Modelling with Constraints: A Bibliographical Survey

Ghassan Kwaiter, Véronique Gaildrat, René Caubet

Department of Computer Science I.R.I.T
Paul Sabatier University
118, route de Narbonne, 31062 Toulouse Cedex, France
Phone. (33) 5 61 55 83 29
Fax. (33) 5 61 55 62 58
E-mail: kwaiter@irit.fr

Abstract
Nowadays, the constraint solvers play a
fundamental role in many graphical applications,
including geometrical and mechanical CAD systems,
layouts, user interface, and animation. These
applications use constraints to conveniently describe
relations between objects. Constraints are automatically
maintained and satisfied by a constraints solver. So,
numerical and tedious tasks are left to the solver and the
designer can concentrate on design process.
In this paper, we present concepts of constraints
and constraints solvers. We classify the principal
resolution methods, giving their drawbacks and
shortcomings. We also examine different domains of
applications using constraint solvers.

1. Introduction.
Many aspects of interactive graphical applications
can be conveniently described using called constraints.
Constraints describe relations that must be maintained
by delegating to the constraints solver the task to satisfy
them automatically. Their usefulness stems from the
fact that constraints provide a useful declarative
mechanism to help the designer in graphical applications
and emphasize the relations itself rather than technique
used to maintain them.
For instance, in intelligent CAD applications,
constraint-based systems are increasingly being used to
support design of product. Several design applications
based on constraints allow the geometry of a product to
be specified and modified in a more natural and efficient
way. The declarative semantics of constraint languages
allows one to specify graphical objects and their interrelationships while avoiding extraneous concerns about
the realization of the visualization algorithms. Indeed,

applying constraints in the design allows a better control
and facilitates an incremental re-design of a generated
presentation.
The paper is organised as follows: Section 2
introduces concepts of constraints and constraints
solvers, and describes how constraints can be used in
many graphical application areas. Section 3 characterises the fundamental constraints solver specifications to
should be able to satisfy several designers’
requirements. Section 4 presents different classes of
constraints solver methods. In Section 5, a wide range of
related constraint-based systems are described. Finally,
Section 6 presents our conclusion.

2. Constraints and Constraints Solvers.
In some limited graphical applications, it is
possible for the designer to include a code that maintains
implicitly several relationships among objects. For
example, a Callback technique can be used to satisfy
constraints when a particular event occurs. On the other
hand, as the system grows up and more complicated, it
becomes much more difficult to keep track of all these
relationships. Changing one relation in such a system
may involve modifying the whole code.
Alternatively, many relationships among objects in
design applications can be expressed explicitly as
constraints. Normally, a constraint is a relation that the
designer wants to be satisfied. In other words,
constraints represent the desired relationships among
objects. In mathematical term, a constraint defines a
relation among a set of variables involved into the
relation. Given a set of constraints, an underlying
mechanism is invoked to find the attribute values to
satisfy these constraints. Such a mechanism is called
constraints solver.
A constraints solver is a generic term used to
describe a framework that allows the specification of
constraints and ensures they are satisfied. Many

advantages to use constraints instead of other simpler
consistency mechanisms can be founded:
•

Constraints represent the knowledge domain and
the functionality of objects. They can also define
and control the space of research, and evaluate the
possible solutions.

•

By assigning this responsibility to the constraints
solver, the code of programs can be much simpler,
and the relationships are easier to manipulate and to
maintain than a collection of code fragments.
Moreover, a generic constraints solver should be
application independent to be used in different
graphical applications.

•

•

The declarative semantic of constraints allows to
specify relations among objects and a constraints
solver allow the designer to concentrate on the
relationships that need to be maintained, rather than
on the technique used to maintain them. So,
applying constraints in a design allows a better
control and facilitates an incremental design of a
generated presentation.

•

Generality: In graphical applications restricting the
type of constraints is unacceptable. In the most
basic graphical application linear and non-linear
constraints are required. Moreover, inequality
constraints are useful to specify various aspects of
user interface and graphic applications such as
layout and topologic constraints. Thus, constraints
solver must support several kinds of constraints.

