
Logical Verification and Systematic

Parametric Analysis in Train Control
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Abstract
We formally verify hybrid safety properties of cooperation proto-
cols in a fully parametric version of the European Train Control

System (ETCS). We present a formal model using hybrid pro-
grams and verify correctness using our logic-based decomposition
procedure. This procedure supports free parameters and parame-

ter discovery, which is required to determine correct design choices
for free parameters of ETCS.

Keywords: parametric verification, logic for hybrid systems,
symbolic decomposition
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• 2.1 million passengers in
Europe per day

• collision avoidance

• maximize throughput

• speed up to 300 km/h

Differential Dynamic Logic dL

φ ::= θ1 ∼ θ2 | ¬φ | φ ∧ ψ | ∀xφ | ∃xφ | [α]φ | 〈α〉φ

Hybrid Program Effect
α; β sequential composition
α ∪ β nondeterministic choice
α∗ nondeterministic repetition
x := θ discrete jump
x := ∗ nondeterministic assignment
(

x′1 = θ1, . . . , continuous evolution of xi

x′n = θn, F
)

along x′i = θi, restricted to region F
?F check if F holds at current state

European Train Control System (ETCS)

ETCS : (train ∪ rbc)∗

train : spd; atp; move
spd : (?τ.v ≤ m.r; τ.a := ∗; ?− b ≤ τ.a ≤ A)

∪(?τ.v ≥ m.r; τ.a := ∗; ?0 > τ.a ≥ −b)

atp : SB := τ.v2−m.d2
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;
(?(m.e− τ.p ≤ SB ∨ rbc.message = emergency); τ.a := −b)
∪(?m.e − τ.p ≥ SB ∧ rbc.message 6= emergency)

move : t := 0; (τ.p′ = τ.v, τ.v′ = τ.a, t′ = 1& τ.v ≥ 0 ∧ t ≤ ε)
rbc : (rbc.message := emergency)

∪
(

m0 := m; m := ∗; ?m.r ≥ 0 ∧m.d ≥ 0 ∧m0.d
2 −m.d2 ≤ 2b(m.e−m0.e)

)
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? − b ≤ τ.a ≤ A

?0 > τ.a ≥ −b

SB := τ.v
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?(m.e − τ.p ≤ SB∨
rbc.message = emergency)

?m.e − τ.p ≥ SB∧
rbc.message 6= emergency)

τ.a := −b

t := 0

τ.p′ = τ.v, τ.v′ = τ.a, t′ = 1&
τ.v ≥ 0 ∧ t ≤ ε

m0 := m m := ∗

?m.r ≥ 0 ∧ m.d ≥ 0∧
m0.d2 −m.d2 ≤ 2b(m.e− m0.e)

state := brake

?τ.v ≤ m.r

?τ.v ≥ m.r

τ.a := ∗

τ.a := ∗

? − b ≤ τ.a ≤ A

?0 > τ.a ≥ −b

SB := τ.v
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?(m.e − τ.p ≤ SB∨
rbc.message = emergency)

?m.e − τ.p ≥ SB∧
rbc.message 6= emergency)

τ.a := −b

t := 0

τ.p′ = τ.v, τ.v′ = τ.a, t′ = 1&
τ.v ≥ 0 ∧ t ≤ ε

m0 := m m := ∗

?m.r ≥ 0 ∧ m.d ≥ 0∧
m0.d2 − m.d2 ≤ 2b(m.e −m0.e)

state := brake

[τ.p′ = τ.v, τ.v′ = −b& τ.v ≥ 0](τ.p ≥ m.e→ τ.v ≤ m.d)

≡ τ.v2 −m.d2 ≤ 2b(m.e− τ.p)

τ.p

τ.v

m.e

τ.v2 −m.d2 ≤ 2b(m.e− τ.p)

Controllability

∀τ
(

(τ.v2 −m.d2 ≤ 2b(m.e− τ.p) ∧ τ.v ≥ 0 ∧m.d ≥ 0 ∧ ε > 0)

→ [m0 := m; rbc]
(

m0.d
2 −m.d2 ≤ 2b(m.e−m0.e)

→ τ.v2 −m.d2 ≤ 2b(m.e− τ.p)
)

)
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(τ.v2 −m.d2 ≤ 2b(m.e− τ.p) ∧ τ.v ≥ 0 ∧m.d ≥ 0 ∧ ε > 0)

→ [m0 := m; rbc]
(

m0.d
2 −m.d2 ≤ 2b(m.e−m0.e)

→ [spd]〈SB := ∗〉[atp; move](τ.p ≥ m.e→ τ.v ≤ m.d)
)

m.d
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← SB → m.e
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(τ.v2 −m.d2 ≤ 2b(m.e− τ.p) ∧m.d ≥ 0 ∧ ε > 0) ∧ τ.v > 0

→ ∀P 〈ETCS〉 τ.p ≥ P
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(τ.v2 −m.d2 ≤ 2b(m.e− τ.p) ∧ τ.v ≥ 0 ∧m.d ≥ 0 ∧ ε > 0)

→ [ETCS](τ.p ≥ m.e→ τ.v ≤ m.d)

inv ⊢ [ETCS]τ.p ≤ m.e

inv ⊢ inv

inv ⊢ [train ∪ rbc]inv

inv ⊢ [rbc]inv

m := ∗ rec
inv ⊢ [train]inv

τ.v ≥ m.r

m.e− τ.p ≥ SB
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m.e− τ.p ≥ SB

inv ⊢ τ.p ≤ m.e

inv ⊢ [ETCS]τ.p ≤ m.e

inv ⊢ inv

inv ⊢ [train ∪ rbc]inv

inv ⊢ [rbc]inv

m := ∗ rec
inv ⊢ [train]inv

τ.v ≥ m.r

m.e− τ.p ≥ SB

m.e− τ.p ≤ SB

τ.v ≤ m.r

m.e− τ.p ≤ SB

m.e− τ.p ≥ SB

inv ⊢ τ.p ≤ m.e
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