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Abstract. We observe anever growing needfor integrationin today’s researchagen-
dasacrossa varietyof organisations. Theproliferationof ontologiesandothersimi-
lar knowledge-rich andlabour-intensive structuresaswell astheir exposureto a dis-
tributedenvironmentlike the Web, andeventually its successor, the Semantic Web,
justifies the need.Although a plethora of solutions have beenproposedand used,
therearemany issueswhich remainunclear. The moststriking oneis the antithesis
in theavailability of solutionsfor semanticintegration asopposedto the abundance
of techniquesandmethods for syntacticintegration. In this paper we make the first
steptowardssemanticintegration by proposingamathematically soundapplicationof
channeltheoryto enablesemanticinteroperability of separateontologiesrepresenting
similar domains.

1 Intr oduction

In the context of a distributedenvironment like the Web,UscholdandGrüningerpoint out
that,“two agentsaresemantically integratedif they cansuccessfullycommunicatewith each
other” [12], andsuccessfulcommunication meansthat they understandeachotherandthere
is guaranteedaccuracy. This is a requirementfor completesemanticintegrationin which the
intendedmodelsof bothagentsarethesame,thatis,all theinferencesthatholdfor oneagent,
shouldalsohold whentranslatedinto theotheragent’s ontology, theauthorscontinue. This
is proposedasthe goldenstandardof semanticintegration, but we areskepticalabouthow
or whetherit canbe achieved in computationally tractablemanners.As it hasbeenshown
in a recentcasestudyby Corr̂eadaSilva et al. [3], ontologies,which arenaturallybelieved
to be the right vehicle for this task, “f all short in providing adequatesolutions in certain
knowledgesharingscenarios.” Thesearemostlyconcernedwith problemsolvingknowledge,
whereinferentialknowledgeneedsto be madeexplicit whenshared.As the authorsstate,
“thereoughtto be,beyondtheusualontologicalcorrespondencebetweenthecommunicating
systems,a correspondencebetweenthe inferenceengines,in termsof their operatorsand
deductionrules.”



Although the debateon adequacy of ontologies is interesting,it is out of the scopeof
this paper. We tackle the problemof semanticheterogeneityfrom a theoreticalstandpoint
with attainablepracticalapplicationsin a varietyof knowledgesharingstructures,including
ontologies.Oneway to achieve the ambitiousgoal of semanticintegration is to proceedin
a step-wisefashion.In our view, to be semantically integratedpresupposesto be semanti-
cally inter-operable.That’s thefocusof thispaper. Semanticinteroperabilityasaprerequisite
for semanticintegration. Our aim is to capturesemanticinteroperabilitybetweenseparate
systemsandto representandmodelit in formal structuresin orderto reasonover thosein
subsequentintegrationsteps.Havingachievedthat,wewill thenbeabletoestablishsemantic-
preservingexchangeof informationbetweenthecommunicatingsystems,which is thefirst,
andarguably, the mostcrucial stepin achieving the kind of inferentialknowledgesharing
UscholdandGrüninger[12] andCorr̂eadaSilvaet al. [3] arecalling for.

2 The Roleof Inf ormation Flow

A satisfactoryway then,to approachsemanticinteroperabilityis via a formal notion of in-
formation flow. For that reasonwe will usechanneltheory, a moderntheoryof semantic
informationandinformationflow put forwardby BarwiseandSeligmanin [1]. This theory
underliesalsoKent’s InformationFlow Framework [8], which attemptsto accomplishthis
goalof interoperabilityaswell. In AppendixA we list themaindefinitionswe areusingin
this paperin order to explore how channeltheorycanhelp us to put the taskof semantic
interoperabilityona firm theoreticalground.We havebeenputting theprefix ‘IF’ in front of
channel-theoreticconstructionsto distinguishthemfrom their standardmeaning.For amore
in-depthunderstandingof channeltheorywe point theinterestedreaderto [1].

The key channel-theoreticconstructwe aregoing to exploit is that of a distributed IF
logic. This is the IF logic that representsthe information flow occurringin a distributedIF
system.In particularwe will be interestedin a restrictionof this IF logic to the languageof
thosecommunitiesweareattempting to integrate.Thebasicideais thefollowing.

