the
decision-making process. This research aims to develop such a method, enabling KPN to pri-
oritize properties for connection based on cost and revenue considerations, thereby improving
efficiency and supporting the organization’s strategic goals.

1.3 Problem Description

This section gives a clear explanation of the problem. Section 1.3.1 identifies the current
problems at KPN. Section 1.3.2 shows the formed problem cluster and explains the chosen core
problem of this thesis.

1.3.1 Problem Identification

At KPN, the current selection process for determining which buildings should be connected to
its fiber-optic network has several problems. These problems have effect on both the opera-
tional effectiveness and financial performance. The management has identified that the main
problems come from having an outdated selection criteria tool, manual decision making and a
lack of inclusion of cost-based prioritization of buildings. As a result, these problems lead to
inefficient resource allocation.

One of the main problems has it origin in the way buildings are selected to be connected.
Currently, the selection is based on the machine learning scoring method, which is originally
developed as tool to evaluate whether an area is profitable to connect. This is a developed
in-house model that uses machine learning based on several features. More information about
the exact techniques used to calculate the machine learning score can be found in Chapter
2.4.1. Nowadays, the method is also used as a support tool for evaluating individual buildings.
However, as this method was never developed for this purpose, it does not give accurate as-
sumptions of whether connecting a certain building is viable. Therefore, the method can lead
to missed opportunities for KPN as potentially good buildings do not come up in the algorithm.
At the same time, the selection process requires more time as potentially bad buildings might
get a good score in the current method, which makes it seem like a good choice. As a result,
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the team currently relies heavily on manual selection of projects and decisions take longer and
might be based more on opinion than being data-driven.

Secondly, another problem is that financial considerations are not explicitly incorporated into
the selection process. As KPN aims to connect 80% of the Netherlands, achieving this in a
cost-effective way is a priority. Every year there is a certain budget available for connecting
houses for the department. As a result of not taking the costs of certain projects into account
specifically, some projects may be selected despite possibly having high costs leading to low
returns on investment, while others with potential higher returns might not be prioritized. As
a result, the absence of a structured cost-benefit evaluation for all buildings makes it difficult
to optimize KPN’s investment in fiber-optic connections. Furthermore, the machine learning
method does not show how it came to the score and of what elements the scores consist. This
makes it hard for people working with the model to figure out why a certain property has been
chosen and on what variables this is based.

Besides the inefficiencies in the selection process, KPN also has problems related to the ac-
curacy of their contractor planning. The company relies on external contractors to execute the
roll-out. However, management has noted several problems in their processes. One of these
problems is the inconsistency in the Reason Not Connected (RNA) status. The RNA status is
used to the record justifications for why certain buildings were not connected during the initial
roll-out. A list of reasons for why buildings were not connected can be found in the Appendix
A. As contractors get rewarded separately for different steps in the roll-out process, they may
opt to only roll-out the fiberglass in the street and not connect the buildings. The reason for
this is that connecting the homes is in many cases the most time-expensive and technical part
of the project. So, contractors may choose to fulfill the first steps in the contract and get
rewarded for those steps and then not complete the lasts steps. Due to this contract structure,
many of the RNA statuses are incorrect or outdated, leading to misinformed decision-making
when revisiting unconnected buildings. Some buildings classified as unfeasible to connect may
in reality be easily connectable, while others marked as pending approval may have hidden ob-
stacles that were not initially accounted for. These inaccuracies create inefficiencies in project
planning and inefficient resource allocation.

Additionally, all contractors operate under different agreements. This makes it difficult to stan-
dardize cost expectations and accurately forecast expenses. Since KPN works with multiple
contractors in different regions, each with their own pricing structures and service conditions,
variations in cost estimates make cost predictions hard to achieve for every potential building.
All in all, These problems with the contractors lead to delays, cost overruns, and inefficiencies,
affecting KPN’s goal of achieving 80% homes connected by 2026.

In summary, KPN management experiences multiple problems in efficiently selecting, planning,
and prioritizing fiber-optic connections. The current approach lacks financial transparency, re-
lies too heavily on manual intervention, and suffers from planning inaccuracies that create
delays and inefficiencies.

1.3.2 Problem Cluster

Based on the problem identification, this section gives a logical analysis to identify the core
problem. After further analysing the perceived problems, possible cause and effect relationships
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are identified ensuring that a problem cluster can be visualized. A problem cluster is a model
used to identify problems and the interconnected relationships between them [13]. From this
problem cluster, the core problem of the research can be be identified.

Ineffective Capital
Expenditure

Fy

Missed opportunities Potentially selecting
high cost projects
3
3

h

Difficult o predict

actual costs of project

Manual property
selection

Inaccurate RNA All contractors have
status different agreements

Selection method Incentive to not put
Inaccurale property doss not take into much effort to
account costs connect homes

i

selection by method

‘ Core problem ‘

(* Current selection )
method is not fit for
individual property

scoring

contractors prioritize
easier tasks over full
execution

Possible core
problem

Figure 1.1: Problem cluster identifying the core problem in KPN’s current fiber-optic selection pro-
cess. It highlights how gaps in financial granularity, inconsistent manual decisions, and the limitations
of the existing selection model interrelate.

Core problems are those whose solutions will make a real difference at the origin [13]. The
potential core problems are always at the beginning of a causation chain in a problem clus-
ter. This leaves 2 possible options for the core problem. As the other tasks are both external
problems that cannot be changed, the following core problem is chosen: The current selection
method for determining which buildings should be connected to KPN’s fiber-optic network is
not fit for individual property scoring. This problem is highlighted in red in Figure 1.1.

This problem is selected because it has the greatest impact on KPN’s strategic objectives.
Improving the selection method will enable more accurate prioritization of buildings, ensur-
ing that both operational efficiency and financial viability are considered. By addressing this
core problem, KPN can reduce reliance on manual selection, minimize high-cost, low-return
projects, and optimize the roll-out process toward achieving its 80% connectivity goal by 2026.
The selected core problem is defined as:

In the current situation, KPN’s selection process for determining which buildings to connect
to its fiber-optic network is inaccurate, relying on a scoring model that is not suited for indi-
vidual properties and failing to determine the financial viability of new connections, leading to
inefficient capital expenditure.
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1.4 Problem solving Approach and Research Design

This section explains the problem-solving approach and the research methodology. Section
1.4.1 gives the scope of the research. Section 1.4.2 explains the methodology and the research
questions. Lastly, Section 1.4.3 shows the deliverables of the research

1.4.1 Research Scope

The research scope of this project focuses on step 1 of the Retrospective connections project
process that can be seen in Figure 1.2. Retrospective connections project is defined as when
a building has already been in a previous fiber-optic network expansion project, but not been
connected in that project. Now, these buildings that have previously not been connected
are evaluated again if they are financially viable to connect. If this is the case, they are
retrospectively connected and follow the process shown in 1.2. The process itself is explained
extensively in Chapter 2.3.2. Specifically, the goal of the thesis is to improve KPN’s selection
process for determining which buildings from the retrospective connections category should be
connected to its fiber-optic network. The study aims to develop a data-driven selection model
that replaces the current area based approach, which is not suited for evaluating individual

buildings.
1. Selection of 2. |5 there basis . 6. Under
building infrastructure? 4. Preparation phase 5. HAS Phase > Management phase}

3. Civil phase

Figure 1.2: Owverview of the retrospective connections process, which targets buildings skipped in
earlier rollouts. This schematic outlines the sequential steps from building identification to final inte-
gration into KPN’s managed network.

The research is limited to residential property connections from previous fiber-optic roll-out
projects] that were not connected at the time. The primary focus is on high-rise and duplex
buildings, though low-rise buildings are also included although they are less prevalent.

While the study evaluates the current selection process and proposes a more effective method,
it does not focus on new network expansion strategies, contractor procurement policies, or
technical installation processes. Instead, it aims to optimize the decision-making criteria for
prioritizing buildings within existing previous project areas.

The proposed model will be validated through model experiments and expert evaluation, where
industry professionals will assess whether the model correctly identifies buildings with strong
connection potential. Their insights will refine the model to ensure its practical applicabil-
ity. Furthermore, this research does not cover contractor incentives, installation challenges, or
national fiber-optic expansion strategies.
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1.4.2 Methodology and Research Questions

To achieve the research objective of the previous subsection, the main research question is
formulated in the following way:

How can KPN develop a data-driven selection method to identify and prioritize financially
viable buildings to connect to its fiber-optic network?

The goal of this research is to answer this main research question, thereby solving the core
problem. This is done by dividing the research in different steps using the Managerial Problem-
Solving Method (MPSM) of Heerkens & Van Winden[13]. This is method is a systematic
problem-solving approach. It is applicable to various problems and takes a problem into account
in the context of an organisation [13]. The MPSM is an approach visualized in Figure 1.3.

Formulating the
approach

Analysing the problem » Formulating solutions

Defining the problem

Implementing the
solution

Choosing a solution Evaluating the solution

Figure 1.3: Visualization of the Managerial Problem-Solving Method (MPSM) applied in this re-
search. The diagram shows how the structured approach guides problem identification, solution design,
implementation, and evaluation.

With the identification of the core problem, the first step of the MPSM is completed. The next
step of the MPSM is formulating the research approach. The following section describes the
corresponding research questions and data collection methods of each step. Answering these
research questions results in the answer to the main research question. Since the first chapter
discusses the analysis of the problem and the methodology, only the chapters after the first get
their own research questions. These can be found below.

Problem Analysis

1. What is the current situation regarding KPN’s selection and connection of buildings to the
fiber-optic network?

The answer of this research question is found in Chapter 2 with the analysis of the current
situation, the current processes and the context of the problem. Furthermore, in Chapter 2
several other research questions are used to come to the answer of the research question. These
are the following:

o What are the key performance statistics of KPN’s current selection process for connecting
buildings from previous fiber-optic projects?

o Who are the stakeholders involved in the decision-making process for selecting buildings
to be connected?

o What are the necessary process steps involved in selecting and connecting buildings to the
fiber-optic network?



1. Introduction

e What are the criteria currently used in the selection process, and how do they influence
decision-making?

e How are the agreements with contractors currently structured? What are the data charac-
teristics and decision requirements that make the selection problem suitable for machine
learning?

To answer the research question of Chapter 2 and it sub-research questions. The research
conducts interviews, analyses organizational documents and gathers information by working
with the involved stakeholders in the organization.

Formulation of Solutions

2. What is the theoretical background on data-driven decision-making and selection methodolo-
gies for prioritizing fiber-optic network connections?

The answer to this research question is given in Chapter 3 by conducting a literature study.
The literature study will cover the following sub research questions to formulate an answer to
the main research question of the chapter. The sub research questions are the following:

o What does existing literature suggest about methods for prioritizing brownfield network
expansions, and how do these differ from greenfield approaches?

e How are machine learning models leveraged to predict customer uptake or acquisition in
telecom or similar network industries?

o What routing heuristics and cost estimation techniques are most commonly applied in
infrastructure network planning, and how do they account for real-world trenching devia-
tions?

o Which evaluation metrics are recommended in the literature for assessing predictive mod-
els in customer acquisition and infrastructure decision-making contexts?

To answer this research question and the subsequent sub-research questions, the research uses
a systematic literature review.

Solution Choice

3. How can data be evaluated and processed to develop a data-driven selection methodology for
prioritizing fiber-optic network connections?

The answer to this research question is given in Chapter 4 by providing the data collection
method, data-analysis, used calculations and the creation the prediction models for the inputs
and the subsequent solution model.

o What data sources and variables are relevant for evaluating fiber-optic network connection
decisions?

e How should the collected data be structured and processed for use in the selection method-
ology?
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o What selection models or decision-making frameworks are most effective for prioritizing
fiber-optic connections?

e How can cost-based prioritization be incorporated into the selection methodology?
e How can the developed selection methodology be validated for accuracy and effectiveness?

To answer this research question, and its applicable sub research questions, the research collects,
processes and selects relevant data from different outputs. Furthermore, it describes the solution
models that uses the data.

Solution Implementation & Evaluation

What are the results of the developed data-driven selection methodology, and how do they impact
the performance of the fiber-optic connection planning process?

The answer of this research question in chapter 5 discusses the results of the solution de-
sign and how the model has an effect on the performance on the entire selection process. This
is used as a validation of the model and as a consequence a validation of the entire research.

o What are the results of the data-driven selection method in terms of prioritizing fiber-optic
connections?

What are the results of the predictive models used in the selection methodology?

What are the results of the decision-making framework in optimizing fiber-optic selection?

How does the developed selection methodology improve the current selection process?

e How sensitive is the selection methodology to changes in input parameters, such as cost
factors, infrastructure availability, or competitor presence?

e Does the output correspond to what experts say? How does the output of the selection
methodology compare with expert evaluations of fiber-optic connection prioritization?

To answer this last research question, and its applicable sub research questions, the research
develops the necessary models and solves them in an adequate software program (Python &
PowerBI). Furthermore, the research evaluates different performance measures, compares the
new with the current situation, and validates the results.

1.4.3 Deliverables

This thesis provides several key deliverables that together address the core problem identified
and offer both immediate operational benefits and contributions to broader academic knowl-
edge. The primary outcome is a data-driven selection model designed to optimize KPN’s
decision-making regarding fiber-optic connections. This integrated approach replaces the ex-
isting machine learning based method by incorporating predictive customer acquisition model-
ing, routing-based cost estimations, and feasibility assessments. It improves selection accuracy,
transparency, and financial efficiency at the individual building level, directly supporting KPN’s
strategic objectives.

The thesis also includes a comprehensive evaluation of the developed model under different
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scenarios. Through extensive sensitivity analyses, the model’s adaptability and robustness
were tested against varying financial constraints, connection densities, and rollout strategies.
This ensures that the method remains reliable and relevant across diverse project conditions.

Additionally, the research provides a set of practical recommendations to improve KPN’s selec-
tion process, including automation opportunities, refinements to decision-making criteria, and
ways to integrate expert validation. Implementation is supported by a Power BI dashboard
that makes the results directly actionable and easy to incorporate into operational planning.

On a practical level, this work enhances KPN’s ability to prioritize fiber-optic connections
by offering precise, data-driven insights at the address level. It enables more accurate and
financially informed decision-making, optimizes capital allocation, and improves day-to-day
planning efficiency. From a theoretical perspective, the thesis contributes by showing how pre-
dictive modeling, routing-based cost heuristics, and feasibility assessments can be combined
into a single framework. By specifically addressing brownfield fiber-optic expansion, it also
adds to the limited literature on this topic and offers a methodological approach that can be
generalized to similar infrastructure planning challenges.



2 Current Situation

This chapter covers the first research question:

What is the current situation regarding KPN’s selection and connection of buildings to the
fiber-optic network?

It frames the current situation in the context of the problem. This research question breaks
down into the following sub-questions:

o What are the key performance statistics of KPN’s current selection process for connecting
buildings from previous fiber-optic projects?

o Who are the stakeholders involved in the decision-making process for selecting buildings
to be connected?

o What are the necessary process steps involved in selecting and connecting buildings to the
fiber-optic network?

o What are the criteria currently used in the selection process, and how do they influence
decision-making?

e How are the agreements with contractors currently structured?

o What are the data characteristics and decision requirements that make the selection prob-
lem suitable for machine learning?

Section 2.1 evaluates the key performance indicators of KPN’s current selection process, includ-
ing fiber-optic network coverage, building types, and the reasons why certain buildings were
not connected. Section 2.2 introduces the stakeholders involved in the selection process and
classifies them based on their strategic, operational, or commercial role. Section 2.3 outlines the
processes used by KPN for network expansion, distinguishing between the Overlay process and
the Retrospective Connections process. Section 2.4 discusses the selection criteria applied in
both processes, with a particular focus on the selection model and contractor capacity. Section
2.5 explains how the selection model functions, detailing both its cost and profit components.
Section 2.6 describes the agreements with contractors and how they influence project planning
and costs. Finally, Section 2.7 concludes the chapter.
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2.1 Key performance Indicators

Currently, KPN has several Key Performance Indicators (KPIs) that show how they are cur-
rently performing. Below, an overview of these KPIs with explanation is shown of their current
performance.

2.1.1 Fiber-optic network coverage

Since 2007, KPN has invested in replacing their copper network with the fiber-optic network.
This has been done either by the acquisition of other parties that own fiber-optic networks
or rolling it out via hired contractors. KPN has used their homes passed (HP) as a metric.
This means in general that the fiber-optic network basis infrastructure is rolled out in the
neighborhood, so all houses that have this state have access fiber-optic network in the street.
The number of addresses achieving this status over the years can be seen in Figure 2.1. As can
be seen in Figure 2.1, KPN decided in 2019 that the roll-out of the fiber-optic network was a
high-priority and decided to speed up with the goal to reach 80% of dutch addresses having
the HP status by the end of 2026.

