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Abstract

Parthood, componenthood, and containment rela-
tions are commonly assumed in biomedical ontolo-

gies and terminology systems, but are not usually
clearly distinguished from another. This paper con-

tributes towards a unified theory of parthood, com-

ponenthood, and containment relations. Our goal in
this is to clarify distinctions between these relations

as well as principles governing their interrelations.

We first develop a theory of these relations in first

order predicate logic and then discuss how descrip-
tion logics can be used to capture some important
aspects of the first order theory.

I ntroduction

tool box) is contained in the trunk of my car, then the trunk
of my car isnot contained in that object. It is easy to see
that the componenthood (See Figure 1) and proper parthood
relations are also asymmetric and transitive. Due to thi s
ilarities these relations are not always clearly distisged in
ontologies such as, e.g., GALHRogers and Rector, 20D0
or SNOMED[Spackman, 2041

However, there are important differences between these re-
lations. There can be a container with a single containgeg (e.
the screw-driver is the only tool in my tool box) but no object
can have single proper part. Also the components of complex
artifacts form tree-structures. Thus, two componentseshar
a component only when one is a sub-component of the other.
(Itis because components form tree structures that trgdhgra
of component structures can be given in assembly manuals.)
The parthood relation does not have this property: The left

1 half of my car and the bottom half of my car share the bottom
My car has components, for example, its engine, its oil pumpleft part of my car but they are not proper parts of each other.
its wheels, etc. (See Figure 1.) Roughlyg@mponenof an Ontologies are tools for making explicit the semantics of
object is a proper part of that object which has a completeerminology system§Guarino, 1998 In this paper we de-
bona fide boundary (i.e., boundary that correspond discontielop ontologies which explicate the distinct propertiés o
nuities in reality) and a distinct function. Thus all compo- proper parthood, componenthood and containment relations
nents of my car are parts of my car, but my car has also partShese ontologies can be used to specify the meaning of terms
that are not components. For example, the left side my car hasiich as ‘proper-part-of’, ‘component-of’, and ‘contairiad
neither a complete bona fide boundary nor a distinct functionwe start by characterising important properties of binary r

My car is also acontainer It contains the driver in the seat lations and then study how these properties can be expressed
area and a tool box and a spare-tire in its trunk. Containmeriioth in ontological theories formulated in first order logitw

is here understood as a relation which holds between disjoirin ontologies formulated in a description logic.

material objects when one object (the containee) is located
within a space partly or wholly enclosed by the container.
In this paper, we study formal properties of proper parthood

componenthood, and containment relations and demonstrate //«' \\

how they can be represented and distinguished from one other Body  Engine Drivetrain

in formal ontologies expressed in languages of different ex //'/‘ \ T "\\
preSSI_Ve p(_)WEI’. . . . Engine Heater  Valves  Oil pump Transmission  Axle
At first sight, these three relations seem to have quite sim-

ilar properties. All three are transitive and asymmetribeT

screw-driver is contained in my tool box and the tool box is
contained in the trunk of my car, therefore the screw-driver
is contained in the trunk of my car. And if an object (e.g., a

my Car

Figure 1: Car components
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21 R-structures Another example of a structure that has the weak
A R-structure is a paifA, R), that consists of a non-empty SuPPlementation property is the componenthood relation
domainA and a binary relatiofi # R C A x A. We write on the domam_of artlfac_ts(AA, component-of). Here
R(z,y) to say that the binary relatioR holds between the component-of,, is the relation of sharing a component. WSP

individualsz,y € A, i.e., (z,y) € R. We can define the tells us that ifx is a component of then there exists a com-
following relations omA in terms of R: ponentz of 4y such that andz do not have a common compo-

nent. For example, since the engine of my car is a component
Dr_  R=(z,y) =4 R(z,y)orz =1y of my car there is some component of my car (e.g., the body
Dgr, Ro(z,y)=4¢r 3z € A: R_(z,x) & R=(z,y) of my car) which does not have a componentin common with
Dr, Ri(z,y) =4 R(z,y)&(—3z € A: R(z,2) & R(z,v)) the engine. (See Figure 1.)

