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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Time is an important variable in healthcare, and standards are needed about how to represent
information with explicit references to time. This document is a first contribution to this harmonization
process, focusing on “representation” and “explicit reference”.

Indeed, a system for time-standards should have as a minimum requirement the capacity to order
temporal facts (situations, events, episodes) in three major ways, independent of any specific ontology
of time itself:

— hy rplnfing situations to a calendar:

The
a val
artif

The |

y relating situations to “reference” situations;

y relating events together in “before- and after-” chains.

main reason for this threefold organization is that our everyday temporal discoui
ciality.

burpose of this document is to enhance, in a perspective of machine-machine and per§

comiunication, the generation of statements that are guarantéed to be understood unc

with

The

reprq
of sif
fram
Inter
pres
such

This

respect to the time-related expressions that are embedded within them.

purpose of this document is not to develop a full-blown:temporal logic, but a standarg
psenting time-related expressions, such that all kinds'of questions about the temporal ¢
uations can be answered on the basis of the information available. Nor is it the inte
ework presented here to provide a means tg interpret the information in its orig
pretation of the source information is the task'of the provider of information itself. The
ented in this document allows information‘providers to express their time-related inf
a way that the intended meaning can beinambiguously understood by a receiver.

disambiguation of many time-related-éxpressions uttered in natural language. The mode
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ented in this document is ‘restricted enough to allow such disambiguation for
bssions in “traditional” niedical language but is not expressive enough to account
ed linguistic phenomena that can be encountered in natural language.

document providesSrepresentational tools for “explicit” time-related information. It do
encourage) the ad hoc interpretation of implicit temporal information. In an expres
etes since childhood”, “since childhood” is an explicit temporal reference for the d
mplicit infexmation what “childhood” might mean (e.g. starting at the age of 2?), is no
ever, thedramework presented in this document has enough expressive power to alld

doeument describes some conformance characteristics by means of which develope

jder of information to state explicitly what his or her understanding is of “childhood” i$
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Health informatics — Explicit time-related expressions for
healthcare-specific problems

1

Scope

This document specifies a set of representational primitives and semantic relations needed for an

semd
of tin

This
regid

This

not introduce or force a specific ontology of time, nor does it force the use of a fixed.re
me for such an ontology. Rather this document provides a set of principles-for sy
ntic representation that allow the comparability of specific ontologies on time,'and t
he-related information that is expressed explicitly.

document applies to both the representation of actual phenomena occurring in the res
trations in medical records) and to the description of concepts (e.g. medical knowledg

document is applicable to

is document

resentation
ntactic and
he exchange

1l world (e.g.
e bases).

ime-related
ned in a),
health care

logy, i.e. the

mbedded.

heir content
applies. For

a) dlevelopers of medical information systems where there might be a need for explicit
¢oncepts for internal organization (e.g. temporal data bases,temporal reasoning systeins),

b) information modellers or knowledge engineers building models for the systems mentig

c) ¢xperts involved in the development of semantic'standards on precise subdomains in|
here time-related information needs to be caovered, (e.g. in the study of pathochrong
iscipline dealing with the time course of spé&¢ific diseases), and

d) developers of interchange formats for messages in which time-related information is e

This|document is not intended to be used directly for

— fepresenting what is true in time,

— 1easoning about time, or

— T1epresentation of metrological time.

2 Normativereferences

The following.documents are referred to in the text in such a way that some or all of t

consfitutes.requirements of this document. For dated references, only the edition cited

unddted references, the latest edition of the referenced document (including any amendme

nts) applies.

[SO 8601-1, Data elements and interchange formats — Information interchange — Representation of dates

and

times — Part 1: Basic rules

ISO 8601-2, Data elements and interchange formats — Information interchange — Representation of
dates and times — Part 2: Extensions

ISO 80000-3, Quantities and units — Part 3: Space and time

3

Terms and definitions

For the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1
situation

phenomenon occurring (or having the potential to occur) at a particular time or over a particular time
period, in a given world context

Note 1 to entry: Situations cover phenomena which can occur in past, present or future time.

EXAMPLE

3.2

property
attribute, qu

EXAMPLE

3.3
time interv|
portion of ti

34
time point
portion of ti

Note 1 to ent
and what en
Temporal ref
context.

3.5
episode
situation (3.

Note 1 to ent
of the inform|

Note 2 to entry: It is possible to” further subcategorize episodes into “states

“actions”, or
particular pr]
document.

