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The Top Sector Logistics finances research projects in the field of operations research, network optimization, planning and 
capacity allocation. Mathematics is a basic discipline in all these areas.

While the needs of the logistics industry are often practical, many of the problems addressed in projects are complex, 
in terms of mathematical modeling and computational scalability of the solution methods. This implies the need to also 
pay attention to the development of the underlying theoretical and conceptual mathematical knowledge and calculation 
methods necessary for tackling future challenges of the logistics sector.

PREFACE
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ASSIGNMENT FROM TKI DINALOG TO CWI
Develop a process to identify research priorities, in close 
collaboration with academic leaders in logistics, to develop a 
research agenda for mathematics and computer science in logistics. 
The agenda can be realized through a combination of targeted top 
sector funding and generic NWO funding. TKI Dinalog will play an 
active role in realizing this funding as part of its role as a protector of 
the logistics knowledge ecosystem.

THREE STEP PROCESS
In order to create broad support from both the sector and science, 
we are organizing three Roundtables: (1) with mathematicians and 
computer scientists who have been working in the business sector 
for a long time, (2) with mathematics professors who are active in 

the interface between mathematics and its application in logistics, 
and (3) with researchers in mathematics and computer science who 
are focused on fundamental research with an eye for (large-scale) 
application. 

Based on the results of these three Roundtables, this research 
agenda for mathematics and computer science in logistics was jointly 
compiled. This report will take you on our journey in good company.  
A journey to which we also invite you for years to come.

Ton de Kok, Rob van der Mei and Guido Schäfer
Project team Research Roadmap for Logistics and Supply Chain 
Management
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1 OUTCOMES ROUNDTABLES

ROUND TABLE 1: PARTICIPANTS AND BRAINSTORM
ATTENDEES
The participants of the 1st roundtable have made their mark in the 
private and public sector. They all have an affinity with mathematics 
and computer science through a promotion in a field relevant to 
logistics and supply chain management. They see the importance of 
mathematical research for business breakthroughs and identify the 
challenges based on their experience. We introduce you to: Victor 
Allis (founder Quintiq, owner ActiVote), Erik Diks (Managing Director 
Europe, Chainalytics), Harrie de Haas (), Dennis Huisman (Expertise 
manager logistics processes NS, professor Public Transport 
Optimization), Peter van Laarhoven (member of the supervisory board 
of several companies), Jan de Munck (Senior Data Scientist PostNL), 
Seppo Pieterse (Fellow at Quintiq), Heico Sandee (CTO and founder of 
Smart Robotics).

BRAINSTORM 
This first brainstorm contains the long-term challenges for “Logistics 
and Supply Chain Management” (LSCM). The participants all have a 
lot of experience and come from different sectors. The digitization of 
society is a common basis. Generating and processing data, creating 
information, real-time automatic decision making, and involving the 
human decision maker where necessary are key processes for all. 
Thinking about the long-term challenges, it becomes clear to one 
of the participants that we can better focus on today's challenges: 
creating the right models and calculation methods for the problem to 
be solved. 

CHALLENGES
It still takes many months and many man hours of scarce experts 
for a decision support tool to work according to specs. Can't this 
modeling and algorithmic work be automated? We realize that LSCM 
problems, due to their abstraction, are generic and have hardly 
changed over time. We therefore expect that the LSCM problems will 
not change from a mathematical perspective. This allows us to make 
use of countless existing cases to take the next steps in improving 
decision support, fully or partially automated. Could that be data-
driven? Can we automate modeling? How can we optimally divide the 
decision-making work between man and machine? How do we create 
acceptance of automated solutions.

RESULTS 
We divide the results into 3 categories, for which we formulate 
challenges and propositions:
•  Humans and models
•  Universally usable models and methods that can be customized 

quickly and easily
•  Real-time data processing and sharing in value networks

This forms the input for the 2nd  roundtable with the professors who 
have one foot in science and the other in the mud of reality.

“THERE IS NOTHING MORE PRACTICAL THAN A GOOD THEORY” 
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ROUNDTABLE 1: THE RESULTS 

HUMANS 
AND MODELS

•   A precondition for Artificial Intelligence and Machine Learning, and their 
applications, is that they must be accepted by the end user before they can play  
a role. How are we going to make sure they are accepted? 

