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1 Summary

There are different types, related to dates and/or time. This types have to include:

components that relate to a particular point in the progression of date and/or time

components that relate to durations, i.e. measurements of time
components that relate to periods between particular points
components that relate the frequency in a defined period

Components can express data that is related to date and time in various degrees of precision, from years or even decades to fractions of a second. 
The current defined core component types and representation terms are not enough for the expression of all specific types. A number of representation terms as well as schema definition rules are needed to exchange or share information on dates and time. A duration has a different semantic meaning than data that identifies a point in the progress of time. The identification of a period, with a starting and an ending  moment, is also semantically different. Information systems treat “dates” differently from “times”. A “year” is semantically completely different from a “second”. 

There four conclusions for the definition of representation terms as well as the schema:

…that the Controlled Vocabulary must lead people to focus on a single and unambiguous meaning for each word, to recommend a single standard word where there are many synonyms in use, and to register those as synonyms of the ‘preferred’ word. Even the Oxford English Dictionary does not clearly define many of the expressions in common use and gives alternative meanings, so we need to adopt just one of those meanings for the Controlled Vocabulary.

… that we also need a Good Business Practice guide on how to think! This sounds dramatic, but it is quite relevant when one is thinking about ‘what is this piece of information?’, ‘how should I define it?’, ‘how is it used?’, ‘how can I think of it in a more generic and re-usable way?’

… that we need to make something fundamental and special to give us a good and flexible way of specifying ‘period’, or whatever we decide to call it

… that we use for the format definition the ·primitive· datatypes as defined by XML Schema Part 2: Data Types only. The lexical formats of these datatypes are described by ISO 8601 (See Appendix A).
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Particular Point of Date and/or Time

Particular point of date and/or time represents a specific instant date and/or time. 

There are a high number of different possibilities for expressing the particular point of date and/or time. The current version of ebXML core component technical specification considers three different representation terms for the representation of any point of date and/or time. But there are further specific formats, which could be necessary for expressing points of date and/or time in a specific manner. These specific formats will be discussed in the following subchapters.

Rule: For each specific point time the built in datatype from XML schema (Part 2) must be used. 

2.1 Representation Terms (According ebXML CCTS V1.8)

The current version of ebXML core component technical specification considers the following representation terms for definition of a point of date and/or time:

	Name
	xsd: DataType
	Definition
	Remarks

	Time
	xsd:time
	The time within a (not specified) day.
	A time includes according ISO 8601:

hours, 

minutes, 

seconds,

fraction seconds and

optional definition of the time zone in relation to the UTC time.

	Date
	xsd:date
	A calender day within a particular calendar year.
	A date includes, according ISO 8601:

year, 

month and

day

	Date and Time
	xsd:dateTime
	A particular point in the progression of time.
	A date time includes according ISO 8601:

year, 

month, 

day, 

hours, 

minutes, 

seconds, 

fraction seconds and 

time zone in relation to UTC time.


2.2 Defined Datatypes by XML Schema Part 2: Datatypes

The XML Schema Part 2: Datatypes considers further datatypes for describing specific formats of a specific point of date and/or time. The following table shows these primitive built-in datatypes.

Rule:

There is a one to one correspondence between CCTs and RT.  If you have some additional property terms like Year YearMonth etc. then use additional built in dattyes from XML Schema part 2 e.g. xsd:gYear,

	Name
	xsd: DataType
	Definition
	Remarks

	Year
	xsd:gYear
	A particular calendar year
	A Year includes according ISO 8601:

year

	YearMonth 
	xsd:gYearMonth
	A specific month in a specific year.
	A YearMonth includes according ISO 8601: 

year and 

month

	Month
	xsd:gMonth
	A specific month, that can recurs every year
	A Month includes according ISO 8601: 

month

	MonthDay
	xsd:gMonthDay
	The ordinal number of a day within a defined month.
	A month includes according ISO 8601:

year and

day 

Recurring, to designate e.g. the 5th day of each month. Mind that months can have 28, 29, 30 or 31 days. A day starts at the hour 0000 and ends at 2400, which is equal to the beginning of 0000 the next day

	Day
	xsd:gDay
	The day that recurs within a month.
	A month includes according ISO 8601:

day 



	
	
	
	

	
	
	
	


2.3 Not Considered but Possible Formats

Different standards, like ISO 8601, UN/EDIFACT, ANSI ASC X.12, UN/CEFACT Recommendation 20 and some XML dialects considers further possibilities for representing a point of date and/or time in a specific manner which could not represented by the definitions above. This additional representation formats could be possible in a specific business semantic.

	Name
	Definition
	Remarks

	Ordinal week within a year
	The ordinal number of a week within a specific year
	includes according to ISO 8601:

year and

week

	Ordinal day within a Year
	The ordinal number of a day within a specific year
	includes according to ISO 8601:

year and

day

	Day within a Week
	The day of a week, expressed in a name or in an ordinal number
	includes according to ISO 8601:

week and

day 

Monday has the ordinal number 1, Tuesday 2, etc to Sunday 7. This can be recurrent, to express e.g. each Tuesday.

	Quarter
	Three months period of a specific year.
	

	Trimester
	Four months period of a specific year
	

	Semester
	Six months period of a specific year.
	


