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Abstract. We obsene anever growing needfor integrationin today’s researclagen-
dasacrossa variety of organisatios. The proliferationof ontdogiesandothersimi-

lar knowvledge-ich andlabourintensive structuresaswell astheir exposureto a dis-

tributed environmentlike the Web, and eventually its successorithe Sematic Web,

justifies the need.Although a plethaa of solutiors have beenproposedand used,
thereare mary issueswhich remainunclear The moststriking oneis the antithesis
in the availability of solutionsfor semantidntegration asoppaedto the abundance
of technigesand method for syntacticintegration. In this pager we male the first

steptowardssemantidntegration by proposingamathematicly soundappication of

channetheoryto enablesemantidnteropeability of separat®ntolagiesrepresentig

similar domains.

1 Intr oduction

In the context of a distributed ervironment like the Web, Uscholdand Griiningerpoint out
that,“tw o agentsaresemanttally integratedif they cansuccessfulllcommunicatewith each
other”[12], andsuccessfucommunicatio meanghatthey understanedachotherandthere
is guarantee@ccuray. Thisis arequiremenftor completesemantidntegrationin whichthe
intendednodelsof bothagentsarethesamethatis, all theinferenceghathold for oneagent,
shouldalsohold whentranslatednto the otheragents ontology, the authorscontinte. This

is proposedasthe goldenstandardof semantidntegration but we are skepticalabouthow

or whetherit canbe achievedin computatioally tractablemannersAs it hasbeenshowvn

in arecentcasestudyby CorreadaSilva et al. [3], ontologies,which are naturallybelieved

to be the right vehicle for this task, “fall shortin providing adequatesoluions in certain
knowledge sharingscenario$. Thesearemostlyconcernedvith problemsolvingknowledge,
whereinferential knowledgeneedsto be madeexplicit whenshared As the authorsstate,
“thereoughtto be,beyondtheusualontological correspondendeetweerthecommunicatig

systemsa correspondencbetweenthe inferenceengines,in termsof their operatorsand
deductiorrules”



Although the debateon adequayg of ontolagiesis interesting,it is out of the scopeof
this paper We tackle the problemof semanticheterogeneityfrom a theoreticalstandpoin
with attainablepracticalapplicatiosin a variety of knowledgesharingstructuresincluding
ontologes.Oneway to achieve the ambitious goal of semantidntegration is to proceedin
a step-wisefashion.In our view, to be semanticall integratedpresupposet be semanti-
cally inter-operableThat's thefocusof this paper Semantianteroperabilityasa prerequisite
for semanticintegration. Our aim is to capturesemanticinteroperabilitybetweenseparate
systemsandto representaind modelit in formal structuresn orderto reasonover thosein
subsequenhtegrationstepsHaving achiezedthat,wewill thenbeableto establistsemantic-
preservingexchangeof informationbetweerthe communcatingsystemswhich is thefirst,
and arguably the mostcrucial stepin achieving the kind of inferential knowledgesharing
UscholdandGruninger[12] andCorréadaSilvaetal. [3] arecalling for.

2 The Roleof Information Flow

A satishctoryway then,to approactsemantianteroperabilityis via a formal notion of in-

formation flow. For that reasonwe will usechanneltheory, a moderntheory of semantic
informationandinformationflow put forward by Barwiseand Seligmanin [1]. This theory
underliesalso Kent’s Information Flow Framevork [8], which attemptsto accomplishthis

goal of interoperabilityaswell. In AppendixA we list the main definitionswe areusingin

this paperin orderto explore how channeltheory canhelp usto put the task of semantic
interoperabilityon a firm theoreticalground.We have beenputting the prefix ‘IF’ in front of

channel-theoreticonstructiongo distinguishthemfrom their standardneaningFor amore
in-depthunderstandingf channetheorywe pointtheinterestedeaderto [1].

The key channel-theoreticonstructwe are going to exploit is that of a distributed IF
logic. Thisis the IF logic that representshe informatian flow occurringin a distributed IF
system.n particularwe will beinterestedn arestrictionof this IF logic to the languageof
thosecommuniteswe areattemping to integrate.The basicideais thefollowing.

