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DefinithenCodéDOC Conceptual Referenc

| ntroducti on

This document is the formal definition of tli@l DOC Concept ual ROEDIOE ICRMhOc) @, forivial dreology ( i
intended to facilitate the integration, mediation and interchange of heterogeneous cetitagéhinformation. Th€IDOC CRM

is the culmination of more than a decade of standards development work by the International Committee for Documentati
(CIDOC) of the International Council of Museums (ICOM). Work on@BOC CRMitself began in 1996 uter the auspices of

the ICOM-CIDOC Documentation Standards Working Group. Since 2000, development ©fQEC CRM has been officially
delegated by ICOMCIDOC to theCIDOC CRM Special Interest Group, which collaborates with the ISO working group
ISO/TC46/K4/WG9 to bring the€IDOC CRMto the form and status of an International Standard.

Obj ecti v ed DIOXC tChReM

The primary role of th€IDOC CRMis to enable information exchange and integration between heterogeneous sources of cultur:
heritage informatin. It aims at providing the semantic definitions and clarifications needed to transform disparate, localise
information sources into a coherent global resource, be it within a larger institution, 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 restricted to thmelerlying 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 data structures; however it foresees the characteristic relationshipsefdt doesot aim at
proposing what cultural institutiorshould document. Rather it explains the logic of what they actually currently document, and
thereby enablesemantic interoperability.

It intends to provide a model of the intellectual stuuetof cultural documentation in logical terms. As such, it is not optimised for
implementatiorspecific storage and processing aspects. Implementations may lead to solutions where elements and links betw
relevant elements of our conceptualizationsreréonger explicit in a database or other structured storage system. For instance the
birth event that connects elements such as father, mother, birth date, birth place may not appear in the databasesaverder t
storage space or response time ofdhstem. TheCIDOC CRMallows us to explain how such apparently disparate entities are
intellectually interconnected, and how the ability of the database to answer certain intellectual questions is affectedissiah

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 effectivedy structu
and relate information assets of cultural documentation.

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

1 To serve as a formal language for the identification of common informatintents in different data formats; in particular to
support the implementation of automatic data transformation algorithms from local to global data structures without loss
meaning. The latter being useful for data exchange, data migration frony leggtems, data information integration and
mediation of heterogeneous sources.

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

1 Itis further beleved, that advanced natural language algorithms andgspasiic heuristics can take significant advantage of
theCIDOC CRMto resolve free text information into a formal logical form, if that is regarded beneficiaClC@C 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 data entry systems requires support of corrspanific
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 formalism, tkBDOC CRMis extensible and users ameceuraged to create extensions for the needs of
more specialized communities and applications.

Scope «fl DtOICe CRM

The overall scope of theIDOC CRMcan be summarised in simple terms as the curated knowledge of museums.
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However, a more detailed andefisl definition can be articulated by defining both the Intended Scope, a broad and maximally
inclusive definition of general application principles, and the Practical Scope, which is expressed by the overall sefgrerafa

set of specific identifiale museum documentation standards and practices th&lE@C CRM aims to encompass, however
restricted in its details to the limitations of the Intended Scope.

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

T The term fAscientific documentationo is intended to
information that can be handled by téDOC CRMshould be sufficient for serious academic research. This does not
mean that information intended for presentation to members of the general public is excluded, but ratheCb&Ghe
CRM is intended to provide thievel of detail and precision expected and required by museum professionals and
researchers in the field.

T The term Aimuseum collectionsod is intended to cover al
institutions, as defined I OM?™. This 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.

1 The documentation of collections includes the detailegtrilgtion 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 theoretical background that gives museum collectionofitbelr cultural significance and value.

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

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

The Practical Scopef the CIDOC CRMis expressed in terms of the oemt reference standards for museum documentation that
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 standards; this means that data correctly encod#idgata these museum documentation standards
there can be &IDOC CRM-compatible expression that conveys the same meaning.

Termi nol ogy

The following definitions of key terminology used in this document are provided both as an aid to readers unfamaisject
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. Where applicable, the editors have triecstentipnsse
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 comprehensible to-toenporer expert and preciseceigh

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 the class. Thesmperties 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. A class may be tthemain 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 class is ¢
instanceof this class. A class is associated with an open set of real life instances, kni
theextensionof t he cl ass. Here fiopend i s usc¢
capabilities to know all instances of a class in the world and indeed thatureshay bring
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 to any other construdik@ipropertieswhich 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 actually be determined byhaN#teristics, but we
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. There will be more Pergotise future.

!Thel COM St atutes provide a definition of the term fAimuseum
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 http://cidoc.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. theintension of 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 inheritance), 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
specialization bsveen two or more classes gives rise to a structure known as a
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

Forexample:

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 Physical Objed. Physical Object can be moved. Hence
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, and thatdan also have
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 relationship origfization.

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 on 0. traitstto identife ah stemfag axBiological Object than to identif
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 property. Thesaits need not be
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 most of BEOOC 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 fiopgeneallyibeyond du
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 class, whichfarsubset 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 @®OC CRMbs ¢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 the scopetes 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 than the total in the real world. For example, you are an instance of Person, but
not mentioned in all information systems describing Persons.

For example:

The painting hkendmaad itshaed i s an insta
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property

inverse of

subproperty

An instance of groperty 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 exanple:
i The LscurrentewneofThe Mona Li sao i s ansclrrens
owner of o.

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 grammatical verb, in that it must be defined with refere
both itsdomain andrange, which are analogous to the subject and object in grammar (u
classes, which can be defd independently). It is arbitrary, which class is selected a:
domain, just as the choice between active and passive voice in grammar is arbitrary.
words, a property can be interpreted in both directions, with two distinct, but re
interpretations. Properties may themselves have properties that relate to other class
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, resul§Ag
relationships betweesubpropertiesand theirsuperproperties

In some contexts, the terms attribute, reference, link, role or slot are used synonymou:

property.

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

The inverse of a property is the reinterpretationmiogerty 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 pydpét own right that
needs an explicit declaration of being inverse of another, but an interpretation img
existing for any property. The inverse of the inverse of a property is identical to the pr
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 is a specialization of another property gitperproperty).
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 superproperty, i.
traits are more restrictive than that ofstgperproperty,
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 superpropert
subclass of that range,
5. the subproperty inherits theefinition of all of the properties declared for i
superproperty without exceptionstrict inheritance), in addition to having none
one or more properties of its own.

A subproperty can have more than one immediate superproperty and consequeritsy
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 beycli

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

Alternatively, a property may be subproperty of itheerse ofanother property, é. reading
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 intension of the inverse of the
property, i.e. its traits are more restrictive than that of the inverse of the

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

4. therangeof the subproperty is the same as the domain of the other propert
subclass of that domain,

5. the subproperty inherits the definition of all of the properties declared for the
property without exceptionstfict inheritaice), in addition to having none, one 1
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 one or more other properties
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 restrictive than any of its subproperties.
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 contaamaes for which the propert
is not instantiated. 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 & the choice between active and passive voic
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 givin parentheses, is also designed to be semanti
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 linknly to instances of its range class. A property must f
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 poperty is analogous to the verb. It is arbitrary, which class is selectietnzsn
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 from domain to rangeddition the inverse propert
name, normally given in parentheses, is also designed to be semantically meaning
grammatically correct when read from range to domain.

Inheritarce of properties from superclassego subclassegneans 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 hdidr the instances of any of the superclasses of A |
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 white elephant as an exception. Under strict inheritance it would hold th:
elephants were grey, then a white elephant could not be an elephant. Obviously
elephats are grey. To be grey is not part of theension of the concept elephant but ¢
optional property. Th€IDOC CRMapplies strict inheritance as a normalization princip

Multiple inheritance means that alassA may have more #m one immediatsuperclass

Theextensionof a class with multiple immediate superclasses is a subset of the inters
of all extensions of its superclasses. Th&ension of a class with multiple immediat
superclasses extends the intensions of @uiperclasses, i.e. its traits are more restric
than any of its superclasses. | f multi
a directed graph and not a tree structure. If it is represented as an indented list, tt
necessanl repetitions of the same class at different positions in the list.

For example, Person 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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primitive

Open World

regaded as an instance of one or more other classes B1...n at the same time. When
instantiation is used, it has the effect that the properties of all these classes become ¢
to describe this instance. For instance, some particular casestmfcies may also be
activities (e.g.,Herostratosé deed), ¢
Herculaneum). In comparison, multiple inheritance describes the case that all instan:
class A are implicitly instances of alligerclasses of A, by virtue of the definition of t
class A, whereas the combination of classes used for multiple instantiation is a chara
of particular instances only. It is important to note that multiple instantiation is not all
using cominations of disjoint classes.

iThe di fference between enduri ng endulantp
andperdurant$ is related to their behaviour in time. Endurants are wholly present (i.¢
their proper partare present) at any time they are present. Perdurants, on the other ha
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 tepgasale.g.,
their previous or future phases) may be not present. E.g., the piece of paper you are
now is wholly present, while some temporal parts of your reading are not present any
Philosophers say that endurants are entities that &reénwhile lacking however tempor:
parts (so to speak, all their parts flow with them in time). Perdurants, on the other ha
entities that happen in time, and can
(Gangemi et al. 2002, pp6@-181).

A shortcut is a formally defined singbeoperty that represents a deduction or join of a d
path in theCIDOC CRM The scope notesof all properties characterized as shortc
describe in words the equivalent deduction. Shortcwgsirdroduced for the cases whe
common documentation practice refers only to the deduction rather than to the
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 allow the user to describe cases in which he t
detailed knowledge than the full data path would need to be described. For each shor
CIDOC CRM contains in its schemée properties of the full data path explaining
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 knc
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®OOC CRMis designed for mastonic 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 humehilaiitfhen
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 base sgems that assume the information stored is incomplete relative t
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 proble
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, abence of a certaiproperty 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 latter v
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 <car
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 ondatefsuperclassesB 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 theintension of 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 versaVhat 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 ¢
answer set to query Y. If query X and Y were classes, then X wolddgeclassof Y.

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

1. two systems can exchange information, and/or

2.  multiple systems can be accessedwitsingle method.

Generally, syntacticdnteroperability is distinguished fronsemantic interoperability .
Syntactic interoperability means that the information encoding of the involved systen
the access protocols are compatible, so that informe#inrbe processed as described ab
without error. However, this does not mean that each system processes the data in ¢
consistent with the intended meaning. For example, one system may use a table
fifAct oro and anot her synmadic itexopdrapility, datA gamnbt
tables may only be retrieved as distinct, even though they may have exactly the
meaning. To overcome this situation, semantic interoperability has to be add€xiDibe
CRMrelies on existing syntactic interoperability and is concerned only with adeingntic
interoperability.

Semantic interoperability means the capability of different information systems
communicate information consistenttivthe intended meaning. In more detail, the inten
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 as places, people, objer

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 elements with the same intesgi@dgcan be
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 that provide a reasonably ¢jemeralization for the transfer (
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 usehe term "property quantifiers” for the declaration of the allowed numliestainces
of a certairproperty that can refer to a particular instance oftéuege class or thelomain

class of that property. These declarations are ontological, i.e. theya¢fer nature of the
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 distinction between universals padiculars can be
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 nedicates in a logical language) a
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 ageeither directly or indirectly. Despite this fact, many, if r
most, statements within such a system will lack specific attribution of authority. That
said, in the domain of cultural heritage, it is common practice that, for the proces
collecion 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 in institutional polic
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protocoldocuments. 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 system.

Such a position does honean to imply that an information system represents at
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 any state of elal
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 remains continuously opeisianrand
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 statement of 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 event for that piece afafion,
where the creatords identity has been
responsibility of the actor identified as causal in that event. For any information in the ¢
connected to knowledge creation events that do mioély reference their creator, as we
as any information not connected to creation events, the responsibility falls back
institution responsible for the database/knowledge graph. That means that for infor
only expressed through shortcussh as 6P2 has typed, wh
has been explicitly specified, the originating creation event cannot be deduced &
responsibility for the information can never be any other body than the institution respc
for the whole ifiormation 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 dataset and undertakes totamaiand update it, then they take
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 resceirthen it can be considered that the default authority remair
original steward.

Transitivity Transitivity is defined in the standard way found in mathematics or logic: A property
transitive if the domain and range is the same class and fasthces x, y, z of this clas
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

property is transitive. For exgte overlajg in 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 ERhef ol | owi ageEnemt
| 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 accessible in an inteignareergror 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 conformant.

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 Stameawtkito allow room botHor
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 subclassasbamebpertieslefined by this Interational
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 texthformation 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 the atdestraktlres 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. "Withesubflaseaning” 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 for the purpose of semantic clarification only, and isbidbddtreated as implementation

recommendations. ThHEIDOC CRM has been designed to accommodate alternative opinions and incomplete information, anc

therefoeallpr operti es should be i mplemented as optional and re
Therefore the term fAcardinality constraintsodo is avoided |
The following table listall possible property quantifiers occurring in this 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, averbalandanumence. The ver bal notation uses phrases such
such as fA(0,n:0,1)0. While the terms fAoneodo, fAmanyo ioand 0,
where a range instance cannotexiswi t hout an instance of the respective pr

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

many to many
(0,n:0,n)

one to many
(0,n:0,1)

many to one
(0,1:0,n)

many to many,
necessary
(1,n:0,n)

one to many,
necessary
(1,n:0,1)

many to one,
necessary
(1,2:0,n)

one to many,
dependent
(0,n:1,1)

one to many,
necessary,
dependent
(1,n:1,1)

many to one,
necesary,
dependent
(1,1:1,n)
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Unconstrained: An individual domain instance and range instance of this property ca
zero, one or more instances of this property. In other words, this prapesptional and
repeatable for its domain and range.

An individual domain instance of this property can have zero, one or more instances
property, but an individual range instance cannot be referenced by more thastaneerof
this property. In other words, this property is optional for its domain and range, but repe
for its domain only. I n someutontexts t
An individual domain instance of this propedsn have zero or one instance of this prope
but an individual 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
itsrangeonly. Insme contexts this -smauation is c

An individual domain instance of this property can have one or more instances of this pr
but an individual range instance can have zero, one or more instancespodgerty. In othel
words, this property is necessary and repeatable for its domain, and optional and repea
its range.

An individual domain instance of this property can have one or more instances obplagyr
but an individual range instance cannot be referenced by more than one instance
property. In other words, this property is necessary and repeatable for its domain, and «
but not repeatable for its range. In some contexts this sitmati i s ¢ ad utedd. a

An individual domain instance of this property must have exactly one instance of this pr¢
but an individual range instance can be referenced by zero, one or more instances
property In other words, this property is necessary and not repeatable for its domai
optional and repeatable for its ranmgde.

An individual domain instance of thigroperty can have zero, one or more instances of
property, but an individual range instance must be referenced by exactly one instance
property. In other words, this property is optional and repeatable for its domain, but nec
andnotrepat abl e for its range. I n so@mé 0con

An individual domain instance of this property can have one or more instances of this pr
but an individual range instance stie referenced by exactly one instance of this propert
other words, this property is necessary and repeatable for its domain, and necessary
repeatable for its range. | n -osuotme. cont €

An individual domain instance of this property must have exactly one instance of this pr¢
but an individual range instance can be referenced by one or more instances of this pro
other words, this property is necaps and not repeatable for its domain, and necessar)
repeatable for its range. I n -isnobme cont €
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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 necessary and not repeatabl
domain and for its range.

TheCIDOC CRMdefines some dependenciesvieen properties and the classes that are their domains or ranges. These can be or
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 dependeptapetie
The possible kinds of dependencies are defined in the table above. Note that if a dependent property is not spedifstdrfoe an
of the respective domain or range, it means that the property exists, but the value on one side of this pragsstyn. In the case
of optional properties, the methodology proposed byalsOC CRMdoes not distinguish between a value being unknown or the
property not being applicable at all. For example, one may know that an object has an owner, but tisauokmewn. In £IDOC
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 specified by a textual note.

Naming Conventions
The following naming conventions have been agplfeoughout th€IDOC CRM

T Classes are identified by numbers preceded by the dnktt e
are named using noun phrases (nominal groups) using title case (initial capitals). For exé&BlegiEning of Existence.

T Properties are identified by numbers preceded by tkre |e
case. Properties with the character of s eraas prepertes related some |
events are named in past t e PE@&empleyadqwas employddimdr ri ed out . 0O

1 Property names should be read in their-parenthetical form for the domatn-range direction, and in parenthetical form for
the rangeo-domain direction. Reading a property in rattgelomain direction is equivalent to the inverse of that property.
Following a current notational practice in OWL knowledge representation language, we represent inverse properties in this t
byadding a |letter #Ai o following the identificati oR59iisumb e
located on or withinwhich is the inverse d#59 has section (is located on or within).

9 Properties with a range that is a subglaSES9 Primitive Value (such &L CRMEntity. P3 has note: E62 Strinépr example)
have no parenthetical name form, because reading the property name in thtoddomgain direction is not regarded as
meaningful.

91 Properties that have identical domaimd range are either symmetric or transitive. Instantiating a symmetric property implies
that the same relation holds for both ttemainto-range and the range-domain directions. An example of thisE$3 Place.

P122 borders with: E53 Plac&he namesf symmetric properties have no parenthetical form, because reading in théarange
domain direction is the same as the domainange reading. Transitive asymmetric properties, sudtaBeriod.P9 consist
of (forms part of): E4 Periagchave a parenthietl 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 established in accordance with the follow
priority list:

9 Temporal Entity and its subclasses
I Thing and its sublasses

1 Actor and its subclasses

1 Other

About the logical expressions of the CIDOC CRM

The presenCIDOC CRM specifications are annotated with logical axioms, providing an alternative formal expressions of the
CIDOC CRMontology. This section briefly introduces the assumptions that are at the basis of the logical express@iafGhe
CRM (for a fully detailed account of the logical expression of semantic data modelling, 8ee [1]

The CIDOC CRMis expressed in terntf 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 the 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 to express ontological knowledgsahyg of various kinds of constraints, such asctags/sub
property links, e.g.E21 Personis a subclass ofE20 Biological Objector domain/range constraints, e.g., the domaiRr1&?2 has

4[1] R. Reiter (1984). Towards a logical reconstruction of relational database theory. In Brodie, M. L., Mylopgoalod, Schmidt,
J. W., editors, On Conceptual Modelling, pagesi 23B. Springer Verlag, New York, NY
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parentis classE21 Person.

In contrast, firstorder logicbasd 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 predicate symbaqglsconventionally, weuse E21 as the unary predicate symbol
corresponding to classE21 Person

1 properties are named Hyinary predicate symbalsonventionally, 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 negaticil, fior
universal quantification and exists for existential quantification) and the predicate symbols representing the invobgedntlass
properties. For instance, the above-sidss link betwee&21 PersonandE20 Biological Objectan be formulateth 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 should be used by the reader to understand the logical axioms that are inserted into the pr
specifications. If the reader wishes to know the completedidgr language that has been used for the logical expression of the
CIDOC CRM, he is referred to [2]

Model ling 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 introduceld.Buarino that isa specific vocabulary used to describe a certain
reality, plus a firsorder logical theorynarrowing downthe intended meaning of the vocabulary wofdsGuarino 1998) The
syntax and formal semantics of this fistler theory are givein (Meghini & Doerr 2018), where the computational aspects are
also discussed. The present document is intended for-gealonical audience, therefore it focuses on the informal semantics and
on the pragmatics of the CIDOC CRM vocabulary, offering ikl discussion of the main traits of the conceptualization
underlying the CIDOC CRM through the basic usage patiEnesCIDOC CRM aims to assist sharing, connecting and integrating
informationfrom research about the past. In order to understaniiticéon of a formal ontologpf this kind one 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 a settlement environment, sea, atmosphere, d
celestial or cellular micro sictures, including what we assume could be potentially or theoretically perceived if we could
be there, such as the center of Earth or the sun, and all that is paginktiginedo space and time. What goes oroin
mindsor isproduced by our minds also regarded as part of the material reality, as it becomes materially evident to other
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.++na valo tinsosti ekdosi
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9 The units of description grarticulars i.e., the things and relations which we refer to in orderdtingjuish parts of reality.
Examples are Mount Ida, the Taj Mahal, tbienation of Chinéby emperoQin Shi Huand D~ )in 221BC, TutAnkh

Amun and hissmbalmingPrince Shotoku of Japan sending a mission to China in 6% participation oBocratesn
the Battle of Potidaea or the radiocarbon dating of the Icemaf.Otzi

A formal ontology, such as the CIDOC CRM, constitutes a controlled language for talking about particulars. l.e., it provide
descriptions of classes and properties for categorizamticplars as sec al | ed fii nstanceso in a way
and relevant properties are as unambiguous as possible. For instasfsekiTdtmun as instance of E21 Perssthe real pharaoh

from his birth to death, and not extending te Imummy, as follows from the specification of the class E21 Person and its properties
in the CIDOC CRM.

