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Introduction

@ SMT used in verification
@ Core of SMT solvers: SAT solver
@ Modern SAT solvers use CDCL

o [Nadel and Ryvchin, 2018, Mdéhle and Biere, 2019] re-introduced chronological
backtracking

@ What is the impact of CB on SMT solving?
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Figure: Schematic of a typical SMT solver (from [Fontaine and Boigelot, 2023]).

Chronological vs Non-Chronological Backtracking in SMT



What is Chronological Backtracking? [Nadel and Ryvchin, 2018]
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What is Chronological Backtracking? [Nadel and Ryvchin, 2018]
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Backtracking Strategies

CDCL
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Backtracking Strategies

o

CDCL

greedy backtracking?

NCB
(standard)

o

Trail reordering
(done)

3

A

CB

unit clauses?

\Q

Strong CB

order important?

A

Weak CB
(done)

New conflict analysis
(future work)
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Example Reminder
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Moving Literals
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Results
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Figure: Computation time for SAT instances of SAT-LIB problems [Hoos and Stiitzle, 2000] with
different backtracking strategies.
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Future Work

Implement SAT solver for modulariT

New algorithm for conflict analysis

@ Minimize cost of Strong CB

Complete interaction between SAT and SMT solvers

@ Benchmark CB in SMT
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Example

procedure max(a,b,c)
var m

if a>bAa>cthen
I m<—a

else if b > ¢ then
| m<«b

else
I m<«c

assert m>aAm>bAm>c¢
return m

Chronological vs Non-Chronological Backtracking in SMT



Example

procedure max(a,b,c)
var m

if a>bAa>cthen
I m<—a

else if b > ¢ then
| m<«b

else
I m<«c

assert m>aAm>bAm>c¢
return m

Chronological vs Non-Chronological Backtracking in SMT 13 /12

Prove validity of:

(a>bha>c)=m=a
AN(=(@>bANa>c)ANb>c)=m
AN(=(@>bANa>cANb>c))=m

=>m>aAm>bAm>c



Example

procedure max(a,b,c)

var m Prove unsatisfiability of:
if a>bAa>cthen
I m<+a

. >bAha>c)=>m=a
else if b > c then (a > )
| m <« b AN(=(a>bAhNa>c)ANb>c)=m=1b
else AN(=(a>bAhNa>cAb>c))=m=c
I m<c - - -
assert m>aAm>bAm>c¢ A-(mzarmzbAmz=c)
return m
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Example

procedure max(a,b,c)

var m (a<bVa>cVm=a)
if a >bAa>cthen Al@>bVb<cVm=bh)
I m<—a

else if b > ¢ then ANla>cVb<ecVm=b)

I ' m<«b A(a>bVm=c)
ells;eTH_C A(a>cVm=c)
assertm>aAm>bAm>c Ab>cVm=c)

return m AN(m<aVm<bVm<ec)
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Example

(a<bVa>cVm=a)
A(a>bVb<cVm=Db)
A(a>ecVb<ecVm=Db)
A(a>bVvm=c)
A
A
A

m<aVm<bVm<c)
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Va<h & a < b
Va<e & a < C
Mpee S b < C
Um=q & M =a
Um=b & m =2>
Umee < M = C
Um<a & M < a
U< & m < b

Um<e S M < ¢
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Va<h & @ < b
Ve & a < C
Vpee & b < C
Um=q & M =a
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