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WFAS Self-Monitoring - - -

o Periodically, each sensor sends |
a “hi master, I'm still here” { ] {
message to its master. ~

o If a master misses that message from one \/\
of its sensors: report incidence. O

o To avoid message collision, employ a &

TDMA (time division multiple access) scheme. _
(Arenis et al,, 2016)

Sensor 1says “I'm here” to its master

AR 22 ]
0~

slot (aka. window)

v
frame (aka. cycle)

5
@
3
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WEFAS Self-Monitoring - = =
o xR
Sensor 1says “Im here” to its master ll l k. b e
d
7/ S
7
R - AR
R S I —~
<=p slot (aka. window) =0 L
N v J | -
frame (aka. cycle) ‘ 1

(Arenis et al., 2016)

X >= cyclelen X :=0
idle x >* work done
©® windowlen M
-~ N\
x<1 * X < (id+1) * x <= cyclelen
windowlen windowlen

I}
©
)
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2000

Experiments (A[]1 not deadlock) . “econds
X >= cyclelen x:=0 2 GiB
idle x> id* work done
O windowlen Y\
)
Xx<1l+id* X < (id+1) * X <= cyclelen
windowlen windowlen o
6
8- 10 states 8,388,653 states
1472.63 s
2,341,188 KiB
[ )
1000
seconds
° 1
5. 100 states 1 GiB
v |E
262,179 states v
13 states 8,217 states 28.540s E
0.000s 0.320s 75,188 KiB o
24,156 KiB 24,900 KiB "5’
o
[ ]
°
[ 3
+ 106 states H
L 8
: g °
NN E E SEE
5 n: 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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A Closer Look
o Option 1: well, that's exponential space complexity, we need to accept that.
o Option 2: take a closer look.
x >= cyclelen x >= cyclelen x:=0 l/ x >= cyclelen x:=0 4
idle x* id :" idle x.; ‘d v“ i work done idle >< »J\fi”“ work done
x<1l+id* x < (id+1) * x:LyUe\PH x<1l+id* x < (id+1) * x <= cyclelen x<l+id* x < (id+1) * x <= cyclelen
windowlen windowlen windowlen windowlen windowlen windowlen
s 5/45
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Quasi-Equal Clocks
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7 N
Definition. Let A/ be a network of timed automata with clocks X. Two
clocks z,y € X are called quasi equal, denoted by = ~ , if and only if,
for allreachable configurations of \V, 2 and y are equal or at least one has
value 0, i.e.
A <£_E), l/0>,t() A—1> <(71, V1>,t1 soo0 & Paths(/\/)Vz € INQO
viE(@=yVe=0VvVy=0).
\ J
845
Example

v<£_é),l/0>,t0...

€ Paths(N)Vi e Npev; E(x =yVa=0Vy=0).

x0 >= cyclelen x0:=0 x1 >= cyclelen x1:=0
idle work done idle x1 > work done
x0>0 M windowlen @
O ~O O ~O
x0<1 x0 < x0 <= cyclelen x1<1+ xl<2* x1 <= cyclelen
windowlen windowlen windowlen
window length cycle length
@
w,0.1 1 v dyw+1 ¢
<|0> nd <|01>01_> <|w 1>,w—1% <w,w+1>w+1_> <d >C_) i
v v v v Y

ohe
2%“
c;(C-M
I

x vt Q&
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Properties of Quasi-Equality
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VY (0o, 1), to ... € Paths(N)WieNoov; =(z=yVa=0Vy=0).

Lemma. Quasi-Equality is an equivalence relation.

Proof:
o reflexive: obvious.
e symmetric: obvious.

e transitive: a bit tricky
(induction over a stronger property).

Quasi-Equal Clock Reduction

10/45
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Idea: Use Just One Clock

z z z z
X >= cyclelen )6 1= X >= cyclelen )ﬁ 1=
z —
idle work done idle > work done
X) >0 ‘ Klindowlen .
<1 < <= cyclelen <1l+ <2%* <= cyclelen
2 X z %ndowlen )zq 2 ﬁndowlen Z windowlen P
e Behaviour:
(D).
. d 9
i,0 w,0.1 de @
{i’ ),0—>*<i’ ),0.1 —* (d’ ), e N
) ; ) <d, 0> .
i, 7’
s 12/45
A More Elaborate Transformation V=$e 4] sy
EX> 0 Lx1
X0 >= cyclelen x0:=0 x1 >= cyclelen x1:=0
idle 050 work done idle x1 > work done
X . windowlen .
x0<1 x0 < X0 <= cyclelen x1<1+ xl<2* x1 <= cyclelen
windowlen windowlen windowlen

