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Abstract—Multiple different understandings and uses exist 1) Arbitrary scale versus non-scale-dependent granularity,
of what granularity is and how to implement it, where the which includes partitioning one entity (/instance) accord-
former influences success of the latter with regards to storing ing to one or more criteria versus applying granularity

granular data and using granularity for reasoning over the data . . . ; . .
or information. We propose a taxonomy of types of granularity to multiple entities (/instances) and simple (arithmetic)

and discuss for each leaf type how the entities or instances relate aggregation versus more complex folding operations;
within its granular level. Such unambiguous distinctions can  2) How levels (and its contents) in a perspective relate to
guide a conceptual modeler to better distinguish between the each other:;

types of granularity and the software developer to improve on 3) The perception and (mathematical) representation, such

implementations of granularity.
P 9 4 as based on set theory versus mereology.

|. INTRODUCTION These differences do not imply one cannot switch from one
. . . . . ) to the other, represent one way into another, or let them
Granulanty_ deals W'th_ aru_culgtmg something (h'erarch\?vork together orthogonally. Humans seamlessly shift granular
cally) according to certain criteria, the granular perspectivge qhactives and alternately emphasize the criterion used for
where a lower level within a perspective contains knowledgg o jarity and the partitioning within a level itself, or taking
(i.e. entities, concepts, relations, constraints) or data (meaSLgﬁ-emity versus instance-inspired approach. But how can we
ments, laboratory experiments etc.) that is more detailed t Ach a computer program to do so, when and how can it
the adjacent higher level. Conversely, a higher level ‘abstrag%itch from one perspective to the other, from one level
away’ — simplifies or makes indistinguishable — finer-grainetg) another, and from property-based to data-based? A first
details. A granular level is also called grain size and COlten is to disambiguate types of granularity. A taxonomy
tains one or more entities and/or instances. Ideas about w ttypes of granularity is constructed for development of a
granularity comprise§ can differ between research disciplinﬁeﬁeory of Granularity (TOG). This empasizes that there is
that tend to emphasize one aspect or the other. It combings 1o granularity, but several types that with additional
efforts from .phllosophy,_AI, machine Ie_arnln.g, database _theo&ﬁnstraints extend the core TOG as root. Fig. 1 shows the basic
and data mining, (applied) mathematics with fuzzy logic and, ,nomy which may require refinements or collapsing into

rough sets, among others [15], for example [14] [10] [16] [1%Lyyer types to implement this, but these are software design

[9]. Several interpretations of granularity capture subtle, bif,qigerations. In this section, we briefly describe the types,

essential, differences in interpretation, representation, andjglic, are elaborated on in section IV where the relations

emphasis. While for e.g. data clustering a ce_rtaln e_x_tent Qétween entities within a level are described and formalized.
fuzzyness or roughness can be acceptedlilocating entities

or instances to their appropriate level, if one wants to reason G
over granulated data and information (e.g. with transitivity / \
of the parthood relation) andetrieve information, clearer sG nG
distinctions and semantics have to be defined to achieve correct / \ / \
inferencing results, in part because it emphasizqaaitative
. . - . - sgG saG npG nfG naG
component of granularity, albeit not ignoring the quantitative
aspects. We have structured the main types of granularity / \ / \
in a taxonomy, introduced in section I, followed by their sa0G  samG nacG nasG
consequences (section Ill). In section IV we describe how the
entities or instances within a level of granularity relate, and Fig. 1. A basic taxonomy of types of granularity.

their differences resulting from being of a different type of

granularity. Last, we make some final remarks and aspects of, ¢G: core TOG, consisting of the basic elements common

further investigation (section V). to all types of granularity, such as the domain demarca-

tion, a granular perspective (e.g. time, human structural

anatomy), levels within a perspective, relations between
One can identify the main differences in types of granularity  the levels, and constraints like that a granular perspective

based on: must have at least two levels.

