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Abstract—Multiscale cancer modelling is a complex process, 

which requires interdisciplinary effort. Simulation of tumor 

progression across multiple scales by computer models is a 

challenge for scientists, and determining applicable legal 

protection is a challenge for lawyers. Insofar as a computer 

model is defined as a computer program, software copyright 

comes into play. At this stage several questions arise: What 

elements in computer modelling are copyrightable? Is the 

modelling work protected? What about copyright in a hyper-

model design? The intellectual effort and investment deployed 

into the modelling have been tested against the requirements of 

copyright. In fact, various elements in cancer modelling, which 

express original creative input, qualify as copyright works and 

are protected as such.      
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I. INTRODUCTION 

Computational modelling is one of the IT tools applied in 
support of the oncology of today. Simulation of cancer 
progression by computer models allows predicting variations 
more efficiently, saving time, money, and materials. The 
potential of computer modelling is that the models can be 
used as clinical decision support systems in future. For this, a 
decision based on prediction of a model must prove better 
than a decision based on the clinical standards of today. 
Apart from scientific and technological issues raised by 
computer modelling, a number of legal issues need to be 
solved before the cancer models are released into practice. 
One of the legal issues relates to protectability of cancer 
models by copyright [1]. Who is entitled to do what with 
existing models and data sets? What elements are 
copyrightable and what elements are void of copyright?  
How to deal with the risk that cancer models could be 
regarded as mere ideas and not protected as such? Before we 
approach and suggest answers to these questions, let us 
explore the substance of cancer modelling first.  

Cancer is a complex disease. Heterogeneous types of 
tumor cells, uncontrolled behavior and invasion of tumor 
into the healthy tissue, interplay among the cells themselves 
and the microenvironment make cancer a challenging object 
for research and treatment [2]. The oncology of today 
requires an interdisciplinary approach and is increasingly 
supported by specialized software solutions. In silico cancer 
modelling is one of the IT solutions in this field. In silico 
oncology aims to improve cancer knowledge and treatment 
by creating reliable computer predictions.  

Simulation of cancer progression in space and time 
requires the use of multiscale cancer modelling.  
Multiscaling is realized in silico by constructing elementary 
models (the ones, which correspond to elementary biological 
processes) and relation models (the ones, which reflect 
relations across them) into multiscale hyper-models [3]. “A 
model is considered to be “multiscale” if it spans two or 
more different spatial scales and/or includes processes that 
occur at two or more temporal scales.” [2]. The four main 
biological scales, which are being modelled are the atomic, 
molecular, microscopic and macroscopic scales [2]. 
Processes, which occur at the atomic level, are linked to the 
processes at a higher level. The composite multiscale 
constructs of models (hyper-models or integrative models) 
are then able to synthesize and imitate the biological 
processes at several temporal and spatial levels (molecular, 
cellular, etc.) at once.  

Research on multiscale cancer modelling is ongoing. In 
particular, the ICT research project CHIC, full title 
“Computational Horizons In Cancer (CHIC): Developing 
Meta- and Hyper-Multiscale Models and Repositories for In 
Silico Oncology”, conducts research on multiscale cancer 
modelling [3]. The CHIC project “proposes the development 
of clinical trial driven tools, services and secure 
infrastructure that will support the creation of multiscale 
cancer hyper-models (integrative models).” [3]. The research 
groups from the different project partner institutions 
contribute single-scale models (from molecular to 
compartment models), which are then combined into 
integrated multiscale hyper-models. Linking and interplay 
between the models in CHIC is shown in Figure 1[4].  

In general, the process of multiscale cancer modelling 
can be divided into three main stages:  

(a) Scientific modelling: at this stage, modelers study 
the tumor types and biological processes, selected for 
simulation, investigate the types of cells and interactions 
among them, define algorithms and modelling techniques, 
which are capable to capture such processes best.      

(b) Coding: at this stage, the tumor models are 
transformed into executable form. In this process, either the 
already developed tumor models are broken down into 
simpler models or computer codes of elementary biological 
processes (biomechanics) are developed anew.   

(c) Hyper-modelling: in this step, the elementary 
models, each of which represents a biological process at a 
single scale, are combined with the other models into 
multiscale hyper-models. In this course, spatiotemporal 
simulation of tumor types, addressed by the CHIC project, 
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i.e., Wilms tumor, glioblastoma multiforme (GBM) and non 
small cell lung cancer (NSCLC), is achieved [3].  

 
Figure 1.  Schematic of the planned modelling framework for the 

CHIC project with the angiogenesis/vascular component highlighted. 

The research on cancer modelling is of clinical relevance 
and is motivated by the perspective of using multiscale 
cancer models as a clinical decision support tool [4]. 
Meanwhile, the legal research in the project is concerned 
with the legal implications surrounding amalgamation of 
models. In terms of Intellectual Property (IP) law, this 
includes identifying the type of protection applicable to 
cancer models and hyper-models, the limits of such 
protection, and the conditions that protectable elements of 
the models must fulfill in order to be protected.   

The cancer models, encoded into computer programs, 
constitute subject matter protectable by copyright [5]. 
However, these are not only the codes of computer models 
themselves, which may enjoy such protection. Also, the 
scientific modelling work as well as designing models into 
hyper-models may be copyrightable.    

