
1.  Introduction

Modelling  of  complex  virtual  environments 
(for example realistic urban zones)  represents 
a tedious task even for a people with a good 
knowledge  of  classical  geometric  modellers. 
For  example,  a  relatively  small  virtual  scene 
(500m2) (see Fig 1.1), required nine months for 
an experimented computer graphics designer. 

Complex scenes are characterized by the great 
number  of  objects,  as  well  as  the  spatial 
relations and the natural layout of the objects. 

The use of properties and constraints can help a 
non-experimented  user  to  achieve  a  design 
task,  because  it  provides  a  way  to  create 
complex and realistic scenes (for example non-
existent  cities  according  to  an  architectural 
style) in a natural and easy way. 
Such  problems  can  be  solved  by  the  use  of 
declarative  modelling  which  is  a  recent 
alternative  to  imperative  modelling  proposed 
by  M.  Lucas  (see  ExploFormes  project)  in 
1989. 
Declarative  modelling  is  both  based  on 
modelling  by  constraints  and  semantic 
knowledge (see Fig 1.2). 
This  knowledge  concerns  the  pragmatic  and 
functional aspects of the objects added into the 
virtual  environment.  The  development  of 
declarative modellers involves techniques that 
are  at  the  intersection  of  several  fields  of 
research  (see Fig 1.3).

Fig  1.3:  Fields  of  research,  enhancement  of  a 
figure proposed in [5]
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Fig  1.1.:   A  future  district  in  the  French  city  of  
Colomiers, near Toulouse [25]

Fig 1.2.: Declarative modelling 



The goal of declarative modelling is to offer a 
designer the possibility to describe a shape or a 
scene  by  expressing  a  mental  image  of  the 
wanted  result.  So,  the  purpose  of  declarative 
modellers is not to be a substitute, but a real 
improvement  for  imperative  modellers.  The 
scene  is  created  from  the  set  of  properties 
supplied by the designer, while an imperative 
modeller accepts only precise numerical data or 
accurate interactions, via a classical graphical 
user interface (GUI).

Properties  allow to  achieve  many  imperative 
elementary  actions,  by  the  way  of  a  single 
abstract  order.  They  are  composed  of 
geometric, photometric and physical rules, and 
spatial relations between parts of a scene (or a 

shape).  Sketching  can  also  be  used  as 
description of a complex shape. 
Recently,  many projects  using  properties  and 
features  have  been  developed  in  different 
domains  as  architecture,  urban  layout, 
prototyping,  assisted interaction,  and "text-to-
scene" systems.
Declarative  modelling  is  a  way  to  create 
incomplete  models  of  a  scene.  The  designer 
gives a vague and imprecise description, then 
the  system  fills  out  the  missing  data  and 
computes a solution. The user can modify the 
description  in  order  to  obtain  a  better  result 
(see  Fig 1.5). So, this iterative design process 
allows  a  progressive  convergence  between 
problem understanding and produced solutions.
Declarative modellers are usually decomposed 
in three major steps, that correspond with the 
three steps of a declarative design task (see Fig
1.4). 
This paper presents an overview of declarative 
modelling. It introduces its major concepts and 
issues. The three first sections present the three 
steps  of  a  declarative  modeller  (description, 
generation,  and lookup steps).  Then, the next 
section  details  the  properties  that  have  been 
used  in  declarative  systems.  The  last  section 
presents  the  critical  steps  that  have  to  be 
studied to improve declarative modelling. And 

Fig 1.4: The three steps of a declarative modeller(Description, Generation, and Lookup)  (GEODE team of the  
GDR-PRC-AMI)

Fig  1.5.: Spiral design process (GEODE team of the 
GDR-PRC-AMI)



finally  the  paper  ends  with  a  conclusion  and 
perspectives.

