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Abstract: Systems Biology Graphical Notation (SBGN) is a standard graphical language for representing biological
and biochemical processes and interactions. Even that SBGN Process Description-an SBGN sub-language- facilitates
biological systems representation, it allows only qualitative descriptions of metabolic pathways and does not provide
quantitative analytic environment. However such descriptions are essential for behavioural analysis. This analysis
can be possible using computational formalisms such as Hybrid Functional Petri Net (HFPN) which is a Petri net
extension dedicated to study and verify biopathways. However, biologists use generally graphical notations such as
SBGN. To address this paradox, we propose, in this paper, an SBGN-PD to HFPN transformation based on Model
Driven Engineering (MDE). Furthermore, we illustrate this transformation on the Glycolysis pathway and verify the
transformation resulting HFPN model by comparing it with the existing HFPN model through simulation.
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1. Introduction
1.1 Context

Biologists and biochemists are constantly in
search for methods and strategies that can help them
in the understanding of life complexity.

Biochemical networks represent a large complex
connectivity between reactions occurring in living
cells. They represent the abstract description of one
or more complex metabolic pathway. Dynamic
properties of these networks determine not only the
physiology of cells but also the development and
behaviour of the organism. Being dynamic and
complex, their behaviour may be hard to analyse
and to predict.

A wide variety of strategies has been developed
to represent such networks, ranging from textual
representations through chemical reactions or
through XML-based standards like SBML (Systems
Biology Markup Language) [1] to graphical
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notations such as SBGN (Systems Biology
Graphical Notation) [2]. Graphical maps of
biochemical reaction networks are proving to be
powerful tools for facilitating an overview of the
interactions of particular molecules. SBGN is a
standard for drawing such reaction networks aiming
to provide biologists and biochemists with an easily
understandable description of these networks. The
SBGN Process Description (SBGN-PD), an SBGN
sub-language, is a visual language with a precise
grammar that builds on an underlying abstraction as
the basis of its semantics [2]. The graphical nature
of SBGN-PD allows qualitative descriptions of
metabolic pathways. However, such descriptions,
need the inclusion of the corresponding
mathematical details such as parameters and
equations for computing the rates and velocities of
the occurring reactions in cells.

From a computational point of view, in order to
address this limit, computer modelling approaches,
simulations and tools are proposed to model and
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analyse biochemical networks [3]. Among the
proposed formal specifications, there are Petri nets.
Petri nets are popular and used to model and
simulate this kind of systems since they allow
intuitive graphical representation of biochemical
systems, help revealing the logic behind these
complex systems, offer specific analysis, namely,
static, qualitative and quantitative behavioural
analysis. Furthermore, they are supported by a wide
range of simulation and analysis tools and offer
several extensions such as Hybrid Functional Petri
Net [4] which is a very useful and promising Petri
net extension for biopathways expression [5].

1.2 Problems & issues

In the context of studying biochemical networks,
it is interesting to use formal languages for
modelling and simulation, nevertheless, biologists
do not dispose necessarily knowledge in this field,
and generally prefer to use dedicated graphical
notations. However, visual languages such as
Systems Biology Graphical Notation (SBGN) [2] do
not provide any kind of quantitative analytic
environment. Although to address these limitations,
some SBGN translations have been proposed such
as SBGN process description diagram (SBGN-PD)
to SBGN Activity flow diagram (SBGN-AF) in [6]
and [7], SBGN-PD to a textual representation in [8],
also SBGN-PD is translated to BioPEPA through
SBGNtext2BioPEPA in [9, 10]. However, no
transformation from SBGN-PD to formal language
is proposed. We choose to use Petri net as a formal
specification language especially HFPN [4]
extension. Thus, an SBGN-PD to HFPN
transformation might be a solution allowing to
analyse SBGN-PD models representing metabolic
pathways not only through simulation but also by
formal analysis.

1.3 Contribution & contents

We use the Model Driven Engineering (MDE)
approach to transform an SBGN-PD model into an
HFPN model. MDE [11] is a software development
methodology providing tools, concepts and
languages to facilitate creation and transformation
models based on meta-models and transformation
rules.

In this paper, our proposal is therefore divided
into two large stages. The first one consists on
defining meta-models corresponding to SBGN-PD
and HFPN languages including their OCL well-
completeness constraints. The second one, consists
on defining and implementing transformation rules
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allowing the mapping of SBGN-PD models to
HFPN models.