Supposdwo communiies A andB needto inter-operateput areusingdifferentontolo-
giesin differentcontexts. We useanIF classificaton asavery simplemathematal structure
that effectively captureshe local syntaxand semants of a communty for the purposeof
semantianteroperability The syntacticexpressionshatacommuniy useswill constitue the
typesof the IF classification Dependingon the kind of semantidnteroperationwve wantto
achieve, typescanbe conceptor classsymlols, relationnames complex queriesor logical
expressionsor even setsof expressionsThe meaningthattheseexpressiongake within the
context of thecommunty will berepresentetly thewaytokensareclassifiedo typesHence,
thesemanticss characterisethy whatwe chooseto be thetokensof the IF classificatiorfor
a particularcommuniy; therefore thesewill vary dependingon the particularitiesof a se-
manticinteroperabiliy scenarioTokensmay, for example,be particularinstance®f classes
or abstracfirst-orderstructuresThecrucial pointis thatthe semantic®f theinteroperabiliy
scenariccrucially depend®n our choiceof types,tokensandtheir IF classificatiorfor each
communty. Theexamplein Section3 will make this pointclearer

To have commurties A andB semanticallynter-operatingwill meanto knowtheseman-
tic relationstip in which they standto ead other. In termsof the channel-theoreticontext,
this meansto know an IF theorythat describeshow the differenttypesfrom A andB are
logically relatedto eachother i.e., an IF theory on the union of typestyp(A) U typ(B)



thatrespectshelocal IF classificatiorsystens of eachcommunity—the meaningeachcom-
munity attachedo its expressions-but also interrelatesypeswheneer thereis a similar
semantigatternj.e.,asimilar way communitesclassifyrelatedtokens.In suchanlF theory
asequentike o - 5, with « € typ(A) andj € typ(B), would represenanimplicationof
typesamongcommunites thatis in accordanceéo how the tokensof differentcommunites
areconnectedetweereachother

This IF theoryis theIF theoryof thedistributedIF logic of anlF channel

C
N
A B

thatrepresentheinformationflow betweenA andB. This channelcaneitherbe stateddi-
rectly, or indirectly by somesortof partialalignmentof A andB. Thelogic we areafteris
the onewe getfrom moving alogic on the core C of the channelo the sumof componerg
A+ B.

e Its setof typesis the disjoint union of all the typesof the componentF classifications:
Thatis the languagewe speakin a semantianteroperabilly scenariopecausave want
to know whentype a. of onecomponentorrespond$o atype 5 of anothercomponent.

e Its IF theorywill be over this setof types,hencea constrainta - 5 will representhat
every « is a 3, togethemith a constraints - o we obtaintypeequvalence.

e ThelF theorywill beinducedat the coreof the channelithisis crucial. The distributed
IF logic is the inverseimageof the IF logic at the core; thereforethe type andtokens
systemat the coreandthe IF classificatiorof tokensto typeswill determinethelF logic
at this core.We usuallytake the naturallF logic asthe IF logic of the core.This seams
natural,andis alsowhathappensn the variousinteroperabilly scenariosve have been
investigating.

e It isinterestingthough,thatsincethe distributed IF logic is aninverseimage,soundess
is not guaranteedwhich meanghatthe semantidnteroperabiliy is not reliablein gen-
eral.Evenif o 4+ 3 in thelF logic, theremight betokens(instancessituations, models,
possibleworlds) of the respectre component$or which thisis notthe case Reliablein-
formationflow is only achievedfor tokensthatareconnectedhroughthecore. Thewayin
whichinfomorphismsfrom componentso thecorearedefinedin aninteroperabilly sce-
nariois crucial.lf theseinfomorphsmsaretoken-surjectre, thenthe distributedIF logic
will presere the soundnessf the IF logic of the core.Proving the token-surjectreness
is hencea necessaryaskin orderto guaranteeeliablesemantidnteroperabiliy.

In the following sectionwe develop the above key ideasusingan hypothetical, but realistic
example.