For clarification, the CIDOC CRM does not take a position against or in favour of the existence of spiritual substance nor
substance not accessilidg either senses or instruments, nor does it suggest a materialistic philosophy. However, for practicz
reasons, it relies on the priority of integrating information based on material evidence available for whatever humanesxperie
The CIDOC CRM only conmits to aunique material realitindependent from the observer.

When weprovide descriptionsf particulars, we need to refer to them by uniqames, titles or constructed identifiea,of which
areinstances of E41 Appellation in ti#DOC CRM, in ordethe referencéo be independerdf thecontext.(In contrast, reference

to particulars by pronouns or enumerations of characteristic propestiels as hame and birth date, are context dependéet)
appellation, and the relation between the appellation and the referred item or relationship, must not beveitimfingedeferred

item and its identityFor exampleTut-Ankh Amun the name (instance of E41 Appellation) is different fromAnkh Amun the

person (instance of E21 Pers@md also differenfrom the relationship between name and per$tihi¢ identified by Instances

of CIDOC CRM classes are tineal particulars not their names, but in descriptions, nammesst be usedsasurrogates for the real
things meantParticulars are approximate individuations, like sections, of parts of reality. In other words, the uniqueness of reali
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.g. http://id.loc.gov/authorities/names/n7908606DBntological particulars and of CRM concepts (€.400i

died in. Thereby users, in their capacity of having #walld knowledge and cognition, may be able to relate these statietoe

the propositions they are meant to characterize, and be able to reason and research about their validity. In othefommals, the
instances in a knowledge base areittentifiers not the real things or phenomena. A special case is digitalmtoat&B in a
computer system may contain statements about instances of E90 Symbolic Object and the real thing may be text resttimg withir
same KB. The instance of E90 Symbolic Object and its textual representation are separate entities and tbegruectdakwith

the property?190 has symbolic content.

Therefore,a knowledge base does not contain knowledgestatements that represekiiowledge as long as there exist people
that can resolve the identifietssedto their referents(Appélations described in a knowledge base, and not used as primary
substituts of other items, are of course explicitly declared as instaofcE41 Appellation in the knowledge base

Authority of Knowledge Base Contents
This section describes a reamened good practice how to relate authority to 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 statements in the CIDOC CRM t#oiinforma
expressed througbhortcutss uch as O6P2 has typebd. In the domain of cultu
for maintainingknowledgein the KB is elaborated in institutional policy or protocol documents. 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 maitainers of the KB. This does not imply that #trwledgedescribed 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 ontologically defined 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 vales for properties with limited cardinality, be it by the same or by different maintafn&f3.does not represent a

slice of reality, but the justified beliefs of its maintainers about that re&litysimplicity we speak about a KB as representing

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 Ontologies, 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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somereality.

Statements in a KB may also carry explicit references to agents that produced them, i.e. further statements of responsibility
CIDOC CRM such statements of responsibility are expressed though knowledge creation events such as E13 AtgibneniAs
and its relevant subclasses. Any knowledge that i sgvwsgsed
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 stewardship of a database transferred into their custody, two nedafionsibflity
for the knowledge therein can be envisioned. If the institution accepts the dataset and undertakes to maiptiiteatydhen they
take on responsibility for that information and become the default authority behind its statements as described altogatteon
hand, the institution accepts the data set and stores it without change as a closed resoitrcan theconsidered that the default
authority remains the original stewdike for any other scholarly document kept by the institution

Extensions of CIDOC CRM

Since the intended scope of t he Glther&f@e pGténkhllyiinginiteg thesmodekhastbeen f
designed to be extensible through the linkage of compatible external type hierarchies.

Of necessity, someonceptscovered by the CIDOC CRM axefined in less detailthan others: E39 Actoand E30 Right, for
example. This is a natur al consequence of stayi ngunlmitgdhi n
domain of diwsrcdhdardev e Tdheaeshk&odsideradcas gandslate superclassesrigpatible extensions, in
particular for disciplines with a respective focus.

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 terthgs implies query containment: any queries based on CIDOC CRM cotaepts

KBshould retrieve a result set t hat is correct accordi n
according to the CdobeQd@ acCoRIMgpte thesGEDOE CRM mus compatible extensions. For example, a
guery such as #fAlist all/l eventso should recall 100% ddy t he

are classified by the extension.

A sufficient conditionfor the compatibility of an extension with the CIDOC CRM is titmtlassesother 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 CIDOC CRM property is a shortcut, and that classes and properties of the extension can be well distmguished
those in the CIDOC CRM. For instance, a class Atangible
Obviously, such a condition 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 &tralty as subclasses or dynamically 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 subtypingdssection About Types below).

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

4. Extending the CIDOC CRM by superclasses and prigettiat pertain to a wider scope. 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 subsuimeralogl cover the extensions. This
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 tispeetive knowledge base by retrieving 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 instatdetails about the role of an actor 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 queriesleehatsg e
from the content of such notes across the knovédmse are not expected.

In general, only concepts to be used for selecting multiple instances from the knowledge base by formal querying need to
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explicitly modelled. This criterion depends on the expected scope and use of the particular knowledbeeb@tbOC CRM
models with prioritythe 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 extension, is more complex:

With increasing use of the CIDOC CRNhere is also a need for extensions that model phenomena from a scope wider than th
original one of the CIDOC CRM, but which are also applicable to the concepts tha dol within the CIDOC
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 pnieéigje of the CIDOC CRM to model
Abottom upo, i.e., sel ect i ngbedshaerowdhsthes wonld applynnda wellumdgr&amd fasbion |
in the current scope, thus avoiding making poorly understood generalizations atregkiohg nommonaotonic correction.

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 desmrlpég such concepts antaccessible

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, allifedsbgetber
extension are still accessible by querying with the concepts of the CIDOC CRM, but the extension can describe additibatl fact
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 compatible, anth¢leis ha
done frequently in the evolution of this model.

If case (2) should be documented and implemented in anséotemodule separately to the CIDOC CRM, it may come in conflict
with the current way knowledge representation languages, such as RDF/OWL, treat it, because in formal logic changiaeg the ra
or domainof a property is regarded changing the ontologahaning and there is is no distinction between and. It is, however,
similar to what in logic is called a conservative extension of a theory, and necessary for an effective modular management
ontologies.
Therefore, for the interested reader, we desdnixe a definition of this case 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 clas®, superclass of C, in the sense of its ontological meaning in the real world. We describe this situation by introducir
an auxiliary for mal property P6, defined with domain cl a:

A(X) 6 B(x)

C(x) 6 D(x)

P(x.Y)8 A(X)

P(x,y)o C(y)

P o (5 B)

Po6( » D))
Then, P6 is a conser v&y)iPve xexyt)ensi oPn( xofy )P i f: A( x)

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 the CIDOC 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 CRMlasses are not declared, because, considering the Open World principle, there are nc
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 ramufea property not appropriate to its superclass.

1 It serves as a merging point of two CIDOC CRM class branches via multiple IsA (e.g. E25-Madar-eature).
When the branch superclasses are used for multiple instantiation of an item, this itemiisteérsbetion of the
scopes. The class resulting from multiple IsA should be narrower in scope than the intersection of the scopes of the
branch superclasses.

1 Itis useful as a leaf class (i.e. at the end of a CIDOC CRM branch) to domain communitieg SURIDC CRM
extensions or matching key domain classes from other models to the CIDOC CRM (e.g. E34 Inscription).
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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 one or more intermediate classes. For example, thE18dpysical 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 the fullyticulated path always implies an instance of the shortcut property. However,
the inverse may not be true; an instance of the-adliculated path cannot always be inferred from an instance of theghortc
propertyinside 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 odrtpowtped.ti es not explicit]

Monotonicity

The CI DOC CRMé6s primary function is to support the meani
the Open World principle means that the CIDOC CRM itself must remain fundamentally open and knowledge bases implemen
using it shold be flexibleenoughto receive new insightsAtthemod el | evel , new cl asses and p
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 do diferent phenomena; natural or social
evolution may reveal new objects of study.

It is the aim of the maintainers of the CIDOC CRM to respect the Open World principle and to follow the principle of rignoton
Monotonicity requires that adding weclasses and properties to the model or adding new statements to a knowledge base does r
invalidate already modelled structures and existing statements.

A first consequence of this commitment, at the level of the model, is that the CIDOC CRM ainmadadienic in the sense of
Domain Theory. That is to say, the existing CIDOC CRM constructs and the deductions made from them should remain valid &
well-formed, even as new constructs are added by extensions to the CIDOC CRM. Additions to the modeineas kixtensions

while the main model is known as CRMsba&ey extensions should be, under this method, backwards compatible with previous
models. The only exception to this rule arises when a previous construct is considered objectively incthreedbimgin experts

and thus subjected to corrective revision. Adopting the principle of monotonicity has active consequences for the basic manne
which classes and properties are designed and declared in the CIDOC CRM. In particular, it forbidardttodeni complement
classes, i.e. classes solely defined by excluding instances of some other classes.

For example:

FRBRoo extends the CIDOC CRM. In version 2.4 of FRBRoo, F51 Namédttsdty was declared as a subclass to the CIDOC
CRM class E7 Actiity. This class was added in order to describe a phenomenon specific to library practice and not consider:
within CRM base. F51 Name Ugetivity describes the practice of 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 existingl&inship or inheritance of
properties in CRM base are compromised and no future extension is ruled out. By way of contrast, if, to handle thisasituation
subcl assi @Dt héer hAdt b ermonotodieohdngeweultl haveabeem mtnoduced. This would be the case because

the scope note of a complement class |ike AOther AciMty vit
such as Achvayd inthétase the need arose to declare a particular specialized subclassyammonic revision would
have to be made, since there would be no principledeway

specializedclass and whichiverenot. Such nommonotonic changes are extremely costly to end users, compromising backwards
compatibility and long term integration.

As a second consequence, maintaining monotonigiglsorequired during revising or augmentingtaavithin 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, aretlagl dgdtem.

For example:

If someone describes correctly that an item is an instance of E19 Physical Object, and later it is correctly charaateiiztaas
of E20 Biological Object, the system should not stop treating it as an instance of EL&RDlfect. This is achieved by declaring
E20 Biological Object as subclass of E19 Physical Object.

This example further demonstrates ttie ISA hierarchy bclasses and properties can represent characteristic stages of increasing
knowledge about@ne item during the processes of investigation and collection of evidence. Higher level classes can be used
safely classify objects whose precise characteristics are not known in the first instance. An ambiguous biological oligect may

example, be d@ssified as only a physical object. Subsequent investigation can reveal its nature as a biological object. A knowled
base constructed with CIDOC CRM classes designed to support monotonic revision allows for seeking physical objects that w
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not yet recgnized as biological one$his ability to integrate information with different specificity of description in a-gefined

way is particularly important for largecale information integratiorsuch a system supports scholaesngable to integrate all
information about potentially relevant phenomena into the information system without forcing an over or under commitment
knowledge about the obje&ince large scale information integration always deals with different levels of knowledge @higstel
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 preserve monotonicitys when it
required to record and store alternative opisioagarding phenomena all formally defined properties should be implemented as
unconstrained (many: many) so that conflicting instances of properties are merely accumulated. Thus integrated knowledge
serve as a research tool for accumulating relevsgrhative opinions around wellefined entities, whereas conclusions about the
truth are the task of opeanded scientific or scholarly hypothesis building.

For example:

King Arthurds basic |ife events are highly contestfed.
E21 Person and treated as having existed as such within the sense of our historical discourse. The instance of EA4elfleason is
the collection point for describing possible properties and existence of this individual. Alternative opinions abouégrsepefti

as the birthplace and his living places, should be accumulated without validity decisions being made duringpdateoKing

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 dep@noleaities in a knowledge 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 itam thatithat property 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 reviBiancollection of such statements would reflect an
aggregation of these instances of this property holding over thestma n o f the itembdbs existenc
knowledge is required/available, it is recommended to explicitly descrikeéms leading to the 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 monotonieiith respect to an 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 bggeu#ic properties, but not viegersa. Also,
many properties registered do not change over time or are relative to events in the model dieratiyre, the CIDOC CRM
always gives priority to modelling properties as timeutral, and rather representing changes by events.

However, for some of these properties many dat abasesnt may
|l ocationoewowtr dwnero. Using such a Acurrento state means t
the latest date of validity of the database. Obviously, this information isnomotonic, i.e., it requires deletion when the state
changes. In order to preserve a reduced monotonicity, these properties hawreetitrad superproperties by which respective
instances can be reclassified if the validity becomes unknown or no longer holds. Therefore the use of such propettiti in the
is only recommended if they can be maintained consistently. Otherwise, they should be reclassified by thiuttathe
superproperties. This holds in particular if data is exported to another repositsye e al so t he paragraph
BaseCot ent s o

Disjointness

Classes are disjoint if they share no common instaincasy possible worldThat implies that it is not possible to instantiate an
item using a combination of classes that are mutually disjoint or with subclasses of¢hem @ mul t i pl e i nst an
ATer minologyodo). There are many examples of disjoint cl as:

A comprehensive declaration of all possible disjoint class combinations afforded by the CIDOC CRM has not been provided he
it would beof questionable practical utility, and may easily become inconsistent with the goal of providing a concise definition
However, there are two key examples of disjoint class pairs that are fundamental to effective comprehension of the CIDOC CR

a.E2 Tempord Entity is disjoint from E77 Persistent Item. Instances of the class E2 Temporal Entity are perdurants,
whereas instances of the class E77 Persistent Iltem are endurants. Even though instances of E77 Persistent ltem have a li
existence in time, theyra fundamentally different in nature from instances of E2 Temporal Entity, because they preserve
their identity between events. Declaring endurants and perdurants as disjoint classes is consistent with the distiections
in data structures thatfallviiti n t he CI DOC CRMés practical scope.

b.E18 Physical Thing is disjoint from E28 Conceptual ObjectThe distinction is between material and immaterial items,
the latter being exclusively humamade. Instances of E18 Physical Thing and E28 Conceptual Objtmt idifmany
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
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cease to exist when destroyed, whereas an instance of E28 Conceptual Object perishes when it is forgotten or its last phy
carrier is destroyed.

Transitivity

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

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

1. Introduction to the basic concepts

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 basedjiscalge

about what has happened in the past in a human understandable and ‘maddsgable manner. It achieves this function by
proposing a series of formalized properties (relations) and classes. The formalized properties support the making aflisemantic
explicit statements relating classes of things. Their formal definition logically explicates the classes of things tbeyhicyt
pertain. The CIDOC CRM properties thus enable a formal, logically explicit description of relations between indaatiwadyld

items, classified under distinct ontological classes. Encoding analytic data pertaining to the past under such a syteteents st
provides a standard representation for data and allows the uniform application of reasoning to large aets of dat

Grounding this high level logic is a hierarchical system of classes and relations, that provide basic ontological distmnetia
to represent historical discourse. Familiarity with the basic ontological distinctions made in the top levetla$shgerarchy
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 ltem, eqtinalent to
philosophical notion of endurant; E2 Temporal Entity, equivalent to the philosophical notion of perdurant and, further, the conce
of E92 Spacetime Volume.

As an evententric model, supporting historical discourse, the CIDOC CRM firstly enables the descdpgatities that are
themselves timéimited 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 addition to allowdwesthietion of a temporal
duration, the subclasses of E2 Temporal Entity are used to document the historical relations betwegsirabgdis the role of

action verbs in a natural language phrd$e more specific subclasses of E2 Temporaitfehable the documentation of events
pertaining to individually related/affected material, social or mental objects that have been described using subclagses of |
Persistent Item. This precise documentation is enabled through the use of speciafieetiepréormalizing 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 documentation oémeonigings, of geological events and
large scale social events such as a war. Each of these subclasses have specific properties associated to them whicto allow th
function to represent the specific, real world connection between instances of BigeReltem, 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 timeelinprocesses / occurrences, are such that their
existence can be declared only on the basis of direct observation or recording of the event, or indirect observatiateidlits m
outcomes. Evidence of such entities may be preserved on material dig¢etetpermanently 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 museutogragaone 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 dedcription
are captured through E77 Persistent Item and its subcldsgésersistent 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 nSpelifitge.
subclasses of E77 Persistent Item carsitate 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 constitution. Sorg as it retains its general physical form it is said to exist and to participate in the flow of historical
events. E28 Conceptual Object is also used to describe persistent items but of a mental character. It is used torddsdlbe ide
ideas that @& named and form an object of historical discourse. Its identity conditions rely in having a carrier by which it can b
recalled. The entities described by E77 Persistent Item are prone to change through human activity, biological, geological
environmetal processes, but are regarded to continue to exist and be the same just as long as such changes do not alter their
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identity (essence) as defined in the scope note of the relevant class. Continuous matter, such as atmosphere, onthings la
sufficient stability or differentiation, such as clouds, are not instances of E77 Persistent Item. Discourse about such Bems may
documented with concepts of the CIDOC CRM as observations in relation to things of persistent identity, such as places.

The ndion of identity is key in the application of CIDOC CRM. The properties and relations it provides are designed to allow th
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 which will allow the accurate application of the classes or properties to thal seorid re
items by diverse users. Identity in the sense of the CIDOC CRM, therefore, means that informed people are abledttiagyee th
refer to the same, single thing, according to the scope note of the respective CIDOGaSRNlis regarded to be an instance of.
For example, the Great Sphinx®@fzamay have lost part of its nose, but there is no question that we arefstiling to the same
monument as that before the damage occurred, since it continues to represent significant characteristics and distmeimess fro
overall shaping in the past, which is of archaeological relevance. Things lacking sufficient staldiiffigrentiation, such as
atmosphere, soil, clouds, waves, are not instances of E77 Persistent Item, and not suited for information integratise.absecbu
such items may be documented with concepts of the CIDOC CRM as observations in relatingstofthiersistent identity, such

as places.

Learning to distinguish and then interrelate instances of E77 Persistent Item (endurants) and instances of E2 Tergporal Er
(perdurants) using the appropriate properties is key to the proper understandipglaration of CIDOC CRM in order to formally
represent analytic historical data. In the large majority of cases, the distinction this provides and the subsequéah eléborat
subclasses and properties is adequate to describe the content of datalbdsérnréice cultural and scientific heritage domain. In
exceptional cases, where we need to consider complex combinations of changes of spatial extent over time, the cortiept of spac
(E92 Spacetime Volume) also needs to be considered. E92 Spacetimee\t#acribes the entities whose substance has or is an
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 conffiaédfrom the point of view of timspan (from its founding

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 E92Zi®gavelume is an important theoretical part of the
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 CIDOC CRM is not intended to function as a classification system or vemalbulary
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 propositions that represent historical realities The expressive power of CIDOC CRidtcomes
from the application of classes to classify entities but in the documenting the interrelation of individual historschirivegh well
defined properties. These properties characteristically cover subjects such as relaiemgyihgitems by names and identifiers;
participation of persistent items in temporal entitiesication of temporal entities and physical tigmin space and time; relations

of observatiorand assessment; paltcomposition andtructuralproperties of anythingnfluenceof things and experiences on the
activities of people and their productsferenceof information objects to anything.

We eplain these concepts with the help of graphical representations in the next sections.