This paper is organized as follows: Section 2
introduces briefly the graphical notation SBGN in
general and SBGN-PD particularly, and the Petri net
extension HFPN. Also, we describe their
corresponding meta-models in this section. In
section 3 the SBGN2HFPN transformation rules and
their implementation are given. In Section 4, the
SBGN2HFPN transformation is illustrated on the
Glycolysis Pathway. Finally, we end by reviewing
related works and providing some perspectives for
further developments.

2. Definitions and meta-models

In the context of MDE, several model
transformation approaches are proposed, such as
programming approach, modelling approach and
others. Selecting the approach to use, is related to
the transformation application domain.

We choose to use the modelling approach, in
which the transformation is a process based on
transformation rules describing the mapping
between metadatas of the source meta-model and
those of the target meta-model.

In this section, we explain how to use the
semantics of SBGN-PD to map an SBGN-PD model
to an HFPN model for quantitative analysis. We
introduce briefly the source and target languages,
namely, SBGN especially SBGN-PD, and HFPN
and we define their corresponding meta-models in
order to perform the model-to-model transformation.

2.1 SBGN: systems biology graphical notation

SBGN [12] is a visual language which focuses
on the graphical representation of biochemical and
cellular processes. It provides comprehensive sets of
symbols with precise semantics to represent
interactions and regulations between molecular
species, such as protein modification. It also defines
detailed syntactic rules defining the use of those
symbols. Besides, it describes the manner in which
graphical informations should be interpreted [2].

It should be noted that semantics of SBGN
diagrams does not depend on the relative position of
the symbols, or on colours, patterns, shades, shapes
and thickness of edges [12].

Actually, SBGN consists of three
complementary sublanguages: process description
diagram (SBGN-PD), entity relationship diagram
(SBGN-ER), and activity flow diagram (SBGN-AF).
Together the different notations enable scientists to
represent biological networks in a standard and
unambiguous way.
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Figure. 1 SBGN models representing an example of protein phosphorylation inspired by [12]. SBGN-PD (Left), SBGN-
ER (Center) and SBGN-AF (Right)

Fig. 1 inspired by [12] and [13], represents a
simple example of protein phosphorylation (ERK)
catalysed by an enzyme (MEK) and modulated by
an inhibitor (u0126).

The given example illustrates the SBGN three
sublanguages such as:

o Process Description diagram (SBGN-PD),
displays explicitly all the four forms of ERK,
phosphorylated and non-phosphorylated on the
tyrosine (Y) and the threonine (T). It also
represents the processes of phosphorylation by
MEK and the inhibition of MEK by forming a
complex with u0126.

« Entity Relationship diagram (SBGN-ER), shows
ERK protein only once, then the different
possible states are not depicted. It shows ERK
and the assignment of its phosphorylations (at the
tyrosine and threonine residues), as well as the
relationships between those, MEK and u0126.

o Activity Flow diagram (SBGN-AF) depicts, in an
abstract way, the ERK activation by MEK and
the inhibition of MEK by u0126.

The three sub-languages correspond to three

different levels of abstraction of the same biological

system. Generally, we note that SBGN-PD
represents transitions of entities from one form or
state to another. The SBGN-ER, represents the
influences of entities upon the behaviour of others.

However, SBGN-AF represents the activity flow

from one entity to another within the same entity.

We consider that SBGN-PD is the most explicit
among the three SBGN sub-languages, and it is the
most suitable for metabolic pathways modelling [6,
14] since it gives a high level of representation
details. Furthermore, it is the most used and it is
supported by several tools (e.g. COPASI [15],
BIOCHAM [16], CellDesigner [17] ....) unlike the
other SBGN sublanguages [18].
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In the rest of this paper, our work is based on
SBGN-PD sub-language as a source model of the
proposed transformation.

2.2 SBGN-PD meta-model

SBGN-PD offers several symbols (See Fig. 2),
to represent different molecules (protein, gene,
receivers ..) and reactions  (association,
translocation? ...).

Process diagram glyphs description given in [2]

shown in Fig. 2 are as follows :

« An Entity Pool is a set of entities that cannot
be distinguished from each other, since it is
formed by all the molecular entities fulfilling
the same role in a given process. It can
represent different granularity levels, such as all
the proteins or all the instances of a given
protein. Entity pool nodes refer to unspecified
entity, simple chemical, macromolecule, nucleic
acid feature, perturbing agent, source sink,
multimers and complex.

o Process Nodes include processes allowing
transformation of one or several entity pools
into one or several entity pools, which can be
identical or different. Process nodes refer to
process, omitted process, uncertain process,
association, dissociation and phenotype.

