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Abstract — Representatiotheoremsdor systemsof regionshave beenof interestfor some
time, andvariouscontets have beenusedfor this purposeMormann[17] hasdemonstratethe

fruitfulnessof the methodsof continuoudatticesto obtainatopologicalrepresentatiotheorem
for his formalisationof Whiteheadiarontologicaltheory of space;similar resultshave been
obtainedby Roeper[20]. In this note, we prove a topologicalrepresentatiotheoremfor a

connectiorbasectlassof systemsusingmethodsandtoolsfrom thetheoryof proximity spaces.
Thekey novelty is anew proximity semanticgor connectiorrelations.

Keywords — Proximity spacepointlessgeometrymereologyconnectiorrelation

0. Introduction

Following de Laguna[5], Whitehead[27] developeda theory of spaceknowvn as pointless
approadc to geometry Whiteheadiartheoryis basedon the primitive notion of spatialregion
andabinaryrelationC betweerregions,calledconnectiorrelation Thenotionof “point”, the
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basicprimitive notion of classicalgeometry is now (second-orderjlefinablein variousways
asa specialcollectionof regions;this way it becomesne of the very comple notionsof the
theory We will elaboratebriefly onthisin Sectionl, andreferthereaderto the paperby Gerla
[10] for asurney on pointlessgeometry

"o

The fact that relationssuchas “part-of”, “overlap”, “non-tangentiainclusion” and otherscan

be definedin termsof the connectiorrelationrelatessomepointlessgeometriego the field of

mereology{16] andto its fusionwith topology— mereotopology26]. Thelatteris closelyrelated
to naiveor qualitativephysicsintroducedoy [12], in particular to its subfieldQualitativeSpatial

ReasonindQSR)[3]. It hasbeenrealisedthat searchingor modelsof mereologicalkystems,
methodsof lattice theory and the theory of relation algebrascan be fruitfully emploed, see
e.g. [22, 21, 8, 7]. It is remarkablehowever, thatin the fastgrowing field of mereologyand

mereotopologyittle attentiorhasbeenpaidto thetheoryof proximity spacestheonly exception
beingtheearlypapery [23], in whichthenotionof proximity distributive latticewasintroduced,
andatopologicalrepresentatiotheoremwasproved. It wasmentionedhere thatthe papercan

be consideredaisanattemptto build a pointlessanalogueo the notion of proximity space.The

papethadbeenwritten underthedirectionof theRussiarProfessol. A. Efremovic, thefounder
of thetheoryof proximity space$9]. This malesit clearthatthe possibilityto build a pointless
analogueo proximity theory andin generalto topology hadbeenknown to its originators.

Roughly speaking,a proximity spaceis a non-emptyset X with a binary relationd between
subsetsgalled proximity, with the intuitive meaningthat A§ B holds,when* A is nearB” in

somesenseTheproximity relationsatisfiesaxiomswhich areidenticalwith someof thetypical

axiomsof theconnectiorrelation. Eachproximity spacedeterminesnaturaltopologywith nice
propertiesandthe theory possessedeepresults,rich machineryandtools; the main work on

proximity spacess thebookby S. A. NaimpallyandB. D. Warrack[18].

In this paperwe will applythe theoryof proximity spaceso a concretemereologicakystem,
basednaconnectiorrelation,calledconnectioralgebra. Naturalexamplesof connectioralge-

brasare Booleanalgebraof (closed)regular subsetof completelyregulartopologicalspaces;
it is well known thatthesetopologiescorrespondo proximity spacesWe prove thateachcon-

nectionalgebracanbeisomorphicallyembeddednto the algebraof closedregionsof a certain

proximity space. Using the fact that eachproximity spacecan be isomorphicallyembedded
into a densesubsef a compactHausdorf spaceby Smirnos’s compactificatiortheoremwe

obtaina representatiotheoremfor connectioralgebraswith the classicalstandardopological

interpretatiorof the connectiorrelation,namely

zCly iff thethe (closed)regionsz andy sharea commonpoint.

Otherforms of connectiorhave beenstudiedby A. G. CohnandA. Varzi[4]. Applicationsof
proximity spacedo similar problemscanbe foundin [25] and[6]. There,proximity spacesre
usedto formalisethe notionsof local andglobal similarity relations.A local similarity relation
hasa semanticgust asthe overlappingrelationin mereologyanda globalsimilarity relationis
interpretedust by the proximity relation. This shavs anotherpossibleapproactto the theory
of mereologicatelations— the theoryof similarity relations(or, moregenerally informational
relations)in informationsystemgsee[24] for references).

