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CHAPTER 1

INTRODUCTION

e



Expert systems are recognized to’ perform well in narrow domains Q‘:k\
woere rules of thumb are essential to solve problems (Gevarter, 83).
Expanding their ‘acmain of competence generally implies that problems
of consistency of the manipulated knowiedgé% of control of the overallv
system, of combinatorial exploéﬁon of the seérch space are encountered L@

(Barr & Feigenbaum, 81), (Emman & al., 80). Several organizations of
expert systems have boen proposed which have a number of , ekpe\b-
lsystens : cooperate, each’ managlng some spec1allzed domain, thus
allowlng the handling of a larger domain (Erman & al., 80}, (Rychener

& al., 84). However, such issues as the overall control and the

coherence the dedicated system activities are important (Durfee &

al.; .

" Remote sensing, the science of acquiring data at a distance and,
their interpretafion is. a large and complex field enconpassing a
number of related but well-defined sub-domains (Swain & Davis, 78).
An important application is the detection of changos in forested areas
fof resource management purposes(Park & al.,” 83). Automating the
process ,of detecting coanges by use of conventional and algorithmic
-programs have achieved only limited successes. Among the problems are
the sophlstlcatlon of the dec181on processes required, which 1nvolve
heurlstlc decision rules rather than decision-theoretic ones, and the
complexity of the context (Tinney & al., 83). It would thus be

interesting to introduce expert systems in remote sensing.

The purpose of the thesis was to design a tool for the building

of a hierarchy of expert sfétems specialized in remote sensing.

SEVERE, an acronym for Systeme Expert vide pour l'Edification d'un

Reseau d'Experts (an Jmpty Expert System for the Construction of a



Network of Experts) is the result of the study. Moreover, to lérove
the feasibility of the hierarchy, SEVERE was Gsed twice to instantiate -
‘two lihkéd nodes dedicated to the particular domain of detecting
“éhanges in forested areas. The"instgntiation highlights the
capabilitids of SEVERE, and the promises of creatihg a distributed

™ ,
envirorment of hierarchically organized expert. systems %n remote

sensing. ’ .
X

' The present thesis ﬁi}l'thus'fifst recall the essential - aspects
of érgificial intelligénde and  remote sensibg in chapter two and
tgree_' Then a hierarchigal orgénié;tion of expert systems is proposed
highlighting the design issues in chapter four. A presentation of
SEVERﬁ fbilows in chapter five describing the ﬁain design decisions
made . for 1its implementation. SEVERE is then instantiated in %hapter'
six as an expert system dedicated to thé? detection of changes in
~ forested aregs. “The instantiation presents the problém at hand and
also the approach taken for its solution. The appendik. contains

examples of the output provided by SEVERE in the case of the proposed

instantiation.

s
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CHAPTER 2

INTRODUCTION TO ARTIFICIAL INTELLIGENCE AND EXPERT SYSTEMS



This chaptef presents a brief hisforical review of BArtificial
Intelligence, from the . perspective of expert systems. The main
jfeatures generally found in expert’ systems are introduced. Production
systems are emphasized and thefunctioning of controi structures is

N

explained in the light of a taxonomy. We conclude with a discussioq

on distributed expert systems.

-~

2.1 HISTORICAL REVIEW OF ARTIFICIAL INTELLIGENCE AND EXPERT SYSTEMS

Artificial intelligence (AI) is the generic term for the field

concerned with creating smart computers (Winston & Prendergast, 84).

,

A
A "gmart computer® is a system which could exhibit, to some degree,

such "intelligent behaviors" as seeing, ‘' solving problems,
understanding a- natural language, learning, etc...Each of these -

iz,

capabilities correspond to sub-domains of Artificial Intelligence.

b d

2.1.1 The Early Period

Artificial Intelligence emerged as a research field as soon as kthe
first canputef, ENIAC, was built in 1944. The first studies dealt
with finding solutions paths.in search spaces (first studies by Von
Neﬁmann ané Morgenstern) (Cordier, 84). However, such studies
required too high computing power for the time, and interesting
studies did ;;; begin before the late Ffifties. Soon, several
erncouraging resufts gave the hope that a '"general problen solver"
could be devised, *which could solve any (or many) problem(s) by
applying a few methods of reasoning and little knowledge. Research

was focused on finding those methods, and did not succeed in solving

other than theoretic problems. Handling' real situations implied a

¥,

-



combinatorial explosion in the search space which ruled out actual
applications, I'I‘hese early studie{s" were concerned with problems with a
simple wording, where everything is known with certainty, and where a
deep and iarqe arborescence had to he created (Pitrat p 84;. Solving
mathematical equations was a. typical problem. Such problems as
formulating a medical diagnosis were considered as ill-defined or
ill-structured problems, with possibly erroneous data and unreliable
knowledge and, thus, set a‘side.‘

o

In a parallel direction with this unsuccessful‘ research, some
scientists began to design systén;s, dedicated to a limited domain,
with a simple "engine" which manipulated a large amount of knowledge
stored outside the engine and provided to the system by an expert ofl
the field. The underlyiné idea was that humans use a tremendous
anount  of knowledge in solving problems, that they are Jften
specialized and consequeni:ly their competence degraci;és quickly as soon
as’ the problem at hand goes outside the scope of their favourite
domain. |

-

' The first “expef:t system", named "Dendral® .(BUCHANAN & al, 69),
was designed to find the developed structure of unknown chemical
comrounds from experimental data. ﬁ‘he team which built it was’
initially composed of two Ai—researcher's and a Chemist; many other

researchers afterwards contributed to increase Dendral's power.

L)

Dendral exhib{ted many of the current features of expert systéns:

\/\ -
-

)

-6 -



The domain was very narrow.

Knowledge was not mixed with the mechanism making inferences,

and was stored _separately in a "Knowledge Base" (Figure 2-0).
b

Knowledge, especially of heuristic nature, was acquired from
a human expert and translated into a coded form by one or two

knowledge eng ineer‘s .

Studies demonstrated that Dendral's power was not based upon its

inference mechanism, which was fairly simple, but upon the

completeness and the quality of its knowledge base (Smith & Carhart,

'}R).

2.1.2

-

i
INFERENCE | KNOWLEDGE
| ENGINE | BASE
| I
Figure 2-0

One of the Basic Concepts of an
- Expert System : , .
Knowledge and Deduction System are separated.
The Knowledge Base stores the knowledge of a
limited damain, which is used by the inference
engine for inferring results and providing a
soclution to 'a problem.

The Fertile Period

Dendral showed the way for many other expert systems devised during

-3
the seventies. Further important concepts in Knowledge Engineering

-~ o
;
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emerged from experimental systems, such as, Mgcin {Buchanan !§
Shortliffe, 84), tHearsay (Lea & Shoup, 80), Internist (pople, 77),
Prospector (Duda & al, 78),_@§ny_ features found in present expert
systems and .the way they are implemented dgrive.directly from thesé
experiments. The blackboard approach, the distinction tween meta-
and object- levels, concepts which wi%l/be used throughout this studx,

are examples of the important results drawn from this period (Barr &

Feigenbaum,ial), (Hayes-Roth & al., 83), (Buchanan & Shortliffe, 84).

2.1.3  Perspectives

Some evolution is forecast for the architecture and the
characteristics of expert systems. The future may see the emergence

of the expert systems that would include features such as (Winston =

(

1. A genuine natural language interface, allowing its use by

Prendergast, 84):

non-specialist people.

(4]
.

The capability of automatically breaking .acquired knowledge .

into elementary vieces.

3. The capability of automatically structuring the knowledge

base, thus easing the maintenance and consistency cheécking

(Husson, 8%).

4. The capability of automatically acquiring knowledée from

.experience, i.e. learning.,
: ~

| R




5. The capability-of determining the relevance of a request: is

‘ it within the scope of the system's competence ?
6. The capability of degrading gracefully when the request is at
the limit or outside of the system's competence.

2.2 RELATED CONCEPTS

—

2.2.1 Artificial Intelligetice Programming Léngéaggs

. One important deéign issue in Artificial Intelligence is 'the
developing of adequate programing languages. Od; .of the main
advantages of these languages over convéntion;l oneg is their ease in
manipﬁlating symbolic data rather than only numerical data. The first
such language was IPL (Newell, Shaw & Siﬁon,'57), which is no longer
used. One of the most popular languages is undoubtly Lisp (Winston,
77) wvhich stands for List Processing, and has- the distinctive.
capability of using lists, for hoth writin§ programs ané s%%ring data.
This unique feature allows a program to reason notably on data, but
also on itself. Other new features such as thé recursive use of
conditional expressio;s, a more declarative or mathematical way of
representing fufctions than the step by step representation of most
landuages, also contributed to the success of Lisp, especially in the
United States., However, a few other languages are also popular, such
as Pop-2 (Burstall & al., 71) mostly used in Great Britain and Prolog
in Europe and Japan; Prolpg, which stands for "Programming in Logic",
was proposed by A. Caulmerauer in 1969 (Roussel, * 75), and is a

sub-set, of the different concepts used in first-order predicate-logic

(Srumbach, 82). Prolog allows recursions, and backtracking in a
/

-9 -
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search spéce, and has an embedded inference éngine, J;he Prolog proof
grocedure" (Clocksin & Mellish,81). Such features make Prolog a
language of choice for the design of expert systems (Colmérauer, 84y,
(Pereira & Warren, 80) and a numbe; of expert . systems were recently
written in Prolog (Parcy, 82) or inklanguages related to the Prolog'
family such as SNARK (ﬁauriere, 84), (Popescu, R4). M-Prolog is a
dialect with intéfeéting' features such as many built-in predicates
easing the writing, the capability of creating modules and of

cuﬁpletely defining the links between the mqu}éé (Gur-Arie, 84).

Other languages have been desiqned either as egpert-systens

building systems such as Ops-5 (Forgy & McDermott, 77) or as power ful
rtnlanguages for specialized domains sucﬁ as'Snalitalk-in education (Kay
& Go}dberg, 77) .« Last but not least, moét Al-oriented languages are
vroposed with ﬁowerful support enviromment easing the '@riting,

r '

debugging and testing of implementations.

2.2.2 Expert Systems

An expert system is a program intended to mimmic a human expert's
‘way of reasoning within a specialized and delimited domain (Bramer,
A2). It 1is generally understood that expert systems have the

following capahilities (Buchanan, 82):

a) [Expert systems model human knowledge ip a limited domain and

apply it -to solve problems,

- 10 -



b) Expert systems handle uncertainty by stoxing' uncertain

_ knowledge ard by being able to combiné uncertain h?potﬁéses.
) Expert' systems provide explanations about the line of

reasoning.

d) Expert systems can modify the knowledgé—base by learning or
by direct acquisition of new pieces of knowledge from a human

expert.

-

Expert systems contain two types of knowledge (Cordier, 84):

1) freneral knowledge of the domain, the one which can be found in

relevant books, and is usually of a factual nature,

2) Heuristic Knowledge, that is knowledge which can only be
acquired from _experiencé. This knowledge is also called "rules of ‘

thumb" and may be subject to dispute.

Al

It is the ability of expert systems for storing, exploiting and

explaining heuristic knowledge which makes them valuable.

)

2.2.3 Knowledge Engineering

Knoﬁledge Engineering is the field where "kndw&edge—based sytems,
i.e. expeﬁt systems, are studied and applied. A knowledge engipeer
creates the "inference engine", i.e. the system which will manipulate
knowledge to_ make deductiens, and also translates in a form
undexrstandable by an expert system, knowledge provided by a huyan
expért. Moreoveé, the knowledge engineer also generally designs the -
other systems required in an expert system, namely the explanation

facility, the knowledge acquisition system, and the natural-language

T ——

- 11 -



interface. _ - ; ‘ /ﬁ\iﬁ

2.2.4 Knowledge-Répgésentatidn
e
The history of Artificial Intel;igence shows that knowledge is the
key issue in the desigﬁ of expert systems and the way it is stored is
~0of prime imgortaﬁce. ‘Sucp questions as "how to preéisely enter an
expert's idea", "how t& é;se the manipulation of.the knowledge by the
expert sys£em“, 7 how knowledge canlbe easily altered or updated", "how

to enter such features as time and'uncertainty",}.. are considered in

the choice of the representation.

-

2.2.5 Rule-Based Expert Systems

Many ways of encoding knowledge have been proposed (see '2.4"), but
most leiisting expert systems use a rule format;for this‘purposé. A
rule is a "situation-action" vair, the situation béingJ? description,
‘comprising both elements that may exist and conditions, the action
being a set -of deductions. ' Rules were already used by Babylonians to
"rule" everyday affairs (Jaynes, .76). The Ebllondng is an example of
one rule: |
Situation : if a horse enters a man's house

and (if) it bites either an ass or a man,

r

Action : (then) the owner of the house will die

¥

and his household will be scattered.

A set of rules is also called a "production system" (production
meaning rule. here). ‘The inference engine of a rule-based expert

\ system thus combines the rules wiich may be fired to reach conclusions

- 12 -



or solutions of a given-problem.

2.3  EXPERT SYSTEMS: A DETAILED PRESENTATION

2-3.1

feneral Architecture’

An Expert System generally contains the following five elements

(ﬁmerd):

1.

A Knowledge-base which stores all the different kinds of

knowledge the system embodies.

An Inference Engine which, from the available knowledge and

from entered data about the problem -at hand, makes deductions

" and provides an answer to the problem.

[~
.

‘knowledge hasea.

A user interface which allows the user and the expert system

to coomwmicate.

An explanation facility which provides explanations about how
the system reasons on a given problén. The explanation
facility interacﬁs with the inference engine and the
knowledge-base to answer reqﬁests. Cormunication with the

user is usually%performed through the user-interface.

A knowledge acquisition system which allows a human expert,

through the user-interface, to access and change the

The first two modules compose what is called "the shell".

- 13 -
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S s} e | KNOWLEDGE
E S ACQUISITION
R E {=—————o1 SYSTEM —>
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| ——| W ‘
E T —>| INFERENCE |<{-——ww-a—w=| BASE
X B )
P R - GINE . "
E F
R A | 1
T C A\ , \'
E >
EXPLANATION FACILITY
[ —

Figure 2-1
General Structure
of a stand-alone Expert System including
a shell camposed of the inference erngine
and the knowledge base. The arrows
represent the sending of commands and/or data

'I"ﬁough not explicitly shown in E‘;'Lgure 2-1, a knowledge engineer is

required to interface the domain expert with the system. It is

generally recognized that the present capabilities of natural language
[ . . *

inferfaces are not powerful enough for a general user to interact with

a knowledge acquisition system or 30 explanation facility (Grumbach,

R2).

2.3.2 Architecture Of The Shell
The discussion below is restricted to expert systems dedicated to
"classification problems" or diagnosis. e.fﬂ"‘these problems, the

exhaustive list of all the possible solutions are known beforehand and

- 14 -.
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the purpose of the expert system, therefore, is to select the best

solutions itqn the list.

The p;roto-typical shell architecture shown in E‘igure'z-z ¢, 1s derived

from a schema in (Hayes-Roth & al., 83) and éis\bajigl a blackboard

for communications. The main elements are as follows : f
>

1% A Knowledge-base containing knowledge about the domain of

interest and also about the way of solving problems.

2. An Interpreter which applies the knowledge to the problem at
hand, and updates the confidence the system h‘as about the

results it found so far.

3. A scheduler which elaborates and executes a plan of actions
. for reaching a solution, 'me\plan typically contains an
ordering of elements of the system to call. The scheduler

decides, for instance, when to ‘call the interpreter, and

defines to the interpreter what it has to execute.

4. BAn Arbitrator which resolves‘conf_licts. A conflict arises
whenever contradictory results are found. For instance, when
.a problem may hav_eA several competing and contradictory
solutions, the arbitrator is -typically called to select the

likeliest solution among-those deduced during the session.

S Eﬁustifier Interface which stores all the needed information

for the explanation facility. This information will be used
by the explanation facility to retrieve the line of reasoping ‘
used by the shell and explain each step. and deduction made

during the session.

-.15 -



6. A Blackboard which contains

-~ the data known about thelproblém at hand{i

~ the (intermediate-)results found so far (in

subdivision "Data & Results Store"),

#the final result or solution (in subdivision

- - "“Solution™),

~ the steps of the plan elaborated by the

scheduler (in subdivision "Agenda").

'To Knowledge >
Acquisition System

KNOWLEDGE BASE

B ; -
L | .SOLUTIONS |{—-—=>| ARBITRATOR ? Qa—
A .

\C |
K .

B |. DATA &
0 RESULTS |<——=—> INTERPRETER o
A STORE __ :
R )
n
AGENDA  |< > Qo

SCHEDULER

I
l
I

“ﬁ?"‘>] .
‘ gﬁ; | JUSTIFIER INTERFACE -—
To Explanation<-——-|

Facility

Figure 2-2

‘ Anatomy of a Typical Shell
with a Blackboard and a possibly existing
interface with outside (expert) systems
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The scheduler may contain, two levels, in which case one is
»

" dedlcated to the design of a plan of actlon and is called the

meta-levelc and the second to its exgcutlon. If this two-level
architecture is chosen, the .second lével :is generally called the-
scheduler (though an inconsistency arises) and the first-level is then
seen as, an independant mddule {(called the "metaélevel"‘ or

"meta-expert™"). Some expert systems contain a third level called the

"meta—meta-level" which contains knowledge about the manner for

de51gn1?9 lans (DaVIS & Lenat, 82). The design of a nmeta-level is

-

ended whene er an exhaustive search becomes wnfeasible and is

used to gu1de,8:2} search through the more g;omlslng llnes of

'
is accompllshed by focusing on the more 1nterest1ng-

paths in the search space and pruning those paths whlch are less

-

oronising. Aan example of a meta-level is given in chapter six.-

Mot all existing expert systems use a blackboard to store plans,

_ data or results. However, the blackboard is usually considered as a

more general .way of storage than other techniques, such as the context
tree (Suchanan & shortliffe, 84), or the semantic net (Dudat & al.,
78). In the latter, the manner for representating knowledge is fixed,

whereas no such assumption is made or needed inside a blackboard.

2.3.3 Arch&tecture Of The Other Modules ’

.

The knowledge acquisition system and the explanation facility handle

tasks which are at present only supefficially understood: "OQur

efforts at explanatioﬁ and knowiedge acquisition have only scratched

the surface" (Winston & Prendergest, 84),Natural language processing

is bevond the scope of the present study and will not be actually

W
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. | . n e |
considered. - - kf“f: ’TX//

(Davis & Lenat, 82) proooses a schema of what could be a general
architecture of an explanation facility which is highlighted in Figure

2-3:

l I .

| REPRESENTATION l | EXECUTION KNOWLEDGE of
| of CONTROL | -+ TRACE ' WHAT

| : ] . CONSTITUTES

| an EXPLANATION

T |

| | ]

] .'-,.'I"'_l’l
|

"3

’ EXPLANATION
‘ GENERATOR |

J,

Explanationof Program Behavior

Figwe 2-3
Example of a General Architecture of an
—  Explanation Facility, according
- to (Davis & Lenat, 82)

Pl

The Fxecution Trace is a lisp of records about a session of an expert
system, which stores the necessary information to highlight the steps

in the reasq§ing, and how and which elements were used or deduced.

The Knowledge of What Constitutes an Explanation controls what shpuld

be out into an explanation, and how it should be oresented.

“The Representation of the Control Structure models the way the expert

system makes deductions, how knowledge is manipulated and in which
order.. The representation of the control structure can be, therefore,
- . . 4
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considered as a sumary of the characteristics of the inference engine

given to the explanation facility.

Expert systems capabilities for providing explanations are very
restricted. Such parameters as, the user's Ievel of understanding of
the kno&ledge base; of the expert system itself; the user's level of
familiarity about the studied field; or his/her expectations about
explanations; are arbitrafily set during the degign and generally do
not change. In other words, the facility does not adapt itself to the

user's capacity (Oppacher, 84).

A

However, a number oft implementations show intgrestipg ébilities,
and, in particular, "Teiresias (Daﬁis & Lenat, 82). Teiresias is a
superset of Mycin (Shoitliffe, 76) which is an expert system dedicatéd
to the diagnosis -of infectious blood diseasés.' Teiresias contains,
apart from the shéll (i.e., ﬁycin), a "user interface", an
"explanation facility", and a "knowledge acquisition system" which
handle well their respecti&e tasks ’and its main . ideasv of

implementation are used in this study.
’ ' r

2.3.3.1 The mxplanation Facility Of Teiresias

L3
Teiresias basically answers why-type and how-type questions which

can be stated as follows : .

-

t1, why the syétem‘ decided to use a particular rule - (ore

" meta-rule).



-

¥

W S . .
2. vhy the system decided to use a particular element. T

-~

—r \

3. ho¥ the system used a particular rule {or meta-rule).
- 0

4. bhow the system used a particular element. ~

A reguest about an element is Eandled according to the type of
the question. Why-type questiéns explain the situation in‘yhich the
system used an element to infer another element. The facility
highlighté how the inférence engine went one step férther.in its
deductions, by use oﬁ the element. How-type questions have an

opposite meaning in the sense that, given an element, they ask how the

inference engine arrived at that element. Here, the system shows the
brevious situation, from which the inference engine made a one-step

s
deduction to obtain the givenh element.

For explanations about rules, the system merely presents the
Jtargeted rule, its instantiated premise and conclusion, and the values

of the certainty‘factors.

2.3.3.2 The Xnowledge Acquisition System Of Teiresias

Teiresias uses models of rules to gquide the acquis}éioh of new
\-//

- rules. A model is a set of charagteristics which are common for a set

of rules. By édnparing a newly entered rule with the relevant model,
the system is. able to ‘Qarn or"advise the user whenever lgrge
diécrepancies are found between the rule and what '"it should .be"
accordinq'to‘the model . Rules having the same type of action-part are

represented by one model. Models are organized in tree structures.

. The root-model is the more geeifal one. Son-nodes are refinements of

—
o F
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the *father-node. For instance, a model about rules concluding about

"changes" in remote sensing, may have two sons, one model for the
rules confirming a change, the other for those .invalidating a change.
The third level nodes may coﬁtain models representing rules which
confirm (or invalidate, according to the father-node) a certain type

of change.

El

A model in Teiresias contains the follbwing sets:
1. the set of the rules represented by the model,
2. the set of conclusions that may bé_found,

3. the set of elements in the premises,

2

4. the set of correlations existing between two dJdifferent

conclusions, :

5. the 'set of correlations existing between two different

premise elements,

6. one pointer to the father-ncde, if it exiﬁts,

7. one nointer to the son-nd%fs, whenever such nodes exist.
. 7 .

_Each listed conclusion, element of a premise, and correlation is

assigned a nuwber corresponding to a frequency of occurence within the

-

represented set of rules (the actual number being a  weighted

frequency) .

- 21 -



Figure -2-4 is an example of a model for the

1.

2.

following two rules:

recursively tries to

Change <—- A and B and C
Change {—- A and B and D
l ' -
Sets of the Model Content Frequency
of the Sets
' a
l
| set of rules 1,2 -
l
i set of conclusions Change 100%
| set of premise A 100%
| elements B 100%
! . C 50%
l D 50%
set of correlated I
- actions - -
| - premise-elements A and B 100%
A ard C 50%
" Aand D 50%
| Bamd C 50%
‘ - . Band D 50%
| pointer to father-node| A -
l. pointer to son-nodes - -
I
Figure 2-4

A model of rules used in

rule is proposed to Teiresias:

1

Change <-—- A and E

and deeper into the model-tree.

Teiresias’

Each time a model fits and includes a

- 22 -

To further illustrate the concept, suppose that the following new

The first step is to find the appropriate model.

pointer to more specialized models the new models are studied in turn,

The system

find a model fitting the rule, by going deeper



The last model which fits is then selected. The comparison rule/model
is performed by looking for an inclusion of the set of actions of the
rule with the set of tyvical conclusions of the model , In the

example, only one model exists and fits the rule as it has the same

action part, "Change". .

