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Definition of the CIDOC Conceptual

|l ntroducti on

This document is the formal definition of tli@l DOC Concept ual ROEDIOE ICRMhOc) @, forivial dreology ( i
intended to facitiate the integration, mediation and interchange of heterogeneous cultural heritage informati@iDQGeCRM

is the culmination of more than a decade of standards development work by the International Committee for Documentati
(CIDOC) of the Internatiosl Council of Museums (ICOM). Work on tl&DOC CRMitself began in 1996 under the auspices of
the ICOM-CIDOC Documentation Standards Working Group. Since 2000, development ©fQEC CRM has been officially
delegated by ICOMCIDOC to theCIDOC CRM Specal Interest Group, which collaborates with the 1SO working group
ISO/TC46/SC4/WG9 to bring thHeIDOC CRMto the form and status of an International Standard.

Obj ecti v ed DOC tChRav

The primary role of th€IDOC CRMis to enable information exchangedantegration between heterogeneous sources of cultural
heritage information. It aims at providing the semantic definitions and clarifications needed to transform disparatg localis
information sources into a coherent global resource, be it within er lergtitution, in intranets or on the Internet.

Its perspective is supiiastitutional and abstracted from any specific local context. This goal determines the constructs and level ¢
detail of theCIDOC CRM

More specifically, it defines and is resteéd to theunderlying semanticsof database schemata and docunsémnictures used in
cultural heritage and museum documentation in terms of a formal ontology. Ihalodsfine any of theéerminology appearing
typically as data in the respective dataistures; however it foresees the characteristic relationships for its use. itad@és at
proposing what cultural institutiorshould document. Rather it explains the logic of what they actually currently document, and
thereby enablesemantic interopeability.

It intends to provide a model of the intellectual structure of cultural documentation in logical terms. As such, ittimsscbfor
implementatiorspecific storage and processing aspects. Implementations may lead to solutions where atehtiekisbetween
relevant elements of our conceptualizations are no longer explicit in a database or other structured storage systenteRbeinst
birth event that connects elements such as father, mother, birth date, birth place may not appetabdke, in order to save
storage space or response time of the systemCIh®C CRMallows us to explain how such apparently disparate entities are
intellectually interconnected, and how the ability of the database to answer certain intellectimg)igeatfected by the omission

of such elements and links.

TheCIDOC CRMaims to support the following specific functionalities:

1 Inform developers of information systems as a guide to good practice in conceptual modelling, in order to effectivety struct
and relate information assets of cultural documentation.

1 Serve as a common language for domain experts and IT developers to formulate requirements and to agree on sys
functionalities with respect to the correct handling of cultural contents.

1 To sewe as a formal language for the identification of common information contents in different data formats; in particular t
support the implementation of automatic data transformation algorithms from local to global data structures without loss
meaning. e latter being useful for data exchange, data migration from legacy systems, data information integration ar
mediation of heterogeneous sources.

1 To support associative queries against integrated resources by providing a global model of the basiandabsis
associations to formulate such queries.

1 Itis further believed, that advanced natural language algorithms andpmfic heuristics can take significant advantage of
theCIDOC CRMto resolve free text information into a formal logical fornthidt is regarded beneficial. TRERDOC CRMis
however not thought to be a means to replace scholarly text, rich in meaning, by logical forms, but only a means to ident
related data.

Users of theCIDOC CRM should be aware that the definition of datarg systems requires support of commuspecific
terminology, guidance to what should be documented and in which sequence, and apgfeaiion consistency controls. The
CIDOC CRMdoes not provide such notions.

By its very structure and formalistihe CIDOC CRMis extensible and users are encouraged to create extensions for the needs o
more specialized communities and applications.

Scope «fl DtOICe CRM

The overall scope of theIDOC CRMcan be summarised in simple terms as the curated knowlédggseums.
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However, a more detailed and useful definition can be articulated by defining both the Intended Scope, a broad and maxima
inclusive definition of general application principles, and the Practical Scope, which is expressed by the ovedlbs@iprence

set of specific identifiable museum documentation standards and practices tB#D@€ CRM aims to encompass, however
restricted in its details to the limitations of the Intended Scope.

The Intended Scope of theIDOC CRM may be definedas all information required for the exchange and integration of
heterogeneous scientific documentation of museum collections. This definition requires further elaboration:

il

The term fiscientific document ati on 0 deptlsand qualiy ofdesdriptiveo ¢
information that can be handled by t88DOC CRMshould be sufficient for serious academic research. This does not
mean that information intended for presentation to members of the general public is excluded, buatatieC bOC

CRM is intended to provide the level of detail and precision expected and required by museum professionals ai
researchers in the field.

The term Amuseum collectionsodo is intended t msandregladed al
institutions, as defined by ICOMThis includes collections, sites and monuments relating to fields such as social history,
ethnography, archaeology, fine and applied arts, natural history, history of sciences and technology.

The documentéin of collections includes the detailed description of individual items within collections, groups of items
and collections as a whole. TRHDOC CRM s specifically intended to cover contextual information: the historical,
geographical and theoreticaldd@round that gives museum collections much of their cultural significance and value.

The exchange of relevant information with libraries and archives, and the harmonisatiolCtd@@ CRMwith their
models, falls within the Intended Scope of GI®OC CRM.

Information required solely for the administration and management of cultural institutions, such as information relating t
personnel, accounting, and visitor statistics, falls outside the Intended Scop€td@€ CRM

The Practical Scopef theCIDOC CRMis expressed in terms of the current reference standards for museum documentation the
have been used to guide and validateGH2OC CRM6 s d e v e | oQD@E GRMcovarhtiee same domain of discourse as
the union of these reference standatilis; means that data correctly encoded according to these museum documentation standar
there can be &IDOC CRM-compatible expression that conveys the same meaning.

Ter mi nol ogy

The following definitions of key terminology used in this document are geavboth as an aid to readers unfamiliar with object
oriented modelling terminology, and to specify the precise usage of terms that are sometimes applied inconsistentyodjecss th
oriented modelling community for the purpose of this document. Wégpticable, the editors have tried to consistently use
terminology that is compatible with that of the Resource Description Framework {RDfEcommendation of the World Wide
Web Consortium. The editors have tried to find a language which is comprédeodsie norcomputer expert and precise enough
for the computer expert so that both understand the intended meaning.

Class

A class is a category of items that share one or more commonseaiteg as criteria tc
identify the items belonging to theasls. Thesproperties need not be explicitly formulate
in logical terms, but may be described in a text (here callsmbpe notg that refers to &
common conceptualisation of domain experts. The sum of these traits is callgdrnk®n
of the class. Aclass may be thédomain or range of none, one or more properties forma
defined in a model. The formally defined properties need not be part of the intension «
domains or ranges: such properties are optional. An item that belongs to a clded @nc
instanceof this class. A class is associated with an open set of real life instances, kn
theextensionof t he cl ass. Here fiopend i s usc¢
capabilities to know all instances of a class in the wanidiindeed that the future may bril
new instances about at any tinf@pen World). Therefore a class cannot be defined
enumerating its instances. A class plays a role analogous to a grammatical noun, an
completely defined without reference toyasther construct (unlike propertieshich must
have an unambiguously defined domain and range). In some contexts, the terms int
class, entity or node are used synonymously with class.

For example:

Person is a class. To be a Person may actualtietermined by DNA characteristics, but»
all know what a Person is. A Person may have the property of being a member of a
but it is not necessary to be member of a Group in order to be a Person. We shall nev
all Persons of the past. Thewdl be more Persons in the future.

!ThelICOM Statt es provide a definition of the term Aimuseumod at
2The Practical Scope of the CIDOC CRYM, including a list of the relevant museum documentation standards, is discussed in m
detail on the CIDOC CRYM website at http:toc.ics.forth.gr/scope.html

3 Information about the Resource Description Framework (RDF) can be found at http://www.w3.org/RDF/
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subclass

superclass

intension

extension

scope note

instance

A subclass is alassthat is a specialization of another class gitperclas3. Specialization
or the IsA relationship means that:
1. allinstancesof the subclass are also instances of its superclass,
2. theintensionof the subclass extends the intension of its superclass, i.e. its tra
more restrictive than that of its superclass and
3. the subclass inherits the definition of all of fireperties declared for its superclas
without exceptionsdfrict inh eritance), in addition to having none, one or ma
properties of its own.

A subclass can have more than one immediate superclass and consequently inh
properties of all of its superclassesultiple inheritance). The IsA relationship ol
specialiation between two or more classes gives rise to a structure known as ¢
hierarchy. The IsA relationship is transitive and may not be cyclic. In some contexts (e
programming language C++) the term derived class is used synonymously with subc

For example:

Every Person IsA Biological Object, or Person is a subclass of Biological Object.
Also, every Person IsA Actor. A Person may die. However other kinds of Actors, st
companies, donét die (c.f. 2).

Every Biological Object IsA Physic&bject. A Physical Object can be moved. Henc
Person can be moved also (c.f. 3).

A superclass is alassthat is a generalization of one or more other classesulitslassel

which means that it subsumes mlktancesof its subclasses, dnthat it can also hawv
additional instances that do not belong to any of its subclassesiniEmsion of the
superclass is less restrictive than any of its subclasses. This subsumption relatior
generalization is the inverse of the ISA relationsitigpecialization.

In some contexts (e.g. the programming language C++) the term parent class |
synonymously with superclass.

For example:
iBi ol ogi cal Object subsumes Persono i s
of Per s osrfewver trditd to idertiéy dn item as a Biological Object than to identi
as a Person.

The intension of alassor property is its intended meaning. It consists of one or m
common traitsshared by alinstancesof the class or propertythese traits need not t
explicitly formulated in logical terms, but may just be described in a text (here caltepea
note) that refers to a conceptualisation common to domain experts. In particularcthiéesio
primitive concepts, which make up madttheCIDOC CRM cannot be further reduced
other concepts by logical terms.

The extension of alassis the set of all real lifinstancesbelonging to the class that fulf
the criteria of itsntension. This set i s atdis gemgyallyibayond bu
capabilities to know all instances of a class in the world and indeed that the future ma
new instances about at any tin@pen World). An information system may at any point
time refer to some instances of a clasiclv form a subset of its extension.

A scope note is a textual description of thiension of aclassor property.

Scope notes are not formal modelling constructs, but are provided to help exple
intended meaning and application of G®OOC CRM6 s ¢l asses and
they refer to a conceptualisation common to domain experts and disambiguate b
different possible interpretations. lllustrative exaniptancesof classes and properties a
also regularly provided in ehscope notes for explanatory purposes.

An instance of &lassis a real world item that fulfils the criteria of thrgension of the class.
Note, that the number afstancesdeclared for a class in an information system is typic
less tharthe total in the real world. For example, you are an instance of Person, but y
not mentioned in all information systems describing Persons.

For example:

The painting known as the AThe Mona Li
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property

inverse of

subproperty

An instarce of aproperty is a factual relation between an instance ofdbmain and an
instance of theange of the property that matches the criteria ofitttension of the property.

For example:
i The LscurrentewneofThe Mona Li saothe mmogirens
owner ofo.

A property serves to define a relationship of a specific kind betweerclagses.The
property is characterized by @mtension, which is conveyed by scope note A property
plays a role analogous to a gnaatical verb, in that it must be defined with reference
both itsdomain andrange, which are analogous to the subject and object in grammar (u
classes, which can be defined independently). It is arbitrary, which class is selectec
domain, jus as the choice between active and passive voice in grammar is arbitrary. It
words, a property can be interpreted in both directions, with two distinct, but re
interpretations. Properties may themselves have properties that relate to otlesr (@hiss
feature is used in this model only in order to describe dynamic subtyping of prope
Properties can also be specialized in the same manner as classes, resulting
relationships betweesubpropertiesand theirsuperproperties

In some cotexts, the terms attribute, reference, link, role or slot are used synonymousl|

property.

For example:
fi P h y sHumaaMade Thing depictsCRM Ent i t yo i s €RMikNtityai$
depicted byPhysicaHumarrMadeT hi n g o .

The inverse o& property is the reinterpretation gb@perty from rangeto domain without
more general or more specific meaning, similar to the choice between active and |
voice in some languages. In contrast to some knowledge representation languages,
RDF and OWL, we regard that the inverse of a property is not a property in its own rig
needs an explicit declaration of being inverse of another, but an interpretation img
existing for any property. The inverse of the inverse of a propeidgidical to the property
itself, i.e. its primary sense of direction.

For example:
fICRM Entity is depicted byPhysicalHumanrMadeThi ngo i s t he i
HumanMadeThingdepictsCRMEnt i t y O
A subproperty is @roperty that isa specialization of another property @tgperproperty).
Specialization or ISA relationship means that:
1. all instancesof the subproperty are also instances of its superproperty,
2. theintension of the subproperty extends the intension of the superpropertyts
traits are more restrictive than that of its superproperty,
3. thedomain of the subproperty is the same as the domain of its superpropert
subclassof that domain,
4. therange of the subproperty is the same as the range of its superpropeat
subclass of that range,
5. the subproperty inherits the definition of all of the properties declared fc
superproperty without exceptionstrict inheritance), in addition to having none
one or more properties of its own.

A subproperty can have motigan one immediate superproperty and consequently int
the properties of all of its superproperti@suftiple inheritance). The IsA relationship ol
specialization between two or more properties gives rise to the structure we call a p
hierarchy.The IsA relationship is transitive and may not be cyclic.

Some objecbriented programming languages, such as C++, do not contain construc
allow for the expression of the specialization of properties apsaferties

Alternatively, a property mabe subproperty of thiaverse ofanother property, i.e. readin
the property from range to domain. In that case,
1. all instancesof the subproperty are also instances of the inverse of the
property,
2. theintensionof the subproperty extends the im$@n of the inverse of the otht
property, i.e. its traits are more restrictive than that of the inverse of the

property,
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superproperty

domain

range

inheritance

strict
inheritance

multiple
inheritance

Multiple

3. thedomainof the subproperty is the same as the range of the other propert
subclas®f that range,

4. therangeof the sulproperty is the same as the domain of the other property
subclass of that domain,

5. the subproperty inherits the definition of all of the properties declared for the
property without exceptionsifict inheritancyg in addition to having none, ore
more properties of its own. The definitions of inherited properties have t
interpreted in the inverse sense of direction of the subproperty, i.e., from rai
domain.

A superproperty is @roperty that is a generalization of ore more other properties (it
subproperties), which means that it subsumesiafitancesof its subproperties, and that
can also have additional instances that do not belong to any of its subpropertie
intension of the superproperty is less redtie than any of its subproperties. Tl
subsumption relationship or generalization is the inverse of the IsA relationst
specializationA superproperty may be a generalization ofitherse ofanother property

The domain is thelassfor which aproperty is formally defined. This means thastances
of the property are applicable to instances of its domain class. A property must have
one domain, although the domain class may always contain instances for which the .
is not insantiated. The domain class is analogous to the grammatical subject of the
for which the property is analogous to the verb. It is arbitrary, which class is selected
domain and which as thenge, just as the choice between active and passiveevin
grammar is arbitrary. Property names in @I®0OC CRMare designed to be semantica
meaningful and grammatically correct when read from domain to rangeddition, the
inverse property name, normally given in parentheses, is also designegddamastically
meaningful and grammatically correct when read from range to domain.

The range is thelassthat comprises all potential values opeperty. That means tha
instancesof the property can link only to instances of its range claggoferty must have
exactly one range, although the range class may always contain instances that are
value of the property. The range class is analogous to the grammatical object of a ph
which the property is analogous to the verb. It steary, which class is selected@smain
and which as range, just as the choice between active and passive voice in grar
arbitrary. Property names in ti@&dDOC CRMare designed to be semantically meaning
and grammatically correct when read frdomain to rangdn addition the inverse propert
name, normally given in parentheses, is also designed to be semantically meaning
grammatically correct when read from range to domain.

Inheritance ofproperties from superclassego subclassesmeans that if an item x is a
instanceof aclassA, then
1. all properties that must hold for the instances of any of the superclasses of
also hold for item x, and
all optional properties that may hold for the instances of any of the sugsslaf A may
also hold for item x.

Strictinheritance means that there are no exceptions to the inheritan@®pérties from
superclasseso subclassesFor instance, some systems may declare that elephants art
and regard a hite elephant as an exception. Under strict inheritance it would hold that
elephants were grey, then a white elephant could not be an elephant. Obviously
elephants are grey. To be grey is not part ofitiension of the concept elephant ban
optional property. Th€IDOC CRMapplies strict inheritance as a normalization princip

Multiple inheritance means that alassA may have more than one immediatgerclass
Theextensionof a class with multiple immediategerclasses is a subset of the intersec
of all extensions of its superclasses. Th&ension of a class with multiple immediat
superclasses extends the intensions of all its superclasses, i.e. its traits are more r¢
than any ofitssuperclasse | f mul ti pl e inheritance

a directed graph and not a tree structure. If it is represented as an indented list, tt
necessarily repetitions of the same class at different positions in the list.

For examplePerson is both, an Actor and a Biological Object.

Multiple Instantiation is the term that describes the case that an instance of class A
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disjoint

primitive

Open World

regarded as an instance of one or more other classes B1...n at the same timeuliffien
instantiation is used, it has the effect that the properties of all these classes become ¢
to describe this instance. For instance, some particular cases of destruction may
activities (e.g., Her os tns aetactisities (e.a, eabtyuctiont
Herculaneum). In comparison, multiple inheritance describes the case that all instan:
class A are implicitly instances of all superclasses of A, by virtue of the definition ¢
class A, whereas the comhiion of classes used for multiple instantiation is a characte|
of particular instances only. It is important to note that multiple instantiation is not all
using combinations of disjoint classes.

iThe di ff er e nngandpeedtiringeenrtities @vhiah we shall also ealiurants
andperdurant$ is related to their behaviour in time. Endurants are wholly present (i.¢
their proper parts are present) at any time they are present. Perdurants, on the other f
extend in time by accumulating different temporal parts, so that, at any time they are
they are only partially present, in the sense that some of their proper temporal pari
their previous or future phases) may be not present. E.g., tte gfi@aper you are readir
now is wholly present, while some temporal parts of your reading are not present any
Philosophers say that endurants are entities that are in time, while lacking however te
parts (so to speak, all their parts flowtvthem in time). Perdurants, on the other hand,
entities that happen in time, and can
(Gangemi et al. 2002, pp. 1-461).

A shortcut is a formally defined singteoperty that repreents a deduction or join of a de
path in theCIDOC CRM The scope notesof all properties characterized as shortc
describe in words the equivalent deduction. Shortcuts are introduced for the cases
common documentation practice refers only te tfeduction rather than to the ful
developed path. For example, museums often only record the dimension of an object
documenting the Measurement that observed it. THeOC CRM declares shortcut
explicitly as single properties in order to alltire user to describe cases in which he has
detailed knowledge than the full data path would need to be described. For each shor
CIDOC CRM contains in its schema the properties of the full data path explainin
shortcut.

Monotonic reasoning is a term from knowledge representation. A reasoning fo
monotonic if an addition to the set of propositions making up the knowledge base
determines a decrement in the set of conclusions that may be derived from the kac
base via inference rules. In practical terms, if experts enter subsequently correct sta
to an information system, the system should not regard any results from those stater
invalid, when a new one is entered. TRK®WOC CRMis designed for mnotonic reasoning
and so enables confliftee merging of huge stores of knowledge.

Classesare disjoint if the intersection of thedxtensionsis an empty set. In other word
they have no commanstancesin any possible world.

The term primitive as used in knowledge representation characterizes a concept
declared and its meaning is agreed upon, but that is not defined by a logical deductic
other concepts. For example, mother may be described as a female humelmilaitThen
mother is not a primitive concept. Event however is a primitive concept.

Most of theCIDOC CRMis made up of primitive concepts.

The fiOpen World Assumptiono is a term
knowledge bassystems that assume the information stored is incomplete relative
universe of discourse they intend to describe. This incompleteness may be due to the
of the maintainer to provide sufficient information or due to more fundamental probfe
cognition in the systemds domai n. Sucl
systems. Our records about the past are necessarily incomplete. In addition, there
items that cannot be clearly assigned to a golass

In particular,absence of a certajproperty for an item described in the system does
mean that this item does not have this property. For example, if one item is descr
Biological Object and another as Physical Object, this does not imply that the latteotr
be a Biological Object as well. Therefoommplementsof a class with respect to
superclasscannot be concluded in general from an information system using the

Worl d Assumpti on. For example, one cemr
t hat are not Biological Objects in the
to the system as Physical Objects but
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The complement of a class A with respect to afdts superclassesB is the set of all
instancesof B that are not instances of A. Formally, it is thethebretic difference of the
extensionof B minus the extension of A. Compatible extensions o&EOC CRMshould
not declare anglasswith theintensionof them being the complement of one or more ot
classes. To do so will normally violate the desire to descriti@pem World. For example,
for all possible cases of human gender, male should not be declared as the comple
female or vice vesa. What if someone is both or even of another kind?

Query containment is a problem from database theory: A query X contains another q
if for each possible population of a database the answer set to query X contains ¢
ansver set to query Y. If query X and Y were classes, then X woukliperclassof Y.

Interoperability means the capability of different information systems to communicate
of their contents. In particular, it may mean that

1. two systens can exchange information, and/or

2.  multiple systems can be accessed with a single method.

Generally, syntacticdnteroperability is distinguished fronsemantic interoperability .
Syntactic interoperability means that the information encoding of thévedsystems anc
the access protocols are compatible, so that information can be processed as describ
without error. However, this does not mean that each system processes the data in ¢
consistent with the intended meaning. For example, Syséem may use a table call
fifActoro and another one called AAgent
tables may only be retrieved as distinct, even though they may have exactly the
meaning. To overcome this situation, semantic interalpility has to be added. TR#DOC
CRMrelies on existing syntactic interoperability and is concerned only with adeingntic
interoperability.

Semantic interoperability means the capability of different information systetos
communicate information consistent with the intended meaning. In more detail, the in
meaning encompasses

1. the data structure elements involved,

2. the terminology appearing as data and

3. the identifiers used in the data for factual items such asglaeople, objects etc

Obviously communication about data structure must be resolved first. In this case cot
communication means that data can be transferred between data structure elements
same intended meaning or that data from eleseith the same intended meaning can
merged. In practice, the different levels of generalization in different systems do not
the achievement of this ideal. Therefore semantic interoperability is regarded as ach
elements can be found thptovide a reasonably close generalization for the transfe
merge. This problem is being studied theoretically agjtiegy containmentproblem. The
CIDOC CRMis only concerned with semantic interoperability on the level of data stru
elements.

We use the term "property quantifiers" for the declaration of the allowed nurnibsteofces
of a certairproperty that can refer to a particular instance oftéuege class or thelomain

class of that property. These declarations atelogical, i.e. they refer to the nature of t
real world described and not to our current knowledge. For example, each person has
one father, but collected knowledge may refer to none, one or many.

The fundamental ontological distitamt between universals and particulars can
informally understood by considering their relationship with instantiation: particular
entities that have nmstancesin any possible world; universals are entities that do t
instancesClassesand properties (corresponding to predicates in a logical language)
usually considered to be universals. (after Gangemi et al. 2002, pf8156

All knowledge contained in an information system must have been introduced int
system by some human agent, either directly or indirectly. Despite this fact, many,
most, statements within such a system will lack specific attribution of authority. That
said, in the domain of cultural heritage, it is common practice tbathge processes c
collection documentation and management, there are clearly and explicitly elab
systems of responsibility outlining by whom and how knowledge can be added ¢
modified in the system. Ideally these systems are specified inutiatial policy and
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protocol documents. Thus, it is reasonable to hold that all such statements that lack
authority attribution within the information system can, in fact, be read as the official
of the administrating institution of that syste

Such a position does not mean to imply that an information system represents
particular moment a completed phase of knowledge that the institution promotes. Re
means to underline that, in a CH context, a managed set of data, at aoy skaberation,
will in fact embody an adherence to some explicit code of standards which guarant
validity of that data within the scope of said standards and all practical limitations. S
as the information is under active management it nesnedntinuously open to revision ai
improvement as further research reveals further understanding surrounding the ob
concern.

A distinct exception to this rule is represented by information in the data set that carrie
it an explicit statemdrof responsibility.