•

Dynamically: One important technique in
interactive applications where the relationships
between objects can be changed dynamically. In
these applications, the designer may want add more
constraints between objects, or may want remove
constraints to release constrained objects.
Moreover, execution time must take advantage of
every computational opportunity to improve
performance. For all these requirements, a constraints solver must dynamically and quickly re-satisfy
the system.

•

Efficiency: In interactive graphical application, it is
not acceptable for the constraints solver to halt,
signalling an error or crashing when confronted
with a set of constraints that cannot be satisfied
simultaneously. Such a failure occurs either when a
solution cannot be found because of conflicting
constraints, or with under-constrained problem.
Thus, it is important for the constraints solver to
efficiently manage these critical situations.

•

Complexity: Constraints describe object behaviour.
Each time the user adds a constraint among objects,
these objects will have a new own behaviour. Thus,
behaviours are specified in terms of constraints.
Complexity of constrained behaviour in a graphical
model becomes a problem when the behaviour is
not what expected. This arises either when
constraints give a configuration that the designer
does not wants, or constraints prevent the designer
from achieving a desired configuration.

•

Performance: Performance is important for
graphical applications, particularly in animation to
achieve the appearance of continuous motion. In
much application, objects can potentially move
simultaneously, thus the complexity becomes
higher for the constraints solver.

A constraints solver has an explanatory nature: the
designer could be able to examine the system’s state
to be informed of satisfied constraints, and why
some constraints become unsatisfied.

These advantages explain why constraint-based
systems have shown usefulness for interactive geometric
design. For instance, geometric shape or object’s
functionality are specified by constraints such as
distances, angles, incidence, adjacency, tangency, etc.
and a constraints solver can be used to derive the shape
from such a specification or to describe this
functionality.

3. Constraints-Based Graphical Applications Requirements.
The ability to represent and maintain relationships
among objects can be an extremely useful tool in a
graphical application. Since the earliest interactive
graphical application [77], usefulness of such constraint
techniques has been demonstrated in application
including drawing, 3D modelling, user interface
construction, animation, and design.
With constrained-based techniques employed in
such graphical applications, system designers face a
variety of new additional challenges. In addition to
graphical objects, constrained models also contain
constraints that must be stored, displayed, edited, saved,
etc. Thus, constraints introduce challenges in
implementation, in performance, and in usability. Thus,
a truly constraints solver should satisfy several
requirements:

For instance, in direct manipulation applications,
designers may need to smoothly explore the designing
domain by interactively making local modifications. So,
time consuming must take advantage of every
computational opportunity to improve performance. The
constraints solver must dynamically maintains
constraints as the user modifies the design and the solver
must quickly give a unique solution even in critical
situations such as over-constraints or cyclic constrains
problems.

4. The Range of Constraints Solvers.
In selecting the kinds of constraints to be supported
in graphical systems, there are various tradeoffs between
simplicity and efficiency, according to the problem’s
complexity. Some of these are numeric constraints, or
other domains; one-way or multi-way constraints;
functional constraints only or more general relations;
required constraints only, or constraint hierarchies;
acyclic constraint graphs only, or cycles allowed.
Solvers can also be compared according to their
behaviours: when all constraints cannot be maintained,
several solutions and conditions are suggested,
especially the used methods to handle dynamic and
incremental constraints.
The various approaches strongly depend on the
structure and the complexity of the specific application
domain. In this section we survey the major approaches
and we characterise their advantages and shortcomings
in graphics systems.

4.1 Numeric solvers:
Numeric solvers intent to solve constraints by
translating them into a system of algebraic equations. A
number of iterative numeric techniques, such as
classical relaxation, Newton-Raphson, can be used to
satisfy sets of linear and non-linear constraints. For
instance, Relaxation has been used in Sketchpad [77],
the first 3D interactive application. Newton-Raphson
iteration is used in Converge [73] and Juno [65].
Frequently, iterative numerical techniques are combined
with local propagation solvers to solve cycles or
simultaneous constraints. Although with these
techniques, a designer can easily add or remove a
constraint, iterative numeric techniques have several
drawbacks that make them difficult to apply in
interactive applications: They can be very slow to
converge as the number of constrained variables grows
larger, and they may not converge on a solution that
satisfies the constraints. Further, the solutions produced
can be very sensitive, and irregular. Moreover, these
methods do not offer any efficient solution if the system
is over-constrained.

