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ARTICLE INFO ABSTRACT

Keywords: Probabilistic model checking computes the probability values of a given property quanti-
Probabilistic systems fying over all possible schedulers. It turns out that maximum and minimum probabilities
Distributed systems calculated in such a way are over-estimations on models of distributed systems in which

Nondeterminism
Interleaving
Markov decision processes

components are loosely coupled and share little information with each other (and hence
arbitrary schedulers may result too powerful). Therefore, we introduced definitions that

Partial observation characterise which are the schedulers that properly capture the idea of distributed be-
haviour in probabilistic and nondeterministic systems modelled as a set of interacting
components.

In this paper, we provide an overview of the work we have done in the last years which
includes: (1) the definitions of distributed and strongly distributed schedulers, providing
motivation and intuition; (2) expressiveness results, comparing them to restricted versions
such as deterministic variants or finite-memory variants; (3) undecidability results—in
particular the model checking problem is not decidable in general when restricting to
distributed schedulers; (4) a counterexample-guided refinement technique that, using stan-
dard probabilistic model checking, allows to increase precision in the actual bounds in the
distributed setting; and (5) a revision of the partial order reduction technique for proba-
bilistic model checking. We conclude the paper with an extensive review of related work
dealing with similar approaches to ours.

© 2013 Elsevier B.V. All rights reserved.
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Probabilistic Timed Automata
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Probabilistic Timed Automata

Beyond Markov
The world Iis not exponentiallyistributed:

d time-bounded properties = deterministic delay

o0 fixed-period nsor readings= deterministic delay
d realistic time to failure = WeibuHldistributed delays
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Timed AutomataExampled A Small Light Switch

switch_off
x21 (off, 0)
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A Integer part of each clock valuation does matter .



Taming Infinity - Four Observations
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A Integer part of each clock valuation does matter .
A Integrity of each clock valuation does matter .
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A Integer part of each clock valuation does matter.
A Integrity of each clock valuation does matter.
A Order of fractional parts of clock valuations does matter.



Taming Infinity - Four Observations

clock g u=trwe | x<c | x<c | aANg | g

where x is a clock and |c € N
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A Integer part of each clock valuation does matter.
A Integrity of each clock valuation does matter.
A Order of fractional parts of clock valuations does matter.

A Butonly up to a maximal constant , per clock .
Nothing else matters .



Taming Infinity - Four Observations

clock v Timed Automaton

I | N y<1l, x:=0 . of
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A Integer part of each clock valuation does matter.
A Integrity of each clock valuation does matter.
A Order of fractional parts of clock valuations does matter.

A Butonly up to a maximal constant , per clock .
Nothing else matters .



Taming Infinity ‘_'.Ne Observations

PricedTimed Automaton

\’\ y<1l, x:=0 v
| Reglon Graph J —
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A Integer part of each clock valuation does matter.
A Integrity of each clock valuation does matter.
A Order of fractional parts of clock valuations does matter.

A Butonly up to a maximal constant , per clock .
Nothing else matters .



Taming Infinity (;\\'e Observations

PricedTimed Automaton

| Reglon Graph :GD = aj_o».

/ Ad-4d 4 4

._.— clock =
0 1 2

A Integer part of each clock valuation does matter.
A Integrity of each clock valuation does matter.
A Order of fractional parts of clock valuations does matter.
A Closest corner point does matter.
A Butonly up to a maximal constant , per clock .
Nothing else matters .
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Superposition of MDP and (priced) TA



Probabilistic(priced) Timed Automata in Modest

Superposition of MDP and (priced) TA

clock x, vy; bool 12, I3;
process LO(){

invariant  (x <=2) when(x >=1)

a palt {

:0.9: {= =0=}; LO(

:0.1: {= y=0=} L1(
'}

process L1(){
invariant  (y <=1) alt {

when(y >=1&&x <=2) ¢ {= |13 =true =}

b palt {
:0.8: {= 12 =true =}
:0.2: {= 13 =true =} }
}}
LO()

= Try it with all the tools!
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Usefulnes®f Probabilistic(priced) Timed Automata
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Expressiveness Probabilistic(priced) Timed Automata