’ r

Teiresias now compares the premise with the set of typical
bre;}Se elements. The elements of the set which are not contained in
the rule are presenﬁed to the user, as long as their frequency of
occurrence is above a predefined threshold., The user may then decide
to keep or reject these elements. For example; a threshold of 75% is
get, and B will then be proposed to the user. The séme step is now
performed‘on the action-part of the rule. 1In the example, since no
other conclusions are made’ -by" the rules of the medel, no other

elements are proposed. \\\\:

Teiresias now attempts to find missing correlations in the
premise part. If an element is‘ present in the rule and if there
exists a correlation between the element and another which is not in
the rule, then the user is informed. The system can be asked to guess
the missing elements, by use of the correlation in the model and the
context. For exam@ie, if the threshold for the correiations were
reset to 40%, then all five correlations are presented to tﬁe useé.
We suppose the user decided that only the’correlation A and C has to

§
be retained, so the rule is now:

~



Change <{-— A and E and C

The same step is now performed on the action-part of the rule but,

the example, no correlation is recorded.

in

The rule is then stored and the models are automatically updated..

The rule number is 3, and Figure 2-5 shows the transformed model:

I
| Sets of the Model Content Frequency
| of the Sets ‘
l
1
| set of rules 1,2,3 -
I »
| set of conclusions Change 100%
l
| set of premise A 100%
| elements B 66%
| C 66%
| . ‘D 33%
| E "33%
| set of correlated .
| - actions - -
| - premise-elements A and B 66%
| A amd C 66%
| Aand D 33%
| Aard E 33%
Band C 333
B and D 33%
Cand E 33%
pointer to father-node - -
pointer to son-nodes | - -
I
Figure 2-5
The updated model of rules
— from Figure 2-4, once a new rule
\ is entered
N
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2.4 PRODUCTION SYSTEMS AS KNOWLEDGE REPRESENTATION

(Barr & Feigenbaum, 8l) lists seven different types of knowledge
representation, the most. prevalent being the productioh system. This
study is limited to this type of representatlon. The follgowing four

features characterize Droductlon systems:

1. They'are modular since a rule can be added, altered, “or

deleted without direttly influencing others.

N
-

i
Human expertg tend to describe their knowledge in terms of

rules, thus rules are a natural way of expressing knowledge.

3. 1If knowledge about a domain is embodied by rules, then the
control knowledge may be hard to encode. Furthermore, the
control flow during a session may be hard to follow, . harder

than a conventional program where the sequence of steps is

predetermined.

4. The absence of structure within a knowledge base allows
inconsistencies to arise espebially‘ as the knowledge base
becomes large. For example,_tﬁe ordering of the rules may
have a baneful influence and contradictory rules may exist at

the same time.

The first two points explain why production systems are used so often.
They are considered as a compromise between the ease of representing
knowledge and the richness of the semantic links which exist between

elementary pieces of knowiedge.

- 25



2.5 THE DIFFERENT TYPES OF CONTROL STRUCTURE

To highlight the main characteristics of contﬁol structures. and to
show the available options‘in the design of inference gngines, we use
the classification and terminology proposed by (Laurent, 84). The
control structure of an expert system deals with the way inference
engines function, i.e., in the case of rule-based systems, how they

fire rules.

2.5.1 Definitions

The terminology used in this.part includes:

l. An ohject : an element of the knowledge hase which
represents a factual interpretation of the corresponding

abstract knowledge.

%]
.

An action : an element of the knowledge base which
represents a deductive interpretation of the corresponding

abstract knowledge. A rule is an example of an action.

3. A state : a set of data and knowledge available for the
problem at hénd. The "current state" is the current set of
data and knowledgel At thé beginning, the initial state ' is
also the currefit sgate. A state is also considéred as a
particular situation of the work space. The development of
‘the wor% space is then seen as the expansion of a tree whose
nodeé‘represent different states. The current state is
represented by the last node reached. If the inference

éhgine always starts from the last node reached to expand the

- 26 -
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work space, it is said that the curz?nt state never changes.

- If the inference ergine always selects a starting state pKior

to expansion, it is said that the current state can change.
For instance, the inference engine may decide to restart from

the initial state if a dead-end is reached.

A transition : the use by the inference engine of an action
vhich modifies the ‘starting state into a new one, thus
expanding the work space. A.transiﬁion can be representéd by
a couple (Object, Action), with the Action being performed on

the Object.

To highlight these concepts, we suppose the knowledge base is

composed
N S—
A (-—

B C(-—

of:
Band.C  :Rl
Band £E-- :R2 . D, E: facts

Dand E :R3 .

We suppose further that D and E are known, that A is to be

proved,

and that the inference engine functidns\}n backward chaining,

(a denth-first search startipg.frqn the goal is executed). We finally

suppose
The work

that the inference engine never changes its current statéB}

. 3
space is thus expanded as presented in Figure 2-6

-
- -

-__/—"\,____\

S m———
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State n: Facts: D,E Goal: A -

the current state is State 0

f
Bl is applied on A

!
|
l
v

State 1: Facts: D,E Goal: (B and C) or A
I
| the current state is State 1
R3 is applied on B
v
State 2: Facts: D,E,B Goal: C (or A).
the current state is State 2
R2 is applied on A
l
) -V
State 3: Facts:D,E,B,a Toal : empty
Figure 2-6 ' -

Example of a Inference Engine
which never changes the current state
since it is always represented by the

' last reached state

In state 2, the system fails to prove C so the option is to prove A.

We now suppose that the inferencg engine has the capability of
changing the current state, and that it knows that C cannot be proved.
By noticing C at staté L, the inference engine will take the (sole)
ootion of reinstatﬁiﬁg state 0 in the work space. Figure 2-7 shows

the different states“induced by such an inference engine:

Ve B



State 0: ' Facts: D,E Goal: A
) the current state is state 0
/N
/ \
/ \
/ \’
Rl is applied on A / \ R2 is applied on A
/ \ .
/ \
/ \
/o \
[ - g |
v v
State 1: Facts: D,E State 2: Facts: D,E
Goal: B and C (or A) Goal: (B and E) or A
the current state is diganged the current state is State 2

to the initial state once
State 1 is reached

R3 is applied on B

\Y
State 3: Facts:D,E,B,A
Goal: empty
Figure 2-7
Example of a Inference Engine
which can change the current state. State 1
being .recognized as not pramising, State 0
is reinstalled in the work space, leading
to state 2 and then state 3. T

2.5.2 Elementary Taxcnomy Of Control Structures

Classification problems are often seen as a search in a work space
which is represented by the tree of all the possible states. The root
node is the initial state, characterized by the initial data and the
request. A leaf is a final state, or an "answer" to the problem at
hand. The systeh passes from one state to another until a final state
is found. Thé passage from a state/node to another can be done in
several ways. The following list explicits the alternatives by three
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‘main design options corresponding to the three levels of Figure 2-8:

l-

2.

[

-

' process by the action, is performed by an inference engine of

If a prior selection of tﬁe starting node is performed from
among all the already created. nodes, there is a change-sf
"current state"’ (type S)J If tha?starting nbde is always the
last node reached, then~ there is no change of "current
state". Allowing the current state to be éhanged or not is
the fir§F dééign option. | |

Apart f;om choosing the starting node, the inférence engine
has éeverél ways of ' sglecting the transition, i.e. the
couple;composed of an object to pio;ess and an action to
apply. on the selected object. The couéle may be selected

simultaneously as.in Ops (Forgy, 79) or Snmark (Lauriefe, 82) .

The type of these engines is C, where C stands rﬁor

"Conflict". The term ."Conflict" is used by reference to the
\ . - .

" classical -definition _pf//é/ conflict in expert systém: a

conflict is said to arise in an inference engine when several

couples may be chosen at the same time as a transition

(Laurent, 84) (Forgy, 78). This happens, for example, when

- several rules are firable.simultaneously. BAnother-choice is

to select the couple in two steps. The order may bhe to

<hoose the object “to process and then an action applied on

the object (type O-A) (0 for Object, and A for Action). The
reverse, choosing first an: action and then the object to
_ _ -

4

type (2-0).

Six different typés of engines can thus be identified according the

taxonomy, which are the leaf-nodes of the Eblldwing tree:
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VAR
. YES / N\ NO
/0 \
/ /. \
/ \
. /. \
3 ——C?=— Pt
/ \
MO/ YES \ NO
/ \ 1
: / \
/ \
/ - \
VAR N
0 before A? 0 before A?
/ \ ' / \
-~ YES / .. \ NO | YES/ \ NO
. /. \ e . / \
. 5-0-A S-A-0 5=C cC 0O-a - - A=0O
~ Figure 2-8 : six types of
' control structure
L9 .
. S stands for :change of current state
A stards for :tprior selection of action .
N stands for :prior selection of object
C stands, for :simultaneous selection
of action and object .
Existing expert systems can be classified into one of the given
‘éategories.fffﬁx example, the language Prolog (considered as an expert
syste{y, is of the type S-0-A, since the current State may be changed
by backtracking, and since it selects the first encountered predicate
" for orocessing. HEmycin, on the other hand, is of type O-A, since no
change of current state is performed, and since an object ;s first’
//_systematiéally selected as tﬁe last generated goai-bbject followed by

the choiqg of an action.
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2.5.3 Backward Or Forward Chaining

In (Winston, 77), two types of control structure are proposed:

1. The backward chaining approach also called "goal-driven .

approach".
)

2. The forward chaining approach also called "data-driven

approach". | J
A third approach thch is a mixture of the precedents is described in

(Barr & Feigenbaum, B8l).

v

; In forward chaining, the infereqce engine first considers the
-’ : .

available data and by successively firing rules and.inferring results,

reaches the goal. The knowledge of the.éoal~only helps in deciding

when to stop.

Backward chaining is obtained by executing the reverse process:
the goal is considered first. A rule drawing conclusionélabout this
goal is found and fired by the inference engine. Thé goal 1is then .
replaced by the premise elements of the chosen rule; thesé elements
now becoming the current goal. The engine iterates the pfocess until
the current set is directly proved by comparing it with the available
" data, of until no more rules can bé used. In. the latter case, the
initial goal is found not to be true, either because the goal is false
or because the data are not sufficient. Backward _chaining is a

depth-first search applied on a production system.
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Choosing between Backward or Fbrward chaining 'is a matter  of
selecting the object to process respectively frqn the current goal set
or the data. The two modes of chaining are now seen as particular

features of an engine and will not change-its type.

.

2.6  HANDLING OF UNCERTAINTY

2.6.1 Importance Of Handling Uncerteinty

L)
-

- Since the value of an expert system is directly dependent upon the -
heuristics it contalns and Since, by definition, heurlstlcs are not
always true it is essential to provide some measure of how often a

rule 1is true, and to prov1de some way of combining 1ntermedlate,

i
uncertain results. Uncertalnty 1s related to the degree of hesitation

an expert has for a glven problem, and to the degree of confldence the
exvert: has 1n{the solution he/she prov1des. A measure of confldence

i.u

should thus ~give an 1nd1cat10n -0f "how promising" an hypothes1s is;
- s

should allow the dynamic orderlpg of the hypotheses; and thus pepmit

the system to focus on the most promising hypothesis.

The knowledge engineer. is more interested in a measure which‘
coneistently ranks the hypotheses in the right-ordef} by comparing the-
essociated measures of confidence, than in getting an absolute value
of the "probability" an element is true. Such an abselute value wouldr'
be elusive since heuristic rules represent a qualitafive line of
reasoning; rather than a rigourous approach. _Moreover, any measure

provided by exverts would be dependent upon the experts themselves.
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2.h.2 Mycin And Others Ways Of Hendling Uncertainty

, Several- theories handling uncertainty, have been studied in the
context ‘. of Artificial - Intelligence. - Among theﬁ, Bayesian
decision—theory (Grojnewski, 81), Puzzy-set theory (Zadeh, 79), and
Evidence Eheory (Shafer, 76), have a theoretic foundation. Bayesian.
dec151on-theory has been shown to be unw1eldv in general (Buchanan &
Shortliffe, ’4), whereas the other two have yet to be confirmed-
tﬁrough extensive experiments. Another framework, the Mycin's - theory
of Belief . has been dESIQDEG experimentally, but later research has
:shown relatlons between Mycin and the Evidence Theory (Buchanan &
Shortllffe, 84). Despite its lack of theoretic foundation, the
validity of Mycin's theory is 'supported by the consistent results
obtained in several 1molementat10ns for different application domalns
(Kunz & al., 78), (Mulsant & Servan-Schreiber, 84), {Bennett & al.,
9. |
2.6.3 Mycin's Theory°0f_Belief QJ .

LY

Fach ef the elements manipulated by rulee are assigned a measure of
belief and a measure of disbelief. Each'meaeure ie a number Between 0
) and 1. Intuitively, the measure of belief represents the total amount
of -confidence that the ' element is “gpue" or valid. The eeesure of
dishelief represents the total amount of doubt the system "has about

]!

the element. Both measures are independantly computed. The

difference, called the "certainty factor", belonging to the interval
F

[-1,1], represents the degree of confidence the system has that the

element is "true" (if posiiive), or "false" (if negative). -
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2.7 DISTRIBUTED™EXPERT SYSTEMS

»

Figure 2-1  shows tﬁe schema of a stand—alone- expert systén.
Recently, ‘geveral. studies highlighted the potentials of cooperating
expert systems (Enngp & a;., 80), (Nagao & Matsuyama, 82), (Rychgner &
al., 84), (Durfee & al., 85). When the domain of interest is large .
~enough to encompass several interacting sub-domains, specialized
expert systens comunicating with one another are warranted. The
sub-domains may overlép, leading to expert systems which are redundant
to a certain extent. 1In a distributed enviromment, experf systems
communicate through interfaces and coherently cooperate to the common
design of a final solution. Key issues that need to be addressed in
. using distributed expert systems include: the control of the overall

szstem, the attribution of-roles for each expert system, as well as
tﬁe degree of Jsophistication and of freedam allowed to each expert

(Durfee & al., 85).
2.8  SUMMARY

/

The objective of thelpresent cﬁapter was to preséht the elements
.
constituting an expert system. Ip’the presenE study, the emphasis is
© on the shell rather than the othéf modules, nanély the explanation
.

facility, the knowledge acquisition system and the user-interface.
The first two facilitie are nonetheless examélified by Teirgéiés which
will be the reference design in chapter five. fThe shell was further
presented as well.as a taxonomy of inference efgines. 'The main issues
in case of comunicating experts we?e fhén noted, and will be

addressed in chapter four., It was pointed out that distributed expert

systems are needed for large domains including a number of fai;ly

-
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self-contained sub-domains. The following chapter will present some
aspects of remote sensing and will highlight the potential rc;le of
knowledge-based systems for the automatic handling of tasks in remote

sensing.

ir,
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CHAPTER 3

CHANGE DETECTION TECHNIQUES

.FOR REMOTE SENSING
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The purpose of this chapter is to focus on one of the Aumerous

- domains of applications of remote sensing: the detection of changes
in forested areas by use of satellite data. We point out the existing
limitations for the  currently used techniques and explain why
knowledge-based systems may help to design more efficient systems in

remote sensing.

3.1 INTRODUCTION TO REMOTE SENSING

Remote Sensing observes objecfs ét a distance and collects data for
deducing  information about them (Swain & Davis, 78). Remote sensing
has long been an ‘image-oriented field using pictures and visual
analysié methods ' (Lintz & Simonett, 76) , this mode being exemplified
by aerial surveying activities using cameras and films. In recent’
years, digitally baséd methods for brocessing and interpreting
remotely sensed data have been proposed (Swain & Davis, 78},
especially with the emergence of satellite based sensors produqihg
large volumes of data. An important application of remote sensing
- techniques is resources assessment for updating forest species or
aqricultural fields maps for monitoring and controlling the

enviromment, for planning and forecast purposes.

In the case of satellite-based remote sensing, the main tasks to
e 'perfonned are represented in Figure 3-1, (from (Lintz & Simonett,

760}), by each symbolic box:
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Organization of an earth survey

system

Data are gathered by a sensor system, which can be a camera, .and
are processed for radiometric and geometric manipulation., Radiometric
manipulation includeé aité?ation of the 'recorded intensities for
reasons of  calibration, whereas geometric manipulation may be
verformed to correct such effects as the rofation 6f the earth, the
parallax due to the rélative positions of the satellite and the sensed
ground area. Once the data are transmitted, some preprocessing and
éata reduction are performed. Preprocessing can include any type of

image enhancement by use of transformations, spatial frequency

operations, and convolutional filtering. The purpose of preprocessing
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can be to enhance the boundaries of the objects included in an image
or to correct transmission errors. Registratiog can also be perfogged
during the preprocessing period. A newly received picture is tﬁen
édnpared to already received pictures of tﬁe same area and transformed
for an optimum matching or registration. It may also be highly
interesting to reduce the aﬁount of-data to be stored by canpﬁession
techniques. Finally, the received data are ready for use, i.e. for
further processing or interpretation. The processing of data largely
depends upon an extensive use of quantitative techniques of image

analysis (Swain & Davis, 78) (Gonzalez & Wintz, 77 .

4

3.2 SOME CHARACTERISTICS OF THE AVAILABLE DATA

The bulk of data still generally comes from aerial photography or
satellite imagery taken across the available electromagnetic spectrum,
Satellites aré priviledgédhgensors, becausé'they provide vast amounts
of information on a regular bagis, at a relatively low cost
{Landgrebe, él)_. [arﬂsét—Msé irnages;, wﬁich are composed of four
channels, each corresponding to a spectral band where intensities
record the same ground area e;ery eighEeen days at most, are a gogd
example. However, data obtained from aerial or space-based sensors
are noisy. The characteristics of the radiations, of the atmosphere,
and of the sensors, imply errors in the interpretation of the data.
The é;ﬁe object may change aspect under different lighting conditions
caused by the period of the year, the day, and the weather., Rifferent
objects, such as corn and soy—beag fields} may be hard Eo discriminate
from one another bhecause of the ‘similarity in reflectance value
thfoﬁghout the electromagnetic spectrum. 2 sensor élways receives

altéféﬁ_‘radiations of the targeted object: the sensor definition may
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be insufficient to distinguish small neighbouriﬁg objects; ‘ the
received radiation may be the result of the influence of the
atmosphere, as a medium, of space, as a_radiatiqn emitter, ';f other
radiation. sources, espacially those of humén origin; finally, the

sensor itself may be faulty'(Hord, 82).

Data from ground inspection are also considered but wmostly far
confirmation, because of their cost and irregﬁlar availability. In
conjunction with imagery, many other non-pictorial data ma
available, such‘as the sun angle, the éegree of humidity, the posiEion
of the satellite or plane,the date,etc. Atthqugh these data may also
h;\érroneous, they still may be employed éo reduce the amount of noise

in aerial and satellite pictures (ﬁandgrebe, 8l).

3.3 CHANGE DETECTION IN FORESTED AREAS BY USE OF SATELLITE DATA

Since one of the main goals of remote sensing is the timely updating
of maps, change detection techniques comparing old pictures or maps
with a new picture are important. Such techniques may be performed
manually or automatically., However, if manual techniques generally
provide a good accuracy, their systematic use is unrealizable because
of the amount of data to handle (Hegvi & Quene;, 82). Extensive
reviews compared many 9f the classical automatic technigques employed
in the case of Landsat imagery (Burns & Joyce, 81), (Park & al., 82),

{(Braun, 84); some are presented here.
3.3.1 Mathematical Formulation
An picture, typically, one channel of a Landsat picture, is defined
’
as an array of values of a function f having four variables:
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1. i, belonging to [1,I], where I is the number of lines in the

picture.

2. j, belonging to [1,J], where J is the number of columns in

the picture.

3. ¢, belonging to [1,C], where C is the number of channels
conpounding the picture.

In case of the Landsat imagery, 1 <= c <= 4.

4. -t, which represents the chronogical rank the picture was

taken.

In the following, comparisons are made between two pictures. We

shall refer to them by Tl=1 for the first picture (taken before the

change period), and by T2=2 for the subsequent picture, taken after

the change period.

An elementary picture, recorded at date o, will be noted {
f(i,j,c,t) }, the notation meaning that the parameters i,j are within
their full range interval, i.e. the number of lines and columns
contained in a picture, and that c and t have a given value. A
composed picture, recorded at time t,and containing the C channelé
will be noted { f£(i,j,t) }, where i and j are within their respective
full range interval, and t is given. The corresponding classified

picture of { f(i,j,t) } will be noted { C(i,j,t) }.

We now present some typical change detection techniques for
forested applications. We shall assume that preprocessing has been
performed already so pictures are corrected, registered, normalized,

etc. The result of a change detgction process is typically the
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labeling of the pixel locations of a picture, and a label representing

a certain typerof change.

3.3.2 Techniques Based On Temporal Analysis

As an examplé, we present the Post classification change detection

technique (Swain,76), the decision process of which can be stated as

follows: ) -
if { C(i 3,1 } & { Ci,3,2) )
then
decision = Dl{ C(i,3,1),C(1,3,2) )
else decision = D2( C(1,3,1),C(1,3,2) )

where D1 is typically a two dimensional look-up table,‘and where D2
generally represents the previous decision (if any) for example, or
another _,look-up table.

The output is a decision picture created pixel by pixel.

The classification is independant of the scﬁeme, . and aﬁy
classifier can be‘used. One of the drawbacks of the technique is the
limitation in the accuracy of the results by the accuracy of the
classification process itself. Fbi exémple, if 2 classifications have
an accguracy of 0.8, supposing‘fhe errors are randomly distributéd_over

the 2 images, the accuracy of the change picture will be (Malila,80):

008 XO.Q = 0064



Such technlques are highly dependent upon perameters, such as the
lighting conditions,. the sun’ argle, the nature of the ground . They
may be'accuéate but they are characterized with a high variance in the
accuracy. Timiting the variance requires some kind of adaptation, by
a careful preliminary correction (Logan & étrahler, 82). Efficient
and exten51ve corrections are not easily performed, which often
prevent the operational use of trajectory-based technlques {(Wheeler Q

Misra, 80), (Engvall & al., 77).

3.3.3 Techniques Based On Spectral Analysis

These techeigues may use both:
b

1. spectral signatures of classes (Figure 3-2) i.e., the
. a .

»

characteristic appearance of classes in spectral bands (Swain
& Davis, 78), (Park & al,, 83). The signatures can be
hypothetical, highlighting what the‘signature of an object
should be. For instance, such classes as water,, .clouds can
oe aeteeted from sateliite data by creating the practically
obtained 51gnature and matching it with the hypothetical one.
Though often used in classification, spectral 51gnatures may
. be used fog detecting changes when a change has a typlcal

appearance, such as the occurrence of a fire.
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Figure 3-2 ‘ :
Example of a hypothetical spectral signature.
The curve represents the relative

reflectance of water, which is known to have
a low reflectance in near infra-red

2. a Qtatistical criteribn. (Burns & Joyce, 8l), (Colwell &
TWeber, " 81), (Likens & al., 82), (Malila, 80), (Nelson, 83)
Qreseﬁt dffferent.techniques using ‘a statistical. criterion.
A criterion‘may be the eva;uafion of the difféerence existing

een the two-pictures, at a given pixel location, by use

; distance. Here a threshold is used for comparison. 2n
1

Two pixel intensities f(i,j,c,1) and E(i,j,c,Z) are ratioed.
If the abhsolute wvalue of Ehe difference: 'f(i,j}c,l) /
f£(i,j,c,2) - 1 is above .a predefined threshold, a change is

detected.
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Use of a ratio-based technique to
detect the pixels which changed. Two pixels
_ at the same location have ftheir intensity in one
{' barg ratioed and this value is thresholded.
\  The ratio differs -substantially from 1.0 for
: pixels 1, 2, and 5, and are labeled as changed,
\\\@@?reas pixels 3 and 4 are labeled "no-change".

