Model Checking
Weighted Timed Automata

Lakshmi Manasa.G
Roll Number: 08405002

Under the guidance of
Prof. Krishna .S

Doctor of Philosophy
Indian Institute of Technology,Bombay

Lakshmi Manasa.G (PhD,CSE,IITB ) Model Checking WTA 1/49



Motivation

o Formal verification of systems - model checking

@ Model-checking problem is verifying whether a given formula is
satisfied by a given structure.

@ WTA model is particularly relevant for modelling resource
consumption in real-time systems.
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Overview of the talk

© Introduction :

» Timed automata
» Region automata
» Weighted timed automata

© Weighted integer reset timed automata
© Clock reduction in WIRTA
© Undecidability result

© Conclusion and future work
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Introduction - Valuations

©

Clock valuation of set X - v: X — R4
Set of clock valuations : RJ)F(

Clock guards : G(X) == x ~ ¢
where x € X, c € N and ~€ {<, <, >, > =}

clock resets : ¢ € Up(X) is ¢ C X.
v+ 71, v =1 and v[¢ := 0] defined as usual.

©

©

©

©
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Timed Automata

Timed automaton [1] A = (L, Lo, X, X, E,F)

@ L is a set of locations;

@ Lo C L is a set of initial locations;

@ Y is a set of symbols; X is a set of clocks;

@ G(X) and Up(X) are the set of constraints and resets.

@ ECLXxLxExGX)x Up(X). Anedge e = (I,I',a,p,0) is a
transition from / to I’ on symbol a, with the valuation v € Rff
satisfying the guard ¢, and then ¢ gives the resets of certain clocks.

Path :
(o, ) =5 (o, v1) 257 (1, 12) 25 (I, ) 2255 (hy, 1) - (1, 1)
such that v; = v/_; + (ti — ti—1),vi = @i, and V] = vi[¢; :=0],i > 1.

Lakshmi Manasa.G (PhD,CSE,IITB ) Model Checking WTA 5/ 49



Regions of Timed Automata

R-finite set of partitions (a) of TX.

o = {v|v inTX} (pos. infinite)

Succ(a): & e Rif veR,IteTstv+ted
set of regions [Time elapse consistency] iff

o € Succ(a) <= Vvea,dte Tstrv+ted.
alFEp:YeavkEep

afg == 0] ={d/|Fv € a, &/ Nv[p :=0] # 0}.

(3

(3

(]

©

©
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Compatability of Regions

Set of regions R is compatabile [equivalence] with

Q C(X) iff for every constraint ¢ € C(X) and for every region o € R
exactly one of the following holds

(D akEeor(2 ak -
Q Up(X) iff o € afpp := 0] = Vv € a, I’ €  such that
v ev[p:=0].
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Region Automaton

For A= (L, Ly, X, X,E,F)

Region Automaton is R(A) = (Q, Qo, X, E’, F') where
© R set of regions compatible with C(X) and Up(X),
Q Q=L xR - set of locations
Q Qo C Q - set of initial locations

© F' C Q - set of final locations
where ([,a) € F'stle FAa e R.
Q E'C(Q XX xQ)- set of edges s.t
(La) 3 (Id/) e E'if 3/ e R and (I,/',a,¢,¢) € E st

» o € Succ(a)

- o Ep
» o €d'[¢:=0]

L(R(A)) = Untime(L(.A)).
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Weighted Timed Automata

A= (L Ly, X,Z,E,0,n,C) where
@ L is a set of locations,
@ Lo C L is a set of initial locations,
@ X is a set of clocks,
@ Zis a set of costs where |Z| = m,
°

E C L xG(X) x Up(X) x L is the set of transitions.
e=(l,p,¢,I') € E is a transition from [ to /" with valuation v = ¢,
and ¢ is the set of clock resets.

@ 0: L — 2% is the labelling function.
@ 7 : L — G(X) invariant function.
@ C:LUE — N™ is the cost function.

stopwatches if C: LUE — {0,1}™.
Stopwatches are restricted costs.
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Semantics of WTA

Given by labelled timed transition system 74 = (S, —) where S
=L x Rff X Rf and — is composed of transitions

@ Time elapse t in I: (v, ) LN (I v ), teRy.
Then "=,V =v+t, u/=p+ C(l)xtandforall 0 <t <t,
vt ().