2.  Description step
With a classical imperative geometric modeller, 
the user must determine himself the sequences 
of elementary actions that produce the wanted 
shapes or scenes, while a declarative modeller 
allows  the  designer  to  describe  a  scene  by 
giving a set of properties (spatial relations or 
more specific properties). 
The description step is the most sensible and 
decisive one. It allows the designer to provide 
properties and relations between the objects in 
the scene. 

2.1.  Interaction modalities

The  description  step  can  use  different 
approaches, according to the options chosen by 
the research projects.
Many declarative projects have focused on the 
generation  step  and  the  description  step  has 
been restricted to a script. Nevertheless, some 
projects  offers  the user  the  possibility  to  add 
properties in an incremental way.
In  order  to  facilitate  the  description  of  the 
scene, two kinds of interactions are used:
• gestual interactions (selection with a mouse, 

sketching with a digital tablet, etc.),
• written or oral pseudo-natural language.

2.1.1.  Script
The  script  is  composed  of  constraints,  no 
interpretation  is  needed  (cf.  Constraints 
definition in  Fig 1.4). It provides (in a quasi-
natural  or  a  specific  language)  the  whole 
description  at  a  time.  A  such  approach  is 
notably used in;
• MultiFormes project [4][39],
• DEM2ONS_GA1 (see  Fig  2.1)  and 

DEM2ONS_03 (see Fig 2.2) [40][29].
But, when a script is used, the user must know 
the constraint formalism, and this represents an 
important drawback that limits the use of the 
declarative modeller. The other modalities offer 
more  easiness  to  provide  the  properties,  in 
agreement with an incremental design process.

2.1.2.  Gestual interaction
The description can be provided from a  GUI 
by  the  way  of  classical  actions  (selection  of 
objects  or  relation  between  objects).  The 
interaction can be based on a 2D or a direct 3D 
interaction. 

This  represents  an  incremental  and  more 
natural way according to the spiral process, as 
the designer modifies the description in order 
to obtain better results. Among the declarative 
projects we can point up:
• GINA and MarINa projects: build 3D shapes 

from a sketching or a picture in perspective 
and geometric constraints [42][16],

• DEM2ONS_98  (see  Fig  2.3)  and 
DEM2ONS_LE (see  Fig 2.4):  use a classic 
GUI  to  add  the  properties  solved  by  an 
adapted solver [22][26],

• CAPS:  the  system  uses  a  pseudo-physics 
module, and functional, explicit, and implicit 
constraints  to  help  the  user  when  he  adds 
objects into the scene [44].

1 DEclarative Multimodal MOdelling System

Fig  2.1.:  Exemple  of  scene  generated  with 
DEM2ONS_GA

Fig  2.2.:  Example  of  scene  generated  with 
DEM2OND_03

Fig  2.3.:  Example  of  scene  generated  with 
DEM2ONS_98



2.1.3.  Language interaction
With the WordsEye project the user gives the 
description with a natural language support (the 
Text-to-Scene  system  can  be  tested  on: 
www.wordseye.com).  A very  important  data-
base is used to translate the sentences in a set 
of  constraints.   Knowledge about  functionali-
ties and tags is used to deduce the related parts 
of the objects and the attitude of the characters. 
Much  attention  has  been  focused  on  the 
linguistic  aspects  and  we  note  that  the 
generated scenes are isothetic (parallel with the 
scene axis) and not really complex [10].

2.1.4.  Multimodality

The designer wishes to provide the properties 
in  a  simple  and  easy  manner.  With  a 
multimodal  interface,  immersion  (total  or 
partial) and interactivity are both possible. The 
user can generate multimodal events (e.g. "put 
this there" where "this" and "there" are selected 
with the gestual modality).
• ICon  (Input  Configurator)  is  a  multimedia 

toolkit  designed  to  build  reconfigurable 
interactive applications. ICon is used in the 
MaggLite  project  to  develop  a  multimodal 
toolkit [21][15],

• DEM2ONS_93  was  designed  to  test  a 
multimodal  approach of  declarative  model-
ling [2] (see Fig 2.5). This work was carried 
out in collaboration with the VILAIN team 
[1].

