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Preface
This document is one of two parts specifying the HL7 Version 3 Data Types on an abdract layer,
independent of representation.
Part | explainsVerson 3 Data Typesin astyle that can be readily understood by interface analysts
and programmers.

Part 1l provides arigorous definition of Version 3 Data Typesin astylethat is suited for those
readers with a strong academic background in Computer Science and Mathemétics.

Each part can stand on its own and is addressed to different kinds of audiences and adightly different
purpose. Both parts are normative; therefore both parts must remain consistent in their description of
Versgon 3 Data Types. Dueto its more thorough nature, Part |1 takes precedence over Part | in cases of
conflict or unclear interpretation. Casua readers who need aquick orientation into the matter should
read Part |. However, for any seriousimplementation work understanding the additiona detail
provided in Part 11 isusualy required.

This standard is further accompanied by one or more Implementable Technology Specifications (ITS)
to specify the concrete representation of the Version 3 Data Types.
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1 Introduction
What isa Data Type? Datatypes are the basic building blocks used to construct messages,
computerized patient record documents, business objects and their transactions. Data Types define the
meaning of any given field. Without knowing afield' s datatype, it isimpossibleto interpret the
field'svaue. HL7 defines smple Data Types, such as strings and integers, aswell as complex data
types such as postal addresses, names, and timing specifications.
Representation of Data Values. Datavaues can be represented through various symbols or objects
but the data value s meaning is not restricted to any particular representetion. For example, the integer
vaue“two” can be represented by the character “2,” by the Roman Numera string “I1,” or the binary
string “0010.”
This specification defines the meaning of the HL7 datatypes. It does not mandate an exact
representation of data types. These representetions are addressed in Implementable Technology
Specifications (ITS), such asthe XML ITSfor Version 3 Data Types.
However, this specification does define so caled “literdl forms’, i.e. concise character string
representations for some of the data types. For example, this specification defines the decimd digit
string “1234” asavadid litera form for some number datatypes. Theseliterd formsarea
2 Copyright © Health Level Seven, Inc. All rights reserved.
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1 Introduction

recommendation to an ITSto usethislitera formif thereisno such literal defined for the particular
implementation technology. Notethat the literal forms are defined for the data types but their literal
forms do not define these data types.

Properties of Data Values. Data vaues have properties defined by their deatatype. The“fieds’ of
“composite datatypes’ are the most common example of such properties. However, some properties
need not be represented as an explicit fidd if they can beinferred from some other information. What
needsto be afield and what can be inferred depends on the representation, the I TS, the programming
language used in implementation, etc.

Need for the Abstraction. Great pains have been taken to ensure that HL7 Version 3isnot tied to any
particular implementation technology. Towards that end, this document does not specify the required
representation of datatypes, nor doesit specify operationa implementations. Assuch, it isan abstract
data type specification.

Any concrete implementation of the HL7 standards must ultimately use the built-in data types of their
implementation technology. Therefore, it must be possible, indeed simple, to map the abstract data
types of this specification to various implementation technologies. This mapping is required in order
for an ITSto daim conformanceto HL7 version 3.

1.1 Summary of Basic Data Types

This specification attemptsto define al the data types needed for hedlth care information interchange.

Table 1: Overview of HL7 version 3 Data Types

Name Symbol Description

Boolean BL The Boolean type stands for the values of two-valued logic. A Boolean value can be either
true or false.

Encapsulated  ED Data that is primarily intended for human interpretation or for further machine processing

Data outside the scope of this specification. This includes unformatted or formatted written
language, multi-media data, or structured information in as defined by a different standard
(e.g., XML-signatures.) Instead of the data itself, an ED may contain only a reference (see
TEL.) Note that the ST data type is a specialization of the ED data type when the ED media
type is text/plain.

Character ST Text data, primarily intended for machine processing (e.g., sorting, querying, indexing, etc.)

String Used for names, symbols, and formal expressions.) Note that the ST data type is a
specialization of the ED data type when the ED media type is text/plain.

Coded Simple  CS Coded data, consists of a code and display name. The code system and code system

Value version is fixed by the context in which the CS value occurs. CS is used for coded attributes
that have a single HL7-defined value set.

Coded Value cv Coded data, consists of a code, display name, code system, and original text. Used when a
single code value must be sent.

Coded With CE Coded data, consists of a coded value (CV) and, optionally, coded value(s) from other coding

Equivalents systems that identify the same concept. Used when alternative codes may exist.

Concept CD Coded data, is like a CE with the extension of modifiers. Modifiers for codes have an optional

Descriptor role name and a value. Modifiers allow one to express, e.g., “FOOT, LEFT” as a
postcoordinated term built from the primary code “FOOT” and the modifier “LEFT".

Instance Il An identifier to uniquely identify an individual instance. Examples are medical record

Identifier number, order number, service catalog item number, etc. Based on the ISO Object Identifier
(OID)

Telecommunic  TEL A telephone number or e-mail address specified as a URL. In addition, this type contains a

ation Address time specification when that address is to be used, plus a code describing the kind of
situations and requirements that would suggest that address to be used (e.g., work, home,
pager, answering machine, etc.)

Postal Address AD For example, a mailing address. Typically includes street or post office Box, city, posil code,
country, etc.

Entity Name EN A name of a person, organization, place, or thing. Can be a simple character string or may
consist of several name parts that can be classified as given nhame, family name, nickname,
suffix, etc.

Person Name PN A name of a person. Person names usually consist of several name parts that can be

classified as given, family, nickname etc. PN is a restriction of EN.

Copyright © 2000, Health Level Seven, Inc. All rights reserved.3
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A name of an organization. ON name parts are typically not distinguished, but may
distinguish the suffix for the legal standing of an organization (e.g. “Inc.”, “Co.”, “B.V.”,
“GmbH?”, etc.) from the name itself. ON is a restriction of EN.

A restriction of EN that is equivalent with a plain character string (ST). Typically used for the
names of things, where name parts are not distinguished.

Positive and negative whole numbers typically the results of counting and enumerating. The
standard imposes no bounds on the size of integer numbers.

Fractional numbers. Typically used whenever quantities are measured, estimated, or
computed from other real numbers. The typical representation is decimal, where the number
of significant decimal digits is known as the precision.

A dimensioned quantity expressing the result of measurement. It consists of a real number
value and a physical unit. Physical quantities are often constrained to a certain dimension by
specifying a unit representing the dimension (e.g. m, kg, s, kcal/d, etc.) However, physical
quantities should not be constrained to any particular unit (e.g., should not be constrained to
centimeter instead of meter or inch.)

The amount of money in some currency. Consists of a value and a currency denomination
(e.g., U.S.$, Pound sterling, Euro, Indian Rupee.)

A quantity explicitly including both a numerator and a denominator (e.g. 1:128.) Only in the
rare cases when the numerator and denominator must stand separate should the Ratio data
type should be used. Normally, the REAL, PQ, or MO data types are more appropriate.

A time stamp.

One or more time intervals used to specify the timing of events. Every event spans one time
interval (occurrence interval). A repeating event is timed through a sequence of such
occurrence intervals. Such timings are often specified not directly as a sequence of intervals
but as a rule, e.g., “every other day (Mon — Fri) between 08:00 and 17:00 for 10 minutes.”

1.2 Null Values

Every datadement hasa“proper” vaueor it isconsdered NULL. If (and only if) itisNULL, a“null
flavor” provides more detail, asshownin Table 2;

Table 2: Flavors of NULL

Concept Symbol Implies Definition
no information NI No information whatsoever can be inferred. This is the default null
flavor.
not applicable NA NI No proper value is applicable in this context (e.g., last menstrual
period for a male.)
unknown UNK NI A proper value is applicable, but not known.
not asked NASK UNK This information has not been sought (e.g., patient was not asked)
asked but ASKU UNK Information was sought but not found (e.g., patient was asked but
unknown didn't know)
temporarily NAV ASKU Information is not available at this time but it is expected that it will
unavailable be available later.
other OTH The actual value is not an element in the value domain of a
variable. (e.g., diagnoses is not in ICD-9 code set; age exceeds
100-year upper limit restriction for this field.)
positive infinity PINF OTH Positive infinity of numbers.
negative infinity NINF OTH Negative infinity of numbers.

not present

NP Value is not present in a message. This is only defined in
messages, never in application data! If a value is not present in a
message the receiving interface must fill in that value with either an
applicable default, or no-information (NI).

Note the fine difference in coded data types between NULL/other on the one hand and coded with
extensibility (CWE) on the other hand. CWE data types permit oneto add vauesto the code set as
needed, so Null/Other isamost never used. On the other hand, for CNE (coded, non-extensible) fidlds
NULL/other isthe only legal way to express avaue that does not appear in the code set.

Implementable Technology Specifications do not need to represent NULL flavorsin cases where their
differenceisinggnificant to them.

Copyright © Health Level Seven, Inc. All rights reserved.
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2 Basic Data Types

2.1 Boolean (BL)

A Boolean vadue can be ether “true” or “fase’, or, like any vaue, it may be NULL. The Boolean vaue
obeys the common operators negation, conjunction, and digunction. With the NULL vauethese
common Boolean operations are extended as shown in the following tebles:

Table 3: Truth tables for Boolean logic with NULL values

NOT AND true false NULL OR true false NULL
true false true true false NULL true true true true

false | true false | false false false false | true false NULL
NULL NULL NULL NULL  false  NULL NULL | true NULL  NULL

2.2 Encapsulated Data (ED)

Encapsulated data can convey any data. However, in order for that datato convey meaning,
encapsulated datamust be decoded and further interpreted. Encapsulated datamay be aplain character
string, formatted text, or any of severd kinds of multimedia data

Table 4: Summary of Encapsulated Data (ED)

Name Type Status Definition

BIN BIN mandatory The binary data.

type CS mandatory Identifies the encoding of the data
and a method to interpret the data.

charset Cs optional Where applicable, specifies the

character set and character
encoding used. The charset may be
implied or fixed by the ITS.

language Cs optional Where applicable, specifies the
language of text data.
compression CS optional Indicates whether the raw byte data

is compressed, and what
compression algorithm was used.

reference TEL optional A telecommunication address that
resolves to the binary data.
integrityCheck BIN optional A short binary value representing a

cryptographically strong checksum
over the binary data.

integrityCheckAlgorithm CS optional Specifies the algorithm used to
compute the integrityCheck value.

thumbnail ED optional An abbreviated rendition of the full
data.

Encapsulated data can be present in two forms, inline or by reference. Inline datais communicated or
moved as part of the encapsulated data vaue, whereas by-reference data may reside at adifferent
(remote) location. The dataisthe same whether it islocated inline or remote.

2.2.1 Binary Data (BIN)

All communicated information must ultimately be physically encapsulated as binary data. Binary data
isaraw sream of hits, where abit isidentical with aBoolean vaue.

Copyright © 2000, Health Level Seven, Inc. All rights reserved.5
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2.2.2 Properties of Encapsulated Data

2.2.21 type :CS

I dentifies the encoding of the encapsulated data and identifies amethod to interpret or render the data.
Thisis specified using the MIME mediatypes codes, defined by the Internet Assigned Numbers
Authority (IANA).

To promote interoperability, this specification prefers certain mediatypesto others. Thisistodefinea
greatest common denominator on which interoperability is not only possible, but that is powerful
enough to support even advanced multimedia communication needs.

Teable 5 below assigns agtatusto certain MIME media types, where the status means one of the
following:

required

Every HL7 gpplication must support at least the required mediatypesif it supports agiven kind of
media. One required media-type for each kind of mediaexists. Some mediatypes are required for a
specific purpose, which isthen indicated as“required for ...”

recommended

Other mediatypes are recommended for a particular purpose. For any given purpose there should be
only very few additionaly recommended mediatypes and the rationale, conditions and assumptions of
such recommendations must be made very clear.

indifferent

This status means, HL 7 does neither forbid nor endorse the use of this mediatype. All mediatypes not
mentioned here by default belong into the indifferent category. Sincethereis one required and severd
recommended mediatypes for most practicaly relevant use cases, mediatypes of this status should be
used very consarvaively.

deprecated

Deprecated media types should not be used, because these media types are flawed, because thereare
better dternatives, or because of certain risks. Such risks could be security risks, for example, the risk
that such amediatype could spread computer viruses. Not every flawed mediatypeis marked as

deprecated, though. A mediatype that is not mentioned, and thus considered other by default, may
well be flawed.

