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WFAS Self-Monitoring

ally, each sensor sends !
a"“hi master, I'm still here” [ ] [
message to its master. =
« If amaster misses that message from one /\“n//
of its sensors: report incidence. i
» To avoid message col n, employ a
TDMA (time division multiple access) scheme.

Sensor 1says “Im here” to its master
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slot (aka. window)
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A Closer Look

« Option 1: well, that's exponential space complexity, we need to accept that.
« Option 2: take a closer look.
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Quasi-Equal Clocks

Properties of Quasi-Equality

7 (o, vo)sto - - € Paths(N)Vi € Noev; = (z=yVa=0Vy=0).

Lemma. Quasi-Equality is an equivalence relation.

Proof:

« reflexive: obvious.
« symmetric: obvious.
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Quasi-Equal Clocks

Definition. Let A" be a network of timed automata with clocks X. Two
clocks 2,y € X are called quasi equal, denoted by = ~ , if and only if,
for allreachable configurations of AV,  and y are equal or at least one has
value 0, ie.

(T, o) to > (B, v1), 1 . € Paths(N)Vi € Noe
Vil (@=yVa=0Vy=0).

Quasi-Equal Clock Reduction
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Idea: Use Just One Clock A More Elaborate Transformation =5k, oS sy How Does It Work?

E<> x0£xT 0, . w01 o dow— 1 v dow 1,
R I A R

done

X<1+ ~ cyclelen

2 ‘Windowlen

(rep¥ <= cyclelen && tx0)

10 < 166 1tx0) 11 (0 <= cyclelen && 6x0)
&6 1x0) windowlen && ttx1)
docks rep;
s x=1;
_ V=0 60 =L oa =1

Lol £4=1; Gy

d & a5 : 1asss
Experiments (AQ] true) s Simple Edges Transformation Scheme: Variables and Channels
T2ae
Given a network AV of timed automata, the variables and channels of
on. An edge ¢ = (£, a, p, 7, (') resetting at least one quasi-equal QE-transformation of \/” are obtained by the following procedure:
| called simple edge if and only if the following conditions are sat- « remove all quasi-equal clocks from ,
5106 states —
« for each equivalence class of quasi-equal clocks Y,
add a fresh clock zy to A"
A
1000 ' « add a fresh boolean variable ¢, to A"
seconds for each quasi-equal clock = in \V,
106 states Tias e is pre- and post-delayed, and initial value: ¢, :== 1,
(iv) eis the only edge with source /. o adda .««m\gm\f:m_ resety to N
Otherwise ¢ is called complex edge. besdeast.
106 states

: E4 6860960680098 8s009e s o i x0 < X0 <= cyclelen 2
] 345 6 7 8 910111213 14 15 16 17 18 19 20 21 22 23 24 £ windowlen
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Transformation Scheme (for Simple Edges)

Transformation Example (for Complex Edges)

DY >= 5 & t)
>= 5 6 1)

tx:=0
(repY <= 5 && tx)
1110 <= 5 & )

ity cbmonal

s

Constraint Transformation I’

Definition. Let A" be a network. Let Y, W € £C, be sets of quasi-equal
clocks of N, 2 € Y and y € W clocks.

Given a clock constraint ..y, we define:

((zy ~c A &) V(0~c A t)) ifpax=z~c

(@y —aw ~e A te A ty) Jif o =z —y~c,
VO-asw~eA-te AL) T
V(@y —0~c Atz A ty)

V (0~ Aty A —ty))

To(pei) =

To(p1) ATo(p2) Jif ook =01 A .

Then T(pcx A Yint) = Lol @) A Pine-

Here, £C v is the set of equivalence classes of quasi-equal clocks in \V.

Correctness of the Transformation

1915
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Resetter Construction (for Simple Edges)

 For each equivalence class Y = {zy,...,2,} € ECxr add aresetter Ry to N
— DR

nst

/” resety ?

Ty =0ty =1ty =1
o el 20

20015
QE-Transformation Correctness
Theorem. Let \ be a network of timed automata and CF a configuration
formula over \. Then
N E3OCF < N'=30Q(CF).
235



Query Transformation

e OK
5, 2o -
50-38—0

Definition. Let A" = {A, ..., A, } be a network with equivalence classes
of quasi-equal clocks £Cr = {V1,..., ¥;,} and § a basic formula over N

JFB= Al (Lasp, (x = 0),0) Gmple.)

if = A;. (£, p, (@ := 0), ") simple.
Jf B e {Ail A}, (L a,p,7 0') notsimple.
L)t/ (8 VE) |2 €YY € ECx] 1 if B = pets A pint-

Q(CF) =31, ..., % x| ® (CF) A Ky, where

iy = N Al@), K(x): (7 = \ £ A lnstry,)-
__AAMMN (Lap,(2:=0) )€ Simp Bdges y, (Aq)

(Lo, (@i=0) £) €SimpEdgesy, (A:)

By structural induction £, transforms configuration formulas CF.