Thepaperis organisedasfollows. In Sectionl weintroducethenotionof connectiorelgebraas
aBooleanalgebrawith anadditionalbinaryrelationC' satisfyinganumberof additionalaxioms.
In Section2 we give somedefinitionsandfactsfrom the theoryof proximity spacesHerewe
introducethe notion of proximity connectioralgebra asthe algebraof closedregular subset®of
a proximity space;the connectionrelation betweerregionsis just the proximity relation. We
prove herethateachproximity connectioralgebrais isomorphicto a standarcdconnectioralge-
brain which closedregionsareconnectedf andonly if they sharecommonpoint. In Section



3 we introducethe notion of cluster which is an analogueof point just asmaximalfilters may
beidentifiedwith pointsin thetheoryof BooleanalgebrasClustersin thetheoryof connection
algebrasarelattice-theoreticahnalogue®f clusteran thetheoryof proximity spacesThemain

resultof the papelis arepresentatiotheoremfor connectioralgebrasEvery connectioralgebra
canbeisomorphicallyembeddednto a proximity connectioralgebraandinto standardcconnec-
tion algebra. The representatioronstructionsimulatesthe correspondingroof of Smirno/’s

compactificatiortheoremfor proximity spacesusingclusters.In Section4 we discusshe new

proximity semanticgor the connectionrelation, somerelatedworks, and mentionsomeopen
problems.

If X is aset,we denoteby 2% thepowersetof X. If Y C X, weusejust—Y to denotethe set
complemendf Y in X. ThebasesetX will alwaysbe clearfrom thecontet. It shouldalsobe
mentionedhatwe regardarelationR onasetX asasubsebf X x X. Thus,z(—R)y hasthe
samemeaningas— ¢ Ry. For atopologyr on X we denoteits closureoperatorby cl, andits

interior operatorby int. If no confusioncanarise,we justwrite cl or int. Recallthatcl and
int areinter-definableby cl(Y') = — int(—Y"). Weinvite thereaderto consult[13] or [15] for

undefinechotionsin topology and[14] for Booleanalgebras.

Mary of theresultsbelov aretranslationof factsaboutproximity spacef which proofsare
availablein [18]. Sincespaceis ata premium,we will usuallycite this sourcefor thoseproofs
which areknowvn andnotimmediatelyobvious.

1. Connection algebras
An algebraicsystemB = (B, 0,1, V, A, *, C) is calledaconnectioralgebra (CA), if (B,0,1,V,A,™)
is aBooleanalgebraandC is a binaryrelationon B, satisfyingthefollowing axioms:

Cl. If z A y # 0 thenzCl.

C2. If zCy thenz,y # 0.

C3. zCy impliesyCz.

C4. zC(y V z) iff zCy or zCxz.

C5. If z(—C)y thenz(—C)z andy(—C)z" for somez € B.

C6. If z £ y thenzCz andz(—C)y for somez € B.

Usually, we shalljust write (B, C) for a connectioralgebra.The elementof B will be called
(spatial)regionsandtherelationC theconnectionrelation Notethatourdefinitionof CA differs
from thatof [21]. Axiom C6 is an extensionalityaxiom, sinceit impliesin the presencef the
otheraxiomsthat

z =y <= (Vz € B)[zCz <= zCy].

We definenon-tan@ntial inclusion< by

(1.1) Ly = z(-C)y"

"o,

Thisrelationhasdifferentnamesn theliterature:“well-inside relation",“well belon”, “interior
parthood",or “deepinclusion”. TherelationsC and <« areinter-definable,andthe axiomati-
sationof C canbe equialently rewritten in termsof non-tangentiainclusion. One possible
axiomatisations asfollows:

(«1). 1«1,
(¥2). z < yimpliesz < y.



(«3). z <y <Kz < timpliesz K t.

(«4). z € yandzr <« zimpliesz € y A z.

(«5). If z € zthenz <« y K z for somey € B.
(6). ¢ < yimpliesy” < z*.

(7). If £ £ ythenz < z andz & y for somez € B.

We usetheseequivalentaxiomatisation®f connectioralgebrashbecausé¢hey correspondo the
axiomaticsystem®f proximity spacegivenbelon. Notethataxiom(«5) correspondo axiom
Cb.