EXAMPLE

3.6
event

situation (3.1

3.7

non
’

"The patient suffered from pain which occurred over night", "pain occurring overnight.}

lality, or characteristic of something

"The temperature of a person.”

al
me of which the duration in a given context is considered to-be significant and relevan

me of which the duration in a given context is considered to be insignificant or irrelev

ry: This document does not specify any requiremtents on what entities should occupy time p
Fities should occupy time intervals, users are ¥eésponsible for making such decisions (Clau
erences such as “Friday the 13th” can thus refer to a time point or a time interval, depending g

1) considered to occupy a time.interval (3.3)

'y: Whether a situation is to be considered an episode or an event, is a decision taken by the prg
htion, based on his or her perception of the phenomenon in a given context.

»n o«
’

»n o«
’

culminations”, “proce
other conceptual -entities that can be defined using additional conceptual aspects descy
pperties of each-of the various episodes. However, there is no need to do so within the scope d

A patient’s stay in the hospital, the “episode of care” related to a medical problem.

int

bints,
se 5).
n the

vider

sses”,
ibing
f this

1) considered to occur at a time point (3.4)

predication
representation of a situation (3.1) in a language

EXAMPLE

3.8

“The removal of Mr Jones’ appendix on 21 July 1994, at 9 o’clock in the morning.”

temporal reference
component of a predication (3.7) representing information related to time

© ISO 2019 - All rights reserved
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39
propositional clause
component of a predication (3.7) to which temporal references (3.8) refer implicitly or explicitly

EXAMPLE In the expression “taking syrup three times a day for 2 weeks”, the propositional clause is “taking
syrup”. To it are attached the temporal references “three times a day” and “for 2 weeks”.

Note 1 to entry: The term propositional clause is used here in a broader sense than in formal logic where a
proposition denotes a statement on what is true in a given world. In the context of this document, propositional
clauses do not impose a truth-value on the phenomena that are represented.

Note 2 to entry: This document allows for a recursive representation of information related to time (see Annex A
for a formal description]. In expressions such as "severe headache Iasting for half an hour after eadh meal”, both
at a different

“severe headache” and “severe headache lasting for half an hour” are propositional clauses, each

level [in the recursion. A propositional clause that is at the deepest level of recursion, i.e. to,‘which no temporal
refergnces are attached, is called propositional clause zero. In this example: “severe headache” is propositional
clausp zero.

3.10

temporal link

comgonent of a temporal reference (3.8) capturing the semantic relation’in a predication (3.7) between
the gropositional clause (3.9) and the temporal expression (3.13)

Note[1 to entry: In natural language, the temporal link can be gramimaticalized with prepositions or other
constructs, such as in “on Monday”. Often, the link is not expressed explicitly, as in “tomorroy”. In formal
reprgsentations in conformity to this document, the temporal link shall be represented explicitly, or should be
unanjbiguously derivable from a data model.

3.11

basi¢ temporal link

temporal link (3.10) specifying purely time-related information
EXANPLE Has-occurrence, has-duration (see’4.4).
3.12

com

blex temporal link

temporal link (3.10) composed of &bdsic temporal link (3.11) and an embedded propositional clause (3.9)
Note [l to entry: Complex tempgratlinks can be used to express the contents of relational data baseg according to
the provisions of this document.
EXANPLE The predicdtion “Severe headache this morning” can be analyzed into the propositional
clausp “severe headache” and the temporal reference “this morning”. In a database management|system, such
predications can bé represented in a table with fields “Problemld”, “Problem” and “TimeOfHappening”.
Problem Id Problem Time of happen-
ing
1 severe headache this morning
12 ingestion of immediately
acetylsalicylic acid after 11

In this table, the contents of the “Problem” column refer to situations, and hence shall be considered propositional
clauses and the contents of the “Time of Happening” column are all temporal references.

Often, the time of recording of problems is also recorded as useful meta-information. According to the model
above, this should be done by adding two records in the table:

13 recording of I1 1994-07-01:18:00:32

© IS0 2019 - All rights reserved
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14 |recording of 12 1994-07-01:18:00:35

In fact, this could be repeated for each record, even for the records in which the recording of the recording of
the ... is recorded. Because only the recording time of a problem is of interest, and not the recording event itself,
the above scheme is simplified by adding an additional field, labelled “TimeOfRecording”, which is a complex
temporal link.

Problem Id

Problem

Time of happening

Time Of Recording

11
IV

1994-07-01:18:00:32
1994-07-01:18:00:35

severe headache this morning

ingestion of immediately after 11

dCelyISdIICyIIC aCld

Other examples of complex temporal links are: StartDateOfSampleCollection (laboratory context), DateOf{Birth
(administratjve context), StartDateOfProblem, EndDateOfProblem (clinical history or diaghéstic modyle of
electronic medical record systems), ...

3.13

temporal expression

component ¢f a temporal reference (3.8) specifying a time point (3.4), a time jnterval (3.3) or any allpwed
combination of time points and time intervals.