2.2.  Semantic knowledge
The  designer  must  have  the  opportunity  to 
formulate a description, in agreement with the 
mental  image  of  the  scene  that  he  wants  to 
create. To avoid the ambiguity and imprecision 
inherent in natural language, the interpretation 
must be based on a semantic database.
Pragmatic and functional knowledge is used by 
the  generation  system to  position  the  objects 
into the scene according to a given context.
For  example,  plates  will  automatically  be 
stacked in the kitchen and disposed around the 
table  in  the  dining  room,  and  the  default 
position of a chair is in front of a table, but in a 
housecleaning context, the chair is upside down 
on the table (see Fig 2.6).  

So,  the  semantic  knowledge is  used to  avoid 
some  extra  explicit  precision  given  by  the 
designer. The usual functionality of the objects 
is  automatically  chosen,  unless  the  designer 
indicates another possibility. Thereby, this is a 
way  to  limit  the  description  to  the  main 
elements, and to avoid unnecessary precisions.

3.  Generation step
The  description  step  provides  a  set  of 
properties  corresponding  to  the  description. 
The  generation  step  has  to  analyse  those 
properties so as to obtain a consistent solution. 
So,  the  initial  set  of  properties  must  be 
interpreted,  according  to  the  application 
domain, in order to provide the generation step 
with  a  set  of  constraints  (e.g.  geometric 
constraints)  (see  Fig  1.4).  During  the 
generation  step,  constraints  are  handled  by  a 
constraint  solver to determine one,  several  or 
all the possible values for all the variables of 
the problem. This step performs an exploration 

Fig 2.5.: Multimodal interface of DEM2ONS_93

Fig 2.6.: Semantic knowledge: housecleaning context

Fig  2.4.:  Example  of  scene  generated  with 
DEM2ONS_LE



of  the  solution  space  (totally  or  partially)  to 
find one, several or all the solutions that match 
the properties given by the user.
Up to  date,  no satisfactory solution has been 
proposed  for  this  class  of  NP-complete 
problems,  that  corresponds  to  "The  sofa 
problem", proposed by Howden in 1968.
The following solving methods have been used 
in different declarative modellers:
• search tree [34],
• specific procedural approach [2],
• interval analysis based systems [7],
• generative grammar [38],
• constraint satisfaction:
– Scriptographie, proposed in  [13],  uses  an 

optimization  algorithm  and  an  inference 
engine,

– CSP,  Space-CSP,  and  Numeric-CSP: 
[5][6][23][27][39],

– CLP-FD: [35],
– Metaheuristics:

✗ Genetic algorithms [40],
✗ Taboo research [26].

Their  efficiency  depends  on  the  adequacy 
between  the  chosen  solving  method,  the 
constraint representation (simple or composed 
variables),  the  research  space  representation 
(explicit, semi-implicit, or totally explicit), and 
the current application domain. The choice of a 
solving  method  depends  on  definition  of 
constraints and variables.
A balance must be obtained between 4 criteria:
• memory space, 
• accuracy of the representation,
• efficiency,
• simplicity of implementation.

Complete  methods  can  be  preferred  when  a 
scene  contains  few  objects  (about  several 
dozen)  and  not  many  constrained  variables. 
Meta-heuristics, and in particular Genetic algo-
rithms, give better results when numerous and 

non critical objects have to be placed according 
to a same set of constraints.

3.1.  Objects characterization
The  characteristics  of  objects  are  used  to 
interpret  the properties in constraints,  as they 
allow  the  determination  of  related  equations 
(relations between variables of the problem).
Simple variables (9 float numbers, see Fig 3.1) 
or  composed  variables  (8  points)  give  the 
position  and  orientation  of  each  object. 
Placement tags define the area that corresponds 
to the spatial relations (see Fig 3.2).