« Connecting Arcs are lines that connect nodes
of entities and process nodes together. The
symbols attached at their ends indicate their
semantics. Arcs are consumption arc,
production arc, modulation arc, stimulation arc,
catalysis arc, inhibition arc, necessary
stimulation arc, logic arc and equivalence arc.

1 Translocation is a genetic mutation characterized by the
reciprocal chromosomal material between non-homologous
chromosomes.
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Figure. 2 SBGN process description diagram symbols inspired by [2] and [13]

o Auxiliary Units are glyphs used to decorate
other glyphs in order to give additional
information that may help the reader to well
understand diagrams. They refer to unit of
information, state variable and clone marker.

o Container Nodes referring to compartment
which is a logical or physical structure that
contains entity nodes.

o Reference Nodes handle links or relationships
between elements of a map and sub-map.
Submap is used to encapsulate processes
including all types of nodes and arcs within a
glyph. The sub-map hides its contents from the
users, and displays only the input terminals
linked to the entity node. A tag is also a
reference node, it is a named handle, or
reference, to another entity pool node or
compartment. Tags are used to identify those
elements in submaps.

o Logical Operators Combine one or several
inputs into one output. Logical operators are
AND, OR and NOT.

In order to define the meta-model corresponding
to SBGN-PD, we have been inspired by the SBGN
syntax proposed in [2].

Fig. 3, shows the Class Diagram representing the
SBGN-PD meta-model containing all the SBGN-PD
concepts shown in Fig. 2.

We define the process concept “SBGNProcess”
composed of all glyphs of the process diagram
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“SBGNGlyph”, which is a generalization of two
categories: arc  “SBGNArc” and node
“SBGNNode”. Each category is a generalization of
several subcategories. “SBGNNode” contains
“Process”, “EntityPoolNode”, “Compartment”
and “ReferenceNode”.

Similarly, the “SBGNArc” is divided into
“SBGN_PN” for arcs connecting processes to nodes,
“SBGN_NP” for arcs connecting nodes to processes
and “FluxArc”.

To enhance our SBGN-PD meta-model we add
OCL (Object Constraint Language)[19] constraints.

-The first constraint is defined at the
“Association” concept. An association is a
biological process gathering one or more entity
nodes, the resulting object is a “Complex”. This
constraint is added to express that an “Association”
process must have at least two input arcs and one
output arc, this is defined in OCL as follows :

Context Association

invariant inv1: self.origin->size()>1;

invariant inv2: self.target->size()=1 and forAll(x |
x.oclIsTypeOf(Complex));

-The second constraint is used to express that
an “Entity Node Pool” can not have more than one
“Clone Marker”. A clone marker is a part of the
surface of an entity pool node that has been

DOI: 10.22266/ijies2018.1031.26



279

Received: May 13, 2018

u|Bp0 [4"0]

uyuonanposg B

196:€3 [.1]

Na NS By
2 )

sabauibea
: Ageupied
ameaspovxpon
bunsa s baubEl
T uonepuue : Aygeupaed : Ayjeupied
Qi AR & anaavonen [ xaduo) £
vogawopomwn £ sapepauop H
00 [1°°0)
v v
aysshered B uyhoyauur B uyuondunsuo)
]
S
Buis3 : anea o
aqeveners 5 swpliegany By | |aponooghrigngers By 19b1e3 [+1] sm— 1
ne [«0]
396103 [4+~0] d & 5 s
_ uwda [l Jabaey [1-1]
AARY) w0 [171]
— -— wbuo [T
vda l1+1) ss00id B
depwqns [11) _ 6uns3 : aweu © Stcuitea
pongoogArg 7  Aweupaed © wbuo [11]
IRy
dewans £ I
6e3 [41)
I .Wv—
_ wonngs iy
Gey
aponeouRIay

Juaupeauod [170]

E&Rﬁumr\.

Josasisuod [,1)

snssaoig"Nogs H

Figure. 3 Class diagram representing the SBGN-PD meta-model
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modified graphically through the use of a different
shade, texture, or colour. The constraint is as
follows :

Context EntityPoolNode
invariant inv: self.au->select(
oclIsTypeOf(CloneMarker))->size()<=1,;

-The third constraint makes it possible to
express that an entity of “Simple Chemical” type -
a chemical compound that is not formed by the
covalent linking of pseudo-identical residues
according to [20] - can have only one type of
“Auxiliary Unit” which is the ”Clone Marker” :

Context SimpleChemical

invariant invl: self.au->select(
oclIsTypeOf(UnitOfInformation))->isEmpty();
invariant inv2: self.au-> select(
oclisTypeOf(StateVariable))->isEmpty();

2.3 HFPN: hybrid functional petri nets

Petri net is a formal specification language
consisting of place, transition and tokens. A place
can hold a number of tokens as its content, a
transition has arcs coming from places and arcs
going out from the transition to some places. A
transition, through their connected arcs, defines a
firing rule relative to the contents of the places
where the arcs are attached.