In this paper, we explore copyright, as a type of 
protection applicable to the cancer modelling, investigate in 
how far the scope of copyright reaches to protect the 
intellectual input and investment, deployed in the cancer 
modelling. We start with the overview of general principles 
of copyright in Section II, look at how it may apply in turn to 
three main aspects of modelling: coding models (Section III), 
structuring of the hyper-models (Section IV), and scientific 
modelling (Section V). Conclusions finalize the paper in 
Section VI.   

II. WHAT COPYRIGHT PROTECTS  

The law of copyright has its requirements, which all 

copyrighted works must fulfill in order to be protected. 

These criteria are examined below.   

A. Protection of Computer Programs by Copyright 

Copyright is a traditional type of protection, which both 
European and International law grant to computer programs.  
Article 4 WIPO Copyright Treaty [6] and Article 10 TRIPS 
Agreement [5] protect computer programs as literary works 
within the meaning of the Berne Convention (1886) [7]. The 
same principle is followed by European copyright law. 
Article 1 of Directive 2009/24/EC on the legal protection of 
computer programs (Software Directive) [8] recognizes 
computer programs as an object of copyright protection in 
the EU.   

B. What Copyright Protects  

The Software Directive protects programs, which are 
“original in the sense that it is the author's own intellectual 
creation.” [8]. Original intellectual creation is a basic 
requirement for copyright protection. It is equally applicable 
to the other copyright works, be it software, writings, 
photographic works, or other works protectable by copyright 
[7]. No other criteria, such as whether a program is 
functional, or how many lines of code it has, etc. are relevant 
for copyright. However, the requirement of originality has its 
own interpretation in terms of copyright.  

As interpreted by the Court of Justice of the European 
Union (CJEU), which dealt with copyrightability of text 
extracts from articles in the case Infopaq International A/S, 
“it is only through the choice, sequence and combination of 
those words that the author may express his creativity in an 
original manner and achieve a result which is an intellectual 
creation.” [9].  

In the case SAS Institute Inc. [10], which concerned 
copyright in a manual to a computer program, the court 
applied the same interpretative criteria in relation to 
copyrightability of elements, which appear in the manual 
and/or are implemented by a computer program. In doing so, 
the court reached the conclusion that  “the keywords, syntax, 
commands and combinations of commands, options, defaults 
and iterations …, figures or mathematical concepts …, 
considered in isolation” are not an intellectual creation of 
the author of a computer program and are not protected by 
copyright. In this context, the keywords, syntax, commands, 
and other items in a computer program, considered in 
isolation, refer to the elements of a programming language, 
in which computer programs are normally written. By 
contrast, where the programmer “by the choice, sequence 
and combination of those words, figures or mathematical 
concepts” in his program succeeds in expressing his 
creativity in an original manner, this intellectual creation 
justifies the protection by copyright [10].  

C. Program Expression for the Purposes of Copyright  

Another important issue for copyright protection 
concerns the need for ‘expression’. Thus, a characteristic 
feature of copyright is that the scope of protection is limited 
to the expression of a work, and not the underlying idea. (In 
contrast, “a valid patent does not protect the expression of 
an idea but the underlying substance of it” [11]; patent 
protection for cancer models is outside the scope of this 
paper). 
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As noted earlier, it has been established by EU and 
International copyright law, that the program object code 
and the source code constitute the object of protection of 
software by copyright. In this regard, the Software Directive 
in Article 1 (2) grants copyright protection to “the 
expression in any form of a computer program” [8]. What 
counts as a program expression for the purposes of the 
Directive has been established by the CJEU in its case law.  

In particular, the CJEU considered this issue in the case 
Bezpečnostní softwarová asociace – Svaz softwarové 
ochrany (BSA) [12]. The main question raised was whether 
the graphic user interface (GUI) of a computer program 
counts as a form of a program expression within the 
meaning of Article 1(2) of the Directive and is thus 
protected. The court, in consideration of the international 
copyright law, and Article 10 TRIPS Agreement, held that 
the source code and the object code of a computer program 
constitute forms of expression entitled to be protected by 
copyright. Indeed, the court took the view that this applies 
to any expression of a program, which permits reproduction 
in different computer languages. As it stated, “the object of 
the protection conferred by that directive is the expression in 
any form of a computer program which permits 
reproduction in different computer languages, such as the 
source code and the object code.” [12]. The source code of 
a program usually constitutes a script, written in a human 
readable form. The source code, compiled into a binary 
executable, constitutes the object code, which gives the final 
instructions to the computer [13]. 

What can be drawn from this decision is that only such 
expression of a program, which permits reproduction or re-
creation of a program into other computer languages, counts 
as a program expression for the purposes of software 
copyright in the EU.  

Usually, such reproduction or translation of a program 
into other programming languages is possible from the 
source code.  The source code for a program is normally 
written in one or another programming language. The 
programming languages, which are mostly used in computer 
programming now, are Java, C

++
, Python, etc. The choice of 

a language is mostly dictated by a system, upon which a 
program is intended to run. The reason is that some 
computers operate and can read only certain languages [13].  

However, in contrast to the code itself, which because of 
its creative substance, is considered as a copyright work, the 
programming languages, which, in principle, “comprise 
ideas and principles”, on which the programs operate and 
which do not expose creative substance, are not protected by 
copyright.  