@ Location switch: (/,v, 1) (#:9) (', 1) if there exists
e=(l,p,¢,I') € E, such that v |= ¢, v/ = v[¢ := 0] and
p' = p+ C(e). Here, v i=n(/), v = n(l').

(1,91
—

V(v i) 2 (v, ) P22

p = (lo. v, 1) = (lo. 1, p11)
(l27 Vénu/2) T (/nv V,,v:uln)'
vi=vi_y + (ti — ti—1),vi = @i, Vi = vj[¢ :== 0] and

pi = pi_q + C(hi—1) * (ti — ti1), pi = pi + C(li—1, @i, di ;).
pli] and p[< 7] indicates the prefix of the path till position /.
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WCTL

@ WCTL, as defined in [16]
Yu=true|o|m |z [~ [V | E(QUY) [ A(YUY)
@ WCTL; as defined in [15]

Yu=true | o | <P | Y1 Vapa | EP1Uzoct2 | Ap1Uzoc)2
where z € Z, 0 € ¥, and 7 is a cost constraint of the form z; ~ ¢ or
Zi —ZzZj~C
The freeze quantifiers z. allows us to reset costs, while the cost
constraints z ~ ¢ allows us to test them.

If 7 is only of the form z; ~ ¢, then logic is WCTL,,
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Interpretation of WCTL

The satisfication relation A,(/,v, 1) = 9 is:

o A(l,v,p) Eoiff o €6(])

o A(lLbv,p)Eniffpl=n

° .A,(/,V,p) =y iff A,(/,I/,,u) 7

o A(Lv,p) E 1 Vb iff A, (v, ) =41 or A(1,v, 1) = .

o A (l,v,p) E z4 iff A(I,v,u[z := 0]) = 1 where p[z := 0] stands
for u with z reset to zero.

o A,(l,v, 1) = Etp1Ur), iff there exists a run p starting at (/,v, 1), such
that 3i, p[i] = (li, vi, pi) E ¥2 and forall j < i, p[j] = ¢1.

o A,(l,v, 1) E Etp1U, by iff there exists a run p starting at (/,v, p),
such that 37, p[i] = (i, vi, ui) = 12 and forall j < i, p[j] E 1, with
pi(z) = p(z) ~ c.
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Expresiveness

Lemma
WCTL,, is more expressive than WCTL;.

Proof.

We only give a proof sketch. Consider the WCTLy, formula
 =2z.EF([aAz <1 ANEG[z < 1= —b]), where a,b € ¥. It can proved
that there is no WCTL; formula equivalent to ) using an argument similar

to the one used for showing that TPTL is more expressive than MTL [14].
O
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Model Checking results

Logic | Clocks | Stopwatches Result

WCTL, 1 > 1 (costs) Decidable [15]

WCTL, >3 >1 Undecidable [12]

WCTL, >2 >1 Undecidable [21]

WCTL, >1 >3 Undecidable [16]

WCTL, >0 >3 Undecidable [16] (costs on edges)
WCTLy, >1 >2 Infinite Bisimulation [16]
WCTLy, >2 >1 Infinite Bisimulation [16]
WCTLy, 1 1 Decidable [16]
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WIRTA

Definition

A Weighted Integer Reset Timed Automaton (WIRTA) is a WTA A =
(L, Lo, X, Z,E,0,n, C) with the restriction that for all e = (I, p,¢,I') € E
if ¢ # () then ¢ consists of atleast one atomic clock constraint x = ¢ for
some x € X,c € N.

Lemma

Let A =(L,Lo,%,X,E,F) be an IRTA and v be a clock valuation in any
given run in A. Then Vx,y € X, frac(v(x)) = frac(v(y)). [27]
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WIRTA example

x=17x :=
(2,2)

Figure: W-IRTA A.
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WIRTA regions

Let ¢y € N be the maximum constant in G(X).
For every clock x € X, define a set of intervals Z,, as

I, = {[cJ0o<c<cmtU{(c,c+1)0<c<cm}U{(cm, )}

Let « be a tuple ((/x)xex) where I, € Z,
« is integral, non-integral or saturated.

R is {a} and it partitions RY.
@ R is a set of regions.
@ R is compatible with G(X).
@ R is compatible with Up(X).
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Some definitions

@ dt(r) given int(1) = k.

2 [ (6V)k if 7 is integral,
dt(r) = { (0v')ké if 7 is non-integral.

