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Solutions Homework

The Coffee-Machine-Verification-Problem

30.04.2021

Institute for Applied Information Processing and Communications

2



3



30.04.2021

Institute for Applied Information Processing and Communications

4 LTL

State formulas:

▪ Af where f is a path formula

Path formulas:

▪ p  AP

▪ f1,  f1f2, f1f2,  Xf1, Gf1,  Ff1, f1Uf2, f1Rf2

where f1 and f2 are path formulas

LTL is the set of all state formulas
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5 CTL

CTL is the set of all state formulas, defined below

(by means of state formulas only):
▪ p AP

▪ g1,  g1g2,  g1g2

▪ AX g1, AG g1, AF g1, A (g1 U g2), A (g1 R g2)

▪ EX g1, EG g1, EF g1, E (g1 U g2), E (g1 R g2)

where g1 and g2 are state formulas



Illustration of CTL Semantics

30.04.2021

Institute for Applied Information Processing and Communications

6



Properties in LTL/CTL/CTL*
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Properties in LTL/CTL/CTL*

30.04.2021

Institute for Applied Information Processing and Communications

9



10



Properties in LTL/CTL/CTL*

30.04.2021

Institute for Applied Information Processing and Communications

11



12



Properties in LTL/CTL/CTL*

30.04.2021

Institute for Applied Information Processing and Communications

13



14



Properties in LTL/CTL/CTL*

30.04.2021

Institute for Applied Information Processing and Communications

15



16



Properties in LTL/CTL/CTL*

30.04.2021

Institute for Applied Information Processing and Communications

17



18



Properties in LTL/CTL/CTL*
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Expressiv Power of LTL and CTL
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Expressiv Power of LTL and CTL
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LTL vs CTL
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▪ Exercise:

▪ Dies the LTL formula 𝑭𝑮 𝒑 has an equivalent in CTL?
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▪ Exercise:

▪ Dies the LTL formula 𝑭𝑮 𝒑 has an equivalent in CTL?

▪ Solution: No
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▪ Exercise:

▪ Dies the LTL formula 𝑭𝑮 𝒑 has an equivalent in CTL?

▪ Solution: No



LTL vs CTL
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▪ Exercise:

▪ Dies the LTL formula 𝑭𝑮 𝒑 has an equivalent in CTL?

▪ Solution: No

▪ What about AFEG p?

Hint:



LTL vs CTL
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▪ Exercise:

▪ Dies the LTL formula 𝑭𝑮 𝒑 has an equivalent in CTL?

▪ Solution: No

▪ What about AFEG p?
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▪ Exercise:

▪ Does AG(EF p) has an LTL equivalent?
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▪ Exercise:

▪ Does AG(EF p) has an LTL equivalent?

▪ Solution: No



LTL vs CTL
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Counterexamples
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Examples of Counterexamples
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Examples of Counterexamples
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Examples of Counterexamples
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▪ Exercise:

▪ How do we get a finite representation for the CE?



Examples of Counterexamples
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Safety and Liveness Properties
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Safety Properties 
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▪ Exercise:

▪ How does a CE for a safety property look like?



Safety Properties 
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Liveness Properties 
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▪ Exercise:

▪ How does a CE for a Liveness property look like?



Liveness Properties 
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Reactive Systems
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Environment System

Inputs

Outputs

Spec

▪ I = {i1, i2, …, im} is a set of Boolean inputs

▪ O = {o1, o2, …, on} is a set of Boolean outputs



Implementation: What is Inside?

Moore Machine:

▪ Input alphabet: Σ𝐼 = 2𝐼

▪ Output alphabet: ΣO = 2𝑂

▪ A Moore Machine is a tuple 𝑆, 𝑠0, Σ𝐼 , ΣO, 𝛿, 𝑜

▪ S is a finite set of states

▪ s0 is an initial state

▪ 𝛿: 𝑆 × ΣI → 𝑆 is the transition function

▪ 𝑜: 𝑆 → ΣO is the output function Implementation

s1 s2

𝑟

𝑟ҧ𝑟

ҧ𝑟 𝒈ഥ𝒈

r

g

clock



From a Moore Machine to Hardware

Simple Transformation:

▪ The current state 𝑠 ∈ 𝑆 is stored in flip-flops

▪ 𝛿: 𝑆 × ΣI → 𝑆 and 𝑜: 𝑆 → ΣO are combinatorial circuits

Hardware

r

clock

S
o𝛿 g

Moore Machine

s1 s2
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Example: Arbiter
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Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Fg0)

Guarantee G2: G(r1 → Fg1)

Guarantee G3: G(g0  g1)

Draw Moore Machine

𝜑 ≔ 𝐺1 ∧ 𝐺2 ∧ 𝐺3
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Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Fg0)

Guarantee G2: G(r1 → Fg1)

Guarantee G3: G(g0  g1)

𝜑 ≔ 𝐺1 ∧ 𝐺2 ∧ 𝐺3

Moore Machine

s1 s2

𝑟0

ҧ𝑟0

𝒈𝟏¬𝒈𝟎

Moore Machine

s1 s2

𝑟0

ҧ𝑟0

𝒈𝟏¬𝒈𝟎 𝒈𝟎¬𝒈𝟏

ҧ𝑟1

𝑟1



Example: Arbiter
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Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Xg0)

Guarantee G2: G(r1 → Xg1)

Guarantee G3: G(g0  g1)

Draw Moore Machine

𝜑 ≔ 𝐺1 ∧ 𝐺2 ∧ 𝐺3



Example: Arbiter
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Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Xg0)

Guarantee G2: G(r1 → Xg1)

Guarantee G3: G(g0  g1)

Unrealizable!

𝜑 ≔ 𝐺1 ∧ 𝐺2 ∧ 𝐺3



Example: Arbiter
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Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Xg0)

Guarantee G2: G(r1 → Xg1)

Guarantee G3: G(g0  g1)

Assumption A1: G(g0  g1)

Draw Moore Machine

𝜑 ≔ A1 → 𝐺1 ∧ 𝐺2 ∧ 𝐺3



Example: Arbiter

30.04.2021

Institute for Applied Information Processing and Communications

51

Arbiterr0 g0

r1 g1

Input: r0, r1

Output: g0, g1

Guarantee G1: G(r0 → Xg0)

Guarantee G2: G(r1 → Xg1)

Guarantee G3: G(g0  g1)

Assumption A1: G(g0  g1)

𝜑 ≔ A1 → 𝐺1 ∧ 𝐺2 ∧ 𝐺3

Moore Machine

s1 s2

𝑟0

ҧ𝑟0

𝒈𝟏¬𝒈𝟎

Moore Machine

s1 s2

𝑟0

ҧ𝑟0

𝒈𝟏¬𝒈𝟎 𝒈𝟎¬𝒈𝟏

ҧ𝑟1

𝑟1



30.04.2021

Institute for Applied Information Processing and Communications

52