4.2 Local Propagation Solvers:
Local propagation technique is the most commonly
used constraint solving technique in graphical applications such as Sketchpad [77] and ThingLab [8]. This
technique represents constraints by a set of method
procedures. These methods access some of constraint’s
variables and calculate values for remaining variables in
order to satisfy the constraint. When the values of one or
more variables change, the solver dynamically attempts
to direct the graph to solve every constraint by executing
its selected method. There are two main kinds of local

propagation solvers: one-way and multi-way. One-way
solvers [41,44, 64] allow each constraint to have a single
method that satisfies the constraint in one direction.
Multi-way solvers [30,72,80] allow a constraint to have
multiple methods, used by the solver, to satisfy the
constraint in different directions.
Local propagation solvers can be optimised by
making them incremental, so only the elements affected
by changes are computed. Efficient algorithms that
compute minimal numbers of dependencies include the
DeltaBlue [30] solver and its successors such as
SkyBlue [72]. These solvers have another interesting
property; they are hierarchical [9]: They permit
declaring certain constraints to be more important than
others. So, a strength value can be associated to a
constraint to obtain a constraint hierarchy. Thus, the
more important constraints are first solved. In case of
conflict, less important constraints are used only when
more important constraints leave unsatisfied. Local
propagation constraints solvers have several advantages,
particularly for animation, user interface, and interactive
applications:
•

Local propagation solvers are very general. A
method can perform an arbitrary computation and is
not limited to simple algebraic expressions.
Constraints solvers based on this technique are able
to handle a wide range of graphical applications.

•

In many situations, a local propagation constraints
solver has the possibility to save a sequence of
selected methods in a plane to execute it several
times. This propriety is fundamental in animation
and direct manipulation applications. For example,
when one or several variable are modified in a
continuous way, the solver based on local
propagation technique reacts very quickly.

•

Using multi-way constraints is essential for some
interactive applications, particularly for virtual
reality application, because of strong connecting
between interaction and application objects.

Recently, solvers based on local propagation
technique present the best compromise between the
efficiency and the extensibility. However, impossibility
to handle cycles and inequation constraints are major
drawbacks of local propagation algorithms.

4.3 Deductive methods:
Deductive methods take advantage of construction
rules and properties of Euclidean geometry in order to
establish, by reasoning, a construction model using
constraints. Constraints and further deductions are
placed in a basis of rules generally expressed in
PROLOG [11], or by an expert system [75]. Another
approach uses a set of geometric construction rules and
a terminated set of rewriting rules [12]. Each
construction rule is transformed into a rewrite rule. In

other words, the whole constraint is transformed into
primitive terms using rules. Utilisation of a rewrite
system allows demonstrating some interesting properties
like termination: every rule can be rewrite by successive
derivation of primitive terms. General constraints-based
languages using rewriting solvers have also been used in
graphical applications context, for example Siri [42],
Bertrand [54], and Equate [84] systems.
Although a Logic Programming style is a good
approach for prototyping and experimentation, the
extensive computations when searching and matching
rewrite rules constitute a drawback. Furthermore, a
rewrite system limits possibilities of extension by
dynamically adding or removing constraint. So, this
method is not adapted for interactive application.

4.4 Constructive Solvers:
This class of constraints solvers is based on the fact
that most configurations in an engineer drawing are
solvable by ruler, compass and protractor, or by using
another less classical collection of construction steps. In
these methods, constraints are constructively satisfied
using geometric elements in two orders: descending
order [67] and ascending order [75]. For both
techniques, the graph of constraints is analysed to found
a sequence of construction steps. This sequence is then
carried out to derive the solution. For these solvers,
primitive constraints are based on distances and angles.
Primitive objects are points, lines and circles. Thus, it is
very difficult to describe construction phases of 3D
objects using this method.