@ dte(m1, ) - 0V -pattern to be right concatenated to dt(71) to get
dt(Tz).
@ For a path p € T4 visiting location /; at time t;
g(p) to be
w = (lo, to)(fo, t1)(f1, t1)(h, t2) - - (hn—1, ta—1)(In—1, ta)(In; tn).
o f( ) Iy dte(tl, to) h dte(tz, t1)/2 In_1 dte(tn, th— 1)/

@ Two words w, w’ are said to be f—equwalent iff f(w) = f(w').
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Path equivalence in 7,4

Two paths p and p’ in T4, are said to be equivalent (p = p') iff

f(g(p)) = f(g(¥))-

Proposition

Let A be a WIRTA. Let p = p/ be paths visiting the sequence of locations
loh ...l in order, such that I; is visited at time t; and t| resply, with
to =ty =0. Then p is a path in Ty iff p’ is a path in T4.

Corollary
The above result is not true if A is a WTA but not a WIRTA.

D0
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Clock Reduction - Marked WTA

Given a WIRTA A= (L, Lo, X, Z, E, 8, C)
its marked weighted timed automaton M 4 is
My =(Q,Qo,{f},Z,Em,0m, Crn) where
@ Q = L xR where R are regions for X U {n},
@ Qo = Lo x {ap} where ag = olXuinl
o Z is the set of costs,
@ 0m: Q — 2% such that 6,,(q) = (/) for g = (I, ),
@ Cp: QUE, — NIl such that
Q Cn(q) =C() if g=(I,a),
O Cu(em) = Cle) if em = (q,6,0m,¢m. q'), e = (0,0, 1"), g = (I, )
and ¢’ = (', &),

e Cm(em) =0if em = (qv(sa ¢m7¢m7 ql) or ém = (q7 ‘/7(Pm7¢m7 ql) where
g=(,a) and ¢’ = (/,d).
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Marked weighted timed automaton Il

0 En, CQx{0,v,e} xG({f}) x Up({f}) x Q is the set of edges. For
g=(l,a) and ¢' = (/',d/), an edge em = (g, 3, Ym, Pm, q’) € Em is
such that

Q if a(x) = (cm,o0) for all x € XU {n}, then g =¢’, a € {4,v},
©m o true and ¢, = ¢,
Q if /=1, aisintegral and o/ =o', then a =16, ¢, =0 < f <1 and

¢m = (Z),

Q if /=1, a isintegral and o/ =o', then a=V, ¢, : f =1 and
¢m - {f}.

@ For a discrete transition (/,p,¢,1') € E, ((I, @), €,0m, 0, (I, &) € Em
such that

(1) akEe (2)d =afpu{n}]if ¢ #0, else &/ =, and (3)
pm o f =0if « is integral, else o, : 0 < f < 1,

Lakshmi Manasa.G (PhD,CSE,IITB ) Model Checking WTA 21 / 49



1,(1,0)

ot 2t 2ty ~to10)
true
(2.2) 8,
¥ _;12)+ — —5(12,1)
s
- —T{n.2,0)
(22) ;4 v
(el \“

s,00.1)
FETY. o
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Path in Ty,

t
r= ((/07040)’707)(0) 2, ((fo, @0), 715 x1) 2, (U, 1), 71, x1) ==
t1 k+1

((fo, 1), 72, x2) < ((o,2),0,x2) ... = ((fo, @k)s Vkt15 Xk41) —

((/07 ak+1)’7;<+17Xk+1) L) ((/1’05;(4_1)’7;(4_1?)(;(4-1) v ;
((Ins &)s Yims X ), Where a = (5 iff0 <ykr1<landa= v iffy,, =0.

For ((l, aj-1),%-1,X5-1) “4 ((h, @j-1), %))

Xj = Xj-1+ Cm(li; aj—1) * (tit1j — tiy1,-1) and

V= Y1t iy — G-

For ((Ii7 aJ)u 7]7 Xj) L’ ((Ii+17 aj‘)u ’YJ/7 Xj)l

XJ, =Xj+ Cm((/,‘,Oéj), & (/i+1?aJ,')) and 71, =

During transitions, ~y; changes (to zero) iff transition is v".
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Paths chosen in Ty,

We consider only those paths in which

@ All the € transitions immediately follow the § or v* transitions.
€ after v' will follow it immediately
Time elapse (< 1) between ¢ and e can be pushed before 4.