3 Interoperability via IF Channels

We elaborateon animaginatve scenarioto demongsfate the strengthsof channeltheoryin
capturingsemanticallyrich informationfor alignmentpurposesWe are dealingwith a sit-
uationwherean agentor a group of agents(humanor artificial) are facedwith the task of



aligning organisatbnal structuresandresponsillities of ministries acrossdifferentgovern-
ments.This is a realistic scenariosetout in the domainof e-governmens, and despiteits
imaginatve nature,its compleity andimportancedifferentiatest from mappingontologes
of realworld academidepartmentslescribedn [6], wheresimilar technolog wasused.

Our agentshave to align UK and US governnents, by focusingon governmenal or-
ganisatbns,like ministries.The focal point of this alignment,is not only the structuraland
taxonomc differencesof theseministries but the way in which responsibities areallocated
in differentdepartmentandofficeswithin theseministries.

For the sale of brevity andspacereasonswe only describeherefour ministries: The UK
Foreignand CommonwealtiOffice, the UK Home Office, the US Departmenbf State the
US Departmenbf Justice(hereafter FCO, HO, DoS and DoJ, respectrely). We gathered
informationrelatedto theseministries from their web sitest wherewe focusedon their or-
ganisatbnal structuresassumig thatthe meaningof thesestructuress in accordanceo the
separatiorof responsilities. Thesestructuresveretrivial to extract, eitherfrom the hierar
chicallists of departmentsagenciesbureau,directoratesdivisions,offices (which we shall
commony referto asunits) within theseministries,or organisatimal chartsandorganograms
publicly available on the Weh The extractionof responsibiliies andtheir units though,re-
guiresan intensve manualknowledge acquisiton exercise(typically, a mission statement
underawhatwedo hyperlnk).

The ministries’ taxonomesrangefrom 38 units comprisng the US DoJto 109 unitsfor
theUK HO. In thisexamplewe focusonthealignmentof 3 comman responsibities between
theseministries:

e passportservicesresponsibity of HO andDosS;
e promoteprodictiverelations responsibity of FCOandDoS;

e immigration control, responsibity of HO andDoJ.

Four stepstowards semanticinter operability

In orderto achieve the semantidnteroperabilitywe desire we will go throughthefollowing
four steps:

1. We definethevariouscontets of eachcommunityby meansof adistributed IF systemof
IF classifications.

2. We defineanIF channel—itsoreandinfomorphisns—connectinghe IF classifications
of thevariouscommuirities.

3. We definean IF logic on the corelF classificationof the IF channelthatrepresentshe
informationflow betweercommunites.

4. We distribute the IF logic to the sumof commurty IF classificationdo obtainthe IF
theorythatdescribeshe desiredsemantidnteroperability

Thesestepsdllustrateatheoreticaframevork andneednotto correspondo actualengineer
ing steps;but we claim that a sensibleimplemenéation of semanticnteroperabilitycan be

! Accessiblefrom www.hameofice gov.uk, www.fco.gov.uk, www.state.gv andwww. usdoj.go.



achiezedfollowing this framework, asit constiutesthe theoreticafoundationof a semantic
interoperabilityscenarioln fact,KalfoglouandSchorlemmeusesimilartechniqueso assist
in ontolagy mapping[6]. In theremaindeof this sectionwe applytheabove four stepgo our

hypotteticalinteroperabiliy scenario.

3.1 CommunitylF Classificatios

UK andUS governnentsusedifferentontologesto representheir respectre ministries;we
shallbedealing,thereforewith two separatesetsof types:

typ(UK) = {FCO,HO}
typ(US) = {DoS,DoJ}

We modeltheinteroperabilly scenariaisingaseparatdf classificatiorfor eachgovernnent,
UK andUS, whosetypesareministries.

To have UK andUS ministriessemanticallyinter-operablewill meanto know theseman-
tic relationshipin which they standto eachothet which we take to be their setof respon-
sibilities. It is sensibleto assumehattherewill be no obvious one-to-onecorrespondence
betweeminigtries of two governnentsbecauseesponsilities of a ministry in onegovern-
mentmay be spreadacrossmnary ministries of the other andvice versa.But we canattempt
to derive anlIF theorythatdescribedow thedifferentministy typesarelogically relatedto
eachother—an IF theory on the union of ministry typestyp(UK) U typ(US) in which a
constraintike FCO + DoS would representhefactthataresponsibilly of the UK Foreign
andCommonwealtlOffice is alsoa responsibity of theUS Departmenbf State.