Relationswith Events:

Figure 1 illustrates the mini mal properties in the CI DOC
Model. Let us firs consider the cladsl CRM Entity the formal top class of the model. It primarsigrves a technical purpose to
aggregate the ontologically meaningful concepts of the model. It declares however two important properties of gengatdalidit
distinct features of the ModelP1 is identified by with rangeE41 Appellationmakes the fundamental ontological distinction
bet ween the identity of a pRaalityangKnowdedge Basiet aabno vied)e, n tainfdi eirn (p:
describing a discourse about resolving historical ambiguities of names and reconciliation of multiple identifiers. TheR#oper
has typewith rangeE55 Typeconstitutes a practical interface for refining classetebyinologies, being often volatile, as detailed

i n the A& eypedo b efi o w.
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figure 1: properties of basic concepts

All classes in figure 1 are direct or indirect subclass&ldERM Entityp ut  f or bet t er r e ad alibkifrom t vy,
E2 Temporal Entitys shown. The latter comprises phenomena that continuously occur over sorspdimg52 TimeSpar) in

the natural time dimension, but some of them may not be confineddificpeea, such as a marriage stt&sirther specializing,

E4 Periodcomprises phenomena occurring in addition within a specific area in the physical space, which can be spBaified by
took place atwith rangeE53 Place Instances di4 Periodcan beof any size, such as the Warring States Period, the Roman Period,
a siege or just the process of making a signature. Further speciakfirieyentcomprises phenomena involving and affecting
certain instances &77 Persistent Iterin a way characteristiof the kind of process, which can be specified by the properdy
occurred 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 fotential of passive or active involvement and mutual impact. Via
presence, events represent nodes in a netwdhingfs meetingin various combinations in the course of time at different places.

The most important specializations77 Persistent @min this context areE39 Actor those capable of intentional actio&4,8
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 pedelent from the materialization on a specific carrier. The propd2yoccurred

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

Item. Regardless whether a CR&®mpatibleknowledge base is created with these properties only or with their much more
expressive specializations, querying for t he-Wheh\WhemWhatr e s e
Howd questions, and alidhly elabdrated staries bfpeo@ey placeg, times and things.a |l | y r

This pattern of Aimeetingo i s E5Bvent ES3nReginnieglof Exigtendand 664 Brw ofe s
Existencewhich imply not only presence, but constitute énelpoints of existenceof things and people in space and time, often

in explicit presence and interaction with others, be they causal by producing or consuming or just witnessing, Notddtat the
supports multiple instantiation. As a consequence particular evantbe instances of combinations of these and others classes,
describing tightly integrated processes of multiple nature. The representation of things connected in events by présgnge, beg
and end of existence is sufficient to describe the lodierofini postquos and antequasmajor 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 ofnart: Joha
Joachim Winkelmann (&erman Scholar) has seen thecatled Laocodn Group in 1755 in the Vatican in Rome (at display in the
Cortile del Bel vedere). He described his impressi deuktei n
the difference beteen Greek, GreeRo man and Roman art, characterizing Greek
silent grandeur 0) . TPhregamsnbanoque'tstyle, & widgiassumdatd e @ nppnsateibatweén 27 BC

and 68 AD (following a Roman commission) from a Greek (no more extent) original. Jdbacimm Winkelmann was born 1717

as child of Martin Winkelmann and AniMaria Meyer and died in 1768 in Trieste.

Figure 2presents a semantic graph of this event, as described above, using CIDOC CRM concepts. The facts in parentheses a
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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 arrows with the property label attached. After araks label
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 with these concepts only. It also shows how concept specializ
increases expressiveness without losing genericity. It is noteworthy that the transfer of information from the Grekkaotigina
copy, to the mind of Winkelmann and into his writings can be understood solely by this chain ob#iimgpresenin different
meetings. Note also that the degree to which a fact is believed to be real does not affect the choice of CID@GcERMfor
description of the fact, nor the reality concept underlying the Model.

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

. _ E52 Time-Span E52 Time-Span
E73 Information Object (E28) | 1764 1768
fHistory of the Art of Antiquity 2, Yy
T & ) P4 ha%‘timespan
& P4 hag timespan

P67refers to E69 Death (E64) E53 Place

‘t E65 Creation (E63) Wi nkel mann APJtO%k'pléc‘? %t\ Trieste

: Winkelmanwr i t es |[AHi story \

of the Art of Antiquity
P100 was death ¢P93)
E52 Time-Span
p Py
1755 Wty
) /
. i ™~ @15, A
| E22 Human-Made P4 has timespan . =

Object (E18) \l E5 Event | E21 Person (E39)

- P12occurred in the - o .+~ | Pl2occurred in the o

< Winkel il

LaocodrGroup 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)
ES5 Type - P96 by mothe(P12) -
P108 has producgé92) Wi nk el man p6s—b++i— AnnaMaria Meyer
Co| o
o E12 Production (£63) Ezé;gmgi\gde b,
. q ti O,
Romarcomissionedtopy | P12occurred in the™ | "~~~ P4 hag timespan Okplace a E53 Pl
of theLaocodnGroup presence of P v ace
E52 Time-S Stendal
E55 Type LS

P2hag type 1717
Hellenistic

fig. 2 CRM encoding example: Winkelmann seeing Laokoon

In the following, we give an overview of the system of spatial and temporal relations in the CIDOC CRM, because it s@mstitute
important tool for precise documentatiof the past and has a certain complexity that needs to be understood in a synopsis.

Spatial Relations (Figure 3)

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

is E53 PlaceE53 Places used to document geometric extents in the physpadecontaining actual or possible positions of things

or happenings. The higher level properties and classes of CIDOC CRM that centreEB8upidceallow for the documentation

of: relations between places, recording the geometric expressions defining or approxinpddicg @nd their semantic function,
tradng the history of locations of a physical object, identifying the places where an individual or group have been lau#igdgide
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 relationships held between places. These properties hold between indE&3cBtaotand
allow interordering placessing common mereotopological concepts.

Geometric Expressions of PlacEontemporary documentation of spatial information has access to advanced equipment fo
accurately recording location and libraries of georeferenced place information. For this degsomentation of place now often
includes the recording of precise coordinates for a referenced place. Of great importance semantically, is to underataret the

in which such a geometric place expression actually relates to a referenced place.t&heralaktions®168 place is defined by

P171 at some place withiandP172 containgllows the user to link to geometric place expressions while also accurately indicating
how this expression relates to the documented place. Geometric place expegssiostsinces &94 Space Primitivea primitive
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class for expressing values in data systems not further analyzed in the CIDOCTG&Yd.properties 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 object to different locations through time is of interest, it is also important to be able to analytidllthee
different locations at which an object was and at what point. The CIDOC CRM offers two top level mechanisms for tracing tt
relation of objects to places. If the aspect of time is unknown or not of interest, then an object can be relatedtto@uphaite
propertiesP53 has former or current locatioandP55 has current locatianThe former property is the conservatively appropriate
choice for documenting the objetci-place relation when time elements are not known. If one is actively tracking tdoaation,

the latter property is also of use. When an accurate history of the temporal aspect of location should be provideshdtdduser
take advantage of thE9 Moveclass, a temporal entity class. InstantiatiE@ Moveallows the user to documettie origin,
destination and concerned object of a move event using the collection of prop2tiesoved fromP26 moved tpP25 moved

Being a temporal clads9 Movefurther allows the tracing of time, agency etc. Note that things may be moved indiseptyts of

or within other things.

Actor LocationsTracking the history of the location of actors is related to the history of object location with a significant difference:
in the CIDOC CRM an actor is defined as an entity featuring agency whiohtisencase in objects and physical entities in general.
Not being physical, an actor cannot be the subjeEBd¥lovewhich documents physical relocations. 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 heritage and other scientific data, particularly about mobile objects,
including ships, it is ften necessary to identify where on an object or a certain feature is located and where a certain phenomer
is observed. For this the CIDOC CRM offers the relaB8® has sectiomelating the object to the places which are defined upon

it. Note that Eatt is the physical object we relate places to per default. In geological times, a narrower relation to a tectonic pla
may be necessary.

Spatial Extent of Temporal Entitiek order to spatially define the extent of temporal phenomena, the CIDOC CRi¢ wffe
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 relate a temporal phenomenon directly to an instdes® Bfacewhich provides the geometrcontext in

which that phenomenon took place. The latter property allows the documentation of a temporal phenomenon taking piace in rela
to a physical object. This is useful for recording information such as the occurrence of an event on a mowaingigiip a
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 W (defines place) v
. P7 took place at n I P I
E4 Period TWinessed) o1 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)
on o,n
" . 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
current location of)

- ,n P26 moved to (was destination of) 1in
. . | 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)

fig. 3 reasoning about spatial information

Temporal Relations (figure 4)

Historical and scientific discourse about the past deals wifhrelift levels of knowledge regarding events and their temporal
ordering that feed into chronology. Chronology is fundamental to understanding social and natural history, and reasbning ab
temporal relations and causality is directly related. An immenrsaltiv of physical observations allows for inferring temporal
relations and viceersa. It is important to be able to document temporality both with regards to known dates but also according
relative positioning within a historical time line. The topdeproperties of the CIDOC CRM relating to temporal entities support
the documentation of: dates as time spans or dimensions, mereological relations between temporal entities as well &s a com
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suite oftopological relations

Dates and DurationsWhen some absolutely dates limiting a temporal emtity known, this can be documented by instantiating
the P4 has timespanproperty and creating an instanceE®2 Timespan Dates should then be recorded as instancE§bfTime
Primitive and related to the timgpan through propertié2381 ongoing throughoutr P82 at some time withirTime is recorded as

a span and not an instant in the CIDOC CRM. The choice of propé&ttyongoing throughougllows the documentation of
knowledge that a teporal phenomenon was occurring at least at all points of a known time span. The #8gatgome time

within allows the weaker claim that the phenomenon must have occurred within the limits of a particular time span without furth
specifying as to wn precisely. It is the default for historical dates, given, for instance, in years for events of much smaller duratiot
The actual mode of encoding the documented date is outside the scope of the CIDOC CRM, which defines this with a primiti
class,E61 Time Primitive Finally, the property?191 had duratiorcan be deployed in order to document a temporal phenomenon
with known duratiorbut with less precisely temporal positioning. For instance, a birth may be known with the precision of a year
but with aduration of 3 hours. For documenting exact tispans that are result of a declarations rather than observation, for instance
in order to describe a tirgpan multiple events may fall into, the propd?tyi70 defines timallows for specifying the timspan
uniquely by a temporal primitive, rather than B81 ongoing throughoutr P82 at some time withinsing anidentical time
primitive.

0

173 starts before or at the end of (ends with or after the start of)
174 starts before (starts after the start of)

175 starts before or with the start of (starts with or after the start of)
176_starts before the start of (starts after the start of)

182 ends before or at the start of (starts with or after the end of)
183 ends before the start of (starts after the end of)

184 ends before or with the end of (ends with or after the end of)
185 ends before the end of (ends after the end of)

o,n
| E2 Temporal Entity

0

O

O

P170 defines time

0

e

P86 falls within

o,n (contains)

O

O

o,n P81 ongoing throughout

ol 11

0,n
2 Il,l
’ E61 Time Primitive‘

1,n’{ E52 Time-Span ‘
11

P4 has time -span
1.1 (is time -span of)

Il,l P82 at some time within 0N

P5 consists of P191 had duration -

P9 consists of

on 0,1 E54 Dimension‘

(forms part of)

(forms part of)

T E4 Period%

N,

|E3 Condition State —

A

P10 falls within s
(contains)

Y
1

1
7
4

\__d,

(was duration of)

1,1 |

== direct subclass
= =Jp indirect subclass
—> property

-=-=-=> inherited property
fig. 4 reasoning about temporal information

Mereological relationsThe documentation of the partole relationship of temporal phenomena is crucial for historical reasoning.
The CIDOC CRMdistinguishes undetiemporal entities twémmediate specialization&€4 Periodis a highlevel concept fothe
documentation of tengral phenomena of changad interactions space and timeomprising but not limited to historical periods
such as Ming or Roman, and is further specialized in rich hierarchy of more specific processes and activities. The secc
specialization i€3 Cordition State a rather specificlass for the documentation of static phaseshgfkicalthings. The CIDOC
CRM so far does not describe a higher level class of static phases, because they are normally deductions from mudtidesybserv
problematic in mformation integration and vulnerable to aAmonotonic revision. For both classéwo different mereological
relations are articulated’he properng P9 consists ofs used to documergroper parthoodbetween 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 about spatiotemporal relations, describes onkga@usah
co-occurrence in the same spatiotemporal ext€he propertyP5 consists ofndicates in analogy,proper parthood between
instances oE3 Condition State

Topological RelationsA lot of semantic relations have implications on the temporadrordg of temporal entities. For instance,
meeting someone must occur after birth and before death of the involved parties. Information can only be transferteb after it
been learned. On the other side, direct information about temporal order hastiondicm 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), which the CIDOC CRM had adopted in previasisngrare not well suited to describe
inferences from semanti c rTenparal Reation Primaives bdsed anifuzzg lmoundaniesbt ehl eo ws
Instead, the CIDOC CRMntroduces a theory of fuzzy boundaries in time that enablesctheeade 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 may continued to be used in extensions of th€ CIRI®.

Spatiotemporal Relations (figure 5)

Treating space and time as separate entities is normally adequate for describing events and where things are. Whesemore pi
documentation and reasoning is required about phenomena spreading out over time, such as Bronze Age, a settlement, a n
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moving reference frames such as ships, things being stored in containers and moved around, built structures being parti
destroyed, rebuilt and altered etc., space and time must be understood as a coherent continucatiethesacetime. This is not
afamiliar concept for many users, and those not interested in such details may therefore skip this section.

However the respective model the CIDOC CRM adopts constitutes a valid interfae®®Cstandardsas elaborated in CRMgeo
(Doerr and Hiebe2013)and important for connecting to GIS applicatiofise key class CIDOC CRM provides for modeling this
information iISE92 Spacetime VolumE92 Spacetime Volums used to document geometric extents in the physjgatéime
containing actual or posd#é positions of things or happenings, in particular in those cases when the changes of place to k
documented cannot be reduced to distinct events, because the spatial extent changes continuously. The higher levahgropertie
classes of CIDOC CRM thatntre aroundE92 Spacetime Volunalow for the documentation of: relations between spacetime
volumes, relations to space and time as separate entities, and treating the exact extent of physical things and peaadsaimysp
time of their existence apacetime volumes. Its use is particularly elegant for the description of temporal gazetteers.

1,1 P169 defines spacetime volume

" T P10 falls within (contains)
’ E95 Spacetlme Primitive | (spacetime volume is defined by)

P132 spatiotemporally  overlaps with
P133 is spatiotemporally separated from

o,n \

P161 has spatial projection [ : Y jecti .
ES3 Place <~z 5patal projection o —1_E92 Spacetime Volume E52 Time Span
A Y} )
0,1] 1.n 0,1 0,1 A 1n )0,1

0,1

1,1
P156 occupies . : P196 defines
T oceuned by 18 Physical Thing r=meqy)
Aon

(2ouasald pey)

O
>
(=2
=
17
It - P4 has time -span
}73 ’ EZIemporaI Entity '—P_l,l s time -span of)
D
=3

o,n
1,1
P157 is at rest relative to P195 was a presence of E93 Presence 11 P164 during
(provides reference space for) (had presence) (was time -span of)

S X

P7 took place at 1n | : AP160 i s _equivalent jto P40
(witnessed) E4 Period %
=3 direct subclass

= =9 indirect subclass
—> property

fig. 5 reasoning with spacetime volumes

Defining a Spacetime Volumé&here are three ways to define a spacetime volume:
(1) the propertyP169 defines spacetimmlumeshould be used to declare a spatiotemporal container for some things or
happenings in terms of spatial coordinates that may vary over time, be it in discrete steps or continuously with the help
spacetime expressionghe 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 Periodare regarded to be specialized instancds9@f Spacetime Voluntieat are formed by the spreading
out of the pheomena that make up an instance of E4 Period. As such they are fuzzy but in general observable
(3) The continuous sequence of spatial extent that the matter of an instance of E18 Physical Thing occupies in the cours
time, defines a spacetime volume urgdo it from the beginning of its existence to its end, which can also be understood as
its trajectory through the universe The prop&1%9 definesllows for referring to this spacetime volume, in order to document
its additional propertiesAs such thg spacetime volume is fuzzy but in general observdbis.not easy to make a mental
picture of the spacetime volume of a physical thing, but the construct simplifies all reasoning about where things have beer

Relations with Places and Physicdlings: The property?161 has spatial projectioassociates a spacetime volume with the
complete spatial extent it has occupied during its-m&n of definition. Due to relativity of space, the definition of an instance of
E53 Place must be relative tanse physical thing as geometric reference. This can explicitly be documented with the property
P157 is at rest relative tdf the place where something is at a certain point in time is given in multiple reference spaces in relative
movement, such as witlkespect to a ship versus to the seafloor, these differently defined places may later move apart. Therefore
spacetime volume, even though uniquely defined, can have any number of spatial projections, depending on the reference spa
Currently, the GPS syem defines a default reference space on the surface of Earth. In art conservation and other descriptions ¢
mobile object of fixed shape, it is useful to refer to the precise place a physical thing occupies with respect teeferelhes

space vid156 occupiesfor further analysisP156 occupiesonstitutes a particular projection of the spacetime volume of this

thing. In contrast, the properB53 has former or current locatiammly describes that a thing was within a specific place given in
some reference space for an undefined time.

Relations with Tim&Spans and Period§he property?160hastemporalprojectionassociates a spacetime volume with the
complete temporal exteitthas covered comprising all places of its definition. In contrast to places, the reference system of time
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is uniqué® except for the choice of origin. For instances of E4 Period and its subclasses, whiclPit@niastemporal
projection the propertyis actually identical with the properB4 has time spaimherited fromE2 Temporal Entitybecause is
describes the temporal extent of the phenontleaiamake up an instance of E4 Period. Therefore it is recommendedRd has
time sparfor instance®f E4 Period and its subclasses, rather (id®0hastemporalprojection

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

spatial evolution of a larger spacetime volume dptby P166 was presence,dfut delimited to a, normally short, tirgpan

declared byP164during I n ot her words, theysliciomessd twft eaMestntagrs hop sme t
extent of the Roman Empire during 30AD. They arelthsic construct to describe exactly where something was or happened at a
particular time {span), in connection with th@opertyP161 has spatial projectiomn particular, it allows for describing the
whereabouts of mobile objects, be it in the stordgermuseum, 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 a$ defined directly to E18 Physical Thing, bypassing

the definition of 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 inclusion in the spatial and temporal
projection, which may be larger. E.g. in 14 AD, Mesopotamia was not within the Roman Empire. Further, the pRi&ties
spatiotemporally overlaps withnd its negatiof133 is spatiotemporally separated frame fundamental to argue about
temporary parthoodgyossible continuity etc.
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Specific Modelling Constructs

About Types

Virtually all structured descriptions of museum objects begin with a unique object identifier and information about tlué thgpe
object, often in a set of fields with names like "Classification" tégary", "Object Type", "Object Name", etc. All these fields are
used for terms that declare that the object belongs to a particular category of item@8lDQOReCRMthe class E55 Type comprises
such terms from thesauri and controlled vocabularies tasglthracterize and classify instance€OC CRMclasses. Instances
of E55 Type represent concepts (universals) in contrast to instances of E41 Appellation, which are used to name iG$f#D€es of
CRM classes.

For this purpose th€IDOC CRM provides two basic properties that describe classification with terminology, corresponding to
what is the current practice in the majority of information systems. TheEIaSRM Entity is the domain of the property P2 has
type (is type of), which has¢lrange E55 Type. Consequently, every class i€tB©C CRM with the exception of E59 Primitive
Value, inherits the property P2 has type (is type of). This provides a general alternative mechanism to specializiécttéenlass

of CIDOC CRMinstancedo any level of detail, by linking to external vocabulary sources, thesauri, classification schemas ol
ontologies.

Analogous to the function of the P2 has type (is type of) property, some propertiesGHDIDE CRM are associated with an
additional propgy. These are numbered int66(DOCCRMd ocument ati on with a 6.106 exten:t
properties always falls under E55 Type. The purpose of a property of a property is to provide an alternative mechacializeo spe
its domain poperty through the use of property subtypes declared as instances of E55 Type. They do not appear in the prope
hierarchy list but are included as part of the property declarations and referred to in the class declarations. FoPéXdmptaie

of depiction: E55 Type is associated with E24 Physical Maade Thing. P62 depicts (is depicted i5):CRM Entity.