Supposetwo communities
�

and � needto inter-operate,but areusingdifferentontolo-
giesin differentcontexts.WeuseanIF classificationasaverysimplemathematical structure
that effectively capturesthe local syntaxandsemantics of a community for the purposeof
semanticinteroperability. Thesyntacticexpressionsthatacommunity useswill constitutethe
typesof the IF classification.Dependingon thekind of semanticinteroperationwe want to
achieve, typescanbe conceptor classsymbols, relationnames,complex queriesor logical
expressions, or evensetsof expressions.Themeaningthattheseexpressionstake within the
context of thecommunity will berepresentedby theway tokensareclassifiedto types. Hence,
thesemanticsis characterisedby whatwe chooseto bethetokensof theIF classificationfor
a particularcommunity; therefore,thesewill vary dependingon the particularitiesof a se-
manticinteroperability scenario.Tokensmay, for example,beparticularinstancesof classes
or abstractfirst-orderstructures.Thecrucialpoint is thatthesemanticsof theinteroperability
scenariocrucially dependson our choiceof types,tokensandtheir IF classificationfor each
community. Theexamplein Section3 will make thispointclearer.

To havecommunities
�

and � semanticallyinter-operatingwill meanto knowtheseman-
tic relationship in which they standto each other. In termsof thechannel-theoreticcontext,
this meansto know an IF theorythat describeshow the different typesfrom

�
and � are

logically relatedto eachother, i.e., an IF theory on the union of types �����
	 ����
 �����
	�� �



thatrespectsthelocal IF classificationsystems of eachcommunity—themeaningeachcom-
munity attachesto its expressions—but also interrelatestypeswhenever thereis a similar
semanticpattern,i.e.,asimilarwaycommunitiesclassifyrelatedtokens.In suchanIF theory
a sequentlike ����� , with ���������
	 ��� and ���������
	�� � , would representan implicationof
typesamongcommunities that is in accordanceto how the tokensof differentcommunities
areconnectedbetweeneachother.

This IF theoryis theIF theoryof thedistributedIF logic of anIF channel�
�
��� �"!####### �

�%$&' ( ( ( ( ( ( (
that representthe informationflow between

�
and � . This channelcaneitherbestateddi-

rectly, or indirectly by somesortof partialalignmentof
�

and � . The logic we areafter is
theonewe get from moving a logic on thecore

�
of thechannelto thesumof components�*) � .+ Its setof typesis thedisjoint unionof all the typesof thecomponentIF classifications:

That is the languagewe speakin a semanticinteroperability scenario,becausewe want
to know whentype � of onecomponentcorrespondsto a type � of anothercomponent.

+ Its IF theorywill be over this setof types,hencea constraint�,�-� will representthat
every � is a � , togetherwith a constraint�.�/� weobtaintypeequivalence.

+ The IF theorywill be inducedat thecoreof thechannel;this is crucial.Thedistributed
IF logic is the inverseimageof the IF logic at the core; thereforethe type and tokens
systemat thecoreandtheIF classificationof tokensto typeswill determinetheIF logic
at this core.We usuallytake thenaturalIF logic asthe IF logic of thecore.This seams
natural,andis alsowhathappensin thevariousinteroperability scenarioswe have been
investigating.

+ It is interestingthough,thatsincethedistributedIF logic is an inverseimage,soundness
is not guaranteed,which meansthat the semanticinteroperability is not reliablein gen-
eral.Evenif �102�3� in theIF logic, theremightbetokens(instances,situations,models,
possibleworlds)of therespectivecomponentsfor which this is not thecase.Reliablein-
formationflow is onlyachievedfor tokensthatareconnectedthroughthecore.Thewayin
which infomorphismsfrom componentsto thecorearedefinedin aninteroperability sce-
nariois crucial.If theseinfomorphismsaretoken-surjective, thenthedistributedIF logic
will preserve thesoundnessof the IF logic of thecore.Proving the token-surjectiveness
is henceanecessarytaskin orderto guaranteereliablesemanticinteroperability.

In the following sectionwe developtheabove key ideasusinganhypothetical,but realistic
example.

