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Introduction

e Determinism often matters in distributed cyber-physical systems

e HLA (high-level architecture) is one way to ensure determinism in
distributed systems

o But, HLA incurs a huge network overhead

https://www.iiot-world.com/artificial-intelligence-ml/autonomous-vehicles/challeng https://slcontrols.com/solutions/smart-factory/
es-in-training-algorithms-for-autonomous-cars/
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e Tagged Message (MSG) (0, 20 msec)
o A message with a tag
e Latest Tag Complete (LTC)
o To notify that a federate has finished a tag
e Next Event Tag (NET)
o To report the tag of the earliest unprocessed event
e Tag Advance Grant (TAG)
o To grant a federate to advance its tag to G(TAG), the payload tag

Name Payload Description Direction
MSG;; Tag & Message Tagged Message j to ¢ via RTI
LTC; Tag Latest Tag Complete 5 to RTI

NET; Tag Next Event Tag 7 to RTI
TAG; Tag Tag Advance Grant RTI to 2
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Motivating Example
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Research goal

e How can a federate avoid sending
unnecessary NETs?

Unnecessary!!
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Approach

e Our Approach to eliminate unnecessary NET signals
o Downstream Next Event Tag (DNET)
o For each federate, the RTI computes the latest unnecessary NET

o A federate does not need to send any NETs withatag g _less
than or equal to G(DNET), payload of DNET



Approach
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Challenges

e Logical Delay
o To indicate logical time elapsing through a connection

At (0, 0) Slmp
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At (t, m) SimpleDelay
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Challenges

e Minimum tag increment over all connections
o Ex)D;,=(20ns, 1)and D, = (0, 1)

At (200)s, 0) Delays
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Delays
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e Earliest Incoming Message Tag (EIMT)
o A's eventat (0, 0) may cause a message to C with tag (20 ns, 1)
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Delays
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e Earliest Incoming Message Tag
o The RTl uses EIMT for computing TAG signals
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NET, (t, m ) Delays

Challenges
AD Dea = (ty M) »C

e Compute EIMT . = (t, m) when A's next event tag is (t,, m_) and other
federates do not have any events

(t, m) = A((t,, m,), (t, my))

_ ) (ta,ma+mp), iftp=0
B (ta+tp,mp), iftp >0



NET, (t, m ) Delays

Challenges
AD Dea = (ty M) »C

e Compute EIMT . = (t, m) when A's next event tag is (t,, m_) and other
federates do not have any events

t, m) = A((t,, m), (t, m,))
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NET, (t, m,) NET, (t, m)

Delays

DNET & Delays
AD Doa = (t; M) »C

o A((t,m),(t, m,))>(t,m)tosend TAG, (t,, m )

e NET, (t,, m ) is unnecessary if A((t,, m ), (t,, m )) <= (t_, m )

e Define a function S to find the latest tag that satisfies
o A((t, m), (t, m )) <= (t_, m_) where (t, m) = S((t_, m ), (t,, m_))
o S acts like tag subtraction (X+ D =C if X=C - D)



NET, (t,, m,)
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DNET & Delays Y
AP Do, = (8, my) »C

NET, (t., m_)

e Define a function S to find the latest tag that satisfies
o A((t, m), (t;, m ))<= (t, m_ ) where (t, m) = S((t_, m ), (t,, m,))
o S acts like tag subtraction (X=C-D -> X+ D =(C)
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e G(DNET) is the latest tag that a federate doesn’t need to send NET

e R has an event at (100 ms, 0), what NET (t;, m.) is unnecessary to
grant TAG, (100 ms, 0) to R?
o (tg, my) <=[ S(G(NET,), DRS_J = S((100 ms, 0), (0, 0)) =(100 ms, 0)
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DNET & Delays

e Sender skips sending NET with tags < G(DNET,),
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DNET Computation

e How to compute DNETJ.?
o Look up every downstream federate
o For each downstream federate i, find S((t., m), (t;, m)), the latest
tag g satisfying A(g, (t,, m;)) <= (t, m)
o Determine G(DNETJ.) as the minimum S((t., m), (t;, m_))

NET, (t, m) NET, (t, m)

ILg D; = (tp, mp) Ll




SparseSender

- Sender Receiver
Evaluation (O g et o 3
e Sender produces outputs (MSG_) sparsely Dz

o We assume Sender sends messages every 5 seconds
o Total execution time is 500 seconds
e Counting the number of NET signals while varying the period of the

timer



Evaluation

e Number of NET Signals
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Work-In-Progress

e Some LTC and signals are also
unnecessary
e These can affect a program’s feasibility
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Future Work

e Qur solution’s effectiveness varies with the sender’s sparsity or
programs’ structure
o When a sender sends messages every time, DNET is not needed
o If a federate has too many upstream federates and have lots of
events, DNET may flood
e Dynamic control of DNET is needed to maximize its benefit
o Set a threshold of events without producing any messages



Conclusion

e Qur solution effectively reduces the network overhead of HLA-based
discrete event systems

e This is beneficial to systems that require precise timing control where
network communication cost is high

e Our future work further optimizes the network overhead of these kind
of systems
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