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Abstract

In this paper, we present a solution for executing bigraphical reactive systems based on an investigation on
graph transformation systems. For this, we encode a bigraph into a ranked graph. This encoding is ensured,
formally, by defining a faithful functor that allows to move from bigraph category to ranked graph category.

Then, we show that reaction rules can be simulated with graph rules.

I. INTRODUCTION

tems (BRSs) has been developed by Mil-
ner [Milner, 2009] as a formalism for de-
scribing and analyzing mobile computation
and pervasive systems. A BRS is a graphi-
cal model in which bigraphs can be reconfig-
ured using reaction rules. It is very important
to have an implementation of the dynamic of
a BRS to enable experimentations. The main
challenge of this implementation is the match-
ing problem. In fact, it is a computational task
that determines for a given bigraph B and a
reaction rule R whether and how the reaction
rule can be applied to rewrite the bigraph B.
The theory of BRS is closely related to graph
transformation system (GTS) [Ehrig, 1973,

THe theory of Bigraphical Reactive Sys-

Ehrig, 2006]. Considering the exhaustiveness
of studies on graph transformations, it is nat-
ural to ask whether we could apply graph
matching algorithms on Bigraphs. As an alter-
native to implementing matching for bigraphs,
we could try to formalize BRSs as GTSs. By
this way, we can benefit from existing tools
and techniques developed for graph transfor-
mations. Consequentially, we have initiated an
investigation of how to simulate a BRS with a
GTS.

In this paper, we propose a formal basis al-
lowing such simulation. Indeed, we encode
a bigraph into a graph by defining a func-
tion named F;;;,, that allows to move from bi-
graph category to graph category. We demon-
strate that F;,, is a well defined and faith-
ful functor. Then, we rely on the work of
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Ehrig [Ehrig, 2002] to show that reaction rules
can be simulated with graph rules. As a result,
we ensure the validity of simulating a BRS by
a GTS.

II. ENCODING A BIGRAPH INTO A
RANKED GRAPH

In order to understand our contribu-
tion, the reader should understand
bigraphs  [Milner, 2009] and  ranked

graphs [Gadducci and Heckel, 1998].

The main difference between bigraphs and
graphs lies in the nesting and the linking struc-
ture of bigraphs. Hence, we define the nesting
structure of bigraphs through the node iden-
tifiers of graphs. For instance, in Fig. 1, vy is
nested in 0 (the parent of vy is 0). Its image
in the graph G is a node having the identifier
vg : 0. So, we encode the parent of a node
through its identifier.

Furthermore, the linking structure of bi-
graphs is represented in graphs by defining
two types of nodes: place nodes that represent
bigraph places, and link nodes that represent
bigraph hyperedges. For example, the hyper-
edge e in the bigraph of Fig. 1, connecting v
and 3, is represented in the graph with the
green node ¢; to which are connected v, : 0
and v;3 : 1.

Categorically, bigraphs and their mor-
phisms form a category BG which has as ob-
jects inner and outer interfaces, and as arrows
bigraphs. Similar to bigraphs, ranked graphs
are presented as morphisms between two in-
terfaces i and j, forming a category denoted
Dg.

Our main objective is to ensure the validity
of encoding bigraphs into ranked graphs, pre-
serving their structure. We shall achieve this
by defining a functor [Milner, 2009] which al-
lows to move from one category to another.

Hence, we define a functor, named F;;,, :
BG — DG, which allows to move from BG to
DG. This functor associates to each morphism
(Bigraph) B : I — ] from BG, a morphism
(Graph) G : i — j from Dg.

i. Defining F;,, on objects.

We define an injective function K, between
the objects (interfaces) of the two models.
Given a bigraphical interface (m, X), F, as-
sociates a graph interface represented as a list
of ordered numbers with exactly m + |X| —1
elements, regarded as a discrete graph. Every
x < m is encoded by a place node and every
name € X is encoded by a link node. For ex-
ample in Fig. 1, the image of the inner inter-
face I = (2,{xp}) is the interface i = {0,1,2}
of G where the nodes 0 and 1 are place nodes
and the node 2 is a link node. The interface i is
represented by the list of numbers on the left
of the graph.

ii. Defining F;,, on morphisms.

