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1.1 Computational modeling as a tool for understanding

The question Why modeling? has already been answered many times and
we suspect that by answering it again here, we are preaching to the converted.
But instead of brushing it aside by stating that the importance of computa-
tional modeling is self-evident, we sketch a few examples here. We do that in
the hopes that these examples will also spark the self-evidence idea for those
who have not been exposed to computational modeling at all and are now
wondering.

The first example is from the US National Institute of Biomedical Imaging
and Bioengineering [143]. Suppose we want to bake a cake. With a dozen
ingredients, there are many possibilities in how to combine them. Having a
computer model of baking the cake, we could run multiple simulations with
different amounts of ingredients to see how the cake turns out.

With such a computer model, it is even possible to try how skipping one,
two or even more ingredients would affect the taste or the structure of the
cake. For one ingredient, there are 20 possibilities and in principle, this could
also be done by baking 20 cakes. Almost no effect when skipping raisins. Not
including flour brings on a small disaster. Leaving out two ingredients results
in 190 new cakes, without three ingredients we have 1140 cakes and skipping
four ingredients brings us to 4845 possibilities. Imagine baking 4845 different
cakes. Compared to that, running 4845 simulations is easy. This example may
not be too convincing, because we do not get to taste the computational cake
with our tongues.

So let us now consider a thermo-mechanical model of a skyscraper. Using
such a model, we can shake the skyscraper (effectively modeling an earth-
quake and we do not have to try just one, but many earthquakes of different
strengths), let the skyscraper burn (modeling spreading of fire from specific
locations) or let the skyscraper age (modeling the durability of the materials
and the building itself).
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These examples illustrate maybe the most significant advantage of compu-
tational modeling: the ability to answer the What if? questions about com-
plex real systems that cannot be answered in reality. After all, no one would
ever build a hundred skyscrapers to see what design gives the best protection
against earthquakes, right?

As our book title says, we work (mostly) with models of red blood cells.
These cells lead an active and tough life. They return to the heart about once
every minute of their 100-120 day lifespan. Each time they visit the spleen,
they pass a fitness test squeezing through a narrow opening. They are subject
to various stresses and deformations while bringing oxygen to all our other
cells and removing the carbon dioxide.

Models of these cells need to reflect their capabilities reasonably well and to
achieve that, several parameters have to be included and carefully calibrated.
Then we can vary the situations, to which we expose the modeled cells and
investigate the effects both from theoretical and applicational points of view.

Performing simulation studies and examining responses to changes in pa-
rameters - this is called sensitivity analysis - are just some of the possible
uses of good models. In addition to them, computational models let us test
hypotheses, suggest and interpret experiments, uncover causation, bring new
insights and inspire future work - also for experimentalists - and more.

Who can benefit from this book?
We have already indicated the target group of readers for this book in
the Preface. There we have also mentioned reasons that motivated us for
writing this book. One of them is to make the life of young researchers
easier. Young is meant as new in the cell modeling business. Indeed, we
think this book could be helpful for advanced master students, doctoral
students, as well as established researchers starting their journey in cell
modeling. Some of you may have previous experience with modeling in
other areas and of course, if you do, you will have a slight advantage over
the modeling newcomers, but it is not expected at this point.

If you have some basic background specifically in cell modeling, you
may benefit from the book as well. Besides the general sections with ideas
valid for any modeling, we often relate the presented concepts to other
approaches and highlight differences or similarities.

1.2 Compass over map

Overall, we have written this book in a context we call compass over map.
We want to give the reader a compass and explain how to use it, instead of
giving him or her a detailed map with a precisely indicated route from point A
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to point B. We believe this is much more useful once they want to go to point
C, especially in situations, when it is unclear, what the correct route is. The
correctness of the route depends on the criteria the modeler sets in advance.
Therefore, rather than explain how everything is, we try to describe how to
look for a direction, how to find it and how to get to the desired models.

In this book, we build computational models step by step. We expect these
models to give us correct answers to questions about reality. The models do
not have to correspond to reality in all aspects, only to such extent that they
give us answers to the questions of interest.

For us, a red blood cell is the object that we always have in mind. So, in
this book, we identify the shape and structure of this object. We determine
the mechanical properties of the materials, of which this object consists. We
describe the behavior of the object using the fundamental laws of physics and
we implement them into a numerical model.

In order to test the model, we create a code that is capable of simulat-
ing the cell behavior. To link the real cells to our model cells, we calibrate
the model parameters using experimental measurements of basic cell manip-
ulation. Then we validate the computational model against more complex
physiological experiments. And when needed, we return to some of the previ-
ous points. While the focus is on red blood cells, the steps are general enough
that other types of cells could in principle be considered.

Having done all this, we can finally approach those What if? questions
and use the validated model to predict outcomes of other experiments and to
formulate hypotheses.

The compass over map approach should also urge the readers and modelers
to think about models, whether those we present here or some others, with
constructive doubts and to have some reality-check questions simmering on
the back burner. For example: What do you know about the system post-model,
that you did not know pre-model? This type of questioning keeps you grounded
whether the model is actually useful. Another useful question that should have
a reasonable answer is: Once you have a model and you have indicated all the
data your model does explain, what data does it not explain?