II. A TAXONOMY OF TYPES OF GRANULARITY



nG: non-scale-dependent granularity, where other typ&ther categorizations of types of granularity are possible, but
of entities reside in each finer-grained level; it consisthese are less advantageous. One could have chosen to make
of the cG, additional constraints and types of relationthe main criterion some type of aggregation versus ‘granu-
between levels (see below). larity by other means’ instead of the (non) scale dependency
npG: levels of non-scale dependent granularity areecause one has bothhG andnaG each with their subtypes.
ordered through one type of (primitive) relation inHowever, using aggregation emphasizes the internal structure
a perspective. E.g.: (structuraleytOf, (spatially- of a level, how entities and instances relate semantically or
JeontainedIn. is implementation-driven, but does not take into account the
nfG: folding, whereby levels of non-scale dependergroperties how to make the distinction between types because
granularity are ordered by simultaneous foldikg 2 having a remainder group of types of granularity does not
different types of entities, such as folding events anchpture the semantics adequately. In addition, using aggrega-
states, and consequently possibly folding (primitive) rdion as distinguishing criteriommplicitly makes a distinction
lations, upon shifting grain size. E.g.: ‘black boxesbetween set theory and set theory-or-mereology, but this is a
approach in biology such as tlse=condMessengerSystenrepresentational issue (see also next paragraph). Last, aggre

the Abstraction Hierarchy. gation is underspecified, both with respect to its ontological
naG: non-scale-dependency with some form of ‘aggrerature and variants in implementations (discussed in the next
gation’ (specified in the types it subsumes). paragraph). In contrast, the proposed taxonomy takes a purely

nasG non-scale-dependency using aggregation of tlsemantic ontological, approach, thereby separating (formal)
same collection of instances of one type that subsequentiypresentation and implementation from the meaning.

can be partitioned in various ways at lower levels of detail

using semantic criteria. The entity at a lower level is [ll. EFFECTS OF TYPES OF GRANULARITY

a subtype of the type at the coarser-grained level. E.Q.the gifference between scale and non-scale dependency
a collection of phone points and finer-grained land-ling. their formal representations roughly fits with Sowa’s [13]

mobiI.e phone points. , _ _epistemic and intentional granularity. Sowa bases his three
nacG: non-scale dependency using aggregation attributghes of granularity on Peirce’s three categories of Firstness,
to the notion of an entity labeled with a collective noursendness and Thirdness.

— i.e. with an 3>_<f|rst|ng ?ema_ntlcs - thef_lnStancet;S of theé__ Firstness maps to actual granularities with axioms for
aggregate are ditferent from instances of its members, and  jsqrete; continuous or lumpy aggregates [13] concerning
a change in its members does not affect the meaning of the entities that populate a level

the whole. E.gPopulationwith Organisms of type »or 2. Secondness for granularity uses epistemic logics involv-

Tegmasla%grega(tje of |t§lay?rs_ o o _ing measurements [13] and corresponds to the scale-
sG: scale-dependent granularity where the contents is geoendent granularity.

structured according to a (more or less obvious) arbitrary& The Thirdness for granularity, intentional, requires a

scale; consists of theG and additional constraints. E.g. three-place predicate relating “an agento an entityx
calendar hierarchy, rounding off of altitude lines on a for a reasorr” [13]

cartographic map. Depending on how one uses granularity in a subject domain,

nglstgale deplengencgll with r_elatlon tlcl)vsrflun sll_ze, or th@evising levels does not require asking oneself questions if
resolution, scale-based zooming. RipllWall as line, as entity X has at least one atom as part, if there is an infinite

lipid bi-layer, and as three-dimensional structure, or tWI%gI’ESS of parts that is cut at the lowest level defined, or

objects (e.g. wallpaper and the wall) touching each Oth‘ﬁr'the entity is lumpy (point 1 above). More precisely, in

This might need further analysis and refinement. mereology, amtom is an entity that has no proper parts (1).

saG §(_:ale_ dependen(_:y with some f‘””? OT ‘aggrggahonl’.he allocating of entities to a given level does make use of the
(specified in the ones it subsumes) and its immediate pagie, o ates and entities. There are three kinds of aggregates
are of one type. . . with “<" as part-of and " as proper-part-of):Discrete
samG scale _dependency and using aggregation of t %erything has at least one atom as part (2); thus, that things
same collection of instances of the same top typg 8n be subdivided up to the point where nothing is left but
Urelement thatsubsequently can be part|t|oned.|n Varol&ms. Continuous everything has at least one proper part
ways at lower Ievelg of detail using a mathematical fun((?), which permits indefinite subdivision, implying that there
tion. E.g. SecondMinute, and Hour, where 60 seconds o atoms, andumpy some things are atoms, some are

go in a minute. continuous (4). [13]. Basin i

. . . . g granularity on mereology does
sapG th_e carving up of the same entity at each I(_evel th t require the ‘ultimate part’ or Urelement needed for set
neither is a collective noun nor an ad hoc collection. E'%eory-based granularity [2]

the earth with its isobars, where the isotherms are in steps
of 10 degrees, 5 degrees, 1 degree detalil. Atom(x) £ -Fy(y < ) Q)