In CIDOC CRMsuch statements of responsibility are expressed though knowledge cr
events such as E13 Attribute Assignment and its relevant subclasses. Any informati
CIDOC CRMmodel that is based on an explicit creation ¢¥enthat piece of information
where the creatords identity has been
responsibility of the actor identified as causal in that event. For any information in the ¢
connected to knowledge creatievents that do not explicitly reference their creator, as
as any information not connected to creation events, the responsibility falls back
institution responsible for the database/knowledge graph. That means that for infor
onlyexprs sed t hrough shortcuts such as OP
has been explicitly specified, the originating creation event cannot be deduced &
responsibility for the information can never be any other body than the institutiamsésp
for the whole information system.

In the case of an institution taking over stewardship of a database transferred int
custody, two relations of responsibility for the knowledge therein can be envisioned.
institution accepts the datasend undertakes to maintain and update it, then they tak
responsibility for that information and become the default authority behind its stateme
described above. If, on the other hand, the institution accepts the data set and stores i
change as a closed resource, then it can be considered that the default authority ren
original steward.

Transitivity Transitivity is defined in the standard way found in mathematics or logic: A property
transitive if the domain and range igtbame class and for all instances x, y, z of this ¢
the following is the case: If x is related by P to y and y is related byP to z, then x is |

by P to z. The intention of a property as described in the scope note will decide wh

propertyis transitive. For example overlam time or in spaceare nottransitive while
is transitive. Transitivity is especially useful wh&iDOC CRM is
implemented in a system with deduction.

Compatibili €CyD@Ct it RMkkh ef ion d otwe satk Ene m
| S2112D14)

Users intending to take advantage of the semangcoperabilityoffered by tie CIDOC CRMshould ensure conformance with the
relevant data structures. Conformance pertains either to data to be made accessiiitegradad environment or intended for
transport to other environments. Aagicodingof data in a formal language that preserves the relations of the classes, properties
and inheritance rules defined by this International Standard, is regarded as cohforman

Conformance with taCIDOC CRMdoes not require complete matching of all local documentation structures, nor that all concept:
and structures present in this International Standard be implemented. this International Stameadkiko allow room beh for
extensions, needed to capture the full richness of cultural documentation, and for simplification, in the interests gf é&conom
system will be deemed patrtially conformant if it supports a subset of subclassashamabpertieslefined by this Irgrnational
Standard. Designers of the system should publish details of the constructs that are supported.

The focus of tb CIDOC CRMis the exchange and mediation of structured information. It does not require the interpretation of
unstructured (free tekinformation into a structured, logical form. Unstructured information is supported, but falls outside the scope
of conformance considerations.

Any documentation system will be deemed conformant with this International Standard, regardless of theattestractures it

uses; if a deterministic logical algorithm can be constructed, that transforms data contained in the system into ardpatitiec
form without loss of meaning.
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No assumptions are made as to the nature of this algorithm. "Withesubf meaning" signifies that designers and users of the
system are satisfied that the data representation corresponds to the semantic definitions provided by this Interndéihal Stan

Property Quantifiers

Quantifiers for properties are provided foe purpose of semantic clarification only, and shawtlbe treated as implementation

recommendations. ThHEIDOC CRM has been designed to accommodate alternative opinions and incomplete information, anc
thereforeall properties should be implementedeap t i o n a | and repeatable for their do
Therefore the term fAcardinality constraintsod is avoided |

The following table lists all possible property quantifiers occgrimthis document by their notation, together with an
explanation in plain words. In order to provide optimal clarity, two widely accepted notations are used redundantly in this

document, a verbal and a numeric one. The verbal notation uses phrases suéhoan e t o many o6, and t he
such as fA(0,n:0,1)0. While the terms foneodo, fAmanyo ioand 0,
where a range instance cannot exist without an instance of the respeqtive pro y . I n other words, the

its range{see-alseMeghini, C. and Doerr, M. (2013 First-Order Logic Expression of the CIDOC Conceptual Reference
Model. Available online at: http://new.cidezrm.org/sites/default/files/201508@mcument.pdf)

many to many Unconstrained: An individual domain instance and range instance of this property ca
(0,n:0,n) zero, one or more instances of this property. In other words, this property is option
repeatable for its domain and range

one to many An individual domain instance of this property can have zero, one or more instances
(0,n:0,1) property, but an individual range instance cannot be referenced by more than one ins
this property. In other words, this propei$ optional for its domain and range, but repeate
for its domain only. I n someutontexts t
many to one An individual domain instance of this property can have zero or one instance of this pr
(0,1:0,n) but anindividual range instance can be referenced by zero, one or more instances
property. In other words, this property is optional for its domain and range, but repeata
its range only. I n some cioma.exts this s

many to many, An individual domain instance of this property can have one or more instances of this pr

necessary but an individual range instance can have zero, one or more instances of this property.
(1,n:0,n) words, this property is necessanyd repeatable for its domain, and optional and repeatab
its range.

one to many, Anindividual domain instance of this property can have one or more instances of this pr

necessary but an individual range instance cannot be rezfeed by more than one instance of t
(1,n:0,1) property. In other words, this property is necessary and repeatable for its domain, and «
but not repeatable for its rangeoutlon. sc

many to one, An individual domain instance of this property must have exactly one instance of this prt

necessary but an individual range instance can be referenced by zero, one or more instances
(1,2:0,n) property. In other words, this property is necessary and peiatable for its domain, an
optional and repeatable for its ranmge.

one to many, An individual domain instance of this property can have zero, one or more instances

dependent propety, but an individual range instance must be referenced by exactly one instance

(0,n:1,1) property. In other words, this property is optional and repeatable for its domain, but nec
and not repeatable for its range. In some contexts this situation is ead -oau tfiof.a n

one to many, Anindividual domain instance of this property can have one or more instances of this pr

necessary, but an individual range instance must be referenced by exactly one instance of this prof
dependent other words, this property is necessary and repeatable for its domain, and necessary
(1,n:1,1) repeatable for its range. | n -osuotme. cont €

many to one, An individual domain instance tiiis property must have exactly one instance of this prop

necessary, but an individual range instance can be referenced by one or more instances of this pro
dependent other words, this property is necessary and not repeatable for its domain, and neces:
(1,2:1,n) repatable for its range. I'n soemé&.cont ex!
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one to one An individual domain instance and range instance of this property must have exact
(1,2:1,1) instance of this property. In other words, this property is necessal not repeatable for it
domain and for its range.

TheCIDOC CRMdefines some dependencies between properties and the classes that are their domains or ranges. These can
or both of the following:

A) the property is necessary for the domain

B) the property is necessary for the range, or, in other words, the range is dependent on the property.
The possible kinds of dependencies are defined in the table above. Note that if a dependent property is not spedifstdrfoe an
of the respectiveamain or range, it means that the property exists, but the value on one side of the property is unknown. In the c:
of optional properties, the methodology proposed byalsOC CRMdoes not distinguish between a value being unknown or the
property not bimg applicable at all. For example, one may know that an object has an owner, but the owner is unkroiRO G a
CRM instance this case cannot be distinguished from the fact that the object has no owner at all. Of course, such detjs can al
be spedied by a textual note.

Naming Conventions
The following naming conventions have been applied througho@h&C CRM

T Classes are identified by numbers preceded by the dnktt e
arenamed using noun phrases (nominal groups) using title case (initial capitals). For example, E63 Beginning of Existence.
T Properties are identified by numbers preceded by tkre |e
case. Poperties with the character of states are named i n
events are named in past t e PE@&empleyadivas employddimar ri ed out . 0O
1 Property names should be readhirit nonparenthetical form for the domatn-range direction, and in parenthetical form for
the rangeto-domain direction. Reading a property in rattgelomain direction is equivalent to the inverse of that property.
Following a current notational pracé in OWL knowledge representation language, we represent inverse properties in this tex
by adding a letter Ai o6 following the identificat P3ins nun
located on or withinwhich is the imerse ofP59 has section (is located on or within).
1 Properties with a range that is a subclass of E59 Primitive Value (s&dhCBMEntity. P3 has note: E62 Strinfpr example)
have no parenthetical name form, because reading the property name ingitoddomain direction is not regarded as
meaningful.
91 Properties that have identical domain and range are either symmetric or transitive. Instantiating a symmetric propgrty impl
that the same relation holds for both ttmmainto-range and the range-domain directions. An example of thisE$3 Place.
P122 borders with: E53 Plac&he names of symmetric properties have no parenthetical form, because reading in tte range
domain direction is the same as the domainange reading. Transitive asymmetproperties, such &4 Period.P9 consist
of (forms part of): E4 Periachave a parenthetical form that relates to the meaning of the inverse direction.
1 The choice of the domain of properties, and hence the order of their names, are establishedancacadth the following
priority list:
1 Temporal Entity and its subclasses
i Thing and its subclasses
1 Actor and its subclasses
1 Other

About the logical expressions of the CIDOC CRM

The presenCIDOC CRM specifications are annotated with logical axiomsyjgiog an alternative formal expressions of the
CIDOC CRMontology. This section briefly introduces the assumptions that are at the basis of the logical express@iDafChe
CRM (for a fully detailed account of the logical expression of semantic dadallimy, see [1).

The CIDOC CRMuis expressed in terms of the primitives of semantic data modelling. As such, it consists of:
1 classeswhich represent general notions in the domain of discourse, such @€ CRM classE21 Personwhich
represents #notion of person;
1 properties which represent the binary relations that link the individuals in the domain of discourse, suciCi3Qke
CRM propertyP152 hasparerit i nki ng a person to one of the personds

Classes and properties are used faress ontological knowledge by means of various kinds of constraints, such@assitub

4[1] R. Reiter (1984). Towards a logical reconstruction of relational database theory. In Brodie, M. L., Mylopoulos, hyadt Sc
J. W., editors, On Conceptual Modelling, pagesi 23B. Springer Verlag, New York, NY
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property links, e.g.E21 Personis a subclass ofE20 Biological Objector domain/range constraints, e.g., the domaiR1&2 has
parentis classE21 Person.

In contrast, firstorder logicbased knowledge representation relies on a language for formally encoding an ontology. This languag
can be directly put in correspondence with semanticrdatiellingin a straightforward way:

1 classes are named hynary prediate symbols conventionally, we useE21 as the unary predicate symbol
corresponding to classE21 Person

1 properties are named Wyinary predicate symbaglconventionally, we us€152 as the binary predicate symbol
corresponding to property P152 has parent

Ontology is expressed in logic by meansogfical axiomswhich correspond to the constraints of semantic modelling. These axioms
use the wetknown nonlogical symbols (and for conjunction, or for disjunction, implies for implication, not for negé#abiad, for
universal quantification and exists for existential quantification) and the predicate symbols representing the invobgedntlass
properties. For instance, the above-sidss link betweeR21 PersonandE20 Biological Objectan be formulad in logic as the
axiom:

(forall x) [E21(x) impliesE20(x)]

(reading: for all individuals X, if X is B21 then x is arE20). In the specifications, universal quantifiers are omitted for simplicity,
so the above axiom is simply written:

E21(x) impliesE20(x)
Likewise, the above domain constraint on proper$2 has parentan be formulated in logic as the axiom:
P152(x,y) implies E21(x)

(reading: for all individuals x and y, if x isRiL52 of y, then x is an E21).

These basic considerations shoukl lsed by the reader to understand the logical axioms that are inserted into the preser
specifications. If the reader wishes to know the completediddr language that has been used for the logical expression of the
CIDOC CRM, he is referred to [2]

Model |l ing principles
The following modelling principles have guided and informed the development of the CIDOC CRM.
Reality, Knowledge Bases and CIDOC CRM

The CIDOC CRM is a formal ontology in the sense introduced by N.Guarino, that is a specificlagcabed to describe a part

of reality, plus a firsbrder logical theory narrowing down the intended meaning of the vocabulary words (N.Guarino 1998). The
syntax and formal semantics of this fistler theory are given in (Meghini & Doerr 2018), whdre tomputational aspects are
also discussed. The present document is intended for-teclonical audience, therefore it focuses on the informal semantics and
on the pragmatics of the CIDOC CRM vocabulary, offering a detailed discussion of the maiwftthits conceptualization
underlying the CIDOC CRM through the basic usage pattéhms CIDOC CRM aims to assist sharing, connecting and integrating
information from research about the past. In order to understand the function of a formal ontologkinf tluise needs to make

the following distinctions:

1 Thematerial reality For the purpose of the CIDOC CRM, material reality is regarded as whatever has substance that cz
be perceived with senses or instruments. Examples are people, a forest or argegti@ronment, sea, atmosphere, distant
celestial or cellular micro structures, including what we assume could be potentially or theoretically perceived if we coul
be there, such as the center of Earth or the sun, and all that is pasinktiminedo space and time. What goes orour
mindsor isproduced by our minds is also regarded as part of the material reality, as it becomes materially evident to oth
people at least by our utterances, behavior and products.

5[2] C. Meghini and M. Doerr (2016). A firgirder logic expression of the CIDOC Conceptual Reference Model. Submitted for
publication.++correct the citation
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9 The units of description grarticulars, i.e., the things and relations which we refer to in order to distinguish parts of reality.
Examples are Mount Ida, the Taj Mahal, the formation of China by empar@hi Huand D~ )in 221BC, TutAnkh

Amun and hissmbalming Prince Shotoku afapan sending a mission to China in 607AD, the participation of Socrates in
the Battle of Potidaea or the radiocarbon dating of the Icemah Otzi

A formal ontology, such as the CIDOC CRM, constitutes a controlled language for talking about partieulé@rpravides classes
and properties for categorizing particulars assoal | ed fi nstancesod in a way that thei
are as unambiguous as possible. For instanceAiikth Amun as instance of E21 Pergsthe reapharaoh from his birth to death,
and not extending to his mummy, as follows from the specification of the class E21 Person and its properties in the CIDOC CRI

For clarification, the CIDOC CRM does not take a position against or in favour of the erisiEspiritual substance nor of
substance not accessible by either senses or instruments, nor does it suggest a materialistic philosophy. Howevealfor prac
reasons, it relies on the priority of integrating information based on material evidenablaviol whatever human experience.
The CIDOC CRM only commits to a unique material reality independent from the observer.

When weprovide descriptionsf particulars, we need to refer to them by unique names, titles or constructed idealiftérghich
areinstances of E41 Appellation in the CIDOC CRM, in order the refereroe independerdf thecontext. (In contrast, reference
to particulars by pronouns or enumerations of characteristic propestiels as hame and birth date, are context depgndhe
appellation, and the relation between the appellation and the referred item or relationship, must not bevaitimfingedeferred
item and its identityFor exampleTut-Ankh Amun the name (instance of E41 Appellation) is different fromAnkh Amun the
person (instance of E21 Person) and also diffeéfrent the relationship between name and per$tihi¢ identified by Instances
of CIDOC CRM classes are tineal particulars, not their names, but in descriptions, names must be used as esifiaygae real
things meant. Particulars are approximate individuations, like sections, of parts of reality. In other words, the uireaiitgs
does not depend on where one draws the line between the mountain and the valley.

A CIDOC CRM-compatibleknowledge bas¢KB)’ is an instance of E73 Information Object in the CIDOC CRMontains (data
structures that encode) formal statements representing propositions believed to be true in a reality by an obsenateribetse st
use appellations (e.yttp://id.loc.gov/authorities/names/n790668)0&f ontological particulars and of CRM concepts (€.400i

died in). Thereby users, in their capacity of having +@alld knowledge and cognition, may be able to relate these statements to
the propositionsttey are meant to characterize, and be able to reason and research about their validity. In other words, the forr
instances in a knowledge base areittentifiers not the real things or phenomena. A special case is digital content: a KB in a
computer sgtem may contain statements about instances of E90 Symbolic Object and the real thing may be text residing within:
same KB. The instance of E90 Symbolic Object and its textual representation are separate entities and they can be itonnected
the propety P190 has symbolic content.

Therefore, a knowledge base does not contain knowledgstdiaments that represekiiowledge, as long as there exist people
that can resolve the identifietssedto their referents(Appellations described in a knowledpase, and not used as primary
substituts of other items, are of course explicitly declared as instanfcEé41 Appellation in the knowledge base.)

Authorship of Knowledge Base Contents

This section describes a recommened good practice how to relateityib knowledge base contents.

Statements in a KB must have been inserted by some human agent, either directly or indirectly. However, these statements ¢
make no reference to that agent, lacking attribution of authority. An example of such statertiee CIDOC CRM is information
expressed through shortcuts such as 6P2 has typeo6. ibiitn t h
for maintaining knowledge in the KB is elaborated in institutional policy or protimolments. Thus, it is reasonable to hold that
statements which lack explicit authority attribution can be read as the official view of the administrating institutidrsystém,

i.e. the maintainers of the KB. This does not imply that the knowledg®@illed in the KB is complete. So long as the information

is under active management it remains continuously open to revision and improvement as further research reveals furt
understandingsStatements in a KB may be in contradiction to the ontologic&fined quantification of properties without the KB
being broken or invalid in any sense, either because necessary properties are unknown or there exist good reasons to as
alternative values for properties with limited cardinality, be it by the sambg different maintainersA KB does not represent a

slice of reality, but the justified beliefs of its maintainers about that reality. For simplicity we speak about a KBsantiegrsome

6 Kutschera, Walter. fARadiocarbon dating of the | ceman
7 Carlo Meghini, Martin Doerr, 2018 first-order logic expression of the CIDOC

conceptual reference modéh: Int. J. Metadata, Semantics and Ontaéxy Vol. 13, No. 2, 2018

8 The URI (instance of E41 Appellation) of the Library of Congress forAnkh-Amun, the pharaoh.
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reality.

Statements in a KB may also carry explicit referenimeagents that produced them, i.e. further statements of responsibility. In
CIDOC CRM such statements of responsibility are expressed though knowledge creation events such as E13 Attribute Assignn
and its relevant subclasses. Any knowledge thatisblas on an expl i cit c¢creation event,k
is attributed to the authority and assigned to the responsibility of the agent identified as causal in that event.

In the special case of an institution taking over stewardstzdglatabase transferred into their custody, two relations of responsibility
for the knowledge therein can be envisioned. If the institution accepts the dataset and undertakes to maintain arttiemptady it,

take on responsibility for that informati and become the default authority behind its statements as described above. If, on the oth
hand, the institution accepts the data set and stores it without change as a closed resource, then it can be cotiseddedaluihat
authority remains the mjinal steward like for any other scholarly document kept by the institution.

Extensions of CIDOC CRM

Since the intended scope of the CIDOC CRM is a subslkeen of
designed to be exteibte through the linkage of compatible external type hierarchies.

Of necessity, some concepts covered by the CIDOC CRM are defined in less details than others: E39 Actor and E30 Right,
example. This is a natural consequence of staying withintheénadelc | ear |y arti cul ated practi c
domain of discourse. These 6underdevel opedd conceptsncan
particular for disciplines with a respective focAslditions to the model are known as extensions while the main model is known
as CRMbase.

Compatibility of extensions with the CRM means that data structured according to an extension must also remain valkas insta
of CIDOC CRM base classes. In practical tgriiis implies query containment: any queries based on CIDOC CRM concepts to a

KB should retrieve a result set t hat is correct accar di
according to the CIl DO CaccOrBingdaosthe €I®OCGCRMIplusscongpatiblerextensians. For example, a
guery such as #dAlist all eventsod should recall 100% dwdy t he

are classified by the extension.

A sufficient conditionfor the compatibility of an extension with the CIDOC CRM is that its classes, other than E1 CRM Entity,
subsume all classes of the extension, and all properties of the extension are either subsumed by CRM propertiespbaare par
path for which a CIDO@RM property is a shortcut, and that classes and properties of the extension can be well distinguished fro
those in the CIDOC CRM. For instance, a class Atangi bl e
Obviously, such a condin can only be tested intellectually.

The CRM provides a number of mechanisms to ensure that coverage of the intended scope can be increased on demand wi
loosing compatibility:

1. Existing classes can be extended, either structurally as subcladyeamically using the type hierarchy (see section
About Types below).

2. Existing properties can be extended, either structurally as subproperties, or in some cases, dynamically, usi
properties of properties which allow subtyping (see section About Typas)be

3. Additional information that falls outside the semantics formally defined by the CIDOC CRM can be recorded ac
unstructured data using E1 CRM Entity. P3 has note: E62 String.

4. Extending the CIDOC CRM by superclasses and properties that pertain tersseage. They are called conservative
extensions, if they preserve backwards compatibility with instances described with the CIDOC CRM.

Following strategies 1, 2 and 3 will have the result that the CIDOC CRM concepts subsume and thereby coveritins.€kéns
means that querying an extended knowledge base only with concepts of the CIDOC CRM will nevertheless retrieve all fas
described via the extensions.

In mechanism 3 the information in the notes is accessible in the respective knowledgeylrasedving the instances of E1 CRM
Entity that are domain d?3 has noteKeyword search will also work for the content of the note. Rules should be applied to attach
a note to the item most specific for the content. For instance, details about theawlactor in an activity should be associated
with the instance of E7 Activity, and not with the instance of E39 Actor. This approach is preferable when queriesleehaing e
from the content of such notes across the knowledge base are not expected.

In general, only concepts to be used for selecting multiple instances from the knowledge base by formal querying need to
Definition of the CIDOC Conceptual Reference Modskion 6.2.8 E.S: In Progress since3/06202020] Xiii



explicitly modelled. This criterion depends on the expected scope and use of the particular knowledfeeb@ieOC CRM
models vith priority the kinds of facts one would like to retrieve and relate from across heterogeneous content from differen
institutions in contrast, for instance, e@ministrativepractices internal to an institution.

Mechanism 4 conservative extensiorg imore complex:

With increasing use of the CIDOC CRM, there is also a need for extensions that model phenomena from a scope wider than
original one of the CIDOC CRM, but which are al sapeavphpn i c.
this occurs, properties of the CIDOC CRM may be found to be applicable more generally to superclasses of the extension tha
those of their current domain or range in the CIDOC CRM. This is a consequence of the key principle of the CID@GCroORA t
Abottom upo, i.e., sel ect i ngbedshaerowdhsthes wonld applynnda wellumdgr&amd fasbion |
in the current scope, thus avoiding making poorly understood generalizations at risk of requitingnmbonic corection.

The fourth mechanism for extending the CIDOC CRM by conservation extension can be seen to be split into two cases:

1) A new class or property is added to an extension of the CIDOC CRM, which is not covered by superclasses other than E1 C
Entity or a superproperty in the CIDOC CRM respectively. In this case, all facts desmigdxy such concepts anmtaccessible

by queries with CIDOC CRM concepts. Therefore, the extension shablghin a compatibility statement the additional relevant
high-level classes and properties needed to retrieve all facts documented with the extended model. This case is a monot
extension.

2) The domain or range of an existing property in the CIDOC CRM is changed to a superclass of the one or the other or bc
because the property is understood to be applicable beyond its originally anticipated scope. In this case, all factdyeberibe
extension are still accessible by querying with the concepts of the CIDOC CRM, but the extension can describefadthitibaal

the CIDOC CRM could not. This case is a monotonic extension and generally recommended, because it enahlgssvoltdion

of the model. If this change is part of a new release of the CIDOC CRM itself, it is simply backwards compatibis ferscbeen

done frequently in the evolution of this model.

If case (2) should be documented and implemented in an extension rseplalate fromthe CIDOC CRM, it may come in conflict
with the current way knowledge representation languages, suchRI®ORD, treat it, because in formal logic changing the range
or domain of a property is regardadchanging the ontological meaniogmpletely; there is no distinction betwe the meaning

of the property independent of domain and range and the specificatioof the domain and range It is, however, similar to
what in logic is called a conservative extension of a theory, and necessary for an effective modular management of ontologies

Therefore, for the interested reader, we describe here a definitionsofabé in terms of first order logic, which shows how
modularity can formally be achieved:
Let us assume a property P defined with domain class A and range class C also holds for a domain class B, supemthas of A,
range class D, superclass of Cthie sense of its ontological meaning in the real world. We describe this situation by introducing
an auxiliary for mal property P6, defined with domain cl a:

A(X) 6 B(x)

C(x) 6 D(x)

P(xY)6 A(x)

P(x,y)o C(y)

P 6 (% BY)

Po6 ( »Dy))
Then, P6 is aionadRi§eAXy £y P (xxtyeng P(x,vVy)
In other words, a separate extension module majectare the respective property with another identifier, preferably using the
same label, and implement the above rule.

