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absorption operator, DUCE's use of 94,
97, 176

abstraction
qualitative modelling at various levels of

259-79
with respect to a constant 85

ACLS algorithm 197, 206
active learning, data acquired by 170
actor-oriented coordinate frame

advantages of 237
decision tree for 232, 233
object-pushing experiment 232

Ajdukiewicz's solution to name relation
paradox 85-7,88

algebraic semantics 49
definitions for 50-2
notation for 50-2
results using 52-3

algorithms, structure-moving task 209-17
ALG(SIG, E) 50
AL/X expert system shell 188
antinomy, meaning of term, 80n
anti-unification 97
AQ families of inductive algorithms 93,

106, 169, 298
archaeological objects, classification of 165
argument-based model (for plausible

reasoning) 60-3
advantages of 75
compared with probabilistic model 61
implementation examples 68-74

arguments
coherence of 62-3
handling of 61-2
meaning of term 61

Assistant 86 learning system 221, 230
knowledge extracted from data by 232,

234
assumption-based truth maintenance

system 178
use in incremental learning systems

178-9
attributes

effect of typing on 164
types used in CHARADE 162

augmented truth maintenance systems 14
Autolander problem, C4 compared with

Evidencer algorithms 197, 198
axiomatic semantics of specifications 21-3
axiomatic set theory 319

backtracking 173
diagnosis using 272
YAPES's use of 75

backward diagnosis 260, 268, 271-2
cardiac diagnosis using 271-2
compared with,

hierarchical diagnosis 275
naive strategy 275

diagnostic efficiency of 275
right-to-left goal selection strategy used

268, 271
backward pruning of plausibility trees 194,

200
bang—bang control 242
Bayes

naive 189
sequential 187-200

Bayesian inference nets 190
Kononenko's treatment 201-2

Bayesian theory, probabilities defined in
187

beam search, use of 298-9
belief states, compatibility with truth values

at run-time 195
belief updating, mechanism in probabilistic

calculus 56, 58,60
benchmark data-sets, induction of trees

from 196-7
binary logical attributes, domains with, trees

induced from 198
BINEYE program 206, 207, 210, 228, 229
bird example
Closed World Specialization algorithm

used 112
generalization in 105
most-general-correct-specialization

used 111
over-specialization in 107

bisection method 276
blackboard systems 3-4
knowledge systems coupled by 7

block diagrams, knowledge processing 316,
328

Boolean combinations of events, rules used
by PROSPECTOR for 70

boredom, robot's response to 238
break-points, decision tree 128
broadcasting, knowledge systems coupled

by 7
Brookhaven (protein) data base 299, 307
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bubble-sort algorithm
generalization of 142
sample computation using 140

C4 rule-induction algorithm 128, 187
compared with Evidencer algorithm 197
example of output 129
software facilities available 135

calculi
certainty 63-74
coupling of 6-7
ExpertPRIZ 15
knowledge representation by means of

4-6
meaning of term 5
NUT system 13
plausible reasoning 55

calculus of computable functions 4
CAP (Concept Acquisition Program)

179-83
concept description for 181
concurrent running of learning tasks 183
learning strategy summarized 182
liquid pouring example 183
partial match used 179, 180, 181
'tantrum' by 183

cardiac diagnosis 260-1,265-76
rules used 251, 267

CART rule-induction algorithm 187, 188,
197

causality, added to pole-balancing problem
246

certainties
calculation of 72-4
comparison of 58-9
non-numerical system of 71-4
PROSPECTOR-like approach to 69-71

certainty calculus
definitions used 63-4
formal apparatus for 63-7
implementation examples 68-74
inference procedure for 65-7
model theoretic semantics for 65
semantics of 64-7

certainty lattice, use in example 71-2
certainty space, definition of 63-4
characteristic sample set

algorithm to generate 100
meaning of term 99
size of 101

CHARADE system
characteristics of 156
description language used 161-5
exploration of the description space by

159-61, 165-6
functionalities of 156
learning bias hi 161-6

new descriptors added 165
regularities detected by 157-9, 165
representation formalism for 161
rule properties used 159
semantics for generalization heuristics