For a givenR-structure, the defined relatiod-, Ro, or R; s o
may be empty or identical t&®. For example, ifR is the c4

identity relation onA, i.e., R = {(z,z) | * € A}, then @ BL
R_ = R=Ro andR; = (. u

2.2 Propertiesof binary relations

An R-structure(A, R) may have or lack the properties listed Figure 2: Nested containers

in Table 1. For example, for ang the identity relation on

A is reflexive, symmetric and transitive. Moreover, for any Consider the structur@A., contained-in) with A =
(A, R), Ro is symmetric R; is intransitive, andr_ isreflex-  {C1, Cs, Cs, Cy, By, B2} as depicted in Figure 2. The block
ive. As pointed out above, on their respective domains propeB; is immediately contained in the contain€s which in
parthood, componenthood, and containment are asymmetriarn is immediately contained in the contain@y. Bj is

and transitive. contained, but not immediately contained, @\. Note
thatcontained-in does NOT have the weak-supplementation
property description property: By is the only entity contained i’;. Thus, every
reflexive Vz € A: R(z,z) entity contained inC, stands in theontained-inp relation
irreflexive | Va € A: not R(z, ) to B;.
Z‘S’yrmﬁteqﬁc zig g ﬁ; :I ggz; :Egﬂﬁg]’%& ) ~ We say(R, A) has theno-partial-overlapproperty (NPO)
transitive Vz,y,z € Al if R(z,y) andR(y, z) thenR(z, 2) if and only if for all 2,y € A: if Ro(z,y) thenz = y or
intransitive | Va,y € A: if R(z,y) andR(y, z) then notR(z,z) £z, y) or R(y, ). The structurgA 4, component-of) has
up-discrete | Vz,y € A: if R(z,y) thenR;(xz,y) or the NPO property. As a representative example consider the
Jz € A: R(z,z) andRi(z,y) substructure of A 4, component-of) depicted in Figure 1:
dn-discrete | Vz,y € A: if R(x,y) thenR;(z,y) or Two distinct car components share a component only if one
_ Jz € Al Ri(z,z) andR(z,y) is a subcomponent of the other.
discrete | up-discrete & dn-discrete The structure(Ag, proper-part-of), on the other hand,
dense Va,y € At if B(z,y)then does not have the no-partial-overlap property. As pointed o
WSP v 3z € A: R(z, 2) andR(z, y) earlier, the left half of my car and the lower half of my car
z,y € Arif R(z,y) then . .
32 € A: R(zy) &not Ro(z, z) ove_rlap _partlally. Note also that containment structucks (
NPO Vz,y € A if Ro(z,y) then mains with a containment relation) often do not have the NPO
x=yorR(z,y)or R(y,z) property: Consider the tool box in the trunk of my car. It is
NSIP Vz,y € Arif R;i(z,y) then also contained in my car. My car and the trunk of my car
Jz € A Ri(z,y) &notz = z share a containee (the tool box), i.egntained-iny holds,
SIS Va,y,z € Arif Ri(z,y) andR;(z,z)theny =z but my car is not contained in the trunk of my car nor is the

] ] ] trunk contained in the car.
Table 1: Properties of binary relations Containment structures areiscrete  For example
(A¢, contained-in) is up- and dn-discrete: if is contained
We say (A, R) has theweak supplementation property iny then either: is an immediately contained inor (a) there
(WSP) if and only if for allz,y € A if R(z,y) then there exists az such thate is an immediately contained inandz
isaz € A such thatR(z,y) but NOT Ro(z,z). As an ex- is contained iny , and (b) there exists asuch thatr is con-
ample of a relation that has the weak supplementation progained inz and z is immediately contained ip. Similarly,
erty, consider the proper parthood relation on the domajn  the structuréA 4, component-of) is discrete. Ifz is a com-
of spatial objects(Ag, proper-part-of). In this structure ponent ofy then eitherr is a immediate component gfor
proper-part-of,, is the overlap relation. WSP tells us that (a) there exists a such thatr is a immediate component of
if = is a proper part of) then there exists a proper parbf ~ andz is a component of , and (b) there exists asuch that
y that does not overlap. For example, since the left side of « is a component andz is an immediate component gf
my car is a proper part of my car there is some proper part ofgain, Figure 1 is a representative example.
my car (e.g., the right side of my car) which is discrete from The structuré A g, proper-part-of), isdenselue to the ex-
the left side of my car. istence offiat parts (parts which lack a complete bona fide



boundary)[Smith, 200]. Consider my car and its proper As an example of a parthood-containment-component struc-
parts. My car does not have an immediate proper part—Whature consider the seh formed by all parts of my car and
ever proper part we chose, there exists another slightly big- everything that is contained in my car. The substructure
ger proper part of my car that hasas a proper part. (A, CmpOf) is depicted partly in Figure 1.