Bisimulation Proofs

26715

Example Example

* N =30 SO0.dle A St.done (
o N | 30(3 0,31 (SO ) A (Stdone Aé o N = 3030, @1 &{(ay = 0 A (trg V #0)) V (0 = 0 A ~(t, V 30)))
A#g = (SOidle Anst)) A (2, = (SlidleAns Ay > OA (tzy, VEL)) V(0> 0A=(t, V31)))

Al#o = (SOidle Anst)) A (i, = (Slidle A nst)))
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Proof Sketch Once Again

(Cini,15 Cii2) € R,
Ver, oz, terme (c1,c2) € R = (c1 = term <= ca = term)
forall (c1,¢2) € R,

» Use a weak bisimulation relation E
o Let T = (Conf, Ay, ADIAE A}, Cia)i=1.2,
be labelled transition systems with (for sim ) Ciniyi = {Cinii }-
« Arelation R C Conf, x Conf, is called weak bisimulation if and only if a) “7: can simulate transitions of
the initial configurations are related, i.. (¢ 2) ER,
two related configurations satisfy the same terms, i.

)

Ve, co,terme (c1,e2) € R ==((e1 = term = e = term

given two related configurations (¢, cz) € R. (using any finite number of -transitions in between)

a) if 71 has a A-transition from c; to some

then 7> has 7- and A-transitions from ¢ toarelated 3
pave iy

b) “7; can simulate transitions of 7.":

, A / N
Vcieer =rey = Icheca S ey Ay, 5) ER

rly for 7 to 7, ie.

, A / EN
Vchecy =rcy = It ey S i A, b)) €ER

« 71 and T are called weakly bisimilar iff there exists a weak bisimulation for 77, 75. H

27ns 2815



JER @¥erca terme (o) € R = (o1 | term o= 3 |- term)
@) e R

Example Example What is It Good For?

e

e e B o) o Let term be a term over two weakly bisimilar networks A and A"
o Claim: V' = 30 term <= N |= 30 term.

© Proof:

a) R

%

« Because A and A are weakly bisimilar, there is a simulation relation .
» Direction “ == ": Let \ |= 30 term.

« Thus there is a computation path c1.0 < c1,1 2% ... 2% ¢y, with 1, = term.

 Induction over length of path:
o Casen = 0:
Then ¢1,0 = term and co,
thus c2,0 is R-related (by
e Casen —n+1:

aninitial configuration,
and thus 3,0 = term (by

Forthe path c1.0 2 ... 225 ¢y, 22 ¢ 14, there s (by induction hypothesis)
an R-related configuration ¢z, m > n, reachable in A”'.

By there is a configuration . which is R-related to ¢y .41,

and reachable from ¢, thus, by (i) 1,41 = term.

2905 : 295 i o Direction <" similar. Tos

Another Weak Bisimulation Relation Notion A Weak Bisimulation Relation for QE-Transformation

» Let \ be a network of timed automata and A" the network obtained by QE-transformation
Definition. [Weak Bisimulation] of V. Then QF : Conf (\) — 2"/~ defined as follows is a weak bisimulation relation.
Networks A/, A" are called weakly bisimilar if and only if QE((Ts,vs)) = T =
there is a weak bisimulation relation QE C Conf(N) x Conf(A) such that:

L (g oy, o) |

(Yo e V) oy (a) = via) (621)
Proof of QE-Correctness Vs € Cini(N) 37 € Cini(N') © (5,7) € QE, AVI<i<ne (622)
V71 € Cini(N') 35 € Cini(N) @ (5,7) € Q
AQ =0 AV € X(A) o vs(3) = vp(wa) - iiv (622a)
) VCF € CFAY (5,7) € QB o s & P P e s
(iii) ¥V CF € CFnY (s.1. ‘

@ 3 (6,0, (@ = 0), £) € SimpEdgesy (As) » by # faniry A

.
T |5 Q(CF) = 33 € Conf(N) e (3,1) € QE A5 =5 CF. Lai = Al =¥ Avs(@) = vr(@2) Avp(ts) =0 A

v
(V) ¥(s,7) € QEVA 5 o5 s’ = ' er 2% 1 A(s,7) € QF

; ¥y € X(A)\ {a} o ve(y) = vr(zy) iivv (622b)
) ¥ COF € CFAY (s,1) € QF <#J|\F\|L

A N AVY €ECx o
r 00 A s Qo(CF) = 3 05 2% s/ A(s',1) € QE.