3 Inter operability via IF Channels

We elaborateon an imaginative scenarioto demonstrate the strengthsof channeltheory in
capturingsemanticallyrich informationfor alignmentpurposes.We aredealingwith a sit-
uationwherean agentor a groupof agents(humanor artificial) are facedwith the taskof



aligning organisational structuresandresponsibilities of ministries acrossdifferentgovern-
ments.This is a realisticscenariosetout in the domainof e-governments, anddespiteits
imaginative nature,its complexity andimportancedifferentiatesit from mappingontologies
of realworld academicdepartmentsdescribedin [6], wheresimilar technology wasused.

Our agentshave to align UK and US governments,by focusingon governmental or-
ganisations,like ministries.The focal point of this alignment,is not only thestructuraland
taxonomic differencesof theseministriesbut theway in which responsibilities areallocated
in differentdepartmentsandofficeswithin theseministries.

For thesakeof brevity andspacereasons,weonly describeherefour ministries:TheUK
ForeignandCommonwealthOffice, theUK HomeOffice, the US Departmentof State,the
US Departmentof Justice(hereafter, FCO, HO, DoS andDoJ, respectively). We gathered
informationrelatedto theseministries from their web sites1 wherewe focusedon their or-
ganisationalstructures,assuming thatthemeaningof thesestructuresis in accordanceto the
separationof responsibilities. Thesestructuresweretrivial to extract,eitherfrom thehierar-
chical lists of departments,agencies,bureau,directorates,divisions,offices(which we shall
commonly referto asunits) within theseministries,or organisationalchartsandorganograms
publicly availableon the Web. The extractionof responsibilities andtheir units though,re-
quiresan intensive manualknowledgeacquisition exercise(typically, a mission statement
underawhatwedohyperlink).

Theministries’ taxonomiesrangefrom 38 unitscomprising theUS DoJto 109unitsfor
theUK HO. In thisexamplewefocusonthealignmentof 3 common responsibilities between
theseministries:

+ passportservices, responsibility of HO andDoS;

+ promoteproductiverelations, responsibility of FCOandDoS;

+ immigration control, responsibility of HO andDoJ.

Four stepstowards semanticinteroperability

In orderto achieve thesemanticinteroperabilitywe desire,we will go throughthefollowing
four steps:

1. Wedefinethevariouscontextsof eachcommunityby meansof adistributedIF systemof
IF classifications.

2. We defineanIF channel—itscoreandinfomorphisms—connectingtheIF classifications
of thevariouscommunities.

3. We definean IF logic on the coreIF classificationof the IF channelthat representsthe
informationflow betweencommunities.

4. We distribute the IF logic to the sumof community IF classificationsto obtain the IF
theorythatdescribesthedesiredsemanticinteroperability.

Thesestepsillustratea theoreticalframework andneednot to correspondto actualengineer-
ing steps;but we claim that a sensibleimplementation of semanticinteroperabilitycanbe

1Accessiblefrom www.homeoffice.gov.uk, www.fco.gov.uk, www.state.gov andwww.usdoj.gov.



achievedfollowing this framework, asit constitutesthetheoreticalfoundationof a semantic
interoperabilityscenario.In fact,KalfoglouandSchorlemmerusesimilar techniquesto assist
in ontology mapping[6]. In theremainderof thissectionweapplytheabovefour stepsto our
hypotheticalinteroperability scenario.

3.1 CommunityIF Classifications

UK andUS governmentsusedifferentontologiesto representtheir respectiveministries;we
shallbedealing,therefore,with two separatesetsof types:

�����
	�4�5 �76 8 FCO,HO 9
�����
	�43: �76 8 DoS,DoJ 9

Wemodeltheinteroperability scenariousingaseparateIF classificationfor eachgovernment,4�5 and 43: , whosetypesareministries.
To haveUK andUSministriessemanticallyinter-operablewill meanto know theseman-

tic relationshipin which they standto eachother, which we take to be their setof respon-
sibilities. It is sensibleto assumethat therewill be no obvious one-to-onecorrespondence
betweenministriesof two governmentsbecauseresponsibilities of a ministry in onegovern-
mentmaybespreadacrossmany ministriesof theother, andvice versa.But we canattempt
to derive anIF theorythatdescribeshow thedifferentministry typesarelogically relatedto
eachother—an IF theoryon the union of ministry types �����
	�4�5 �;
 �����
	�43: � in which a
constraintlike FCO � DoS would representthefactthata responsibility of theUK Foreign
andCommonwealthOffice is alsoa responsibility of theUS Departmentof State.

