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SMT(NIA)Background
s

The Satisfiability Problem (SAT) Satisfiability Modulo Theory (SMT)
Propositional Logic First-Order Logic (FOL)

• Bit-vectors 
• Linear Real Arithmetic
• Non-Linear Integer Arithmetic (NIA) 
• … … 

SAT SMTFOL Background Theories

Boolean encoder
Arithmetic literal

skeleton

generalize
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Algorithms for SMTBackground
s• Eager Method: Bit-blasting

• Lazy Method:  CDCL(T)
• Model-Construction Satisfiability (MCSat) calculus
• Stochastic Local Search (SLS)
• … …

Reasoning
• Propositional Propagation

• Theory propagation

Branching
• Variable Order
• Phase Selection 

Learning & backtrack UNSAT
Find fundamental conflict

Find conflicts

consistent

No free clause

SAT

Have free clause

CDCL(T) flow
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Success for Local Search Background
s

Portfolios with SLS won recent arithmetic tracks

Cai S., Li B., Zhang X. Local Search for SMT on Linear Integer Arithmetic (CAV 22) 
Cai S., Li B., Zhang X. Local Search For Satisfiability Modulo Integer Arithmetic Theories (TOCL 23)
Li B., Cai S. Local Search for SMT on Linear and Multi-Linear Real Arithmetic (FMCAD 23)
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Previous work for SATBackground
s

Our hybrid methods on SAT significantly improves CDCL with the help of SLS. 

Ten Challenges in Propositional Reasoning and Search
7th: Demonstrate the successful combination of stochastic search and systematic search techniques, 
by the creation of a new algorithm that outperforms the best previous examples of both approaches.

--- Bart Selman, et al., AAAI, 1997
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MotivationBackground
s

SAT hybrid Methods   -->   SMT hybrid Methods ?
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• Q1: How to schedule SLS and CDCL(T) reasonably?

• Q2: How to use CDCL(T) to guide SLS?

• Q3: How to exploit information from SLS to enhance CDCL(T)?
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Two-layer Hybrid FrameworkMethods

CDCL(T) 

Independent Local Search

Invoking when promising branches are found

Found a model or timeout

CDCL(T)-Guided
Local Search 

C
D
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Outer:

• Portfolio CDCL(T) and Independent-SLS

• Increasing intervals

Q1: How to schedule SLS and CDCL(T) reasonably?

Inner:

• CDCL(T) as the main-body

• CDCL(T)-guided SLS sampling 
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Two-Level Hybrid FrameworkMethods

CDCL(T) 

Independent Local Search

Invoking when promising branches are found

Found a model or timeout

CDCL(T)-Guided
Local Search 

C
D
C
L(
T)
 r
es
ta
rt
s

• Q2: How to use CDCL(T) to guide SLS?

Promising Branch

• High consistency
• Core-clauses are satisfied
• Extracting a sub-formula

• Pruning similar branches

•  count the number of special backtracks
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Two-Level Hybrid FrameworkMethods

CDCL(T) 

Independent Local Search

Invoking when promising branches are found

Found a model or timeout

CDCL(T)-Guided
Local Search 
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• Q3: How to exploit information from SLS to enhance CDCL(T)?

Phase resetting with SLS
• Record the best assignment from the  latest 

CDCL(T)-Guided SLS �푠�푠.

• Choose a phase according to probability 
distribution when restarts.

Intensification(50%) Diversification(50%)
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Two-Level Hybrid FrameworkMethods

CDCL(T) 

Independent Local Search

Invoking when promising branches are found

Found a model or timeout

CDCL(T)-Guided
Local Search 
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• Q3: How to exploit information from SLS to enhance CDCL(T)?

Variable ordering with SLS
• Conflict frequency of a skeleton variable 

• falsified in 3 steps
• 10 steps in total

• 푓� ��3
 = 3

10
• branching score of ��3 add  � ⋅  푓� ��3

 

Clause c
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Experimen
ts

Compare with SOTA

HybridSMT significantly outperforms state-of-the-art SMT(NIA) solvers

1458(7.43%) 3207(17.95%) 4629(28.15%) 6811(47.76%) 3332(18.78%)
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Experimen
ts

Analysis for Base Solvers
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Experimen
ts

Further Improvements with portfolios

Z3 =  CDCL (T)  + Eager Method + NLSat +  … 

Hybrid+Z3 = hybridSMT + Eager Method + NLSat +  … 

573
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Future Work

• Hybrid methods for other SMT background theories

• Hybrid methods of SLS with MCSat … … 
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Thank You!

Q&A

IEEE/ACM ICCAD 2023, San Francisco, California, 
USA


