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2.1.1 Parent entities

&TgOgOSIT MKChOTLR@AS j RJOXREACFHRObgOADC>gOVT
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YO[®ggaO;jgCH@dT@YaCRIgOVTbVIDEE@OVThZ[
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5=1@$/.3).&3 ", 0( 7(:5= &41/0&". <
0(; (==:1)>=,; ATC>N7&<

IMCaCOg9aCg CTgOg ® ACITCA9b
5=1@8&41/0&".  0(; (==:1)>=,; <NCTK@DCEZABHH<GIP
gMCDd VRA; C9b0B/.3).&3 ", | GCACITCASb

5=1@$/.3).&3 ",
0(; (==:1)>=,; A7C>N7%<NC7K@DCRAGHH<GIP
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2.1.2  Entity identifiers

&TgOgOEHT MKC bOSXRZa>VSXVhOgO@CaTIRaCmgCaTIR
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ICab9aCOgCaxXaCg8BbXC>0OIROTAYFIggaO;jgCBEVAMO:M
TVd V YV&8VaCZ HOgOEH bMIagM®ISCKIRIC]

" domain ObOFCaXaCg®@A 9 >RIbB/FXVbbO;RKIRjCbFVa
9T CBQu@CTHOICa® CHQy9ggaO;jgt/a9 aCRIgOVToRYDX
ga0;jgC[*T gMG&2 SVACRW@IRM bS9RRCGVFXaCACITCA
AVSOOTIDORRVA@ISCRgM@31).! @4 3&@.3&'&1 @
1&", @OTA #//,&". VTChB[ *T >9bCTV AVS9OTOXC>0ON
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Identifiers are mandatory and single-valued, i.e. they have
default multiplicity 1:1. Moreover, they cannot be filled with
any value, as this would mean assigning that value to all the
instances of an entity, in contrast with our interpretation.

For instance, a simple identity code identifier @:90< can be
introduced in the definition of entity $/.3).&.3 ", as

,5=10%/.3).&.3
oG 7(:5=; &41/0&". <
0(; 1+,5=1..; @9D< (; 231)." <

Composite identifiers can be introduced in a similar way.
For instance, let us suppose that @9D< is not an identifier

for the above $/.3).&.3 ", entity, as there might be equal
values of @9D< for distinct citizens in different European
countries. Therefore, we define $/.3).&.3 ", as
,56=1@%/.3).&.3

oG 7(:5=; &41/0&". <

0(; 1+,5=1.,;

@9D< (; ).3&'&1 <9DNCKMB< (; 231). <

where the couple (@39D0<, 9DNCKKB<) as a whole repre-
sents the composite identifier and each one is an identifier
component for entity $/.3).&.3 ", . Note that the do-
mains of distinct identifier components can be different.

Alternatively, we can introduce a further entity as

5=1@9$/4.315  0( 1+5=1.; 9DNCKEB< (; 231). <
and a relationship linking the two entities $/.3).&.3 "
and $/4.315 (see Section 2.2 for further details) as

,4(=165;017$/.3 _$)3)6&.2()0
0(; 4153;

$/.3).&.3 ", @QPO@K@QEM
$/4.315 271 9@K@R<E

The (weak) entity $/.3).&.3 ", can be then defined using
a composite identifier with an external component, i.e.

,5=1%/.3).&.3

oG 7(:5=; &41/0&". <
0 1+,5=1.;

@9D< (; ).3&&1 <

9DNCKHEB< 6- $/4.315  =0:6>/0 $/.3 _$)3)6&.2(00 <
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Entities can have attributes listed in section O(; (==:1)>=,;.
An attribute is interpreted as a class of links between entity
instances and domain values. A :JG5CH to be chosen among
the same allowed for identifiers (see Section 2.1.2) can be
specified for each attribute. Again, if no domain is specified,
a generic one is assigned to an attribute by default.

For example, if entity &41/0&".  is now (re)defined as

,5=14841/0&". 0(; (==:1)>=,, <NC7K@DEA@KL).! <
then attribute <NC7K@DCTA@terpreted as the set of links
between &41/0&". and 231)." instances. An individual
link is denoted as <NC7K@DE7E@IC2B@K#H@K@¥here
#HOK®I231).! and *D?C2B@K? &41/0&".

Attributes can either be optional (minimum multiplicity 0)
or mandatory (minimum multiplicity 1). Moreover, they can
either be single-valued (maximum multiplicity 1) or multi-
valued (maximum multiplicity 1 ' 2" ... ' N —ie. - ).
Therefore, an optional single-valued attribute has multiplic-
ity 0:1, a mandatory one with at most 3 values has multiplic-
ity 1:3, an attribute with exactly 2 values has multiplicity
2:2, and an unconstrained attribute has multiplicity 0:N.