Table 5: Use of MIME media types

Media Type Status Use Case
text/plain required For any plain text. This is the default and is equivalent to a character string (ST)
default data type.
text/x-hl7-ft recommended  For compatibility, this represents the HL7 v2.x FT data type. Its use is
for recommended only for backward compatibility with HL7 v2.x systems.
compatibility
text/html recommended  For marked-up text according to the Hypertext Mark-up Language. HTML

markup is sufficient for typographically marking-up most written-text documents.
HTML is platform independent and widely deployed.

application/pdf recommended The Portable Document Format is recommended for written text that is
completely laid out and read-only. PDF is a platform independent, widely
deployed, and open specification® with freely available creation and rendering

tools.
text/sgml indifferent For structured character based data. There is a risk that general SGML/XML is
text/xml too powerful to allow a sharing of general SGML/XML documents between
different applications.
text/rtf indifferent The Rich Text Format is widely used to share word-processor documents.

! The specification is publicly available [http://partners.adobe.com/asn/devel oper/technotes htmli#acrobat -pdf] and
implemented by at least two independent parties.

6 Copyright © Health Level Seven, Inc. All rights reserved.
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However, RTF does have compatibility problems, as it is quite dependent on the
word processor. May be useful if word processor edit-able text should be
shared.

application/msw  deprecated This format is very prone to compatibility problems. If sharing of edit-able text is
ord required, text/plain, text/html or text/rtf should be used instead.
audio/basic required This is a format for single channel audio, encoded using 8bit ISDN mu-law
for audio [PCM] at a sample rate of 8000 Hz. This format is standardized by: CCITT,
Fascicle Ill.4 —Recommendation G.711. Pulse Code Modulation (PCM) of Voice
Frequencies. Geneva, 1972.
audio/mp3 recommended MPEG-1 Audio layer-3 is an audio compression algorithm and file format
for CD quality  defined in ISO 11172-3 and ISO 13818-3. MP3 has an adjustable sampling
audio frequency for highly compressed telephone to CD quality audio.
audio/k32adpcm  recommended ADPCM allows compressing audio data. It is defined in the Internet specification
for audio RFC 2421 [ftp://ftp.isi.edu/in-notes/rfc2421.tx{]. Its implementation base is
compression unclear.
image/png required Portable Network Graphics (PNG) [http://www.cdrom.com/pub/pnd] is a widely
for images supported lossless image compression standard with open source code
available.
image/gif indifferent GIF is a popular format that is universally well supported. However GIF is patent
encumbered and should therefore be used with caution.
image/jpeg required This format is required for high compression of high color photographs. Itis a
for high color  “lossy" compression, but the difference to lossless compression is almost
images unnoticeable to the human vision.
image/g3fax recommended  This is recommended only for fax applications.
for FAX
imagel/tiff indifferent Although TIFF (Tag Image File Format) is an international standard it has many
interoperability problems in practice. Too many different versions that are not
handled by all software alike.
video/mpeg required MPEG is an international standard, widely deployed, highly efficient for high
for video color video; open source code exists; highly interoperable.
video/x-avi deprecated The AVI file format is just a wrapper for many different codecs; it is a source of
many interoperability problems.
modelivrml recommended  This is an openly standardized format for 3D models that can be useful for virtual

for 3D models

reality applications such as anatomy or biochemical research (visualization of
the steric structure of macromolecules)

2.2.2.2

The set of required mediatypes, however, isvery smal so that no undue requirements are forced on
HL7 applications, especialy legacy systems. In genera, no HL7 application is forced to support any
dven kind of media other than written text. For example, many systems just do not want to receive
audio data, because those systems can only show written text to their users. It isamatter of
gpplication conformance statementsto say: “1 will not handle audio”. Only if asystem claimsto
handle audio media, it must support the required mediatype for audio.

charset : CS

For character-based encoding types, this property specifies the character set and character encoding
used. The charset is defined according to Internet RFC 2278, | ANA Char set Registration Procedures,
[http:/Mmww.is .edu/in-notes/rfc2278.txt ].

The charset domain is maintained by the Inter net Assigned Numbers Authority (IANA)
[http:/Amww.is .edw/in-notesfianalass gnments/character-sets]. The IANA source specifies names and
multiple aliases for most character sets. For the HL 7' s purposes, use of multiple dias namesis not
dlowed. The standard name for HL7 is the one marked by IANA as“preferred for MIME.” If IANA
has not marked one of the diases as“ preferred for MIME” the main name shdl be the one used for
HL7.

Table6 listsafew of the IANA defined character setsthat are of interest to current HL7 members. The
definitions of the“status’ column isas given for Table 5.

Table 6: Select Character Set Codes as defined by IANA

Code Status Description
US-ASCII required ANSI X3.4-1968
UTF-8 required 8 bit Unicode Transfer Format [RFC 2279]. This is the default character set

Copyright © 2000, Health Level Seven, Inc. All rights reserved.7
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for Unicode  (ISO 10646/Unicode) and encoding for XML and natively supported by
Java. It is backward compatible to 7-bit US-ASCII.

ISO-10646-UCS-2 deprecated  Unicode ISO 10646, the 16 bit per character Basic Multilingual Plane.
Unicode has a special protocol to specify the byte order, which must be
followed. To avoid byte ordering problems (and — for the western part of
the world — to conserve bandwidth) the UTF-8 encoding should be used.

ISO-10646-UCS-4 deprecated  Unicode ISO 10646, the full code-set (32-bit per character.) Unicode has a
special protocol to specify the byte order, which must be followed. To avoid
byte ordering problems (and — for the western part of the world — to
conserve bandwidth) the UTF-8 encoding should be used.

UTF-7 indifferent 7 bit Unicode Transfer Format [RFC 2152]. This is a Unicode encoding that
is sure to be safe for older communication links or file formats that remove
the 7" bit of each transferred byte.

ISO-8859-1 indifferent ISO 8859 Latin-1 character set is native on western European (and U.S.)
Microsoft Windows installations and on many Unix/X-Windows systems.

ISO-8859-2 indifferent ISO 8859 Latin-2 character set for the Slavic languages of Central Europe
(Polish, Czech).

ISO-8859-5 indifferent ISO 8859 Cyrillic character set for the languages Russian, Bulgarian,
Byelorussian, Macedonian, Serbian and Ukrainian.

JIS-2022-JP indifferent ISO 2022 is a character-encoding framework in which multilingual code-

pages can be switched in and out. JIS-2022-JP, is ISO 2022 as released as
a Japanese Information Standard and as the Internet specification
Japanese Character Encoding for Internet Messages [RFC 1468].

EBCDIC indifferent Extended binary-coded decimal interchange code. A coded character set of
256 8-bit characters commonly used by IBM mainframes.

2.2.2.3 language : CS

For character based information the language property specifies the language of thetext. The HL7
table for human languagesis based on RFC 1766, Tags for the Identification of Languages
[http:/Mmww.is.edu/in-notes/rfc1766.txt]. It isaset of pre-coordinated pairs of one 2-letter 1SO 639
language code and one 2-letter 1SO 3166 country code (e.g., en-us [English, United States]).

Language tags do not modify the meaning of the characters found in thetext; they are only an advice
on if and how to present or communicate thetext. For this reason, any system or site that does not dedl
with multilingud text or namesin the real world can safely ignore the language property.

2.2.2.4 compression : CS
Indicates whether the raw byte datais compressed, and what compression agorithm was used.

Table 7: Compression Algorithms

Name Code Status Description and Comment
deflate DF required The “deflate” compressed data format as specified in RFC 1951
[ftp://ftp.isi.edu/in-notes/rfc1951.txt].
Gzip Gz other A compressed data format that is compatible with the widely used

GZIP utility as specified in RFC 1952 [ftp://ftp.isi.edul/in-
notes/rfc1952.tx{] (uses the deflate algorithm.)

Zlib ZL other A compressed data format that also uses the deflate algorithm.
Specified as RFC 1950 [ftp://ftp.isi.edu/in-notes/rfc1950.tx{]
compress z deprecated Original UNIX compress algorithm and file format using the LZC

algorithm (a variant of LZW). Patent encumbered and less
efficient than deflate.

2.2.2.5 reference: TEL

A telecommunication address (TEL ), such asaURL for HTTP or FTP, which will resolve to precisely
the same binary datathat could aswell have been provided asinline data.

The semantic vaue of an encapsulated data vaue is the same, regardiess whether the datais present
inline dataor just by-reference. However, an encapsulated data va ue without inline data behaves
differently, since any attempt to examine the data requires the data to be downloaded from the
reference.

8 Copyright © Health Level Seven, Inc. All rights reserved.
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An encapaulated data vaue may have both inline data and areference. The reference must point to the
same data as provided inline.

2.2.2.6 integrityCheck : BIN

Theintegrity check isashort binary value representing a cryptographicaly strong checksum that is
cdculated over the binary data. The purpose of this property, when communicated with areferenceis
for anyoneto vaidate |ater whether the reference till resolved to the same data thet the reference
resolved to when the encapsulated data va ue with reference was cregted.

Theintegrity check is calculated according to the integrity check agorithm. By default, the Secure
Hash Algorithm-1 (SHA-1) shdl be used. Theintegrity check is binary encoded according to the rules
of the integrity check dgorithm.

Theintegrity check is calculated over the raw binary datathat is contained in the data component, or
that is accessible through the reference. No transformations are made before the integrity check is
cdculated. If the datais compressed, the Integrity Check is caculated over the compressed data.

2.2.2.7 integrityCheckAlgorithm : CS
Specifies the dgorithm used to computethe integrityCheck vaue.

Table 8: Integrity Check Algorithm

Name Code Description

Secure Hash Algorithm —1  SHA-1  This algorithm is defined in FIPS PUB 180-1: Secure Hash Standard. As
of April 17, 1995.

2.2.2.8 thumbnail : ED

A thumbnail is an abbreviated rendition of thefull data A thumbnail requires significantly fewer
resources than the full data, while gill maintaining some digtinctive similarity with the full data. A
thumbnail istypically used with by-reference encapsulated data. It allowsauser to select datamore
efficiently before actualy downloading through the reference.

For example, alargeimage may be represented by asmal image; ahigh quality audio sequence by a
shorter low-qudity audio; amovie may be represented by a shorter clip; text may be summarized to an
abstract.

A thumbnail may not itself contain athumbnail.

2.3 Character String (ST)

Character string is arestricted encapsulated data type (ED), whose type property isfixed to text/plain,
and whose datamust be inlined and not compressed. Thus, the properties compression, reference,
integrity check, dgorithm, and thumbnail are not gpplicable. The character string datatypeis used
when the gppearance of text does not bear meaning, which istrue for formaized text and dl kinds of

names.
Table 9: Summary of Character String (ST)

Name Type Status Definition

data BIN mandatory The binary data of the character
string.

charset CS optional Specifies the character set and
character encoding used.

language CSs optional Specifies the language of text data.

Copyright © 2000, Health Level Seven, Inc. All rights reserved.9
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The character string (ST) datatype interprets the encapsul ated data as character data (as opposed to
bits), depending on the charset property. In other words, the string S1 “Rose” is equd to the string 2
“Rosg” evenif SLis ASCII-encoded (hex *526f7365) and S2 is EBCDIC-encoded (hex ‘ d996a285').

A character gtring must at least have one character or seitisNULL. Thelength of astring isthe
number of characters, not the number of encoded bytes. Byte encodingisan ITSissue and is not
relevant on the gpplication layer.