160
chemical compounds

structure estimation of 328
see also proteins

chemical theory methods, protein structure
predicted using 294

chess positions
encoding of 284, 286
entropy of space of 285-6

patterns stored in memory in relation
to 286-7

guessing of 287-8
experimental results for 288
multi-answer questions used 288
questions allowed 287

information content of 283-8
information required to uniquely

determine 288
pattern recognition of 284
psychological assumptions used 283-4

chess problems
CIGOL's performance in 106
DUCE algorithm used 94-5

chess-specific knowledge
amount remembered by chess master

288
meaning of term 283
number of patterns stored in memory as

measure of 284-5
patterns used 284

Chinese language, number of ideograms in,
288n

chunks (of information)
meaning of term 284
number in short-term memory 284, 286

CIGOL learning system 106, 113, 176
chess problem tackled by 106

classification rule, induction of 121
class probability trees
meaning of term 188
use of sequential Bayes with 187-200

clause entailment, resolution used for 110,
114

clause removal, specialization by 107
Closed World Assumption inference rule

108
closed world specialization 111-13
Closed World Specialization Algorithm,

implementation in PROLOG
112-13

clustering algorithm 234, 235
cluster of objects, description of 182
co2 program 298
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coated-steel products, interactive induction
used 123-31

coherence, types of 62-3
commongrasp procedure 216
complexity, reduction for pole-balancing

problem 246-8
compound structures, used in KAUS 319,

320
computational models

all variables calculated for 42
applications of 44
calculating programs called from 40, 42,

43
computational rules for 40
example (square') 39, 40-3
implementation in PRIZ 39, 44
implementation in PROLOG 43-4
meaning of term 39-40
meaning of term in PRIZ system 8
particular variables computed for 42
specifications comprising 22-3
use of 42-3
writing of 40-2

concepts
definition of 170
formation in learning systems 170
theory as network of 172, /73

concepts of concepts, formal language for
81,85

conceptual entity network 323
conditionalization, beliefs updated by 56,

58,60
CONFUCIUS system 169
consistency, maintaining in incremental

learning systems 170, 177-9
control rule, pole-balancing problem

253-4
coordinate frame

object-pushing experiment 230-2, 237
choice of coordinate system 231-2

correct-specialization, definition of 109
credit assessment 128

belief-states modified by subsequent
information 195 -

credit assessment problems, C4 compared
with Evidencer algorithms 197, 199

data acquisition, methods used in learning
systems 170

database clauses
meaning of term 261
qualitative models as hierarchy of 261

data bases, integration with knowledge
bases in KAUS 325-6

data structure
as generalized set 319
knowledge representation using 318-19

INDEX

data validation task, interactive induction
133, 134

decidability problem 52-3
decision trees

breakpoints for 128
build-up by Quinlan method 157
coated-steel products case study 126-8
object-pushing experiment, effect of

coordinate frame 232, 233
deductive system, meaning of term 5
deep knowledge, use of 259, 261
deep models, compared with surface

models 264-5
denotation and sense, formal language

based on 81
derivation trees, transformation of

refutation trees into 114-15
'deny' function 108, 114

definition of 114
as explanation-based generalization

technique 116-18
PROLOG implementation of 117-18
use of 114-15

description languages
CHARADE's use of 161-5
generality elaborated using 155

description space, exploration by
CHARADE 159-61,165-6

descriptors, CHARADE's use of 163-4
details (of model), refinement of 266-7,

277
'diagnose' algorithm

cardiac arrhythmias detected by 269-70
equations solved using 276-9

diagnostic task 260
backward reasoning used 260, 268,

271-2, 275
generate-and-test strategy used 260, 275
hierarchy of models used 260, 265-8,

273-4, 275
directed acyclic graph 296
discernment, frame of 56
DISCIPLE system 123
dot operator 114
dots expressions 140-2

folding-up rule for 142
generalization rule for 142
standardization rule for 142

dots strings, unfoldment of 141
dots terms, unfoldment of 141
DUCE algorithm

absorption operator for 94, 97, 176
applications of 94-6
chess problem solved using 94-5
compared with other expert systems 95
completeness of operators for 96,

98-101
description of 93
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DUCE algorithm (cont.)
extensions to first-order representation

