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Graph rewriting

» Generalising string (or term) rewriting to non-linear structures.
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What is a graph?
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What is a graph?

> A set of objects, or elements and a set of relations between them.
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What is a graph?

> A set of objects, or elements and a set of relations between them.
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Rewriting

What is a graph?

> A set of objects, or elements and a set of relations between them.




What is a graph?

> A set of objects, or elements and a set of relations between them.
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What is a graph?

> A set of objects, or elements and a set of relations between them.

®

[2.2,3]

[1.3.2]

[1.3.3]

task 1
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What is a graph?

> A set of objects, or elements and a set of relations between them.
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What is a graph?

> A set of objects, or elements and a set of relations between them.

Graph (Directed multigraph with loops)
A graph G = (V, E,s, t) consists of

a set of nodes V/,

a set of arcs E,

a source function s: E — V,
a target arrow t : E — V,
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Rewriting

Xrmas MICS sy



Rewriting

String rewriting :
e an alphabet
e a set of rewriting rules u — v (v and v are words on X*)
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Rewriting

String rewriting :
e an alphabet
e a set of rewriting rules u — v (v and v are words on X*)

sleep — follow
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Rewriting

String rewriting :
e an alphabet
e a set of rewriting rules u — v (v and v are words on X*)

sleep — follow

You are_all_sleeping, !
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Rewriting

String rewriting :
e an alphabet
e a set of rewriting rules u — v (v and v are words on X*)

sleep — follow

Youpare all_sleeping,! — Youpare_all following,!
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How to rewrite graphs?
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How to rewrite graphs? (based on [Ehrig 1979))

* s / e e P * * f o / I o w %
®o— 0 —0—0—0—0—0—0 — ®o— 0 —0—0—0—0—0—0—0
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How to rewrite graphs? (based on [Ehrig 1979))

* s / e e P * * f o / I o w %
®o— 0 —0—0—0—0—0—0 — ®o— 0 —0—0—0—0—0—0—0
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How to rewrite graphs? (based on [Ehrig 1979))

* s / e e P * * f o / I o w %
®o— 0 —0—0—0—0—0—0 — ®o— 0 —0—0—0—0—0—0—0

“J — Y

» No notion of beginning and end in a graph.
— ldentify the "gluing" elements.
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Graph transformation rules

» Goal : Generalise from strings to graphs.
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Graph transformation rules

» Goal : Generalise from strings to graphs.

‘ - ‘

e Find in G a graph similar to L,
e Remove it from G,

e Reconnect R within the more global context.
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How to map graphs? (from [Kénig 18])

Graph morphism :

e e — — — — —
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How to map graphs? (from [Kénig 18])

Graph morphism :

e e — — — — —

| \
[ B \I | 2\? :

| A o ag C © toA

G= 06> 0——0' | e ¢ ' =H

L1 2 B3 a4 /’>,4 !
________________ / | D |
| |
| |

_____________

» Functions on nodes ands arcs that preserve structure.
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How to glue graphs? (from [Konig 18])

Graph gluing :
L G
o L.o—"' o L.e 0|
11 2, 2 !

o0 K S Saiblel
L1 2 ) L1 2
Go Gi1+1Go

» ~ Quotiented disjoint union.
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How to glue graphs? (from [Konig 18])

Graph gluing :

—_——— = -

» ~ Quotiented disjoint union.
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Back to graph transformation rules

» L, K, R, G, D, H are graphs.
» Arrows are graph morphismses.
» Squares are graph gluings.
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Back to graph transformation rules

» L, K, R, G, D, H are graphs.
» Arrows are graph morphismses.
» Squares are graph gluings.

o —
!lll/
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Back to graph transformation rules
» L, K, R, G, D, H are graphs.

» Arrows are graph morphismses.
» Squares are graph gluings.

o— e —

1

|
©-0
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Back to graph transformation rules

» L, K, R, G, D, H are graphs.
» Arrows are graph morphismses.
» Squares are graph gluings.

L<_K_><*,
IR
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Rewriting

Why does it has to be so complicated ?
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Geom. Modeling

Topology-based geometric modeling

» Description of object via topological cells.
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Generalized maps [Lienhardt 89]

B
(TR
A c — 2-arc
— l-arc
z X
G
( ) — O-arc
Y
E D |/

» Defined as graphs using labels, attributs and constraints.
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Orbits

B
u v
A * c 1:1 — 2-arc
w
— l-arc
Z g X
— O-arc
Y
E D

Vertex C Edge w Face #

» Defined as subgraph induced by a subset of dimensions.
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Rewriting G-maps

» Most conservative framework (all morphisms are injectives).

o D
e f Q f & f
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Research Questions

Research Questions

» What am | doing with all of this?
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How to preserve the consistency of the model ?

» Topological constraints : structure,

e E.g., vertices are incident to edges thats are incident to faces.
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How to preserve the consistency of the model ?

» Topological constraints : structure,

e E.g., vertices are incident to edges thats are incident to faces.

» Embedding constraints : geometry,

e E.g., all elements defining the same vertex should share the
same position.
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How to preserve the consistency of the model ?

» Topological constraints : structure,
e E.g., vertices are incident to edges thats are incident to faces.

» Embedding constraints : geometry,

e E.g., all elements defining the same vertex should share the
same position.

Goal : The modification of a well-formed object should provide a
well-formed object. J
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How to define modeling operations ?

%D

Xrmas MICS Ty




How to define modeling operations ?

Al-AN
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How to simplify the creation of new rules?

V-
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How to simplify the creation of new rules?

O O ’ O ! O ° O
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o 103
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How to simplify the creation of new rules?

=) C) Q
SRS o
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Research Quest

® O
® O
® O
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