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Non-Termination as Lassos
• Non-termination: At least one never terminating execution 

exists
(i.e., termination does not hold, result is unsafe).

• Lasso-shaped non-terminating executions
• Finite stem,
• Periodic infinite behaviour

loc0 locRec
...

...

Tstem Tcycle
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Proposed Witness Format

5 int main() {
6 int i;
7 i = nondet();
8  
9 while (i > 0) {
10 if (i != 5) {
11 i = i-1;
12 }
13 }
14
15 return 0;
16 }
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stem (line 5-8)
lRec

recurrence location,
condition: i == 5

location: 9, 19
action: cycle

branching: false
location: 10, 21

action: cycle

branching: true
location: 9, 19
action: cycle



Proposed Witness Format
• Violation sequence
• Stem

• Existing waypoint types
• Cycle: New elements

• recurrence location with a 
condition:
• 1x, end of stem, beginning 

of cycle
• Recurs infinitely often, 

condition always holds
• cycle action:

• Waypoints on non-
terminating path

• Each iteration passes each 
once
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stem

lRec

recurrence location

assumption

branching

...

...

...

... ...



Proposed Witness Format
Witness is correct, iff:
Exists a path, such that
1. All stem segments passed
2. Reach lRec

3. Condition holds when 
reaching lRec the first time

4. From there, infinite cycle 
iterations are possible
• All cycle segments passed 

in each iteration
• Condition always holds 

when reaching lRec

Condition not necessarily invariant; terminating paths can exist
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stem

lRec

recurrence location

assumption

branching

...

...

...
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Recurrence Sets and Conditions
Definition:​ 
R1. All states in the recurrent set have at least one path in the cycle to a state in 
the recurrent set​
R2. A state’s inclusion in the recurrent set entails the fulfillment of the cycle guard​ 
R3. At least one reachable state belongs in the recurrent set​

loc0 locRec
...

...

Tstem Tcycle
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Recurrence location + Condition == Recurrence Set ?



Recurrence Sets and Conditions
Definition:​ 
R1. All states in the recurrent set have at least one path in the cycle to a state in 
the recurrent set​
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Recurrence Location + Condition == Recurrence Set ?

Condition is a C expression
• stack and dynamic memory?

R1 holds with arbitrary stack and memory state
⇒ Condition and recurrence location describe a recurrence set



is_recurrence_condition Flag ?

5 int main() {
6 int i;
7 i = nondet();
8  
9 while (i > 0) {
10 if (i != 5) {
11 i = i-1;
12 }
13 }
14
15 return 0;
16 }

...
content:
...stem segments...
- segment:
- waypoint:
type: "recurrence_location"
constraint:
value: "(i == 5)"
format: "c_expression"
is_recurrence_condition: true
location: 9, 19
action: "cycle"

- segment:
- waypoint:
type: "branching"
constraint:
value: "false"
location: 10, 21
action: "cycle"
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Why is a recurrence set better?

Condition is a recurrent set:

Modular validation possible:
• Check 1:

lRec reachable, condition holds 
there
• Check 2: 
Any state in lRec + condition has a 

path to a state of lRec + c.
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Condition is NOT a recurrent set:

SRec : states in lRec + condition

reachable through stem;

Prove that ∃ s ∈ SRec : s is reached
again in finite iterations of cycle

Recurrent set for condition ≈ inductivity for invariant

Validation if…



• Existing validators for 1.0 non-termination witnesses

• Yaml support needed

• 1.0: invariants, instead of conditions

• Cannot refute, but can prove correct witnesses

• Planned implementation of new validators

• Theta (SMT-based modular + model checking-based), 

• CPAChecker (model checking-based), 

• Witch (symbolic execution-based)

Validators for Non-Termination (2.0)
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• Non-termination witness 2.0 generation implemented

• Current state of implementation: Modular validation

– Witness + C file => Lasso shaped CFA

– Encode stem and lasso in SMT, separately

• Results

– 197 witnesses generated

– 110 validated (56%)

Theta Preliminary Results
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Summary
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