•  Human behavior is not always rational, but it does have an impact on an LSCM 
model. How do you process human behavior in mathematical LSCM models

•  We must ensure that human-machine interaction becomes 'seamless', even if 
the machine has the 'lead' and the human only corrects. How do we ensure this 
'seamless' interaction? 

•  You can leave solutions purely to computers
•  Human behavior is modeled too simplistically
•  We need to bring the two worlds closer together, taking 

the quantification of goals from the scientific world and 
the fuzzy calls from the human world 

UNIVERSAL  
USE AND 
CUSTOMIZATION

•  Supply chains can be divided into multiple segments, which can cater to the different 
needs of groups of customers. An organization can only run a certain number of 
supply chains. How do we determine which should be?

•  How do we create robust solutions, based on mathematical models, that are 
universally applicable to (at least X% of) different logistics challenges? 

•  We need a generically applicable toolbox, which solves 
real-time real-world problems where practicality in the 
current reality is essential, while theoretical optimality 
is secondary in the future

•  We need an optimization toolbox that is fast, adaptive 
and data-driven. The feasibility and quality of the 
solution is secondary

NETWORKS  
AND REAL TIME  
DATA

•  We are increasingly working in chains, but not all information in a chain is shared by 
links. How can we optimize models with this limitation?

•  We need to create continuous optimizations based on real-time data, rather than 
periodic optimizations (daily or weekly) that solve a problem that no longer reflects 
reality. How do we create these real-time optimizations?

•  Without transparency in data, it is not possible to take 
the next step in the field of LSCM

•  Coordination in autonomous LSCM systems is the key to 
overcoming future performance bottlenecks

OTHER  
CHALLENGES 
AND THESES   

•  Determining KPIs is complicated and often there are aspects that are not easy to 
grasp (aka “beauty KPI”). Including such aspects is key for the acceptance of the 
output/solution. How can we include this in the optimization process from the start?

•  Without smart mathematics and computer science, 
AI applications will use more than 75% of energy 
production by 2050

•  Describing the quality of a plan is a complex 
mathematical function

CHALLENGES THESES 
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“TODAY’S EXCEPTIONS ARE TOMORROW’S ROUTINES"

ROUNDTABLE 2: PARTICIPANTS AND BRAINSTORM
ATTENDEES
The participants of the 2nd roundtable conduct research within 
the field of Logistics and Supply Chain Management. They all have 
close ties to industry and institutions. They develop their research 
questions based on their conversations with problem owners. 
Their tools are mathematical modeling and-model analysis. Their 
research results are used by the problem owners. This means they 
have a measurable impact on business operations. We introduce 
you to: Richard Boucherie (UT, Healthcare Logistics), Ger Koole (VU, 
Healthcare Logistics and Revenue Management), René de Koster 
(EUR, Warehousing), Geert-Jan van Houtum (TUE, Maintenance and 
Reliability, Service Supply Chains), Rommert Dekker (EUR, Operations 
Research), Wout Dullaert (VU, Logistics), and Renzo Akkerman (WUR, 
Agro-logistics).

BRAINSTORM 
The participants are aware of the results of the first brainstorm. We 
asked the participants for the mathematical models they use to solve 
LSCM problems. An example of such a mathematical model, which 
has actually been implemented in practice, can be found in Appendix I.  
The mathematical models form the bridge to the mathematicians 
and computer scientists who focus on fundamental research. The 
participants see the availability of data as an opportunity for applying 
new algorithms from AI. They miss in the outcomes of the 1st 
roundtable focuses on major social issues, such as sustainability, 
care, food, energy and climate change. Here we see the broad 
orientation of these researchers.

CHALLENGES
A surprise is that this group of researchers does not collaborate 
much with researchers engaged in fundamental research in 
mathematics and computer science. It is apparently difficult to 
interest the latter group in the analysis needed to solve the LSCM 
problems. The 3rd roundtable should provide more information 
on this. It appears that there are indeed major challenges in the 
analysis of the LSCM problems. In fact, it takes a similar effort to 
solve planning, scheduling and routing problems as has been done 
by many fundamental researchers to solve the traveling salesman 
problem. In addition, uncertainty in processes plays an important 
role within LSCM issues and that makes the analysis of these issues 
extremely difficult. There are opportunities here for the application of 
AI techniques, such as reinforcement learning.