2.4 Option 1: CCT “DateTime.Type” 

The first option describes the using of the Core Component Type “DateTime.Type” according the ebXML CCTS V 1.8.  The structure underneath shows the XML schema of the Core Component Type itself. The CCT exists of two types. The complexType “DateTimeType” is the CCT itself. It contains the attribute “formatText” and the value of the element based on the simpleType “DateTimeContent”. The attribute “formatText” represents the supplementary component “Date Time.Format.Text” and the simpleType “DateTimeContent” represents the content component “Date Time.Content”.


<xsd:simpleType name="DateTimeContent" id="000067">


<xsd:restriction base="xsd:string">



<xsd:pattern 





value="\p{Nd}{4}-\p{Nd}{2}-\p{Nd}{2}T\p{Nd}{2}:\p{Nd}{2}:\p{Nd}{2}[+-Z]\p{Nd}{2}:\p{Nd}{2}"/>


</xsd:restriction>

</xsd:simpleType>

<xsd:complexType name="DateTimeType" id="000066">


<xsd:simpleContent>



<xsd:extension base="cct:DateTimeContent">




<xsd:attribute name="formatText" type="token" use="optional" id="000068"/>




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>
“formatText” can be used for the definition of the format itself. The convention of this definition should be based on ISO 8601. 

“DateTimeContent” includes the date and/or time value. Since the convention of ISO 8601 includes signs, letters and numbers, it is necessary to use the built-in datatype “xsd:string” for it. By the facet “pattern” for example it is possible to restrict the format convention itself.
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All three Representation Terms “Date”, “DateTime” and “Time” can be derived from the Core Component Type “DateTime.Type” as described in ebXML CCTS V1.8. 

An instance from a Business Information Entity which is based on a specific representation term contains the content and may contains the attributes for the format as well as the common attributes. For example:


<IssueDateTime  formatText="CCYY-MM-DDThh:mm:ss+hh:mm">



2002-06-06T12:00:00+07:00


</IssueDateTime>

This example specifies precisely the time of 12.00.00 in UTC in a time zone that is offset by +7 hours from UTC, on the 6th of June 2002.
2.4.1 Advantages

This definition considers exactly the definition of the ebXML CCTS V1.8

There are two possibilities for validation of date and time: 

The first one is the validation against the attribute “formatText”. This validation corresponds to ebXML CCTS V1.8.  

The second one is the validation against the facet “pattern”. This validation corresponds to the recommendation of XML Schema 

2.4.2 Disadvantages

This option is well enough for representation of the three representation terms: Date, Time and DateTime. But how is it possible to describe the other formats explained in chapter 2.2 and 2.3? There is no definition made yet in ebXML CCTS V1.8

This option does not use the primitive built-in datatypes from XML Schema for defining the different date and time formats. Therefore:

The parser cannot use the standard way for validation of the date and time formats

The validation against the attribute “formatText” is in a proprietary manner

The validation against the facet “pattern” is too complex

2.5 Option 2: XSD-Built-In Datatypes

The second option views the using of the different built-in datatypes for representing the different date and time formats. Like the following structure shows for each representation term “Date, Time and DateTime” there is one tuple of complexType for the representation term itself and a simpleType for its content component.


<xsd:simpleType name="DateContent" id="000067">


<xsd:restriction base="xsd:string"/>

</xsd:simpleType>

<xsd:complexType name="DateType" id="000066">


<xsd:simpleContent>



<xsd:extension base="cct:DateContent">




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>

<xsd:simpleType name="DateTimeContent" id="000067">


<xsd:restriction base="xsd:dateTime"/>

</xsd:simpleType>

<xsd:complexType name="DateTimeType" id="000066">


<xsd:simpleContent>



<xsd:extension base="cct:DateTimeContent">




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>

<xsd:simpleType name="TimeContent" id="000067">


<xsd:restriction base="xsd:time"/>

</xsd:simpleType>

<xsd:complexType name="TimeType" id="000066">


<xsd:simpleContent>



<xsd:extension base="cct:TimeContent">




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>
The following graphic shows that every representation term is based on an equivalent built-in datatype. A basic core component type is not necessary any more.
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An instance from a Business Information Entity which is based on one of these representation terms contains the content and may contains the common attributes:


<IssueDate uid="ID000003" uidRef="ID000003" uidRefs="ID000002 ID000003" language="en">



1967-08-13


</IssueDate>

This option can be used for all other defined built-in datatypes for representing different date and time formats (see  chapter 2.2). Therefore a representation term should be defined for every built-in datatype, like:

	xsd: DataType
	proposed Representation Term

	xsd:gYear
	Year

	xsd:gYearMonth
	YearMonth 

	xsd:gMonth
	Month

	xsd:gMonthDay
	MonthDay

	xsd:gDay
	Day


2.5.1 Advantages

The structure is based completely on the XML Schema Definition, it can be used by every parser.

An additional attribute or a facet is not necessary for validation reasons.

There can be represented some more specific types of dates 

2.5.2 Disadvantages

The structure does not fit to the ebXML CCTS V1.8

There are some more representation terms necessary

It can not define the formats as described in chapter 2.3
2.6 Recommendation

It is possible to define all business dependent date and/or time definitions for expressing any particular points by the three representation terms “Date, Time and DateTime”. All another specific date time formats could be either calculated into one of the three representation terms or expressed as a duration like: Quarter, Trimester, Semester.