HFPN [4] is a Petri net extension which
includes in one formalism, HPN (Hybrid Petri Nets),
HDN (Hybrid Dynamic Nets), and FPN (Functional
Petri Nets).

According to [20], HPN represent an extension
of ordinary Petri nets which contains two kinds of
places and transitions Discrete places (resp
transitions) and continuous places (resp transitions).
Discrete places and transitions correspond to places
and transitions in ordinary Petri nets. A continuous
place contains a quantity which is a non-negative
real. A continuous transition fires continuously at a
fixed rate, specified by a parameter assigned to the
transition. Besides, HPN offer different types of arcs,
namely, normal, test and inhibitor arcs.

The graphical notations of a discrete transition, a
discrete place, a continuous transition, and a
continuous place, together with the three types of
arcs are shown in Fig. 4.

A weight W is a specific value and is assigned to
each arc.

When a normal arc is attached to a
discrete/continuous  transition, W tokens are
transferred through the normal arc.

International Journal of Intelligent Engineering and Systems, Vol.11, No.5, 2018
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Figure. 4 Graphical notations of Hybrid Functional
Petri Net elements inspired by [4, 20, 21]

An inhibitor arc allows firing the transition only
when the contents of the source place is less than the
weight W.

A test arc allows to not consume the contents of
the source place when destination transition fires.

Hybrid dynamic net (HDN) [22], has a similar
structure to the HPN since it uses the same kinds of
places and transitions. They are different in terms of
the firing rule of continuous transitions. In HDN, the
speed of continuous transition can be given as a
function of values in the places.

In fact, both of the features for the firing
mechanisms of continuous transition of HPN and
HDN, are actually required for modelling common
biological reactions. For this reason, based on this
motivation, HFPN including both features above,
has been proposed.

In addition to HDN and HPN, HFPN has a third
feature for arcs. A function of values of the places
can be assigned to any arc. This feature has been
introduced in FPN (Functional Petri nets) [23] in
order to realise the calculation of dynamic biological
catalytic process on Petri net based biological
pathway modelling.

An HFPN [4], is then a triplet (P, T,A):
A set of places P = P. U Pgq, Pcelements ( resp.
Pg) are called continuous (resp. discrete) places.
A set of transitions T = T ¢ U Tgsuch that TNP =
{}, the T ¢ (resp. Tq) are called continuous ( resp.
discrete) transitions.

e Asetofarcs A C (TxP) U (PxT); Each arc
is annotated with a label showing if this is :

- a continuous input (output) arc, it connects a
continuous place (transition) to a continuous
transition (place).

- a discrete input (output) arc, it connects a
continuous or discrete) place (discrete
transition) to a discrete transition (any place).
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- a test (inhibitor) input arc, it connects a
(continuous or discrete) place to a (continuous
or discrete) transition.

O
O ]

Figure. 5 Continuous (p1) and Discrete (p2) Transitions
of hybrid functional Petri net inspired by [24].

Continuous transition

Fig. 5, inspired by [24], shows HFPN different
places (ei) and arcs attached to the continuous
(discrete) transition pl (p2). It also shows different
arcs headed from transitions pl and p2. a; is the
weight of arc from place ei fori=1; 2; 3; 4; 5.

2.4 HFPN meta-model

We define HFPN meta-model representing three
general concepts of the language,
1.e. ”Place”, ”Transition” and ”Arc”.

Fig. 6, shows the Class diagram representing the
HFPN meta-model containing the three HFPN
concepts previously presented as follows :

o Place is a generalization of two categories,
continuous “ContinuousPlace” and discrete
“DiscretPlace”.

« Transition is a generalization of two categories,
continuous  “ContinuousTransition” and
discrete “DiscretTransition”.

o Arcis generalization of two arc categories :

- “ArcPT” as arcs connecting places to
transitions.  They include  “TestArc”,
“InhibitoryArc” and “NormalArc_PT”.

- “ArcTP” as arcs connecting transitions to
places. They include “NormalArc_TP”.

3. SBGN2HFPN transformation

We are interested by a formal analysis of SBGN-

PD models representing complex biological systems.

This analysis takes place through transformation
based on a mapping from SBGN-PD models to Petri
nets, for which efficient formal tools exist.

