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Abstract

In previous work, a general framework for specify-
ing correspondencesbetweenlogic programsunderthe
answer-setsemanticshasbeendefined.Theframework
allows to define different notions of equivalence,in-
cludingwell-known notionslike strong equivalenceas
well asrefinedonesbasedon the projectionof answer
sets,wherenot all partsof an answersetare of rele-
vance(like, e.g., removal of auxiliary letters). In the
generalcase,decidingthe correspondenceof two pro-
gramslies on the fourth level of the polynomialhier-
archyand thereforethis taskcan (presumably)not be
efficiently reducedto answer-setprogramming.In this
paper, wedescribeanimplementationto verify program
correspondencesin this generalframework. The sys-
tem,calledcc� , relieson linear-time constructible re-
ductionsto quantifiedpropositional logic usingextant
solversfor thelatterlanguageasback-endinferenceen-
gines.We provide somepreliminaryperformanceeval-
uationwhich shedlight onsomecrucialdesignissues.

Intr oduction
Nonmonotoniclogic programsundertheanswer-setseman-
tics (Gelfond& Lifschitz 1991),with which we aredealing
with in this paper, representthe canonicaland, due to the
availability of efficient answer-set solvers, arguably most
widely usedapproachto answer-set programming(ASP).
The latter paradigmis basedon the ideathat problemsare
encodedin terms of theoriessuch that the solutionsof a
givenproblemaredeterminedby themodels(“answersets”)
of thecorrespondingtheory. Logic programmingunderthe
answer-setsemanticshasbecomeanimportanthostfor solv-
ing many AI problems,including planning,diagnosis,and
inheritancereasoning(cf. Gelfond & Leone(2002) for an
overview).

To supportengineeringtasksof ASP solutions,an im-
portant issueis to determinethe equivalenceof different
problemencodings.To this end,variousnotionsof equiv-
alencebetweenprogramsunder the answer-set semantics�
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have beenstudiedin the literature, including the recently
proposedframework by Eiter, Tompits,& Woltran (2005),
which subsumesmostof thepreviously introducednotions.
Within this framework, correspondencebetweentwo pro-
grams, � and � , holds if f the answersetsof ���
	 and����	 satisfycertaincriteria,for any program	 in a spec-
ified class,called the context. We shall focushereon cor-
respondenceproblemswhereboththecontext andthecom-
parisonbetweenanswersetsaredeterminedin termsof al-
phabets. This kind of programcorrespondenceincludes,as
specialinstances,thewell-known notionsof strongequiva-
lence(Lifschitz, Pearce,& Valverde2001),uniform equiv-
alence(Eiter & Fink 2003), its relativisedvariantsthereof
(Woltran 2004), as well as the practicablyimportantcase
of programcomparisonunderprojectedanswersets.In the
last setting,not a whole answersetof a programis of in-
terest,but only its intersectionon a subsetof all letters;this
includes,in particular, removal of auxiliary letters.

For illustration, consider the following two programs
whichbothexpresstheselectionof exactlyoneof theatoms , � . An atomcanonly be selectedif it canbe derived to-
getherwith thecontext:

��� ��������� �����������! #"� #$%" � ���'&�������  �(�  ���! #"� #$%" �  �'& #$%" �  �*)+ #$%" � �����  �'��&�� .
��� �-,�.#/0� � �����1�  �'���! #"  ���! #" ,�.#/0� &,�.#/0� � �����1� ���'���! #"!�����! #" ,�.#/0� &�������  �*) �����1� �����  &�������  �*) �����1� �����2��&�� .

Bothprogramsuse“local” atoms, #$%" ��3 � and
,�.#/0�

, respec-
tively, which areexpectednot to appearin the context. In
orderto comparetheprograms,we couldspecifyanalpha-
bet, 4 , for the context, for instance42� �  �'��� , or, more
generally, any set 4 of atomsnotcontainingthelocalatoms5#687 �  � , 5#687 � ��� , and

,�.#/0�
. On the other hand,we want to

checkwhether, for eachadditionof a context programover4 , theanswersetscorrespondwhentakingonly atomsfrom9 � �:�����1�  �'� �����1� ����� into account.
In this paper, we reportaboutan implementationof such

correspondenceproblemstogetherwith someinitial exper-
imentalresults.Theoverall approachof thesystem,which



we call cc; (“correspondence-checkingtool”), is to reduce
theproblem< of correspondencecheckingto thesatisfiability
problemof quantifiedpropositionallogic, an extensionof
classicalpropositionallogic characterisedby the condition
that its sentences,usuallyreferredto asquantifiedBoolean
formulas (QBFs), are permittedto containquantifications
overatomicformulas.

Themotivationto usesuchanapproachis twofold. First,
complexity results(Eiter, Tompits,& Woltran 2005)show
thatcorrespondencecheckingwithin this framework is hard,
lying on the fourth level of thepolynomialhierarchy. This
indicatesthat implementationsof suchcheckscannotbere-
alisedin astraightforwardmannerusingASPsystemsthem-
selves.In turn,it is well known thatdecisionproblemsfrom
the polynomial hierarchycan be efficiently representedin
termsof QBFs in sucha way that determiningthe valid-
ity of theresultantQBFsis not computationallyharderthan
checkingthe original problem. In previous work (Tompits
& Woltran 2005), such translationsfrom correspondence
checkingto QBFshave beendeveloped;moreover, they are
constructiblein linear timeandspace. Second,variousprac-
ticablyefficientsolversfor quantifiedpropositionallogic are
currentlyavailable(see,e.g.,Le Berreetal. (2005)).Hence,
suchtoolsareusedasback-endinferenceenginesin oursys-
temto verify thecorrespondenceproblemsunderconsidera-
tion.

We notethat reductionmethodsto QBFshave beensuc-
cessfullyappliedalreadyin thefield of nonmonotonicrea-
soning(Egly et al. 2000;Delgrandeet al. 2004),paracon-
sistentreasoning(Besnardet al. 2005;Arieli & Denecker
2003),andplanning(Rintanen1999).