The class E55 Type also serves as the range of properties that relate to categorical knowledge commonly found in culti
documentation. For exaste, the property P125 used object of type (was type of object used in) enall#3@@ CRMto express
statements such as fAthis casting was produced using a mo
mould, that was actuallysed. This enables the specific instance of the casting to be associated with the entire type of manufacturi
devices known as moul ds. Further, the objects of type 0fr
indirect relationkip may actually help in detecting the unknown object in an integrated environment. On the other side, some casti
may refer directly to a known mould via P16 used specific object (was used for). So a statistical question to how rteimyabjec

0 This holds for applications in the scope of the CIDOC CRM, which are in theshaivistic area, but not strictly, for instance,
for satellites.
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certaincollection are made with moulds could be answered correctly (following both paths through P16 used specific object (w
used for) 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 subclasses, can be used to characterize the insib¢@€ @RMclass and hence
refine the meaning of the <c¢cl ass. A type O6artist 6hewnther be
hand, in an art history application of t@#dDOC CRMit can be adequate to extend tAEOOC CRM class E21Person with a
subclass E21.xx Artist. What is the difference of ftvbve ¢ty

there is no difference. Both denote t he c o stingatype cdodrbe seent 6
as a class and the class of types may be seen as a metaclass. Since current systems do not provide an adequater control
defined metaclasses, tlDOC CRM prefers to model instances of E55 Type as if they were parsgwéth the relationships
described in the previous paragraphs.

Users may decide to implement a concept either as a subclass extendp@& CRM class system or as an instance of E55
Type. A new subclass should only be created in case the concefffiagestly stable and associated with additional explicitly
modelled properties specific to it. Otherwise, an instance of E55 Type provides more flexibility of use. Users that nmy want
describe a discourse not only using a concept extendir@@C CRM but 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
regarded as good practice to foresee for each term hierarchy redifiiZOC CRM class a term equivalent of this class as top
term. For instance, a term hierarchy for instances of E2
One role of E55 Type istobe ttBDOCCRMo s i nt er face t o domai n s p ermalterminologicalt ol
systems. Such sets of concepts can be representeddiDi@®€ CRMas subclasses of E55 Type, forming hierarchies of terms, i.e.
instances of E55 Type linked via P127 has broader term (has narrower term). Such hierarchies maydoevéktieadditional
properties. Other standard models, in particular richer ones, used to describe terminological systems can also bwithténaced
CIDOC CRMby declaring their respective concept class as being equivalent to E55 Type, and thdiveespmrer/narrower
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 external thesauri and classification systems, E55 Type is an ordiriarthel@SOC CRM

and a subclass of E28 Conceptual Object. E55 Type and its subclasses inherit all properties from this superclassherwighitoget
theCIDOC CRMclass E83 Type Creation the rigorous scholarly or scientific process that ensures axyyaeissively described

and appropriately named can be modelled insid€tBOC CRM In some cases, particularly in archaeology and the life sciences,
E83 Type Creation requires the identification of an exemplary specimen and the publication of tledinjgendn an appropriate
scholarly forum. This is very central to research iype th
description as a fAprotologue, o and the exemplary speci me
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, defined and published by the producers themselves for each orew prod
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 temporatoglatamgis
from stratigraphic and other observations &odn considerations of causality between events. For this reas@ibi@C CRM

introduced in version 3.3 the whole set of tempor adgardeéd | a't
at that time as a wejustified, exhaustive and sufficient theory to deal with temporal topological relationshipatimftemporal
phenomena relevant to cultur al historical di scour sents Al |

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

Since many teporal relations can be inferred from facts causal to them, e.g., a birth necessarily occurring before any intentior
interaction of a person with other individuals, or from observations of material evidence without knowing the absolthe time,
temporalrelationships pertain in theIDOC CRMto E2 Temporal Entities, and not their Ti#Bpans, which require knowledge of
absolute time. | f absolute times are known, deductthedimd of
of primary scientific insight theCIDOC CRM as a core model, is interested in. However, their application turned out to be
problematic in practice for two reasons:

Firstly, facts causal to temporal relationships result in expressions that often requiteradigj i on (|l ogi cal OR
relationships. For instance, a child may be stillborn. Ignoring states at pregnancy as it is usual in older historgabistiuncay

be equal todeath,meetwith death or beébeforedeath. The knowledge represation formalism chosen for tHeIDOC CRM
however doesot allow for specifyingdisjunctions, except within queries. Consequently, simple properties o£tB©C CRM

that imply a temporal order, suchR$34 continuedcannot be declared as subpropeufahe temporal relationship they do imply,
which would be, in this cas eby,comthiesffinshes,finisheayeequals, duning errovedapped s
by o Rl#etarts before the end) of

Secondly,nature does not allv us to observequality of points in time. There are three possible interpretations of this impossibility
to observe these equality of points.Common to all three interpretations is that they can be described in terms of fazmsbound
The model propasd here is consistent wittll three of these interpretations.
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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 complete knowle
of the described phenomenon, may not agree as to whether this phenomenon is already ongoing or not, or still ongoin
not.

3. Under a tiird interpretation, the fact that an instance of E2 Temporal Entity is ongonag abservablewithin 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 neither of these cambwdetéh a
precision much smaller than on a scale of minutesT{&fuzzy boundariedo notdescribehe relation of incomplete or imprecise
knowledge to reality. Assuming a lowest granularity in timenisapproactwhich doesnot help, because the eslant extent of
fuzziness varies at a huge scale even in cultural reasoning, depending on the type of phenomena considered. The doly exact r

is betweerarbitrarily declared time intervals, such as the end of a year being equal to the beginningeoktheny ear , or
Mi noano ends exactly when fiMiddl e Minoando starts, whenev:
Consequently, we introducephéméetavesesw et hot hiegt eémpodboai ng

1 Itis a minimal set of properties thatows 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.

T Start and end points are int erbgdabmieed as At hicko fuzzy

1 Conditions of equality of end points are relaxed to the condition that the fuzzy boumdariap. Therefore knowledge
of the shape of the fuzzy functionrist needed.

T AI'l of All enbés rel ati ons hi pcenjurctons ofittese prapertiee.s sed ei t he

T I'n case of time intervals without or with negligibl
described by adequate conjunctions of these properties.

1 No relationship is equal to the inverse obtrer. Inverses are specified by exchanging the roles of domain and range.

r
y

Notation

We use the following notation:
Comparing two instances of E2 Temporal Entity, we depag with capital letter Aits (fuzzy) starting timewith As®tand its
(fuzzy) ending time wittA®"d suchthat A = [AS®tA®"d; we denote thether with capital letter Bts (fuzzy) starting time witiBst
and its(fuzzy) ending time witBe" such that B =gsttBeq,
We identify a temporal relatiomwith a predicatename(label) anddefine it byone or more (in)equality expressions between its end
points, such as:
A starts before the end &fif and only if( [ A2t < gend
We visualize a temporal relation symbolizing the temporal extertisaminstance A and B of E2 Temporal Entity &®rizontal
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 arrangemeelationship 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 lengtttofmpared to B matters, 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

l
. A E;sé = = =2 =
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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 itemsnithelist below table 1)
2) Those based on proper inequalities, suchs88< Be"d(even number itemis the list belowtable 1)

Improper inequalities with fuzzy boundaries are understood as extending into situations in which tHeofundaries of the
respective endpoints may overlap. In other words, they include situations in which it cannot be decided when one ietettedl has
and when the other started, but there is no knowledge of a definite gap between these endpointerimaguality with fuzzy
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 obsanchiz@oloigical layers

1. P173 starts before owith the end of

0 Astart )K en(.j

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

3. P175 starts before or withhe start of
o} Astart )K sta_rt

4, P176 starts beforghe 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. P184 ends before or with the end of
0 Aend )K enc_j

8. P185 ends before the end of
0 Aend < B?nd

Table 1, temporal relation primitivegthout inverse labels

Applied Form

TheCIDOC CRMis an ontology in the sense used in computer science. It has been expressed asaieolgecsemantic model,
in the hope that this formulation will be comprehensible to both documentation experts and information scientists alikethshil
same tine being readily converted to machimadable formats such as RDF ScheKi&, DAML+OIL, OWL, , etc. It can be
implemented in any Relational or objewmiented schem&IDOC CRMinstances can also be encodeRF, XML, DAML+OIL,
OWL and others.

Although the definition of th€IDOC CRM provided here is complete, it is an intentionally compact and concise presentation of
theCIDOCCRMb s 89 c | as s epsopeatinstt dokstndt attempi tq artieulate the inheritance of properties byasisiesl
throughout the class hierarchy (this would require the declaration of several thousand properties, as opposed to 137)hidoweve
definition does contain all of the information necessary to infer and automatically generate a full declaratigmopkties,
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 navigationGiDB€ CRM and are therefore provided
below.

The class hierarchy presented below has the following format:

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

T Aseries of-Ohyplboéhowéiithe 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 rbkiter amamiecal firoewmelt hei s mal il &ep
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)l

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

The property hierarchy presented below has the follofdngat:

f
f

=A =4 =4

Each Iine begins with a unique property identifier, o
A series eoff fydHemws (tthe unique property identifier,
IsA hierarchy.

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 pesty references.

The index is ordered by hierarchical l evel, in a fder
property number between equal siblings.

Properties that appear in more than one position in the prdgerarchy as a result of multiple inheritance are shown in

an italic typeface.
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CIDOC CRM Class Hierarchy

E1 CRM Entity
E2 - [Temporal Entity
E3 - | |Condition State
E4 - | |Period
E5 - | | [Event
- F |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

- I [Beginning ofExistence

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

- [ |Person

- [HumanrMadeObject

PhysicalHumanMadeThing

- [HumanrrMadeObject

-  HumanMadeFeature

- |Curated Holding

Physical Feature

- [Site

-  HumanMadeFeature

- | F | |Symbolic Object

Information Object

Design or Procedure

Document

- | |Authority Document

- |Linguistic Object

- |- |Inscription

- | [Title
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E36 - F Ok Visual Item
E37 - F F F F Mark
E34 - FF Inscription
E41 - Ok AppeIIatlon
E42 - - | F F identifier
E35 - - itle
EEEEIEN
 F FRFE F |
| - I PR E |
E71 - [HumanMadeThing
E24 - | |PhysicalHumanMadeThing
E22 -k - [HumanMadeObject
E25 - | F | [HumanMadeFeature
E78 - F | | |Curated Holding
E28 - | | |Conceptual Object
E90 - -k Symbollc Object
E73 - -k Information Object
E29 - - | | F |} |Design or Procedure
E31 - - F F F F |Document
E32 - - [ F F [ JAuthority Document
E33 - - F Linguistic Object
E34 - - |  F F F [Inscription
E35 - F - [Title
E36 - F F F F | [ Visual ltem
E37 - F F F F F Mark
E34 - F F F F F F Inscription
E41 - - | | | [|Appellation
E42 - F F F F | [|dentifier
E35 - F F F F [Title
E89 - | | | |Propositional Object
E73 - - | | [ [Information Object
E29 - - | | |+ |} |Design or Procedure
E31 - - F F F F |Document
E32 - - [ F F | JAuthority Document
E33 - - | | F F [|Linguistic Object
E34 - - F F F [Inscription
E35 - F F F F F [Title
E36 - F F F | | [Visual ltem
E37 - F F F F F Mark
E34 - FFFFOF Inscription
E30 - | F | | |Right
E55 - | | [Type
E56 - - | | | [Language
E57 - F | | | [Material
E58 - F F | | [Measurement Unit
E98 [Currency
E98 Currency
E99 Product Type
E39 - |Actor
E74 - | |Group
E21 - | |Person
E52 Time-Span
E53 Place
E54 Dimension
E97 IMonetaryAmount
EQ2 Spacetime Volume
E4 - |Period
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- - |- [Event

- F  |Activity

- | | F F JAcquisition Event

- - + F F |Move

- | | F [ [Transfer of Custody

- - | | F |Modification

- - + F } |} [Production

- - | - F |} |Part Addition

- - + F | | [Part Removal

- | F F F |Attribute Assignment

- + | F F F |Condition Assessment

- + + F | [ [|dentifier Assignment

_ - - | | |Measurement

- F F F | F [Type Assignment

- - | F } |Creation

- | F F F F Type Creation

- - | +F | |Formation

- | | F | |Joining

- | | F ¢ |Leaving

- + F F | [Curation Activity

- |+ | | [Beginning ofExistence

- - |  + [Birth

- - | | |} [Transformation

- - | }F |} |Production

- - |} |+ | |Creation

- | F F F F Type Creation

- - | +F | |Formation

- |+ | | |End of Existence

- - | } |} |Destruction

- - | }F |} |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 property 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 presgnht [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 participant (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 - - - custody surrendered by (surrendered custody through) [E10 Transfer of Custody IE39 Actor

P29 - - - custody received by (received 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 (participated 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 of existence (was taken out of existence by) IE64 End of Existence [E77 Persistent ltem

P13 - - destroyed (was destroyed 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 influenced 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 Addiion [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 baed 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
P44 has condition (igondition of) [E18Physical Thing IE3 Condition State
P45 consists of (is incorporated in) [E18Physical Thing IE57 Material
P49 has former or current keeper (is former or 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)  [E78 Curated Holding IE39 Actor
P51 has former or current owner (is former or current owner of) [E18Physical Thing IE39 Actor
P52 - has current owner (is current owner of) [E18 Physical Thing IE39 Actor
P53 has former or current location (is former or catrication of) [E18Physical Thing [E53Place
IP55 - has current location (currently holds) [E19 Physical Object IE53Place
P156 - occupies (is occupied by) E18Physical Thing E53Place
| P
P57 has number of parts [E19 Physical Object IE60 Number
P59 has section §ilocated on or within) [E18Physical Thing [E53Place
P62 depicts (is depictedby) [E24 PhysicalHumanMadeThing |[E1 CRM Entity
P67 refers to (is referred to by) [E89 Propositional 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 Procedure
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 [E52Time-Span IE61Time 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 |E21 Person
IP101 had as general use (was use of) [E70Thing [E55 Type
IP103 was intended for (was 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
P52 - has current owner (is current owner of) [E18Physical Thing IE39 Actor
IP106 is composed of (forms part 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(was 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 (is carried 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 Spacetimé/olume 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 Assessment 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 Assignement [E42 |dentifier
P40 - observed dimension (was observed in) [E16 Measurement IE54 Dimension
P42 - assigned (was assigned by) E17 Type Assignment IE55 Type
P147 curated (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) [E21 Person [E21 Person
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Property id

Property Name

Entity i Domain

Entity - Range

IP157 is atrest relative to (provides reference space for) IE53Place IE18 Physical Thing
IP59i - is located on or within IE53Place IE18 Physical Thing
IP160 has temporal projection [E92 Spacetime Volume [E52TimeSpan

P164 - 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 bigefines 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 beforeor with the end of (eds after or with the start of) E2 Temporal Entity 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@fd [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
P176 - - - starts before the start of (starts after the start of) [E2 Temporal Entity [E2 Temporal Entity
P182 - - - - ends before or at the start of (starts after or with the endE2 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 product type (is produced by) E12Production E99 Product Type
P187 has production plan (jroduction plan for) E99 Product Type E29 Design or Procedure
P188 requires production tool (is 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 (had presence) E93 Presence E54 Dimension

P196 defines (is defined by) E18 Physical Thing E92 Spacetime Volume
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DOC CRMss Declarations

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

=A =4 -8 -8 -4

=a =

=a =4

Class names are presented as headings in bold face,
The |'ine ASubclass of: 0 declares t petiessupercl ass of
The | ine nSup e rrafefrence ® thedubclassess sf thia class; 0 s s

The |Iine AScope note: 0 contains the textual definit
The Iine AExamples: 0 cont ai ns hacldss Iftheeexample id alsainstanzd e x

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

by an explanation in brackets.

The |Iine AProperties: 0 declares the l|list of the cl a
Each property is represented by its unique identifier, its forward and reverse names, and the range class that it

links to, separately colons;

Inherited properties are not represented;

Properties of properties are provided 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
E77Persistent Item
E92 Spacetime Volume

Scope note: This class compriseall thingsin 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 prefédentifier

2. Classification by type, allowing further refinement of the specific subclass an instance belongs to
3. Attachment of free texXfor the expression of anything not captured by formal properties

With the exception of E59 Primitive Value, allhetr classes within th€EIDOC CRM are directly or
indirectly 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 typeES5 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 ondition State
E4 Period

Scope note: This class comprises all phenomena, such as the instances of E4 Periods, E5 Ev&atesndich
happen over a limited extent in tim&his extent in time must be contiguous, i.e., without 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 formstance ofE2 Temporal Entity has ended and a new
instance has come into existence. In more intuitive terms, the same event cannot happen twice.

In some contextthese aralso called perdurants. This class is disjoint from E77 Persistenattdris
an abstract class and has no direct instances. E2 Temporal Entity 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 instas 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 (is timespan of):E52 Time-Span
P173starts before or at the end oh@ls with or after the start offE2 Temporal Entity
P174starts before (starts after the start &} Temporal Entity
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175starts befee or with the start of (starts with or after the start &2 Temporal Entity
176starts before the start of (starts after the starte)femporal Entity

182ends before or at the start of (starts with or after the ende@femporal Entity
183ends before the start of (starts after the end B Temporal Entity

184ends before or with the end of (ends with or after the endef)lemporal Entity
185ends before the end of (ends after the ende#f)femporalEntity

'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 condition ovespatime

An instance of this class describes the prevailing physical condition of any material object or feature
during a specifiénstance oE52 Time Span. In general, the tigpan for which a certain condition can

be asserted may be shorter than the real$ipaa, for which this condition held.

The nature of that condition can be described u§iighas type For example, thénstance ofE3
Condition State ficondition of the SS Great Brit
can be characterized aB instancé wr e cok 5% To/pe.

A the "reconstructed" stat e Sadfrom suener2093nn&E now Ro 0 mo

~ (Owen, 2009)

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

A the state of my turkey in the oven at 14:30 on 25 December, PRI®a6 type: ESSypefist i | | no
cookedo)

A the topography of theshves 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 physical coherence of these phenomena that idenitifstamce oE4 Period and not

the associated spatiotemporal extent. Thisedxteat onl y t he fAgroundd or spa
sense that the actual process of growth, spread and retreat has covered. Consequently, different periods
can overlap and coexist in time and space, such as when a nomadic culture exists in the saxde area

time as a sedentary culture. This also means that overlapping land use rights, common among first
nations, amounts to overlapping periods.

Often,t hi s class is used to describe prehistoric o
AMi DPgnastyo or the fAMcCarthy Erabo, but also ge:
regarded as special cases of E4 Periéolwever, here are no assumptions about the scale of the
associated phenomena. In particular all events are seen astgyptiocesses consisting of coherent
phenomena. Therefore E4 Period is a superclass of E5 Event. For example, a moderibidimieal

instance oE67 Birth can be seen as bailsingle event, i.e., dnstance oE5 Eventand as aextended

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

As the actual extent of anstance oE4 Period in spacetime we regard the trajeetooif the participating
physical things during their participation in an instance of E4 Period. This includes the open spaces via
which these things have interacted and the spaces by which they had the potential to interact during that
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Examples:

period or event infte way defined by the type of the respective period or event. Examples include the air

in a meeting room transferring the voices of the participants. Since these phenomena are fuzzy, we
assume the spatiotemporal extent to be contiguous, except for cagemnomena spreading out over
islands or other separated areas, including geopolitical units distributed over disconnected areas such as
islands or colonies.

Whether the trajectories necessary for participants to travel between these areas are repartefl as

the spatiotemporal extent or not has to be decided in each case based on a concrete analysis, taking use
of the sea for other purposes than travel, such as fishing, into consideration. One may also argue that the
activities to govern disconnectadeas imply travelling through spaces connecting them and that these
areas hence are spatially connected in a way, but it appears counterintuitive to consider for instance travel
routes in international waters as extensions of geopolitical units.