Simple  variables  provide  homogeneous 
representations  and  treatments.  Composed 
variables  offers  a  more  exact  representation, 
but their heterogeneity implies a more complex 
generation  processing.  The  selection  between 
the  two  representations  will  depend  on  the 
compromise  between  a  simpler  and  faster 
generation process and an exact representation.

3.2.  Search space model
The search space representation depends on the 
application domain and the generation method.
• Explicit:  store  all  the  possible  values 

(discrete  case).  The  memory  increases 
exponentially with the number of variables, 
so this representation can be used only for a 
small number of variables,

• Semi-explicit:  an  explicit  representation  is 
associated with every variable. A projection 
method  is  necessary  to  project  every 
constraint  according  to  the  variables  axis, 
and this is not always possible,

• Implicit:  the  description  contains  the 
representation.  The  memory  space  is 
constant and a consistence test is sufficient to 
validate an object placement, relatively to a 
analogical domain.

Different  domain  representations  have  been 
used:
• Set of 1D values [4],
• Pseudo-continuous space, the search space is 

represented by the Cartesian product of the 
1D domain of the variables [7][22],

• Union of  disjointed  isothetic  rectangles  [6] 

Fig 3.2.: Quadric placement tags (before and bellow)

Fig 3.1.: Simple variables



or boxes [29],
• Union  of  convex  polygons  [26][44] or 

polyhedrons [27].
Multiple representations can be used in order to 
accelerate the generation process,  to limit  the 
needed memory, or even to allow the solution 
search:
• From a compact and discrete representation 

to a enumerative discrete representation [6],
• From a pseudo-continuous representation to 

a discrete representation [23],
• From an implicit representation to an explicit 

representation [39].

3.3.  Constraint model
The constraints are determined from:
• properties (explicit constraints),
• contextual data (implicit constraints).
So, properties must be assessable to correspond 
with constraints and cannot be subjective (e.g. 
"a beautiful layout").
A constraint admits three representation levels, 
depending  on  the  constraint  complexity,  the 
number  of  variables,  and  the  generation 
approach:
• Implicit: if the constraint is too complex. In 

this case, a consistency test is necessary,
• Projective: thanks to projection methods on 

the  variables  axes  (see  Fig  3.3).  This 
generates  a  domain  that  includes  the 
projected variable domains,

• Explicit: when a constraint is simple enough 
(discrete  domain,  or  2D  or  3D  matrix  as 
discretization  of  a  continuous domain),  the 
set of values is completely provided.

3.4.  Primary constraints
Properties  are  translated  in  composed 
constraints,  decomposed  themselves   in 
primary constraints.
Primary constraints are combined to represent 
the relations between objects. To accelerate the 

solving  process,  the  arity  of  the  constraints 
must be low (from 1 to 4).
Some  projects  use  only  low arity  constraints 
and  avoid  the  decomposition  in  primary 
constraints [5][30][40][39].
Otherwise,  the  constraint  decomposition  can 
produce  a  great  number  of  primitive 
constraints.  For  example,  a  composed 
constraint "the box A inside the box B" where 
each box is represented by 8 vertex, produces 
48 constraints of arity 4 (constraints like: "the 
point  P is  inside the  half-space  defined  by  3 
points P1, P2, P3").

4.  Lookup step
Principle Mechanism

Freeze or comment [34] Fix a part of the solution 
during the generation step

Classification of solutions 
[5]

According to numeric or 
symbolic properties

Presentation tools [24] Determination of a good 
viewpoint

Navigation tools [3]
Exploration of the 

generated environment
Incremental refinement of 
the description [22][28]

Adding, removal, or 
modification of properties

Table 1:  Lookup usual methods

This step allows the designer to visualize all or 
a  part  of  produced  results.  When  a  single 
solution  is  obtained,  a  viewing  tool  is 
sufficient.  A good viewpoint of the generated 
scene  can  be  computed  from  the  supplied 
properties  [33][24]. If there are a few number 
of solutions,  the designer can visualize all  of 
them  successively.  When  a  huge  number  of 
solutions  is  generated  (corresponding  to  the 
exploration  of  the  solution  space),  adapted 
tools are required in order to help the designer 
to determine a suitable solution (see Table 1). 
Most  of  declarative  modellers  choose  to 
present only one (well-balanced) solution to the 
designer, because he still has the possibility to 
adapt the set of constraints to obtain a result in 
accordance with his mental image of the scene.