Lewdcest. el VG@G//

(repY >= cyclelen && tx0)

|| (0 >= cyclelen && !tx0) resetY?

tx0:=0

(repY >= cyclelen && tx0)
|| (0 >= cyclelen && 'tx0) @)
~tx6-=T0

idle

(repY > 0 && tx0) work done

(repY < 1 && tx0)
|1 (0 <1 && !tx0)

chc repl;
sl Lx=1;
EO'DL -('_3=/I}‘
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[ (0> 0 && !tx0) .

(repY < (repY <= cyclelen && tx0)
windowlen && tx0) || (0 <= cyclelen && !tx0)
|| (0 < windowlen && !tx0)

@?\) #
N——

nstY
repY :=0,tx0:=1,tx1:=1
e~

(repY >= cyclelen && tx1)
|| (0 >= cyclelen && !tx1)

/re;et

Ntx1 =

(repY >= cyclelen && tx1)
|| (0 >= cyclelen && !tx1) reset
tx1

idle(repY > windowlen && tx1) work
|| (0 > windowlen && !txll.

(repY <1+ (repY < 2%
windowlen && tx1) windowlen && t
[J(0<1+ || (0 < 2*windo\

windowlen && !tx1)
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How Does It Work?

w, 0.1

0 .
Go»0 =" (oa

Y,01 =% <?:$:1>,w—1 -

d,w+1
w,w + 1

Yowt 1 —* <j:z>,c—>

i,0
<d,c>’c 0
1 *
. —><i,0>,c—>
Glohe

(repY >= cyclelen && tx0)

11 (0 >= cyclelen && !tx0) resetY?
tx0:=0
(repY >= cyclelen && tx0)
|| (0 >= cyclelen && 'tx0) resetY!
tx0:=0
idle (repY > 0 && tx0) work
(0 > 0 && 'tx0)
(repY < 1 && tx0) (repY <
|| (0 <1 && !tx0) windowlen && tx0)

done

|| (0 < windowlen && !tx0)

Moy
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Experiments (A[] true)

8 - 100 states

5. 100 states

8 states
0.000s
24,572 KiB

106 states

- Statrafo -

¢
3

n:

~
o
o e
~ e
oo
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© ¢

o

resetY?

(repY <= cyclelen && tx0)
|| (0 <= cyclelen && !tx0)

nstY

repY :=0,tx0:=1,tx1:=1

d,1
<d,1>,c—>
i,c

]/fx -ﬁ,j
i w, 1 4
<i,1 0 —* <i, 1 >,g.1 —*
i,0 i,0:1
Kl

(repY >= cyclelen && tx1)

|| (0 >= cyclelen && !tx1) resetY?
tx1:=0

(repY >= cyclelen && tx1)

|| (0 >= cyclelen && !'tx1) resetY!
tx1:=0

idle(repY > windowlen && tx1) work done
O || (0 > windowlen && !txl;o
(repY <1+ (repY < 2% (repY <= cyt
windowlen && tx1) windowlen && tx1) || (0 <= cycl
[[(0<1+ || (0 < 2*windowlen && !tx1)

windowlen && !tx1)

A
0 i,1"/j
0 ,c—><i,1 e —*
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2000
seconds

-QGiB

1000
seconds

-1GiB

28 states 38 states 48 states

0.001s 0.000s 0.000s

24,708 KiB 24,804 KiB 24,876 KiB
$ % 9559258958988
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Simple Edges
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Definition. An edge e = (4, o, ¢, 7", /) resetting at least one quasi-equal
clock is called simple edge if and only if the following conditions are sat-

isfied:

()a=7 o 7= {x:=0),
for some constant ¢ and local clock z,

(ii) 1(¢)
(iii) eis pre- and post-delayed, and

(iv) eis the only edge with source /.

Otherwise e is called complex edge.
.