UK Foreign and

UK Home Office Commonwealth Office
Agencies (AG) Foreign Secretary (FS)
Passport Agency (PA) Inmigration and Nationality European Union Bilateral
Directorate (IND) Department (EUBD)
US Department of State US Department of Justice
Secretary of State (SoS) Attorney General (AG)
Bureau of Consular Bureau of European Imigration and Naturalizatio
Affairs (BCA) Affairs (BEA) Service (INS)

Figurel: Hierardical structuesof governmen ministries

We shallconstructhe IF channelhatwill allow usto derive the desiredlF theoryusing
the hierarchicalstructureof unitsshawvn in Figure 1. Within the contect of onegovernnent,
differentministriesrepresenalreadythetop-level separatiorof responsibities.



¢ Fromthe hierarchicalstructureswve extractan IF theoryon unit typesfor eachgovern-
ment.Following arethetwo IF theoriesof UK andUS units respectiely:

FAG,FS F SoS,AGe
AG,FS+ So0S,AGe +
PAF AG BCA I SoS
IND - AG BEA F SoS
PA,IND + BCA,BEA +
EUBD - FS INS - AGe

By extractingresponsibities from the units’ web siteswe areableto defineanIF classi-
ficationfor eachgovernmentwhosetokensareresponsibities andwhosetypesareministry
units,andthenclassifyresponsibities to their respectre units. TheselF classificationswill
have to be in accordancéo the hierarchyasrepresentedh the IF theories.Thatis, if are-
sponsiblity is classifiedto a unit, it shallalsobe classifiedto all its supra-unitsThis canbe
doneautomattally. In the caseof UK units,thelF classificationA ;i will bethefollowing:

AG PA IND FS EUBD
rn| 1 1 0 0 0
ro| 1 0 1 0 0
rs| 1 O 0 0 0
ra| O O 0 1 1
rs| O O 0 1 0

Heretokensr; to r5 representesponsibities extractedfrom the units’ web sites.So, token
ro Standsfor the responsildity immigration control of the Immigrationand Nationality Di-
rectorate and hencealsofor the Agencieswhile tokenr; standsfor a responsibity of the
Agenciesonly. For the US unitswe proceedn the sameway:

SoS BCA BEA AGe INS
si| 1 1 0 0 0
se | 1 0 1 0 0
s3| 1 0 0 0 0
sg| O 0 0 1 1
ss | O 0 0 1 0

However, thephrasingof responsibiliesin the US websitesmightdiffer form thatin the UK
websites,whichwill resultin aseparatesetof tokenss, ..., s5 for IF classificationA ;5.

To represenhow ministry types(like FCO,HO, etc.)from the IF classificationUK re-
latesto the IF classificationA ;7x of ministerialunits, we will usethe flip A, of the IF
classificationtable andits disjunctive power VA . Theflip classifiesministerial units to
responsibities, andfor the UK caseit is:

rn T9 T3 T4 Tj

AG 1 1 1 0 O
PA 1 0 0 0 O
IND O 1 0 0 O
FS O 0 0 1 1
EUBD| O 0O O 1 O



Thedisjurctive power of thisflip classifieaministerialunitsto setsof responsibities, when-
ever someof its responsibiliies is amongthosein the set. Here is a fragmentof this IF
classification:

{’)"1,’)”2,7‘3,7’4,7"5} {Tl,’f‘g,’l"g} {7"4,’)"5}
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 responsilities canthenbe representeavith an
infomorphsmhy : UK = VA !

hUK(HO) = {7‘1,7“2,7‘3}
hUK(FCO) = {T‘4,7’5}

Eachcontet for a governnent, with its ministries, their respectre units andhierarchy
capturedby anlIF theory is thenrepresentedsa distributed IF systemof IF classifications.
For the UK governnentthis distributed systemis the following:

VAL,

hyk WK

UK Al

In the next stepwe usethe flips A, and A4 to align responsibities in orderto achieve
thedesiredsemantidanteroperability

3.2 ThelF Channel

We constructan|IF channefrom a partialalignmentof someof theresponsilities extracted
fromtheministerialunits’ websites.Thisis thecrucialaspecbf thesemantienteroperability
sinceit isthepointwhererelationsn meaningareestablished/NVe assume partialalignment,
that is, one where not all responsibiliies r; to r5 are relatedto responsibiliies s; to ss.
In particularwe shall assumehe alignment of UK responsilblities r{, r, andr, with US
responsibities s, s, ands,:

e passporservicesr; «— s;
e immigration control:ry, «— s4
e promoteproductverelations:r, +— so

The focus of this paperis not how this partial alignmentis establishedyariousheuristic
mechanism$iave beenproposedn the literature(seee.g.,[10]). We assumehat we have
alreadyappliedoneof thoseheuristicsOur purposéhereis to provideaframeavork thatshows
how a partial alignmentof a few responsibities fits into the larger picture of an alignment
scenarioasthe one describedchere,andrepresenteds a distributed IF system,andhow a



globallF theoryof semantidnteroperabilly on thelevel of governmentministriesis derived
from this partialalignment

The above partial alignmentis a binary relationbetweentyp(A{ ) andtyp(Ags). In
orderto representhis alignmentas a distributed IF systemin channeltheory we decom-
posethe binary relationinto a coupleof total functionsg 'y, gvs from a comma domain
typ(A) = {a, B,7}. (For examplegyx(8) = m, andg'ys(8) = s4.) Thiswill constitte
the type-level of a coupleof infomarphisms.We completethe alignmentto a systemof IF
classifications

Ab = A T2 A

by generatinghe IF classificationon typ(A) with all possble tokens,which we generate
formally, andtheir classification:

a B 7
ng|0 0 O
n 0 0 1
ng |0 1 0
ng| 0 1 1
T4 1 0 O
Ty 1 0 1
g 1 1 0
n |1 1 1

To satisfythe fundamentapropertyof infomorphsms,the token-levd of gy k., girs mustbe
asfollows:

guk(AG) = ng gus(S0S) = ns
guk(PA) =ny gus(BCA) =ny
guk(IND) = ng gus(BEA) =ny
guk(FS) =m gus(AGe) = ny
guk(EUBD) = ny gus(INS) = ny

This alignmentallows usto generateéhe desiredchannebetweenUK andUS thatcap-
turestheinformatian flow accordingo thealignedresponsibities. Thisis doneby construct-
ing aclassificationC andacoupleof infomorphisns fyx : VA{, 2 Candfys : VAjg &
C thatcorrespondo a cateyory-theoreticcolimit [9] of the following distributedIF system,
whichincludesthe alignmentandthe contexts of eachgovernment:

C
/M

VAL, VA

1 5
AUK JUK A gus

Thisis a cover of thedistributed IF system.



3.3 ThelF Logic ontheCore

This is how colimit C is constructedits setof typestyp(C) is the disjoint union of types
of VA, andVAg; its tokensareconnections—pairsf tokens—thatonnecta tokena of
VA, with atokenb of VA, only whena andb aresendby thealignmentinfomorphisms
guk andgyg to tokensof thealignmentlF classificationA thatareclassifiedasof thesame
type.For exampk, thecoreC will have atoken(AG,S0S) connecting/ A ;- -tokenAG with
VA ¢-tokenSoS, becausgyx (AG) = ng andgps(SoS) = ns, andbothns andng areof
typea in A.

The following is a fragmentof the IF classificationon the core (not all typesarelisted,
but all tokensare):

{ri,ra,ma3} {ra,rs} {s1,80,83) {54,585}
(FS,BEA) 0 1 1 0
(EUBD,BEA) 0 1 1 0
(FS,S0S) 0 1 1 0
(EUBD,S0S) 0 1 1 0
(IND,AGe) 1 0 0 1
(IND,INS) 1 0 0 1
(PA,BCA) 1 0 1 0
(PA,S0S) 1 0 1 0
(AG,BCA) 1 0 1 0
(AG,S0S) 1 0 1 0

It shavsthelF classificatiorof all connectionso thosetypesof thecorethatarein theimage
of fuk o hyx and fys o hyg, which arethe infomorphsmswe will usein the next stepto
distribute theIF logic onthe coreto thelF classificationdJK andUS.