(R, A) has thesingle-immediate-successproperty (SIS) (iv) ensures that parts are contained in the container of the
if and only if noxz € A can stand in the?; relation to two  whole, e.g., my head is part of my body and my body is con-
distinct members o\. Again, a representative example is the tained in my car, so my head must also be contained in my car.
component-of structure depicted in Figure 1. In the stmgctu (v) ensures that if a part of some whole contains something
(Ag, proper-part-of) SIS trivially holds since this structure then so does the whole, e.g., since my tool box is contained
has the density property and no immediate proper parts exish the trunk of my car and the trunk is part of my car, my tool
But note that containment structures often do not have t8e Slbox is also contained in my car. (vi) tells us that component-
property: Consider again the tool box in the trunk of my car.hood is a special case of parthood, e.g., since the engine is a
Itis also contained in my car. My car and the trunk of my carcomponent of my car, it is also a proper part of my car.
are distinct immediate containers for my tool box.

(R, A) has theno-single-immediate-predecesgwoperty 3 A formal ontol ogy of parthood,

(NSIP) if and only if for allz,y € A: if R;(z,y) then there .
exists az € A such thatR;(z,y) and notz = z. Again, containment, and componenthood

the componenthood structure depicted in Figure 1 is a repréFhe formal theory developed in this section is presented in
sentative example for a structure that has the NSIP prapertgtandard first-order predicate logic with identity. We useg,
Again, in the structuréA g, proper-part-of) NSIP is trivially ~ andz for variables. Leading universal quantifiers are gener-
true since no immediate proper parts exist. But containmerdlly omitted. Names of axioms begin with the capital letter
structures like A, contained-in) lack the NSIP property. ‘A, names of definitions begin with the capital letter ‘Dnd
Given the properties in Table 1 we can classiiy =~ names of theorems begin with the capital letter ‘T".

structures according to the properties of the relatitnin We include the primitive relation symbolP, Cntln, and
Table 2 we list classes aR-structures that will be useful CmpOfin the language of our theory. The intended interpre-
for modelling proper parthood, componenthood, and containtations are the relatiorBP, CntIn, and CmpOf respec-

ment relations. tively of parthood-containment-component structures.
R-structure | properties 3.1 Axiomsfor PP
partial ordering (PO) | asymmetric, transitive We introduce the symboRP_, PPy, and define thaPP—
discrete PO PO + discrete y N — Y

holds if and only if eitherPP zy or x andy are identical
(Dpp_); PPy xy holds iff x andy share a common part or
are identical Dpp,, ).

parthood structure PO + WSP + dense
component-of structure¢ PO + WSP, NPO, discrete

Table 2: Classes dk-structures Dpp_. PP_a2y=PPaxyva=y
Dpp, PPy zy = (32)(PP= zz A PP= zy)
Finally, note the following facts about structures: (F1)

If (A, R) has the no-partial-overlap property then it has the"e then include the axioms of asymmetry and transitivity

and has the single-immediate-successor property thersit hahterpretations oPPhave the weak supplementation property
the no-partial-overlap property; (F3) (f\, R) is up-discrete
and has also the no-partial-overlap property, th&nR) has APP1 PPy — —PPyz
the weak-supplementation property if and only if it has the 4 ppo (PPzy A PPyz) — PPz
no-single-immediate-predecessor property; (FANf R) is APP3 PP 32\ (PP —PP. WSP
reflexive, thenk; = 0. 3 zy = (32)(PP2y A 0 zz) ( )

) The theory that includes APP1-3 as axioms is known as basic
2.3 Parthood-containment-component structures mereology[Simons, 198F Finally we add a density axiom
The relations that we are interested in do not exist in septo include fiat parts into our domain (APP4).
aration but form complex structures involving more than
one relation. The structureA, PP, CntIn, CmpOf) is APP4 PPay — (32)(PPzz A PPzy)
a parthood-containment-component structifrand only if: — Models the the theory that includes APP1-4 as axioms are
(i) the substructurg A, PP) is a parthood structure; (ii) parthood structures as defined in Table 2.
(A, Cntln) is a discrete partial ordering; (iijA, CmpOf)
is a component-of structure; and addition the following-con 3.2 Axioms for CmpOf

d-|t|ons hold: We introduce the symbolSmpOf. andCmpO#f, and add the
(iv) If CntIn(z,y) andPP(y, z) thenCntlIn(z, 2); respective definitionsl{cmpor. and Dempot, )-

