Contents

1 Uncertain Logics and Variables...............cccc.oooeiiiiiiniininneeee e 1
1.1 Uncertain Logic
1.2 Other Versions of Uncertain LOZIiC .......ccorvreimnernieinieniereeeecnre e 5
1.3 Uncertain Variables..........coccoeiieeimrieerireccteeeereeen e e eseeeee s 9
1.4 Additional Description of Uncertain Variables.......c.cccoevvevevcrninennenn. 12
2 Analysis and Decision Making for Static Plants................c.cccovivniineene 17
2.1 Analysis Problem for a Functional Plant...........c..cccoccvinnnininnnicnennnn. 17
2.2 Decision Making Problem for a Functional Plant ..............cccccoiniiin. 18
2.3 External DiStUrDANCES. .......cvevuerveetereerriininreentenrenennreeesneseesnssaenreeseeeesnees 20
2.4 Nonparametric UNCErtainty ........cc.ccoceeereomrceciirininiis oo 25
3 Relational SYSEMS ...........ccccoeimiiirciiiiintin it e 31
3.1 Relational Knowledge Representation ..o, 31
3.2 Analysis and Decision Making for Relational Plants................cccc........ 33
3.3 DeterMmUMIZAtION ....c.eueeeeeeerreeiicerenreieeii st sasseer e s st annea 39
3.4 Analysis for Relational Plants with Uncertain Parameters........................ 41
3.5 Decision Making for Relational Plants with Uncertain Parameters........... 46
3.6 Computational ASPECES......covveeeveurireeeiiiiiet it r s 50
4 Systems with Logical Knowledge Representation....................................... 57
4.1 Logical Knowledge Representation ..........ccccoveeveveiiienininninineeenes 57
4.2 Analysis and Decision Making Problems............cocoooniinii, 59
4.3 Logic-Algebraic Method ............coiirieeiiiiiiiiiencen e 61
4.4 Analysis and Decision Making for the Plant
with Uncertain Parameters .........cocoevromrervenineiimiinniii s sneere s 64
4.5 Uncertain Logical Decision Algorithm ..........cocoiieiiiiiininiinnin 66
S Dynamical SYSTEINS. ..ottt 69
5.1 Relational Knowledge Representation ............ceeievonnncincncnineeene, 69
5.2 Analysis and Decision Making for the Dynamical Plants
with Uncertain Parameters ..........ccooeeveeineeeennnecnninenernensesseereie e 74
5.3 Closed-Loop Control System. Uncertain Controller ............ccoooocornienn. 80
SAEXAMPIES .....ooveviiviieiiiceccer ettt 81

5.5 Stability of Dynamical Systems with Uncertain Parameters ..................... 84



XII Contents

6 Comparison, Analogies and Generalisation .................ccocoovnnnnniiinnnnn. 91
6.1 Comparison with Random Variables and Fuzzy Numbers........................ 91
6.2 Application of Random Variables............ccccoccieirniiciinnineeceeeeee 95
6.3 Application of Fuzzy Numbers ............ccccocenivoiriiniiine e 96
6.4 Generalisation. Soft Variables........c.c.oceviviiiiieiecieceniecieece e 103

7 Special and Related Problems....................cccoooiviiiiiiiieccceee e 109
7.1 Pattern ReCOZRItION .......cocovviveriiiiieeeccseecee ettt et 109
7.2 Control of the Complex of Operations............c.ooueeeeeeeviiiinviccenieeenann 116
7.3 Descriptive and Prescriptive Approaches..............coeeeveevivviveeeeieeeeeerenae 119
7.4 Complex Uncertain SYSteIM..........ccveeerireeeeiieee ittt saese e 121
7.5 Learning SYSIeIML......coceviiereiiirieteeereeereeaereste et ses et e eeeeaeeeesesaerneas 124

INAEX.......ooniii ettt ettt e e 129

References