Previoussystemsimplementingdifferentformsof equiv-
alence,being specialcasesof correspondencenotions in
the framework of Eiter, Tompits, & Woltran (2005), also
basedon a reductionapproach,are SELP (Chen, Lin, &
Li 2005)andDLPEQ(Oikarinen& Janhunen2004). Con-
cerningSELP, heretheproblemof checkingstrongequiva-
lenceis reducedto propositionallogic, makinguseof SAT
solversasback-endinferenceengines.Our systemgener-
alisesSELPin thesensethatcc; handlesa correspondence
problemwhich coincideswith a testfor strongequivalence
by thesamereductionasusedin SELP. ThesystemDLPEQ,
on theotherhand,is capableof comparingdisjunctive logic
programsunderordinaryequivalence.Here,thereductionof
a correspondenceproblemresultsin further logic programs
suchthatthelatterhave no answersetif f theencodedprob-
lemholds.Hence,thissystemusesanswer-setsolversthem-
selvesin orderto checkfor equivalence.

The methodologiesof both of the above systemshave
in commonthat their rangeof applicability is restrictedto
very specialforms of programcorrespondences,while our
new systemcc; providesawiderangeof morefine-grained
equivalencenotions,allowing practicalcomparisonsuseful
for debuggingandmodularprogramming.

The outline of thepaperis asfollows. We startwith re-
capitulatingthe basicfactsaboutlogic programsunderthe
answer-setsemanticsandquantifiedpropositionallogic. In
describinghow to implementcorrespondenceproblems,we
first give a detailedreview of the encodings,followedby a

discussionhow theseencodings(and thusthe presentsys-
tem)behave in the casethespecifiedcorrespondencecoin-
cideswith specialequivalencenotions. Then, we address
sometechnicalquestionswhicharisewhenapplyingtheen-
codingsto QBF solvers which requireits input to be in a
certainnormalform. Finally, wepresenttheconcretesystem
cc; andillustrateits usage.Thepenultimatesectionis de-
votedto experimentalevaluationandcomparisons.Wecon-
cludewith somefinal remarksandpointersto futurework.

Preliminar ies
Throughoutthepaper, weusethefollowingnotation:For an
interpretation= (i.e.,a setof atoms)anda set > of interpre-
tations,we write >@? AB� �#C�D =E? CGF >H� . For a singleton
set >I� �#C � , we write

C ? A insteadof >@? A , if convenient.

Logic Programs
We areconcernedwith propositionaldisjunctivelogic pro-
grams(DLPs)whicharefinite setsof rulesof form%J ) 3�3�3 ) %K � %KML-J ��N�N�N�� %O ���! #" %O(L-J ��N�N�N����! #" %P � (1)QSRUTVRUWXRUY , whereall %Z are propositionalatomsfrom
somefixed universe [ and �! #" denotesdefault negation.
If all atomsoccurringin a program � arefrom a given set4]\^[ of atoms,we saythat � is a programover 4 . The
setof all programsover 4 is denotedby _H` .

Following Gelfond& Lifschitz (1991),aninterpretation=
is ananswersetof a program� if f it is a minimal modelof
thereduct � A , resultingfrom � bya deletingall rulescontainingdefaultnegatedatoms �! #" 

suchthat  F = , anda deletingall defaultnegatedatomsin theremainingrules.

Thecollectionof all answersetsof a program� is denoted
by b@> � �S� .

In orderto semanticallycompareprograms,differentno-
tions of equivalencehave beenintroducedin the context
of theanswer-setsemantics.Besidesordinary equivalence
betweenprograms,which checkswhether two programs
have the sameanswersets,the more restrictive notionsof
strongequivalence(Lifschitz,Pearce,& Valverde2001)and
uniform equivalence(Eiter & Fink 2003)have beenintro-
duced.Two programs,� and � , arestronglyequivalentif fb@> � �V�+	@�@�]b@> � �V�U	@� , for any program 	 , andthey
areuniformly equivalentif f b@> � �I�c	@�d�^b@> � �e�c	@� , for
any set 	 of facts, i.e., rulesof form  � , for someatom  .
Also, relativisedequivalencenotions,takingthealphabetof
theextensionset 	 into account,havebeendefined(Woltran
2004).

In abstractingfrom these notions, Eiter, Tompits, &
Woltran (2005) introduceda generalframework for speci-
fying differing notionsof programcorrespondence.In this
framework,oneparameterises,on theonehand,thecontext,
i.e., theclassof programsusedto beaddedto theprograms
underconsideration,and,ontheotherhand,therelationthat
hasto hold betweenthecollectionof answersetsof theex-
tendedprograms. More formally, the following definition
hasbeenintroduced:



Definition 1 A correspondenceframe f , is a triple
� [ , gd�h � , wheri e [ is a setof atoms,calledtheuniverseof f , g
\_�j , calledthecontext of f , and h \Ik:l1m
n�k:l1m .

Twoprograms����� F _�j arecalled f -corresponding, in
symbols�Voqpe� , iff, for all 	 F g ,

� b@> � ���r	@�'�'b@> � �I�	@��� F h .
Clearly, theequivalencenotionsmentionedabovearespe-

cial casesof f -correspondence.Indeed,for any universe[
andany 4]\�[ , strongequivalencerelative to 4 coincides
with

� [B��_H`(���@� -correspondence,andordinaryequivalence
coincideswith

� [B� �#s �X���@� -correspondence.
Following Eiter, Tompits,& Woltran(2005),we arecon-

cernedwith correspondenceframesof form
� [B��_H`���\qt(�

and
� [B��_H`����@t(� , where 4@� 9 \�[ aresetsof atomsand\qt and �@t areprojectionsof the standardsubsetandset-

equality relation, respectively, definedas follows: for any
set >���>�u of interpretations,>�\qtB>�u if f >@? tv\]>�u1? t , and>I�@t+>�u if f >@? t
��>�uw? t .

A correspondenceproblem, x , (over [ ) is a quadruple� �����S�1gd� h � , where ����� F _�j and
� [B�1gd� h � is a correspon-

denceframe. We saythat x holds if f �Go@y j-z {%z |�} � holds.
For a correspondenceproblem x~� � �����S�1gd� h � over [ ,
we usuallyleave [ implicit, assumingthat it consistsof all
atomsoccurringin � , � , and g . We call x anequivalence
problemif h is givenby �@t , andan inclusionproblemif h
is givenby \qt , for some

9 \�[ . Note that
� �����S�1gd���@tH�

holdsif f
� �����S�1gd��\qt�� and

� �S�'���1gd��\qt�� jointly hold.
The next propositionsummarisesthe complexity land-

scapewithin this framework (Eiter, Tompits, & Woltran
2005;Pearce,Tompits,& Woltran2001;Woltran2004).