5.  Properties
Properties  in  declarative  modelling  are 
particularly  used  for  three  main  tasks  [6]: 
defining  the  layout  of  objects  in  a  virtual 
environment,   partitioning the  space,  and 
building  of complex  objects  (sculpting  or 
combining basic components).

Fig 3.3.: Semi-explicit domain vs implicit domain



Properties  can  be  organised   among  a 
preliminary rough classification (see Table 2).

General Specific
Spatial  

Relations
Basic Boolean checking of properties
Fuzzy Use of fuzzy operators and modifiers

Table 2: Main classes of properties in declarative  
modelling 

5.1.  Basic properties
A definition of basic properties, as considered 
in declarative modelling, has been given in [9]: 
"A mapping of the universe of shapes Uf into 
the  set  {true,  false};  a  Boolean  value  is  
associated with each shape indicating verified 
properties".
Basic  properties  are  used  to  set  the  exact 
objects characteristics {"one window in every 
room"}.  This  definition  permits  strict  evalua-
tions but does not allow fuzzy evaluations of 
properties.  Quantifier  and  modifier  concepts 
have  been  introduced  in  [7],  but  a  strict 
formulation  of  intervals  induces  too  precise 
descriptions. 

5.2.  Fuzzy properties
Fuzzy  properties  have  been  introduced  in 
declarative  modelling  by  [12].  They  are 
structured as follows: "Object is fuzzy-operator 
{extremely,  much, rather,  normally,  few, very 
few,  extremely  few}  fuzzy-modifier {exactly, 
more or less, really, etc.} basic-property". 
Fuzzy properties  allow partial,  imprecise  and 
negative descriptions {"deeper than", "in front 
of", "the house is rather big", "not little", etc.}. 
The  designer  obtains  one  or  a  set  of  partial 
results from a few of fuzzy properties. Then he 
can  refine  the  description  or  fix  some 
characteristics in order to accelerate the solving 
process. This spiral design process corresponds 
with  the  main  concept  of  declarative 
modelling:  the designer obtains a  preliminary 
scene and then converges to a suitable solution 
without having  a priori a  precise idea of the 
result. 

5.3.  General properties
General  properties  mainly  concern  morpho-
logic features {sizes ("rather big", "as tall as", 
etc.),  positions  ("between",  "put  on",  etc.), 
numbering ("exactly one window", "at least ten 
trees"),  and  hierarchical  decomposition}  and 
appearance {materials and colors}. Attempt to 

classify general properties is rather impossible 
as every project has its own organization (one 
can  found  various  propositions  in  [5][4] 
[35][11]). Nevertheless, general properties can 
be categorized in:
• Elementary  or  absolute  properties  fit  with 

unary relations {"very important length"},
• Relative  properties  correspond  to  N-ary 

relations {"much more wide than high"},
• Hierarchical or constructive properties allow 

an  iterative  and  successive  design  process; 
an ascending or descending analysis is used 
to facilitate the design task [4].

