[bookmark: _Toc229673806]Issue 636: Update the list of property quantifiers
WS shared the HW that he, GB & CEO prepared, regarding 
· a general instruction on how to read property quantifiers (especially those that reference cardinality constraints different from 0/1/n)
· relabelling some property quantifiers (fixing typos)
· reordering the property quantifiers in the list first by domain, then by range. 
Decision: The SIG approved the proposal by WS, CEO & GB. The edits will be incorporated in CIDOC CRM v7.4. The details can be found below.
Issue closed
[bookmark: _Toc229673850][bookmark: _Issue_636:_HW]Issue 636: HW submitted for the 62nd SIG Meeting 
Guideline on how to read property quantifiers (Introduction, section Applied Form/Property Quantifiers: 
[bookmark: _NEW_TEXT]NEW TEXT
[bookmark: _Hlk227594230]Quantifiers for properties are provided for the purpose of semantic clarification only, and should not be treated as implementation recommendations. The CIDOC CRM has been designed to accommodate alternative opinions and incomplete information, and therefore all properties should be implemented as optional and repeatable for their domain and range (“many to many (0,n:0,n)”). Therefore, the term “cardinality constraints” is avoided here, as it typically pertains to implementations. 
The following table lists all 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, a verbal and a numeric one. The verbal notation uses phrases such as “one to many”, and the numeric one, expressions such as “(0,n:0,1)”. While the terms “one”, “many” and “necessary” are quite intuitive, the term “dependent” denotes a situation where a range instance cannot exist without an instance of the respective property. In other words, the property is “necessary” for its range. (Meghini, C. & Doerr, M., 2018)
The formalism is as follows. The pair before the colon is the lower and upper limit of how often the property can instantiate a domain instance, that is, how many times the domain instance can be used with the property. The pair 0,n means that there are no restrictions. The pair 1,n means that the property must instantiate each domain instance at least once, the pair 0,1 means at most once, the pair 1,1 means exactly once. The pair after the colon expresses the same for the range.
For example, the property P56 bears feature (is found on) with domain E19 Physical Object and range E26 Physical Feature has the quantification (0,n:1,1). This means that a Physical Object can bear any number of Physical Features (or none), but a Physical Feature is found on exactly one Physical Object. 
In rare cases, a property can have a quantification with a lower or upper limit other than 0, 1, or n. For example, the property P152 has parent (is parent of) has the quantification (2,n:0,n), which indicates that every person has at least two parents (biological, legal or social), and that a person may have any number of children, or none. The quantifications found in CRMbase and compatible models are listed below; cases like (2,n:0,n) are not included.
OLD TEXT
Quantifiers for properties are provided for the purpose of semantic clarification only, and should not be treated as implementation recommendations. The CIDOC CRM has been designed to accommodate alternative opinions and incomplete information, and therefore all properties should be implemented as optional and repeatable for their domain and range (“many to many (0,n:0,n)”). Therefore, the term “cardinality constraints” is avoided here, as it typically pertains to implementations. 
The following table lists all 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, a verbal and a numeric one. The verbal notation uses phrases such as “one to many”, and the numeric one, expressions such as “(0,n:0,1)”. While the terms “one”, “many” and “necessary” are quite intuitive, the term “dependent” denotes a situation where a range instance cannot exist without an instance of the respective property. In other words, the property is “necessary” for its range. (Meghini, C. & Doerr, M., 2018)
The formalism is as follows. The pair before the colon is the lower and upper numbers of a single domain instance that can be the argument of a given property and the pair after the colon is the lower and upper numbers of a single domain instance. That is, the pair 0,n indicates that there are no restrictions. The pair 1,1 says that each domain instance must be an argument but only one time, while the pair 0,1 says that each instance may be an argument but only one time. The pair 1,n says that each domain instance must be an argument and there is no upper limit. This can be generalized so that the pair can consist of any numbers as long as the first is lower or equal to the second. For example, the property P152 has parent (is parent of) has the quantification (2,n:0:n) indicates that every person has at least 2 parents but may have more (adoption) and that every person may not have a child but there are no restrictions on the number of children a person may have. Below the quantifications found in CRMbase and compatible models are listed. The cases with interval-bounds explicitly larger than one, are not included.
Property quantifier labels that needed editing
[bookmark: _NEW_LABELS]NEW LABELS
	one to one, necessary, dependent
(1,1:1,1)
	An individual domain instance and range instance of this property must have exactly one instance of this property. In other words, this property is necessary and not repeatable for its domain and for its range. 

	one to one (0,1:0,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range.

	one to one, dependent (0,1:1,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional for its domain and necessary and not repeatable for its range. 


[bookmark: _GoBack]
OLD LABELS
	one to one
(1,1:1,1)
	An individual domain instance and range instance of this property must have exactly one instance of this property. In other words, this property is necessary and not repeatable for its domain and for its range. 

	one to one, optional (0,1:0,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range.

	one to one (0,1:1,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional for its domain and necessary and not repeatable for its range. 