96,102
first-order version; see CIGOL
identification operator for 94, 97
interactive induction using 131
intra-construction operator for 93, 98,

176
inversion of resolution in 9718
macro-operators for 101-2
neuro-psychology application 95-6, 131,

134-5
noisy data dealt with by 95, 102, 134-5
operators for 93-4, 175-6
search mechanism for 96, 101-2
supervised compared with unsupervised

mode 95
theory behind 96-102
validation in 133

dynamic control, use of PANIC rules for
239

EARL system 131
validation in 133

electrical circuits, computation of
parameters for 44-7

electrical transformers, diagnosis of
breakdown in 131-2

electrocardiographic (ECG) descriptions
diagnosis based on 260-1, 265-76
P-wave considered 267

electronic circuit analysis, KAUS applied
to 328

elicited knowledge, combined with induced
knowledge 127

engineering design, expert systems used in
311,328

engineering fault diagnosis, C4 compared
with Evidencer algorithms 197, 198

entropy-minimization principle 197, 199
entropy of space

definition of 285
determination of 286
experimental determination of 288
number of chess positions measured

285-6
envisioning 260
equation solving, 'diagnose' algorithm used

276-9
error recovery strategy 177-8
errors

correcting of 174-6
locating of 172-4
recognizing of existence 172

error tolerant learning systems 169-84
Evidencer algorithm

arithmetic in 190

classification tree extracted 194-5
compared with C4 algorithm 197
evidence tree induced 191-2
learning in 189
tree-structured rules used 187

evidence trees
conversion to/from plausibility trees

192-4
induction from benchmark data-sets

196-7
results 198-9

induction of 190-2
set-up of 192-5

exemplar-based learning algorithms 294
expected-weight-of-evidence criterion

190, 197, 199
expenses claims problem, C4 compared

with Evidencer algorithms 197,
199

experimentation
learning by 170

pitfalls of 171
run-out of ingredient 182-3, 184

ExpertPRIZ system 4, 14
calculi of 15

experts, network of 6
expert systems

supervised compared with unsupervised
mode 95

use in engineering 311
see also knowledge processing systems

explanation-based-generalization (EBG)
algorithm

'deny' function as 108, 116-18
improvement on 105, 108

first-order formula, correctness of 108
first-order logic, sentences formalized in

79, 80
Fitch form (for natural deductions) 27
FOR-loops, inductive synthesis 144-5
forward chaining rules, CAP's concept

description as set of 181
Freddy 3 robotics project

goal of 205
hardware implementation of 206, 207,

227, 228
learning by 230-9
software implementation of 206, 207,

227-30
structure-moving task for 208-20

full computation traces, inductive synthesis
from 139

gain ratio adjustment 197, 199-200
GenBank (protein) data base 307
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generalization
construction of rules by 156-7
description languages used 155
explanation-based 105, 116
formal relations used 152
formulation of 151-2
from general to specific 157
from specific to general 156-7
least general 97, 98
meaning of term 105, 106
operators required 175
protein structure problem 296-7
testing of 179-80

generalization tree 296
generalized regular expressions
examples of 145
inductive synthesis 145-6
interactive synthesis algorithm

constructed for 145-6
generate-and-test problem-solving strategy

260
compared with backward diagnosis 275
compared with hierarchical diagnosis

271, 275
diagnostic efficiency of 275

Gentzen-type sequent version of S4, rules
of 32

global transfer functions 315, 316, 328
GPS planner 225-6
grammars

interactive induction 125-6
refinement of 126

graphical expressions, inductive synthesis
146-7

Graph Traverser program 225-6
grasping positions, examples of 216
greatest common divisor (GCD) algorithm

generalization of 142
sample computation using 140

ground specifications 51

HACKER program 173
heart

abstract model of 265
detailed model of 267-8
more-refined model of 266

Hebrand base 64
Herbrand Universe 64
Heyting—Kolmogorov interpretation 23
hierarchical diagnosis 268-71
compared with,
backward diagnosis 275
naive strategy 271, 275

'diagnose' algorithm used 269-70
diagnostic efficiency of 275
example of use 273-4