Consequetly, aninstance of E4 Period may occupy a numbedisjoint spacetime volumebpwever
there must not be a discontinuity in the timespan covered by these spacetime vbhimamans that
an instance of E4 Period must be contiguous in tifrie has ended in all areas, it has ended as a whole
Howeverit mayend inone aredeforeanother, such &da the Polynesian migratioand it continuegas
long as it is ongoingn at least one area.

We model E4 Period as a subclass of E2 Temporal Entity faB82Spacetim& olume. 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 ioistance ofE4 Period

without representingach instance of it together with an instance of its associated spacetime volume.
This model combines two quite different kinds of substance: an instance of E4 Period is a phenomena
while an instance of E98pacetimeVolume is an aggregation of points jpesetime. 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 muiple inheritance is unambiguous and effective and furthermore corresponds to the
intuitions of natural language.

There are two different conceptualisatiangd 6arti stic styl ed, defined
historical context. For examplg,| mpr essi oni smo6 can be viewed as a
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. Altéynatbasn 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 insaéance ofE4 Period, and the

second defines nmphologicalobjecttypes 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 an administrative
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 govern. The borders of geopolitical units are often defined in
contracts or treaties although they may deviate filoenactual practice. The spatiotemporal properties

of Geopolitical units can be modelled through the properties inherited from E92 Spa¢etimes.

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

Jurassig¢Hallam, 1975)

Populated Period of Nineveh

Imperial Rome under Marcus Aurelius
European Bronze Ag@arrison,c2004)
Italian RenaissancéMacdonald, 1992)
Thirty Years Wai(Lee, 1991)

Sturm und Drang@Berkoff, 2013)
Cubism(Cox, 2000)

T3> 3> I B > B g

In First Order Logic:
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E4(x). E2(x)
E4(x)6 E92(x)

Properties
P7took place at (withessedi53 Place
P8took place on or within (withessedj18 Physical Thing
P9consists of (forms part offg4 Period

ES5 Event

Subclass of: E4 Period

Superclass of: ET7 Activity
E63Beginning of Existence
E64End of Existence

Scope note: This class comprises distinct, delimited and coherent processes and interactions of a material natuke, in cultura
social or physical systems, involving and affecting instances offersistent 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 also more complex and extended ones such as conferences, elections, buikktig,of a ¢
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 blowing of the wind lacks the distinctness and limits of an event, but a
hurricane, fbod 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 results; for example the creation of a poem,
a performance or a change of intention thaipees 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 items involved in it, for example an unrecorded performances. Of course, in dodeddoumented,
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 coherence between its constituent phenomena, in
addition, the essential constituentsradtances 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 detail, imstanceoE5 Event may appear as ilf 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 component phenomena and phases within a space and
timeframe, and as such can be seen asriad) regardless of the size of the phenomena. The revemse 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 Conference (E7Marbutt, 2010)

my birthday celebration 28-1995 (E7)

the fallingof a tile from my roof last Sunday

the CIDOC Conference 2003 (E7)

Tou T I I I I I B

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

Properties:
P11had participant (participated irfz39 Actor

P12occurred in the presence of (was presentzty: Persistent Item

E6 Destruction
Subclass of: E64End of Existene
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Scope note:

Examples:

This class comprises events that destroy one or more instances of E18 Physical Thing such that they lose
their identity as the subjects of documentation.

Some destruction events are intentional, while others are independent of humiy &uténtional
destruction may be documented by classifying the event as bothtance o6 Destruction andf E7
Activity.

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

1. If the matter remaininffom the destruction is not documented, the event is modelled solaly as
instance o6 Destruction.

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

3. When the initial identity of the changed instance of E18 Physical Thing is preserved nth&hewd
be documentedisan instance dE11 Modification

the destruction of Herculaneum by volcanic eruption in 79&Bmardo2013)
the destruction of Nineveh (E6, E(George, 2000)
the breaking of a champagne glass yesterday by my dog

> I

In First Order Logic:

Properties:

E7 Activity

Subdass of:
Superclass of:

Scope note:

Examples:

E6(x)0 E64(X)

P13destroyed (was destroyed bi1l8Physical Thing

E5 Event

E8 Acquisition

E9 Move

E10Transfer of Custody
E11Modification
E13Attribute Assignment
E65Creation
E66Formation
E85Joining

E86Leaving

E87 Curation Activity

This class comprises actions intentionally carried out by instances of E39 Actor that result in changes of
state in the cult@l, social, or physical systems documented.

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

the Battle of Stalingra¢Hoyt, 1993)

the Yalta Conferenc@Harbutt, 2010)

my birthday celebration 28-1995

the writing of 0 PMiamestl®87by Goet he (E65)
the formation of the Bauhaus 1919 (E§Byoste, 2006)

calling the place identified by TG 701799806 6éQuyunjigd by the peo
Kira Weber working in glass art from 1984 to 1993

Kira Weber working in oil and pastel painting from 1993

I v I I P B D

In First Order Logic:

Properties:

E7(x)6 E5(x)

Pl4carried out by (performedE39 Actor
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(P14.1 in the role ofE55Type)
15was influenced by (influencedgl CRM Entity
16used specific object (was used fdE).0 Thing
(P16.1 mode of us&55Type)
17was motivated by (motivatedEl CRM Entity
19was intended use of (was made f@&}-1 HumanrMadeThing
(P19.1 mode of us&55Type)
20had specific purpose (was purpose &f:Event
21had general purpose (was purpose B85 Type
32used general technique (was techniqueEdp Type
33used specific technique (was used IB29 Design or Procedure
125used object of type (was tyjpé object used in)E55Type
134continued (was continued b\g7 Activity

B3

T

T

T

T

)

)

)

)

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 ownership of instances of E18 Phiygjcdtl T

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.
Depending on the circumstancesniay 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

arwNE

It may also describe events where a collector appropriates 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 (EBduisition) and physical custody (E10 Transfer of

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(Carchariiformes) XXXtbcby John
Steinbeck and Edward Ricketts at Puerto Escondido in the Gulf of Mexico on March 25th, 1940
(Steinbeck, 2000)

A the acquisition of EI Grecobs painting entitl e
~ in Saint Petersburg
A the loss of my stuffed chaffinadh F r i n g i ILlIi an ncaceeuldies boshsech daiage last year

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

Properties:
P22transferred title to (acquired title througiE39 Actor
P23transferred title from (surrendered title througb39 Actor
P24transferred title of (changed ownership throudt)8 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 class E9 Move inherits the propBitytook place at (withessed): E53 Platais property
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should be used to describe the trajectory or a laagga within which a move takes place, whereas the
propertiesP26 moved to (was destination,d27 moved from (was origin adescribe the start and end
points only. Moves may also be documented to consist of other move39(wansists of (forms part
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 tH8A. (Clarke, 1992)
A the movement of t heTu@mxhhammd t L-@9RThieAsuresf s ur es of
Tutankhamunexhibition catalogue, 1972) .

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

Properties:
P25moved (noved 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 comprises transfers 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 recipiBatpending on the circumstances 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 cdgtand the actual physical possession of the
object should be expressed using the propeRyhas type (is type ofpA 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 least with 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 instaot&18 Physical Thing. For 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 "accessiliffiers between institutions. THeIDOC 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 paintgs by Secure Deliveries Inc. to the National Gallery
A the return of Picassobs AEChipprlé88caodo to Madri do:

In First Order Logic:
E10(x)6 E7(x)

Properties:
P28custody surrendered by (surrendered custody thro&Ef@Actor
P29custody received by (received custody throu@39 Actor
P30transferred custody of (custody transferred through® Physical Thing

E11 Modification

Subclass of: E7 Activity
Superclass of: E12Production
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E79Part Addition
E80Part Removal

Scope note: This class comprisemistances of E7 Activity that create, alter or chainggances 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 conservation.

Since the distinction between maodification and productsonot 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 others 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 partseoiaffeom the originals. In this

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 prof88/foresees usi (use foreseen byiE57 Material
of E29 Design or Procedure, rather thanR426 employed (was employedt iB57 Material.
Examples:

A the construction of the SS Great Britain (HGegot 1971)
A the impregnation of the Vasa warship in Stockholm for puesien after 195@-Hafors,c2010)
A the transformation of the Enola Gay into a museum exhibit bi#tienal 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 shrinékikolNJapa(Cali and Dougil 2012)

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

Properties:
P31has modified (was modified byE18 Physical Thing
P126employed (was employed irt57 Material

E12 Production
Subclass of: 11 Modification

E63Beginning of Existence
Scope note: 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. Nor mal | vy,
similarity between them and the consumed items and material used in their production. In other cases,
an item is consi der e delefiantdéondocuntestatienubyg @ modificatiineForo me s

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 printingf a thousand books, for example, would normally be
considered a single event.

An event should also be documented usamginstance oE81 Transformation if it results in the
destruction of one or more objects and the simultaneous production of ctimgrparts or material from
the originals. In this case, the new items have separate identities and matter is preserved, but identity is

not.
Examples:
A the construction of the SS Great Britéregor, 1971)
A the first casting of the Little Mermaid frothe harbour of Copenhagébewey,2003
A Rembrandtds creating of the seventh state of h

1658, identified by Bartsch Number 197 (E12,E65,H81i)d, 1923)
In First Order Logic:
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E12(x)6 E11(x)
E12(x)6 E63(x)

Properties:
P108has produced (was produced bg24 PhysicaHumarMadeThing
P1& produced thing of product type (is produced B9 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 nmakassertions about one property of an object or any single relation
between two items or concepts. The type of the property asserted to hold between two items or concepts can
be described by the propeL77 assigned property type55 Type

For example, the class describes the actions of people making propositions and 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 measet@d//hich kinds of such assignments and statements need

to be documented 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 documentatidrhow 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 $actotmiuadividually be

registered for all instances of properties provided by the maintaining team, because it would result in an
endless recursion of whose opinion was the description of an opinion. Therefore, thinsteanoéof E13

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

All properties assigned in such an action can also be seen as diretithgrela respective pair of items or
concepts. Multiple use dhstances ofE13 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 sub&éa8sAdfribute
Assignment are characterised as "short cuts" of a path via this subclass. 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 shantit, 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 B):CRM Entity
P141assigned (was assigned bt CRM Entity
P177 assigned property type E55 Type

E14 Condition Assessment
Subclass of: E13Attribute Assignment
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Scope note: This class describes the act of assessing the stptesarvatiorof an object during a particular period.

The condition assessment may be carried out by inspection, measurement or through historical research.
This class is used to document circumstances of the respective assessment that may be relevant to
interpret is 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 rule constitutingtanda®f 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 igspecially 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 an identifier is askigran item.

The fact that an identifier is a preferred one for an organisation can be expressed by using the property
E1 CRM Entity. P48 has preferred identifier (is preferred identifier 2 Identifier It can better be
expressedinacontextied endent form by assigning a suitable
assignmento, to the respective R2hastypgmopesty. of E15 |
Examples:
A Replacement of the inventory number TA959a by GE34604 fof"adtury lament cloth at the
Museum Benaki, Athens
A Assigningtheautheu ni f orm title heading @ Goel83.haust. 1Johan
T h e i |thedespeadivevork
A OnJunel,200dssigning the personal namel3ba8didog 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
determined by a systematic, objective procedure of direct observation of particular states of physical
reality. Properties of instances of E90 Symbolic &abjmay be measured by observing some of their
representative carriers which may or may not be named explicitly. fortiner case, the property16
used specific object (was used f&y0 Thingshould be used to specify the information carriers ased
empirical basis for the measurement activity.
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Examples:

Examples include measuring 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, suchrdstigks or radiation detection
devices. The interest is in the method and 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
dimengons, which may change value over time, such as the length of an object subject to shrinkage.
Methods and devices employed should be associated with instances of E16 Measurement by properties
such a$233 used specific technigue29 Design or Proceduyr®125 used object of typE55 Type P16

used specifiobject(was used for)E70 Thing whereas basic techniques such as "carbon 14 dating"
should be encoded usiiR® has type (is type offe55 Type. Details of methods and devices reused or
reusable in otér instances of E16 Measurement should be documented for these entities rather than the
measurements themselves, whereas details of particular execution may be documented by free text or by
instantiating adequate sw@lgtivities, if the detail may be of iettest for an overarching query.

Regardless whether a measurement is made by 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 theaasoning chain that would represent the result of the interaction of the observer 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 Measurente absubsequent instance of E13
Attribute Assignment. Rather, only the 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.

A measirement of height of silver cup 232 on thé'3august 1997
A the carbon 14 dating of the fASchoeninger Spee
Palaeolithic complete wooden spear found in Schoeningen, Niedersachsen, Germany in 1995]

~ (Kouwenhoven1997
A The pixel size of the jpeg version i@fasfifeélyt i and
downl oadable from the National Gallery in Lon

<https://www.nationalgallery.org.uk/paintings/titidsacchusandariadne> is 581600 pixels.

A Thescope note of E21 Person in the Definition of the CIDOC Conceptual Reference Model
Version 5.0.4 as downloaded from <http://www.cidoc
crm.org/sites/default/files/cidoc_crm_version_5.0.4.pdf> consists of 77 words.

In First Order Logic:

Properties:

E16(x)6 E13(x)

P39measured (was measured Hy) CRM Entity
P40observed dimension (was observed Ef)4 Dimension

E17 Type Assignment

Subclass of:

Scope note:

Examples:

E13Attribute Assignment

This class comprises the actions of classifying items of whatever kind. Such items iolojadss,
specimens, people, actions and concepts.

This class allows for the documentation 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 tieatitassi

was made. This class also encompasses the notion of "determination," i.e. the systematic and molecular
identification of a specimen in biology.

A the first classification of object GE34604 as Lament Cloth, Octdfer 2
A the determinatomf a cactus i n MaQeteusmhildnaonganuk 6 Sclgama end

July 2003

In First Order Logic:

E17(x)6 E13(x)
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Properties:

P41classified (was classified byl CRM Entity
P42assigned (was assigned bgB5 Type

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 foumanmadeor natural.

Depending on the existence of natural boundaries of such thing€|B@C CRM distinguishes the
instances of E19 Physical Object from instances of E26 Phyealire, such as holes, rivers, pieces of

land etc. Most instances of E19 Physical Object can be moved (if not too heavy), whereas features are
integral to the surrounding matter.

An instance of E18 Physical Thing occupies not only a particular georap&ée, but in the course of

its existence it also forms a trajectory through spacetime, which occupies a real, 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 innespaces, such as the interior of a box. Physical things consisting of aggregations of
physically unconnected objects, such as a set of chessmen, occupy a number of individually contiguous
spacetime volumes equal to the number of unconnected objectsribatute the set.

We model E18 Physical Thing to be a subclass of E72 Legal Object &9@ &pacetime Volum&he

latter is intended as a phenomenal spacetime volume as defi@@Mgeo(Doerr and Hiebel 2013).

By virtue of this multiple inheritance we can discuss the physical extentinf@mce oE18 Physical

Thing without representing each instance of it together with an instance of its associated spacetime
volume. This model combés two quite different kinds of substance: an instance of E18 Physical Thing

is matter while a instance of E93pacetime/olume is an aggregation of points in spacetime. However,

the real spatiotemporal extent of an instance of E18 Physical Thing idedda be unique to it, due to

all its details and fuzziness; its identity and existence depends uniquely on the identity of the instance of
E18 Physical Thing. Therefore this multiple inheritance is unambiguous and effective and furthermore
correspondsat the intuitions of natural language.

TheCIDOC CRMis generally not concerned with amounts of matter in fluid or gaseous states.

New scope note proposed by MD

shes the
, pieces of
es are

ant of its
upies

lled by the
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it can be
d
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A the Cullinan Diamond (E19BcarratandShor,2006
A the cave i lindete (E265Smith, 1B4449)
A  the Mona Lisa (E22jMohem, 2006)

In First Order Logic:
E18(x)6 E72(x)

Properties:
P44has condition (is condition ofE3 Condition State
P45consists of (is incorporated iriE57 Material
P46is composed of (forms part 018 Physical Thing
P49has former or current keeper (is former or current keepeE8§Actor
P50has current keeper (is current keeper 889 Actor
P51has former or current owner (is former or current owrier€89 Actor
P52has current owner (is current owner @&RB9 Actor
P53has former or current location (is former or current locationESB Place
P59has section (is located on or withig53 Place
P128carries (is carried byE90 Symbolic Object
P1560ccupies (is occupied byE53Place
P196defines(is defined by)E92 Spacetime Volume

E19 Physical Object

Subclass of:  E18Physical Thing
Superclass of: E20Biological Object
E22HumanMadeObject

Scope note: This class comprises items of a material nature that are units for documentation and have physical
boundaries that sefsie them completely in an objective way from other objects.

The class also includes all aggregates of objects made for functional purposes of whatever kind,
independent of physical coherence, such as a set of chessmen. Typically, instances of E&4B Physic
Object can be moved (if not too heavy).

I n some contexts, such objects, except for aggr e
2000, pp.404420), i.e. naturally defined objects.

The decision as to what is documented as a comipdete 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 Examples:John Smitphrodite of Milos(Kousser2005

the Palace of Knoss¢Ekvans, 192136)

the CullinanDiamond(Scarratt and ShpR006)

Apollo 13 at the time of launcfLovell and Kluger, 1994)

> > > >

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

Properties:

P55has current location (currently hold&53 Place
P56bears feature (is found org26 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 nature, which live, have lived or are natural products
of or from living organisms.
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Artificial objects that incorporate biological elements, such as Victorian butterfly frames, can be
documented as bothstances of E20 Biological Object and B2@manMadeObject.

Examples:

me

Tut-Ankh-Amun (Edwards 1979)

Boukephalas [Horse of Alexander the Gréagmb, 2005)
petrified dinosaur excrement PA19384

> > >

In First Order Logic:
E20(x)6 E19(x)

E21 Person

Subclass of: E20Biological 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
documentation refers to them as historical figures. In cases where doubt exists as to whether several
persons are in fact identical, multiple instances losa created and linked to indicate their relationship.

The CIDOC CRMdoes not propose a specific form to support reasoning about possible identity.

In a bibliographic context, a name presented following the conventions usually employed for personal
nameswill be assumed to correspond to an actual real peraorinstance oE21 Person), unless
evidence is available 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 impljhéaabncept comprises personae.

Examples:
A Tut-Ankh-Amun (Edwards, 1979)
A Nelson Mandela(Brown, 2006)

In First Order Logic:
E21(x)6 E20(x)
E21(x)6 E39(x)

Properties:
P152has parent (is parent ofi21 Person

E22 Human-Made Object

Subclass of: E19Physical Object
E24PhysicaHumanMadeThing

Scope note: This class comprisgshysical objects purposely created by human activity.

No assumptions are made as to the extent of modification required to justify regarding an object as
humanmade For example, an inscribed piece of rock or a preserved butterfly are both regarded as
instances of E2RPlumanMadeObject.

Examples:

Mal | ard (the Wor | d®obmon®@8)est steam engine)

the Portland Vas@Nalker, 2004)

the Coliseun{Hopkins, 2005)

> D

In First Order Logic:
E22(x)0 E19(x)
E22(x)0 E24(x)
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E24 Physical Human-Made Thing

Subclass of:

Superclass of:

Scope Note:

Examples:

E18Physical Thing
E71HumanMadeThing
E22HumarnMadeObject
E25HumanMadeFeature
E78Collection

This class comprises all persistent physical items of any size thmtrasely created by human activity.

This class comprises, besides others, HuMade objects, such as a swords, and Huivlade features,
such as rock art. For example, a Acup and ringo
HumanMadeThing.

Instances of HumaMade thing may be the result of modifying feisting 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 intervent®mf 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 previous matter and structure in the new pradulce
documented by describing the production process also as instance of E81 Transformation.

Whereas interventions of conservation and repair are not regarded to produce a newtddm#nng,

the results of preparation of natural history specimenghiastantially change their natural or original

state should be regarded as physical Huilade things, including the uncovering of petrified biological
features from a solid piece of stone. On the other side, scribbling a museum number on a natural object
should notbe regarded to make it Humaviade. This notwithstanding, parts, sections, segments, or
features of a physical HumaWade thing may continue to be nétumanMade and preserved during

the production process, for example natural pearls usedas af pn eardrop.