Histogram of HP_CIVIL_READY per Year (Excluding Building Type "other")
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Figure 2.1: PUBLIC EXAMPLE Annual production of homes passed (HP) by KPN’s fiber-optic
rollout. The figure highlights a sharp increase in deployment speed from 2019, illustrating KPN’s
strategic acceleration to achieve its target of 80% HP by 2026. This underscores the shift in focus
toward broad network coverage.

Within this group of Homes Passed, there are a lot of properties that have the Home Connected
(HC) status. This means that the property itself is connected to the fiber-optic network and
a service from KPN or another provider can potentially be delivered to the customer. The
number of HC’s is lower than the number of Homes Passed due to the extra efforts that have to
take place to actually connect an address to the network. For example, it could be technically
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difficult to connect the address or the home-owner does not give permission to connect the
address to the fiber optic network.

Yearly Totals of HP_CIVIL_READY, HC
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Figure 2.2: PUBLIC EXAMPLE Yearly totals of homes passed (HP) versus homes connected (HC).
The growing gap after 2019 shows that while street-level infrastructure expanded rapidly, actual home
connections lagged behind, emphasizing the challenge of converting HP to HC.

In Figure 2.2, it can be seen that since the acceleration of the roll-out, the ratio between HP
and HC has become worse compared to earlier years. The reason for this is that due to the
achieved speed of the roll-out and the used contract structure with the contractors, the time
to effort reward has shifted more towards the HP status and less towards the HC status. At
the time of the start of the acceleration, this was seen as acceptable, because rolling out faster
also meant that other competitors most likely would not roll-out fiber-optic network in the
same area. This could then result in a better position in competitive environment, as KPN can
deliver their own services to the customers and can also earn money by offering competitors to
sell services over their networks.

However, with KPN covering more and more of the Netherlands, their goals have shifted.
Now they also desire to have as many HC’s as possible. This is due to the reason that the
number of HC’s naturally has direct impact on the number of customers that they can deliver
services to. In Figure 2.2, the current customers are noted as Homes Activated (HA). As can
be seen, in recent years around 50% of the network is actively used at the moment. This means
that either KPN or another provider delivers a service over the network of KPN. As; it requires
another investment besides their initial investments. This directly leads into the core of this
thesis, as KPN currently does not have an up to date selection method to determine the value
of connecting a certain address, which in return is determined by a lot of factors. The different
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types of buildings will be covered in the next subsection.

2.1.2 Building types

At the moment, there are approximately 10.6 million addresses in the database of KPN. These
are divided in 4 categories. Low-rise buildings, high-rise buildings, Other which are often offices
of companies and Duplex, which means that one home is divided in two.

Table 2.1: Distribution of Building Types, HP, and HC Percentages

Building Type Count % of Total Buildings % of HP % of HC

Low-rise 2,378,513 55.58% 62.31% 53.69%
High-rise 3,117,651 32.22% 59.21% 40.82%
Other 876,163 9.05% 21.70% 10.99%
Duplex 305,152 3.15% 55.45% 36.10%

When filtered only to residential buildings approximately 8.4 million addresses remain. As can
be seen no buildings with datatype other are present when filtering on residential buildings.
The exact division can be seen in the table below. Concretely, this means that KPN has 1.28
million possible addresses that have been in a project, but are not connected to its fiber-optic
network.

Table 2.2: Distribution of Building Types, HP, and HC Percentages (residential buildings only)

Building Type Count % of Total Buildings % of HP % of HC

Low-rise 9,200,869 62.15% 63.03% 54.53%
High-rise 2,895,050 34.60% 60.51% 42.13%
Duplex 271,968 3.25% 56.54% 37.11%

As shown in Table 2.2, high-rise and duplex buildings have a lower conversion rate from HP
(Homes Passed) to HC (Homes Connected) compared to low-rise buildings. This difference is
primarily caused by the increased complexity of connecting individual addresses within multi-
unit buildings. One of the encountered problems is the throughput dependency present in
buildings with multiple residences, where the fiber-optic cable must pass through lower-level
apartments to connect the apartments on higher floors. If the resident or property owner of a
lower-level unit denies access, the apartments above it cannot be connected. Additionally, in
many cases, the consent of the homeowners’ association or housing corporation is required to
approve the connection for the entire building. If the permission is denied, none of the units in
the building can be connected. These complications do not typically arise in low-rise buildings,
which are often owned by an individual owner.

If a building is not connected they always get a Reason not Connected (RNA) status. Be-

tween the different building types there are several differences in the division of these statuses.
These will be covered in the next subsection.

13



2. Current Situation

2.1.3 Reasons Not Connected

For high-rise buildings, the RNA distribution is dominated by RO, which represents planned
connections. This indicates that a large portion of addresses in high-rise buildings are already
scheduled to be connected and thus do not reflect an actual barrier to connection. Additionally,
RNA 30 is notable here, as it signifies that no work is currently planned for the building—an
issue specific to multi-unit structures such as high-rise complexes.
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Figure 2.3: PUBLIC EXAMPLE Distribution of the top 10 Reason Not Connected (RNA) codes for
high-rise buildings. Most addresses are classified under RO (planned connection) or R30 (no work yet
done), indicating future opportunities but also current planning gaps.

For duplex buildings, a similar pattern is observed. The RNA distribution also shows a clear
prevalence of RO and RNA 30. This reflects the fact that duplexes, much like high-rise build-
ings, often involve shared infrastructures and multiple residential units, leading to comparable
connection challenges.
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Figure 2.4: PUBLIC EXAMPLE Top RNA codes for duplex buildings, which mirror the patterns
observed in high-rises. The prevalence of RO and R30 reflects similar challenges in multi-unit access
and coordination.
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In contrast, low-rise buildings exhibit a different RNA profile. While RO is still the most
frequently listed reason, R1 and R3 appear more prominently than RNA 30. Here, R1 indicates
situations where residents did not provide consent, and R3 points to cases where residents were
not at home after three visits. These reasons highlight more household-specific obstacles to
connection. The overall diversity of RNA codes is lower compared to high-rise and duplex
buildings, which can be linked to the generally higher HP/HC conversion rates in low-rise
structures.

Top 10 REASON_NOT_CONNECTED for LOWRISE

REASON_NOT_CONNECTED

* * Percentage (%) * *
Figure 2.5: PUBLIC EXAMPLE RNA code distribution for low-rise buildings. Compared to multi-

unit structures, low-rise buildings show higher instances of consent-related issues (R1 and R3), high-
lighting different operational barriers.

2.2 Stakeholders

Several stakeholders are involved in the decision-making process for selecting which buildings
should be connected to KPN’s network. These stakeholders have varying interests and roles,
and can be classified as strategic, operational, or commercial which can be seen in Figure 2.6).

At the strategic level, the Fiber Connect department is responsible for overseeing the over-
all roll-out performance and ensuring that KPN’s connectivity targets, such as the 80% homes
passed goal by 2026, are met. Within this department, the Planning & Capacity team plays a
central operational role. This team is directly responsible for evaluating, selecting, and priori-
tizing potential buildings for connection, and is the focus of this research project.

On the operational side, Roll-out Contractors and the Roll-out Department are external and
internal stakeholders, respectively, who are responsible for executing the physical connection of
buildings to the fiber-optic network. These stakeholders provide essential input regarding feasi-
bility, technical constraints, and project costs, and they influence the selection process through
the accuracy of their reporting, mostly in relation to RNA (Reason Not Connected) statuses.
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Figure 2.6: Stakeholder involvement across strategic, operational, and commercial levels in the fiber
connection decision process.

From a commercial perspective, the Consumer Markets department focuses on revenue genera-
tion by maximizing customer acquisition for KPN services. This department influences selection
by identifying areas or buildings with high potential customer value. Finally, consumers them-
selves are an external stakeholder group whose willingness and ability to be connected determine
the viability and financial return of individual connection projects. Their presence and market
potential are considered during the selection process, especially in competitive regions with
multiple fiber providers.

2.3 Roll-Out and Retrospective Connection Processes

KPN categorizes its fiber-optic network expansion activities into two distinct project types,
each with specific characteristics that influence the process of selecting properties for connec-
tion. The overlay process always precedes the retrospective connections process. For that
reason, the outcomes of the overlay process have a big impact on the current state of the
retrospective connections process. For that reason, the Overlay process, selection criteria and
contract agreements are all discussed as well.

The first category, Overlay, refers to projects aimed at replacing the existing copper network
infrastructure or installing entirely new fiber-optic infrastructure in areas without prior cov-
erage. The second category is the retrospective connection of under management properties,
which involves revisiting completed projects—mnow in the under management phase—to connect
previously unconnected properties. This situation often involves high-rise buildings that were
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not connected during the initial roll-out. Additionally, new housing estates are automatically
connected during their construction phase as part of KPN’s standard procedure. These projects
do not require a selection process.

Importantly, the selection process that forms the core of this research is directly applicable
to the retrospective connection category and some of the insights and outcomes are also ap-
plicable to the Overlay process. The reason for this is, because some of the selection criteria
are applicable for both. In this context, selecting which properties to connect requires struc-
tured evaluation and data-driven decision-making. The following sections detail the processes
associated with these project types.

2.3.1 Overlay Process

The Overlay Process consists of 6 phases which can be seen below in Figure 2.7. These phases
are shortly explained below.

1. Intake Phase 2. Preparation Phase 3. Definition Phase 4. Assignment Phase 5. Build & Activation 6. Under
Phase Management Phase

Figure 2.7: Siz phases of the Overlay process, from initial intake through to network management.
Each stage involves distinct evaluations to ensure efficient rollout of new fiber areas.

e Intake phase: In the intake phase, the goal is to determine which project from the next
12 quartiles planning should be started.

e Preparation phase: In the preparation phase, the feasibility of the project is determined.

e Definition phase: In the definition phase, the project is properly defined and the first
actions towards installing the network infrastructure are taken.

e Assignment phase: In the assignment phase, the last details of the assignment for the
contractor are administratively prepared, so the roll-out itself goes as smoothly as possible

e Build and Activation phase: In the build and activation phase, the fiber-optic network is
rolled out and HP and HCs are made. Furthermore, these connections are also activated
as part of the network, so that services can be delivered over the network.

e Under management phase: In the under management phase means that the new part of
the network can be used and that the roll-out project is finished

2.3.2 Retrospective Connections Process

For the retrospective connections process, these always start with the selection of unconnected
buildings that are already in the under management phase of the previous roll-out process. In
Figure 2.8, the several process steps can be seen. The different steps are explained below the
figure.
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5. HAS Phase 6. Under
Management phase
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Figure 2.8: Main steps in the retrospective connection process, beginning with building selection and
concluding with the under management phase. This process specifically addresses previously skipped
buildings.

e Selection of building phase: Project selection of buildings based on connectivity and
selection score

e Preparation phase: Getting permission to connect from building and municipality and
prepare project.

e HAS phase: Building the new connections, sort of a small version of the Overlay process
explained above

e Under management phase: In the under management phase means that the new part of
the network can be used and that the project is finished

2.4 Selection Criteria

In this section, the selection methods for both the Overlay and retrospective connections cate-
gories are described in further detail.

2.4.1 General criteria

There are a couple of general criteria that are always taken into account when determining
whether an area is viable for being connected to the fiber-optic network.

The key financial metric used in both selection processes is the selection score. Buildings with
a high selection score are prioritized, meaning they are evaluated earlier than lower-scoring
options. The selection model is a custom internally developed model by KPN that consists of
several elements to predict the viability of an area. It was made at the start of the acceleration
of the fiber-optic network to determine which areas were the best to roll-out first. This was
based on expected costs and expected profits made of the network. The exact structure of the
model can be found in Figure 2.9.
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Figure 2.9: Overview of the selection model, which integrates cost estimates and profit forecasts to
assess the financial viability of area-level rollouts. It has historically guided KPN’s strategic deploy-
ment.

The cost side of the model is based on the investment made by rolling out the network. This
is based on the following factors: Dutch road network, all addresses of an area that should be
designed and business input for creating a Ftth (Fiber to the house) network. This generates
the output of where to dig trenches, where to place which type of cables, where to place the POP
(Point Of Presence) splitters and DP (Distribution Points) and detailed costs. The model itself
first places the POP’s in optimal places based on the minimum euclidean distance afterwards.
Then it sums up all these steps and gives a total number for the costs made. A step by step
overview of how the cost calculation algorithm works can be found in Figure 2.10.
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Figure 2.10: Sequential calculation of costs within selection model, combining trench routing, cabling,
and placement of network elements. This emphasizes how physical infrastructure planning underpins
financial assessments.

The profit side of the model is based on a logistic regression model with several input factors.
The goal is to predict the number of households that will be connected extra compared to the
current situation when KPN offers a fiber-optic connection instead of a copper connection. This
is then simulated over the next 10 years. The outcome is calculated based on several factors.
Examples of this are if the household is a current KPN customer, their internet speed, the
possibility of a fiber connection, the probability that the customer leaves and much more. An
overview can be found in Figure 2.11.

-
Churn probability:
Household properties: L 6%
Household Broadband Speed: 55 Mb ' \ s

Is_customer: Yes

'\ . Fiber_possible: No
Has_mobile: Yes

Household_size (Mosaic): 4

Etc...

Acquisition probability:
0%

Package upgrade probability:
3%

Year 10

Figure 2.11: Profit simulation in selection model using a logistic regression approach over a 10-
year horizon. This captures expected incremental connections and revenue improvements from fiber
upgrades.

Furthermore, in the general criteria it is always important to take into account the current
available capacity of the contractor. This to prevent delay in the roll-out process.
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2.4.2 Overlay criteria

The selection of fiber-optic rollout areas under the Overlay category is based on a combination
of geographic, technical, and economic criteria. These factors enable KPN to assess whether a
specific area is suitable for efficient and profitable expansion of its fiber-optic network infras-
tructure.

KPN evaluates candidate areas using a predefined unit known as an UrbanlID, which aggre-
gates addresses at the neighborhood, district, or village level. The average selection model
score across all addresses in the UrbanID serves as a key financial metric for viability assess-
ment. Higher average scores indicate greater potential return on capital and thus prioritize
the UrbanID for roll-out. In this decision, geographic proximity to the existing fiber-optic in-
frastructure also plays a critical role. Isolated areas, such as remote villages, typically incur
higher connection costs and are therefore considered less attractive. In contrast, neighborhoods
situated close to already connected areas or network nodes are favored due to lower marginal
costs and ease of integration.

Another important consideration is the physical roll-out sequence. KPN typically initiates
deployment at locations near a Point of Presence (PoP), which serves as a central distribution
node, and then extends coverage outward. This method minimizes initial investment and lever-
ages proximity for efficient resource allocation.

Contractor planning logistics are also integrated into the selection process. When possible,
roll-out schedules are aligned such that contractors operate in adjacent or nearby regions. This
spatial clustering of projects enhances operational efficiency and may reduce contracting costs,
as dispersed work sites often lead to increased travel and mobilization expenses.

Finally, the availability and future viability of a suitable PoP location is assessed. In some
cases, KPN may consider reusing an existing telephone exchange facility. However, this is
contingent on whether the location is expected to remain operational in the long term. If the
building is scheduled for decommissioning or presents high maintenance costs, a new site must
be identified, which may affect rollout feasibility.

Table 2.3: Summary of Overlay Selection Criteria

Criterion Explanation

UrbanID Score Aggregated financial viability across grouped addresses using
selection model.

Distance to Existing Net- Preference for areas adjacent to already connected regions to

work reduce infrastructure costs.

Logical Rollout Sequence Rollout begins near the Point of Presence (PoP) and expands
outward to optimize cost and planning.

Contractor Efficiency Projects are clustered geographically to reduce operational in-
efficiencies and contractor expenses.

PoP Location Availability Evaluation of whether an existing telephone exchange point can
serve as a viable long-term PoP.

PoP Future Viability Assessment, of whether the PoP will remain usable, or if de-
commissioning or relocation is needed.
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2.4.3 Retrospective connections criteria

For the retrospective connection category, a set of predefined selection criteria is used to de-
termine which buildings are eligible for fiber-optic connection. These criteria help prioritize
buildings with the highest potential for successful and cost-effective connection.

In addition to a high selection score and contractor capacity, a building must be in the under
management phase and must not have been connected during the initial roll-out. Additionally,
the building must fall under the responsibility of KPN or Glaspoort, which is a joint venture
between KPN and the pension fund ABP, as only addresses managed by these entities are
considered valid for retrospective connection.

Furthermore, the building must be classified as a high-rise building, which means it has a
minimum of 10 residential units, to fall under the retrospective connection under management
category. Finally, the RNA status (Reason Not Connected) or delivery status of the project
can be an exclusion criterion. Buildings labeled with RNA 7 or delivery status 14 are typ-
ically excluded. RNA 7 means that there is technical obstruction, while delivery status 14
means that there is currently no fiber optic cable from the distribution point to the available
building. A full overview of RNA statuses and delivery statuses is provided in Appendix A & B.