For instance, we may want to extend the previous definition
of European as that of a citizen who has at least one and
at most two “nationalities” (e.g. both Scottish and British)
and uses exactly one kind of currency. Therefore, we write

,5=1@&41/0&".
0(; 7(:,5=; $)3)6&. <
oG (==11)>=,;

<NC7K@DE7A@V231).')
9NHH<CQPE:E231).J

An attribute is ?FF; when all the different instances of an
entity (or a relationship) are linked by that attribute to the
same domain value, denoted as attribute ?F;Q An attribute
with maximum multiplicity Y can be filled by at most $
(different or equal) values, where $ cannot exceed Y.

For instance, we can (re)define entity $/.3).&.3 ", with
the further statement that attribute INHH<C®P filled by
string “&@NHDOGn order to specify that all continental Fu-
ropeans use the Euro as their currency. We thus write

,5=14%$/.3).&.3

o(; 7(:5=; &41/0&". <

0(; 1+,5=1.;

@9D0< (; ).3&'&1 <9DNCKHMB< (; 231).' <
0G (==1)>=,;

<NC7K@DETA@M231)." <
ONHH<CQPE:E231)." .44,+) @8 &NHD<
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Assertions about entities either state mutual entity disjoint-
ness or the coverage of an entity by some of its children.

Asserting the disjointness of $ , 2 entities means prevent-
ing any overlapping (i.e. instance sharing) between them.

For instance, the disjointness assertion
+1;2615%/.3).&.3 ", <#1)3)2( <

means that, independently of the specification of the two
entities, there cannot be any individual which is at the same
time a continental citizen 5H: a British citizen.

Asserting the coverage of an entity by a subset of its children
means imposing that any child entity not in the subset must
be a subclass of one or more entities in the subset.

For instance, the coverage assertion

) @$/.3).8.3

means that any other subclass of &41/0&". must be a
subclass of $/.3).&.3 ", , or #1)3)2( , or both.

*62,:(, 6 &A41/0&". " <#1)3)2( <




2.2 Relationship modelling
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gMCOa T@g VTRrPVHIOROT@YVIMCETOgOTH@

- 4(=165,017841/ _$)3)6&.2()0

0(; 4153;
&41/0&". @DP@K@Q=EL<
$/4.315 271 9@K@R<E

IMOMbg9gClgM9IgDT >0OgOoCThEICROgOV ThaMTR{aVXCIT
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OfMCIM&KC 9 AOGCagT]S ; Gt VF FCHEROT>RjAOGMAOTN
MCaOgURChZ[VaCVkG@ Chth gM9ggd V aCRIgGOVTHNURD

9 AOGCagF®GB5QCUTRMCIMKC 9 AOGCagT]S ; Ga \F
5UUQC7VUIR >RjACIMM TMCaOyTabZ]

2.2.1 Parent Relationships

2CR9gOVTbMERbMKC bOTLREZ S | RgOXREACHb RObgOA
bC>gONT 7(:,5=; [ 4 MCrOTMCaRBMXaV)XCagO@FgMCOa
X9aCgbYO[®ygaO;jgCHR@DTQ@YCHOgOCbBLagOVThZ[
' VaQbgoT>A@>9T YaCZACITEMG/.3 _$)3)6&.200 aCN
RIgOVThMDX b; >RIbWFE41/ _$)3)6&.200 @[

1,4(=165;017%/.3
oG 7(:,5=

&41/ $)3)68.200 <
0(; 4153;
&41/0&".

_$)3)6&.2()0

@P@K@R=EM

IMCaC$/.3 _$)3)6&.200 M9b; VyMgM@ISC >VT>CXgj9R
9a0y9TA gMDISCRVLO>8&IY9b &41/ _$)3)6&.200 [ *T
FO>gROT@D@K@QEL MO# ® TMCaOgEAVS gMCX9aCF
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AMCOFa\j>gOVIVF9 FagMCaROT®9gga0;jgCROTLChgMC
>VT>CXgj9RRVLO>9RAYVFY aCRIgOVTHI#EX Ogix9aCg
iTRCDIDG/TRRCITCHT OTMCaORDANY8gga;igCZ]

JRGOXROTMCaOgIIsTCa9RBI>aCobCyMgMGVT>CXgj9R
9a0yITAgM@RVLO>BHIYVFI aCRIGOV ThYTRGBISRRIaCHH
M&C gM9SC ROTQTA 9gga0;jgCh@CT OROgMAOGCaET
Y X/bbO;RAVTNAORIZOT g FX9agO>0X9g¥amAOTIROgOCH]