4.5 Symbolic Solvers:
Constraints are transformed into a system of
algebraic equations. The system is solved with symbolic
algebraic methods, such as Gröbner's base [10], or WuRitt method [19,85]. Both methods can solve general
non-linear systems for algebraic equations. These
methods have also been used in mechanical geometry
theorem proving. In [47], Kondo considers addition and
deletion of constraints by using the Buchberger’s
algorithm [13] to derive a polynomial equation that
gives relationships between deleted and added
constraints.

4.6 Finite-Domain Solvers:
A particular kind of constraints solving problem
extensively studied within the Artificial Intelligence
community is known as Constraint Satisfaction Problem
(or CSP) [59]. This approach offers a general
representation allowing formulating different types of
combinatorial problems, like geometric placement. The
innovative concept of finite-domain constraint solving in
graphic applications lies in the active use of constraint
propagation technique. This technique is used to find a

locally consistent solution by pruning the search space
and removing combinations of values that cannot appear
together in a solution. Then, the solver tries to find one
or multiple solutions using different techniques,
including intelligent backtracking, looking-ahead and
forward checking technique [69].
Particularly, in numeric CSP model, functional,
inequality, linear, and non-linear constraints are
supported, and variables are represented by an interval
of continuous numerical values. In this area, we can
distinguish several works on interval constraints.
Classical propagation algorithms for continuous
domains such as Waltz propagation [81] and Davis
algorithm [23] provide relatively poor results: they
ensure neither completeness nor convergence. Interval
propagation technique is used by Hyvönen [45] to
compute local consistency in term of solution functions.
However, these techniques are not always able to
determine the variable domain: slow to converge and
limited for disjunctive constraints. Furthermore,
domain-splitting technique introduces choice point
problem and can quickly leads to combinatorial
explosion. Lhomme [55] proposes interval propagation
formalism based on bound propagation. Another active
area of research is the incorporation of interval
constraints into logic programming. Examples of such
systems include CLP (BNR) [5], Newton [6] and Cleary
[20]. Important shortcoming in these algorithms is the
postulate that constraints are required and static, thus,
dynamic and hierarchical concepts are not supported. In
order to surmount these drawbacks, Kwaiter et al. [49,
50] have presented a generic constraints solver called
ORANOS. This solver uses an interval propagation
technique to maintain equality and inequality
constraints. ORANOS is a dynamic constraints solver,
that dynamically re-satisfies the constraints network as
new constraints are added, existing constraints are
removed, and constraint strength is changed. It supports
constraint hierarchy in order to deal with over-constraint
problem.

5. Constraints-Based Graphics Systems.
Many systems use constraints solvers to create and
maintain geometric relationships between graphic
objects. The following subsections describe some of
them, and examine techniques developed to specify and
represent constraints. Since there is a long history of
using constraints for graphical applications, we
concentrate rather on system that include dynamic and
hierarchies constraints solver.

5.1 Drawing Systems:
In a constraint-based drawing system, the user
specifies relationships among drawing parts as persistent
constraints maintained by the system during later
edition. In case of computer-aided design systems,