Proposition 1 Givenprograms � and � , setsof atoms 4
and

9
, and h F
� \qt����@t(� , decidingwhethera correspon-

denceproblem
� �����S��_H`�� h � holdsis:

1. xq�� -complete,in general;
2. xq�� -complete,for 4^� s ;
3. xq�l -complete,for

9 �
[ ;
4. coNP-completefor 4^�e[ .

While Case1 providesthe result in thegeneralsetting,for
the othercaseswe have the following: Case2 amountsto
ordinaryequivalencewith projection, i.e., theanswersetsof
two programsrelativeto aspecifiedset

9
of atomsarecom-

pared.Case3 amountsto strong equivalencerelativeto 4
and includes,as a specialcase,viz. for 4�� s

, ordinary
equivalence. Finally, Case4 includesstrong equivalence
(for

9 �e[ ) aswell asstrongequivalencewith projection.
The xq�� -hardnessresultshows that, in general,checking

the correspondenceof two programscannot(presumably)
beefficiently encodedin termsof ASP, which hasits basic
reasoningtaskslocatedat thesecondlevel of thepolynomial
hierarchy(i.e., they arecontainedin �H�l or xq�l ). However,
correspondencecheckingcanbeefficientlyencodedin terms
of quantifiedpropositionallogic, whosebasicconceptswe
recapitulatenext.

Quantified Propositional Logic
Quantifiedpropositionallogic is an extensionof classical
propositionallogic in which formulasarepermittedto con-

tain quantificationsover propositionalvariables.In particu-
lar, this languagecontains,for any atom � , unaryoperators
of form �8� and �#� , calleduniversalandexistentialquanti-
fiers, respectively, where �#� is definedas ���8�!� . Formulas
of this languagearealsocalledquantifiedBooleanformulas
(QBFs),andwe denotethemby Greekupper-caseletters.

Givena QBF Q��� , for Q
F
� �!�1�-� , we call � thescope

of Q� . An occurrenceof anatom � is free in a QBF � if it
doesnotoccurin thescopeof a quantifierQ� in � . In what
follows,we tacitly assumethatevery subformulaQ��� of a
QBF containsa freeoccurrenceof � in � , andfor two dif-
ferentsubformulasQ��� , Q �d� of aQBF, werequire�E��^� .
Moreover, givenafinite set � of atoms,Q �
� standsfor any
QBF Q� J Q� l N�N�N Q� P � suchthat the variables� J ��N�N�N��w� P
arepairwisedistinctand �v� � � J ��N�N�N��w� P � . Finally, for an
atom� (resp.,aset � of atoms)andaset = of atoms,��� �!�#=:�
(resp.,���M���#=:� ) denotestheQBFresultingfrom � by replac-
ing eachfreeoccurrenceof � (resp.,each� F � ) in � by ;
if � F = andby � otherwise.

For an interpretation= anda QBF � , the relation =�? �� is inductively definedasin classicalpropositionallogic,
wherebyuniversalquantifiersareevaluatedasfollows:

=�? �e�8�c� if f =�? �^��� �!� � �!��� and =�? �^��� �!� s � .
A QBF � is true under = if f =+? �V� , otherwise� is false

under = . A QBF is satisfiableif f it is trueunderat leastone
interpretation.A QBF is valid if f it is trueunderany inter-
pretation.Note thata closedQBF, i.e., a QBF without free
variableoccurrences,is eithertrue underany interpretation
or falseunderany interpretation.

A QBF � is saidto bein prenex normalform (PNF) if f it
is closedandof theform

Q P � P N�N�N Q J � J�� � (2)

where Q�R2Y , � is a propositionalformula, Q Z Fv� �!�1�-�
suchthat Q Z �� Q Z�L-J for �U�v�@� QU� � , � � J ��N�N�N��'� P � is
apartitionof thepropositionalvariablesoccurringin � , and� Z �� s , for each�q�I�d� Q . Wesaythat � is in prenex con-
junctivenormalform (PCNF)if f � is of theform (2) and � is
in conjunctivenormalform. Furthermore,aQBFof form (2)
is alsoreferredto asan

� Q � Q P � -QBF. Any closedQBF � is
easilytransformedinto anequivalentQBF in prenex normal
form suchthateachquantifieroccurrencefrom theoriginal
QBF correspondsto a quantifieroccurrencein the prenex
normalform. Let uscall suchaQBFtheprenex normalform
of � . However, therearedifferentwaysto obtainanequiv-
alentprenex QBF (cf. Egly et al. (2004)for moredetailson
this issue).Thefollowing propertyis essential:

Proposition2 For every � R~Y , deciding the truth of a
given

� �����8� -QBF(resp.,
� ���1�-� -QBF) is �H�� -complete(resp.,xq�� -complete).

Hence,any decisionproblem � in �H�� (resp.,xq�� ) canbe
mappedin polynomial time to a

� �����8� -QBF (resp.,
� ���1�-� -

QBF) � suchthat � holdsif f � is valid. In particularany
correspondenceproblem

� �����S��_H`H� h � , for h F
� \qt(���@t�� ,
canbereducedin polynomialtimeto a

��� �1�-� -QBF. Our im-
plementedtool,describednext, reliesontwosuchmappings,
whichareactuallyconstructiblein linear spaceandtime.



Computing Corr espondenceProblems
We now describethe systemcc; , which allows to verify
the correspondenceof two programs. It relieson efficient
reductionsfrom correspondenceproblemsto QBFs as de-
velopedby Tompits & Woltran (2005). Theseencodings
arepresentedin thefirst subsection.Then,we discusshow
theencodingsbehave if thespecifiedcorrespondenceprob-
lemcoincideswith specialformsof inclusionor equivalence
problems,viz. thoserestrictedcasesdiscussedin Proposi-
tion 1. Afterwards,we give detailsconcerningthetransfor-
mationof theresultantQBFsinto PCNF, which is necessary
becausemostextantQBFsolversrely on input of this form.
Finally, we give somedetailsconcerningthegeneralsyntax
andinvocationof thecc; tool.

BasicEncodings
Following Tompits& Woltran(2005),we considertwo dif-
ferentreductionsfrom inclusionproblemsto QBFs, ��� 3 � and� � 3 � , where

� � 3 � canbe seenasan explicit optimisationof��� 3 � . Recallthatequivalenceproblemscanbedecidedby the
compositionof two inclusionproblems.Thus,a composed
encodingfor equivalenceproblemsis easilyobtainedvia a
conjunctionof two particularinstantiationsof ��� 3 � (or

� � 3 � ).
For our encodings,we usethefollowing building blocks.