3 Duration

Duration represents the measure (“length”) of a date and/or time. Duration consists of a combination of the atoms years, months, days, hours, minutes and seconds.  Duration can also be expressed in other units, like weeks or working days, or duration can entirely be expressed in seconds, even if it spans a year.
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For components that relate to duration:

	name
	definition
	remarks

	seconds
	A second is the  basic unit of measurement of time as defined in ISO 31-1
	Seconds may be expressed as a real number, with a maximum precision that is dependent on the way of representation

	minutes
	One minute is a duration of 60 seconds
	Minutes are expressed as whole numbers. Fractions of minutes are expressed in seconds.

	hours
	One hour is a duration of 60 minutes
	Hours are expressed in whole numbers. Fractions of hours are expressed in minutes and seconds

	days
	One day is a duration of 24 hours
	Fractions of days are expressed in hours, minutes and seconds

	weeks
	One week is a duration of 7 days
	

	months
	A month is a duration resulting from the division of a calendar year in twelve sequential periods, each with a specific name and containing a specified number of days
	In the Gregorian calendar, the months of the calendar year, listed in their order of occurrence, are named and contain the number of days as follows:

01 – January: 31

02 – February: 28 in normal years, 29 in leap years

03 – March: 31

04 – April: 30

05 – May: 31

06 – June: 30

07 – July: 31

08 – August: 31

09 – September: 30

10 – October: 31

11 – November: 30

12 – December: 31

If unspecified, the number of days in a (average) month is 30.44 days or 30 days 10 hours 29 minutes and 1 second.

	years
	One year is a duration of 365 days (common years) or 366 (leap years)
	If unspecified, the length of a (average) year is 365.2425 days, or 365 days, 5 hours, 49 minutes and 12 seconds.


There are four options for representing duration.

3.1 Option 1: CCT “Value.Type”

The duration is a real number of date and/or time, which is assigned or is determined by calculation, counting or sequencing. This number is a numeric value and can be represented by the representation term “Value” which is based on the core component type “Numeric.Type”.


<simpleType name="NumericContent" id="000153">



<restriction base="decimal"/>


</simpleType>

<complexType name="NumericType" id="000204">



<simpleContent>




<extension base="cct:NumericContent">





<attribute name="formatText" type="string" use="optional" id="000204"/>





<attributeGroup ref="cct:commonAttributes"/>




</extension>



</simpleContent>


</complexType>
The definition of a local BBIE will be:


<element name="PaymentDaysValue" type="cct:NumericType"/>

And an instance of the BBIE could be:


<PaymentDaysValue uid="ID000005">3.21</PaymentDaysValue>

This example states that the number of days before payment is due is 3.21.
3.1.1 Advantages

The dictionary entry names representing the names of a BBIE with a correct business meaning

This solution will be used in the LCSC yet

Easy to use

3.1.2 Disadvantages

The kind of date and/or time format must be always defined as a part of the property terms, because there is no possibility to express that format in another way.

It is difficult to distinguish between formats and units of time measurement by a parser or an API. The API or parser has to analyse the BBIE for that.

It is difficult to use any kind of value for further calculation together with any another data and/or time formats.

3.2 Option 2: CCT “Measure.Type”

Duration is a measure (“length”) of date and/or time. The measure can be expressed by the core component type “Measure.Type”. The supplementary component represents the unit of measure as a code for any unit of time. Units listed in ECE rec. 20 are:

	Unit
	Code

	Second
	SEC

	Minute
	MIN

	Hour
	HUR

	Day
	DAY

	Week
	WEE

	Ten days
	DAD

	Month
	MON

	Quarter (of a year)
	QAN

	Half year (six months)
	SAN

	Year
	ANN

	Decade (ten years)
	DEC


The schema definition of a “Measure.Type” is then:


<simpleType name="MeasureContent" id="000153">


<restriction base="decimal"/>

</simpleType>

<complexType name="MeasureType" id="000152">


<simpleContent>



<extension base="decimal">




<attribute name="unitCode" type="string" use="required" id="000154"/>




<attributeGroup ref="cct:commonAttributes"/>



</extension>


</simpleContent>

</complexType>
The definition of a BBIE could be:


<element name="PaymentDaysMeasure" type="cct:MeasureType"/>
And the instance is:


<PaymentDaysMeasure unitCode="DAY">3</PaymentDaysMeasure>
This example states that the payment is due in 3 days.

3.2.1 Advantages

The dictionary entry names representing the names of a BBIE with a correct business meaning

The kind of date and/or time will be represented by the unit of measure attribute

The kind of date and/or time must not always be defined  as a property term

The value can be used for further calculation with another date and/or time values in an easier way.

3.2.2 Disadvantages

The value is not expressed in an XML Schema defined date and/or time format

A combination of the different date and time atoms is not possible, if this not expressed by any code of the Rec. 20 itself. For example the combination of month and year in saying "two months and ten days time".