HFPN has been successfully used for modelling
and simulation of many biological processes [21,
33-35].

We use HFPN models as they are the most
suited Petri net extension to model and study this
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kind of systems [25], and their capabilities for
mathematical analysis.

The second large stage of our proposal consists then
on defining the transformation rules allowing the
mapping of an SBGN model to an HFPN model.

3.1 SBGN2HFPN transformation rules

We define ten rules allowing the transformation
of any SBGN-PD model to an HFPN model, since
those rules consider all the source and target meta-
datas previously presented in Fig. 2.

Table 1 give the mapping rules summary of SBGN

and HFPN elements.

e Rules Ry, Rz, Rzand R4 consist on transforming
respectively four elements of SBGN-PD,
namely, “Simple Chemical”, “Macromolecule”,
“Complex” and “Nucleic Acid Feature” to an
HFPN element which is a “Continuous Place”.

 Rules Rs and Rg consist on transforming two
elements of SBGN-PD, namely, “Process” and
“Association” to an HFPN element which is a
“Continuous Transition”.

e The rule Ry consists on transforming a
“Consumption Arc” to a normal arc connecting
a place to a transition and called “Normal
Arc_TP”.

e The rule Rs consists on transforming a
“Production Arc” to a normal arc connecting a
transition to a place and called “Normal
Arc TP”.

e« The rule Ry consist on transforming another
SBGN-PD arc type called “Catalysis Arc” to a
“Test Arc”.

o Finally, the last rule Ry consists on
transforming an SBGN-PD “Inhibitor Arc” to
an HFPN “Inhibitory Arc”.

The set of rules presented above contains the
necessary and sufficient rules relative to the
mapping (Cf. Table 1) of all the elements of the
source model SBGN-PD (Cf. Fig. 2) to the target
model HFPN (Cf. Fig. 4).

3.2 SBGN2HFPN transformation implementation

To complete the model-to-model transformation
from SBGN-PD to HFPN we implement the
transformation rules previously presented in
subsection 3.1. This implementation is achieved by
using ATLAS Transformation Language (ATL) [24,
26] (Fig. 7). ATL [27], according to [11] is a
sophisticated Model to Model transformation
language corresponding to MOF QVT [29]. It has
been applied in several domains, many use cases are
presented in [30].
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Figure. 6 Class diagram representing the HFPN meta-model

Table 1. SBGN-PD to HFPN Mapping

Rules SBGN-PD HFPN

Element Glyph Element Glyph

R1 SimpleChemical ContinuousPlace

R, Macromolecule LABEL ContinuousPlace

Rs3 Complex ContinuousPlace

Ra NucleicAcidFeature ContinuousPlace

O O 00
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-The first rule (Ry), converts a simple molecule
(SBGN-PD : Simple Chemical) to a biochemical
entity (HFPN : Continuous Place) as follows :

rule SimpleChemical ToContinuousPlace{
from Sc:SBGN!SimpleChemical

to cp:HFPN!ContinuousPlace(

name <- Sc.name,

origin <- Sc.origin,

target <- Sc.target)}

From this rule, we have assigned all properties
of the source meta-data (name, origin, and target) to
the target meta-data.

In the same way, we have defined three other
transformation rules (R,, Rs and Rs) allowing
respectively the conversion of (SBGN-PD
Macromolecule, Complex and Nucleic Acid
Feature) to (HFPN : Continuous Place).

-The fifth rule (Rs), converts (SBGN-PD:
Process) to (HFPN : Continuous Transition) as
follows :

rule ProcessToContinuousTransition{
from pc: SBGN!Process

to ct: HFPN!ContinuousTransition(
origin <- pc.origin,

target <- pc.target)

do {

thisModule.id <- thisModule.id + 1;
ct.name <-T'+ thisModule.id; }}

For this rule we have defined a section do which
allows to define a different name to each transition
created, by incrementing the global value
thisModule every time the rule is executed.

In the same way, we have defined the
transformation rule (Rs) which converts an (SBGN-
PD : Association) to (HFPN : Continuous
Transition).