Consider a bigraph B =
(VB,EB,CtrlB,pl’TltB,lil’lkB). Fsim<B) = G =
(Vg, VEg, ctrlg, prutg, linkg). Fsjy is defined
as a pair of functions (fy, f.) where:

e Vi = fo(Vp). fo associates for each node
€ Vg, a node € V5. The identifier of a
node image is determined by concatenat-
ing the identifier of this node with the
identifier of its parents. For example, in
Fig. 1, fy(Ul) =701:00: 0.

e VE;g = f.(Ep). f. associates for each hy-
peredge € Ep, a link node € VEg. For
example, in Fig. 1, f.(eg) = ep (the image
of the hyperedge ¢ in the bigraph B is the
node ¢j in the graph G).

Proposition IL1. F;,, = (fy, fe) respects the
structure in the following sense:

1. Fjy, preserves the controls
2. Fsiyy preserves the structural mapping prnt
3. Fijy preserves the structural mapping link

Proposition II.2. F, is a faithful functor be-
tween BG and DG.

Proof. We have demonstrated that F, is a
well defined functor by demonstrating that
it preserves functor properties (i.e., preserves
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Bigraph B

Ranked graph G

Figure 1: Encoding a bigraph into a ranked graph

identity and composition). So, Fy,, is a faith-
ful functor since the morphisms f, and f, are
injective functions. For sake of shortness, we
have not present the proof. O

Proposition I1.2 ensures the validity of mov-
ing from BG to DG by Ky, ensuring in this
way the validity of encoding a bigraph into a
ranked graph.

III. SimMuLATING BRSs wita GTSs

Bigraphs are associated with reaction rules
which can be applied to rewrite bigraphs.
On the other hand, graphs are associated
with rewrite rules or productions according
to the double pushout approach, DPO ap-
proach [Ehrig, 1973].

We propose a correspondence between a re-
action rule and a production. Let (R, R : € —
I) a reaction rule in BG and let a reaction rela-
tion a — a’ via (R,R’) and D : I — ]. By def-
inition, Fj, translates the rule (R,R’ : € — I)
and the context D : [ — ] from BG into
(Fsim(R)rFsim(R/) t€— Fsim(l)) and Fsim(D) :
Fsim(I) — Fyip (J) in DG, respectively.

Since Fj,,, preserves composition, Fy, (a) =
Fsim(D o R) = Fyj (D) 0 Fjy(R) and Fyjpy (a") =
Fsim(D ° R/) = Fsim(D) ° Fsim(Rl)‘ So, Fsim
translates each transformation a — 4’ into a
transformation Fy;y,, (a) — Fy;y(a') into DG.

Ehrig [Ehrig, 2002] showed that it is possi-
ble to use the cospan idea to construct from a
reaction relation a corresponding DPO trans-
formation a = 4’ via (p, D) where p is con-
structed from the reaction rule (R, R’).

So, we can obtain from the reaction relation
Fyim(a) — Fyp(a’) via (Fgjp(R), Fiy (R")) and

Fsim(D) : Fipy(I) = Fyjyy(J) @ DPO transforma-
tion Fy;y, (a) = Fsi(a’) via (p, Fsipy (D)) where
p = (Fsim(R) < Fgp(I) = Fyi(R')). Hence,
we can simulate the application of a reaction
rule on a bigraph by applying its correspond-
ing production on the encoded graph.

IV. CoNcLusION

In this paper, we have presented a solution
for executing BRSs that is based on an inves-
tigation of GTSs. In fact, we have encoded
a bigraph into a ranked graph. This encod-
ing is ensured, formally, by defining a faithful
functor F;,, from bigraph categories to ranked
graph categories. Then, we have referenced
Ehrig et al. [Ehrig, 2002] to show that reac-
tion rules can be simulated by graph rules.
Hence, the behavior of bigraphs can be sim-
ulated by simulating their encoded graphs us-
ing the graph transformation tools and tech-
niques.
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