A the Forth Railway Bridge (E22(The Forth Railway Bridge centenary 182990ICE Proceedings,

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

A the Channel Tunnel (E25Holliday, I., Marcoy G., andvickerman R. W.,1991)

A the Historical Ctection of the Museum Benaki in Athens (E{&eorgoula, E.2005)

A the Rosetta Stone (E22)

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

A the computer disk at IGBORTH that stores the canonical Definition of EDOC CRMv.3.2
(E22)

A Amyempty DVD disk (E22) (fictitious)

In First Order Logic

Properties:

E24(x)0 E18(x)
E24(x)6 E71(x)

P62depicts (is depicted byE1 CRM Entity
(P62.1 mode of depictioE55 Type)
P65shows visual item (is shown byg36 Visual Item

E25 Human-Made Feature

Subclass of:

Scope Note:

Examples:

E24PhysicalHumanMadeThing
E26Physical Feature

This class comprises physical features that are purposely created by human activity, such as scratches,
artificial caves, artificial water channels, eto.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
humanmacke. For exampl e, rock art or even d@dtypegsofand
E25HumanMadeFeature.
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A the Manchester Ship Can@amie, 1980)

A Mi chael Jacksonds nose following plastic surge
A Thelaser eadabl e fpitsodo engr aved -R)wpyieg sBngslod Edithn Ma r
Piaf bs.

A The carved letters on the Rosetta Stone

In First Order Logic
E25(x)0 E24(x)
E25(x)6 E26(x)

E26 Physical Feature

Subclass of:  E18Physical Thing
Superclass of: E25HumanMadeFeature
E27Site

Scope Note:  This class comprises identifiable features that are physically attaohan integral way to particular
physical objects.

Instances of E26 Physical 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 bordats t
separate them completely in an objective way from the carrier objects. For example, 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 solachediefs,

surface colours, reflection zones in an opal crystal or a density 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 properon 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, dpmemsef the carrier object

may be identified (or sometimes removed) carrying the complete feature.

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 carved out of solidhaskass2000)
Albrecht Duerer's signature on his painting of Charles the Gtatuss1974)
the damage to the nose of the Great Sphinx in @iemple 2009)
Mi chael Jacksondés nose prior to plastic surget

o I

In First Order Logic
E26(x)0 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 constellations of matter on
the surface of the Earth or other celestial body, which can be represented by photographs, paintings and

maps.

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

Examples:

A the Amazon river basirfHegen, 1966)
A KnossogEvans, 192136)
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the Apollo 11 landing sitéSiegler andsmrekar2014)

Heathrow Airport (Wicks, 2014)

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

> >

In First Order Logic

E27(x) E26(x)

E28 Conceptual Object

Subclass of:
Superclass of:

Scope note:

Examples:

E71HumanMadeThing
E55Type
E89Propositional Object
E90 Symbolic Object

This class comprises nanaterial products of our minds and other human produced data that have
become objects of a discourse about their identity, circumstances of creation or histgrlicaition.

The production of such information may have been supgdy the use of technical devices such as
cameras or computers.

Characteristically, instances of this class are created, invented or thought by someone, and then may be
documented or communicated between persons. Instances of E28 Conceptual Objbet hlaiigy to

exist on more than one particular carrier at the same time, such as paper, electronic signals, marks, audio
media, paintings, photos, human memories, etc.

They cannot be destroyed. They exist as long as they can be found on at leasti@nerda at least
one human memory. Their existence ends when the last carrier and the last memory are lost.

Beet hovenots fiOde an di(kershraweld98e 6 ( Ode to Joy)
A the definition of ffont ol odg&y3) in the Oxford En
A the knowledge about the victory at Marathon carried by the famous runner (E89)

T

(
(

[explanation note: In the following examples we illustrate the distinction between a propositional object,
its names and its encoded forms. The Maxwell equationsgmecaexample, because they belong to the
fundamental laws of physics and their mathematical content yields identical, unambiguous results
regardless formulation and encoding

A 6Maxwel |l equationsd [pr e€CSHI(E4R)d subject access
http://lccn.loc.gov/sh85082393], as of 19 November 2012]

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

Congress and NOT the equations themselves.

A 6Equamasji Maxwell 6 [variant subject access point
**explanation: This is another name for the equation standardized by the Library of Congress and 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{@ls Equations.svg/500px
Maxwell'sEquations.svg.png (E73)

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

In First Order Logic

Properties:

E28(x)6 E71(x)
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E29 Design or Procedure
Subclass of: E73Information Object

Scope note: This class comprises documented plans 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 E7THumariMade Thing or for shaping or guiding the execution 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 wit9 Design oProcedure
Designs or procedures can 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 aslaelana

Vinci s famous plans for flying machines.

Because designs or procedures may never be applied or only partially execuidDQeCRMmodels a

loose relationship between the plan and the respective product.
Examples:
the ISO standardisation pratee
the musical notation for Beethovends AO0Ode to
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

> > > >

In First Order Logic
E29(x)6 E73(x)

Properties:
P68foresees use of (use foreseen BY7 Material
P69has associationith (is associated withE29 Design or Procedure
(P69.1 has typeES5 Type)
E30 Right

Subclass of: E89Propositional Object
Scope Note:  This class comprises legal privileges 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 fiMona Lisado by the Louvre
In First Order Logic
E30(x)6 E89(x)

E31 Document

Subclass of: E73Information Object
Superclass of: E32 Authority Document

Scope note: This class comprisadentifiable immaterial items that make propositions about reality.
These propositions may be expressed in text, graphics, images, audiograms, videograms or by other
similar means. Documentation databaslesuld beregarde as instances d&31 Document. This class
should not be confused with tkenceptid ocument &6 i n | nformation Tech
with E73 Information Object

Examples:
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A the Encyclopaedia Britannica (E3@ogan 1958)
A The imagecontent of the photo of the Allied Leaders at Yalta published by UPI, (FR)
A the Doomsday Book

In First Order Logic
E31(x)6 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 conceptuasystems for consistent use.

Examples:
A Webster's Dictionary
A Getty Art and Architecture Thesaur(@etty Trust, 1990)
A the CIDOC Conceptual Reference Mo¢@krgatsoulisM. 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
Superclass of:  E34Inscription
E35Title

Scope note: This class comprises identifiable expressions in natural language or languages.

Instances of E33 Linguistic Object can be expressed in many ways: e.g. as written texts, recorded speech
or sign language. However, tiiADOC CRMtreats instances of E33 Linguistic Object independently

from the medium or method by which they are expresBggdressions in formal languages, such as
computer code or mathematical 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 note by P3
has note: E62 String

Examples:

the text of the Ellesmere Chaucer manusdHfiimo, 2004)

the lyrics of the song "Blue Suede Shog3boper,2008)

the text of the Jabberwocky by Lewdarroll (Carroll, 1981)

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

(Stevenson, 1909)

o o

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

Properties:
P72has language (is language d&pB6 Language
P73has translation (is translation oE33 Linguistic Object

E34 Inscription

Subclass of: E33Linguistic Object
E37Mark

Definition of the CIDOC Conceptual Reference Modgkion 6.2.8 20



Scope note: This class comprises recognisalsleorttexts attached to instances of E24 PhyditahanMadeThing.

The transcription of the text can be documented in a noR8las note: E62 Strindhe alphabet used

can be documented B2 has type: E55 Typd&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 @& OC CRMasinstances oE24 PhysicaHumarrMadeThing.

The relationstp of a physical copy of a book to the text it contains is modale®jE18 Physical Thing
P128 carries (is carried by): E33 Linguistic Object.

Examples:
A fikeep off the grasso on a sign stuck in the | ¢
A The text publishd in Corpus Inscriptionum Latinaruvsh895
A Kilroy was here

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

E35 Title

Subclass of: E33Linguistic Object
E41 Appelation

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, E35 Title can only be used when such a string is actually
used as a title af 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 fAchairo, Apaintingo or fibooko EGSThpe). | at t e
Titles may be assigned by the creator of the work itself, or by a social group.

This class also comprises the translations of titles that are used as surrogates for the original titles in
different social contexts.

Examples:

The Mef c¥Ya fMcCudoagh,2005)

Mo n a (Mahena2606)

La Pie or (Bortolattg M8l pi e 0

Lucy in the SWsnowl97h Di amondso

> > >
oDt O Ot Dt

In First Order Logic
E35(x)6 E33(x)
E35(x)0 E41(x)

E36 Visual ltem

Subclass of: E73Information Object
Superclass of: E37Mark

Scope Note:  This class comprises the intellectual or conceptual aspects of recognisable 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 considered to be the same logo when used on any number ictjunis. 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 independent of their physical support.
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The class E36 Visual Ite provides a means of identifying and linking together instances of E24 Physical
HumanMadeThing that carry the same visual symbols, marks or images etc. The prieép2rtiepicts

(is depicted bybetween E24 PhysicelumanMadeThing and depicted subjedis1 CRM Entity) can

is a shortcubf the more fully developed path from E24 PhysidamanMadeThing throughP65 shows
visual item (is shown byE36 Visual ItemP138 represents (has representation)EICRM Entity,

which inaddition captures the optical features of the depiction.

Examples:

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

the ChiRho (E37)

the communist red star (E37)

T 3> > >

In First Order Logic
E36(x)6 E73(x)

Properties:
P138represents (has representatidi):CRM Entity
(P138.1 mode of representatid&b5 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 techniques 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 instancezbdfilinarMadeFeature.

3

an

hey use to

Examples:

Minoan double axe markLowe Fri, 2011)
©

J

A
A
A

In First Order Logic
E37(x)0 E36(x)

E39 Actor

Subclass of: E77Persistent ltem
Superclass of: E21Person
E74Group

Scope note: This class comprises people, either individually or in groups, who have the potential to perform
intentional action®f kinds for which someone may be held responsible.

Examples:

London and Continental Railways (E40)

the Governor of the Bank of Englamd1975 (E21)
Sir lan McKellan (E21)Gibson, 1986)

D I

In First Order Logic
E39(x)6 E77(x)
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Properties:
P74has current or former residence (is current or former residendes#Place
P75possesses (is possessed B30 Right
P76has contact point (provides access E)1 Appellation

E41 Appellation

Subclass of: E90 Symbolic Object
Superclass of: E35Title
E42Identifier

Scope note: This class comprises signs, either meaningful or not, 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.

Instanes of E41 Appellation do not identify things by their meaning, even 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 usméand space by some group of users. A given
instance of E41 Appellation can have alternative forms, i.e., other instances of E41 Appellation that are
always regarded as equivalent independent from the thing it denotes.

Specific subclasses of E41 Aplation should be used when instances of E41 Appellation of a
characteristic form are used for particular objects. Instances of E49 Time Appellation, for example, which
take the form of instances of E50 Date, can be easily recognised.

Numerically expresseidentifiers in continua are instances of E41 Appellation, such as Gregorian dates
or spatial coordinates, even though their encoding may be similar to instances of E60 Number.

Thus, the use of subclasses of E41 is not deterntipdide characteristicsfaéhe object the appellation
refers to, e.g., a person or a place, but rather the form of the appellation itself shows it as a special type
of appellation, such as an identifier.

E41 Appellation should not be confused with the act of naming some@firilL5 Identifier Assignment
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E41 Appellation should not be confused with the act of naming something. Cf. E15 Identifier Assignment

—obacken
l.llll'ﬂ

Properties:

E42 Identifier
Subclass of:

Examples:

AlATe['Chifneslellianio, meaning fipeaceo]
ATGAS6290NT45/AT 26180 Wo (€ xampl e of spatial coor
ATBITackgiuelen 6 sIbiisThiolp 40 [[c’hies’sl coordinate] (e
ATRISMAR:LTO 2261 ("eXx@mp | e of date)

A 41 22 4 xampls & Fofitact poir)

A "weasel@paveprime.com" (example of contact point)
ANFCHIZIININCERTVes(lex@mp | e of place appellation
ATTiL=29:3 Otsuka, Bunky& U I To Ky o2 iiy@p ano  (example of
AlThieTplolop e e ko fITHIIMIIS IVif@ny or yo (example of s
AR e Ve usId e MITIToe s IIefitiiblut t ocko (example of

P139has alternative fornE41 Appellation
(P139.1 has typ&55Type)

E41 Appellation

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

to identify themuniquely and permanently within the context of one or more organisations. Such codes
are often known as inventory numbers, registration codes, etc. and are typically composed of
alphanumeric sequencé&ostaladdresseselephonenumbersurlsande-mail addressesarecharacteristic
exampleof identifiersusedby servicedransportinghingsbetweerclients.

The class E42 Identifier is not normally used for macigeeerated identifiers used for automated
processing unless these are also used by humatsagen

A AMM. GE. 1950

A A13.45.19760

A AOXCMS: 1997.4.19

A I SSN #2048D

A Il SRC AFI FIN89001160

A Shelf mark fiRes 8 P 100
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AGuill aume del®M@aZhaufa(da800DRPoll ed personal nar
rules](Reaney1974)

A+41 557408

weasel@paveprime.com

fi £29-3 Otsuka, Bunky&k u, Tokyo, 121, Japano
ARue David -D2aidburGén <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 Galilean physics, having a beginning, an
end and a duration.

Instances of E5Zime Span hae no other semantic connotatioffeyare used to define the temporal
extent of instances of E4 Period, E5 Event and any other phenomena valid for a certain time

Since our knowledge of history is imperfect, instances of E52 -Hpa can best be considered as
approximations othe actual TimeSpans of temporal entities. The properties of E52 T8pan are
intended to allow these approximations to be expressed precisely. An extreme case of approximation,
might, for example, define anstance o£52 TimeSpan having unknown begning, end and duration.

Used as a commanstance oE52 TimeSpan for two events, it would nevertheless define them as being
simultaneous, even if nothing else was known.

Automatic processing and querying of instances of E52 Bpan is facilitatedf data can be parsed
into an E61 Time Primitive.

Examples:

1961

From 1217-1993 to 128-1996

14h30i 16h22 & July 1945

9.30 am 1.1.1999 to 2.00 pm 1.1.1999

duration of the Ming Dynast{Chan 2011)

o Do B I

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

Properties:
P79beginning is qualified byE62 String
P80end is qualified byE62 String
P81ongoing throughout=61 Time Primitive
P82at some time withinE61 Time Primitive
P86falls within (contains)E52 Time-Span
E53 Place

Subclass of: E1 CRM Entity

Scope note: This class comprises extents in space, in particular on the suftheesarth, 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, rivers, or dedicatedegieomarks but may be determinebly

reference to smaller mobile objetcks 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 Place are best identified 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. Inqudati, we are often interested in position in relation
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Examples:

to large, mobile objects, such as ships. For example, the Place at which Nelson died is known with
reference to a large mobile objactH.M.S Victory. A resolution of this Place in terms of absolute
coordinates would require knowledge of the movements of the vessel 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 documented using the prop&yp7 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 theside of my wedding ring

A the place referred to in the phrase: FfAFish col
and the Rhonebo

A here-><-

In First Order Logic

Properties:

E53x) 6 E1(X)

P89falls within (contains)E53Place

P121overlaps withE53Place

P122borders withE53 Place

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

P171at some place withinE94 Space Primitive

P172contains £94 Space Primitive

E54 Dimension

Subclass of:

Superclass of:

Scope note:

Examples:

(E9

E1 CRM Entity

E97Monetary Amount

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

An instance of E54 Dimension represents the true quantity, indegerideam its numerical
approximation, e.g. in inches or in cm. The properties of the class E54 Dimension allow for expressing
the numerical approximation of the values of instardd=54 Dimension. If the true values belong to a
non-discrete space, such ggatial distances, it is recommended to record them as approximations by
intervals or regions of indeterminacy enclosing the assumed true values. For instance, a length of 5 cm
may be recorded as 495 cm, according to the precision of the respectiveentation. Note, that
interoperability of values described in different units depends critically on the representation as value
regions.

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

The 250 metric ton weight of the Luxor Obelisk

The 5.17 m height of the statue of David by Michaelangelo

The 530.2 cats of the Great Star of Africa diamond

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

The 33 m diameter of the Stonehenge Sarcen Circle

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

Christiesd hammerwiprhi cFei ffteereniMSaunfl ower so (E9°

= > I D

8r

>

The time span of the Battle of Issos 333 B.C.E. (E52) had duration Battle of Issos duration (E54)

In First Order Logic

E54(x)6 E1(x)
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Properties:
P90has valueE60Number
P91has unit (is unit of)E58 Measurement Unit

E55 Type

Subclass of: E28Conceptual Object
Superclass of: E56Language
E57 Material
E58Measurement Unit

Scope note: This class comprises concepts denoted by terms fh@sauri and controlled vocabularies used to
characterize and classify instance€4DOC CRMclasses. Instances of E55 Type represent concepts in
contrast to instances of E41 Appellation which are used to name instai@&0ff CRMclasses.

E55 Type $ theCIDOC CRMbs i nterface to domain specific on
represented in theIDOC CRMas subclasses of E55 Type, forming hierarchies of terms, i.e. instances
of E55 Type linked vi#127 has broader term (has narrower t@rfe55Type Such hierarchies may be
extended with additional properties.

Examples:

weight, length, depth [types of E54]

portrait, sketch, animation [types B86]

French, English, German [E56]

excellent, good, poor [types of E3]

Ford Model T, chop stick [tyeof E22]

cave, doline, scratch [types of E26]

poem, short story [types of E33]

wedding, earthquake, skirmish [types of E5]

I v D D Dy D D

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

Properties:
P127has broader term (has narrower terB§5 Type
P150defines typical parts dfiefine typical wholes for)E55 Type

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 categorically in the model without reference to instances of it, i.e. the Model does not
forese t he description of instances of instances o

It is recommended that internationally or nationally agreed codes and terminology are used to denote
instances of E56 Language, such as those define®ils391:2002and later versions

Examples:

el [Greek](Palmer, 1980)

en [English] (Wilson 1983)

eo [Esperanto]Nuessel2000)

es [Spanish](Pineda 1993)

fr  [French](Rickard 1974)

T I I I I

In First Order Logic
E56(x)6 E55(x)

E57 Material
Subclass of: E55Type
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Scope note:

Examples:

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, during its use, 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 way as other objects. Bite used or processed pieces, such as the stones from
Nefer Titi's temple, should be modelled as partsRdb is composed of (forms part:db18 Physical

Thing).

This type is used categorically in the model without reference to instances of fite iotliel 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)
Polycarbonat€Mhaske 2011)
Resin(Barton, 1992)

> > >

In First Order Logic

E57(x)6 E55(X)

E58 Measurement Unit

Subclass of:
Superclass of:

Scope Note:

Examples:

E55Type
E98Currency

This class is a specialization of E55 Type and comprises the types of measurement units: feet, inches,
centimetres, litres, lumens, etc.

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

Systéme International (Sl) units or internationally recognizedSioterms should be used whenever
possible. (SO80000:2008 ArchaicMeasurement Units used in historical records should be preserved.

cm [centimetre]

km [kilometre]

m [meter]

m/s [meters per secondHau, 1999)

A [Ampere]

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

o D B D B D

In First Order Logic

E58(x)6 E55(x)

E59 Primitive Value

Superclass of:

Scope Note:

E60Number

E61Time Primitive

E62 String

This class comprisesluesof primitive data types of programming languages or database management
systems and data types composed of such values used as documentation elements, as well as their
mathematical abstractions
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Examples:

They are not considered as elements of the univefraliscourse 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 mathematical and computational manipulations and the symbolic objects they define and
handle.

In paticular they comprise lexical forms encoded as "strings" or series of characters and symbols based
on encoding schemes (characterised by being a limited subset of the respective mathematical
abstractions) such as UNICODE and values of datatypes thaé@rcbded in a lexical form, including
guantitative specifications of tirrgpans and geometry. They have in common that instances of E59
Primitive Value define themselves by virtue of their encoded value, regardless the nature of their
mathematical abstrdons.

Therefore they must not be represented in an implementation by a universal identifier associated with a
content model of different identity. In a concrete application, it is recommended that the primitive value
system from a chosen implementatidatform 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 Order Logic:

E60 Number
Subclass of:

Scope Note:

Examples:

E59 Primitive Value

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

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

may be similar. Instances of E60 Number can be coetbivith 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 identifiers, e.g., 48231 + 2 days = 19202-02. Cf. E54
Dimension

5
3+2i

1.5e04
(0.5,- 0.7,88)

o B I D

In First Order Logic

E60(x)6 E59(x)

E61 Time Primitive

Subclass of:

E59Primitive Value

Scope Note: This class compriseastances of E59 Primitive Value for tintgatshould be implemented with appropriate
validation, precision and references to temporal coordinate systems to express time in some context relevant
to cultural and scientific documentation.