Inmigration and Nationality
Directorate (IND)

Bureau of Consular
Affairs (BCA)

Bureau of European
Affairs (BEA) Service (INS)

Imigration and Naturalization

European Union Bilateral
Department (EUBD)

UK Home Office

US Department of State US Department of Justice

UK Foreign and
Commonwealth Office

Secretary of State (SoS) Attorney General (AG)

Passport Agency (PA)

Agencies (AG) Foreign Secretary (FS)

Figure1: Hierarchical structuresof government ministries

We shallconstructtheIF channelthatwill allow usto derive thedesiredIF theoryusing
thehierarchicalstructureof unitsshown in Figure1. Within thecontext of onegovernment,
differentministriesrepresentalreadythetop-level separationof responsibilities.



¿Fromthehierarchicalstructureswe extractan IF theoryon unit typesfor eachgovern-
ment.Following arethetwo IF theoriesof UK andUS units, respectively:

� AG,FS � SoS,AGe

AG,FS � SoS,AGe �
PA � AG BCA � SoS

IND � AG BEA � SoS

PA,IND � BCA,BEA �
EUBD � FS INS � AGe

By extractingresponsibilities from theunits’ websitesweareableto defineanIF classi-
ficationfor eachgovernmentwhosetokensareresponsibilities andwhosetypesareministry
units,andthenclassifyresponsibilities to their respective units.TheseIF classificationswill
have to be in accordanceto the hierarchyasrepresentedin the IF theories.That is, if a re-
sponsibility is classifiedto a unit, it shallalsobeclassifiedto all its supra-units.This canbe
doneautomatically. In thecaseof UK units,theIF classification

�=<?>
will bethefollowing:

AG PA IND FS EUBD@ � 1 1 0 0 0@ � 1 0 1 0 0@BA 1 0 0 0 0@DC 0 0 0 1 1@BE 0 0 0 1 0

Heretokens @ � to @BE representresponsibilities extractedfrom theunits’ websites.So,token@ � standsfor the responsibility immigration control of the ImmigrationandNationalityDi-
rectorate,andhencealsofor theAgencies,while token @�A standsfor a responsibility of the
Agenciesonly. For theUS unitswe proceedin thesameway:

SoS BCA BEA AGe INSF � 1 1 0 0 0F � 1 0 1 0 0FGA 1 0 0 0 0FBC 0 0 0 1 1FGE 0 0 0 1 0

However, thephrasingof responsibilitiesin theUSwebsitesmightdiffer form thatin theUK
websites,whichwill resultin aseparatesetof tokens F �IHBJBJBJKH FBE for IF classification

��<?L
.

To representhow ministry types(like FCO,HO, etc.) from the IF classification4M5 re-
latesto the IF classification

�/<?>
of ministerialunits, we will usethe flip

�=N<?>
of the IF

classificationtableandits disjunctive power O � N <?> . The flip classifiesministerial units to
responsibilities,andfor theUK caseit is:@ � @ � @DA @DC @BE

AG 1 1 1 0 0
PA 1 0 0 0 0
IND 0 1 0 0 0
FS 0 0 0 1 1

EUBD 0 0 0 1 0



Thedisjunctivepowerof thisflip classifiesministerialunitsto setsof responsibilities,when-
ever someof its responsibilities is amongthosein the set. Here is a fragmentof this IF
classification: P Q �SR Q �BR Q A R Q C R Q EKT UIUIU P Q �SR Q �BR Q ADT UIUIU P Q C R Q EDT

AG 1 1 0
PA 1 1 0
IND 1 1 0
FS 1 0 1

EUBD 1 0 1

The way ministries relateto thesesetsof responsibilities can thenbe representedwith an
infomorphism V <?>�W 4�5YX O � N <?> :

V <?> 	 HO
�Z6 8 @ �SH @ �DH @BA 9

V <?> 	 FCO
�Z6 8 @DC H @BE 9

Eachcontext for a government,with its ministries, their respective units, andhierarchy
capturedby anIF theory, is thenrepresentedasa distributedIF systemof IF classifications.
For theUK governmentthisdistributedsystemis thefollowing:

O �[N<?>

4�5
\B]G^ _ `aaaaaaaaa �[N<?>

bdc ]G^ef g g g g g g g g g

In thenext stepwe usetheflips
�MN<?>

and
�[N<?L

to align responsibilities in orderto achieve
thedesiredsemanticinteroperability.