5.4.  Specific properties
Description of non-elementary shapes based on 
general properties could become a tedious task, 
in complete opposition with declarative goals. 
So,  declarative  modellers  of  complex  shapes 
generally provide the designer with predefined 
shape  models  associated  with  specific 
properties.  A  shape  model  concept,  as 
described in  [19], associates functional, beha-
vioral, and structural properties with a specific 
classification  of  objects.  The  attributes  asso-
ciated with the properties allow the designer to 
adapt the model to obtain the resulting shape. 
This  shape  model  concept  can  be  found  in 
different declarative modellers:
• Exploformes groups a set of projects together 

which goal is to explore a particular solution 
space:

– PolyFormes:  generates  semi-regular 
polyhedra  from  a  precise  mathematical 
vocabulary [31],

– SpatioFormes: generates a shape by voxel 
removal (destructive evaluation of a spatial 
enumeration  matrix).  The  description  is 
given  by  three  orthogonal  projections  of 
the  shadows [36],

– MegaFormes:  generates  megalithic  sites. 
Specific  properties  are  used  to  describe 
overall  morphology of stones and Spatio-
Formes  is  then  used  to  simulate  the 
erosion.  Layout  of stones is  described by 
means of spatial relations [37],

– VoluFormes: Absolute or relative properties 
control  the growth  process  of  stalagmites 
and plants into predefined volumes.  [7].

• Urban and architectural design:
– BâtiMan:  properties are used to assemble 

components  of  a  building.  Each  class  of 
components  is  defined  by  a  set  of 



numerical and symbolic attributes used to 
classify  the  solutions  to  facilitate  the 
visualization of results [5],

– Urban layout: components are combined to 
create  relative  complex  city  maps  [30]. 
Properties  {size  of  streets  and  areas, 
crossroads,  structures  of  areas  and 
buildings}  and  their  interpretation  in 
precise  geometric constraints  are deduced 
from true urban layouts.  Components  are 
organized according to an adaptive grid,

– VUEMS:  modelling  of  flat  (2D½)  urban 
environments.  Geometric  and  semantic 
constraints are used to manage self-moving 
of  entities  (cars  and  people)  in  the  city 
[43],

– Bunraku: uses procedural models based on 
a  scripting  language  and  functional  L-
systems to model urban features [32],

– Wall  Grammar  For  Building  Generation: 
automatic  generation  of  realistic  building 
exteriors with templates [25].

5.5.  Spatial relations
In  declarative  modelling,  spatial  relations  are 
used  to  define,  as  precisely  as  possible,  the 
relative  or  absolute  positions  of  objects  (or 
components) into a scene. Therefore, conflicts 
can  occur  and  must  be  detected  as  soon  as 
possible to avoid useless computing time. 
Semantic of spatial relations is very important 
for  an  adequate  understanding  of  a  scene 

description (see Table 3). Many works refer to 
relations  between  linguistic  and  cognition  in 
spatial reasoning:
• Put:  direct  object  manipulation  and natural 

language, combining works about cognitive 
linguistic and direct manipulation [8],

• Mental  representation  of  spatial  relations: 
study  of  differences  between  route  and 
spatial description [20],

• Vitra  (Visual  TRAnslator):  analysis  of  real 
scenes  and  route  descriptions  in  order  to 
study  topological,  projective  and  spatio-
temporal relations between objects [18],

• Modeling using guide lines:  the user draws 
guide  lines  on  a  picture  to  indicate  the 
position of the objects after their projection, 
then spatial and projective relations are used 
to  calculate  the  position  of  objects  in  the 
corresponding 3D scene [14]. 

Intrinsic
Independent of the context and 

the speaker's position

Deictic 

Canonical

Relative to a referent (object or 
speaker's position)
Usual orientation

Plausible Not an usual orientation but used 
in particular cases

Absolute
Geometrically possible, but does 

not correspond to any usage, 
whatever the context 

Table 3: Objects orientation

Table 4: Classification of properties used in declarative modeling [17]



5.6.  Classification of properties 
After the observation of the different classifi-
cations  proposed  in  declarative  projects,  we 
have  deduced  a  proposition  of  a  compact 
classification of properties used in declarative 
modelling (see Table 4).
The  great  diversity  of  employed  properties 
implies  that  a  generic  modeller  is  not  really 
possible. 