Minimality
Although the scope of theIDOC CRM is very broad, the model itself is constructed as economically as possible.

1. CIDOC CRM classes and properties are either primitive, or they are key concepts in the practical scope.
2. Complements of CIDOC CRM classes are not declared, becauseaerorgihe Open World principle, there are no
properties for complements of a class (see Terminology and first consequence of Monotonicity).

A CIDOC CRM class is declared when:
1 Itis required as the domain or range of a property not appropriate to éixsgs.
1 It serves as a merging point of two CIDOC CRM class branches via multiple IsA (e.g. E25-Madart-eature).
When the branch superclasses are used for multiple instantiation of an item, this item is in the intersection of the
scopes. The classawting from multiple IsA should be narrower in scope than the intersection of the scopes of the
branch superclasses.
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1 Itis useful as a leaf class (i.e. at the end of a CIDOC CRM branch) to domain communities building CIDOC CRM
extensions or matching keyihain classes from other models to the CIDOC CRM (e.g. E34 Inscription).

Shortcuts

Some properties are declared as shortcuts of longer, more comprehensively articulated paths that connect the same domail
range classes as the shortcut property via om@ooe intermediate classes. For example, the propd@yPhysical Thing. P52 has
current owner (is current owner of): E39 Actas a shortcut for a fully articulated path from E18 Physical Thing through E8
Acquisition to E39 Actor. An instance of thelfuarticulated path always implies an instance of the shortcut property. However,
the inverse may not be true; an instance of the-atliculated path cannot always be inferred from an instance of the shortcut
property inside the frame of the actual KB

The class E13 Attribute Assignment allows for the documentation of how the assignment of any property came about, and wh
opinion it was, even in cases of properties not explicit]

Monotonicity

The CIlI DOC CRMtton ipto suppart tiye meamingful integration of information in an Open World. The adoption of
the Open World principle means that the CIDOC CRM itself must remain fundamentally open and knowledge bases implemen
using it should be flexiblenoughto receive new insightsAt themo d e | l evel , new cl asses and pi
scope may be found at any time in the course of integrating more documentation oseedrda new kinds of relevant facts come

to the attention of its maintainerat the level of the KBs, the need to add or revise information may arise due to numerous externa
factors. Research may open new questions; documentation may be directed to new or different phenomena; natural or sc
evolution may reveal new objectssifidy.

It is the aim of the maintainers of the CIDOC CRM to respect the Open World principle and to follow the principle of itibnoton
Monotonicity requires that adding new classes and properties to the model or adding new statements to a kiaselddgs not
invalidate already modelled structures and existing statements.

A first consequence of this commitment, at the level of the model, is that the CIDOC CRM aims to be monotonic in the sense
Domain Theory. That is to say, the existing CIDORM constructs and the deductions made from them should remain valid and
well-formed, even as new constructs are added by extensions to the CIDOC CRM. Any extensions should be, under this mett
backwards compatible with previous models. The only exceptiothis rule arises when a previous construct is considered
objectively incorrect by the domain experts and thus subjected to corrective revision. Adopting the principle of monésnicity
active consequences for the basic manner in which classes guttig® are designed and declared in the CIDOC CRM. In
particular, it forbids the declaration of complement classes, i.e. classes solely defined by excluding instances of staissaxthe

For example:

FRBRoo extends the CIDOC CRM. In version 2.4 oBR®0, F51 Name UsActivity was declared as a subclass to the CIDOC
CRM class E7 Activity. This class was added in order to describe a phenomenon specific to library practice and not conside
within CRM base. F51 Name Ugetivity describes the practiad an instance of E74 Group adopting and deploying a name within

a context for a timspan. The creation of this extension is monotonic because no existing ISA relationship or inheritance c
properties in CRM base are compromised and no future extengioledsout. By way of contrast, if, to handle this situation, a
subcl ass fAOther Act i vmonhotodic dhange wbultl bave bdem mtroduced. dhis wauldrb@the case because
the scope note of a compl e mekfortid acylfutue sleclaratibnef sieCdlizatoms of &€ Activityi t
such as Achvayd inthéktase the need arose to declare a particular specialized subclassyammbonic revision would

have to be made, since there would be no principledavayd e ci de whi ch i nstances of 060t he
specialized class and whieterenot. Such nommonotonic changes are extremely costly to end users, compromising backwards
compatibility and long term integration.

As a second conseegunce, maintaining monotonicity is also required during revising or augmenting data within a CIDOC CRM
compatible system. That is, existing CIDOC CRM instances, their properties and the deductions made from them, should alw
remain valid and welformed,even as new instances, regarded as consistent by the domain expert, are added to the system.

For example:

If someone describes correctly that an item is an instance of E19 Physical Object, and later it is correctly charaateiiztaas

of E20 Biobgical Object, the system should not stop treating it as an instance of E19 Physical Object. This is achieved by declar
E20 Biological Object as subclass of E19 Physical Object.

This example further demonstrates that the IsA hierarchy of classesopedtigs can represent characteristic stages of increasing
knowledge about some item during the processes of investigation and collection of evidence. Higher level classes dan be use
safely classify objects whose precise characteristics are not knaiva first instance. An ambiguous biological object may, for
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example, be classified as only a physical object. Subsequent investigation can reveal its nature as a biological alvysdgA kn
base constructed with CIDOC CRM classes designed to suppaoxtonic revision allows for seeking physical objects that were
not yet recognized as biological on&his ability to integrate information with different specificity of description in a-gefined

way is particularly important for largecale inform&bn integration.Such a system supports scholbesngable to integrate all
information about potentially relevant phenomena intoitfiermation systenwithout forcing an over or under commitment
knowledge about the object. Since large scale infoonatitegration always deals with different levels of knowledge of its relevant
objects, this feature enables a consistent approach to data integration.

A third consequence, applied at the level of the knowledge base, is that in order to formally presestanicity, when it is
required to record and store alternative opinions regarding phenomena all formally defined properties should be impsgementec
unconstrained (many: many) so that conflicting instances of properties are merely accumulated. giatedrikaowledge can
serve as a research tool for accumulating relevant alternative opinions arouddfimeldl entities, whereas conclusions about the
truth are the task of opeanded scientific or scholarly hypothesis building.

For example:

King Arthur 6 s basic |ife events are highly contested. Onhce e
Person and treated as having existed as such within the sense of our historical discourse. The instance of E21 Pexsdheds used
collection point for describing possible properties and existence of this individual. Alternative opinions about prepeftias,

the birthplace and his living places, should be accumulated without validity decisions being made during data comipitation.
Arthur may be entered as a different instance, of E28 Conceptual Object, for describing him as mythological character &
accumulating possibly mythological facts.

The fourth consequence of monotonicity relates to the use of time dependent prapertiemwledge base. Certain properties
declared in the CIDOC CRM, such as having a part, an owner or a location, may change many times for a single item during
course of its existence. Asserting that such a property holds for some item meanst theipttrdy held for some particular,
undetermined timspan within the course of its existence. Consequently, one item may be the subject of multiple statemen
asserting the instantiation of that property without conflict or need for revision. The ioolle€such statements would reflect an
aggregation of these instances of this property holding over thestjm@an of the iitemb6s existenc
knowledge is required/available, it is recommended to explicitly describe the eveling lethe assertion of that property for that
item. For example, in the case of acquiring or losing an item, it would be appropriate to declare the related evert alaE9 suc
Move. By virtue of this principle, the CRM achieves monotonicity with resfmean increase of knowledge about the states of an
item at different times, regardless of their temporal order.

Time-neutral properties may be specialized in a future monotonic extension bgpéundic properties, but not viesersa. Also,
many progrties registered do not change over time or are relative to events in the model already. Therefore, the CIDOC CF
always gives priority to modelling properties as timautral, and rather representing changes by events.

However, for some of these proapé i es many databases may describe a ficurre
|l ocationd or Acurrent ownero. Using such a ficurr eretlityatst at
the latest date of valithi of the database. Obviously, this information is #meonotonic, i.e., it requires deletion when the state
changes. In order to preserve a reduced monotonicity, these properties haweuirak superproperties by which respective
instances can be rectafied if the validity becomes unknown or no longer holds. Therefore the use of such properties in the CRM
is only recommended if they can be maintained consistently. Otherwise, they should be reclassified by thewttihe
superproperties. Thisholdsn parti cul ar i f data is expor t Aulhorshipofknovdeddee r
Base Contentso

Disjointness

Classes are disjoint if they cannot share any common instances at any time, past, present or future. That impliest thegsible
to instantiate an item using a combination of c¢l| asssaand itaha
in section ATerminologyod). There are many examples of di

A comprehenise declaration of all possible disjoint class combinations afforded by the CIDOC CRM has not been provided her
it would be of questionable practical utility, and may easily become inconsistent with the goal of providing a conciiadefini
However, tlere are two key examples of disjoint class pairs that are fundamental to effective comprehension of the CIDOC CRN

a.E2 Temporal Entity is disjoint from E77 Persistent Item. Instances of the class E2 Temporal Entity are perdurants,
whereas instances of thiass E77 Persistent Item are endurants. Even though instances of E77 Persistent Item have a limit
existence in time, they are fundamentally different in nature from instances of E2 Temporal Entity, because they presel
their identity between events. Elaring endurants and perdurants as disjoint classes is consistent with the distinctions mad
in data structures that fall within the CIDOC CRMbés pt
b.E18 Physical Thing is disjoint from E28 Conceptual ObjectThe distinction is between matdrand immaterial items,
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the latter being exclusively humamade. Instances of E18 Physical Thing and E28 Conceptual Object differ in many
fundamental ways; for example, the production of instances of E18 Physical Thing implies the incorporation of physic
material, whereas the production of instances of E28 Conceptual Object does not. Similarly, instances of E18 Physical Th
cease to exist when destroyed, whereas an instance of E28 Conceptual Object perishes when it is forgotten or itd last phy
cariier is destroyed.

Transitivity

CIDOC CRM is formulated as a class system with inheritance. A property P with domain A and range B will also be a proper
betweerany possible subclasses of A aofiB. In many cases there will be a common subclasshothfA and B. In these cases,
when the propertis restricted to C, that is, with C as domain and range, the restricted property could be transitive. For instance,
E73 Information Object can be incorporatetbia E90 Symbolic Object and thus an informatmbject can be incorporated in
another information object.

In the definition of CIDOC CRM the transitive properties are explicitly marked as such in the scope notes. All unmarkeéesprope
should be considered as not transitive.

|l ntroductionctoonbheptbas

The following paragraphs explain the most general logic of the CIDOC CRM. The CIDOC CRM is a formalized representation ¢
historical discourse, a formal ontology. In this capacity, it is meant to support the (re)presentation of fact dgsedlistcwmurse

about what has happened in the past in a human understandable and 4mac@sgsable manner. It achieves this function by
proposing a series of formalized properties (relations) and classes. The formalized properties support the seskangicélly
explicit statements relating classes of things. Their formal definition logically explicates the classes of things tbeyhicdyt
pertain. The CIDOC CRM properties thus enable a formal, logically explicit description of relations betdieieinal, real world

items, classified under distinct ontological classes. Encoding analytic data pertaining to the past under such a ssteents st
provides a standard representation for data and allows the uniform application of reasoningstidasfidata.

Grounding this high level logic is a hierarchical system of classes and relations, that provide basic ontological dibnetiar
to represent historical discourse. Familiarity with the basic ontological distinctions made in teedopfIthe class hierarchy
provides the basic entry point to understanding how to apply the CIDOC CRM for knowledge representation.

The highest level distinction in the CIDOC CRM is represented by the top level concepts of E77 Persistent Item, equhalent
philosophical notion of endurant; E2 Temporal Entity, equivalent to the philosophical notion of perdurant and, furtbecebte ¢
of E92 Spacetime Volume.

As an evententric model, supporting historical discourse, the CIDOC CRM firstly enabéeddbcription of entities that are
themselves timdimited processes or evolutions within the passing of time using E2 Temporal Entity and its subclasses. Their bas
function is to capture the fact of something having happened over time. In addiiloviing the description of a temporal
duration, the subclasses of E2 Temporal Entity are used to document the historical relations betweesirobgdis the role of

action verbs in a natural language phrds$e more specific subclasses of E2 Temap&ntity enable the documentation of events
pertaining to individually related/affected material, social or mental objects that have been described using subcl@gses of |
Persistent Item. This precise documentation is enabled through the use of sgkgiadjzerties formalizing the manner of the
relation or affect. Examples of specific subclasses of E2 Temporal Entity include E12 Production, which allows the tepresenta
of events of making things by humans, and E5 Event which allows the documertatomy other things, of geological events and
large scale social events such as a war. Each of these subclasses have specific properties associated to them wiicto allow th
function to represent the specific, real world connection between instancés BeEsistent Item, such as the relation of an object

to its time of production throughil08 was produced K{¥£12) or the relation of a place to a geological phenomenon thpuglas

place of(E5). The entities that E2 Temporal Entity documents, being timited processes / occurrences, are such that their
existence can be declared only on the basis of direct observation or recording of the event, or indirect observatiateddlits m
outcomes. Evidence of such entities may be preserved on mategietisabjat are permanently changed because of them. Likewise
events may have been recorded in text or remembered through oral history. E2 Temporal Entity and its subclassesatieecentral t
CRM and essential for almost all modelling tasks (e.g. in a musatalogue one cannot consider an object outside its production
event).

The real world entities, which the event centric modelling of the CIDOC CRM aims to enable the accurate historical deécriptio
are captured through E77 Persistent ltem and itslases. E77 Persistent Item is used to describe entities that are relatively stable
in form through the passage of time, maintaining a recognizable identity because their significant properties do nSpeleéite.
subclasses of E77 Persistent Item lstrate this point. E22 Human Made Object is used for the description of discrete, physical
objects having been produced by human action, such as an artwork or monument. An artwork or monument is persistedswith reg
to its physical constitutiorSo long as it retains its general physical form it is said to exist and to participate in the flow of historical
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events. E28 Conceptual Object is also used to describe persistent items but of a mental character. It is used tortdsdrlbe ide
ideas tlat are named and form an object of historical discourse. Its identity conditions rely in having a carrier by which it can k
recalled. The entities described by E77 Persistent Item are prone to change through human activity, biological, geological
environmental processes, but are regarded to continue to exist and be the same just as long as such changes do nogialter thei
identity (essence) as defined in the scope note of the relevant class.

The notion of identity is key in the application of @0 CRM. The properties and relations it provides are designed to allow the
accurate historical description of the evolution of real world items through time. This being the case, classes and prepertie
created in order to provide a definition whichhallow the accurate application of the classes or properties to the same real world
items by diverse users. Identity in the sense of the CIDOC CRM, therefore, means that informed people are able tdalagyree that
refer to the same, single thing, accoglto the scope note of the respective CIDOC C&4és it is regarded to be an instance of.
For example, the Great Sphinx of Giza may have lost part of its nose, but there is no question that we are still réfersiag¢o
monument as that before thentkage occurred, since it continues to represent significant characteristics and distinctness from a
overall shaping in the past, which is of archaeological relevartuags lacking sufficient stability or differentiation, such as
atmosphere, soil, cloudsaves, are not instances of E77 Persistent Item, and not suited for information inteDrationrse about

such items may be documented with concepts of the CIDOC CRM as observations in relation to things of persistent itlentity, s
as places.

Learningto distinguish and then interrelate instances of E77 Persistent Item (endurants) and instances of E2 Temporal En
(perdurants) using the appropriate properties is key to the proper understanding and application of CIDOC CRM in one#y to for
repregnt analytic historical data. In the large majority of cases, the distinction this provides and the subsequent elaboration
subclasses and properties is adequate to describe the content of database records in the cultural and scientific hgritage dom
exceptional cases, where we need to consider complex combinations of changes of spatial extent over time, the cormtiepe of spac
(E92 Spacetime Volume) also needs to be considered. E92 Spacetime Volume describes the entities whose substaane has o
identifiable, confined geometrical extent in the material world that may vary over time, fuzzy boundaries notwithstanding. Fc
example, the built settlement structure of the city of Athens is confined both from the point of view-spamgrom itsdunding

until now) and from its changing geographical extent over the centuries, which may become more or less evident from curr
observation, historical documents and excavations. Even though E92 Spacetime Volume is an important theoretical part of
model, it can be ignored for most practical documentation and modeling tasks.

The key to the proper understanding of CIDOC CRM comes through the appropriation of its basic divisions and the logic the
represent. It is important to underline that the CIDCRM is not intended to function as a classification system or vocabulary tool.
The basic class divisions in CIDOC CRM are declared in order to be able to apply distinct properties to these classes and, i
doing, formulate precise, analytic propositidhat represent historical realities The expressive power of CIDOC CRM comes not
from the application of classes to classify entities but in the documenting the interrelation of individual histori¢htdteghswell
defined properties. These propertidmracteristically cover subjects such as relationdenttifyingitems by names and identifiers;
participation of persistent items in temporal entitidecation of temporal entities and physical things in space and time; relations
of observatiorand asessment; padecomposition andtructuralproperties of anythingnfluenceof things and experiences on the
activities of people and their productsferenceof information objects to anything.

We explain these concepts with the help of graphicakssmtations in the next sections.

Relations with Events:

Figureli | lustrates the minimal properties in the CIDOC CRM
Model. Let us first consider the claB& CRM Entity the formal top lass of the model. It primarilgerves a technical purpose to
aggregate the ontologically meaningful concepts of the model. It declares however two important properties of gengetdralidit
distinct features of the ModePR1 is identified by with rangeE41 Appellationmakes the fundamental ontological distinction
bet ween the identity of a pRealtyj knowledge Bages dnd €IBOC GBM ratbiofviegr, (
practice allows for describing discourse about resolving historical ambiguities of names and reconciliation of multiple identifiers.
The propertyP2 has typgwith rangeE55 Type constitutes a practical interface for refining classes by terminologies, being often
volatile, as detailéd i n t hAb cwtct belowe 10
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Figurel: properties of basic concepts

All classes in figure 1 are direct or indirect subclassé&sSldERM Entityb ut f or bet t er r e ad alibkifrom t vy,
E2 Temporal Etity is shown. The latter comprises phenomena that continuously occur over sors@dimgs2 TimeSpar) in

the natural time dimension, but some of them may not be confined to specific area, such as a marfagestetuspecializing,

E4 Periodcomprises phenomena occurring in addition within a specific area in the physical space, which can be spéified by
took place atwith rangeE53 Place Instances di4 Periodcan be of any size, such as the Warring States Period, the Roman Period,
a siege pjust the process of making a signature. Further specialiEBdg;ventcomprises phenomena involving and affecting
certain instances @77 Persistent Iterm a way characteristic of the kind of process, which can be specified by the pfep2rty
occurral in the presence ofThis concept of presence is very powerful: It constrains the existence of the involved things to the
respective places within the specified time and implies the potential of passive or active involvement and mutual impact. V
preseie, events represent nodes in a netwotkiofys meetingin various combinations in the course of time at different places.

The most important specializations77 Persistent Iterm this context areE39 Actor those capable of intentional actioB48
Physical Thing having an identity bound to a relative stability of material form, B28 Conceptual Objecthe idealized things

that can be recognized but have an identity independent from the materialization on a specific carrier. Thé*fitbpentyred

in the presence dfas 36 direct and indirect subproperties, relating these and many more subcl&SsesarfandE77 Persistent

Item. Regardless whether a CR&®mpatible knowledge base is created with these properties only or with their mugh mor
expressive specializations, querying for t he-Wheh\WhemeWhatr e s e
Howo questions, and allow for retrieving potentially ricl

This patterno f fimeetingd i s compl eme ES Eveht EB3yBedinnirg ofnkgisteacand E64 End afs s e

Existencewhich imply not only presence, but constitute énelpoints of existencef things and people in space and time, often

in explicit presene and interaction with others, be they causal by producing or consuming or just witnessing, Note that the Mod
supports multiple instantiation. As a consequence particular events can be instances of combinations of these andaghers cla
describing tijhtly integrated processes of multiple nature. The representation of things connected in events by presence, beginr
and end of existence is sufficient to describe the lodierafini postquos and antequ@major form of reasoning about chronology

in historical studies.

Example:

As a simple, real example of applying the above concepts we present a historical event, relevant for the history ainart: Johs
Joachim Winkelmann (a German Scholar) has seen thallsal Laocodn Group in 1755 in the Vatica Rome (at display in the
Cortile del Bel vedere). He described his impressi dektei n
the difference between Greek, GréRoman and Roman art, characterizing Greek art with thheofas s wor ds A éno bl
silent grandeur 0) . TPhregamsenbanoue'tstyle, & widely mssumed td be ay¢ogateibatweén 27 BC

and 68 AD (following a Romanoenmission) from a Greek (no more extent) original. Johkachim Winkelmann was born 1717

as child of Martin Winkelmann and An#Maria Meyer and died in 1768 in Trieste.

Figure 2 presents a semantic graph of this event, as described above, using CIDOEAERpts. The facts in parentheses above

9
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are omitted for better clarity. Instances of classes are represented by informative labels instead of identifiers howiogebh s

class label above the instance label. Properties are represented as atinotlie wioperty label attached. After class labels and
property labels we show in parenthesis the identifiers of the respective superclasses and superproperties from figiaetd, in o
demonstrate that the story can be represented and queried wittcdmespts only. It also shows how concept specialization
increases expressiveness without losing genericity. It is noteworthy that the transfer of information from the Greekaootignal
copy, to the mind of Winkelmann and into his writings can be rtstded solely by this chain of thingging presenin different
meetings. Note also that the degree to which a fact is believed to be real does not affect the choice of CIDOC CRMoconcepts
description of the fact, nor the reality concept underlyingMbeel.

Figure 2 represents in addition one morelm! property of the CIDOC CRMP67 refers tpwhich describe an evidenbased
fact that an information object makes reference to an identifiable item.

E52 Time-Span E52 Time-Span
E73 Information Object (E28) | 1704 1768
fHistory of the Art of Antiquity . » A
) %, P4 ha%‘timespan
&3 P4 hag timespan
P67refers to E69 Death (E64) ES53 Place
v E65 Creation (E63) Wi nkel man nleR 08K A Tieste

Winkelmanwr i t es [AHi story \
of the Art of Antiquity

P100 was death ¢P93)

E52 Time-Span

&
7 1755 e e
\ Qu g, ’
= L Z7)
| ' ) y
E22 Human-Made P4 has timespan — =
Object (E18) \l} E5 Event | E21 Person (E39)
- P12occurred in the - o .+~ | Pl2occurred in the o
< Winkel i
|LaocoorGroup presence of I InkelmanseesinLaocoow ] presence of JohannJoachimWinkelmann
P2has type E53 Place P98 brought into lif¢P92)
- P7took placeat -
¢ Vatican, Rome E67 Birth (E63) E21 Person (E39)
E55 Type - P96 by mothe(P12) -
P108 has producgé92) Wi nk el man p6s—b++i— AnnaMaria Meyer
Copy - E22 Human-Made
E12 Production (E63) Object (E18) . P7l‘oo
Romarcomissionedopy | P12occurred in the™— — "~~~ P4hag timespan kp/acea E53
of theLaocodnGroup presence of P v 4 ace
E52 Time-S Stendal
E55 Type IMe->pan

P2hag type 1717
Hellenistic

Figure2: CRM encding example: Winkelmann seeing Laokoon

Note from the minutesHere will be thdigure 3 depicting how the paths of Winkelmann and the statue of Laocoon cross in space
and time (i.e. how the spaceti me vol umeolowingffigul/i3 mdedslbattarn n
visualization HW have been assigned tdatteo Lorenzinfor improving the figure 3.
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Figure3: Symbolic representation of "Winkelmann seeing Laocoon" as an evolution in space @nd tim

In the following, we give aoverview of the system of spatial and temporal relations in the CIDOC CRM, because it constitutes al
important tool for precise documentation of the past and has a certain complexity that needs to be understood in a synopsis.

Spatial Relations

A major area of documentation and historical research centres around positioning in space of what has happened and the tt
involved, as well aseasoningbout respectivepatial relationsThe key class CIDOC CRM provides for modeling this information

is E53Place E53 Places used to document geometric extents in the physjadecontaining actual or possible positions of things

or happenings. The higher level properties and classes of CIDOC CRM that centreEG8Uridceallow for the documentation

of: relations between places, recording the geometric expressions defining or approxinpddiog @nd their semantic function,
tracing the history of locations of a physical object, identifying the places where an individual or group have beeiu tifiyety

places on a physical object and the spatial extent of certain temporal entities.