N

work

2D
N

x0<1 x0 <
windowlen

x0 <= cyclelen

Transformation Scheme: Variables and Channels
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Given a network A/ of timed automata, the variables and channels of
QE-transformation of A/ are obtained by the following procedure:

remove all quasi-equal clocks from A/,

for each equivalence class of quasi-equal clocks Y,

add a fresh clock zy to A

add a fresh boolean variable ¢, to A/’
for each quasi-equal clock z in W,
initial value: ¢, := 1,

e adda fre/:gb&ha/nqel resety to M.

beood st

16/45
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Transformation Scheme (for Simple Edges)
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o) O
/T z:=0
€L

Constraint Transformation I'
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-

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

Given a clock constraint ¢, we define:
((zy ~c AN ) V(0 ~c A ty) L ifoar =2 ~ ¢,

((xy—wwwc/\tm/\ty) Jfpar =2 —y ~c,
VO—aw~eA—ty At)
V(zy —0~c Aty A ty)

V (ONC A ity A —\ty))

Lo(per) =

Lo(p1) ATo(p2) Jf ook = 1 A @a.

Then (e A Yint) = To(@eir) A VYint.

~

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

18/45
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Resetter Construction (for Simple Edges)
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o Foreach equivalenceclass Y = {xz1,...,2,} € ECx add aresetter Ry to N
—_— NN —
resety ? nst
— U

Transformation Example (for Complex Edges)
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)
Il

ul
Y
Il

w

X X
1]
= o
0 <<
o
wo

O x:c=!0 O

©)

©)

O y:c=?O O

x
A
I
w
<
A
I
wv

(repY >= 5 && tx) (repY >=5 && ty)

|| (0 >=5 && !tx) [| (0 >=5 && !ty)

tx:= 0, ty:=0,

a:=1 _m c! a:=3 _ M c?
© O+«=—0 © O+=—=+0
(repY <=5 && tx) Wg&«f (repY <=5 && ty)
[] (0 <=5 &®& !tx) /cbwm/ [| (0 <=5 && 'ty)

uY! X + ty ==

: pretrn! X + ty == :

repY :=0,tx:=1,ty:=1

(\f{(:\d—zj c‘-«ﬁww&(

20/45
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Correctness of the Transformation

QE-Transformation Correctness
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Theorem. Let \V be a network of timed automata and CF a configuration
formula over \. Then

NE30OF < N'300(0F).

22/45
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uery Transformation 57 P
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% _3O~—BGV§C—9©

Definition. Let V" = {A4, ..., A, } be a network with equivalence classes
of quasi-equal clocks EC s = {Y1, ..., Y, } and § a basic formula over V.

90(5) -

B = Al (Lo, (@ =0),¢)éimple. D

Jf B8 =A 0, (4o, (x:=0),£)simple.

B Jf e {AL, ALY, (6 a,@,7, ) not simple.
E@)[tm/(tz \/-7?) | zeY,Y € SCN] Jif B = Petk N\ Pint-

Q(CF) = Ela?law%lX(./\/'ﬂ OQO(CF> A ka7, Where

KA 1= /\ k(z), k(z): (2 = \/ v Nlnstry,)-
11S§]1§:1n,7 (Z,a,(p,(m::O),E')ESimpEdgesyj (A;)
(Z,oc,ga,<w::0>,£’)€SimpEdgesyj (As)

By structural induction 2 transforms configuration formulas CF.

J

2415
Example
(repY >= cyclelen && tx1)
(repY >= cyclelen && tx0) [L(0 >= cyclelen && !tx1) resetY?
|| (0 >= cyclelen && !'tx0) resetY? tx1:=0
tx0:=0 (repY >= cyclelen && tx1)
(repY >= cyclelen && tx0) |[ (0 >= cyclelen && !tx1) resetY!
|| (0 >= cyclelen && !tx0) resetY! tx1:=0
tx0:=0 idle(repY > windowlen && tx1) work done
idle (repY > 0 && tx0) work done © || (0 > windowlen && !tx1) @
0O 11 (0 >0 && !tx0) _ @ \
A\ (repY <1+ (repY < 2% (repY <= cyclelen && tx1)
(repY < 1 && tx0) (repY < (repY <= cyclelen && tx0)  windowlen && tx1) windowlen && tx1) || (0 <= cyclelen && !tx1)
[ (0 < 1 && !tx0) windowlen && tx0) || (0 <= cyclelen && !tx0) || (0 <1 + 1 (0 < 2*windowlen &®& !tx1)
|| (0 < windowlen && !tx0) windowlen && !tx1)

repY :=0,tx0:=1,tx1:=1

i1 w1 *d1
<i,1>b—> < i, 1 >?'a <d,1 ¢
0,0 e4,0.1 £, c

/

e N E 30 SO0.idle A Sl.done

L4 Nl ': 30(31‘0,1‘1 o
AN(Zp = (SO.idle A nst)) A (2, = (Slidle Ans

25/45
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Example

(repY >= cyclelen && tx1

)