3.2 TheIF Channel

WeconstructanIF channelfrom apartialalignmentof someof theresponsibilities extracted
fromtheministerialunits’websites.Thisis thecrucialaspectof thesemanticinteroperability,
sinceit is thepointwhererelationsin meaningareestablished.Weassumeapartialalignment,
that is, one wherenot all responsibilities @ � to @BE are relatedto responsibilities F � to FGE .
In particularwe shall assumethe alignment of UK responsibilities @ � , @ � and @DC with US
responsibilities F � , FBC and F � :
+ passportservices:@ �ihkj F �
+ immigrationcontrol: @ ��hlj FDC
+ promoteproductiverelations:@�C hkj F �

The focus of this paperis not how this partial alignmentis established;variousheuristic
mechanismshave beenproposedin the literature(seee.g.,[10]). We assumethat we have
alreadyappliedoneof thoseheuristics.Ourpurposehereis toprovideaframework thatshows
how a partial alignmentof a few responsibilities fits into the larger pictureof an alignment
scenarioas the onedescribedhere,andrepresentedasa distributed IF system,andhow a



globalIF theoryof semanticinteroperability on thelevel of governmentministriesis derived
from thispartialalignment.

The above partial alignmentis a binary relationbetween�����
	 � N <?> � and �����
	 � N <?L � . In
order to representthis alignmentasa distributedIF systemin channeltheory, we decom-
posethebinary relationinto a coupleof total functions mKn <?> H mDn <?L from a common domain�����
	 ���o6p8 � H � Hrq 9 . (For example mDn <?> 	s� �t6 @ � and mDn <?L 	s� �l6 FDC .) This will constitute
the type-level of a coupleof infomorphisms.We completethe alignmentto a systemof IF
classifications � N <?> �u ]G^vw u ]Bx yz � N <?L
by generatingthe IF classificationon �����
	 ��� with all possible tokens,which we generate
formally, andtheir classification:

� � q{}| 0 0 0{ � 0 0 1{ � 0 1 0{}A 0 1 1{~C 1 0 0{}E 1 0 1{}� 1 1 0{�� 1 1 1

To satisfythe fundamentalpropertyof infomorphisms,the token-level of m <?> H m <?L mustbe
asfollows:

mB� <?> 	 AG
��6 {�� mB� <?L 	 SoS

��6 {~E
mB� <?> 	 PA

��6 {~C mB� <?L 	 BCA
��6 {�C

mB� <?> 	 IND
��6 { � mB� <?L 	 BEA

��6 { �
mB� <?> 	 FS

��6 { � mD� <?L 	 AGe
��6 { �

mB� <?> 	 EUBD
��6 { � mD� <?L 	 INS

��6 { �
This alignmentallows usto generatethedesiredchannelbetween4�5 and 43: thatcap-

turestheinformation flow accordingto thealignedresponsibilities. Thisis doneby construct-
ing aclassification

�
andacoupleof infomorphisms � <?>�W O � N <?> X � and � <?LlW O � N <?L X�

thatcorrespondto a category-theoreticcolimit [9] of thefollowing distributedIF system,
which includesthealignmentandthecontextsof eachgovernment:

�

O � N <?>
� ]G^ � ������������������ O � N <?L

� ]Gx�� � � � � � � � � � � � � � � � � �

4�5
\B]B^ _ `aaaaaaaaa �[N<?>

bdc ]B^ef g g g g g g g g g �u ]B^vw u ]Bx yz �[N<?L
bdc ]Gx _ `aaaaaaaa 43:

\G]Bx�� � � � � � � � � �

This is a coverof thedistributedIF system.



