[bookmark: _Toc354578412][bookmark: SP8_Spacetime_Volume]Exx Spacetime Volume
	Subclass of: E1 CRM Entity


Scope note:    	This class comprises 4 dimensional point sets (volumes) in physical spacetime regardless its true 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 Exx Spacetime Volume, Place and Timespan are also regarded as instances of Exx Spacetime Volume.  An instance of Exx 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 derives from or due to the limited precision up to which defining expression can be identified with a real extent in spacetime. The duration of existence of an instance of a spacetime volume is trivially its projection on time .
Examples:
· the spacetime Volume of the Event of Ceasars murdering
· the spacetime Volume where and when the carbon 14 dating of the "Schoeninger Speer II" in 1996 took place
· the spatio-temporal trajectory of the H.M.S. Victory from its building to its actual location
· the spacetime volume defined by a polygon approximating the Danube river flood in Austria between 6th and 9th of August 2002
Properties: 
Px5 has temporal projection: E52 Time-Span
Px6 has spatial projection: E53 Place

Ex1 Spacetime Snapshot
	Subclass of: Exx Spacetime Volume


Scope note:    	This class comprises instances of Exx Spacetime Volume that result from intersections of instances of Exx Spacetime Volume, E53 Place or E52 Time-Span.  The identity of an instance of this class is determined by the identities of its constituting items. Those are one or more of the following:
	1) two or more instances of Exx Spacetime Volume
	2) one or more instances of Exx Spacetime Volume AND one or more instances of E53 Place.
	3) one or more instances of Exx Spacetime Volume AND one or more instances of E52 Time-Span
	4) one or more instances of E53 Place AND one or more instances of E52 Time-Span

	An empty intersection is regarded as non existent.

This class can be used to define temporal snapshots at a particular time-span, such as the extent of the Roman Empire at 33 B.C., or the extent occupied by a museum object at rest in an exhibit. It can also be used to define a spatial snapshot, such as cutting the Exx Spacetime Volume occupied by the Iron Age by the current spatial extent of Austria. It can also be used to define intersections of two or more real spatiotemporal components, such as the Exx Spacetime Volume occupied by the E4 Period of Impressionism with the Exx Spacetime Volume occupied by the life of Van Gogh, or the Exx Spacetime Volume occupied by Imperial China with that claimed by Imperial Vietnam. 
In particular, it can be used to define partial spatial or temporal projections of spacetime volumes, such as the time-spans of foreign occupation of a country, or the spatial extent of a flood at some particular hour.

Properties: 

Px7 is restricted by: Exx Spacetime Volume
Px8 is restricted by: E53 Place
Px9 is restricted by: E52 Time Span




i.	“Physical thing occupies Place” implies a default reference space
	
Px1: occupies
Domain: E18 Physical Thing 

	Range: E53 Place
Quantification: one to one (0,1:1,1)



Scope note:	This property describes the maximal real volume in space that an instance of E18 Physical Thing has occupied during its lifetime with respect to a reference space at which the thing is at rest. In other words, it is the volume in which the thing has covered any of its points at least at some time during its existence. In the case of an E26 Physical Feature the default reference space is the one in which the object that bears the feature or at least the surrounding matter of the feature is at rest. In this case there is a 1:1 relation of E26 Feature and E53 Place. For simplicity of implementation multiple inheritance (E26 Feature IsA E53 Place) may be a practical approach.

For instances of E19 Physical Objects the default reference space is the one which is at rest to the object itself, i.e. which moves together with the object. We include in the occupied space the space filled by the matter of the physical thing and all its inner spaces. 

This property is a shortcut of the fully developed path from ‘E18 Physical Thing’ through ‘Px2 occupied’, ‘Exx Spacetime Volume’, ‘Px4 has spatial projection’ to ‘E53 Place’. For some instances of E18 Physical Object the relative stability of form may not be sufficient to define a useful local reference space, for instance for an amoeba. In such cases the fully developed path to an external reference space and using a temporal validity component may be adequate to determine the place they have occupied.

In contrast to Px1 occupies, the property P53 has former or current location identifies an instance of E53 Place at which a thing is or has been for some unspecified time span.  Further it does not constrain this  reference space of the referred instance of P53 Place.