(repY >= cyclelen && tx0) [L(0 >= cyclelen && !tx1) resetY?
11 (0 >= cyclelen && !tx0) resetY? tx1:=0
tx0:=0 (repY >= cyclelen && tx1)
(repY >= cyclelen && tx0) || (0 >= cyclelen && !tx1) resetY!
1| (0 >= cyclelen && !tx0) resetY! tx1:=0
tx0:=0 idle(repY > windowlen && tx1) work done
idle (repY > 0 && tx0) work done O || (0 > windowlen && !tx1) @
O [1(0 > 0 && !tx0) _ @ %
A\ (repY <1+ (repY < 2% (repY <= cyclelen && tx1)
(repY < 1 && tx0) (repY < (repY <= cyclelen && tx0)  windowlen && tx1) windowlen && tx1) || (0 <= cyclelen &®& !tx1)
|1 (0 < 1 && !tx0) windowlen && tx0) || (0 <= cyclelen && !tx0) || (0 <1+ | (0 < 2*windowlen && !tx1)
|| (0 < windowlen && !tx0) windowlen && !tx1)
resetY?
O ®
nstY

repY :=0,tx0:=1,tx1:=1

i1 w1 *od1 i,0 i1
<i,1>,—> < i, 1 >,—> <d,1>,—><i,0>,—><i,1>,—>
0,0 0.1,0.1 c,c c,c O,c

° N':3<>$0:0A$1>0>

o N ': 30(31’0,1’1
A(g > O0A (te, VZ1)) V(0> 0A(ty, V21)))
AN(Zo = (SO.idle A nst)) A (2; = (Slidle A

Bisimulation Proofs

*

(g =0 A (tz, VZ0)) V(0 =0A=(tz, V Z0)))

nst)))

25/45

26/45



Proof Sketch
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o Use a weak bisimulation relation - EQS basic idea:

o Let T; = (Confy, A, {3 A € A}, Cria) i = 1,2,
be labelled transition systems with (for simplicity) Cini ;i = {¢ini,;i }-
e Arelation R C Conf, x Conf, is called weak bisimulation if and only if
(i) theinitial configurations are related, i.e. (cini,1, cini,2) € R,

(i) two related configurations satisfy the same terms, i.

Vi, co, term 'M = (c1 E term <= c2 = term)

(iii) given two related configurations (c1,c2) € R,
PG AN

a) if 71 has a A-transition from c; to some ¢/,
then 7z has 7- and \-transitions from ¢, to a related c5, i.e.
SNNA

Ve ecr ¢, = Icheco i>*c/2/\(c/1,c/2) €ER
b) similarly for 7 to 71, i.e.
Vehecs ey = 3c, e B¥c) A(ch,ch) €R
e 71 and 7 are called weakly bisimilar iff there exists a weak bisimulation for 77, 75.

2745

Once Again
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(i) (cini,1,cini2) € R,
(i) Ver,co,terme(ci,c2) € R = (c1 | term < c2 |= term)
(iii) forall (01, 62) € R,

a) “7T5 can simulate transitions of 77"

A

1 = c dcr @ c1
; |

R > ER
. Aok s
C2 Co —  Co

(using any finite number of 7-transitions in between)

b) “77 can simulate transitions of 75"

A

€1 dcle 1 S* ¢

R\ = 'R
1 A /
Ca — Cy Ca

28/45



Example

(i) (cini,1,cini,2) € R,
(iii) forall (c1,c2) € R,

([Ver,co,term e (c1,c2) € R = (c1 | term <= ca = term)

/ /
c1 i>c’1 Jcye Cll ‘1 dcj e 1 L ch
Q| g = ‘Rl B\RY = 'R
| ! y /
c2 cy 2 Gl B =& “
Ay
1 x>=1
a? Y b!
@ x:=0 O
x<=1
: X==
Example

