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One of the oldest and best understood proof system for refuting quantified
Boolean formulas of the form P.¢ (P is the prefix, ¢ is a propositional for-
mula in clausal form) is the proof system Q-Res introduced by Kleine Biining
et al. [1]. Compared to other proof systems, Q-Res is rather weak. Exponential
separations are, for example, obtained by using the inability of Q-Res to give
efficient proofs for the KBKF family [1] and the Q-parity family [2].

We suggest to extend Q-Res with an additional rule called symmetry rule.
This rule has been added to the propositional resoution calculus before [3,4]
resulting in a proof system that is exponentially stronger than plain resolu-
tion. Before we introduce the symmetry rule, let us quickly recall the notion
of symmetries for QBFs (for the details see [5]. A bijective map o from the

set {z1,...,%n,T1,...,Ty} of literals to itself is called admissible for a pre-
fix P = Qiz1...Qnzy if 0(z) < o(Z) for all x € {z1,...,2,} and for all
i,j € {1,...,n}, we have o(z;) € {x;,z;} only if z; and z; belong to the same

quantifier block. An admissible function o is called a symmetry for a QBF P.¢
if applying o to all literals in ¢ maps ¢ to itself. Now we define the symmetry
rule as follows:

S From an already derived clause C and a symmetry o of P.¢, the clause o(C)
can be derived.

The proof system that is obtained by adding S to Q-Res is called Q-Res+S.
Soundness of Q-Res+S is shown by induction over the number of the applica-
tions of S. The power of the symmetry rule becomes obvious when applying
Q-Res+S on KBKF and Q-parity as well as on extensions of these. All of these
families are easy for Q-Res+S. We immidately get separations to powerful proof
systems like other extensions of Q-Res or expansion-based proof systems like
IR~calc [2]. As in propositional logic, S is very sensitive to the formula structure.
By the introduction of universal variables that are pure into certain clauses, the
application of S can be easily prohibited and only the rules of Q-Res can be
used. Hence, Q-Res+S is incomparable to many other proof systems.

All details of our work on the symmetry rule are described in [6] (currently
under review).
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