A PTAare topologicallydense too. /
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Probabillistic(priced) TimedAutomata

PTAmodel checking \\f\//

Region graph quickly explodes: theoretical too “‘““Z@{a%

Timed automata: zone graph forwarge 2

eXP’Oraﬁon

= overapproximates
probabilities in PTA

convex union
of regions

Digital clocks:
clock x, y; © int(0..2) x; int(0..1) V;

Invariant  (x <= 2)
O when(x <2) tick {=x=min( x+1, 2) =}

requirement: no strict comparisons < 2)

2 Implemented inmcsta
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GOMspace GOM X1

A 2U CubeSaf?2 liter)
A Launchedn November 2013

A Payloads
A software defined receiver for aircraft signals
A color camera for earth observation
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Idea:

» Model energy density along the battery
Two quantities:
» a(t) — available charge

> b(t) — bound charge » Load I effects available charge
» Bound charge conversion by diffusion

Saarland Informatics s I C
Campus

» Depletion if no available charge left
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Battery Kinetics o
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a(t) = —I+p(
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C l1—c » Load I effects available charge

» Bound charge conversion by diffusion
» Depletion if no available charge left
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Battery Kinetics - erc

1)1 S e :

FONO ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,,,,,,,,,,,,, m—= gvailable |
o000 1 : == bound
m— |0ad

1500 = 110 """"""""""""""""""""""" 4'0 """"""""" 5 ’5' """""""""""""""""""""""""""""""" -

400 [Em e II -------------------------------------------------------------- 4
O 3 i

— B0 [ R R ;

b(t) B a(t))

1—c C

a(t) = —I+p(
b(e) = p(a(t)_b(t))

C 1—c

GYAYSUAO . I (KiBSWE a 2R



Recovery Effect HEIC

Conversion of Bound Charge into Available Charge X

ca — available
P = bound

0 Lo e, —

b(t) B a(t))
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, (a(t) b)) ) Animbalancedbattery

b(t) C 1—c
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Difference In Effective Capacity
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Rate-Capacity Effect

Difference In Effective Capacity

o7 | o -

Lesschargeis available

If a battery is depletedquickly.
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KiBaM Extension by Stochastic I:Iucztuatlons----erc

Transformation Law of Random Varlables |

For fy-distributed vector X, injective and continuously differentiable function
g : R4 — RY, express density of Y:= g(X) as

) = fx (7)) - |det (J4-1())]
» Transform density of SoC conditioned on I =1:
frla,b|i) = fo (Kyila; b]) - [e]

» Integrate information of the load afterwards

fr(a,b) =f fo (K;}[a; b]) ek . (i) di.

Works well for piecewise constant loads,

perturbed at jump points.
Saarland In fC;nmIgUS S|C



Evolution of State of Charge
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Evolution of State of Charge ierc
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Evolution of State of Ch% 2
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Evolution of State of Charge HEIC
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Evolution of State of Charge G
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Evolution of State of Charge G
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GOMsrpace GOMX1

A 2U CubeSaf?2 liter)
A Launchedn November 2013

A Payloads
A software defined receiver for aircraft signals
A color camera for eartlobservation

We analysedhe powerbudget

Full Capacity 1/2 Capacity | 1/4 Capacity 1/8 Capacity

4

17-10-6

\ )

003653

15 / 25



GOMsrace GOM X2 er ¢
A 2U CubeSaf?2 liter)

A Shippedn October2014
with CygnusCRS3 towards|SS

A Payloads

A Optical communication experiments from NUS
A HighspeedJHF and SDR receiver

A Shipping failed after liftoff
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A HighspeedJHF and SDR receiver

A Shipping failed after liftoff

A Satellite was recovered
from wreckage and
returned to manufacturer
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A 2UCubeS
A Shippedn

A Payloads
A Optical ¢
AHighspeedJHF ¢ §
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GOMspace GOMX3 L erc
A 3U CubeSat3 liter)
A Launchedrom ISS irDctober2015

A Payloads
A L-band communication to geostationasatellit
A X-band transmitter for CNES
A HighspeedJHF and SDR receiver

A Can &nd must)rotate in 3dimensions







The NaneSatellite Control Probfemerc
Whatto do?
Whento doit?



