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Abstract:Thisarticleattemptstodealwithtwosetsoflogicalrelations,namely Aristotelianrelationsandduality

relations．Throughclassicaldiagrammaticrepresentationsassignedtothem,wegettheAristoteliansquareofoppositions

andthedualitysquarewhichseemtohaveasortofisomorphism．Asamatteroffact,manyinterestingAristotelian

squaresturnouttoalsobedualitysquares,andviceversa．Theaimofthisarticle,however,istoshowthatthetwosetsof

relationsinquestionareneitherequivalentnorisomorphic．Theynotonlyhaveavarietyofdifferentlogicalproperties,but

arealsomutuallyindependentbothinessenceandconceptually．Byaddingmoreformulas,thediagramsexhibitingthe

logicalrelationsbetweentheseformulasbecamemorecomplicatedandthedifferencesbetweentheAristoteliandiagrams

andthedualitydiagramshavebecomemoreperspicuous．Oneofthesecomplicateddiagramsthathasbeenchosenforthis

articleistheoctagonprovidedbyBuridan,thegreat１４th centurylogician．Thisoctagonisbothanextensionofthe

oppositionsquareandthedualitysquare．Asaresult,thenonＧisomorphismbetweenAristotelianrelationsandduality

relationsembodiedinthisoneandsinglerepresentationismoreeasilyandclearlyperceived．
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１．Introduction

Thisarticleattemptstodealwithtwosetsoflogicalrelationswhichareknownintheliteratures
bythenamesoftheAristotelianrelationsandthedualityrelations．Thepurposeofthisdiscussionis
togainadeeperandbetterunderstandingofeachbyinspectingonewithreferencetoanother．The
nameoftheformersetofrelationshasanapparenthistoricalconnotationasthefourtypesoflogical
relationsclassicallyincorporatedunderitsheadappearforthefirsttimeinAristotleslogicalworks．
Inthelaterdevelopmentofthattheory,however,theexplicationsandapplicationsofthoserelations
bysomeofthemainlogiciansandphilosophersgofarbeyondtheoriginallinguisticandconceptual

９０２

〔１〕 Cf．,PaulosHuang,“DialogueandCritique:The１６th CenturyReligiousReformand Modernity”,InternationalJournalof
SinoＧWesternStudies,vol．１２,１Ｇ１２．(https://www．sinowesternstudies．com/backＧissuses/volＧ１２Ｇ２０１７/)
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frameworkofferedbyAristotle．Hencewhenevertheterm Aristotelianisused,itisnotintendedto
meanthatthefollowingconceptorpropositionmodifiedbyitishistoricallyproposedorusedby
Aristotlehimself．RatheritismerelyamarkoratagindicatingacertainwellＧdefinedlogicalrelation
inquestion．

Dualityisaverygeneralandpervasivephenomenonencounteredinnearlyeverybranchof
mathematicaltheoriesandothertheoriesthathavemathematicallyformalizedlanguagestosome
extent．Generallyspeaking,theprincipleofdualityassociatesoneobject,concept,structureor
theoremwithanotherone．Itisaprincipleabouthowtwoconceptsoroperationscanbesubstituted
witheachotherinavarietyofcontexts．Probablythemostpopularandsimpleexampleofthegeneral
notionofdualitycomesfromsettheory．Thevariouskindsofoperationsinvolvedincomplementation
typicallyrepresentthedualityphenomenon．SupposethatboththesetsAandBaresubsetsofa
givensetE．Thatistosay,allthecomplementationoperations(’)aretobeperformedrelativetoE．
Thenwewillhavethefollowingfacts:

①∅′＝EandE′＝∅
②A∩A′＝∅andA∪A′＝E
③A⊇BiffB′⊇A′
④(A∪B)′＝A′∩B′and(A∩B)′＝A′∪B′
Itisquiteeasytoseethatalltheequationsappearinpairs．Thishighlightsthesyntacticfeature

ofthenotionofduality,whichmainlyconcernsthepossibilityofmakingsubstitutionsofcertain
logicaloperationsinourformulas．Theformulasresultingfromthesubstitutionsbecomethedual
formulasoftheoriginalones．〔２〕Inparticularthereisonekindofdualityphenomenonpervasivein
variousnaturalandartificiallanguageswhichconcernstheinteractionbetweenexternalnegationand
internalnegation．Itisthisdualitythatis mostfrequentlydiscussedinlinguistic,logicaland
philosophicalcontextsandspecificallyitisthisdualitythatpeoplehaveinmindastheyarethinking
abouttheAristoteliansquareofoppositions．Furthermore,thereisaninterestingphenomenoninthe
historyoflogicthatvariousconcretesquaresproposedandconsideredbylogiciansofdifferenteraare
bothAristoteliansquaresanddualitysquaresembodyingtheinteractionsbetweenthenegation
operations．

ThemostapparentandprominentnonＧlogicalfeaturesharedby Aristotelianrelationsand
dualityrelationsisthattheyarebothgivencertaindiagrammaticrepresentations．Doubtlesslythe
mostpopularoneisthesocalledtraditionalsquareofoppositionsanditscorrespondingduality
square．In middleages,severalimportantlogiciansallpaytheirattentionstothesquare of

０１２

〔２〕 PaulHalmos,NaiveSetTheory,(Springer,NewYork,１９７４),１７Ｇ１８．
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oppositions,suchasAvicenna(Chatti２０１２,２０１４)〔３〕andBuridan(Hughes１９８７;Read２０１２)．〔４〕At
thesametime,inordertoinvestigatemorecomplexlogicalsystemsandsyllogism patterns,the
medievallogiciansstarttogobeyondtherestrictiveareaofsquaresand４propositions．Theytakeso
manymorepropositionsandlogicalrelationsintoaccountthattheresultingdiagramsbecome
extraordinarilycomplicated,such asthehexagon of William ofSherwood (Kretzmann１９６６;

Khomskii２０１２)〔５〕and３complexoctagonsofBuridan．Incontemporaryformallogic,thesquareof
oppositionsiswidelyusedinavarietyofbranches,likegeneralmodallogic(FittingandMendelsohn
１９９８;CarnielliandPizzi２００８)〔６〕,epistemiclogic(Lenzen２０１２)〔７〕andtemporallogic(Riniand
Cresswell２０１２)〔８〕．Atthesametime,theoppositionsquareisalsoappliedfaroutsideofthe
boundarysetbylogicandphilosophyintothefieldofnaturallanguage,psychology,neuralscience,

computerscienceandsoon．JustasthelogicianJacquettesaid,theoppositionsquareandthelogical
relationsdemonstratedinithavealreadybecomeacertaintypeoflinguafrancausedinvarious
differentdomains．〔９〕

Similarsituationobtainsinthecaseofduality．Theubiquityofthephenomenoninmostofthe
formallanguagesfollowingthelawsofclassicallogicandthelogicalbehaviorsofitarealreadywellＧ
known．Innaturallanguage,dualityexistscrossＧlinguisticallyandsystematicallyandtherealizations
ofwhicharemuchmorediverseandcomplicated．Thesedataaboutdualityhaveledtotheviewthat
itwouldbebettertobetreatedasatypeofsemanticuniversal．〔１０〕Hencedualityanddualitysquare
alsoindeedplaytheroleoflinguafrancanolessthantheAristotelianrelations．Invirtueoffocusing
onduality,wearehopefullyabletoachieveabetterunderstandingoftheinteractionsbetween
naturallanguagesandlogicsononesideandtheirformalcounterpartsontheother．
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Thefirstapparentimpression wegetbyinspectingtheAristoteliansquareandtheduality
squaresidebysideisthattheyseemtohaveanisomorphismtosomeextent．Asamatteroffact,a

gooddealofinterestingAristoteliansquaresturnsouttobedualitysquaressimultaneouslyandvice
versa．Inspiteofthat,thetwosetsofrelationsinquestionareactuallyneitherequivalentnor
isomorphic．Theyhavenotonlyavarietyofdifferentlogicalpropertiesbutarealso mutually
independentbothessentiallyandconceptually．Itisnotappropriatetocharacterizeonesetoflogical
behaviorsintermsoflanguagesandconceptssuitablefortheother．Atthelevelofasquare,assimple
asitis,theinappropriatenessisnotthatprominent．Withtheadditionofmoreformulas,however,the

geometricfiguresexhibitingthelogicalrelationsamongthem aregetting morecomplicatedand
consequentiallythedifferencesbetweenthe Aristoteliandiagramsandthedualitydiagramsare

gettingmoreperspicuous．Byreferencetothosemutualdiscrepancies,itiseasiertoshedlightonthe
natureofeachoneofthemseparately．Thecomplicateddiagramchoseninthisarticleistheoctagon

providedbyBuridan,thegreat１４thcenturylogician．Thisoctagonisbothanextensionofthe
oppositionsquareandthedualitysquare．Asaresult,thenonＧisomorphismbetweentheAristotelian
relationsandthedualityrelationsembodiedinthisoneandsinglerepresentationismoreclearly
perceived．

