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Why do this course?



Automata (Finite State Machines) are good abstractions of many real

systems

hardware circuits, communication protocols, biological processes, . . .



Automata can model many properties of systems

request

-0__0

response

every request 1s followed by a response
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In practice...

Huge system Property
Higher-level description Higher-level description
translation translation
A 4 \ 4
Automaton A Automaton B

Model-Checker

L(A) C L(B)?

Some model-checkers: SMV, NuSMYV, SPIN, ...

Turing Awards: Clarke, Emerson, Sifakis and Pnueli



Automata are good abstractions of many real systems



Automata are good abstractions of many real systems

Our course: Automata for real-time systems

Approach/Exit

Lower/Raise

Picture credits: F. Herbreteau

pacemaker, vehicle control systems, air tratfic controllers, . ..
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Timed Automata

R. Alur and D. Dill in early 90s

Some model-checkers: UPPAAL, KRONOS, RED, . ..

Teneere®



Goals of our course

» Understand language theoretic properties of timed
automata

» Study algorithms used in model-checkers



Model-checking caters to both theory enthusiasts and
practice enthusiasts



Model-checking caters to both theory enthusiasts and
practice enthusiasts

this course is a good starting point for model-checking real-time systems



Timed languages and timed
automata
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Y c:alphabet {4, b}
2 * words {e,a,b,aa,ab, ba,bb,aab, ...}

L C Y *:language —— property over words

L, := {set of words starting with an “ 2 7}

{a,aa,ab, aaa,aab, ...}

L, := {set of words with a non-zero even length }

{aa, bb,ab, ba, abab,aaaa, . . . }

Finite automata, pushdown automata, Turing machines, ...



Y c:alphabet {a, b}

T3 * : timed words
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Y :alphabet {a,b}

T * : timed words

a a a b b
(I) 0|8 215 6 7Ir 2(IJ3 31I2.3
Q 19 b/ (aa; 0.8,2.5) (abb; w,203,312.3)




L C TY*:Timed language —— property over timed words

Ly ={(w,7) | 1iy1 —7; > 2forall 1 < |w|}

a b a a b a
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L C TY*:Timed language —— property over timed words

Li={(abla+b)",7)|mn—7 =1}

a b ab b a b a b b
g 1 2 0 el 0 10 11
Ly ={(w,7) | 1iy1 —7; > 2forall 1 < |w|}
a b a a b a
G2 5 6 0 10 12 0 100

Timed automata



Timed automaton: Finite automaton + Finite no. of Clocks

Clock
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Timed automaton: Finite automaton + Finite no. of Clocks

Clock Guards
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Timed automaton: Finite automaton + Finite no. of Clocks

Clock Guards
| p=x<clxzcl-¢|oAg
x € Clocks , ¢ € Q>
Resets

S time

{(abla+b),7) |7 — 1 <2}

_)@ j} ;@ x§2,b) b

a b b a bb

0 :1 2: 0 :.5 1 9, 2.5:

9 Qi \q2 g0 \q1 X
xig s 2 Kt g X 52
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Ly ={(a7)| k>0, 7,=1 foralli <k}

An “a” occurs in every integer from 1,... k
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Ly:={(a"7)|existijst.7,—7 =1}

There are 2 “a”s which are at distance 1 apart
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| ' : ' acUpled
monhs 13 @ timed b B Ses Yimed wovds Hay are aty
: v L by the  usbomaton

A - (szvxa T, QO,F)

(ac; 0.4,0.9) ERER@C > X cuard X reset B

a, ()’<1)a {J’} Vql“aﬁoh: -}u,‘)lg ,:%-(Qpb
\
R
st a @ 0.5 @ c
x 0 0.4 0.4 0.9 > 0.9
y 0 0.4 0 0.5 0.5
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Ls:={(abcdxX*,7) |7 —7<2and 74y — 7, > 5}

Interleaving distances
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Ls :={(abcdX*,7) |5 —7<2and 174 — 1, > 5}

Interleaving distances

a b . S
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0 1 2 3 -+ 5 6 74
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Exercise: Prove that Ls cannot be accepted by a one-clock TA.



n interleavings = need 7 clocks

n + 1 clocks more expressive than 7 clocks



[ (a5, 7)| Tiyo — T < 1forall i < kb —2}
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SeeN So FAR.--

~  Runs 3 @ krved auwlomaion

— 4 clock < 2 tlock £ ----



L¢ = { (4*,7) | 7; is some integer for each 7}




LECTURE 1 - Summary

- Timed owlomala, YunS
—  Expressive power incvear wilth clock?
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