Relations between Placeshe cluster of relationB89 falls within (contains)P122 borders withP121 overlaps wittand P189
approximatesan express relative relanships held between places. These properties hold between instafidss Piaceand
allow interordering places using common mereotopological concepts.

Geometric Expressions of PlacEontemporary documentation of spatial information has access tocadvaquipment for
accurately recording location and libraries of georeferenced place information. For this reason, documentation of pfeare now o
includes the recording of precise coordinates for a referenced place. Of great importance semantaafigeirstand the manner

in which such a geometric place expression actually relates to a referenced place. The cluster oPd#8tjglase is defined by
P171 at some place withiandP172 containgllows the user to link to geometric place expressighile also accurately indicating

how this expression relates to the documented place. Geometric place expressions are in&8#&zaok Primitivea primitive

class for expressing values in data systems not further analyzed in the CIDOCTEB&Yd.poperties provide a valid interface to

the OGCstandardsas elaborated in CRMgeo (Doerr and Hiebel 2013)

History of Object Locationsinstances of place are often referenced in order to record the location of some object. When th
movement of the ob@ to different locations through time is of interest, it is also important to be able to analytically record the
different locations at which an object was and at what point. The CIDOC CRM offers two top level mechanisms for tracing tt
relation of object to places. If the aspect of time is unknown or not of interest, then an object can be related to a place through
propertiesP53 has former or current locaticendP55 has current locationThe former property is the conservatively appropriate

choicefor documenting the objeto-place relation when time elements are not known. If one is actively tracking current location,
the latter property is also of use. When an accurate history of the temporal aspect of location should be provideghtsduser
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take advantage of thE9 Moveclass, a temporal entity class. InstantiatiE@ Moveallows the user to document the origin,
destination and concerned object of a move event using the collection of prop2tiesoved fromP26 moved tpP25 moved
Beinga temporal clasE9 Movefurther allows the tracing of time, agency etc. Note that things may be moved indirectly as parts of
or within other things.

Actor LocationsTracking the history of the location of actors is related to the history of objedblowdth a significant difference:

in the CIDOC CRM an actor is defined as an entity featuring agency which is not the case in objects and physicalgeméias in
Not being physical, an actor cannot be the subjeEBdflovewhich documents physicetlocations. The CIDOC CRM thus offers

the notion ofP74 has current or former residenae order to document the relation of a person or group to a location as residing
there at some time.

Places on a Physical Objecin the recording of cultural herge and other scientific data, particularly about mobile objects,
including ships, it is often necessary to identify where on an object or a certain feature is located and where a gerteinqrhe
is observed. For this the CIDOC CRM offers the relai#8 has sectiomelating the object to the places which are defined upon
it. Note that Earth is the physical object we relate places to per default. In geological times, a narrower relatitonio pléde
may be necessary.

Spatial Extent of Temporal Eties: In order to spatially define the extent of temporal phenomena, the CIDOC CRM offers two
properties that apply to all instances of temporal entity under theEdaBsriod P7 took place aandP8 took place on or within

The former is used to reka temporal phenomenon directly to an instande58f Placewhich provides the geometric context in
which that phenomenon took place. The latter property allows the documentation of a temporal phenomenon taking piane in rela
to a physical object. Thiis useful for recording information such as the occurrence of an event on a moving ship or within &
particular storage container, where the geometric location is not known or indirectly relevant.

P189 approximates
P89 falls within (contains )
P122 borders with

P121 overlaps with 0 o.n P168 place is defined by 1,1
0 { (defines place) v
. P7 took place at n I P I
E4 Period TWinessed) oo~ ES3 Place E94 Space Primitive
on O,nT0 N [ on P171 at some place within on 4
P7 took place _on or within P59 has section ' o,n P172 contains 0,n
(witnessed) (is located on or within)
o,n on
" . P74 has current or former residence
I E18 PhySICal Thi ng I o,n (is current or former residence of) O,n E39 Actor

0,n |P53 has former or current
location ( is former or
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- ,n P26 moved to (was destination of) 1n
. . | P55 has current location on : E9 Move
I E19 Physical Object ['o,n (currently holds) o,n 0N p27 moved from (was origin of) in n
O,nT n

P25 moved
(moved by)

Figure4: reasoning about spat information

Temporal Relations

Historical and scientific discourse about the past deals with different levels of knowledge regarding events and thair tempo
ordering that feed into chronology. Chronology is fundamental to understanding sociedtaral history, and reasoning about
temporal relations and causality is directly related. An immense wealth of physical observations allows for inferrind tempor
relations and viceersa. It is important to be able to document temporality both withdegarknown dates but also according to
relative positioning within a historical time line. The top level properties of the CIDOC CRM relating to temporal entjied s

the documentation of: dates as time spans or dimensions, mereological relaticzentietwporal entities as well as a complete
suite of topological relations.

Dates and DurationsWhen some absolutely dates limiting a temporal eatiggknown, this can be documented by instantiating
theP4 has timespanproperty and creating an instanof E52 Timespan Dates should then be recorded as instancE€bfTime
Primitive and related to the timgpan through propertié281 ongoing throughoutr P82 at some time withirTime is recorded as

a span and not an instant in the CIDOC CRM. The choif propertyP81 ongoing throughoutllows the documentation of
knowledge that a temporal phenomenon was occurring at least at all points of a known time span. ThéPBggiestyme time
within allows the weaker claim that the phenomenon must hawereccwithin the limits of a particular time span without further
specifying as to when precisely. It is the default for historical dates, given, for instance, in years for events of henclusatian.
The actual mode of encoding the documented datetiside the scope of the CIDOC CRM, which defines this with a primitive
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class,E61 Time PrimitiveFinally, the property?191 had duratiorcan be deployed in order to document a temporal phenomenon
with known duratiorbut with less precisely temporal ptishing. For instance, a birth may be known with the precision of a year,
but with a duration of 3 hours. For documenting exact-Spemns that are result of a declarations rather than observation, for instance
in order to describe a tirgpan multiple evets may fall into, the property170 defines timallows for specifying the timspan
uniquely by a temporal primitive, rather than B81 ongoing throughoubr P82 at some time withinsing anidentical time
primitive.
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Figure5: reasoning about temporal information

Mereological relationsThe documentation of the pawhole relationship of temporal phenomena is crucial for historical reasoning.
The CIDOC CRMdistinguishes undeeemporal entities twimmediate specialization&4 Periodis a highlevel concept fothe
documentation of temporal phenomena of chagkinteractions space and timeomprising but not limited to historical periods
such as Ming or Roman, and is further specialized in rich hierarchy of mordicsgeocesses and activities. The second
specialization i€3 Condition Statea rather specificlass for the documentation of static phaseshgfkicalthings. The CIDOC
CRM so far does not describe a higher level class of static phases, becausentbeyalhe deductions from multiple observations,
problematic in information integration and vulnerable to-nmmnotonic revision. For both classéwo different mereological
relations are articulatedhe propeng P9 consists ofs used to documermgroperparthoodbetween instancesf E4 Period i.e.,to
describe how the phenomena that make up an instdiiee Periodcan causally be subdivided into more delimited phenomena. In
contrast, the property10 falls within explained further in the section abaspiatiotemporal relations, describes only a-naunsal
co-occurrence in the same spatiotemporal extéhe propertyP5 consists ofndicates in analogy,proper parthood between
instances oE3 Condition State

Topological RelationsA lot of semantic elations have implications on the temporal ordering of temporal entities. For instance,

meeting someone must occur after birth and before death of the involved parties. Information can only be transferteab after it

been learned. On the other side, direformation about temporal order has implications on possible or impossible semantic
relations. This form of reasoning is of paramount importance for research about the past. It turned out that the pogmallar temp
relations defined by (J. Allen 1983)hieh the CIDOC CRM had adopted in previous versions, are not well suited to describe
i nferences from semanti c rTemparal Redation Primaivees based an ifukzg lboundanieshbt ehl eo ws
Instead, the CIDOC CRMntroduces a theorgf fuzzy boundaries in time that enables the accurate interpositioning of temporal

entities between themselves taking into account the inherent fuzziness of temporal boundaries. This model subsumes the e:
introduced Allen temporal relations which maegntinued to be used in extensions of the CIDOC CRM.

Spatiotemporal Relations

Treating space and time as separate entities is normally adequate for describing events and where things are. Whesemore pi
documentation and reasoning is required abbenpmena spreading out over time, such as Bronze Age, a settlement, a nation
moving reference frames such as ships, things being stored in containers and moved around, built structures being part
destroyed, rebuilt and altered etc., space and ting bauunderstood as a coherent continuum, tfeaked spacetime. This is not

a familiar concept for many users, and those not interested in such details may therefore skip this section.

However the respective model the CIDOC CRM adopts constitutdslantarface tahe OGCstandardsas elaborated in CRMgeo
(Doerr and Hiebel 2013)nd important for connecting to GIS applicatiofse key class CIDOC CRM provides for modeling this
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information iISE92 Spacetime VolumBE92 Spacetime Volums used to dcument geometric extents in the physisphcéime
containing actual or possible positions of things or happenings, in particular in those cases when the changes of place tc
documented cannot be reduced to distinct events, because the spatial extgas dontinuously. The higher level properties and
classes of CIDOC CRM that centre aroue@? Spacetime Voluradlow for the documentation of: relations between spacetime
volumes, relations to space and time as separate entities, and treating thetemtof physical things and periods in space at any
time of their existence as spacetime volumes. Its use is particularly elegant for the description of temporal gazetteers.
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P133 is spatiotemporally separated from

A AR LA
olonlLnl Toa 0,1 e A onTMo,1
-8
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(witnessed) E4 Period

== direct subclass
= =P indirect subclass
—> property

Figure6: reasoning with spacetime volumes

Defininga Spacetime Volum&here are three ways to define a spacetime volume:
(1) the propertyP169 defines spacetime volursieould be used to declare a spatiotemporal container for some things or
happenings in terms of spatial coordinates that may vary over ltieni¢,in discrete steps or continuously with the help of
spacetime expressionshe latter are instances BB5 Spacéime Primitive, a primitive class for expressing values in data
systems not further analyzed in the CIDOC CRM
(2) Instances oE4 Periodareregarded to be specialized instanceE@? Spacetime Voluntleat are formed by the spreading
out of the phenomena that make up an instance of E4 Period. As such they are fuzzy but in general observable
(3) The continuous sequence of spatial extent thatier of an instance of E18 Physical Thing occupies in the course of
time, defines a spacetime volume unique to it from the beginning of its existence to its end, which can also be understooc
its trajectory through the universe The prop&1%9 definsallows for referring to this spacetime volume, in order to document
its additional propertiesAs such this spacetime volume is fuzzy but in general observidlidenot easy to make a mental
picture of the spacetime volume of a physical thing, buttimstruct simplifies all reasoning about where things have been.

Relations with Places and Physicalings: The property?161 has spatial projectioassociates a spacetime volume with the
complete spatial extent it has occupied during its-men of dénition. Due to relativity of space, the definition of an instance of
E53 Place must be relative to some physical thing as geometric reference. This can explicitly be documented with the property
P157 is at rest relative tdf the place where something at a certain point in time is given in multiple reference spaces in relative
movement, such as with respect to a ship versus to the seafloor, these differently defined places may later move fpearta There
spacetime volume, even though uniquely dafincan have any number of spatial projections, depending on the reference space.
Currently, the GPS system defines a default reference space on the surface of Earth. In art conservation and othes déscriptio
mobile object of fixed shape, it is usefalrefer to the precise place a physical thing occupies with respect to itself as reference
space vid?156 occupiedfor further analysisP156 occupiesonstitutes a particular projection of the spacetime volume of this
thing. In contrast, the properB53 has former or current locatioonly describes that a thing was within a specific place given in
some reference space for an undefined time.

Relations with Tim&pans and PeriodShe property?160hastemporalprojectionassociates a spacetime volumighwhe
complete temporal extent it has covered comprising all places of its definition. In contrast to places, the referenaktisgstem
is uniqué® except for the choice of origin. For instances of E4 Period and its subclasses, whiclPitb@hniastemporal
projection the property is actually identical with the propeP4 has time spaimherited fromE2 Temporal Entitybecause is

0 This holds for applications in the scope of the CIDOC CRM, which are in theshativistic area, but not strictly, for itsce,
for satellites.
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describes the temporal extent of the phenontleaiamake up an instance of E4 Period. Therefore it is recommendedRd has
time sparfor instances of E4 Period and its subclasses, rathePth@dhastemporalprojection

Relations of Presencénstances oE93 Presencare specialized instancesE®2 Spacetime Voluntleat are identical with the

spatial evolution o& larger spacetime volume specifiedRi}66 was presence,dfut delimited to a, normally short, tirgpan

declared bP164during I n ot her words, theysliciomessd twft eamMetntaegrs hop sme t
extent of the Romanr&pire during 30AD. They are the basic construct to describe exactly where something was or happened at
particular time {span), in connection with th@opertyP161 has spatial projection particular, it allows for describing the
whereabouts of mobilebjects, be it in the storage of a museum, a palace, deposited in the ground, or transported in a container.
such as the bone of a saint. For ease of use, a shit@htvas presence @ defined directly to E18 Physical Thing, bypassing

the definitionof its spacetime volume.

Topological RelationsFinally the Model defines truly spatiotemporal topological relatiéti€ falls within (containss the
complete inclusion of one spacetime volume in another. It should not be confused with inclusispatitiieind temporal
projection, which may be larger. E.g. in 14 AD, Mesopotamia was not within the Roman Empire. Further, the pRiB2ties
spatiotemporally overlaps withnd its negatiof?133 is spatiotemporally separated frame fundamental to argabdout
temporary parthood, possible continuity etc.

Literature:

N. Guarino (ed.)F o r ma | Ontology in Information Sy s&Janem$998AmRstemame edi n
I0S Press, pp.-35.
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Metadata, Semantics and Ontologies, Vol.13 No.2, pp-139®

Specific Modelling Constructs

About Types

Virtually all structured descriptions of museum objects begin withique object identifier and information about the "type" of the
object, often in a set of fields with names like "Classification”, "Category", "Object Type", "Object Name", etc. Alldlizsaré
used for terms that declare that the object belonggétoticular category of items. In tB#DOC CRMthe class E55 Type comprises
such terms from thesauri and controlled vocabularies used to characterize and classify insGibce€ @RMclasses. Instances
of E55 Type represent concepts (universalspirtrast to instances of E41 Appellation, which are used to name insta@iesost
CRM classes.

For this purpose th€IDOC CRM provides two basic properties that describe classification with terminology, corresponding to
what is the current practice inghmajority of information systems. The cld&&sCRM Entity is the domain of the property P2 has
type (is type of), which has the range E55 Type. Consequently, every clas€IDME€ CRM with the exception of E59 Primitive
Value, inherits the property Rias type (is type of). This provides a general alternative mechanism to specialize the classificatiol
of CIDOC CRMinstances to any level of detail, by linking to external vocabulary sources, thesauri, classification schemas
ontologies.

Analogous tathe function of the P2 has type (is type of) property, some properties DIE®C CRM are associated with an
additional property. These are numbered inGHeROC CRMd ocument ati on with a 6. 1086 exten:t
properties alwayfalls under E55 Type. The purpose of a property of a property is to provide an alternative mechanism to speciali
its domain property through the use of property subtypes declared as instances of E55 Type. They do not appear irythe proy
hierarchy listout are included as part of the property declarations and referred to in the class declarations. For example, P62.1 m
of depiction: E55 Type is associated with E24 Physical-whade Thing. P62 depicts (is depicted i):CRM Entity.

The class E55 Typelso serves as the range of properties that relate to categorical knowledge commonly found in cultur:
documentation. For example, the property P125 used object of type (was type of object used in) elBDIEIERMto express

statement scasschngswd@ds hpsoduced using a moul do, meaning t
mould, that was actually used. This enables the specific instance of the casting to be associated with the entire tjaet afingan
devices known asmu | d s . Further, the objects of type fAmoul do wou

indirect relationship may actually help in detecting the unknown object in an integrated environment. On the other sidstisgme

may refer diectly to a known mould via P16 used specific object (was used for). So a statistical question to how many objects ir
certain collection are made with moulds could be answered correctly (following both paths through P16 used specifi@sbject (v
used fo) - P2 has type (is type of) and P125 used object of type (was type of object used in). This consistent treatment of categor
knowledge enhances ttdDOCCRMOs abi |l ity to integrate cultural knowl edd

Types, that is, instances of E55 Type and its lsisses, can be used to characterize the instanc&lbfC CRMclass and hence
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refine the meaning of the ¢l ass. A type O6éartist 6heother be
hand, in an art history application ofet€@IDOC CRMit can be adequate to extend BEDOC CRMclass E21 Person with a
subclass E21.xx Artist. What is the difference of ftvbve t vy
there is no difference. Both denotethecgnte 6 arti st 6 and identify the same set
as a class and the class of types may be seen as a metaclass. Since current systems do not provide an adequatercontrol
defined metaclasses, tl#DOC CRM prefers to model instances of E55 Type as if they were particulars, with the relationships
described in the previous paragraphs.

Users may decide to implement a concept either as a subclass extendip@@ CRM class system or as an instance of E55
Type A new subclass should only be created in case the concept is sufficiently stable and associated with additional explic
modelled properties specific to it. Otherwise, an instance of E55 Type provides more flexibility of use. Users that @y want
de<ribe a discourse not only using a concept extendinGB®C CRMbut also describing the history of this concept itself, may
choose to model the same concept both as subclass and as an instance of E55 Type with the same name. Similarly it shou
regaded as good practice to foresee for each term hierarchy refifi@@C CRMclass a term equivalent of this class as top
term. For instance, a term hierarchy for instances of E2
One role of E55 Type is to be t@DOC CRMS: interface to domain specific ontologies and thesauri or less formal terminological
systems. Such sets of concepts can be representeddi®€ CRMas subclasses of E55 Type, forming hierarchies of terms, i.e.
instances of E55 Type linked via P127 lasader term (has narrower term). Such hierarchies may be extended with additional
properties. Other standard models, in particular richer ones, used to describe terminological systems can also bwithtéhaced
CIDOC CRMby declaring their respectiveoncept class as being equivalent to E55 Type, and their respective broader/narrowe
relation as being identical with P127 has broader term (has narrower term), as long as they are semantically compatible.

In addition to being an interface to externalsdugri and classification systems, E55 Type is an ordinary class @iitC CRM

and a subclass of E28 Conceptual Object. E55 Type and its subclasses inherit all properties from this superclassheFiwightoget
the CIDOC CRMclass E83 Type Creation thigorous scholarly or scientific process that ensures a type is exhaustively described
and appropriately named can be modelled insid€tB®OC CRM In some cases, particularly in archaeology and the life sciences,
E83 Type Creation requires the identiion of an exemplary specimen and the publication of the type definition in an appropriate
scholarly forum. This is very central to research iype th
description asthefipxempl agyespeanmens as fioriginal el eme]
Finally, instances of E55 Type or suitable subclasses can describe universals from type systems not organized in thesau
ontologies, such as industrial product names and types, definedlaisthed by the producers themselves for each new product or
product variant.

Temporal Relation Primitives based on fuzzy boundaries

It is characteristic for sciences dealing with the past, such as history, archaeology or geology, to derive tenipgicdltoglations
from stratigraphic and other observations and from considerations of causality between events. For this r€3QCtGRM

introduced in version 3.3 the whole set of t el2)). dwasilegardedl a't
at that time as a wejustified, exhaustive and sufficient theory to deal with temporal topological relationships of spatiotemporal
phenomena relevant to cultural hi stori cal ndknewn,exactenepointd | |

of time intervals (timespans), described by an exhaustive set of mutually exclusive relationships.

Since many temporal relations can be inferred from facts causal to them, e.g., a birth necessarily occurring beforgcaay inten
interaction of a person with other individuals, or from observations of material evidence without knowing the absoltlie time,
temporal relationships pertain in tiédDOC CRMto E2 Temporal Entities, and not their Ti#Bpans, which require knowledgé
absolute time. I f absolute times are known, deductthedimd of
of primary scientific insight theCIDOC CRM as a core model, is interested in. However, their application turnetb doet
problematic in practice for two reasons:

Firstly, facts causal to temporal relationships result in expressions that often require a disjunction (logical OR conditiord) ef Allen
relationships. For instance, a child may be stillborn. Ignoring stafgegnancy as it is usual in older historical sources, birth may
be equal todeath,meetwith death or beébeforedeath. The knowledge representation formalism chosen fo€fB®C CRM
however doesot allow for specifyingdisjunctions, except within queds. Consequently, simple properties of HiBOC CRM

that imply a temporal order, suchR%34 continuedcannot be declared as subproperties of the temporal relationship they do imply,
which would be, in this c ascdby,comthiesffitishes,finismdayeeguals, duoing errovedapped s
by 0 Rl#etarts before the end).of

Secondly nature does not allow us to obseeepiality of points in time. There are three possible interpretations of this impossibility
to oberve these equality of points.Common to all three interpretations is that they can be described in terms of fuzzy boundar
The model proposed here is consistent walthihree of these interpretations.
1. Any observable phenomenon that can be dated hastumal temporal extent with fuzzy boundaries of gradual
transition from not existing to definitely existing and then to no longer existing.
2. These fuzzy boundaries can also be interpreted as the time intervals about which experts, even with a coniptige know
of the described phenomenon, may not agree as to whether this phenomenon is already ongoing or not, or still ongoin
not.
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3. Under a third interpretation, the fact that an instance of E2 Temporal Entity is ongootglsservablewithin the fuzzy
boundaries.

Consider, for instance, a birth. Extending over a limited anehegiigible duration in the scale of hours it begins and ends gradually
(1), but can be given alternative scientific definitions of start and end points (2), and neitheeafahd® determined with a
precision much smaller than on a scale of minutesT{8fuzzy boundariedo notdescribethe relation of incomplete or imprecise
knowledge to reality. Assuming a lowest granularity in timenisapproachwhich doesnot help, kecause the relevant extent of
fuzziness varies at a huge scale even in cultural reasoning, depending on the type of phenomena considered. The dnly exact r
is betweenarbitrarily declared time intervals, such as the end of a year being equaltothebegh g of t he next y
Mi noand ends exactly when AMiddle Minoand starts, whenev
Consequently, we introducephéemétavesw sét hot hiet émpbdboai nig
1 Itis a minimal set of pperties that allows for specifying all possible relations between two time intervals given by their
start and end points, either directly, or by conjunction (logical AND condition) of the latter.
1T Start and end points arndariesagddescripededoved as fithicko fuzzy
1 Conditions of equality of end points are relaxed to the condition that the fuzzy boundariep. Therefore knowledge
of the shape of the fuzzy functionrist needed.
T Al of Al l enbds rel at i oecdyloibpnjuncions dbtbeseepropertiess s ed e
T I'n case of time intervals without or with negl:
described by adequate conjunctions of these properties.
1 No relationship is equal to theverse of another. Inverses are specified by exchanging the roles of domain and range.

ither
gibly

Notation

We use the following notation:
Comparing two instances of E2 Temporal Entity, we deoote with capital letter Aits (fuzzy) starting timewith As@tand its
(fuzzy) ending time wittA®"d suchthat A = [AS2Ae"q: we denote thether with capital letter Bis (fuzzy) starting time witBst"
and its(fuzzy) ending time witB®"% such that B =gs@"Be"q.
We identify a temporal relatiowith a predicae name(label)anddefine it byone or more (in)equality expressions between its end
points, such as:
A starts before the end &Fif and only if ( [ At < gend
We visualize a temporal relation symbolizing the temporal exterttsmiinstance A andB of E2 Temporal Entity aBorizontal
bars, considered to be on &orizontal timeline proceedingrom left to right. The fuzzy boundary areas are symbolized by an
increasing/decreasing color gradient. The different choices of relative arrangemenattbaestalp allows for are symbolized by
two extreme allowed positions of instance A with respect to instance B connected by arrows. The reader may imagine it as
relative positions of a train A approaching a station B. If the relative length of A cainpaBematters, two diagrams are provided.
Interior

time points for which

the described Temporal Entity

is definitely ongoing

Boundary
fuzzytransitions zones
in which the described
TemporalEntity is
developingor vanishing

A starts before the end of B

|
. A Eggé == = R ——

Overview of Temporal Relation Primitives

The final set of temporaklationprimitives can be separated into two groups:

1) Those based on improper inequalities, such*880B®" (odd number items in thiest below- table 1)

2) Those based on proper inequalities, such®#8< Be" (even number itemis the list belowtable 1)
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Improper inequalities with fuzzy boundaries are understood as extending into situations in which the fuzzy boundaries of t
respective endpoints may overlap. In other words, they include situations in which it cannot be decided when one ietattedl has
and when the other started, but there is no knowledge of a definite gap between these endpoints. In a proper ineduzdiyy wit
boundaries, the fuzzy boundaries of the respective endpoints must not overlap, i.e., there is knowledge of a definiteegap bet
these endpoints, for instance, a discontinuity between settlement phases based on the observation of archgerdogical la

1. P173 starts before owith the end of
0 Astart >K enc_i

2. P174 starts before the end of
0 Astart < Bend

3. P175 starts before or withthe start of

0 Astart )K sla.rt

4. P176 starts beforehe start of
0 Astart < Btart

5. P182 ends before owith the start of
0 Aend )K sta_rt

6. P183 ends befor¢he start of
0 Aend < Btart

7. P184ends before or with the end of
0 Aend >K eng

8. P185 ends before the end of
0 Aend < and

Table 1, temporal relation primitivegithout inverse labels

Appli ed Form

TheCIDOC CRMis an ontology in the sense used in computer science. It has been expressijeas@iented semantic model,
in the hope that this formulation will be comprehensible to both documentation experts and information scientists aldethshil
same time being readily converted to machie&dable formats such as RDF ScheKi&, DAML+OIL, OWL, , etc. It can be
implemented in any Relational or objemiented schem&IDOC CRMinstances can also be encodeRDF, XML, DAML+OIL,
OWL and others.

