Increasing the efficiency of declarative modelling. Constraint evaluationfor the hierarchical decomposition approachDimitri Plemenos, Karim Taminemodelling in computer graphics allows property-based scene descriptions. Theproperties of a scene are often used to get a set of constraints which must be resolved. Indeclarative modelling, scene properties can be imprecise ; thus, the generated system constraints can admit several solutions. A special form of declarative modelling, modelling by hierarchical decomposition, generates a system of constraints, a part of has hierarchical dependence structure. In this paper, we present constraint methods as an alternative to constraint resolution. These methods have several and also some drawbacks. In order to attenuate these drawbacks, new organisation techniques together with changes to the used tree search techniques areKeywords :Geometric modelling, declarative modelling, computer graphics, Modelling is a very important step in computer graphics because it allows designing ofscenes, i.e. abstract descriptions of objects of real world, which will be used by algorithms to obtain more or less realistic images. Well known geometric models allow design by using faces or surface patches and solid sub-models like trees or Brep. Two papers by Lee and Requicha ([1], [2]) resume the main geometric used in solid is badly to scene ; anew modelling technique appears at the end of the years 1980. This modelling, uses high properties to design scenes. Such a presents many and also some in the solution is consuming. The purpose of this work is to present some in the generation process of a special form of modelling bydecomposition. Combination of these allows important a brief of we in section 2, the ofby In section 3, we present a offor this kind of modelling. Some drawbacks of techniques will discussed in section 4. These justify the use of new in solution search process, which will be presented in chapter 5. Finally, section 6 will permit present some conclusions concerning of the new techniques exposed in New improvement techniques will be presented in section 7.Declarative modelling by hierarchical decompositionThe purpose of declarative modelling is to attenuate drawbacks of classical by offering the possibility of scene using can be More modelling allows the user to tell which properties must verify athe manner to obtain a scene these properties. Because the has no necessarily complete knowledge of all details of the scene he (she) wants In order to allow descriptions at various detail we have introduced a new modelling so-called modelling by decomposition

If a scene is easy to describe, it is described by a small number of properties which be (higher than as high as etc.) or (elongated, very rounded, etc.). Otherwise the scene is partially described properties easy to describe and is then decomposed into a number of sub-scenes and the process is to each sub-scene. In order to express scenes of a scene, placement (put on, pasted on the left, etc.) and Thus, let�s consider the of a scene composed of three Walls ¥the Walls and the Roof are pasted on the left of the Garage and ¥¥This all known properties of the scene but it is not easy to understand possible contradictions are difficult to detect. Instead of this one, we propose a based on a functional by introducing new objects other, real or virtual objects. Thus, in description of figure 1, we introduce the new The scene named is to describe and is decomposed into two .

ResidenceHouseWallsRoofGarageDecompositionHouse is pasted on the left of GarageThe top of Garageis 80% roundedHouse is higher than largeHouse is higher than deepDecompositionThe top of Roofis 70% roundedRoof is put on WallsFigure 1 :This user description is translated into an internal model, made up of a set of In this set of rules appear properties like , , etc. are into the properties can be added to the base of the bythe expert user. The is by the and is used

¥description can be made at various detail levels and thus enables to describe scenes ¥the properties of the scene to design can be described without having to ¥enables property ; thus, if and must .The scene generation uses the hierarchical multi-level which Starting with an sketch of the scene, the modeller applies description rules order to refine progressively this approximative representation and to get, finally, a set The scenes generated are actually solids or a union of solids. Generation of other kinds ofscenes by top-down description an generation is possible but not In order to get a number of unprecise we use adiscrete defined during the description step. The use of a discrete workspace is atool of limitation of the number of generated scenes, which also s, in many cases, ¥can be made at ; thus, one can stop the scene ¥generation insures of properties ; thus, if one specifies that is on the left of , this property be true for all sub-scenes of , at any On the other if has the property , this property is byScene generationScene g�n�ration using an inference engineThe first of the MultFormes uses a engine to implement the hierarchical generation technique. This inference processes the rules and facts of the internal model. The applied strategy uses Starting from a goal to the engine scans the rules of the model ¥¥¥¥¥.This presents some : the memory space used increases fast with the scene complexity ; it is not possible to display individual solutions ; it is difficult to establish a general application order for rules in order to Generation using constraint evaluationgeneration technique using only an inference engine and rules is memory consuming because generated facts include several solutions. So, we ¥generation of a fact, to each node of which a set of constraints (so constraints) is associated. A set of constraints is also generated ¥