A programming language itself, be it C or Java, is 
normally composed of keywords and other symbols and may 
include a set of pre-written programs to carry out various 
operations, such as displaying something on the screen or 
retrieving the cosine of an angle [14]. According to the 
CJEU SAS Institute decision [10], the programming 
language, which comprises ideas and principles,  both as 
isolated symbols, figures, keywords, mathematical concepts, 
etc., which constitute the material of that programming 
language, are not copyrightable.   

Subsequently, in its decision SAS Institute [10], the 
CJEU considered the copyrightability of various other 
elements, which appear or are implemented by a computer 
program. The following elements were concerned:  

“(a) the selection of statistical operations which have 
been implemented in the First Program; 

(b) the mathematical formulae used in the Manual to 
describe those operations; 

(c) the particular commands or combinations of 

commands by which those operations may be invoked; 

(d) the options which the author of the First Program has 

provided in respect of various commands; 

(e) the keywords and syntax recognised by the First 

Program; 

(f) the defaults which the author of the First Program has 

chosen to implement in the event that a particular command 

or option is not specified by the user; 

(g) the number of iterations which the First Program will 

perform in certain circumstances?” [10]. 
On the basis of the previous case law, and rules 

established in the Infopaq and BSA decisions, the court 
concluded that “neither the functionality of a computer 
program nor the programming language and the format of 
data files used in a computer program in order to exploit 
certain of its functions constitute a form of expression of 
that program for the purposes of Article 1(2) of Directive 
91/250.” [10]. The CJEU supported its decision by the 
argument that “… to accept that the functionality of a 
computer program can be protected by copyright would 
amount to making it possible to monopolise ideas, to the 
detriment of technological progress and industrial 
development.” [10]. Such decision may also be interpreted 
the following way: that the elements, which express rather 
general principles than original creativity, belong to the 
domain of science and should not be monopolized, even if 
included into a copyright work.  On the other hand, 
computer programs, which implement functions of a 
particular programming language, both as original 
structuring of such functions for being accessible via 
language application programming interfaces (API), may 
qualify as copyrightable expression and be protected as such.    

Apart from the program source code and the object code, 
which are recognized as a literal expression of a program, 
there are also other hidden elements, which define 
perception of a program by a user. Such elements constitute 
a non-literal expression. And the question on protection of 
non-literal expression of a program by software copyright 
has been raised for consideration and, indeed, answered by 
the courts. 

D. Non-Literal Program Expression 

The courts in common law countries, such as the UK 
and US, tend to extend the scope of software copyright 
beyond the literal code to a program non-literal expression. 
The UK courts approach copyrightability of non-literal 
expression as follows: “Consideration is not restricted to the 
text of the code… That must be right: most literal copyright 
works involve both literal matter (the exact words of a novel 
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or computer program) and varying levels of abstraction 
(plot, more or less detailed of a novel, general structure of a 
computer program).” [15].  

The elements of a non-literal expression may include a 
program structure, sequence and organization, a program 
“look and feel”, input and output routines [16]. It is often the 
case that structure of one program is imitated or reproduced 
by another program. This is a typical case when copyright 
protection for a program structure is sought. The legal issue 
raised before the courts here is: “whether the structure (or 
sequence and organization) of a computer program is 
protectable by copyright, or whether the protection of the 
copyright law extends only as far as the literal computer 
code.” [14].  

The reason why protection of the program structure by 
copyright is important is that structuring a program often 
takes more time and intellectual effort than writing the code. 
And the UK copyright law gives much importance to 
protecting the skill and labor, which the authors deployed in 
their works, be it programmers or writers [16]. Let us 
consider why such protection is justified.  

The code of a program itself consists of a set of 
instructions to the computer and is an end product of a 
complex software development process [17]. The latter 
process often occurs in several steps. First, the problem that 
needs to be solved by a computer is identified. In the next 
step, the outline for the solution follows. In the outline, the 
programmer breaks down the solution into smaller units 
called ‘subroutines’ or ‘modules’, each of which handles 
elements of a problem. The outline can be laid down in the 
form of a flowchart [13]. The next step is organizing the 
modules and subroutines into a program structure. A 
program structure is dictated by “the functions of the 
modules in a program together with each module's 
relationships to other modules” [14]. Usually, modules are 
arranged in such a way that a problem is solved in a more 
efficient way. As interpreted by the court in the case Whelan 
Associates Inc. v. Jaslow Dental Laboratory [13], “Although 
two programs could produce the same result, one might be 
more efficient because of different internal arrangements of 
modules and subroutines. Because efficiency is a prime 
concern in computer programs (an efficient program being 
obviously more valuable than a comparatively inefficient 
one), the arrangement of modules and subroutines is a 
critical factor for any programmer.” [13].  

After defining the structure, a programmer decides about 
what data is needed, where and how the data should be 
introduced and how it should be combined with the other 
data. It is when the data is arranged into data files [13]. 
Once the program design is ready, the coding begins. The 
coding is a comparatively small part of programming. “By 
far the larger portion of the expense and difficulty in 
creating computer programs is attributable to the 
development of the structure and logic of the program, and 
to debugging, documentation and maintenance, rather than 
to the coding.” [13]. 

Against this technical background, it becomes clear why 
the structuring of a program and arranging its modules in an 

efficient way takes a large amount of skill and work, is often 
copied and deserves protection on its own.    