One of the problems encountered here is the crudeness in
using a thresholdy Depending upon_the‘lighting-coﬁditiéns,
the region, the period of the year, and so on, the threshold
has to be adapted. Even in the case of an optimal thgeshold,
mistakes are made, mainly due to the overlapping phenomenom
of classes within a picture. Eigure'3.4 §resents two classes
of pixéls; they could be two types of ch;nge, which can
typically be obtained with a Landsat picture (SQain & Davis,
78). The two éuf?es are monodimensional probability density

functions. . The two classes form two partly qverlappiné
clusters. By using the classical maximum-likelihood decision
rule, a signific;;?‘anpunt of pixels will be'misclassified,
represented in the figure by the shaded area. . The amount

depends-upon_the degree of overlap between the two clusters.
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Figure 3-4
Two hypothet1ca1 classes of charnge
overlap. The shaded area represents
the amount of pixels mis-labeled by use of the
maximum-likelihood decision rule
{(fram Swain _& Davis, 738).

Another example of a spectrally based technique is the Change
Vector Analysis technique (Malila, 80). If { f£(i,5,1) } and {
£(i,3,2) } are two pictures of the séme are, their distance, for

instance their . euclidian distance, is computed and compared to a

threshold T

( £(i,3,k,1) - £(i,5,k,2) )**2 <= TH ===> dec151on of No-Change-
( £(i,9,k,1) - £(i,3,k,2) }**2 >= TH ===> decision of Change

An angle of deviation can be calculated, giving a clue for the
nature of the chgnge (typically, by means of the scalar or’ vectorial
product) . If several pictures are used, several vectors are

available. The set of vectors forms a trajectory in the feature space
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" which may have abpattern characteristic of the change.

~ 3.3.4 Techniques Based Upon Spatial Analysis

These techniques are either used ‘to assign a clasq of change td é
pixel, or to relabel a previously labeled pixel, ( rheyf_;;). In
both cases, the spapial context of a picture is used to mqke
‘ decisions. An example of 2R, 1abeling teqhnique, ?s to Create
heforehand sets of homogeneoué pixels, and then to use another
technique of change detection. In this case, a pixel is labeled with
its neighbourhood. An example 6f a relabeling technique is to
consider a neighbourhpod of a.pixel and to apply a criterion based
uponla majority: if the majority of the neighbourhood belongs to a
given class, tﬁe pixel is relabeled to that class. The context of a
Qictdre is its neighbéurhood but also the picture at large. For
instance, a cloud _Caﬁ be confirmed by the detection of its shadow
which may be distant., The underlyigg idea here is that single pixels

~do not chanqe, but only groups of them. These techniques are often
¢

seen in conjunction with others (Surney, 80,82,83), (Swain & al., 81).

3.3.5 Techniques Combining Other Tybes Of pata, And Knowledge.

Most of the studies about automatic change éeteétion techniques
achieved . mitigated results (Tinney & al, 83), (Braun, 84). It is'
generally acknowledged, that isolated techniques are too crude, and do
not use é sufficient nuﬁbér ofrdéta types to provide accurate reéults.
with a'low'variance (Colwell & Weber,, 81). The trend is thus to use
other data types and even, to a limitad exkent, knowledge, such as in

{Metzler & al., 82,83). -The different types of data include (Tinney &
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al., 83} the texture; the site, by ﬁse of maps giving a.clue of what
should be fognd beforehand (Tinney & al., 83); and the shape of the
objects fodhé; in pict?res, when pixels can be grouped with a
homogeneity'criteri;n‘(Sﬁimod; & al., 83). It may also be- useful to
use différent types of ' knowledge, such as forestry or agricultural
practices such as uded by photoiﬁterpreters‘ {(Pestre & Malila, BR3).
Finally, the sgnergy of Qifferent techniques by the qfeation of a

decisidn process on top of them could significantly increase the

accuracy and reliability of the results. (Wooddock, 82).

Studies which investigated the use of other types of data and
knowledge are first attempts to increase the efficiency of currently
ex;stinﬁ algorithms.  (Metzler ‘s al., 82). However, they still
heavily rely upon conventional approaches, though the use of
‘"knowledgeébased" systems have a strong potential (Mopneyhan, 83)
~ (Tinney &I al, 83). It may be also assumed that rénote sensing
traditionally uses quantitative approaches, (Swain & Dévis, 78), and
th%;\ embodyinj qualitative concepts or reasonings is still considered
as hafd tasks. The  consequence is that the .proposed qualitative
decision processes are often very simple, such as a majority-based;; .

decision process in combination with different techniques (Likens & \

al, 82).

Shimoda & al.- (83)} however , propose;a syntactic_approach rather
than the more - classical decision-theoretic process. In this study,
rules and gfammars_ are enplﬁyed. Several research "qéams are
interested in °~ pattern-recegnition techniqués based upon a syntactic
approach, alsolqualified as "structural", or "linguistic" (Fu, 76), )

(Kettig & Eanégrebe, 76), (Brayer & al.), (Pavlidis, 79), (Shimoda &
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al., 83). ‘his approach is considered as different from the
"symbolic" reasoning approch of .}{nowledge—based systems (Tinney & al,
R3).

3.4« THE PRQMISES OF KNOWLEDGE-BASED SYSTEMS E“O‘R WE DETECTION
PIRPOSES '
o 72

All the improvements proposed above were - intended to exploit the
Tcontext? of a picture in its wvarious aspects, spatial context,
temporal context,‘oth;r non-éictorial data, and maps. Thé recognized
problem here is the qualitative- nature of the data tG‘ use in
conjunction with quantltatlve technlques The hope 1is that thef
decision-making p;ocess will be enhanced by the inttoéuction of
qualitative reasoning. Studies have already been made for identifying
the existing knowledge to introduce in such systems (Pestre & Malila,
A3). It is believed that knondedge;based systems may increase results
in change detection because of their capability for efficiently using
'context! (Mooneyhan, 33). An example of what g knowledge—based
system could perform in change detection is proposed in chapter six,
based on the use of a knowledge-based system, SEVERE, presented in

chapter five.
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4.1 CHOICE‘OF THE ORGANISATIdN MODEL —
\The desiéc of a‘system capable of handling numerous and - varied
' requests in remote-sensing requires building fairly different and
soecialized sub—syséems. However, it is a cheracteristic of
remote-sensing that these 'sub-systens must interact to efficiently
perform thei; respective tasks. fbr examble, detecting changes from
Landsat pictures requires an estimate of the accuracy of the match
between the available data (such as maps and pictcces). It may also
be necessary to incorporate results from an expert specialized ;n
detecting cloudy regicns. If we 'are_ifo 'build a system including
several experts such as the ones mentioned above, they must be linked

in some manner. .
3

The alternative strategies for designing such a _System include

the following :

1. To build a large expert system which would handl® all the

problems peculiar to remote-~sensing.

<
4

2. To create an expert system with numerous
sub-modules (/sub-experts) , all linked to the same blackboard
and all acting as slaves of the main expert. This approach
was first implemented in (Reddy & al, 76), and also chosen in

(Nagao & Matsuyama, 81) (cf. figure 4.1).

3. To create a network of expert systems, each node being an
expert spécialized for ,a given task: detecting changes,
quantifying the geometrical characteristics of rLandsat

pictures and maps, etc...
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The first alternative would need to handle the emulation of

scores: of conventional programs currently used in remote-sensing. A
huge knowledge-base, containing knowledge about fairly disparate
~

aspects of remote-sensing is needed. Clearly, the probleﬁ at hand, by

its multiple aspecté, conpletely differs from the ones solved by

expert systems such as Mycin (Buchanan & Shortliffe, 84) or Prospector -

(Duda gtal, 78} . Such a design choice would be against the essence of
expert systems which handle very specific and delimited domains.
Critical issues in the design of expert systems are noﬁ- well
understood. One of them is, - the coherencif or consistency of the

knowledge manipulated by an expert system, and in this regards,

problems caused by large volumes of knowledge are still unsolved. The

“0

classical approach for preventing these problems is to split a large .

knbwledge base into smaller independent sub-sets, the underlying
strategy of the last two alternatives. Another issue is the
controllability of an expeft system. A search by usé of a large
knowledge base may become unrealistic whenever an expert systém has to

realize a long series of tasks before finding an answer, or when too

many data are available, or when too many tasks may be performed at-

the same time. %hen such situations arise, it becomes very hard for
the knowledge engineer to check whether the system Selects the right

tasks in the right order.

'

i,
The second alternative can be seen as a special case of the third

one : it is a network implemented in a tree fashion with only two

levels, Such an approach was chosen in (Nagao &- Matsuyama, 81} for-

the implementation of an expert interpreter for aerial photography.
In this case, all the sub-systems share a common “blackboard, and they

are triggered by matching the content of the blackboard with their

-
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knowledge-base elements. The goal of this expert was well defined and

the system did not have to handle other problems in remote-sensing,

such as g-ecmetric corrections, cloud detection which were considered
Ias solvgdl by conventional programs. Unfortunately, this is not the
case for Landsat ipage‘ry and knowledge_, hard to embody by conventional
programning, - is required to achieve good results (Gurney, 82).
Moreover, the systém was complete and no extension was forecast. ’nws
a two-level organization was sufficient in this context. I€ is
difficult to know heforehand the number of experts which will be
required, though it will be. undoubted]iy large; possibly too-large for
a single blackboaré to stay the only mééim for cm@ications between
experts. Furthermore, the amount of commmication may vary greatly
from expert to expert. If we want a flexible architecture, capable of

handling different problems and capable of evolution, we must reject

ge second approach. N

f 4 o . -
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Figure 4.1
Example of the opganisation inspired fram
(Nagao and MatSuyama,8l) for a system
dedicated to detecting changes in a series
of Landsat picture. The blackboard structure
is chosen enabling cooperation between
specialized experts

. -The netwofk approach does not have the drawbacks of the first
two. The penalt§ paid, however, is that control aspeét_of‘the overall
- network hecomes more complex. Controlling a network can be @erformed
through either ordering the network nodes, leading to a hierarchical
network or a tree structure, or through a poséibly moré complex and
more general non-ordered network. In the hierarchal approach, the
interactions.between nodes are well defined. The gain is in clarity
in the funétioning of- the system and a simpler implementation, the

“ 2
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loss is in the flexibility of the system, since the 1links m@ow

. Moriented®.

The hierarchical approach 'was preferred, both to ensure clarity
in the design apprdach and in the implementations, and. becaus.e such .a
structure can be seen as a particular org.anizatibn of the network,
thus it may be altered in the future to become a genuine unoriented
ané unordered network. Clarity will be of help to keep the overall
.s&stem consistent a.nd manageable (either for debugging or for future
éxpansion). 1In any case, it is likely that the overall systen{ will
need some sort of ordering. For instance, a node dedicated to the
detecf:ion of a particui.a: type of change will naturally be contfolled
by a "manager-node" which would study thé general problen' of detecting

changes in general. . K

4.2 DESCRIPTION OF THE PRESENT APPROACH

The top of the tree would typically be a knowledge-based- system used
as an interface between the user and the rest of the nodes. It should
interpret the user's request and set broad goals for the systems
irmediately below it. Each sub-system of the tree' is called a node.
The top node is called the root and the terminal nodes (the ones with
no node below them) are called leaf-nodes (f‘igure 4.2) .

{ ) Com
/—-
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Figure 4.2

General organisation of the proposec'i
system-of experts for remote-sensing.
Each node represents an elementary
and specialized expert system built
fran the same shell (apart from the
root and leaf-nodes)

- 57 =

L



g

The hierarchy implies that a node is the manager of the nodeé e
‘,iwmediately' below it. It also implies that each node executes the
commands sent by its manager "(the root has the user for. manager). A ;_ﬂJ,
user's request is then interpreted and restated‘as sub-goals,‘éact’v/r
sub—goal being itself restated and passed to the next lower level
Bventually, productlve work, in distinction to 1ntellecthal work, must N
be performed by the lowest level in the hierarchy. The leaf-nodes
have then a special duty: te activate already exiéting algorithms am&r

to return solutions\in a usable form. From this analysis, it becomes
clear that the rodt and the leaves are specialized knowledge-baged
systems. The presented shell was designed .to help in the

instantiation of the non-leaf nodes. The overall system is thus a

tree of nxles communicating through interfaces. - .

As explained in thé‘follomdng chapter, each shell contains a

blackboard and an interface used to transfer commands M or data
w

hetween its blackboard and the blackboard of the other experts 1th it

may cumnunlééte (Figure 4.3).
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Pigure 4.3

; ° A’ hierarchy-of kr1c>w1edg'i§—based
systems designed by use of the general
T blackboard approach.
' _ Each system has an interface the
> duty of which is to transfer requests
: and/or data between its blackboard and
’ ‘those of related systems.

L

- 4.3 INTERACTION WITH THE SHELL ENVIRONMENT

—_—

The overall system can be seen as interacting with the outside by a
- - ':m
nunber of different interfaces : '

-~ 59 .



1. The root node, by interfacing with the end-user. Throygh
that node, the user may give a request with some initial

data, and the expert system its answer.

2. The knowledge acduisition system, by interfacing with human
experts in remote-sensing. The knowledge-base of each node

may be accessed by the human expert.

3. Each node has the capability of reading data from the outside
via a part of its interface called the data-handler. Thus,
for example, information from an external . geographic

data-base can be incorporated into the Blackboard as heeded.

4. The explanation facility, by interfacing with the end-user or

.experts in remote-sensing.

5. The leaf-nodes, by interfacing with pfocedurally—based
iremote—sensing software. ' However, the procedurally- based
software should be seen as an extension of the overall

system. ' . v
4.4  SIPPARY

The preggnt chapter shoyed aﬁ organization allowing expért systems
to cogperate on a comnon problem, namely, the one entered at the
root-node. We also, saw in chapter three how ‘distributed
expert-systems coﬁld e of interest in remote sensing. The following
chapteE will thus Present a system which will allow the building of a
hierarchy Qf expert systems for remote sensing. An example of an

M
implemented hierarchy of experts with two levels is presented in

- 60 —

'."‘1
b



chapter six.
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CHAPTER 5

PRESENTATION OF SEVERE
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SEVERE is a ProiéggbaSed tool for deveiopinj hierarchically
organized expert systems and a rule-based expert system for
cléssification problems. It is composed of a shell (seétion 5.1,
an eprénatioﬁ facility (section, '5.2'}, a. knowledge acquisition
system {section 'S.3'}. The nodes of the higfarchy preséq?eé in
chapter four are created by instant@atiég SEVERE's shell. The main

characteristics of SEVERE are summarized in section '5.4'.

5.1 THE SHELL
5.1.1 Overview -

The architecture of the expert system shell, represented in Figure

5.1, is composed of the following elements :

1. A "blackboard" (and its reléted interface) for the storage qf
any information relevant go the problem such as data,
(intermediary-)results, a list of opreviously decided actions
to perform (the "agenda"), and - generally speaking, any
é&namic information the value of which may change during - the

consultation.

2. A "base" for ségring "knowledge". The éysten exploité tﬁo
kinds of knbwledge: the object-level and the meta-level.
The former deals with' the problem at hand, and is qontained
in the ‘"object-level knowledge-base". The latter, the
meta-level knowledge base, deals with methods for arriving at

results, a process called "deriving strategies".
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3.

An "interpreter" the duty of which 1s to apply the available
knowledge, In the context of a knowledge repzesentatlon
bhased upon production systems, its task is to "fire" rules.
Here too, we  make the dlstlnctlon, hetwee the

meta-interpreter and the object-level interpreter.

An "arbitrator" or eqﬁivélently "consistency enforcer™ which

‘chooses the '"best" solution for the current Broblem, among

. Possibly several concurrent and contradlctory hypotheses.

Two  arbitrators should exist: the meta-level and the
object-level arbitrator. However, since the meta-level finds

only one result, the strategy, when called, there is no need

for a meta-arbitrator.

Ajustifiet—interface which keeps track of the way the

. (intermediary-)results are deduced. The information thus

stored can be read by the explanation facility, to provide
J ’ -

justifications about the way the system makes deductions.

A "scheduler" which manages the different elements. Each of

the— other moduleé are under the contxol of the scheduler

which executes "strategies" proposed by the meta-level,

The elements oresented above are "classical components' cf an
expert system shell. For the purpose of a hieral;chical
system, we must add an interface for the transfer of commands
and/or data between nodes(/shells). The interf~ac’e has as a
"front-end" a formatter, which may transform the final result

/’ .
into a form understandable by the manager-node .

Te main elements and their roles are sumarized in Table 4.1.
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Name of the Meodule

‘Purpose of the Modules

Blackboard
Blackboard-
interface

Knowledge Base
Meta-Knowledge Base

Meta-Interpreter

b l

Object-Interpreter

I/0 Interface & - l.

data handler

Arbitrator

Justifier Interface

Scheduler

Storage of Data and
(intermediary,final-)results

Interface between all the existing
modules of the shell and the Blackb.

Storage of the Knowledge relevant to..

pProblem

Storage of the Knowledge about the.
deduction process

Module applying the available

meta-level knowledge

Module applying the available

- ohject-level knowledge

Exchange of information between the
nodes '

Resolution: of the possibly
conflicting hypotheses.

Storing of traces about data and
results for later exploitation
by the Justifier

Shell manager

ey

Table 5.1
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Figure 5.1

Overall Architecture of the Consultation Part of the Shell
(the arrows represent data and/$r control flows)
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5.1.2 : The Blackboard | . ) ¢

) The duty of a blackboard is to store any -kind of relevant
information for the problem at hand. Several means of storing data
have been proposed such as the context tree (Buchanan & ibortliffe,_
84), or the semantic net (Duda & al., 78), but the blackboard approach
is recognized as the most'general one. A change in the instantiation
of the present-shell, will change the instantiated part of the present
blackboard, but not the blackboard itself (mainly the set of goals, of
sub-goals, and the characteristic of these elements, such as wﬁéther
the; have to be proved sevéral times or only once). The context tree
of Bmycin has to be completely insténtiated and a tool is provided to
alter its structure. Clearly, a change in the instantiation changes
the" structure itself, In ProspectoF kDuda & al., 78), where models
are used to embody expert knowledge, the semantic net Aapproach wés
preferred. In this case, the semantic network was found quite
adequate ¥o match data and (knowledge-)models. It is also generally
recognized that |, production systems and blackboards are two

conplementary tools.

€

As shown in figure 5.1, the blackboard is(/ﬁgciaeq\“into seven

sections (the capital Roman numerals refer to Figure S.l)':
L

l.. Two sections store the actions to perform. The first (I)
stores the \manager's request, and the second (Ii)“ the

strategy designed hy the meta-level.
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Four sections are dedicated to the " storage of information

relevant to the problem. Section III stores the information
available at the beginniné of the consultation; section IV is
reserved for the intermediate results; that is, those results
which are not a part of the direct solution of the current
oroblem, but may help for its-solution; section Vlconéains
the hypotheses or solutions obtained by the application of
the meta-level and the object-level knowledge. Since several-
paths in the knowledge base may confirm or invalidate a
solution or may deduce possibly contradictory selutions, the
arbitrator will have Eo find the "best" solution which- is
then stored in §ection.VI. This last solution is retufned to
the manager, possibly after a translation by tﬁé_ "formatter"

module,

The last section (VIII) is reserved for the ather daEa which

-are not directly useful to finding a solution but may help

the system to make deductions with a better efficiency. This

section, which may be tailored by the knowledge engineer,

. already contains several predicates which'_ represent

characteristics of the elements present in the blackboard.

For example, oné predicate stores the list of the elements

wHich. must be confirmed, and thus proved sevéral times, if //’
used in the deduction process. Depending upbn the problem at
hand, certain goals or sub-goals are either considered as
acquired once found, and thus there is no need to study them
again, uwhereas others may be questioned, and thus are to be
pfovéd again. The system will typically try to cbnfirm or

invalidate an element of ‘the second type by exhaustively
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trying to find the paths concluding about it in the knowledge
base: Another predicate stores the results already sent to
the manaéer, to prevent repetitions in the answers, . while a
third records the meta-rules\\élfééayz fired, ‘'in case the
mééaalevel decides to put some of them back into the
meta-knowlédge base. These data are important for the node,

to function effigiently, but do not contribute directly to

the search off a sdlution,

To highlight the different-roles of the blackboard, we present an

examole. We make the following assumptionsf
l. Some node, called N, has the following set of goals: {a/b,ct

2. A request is received from the manager-node of N "to #ind the
. ] -
best solution".

3% The node N has been already activated once and "a" was

returned to its manager at that occasion.

4. Finally, the knowledge-base of hode N contains the following
rules: %

b' —> b

bl l__> bl

and b'' is given, i.e. 1is stored in section TIII of the

blackboard of node N, h'! may be known from a previous

activation of the node or may have been transferqed/éito the

blackboard by its manager. ~

In executing the request the following steps are verformed which -alter
]

the blackboard of node N as follows:
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-the way knowledge should be written. For example,

—_—N

/ﬁ) Using the first rule, b' is deduced. Since b' is not a goal, it

is stored in section IV,

ii) Using the second rule, b is deduced. As.b is a goal, it is
stored in section v.

iii) when the arbitrator is g;lled, section V contains a and b. The
arbitrator will choose b as the final soiutioﬁ since a was previously

sent, so b is stored in section VI.

iv) The goal b is stored as an argument of the oredicate

“already—sent-regults" of seection VII.

5.1.3 The Blackboard Interface

Thisgmpdule contains all the procedures useful for the following

operations:

-

1. -Deleting data from tﬁeiblackboard,
2. Finding data in the blackboard, .

3. Addihg data to the blackboard,

4. Resetting the blackboard, at the beginning of the

consultation session.

A module can interact only through the interface, thus ensuring
flexibility of the blackboard. The advantages of having an interface
are.clear. Further changes in the blackboard structure itself will
imply changes in the interface ané not in the rest of the shell or in

stion "is ¥

in the blackboard ?" will not change in its formulgtion and its answer

will be provided by the interface deffgg;kﬂT\"fin&—in-bb/2" the
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content of which may change when the blackboard structure is changed.
However, the designed blackboard is 7'_s_impli'sti'c in its realiz'at.ions..
For example, SEVERE has no embedded feature allowing it to "store
geo-coded data such as maps and pictures. Implementing . this
capability is beyond the scope of the study. In fact, this is highly
dependant upon t_he host-computer, and upon a number of technical
probiems ("how to store matrices in Proleg”, "how to storegpictures

coded in vector fofmat", and sc on),

5.1.4 The pbject-level—kzgowledgelbe'se
A knowledge base is classically composed of a set of facts, a set of
.rules and a stopomg condition. Facts can be seen as rules w1th no
prem‘ise and thus will be stored in the same way as rulee. A rule is
composed of a set of conclusions (tihe‘ actioﬁ part), a set of
conditions and elanents whose existence are to be verified (the
51t1.}at10n part), a .‘certamty factor. (presented in '2.6.3' and _
~justified in 'sS.1.7"), and a rule number. All the rules have the same
general format, with each set bemg represented by a list of elements.
There is no predefined format for an element, each element must to
be defined by the knowledge engineer. a sample format is presented in
the instantiat;ns (see chapter six and the appendix). Since Prolog
extensively uses pattern—matchiné, no constraint is needed on the
format of the elements, such as being a fourLtupie as in Mycin
(Rucﬁanan & GShortliffe, 84). Two elements are alike if they can be
matched by Prolog, whatever the selected format. One of the ObViOl:lS
advantages of—\s\ggh an approach ie that the format may vara\j/ for

different classes of elements manipulated by the same expert system

without having to define the meaning of a format™to the systenm.
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The stopping conditipn takes on one of two forms: if the element
does not have to be proved ;Eéin once found, then the object-level
1ntero;eter will ‘stoo the search- or if the element has to be proved
again, then the object level 1nterpreter stops when q? visible ryle
are firable. The stopplng condition is actually eﬁbedded in the
interpreter. .