Vady(Atom(y) Ny < x) (2)



) Reasorr in Sowa’s point 3 above is particularly interesting
for granular perspectives in non-scale dependent granularity,
() although not necessarily modeled as a triadic predicate; sepa-
Ease, difficulty, or even impossibility, to identify an Urelementating and reusing the reason benefits scaling up the granularity
is illustrated in the following example. framework. However, the fundamental difference of the latter
with arbitrary scales may be clear. The differences in types
Example 1. Taking calendar entities and set-theory basesf granularity have, at the meta-level, a major effect on the
granularity, one may argue entities likeek Month, Quar- type of relation between granular levels. This because scale-
ter, and Year can be built from a chosen Urelemebay dependent levels are identified and ordered according to a
and can be represented by distinct sets of days. Howevambination of a property and an arbitrary scale whereas non-
taking isotherms, then what can — should — be chosenale-dependent levels are ordered according to a combination
as Urelement? For instance, usif¥egree as smallest el- of properties where level identification is much less straightfor-
ement and building up coarser-grained isotherms: with veard. Also, the latter requires closer ontological investigation
set {15,16,17,18,19, 20,21, 22,23,24} as the extension of into the possible types of relation that link adjacent levels.
Isotherm20- wherelsotherm?20is a subtype ofsothermthat
has other subtypes likésotherm30etc. — there are some
problems. The extension of a set is not equal to the entity;
even more so, the numbers are not degrees but integers.  Another consequence of different types of granularity can
With biology, identifying or choosing a smallest element ibe observed for the domain entities contained in a level. As
more challenging. Say, a general practitioner does not thinkentioned in the previous section, in scale-dependent levels
smaller than tissue, i.e the Urelement — Atom — for the lowettcan be that the same entity is partitioned with increasingly
level is Tissue which means that all higher-level structuresmaller cells, whereas with entities sorted according to a non-
are composed of tissuenly: we know this is biologically scale-dependent perspective, different types of entities taken
incorrect and thereby not a good representation of nature.ftam an ontology or knowledge base reside in each level. This
addition, if one takes, for instance, the lowest leBéblog- distinction influences the structure of the contents, including
icalMacromoleculeof the FMA [11] [3] and deem that the possible completeness and disjointness requirements of the
coarser-grained levdBodyis the set of all its macromoleculessubject matter. A grid is automatically disjoint and, depending
— omitting the other molecules without which a human bodgn the level and implementation decisions, complete. With
cannot survive, KO to name just one — then a body wouldhon-scale-dependent granularity, it may be neither disjoint
change identity every instance a biological macromoleculensr complete. It also affects the ‘loading’ and subsequent
synthesized/metabolized, which happens continuously, resbitewsing, querying, and inferencing over contents of levels.
ing in the situation that a body has no enduring identity but be ConsideringcG and possible data sources to load/apply a
in flux (this view is not entirely uncommon [4], but topics likegranularity framework, we can state several general conditions
the four-dimensionalism of perdurantists is outside the currehit the structure within a level must satisfy.

Vedy(y < z)
JxAtom(z) A FyVz(z < y) — Fw(w < 2))

IV. STRUCTURES OF THE CONTENTS FOR LEAF TYPES OF
GRANULARITY

scope). Likewise, entomologists study the same ant colonyi.
over time, even though its workers are born and have died.
Regardless if the model is logically valid and corresponding
knowledge base in a legal state, basing inferencing ori.
represented knowledge that is not adequately grounded in the
reality it aims to represent can lead to undesirable outcoméis
for patients, ecosystems and the liKg. iv.

Both ways of representing granularity, througid with set
theory and mereologicalartO f, are from a logical viewpoint

interchangeable, but not from an ontological viewpoint asv.

the intended meaning captured in a formalization is distinct.
This difference has been recognized earlier [12] and are
not considered to beompetinginterpretations of granularity, Vvi.
but both considered as distinct, valid ways of understanding
granularity. One does not have to force one type of granularityi.
in the straightjacket of the other; doing so anyway always will
deprive another type of granularity from representing nature as
accurate as possible. Capturing granularity in one’s preferred

The contents of a level can be either entities (taken from
an ontology or knowledgebase) or instances (taken from
e.g. a knowledgebase or database), but not both.

The entities/instances in a particular level have at least
one property (value) in common.