-The seventh rule (R7), converts (SBGN-PD:
Consumption Arc) to (HFPN : Normal Arc from
a place to a transition) as follows :

rule ConsumptionArc2NoromalArc_PT{
from ca: SBGN!ConsumptionArc
to na_pt: HFPNINormalArc_PT}

-The eighth rule (Rs), converts (SBGN-PD:
Production Arc) to (HFPN : Normal Arc from a
transition to a place) as follows :

rule ProductionArc2Normal Arc_TP{
from pa: SBGN!ProductionArc
to na_tp: HFPN!NormalArc_TP }

-The nineth rule (Rg), converts (SBGN-PD:
Catalysis Arc) to (HFPN : Test Arc) as follows :

rule CatalysisArc2TestArc{
from catA:SBGN!CatalysisArc
to ta:HFPN!TestArc}
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Figure. 7 The full model transformation process inspired
from [24]. MMa: the source metamodel; MMb: the target
metamodel; Ma: the source Model; Mb: the target model

-The tenth rule (Ruw), converts (SBGN-PD:
Inhibitor Arc) to (HFPN : Inhibitory Arc) as
follows :

rule InhibitorArc2InhibitorArc{
from ia:SBGN!InhibitorArc
to ta:HFPN!InhibitorArc}

In the next section, we illustrate our proposal by
applying the SBGN2HFPN transformation on a case
of study (i.e. the Glycolysis Pathway).

In the order to \validate the proposed
transformation rules, we have conducted several
tests. As an illustration, we consider in this paper,
the Glycolysis Pathway as a case of study.

4. Case of study : glycolysis pathway

In this section, we follow the design steps
mentioned previously in order to illustrate the
SBGN2HFPN transformation on the Glycolysis
Pathway. We are using the Glycolysis Pathway as
an example, but our approach is general and can be
applied to other metabolic pathways.

4.1 Glycolysis pathway : a brief presentation

Glycolysis, is the major pathway for glucose
oxidation, it occurs in the cytosol of all cells.
Glucose is converted to pyruvate in 10 steps by
glycolysis.

Specific enzymes catalyze reactions through
which glucose is converted to glucose 6P, fructose
6P, fructose 1.6 P and other metabolites until
reaching pyruvate.

The pathway is modelled using SBGN-PD sub-
language in [2] (Cf. Fig. 8), and is also modelled
using HFPN in [21] (Cf. Fig. 11 (Right)).

The SBGN-PD model shown in Fig. 8 will play
the role of source model of the proposed
SBGN2HFPN transformation. The resulted HFPN
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model will be compared with the HFPN model
shown in Fig. 11 (Right).

4.2 Illustration of the SBGN2HFPN
glycolysis pathway

on the

We create first meta-models corresponding to
SBGN-PD and HFPN previously presented in
Section 2, wusing EMF Eclipse Modelling
Framework.

Then, we implement an Eclipse ATL file
containing the transformation rules, allowing the
mapping of SBGN-PD models to HFPN, mentioned
in Section 3.

Note that the meta-models creation and the ATL
rules implementation in Eclipse, have to be
implemented only the first time of using the
SBGN2HFPN  transformation. Due to the
manuscript limited Length, we will not show the
corresponding catches.

Based on the SBGN-PD meta-model, we define
the SBGN model in Fig. 9 corresponding to the
SBGN model shown in Fig. 8.

After executing the ATL file, an XMI file
containing elements of the HFPN model is
generated by the SBGN2HFPN transformation as
shown in Fig. 10.

Using then the HFPN concrete syntax, we
interpret the HFPN.xmi file content generated by the
SBGN2HFPN transformation.

Fig. 11 (Left) shows the HFPN model created
based on the interpretation of the xmi file contents
resulting from the SGBN2HFPN transformation.

We can observe that metabolites and enzymes
represented by  simple chemicals and
macromolecules respectively in SBGN-PD model
(Fig. 8) are represented by continuous places in the
HFPN model. SBGN-PD processes are represented
by continuous transitions. Catalysis arcs (i.e. arcs
connecting macromolecules and processes) are
represented by test arcs. Consumption and
production arcs of the SBGN-PD model are
represented by HFPN normal arcs. Indeed, all the
SBGN-PD elements are converted to the
corresponding HFPN elements, and are connected in
a similar way.

Comparing HFPN models (Left) and (Right) in
Fig. 11, we note that the resulting HFPN model
from SBGN2HFPN transformation is almost similar
to the existing HFPN model proposed in [21]. All
elements and reactions occurring in the glycolysis
pathway, are represented in both of models, in a
similar way. ATP and ADP redundancy and
metabolites degradation represent the whole
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Figure. 8 SBGN-PD model representing the glycolysis pathway inspired by [2]

Enolase

4§ GlycolysisPathwaySBGN.xmi §3 =
¢ platform:/resource/SBGN2HFPNLV/Models/GlycolysisPathwaySBGN.xmi A
v ) platform:/resource/SBGN2HFPNLV/Metamodels/SBGN.ecore
v # sbgn