E. Idea-Expression Dichotomy 

One of the tricky legal questions, which needs to be 
solved when copyright in non-literal expression of a 
program is sought, is separation of copyrightable expression 
from principles and ideas, which are non-copyrightable as 
such.  

One of the general principles of copyright is that 
“Copyright protection shall extend to expressions and not 
to ideas” [5]. “Procedures, methods of operation” are not 
copyrightable as such [5]. This principle applies to 
copyright in computer programs as well. The Software 
Directive says: “For the avoidance of doubt, it has to be 
made clear that only the expression of a computer program 
is protected and that ideas and principles which underlie 
any element of a program, including those which underlie 
its interfaces, are not protected by copyright under this 
Directive. In accordance with this principle of copyright, to 
the extent that logic, algorithms and programming 
languages comprise ideas and principles, those ideas and 
principles are not protected under this Directive. In 
accordance with the legislation and case-law of the Member 
States and the international copyright conventions, the 
expression of those ideas and principles is to be protected 
by copyright.” [8].  

Therefore, in order to grant copyright to non-literal 
program expression and, what is more important, to justify 
such decision, courts need to separate copyrightable 
expression from non-protectable ideas. Different criteria to 
address copyrightability of non-literal program expression 
have been elaborated.   

F.    Abstraction-Filtration-Comparison Test 

One of the tests in this regard, which is widely applied 
both in the US [14] and in the UK [15], is the “abstract-
filtration-comparison” test. The test has been established in 
the US case Computer Associates International, Inc. v. Altai, 
Inc. [18]. The idea behind the test is to reward programmers 
with copyright protection for creating “innovative utilitarian 
works containing expressions” and to leave non-protectable 
technical expressions in the public domain for further use 
[16].  

The test comprises three steps. First, an original 
copyright program is broken down into its structural 
components according to the levels of abstraction. The 
second step extracts certain non-copyrightable structures 
(discussed below) until the copyrightable substance remains. 
In the third step, the portion of copying is compared with 
the copyrightable expression, left in the structure of the 
original program. Finally, it is estimated in how far such 
copying is substantial to justify infringement of copyright in 
a software program [18].  

The three types of structures, identified as precluded 
from copyright, comprise: (a) elements dictated by 
efficiency, (b) elements required by external factors, (c) 
elements taken from the public domain. 

1) Elements Dictated by Efficiency 
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First, copyright does not extend to structures dictated by 
efficiency (the doctrine of merger). Accordingly, copyright 
will not subsist in the expression, which is “necessarily 
incidental to the idea being expressed.” In this step, it is 
determined “whether the use of this particular set of 
modules is necessary efficiently to implement that part of the 
program’s process” being implemented.” [18]. If efficiency 
dictates that the choice of modules is limited to just a few 
workable solutions (such as one or two options), such 
selection of modules may not be protectable as such. 

2) Elements Dictated by External Factors 
Secondly, copyright does not extend to structures 

dictated by external factors. External factors in software 
programming may include: compatibility requirements, 
mechanical specifications, computer manufacturer design 
standards, industry demands, and common programming 
practices.  In US copyright law, this is known as the ‘scenes 
a faire’ doctrine [18]. In consequence, a particular set of 
modules, which need to be present as an integral part in all 
programs of the same category are non-copyrightable.   

3) Elements Taken from the Public Domain 
Thirdly, copyright does not protect structures that are 

found in the public domain. The rationale here is that such 
material, which is included as an element in a copyrightable 
work, may itself not be appropriated as it should remain free 
for use by the community [18].   

G. Abstraction-Filtration-Comparison Test in Practice  

The application of the test in practice may be illustrated 
by reference to the case Oracle America, Inc. v. Google Inc., 
C 10-03561 WHA, which dealt with copyrightability and 
copyright infringement in interfaces of the programming 
language Java. The central question related to the “extent to 
which if at all, certain replicated elements of the structure, 
sequence and organization of the Java application 
programming interface are protected by copyright” [14].  

Java is a powerful object oriented programming 
language, developed by Sun Microsystems, first released in 
1996, and acquired by Oracle in 2010. Java has a number of 
pre-written programs, called “methods”, which invoke 
different functions, such as retrieving the cosine of an angle.  
These methods are grouped into “classes” and organised 
into “packages”. Software developers get access to those 
classes through the Java APIs [19]. In 2008 Java APIs had 
166 “packages”, split into more than six hundred “classes”, 
all divided into six thousand “methods”. 

Google built its Android platform for the smartphones 
using the Java language and, according to Oracle,  “utilized 
the same 37 sets of functionalities in the new Android system 
callable by the same names as used in Java” [14]. By doing 
that, Google wrote its own implementations of the methods 
and classes, which it needed. The only one substantial 
element, which Google copied from Java into Android was 
the names and headers of 37 API packages in question. Such 
copying of the headers amounted to replication of the 
structure, sequence and organisation of Java APIs. Oracle 
claimed copyright infringement, and Google defended with 
fair use, arguing that Java is an open solution (which Oracle 

did not dispute) and there was no literal copying of the Java 
code.  

The court of first instance trying the case qualified the 
headers and method names in Java APIs as non-
copyrightable, referring to the interpretation criteria of the 
US Copyright Office: “Even if a name, title, or short phrase 
is novel or distinctive or lends itself to a play on words, it 
cannot be protected by copyright.” [20]. This lends support 
to non-protectability of isolated code items by copyright, as 
similarly recognized by the CJEU [10].  