The ideaherebyis to usesetsof globally new atomsin or-
der to refer to differentassignmentsof the atomsfrom the
comparedprogramswithin asingleformula.Moreformally,
givenanindexedset � of atoms,we assume(pairwise)dis-
joint copies � Z � �#  Z ?  EF �S� , for every � R � . Further-
more,we introducethefollowing abbreviations:

1.
� � Z ���%¡��(¢���£B¤�¥%¦ �w  Z*§   ¡�� ;

2.
� � Z-¨ �%¡��(¢�� � � Z ���%¡��*©�� � �%¡@��� Z � ; and

3.
� � Z �^�%¡��(¢�� � � Z ���%¡��*© � �%¡q�^� Z � .

Observe thatthelatteris equivalentto £ ¤�¥%¦ �w  Z-ª   ¡�� .
Roughly speaking,thesethree “operators” allow us to

comparedifferentsubsetsof atomsfrom a commonset, � ,
undersubsetinclusion,proper-subsetinclusion,andequal-
ity, respectively. The comparisontakesplacewithin a sin-
gle interpretationwhile evaluatinga formula. As an ex-
ample,consider �«� �#  �'¬@� 6 � andan interpretation=I��#  J �   l �'¬ l � , implicitly representingsets�� �#  � (via the
relation =�? ¦�® � �#  J � ) and

C � �#  �'¬q� (via the relation=�? ¦�¯ � �#  l �'¬ l � ). Then,we have that
� � J ��� l � aswell as� � Jc¨ � l � aretrue under = which matchestheobservation

that  is indeeda propersubsetof
C

, while
� � J �G� l � is

falseunder = reflectingthefact that °�� C .
In accordanceto this renamingof atoms,we use sub-

scriptsasageneralrenamingschemafor formulasandrules.
That is, for each� R � , ± Z expressestheresultof replacing
eachoccurrenceof an atom � in ± by � Z , where ± is any
formula or rule. Furthermore,for a rule ² of form (1), we
define³ � ²#��� %J ) 3�3�3 ) %K , 9 L � ²#��� %KML-J © 3�3�3 © %O , and9c´ � ²#����� %O(L-J © 3�3�3 ©U� %P . We identify emptydisjunc-
tionswith � andemptyconjunctionswith ; . Finally, for a
program� , we define

� Z z ¡��«µ¶'¥ �
· � 9 L � ² Z ��© 9 ´d� ²�¡#��� § ³ � ² Z �1¸XN

Formally, we have the following relation: Let � be a pro-
gram over atoms � , = an interpretation,and U� C \¹�
suchthat, for some � , º , =�? ¦�» �v Z and =�? ¦'¼ � C ¡ . Then,½? ���@¾ if f =
? ��� Z z ¡ . Hence,we areableto characterise
modelsof � (in casethat �-�eº ) aswell asmodelsof certain
reductsof � (in casethat �H��eº ).

Having definedthesebuilding blocks, we proceedwith
thefirst encoding.

Definition 2 Let ����� beprogramsover � , let 4@� 9 \�� ,
andlet x^� � �����S��_H`���\qt�� beaninclusionproblem.Then,

���MxH��¢����d�8� J8¿ � J z J ©r� J � ���'4q��©
�-� � · �8l � �S�'4@� 9 � § � � � �����S�'4q� ¸#À �

where� J � ���'4q�-¢��U�-� l · ��� 4 l �^4 J ��© � � l ¨ � J ��� § �-� l z J ¸ ��8l � �S�'4@� 9 �-¢�� · � 4I� 9 � � � � 4e� 9 � J ¸ ©�� � z � � and� � � �����S�'4q�-¢��
�8� � · � � � ¨ � � ��©U� � z � © · � 4 � ¨ 4 J � §�-�8Á ����� 4�Á*��4 � ��© � �8Áq�^� J ��� § �-�-Á�z J �1¸�¸ .
In fact, the scope, � , of �8� J encodesthe conditionsfor

decidingwhetheraso-calledpartial spoiler(Eiter, Tompits,
& Woltran2005)for the inclusionproblem x exists. Such
spoilerstestcertainrelationson the reductsof the two pro-
gramsinvolved,in orderto avoid anexplicit enumerationof
all 	 F _H` for decidingwhether x holds. Sucha spoiler
for x existsif f x doesnot hold. Hence,theresultingencod-
ing � is unsatisfiableif f x holds,andthustheclosedQBF���MxH�!���d�8� J � is valid if f x holds.

In more concreteterms, given a correspondenceprob-
lem x and its encoding ���MxH�B���d�8� J � , the generaltask
of the QBF � is to test, for an answer-set candidate of� , that no

C
with

C ? t��]I? t becomesan answersetof� undersomeimplicitly consideredextension(in fact, it is
sufficient to checkonly potentialcandidates

C
of the formC ? `*Â%tV��I? `*Â%t ). Now, thesubformula� J z J ©U� J � ���'4q�

testswhether  is sucha candidatefor � , with  being
representedby � J . In the remainingpart of the encoding,�8l � �S�'4@� 9 � returnsasits modelsthosepotentialcandidatesC

(representedby � � ) for being answerset of � . These
candidatesarenow checkedto benon-minimalandwhether
thereis a furthermodel(representedby � � ) of thereductof� with respectto

C
surviving anextensionof � , for which turnsinto ananswersetof theextensionof � .

In what follows, we review a more compactencoding
which, in particular, reducesthenumberof universalquan-
tifications.Theideais to save on thefixedassignments,as,
e.g.,in �8l � �S�'4@� 9 � , wherewe have

� 4e� 9 � � � � 4e� 9 � J .
Thatis, in �8l � �S�'4@� 9 � , weimplicitly ignoreall assignments
to � � whereatomsfrom 4 or

9
have differenttruth values

asthecorrespondingassignmentsto � J . Therefore,it makes
senseto consideronly atomsfrom � �*Ã � 4 � � 9 � � andusing4 J � 9 J insteadof 4 � � 9 � in � � z � .