3.3 Option 3: Built-In Datatype “xsd:duration”

Time durations are periods expressed in terms of years, months, days, hours, minutes and/or seconds. These values can be expressed in the specific ISO 8601 format for duration. These are expressed as an integer (or decimal number) followed by a letter. The letter P is used to identify the start of the period definition, the letter T being used to identify the start of the time components within the period. The basic format of a duration definition is PnYnMnDTnHnMnS, where n is the appropriate integer/decimal. Values can be truncated by omitting one or more of 

the lower order numbers and the associated qualifying letter. The whole of the date can also be omitted by following the P with a T.

Rule: For the expression of the duration the XSD built in datatype xsd:Duration must be used. For example

<simpleType name="DurationContent"/>




<complexType name="DurationType">


<simpleContent>



<extension base="decimal">




<attributeGroup ref="cct:commonAttributes"/>



</extension>


</simpleContent>

</complexType>
This specific ISO 8601 format will be expressed by the built-in datatype “xsd:duration”. For that option is an additional representation term “Duration” necessary. This representation will be used for defining the schema:

A further restriction by the facet “pattern” is possible.

The instance for a duration could be:


<PaymentDaysDuration>P1Y2M3DT10H30M</PaymentDaysDuration>
This (unlikely) example states that the duration for payment is 1 year, 2 months, 3 days, 10 hours and 30 minutes.
3.3.1 Advantages

XML schema compliant

Calculable with another XML schema based date and time formats  

A complex expression of special date and time formats is possible

The representation term “duration” express a correct business meaning

Restrictable by using the facet “pattern”

3.3.2 Disadvantages

Not ebXML CCTS V1.8 compliant

Additional representation term is necessary

The ISO 8601 convention is not easy to understand

3.4 Option 4: CCTs “DateTime.Type”

According to the ebXML CCTS V1.8 the ISO 8601 based format for duration could be expressed by the supplementary component “DateTime.Format.Text”  of the core component type “DateTime.Type”. This supplementary component will be defined as an attribute “formatText”. The format definition itself will be defined by the ISO 8601 conventions for duration of a period of time. This convention will be always preceded by the designator [P]. The duration will be expressed by a number of years [Y], months [M], weeks [W], days [D] and the number of time with the preceded [T]. The time is divided in number of hours [H], minutes [M] and seconds [S].
The basic format of duration of time is: PnYnMnDTnHnMnS

For example: P2Y5M12DT10H23M20S 
See following example shows the schema specification of duration by using DateTime.Type. Please note that the definition of format can be done in two ways. The first way is the definition by using the attribute “formatText” and the second way is the restriction by using the facet “pattern” within the simpleType “DateTimeContent”:


<simpleType name="DateTimeContent_1" id="000067">


<restriction base="xsd:string">



<pattern value='P\p{Nd}{0,4}Y\p{Nd}{0,2}M\p{Nd}{0,2}D'/>


</restriction>

</simpleType>

<complexType name="DateTimeType_1" id="000066">


<simpleContent>



<extension base="cct:DateTimeContent_1">




<attribute name="formatText" type="token" use="optional" id="000068"/>




<attributeGroup ref="cct:commonAttributes"/>



</extension>


</simpleContent>

</complexType>
As described in chapter 2.4, it is possible to restrict the format for the content component by using the facet “pattern”. Therefore, there are two possibilities to validate the format itself.

<PaymentDaysDate formatText="PnYnMnD">P2Y6M6D</PaymentDaysDate>
This example states that the Payment Date is in 2 years, 6 months and 6 days.
3.4.1 Advantages

Two possibilities of validation

ebXML CCTS V1.8 compliant

3.4.2 Disadvantages

No standard XML schema validation of duration

The convention of the format must be always expressed by an attribute or facet.

The ISO 8601 convention for duration itself is not easy to understand

The duration is a measure of time and could not be expressed by the representation terms “Date”, “DateTime” and “Time”. This is a complete different business meaning. (It is necessary to create an additional representation term like “Duration”.)

3.5 Thoughts
In some cases, there is a need for either an event code and/or an event indicator to be associated with the duration. This event code and event indicator sets either the starting or the ending point in a special kind of business situation, where the situation is not yet a known point in time. Such a situation could be the need to express, for example, that payment is due 30 days after the receipt of an invoice in setting up contract details before even the order is placed.

3.6 Recommendation

For any expression of a duration the ISO 8601 convention will be very helpful.

4 Period

Period represents the time frame from a defined beginning time and/or date to a defined ending time and/or date. 
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The period itself can expressed in three different varieties. They can be specified by any of:

start and end time and/or date
start and a duration

duration and an end
4.1 Period

There are two options for representing period.