Note 1 to enfry: This document does not imply any restrictions on what €enibinations of time points and time
intervals are[“allowed” as this depends entirely on the ontology of time defined in a particular context. However,
such an ontology can only be claimed to conform to this document when such combinations can be represgnted
by the tempofal expressions described in this document.

3.14

absolute temporal expression

temporal expression (3.13) whose exact meaning in-a given context can directly be derived from the
temporal exjpression itself

EXAMPLE “9’oclock”, “1994-04-12", “Christmas”

Note 1 to entry: “exact meaning” refers here to the fact that absolute temporal expressions (by definition) contain

all the inforn;

3.15

relative ten
temporal ex|
temporal ref

EXAMPLE
known when

Note 1 to en

ation required to relate the/Situation to a calendar.

nporal expression

erences (3.8).0f the predications (3.7) referred to in the temporal expression

“headachg(starting after eating chocolate”. When the headache starts can only be known
the eating of chocolate takes place.

ry: The “relativeness” or “absoluteness” of a temporal expression does not imply any quali

preference. F

bression (3.13) dvhose exact meaning in a given context can only be derived from the

fitis

ative
dical

pr pure temporal reasoning issues, absolute temporal expressions shall be preferred, but for md

reasoning, this is not true. Reducing the two predications “eating chocolate at three o’clock” and “headache after
eating chocolate”, to “headache after three o’clock” would imply a dramatic loss of information from the clinical
point of view.

3.16

deictic temporal expression

temporal expression (3.13) whose exact meaning in a given context can only be derived from information
outside that context

» o« o

EXAMPLE Expressions such as “now”, “yesterday”, “last Monday”, “in three weeks”, can only be given precise
meaning if the time of utterance is known.

© ISO 2019 - All rights reserved
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interval expression
oral expression (3.13) denoting a time interval (3.3)

duration expression

temporal expression (3.13) referring to the length of a time interval (3.3)

EXAMPLE “Three years”, “a long time”.

3.19

rate expression

temploral expression (3.13) denoting the change of a property (3.2) over a time interval (33)
Note [l to entry: The change of the property is to be considered the situation on which infornfation r
is given.

EXANMPLE “The patient’s temperature dropped 0,5 degrees Celsius per hour”.

3.20

freqnency expression

temp
Note

Note
of "of]

EXAN

3.21
time|
temp
time

3.22

temporal comparator

spec
(3.9)

EXAN
“AT, H

4 1

4.1

oral expression (3.13) denoting the number of repetitions of a phenomenon during a time |
1 to entry: A frequency may be considered a special case of a raté\(“number rate”).

D to entry: The time interval does not need to be represented. explicitly as is the case in the ex

ten", "frequently"” and "after each meal".
PLE “Twice a day”, “every 5 minutes”, “often”, “frequently”, “after each meal”, “never” “aly
series expression

oral expression (3.13) denoting the occurrence of a situation (3.1) in a series of time p
interval (3.3)

fier of the temporal relatioh‘expressed by the temporal link (3.10) between the proposi
and a temporal expression (3.13)

PLE Temporal Comparators that can be added to the temporal link has-occurrence are am
EFORE, AFTER,../(see 5.6).

Explicitsemantic labelling of predicational components

General

blated to time

nterval (3.3)

hmples below

vays”.

oint (3.4) or

tional clause

ongst others:

Temporal references do not necessarily give unambiguous meaning to the temporal relat

onship they

bear with the propositional clause of the predication. Also, from expressions in natural language, it
cannot always be deduced whether the situations described are to be considered events or episodes.
For this reason, this document requires the explicit labelling of the various components of a predication.
In this document, a frame-based notation is used to represent predications in a more formal way. A full
syntactic specification of the notation is given in Annex A. In Clause 4, the semantic building blocks are
presented. Predications that are represented according to the syntactic semantic rules of this notation,

are C

4.2

alled standard predications.

Labelling of temporal expressions

Each temporal expression shall be labelled by the originator of the information as being a time point
expression, time interval expression, frequency expression, rate expression, time series expression, or

© ISO

2019 - All rights reserved


https://standardsiso.com/api/?name=bf7e354ce6daf14c3d021415e2ee5c68

ISO 12381:2019(E)

duration expression. If the exact temporal nature is not known or not relevant, it shall be marked as
temporal expression without further subcategorization.

The labels to be used for temporal expressions in standard predications are: “TP” for a time point
expression, “TI” for a time interval expression, “FQ” for a frequency expression, “RT” for a rate
expression, “TS” for a time-series expression, “DR” for a duration expression, and “TE” for temporal
expressions further not subcategorized.

EXAMPLE1  TP(“3 o’clock in the morning”): time point expression referring to one precise moment (namely
03:00 in an unspecified day.