The entities/instances are disjoint, but

They are not necessarily exhaustive: this may not be
possible due to our gaps in knowledge of the natural
world. Within a closed world assumption, they are dis-
joint exhaustive.

Provided an entity/instance is not an orphan and the sub-
ject domain is covered fully with granular perspectives,
it must reside in at least one granular level.

An entity/instance never can reside in more than one
granular level within the same granular perspective.

The entity/instance in a particular granular level may
reside also in> 1 other levels, provided that each level
the entity/instance resides in is contained in a distinct
granular perspective.

version of logic is restrictive, unless clear semantics of tH&ecause not every subject domain is granulated in the same
intended meaning is provided with it, i.e. the formalism isvay, the structure of the data and relations between the enti-

ontdogical in nature instead of only a logical theory [6].

ties/instances in the levels differ too, independent of the actual



data source. It uses several generic relations and operatiBadinition DF', conceptC N, one-sided dependedD, par-

for retrieval and assignments, which are introduced here firstular PT, and regionR are taken from the DOLCE (formal)

Beforehand, two general conventions will be given. foundational ontology [7],U stands for universal, criterion

A. The data manipulation is applicable to both entities (un& — properties, qualities, attributes — is related toG#®
versals) and particulars, for we do not specify a singlda the relation RC, and RE is the relation between the
data source granularity is applied to (for instance, dmamework elements (a particular level is contained in (part
ontology, knowledgebase, database, or corpus). In th§ a perspective), and thiasV alue relation denotes that a
formalization, we adhere to the universals defined amplality z has a quale (value) in the regian(as a shorthand
characterized in DOLCE [7], like?T for particular and for readability). Bearing this in mind, (12) says there is a
PRO for process, to type the instances — as DOLCEelation between an entity and the level it is of (resides
is a foundational ontology for particulars. One can alsa), with (13, 14) analogous to Kumar et akgan function
read the formalizations presented here not applicable[&], returning levely where entity, or instance; resides. For
instances but to entities, where the entities are of the tyff5, 16), wherex € U or x € PT with U as the set of
indicated with the DOLCE category. Thus, a particulanniversals andPT the set of instances (particulars), and
amount of matterz, such asmy blood is denoted as a granular level of a perspective in a subject domain, the
M (z) if the data source is a database or the ABox of fainction assignGrainLevel(x,y) assigns a level to an entity
Description Logics knowledgebase, whereas if the data instance.
source is an ontology of universals or TBox, then the Ve, y(isO f Level(z,y) £ (PT(z) A GL(y)A

in M (z) stands for its universalood grain(z) = y)) 12)
B. An operation (function) in FOL has the form
f(A1,..,A,) : R, with f denoting the function, VaIy((grain(z) = y) (13)
Ay, ..., A, the arguments, an® the type of the result. )
Summarising [1], this corresponds to an (Ih+ 1)-ary Va(PT(z) — Jy(grain(z) =y AGL(y)))  (14)
predica.tefAl,,,.’An, with as first object the object of VaJy(assignGrainLevel (z,y)) (15)
invocation, n arguments and the last one represent the
result. This predicate must satisfy: 3z, y(assignGrainLevel (z,y) — (16)
n (GL(y) A PT(z) NisOf Level(z,y)))
VE, @y, .y n, 7(f (2, 01, 0 A, ) — /\ Ai(ai))  (3)  The respective structures for the leaf types of granularity are
=1 as follows.
VE, a1, .y, v, (f(x, 01, .0y apn, 7)A ©6)
f(x,a1,.san,7") =17 =1") saoG: all instances in the ordered set belonging to a
Y, ay, ..., an, r(PT(x)A particular level are all instances of the same type. The amount

F(&, a1,y any ) — R(F)) (7)  of wholle instaqces is_ pot necessgrily determined by the sj_ze of
) the entity that is partitioned. For instance, when one partitions
where (5) ensures correct typing of the arguments, (fe area of a lake by overlaying a coarser or finer-grained grid
says that the object with given arguments determings,y jnciude rules alike ‘if the cell is filled with- 50%, then
in a unique way the return value, and (7) ensures tiigy de cell, else discard the area of the cell’. The instances
correct type of result. This said, we use a simplified Wayre aytomatically disjoint, i.e. whenb € X thena Nb = 0,
of representing this to avoid repetitive axioms that afgacause the partitioning is grid-wise (the cells of a grid are
essentially the same for the functions introduced in thigyt necessarily square-shaped). Further, although the scale-
chapter, where a function likgrain(z) is constrained as gependent granularity has a mathematical relation between

above. entities of different levels (17), within the same level the

Next, we introduce some essential definitions of componeRfances in the set is the set-extension of its corresponding
of granularity: the framework/domaify, granular perspective |\ arsal (18) such as a set of plots of kmhere the amount