As the IF logic on the corewe will take the naturallF logic of the IF classificationC,
whoseconstrains are:

{re,ms} F {s1, 52,83}
{84,85} F {ri,ro, 73}
{ri,ro,r3}, {ra, 5}
Fo{r, o, re}, {ra, s}
{s1, 892,83}, {s4,85} F

l_ {81,52,83},{54,35}

The naturallF logic is the onethat capturesn its constraintsa completeknowledgeof the
IF classificationSincewe have constructedhelF classificatiorfrom thosein thedistributed
system—which capturedhe contexts of governmens togethermwith the alignmentof certain
responsibities—thenaturallF logic will have asits IF theoryall thosesequentshatconform
to thegovernment's contextsaswell asto thealignmentwhichis whatwe desirefor semantic
interoperability

3.4 ThebDistributedIF Logic

ThenaturallF logic hasanIF theorywhosetypesaresetsof responsibiliiestakenfrom UK
or USwebsites,but we wantto know how thistheorytranslateso governnmentministries, by



virtue of whatresponsillities eachministry has.For thatreasorwe take the IF theoryof the
distributed IF logic of thelF channel:

C
fuk Ohy wohwg
UK ON]

whichis theinverseimagealong(fyx © huk) + (fus © hus) of thenaturallF logic Log(C)
generatedrom the corelF classificationlts theoryhasthefollowing constrains:

FCOF DoS DoJ - HO
FCO,HO I- + FCO,HO
DoS,DoJ + DoS,DoJ

Theseconstraintcapturethe semantidnteroperabilitypbetweerall ministries, UK andUS.

4 RelatedWork

Previously, KalfoglouandSchorlemmehave shavn thatinformationflow canbe usedto as-
sistin ontologymapping[6]. Theirwork demongtatesa practicalapplicationof information-
flow theoryin the areaof ontolagy mappingwherethe ontologes usedwere representing
academiaepartment$érom differentuniversities,which wereeventwally mappedonto each
other

A complenentaryagendais that currently pursuedby Kent with his Information Flow
Framevork [8], which aims at providing a meta-level framework for a standardthat will
specifyanupperontology, enablingcomputerdo interoperateTargetedto upperontologes,
his effort is focusedon providing the necessarnframenork for specifyingontologes that
defineconceptghatare meta,generic,abstractand philosophical,andthereforeare general
enoughto addresgat a high level) abroadrangeof domainareas.

Similarwork on usingthe notion of classificatiorof tokensis demonstrateth the FCA -
MERGE system[11], wherethe underpinningtheoryis that of formal conceptanalysis[5].
Last, but not least,thereis a plethoraof lessformal approache$or semanticintegration,
notably the work on using communiies of practiceand learningalgorithms[4], and on
constraint-satfaction-basedystemg2]. We referto [7] for anextensve surey.

5 Conclusions

In this paperwe presented practicalapplicationof channeltheoryto captureand model
semantianteroperabiliy in termsof informationflow betweerdifferentsystemghatneeded
to beintegrated.The strongmathematal foundationsof channeltheoryandtheir potential
transformatiorto logic programsenabledisto work outarealworld integrationscenariovith
semantic-preservingkchangeof information. Thesecouldprovide a betterunderstandingf
the foundatias for building and deplo/ing semanticallyintegrated systemsin distributed
ernvironments
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A Channel Theory

IF classfication: A = (tok(A),typ(A),=a) consbtsof a settok(A) of tokens a settyp(A) of
types, andabinary relation = betwee tok(A) andtyp(A).

Infomorphism: f : A = B from classificatiors A to B is a cortra-variant pair of functions f =
(f", f) satsfying the Fundametal Propertyf"(b) [=a «iff b |= f(«a), for eachtokenb € tok(B)
andeachtypea € typ(A); f istoken-suijectiveif f”is surjectie.