3.3 TheIF Logic on theCore

This is how colimit
�

is constructed:Its setof types �����2	 ��� is the disjoint union of types
of O � N <?> and O � N <?L ; its tokensareconnections—pairsof tokens—thatconnecta token � ofO � N <?> with a token � of O � N <?L only when � and � aresendby thealignmentinfomorphismsm <?> and m <?L to tokensof thealignmentIF classification

�
thatareclassifiedasof thesame

type.For example,thecore
�

will haveatoken � AG,SoS � connectingO � N <?> -tokenAG withO � N <?L -tokenSoS, becausemB� <?> 	 AG
��6 {�� and mB� <?L 	 SoS

��6 {~E , andboth {�E and {�� areof
type � in

�
.

The following is a fragmentof the IF classificationon thecore(not all typesarelisted,
but all tokensare): 8 @ �SH @ �DH @BA 9 8 @DC H @BE 9 8 F ��H F �BH FGA 9 8 FDC H FBE 9� FS,BEA � 0 1 1 0� EUBD,BEA � 0 1 1 0� FS,SoS � 0 1 1 0� EUBD,SoS � 0 1 1 0� IND,AGe � 1 0 0 1� IND,INS � 1 0 0 1� PA,BCA � 1 0 1 0� PA,SoS � 1 0 1 0� AG,BCA � 1 0 1 0� AG,SoS � 1 0 1 0

It showstheIF classificationof all connectionsto thosetypesof thecorethatarein theimage
of � <?>�� V <?> and � <?L�� V <?L , which arethe infomorphismswe will usein the next stepto
distribute theIF logic on thecoreto theIF classifications4M5 and 43: .

As the IF logic on the corewe will take the naturalIF logic of the IF classification
�

,
whoseconstraints are: 8 @KC H @BE 9 � 8 F �SH F �BH FBA 98 FDC H FBE 9 � 8 @ �SH @ �BH @BA 98 @ �SH @ �DH @BA 9 H 8 @KC H @BE 9 �

� 8 @ �SH @ �BH @BA 9 H 8 @DC H @DE 98 F �IH F �BH FBA 9 H 8 FDC H FBE 9 �
� 8 F �SH F �BH FBA 9 H 8 FBC H FBE 9

The naturalIF logic is the onethat capturesin its constraintsa completeknowledgeof the
IF classification.SincewehaveconstructedtheIF classificationfrom thosein thedistributed
system—which capturedthecontexts of governments togetherwith thealignmentof certain
responsibilities—thenaturalIF logic will haveasits IF theoryall thosesequentsthatconform
to thegovernment’scontextsaswell asto thealignment,whichis whatwedesirefor semantic
interoperability.

3.4 TheDistributedIF Logic

ThenaturalIF logic hasanIF theorywhosetypesaresetsof responsibilitiestakenfrom UK
or USwebsites,but wewantto know how thistheorytranslatesto governmentministries,by



virtueof whatresponsibilities eachministry has.For thatreasonwe take theIF theoryof the
distributedIF logic of theIF channel:

�

4M5
� ]B^��%\B]B^ � ��������� 43:

� ]BxG�%\B]Gx��                
which is theinverseimagealong 	¡� <?>=� V <?>���) 	�� <?L¢� V <?L£� of thenaturalIF logic ¤�¥Gm�	 ���
generatedfrom thecoreIF classification.Its theoryhasthefollowing constraints:

FCO � DoS DoJ � HO

FCO,HO � � FCO,HO

DoS,DoJ � � DoS,DoJ

Theseconstraintscapturethesemanticinteroperabilitybetweenall ministries,UK andUS.

4 RelatedWork

Previously, KalfoglouandSchorlemmerhaveshown thatinformationflow canbeusedto as-
sistin ontologymapping[6]. Theirwork demonstratesapracticalapplicationof information-
flow theory in the areaof ontology mappingwherethe ontologiesusedwere representing
academicdepartmentsfrom differentuniversities,which wereeventually mappedontoeach
other.

A complementaryagendais that currentlypursuedby Kent with his InformationFlow
Framework [8], which aims at providing a meta-level framework for a standardthat will
specifyanupperontology, enablingcomputersto interoperate.Targetedto upperontologies,
his effort is focusedon providing the necessaryframework for specifyingontologies that
defineconceptsthataremeta,generic,abstractandphilosophical,andthereforearegeneral
enoughto address(at a high level) abroadrangeof domainareas.