Instantiating different instances of E61 Time Primitivetieéato 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
E61Time Primitiveshould be instantiated relative to one E52 Time SPay one E52 Time Span should

be instantiated since there is only one real phenomenal time extent of any given temporal entity.

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

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

class.
Examples:
A 19947 1997
A 13 May 1768
A 2000/01/01 00:00:59.7
A 85" century BC

In First Order Logic
E61(x)0 E59(x)

E62 String
Subclass of: E59Primitive Value

Scope Note:  This class comprises coherent sequencéénairy-encodedsymbols. They correspond 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 vafwesent entities in mathematical 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 dte, but consist of different strings

Examples:
A the Quick Brown Fox Jumps Over the Lazy Dog
A 6F 6E 54 79 70 31 0D 9E

In First Order Logic
E62(x)0 E59(x)

E63 Beginning of Existence

Subclass of: E5Event
Superclass of: E12Production
E65Creation
E66Formation
E67Birth
E81 Transformation

Scope note:  This class comprises events that bring into existencénatance oE77 Persistent Item.

It may be used for temporal reasoning about things (intellectual products, physical items, groups of
people, living beings) beginnirtg exist; it serves as a hook for determination fittaminus post que
orfit er rantenques.
Examples:
A the birth of my child
A the birth of Snoopy, my dog
A the calving of the iceberg that sank the Titanic
A the construction of the Eiffel Tow¢Tissandier, 1889)

In First Order Logic
E63(x)0 E5(x)

Properties:
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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 class comprises events that end the existence afstapce oE77 Persistent ltem.

It may be used for temporal reasoning about things (physical items, groups of peoplehédivigs)
ceasing to exist; it serves as a hook for determinatioritefminus posguendorii t e r @nitequers.
In cases where substance fromiastance of E6&ersistent Iltem continues to exist in a new form, the
process would be documentasinstanes ofE81 Transformation.

Examples:
A the death of Snoopy, my dog
A the melting of 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 ltem

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 or immaterial products, such
aslegends, poems, texts, music, images, movies, laws, types etc.
Examples:
A the framing of the U.S. Constitutigfarrang 1913)
the drafting of U.N. resolution 144United Nations Security Council, 2@Q

In First Order Logic
E65(x)0 E7(x)
E65(x)6 E63(x)

Properties:
P94has created (was created iy28 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 or nation.

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 doesaqtirethat the group is populated with members at
the time of formationln order to express the joining ofembers 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)
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A the consping of the murderers of Caes@rwin, 1935)

In First Order Logic
E66(x)0 E7(X)
E66(x)0 E63(x)

Properties:
P95has formed (was formed bygE74 Group
P151was formed fromE74 Group

E67 Birth
Subclass of:  E63Beginning of Existence

Scope note: This class comprises the births of human beings. E67 Bigtlbiological event focussing on the context
of people coming into life. (E63 Beginning of Existence comprises the coming into life of any living
being).

Twins, triplets etc. argypically brought into life by the samastance oE67 Birth. The intrduction of
E67 Birth as a documentation element allows the description of a range of family relationships in a simple
model. Suitable extensions may describe more details and the complexity of motherhood with the
intervention of modern medicine. In this de, 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 birth221 Person
P97from father (was father forE21 Person
P98brought into life (was born)E21 Person

E68 Dissolution
Subclass of: E64End of Existence

Scope note:  This class comprises the events that result in the formal or informal terminatiorinstamce oE74
Group

If the dissolution was deliberate, the Dissolution event should also be instantiatethstasce oE7
Activity.
Examples:
A the fall of the Roman Empir@Vhittington, 1964
A the liquidation of Enron Corporatiditlas, 2001)

In First Order Logic
E68(x)0 E64(x)

Properties:
P99dissolved (was dissolved b\g74 Group

E69 Death
Subclass of: E64End of Existence

Scope note: This class comprises the deaths of human beings.
If a person isilled, thedeath should bdocumented as an instarmfebothE69 Death and E7 Activity.
The death or perishing of other living beings should be documanitestances oE64 End of Existence.
Examples:
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A the murder of Julius Caesar (E69,EFyvin, 1935)
A the death of Senator Paul WellstdiMonast,2003)

In First Order Logic
E69(x)0 E64(x)

Properties:
P100was death of (died inE21 Person

E70 Thing

Subclass of: E77Persistent Item
Superclass of: E71HumanMadeThing
E72Legal Object

Scope note:  This general class comprises discrete, identifiable, instances of E77 Persistent Item that are documented
assingle units, that either consist of 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 encodingy they may be a logical concept or structure.

Examples:

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

thet hi ng on the top of Otto Hahnés desk (E19)

the form of the nesmoking sign (E36)

the cave of Dirou, Mani, Greece (EQPsimenos. 2005)

o I

T >

In First Order Logic
E70(x)6 E77(x)

Properties
P43has dimension (is dimension oB54 Dimension
P101had 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: E70Thing
Superclass of: E24PhysicalHumanMadeThing
E28Conceptual Object

Scope note: This class comprises discretéentifiablehumanmadeitems that are documented as single units

These items are either intellectual producthemanmadephysical things, and are characterized by
relative stability. They may for instance have a solid physical form, an elecémocading, or they may
be logical concepts or structures.
Examples:
A Be et hoWYSympbany (573JLockwood, 2015)
A Mi chel an g ¢PRaaedtis201B)a v i d
A Einsteinbés Theory o(Hartee008)r al Rel ativity (E73)
A thetaxomd Fr i ngi |Linmaeus,® & §E&5D(Sinkevicius andNarusevicius2002)

In First Order Logic
E71(x)6 E70(x)

Properties
P102has title (is title of)E35Title
(P102.1has typeE55Type)
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103was intended for (was intention oE55Type

E72 Legal Object

Subclass of: E70Thing
Superclass of: E18Physical Thing
E90 Symbolic Object

Scope note: This class comprises those material or immaitéems 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 o&n instance 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 ctb©C CRM

Examples:
A the Qillinan diamond (E19]Scarratt an&ha, 2006)
A definition of the CIDOC Conceptual Reference Model Ver&idh4(E73)(1SO 21127 2004)

In First Order Logic
E72(x)6 E70(x)

Properties:
P104is subject to (applies toE30Right
P105right held by (has right onf39Actor

E73 Information Object

Subclass of: E89Propositional Object
E90Symbolic Object

Superclass of: E29Design or Procedure
E31Documen
E33Linguistic Object
E36Visual ltem

Scope note: This class comprises identifiable immaterial items, such as a poems, jokes, data sets, images, texts,
multimedia objects, mcedural 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, so thaaesah graph” is
an instance of E73 Information Object.

An instance oE£73 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 E7Wformation 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
declared as instances of the E31 Document subclass. Conceptual iteras syes and classes are not
instances of E73 Information Object, nor are ideas without a reproducible expression.

Examples:

image BM000038850.JPG from the Clayton Herbarium in Lor{@®1)

E. A. Poe's "The Raver{fPoe 1869)

the movie "The Seven Sanaiit by Akira KurosawgMellen, 2002)

the Maxwell EquationgHuray, 2010)

The Getty AAT as published as Linked Open Data, accessed 1/10/2014

Tou I o I I

In First Order Logic
E73(x)0 E89(x)
E73(x)0 E90(x)

Properties:
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E74 Group

Subclass of: E39Actor
Superclass of:

Scope note: This class comprises any gatherings or organizationsuafian individuals or groupthat act
collectively or in a similar way due to any form of unifying relationship. In the wider shisselass
also comprises official positions which used to be regarded in certain contexts as one actor, independent
of the current holder of the office, such as the president of a country. In such cases, it may happen that
thegroup never had more than omember. A joint pseudonym (i.e., a name that seems indicative of
an individual but that is actually used as a persona by two or more people) is a particular case of E74
Group

A gathering of people becomesiastance oE74 Group when it exhibits orgamitional characteristics

usually typified by a set of ideas or beliefs held in common, or actions performed together. These might
be communication, creating some common artifact, a common purpose such as study, worship, business,
sports, etc. Nationalityam be modelled as membership iniastance ofE74 Group (cf. HumanML
markup). Married couples and other concepts of family are regarded as particular examples of E74
Group.

Examples:

the impressionisté/Nilson, 1983)

the Navajo(Correll, 1972)

the Greeks(Williams, 1993)

the peace protestors in New York City on February 15 2003
ExxonMobil ( ExxonMobil Corpd Mergent's dividend achievergol. 3, no. 3, 2006, pp. 997)
King Solomon and his wive@hieberger1947)

The President of the Swi€onfederation

Nicolas Bourbak{Aczel, 2007)

Betty Crocker(Crocker 2012)

Ellery QueenWheat, 2005)

Greenpeace

Paveprime Ltd

the National Museum of Denmark

Pool N, N S N S N N, N, N S

In First Order Logic
E74(x)0 E39(x)

Properties:

P107has current or former member (is current or former membeE8HActor
(P107.1kind of memberE55 Type)

mes k
concepts,

or events.
eristics of
ce of
imilarities

car. Even
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Persistent

05)
002)

E78 Curated Holding
Subclass of: E24PhysicalHumanMadeThing

Scope note: This class comprises aggregations of instances of E18 Physicaltfatrage assembled and maintained
(Acuratedd and fApreserved, o in museological ter
time for a specific purpose and audience, and according to a particular collection development plan.
Typical instances oturated holdings are museum collections, archives, library holdindsligital
libraries.A digital library is regarded as an instance of E18 Physical Thing because it requires keeping
physical carriers of the electronic content.

Items may be added ormeved from an E7&urated Holdingn pursuit of this plan. This class should
not be confused with the E39 Actor maintaining the EdBated Holdingpften referred to with the name
of the E78Curated Holdind e. g. A The Wall ace Coll ection decide

Collective objects in the general sense, like a tomb full of gifts, a folder with stamps or a set of chessmen,
should be documented as instances of E19 Physical Object, and not as instanc&ucdteddHolding

This is because they form wholes eithecdugse they are physically bound together or because they are
kept together for their functionality.

Examples:
A the John Clayton Herbarium
A the Wallace Collectiofingamells 1990)
A Mi kael Heggelund Fosliebdbs <corall i aleHistoreahd al ga
_ Archaeology, Trondheim, Norway
A The Digital Collections of the Munich DigitiZzation Center (MDZ) accessible via

https://www.digitalesammlungen.dedt least in January 2018.

In First Order logic:
E78(x)0 E24(x)
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Properties:
109has current or former curator (is current or former curato=&9Actor

E79 Part Addition
Subclass of: E11 Modification

Scope note:  This class comprises activities that result in an instance of E24 PhikiosnMade Thing being
increased, enlarged or augmented by the addition of a part.

Typical scenarios include tltachment of an accessory, the integration of a component, the addition of

an element to an aggregate object, or the accessioning of an object into a instateck ofE78

Collection. Objects to which parts are added are, by defintiemanmade sine the addition of a part

implies a human activity. Following the addition of parts, the resutitnpanmadeassemblages are

treated objectively as single identifiable wholes, made up of constituent or component parts bound

together either physically (f@xample the engine becoming a part of the car), or by sharing a common

purpose (such as the 32 chess pieces that make up a chess set). This class of activities forms a basis for

reasoning about the history and continuity of identity of objects that agraned into other objects over

time, such as precious gemstones being repeatedly incorporated into different items of jewellery, or

cultural artifacts being added to different museum instances of E78 Collection over their lifespan.

Examples:

A the settingof the kohi-noor diamond into the crown of Queen Elizabeth the Queen Mother
(Dalrymple, 2017)

A the addition of the painting ARoom in Brookl yn
of Fine Arts, Boston

In First Order Logic
E79(x)0 E11(x)

Properties:
P110augmented (was augmented 24 PhysicalHumarrMadeThing
Pl11lladded (was added byB18Physical Thing

E80 Part Removal
Subclass of: E11 Modification

Scope note: This class comprises the activities that result in an instance of E18 Physical Thing being dégyreased
the removal of a part.

Typical scenarios include the detachment of an accessory, the removal of a component or part of a
composite object, or the deaccessioning of an object from a curaliedtion, an instance dt78
Collection. If theinstance oE80 Part Removal results in the total decomposition of the original object
into pieces, such that the whole ceases to exist, the activity should instead be modeliedtas@nof
E81 Transformation, i.e. a simultaneous destruction and productiorsds wdere the part removed has
no discernible identity prior to its removal but does have an identity subsequent to its removal, the activity
should benodelledas bothan instance dE80 Part Removal and E12 Production. This class of activities
forms a bais for reasoning about the history, and continuity of identity over time, of objects that are
removed from other objects, such as precious gemstones being extracted from different items of jewelry,
or cultural artifacts being deaccessioned from differeaseum collections over their lifespan.

Examples:
A the removal of the engine from my car
A the disposal of object number 1976:234 from the collection

In First Order Logic
E80(x)0 E11(x)

Properties:
P112diminished (was diminished byE24 PhysicalHumanMadeThing

P113removed (was removed byj18Physical Thing
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E81 Transformation

Subclass of:  E63Beginning of Existence
E64End of Existence

Scope note:  This class comprises the events that result in the simultaneous destruction of one or more than one
instance oE18 Physical Thing and the creation of one or more thaimnstence oE18 Physical Thing
that preserves recognizable substance and structumetlie first one(s) but has fundamentally different
nature or identity.
Although the old and the new instances of E18 Physical Thing are treated as discrete entities having
separate, unique identities, they are causally connected thaougktance oE81 TransformationThe
creation of the new instances of E18 Physical Thiingctly causeshe destruction of the olishstances
of E18 Physical Thingising or preserving some relevant substance and structure. Instances of E81
Transformation are thereforestinct from reclassifications (documenteak instances ofE17 Type
Assignment) or modifications (documentadinstances oE11 Maodification) of objects that do not
fundamentally change their nature or identity. Characteristic @ddastances of E81 &nsformation
are reconstructions and repurposing of historical buildings or ruins, fires leaving buildings in ruins,
taxidermy of specimesin natural history.

Examples:
A the death and mummification ®fit-Ankh-Amun (transformation offut-Ankh-Amun from aliving

person to a mummy) (E69,E81,E7)

In First Order Logic
E81(x)0 E63(x)
E81(x)0 E64(x)

Properties:
P123resulted in (resulted fromE18 Physical Thing

124transformed (was transformed b§p18 Physical Thing

E83 Type Creation
Subclass of: E65Creation

Scope note: This classcomprises activities formally defining new types of items.

It is typically a rigorous scholarly or scientific process that ensures a type is exhaustively described and

appropriately named. In some cases, particularly in archaeology and the life s&@&3c€gpe Creation

requires the identification of an exemplary specimen and the publication of the type definition in an

appropriate scholarly forum. The activityodelled as an instancd E83 Type Creation is central to

research in the life sciences, whe a type would be referred to as

fiprotol ogue, 06 and t hoegin@dxleenpd ratry e mp efth anletsy mes o .A
Examples:

A creation of the taxotPenicillium brefeldianungB. O. Dodge'1933)

A addition of classE85 Joiningto theCIDOC CRM

In First Order Logic
E83(x)0 E65(x)

Properties:
P135created type (was created bgB5 Type
P136was based on (supported type creati&@i)CRM Entity
(P136.1in the taxonomic roleE55Type)
E85 Joining

Subclass of: E7 Activity
Scope note:  This class comprises the activities that result in an instance of E39 Actor becoming a member of an

instance of E74 Group. This class does not imply initiative by either paray be the initiative of a
third party.
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Typical scenarios include becoming a member of a social organisation, becoming employee of a

company, marriage, the adoption of a child by a family and the inauguration of somebody into an official

position.

Examples:

A The election of Sir Isaac Newton as Member of Parliament for the University of Cambridge to the
Convention Parliament of 16§&leick,2003)

A The inauguration of Mikhail Sergeyevich Gorbachev as leader of the Union of Soviet Socialist
Republics (USSR) in 185 (Butson,1986)

A The implementation of the membership treaty betwed and Denmark January 1.989

In First Order Logic
E85(x)6 E7(X)

Properties:
P143joined (was joined by)E39Actor
P144joined with (gained member bi74 Group
(P144.1kind of memberE5S5 Type)
E86 Leaving

Subclass of: E7 Activity

Scope note:  This class comprises the activities that result in an instance of E39 Actor to be disassociated from an
instance of E74 Group. This class does mgtly initiative by either partyit may be thenitiative of a
third party.

Typical scenarios include the termination of membership in a social organisation, ending the employment
at a company, divorce, and the end of tenure of somebody in an official position.

Examples:
A The end of SsdutydsMerber of Ralianent fothe University of Cambridge to the
Convention Parliament in 17@&leick, 2003)
A George Washingtonog¢onesel®¥W) ng office in 1797
A The i mplementation of the treaty regmuihBUIing t

between EU, Denmark and Greenland February 1. 1985

In First Order Logic:
E86(x)0 E7(X)

Properties:
P145separated (left byiE39 Actor
Pl146separated from (lost member 74 Group

E87 Curation Activity
Subclass of: E7 Activity

Scope note: This class comprises the activities that result in the continuity of management and the preservation and
evolution of instances of E78 Collection, following an implicit or explicit curation plan.

It specializes the notion of activity into the curatioraafollection and allows the history of curation to
be recorded.

Items are accumulated and organized following criteria like subject, chronological period, material type,
style of art etc. and can be added or removed fromstance oE78 Collection fora specific purpose
and/or audience. The initial aggregation of items of a collection is regarded as an instance of E12
Production Event while the activity of evolving, preserving and promoting a collection is regarded as an
instance oE87 Curation Activiy.

Examples:
A The curation of Mikael Heggel undilR@éwhénEdslee cor &

died), now at Museum of Natural History and Archaeology, Norway
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In First Order Logic:

Properties:

E87(x)6 E7(X)

P147curated (was curated byg78 Collection

E89 Propositional Object

Subclass of:
Superclass of:

Scope note:

Examples:

E28Conceptual Object
E73Information Object
E30Right

This class comprises immaterial items, including but not limited to stories, plots, procedural
prescriptions, algorithms, laws of physics or images that are, or represent in some sense, sets of
propositions about real or imaginary things and that are dewcted as single units or serve as topic of
discourse.

An instance of E89 Propositional Objelctes not depend on a specific physical carrier, which can include
human memory, and it can exist on one or more carriers simultaneously.

Thisclassalsc ompri ses items that are fAaboutd somet hin
this class includes expressions of psychological value such afignos art and musical themes.
However, conceptual items such as types and classes are notaasibB89 Propositional Object. This

should not be confused with the definition of a type, which is indeed an instance of E89 Propositional
Object.

A Maxwel | 6s(HiEay,2010)i on s

A The ideational contents ofi cArdi satso trleenddse rbeado ki ne
translated in é Oxford editioné

A The underlying pmokongpesofnaggE3bdho

A The common ideas of the plots of the movie "The Seven Samurai" by Akira Kurosawa and the movie
firThe Magni ficent €8evendo by John Sturg

A The image content of the photo of the Allied Leaders at Yalta published by UPI(A385

A The character "Little Red Riding Hood" variants of which appesongsbthes i n Gr i mm br o
Rot ka2ppchenbé, other oral fairy tales and the

A The place "Havnor" as invented by Uthesnlatad K. L

maps and appearing in derivative webased on these novels

In First Order Logic:

Properties:

E89(x)0 E28(x)

P148has component (is component dB9 Propositional Object
P67refers to (is referred to byl CRM Entity

(P67.1has typeES5Type)
P129is about (is subject ofE1 CRM Entity

E90 Symbolic Object

Subclass of:
Superclass of:

Scope note:

E28Conceptual Object
E72Legal Object
E73Information Object
E41 Appellation

This class comprises identifiable symbols and any aggregation of symbols, such as characters, identifiers,
traffic signs, emblems, texts, data sets, images, musical scores, multimedia objects, computer program
code or mathematal formulae that have an objectively recognizable structure and that are documented
as single units.