Thisarticlethenfollowsthefollowingstructure:insection２,dualityisdealtwith．Afterthe
presentationofsometypicalcasesofdualityrelations,aformaldefinitionisgiven,thelogical

propertiesarecharacterizedandthedualitysquaresaredrawn;insection３,theAristotelianrelations
areexpoundedbothformallyandinformally．Thecorrespondingoppositionssquaresaredrawnat
last;insection４,thestructuralsimilaritiesandtheessentialdifferencesoftheAristotelianrelations
andthedualityrelationsarediscussedintwopartsrespectively．Insection５,thefocusison
Buridansmodaloctagon,thepurposeofwhichistomakethedifferencesbetweenthetwosetsof
logicalrelationsmuchmoreprominent．

２　Dualityanditsdefinition

２．１　Sometypicalcasesofduality
Ashasbeensaidinintroduction,thedualityphenomenonconcernedwithinthisarticlecomes

fromtheinteractionsbetweentwokindsofnegation．Inthissection,somesimpleandconcrete
examplesarepresented．

Inpropositionallogic,wehavethefollowingfourequivalencesaboutthelogicalbehaviorsof
conjunctionanddisjunction:

(１)φ∧ψ≡∽ (∽φ∨∽ψ)
(２)φ∨ψ≡∽ (∽φ∧∽ψ)
(３)∽ (φ∧ψ)≡∽φ∨∽ψ
(４)∽ (φ∨ψ)≡∽φ∧∽ψ
Thefourequivalentsmakeitclearthattheexternalnegationofconjunction(disjunction)equals

theinternalnegationofdisjunction(conjunction)andtheexternalnegationoftheinternalnegation
ofconjunction (disjunction)equalsdisjunction (conjunction)．Takentogether,theabovefour

２１２
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equivalentsthemselvesareequivalenttoeachotherandsaythesamething,thatis,theconjunction
anddisjunctionconnectivesareeachothersdual．

Anotherclassicalexamplecomesfrom predicatelogic,whichconcernsthelogicalinteraction
betweentheuniversalquantifierandtheexistentialquantifiers．Again,wehavefourequivalents
aboutthelogicalrelationsbetweenuniversalandexistentialquantifiers:

(５)∃xφ ≡~ ∀x~φ
(６)∀xφ ≡~ ∃x~φ
(７)~ ∃xφ ≡ "x~φ
(８)~ "xφ ≡ ∃x~φ
Analogouslythefourequivalentsindicatethattheuniversalquantifierstandsintheduality

relationtotheexistentialquantifier．
Finallyinmodallogicandbetweenthenecessityoperatorandpossibilityoperator,thesimilar

equivalentsobtainonceagain:
(９)▯φ≡~à~φ
(１０)àφ≡~▯~φ
(１１)~▯φ≡à~φ
(１２)~àφ≡▯~φ
２．２　Generaldefinitionsandlogicalpropertiesofduality
Dualitycanbedefinedondifferentlevelsofabstraction．Basedonthetypicalexamplesabove,the

logicaloperatorsinvolvedwillbegeneralizedtoanynＧaryoperator．AssumingAtobethesetofall
wellＧformedformulas,~tobethenegationconnectiveinclassicallogicandO,QtobetwonＧary
operatorsonsetA:An→A,thenforanynnumberofformulasa１,,aninA,thedualityrelationscan
bedefinedasfollows:

OistheexternalnegationofQ (E(O,Q))iffO(a１,,an)≡ ~Q(a１,,an)
OistheinternalnegationofQ (I(O,Q))iffO(a１,,an)≡Q(~a１,,~an)
OisthedualofQ (D(O,Q))iffO(a１,,an)≡ ~Q(~a１,,~an)

Thedualityexamplesfrom２．１cclearlyshowthatanygroupofdualityphenomenonactually
involvesnotonlytwopropositionsoroperators,butfour．Givenaproposition P,negatingit
externally,internallyandboth,wewillgetagroupoffourpropositionsincludingtheoriginalone．
Somelogicians,therefore,recommendreplacingthenotionofdualitywiththenotionofquaternality
(Gottschalk１９５３)．〔１１〕Inordertotechnicallytacklethefourpropositionsinauniform manner,it
wouldbebettertoviewthepropositionPitselfasaresultofsomeoperation,whichiscalledidentity
(ID)anddefinedasfollows:

O＝Q (ID(O,Q))iffO(a１,,an)≡Q(a１,,an)

Asaresult,wegetasetofdualityrelationscontainingfourelements:D＝ {ID,E,I,D}．Itis
easytocheckthattheelementsinDarenotjustanyoldrelationsbutfunctions．ForanyoperatorO
andforanyrelationRinD,thereexistsauniqueoperatorQsuchthatR(O,Q)．Aslongasthe
functionalityofthedualityrelationsisguaranteed,weareabletochangeournotationfromrelation
tofunctionandrelativetothesetD,foranyoperatorQweareabletoformanotherfourＧelementset

３１２

〔１１〕 W．H．Gottschalk,“Thetheoryofquaternality,”Symb．Log．１８,(１９５３),１９３Ｇ１９６．
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ofdualityoperatorsgeneratedbyQ:O(Q)＝{ID(Q),E(Q),I(Q),D(Q)}．Byinvestigatingtheabove
concretedualityexamples,simplelogicalcomputationsrevealthefollowingpropertiesofthesetD:

a)E∘E(Q)＝ID(Q)＝Q
b)I∘I(Q)＝ID(Q)＝Q
c)D∘D(Q)＝ID(Q)＝Q
d)E∘I(Q)＝I∘E(Q)＝D(Q)

e)E∘D(Q)＝D∘E(Q)＝I(Q)

f)D∘I(Q)＝I∘D(Q)＝E(Q)

Informallyspeaking,foranyoperator,theexternalnegationofitsexternalnegation,theinternal
negationofitsinternalnegationandthedualofitsdualareallequivalenttoitself．AndamongE,I
andD,anycombinationofanytwoofthemequalthethird．Thefirstthreeclausestogetherconfirm
thatallthedualityrelationshavethepropertyofsymmetry．Fromtheaboveequations,itisnot
difficulttoseethatthesetO(Q)actuallycanbegeneratedbyanyoneofitselement．Generally
speaking,foranyoperatorQ′∈O(Q),wehaveO(Q′)＝ O(Q),whichimpliesthatO(Q)isclosed
underthedualityrelations．ApplyinganyoperationinDinanynumberoftimestoanyoperatorinO
(Q)willnottakeusoutsideoftheset．〔１２〕Intheirconcretelinguisticrealizations,therelevantlogical
behaviorsarenotexpressed merelybyonesinglepropositionorsentencebutasetoflogically
equivalentpropositions．