Similar work onusingthenotion of classificationof tokensis demonstratedin theFCA-
MERGE system[11], wherethe underpinningtheoryis that of formal conceptanalysis[5].
Last, but not least,thereis a plethoraof lessformal approachesfor semanticintegration,
notably the work on using communities of practiceand learning algorithms[4], and on
constraint-satisfaction-basedsystems[2]. Wereferto [7] for anextensivesurvey.

5 Conclusions

In this paperwe presenteda practicalapplicationof channeltheory to captureandmodel
semanticinteroperability in termsof informationflow betweendifferentsystemsthatneeded
to be integrated.Thestrongmathematical foundationsof channeltheoryandtheir potential
transformationto logicprogramsenabledustoworkoutarealworld integrationscenariowith
semantic-preservingexchangeof information.Thesecouldprovideabetterunderstandingof
the foundations for building and deploying semanticallyintegratedsystemsin distributed
environments.
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A ChannelTheory

IF classification: ¦Y§©¨«ª¡¬G­¯®°¦²± R ª¡³�´�®°¦²± RKµ §�¶;· consistsof a set ª%¬B­¯®°¦²± of tokens, a set ª�³K´�®°¦²± of
types, anda binary relation µ §2¶ between ª%¬G­¯®°¦�± and ª¡³K´�®°¦²± .

Inf omorphism: ¸�¹}¦»º½¼ from classifications ¦ to ¼ is a contra-variant pair of functions ¸.§¨°¸�¾ R ¸�¿À· satisfying theFundamental Property̧�¿«®°ÁI± µ §Â¶ÄÃ if f Á µ §Å¸�¾Æ®°Ã�± , for eachtoken ÁÈÇoª¡¬G­¯®É¼Ê±
andeachtype Ã3Ç²ª�³K´�®°¦²± ; ¸ is token-surjectiveif ¸�¿ is surjective.

Flip: ¦ N is theclassificationwhosetokensare ª¡³�´�®°¦�± andtypesare ª%¬B­¯®°¦²± , suchthat Ã µ § ¶
Ë²Ì if fÌ µ §�¶.Ã .



IF channel: Í is an indexedfamily

P
¸rÎ
¹£¦�ÎÂº7Ï T Î«ÐDÑ of infomorphismswith a commoncodomainÏ , thecore of Í . Thetokensof Ï arecalledconnections.

Sum: ¦�ÒÓ¼ of classificationshasassetof tokenstheCartesian productof ª%¬G­¯®°¦²± and ª%¬B­¯®É¼Ê± andas
setof typesthedisjoint unionof ª¡³�´�®°¦�± and ª�³K´�®É¼Ê± , suchthatfor Ã3Çtª�³K´�®°¦²± and ÔÕÇoª¡³�´�®É¼Ê± ,¨ Ì R ÁÖ· µ §�¶
×?ØÙÃ if f Ì µ §�¶�Ã , and ¨ Ì R ÁI· µ §;¶
×?ØÚÔ if f Á µ §;ØÚÔ . Given two infomorphisms ¸ �dÛ � ¹¦ �dÛ � ºÜÏ , thesum ¸ � Ò.¸ � ¹Ý¦ � Ò=¦ � ºÜÏ is definedby ®°¸ � Ò=¸ � ±À¾°®°Ã�±
§Å¸DÎd®°Ã�± if ÃÕÇt¦ÞÎ and®°¸ � Ò=¸ � ±À¿É®ÉßS± = ¨°¸�¿ � ®ÉßS± R ¸�¿ � ®ÉßS±d· , for ßàÇ²ª%¬B­¯®�ÏÓ± .

Distrib uted IF system: á consists of an indexed family ßÖâ Ì ®«áÊ±o§
P
¦�Î T Î«ÐDÑ of classifications to-

gether with a set ãsä~¸Â®«áÊ± of infomorphismsall having both domainandcodomainin ßåâ Ì ®«áÓ± .
Cover: An IF channel Ít§

PKæ
Î�¹Ý¦�Î�ºÜÏ T Î«ÐDÑ coversadistributed IF system á if ßÖâ Ì ®«áÊ±2§

P
¦�Î T ÎÆÐBÑ

andfor eachã R�ç Çoè andeachinfomorphism ¸t¹é¦ Î ºY¦ëê in ãsä~¸Â®°¦²± ,
æ
Î §
æ
êíìî¸ .

