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Abstract

In the domain of information systems ontologies, the notion of completeness refers
to ontological contents by demanding that they be exhaustive with respect to the
domain that the ontology aims to represent. The purpose of this paper is to analyze
such a notion, by distinguishing different varieties of completeness and by question-
ing its consistency with the open-world assumption, which formally assumes the
incompleteness of conceptualizations on information systems ontologies.

Keywords Ontological completeness - Information systems ontologies - Open-world
assumption - Closed-world assumption
1 Ontological Completeness in the Philosophical Debate

According to Cumpa (2019a: 152), an uncritical belief which silently encompasses
the categorial debate from Plato to contemporary substantialists' is that

(1) the completeness of systems of ontological categories should be (somehow)
justified.

By "completeness”, Cumpa (2019b: 6-7) refers to three different criteria of ade-
quacy, which Thomasson (2019) presents as follows:

(2) comprehensiveness, that is, providing, at a high level of abstraction, categories
for everything there is (or might be);

! See in particular Aquinas (1952a, 1952b), Aristotle (1952), Britus (1981), Grossmann (1992), Hart-
mann (1953), Heil (2012), Kant (1965), Lowe (2006), Parmenides (1984), Plato (1997), Plotinus (1968—
1988), Porphyry et al. (1993), Ryle (1938), Simplicius (1907).
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(3) exhaustivity, which indicates that whatever there is (or might be) should find its
place in one and only one category;

(4) hierarchical organization, according to which no category can be in more than
one level in the hierarchy of ontological system.

(1), Cumpa maintains, depends upon

(5) the difficulty substantialism faces in accounting for relations among enumerated
categories.

This means, if (1) and (5) both hold, then

(6) the completeness of systems of categories is not a problem for categorial ontol-
ogy in general, but just for substantialism.

Therefore, other philosophical traditions (such as factualism or reductionism)
which do not consider the world as an enumeration (but, for examples, as a com-
bination) of categories do not have to deal with the issue of completeness (see also
Thomasson 2019).

Smith (2003) seems to confirm (6), by remarking that, in approaching the onto-
logical investigation, different philosophical perspectives may follow/be based on
different assumptions. Examples of those assumptions are, among others, the same
notion of completeness specified by (2), (3) and (4), and the notion of ontological
economy, which is further divided, by Fiddaman and Rodriguez-Pereyra (2018), into
two different versions:

(7) qualitative economy asserting to do not multiply types of entities without neces-
sity,
(8) quantitative economy claiming to do not multiply token entities without neces-
o2
sity.

The existence of different assumptions does not imply that diverse philosophical
approaches cannot integrate/mix such assumptions. For example, one could sketch a
parsimonious ontology that does not multiply types of entities without necessity (cf.
(7)) and that aims to be exhaustive (cf. (3)).

2 See also Sober (1975), Lewis (1973), van Inwagen (2002), Lando (2010), Schaffer (2015).
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2 Completeness in Information System Ontologies

The notion of completeness is not, however, monopoly of ontological philosophy.
Computer science, for example, has internalized and adapted such a notion to the
peculiarity of its own area of investigation® — an area that, ontologically speaking,
can be divided into (at least) two different sub-branches.

(9) The first one deals with problems concerning specification, programming,
implementation, verification, and testing of computational systems, which are
traditionally seen as composed of two ontologically distinct entities: software
and hardware*;

(10) The second sub-branch concerns information systems ontologies [ISOs], con-
ceived as formal representations of conceptualizations aimed at representing
and systematizing the contents of a specific domain of interest, and making
such contents processable (also) by artificial agents.’

Within (10), the debate on the notion of completeness (and on some related
notions such as informativeness, accessibility, and repeated applicability)® has
mainly ranged

(11) from questions regarding (11.1) the (kinds of) entities populating ISOs, (11.2)
formal relations among those entities, and (11.3) their systematizations among
ISOs’ core-components,’

(12) to issues regarding the explicitation of methodology and theoretical choices
for delineating and circumscribing the domain of interest that an ISO is meant
to represent and systematize.®

In such a context, the notion of completeness has also shown that philosophical
ontology and ISOs present analogies and discrepancies.’ Discrepancies mainly refer
to the aims of these two ontological investigations.

(13) Philosophical (especially, analytical) ontology aims to outline a complete (cf.
(2), (3) and (4)) inventory of what there is or might be,? by specifying its
hierarchical and categorial structure.'!

3 See Gruber (1995), Smith (2003).

4 See Turner et al. (2019), Turner (2019), Primiero (2020).

3 See Gruber (1993); Guarino and Giaretta (1995); Breitman et al. (2007); Guarino and Musen (2015).

6 See Paslaru-Bontas (2007), Munn (2008), Goy and Magro (2015), Couclelis (2019).

7 For an analysis of the ISOs’ core components, see Noy and McGuinness (2003); Jaziri and Gargouri
(2010); Tambassi (2021a).

8 See Holsapple and Joshi (2002); Laurini (2017); Tambassi (2021b).

9 See Cumpa (2019a); Tambassi (2021a).

10" See Quine (1948), Varzi (2005).