RESULTS 
The results of the 2nd roundtable consist of problem formulations 
and indications of potentially useful methods and techniques, or 
algorithms. This group of researchers has shown that these problem 
formulations can be applied in practice. This makes finding exact 
solution methods or approximation methods with quality assurance of 
great practical importance. The problem formulations can be used as 
input to the 3rd roundtable with fundamentally-oriented researchers.
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ROUNDTABLE 2: THE RESULTS 

HUMANS 
AND MODELS

•  User can intervene in decision support system by adjusting model output, model 
input, model parameters and model (see page 9)

•  Algorithms must lead to solutions that are understood by humans
•  Algorithms must lead to solutions that can be adapted by humans to insights and 

information that cannot be included in the underlying model
•  Learning models, where model adjustments are automated
•  AI techniques, such as (un)supervised learning and reinforcement learning

•  What knowledge and skills does an LSCM professional 
need in a given situation?

•  To what extent can a user intervene in a decision 
support system without the system losing its integrity?

•  Consideration of exploration and optimization in 
learning techniques

UNIVERSAL  
USE AND 
CUSTOMIZATION

•  Rich vehicle routing problems, where technological innovations such as sensors, 
mobile communications, transportation technology (e.g. drones) lead to new model 
formulations 

•  Integrated rich production and distribution problems, characterized by large 
numbers of resources (people, production resources, transport resources, 
storage resources), complex network structures (locations, routes) and complex 
preconditions (timeliness, capacity) and multiple independent actors (producers, 
logistics service providers, retail)

•  Simulation-based optimization can be used as a generic approach, while the 
simulation model can be made problem-specific

•  Non-linear boundary conditions
•  Nonlinear target function(s)
•  Problem Size
•  Problem formulation that matches specific situation
•  Simulation-based optimization based on a generic 

approach does not guarantee an optimum

NETWORKS  
AND REAL TIME  
DATA

•  Trade-off between collecting more data and the need for quick decisions
•  Dynamic network design, caused by new customers, new suppliers, new producers, 

such as in energy systems
•  Using real-time data for modeling and modeling

•  Non-linear boundary conditions
•  Nonlinear target function(s)
•  Problem Size
•  Which data use, which do not
•  Frequency of data sensing

OTHER  
CHALLENGES 
AND THESES  

•  Models for chain issues that include sustainability in target functions and 
preconditions. Uncertainty in supply plays a greater role than before, because return 
flows of materials are less predictable

•  Multi-scale models, which emerge in hierarchical decision-making (strategic, 
tactical, operational) and distributed decision-making in supply chains

•  Stochastic aspects make model analysis more difficult 
and thus model optimization

•  Multi-scale modeling is an art, which to this day is 
considered a challenge in physics and chemistry, as well 
as for business processes and their control

MODELS AND ALGORITHMS CHALLENGES 
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DECISION SUPPORT IN LOGISTICS AND SUPPLY CHAIN MANAGEMENT
WIERS AND DE KOK (2018), DESIGNING, SELECTING, IMPLEMENTING AND USING APS SYSTEMS

Model parameters

Management
information

Mathematical model

Solver

Solution
Exogenous 
forecasts

State

Mental model

Modified 
model 
parameters

Modified
Mathematical 
model

Decision

Modified state
Modified state

exogenous forecasts

Additional state information

Human  
decision maker

A2

Decision
Support System

A1
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ROUNDTABLE 3: PARTICIPANTS AND BRAINSTORM
ATTENDEES
The participants of the 3rd roundtable conduct research into 
fundamental issues within (applied) mathematics and computer 
science. They have the ambition to solve problems that have wide 
application in practice. Curiosity is their primary motivation. They 
work on classes of mathematical models, not specific formulations of 
practical problems. But the mathematical models they work on have 
already amply proven their importance for everyday practice. This was 
also apparent from the 2nd round table. We introduce you to: Frits 
Spieksma (TUE, Combinatorial Optimization), Remco van der Hofstad 
(TUE, Random Graphs), Dick den Hertog (UvA, Robust Optimization), 
Daniek Dadush (CWI, Integer Programming), Bert Zwart (CWI/ TUE, 
Stochastic Processes), Michel Mandjes (UvA, Stochastic Processes), 
Gabor Szarnyas (CWI, Data Architectures), Han La Poutré (CWI/TUD, 
Intelligent Autonomous Agent Systems), Ilker Birbil (UvA, AI and 
Optimization).

