(IMACs)

Artificial
Intelligence,
Expert Systems
and Symbolic

Computing

E.N. Houstis and J.R. Rice,
~ Editors

North-Holland




Table of Contents

1. Al Techniques
Modelling Physical Systems,

C.P. MeGann, J.B. Grimson, D.P. Finn ... 1
A Fuzzy Logic Based Technique for Fault Detection in Complex Engincering Systems,

S Daley, Ho Wang. .. .oono oottt et e e e e e e s 13
The Event Calculus: A Logic-Based Computational Formalism for Reasoning About
Change, R.A. Kowalski. . ...oooeo it e e 22
A Relation Between lsometries and the Relative Consistency Concept in Probabilistic
Logic, Djamel Bouchaffra...... ... o i i 27

Dealing With Granularities Using Uniform Event Calculus,
Eurico Maim . ..o e 37

2. Knowledge Bases

A Knowledge-Based Simulation Server,

W. Loyolla, F. Gomide, M.J. Mendes........oomoe e 50
Knowledge Acquisition and Hierarchical Structures for Modelling and Simulation,
E.B.Tangi, DA Lindenid, S BEEHE o cvnwscvim mamsnimm bt se s s fom s 60
Acquisition of Application Specific Knowledge for Configuring Monitoring and

Diagnosis Systems, D. Sefdel. ... ..oooooiiii i e 70

3. Problem Solving Environments for Scientific Computing

Construction of Large-Scale Simulation Codes Using ALPAL:
Generation of a Hydrodynamics Code Module,

Grant O. Cook, Jr., Jeffrey F. Painter . ........oiu i e 82
The Engineering of Modern Interfaces for PDE Solvers,
Btyts N HouEts, TR TREEE oo s s (0 e i e S S R S 89



Modeling Tasks and Methods in a Knowledge-Based PDE Solver,

Francois Rechenmann. ... ... i i ittt ea e e 95
Computational Steering in a Distributed Computer Based User Interface System,

Richard L. Peskin, Sandra 5. Walther, Toufic Boubez. ......ooooiiviiireiiiiiinnnannn. 104
A Knowledge-Based Modelling Environment for Numerical Simulation,

N.J. Hurley, D.P. Finn, N. Sagawa ... .....oooouoinmii ittt aaaaeiiaananans 114
Aun Interactive Session With a Knowledge Based System for Mathematical Software
Selection; L iGladwell M TRTES oo smnie s o v s s 5 e S e i S s Vi s 123
XELLPACK: A Distributed Problem Solving Environment for Elliptic Partial

Differential Equations, Paul E. Buis, Wayne R. Dyksen .. .......cooovviiiiiiniiina.. 130

A Programming Environment for Distributed Memory
Computers — Application to Scientific Computing,
8. Chaumette, M.C. Counilh, J. Roman, B. Vauquelin, P. Charrier.................. 136

4. Symbolic Computing
Algorithms of Mixed Symbolic-Numeric Type for Rational Approximation,

. Grotendorst. . o oo e e e e 145
Nonlinear Control System Analysis and Design With Maple,

Bram de Jager ............. R T B S B S 0 U o e 155
Some Applications of Maple to Mathematical, Scientific and Engineering Problems,

T.C. Scott, M.B. Monagan, G.J. Fee, R.M. Corless ...........coiiiiiieaiiiaannn.. 165
ELSA: Coupling Numerical and Symbolic Simulation for Avalanche Path Analysis,
Laurent Buisson, Frangois Rechenmann. ... ... .. ... . i iiiinn 177

Resultant Based Code Generation for the Stability Analysis of Difference Schemes
With the Aid of the REDUCE System, V.G. Ganzha, E.V. Vorozhtsov............... 185

5. Computational Geometry

A Computational Geometric Approach to Motion Synthesis,

Qe e, B TG omiaisss om0 O S S A B S T S T D O RV e 193
(Geometry Based Representations for Mechanical Design: Creation of Optimization
Shells, JR. Bice. .o e e e 203

Scattered Data Fitting Using a Constrained Delaunay Triangulation,
Robert: J. Renka, Afan K. O oo vommmrgus vive s sy smein s s asaisas s




Three-Dimensional Boundary-Constrained Triangulations,

B O S S T T T i Mg msmsmim s 0 a8 A A A R S 215
Tetrahedral Mesh Generation by a Constrained Delaunay Triangulation,

TEmothifde BaREr. . cosm s s o s s sy S s o v S s b e S et e e 223
Automatic Delaunay/Dirichlet Unstructured Mesh Generation for the Solution of

Partial Differential Equations, Rebert E. LaBarre.........couiiuiiiiiiiiiiiaanaan.. 235