In Table 2.4 an overview of all selection criteria discussed in this section can be found.

Table 2.4: Summary of Selection Criteria for Retrospective Connections

Criterion Description

Project Phase The building must be in the under management phase.

Current Connection The address must not have been connected during the initial
roll-out.

Responsibility The address must fall under the responsibility of either KPN
or Glaspoort.

Building Type The building must be a high-rise with at least 10 residential
units.

Financial Viability Prioritization is based on a high selection score.

RNA Status RNA 7 (Technical obstruction) is excluded from selection.

Delivery Status Delivery status 14 (No fiber available at building) is excluded

from selection.

2.5 Contractor agreements

For the Overlay roll-out and the retrospective connection under management categories there
are several contractors and contractual differences. The Overlay contractors and their agree-
ments are highlighted in subsection 2.4.1. The retrospective connections under management
which are handled in projects in subsection 2.4.2. Lastly the client-driven retrospective con-
nections under management are covered in subsection 2.4.3.
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2.5.1 Overlay agreements

KPN builds a fiber-optic network in areas in the entirety of the Netherlands. To facilitate all
these areas they have contracts with several contractors that all are responsible for the roll-out
of fiber-optic network in a specific area. These contractors all have slightly different contracts
in the details, but in general they are the same. When making a new selection model the
structure and the differences between the contracts should be taken into account. The Overlay
contracts all have the following categories that are taken into account when determining the
costs.

These are based on a standard project price that is always paid in combination with extra
money that are project specific. There are several ledgers that are explained in the table 2.5.

Table 2.5: Summary of Contract Criteria for Roll-out Projects

Criterion Description

Base Price Base price for connecting an address.

Basis Infrastructure The total length of fiber-optic cable required in public streets.

Length

HAS Length The length of fiber-optic cable from the public network to the
property entrance.

Ground Type Soil conditions such as sand, clay, or asphalt, which influence
excavation difficulty and cost.

Street Covering Types of paving or tiling that must be restored after digging.

Project Specifics Unique on-site obstacles, such as trees, that require extra han-
dling.

RNA Reductions Compensation mechanisms if an address cannot be connected

due to justifiable reasons.

2.5.2 Retrospective connections agreements

The first type of the retrospective connections agreements is the project-based type. These
contracts are structured differently as they have previously already been in the Overlay phase
and moved to the under management phase. There are two types of contracts available. These
are the project-based type and the client-driven type. These are both very simple contracts.
The project-based type uses the current delivery status of the address. There are only standard
prices available for the delivery statuses 31, 33, 35, which are all for high-rise buildings. This
is because most of the executed projects are for high-rise buildings All other project-based
agreements are individual based and negotiated.

For the client-driven agreements there are standard prices for the most common delivery sta-
tuses. This is because the client-driven order often have majorly different starting points in
terms of current delivery status. In general, the client-driven prices are higher than the project-
based prices. This is largely due to the connection of the project-based type that is already
closer to the building and the difference in contractors.
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Table 2.6: Key differences between Ouverlay and Retrospective connections agreements

Aspect Overlay Agreements Retrospective
Connections
Agreements

Scope New area-wide roll-out Connecting previously

Pricing Structure

Main Building
Focus

Contractor Role

Typical Cost
Drivers

RNA and Delivery
Exclusions

projects

Standard contracts with
base price plus variable
costs (trench length, soil,
obstacles)

All building types in the
area (low-rise, high-rise,
duplex)

Regional contractors with
standardized area contracts

Calculated from trench
length, ground type, street
covering, and site obstacles

RNA reductions apply as
compensation for
non-connections

skipped buildings (under
management phase)

Fixed prices only for
certain delivery statuses
(31, 33, 35); other cases
negotiated individually

Primarily high-rise
buildings (> 10 residential
units)

Contractors vary; costs
depend on delivery status
and project type
(project-based or
client-driven)

Mostly determined by

delivery status; routing
costs estimated only if
needed

Explicitly excludes RNA 7
(technical obstruction) and
delivery status 14 (no fiber
from DP)

2.6 Justification for a Predictive and Cost-Based Ap-
proach

The analysis in Chapters 1 and 2 shows that KPN’s current approach for selecting buildings to
connect to its fiber-optic network primarily relies on the selection method. This scoring tool,
originally developed for area-level roll-out decisions, lacks the building-level granularity needed
for today’s brownfield environment. It neither explicitly predicts individual customer take-up
probabilities nor provides detailed connection cost estimates, leading to inefficient capital allo-
cation and potentially missed high-value opportunities.

The core challenge addressed in this thesis is to predict which buildings are most likely to con-
vert to KPN fiber customers once connected. This problem spans a high-dimensional feature
space involving socio-economic data, historical copper and fiber adoption, building typologies,
and competitive infrastructure presence. Classical statistical methods, such as logistic regres-
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sion, while transparent and interpretable, generally fail to capture the non-linear effects and
complex feature interactions inherent in such data [15]. Similarly, rule-based scoring systems
oversimplify decision boundaries, risking misclassification in heterogeneous urban contexts.

Simulation approaches, including discrete-event and agent-based models, are commonly em-
ployed in infrastructure planning and utility studies [12, 14]. However, these techniques require
explicit behavioral assumptions and extensive calibration data, which are not available at the
building level across millions of Dutch addresses. Moreover, executing such simulations at
national scale would be computationally infeasible. Machine learning techniques, particularly
ensemble models like Light GBM, are well-suited to this challenge. They efficiently process
large, high-dimensional datasets, automatically uncover non-linear dependencies, and provide
probabilistic outputs that support risk-informed decision-making. These advantages have been
demonstrated in various telecom contexts, including customer churn and broadband adoption
prediction [1, 23].

Identifying high-potential addresses is only part of the selection task. Effective fiber expansion
also depends on the cost of physically connecting each location. While it is theoretically possi-
ble to formulate this as a Mixed Integer Linear Programming (MILP) problem to find globally
optimal trenching and connection layouts [22], such formulations are computationally infea-
sible at national scale. MILPs are inherently NP-hard, and introducing each building-to-DP
assignment or potential trench segment significantly enlarges the combinatorial space, quickly
exceeding the capabilities of modern solvers [25]. Empirical studies show that even problems in-
volving only a few thousand nodes can require hours to days to solve [11], making this approach
impractical for continuous national-level planning. Stochastic or Monte Carlo simulations for
assessing cost uncertainties [24] would similarly demand extensive local parameter data and
computational effort.

Instead, this thesis employs heuristic routing approaches that approximate minimum-cost paths
using distance metrics and domain-informed adjustments. Such methods provide sufficiently
accurate cost estimates that align well with historical project data at KPN, while maintaining
computational scalability [3]. This balance of predictive modeling for customer adoption with
heuristic-based cost estimation forms a practical, interpretable, and scalable framework, well-
matched to the financial and operational realities of brownfield fiber deployment.

Chapter 3 further explores the theoretical and methodological underpinnings of this data-
driven strategy, situating it within the broader academic and technical literature on telecom
infrastructure planning, machine learning applications, and heuristic network design.

2.7 Chapter Conclusion

This chapter has answered the research question by describing the current situation regarding
KPN'’s selection and connection of buildings to its fiber-optic network. In the chapter, it is
stated that the current selection process for both Overlay and Retrospective Connections is
primarily based on the selection model, which combines cost and profit predictions to assess
financial viability. However, this method is limited as it is not fit for predicting the financial
viability of a specific building or street, which often happens in the retrospective connections
category. Furthermore, the selection process varies between Overlay and Retrospective Con-
nections, with each having its own process, criteria and contractor agreements.
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Additionally, several factors such as contractor capacity, RNA statuses, and the complexity
of connecting different building types have to be taken into account in the decision process
for the new selection model. This is especially the case for high-rise and duplex properties as
they play a significant role in the current gap between HP and HC. Furthermore, contractor
agreements naturally have influence on the costs, with pricing partly driven by spatial factors
like trench length and ground type.

Overall, the new selection process should be heavily data-driven, involving technical, financial,
and organizational considerations. This further emphasizes the need for advanced analytical
techniques to support decision-making. The next chapter builds on these insights by reviewing
relevant literature on data-driven decision-making, machine learning, and operations research to
search for solutions for the development of a new selection model for retrospective connections.
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As established in Chapter 2, KPN’s current approach to selecting buildings for fiber connection
largely relies on the selection score. This score was designed for aggregated area-level decisions
and does not explicitly account for individual customer acquisition probabilities, detailed con-
nection costs, or feasibility constraints. This highlights a need for more granular, data-driven
decision support tools that can guide roll-out investments in a brownfield environment where
network infrastructure is only partially present.

This chapter addresses the second research question:

What is the theoretical background on data-driven decision-making and selection methodologies
for prioritizing fiber-optic network connections?

It provides a theoretical framework based on a literature review to answer this research question.
To arrive at an answer, the following sub-questions are formulated:

o What does existing literature suggest about methods for prioritizing brownfield network
expansions, and how do these differ from greenfield approaches?

e How are machine learning models leveraged to predict customer uptake or acquisition in
telecom or similar network industries?

o What routing heuristics and cost estimation techniques are most commonly applied in
infrastructure network planning, and how do they account for real-world trenching devia-
tions?

o Which evaluation metrics are recommended in the literature for assessing predictive mod-
els in customer acquisition and infrastructure decision-making contexts?

Section 3.1 discusses different selection methodologies with a particular emphasis on approaches
tailored to brownfield contexts, highlighting the distinct challenges compared to new area
(greenfield) roll-outs. Section 3.2 explores how machine learning models support customer
uptake prediction and how routing heuristics contribute to more realistic cost estimations. Sec-
tion 3.3 then reviews the evaluation metrics used to validate these approaches. Together, these
insights shape the integrated solution approach presented in the next chapter.
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3.1 Routing heuristics in fiber-optic network expansion

Building on the operational challenges identified in Chapter 2, this section reviews classical
optimization approaches such as Minimum Spanning Tree (MST) and Steiner Tree models, as
well as heuristic and rule-based strategies used in network planning. These insights clarify
how different techniques address cost structures, routing complexities, and delivery feasibility,
providing a foundation for the solution design presented later in this thesis.

There are several methods that have been created for the roll-out of a fiber-optic network.
These are all mostly based on the green field approach [4]. The Greenfield approach means
that you start the new product or model from scratch without having any previous product. In
the case of the fiber-optic network papers this means that all papers and their models assume
that there is currently no network. The first model of KPN, the selection model score, was
also build on this principle. However, KPN has already covered 63% of the Netherlands with
their network. This means that there already is an existing network. This corresponds to the
Brownfield approach as described in [2], where new connections are established within areas
that already have existing infrastructure [4]. This is the case for the current fiber-optic network
situation in the Netherlands. Therefore, the methods found in the papers should be studied
in a manner that takes into account the fact that the current network requires a Brownfield
approach and not a Greenfield approach [5].

There are several known techniques for the expansion of a fiber-optic network in greenfield
settings. These are discussed in the following subsections.

3.1.1 Minimum Spanning Tree

The Minimum Spanning Tree (MST) is a classical optimization approach in graph theory and
has been widely applied in the design of telecommunication networks, including fiber-optic roll-
outs. It provides a cost-effective means of interconnecting a set of nodes. For example, these
nodes could represent connected addresses. The MST is performed by selecting a subset of
edges that connects all nodes without forming any cycles and with the minimum possible total
edge weight[26].

The MST problem is defined over an undirected, connected graph G = (V| F), where V' de-
notes the set of vertices and F the set of edges, each with an associated non-negative weight
w : E — RT. The objective is to find a tree T' C F such that all vertices in V' are connected
and the total cost is minimized:

min » w(e)
TCE
eeT

This is all subject to the constraint that 7' contains no cycles and spans all nodes in V.
This problem is often solved using greedy algorithms such as Prim’s or Kruskal’s algorithm.
Either of these algorithms have polynomial-time solving times and are suitable for real-world

deployment planning[2].

Overall, the MST approach has several advantages when applied to fiber-optic network de-
sign. It ensures cost efficiency by minimizing the total length (or cost) of fiber required to
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connect all points. Moreover, the simplicity and speed of MST algorithms make them attrac-
tive for use in automated planning tools, especially during the early phases of network design.
However, MST also comes with some disadvantages. Since it results in a tree structure, it
inherently lacks redundancy. This means that the failure of a single link can lead to discon-
nection of parts of the network. Additionally, MST does not account for capacity limitations,
varying demand levels, or reliability requirements. All of these are important considerations in
modern telecommunication infrastructure. As a result, while MST offers a strong baseline for
cost-efficient planning, practical applications often extend or modify the model to incorporate
these additional operational requirements.

Beyond MST, the Steiner Tree problem represents a more general formulation that allows for
the inclusion of additional intermediate nodes (Steiner points) to potentially reduce the total
network length. This approach can yield more cost-efficient layouts by optimizing shared infras-
tructure routes. However, the Steiner Tree problem is NP-hard and typically requires complex
approximation algorithms or heuristics, which limits its practical applicability in large-scale or
dynamically constrained environments such as brownfield fiber deployment|[2].

3.1.2 Shortest Path Heuristics

The shortest path problem is a fundamental concept in graph theory and has been extensively
studied in operations research and network optimization. It involves finding the path between
two nodes in a graph such that the sum of the weights of its constituent edges is minimized.
In the context of fiber-optic network planning, shortest path heuristics are commonly used to
estimate the routing distance or cost from a building to the nearest distribution point (DP),
particularly in brownfield environments where infrastructure is partially existing.

Formally, the shortest path problem is defined over a weighted, directed or undirected graph
G = (V,E), where V is the set of vertices and E is the set of edges, each associated with a
non-negative weight function w : F — R*. Given a source vertex s € V and a target vertex
t € V, the objective is to determine a path P = (s, ...,t) such that the total cost is minimized:

m;n Z w(e)

subject to P being a valid path connecting s and ¢.

This problem is typically solved using algorithms such as Dijkstra’s algorithm for graphs with
non-negative edge weights, or the A* algorithm when heuristic guidance is available to speed
up computations[2]. These algorithms have polynomial-time complexity and are widely imple-
mented in routing software and network planning tools.

Shortest path heuristics offer several advantages for fiber-optic network design, especially in
retrospective connection scenarios. They are computationally efficient and can be applied inde-
pendently for each building, making them well suited for large-scale datasets involving millions
of addresses. Furthermore, they align with practical engineering approaches, where each build-
ing is often connected to the nearest feasible DP to minimize local construction costs.

However, shortest path approaches also have limitations. Unlike global optimization mod-
els such as the MST or Steiner Tree, they do not consider the aggregate cost across multiple
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buildings or potential cost savings from joint trenching. This means that while they provide
quick and realistic estimates at the individual building level, they may overlook network-wide
efficiencies. As a result, shortest path heuristics are most effective when used as part of a
broader planning framework that also considers clustering or joint deployment opportunities.

3.1.3 Passive Optic Network Design

Passive Optical Network (PON) design is a part of fiber-optic infrastructure planning. It is
mostly applicable in last-mile access networks. A PON is a point-to-multipoint network ar-
chitecture in which a single optical fiber is split passively to serve multiple end-users. This
eliminates the need for active components between the central office and users. The advantage
of this is that it reduces maintenance and energy costs while increasing reliability. In network
optimization literature, PON design is often formulated as a facility location or network design
problem, where splitters (intermediate points) and routes must be strategically placed to min-
imize costs while satisfying demand and coverage constraints [21].

Mathematically, the PON design problem is typically modeled using integer or mixed-integer
linear programming (MILP). Let N be the set of customer locations, F' the set of potential
splitter locations, and Cj; the cost of connecting customer ¢ € N to splitter j € F. Define
binary decision variables z;; indicating whether customer 4 is connected to splitter j, and y;
indicating whether splitter j is activated. The objective is to minimize total connection and

deployment costs:
miny_ fiy;+ )Y Cijwiy
JEF ieN jeF
subject to:
Z T = 1 VieN
JEF
xijgyj ‘v’iEN,jEF

Y wy<K; VjeF

i€EN

where f; is the fixed cost of deploying splitter j, and Kj is its capacity|[18].

This modeling framework uses core planning objectives such as minimizing capital expendi-
tures, enforcing customer coverage, and respecting splitter capacities. More advanced models
can incorporate additional constraints, such as maximum distances between customers and
splitters and hierarchical splitter levels[19].

The advantages of PON design lie in its scalability and cost-efficiency. Passive components
lower operational costs, and the shared infrastructure model reduces the need for extensive
cabling. Moreover, the ability to model the problem using MILP provides a clear optimization
path with exact or near-exact solutions for moderate-sized instances.