Although the definition of th€IDOC CRM provided here is complete, it is an intentityhaompact and concise presentation of
theCIDOC CRMb 81 classes andi60 unique propertiesdt does not attempt to articulate the inheritance of properties by subclasses
throughout the class hierarchy (this would require the declaration of stharaand properties, as opposed to 137). However, this
definition does contain all of the information necessary to infer and automatically generate a full declaration of &éikgroper
including inherited properties.

Class & Property Hierarchies

Although they do not provide comprehensive definitions, compact monohierarchical presentations of the class and property |
hierarchies have been found to significantly aid comprehension and navigationGiD€ CRM, and are therefore provided
below.

The clas hierarchy presented below has the following format:

1 Each |l ine begins with a unique class identifier, con
fentity, o although now replaced by convention with th

T Aseriesé hyphensf ol ows the unique class identifier, i nec
hierarchy.

1 The English name of the class appears to the right of the hyphens.

T The index is ordered by hanear,framahe sntakkef to thedavgerisubhierarchies. fi d e p

1 Classes that appear in more than one position in the class hierarchy as a result of multiple inheritance are shoien in an i
typeface.

The property hierarchy presented below has the following format

f Each line begins with a unique property identifier, c
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T A series f HygdHemws (tfthe uni que property identifier,
ISA hierarchy.
1 The English name of the property appears to the right of the hyphens, followed by its inverse name in parentheses
reading in the range to domain direction.
The domain class for which the property is declared.
The range class that the properferences.
The index is ordered by hierarchical level, in a fiderg
property number between equal siblings.
1 Properties that appear in more than one position in the property hierarchgsatt @f multiple inheritance are shown in
an italic typeface.

=a =4 =9
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CIDOC CRM Class Hierarchy

E1 CRM Entity
E2 - [Temporal Entity
E3 - | |ConditionState
E4 - | |Period
E5 - | | |[Event
- | |Activity
- F F F | [|Acquisition
- F F F | Move
- | F F | [Transfer of Custody
- | +F F F [Modification
- | F F F [ [Production
- | +F F F | [Part Addition

- |Part Removal

Attribute Assignment

- |Condition Assessment

- [ldentifier Assignment

- |Measurement

- [Type Assignment

Creation

- [Type Creation

Formation

Joining

Leaving

Curation Activity

- | F | [Beginning of Existence

Birth

Transformation

Production

Creation

- [Type Creation

Formation

- | | |+ [End of Existence

Destruction

Dissolution

Death

Transformation

- |Persistent Item

- | [Thing

- | | |Legal Object

- |+ F | [|Physical Thing

Physical Object
- |Biological Object

- [ |Persn

- [HumanrMadeObject

PhysicalHumanMadeThing

- [HumanrrMadeObject

-  HumanMadeFeature

- |Curated Holding

Physical Feature

- [Site

-  HumanMadeFeature

- | F | |Symbolic Object

Information Object

Design or Procedure

Document

- | |Authority Document

- |Linguistic Obje¢

- |- |Inscription

- | [Title

Definition of the CIDOC Conceptual Reference Modskion 6.2.8

E.S.: In Progress sinceZ3/06202020]

XXX



Visual ltem

- - [Mark

- lInscription

Appellation

- [Identifier

- [Title

- |Spacetime Primitive

- |Space Primitive

- [Time Primitive

- | + [HumanMadeThing

- | + [ |PhysicalHumanMadeThing

HumanMadeObject

HumanMadeFeature

Curated Holding

- | | F [Corceptual Object

Symbolic Object

Information Object

- |- |Design or Procedure

- |- |Document

- | | JAuthority Document

- Linguistic Object

- | | |Inscription

- - [Title

- | Visual Item

- - Mark

- | | [inscription

- |Appellation

- - |Identifier

- - [Title

- |- |Spacetime Primitive

- |- |Space Primitive

- | [Time Primitive

Propositional Object

- [Information Object

- |- |Design or Procedure

- |- |Document

- | | JAuthority Document

- |- |Linguistic Object

- F F F F F F | |Inscription

- - F F F F F F [Title

- - F F }F F F |isualltem

- - F F F F F F IMark

- FFFF FF F Inscription

- - F F F F |Right

- F F F F [Type

- | F F F | [Language

- F +F F F |Material

- | + +F F F |[Measurement Unit

[Currency

Currency
Product Type

- | |Actor

- | F |Group

- |- | |Person

- |[Time-Span

- |Place

- |Dimension

Monetary Amount

- |Spacetime Volume

- | |Period
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- - | |[Event

- F  |Activity

- - F F F JAcquisitionEvent

- - - +F F |Move

- | | F [ [Transfer of Custody

- - |} F |Modification

- - - F F F [Production

- - + - F |} |Part Addition

- - F + F | [Part Removal

- | F F F |Attribute Assignment

- + - F F F |Condition Assessment

- + F F | [ [|dentifier Assignment

_ - - | |Measurement

- F F F | | [Type Assignment

- - - F |} |Creation

- I F F F F Trype Creation

- - | + | |Formation

- | | F | |Joining

- | | F ¢ |Leaving

- - | F | |Curation Activity

- - | | [Beginning of Existence

- - + |Birth

- - | |} |} [Transformation

- - - }F |} |Production

- - | F | |Creation

- I F F F F Type Ceation

- - | |+ | |Formation

- |+ | | |End of Existence

- - | |} |} |Destruction

- | | |+ | |Dissolution

- - - F |} |Death

- - |} |} [Transformation

- - [Presence

Primitive Value

Number

Time Primitive

String

Space Primitive

Spacetime Primitive
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CIDOC CRM Property Hierarchy:

Property id Property Name Entity i Domain Entity - Range

P1 is identified by (identifies) [E1 CRM Entity [E41 Appellation

P48 - has preferred identifier (is preferred identifier of) [E1 CRM Entity [E42 |dentifier

IP102 - has title (is title of) [E71HumanMadeThing IE35Title

P2 has type (is type of) [E1 CRM Entity IE55 Type

P137 - exemplifies (is exemplified by) [E1 CRM Entity [E55Type

P177 - assigned pnoerty type E13 Attribute Assignment IE55Type

IP3 has note [E1 CRM Entity [E62 String

P79 - beginning is qualified by [E52 Time-Span [E62 String

P80 - end is qualified by [E52Time-Span [E62 String

IP190 - has symbolic content E90 Symbolic Object E62 String

P4 has timespan (is timespan of) [E2 Temporal Entity IE52 Time-Span

IP5 consists of (forms part of) [E3 Condition State IE3 Condition State

P7 took place at (withessed) [E4 Period IE53Place

P8 took place on or within (witnessed) [E4 Period IE18 Physical Thing

P12 occurred in the presence of (was present at) [E5 Event [E77 Persistent ltem

P111 - added (was added by) [E79Part Addition IE18 Physical Thing

P113 - removed (was removed by) [E80Part Removal [E18Physical Thing

P11 - had patrticipant (participated)in [E5 Event IE39 Actor

P14 - - carried out by (performed) [E7 Activity IE39 Actor

P22 - - - transferred title to (acquired title through) [E8 Acquisition IE39 Actor

P23 - - - transferred title from (surrendered title through) [E8 Acquisition IE39 Actor

P28 - - - custaly surrendered by (surrendered custody through) [E10 Transfer of Custody IE39 Actor

P29 - - - custody received by (retved custody through) [E10Transfer of Custody IE39 Actor

P96 - - by mother (gave birth) [E67 Birth [E21Person

P99 - - dissolved (was dissolved by) [E68 Dissolution IE74 Group

P143 - - joined (was joined by) [E85 Joining IE39 Actor

P144 - - joined with (gained member by) [E85Joining IE74 Group

P145 - - separated (left by) IE86 Leaving IE39 Actor

P146 - - separated from (lost member by) [E86 Leaving IE74 Group

P151 - - was formed from (partipated in) [E66 Formation [E74 Group

P16 - used specific object (was used for) [E7 Activity IE70Thing

P33 - - used specifitechnique (wasisedby) [E7 Activity IE29 Design or Procedure

P111 - - added (was added by) [E79Part Addition IE18 Physical Thing

P142 - - used constituent (was used in) [E15 Identifier Assignment IE90 Symbolic Object

P25 - _moved (movedy) [E9 Move [E19 Physical Object

P31 - has modified (was modified by) [E11 Modification [E18Physical Thing

IP108 - - has produced (was produced by) [E12 Production [E24 Physical HumanMadg
Thing

IP110 - - augmented (was augmented by) [E79Part Addition [E24 Physical HumanMadg
[Thing

P112 - - diminished (was diminished by) [E80Part Removal [E24 Physical HumanMadg
Thing

P92 - brought into existence (was brought into existence by) [E63 Beginning of Existence [E77 Persistent ltem

P94 - - has created (was created by) [E65 Creation [E28 Conceptual Object

IP135 - - - created type (was created by) [E83 Type Creation IE55Type

P95 - - has formed (was formed by) IE66 Formation IE74 Group

P98 - - brought into life (was born) [E67 Birth |E21 Person

IP108 - - has produced (was produced by) [E12 Production [E24 Physical HumanMadg
[Thing

IP123 - - resulted in (resulted from) IE81 Transformation |E77 Persistent ltem

P93 - took out d existence (was taken out of existence by) IE64 End of Existence [E77 Persistent ltem

P13 - - destroyed (was destred by) [E6 Destruction IE18 Physical Thing

P99 - - dissolved (was dissolved by) [E68 Dissolution IE74 Group

IP100 - - was death of (died in) IE69 Death |E21 Person

P124 - - transformed (was transformed by) [E81 Transformation [E77 Persistent Item

P15 was infuenced by (influenced) [E7 Activity [E1 CRM Entity

P16 - used specific object (was used for) [E7 Activity [E70Thing

P33 - - used specific technigue (was used by) [E11 Modification IE29 Design or Procedure

P111 - - added (was added by) [E79Part Addition [E18Physical Thing

P142 - - used constituent (was used in) [E15 Identifier Assignment IE90 Symbolic Object

P17 - was motivated by (motivated) [E7 Activity [E1 CRM Entity

P134 - continued (was continued by) [E7 Activity [E7 Activity

IP136 - was based on (supported type creation) [E83Type Creation IE1 CRM Entity

P19 was intended use of (was made for) [E7 Activity IE71 HumanMadeThing

P20 had specific purpose (was purpose of) [E7 Activity [E5 Event

P21 had general purpose (was purpose of) [E7 Activity IE55Type

P24 transferred title of (changed ownership through) [E8 Acquisition IE18 Physical Thing

P26 moved to (was destination of) IE9 Move IE53Place

P27 moved from (was origin of) IE9 Move IE53Place

P30 transferred custody of (custody transferred through) [EL0 Transfer of Custody IE18 Physical Thing

P43 has dimension (idimensionof) [E70Thing IE54 Dimension
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Property id

Property Name

Entity i Domain

Entity - Range

2

has condition (is condition of)

[E18Physical Thing

IE3 Condition State

P45 consists of (is incorporated in) [E18Physical Thing IE57 Material

P49 has former or current keeper (is fomee current keeper of) [E18Physical Thing IE39 Actor

IP50 - has current keeper (is current keeper of) [E18Physical Thing IE39 Actor

IP109 - has current or former curator (is current or former curator of)  [E78Curated Hlding IE39 Actor

P51 has former or current owner (is former or current owner of) [E18Physical Thing [E39 Actor

P52 - has current owner (is current owner of) [E18 Physical Thing IE39 Actor

P53 has former or current location (is former or current location of) [E18Physical Thing [E53Place

IP55 - has current location (currently holds) E19Physical Object IE53Place

IP156 - occupies (is occupied by) [E18 Physical Thing IE53Place

P54 has current permanent location (is current permanent location of)  [E19Physical Object IE53Place

P57 has number of parts [E19 Physical Object IE60 Number

P59 has section (is located on or within) [E18Physical Thing [E53Place

P62 depicts (is depictedby) [E24 PhysicalHumanMadeThing |[E1 CRM Entity

P67 refers to (is referred to by) IE89 Propositonal Object [E1 CRM Entity

P68 - foresees use of (use foreseen by) [E29 Design or Procedure [E57 Material

P70 - documents (is documented in) [E31 Document IE1 CRM Entity

P71 - lists (is listed in) [E32 Authority Document [E1 CRM Entity

P129 - is about (is subject of) [E89 Propositional Object [E1 CRM Entity

IP138 - represents (has representation) [E36Visual ltem [E1 CRM Entity

P69 has association with (is associated with) [E29 Design or Procedure IE29 Design or Pocedure
P72 has language (is language of) [E33Linguistic Object [E56 Language

P74 has current or former residence (is current or former residence of) |[E39Actor IE53Place

P75 possesses (is possessed by) [E39 Actor IE30Right

P76 has contact point (provides access to) [E39 Actor E41 Appellation
P81 ongoing throughout [E52Time-Span [E61 Time Primitive
P82 at some time within [E52 Time-Span [E61Time Primitive
P86 falls within (contains) [E52 Time-Span [E52 Time-Span

P89 falls within (contains) [E53Place IE53Place

P90 has value IE54 Dimension IE60 Number

P181 - hasamount E97 Monetary Amount IE60 Number

P91 has unit (is unit of) IE54 Dimension IE58 Measurement Unit
IP180 - has currency E97 Monetary Amount E98 Currency

P97 from father (was father for) [E67 Birth IE21 Pason

IP101 had as general use (was use of) [E70Thing [E55 Type

IP103 was intended fofwas intention of) [E71HumanrMadeThing IE55 Type

IP104 is subject to (applies to) [E72Legal Object [E30Right

IP105 right held by (has right on) [E72Legal Object [E39 Actor

IP52 - has current owner (is current owner of) [E18Physical Thing IE39 Actor

IP106 is composed of (formgart of) IE90 Symbolic Object IE90 Symbolic Object
IP165 - incorporates (is incorporated in) [E73Information Object IE90 Symbolic Object
IP107 has current or former member (is current or former member of) [E74 Group IE39 Actor

P121 overlaps with IE53Place IE53Place

P122 borders with IE53Place IE53Place

P125 used object of type (was type of object used in) [E7 Activity IE55Type

P32 - used general technigue (was technique of) [E7 Activity [E55 Type

P126 employed (wa employed in) [E11 Modification [E57 Material

P127 has broader term (has narrower term) [ES5Type [E55Type

IP130 shows features of (features are also found on) [E70Thing [E70Thing

P73 - is translation of [E33 Linguistic Object IE33 Linguistic Object
P128 - carries (icarried by) [E18 Physical Thing IE90 Symbolic Object
P65 - - shows visual item (is shown by) [E24 PhysicalHumanMadeThing |[E36 Visual ltem
IP132 overlaps with [E92 Spacetime Volume IE92 Spacetime Volume
P10 é-éfalls within (contains) [E92 Spacetime Volume IE92 Spacetime Volume
P9 €& -€ consists of (forms part of) [E4 Period IE4 Period

IP166 - - was a presence of (had presence) [E93Presence IE92 Spacetime Volume
P46 - is composed of (forms part of) [E18 Physical Thing IE18 Physical Thing
P56 - - bears feature (is found on) [E19 Physical Object [E26 Physical Feature
IP133 is separated from [E92 Spacetime Volume IE92 Spacetime Volume
IP139 has alternative form [E41 Appellation IE41 Appellation
IP140 lassigned attribute to (was attributed by) [E13 Attribute Assignment IE1 CRM Entity

P34 - concerned (was assessed by) [E14 Condition Asessment IE18 Physical Thing
P39 - measured (was measured by) [E16 Measurement IE1 CRM Entity

P41 - classified (was classified by) [E17 Type Assignment IE1 CRM Entity

P141 assigned (was assigned by) [E13 Attribute Assignement IE1 CRM Entity

IP35 - has identified (identified by) [E14 Condition Assessment IE3 Condition State
P37 - assigned (was assigned by) [E15 Identifier Assignement [E42 |dentifier

P38 - deassigned (was deassigned by) [E15 Identifier Assignemein [E42 |dentifier

P40 - observed dimension (was observed in) [E16 Measurement IE54 Dimension

P42 - assigned (was assigned by) E17 Type Assignment IE55 Type

P147 curaed (was curated by) [E87 Curation Activity IE78 Curated Holding
P148 has component (is component of) IE89 Propositional Object IE89 Propositional Object
IP150 defines typical parts of(defines typical wholes for) E55Type [E55Type

P152 has parent(is parent of) E21Person [E21 Person
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Property Name

Entity i Domain

Entity - Range

IP157 is at rest relative t¢provides reference space for) IE53Place IE18 Physical Thing
P59i - is located on or within [E53Place IE18 Physical Thing
IP160 has temporal projection [E92 Spacetime Volume [E52TimeSpan

P16t - during (was timespan of) [E93Presence [E52Time Span

P161 has spatial projection [E92 Spacetimé/olume [E53Place

P167 was at(was place of) [E93Presence IE53Place

P168 Place is defined by (defines place) [E53Place IE94 Space primitive
P169 defines spacetime volume (spacetime volume is defined by) E95 Spacetime Primitive [E92 Spacetimé&/olume
P170 defines time (time is defined by) E61Time Primitive E52 Time Span

P171 lat some place within E53 Place E94 Space Primitive
P172 contains E53 Place E94 Space Primitive
P173 starts before or with the end of (els after or with the start of) E2 TemporaEntity E2 Temporal Entity
P174 - starts before the end of (ends after the start of) [E2 Temporal Entity IE2 Temporal Entity
P134 - - continued (was continued by) [E7 Activity [E7 Activity

P184 - - ends before or with the end of (ends with or after the end of [E2 Temporal Entity IE2 Temporal Entity
IP185 - - - ends before the end of (ends after the end of) [E2 Temporal Entity [E2 Temporal Entity
P175 - - starts before or with the start of (starts after or with the start gE2 Temporal Entity IE2 Temporal Entity
P17 - - - starts before the start of (starts after the start of) [E2 Temporal Entity [E2 Temporal Entity
P182 - - - - ends before or at the start of (startemabr with the end of) [E2 Temporal Entity [E2 Temporal Entity
P183 - - - - - ends before the start of (starts after the end of) E2 Temporal Entity E2 Temporal Entity
P179 had sales price (was sales price of) E96 Purchase E97 Monetary Amount
P186 produced thing of mduct type (is produced by) E12Production E99 Product Type
P187 has production plan (is production plan for) E99 Product Type E29 Design or Procedure
P188 requires production todis production tool for) E99 Product Type E19 Physical Object
P189 approximates E53Place E53Place

P191 had duration (was duration of) E52 TimeSpan E54 Dimension

P195 was a presence of (hadesence) E93 Presence E54 Dimension

P196 defines (is defined by) E18 Physical Thing E92 Spacetime Volume
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Cl

DOC CRMss Decl arations

The classes of theIDOC CRMare comprehensively declared in this section using the following format:

=A =4 -8 -8 -4

=a =

=a =4

Classnamear e presented as headings in bold face, preced
The |ine ASubclass of: 0 declares the superclass of
The | ine fSup e rrafefrence ® thedubclasses sf thia glasy 0 s s

The |Iine AScope note: 0 contains the textual definit
The Iine AExamples: 0 contains a bulleted Ilist of ex

of a subclass of this class, the unique idiem of the subclass is added in parenthesis. If the example instantiates
two classes, the unique identifiers of both classes is added in parenthedistibious examples may be followed

by an explanation in brackets.

The | ine fAPr otpheer tliiesst: 6o fdetchearcelsassd properties;

Each property is represented by its unique identifier, its forward and reverse names, and the range class that it
links to, separated by colons;

Inherited properties are not represented;

Properties of properties are prded indented and in parentheses beneath their respective domain property.
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E1 CRM Entity

Superclass of: E2 Temporal Entity
E52Time-Span
E53Place
E54Dimension
E59Primitive Value
E77Persistent Item
E92 Spacetime Volume

Scope note: This class compsies all things in the universe of discourse of the CIDOC Conceptual Reference Model.

It is an abstract concept providing for three general properties:

1. Identification by name or appellation, and in particular by a preferred identifier

2. Classification by tpe, allowing further refinement of the specific subclass an instance belongs to

3. Attachment of free texdnd other unstructured ddta the expression of anything not captured by
formal properties

All other classes within theIDOC CRMare directly ormdirectly specialisations &1 CRM Entity.

Examples:
A the earthquake in Lisbon 1755 (H®hester2001)

In First Order Logic:
E1(x)

Properties:
Plis identified by (identifies)E41 Appellation
P2has type (is type of E55Type
P3has noteE62 String
(P3.1 has typeE55 Type)
P48has preferred identifier (is preferred identifier @&i2 Identifier
P137exemplifies (is exemplified byE55 Type
(P137.1 in the taxonomic rolE55Type)

E2 Temporal Entity

Subclass of: A ICRM Entity
Superclass of: A Condition Sate
E4 Period

Scope note: This class comprises all phenomena, such as the instances of E4 Bed&édsEvents, which happen
over a limited extent in timeThis extent in time must be contiguous, ,iwithout gaps. In case the
defining kinds of phenomena for an instance of E2 Temporal Entity cease to happen, and occur later
again at another time, we regard that the forinstance ofE2 Temporal Entity has ended and a new
instance has come into existe. In more intuitive terms, the same event cannot happen twice.

In some contextsuch phenomenare also called perdurants. This class is disjoint from E77 Persistent
Itemand is an abstract claskattypically has no direct instances. E2 Temponalify is specialized into
E4 Period, which applies to a particular geographic area (defined with a greater or lesser degree of
precision), and E3 Condition State, which applies to instances of E18 Physical Thing.
Examples
A BronzeAge (E4) (Childe, 1963)
A the earthquake in Lisbon 1755 (E&hester, 2001)
A the Peterhof Palace near Saint Petersburg being in ruins from 1944 (E3XMaddox 2015)

In First Order Logic:
E2(x)0 E1(x)

Properties:
P4has timespan (isime-span of):E52 Time-Span
P173starts before or at the end oh@ls with or after the start off2 Temporal Entity
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P174starts before (starts after the start & Temporal Entity
175starts before or with the start of (starts with or after the starte#f)lemporal Entity
176starts before the start of (starts after the starte)femporal Entity

182ends before or dhe start of (starts with or after the end dB2 Temporal Entity
183ends before the start of (starts after the end B Temporal Erity

184ends before or with the end of (ends with or after the endef)lemporal Entity

185ends before the end of (ends after the eldef TemporalEntity

'U"U "U "U ‘U ‘U

E3 Condition State

Subclass of:

Scope note:

Examples:

E2 Temporal Entity
This class comprises the states of objects characterised by a certain conditionroeepari.