INDEX

hierarchical diagnostic algorithms 269-70
bisection method emulated by 276
equations solved using 276-9

hierarchical type
tree representation of 163
use by CHARADE 162, 163

hierarchy of models 265-8
Hilbert's tenth problem 53
hill-climbing beam search 298
homology-based methods, protein structure

predicted using 294
Horn clause logic
argument-based model in 61-3
derivation of new facts in 12
extended to handle uncertainty 63
negation in 62
plausible inference and negation in

55-76
procedural knowledge united with 7-8
propositional 17

Horn clause logic programs, debugging of
106

Horn clause programming 17
human memory, capacity of 284

ID3 algorithm 106, 126, 128, 169
inductive learning by 234
programs similar to 221, 230, 294

identification operator, DUCE's use of 94,
97

ID families of inductive algorithms 93, 106,
126, 128, 169

if—then rules, evaluation of 69-70
imitation, learning by 172, 179-80
incremental learning algorithm, action of

105
incremental learning systems 169

correcting of errors 174-7
locating errors in theory 172-4
maintaining of consistency in 170, 177-9
problems in 171-9
recognizing existence of errors 172

incremental specialization techniques
106-8

independent subtasks
rules of structural synthesis with 31
use in PRIZ 30-5

indirect context, concept first introduced
80

individual concepts and propositions
first-order theories of 79-88
McCarthy's theory of 82-5

INDUCE algorithm 106,156
induced knowledge, combined with elicited

knowledge 127
inductive concept learning, shift of bias for

153
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inductive formation (of programs and
descriptions) 91-149

inductive learning
logical description extracted from noisy

data by 221,222
plausibility measures for 76
protein structure problem 294, 295
robot control using 227, 234

inductive program synthesis 49
inductive syntactical synthesis

dots expressions used 140-2
FOR-expressions in 144-5
generalizaed regular expressions in

145-6
graphical expressions used 146-7
models of 139-47
program optimization using 147
WHILE-expressions in 143-4

inference algorithms, synthesis
methodology for design of 51

inference procedure
certainty calculus 65-7
implementation examples 68-74

inheritance, calculus of 9-11
interactive induction 121-36

case studies 123-32
coated-steel products case study

123-31
process grammars used 125-6
processing unit selection in 126-31

data validation task in 133, 134
grammars used 125-6
irrelevant attributes suppressed 128
knowledge acquisitiion in 122, 124, 130
knowledge engineering aspects 132-5
man—machine interaction in 134
neuro-psychology case study 95-131,

134-5
problem formulation task in 133, 134
rule presentation task in 133-4
software facilities for 135
transformer diagnosis case study 131-2
validation in 132-3, 134

interpret procedure 215-16
interrupt-revision 189, 195
interview-driven knowledge acquisition

methods 122
disadvantages of 122,124

intra-construction operator, DUCE's use
of 93, 98, 176

intuitionistic propositional calculus (IPC)
4,8

depth reduction in 25-6
disjunction eliminated in 26
negation and disjunction eliminated in

26
procedural kno,wledge united with 8-9,

17,21

KARDIO expert system 260-1
backward diagnosis used 271-2, 273-4,

275
experiments for ECG diagnosis 273
hierarchical diagnosis used 268-71, 275
naive (generate-and-test) strategy used

275
KAUS (Knowledge Acquisition and

Utilization System) 312, 318-28
applications of 326, 328
data bases integrated with knowledge

bases in 325-6
existing programs used by 324-5
integration of resources in 323-6
Multi-Layer Logic used 321-2
object model used 323, 324
set-constructors used 319
structures allowed in 319
user interfaces in 326, 327

Kedar-Cabelli—McCarty explanation-based-
generalization algorithm 108

Kleene realizability 23
knowledge

modularity of 3-15
qualitative representations of 203-79
stratification of 14

knowledge acquisition
applications and models of 281-328
factors affecting validation method used