The "(potential-)knowledge-base" ccnpfises all the rules “available

OFo the node. It is read and manipulated by the meta-level. a part of

the potential knowleége—bese is selected ard made "visible" - by t?e

',meta—level for the object-level 1nterpreter. Selecting a part of the

knowléﬁge and maklng it v151ble is usually the result of prunlng and

sortlng-the knowledge-base (1n many expert systens). -Thlgkls also the*

o

. case here and a tool is provided for this purpose : a pattern matcher

(see. '5.1.11").

5.1.5 The Meta-level
éghe meta-level is ‘systematically consulted before any.- cycle of
C . C o A
search ~ in the object-level knowledge-base (as exemplified in the
presentation of the opera ing mode in %5.1.13'). Theeﬁﬁe;a—level ‘has -
~ : ~ -
access. to a meta-knowledge asé containing rules which typically draw

conclu51ons about actlons to be performed by the scheduler. These -

actlons may be the actlvatlon of a oecullar module, such as the

N

arbltrator or the actlvatlon of a sub—node, of which it is ‘“the

' v -

haﬁager. It may also perform some Sortlng and pruning of the
ObJECt level knowledge ‘base, The 51tuat10n—oart1of the meta-rules. are

a - peculiar. -descrlotloq‘(ﬂf the blaqkboard content; . By firing

meta-rulest_vhe meta—level Es a “strategy“ I.e. a n—tople of

actions to perforn. A_stretregy 1s,c:eatedjafter each consultation of
A

. e -2



the meta-level. All these reasons highlight the . fact that the

meta-level is often considered as an expert system itself.
. : ]
A meta~know1éqe base contains meta-facts, meta-rdles and a stopping
condition. As for the objectélevel knowledge base, meta-facts can be
seen as particular meta-rules and have the same format. The format of

a meta-rule is different from the one described for the object-rules.

A meta-rule is formed by :

1. a set of actions; those actions will be executed  under the

control of the scheduler if the rule is fired.

a set of conditions; Each coﬁditidn. typically represents a

“description of the blackboard to verify.

a vriority .number; ‘The priorihy number helps the

meta-interpreter to sort the rules to execute,
| 4. a rule numbér.

The ;anarks formulated about the format of the object—level elanents.
are also valid.fQ£ the meta-level elements. However, if the meaning
of an ‘object-level elgment is ieftl to the uéer, the meta—levgl
elements are procedures, explicitly defined by the knqwiedge engEneer:
Each meta-level element has a definition in Prolog stored in a file

~and consulted by the node at the beginning of a session.

The stopping condition Lé/;’;;ZIﬁre to find a firable rule,"éither
because no'exisﬁinq.rule cén be fired, o; because no more-ruies exisf.
The latter case may happeﬁ af@er deletions performed by the meta-level
itself, . ginqe no  controler o% the ﬁeta—levei exists, the

" meta-interpreter has—acgess to all the rules. stored in  the

meta-knowledge base. © . * ‘
g . | I
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Historically, the meta—ievé;~ﬁéé designed to contain only rules for
sorting and pruning the cbject-level knowledge-base. Thus; actions to
© he. verformed, suéh as the activation of a ﬁodule or a node, would be
decided by the firing of“an object-level rule. However, in the
present system, the manager node can he considered as part of  the
meta-level of its sub-node because the request sent to the sub-node
may involve a pruning and/or a sorting of its knowledge-base or, more
generally, may qirect the sub-node to a particular search. The same
remark alsoahojds for the action of calling ~a sub-node: it is a
"meta-action" since it privileﬁges the,kﬁowledgé—base of the invoked
‘sub-node as canpared‘atﬁ ‘the sub-nodes, For these reasons, the

activation of a module or a sub-node is left to a meta<rule.

Moreover , singe the -meta-actions are essentially procedural and
designed for very specialized reasons, it is reasonable to attribute
them to the meta-level, instead of grouping them ‘with object~level
rules, which typjcally deduce a diagnosis. Thus, we can differentiate
the meta—lggsl which %s.procedgral and the object—}evel the purpose of

\j§1iqh is to‘aeduce or proviqe a dlagnosis. This differentiation keeps
valid tHe formal"aégiﬁitidnvof the object- and meta- levels (Davis &

Lenat, R2):

To deduce a diagnosis from ad-hoc rules (object-level),

1

Ji ~and to provide a way to reach a solution in the search pfoc%ss'of

the objé&t—level (méta—levél). ' _ N
. l &
S \f
TN
\1.. < \
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There'éxists ﬁo méta-meta level, i.e. another level, guiding the
choice of the metg—rules to fire, and of the actions to perform.
However, certain design choices must be made at this level. A
ﬁeta—rule 'is automatically deleted from the meta-knowledge base once

fired since it is likely that the rule will not be of use anymore, and

since we want theé meta-level not to repeat the same stfategies. Such

a decision belongs to tﬁe meta~meté-level. We also point out that
S‘meta-actions are not limited in their duty ‘and thus they can alter the
meta-knowledge base itself. For example, it may bqv desirable that
meta-rules -be deleted, that previou%ly deleted meta-rules be stored

back in the meta-knowledge base, -or that their priority be changed.
. : v ' : '

Such actions typically belong to the meta-meta level (since they sort

or prune the meta-knowledge base).

#

The mefa—interpreter uses priority numbers (chosen from 1 to 20,
© "an 'arbitrafy interval) assigned to each rule to sort the meta-rules.

The sequence of tasks performed by the meta-=interpreter is as follows:

a

1. The current priority level is set to 1.

|
-

\
2. The meta-interpreter begins to evaluate the premise of .the

rules of current priorfty level®N. -

3. If one is firable then,

i) all the rules with ptiority N are scanned by the
. .

/

. interpreter;



\.

Uiiy The conclusions of ‘each fired rule is appehded to
. o ‘
the previously found ®onclusions; , S

iii) The interpreter stores a trace of tﬁg‘ firing for

omm—

future explanations; and

iv) The interpreter stops when no more rules of priority
ﬁep:iﬁ be fired. The ordered set of conclusions to execute

//,{ esents, by definition, a newly creéted‘strategy;

If the interpreter cannot fire any rule of the given

priority then .

i

i) IEN< 20, then N=N + 1, and a new cycle is

l\‘ R
per formed, sﬁ%}ting from step 2, or _ .

ii) If N = 20 then the meta-level fails to creéte &
N '
strategy, a situation which corresponds to the end of a

coﬁsQltation,session of. the node (see '5.1.13'). A

-It must be noted that, once.a priorit§ is set, the mgta-knowledge_
_ base is scanned only once. This ié juétified by the fact that the
premise will typieally be a description of the sitwation (i.e. 6E\the
blackboard) am;' that the firing of a meta-rule will'not change;thé
imquiate situation. It is only when a st;atégy is chosen that thé )
lObject-leﬁel . is activated. zhus, another sigaa}ng of the

meta-knowledge base would not find amy new rule ﬁo‘%fre._ We shall see

below how the object-level interpreter differs in this respect.
. 1 '
»



There actually exists two ways of ordering the rules and thus the
actions to perform Qithin a strategy. The first one is merely linked -
to the existence of the oriority number. The second one corresponds
.o to the natural orderiﬁg of the rules inside the meta-kno&vledée

>
base.There is reason to believe that the double ordering capacity will

v

answer most problems of instantiation of the shell. v
Q -

The meta-interpreter is typically one of type C. The interpreter
scans - the meta-knowledge base and fires tlhe first firable rule, the
order being given by the ordering of the rules and the priorities.

- Howaver, since-. there é}{ ists some form of meta-meta-level, the system
is not a pure C-type engihe. For example; use of adequate
“meta-actions, the in.terpreter.; may miter the meta-knowleage base and
thus inrduce s:meptype of action at the folloﬁing consultation of the
‘meta—knowledge base. PRut it should be noted that the example-
-representls a non-natural- way of using the meta-level and this feature

should be used with care. \

.o
The firing of rules depends heavily wupon the rules and data-
structure. The design of an interpreter must take these ipto account.

In Puycin, the rule.format at the object and meta~level is the same,

f ' allowing the design of only one interpreter. However, meta and objeck
5 ) rules are very distinct in pature and meaning for the purpose of the’

. shell presented. Activating a sub-node for example, is a task highly

procedural in nature and-is an "action" to rforr on the other
= - ‘! =
:

\j nd, a-sg,nclusion a the. object—leve1>111 typically be a decision, 'a/\/{
L “ M . .
) diagnosis. MNofaction is !to perf6rmed apart‘ from -storing gé\_ o~
conclusion in the blackbo.ard. @
N s
- >~ e - ” -
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Anotﬁer consideration is the way interpreters should function.
It is posible that objec{’level interpretéis do not function always in
the same way. Tﬁis may depend upcon the instantiation. Havin WO
indepen@ant objeét -and meta-intrepreters allows the tailorin ‘(for
‘optimization) of the object-level interpreter. Two instantiations of

the shell are given. in chapter six and highlight thé di erences

/

" between the two'objecﬁﬁiiji} interpﬁeters.

5.1.6 The Scheduler
) -
When thé overall system focuses on a particular :node, the fifst
activated wodule, is its -schBQuler. Its purpose is to executae éhe
. actions decided by the meta-level4*:its main task is to execute a

series of cycles, one cycle containing the two steps:
1. Consulting the meta-level, » s

i

(2. Eiecuting the actions selectediby the meta-level and stopping

whenever consulting the meta-level fails. N

’

v

The stopping of the scheduler corresponds to the end of the

consultation session for . the currently activated node. TIts central

role is highlighted in the operating mode section (see '5.1.13") .

5.1.7 ' The (Object-level) Interpreter
Fi

The interpreéer fires rules made é%ailable by the meta-level. There

1

arge two ways ’Bf firing rules, in backward chaining ahd in forward

h&
chaining; both are. inblemented in the shell. The choice is nade via a

parameter set when instantiating. thershell. This parameter may be

changed by the meta-level, allowing more flexibilty in . the deduction
e . ) .

4
v
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process. To prevent a second firing of a rule in the deduction
orocess, the interpreter keeps track of the fired rudes. Each,
conclusion of a fired rule is evaluated and a trace of the firing is

-~

kept for use by the explanation facility.

As already mentioned for the meta-interpreter, the object-level
interpreter may neeé some tailoring depending upon the task to perform
and the way the éiemeﬁts aré coded. Whag is part of the shell is the
firing of one rule, whétever the mode of chaining. The natﬁre of the
»tailo%ingyto per form depends upon the particular pfoblem ét hand, and
an- example is fmesented in chapter six and the apﬁendi;. Havidg to
tailor the‘interpreter is ip fact an efficient way of dealing with the
potential insufficiencies a general shell may contain. Experience
will énduce whether a moriisophisficated shell can be designed to
encompass various tyﬁes of interpreters.

The object-level-interpreter executes the following two steps :

. ..
5l_é%zﬁrﬁ‘The interpreter scans the available knowledge-base and
‘t 4

rerforms the following cperations for each rule:
’

The premise of the current rule of study is first
evaluated: oy,

i

- If the rule is firable then the conclusions of the fired
rule is stored in the relevant part of the blackboard. If
the conclusion is a éoaI, it is stored in section VvV (Figure

NS ‘ . .
5.1) of the blackboard.- If the conclusion is not a goal, it

is stored in section IV (Figure 5.1} of the blackboard.

- ' Befofe - the tranéfer_ito the blackboard, the interpieter iy

ucdates the confidence which pas previously given to each of "



ﬂ .

b

_,\\EHZ? the conclusions {see below). Then, the interpreter stores a

-~

trace of the firing for use by the explanation facility.{,

If the rule is not firdble, the interpretkr studies the
next rule present’in the work space.

2. Once all the knowledge-base is studied, the‘ interpreter

checks whether any rule has been fired.

If not, the interpreter stops, and the scheduler

continues.

If something was deduced, then the interpreter checks
whether all the qoal—sqs was deduced. ‘

If so ard if all thé found goals don't need to be
proved again (f0 be deduced again by another path in the
knowledge-base) , then the interpreter stops and the scheduler
continues.

If all the goals have not been deduced, or if some
;;;Ithan have to.be proved again, then another scanning of the

\ knowledge~base is performed, since the newly deduced elements
may aliow the firing of previously unfirable rules.
. . ' ng
At oresent, uncertainty is handled in the same wa§ as ‘iq the
Mycin expert system.  ®ach rule is aésigned a "certainty factor”, a
number hetween’ -1 ana 1 (see.APPENDIX Ay, Mycin's theory was chosen'
because it has been extensively tested. One of the biggest dgawbagki]
v éf Mycin's theory is it$ experimental nature.. .The outcome of its
implementation can only be validated by experts and their intuitive
feel#ng. The choice'should thus be subject to extensive testings.
.I - .
U e
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Other .methods, implementing more theoritecal approaches may easily
place the present cheice, since uncertainty is handled b§ only one

module in the shell.

5.1.8 The Arbitrator (or Consistency Enforcer)
£

At the meta-level, no arbitrator exists since the actién parts of
all the fired meta-rule are concatenated info one list of actions to
perform so theré is no actual selection among the meta-actions. This
list represe?ts the straﬁegy éreated by the meta-level. The qnly
conflict which may arise lies in the nature of Ehe actions to perform.
This tis a se;antic pro%lém'to be solved, My the human expert, ratﬁer
than by an arbitrator, ?y appropriate use of the priority numbers and

the ordering of the rules within the knowledge—basai

At the object-level, since the deductions may be contradictory,
the: arbitrator must select, for instance, the best solution among the’
set of comwpeting solutions It‘should be able to éecognize whether a
result is valid or not, whether an anomaly exists, whether results are
complamentary or incompafible, and -should ©propeose the Thest
interpretation (which may be the absence of intrepretation in the case

*

of doubt). ®By aﬁomaly,_we mean the existence of two or more results

~which should not exist at the same time. Such a situation arises when
#the object-knowledge base is incomplete or when the scope ' of the

expert system does not include the current problem. fThese are

.

fundamental problems in tHe design of expert systemé. The arbitrator
finds Ehe hest (sub-)goal(s) amond a set of competing elements, and

. LY .
has elementary features to helo the knowledge engineer define when a
resuit -is valid and when an anomaly arises. The fg@tdres are useful
< ‘@

- g1 -
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safeguards‘to be employed during the instantiation process.

We showed how the met;-level and object-level inperpreter may
have to be tai¥éred to the problem at hand. This may influence the
arHitrator“;nd imply a related tailoring. Chapter six and the

"appendix present an example of a tailored arbitrator, and highlight
wthe existing similarity between the tailoring performed for the

object-level interoreter and the -one for .the arbitrator.

5.1.9 [ﬁhe Justifier Interface :
; %q N
Since the justifier and the shell are distinct, a justifier
interface exists for each node,” which stores in a file (one per
& :
session), for lfter consultation by the justifier, all the relevant
information concerning the conclusions drawn at the meta and ohject

level. For each conclusion, the cbject-level stores a list consisting

of: i -

1;_ The éonclusiop itself.

oD
.

A strategy label designating the strategy under ‘which the

conclusion is found,

3. The rule used to draw tifis cone}ugzah.
@ .

-

4. The measures of belief and of disbelief associated with the |

conclusion.

In the same way, the meta—interﬁretér'sto;es the actions concluded by,

the meta-level with a list consisting of the meta-rule which concluded

- -

. . - L
the action. Both meta-actions and object-level conclusions a:

storad ¢
: o ¢ .
in the same way for the sake of a unifqrm-vrocessing by the justilfiep:
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§.1.10 The Inter-node Interface And The Data-handler

The hierarchical architecture of the total system 'imp;ies that
interfaces exist between nodes and confer a regulaéing role to the
interfaces. The inggrface‘is divided- into sub-parts. -One is the
formatter and is used to translate, if needed, the final result og the
shell (/sub-node) in a meaningful_fo;m'for the manager. The - second,
called the "inter-node manager“; has access to the bléckboazds of the
shells it 1links. The actual tranéfef of cqnﬁanés and data is
performed by this bart of the interface. The transfg;s are pgf;rﬁgd
in a very general manner. ﬁithér a’ file is read - and its ’éontént
stored in a blackboard, or a list of command is directly transférred.
In b;th cases, there is no semantic checking .of ‘the transferred
elements.

Since the ﬁodes are particular instantiations of the same ghell, the
set of the elements which may be manipulated by the Prolog.interpreter
must be regularly changed. This happens when the focus of interest
changes nodes. in this case, it is the tésk of the interface to
Fdeactivate";thé node being left, and to "aétivate" the new node of
interest. At - the same time,‘if the focus of attenti9n is switched
from a node. to its manader, the ipterface must Store‘thg/final result:
obtained by the node in the "blackboard of its manager (in the
Wintermediate results” part). If the focus of attention is switehed
from a node to a 'sub-node, it is'éhe,gequest provided by the méhager

which is transferred to ifs sub-node.

. . L e



For simplicity 'and efficiency, - the inter-node interface is
specialized in trénsfe:ring requests and short answers. If picEEE? or
geo-coded data have to be transferred into a node, it is easier to

7 sénd a comnand via the infer—node interface telling what to transfer,
and possibly, how to transfer (from where, with which protocol...),
and let the data-handler of the receiving noae execute the‘cannand.
Thg duty:of the data-handler is thus to interface a node Qith anything |
outside the hierarchical system. The cutside could ;ypically be a
geographic information system. 'guch a feature is essential if we want
to limit the amount of overhead in a hierarchical organfzation. It is
also essential if we want the system to use data available in outside

data-bases,

/_" .
The data-handler is designed to transfer data from the outside

into the blackboard of the shell. However, it may be useful in the
'future to increase its capability by allowing the transfer of
knowledgg_ or the altering of parameﬁets.'_lh fact, a whole range of

implementations may be usefu¥ for this module, depending.ubon the task

-

| it would have to perform. Tt may be a simple‘and autométic reader of
files; as in the present case, but it may beco%e an génuine exoert
system: decidiﬁg what data to fetch, whereltq find _the data, and
ﬁossibiy, how to translatg th¥se daté in-an »umd?rstandable form for
the shell. In the last case, it is likgiy'that each nqde waui ) be
iinked to the: same ﬁata-handlér{ which would be the interface between

.

J}che overall system and the outside.
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-5.1.11 The pPattern Matcher : ’ Tf;mj.

The pattern matcher is used to select object-rules accbrdgng to

"matterns" in the premise or the action-part of the rules, which match

3

a given list of elemgnts.;'If selected, the rules are made * "visible"

to the object-level interpreter by changing their- predicate name.

~ o

5.1.12 Files Which Are part Of The Shell

The shell is empty at the begihning but knows where. to look - for
knowledge, information, or daté; By* consulting a number of files, the
shell is filled with all that is necessary tb actually, “instantiqgg"
it. For the shell itself, without any cdnstréint Erom'éﬁhe

hierarchical organisation, the following must exist and be consulted

4]
by the shell: *

t

1. The meta-knowledge base containing ' the meta-rules and the

mumber of rules.

—* 2. The knowledge-base containing the object-rules and the number ‘

of rules.

\ 3."The emptied version of the blackboard, which is consulted

&
each time the shell has to reset itself.

4, The set of concepts. The elements found ©in tfé; meéa—rules
and their meaning (i.e:. their procedural definition) which

. ' is defined by the knowledge ' engineer when instantiating a

shell. One meta-element is defined and_gzggidéd_with the

TR

shell.-g This ‘concept makes* visible to tﬁeA object-level

. ~. _- .
. interpreter some of the odbject-rules. When a  strategy

i
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contains this meta-element, the scheduler executes it by

consulting its meaning in a file. This meta-element selects

» object-level rules by matching them with one of its arguments
. " .

and alter then in such a way that i:hey become "visible" to

~  the objectllevel interpreter.’

5. . The setsof conditions. The conditions are elements, found in

ohject-rules, which have to be verified for the rule £ be .

fired-but which don't have any influtnce in the - computation
of the confidence measures of the conclusions of the fired

rule. These elaments are also defined by a procedure.

6. The part of the blackboard which contains . information about
the instantiation (the definition of thé_set of goals, the

‘current mode of chaining, for example).

Once a shell is instantiated and a new ‘node is created in the

hierarchical organisation, several other files have to be consulted or

are created during a session :
. . *

[y

1. One file which is consulted by the data-handler at the
heginning of any session. It may contain data the manager of
the node wants to transfer to its sub-node, or dai:a from ‘an

outside system.

2. If a sub=-node is called, its answer is available in a file to

be consulted by the manager.

- B -
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3. The file created by the justifier’ interface. &

' 4. The file containing the manager's request and which is read

by the node at the very beginning of any session.

5.1.13 Operating Mode

-

ce a node is activated for-a task, all the presented modules will
be used in turn, under "the control, of the scheduler. After the
sending of a requést from the manager, the following is performed at

the invoked node :

1. The interface between the two noées receives the request,
deactivates tﬁé manager's shell and activates the node of
interest. If the node has be?n lpgeviously -gallea, the
interface restores the node back to the previous state. Tﬁe
interface then leaves the priority to the .scheduler. ofl the

activated node.

-

2. -The scheduler first looks at the request. Typically, there
s .

is a flag for a reset comand in the request.
If the flag is "reset", then "the préblem' at ‘hand is
L |

considered as new, and the node is reset by emptying the’

:/’\——

If the flag is "noreset", the request is a new question

- hlaékboara, and ‘the work space.

about an old. problem, and the node:resumes its activities

from where it stopped.

More generally, by combining the capabilities of the

data-handler and the internode-interface, an activated node
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may start frop any state. This-is accomplished by resetting
the node to a starting state, and via the daté—héﬁdler,
putting data into the blackboard.

: .-
The scheduler stores ;ﬁe request in the blackboard and the
data-handler ' consults a. file throughhyhich the manager-node -

transfgrs data.

R

* The schedulgr‘then_performs a series of cycles, eagh cytle'

being defined by two actions : -

1) The meta-level is constlted for a strategy.

-

2-a) If a strategy is proposed, it is stored in the

blackboardy. and is executed 5y the schedu{gr. These actions

may be to fequest something from a sub—nodé, to request a
module of the node (the interpreter, the formatter, etc) to

r

perforn an action, or< to perform a complex procedure

1

involving the use of several modules or subnodes.

2-b) If the meta-level failé“ié?;ropose a strategy, the
scheduler ends the sesgion and priority is theﬁ'given to the
interface, which deactivates the node, {stores certain data
belonaing to the neode), reactivapes thé manager node, and
transfers the-final result found by the sub-node into the

hlackboard of}the manager .

1 .
Once the strategy is executed, the scheduler begins

another cycle {until state 2-b is encountered)}. It is worth

’ dotrng that the interpreter and the arbitrator are called by

-the execution of an action within a strategy. This enhances
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also the flexibility of the's&gten since these module§ may bé ’
,c;11éd whenever it is'des{rable,Ainstead of at fixeﬂ times.,
For exampig, the arbitratdr‘may be requesped, at any £ime,‘to
find the best elaneﬁt among a list, | -
v ) . { S .
5.1.14 Pesign Choices For The Inference Engine And The Overall

-~

“

We use the'teﬁninlogy presented in>(Laurent, 84) and also in '2.5'
to characterize the inference engine. The engine of the shell is of
the O-A type, like M;cin. The se}ected' objeét for' processing is
always Ithe last generated goal-object in backward chaining. Thus the
selection of thelaétion is the fi;st firgble rule which includes the
goal-object  in its conclusion part. The selected objects for
processing are always the elements already present in the blackhoard

(the "known facts") in forward chaining.