As regards copying of the declarations and duplicating 
the command structure of Java APIs, the judge found that 
the command structure of Java APIs amounts to a method of 
operation – a material not subject to copyright  in the US 
[20].    

In Java programming, the specific declarations in the 
Java APIs designate a method. A method can be 
implemented in different ways, but is invoked by that 
specific declaration only. The command format, used to call 
the methods in Java, reads:  

“java.package.Class.method().” 
Here, a formula “a = java.package.Class.method()” sets 

the field “a”, which is equal to the return of the method 
called. For example, the following call would call the 
method from Java:  

“int a = java.lang.Math.max (2, 3)” 
This command line would instruct the computer to fetch  

“the max method under the Math class in the java.lang 
package, input “2” and “3” as arguments, and then return 
a “3,” which would then be set as the value of “a.” [14]. 

As interpreted by the judge, in Java, each symbol in a 
command structure is more than a simple name - each 
symbol carries a task to invoke a pre-assigned function.  

Considering that for using Java class methods software 
developers need to replicate the Java declarations, the judge 
qualified the command structure of Java APIs as a method 
of operation – a functional element essential for 
interoperability, not subject to the US Copyright Act. This 
position was based on the merger doctrine and non-
copyrightability of structures dictated by efficiency: “... 
When there is only one way to express an idea or function, 
then everyone is free to do so and no one can monopolize 
that expression.” [14]. However, on appeal, the Federal 
Circuit Court reversed that ruling [21]. The appellate court 
found the declaring code and the structure, sequence and 
organization of packages in Java APIs were entitled to be 
protected by copyright.  

The appellate court supported its decision by the 
argument that Java programmers were not limited in a way 
how they could arrange the 37 Java API packages at issue 
and had a choice to organize these API packages in other 
ways. For instance, instead of using the command format 
“java.package.Class.method()”: language – package – class 
– method, the same method could be called by the format: 
method – class – package – language. By making a decision 
to arrange the declarations in Java in this way and by having 
also other choices, the programmers were not prevented by 
the factor of efficiency, which would preclude copyright. By 
that, the programmers had a scope to exercise their creation, 
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which they, in view of the court, exercised, indeed. This 
creation, realized in sequencing the Java APIs, amounted to 
a copyrightable expression. Against these considerations, 
the court concluded that, “the structure, sequence, and 
organization of the 37 Java API packages at issue are 
entitled to copyright protection.” [21]. 

Google argued fair use and petitioned the US Supreme 
Court to hear the case. The US Supreme Court, referring to 
the opinion of the US Solicitor General, denied the petition. 
In the result, a new district court trial began. On 26 of May 
2016 the district court jury found that Google´s Android 
does not infringe Oracle copyrights, because Google´s re-
implementation of 37 Java APIs in question amounted and 
was protected by fair use. According to a Google 
spokesperson, "Today's verdict that Android makes fair use 
of Java APIs represents a win for the Android ecosystem, for 
the Java programming community, and for software 
developers who rely on open and free programming 
languages to build innovative consumer products." [22].  

These cases deal with challenging questions of copyright 
law: free use of programming language APIs, 
copyrightability of APIs and an attempt “to control APIs 
with copyright law” and counter-balance between 
copyrights and "fair use" [22]. As established, the APIs, 
although elements necessary for interaction between 
computer programs, but which amount to intellectual 
creation, can be protected by copyright, at least in the 
opinion of one court of appeals. At the same time, as the 
jury found, the APIs, although protected by copyright, may 
be reused in other software systems, if such re-use is 
covered by fair use of open and free programming 
languages, like Java.     

III. CANCER MODELS IN TERMS OF COPYRIGHT 

In this section, we return to the cancer modeling. We 
explore the substance of cancer models and look into 
transformation of scientific models into computer models.   

First of all, the two types of models need to be 
differentiated here: scientific models, which represent the 
biological processes, and computer models, which 
implement these biological processes in silico.  

In the context of the CHIC project, scientific models are 
defined as: “finalized cognitive constructs of finite 
complexity that idealize an infinitely complex portion of 
reality through idealizations that contribute to the 
achievement of knowledge on that portion of reality that is 
objective, shareable, reliable and verifiable.” [23]. These 
scientific models correspond to the biological processes, 
being simulated. The scientific models are then implemented 
in silico via computer models. Computer models represent an 
executable form of scientific models, these being encoded 
into computer programs.   

A computer model is defined as: “a computer program 
that implements a scientific model, so that when executed 
according to a given set of control instructions (control 
inputs) computes certain quantities (data outputs) on the 
basis of a set of initial quantities (data inputs), and a set of 
execution logs (control outputs).” [24].  

As noted above, computer programs constitute subject 
matter protectable by copyright [5]. Cancer models, written 
in computer programs, may also enjoy such protection, if 
they stand the requirements for protection. Such 
requirements would be fulfilled, if a model amounts to a 
copyrightable expression and is expressed in a form, which 
counts as a program expression for the purposes of software 
copyright. 

According to the case law of the CJEU, a model would 
constitute a copyrightable expression, when the modeller 
“through the choice, sequence and combination” of 
commands in the model code succeeds to “express his 
creativity in an original manner and achieve a result which 
is an intellectual creation” [9]. On the other hand, if the 
code is generated automatically, for example by automatic 
translation into another programming language, or compiled 
from bits of code collected from the public domain, 
copyright protection in such code is most likely to be denied.    