This calls for a more subtle renamingschemafor pro-
grams,however. Let Ä be a setof indexed atoms,and let² bearule. Then, ²#ÅZ z � resultsfrom ² by replacingeachatomÆ in ² by Æ!Z , providing Æ!Z F Ä , andby Æ � otherwise.For a



program� , we define

� ÅZ z ¡�z � ¢�� µ¶'¥ �
· � 9 L � ² ÅZ z � ��© 9 ´(� ² Å¡�z � ��� § ³ � ² ÅZ z � � ¸ N

Moreover, for every � R � , every set � of atoms,andevery
set Ç , �SÈZ ¢�� � � Ã ÇS� Z .
Definition 3 Let ����� beprogramsover � and 4@� 9 \V� .
Furthermore, let x^� � �����S��_H`H��\qt(� beaninclusionprob-
lemand Äe��� J ��� `l ��� `*Â%t� ��� � �U� `Á . Then,� �MxH�*¢��^�d�8� J!¿ � J z J © � J � ���'4@�'ÄH��©

�-� `*Â%t� · �@Å� z � z J § � � � �����S�'4@�'ÄH�1¸#À-�
where� J � ���'4@�'ÄH�*¢��+�-� `l · � � `l ¨ � `J � § �-�SÅl z J z J ¸ and� � � �����S�'4@�'ÄH�-¢��e�8� � ·�· � � ¨ ��� 4q� 9 � J ��� `*Â%t� �1¸#©�@Å� z � z J © · � 4 � ¨ 4 J � §�-� `Á ��� � `Á �^� `J � § �-�SÅÁ�z J z � � ¸�¸ .
Note that the subformula � � ¨ ��� 4q� 9 � J ��� `*Â%t� � in� � � �����S�X4@�'ÄH� denotes·�· � 4I� 9 � � � � 4I� 9 � J ¸ © � � `*Â%t� �^� `*ÂXt� � ¸ ©� ·�· � 4I� 9 � J � � 4I� 9 � � ¸ © � � `*ÂXt� ��� `*Â%t� � ¸ N
Also notethat,comparedto our first encoding���MxH� , we do
not have a pendantto subformula �8l here,which reduces
simply to �@Å� z � z J dueto thenew renamingschema.

Proposition 3 (Tompits & Woltran 2005) For any inclu-
sion problem x , the following statementsare equivalent:
(i) x holds;(ii ) ���MxH� is valid; and(iii )

� �MxH� is valid.

In what follows, let, for every equivalenceproblem xv�� ���X�S��_H`(�:�@t(� , x�u and x�u u denotetheassociatedinclusion
problems

� ���-�S��_H`��d\qt(� and
� �S�-����_H`(�d\qt(� , respec-

tively.

Corollary 1 For anyequivalenceproblem x , thefollowing
statementsare equivalent:(i) x holds; (ii ) ���Mx�u���©+���Mx�u u�� is
valid; and(iii )

� �Mx�u���© � �Mx�u u�� is valid.

SpecialCases
We now analysehow our encodingsbehave in certainin-
stancesof the equivalenceframework which arelocatedat
lower levelsof thepolynomialhierarchy(cf. Proposition1).
We point out that the following simplificationsare corre-
spondinglyimplementedwithin our system.

In the caseof strong equivalence(Lifschitz, Pearce,&
Valverde2001),i.e.,problemsof form x^� � �����S��_H`H���q`d�
with 4���[ , theencodings

� �Mx�u�� and
� �Mx�u u�� canbedrasti-

cally simplified,since � `l ��� `� �V� `Á � s . In particular,� �Mx�u�� is equivalentto

�d�8� J8¿ � J z J © · � J z JH§ �8� � · � � � ¨ � J ��©r� � z J ©r�-� � z J ¸�¸�À N
Now, thecomposedencodingfor strongequivalence,i.e.,the
QBF

� �Mx�u��!© � �Mx�u u�� , amountsto a singlepropositionalun-
satisfiability test, witnessingthe coNP-completenesscom-
plexity for checkingstrongequivalence(Pearce,Tompits,&

Woltran 2001;Lin 2002). This holdsalsofor problemsof
the form

� �����S��_�jH���@t(� with arbitrary
9

. Onecanshow
that similar reductions(Pearce,Tompits,& Woltran 2001;
Lin 2002)for testingstrongequivalencein termsof proposi-
tional logic aresimplevariantsthereof.Indeed,themethod-
ology of thetool SELP(Chen,Lin, & Li 2005)is basically
mirroredin ourapproach,in casetheparameterisationof the
givenproblemcorrespondsto a testfor strongequivalence.

Strongequivalencerelative to a set 4 of atoms(Woltran
2004),i.e., problemsof form

� �����S��_H`����@t�� with
9 ��[ ,

also yields simplificationswithin
� �Mx�u�� and

� �Mx�u u�� , since� `*ÂXt� � s . In fact,
� �Mx�u�� canberewritten to

�d�8� J · � J z J ©B�-� `l · � � `l ¨ � `J � § �-�SÅl z J z J ¸#©· � J z JH§ �8� � ·�· � � ¨ � J ¸(©U� � z J ©· � 4 � ¨ 4 J � § �-� `Á ��� � `Á �^� `J � § �-�SÅÁ�z J z � �1¸�¸�¸�¸:N
Whenputting this QBF into prenex normal form (seebe-
low), it turnsout thattheresultingQBFamountsto a

� k%�1�-� -
QBF, againreflectingthe complexity of the encodedtask.
Notice that for equivalenceproblems

� �����S��_H`����@t(� with4I� 9 ��[ , we alsohave that � `*Â%t� � s . Thus,thesame
simplificationsalsoapplyfor thisspecialcase.

The caseof ordinaryequivalence,i.e., consideringprob-
lemsof form x�� � �����S��_H`����@� with 4�� s , is, indeed,a
specialcaseof relativisedstrongequivalence.As an addi-
tionaloptimisationwe candropthesubformula� 4 � ¨ 4 J � § �-� `Á · � � `Á �^� `J � § �-� ÅÁ�z J z � ¸ (3)

from part
� �

of
� �Mx�u�� . This is because4^� s , andtherefore� 4 � ¨ 4 J �(¢���µÉ�¥ `

·  � §2%J ¸�©���µÉ�¥ `
· %J�§2 � ¸

reducesto ;^©
�d; , andthusto � . Hence,the validity of
the implication (3) follows. However, this doesnot affect
the numberof quantifieralternationscomparedto the case
of relativisedstrongequivalence. Indeed,this is in accord
with the xq�l -completenessfor ordinaryequivalence.Putting
thingstogether, andobservingthatfor 4�� s wehave � `l �� l , theencoding

� �Mx�u�� resultsfor ordinaryequivalencein

�d�8� J8¿ � J z J ©B�-� l ��� � l ¨ � J � § �-� l z J ��©� � J z JH§ �8� � ��� � � ¨ � J �*©�� � z J ��� À N
Thisencodingis relatedto encodingsfor computinganswer
setsvia QBFs,asdiscussedby Egly et al. (2000). Indeed,
takingthetwo mainconjunctsfrom

� �Mx�u�� , viz.