2.2.2  Relationship attributes and assertions
2CR9gOVThbMOXMKCgMCOA T 99ga0;jgCHI@0MIaCRObgCA
OTbC>gOMX; (==:1)>=,;[ 4 MCORBRC9gjaChaCOAGD>9gV
gMVbEFCTHQY99ga0;jgClybCBC>gOMWIhZ]
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2.3 The EER model semantics
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Figure 2: Graphical view of some entities in Figure 1

tribute @P@K@R=@ the second relationship is a subset
of the multiplicity of the same attribute in the first rela-
tionship. This deduction only holds because the conceptual
arity is the same in both relationships. Unfortunately, some
conceptual analysers (e.g. i*COM) ignore this constraint,
thus allowing the deduction of meaningless hierarchies of
relationships with a different conceptual arity.

lre6 M+"8w" HE#H& &+ M\? +#
* If disjointness & coverage assertions are disabled, only
deduction D3 holds.

*

If fillers & assertions are disabled, the following holds:

— D5. Entity )-0&1)",
tity -&31)$ _42&1 .

_42&1 is a subclass of en-

*

If fillers & relationship links are disabled, deductions
D1 and D3 hold together with:

— D6. Entity )-0&1)", _42&1 is inconsistent.

*

If attribute multiplicities & domains are disabled, de-
ductions D3 and D6 hold together with:

— D7. Entity -&31)$ _42&1 is inconsistent.

*

If both attribute multiplicities and domains & asser-
tions are disabled, the following deduction holds:
— D8. -&31)$ _42&1 and )-0&1)", _42&1 enti-

ties are synonyms.

If both attribute multiplicities & domains and asser-
tions are disabled, and entity identifiers are consid-
ered as normal attributes, then deduction D8 holds
together with the following:

— D9. Entities $/.3).&.3 ", and #1)3)2( are
Synonyms.
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Semantic verification services could fail to detect links be-
tween similar concepts in a KB if these are described us-
ing different terms. In fact, the lack of subsumption be-
tween concepts with different (but semantically equivalent)
role names is a well-known limitation of logic-based ap-
proaches. Therefore, linguistic and heuristic services are
used in EER-CONCEPTOOL to propose new correlations be-
tween terms or new links between concepts. New knowledge
can be inferred either by comparing a KB with external
lexicons and ontologies or by applying some set of external
heuristic rules. While the results of semantic verification
only depend on the mutual relations between concepts in a
KB, the results of linguistic and heuristic services are only
likely to be sound (but not necessarily true) in the analysed
context. This is because they are either based on common-
sense knowledge or on a shared (although not formal) inter-
pretation of terms. Heuristic services in EER-CONCEPTOOL
are currently limited to string correlation, which highlights
names with common substrings. The integration with Word-
Net and other heuristic services is under development.

The heuristic string correlation service suggests that:

* H1. Entities -&31)$ 42&1 and )-0&1)", _42&1
are correlated. This is consistent with both entities
being subclasses of &41/0&".

* H2. If a new entity is introduced as

5=1@)3")".

o(; 1+,5=1.;

9=(; 231)." <

0(; 7(:,5=; $)3)6&. <

oG (==:1)>=,

C7K@DGE7TA@KM231).! .44,+) @3 ,NB87H; 9<

9NHH<CQPE:E231)." <

then a correlation between attributes C7K@D@EhA@K
tity )3",)".  and <NC7K@DCETA@Htity &41/0&".

is proposed. Moreover, )3")".  will only be classified
under &41/0&". if the correlation is accepted as an
aliasing one, i.e. if <NC7TK@DGE7TA@KC7K@DE7A@K

considered as synonyms.

By analysing deductions D1 — D9 together with inference
H1, we can empirically conclude that:

* Deductions D1 and D2 may depend on the assertions
about entities linked in D1 and in D2;

* Deductions D3 can depend on the union of inherited
fillers and assertions;

* Deduction D8, together with inference H1, hint at the
introduction of a common ancestor for the two entities

-&31)$ _42&1 and )-0&1)", _42&1.

Although lexical heuristic inferences can effectively comple-
ment semantic deductions, particular care must be taken
in developing a suitable methodological approach whenever
large KBs are analysed. Otherwise, the possible combinato-
rial explosion of suggested correlations could make heuristic
inferences a harmful source of “infosmog”.
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Figure 3: The GUI of EER-ConcepTool
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