An instance of this class describes the prevailing physical condition of any material object or feature
during a specifiénstance oE£52 Time Span. In general, the tirgpan for which a certain condition can

be asserted may be shorter thanréa timespan, for which this condition held.

The nature of that condition can be described u§lBghas typeFor example, thénstance ofE3
Condition State ficondition of the SS Great Brit
can be charaetized asan instancé wr e cokEb% To/pe.

A the "reconstructed" stat e Sadfrom suemef 2008kuetirnowR 0 0 mo

~ (Owen, 2009)

A the "ruined" state of Peterhof Palace neanSetersburg from 1944 to 194@addox, 2015)

A the state of my turkey in the oven at 14:30 on 25 December, ZXO2a6 type: ESTypefist i | | no
cookedo)

A the topography of the leaves of Sinai Printed Book 3234.2361 on the 10th of July 2007 (described

as: of type "cockled")

In First Order Logic:

Properties

E4 Period

Subclass of:
Subclass of
Superclass of:

Scope note:

E3(x)0 E2(x)

P5consists of (forms part ofE3 Condition State

E2 Temporal Entity
E92 Spacetime volume
E5 Event

This class comprises sets of coherent phenomena or cultural manifestations occurring in time and space.

It is the social or physit¢@oherence of these phenomena that identifinatance oE4 Period and not

the associated spatiotempor al extent. This exte
sense that the actual process of growth, spread and retreat has covassdju€ntly, different periods

can overlap and coexist in time and space, such as when a nomadic culture exists in the same area and
time as a sedentary culture. This also means that overlapping land use rights, common among first
nations, amounts to ovapping periods.

Often,t hi s class is used to describe prehistoric o
AMing Dynastyo or the AMcCarthy Erao, but also
regarded as special cases of Eti®d. However, here are no assumptions about the scale of the
associated phenomena. In particular all events are seen as synthetic processes consisting of coherent
phenomena. Therefore E4 Period is a superclass of E5 Event. For example, a moderbidimieal

instance oE67 Birth can be seen as badfsingle event, i.e., dnstance o£5 Eventand as aextended

period, i.e.,aninstance ofE4 Period that consists of multiplehysical processes and complementary
activities performed by multiplistances of E39 Actor.

As the actual extent of anstance oE4 Period in spacetime we regard the trajectories of the participating
physical things during their participation in an instance of E4 Period. This includes the open spaces via
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Examples:

which these thigs have interacted and the spaces by which they had the potential to interact during that
period or event in the way defined by the type of the respective period or event. Examples include the air
in a meeting room transferring the voices of the partitpaSince these phenomena are fuzzy, we
assume the spatiotemporal extent to be contiguous, except for cases of phenomena spreading out over
islands or other separated areas, including geopolitical units distributed over disconnected areas such as
islandsor colonies.

Whether the trajectories necessary for participants to travel between these areas are regarded as part of
the spatiotemporal extent or not has to be decided in each case based on a concrete analysis, taking use
of the sea for other purposésh travel, such as fishing, into consideration. One may also argue that the
activities to govern disconnected areas imply travelling through spaces connecting them and that these
areas hence are spatially connected in a way, but it appears countegimbuitwmsider for instance travel

routes in international waters as extensions of geopolitical units.

We model E4 Period as a subclass of E2 Temporal Entity and of E92 Spa¢etimee. The latter is
intended as a phenomenal spacetime volume as defitd®d®C CRMgeo (Doerr and HiebgP013).

By virtue of this multiple inheritance we can discuss the physical extent oistéance ofE4 Period

without representing each instance of it together with an instance of its associated spacetime volume.
This model combines two quite different kinds of substancenstarice of E4 Period is a phenomena
while an instance of E9Q3pacetimevolume is an aggregation of points in spacetime. However, the real
spatiotemporal extent of an instance of E4 Period is regarded to be unique to it due to all its details and
fuzziness;its identity and existence depends uniquely on the identity of the instance of E4 Period.
Therefore this multiple inheritance is unambiguous and effective and furthermore corresponds to the
intuitions of natural language.

Typical use of this class in dutal heritage documentation is for documenting cultural and artistic
periordsTher e are two different conceptualisations o
or by historical context. For ejodimthelEarppean spireper e s s i
of influence lasting from approximately 1870 to 1905 during which paintings with particular
characteristics were produced by a group of artists that included (among others) Monet, Renoir, Pissarro,
Sisley and Degas. Alternativelit can be regarded as a style applicable to all paintings sharing the
characteristics of the works produced by the Impressionist painters, regardless of historical context. The
first interpretation is ainstance ofE4 Period, and the second defines rhofpgical objecttypes that

fall under E55 Type.

A geopolitical unit as a specific case ofiastance oE4 Period is the set of activities and phenomena
related to the claim of power, the consequences of belonging to a jurisdictional area and atraiiirinis
system that establishes a geopolitical unit. Examples from the modern period are countries or
administrative areas of countries such as districts whose actions and structures define activities and
phenomena in the area that they intend to govera.bbrders of geopolitical units are often defined in
contracts or treaties although they may deviate from the actual practice. The spatiotemporal properties
of Geopolitical units can be modelled through the properties inherited from E92 Spa¢etime.

Another specific case of aimstance ofE4 Period is theactual extent of theset of activities and
phenomenasaevidenced by their physical traces that defirsettlement, such as the populated period
of Nineveh.

Jurassig¢Hallam, 1975)

Popubted Period of Nineveh

Imperial Rome under Marcus Aurelius
European Bronze Ag@iarrison,c2004)
Italian Renaissang@acdonald, 1992)
Thirty Years War(Lee, 1991)

Sturm und DrangBerkoff, 2013)
Cubism(Cox, 2000)

T3> 3 I B > B g

In First Order Logic:

E4(x). E2(x)

Definition of the CIDOC Conceptual Reference Modgkion 6.2.8 4



E4(x)6 E92(x)

Properties
P7took place at (withessedi53Place
P8took place on or within (withessed}18 Physi@al Thing
P9consists of (forms part ofg4 Period

ES5 Event

Subclass of: E4 Period

Superclass of: E7 Activity
E63Beginning of Existence
E64End of Existence

Scope note: This class comprises distinct, delimited and coherent processes and interactions of a materiauitattaie, i
social or physical systems, involving and affecting instances of E77 Persistent Item in a way characteristic of
the kind of process. Typical examples are meetings, births, deaths, actions of decision taking, making or
inventing things, but alsmore complex and extended ones such as conferences, elections, building of a castle,
or battles.
While the continuous growth of a tree lacks the limits characteristic of an event, its germination from a seed
does qualify as an event. Similarly the blowofghe wind lacks the distinctness and limits of an event, but a
hurricane, flood or earthquake would qualify as an event. Mental processes are considered as events, in cases
where they are connected with the material externalization of their resubtsafople the creation of a poem,
a performance or a change of intention that becomes obvious from subsequent actions or declarations.
The effects of an instance of E5 Event may not lead to relevant permanent changes of properties or relations
of the itemsnvolved in it, for example an unrecorded performances. Of course, in order to be documented,
some kind of evidence for an event must exist, be it withesses, traces or products of the event.
While instances of E4 Period always require some form of cohetggteveen its constituent phenomena, in
addition, the essential constituents of instances of E5 Event should contribute to an overall effect; for example
the statements made during a meeting and the listening of the audience.
Viewed at a coarse level of@dd, aninstanceoE5 Event may appear as i f it
effect, but any process or interaction of material nature in reality have an extent in time and space. At a fine
level, instances of E5 Event may be analyzed into compon@moptena and phases within a space and
timeframe, and as such can be seen as a period, regardless of the size of the phenomena. Thaotverse is
necessarily the case: not all instances of E4 Period give rise to a noteworthy overall effect and are thus not
instances of E5 Event.

Examples:

the birth of Cleopatra (E6{Pomeroy 1984)

the destruction of Herculaneum by volcanic eruption in 79(B6) (Camardo, 2013)

World War 1l (E7)(Barber 1994)

the Battle of Stalingrad (E{Hoyt, 1993)

the Yalta Conferete (E7)(Harbutt, 2010)

my birthday celebration 28-1995 (E7)

the falling of a tile from my roof last Sunday

the CIDOC Conference 2003 (E7)

Tou I I I I I B B

In First Order Logic:
E5(x) 0 E4(x)

Properties:
P11had participant (participated irfz39 Actor

P12occurred in the presence of (was presghte77 Persistent Item

E6 Destruction
Subclass of: E64End of Existence

Scope note: This class comprises events that destroy one or more instances of E18 Physicali@hithgt they lose
their identity as the subjects of documentation.
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Some destruction events are intentional, while others are independent of human activity. Intentional
destruction may be documented by classifying the event as bothtance o£6 Destruction anaf E7

Activity.

The decision to document an object as destroyed, transformed or modified is context sensitive:

1. If the matter remaining from the destruction is not documented, the event is modelled sately as
instance oE6 Destructn.

2. An event should also be documengslan instance oE81 Transformation if it results in the
destruction of one or more objects and the simultaneous production of others using parts or material
from the original. In this case, the new items hayasate identities. Matter is preserved, but identity
is not.

3. When the initial identity of the changed instance of E18 Physical Thing is preserved, the event should
be documentedisan instance dE11 Modification.

Examples:

the destruction of Hercubum by volcanic eruption in 79 A@amardo2013)
the destruction of Nineveh (E6, E(George, 2000)

the breaking of a champagne glass yesterday by my dog

I > >

In First Order Logic:
E6(x) 0 E64(x)

Properties:
13destroyed (was destroyed bipl8Physical Thing

E7 Activity

Subclass of: E5Event

Superclass of: E8 Acquisition
E9 Move
E10Transfer of Custody
E11 Modification
E13Attribute Assignnent
E65Creation
E66Formation
E85Joining
E86Leaving
E87 Curation Activity

Scope note: This class comprises actions intentionally carried out by instances of E39 Actor that result in changes of
state in the cultural, social, or physical systems documented.

This notion includes complex, composite and Kafing actions such @ise building of a settlement or
a war, as well as simple, shdisted actions such as the opening of a door.

Examples:

the Battle of Stalingra¢Hoyt, 1993)

the Yalta Conferenc@Harbutt, 2010)

my birthday celebration 28-1995

t he writi ngoethé (EGbpalliarast 1887by G

the formation of the Bauhaus 1919 (E§Byoste, 2006)

calling the place identified by TGN 6701799856

Kira Weber working in glass art from 1984 to 1993

Kira Weber working in oil and pastel paimgj from 1993

I I I T P

In First Order Logic:
E7(x)6 E5(x)

Properties:
Pl4carried out by (performedE39 Actor
(P14.1 in the role ofE55Type)
P15was influenced by (influencedgl CRM Entity

16used specific object (was used fdE).0 Thing
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(P16.1 mode of us&55Type)
P17was motivated by (motivatedEl CRM Entity
P19was intended use of (was made)f&71HumarrMadeThing
(P19.1 mode of us&55Type)
P20had specific purpose (was purpose &f:Event
P21had general purpose (was purpose B85 Type
P32used general technique (was techniqueEsp Type
P33used specific technique (was used B39 Design or Procedure
P125usal object of type (was type of object used BY5 Type
P134continued (was continued byg7 Activity

E8 Acquisition
Subclass of:  E7 Activity

Scope note: This class comprises transfers of legal ownership from one or more instances of E39 Actor to one or
more other instances of E39 Actor.

The class also applies to the establishment or loss of ownersimgtarices of E18 Physical Thing. It

does not, however, imply changes of any other kinds of right. The recording of the donor and/or recipient
is optional. It is possible that in an instance of E8 Acquisition there is either no donor or no recipient.
Dependhg on the circumstances, it may describe:

the beginning of ownership

the end of ownership

the transfer of ownership

the acquisition from an unknown source

the loss of title due to destruction of the item

agrONE

It may also describe events where a collectpragriates legal title, for example by annexation or field

collection. The interpretation of the museum notion of "accession" differs between institutions. The

CIDOC CRMtherefore models legal ownership (E8 Acquisition) and physical custody (E10 Transfer o

Custody) separately. Institutions will then model their specific notions of accession and deaccession as

combinations of these.

Examples

A the collection of a hamméread sharlkf the genusSphyrna(Carchariniformes) XXXtbdy John
Steinbeck and Edward Réetts at Puerto Escondido in the Gulf of Mexico on March 25th, 1940
(Steinbeck, 2000)

A the acquisition of EI Grecods painting entitl
in Saint Petersburg

A the loss of my stuffed chaffinah F r i n g €bbLIi an ncaoeeuldue to ihsedd dadage last year

In First Order Logic:
E8(X)0 E7(x)

Properties:
P22transferred title to (acquired title througiE39 Actor
P23transferred title from (surrendered title through39 Actor
P24transferred title of (changed ownership thropdtl8 Physical Thing
E9 Move

Subclass of: E7 Activity
Scope note:  This class comprises changes of the physical location of the instances of E19 Physical Object.
Note, that the elss E9 Move inherits the propeRY took place at (withessed): E53 Plagais property
should be used to describe the trajectory or a larger area within which a move takes place, whereas the

propertiesP26 moved to (was destination,d?27 moved from (&s origin of)describe the start and end
points only. Moves may also be documented to consist of other moveR(\dansists of (forms part
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of)), in order to describe intermediate stages on a trajectory. In that case, start and end points of the partial
moves should match appropriately between each other and with the overall event.
Examples:
A the relocation of London Bridge from the UK to the USA. (Clarke, 1992)
A the movement of t heTu@mxhhammd t L-@9RThieAsuresf s ur es of
Tutankhamn, exhibition catalogue, 1972) .

In First Order Logic:
E9(x)6 E7(x)

Properties:
P25moved (moved by)E19Physical Object
P26moved to (was destination off53Place
P27moved from (was origin ofE53Place

E10 Transfer of Custody
Subclass of: E7 Activity

Scope note: This class comprisetransfers of physical custody of objects between instances of E39 Actor.

The recording of the donor and/or recipient is optional. It is possible that in an instance of E10 Transfer
of Custody there is either no donor or no recipient. Depending orirtiienstances it may describe:

1. the beginning of custody

2. the end of custody

3. the transfer of custody

4. the receipt of custody from an unknown source

5. the declared loss of an object

The distinction between the legal responsibility for custody and the adtysicpl possession of the

object should be expressed using the propegyhas type (is type ofp specific case of transfer of
custody is theftThe sense of physical possession requires that the object of custody is in the hands of
the keeper at leastitli a part representative for the whole. The way, in which a representative part is
defined, should ensure that it is unambiguous who keeps a part and who the whole and should be
consistent with the identity criteria of the kept instance of E18 Physidad)TRor instance, in the case

of a set of cutlery we may require the majority of pieces having been in the hands of the actor regardless
which individual pieces are kept over time.

The interpretation of the museum notion of "accession” differs betwsétutions. TheCIDOC CRM
therefore models legal ownership and physical custody separately. Institutions will then model their
specific notions of accession and deaccession as combinations of these.

Examples: )
A the delivery of the paintings by Secure Delies Inc. to the National Gallery
A the return of Picassobs AEChipprlé8Bcaodo to Madri do:

In First Order Logic:
E10(x)0 E7(x)

Properties:
P28custody surrendered by (surrendered custody thro&f$Actor

29custody received by (received custody throu39 Actor

30transferred custody of (custody transferred through® Physical Thing

E11 Modification

Subclass of: E7 Activity

Superclass of: E12Production
E79Part Addition
E80Part Removal
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Scope note: This class comprises instances of E7 Aitfithat create, alter or changestances oE24 Physical
HumanMadeThing.

This class includes the production of an item from raw materials, and other so far undocumented objects,
and the preventive treatment or restoration of an object for conservatio

Since the distinction between modification and production is not always clear, modification is regarded
as the more generally applicable concept. This implies that some items may be consumed or destroyed
in an instance of E1Modification, and that ¢ters may be produced as a result of it. An event should
also be documented usig instance oE81 Transformation if it results in the destruction of one or
more objects and the simultaneous production of others using parts or material from the dridimals.

case, the new items have separate identities.

If the instance of E29 Design or Procedure utilized for the modification prescribes the use of specific
materials, they should be documented using profpa8/foresees use of (use foreseen ByY.Material
of E29 Design or Procedure, rather thanR426 employed (was employedt iB57 Material.

Examples:

the construction of the SS Great Britain (HG&egor 1971)

the impregnation of the Vasa warship in Stockholm for preservation afte(H&66s,2010)

the transformation of the Enola Gay into a museum exhibit biN#tional Air and Space Museum

in Washington DC between 1993 and 1995 (E12, E8akel, 2000)

A the last renewal of the gold coating of the Toshogu shrine in Nikko, @@iaand Dougil 2012)

> I

In First Order Logic:
E11(x)0 E7(x)

Properties:
P31has modified (was modified byE18 Physical Thing
P126employed (was employed irg57 Material

E12 Production
Subclass of: 11 Modification

E63Beginning of Existence
Scope nte: This class comprises activities that are designed to, and succeed in, creating one or more new items.

It specializes the notion of modification into production. The decision as to whether or not an object is

regarded as new is context sensitive. Nmoiml vy, it ems are considered Ane
similarity between them and the consumed items and material used in their production. In other cases,
an item is considered fAnewd0 because it .F@comes

example, the scribbling of a name on a potsherd may make it a voting token. The original potsherd may
not be worth documenting, in contrast to the inscribed one.

This entity can be collective: the printing of a thousand books, for example, worrthlho be
considered a single event.

An event should also be documented usamginstance o£81 Transformation if it results in the
destruction of one or more objects and the simultaneous production of others using parts or material from
the originalslin this case, the new items have separate identities and matter is preserved, but identity is

not.
Examples:
A the construction of the SS Great Britéfregor, 1971)
A the first casting of the Little Mermaid from the harbour of Copenhéewey,2003
A Rembandt é6s creating of the seventh state of his

1658, identified by Bartsch Number 197 (E12,E65,H8li)d, 1923)
In First Order Logic:

E12(x)6 E11(x)
E12(x)6 E63(x)
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Properties:
P108has produced (was produced 24 PhysicaHumarrMadeThing
P18 produced thing of product type (is produced B899 Product Type

E13 Attribute Assignment

Subclass of: E7 Activity

Superclass of: E14Condition Assessment
E15Identifier Assignment
El6Measurement
E17Type Assignment

Scope note: This class comprises the actions of making assertions about one property of an object or arelatingle r
between two items or concepts. The type of the property asserted to hold between two items or concepts can
be described by the propef177 assigned property type55 Type

For example, the class describes the actions of people making pamositid statements during certain
scientific/scholarly procedures, e.g. the person and date when a condition statement was made, an identifier
was assigned, the museum object was measured, etc. Which kinds of such assignments and statements neec
to be docmented explicitly in structures of a schema rather than free text, depends on whether this
information should be accessible by structured queries.

This class allows for the documentation of how the respective assignment came about, and whose opinion it
was. Note that all instances of properties described in a knowledge base are the opinion of someone. Per
default, they are the opinion of the team maintaining the knowledge base. This fact must not individually be
registered for all instances of propertigsyided by the maintaining team, because it would result in an
endless recursion of whose opinion was the description of an opinion. Therefore, thanstsanoés oE13

Attribute Assignment marks the fact, that the maintaining team is in general rteutfnal validity of the
respective assertion, but registers someone el sebd

All properties assigned in such an action can also be seen as directly relating the respective pair of items or
concepts. Multiple use ahstances DE13 Attribute Assignment may possibly lead to a collection of
contradictory values.

All cases of properties in this model that are also described indirectly through a subclass of E13 Attribute
Assignment are characterised as "short cuts" of a patthigigubclass. This redundant modelling of two
alternative views is preferred because many implementations may have good reasons to model either the
action of assertion or the short cut, and the relation between both alternatives can be captured by simple
rules.

Examples: )
A the assessment of the current ownership of Ma

In First Order Logic:
E13(x)0 E7(x)

Properties:
P140assigned attribute to (was attributed t):CRM Entity

P14lassigned (was assigned bl CRM Entity
P177 assigned property type E55 Type

E14 Condition Assessment
Subclass of: E13Attribute Assignment

Scope note: This class describes the act of asseg#ie state of preservation of an object during a particular period.
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The condition assessment may be carried out by inspection, measurement or through historical research.
This class is used to document circumstances of the respective assessmeny thatrelavant to
interpret its quality at a later stage, or to continue research on related documents.

Examples:
T ast yearo6s inspection of humidity damage to t

In First Order Logic:
E14(x)6 E13(x)

Properties:
P34concerned (was assessed BA8Physical Thing
P35has identified (identified byE3 Condition State

E15 Identifier Assignment
Subclass of: E13Attribute Assignment

Scope note: This class comprises activities that result in the allocation of an identifier to an instaBteC&fV
Entity. Instances ofE15 Identifier Assignment may include the creation of the identifier from multiple
constituents, which themselves may be instances of E41 Appellation. The syntax and kinds of
constituents to be used may be declared in a nristituting an instance of E29 Design or Procedure.

Examples of such identifiers include Find Numbers, Inventory Numbers, uniform titles in the sense of
librarianship and Digital Object Identifiers (DOI). Documenting the act of identifier assignment and
deassignment is especially useful when objects change custody or the identification system of an
organization is changed. In order to keep track of the identity of things in such cases, it is important to
document by whom, when and for what purpose aniiitmis assigned to an item.

The fact that an identifier is a preferred one for an organisation can be expressed by using the property
E1l CRM Entity P48 has preferred identifier (is preferred identifier 2 Identifier It can better be
expressedi a context independent form by assigning a
assignment o, to the respective PR2hastypgmopety.of E15 |
Examples:
A Replacement of the inventory number TA959a by GE34604 17" century lament cloth at the
Museum Benaki, Athens
A Assigningtheautheu ni f orm title heading @ Goel83.haust. 1Johan
T h e i |thedespeabivevork
A OnJunel,200dssigning the personal achaunen 1BO@&8d O g [ Gl
Guillaume de Machaut

In First Order Logic:
E15(x)0 E13(x)

Properties:
P37assigned (was assigned big}2 Identifier
P38deassigned (was deassigned 1842 Identifier
P142used constituent (was used iER0 Symbolic Object

E16 Measurement
Subclass of: E13Attribute Assignment

Scope note: This class comprises actions measuring quantitative physical properties and other values that can be
determned by a systematic, objective procedure of direct observation of particular states of physical
reality. Properties of instances of E90 Symbolic Object may be measured by observing some of their
representative carriers which may or may not be named ekplici the case that the carrier can be
namedthe propertyP16 used specific object (was used fafjouldbe used to indicate the instance(s)
of E18 Physical Thing that wased ashe empirical basis for the measurement activity.
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Examples include mearing the nominal monetary value of a collection of coins or the running time of
a movie on a specific video cassette.

The E16 Measurement may use simple counting or tools, such as yardsticks or radiation detection
devices. The interest is in the mettayd] care applied, so that the reliability of the result may be judged

at a later stage, or research continued on the associated documents. The date of the event is important for
dimensions, which may change value over time, such as the length of ansoitiject to shrinkage.
Methods and devices employed should be associated with instances of E16 Measurement by properties
such a$?33 used specific technigug29 Design or Procedur®125 used object of typE55 Type P16

used specifiobject(was usedor): E70 Thing whereas basic techniques such as "carbon 14 dating"
should be encoded usiiRR has type (is type offe55 Type. Details of methods and devices reused or
reusable in other instances of E16 Measurement should be documented for theseaghétiésan the
measurements themselves, whereas details of particular execution may be documented by free text or by
instantiating adequate sgtivities, if the detail may be of interest for an overarching query.