� J z J ©B�-� l ��� � l ¨ � J � § �-� l z J � and (4)� J z J�§ �8� � ��� � � ¨ � J �*©�� � z J �'� (5)

we get, for any assignment
C J \v� J , that

C J is a modelof
(4) if f

C
is ananswersetof � , and

C J is amodelof (5) only
if
C

is notananswersetof � .
Finally, we discussthecaseof ordinaryequivalencewith

projection,i.e.,problemsof form
� �����S��_H`H���@t(� with 4^�s

. Problemsof this form are xq�� -complete,and thus we
expectour system(after transformationto prenex form) to



yield
�wÊ �1�-� -QBFs.Here,theonly simplificationis to getrid

off theË subformula(3). We cando this for thesamereason,
viz. since 4�� s , asabove. Thesimplificationsarethenas
follows (onceagainusingthe fact that � `l ��� l aswell as� `*Â%t� ��� t� ):�d�8� J · � J z J ©c�-� l · � � l ¨ � J � § �-� l z J ¸ ©�-� t� · �@Å� z � z J § �8� � ·�· � � ¨ � 9 J ��� t� � ¸ ©��@Å� z � z J ¸�¸�¸ N
Comparedto the caseof relativised equivalence,as dis-
cussedabove, this time we have � `*Â%t� �� s

and thusan
additional quantifier alternation“survives” the simplifica-
tion. After bringing the encodinginto its prenex form, we
thereforeget

�wÊ �1�-� -QBFs,onceagainreflectingtheintrinsic
complexity of theencodedproblem.

For theencoding
� � 3 � , thestructureof theresultingQBF

alwaysreflectsthecomplexity of thecorrespondenceprob-
lem accordingto Proposition1. This doesnot hold for for-
mulasstemmingfrom ��� 3 � , however. In any case,our tool
implementsboth encodingsin order to provide interesting
benchmarksfor QBFsolverswith respectto their capability
to find implicit optimisationsfor equivalentQBFs.

Transformations into Normal Forms
Most availableQBF solversrequireits input formula to be
in a certainnormalform, viz. in prenex conjunctive normal
form (PCNF).Hence,in order to employthesesolvers for
our tool, the translationsdescribedabove have to be trans-
formedby a furthertwo-phasednormalisationstep:

1. translationof theQBF into prenex normalform (PNF);

2. translationof thepropositionalpartof theformulain PNF
into CNF.

Both stepsrequireto addressdifferentdesignissues.In
what follows, we describethe fundamentalproblems,and
thenbriefly provideoursolutionsin somedetail.

First,thestepof prenexing is notdeterministic.As shown
by Egly et al. (2004),therearenumerousso-calledprenex-
ing strategies. Theconcreteselectionof suchastrategy (also
dependingon theconcretesolver used)crucially influences
the running times(seealsoour resultsbelow). In prenex-
ing a QBF, certaindependenciesbetweenquantifiershave
to berespected,whencombiningthequantifiersof different
subformulasto onelinear prefix. For our encodings,these
dependenciesarerathersimpleandanalogousfor both en-
codings��� 3 � and

� � 3 � . First, observe, however, thatbothen-
codingshave a negationastheir mainconnective which has
to beshiftedinto theformulaby applyingtheusualequiva-
lencepreservingtransformationsasknown from first-order
logic. In what follows, we implicitly assumethat this step
hasalreadybeenperformed.This allows usto considerthe
quantifierdependenciescleansedwith respectto their polar-
ities. The dependenciesfor the encoding ��� 3 � can then be
illustratedasfollows:

�-� J
�8� l �8� �

�-� �
�8�8Á

Here,theleft branchresultsfrom thesubformula� J andthe
right oneresultsfrom thesubformula�-� � � �8l � �S�'4@� 9 � §� � � �����S�'4q��� .

Inspectingthesequantifierdependencies,we can group�8� l either togetherwith �8� � or with �8�8Á . This yields the
following two basicwaysfor prenexing our encodings:Ì ¢H�-� J � � � l �U� � ���-� � �8�8Á:& and Í8¢H�-� J �8� � �-� � � � �8Á���� l �'N
Togetherwith the two encodings��� 3 � and

� � 3 � , we thusget
four differentalternativesto representan inclusionproblem
in termsof a prenex QBF; we will denotethem by �%ÎX� 3 � ,�%Ï:� 3 � , � Î:� 3 � , and

� ÏX� 3 � , respectively. Our experimentsbelow
show their differentperformancebehaviour (relative to the
employedQBFsolver andthebenchmarks).

Concerningthe transformationof the propositionalpart
of a prenex QBF into CNF, we use a methodfollowing
Tseitin(1968)in whichnew atomsareintroducedabbreviat-
ing subformulaoccurrencesandwhichhasthepropertythat
theresultantCNFsarealwayspolynomialin thesizeof the
input formula. Recallthata standardtranslationof a propo-
sitionalformulainto CNFbasedondistributivity lawsyields
formulasof exponentialsizein theworstcase.However, the
normalform translationinto CNF usinglabelsis not valid-
ity preservinglike the onebasedon distributivity laws but
only satisfiabilityequivalent. In the caseof closedQBFs,
thefollowing resultholds:

Proposition4 Let �V� Q P � P N�N�N Q J � J�� , for Q Z FI� �!�1�-�
and Q^Ð]Y , be either an

� Q �1�-� -QBF with Q beingevenor
an
� Q ���8� -QBF with Q beingodd. Furthermore let � u bethe

CNF resultingfromthe propositionalpart � of � by intro-
ducing new labels following Tseitin (1968). Then, � and
Q P � P N�N�N Q J � J �8� � u are logically equivalent,where � are
thenew labelsintroducedby theCNFtransformation.

Notethat for � asin theabove proposition,we have that
Q J ��� . Hence,in thiscase,Q P � P N�N�N Q J � J �8� � u is thede-
siredPCNF, equivalentto � , usedasinput for QBF solvers
requiringPCNFformat for evaluating � . In orderto trans-
form a QBF �Ñ� Q P � P N�N�N Q J � J�Ò which is an

� Q �1�-� -
QBFwith Q beingoddor an

� Q ���8� -QBF with Q beingeven,
we just apply the above propositionto Q P � P N�N�N Q J � J � Ò ,
whereQ Z �«� if Q Z �Ó� andQ Z ��� otherwise,which
is equivalent to �d� . That is, in order to evaluate � by
meansof a QBF solver requiringPCNFinput, we compute
Q P � P N�N�N Q J � J � Ò and “reverse“ the output. This is ac-
commodatedin cc; thateithertheoriginal correspondence
problemor the complementaryproblemis encodedwhen-
everaninput yieldsa QBF like � .