Assomanyscholarshavealreadypointedout(Piaget１９４９;Gottschalk１９５３;Loebner１９９０;van
Benthem１９９１;PetersandWesterståhl２００６;DemeyandSmessaert２０１５),thepropertyofdualitycan
beclearlyshownbyaKleinfourgroupV４withthefollowingCayleytable:

∘ ID E I D

ID ID E I D

E E ID D I

I I D ID E

D D I E ID

２．３　Dualitysquares
Accordingtotheabovedefinitionsofdualityrelations,basedonthesetofdualityoperatorsO

(Q)generatedbyanyQanditslogicalproperties,wecanvisuallyrepresentthedualityrelationsas
follows(INEGstandsforinternalnegation;ENEGstandsforexternalnegation;DUALstandsfor
dual．):〔１３〕

４１２

〔１２〕

〔１３〕

Westerståhlformulatesthispropertyasafactaboutthedualitysquare,thatis,eachquantifierinthesquarespansthesame
square．See:D．Westerståhl,“Classicalvs．modernsquaresofopposition,andbeyond,”inBéziau,J．Y．&Payette,G．eds．,TheSquareof
Opposition:A GeneralFrameworkforCognition,(PeterLang,Bern,２０１２),１９５Ｇ２２９;S．PetersandD．Westerståhl,Quantifiersin
LanguageandLogic,(OxfordUniversityPress,Oxford,２００６)．

ThereisalsoanIdentityfunctioninthesetofdualityrelations D＝{ID,E,I,D}whichisnotexplicitlysignifiedinthe
squares．Ineveryvertex,however,therearetwoequivalentpropositions,whichimplicitlyshowtheIdentityrelation．Ifwealsowantto
visuallyclearlyindicatetheIdentityrelationineachsquare,wejustneedtoputalooponalltheverticespointingtothemselves．
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Figure１　DualitySquares:(a)ConjunctionandDisjunction(b)UniversalquantifierandExistential

quantifier(c)NecessityandPossibilityoperators(d)MaterialImplication

３　TheAristotelianrelations

３．１　Informalcharacterizations
ThetypicalAristotelianlogicalrelationsappearfirstlyinDeInterpretatione．Aristotlesays:

Icallanaffirmationandanegationcontradictoryoppositeswhen whatone
signifiesuniversallytheothersignifiesnotuniversally,e．g．everymaniswhite—not
everymaniswhite,nomaniswhite—somemaniswhite．ButIcalltheuniversal
affirmationandtheuniversalnegationcontraryopposites,e．g．everymanisjust—

nomanisjust．Sothesecannotbetruetogether,buttheiroppositesmaybothbe
truewithrespecttothesamething,e．g．noteverymaniswhite—somemanis
white．(１７b．１６Ｇ２６)〔１４〕

Inthispassage Aristotleexplicitly mentionstwotypesofoppositionrelations whichare
contradictoryandcontrary．ItamountstosaythatA andO arecontradictories,E andIare
contradictories,andthatAandEarecontraries．Moreover,thecontradictionrelationconstitutesthe
startingpointofhistreatment．ThisofcourseisconsistentwithhisbasicattitudetowardstheLawof
NonＧContradiction (LNC)．In hispointofview LNCisthefirstprinciple whichcannotbe
demonstrated．Itisaprimitiveaxiomofhisentirelogicalsystem．AsregardsLNC,Aristotleactually
giveusseveralnonＧequivalentformulations．WhatarerelevantherearethetwoversionsofLNC
distinguishedbyŁukasiewicz,whichareontologicalandlogicalrespectively:

Itisimpossibleforthesamethingtobelongandnottobelongatthesametime

５１２

〔１４〕 J．L．Ackrill,Aristotle:CategoriesandDeInterpretatione,(ClarendonPress,Oxford,１９６３)．
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tothesamethingandinthesamerespect．(Met．１００５b１９Ｇ２３)

Theopinionthatoppositeassertionsarenotsimultaneouslytrueisthefirmest
ofall．(Met．１０１１b１３Ｇ１４)

LNCimposesarequirementonthecontradictorypropositions,whichisthattheycannotbetrue
together．Butitdoesnotmentionthepossibilityaboutthedistributionofthefalsity．Thereforewe
arenotabletogetapairofcontradictionsonlybyLNC．Itisjustnotsufficienttodistinguish
betweenthecontradictoryoppositionandcontraryopposition．Contradictionneedsastrongerlogical
property．ThispropertyisgovernedbyanotherimprovablelogicallawwhichistheLawofExcluded
Middle(LEM):

Ofanyonesubject,onethingmustbeeitherassertedordenied．(Met．１０１１b２４)

Asaresult,foranypairofcontradictorypropositions,oneofthemistrueifandonlyiftheother
oneisfalse．LNCguaranteesthemnottobebothtrueandLEM guaranteesthemnottobeboth
false．

Afterestablishment ofthelogical properties of contradiction,we are now turning to
investigatingthecontraryopposition．BasedontheabovequotedtextfromDeInterpretatione,wecan
tellthat Aristotlepointsouttwoconditions:firstlytwocontrarypropositionscannotbetrue
together;secondlytheiropposites (apparently meaningthecontradictoryopposites)canbetrue
together．Itiseasytoinferfromthisthatifthecontradictoriesofthetwocontrarypropositionscan
betruetogether,thenaccordingtothetruthvaluedistributionrequirementsofLNCthosetwo
contrarypropositionscanbefalsetogether．

Aristotledoesnotexplicitlyputforwardthenotionofsubcontrariety．〔１５〕Inthepassagewehave
seen,heonlydenotesthemasthe(contradictory)oppositesofthecontrariesandstatesthattheycan
betruetogether．Assumingthattheyarebothfalse,thecontradictoriesofthem willbothbetrue．
Theycontradictoriesofthem,however,aretwocontrarypropositions,whichcannotbetruetogether．
Thereforethepropositionsintherelation ofsubcontrarietycannotbefalsetogether．InPrior
Analytics,Aristotleonlycountsthesubcontrarypropositionsasverbaloppositions．Probablythe
reasonisthatforAristotlethereisakindofstrictsenseforthenotionofoppositiontohave,whichis
thatfortwopropositionstostandinamutuallyopposedrelationtheyatleasthavetobemutually
exclusive．SoifAristotleconceivesthestrictnotionofoppositionintermsofincompatibility,two
propositionsopposedtoeachothercannotbetruetogether．Itisnotunreasonable,however,to

６１２

〔１５〕 Aristotleseemstohavenotechnicaltermfortheconceptofsubcontrariety．Normallyspeaking,heusesantiphasisand
antiphatikosantikeimenostonamecontradiction．Orasshowninthequotedtext,antikeimenosisdirectlyusedalonetoname
contradiction．Asforcontrariety,hehasthetermenantiai．ThefirstappearanceofthenotionofsubcontrarietycanbefoundinApuleius
workPeriHermeneias．Init,heusestheLatintermsubparesfortheconceptofsubcontrariety．Incongruaedenotesoppositionand
alterutraenamescontradiction．(M．W．Sullivan,Apuleian Logic,(NorthＧHolland,Amsterdam,１９６７),６５;LondeyandJohanson,
(１９８７),５６,８８Ｇ８９,１１１;Seuren．(２０１０),１５２)．TheGreekcounterpartofsubcontrariaeishypenantiaithefirstuseofwhichcanbefound
inAmmoniusGreekCommentaryonAristotlesDeInterpretatione;“TheparticularsarecalledsubＧcontraries,becausetheyareplaced
belowthecontrariesandfollowfromthem．”(A．Busse,AmmoniusinAristotelisDeInterpretationeCommentarius,(RoyalPrussian
AcademyofScience．GeorgReimer,Berlin,１８９７),９２)．
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incorporatethesubcontratietyinanindirectwayintothetraditionalsquareofoppositions．Afterall,

thisconceptcanbeultimatelydefinedbytheconceptofcontrarietyandthelattersatisfiesthe
conditionforoppositioninthestrictsense．

