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RTLOLA IN A NUTSHELL

input lat, lon, velo: Float64

The GPS module operates with at least S5Hz.
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input lat, lon, velo: Float64

output gps_freq @1Hz := lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq < 5 “GPS frequency less than 5 Hz.”
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input lat, lon, velo: Float64

output gps_freq @1Hz := lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq < 5 “GPS frequency less than 5 Hz.”

Measured and computed velocities coincide.
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input lat, lon, velo: Float64

output gps_freq @1Hz := lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq < 5 “GPS frequency less than 5 Hz.”

output gps_dist := sqrt(o(lon)? + o(lat)2)
output gps_velo := V(gps_dist)
trigger abs(gps_velo - velo) > 0.1 “Conflicting measurements for velocity.”

Deceleration is preceded by a slow-down

command.




RTLOLA IN A NUTSHELL

input lat, lon, velo: Float64
input slow_down_cmd: Bool

output gps_freq @1Hz := lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq < 5 “GPS frequency less than 5 Hz.”

output gps_dist := sqrt(o(lon)? + o(lat)2)
output gps_velo := V(gps_dist)
trigger abs(gps_velo - velo) > 0.1 “Conflicting measurements for velocity.”

output fast := velo > 700
output slow_down := fast.offset(by: -1).defaults(to: false) A —fast
trigger @1Hz —slow_down_cmd.aggregate(over: 5s, using: 3)
A slow_down.hold().defaults(to: false) “Spurious Slow-Down.”
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PERIODIC V. EVENT-BASED

input lat, lon, velo: Float64
input slow_down_cmd: Bool

output gps_freq @ 1Hz := lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq < 5 “GPS frequency less than 5 Hz.”

output gps_dist := sqrt(d(lon)? + d(lat)?)
output gps_velo := V(gps_dist)
trigger abs(gps_velo - velo) > 0.1 “Conflicting measurements for velocity.”
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input lat, lon, velo: Float64
input slow_down_cmd: Bool

trlgge s “freq<s S frequency less than 5 Hz ”
outpu's_disf 'qrt(é(lon)2 + o(lat)?)

output gps=vels” = V(gps_dist)

trigger abs(gps_velo - velo) > 0.1 “Conflicting measurements for velocity.”



PERIODIC V. EVENT-BASED

input lat, lon, velo: Float64
input slow_down_cmd: Bool

trlgge s" LS frequency less than 5 Hz ”
outpu 's_dist‘ 'qrt(é(lon)2 + o(lat)?)
output gps=veis” = V(gps_dist)

trigger abs(gps_velo - velo) > 0.1 “Conflicting measurements for velocity.”
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FROM RTLoLA T0 VHDL
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HiGH-LEVEL CONTROLLER

PERIODIC EVENT-BASED
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PERIODIC EVENT-BASED int » 3.4
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Sys Clk Ext1/F 1na > 93
time - 4:15pm
Scheduler Event Prep
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SPECIFICATION DEPENDENCY GRAPH

input lat, lon, velo: Float64
input slow_down_cmd: Bool m m m m
put slowfown_emd: ? Jat | (lon] [velo] [emd

lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq <5

“GPS frequency less than 5 Hz.” SPS_ freq
output gps_dist := sqrt(0(lon)? + o(lat)?)
output gps_velo := V(gps_dist)
trigger abs(gps_velo - velo) > 0.1

“Contlicting measurements for velocity.”
output fast := velo > 700
output slow_down :=

fast.offset(by: -1).defaults(to: false) A —fast
trigger @1Hz —slow_down_cmd.aggregate(over: 5s, using: 3)

A slow_down.hold().defaults(to: false) “Spurious Slow-Down."

gps_ Velo
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SPECIFICATION DEPENDENCY GRAPH

input lat, lon, velo: Float64
input slow_down_cmd: Bool m m m @
mput slowdown_cnd: & Jat | (lon] [velo] [emd

lat.aggregate(over_exactly: 1s, using: count)
trigger gps_freq <5

“GPS frequency less than 5 Hz.” SPS_ freq
output gps_dist := sqrt(0(lon)? + o(lat)2)
output gps_velo := V(gps_dist)
trigger abs(gps_velo - velo) > 0.1

“Conflicting measurements for velocity.”
output fast := velo > 700
output slow_down :=

fast.offset(by: -1).defaults(to: false) A —fast
trigger @ 1Hz —slow_down_cmd.aggregate(over: 5s, using: J)

A slow_down.hold().defaults(to: false) “Spurious Slow-Down."”
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SLIDING WINDOWS

output h @p-'Hz := s.aggregate(over: nsec, using: V)

> Li et al.: “No Pane, No Gain: Efficient Evaluation of Sliding-window Aggregates over Data Streams”, SIGMOD Rec. 2005

» Meertens: “Algorithmics: Towards programming as a mathematical activity”, 1986

» Schwenger: “Let’s not Trust Experience Blindly: Formal Monitoring of Humans and other CPS”, Master Thesis 2019

» Faymonville, Finkbeiner, Schledjewski, Schwenger, Stenger, Tentrup, Torfah, “StreamLAB: Stream-based Monitoring of
Cyber-physical Systems”, CAV 2019 18



HONORABLE MENTION: SLIDING WINDOWS

output h @p-'Hz := s.aggregate(over: nsec, using: V)

Vi iI= Ve, mapy(a)

new value a
—_—] |V [v| V3| Vsl|Vs|Ve | vy
from stream s

After p seconds:

& ri=fin(vye, ... o, Vg)
result r

8}, Vil V21 V3| V4l V5] Ve

> Li et al.: “No Pane, No Gain: Efficient Evaluation of Sliding-window Aggregates over Data Streams”, SIGMOD Rec. 2005

» Meertens: “Algorithmics: Towards programming as a mathematical activity”, 1986

» Schwenger: “Let’s not Trust Experience Blindly: Formal Monitoring of Humans and other CPS”, Master Thesis 2019

» Faymonville, Finkbeiner, Schledjewski, Schwenger, Stenger, Tentrup, Torfah, “StreamLAB: Stream-based Monitoring of
Cyber-physical Systems”, CAV 2019
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EVALUATION
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