2.4 Concept Descriptor (CD)

A concept descriptor represents any kind of “concept.” A concept isaclass of “things.” Concepts are
frequently represented by codes. Diagnosis, procedures, and specidties are examples of concepts. The
CD refersto aconcept usualy by citing a code defined in acoding system.

A magor digtinction exists between codes and identifiers. Codes are vauesthat stand for classes or
properties of things (sometimes referred to as universals). For example, “F150” isacodereferringto a
class of Ford pickup trucks. There are thousands of F150°'s on theroad, all of which are classified as
full-size Ford pickup trucks.

| dentifiers on the other hand refer to individua things. Every Ford F150 hasaunique Vehicle
I dentification Number (VIN), an identifier that refersto an individua truck.

Diagnosis codes, procedure codes, medication codes, gender, marital status and religion codes are
examples of, astheir nameimplies, codes. Medica record numbers, Socid Security Numbers,
Provider 1Ds, and Manufacturer 1Ds are examples of identifiers.

Aswewill see, there are different ways to represent codes and identifiers, depending on the situation.
Thefollowing attributes may be used to represent a code:

Table 10: Summary of Concept Descriptor (CD)

Name Description

code A string containing the value of the code (e.g., “F150”)

displayName A string containing a short, human-readable description of the code. (“Ford F150 Full-size
Pickup Truck”)

codeSystem An Object Identifier (OID) that uniquely identifies the code system to which the code belongs
(e.g., “106.75.314.67.89.24,” where this uniquely identifies Ford Motor Company’s set of
model numbers).

codeSystemName A string containing a short, human-readable description of the code system (e.g., “Ford Car

codeSystemVersion
originalText

modifier

translation

and Truck Models ).

A string qualifying the version of the code system (e.g., “Model Year 2001").

This is the text, phrase, etc., that is the basis for the coding. (e.g., “The new truck purchased
for hospital facility maintenance was a Ford model F150 ...").

Some code systems permit modifiers, additional codes that refine the meaning represented
by the primary code. HL7 Version 3 accommodates a list of modifiers. Continuing with our
truck example, the list of modifiers “Body-ECAB, Eng-V8, EM-CE” modify “F150” to designate
that the truck has an extended cab, V8 engine, and California Emissions package. “Body-,”
“Eng-,” and “EM” designate the roles (body, engine, emissions) represented by the codes
“ECAB,” “v8,” and “CE.”

Quite often in an interfaced environment, codes need to be translated into one or more other
coding systems. In our example, the California DMV may have their own code

Some code systemns define certain style optionsto their code vaues. For example, the U.S. Nationd

Drug Code (NDC) has adash and anon-dash form. An example for the dash form may be 1234-5678-
90 when the non-dash form is 01234567890. Another example for this problem iswhen certain 1SO or
ANS code tables define optiona aphanumeric and numeric forms of two or three character lengths l

in one standard.

In the case where code systems provide for multiple representations, HL 7 shal make aruling about
which isthe preferred form. HL7 shdl document thet ruling where that respective externa coding
systemis recognized. HL7 shdl decide upon the preferred form based on criteria of practicality and
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common use. In absence of cleer criteriaof practicaity and common use, the safest, most extensible,
and least Sylized (the least decorated) form shal be given preference.

The CD datatypeisthe basis for each of the “coded” typesin thissection. The CD itsdf isdetailed in
Part 11 of this specification, but asit israrely expected to be used directly in amessage or document,
wejust mentionitin this part of the document.

2.4.1 Coded Simple Value (CS)

The Coded Smple Vdue (CS) is the smplest representation of acodeisonly explicitly mentionsthe
propertieslisted in Table 11.

Table 11: Summary of Coded Simple Value (CS)

Name Type Status
code ST mandatory
displayName ST optional

The code system and code system version are fixed by the context in which the CS vaue occurs.
Origind text isnot gpplicableto CSvaues.

For CSvaues, the designation of the domain qudifier will dways be CNE (coded, non-extensible) and
the context determines unambiguoudy which HL7 vaue set gpplies.

2.4.2 Coded Value (CV)

The Coded Vaue (CV) datatype only explicitly mentions the propertieslisted in Table 12.

Table 12: Summary of Coded Value (CV)

Name Type Status
code ST mandatory
displayName ST optional
codeSystem oD mandatory
codeSystemName ST optional
codeSystemVersion ST optional
originalText ST optional

Thistypeis used when any reasonable use case will require only asingle code vaue to be sent. It
cannot be used in circumstances where multiple dternative codes for a given vaue are desired.

2.4.3 Coded With Equivalents (CE)

The Coded with Equivaents (CE) data type only explicitly mentions the propertieslisted in Table 13.

Table 13: Summary of Coded with Equivalents (CE)

Name Type Status
code ST mandatory
displayName ST auxilary
codeSystem OID mandatory
codeSystemName ST auxilary
codeSystemVersion ST optional
original Text ED auxilary
translation SET<CV> optional

The CE typeis used when the use case indicates that aternative codes may exist and where it is useful
to communicate these. The CE type provides for aprimary code vaue, plusaset of dternative or
equivalent representations.

Copyright © 2000, Health Level Seven, Inc. All rights reserved.11
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2.4.4 Coded With Category (CC)

The datatype “ Coded with Category” (CC) isaspecific profile of the concept descriptor (CD) used for
certain coded attributes, where a coarse-grained category code defined by HL7 is communicated with a
fine grained externdly or locdly defined code.

Table 14: Summary of Primary Properties of Coded with Category (CC)

Name Type Status Definition

code ST mandatory  The plain code symbol

displayName ST optional A name or title for the code, under which
the sending system shows the code value
to its users

codeSystem OID mandatory  Specifies the code system that defines the
code

codeSystemName ST optional A common name of the coding system

codeSystemVersion ST optional If applicable, a version descriptor defined
specifically for the given code system

originalText ED optional The text or phrase used as the basis for
the coding

modifier conditional For one modifier that tells the HL7-defined

category of the coded concept. Only if the
codeSystem is not registered with HL7

name CSs fixed Fixed to “has-generalization” (GEN).
value Cs mandatory ~ An HL7 defined code for the category of
the concept.
translation SET<CV> optional A set of other concept descriptors that

translate this concept descriptor into other
code systems.

2.5 Instance Identifier (Il)

The Instance Identifier (1) datatypeis used to uniquely identify an instance, thing or object.
Examples are object identifier for HL7 RIM objects, medicd record number, order id, service catdog
itemid, Vehicle Identification Number (VIN), etc. Instance identifiers are defined based on SO object

identifiers.
Table 15: Summary of Instance Identifier (1)
Name Type Status Definition
extension ST optional The value of the identifier, unique within its
assigning authority’s namespace.
root OID mandatory A unique identifier that guarantees the global

uniqueness of the instance identifier. The root alone
may be the entire instance identifier, an extension
value is not needed.

assigningAuthorityName optional A human readable name or mnemonic for the
assigning authority. This name is provided solely
for the convenience of unaided humans interpreting
an Il value.
Note: no automated processing must depend on
the assigning authority name to be present in any
form.

validTime IVL<TS> optional If applicable, specifies during what time the
identifier is valid. By default, the identifier is valid
indefinitely. Any specific interval may be undefined
on either side indicating unknown effective or expiry
time.
Note: identifiers for information objects in computer
systems should not have restricted valid times, but
should be globally unique at all times. The identifier
valid time is provided mainly for real-world
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identifiers, whose maintenance policy may include
expiry (e.g., credit card numbers.)

2.5.1 1SO Object Identifier (OID)

An SO Object Identifier (OID) isaglobaly unique string congisting of numbers and dots (eg.,
2.16.840.1.113883.3.1). This string expresses a tree data structure, with the left-most number
representing the root and the right-most number representing alesf.

Each branch under the root corresponds to an assigning authority. Each of these assigning authorities
may, in turn, designate its own set of assigning authorities that work under its auspices, and so on
down theline. Eventualy, one of these autharities assigns aunique (to it as an assigning authority)
number that correspondsto aleaf node on thetree. Theleaf may represent an assigning authority (in
which case the OID identifies the authority), or an instance of an object. An assigning authority owns
anamespace, conggting of its sub-tree.

HL7 shdl establish an OID registry and assign OIDsin its branch for HL7 users and vendors upon
their request. HL7 shall dso assign OlDsto public identifier-assgning authorities both U.S. nationdly
(eg., the U.S. State driver license bureaus, U.S. Socid Security Adminigtration, HIPAA Provider ID
registry, etc.) and internationaly (e.g., other countries Socia Security Administrations, Citizen 1D
registries, etc.) The HL7 assigned OlDs must be used for these organizations, regardless whether these
organizations have other OIDs assigned from other sources.

2.5.2 Further Considerations

Someidentifier schemes define certain Syle options to their code vaues. For example, the U.S. Socid
Security Number (SSN) is normally written with dashes that group the digitsinto a pattern “ 123-12-
1234”. However, the dashes are not meaningful and a SSN can just aswell be represented as
“123121234” without the dashes.

In the case where identifier schemes provide for multiple representations, HL7 shall makearuling
about which isthe preferred form. HL 7 shall document that ruling where that respective externa
identifier schemeis recognized. HL7 shal decide upon the preferred form based on criteria of
practicaity and common use. In absence of clear criteriaof practicality and common usg, the safet,
mogt extensible, and least stylized (the least decorated) form shall be given preference

HL7 may aso decide to map common externd identifiersto the vaue portion of the I1.root OID. For
example, the U.S. SSN could be represented as 2.16.840.1.113883.4.1.123121234. The criteria of
practicality and common use will guide HL7' s decision on each individud case.

2.6 Telecommunication Address (TEL)

A telecommunication address is alocator for some resource (information or services) mediated by
telecommunication equipment. The semantics of atelecommunication addressisthat a
communication entity responds to that address (the responder) and therefore can be contacted by a
communication initiator. A basic exampleis ateephone number; did (734) 677-777, atelephone at
HL7 headquarters will ring, and an HL7 associate (or voice mail) will respond.

The responder of atelecommunication address may be an automatic service that can respond with
information (e.g., FTPor HT TP sarvices, atdephone answering machine) Insuch casea
telecommunication address is areference to that information ble through that address. A
telecommunication address va ue can thus be resolved to some information (in the form of
encapsulated data, ED.)

A given tdecommunication address value may have limited vaidity through time and may be tagged
by ause code to indicate under what circumstances a specific telecommunication address may be
preferred anong a st of dterndives.
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Table 16: Summary of Telecommunication Address (TEL)

Name Type Status Definition

URL URL mandatory The essence of a telecommunication address is a Universal
Resource Locator.

use SET<CS> optional A code advising a system or user which telecommunication

address in a set of like addresses to select for a given
telecommunication need.

validTime GTS optional Identifies the periods of time during which the
telecommunication address can be used. For a telephone
number, this can indicate the time of day in which the party can
be reached on that telephone. For a web address, it may
specify a time range in which the web content is promised to be
available under the given address.

2.6.1 Universal Resource Locator (URL)

A Universal Resource Locator (URL) is atype of telecommunications address specified as Internet

standard RFC 1738 [http://www.is .edw/in-notes/rfc1738.txt]. The URL specifiesthe protocol and the
contact point defined by that protocol for the resource. Notable uses of the telecommunication address
datatypeisfor telephone and telefax numbers, email addresses, Hypertext references, FTP references,

etc.
URLsare normally represented in a character string, formatted as* <scheme>:<address>,” wherethe
most common schemes are:
Table 17: URL Schemes
Code Status Definition
tel required A voice telephone number [draft-antti-telephony-url-11.txt].
fax required A telephone number served by a fax device [draft-antti-telephony-url-11.txt].
mailto required Electronic mail address [RFC 2368].
http required Hypertext Transfer Protocol [RFC 2068].
ftp required The File Transfer Protocol (FTP) [RFC 1738].
file deprecated Host-specific local file names [RCF 1738]. Note that the file scheme works only for
local files. There is little use for exchanging local file names between systems, since
the receiving system likely will not be able to access the file.
telnet other Reference to interactive sessions [RFC 1738]. Some sites, (e.g., laboratories) have
TTY based remote query sessions that can be accessed through telnet.
modem  other A telephone number served by a modem device [draft-antti-telephony-url-11.txt].