Thesituationissimilarinthecaseofsubalternation．Aftertheidentificationofthetruthvalue
distributionpropertiesforcontradiction,contrarietyandsubcontrariety,therelevantpropertyofthe
subalternationrelationnaturallyfollows．Asintherelationofsubcontrariety,twopropositionsthat
areinsubalternationcanbetruetogether．InlightofAristotleschoiceofwords,wemayhaveto
viewthem asopposedtoeachotheronlyverbally．Ontheotherhand,alsolikethecaseof
subcontrariety,weareableto definesubalternationintermsofcontrariety．A andIarein
subalternationonlyifthereisanEsuchthatAandEarecontraryandIandEarecontradictory．
Anotherimportantthingworthnotingisthatsubalternationinvolvesdirectionality．Thatistosay,

whenAistrue,Ihastobetrue．Themodalforcehereconveysthepropertyofdirectionalityand
indicatesthetruthbeingtransmittedfromAtoI,nottheotherwayaround．

InsumthetypicalfourAristotelianlogicalrelationscanbeformulatedinformallyasfollows:
Twopropositionsarecontradictoryifftheycannothavethesametruthvalue,i．e．cannotboth

betrueandbothbefalse．
Twopropositionsarecontrariesifftheycannotbothbetruebutcanbothbefalse．
Twopropositionsaresubcontrariesifftheycannotbothbefalsebutcanbothbetrue．
Apropositionisasubalternofanotheriffitmustbetrueifitssuperalternistrue,andthe

superalternmustbefalseifthesubalternisfalse．
３．２　Formaldefinitions
InthecourseoftryingtoformallydefinetheAristotelianrelations,itisnecessaryforustopay

specialattentionstotwoofthefeaturesinourinformaldescriptionsofthem．Firstly,inourinformal
characterizationsofcontradiction,contrarietyandsubcontrariety,thewordbothoccursinallcases．It
indicatesonecrucialcriterionto distinguishamongthosethreerelations,whichconcernsthe
possibilityofanidenticaltruthvaluedistribution．Inthefollowingformalizations,wewillusethe
commonsententialconjunctiontodealwiththiscriterion．Secondlythereexistscertainmodalforcein
ourinformaldefinitionsofthefourAristotelianrelations,whichisreflectedinwordslikecanand
must．Weconsiderthismodalforceexpressingthenotionoflogicalvalidity,whichmeanswecannot
definetheAristotelianrelationssimplybythelogicalconnectivesbuthavetodefinethemintermsof
validandinvalidrelations．

Basedontheabovetwopoints,wefirstlydefineasimplifiedAristotelianoppositionlanguageas
L(OP)＝＜P,C＞．Pisacountablesetofpredicates．Cisthesetoflogicalconstants,includingthe
necessaryordinarysententialconnectives(herewetakenegationandconjunctionasprimitive)and
thefourspecialsymbolsforconstructingtheAristoteliancategoricalpropositions,whicharea,e,i
ando．InAristotlesterminology,theycorrespondrespectivelyto “hyparcheinpanti”,“hyparchein
oudeni”,“hyparcheintini”and“ouchhyparcheintini”．〔１６〕ThewellＧformedformulasofthislanguage
areprettysimple:ifAandB∈P,thenAaB、AeB、AiBandAoBarewellＧformedandbasedonthose
typesofelementarypropositionsthenegationsandconjunctionsofthemcanbeformed．Further,lets

７１２

〔１６〕 See:J．Łukasiewicz,AristotlesSyllogistic,(Clarendon,Oxford,１９５７),１６．
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assumeaconsequencerelation(⊨)forthislanguage．ThenforanytwoformulasφandψinL,we
defineasetof AristotelianrelationsR ＝ {CD,CT,SCT,SA}(correspondingrespectivelyto
contradiction,contrary,subcontraryandsubalternation)asfollows:

CD(φ,ψ)iff⊨~(φ∧ψ)and⊨~(~φ∧~ψ);
CT(φ,ψ)iff⊨~(φ∧ψ)and⊨~(~φ∧~ψ);
SCT(φ,ψ)iff⊨~(φ∧ψ)and⊨~(~φ∧~ψ);
SA (φ,ψ)iff⊨φ→ψand⊨ψ→φ．
⊨~ (~φ∧~ψ)meansthatthereexistsamodelcapableofsatisfying~φ∧~ψ．Sothetwo

propositionsincontraryrelationscanbefalsetogether．Similarly ⊨ψ→φ meansthereismodel
capableofsatisfyingψ∧~φwhichinturndeterminesψ→φtobeinvalid．

３．３　TheAristotelianoppositionsquares
ItisnotAristotlehimselfthatvisuallyrepresentsthefouroppositionrelationsdefinedasabove

bysquares．ThemainfocusesofAristotleareontherelationsofcontradictionandcontrariety,since
onlythesetwocanbecountedastrueoppositionsstrictlyspeaking．Butifjustthesetworelationsgot
representeddiagrammatically,thatwouldnotbringsquareintoexistence．AccordingtoLondeyand
Johanson(１９８７),theearliestuseofasquareＧlikefiguretopresentthefourAristotelianrelationsare
donebyApuleius．Aswealreadyknow,itisApuleiuswhoputsthesubcontraryrelationunderneath,

justparalleltothecontraryrelation．Anditishim whoproceedstodescribethesituationin
geometricterms:twouniversalpropositionsshouldbeputonanupperline(superiorlinea)andtwo
particularsshouldbeplacedonalowerline(inferiorelinea)(Sullivan１９６７)．Thiskindofusageof
wordsindescribingthelogicalrelationsstronglysuggestsasquareＧlikerepresentation．Apuleius,

however,hasnotyetidentifiedthetwosubalternations,〔１７〕whichmeansthatevenifheactuallydrew
afigurewithfourverticesitwouldnotbeasquarebutonlyakindofcrossedpolygon．Thesquare
figurefinallygetscompletedbythehandsofBoethius．Ontheonehand,heexplicitlyputsforward
therelationofsubalternation,whichprovidesthetheoreticalpreparationforthepossibilityofadding
twosidesto Apuleiuspolygon．Ontheotherhand,heconsidersthevisualpresentationofthe
AristotelianrelationstobesoimportantthatheisselfＧconsciouslytryingtodothis．Inhispointof
view,iftheabstractobjectsofunderstandingcouldbeconcretelydemonstratedinfrontoftheeyes,

theywouldbestoredinourmemoriesforamuchlongerperiod．〔１８〕

Inthefollowing,we willpresentafew modern versionsofthe Aristoteliansquaresof
oppositions:

８１２

〔１７〕

〔１８〕
Infact,Apuleiusdoesnothaveanyterminologyforsubalternation．
Superiorisautemdisputationisintegrumdescripionissubdidimusexemplar,quatenusquodanimocogitationiqueconceptum

estoculisexpositummemoriaetenaciousinfigatur．(Meiser１８８０:p．１５２)
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Figure２　Aristoteliansquareofoppositions:(a)conjunction(b)universalquantifier(c)necessityoperator(d)codes

４　Theseminariesanddissimilaritiesofthedualitysquaresandthe
Aristoteliansquares

４．１　Structuralsimilarities
Bycomparisonoffigure１and２,itiseasytoseethatthesquaresconstructed bythe

connectives,quantifiersandmodaloperatorsarebothdualitysquaresandAristoteliansquares．On
thediagrammaticallevel,thereseemstobesomekindofisomorphismbetweenthosedualitysquares
andoppositionsquares．Inanygivendualitysquare,wehave２externalnegations,２internal
negationsand２duals．Inanygivenoppositionsquare,wehave２contradictions,１contrariety,１
subcontrarietyand２subalternations．Sinceexternalnegationisthemostcommonandtypicalwayto
constructapairofcontradictories,wetendtodirectlyassociatethe２contradictionrelationsinan
oppositionsquarewiththe２externalnegationrelationsinadualitysquare．ThisparallelismiswellＧ
establishedandveryneat．