132-3, 134
inductive learning used 76
interactive induction system 122, 124,

130
knowledge-base bootstrapping 125, 136

user interface for 126
knowledge bases, integration with data

bases in KAUS 325-6
knowledge processing, mechanics of

1-89
knowledge processing systems

design of 311-28
enhancement of problem-solving

capability 314-17
formalization of problem-solving

process 312-14
KAUS system described 318-28
knowledge representation in 317
management of 317-18
see also expert systems

knowledge representation 312, 317
formal calculi as means of 4-6
in probabilistic calculus 57-9
requirements for 317

knowledge representation language, PRIZ
input using 9-10

knowledge structure, entity relations
comprising 323

Kononenko's Bayesian nets 201-2
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Laplace's Law of Succession 192
lattice
examples of use 70-2
meaning of term 62

learning bias
derivation from rule properties 151-66
meaning of term 153
modification of 153
nature of 154-5
phenomenological approach to 154
role of 153-4

learning set, regularities looked-for in
157-8

learning systems
error-tolerant 169-84
optimality and error in 149-201
robot control using 226-7
types of 169

least general generalization, concept of 97
light pen, use in inductive synthesis 147
liquid-pouring example
CAP used in 179-83
errors introduced by over-generalization

171-2
local transfer functions 315, 316
logic, procedural knowledge united with

7-9
logical attributes, domains with, trees

induced from 198, 199
logic-based representation

separation from numerical representation
221

transformation to numerical
representation 221, 222

• logic programming
meaning of term 17
propositional logic used 17-36

long-term memory
capacity of 284
number of patterns stored in,

as measure of chess-specific
knowledge 284-5

relation to entropy of space of chess
positions 286-7

lookinto operator 209, 212-13

McCarthy's first-order theory of individual
concepts 82-5

concept objects represented in 82
definitions 82-4
examples 82-5
real-world objects represented in 82

macro-operators
DUCE's use of 101-2
effect of 102

man-machine interaction, interactive
induction 134

INDEX

Marvin system 169, 176
MARVIN system, validation in 133
Mason's Gain Rule 315
Mathematica system 196
measurement errors, effect in

structure-moving tasks 220
memory, human, capacity of 284
meta-interpreter, use in PROLOG 43-4
metalanguage, PRIZ system 9-10
meta-level knowledge 318
metatheories, use of 11-13
minimax problem, PRIZ's solution of 23-5
mirror crafting example, learning in 183,

184
MIS program 173, 174, 175
mistake matching rules, protein structure

problem 306
MLL (Multi-Layer Logic) 321
examples of 321
inference of 322-3

modal logic S4 17, 30-5
derivability in 32-4

model-based interpretation 205-23
model-building sub-process 313
MODELER program 107
model generation

learning procedure used 234
object-pushing experiment 232-6

model refinement, incremental process of
313, 314

modularity of knowledge 3-15
most-general-correct-specialization

(MGCS)
definition of 109
resolution-based method for construction

of 110-11
most-general-unifier (MGU) 115
motivation, robot experiment 238
multiple evidence, combined by

PROSPECTOR 70
multi-valued logical attributes, domains

with, trees induced from 198
MYCIN expert system 55

naive Bayes 189
naive Bayes classifier 201
naive strategy; see generate-and-test

problem-solving strategy
name relation paradox 80

Ajdukiewicz's solution to 85-7, 88
Church's formalization of solution to 85,

86
Frege's solution 80-1
McCarthy's solution 82-5

negation, semantics for 62 •
negation by failure 108, I 1 1
neural net learning 188
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neural networks, protein structure predicted
using 294

neuro-psychology application, DUCE
algorithm used 95-6, 131, 134-5

NEWGEM, rule evaluation function in
298

noise
errors caused by 177, 178
multivariate domains with, tree induced

from 199
Noiseless Coding Theorem 286
noisy data
DUCE algorithm adapted to deal with

95, 102
extraction of logical description from

221, 222
NONLIN planner 225-6
non-monotonic formalisms 108
over-specialization avoided by 111-13

non-monotonic learning 105-18
NTC (New Term Constructor) program

294
numerical representation

separation from logic-based
representation 221

transformation to logic-based
representation 221, 222

numeric attributes, domains with, trees
induced from 198-9

NUT system 4, 12
calculi of 13

object models, KAUS's use of 323, 324
object-oriented coordinate frame 232

decision tree for 232, 233
object-oriented programming, knowledge

systems coupled by 6
object-pushing experiment

coordinate frames used 230-2, 237
generation of model in 232-6
method used 228-30