For the entire normal-formtransformation,one can use
thequantifier-shifting tool qst (Zolda2004). It acceptsar-
bitrary QBFsin boole format (seebelow) asinput andre-
turnsanequivalentPCNFQBF in qdimacsformat,which is
nowadaysa de-factostandardfor PCNF-QBFsolvers. The
tool qst implements14 different strategies (amongthemÌ

and Í we usehere)to obtaina PCNFandusesthe men-
tionedstructure-preservingnormal-formtransformationfor
thetransformationto CNF.



The ImplementedTool
The systemcc; implementsthe reductionsfrom inclu-
sion problems

� �����S��_H`���\qt(� and equivalenceproblems� �����S��_H`����@t�� to correspondingQBFs, togetherwith the
potentialsimplificationsdiscussedabove. It takesasinput
two programs,� and � , andtwo setsof atoms, 4 and

9
,

where 4 specifiesthealphabetof thecontext and
9

theset
of atomsfor projectionon thecorrespondencerelation.The
reduction( ��� 3 � or

� � 3 � ) andthetypeof correspondenceprob-
lem( \qt or �@t ) arespecifiedvia command-linearguments:
-S , -T to selectthekind of reduction;and-i , -e to check
for inclusionor equivalencebetweenthetwo programs.

In general,thesyntaxto specifytheprogramsin cc; cor-
respondsto thebasicDLV syntax.1 PropositionalDLV pro-
gramscanbe passedto cc; andprogramsprocessiblefor
cc; canbehandledby DLV. Consideringtheexamplefrom
theintroduction,thetwo programswouldbeexpressedas:Ô

: sel(b) :- b, not out(b).
sel(a) :- a, not out(a).
out(a) v out(b) :- a, b.Õ

: fail :- sel(a), not a, not fail.
fail :- sel(b), not b, not fail.
sel(a) v sel(b) :- a.
sel(a) v sel(b) :- b.

Wesupposethatfile P.dl containsthecodefor program� and,accordingly, file Q.dl containsthecodefor � . If we
want to checkwhether� is equivalentto � with respectto
theprojectionto theoutputpredicate

�����1��3 � , andrestricting
thecontext to programsover

�  �'��� , thenweneedto specifya thecontext set,storedin afile, sayA, containingthestring
“ (a, b) ”, anda theprojectionset,alsostoredin a file, sayB, containing
thestring“ (sel(a), sel(b)) ”.

Theinvocationsyntaxfor cc; is asfollows:

ccT -e P.dl Q.dl A B.

By default,theencoding
� � 3 � is chosen.Notethat theorder

of theargumentsis important: first, theprograms� and �
appear, thenthecontext set 4 , andat last theprojectionset9

. An alternativecall of cc; for ourexamplewouldbe

cc� -e -A "(a,b)" -B "(sel(a),sel(b))"
P.dl Q.dl

specifyingsets 4 and
9

directly from the commandline.
After invocation,theresultingQBFis writtento thestandard
outputdevice andcanbeprocessedfurtherby QBF solvers.
The output can be piped, e.g., directly to the BDD-based
QBFsolver boole 2 by meansof thecommand

ccT -e P.dl Q.dl A B | boole

which yields0 or 1 asanswerfor thecorrespondenceprob-
lem (in our case,the correspondenceholdsandthe output

1Seehttp://www.dlvsystem.com/ for more informa-
tion aboutDLV.

2This solver is available at http://www.cs.cmu.edu/
˜modelcheck/bdd.html .

is 1). To employfurther QBF solvers,theoutputhasto be
processedaccordingto their input syntax.

If theset 4 (resp.,
9

) is omittedin invocation,theneach
variableoccurringin � or � is assumedto be in 4 (resp.,9

); if “0” is passedinsteadof afilename,thentheemptyset
is assumedfor set 4 (resp.,

9
). Thus,checkingfor strong

equivalencebetween� and � is doneby

ccT -e P.dl Q.dl | boole

while ordinaryequivalence(with projectionover
9

) by

ccT -e P.dl Q.dl 0 B | boole .

We developedcc; entirely in ANSIC; hence,it is highly
portable. The parserfor the input datawas written using
LEX and YACC. The completepackagein its currentver-
sion consistsof morethan2000lines of code. For further
informationaboutcc; andthebenchmarksbelow, see

http://www.kr.tuwien.ac.at/research/eq / .

Experimental Results
Ourexperimentswereconductedto determinethebehaviour
of differentQBF solversin combinationwith theencodings��� 3 � and

� � 3 � for inclusionchecking,or, if theemployedQBF
solver requiresthe input in prenex form, with �%ÎX� 3 � , �%ÏX� 3 � ,� Î:� 3 � , and

� ÏX� 3 � . To this end, we implementeda genera-
tor of inclusionproblemswhich emanatefrom theproof of
the xq�� -hardnessof inclusion checking(Eiter, Tompits, &
Woltran2005),andthusprovidesuswith benchmarkprob-
lemscapturingtheintrinsic complexity of this task.

Thestrategy to generatesuchinstancesis asfollows:

1. generatea
��� �1�-� -QBF � in PCNFby random;

2. reduce � to an inclusionproblem xÓ� � �����S��_H`���\qt��
suchthat x holdsif f � is valid;

3. applycc; to derive thecorrespondingencoding� for x .

Incidentally, this procedurealsoyields a simplemethod
for verifying the correctnessof the overall implementation
by simply checkingwhether � is equivalentto � . We use
herea parameterisationfor thegenerationof randomQBFs
suchthat the benchmarksetyields a nearly 50% distribu-
tion betweenthetrueandfalseinstances.Therefore,theset
is neitherover- nor underconstrainedandthuspresumably
locatedin a hardregion, having easy-hard-easypatternsin
mind.