Atthesametime,itisknownthatinpropositionallogictheformulaφ→ψisequivalenttothe
formula~ (φ∧~ψ)．AndgivenanytwooperatorsOandQ,iftheyareeachothersdual,thenO≡~
Q~．Therefore,itgivesusanapparentimpressionthatbothinthecaseofsubalternationanddual,

thereinvolvetheinteractionsbetweenexternalandinternalnegation．Ofcourse,theimpressionis
misleadingtotheeffectthatthesoＧcalledinternalnegationintheformula~ (φ∧~ψ)isanegation
onlyappliedtoψ．Besidesthat,themostcommonarrangementsofthediagramsthemselvesalso
stronglyinduceustomakethiscorrespondencebetweensubalternationanddual,astheyareboth
drawnasoccupyingthetwosidesofasquare．Afterestablishingthesetwoisomorphisms,thethird
onenaturally follows,whichis betweeninternalnegation on one side and contrariety and
subcontrarietyontheother．Theproblemhere,however,isthatthecorrespondingbetweeninternal
negationandcontrarietyandsubcontrarietyisnotperfect．Itisnota１Ｇ１mapping,sincetherearetwo
Aristotelianrelationswhichcausethemessof１Ｇ２．

Generallyspeaking,iftheattentionwerelimitedonlytothecasesofsetsoffourpropositions
eachofwhichhasonlyonedominantoperator,significantstructuralsimilaritiesbetweentheduality
squaresandtheAristoteliansquareswouldverylikelybefound,eventothepointofisomorphism．

９１２
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NomatterthesquareisconstructedfromconjunctionＧdisjunctionpairorfromquantifiersorfrom
modaloperators,itisbothadualitysquareandanAristotelianoppositionsquare．Andthiskindof
overlappingseemstoresultfromtheinteractionbetweenexternalnegationandinternalnegation．It
isobviousandintuitive．Withrespecttothedualitysquares,therelationsembodiedinthemarejust
definedbyexternalandinternalnegation．AsfortheAristotelianrelations,thereasonsleadingtothe
differentsituationsoftruthvaluedistributionsarealsotendedtobethoughtasconsistedinthe
differentpositionsoftheoccurrenceofnegation．

ItistruethatthereisaprettytightconnectionbetweentheAristotelianrelationsandthe
negationoperations．Thisfacthasalreadybeennoticedandconfirmedbythemedievallogicians．In
PeterofSpainswork,heproposesthreerulesforequipollences(SL．Ⅰ１８):

Ifbeforeanysignweputanegation,itisequipollenttoitscontradictory．
Ifafteranyuniversalsignweputanegation,itisequipollenttoitscontrary．
Ifbeforeandafteranyuniversalorparticularsignweputanegation,itisequipollentto

itssubalternate．〔１９〕

WilliamofSherwoodalsoputsforwardsimilarrulesandfurtherconcludesthembythehelpofa
mnemonic verse as follows:Pre contradict,post contrariatur,pre postque subalternantur．
(Introductiones１９)〔２０〕

ThetightconnectionbetweentheAristotelianrelationsandthedualityrelations,alsobetween
thecorrespondingdiagrams,issignificantlyinstantiatedbytheassociationofthecontradictionofthe
externalnegation．InhiscommentontheaboveＧmentionedfirstruleofequipollence,Buridanpoints
outthat:“thereisnobetterandmorereliablewaytoformthecontradictoryofapropositionthanby
prefixinganegationtoitthatisunderstoodtobeoperatingonthewholeproposition．”(Summulae
１．５．２)〔２１〕

Fromthediagrammaticpointofview,inspectionandcomparisonofsomeofthesocalled
‘collapsed’dualitysquaresand ‘degenerate’oppositionsquareshelptoshedsomelightsonthe
natureofthecloseconnectionbetweencontradictionandexternalnegation,whichinitsturnis
conductivetodealingwiththeproblemofsimilaritybetweenthosetwosetsofsquares．

Themostfamousdegenerateversionofthetraditionalsquareofoppositionisits modern

０２２

〔１９〕

〔２０〕

〔２１〕

Deequipollentiisassignanturreguletales:sialicuisignopreponaturnegatio,equipolletsuocontradictorio．Etideoequipollent
iste:nonomnishomocurrit/quidam homononcurrit;etitadealiis．Secundaregulatalisest:sialicuisignouniversalipostponatur
negatio,equipolletsuocontrario,sicutiste:omnishomononestanimal/nullushomoestanimal;veliste:nullushomononcurrit/omnis
homocurrit;etitadealiissignisuniversalibusaffirmativisetnegativis．Tertiaregulaesttalis:sialicuisignouniversalivelparticulari
preponaturetpostponaturnegatio,equipolletsuosubaltern．sicutiste:nonomnishomononcurrit/quidamhomocurrit;etistesimiliter:

nonquidamhomononcurrit/omnishomocurrit．Etsicdequolibetaliosigno．(B．Copenhaver,C．NormoreandT．Parsons,Peterof
Spain:SummariesofLogic．Text,Translation,Introduction,andNotes,(OxfordUniversityPress,Oxford２０１４),１１６Ｇ１１７)．

See:N．Kretzmann,WilliamofSherwoodsIntroductiontoLogic,(UniversityofMinnesotaPress,Minneapolis,１９６６),３８．
PeterofSpainalsolikestoproposesuchkindsofmnemonicverses．Actually,thereistheconjecturethatoneofthereasonsthatthe
logicalworksofPeterofSpainaremorepopularatthattimethantheonesofWilliamofSherwoodissimplythattheformerscontain
muchmoreandbettermnemonicverses(Kneale,TheDevelopmentofLogic,(ClarendonPress,Oxford,１９６２),２３４)．Andgenerally
speaking,thewayofusingmetricaldevicestohelpunderstandingandmemorybeginstobepopularatleastsincethetwelfthcentury．

Etistaregulasiccorrectaestuniversalitervera,siveinpropositionibuscategoricissiveinhypotheticis,siveinpropositionesit
aliquodsignum sivenon,quianonpotest meliusetfirmiussumicontradictioadaliquam propositionem quam sibipraeponendo
negationemquaeintelligaturcaderesupertotampropositionem．(Hubien２００１)
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revision．Asweknow,anecessaryconditiontoassurethevalidityoftheAristotelianrelationsisthe
existentialimportoftheaffirmativepropositions．Specifically,intheAristotelianlogicalsystem,not
onlydotheparticularaffirmativeshaveexistentialimport,butalsotheuniversalaffirmativesdo．
Thatistosay,inAristotelianlogic,atypeApropositionas“EverySisP”shouldbeformalizedas"

x (Sx →Px)∧ ∃xSx．Therefore,ifthereisnoentityhavingthepropertyexpressedbySinour
domain,theuniversaljudgmentissimplyfalse．Onlybythewarrantoftruthconditionsdetermined
bytheexistentialimport,thelogicalrelationspresentedbytheAristoteliansquareofoppositionare
valid．In contemporary classicalfirstＧorderlogic,however,universalaffirmatives do nothave
existentialimport．Ifweformulatethefourquantifiedpropositionsintothenotationsofstandard
firstＧorderpredicatecalculus,wewouldenduplosingmostofthelogicalrelationsembodiedinit．For
example,ifwesymbolizethelogicalform of‘EverySisP’,‘NoSisP’and ‘SomeSisP’

respectivelyas∀x(Sx →Px),∀x(Sx →~Px)and∃x(Sx ∧ Px),itisnotdifficulttoseethat
accordingtothestandardtruthconditionsofthesequantifiedformulasAandEcanbothbetrueif
thecontainedsubformulaSxisfalse,especiallywhenthereisnoxsuchthatSx．Forthesamereason,