However, PON design also presents challenges. The problem becomes computationally complex
for large-scale networks, especially when dynamic or real-time data is introduced. In addition,
while PONs reduce costs, they also reduce flexibility; failures in a shared segment affect all
downstream users which makes fault tolerance a critical issue. As a result, Hybrid models and
heuristics are increasingly explored to address these concerns in practical implementations [17].
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3.1.4 Recommended approach for brownfield cost estimation

The reviewed techniques each have particular advantages for network planning and cost esti-
mation. Minimum Spanning Trees (MST) and Steiner Trees are suitable for minimizing total
network length in greenfield scenarios but assume that all nodes require connection, which does
not correspond to brownfield environments with existing infrastructure and selective connec-
tions. Passive Optical Network (PON) heuristics can incorporate additional design considera-
tions such as splitter placement and capacity constraints but introduce complexity that does
not align with building-level selection. Shortest path heuristics provide a practical alternative
by estimating the cost of connecting individual buildings to the nearest distribution point.
These heuristics are computationally efficient and can be applied across large datasets, which
makes them suitable for settings where cost differentiation at the address level is important.
This aligns with the operational context outlined in Chapter 2 and supports the data-driven
selection methodology developed in Chapter 4.

3.2 Usage of machine learning for customer acquisition
predictions

To complement cost considerations, this section explores how machine learning models can
improve selection methodologies by predicting customer acquisition probabilities. It focuses
on applications relevant to fiber-optic network decision-making, highlighting why approaches
such as decision trees, random forests, and gradient boosting are well-suited for capturing
complex interactions in customer data. This directly supports the development of a predictive
component that integrates with cost and feasibility assessments.

3.2.1 Regression models

Regression models are among the most widely used tools in data-driven analysis. There main
advantages are in their mathematical simplicity and interpretability[8]. Linear regression mod-
els the relationship between a continuous dependent variable and one or more independent
variables by fitting a linear equation to the data. The model can be expressed as:

y=Po+ frxr+ -+ Butn,

where g is the predicted output, z1,...,x, are the predictor variables, and By, ..., 3, are the
coefficients estimated via ordinary least squares minimization [8]. The interpretability of linear
regression makes it a preferred baseline in many domains, allowing for straightforward evalua-
tion of feature contributions and confidence interval estimation. It is computationally efficient
and performs well when the underlying relationships are approximately linear[8].

Logistic regression extends the linear modeling framework to binary or categorical outcomes
by modeling the log-odds of class membership as a linear function of the input variables. The
predicted probability is derived using the logistic (sigmoid) function,

B 1
14

o(z)

where z = B+ >, fiz;. The model is typically estimated through maximum likelihood opti-
mization [8]. Logistic regression is widely applied in classification tasks due to its probabilistic
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output, interpretability and the low computational cost.

Despite their advantages, both linear and logistic regression have limitations. They assume
a linear relationship between predictors and the response, which may not capture complex or
non-linear interactions in real-world data. Furthermore, multi-collinearity among predictors
can distort coefficient estimates, and performance may degrade in high-dimensional or highly
unstructured datasets. However, these models still provide a transparent and efficient first
solution before applying more advanced techniques.

3.2.2 Random Forest

Random Forest is a widely adopted ensemble learning algorithm that enhances the performance
of individual decision trees by aggregating the predictions of multiple trees to reduce variance
and improve generalization. The method constructs a large number of decision trees during
training. Each each tree is trained on a bootstrap sample of the data [9]. At each node within
a tree a random subset of features is selected for splitting. This introduces both data and
feature randomness. This stochasticity supports the robustness of the ensemble and reduces
overfitting which is normally common with single decision trees. As seen above, In regression
tasks the model outputs the average prediction of all trees. However, in classification, it returns
the majority vote. The predictive function of a Random Forest regressor can be formalized as

fa) = 23 fle),

where f; denotes the prediction of the ¢t-th tree and T represents the total number of trees in
the ensemble [9].

A key advantage of Random Forest lies in its ability to model complex, non-linear relation-
ships without requiring extensive data pre-processing or manual feature engineering. The al-
gorithm also offers built-in mechanisms for estimating feature importance. This can help with
interpretability and variable selection. Furthermore, it is relatively robust to outliers and capa-
ble of handling large, high-dimensional datasets. However, Random Forests also have certain
disadvantages. They can become computationally intensive with a large number of trees and
high-dimensional data, particularly in prediction time. In addition, the ensemble structure
may hide model interpretability compared to simpler models. Lastly, the presence of highly
correlated trees may reduce the marginal gain from additional ensemble members.

Overall, Random Forest remains a versatile and powerful technique for predictive modeling
across a range of domains. This particularly the case when the underlying relationships in the
data are complex and not easily captured by parametric methods.

3.2.3 Extreme Gradient Boosting

Extreme Gradient Boosting (XGBoost) is a powerful and scalable machine learning algorithm
based on the gradient boosting framework. It is designed to deliver high predictive performance
with efficiency and robustness. Introduced by Chen and Guestrin (2016), XGBoost builds
an ensemble of decision trees sequentially, where each tree corrects the residual errors of the
aggregated predictions from previous iterations [10]. The algorithm optimizes a regularized
objective function, which combines a differentiable convex loss function L (such as mean squared
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error) with a regularization term 2 that penalizes model complexity. The objective function at
iteration t is typically defined as

£0 =3 Iy 3+ ful@) + Q).

where f; represents the newly added tree and gji(t_l) the prediction from the ensemble before

iteration t. XGBoost uses several improvements over traditional gradient boosting methods,
including second-order optimization using Hessian information, column sub-sampling, shrink-
age (learning rate), and efficient handling of missing values and sparse data[l10]. These im-
provements help in its its ability to model complex, non-linear relationships while controlling
overfitting.

Despite its evident advantages, XGBoost also has some disadvantages. The algorithm can
be sensitive to hyperparameter tuning. This requires careful adjustment of learning rate, tree
depth, and regularization parameters to achieve optimal results. Furthermore, due to it being
a sequential algorithm training times may increase significantly on very large datasets or in
cases where the number of boosting rounds is high. The model may also be less interpretable
than simpler algorithms, such as linear regression or single decision trees. However, tools exist
to mitigate this drawback through feature importance analysis.

Overall, XGBoost is well-suited for structured data prediction tasks where accuracy, scalabil-
ity, and the ability to model feature interactions are critical, particularly in domains involving
heterogeneous input features, cost sensitivity, and non-linear relationships.

3.2.4 Light Gradient Boosting Machine

Light Gradient Boosting Machine (LightGBM) is another efficient gradient boosting frame-
work developed by Microsoft. It is designed to improve scalability and speed for large-scale and
high-dimensional datasets [16]. Like other gradient boosting methods, Light GBM builds an
ensemble of decision trees in a sequential order. Each tree aims to correct the residuals of the
combined predictions of its predecessors. It is different from traditional approaches by using
a histogram-based method for finding split points and a leaf-wise tree growth strategy. This
often leads to better accuracy and faster training compared to level-wise growth [16].

The algorithm minimizes a regularized objective function composed of a convex loss function
L and a regularization term 2, defined similarly to XGBoost as

LY = Z Uys 0" + filwi) + Q(f),

where f; denotes the tree added at iteration ¢, and g}gtfl) is the current prediction of sample
i. Optimization is performed using both first-order and second-order derivatives of the loss
function. This allows for faster convergence and better handling of complex patterns in the
data [16, 6].

One of the main advantages of Light GBM is its native support for categorical features, which
are internally mapped to discrete bins. This often means that it is not necessary to use one-hot
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encoding and this feature also improves memory efficiency. This feature makes it suitable for
structured datasets where categorical variables are present. [16]. Furthermore, LightGBM’s
histogram-based algorithm reduces computational complexity by grouping continuous values
into bins, which accelerates the split-finding process.

However, Light GBM has limitations. Its aggressive leaf-wise tree growth can lead to over-
fitting, particularly in small or noisy datasets. To counteract this, hyperparameters such as
max_depth must be tuned carefully. Furthermore, while the histogram-based splitting improves
speed, it may lose some granularity compared to exact algorithms [6].

In summary, Light GBM is a robust and scalable algorithm for structured data prediction tasks.
It works best in scenarios where training speed, memory efficiency, and predictive performance
are important. Its balance of computational efficiency and modeling power makes it a strong
choice for many industrial applications.

3.2.5 Recommended approach for customer acquisition prediction

The machine learning techniques reviewed each offer distinct strengths for customer acquisition
prediction. Regression models, particularly logistic regression, provide clear interpretability
and transparency, but their linear assumptions hinder accurate modeling of the complex and
nonlinear relationships typically observed in customer data. Random Forest methods overcome
linear limitations through ensemble learning, effectively capturing complex feature interactions,
yet their black-box nature and computational demands may limit practical usability at scale.
Similarly, XGBoost excels in predictive performance, especially for structured tabular data,
but necessitates extensive hyperparameter tuning and computational resources, making it less
practical for rapid iterative model development on large-scale datasets. Conversely, Light GBM
addresses these concerns by efficiently handling high-dimensional and categorical data, demon-
strating superior computational efficiency and scalability. Given these advantages, Light GBM
aligns closely with the operational requirements of address-level customer prediction outlined in
Chapter 2 and effectively supports the data-driven selection methodology detailed in Chapter
4.

3.2.6 Evaluation Metrics of Machine Learning Models

To evaluate the predictive performance of the machine learning models used in this thesis,
multiple classification metrics are applied. As the number of addresses that do convert to KPN
customers exceeds those that do not metrics such as overall accuracy are not suitable. Instead,
the evaluation focuses on three key indicators: the AUC score, Fl-score, and precision-at-k.

The Area Under the Receiver Operating Characteristic Curve (AUC) shows the model’s ability
to correctly rank positive examples above negative ones across all possible threshold values.
An AUC score of 1.0 indicates perfect discrimination, while a score of 0.5 represents random
guessing. This metric is threshold-independent and is widely used in machine learning appli-
cations for customer prediction tasks due to its robustness in imbalanced settings [27, 28].

The Fl-score is a threshold-dependent metric that balances precision and recall. Precision

refers to the proportion of predicted positives that are actually correct, while recall measures
the proportion of true positives that are correctly identified. The F1l-score is the harmonic

34



3. Literature Review

mean of these two, providing a single measure that accounts for both false positives and false
negatives. In this thesis, the macro F1-score is reported, which averages F'1-scores across classes
without weighting by class frequency. This is important when both the KPN and non-KPN
classes are considered equally relevant from a business perspective [27].

Lastly, precision-at-k is used to assess how well the model ranks the top k% of addresses
by predicted probability. This metric answers the practical question: “Of the top-k ranked ad-
dresses, how many are actual fiber customers?” It is particularly relevant in fiber optic network
expansion situations like this one where limited budgets or operational constraints require se-
lecting a fixed number of high-priority addresses. Precision-at-k is therefore a decision-oriented
metric that bridges model output with real-world implementation [28].

Together, these metrics provide a comprehensive view of model performance. AUC captures
overall discriminative ability, F1-score balances sensitivity and specificity at a chosen threshold,
and precision-at-k reflects how well the model supports prioritization under constraints.

3.3 Chapter Conclusion

This chapter reviewed existing literature on fiber-optic network planning, focusing on two
key decision-making dimensions: routing heuristics for cost estimation and machine learning
models for predicting customer acquisition. Routing heuristics were critically compared, high-
lighting the suitability of shortest path heuristics for brownfield cost estimation due to their
computational efficiency and adaptability to selective, address-level decision-making contexts.
In contrast, Minimum Spanning Trees (MST) and Steiner Trees, while effective in greenfield
scenarios due to their ability to minimize total network length, are limited by their assumption
of mandatory connections for all nodes. Similarly, Passive Optical Network (PON) heuristics
provide a comprehensive framework by incorporating additional design considerations such as
splitter placement but introduce unnecessary complexity at the granular building level.

Regarding customer acquisition prediction, various machine learning methods were evaluated.
Regression models such as logistic regression offer clarity and interpretability but are limited
by linear assumptions. Ensemble methods like Random Forest and Extreme Gradient Boost-
ing (XGBoost) address this limitation through robust handling of non-linear relationships and
feature interactions, yet their complexity and computational intensity may hinder practical
applicability at scale. Light Gradient Boosting Machine (Light GBM) effectively resolves these
trade-offs, providing excellent predictive performance while maintaining computational effi-
ciency and scalability for large datasets and high-dimensional feature spaces. However, its
sensitivity to hyperparameter tuning and potential for overfitting necessitate careful validation
and calibration.

Considering these factors, this research recommends shortest path heuristics for routing-based
cost estimation and Light GBM, Random Forest or XGBoost will be tested for customer acqui-
sition prediction. The combination of these methodologies offers a balanced approach, aligning
closely with the operational requirements outlined in Chapter 2 and supporting the integrated,
data-driven selection methodology developed in Chapter 4.
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This chapter addresses the third research question:

How can a data-driven scoring methodology be developed to support strategic decision-making
for fiber-optic network connections at the building level?

This chapter presents the design of a data-driven solution to improve the selection of buildings
for fiber-optic connection. Based on the insights gained from the current situation and the the-
oretical background, this chapter outlines how data are collected, processed, and translated into
a predictive and financially-informed selection model. To answer the main research question,
the following sub-questions are addressed:

e How can relevant data sources be collected and transformed into useful input variables for
the selection model?

e How can the potential for customer acquisition be predicted at the address level?
e How can connection costs be estimated using existing infrastructure and project data?

e How can contextual feasibility constraints be quantified and integrated into the scoring
methodology?

e How can the three model components be combined into a combined prioritization score?

e How can the selection model be implemented in a decision-support tool to support fiber-
optic network expansion planning?

e How can the performance and robustness of the developed selection methodology be vali-
dated?

Section 4.1 describes the data collection process and the identification of relevant input vari-
ables. Section 4.2 outlines the data preparation steps, including cleaning, feature selection,
and transformation. Section 4.3 introduces the prediction models used to estimate financial
viability and connection likelihood. Section 4.4 presents the design of the selection methodol-
ogy that integrates these predictions into a decision-support tool. Section 4.5 explains how the
methodology is validated and evaluated. Finally, Section 4.6 summarizes the outcomes of the
solution design and its implications for the following results chapter.
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4.1 Approach

To solve the core problem found in Chapter 1, this section explains the method used to develop
a data-driven selection model for retrospective fiber-optic network connections. The goal is to
capture all necessary elements that are also taken into consideration at various stages in the
current scoring method as mentioned in section 2.6. Therefore, the model has to prioritize
buildings on several aspects. To do this, a modular scoring system is developed consisting of
three components. These are predicted costs based on the end-state of the previous project,
the customer potential in a building and the contextual feasibility of connecting a building.
Each component addresses a different dimension of the selection problem and contributes to
a prioritization score that is used to rank buildings for project consideration. The Customer
Uptake Prediction Models and Fiber Routing Cost Models are combined to indicate financial
viability while the feasibility model is used to assess the operational feasibility of a residential
address. The entire approach is also visualized in Figure 4.1

e Connectivity potential is estimated using a machine learning model that predicts the
probability that an address becomes a customer after being connected. This model helps
to take into account customer behavior and market dynamics into the selection process.
The output is a probability score per address. Values closer to 1 show that there is a
better chance of customer acquisition at an address.

e Cost estimation is done by using a heuristic method based on spatial routing, contract
pricing, and previous project status. Each address has a predicted monetary connection
cost. The cost of the connection depends on the state that the connection was left in at
the previous project. This means that it is either a standard contractual agreement or
that certain features still should be estimated based on the infrastructure of the network
that still needs to be done.

e Contextual feasibility reflects the operational and technical conditions that may hinder
successful connection. This includes demolition status, overbuild (presence of competitor
fiber), and delivery or RNA-related constraints. A scoring system is developed to assign
a colored feasibility score where scores from green to red are given out which indicate the
roll-out risk or infeasibility.

The output of the connectivity potential and cost components are scaled to a common range,
allowing the two parts to be combined into a combined prioritization score 5;, as described
in Section 4.3.4. In Chapter 4.5, it is explained how this score and the operational feasibility
indicator are integrated in to a Power BI dashboard. The goal of the dashboard is to give a
clear overview of the value of buildings and also be able to automatically form viable projects
by combining several good buildings in close proximity together into a project for efficiency
purposes.
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Figure 4.1: Integrated model approach combining a machine learning-based uptake prediction, a
heuristic cost estimation, and a feasibility assessment. These components jointly inform a composite
prioritization score for building-level roll-out.

4.2 Data Processing & Feature Engineering

This section explains how the raw data is transformed into usable datasets as input for the
selection model. Since the model consists of three components, the data preparation was
performed such that each component has the required inputs from the different datasets. The
exact variables used are listed in Appendix D. Below a detailed explanation of the processing

and feature engineering strategy per component can be found.

