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PSPACE Complete Problems

QSAT

true
sExpressionCNFQuantifiedQSAT

  toevaluate              
 which   ofSet =

true?⇔∃∀∃ ),....,,(...... 2121 nnn xxxxQxx ϕ

true? to evaluates ( that such
 ...... a choose

can  we for values-truth all for that such 
for value-truth a chose can  wethat true, it Is

),....,

,

21

21

nxxx

xx

ϕ

QSAT is PSPACE-complete

Membership (I)

....., 21 nxxx to sassignment truth possible all
of tree the traverse implicitly to is idea The

true?⇔∃∀∃ ),....,,(...... 2121 nnn xxxxQxx ϕ

Theorem. sSavich' of idea the to similiar
-- tree the in position our storeonly  can  weTherefore, size.

lexponentia and depth linear has tree this However,

QSAT is PSPACE-complete

Membership (II)
true?⇔∃∀∃ ),....,,(...... 2121 nnn xxxxQxx ϕ

endif 7.
falseeval( and        6
trueeval( return     5.

else   4
falseeval( or          3.

 trueeval( return    2.
then  if 

eval(

);,....,,,...,.
);,....,,,...,

.
);,....,,,...,

),....,,,...,
.1

),....,,...,

2221

2221

2221

2221

1

1121

ϕ
ϕ

ϕ
ϕ

ϕ

nnmmm

nnmmm

nnmmm

nnmmm

m

nnmmm

xQxQxxx
xQxQxxx

xQxQxxx
xQxQxxx

Q
xQxQxxx

++

++

++

++

+

++

∃=

QSAT is PSPACE-complete

Hardness (I)
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We use the Reachability Method:

1)(,,

,,

=>∈<

><

xMREACHtsG

CREACHtsG
M
x

n
M

M
x

k

 iff 
 nodes.   withinstance  a is 

:us give knnf =)(

QSAT is PSPACE-complete

Hardness (II)

1)(,,

,,

=>∈<

><

xMREACHtsG

CREACHtsG
M
x

n
M

M
x

k

 iff 
 nodes.   withinstance  a is 

),()(),](0[ M
xGVUVUVUPATH >∈<∨=⇔

)),]([),]([(),](1[ VZiPATHZUiPATHZVUiPATH ∧∃⇔+

REACHGTSnPATH M
x

k ∈⇔),]([

iM
x vuGVUiPATH 2),]([ ≤⇔  length of  to  from  in path a is there



2
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Proving Hardness & Completeness

Summary

REACH NL-complete Reachability Method

QSAT PSPACE-complete Reachability Method

CIREVAL P-complete Time-Table Method

CIRSAT NP-complete Time-Table Method

“Inherently Sequential”

“Guess and Check -- Optimization”

“Games – Optimal Strategies”