The reductionfrom the generatedQBF � to the corre-
spondinginclusion problem is obtainedas follows: Con-
sider � of form �-ÖV�X�� C �8× � , where � �Ó£ PZ�Ø-J Ç Z is a
formula in CNF over atoms �G� � Ö½���� C �+×q� withÇ Z ��Ù Z z J ) 3�3�3 )�Ù Z z � » . Now, let Ú��� � Ú  ?  �F �S� bea set
of new atoms,anddefine ÇSÛZ �VÙ�ÛZ z J ��N�N�N��'Ù�ÛZ z � » ,   ÛS� Ú  , and� �   � Û �   . Wegenerate

�^� �#  ) Ú  �^?  cF �S�:��#  � 6 � Ú6 & Ú  � 6 � Ú6 ?   � 6 F � Ã ÖV�:�� �«�! #"   &H���! #" Ú  ?  cF � Ã ÖV�:��#  �«ÇSÛZ & Ú  �2ÇSÛZ ?  cF � Ã Ö�&��q�I�d� Q �XN
For program � we usefurtheratoms+ud� � Æ uH? Æ F E� ,Ú+u8� � ÚÆ u-? Æ F E� andgenerate:



Figure1: Resultsfor true(left chart)andfalse(right chart)probleminstancessubdividedby solversandencodings.

�^� �#  ) Ú  �^?  cF ]� C �:��#  � 6 � Ú6 & Ú  � 6 � Ú6 ?   � 6 F ]� C �:�� � Æ uw� ÚÆ u�&H���! #" Æ uw���! #" ÚÆ u-? Æ F E�:��#  � Æ uw& Ú  � Æ uw&  � ÚÆ uw& Ú  � ÚÆ u-?  cF ]� C � Æ F E�:�� Æ u�� ÚÆ ���! #" ÚÆ uw& ÚÆ u�� Æ ���! #" Æ ud? Æ F E�XN
Finally, sets4 and

9
aredefinedas:

4^� 9 � � G� Ú]� C � ÚC �XN
It canbeshown that � is valid if f

� �����S��_H`���\qt(� holds.
We have setupa testseriescomprising1000instancesof

inclusionproblemsgeneratedthatway(465of themevaluat-
ing to true),wherethefirst program� has620rules,thesec-
ondprogram� has280rules,usinga totalof 40atoms,and
thesets 4 and

9
of atomsarechosento contain16 atoms.

After employingcc; , the resultingQBFspossess,in case
of translation��� 3 � , 200atomsand,in caseof translation

� � 3 � ,
152atoms.Theadditionalprenexing step(togetherwith the
translationof thepropositionalpartinto CNF)yields,in case
of ��� 3 � , QBFswith 6575clausesover2851atomsand,in case
of
� � 3 � , QBFswith 6216clausesover 2555atoms.
We comparedfour differentstate-of-the-artQBF solvers,

namely qube-bj (Giunchiglia, Narizzano,& Tacchella
2003),semprop (Letz 2002),skizzo (Benedetti2005),
andqpro (Egly, Seidl,& Woltran2006).Theformerthree
requireQBFsin PCNFasinput (thus,we testedthemusing
encodings�%ÎX� 3 � , �%Ï:� 3 � , � ÎX� 3 � , and

� Ï:� 3 � ), while qpro admits
arbitraryQBFsasinput(wetestedit with thenon-prenex en-
codings��� 3 � and

� � 3 � ). Our resultsaredepictedin Figure1.
The Ü -axisshows the (arithmetically)averagerunningtime
in seconds(time-outwas100seconds)for eachsolver (with
respectto thechosentranslationandprenexing strategy).

As expected,for all solvers,themorecompactencodings
of form

� � 3 � wereevaluatedfasterthantheQBFsstemming
fromencodingsof form ��� 3 � . Theperformanceof theprenex-
form solversqube-bj , semprop , andskizzo is highly
dependenton theprenexing strategy, and Í dominates

Ì
.

For the specialcaseof ordinary equivalence,we com-
paredour approachagainstthe systemDLPEQ (Oikarinen
& Janhunen2004)which is basedona reductionto disjunc-
tive logic programs,usinggnt (Janhunenet al. 2006)as
answer-setsolver. The benchmarksrely on randomlygen-
erated

� k%���8� -QBFs usingModel A (Gent & Walsh 1999).

EachQBF is reducedto a programfollowing Eiter & Got-
tlob (1995),suchthat the latter possessesan answersetif f
theoriginal QBF is valid. The ideaof thebenchmarksis to
compareeachsuchprogramwith onein whichonerandomly
selectedrule is dropped,simulatinga“sloppy” programmer,
in termsof ordinaryequivalence.

Averagerunningtimesareshown in Table1. The num-
ber Q of variablesin theoriginal QBF variesfrom 10 to 24,
and,for each Q , 100suchprogramcomparisonsaregener-
atedfor which theportionof caseswhereequivalenceholds
is between40%and50%(for detailsaboutthebenchmarks,
cf. Oikarinen& Janhunen(2004)).Weseta time-outof 120
seconds,andboth theone-phasedmode(DLPEQ1)aswell
asthetwo-phasedmode(DLPEQ2)of DLPEQweretested.
For cc; , we comparedthesameback-endsolversasabove,
using encoding

� � 3 � . Recall that for ordinary equivalence
cc; provides

� k%�1�-� -QBFs,thuswecanresignonthedistinc-
tion betweenprenexing strategies. The dedicatedDLPEQ
approachturns out to be faster, but, interestingly, among
the testedQBF solvers,qpro is themostcompetitive one,
while thePCNF-QBFsolversperformbadevenfor smallin-
stances.This resultis encouragingasregardsfurtherdevel-
opmentof thenon-normalform approachof QBFsolvers.

Conclusion
In this paper, we discussedanimplementationfor advanced
programcomparisonin answer-setprogrammingvia encod-
ings into quantifiedpropositionallogic. This approachwas
motivatedby thehighcomputationalcomplexity we have to
facefor correspondencechecking,makinga direct realisa-
tionvia ASPhardtoaccomplish.Sincecurrentlypracticably
efficient solversfor quantifiedpropositionallogic areavail-
able, they canbe employedasback-endinferenceengines
to verify the correspondenceproblemsunderconsideration
usingthe proposedencodings.Moreover, sincesuchprob-
lemsareoneof thefew naturaloneslying above thesecond
level of thepolynomialhierarchy, yet still partof thepoly-
nomialhierarchy, webelievethatourencodingsalsoprovide
valuablebenchmarksfor evaluatingQBF solvers,for which
thereis currently a lack of structuredproblemswith more
thanonequantifieralternation(cf., Le Berreetal. (2005)).
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