Our connectioralgebrasarestronglyrelatedto the structuresf [11] and[2]. All of ouraxioms,
exceptCh, areeitheraxiomsor theoremsn the Grzegorczyksystem.GrzegorczykassumesB
to bea completeBooleanalgebrabut we have decidedto dropthis assumptiorin orderto obtain
a first-ordernotion of connectionalgebra. Grzeggorczyk also assumeswo non-trivial axioms
in his system containingthe definablenotion of point. In pointlessgeometry the definition of
pointis oneof the centralproblems,andit is defined(in differentways)asa collectionof sets
(or sequenced)f regions.Includingthenotionof pointin the setof axioms,asGrzegorczykdid,
malkeshis systencomplicatecandnotfirst-order [1] have discussedhe problemof equivalence
of thenotion of pointin the systemsof GrzeggorczykandWhitehead.They provedthatthetwo
notionsareequialentif the Grzegorczyksystemis enrichedwith axiom(«5) abore. They also
notedthat this axiom is satisfiedin the modelsof the connectionrelationin “good” topologi-
cal spacesfor instancein all normalspacesin particular in n-dimensionaEuclideanspaces.
Thereforewe includeaxiom(«5) (or its equivalentform C5)in orderto obtainarepresentation
theoremsuchasthe topologicalrepresentationheoremin Grzegorczyks systemwithout the
notionof point.

Thefollowing Lemmacollectssomeeasypropertieof the connectiorrelation:

Lemma 1.1. Supposehat (B, C) is a connectioralgebra.

i. If zCyandz <z’ andy < ' thenz'Cy/,
i. zCzxiffx #0,
ii. z<yiff (Vz)(2Cz implieszCy).

2. Proximity spaces and their topologies

In this Sectionwe explore the basicdefinitionsand propertiesof proximity spacesand their
associatetbpologies.It will turnoutthataconnectioralgebracanberegardedasaspeciakind
of proximity space.

If X is anonemptyset,thenabinaryrelationé onthe powversetof X is calleda proximity, if it

satisfiesC1— C5ontheBooleamalgebra( X, §, X, U, N, —); thepair (X, §) is calleda proximity
spacelf A,B CY C X, thenAdy B <= AJB definesaproximity onY” which—with some
aluseof notation— we will alsodenoteby . Furthermoreinsteadof writing {z}d{y}, we will

simply write zdy.

A proximity (space)s calledsepaatedif it satisfies

Psep zdy impliesz = y.



Defining A <« B iff A(—4d)(—B) we obtainthe analogueof non-tangentiainclusion. As
with C andthe non-tangentiainclusion<, therelationsd and<s areinter-definable.andthe
definitionof proximity spacecanbere-axiomatisedn termsof < by using(«1) — («6).

Hereareafew examplesof proximity spaces:

1. LetA,B C X, andsetAéB <= A # ) andB # . Thisis thetrivial proximityon X.
Notethatin generalt doesnot satisfyC6.

2. Let (X, 7) beanormaltopologicalspaceanddefine
(2.1) AéB < clANclB # 0.
We call this proximity the standad proximity. It is separatedff (X, 7) is a Hausdorf

space.

3. Let (X, 7) bealocally compactHausdorf space,A, B C X, anddefine A(—4)B iff
clANncl B = () andcl A or ¢l B arecompact.

4. Let (X, d) be a metric space,A, B C X, anddefine AdB iff d(A,B) = 0, where
d(A,B) = inf{d(z,y) : z € A,y € B}.

5. Let (X, ) beacompletelyregular space.Two subsets4, B of X arefunctionallydis-
tinguishableiff thereis a continuousreal-\aluedfunction f : X — [0, 1] suchthat
f(A) = 0andf(B) = 1. Thenwe candefineaproximity § in X by A(—4)B iff A and
B arefunctionallydistinguishable.

Defineanoperatorcl on2* by
(2.2) cl(A) ={z € X : zdA}.
Proofsof thefollowing resultscanbefoundin [18]:

Theorem 2.1. i. Theopenmtion of (2.2)defineghe closue opemtor of a topolagy 7(4) on
X.

ii. (X,7(4)) is a completelyregular space If § is sepaated, then (X, 7(4)) is Tihonof
spacei.e. completelyregular andT;.

ii. AdB iffcl(A)dcl(B).
If (X, 7) is atopolagical space we saythat X admitsa proximity, if there is a proximity d on
X sudrthatT = 7(9).
iv. If (X, 7) is acompactHausdorf space thenit admitsa uniqueproximity §, definedby
AdB iff cl(A) Ncl(B) # 0.
V. A <5 Bimpliescl(A) <5 B andA < int(B).

