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Probabilistic Systems

Nondeterminism and randomness:
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LTS or similar + DITMC =

Markov decision process
MDP

Properties of interest: S(power usage) P(o crash)

E(time until message transmitted) P(otmesT crash)
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Schedulers rnd Hartmanns

Coin throw: P(e V) =2  Scheduler: resolves all nondeterminism

S§:S - A = memoryless
deterministic
S:(S X A)* X § — Dist(A)

= history-dependent
randomised

P(e G): memoryless deterministic suffices
P(otimeST G): need remaining time to bound T find gmo\\es’ft
multi-objective: need randomised schedulers class suttic

for property
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schedulers and information in
distributed probabilistic systems
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Uncertain Delay-Tolerant Networks

Store-and-carry-torward communication

— data exchange in contact windows LEO satellites ground
o (e.g. cubesats) _— terminals
Contacts known, resources limited, e >
uncertain tfransmissions: 2

allow k copies of message
throughout entire network

— find route maximising end-to-end
successtul delivery probability
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Uncertain Contact Plans
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Best choice for N; in T3 (§:5 - A):

global
send remaining copy to N3 information
only it N3 did not get copy #1 § N, cannot know this!
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Distributed Schedulers e
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le tools
Results from the 2000s: undecidable or NP-hard, no usable too

@ L-RUCoP: local-information mod§| checking 9'9?": (an]em .
pecific to the uncertain DTN setting, approximates (z
S e

@ LSS: SMC with lightweight scheduler

' tributed scheduler A
sampling among dis | schedulers -
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Distributed Schedulers

Why give up?¢ Simplity the problem!

f le t o|;
Results from the 2000s: undecidable or NP-hard, no usable to

9 Good-for-distributed-scheduling models
(no interference between components)

@ LSS: SMC with lightweight scheduler

sampling among distributed schedulers

Sampling Dist ributed Schedulers
for Resilient Space Communication

(D’Argenio, Fraire, H.,
NFM 2020)
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Distributed Schedulers

Why give up?¢ Simplity the problem!

Results from the 2000s: fundecidoble or NP-hard, no usable Toolg

1 engineers don’t want the history-dependent
beliet-estimating randomised schedulers anyway!

We need

simple compact

understandable implemenfab/e \

explainable
St schedulers!
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schedulers and information in
non-Markovian probabilistic systems
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Stochastic Automata

LTS extended with stochastic clocks
that can be reset, and enable
edge guards on expiry  $Ymbolic moge,

Seémanticg
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Stochastic Automata

Semantics: infinite-state "MDP"""

with continuous distributions
but finite nondeterminism

v(),v(y) e(x),e()
-(1,(0,0),0,0)) __ynifo,11°
2,{0,0),(0.2,0.8))
3,(0,0),(0.2,0.8))
3,(0.2,0.2),¢0.2,0. 8)) — residual lifetimes semantics

,(0.2,0.2),(0.2,0.8)) that turns STA into PTTS
admits prophetic schedulers

choic
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Fixing the Semantics

On every delay and jump,
resample unexpired clocks reset {x,y}
conditioned on elapsed time

v(x),vgy) e(ic);e(Y)
-(1,(0,0,(0,0)) _jnif0.1)

hoi:<2 ,{0,0),0.2,0. 8>> resample X, ¥

hei¢?(3 (0,0), (0.6,0. 4L esample x
~(3,(0.4,0.6),(0.9,0.4)) _, spent lifetimes
~(x,(0.2,0.2),(0.2,0.8)) semantics Tute 1e “‘7““‘ o masiom

Stocha stic l \\1.,
y Argenio”
\\'n'\n\’ﬂ':'&\‘ll‘: and Pedro y R

Schedulers and Information in Probabilistic Systems




Fixing the Semantics... not.

Spent litetimes still admits Spent litetimes also admits
orophetic scheduling: divine scheduling:

(pick loop until x < y) (delay 1, 3, 3/ - until x <)
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Fixing the Semantics... not.

as a CTMC:

...and divine scheduling ﬁ)_l,@

IS even worse:

x:Exp(1)  Expected: Reach v after
| time unit on average

reset {x}
Actually: Reach v with  (always delay
x} min. probability zero  for %2 in 2)

9,

(H., Hermanns, Kr&al, Semantics, Logics, and Calculi, 2016)
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Limiting Scheduler Power rnd Hartmanns

What is Classic: e < eml, < gml < ghist

a useful class

of scheduler for ® ® A ‘

stochastic automata? Sp. = G, < 6y, > G
A A Q Q

A A A
6?ist - G?}St ~ Ggﬁjst
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open
problems
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Schedulers and Information in
Distributed and Non-Markovian
Probabilistic Systems

Need to find useful tradeoffs between

model 2 scheduling tractability 2 usetulness

expressiveness power ot analysis ot schedulers

in non-trivial probabilistic and stochastic timed settings

...per modelling formalism?¢
...per application scenario?




	Slide 1: On Schedulers and Information in Distributed and Non-Markovian Probabilistic Systems
	Slide 2: Probabilistic Systems
	Slide 3: Schedulers
	Slide 4
	Slide 5: Uncertain Delay-Tolerant Networks
	Slide 6: Uncertain Contact Plans
	Slide 7: Distributed Schedulers
	Slide 8: Distributed Schedulers
	Slide 9: Distributed Schedulers
	Slide 10
	Slide 11: Stochastic Automata
	Slide 12: Stochastic Automata
	Slide 13: Fixing the Semantics
	Slide 14: Fixing the Semantics… not.
	Slide 15: Fixing the Semantics… not.
	Slide 16: Limiting Scheduler Power
	Slide 17
	Slide 18: Schedulers and Information in Distributed and Non-Markovian Probabilistic Systems