(0n(s) =1 4= 30,070 € SimpEdgesy (A) o b =€) (623)

Here, » ©+* 1’ denotes zero or more successive 7-transitions from r to '

Nunprioy) =1 = (briry = busmy)) } (624)
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Example

Proof of Having Indeed a Bisimulation

o

0" ¢
RORSNS Sy o8

o5 N stor
Cases:
o delayd >0
o first simple edge
 other simple edge:

resetter is in
nst, do nothing
in A’

Proof of Having Indeed a Bisimulation

0 o0 o0 ‘o0 oo’

OIND S UID SN SHFED ) XD (i) SN §

A A
o s> s'tor =

Cases:
o delayd > 0:

resetter may need
to go back to
then do same delay.
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Proof of Having Indeed a Bisimulation

© o

N SNV Sy SRV S CENIS () S §
esNhstord

Cases:

o delayd >0

o first simple edge

« other simple edge

© non-reset, or at least one complex: ¢

resetter may need
to push simples

first, then take O
same edgein \”.

355

Proof of Having Indeed a Bisimulation

esdstor
Cases:
o delayd > 0
o first simple edge:

first simple edges
pushes resetter and
all other simples.

Proof of Having Indeed a Bisimulation

eshstor
Cases:
o delayd >0
o first simple edge
« other simple edge
« non-reset, or at least one complex
o delay d = 0: 5
O——O

do same 1
i
i

delay in V.



Proof of Having Indeed a Bisimulation

crSiitos s
Cases:
o delayd > 0:

o———0
do same delay

,
NN !

Proof of Having Indeed a Bisimulation

crditos s
Cases:
o delayd >0
« complex, or non-resetting
© resetter to nst,
or returns (no simples enab. in \V)
o resetter returns (some simples enab. in \):
take all enabled
simple edgesin \V.

Proof of Having Indeed a Bisimulation

crSitos s
Cases:
o delayd >0

« complex, or non-resetting:

o—————-O0
take same edge

in .

More Experiments

Proof of Having Indeed a Bisimulation

Case Studies

-
&b

o ditos Y g
Cases:
o delayd > 0
« complex, or non-resetting
 resetter to nst,
or returns (no simples enab. in \V):

oO———O
do nothing

in . m

A
oo
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S. Limal, S. Potier, et al. “Formal Verification of Redundant Media Extension of Ethernet PowerLink".
In: ETFA. IEEE, 2007, pp. 1045-1052.

Case Studies # \l:
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W. Steiner and W. Elmenreich. “Automatic Recovery of the TTP/A Sensor/Actuator Network'. In:
WISES. Vienna University of Technology, 2003, pp. 25-37.




Upper Bound on Number of Configurations

Case Studies

Theorem. Let \ be a network of timed automata with equivalence classes
of quasi-equal clocks ECxr = {Y1,...,Vin }.

Then the number of configurations of A” is bounded above by:

. Savings [L(A1) % -+ X L(An) X L(Ry;) X - -+ x L(Ry,,)|
- (2c+ 20N . (4c + 3)HECNIUECHI-D

100
states states
By

N
18444 MiB
330075

where ¢ = maz{c, | = € X(A)}.

.o
e e e et
PRSP T Sl
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D. Dietsch, A. Podelski, et al. “Disambiguation of Industrial Standards Through Formalization and

Graphical Languages”. In: RE. IEEE, 2011, pp. 265-270.
37 3 384 : 395
Only Simple Edges Complex Edges Content
« "it’s (a bit more) complicated” + Quasi-Equal Clocks
Lemma. Let \V be a network of timed automata with a set of equivalence Le Definition, Properties
classes of quasi-equal clocks £C -, where « QE Clock Reduction
e |[Y|>2Y € &Cx.and « The simple, and wrong approach
« eachclockz € Y, Y € ECy. is exclusively reset by simple edges.
Then |Reachar | < |Reachy|-
o Simple and Complex Edges
1o Transformation schemes
(Here, Reach denotes the set of all reachable (zone graph-)configurations of o Corectmecs of the Transfommation
Proof: Use the following lemma. o Excursion: Bisimulation Proofs
» Proof of QE-Correctness
Lemma. Let A" be a network where all quasi-equal clocks are exclusively reset by Loa particular weak bisimulation relation
simple edges. Then )
« More Experiments
|Reachy| = [Reachy| — (32 21 ) 4 3 ?NEE, +2l. . o Sarags
seRC seRC
4ss 425
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Tell Them What You’ve Told Them. ..

The space complexity of Pure-TA reachability-checking is
Ly x -+ x L, x Regions(X),

number of clocks, and of TA.

.e., exponenti
If a model is expensive to check,

« it may necessarily be that expensive,

« orartificially / non-necessarily.

— take a closer look (— exercises).

One example: Quasi-equal clocks

« advantage: can be good for validation,

« dis-advantage: expensive to check.

The QE transformation (source-to-source)

o eliminates interleavins of simple edges,

« reduces DBM size to (number of equiv. classes)?,
o reflects all queries.
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