Many expert systems have an enaéne’of the C-type. For example,

an expert system whose inference enéines selects and fires the first
. )

firable rule encountered while scanning the knowledge’base belongs to
that type. Pi is case, the objett to process (the conclusion) and
the rule to Eiza are chosen at the same time. An engine of typé C
seems intuitively less "universal" then one of type O-A or A-O.
Choosing dn cbject (respéctively an action) may come from criteria
which are sgspecific to the set of objects (actions) at hand. The set.
of criteria whlch may choose the couple (ohject,action) at one get may
not include the concatenation of the criteria about the objects and

the criteria abo t the actions. highlight the advantage of an O-A
ne

tyoe engine fover a C-type enq%pe,_we present a particular aspect of
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the-probléh of detecting changes in remote—sensing. Suppose we want
. to know whether a given region may be covered with clouds in a given
picture. & fequest is sent to the relevant eXperé vhich, by its
meta-ievel, would select the rules concluding about .the exiétence_of
clouds. Thus, by pruning thé obﬁect—level knowledge base, the cbject
to process 1is chosen. Then, ' the meta—kfvel ~ma;y also sort the
remaining available rules by use of ucriteria; such as, "the rules
.having the highest confidence measure should be studied first", ané\fg(/7

on, The ekample clearly shows two points:

"l. A C-type engine cannot handle such specialized request since
it. cannot select what is to be searched, and since it cannot

. sort the rules.
"2. The meta-level plays a-major role in the ' selection of the
objects to process and the rules to firé. In fact, such

'

flexibility can only be achieved by use of a meta-level.

The choice between 0-A and A-0 .is rather arbitrary: It is
howeve; ggnerally recégnized that criteria abguf objects are easier to
find and more deterﬁining than the criteria gbout actions. This
exvlains why in practise, the chosen type is always 0-A. In fact,
only one expert system, dedicated to playing cliess, of the aA-0 type

can be found in the litterature (Wilkins, 82)..

»

Since the shell was de;igned to create nodes which shéuld remain
simple and ﬁandle si;;IE‘tasks, the complexity of the overall system
should come from thé multiplication of nodes .and. not from the
sophistication of its§ "nodes. In.particular, the knowledée base of

each node should rewmain "small", i.e., the particular problems
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‘associated with handling large knowledfe bases, rules consistency,

search, space, etc... should not occur

B

All the presented reasons are in favor of an 0-A type engine, and = .
can be sumarized by the fact that a general shell shopld be "robust"
.in order to handle many different applications. Robustness is-
favoured by the ?roposed approach over a more ;pphisticated an@
perhaps unjustified S-{0-A or A-0). Most existing expert‘ §ysten§ do
not have the capability of changing the currént state. Most expert
-gystems, like SEVERE, only aﬂdlnew deductions, without being éble to
backtrack (cancel previousiy @educed results), or ﬁo solve occurring
'inconéistencies, actions which can be accomplished by an S-(0-A orh
B-0) type inference engiﬁei An inconsistency typically occurs when
two incompatible elements exist at the same time. Both problems are
related since baéktracking is often_gékgormed when an i;consistency is
met so that the acpion af backtracking cancels previous results and

'
among them those. ielated te the inconsistency. A system whose

hlackboard can bé\§££ered at undetermined moments, i.e., when \it is
required by the 'context' or blackbbardicontent, may be complicated to
test, and thugrmay be leSs robust than a 0-A type inference engine.
It may be further conplicated‘ because it héavily depends upon. the
domain énﬂ,the problem ét hand. Moreover, the overall tree of shells

has some interesting features which enhance the flexibility of any of

its nodes and justifes the simple O-A inference engine of the shell.

The first interesting feature of the tree s£ructure is that the
meta-level of a node may correct the possible’ lack of flexibility of
its sub-nodes. For example, the ﬁefa-leyel of a node may control the

current state of the sub-node it 1is about' to call and thus, by

-9l ~
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defining thé first state, considerably influence the_  characteristics
of éhe current state of the sub-node. The secord interesting feature
¢ that a node may be activated several times by its manager, a
process which can be 'seen as the result of a backtrack. These
features imply that the tree structure of the overall system can be

seen as, an S-A-0 type expert (though its inference engine does riot

formally existl).

what has been argued-about the O-A type of the inference engine
is true to the extent that the_definition of the metg—level, 'pruning
and sorting' the object-lével knowledge-base is kept. However, K at
present, the meta-level can perform meta-actions (see '5.1.5") énd
thus, can ;lso alter the blackboa;d content, at each cyclg of the
scheduler. We must recognize that SEVERE waé not devised in that
soirit and that it may really be awkward to use SEVERE with problems
where  backtracking has éo be \ performed. ‘This i$ why creating =
meta-rules' which would alter the blackboard are not recommended and
why we brefér to present SEVERE wiﬁﬁ\anﬁﬁté\type inference engine.

S

5.2 THE EXPLANATIOM FACILITY

- 5.2.1 Int;9duction.

Mycin is not only popular for. its implementation of a
production-based system but also for its explanatioﬁ facility. Its
capahility in handling why-type and how-type questiops was first
highl ighted in (Shortliffe, 76); and inspired other explanation

facilities, such as Prospector (Dudé & al, 78), because it proved to

\\.‘
\
]

be a wvaluable and simple aporoach to providing information and
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feedback. However the choice implies the following assumptions:
-
3
1. A sufficient explanation can be given by merely providing a

BN

record of the reasoning of the system.

[
.

The user still must have, beforehand, an understanding of the
overall shell. For example, the facility will not provide

ratlonale for the computing of certalnty factors.

At present, the explanatien facility,‘though designed in a generai_
way, should be only used bydthe knowledge-enginéer because it lacks a
"natural-language interface" and prov{des explanations about a node

and not about the overall system.

5.2.2 Presentation Of The Explanation Facility

Thé éhell contains a justifier 1nterface which collects all the
1nformat10n of 1nterest present in the work-space of the 1nstant1ated
node and stores it in a file. After a session with the overall
system, the wuser may want. explanations about a particular

{intermediate-)result by running the facility. The user is then asked

-

~for- the node of interest, and the folloﬁing files are_econsequently

consulted:

&

1. the file containing information about the last session,

-2. the knowledge-base,

3
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3. the meta-kébwledqe base,

4, r'the file containing the blackboard data peculiar to the node.

.

When the user requests explanations about '"how a patficularv element.
was pfoved“, the explanation’ facility scans the file to find all the
inferences the expert system performed which concluded the element.
Théé' are all displayed, and the measure of belief and of disbelief is
ﬁpdated for each inference. T@e updatiﬁg= is performed. in the
~ chronological order of the deduction process. The process is
’straightforward in this.case since the system meiely displays, . ohe

after the other, trace records present in the file.

)

Questions related to objgct-'o:'meta—rules and why-type questions
about eleménts, imply a scanning of -the file, to fin§ the trace
records which contain the element or rule-number of 'interest.‘ The
system then gathers the found-records and elabora;es an answer,‘ For
instance, an_ énswe: about a meta~rule will contain not only a
presentation of the méfa—;ule, but also the set of all the
object;elements the meta-rule may have indirectlf deduced gy the
strategy to uhicg it contributed, Furthermore, an explanation about

how these elements were derived is also prowided.

The need for a simple but efficient explanation facility leads-to
the choice of Mycin's’explaAation facility. Since/Mycin does not have
a meta-level, a simple adaptation of Mycin's explanation facilitf for -
the meta-level -was dévised. ' The handling of meta-rules and
meta—elements are similar to the handling of object—rules- and

——

elements. However, since the meta-level strongly influences the

-

object-level, an explanation .dealingd with the meta-level provides
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. informatién the particular requested element or rule and also
information about what was implied at the cbject-level, as. mentioned

f

in the 3h6ve example.

- 5.3  PRESENTATINN OF THE KNOWLEDGE ACQUISISTION SYSTEM

4

5.3.1 Intreduction

The knowledge acqﬁisition‘system is based upon f;iresiaé {Davis &
‘Lenat, 82) (see ;he.'presentatiéﬁ of Teifesias and its "models", in
'2,3.3"). This system was chosen because of its capability~ to guide
Ehe human éxﬁert when entering a new rule, by use of models. At
present, only the updating of the ‘objeéf-level knowledge ba;ei ist
impleﬁented.-\ The meta—leﬁel contains very specialized and procedural
doncepts which have to be carefully conceived. 'I; was felt that the
" entering of code should be done direétly. The present system, though

inépired from Teiresgas, does noé automatically create and update

models; as Teiresias does. They have to Be updated manually. This is
a definite drawback for an extensive use, but is sufficient for this
study since we are more interested in'proving.the éfficieﬁcy and
adequacy of the proposed éxplanation facility. However, despite its
limitations, the facility'is nonetheless of ﬁelp, even in the case no
model matches the entered rule, because of the guidance tit provides

and because it checks the existence of the entered elements.

5.3.2 Presentation Of The Khowlédgé Acquisition System-

) ’
-——/'

The program contains three phases: g
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t. PpPhase 1: The user ‘is prompted for the name of the node to
update. Once entered, the system consults its knowledge
base. . .

2. Thase 2: The user enters a rule and.its elements are checked

‘ ¥
for existence.
If all the elements are recognized by the system, the

system executes phase 3.

1f an element is not recogni'zed by the system, tﬁe user
is prompted to confirm or invalidate its entry. If
confirmed, the user is then prompted to give some information
about the element. Once confirmed and defined, the element
is memorized by the node. If invalidated, the system begins

again at ‘phase 1. . :

3. phase 3: The system looksl for the model which best fits the
. rule anmd- in_fo the user abqut the content of the model.
.’.I'he system presents “elements which are often encountered in
other rules of this TtilOde:L, and thus, may be missing in the
entered rule. Finmally, the rule is stored in the knowledge

base.

5.4 CHARACTERISTICS OF THE SHELL ’ (

(Aubert, 84) proposed a list of the critical features of

knowledge-Based systems, and they are now used to characterize SEVERE:

P
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fenerality of the control structure: At the node level, the

possibility of backward and fbrward chaining exists, The
control structure of SEVERE is.of type (S-}0-A at the -riode
level, whereas the overall tree structure ‘can be seen as an

5-0-A inference engjine.
o
, .

Tyoes of knowledge representation: ~Only one form of

representation is available in SEVERE: the | production

-

system.

Bupplesness in  the writing and updating of ‘rules: an

elementary knowledge acquisition system is provided.

Existence of an explanation facility: A simple interactive

explanation facility, similar to Mycin's explanation facility

is provided for the cbject-level and the meta-level of any

node, bhut. does not include "why not"~type gquestions at

present. The explanation facility deals/ﬂ{;;_only one rode

at a time.

Capacity of the system o run step by step:  The Mprolog

interpreter does not allow the running in trace mode of a

Iprogram. ﬁowever, a facilitj provided by M-prolog (Gur-Arie,

15) allows, under certain constraints, to, trace the

step-by-step running of one instantiated shell.

Possiblity of changing at any time previously entergd data:

Since the shell is not intended for interactivé\ség;ion, the

N

inputs cannot be changed.

-

)
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. 7. Existence_cﬁ_arnatural language interface with a spelling

‘ corrector: SEVERE® does not contain a natural language
iﬁteface; mispelling are indirectly detected as the entered

‘elements cannot be found in the list of known elements,

-

8. Existence of interfaces with high level larmguage :

i

Interfaces with lFortran, Assembler and the command langpage

of the host computer are provided by M-prolog.

9. Inclusion of variables in rules: The nature of Prolog

simplifies the ‘introduction of variables in rules.

1n. Fxistence of file of cases allowing the - testing, in batch

mode, of a knowledge base (for productivity purpose): Test
cases are still to be designed. What is_jdtovided is a

simulation highlighting the characteristics of the system.

11. Existence of a graphic interface: Wo graphic interface is’

¢

provided.
5.5 SUMMARY N .

'SEVERE has been presented and its main characteristics enumerated.
Ratic;nales for’ thé main design choices were also provided. However,
only extensive experiments can validate SEVERE, and the hierarchicaliy -

'orqanized approach adopted. The purpose §f the following chapter is
thus to highlight the cépabilities of SEVERE in handling an importqnt
domain of 1.:emote sensing which' is the’dete'ction of changes in forested

[

areas.
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CHAPTER 6

INSTANTIATION OF THE SHELL :
A JNOWLEDGE-BASED SYSTEM FOR
THE DETECTION OF CHANGES

IN REMOTE SENSING



6.1 PRESENTATION OF THE PROBLEM AND -OVERVIEW OF THE PROPOSED

SOLUTION

Two instantiated experts with a limited knowledge are presented.
The instantiation highlights how two nodes 1nte:act and in more detall
the funct10n1ng of one of the node. The ¢hosen .problem involves
detecting among a set of five forested reglons the ornes which may have
undergone a change. fiven a set of supposedly homogeneous reglons-
belonglng to the same class at a glven"date T1l, the go ‘ of the system
is then to detect the regions whlch no longer belong to éheir criginal
class by using a Landsat image taken at a more recent-date'TZ, %he
proposed example is a sﬂnulation of a problem typical for.
remote-sensing, The low-level piocesse% called by the leaf-nodes .and
presented in chapter four _aﬁe tDiAS programs. LDIAS stands fof'
"landsat Digital Image Analysis System" and de;iénates a set-of
compqgers and a complex software dedicated tb the handling of remote

sensing tasks (Fung & Soodenough, 83).

Suppose we are given five regions which do nct “change between two

Landsat pictures (Table 7.1). - -
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7 ' : Similar Regions
Region | Class at ] Class at according to SEPAR N
Number thng T1 time T2 time T1 time T2
4 classl classl (5,6,8,9] [{5,6,8]
« 5 classl classl {4,6,8,9] (4,6,8] °
R classl class] (4,5,8,9] [4,5,8]
8 classl .classl [4,5,6,9) (4,5,6]
g classl classl (4,5,6,8] none
|
TABLE 7.1

labels representing a region, and their
actual class at the two different times
Landsat pictures were taken.

Further, we suppose that the five regions, though quitg homogeneous in
the ‘image at T1 differ in some respeet in the second image taken.at
T2. For example, one region may be shadowed, or ﬂave more moisture.
To get an idea of what happened, a [DIAS program called SEPAR, is
used. This program proposes' a -partifion of the set of regioés,
Iaccording to their. "similarity", by use of the .ac;ual ,intensity
measures of the regién pixels available in Ehé the Landsat image taken
at time T2. The “similarityg is baged on differen£ matrices of
measures (a difquion matrix, a divergence matrix, ete) and on the use

of a threshold on these measures. We suppose that SEPAR finds. a

non-trivial partition of the set of regions using the second Landsat

image, namely: [[4,5,6,8] and [9]] - (Table 7.1} 1In other. words,
Separ deduced that there e;ists two set§ of regions ([4,5,6,8]), and
[9]} which arersufficiéntly dissimilar to prevent their-éoncatenation.
The partition does not imply that the regions are truly different, but

that is a possibility. ¥For instance, for such a sitvation, it seems

reasonable to suppose that the first set of regions [4,5,4,8]
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r.:epresents those whi;:h d_id"not change and thus, the other sét [9] is
the one which did’  change. The expert system handlingltﬁe change
detection process could then try to prt;ve_that nothing changed within
the first set oflregions and that something'habpened for the second
set. This could be attempted by sending the sets. of regions to
sub-experts specialized in detecting changes or the absence of chéhée.
Once this advice is received, the cﬁange detection expert could, for
example, decide between the two following possibilities which could be

embodied as rules:

1. If the expert specialized in no-change is highly confident in
thg(‘ no-change <hypothesis, the change detection expert may

decide that the evidence is sufficient in this case.

1

. 2. 1If the expert specialized in detecting the existence of a
change is only mildly confident in the hypothesis that the
-second set contains a region which changed, the change
detection expe;t .may decide to request the advice of the-

no-chanée expert.

» 2

If other results are obtained, other decisions may easily be imagined,

bu;igre not needed in the present example:

The data were chosen so that the first set gave a good confidence
for the no-change hypothesis, and such that the confidence was mild
for the change hypothes}s for, the second set. Thg changé‘ detection
expert thus tried to prove the no-change hypothesis for the second
set, thus overriding the conclusion given by SEPAR that the secor;d set

is of a different nature from the first-set, and found good results.
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Céll%pé several experts for a same set implies that contradictory
results may be found abOFt regions. It is thus necessary to call the
arbitrator for the selection of the likeliest result for each region.

B - * .

.In the bresent case, no other task has to be performed, sc the session

erds.,

6.2 HIERARCHICAL, ORGANIZATION OF EXPERT.SYSTEMS
The proposed proBlem required the instantiation of a node, calldd
_Changé~e§pert, which handles the change-detection process, and three-

sub-nodes. The first, called Separ-expert, handles results of the

SEPAR algorithm; the second, called Ratio-expert, is specialized in

detecting the existence of changes; and the third, . called
Nochange-expert, is devoted to detecting the absence of chariges. The
name "“Ratio-expert" is chosen from an algorittm which detecté changes
based ‘upon a "ratioing" technique kcf. chapter three). The 5§erall

hierarchy is sumarized in Figure 6-1 :

-
Y Y
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request (from user here ) _ ‘

v .
0 change-expert (a shell is instantiated)
'.
7N\
/1N
/N
. -/ 1 N\ :
. nochange-expert O 0 0 separ-expert (a shell is instantiated)
‘ ratio-
expert
Figure 6-1

Schema of the system simulating ,
the detection of changes in remote-sensing

-~

Two nodes are actually instantiated: Change-expert, and Separ-expert.
Change-expert takes the final decision based'upon the information
provided by its sub-nodes. The decision is a labeling of the regions -

of interest, a label being either "change" or “no—cﬁange".

To get more information on which to' base. a decision,
\
"charge-expert" calls " the sub-nodes  "nochange-expert" and
"ratio-expert" which in fact are replaced by files which are read and

their coﬁEénts transferred into the "change-expert" blackboard.
Hh.3 PRESENTATION OF THE INSTANTIATED SHELLS

Change-expert contains seven meta-rules which calls different
sub-nodes and modules. It also contains two object rules which draw
conclusions about the existence of ‘a clear-cut (a -‘charge) or no ’
change. Several interpretations of the oq;urring changes are
vossible. To simplify the instantiation, the system has only rules to

o
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conclpde. "no-change" or "clear—cut". The "clear-cut" hypothesié will .
represent here the existence of a change in general, though the
change—detection expert. knows that ot'h’eﬁ hypotheses exist: the
arbitrator will note ~that not}?ing was deduced about these other
hyrotheses and will reject them while choosing the best solution,

The second expert called "separ-expert" contains only one meta-rule
and one objéct-rule. In the example, the ‘meta‘-rule and the
oﬁject-rule are only created to simulate the p;ocess of finding a
partition of a set of regions by calling the SEPAR algorithm, and to
assess the validity of the proposed' partition. In the example, the
two rules are merely used to find a partition already present in the

hlackboard “apd to send it to "change-éxpeft". ;

h.4 RULES USED IN THE EXAMPLES

" A,4,1 The Meta-rules Of The Change Detection Expert And Their Use

A

The seven geta-rules of change-expert participated in the design of
six strategies, so a strategy was created by concatenating the

conclusions of two meta-rules. ‘Table A-3 presents the rules in the

-

order the meta-level interpreter will choose them.

An example of a coded rule is ™

mknB{ [activ(separ-expert,reset,X), /* conclusions */
put-in-bb (data-base, fregions-of-study(X)])], '
[already-called-lower-nodes (empty) , . /* premise */
command-upper ( [detect-ch (exhaustif,X)1)], |
1,4). . /* priority, rule number */
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This rule means . . -
if no sub-node™has been called yet,

and if the manager's request (the user's request) is to detect all the

a

changes which occurred for the set of regions X,

then askr the lower node “separ-expert" for a new problem concerning

the set X

and also put in the part of the blackbéard where data are st?b‘réd the

fact "regions-of-study(X)" (this will be helpful fox thé arbitrator).

The rule number is 4 and its priority is I. In fact this ruld is

the first one to be fired and will create the first.‘strategy.

From now on we only present the meaning of the meta-rules.

Details are orovided in the appendix.
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Rule
premise elements ————|—-> conclusion elements Num—
: ber
1yno sub-node has been| 1)ask 'sepai-expert' to study | 4
called yet the set of regions X
*Z)manager's request is] 2)put in blackboard
to detect any change the fact 'regions-of-study(X)®
for the regions X
1)Y is a 'big set of |-1l)ask 'nochange-expert' to 3
homogeneous regions' | study Y
1)Z'is a 'isolated l)ask 'ratio-eipert' to study | 5
region' i/
ny wasvgtudied by 1l)ask the "nochange-expert! 6
by *'ratio-expert' and | to study Y "
it gave mild results
. .
l)manager's request is| l}put all the object-rules 2
to detect any change available to the interpreter
for the regions X 2)let the interpreter find
conclusions -for regions X
in forward chaining
1) (nothing) 1) call the arbitrator 1
1) {nothing) 1) send message to manager 7

PRESENTATION OF THE SEVEMN META-RULES . .
THEIR MEANING, PRIORITY, AND RULE-NUMBER

TABLE 6.3

used in "change-expert". When fired,
a rule is inhibitted and its
conclusions are part of the strateqy

currently created
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The elements ‘'big-set-of-homogeneous-reégions' and  'isolated-
regions' conceptually represent a procedure which would use data from
the node. Here, [4,5,6,8] will be assumed to be a 'big-set-of-

homogeneous-regiors', and ([9]] the set of 'isolated-regions'.

The rule%_were presented in the order they are stored in the
knowledge-baéé. Suwch a q;dering is .the result of different sessions
of knowledgeoacquisition ard typicglly repre§ents what would be found
in an actualrknowledqe-base. For clarity, this order also corresponds

to the order of firing of the meta-rules.

-,

The consultation used all the presented rules. and created the

six strategies:
L]

(41, [3,5], (6], (2], (11, (7).

Each set contains the meta-rule(s) which c¢reated the  represented

A ]

strategy. ,

4.4.2 The Cbject Rules In The Change Retection Expert And Their Use
. . | ,

Twoe rules were created which were:

1. 1f the current region of study is X
andd the nochange expert found no change occurred in region X
and it ‘found the result with a confidence greater than .75

then conclude that no change happened in region X

with a certainty factor of rule_of‘i'
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2. If the current region of study is X ' : /~\ﬁ

and the ratio-expert foe#a a change occurred in region X

» then conclude that a clear-cut occurred in region X

v

—‘WTEQ—a certainty factor of rule of 1

‘The two rules represent the minimum required to conclude whether a,

change occurred or not, and possibly to create contradictions.

As an example, hede is the coded form of the second rule :

pot-knB({cc-h(X)1, ' ' /* conclusion */
" jcurrent-region (X}, i /* premise */
. ratio([trué,X])},
100, 7 /* -certainty facéﬁr, rule number */ .

The predicate "current-region(X)" is used to instantiate the rule for
a given regibn. The interpreter instantiates the predicate hefore a

scénning of the knowledge base.

6.4.3 The ﬁules Inside SEPAR Expert
..

Only one meta-rule, and one objectlrule were created. Their goal is
to read an external file which contains proposals for partitions (such
results could be obtained by gctivation of the conventional program

"called SEPRAR), and takes ;?e best partition for transfer to the change
detectlon expert. Although the separ-expert node at present is very
artificial, it was inséantiated to demonstrate the interactions

hetween two nodes.
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f.4.4 FExpertise Embodied In Rules

The process of creating a hierarchy, of defining the concepts or the:
éymbolism of the data is the knowledge engineer's duty, with the‘help
of an expert of the filed. The rules and theiF meaning, at the object
level are typicaliy provided by the expert. The rules presented‘in
'6.4.2"' thus represent some knowledge directly giﬁen by an expert.
The meta-rules are basicallf.givén by the field expert but some may be
desigﬁed by the Mmewledge engineer. “For instance, the meta-rules
number 1 and 7 (cf. table 6.3), could be provided by the kniwledge
engineer whereas the remaining rules would be provided by the expert.
We rec:ll that the presented rules and the overall organization aé
‘well represent a simulation and are not an actwal proposal for

handling the detection of changes.

h.4,5 Other Experts
Cther experts are called, the no-change expert, the ratio-expert,
each of these are represented by files - which are read and their

content transferred to the change detection expert blackboard.

