
EG UK Computer Graphics & Visual Computing (2023)
D. Hunter and P. Vangorp (Editors)

Model reevaluation based on graph transformation rules

M. Gaide1, D. Marcheix2 , A. Arnould3, X. Skapin3, H. Belhaouari3 and S. Jean2

1ISAE-ENSMA Poitiers, Université de Poitiers, LIAS, Poitiers, France
2Université de Poitiers, ISAE-ENSMA Poitiers, LIAS, Poitiers, France
3Université de Poitiers, Univ. Limoges, CNRS, XLIM, Poitiers, France

Abstract
In this paper, we extend the scope of naming problem studies to encompass rule-based graph transformation modeling systems.
We propose a novel persistent naming method that capitalizes on the formalized operations of generalized maps and graph
transformation rules. It enables a unique and homogeneous characterisation of entities across all dimensions.
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1. Introduction

The ability to generate multiple variants of an object during a con-
struction process has become increasingly prevalent across various
application domains. Most of the time, tools and operations used
to create those variants are dedicated to specific fields and the con-
struction process is often both tedious and time-consuming [QB15;
HMV09; MWH*]. In the realm of computer-aided design (CAD),
parametric history-based systems have long been utilized, record-
ing the successive operations used during the construction process.
This latter can then be reevaluated after performing some slight
modifications upon the operations, obviating the need to restart
from scratch. Such an approach requires addressing the well-known
issue of persistent naming [Kri97]. Indeed, adding, deleting, mov-
ing operations in the parametric specification or modifying some
operation parameters require ensuring that the subsequent opera-
tions are still valid even if their own parameters have been affected.
This entails using persistent identifiers as operations parameters,
which make possible to unambiguously characterize entities and
find their match at reevaluation. Persistent naming has been studied
for decades in the CAD’s field [Kri97; CCH96; WZZZ01; WN05;
BNB05; MH05; Mar06; Bab10; XJH*16; FH18]. To our knowl-
edge, only one approach has studied this problem in the domain of
graph transformations, but it is a preliminary study that considers
only a part of topological entities’ history [CMS*19].

In this paper, we propose to extend this preliminary study in or-
der to define a full persistent naming mechanism, using a rule-based
graph transformation formalism, and more specifically the Jerboa
software [BAGB14]. Contrary to other approaches, Jerboa is inde-
pendent from any specific application field and does not require ad
hoc operations to be manually coded. Operations are formally de-
fined as rules within the Jerboa interface, thereby facilitating their

rapid development. Furthermore, it guarantees the topological con-
sistency of the underlying geometric model, regardless of the ap-
plied operations [ABB*22]. It is based on the generalized maps
(or G-maps) topological model [Lie91; DL14]. This model repre-
sents a specific class of labelled graph and allows the homogeneous
modeling of quasi-manifolds in any dimension. Number of appli-
cations already make use of Jerboa and/or G-maps in fields such as
plant growth [BTG15], architecture [HMDB09; ALS15], geology
[HH00] or physics-based modeling [SBAM].

Our contribution is two-fold. First, we extend the scope of nam-
ing problem studies to encompass rule-based graph transformation
modeling systems. Second, we integrate the mechanisms of reeval-
uation for parametric systems into Jerboa. The persistent naming
method proposed takes advantage of the rule-based formalization
of operations and their ability to precisely describe the history of
topological entities, such that these entities are uniquely and homo-
geneously characterized for all dimensions. Most existing methods
require tracking numerous topological entities and consider the per-
sistent naming problem only through the prism of parameters modi-
fications from a parametric specification standpoint [Kri97; CH95;
WZZZ01]. Our solution tracks only the entities used in the para-
metric specification and the ones they originate from. Moreover,
not only the naming problem is tackled within the usual framework
of parameter edition, but we also take the specification edition (i.e.
adding, deleting and changing the order of operations) into account.

This paper is organized as follows. Section 2 presents the main
concepts necessary to carry out the persistent naming mechanisms
within the framework of a system, making use of graph transforma-
tion rules. The following sections describe our persistent naming
system and how a parametric specification is evaluated or reevalu-
ated through directed acyclic graphs.
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2. Main Concepts

Generalized maps (or G-maps) [Lie91; DL14] allow the represen-
tation of manifold geometric objects (with or without boundaries),
based on a cellular n-dimensional topological structure. The repre-
sentation of an object as a G-map comes intuitively from its decom-
position into topological cells (vertices, edges, faces, volumes, and
so on). The lowest topological entity in a G-map is called a dart.
A dart is represented as a subgraph called an orbit. For example, a
volume orbit is noted ⟨0,1,2⟩, a volume face ⟨0,1⟩, a volume edge
⟨0,2⟩ and a volume vertex ⟨1,2⟩.