Flip: A+ istheclassificationwhosetokens aretyp(A) andtypesaretok(A), suchthata =, . a iff
a A a.



IF channel: C is anindexedfamily {f; : A; & C};cs of infomorphismswith acommoncodoman
C, thecore of C. Thetokensof C arecalledconnestions.

Sum: A+ B of classificationshasassetof tokens the Cartesia productof tok(A) andtok(B) andas
setof typesthedisjoint unionof typ(A) andtyp(B), suchthatfor a € typ(A) andg € typ(B),
(a,b) Ea+B aiff a EA «, and(a,b) =a+B B iff b =g B. Giventwo infomorphisns f; o :
Ay 2 C,thesumf; + fo : Ay + Ay 2 Cis definedoy (fi + f2)(e) = fi(a) if € A; and
(fi + fo) (e) =(f1(c), falc)), for ¢ € tok(C).

Distrib uted IF sysem: A conssts of an indexed family cla(A) = {A;}icr of classifications to-
gethrerwith asetin f(A) of infomorphisnsall having both domainandcodamainin cla(A).

Cover: AnlF chanrelC = {h; : A; = C};cs coversadistributed IF systen A if cla(A) = {A;}ier
andfor eachi, j € I andeachinfomorphismf : A; 2 Ajininf(A), h; = hjo f.

Disjunctive power: VA of anlF classification A is the classfication whosetokens arethe sameas
A, whosetypesare subsés of typ(A), andgivena € tok(A) and® C typ(A), a Fva @
iff a =A o for someo € ®. Thereexists a natuial embedding 7a : A = VA definedby
7'a(a) = {a} andrya(a) = a, for eacha € typ(A) anda € tok(VA).

IF theory: T = (typ(T),+) consbtsof asettyp(T') of types anda binary relation - betwee sub-
setsof typ(T). Pairs (I', A) of sub®ts of typ(T) arecalledsequaets If T' - A, for I',;A C
typ(T), then the seqentT" + A is a constaint. T' is regular if for all a € typ(T) andall sets
LT, A, ALY 5, 3 of types

1. Identity: a - «
2. Wealening: If T' - A, thenT', TV - A, A'

3. GlobalCut: If ', ¥ F I', £, for eachparition (g, 21) (Zo U2 = typ(T) andXoNE; =
0), thenl' - A.

IF clasdfication generated by an IF theory: Givenaregular IF theowy T', the classification Cla(T)
gereratedby T is the classification whosetokens are partitions (I', A) of typ(T") that are not
corstrairts of T', andtypesarethe typesof T', suchthat(T', A) f=cjq(r) aiff a € T,

IF logic: £ = (tok(£),typ(L), =e, ¢, Ng) consgstsof aclassficationcla(£) = (tok(L), typ(L),
=¢), aregular theoy th(£) = (typ(L),F¢) anda subsé of Ng C tok(L) of normal tokens
which satisfy all thecondraintsof th(£); atokena € tok(L) satifiesacongraintT’ - A of th(£)
if, whena is of all typesin T', a is of sometypein A. An IF logic £ is sound if Ne = tok(£).

Natural IF logic: It isthelF logic Log(A) geneatedfrom anlF classfication A, andhasasclass-
fication A, asregular theoly thetheorywhoseconstaintsarethe seqentssatisfiedby all tokens,
andwhosetokensareall normal.

Inverseimage: Given aninfomomphism f : A = B andan IF logic £ on B, the inverseimage
F71[£] of £ under f is the local logic on A, whosetheay is suchthatT' - A is a constaint of
th(f1[£)) iff fIT] F f]A] is a constaint of th(£), and whosenormal tokens areNf_l[gﬂ =
{a € tok(A) | a = f(b) for someb € Ng}. If f istoken-surective and £ is sourd, then f~*[£]
is sound

Distributed IF logic: Givenabinary IF chanelC = {fi2 : A1 2 2 C} andanIF logic £ onits
coreC, thedistributedIF logic DLogz(£) is theinverseimageof £ underthesumf; + fo.