Reordering property quantifiers name-description sets 
[bookmark: _NEW_ORDERING]NEW ORDERING
	[bookmark: _Hlk227674153]many to many (0,n:0,n)
	Unconstrained: An individual domain instance and range instance of this property can have zero, one or more instances of this property. In other words, this property is optional and repeatable for its domain and range. 


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


	many to many, necessary, dependent (1,n:1,n)
	An individual domain instance and range instance of this property must have at least one instance of this property. In other words, this property is necessary and repeatable for its domain and range.


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

	An individual domain instance of this property can have zero, one or more instances of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range, but repeatable for its domain only. In some contexts, this situation is called a “fan-out”.


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

	An individual domain instance of this property can have one or more instances of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is necessary and repeatable for its domain, and optional but not repeatable for its range. In some contexts, this situation is called a “fan-out”.


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

	An individual domain instance of this property can have zero, one or more instances of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional and repeatable for its domain, but necessary and not repeatable for its range. In some contexts, this situation is called a “fan-out”.


	one to many, necessary, dependent 
(1,n:1,1)
	An individual domain instance of this property can have one or more instances of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is necessary and repeatable for its domain, and necessary but not repeatable for its range. In some contexts, this situation is called a “fan-out”.


	many to one
(0,1:0,n)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance can be referenced by zero, one or more instances of this property. In other words, this property is optional for its domain and range, but repeatable for its range only. In some contexts, this situation is called a “fan-in”.


	many to one, necessary 
(1,1:0,n)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance can be referenced by zero, one or more instances of this property. In other words, this property is necessary and not repeatable for its domain, and optional and repeatable for its range. In some contexts, this situation is called a “fan-in”.


	many to one, necessary, dependent 
(1,1:1,n)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance can be referenced by one or more instances of this property. In other words, this property is necessary and not repeatable for its domain, and necessary and repeatable for its range. In some contexts, this situation is called a “fan-in”.

	one to one (0,1:0,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range.


	one to one, necessary (1,1:0,1)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is necessary and not repeatable for its domain, and optional but not repeatable for its range.


	one to one, dependent (0,1:1,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional for its domain and necessary and not repeatable for its range. 


	one to one, necessary, dependent
(1,1:1,1)
	An individual domain instance and range instance of this property must have exactly one instance of this property. In other words, this property is necessary and not repeatable for its domain and for its range. 





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


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

	An individual domain instance of this property can have zero, one or more instances of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range, but repeatable for its domain only. In some contexts, this situation is called a “fan-out”.


	many to one
(0,1:0,n)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance can be referenced by zero, one or more instances of this property. In other words, this property is optional for its domain and range, but repeatable for its range only. In some contexts, this situation is called a “fan-in”.


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


	many to many, necessary, dependent (1,n:1,n)
	An individual domain instance and range instance of this property must have at least one instance of this property. In other words, this property is necessary and repeatable for its domain and range.



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

	An individual domain instance of this property can have one or more instances of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is necessary and repeatable for its domain, and optional but not repeatable for its range. In some contexts, this situation is called a “fan-out”.


	many to one, necessary 
(1,1:0,n)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance can be referenced by zero, one or more instances of this property. In other words, this property is necessary and not repeatable for its domain, and optional and repeatable for its range. In some contexts, this situation is called a “fan-in”.


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

	An individual domain instance of this property can have zero, one or more instances of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional and repeatable for its domain, but necessary and not repeatable for its range. In some contexts, this situation is called a “fan-out”.


	one to many, necessary, dependent 
(1,n:1,1)
	An individual domain instance of this property can have one or more instances of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is necessary and repeatable for its domain, and necessary but not repeatable for its range. In some contexts, this situation is called a “fan-out”.


	many to one, necessary, dependent 
(1,1:1,n)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance can be referenced by one or more instances of this property. In other words, this property is necessary and not repeatable for its domain, and necessary and repeatable for its range. In some contexts, this situation is called a “fan-in”.


	[bookmark: _Hlk227669682]one to one, necessary, dependent
(1,1:1,1)
	An individual domain instance and range instance of this property must have exactly one instance of this property. In other words, this property is necessary and not repeatable for its domain and for its range. 



	one to one, necessary (1,1:0,1)
	An individual domain instance of this property must have exactly one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is necessary and not repeatable for its domain, and optional but not repeatable for its range.


	one to one (0,1:0,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance cannot be referenced by more than one instance of this property. In other words, this property is optional for its domain and range.


	one to one, dependent (0,1:1,1)
	An individual domain instance of this property can have zero or one instance of this property, but an individual range instance must be referenced by exactly one instance of this property. In other words, this property is optional for its domain and necessary and not repeatable for its range. 




