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MOTIVATION

Distributed Real Time System (DRTS):

» Multiple components

» Message passing and timing constraints
» Local time semantics (skewed clocks)

» Properties expressed with LTL and MTL

» Clock synchronization = Non-monotonic
time

Compositional verification:
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Syntax : ¢ :=p|oVo| 0| Xo| d1Uzds where 7 is an interval of R
Semantics:

m,t = oUrnp < existst' > ¢, s. t. v(t') —v(t) e Z, 7, ¢ =4, and
forallt <t"<t:mt'Eop

NON-MONOTONICITY OF TIME
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» o, holds iff y; < 2 holds in [0,4] and [5,
16/3]

» Distributed MTL: U
» Time can decrease with resets

» Harder to verify (need to check
disjointed intervals)

» Intervals of R instead of R

MTLSK

Syntax:
MTLSK : ¢ == - - | ¢ Ushs | 61U
Semantics:
T, t E oUip < existst’ > t, s. t. n(t')(c) — w(t)(c) € Z,m,t' E 4, and
forallt <t"<t:mt'Eop
Tt = U < existst’ > t, s.t. w(t)(c) — w(t)(c) € I,m, ' =, and
forallt <t¢" <t:mt"=pandn(t")(c)— m(t)(c) € T~
where 7= =7 U (—o0,inf(Z)]

where 7 is an interval of R

Properties:

T = U = 1 = U, If sup(Z) = 400 : 7 = U < 7 |= U5
If there is no reset: © = U ) < 7 = U5

If cis a perfect clock: 7 |= U < 7 = oUs < 7 = oUr

¢ AND F° COMPARISON:
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EXAMPLE

alie alarm
X p— C2

Perfect clock example Resettable skewed clock example
G(fault — G%l]lpalz’ue)/\ G(fault — Gg;ﬂalive)/\
G(Gg?palive — Fggalarm) — G(G%li_4gﬂalive — Fggalarm) >
G(fault — ngalafr‘m) G(fault — ngﬁgalarm)

where ¢ = q(1 +2¢/(1 —¢))

Valid if c/1 and ci2 synchronized with ¢l

every ¢ time units

alid if all clocks are perfect

RESULTS (FROM [2])

Implementation:

» Parametric fragment of MTLSK
(interval semantics)

» Implemented inside timed nuXmv[4]

» Algorithm ic3-ia[5] and kzeno[6] (in

lockstep with BMC)
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Experiments:
» Instantiation of A and ¢
» Parametric bounded response pattern

» Fischer algorithm (from [4]
experimental evaluation).
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(c) Fischer experimental evaluation (d) BR experimental evaluation

CONCLUSION

» We studied MTL with non-monotonic time.

» We defined MTLSK: a logic for systems with resettable skewed clocks.

» We implemented MTLSK symbolic model checking inside timed nuXmv[? ].
Future works

» Study async composition with [/O components as in [1].

» Efficient techniques to find counter-examples using BMC as in [3].

» Case study with real life examples (e.g. 8N1 protocol).

» Relax assumptions on skewed clocks.

» Distributed runtime verification of MTLSK as in [7].
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