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Task Description

1. Build a Bounded Model Checking tool
2. Implement an interpolation procedure

3. Extend your BMC tool with interpolation-based fixpoint
detection
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Task Description

v

Build a parser for AIGER transition relations (ASCII format)

v

Unwind transition function T k times (k is a parameter)
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Generate CNF from unwound transition function
Use MINISAT to check property P
Log resolution proof if property holds

v

v

v



AlGer Format

» AIG = And-Inverter Graph
» http://fmv.jku.at/aiger/FORMAT.aiger

AlGer ASCII format header:
aag M I L O A

maximum variable index

number of inputs

number of latches (“state variables”)
number of outputs

number of AND-gates

o0 —Z

» Use aigtoaig to convert AlGer binary format to ASCII


http://fmv.jku.at/aiger/FORMAT.aiger

AlGer ASCII Format

» Representation of literals for variable v:
2 - v+ sign

Even numbers: non-negated literals
Odd numbers: negated literals

0 ... false

1 ... true

» Examples:

» 4 ... 2
»3 ... -

» Representation of latches (state):

» variable next state literal
» latches always initialised to false
» Example:
» 2 3
Identifier of latch is 2, next state is —2
Value flipped in each iteration
false true false true ...

vV vy vy VvYyy
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AlGer ASCII Format

» Representation of gates:
h

Io

» 0 Iy h

» Example:

»6 3 4

» 3% a2



AlGer Format

aag M I L O A

lines specifying variables

lines specifying state variables
lines specifying outpus

lines specifying gates

>0 —

» May be followed by symbols and identifiers

» i(pos)id ... input at position n has name “id”
» o{pos) id ... output at position has name “id”
» etc.

» May be followed by comment section (indicated by “c”)
» Ignore symbols and comments!



AlGer Examples

» AlGer file representing the Constant false:

aag 0 0 0 1 O
0

» AlGer file representing a “buffer”:
aag 1 1 0 1 O
2 (input)
2 (output)

» AlGer file representing an inverter:
aag 1 1 0 1 O
2 (input)
3 (negated output)



AlGer Examples

» AlGer file representing an AND-gate:
aag 3 2 0 1 1

2 (input 1)

4 (input 2)

6 (output 1)
624 (AND gate 1)

» AlGer file representing an OR-gate:

aag 3 2 0 1 1

2 (input 1)

4 (input 2)

7 (output: =(—1 A —=2))
635 (gate: =1 A =2)



AlGer Examples

» AlGer file with “state”:
aag 1 0 1 2 O

23 (latch 0)
2 (output 1)
3 (output 2)

» AlGer file representing flip-flop:
aag 6 2 1 2 4

2 (input 0, ’enable’)

4 (input 1, reset’)

68 (latch 0, Q next(Q) )

6 (output 1,’Q)

7 (output 2,’—Q’)

8410 (AND gate 1, reset A (enable ® Q)
101315 (AND gate 2, enable & Q)

1226 (AND gate 3, enable A Q)

1437 (AND gate 4, —enable A —Q)



Sequential Model Checking AlGer Benchmarks

» Available from http://fmv. jku.at/aiger/

» Download tip-aig-20061215.zip

» All examples have simple safety properties
» Have exactly one output
» Output is “bad state” detector

» Use aigtoaig to convert AlGer binary format to ASCII

» Command line parameter: k

» Example:
bmc 42 file.aag
» Output:

» 0K (if model is safe)
> FAIL (if property fails)


http://fmv.jku.at/aiger/
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Resolution Proofs

v

If property holds for k (output 0 in all time-frames):
» Extract resolution proof from MINISAT

v

Design data-structure (DAG) to represent resolution proofs

(Cva) (DVa)
CvD

[Res]

v

Intended use: Interpolation

» Leaf nodes: CNF clauses
» Internal nodes:

» pivot variable a
» positive and negative predecessors: (C V a), (D V a)
» resolvent: CV D

» Sink: must be [
Keep representation compact!

v



Extracting Resolution Proofs

Proof-Logging: MINISAT 1.14

struct ProofTraverser {
virtual void root (const vec<Lit>& c);
virtual void chain (const vec<ClauseId>& cs,
const vec<Var>& xs);

cs[2] cs[1] cs [0]

NS

to = Res(cs[0], cs[1], xs[0])

/

cs[3] t = Res(to,cs[2],xs[1])

NS

tr» = Res(t1, cs[3], xs[2])



Proof-Logging: MINISAT 1.14

» Clauses are assigned numbers, starting with 0
» root as well as chain add a new clause

» ProofTraverser (see Proof.h):
» Online: Call-backs during decision procedure
» Constructor Proof (ProofTraverser&)
» Offline: Proof stored in a file

» Constructor Proof ()
» Method traverse (ProofTraverser&)
» Have a look at simplistic proof-checker in Main.C (line 224)
» To read proof from file: Look at
» traverse in Proof . C (proof format)
» getUInt in File.C (de-marshalling)

» Documentation: http://minisat.se/downloads/MiniSat.pdf


h

Interpolant-based Model Checking: Interpolants

» Choose one of the propositional interpolation systems
discussed in class

» McMillan’s system
» Pudlak’s system

» Extract interpolants from the resolution proof
» either from logged proof or “on-the-fly”
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Task Overview

v

Extend your BMC implementation with fixed point detection
Unwind transition function T k times

v

INT AN T A AT
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v

Split the resulting formula into
» A=(INT)and
» B=(TATA..)V(=PV..)