BRAINSTORM 
The participants are aware of the results of the first and second 
brainstorm. They have taken the main points from roundtable 1 
as a starting point for their input to the discussion. This is where 
researchers concerned with the fundamentals of mathematical 
programming, database architectures, AI and Stochastic Operations 
Research meet. Some of them have worked on concrete problems 
from LSCM practice, confirming the challenges highlighted in 
Roundtable 2: LSCM is a source of major mathematical challenges. 
Others have so far only focused on basic mathematical research, 
especially on broadly applicable mathematical concepts.

CHALLENGES
The demand for universal applicability together with making models 
and algorithms specifically applicable calls for a lot of creativity. 
The key word is “mining”, to derive the model to be solved from the 
data surrounding the problem to be solved. You can “mine” target 
functions, but also preconditions. It is clear that a lot of problem 
data will be needed for this. Making AI techniques more efficient, 
especially those based on training neural networks, requires 
fundamental mathematical research. Understanding network 
structures within LSCM, their origin and their control, is another 
challenge.

RESULTS 
The results of the 3rd roundtable consist of establishing the 
relationship between the main themes within LSCM indicated 
in roundtable 1 and the research challenges for fundamental 
mathematics and computer science research. This leads to 
the formulation of sub-themes and to relevant concepts from 
mathematics and computer science. The results are formulated in 
English, as this makes the results more widely accessible.

“GOOD IS BETTER THAN BEST”
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2 OVERVIEW THEMES AND SUBTHEMES

NETWORKS & 
REAL-TIME DATA

VERSATILITY &
 CUSTOMIZATION

HUMANS & 
MODELING

TH
EM

ES

PRIVATE & DECENTRALIZED DATA

SU
B

 T
H

EM
ES

COORDINATION MECHANISMS

INTEGRATED OPTIMIZATION OF 
COMPLEX

ADDRESS DYNAMIC ASPECTS OF 
FUTURE NETWORKS

FOCUS ON ROBUST SOLUTIONS

DEVISE VERSATILE MODELS

GENERIC OPTIMIZATION TOOLBOX

DISCREPANCY MODEL VS. REALITY

AUTOMATED GENERATION OF 
MODELS

INCORPORATION OF HUMAN 
BEHAVIOR INTO MODELING & 

OPTIMIZATION PROCESS 
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NETWORKS & REAL-TIME DATA

PRIVATE & DE-
CENTRALIZED 
DATA

•  Private and decentralized data held by multiple stakeholders with different (often 
conflicting) objectives

•  Need: Schemes that are privacy-preserving and manipulation-resistant

•  Distributed computing
•  Differential privacy
•  Incentive compatibility
•  Secure multi-party computation

COORDINATION 
MECHANISMS

•  Coordination mechanisms for decentralized networks
•  Induce cooperation (incentive/pricing schemes)
•  Align individual objectives with system goal
•  Ensure fairness, simplicity (explainable) 

•  Algorithmic mechanism design
•  Pricing strategies
•  Incentive schemes
•  Fairness and resilience

INTEGRATED 
OPTIMIZATION 
OF COMPLEX 
DATA

•  Integrated optimization of complex networks 
•  Integration of real-time data
•  Multilayer, multimodal networks, etc.
•  Learning and online decision making

•  Reinforcement learning
•  Learning-augmented algorithms
•  Online decision-making

DYNAMIC 
ASPECTS 
OF FUTURE 
NETWORKS

•  Dynamic aspects of future networks 
•  Model dynamic networks, on-demand, shared
•  Based on spatial data, physical laws, etc.
•  Network failures, cascading failures, rare events, etc.