AdoesntimplyIinthesensethatthereisamodelinwhichAistriviallytruebutIisfalse．
Therefore,withoutexistentialimportthetraditionalsquareofoppositionwouldbedoomedtobea
degenerateone,whichwouldgiverisetothefollowingdiagramwithonlytwopairsofcontradictions
assurvivals:

Figure３　adegenerateSquareofOppositions

Asforthedualitysquares,thepossibilityofcollapsecomesfromthelossofefficacyofthe
negationoperation．Thatistosay,foranygivenoperator,theoreticallyspeaking,applyingany
operationinthesetD＝{ID,E,I,D}givesustheoriginaloperatoritself．Itwillbeshownsoon,

however,thatinrealitytheefficacyofEcannotbelostinordertosecuretheconsistencyofthe
underlyinglogicalsystem．IftheefficacyofDiscancelled,thenforanyoperatorO,D (O)≡O．O
becomesthedualofitself．SinceE∘D(O)＝I(O),bysubstitutionofequivalents,itfollowsthat
E(O)＝I(O):foraselfＧdualoperator,itsexternalnegationequalsitsinternalnegation．Undersucha
circumstance,thedualitysquarecollapsesintothediagrambelow:

Figure４　AcollapsedsquareconstructedbyaselfＧdualoperator

Similarpossibilityalsooccurstointernalnegationoperation．IftheefficacyofIiscancelled,then
foranyoperatorO,I(O)≡O．SinceD∘I(O)＝E(O),bysubstitutionofequivalents,itfollowsthat

１２２
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D(O)＝E(O):foranoperatorthatistheinternalnegationofitself,itsdualequalsitsexternal
negation．Undersuchacircumstance,thedualitysquarealsocollapses:

Figure５　Acollapseddualitysquareconstructedbyanoperatorwhichisitsowninternalnegation

Takingthecollapsedsituationsaboveintoaccount,itiseasytodiscoverthatthedualitysquare
andtheAristoteliansquarehavethesimilarpatternofcollapse．Inthetwocasesofcollapsedduality,

onlytherelation ofexternalnegationissubstantially preserved．Ifthe supposed structural
isomorphismweretomapexternalnegationtocontradiction,wewouldbeinapositiontoexpectthat
inthecaseofdegenerateoppositiontheonlysurvivorwouldbecontradiction,whichisexactlywhat
happens．AndifwemovefurthertoconsiderthepossibilityforEtocollapse,whichisamountto
identifyanoperatorwithitsownexternalnegation,wewouldbeledtodirectlyviolatetheLawof
NonＧContradiction．Insuchasituation,theresultofapplyingtheoperatorinquestiontoanyoperand
wouldbetrueandfalsesimultaneously．InordertoguaranteethevalidityofLNC,theapplication
domainofsuchanoperatorhastobeemptywhichautomaticallycancelstheefficaciesofE,I,andD
altogether．Thewholesquarewouldbereducedtoapoint．

Inlightofallconsiderationsabove,wearestronglyinclinedtothinkthattheAristotelianlogical
relationsandthe duality relationsareconceptuallyinterdependentand even equivalent．The
isomorphismexhibitedatthelevelofsquaresseemstoresultfromtheircharacterizingessentiallythe
samesetoflogicalrelations．Extensionallyspeaking,nearlyallthefrequentlydiscussedAristotelian
squaresareatthesametimedualitysquares,andviceversa．Inthefollowingsection,however,efforts
aremadetoshowthatthisfirstimpressionbasedonsimplesquaresisnotreliableandhighly
misleading．Infact,theAristotelianrelationsandthedualityrelationsaredifferentinnatureand
conceptuallyindependent．Thesatisfactionoftherequirementsimposedbyonesetofrelationsisnot
sufficientandnecessaryforthesatisfactionoftheother．

Now,awayfromtheabstracttreatmentofdissimilaritiesbetweentheAristotelianrelationsand
dualityrelations,thediscussionismovingtoaconcretediagramproposedbyBuridan．Itisnota
simplesquarecontaining４propositionsbutaverycomplicatedoctagon．Aswillbeseensoon,when
morepropositionsandmoreoperatorsaretakenintoaccount,theresultingdiagramswillbemore
complicatedandtheseemingisomorphismdiagrammaticallyrevealedbeforeatthesimplegeometric
levelwillbelargelylost．

２２２
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　　４．２　ThedifferencesbetweentheAristotelianrelationsandthedualityrelations
Investigatingthelogicalpropertiesofthetwosetsofrelations,itisnotdifficulttodiscoversome

apparentdifferences．Firstly,fromthecasesofthetwocollapseddualitysquaresdiscussedabove,we
noticethatatleastDandIcanbereflexive．InAristotelianrelations,however,thereisnoreflexive
one．OneoftheconsequencesfollowedfromreflexivityisthatwithrespecttoaselfＧdualoperator
thereexisttwopropositionsstandingbothintherelationofexternalnegationandtherelationof
internalnegation．Bythesamereason,withrespecttoanoperatorthatisitsowninternalnegation,

thereexittwopropositionsstandingbothintherelationofexternalnegationandtherelationof
dual．Notwo propositions,however,can standin morethan one Aristotelian relation．The
Aristotelianrelationsaremutuallyexclusive．

Secondlyandmostfrequentlypointedoutbyvariousscholars,thedualitysquareisperfectly
symmetrical．ForanyrelationRinD＝ {ID,E,I,D},ORQiffQRO．In Aristotelianrelations,

however,notalltherelationsaresymmetric．SubalternationisjustoneＧsided．
Finally,althoughanytwoarbitrarypropositionscanstandinonlyoneAristotelianrelation,one

propositionisallowedtobeinrelationswithseveralnonＧequivalentpropositionswithrespecttothe
Aristotelianrelationsexceptforcontradiction．Thatistosay,althoughonepropositionhasonlyone
contradictorycounterpart,itis capable of having morethan one contrary,subcontrary and
subalternatecounterpartswhichareallnotequivalent．Asforthedualityrelations,however,any
propositioncanhaveonlyoneexternal,internalnegationandonlyonedual．Theyareallfunctions,

whichisalsothegroundforustoformthesetO(Q)＝{ID(Q),E(Q),I(Q),D(Q)}basedonD＝
{ID,E,I,D}．

Besidestheaboveapparentdissimilaritiesofthelogicalpropertiesbetweenthetwosetsof
relations,theirdefinitionsrevealsomedeeperdifferences．Firstly,thedefinitionsoftheduality
relationsessentiallyinvolvetheinteraction betweentheexternalandinternalnegation．They
inevitablyimposesomerestrictionsofdifferentlevelsofstrengthonthedomainofduality．The
specificstrengthoftherestrictionsdependsinlargepartonhowtoexactlyunderstandthenotionof
negationinquestion．Ifweconfinethenotionofnegationwithinasyntacticlevel,therestrictions
becomethestrongest,sinceitrequiresthatforanydualrelationagrammaticalnegationispossible．
Thereexist,however,various kinds of predicates the grammatical negations of which are
ungrammaticalthemselvesbut whichstillseem to beabletostandinthedualityrelations．
Therefore,itwouldbebetterforustounderstandnegationsemantically,which meansthatthe
indicationofthepresenceofnegationisnotthenecessaryoccurrenceofcertaingrammaticalnegation
signs．Weneedtoappealtosomesemanticcriteria,whichwouldconsequentlyenlargethedomainof
duality．

Evenso,thereisstillapotentialmisleadingelementinthedefinitionsofdualitywhichconcerns
thenotionofanoperator．Itisnotclearhowweshouldunderstandthisnotionprecisely．Inthemost
naturalway,thetypicalexamplesofanoperatoraregiventousasthesententialconnectives,the
quantifiersandthemodaloperators．Theyalltakeoneormorepredicatetypeoperandsthatcanallow
negationimposeduponthem,whichrealizetheinternalnegationinthedefinition．Furthermore,the
combinationofthoseoperatorswiththeiroperandscanalsobenegated,whichrealizetheexternal
negation．WiththesetworequirementsfulfilledthedualityrelationscanbewellＧdefined．Therefore,