GP, and the hierarchically ordered levelsl it contains. of plots depends on the entity/instance that is partitioned (like
Va (DI (x) 231y, 2(DF (x,y) A CN(z)A a large or small lake) and on the decisions to include or discard

OD(x,2) A D*(2))) @) partial’ plots.
Va (D (z) 23ly((CN(z) ¥ PT(z) Y. U(x))A ) Vo (RL(wi, ) = partOf(z;, x;) < (17)
DF(z,y))) RL(zj,x;) = hasPart(z;,xz;)) A =(z; = ;)
Va(GP(x) £3ly, 2(CN(x) A DF(z,y)A (10) VaTy, z2((PT(z) Az, ..., tn} — (18)
RC(x,2)) NC(2)) Set(z)) AN GL(y) N isO f Level(z,y))
Va(GL(z) 23, w,y, 2(DF (z,y) A C(2)A samG: all instances in the ordered set belonging to a
RC(w,z) NGP(w)A (11) particular level are instances of the same type and at that

R(v) A hasValue(z,v) N RE(z,w))) level they are whole instances. Also, there is an exact, known,



number of instances that can be in that level. In addition,tree-shaped hierarchy, like a taxonomy or partonomy, where
the entities and instances at the higher levels are ultimatée direct subtypes/parts are in a lower level of granularity
composed of the chosen Urelement at the lowest granuthan its supertype. In the level, without further specification,
level. In contradistinction wittsaoG the set is grouped into the entities form an unordered set. However, it may be that
particular amounts, likgHour 1, ..., Hour 24 at the Hour- the contents have some other additional structure within the
level gpygl;, which are ultimately built up from the samelevel orthogonally positioned alike masG, or anothernpG
UrelementSecondat level gp; gl; 12 etc. (20). structure; for instance, &ell-level in a human structural
anatomy perspective where the taxonomy of human cell
types is preserved in the granular level. Alternatively, one
(19) can re-group the unordered set such that it takes into account
the tree structure, where each subset of entities correspond
to a different branch; this can be dealt with trivially if
Va,y(RL(z;, x;) = (partO f(z;, x;) A funct(y))) implemented with a reasoner. Either way, the entities are
— (RL(zj,x;) = (hasPart(z;,z;)A (20) disjoint thanks to the underlying tree structure.
funct=™(y))) Az < x;

VaIy, z, w(Urelement(z) A GL(y)A
{z1,...x} = PT(2)) A ({z1,...xn} — PT(w))
NisO fLevel(x, y;) A isof Level(z, y;) A
isO fLevel(w,y1) ANyj < yi < Y1)

sgG: this involves a ‘zooming i’ and ‘zooming out’ nfG: the entities in a level can be of different kinds, such as
£t fq|ding non-agentive physical objects with their processes and

factor, where at a coarser-grained level, for instance, the Watates combining tvbes of entities inboe entity residing in
and wallpaper touch each other, but at a finer resolution ' 9 yp y 9

greater magnification, there is wall-glue-wallpaper, and agaalqu adjacent higher level ((23), whefeD stands for endurant

in smaller detail looking at the molecules in the paper, glugndPD perdurant). It is not the case that the entities contained

and vl The ooming o = e & oan s wnel] U 0061 I e 12 e ot . e
relating levels of granularity, wheneithin onelevel one can y '

distinguish instances of e.g: 1mm, but instances: 1mm, the relationRel, to at least one other entity (instance) within

. . L at level (24); hence ‘folding’ of entities occurs when going
metaphorically, fall through the sieve and are |nd|st|ngmshabre m a finer-arained level to a coarser-arained level. which can
from each other, but are distinguishable at lower levels Pnf\)/olve foldig different tvpes of reIatigns 100 '

granularity. This is different from a partonomic relation where, 9 yp '

say, theCell-level is conceptuallyalways part of at least one 312, y3z(isO f Level(x, y;) A isO f Level (z, y;) A

higher-level structure such &rgan but is not not necessarily (ED(z) vV PD(z)) A GL(y)A
the case that all cells are alwaphysically smaller than all PT(z) A proper PartO f (z, z)A (23)
higher-level entities and instances, wi@hickenEggat the ({1, s zn} — 2) Ay < yi)