1" See Lowe (2002), Westerhoff (2005).
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(14) ISOs circumscribe the inventory within the aims for which a specific ISO has
been developed. Such aims, which (can) vary from ISO to ISO,'? define the
domain (and the point of view) that an ISO represents.

In light of such discrepancy, it is not surprising that the notion of ISOs complete-
ness [IC] is closely related to (and may depend on) the heterogeneity of ISOs’ aims,
a heterogeneity that does not prevent the debate on ISOs'® from identifying a com-
mon ground for this notion, that is:

(15) ISOs’ completeness [IC] is such that ISO’s contents should be exhaustive for
the (specific) domain that an ISO aims to represent.

Analogous to philosophical completeness, "exhaustive" (in (15)) refers to the
fact the whatever an ISO aims to represent should find its place among the contents
(the entities) of the ISO (cf. (3) and (11.1)). And such contents should be ultimately
located among the ISO’s core components (cf. (11.3)]),'* which provide the final IT
structure of the ISO, just like the (philosophical) criterion of comprehensiveness (cf.
(2)) suggests for ontological categories.

3 OnInformation System Ontologies’ Aims and Domains
to Represent

If, as we said, IC is related to ISOs’ aims (cf. (15)) and those aims can vary from
ISO to ISO (cf. (14)), then also IC could, in principle, vary depending on the aim
of a specific ISO. To clarify this point, let us suppose to build an ISO, ISOntology,,
aimed at relating every person employed in a specific philosophy department to
their job position(s) within the department at time,. According to (15), ISOntology,
respects IC if and only if all employees and job positions are included in ISOntol-
ogy;. In other words, IC is guaranteed in ISOntology; if, for example,

(S1) the component of instances' contains the totality of people employed in that
department at time,, and the component of classes'® includes all the job posi-
tions of the department at time,.

12 See Guarino and Giaretta (1995), Adams and Janowicz (2011), Janowicz and Hitzler (2012), Guarino
(2018).

'3 See Bittner and Smith (2008).

14 For a list of ISOs’ core components, see Lord (2010); Laurini (2017).

15 "Instances" are the lowest level components of an ISO and may model concrete objects such as lap-
tops or planets, or more abstract objects such as numbers, concepts or functions (cf. Laurini 2017).

16 "Classes" represent groups or sets of different instances sharing common features. Classes can also
contain (more specific) sub-classes and/or be sub-classes of other (less specific) classes (cf. Jaziri and
Gargouri 2010).
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Such an example does not exclude, for ISOntology, (as well as for any ISO), the
chance that/of:

(16) classes and instances can (also) be characterized by slots,"” which specify the
properties of each job position (e.g., "duration of assignment", "date of hire",
etc.) and of the actual employee ("gender", "age", and so forth);

(17) alternative systematizations, within which, in order to guarantee IC, all the job
positions and all the people employed in the department must still be located

among ISOs’ components — regardless of which components.

Suppose now to build an ISO, ISOntology,, aimed at classifying the known (bio-
logical) species. According to (15), ISOntology, respects IC if and only if such spe-
cies find their place among the contents of ISOntology2. And without precluding the
possibility of alternative systematizations (cf. (17)), this could occur if, for example,

(S2) all the known species are included among the ramifications of the component
of classes.

Now, both S1 and S2 intend to pursue IC in relations to the domains that, respec-
tively, ISOntology; and ISOntology, aims to represent (cf. (15)). For ISOntology,,
the domain is restricted to the job positions and the people employed in a specific
philosophy department at the time,. This means, ISOntology; can be complete (and
thus respects IC), even without including/specifying the (biological) species of the
people employed in the department. Why? Because species do not fall within the
domain of interest specified by the aims of ISOntology;. The same cannot be said
ISOntology, whose domain, in order to pursue IC, cannot disregard the inclusion of
the species that ISOntology, aims to represent.

4 Varieties of ISO’ Completeness

Aims and domains of interest do not cover the differences between S1 and S2.
Indeed,

(18) while S1 is grounded on the components of classes and instances, S2 makes
no reference to instances: it only refers to the component of classes, which are
supposed to cover all the different known species that ISOntology, aims to
represent.

S2’s lack of references to instances does not represent a limit for meeting IC (cf.

(14)).

17 "Slots" describe the various features of a class and its instances (Noy and McGuinness 2003). More
precisely, slots “contribute to identify [classes] by characterizing them and can be used in intensional
definitions of [classes], to relate [instances] or to give attribute values” (Jaziri and Gargouri 2010, p. 38).
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(19) Firstly, as for the aims of ISOntology,, adding instances would mean, for
example, populating the classes of known species with their respective indi-
vidual living beings. But such an inclusion would be ancillary because it is not
required by the aims of ISOntology,.

(20) Secondly, ISOs need not to include instances.'® This means, although ISOs’
contents are ultimately systematized among ISOs’ components, ISOs’ contents
should not necessarily be systematized within the components of instances.
Generalizing, IC is strictly connected to ISOs’ components, but not to any
specific component.