It includes sets of signs of any nature, which may serve to designate something, or to communicate some
propositional content.

An instance of E90 Symltio Object does not depend on a specific physical carrier, which can include
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Examples:

human memory, and it can exist on one or more carriers simultaneously. An instance of E90 Symbolic
Object may or may not have a specific meaning, for example an arbitrary chataate

In some cases, the content of an instance of E90 Symbolic Object may completely be represented by a

serialized digital content model, such as a sequence of ASctdded characters, an XML or HTML
document, or a TIFF image. The propeP¥ hasnoteand its subpropert?190 has symbolic content
allow for the description of this content model. In order to disambiguate which symbolic level is the
carrier of the meaning, the propeRg.1 has typean be used to specify the encoding (e.g. "bit", "Latin
character”, RGB pixel).

A 6ecognizabl &

A The -sirnooki ngo sign (E36)

A ABMO0O00388=B®H.JIJPGO (

A image BM000038850.JPG from the Clayton Herbarium in Lon&ae)(

A The distribution of form, toneraed col our found on Leonardo da
Lisao irm3gaylight (

A The Iltalian text of Danteés @ADivina Cohlaned:i

Commedi a secondo | danti ca vMilbwabnaadai, 166867 & di
Le Opere di Dante Alighieri, Edizione Nazionale a cura della Societa Dantesca ItalianadyIl, 1
(E33)

In First Order Logic:

Properties:

E90(x)6 E28(x)
E90(x)6 E72(x)

P106is composed of (forms part o290 Symbolic Object
P190has symbolic content: E62 String

E92 Spacetime Volume

Subclasof:
Superclass of:

Scopenote

Examples:

E1 CRM Entity
E4 Period
E93Presence

This class comprises 4 dimensional point sets (volumes) in physical spadetimentrast to
mathematical models of itegardlessheirtrue geometric form They may derive their identity from

being the extent of a material phenomenon or from being the interpretation of an expression defining
an extent in spacetime. Intersections of instances of E92 Spacetime Vé@b&elace andE52

Timespan are also regarded as instances of E92 Spacetime Volume. An instance of E92 Spacetime

Volume is either contiguous or composed of a finite number of contiguous subsets. Its boundaries
may be fuzzy due to the properties of the phenomena it defriemn or due to the limited precision

up to which defining expression can identified with a real extent in spacetime. The duration of
existence of an instance B90 SpacetimeV/olume is its projection on time.

theextentinspaceandtime of t he Event of Caesardéds murder
where and when the carbon 14 dating of the "Schoeninger Speer II" in 1996 took place

the spatietemporal trajectory of the H.M.S. Victory from its building to its actual location

= =2 =4 -4

theextent inspaceandtime defined by aglygon approximating the Danube river flood in Austria
between 8 and ' of August 2002

In First Order Logic:

E92(x)6 E1(X)
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Properties:
P10falls within (contains)E92 Spacetime Volume
P132spatiotemporallyverlaps withE92 Spacetime Volume
P133spatiotemporallseparated fronE92 Spacetime Volume
P160has temporal projectidis temporal projection of E52 Time-Span
P161 has spatial projectiofis spatial projection of)E53Place

E93 Presence
Subclass of£92 Spacetime Volume

Scope note:  This class comprises instances of E92 Spacetime Volume, whose temporal extent has been chosen in
order to determine the spatial extent of a phenomenon over the chosapimé&espective phenomena
may, for instance, be historical events or peribas,can also behe diachronic extent and existence of
physical things. In other words, instances of théss fix a slice of mother instance dE92 Spacetime
Volume in time.

The temporal exterdf an instance of E93 Preserigpically is predetermined by the researcher so as to
focus the investigation particularly on finding the spatial extent of the phenomenon by testing for its
characteristic features. There are at least two basic directions such investigations mighh¢ake. T
investigation may wish to determine where something was during some time or it may wish to reconstruct
the total p a s s a gpacetinévoluene thrbugmanm examiratiod af discrete presences.
Observation and measurement of features indicétiagresence or absence of a phenomenon in some
space allows for the progressive approximation of spatial extents through argumentation typically based
on inclusion, exclusion and various overlaps

In First Order Logic:
E93(x)6 E92(x)

Properties:

"U

164during (was timespan of):E52Time Span

166was a presence of (had preseng&®2 Space Time Volume
167at (wasplaceof): E53Place

195was a presence of (had presen&d)8 Physical Thing

o)

)
(o]

)
©

E94 Space Primitive
Subclass of: E59Primitive Value

ted with
n
cientific

Scope Note:

tive place
s derived
s of

d, or other

larative)

itions

F

kinds of
instances
etween
is model.
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Examples:

1 Coordinate Information in GML like <gml:Point gml:id="p21"
srsName="http://www.opengis.net/def/crs/EPSG/0/4326"> <gml:coordinates>45.67,
88.56</gml:coordinates> </gml:Point>

1 Coordinate Information ifat, long 48,2 13,3

1 Well Known Text like POLYGON ((30 10, 40 40, 20 40, 10 20, 30 10))

In First Order Logic:

E94(x) 0 E59(x)
Properties:

E95 Spacetime Primitive
Subclass of: E59Primitive Value

Scope Note: This class compriseastances of E59 Primitive Value for spacetime volumes that should be implemented
with appropriate validation, precision and reference systems to express geometries being limited and
varying over time on or relative to Earth, or any other stable congiaBadf matter, relevant to cultural
and scientific documentation.nAinstance of E9%pacetime Primitive may consist of one expression
including temporal and spatial information such as in GML or a different form of expressing spacetime in
an integrated ay such as a formula containing all 4 dimensions.

An instance ofE95 Spacetime Primitive defines mrstance ofE92 Spacetime Volume in the sense of a
declarative spacetime volume as define@RMgeo (Doerr & Hiebel 2013), which means that the identity

of the instance of E92 @acetimeVolume is derived from its geometric and temporal definition. This
declarative spacetime volume allows for the application of all E92 Spacetime Volume properties to relate
phenomenal spacetime volumes of periods and physigals to propositions about their spatial and
temporal extents.

Instances of E92 Spacetime Volume defined by P169 that use different spatiotemporal referring systems
are always regarded as different instances of the E92 Spacetime Volume.

It is possiblefor a spacetime volume to be defined by phenomena causal to it, such as an expanding and
declining realm, a settlement structure or a battle, or other forms of identification rather than by an instance
of E95 Spacetime Primitive. Any spatiotemporal appm@tion of such a phenomenon by an instance of
E95 Spacetime Primitive constitutes an instanded¥ Spacetime Volumia its own right

E95 Spacetime Primitive is not further elaborated upon within this model. CompatibilityQ@i@
standards are recommended.

Examples:

9 Spatial and temporahformation in KML for the maximum extent of the Byzantine Empire
<Placemark>
<name>Byzantine Empire/name>
<styleUrl>#style_1</styleUrl>
<TimeSpan>
<begin>330</begin>
<end>1453</end>
</TimeSpan>
<Polygon><altitudeMode>clampToGround</altitudeMode><outerBoundaryls><LinearRing>
<coordinates>18.452787460,40.85553626,0 17.2223187,40.589098,........ 017.2223,39.783
</coordinates>
</Polygon>
</Placemark>
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In First Order Logic
E95(x)6 E59(x)

Properties:

E96 Purchase
Subclass of:
Superclass of:

Scope note:

P169defines spacetimeolume(spacetime volumes defined by. E92 Spacetime Volume

E8 Acquisition

This class comprisdsansfers of legal ownership from one or more instances of E39 Actor to one or
more different instances of E39 Actor, where the transferring party is completely compensated by the
payment of a monetary amount. In more detail, a purchase agreement estadblisted monetary
obligation at its initialization on the receiving party, to the giving party. An instance of E96 Purchase
begins with the contract or equivalent agreement and ends with the fulfilment of all contractual
obligations. In the case that tteetivity is abandoned before both parties have fulfilled these
obligations, the activity is not regarded as an instance of E96 Purchase.

This class is a very specific case of the much more complex social business practices of exchange of
goods and the eation and satisfaction of related social obligations. Purchase activities which define
individual sales prices per object can be modelled by instantiating E96 Purchase for each object
individually and as part of an overatistance 0£96 Purchase trandam.

In First Order Logic

Properties:

E96(x) 6 E8(x)

179had sales pricéwvas sales price of)E97 Monetary Amount

E97 Monetary Amount

Subclass of:

Scope note:

Example:

E54 Dimension

This class comprises quantities of monetary possessions or obligations in terms of their nominal value
with respect to a particular currency. These quantities may be abstract accounting units, the nominal
value of a heap of coins or bank notes at the timalidity of the respective currency, the nominal
value of a bill of exchange or other documents expressing monetary claims or obligations. It
specifically excludes amounts expressed in terms of weights of valuable items, like gold and
diamonds, and quéities of other norcurrency items, like goats or stocks and bonds.

T Christies6 hammer price for fAVase with Fifteen Su

In First Order Logic

E97(x) 6 E54(X)
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Properties:

E98 Currency

Subclass of:

Scope note:

Examples:

P180has currencywas_currency_of)E98 Currency
P181has amountE60Number

E55Type
E58Measurement Unit

This class comprises the units in which a monetary system, supported by an administrative authority
or other community, quantifies and arithicatly compares all monetary amounts declared in the

unit. The unit of a monetary system must describe a nominal value which is kept constant by its
administrative authority and an associated banking system if it exists, and not by market value. For
instarce, one may pay with grams of gold, but the respective monetary amount would have been
agreed as the gold price in US dollars on the day of the payment. Under this definition, British Pounds,

U.S. Dollars, and EuropeangEames odr goéxamplkeso
system has one and only one currency. Instances of this class must not be confused with coin
denominati ons, such as -ménbtarynexchangerof val&eirs terms ofi u s 0O

gquantities of a particular type of gds, such as cows, do not constitute a currency.

Aso (Roman mid republic)
E u r(Temperton 1997)
US D dRo$ed97®)

> >
St St 3D

In First Order Logic

E98(x) 6 E55x)
E98(x) 6 E58X)

E99 Product Type

Subclass of:

E55 Type

Scope note This classes comprises types that stand as the models for instancesHifirB22Made Object that are

Examples

Definition of th

produced as the result of production activities using plans exact enough to result in one or more series of
uniform, functionally and aesthetically idical and interchangeable items. The product type is the
intended ideal form of the manufacture process. It is typical of instances of E22 that conform to an instance
of E99 Product Type that its component parts are interchangeable with componentgtaes ioktances

of E22 made after the model of the same instance of E99. Frequently, the uniform production according to
a giveninstance ofE99 Product Type is achieved by creating individual tools, such as moulds or print
plates that are themselves dans of the design of the product type. Modern tools may use the flexibility

of electronically controlled devices to achieve such uniformity. The product type itself, i.e., the potentially
unlimited series of aesthetically equivalent items, may be thettafgartistic design, rather than the
individual object. In extreme cases, only one instance of a product type may have been produced, such as
in a "print on demand" process which was only triggered once. However, this should not be confused with
industrial prototypes, such as car prototypes, which are produced prior to the production line being set up,
or test the production line itself.

Volkswagen Type 11 (Beetle)

Dragendorff 54 samian vessel

1937 Edward VIII brass threepenny bit

Qin Craossbow trigger umotched Part B (Bg2u)
Nokia Cityman 1320 (The first Nokia mobile phone)
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In First Order Logic
E99x) 6 E55X)

Properties:

P187has production plan (is production plan fd€P9 Design oProcedure
P188requires production tool (is production tool for): E19 Physical Object
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Cl DOC eRbperty Decl arations

The properties of th€IDOC CRMare comprehensively declared in this section using the following format:

1 Property names are presented as headings in bold face, preceded by unique property identifiers;

T The line fiDomain: o declares the c¢class for which the

T The | nge: DRadecl ares the class to which the property

T The 1 ine fiSuper prnefergneertaany sabpropérties the papertyrmayshave;

T The |l ine AQuantificati on: curredoexfdr domairsand rénge clpss mstanced fa& n u
the property. Possible values are: 1:many, many:many, many:1;

T The I ine AScope note: 0 contains the textual definit

T The line fAExampl es: 0examplastohinstarces af this propertyt Ifettee exdamptetis aleof

instance of a subproperty of this property, the unique identifier of the subclass is added in parenthesis. If the
example instantiates two properties, the unique identifiers of both propsridded in parenthesis.
The I'ine AExamples: 0 provides illustrative examples
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P1lis identified by (identifies)

Domain: E1 CRM Entity

Range: E41 Appellation

Superproperty oE1 CRM Entity. P48has preferred identifier (is preferred identifier @%2 Identifier
E71HumanMadeThing. P102has title (is title of)E35Title

Quantification: many to many (0,n:0,n)

Scope note:  This property describes the naming or identification of any real world item by a name or any other
identifier.

This property is intended for identifiers in general use, which form part of the world the model intends
to describe, and not merely for intatrdatabase identifiers which are specific to a technical system,
unless these latter also have a more general use outside the technical context. This property includes in
particular identification by mathematical expressions such as coordinate systethdousthe
identification of instances of E53 Place. The property does not reveal anything about when, where and
by whom this identifier was used. A more detailed representation can be made using the fully developed
(i.e. indirect) path through E15 Idensfi Assignment.

P1 is identified by (identifies)s a shortcut for the path frodEl CRM Entity6 through 140 was
attributed b y; @15 Identifier Assignmeiatd@P37 assigne@icE42 Identifieb6 P13 9 has al terna
to 6E41 Appell ationbd

Examples: )
A thecapitalof ltaly (E53) s i denRorh¢eald by 0
A text 2501432 (E33)is identified byi The Decline and Fall of the RO

In First Order Logic:
P1(x,y)0 E1(x)
P1(x,y)0 E41(y)

P2 has type (is type of)

Domain: E1 CRM Entity

Range: E55Type

Superproperty oE1 CRM Entity.P137exemplifies (is exemplified by):E55ype
Quantification: many to many (0,n:0,n)

Scope note:  This property allows sub typing @IDOC CRMentities- a form of specialisation through the use of
a terminological hierarchy, or thesaurus.

TheCIDOC CRMis intended to focus on the hidgavel entities and relationships needed to describe data
structures. Consequently, it does not specialise entities any further than is required for this immediate
purpose. However, entities in the isA hierarchy of@@OC CRMmay by specialised into any number
of sub entities, which can be defined in the E55 Type hieraketlyAppellation for example, may be
special i-madl i addr éies 0, itel ephone number o, ipos
figures explicitlyin the CIDOC CRM hierarchy.A comprehensive explanation about refining CIDOC
CRM concepts by E55 Type is given in the sectior
Constructso .of this document

Examples:
filenqui r i-cersn@co4tigoastyje&mail address (E55)

In First Order Logic:
P2(x,y)0 E1(X)
P2(x,y)0 E55(y)

P3 has note
Domain: E1 CRM Entity
Range: E62 String

Superproperty 0£52 Time-Span.P79beginning is qualified byE62 String

Definition of the CIDOC Conceptual Reference Modgkion 6.2.8 48



E52Time-Span.P80end is qualified . E62 String
E90 Symbolic ObjectP190has symbolic content: E62 String
Quantification: one to many (0,n:0,1)

Scope note:  This property is a container for all informal descriptions about an object that have not been expressed in
terms ofCIDOC CRMconstructs.

In particular it captures the characterisation of the item itself, its internal structures, appearance etc.
Like propertyP2 has type (is type ofhis property is a consequence of the restricted focus efith@C
CRM. The aim is not to capture, in a structured form, everything that can be said about an item; indeed,
the CIDOC CRMformalism is not regarded as suffioteto express everything that can be said. Good
practice requires use of distinct note fields for different aspects of a characterisati®3.Tlmas type
propertyofP3hasnot@a | | ows di fferentiation of specicfic not
An item may have many notes, but a note is attached to a specific item.

Examples:
A coffee mugi OXCMS:1983.1.1 (E19has noteic hi pped at edglkastgpe hanc

Condition (E55)

In First Order Logic:
P3(x,y)0 E1(x)
P3(x,y)0 E62(y)
P3(x,y,2)0 [P3(x,y)" E55(2)]

Properties: P3.1 has typeE55Type

P4 has time-span (is time-span of)
Domain: E2 Temporal Entity

Range: E52Time-Span
Quantification: many to one, necessary, dependent (1,1:1,n)

Scope note: This property describes the temporal confinement of an instance of an E2 Temporal Entity.

The relatednstance oE52 TimeSpan is understood as the real Ti8@an during which theh@nomena
were active, which make up the temporal entity instance. It does not convey any other meaning than a
positioningiorot oé @ thi m8panlintgryis approimated byra set of dates
(instances oE61 Time Primitive). Relateceporal entities may share astance of E5Zime-Span.
Instances of E5Zime-Span may have completely unknown dates but other descriptions by which we
can infer knowledge.

Examples:
A the Yalta Conference (ETps timespanYalta Conference timepan (52)

In First Order Logic:
P4(x,y)0 E2(x)
P4(x,y)6 E52(y)

P5 consists of (forms part of)
Domain: E3 Condition State
Range: E3 Condition State
Quantification: one tomany (0,n:0,1)

Scope note:  This property describes the decomposition ofratance oE3 Condition State into discrete, subsidiary
states.

It is assumed that the sghates into which the condition state is analysed form a logical whtileough
the entire story may not be completely knowrand that the subtates are in fact constitutive of the
general condition state. For example, a gener al
individual stages of decay.
This property is trantive.

Examples:
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The Condition State of the ruined Parthenon (&8)sists ofthe bombarded state after the explosion of
a Venetian shell in 1687 (E3)

In First Order Logic:
P5(x,y)0 E3(x)
P5(x,y)0 E3(Y)

P7 took place at (witnessed)

Domain: E4 Period
Range: E53Place
Quantification: many to many, necessary (1,n:0,n)

Scope note: This property describes the spatial location of an instance of E4 Period.

The relatednstance oE£53 Placeshould be seen as a wider approximation of the geometric area within
which the phenomena that characterise the period in question occurred, see belmek BpldEce at
(witnessed) does not convey any meaning other than spatial positioning (frequeh#ysonface of the
earth). For exampl e, the period AR®volution fr
17890; the fAVictoriand period may bel9ddiod atnad hH
colonies, as well as other parts afrBpe and North America. An instance of E4 Period can take place at
multiple norcontiguous, noroverlapping locations

It is a shortcut of the more fully developed path from E4 Period thrBagh has spatial projectiofe53

Place P89 falls withinto E53 Place. E4 Period is a subclass of E92 Spacetime Volume. By the definition

of P161 has spatial projectioan instance of E4 Period takes place on all its spatial projections, that is,
instances of E53 Place. Something happening at a given place cam etssiolered to happen at a larger
place containing the first. For example, the assault on the Bastille July 14th 1789 took place in the area
covered by Paris in 1789 but also in the area covered by France in 1789.

Examples: ]
A the peri od A R®v otodkplaceathe dreazaverea bysFecelifiSg EH3I)

In First Order Logic:
P7(x,y)0 E4(X)
P7(x,y)0 E53(y)

P8 took place on or within (withessed)
Domain: E4 Period

Range: E18Physical Thing
Quantification: many to many (0,n:0,n)

Scope note:  This property describes the location of an instance of E4 Period with respecirstaarce ofE19

Physical Object
P8 took place on or withifwitnessed) is a shortcut of the more fullye vel oped path from
through O6P7 took 6PlIl®d6e atsdboccChEDPI el bydd, t o OGELS

It describes a period that can be located with respect to the space defined by an Ead@igst such
as a ship or a building. The precise geographical location of the object during the period in question may

be unknown or unimportant.
For example, the French and German armistice of 22 June 1940 was signed in the same railway carriage

asthe armistice of 11 November 1918.

Examples: )
A the coronation of Queen Elizabeth Il (E@pk place on or withiWestminster Abbey (E19)

In First Order Logic:

11 The Venetians in Athens and the Destruction of the Parthenon in 1687,-Theodor E. Mommsen, American Journal of Archdeéfdyo Vb (Oct.
- Dec., 1941), pp. 548
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