Regardless whether a measurement iderigy an instrument or by human senses, it represents the initial
transition from physical reality to information without any other documented information object in
between within the reasoning chain that would represent the result of the interactierob§¢nver or

device with reality. Therefore, inferring properties of depicted items using image material, such as
satellite images, is not regarded as an instance of E16 Measurement, but as a subsequent instance of E13
Attribute Assignment. Rather, onlyhé production of the images, understood as arrays of radiation
intensities, is regarded as an instance of E16 Measurement. The same reasoning holds for other sensor

data.
Examples:

A measurement of height of silver cup 232 on th& Bligust 1997

A thecartba 14 dating of the ASchoeninger Speer 1120
Palaeolithic complete wooden spear found in Schoeningen, Niedersachsen, Germany in 1995]
(Kouwenhoven1997)

A The pixel size of the | peg vradnefroma5208,fasfieélyt i an d
downl oadable from the National Gallery in Lon

<https://www.nationalgallery.org.uk/paintings/titidsacchusandariadne> is 581600 pixels.
A The scope note of E21 Person in the Definition of the CIDOC ConceptusieReé Model

Version 5.0.4 as downloaded from <http://www.cigdoc

crm.org/sites/default/files/cidoc_crm_version_5.0.4.pdf> consists of 77 words.

In First Order Logic:
E16(x)0 E13(x)

Properties:
P39measured (was measured bt CRM Entity
P40observed dimension (was observed Ef)4 Dimension

E17 Type Assignment
Subclass of: E13Attribute Assignment

Scope note: This class comprises the actions of classifying items of whatever kind. Such items include objects,
specimens, people, actions and concepts.

This class allows for the domentation of the context of classification acts in cases where the value of
the classification depends on the personal opinion of the classifier, and the date that the classification
was made. This class also encompasses the notion of "determinatidhg sgstematic and molecular
identification of a specimen in biology.

Examples: )
A the first classification of object GE34604 as Lament Cloth, Octder 2
A the determination of a c¢ &erdusihildmannianiia rStcihru mR2omenror,

July 203
In First Order Logic:
E17(x)6 E13(x)
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Properties:

P41classified (was classified byl CRM Entity
P42assgned (was assigned byi55Type

E18 Physical Thing

Subclass of:

Superclass of:

Scope Note:

Examples:

E72Legal Object

E19Physical Object
E24PhysicalHumanMadeThing
E26Physical Feature

This classcomprises all persistent physical items with a relatively stable form, humade or natural.

Depending on the existee of natural boundaries of such things, the CIDOC CRM distinguishes the
instances of E19 Physical Object from instances of E26 Physical Feature, such as holes, rivers, pieces of
land etc. Most instances of E19 Physical Object can be moved (if not tey) hwhaereas features are
integral to the surrounding matter.

An instance of E18 Physical Thing occupies not only a particular geometric space at any instant of its
existence, but in the course of its existence it also forms a trajectory through spawsicheoccupies

areal, that is phenomenal, volume in spacetime. We include in the occupied space the space filled by the
matter of the physical thing and all its inner spaces, such as the interior of a box. For the purpose of more
detailed descriptionsfdhe presence of an instance of E18 Physical Thing in space and time it can be
associated with its specific instance of E92 Spacetime Volume by the pred®gydefines (is defined

by).

The CIDOC CRM is generally not concerned with amounts of mattifwichor gaseous states, as long
as they are not confined in an identifiable way for an identifiable minimaigjvae.

A the Cullinan Diamond (E195carratandShor,2006
A the cave fnldeon ASmih iB4449) i n Crete (E26)
A the Mona LisgE22) (Mohem, 2006)

In First Order Logic:

Properties:

E18(x)0 E72(x)

P44has condition (is condition ofE3 Condition State

P45consists of (is incorporatl in): E57 Material

P46is composed of (forms part ofE1l8 Physical Thing

P49has former or current keeper (is former or current keepeE8HActor
P50has current keeper (is current keeper B89 Actor

P51has former or current owner (is former or current ownerEg Actor
P52has current owner (is current owne): @39 Actor

P53has former or current location (is former or current locationESB Place
P59has section (is located on or withi53Place

P128carries (is carried byE90 Symbolic Object

P1560ccupies (is occupied byE53Place

P196defines(is defined by)E92 Spacetime Volume

E19 Physical Object

Subclass of:
Superclass of:

Scope note:

E18Physical Thing
E20Biological Object
E22HumanMadeObject

This class comprises items of a matenature that are units for documentation and have physical
boundaries that separate them completely in an objective way from other objects.
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The class also includes all aggregates of objects made for functional purposes of whatever kind,
independent of phsical coherence, such as a set of chessmen. Typically, instances of E19 Physical
Object can be moved (if not too heavy).

I n some contexts, such objects, except for aggr e
2000, pp.40420), i.e. natrally defined objects.

The decision as to what is documented as a complete item, rather than by its parts or components, may
be a purely administrative decision or may be a result of the order in which the item was acquired.

A ExamplesJohn Smitphrodite of Milos (Kousser2005

the Palace of Knoss@Evans, 192436)

the Cullinan DiamondScarratt and ShpR006)

Apollo 13 at the time of launcfi.ovell and Kluger, 1994)

> > > >

In First Order Logic:
E19(x)0 E18(x)

Properties:
P54has current permanent location (is current permanent locatioBZ§Place
P55has current location (currently hold&53 Place
P56bears feature (is found orB26 Physical Feature
P57has number of part€60Number

E20 Biological Object

Subclass of: E19Physical Object
Superclass of: E21Person

Scope note: This class comprises individual items of a material naturesiwihie, have lived or are natural products
of or from living organisms.

Artificial objects that incorporate biological elements, such as Victorian butterfly frames, can be
documented as both instances of E20 Biological Object andHE&rrMadeObject.

Examples:

me

Tut-Ankh-Amun (Edwards 1979)

Boukephalas [Horse of Alexander the Gréagmb, 2005)
petrified dinosaur excrement PA19684

I I

In First Order Logic:
E20(x)0 E19(x)

E21 Person

Subclass of: E20 Biological Object
E39Actor

Scope note: This class comprises real persons who live or are assumed to have lived.

Legendary figures that may have existed, such as Ulysses and King Arthur, fall into this class if the

docurrentation refers to them as historical figures. In cases where doubt exists as to whether several
persons are in fact identical, multiple instances can be created and linked to indicate their relationship.
The CIDOC CRMdoes not propose a specific form tgport reasoning about possible identity.

In a bibliographic context, a name presented following the conventions usually employed for personal

names will be assumed to correspond to an actual real peasoinstance oE21 Person), unless

evidence is avtable to indicate that this is not the case. The fact that a persona may erroneously be

classified as an instance of E21 Person does not imply that the concept comprises personae.
Examples:
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A Tut-Ankh-Amun (Edwards, 1979)
A Nelson Mandela(Brown, 2006)

In First Order Logic:

Properties:

E21(x)6 E20(x)
E21(x)6 E39(x)

P152has parent (is parent oi21Person

E22 Human-Made Object

Subclass of:

Scope note:

Examples:

E19Physical Object
E24 PhysicalHumarrMadeThing

This class comprises physical objects purposely created by human activity.

No assumptions are made as to the extent of modification egltorjustify regarding an object as
humanmade For example, an inscribed piece of rock or a preserved butterfly are both regarded as
instances of E2BlumanMadeObiject.

Mal | ard (the Wor |l d®obmon,®2@8)est steam engine)
the Portland Vae(Walker, 2004)
the Coliseun{Hopkins, 2005)

> I

In First Order Logic:

E22(x)0 E19(x)
E22(x)6 E24(x)

E24 Physical Human-Made Thing

Subclass of:

Superclass of:

Scope Note:

Examples:

E18Physical Thing
E71HumanMadeThing
E22HumanMadeObject
E25HumanMadeFeature
E78Collection

This class comprises all persist@hysical items of any size that are purposely created by human activity.
This class comprises, besides others, HuMade objects, such as a swords, and Huivlade features,
such as rock art. For exampl e, asifisanceofERARhysicdl n g o
HumanMade Thing.

Instances of HumaMade thing may be the result of modifying fneisting physical things, preserving

larger parts or most of the original matter and structure, which poses the question if they are new or even
HumanMade, the respective interventions of production made on such original material should be
obvious and sufficient to regard that the product has a new, distinct identity and intended function and is
humanmade. Substantial continuity of the previouattar and structure in the new product can be
documented by describing the production process also as instance of E81 Transformation.

Whereas interventions of conservation and repair are not regarded to produce a nevwwtddméring,

the results of prepation of natural history specimen that substantially change their natural or original
state should be regarded as physical Huvlade things, including the uncovering of petrified biological
features from a solid piece of stone. On the other side, sagbdimuseum number on a natural object
should notbe regarded to make it Humaviade. This notwithstanding, parts, sections, segments, or
features of a physical HumdWade thing may continue to be nbtumanMade and preserved during
the production proces&r example natural pearls used as a part of an eardrop.

A the Forth Railway Bridge (E22The Forth Railway Bridge centenary 189990ICE Proceedings,

1990, Vol.88(6), pp.1072107.

A the Channel Tunnel (E25Holliday, I., Marcoy G., andVickerman R. W.,1991)
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the Historical Collection of the Museum Benaki in Athens (§@orgoula, E.2005)

the Rosetta Stone (E22)

my paperback copy of Crime & Punishment (E22) (fictitious)

the computer disk at IGBORTH that stores the canonical Definitiof the CIDOC CRMv.3.2

I I I P

(E22)

>

Amy empty DVD disk (E22) (fictitious)

In First Order Logic

Properties:

E24(x)6 E18(x)
E24(x)6 E71(x)

P62depicts (is depicted byE1 CRM Entity
(P62.1 mode of dection: E55Type)
P65shows visual item (is shown byg36Visual ltem

E25 Human-Made Feature

Subclass of:

Scope Note:

Examples:

Pi

E24PhysicaHumanMadeThing
E26Physical Feature

This class comprises physical features that are purposely created by human activity, such as scratches,
artificial caves, artitial water channels, etin particular, it includes the information encoding features
on mechanical or digital carriers.

No assumptions are made as to the extent of modification required to justify regarding a feature as
humanmade For example, rockrat or even HAcup andreregandgdds tgpasrofv i n g s
E25HumanMadeFeature.

the Manchester Ship Can&@amie, 1980)

A Michael Jacksonds nose following plastic surg:e
A Thelaser eadabl e fApitsodo engr awed-RQdyieg sBngsiot Edthn  Ma r

af 6s.
A The carved letters on the Rosetta Stone

T

In First Order Logic

E25(x)0 E24(x)
E25(x)0 E26(x)

E26 Physical Feature

Subclass of:
Superclass of:

Scope Note:

E18Physical Thing
E25HumanMadeFeature
E27Site

This class comprises identifiable features that are physically attached in an integral way to particular
physical objects.

Instances of E26 Bkical Feature share many of the attributes of instances of E19 Physical Object. They
may have a onetwo- or threedimensional geometric extent, but there are no natural borders that
separate them completely in an objective way from the carrier obfemtexample, a doorway is a
feature but the door itself, being attached by hinges, is not.

Instances of E26 Physical Feature can be features in a narrower sense, such as scratches, holes, reliefs,
surface colours, reflection zones in an opal crystalderesity change in a piece of wood. In the wider

sense, they are portions of particular objects with partially imaginary borders, such as the core of the
Earth, an area of property on the surface of the Earth, a landscape or the head of a contiguous marble
statue. They can be measured and dated, and it is sometimes possible to state who or what is or was
responsible for them. They cannot be separated from the carrier object, but a segment of the carrier object
may be identified (or sometimes removed) cangyihe complete feature.
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This definition coincides with the definition of "fiat objects" (Smith & Varzi, 2000, pp-42Q), with
the exception of aggregates of fibona fide objec
Examples:
the temple in Abu Simbel before its removal, which was @hoté of solid rocKHawass2000)
Albrecht Duerer's signature on his painting of Charles the Gstatuss1974)
the damage to the nose of the Great Sphinx in @iemple 2009)
Mi chael Jacksonds nose prior to plastic surgert

o I

In First Order Logic
E26(x)6 E18(x)

E27 Site
Subclass of: E26Physical Feature

Scope Note:  This class comprises pieces of land or sea floor.

In contrast to the purely geometric notion of E53 Place, this class describes constelfatiatigoon
the surface of the Earth or other celestial body, which can be represented by photographs, paintings and
maps.

Instances of E27 Site are composed of relatively immobile material items and features in a particular
configuration at a particuldocation.

Examples:

the Amazon river basifHegen, 1966)

KnossogEvans, 192436)

the Apollo 11 landing sitéSiegler andsmrekar2014)

Heathrow Airport (Wicks, 2014)

the submerged harbour of the Minoan settlement of Gournia, (ketieous 2012)
the island of Crete

v D D > D

In First Order Logic
E27(x)0 E26(x)

E28 Conceptual Object

Subclass of: E71HumanMadeThing

Superclass of: E55Type
E89Propositional Object
E90Symbolic Object

Scope note: This class comprises nanaterial products of our minds and other human produced data that have
become objects of a discourse about their identity, circumossaof creation or historic&hplication.
The production of such information may have been supported by the use of technical devices such as
cameras or computers.

Characteristically, instances of this class are created, invented or thought by sandahen may be
documented or communicated between persons. Instances of E28 Conceptual Object have the ability to
exist on more than one particular carrier at the same time, such as paper, electronic signals, marks, audio
media, paintings, photos, humarmories, etc.

They cannot be destroyed. They exist as long as they can be found on at least one carrier or in at least
one human memory. Their existence ends when the last carrier and the last memory are lost.
Examples:

Beet hoveno6s 0 O@edetoaoy) (H73)Kerskaw,e1898)e 0
the definition of fiontologyo in the Oxford En:¢
the knowledge about the victory at Marathon carried by the famous runner (E89)

I
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[explanation note: In the following examples we illustrate the distindietween a propositional object,

its names and its encoded forms. The Maxwell equations are a good example, because they belong to the
fundamental laws of physics and their mathematical content yields identical, unambiguous results
regardless formulatioand encodin

A 6Maxwell equationsdé [preCSH(E4®)d subject access
http://lccn.loc.gov/sh85082343], as of 19 November 2012]

**explanation: This is only the name for the Maxweljuations as standardized by the Library of

Congress and NOT the equations themselves.

A 6Equations, Maxwel |l &8 [variant subject access |
**axplanation: This is another name for the equation standardized by the Library gfeSsrand not
the equations themselves

A Maxwell's equations (E89)
** explanation: This is the propositional content of the equations proper, independent of any particular
notation or mathematical formalism.

A The encoding of Maxwells equations as in
https://upload.wikimedia.org/wikipedia/commons/thumb/c/c4/Max{@!s Equations.svg/500px
Maxwell'sEquations.svg.png (E73)

** explanation: This is one possible symbolic encodiftie propositional content of the equations.

In First Order Logic
E28(x)6 E71(x)

Properties:

E29 Design or Procedure
Subclass of: E73Information Object

Scope note: This class comprises documentednd for the execution of actions in order to achieve a result of a specific
quality, form or contents. In particular, it comprises plans for deliberate human activities that may result in
new instances of E7HumanMade Thing or for shaping or guiding thexecution of an instance of E7
Activity.

Instances of E29 Design or Procedure can be structured in parts and sequences or depend on others.
This is modelled usin§69 has association with (is associated wit29 Design or Procedure
Designs or proceduresan be seen as one of the following:

1. A schema for the activities it describes
2. A schema of the products that result from their application.
3 An independent intellectual product that may have never been applied, such as Leonardo da

Vinci 6s f amypngmaciineans for f|

Because designs or procedures may never be applied or only partially execul#BQReCRMmodels a
loose relationship between the plan and the respective product.

Examples:

the 1ISO standardisation procedure

the musical notation forBeeto vends fAO0de to Joyo

the architectural drawings for the Kélner Dom in Cologne, Germany

The drawing on the folio 860 of the Codex Atlanticus from Leonardo da Vinci,-1486, kept in

theBiblioteca Ambrosiana in Milan

> I > >

In First Order Logic
E29(x)0 E73(X)

Properties:
P68foresees use of (use foreseen BH7 Material
P69has association with (is associated with}9 Design or Procedure
(P69.1 has typeE55Type)
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E30 Right
Subclass of: E89Propositional Object

Scope Note:  This class comprises legal priees concerning material and immaterial things or their derivatives.
These include reproduction and property rights.

Examples: )
A copyright held by ISO on ISO/CD 21127
A ownership of the fAMona Lisado by the Louvre

In First Order Logic
E30(x)0 E89(x)

E31 Document

Subclass of: E73Information Object
Superclass of: E32 Authority Document

Scope note: This class comprises identifiable immaterial items that makeogitipns about reality.

These propositions may be expressed in text, graphics, images, audiograms, videograms or by other
similar means. Documentation databasesegarded as instancesE81 Document. This class should

not be confused withtheoncepti d ocument 6 i n I nformation Technol o
Information Object.

Examples:

the Encyclopaedia Britannica (E3®ogan 1958)

The image content of the photo of the Allied Leaders at Yalta published by UPI(E385
the Doomsday Bok

B

In First Order Logic
E31(x)0 E73(x)

Properties:
P70documents (is documented i)l CRM Entity

E32 Authority Document
Subclass of: E31Document

Scope note: This class comprises encyclopaedia, thesauri, authority lists and other documents that define terminology
or conceptual systems for consistent use.

Examples:
A Webster's Dictionary
A Getty Art and Architecture Thesaur(Getty Trust, 1990)
A the CIDOC Concepial Reference ModgGergatsoulisM. et al., 2010)

In First Order Logic
E32(x)0 E31(x)

Properties:
P71lists (is listed in)E1 CRM Entity

E33 Linguistic Object

Subclass of: E73Information Object
Superclassf:  E34Inscription
E35Title
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Scope note: This class comprises identifiable expressions in natural language or languages.

Instances of E33 Linguistic Object can be expressed in many e.gysas written texts, recorded speech

or sign language. However, ti@#DOC CRMtreats instances of E33 Linguistic Object independently
from the medium or method by which they are expressed. Expressions in formal languages, such as
computer code or mathmatical formulae, are not treated as instances of E33 Linguistic Object by the
CIDOC CRM These should be modelled as instances of E73 Information Object.

Thetext (in a wider sense)f an instance of E33 Linguistic Object can be documented in a nd8 by
has note: E63tring

Examples:

the text of the Ellesmere Chaucer manusdHjiimo, 2004)

the lyrics of the song "Blue Suede Sho@boper,2008)

the text of the Jabberwocky by Lewis Cari@harroll, 1981)

the text of "Doktoro Jekyll kaj Sinjoroydlie” (an Esperanto translation of Dr Jekyll and Mr Hyde)

(Stevenson, 1909)

> > >

In First Order Logic
E33(x)0 E73(x)

Properties:
P72has language (is language &pB6 Language
P73has translation (is translation oB33 Linguistic Object

E34 Inscription

Subclass of: E33Linguistic Object
E37Mark

Scope note: This class comprises recognisablexts attached to instances of E24 PhyditaharMadeThing.

The transcription of the text can be documented in a noR8khas note: E62 Strind he alphakteused

can be documented W2 has type: E55 Typ&his class doesot intend to describe the idiosyncratic
characteristics of an individual physical embodiment of an inscription, but the underlying prototype. The
physical embodiment is modelled in tBEDOC CRMasinstances oE24 PhysicaHumanrMadeThing.

The relationship of a physical copy of a book to the text it contains is modsllegE18 Physical Thing
P128 carries (is carried by): E33 Linguistic Object.

Examples:

Afkeep of f tsihnetuak in the lawin of tha quad of Balliol College
The text published in Corpus Inscriptionum Latinardr895

Kilroy was here

D

In First Order Logic
E34(x)0 E33(x)
E34(x)0 E37(x)

E35 Title

Subclass of: E33Linguistic Object
E41 Appellation

Scope note: This class comprises textual strings that within a cultural context can be clearly identified as titles due to
their form. Being a subclass of E41 Appellation, E3teTéan only be used when such a string is actually
used as a title of a work, such as a text, an artwork, or a piece of music.

Titles are proper noun phrases or verbal phrases, and should not be confused with generic object names

such as fAoalgai nd, ibpakwt (the | atter are common n.
Titles may be assigned by the creator of the work itself, or by a social group.
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This class also comprises the translations of titles that are used as surrogates fointetitag in
different social contexts.

Examples:

The Mer cha (McCulofigh,2085) i c e 0

Mo n a (Mdhena2006)

La Pie or (Bortolattg 81y pi e 0

Lucy in the Siennow1967h Di amondso

> > >
o | e } e } an 14

In First Order Logic
E35(x)6 E33(x)
E35(x)6 E41(x)

E36 Visual Item

Subclass of: E73Information Object
Superclass of: E37Mark

Scope Note:  This class comprises the intellectual or conceptual aspesagnisable marks and images.

This class doesiot intend to describe the idiosyncratic characteristics of an individual physical
embodiment of a visual item, but the underlying prototype. For example, a mark such as the ICOM logo
is generally consideretb be the same logo when used on any number of publications. The size,
orientation and colour may change, but the logo remains uniquely identifiable. The same is true of images
that are reproduced many times. This means that visual items are independeintpdfysical support.

The class E36 Visual Item provides a means of identifying and linking together instances of E24 Physical
HumanMadeThing that carry the same visual symbols, marks or images etc. The piBp2rtiepicts

(is depicted bybetweernE24 PhysicaHumanMadeThing and depicted subject8{ CRM Entity) is a
shortcutof the more fully developed path from E24 PhysidamanMade Thing throughP65 shows

visual item (is shown byE36 Visual ItemP138 represents (has representatioo)EICRM Entity,

which in addition captures the optical features of the depiction.

Examples:

the visual appearance of Monetédés fiLa Pieo
the CocaCola logo (E34)

the ChiRho (E37)

the communist red star (E37)

o I I B

In First Order Logic
E36(x)0 E73(x)

Properies:
P138represents (has representatidi):CRM Entity
(P138.1 mode of representatidb5 Type)

E37 Mark

Subclass of: E36Visual ltem
Superclass of: E34Inscription

Scope note: This class comprises symbols, signs, signatures or short texts applied to instances of E24 Physical
HumanMadeThing by arbitrary techijues in order to indicate the creator, owner, dedications, purpose,
etc.

This class specifically excludes features that have no semantic significance, such as scratches or tool
marks. These should be documented as instances d¢filzRanrMadeFeature.

New proposaby MD iissue 463

This class comprises symbols, signs, signaturégexts applied to instances of E24 Physical Human
Made Thing by arbitrary techniques in order to indicate the creator, owner, dedications, purpose, etc.
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Examples:

Instances of E37 Bk do not represent the actual image of a mark, but the abstract ideal, as they use to
be codified in reference documents that are used in cultural documentation.

A Minoan double axe markLowe Fri, 2011)
A ©
A J

In First Order Logic

E39 Actor

Subclass of:
Superclass of:

Scope note:

Examples:

E37(x)6 E36(X)

E77Persistent Item
E21Person

E74Group

This class comprises people, either individuallyimrgroups, who have the potential to perform
intentional action®f kinds for which someone may be held responsible.

A London and Continental Railways (E40)
A the Governor of the Bank of England in 1975 (E21)
A Sir lan McKellan (E21)Gibson, 1986)

In First Order Logic

Properties:

E39(x)6 E77(x)

P74has current or former residence (is current or former residendes¥pPlace
P75possesses (is possessed BB0Right
P76has contact point (provides access )1 Appellation

E41 Appellation

Subclass of:
Superclass of:

Scope note:

E90Symbolic Object
E35Title
E42ldentifier

This class comprises signs, either meaningfaldy or arrangements of signs following a specific syntax,

that are used or can be used to refer to and identify a specific instance of some class or category within
a certain context.

Instances of E41 Appellation do not identify things by their mearingn if they happen to have one,

but instead by convention, tradition, or agreement. Instances of E41 Appellation are cultural constructs;
as such, they have a context, a history, and a use in time and space by some group of users. A given
instance of E4RAppellation can have alternative forms, i.e., other instances of E41 Appellation that are
always regarded as equivalent independent from the thing it denotes.

Different languagemay use different appellations for the same thing, such as the names ofitregor

Some appellations may be formulated using a valid noun phrase of a particular language. In these cases,
the respective instances of E41 Appellation should also be declared as instances of E33 Linguistic Object.
Then the language using the appéilatcan be declared with the property P72 has language: E56
Language.

Instances of E41 Appellation may be used to identify any instance of E1 CRM Entity and sometimes are
characteristic for instances of more specific subclasses E1 CRM Entity, such astdocés of E52
TimeSpan (for instance fidateso), E39 Actor, E53 P
E-mail addresses are characteristic examples of identifiers used by services transporting things between
clients.