(V) If PP(x,y) andCntIn(y, z) thenCntIn(z, z); Dempot. CMpOE. 2y = CmpOfey v z =y
(vi) If CmpOf(z,y) thenPP(z,y); Dcmpos, CmpOf, zy = (32)(CmpOL zz A CmpOL zy)



We then include an axiom of transitivity (ACP1).
ACP1 (CmpOfzy A CmpOfyz) — CmpOfzz

4 Representation in a description logic
Description Logics (DLs) are a family of logical formalisms

Corresponding to (vi) we add an axiom that ensures thayvhich are significantly less powerful than first order logitt b

CmpOfzy implies PP zy (ACP2) and can then prove that

CmpOfis asymmetric (TCP1).

ACP2 CmpOfzy — PPy
TCP1 CmpOfzry — -CmpOfyx

We introduce the symb&@mpOf and defineCmpOf zy to
hold iff CmpOf zy and there is ne such thaCmpOf zz and

which are (relatively) easily implemented on the computer
[Baaderet al, 2004. The task of this section is to investi-
gate to what extent and hoO-PCC can be approximated
by a theory expressed in a description logic. For this task,
we consider DLs with different expressive capabilitiesnso

of which are better suited than others for formulating prepe
ties of parthood, componenthood and containment relations

CmpOf 2y (Dcmpog). We then add an axiom that enforces Notice, that it is not the purpose of this paper to provide a
that interpretations o€EmpOfhave the discreteness property complexity analysis for these DLs.

(ACP3).
Dcmpos CmpOf xy = CmpOfzy A
—(32)(CmpOfzz A CmpOfzy)
ACP3 CmpOfzy — (CmpOf xy V

((32)(CmpOf zz A CmpOfzy)
A (3z)(CmpOfzrz A CmpOf zy)))
From Dcmpos We can prove immediately th&@mpOf is in-
transitive (TCP2).
TCP2 CmpOf zy A CmpOf yz — -CmpOf zz
We then add axioms that require th@mpOfhas the no-
partial-overlap property (ACP4) and th@mpOfhas the no-
single-immediate-predecessor property (ACP5).
ACP4 CmpOfzy — (CmpOf zy vV CmpOfzx)
ACP5 CmpOf zy — (32)(CmpOf zy A -z = x)

4.1 Thesyntax and semantics of description logics

Basic expressions in description logics amnceptandrole
descriptions Concepts are interpreted as sets. Roles are in-
terpreted as binary relations. General rules for forming:co
cept and role descriptions (based@aadert al, 2007) are
given below. Note, however, that specific DLs typically al-
low for the formulation of some, but not all, of the complex
concept and role descriptions listed.

Every concept name is a concept description (atomic con-
cept),T is thetop-concept L is thebottom-conceptf Cand
D are concept descriptions thé11 D (concept-intersection),
C U D (concept-union),~ C (concept-complement) are also
concept descriptions. Every role nanf®,is a role descrip-
tion (an atomic role). IfS andT are role descriptions, then
S T (role-intersection),S LI T (role-union),~ S (role-

We now can prove that the the weak-supplementation princicomplement)So T (role-composition), an&~ (role-inverse)
ple holds (TCP3) and that nothing has two distinctimmediateare also role descriptionkd is the name of the identity role.

successors (TCP4).
TCP3 CmpOfry — (32)(CmpOfzy A =CmpO§, zx)
TCP4 CmpOfzz1 A CMpOf 2 — 21 = 22

3.3 Axiomsfor Cntln

We introduce the symbol€ntin_, Cntiny, andCntln; and
add the respective definition®¢nun_ , Dentin, » @ndDenn, )-

Dcngn. Cntlne zy = Cntlnzy V oz =y
Dcniin,  Cntlng zy = (32)(Cntlne za A Cntlne zy)
Dcntn,  Cntln; 2y = Cntinzy A

—(3z)(Cntinzz A Cntln zy)

We then include axioms of asymmetry, transitivity, and dis- (i@ —c)

creteness (ACT1-3).