modifying these relationships may be a major part of the
design.
Major interactive drawing applications support
geometric constraints among graphic objects. Sketchpad
[77] pioneered direct manipulation permitting users to
directly manipulate graphical objects by dragging them
with the light pen and also was used in order to feign
some mechanical links. Sketchpad introduces constraint
methods, permitting users to specify relationships
between objects; for example two lines must always be
parallel. Users can drag objects with a light pen in order
to build mechanical links. The resolution takes place in
two phases. First, propagation of the degrees of liberty,
and second, a relaxation phase based on numeric
methods used if the first phase fails because of cycles.
Sussman and Steel [76] have implemented several
constraint languages distinguished by their ability to
maintain dependency information. Then, this information can be used both to produce explanations about
derived values and to direct backtracking. However, the
interaction mode is strictly textual. Vandyke’s IDEAL
system [78] is a language to compose graphics that uses
constraints to describe graphic objects and their relative
positions. Gosling [36] has produced a constraint-based
graphical layout system called Margritte. Margritte’s
constraint system operates only on simple numeric
scalars. However, the user may define new structures
and complex constraints to operate on these structures.
Both IDEAL and Margritte use algebraic techniques to
solve simultaneous linear equations.
The graphic system Juno [65] allows constraints to
be graphically specified by selecting icons and points.
These constraints relate model elements to a textual
program in charge of drawing the model. However, the
system domain is limited to simple primitive objects.
Contrary, Juno2 [39] provides a powerful declarative
language in order to enlarge its extensible class of nonlinear constraints. CoolDraw [32] is a constraint-based
drawing system that uses a local propagation technique
[72] to maintain geometric relationships between objects
in 2D. In CoolDraw, the user can create, move, reshape,
and delete objects. In addition the user can dynamically
add and removes constraints on objects.
Constraint techniques have also been applied in 3D
systems. The Variational Geometry system of Light and
Gossard [57] has restored interest in use of constraint
techniques for designing 3D objects. Bruderlin [11] and
Rossignac [71] have presented constraint based solid
modellers. Bramble [34] supports drawing in three
dimensions. In this system, lights and cameras are
considered as objects to be constrained and manipulated.
Constraint methods have been applied to surface modelling, allowing users to manipulate surfaces without
knowing the underlying representation. Fowler [29] and
Welch, Gleicher and Witkin [82] present a simple
constraint method to control point on B-Spline surfaces.
Celniker [14] describes methods to interactively
optimise a shape. In [15], this method has been extended

to a larger class of constraints. Welch and Witkin [83]
extend this work to a wider variety of constraints to
permit to a user to stitch together pieces of surfaces.

5.2 Constraint-Based Direct Manipulation
Systems:
Direct manipulation techniques have been
successfully used for geometric modelling tasks. With
these techniques designers, for example, can control the
geometry of objects by interactively garbing and pulling
them, with continuous update. In this area, we can
distinguish several works that support interactive user
manipulations:
Bier [7] has presented a technique developed to
quickly and interactively design precise 2D and 3D
shapes. A synthesis of the best properties of grid-based
systems, constraint networks, and drafting has resulted
in a new technique called snap-dragging. To help
precise construction, a set of lines, circles, planes, and
spheres, called alignment objects are constructed by the
system at a set of sloped, angles, and distances are
specified by the user. The user can snap the cursor onto
these alignment objects, onto their points or lines of
intersections, or onto scene objects using an adjustable
gravity mapping.
The Bramble graphical toolkit [34] supports user
interactions through differential manipulation technique
[33], where constraints specify the object attributes
derivatives over time, rather than their exact values. For
example, if the user wanted to drag an object using the
mouse, this operation would be implemented with a
constraint that force the object to always move towards
the current mouse position. This result in a user
interface where objects move smoothly as the user
interacts with them.
Fa [27] has proposed an interactive constraintbased solid modelling system using an intuitive 3D
graphical interface. The system supports constraintbased 3D manipulation techniques used within a virtual
environment to design and assemble solid models only
with 3D manipulations. The system employs an automatic constraint recognition technique, able to recognise
assembly relationships and geometric constraints (such
as against, coincidence, tangency and concentricity).
Constraints are expressed between solid models from
user'
s 3D manipulations. These constraints are stored in
a directed graph called a Relationship Graph (RG).
Then, an allowable motion technique computes the
remaining degrees of freedom of a solid model from its
constraint information in the RG. This allowable motion
is used to automatically constrain the subsequent 3D
manipulations of the solid model, without invalidating
its associated constraints. The system uses graph-based
algorithms and incremental constraint satisfaction to
allow interactive simulation of inverse kinematics and
closed-loop mechanism problems.