4.2 Option 1: CCTs “DateTime.Type”


<simpleType name="DateTimeContent" id="000067">


<restriction base="xsd:string">



<pattern value="





\p{Nd}{4}-\p{Nd}{2}-\p{Nd}{2}T\p{Nd}{2}:\p{Nd}{2}:\p{Nd}{2}





[/]\p{Nd}{4}-\p{Nd}{2}-\p{Nd}{2}T\p{Nd}{2}:\p{Nd}{2}:\p{Nd}{2}"/> 



</restriction>

</simpleType>

<complexType name="DateTimeType" id="000066">


<simpleContent>



<extension base="cct:DateTimeContent">




<attribute name="formatText" type="token" use="optional" id="000068"/>




<attributeGroup ref="cct:commonAttributes"/>



</extension>


</simpleContent>

</complexType>
Example of an instance:


<ValidityPeriodDateTime formatText="CCYY-MM-DDThh:mm:ss\CCYY-MM-DDThh:mm:ss ">



2002-01-01T00:00:00/2002-06-06T12:00:00


</ValidityPeriodDateTime>
This example is stating that the validity period is from the beginning of 1st Jan 2002 until mid-day on 6th June 2002.
4.2.1 Advantages

ebXML CCTS V1.8 compliant

Every possibility could be expressed by using the ISO 8601 conventions

4.2.2 Disadvantages

Not XML Schema compliant

The convention of the format must be always expressed by an attribute or facet.

The ISO 8601 convention is not easy to understand and interpret

Too complex for the business requirements

Not easy to use by APIs or parsers

4.3 Option 2: ACC  “PeriodDetails” 

The period consists of a start point and an end point. These points could be expressed by one of the three representation types: “Date, Time and DateTime”. For the definition of this kind of period, an Aggregate Core Component could be useful. This ACC could be named as “PeriodDetails” and contains two subgroups of choices. The first choice includes all representation types for the starting point and the second includes all representation types for the ending point. Since both points in time must exist, one choice for each has to be mandatory.

Rule: If you express a Period use the ACC PeriodDetails. The ACC is divided into 3 rep tpes, date, Time and DateTime. One of these must be selected. Each option has a start and end date, start and end time or start DateTime and end DateTime. 

Should we use further DataTypes for expression Period 2 Year Month. We can expand PeriodDetails with some other choices that include other built in DataTypes like g:Year.

Diagram:
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XML-Schema:


<complexType name="PeriodDetails">


<sequence>



<choice>




<element name="StartTime" type="cct:TimeType"/>




<element name="StartDate" type="cct:DateType"/>




<element name="StartDateTime" type="cct:DateTimeType"/>



</choice>



<choice>




<element name="EndTime" type="cct:TimeType"/>




<element name="EndDate" type="cct:DateType"/>




<element name="EndDateTime" type="cct:DateTimeType"/>



</choice>


</sequence>

</complexType>
XML-Instance:

<ValidityPeriod>


<StartDate>1967-08-13</StartDate>


<EndDate>1967-08-13</EndDate>

</ValidityPeriod>
This example is stating that the validity period is from the 13th Aug 1967 to 13th August 1967, i.e. that day.
4.4 Option 2: ACC  “PeriodDetails” with combined data types

The period exists of a start point and an end point. These points can be expressed by one of the three representation types: “Date, Time and DateTime”. The three different possibilities can be selected by a “choice”.  

Diagram:
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XML-Schema:


<complexType name="PeriodDetails">


<choice>



<sequence minOccurs="0">




<element name="StartTime" type="cct:TimeType"/>




<element name="EndTime" type="cct:TimeType"/>



</sequence>



<sequence minOccurs="0">




<element name="StartDate" type="cct:DateType"/>




<element name="EndDate" type="cct:DateType"/>



</sequence>



<sequence minOccurs="0">




<element name="StartDateTime" type="cct:DateTimeType"/>




<element name="EndDateTime" type="cct:DateTimeType"/>



</sequence>


</choice>

</complexType>
XML-Instance:

<ValidityPeriod>


<StartDate>1967-08-13</StartDate>


<EndDate>1967-08-13</EndDate>

</ValidityPeriod>
This example is stating that the validity period is from the 13th Aug 1967 to 13th August 1967, i.e. that day.

4.4.1 Advantages

XML schema compliant

Calculable with another XML schema based date and time formats  

A complex expression of special date and time formats is possible

The representation term “period” expresses a correct business meaning

Restrictable by using the facet “pattern”

Well enough for the requirements to express all business meanings

Reduced but correct selection of the data types for representing starting and ending points

4.4.2 Disadvantages

Not ebXML CCTS V1.8 compliant

For every representation term is a child-element necessary

4.5 Thoughts

An event code and/or an event indicator is necessary for some business circumstances. This event code and event indicator sets the starting and ending point in a special kind of business situation, if this situation is not a precise point of time. A situation could be the receiving of a document, such as an invoice.

The event code itself expresses the business situation, like “invoice, holiday etc.” and the event indicator defines that the specific period will be happen before (0) or after (1) this situation.

4.6 Recommendation

The expression of a period by the two points in date/times: start and end date/times are sufficient. If the start or the end date/time known, it is possible to calculate the other point of date/time by duration and start or end date/time respectively.

5 Periodicity/Recurrent

Periodicity represents recurring times and/or dates within a period (start and end date/time) or a duration (measure of time).  

A periodicity can be expressed in one of the following ways:
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By a number of recurrences at points over a defined period of time. In this the period is identified by the first two components of the expression, and the frequency is expressed by the last component. If the last component is absent the number of occurrences is unbounded. The frequency may either be a number of occurrences, or specific occurrences such as 'every nth day of the month', during the period. 
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By recurrences at time intervals over a period, with the indicated duration for each time-interval between recurrences. In this the period is identified by the first two components of the expression, and the interval between recurrences by the last component.
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By a number of recurrences over a duration. In this the duration is identified by the first component of the expression, and the frequency is expressed by the last component. The frequency may either be a number of occurrences, or specific occurrences such as 'every nth day of the week', during the duration.
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By recurrences at time intervals over a duration, with the indicated duration for each time-interval between recurrences. In this the duration is identified by the first component of the expression, and the interval between recurrences by the last component.