Occam's Razor 232
oracle, expert acting as 130, 133, 135
ordered type, use by CHARADE 162-3
outliers, flagging in induction system 134
over-generalization, errors induced by

171-2

PANIC (Perception and Action as Naive
Causality) model 235

dynamic control using 239
graphical representation of 236
knowledge hierarchy levels of 237

partial match, learning situation 179, 180,
181

partial theory, behefits of constructing 170

partitionable, meaning of term 192
partitionworthy, meaning of term 192
passive observation, data acquired by 170
pattern matching
chess positions 284
protein structure problem 306

'person', knowledge representation for
11-12

pickup operator 209, 211, 212
PIR (protein) data base 307
place operator 209, 212
planners, robot control by 225-6
plausibility-based systems, weights of

evidence in 188
plausibility coefficients 158
plausibility-gain trees; see evidence trees
plausibility trees
backward pruning of 194, 200
conversion to/from evidence trees

192-4
plausible reasoning

alternative approaches 56-7, 60-3
argument-based model of 60-3
calculi used 55
complexity issues 59-63
implementation examples 68-74
knowledge representation issues 57-9
probabilistic model of 55-6
related approaches 63

PLS1 program 294
pointer stack 10
pole-balancing problem
choice of means of control 248-50
complexity reduced 246-8
credit assignment algorithm used 226
described 241-3
qualitative model used 248-9, 251-2,

253-4, 257
system parameters chosen 254-7, 258

qualitative way of solving 241-58
verification of solution 245-6

pole—cart system
angles of posts controlled 249-50
approximations used 247-8
cart controlled whilst balancing poles

250-1
choosing means of control 248-50
control of 251-4

cart while balancing poles 250-1
chain of integrators 252, 253
effect of delay 255, 256
one integrator 252, 253
total system 251-4

control rule for 253-4
described 242
division of quantity space for 253
dominant path of control for 250, 256,

257
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drift behaviour modelled 251, 252
effects of,

changing length or mass of poles 258
control parameters on system

properties 256-7
forces acting on 244
hypothesis about operating region for

247
measurements required 242
modelling of 243-5
oscillation in 255-6
positive feedback loops in 249
qualitative model of controlled

integrator 255-6
relevant properties of 243
semi-qualitative model of 248-9, 251-2
system parameters chosen 254-7

trial-and-error method used 255
Pop-2 memo function 196
predicate logic
knowledge representation using 318-19
set concept of 320-2

pressure regulator model
qualitative state of 263
rules for 265
single-level representation of 260, 262-5
structure of 262

prior knowledge, use in induction systems
124, 134, 135

priors, problems with 57
PRIZ system

applications of 44
architecture of 18-19
compared with PROLOG 18
direct specifier for 9
example problem solved by 21, 36
independent subtasks used 30-5
inheritance specifier for 10
input language used 19-21
knowledge base in 19
knowledge representation in 8, 9
logic united with procedural knowledge

in 8-9
metalanguage used 9-10.
preprocessor used 25-6
presentation of natural deductions from

26-7
program derivation rules for 35-6
program synthesis in 17, 18, 19, 23-5
structural synthesis rules for 31
use of program synthesizer as theorem

prover 25-30
probabilistic calculus, language limitations

in 58
probabilistic model (for plausible

reasoning) 55-6
alternatives to 56-7, 60-3
complexity issues 59-60

INDEX

knowledge representation issues 57-9
objections to 60

problem formulation task, interactive
induction 133, 134

problem-solving capability, enhancement
of 314-17

problem-solving process
example of 316
formalization of 312-14

procedural knowledge, logic united with
7-9

procedural type atoms, use in KAUS
324-5

PRODIGY general-purpose planner
183-4

Program Debugging System 106-7
program optimization, inductive synthesis

applied to 147
program synthesis, PRIZ's use of 17, 18,

19, 23-5
PROLOG

cardiac diagnostic algorithm written in
269-70

Closed World Specialization Algorithm
implemented in 112-13

compared with PRIZ 18
computational models in 39-47
debugging of programs 171, 172-3
'deny' function implemented in 117-18
Edinburgh syntax conventions of 214
extension of 15,43
interpreters 68
SLDC trees found by 67