We saythatasubset4 of X is regular closedif A = cl(int(A4)). Clearly A is regularclosed f
it is aclosureof anopensetB. The next resultshavs thatthe densityaxiom («5) is witnessed
by aregularclosedset:

Lemma?2.2. If A < B thenthere existsa regular closedsetC suhthat A <5 C' <5 B.

Proof By («5) thereexists someD suchthatA <« D < B. Applying Theorem2.1.vwe
obtain
A <5 int(D) C cl(int(D)) <s B,

andthus, A < cl(int(D)) <s B by (<3). a



Next, wewill considerconnectioralgebrawver proximity spacesFirst, recallthatfor ary topo-
logical space( X, ), the collection RC (X)) of regular closedsetscanbe madeinto a complete
Booleanalgebra(RC(X), 0,1, A, V, %), by setting

1=X,0=0,A"=cl(—A), AVB=AUB, ANB=(A"V B")".

Then, (RC(X), §) is a systemof the sametype asa connectionalgebra,whered is inherited
from (X, 7). Indeedmoreis true:

Lemma2.3. Let(X,d) bea proximityspace Then,(RC(X),d) is a connectioralgebra.

Proof. Theverificationof axiomsC1— C4 s straightforvard. C5 (whichis equivalentto («5))
followsfrom Lemma2.2. Finally, C6followsfrom thefactthat(X, 7(4)) is (completely)egular
(seeTheorem2.1,ii). |

(RC(X),0) is calledthe proximity connectioralgebra over (X, §). Following thedefinitionin
Example2, we call it astandad connectioralgebra, if

(2.3) ASBiff AN B # 0.

forall A, B € RC(X). Thenext resultshavs thatit sufiicesto considemnly standarcconnec-
tion algebras.

Let (X,4) and (X', 48") be two proximity spaces.A one-onemappingf from X onto X’ is
called 5-homeomorphisnif for ary subsets4, B of X we have AdB iff f(A)d' f(B). ltis
known that f is alsotopologicalhomeomorphisnirom the topologicalspaceq X, 7(d)) onto
(X7, 7(d")) [18].

Theorem 2.4. (Isomorphism theorem) Eac proximity connectioralgebra is isomorphicto a
standad connectiorelgebra.

Proof. Let(RC(X),d) betheproximity connectioralgebraover (X, §). By theSmirnos Com-
pactificationTheorem(see[18], Theorem(7.7)) thereexist a compactHausdorf space(Y, 7)
andad-homomorphismy from X ontoadensesubspacéy of Y, suchthatforary A, B C X,
ASB iff cl(f(A)) Nel.(f(B)) # 0. Example2 tellsusthat

PéyQ < cl . (P)Ncl-(Q) #0

definesa standardoroximity on Y. Now let (RC(Ys), dy ) betheproximity connectiorelgebra
over Yy inheritedfrom (Y, dy). Since f is also a homeomorphismthe connectionalgebra
(RC(X),0) is isomorphicto the correspondingonnectionalgebrain the densesubspacé&’
of Y. Now, observingthat f(A) is closedin v for ary closedset A of 7, we obtainfor all
A,B € RC(X)

ASB = ol (f(A) Nl (F(B)) # 0 <= F(4)N f(B) #0.

Theequialencesabore shav that(RC(Ys), Co) is standardandthat f is anisomorphisnfrom
(RC(X),C) onto(RC(Ys), Co). O

3. A representation theorem for connection algebras

In this sectionwe shall prove that eachconnectionalgebracan be isomorphicallyembedded
into a proximity connectioralgebraandthus,into a standargroximity connectioralgebra.Our



strateyy follows the proof of the Stonerepresentatiotheoremfor Booleanalgebrasin a Stone
spaceS(B), points are maximalfilters. In connectionalgebras,points of the representation
spacewill be analogue®f maximalfilters, calledclustes. We will take the notion of a cluster
from thetheoryof proximity spacesandour definitionis justthe lattice-theoretidranslationof
thecorrespondinglefinitionof clusterfrom [18], Definition5.4. Many statement$or clustersn
connectionalgebrashave identical proofs (up to the aforementionedattice-theoreticatransla-
tion) asthe proofsof the correspondingtatementsor clustersin proximity spacesWhensuch
identicalproofsexist we will referto the correspondingtatemenandits proof givenin [18].