A model is always a simplification of reality and as such, it necessarily
omits some properties or features. We need to be aware of that. (We will
point out examples like this later in the book.) And of course, what about
apparent flaws? Be sensitive and keep track of them. Keep an eye out for how
they can be explained. Double check. Many of them lead to the discovery of
model flaws. Triple check. If they are still there, consider whether the theory
needs to be changed to fit them.

The thing is though that modeling is not a spectator sport. It requires
countless hours of practice, a lot of sweat and, in our case, literally also blood.
(No worries, the blood will only be inside your computer.) That is one of the
reasons why we accompany the text with simulation scripts - snippets in text
and full scripts online - that can be used alongside the book to support the
presented concepts. A few of them illustrate some of the mistakes that we have



4 Computational Blood Cell Mechanics

made. They use the Object-in-fluid package that we developed and included
in ESPResSo - open-source scientific software for simulations of soft matter
[31, 32]. We believe the scripts are an essential and inseparable part of this
work.

The Achilles heel of books with code
Books about coding and more general, books containing snippets of code
of any particular language or software, have one big disadvantage: As
soon as the language or software evolves, the book becomes in some
sense outdated. The commands presented in such a book may no longer be
available in the next versions of that software. We face the same problem:
ESPResSo with its Object-in-fluid module is a live project, it evolves,
grows and adapts to new ideas.

The snippets presented in this book are linked to its 4.0 release. So
even at a later date, with this version of ESPResSo, they should work.

We believe that this book will remain timely even if some commands
have different forms in the future. The concepts stay the same and the
current syntax may be found in the up-to-date documentation online.

We are also using these supplementary materials to guide our own students
along. We encourage them to contemplate a question before presenting an
answer to it. From our experience, giving people results before the problem
bothers them enough does not make for a proper understanding. That is the
reason why some topics are not presented in the text just once, in their final
form, but rather we present them first in a more näıve manner and then return
to them once the consequences are evident and need to be addressed.

1.3 How to read this book

Throughout the book, the grey boxes such as the one in the previous
section add some commentary to the topic being discussed, something like a
handwritten thought on the margin. We also use these grey boxes when we
want to wrap up an idea, summarise certain terminology and findings or point
out connections between the presented topics.

Sometimes, we intentionally do not mention all the details or all the con-
sequences of the discussed issue. We leave space for the reader to raise some
questions about the missing information. At the same time, we do not want
them to get lost. Therefore, we collect the questions about potential caveats
of what was just said and things to try in order to help understanding. At
certain places in the text, we pose these questions and suggestions as Things
to ponder.
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Things to ponder
How can I get the most out of this book? How should I read it?

While the book certainly can be read in a linear fashion, we understand
that different readers expect different insights and several alternative paths
through the book are possible. Here we offer a brief description of each chapter
to let the reader decide.

Chapter 2 Illustrative simulation example describes an introductory sim-
ulation that presents a computer script. It explains some of the possibilities
and available features step by step. If you are interested mainly in building a
model or if you have previous experience with cell modeling, this chapter may
be skipped. It is primarily meant for readers not familiar with these topics
to illustrate basic outcomes and to make it a bit clearer what we are try-
ing to achieve. An alternative to reading this chapter is watching a video at
www.compbloodcell.eu.

Chapter 3 Cell model contains the modeling core of the book. Here, we
establish the cell model (Sections 3.2, 3.3), first with some hidden flaws but
then revisited (Section 3.4) and improved. The modeling part is complemented
with Section 3.5, which discusses the fluid solver and Section 3.6, which ad-
dresses the cell-cell interactions. The cell model is then discussed within the
context of other approaches in Section 3.7.

To link the biological reality with the developed model, in Chapter 4 Model
vs. bioreality we first review and derive theoretical foundations (Section 4.2)
and then we use the theory as a starting point for direct comparison of model
and real-world experiments with cells in Section 4.3. Data from experiments
need to be approached carefully and in Section 4.4 we point out several issues
that should be considered.

After this chapter, the model is ready for practical use, but before we
actually use it, in Chapter 5 Practical issues we point out some issues that
may arise. These include strategies for seeding of dense simulations or suitable
discretisations.

In Chapter 6 Applications, we describe some - with absolutely no intention
of being exhaustive - applications of the presented model. We show how this
model may be used for computing capture rates of circulating tumor cells
in microfluidic devices (Section 6.4) or for evaluating collision rates during
deterministic lateral displacement in periodic obstacle arrays (Section 6.5).
The knowledge of individual cell deformation during the passage of the device
may be used for evaluation of the blood damage index (Section 6.6) and
for design optimisation of ventricular assist devices (Section 6.7). The user-
friendly open-source approach in computer implementation of the model has
also led to its use for optimisation of micro-roughness of channel surfaces
(Section 6.8).

The model, or more precisely, the force-based approach to cell modeling, is
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flexible enough that several other biological phenomena, such as cell adhesion,
inclusion of a cell’s inner structure or modeling of stiff cells can be tried. These
ideas are explored in Chapter 7 Ideas for extension.

Chapter 8 does not contain either Conclusions or Summary. It is called
Dreaming up the future and in it we discuss, where the modeling may lead
some time in the future. While writing this chapter, we have unleashed our
imagination a little bit and we have replaced the sci-entific context with a
sci-fiction context.

In order not to clutter the text and let the core ideas sufficiently stand out
in the main text, we have collected the more tedious calculations, derivations
and specific details that are needed for completeness in the Appendices.