EXAMPLE 2  TI(EPISODE(“eating chocolate”)): relative temporal expression referring to the time interval
during which an episode of eating chocolate takes place.

EXAMPLE 3 | FQ(“twice a day”): frequency expression.
EXAMPLE 4 | RT(“two tablets a day”): rate expression.

This documpnt does not impose any obligations on whether a situation such as “the taking of 2 taplets
of Vitamin C a day”, shall be represented by means of a frequency expression-or a rate expregsion.
Both are pogssible, and the decision shall be taken by the provider of the inférimation on the bagis of
contextual knowledge.

EVENT(“taling Vit C tablet)(has-frequency FQ(“twice a day)), or EVENT(“taking Vit C”)(had-rate
RT(“two tablets a day”))

EXAMPLE5 | TS(“3 o'clock in the morning”): time-series expression-used if one wants to describe situdtions
that are repetitively related to 3 o’clock in the morning.

EXAMPLE 6 | DR(“two minutes”): duration expression referring to a duration of two minutes.
4.3 Labelling of basic temporal links

4.3.1 General

In order to qonform to this document, four'basic temporal links shall be used.

4.3.2 hastoccurrence

Indicates the temporal link betwgen the propositional clause and the temporal expression as refefring
to the time point at which of’time interval over which the situation did/does/will occur. The temporal
expression associated with this temporal link shall answer the question “When did (does, will) the
situation ocfur?”. Valid-fémporal expressions related to this temporal link are time-point expresgions,
time-interval expressions and time-series expressions. Both events and episodes can be assocjated
with this temporallink.

4.3.3 hastrate

Indicates the temporal link between the propositional clause and the temporal expression as referring
to the change of a property over a time interval. The temporal expression associated with this temporal
link shall answer the question: “How much did/does/will the property change over time in a given
period?”. Only rate expressions can be associated with this temporal link. The situation referred to can
only be an episode.

4.3.4 has-frequency

Indicates the temporal link between the propositional clause and the temporal expression as referring
to the frequency or repetition by which a situation happens. The temporal expression associated with
this temporal link shall answer the question “How often in a given period did (does, will) the situation

6 © IS0 2019 - All rights reserved
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occur?”. Only frequency expressions can be associated with this temporal link. The situation referred
to can be an event or an episode.

4.3.5 has-duration

Indicates the temporal link between the propositional clause and the temporal expression as referring
to the duration of the episode represented in the propositional clause. The temporal expression
associated with this temporal link shall answer the question “How long did (does, will) the situation
last?”. Only duration expressions can be associated with this temporal link. The situation referred to
can only be an episode.

Tabl¢ T summarizes the combinations of situations, temporal [inks and temporal expressiohs allowed.

Table 1 — Combinations of situations, temporal links and temporal expressipns

Situation Temporal link Temporal expression

Time point expression

Has-occurrence Time interval eXpression
Event
Time-series expression
Has-frequency Frequency expression
Tinfe point expression
) Has-occurrence Time interval expression
Episode
Time-series expression
Has-frequency Frequency expression
Has-duration Duration expression
Has-rate Rate expression

4.4 | Labelling of complex temporal links

Wheh representing situations according to this document or when translating source |[information
into the metalanguage of this decument, complex temporal links may be defined on the bpsis of basic
tempgoral links. These complex témporal links shall be used in the same way as the basic tefnporal links
they|originate from. All restrictions that shall apply for a basic temporal link shall also gpply for the
complex temporal links,

NOTH Although thi$ document does not provide a full syntactic specification on how to [indicate this
labelling, in the standard predications of this document, complex temporal links appear in the same position
as their basic counterparts. The denotation of such a link is preceded by HO_ when it is defined op the basis of
hasog¢currence; by HD_ for has-duration, by HR_ for has-rate, and by HF_ for has-frequency.

EXANPLE HO_ProblemStartDate: represents a temporal link of the type has-occurrenc¢ where (by
definftion‘provided by the originator of the information) ProblemStartDate is the starting date ¢f an episode

refer ‘ing toamedical prnh]pm

4.5 Temporal comparators

4.5.1 General

In this document, thirteen temporal comparators are associated with the temporal link “has-
occurrence”. Temporal comparators further characterize the temporal relation expressed by the
temporal link. The usage (and semantics) of a particular temporal comparator differs according to the
temporal nature of the situation referred to by the propositional clause, and the temporal expression
that is a component of the predication.

© IS0 2019 - All rights reserved 7
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Table 2 specifies the allowed combinations. Empty cells indicate unallowed combinations. The numbers
in a cell refer to the examples in 4.5.2 and 4.5.3. For each example, a natural language expression, the
standard predication and (when applicable) some additional comments on the semantics are given.

