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... Motivation

Our contribution: We extend RTLola so specifications can
actively query external data sources at runtime.
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-« ExXample

For data transmission a celltower must
be in reach continously for 30 seconds.
Such a transmission period must

input pos : (Float64, Float64) happen at least every 5 minutes.
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-« ExXample

For data transmission a celltower must
be in reach continously for 30 seconds.
Such a transmission period must
input pos : (Float64, Float64) happen at least every 5 minutes.

input ct_res : (QueryId, UInt64)
Count number of celltowers
closer than 700m from (71, 72)
output queries @pos := query("NEARBY celltowers COUNT POINT 7?1 72 700",

with: pos, into: ct_res)

Instantiate (71, 72) Stream results
with current location into ct_res
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s For data transmission a celltower must
be in reach continously for 30 seconds.
Such a transmission period must
input pos : (Float64, Float64) happen at least every 5 minutes.
input ct_res : (QueryId, UInt64)
Count number of celltowers

closer than 700m from (71, 72)

output queries @pos := query("NEARBY celltowers COUNT POINT 7?1 72 700",

with: pos, into: ct_res)

Instantiate (71, 72) Stream results
with current location into ct_res
output in_range := ct_res.1 > 0
output in_range_s @ls := in_range.aggregate(over: 30s, using: forall)

trigger @ls —in_range_s.aggregate(over: 5min, using: exists)
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input pos : (Float64, Float64)
input ct_res : (QueryId, UInt64)

output queries @pos := query("NEARBY celltowers COUNT POINT 71 72 700",

with: pos, into: ct_res)

output in_range := ct_res.1 > 0
output in_range_s @ls := in_range.aggregate(over: 30s, using: forall)

trigger Qls —in_range_s.aggregate(over: 5min, using: exists)
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input pos : (Float64, Float64)
input ct_res : (QueryId, UInt64)

output queries @pos := query("NEARBY celltowers COUNT POINT ?1 72 700",

with: pos, into: ct_res)

0 Placeholder matches with-expression

output in_range := ct_res.1 > 0
output in_range_s @ls := in_range.aggregate(over: 30s, using: forall)

trigger @ls —in_range_s.aggregate(over: 5min, using: exists)
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input pos : (Float64, Float64)
input ct_res : (QueryId, UInt64)
output queries @pos : QueryId := query("NEARBY celltowers COUNT POINT 71 72 700",

with: pos, into: ct_res)
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input pos : (Float64, Float64)

input ct_res : (QueryId, UInt64)

output queries Q@pos : QueryId := query("NEARBY celltowers COUNT POINT 71 72 700",
with: pos, into: ct_res)
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input query_status : (QueryId, QueryStatus) as (status_id, status_msg)
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output queries @pos : QueryId := query("NEARBY celltowers COUNT POINT 71 72 700",
with: pos, into: ct_res)

#[query_status]

input query_status : (QueryId, QueryStatus) as (status_id, status_msg)

trigger Qquery_status status_msg == QueryStatus::Error "query error"
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Error Handling Example

input pos : (Float64, Float64)

input ct_res : (QueryId, UInt64)

output queries @pos : QueryId := query("NEARBY celltowers COUNT POINT 71 72 700",
with: pos, into: ct_res)

#[query_status]

input query_status : (QueryId, QueryStatus) as (status_id, status_msg)

trigger Qquery_status status_msg == QueryStatus::Error "query error"

input time : Float64
output query_time(qid)
spawn with queries
eval when queries == qid with time

close Qquery_status when status_id == qid
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trigger Qquery_status status_msg == QueryStatus::Error "query error"

input time : Float64
output query_time(qid)
spawn with queries
eval when queries == qid with time
close Qquery_status when status_id == qid

output query_delay Qquery_status := time - query_time(status_id).hold(or: 0.0)
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Error Handling Example

input pos : (Float64, Float64)

input ct_res : (QueryId, UInt64)

output queries @pos : QueryId := query("NEARBY celltowers COUNT POINT 71 72 700",
with: pos, into: ct_res)

#[query_status]

input query_status : (QueryId, QueryStatus) as (status_id, status_msg)

trigger Qquery_status status_msg == QueryStatus::Error "query error"

input time : Float64
output query_time(qid)
spawn with queries
eval when queries == qid with time
close Qquery_status when status_id == qid
output query_delay Qquery_status := time - query_time(status_id).hold(or: 0.0)
trigger query_delay > 1.0 "long query delay"
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For data transmission a celltower must
be in reach continously for 30 seconds.
Such a transmission period must
happen at least every 5 minutes.
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.. Benchmark ;

%

Backend Purpose Runtime (# Powerlines)

10k 100k 1.7m

RTLola Baseline 876ms  24.4s -
RTLola + SQLite3 General-purpose 1.04s 11.6s 250s
RTLola + Tile38 Geospatial 40ms 39ms 4.3ms
RTLola + Our kd-tree  Geospatial 28ms 2.7ms 3.0ms

Each trace with 190 queries.
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-, . Conclusion ZRTLola

rtlola.org
Our contribution: We extend RTLola so specifications
can actively query external data sources at runtime.

v Non-blocking v Type-safe v« Fault-tolerant v Backend-agnostic

Classical Stream-Based Stream-Based
Monitoring Monitoring + Data Queries

Multiple verdicts
One verdict Actively queries

at end of trace Rich, (asynchronous) its environment
data streams

Future Work: Large language models as a query backend:
monitor can reason over unstructured data.
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