6.  Critical steps
The generation step has been the most studied 
and  adapted  constraint  solvers  has  been 
developed.  But,  the  ability  of  declarative 
modellers  to  produce  satisfactory  results 
depends  as  well  on  the  two  other  steps 
(description and lookup steps).

6.1.  Interpretation of the properties
The generation system (see §2.2)  has  to  take 
account of  the specificities  of  the application 
domain, in order to efficiently solve the set of 
contraints,  obtained after  the interpretation of 
the properties. So, properties are the descriptive 
entities  that  allow  the  user  to  define  the 
relations  (in  particular  spatial  relations) 
between  objects.  The  interpretation  has  to 
translate  the  properties  to  obtain  a  set  of 
constraints.  This  step  is  critical  because  the 
quality of the results depends on the quality of 
the  translation.  If  not,  the  result  will  not 
correspond with the user's wishes.
A correct  interpretation  must  take  account  of 
the notion of normality, that is to say:
• the normal usage (functionality) of an object 

in a given context,
• the intrinsic orientation of the objects,
• the deictic  orientation,  due to  the speaker's 

location,
• and the possibility to have a particular object 

(referent object), that defines the  orientation 
of  the whole scene (e.g.  a  blackboard in a 
classroom). 

The job knowledge is also crucial, to provide a 
correct  result  and  take  into  account  of  the 
practices.

6.2.  Lookup step
The choice of one or several “good” solutions 
is  not  a  trivial  task.  Most  of  time the solver 
deals with strongly under-constrained problems 
and  this  can  generate  a  huge  number  of 
solutions. 

So the generation system could provide three 
possible kind of results:
• generate all the solutions, but this implies the 

exploration of the  whole solution space (cf. 
ExploForme projects),

• choose a set of representative solutions [4],
• generate  only  one good and well-represen-

tative solution[26][29].
So,  the  problem  is  to  determine  what  is  a 
representative solution. The application domain 
and  the  user's  wishes  must  be  considered  in 
order  to  determine  the  solution  values  that 
produces a good solution.
During the lookup step, a declarative modeller 
should  offer  to  the  user  the  possibility  to 
directly modify the resulting scene. This can be 
obtained according to the next possibilities:
• the objects  can  be  interactively  moved but 

they  stay  inside  their  definition  domain, 
obtained after the constraints resolution,

• new properties can be automatically extrac-
ted  from the  new locations  or  orientations 
obtained from the direct manipulation of the 
objects [41].

So, these two critical steps shows that the final 
goal  of  declarative  modelling  is  to  obtain an 
effective  cohabitation  between the  imperative 
and the declarative approaches, in order to help 
the user during all the design process.

7.  Conclusion
The  presentation  of  the  three  steps  of 
declarative  modelling shows that  the  descrip-
tion  and  the  lookup  steps  have  been  less 
studied than the generation step. 

Future works will have to focus on:
• A correct interpretation of the properties to 

easily obtain a realistic layout,
• The  notion  of  normality  to  simplify  the 

description task,
• Efficient generation methods able to provide 

guaranteed  or  not  guaranteed  results, 
according  to  the  importance  of  objects  or 
constraints,

• Direct  manipulation  of  the  generated 
environment,  with  a  control  mechanism to 
ensure  the  coherency  with  the  properties 
given by the user.

Until now, declarative projects have focused on 
the constrained layout problem. 



Nevertheless, the generation of complex shapes 
will lead to new problems:  
• Characterization  of  properties  and  cons-

traints about shapes,
• Study  of  gestual  or  textual  interactions  in 

order  to  ease the design process (e.g.  both 
sketching  and  properties  can   be  used  to 
create a constrained shape).

So,  to  improve  declarative  modellers,  colla-
borations  with  people  who  work  on  shape 
design will be necessary.      
To conclude,  we can see that  introduction of 
declarative concepts  is a way to add intelligent 
operators into geometric modellers, to help the 
user in the design process.
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