Throughouthis Sectionwe supposehat (B, C) is aconnectioralgebra.

A nonemptysubsef” of B is calleda clusterif thefollowing conditionsaresatisfied:

CL1. If z,y € I'thenzCly.

CL2. If zCy foreveryy € T', thenz € T".

CL3. IfzvyeT'thenzeTCory €T.

Thesetof all clustersof B is denotedby Clust(B). It is nothardto seethateachmaximalfilter

U of B is containedn exactly oneclusterm (U), andthattheassignment/ — m(U) is anonto
mappingfrom S(B) to Clust(B).

Our strateyy is asfollows: First, we definea suitableproximity 6z on Clust(B). Then,we
find a one-oneBooleanhomomorphisih which preseresC from B into the proximity con-
nectionalgebraover (Clust(B), dg). Finally, we invoke Theoreni2.4for anisomorphisnfrom
(Clust(B), dg) into astandardconnectioralgebra.

Thefollowing propertiesof clusterswill be helpful later:
Lemma3.l. Letl' € Clust(B), anda,b € B.
i. fa el anda <b,thenb €T

ii. If aCb,thenthereis someA € Clust(B) suhthata € A andb € A.
iii. a* eliffforallb,ce B,ce'andbV a = 1implycCb.

Proof i. Supposehata € T anda < b. Letd € T'; then,aCd by CL1, andit follows from
Lemmal.l.ithatdCb. Hencep € T by CL2.
ii. [18], Theoremb.13.

ii. If a*,c € 'andaVb=1,thena* <b. It followsfromi. thatb € T, andhencecCb by
CL1.

Conversely supposehatfor allb,¢c € B,c € T'andb V a = 1 imply cCb. Settingb = a*, we
obtainthatcCa* for all ¢ € T, andthus,a™ € T by CL2. O
We defineafunctionh : B — Clust(B) by

(3.2) h(a) ={I' € Clust(B) : a € T'}

in analogyto the Stonerepresentatiotheoremfor Booleanalgebras.The following properties
areeasilyprovedfrom Lemma3.1:

Lemma 3.2. i. h(0) =0, h(a) = Clust(B) <= a =1.
ii. h(aVb) = h(a) U h(b).



ii. aCbiff h(a) N h(b) # 0.
Next, we setfor X, Y C Clust(B)

X3gY iff (Va,y € B)[z € [| X andy € (Y imply zCy).

By definitionof h, we have

XogY iff (Vz,y € B)[X C h(z) andY C h(y) imply zCy].
Let PS(B) bethe structure(Clust(B),dz). The proof of the next resultcanbe obtainedby
(partof) the proof of the Smirnor CompactificationTheoremin [18], Lemma7.2:

Theorem 3.3. PS(B) is a sepaatedproximity space

Let X bethepowersetof Clust(B), andr bethetopologyon X inducedby d . Then,for each
M € X wehave

cl(M) = {T € Clust(B) : (Vz,y € B)[z € T andM C h(y) = zCy]}

We arenow readyto prove our mainresult:

Theorem 3.4. (Representation Theorem)

i. Ead connectioralgebra canbe embeddedhto a proximity connectioralgebra.
ii. Each connectiomalgebra canbeembeddedhto a standad connectioralgebra.

Proof. Let (B, C) beaconnectionalgebraandh : B — Clust(B) be definedby (3.1). Our
aimis to prove thath is a one-oneBooleanhomomorphismB — RC(X) suchthataCb <=
h(a) N h(b) # B. Thiswill shaw that (B, C) is isomorphicto a substructuref the proximity
connectioralgebraover (Clust(B), d g), andthus,provei. By Theoren?.4,thisalgebran turn
is isomorphicto a standarcconnectioralgebrawhich finishesthe proof.