ACT1 Cntinzy — —Cntlnyx
ACT2 (Cntlnzy A Cntinyz) — Cntlnzz
ACT3 Cntlnzy — (Cntln; zy V
((3z)(Cntln; zz A Cntin zy)
A (Fz)(Cntinzz A Cntln; zy)))

We add axioms, corresponding to (iv) and (v), parts are con-
tained in the container of the whole (ACT4) and that if a part (vii:)

contains something then so does the whole (ACT5).

ACT4 PPxzy A Cntinyz — Cntlnzz
ACT5 Cntinzy A PPyz — Cntinzz

If Cis a concept description aftis a role name the(dR C),
(VR.C), and(= 1R) are concept descriptions. The semantics
of the various constructors is given in Table 3.

A terminologyis a set of terminological axioms of the form
C = DandS = T (called equalities) o€ C DandS C T
(called inclusions), wher€ and D are concept descriptions
andS andT are role descriptions. An interpretatidrsatisfies
an inclusionC C D iff CZ C DT andS C T iff ST C TZ.
(See[Baaderet al., 2004.) It satisfies an equalitg' = D iff
C* = DT andS = T iff ST =T7.

(la—b) TI=A,17 =0,

(cnbD)yf =c*nbD* (CubD)?* =c*uD?,
(~CO)f =A\CH

(AR.C)E ={a € A | (3)((a,b) € RF Abe CF)}
(VR.C)* ={a € A (b)((a,b) € RT — be CT)}
E: IR ={ac A||{b] (a,b) € RT}| =1}
(
(

i)

)
v)
via — c)

(
E
( snT)t=sTn1*,(SuT)t =sTuT?,
~ S =Ax A\ S
SoT)r ={(a,c) EA XA

(3b)((a,b) € ST A (b,c) € TH)}
1d¥ = {(a,a) | a € A}
(R)% = {(b,a) € A x A (a,b) € RT}

(vit)

(iz)

Table 3: Concept and role constructors with their semantics

We call the theory consisting of the axioms APP1-4, ACP1-7 is the interpretation function anfl is the domain of indi-
5 and ACT1-5FO-PCC Parthood-composition-containment viduals.

structures are models of this theory.



4.2 Stating ontological principles

Let Lwspbe a language that includes at least the constructo

(ia, iia, iii, via-c, vii, viii, ix [Table 3]). In this languge we
can state a DL-version dfO-PCC In particular, ifR is the

name of a relatiorkz then we are able to state in this language
that R has the WSP property, we are able to define the relatio

R; in terms ofR, and we are able to state thitis a discrete
(or dense) relation:

(WSP) RRCR o~ ((RUld)o(RUId))
(def-i) R =RM~ (RoR)

(discrete) RCR U(RoeR MR oR)

(dense) RC RoR

But sinceLwspis undecidabléSchmidt-Schauf3, 1989t is
important to identify less complex sub-languages@gpthat
are still sufficient to state axioms distinguishing partthoo

Unfortunately, including role negation into a DL-language
significantly increases the complexity of the underlying-re

'Soning[Lutz and Sattler, 2040 Though£™' 9 is less ex-

pressive tharCysp (we cannot state WSP or discreteness ax-
ioms or defineR ) it is an open question whethgr' 9V is
decidable. (It is known though tha4£C-DLs that include
Axioms of the formRo S C T, U...U T, are undecidable
[Wessel, 2001L)

4.3 Describing parthood-composition-containment
structuresin £

We choseL as the DL to formulate aapproximationof FO-
PCC becauseL is decidable and does include the compo-
sition operator which is important for expressing intearel
tions between relation and for reasoning (particularlyiot b
medical ontologiesSpackman, 2001; Rogers and Rector,
2000; Horrocks and Sattler, 2004

componenthood, and containment relations. Otherwise the We add the symbol€P, PP andCT as well asCP; , PP;

DL version ofFO-PCCwould have no computational advan-
tages over the first order theory.