= Import

fi= Ecore

E SBGNGlyph

E SBGNArc -> SBGNGlyph

E SBGNNode -> SBGNGlyph

E] SBGNArc_PN -> SBGNArc

El ProductionArc -> SBGNArc_PN, FluxArc

E FluxArc -> SBGNArc

E ConsumptionArc -> FluxArc, SBGNArc_NP

E] SBGNArc_NP -> SBGNArc

E InhibitoryArc -> SBGNArc_NP

E CatalysisArc -> SBGNArc_NP

E Process -> SBGNNode

El Association -> Process

El Compartment -> SBGNNode

E EntityPoollNode -> SBGNNode

E SimpleChemical -> EntityPooliNode

E Complex -> StatfulEntityPoolNode

[ StatfulEntityPoolNode -> EntityPoollNode

EH NucleicAcidFeature -> StatfulEntityPoolNode

E Macromolecule -> StatfulEntityPoolNode

H AuxillaryUnits -> EntityPoollNode

[l CloneMarker -> AuxillaryUnits

E UnitOfinformation -> AuxillaryUnits

[ StateVariable -> AuxillaryUnits

E] ReferenceNode -> SBGNNode

El SubMap -> ReferenceNode

Figure. 9 SBGN-PD model representing the
glycolysis pathway created in eclipse

differences between both models. This simple
difference does not influence the representation of
the modelled pathway either its behaviour. Indeed,
in order to simulate the behaviour of HFPN models,
we use the Cell lllustrator [31] tool.

This simulation requires parameters to be
introduced, which represent among others, the
entities’ initial values and velocities of processes
and reactions.

International Journal of Intelligent Engineering and Systems, Vol.11, No.5, 2018

Triose-P
isomerase

fructose’

@
1,6P .

|2 GlycolysisPathwayHFPN.xmi £2 = |

1<?xml version="1.0" encoding="IS0-8859-1"2> A
2 <xmi:XMI xmi:version="2.8" xmlns:xmi="http://www.omg
3 <HFPN:HFPNProcessus/>
4 <HFPN:NormalArc_TP target="/46" origin="/77"/>
5 <HFPN:NormalArc_TP target="/47" origin="/77"/>
6 <HFPN:NormalArc_TP target="/48" origin="/78"/>
7 <HFPN:NormalArc_TP target="/5@" origin="/79"/>
8 <HFPN:NormalArc_TP target="/51" origin="/79"/>
9 <HFPN:NormalArc_TP target="/52" origin="/80"/>
12  <HFPN:NormalArc_TP target="/53" origin="/80"/>
11 <HFPN:NormalArc_TP target="/53" origin="/81"/>
12 <HFPN:NormalArc_TP target="/52" origin="/81"/>
13 <HFPN:NormalArc_TP target="/56" origin="/82"/>
14 <HFPN:NormalArc_TP target="/58" origin="/82"/>
15 <HFPN:NormalArc_TP target="/57" origin="/82"/>
16  <HFPN:NormalArc_TP target="/61" origin="/83"/>
17 <HFPN:NormalArc_TP target="/60" origin="/83"/>
18 <HFPN:NormalArc_TP target="/62" origin="/84"/>
19  <HFPN:NormalArc_TP target="/63" origin="/85"/>
26 <HFPN:NormalArc_TP target="/64" origin="/86"/>
21 <HFPN:NormalArc_TP target="/66" origin="/86"/>
22 <HFPN:NormalArc_PT origin="/44" target="/77"/>
<HFPN:NormalArc_PT " target="/77"/>
4 <HFPN:NormalArc_PT " target="/78"/>
5 <HFPN:NormalArc_PT " target="/79"/>
<HFPN:NormalArc_PT " target="/77"/>
<HFPN:NormalArc_PT />
<HFPN:NormalArc_PT " target="/82"/>
<HFPN:NormalArc_PT " target="/82"/>
<HFPN:NormalArc_PT " target="/82"/>
31 <HFPN:NormalArc_PT origin="/56" target="/83"/>
32 <HFPN:NormalArc_PT origin="/59" target="/83"/>
33 <HFPN:NormalArc_PT origin="/61" target="/84"/>
34 <HFPN:NeormalArc_PT origin="/62" target="/85"/>
35 <HFPN:NormalArc_PT origin="/65" target="/86"/> v
< >

Figure. 10 HFPN model content generated by
SBGN2HFPN transformation in eclipse

Figs. 12 and 13, show respectively the
simulation results of the HFPN model resulting from
SBGN2HFPN transformation and the existing
HFPN model taken from [21].