The address portion of the URL isa character string whose format is entirely defined by the URL
gheme

Teephoneand FAX Numbers. Thereisno specid datatype for telephone numbers. Telephone
numbers are telecommunication addresses and are specified asaURL. The voice telephone URLs
begin with “td:” and fax URL s begin with “fax:”

The tdlgphone number URL is defined in the Internet RFC 2806 [http:/ww.isi.edu/in-

notes/rfc2806.txt ] URLs for Telephone Calls. For examples, “t el : +1(317) 630- 7960” isaphone
number, and “f ax: +49(30) 8101- 724" isaFAX number. The globa absolute te ephone numbers
gtarting with the “+” and country code are preferred. Separator characters serve as decoration but have

no meaning for the telephone number, thus“t el : +13176307960” and “f ax: +49308101724"
arethe same telephone and FAX numbers as the previous respective examples.

2.6.2 The “use code” helps selecting among alternatives

The telecommunication use code' s purposeisto suggest or discourage the use of aparticular
telecommunication address; it is not a complete classification for equipment types or locations.
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Table 18: Telecommunication Address Use Code

Concept Code Implies Definition

home H A communication address at a home, attempted contacts for
business purposes might intrude privacy and chances are one will
contact family or other household members instead of the person
one wishes to call. Typically used with urgent cases, or if no other
contacts are available.

primary home HP H The primary home, to reach a person after business hours.

vacation home HV H A vacation home, to reach a person while on vacation.

work place WP An office address. First choice for business related contacts during
business hours.

answering service AS An automated answering machine used for less urgent cases and if
the main purpose of contact is to leave a message or access an
automated announcement.

emergency contact EC A contact specifically designated to be used for emergencies. This
is the first choice in emergencies, independent of any other use
codes.

pager PG A paging device suitable to solicit a callback or to leave a very short
message.

mobile contact MC A telecommunication device that moves and stays with its owner.

May have characteristics of all other use codes, suitable for urgent
matters, not the first choice for routine business.

2.7 Postal Address (AD)

The posta address datatypeis used to communicate mailing and home or office addresses. Themain
use of such dataisto dlow printing mail labels, or to dlow aperson to physicdly vist that address.

The postal address datatypeis not supposed to be a container for additional information that might be
useful for finding geographic locations (eg., GPS coordinates) or for performing epidemiologicd
studies. Only those parts of addressesthet are conventiona for designating mailboxes or home or
office addresses are part of the address data type. HL 7 has other and better ways to handle globa
pasitioning or census units.

The postal address datatypeis essentialy a sequence of address part vaues. There are exact rulesthat
govern the formatting of addresses on labels. Theserules are detailed in Part |1 of this specification.

2.7.1 Address Part (ADXP)

An address part is essentialy a character string that may have atypetag Sgnifyingitsrolein the
address. Typica partsthat exist in about every address are street, house number, or post box, ZIP
code, city, country but other roles may be defined regiondly, nationally, or on an enterpriseleve (eg.
in military addresses). Addresses are usudly broken up into lines, which isindicated by specid line-
bregk tokens (e.g., carriage return).

Table 19: Summary of Address Part (ADXP)

Name Type  Status Definition
ST ST mandatory  The address part data
type CS optional Indicates whether an address part is the street, city,

country, postal code, post box, etc.

Addresses are conceptudized astext with added mark-up. The mark-up may break the addressinto

lines and may describein detall the role of each address part if it isknown. Address parts occur inthe
addressin the order in which they would be printed on amailing label. Themodd issimilar to HTML
or XML markup of text.

2.7.1.1 type :CS

Indicates whether an address part isthe street, city, country, postl code, post box, etc. If thetypeis
NULL the address part is unclassified and smply appearson thelabel asis.
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Table 20: Address Part Type Code

Concept Code Definition

delimiter DEL Delimiters are printed without framing white space. If no value component is provided,
the delimiter appears as a line break.

country CNT Country

state or province STA A sub-unit of a country with limited sovereignty in a federally organized country.

city CTY City

postal code ZIP A postal code designating a region defined by the postal service.

street name STR Street name or number.

house number HNR The number of a house or lot alongside the street. Also known as "primary street
number"”, but does not number the street but the house.

direction DIR direction (e.g., N, S, W, E)

additional locator ~ ADL This can be a unit designator, such as apartment number, suite number, or floor.
There may be several unit designators in an address (e.g., “3rd floor, Appt. 342".) This
can also be a designator pointing away from the location, rather than specifying a
smaller location within some larger one (e.g., Dutch "t.0." means "opposite to" for
house boats located across the street facing houses.)

post box POB A numbered box located in a post station.

2.7.2 Properties of Postal Address

Addresses are essentiadly sequences of address parts, but add a“use’ code and avdid time range for
information about if and when the address can be used for agiven purpose.

Table 21: Summary of Postal Address (AD)

Name Type Status Default Constraint Definition
LIST<ADXP> mandatory  NULL The address data
use SET<CS> optional NULL AddressUse A code advising a system or user which

validTime  GTS

address in a set of like addresses to select
for a given purpose

optional NULL Identifies the periods of time during which the

address can be used. Typically used to refer
to different addresses for different times of
the year or to refer to historical addresses.

An address without specific use code might be a default address useful for any purpose, but an address
with aspecific use code would be preferred for that respective purpose.

Table 22: Address Use Code

Concept Code Implies Definition

visit address RES Used primarily to visit an address.

mail address PST Used to send mail.

invoice address INV  PST An address at which to send invoices

temporary address TMP A temporary address, may be good for visit or mailing. Note that an address history can
provide more detailed information.

bad address BAD A flag indicating that the address is bad, in fact, useless.

home H A private (home) address.

primary home HP H The primary home.

vacation home HV H A vacation home, to reach a person while on vacation.

work place WP An office address.

2.7.3 Examples

Thefollowing are examples of addressesin an XML encoded form, wherethe XML tag isthe address
part role and the data content is the address part vaue. The use of XML in these examples does not
preempt any XML implementation technology specification, it is solely for the purpose of this

example
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1050 Wishard Blvd. RG 5" floor,
Indianapoli, IN 46240.

has the following three valid encodings

<AD pur pose="RES" >
1050 Wshard Blvd, RG 5th fl oor<DEL/>
I ndi anapolis, IN 46240

</ AD>

<AD pur pose="RES" >
<STR>1050 W shard Bl vd</ STR><ADL>RG 5t h fl oor </ ADL><DEL/ >
<CTY>| ndi anapol i s</ CTY><STA>| N</ STA><ZI| P>46240</ Z| P>

</ AD>

<AD pur pose="RES" >

<HNR>1050</ HNR><STR>W shar d Bl vd</ STR><ADL>RG 5t h
fl oor</ ADL><DEL/ >

<CTY>I ndi anapol i s</ CTY><STA>| N</ STA><ZI P>46240</ ZI P>
</ AD>

the second encoding in this example is more specific about the role of the address parts than the first
one. Thethirdiseven more specific. Thefirst form would result from a system that only stores
addreseesasline 1, line 2, etc. The second formisthetypica form seeninthe U.S., where street
address is sometimes separated, and city, state and ZIP code are ways separated. However, inthe
U.S. the house number is not usualy separated from the street address, where in Germany many
systems keep house number as separate fields (third example.)

This example shows the strength of the mark-up approach to addresses. A typical German system that
stores house number and street name in separate fields would print the address with street name first
followed by the house number. For U.S. addresses, thiswould be wrong as the house number inthe
U.S. iswritten before the street name.  The marked-up address dlows keeping the natura order of
address parts and gill understanding their role.

2.8 Entity Name (EN)

An entity name data va ue specifies aname of a person, organization, place or thing. Examplesfor
entity name values are“Jm Bob Walton, J.”, “Hedlth Leve Seven, Inc.”, “Lake Tahoe’, eic. An
entity name may be as smple asacharacter string or may consist of severd entity name parts (ENXP),
suchas, “Jm”, “Bob”, “Walton”, and “ ¥.”, “Hedth Level Seven” and “Inc.”, “Lakée’ and “Tahoe".

The entity name datatype is essentiadly a sequence of entity name part values. There are exact rules
that govern the formatting of names on labels, badges, etc. Theserules are detailed in Part 11 of this
specification.

2.8.1 Entity Name Part (PNXP)

An entity name part is acharacter string token that may have a type code signifying the role of the part
in thewhole entity name. Typica name partsthat exist in about every name are given names, and
family names titles, etc.

Table 23: Summary of Entity Name Part (ENXP)

Name Type Status Default Constraint Definition
ST mandatory  NULL The entity name part data
type CSs optional NULL EntityNamePartType  Indicates whether the name part is a given
name, family name, prefix, suffix, etc.
qualifier SET<CS>  optional NULL EntityNameQualifier A set of codes each of which specifies a

certain subcategory of the name part in
addition to the main name part type

Copyright © 2000, Health Level Seven, Inc. All rights reserved.17



HL7 Version 3 Data Types BALLOT DRAFT 2 Revision 1.3

Each name part may have atype code, identifying given names, family names, prefix, suffix, etc. The
type code may not be available for unknown person names.

Table 24: Name Part Type

Name Code Definition
family FAM  Family name, this is the name that links to the genealogy. In some cultures (e.g. Eritrea) the
family name of a son is the first name of his father.
given GV Given name (don't call it "first name" since this given names do not always come first)
MID
prefix PFX A prefix has a strong association to the immediately following name part. A prefix has no

implicit trailing white space (it has implicit leading white space though). Note that prefixes
can be inverted.

suffix SFX A suffix has a strong association to the immediately preceding name part. A prefix has no
implicit leading white space (it has implicit trailing white space though). Suffices can not be
inverted.

delimiter DEL A delimiter has no meaning other than being literally printed in this name representation. A

delimiter has no implicit leading and trailing white space.

Each name part may have aqudifier. The qudifier isaset of codes each of which specifiesacertain
subcategory of the name part in addition to the main name part type. For example, a given name may
be flagged as anickname, afamily name may be a pseudonym or aname of public records.

Table 25: Name Part Qualifier

Name Code Definition
Name change classifiers describe how a name part came about. More than one value allowed.
birth BR A name that a person had shortly after being born. Usually for family names but may be used

to mark given names at birth that may have changed later.

unmarried MD A name that a person (either sex) had immediately before her/his first marriage. Usually
called "maiden name", this concept of maiden name is only for compatibility with cultures that
keep up this traditional concept. In most cases maiden name is equal to birth name. If there
are adoption or deed polls before first marriage the maiden name should specify the last
family name a person acquired before giving it up again through marriage.

chosen CH A name that a person assumed because of free choice. Most systems may not track this, but
some might. Subsumed in the concept of "chosen" are pseudonym (alias), and deed poll.
The difference in civil dignity of the name part is given through the R classifier below. l.e. a
deed poll creates a chosen name of record, whereas a pseudonym creates a name not noted
in civil records.

adoption AD A name that a person took on because of being adopted. Adoptions may happen for adults
too and may happen after marriage. Whether adoption name or the birth name is considered
the "maiden" name is not fully defined and may, as always, simple depend on the discretion
of the person or a data entry clerk.

Spouse SP The name assumed from the partner in a marital relationship (hence the "M'). Usually the
spouse's family name. Note that no inference about gender can be made from the existence
of spouse names.

