Contents

| 42 S, 7: () IR UTTO SR v
T INEPOAUCHION ....oeevvveieeeeee e cerereeeees s secevsseeseseeseneaensssassnansassson 1
1.1 A general concept of computational intelligence ..................c....... 1
1.2 The building blocks of computational intelligence systems.......... 4
1.3 Objectives and scope of this book ........ccevvivirvniieininiiernnne, 13
2 Elements of the theory of fuzzy sets..............ccccovvvriiiinnnninnnnne. 17
2.1 Basic notions, operations on fuzzy sets, and fuzzy relations....... 17
2.2 Fuzzy inference Systems..........ccccvuevurinriiiinnincinnieniesessnsenennnes 35
3 Essentials of artificial neural networks.............ccccovvvevniviicicccinnenn. 53
3.1 Processing elements and multilayer perceptrons............ccccceueiine 54
3.2 Radial basis function NEtWOIKS........coovviiivriiiieriiisreennerercrnrneenens 74
4 Brief introduction to genetic algorithms.............ccocoeiinivniinninnnn. 85
4.1 Basic components of genetic algorithms............cccocevvvirciieinnins 86
4.2 Theoretical introduction to genetic computing...........ccoceevvivuenene 97

5 Main directions of combining artificial neural networks, fuzzy
sets and evolutionary computations in designing

computational intelligence systems.................ccoovninreininnrinrinne 103
5.1 Artificial intelligence versus computational intelligence........... 103
5.2 Designing computational intelligence systems.............. prerereees 108
5.3 Selected neUro-fuzzy SYSteMS........cvvcereerievrneerereeeseeneeneereessenss 115
5.3.1 ANFIS SyStem .......ccccrniviriniisnnenninininiine e 115
5.3.2 NEFCLASS SYSteIM....c.coceerrmerrerrenerenrereresesisisressnssnienses 118
5.3.3 NEFPROX SYStEM....c.ceeeiiiririiiecrcenienrecnicsitisst i 121
5.3.4 Neuro-fuzzy system of [242]......cccccoverreemrnnciniinnennne 123
6 Neuro-fuzzy(-genetic) system for synthesizing rule-based
knowledge from data.............ccovvinvininininnnnnn 127
6.1 Synthesizing rule-based knowledge from data — statement
of the problem.........cc.cocoeiiiininiininn e, 129
6.2 Neuro-fuzzy system in learning mode — problem
of knowledge acquiSition..........cccceceriniceriiincnnecn e, 132
6.2.1 Conceptual scheme of the system ............cccevvcrerrcncnnne. 132

6.2.2 Implementation of the system ............ccccvcmrereniincnencenne, 137



viii  Contents

6.3 Neuro-fuzzy system in inference mode — approximate

INErence eNGINe ........occcveevrereeniinniinisnce e 145
6.3.1 Concept of the System .........cc.cccevverirniriecnninnennecreninenn 145
6.3.2 Implementation of the system ..........c.cccovvnnniniivenninnne, 146
6.3.3 Testing and pruning the system...........ccoovivininininnnnn, 154

6.4 Learning teChniquUes ........c.ccocniviniiniiinnnicniennetensiesn e 157
6.4.1 Backpropagation-like method ..........cccovevvvvnciiiineninnean. 158
6.4.2 Optimization techniques...........ccccovnviniriniinneiriniineene, 164
6.4.2.1 Conjugate-gradient algorithm ............cocceurnnnnnne 165

6.4.2.2 Variable-metric algorithm.........c.coeeevrevvicnnnnnenne 167

6.4.3 Genetic algorithms ..........ccccovvcnivniininnniicneiiecenes 169

6.5 A numerical example of synthesizing rule-based knowledge
from data — modelling the Mackey-Glass chaotic time series...170

6.5.1 Designing the neuro-fuzzy model from data.................... 171
6.5.2 A comparative analysis with several alternative

modelling techniques .........ccovvevvvininniciiniiinnin, 176

6.6 Synthesizing rule-based knowledge from “fish data” ............... 180

6.6.1 Designing the neuro-fuzzy-genetic system from data......181

6.6.2 A comparison with other methodologies .........c..cceeunune 184

7 Rule-based neuro-fuzzy modelling of dynamic systems and
designing of controllers................coooiiiniiniinnnnn 191
7.1 System identification — statement of the problem and its