As regards the form of expression recognized by the 
software copyright, so it is the “source or object code”, 
which constitute the object of copyright protection [5]. In 
relation to cancer models it means that models, which are 
exposed either in the source code or provided as binary 
executables shall be protected by copyright.  

Models, as computer programs, are written in one or 
another programming language. In the context of the CHIC 
project, the models, embodied in source code, are mostly 
written for interpreted languages, such as Python, Perl or 
MATLAB; models provided in object code are usually 
binary C or C++ compiled executables [25].  Hence, it is the 
code, in which a model is embodied, be it the source code 
written in Python or the code compiled in C++, which is 
protected by copyright. The programming language itself, 
the biological process implemented by the model, the 
general process of its implementation, both as formats of 
data files, used by exchange of data between the models 
remain outside the scope of copyright subsisting in the 
model.    

Once we established that computer models are 
protectable by copyright as computer programs and defined 
the scope of copyright protection, we can proceed to the 
next step, namely copyright issues in the hyper-modelling.  
At this stage it is necessary to state that copyright in the 
models, arranged into a hyper-model, remains by the models 
and does not extend to protecting the hyper-model as a 
copyright work on its own [5].    

IV. COPYRIGHT IN HYPER-MODELS 

In this section, we continue the analysis on the scope of 

copyright in relation to cancer modeling. We proceed to a 

higher stage, namely coupling singe models into multiscale 

integrative hyper-models and explore the protection of 

hyper-models by copyright.    

A. Substance of Hyper-Models   

As mentioned at the beginning of this paper, multiscale 
cancer modelling is achieved by combining simple models 
into hyper-models.  
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In the context of the CHIC project, hyper-models 
comprise “choreographies of component models, each one 
describing a biological process at a characteristic 
spatiotemporal scale, and of relation models/metamodels 
defining the relations across scales.”  [3]. The aim thereby 
is that in a given instance (e.g., when populated with the 
data for a given patient) the hyper-model is able to 
reproduce biological processes of tumor progression, 
involving multiple phenomena, which are respectively 
captured in single models. A hyper-model “emerges from the 
composition and orchestration of multiple hypomodels, each 
one of which is capable of simulating a specific entity or 
phenomenon… and can simulate an entity or phenomenon 
that may be more complex than the ones simulated by each 
separate simpler model.” [24].   

The term hyper-model first appeared in 2008 in relation 
to Virtual Physiological Human (VPH) [26]. In 2011, the 
notion of a hyper-model was used in the context of computer 
science. Here, it was defined as “a concrete instance of an 
integrative model, built as the orchestration of multiple 
computer models that might run on different computers at 
different locations using different simulation stacks.” [27]. 
The first implementation, based on web services, was tested 
on biochemical models [28].  

An inter-play between single-scale models in a 
multiscale hyper-model is illustrated in Figure 1 [4]. 
Processes at lower levels occur faster, and processes at 
higher levels last longer. Above all it is the accurate 
correlation of these multiscale processes that makes 
multiscaling such a tricky task and requires the greatest 
intellectual effort. The scales are correlated to one another 
by the exchange of data where the output of one model 
serves as an input into another. The relevant interaction may 
be demonstrated by the example of a model of tumor growth 
where a cellular bio-model is coupled to biomechanical 
simulations [29].    

Here the model of tumor growth is composed from a 
macroscopic mechanical model, which provides directions 
of least pressure in the tissue, and the cellular level model, 
which simulates concentration of cells inside the element. 
The microscopic cell-level model requires the direction of 
cells proliferation by tumor growth as an input. This 
information is provided by the mechanical model. In its turn, 
the biomechanical model requires the number of cells inside 
the element. This information is calculated by the biological 
cell-level model and fed to the biomechanical model. This 
model of tumor growth is structured via interplay and 
exchange of information between the models. The flowchart 
of the diffusion/mass effect coupling simulation used to 
simulate tumor growth is represented in Figure 2 [29].   

The hyper-modelling execution process, such as the one 
just illustrated, is to a large extent facilitated and semi-
automated by the underlying technical infrastructure. For 
example, in CHIC, the process of hyper-modelling is 
managed by VPH-Hypermodelling Framework [25]. 

 
Figure 2.  Flowchart of the diffusion/mass effect coupling 

simulation used to simulate tumor growth. Since the cellular effects occur 

at a different time scale than the mechanical reaction, the biomechanical 

calculations occur only after a larger number of cycles of the cell simulator 
biomodel. 

However, at the earlier stage of hyper-model 
construction, human input into the hyper-model design is 
indispensable. Particularly where the intention is to use 
hyper-models for decision support in the clinical setting, the 
automatic linking of hypo-models is unjustifiably risky and 
thus not acceptable [30]. The hypermodelling strategy, the 
hypomodel linking, the hypomodel integration are instead 
normally designed by the modelling party, who has 
substantial expertise in the field of bioinformatics. Moreover, 
it is this intellectual input, deployed in designing a hyper-
model, which may render a hyper-model copyrightable.       

