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Complex Event Recognition
for Maritime Situational Awareness*
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*Artikis and Zissis, Guide to Maritime Informatics, Springer, 2021.
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happensAt (entersArea(idy, natura), t;) holdsFor(trawling(id; ) = true, [ts1, te])
happensAt(turn(id;, 11), 1) holdsFor(drifting(id:) = true, [ts2 , te2])

happensAt(gap-start(idy), ts) holdsFor(loitering(ids) = true, [tss, tes])
. (e
Complex Event
Definitions

holdsFor(gap(idy) = farFromPorts, [ts, inf))
initiated At(gap( Vessel) = nearPorts, T) +

happensAt(gap_start(Vessel), T), holdsFor(trawling( Vessel) = true, I) <

holdsAt(withinArea( Vessel, nearPorts) = true, T). holdsFor(trawlingMovement( Vessel) = true, I;.),
initiated At(gap( Vessel) = farFromPorts, T) + holdsFor (trawlingSpeed( Vessel) = true, I;),

happensAt(gap_start( Vessel), T), intersect_all([/;c, L], I;),

not holdsAt(withinArea( Vessel, nearPorts) =true, T'). threshold (virquwis Virawt)s

terminatedAt(gap( Vessel) = PortStatus, T) + intDurGreater (I, Viraut, I)-

happensAt(gap_end( Vessel), T).

*Mantenoglou et al, Reasoning over Streams of Events with Delayed Effects. JAIR, 2025.
https://github.com/aartikis/RTEC
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*Mantenoglou et al, Stream Reasoning with Cycles. KR, 2022.
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Semantics
An event description in RTEC is a locally stratified logic program.

*Mantenoglou et al, Stream Reasoning with Cycles. KR, 2022.
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RTEC;: RTEC with associative and compositional interval-based
sequencing.

holdsFor(transhipment(Vessel,, Vesselp) =true, lysp) <
holdsFor(trawling(Vessel,) = true, I,),
holdsFor(rendezVous( Vessel,, Vessel,) = true, 1),
seq(’tr’/a Ir, /trsp)-
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*Mantenoglou P. and Artikis A., Sequencing in the Run-Time Event Calculus. In ECAI 2025.
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RTECRCT
® Monotonic output for monotonic input.

® |dentify the largest prefix of the output that will remain
invariant under any possible evolution of the input.

® Stateful windowing with minimal bookkeeping.

Key strucuture: Reasoning Cut-off Tuples (RCTs), denoted as
Ro = <Ioa To>-

® [.: a list of maximal intervals

® T,: a cut-off point expressing a ‘stability horizon’

® The intervals in I, end no later than T,
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holdsFor® (transhipment( Vessel,, Vesselp) =true, Risp)
holdsFor®(trawling(Vessel,) = true, Ry),
holdsFor®(rendezVous(Vessel,, Vessel,) =true, R,),
Seq.(Rtrla Rr, Rtrsp)-
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holdsFor® (suspiciousAnchored(Vessel) =true, Rsz) <
holdsFor®(transhipment(_, Vessel) =true, Rirsp),
holdsFor®(withinArea(Vessel, anchorage) = true, R,),
Seq.(Rtrsm Ra, Raux);
holdsFor®(stopped( Vessel) = farFromPorts, Rsf),
intersect_all®([R., Raux, Rsf], Rsa)-
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Monotonic reasoning

The interval list |, computed by means of holdsFor®(F =V, (I,, T,)) at
query-time g; will never be revised at a future query-time.
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Monotonic reasoning
The interval list |, computed by means of holdsFor®(F =V, (I,, T,)) at
query-time g; will never be revised at a future query-time.

Cut-off point optimality

The cut-off point T, computed by means of holdsFor®(F =V, {l,, T,))
at query-time q; is the latest time-point that guarantees monotonic
output.
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holdsFor®(transhipment(Vessel,, Vesselp) =true, Rysp) <
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Soundness and completeness of bookkeeping
The bookkeeping policy of RTECECT caches all intervals that may be

necessary at a future query-time, and no other interval.
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Soundness and completeness of bookkeeping
The bookkeeping policy of RTECECT caches all intervals that may be

necessary at a future query-time, and no other interval.

Correctness of RTEC?CT

At each query-time, RTECfCT computes the same intervals for F =V as

RTEC;, up to the cut-off point T, of holdsFor®*(F =V, {l,, T,)),
provided that the window of RTEC is large enough so that no sequence
is missed.
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® Maritime Situational
Awareness (MSA)
e 18M signals, 5K vessels
e 55M signals, 34K vessels

® Commercial Fleet
Management (CFM)

e 70M signals, 6K vehicles
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Avg # of input intervals (x1000)
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MSA: Brest MSA: European seas CFM
input time input time input  time
RTEC, 411K 10.2sec  N/A N/A N/A  N/A
RTECRT 75K  1.3sec 130K 34.6 sec 101K 2.5 sec
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input time input time input  time
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RTECRCT remains monotonic 8-37 hours after the last computed

interval.
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Summary:
® Monotonic stream reasoning with sequencing
e for longer horizons.
® Minimal bookkeeping for stateful windowing.
® Reproducible empirical analysis

o Real and synthetic data.
e Three application domains.
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Further Work:
® Tensor-based stream reasoning.
® Neuro-symbolic stream reasoning.

® Sequencing over non-monotonic input.
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