6. Computational Vision

Invariance and Synthesis of Optimum Immage Formation Measurement Computer

Systems, 5.A. Filatova, P.V. Golubstov .. ... i iiiiiiniraaenns 243
Intelligent Image Processing Systems,

Vi Cappelling; A MEGOEoE. . vovvvsssmmimmmminnmm s o s a s st e e e 253
The Classification Problem in the Reduced Pecstral Space,

V. Anastassopoulos, AN, Venelsanopoulos............coiiiiiiiiiiiniiiiiiiaranan. 263
Modeling Expertise in Planning Biomedical Image Interpretation,

Leiguang Gong, Casimir A. Kulikowski, Reuben S. Mezrich.......................... 270
Categorizing Objects in the Environment: A Data Model and Organization for Vision,
Alberto Del Bimbo, Paolo Nest. ... ..o i 278
Parallel Methods for Recovering Surface Shape From Image Shading,

Michael J. Brooks .......cooooni oot s e e e 288
Mathematical Foundations of Optimal Interpolative Neural Networks,

RutiPode Frpuethedos s oy i, /st e i S s s 303

7. Applications

Modeling Concepts for Telecommunications Network Planning,

A. Caminada, C. Qussalah, N. Giambiasi, M.F. Colinas, J. Kerneis................. 320
Mathematical Background of Self-Learning Pole Placement Via Non-Recursive

Linear Models, O. Pdstrdvanu, M. Voicu. .. ..ot iiinnns 331
Automatic Generation of Natural Language Documentation for SLAM II Programs,
Douglas G. King, Martin Hitz, Tuncer [. Oren............oiiiiiiiiiaaananninn. 343

Computer-Aided Heuristic and Qualitative Reasoning in Fluid Mechanics,
Kenneth Man-kam Yip

3.



Artificial Intelligence, Expert Systems and Symbolic Computing
E.N, Houstis and J.R. Rice (Editors)
Elsevier Science Publishers B.V. (North-Holland) 27
© 1992 IMACS. All rights reserved.

A relation between isometries and the relative
consistency concept in probabilistic logic

Djamel Bouchaffra

Centre de Recherche en Informatique appliquée aux Sciences Sociales B.P.
47 X, 38040 Grenoble cedex, FRANCE.
E-mail: djamel@criss.fr

Abstract

The paper experiments some topological features in analyzing Nilsson's
probabilistic logic. This approach provides an extension of Nilsson's approach:
by exploring different norms in the space of possible worlds and the space of
sentences. The case of the infinite norm, the L1 norm and the Euclidean norm
is studied and analyzed. However, by using the isometries concept, we found
out that the space of sentences is a probability space. We also demonstrate that
the classical representation (0-1) of the truth values associated to predicates is
not suitable for determining the consistent region.

1. INTRODUCTION

A lot of mathematical work [1] on probabilistic inference already exists. For
instance, the expert system Mycin handled uncertain knowledge, the
Prospector system used a method based on Bayes' rule. The probabilistic logic
introduced by Nilsson encounters some difficulties. We focus only on the
problem of the consistent region associated to a set of predicates. The questions
that one can ask are:

(i) when is the space of predicates a probability space?

(ii) knowing the probabilities associated to (n - 1) predicates, what is the
probability associated to the nth predicate?

(iii) if the latter probability is not unique, what do we do?

In this paper, in order to answer these questions, one first provides an
extension of Nilsson's probabilistic logic [2]: by exploring different metrics. We
secondly show the role played by the isometries concept. The second section
defines the notion of consistency and the probability concept. We expose in the
third section the algebraic and geometric interpretation. From the fourth until
the eighth section, we present several ways of obtaining the consistent region
according to metrics. We explore the infinite norm, the L1 norm, the Euclidean
norm and also their corresponding isometries.
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2. THE CONSISTENCY AND PROBABILITY CONCEPT

We define these concepts by an example : let's consider the following set of
gentences S={P,-PvQ,Q}, so we expect to obtain among all possible worlds (23)
just 22 consistent possible worlds; other possible worlds are inconsistent. We
can write the matrix corresponding to the semantic tree, we call this matrix
"the consistent matrix C",

1100
C=[1011].
1010

We define the probability of S as, P(8) = TP(V;)*¢ :(8) where P(V)) is the
probability that the actual world V_ is equal to V;, the characteristic function

¢ is defined as: ¢ (8) =1if Sis truein V; ;0 otherwise. The V.'s are the

column vectors of the matrix C, i belongs to the set {1,2,3,4}, 8 is any sentence.
This definition of the probability associated to a sentence gives a mathematical
and geometric interpretation of the consistent area in the space of the 3
sentences.

