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Verification – Lecture 14
Midterm Review

Bernd Finkbeiner – Sven Schewe
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Wintersemester 2007/2008
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Verification
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Fair Transition Systems

set of just (weakly fair) transitions
set of compassionate (strongly fair) transitions

Justice: for each just transition it is not the case that
the transition is continually enabled but only taken at 
finitely many positions.
Compassion: for each compassionate transition it is not
the case that the transition is enabled at infinitely many
positions but only taken at finitely many positions.
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P-Validity
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Validity

P ϕ
P-valid
„ϕ holds in the
first position
of every P-
computation“

ϕ
Valid
„ϕ holds in the
first position
of every
sequence“

temporal 
formula ϕ.

P    q
P-state valid
„q holds in all 
P-accessible
states“

q
state valid
„q holds in all 
states“

state
formula q

program Pgeneral
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_
+

Deductive Verification Model Checking

Combination

Infinite-state Finite-state

Only proofs Counterexamples

Interactive Automatic

_

_
+

+

+
+
+_

(undecidable in general)
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Safety versus Liveness

“Nothing bad ever happens”
All finite prefixes satisfy a 
certain requirement (does not 
depend on limit behavior)
Counter-examples are finite

Provable by induction over 
reachable states.
Cannot distinguish runs and 
computations
Example:

(x=0 → x=0)

“Something good eventually 
happens”

Infinite counter-examples

Proof requires assumptions 
about nondeterministic choices 
(Justice and/or Compassion)

Example:
(x=0)

¬φ ... φ
¬φ

¬φ ... φ

φ
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Safety

Liveness

Deductive Verification

Invariance properties

Precedence properties

Response properties
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Invariance Proofs

Option 1:
Proof rules, 
e.g. INV:

Option 2:
Verification diagrams:

complete !

complete !
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Precedence Proofs

Option 1:
Proof rules, 
e.g. NWAIT:

Option 2:
Verification diagrams:

complete !

complete !
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Response Proofs

Option 1:
Proof rules, 
e.g. RESP-J:

Option 2:
Verification diagrams:

NOTcomplete !
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Rule WELL-J

complete !
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Rank Diagrams

complete !
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Strengthening
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Completeness Proof (Rule INV)
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Finding Inductive Assertions

1. Bottom-up methods:
Control invariants
Transition-validated invariants
Linear invariants

2. Top-down methods:
Forward propagation
Backward propagation
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Model Checking
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LTL model checking
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LTL model checking
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Summary: Core Techniques

Deductive Verification
Prove invariance properties
(manually find inductive assertions and apply rule)
Prove precedence properties
(manually find inductive assertions and apply rule)
Prove response properties
(manually find assertions and ranking function and apply rule)
Generate bottom-up invariants (e.g., linear invariants)

Model Checking
LTL -> GNBA
GNBA -> NBA
Various constructions on GNBAs and NBAs
Determine if language of NBA is empty
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Midterm on Thursday

20.12.2007, 2:00pm - 4:00pm in HS 002 Building E1 3
closed-book except for a single A4 sheet of paper with 
your own notes. (You may use both sides of the sheet.)
bring your ID

Requirement for admission to backup exam:
passing grade in either midterm or final (but not both)

Some sample solutions are password protected.
(Send us email to get the password.)