Affix types. Usually only one value per affix.

voorvoegsel VV A Dutch "voorvoegsel" is something like "van" or "de" that might have indicated nobility in the
past but no longer so. Similar prefixes exist in other languages such as Spanish, French or
Portugese.

academic AC Indicates that a prefix like “Dr.” or a suffix like “M.D.” or “Ph.D.” is an academic title.

professional PR Primarily in the British Imperial culture people tend to have an abbreviation of their
professional organization as part of their credential suffices.

nobility NB In Europe and Asia, there are still people with nobility titles (aristocrats.) German "von" is
generally a nobility title, not a mere voorvoegsel. Others are "Earl of" or "His Majesty King
of..." etc. Rarely used nowadays, but some systems do keep track of this.

legal status LS For organizations a suffix indicating the legal status, e.g., “Inc.”, “Co.”, “AG”, “GmbH", “B.V.”
“S.A.", “Ltd.” etc.

Additional qualifiers. More than one value allowed.

nick NK Indicates that the name part is a nickname. Not explicitly used for prefixes and suffixes,
since those inherit this flag from their associated significant name parts. Note that most
nicknames are given names although it is not required.

callme CL A callme name is (usually a given name) that is preferred when a person is directly
addressed.

18
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record RE This flag indicates that the name part is known in some official record. Usually the antonym
of nickname. Note that the name purpose code "license" applies to all name parts or a name,
whereas this code applies only to name name part.

initial IN Indicates that a name part is just an initial. Initials do not imply a trailing period since this
would not work with non-Latin scripts. Initials may consist of more than one letter, e.g., "Ph."
could stand for "Philippe" or "Th." for "Thomas".

weak WK  Used only for prefixes and suffixes (affixes). A weak affix has a weaker association to its
main name part than a genuine (strong) affix. Weak prefixes are not normally inverted.
When a weak affix and a strong affix occur together, the strong affix is closer to its
associated main name part than the weak affix.

invisible HD Indicates that a name part is not normally shown. For instance, traditional maiden names are
not normally shown. "Middle names" may be invisible too.

Entity names have no additional propertiesthat add information to the sequence of person name parts.

2.8.2 Examples

Thefollowing shows examples of entity namesin an XML encoded form, wherethe XML tagisthe
entity name part type and the data content is the entity name part vdue. The use of XML in these
examples does not preempt any XML implementation technology specification; it is solely for the
purpose of thisexample.

A very smple encoding of “JohnW. Do’ would be:

<EN>
<G V>John</ d V>
<G V>W </ d V>
<FAM>Doe</ FAM>
</ EN>

none of the specid qudlifiers need to be mentioned if they are unknown or irrdlevant. The next
example shows extensve use of multiple given names, prefixes, suffixes, for academic degrees,
nobility titles, vorvoegsels (“van™), and professond designations.

<EN>
<PFX @"AC'>Dr. phil. </PFX>
<G V>Regi na</ G V><d V>Johanna</ G V><Gd V>Mari a</ G V>
<PFX Q="NB">Gr af i n_</ PFX><PFX Q="W">von_ </ PFX>
<FAM " MD' >Hochhei m</ FAM><DEL>- </ DEL><FAM

Q" SP" >Wei | enf el s</ FAM>
<SFX @"PR WK">NCFSA</ SFX>

</ EN>

The next exampleis an organization name, “Hedth Leve Seven, Inc.” in smple string form:
<EN>Heal th Level Seven, |nc.</EN>

and asafully parsed name
<EN>Heal t h Level Seven<DEL>, </DEL><SFX Q="LS">I|nc. </ SFX></ EN>

2.8.3 Trivial Name (TN) restricts EN

Thetrivid name (TN) isan entity name that consists of only one name part without any name part type
or qudifier. The TN, and itssingle name part are therefore equivaent to asimple character string.

2.8.4 Person Name (PN) restricts EN

Since mogt of the functiondity of entity nameisin support of person names, the person name (PN) is
only avery minor restriction on the entity name part qudifier.
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2.8.,5 Organization Name (ON) restricts EN

A namefor an organization, such as“Hedth Level Seven, Inc." An organization name consists only of
untyped name parts, prefixes, suffixes, and ddimiters.

2.9 Integer Number (INT)

Integer numbers (-1,0,1,2, 100, 3398129, etc.) are precise numbersthat are results of counting and
enumerating. No arbitrary limit isimposed on the range of integer numbers. Two exceptiond vaues
are defined for the positive and negative infinity (see Table 2.)

2.10 Real Number (REAL)

Red numbers ([J, 1.5, 2.23e10%, etc.) are needed beyond integers whenever quantities of the real
world are measured, estimated, or computed from other real numbers.

2.10.1 Literal Form

A redl number is represented in decimd form with optiona + or - sign, and optiona decimal point,
and optiona exponentid notation using a caseinsengtive “e” between the mantissa and the exponent.
The number of ggnificant digits must conform to the precision property.

Alternative representations two-thousand are 2000, 2000., 2e3, 2. 0e+3,+2. 0e+3.

Note that the literal form does not carry typeinformation. For example, “2000” isavalid
representation of both areal number and an integer number. No trailing decimal point is used to
disambiguate from integer numbers. AnITSthat usesthislitera form must recover the type
information from other sources.

2.10.1.1 precision : INT

The precison property indicates the quality of the approximation of adecimal real number
representation. Precison isthe number of significant decima digitsin thet decima representation.

The precision attribute is the precision of adecimd digit representation, not the precision or accuracy
of the real number value. Precison doesnot play arolein deciding whether two red number values
aeequd.

The purpose of the precision property for the read number detatypeisto faithfully capture the whole
information presented to humansin anumber. The amount of decimd digits shown conveys
informetion about the uncertainty (i.e., precision and accuracy) of ameasured vaue.

Note: the precision of the representation is independent from uncertainty (precision accuracy) of a
measurement result. If the uncertainty of a measurement result is important, one should send

uncertain values as defined in Section 4.4.

Therulesfor what digits are Sgnificant are asfollows:
All non-zero digits are Significant.
All zeroesto theright of asignificant digit are significant.

When dl digitsin the number are zero the zero-digit immediadly |eft to the decimal point is
significant (and because of rule 2, al following zeroes are thus Significant too.)

Note, these rules of significance differ slightly from the more casual rules taught in school.
Notably trailing zeroes before the decimal point are consistently regarded significant here.

Elsewhere, e.g., 2000 is ambiguous as to whether the zeroes are significant. This deviation
from the common custom is warranted for the purpose of unambiguous communication.

Examples:
2000 has 4 sgnificant digits.
263 has1dgnificant digit, used if onewould naturaly say "2000" but precisionisonly 1.
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0.001 has1 dgnificant digits.
1le3 has1sgnificant digit, usethisif onewould naturaly say “0.001" but precisonisonly 1.
0 has 1 Sgnificant digit.
00 has2ggnificant digits
0000 has2d€gnificant digits.
000 has3ggnificant digits
410 has 3 significant digits.
409 has 3 significant digits
41  hes2sgnificant digits

The precision of the representation should match the uncertainty of the vaue. However, precision of
the representation and uncertainty of the value are separate independent concepts. Refer to Section 4.4
for details about uncertain real numbers.

For example“0.123" has 3 sgnificant digitsin the representation, but the uncertainty of the value may
bein any digit shown or not shown, i.e., the uncertainty may be 0.123+0.0005, 0.123+0.005 or
0.123+0.00005, etc. Notethat externa representations should adjust their representational precision

with the uncertainty of the value. However, sincethe precison in the digit string is granular to £0.5

the least Significant digit, while uncertainty may be anywhere between this raster, 0.123+0.005 would

a0 be an adequate representation for the value between 0.118 and 0.128.

ITS Note: on a character based Implementation Technology the ITS need not represent the precision
as an explicit attribute if numbers are represented as decimal digit strings. In that case, the ITS must
abide by the rules of an unambiguous determination of significant digits. A number representation
must not produce more or less significant digits than were originally in that number. Conformance
can be tested through round-trip encoding — decoding — encoding.

2.10.2 Equality

Note that araw equality test on real numbersis unreasonable for most practical purposes, since
infinitesma equality israrely meaningful in practice. Thisdefinition of equdity is designed to be
reasonably useful for smple cases. For more sophisticated casesit is recommended to compare redl
numbers based on intervas, that is, to test whether ared value falswithin acertain range (interva).

2.11 Ratio (RTO)

A ratio isaquantity constructed through divison of anumerator quantity with adenominator quantity.
Retiosare different from*“rationa numbers” i.e,, in ratios common factorsin the numerator and
denominator never cancel out. A ratio of two red or integer numbersis not automatically reducedto a
red number.

Table 27: Summary of Ratio (RTO)

Name Type Status Definition
numerator QTY mandatory ~ The numerator of the ratio.
denominator QTY mandatory ~ The denominator of the ratio

The QTY datatypeisan abstract generaization that standsfor INT, REAL, PQ, and MO.

The purpose of the ratio datatypeisto support certain quantities produced by laboratories, such as
titers (eg., “1:128"). Ratiosare not smply “structured numerics,” blood pressure measurements (e.g.
“120/60") are not rtios.

Note: This data type is not defined to generally represent rational numbers. In this Ratio data type, it
is not correct to cancel out common factors in numerator and denominator. For example, if a ratio is

recorded as 2:8, it should not be reduced to 1:4.
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The default value for both numerator and denominator isthe integer number 1 (one)) The denominator
may not be zero.

2.11.1 Literal Form

A rdio literd consigts of anumerator, a colon (as separator), followed by the denominator. Whenthe
colon and denominator are missing, the integer number 1 is assumed as the denominator.

2.12 Physical Quantity (PQ)

A physical quantity isadimensioned quantity expressing the result of ameasurement act. It conssts
of

Table 28: Summary of Physical Quantity (PQ)

Name Type Status Definition
value REAL mandatory ~ The magnitude of the quantity measured in terms of the unit
unit CS mandatory  The unit of measure

The codesfor unit of measure are specified in the Unified Code for Units of Measure (UCUM)
[http://aurorarg.iupui.edW/UCUM]. The default unit of measureis1 (the“unity”).

Note that equality of physical quantity does not require the values and units to be equal
independently. Value and unit is only how we represent physical quantities. For example, 1 m equals
100 cm. Although the units are different and the values are different, the physical quantities are
equal! Therefore one should never expect a particular unit for a physical quantity but instead provide
automated conversion between different comparable units. (See Part Il for more information.)

2.12.1 Literal Form

Physica quantities are expressed as area number followed by optiona white space and a character
string representing avaid code in the Unified Code for Units of Measure. For example“12 nf for 12
meter.

2.13 Monetary Amount (MO)

A monetary amount isaquantity expressing the amount of money in some currency. Currenciesare
the unitsin which monetary amounts are denominated in different economic regions.

Table 29: Summary of Monetary Amount (MO)

Name Type Status Default Constraint Definition

value REAL mandatory  NULL The magnitude of the monetary amount in terms of
the currency unit.

currency CS mandatory  NULL ISO 4217 The currency unit

Note: monetary amounts are usually precise to 0.01 (one cent, penny, paisa, etc.) For large amounts,
it is important not to store monetary amounts in floating point registers, since this may lose precision.
However, this specification does not define the internal storage of real numbers as fixed or floating

point numbers.

The precision attribute of the real number type is the precision of the decimal representation, not the
precision of the value. The real number type has no notion of uncertainty or accuracy. For example,
“1.99 USD” (precision 3) times 7 is “13.93 USD” (precision 4) and should not be rounded to “13.9” to
keep the precision constant.
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Table 30: Selected ISO 4217 currency codes

Country Currency Code
Argentina Argentine Peso ARS
Australia Australian Dollar AUD
Brazil Brazilian Real BRL
Canada Candian Dollar CAD
Chile Unidades de Formento CLF
China Yuan Renminbi CNY
European Union Euro EUR
European Union ECU (until 1998-12-31) XEU
Finland Markka FiM
France French Franc FRF
Germany Deutsche Mark DEM
India Indian Rupee INR
Israel Shekel ILS
Japan Yen JPY
Mexico Mexican Nuevo Peso MXN
Netherlands Netherlands Guilder NLG
New Zealand New Zealand Dollar NzD
Philippines Philippine Peso PHP
Russian Federation Russian Ruble RUR
South Africa Rand ZAR
Spain Spanish Peseta ESP
Switzerland Swiss Franc CHF
Thailand Baht THB
United Kingdom Pound Sterling GBP
United States US Dollar uUsb

2.13.1 Literal Form

Monetary amounts are represented by an amount, optiona white space, and the currency code. For
example, “189. 95 USD" for 189.95 U.S. Ddllar.