3. THE ALGEBRAIC AND GEOMETRIC INTERPRETATION

Let 's consider the following mapping between the space of possible worlds
and the one of sentences.

X ¥ ¥
V=[P(V1,P(V2),P(V3),PVA)E ——rmrmmememmmemae> (V) = TN = [P(P),P(-PvQ),P(Q)]".

The system ¥(V) = I1 is equivalent to:

P(V,) + P(V,) = P(P)
P(V,) + P(V3) + P(V,) = P(-PvQ)

P(V,) + P(V3) =P(Q)
i=4

st L P(V)=1.
i=1

By doing some algebraic¢ transformations, one obtains:

P(-PvQ) + P(P) - 1- P(Q) = P(V) + P(Vy) + P(V,) + P(V;) + P(Vy) - 1- P(V) -
P(V,) = - P(V3) < 0. Then, one can write: P(-PvQ) + P(P) -1 < P(Q).

One also notices that:

P(Q) - P(-PvQ) = P(V)) + P(V,) - P(V,) - P(V,) - P(V,) =- P(V,) <0.




In conclusion, we obtain:

P(-PvQ) + P(P) - 1 < P(Q) < P(-PvQ).

Remark 3.1. The bounds relative to P(Q) is not found by a geometric approach,
but by an algebraic approach.

The geometric interpretation is based on the following theorem.

Theorem 3.2. X and Y are 2 normed spaces, ¥ a linear mapping from X io Y.
If [V} is a set of extreme vectors according the norm défined in X and Y, then

the set {'¥ (V)] is also a set of extreme vectors according to the same norm.

Proof. Because W is a linear operator.

4. THE USE OF THE INFINITE NORM : L_(x) = MAX | x; |

4.1, The notion of extreme vector

We express in the space X (normed space of possible worlds) the extreme
vector concept by the fact that the norm of any vector V is equal to 1, which can
be written as | V Il = 1. Thus, we can write Max | V; | =1 < Max | P(V) | =1

Vi e (1,2,3,4). However, since ¥ P(V,) = 1, we know that if one component of
the vector V is equal to 1, the others must be 0. Finally, we have obtained 4
extreme vectors (according to Il Il ) corresponding to the base of IR (the

classical Euclidian space). By using the linear relation due to the product of the
consistent matrix C by the column vector of possible worlds probabilities V, one
can write:

YV)=1I & CV =IL

The extreme vectors in the space of sentences are the column vectors of the
matrix C (consistent). Geometrically, the consistent region is the inside of the
convex hull described by of the extreme vectors W(V). The points outside this
volume are inconsistent. When using the mixed product in order to determine
the plane equations, the constraints corresponding to the consistent region are
easily found. Thus, we obtain the inequations:

P(Q) < P(-PvQ),
P-PvQ)+ P(P)-1 < P(Q)
Remark 4.1.1. The bounds relative to P(Q) are now found geometrically. The

geometric region has been searched in order to match with the region found
algebraically: it is s a particular construction.
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5. THEUSEOF THELINORM: Li(x)=X | x; |

Using the property of a linear mapping and the continuity concept, we define
an overvalue relative to the norm of any vector in the space of possible worlds.
The consistent region is contained inside the maximal area assigned to this
overvalue.

5.1. The maximal area containing the consistent region
In the case of the L1 norm, the notion of extreme vector in the space of possible

worlds is defined by I VIl; = 1. Therefore, by this definition, all the vectors

defined in the space of possible worlds become extreme. This remark is
inherent to the fact that a probability must satisfy the concept of exclusivity and
exhaustivity. Additional information is required in order to obtain a square
matrix C. One can assert that the maximal area containing the consistent
region is:

D = {[P(P),P(-PvQ),P(Q),P(v)]! such that P(P) + P(-PvQ) + P(Q) + P(1) < 4}
(where t is the transpose vector form).

5.2, The consistent region
In this section, we set up a theorem which enables us to obtain the consistent
region according to this norm,

Proposition 5.2.1. Any vector defined in the space of possible worlds is extreme
according to this norm.

Proof. This is due to the fact that any probability vector must satisfy ¥ P(V,) = 1.

The technical aspect
Before giving the method and a solution, we have to present some topological

properties. Let P = {V= [P(V,),P(V,),...P(V)]* / XP(V)) = 1 and Vi, P(V)) = P, >0}.

Lemma 5.2.2. P is the space of possible worlds and it is a convex and compact
set in IR™.

Proof, P is convex and closed, because it is the intersection of closed convex
sets; it is also bounded, because it is contained inside the unity sphere I VI, = 1.