These simulations allow to confirm the
behavioural similarity of both HFPN models (Cf.
Fig. 11) even that they have relatively some
structural differences.

DOI: 10.22266/ijies2018.1031.26



Received: May 13, 2018

13 Dglumsa—ﬁf-‘
Isomerase

1.6P

:g » Phospho
fructokinase

pyruvate
kinase

tieceraldehyde-3-phosphate
dehdrpgenase

6)

Figure. 11 (Left) The HFPN model created from the interpretation of the XMl file contents resulting from the
SGBN2HFPN transformation. (Right) The HFPN model representing the Glycolysis Pathway taken from [21]

286

&o Glucose-Pyruvate | € ADP-ATP | € NaDH x
Glucose-Pyruvate ADP-ATP | ]
A 300
250 75
75
200
o0
£ ] 150
25 100 25
o0
o+ 0 o+
1] 250 500 750 1 OO (1] 250 S0 750 1 000 (1] S00 750 1 00D
Figure. 12 Simulation result of the HFPN model resulting from SBGN2HFPN transformation
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Figure. 13 Simulation result of the existing HFPN model proposed in [21]

International Journal of Intelligent Engineering and Systems, Vol.11, No.5, 2018

DOI: 10.22266/ijies2018.1031.26



Received: May 13, 2018

We can therefore argue that the resulting model
from the SBGNZ2HFPN transformation, models
properly the studied system namely, the glycolysis
pathway and confirm the effectiveness and
validation of the proposed transformation.

5. Related works

There are not many contributions that can be
directly related to our work however, there are some
formalisations of SBGN’ sub-languages in
formalisms other than the Petri nets.

We present below some of those we have
considered as relatively close to our proposal.

From an operating viewpoint of SBGN graphical
notation, the proposal of SBGN-PD translation to
SBGNtext is presented in [9], more detailed in [10].

SBGNtext is a textual representation of an
abstraction of SBGN-PD maps called Process Flow
Abstraction (PFA). Authors give as an example the
creation of a Bio-PEPA model from a map
represented in SBGNtext via SBGNtext2BioPEPA,
their translation tool. They illustrate the process of
this translation by applying a simple model of the
MAPK signalling cascade [9]. They also illustrate
their proposal on the metabolic pathway of the
cholesterol synthesis in [8].

Regarding the transformation between SBGN-
maps, a translation of SBGN-PD into SBGN-AF is
proposed in [6]. Authors have proposed a semi-
automatic translation of the SBGN-PD to SBGN-AF,
implemented in SBGN-ED [32]. This last, is an
SBGN maps editing software.

From a formal point of view, a transformation
into mathematical logic has been proposed in [7].
Two first-order logic languages, called SBGNLog-
PD and SBGNLog-AF, built from the SBGN-PD
and SBGN-AF languages respectively are proposed.
These languages make it possible to represent the
reaction networks and the influence graphs in the
form of sets of instantiated atoms, and to reason
automatically on these networks.

Our proposal is standing in the analysis of
biological systems wusing formal specification
languages while keeping an intuitive graphical
aspect of these systems. To do so, we use petri nets
which combine perfectly both aspects.

6. Conclusion & future works
6.1 Conclusion

In this paper, we have proposed a model-to-
model transformation from SBGN-PD to HFPN. It
is based on Model Driven Engineering key
principles, namely, meta-modelling and model
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transformation. The goal, is to facilitate the mapping
between biopathways graphically modelled and
formal models in the purpose of studying,
understanding and analysing the modelled systems
behaviour.

We have defined a meta-model for each of both
languages, SBGN-PD and HFPN including their
OCL well-completeness constraints, as well as
transformation rules allowing the mapping of
SBGN-PD to HFPN which are implemented using
ATL language.

The SBGN2HFPN transformation was applied
to many metabolic pathways, we presented in this
paper the Glycolysis pathway as a case of study.
Actually, our approach is general and can be applied
to other metabolic.

A brief behavioural study in order to compare
the HFPN model resulting from the SBGN2HFPN
transformation and the existing model through
simulation using Cell Illustrator was also presented.

These simulations have allowed to confirm the
behavioural similarity of the both models for this
case of study and generally allowed to confirm the
effectiveness and validation of the proposed
transformation.

6.2 Future works

We are currently intending to extend our
transformation from SBGN to Petri nets. We are
exploring the feasibility of transforming the other
SBGN sub-languages to suitable formal languages
for the purpose of studying and analysing the
biosystems behaviour while combining the formal
and graphical aspects.
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