5.1 Periodicity / Recurrence

The periodicity represents the recurring of dates and/or times within a period or a duration. As described in chapter 2.4 is this possible in four different ways:

· Frequency within a period,

· intervals within a period,

· frequency within a duration and

· intervals withing a duration,

For these four possibilities the following parameters are necessary:

· Beginning date/time and  ending date/time for a period

· Duration

· Expression of an interval

· Expression of a frequency

There are three options for representing periodicity / recurrence. Not all of these options could represent all four different possibilities. The restricitions will be described in each chapter of the options.
5.2 Option 1: CCTs “DateTime.Type”

According to the ebXML CCTS V1.8 the ISO 8601 based format for recurring time-intervals could be expressed by the supplementary component “DateTime.Format.Text” of the core component type “DateTime.Type”. The supplementary component will be defined as an attribute “formatText”. The format definition itself will be defined by the ISO 8601 conventions but all representations start with the designator [R], followed, without spaces, by the number of recurrences.
The basic format of recurring time-intervals is: 

Rn/YYYY-MM-DDThh:mm:ss/YYYY-MM-DDThh:mm:ss

Rn/YYYY-MM-DDThh:mm:ss/PnYnMnDTnHnMnS

Rn/PnYnMnDTnHnMnS/YYYY-MM-DDThh:mm:ss

For example:


R12/l985-04-12T23:20:50/1985-06-25T10:30:00

R12/1985-04-12T23:20:50/P1Y2M15DT12H30M0S

R12/P1Y2M15DT12H30M0S/1985-04-12T23:20:50

This option could represent the number of frequency for period and duration by using the defining the number of recurrences. But a representation of interval is not possible.
The following XML-Schema defines the core component type “DateTime.Type”. Please note that the definition of recurring time-intervals could be done in two possible ways. The first possibility is the expression of the format by the attribute “formatText” and the second on is the restriction of the format by using the facet “pattern” inside of the simpleType “DateTimeContent”:


<xsd:simpleType name="DateTimeContent" id="000067">


<xsd:restriction base="xsd:string">



<xsd:pattern value="





R\p{Nd}{1}[/]\p{Nd}{4}-\p{Nd}{2}-\p{Nd}{2}T\p{Nd}{2}:\p{Nd}{2}:\p{Nd}{2}[/]\





p{Nd}{4}-\p{Nd}{2}-\p{Nd}{2}T\p{Nd}{2}:\p{Nd}{2}:\p{Nd}{2}"/>


</xsd:restriction>

</xsd:simpleType>

<xsd:complexType name="DateTimeType" id="000066">


<xsd:simpleContent>



<xsd:extension base="cct:DateTimeContent">




<xsd:attribute name="formatText" type="token" use="optional" id="000068"/>




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>
XML-Instance:


<BookingRecurrenceDateTime formatText="



Rn/CCYY-MM-DDThh:mm:ss/CCYY-MM-DDThh:mm:ss">



R0/0000-00-00T00:00:00/0000-00-00T00:00:00


</BookingRecurrenceDateTime>
This example suggests that nothing recurs at the precise beginning of time!!!! It may be true but not very illustrative.
5.2.1 Advantages

ebXML CCTS V1.8 compliant

Every possibility could be expressed by using the ISO 8601 conventions

5.2.2 Disadvantages

Not XML Schema compliant

The convention of the format must be always expressed by an attribute or facet.

The ISO 8601 convention is not easy to understand and interpret

Too complex for the business requirements

Not easy to use by APIs or parsers

No representation of an interval

5.3 Option 2: ACC:  “RecurrenceDetails” with two Choices and one Frequency

The recurrence exists of a starting point, an ending point and the frequency itself. For defining a recurrence it is not always necessary to use the starting and ending point. In some business cases, a recurrence can exists of a starting point or an ending point only. Sometimes, it will be well enough, to define the frequency only. To define all this situations, the starting and ending points are optional and the frequency itself is mandatory.

The starting and ending point are like the “PositionDetails” a choice of one of the three representation terms.

The frequency itself based on a built-in data type “token”. By that, it is possible to express all ISO 8601 specific representation formats for the representing the frequency itself. 