Theorem 5.2.3. Let U be a linear operator in IR", C = (Cij) its associated matrix

relative to the classical base of IR™. If ¥ CiJ. =n, Vj(n - I is the number of
sentences in the set of beliefs), Cij =0, then one can write the following
assertions:

-1- U(P) cnP
-2- Ol =njiV{,




Proof. By using the hypothesis of this theorem, one can write:

i=n j=n j=n i=n j=n  i=n j=n

eV =2 2cv, =22 C.v, = ZvEc —nZv

i=l j=1 =1 i=1 1
and both of the relations 1 and 2 are proved.

Proposition 5.2.4. The sets P, UP)/n, U(P)[/n?, .., UXP)/n*,..., form a
decreasing sequence with an intersection D different of &.

Proof. UXP)nk is a decreasing sequence when applying the theorem 5.2.3., so

any finite intersection of the sequence is different of @. Now, for all k, U¥ is
continuous, because it is a linear operator in a finite dimension space, thus,

UKP)YnkK is compact, and NUXP)nk =D = @.
Proposition 5.2,5. U(D) = D and for each probability vector V, U(V) € D.

Proof. If Ve D, for all k = 0, Ve UXP)Ynk, therefore U(V) € UX*}(P)/nk e.g.,
U(V)e D. If We D, by definition of D, for all k > 0, 1V, € UX(P)/n¥ such that
W = U(V). As P is compact, the sequence V, has at least one adherence value
V, then Ve D, since Vi€ NU(P)/n! with i < k and the UY(P)/n! are closed and
decreasing. In conclusion, as U(D) cD and D cU(D) then U(D)=D

Theorem 5.2.6. If C(k) = (Cy(k) ) is the matrix associated to U* /n* relative to the
canonical base of IR™, then a strictly increasing sequence kg, ky, kg,..., of
natural numbers exists so that, for all i and j, the sequence ( Cif kp)) tends to the
limit matrix B = (Bg) when p tends to infinity and L(P) = D where L is a linear

operator associated to the matrix = ,69. J.

Proof. For 2ll (i,j,k), we can write: 0 < Cijk < 1/nk¥; so, for all (i,j) the sequence
(Cijk) possesses an adherence value (Bolzano-Wiertrass). So by setting in order

the finite set of indices i and j, we can by n? extractions of the sequence find an
increasing sequence of natural numbers (kp) so that, for all i and j, the

sequence (C;i(k,)) tends to B = (Bij) (adherence value) when p tends to infinity.
For all p = 1, we can write using the definition of L: L(P)cUKe(P)mkp, thus, also

L(P)cD because Ui(P)/n! is a decreasing sequence. Let Ve D; for all natural
number p, we can find Vi ,€ P such that V = Uk P(Vk )z’nkp If W is an

adherence value associated to the sequence Vp we obtain the result by using
for example the following inequality:



=g

32

Il UKV ymkP - LOW)I < Il URP(V )/nkP - LV ) 1+ T LGV ) - LOW) I,

Proposition 5.2.7. P is the convex hull relative to [leJ, D is the convex hull
relative to {L(e)], where (e} is the canonical base associated to IR".

Proof. This is due to the fact that L is a linear operator and L(P) = D.

We can find the application of the previous topological results in [4].

6. THE L1 ISOMETRIES
We are interested by special automorphisms called the isometries.

Definition 6.1. [ X - > Y a non singular mapping, X and Y are 2 normed
spaces, [ is called an isometry if:

Hx-yll=1fx)-f3) ] Vay) € X¥Y.

As each vector defined in the space of possible worlds is extreme according to
this norm, when dealing with isometries, we obtain the following proposition.

Proposition 6.2. If C € L(IR"), the following assertions are equivalent:

A-ffCV = =V =1
-2- EC;‘_;: 1 vjie[l.n] and Cijz().

Proof. it is the theorem 5.2.3. forn = 1.

Remark 6.3. This is a particular case (n = 1) of the work done previously.
However, any vector I1 = (I1,) satisfies Y. I, = 1. This case is the one where the
space of sentences is a probability space. The solution for P(Q) is unique and is
equal to 1- P(-PvQ) - P(P) - P(A).

Proposition 6.4. One must change the classical representation of the truth
values and takes £1 and €2 with (0 < £1,£2 <1) for new representations. If the
number of predicates increases, we have to choose very small values for £1 and
£2 in the interval [0..1].

Proof. This is due to the equation 2 of the proposition 6.2.

7. THE USE OF THE L2 NORM:L, (x) = ( Ix;2)"2

In this section, we use the Euclidean norm to find the minimal sphere
containing the "consistent” region, We show that the problem is equivalent to




