
Lecture 10 - February 9

Model Checking

Path Satisfaction vs. Model Satisfaction
Unary Temporal Operators: X, G, F



Announcements

•   Lab1 solution coming soon!
• Lab2 released
• WrittenTest1 guide & example questions released

+ Verify EECS account on a WSC machine
+ Verify PPY account and Duo Mobile on eClass

• Review session on Monday? 1pm or 2pm?Gen.
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Path Satisfaction: Logical Operations

π ⊨ p
π ⊨ ⊤  
π ⊨ ⊥  
π ⊨ ¬𝛟 
π ⊨ 𝛟1 ∧ 𝛟2
π ⊨ 𝛟1 ∨ 𝛟2
π ⊨ 𝛟1 ⇒ 𝛟2

s1 s2 si-1 si si+1… …

Q: Express that all the 
even-numbered states satisfies a proposition p. 

A path satisfies a proposition 
if its initial state (“current state”) satisfies it.
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Path Satisfaction: Temporal Operations (1)

s1 s2 si-1 si si+1… …

A path satisfies X𝛟 
if the next state (of the “current state”) satisfies it.

Formulation (over a path)

Q. What is π3 ⊨ X p checking?
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Formulation (over all paths)

Model Satisfaction

Given:
• Model M = (S, ⟶, L)
• State s ∈ S
• LTL Formula 𝛟 

M, s ⊨ 𝛟 iff for every path π of M starting at s, π ⊨ 𝛟. 

How to prove vs. disprove M, s ⊨ 𝛟?

⑰ =

model satisfaction x
π =Stvapath

w.r.t. )

SF↑ <= OTL it starts withs >0
↳
patisfaction

(1) To prove SF need to show for every possible path it,x =p
2. To disprove SIP provide a witness i =5- .... TIf%.



π ⊨ ⊤
π ⊭ ⊥
π ⊨ p ∧ q
π ⊨ p ∨ q
π ⊨ p ⇒ q
π ⊨ r
π ⊨ r ⇒ p ∧ q ∧ r

Recall: π ⊨ p ⇔ p ∈ L(s1)

Exercise: What if we change the LHS to π²?

Model vs. Path Satisfaction: Exercises (1.1)

Say: π = s0 → s1 → s2 → s2 → …
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s0 ⊨ ⊤
s0 ⊭ ⊥
s0 ⊨ p ∧ q
s0 ⊨ p ∨ q
s0 ⊨ p ⇒ q
s0 ⊨ r
s0 ⊨ r ⇒ p ∧ q ∧ r

s ⊨ p ⇔ all π starting at s, π ⊨ p

Exercise: What if we change the LHS to s1?

Model vs. Path Satisfaction: Exercises (1.2)
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π ⊨ X ⊤
π ⊭ X ⊥
π ⊨ X (q ∧ r)
π ⊨ X q ∧ r
π ⊨ X (q ⇒ r)
π ⊨ X q ⇒ r

Exercise: What if we change the LHS to π²?

Recall: π ⊨ X 𝛟 ⇔ π² ⊨ 𝛟

Model vs. Path Satisfaction: Exercises (2.1)

Say: π = s0 → s1 → s2 → s2 → …
Sl

= ② &2nd stats.
- -

(i T c

5 -

⑦
I E> π- +gx
< ⑰F

E> π g =zrt.
iFXgxIEV
⑰8.Esodessig = Eg=I⑰F



s0 ⊨ X ⊤
s0 ⊭ X ⊥
s0 ⊨ X (q ∧ r)
s0 ⊨ X q ∧ r
s0 ⊨ X (q ⇒ r)
s0 ⊨ X q ⇒ r

Exercise: What if we change the LHS to s1?

Model vs. Path Satisfaction: Exercises (2.2)

s ⊨ 𝛟 ⇔ all π starting at s, π ⊨ 𝛟
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π ⊨ G ⊤
π ⊭ G ⊥
π ⊨ G ¬(p ∧ r)
π ⊨ G r
π ⊨ G r

Model vs. Path Satisfaction: Exercises (3.1)

π ⊨ G 𝛟 ⇔ ∀ i • i ≥ 1 ⇒ πⁱ ⊨ 𝛟  
Say: π = s0 → s1 → s2 → s2 → …

Exercise: What if we change the LHS to π²?
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s0 ⊨ G ⊤
s0 ⊭ G ⊥
s0 ⊨ G ¬(p ∧ r)
s0 ⊨ G r
s2 ⊨ G r

Model vs. Path Satisfaction: Exercises (3.2)

s ⊨ 𝛟 ⇔ all π starting at s, π ⊨ 𝛟

Exercise: What if we change the LHS to s1?
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π ⊨ F ⊤
π ⊭ F ⊥
π ⊨ F ¬(p ∧ r)
π ⊨ F r
π ⊨ F (q ∧ r)

Model vs. Path Satisfaction: Exercises (4.1)

π ⊨ F 𝛟 ⇔ ∃ i • i ≥ 1 ∧ πⁱ ⊨ 𝛟  
Say: π = s0 → s1 → s2 → s2 → …

Exercise: What if we change the LHS to π²?
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s0 ⊨ F ⊤
s0 ⊭ F ⊥
s0 ⊨ F ¬(p ∧ r)
s0 ⊨ F r
s0 ⊨ F (q ∧ r)

Model vs. Path Satisfaction: Exercises (4.2)

s ⊨ 𝛟 ⇔ all π starting at s, π ⊨ 𝛟

Exercise: What if we change the LHS to s1?
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