general solution in the framework of neuro-fuzzy

MEthOdOIOZY ...cvevrreiierteecce st 193
7.2 Rule-based neuro-fuzzy modelling of an industrial gas
fUrnace SYStem .....cccoceeecreriniiniiiiiincr 200
7.2.1 Designing the neuro-fuzzy model of dynamic system
from data ........cceerieeieecee 200
7.2.2 A comparative analysis with several alternative
MEthOdOIOZIES .....c.covrereeireeeeiecenr et 211
7.3 Designing the neuro-fuzzy controller for a simulated backing
Up Of @ trUCK ..o 219
7.3.1 Designing the controller from data.............ccccvivninnnnnn 219
7.3.2 A comparison of different neuro-fuzzy controllers.......... 224
8 Neuro-fuzzy(-genetic) rule-based classifier designed from data
for intelligent decision SUPPOTt...........cccoiviriviinniinnincne, 231
8.1 Designing the classifier from data — statement of the problem .235
8.2 Learning mode of neuro-fuzzy classifier..........cccccvvevenerincncnnen 237
8.2.1 Conceptual scheme of the classifier...........cccecuvrvrienenanne 237
8.2.2 Implementation of the classifier............cccvrvierreieenncnnnne 240

8.3 Inference (decision making) mode of neuro-fuzzy classifier....247



Contents ix

8.3.1 Concept of the system and its implementation................. 248
8.3.2 Testing and pruning the system.............ccecevrivcrriinnnnnn 253
8.4 Neuro-fuzzy decision support system for diagnosing breast
CANCET . c.uveeurereeneeeaeeeeesereeseesresneersseaebe st e et b s e b e s bs e sb b s b e et e san e b s 256
8.4.1 Designing the system from data..........ccoeevvvririncninnns 257
8.4.2 A comparative analysis of several different
methodologies applied to diagnosing breast cancer......... 262
8.5 Neuro-fuzzy-genetic decision support system for the glass
identification problem (forensic SCience).........c.cocevevvecivevvvrunnens 267
8.5.1 Designing the system from data.........cccoemivinivcnnininninnns 268
8.5.2 A comparative analysis with other techniques for
decision support systems design ..........ccceecvrerrernenerneenennens 276
8.6 Neuro-fuzzy-genetic decision support system for determining
the age of abalone (marine biology)........ccocveecvveiicirrrecercnnen. 278
8.6.1 Designing the system from data..........ccoeuvviniicninininns 279
8.6.2 A comparative analysis with alternative approaches ....... 286
9 Fuzzy neural network for system modelling and control............ 289
9.1 Learning mode of the network .........ccocoevvnininininniinnccnnnnnn 290
9.2 Inference mode of the network..........cceeviveicrininccnnninnncenen, 295
9.3 Fuzzy neural modelling of dynamic systems
(an industrial gas furnace system) ...........ccooeneiinminiininnicnnicniennns 300
9.4 Fuzzy neural controller...........cccececnicniiiniiniicniccie 306
9.4.1 Structure, learning and operation of the controller........... 306
9.4.2 A numerical example of fuzzy neural control.................. 312
10 Fuzzy neural classifier ..., 315
10.1 Learning and inference modes of the classifier...................... 315
10.2 Fuzzy neural classifier for diagnosis of surgical cases
in the domain of equine colic ............cccocrvvurvivcurviinrenrnvencean. 322
A APPENAICES ...t 331
A.1 Inputs and output of the system of Chapter 6.6
(Fish database) .........ccccerrirereeerenrereeiencenerreercseeseessessesenssnene 331
AL INPULS..ooviiiiriiii e 331
ALL2 OULPUL ..ot 332
A.2 Inputs and outputs of the system of Chapter 8.4
(Wisconsin Breast Cancer database).........cccceceeveevererserseennene 332
A2.1 INPULS....oriireiirtiierre i r e s 332
A.2.2 Outputs — set of two class labels .........ccoovverininenienns 332
A.3 Inputs and outputs of the system of Chapter 8.5
(Glass Identification database)...........ccccerevererveevernressenseenieens 332
A3 INPULS .ot 332

A.3.2 Outputs — set of two class labels ...........cccovnniiiinnnnee 333



X

Contents

A.4 Inputs and outputs of the system of Chapter 8.6
(Abalone database) ............coceeveeeveneriirneriencrenresseserereseseseens 333
AL INPULS.....iiiiiiiiiccniiicr e 333
A.4.2 Outputs — set of three class labels ...........ccoceeenee. 333

A.5 Inputs and outputs of the system of Chapter 10.2
(Equine colic database) ..........c.coeceerereveeininncinrcneceneneienens 334
AS. T INPULS. vt 334
A.5.2 Outputs — three sets of class labels..........c.ccoeeveerrvennnne. 334

References...........coovrreeiriiiiieiieterreriitee ettt e 337



2 Springer
http://www.springer.com/978-3-7908-1439-2

Computational Intelligence Systems and Applications
Meuro-Fuzy and Fuzzy Meural Synergisms
Gorzalczany, M.B.

2002, ¥, 364 p., Hardcowver
ISEN: 978-3-7908-1439-2
& product of Physica-verlag Heidelberg