Constraints

ConstraintsConstraintsConstraintsConstraintsResidenceHouseGarageWallsRoofGlobal constraints

Figure 2 :Reduction of variation is obtained by the of rules other than rules. These rules have a double action : reduction of variation intervals and ¥¥Generation of constraints indicating that the values of the corresponding In the same way, application of size rules permits to reduce variation intervals of ¥¥If ¥If .this of is not of intervals occurs only to margins of intervals and the gain is light for a Local are introduced in order to improve generation. The purpose of is to of more or less sets of if it is Thus, it is possible that the embedding box of a node verifies a size property, whereas property is not by a particular scene generated into this embedding box (figure 3). Inthis case, it is useless to explore all of the sub-scenes of the current scene occurrence. So, figure 3, all scenes must Breadth < Height but this property is not by a

HBB < H bhbutb > hNode embedding box sceneembeddingboxFigure 3 :The only way to know of a node a property is the constraints by this property. only global this occurs too when all of child nodes of the current node been On the other hand, it is no possible to all constraints for each occurrence of a Introduction of local constraints, i.e. constraints concerning only this node, permits to Thus, a separated module traverses the hierarchical fact and, for each set of values ofsets of constraints. For each new set of values of attributes of a constraints of the node are If all constraints for are the process is pursued descending nodes of the node occurrence. Otherwise, a new occurrence of the current node is generated and Global constraints are only if a of the root node has a successful of constraints of all node of the tree depending on A solution is if and global constraints are satisfied. If a solution is found, Scene generation using constraint offers better performances than the one usingAdvantages and drawbacks of generation using Several recent modellers use constraints to express properties of scenes [4]. The of using in DMHD is its it to process constraints of any kind and in opposition methods of of this is its low cost in memory : a single fact isThe main drawback of the method is its cost in terms of useless very because of the nature of of occurs only to margins of these and gain is light for a refined sampling of The problem of evaluation of a set of constraints, often called the constraint problem, is treated in several papers and books [9, 10, 11, 12, 13, 14]. Some of In the following section, we will study methods to improve generation by reducing

Improvements of constraint evaluationIn order to improve performances of generation by constraint we have studied aDynamic reduction of variation intervalsReduction of introduced in section 3 is a static one and this is the reason of its lack of for a refined sampling of the It would be to complete this static reduction with a dynamic reduction of of the This is based on the fact for a node of of its descending nodes cannot be outside of defined by and current ofIn order to avoid unnecessary evaluation of node occurrences, dimensions of the node must be to descending nodes to reduce their Inthis of dimensions of the nodes of the fact are These results are by the facts : of this drastic reduction, with sampling refinement, of the number of useless attempts to Evaluation of constraint sub-systemsConstraints generated during the generation process are of two types : and constraints. global constraints are in reality the expression of and inter-sceneWe can organise global constraints into several constraint sets, where every set contains ato one node of the fact and to its child nodes [7]. The main ofsuch an is to be able to as quickly as possible the reason of a global constraints. it is useless to of descending nodesLet us consider the current state of the hierarchical fact, during generation phase, shown figure 4.

ABCDE

AiBjCkDmEnXi : current occurrence of the node XFigure 4 :current state of hierarchical factSuppose that, during evaluation, triple (Ai, Bj, Ck) does not verify the set of constraints GC(A) node A and its child nodes. this does not The new state of the fact is obtained by computing the next occurrence of deeper unsaturated node (D in figure 4). When a new evaluation of global constraints fail again because the set of constraints GC(A) not be as Ck) the same. Thus, it is not necessary to of B, CTo unnecessary we must all Bj+1, ... of B for constraints GC(A) are not If the node B is i.e. if no of B after we must apply the same process to node C. If all child nodes of the node A the same process must be to the node A. If A is also ofSome resultsHe two using and

Model 1Residence (x,p) -> CreateFact (x,p) House (y,x) Garage (z,x) PastedLeft (y,z,x);House (x,p) -> CreateFact (x,p) HigherThanLarge (x) HigherThanDeep (x) Walls (y,x) Roof (z,x) PutOn (z,y,x);Garage (x,p) -> CreateFact (x,p) TopRounded (x,80);Walls (x,p) -> CreateFact (x,p);Roof (x,p) -> CreateFact (x,p) TopRounded (x,70);