３２２
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construedinthisway,anydualityoperators,thatisanyelementofthesetO(Q)＝ {ID (Q),E (Q),

I(Q),D (Q)},hastobeatleastsecondＧorder．Accordingtothedefinitionandthecommonnotation
oftypeinformalsemantics,thesententialconnectivesareofthetype‹t,t›andthequantifiersareof
thetype‹‹‹e,t›,e›,t›．IfalltheelementsinO(Q)areatleastsecondＧorder,thentheduality
relationsbetweenthem,thatisalltheelementsinD＝ {ID,E,I,D}hastobeatleastthirdＧorder．

Secondly,theAristotelianrelationsareexplicitlydefinedalongthesemanticdimension,which
directlyappealstothedifferentdistributionsoftruthvalueswithoutstipulatinghowtoachievethose
distributionssyntacticallyorsemantically．ThecommentmadebyBuridanonPeterofSpainsfirst
ruleofequipollencehasalreadybeenmentionedabove．Inhisview,externalnegationisthebestand
mostreliablewaytoconstructcontradictories．Butlogicallyspeaking,theremaystillbeotherways
toformapairofcontradictories．InhiscommentonthesecondruleofPeterofSpain,Buridanstates
thatsincethenegationdoesnotprecedetheuniversalsign,itdoesnotremoveitsuniversality,but,

sinceitprecedesthecopula,itchangesthequalityoftheproposition;therefore,thosetwoboth
remainuniversal,the one being affirmativeandthe other negative;and such arecontraries
(Summulae１．５．３)．〔２２〕Similarlyinhiscommentonthethirdrule,Buridansaysthatsincetwo
negationsoccurbeforethecopula,theycanceleachothersuchthatthequalityoftheproposition
staysthesame;Butthenegationbeforetheuniversalsignchangesthequantitysuchthatthetwo
propositionsareinsubalternation(Summulae１．５．４)〔２３〕

ItisclearfromBuridanscommentsthatindiscussingtheinteractionsbetweennegationsandthe
resultsthusproducedheactuallypresupposestheAristotelianrelations．Thelattergetdefinedand
generatedindependently,althoughthenegationoperationscanhavethesamegenerativeeffectsina
certainsense．Ontheonehand,notallinstancesoftheAristotelianrelationsarecreatedbythe
operationofnegation．Ontheotherhand,notallmanipulationsofnegationwouldproduceaninstance
ofanAristotelianrelation．TheoperationofnegationandthegenerationofAristotelianrelationsare
conceptuallycompletelyindependent．Theyarebasicallytwodistinctprocesses;justsometimesin
somecaseconvergetosomeextent．Buridanscommentsactuallysuggestamethodologytocompare
theAristotelianrelationsandthedualityrelations:presupposingoneofthetwosetsoflogical
relationsonindependentgroundsandthengoingontoseeiftheoperationsfromtheothersetcanbe
usedtoproducethepresupposedrelations．

Althoughintheformaldefinitionsfromsection３．２thedomainoftheAristotelianrelationsis
limitedtothewellＧformedformulasofL(OP),itactuallycanbegeneralizedanddefinedoverany
firstＧorderpredicateasinternalnegationisoutofquestion．Therefore,differentfromtheduality
relationsasstipulatedinthesyntacticdefinitions(notnecessarilyinthegroupＧtheoreticapproach),

４２２

〔２２〕

〔２３〕

Causahuiusregulaeestquianegatio,cum nonpraecedatsignum,nonremoveteiusuniversalitatem,sed,quiapraecedit
copulam,mutatqualitatempropositionis;ideoillaeremanentambaeuniversales,unaaffirmativaetalianegativa,ettalessuntcontrariae．
(Hubien,Johannes Buridanus:Summulaededialectica．http://www．logicmuseum．com/wiki/Authors/Buridan/Summulae_de_

dialectica,２００１)．
Etcausahuiusregulaeestquiaillaeduaenegationespraecedentescopulamdestruuntseinordineadcopulam,ideodimittunt

qualitatempropositioniseandem．Istaeenimambaesuntaffirmativae‘omnishomocurrit’et‘nonomnishomononcurrit’,etistae
ambaenegativae‘nullushomocurrit’et‘nonnullushomononcurrit’．Sedquiasolanegatiopraeceditsignum,ideomutatquantitatem
propositionis．Modotalessuntsubalternae,sciliceteiusdem qualitatisetdiversaequantitatis,unauniversalisetaliaparticularis．
(Hubien,２００１)
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anyAristotelianrelationcanbeasecondＧorderrelationholdingbetweentwofirstＧorderpredicates．
Forexample,letsconsiderthefollowing４firstＧorderpredicates:“isacat”,“isadog”,“notisadog”

and“notisacat”．TheAristotelianrelationsareabletobedefinedlegitimatelyonthem．“isacat”

and“isadog”cannotbetrueofthesameargument,butcanbefalseofthesameargument,which
makesthemcontraries．“isacat”and“notisacat”arecontradictorytoeachother,soare“isadog”

and“notisadog”．Thefinaltwosubalternationrelationsareeasilyestablished．The４predicatesin

question,however,havenowaytoformadualitysquare,forthereisnospotforinternalnegation．

５　Buridansmodaloctagon

AftertheabstractdiscussionofthedissimilaritiesbetweentheAristotelianrelationsandduality
relations,itstimetogobacktoaconcretediagram．Iftheargumentsproposedabovewereaccepted,

itwouldbeexpectedthatthereshouldbeacertaintypeofdiagram whichisabletodispelthe
isomorphismillusioncreatedbyasimplesquareandfurtherclearlyshowsthedifferencesbetween
oppositionrelationsanddualityrelations．Withoutanydoubt,Buridansmodaloctagonprovidesus
withaperfectexample．

TheadvantageofBuridansoctagonliesinthefactthatitisbothanextensionofthetraditional
squareofoppositionsandofasquareofdualities．Sincethesetsofrelationsaresimultaneously
presentedinoneandthesamesquare,weareinapositiontoobservethatthecorrespondence
situationbetweenthemisactuallyquitedisordered,sofarfrombeinganisomorphism．

BuridansmodaloctagonisanextensionoftheAristoteliansquareforthereasonthatitis
essentiallyacombinationoftwobasicoppositionsquares,i．e．thesquarecreatedbyquantifiersand
thesquarecreatedbymodaloperators．

Withrespecttoatraditionaloppositionsquareconstitutedbyquantifiers,Buridanmakesthe
relevantenlargementassuch:insteadofputtingonepropositionatonevertex,hesubstitutesitbya
setofequivalentpropositions．Forexample,attheAcornerofthetraditionalsquare,heputs６
propositions,３ofwhicharelogicallyrelevantforthesquare:

‘everymanisrunning’(omnishomocurrit)．
‘nomanisnotrunning’(nullushomononcurrit)
‘notanymanisnotrunning’(nonquidamhomononcurrit)

Thethreepropositionsareequivalent,whichresultsfromthedualityamongtheoperatorsin
them．Thefirstoneconcernsthequantifier∀．Thethirdoneconcernsthequantifier ∃ whichis
lexicalizedinEnglishinthiscontextasanyandwhichisthedualof∀．Thesecondoneconcernsthe
externalnegationof∃ whichislexicalizedasnoandwhichistheinternalnegationof∀．This
arrangementofpropositionsclearly showsthatthe duality properties ofoperatorsare well
understoodbyBuridan．Theoreticallyspeaking,itisanticipatedthatatraditionalmodalsquareshould
alsobeexpandedbyBuridanthroughputting３propositionsateachvertex．Thisexpectationis
assuredinDorpsCompendium．Thereactuallyexistsamodalsquaretheverticesofwhichcontain３