logic united with procedural knowledge
in 7-8

meta-interpreter used 43-4
negation-by-failure used 108, 111
robot programming using 206, 227
StructureMover program implemented

in 213-15
PROMIS (protein machine induction

system) program 291,292
alpha-helix prediction rule 301-3
chemical knowledge coded into 301
experimental results 299-307

data used 299
general rules for predicting secondary

structure 299-303
threshold logic used 305-7
variation of successful rules 303-5

input to 295
learning by 296
operators used 297
output of 295
rule evaluation by 297-8
search control in 298-9
threshold test used 298

prompting, interactive induction 127
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propositional Horn clause logic 17
program using, characteristic sample set

generated for 99, 100
see also PRIZ

propositional logic programming 17-36
propositional variables, PRIZ's use of 10,

21-2
proposition surrogates
concept first introduced 85, 88
example of use 86-7
first member of 86, 87

PROSPECTOR expert system 55, 59
Bayesian inference used in 187-8
Boolean combinations of events treated

by 70
combination of multiple evidence treated

in 70
if—then rules used 69-70
plausible reasoning mechanism used by

69-71
probabilistic inference mechanism of

69-71
implementation of 70-1

protein folding
learning applied to prediction of

291-308
problem to be solved 292-3

proteins
alpha-helix secondary structure

prediction 301-3
data bases of structure information 293,

307
primary structure of 292
secondary structure of 292
secondary structure prediction 292, 293,

294-308
chemical theory methods used 294
general rules found 299-303
homology-based methods used 294
statistical methods used 294
threshold logic used 305-7
variation of successful rules 303-5

types of 292
protein structure problem
alpha-helix prediction rule 301-3
mistake matching used 306
previous work done 294
suitability of problem 293

proximity scanning technique 209, 210
proximityscan operator 209, 212
P-space-complete problems 8, 17, 30
Puma robots 206, 207, 227, 228

QSIM qualitative simulator 241
qualitative modelling, varying levels of

abstraction in 259-79

qualitative models
experimental results using 273-6
interpretation of 268-72
representation as hierarchy of models

265-8
representation of 261-8
research on machine-aided construction

of 279
single-level 262-5

qualitative representations (of knowledge)
203-79

quantity space, division for pole-balancing
problem 253

Quinlan method, decision trees built-up by
157

reactive environment
learning in 170-84
meaning of term 169,179

recursive programs, construction in PRIZ
17

refinement operator 175
refutation trees, transformation into

derivation trees 114-15
regularities, detection by CHARADE

157-9, 165
resolution

clause entailment using 110, 114
unification within theory 97

resolution closure, definition of 109
resolution principle, inversion of 93-102
resolution theorem, Robinson's results on,

109
Rhino robot 207
right-to-left goal selection strategy 268,

271
ROBCON program 206, 207, 227, 229
ROBEYE program 206, 207, 227, 229
robotics, definition of 205
robot learning, CAP used 179-83
robot programs, two-phase approach to

building 227
robots

learning of causality by 225-41
coordinate frame 230-2, 237
experimental method 227-30
model generation 232-6

response to change 238
structure moving by 208-20
user-interaction facility for 221-3

ROPRO system 226
rule evaluation, protein structure problem

297-8
RULEGEN, threshold test in 298
rule induction, table compression using

198
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RuleMaster inductive learning system 206,
207

rule presentation task, interactive
induction 133-4

rule properties, learning bias affected by
159-60

rules
expert's modification of 129-30, 134
flexible interpretation of 306
protein structure problem 295

rule system
a priori structure of 160
learning with 153, 156-61

run-time
compatibilities between belief-states and

truth-values encountered at 195
learning occurring at 195-64 

Russell's paradox 319

S4 modal logic 17, 30-5
derivability in 32-4

safegrasp procedure 216-17
sample computations

direct screen display of 146-7
general algorithms restored from 140,

142
WHILE-expressions constructed from

144
scientific discovery, application of machine

learning to 291-2
search control, PROMIS's use of 298-9
search mechanism, DUCE's use of 101-2
search operators, background knowledge on

proteins used as 296-7
semantic networks 5-6

inference on 6
time-relations in 5

'sem' function, definition of 11, 22-3
semi-decision trees 190, 196

conversion from plausibility trees 194
sense and denotation, formal language

based on 81
sense of name, meaning of term, 80n
sensory information, robot control using