Cell-level as an obvious example. Here differences in physical
size is the criterion. sizeOf is defined as a function that V>123y(Rel(x;, 2;) A isO f Level(z,y) A GL(y)A
returns a value in e.g. length, square or cubic size (21), where (ED(z) V PD(x))) (24)
PR is the Physical Region as given in DOLCE. Thus, the
instances recorded at some leve) in (22), are physically nacG: like samG, all instances belonging to a particular level
smaller than the instances at a higher leve)) ut larger than are all of the same type and at that level they are whole
those residing in a lower leveks,) and thereby are relatedinstances. It is not necessarily the case that the amount of
to each other by the relation that they fall within the sam@stances in a particular level is known and can be computed.
physical size range. For instance SportsTeandoes have a predefined amount of
, instances ofPlayer per team, but sales department members
VaTy(sizeO f(x) — , (21) of a company do not have to have always the same amount of
(PT(z) N PR(y) A sizeOf(x) = y)) members. The instances of such populations, generally labeled

Va,y, z3w(PT(z) A PT(y) A PT(2)A with a collective noun, change over time but the entity and its
(sizeOf(x) < sizeOf(y) < sizeOf(z)) 27 meaning endures. Thus, looking at the structure of the data, it
NisO f Level(z, w;) A GL(w)A (22) is at least an unordered set though can be an ordered set of
wy < wj < w;) instances, where the instances populating the set can vary over

. i time, although the entity, labeled with a collective noun, keeps
npG: the entities in a level are of a different type, bufg jgentity. It may be possible, to have not an (un)ordered set
all are of the same kind, such as all being non-agentiyg; 5 taxonomy or other additional aggregation within the level
physical objects ¥ APO) or PRO etc. For instance, at the 4jie anasG or npG structure, such as an employee hierarchy
Cell-level, there are manyypes of cells, but they are all 4 nior and senior sales person, trainee, manager, etc), or

of the kind of NAPO structural componentHemalCell - 5qeqated by the organizational unit (teamAl, teamA2, etc).
Leukocyte ...), an OrganicMoleculdevel of its functions

(HormoneExcretarinsulinExcretor ...), and so forth. Or, take Vady, z(ED(x) ANGL(y) A ({x1, ..xn} —
a ProteinUnitStructurdevel with parts such as-helices and ED(z)) NisO fLevel(x, y;)A (25)
(-sheets. Thus, the entities residing in a level are structured in isO fLevel(z,y:) Ny; < ¥i)



nasG: the structure of the data is alikeamG, but if one can discover implied relations between entities/instances by
combines the subsets at each level, then the amount of unigasitioning orthogonally a taxonomy and a partonomy, and
instances residing irachlevel is always the same amount asnake valid inferences w.r.t. (spatial) inclusion of ecological
there are instances of the chosen Urelement. For instancearad/or GIS data. We are currently working on an ontology-
granular levelgp, glo in some perspectivgp, there are 100 inspired framework for granularity, the effects of the types
phone points, then so are there 100 phone points at the top-granularity for the various operations of data manipulation
level gp1gl1, wheregp,gls C gpigly, although ingp,gls the and reasoning, and we are conducting experiments on imple-
100 phone points may be divided into three subkatsdLine mentability with the subject domains of infectious diseases
Mobile, PhoneOverlPeach with, say, 2, 35, 63 elements ofind nuclear hormone receptors.
the set respectively, henddobile C PhonePointsand there
might be agp; gl3 with Vodafoneand O2 partitioning Mobile ACKNOWLEDGMENT
phone points, that each have 20 and 15 elements in the sethe author would like to thank Alessandro Artale for
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the higher levelgp gl,). Note that this assumes allobile @ discussion with Enrico Franconi.
instances are categorized as eitMedafoneor 02, but it is
possible in another perspective or level that there is a ‘rest _ _ _
group’ like TheOtherProtistsn the tree of life [8]. Thus, at 1 gggrg’r'ﬁ&'rticﬁi'i;?rl‘ﬁfeﬁ'igzHcgez%g"’cfgg('g):F;g‘f‘lsfg‘"”g on UML class
each level there are subsets with instances as elements of thiesittner, T., Smith, B. A Theory of Granular Partitions. IRoundations

set, which, depending on the semantic criterion of partitioning, of Geographic Information Scienceéduckham, M, Goodchild, MF,
Worboys, MF (eds.), London: Taylor & Francis Books, 2003, pp117-
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