Even numerically expreed identifierdfor extents in space or tingge also regarded as instances of E41
Appellation, such as Gregorian dates gpatial coordinates, even though they allow for determining
sometime orlocationby a known procedure starting from a reference tpaivd by virtue of thatact

play a double role as instances of E59 Primitive Value.

E41 Appellation should not be confused with the act of naming something. Cf. E15 Identifier Assignment
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Examples:

p>3

"Martin"

>

ifAguae Sulis Minervao

A "the Merchant of Venicg(E35) (McCullough, 2005)

A "Spigelia marilandica (L.) L." [not the species, just the name] (Hershberger, Jenkins and Robacker,
2015)

A information science" [not the science itself, but the name through which we refer to it in anEnglish
speaking context]

A Ao [Chinese fand, meaning fipeacedod]

A BA56290N 45A126130W0 (example of spatial coor
A Bl ack queends bishop 40 [chess coordinate] (e
A A9MAR-19220 (example of date)

A 41 22 418 55710 (example of contact point)

A "weasel@pveprime.com" (example of contact point)

A ACH1211, Gen veo (example of place appellation
A 1f1-293Otsuka, Bunky&k u, Tokyo, 121, Japanodo (example of
A it he poop deck of H.M.S Victoryo (example of s
A it he Venus deocho o(6esx adnepflte bouft tsecti on definiti

In First Order Logic
E41(x)6 E90(x)

Properties:
P139has alternative fornE41 Appellation
(P139.1 has typdE55Type)

E42 Identifier
Subclass of: E41 Appellation

Scope note: This class comprises strings or codes assigned to instaneg@ &M Entity in order

to identify them uniquely and permanently within the context of one or more organisations. Such codes
are often known as inmeory numbers, registration codes, etc. and are typically composed of
alphanumeric sequencé&®staladdressedelephonewumbersyrls ande-mail addressearecharacteristic
exampleof identifiersusedby servicedransportinghingsbetweerclients.

The class E42 Identifier is not normally used for macigererated identifiers used for automated
processing unless these are also used by human agents.

Examples:
A AMM. GE. 1950
A A13.45.19760
A AOXCMS: 1997.4.10
A I SSN #@08D
A 1 SRC AFI FIN89001160
A Shelfma k fiRes 8 P 100
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AGuill aume del®M@aZhaufa(da800DRPoll ed personal nar
rules](Reaney1974)

A+41 22 418 55710
weasel@paveprime.com

fi £9-3 Otsuka, Bunkysku, Tokyo, 121, a
AfRue David -D2afdurGé

> > >

pano
n <Ceélo
In First Order Logic

E42(x)6 E41(x)

E52 Time-Span
Subclass of:  E1 CRM Entity

Scope note: This class comprises abstract temporal extents, in the sense of Galileis,dig/&ng a beginning, an
end and a duration.

Instances of E52 Tim8pan have no semantic connotations about phenomena happening within the
tempor al extent they represent. They do net con
| i n e oronaldgy. cThe actual extent of an instance of E52 T8pan can be approximated by
properties of E52 Tim&pan giving inner and outer bounds in the form of dates (instances of E61 Time
Primitive). Comparing knowledge about tirapans is fundamental fohimnological reasoning.

Some instances of E52 Tirgpan may be defined as the actual, in principle observable, temporal extent
of instances of E2 Temporal Entity via the prop&#yhas timespan (is timespan of):E52 TimeSpan.

They constitute phenomentime-spans as defined in CRMgeo (Doerr and Hiebel 2013). Since our
knowledge of history is imperfect and physical phenomena are fuzzy in nature, the extent of phenomenal
time-spans can only be described in approximation. An extreme case of approxim@gbn, for
example, define an instance of E52 Ti@gan having unknown beginning, end and duration. It may,
nevertheless, be associated with other descriptions by which we can infer knowledge about it, such as in
relative chronologies.

Some instances of RSmay be defined precisely as representing a declaration of a temporal extent, as,
for instance, done in a business contract. They constitute declarativepame as defined in CRMgeo
(Doerr and Hiebel 2013) and can be described via the property E61PFimigive P170 defines time

(time is defined byE52 TimeSpan.

When used as a common E52 Ti@pan for two events, it will nevertheless describe them as being
simultaneous, even if nothing else is known.

Examples:

1961

From 1217-1993 to 128-1996

14h307 16h22 & July 1945

9.30 am 1.1.1999 to 2.00 pm 1.1.1999
duration of the Ming Dynast{Chan 2011)

D D

In First Order Logic
E52(x)0 E1(x)

Properties:
P79beginning is qualified byE62 String
P80end is qualified byE62 String
P81ongoing throughoutE61 Time Primitive
P82at some time withinE61 Time Primitive
P86falls within (contains)E52 Time-Span
E53 Place

Subclass of: E1 CRM Entity
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Scope note:

Examples:

This class comprises extents in space, in pdaion the surface of the earth, in the pure sense of physics:
independent from temporal phenomena and matter.

The instances of E53 Place are usually deter min
such as buildings, cities, mountains efis, or dedicated geodetic marksit mayalsobe determined by
reference to mobile objetcta Place can be determined by combining a frame of reference and a location
with respect to this frame.

It is sometimes argued that instances of E53 Placeestadentified by global coordinates or absolute
reference systems. However, relative references are often more relevant in the context of cultural
documentation and tend to be more precise. In particular, we are often interested in position in relation
to large, mobile objects, such as ships. For example, the Place at which Nelson died is known with
reference to a large mobile objéctH.M.S Victory. A resolution of this Place in terms of absolute
coordinates would require knowledge of the movements ofdb®el and the precise time of death, either

of which may be revised, and the result would lack historical and cultural relevance.

Any instance of E18 Physical Thirgn serve as a frame of referencediorinstance oE53 PlaceThis
may be documentedsing the propert{?157 is at rest relative to (provides reference space for)

A the extent of the UK in the year 2003

A the position of the hallmark on the inside of my wedding ring

A the place referred to i n éshathqgbthercanfluence ofitfeiAssdr ¢ o |
and the Rhonebo

A here-><-

In First Order Logic

Properties:

E54 Dimension

Subclass of:
Superclass of:

Scope note:

Examples:

E53x) 0 E1(x)

P89falls within (contains)E53Place

P121overlaps withE53Place

P122borders withE53 Place

P157is at rest relative to (provides reference space E18Physical Thing
P168place is defined by (defines placd}94 Space Primitive

P171at some place with : E94 Space Primitive

P172contains £94 Space Primitive

E1 CRM Entity

E97Monetary Amount

This class comprises quantifiable properties that can be measured by some calibrated means and can be
approximated by values, i.e. points or regions in a mathematicanceptual space, such as natural or
real numbers, RGB values etc.

An instance of E54 Dimension represents the true quantity, independent from its numerical
approximation, e.g. in inches or in cm. The properties of the class E54 Dimension allowr&ssixg

the numerical approximation of the values of instarddE54 Dimension. If the true values belong to a
non-discrete space, such as spatial distances, it is recommended to record them as approximations by
intervals or regions of indeterminacy emgihg the assumed true values. For instance, a length of 5 cm
may be recorded as 4%5 cm, according to the precision of the respective observation. Note, that
interoperability of values described in different units depends critically on the represe@mtvalue

regions.

Numerical approximations in archaic instances of E58 Measurement Unit used in historical records
should be preserved. Equivalents corresponding to current knowledge should be recorded as additional
instances of E54 Dimension as appiafe.

A The 250 metric ton weight of the Luxor Obelisk
A The 5.17 m height of the statue of David by Michaelangelo
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A The 530.2 carats of the Great Star of Africa diamond

A The AD12621312, 13031384 calibrated C14 date for the Shroud of Turin

A The 33m diameter of the Stonehenge Sarcen Circle

A The 755.9 foot length of the sides of the Great Pyramid at Giza

A Christiesd6 hammer price for fVase with Fiftee
(E98)

A The time span of the Battle of Issos 333 B.C.BB2Ehad duration Battle of Issos duration (E54)

In First Order Logic
E54(x)0 E1(x)

Properties:
P90has valueE60Number
P91has unit (is nit of): E5S8 Measurement Unit

E55 Type

Subclass of: E28Conceptual Object

Superclass of: E56Language
E57Material
E58Measurement Unit

Scope note: This class comprises concepts denoted by terms from thesauri and controlled vocabularies used to
characterize and classify instance€dDOC CRMclasses. Instances of EB§pe represent concepts in
contrast to instances of E41 Appellation which are used to name instal@I&T CRMclasses.

E55 Type is theCIDOC CRMOs i nterface to domain specific on
represented in theIDOC CRMas sublasses of E55 Type, forming hierarchies of terms, i.e. instances
of E55 Type linked vid127 has broader term (has narrower t@rB55Type Such hierarchies may be
extended with additional properties.

Examples:

weight, length, depth [types of E54]

portrait, sketch, animation [types &f36]

French, English, German [E56]

excellent, good, poor [types of E3]

Ford Model T, chop stick [types of E22]

cave, doline, scratch [types of E26]

poem, short story [types of E33]

wedding, earthquake, skirmish [typeskH]

o o B o D o

In First Order Logic
E55(x)0 E28(x)

Properties
P127has broader term (has narrower terB§5 Type
P150defines typical parts dfiefine typical wholes 9: E55Type

E56 Language
Subclass of: E55Type

Scope note: This class is a specialization of E55 Type and comprises the natural languages in the sense of concepts.

This type is used categoailty in the model without reference to instances of it, i.e. the Model does not
foresee the description of instances of instance

It is recommended that internationally or nationally agreed codeseamihology are used to denote
instances of E56 Language, such as those defined in 1ISQ:8302 and later versions
Examples:
A el [Greek](Palmer 1980)
A en [English](Wilson 1983)
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A eo [EsperantoNuessel2000)
A es [Spanish](Pineda 1993)
A fr [French](Rickard 1974)

In First Order Logic

E57 Material
Subclass of:

Scope note:

Examples:

E56(x)6 E55(x)

E55Type
This class is a specialization of E55 Type and comprises the concepts of materials.

Instances of E57 Material may denote properties of matter before its use, dsirimge, and as
incorporated in an object, such as ultramarine powder, tempera paste, reinforced concrete. Discrete pieces
of raw-materials kept in museums, such as bricks, sheets of fabric, pieces of metal, should be modelled
individually in the same wags other objects. Discrete used or processed pieces, such as the stones from
Nefer Titi's temple, should be modelled as partsRdb is composed of (forms part:df18 Physical

Thing).

This type is used categorically in the model without referengastances of it, i.e. the Model does not
foresee the description of instances of instanc

It is recommended that internationally or nationally agreed codes and terminology are used.

Brick (Gurcke 1987)

Gold (Watson 1990)
Aluminium (Norman 1986)
PolycarbonatdMhaske 2011)
Resin(Barton, 1992)

> D > D

In First Order Logic

E57(x)6 E55(x)

E58 Measurement Unit

Subclass of:
Superclass of:

Scope Note:

Examples:

ES5Type
E98Currency

This class is a specialization of E55 Type and comprises the types of measurement unitshfst, |
centimetres, litres, lumens, etc.

This type is used categorically in the model without reference to instances of it, i.e. the Model does not
foresee the description of instances of instanc

Systéne International (Sl) units or internationally recognized-8érierms should be used whenever
possible such ashose defined bi60O80000:2009Archaic Measurement Units used in historical records
should be preserved.

cm [centimetre]

km [kil ometre]

m [meter]

m/s [meters per secondHau, 1999)

A [Ampere]

GRD [Greek Drachmg(Daniel, 2014YE98)
"C [degrees centigrad€¢Beckman,1998)

I Iy D D D D
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In First Order Logic

E58(x)6 E55(x)

E59 Primitive Value
Subclass ofEl CRM Entity

Superclass of:

Scope Note:

Examples:

E60Number

E61Time Primitive

E62 String

E94 Space Primitive
E95 Spacetime Primitive

This class comprises valuesprimitive data types of programming languages or database management
systems and data types composed of such values used as documentation elements, dkewell as
mathematical abstractions

They are not considered as elements of the universe of discourse this model aims at defining and
analysing. Rather, they play the role of a symbolic interface between the scope of this model and the
world of mathematicahnd computational manipulations and the symbolic objects they define and
handle.

In particular they comprise lexical forms encoded as "strings"” or series of characters and symbols based
on encoding schemes (characterised by being a limited subset ofegphective mathematical
abstractions) such as UNICODE and values of datatypes that can be encoded in a lexical form, including
guantitative specifications of tirmpans and geometry. They have in common that instances of E59
Primitive Value define themselseby virtue of their encoded value, regardless the nature of their
mathematical abstractions.

Therefore they must not be represented in an implementation by a universal identifier associated with a
content model of different identity. In a concrete aggliamn, it is recommended that the primitive value
system from a chosen implementation platform and/or data definition language be used to substitute for
this class and its subclasses.

ABCDEFG (E62)
3.14 (E60)

0

1921-01-01 (E61)

o I

In First Orden_ogic:

E60 Number
Subclass of:

Scope Note:

Examples:

E59(x) 0 E1(X)

E59Primitive Value

This class comprises any encoding of computable (algebraic) values such as integers, real numbers,
complex humbers, vectors, tensors etc., includibgrvals of these values to express limited precision.

Numbers are fundamentally distinct fronumerically expressedientifiers in continuawhich are
instances of E41 Appellatipsuch assregorian datesr spatial coordinategven though their ending

may be similar. Instances of E60 Number can be combined with each other in algebraic operations to
yield other instances of E60 Number, e.g., 1+1=2. Identifiers in continua may be combined with numbers
expressing distances to yield new identifiergy.,e192401-31 + 2 days = 19202-02. Cf. E54
Dimension

A 5

A 3+2i

A 1.5e04

A (0.5,-0.7,88)

In First Order Logic
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E60(x)6 E59(x)

E61 Time Primitive

Subclass of:

Scope Note:

Examples:

E41 Appellation

E59Primitive Value

This class compriseastances of E59 Primitive Value for time tisaiould be implemented with appropriate
validation, precision and references to temporal coordinate systems to express time in some ewateixt rel

to cultural and scientific documentation.

Instantiating different instances of E61 Time Primitive relative to the same instance of E52 Time Span allows
for the expression of multiple opinions/approximations of the same phenomenon. When representing
different opinions/approximations of the E52 Time Span of some E2 Temporal Eniltiple instances of

E61 Time Primitiveshould be instantiated relative to one E52 Time SPay one E52 Time Span should

be instantiated since there is only one reahph®enal time extent of any given temporal entity.

The instances of E61 Time Primitive are not considered as elements of the universe of discourse that the
CIDOC CRMaims at defining and analysing. Rather, they play the role of a symbolic interface beteveen
scope of this model and the world of mathematical and computational manipulations and the symbolic
objects they define and handle.

Therefore they must not be represented in an implementation by a universal identifier associated with a
content model oflifferent identity. In a concrete application, it is recommended that the primitive value
system from a chosen implementation platform and/or data definition language be used to substitute for this
class.

19941 1997

13 May 1768
2000/01/01 0@0O:59.7
85" century BC

> v D

In First Order Logic

E62 String
Subclass of:

Scope Note:

Examples:

E61(x)0 E41(x)
E61(x)6 E59(x)

E59Primitive Value

This class comprises coherent sequences of bevagded symbols. Thepeespond to the content of

an instance of E90 Symbolic object. Instances of E62 String represent only the symbol sequence itself.
They may or may not contain a language code.

In contrast, instances of other subclasses of E59 Primitive value repreg@¥ ientnathematical spaces

other thanthat of symbol sequences, by using birangoded symbols, such as date expressions or
numbers in decimal encoding. For instance, different syntactic forms of a date expression may represent
the same date but considtdifferent strings.

A the Quick Brown Fox Jumps Over the Lazy Dog
A 6F6E 54 797031 0D 9E

In First Order Logic

E62(x)6 E59(x)

E63 Beginning of Existence

Subclass of:

E5 Event

Superclass of: E12Production

E65Creation
E66Formation
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E67Birth
E81 Transformation

Scope note:  This classcomprises events that bring into existenceiastance oE77 Persistent ltem.

It may be used for temporal reasoning about things (intellectual products, physical items, groups of
people, living beings) beginning to exist; it serves as a hook for deggiam of afiterminus post quem
orfit er rantenquesh.

Examples:

the birth of my child

the birth of Snoopy, my dog

the calving of the iceberg that sank the Titanic

the construction of the Eiffel TowéTissandier, 1889)

> > >

In First Order Logic
E63K) 6 E5(X)

Properties:
P92brought into existence (was brought into existence byY.Persistent ltem

E64 End of Existence

Subclass of: E5Event
Superclass of: E6 Destruction
E68Dissolution
E69Death
E81 Transformation

Scope note: This dass comprises events that end the existence dhatgnce oE77 Persistent Item.

It may be used for temporal reasoning about things (physical items, groups of people, living beings)
ceasing to exist; it serves as a hook for determinatiorfitefainus postjuenoorfi t e r m@ntequerd.
In cases where substance fromiastance of E6#ersistent ltem continues to exist in a new form, the
process would be documentasinstances oE81 Transformation.
Examples:
the death of Snoopy, my dog
the meltingof the snowmanthe burning of the Temple of Artemis in Ephesos by Herostratos in
356BC(Trell, 1945)

>

In First Order Logic
E64(x)0 E5(x)

Properties:
P93took out of existence (was taken out of existence ByY:Persistent Iltem

E65 Creation

Subclass of: E7 Activity
E63Beginning of Existence
Superclass of: E83Type Creation

Scope note: This class comprises events that result in the creation of conceptual items oerii@npadducts, such
as legends, poems, texts, music, images, movies, laws, types etc.
Examples:
A the framing of the U.S. Constitutigfrarrang 1913)
the drafting of U.N. resolution 144United Nations Security Council, 2Q)

In First Order Logic

E65x) 6 E7(X)
E65(x)6 E63(X)
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Properties:
P94has created (was created hig28 Conceptual Object

E66 Formation

Subclass of: E7 Activity
E63Beginning of Existence

Scope note:  This class comprises events that result in the formation of a formal or informal E74 Group of people,
such as a club, society, association, corporation @mat

E66 Formation does not include the arbitrary aggregation of people who do not act as a collective.
The formation of an instance of E74 Group doegaqtirethat the group is populated with members at
the time of formationln order to express theining of members at the time of formation, the respective
activity should be simultaneously an instance of both E66 Formation and E85 Joining.

Examples:
A the formation of th€IDOC CRMSpecial Interest Group
A the formation of the Soviet UnidiPipes 1964)
A the conspiring of the murderers of Caedawin, 1935)

In First Order Logic
E66(X)0 E7(x)
E66(x)0 E63(x)

Properties:
P95has formed (was formed byg74 Group
P151was formed fromE74 Group

E67 Birth
Subclass of: E63Beginning of Existence

Scope note: This class comprises the births of human beings. E67 Birth is a biological event focussing on the context
of people coming into life. (E63 Beginnind Bxistence comprises the coming into life of any living
being).

Twins, triplets etc. argypically brought into life by the samastance oE£67 Birth. The introduction of
E67 Birth as a documentation element allows the description of a range ofriatilgnships in a simple
model. Suitable extensions may describe more details and the complexity of motherhood with the
intervention of modern medicine. In this model, the biological father is not seen as a necessary participant
in thebirth.

Examples:
A the birth of Alexander the GregBtoneman2004)

In First Order Logic
E67(x)0 E63(x)

Properties:
P96by mother (gave birthE21 Person
P97from father (was father forE21 Person
P98brought into life (was bornE21 Person

E68 Dissolution
Subclass of: E64End of Existence

Scope note:  This clas comprises the events that result in the formal or informal terminationiottmce oE74
Group.
If the dissolution was deliberate, the Dissolution event should also be instantiatethstaree o7

Activity.
Examples:
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A the fall of the Roman Enige (Whittington, 1964
A the liquidation of Enron Corporatigitlas, 2001)

In First Order Logic

Properties:

E69 Death
Subclass of:

Scope note:

Examples:

E68(x)6 E64(X)

P99dissolved (was dissolved byg74 Group

E64End of Existence

This class comprises the deaths of human beings.
If a person ikilled, thedeath should bdocumented as an instancelwithE69 Death and E7 Activity.
The death or perishing of other living beings should be documasitestances oE64 End of Existence.

A the murder of Julius Caesar (E69,Elryvin, 1935)
A the death of Senator Paul WellstqiMonast,2003)

In First Order Logic

Properties:

E70 Thing

Subclass of:
Superclass of:

Scope note:

Examples:

E69(x)6 E64(X)

P100was death of (died inE21 Person

E77Persistent Item
E71HumanMadeThing
E72Legal Object

This general class comprises discrete, identifiable, instances of E77 Persistent Item that are documented
as single units, that either cortsig matter or depend on being carried by matter and are characterized
by relative stability.

They may be intellectual products or physical things. They may for instance have a solid physical form,
an electronic encoding, or they may be a logical conmegtructure.

my photograph collection (E78)

the bottle of milk in my refrigerator (E22)

theRiss Alplan of the Str@burger Minster(French Cathédrale NotreDame de StrasbouydE29)
(Liess R., 1985

t he thing on thek(EW®op of Otto Hahnds des
the form of the nesmoking sign (E36)

the cave of Dirou, Mani, Greece (EQPsimenos. 2005)

o I

T 2 I

In First Order Logic

Properties

E70(x)6 E77(x)

P43has dimension (is dimension oB54 Dimension

P10l1had as general use (was use B5Type

P130shows features of (features are also found BAR Thing
(P130.1kind of similarity: E55Type)

E71 Human-Made Thing

Subclass of:
Superclass of:

E70Thing
E24PhysicalHumanMadeThing
E28Conceptual Object
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Scope note: This class comprises discrete, identifiablenarmadeitems that are documented as single units

These items are either intellectual producthemanrmadephysical things, and are characterized by
relativestability. They may for instance have a solid physical form, an electronic encoding, or they may
be logical concepts or structures.

Examples:

Be et ho%WSympbomy (B73fLockwood, 2015)

Mi c hel an g éHaaeftis201B)a v i d

Ei nst ei nds erallReadivity(E78)Hartle,2003)

thetaxond Fr i n g i |Llian ncaceeu(EB5h{Sihkedcius andNarusevicius2002)

> D

In First Order Logic
E71(x)6 E70(x)

Properties
P102has title (is title of)E35Title
(P102.1has typeE55Type)
P103was intended for (was intention o855 Type

E72 Legal Object

Subclass of: E70Thing
Superclass of: E18Physical Thing
E90 Symbolic Object

Scope note: This class comprises those material or immaterial items to which instances of E30 Right, such as the
right of ownership or use, can be applied.

This is true for alinstances oE18 Physical Thing. In the case of instances of E28 Conceptual Object,
however,the identity ofaninstance ofE28 Conceptual Object or the method of its use may be too
ambiguous to reliably establish instances of E30 Right, as in the case of taxa and inspirations. Ownership
of corporations is currently regarded as out of scope c£tB©C CRM

Examples:
A the Cullinan diamond (E1gBcarratt an&ha, 2006)
A definition of the CIDOC Conceptual Reference Model Ver&idh4(E73)(1SO 21127 2004)

In First Order Logic
E72(x)0 E70(x)

Properties:
P104is subject to (applies toE30Right

105right held by (has right onf39 Actor

E73 Information Object

Subclass of: E89Propositional Object
E90 Symbolic Object

Superclass of: E29Design or Procedure
E31Docunent
E33Linguistic Object
E36Visual ltem

Scope note: This class comprises identifiable immaterial items, such as a poems, jokes, data sets, images, texts,
multimedia objectsprocedural prescriptions, computer program code, algorithm or mathematical
formulae, that have an objectively recognizable structure and are documented as single units. The
encoding structure known as a "named graph" also falls under this class, salhatamaed graph” is
an instance of E73 Information Object.

An instance oE73 Information Object does not depend on a specific physical carrier, which can include
human memory, and it can exist on one or more carriers simultaneously.

Instances of E73 formation Object of a linguistic nature should be declared as instances of the E33
Linguistic Object subclass. Instances of E73 Information Object of a documentary nature should be
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