(i) (cini,15 Cini,2) € R,
(iii) forall (c1,c2) € R,

([Ver,co, terme(c1,c2) € R = (c1 | term <= ca = term)

A / / A

1 = ¢ Jcye Cll ‘1 e 1 =*

' A /
ca 2 2% @27 “

Ali
x>=1
a? ™ bl
OO0 O
x<=1

-19 - 2018-01-25 - Sbisim -
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(i) (cini,1sCini2) € R, (i) Ver,ca, term o (c1,¢2) € R = (c1 |= term <= ca |= term)

What iS IZ GOOd For? (iii) forall (c1,c2) € R,

-19-2018-01-25 -

-19 - 2018-01-25 - main -

J .
AN s e 51 €1 Acie a1 2. c)
a|p! — BB = '
I Ak o co = ch ch

o Let term be a term over two weakly bisimilar networks N and \V’.
e Claim: N = 30 term < N’ | 30 term.
e Proof:

o Because N and V' are weakly bisimilar, there is a simulation relation R.
e Direction“ = ": Let N/ |= 30 term.

o Thus there is a computation path c1,0 -5 ¢1.1 22 ... 2% ¢, with c1,, = term.
e Induction over length of path:
e Casen =0:

Then ¢1 0 = term and cg,1 is an initial configuration,
thus cz,0 is R-related (by (i) and thus c2,0 = term (by (ii)).
e Casen —»n+1:

An . . . .
For the path ¢1 0 EEE N c1n =25 ¢4 11, thereiis (by induction hypothesis)

an R-related configuration cz,,,, m > n, reachable in A/

By (iii).a), there is a configuration ¢5 ,,, which is R-related to ¢1,n 41,
and reachable from c; ., thus, by (ii), ¢1,n4+1 = term.

o Direction “<=": similar. QOMS

Proof of QE-Correctness

31745



Another Weak Bisimulation Relation Notion
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Definition. [Weak Bisimulation]
Networks A/, N’ are called weakly bisimilar if and only if

i Vs € Cins(N) 37 € Cing(N") @ (5,7) € Qg)
Vre sz( /) ds € Oml<N) [ (S,’I") € Q

(i) VCF € CFAY (s,7) € QE @ s Ky CF — 1 =5 Q(CF).
(i) VCF € CFNY (s.1) € QFE @
r =5 Q(CF) = 35 € Conf(N)e(s,7) € QE A S =5 CF.

S S

; EV\ s Aot = ) e ¥
(iv) V(s,7r) € QEV )\, s'es = s = Fr'er S* ' A(s,17) € Q
(V) V CF € CFnV (s,7) € QEV X7

there is a weak bisimulation relation QE C Conf(N) x Conf(N”) such that:

Here, r =5* 7/ denotes zero or more successive T-transitions from r to 7.

~

J

A Weak Bisimulation Relation for QE-Transformation
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32/45

o Let N be a network of timed automata and A/’ the network obtained by QE-transformation
of V. Then QE : Conf(N') — 2¢°" defined as follows is a weak bisimulation relation.

QE((s,vs)) = {r = ((bras s lrins bRy, s bRy, s vi) |
(Ve e VIN) e vr(z) = vs(2))

AV1I<i<ne

<<z/r\/=\e/ AV € X(A;) o vg(@) = vp(az) - u,«(tz))

@(3 (£, a, 0, {x :=0),') € SimpEdgesy (A;) ® Lry # Liniry N

Lss =L Nl =0 ANvg(z) = vr(xz) Avp(te) =0A
—_—————
./\_/\_/W

Ty € X(A)\ {o} o vs(y) = vr(zy) ~ur(ty>)>

AVY € ECpr o
((Vr(s;‘i) =1 < 3, a,p,7) € SimpEdgesy (A;) ® £, ; = {)

Avp(prioy) =1 <= (brry = fnstRy))}

(6.2.1)
(6.2.2)

(6.2.2a)

(6.2.2b)

(6.2.3)

(6.2.4)

3345
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Example

(g e
i,0 w,0.1 d, ; i,0
<i’0>,0 —* <i,0.1>,0.1 —* <d,z>’c — . — <i’0>,c —*
<i:0>,c

i,1 w, , i,0 i1
<i,1>,0 —* <i, 1 >,0.1 —* <d,1>,c—> i,0),c—> <i,1>,c—>*
i,0 i,0.1 i,c i,0