We first shaw thath(a*) = cl(—h(a)):
Feh(a*)<=a" €T
<= (VWb,c€ B)[ceT andbVa =1 = cCb], by Lemmag3.1.iii.
<= (Vb,c € B)[c € T andh(bV a) = Clust(B) = cC¥], by Lemma3.2.i.
<= (Vb,c € B)[c € T andh(b) U h(a) = Clust(B) => ¢Cb], by Lemma3.2.ii.
<= (Vb,c € B)[c e ' and — h(a) C h(b) = cCb)],
< T € cl(—h(a)).
Thisimpliesthath is well defined,.e. thath(a) € RC(X), since
h(a) = cl(—h(a*)) = cl(— cl(—h(a))) = cl(int(h(a))).
Furthermorejt shaws thath(a*) = cl(—h(a)) = h(a)*, sothath preserescomplements.
Togethewith Lemma3.2,it follows thath is a Booleanhomomorphism.

To shaw thath is one-one supposehata # b, andlet w.l.o.ga ,{_ b. By C6, thereis some
¢ € B suchthataCc andb(—C)c. LetT' € Clust(B) suchthata,c € I', which exists by
Lemmas3.1.ii. It follows now from b(—C')c andCL1thatb ¢ T'.

If aCb, thenLemma3.1.iitellsusthath(a) N h(b) # B. Converselyif h(a) N h(b) #£ B, then
aCb by CL1. 0



4. Concluding remarks

In thisnote,we have demonstratetheusefulnessf thetheoryof proximity spacesn connection
basednereology Theproximity definitionof theconnectiorrelationbetweer(closed)egionsis
anew semanticgor this type of relationwhich hasnot beenusedsofar. The standardneaning
of the connectionbetweenregionsis not always suitableto describethe spatialconfiguration
betweerthem. For instance the closedregionsin the topologicalspaceQ of rationalnumbers
have thesamespatialnatureasthosein thespaceR of realnumbersButin Q, theclosedregions
A={z:1<z><2}andB = {z : 2 < 2 < 4} arenotstandardlyconnectedpecaus¢hey
donotshareacommonpoint,while in R they areconnectedThis stemsrom thefactthatQ does
nothave enoughpoints.If we considerQ asaproximity spacegdefinedby thenaturalmetricé in
Q (seeExampled of proximity spaces)thenwe have Aj B, because( A, B) = 0; thus,they are
connectedy the proximity definition of the connectiorrelation. Accordingto thelsomorphism
Theorem proximity connectioralgebragescribethe samespatialpictureasthe corresponding
standardoneswhich are obtainedby the compactificatiorconstructionof Smirnos’s Theorem,
in which new pointsareadded.This shavs thatproximity semanticsandthe standardsemantics
for the connectiorrelationarein a senseequialent. For instance py applyingthis theoremto
the spaceQ of rationalnumberswe obtainthe spaceR of realnumberswith the two infinities
+00 and—oo, which containsQ asa densesubspace.

The representatiortheoremfor connectionalgebras,which we have presentedn the paper
shaws that the axiomsindeedcharacterisghe intendedspatial propertiesof the regions. As
we have mentionedfopologicalrepresentatiotheoremdhave beenobtainedearlierby [20] and
[17]. Both authorsassumethat the Booleanalgebraof regionsis completeand both obtain
similar results— the region-basednereotopologyis equivalentto the point-basedopology of
locally compactHausdorf spacesThesespacesanbe considerediscompactificationsf local
proximity spacesandit canbenotedthatthe axiomsof Roepers systemarealmostidenticalto
thosefor local proximity space$18]. Thus,thetheoryof proximity spacesanbeappliedto the
systemf MormannandRoeperaswell to obtaintheir representationesults.

We hopeto extendour representatiotheoremto the region connectiorcalculus(RCC) of [19],
in whichtheconnectiorrelationsatisfiesC1 - C4,C6, andalso

C7. If z £ 0,1, thenzCxz".

Notethatthe BooleanConnectiorAlgebras(BCA) of [21] arejustanotherformulationof RCC.

Therearetwo difficultieshere.One,thatBCAs do not satisfytheaxiomC5, whichis essentiain

theapplicationof proximity spacesandalsoplaysaprominentrolein slightly differentversions
in therepresentatiotheoremof MormannandRoeper Grzggorczyk[11] doesnotuseC5, but

to obtainarepresentablsystemhe usesaxiomscontainingthe (second-orderhotion of point.

Our conjecturds thatBCAs, andconsequentl\RCC, arenot topologicallyrepresentablen the
sensehatthey do notcontainenoughaxiomsin orderto obtainatopologicalrepresentation.
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