5.5  STATEMENT OF THE PROBLEM ANI'J ITS SOLUTION

~

The change detection expert will call in turn the other experts

mentioned and for each region, the following facts will be available:
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] :
Region | Results from' | Measure Results from Measure
| Number | no-change Bel | Dis| ratio-expert Bel | Dis
| expert (tr/f) ‘ (true/false) iR
4 TRUE ’ .95 .05] (NO DATA) - -
} s TRUE * .90 | .05| (NO DATA) - -
3 TRUE . .90 | .10] (NO DATA) - -
8 TRUE .90 «20] (NO DATA) - -
9 TRUE .95 | .05| TRUE - .35 | .10
<(
TABLE 6.4

Results cobtained region by‘regic;n fram
the no-change expert and ratio-expert

It is expected that regions 4,5,6 will be considered as not .having
undergone a- change, but with varying degrees of confidence. As for
region 8, nothing will be deduced: both rules will fail, the first
one because of the threshold, the second by lack of data. It is also
‘expected that the conflict for region 9 will be solved in favor of a

no-change.

b

-

The line of reasoning of the system for region 9 is as follows:

®
1. SEPAR'isolated region 9 from - the others. Something ' could

have happened in this set so the ratio-expert is called.
. S

-

2. The answer pfovided b§ ratic-expert 1is rexamined. If the
occurrence of a chanée is confirmed but only with a mild
degree of confidence, the no-change expert will be, requestéd
to study the région. This happens in the pre;ent'case,
hecause a¢ meta-procedure found thaf the result from

ratio-expert with a certainty factor of:
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CF = 0.35 - 0.10 = 0.25

is “mild".-

3, The conclusion with highest certainty factor is selected.

Since the occurence of no-change is more likely, the expgrfﬂ

' passes over the partition from SEPAR and considers region 9

similar te the other ones.

6.6 USE OF THE EXPLANATION FACILITY AND OF THE KNOWt.EDGE“ ACQUISITION

SYSTEM
"%

The explanation facility and the knowledge'acquisition- system have
been adapted from the Teiresiaﬁ model (cf. chapter two). Two
examples highlighting their.capabiliéies are presented in appendixes B
and C. Appendix B presents a session between a user and the
explanation facility. Various requests, about the meta-levél and the
object-level are given. Appendix, C presents a session between a

knowledge engineer and the knowledge acquisition system. A new rule

is entered“and upgradéd by comparison with two predefined models. We

mentioned equier (chapter two), that no user-interface was provided
as such. The explanation facility and. the knowledge acquisition

system thus interact with the user in predefined and constrained

sessions.

Y
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CHAPTER 7

CONCLUSIONS

‘and SUGGESTIONS for FURTHER RESEARCH
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The study presented SEVERE, an expert system aimed at creating a

hierarchy of expert systems. for remote sensing applicatibns. A

tree-structured organization was proposed which was 1nstant1ated by a

- two-node system 51mulat1ng the process of detecting changes in

forested areas. The 51mulat10n showed how nodes communicate between

each other amd how a final-solution is reached. The study emphasized '
o< ™

the importance of the meta-level of a node. The chosen organization .

implies - that a node makes sophistioated strategic decisions

influencing the behavior of its son-nodes and through them its

descendants ‘at large. The meta-level also contributes to the
flexibility of SEVERE by allowing the control structure to make
decisions: onfthe'ohoice of‘the'next object to process and then on the

nature of the action to perform. The production system was selected
to represent knowiedge because of the ease in managlng and updating
the knowledge base it prov1des. A blackboard is the core of SEVERE'

organisation, ~Though fairly simple, it allows the storing of

object;level as well as meta-level data and results. . The control

structure of the interpreter adllows the chaining of rules in forward

and in backward mode. A rather simple interface is added to the shell

for comﬁunication requiremeots. ‘The interface with outside systems
such as geograohic‘data-bases is only outlined. Its implementation in
gealistic environments will imply the smecification of many technical
characteristics deperdent upon the specific data-bases to link.

Finally, a knowledge acquisition system and an explanation facility

are also provided.
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The approach of designing an expert system shell showed also’ its
constraints. The meta-level is highly procedural, and some téiloriﬁg
may be needed to optimize SEVEﬁE to the targeted problem. This
implies that an instantiation will require a knowledge engineer having
é thorough understanding of both SEVERE and . of the .ﬁnplemented
organization - of expertsl The procedﬁral aspects . éacilitates
instanti%tion by eliminating. format constraints ‘as well as control
constraints but "procedural knowledge is hard to update, to validate,
and expléén. The knowledge acquisition system and the explqnation
facility were also added-to providé tools for inétantiations but were
not the main sﬁbjeéts of th; study. Furthermore, a genuine user’

interface has still to be'designed.

v

This shows that many enhancements are ﬁgésible and desirable., It
is also likely that realistic instantiations will provide guidelines
for more detailed and constrained specifications of the different
modules; 'specifications vhich would be kept valid for a number of
instantiations of SEVERE. Future instantiations will also justify (or
invalidate) some of the assumptions made along this study. BAmong the
méin issues to be answered, in the %ohtext oflpemoteASenSiné; we can
list: |

i)y The sufficiency of production systems as the sole mean of

representing knowledge,

ii} The validity of the hierarchal approach, - from different

verpectives: the cost of the overhead should be assessed; expert
systems with overlapping domains of competence should be efficiently
handled by é,madager—node; different experts should cooperate in the

building of a final solution; the capability of interacting: with
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outside systems should be estimated; the overall system shouldaﬁé.able

to create strategies @n case of partial failure though no explicit

overall control system exists.

1ii) The flexibility and power of each instantiated shell in handling
the various tasks of remote sensing; in particular, the
appropriateness of the fact that the shell is retricted to

classification problems and the flexibility of the control structure

. should be assessed.

Finally, we point out the importance of designing a génuine

- user-interface which will rmov}de " critical support .in the

instantiation process of SEVERE.

Vl’
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&

A.1 PRESENTATION OF A SESSION FOR DETECTING CHANGES 1IN
- RFMOTE SENSING -

A.1l.1 Notations

24.1.1.1 Blackboard Notation

‘

The blackboard is represented by a set of statements
beginning with "®b" and with the first argument among the
list B : .

1. agenda—hpper (contains the request from the user or- the
manager) . ; : ’

4 -

2. aqerxia—strat' (contains the strategies created by~ the
~meta-level) .

3. data-base (contains the information available before the
running of the first cycle within the scheduler).
; : .

- v

4. final-results (contaims the- f,irré'l solution to the

request) .

Each time the meta-level is consulted, two stdtements are
created and added to the top of the blackboard definition :

1. results-by-strategy : contains the elements which are
known as .heing goals of the node and which are deduced
in the context of the current strategy. (one  statement
is created per strategy). - '

I

2. intermediary-results : ébptains all the remaining
deduced elements (which are not goals) and the elements
deduced by sub-nodes called within a strategy.

To keep a simple and identical way of manipulating the
statements of ‘the blackboard, the secord argument is a list

of elements which always has the same format : a list of

two sub-lists. In the case of statements with Ffirst
argument belonging to the set [ data-base, final-results ],

.
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the first sub-list is empty and is not used. For the other
statements, the first sub-list describes the strategy in the

context of which the elements in the.second sub-list were

A.1.1.2 Knowledge-base Notation -

Thé’predicate pot-knB is used for the rules which are not
available toc the object-level interpreter, and knB for the
rules which are available. (see '5.1.4")

- .
v a

A.1l.1.3 Meta-knowledge Base Notation -

T The predicate is mknB with four arguments.

Z

A.1.1.4 Upper—command -Notation *

\..\l

The user's request is :

~ | "detect-ch(exhaustif,(4,5,6,8,9])"
LA

~ (arbitrarily) meaning :

PN l ?—‘\ -
: ' "detect any change occurred in any region among the set of
regions represented by the labels '4,5,6,8,9'". A "reset"

flag is added, warning the node the problem is. new.

ey

— The jchange-expert's request is "group([4,5,6,8,9])"
{arbitrarily) meaning "propose a grouping of the regions
labeled '4,5,6,8,9'". A "reset" flag is added, warning the
expert the problem is new.

4

-

e ' ‘ A.l.1.5 Concept Notation

e ' - ' .

The concepts are the elements manipulated by the
meta-levely They are diverse in notation and meaning and
will be explained when used. :

..
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A.l.1.6 Object Notation’

notation : <predicate name>/<number of arguments>

A.l.1.A.1 Change-expert Level

! 1]
The goals used by change-expert are :
1., fire-h/1 : a fire is detected.

4

2. cec-h/1 : a clear-cut is detected.

3. regen-h/l : an regenerating area is detected (a young
forested area).

4., noch-h/l : no change detected. .

—

Each of-these goals have one arétmenf containing the region
label of study. - :

The sub-goals used by the éxpert are :

1. noch/1 : result from the dumy called nochange-expert.
2. ratio/l : ‘result from the dumy called ratio-expert.

3. separ/l result from the instantiated shell
Separ-expert.

L]

4. regions-of-study/l : stores the set of regions to study
in its argument.

noch/1 and ratio/l have a list in their argument :
[<true or false>,<studied region label>]
ex. t  noch([true,d]) means  that, according the

nochange-expert, it is true that no-change occurred in
region 4.
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separ/1 contams a list representmg the partition -of
" [4,5,6,8,9].

A.l.1.6.2 Separ-expert Level N

The only goal is separ/l as above,

The only objects are data (Supposed results ,fr'cm the SEPAR
algorithm) : ’

separ-low/1

A.2 MYCIN'S THEORY OF BELIEF

A

Each rule is assigned a certamty factor {a number between
-1 and 1), called CF,

-2

- The process of updatmg the measures for a conclusion is

as follows :

)
|

1. The minimum of all the measures of belief of the
elements in the premise is computed, and called Min,

2. The maximum of all the measuxes of disbelief of the

elements in the premise is computed, and called Max.
s .

3. The difference of the prevmus numbers 15 computed, and
called Diff.

4. "Local" measures of belief called MBloc and of disbelief
called MDloc are canputed as follows :

** If CF >= 0, then ~
+ if Diff >= 0, then MBloc = CF * Diff, MDloc = 0

+ if piff < 0, then MBloc = 0, MDloc = -{ CP * Diff)

x* T£CF ¢ 0 then

+ if Diff >= 0, then ™Bloc = 0, MDloc = ~( CF * Diff)
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+ if Diff < 0, then MBloc = CF * Diff, MDloc = 0-

5. If the element is newly deduced then the computed local
measures are its measures of belief amd disbelief.

If the element was previously proved then its previous
measures of belief called MBold ard of disbelief called

MDold are updated as two new measures called MB and MD .

as follows : .

MB

MBold 4+ MBloc - (MBold * MBlocg)

'MD = MDold + MDloc - (MDold * MDloc)

A CONSULTATION SESSICN FOR THE DETECTIOﬁ OF CHANGES IN
FORESTED AREAS

A.3.1 Intrbduction

The present report on a session 'was created by adding
{ write commards in the modules. Of course, these write
T ' commands do not have to exist in actual implementations. It
may be useful, for debugging, to keep track of the current
actions of the system. But the end-user should not be
bothered with this internal information.

J .

Comments were added to . explain the  writings and are
_preceeded by a '%'.

[y

A.3.2 Writings Created During A Session

kkhkkkxdkhkkkhkkhkhkhkhkhhkhhkhkhhkkhkkihkkrkkkhkhkhhkkhkbhkkrikdk
entering the inter- node manager... -
at the beginnng, all the nodes are deactivated )
the first noda to activate is :change detection expert

the first node<is activated :
leaving the inter-node manager...

T okkkdk Ak ARk Rk khhk Ak khkk ke kA hkhkkhkr Ak ARk kddk Ak kkddkk

dhkhkhhkdhhkhhkhkhhhhhdhkkhrkhhkkrkhhhhhhkhkhhhkhhkhkdbhkhhrhhhhhkk
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entering the change—detection expert node...

. \ L/
looking for manager‘s request

comard is [resetydetec;_ph(exhaustif,[4,5,6,8,9])]
preprocessing... . ) . ~

% The node is called for a new pioblem so it must reset,
- % This is perfommed by_-a preprocessing

present content of the bb: '

bb (agenda upper,[[],{detect . ch(exhaustif,(4,5,6,8,9])]1))
‘bb({agenda strat, [])

bb(data base,[[],[1])

bb(final results,[[],[]])

% The blackboard is empty, apart frun the manager S request
% (reset is a local flag which is not of .use

% after the preprccessing)

. Rt

present content of the mknb:

% The meaning of the meta-rules will pe explained later

mknb([actlv(seoar _expert,reset, 563),
put in bb(data base, [reglons of study( 563)1)],
[already called . lower nodes(enpty),
command Wpper ({detect . ch(exhaustif,_563)])],

' 1, 4)

mknb([actlv(nochange expert,reset, 563)],
[exist big sets of hunogeneous _regions{ 563)],2,3}

mknh([activ(ratioing_gxpert,reset,;563)][
[exist isolated regions( 563)1,2,5)

mk'.nb([met([oot knb,4] ,knb [[*],1]) ,demontre( 563)],
[command upper([detect ch(axhaustlf 563)])] 18,2)

mknb([call arbltrator] [dunny} 19,1)
mknb([senﬁ | message] , [dunny] 20,7) “a

mknb([actlv(nochange _expert,reset,[ 5631)], |
[m1ld results by rat101ng expert( 563)1,3,6)

present content of the (potential) knowledge-base:
pot_knb([noch h(_ 564)],

[current . region( 564),
noch((true, 5647),
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greater (¢f (noch ( [true +_564]}, 565),7%)],
109,6} .

pot_knb( [ec” h(_564)7,
- fcurrent region (_564) ,ratio([true,_564] )] .

100,7)
-

preprocessing performed

% The scheduler always performs the same cycle :
% preprocessing :

% consultation of the meta-level

% executution of the strategy designed by the meta-level

Preprocessing for.the beginning of a cycle...

preprocessing for the beginning of a cycle is completed

LU R R | bbb e e e o e L
Lut 2 M ke e e ¢ Tttt

1o do i
T

4l bdd e
T TTrrTT T

3l Il T OO0 I T W T S-S B N S
LI e 4 T Lo

I b de d
L i e i i i ke e i min ¢ T FTrTrTre

consulting the meta-flevel.. .
&&&&&&&&&&&&&&8;&8:&&&&&&&&&&&S,&&&&&&&&&&&&&&&&&&&&&&&
-entering the meta-level ‘interpreter...

" the current meta-rule is :

{activ (separ_expert,reset ,_599),
put_in bb(data base, [regions_of_study(_599 1

P G

(already called lower nodes(empty),
command_upper ( [detect ch(exhaustif P 59N )] L

%This rule means : /
.% ) :
$if no. sub-node has been called yet

%and if the manager's request is to.detect all the .

% occurred changes in the set of regions : _5§9

%

~ %then

%

% act{vate the separ-expert and request a grouping
% of the set of regions _599,
% and put in the blackboard, the set of regions of study

The mrule is verified;
its conclusions are entered in the agenda

leaving the meta-level interpreter...

9;--only one metaw-rule of priority 1 is firable
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BEEEEEEEEEEEEEEEEEEAEEEESEEEEEEEEEEEEEEEEEE
the meta- level is consulted
e o s A
execution of the comrands selected by the meta 'level :
[activ(separ expert,reset,[4,5,6,8,91),
put_in bb(data base, [regiqns_of_stlxiy( [4,5,6,8,91)1)]

e v de e o do e ke e e e e e de e dde T de e dede ke e dede dede e de e dedede ok de dedede de de e de e e de e dede ek

entering the inter- node manager...

...deactivating change detection expert and
activating separ expert

leaving the inter-node manager...
de e Fe e sk Fe 2 o e e e e e e e d e e I de o Ao e oo oI i de e e ke ke e e e d e e g de e e ke de e g ke ek ke ke

**********************************************************

entering the separ-expert node...

' preprocessing...
present content of the bb:

bb (agenda uoper,[])
bb(agenda strat, [])
bb (data base,[[1,[]]}
bb(final results,(])

present content of the mknb:
% only one meta-rule

miab ( [promptdata (exhaustif) ,
met ([pot knb,4] ,knb, [{*},1]),
demontréfbrw([seoar( 992)1 .. 993)1,
[ command uoper(rdenontreforw([separ( 992)] ; 994)])] '
1,3)

present content of the (potential) }qmowledge—base:
. T, .
% only one object rule-

pot_knb([separ{ 990)],
[exist a ' potential result in | bb(separ_low, 990},
enforce cf(separ_Tow, 990)]7

£
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100, 1)

looking-for manager's request

command is freset,group([5.5,5,8,9])]
preprocessing performed

preprocessing for first pass performed
preprocessing for the beginning of a cycle...

preprocessing for the beginning of a cycle is completed
+++++++++++++¥+++++++++++++++++++++¥+++++++++++++¥++

consulting the meta-level... - g ‘.
P AR AT AR A TA AL T AT IS A A S A A

entering the meta-level interpreter...

" % The meta-rule is fired and the derived strateqgy is
% the list of the actions of ‘the rule

leaving the meta-level interpreter...
AEGEEEEEEEEEEEEMEEEEELALEEEESEEEALEEELELAEELELESE

the meta level is consulted

1 o de ok C T S S T O TS0 VK T TR T O O |
LI e ol mie M0 i i i A M i J T Lk nin ke e i e | T LA e ke i o

execution of the commands selected by the meta level :

[promptdata {exhaustif),
met ([pot knb,4] ,knb, [[*],1]),
,demontréfbrw([separ(_1229)],_}230)]

_ %This commands are :

%

% read the external file 'dataext.dat' (which will contain
outputs from the SEPAR algorithm )

find all the object-level rules
and put them visible for the object-level interpreter

give the priority to the interpreter which should fire
object-level rules in a forward mode

0 o0 oP @ S oW N AP

The current goal to prouve is : [separ (_1229)]

Let's recall that the shell .always has a prior knowledge
of the set of possible goals. Here, there is only cne to
find : "separ( 1229)", where 1229. is a partition of a
set of regions - '

AN 0P O o
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entering the interpreter...

The current rule under study is :
[separ(_1354)1
I S

[ex1st a potentlal result in bb(separ low, _1354),
enforce cf(separ Tow, 1354)T 100

$This object-rule means :

%
% if the result is already in the data-base part of the

% blackboard,

% and if ... the remaining enforces the values of the measures

% of belief and disbelief of the conclusion. This is done because
% the resulting grouping is a data for the manager which is glven
% and sure.

£

%

%

%

then

the goal to find a grouping is found

exist a potential result in  bb (separ_low,[(4,5,6,8],[9]])
is verified
enforce cf(separ_low,[{4,5,6,8],[9]]) is verified

The rule is verified,
its conclusions are enterred in bb

[separ{[(4,5,6,8],(9]]1)] is in the data base,and
it does not have to be reproved,so evth is proved!

Since ‘the expert system found the goal, and since
the system does not have to prove the goal again
{it is a characteristic of the present goal which
is known by the system)

.+. then there is no'need to go on scannlng the
knowledge base

o o vl A o o

leaving the interpreter...

. ¢
"the search for the current goal :

[sgpa;([[4,5,6f8]r[9]])]

% by firing the rule, the system instantiated the variables -
% in the rule and fourd the present result

is finished in the chosen strategy
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. the commands selected by the meta-level
are canpleted. Let's find another strategy...

present content of the bb : a.::,,'-';'-

bb (resul ts_by_strategy (03], » . e

[[separ ({[4,5,6,8] ,[9]])
(1,100,0]111)

¥ by strategy defined by the list of fired meta-rules : [3]
% the system found the goal separ ([[4,5,6,8) ,(9]]) by

% firing the object-level rule number 1 with a

% measure of belief of 1 {100) ard a measure of

% disbelief of 0

bb(data base,[(],{[separ_low(([4,5,6,8],[9]]),52,0],
[separ_low(([[4,5,6],[8],[9]1]) r481>0] m

by consulting the external file, the system entered the
content of the file into the blackboard. Two results were
found. The system will choose later on the best one and

if separ-expert is later called again, for the same problem
it will find the second result (since it would be useless
to send a result alredy sent

P o P OF P o

bb(intermediary_results, (031,00
% no inter;nediary result was found

bb (agenda strat,[[[3]',
- [pramptdata(exhaustif) ,
met ([pot knb,4],knb, [[*],1]),
demontreforw ([ separ {_1585)],_1586)]1]1)

—

% stores the strategies

bb(final results,(])

bb (agenda_upper , [demontreforw( [separ (_1585)],_1586)])

vresent content of the knewl. base :

knb( { separ (_1608)],
[exist_a_potential result in bb(separ_low,“lGOG) .
enforce cf{ separ_}_Tﬁow,_lGﬁG )7 ,100,1)

preprocessing for the beginning of a cycle...
. L

preprocessing for the beginning of a.cycle is completed -

bt o $ode e ek
T Laln

1 bbbl
TPt +

1.3 (SRR
rTrrrererrrtrTr

bodo e ek e e e e e e e o e e ek
rrTTTT Ty

consulting the meta-level...
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no more relevant strateqy to perform...

% the arbitrator is called and the best result sert to the
% manager

There remains to find the best result anong
[[SePar([[4r516'8]r[9]]):[[f3]'l,100,0]]I]
which is :[SePar([[4}516r8]r[9]])r[[[3]rl:100:0111

The system found that [separ([(4,5,6,8],(9]1]),
(res!,1,100,0]11

was the more likely result
End of the present consultation for the node

final content of the bb :

bb (final_results, [separ([[4,5,6,8],(9]]),.
(r(31,1,100,0117) )

bb(results_by_strategy,{[3],

([separ([(4,5,6,8],191]),
(1,200,011]])

bh(data_base, [ (], [[separ_low([(4,5,5,8] ,(9]]) ,52,0]
[separlow([[4,5,6],[8],(9]]) ,48,0]]])

bb(intermediary_results,[[3],[]])

bb (agenda strat,[[[3].,
- [Pramptdata (exhaustif).,
met ([pot _knb,4] ,knb, [{*] P11, :
demontré?orw({separ(;1804)],_1805)]]])-

bb(agendq_upper,[denontrefcrw([separ(_1804)I{_1805)])

Y 4
leaving the separ-expert node...

*******************************************************

...deactivating separ_expert and
activating changq_detectioq_expert

leaving the inter-node manager...

******************************************************f’

% the system resumes its running at’ the change-detection
% expert level

the comands selected by the meta-level .
are completed, Let's find - another strﬁtegy...
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present content of the bb : ' .
bb(data hase,[][], ([regions of study([4,5,6,8,9])]]1)

% the regions of study are (4,5,6,8,9] . This fact was
3 was put into the blackboard by an action of the
% previously defined strategy .

bb(intermediary_;esults,[[4],

[[separ([[4,5,6,8],[9]]),
separ_expert,100,0]]])

% During the execution of the (previous) strategy defined
% by the set of fired rules : (4]

% the system found the result separ([[4,5,6,8],(91])

% by calling the sub-node Ssepar-expert, thus with

% a measure of belief of 1 (100) and of disbelief of

%0

bb(results by strategy,[[4],{]])

bb(agenﬁq_strat,[[[4], \ . .
[activ{separ expert,reset, [4,5,6,8,9]),
put in bb(data base, ‘

T [regions of study([4,

MDD
bb(agenda_upper,[[],[detect_ch(exhaustif,[4,5,6,8,9])]])
bb(final_;esults,[[].[]]} |

present content of the knowl. base :

% Since there has not been any action to make
% available to the interpreter the rules, the "yisible"
% part of the knowledge base is still empty

preprocessing for the beginning of a cycle...

preprocessing for the beginning of a cycle is completed

ll||ll|l!l|lLLl‘l!ll!lII|!llllll!l|1|I|I'lllllll!l
ryrrrTrTeTrTTTrt et rrer 4ttt rrTTTTTT Tt T+ +4

consulting the meta-level..,
&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
entering the meta-level interpreter...

the current meta-rule is :
[activ(nochangg_expert,reset{“1957)]

...1:?9_.

{



<

rexise_big_eete_oﬁ_hanogeneous_pegions(_1957)L 2

% .