4.2.1 Data Sources and Initial Processing

The raw datasets used in this thesis are retrieved from various internal KPN data warehouses.
These include fiber roll-out data from previous projects, network delivery and infrastructure
status per address, customer and subscription classifications, geographic coordinates, RNA
codes, contractor zoning and a set of external socio-demographic indicators. Each dataset has
a specific granularity. Most of the data is stored on address level, while a small part of the data
is aggregated to building or region level.
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The datasets were merged by either using the address or the building id as the merging key. To
improve the data quality, several processing steps are performed over all sets: Addresses missing
essential identifiers or coordinates were removed, duplicates were resolved, and addresses that
are only consumer addresses, so no business-related properties. This ensures that the model
only considers addresses that are relevant for retrospective connection projects.

After the processing of the datasets, the main dataset contains approximately 9 million address-
level records. These are aggregated for some parts of the model such as the cost component.
This aggregation is necessary, as retrospective fiber connections projects evaluate entire high-
rise buildings instead of the individual addresses within the building. Afterwards for all compo-
nents feature engineering was carried out with three goals in mind: To increase the predictive
power, reflect the operational and commercial constraints and to maintain compatibility with
the modular structure of the model.

4.2.2 Feature Engineering for Connectivity Potential

The first model component predicts whether a building will result in more customers using the
fiber-optic network. This can be either KPN customers or wholesale customers. To enable this
supervised learning model, features were engineered that capture historic customer behavior,
address characteristics, and previous roll-out data.

e Categorical variables such as customer status, building type, and address typology
were encoded either as ordinal categories or one-hot encoded variables, depending on
their current data structure.

e Demographic and financial indicators, including income brackets, property value
estimates (WOZ), and purchasing power segments, were linked at the address level. These
variables were used to try to capture customer value and marketing attractiveness.

e Interaction terms were added to reflect nonlinear behavioral patterns. For example,
overbuild presence combined with current customer type allows the model to detect areas
where switching behavior is unlikely due to competitors already being present in that
area. Similarly, income and property value were combined to represent socioeconomic
potential more robustly than either metric in isolation.

e Imbalance control and noise filtering were applied through categorical grouping,
thresholding of rare classes, and stratified sampling to prevent performance degradation
during model training.

Feature inclusion was based on both theoretical reasoning and data analysis of the results
of earlier stages of the model development. Features with low variance or poor correlation
with the target variable were excluded prior to training. Additionally, early versions of the
model were used to validate variable importance using SHAP values and F-statistics. This way
non-informative features could be removed to speed up model performance.

4.2.3 Feature Engineering for Cost Estimation

The cost estimation component is based on the current available prices for the retrospective
connections projects. Currently, there are only contractual prices for a few delivery statuses.
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These are delivery status 30 until 35 which have fixed prices. For most of the other statuses the
cost estimation must be determined by estimating the price. This is done with geo-spatial and
contractual input features. Before any routing or cost calculation logic, the following processing
and feature engineering steps are taken to get the right data formatting.

e Building centroid coordinates: For each building, geographic coordinates were derived
by averaging the latitude and longitude of all addresses within a building. Some of the
coordinates from the databases are formatted according to the Rijkdriehoekscoordinaten
standard. These had to be formatted to longitude latitude formatting for further use.
The coordinates are used as a spatial reference point for later distance computations.

e Building size: The total number of addresses per building was calculated and stored as
a numeric feature. This is done to keep track of the addresses within a building and to be
able to connect all model components in the end. Also, this makes it easier to compare
the cost between high-rise buildings and low-rise buildings as they more often have only
one address per building.

e Delivery status: Each address from a previous project has a delivery status code. This
code indicates the present infrastructure present at an address or building. These codes
should be the same for most buildings as the state should be same for all addresses within
a building under normal conditions. However, in some cases this was not done. When
this is the case the delivery statuses were encoded numerically or grouped into categories
and aggregated to the building level. This is then used as the general indicator of the
status of a building. Furthermore, this status also determines whether it is necessary to
calculate the distance between the distribution and the building.

e Contractor zone: For each building a contractor zone is determined based on the
delivery status of the building, as certain contractors often handle certain delivery status
projects. With this is becomes easier to take into account the capacity of the contractor
if the current project is added.

Together these features help with the Fiber Routing Cost Model.

4.2.4 Feature Engineering for Contextual Feasibility

The final component evaluates the technical and strategic feasibility of connecting a building.
This part of the model incorporates business rules, known constraints, and risk signals that may
affect a building’s eligibility or desirability for connection. Examples of this are the following:

¢ RNA codes were evaluated within the department and grouped by severity. Certain
codes, such as RNA 7 (technical obstruction) and RNA 16 (demolition), were flagged as
hard blockers and used to assign feasibility scores of zero.

e Delivery status values were also reviewed to detect addresses that are technically
unreachable due to missing infrastructure such as a vacant building status. This should
always be checked as this status could also be given in case of a renovation which means
the status is outdated

e The overbuild feature is included to indicate where competitors have already deployed
fiber infrastructure. These features were used as soft penalties, reducing the feasibility
score without outright exclusion.
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This component ensures that buildings included in the final prioritization are not only finan-
cially and commercially viable but also technically feasible for retrospective connections project
under realistic operational constraints. The entire overview of all the combinations can be found
in Appendix D.

4.3 Model Formulation

In this section, the model formulation itself is discussed. The dataset resulting from the feature
engineering steps in Section 4.2 is used as the input for the modeling components of the selection
model.

4.3.1 Customer Uptake Prediction Model

The goal of the first component of the selection model is to predict whether a building will
result in new fiber-optic customers once connected. These customers may be part of KPN’s
consumer or small-business market, or part of the wholesale network. The model assigns a
probability score P; € [0,1] to each building, indicating the likelihood of customer acquisition
from a building.

A binary classification model is trained to estimate this probability. The positive class (y = 1)
includes all addresses that became either a KPN CM, KPN BM, or wholesale fiber customer
after being connected to the fiber-optic network. The negative class (y = 0) includes addresses
that were technically connected (HC = 1) but did not lead to customer acquisition. Restricting
the training set to addresses with prior connection availability ensures the model reflects actual
customer behavior rather than technical eligibility.

The prediction target y; for each address ¢ is therefore defined as:

)1 if address i became a fiber customer (KPN or wholesale)
v 0 otherwise

The model will be tested using several machine learning techniques for comparison purposes.
The tested models are Random Forest, XGBoost and LGBM. The starting version of the model
is made with Random Forest due to its inherent simplicity and to function as a benchmark
for the other models. Afterwards implementations for both LGBM and XGBoost are made.
These are probably more suited due to their stronger performance working with large datasets.
All processing and feature engineering steps described in Section 4.2 are applied within a sin-
gle training pipeline, which includes encoding of categorical variables, imputation of missing
numeric values, and processing of ordinal features.After training the base model, we apply
post-hoc probability calibration using CalibratedClassifierCV with sigmoid calibration. This
improves the reliability of predicted probabilities and is critical for evaluating roll-out risk based
on predicted customer conversion likelihood. Rather than defaulting to 0.5, we tune the classifi-
cation threshold using macro-averaged F'1 score. This ensures the model balances performance
across the minority (non-converting) and majority (converting) classes. The final threshold was
selected as the one that maximized macro F1 on the validation set. Although early experiments
used a full sklearn pipeline, we switched to native Light GBM training without preprocessing
pipelines. This yielded better class performance (especially for class 0) and allowed native han-
dling of categorical variables. We conclude that LightGBM’s internal optimizations perform
better when raw categorical types are used directly.
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Let X € R™ ™ be the feature matrix and y € {0,1}™ the target vector. Let X € R™" be
the feature matrix, where m denotes the number of samples (addresses) and n the number of
features (predictors), and let y € {0,1}™ be the target vector indicating customer acquisition.
The pipeline 7 transforms raw features into model-ready inputs before training a classifier fj.

To improve model performance, hyperparameters are tuned using the Optuna framework. The
optimization process maximizes the Area Under the Receiver Operating Characteristic Curve
(AUC) on a stratified validation set. Parameters such as learning rate, number of estimators,
number of leaves, and sampling ratios are optimized. The final configuration is selected based
on validation AUC and used to train the model on the full training split.

Formally, the optimization objective is:

0* = arg max AUC(fG(Xval)v yval)
0

where 6 denotes the set of hyperparameters selected through Optuna.

Model evaluation is based on AUC, precision, recall, k-precision and Fl-score. A confusion
matrix and ROC curve are also generated to visualize the model’s performance at various
thresholds. The final output consists of a probability score P; per address, which is later aggre-
gated to the building level and used as one of the inputs to the composite prioritization score
described in Section 4.3.4.

4.3.2 Fiber Routing Cost Model

The goal of the cost estimation component is to approximate the monetary cost of connecting
a given building based on its current delivery status. Some of these statuses can be approxi-
mated by simply referring to the contractual agreement for that delivery status. For other more
difficult statuses it means that routing to the nearest available fiber distribution point (DP) is
necessary for a good approximation. Since this is highly variable it is hard for KPN to estimate
the associated costs for such buildings. For this reason, proxy variables are constructed based
on spatial routing distance, infrastructure availability, and expected contractor pricing rules.

The primary approximation for the connection cost in case is the shortest path distance from
each building to the nearest DP. This is computed over the national street network graph. For
this purpose, a detailed OpenStreetMap (OSM) based walkable street graph of the Netherlands
was loaded using osmnx package. This package has nodes and edges in most streets and from
those nodes routes can be made between points.

The routing itself was conducted with the shortest path heuristic, for which several differ-
ent algorithms are available within the osmnx package. The different routing methods are
tested in Chapter 5 as part of the experiments. The methods tested are shortest path heuristic,
Dijkstra’s shortest path heuristic and minimum spanning tree. For computational efficiency,
buildings and DPs were first mapped to the closest available point, and a KD-tree was used
to identify the nearest five DPs to each building. A KD-tree is a data structure designed to
organize spatial data for efficient nearest-neighbor searches [7]. The true shortest route was
then computed using networkx, considering only those within a maximum 5 km cutoff.

Formally, for each building ¢ with coordinates (z;,v;), a KD-tree is queried to return the five
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closest candidate DPs:
N; = argmin® || (25, 4:) — (2,9,)]l2
JjeJ
Dijkstra’s algorithm is then applied from the building node to each DP node in N, yielding
path distances d; ;. The minimum of these distances is selected:

The minimal routing distance identified for each building—DP pair was multiplied by a unit
trenching cost factor per meter. This rate is selected based on an internal contractor cost
assumption and reflects both material and labor expenses under typical roll-out conditions.
The estimated cost is calculated as:

Oi — dgnin . )\

where A = x euros per meter.

The resulting value serves as the estimated total cost of infrastructure roll-out for the building.
This is then added to the cost of the new status that the building becomes once the basic
infrastructure is placed. In addition, the number of addresses associated with each building
was used to compute a per-address cost metric. This enables easier comparison between large
and small buildings. The per-address cost is given by:

G

er_addr
CP _
7 n;

where n; is the number of addresses in building .

Due to the routing package depending on nodes and edges for routing it sometimes shows
inconsistencies. For this reason, the Euclidean distance between the building and the selected
DP, as well as the geographic coordinates of both endpoints are included in the end result for
checking. These features help identify unusual cases or bugs in the osmnx package.

All in all, the Fiber Routing Cost Model does not attempt to produce exact project-level
cost forecasts. It is designed to differentiate buildings based on their relative financial costs
between one another. The use of routing-based heuristics makes scalable and interpretable
prioritization possible in the absence of detailed engineering estimates. This approach makes
sure that the scoring model accounts for connection effort and infrastructure proximity without
taking into account specific extra costs made in a project due to engineering difficulties.

4.3.3 Feasibility model

The third component of the selection model evaluates whether a building can feasibly be con-
nected to the fiber-optic network under current operational and technical constraints. Unlike
the connectivity and cost components that are combined in the composite score, the feasibility
model has a separate as a separate evaluation mechanism. It uses a categorical label rather
than a numeric score and is not included in the composite scoring formula. The reason for this
is that the financial viability of the scoring of the buildings should be seen separately as it is a
quantitative measurement while the feasibility is mostly qualitative.

Each building is assigned a feasibility label — green, orange, or red — based on a rule-based
evaluation of known blockers and technical hindrances. These labels reflect increasing levels of
roll-out risk:
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e Green: No known feasibility constraints.
e Orange: Moderate or soft hindrances. For example competitor presence.
e Red: Hard blockers. For example planned demolition of the building.

The feasibility classification is based on deterministic business logic. It is derived from prior
roll-out experiences. For example, buildings with delivery status codes that signify legal or
technical exclusion are automatically marked as red. Similarly, the presence of soft constraints
such as competitive overbuild or uncertain routing potential may result in an orange label.

If multiple addresses within a building have conflicting feasibility indications, the most conser-
vative label is applied to the entire building to ensure operational robustness, with a warning
that something in the building’s reporting is wrong.. The full set of rules and logic used to
assign these feasibility labels is included in Appendix F.

This color-coded feasibility system is intentionally designed to prioritize transparency and align-
ment with internal KPN operational logic. It enables stakeholders to quickly assess whether
a building should be considered for roll-out. Therefore, Feasibility acts as a precondition for
execution, not as a predictive input to the scoring model presented in Section 4.3.4.

4.3.4 Composite Scoring Model

To support data-driven roll-out planning, the two predictive model components—connectivity
potential and connection cost—are integrated into a single composite score .S; for each building
i. This prioritization score ranks all technically feasible buildings based on a combination of
customer acquisition likelihood and connection cost efficiency.

The components are defined as follows:

e P, €[0,1]: the predicted probability that a customer (KPN or wholesale) will be acquired
from an address ¢, as estimated by the final Light GBM model trained on historical fiber
adoption data.

o T, € Ryy: the estimated cost of connecting building 7, calculated as the sum of the
expected contractor price and a heuristic routing distance to the nearest fiber distribution
point.

To ensure comparability, the cost component is normalized to a common scale using min-max
normalization. Since lower costs are preferable, the cost term is inverted after normalization to
yield a normalized cost score C; € [0, 1]:

T; — min(7T)
max(7) — min(7T)
To reduce the influence of extreme values, total cost values T; are clipped at a predefined
percentile before normalization. This prevents high-cost outliers from disproportionately com-
pressing the scoring range for typical cases.
The final composite score S; € [0, 1] is calculated as a weighted sum of the two normalized
components:

Ci=1

Si=a- P+ (-0
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where a, 8 € R5( are weights reflecting the relative importance of customer conversion potential
and costs. In this thesis, an equal-weighted formulation is adopted for benchmarking purposes,
with a = 8 = 0.5.

The feasibility status of each building is not incorporated into the composite score directly. In-
stead, it is evaluated separately and assigned a categorical label—green, orange, or red—based
on operational roll-out constraints. These feasibility labels are a qualitative gating mechanism.
Only buildings labeled green or orange are considered eligible for composite scoring and prior-
itization. Red-labeled buildings are excluded from roll-out consideration.

The resulting score S; ranks eligible residential buildings within the retrospective connection

dataset and serves as a foundation for dashboard-driven project formulation described in Section
4.4.

4.4 Dashboard Integration & Project Formulation

To make the model outputs accessible for the team, a Power BI dashboard is developed. The
dashboard can be used to explore, filter, and select high-potential buildings and project areas
based on the composite prioritization scores described in Section 4.3.4.

To ensure operational relevance, an address density filter is applied to exclude overly sparse
areas from project formulation. This density logic is computed by applying DBSCAN clustering
to the projected coordinates (RD New system) of buildings within each project area. Buildings
within a radius of x meters and with at least y nearby points are grouped into clusters. For
each project, the maximum cluster size and the average intra-cluster distance are calculated.
The average distance is determined using k-nearest neighbor (KNN) search within each dense
cluster. Only clusters with sufficiently high density are considered viable for project selection.
This approach helps ensure that proposed projects have geographically coherent deployment
potential. The impact of this density filter will be further evaluated in the model experiments
in Chapter 5.

Page 1: Score-Based Overview. The first page provides a general overview of all nationally
available buildings, segmented into three score brackets:

e High potential: buildings with a score between 0.7 and 1
e Medium potential: buildings with a score between 0.4 and 0.7
e Low potential: buildings with a score between 0 and 0.4

This segmentation allows users to quickly identify regions with the highest expected return
on investment. The dashboard also highlights the best-scoring clusters that could form new
roll-out projects. These clusters are generated based on historical project areas and the current
scoring outputs.

Page 2: Building-Level Selection. The second page allows detailed filtering and selection
of individual buildings. Users can filter by:

e Address or postcode
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e Past project region

e Urbanisation level, province, or delivery status

e Score components, for example high connectivity or low cost
e Feasibility label

This page facilitates manual validation of new projects, inspection of model results, and further
area selection for operational follow-up.