•  Distributed computing
•  Agent-based optimization

CONTENT M&CS CONCEPTSSUBTHEMES
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VERSATILITY & CUSTOMIZATION

DEVISE  
VERSATILE 
MODELS

•  Create “versatile” models 
•  Applicable to different application domains
•  Based on similar building blocks
•  Learnable, easily customizable

•  Generic analysis and optimization techniques
•  Robustness analysis
•  Simulation optimization

GENERIC 
OPTIMIZATION 
TOOLBOX

•  Generic optimization toolbox (think of: Math Prog 2.0)
•  Important aspect: problems are huge
•  Crucial: fast, data-driven, adaptive
•  Primary: feasible and implementable (in practice)
•  Secondary: proof of optimality, quality guarantees

•  Online optimization
•  Iterative methods
•  Conic optimization
•  Preprocessing techniques for solving models for 

recurring LSCM problems

ROBUST 
SOLUTIONS

•  Focus on “robust” solutions
•  Universal solutions (applicable to various scenarios) 
•  A-priori solutions (adaptable to various scenarios) 
•  Incorporate uncertainties and handle changing input parameters 

•  Adaptive robust optimization
•  Optimization and estimation

CONTENT M&CS CONCEPTSSUBTHEMES
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HUMANS & MODELING

DISCREPANCY 
MODEL VS. 
REALITY

•  Discrepancy model vs. reality 
•  Overcome abstraction bottleneck
•  Multiple objectives
•  Human factors

•  Beyond worst-case analysis
•  Model mining

AUTOMATED 
GENERATION OF 
MODELS

•  Automated generation of models
•  Extract, learn from data (historical, massive)
•  Important aspect: adaptivity of model (real-time, self-adjusting, online)

•  Constraint mining
•  Random graph models for logistics
•  Optimization with constraint learning

HUMAN 
BEHAVIOR IN 
MODELING & 
OPTIMIZATION

•  Incorporate human behavior in modeling and optimization
•  Diverse behavior (rational, risk-averse, preferences)
•  Incorporate “hidden knowledge” (experience)
•  Tradeoff: accuracy vs. interpretability of solutions
•  Seamless human-machine interaction 

•  Data-driven models
•  Algorithmic Game Theory
•  Explainable AI

CONTENT M&CS CONCEPTSSUBTHEMES
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3 OPEN ACCESS REPOSITORY FOR LSCM DATA

The 3 roundtables clearly show that the next breakthrough in logistics 
and supply chain management consists of data-driven models and 
methods. We have to admit that, although it has been 30 years since 
large-scale implementation of ERP systems started, we do not have 
an open access repository of data for LSCM problems. However, 
we can conclude that, thanks in part to TKI Dinalog, an enormous 
number of LSCM research projects are based on direct interaction 
with problem owners from the LSCM practice and extensive use 
has been made of empirical data. This way of collaboration between 
science and LSCM problem owners is based on the unique Dutch 
tradition of carrying out graduation projects for students from higher 
and scientific education.

What is lacking, however, is the systematic recording of the data 
used during these research projects. This is largely the result of 
the confidentiality of data about the business operations of the 
companies involved. This means that the data must be anonymized 
before it can be made publicly available. This problem is comparable 
to the requirements with regard to the privacy of medical data. We 
are currently seeing large-scale research projects within medical 
science, sharing treatment protocols and results. A similar practice 
of knowledge and data sharing is needed to achieve a breakthrough 
within LSCM research. Hereby researchers as the participants in the 
2nd roundtable play a crucial role. After all, they already have a lot of 
experience with research in collaboration with LSCM problem owners 
and experience with using data from ERP, MES and APS systems.

The first step in setting up the repository is to define different data 
models. Use can be made of the data models that form the basis of 
existing ERP, MES and APS systems. It should be noted that there 
is a wide variety of APS and MES systems, where ERP systems have 
undergone a stronger data model standardization. Arriving at the 
desired data models is a research project in itself.

Assuming that the repository will become available within two years, 
it is important to make agreements about storing the data from 
LSCM research projects. The students involved can be used for BSc 
and MSc projects. To do this efficiently and effectively, students need 
to be familiarized with the data models on which the repository 
is based. Training modules to be developed can be used for this. 
These modules are ideal for familiarizing yourself with all processes 
relevant to business operations. This typically fits in the first year of 
business studies. The Netherlands has decades of experience with 
this type of education, especially at the TUD, TUE, UT and RUG. A new 
element here is the concrete link with the repository.