@ ¢ and v alternate.

h(p)=lwihw ... l,—1wyl, where w;y1 is {0, v} word between (/;, «) and
(fis atk+1)-
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path between (/,«) and (/, &)

Proposition

Let (I,a) and (I, ') be two locations in M 4. Let (I,&/) be reachable in
My from (I, «) by a sequence of time elapse and 6, v  transitions. Then
for a word w € {0, v'}* leading (I, &) to (I,'), we have

© 6, v strictly alternate in w,

Q w = dte(t', t) such that t € a(n),t' € o/(n).
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Paths in A and M 4

Lemma
Let A=(L,LoX,Z,E,0,C) be a WIRTA and let
Ma=(Q, Qo,{f},Z, Em,0m, Cy) be its marked automaton.
@ For every path p of T4, there exists a path p,, of Trq such that

f(&(p)) = h(pm).

© For every path p,, of Ty where the d, v strictly alternate, there
exists a path p of T such that f(g(p)) = h(pm).

Q Let p be a path in T4 such that f(g(p)) = h(p') for a path p’ in Tp.
Then all paths p” in T4 such that p" = p, f(g(p")) = h(p').
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0 — v/ sequence

Let (/,«) be a location in M 4.

A d — v sequenceis I, = (I, a0)(/, 1) ... (I, )
such that ap = and Vj > 0, aj1 = aj’:
and any path in 7y consisting of only these locations is of the form

t t
((00)-70:%0) = ({1 a0). 1. 1) 2= (1) xa) 22
’ ti, 5

((1,01),72,x2) == ((1,02), 72, x2) -+ = (1, k), Vi1 Xk 1) —

((/; k1), Yot15 Xk+1) where
Q a,d {4V}
© § and V strictly alternate,
O (/,aky1) has a self loop on 4, v in M 4.
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One clock WIRTA

Let M4 = (Q, Qo,{f},Z, Em,0m, Cy) correspond to a WIRTA A.
The one clock WIRTA is A'=(L, Ly, X" = {n}, Z,E',0', C") where
o '={l,|(l,a) € Q},
o Ly ={sal(s,a) € Qo},
@ /= the set of costs as in M4,
o E'C L' x G(X'") x Up(X") x L is set of transitions
e = (ln, 0: ¢, 1) € E iff there exists ey, = ((/, ), €, (I',a})) € Em
with ¢ is n € a;(n) and ¢ = {n} iff a}(n) = 0, l[i] = (/, ;) and
Il = (' af)
@ 0 : L' — 2% is given as 0(l,) = Om(/, @), where (/,a) € Q,
o C': I'UE" — NIZlis defined as C'(ly) = Cn(l, @) where (/,0) € Q,
C'(e) = Cm(em) where e € E’ corresponds to e, of Ey,.
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One clock WIRTA example
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Path in TA/

A path pin Ty is

a¢ n
(¢ )(/ Vi, fhom)

(Iavyo’,U/O)i)(Ia’Vlnu’l) : )(I//’V27 )
8(p) = (las to) (s t1) (15 ta) - - - (15, tn).

Simplifying notation, we say g(p) = (/, to)(/, t.)(I', t1) ... (I", tn).
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Paths in 7Ty, and 74

Lemma

Let MA=(Q, Qo,{f},Z, Em,0m, Cn) be the marked automaton for
WIRTA A and let A'=(L', Ly, {n}, Z,E’,0', C') be its one clock WIRTA.

@ For every path pn, of Ty where the d, v strictly alternate, there
exists a path p of Ty such that f(g(p)) = h(pm)-

© For every path p of Ty, there exists a path p,, of Tyq such that
f(g(p)) = h(pm).

© Let p be a path in Ty such that f(g(p)) = h(p') for a path p' in T.
Then all paths p” in Ty such that p” = p, f(g(p")) = h(p').
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Complexity

Theorem

Let A be a WIRTA and let A" be the one clock WIRTA obtained from
M 4. Then for every path p € Ty, there is a path p’ in T4 such that

p = p'. Further, the accumulated costs in the corresponding locations of
p, P are identical.

Complexity
o Given WIRTA A = (L, Lo, X,Z,E, 0, C).
@ The number of regions of A is (2 * (cm + 1))X1.
@ The number of locations in the marked automaton M 4 is
IL| % (2 % ¢ + 2)XIFL,
@ The number of § — v sequences is || = |L| x (2 % ¢y + 2)XIF1.

o Single clock WIRTA A’ has |L| x (2 % ¢y + 2)XI*1 locations. (Each
d — v sequence I, is a location in A’.)
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Undecidability - Deterministic Two Counter Machine

M consists of a two counters C; and (, and a finite sequence of labelled
instructions.