Note: The built-in datatype “xsd:duration” could not express the recurrence conventions from ISO 8601. Therefore it is not possible to use “xsd:duration” for frequency.
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XML Schema:


<xsd:simpleType name="FrequencyContent">


<xsd:restriction base="xsd:token">



<xsd:pattern value="R[/]P\p{Nd}{1}Y\p{Nd}{1}M\p{Nd}{1}DT\p{Nd}{1}H"/>


</xsd:restriction>

</xsd:simpleType>

<xsd:complexType name="FrequencyType">


<xsd:simpleContent>



<xsd:extension base="cct:DurationContent">




<xsd:attributeGroup ref="cct:commonAttributes"/>



</xsd:extension>


</xsd:simpleContent>

</xsd:complexType>

<xsd:complexType name="RecurrenceDetails">


<xsd:sequence>



<xsd:choice minOccurs="0">




<xsd:element name="StartTime" type="cct:TimeType"/>




<xsd:element name="StartDate" type="cct:DateType"/>




<xsd:element name="StartDateTime" type="cct:DateTimeType"/>



</xsd:choice>



<xsd:element name="Frequency" type="cct:FrequencyType"/>



<xsd:choice minOccurs="0">




<xsd:element name="EndTime" type="cct:TimeType"/>




<xsd:element name="EndDate" type="cct:DateType"/>




<xsd:element name="EndDateTime" type="cct:DateTimeType"/>



</xsd:choice>


</xsd:sequence>

</xsd:complexType>
Instance:


<BookingRecurrence>


<StartDate>1967-08-13</StartDate>


<Frequency>R/P1M</Frequency>


<EndDate>1977-08-13</EndDate>

</BookingRecurrence>
This example states recurrence at monthly intervals between the dates 13th August 1967 and 13th August 1977.
5.3.1 Advantages

XML schema compliant

Calculable with another XML schema based date and time formats  

A complex expression of special date and time formats is possible

The representation term “period” expresses a correct business meaning

Restrictable by using the facet “pattern”

Well enough for the requirements to express all business meanings

5.3.2 Disadvantages

Not ebXML CCTS V1.8 compliant

The ISO 8601 convention is not easy to understand

By using the ISO 8601 standard it is possible to express nearly every kind of frequency. But there are some expressions of frequency, which could not defined by the ISO 8601 conventions. Like:

Every <n> day in a month

Every <n> day in a week

Every working day in a week

Every weekend day in a week

5.4 Option 3: ACC:  Improved “RecurrenceDetails”

The following recurrence is an improved representation of option 2.  Each tuple of starting and ending point are now categorically summerised by a sequence. The different tuples are combined by a choice. With that structure it is only possible, a start and/or a ending point of special type of date and/or to be represented.  

The element “RecurrenceDetails” includes the number of recurrences. This number will be represented as an integer value. 

Note: ISO 8601 using the designator “R” for representing the number of recurrences. The data type “xsd:duration” does not permit however in the representation this designator.  Therefore it is more favourable that this value is represented outside of “duration”.  

The next choice gives the possibility to represent the different type of frequency. These different frequency types allows the representation of nearly all possibilities like:

Every <n> day in a month

Every <n> day in a week

Every working day in a week

Every weekend day in a week

Diagram:
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XML Schema:


<complexType name="RecurrenceDetails">


<sequence>



<choice>




<sequence minOccurs="0">





<element name="StartTime" type="cct:TimeType" minOccurs="0"/>





<element name="EndTime" type="cct:TimeType" minOccurs="0"/>




</sequence>




<sequence minOccurs="0">





<element name="StartDate" type="cct:DateType" minOccurs="0"/>





<element name="EndDate" type="cct:DateType" minOccurs="0"/>




</sequence>




<sequence minOccurs="0">





<element name="StartDateTime" type="cct:DateTimeType" minOccurs="0"/>





<element name="EndDateTime" type="cct:DateTimeType" minOccurs="0"/>




</sequence>



</choice>



<element name="RecurrenceValue" type="cct:ValueType" minOccurs="0"/>



<choice>




<element name="FrequencyDuration" type="cct:DurationType"/>




<element name="FrequencyYear" type="xsd:gYear"/>




<element name="FrequencyYearMonth" type="xsd:gYearMonth"/>




<element name="FrequencyMonth" type="xsd:gMonth"/>




<element name="FrequencyMonthDay" type="xsd:gMonthDay"/>




<element name="FrequencyDay" type="xsd:gDay"/>



</choice>


</sequence>

</complexType>
Instance:


<BookingRecurrence>


<StartDate>1997-08-13</StartDate>


<EndDate>2001-12-13</EndDate>


<RecurrenceValue>33</RecurrenceValue>


<FrequencyDuration>P1Y2M3DT10H30M</FrequencyDuration>

</BookingRecurrence>
This example appears to state 33 recurrences between the dates of 13th August 1997 and 13th December 2001 where the duration of each recurrence is 1 year, 2 months, 3 days, 10 hours and 30 minutes.
5.4.1 Advantages

XML schema compliant

Calculable with another XML schema based date and time formats  

A complex expression of special date and time formats is possible

The representation term “period” expresses a correct business meaning

Restrictable by using the facet “pattern”

Well enough for the requirements to express all business meanings

Representation of near all different possibilities of frequency

Represents all four possibilities.

5.4.2 Disadvantages

Not ebXML CCTS V1.8 compliant

Very complex

5.4.3 Thoughts

Is it necessary that all leaf elements are based on CCTs, even if they belong to a group like recurrence?  

5.5 Thoughts

In scenarios where the periodicity is within a duration, there may in some cases be a need for either an event code and/or an event indicator to be associated with the duration. This event code and event indicator sets either the starting or the ending point in a special kind of business situation, where the situation is not yet a known point in time. Such a situation could be the need to express, for example, in a request for quotation that a delivery is required every 5 days over a period of 6 months from placement of an order.