B. Hyper-Models in Terms of Copyright  

The appropriate concept for qualifying hyper-models in 
terms of copyright is arguably that of a “compilation”. 
Compilations, as works protectable by copyright, are 
introduced by Article 5 WIPO Copyright Treaty [6], Article 
10 (2) TRIPS Agreement [5]. The TRIPS Agreement 
provides: “Compilations, whether in machine readable or 
other form, which by reason of the selection or arrangement 
of their contents constitute intellectual creations shall be 
protected as such.” [5].  

The crucial aspect in a compilation, which attracts 
copyright, is the intellectual creation represented by “the 
selection or arrangement” of its contents. In the case of 
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CHIC hyper-models, such intellectual creation may reside in 
the innovative “composition and orchestration of multiple 
hypomodels”, thereby making a hyper-model a 
copyrightable expression.   

C. Requirements for Protection 

By applying the criteria of the Infopaq decision [9], 
which defined the meaning of the “author´s own intellectual 
creation” in the context of copyright, we can conclude that 
a hyper-model would constitute a copyrightable expression 
if the modeller “through the choice, sequence and 
combination” of models in a hyper-model “may express his 
creativity in an original manner and achieve a result which 
is an intellectual creation.” [9].  

In the CJEU case law, the cases on infringement of 
copyright in compilations are mostly tried in relation to 
database rights. The reason is that the Directive 96/9/EC on 
the legal protection of database (Database Directive) [31] 
also uses the term “compilation”, referring to collections of 

works, data or other materials. In this case, copyright is a 
reward for the intellectual effort, which the author deployed 
in the selection or arrangement of the database contents [31].  

The criteria for measuring originality in a database 
structure have been established by the CJEU in the case 
Football Dataco Ltd. and Others v Yahoo! UK Ltd. and 
Others [32]. Accordingly, the originality is measured by the 
creativity, which the database maker expressed in making 
free and creative choices, thereby stamping his work with a 
personal touch. On the other hand, if the technical 
constraints leave no space for creativity, the element of 
originality in structuring a database will be lacking and 
copyright protection unjustified [32].  

If we compare the criteria for measuring creativity in a 
program structure, considered above, with the criteria of 
originality in the compilation, we can see that these criteria 
inter-relate with each other. Thus, if the author (either a 
programmer or a compiler of a database) had some scope to 
express his creativity in arranging the modules in a program 
(or contents into a database) by making free and creative 
choices, such a structure may show originality and qualify 
as an intellectual expression in terms of copyright. On the 
other hand, if creativity may not be realized because of 
some technical considerations, then further analysis is 
needed to decide if and how far copyright in the structure 
may still arise. In particular, the abstraction-filtration-
comparison test and criteria, defined by the courts, when 
they dealt with protection of a program structure by 
copyright, may be a helpful pointer.  

D. Abstraction-Filtration-Comparison Test in Relation to 

Hyper-Models   

By way of providing a concrete illustration, let us return 
to the hyper-model of tumor growth that we described above. 
This hyper-model consists of two component models: a 
microscopic cellular bio-model, which shows the 
concentration of cells in the invaded tissue, and a 
macroscopic biomechanical model, which provides 
directions of least pressure in the tissue. The overall 

function of the hyper-model is to simulate the “geometrical 
evolution of the tumor predicted at the cellular level.” [29].  

First, according to the test, we dissect a hyper-model 
into its structural components, i.e., component models. The 
hyper-model structure is dictated by the two component 
models and a relationship, in which they stand to each other.     

1) Elements Dictated by Efficiency    
In this step we look whether the choice and combination 

of component models is “necessary efficiently to implement” 
the function of this hyper-model [18].  

If a bio-model of cell concentration and biomechanical 
model of tissue are the only models and the combination of 
these models by exchange of output/input data is the only 
way, in which the geometrical evolution of the tumor 
predicted at the cellular level can be simulated, then it may 
mean that this hyper-model is designed in this way for 
reasons of efficiency. In such a case, the modeler´s choice of 
component models and their combination has merged with 
the underlying idea and according to the merger doctrine 
may not be appropriated by copyright.  

Otherwise, where the “evolution of the tumor predicted 
at the cellular level” may be represented by the selection of 
other models and/or the combination of these or other 
models in another way, then the hyper-model structure may 
qualify as copyrightable expression.  

2) Elements Dictated by External Factors  
According to the “scenes a faire” doctrine, copyright 

does not extend to structures dictated by external factors. In 
the context of programming, such external factors may be 
the compatibility requirements, computational constraints, 
demands of the industry being served, widely accepted 
programming practices, etc.  

For example, elements or methods, which are 
“indispensable or at least standard” in the computer 
modelling community, would be non-copyrightable. Such 
elements may include: computational demands (especially 
for models, which work on higher spatial and temporal 
resolutions), or requirements of Digital Model Repository 
(an innovative platform for exchange of cancer models), or 
criteria of Heterogenous Multiscale Method (HMM) etc. [2]. 

3) Elements Taken from the Public Domain 
The other group of elements, which may not be 

copyrighted, are elements taken from the public domain.  
Copyright may not be claimed in “an expression which, if 
not standard, then commonplace in the computer software 
industry.” [18]. 

For example, if the component models, selected for a 
hyper-model in question, and/or the method of combining 
them have been borrowed from the public domain, the same 
models and/or a method of coupling them should remain 
outside the scope of copyright, residing in the hyper-model.   