$this rule means : ’ I’y
% C ‘
% if in the grouping there is a big set of homogeneous regions,
% (it is assumed that [4,5,6,8] is a big set with

% regions of the same type (since they were grouped together

% by the Separ algorithm)

% o
%then activate the no-change expert for the set
% .

The mrule is verified;
its conclusions are entered in the agenda

% the system finds other meta-rules of priority 2. If they

% are firable, their conclusions are added to the set of
% the previously found.

the current meta-rule is :
[activ(ratioing_expert,reset[_1957)]

Y S

[exist isolated regions(_1957)] 2

gthis rule means :

if there exists an isolated region 1n the grouping
(19] is an example...)

then
Yy

call the ‘ratioing-expert' for the reéﬁon

G0 e o IO oP P OP NP

The mrule is verified;
its conclu51ons are entered in the agenda

leaving the meta-level 1nterpreter...
SESRLUNEEEESEAGEAEEEEEEGEGREEAEELEEEGEEEEE&EE

the meta level is consulted
T i T B T i o S B T

execution of the commands selected by the meta level :

(activ (nochange expert,reset,[(4,5,6,8]]),
actlv(ratlolng expert,reset 9131
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*****W*************************************************
entering the inter- node manager...

...deactivating change detection _expert and
actlvatlng nochange expert

dumny call ;
a file 'is read and the data transferred in the bb

. ..deactivating nochange expert and
activating change detection expert

leaving the inter-node manager...
.*******************************************************

L]
khkkkhdhkhdkhkhklhhhhhhikhhrkkhkhkhrdhkhhhkhkhhhhihkhdhkhhkhhkhkRik e

entering the inter- node manager...

...deactivating change detection expert and
activating ratlolng expert

damy call : ~;
a file is read and the data transferred in the bb

i/ 7]

...deactivating ratlolng_expert and
activating change detection expert

leaving the inter-node manager.,.. .

e 0 Fe 5 e o e e e e e de Ao A e e ke ek ok ke e e o e e ke e e e e e e e e e de e e ok e e e o o e e e e ok e ok o

"the commands selected by the meta-level - .
are canpleted. Let's find another strategy...

present content of the bb :

bb(lntermedlary results,[[3,5],
[[noch([true,4]),
. noc¢hange” expert,90, %],-

[noch([true,5]) ,
nocharnge expert,90,3],
[noch ([ true,6]),
nochange expert,90,10), ’f)
[noch ([ true,8]), -
nochange expert,90,20], ‘
(ratio([true,9]) , .
ratioing expert,35,10]1))

% These are the results read from the dummy calls

bb(results by strategy,[[3,5],(11)
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e
bb(agenda strat,f[[4], ‘ ‘ ’

[actlv(separ expert,reset, (4,5,6,8,91),
put in bb (da(:a/base,

[reglons of study([4, .
5/
6,
8,
% _ 910111,
[[3,5],[activ(nochange éxpert,
' reset,

[(4,5,6,8]1), -
activ(ratioing expert, ‘ '
reset, [91) Mn

.bb(data base,[[],[[regions of study([4,5,6,8 AN

bb(mtermedlary results,[[4], [[separ([[4 5,6,8],(911),
separ ._expert, 10010]]]

bb(results by strategy,[[4],[]])
bb (agenda_upper, [[], [detect;._ch(exhaustif, [4,5,6,8,91)]11)
Bb(final results,[[],[]])

present content of the knowl. hase :

-

preprocessing for the beginning of a cycle...

hrep“smq for ‘the begmnmg of a cycle is completed

bbb lII_LLllIlilIIll!l||IIII|l!lll!letll!lllIlll
L300 BN M e e i B i 3 LANLINE R B A e R e B B it mhe i M M i et e S e 20 i B (W B M i Mt Wt ate mie i e e b 2nn e o i e o

consulting the meta-level...

[’activ(nochang epéxpert reset, [ 2336])])

A

&
Crmmmm [

mild_resui ts_by_ratioir_lg_expe‘rt‘ (_2336)] 3

%this rule means :

if the answer of the ratio-expert for a given region
is a mild confirmation - o
( for instance ratio([true,9]) is a mild result since the

o\ 0P I IR
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Al

% the confidence measure-is 35 - 1b = 25 (0.25)
% = '
% then.

3 . ‘
% call the no-change expert for the same region
%

The mrule 1s verified;
its conclusions are entered in the agerxia

leaving the meta-level interpreter...

I R R R R A A A L L L

the meta level is consulted ’

'l:++++:++++++++++++++++++++++++++++++++:F'.|—++++++++++++.+++
+

execution of bthe comands selected by the meta level :

[activ (méhange_expert,reset, [(911}]

**********************************;********************

entering the inter- node manageg..'.

ws «deactivating change detection expert and '
activating noc‘nange expert > .

dumny call ;
a file is read and the data transferred in the bb

...deactivating nochange expert and
activating change detection expert

leaving the inter-node manager...

v

e 3 Fe e e e Je e e o oo de e e de g o e de e e o e e e e e e e e e ke e e e o e de e e de e e e o de e de e de ko ek e

‘the commands selected by the meta-level
- are canpleted. Let's find another strategy...

. present content of the bb :

b ( intermed'iary_results ([[6],[[noch{[true,9]),

nochange expert,95,5]11])

' $ this new rPsult is added to the blackboard by the last

% dumy activation of the ratlomg—experl:-gde
bb(results by strategy,(([6],[]])
bb(agenda strat, [[[4}

[actlv(separ expert,reset,(4,5,5,9,9]),
put_in hb (data_base ’
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[regions of study([4, ‘ )
S,
- 8'
, SINNP
[[3,5],[activ(nochange expert,
" reset, .
([4,5,6,8]]),
activ(ratioing expert,
. reset,[9])1%,
[[6],[act1v(nochange expert, reset [[9]])]]])

bb(lntermedlary results, ([3,5],[[noch([true,4]), -
. nochange expert,90,5],

. - [noch ([true,5]) ,
nocharge expert,90,5],
[noch([true,6]),
nochange expert,90,10],
[noch([true,8]),
nochange expert,$0,207,

A [ratio ([true,9]),
‘ ratlolng expert,35,1071])

r

]

bb(results by strategy,[[B 5], []])
bb (data_base, (] ,[[xegions of study([4,5,6,8,9])]]])

bb(1ntermed1ary results, [[4], [[separ(([[4,5,6,8],[9]11),
‘ separ_expert,100,0]]])

bb (results by strategy,f{[4],([]])

bb(agenda_pppér,[[],jdetec;_ph(exhaustif,[4,5,6'8,9])]]{
bb (£inal_results,[[],(]]) |

vresent content of the knowl. base :

preprocessing for the beginning of a cycle...

preprocessing for the beginning of a cycle is completed

L RO T T S O RO 0 O 20 O VO O O 00 20 D T T S0 SR SO YO I I T O T IO N T SN ST VO S S L TR W T WO O T SO N EN YO Y WY MO N T N
T T T T T T T T T T T T T T T r+ e rererrrrre ettt

consulting.the meta-level...
R A A 2 L o o A L L
entering the meta-level interpreter...

the current meta-rule is : '

[met ([pot_knb,4] knb, [[*],1]) ,demontre( 2683)]
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[cqunanqrf r([detect_ph(exhaustif,é2683)])] 18

If the -comm is to detect everythlng possible for
.the set of region 2683,

then )

put available all the object-rules to the
the object—level interpreter amd

fires any rule in a forward mode t

L#Pdodﬂn\oo\ﬂ.a\“d\n

* . The mrule is verified;
its conclusions are entered in the .agerda

_leéving the meta—level'interpieter...
BEEEEAEESELEEEEEEEEEEEEEEEEEEEAEESEEEEEEEEE

.the meta level is consulted

kO RO S VO T O - UK 0 - SO0 Y O S VO N T I I T S S O N0 OO SN SOF O I
LANLENL SN St N N I B B B M MO S B i i ke ot e e e e i S e i s i |

executicn of the commands selected by the meta level :

[net([po;;knb,4],knb![[*],1]),demontre({4,5,6,8,9])q

]

" entering the object leQel in;erpreter...

The current goa%'té proﬁve is‘: .

{£ire h(_2977) ,regen h( 2977),cc_h(_2977) ;noch h(_2977)]
for the reéign-:4 |

The current rule under study is :

[noch_h(_3303)]
P S

[current region( 3303),

noch{[true, 3303]),
greater(cf(noch(ttrue,_3303])5_3304),75)] 100

* %this rule means :

3

% if -

$the current reglon is <region number>

% . {used' te instantiate the rule)
%and if .

$the no-charge expert confirm that no change occurred in the
$rejion .

%
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%and if ' '

%the certainty factor of the confirmation is greater than .75
% .

$then

" %deduce that no change occurred for the regicn

%

current reglon(4) is verlfled
noch ([true,4]) is verified
greater (cf (noch ([true ,4]),85),75) is verified

Its'premise [curren;_;egion(4),
noch([true,4]), :
greater (cf(noch([true,4]) ,85),75)]

‘is verified; so its conclu51ons [noch h{4)]

are entered in the bb

The current rule under study is :

[cc_h(_48k6)]

(= ‘,
[curren;_region(_ABGG),ratio([true¢_4866])] 100

%

$this rule means :
% .
$if the current region of study is : 4866

4({used to instantiate the rule) -

% .
gand if the ratio-expert confirm that a change cccured

% for .the region

%

%then conclude that a clear-cut occurred for the region

.

current region(4) is verified
ratio((true,4]) cannot be proved,the rule fails

the system found something but
[fire_h(_2977),:egen_h(;2977),611}1L_2977),noch_h(_2977)]
is not entirely found. -

The shell tries to infer all the possible goals (this is
the manager's. request) ‘

since not all them are found,
hut since something was found
possibly enabling the firing éEF
new rules, .
another scanning of the knowledge-base .
is performed .

P 0 W OB W O W N
—
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So another scanning of the knowledge-base is performed... .
) The currént rule under study is :
(noch h{_5158)]
<— .
[current region (_5158), . . K
noch ([true, 5158]), _
greater (cf (noch{ [true, 5153]) »_5159),75)] 100
$has been already fired
The current rule under study is :
[ec_h( 5159)]
[ —
[current region(_ 5159) ratio ([true ,_5159j )1 100

current region(4) is verified ,
ratio([true,4]) cannot be proved,the rule fails

Anothing was newly deduced so no other scanning

twill be performed . '

Everything which could be deduced was deduced.

The goal

[fire h{_2977) ,regen h(_2977) ,cc_h(_2977) ;noch_h(_2977)]
is not entirely found in the chosen sfrategy.

o~
the search for the current goal :

[Eire_h(_2977) ,regen h(_2077) ,cc_h(_2977) ,noch h(_2a77)]
for lthe region :4 '

is finished in the chosen strategy Y

The current goal to prouve is : '
[fire h (_2975) rregen_h(_2977) ,cc_h{_2977) ,noch_h( 2977)]

for the region :5 - \/\ .

texactly the same process will happen for the region 5. \)

The current rule under study is :

[noch h(_5498}]
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(o
[current region (_.5;498) ’
: noch([tr_ue,__5498]) ’
greater (cf {noch{[true r_5498]),_5499),75)] 100
current region(5) is verified
noch([true,5]) is verified
greater (cf (noch([true,5]),85),75) is verified
. Its premise [current region(s),
: noch ([true,5]) ;
greater (cf (noch(({true,5]) ,85),75)]

is verified: so its conclusions [noch h(5}]
are entered in the bb - '

The current rule under 'study is :
[ec_h(_7115)]
[

[current_rfegion (_,,71115) sratio([true «_7115])]- 100

current region(5) is verified
ratio([true,5]) cannot be proved,the rule fails

the system found something but
[fire h(_2977) ,regen h(_2977) ,cc_h(_2977) ,noch h(_2977)]
is not entirely found. -
So ar;othgr scanning of the knowledge-base is performed...
' The current rule under study is : |
(noch h(_74 07
e
[current region (_7407),
R ('noch([true,_7407}),
greater (cf (noch ([ true r_7407]},_7408),75)] 100
The current rule under study' is :
“fee_h(_7408)]
e .
Cor

[current region(_7408),ratio([true, 7408}3] 100 .

L current reglion('S) is verified
ratio{[true,5]) cannct be proved,the rule fails
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Everything which’ could be deduced was deduced. h
The goal . 7
[£ire h(_2977) ,regen h(_2977),cc_h( 2977) smoch h(_ 2977)]
'is not entirely found in the chosen strategy.
the “search for the cur'rent geal :
[fire h(_2977) ,regen h(_2977) ,'tt;h (_2977) ,noch h(_2977)]
for the regioﬁ :5 |
is finished in the.chosen strategy
The current goal to_ prouve is :
_[£ire h(_2977) ,regen h(_2977) ,cc_h(_2977) ,noch h(_2977)]
for the region 16 ‘ .

%exactly the same process will happen for region 6
$0nly the confidence measures will change

The current rule under study is

[noch h (_7747)]
F P

[current region (_7747)

noch([true,___7747]) .

greater (cf (noch( [true,_7747]) r_7748),75)] 100
current region(6) is verified // ) :
noch(({true,6]) is verified . )
greater (cf (noch([true,s]) +80) ,75) is verified

. [t J

Its premise

[current_reg ion(s),

noch([true,6]},

greater (cf (noch( [true,?;‘]) $B0) ,79) ]

is verified; so its con'clusi'ons [noch h(6)]
are entered in the bb

The current rule under study is :
[cc_h(_94n5)]
oo

[current_reg ion(_9405) ,ratio([true » 9405111 100
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current region(4) is verified
ratio([true,6]) cannot be proved,the rule fails

the system found something but

[fire h(_2977) ,regen h(_2977) ,cc_h(_2977) ,noch_h{_2977)]
is not entirely found, ’

So anocther scannihg 6f the knowledge-base is performed...
The current rule under study is :

[noch h(_9697)]

<___ ’

.
[current region( 9697), v
noch([true, 9697]),
greater (cf(noch(({true, 9697]), 9698),75)] 100
The current rule under study is :
[cc_h( 9698)] "
P
[current_;egion(_9698),ratio([true(_9698})] 100

curtent region(s) is verified
ratio([true,6]} cannot be proved,the rule fails

Bverything which could be deduced was deduced.

The goal |

(fire h{_2977) ;xegen h(_2977) ,cc_h(_2977) ,noch h( 2977)]
is not entirely found in the chosen strateqy.

the search for the current goal : -
[fire_h (_2977) ,regen_h (&977) ,cc_h (_2977) ,noch_h (_2977
for the tegion 6

is finished in the chosen strategy

The-current goal to prouve is :

[fire h(_2977) ,regen h (_ﬂ2975) scc_h(_2977) ;noch_h{_2977)}
for the regioh :8

%exactly thesame process will happen for region 8

$however, the data are more doubtful for the region
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350 all the rules will fail, since a threshold exists
The current rule under study is :

[noch h(_10037)]
e ”

[currenp_region(;100§7)h
noch ([true, 100371),
greater(cf(noch([true,_}0037])._10038),75)] 100

current region(8) is verified

noch([true,R]) is verified _ 2
greater (cf (noch([true,R)), 10038),75)

cannot be proved,the rule fails

&,

The current rule under study is :
[cc_h(_10038)]

S
[current_region(_10038),ratio([true,_ 10038])} 100

current region(8) is verified .
ratio({true,8]) cannot be proved,the rule fails

\.}Ngfything which could be deduced was deduced. '
The goal - _b -
[fire h(_2977) ,regen_h(_2977) ,cc_h(_2977) ,noch_h(_2977) ]
is not entirely found in the chosen étrategy.
thé‘ggarch for the current goal :
(fire h(_2977) ,regen h(_2977) ,cc_h(_2977) ;noch_h(_2977) b
for the region :8
is finished in thé chosen strateqgy
The current goal to vrouve is :
[Eite_p(_2977),:egen_h(_2977),cg_h(_2977),noch_h(_2977)]
for the region :9 ! .
The current rule under study is : . |

[noch_h(_10375)]

(e
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[curren;_;egion(_}OB?S),

noch ([true, 103751},

greater (cf (noch([true, 10375]), 10376),75)] 100

current region(9) is verified

noch{[truve,9]) is verified

greater (cf (noch([true,9]) ,90),75) 1is verified

Its premise [current reg1on(9),
noch([true,9]),
greater(cf(noch([true,g]),90),75)]

is verified; so 1ts conclusions {noch h(9)]
are entered in the bb

The current rule under study is :
[ec_h(_12039)] |
(mmm
[current region(_12039) ,ratio({true, 12039])] 100
current reglon(9) is veflfled |
ratlo([true 9]) is verified v

Its premise [current reglon(9),rat10([true,9])]

is verified; so its conclu51ons [cc h(9)]
are entered in the bb

% a conflict will ariée here since the blackboard now
% contains contradictory results for region 9

found somethfnjg but ' \
_2977) ,regen_h(_2977) ,cc_h(_2977) ;noch_h{_2977)]
t entirely found.
So anotﬁér scanning of the knowledge-base is performed...
The cuf¥ent rule under study is :
[moch h( 13759)]
[ .
fcurrent reglon( 13759) ,

noch ([true, 137591},
greater (cf (noch( [true, 137591) ,_ 13760) +75)] 100 \

The current rule under study is : | .
- [ec_h{_13760)]

G
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[currenﬁ_region(_l3760),ratio([true(_13760])] 100
* Bverything which could be deduced was deduced.

3 There are only two rules to fire and they were already
% fired so :

The goal

[fire_h(_2977),regen_h(_2977) ,cc_h(_2977) ;noch_h(_2977)]
| is not entirely found in the chosen strategy.
thé’seafch for the current goal :
[firg_h(_ZQ??),reggn_h(_2977),cc_p(ﬂ2977),noch_h(_2977)]
for the region :9 '

is finished in the chosen strategy

leaving the object level interpreter...

the cqﬁnands selected by the meta-level
are canpleted. Let's find another strategy...

present content of the bb :
bb(data base,[[],[[regions of study([4 5,6,8 9])]]])

bb(results by strategy,
(21,

[[noch h(4),[6,85,0]7,

[noch h(5),[5,85,011,

[noch his},[6,80,0]11,

[nocH_h(Q).IG 90,011,

[cc ] h(9),[7,25,01111) .
% The last strategy defined by the set of fired
% metas-rules : [2] fourd the above results

bb(1ntermed1ary results, [[2], []])

bb(agendépgérat,

104y,
[actlv(separ _expert,reset, (4,5,6,8,9]),
put_in bb(data base, [regions of study([4,5,5,8,9]1)]}]1,

[[3,57,[activ(noc ‘_hange expert,reset,[[4,5,6,8]]),
activ(ratioing expert,reset, [91)11,

[(6],[activ(nochange expert,reset, [[9] 111,

[[2],Imet ([pot_knb,4T ,knb, [[ 1.1,

demontre([4,5,6,8,91)1]1)

bb(intermediary_;esults,
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[(6] ,{ [noch ([true,9}) ,nochange_expert,95,5]1])
bb(results'by strategy:[IG] A1)

bk (intermediary results, .

[[3,5] o[ [noch([true,4]) ,nochange . expert 90,51 ,
[rioch( {true ,5]) ,nochange expert,90,5],
[noch([true,ﬁ]),nochange:expe:t,QO,IO],
[noch( [true,8]) ,nochange expert,90,20],
{ratio((true,9]) ,ratioing expert,35,10]1]])

bb(resulte_py_etrategyr[[3.5],[]])<§

bb (intermediary results, .
(4] ,([separ(([4,5,6+8],(9]]) ,separ_expert,10C,C]]])

bb(results_pg_strategy,t[4l:[]])
bb(agenda upper,[[),[detect ch(exhaustif,([4,5,6,8,9])]1})
bb(finat_results,[[],[]])

present content‘of the knowl. hase :

knb ([cc_h(_13830}], : ¢
[current reglon( 13830) ,ratio([txrue, 138301)],100,7)

knb ([noch h(_13830)],
[current . region(_13830} ,noch([txue, 13830]),
greater(cf(noch([true,_;3830]),_13831),75)] 100,6)
preprocessing for the beginning of a cycle...
preprocessing for the beginning of a‘cycle is completed
++¥++++++++++++%++j++++++++++++++++++++++++++++++++++++

consulting the meta-level...

&&&&&&&é&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&&
-

-

entering the meta-level interpreter...

N
the current meta-rule is-: qQK
[call_erbittator] {mm—— [dummy] 19

- The mrule is verified;
its conclusions are entered in the agenda

leaving the meta-level interpreter...
- REEEEEREEEAEEGEEE RS LL AL REEEEELAEEREEL

the meta level is consulted

"~ 154 -

o



execution of the connands selected by the meta level :
[call _arbitrator) )
/////////////////////////////)/////////////////////(
entering the a;bitrator...

let's find the best result fo£ each region

looking for the final result for regioﬁ $4

the choice is between :

[[fire * h(4), [unknown]], '

[regen h(4) ¢ [unknownij, -
[ee h(4) [unknown]],” ' 1
[noSh_h(d) , [[[2] ,6,85,0]1]] W/

The best result is :[noch » h(4),[[[2], 6,85 0111
locking for the flnal result for reglon S
the ch01ce is betwerm » ‘ .

[{fire h(5),[unknown]],
fregen h(5),[unknown]],
{cc_h(5), funknown] ],

[noch h(s),[[[2],6,85,0]1}]]

» .
The best result is :[noch.h(5),{[!21,6,85,0]]]

looking for the final result for region :6

the choice is between :

[{fire h(s) [unknown]], ;//ﬁj
[regen h(6) , [unknown]], o
[cc_h(6) , [unknown] ],

[noch_h(s),[[[Z] 6,80,0]1]]

TEe‘best result iS':[nOCh_h(S),[[[Z +80,011]

looking for the final result for region :8

the choice is between :

[{fire h(8),[unknown]],

[regen h(8), {unknown]],

[ec_h(®), [unknown] ],
[noch_h(ﬂ).[unknown]]] s

The best result is :[région(B),[nothing_deduced]}
) \z . "

7

!
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looking for the *final result for region :9

the choice is between : , ‘ -~

[{fire h(9) ,(wnknown]],
[regen h(9) » [unknown]],

[c€ h(9),[1(2],7,25,0}1],
[noch h(9),{([2],6,90,0]1)]

%resolution of the conflict... _

—

. The best resultij/[noch h(9),[[[2] 6,90,011]

l! Since it has the/higher conf ence measure e T

leaving the arbitrator,..