TWEAK [43] is an interactive constraint-based
manipulator tool set for editing CAD models. It provides
manipulator tools to place vertices, planes and rigid
objects interactively picked by the user on graphic
elements. These manipulators are connected to a
Conceptual Engine 3D constraints solver, based on
propagation of degree of freedom. The solver ensures
that changes are consistent with relationships defined
between the geometric elements of the model.
Moreover, users are not obliged to completely specify
shapes by constraints but can freely mix constraint
definitions with geometric constructions in a more
intuitive manner.
Kwaiter et al. [48] have proposed a geometric
constraint system named LinkEdit that provides an
interactive tool to construct objects from rigid
primitives, and to constrain them using several
constraint types. A constraint is presented by a multimethod to easily define the reciprocal relations between
objects. LinkEdit uses local propagation technique [72]
and propagation of degrees of freedom technique [80] to
efficiently maintain constraints organised in a constraint
hierarchy. As the proposed solver is independent of the
space dimension, it is used for both 2D and 3D
geometric constraint systems and algebraic ones. In
LinkEdit, geometrical constraints, dynamic constraints,
and interaction constraint are provided. For instance,
when a user selects an object, one interaction constraint
is added in the constraint graph and the solver resatisfies the graph. As the mouse is moved when
grabbing constrained object, only a set of local modified
methods will be re-executed. However, where the user
releases the mouse, the added interaction constraint is
removed from the graph. Furthermore, internal and
external constraints are introduced as a new paradigm to
define the complete behaviour for a rigid object.

5.3 Constraint-Based User Interface Systems:
A number of user interface toolkits allow the
programmer to create constraints about graphic objects’
position, and to establish connections between different
user interface elements.
ThingLab [8] is a constraint-based laboratory used
to construct simulations of such things as electrical
circuits, mechanical linkages, and demonstrations of
geometric theorems. ThingLab use two kinds of local
propagation, as well as relaxation, to solve constraints.
ThingLab  [60] supports constraint hierarchy, and
includes a compiler to optimise structured and constrained objects. Optimisation is obtained by discarding
unnecessary structures and compiling constraints into
native code [31].
Garnet [64] provides many facilities to help the
programmer construct highly interactive user interfaces.
It includes a prototype-based object system and supports
a retained graphics model that eliminates the need for
the programmer to explicitly redisplay graphic objects.

Rendezvous system [41] supports distributed
applications development, operated by multiple users at
once. It is based on the Abstraction Link View
architecture, where multiple people interact with
different graphic displays, co-ordinated via constraints
stored in a single database. The user interface
construction tools TRIP3 [63] map abstract objects and
relations onto sets of graphical items and geometric
relations for visualisation.
In virtual reality system Gobbetti and Balaguer has
proposed a VB2 system [35] based on SkyBlue
constraints solver. The system uses constraints to
maintain relationships between object’s properties, to
maintain connections between the 3D input devices and
objects in the virtual world, and to maintain the
connection between a virtual tool and an object. For
example, at different times the same 3D input device
can be connected to different virtual world objects, but
removing the current constraint and adding a different
one, taking advantages of SkyBlue’s ability to rapidly
add and removes constraints.
Other user interface toolkits that use constraints
include GROW [3], MEL [40], Cactus [62], and GITS
[66].

5.4 Constraint-Based Animation Systems:
Several constraint-based systems have incorporated
the notion of time. The Animus system [25] supports
constraints relating numeric variable values and the
derivatives of these values over time. During an
animation execution, the derivatives are used to
repeatedly compute the next variable value, performing
an approximate integration.
TBAG system is a toolkit to create interactive and
animated 3D graphics [26]. TBAG supports static
objects that represent a single object state, as well as
constrainables that represent a continuous flow of object
states over time. TBAG uses a local propagation
technique [72] to maintain constraints. Multi-way
constraints can be declared among constrainables. More
complex constraints support time-based relationships. A
constrainable vector that represents the derivative over
time of a constrainable position gives an example of
relationship. TBAG includes cycles solver that accepts
cycles of constraints, and call an ODE solver to satisfy
them
Virtual Studio [2] is a 3D animation environment
where all interactions are done in 3D and where multitrack animations are defined by recording user’s
manipulations on 3D models. At the end of the
recording session, animation tracks are automatically
updated to integrate the new piece of animation.
Animation components can be easily synchronised using
constrained manipulation during playback. The system
uses a multi-way and multi-output dataflow hierarchies’
constraints solver [72]. Indirect constraints are exploited
to define most of the modelling and animation

components’ behaviour in a declarative way. The solver
also provides necessary fixed connections among
components to compose animated and interactive
behaviours.