34/45

Proof of Having Indeed a Bisimulation
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xQ\ . Qs xQ \ QS ,S.Q \ Qs ,S.Q \ QS s‘ \ ‘s
U S P N Y A AV A NN
O—’> = " - o - S - o - S
*
o s N tor s
Cases:
e delayd > O: 5 ¢ s
:\ :
resetter may need Fos !
to go back to idle, ! N !
then do same delay. O~ —0—0 ,
T T T

35/45



Proof of Having Indeed a Bisimulation
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9 o0 o0 o0 ‘o0
AT N S T
o0 - —0, Oo6—F0, O— —0 O——0
Ao 2K,
e s —stor— r:
Cases:
e delayd >0
o first simple edge: s A s
O——0O
first simple edges | |
pushes resetter and Loy o
all other simples. O— O ,
T T

3545

Proof of Having Indeed a Bisimulation
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9 9 9 o9 o
N N S S T O
O—’> 7 " » ' » a r ' r g
*
o s stor S o
Cases:
e delayd >0
o first simple edge
o other simple edge: s A s/
. O—0
resetter is in ' '
nst, do nothing ! 0 !
in . O———0,
T T

35/45



Proof of Having Indeed a Bisimulation
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*
o s N stor X o
Cases:
e delayd >0
o first simple edge
o other simple edge
e non-reset, or at least one complex:
resetter may need
to push simples

first, then take
same edge in \/".

Proof of Having Indeed a Bisimulation

-19 - 2018-01-25 - Sproof -

t

3545

N
~
~

,@Q\\ Qs ,s‘Q Qs ,s‘Q

t

N
o= 2oto
r 7 oo

A

O—

A

0
P Yo

A A*
o s —+>s tor — 7

Cases:

delay d > 0
first simple edge

other simple edge

non-reset, or at least one complex
delay d = 0:

S

do same
delay in V.

s’ s
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Proof of Having Indeed a Bisimulation
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Proof of Having Indeed a Bisimulation
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Proof of Having Indeed a Bisimulation
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More Experiments
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Upper Bound on Number of Configurations
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a )
Theorem. Let \/ be a network of timed automata with equivalence classes
of quasi-equal clocks ECxr = {Y1,..., Y}
Then the number of configurations of A/’ is bounded above by:

|L(Ay) x -+ x L(A,) X L(Ry,) X -+ x L(Ry,, )]
Q (2 + 2i £Cnl . (4c + 3)2JECxI UECHI-D)

where ¢ = maz{c, | z € X(N)}.

U

Only Simple Edges

Lemma. Let A/ be a network of timed automata with a set of equivalence
classes of quasi-equal clocks £C s, where

o |Y|>2Y € ECn,and
e eachclockz € Y,Y € ECy, is exclusively reset by simple edges.

Then |Reachnr| < |Reach |-
s

(Here, Reach s denotes the set of all reachable (zone graph-)configurations of \)

Proof: Use the following lemma.

Lemma. Let \/ be a network where all quasi-equal clocks are exclusively reset by
simple edges. Then

|Reach | = |Reachnr| — ( Z gletke()l ) 4 Z [|class(s)| I 2].

sERC sERC
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Complex Edges
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o “it’s (a bit more) complicated”

Content

4145

e Quasi-Equal Clocks
o Definition, Properties

e QE Clock Reduction

e The simple, and wrong approach
e Transformation example

e Experiments

e Simple and Complex Edges

¢ Transformation schemes

o Correctness of the Transformation
e Excursion: Bisimulation Proofs
o Proof of QE-Correctness

o a particular weak bisimulation relation

o More Experiments
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Tell Them What You’ve Told Them. . .
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e The space complexity of Pure-TA reachability-checking is
Ly x -+ x L, x Regions(X),

i.e., exponential in number of clocks, and of TA.

e If amodelis expensive to check,

e it may necessarily be that expensive,
e or artificially / non-necessarily.

— take a closer look (— exercises).
e One example: Quasi-equal clocks

o advantage: can be good for validation,
o dis-advantage: expensive to check.
o The QE transformation (source-to-source)

e eliminates interleavins of simple edges,
o reduces DBM size to (number of equiv. classes)?,
o reflects all queries.

References
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