５２２
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equivalentpropositions．Combiningthetwosquarestogether,wegetapolygoneachvertexofwhich
has９equivalentpropositions．Furthermore,combiningthequantifiersandthe modaloperators,

Buridanproducesthefollowing８propositions(Summulae１．８．６):

１)allBarenecessarilyA
２)allBarepossiblyA
３)someBarenecessarilyA
４)someBarepossiblyA
５)allBarenecessarilynotA
６)allBarepossiblynotA
７)someBarenecessarilynotA
８)someBarepossiblynotA
These８propositionsmakesurethatthenewpolygonbeanoctagon．Eachvertexofitcontains

oneofthepropositionsaboveplusanother８propositionsthatareequivalenttoit．Andallthese
togetherconstitutethebasicframeofBuridansmodaloctagon．

Theabove８propositionsembody８possibleinteractionsbetweenthequantifiersand modal
operators,whichare１．∀ð;２．∀à;３．∃ð;４．∃à;５．∀ð~;６．∀à~;７．∃ð~and８．∃à~．Twopairs
ofoperatorsareconcernedwithhere．Accordingtoduality,however,thesituationcanbereducedto
involveonlytwooperators．Since∃≡~∀~andà≡~ð~,bysubstitution,weget:１．∀ð;２．∀~ð

~;３．~∀~ð;４．~∀ð~;５．∀ð~;６．∀~ð;７．~∀~ð~and８．~∀ð．
The８combinationsexactlyrepresenttheintegrationofaquantifierdualitysquareandamodal

dualitysquare．Eachsquarereferstooneoperatorandthe４distributionpossibilitiesofitsnegation．
Theresultofcombiningtwooperatorsistheadditionofthethirdpositionfornegation．Besidesthe
originalexternalandinternalnegation,weacquireanothernegationpossibilityjustinthemiddleof
thetwooperators,whichaccordinglyconstitutesthereason whytheBuridans Octagonisan
extensionofadualitysquare．

Basedonthose８ modalpropositions,Buridan worksoutthe２８combination possibilities
betweenanytwo differentpropositions ofthem (Summulae１．８．６)．Furthermore,Buridan
investigateseachoneofthecombinationsinordertoseeifitsatisfiesanyAristotelianrelationor
not．Atlast,hereachesthefollowingconclusions:thereare１０subalternations,５contrarieties,５
subcontrarieties,４contradictionsand４disparaterelations(standinginnoAristotelianrelationsat
all)(Summulae１．８．６)．〔２４〕Onaccountofallthetheoreticalstudies,Buridanpresentshismodal
octagons,onesimplifiedversionofwhichlookslikethefollowingfigure,whichismainlypresented
fromthefirstviewpoint:

６２２

〔２４〕 Decem suntsubalternationes,quinquecontrarietates,quinquesubcontrarietates,quattuorcontradictiones et quattuor
disparationes．(Hubien２００１)
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Figure６　Buridansmodaloctagon

Ifwewanttoexaminethisoctagonclearlyfromtheviewpointofduality,itisonlyrequiredto
maketherelevantsubstitutions,whichhighlightsthedistributionpatternofnegations．Besidesthe
oldcombinations,wehaveexternal＋internegation(EI),external＋ middlenegation(EM),middle
＋internalnegation(MI)andexternal＋ middle＋internalnegation(EMI):

Figure７　Buridansmodaloctagonfromthedualitypointofview

From Buridanscomplexcombinationsofoperatorsandnegations,itcanbediscoveredthat
betweentheAristotelianrelationsandthedualityrelationsonlycontradictionandexternalnegation
standinonetoonecorrespondence．Asamatteroffact,the４contradictionrelationscorrespondjust
tothe４externalnegationrelations．Differentfromthestructuralpropertiesexhibitedonthelevelof
squares,theresultsofinternalnegationarenotonlycontrarietyandsubcontrariety,butalso２
disparaterelations．Andtheresultsofexternalnegationofinternalnegationdonotincludejust
subalternations,butalso２otherdisparaterelations．Byparityofreasoning,allthecombination

possibilitiescan be established．Diagrammatically speaking then,itis pretty clearthatthe
correspondencebetweentheAristotelianrelationsandthedualityrelationsaresochaoticthatbesides
contradictionandexternalnegationitisimpossibletoproposeanyequivalentprincipleassociatingan
AristotelianrelationwithanegationoperationastheanyonesuggestedbyPeterofSpain．

６　Conclusions

TheAristotelianrelationsandthedualityrelationsaretwoindependentsetsoflogicalrelations．
Apartfromavarietyofapparentdifferencesbetweentheirlogicalbehaviors,thereareessential
dissimilaritiesonthelevelofconcept．Theformersaregivenexplicitsemanticdefinitionsintermsof
thetruthconditionsofpropositionsorthesatisfactionconditionsofanypredicate．Thespecific

７２２
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syntacticorsemanticwaytoachieveacertaintruthvaluedistributionisnotstipulated．Hencethe
Aristotelianrelationscanbedefinedonanyfirstorderpredicateandexpresssecondorderrelations
betweenthem．

Thedualityrelationsconcernedwithinthisarticle,however,aredefinedontheinteractions
betweennegations．Inthesimplecaseofsingleoperator,thereare２negationspotsand４combination
possibilitiesofexternalandinternalnegations．InBuridansmodaloctagon,thereare２operators,３
negationspotsand８distributionsofnegations．Sincedualityrelationsrequiretheoperationof
negation,theoperatoritselfhastobeofpredicatetypeandatleastoneoftheoperandshastobeof

predicatetype．Therefore,anydualityoperatorhastobeatleastofsecondorderandtherelation
betweenanytwoofthemhastobeatleastofthirdorder．

Onthediagrammaticlevel,simplesquaresinvolvingjust４propositionsareverymisleadingin
thesensethatoppositionsquaresanddualitysquaresareseemtobeisomorphismbasedonthefact
thatagooddealofinterestingAristoteliansquaresturnsouttobedualitysquaresatthesametime
andviceversa．Whenweturntomorecomplicateddiagrams,suchasBuridansmodaloctagon,the
hugedifferencesbetweenthemaremadeprominent．Theoctagonconsidered,bothasanextensionof
adualitysquareandanoppositionsquare,presentsmoreinstancesofthetworelations．Byclose
comparisonofalltheinstances,thecorrespondencebetweentheAristotelianrelationsandtheduality
relationsareshowntobesochaoticthatbesidescontradictionandexternalnegationitisimpossible
toproposeanyequivalentprincipleassociatingoneoftheformerwithoneofthelatter．
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中文题目:
亚里士多德式逻辑关系与对偶性关系的异同:从传统正方形到布里丹八边形

马明宇,比利时鲁文天主教大学哲学系在读博士生,Tel:＋８６１３９８４０５３５３０,Email:mamingyuleon＠１６３．com

摘要:本文将处理两套逻辑关系:“亚里士多德式关系(Aristotelianrelations)”和“对偶性关系(Dualityrelations)”.对
这两套关系进行图形化表达,可以得到亚里士多德式对立正方形和对偶性正方形,它们似乎具有某种同构关系.大量
有趣的亚里士多德式正方形同时也是对偶正方形,反之亦然.然而,本文试图阐明,这两组逻辑关系既不等价,也不同
构.它们不仅拥有众多逻辑特征上的差异,从本质上和概念上来说,也是相互独立的.随着我们加入更多的公式,展现
这些公式间相互逻辑关系的图形就将变得更加复杂,二者间的差异也就更加明显.本文所选的复杂图形,是由１４世纪
逻辑学家布里丹所提出的八边形.我们将会看到,这个图形既是对立正方形的扩展,也是对偶正方形的扩展,其中所体
现的亚里士多德式关系和对偶关系具有明显的非同构性.

关键词:亚里士多德式关系;对偶性关系;传统对立正方形;对偶性正方形;布里丹八边形
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