2.14 Point In Time (TS)

A time-stamp represents apoint in time. As nobody knows when time began, apointintimeis
expressed as the amount of time that has elgpsed from some arbitrary zero-point, called an epoch. So
when we assign the time stamp “198910291030" to an event, we are saying that 1989 years, 10
months, 29 days, 10 hours and 30 minutes have elapsed since the epoch (the birth of Chrigt).

2.14.1 Literal Form

Time stamps begin with the 4-digit year (beginning counting a zero); followed by the 2-digit month of
the year (beginning counting at one); followed by the 2-digit day of the month (beginning with one);

followed by the 2-digit hour of the day (beginning with zero); and so forth. For example,
“200004010315" isavdid expression for April 1, 2000, 3:15am.

A cdendar expresson can be of variable precison, omitting parts from the right.

For example, “20000401 " is precise only to the day of the month.

Thelagt calendar unit may be written asarea number, with the number of integer digits specified,
followed by the decima point and any number of fractiond digits.

For example, “20000401031520. 34" means April 1, 2000, 3:15 and 20.34 seconds.
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The optiona time zone suffix beginswith aplus (+) or minus(- ) followed by digitsfor the hour and
minute cycles. UTC isdesignated asoffset “+00” or “- 00” (the 1SO 8601 and 1SO 8824 suffix “Z”
for UTC isnot permitted.)

For example, 20000401031520. 34- 0500 i ndi cat es April 1, 2000, 3:15 and 20.34 Eastern
Stendard Time.

3 Generic Collections
This section defines deta types that can “collect” other data values, Set, Sequence, Bag and Interva.

3.1 Set(SET)

A sstisavauetha contains other values of acertain datatype asitselements. Thedementsare
contained in no particular ordering. All dementsin the set are digtinct, the same element value can not
be contained more than oncein the set. A set may only contain non-NULL elements. Exceptiond
vaues (NULL-vaues) can not be elements of ast.

3.2 Sequence (LIST)

A sequenceisan ordered collection of discrete values.

3.3 Bag (BAG)
A bag isan unordered collection of eements where each eement can be contained more than oncein
the bag.

3.4 Interval (IVL)

Aninterval isaset of consecutive vaues of any ordered datatype. Aninterval isthusacontiguous
subset of its base datatype.

Some examples.

Thereisan interva between 2 and 4 meters.

Thereisaninterva between December 4, 2000, 10:00 am and 10:30 am

Thereisan interva between mile markers 210 and 225 on the Pennsylvania Turnpike.
Note that the interval boundaries must be of comparable types. Itisnonsensica to describethe
interval between 2 meters and 4 seconds.

Table 31: Summary of Interval (IVL)

Name Description

low This is the low boundary of the interval.

high This is the upper boundary of the interval.

width The width is the difference between high and low boundary.

center The center is defined of finite intervals and is then the arithmetic mean of the interval (low
plus high divided by 2).

lowClosed A Boolean, indicating whether the interval is closed or open at the low boundary. For a

boundary to be closed, a finite boundary must be provided, i.e. unspecified or infinite
boundaries are always open.
highClosed A Boolean, indicating whether the interval is closed or open at the high boundary.

Inany interva representation only two of the four properties high, low, width and center need to be
stated and the other two can be derived. Incomplete intervals exist, where only one property isvalues,
particularly, when no boundary or center is known, the width may till be known. For example, one
knows that an activity takes about 30 minutes, but one may not yet know when that activity is started.
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Figure 1: Properties of the interval 3.5-5.5

3.4.1 Literal Form

Thelitera for theinterval datatypeis defined such that it is asintuitive to humansapossible. Five
different forms are defined:

1

2

3
4)

5

Theintervd form using square brackets, eg., “[ 3. 5; 5. 5[" meaning 35£ n <55. Where
the two points of the bracket point to the boundary value, the boundary is dosed, meaning the
boundary vaueisfinite and included in the interva. 3.5, the low boundary in thisexample, is
closed. Where the two points of the bracket point away from the boundary vaue, the
boundary is open, meaning thet either it isinfinite or not included in theinterva. 5.5, the

high boundary in this example, is open, meaning that vaues up to, but not including, 5.5 are
included in theinterva. A semicolon separates boundaries.

Thedash-form, eg., “3. 5-5. 5” meaning 35 £ n £ 5.5. .All vaues, between and including
35and 55 areincluded. In other words, both boundaries are closed. “3.5-5.5" is equivaent
to“[ 3. 5; 5.5]".

The*“comparator” form, using relational operator symboals, eg., “<5. 5”.

The center-width form, eg., “4. 5[ 2. 0[ ”. 4.5isthe center point of theinterva, 2.0isthe
width, the low boundary is closed and the upper boundary is open.

The width-only form using square brackets, eg., “[ 2. O[ ", meaningm-1.0 £ n <nm+1.0

The reason for defining multiple representations is that each hasits prosand cons. Part |1 of this
document explains what they are.

Table 32: Examples of interval literals

literal low high alternate
closed low high closed center width

3.5-5.5 true 35 55 true 45 2.0
[3.5;5.5] true 35 5.5 true 4.5 2.0
[3.5;5.5] true 3.5 5.5 false 4.5 2.0
4.5[2.0] true 35 55 true 4.5 2.0
4.5[2.0[ true 35 5.5 false 45 2.0
<5.5 false Y] 5.5 false N/A ¥
>3.5 false 35 ¥ false N/A ¥
>=3.5 true 35 ¥ false N/A ¥
<=5.5 false -¥ 5.5 true N/A ¥
]-inf;5.5] false _¥ 5.5 true N/A ¥
[3.5;+inf] true 35 ¥ false N/A ¥
]1:5.5] false UNK 55 true UNK UNK
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[3.5;] true 3.5 uUNKk false UNK UNK
-3.5-3.5 true -35 3.5 true 0.0 7.0
-5.5--3.5 true -55 -35 true -4.5 2.0
[-5.5;-3.5] true -55 -35 true -45 2.0
-4.5[2.0] true -55 -35 true -4.5 2.0
<-3.5 false -y -35 false N/A ¥

>-5.5 false -55 ¥ false N/A ¥

[3.5;3.5] true 35 3.5 true 35 0

[2.5] true UNK UNK true UNK 25
[2.5] true UNK UNK false UNK 25

3.4.1.1 Interval of Physical Quantities (IVLaPQ#)

Aninterval of physica quantitiesis represented by augmenting the interval representation with unit of
measurement code(s). If the boundaries are expressed in the same unit of measure (typica), then the

unit of measure may be appended to the end of the interval, with a single white space separator in
between. (eg., “355.5cm”).

Alternatively, aunit of measure may be gppended to each boundary (again, separated by awhite
space). Theintervad “35mm-5.5 cm” isthe sameas“35-55cm”.

For another example “[ 0; 5] nmol / L” or “<20 nyg/ dL” arevdlid literd forms of intervas of
physicd quantities. Thegenericinterva form,eg.,“[ 50 nmy 2 m " isadsodlowed.

3.4.1.2 Interval of Points in Time (IVLATSH)
Theliterd form for interva of point intimeis exceptiond.

The"dash form” isnot alowed for intervals of point in time (to avoid conflictswith the
timezone notation)

A “hull form” isdefined insteed. For example, “19870901. . 19870930” isavdid literd
using the hull-form. The valueis equivaent to the interval form

“[19870901; 19871001[ . (An“interva hull” isaninterval that snugly encloses two
intervals))

The hull-form further alows an abbreviaion. For example“19870512. . 23" meansMay 12, 1987
to May, 23, 1987. Notice how the timestamp on the right-hand side does not need to repeet digitson

the left-hand Sdethat are the same asfor the right-hand side timestamp. The two timestampsare
right-aligned and the digits to the left copied from the lower to the higher timestamp. Thisisasimple
dtring operation. However, note that May 12, 1987 to June 2, 1987is“19870512. . 0602”, and not
“20000512. . 02".

4 Generic Type Extensions

Gengric type extensions enable comments of various natures to be attached to any datavaue of any
datatype. These generic type extensionsinherit most properties of their base type and add some
specific featuretoit.

There are severd generic datatype extensons:
History (HIST) and History Item (HXIT)
Uncertain Vaue — Probahilistic (UVP) and Non-Parametric Probability Distribution (NPPD)
Parametric Probability Distribution (PPD)

WE Il examine eech in varying levels of detall.
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At this time HL7 does not permit use of generic type extensions, except where explicitly
enabled (in this or another HL7 specification) for such use cases where this advanced

functionality is important.

4.1 History (HIST) and History Item (HXIT)

4.1.1 History Iltem (HXIT)

A generic data type extension that alows oneto tag atime range to any data value of any datatype.
Thetimerangeisthetimein which that datais (was) vdid.

Table 33: Summary of History Iltem (HXIT)

Name Type Status Definition
The data of the extended value.
validTime IVL<TS> optional The time interval during which the given information was, is,

or is expected to be valid.

For example, avaue of type HXIT<CS> extended from a Coded Smple Vdue (CS) datatype hasal
of the properties of the origind CS vaue, plus atime range indicating when that codeis or was vdid.

Datatypesthat dready have avaid time range property (i.e, 11, AD, TEL) obvioudy do not need
these extensons. Ther vaid time range property can be mapped to the vaid time property of the
HXIT, in fact, those data types are considered history items by themselves. For example, |1 isthe same
datatype asHXIT<II>.

4.1.2 History (HIST)

A generic datatypethat collects an entire history of datavalues. A history isaset history items
(HXIT)

For example, consider an employee number of type Instance Identifier (11). During the employee's
career, hisingtitution may be acquired, sold, reacquired, merged, etc. Each such transaction may result
in anew employee number for the same person, and it might be necessary to produce a historical list of
al such numbers. The HIST extension to employee number enables this use case to be redized.

The history information is not limited to the past; eqected future values can aso appear.

4.2 Uncertain Value — Probabilistic (UVP)

A generic data type extension used to specify a probability expressing the information producer’s
belief thet the given vaue holds.

Table 34: Summary of Uncertain Value — Probabilistic (UVP)

Name Type Status Definition
The data of the extended value.
probability REAL optional The probability assigned to the value, a real number

between 0 (certainly not) and 1 (certain).

Probabilities are subjective and (as any datavaue) must be interpreted in their individua context, for
example, when new information is found the probability might change. Thus, for any message
(document, or other information representation) the information — and particularly the probabilities—
reflect what the information producer believed was appropriate for the purpose and at thetime the
message (document) was crested.

For example, at the beginning of the 2000 basshd | season (May), the Las Vegas odds makers may have
giventhe New York Yankees aprobability of 1in 10 (0.100) of winning the World Series. At thetime
of thiswriting, the Y ankees and Mets have won their respective pennants, but the World Series has yet
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Figure 2: Example of a Histogram

to begin. The probakility of the Y ankees winning the World Seriesis obvioudy significantly greeter at
thispoint intime, perhaps 6in 10 (0.600). The context, and in particular the time of year, made dl the
differencein the world.

Since probahiilities are subjective messures of bdief, they can be stated without being “ correct” or
“incorrect” per se, let done“precise” or “imprecise’. Notably, one does not have to conduct
experiments to measure afrequency of some outcome in order to specify a probability. Infact,
whenever statements about individua people or events are made, it is not possible to confirm such
probabilities with “frequentists’ experiments.

Returning to our example, the Las V egas odds makers can not ingst on the Y ankees and Mets playing
1000 trid games prior to the Series; even if they could, they would not have the fervor of the red
Series and therefore not be accurate. Instead, the odds makers must derive the probability from past
history, player gtatigtics, injuries, etc.