“THE NUMBERS TELL THE TALE, 
BUT WHICH NUMBERS TELL THE RIGHT TALE?”

15

MATHEMATICS AND COMPUTER SCIENCE FOR LOGISTICS SEPTEMBER 2021



4

We have described the results of the three-stage rocket, with 
which we have embarked on a journey to arrive at a roadmap for 
mathematics and computer science research for Logistics and Supply 
Chain Management. We have linked the challenges, formulated by 
professionals with a lot of practical experience in LSCM, and concepts 
from mathematics and computer science, which allow targeted 
fundamental and applied research to be done to meet the challenges. 
We have in the 1st roundtable key themes identified are “Human 
and models”, “Universal use and customization”, and “Networking 
and real-time data”. In the 2nd roundtable, we identified models and 
algorithms that address the challenges within the three main themes. 
This became the input for the 3rd roundtable, where mathematicians 
and computer scientists have named sub-themes that they can link 
to mathematical concepts that require fundamental research. On 
the next page, we have designed the roadmap in a global manner by 
means of the sub-themes. We see both fundamental and practically 
oriented research, and both short-term and long-term results.

In the roadmap we have also specified the set-up of a repository, in 
which data from and for research projects is stored. This is motivated 
by the observation that many new methods and models will be data-
based in a more explicit way than people consider data and then 
arrive at models and methods. By setting up such a repository, Dutch 
research in the field of LSCM can gain a sustainable competitive 
advantage and capitalize on the existing close interdependence 
between scientific research and solving concrete problems in 
business operations.

This roadmap naturally requires further elaboration. The elements 
presented in this report form a solid basis for this further elaboration. 
In addition, this roadmap makes it possible to invite researchers to 
develop and submit project proposals. This may involve research 
into the further elaboration of the identified mathematical concepts, 
research that uses these concepts for new ways to solve LSCM 
problems, as well as contributing to the development of the 
repository.

ROADMAP FOR LOGISTICS AND SUPPLY CHAIN MANAGEMENT
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ROADMAP FOR MATHEMATICS AND COMPUTER SCIENCE IN LOGISTICS AND SUPPLY CHAIN MANAGEMENT
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The Supply Chain Operations (SCOP) model arises in any company producing products from materials using resources. It can be easily formu-
lated as an LP, but that formulation should be seen as a heuristic, as the problem is by nature stochastic. Even if we assume deterministic flow 
times (throughput times), there are no analytical results (policies, performance) for the SCOP problem with stationary i.i.d. demand. It has been 
shown that this SCOP formulation yields both a basis for operational planning in real-life simulation, and empirically valid results for its stochas-
tic version. 

Let us define period t as the time interval (t-1,t]. At time t, t=0,1,2,..., release decisions are taken. We define for i=1,2,..,N:

Di (t)  independent demand for item i in period t, i.e. demand in period t for item i, that is not derived from demand for items in  
Gi (t)  dependent demand for item i in period t, i.e. demand in period t for item i, that is derived from demand for items in  
pi (t)  quantity of item i that becomes available at the start of period t from the transformation activity generating item i 
ri (t)  quantity of item i released at the start of period t immediately after receipt of pi (t) 
Ii (t)  physical inventory of item i at the start of period t, immediately before receipt of pi (t)
Bi (t)  backlog of item i at the start of period t, immediately before receipt of pi (t)
Ji (t)  net inventory, i.e. physical inventory minus backorders,  of item i at the start of period t, immediately before receipt of pi (t)  
P Set of items i with Di (t) > 0 for some t>0.
Ckt Amount of capacity available in units of time of resource k in period t, k = 1,…,K, t≥1,
Uk Set of items that can be processed on resource k
ci Time required to process one unit of item i on its resource
qi (t) Amount of item i processed in period t, t ≥ 1.
Li  throughput time between time of release of an order for item i and time at which the ordered items are available for usage in other 
 items and/or delivery to customers

 I˘ E 
 I˘ E 
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Planned lead time assumption

Necessary and sufficient material constraints

Necessary and sufficient resource constraints

(3.1)

(3.2)

(3.3)

(3.4a)

(3.4b)

(3.5)

(3.6)
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Objectives

Problem formulations

20
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