Compute an interpolant for (A, B)

v

v

Use the interpolant to detect fixed points



Task Details

» BMC: Unwinding T

QAT A T A AT
oe——— 0 [ ] [ ] [ ]
-P VvV =P VvV -P Vv =P
» Now split the unwound formula:

> A(So,51) £ Q(so) A T(s0,51)

> B(S1,...,Sk)d:ef

T(S1,Sg) VANPAN T(Sk71,5k) A\ _\(P(S1) VAN P(Sk))



Task Details

» BMC: Unwinding T

QAT A T A AT
oe——— 0 [ ] [ ] [ ]
-P VvV =P VvV -P Vv =P
» Now split the unwound formula:

> A(S()7 31) ) Q(So) A\ T(So, 81)

> B(S1,...,Sk)d:ef

T(S1,Sg) VANPAN T(Sk71,5k) A\ _\(P(S1) VAN P(Sk))
» B represents “unsafe” states s, ..., Sk




Task Details

» BMC: Unwinding T
QAT A T A AT
o—©0 [ ] [ ]

& VAS AV AL
Now split the unwound formula:
> A(S(),S1) & Q(So) N T(So,S1)

v

def

> B(S1,...,Sk) =
T(S1,Sg) VANPAN T(Sk71,5k) A\ _\(P(S1) VAN P(Sk))
» B represents “unsafe” states s, ..., Sk
» Remember: 3s; . A(Sp, S1) represents post(Q)



Interpolant-based Model Checking

A(so, s1) o Q(so) A T(s0, S1)

B(S1, ceey Sk) = T(S1,82) VANPAN T(sk_1,sk)/\
—(P(s1) A\ ... A P(sk))

» Interpolant /(sy) for A(so, s1) and B(si, ..., Sk):

» over-approximates post(Q), i.e., post(Q) = |

» =P can not be reached from / within k — 1 steps



Interpolant-based Model Checking: Iteration

A(So, 51) £ Q(s0) A T(s0,51)

B(S1, ce Sk) = T(S1,82) VANRVAN T(Sk71,Sk)/\
=(P(s1) A ...\ P(sk))

» [(sy) is safe with respect to B(sq, ..., Sk)



Interpolant-based Model Checking: Iteration

A(So, 51) £ Q(s0) A T(s0,51)

B(S1, ce Sk) = T(S1,82) VANRVAN T(Sk71,Sk)/\
=(P(s1) A ...\ P(sk))

» [(sy) is safe with respect to B(sq, ..., Sk)
» Now restart BMC with initial state Q’'(so) = /(so) V Q(So)
» Note: Time-frame of /(s1) needs to be changed to /(sp)!



Interpolant-based Model Checking: Iteration

A(So,S1) = A T(S(),S1)

B(S1, ce Sk) = T(S1,82) VANRVAN T(Sk71,Sk)/\
=(P(s1) A ...\ P(sk))

» [(sy) is safe with respect to B(sq, ..., Sk)
» Now restart BMC with initial state Q’'(so) = /(so) V Q(So)
» Note: Time-frame of /(s1) needs to be changed to /(sp)!



Interpolant-based Model Checking: Iteration

A(So,S1) = A T(S(),S1)

B(S1, ce Sk) = T(S1,82) VANRVAN T(Sk71,Sk)/\
=(P(s1) A ...\ P(sk))

» [(sy) is safe with respect to B(sq, ..., Sk)
» Now restart BMC with initial state Q’'(so) = /(so) V Q(So)
» Note: Time-frame of /(s1) needs to be changed to /(sp)!

» Restart BMC until (/(sp) vV Q'(s0)) = Q'(s0)



Interpolant-based Model Checking: Counterexamples

» If you detect a counterexample:

» Might be spurious because we started from (Q(so) V /(sp))
» Therefore, increase k, repeat BMC without approximation
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Interpolant-based Model Checking: Counterexamples

» If you detect a counterexample:

» Might be spurious because we started from (Q(so) V /(sp))
» Therefore, increase k, repeat BMC without approximation
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Interpolant-based Model Checking: Counterexamples

» If you detect a counterexample:

» Might be spurious because we started from (Q(so) V /(sp))
» Therefore, increase k, repeat BMC without approximation

ANT A T A A T A T
*o——eo e - e ) °
-P v =P v =P Vv =P Vv =P
» Then split again:
ANT AN T A A T A T
o >~ @ [ ) [ ) [ )

[ > @ e
-P v -P Vv =P vV =P VvV =P
and compute a new interpolant. ..



Interpolant-based Model Checking

» lterate until

» genuine counterexample is found or

» interpolants and initial states converge.
» Output:

» 0K (if model is safe)

» FAIL (if property fails)

» Your tool will evaluated on a randomly chosen set of AIGER
benchmarks



Deadline and Submission

v

Submit your solution via TUWEL
» documented source code
» instructions how to build
Deadline: October 1, 2016
Support:
» Forum on TUWEL (not TISS!)
» weissenb@forsyte.at, guenther@forsyte.at
Individual presentations of project after deadline

» (compile and) demonstrate your tool
» code review (make sure you know your code!)
» dates scheduled individually

v

v

v


weissenb@forsyte.at
guenther@forsyte.at

