Contents

1INt rOAUCTIOMIT S e o e i R R e G e e 1
0 Goalarofethe S O e e e e R o 2

1428 VAN @verviewzof A chieved R esu s e - 3

13 PlaniofithelR ety orithe Ml et s e il e s 6

2 P el i In AT e L A e el {7
Vol L) DY SV AN (it il ol e e s Sl o) [

2.2 Labelled Transition Systems and Finite Automata ........... 7

2:3\ Horward‘and'BackwardSimulationsys e 8

2% TreesrandtTrec*Automatalz furains s cous c MRUWIROS o o ne iy 8

2'5 R egnlariliree MV o d el @ heckin gl B s et 9

3 Computing Simulations over Labelled Transition Systems.. 13
3.1 - Preliminariesiis s e s hitrns o USRS R BOSHBII0 S L 1L 14

3:2- . The LTS Simulation Algorithm £h% S5 SERernoonts. T8, . ... 15
3:2.1+ iCorrectnessiofithe Algorrthm: FFSEIasEes. B . . 16

3.2.2 Implementation and Complexity of the Algorithm ..... 22

3:38 ConclusionsfandiHiture EWOrk#E e en s i o S 25

4 Simulation-based Reduction of Tree Automata............. 27
4.1 Tree Automata Simulations and Bisimulations .............. 30
4.1.1 Downward and Upward Simulation .................. 30

4.1.2 Downward and Upward Bisimulation................. 32

4.2 Combined Relations for Quotienting ....................... 33
4.2.15¢Runstand {Simulations#¥erod s Buiinaiingsd. S8 L. 34

4.2.2 .Mediated ‘Preorderi.\. 2oV iseats SonoaNg . oLt 36

4.2.3 Quotienting with Mediated Equivalence .............. 38

4.3 Variants of the Combined Relation .........0ii . ioii..... 40

4.4, .ComputingithefProposediRelations? 0 SHRalpoc s S i . 0. 46
4.4.1 Computing Downward Simulation ................... 46

4.4.2 Complexity of Computing Downward Simulation ...... 48



VIII

Contents
443 Computing Upward Simulation...................... 51
444 Complexity of Computing Upward Simulation......... 53
4.4.5 Computing Downward Bisimulation Equivalences. . .. .. 58
4.4.6 Computing Upward Bisimulation Equivalences ........ 59
4.4.7 Computing the Combined Relations ................. 61
LT 2] Do qel ol N ol L | it anisins i fis A o e IR IR LR S B B B 61
4" 618 Conclusionsfand Butiure IWorks S ot by e e 63
Language Inclusion and Universality of Finite (Tree)
Amtomatag: i it el e e e e e e 65
5.1 Universality and Language Inclusion of FA.................. 68
HalaleUniversalitydofBBAN pe Sardu e Do et il e s S S 68
5.1.2 Correctness of the Optimised Universality Checking. ... 71
5.1.3 The FA Language Inclusion Problem................. 73
5.2 Universality and Language Inclusion of Tree Automata. .. ... .. 76
5.2.1 The Role of Upward Simulation ...................... 77
5.2.2 Tree Automata Universality Checking................ 0
5.2.3 Correctness of the TA Universality Checking.......... 78
5.2.4 Downward Universality Checking with Antichains ..... 80
5.2.5 Tree Automata Language Inclusion Checking ......... 81
5.3 Experiments with Classical versus Pure Antichain Algorithms
for TreepAutomata o soi o eihth co it T b b e % 83
5.3.1 Experiments with Antichain-based Universality
Checkings= "ot oo s s R e 84
5.3.2 Experiments with Antichain-based Inclusion Checking . 84
5.3.3 Experiements with Regular Tree Model Checking . . . ... 86
5.4 Experiments with Pure versus Simulation Enhanced
Antichain Algorithms. i . i is b e e e mi bt 5.8 90
5:4.1 . FExperiments on BA gradicsnl b gatislaasB Bl e din, ar 90
5:4:2 - Experiments:ongfPAv=5E 4. -ois Fapvnactasnee . « L8 8. . . oL 92
5.5 ConclusionsiandéFutureWork S it cbinid. b 5. --e 94
Simulation-based Reduction of Alternating Biichi Automata 97
6.1 Basic Definitionsks 8. 5548 2o soriashntt ool ol lnseld 98
6:2 . Simulation Relations@sty fv: tncitilenit - cirminad aand. . Lk 99
6.2.1% : Runs) and§Simulationsgses . B - Senemvads. . L0 .. 101
6.3 Mediated Equivalence and Quotienting ..................... 103

6.3.1 The Notion and Intuition of Mediated Equivalence ....103
6.3.2 Quotienting Automata According to Mediated

Equivalence Preserves Language..................... 107

6.4 . Computingithe Relationss el sharw Lniaasinads. 555, . .. . 118
6.4.1 Computing Backward Simulation .................... 119
6.4.2 Complexity of Computing Backward Simulation . ...... 121

6.5, Experimental Resultsi:i % Samrrantl saitpaend. Ldb. . oo, 123

6:6  ConclusiontandiFuture Workesasrd do. stisalcest . e b .. 125



Contents X

7o ConclusiensiandEuturerDirections e 127
[(AISFASSummany:ofsthel@ontributions S S S SeS g S 1)/
2 FnrtherdBirectionsti s S PG Sy e oS iuiar sl SBas slin o) 128
(e3P ublications R elated tort ISRy Ok 129

0 S T ) o T R e B e L e e ey 131