4.5 Validation Approach

This section discusses how the three components of the proposed selection model are validated to
ensure robustness and practical value. Each component requires a different validation approach
due to the different method with which they were developed.

4.5.1 Customer Uptake Prediction Model

The Customer Uptake Prediction Model is formulated as a binary classification problem. The
goal is to estimate the probability that an address would become a fiber customer (KPN or
wholesale) after being connected. The model was trained using addresses that were already
technically connected (HC = 1) to reflect real-world adoption behavior.

Validation of this model included both performance metrics and robustness checks. To avoid
data leakage and ensure generalizability, stratified k-fold cross-validation was applied across
multiple random splits. Each fold uses full retraining of the model and probability calibration.

The following performance metrics are used:
e Area Under the ROC Curve (AUC)
e Macro-averaged Fl-score (used for threshold optimization)
e Confusion matrix analysis
e Precision, recall, and k-precision (top-k conversion accuracy)
To evaluate feature robustness, two feature importance methods were used:

e Permutation importance, which measured the drop in validation performance when each
feature was randomly shuffied

e Importance gain, based on Light GBM’s internal feature gain score during tree construc-
tion

Together, these methods validated not only the predictive performance but also the inter-
pretability of the model.

46



4. Solution Design

4.5.2 Cost Estimation Heuristic

The cost component is a deterministic heuristic. It estimates the total connection cost per
building by combining contractual connection prices (based on delivery status) and trenching
costs computed using Dijkstra’s shortest path algorithm on the OpenStreetMap-based national
street network [2]. The shortest path from each building to the nearest fiber distribution point
(DP) was computed using a KD-tree to identify candidate DPs, with a Euclidean fallback for
edge cases[2].

Validation was performed through:
e Checking costs predictions compared to previous projects
e Manual inspection of routing results for extreme-cost buildings
e Distributional checks on estimated costs per meter and cost per address

Additionally, costs were clipped at a ' percentile before normalization to reduce the influence
of outliers and to ensure meaningful scoring for the majority of buildings.

4.5.3 Feasibility Score

The feasibility labels are validated by using rule logic checks rather than statistical metrics.
The scoring logic was based on KPN’s internal business rules and roll-out experience. These
roll-out checks have been confirmed within the team and can easily be changed if it matters.
The feasibility score is used more as an extra feature than a true part of the composite score.
Validation steps included:

e Sanity checks: verifying that RNA codes and delivery statuses flagged as hard blockers
resulted in a red score

e Internal consistency: ensuring that feasibility scores were logically consistent across ad-
dresses within the same building

e Visual inspection: reviewing feasibility score distributions across multiple contractor zones

and building types

4.5.4 Composite Score Validation
The composite score S; was calculated as a weighted average of two scaled components:

Si=a- P+ -0

where both components were first min-max scaled to the [0, 1] range, and costs were inverted so
that a lower cost would reflect a higher score. To ensure interpretability and testing stability,
the weights were set to @« = § = 0.5 in this study. These can be varied in future applications
to reflect strategic priorities.

Composite score validation included:

e Visual inspection of score distributions across the dataset

e Manual review of top-ranked and bottom-ranked buildings
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e Dashboard exploration of spatial clustering

To further validate the robustness of the composite score S;, a sensitivity analysis was per-
formed. This analysis explored how changes in the weights a and 8 influence the final building
rankings. The goal was to assess whether the model consistently identifies high-priority build-
ings under different strategic emphases. The results of this analysis are presented in Chapter 5.

4.6 Chapter Conclusion

This chapter covers the design of a data-driven methodology to support KPN in prioritizing
buildings for retrospective fiber-optic connections. The proposed solution integrates three key
components into a scoring framework that can be used to identify good roll-out choices at the
address level.

Firstly, the relevant datasets were preprocessed and combined to create a clean and enriched
dataset, suitable for model development. A predictive model was then developed to estimate
the likelihood that a connected address will convert into a paying customer. Using Light GBM,
categorical features and domain-informed interactions were incorporated to capture underlying
behavioral and demographic patterns.

Next, a cost estimation heuristic was introduced to approximate connection costs in the absence
of detailed engineering calculations. This heuristic combines delivery-based pricing and routing
distances based on a national street network. A feasibility labeling score was also developed,
capturing technical and contextual blockers derived from internal business rules.

These components were integrated through a composite scoring model and labeling scoring
system. For testing purposes, equal weights were applied. The composite score is intended
to support prioritization and project generation by ranking buildings based on their strategic
value for roll-out. At the same time, the feasibility labels help determine which projects are
easy to handle.

Finally, the scoring model was prepared for integration into a Power BI dashboard to facil-
itate spatial filtering, visualization, and decision-making. The next chapter presents the results
of model implementation, score distributions, dashboard outputs and a discussion of roll-out
implications.
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5 Results

This chapter addresses the fourth research question:

What are the results of the developed data-driven selection methodology, and how do they
impact the performance of the fiber-optic connection planning process?

This chapter presents the results of the developed model components and evaluates the effec-
tiveness of the full data-driven selection methodology. Building on the solution design outlined
in Chapter 4, this chapter reports the performance of the individual model elements, investi-
gates their sensitivity and interaction effects, and assesses their combined impact on rollout
prioritization at the building level.

To answer the main research question, the following sub-questions are addressed:

e How does the predictive model perform in estimating customer acquisition potential at the
address level, and what insights can be derived from model experiments?

o What are the outcomes of the cost estimation and feasibility scoring components in iden-
tifying financially viable and feasible buildings?

e How does the composite score support the prioritization of buildings, and what patterns
emerge from experimental ranking results?

e How sensitive is the output of the scoring methodology to changes in input parameters
and component weightings?

e How does the developed selection methodology enable the formulation of viable project
areas and support operational roll-out decisions?

Section 5.1 presents the experiments and results for the Customer Uptake Prediction Model,
including algorithm comparison, feature engineering, and performance evaluation. Section 5.2
addresses the cost estimation logic, covering routing heuristics, fallback strategies, and the
comparison to historical project data. Section 5.3 introduces the feasibility model results,
including rule activation and distribution analysis. Section 5.4 outlines the integration of these
components into a composite score, with sensitivity testing and ranking behavior. Section
5.5 describes how the score is used to formulate project areas, select addresses, and support
decision-making through the Power Bl dashboard. Finally, Section 5.6 concludes the chapter
with a synthesis of findings and critical reflection on the model’s implications.
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5. Results

5.1 Customer Uptake Prediction Model

For the Customer Uptake Prediction Model several experiments have been performed with the
goal to develop a model capable of predicting the chance that a household becomes a KPN or
wholesale customer once connected to KPN’s fiber optic network. Afterwards, the best found
model results are evaluated and validated.

5.1.1 Experimental Setup

In the section, several experiments will be performed to determine which machine learning
models and modeling techniques could be effective for this specific case. The goal of the
experiments is to find a suitable machine learning algorithm and configure it as good as possible.

Machine Learning Algorithm Performance

Firstly, from the literature it was found that ensemble machine learning algorithms perform
adequately well on telecom customer acquisition prediction. The starting train/test dataset
has 35 features and approximately 4.4 million rows. The train/test split is 0.8/0.2 divided to
allow for both sizable training and testing sets. Due to the used dataset being very large, an
important KPI besides the pure performance of the model is the running time and RAM usage.
The reason for this is that there are limitations to the computer with 32 GB RAM and an Intel
Core i7-1370P. For this reason, the different algorithms will first be tested on various samples
of the dataset to determine their performance and running times to determine which algorithm
will be used for the entire dataset. Below a table with the performance of the algorithms can
be found over 100000, 500000 and 1 million samples. For all samples, the same random state
is used for fair comparison.

Table 5.1: Model performance comparison across algorithms and sample sizes

Model (Sample Size) AUC F1 Class0 F1 Class1 Accuracy PQ@Topl% P@QTop5% P@Topl0%

Random Forest (100K) 0.624 0.390 0.742 0.635 0.7700 0.7500 0.7345
Random Forest (500K) 0.634 0.407 0.739 0.640 0.6940 0.7522 0.7503
Random Forest (1M) 0.640 0.407 0.742 0.640 0.7055 0.7420 0.7477
XGBoost (100K) 0.648 0.334 0.756 0.643 0.8900 0.8110 0.7855
XGBoost (500K) 0.645 0.316 0.753 0.637 0.8820 0.8264 0.7877
XGBoost (1M) 0.650 0.309 0.742 0.640 0.8920 0.8189 0.7935
Light GBM (100K) 0.641 0.530 0.668 0.611 0.8955 0.7990 0.7700
Light GBM (500K) 0.658 0.541 0.672 0.617 0.9180 0.8438 0.8012
LightGBM (1M) 0.665 0.549 0.677 0.624 0.9155 0.8423 0.8091

As can be seen in Table 5.1, the Random Forest model performs significantly worse compared
to both XGBoost and Light GBM across nearly all evaluation metrics. This is particularly ev-
ident in the AUC and precision at top-k percentiles, which are crucial for reliably identifying
the most promising customer acquisition opportunities. Additionally, Random Forest exhibits
the longest run times and highest memory consumption, making it less practical for large-
scale deployment. While XGBoost and Light GBM yield similar overall predictive performance,
their internal learning mechanisms lead to different classification characteristics. Notably, the
Fl-score for class 0 (correctly identifying addresses unlikely to become fiber customers) is
substantially higher in Light GBM. This indicates a more balanced classification performance,
which is especially relevant given the inherent class imbalance of approximately 60% class 1
and 40% class 0. A model overly biased toward the dominant class could achieve deceptively
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high overall accuracy, yet fail to generalize to underrepresented outcomes. This would risk
incorrectly assigning high uptake probabilities to addresses unlikely to convert, undermining
the model’s practical value. It is also important to note that the overall classification accuracy
is only marginally better than random chance. However, accuracy is not a meaningful perfor-
mance metric in this context, as it does not capture the quality of probability estimates nor the
cost of misclassification across classes. Instead, the AUC and macro Fl-scores provide more
relevant indicators of the model’s effectiveness. Given that the final prioritization relies on
calibrated probabilities rather than hard 0/1 decisions, the ability to rank addresses correctly
(as reflected by AUC) and to maintain balanced sensitivity across classes (captured by macro
F1) are substantially more critical for supporting informed investment decisions.

Furthermore, LightGBM demonstrates superior training speed and computational efficiency,
with a training time of only 3.75 seconds on 1 million rows. This is significantly faster than
XGBoost’s 253 seconds for the same sample size. In environments with limited computational
resources, such as this study’s setup with 32 GB RAM and a normal laptop CPU this is impor-
tant. Furthermore, it is also preferable if the algorithm is light to run as it needs to be rerun
frequently at KPN to adjust for changes in the data.

Precision at top percentiles is another key evaluation metric used to compare the models,
as the primary objective is to prioritize the most promising buildings for fiber-optic network
expansion. Precision@1% specifically measures the proportion of actual customer conversions
among the top 1% of buildings that the model ranks as having the highest probability. In
this case, the Light GBM model achieves a precision@1% of 91.55%, meaning that among the
top 1% of buildings identified by the model as most likely to convert, more than 9 out of 10
indeed become customers. This is a crucial performance indicator, as the business use case
involves targeting a small subset of buildings with the highest expected return on investment.
Light GBM not only performs well at the top 1% but also maintains strong precision scores
at the 5% and 10% thresholds. This demonstrates that the model is not just balanced and
computationally efficient, but also highly effective at accurately identifying high-probability
customer conversion cases.

Given the combination of the best AUC between the models , balanced class performance,
good top-k precision, and the lowest training time, Light GBM is selected as the model to con-
tinue experiments with. XGBoost is a strong alternative, but the higher computational cost
and more pronounced bias toward the dominant class make it less suitable for this prediction
task.

Pipeline with one-hot encoding vs Native Light GBM

LightGBM is natively capable of handling categorical variables by treating them as category-
type features. This allows the model to learn optimal splits without the need for data trans-
formation. However, the mostly commonly used method in many machine learning pipelines is
to use one-hot encoding combined with standardized numeric features. This is typically imple-
mented through preprocessing pipelines such as sklearn’s ColumnTransformer.

An experiment was conducted to test if native categorical LightGBM gives the same per-
formance benefits as using a preprocessing pipeline. The first configuration uses Light GBM in
its native form, converting all object-type columns to categorical data types and passing them
directly to the model. The second configuration uses a pipeline that performs one-hot encoding
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for categorical variables and standardization for numeric features, followed by training with
Light GBM.

The goal of this experiment is to evaluate if pre-processing via a pipeline improves model
performance metrics such as AUC, Fl-score, and precision at top-k percentiles. The advantage
of one-hot encoding is that it sometimes offers advantages in linear models or algorithms with-
out native categorical support. However, it may increase feature dimensionality and reduce
efficiency in tree-based models. Thus, this comparison helps validate whether Light GBM’s
native categorical feature handling is preferable in terms of both accuracy and computational
performance in the context of large-scale telecommunications datasets.

Table 5.2: Performance Comparison: LightGBM with and without Pipeline

Method AUC F1Class0 F1 Class1 PQTopl%
Native categorical (no pipeline) 0.6652 0.552 0.679 0.9275
One-hot encoded (pipeline) 0.6576 0.547 0.665 0.9089

As can be seen in the table 5.2, the native Light GBM model outperforms the pipeline-based
variant across all relevant performance indicators. The AUC of the native model is higher, and
it also has better Fl-scores for both class 0 and class 1, suggesting better generalization in a
class-imbalanced setting. Moreover, top-k precision is consistently higher without the pipeline:
for instance, precision@1% is 92.75% natively, compared to 90.89% using one-hot encoding.
This trend can be seen across the top 2%, 5%, 10%, and 20% segments as well.

This difference in performance can be attributed to Light GBM’s histogram-based tree building
and leaf-wise growth, because it handles categorical variables more efficiently. One-hot en-
coding expands feature space and introduces sparsity. This increases computational overhead
and can dilute signal strength. This is especially the case when high-cardinality features are
involved. Additionally, the native approach trains in less time (12.98s vs. 19.87s), showing
better computational efficiency.

In conclusion, LightGBM’s native categorical handling not only simplifies preprocessing but
also improves both prediction quality and training speed. Therefore, for the final model config-
uration, the native Light GBM variant is preferred over the one-hot encoded pipeline approach.

Ordinal Encoding & Interaction Features

The next experiment is to see if interaction features could improve predictive performance.
The interaction features were engineered by combining selected ordinal demographic and be-
havioral attributes. These features are taken from the dataset used for the prediction task.
They are chosen based on domain knowledge and feature importance rankings. To prepare for
this experiment, categorical variables are converted to ordinal integers to be able to perform
mathematical operations such as multiplication. This transformation itself did not significantly
affect model performance.

Each interaction feature was added individually to the baseline Light GBM model to assess

its effect on the Area Under the Receiver Operating Characteristic Curve (AUC). This variable
was used as it gives a good overview of whether the complete model performs better or worse.
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The results are summarized in Table 5.3. After this, all interaction features were tested together
as an extension on the normal dataset used for the training and testing.

Table 5.3: Effect of Individual Interaction Features on Model AUC

Interaction Feature AUC
Baseline (no interaction features) 0.6686
Income x Purchasing Power 0.6684
Income x House Value 0.6686
Urbanisation x Volume of House 0.6686
Life Phase x Number of Persons 0.6684
Purchasing Power x Type of House 0.6685
Volume x Relocation Activity 0.6684
Life Phase x Switch Sensitivity 0.6683
WOZ Value x Type of House 0.6684

Income x Main Breadwinner Function 0.6685
Energy Label x Streaming Services 0.6685
Age x Purchasing Power 0.6685
All interaction features combined 0.6687

The results show that the inclusion of individual interaction features led to negligible perfor-
mance changes. The AUC values remained stable around the baseline of 0.6686, with variations
no larger than 0.0003. Even when all engineered interaction features were added simultane-
ously, the overall AUC only increased marginally to 0.6687.

These results suggest that the existing base features already capture the majority of relevant
variance, and that simple multiplicative combinations of ordinal features offer limited incre-
mental predictive power. For this reason, the interaction features are not included in the final
model as they did not notably increase the performance of the model.

5.1.2 Results

In this subsection, the final model found after all experiments is evaluated. It covers calibration
of the model, threshold optimization, hyperparameter tuning and a review of the output of the
model to determine if data leakage is prevalent.

Model Performance

To further refine the predictive power of the connectivity model and improve its practical usabil-
ity for ranking purposes, calibration and threshold optimization were applied to the Light GBM
model. Whereas traditional classification tasks rely on hard thresholds such as 0.5, this study is
primarily interested in accurate probability estimates to make prioritization of addresses pos-
sible. Therefore, well-calibrated probabilities and balanced classification performance across
classes are crucial.