This property erlaubt den Ort 


ii.	Place “is at rest” with space physical thing E18” implies default 
reference space
	Px2 is at rest relative to 
Domain: P53 Place 

	Range: E18 Physical Thing

	Quantification: many to many, necessary, dependent (1,n:0,n)
superproperty of: P59 has section (is located on or within)




Scope note:	This property associates an instance of P53 Place with the instance of E18 Physical Thing that determines a reference space for this instance of P53 Place by being at rest with respect to this reference space. The relative stability of form of an E18 Physical Thing defines its default reference space. The reference space is not spatially limited to the referred thing. For example, a ship determines a reference space in terms of which other ships in its neighborhood may be described. Larger constellations of matter, such as continental plates, may comprise many physical features that are at rest with them and define the same reference space. 

iii.	Period occupies space time volume
	[bookmark: _Toc354578419]Px3 occupied
Domain: E4 Period 

	Range: Exx Spacetime Volume

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


Scope note:	This property associates an instance of E4 Period with the real (phenomenal) 4 dimensional point set (volume) in spacetime that it has occupied. The associated instance of Exx Spacetime Volume includes the trajectories of the participating physical things during their participation in the instance of E4 Period, the open spaces via which they have interacted and the spaces by which they had the potential to interact during that period or event in the way defined by the type of the respective period or event, such as the air in a meeting room transferring the voices. Another example are the areas controlled by some military power. In general, instances of E4 Period have fuzzy boundaries in spacetime.

iv.	E18 occupies spacetime volume ( ?)

Px4 occupied

	Domain: E18 Physical Thing 

	Range: Exx Spacetime Volume
Quantification: many to one, necessary (1,1:0,n)


Scope note:	This property describes the real (phenomenal) 4 dimensional point sets (volumes) in spacetime that the trajectory of an instance of E18 Physical Thing occupies in spacetime in the course of its existence. We include in the occupied space the space filled by the matter of the physical thing and all its inner spaces.
If we introduce Spacetime Volume we need these properties as well:

[bookmark: _Toc354578421]Px5  has temporal projection

	Domain: Exx Spacetime Volume 

	Range: E52 Time-Span

	Quantification: one to one (1,1:1,1)


Scope note: 	This property describes the temporal projection of an instance of an Exx Spacetime Volume. The property P4 has time-span is a shortcut of the more fully developed path from E4 Period through Px3 occupied, Exx Spacetime Volume Px5 has temporal projection to E52 Time Span. 
[bookmark: _Toc354578422]Px6  has spatial projection
	Domain: Exx Spacetime Volume 

	Range: E53 Place

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


Scope note:	This property associates an instance of a Exx Spacetime Volume with an instance of E53Place that is the result of the spatial projection of the instance of a Exx Spacetime Volume on a reference space. In general there can be more than one useful reference space to describe the spatial projection of a spacetime volume, such as that of a battle ship versus that of the seafloor. Therefore the projection is not unique.
The property P7 took place at is a shortcut of the more fully developed path from E4 Period through Px3 occupied, Exx Spacetime Volume Px6 has spatial projection to E53 Place. 


v.	Space-time slice which slices/cuts space-time volume during

[bookmark: _Toc368390492]
Px7 is restricted by
	Domain: Ex1 Spacetime Snapshot

	Range: Exx Spacetime Volume

	Quantification: two to many, necessary (2,n:0,n)



Scope note:	This property relates an Ex1 Spacetime Snapshot with an arbitrary Exx Spacetime Volume that restricts the extent of the former to a volume equal to or within the latter. 


Px8 is restricted by
	Domain: Ex1 Spacetime Snapshot

	Range: E53 Place

	Quantification: two to many, necessary (2,n:0,n)



Scope note:	This property relates an Ex1 Spacetime Snapshot with an arbitrary instance of E53 Place that restricts the extent of the former to a volume within the back-projection of the instance of E53 Place to all times. If the instance of E53 Place is defined in two dimensions only, such as the footprint of a building, the place needs also to be back-projected into the third dimension.

Px9 is restricted by
	Domain: Ex1 Spacetime Snapshot

	Range: E52 Time-Span

	Quantification: two to many, necessary (2,n:0,n)



Scope note:	This property relates an Ex1 Spacetime Snapshot with an arbitrary E52 Time-Span that restricts the extent of the former to a volume within these time limits. 