207, 226
sequential Bayes, used with class probability

trees 187-200
SEQUOIA, threshold test in 298
Shapiro-Kopec expert system 94, 95
Shapiro's debugging algorithm 172-3,

174
short-term memory, capacity of 284
signal flow graphs 315, 316, 328
silhouette identification, C4 compared with

Evidencer algorithms 197, 198-9
single-concept learning systems 169
skolemization 114, 117

INDEX

SLDC tree
definition of 66
index of 66-7
PROLOG interpreter to find 67
see also certainty calculus

software facilities, induction tools 135
specialization

closed world 111-13
meaning of term 106
operators required 175
protein structure problem 297

specification languages; see also
UTOPIST...

specifications, axiomatic semantics of 21-3
'square' (computational) model 39

calculating programs called from 43
encoding of 41
implementation in PROLOG 43-4
use of 42-3
writing of 40

statistical methods, protein structure
predicted using 294

stratification of knowledge 14
STRIPS planner 225-6
Structural Synthesis Rules (in PRIZ) 23, 35

with independent subtasks 31
structured induction technique 188
StructureMover program 207

algorithms in 209-17
combinatorial complexity problems 215,

219
commongrasp procedure 216
constraints with respect to structures

219
extensions possible 220-1
interpret procedure 215-16
limitations due to inaccuracy in

measurements 220
limitations with respect to grippers 220
performance and limitations of 217-21
PROLOG implementation of 213-15
safegrasp procedure 216-17

structure-moving task 208-9
algorithms used 209-17
lookinto operator for 209, 212-13
pickup operator for 209, 211, 212
place operator for 209,212
proximityscan operator for 209, 212

structures, exploring of 205-23
subcommittees model 195-6
subjective information

meaning of term 122
methods of providing 122, 124

subsumption theorem 113
Subtasks, dependent compared with

independent 30
suicide example 118
superstable structure, meaning of term 215
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INDEX

supervision, expert system performance
affected by 95

surface models, compared with deep
models 264-5

symbol reduction, DUCE operators giving
94

'tantrum' (by learning system) 183
term rewriting system 51
theorem prover
PRIZ's program synthesizer used as

25-30
examples 27-30

theory
learning systems,

correcting errors in 174-7
definition of 170
locating errors in 172-4
maintaining consistency in 170, 177-9
recognizing existence of errors 172

as network of concepts 172, 173
theta-subsumption 110
threshold logic, use in protein structure

problem 305
threshold test 298
translation (of formulas and sequents) 31

travelling expenses claims
certainty lattice used 72
home/abroad distinction 72, 73, 74
user interface strategy 74

truth maintenance systems 14, 58,63
truth values, compatibility with belief states

at run-time 195
typing, attributes affected by 164

uncertain inference, PROSPECTOR's
support of 189

unification 97
unifying terms, construction of 49-53
user interfaces

expert system 74
KAUS 326, 327

knowledge-base bootstrapping 126
UTOPIST (Universal Translator Of

Problems Including Specifying Texts)
input language 18,19

example specifications in 19-21
semantics of 21-2

validation, induced knowledge 132-3, 134
VAL II robot programming language 206

Variable Precision Logic 273
Version Space algorithm 106
voting patterns, C4 compared with

Evidencer algorithms 197, 199

Wald sequential cut-off method 187, 200
Wang's algorithm 72
WARPLAN 220
weight of evidence

updating using 70 '
see also plausibility gain

WHILE-expressions, inductive synthesis
143-4

window-oriented coordinate frame 232
decision tree for 232, 233

world model
errors in,

correcting errors 174-7
locating errors 172-4
recognizing existence of errors 172

evolution over time 170
maintaining consistency in 170, 177-9

XpertRule, induction of evidence trees
implemented by 196-7

YAPES expert system shell 71, 74,75
user interface strategy 74

Zermelo—Fraenkel set theory 319
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