The base Light GBM model achieved an AUC of 0.6686 and a macro Fl-score of 0.609. To
enhance these outcomes, the model was calibrated using Platt scaling via the CalibratedClas-
sifierCV method with a sigmoid function. This step aligns predicted probabilities more closely
with observed frequencies. This makes sure that comparisons across addresses is done fairly.
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Subsequently, threshold optimization was performed to maximize the macro Fl-score. By
iteratively testing thresholds between 0.01 and 0.99, the best-performing threshold was found
at 0.574, which resulted in an improved macro Fl-score of 0.618. The model’s final AUC after
calibration was 0.6692, showing a marginal yet consistent improvement.

Table 5.4: Performance Comparison: Baseline vs. Calibrated Model

Metric Baseline Model Calibrated Model
AUC Score 0.6686 0.6692
Macro F1-Score 0.609 0.618
Accuracy 0.631 0.636
Precision@Topl% 0.8955 0.9304
Precision@Top5% 0.7990 0.8522
Precision@Top10% 0.7700 0.8147

The results in Table 5.4 show that the calibrated model slightly improves overall classification
metrics such as AUC and accuracy. It also shows slightly higher performance in top-k precision.
Especially in a business context where only the most promising addresses are connected first,
high precision in the top-ranked predictions is important. The reason for this is that this means
that the addresses that are connected based on their actually also have the highest probability
of becoming a customer.

Figure 5.1 displays the confusion matrix using the macro F1l-optimized threshold. The model
achieves a balanced distribution of true positives and true negatives, which is particularly im-
portant given the class imbalance in the dataset. It is better at identifying class 1 in absolute
numbers due to the total number of class 1 in the dataset being higher. This means that even
when the class balancing is used, the algorithm still favors to predict class 1 due to it naturally
having the higher chance to result in a good prediction.

Confusion Matrix (Macro F1 Threshold)
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Figure 5.1: Confusion matriz of the final calibrated Light GBM model at the macro FI1-optimized
threshold. It demonstrates balanced classification performance, crucial for managing both likely and
unlikely adopters in a class-imbalanced dataset.
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The ROC curve in Figure 5.2 shows a stable improvement in discrimination capacity, while the
calibration curve in Figure 5.3 confirms that the predicted probabilities are well-aligned with
the actual observed outcomes.
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Figure 5.2: ROC curve of the final model, yield-

ing an AUC of 0.669. This indicates moderate
ability to discriminate between buildings with high
versus low probability of new customer uptake,
supporting probability-based ranking.

Figure 5.3: Calibration curve of predicted prob-
abilities against observed outcomes. The close
alignment confirms the model’s probability esti-
mates are reliable for prioritization decisions

In conclusion, The calibration and threshold optimization steps result in a slightly better model.
The increased macro F1l-score and precision at top-k levels show that the calibrated model is
more suitable for prioritization-based fiber-optic network decisions. This calibrated probability
model is therefore used as the base model for the connectivity potential score. To validate
its robustness, stratified 10-fold cross-validation was conducted, retraining the model on each
fold. The resulting average AUC was 0.6686 + 0.0007, indicating consistent performance across
folds. A detailed overview of the AUC scores per fold can be found in Appendix E.

To get the final bit of performance out, hyperparameter tuning using Optuna is used to opti-
mize the Macro F1 score. This is done to tune the parameters of the Light GBM to fit the best
possible with the current features. This gives the following final results for the model:

Table 5.5: Final Model Performance After Hyperparameter Tuning (Macro F1 Optimized)

Metric Class 0 Class 1 Macro Avg.
Precision 0.553 0.695 0.624
Recall 0.529 0.715 0.622
F1-Score 0.541 0.705 0.623
Accuracy 0.641 (threshold = 0.583)

To evaluate the added value of the calibrated model, a comparison was made against a random
baseline that assigns uniform probabilities to each address. As shown in Table 5.6, the calibrated
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Light GBM model outperforms the random classifier in both AUC and Precision@TopK metrics.
The AUC result demonstrates that the model has meaningful discriminative power, while the
Precision@TopK scores confirm its ability to correctly rank high-potential addresses. The
calibrated model consistently identifies more true positives in the top-ranked percentiles. The
importance gain and permutation importance of the features of the final model can be found
in Appendix E.

Table 5.6: AUC and Precision@TopK Comparison: Calibrated Model vs. Random Model

Metric Calibrated Model Random Model
AUC Score 0.6753 0.5000
Precision@Top1% 0.9357 0.6070
Precision@Top2% 0.9009 0.6047
Precision@Top5% 0.8568 0.6015
Precision@Top10% 0.8193 0.6006
Precision@Top20% 0.7788 0.5996

Finally, using this model the predictions are performed for the possible retrospective connection
addresses. This gives the following results graph in terms of probabilities:
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Figure 5.4: Distribution of predicted probabilities for uptake across all addresses. Most buildings
fall between 0.2 and 0.7, reflecting the conservative probability calibration and inherent variability in
customer behavior.

Observations & Limitations

The final calibrated Light GBM model achieves consistent performance across folds and demon-
strates strong prioritization capabilities. This is particularly clear at the top of the prediction
spectrum. As shown in Table 5.6, the model achieves a Precision@Topl% of 93.6%. This
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confirms its effectiveness in identifying the highest-potential addresses for fiber roll-out. This
makes the model highly suitable for its primary purpose which is supporting in financially vi-
able network expansion. However, the overall AUC score of 0.6686 indicates that the model
performs moderately when considering all predictions across the full range. This is mostly due
to it being hard to determine whether someone becomes a user of the network. The reason for
this is that there are factors at play that cannot be easily captured such as current contract
length, competitor offers, or how kind and reliable the contractor was during the roll-out.

This difficulty of predicting is further illustrated by the distribution of predicted probabili-
ties in Figure 5.3, which shows a wide spread between 0.2 and 0.7 and a large spike just above
0.1. While the model rarely assigns extreme probabilities close to 1.0, it does assign sufficiently
distinct values to enable effective top-k ranking. This distribution reflects a conservative cal-
ibration approach that avoids overconfidence. This is likely due to the noisy and overlapping
nature of the input data. As a result, the model excels in separating the top-tier candidates
but does not provide good confidence margins throughout the entire dataset. This limitation is
partly due to the nature of the available features, which do not capture all relevant behavioral
or contextual variables influencing customer conversion. Finally, it should be noted that the
model’s strength lies in ranking, not classification, and it should therefore be interpreted and
applied as a decision-support tool rather than as a strict predictor of customer acquisition.

5.2 Fiber Routing Cost Model

For the Fiber Routing Cost Model several experiments have been performed with the goal
to develop a model capable of predicting the cost of connecting a residential property to the
fiber-optic network. Afterwards, the best found model results are evaluated and validated.

5.2.1 Experimental Setup

To validate the logic and behavior of the Fiber Routing Cost Model as described in Chapter
4, several experiments were conducted. These are used to verify the correctness of routing
computations, the robustness of the clipping threshold, and the realism of the cost output in
both synthetic and real-world contexts.

Routing Mechanics & Fallback Strategy

To estimate realistic trenching and connection costs, routing distances between each building
and its nearest distribution point (DP) were calculated using OpenStreetMap (OSM)-based
shortest-path algorithms. This routing heuristic is more realistic for true life distance rather
than straight-line approximations. An example of this routing heuristic can be seen in Figure
5.5.
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Figure 5.5: Ezxample of shortest-path routing between a building and its nearest distribution point

using an OSM-based street network. This approach provides realistic trenching estimates compared to
straight-line distances.

Figure 5.6 shows the distribution of the ratio between routing and Euclidean distance. The
average routing distance was 27% longer than the Euclidean equivalent, with some routes up

to three times longer. These findings confirm that route-based distance estimation is needed
to avoid underestimation of the trenching costs.
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Figure 5.6: Ratio of routing distances to Euclidean distances, showing trench paths average 27%

longer. This highlights the necessity of route-based heuristics for credible cost estimation.

However, certain edge cases trigger a fallback mechanism. This is needed due to the python
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package used having certain limitations mentioned in Chapter 4. The fallback mechanism is
applied when the computed routing distance is either zero or 3000 meters. Zero is often caused
by snapping both building and DP to the same OSM node. The other option is that the closest
distribution point is more than 3,000 meters away which indicates disconnected infrastructure,
infeasible roll-out or a lack of nodes in the area. In these cases, the Euclidean distance is
substituted to ensure continuity in the estimation logic. Table 5.7 summarizes the number and
average cost of fallback versus routing-based estimates.

Distribution of Cost per Address (Fallback Used)
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Figure 5.7: Frequency of fallback to Euclidean distances in cases where routing fails or exceeds 3,000
meters. This ensures cost estimates remain available across the full dataset

Clipping Strategy

Due to the presence of extreme outliers which are addresses located disproportionately far from
the fiber-optic network,the average connection cost per address is heavily skewed. This distorts
the cost normalization in the composite scoring model. This results in inflated influence from
a small number of unfeasible cases and mapping most cost numbers close to the maximum
score for costs. To mitigate this issue, a percentile-based clipping strategy is applied. With
this strategy, cost values above a defined threshold are capped at the corresponding percentile
value. This makes sure that addresses with extraordinarily high costs do not dominate the
scoring function.

Table 5.7: PUBLIC EXAMPLE Clipping Strategy: Impact of Percentile Thresholds on Cost Metrics

Percentile Clip Value (€) Avg Cost (€) % Clipped

75th 73,303 33,062 25
85th 114,058 40,822 15
90th 164,691 47,134 10
95th 242,781 52,826

99th 461,782 57,752 1
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Table 5.7 summarizes the effect of various clipping thresholds. For example, applying a 95th
percentile cap results in an average cost of €52,825.85 per address and affects only 5% of
the dataset. The more conservative 75th percentile threshold clips 25% of the addresses and
reduces the average cost to €33,062.34. In the context of the composite scoring model, all
clipped addresses will receive a cost score of zero. This makes the cost component robust
against infeasible extremes while preserving discrimination in the majority of realistic cases.
The impact of the various settings will also be tested in the composite scoring sensitivity
analysis.

Comparison with Real Project Costs

Currently, only a couple buildings have needed trenching work from the DP to get connected.
For these buildings the costs were 81% accurate. However, due to the limited sample size, it is
hard to validate if this is truly accurate. Also the delivery statuses were the routing from the
DP is required and thus require significant trenching work are generally not good options to do
first. This is because all the other statuses are often cheaper than the ones needing trenching
work.

5.2.2 Results

For the total model results these are the average costs derived from both the contractual defined
ones as well as the residential buildings that require trenching. Figure shows it can be seen
that all the statuses that require trenching are on average significantly more expensive than
the delivery statuses that do not require trenching.

The trenching cost is always divided over all the addresses in an entire building. For this
reason, buildings with a lot of addresses in them often high-rise buildings can still have a good
comparative price. This is evaluated in Figure 5.8.
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Figure 5.8: PUBLIC EXAMPLE Relationship between trenching costs and the number of addresses
i a building. Larger multi-unit buildings dilute per-address costs, favoring high-rise connections for
cost efficiency

As can be seen in Figure 5.8, the trenching costs for buildings with a lot of addresses are quite
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marginal. For this reason, it can be concluded that even buildings that have trenching costs can
be attractive options to connect. At the same time, connecting an individual address with one

of these statuses is extremely expensive using the current shortest path heuristic to determine
costs.

5.3 Feasibility Model

Below the results of the feasibility model can be found. For this no experiments were performed
due to this being a set of determined rules that only support the business as a notifier of a
possible operational infeasibility. This function is build-in to support the team by having an
easy overview of what needs to be done.

The model was applied to all unconnected addresses with a valid Reason Not Connected (RNA)
and a residential function. As shown in Figure 5.9, the majority of buildings were assigned a
green label. This suggests that there are no technical objections for this address. Approximately
41% of the addresses were assigned an orange label, indicating uncertainty due to specific flags

or delivery status. A small minority received a red label, indicating that connection is infeasible
under current conditions.

Feasibility Color Distribution (Percentages)

Feasibility Status
B No Issues
Attention Required
I Critical Issue

Percentage of Addresses (%)

T !
Mo Issues Attention Required Critical Issue

Figure 5.9: Distribution of feasibility labels across addresses. Most are classified as green (directly
viable), with orange indicating moderate operational uncertainties and a small fraction flagged red

To explain which conditions most frequently triggered a specific label, Figure 5.10 displays the
absolute occurrence of each contributing factor, with bar color reflecting the assigned feasibil-
ity outcome. The most common trigger for the orange label was overbuild. This was followed
by delivery statuses 1, 4, or 7, which typically indicate pre-inspection or construction phases.
These conditions do not prohibit connection but show implementation risk. Ambiguous RNA
codes such as R11 and R24 were also frequent contributors, suggesting limitations in data clarity.

Green labels were often assigned in the absence of any triggering condition or if the address
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was previously served via copper by KPN. Red labels were primarily linked to RNA R15, which
denotes a non-residential or demolished property. Other red conditions were rare.

Feasibility Color Assignment Triggers
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Figure 5.10: PUBLIC EXAMPLE Frequency of conditions triggering feasibility labels, with most
orange labels arising from competitor overbuild or ambiguous RNA codes. This informs where manual
reviews may be needed.

The feasibility label provides a binary indication of whether a building should be included in
roll-out evaluation. While green-labeled buildings are assumed directly viable, orange-labeled
addresses are flagged for manual review. Red-labeled addresses are excluded entirely from fur-
ther consideration.

The model enables operational teams to differentiate between high-potential and high-risk areas
in large-scale datasets. It is implemented as an interactive filter in the Power BI dashboard,
where feasibility color can be used to highlight or exclude addresses during manual project
formulation. This approach allows users to balance automation with expert judgment, and
supports scalable but responsible roll-out planning.

5.4 Composite Scoring Model

The composite scoring model is based on both the Customer Uptake Prediction Model and
costs model. As a weighted scoring method is used for the calculated score between the two a
sensitivity analysis will be done for the entire model to determine the best weight settings for
the composite scoring as well as the clipping strategy.

5.4.1 Sensitivity Analysis

To test the robustness and sensitivity of the composite scoring model, a sensitivity analysis
is performed on the two model components: the clipping strategy for cost normalization and
the weight distribution between connectivity potential and cost. The purpose is to determine
how different parameter settings affect the final composite score and whether these settings
influence the results of the composite score.
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Clipping strategy

In the composite score, total estimated connection costs are first clipped to reduce the effect
of extreme values and then normalized. To evaluate the impact of this clipping step, several
percentile thresholds are tested ranging from the 70th to the 99th percentile. For each clipping
level, the total cost is capped at the corresponding percentile value and subsequently included
in the composite score at a 50/50 weighting.

As shown in Figure 5.11, the mean composite score remains relatively flat between the 70th
and 90th percentiles, with limited variation and a stable average around 0.38. From the 92nd
percentile onward, the mean score begins to increase more significantly. This trend indicates
that mild clipping thresholds suppress too much of the cost variation, making the score less
informative for differentiating viable addresses.

Effect of Clipping on Composite Score (Weight = 50/50)

0.8  —e— Mean Composite Score (50/50 Weight)
+1 Std Dev

0.7 4

0.6

0.5 A

Composite Score

0.4 4

0.3 1

0.2 1

T
70 75 80 85 0 95 100
Clipping Percentile {%)

Figure 5.11: Mean composite score under different clipping thresholds for cost normalization. The
94th percentile balances variation, preventing extreme costs from overly distorting prioritization.

The 94th percentile represents the optimal trade-off. At this level, the average composite
score increases substantially to approximately 0.53, while the standard deviation remains well-
contained. This means that most cost outliers are effectively suppressed, but meaningful differ-
entiation between moderately high and low costs is still retained. More lenient clipping levels
such as the 95th or 99th percentile further increase the mean score, but also introduce greater
variance and potential distortion from extreme cost values. Therefore, the 94th percentile is
selected as the final clipping threshold for the composite model.

Weighting strategy

After selecting the clipping threshold, a second sensitivity analysis is done to examine the effect
of the relative weight placed on the connectivity potential versus the cost. The composite score
is computed for all addresses using weight settings ranging from 0% to 100% on the connectivity
component in increments of 10%.
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Figure 5.12 shows that the mean composite score declines as more weight is placed on the
connectivity potential. This pattern is expected, since the cost score distribution is more favor-
able on average due to normalized cost scaling and the effects of clipping. Although connectivity
potential is a valuable indicator, its distribution is slightly more compressed. This leads to lower
average composite scores when it dominates the formula.

Effect of Weighting on Composite Score (Clipping = 94th Percentile)
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Figure 5.12: Sensitivity of mean composite scores to changing weight emphasis on connectivity versus
cost. Scores decrease and standard deviation rises with heavier weighting on predicted uptake, reflecting
conservative probability distributions.