For a counter C € {Cy, (2}, the permitted instructions are as follows :

Q@ /i goto I

Q@ /,: C=C+1

Q i: C=C-1

Q /. if C=0 goto I} else goto I?

Q [ : halt

Behavior of M is a possibly infinite sequence of configurations
(h,0,0), (I, C}, C}), ... (I, CF, CK) ...

Cf¥ and C¥ are counter values and /x is label of kth instruction.
The halting problem of such a machine is undecidable. [24].
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Model checking WCTL, over WIRTA

Lemma
Model checking WCTL, on WIRTA with 1 clock and 3 stopwatch costs is
undecidable.

The proof given in [17] holds for a WRITA with minimal modifications.
The constraint x = 17 is replaced by x = 17x := 0 while x = 07 is the
constraint over all the other edges.

Lakshmi Manasa.G (PhD,CSE,IITB ) Model Checking WTA 34 /49



WCTL,, over WIRTA 3 stopwatches and 1 clock

o AWIRTA A=(L,{h},X,Z,E,6,C) and a WCTLy, formula ¥
simulate M.

@ Each instruction /; of M is simulated by a sub-automaton A; and a
WCTL,, formula.

o X ={x}, Z={z,2,z3} where z;,1 < i < 3 is a stopwatch and
o(1) = 1I;.

@ The normal form in [ isx=0,z3=0,2z1=1— ﬁ and
zn=1-— ﬁ where 1 < j < 4, n; > 0 encode the counters of M as
Ci=n1 —nyand G = n3 — ng.

@ For I, :: HALT, the sub-automata has a single state with the label
HALT.

o WV z1.20.23.E ¢y U (HALT A z3 =0), 1, will be given later.

@ The final WIRTA A is obtained connecting all A; such that /; in A;_1
and A; coincide.
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Overview of simulation

The instructions of M are simulated as follows.

© Increment C; : Increment ny by adding m toz1=1-— ﬁ
@ Decrement €2 : Increment ny by adding % * ﬁ to
21 =1= sr3m-
© Checking if (7 is zero : C; = 0 iff ny = ny. This is achieved by
multipying the value ﬁ by 6 an integral number of times till it

becomes 1.

@ For counter G - reverse the roles of z; and z> in all the modules.
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Increment ng

r—O?/l \\J’.‘—O 11_\ /P":\\r—l'?/—fz+1w
"\(0,0,0)/ 100 (0,0,1)) "\(0,0,0)/ z := 0
(.heck.z.?c
entering /; | leaving /i
X 0 0
21| 1= grgm | 1= gmgm +t
Z | 1 — st 1— L
2"3 4374 2735374
z3 0 0 (due to V)
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Helper modules |

m Nr=17/ @ \ ar Nz=27/ as N LA N
T\@L0/ 2 =0\ 1) TO0.0) ¢ =0\0. L0 N0

Module get? Module Add @tﬁqyl

rz=1

7 Ar Y

\(0.0.0)/

¢A::(A A 23:0):>E—|AFU(AF ANzz=1A Z3:0)
ensures that time spent in location ap is the same as the value in z;.
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Helper modules [l

/ 1\1_2?,/ ez N /m\,m_l?//_m\:r:_}.?r/_(‘s\ //(zp\
\(0,0,0))/ :=0\(1,0.0)/ " \(0.1.0)) = := 0 \(0.0,1)) "(o.1) 0,00
Module check

¢C2::C2:>E—|C2FU(C2F Nz=1ANzz=2 A 23:2)

If initial values were z; =1 —a +t, zo = t3 and z3 = t then ¢, holds iff
t3 = .
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Module check_z 2¢ : (t = 5t55)

1x3m

I BN FEN TN D N e
TS0 ey e T T w0
z.z3.E-CGL U [Cl AN z=1
Nz E-GU{G A 9,
N z3. E(—|CF A Q,[)A) U (CF ANzp=2 A 2320)}]
entering z1 2o z3 X
q1 l—a+t 0 0 t
G 1—a+t 1 t -
G l—a+t 11—« t—0| -
Cr l—-a+t|a+l—a+t+1—a+t 0 -
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Check if ¢G; =0

cheek_ny = n2

@eck_nl = tig

'¢Zl “ (I% — ¢check-n1:n2) A (/12 — _‘¢check_n1:n2)
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__‘.f/ dipn e =17 iz £ Dny N