4.3 Non-Parametric Probability Distribution (NPPD)

Thisisageneric datatypethat collects multiple uncertain vaues with probabilities as ahistogram. The
easiest way to visudizethisisabar chart as shown in Figure 2.

Thisexample illugtrates the probability of sdected mgjor league baseball teams winning the World
Series (prior to the season gart). Each team ismutudly exclusive, and wereweto include dl of the
teams, the sum of the probabilitieswould equd 1 (i.e, it is certain that one of the teamswill win).

Semantically, anon-parametric probability distribution containsall possible values and assigns
probabilities to each of them. Our example has left out quite afew teams. Therulesfor this datatype
tell usthat the other teamswould sharethe “|eftover” probability equaly. The 8 teamsin the example
have a collective probability of winning the World Series of 0.47. If therewereatota of 24 teamsin
the league, then 16 are not shown. Each of these teeams would be assigned a probability of (1.00—
047), 16=0.033125.

4.4 Parametric Probability Distribution (PPD)

A generic datatype extenson that assigns probability adong a continuous scae according to
parameters.

The PPD istypicaly visudized as a continuous line or areagraph. The X-axis of the PPD representsa
continuous scale, as opposed the mutually exclusive discrete dternatives of the NPPD. The most
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Figure 3: Example of a Continuous Probability Distribution

obvious exampleisthe normd distribution (“bell curve’ see Figure 3.) By specifying the parameters
mean and standard deviation (which specifieshow “skinny or fa” the bl is), one can convey a
probability or statistical distribution.

For example, the most common college entrance exam in the United Statesisthe SAT, which is
comprised of two parts: verba and math. Each part has a minimum score of 400 (no questions
answered correctly) and a perfect score of 800. 1n 1998, according to the College Board, 1,172,779
college-bound seniors took thetest. The mean score for the math portion of the test was 512, and the
gandard deviation 112. These parameter values (512, 112), tagged as the normal digtribution
parameters, paint apretty good picture of test score distribution. In most cases, thereisno need to
specify dl 1-million+ points of datawhen just 2 parameterswill do!

Note that the normal didtribution isonly one of severd distributions defined for HL7. A list of
distributions and their associated parameters, aswell as conformance criteria gppearsin Part 11 of this
specification.

441 Literal

PPD are represented as the mean value, white space, |eft parenthesis, distribution code, standard
deviation, and right parenthesis. Our SAT example distributions would be represented as “512
(N112)”

This subject istreated in much greater detail in Part |1 of this specification.

5 Timing Specification

Thetiming specification suite of datatypesis used to specify the complex timing of events and actions
such asthose that occur in order management and scheduling systems. It dso supportsthe cyclica
vaidity patternsthat may exist for certain kinds of information, such as phone numbers (evening,
daytime), addresses (so caled “snowbirds,” residing in the south during winter and north during
summer) and office hours.

Thetiming specification datatypes include point in time (TS) and theinterva of time (IVL<TS>)
(defined in Sections 2.14 and 3.4 above) and add types that are specificaly suited to repeated
schedules. These additiond typesinclude periodic interva, event-rdated periodic interva, and findly
the generic timing specification typesitsdf. All these timing types describe the time distribution of
repesating states or events.
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5.1 Periodic Interval of Time (PIVL)

The periodicinterval of time specifiesan intervad of time that recurs periodically. Periodic intervas
have two properties, phase and period. The phase specifiesthe “interval prototype’ that is repeated
every period.

The phase dso marks the anchor point in time for the entire series of periodicaly recurring intervals.
The recurrence of aperiodic interva has no beginning or ending (infinite in both future and past)

Table 35: Summary of Periodic Interval of Time (PIVL<TS>)

Name Type Status Definition

phase IVL<TS> mandatory A prototype of the repeating interval, may anchor the
periodic interval sequence at a certain point in time.

period PQ(~1s) mandatory A time duration specifying the frequency at which the
periodic interval repeats.

alignment CS optional Specifies an alignment of the repetition to a calendar (e.g.,
to distinguish every 30 days from “the 5" of every month”.)

institutionSpecifiedTime  BL optional Indicates whether the exact timing is up to the party

executing the schedule (e.g., to distinguish “every 8 hours”
from “3 times a day”.)

Thisissmpler to explain with examples:

Every other Thursday from 7am to 8am, starting with November 30, 2000. The phaseis
November 30,2000 7to8am (“[ 200011300700; 200011300800[ "). The period istwo weeks.
This phase anchors the bi-weekly repetition cycle at November 30, followed by December 14, 28, etc.
Note that the phase-interva repeats into the future and into the past. The November 30, 2000, isonly
the anchor-point of the repetition; it is not necessarily where the repetition starts. In this example, the
repetition could have started November 16 2000, or even earlier than that.

Thisexample of aperiodicinterva isfully specified because both the period and the phase with an
anchor are fully specified. The phaseintava may be only partidly specified, without an anchor, and
where either only the width or only one boundary may be specified.

Every two weeksfor one hour. Thephaseistheinterval one hour; the period istwo weeks. Only the
width of the phaseinterval isknown, so thereis no anchor. This means, the exact day and time every
two weeksiis not specified.

Everyeight hours starting (for example) on November 30, 2000 at 4 o’clock. The phaseisan
interval starting any day at 4 o’ clock. The period is eight hours. Only the phase’ s low boundary but not
the phase' s high boundary is specified.

Every eight hoursfor ten minutesstarting at 4 o’ clock. Thisisfully specified since the period, and
both the phase' slow boundary and width are specified (low boundary and width impliesthe high
boundary, 4:02.)

Remember that the phaseinterva isjust a prototype of the repeating period, even though the phase
interval may be an exact date and time. So, in the last example, phase interva could just aswdl begin
a 8 amand ends a 8:10 am or begin a midnight and end a 12:10 am. And that phaseinterva could
be at any day in the past or future. The phaseinterval isonly a prototype of the periodicaly repeating
interval.

Oftentimes repeating schedules are only approximately specified. For instance “three times aday for
ten minutes each” does not usualy mean aperiod of precisdly 8 hours and does often not mean exactly
10 minutesintervals. Rather the distance between each occurrence may vary as much as between 3
and 12 hours and the width of the interva may be lessthan 5 minutes or more than 15 minutes. An
uncertain periodic interval can be used to indicate how much leeway is alowed or how “timing-
critical” the specification is.
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5.1.1 Literal form
There are severd forms of representation for periodic intervals of time:
generic form, continuous. gohase : IVLAT/ goeriod : T.difffi
generic form, cdendar digned: gphase : IVLAT/ dperiod : T.difffi @éalignmentf[ | ST ].
caendar pattern, caendar digned: danchorfi [ . . &calendar digitsfi ]]/ &umber : INTA[ | ST
]
5.1.1.1 Generic Form, Continuous
The generic form, continuous, is:
gphase : IVLAT/ goeriod : T.diffA[ | ST

By “continuous,” we mean that the period is exactly the same throughout the duration of the periodic
intervd of time.

Let’'sdissect an example:
[ 200004181100; 200004181110]/ (7 d)
pecifies every Tuesday from 11:00to 11:10 AM.

[ 200004181100; 200004181110] /(7 d)
\_ — / ;. — / @
Low boundary  High boundary o<
Tuesday, Tuesday, E 8
4/18/00 11:00  4/18/00 11:10 )
l g
Low boundary High boundary % o
is closed isclosed &
oy
Phase (Interval Prototype) " Period

Figure 4: Dissection of a Periodic Interval

The Phaseisan IVL<TS> vdue conveying arange of time. In thisexample, the 10-minute interva
ranging from 11:00 to 11:10 on 4/18/00 is specified. Refer back to Section 3.4 on page 24 for details
on how arangeis expressed.

The Period is expressed as aquantity of time. Refer back to Section 2.12 for detailson expressing
quantities. The unit of time code (in this case“d” for day) isfound in The Unified Code for Units of
Mesasure at http://aurorarg.iupui.edW/UCUM .

Note that thisis a continuous periodic interval of time because the period must dwaysbe 7 days. This
periodic interva specifies every Tuesday from 11:00 to 11:10 am, because the 18" day of April 2000
was a Tuesday and Tuesdaysfollow each other every 7 days.

5.1.1.2 Generic form, calendar aligned

The generic calendar digned form is used when the period may vary over the duration dueto the
nature of the cdendar (e.g., some months have 31 days, some 30, some 28, etc.).

dphase: IVL<T>f/ oeriod: T.diffi@ &alignmentfi] [| ST ].
Let’ sdissect another example:
[ 200004181100; 200004181110]/ (1 no) @M
specifies every 18" of the month 11:00 to 11:10 AM.
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Figure 5: Dissection of a periodic interval with calendar alignment

The phaseisthe sameintervd asin the first example. The period is one month (about 29 days
average), but the calendar dignment is st to “day of the month” (DM). This means, the interva will
be repested at the same day of the month, in this example, the 18" of every month. Thisisnot a
continuousinterval because the period varies; the first period is 30 days, the second 31 days, and the
third 30 days, and so on. The dignment code is normally one of the codes shown in Table 36:

Table 36: Calendar Periods for Alignment

Name Code
month of the year MY
week of the year Wy
day of the month DM
day of the year DY
day of the week (begins with Monday) DW
hour of the day HD
minute of the hour NH
second of the minute SN

5.1.1.3 Calendar Pattern Form

The cadendar patten form is used to specify caendar-aigned timing more intuitively using calendar
paterns. A cdendar pattern is a caendar date where the higher Sgnificant digits (e.g., year and
month) are omitted. In order to interpret the digits, a period identifier is prefixed that identifiesthe
cdendar period of the left-mogt digits. Thiscaendar period identifier anchors dl the caendar digits
following to theright.

Table 37: Calendar Periods for Calendar Pattern

Name Code
year

month of the year
day of the month
hour of the day
minute of the hour
second of the minute

nwZ2ITOLZ<

For example “MD219” is February 19 the entire day every year. Thisperiodic interva hasthe
February 19 of any year asits phase, a period of one year, and dignment month of theyear (MY).
“MD2191100. . 1110" isFebruary 19, 11:00to 11:10 AM, every year.

Aswith the TSliterd, intervals can be specified using the two periods . . ” followed by cdendar
digits matching the preceding caendar expression from the right (seeinterva of point in time, Section
34.1.2)

Aswiththe TS, the calendar pattern may omit digits on the right. When digits are omitted on the right,
this meanstheinterva from lowest to highest for these digits.
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Table 38: Examples for literal expressions for periodic intervals of time

Generic Form

Calendar Pattern Form

Description

[198709; 198710[/ (1 a) @W

[19870915; 19870916[/ (1 a) @M

[ 1987091516; 1987091517[/ (1 a) @M
[ 198709151630; 198709151710] / (1 a) @M
[1987091516;[/ (1 a) @M

[ 198709151630; 198709151631[/ (1 a) @M
[1987091516; 1987091517/ (1 no) @M
[1987091516; 1987091517[/ (1 nm)

[1987091516; 1987091517[/ (1 mo) @D
[1 mo]/ (2 mo) @Y

[198701; 197502[/ (2 np) @W
[198702; 197503[/ (2 np) @W
[19870401; 19870930[/ (1 a) @M
19870401- 0930/ (1 a) @M

[ 20001202; 20001203[/ (1 wk) @W
[ 20001202; 20001203[/ (2 wk) @W
[ 20001202; 20001203[/ (3 wk) @W
[1d]/(2 d)@W

[ 20001204; 20001205[/ (2 d) @W
[ 20001204; 20001205[/ (2 d)
[19870601; 19870606[ /(1 wk) @W
[ 19870601; 19870608[/ (2 wk)
[19870101; 19870105[/ (2 wk) @W

[19870406; 19870413[/ (1 a) @W
[19870105; 19870112[/ (1 mp) @M
[19870508; 19870509/ (1 a) @Y
[10 min]/(2 d)

[1 h]/(8 h)

[1 h]/(8 h) IST

/(8 h) IST

MO9S

MO915
MD91516
MD9151630..1710

MD9151630
D1516. .17

M 2
MO1..12/2
MD2..12/2
MD4. . 09
MD401. . 0930
J6

J6/ 2

J6/3

J/ 2
J2..6/2
D/ 2

J1..5
w2

WY/ 2

Wr15

DY128

H 8
H 8 I ST

September, the entire month, every year (note that in the year 1987 in the generic form is irrelevant
since the periodic interval recurs every year past and future.)