////////////////////////////////////////////////////

the commands selected by the meta—level
are ccmpleted Let's find another strategy... QJV
)

. esent content of the bb :
/ _/b:(-final__results, ) -
: « - [[1,[[noch h(4),[[[2],5,85,0]

-t

=~

11,
\f’ [noch h(5),[[12},6785,011], -~ 3
[noch h(6), [[[2],6,80,0]]], '
[region(8},[nothing deduced]], -
[roch h(9),[[12],6,30,011111)  §
% These are the final results found by, the last
% strategy

| bb(results by strategy,[[1],[]])

bb( intermedia:? results,[{1],[]])
bb(agenda strat, =
[[[4] ,J[act1v(separ~expert reset, [4,5,56,8,9]),
L put_in bb(data hase,
[reglons of study([4,5,6,8,9])
([3,5],[activ(nochange expert,reset [(4,5,6,8]
‘ actlv(ratlolng expert,reset, [9])]]
f[6],[activ(nochange expert%eset [{91] )]],
. [[2],[met ([pot_knb,4T ,krb, {[*],1]),
- " demontre((4,5,6,8,9]1)11,
[[1] [call arbltrator]]])

bb(data base,[[],] [regions_of-_study( (4,5,5,8,91)111)

bb (results by strategy,
[12],[[noch h{4),[5,85,
[nOCh—'h(6) (6,80,
~ [Cc_h_(g) r [7125r0_]

011 ,Inoch h(s), (5,853,011,
0]1,[noch 1(9),(6,90,0]1,
1D :
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bb(intermediarx_results,[[2],[]])

bb(interﬁediary_results,
[16],[[noch ({true,9]) ,nochange expert,95,5]111)

bb (results by stratégy,[(6],[1])

bb (intermediary results, _ ]
[(3,5),[[noch([true,4]) ,nochange expert,90,5),
[noch([trueﬁS]),nochangé:expe:§,90,5],
[noch([true,6)) ,nochange expert,90,10],
. [noch([true,8]) ,nochange expert,90,20],
[ratio([true,9]),ratioiﬁi_expert,BS,lO]]])

bb(results by strategy,[[3,5],(]])

.
—

bb (intemediary results,
[[4],[[separ({[435,6,8],[9]]),separ_gxpert,lO0,0]]]) -

bb(results_bg_strategy,[[4],[]])

" bb(agenda_upper, [[], [detect _ch(exhaubtif,[4,5,6,8,9])1])

oresent content of the knowl., base :
N
preprocessing for the beginning of a cycle...

preprocessing for the beginning of a cycle is completed

> TV T NS S T N S N O SO DU O T VO O S80I O I U TR TR SO WO TOE 08 YO8 S C VO WO 0 SO WO T TOUTOL ST T SN W1 WO RIS AN NI D
llllIlIlrIT'llll'l’llIll|lllIIFI{lTIllllll[lrrTTiTlTlTT

consulting the meta-level...
BAEE R EE S B EEG AL GG EGELEEEEEEEESEAGESRENEES
entering the meta-level interpreter...

the current meta-rule is :
[serd message] <--——— {dummy] 20

% The results should be sent to a file which would be
% read by the manager. Here, since the manager is the
% user, no transfer is done

The mrule is verified;
its conclusions are entered in the . agenda

leaving the meta-level interoreter...
R T S P R T T T A A A A AT A FF A

the meta level is consulted
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execution of the commands selected by the meta level :
[send_message]
% send-message'senas the present message
This is the end of the session for the node...
% to the terminal
final content of the bb -
bb(results_by_strategy,[[7],[]])
bb(intermediary_results,[[7],[]])
bb(final_;esults, .
(11 s(Tnoch h(4),[[(2] ,6,55,011], i}
[noch H(5),([[2],6,85,011], —
[noch:h(s));[[m 16,80,0111,

[region(B) [nothing_qeduced]],
[nOCh_h(g) ((0[2],6,90,0] 111

L

bé(result;_pg_strategy}[[1],[j})
bb(intermédiarg_rééulﬁs.[[l]r[1])

bb{agenda strat,
{[14] ,Tactiv(separ expert,reset,[4,5,5,8,9]),
put in bb(data base, .
"7 7 [regTons of study([4,5,6,8,9])1)1],
13,51 ,[activ(nochange expert,reset,([4,5,6,8]]),
activ(ratioing expert,reset,[9])]],
[{6] ,{activ(nochange expert,reset,[[3]])]],
(21, [mt([POt_mbr4] (knb, [ [*},1]),
demontre([4,5,6,8,9]1)11,
[[1},[call arbitrator]]])

bb(data_base,[[],[[regionq:oﬁ;study([4,5,6,8,9])]]])
bb{results by. strategy, |
[[2][[noch h(4) +(6,85,0]],[noch h(5) .[6,85,011,
[noch h(8},{6,80,0]] ,[noch h(9},[5,90,0]),
FCF_h(9);[7125r0]]]])
'bb(intermediary_results,[[2],[]])

bb(intermediary_reéults, .
([61,[{noch([true,9]) ,nochange_expert,gs,s] IR

bb(result;_by_strategy,[[6],[]]5

bb (intermediary results, -
[(3,5],[[noch([true,4]) ,nochange expert,90,5],
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[noch([true,5]) ,nochange expert,90,5],

[noch ([ true,6]) (nochange_expert,90,10] ,

[noch{[true,8]) snochange expert,90,20},

{ratio({trve,9]) ,ratioing expert,35,10]]])
bb (results by strategy,((3,5],[]] )

bb{intermediary results,
[[4],[[separ(([4, 5¢6,8},(9]1]) rs@par_expert,100 0]]])

bb(results by strategy,[[4], [11);/ -
bb(agenda_upper, [{], [detect ch(ekhaustif,(4,5,6,8,9])]])
leaving the change-detection expert necde...

% This is the end of the session...
*********************************************************

b

- 159 -



APPENDIX B

" THE EXPLANATION FACILITY

B.]l FUNCTIONAL DESCRIPTION

-

B.1.1 Program Description

The facility is contained in 4 modules :

1. module : just (in just.pro)

-

2. module : justwhy (in justwhgg.pro) .

3. module :  justhow (in justhow.pro)

4, module : procsec (in procsec.pro)

The explanation facility also include files. One is to be
instantiated for the different existing nodes. By
consulting it, the facility learns which node exists and
which file related to each node should be consulted., That
file is "storedata.dat". It must exist and be instantiated.
The other files are node- dependent., Once a node is
selected by the user, the facility has to consult :

1. the related knowledge-base -

-

2. the related meta-knowledge base
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B.1.3 Session Description

-

3. the file containing "secondary" data’ providing several
characteristics of the selected. nede~

4. the file created by the ‘justifier-interface of the
selected node in a previous consultation session.

\_,/_ -

B.1.2 - Module Description -

The module "just" contains a goal which is the predicate
"explainfacility". When activating the explanation
facility, this predicate is verified.

This module checks the validity of the node name entered,
the wvalidity of the request and dispatch the request to
"justwhy" or "justhow", which are the files which handle the
two types of questions.

The module "procsec" contains secondary procedures which
are comnon with the expert system shell. This medule is not

presented here.

pranpts forlithe rule number or the element name, then tries
to retrie elevant information.. If found, the information
is displayed in a formatted .way, otherwise, the system

The moduli' "justhow" handles how-type questions. 1t

answers that the elevent or rule was not used during the

consultation sessicn.

The same procedure is used for why type questions.

The session 1is interactive and the user is prompted for
prerequisites :

.1. the node involved.

2. the type of question the user wants to ask (how type or
why typé questions) .

3. the kind of object to explain : an element or a rule.
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4. 1If an element is requested, the program prompts for ' its
name .

5. If a rule is requested, the user is asked if the rule
belongs to the object or to the meta-level,

"6. and then the rule number. A

The system provides stored information about the request
and prampts for another request.

B.2  PROCEDURE FOR USE
B.2.1 Plesentation Of The Requested Input

Here is the beginning of a session:

The answers are between <>, and what may be entered is in ""
: ~ ‘ .

Welcome to the explanation facility
1) give me the name of the node you want explanations
about:
that node may be :
‘ changeexpert
. separexpert -
Enter any of the listed names : @
< enter "changeexpert" or "separexpert" >

. :ﬁﬁ

If you want explanations about HOW an €lement or a rule

was used reply by (hjow .

L]

If you want explanations about WHY an element or a rule

was used reply by (w)hy .
If you do not want explanations reply by (njo :

Your answer (h/w/n) ?
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< "h" or "w" or "n" /¥ here, "h" is entered */ >

1f you wégt explanations for é rule reply by [(riule .

If you want explanations for an element reply by (e)l. .

Your answer {(r/e) ? :

< “r" or‘"e“ /* here, "L uas entéred */ >
If fou want explanations about an cbject-rule, type o,
If you want.explanations about a meta-rule, type m,
your choice’ :

< "o" or ™" /* here, "o" was entered ">

Which rule ? (enter the number followed‘by a't."

< a number followed by a "."°/* here "1." was entered */ >

B.2.2 Presentation Of The Output

The presentation of the output is done via examples. The
consultation begun in the previous paragraph is followed.

The rulel : noch_h(X) i currenp_region(X),
. noch ([X,truel]},
greater(cf(noch({true,x}),_1005),75)

was triggered to-help in the deducg;on of :
[/ noch h{4) '
because
current region(4) waé:given as input data

noch{([4,true})was found by
the sub-node "nochange-expert"

with a MB =90 and a MD =0% '

the condition dreater(cf(cva,BS),75)
was verified

and thé final measures of belief and disbelief

r
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for noch_h(4) were: .

B
MD

U

85
N0
and were found in context of the strategy defined
by the set of rules: (2]

in firing the object-rule 6

The rulel : noch h(X) <—— current region(X),
. noch{ [X,true]),
'} greater(cf(noch([true,}]),_1005),50)
was triggered to help in the deduction of :
noch h(5)
because

current region(5) was given as input data

noch([5,true]was found by
the sub-node "nochange-expert"

with a MB =90 and a MD =05
" the condition greater (cf({cva,85),75)

.h_///m~ was verified

and the final measures of belief and disbelief
for noch h(5) were: '

85 ' '
0n : K\\

and were found in context of the strategy defined
byt the set of rules: ([2]

MB
MD

in firing the object-rule 6 2
\
The rulel : noch h(X) <-— current region(X),

noch ( [X, tEue]) , )
"+ greater (cf(noch([true,X}]), 1005),50)

- ' -

was triggeréd to help in the deduction of :
| noch h(6)

L

{
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- because —
current region(6) was given as input data
noch([6,true])was found by
the sub-node "nochange-expert”
« ' with a MB =90 and a MD =10

the condition greater (cf(cva,80),75)
was verified

and the final measures of belief and disbelief
for nocb“h(G) were:
SN
MB
MD

80
00

I n

and were found in context of the strategy defined
by the set of rules: [2]

in firing the object-rule 6

b

The rulel : noch h(X) <-——- current_region(X),
. noch ( [X,truel),
greater (cf (noch([true,X]),_ 1005),50)

was triggered to help in the deduction of :

noch h(9)
\\\ﬁ\' —
because

current region(9) was given as input data

noch{[9,true])was found by
the sub-node "nochange-expert"

with a.MB =90 and a MD ;O
the condition greater (cf(cva,90),50)
was verified
~and the final measures of belief and disbelief for noéh_h(Q) were:

MB
MD

90 - . , i
0

— -

and were found in context of the stratégy defined

3
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. by the set of rules: [2]

in firing the object-rule 6

If you want explanations about HOW an element or a rule

was used reply by (h)ow .

If you want explanations about WHY an element or a rule

was used reply by (wyhy/.
If you do not want explanati reply by (no :

Your answer (h/w/n) ?
< !'l'hll >
If you want explanations for a rule reply by (r)ule .
If you want explanations for an element reply by ]e)l. .
Your answer (r/e) ? :
< Ilrl|“>a
If you want explanations about an object-rule, type o,
If you want explanations about a meta-rule, type m,
your choice :
<"t o>
Which rule ? (enter the number folYowed by a '.")
< l'I2.l|‘ >

The rule2 : [met([pot knb,4],knb,[[*],1]).,
demontre (_2683)]

e
_ [command-upper ([detect ch(exhaustif, 2683)])] (_/
Prio : 1R | ,/j
was fired because :
' camnand-ug'lper ( [detectect_ch(exhaustif, (4,5,6,8,91) 1)

was verified and
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ﬁélped in deducing :

noch h(4) by use of the rule
noch h(5) _ by use of the rule
noch h(6) by use of the rule
noch h(9) by use of the rule :
cc_h(9) by use of t?g rule

A -

.
~1

If you want explanations about HOW an element or a rule

was used :éply by (piow . )

~ If you want explanations for an element reply by (e)l. .

If you want explanations about WHY an element or a rule
! 4

was used reply by (wihy . . .

If you do not want expianations reply by (njo :
Your answer (h/w/n) ?
< llhll >

If you want explanations for a rule reply by (rjule .

Your answer (r/e) ? : . ,
< llell )
Which (sub-)goal ? :
< noch([4,true]). >
In the context of the strategy defined
by the set of rules : [3,5]
noch([4,truel) was given as data

as the result of the sub-node "nochange-expert"

If you want explanations about HOW an element or a rule

was used reply-by (hjow .
- S

If you want explanations about WHY an element
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was used reply by (w)hy . !

/ R [

If you do not want egplanqtions reply by (njo :

Your answer (h/w/n) 2

< "h" > e o

( " ell' >

Which (sub-)goal ? :

< noch h(4). > .. ) -
In the context of the strategy defined
by the set of meta-rules: {2}, !

noch-h(4) was found by use of the rule(s) :

[noch h(X)] <-——- [current-region{X),
© noch([X,true]), .
greater(cf(noch([x;true])ﬂ_23),75)]
\ with a CF of 100

5 o
and the final best result for the (sub-)goal noch_h(4)

was found
* by the strategy :[2)
the last fired rule 6 ; ’

found the result with a measure of belief of
and a measure of disbelief of

LU T

If you want explanations about HOW an element or a rule

- was used reply by (h)ow .

If you want explanations about WHY an element or a rule
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was used reply by (why .

If you do not want explanations r;ay by (n)o :
" o .
Your answer ,(h/w/n)' ?
< "Wt >
-If you want explanations for a-rule reply by (rjule .
I1f you want explanatlons for an element reply by (e)l. .
Your answer (r/e) '> : )
.;"("e") .‘ ‘, .
| . Which element ?

< "noch. h(4)"-
r's

—_—

noch h ('4 S a goal and you may have asked to prove it...
If you want explanations about *HOW an element or.a rule
was used reply by (hjow .

If you want explanations abdut WHY an element or a rule
w%xs usegl reply by (w) hy .

5 : ) o

If you do not want explanations rebly by (n)o :

Your answer (h/w/ny"e

< "W >

If you want explanatlons for a: rule reply by (r) ule .

If you want explanatlons for an elenent reply by (e)l. .~

Your answer (r/e) ?.: : -
< n'elr >

: oy
Which element » . . S |

' i i et o -
< ‘,"nOCh([‘?frtrue]f)."‘) - \SQ ..Z"*"' a A S
¢ oY R 7 C \

-

\ S 5169 -



a measure of belief of 90
and a measure of disbelief of 05

helped in the deduction” of

noch h(4)

in the cqgiext of the strategy defined
by the set of meta-rules: [2]

by firing of the object-level rule 6:
noch h(X) <— [ current-region(X),
noch([X,truel}, _
greater (noch([X,true], 345),75) ]

with a CF of 100

because:

current-region(4) was verified
greater (noch ({4, truel] ,R5),75) was verified

-

If you want explanations -about HOW an elemgnt or a rule

was used reply by (hjow .

If you want explaﬁations about WHY an element or a rule

was used reply by (why .

-

If you do not want explanations reply by (m)o :
) ’

* vour answer (h/w/n} ?
< !ln“ >

Ay revoir !



APPENDIX C
THE KNOWLEDGE ACQUISITION SYSTEM
#

»

C.1 A SESSION WITH THE KNOWLEDIE ACQUISITION SYSTEM

The proposed example follows the one used in  the
documentation about the consultation part of the expert
system shell, .

~ We suppose the user wants to enter a new rule conciuding
about the non-existence of a change ard we also suppose-the
system hag\ access to th following models :

{N.B. : comments are bPreceeded by a '3")

-

7
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% the knowledge-base of the node "change-expert" is :
% see the documentation of the consultation part of the shell

- Fe e e de de de e de e de ok ok ok ok ok ke ke

'~ * *
5 NAME * chknB *
* *

dhkdkhkhkkkkhkkhkkhhkik
’ i
e e e e e ek de e Je Ho e Je ke ok e de vk e de e dede A de de de e e ok ek e de e de e o de de ge de ok de Kk

Predicate: mm rule- .

Description: provides the actual number of
rules contained
. in the set. It is updated by the KAS.
Y
********************************************t******

of

e sk gives the actual number of knB }ules */

/ .

num_rule( 7 ) . P

-***************************************************
Predicate: nBs

N v Description: only one predicate éﬁrrently auéilable to
embody the rules. The format is :
- [con¢lusions] , [premise] ,CF,rule number

fehkkkhkdhddhkhkhkhhhhkhkhkhdhdhhkkxhkhkkkhkhhhkhrhhkhrihkii

1]
/* the knowledge base */
pop_knB([noch_h(X)].
[current region(X),
. noch ([ true,X)) , '
greater (cf(noch([true;X]) CF) 75)}: ) .
100 6) & .

: pot knB([cc h(X)]
~[current reglon(X),ratlo([true /X131 ,100 7)

tthe knowledge-base thus contains only two rules
% though the given number of rules is 7. This may
$happen after changes in the knowledge-base, such as
3 deletlons. .
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o P OO OB of oP .

% a corrélatlon among the elements

=
-
'

% the format of the rule and the meaning of the élements
% is explained in the-previous&xample &

-

% First model :

I ~ ' . . -

4
/* model for the rules deducing the T
existence of some goal (positive or negative);
this model is a root model */.
/* set of rules described by the model */
example (chmodgoal , (6,7]) .

% the set of rules represented by the model. The Eirst
% argument is the model name, the second, the set

/* set of typical actions performed by the rules */
typlc actlon(chmodgoal [ [cc h,[X),1],
[noch_h [X1,11]).

\

the set of typical aé?ions The list in second argument
contains those actions : .
format of a described action :
[{predicate of the conclusion}, .
[the argument (s) of the conclusion],
weight for the conclusion ]
A i :
% computation of the weight (example) :
% the first element cc h has a weight of 1 because
% it is present in only one rule which certainty
% factor is 1.

" /* set of correlations existing on the actions */
. {

correl action(chrodgoal,[]).

% no correlation is known for the action part
% of the rules
~

/* set of typical premises exsting on the rules */ 1@:5

typic premise{chmodgoal,[[current regtan,(Xl],2],
o [noch, [[true,x2]],1], -
{greater, {31,G21,1), - :

[ratio, [[true,x3]],110) .

% set-of tyolcal premise elamnents
% the notation is the same as above. The varlaoles
% in the set of arguments of the elements are given
% different namés because otherwise, they wou;d lﬂFly
\:‘I
¢
N .
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B 4 ' /* set of correlations existing on the rules */
correl premise (chmodgo‘al ).

tno correlation exists for the premise elements

/* pointer to more general model. */ ‘ Pl
mcIJre_genl (chmodgoal , []) .
& the model is-a root ‘ _ v
"/* pointer to more specific model */
more_spec (chmodgoal , [chmodgopo ,chmoagone] ).

. $ two more specific models are pointed . Mmong them,
% only the first one, which characterizes the rules

% which conclude p051t1vely about goals (for the node)
e % actually exists and is now displaied : Q(
$ Second model . ) at

-

/* model for the rules deducing il
the existence of Some goal (positive or
negative); this model is a root model */
' - /* set of rules described by the model */
exampl‘é (chmodgopo, [6,7]) .
/* set of typical actions performed by the rules */

typlc actlon(chmodgopo,[ [cc h, [X1], 2],
[noch_h [x21,21]).

/* set of correlations existing on the actions */
‘correl action(chmedgope,(]).
fg /* set of typical premises exsting on the rules */

- typic prenlse(chnodgopo,[[current reglon [X1].2],

s {noch, [[true,x2]],1], . '
~_/ . [greater, [G1,G2],1], W .
_ \/ [rat_:io,[[true,xnk.l}l)- »\ % -
o ' Lo ( bt

/* set of Correlations exlétm on the,/ri:les */ ‘ =

correl premlse(cl'tmodgopo,[[[noc . [ [tru 111,
R - [greater [51,X]].110).

N s
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% a correlation exists between the element noch
% with one argument of the type [true,X], and

% the elenent greater w1th/ one argument of the
% type [G1l,X] .

% The correlation has a weight of 1

: )
/* pointer to more general model */ /

more_genl (chmodgopo, [chmodgoal]) .

/* pointer to more specnjflc model */
more > spec (chmodgopo, [chm f1re rchmodnoch]) .

$the pomted models does not exist actually and they
% thus will fail to fit the entered rule. The

% system will backtrack to their father, the second
% model (sed below)

%%%%%%%%%%%%%%%%%%%%%%%%‘%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
G i e R T IR ST AT S ST AN S

% an example of a Session with the
% knowedge acquisition system:

Welcome to the ohject-level khowledge acquisition system. .
1) give me the name of a node you want to update §'."“'

that node may he : o T,

Ad

change expert ‘ 3
separ_expert :

3the only existing nodes are the one
%displayed above

"Enter any of the listed names :

.3the user entered: <change_expert.> ’ . -

Thank you... J

Please, : 8
Enter an ob]ect gule with the following format :

knB{- <List of Actions> <L15t of premlses> <CF> <Rule ‘anbe£> ; _
_—\u\‘ \
You are prompted for the refevant data : o

The current and only available functor is knb '~
7
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‘The set 'prenise_obj‘ ineludes now the element

Enter the actions to perform :

Format: [<act10nl>,<ac...>] » '
finish by a '.! ’

tthe user enter&d : <[noch h{x)].>
The action set is : [noch_h(X)]
Enter a premise one by line ; Finish by a "."

$the user entered-:.<a.>
3'a' is a new elegent unknown to the sKstem

Enter a premise cone by line ; Finish by a "."
¢the useglentered : (noch([true}%]).),
Enter a premise one by line ; Finish by a "."

%the user entered <..>

The set of premise elements is :

a noch([true,X])
The element a has not-beenﬁrecognized as
a standard element ;

No ruleecontains a
in itg: premise ;
please

confirm or abort (answer by ¢ or a) :
r

If the element is a condition, you have to enter its meaning
separately; .in this case, the file contalnlng the conditions
definitions has to be updated ; . »,

If it is an element the set of premise- element
will be updated : ‘

_%the’user confirms th element 'a'

% arnd enter <c>

-
.

1f a is a condition, enter ¢ ; ~ S
If a is an element , enter e : ’

%$the user described the element 'a' as an
% element and entered"<e> ‘

% the system will know from now on that
% is a plausible element of a premisse

-~ 176
176 «,



This is concluded with a weight of 2

-

B i

- Enter| phe certainty factor, (between 0 and 100) :

$thé user entered the certainty factor : <100.>

$Now the system finds the best flttlng'model which %
%is the secord one.

4

The rules concluding on the same subject often have

- the following fur;étor :

current region f ,,/’/’H

Do you want to add such a premise
(answer by vy or n) ? :
%the user entered <y>
%lét'ssrecall that this element is useful in
%instantiating a rule to the region number
Q

Enter’a premise one by line ; Finish by a "."

-
¥the user entered : <current regien(x).>
Enter a premise one by line ; FTinish by a "."
$the user entered <..> -
Th _rulesiggpcluding on the same subject often have
the following functor :
S .
greater
This is concluded with a weight of 1 ) -
Do you want to add such a premise . | o
‘(answer by N or'n) ? ¢

% answer: <np>
% the user dld not find the element of 1nterest

, The rules concluding on the same subject often have

the following functor &’

ratio

" This is concluded with a weight of(l

no you want to add such a8« premise '



+

';xhr (answer by vy or n) ? :

4 .
_dzgnswer <

The rules concluding on the subject often have

the following premises together : ‘ -
[noch, [[true,X]])] [greater,[ 2453,X]] 1 -

Do you want to create such a correlation 2
(answer by y or n) :

% answer: <y>

% Finally, the user found that it may be useful
% to put a threshold on the confidence of the

% result noch([true,X])

Propose a piemiéé . Finish by a . :

fentry: <greater (cf(noch([true,X]),¥},75).>7

-

Propose a premise , Fini?h bya.:

$answer: <..>

, N\
The rule number is 8 aé well as the total number of rules

% the system updates then the knowledge-base

% This is the end of the session

% - :

% Consulting the new knowledge base of the node -
% would display the following content : .

"num_rule(S).

pot. knb([noch h(_3004)],
{current reglon( 3004),
noch([true, 3004]), -

greater (cf(noch([true, . 3004]) ,_3005}, 75)],
100,5) . .

3

pot_lnb([ce_h(_3004)1,
[current region( 3004),
" ratio([true, '30041)1,100,7).

%3 plus the new rule : ;
- % Let's recall that the order of the. rule at the . "
% object level is not important t R

pot_knb ([noch h(- 30041,
(as
noch([true, 3004]),

S e

=178 - . -



. N
current req1on( 3004)

qreater(cf(noch([true, 3004]), 3005) 7501,
100,8).

i

N