Table 2 — Allowed combinations of situations, events and episodes

Situation Event Episode

Temporal expres- Time Time Time |Time Time Time

sion lntexyal point series |interval point series
<AT> 1) (2) (10) (28)
<HEFORE> (3) 4) (5) (11) (23) (29)
<AFTER> (6) (7) (8) (12) (24) (30)
<[URING> 9) (13) (31)
<INCLUDES> (14) (25) (32)
<UNTIL> (15) (26) (33)
<FOLLOWS> (16) (27) (34)
<SINCE> (17) (35)
<UP-TO> (18) (36)
<(0-CONTINUES> (19) (37)
<(O-PRECES> (209 (38)
<0-STARTS> (21) (39)
<0-ENDS> (22) (40)

NOTE
captured as 1
attached to 4

with a time interval).

4.5.2 Temporal comparators in combination with events

The followir

4.5.2.1 AT

Refers to a
temporal ex
the specific:

EXAMPLE 1
The headachg

The names of the temporal comparators have beenichosen in such a way that their meaning c
huch as possible by referring to their natural lanngtiage counterpart. For some, however, the me
specific temporal comparator might be different from that in natural language (e.g. the use

1g temporal comparators are:allowed to be used in combination with events.

time point or time-series indicating the moment(s) at which the event happens. |
pression refers to a time-series, the happening of the event is repeated in accordance

itions of the.time-series.

“Suddenheadache at 3 o’clock” (EVENT(“sudden headache”)(has-occurrence AT TP(“3 o’clo

b appears once at a precise moment, namely three o’clock.

EXAMPLE 2

“Sudden headache which appeared a few times” (EVENT(“sudden headache”) (has-occur

hn be
hning
of AT

if the
with

k"))

Fence

DURING TI(“past”)) (has-occurrence AT TS(“a few times”))). The headache is a repeated event that happened in

the past.

4.5.2.2 BEFORE

Indicates the happening of the event described by the propositional clause as having occurred or as
occurring before the time indicated by the temporal expression. If the temporal expression denotes a
time interval, the event precedes completely the starting point of the time interval. For a time-series,
the event occurred before each element in the time-series.

EXAMPLE 3

“Sudden dizziness before falling down the stairs” (EVENT(“sudden dizziness”) (has-occurrence
BEFORE TI(EPISODE(“falling from the stairs”)))).
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EXAMPLE 4  “Strange smell before very shortloss of consciousness” (EVENT(“strange smell”) (has-occurrence
BEFORE TP(EVENT (“very short loss of consciousness”)))).

EXAMPLES5  "Blurred vision preceding nausea each morning” (EVENT(“blurred vision”) (has-occurrence
BEFORE TS(EPISODE(“nausea” ) (has-occurrence DURING TI(“each morning”))))).

4.5.2.3 AFTER

Indicates the happening of the event described by the propositional clause as having occurred or as
occurring after the time indicated by the temporal expression. If the temporal expression denotes a
time interval, the event did/does/will happen after the end-point of the time interval. For a time-series,
the ) . .

EXAMPLE 6a “Bleeding after falling down the stairs” (EVENT(“bleeding”) (has-occurrence AFTER TI(EPISODE
(“falling down the stairs”)))).

From the medical point of view, “after” in this statement might alternatively introdyce a causal
relatjionship. Decisions about the “true” nature of the relationship shall be made by| the source
(origfinator) of the information and are not forced through the use of this document.

EXANMPLE 6b "WhenIhadheated the solution, itturned blue” (EVENT(“The sqlution turnsblue”) (hpsoccurrence
DURING TI(“past”)) (has-occurrence AFTER TI(EPISODE(“me heating the solution”) (has-occurr¢nce DURING

TI("ppst”))))).

EXANPLE7  “Sudden loss of smell following head injury around 3" o’clock” (EVENT(“sudden lgss of smell”)
(has-pccurrence AFTER TP(EVENT(“head injury”) (has-occurrence AT TP(“around 3 o’clock”))))).

EXAMPLE8  “Take 2 tablets after breakfast each day” ((EVENT(“take 2 tablets”) (has-occurrence AFTER
TS(EPISODE(“breakfast”)))).

4.5.2.4 DURING

Refefs to a time interval indicating the period during which the event happens. The precisg moment of
happening is not indicated.

EXANPLE9a “Acute headache which occurred during the night” (EVENT(“acute headache”) (has-occurrence
DURING TI(“night”))) The headache.appeared once at an unspecified moment during the night.

EXANPLE9b “While heating(the solution, it turned blue” (EVENT(“The solution turns blue”) (has-occurrence
DURING TI(“past”)) (has-occurrence DURING TI(EPISODE(“heating the solution”)))).

4.5.3 Temporal cemparators in combination with episodes
4.5.3.1 Whenthe temporal expression refers to a time interval

4.5.3.1.X Y General

The following temporat comparators are attowed to be used i combimatiom withr epiSodes if the
temporal expression refers to a time interval.

