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QSAT

∃x1 ∀x2 ∃x3 (x1 ∨ x2 ∨ ¬x3) ∧ (¬x1 ∨ x2 ∨ x3)

n quantifiers m clauses

n variables
Fully quantified 

Question: Is the formula valid?
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The Standard Approach

•Generate all assignments

•Evaluate the assignments

•Combine the results according to the quantifiers
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Steps of the algorithm

•Generation of the assignments

•Evaluation of the assignments

•Merging the results respecting the quantifiers

Simple

Works as usual

This is the complex part
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Enhanced Charges

Ψ = {−,0,+} Three “classical” charges

Ψ = {α1, α2, …, αp(n)} Polynomially 
many charges

Simulable with 3 charges 

with polynomial slowdown 
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n
log n
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One block ≈ a level in the membrane structure

Skin
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Elementary 
Membranes
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Block of quantifiers to be evaluated
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Formula Evaluation

•As usual, use charges to “read” the assignment

•Simpler because we save more information in the charge

•We send out yes or no + subscript of the position in the “virtual tree”
+ subscript of the depth in the “virtual tree”
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Quantifiers evaluation

yes0,2 no1,2 no2,2 yes3,2

Q1,2

Idea: evaluate sequentially inside the "virtual tree”



Quantifier Evaluation
Q2 = ∀x3 ∃x4

yes0,2 no1,2 no2,2 yes3,2



Quantifier Evaluation
Q2 = ∀x3 ∃x4

yes0,2 no1,2 no2,2 yes3,2

yes0,1



Quantifier Evaluation
Q2 = ∀x3 ∃x4

yes0,2 no1,2 no2,2 yes3,2

yes0,1 yes1,1



Quantifier Evaluation
Q2 = ∀x3 ∃x4

yes0,2 no1,2 no2,2 yes3,2

yes0,1 yes1,1

yes0,0



Quantifier Evaluation
Q2 = ∀x3 ∃x4

yes0,2 no1,2 no2,2 yes3,2

yes0,1 yes1,1

yes0,0

Send out
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Quantifier Evaluation

•Evaluation level by level in the “virtual tree”

•Each level evaluated from left to right

•Logarithmic depth implies polynomial evaluation time

+ lot of technical details omitted 
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with active membranes

with charges 
with weak non-elementary division rules

working in polynomial time  
can solve QSAT with depth

O ( n
log n )
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It’s a Tradeoff!

Polynomial factor

Increase in 
computation time

Decrease in 
structure depth

Logarithmic factor

Move from parallel to sequential evaluationCan we do better?
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How not to Improve

Can we do O ( n
(log n)2 ) ?

NO

Superpolynomial 
number of charges

Superpolynomial 
slowdownNew methods are needed 

to improve this result
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Gazing into the Gap

•No “classical” class between CH and PSPACE

•The power of logarithmic depth is unknown

•What about polylogarithmic depth? Depth loglog?



Thank you for your attention