Admittedly, the above analysis is somewhat schematic, 
and rather hypothetical. Its main purpose is to outline some 
general guidance and describe some general cases when 
certain elements and structures may be protectable by 
copyright or not.    
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V. COPYRIGHT IN PREPARATORY DESIGN MATERIAL 

 Another major element in cancer modelling, which also 

consumes much of intellectual effort and may well deserve 

copyright protection, is the scientific modelling. In fact, the 

modelling work, which precedes the development of 

computer codes for the cancer models, may qualify as a 

preparatory design material to a program and fall under the 

scope of software copyright [8].   

Scientific modelling comprises the works, performed in 

the course of transforming scientific models, which 

represent biological processes, into computer models, which 

are encoded into computer programs. Such modelling work 

comprises various stages. These include identification of 

elementary processes for simulation (e.g., cell cycling, the 

angiogenesis process, declination of a cell to apoptosis after 

a particular treatment, etc.), the definition of modelling 

techniques - discrete, continuum, or hybrid, and 

development of computer codes for the cancer models, 

which would simulate those biological processes in silico 

[2]. These modelling steps follow in many aspects the stages 

of software development. First, the problem to be solved by 

a computer is analyzed, then methods of solving the 

problem are adopted and stages of running the program are 

identified. Subsequently, detailed instructions for a 

computer to perform operations necessary for the execution 

of those stages are developed [17]. 

As noted earlier, both as a computer program stands at 

the end of a long development process [17], the model code, 

embodied in the computer program, results from the 

foregoing modelling work. A code of a program may be 

compared with the top of the iceberg, which reaches out 

above the water, where 90% percent is hidden under the 

surface. And the same may be said in relation to the earlier 

scientific modelling (which precedes the computer 

modelling).  
In view of the skill, time and labour, which a 

programmer invests in studying a problem, elaborating a 
solution for it and making the solution executable by a 
computer, a justifiable legal question arises whether this 
pre-programming work is protectable by software copyright. 
In fact, in contrast to some of the other issues considered in 
this paper, here the Software Directive gives a reasonably 
clear affirmative answer. It does so by extending the scope 
of software copyright to the preparatory design work that 
preceded the creation of a computer program.  

In particular, Article 1 (1) of the Directive, when 
defining the object of protection, provides: “the term 
‘computer programs’ shall include their preparatory design 
material.” [8]. What is meant by the “preparatory design 
material” is explained in Recital 7. A preparatory design 
work must be of a kind “such that a computer program can 
result from it at a later stage.” [8]. As further interpreted by 
the CJEU, the preparatory design work counts as protectable 
by the directive along with a program, if it is “capable of 
leading, respectively, to the reproduction or the subsequent 
creation of such a program” [12].   

In contrast to the form of program expression, 
protectable by copyright, there are no specific requirements 
to the form or mode, in which the preparatory design work 
must be expressed. According to one decision of the Federal 
Court of Justice of Germany, which dealt with protection of 
preparatory design work by copyright, it will be sufficient 
that the development documentation was recorded in writing, 
such as: data flow plans, designs of commands and 
information cycles, exhibits of scientific or technical art, 
expressed in any form, including mathematical, or technical 
or graphic symbols [33].  

It follows, in relation to copyright in the kind of work 
occurring in CHIC, that modelling work (a) documented in 
writing, such as laid down in flow charts, exhibits, etc., and 
(b) attributable to a specific model, which if necessary may 
be rewritten from these materials, has a good chance of 
being protected by software copyright along with the model 
code.   

VI. CONCLUSIONS 

From the above observations it follows that various 
elements in cancer modelling, which express original 
creative input, may be protectable by copyright. If 
protection is not achievable by software copyright, then 
protection under the ordinary law of copyright may be 
another option.   

First, the models may enjoy copyright protection as 
computer programs. Second, copyright in the model may 
extend to the modelling work, underlying the model code. 
Third, hyper-models, structured in an innovative and 
original way, may count as compilations in terms of 
copyright and be protected as such.   

Dealing with the computer models first. Where the 
models are encoded into computer programs and exposed 
either in source code or as compiled executables, they shall 
be protectable by software copyright. Apart from the code, 
also the modelling documentation can be copyrightable 
along with the model code, provided it records the steps, 
conducted in the course of developing a model and may be 
used as a basis for reproducing the model concerned.  

Whereas, the model code, the outline of a model, the 
flowcharts and exhibits, produced by the modelling, are 
protectable by copyright, the programming language, in 
which models are written, the processes and functionality, 
which cancer models implement, the data files and 
algorithms, utilized by the models in performing their 
functions, may not be covered by copyright subsisting in the 
model.   

Hyper-models, which are composed of single models, 
arranged in specific relations to each other, may also be 
protectable by copyright as compilations. For this, a hyper-
model must show an original and creative structure. 
Copyrightability of a hyper-model as a compilation is to a 
large extent dictated and can be measured by the degree of 
originality and creativity, deployed in a hyper-model 
structure. Thus, in cases where a hyper-model is structured 
in a particular way because there have been no other ways 
of arranging models into it (such as when the model 
arrangement is pre-determined by technical requirements), it 
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will not attract copyright. The same goes for cases where the 
structure relies on elements taken from the public domain. 
In contrast, if the modeler was not so restricted and 
expressed creativity stamping a hyper-model structure “with 
his personal touch”, such investment shall not remain 
unrewarded and copyright in his work will likely be 
recognized.   
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