4.5.3.1.2 AT

Refers to a time interval during which entire duration the episode takes place.

EXAMPLE 10 “Continuous headache for the whole week-end” (EPISODE(“headache”) (has-occurrence AT
TI(“weekend”))).

NOTE If the duration of the episode is shorter than the duration of the time interval referred to, the temporal
comparators DURING, CO-STARTS, or CO-ENDS apply.
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4.5.3.1.3 BEFORE

Indicates the happening of the episode described by the propositional clause as having occurred or as
occurring before the starting point of the time interval indicated by the temporal expression.

EXAMPLE 11

“The patient will be taken in hospital for 2 weeks before the Summer Holi

days”

(EPISODE(“hospitalization”) (has-occurrence BEFORE TI(“Summer Holidays”)) (has-duration DR(“2 weeks”))

(has-occurre

nce DURING TI( “future”))).

4.5.3.1.4 AFTER

Indicates th

r as

occurring af

EXAMPLE 12
(EPISODE(“h
(has-occurre

4.5.3.1.5

Indicates th
occurring dy
the co-occu
interval.

EXAMPLE 13
(hasoccurretf

If the hospit
shall be use

4.5.3.1.6

hannening of the enisode described bv the nronasitional clause as having gccurred
Pr S 3¢ Y Por 5

ter the end-point of the time interval indicated by the temporal expression.

“The patient was taken in hospital for 2 weeks after the last Summeér -Holi
pspitalization”) (has-occurrence AFTER TI(“last Summer Holidays”)) (has-duration DR(“2 weg
hce DURING TI( “past™))).

DURING

e happening of the episode described by the propositional clause as having occurred
iring the time interval indicated by the temporal expression,Ne/information is availah
‘rence of the starting or end-point of the episode, and thestarting or end-point of the

“The patient was in hospital during the Summer Holidays” (EPISODE(“hospitaliza
ce DURING TI(“Summer Holidays”)) (has-occurrence DURING TI( “past”))).

pl stay took the entire period denoted by “Suminer Holidays”, the temporal comparator]
.

NCLUDES

Indicates the time interval represented by the-temporal expression as being part of the time int

related to tH

EXAMPLE 14
(EPISODE(“h
“past”)) (has

4.5.3.1.7

Indicates th
occurring uj
No informat

e episode described by the propositional clause.

“The patient was in (hpspital for three months, including the Summer Holi
bspitalization”) (has-occurvence INCLUDES TI(“Summer Holidays”)) (has-occurrence DURIN
duration DR(“three months”))).

UNTIL

e happening-of the episode described by the propositional clause as having occurred
ntil (inchuding) the starting point of the time interval referred to by the temporal expreg
ion is-available about the starting point of the episode.

EXAMPLE 15

“Take 3 tablets a day until next week” (EPISODE(EVENT “take tablets”) (has-frequency

days”
ks™))

or as
le on
time

ion”

MAT ”

brval

days”
G TI(

or as
sion.

Q"3

times a day”)

J (has-occurrence UNTIL TI{ next weeK JJJ.

If the starting point of the time interval is to be excluded, BEFORE should be used.

4.5.3.1.8 FOLLOWS

Indicates the happening of the episode described by the propositional clause as having occurred
or as occurring from (including) the starting point of the time interval referred to by the temporal

expression.

EXAMPLE 16

No information is available about the end-point of the episode.

“Therapy will be started as soon as the blood pressure stops being over 9/6” (EPISODE(“ther

(has-occurrence FOLLOWS TI(EPISODE(“BP being higher than 9/6")))).

10

apy”)
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4.5.3.1.9 SINCE

Indicates the starting point of the episode described by the propositional clause as being in the time
interval referred to by the temporal expression, and its end-point (if any) as being after the end-point of

the time interval.

EXAMPLE 17
The diabetes has started somewhere during childhood.

4.5.3.1.10 UP-TO

“Diabetes since childhood” (EPISODE(“having diabetes”) (has-occurrence SINCE TI(“childhood”)))

Indigates-the-end-pointefthe-episede-deseribedby-the propesitienal-clause-asbeinginthefime interval
referjred to by the temporal expression, and its starting point as being before the starting|point of the
time|interval.

EXANIPLE 18 “Headache attacks up to the age of ten” (EPISODE(“headache attacks”)(has-occurrence UP-TO
TI(“the age of ten”)).

4.5.3.1.11 CO-CONTINUES

Indidates that the starting point of the episode described by the propesitional clause coincifes with the
startling point of the time interval referred to by the temporal expression, and that its end-goint (if any)
is aftler the end-point of the time interval.