5.5 Geometric applications as CSP:
Many problems in researches including automated
geometric layout, computer vision, simulation, planing
and design (which previously appeared to be involved in
a particular application domain, and therefore solved in
an ad-hoc manner), can now be seen as instances of
Constraint Satisfaction Problem technique. For instance,
Faltings [28] motivated a constraints-based approach to
CAD, Haroud [38] deals with global consistency for
continuous domains.
Aggoun et al. [1] has proposed a cumulative
constraint system to improve the efficiency of CLP
languages for solving difficult scheduling and
positioning problem. Baykan and Fox [3] employ the
constraint-directed search as a principal solving
technique for intelligent CAD, and use some heuristics
and criteria to reduce research domain. Criteria who
participate to the decision choice are the number of
constraints carrying on a variable, the dependence of the
constraints and the toughness of the constraints.
Several works have addressed the problem of
solving geometric layout as CSP. For example,
Charman and Trouss [17] deal with rectangle, whereas
Lorenzo and Pérez [58] treats more general polygons,
and Du Verdier’s technique deals with non-overlapping
constraints.
LayLab Framework [37] is a multimedia layout
toolkit designed to automate the generated material
layout as well as constraint-oriented support of graphical
editing and design. It incorporates a collection of two
constraints solver including a local propagation solver
SIVAS+ and a finite domain solver FIDOS. The first
one extends the constraint hierarchy solver [30] by
indirect reference constraints in order to allow dynamic
input and user interactions. The second, FIDOS
interprets positioning heuristics as domain specific
constraint abstractions and uses intelligent backtracking
to enable an early pruning of the search space.

5.6 Declarative Modeller Systems:
The objective of declarative modelling is to provide
some powerful tools to stimulate the designer'
s
creativity during the conception process. With this
approach, in description phase, the designer has the
possibility to describe a scene without giving numerical
data, but by expressing the mental image of the scene in
almost natural language. Then, in generation phase, the
modeller has to explore all the possible scenes to select
the most appropriate.
In declarative modelling, constraints have a very
significant role in the design process. The designer uses

them to easily describe complex scenes. The declarative
semantic of constraints allows to specify relations
between objects. Moreover, constraints lead to a better
control of the solutions produced by a declarative
modeller, to facilitate an incremental design. Thus, the
ergonomy of the modeller is greatly improved by the
constraints solver efficiency.
In current literature, considerable works have
adapted declarative modelling approach according to
several points of view. A scene can be described in one
step [18, 21, 24, 70], or in an incremental manner [56].
In order to refine the produced solutions, Martine and
Martin [61] propose a technique to sort the
representative solutions, so the user must not visualise
all the solutions. Colin and al. [22] provide a set of tools
to help the user to understand the produced solutions.
Other works address the CSP technique, either to
generate one or multiple solutions [56], or to reduce
execution time
[16,68].
2
DEM ONS declarative modeller (Declarative
Multimodal MOdeliNg System) [51] represents an
interesting
declarative modeller for 3D scenes.
2
DEM ONS allows the designer to easily describe the
scene using geometric and topologic constraints in a
rather natural language. It also lets him2 explore the
scene from multiple points of view. DEM ONS accepts
to dynamically add and remove constrained objects and
launches the incremental constraints solver, ORANOS,
to re-satisfy the system when a designer’s intervention
occurs.
Unlike other classical declarative modellers,
2
DEM ONS [52, 53] finds a non collided position for
constrained objects, dealing with semantic and the
pragmatic constraints.

6. Conclusion.
Modelling with constraints is a paradigm, which
contains a high potential for playing that important role.
The primary goal of this paper is to demonstrate the
power of constraints as a method to specify relationships
among objects in graphical applications, and how the
modern CAD/CAD systems support constraint solvers
as design automation tools. The second goal is to
explain how these solvers are developed to improve the
productivity of designers in creating new product
design, reuse previous designs, and exploring variations.
Despite its promise and the many research efforts
made in the past thirty years, constraint solving has
remained a very difficult problem. Even though there
are several different approaches developed, there is still
no one general, efficient, and robust enough for
commercial use.
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