Let £ be the DL which includes only the constructors (ia-b,

iia, iii, vii, ix, and v [Table 3]) and in which the role compo-
sition operator (vii) only occurs in acyclic role termingies
with inclusion axioms of the forrRo RE R, ScRC R, and
Ro S C R Unlike Lwspthe DL £ is decidabld¢Horrocks and
Sattler, 2004

If Ris the name of the relatioR then we are able to state
in £ thatR is transitive Ro R C R). Moreover, in{ we can

andCT; to £. The intended interpretations of these symbols
are the relationCmpOf, PP, CntIn, CmpOf;, PP;,
and CntIn; of parthood-composition-containment struc-
tures. We then include the following axioms foP andPP:

component-of proper-part-of

(Al) CP CCP (A5) PP; C PP

(A2) CPoCPLC CP (A6) PPoPPLC PP

(A3) (=1)CP.TC L (A7) (=1)PP.TC L

(Ad) 3ICP.TLC (=1)CP.T -
For CT we include a subrelation axiom and a transitivity ax-

very naturally represent DL-versions of the axioms ACP2 andom:

ACT4-5. Unfortunately, inC we are not able to state either
that R asymmetric, thaf? has the WSP property, or that

A8 CT; CCT A9CToCTCCT

has the NPO property. Also we cannot state a DL-version ofVe include also axioms A10-12 corresponding to (iv-vi) in

the definition ofR in terms ofR (as in def-i).

Let R be an undefined relation name interpreted?asn
the R-structure(A, R) (e.g., ascontained-in; in a contain-
ment structure). IC we are able to use this additional prim-

Section 2.3.
Al10 CPC PP All PPoCTC CT Al1l2 CToPPLCT

We call the theory formed by A1-1RL -PCC. The sub-theory

itive to say thatk has the no-single-immediate-predecessoformed by A1-4is similar to the theories proposedSattler,
property (NSIP) and the single-immediate-successor ptppe 2000 and[Lambrix and Padgham, 20D0

(SIS).
(SIS)
(NSIP)

Notice however that, since we introdudgdas an undefined
relation name we do not know that the interpretatiorRof
is an intransitive subrelation a® unless additional axioms
are included in the theory. If we can state tha® is a
subrelation ofR but we cannot not say th& is intransi-
tive. Notice also, that i, we cannot say thak is irreflexive
(Rold C 1) sinceL does not include a constructor for the
identity relation.

Let £~'9Y pe the DL obtained by extending with the
identity relation (viii), negation restricted to relatiorames
(a restricted version of vic), and role union (vib). In thik D
we can say thaR; is intransitive, that? is asymmetric, and
that R has the NPO property.

R.TC(=DR.T
(=1)R™.TC L

(intrans) RoR C(~R)
(asym) R C(~R
(NPO) (RRoR) CRU IdUR

But, as discussed in the previous subsection, we are not
able to add toDL-PCC the following axioms and defini-
tions that are needed to constrain the models to parthood-
composition-containment structures: (1) We are not able to
state thaCP, PP, andCT are asymmetric and irreflexive; (2)
We are not able to state a discreteness axionTkoor CT or
a density axiom folPP; (3) We are not able to definéP,; ,

PP; , andCT; in terms ofCP, PP, andCT respectively; (4)
We are not able to state the weak supplementation principle
(WSP) for interpretations d?P.

Consider (1). Sinc®L-PCC lacks asymmetry axioms it
admits models in whictCP, PP, andCT are interpreted as
reflexive relations. In those model®; , PP, , andCT; are
all interpreted as the empty relation (making the axioms A3,
A4, and A7 trivially true). (See also F4 in Section 2.2.) For
example the structur@\ ., identical-to) is a model ofDL-
PCC (but not of FO-PCQ) if we interpretCP, PP, andCT as
identical-to andCP; , PP; , andCT; as(. Clearly, this model
is not a parthood-component-containment structure.

Consider (3). We include@P; , PP, , andCT; as unde-
fined primitives inDL-PCC and added axioms (A1, A5, and



A8) that require their interpretations to be sub-relatiofis being to decide whether or not the DL-ontology in question
the interpretations o€P, PP, andCT. Unfortunately,DL- is applicable to her domain. Moreover, meta-data can also
PCC admits models in whiclPP, andPP are the same re- be used to write special-purpose programs that phrase knowl
lation (similarly for CP and CP; or CT andCT;). Con- edge bases and enforce the usage of relations in accordance
sider Figure 2 and interpreP and CP; as the relation to the meta-data.
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