Importantly, the standard deviation increases as the connectivity component becomes more
dominant. This suggests that the standard deviation is higher in the probability model com-
pared to the cost component. This makes a strong case for applying equal weights: the 50/50
configuration offers a well-balanced trade-off between average performance and variance, en-
suring that both customer demand and financial viability are taken into account fairly in the
final score.

Together, the two sensitivity analyses support the choice of a 94th percentile clipping threshold
and a 50/50 weight split between cost and connectivity. This configuration ensures that the
composite score remains both informative and interpretable, while avoiding distortion from
extreme values or overemphasis on one model component.

5.4.2 Results

The final composite score is based on the normalized connectivity potential and inverted nor-
malized connection cost, combined using a 50/50 weight. As shown in the experiments, the
total cost was clipped at the 94th percentile to reduce the impact of extreme values. As a
result, the composite score reflects both market potential and financial feasibility.

Figure 5.13 shows the distribution of composite scores across all technically viable addresses.

Most scores fall between 0.35 and 0.65, with visible peaks resulting from patterns in the un-
derlying input models. Only a small share of addresses receive scores above .75, indicating
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that highly attractive combinations—low cost and high predicted adoption—are relatively rare.
This is also logical as the Customer Uptake Prediction Model can never predict for certain if
someone is going to be a customer or not thereby scores close to 0 and 1 do not exist. However,
The scoring model still successfully differentiates between more and less attractive connection
opportunities as higher scores reflect better business opportunities.
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Figure 5.13: PUBLIC EXAMPLE Distribution of final composite scores, with most buildings clus-
tering between 0.35 and 0.65. This supports nuanced differentiation of rollout opportunities.

To assess the consistency of the score, the average composite score is plotted per delivery status
in Figure 5.14. The results align with expectations: addresses with delivery statuses 9, 4, and
2 receive the highest scores. This is logical as they have the most existing infrastructure.
These are followed by addresses in a preparatory stage, such as status 1 and 11. Lower scores
are assigned to addresses that require major construction work like status 14 and 15 as these
have higher expected costs due to trenching and lower feasibility. The score thus accurately
represents existing logic within KPN.
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Figure 5.14: PUBLIC EXAMPLE Average composite scores by delivery status. Buildings with

more pre-existing infrastructure rank higher, validating the model’s alignment with practical rollout

economics.

In sum, the composite score provides a transparent and scalable method for comparing connec-
tion opportunities. The score balances predicted adoption potential with normalized cost levels
and aligns with operational insights. In the next section, the score is used to rank addresses
and define potential roll-out projects.

5.5 Project Creation

For the project formulation based on the single project scores the address density was used.
The address density is defined as the distance in meters to the next house. If the next house
falls within this distance, it is included in the project. This distance will be tested in the
experiments to see if it functions correctly.

5.5.1 Sensitivity analysis

In this subsection, it is tested if the project formulation formula functions correctly. This is
mostly useful for the dashboard itself as it should function as intended if KPN wants to see which
projects might be possible for certain settings. As they are able to manually use these switches
themselves, the intention of these experiments is mostly to determine if the project formulation
code functions as intended. An overview of the dashboard can be found in Appendix E.
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Figure 5.15: Average project cluster size formed by DBSCAN at different epsilon distance thresh-
olds. Increasing epsilon allows larger, more geographically dispersed clusters, aiding scalable project
formation.

As can be seen in the Figure 5.15, the density function behaves as expected, as more me-
ters between buildings mean that the average cluster size increases. This means that when
the distance between buildings is allowed to be larger, the average project size also increases
automatically.

5.6 Chapter Conclusion

This chapter addressed the fourth research question: What are the results of the developed
data-driven selection methodology, and how do they impact the performance of the fiber-optic
connection planning process? The results confirm that the proposed solution effectively sup-
ports KPN in identifying and prioritizing financially viable buildings for fiber-optic connection
at the address level.

The first model component, the Customer Uptake Prediction Model, achieves consistent pre-
dictive performance, with an AUC of 0.6753 and a precision@top1% exceeding 93%, indicating
that the model is highly effective at flagging the very best candidates. Despite the inherent
uncertainty in predicting individual customer behavior, this AUC means the model correctly
ranks a future customer above a non-customer in approximately 68% of random address pairs,
representing a 35% improvement over random selection. This confirms its value in reliably iden-
tifying high-priority buildings for fiber connection. Light GBM with native categorical handling
and calibrated probabilities was ultimately chosen as the most suitable algorithm. While indi-
vidual interaction features did not substantially enhance predictive power, the final calibrated
model is robust and well-suited for prioritization purposes, particularly excelling at isolating
the most commercially valuable addresses.

The Fiber Routing Cost Model aims to provide realistic connection cost approximations by
combining contractual delivery status pricing with a routing-based heuristic. Routing dis-
tances were on average 27% longer than Euclidean distances. This shows the importance of
realistic trenching estimates. A percentile-based clipping strategy (94th percentile) was applied
to mitigate the influence of cost outliers. This results in a robust and interpretable cost score
that can be integrated into the composite score.
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The Feasibility Model assigns color-coded feasibility labels to reflect operational constraints.
Approximately 41% of addresses are labeled orange. This indicates uncertainty in its oper-
ational feasibility, so should be evaluated carefully by decision-makers. Only a minority are
classified as red and excluded from roll-out consideration. The rule-based feasibility component
ensures that technical and contextual risks are transparently captured and factored into roll-out
planning.

The Composite Scoring Model integrates the connectivity potential scores and the normal-
ized cost scores into a single composite score. A 50/50 weight setting combined with the 94th
percentile clipping threshold offers a balanced trade-off between financial viability and customer
acquisition potential. As indicated in the chapter, the score effectively differentiates between
buildings based on financial viability with high-ranking buildings aligning well with the known
delivery status advantages and infrastructure availability.

Lastly, the dashboard-supported Project Formulation logic was shown to function as intended,
with sensitivity analysis confirming that denser address clusters could be formed by relaxing
spatial constraints. The integrated scoring and filtering system enables dynamic project gen-
eration and supports strategic decision-making in retrospective roll-out planning.

In conclusion, the results validate the effectiveness of the data-driven selection methodology
in improving KPN’s planning process. By integrating predictive analytics, cost heuristics, and
operational feasibility into a composite prioritization model, the approach improves both the
efficiency and quality of decision-making for fiber-optic network expansion. The next chapter
discusses these findings in a broader context and formulates theoretical and practical recom-
mendations.
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6 Conclusion, Discussion and Recom-
mendations

This chapter summarizes the main findings of the research, reflects on the strengths and limi-
tations of the developed selection methodology, and discusses its broader implications. Addi-
tionally, it presents concrete recommendations for practice and outlines directions for further
research. Lastly, it reflects on the practical and theoretical contribution of this thesis.

6.1 Conclusion

The goal of this thesis is to solve the core problem that KPN’s current selection method for
determining which buildings to connect to its fiber-optic network is not suited for individual
property scoring and does not explicitly take financial viability into account. To address this,
the central research question was formulated as follows:

How can KPN develop a data-driven selection method to identify and prioritize financially
viable buildings to connect to its fiber-optic network?

To answer this question, the thesis first analyzed the current situation at KPN. This analysis
revealed that the existing selection method, although valuable for evaluating area-level returns,
lacks the building-level detail, transparency, and cost precision needed for today’s brownfield
environment. As a result, the current process often depends on manual interpretation and
subjective judgment, which increases the risk of inefficient capital allocation and inconsistent
project selection.

Based on these insights, a new data-driven selection methodology was developed. This method
integrates three essential components. First, a machine learning algorithm, called Customer
Uptake Prediction Model, estimates the likelihood that a building will become a KPN fiber cus-
tomer once connected. This achieved an AUC of approximately 0.675 and a precision@topl%
above 93%, resulting in a roughly 35% improvement over random selection in identifying the
most commercially attractive buildings. Second, a routing-based cost estimation was intro-
duced that calculates expected trenching distances, showing that actual paths are on average
27% longer than simple straight-line assumptions, thereby providing more accurate financial
insights. Third, a feasibility assessment was implemented that uses business rules to filter out
buildings that are technically unfeasible or strategically undesirable to connect. By combining
these components into a normalized composite score, all eligible buildings can be prioritized
based on their combined commercial potential, expected connection costs, and operational fea-
sibility.

The results presented in Chapter 5 demonstrate that the developed selection method enables
KPN to make decisions at the individual building level with significantly greater granularity,
transparency, and financial accuracy than was previously possible. By combining predictions
of customer conversion likelihood, realistic routing-based cost estimates, and feasibility checks
into a single composite framework, planners can clearly identify which buildings offer the most
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favorable balance of commercial potential, expected capital expenditure, and operational vi-
ability. The integration of this method into a Power BI dashboard ensures that the results
are directly actionable for planners, providing a structured, data-driven tool that aligns closely
with expert expectations.

In conclusion, this thesis successfully developed and validated a data-driven selection method
that fundamentally changes how KPN can approach its fiber-optic network expansion. Where
previously it was not possible to accurately identify attractive individual buildings or evalu-
ate the quality of entire projects, the new approach now makes it possible to quickly find the
most promising buildings, group them into optimal projects within existing project IDs, and
ensure that capital expenditure is directed toward the highest-value opportunities. As a result,
KPN can reduce reliance on manual and subjective decision-making, better align operational
decisions with strategic objectives, and connect more homes (HCs) within the same budget.
This maximizes the impact of investments and accelerates progress toward KPN’s long-term
strategic goals.

6.2 Discussion

This section reflects on the findings of the developed selection methodology. It discusses its
broader implications, underlying assumptions, and limitations. The goal is to critically assess
the robustness and applicability of the approach, and to identify factors influencing its real-
world adoption and long-term value.

One of the main strengths of the developed methodology is its ability to translate large volumes
of heterogeneous data into a single actionable score. By integrating predictive modeling, cost
estimation, and feasibility logic, the approach provides a structured and actionable alternative
to the previously used selection method. The composite score allows the Fiber Connect Plan-
ning & Capacity team to make decisions based on the predicted connection potential and cost
of residential buildings.

However, the approach also introduces several assumptions and limitations. First, the Cus-
tomer Uptake Prediction Model relies on historical data that reflects past behavior under spe-
cific market conditions. While the model generalizes well on the current dataset this could
change over time. The reason for this is that shifts in customer behavior, competitive intensity,
or promotional strategies could change its predictive power over time as its predictive power is
solid but not incredibly strong. As a result, retraining and updating the model with features
periodically will be important to maintain its performance over time.

Additionally, the Fiber Routing Cost Model uses a heuristic routing algorithm combined with
contractor-specific delivery prices. While this method enables cost differentiation across deliv-
ery statuses and accounts for routing complexity, it still abstracts from contractor negotiation
dynamics, terrain conditions, and address-level variation in trenching difficulty. As such, the
estimated costs should be interpreted as relative rather than absolute indicators of financial
feasibility. Furthermore, when using this method for the project formulation some routes may
be taken into account multiple times indicating more costs than actually need to be made for
the trenching as these could be combined. However, in general the logic holds as the build-
ings that require extensive trenching work will almost always remain bad choices for connection.
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Furthermore, the feasibility logic, while based on expert rules and validated RNA codes, de-
pends on the completeness and accuracy of the underlying administrative data. In practice,
misclassifications or outdated contractor inputs could affect the reliability of feasibility labels.
This highlights the importance of integrating expert validation or crowd-sourced updates into
future versions of the model.

Another consideration is the assumption of independence between the model components. In
reality, connectivity potential, cost, and feasibility may be correlated. For instance, a building
with poor feasibility may also have low customer acquisition potential or high cost. While the
composite score implicitly balances these factors, future research could explore joint modeling
approaches to capture these dependencies in a better way.

Lastly, the approach assumes that decision-makers value cost and potential equally, as reflected
in the default 50/50 weighting scheme. While sensitivity analysis confirmed the robustness
of this assumption, the optimal weighting may vary depending on KPN’s strategic priorities,
budget constraints, or regional goals. A dynamic weighting mechanism, possibly integrated
into the dashboard, would allow for more flexible adaptation to business needs.

Despite these limitations, the method represents a significant step forward in supporting data-
driven infrastructure decisions at the address level. This is substantiated by the results in
Chapter 5, which show that the method systematically ranks buildings based on their predicted
customer potential, realistic connection costs, and feasibility constraints, producing outcomes
that align closely with expert evaluations and historical project benchmarks. Its modular de-
sign and interpretability further facilitate internal adoption, ensuring that technical feasibility
and commercial priorities are transparently incorporated into the selection process. Nonethe-
less, successful implementation will require ongoing maintenance, robust data governance, and
alignment with evolving business processes.

6.3 Recommendations and Further Research

Based on the development and evaluation of the proposed selection methodology, several rec-
ommendations are formulated for both practical implementation within KPN and potential
avenues for further academic or organizational research.

Practical Recommendations

Firstly, it is recommended that the developed model be integrated into KPN’s operational roll-
out process through a monthly updated dashboard. The current Power BI prototype provides
address-level prioritization and project-level grouping but should be further developed into a
standardized internal tool. It is also recommended to yearly re-optimize the model to improve
performance when new data features become available.

Secondly, in order to maintain predictive relevance the Customer Uptake Prediction Model
should be retrained on a monthly basis. This allows the model to adapt to shifting customer
preferences, competitor strategies, and promotional effects. Regular performance monitoring
should be conducted using updated labeled data, with key metrics like the AUC, Fl-score,
precision@k scores being tracked over time.
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Thirdly, it is advised that KPN refines its cost estimation practices by incorporating addi-
tional geographic, technical, or contractor-specific variables. Currently, cost predictions rely
on heuristics derived from routing distance and delivery status pricing. Including this kind of
data on ground conditions, contractor performance, and project-level overheads could improve
absolute cost accuracy and help inform CAPEX budgeting. Additionally, a different cost es-
timation heuristic for the trenching could work better for the project formulation part in the
dashboard

Finally, it is recommended that KPN formalizes a feedback loop to capture feasibility feed-
back from field engineers and contractors. This would help to improve the quality of RNA
data and ensure that feasibility scoring reflects real-world installation constraints. Such feed-
back could be incorporated into the dashboard or recorded through structured evaluation forms
during site visits.

Further Research

Several directions for further research emerge from the findings and limitations of this the-
sis. First, future work could explore the use of multi-objective optimization or reinforcement
learning to dynamically balance competing objectives rather than relying on static weighted
combinations.

Second, the current approach assumes independence between model components. Future re-
search could develop a joint probabilistic model that integrates cost, feasibility, and customer
likelihood into a single estimation framework, thereby capturing potential interactions between
variables.

Third, it would be valuable to investigate the effect of incorporating real-time external data,
such as competitor roll-out activity, neighborhood demographics, or marketing engagement
data. These could significantly improve the model’s accuracy in predicting migration behavior
and help identify high-risk areas for customer churn.

Fourth, the clustering logic used for project formation could be expanded into a formal project
selection algorithm. Incorporating spatial optimization techniques, such as capacitated cluster-
ing or route-aware project selection, could yield even more efficient project configurations.

Lastly, a longitudinal study evaluating the actual uptake rates and financial returns from pri-
oritized connections could validate the model’s long-term impact. This would not only assess
the predictive performance but also quantify the business value of the data-driven approach in
practice.

In summary, while the current methodology provides a solid foundation for improved decision-

making, future developments should focus on increasing predictive granularity. This will im-
prove interpretability and will help the model with the operational uses of the model.

6.4 Theoretical and Practical Contributions

This thesis offers both theoretical and practical contributions at the domains of machine learn-
ing, infrastructure planning, and telecommunications operations.
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From a theoretical standpoint, it addresses two underexplored areas in the academic litera-
ture. Firstly, machine learning has been widely applied in marketing and churn prediction.
However, there is almost no literature available of studies on predictive customer acquisition
modeling within the telecommunications industry. This is even more pronounced in the context
of fiber-optic service uptake as there is literally no literature on this. Secondly, most literature
on network expansion focuses on greenfield planning or technical design aspects, with little
attention to brownfield expansion in existing residential environments. By modeling customer
conversion likelihood, feasibility constraints, and connection costs at the building level, this
thesis contributes a novel, data-driven perspective on how fiber-optic network expansion can
be guided by predictive analytics in complex brownfield contexts.

Practically, the research delivers a decision-support system that transforms how KPN eval-
uates and formulates fiber-optic expansion projects from manual work to a more automated
method. The integrated dashboard and composite scoring logic give a prioritization of connec-
tion candidates based on commercial potential, technical feasibility, and cost-efficiency. This
can all be scaled and expanded automatically if required. Crucially, the solution enables ret-
rospective project formulation for previously disconnected buildings. Until now, retrospective
connections were restricted to individual high-rise buildings with specific delivery statuses. This
thesis therefore lays the foundation for more systematic and strategic decision-making across
KPN’s brownfield portfolio, bridging predictive modeling and operational roll-out planning.
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A Dashboard example
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