Model 2Houses(x,p) -> CreateFact (x,p) House1(x2,x) House2(x5,x) PastedLeft(x2,x5,x);House1(x,p) -> CreateFact (x,p) HigherThanLarge (x) HigherThanDeep (x) Roof(x3,x) Walls (x4,x) PutOn (x3,x4,x);House2(x,p) -> CreateFact (x,p) DeeperThanLarge(x) Part1(x6,x) Part2(x7,x) PastedBehind(x6,x7,x);Part1(x,p) -> CreateFact (x,p) AsDeepAsLarge(x) TopRounded(x,80);Part2(x,p) -> CreateFact (x,p) AsDeepAsLarge (x) TopRounded (x,80);Roof(x,p) -> CreateFact (x,p) Rounded(x,100);Walls(x,p) -> CreateFact (x,p);

Model 3The same as model 1 but with arefined sampling of workspace.The following two tables illustrate obtained results for static and dynamic reduction

variation intervals. For model 1 and model 2, given results are those obtained at the end of generation process whereas for model 3 generation was put off after 2200 attempts.

ModelNumber ofcandidatesolutionsNumber of solutionsModel 11806Model 27006Model 322000(generation off)ModelNumber ofcandidatesolutionsNumber of solutionsModel 1566Model 21656Model 3220015(generation off)Global constraints. Static reduction of variation intervalsGlobal constraints. Dynamic reduction of variation intervalsThree generated scene examples are shown in figure 5.

Figure 5 :examples of generated scenesComments : ¥¥of of increases the of model. Thus the number of processed scenes is by 3 for model 1 New techniques to improve constraint evaluationIt is possible to the studied in section 5 by the notion of The problem global constraints is that they are too in case of the tree fact) has been and a solution found.Integration of global constraints into local constraints for each node, would permit Is this integration possible ? What are global constraints ? They are the expression ofand inter-scene properties. Thus, we can consider global constraints as ones, to each taking into that these constraints concern also the nodes of the current node. global constraints disappear and we only With the new improvement technique, global constraints are suppressed and all constraints become local..This extension of constraints increases of but it can by changing the tree search strategy. Depth-first search must be by a strategy using depth-first and then search. search of all descending nodesof a node can be useless if its child nodes do not constraints describe The new search strategy is the following : Depth-first search, then breadth-first search forchild nodes of a node. If the constraints are depth-first search is again. Ifbreadth-first search fails, tree search is stopped. Figure 6 enumerates all steps of a

12345678910Figure 6 :Figure 7 the gain by a mixed search strategy : if the two nodes of 2do not depth-first search this only at end of search this at the beginning of search and itTree searchCut partsDepth-first searchMixed search strategyFigure 7 :Constraint in DMHD is a very interesting technique because it allows a We have presented, in this paper, improvements increasing the efficiency of The major part of these has been and the obtained results very promising. The obtained gain increases with the complexity of the scene. The

not yet is the last based on the extension of However, we do think this approach is very promising ; thus it will be integrated into Improvements presented in this paper permit to increase strongly constraint efficiency. Thus, even if some constraint resolution techniques remain more efficient this has the to be to any kind of[1]LEE Y. T., REQUICHA A. A. G., Algorithms for computing the volume and [2]LEE Y. T., REQUICHA A. A. G., Algorithms for computing the volume and integral properties of solids. II.A family of algorithms based on [3]LUCAS M., MARTIN D., MARTIN P., PLEMENOS D., The ExploFormes : afew steps to declarative modelling of forms. Conference Informatique G�om�trique et Graphique, Strasbourg, from 29th November to 1st[4]MACULET R. Manhattan algebra, constraint satisfaction and constrained [5]PLEMENOS D., A contribution to study and development of scene generation and display techniques - The MultiFormes project. Professorial [6]PLEMENOS D., modelling by decomposition. The actual of the MultiFormes project. Conf�rence internationale GraphiCon�95, St [7]PLEMENOS D. TAMINE K. by engine and in a hierarchical modeller of three-dimensional scenes. AFIG’95, Marseille, 22-24[8]PLEMENOS D. TAMINE K. to in modelling by hierarchical decomposition. 3IA�96 conference, Limoges (France), 3-4[9]FRULWIRTH T., HEROLD A, KUCHENHOFF V., LE PROVOST T., LIM MONFROY E., WALLACE M., Constraint Logic Programming. An [10] MACKWORTH A. K., Consistency in networks of [11] MOHR R., HENDERSON T. C., Arc and path consistency revisited. [12] VAN HENTENRYK P., DEVILLE Y., TENG C.M., A generic [13] FREUDER R.J., [14] WALLACE R.J., FREUDER E.C., Comparing constraint satisfaction and Putman for the problem. D.S. Johnson and M.A. editors : Second DIMACS 1995.