EXAMPLE 19 “Diabetes starting from childhood on” (EPISODE(“diabetes”) (has-occurrence CO-CONTINUES
TI(“childhood”))).

The diabetes has started at the same time as what is‘denoted here as “childhood”. Note th
meaning of the “childhood” related to a time scale‘does not need to be known in order t
valid temporal expression.

4.5.3.1.12 CO-PRECEDES

Indig
end-}
temp

ates that the end-point of the épisode described by the propositional clause coincig
point of the time interval referred to by the temporal expression, and that its start
orally being located beforethe starting point of the time interval.

EXANPLE 20 “The side effects/of the drug therapy ceased at the time when the drug therapy 1
(EPISODE(“side effects”) (hassoccurrence DURING TI(“past”)) (has-occurrence CO-PRECEDES TI(EH

therapy”)))).

4.5.3.1.13 CO-STARTS

Indid
the s
temp

ates that\the starting point of the episode described by the propositional clause co
tartifig-point of the time interval referred to by the temporal expression, and that its
orally being located before (not coinciding with) the end-point of the time interval.

at the exact
b arrive at a

es with the
ing point is

vas stopped”
ISODE(“drug

ncides with
end-point is

EXAMPLE 21 “Right at the beginning of drug therapy, the patient felt dizzy but this lasted only a few hours such
that the therapy did not have to be interrupted” (EPISODE(“feeling dizzy”) (has-occurrence DURING TI(“past”))
(has-duration DR(“a few hours”)) (has-occurrence CO-STARTS TI(EPISODE(“drug therapy”)))).

4.5.3.1.14 CO-ENDS

Indicates that the end-point of the episode described by the propositional clause coincides with the end-
point of the time interval referred to by the temporal expression, and that its starting point is after (but
not coinciding with) the starting point of the time interval.

EXAMPLE 22 “Some time after the beginning of drug therapy, the patient felt dizzy but this lasted only as long
as the medication was given” (EPISODE(“feeling dizzy”) (has-occurrence DURING TI(“past”)) (has-occurrence
CO-ENDS TI(EPISODE(“drug therapy”)))).
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Figure 1 presents an overview of the semantics of the various temporal comparators that are permitted
in relation with the has-occurrence temporal link, when an episode is temporally related to a time

interval.

Reference Time Interval
AT

BEFORE
AFTER
DURING
INCLUDES

UNTIL

FOLLOWS

SINCE

UP-TO

CO-CONTINUES

CO-PRECEDES
CO-STARTS

CO-ENDS

Figure 1 — Episodes related to a time intetval

4.5.3.2 When the temporal expression refers to a time point

4.5.3.2.1

The followi
expression 1

4.5.3.2.2

Indicates th
occurring b

EXAMPLE 23]
BEFORE TP(

4.5.3.2.3

4

Indicates th
occurring af

EXAMPLE 24

General

hg temporal comparators are permitted i’ combination with episodes if the tem
efers to a time point.

BEFORE

e happening of the episode described by the propositional clause as having occurred
efore (but not including) thetime point indicated by the temporal expression.

“The appendectomy willbe finished before 2 o’clock” (EPISODE(“appendectomy”) (hasoccur
‘2 o’clock”)) (has-ocgurrence DURING TI( “future”))).

AFTER

e happening of the episode described by the propositional clause as having occurred
ter (butmot including) the time point indicated by the temporal expression.

“The patient was in hospital after Christmas” (EPISODE “hospitalisation”) (has-occur

AFTERTP("“

[hristmas”)) (has-occurrence DURING TI( “past”))).

boral

or as

rence

or as

Fence

4.5.3.2.4

INCLUDES

Indicates the time point mentioned by the temporal expression as being part of the time interval related
to the episode described by the propositional clause.

EXAMPLE 25

12

“The patient stayed in the hospital over Christmas” (EPISODE(“being in hospital”) (hasoccurrence
INCLUDES TP( “Christmas”))).
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4.5.3.2.5 UNTIL

Indicates the happening of the episode described by the propositional clause as having occurred or as
occurring until (including) the time point referred to by the temporal expression. No information is
available on the starting point of the episode.

EXAMPLE 26 “The patient suffered from headache until 5 o’clock” (EPISODE(“headache”) (has-occurrence
UNTIL TP( “5 o'clock”)) (has-occurrence DURING TI( “past”))).

If the time point referred to by the temporal expression is to be excluded, BEFORE should be used.

4.5.3.2.6—EOQLLOWS

Indidates the happening of the episode described by the propositional clause as having'ecfurred or as
occufring following (including) the time point referred to by the temporal expressjion: No [information
is available on the end-point of the episode.

EXANIPLE 27 “Start taking tablets tomorrow at noon” (EPISODE(“taking tablets}) (has-occurrerjce FOLLOWS
TP(“tomorrow noon”))).

