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Probing Formula Measures

Yices LRA Strategy
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Probing Formula Measures

Yices LRA Strategy
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Formula Measure Examples

Useful tactical syntactic sugar:
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Under/Over Approximations
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Parameterised Decision 
Engines as Tacticals

Abstract Partial Cylindrical Algebraic Decomposition (See my 
PhD thesis or CiE Turing Centenary paper with Paul Jackson)

Even full SMT lazy search loop!
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The Strategy Challenge

To build theoretical and practical 
tools allowing users to exert strategic 
control over core heuristic aspects of 

high-performance SMT solvers
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Caveat Emptor

give a new theoretical framework or rule-based formalism 
characterising the class of  all SMT proof  strategies 
(as in STRATEGO for rewriting)

prove any theorems about the algebraic structure 
underlying the class of  all SMT proof  strategies (as 
in the PROOF MONAD of  Kirchner-Munoz)

propose a concrete syntax for SMT proof  
strategies, extending, e.g., the SMT-LIB standard

We shall not...

All worthy goals, but to attempt them would be premature.
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Caveat Emptor

To bring awareness to the crucial role heuristics play in 
high-performance SMT

To convince SMT solver developers that providing 
flexible, principled methods (i.e., a strategy language) for 
end-users to exert fine-grained control over heuristic 
aspects of  their solvers is an important undertaking

To show how the adaptation of  some ideas of  strategy 
drawn from the LCF and Argonne paradigms can go a 
long way towards these goals

To stress how important being explicit about heuristic 
strategies is for scientific reproducibility

Our goals are more modest and practical...
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Strategies in Action

Z3 (QF_LIA)

RAHD

MetiTarski
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Z3 LIA Strategies in Action
Z3 3.0 won QF_LIA at SMT-COMP’11 with this tactic:
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Z3 LIA Strategies in Action
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Z3 LIA Strategies in Action
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RAHD Strategies in Action
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Harrison couldn’t prove it using REAL_SOS

We couldn’t prove it using:
QEPCAD-B, Redlog/Rlqe, Redlog/

Rlcad, Realpaver, ...
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Goal: Refute Psi over the Reals

No obvious way to eliminate variables, but...

Idea: Maybe /just/ out of reach of CAD
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Goal: Refute Psi over the Reals

We can split non-strict inequalities!
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Goal: Refute Psi over the Reals
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Goal: Refute Psi over the Reals

Now refutable by CAD.
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Goal: Refute Psi over the Reals

Now refutable by CAD.

What about the other (strict inequality) branch?

Now it’s closer to a 
use of McCallum’s 

Theorem!
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Goal: Refute Psi over the Reals

Now refutable by CAD.

What about the other (strict inequality) branch?

Now it’s closer to a 
use of McCallum’s 

Theorem!

Let’s try 
this!
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Can explore strategy interactively...

Sunday, 1 July 12



Can explore strategy interactively...

Let’s 
automate 

this!
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Can explore strategy interactively...

Let’s 
automate 

this!
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Can explore strategy interactively...

Let’s 
automate 

this!
Moral of  the Story:

Interactive proof  exploration and heuristic strategies are 
not just for undecidable domains; we need them in 

expensive decision procedures, too!
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RAHD Strategies in Action
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Also, most polynomials are 
irreducible!
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Z3 Strategy Interfaces: 
C++ API, Z3Py, ...
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In closing
We have illustrated that not only is a strategy-language based approach practical 
in the context of high-performance solvers, it is also desirable.

In difficult (i.e., infeasible or undecidable) theorem proving domains, the situation 
with heuristic proof strategies is rarely ``one size fits all.''

Instead, given a class of problems to solve, it is often the case that one heuristic 
combination of reasoning engines is far more suited to the task than another.  

SMT solver developers cannot anticipate all classes of problems end-users will 
wish to analyze.  

By virtue of this, heuristic components of high-performance solvers will never be
sufficient in general when they are beyond end-users' control. 

Without providing end-users mechanisms to control and modify the heuristic
components of their solvers, solver developers are inhibiting their chances of 
success.
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Context and a Story
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Prologue: Bill McCune

1953-2011
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Prologue: Bill McCune
2004
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Prologue: Bill McCune
2004
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Prologue: Bill McCune
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