Disjunctive power: ï2¦ of an IF classification ¦ is theclassification whosetokens arethesameas¦ , whosetypesare subsets of ª¡³�´�®°¦�± , and given Ì Çðª¡¬G­¯®°¦²± and ñóòôª�³K´�®°¦²± , Ì µ §�õ�¶©ñ
if f Ì µ §;¶©ö for some ö÷Çøñ . Thereexists a natural embedding ùd¶ú¹�¦ º ï2¦ definedbyùS¾û¶ü®°Ã�±ý§

P
Ã T and ùI¿þ¶ÿ® Ì ±2§ Ì , for eachÃ3Ç²ª¡³�´�®°¦²± and Ì Ç²ª¡¬G­¯®sïÂ¦²± .

IF theory: �Ù§ ¨«ª¡³K´�®���± R�� · consistsof a set ª�³K´�®���± of types, anda binary relation � between sub-
setsof ª�³K´�®���± . Pairs ¨�� R�� · of subsets of ª¡³�´�®���± are called sequents. If � ��� , for � R�� òª¡³�´�®��à± , then the sequent � �	� is a constraint. � is regular if for all ÃðÇ1ª�³K´�®���± andall sets
� R ��
 R���R�� 
 R�� 
 R�� | R��È� of types:

1. Identity: Ã � Ã
2. Weakening: If � �
� , then � R ��
 ����R�� 

3. GlobalCut: If � R�� | � � R��;� for eachpartition ¨ � | R��È� · ( � |�� �;� §�ª�³K´�®���± and � |�� �È� §�

), then � ��� .

IF classification generated by an IF theory: Givena regular IF theory � , theclassification �àâ Ì ®���±
generatedby � is the classification whosetokens are partitions ¨�� R�� · of ª¡³�´�®���± that are not
constraints of � , andtypesarethetypesof � , suchthat ¨�� R�� · µ §����������� ~Ã if f Ã3Ç�� .

IF logic: !�§ ¨«ª%¬B­¯®�!í± R ª�³K´�®�!ý± RKµ §#" R�� " R%$ " · consistsof a classification ßÖâ Ì ®�!ý±�§÷¨«ª¡¬G­¯®�!ý± R ª¡³�´�®�!ý± Rµ §&"£· , a regular theory ª
æ
®�!í±Þ§ú¨«ª¡³K´�®�!ý± R�� "£· anda subset of $ "�ò ª¡¬G­¯®�!ý± of normal tokens,

whichsatisfy all theconstraintsof ª
æ
®�!ý± ; a token Ì Ç�ª¡¬G­¯®�!ý± satisfiesaconstraint � �
� of ª

æ
®�!ý±

if, when Ì is of all types in � , Ì is of sometypein � . An IF logic ! is sound if $ "Þ§�ª%¬G­¯®�!ý± .
Natural IF logic: It is theIF logic '
¬)( ®°¦²± generatedfrom anIF classification ¦ , andhasasclassi-

fication ¦ , asregular theory thetheorywhoseconstraintsarethesequentssatisfiedby all tokens,
andwhosetokensareall normal.

Inverseimage: Given an infomorphism ¸�¹�¦pº ¼ and an IF logic ! on * , the inverseimage¸,+ �.- !0/ of ! under ¸ is the local logic on ¦ , whosetheory is suchthat � �1� is a constraint ofª
æ
®°¸,+ �)- !0/«± if f ¸�¾ - ��/ � ¸�¾ - � / is a constraint of ª

æ
®�!ý± , andwhosenormal tokens are $ �32 �%4 "65 §P

Ì Çlª%¬B­¯®°¦²± µ Ì §�¸�¿«®°ÁI± for someÁÈÇ $ " T . If ¸ is token-surjective and ! is sound, then ¸7+ �.- !0/
is sound.

Distrib uted IF logic: Given a binary IF channel ÍÄ§
P
¸ �dÛ � ¹}¦ �dÛ � º Ï T andan IF logic ! on its

core Ï , thedistributedIF logic 89'ý¬)(;: ®�!ý± is theinverse imageof ! under thesum ¸ � Ò=¸ � .


