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System S Controller C

1. Never injure humans. 
2. Obey orders. 3. Protect yourself

Specification φ

·p = Rv
·R = Rω̂
·v = −ω × v + RTḡ+

fv(ω, v, α, β, ωr, δc, δr)
·ω = −J−1(ω × Jω)+

fw(ω, v, α, β, ωr, δc, δr)
·α = fα(ω, v, α, β, ωr, δa, δe)
·β = fβ(ω, v, α, β, ωr, δa, δe)

·ωr = fr(ω, v, ωr, δc, δr)

Complexity Non-DeterminismLack of Knowledge

STATIC VERIFICATION

VERIFY:

∀σ ∈ runs(S || C): σ ⊨ φ
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Given σ ∈ runs(S || C):

σ ⊨ φ

RUNTIME MONITORING

VERIFY:

∀σ ∈ runs(S || C): σ ⊨ φ
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STREAM-BASED MONITORING
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1.Never injure humans. 
2.Obey orders. 3.Protect yourself



Programming LanguagesSpecification Logics
Formal Guarantees Expressiveness

TRADE-OFF

RTLOLA
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FIRST EXAMPLE 
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input altitude: Int64 

output height := altitude + 6 

trigger height > 100 “drone does not fit in the tunnel” 



SINUSRYTHM

Sinusrythm

Ventricular Fibrillation 
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VENTRICULAR FIBRILLATION
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cur
∇cur
avg_ekg

10s 20s 30s 40s 50s 60s 80s 90s70s

input cur: Float64 

output avg_ekg @0.1Hz := cur.aggregate(over: 10min, using: avg) 

output ∇cur := derive(1, cur) 

output avg_der @0.1Hz := ∇cur.aggregate(over: 10min, using: avg) 

output peaking  
    := cur > avg_ekg.hold() + ε1 ∧ ∇cur > avg_der.hold() + ε2  

output r_peak := peaking ∧ ¬ peaking.offset(by: -1) 

output heart_rate @0.1Hz := r_peak.aggregate(over: 1min, using: Σ) 

trigger 200 < heart_rate < 350   “ventricular flutter” 

trigger heart_rate ≥ 350  “ventricular fibrillation” 



GUARANTEES
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GUARANTEES

input cur: Float64 

output ∇cur := derive(1, cur)  

output avg_ekg @0.1Hz  
  := cur.aggregate(over: 10min, using: avg) 

output avg_der @0.1Hz  
  := ∇cur.aggregate(over: 10min, using: avg) 

output peaking 
  := cur > avg_ekg.hold() + ε1  
  ∧ ∇cur > avg_der.hold() + ε2  

output r_peak := peaking  
  ∧ ¬ peaking.offset(by: -1) 
output heart_rate @0.1Hz  
  := r_peak.aggregate(over: 1min, using: Σ) 

trigger  
  200 < heart_rate < 350 “ventricular flutter” 

trigger  
  heart_rate ≥ 350  “ventricular fibrillation” 
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Float64 @{cur}

Float64 @{cur}
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INTERPRETER VHDL COMPILATION
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1. Never injure humans. 2. Obey orders. 3. Protect  yourself



CONCLUSION

StreamLAB
www.stream-lab.eu