\(0,0,0)/ = :=0\(0,1,0 'ﬂ\((]:(], I)/_'
Module Dec_ny £
(check 2z =22
b ,,/
_ da Na =12/ dx  Dng N\
\0.0,0)/ z:=0\(0,1.0)/ \0.0,1)/
Module Dec_ng = . =,
éf?.eck.?u *E= 2wz
A A

7mr N £oma Mip
"0, 1,1)/) "1,0.1)) 0,00/

Module cheeck_za =1 — 2z

’(/)Ml © M —E —|M1FU(M1F Nz=1ANzz=1ANz1= 1)
¢D,,1 " Dn1 —E Dnzu(_‘Dnz AN zz=0 A ¢check-2*x:zz)
anz " Dn2 —E Dn1 U(_‘Dnl N zz=0 A wcheck_3*x:2*22)
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Check if nm = n

Module check_ny = na

Veheck-m=n, *: 22.23. E (=Mg A tmy A Yp, A ¢¥p,,)U
(MF AN zz=0 A 22:1).
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Check if 2% x = 2

(@ Nr=12/ g by Na=17/ Bar
TL0.0) 5 =0 \(1,0,1) \(0,0,1)/ \(0.0,0)/
Module geti Module checkor = z3
_,,f/_t1\ of By Nxr=17/ Ba Y H/Ba\\‘ __‘/84\
2% \(0,0,0)/ 2 = 074(0,0,0) \(1.0,0)/ (0,1 0))

“ (B
Module check 2+ @ = 22 QQ%FD;I

¢check_2*x:zz 1z1.23. E-BL U [B AN z1=1
N z1. E(_'BF A wcheck_x:23) U (BF Nz1=1AN2=1 AN z3= ]_)]
Geheck sy = (Bs A 21=0) = E ~Bar U (Bsr A z3=1 A 2 =0).
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=07 Ry ™\ " ha Nz =17/ ha -\\ g:r \ Module check_zy = z2 — 2z

o0 o) 4”\(‘1 1,00/ ".(0,0,0)/

’/- Hy “o=17 /-HEF-\" Module check_r = =z S
—* ) 1 j s =t { —z
\Q,G,O),- \{{D,(]‘DJ/ ,{hecﬁ'_‘r /1/
__/':1\,‘ S H TH, o Ha ¢ Hy Nr= 27 /" Hy N Hs Y
0,0, 0)) \(L.0,0)/ 'KLD 0,0)/ 7 =0 .(0.0,0)/ 0,10}/
r =107
Module check 3+ x=2%2z3 /} k ‘\ ’/’ HS “\“
\checkzy = 22 —z3 )| |
hN "0, 0,1))
x =17 l
7/ Hy N
\(1,1.0))
/ H
Az1.E=Hy U {Ha A hcheck z=2,-z DFD)/

/\Zz.E(_\HF A T/}check_xzzl) U (HF ANzn=1Nzp=1ANzz3=1 i
Yeheck 3ex=24z, 1+ 21.23.EmHy U [Hi Az = 1

Yeheck n=z0—z3 1 Ha = EmHap U (Hap ANzi =1 AN z0=1 N zz3=1)

Yeheck x=z 2 (Hs N 22 =0) = EHsU(Hsg Az =1 A 2o = 0).
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Correctness

Vi z1.20.23.E 1oy U (HALT A z3 = 0) where
Yan 2 Niz12 i A Yo, A Yz,

Theorem

If M is the two counter machine represented by A and V then
A, (h,0,(0,0,0)) = WV iff M halts.
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Conclusion

@ Number of clocks reduced to 1 for WIRTA.
@ Hence, model checking WCTL; is decidable for WIRTA.

@ Model checking WCTL; over WIRTA with 3 stopwatches is
undecidable.

@ Model checking WCTL;, over WIRTA with 3 stopwatches is
undecidable.
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Future work

WCTL, over WIRTA.

WCTLy, over WIRTA with costs.

WCTL; with multi constrained modalities.

Reducing the number of stopwatches in the undecidability result.

Relation between costs and stopwatches.

e © © ¢ ¢ ¢

Investigate other interesting subclasses of WTA and variations of
WCTL.

Extend model checking study to other logics.

(]
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THANK YOU
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