5.6 Recommendation

The expression of a period by the two point of times: start and end times are sufficient. If the start or the end time known, it is possible to calculate the another point of time by duration and start or end time respectively.

All four scenarios illustrated above are necessary.

6 Appendix: ISO 8601 Date and Time Formats

6.1 ISO 8601 Conventions

The ·primitive· datatypes duration, dateTime, time, date, gYearMonth, gMonthDay, gDay, gMonth and gYear use lexical formats inspired by [ISO 8601]. This appendix provides more detail on the ISO formats and discusses some deviations from them for the datatypes defined in this specification. 

[ISO 8601] "specifies the representation of dates in the proleptic
 Gregorian calendar and times and representations of periods of time". The proleptic Gregorian calendar includes dates prior to 1582 (the year it came into use as an ecclesiastical calendar). It should be pointed out that the datatypes described in this specification do not cover all the types of data covered by [ISO 8601], nor do they support all the lexical representations for those types of data. 

[ISO 8601] lexical formats are described using "pictures" in which characters are used in place of digits. For the primitive datatypes dateTime, time, date, gYearMonth, gMonthDay, gDay, gMonth and gYear. these characters have the following meanings: 

C -- represents a digit used in the thousands and hundreds components, the "century" component, of the time element "year".Legal values are from 0 to 9. 

Y -- represents a digit used in the tens and units components of the time element "year". Legal values are from 0 to 9. 

M -- represents a digit used in the time element "month". The two digits in a MM format can have values from 1 to 12. 

D -- represents a digit used in the time element "day". The two digits in a DD format can have values from 1 to 28 if the month value equals 2, 1 to 29 if the month value equals 2 and the year is a leap year, 1 to 30 if the month value equals 4, 6, 9 or 11, and 1 to 31 if the month value equals 1, 3, 5, 7, 8, 10 or 12. 

h -- represents a digit used in the time element "hour". The two digits in a hh format can have values from 0 to 23. 

m -- represents a digit used in the time element "minute". The two digits in a mm format can have values from 0 to 59. 

s -- represents a digit used in the time element "second". The two digits in a ss format can have values from 0 to 60. In the formats described in this specification the whole number of seconds ·may· be followed by decimal seconds to an arbitrary level of precision. This is represented in the picture by "ss.sss". A value of 60 or more is allowed only in the case of leap seconds. 

Strictly speaking, a value of 60 or more is not sensible unless the month and day could represent March 31, June 30, September 30, or December 31 in UTC. Because the leap second is added or subtracted as the last second of the day in UTC time, the long (or short) minute could occur at other times in local time. In cases where the leap second is used with an inappropriate month and day it, and any fractional seconds, should considered as added or subtracted from the following minute. 

For all the information items indicated by the above characters, leading zeros are required where indicated. 

In addition to the above, certain characters are used as designators and appear as themselves in lexical formats. 

T -- is used as time designator to indicate the start of the representation of the time of day in dateTime. 

Z -- is used as time-zone designator, immediately (without a space) following a data element expressing the time of day in Coordinated Universal Time (UTC) in dateTime, time, date, gYearMonth, gMonthDay, gDay, gMonth and gYear. 

In the lexical format for duration the following characters are also used as designators and appear as themselves in lexical formats:

P -- is used as the time duration designator, preceding a data element representing a given duration of time. 

Y -- follows the number of years in a time duration. 

M -- follows the number of months or minutes in a time duration. 

D -- follows the number of days in a time duration. 

H -- follows the number of hours in a time duration. 

S -- follows the number of seconds in a time duration. 

The values of the Year, Month, Day, Hour and Minutes components are not restricted but allow an arbitrary integer. Similarly, the value of the Seconds component allows an arbitrary decimal. Thus, the lexical format for duration and datatypes derived from it does not follow the alternative format of § 5.5.3.2.1 of [ISO 8601].

6.2 Truncated and Reduced Formats

[ISO 8601] supports a variety of "truncated" formats in which some of the characters on the left of specific formats, for example, the century, can be omitted. Truncated formats are, in general, not permitted for the datatypes defined in this specification with three exceptions. The time datatype uses a truncated format for dateTime which represents an instant of time that recurs every day. Similarly, the gMonthDay and gDay datatypes use left-truncated formats for date. The datatype gMonth uses a right and left truncated format for date. 

[ISO 8601] also supports a variety of "reduced" or right-truncated formats in which some of the characters to the right of specific formats, such as the time specification, can be omitted. Right truncated formats are also, in general, not permitted for the datatypes defined in this specification with the following exceptions: right-truncated representations of dateTime are used as lexical representations for date, gMonth, gYear. 

6.3 Deviations from ISO 8601 Formats

6.3.1 Sign Allowed

An optional minus sign is allowed immediately preceding, without a space, the lexical representations for duration, dateTime, date, gMonth, gYear. 

6.3.2 No Year Zero

The year "0000" is an illegal year value. 

6.3.3 More Than 9999 Years

To accommodate year values greater than 9999, more than four digits are allowed in the year representations of dateTime, date, gYearMonth, and gYear. This follows [ISO 8601 Draft Revision]. 

Appendix A. Notices
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� Proleptic - capable of anticipating and answering all possible objections.
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