Now, despite the difference regarding the ISOs’ components S1 and S2 refer
to (cf. (18)), we can affirm that both S1 and S2 follow IC. Indeed, the domains of
ISOntology, and 1SOntology, are exhaustively represented by the systematizations
that S1 and S2 respectively provide. However, (18) seems to suggest that, although
S1 and S2 are consistent with IC, they are consistent in a different way. To explain
the difference, let us go back to the distinction between (6) and (7). Both (6) and
(7) are consistent with the notion of ontological economy. More precisely, they rep-
resent two different versions of such economy: (6) concerns types of entities in a
philosophical ontology, (7) concerns tokens. Analogously, we could distinguish dif-
ferent versions of IC, according to the ISO’s components at stake. In other words,
we can have.

(21) AnIC based on the ISO’s component of classes when the ISO’s contents speci-
fied by classes are exhaustive for the domain that the ISO aims to represent
(cf. S2); an IC based on the ISO’s component instances when ISO’s contents
specified instances are exhaustive for the domain that the ISO aims to represent,
and so forth.

(21) does not imply that different ISOs’ components cannot be combined in order
to meet IC (this is the case of S1, in which IC is obtained by the combination of
instances and classes), neither that the list of ISOs’ components will never change
and so will the varieties of IC to which ISOs’ components refer to. (21) would also
explain why both S1 and S2 are consistent with IC, as well as why their consistency
with IC is different, as IC can refer to different ISOs’ components (cf. (18)).

18 See S. La-Ongsri and J. Roddick (2015), El-Sappagh and Ali (2016).
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5 Between Open-World and Closed-World Assumption

The notion of IC is not accepted by the entire community of computer scientists.
Indeed, especially for those ISOs using Semantic web languages such as OWL and
RDFS, some IT approaches assume the incompleteness of ISOs’ conceptualiza-
tions.'” Such an incompleteness is formally stated as

(22) the open-world assumption [OWA], according to which everything that cannot
be inferred as false from an ISO must be considered unknown.>’

(Conversely, in many programming languages and formal systems of logic?! used
for knowledge representation, some IT approaches adopt the closed-world assump-
tion [CWA], according to which, everything that is not known to be true, in the sys-
tem, must be considered as false.) But then, how to interpret the incompleteness of
OWA as compatible or incompatible with the notion of IC?

To answer the question, let us go back to ISOntology, (aimed at relating the peo-
ple employed in a specific philosophy department, at time,, to their job position(s)
within the department) and suppose that

(23) 1SOntology, contains only the totality of the job positions and of the people
employed in that department of philosophy at time;.

Suppose then that,

(24) among the employees of the philosophy department at time,, ISOntology,
includes Hypatia but not Kant, since he works at the biology department.

Let us finally ask ourselves:

(25) Does Kant work at the philosophy department at time, ?
(26) Does Hypatia work at the philosophy department at time,?
(27) Does Kant work at the biology department at time,?

(28) Does Hypatia work at the biology department at time,?

As regards (25), we could say that OWA would answer "unknown": it is true that
Kant is not included into ISOntology, (cf. (24)), but he is not even formally excluded
(cf. (23)). And, on the basis of (22), it may not be inferred as false that Kant works at
the philosophy department at time,, but rather as unknown. IC, in contrast, answers
"false" to (25) (just like CWA would do): (23) is exhaustive for the aim ISOntology,
and Kant is not included within the employees of the philosophy department (cf.

19 See Henley (2006), Porello and Endris (2014), Baader et al. (2017), Rector et al. (2019).
20 See Baader et al. (2004).
2l See Russell and Norvig (2020).
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(24)). To obtain the (same) answer, "false", from both OWA and IC, ISOntology,
should include, in addition to the people employed in the philosophy department, a
constrain specifying that Kant is not part of the people employed by the philosophy
department. This means, without such a constrain, OWA and IC are incompatible.

Conversely, (26) has the same answer, "true", both if we assume IC or OWA.
More precisely, for OWA the answer to (26) cannot be "false" or "unknown" to the
extent that ISOntology, explicitly states that Hypatia works in that department at
the time, (cf. (24)). For IC, the answer is "true" because of the aim ISOntology,, an
aim that is fulfilled by (23) and, especially, (24). Therefore, as regards the answer to
(26), OWA and IC are not incompatible.

Finally, as for (27) and (28), we have the answers "unknown" from both OWA
and IC. Specifically, OWA answers depend on the fact that ISOntology,; makes no
claims on the employees of the biology department (cf. (23) and (24)); IC answers
come from the fact that IC does not have any systematic answer for questions such
as (27) and (28), which do not refer to the aim of ISOntology,. Thus, even in these
cases, OWA and IC are not incompatible.

All this considered, we can affirm that IC is not entirely incompatible with the
incompleteness of OWA.?2 This means, an ISO could follow, in principle, both IC
and OWA. However, observing both of them requires some specific adjustments in
the ISO building, that is:

(29) indicating all the ISO’s components involved with IC (cf. (17)),

(30) (and) adding to the ISO some constraints specifying that all and only those
components should be treated under the closed-world assumption, just as the
answer to (25) suggests.>
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