Figufe 2 presents an overview of the semantics of the various temporalcemparators that affe permitted
in relation with the has-occurrence temporal link, when an episode istemporally related to a time point.

Reference Time Pgint

BEFORE

AFTER

INCLUDES

UNTIL

FOLLOWS

Figure 2 — Episodes related to a time point

4.5.3.3 When thetemporal expression refers to a time-series

All t¢emporaltomparators may be used in combination with episodes if the temporal expr¢ssion refers
to a fime-series. The meaning for each combination is similar to the one given for time intervals and
time|points.

EXAMPLE 28 "The patient suffers from headache almost every time it is cold outside” (EPISODE(“headache”)
(has-occurrence AT TS(“almost every time it is cold outside”))).

EXAMPLE 29 “Take a tablet before each meal” (EPISODE(“take a tablet”) (has-occurrence BEFORE
TS(EPISODE(“meal”)))).

EXAMPLE 30 “Take a tablet after each meal” (EPISODE(“take a tablet”) (has-occurrence AFTER
TS(EPISODE(“meal”)))).

EXAMPLE 31 “Take a tablet every day during breakfast” (EPISODE(“take a tablet”) (has-occurrence DURING
TS(EPISODE(“breakfast”)))).

EXAMPLE 32 “Every time the patient felt dizzy, there was a sensation of irregular pulse” (EPISODE(“a sensation
of irregular heartbeats”) (has-occurrence INCLUDES TS(EPISODE(“feeling of dizziness”))) (has-occurrence
DURING TI(“past”))).
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"The headache will always last until proper medication is given” (EPISODE(“headache”)
(hasoccurrence UNTIL TS(EPISODE(“giving proper medication”))) (has-occurrence DURING TI(“future”))).

“Each headache attack starts immediately after drinking beer.”

(hasoccurrence FOLLOWS TS(EPISODE(“drinking beer”)))).

EXAMPLE 35

"Every time while drinking beer, he starts getting headache.”

(hasoccurrence SINCE TS(EPISODE(“drinking beer”)))).

EXAMPLE 36

EXAMPLE 37,

(EPISODE(“headache”)

(EPISODE(“headache”)

“He keeps suffering from headache until he has lied down for a while” (EPISODE(“headache”)
(has-occurrence UP-TO TS(EPISODE(“lying down”)))).

aysn

(EPISODE(“h
DR(“several ¢

EXAMPLE 38
attack”) (has

EXAMPLE 39
distress”) (h

EXAMPLE 40
CO-ENDSTS

5 Charags

5.1 Provi

This docum|
their systen
Conformang
according td

“Immediately after starting to drink he always gets headache lasting for several
padache”) (has-occurrence CO-CONTINUES TS(EPISODE(“drinking beer”) (has-duy
ays”))))).

“The headache attacks can only be stopped by lying down for 30 minutes” (EPISODE(“hea
Loccurrence CO-PRECEDES TS(EPISODE(“laying down”) (has-duration DR(“30 minutes”))))).

“Each week-end begins with a feeling of distress lasting for 30 minutes” (EPISODE(“a feel
hs-occurrence CO-STARTS TS(EPISODE(“week-end”))) (has-duration DR(“30'minutes”)))).

“Only at the end of the week does he stop feeling tired” (EPISODE(“feeling tired”) (has-occur
EPISODE(“the week™)))).

cteristics of conformance

sions for conformance specification

ent allows developers of health care information systems (HIS) to specify to what dg

e shall be specified for each subsystem of the HIS (e.g. medication, clinical histor
the provisions of 5.2 to 5.7.

Similarly, infformation and data (available it data bases, concept systems, etc...) may also be lab

according td

The followi

the conformance specifications of this document.

hg subclauses apply omly_to health care information systems explicitly. The rule

formatting data or information shall-be interpreted similarly.

5.2 Basid

For each sy
shall be des

guidelines

stem for which conformance with this document is claimed, the following character
cribed.

1 can produce or accept information formatted into the elements presented in Clay

ation

lache

ng of

rence

s for

stics

LSS le

Vel.of Semantic specification specifies to what extent the information related to

time is distinguished from the rest of the information

LRE

level of recursive embedding of
time related information

are further parsed up to the level of propositiona
clause zero.

specifies whether or not the propositional clauses

1

LDR

level of deictic referential complexity

temporal expressions

specifies characteristics related to the use of deictic

LCR

level of relative referential complex-
ity

temporal expressions

specifies characteristics related to the use of relative

LQI

level of formal rigour of temporal
expressions

interpreted by a machine

specifies to what extent temporal expressions can be

The labels in the following paragraphs are organized in such a way that a higher number represents a
more desirable configuration than a lower number.

14
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