September 15, the entire day, every year

September 15 at 4 PM, the entire hour, every year

September 15 at 4:30 5:10 PM, every year

September 15 at 4 PM, end time explicitly unknown, every year
September 15 at 4:30 PM, the entire minute, every year

every 15" day of the month at 4 to 5 PM

September 15, 1987 from 4 to 5 PM and then every 730.5 hours continuously (this example has little
practical value beyond comparing the unaligned with the aligned form in the preceding row.)

September 15, 1987 from 4 to 5 PM and then every 30.4375 days, but aligned to the hour of the day.
every other month of the year; (Jan, Mar, ...) vs. (Feb, Apr, ...) is undefined

every other month of the year, Jan, Mar, ...

every other month of the year, Feb, Apr, ...

April Luntil (and including) September 30

April 1 to September 30 (the generic form uses the dash-form for the phase interval)

every Saturday

every other Saturday

every third Saturday

every other day of the week; (Mon, Wed, Fri, ...) vs. (Tue, Thu, Sat, ...) is undefined

every other day of the week (Tue, Thu, Sat, Tue, Thu, Sat, ...)

every other day (Tue, Thu, Sat, Mon, Wed, Fri, Sun, Tue, ...)

Monday to Friday every week

every other week (continuous)

every other week of the year (a blunt example on the impact of the calendar alignment: the phase
interval spans only 4 days and yet it represents an entire week in the calendar alignment “week of
the year”.)

the 15" calendar week of every year

the second week of the month, every month

the 128" day of the year, every year

every other day for 10 minutes (only width of repeating interval is known)

every eighth hour (each time a 60 minutes interval)

three times a day at institution specified times (each time a 60 minutes interval)

three times a day at institution specified times. Nothing about the repeating interval is known i.e., this
includes only a period (frequency), while the phase is left undefined
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5.

A cdendar pattern followed by adash and an integer number n indicates that the given caendar
patern isto apply every n'" time

For example: “D19/ 2" isthe 19" of every second month.

A caendar pattern expression is evaluated at thetime the patternisfirst enacted. At thistime, the
cdendar digits missing from theleft are completed using the eerliest date matching the pattern (and
following a preceding pattern in acombination of time sets).

For example “D19/ 2" isthe 19" of every second month. If thisexpression is evauated on March 14,
2000 the phaseis completed to: “[ 20000319; 20000320[ / (2 no) @M’ and thus the two-months
cycle beginswith March 19, followed by May 19, etc. If the expression were evduated by March 20,

the cyclewould begin a April 19, followed by June 19, etc.

If after the cAendar period identifier no cendar digitsfollow, the pattern matches any date. The
integer number following the dash indicates the length of the cycle.

For example “CD/ 2” isevery other day, “H/ 8” isevery 8" hour.

A caendar pattern may be followed by the threeletters“1 ST” to indicate that within the larger
cdendar cycle (e.g., day for hour of the day) the repegting events are to be appointed at i nstitution
specified times. Thisisused to specify such schedules as“threetimes aday” where the periods
between two subsequent events may vary well between 4 hours (between breskfast and lunch) and 10
hours (over night.)

2 Event-Related Periodic Interval of Time (EIVL)

The event-related periodic interva of time alows specifying a periodic interva of time based on
adtivities of daily living, important events that are time-related but not fully determined by time.

Table 39: Summary of Event Related Interval of Time (EIVL<TS>)

Name Type Status Definition

event cv mandatory A code for a common (periodical) activity of daily living

offset  IVL<PQ> mandatory  An interval that marks the offsets for the beginning, width and end of the
event-related periodic interval measured from the time each such event
actually occurred

For example, “one hour after breakfast” specifies the begnning of theinterval at one hour after
breskfast isfinished. Breskfast is assumed to occur before lunch but is not determined to occur at any
specifictime.

Table 40: Event Codes for Event-Related Periods

Code Definition
HS the hour of sleep (e.g., H18-22)
AC before meal (from lat. ante cibus)
PC after meal (from lat. post cibus)
IC between meals (from lat. inter cibus)

ACM before breakfast (from lat. ante cibus matutinus)
ACD before lunch (from lat. ante cibus diurnus)

ACV before dinner (from lat. ante cibus vespertinus)
PCM after breakfast (from lat. post cibus matutinus)
PCD after lunch (from lat. post cibus diurnus)

pPCV after dinner (from lat. post cibus vespertinus)
ICM between breakfast and lunch

ICD between lunch and dinner

ICV between dinner and the hour of sleep

For example, one hour after med would be“PC+[ 1h; 1h] ”. One hour before bedtime for 10
minutes. “HS- [ 50m n; 1h] ".
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5.3 General Timing Specification (GTS)

The previous sections discussed smple and periodic intervals of time that can express smple repeating
schedules. Redl-world applications often require more specificity and more complex timing. Recall
that aperiodic interva of timeimplies no beginning and no end. Obvioudy, orders, scheduling, and
other time-dependent applications require abeginning and end. Likewise, there may bethe need to

add atime period not included in the interva (a* one-time occurrence’), or to exclude aspecifictime
period (such asaholiday).

The GTS data type accommodates these needs by enabling one to combine multiple intervals of time,
using intersection, union, and excluson operations. The following operators are used:

Table 41: GTS Set-Operators

Operation Operator Priority
Intersection “ “(white space) high
Union “: " (semicolon) low
Exclusion “\ " (back slash) low
Periodic Hull “, . " (two periods) high

Also parentheses can be used to overcome operator precedence when necessary.

S0, let’ stake an example: “Monday to Thursday 8 AM to 4 PM and Friday 8 AM to 12 noon, from
October 1, 2000 to October 23, 2000.”

Logicdly, weare defining

the intersection of thetime interva “October 1, 2000 to October 23, 2000” (paeyelow, in
the diagram),

with the union of two calendar-digned period intervals.
Weekly, every Monday through Thursday 8 — 4 (blue, in the diagram), and
Weekly, every Friday 8-12 (red, in the diagram).
Thetime specified by this expresson is depicted in Figure 6 asal pointsin the checkerboard patern.
The expression for this example (in caendar pattern form) is:
“20001001. .23 (J1..4 H0800..1600; J5 HO0800..1200)”
Thefollowing table contains additional examplesfor complex GTSliterds

Table 42: Examples for Literal Expressions for Generic Timing Specifications

Literal Expression Meaning
MD9 D15 H16 N30 S34.12 September 15 at 4:30:34.12 PM as the intersection of multiple periodic intervals
of times (calendar patterns)
September 15 at 4:30:34.12 PM as one simple periodic interval of time
(calendar pattern)
January, March, and July (a union of three periodic intervals of time)

M)915163034. 12

MO1; MO3; MO7

MO4..09 M2 Every second month from April to September (April, June, August)

J1; J2; J4 Monday, Tuesday, Thursday

W2 J2 every other Tuesday (intersection of every other week and every Tuesday)

1999 Wy15 the 15™ calendar week in 1999 (period code is optional for the highest calendar
unit)

We J6 Saturday of the 2" week of the month

MO5 WWR2 J6 Saturday of the 2" week of May

MO5 DMDS8. . 14 J7
J1..5 H0800..1600

J1..4 HO0800..1600;

J5 HO0800. . 1200

Mother’s day (second Sunday in May.)
Monday to Friday from 8 AM to 4 PM
Monday to Thursday 8 AM to 4 PM and Friday 8 AM to 12 noon.
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[10 d] H 8 Three times a day over 10 days (each time a 60 minutes interval).
HO0800. . 1600 \J3 Every day from 8 AM to 4 PM, except Wednesday.
(MD825..31 J1)..M)831 The last calendar week of August.

Thefallowing Table 43 defines symboalic abbreviationsfor GTSvaues that can be used in GTSliterds
instead of their equivalent GTSterm. Abbreviations are defined for common periods of the day (AM,
PM), for periods of the week (business day, weekend), and for holidays. The computation for the dates
of some holidays, namely the Easter holiday, involve some sophitication that goes beyond what one
would represent inaGTSliterd term. It is assumed that the dates of these holidays are drawn from
some table or some generator module that is outside the scope of this specification.

Table 43: Abbreviations for General Timing Specifications

Code Definition Equivalent
AM Every morning at institution specified times. HOO. .11 I ST
PM Every afternoon at institution specified times. H12..23 | ST
BI D two times a day at institution specified time H 12 | ST
TID three times a day at institution specified time H 8 I ST
QD four times a day at institution specified time H 6 I ST
JB Regular business days (Monday to Friday excluding holidays) J1..5 \JH
JE Regular weekends (Saturday and Sunday excluding holidays) J6..7 \JH
JH Holidays
Christian Holidays (Roman/Gregorian “Western” Tradition.)

JHCHRXME  Christmas Eve (December 24) ML224

JHCHRXMS  Christmas Day (December 25) ML225

JHCHRNEW  New Year's Day (January 1) MD101

JHCHREAS  Easter Sunday. The Easter date is a rather complex calculation
based on Astronomical tables describing full moon dates.
Details can be found at [http://www.assa.org.au/edm.html, and
http://aa.usno.navy.mil/AA/fag/docs/easter.html]. Note that some
Eastern Orthodox Holidays are based on the Julian calendar.
JHCHRGFR  Good Friday, is the Friday right before Easter Sunday.
JHCHRPEN Pentecost Sunday, is seven weeks after Easter (the 50" day of
Easter.)
JHNUS United States National Holidays (public holidays for federal
employees established by U.S. Federal law 5 U.S.C. 6103.)
JHNUSMLK  Dr. Martin Luther King, Jr. Day, the third Monday in January. MO115..21 J1
JHNUSPRE Washington’s Birthday (Presidential Day) the third Monday in MD215..21 J1

February.
JHNUSMEM  Memorial Day, the last Monday in May. MD525. .31 J1
JHNUSMEM5  Friday before Memorial Day Weekend MD522. .28 J5
JHNUSMEM6 ~ Saturday of Memorial Day Weekend MD523..29 J6
JHNUSMEM?7  Sunday of Memorial Day Weekend MD524. .30 J7
JHNUSIND Independence Day (4™ of July) MO704

JHNUSIND5  Alternative Friday before 4™ of July Weekend [5 U.S.C. 6103(b)]. M0703 J5
JHNUSINDL  Alternative Monday after 4™ of July Weekend [5 U.S.C. 6103(b)]. V0705 J1

JHNUSLBR Labor Day, the first Monday in September. MD901..07 J1
JHNUSCLM  Columbus Day, the second Monday in October. MLO08. .14 J1
JHNUSVET Veteran's Day, November 11. ML111

JHNUSTKS Thanksgiving Day, the fourth Thursday in November. ML122. .28 J4
JHNUSTKS5  Friday after Thanksgiving. ML123..29 J5

Note: holidays are locale-specific. Exactly which religious holidays are subsumed under JH depends
on the local rules. For global interoperability, using constructed GTS expressions is safer than named
holidays. However, some holidays that depend on moon phases (e.g., Easter) or ad-hoc decree
cannot be easily expressed in a GTS form.

These symbolic abbreviations can in turn be used in GTS expressions to construct other schedules. For
example, one can say “JHCHRXME HO08. . 12" toindicate that the office hours on Christmas Eveis
from 8 AM to 1PM only. And one can say “JHNUSMVEM . JHNUSLBR” for thetypical mid-western
swimming pool season from Memoria Day to Labor Day.
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Figure 6: GTS Data Type Example
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