Jerboa’s [BAGB14] rules describe the transformation of a G-map
G into another G-map H by describing a subgraph to match in G
and the subgraph replacing it in H. These subgraphs respectively
represent the left and right members of a rule. A rule’s member is
made up of nodes describing a G-map’s orbit (see Fig.1). Perfor-
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Figure 1: Face triangulation rule

ming a syntactical analysis of rules allows to characterize the topo-
logical changes affecting an orbit throughout an application. Thus,
it is possible to automatically detect topological changes of an orbit
and to track it automatically throughout a construction. For exam-
ple, in Fig.1, the rule splits the face orbit ⟨0,1,3⟩ in the green box,
creates the vertex orbit ⟨1,2,3⟩ in the red box and modifies the vol-
ume vertex orbit ⟨1,2⟩ in the blue box.

3. Persistent Name

Since Jerboa’s graph transformation rules use darts as topological
parameters, it follows that each persistent name must represent a
unique dart. As it happens, rules make it possible to determine un-
ambiguously which node filters or creates any dart. Therefore, a
persistent name, noted PN, is a list of all the right nodes involved
in a darts’ history, coupled with a rule application’s number. For
example, PN3 = [1n3;2n4;3n0] in Fig.2d. Indeed, the dart 35 used
to designate the face to be colored was created through the nodes
n3 of 1-create rule, n4 of 2-extrude rule, and n0 of 3-triangulation
rule.

4. Evaluation

(a) (b) (c)
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Figure 2: Evaluation. (a) 1-create(pos); (b) 2-extrude(PN1, vec);
(c) 3-triangulate(PN2); (d) 4-color(PN3)

The evaluation is based on a Directed Acyclic Graph (or DAG)
to compute each persistent name before any reevaluation can take

(a) (b) (c) (d)

37 52

(e)

Figure 3: Reevaluation. (a) 1-create(pos); (b) ADD1-insert(3); (c)
extrude(PN1, vec); (d) triangulate(PN2); (e) 4-color(PN3)

place. The DAG is built bottom-up by a backward traversal through
the persistent name. The role of an evaluation DAG is to trace the
history of a topological parameter back to the first created orbits it
originates from, thus allowing matching a corresponding topolog-
ical parameter at reevaluation. In order to accurately represent the
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Figure 4: PN3’s evaluation DAG

history of an orbit, two types of arrows are used in an evaluation
DAG (and later in the reevaluation DAG). A black arrow , or trace,
represents the evolution of an orbit throughout the modeling pro-
cess. A red arrow, or origin, represents another orbit the tracked
orbit originates from. For example, The DAG in Fig. 4 represents
the history the topological parameter designated as PN3 in Fig.2d
which is the face being colored. This history contains the trace and
origin orbits as well as their changes (creation, split, modification,
and so on).

5. Reevaluation

Since topological parameters may change after editing a parametric
specification, it is necessary to build reevaluation DAGs from eval-
uation DAGs in order to update topological parameters. Reevalua-
tion DAGs can designate one, several, or no orbit depending on the
editing of the parametric specification.

Reevaluation DAGs are built top-down. While an evaluation
DAG represents the orbit’s history of a topological parameter, the
reevaluation DAG represents the history of this same orbit after
editing the parametric specification. Such an edit yields a differ-
ent DAG at reevaluation (with event levels and/or branches be-
ing added, deleted or both). Several matching strategies can then
be considered depending on the application’s context, such as the
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Figure 5: PN3’s reevaluation DAG

DAG in Fig. 5 representing the histories of the faces to color in blue
in Fig.3e.

6. Conclusion

This paper introduces our work on extending the scope of nam-
ing problem studies to encompass rule-based graph transformation
modeling systems. We implement a persistent naming scheme iden-
tifying a unique dart’s history. We represent any topological param-
eter’s history with an evaluation DAG from a persistent name. We
can match one, several or no topological parameter depending on
the editing to reevaluate.

More complex operations can make use of several rules brought
together in a script. Later works will revolve around widening this
reevaluation mechanism to scripts.
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