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8.0 bttt bbbttt h e bt bt eb e ht et et et bbbt ae et etens 25
8.0 3 et ete ettt e e teteeteeheehe bt et et et e he bt bt eheene et e teeteeteeheene et entetens 25
B0 4 ettt teeteehe ettt et e heate st ete e st et et e teete st eneeneenbennans 25

O e oo e eeeeeeeeteteteeteeteeaeestenteseteteteeteeseenteatententebe et e eReeReestentenbenseseaseeseestentensesents 26
0 ettt bbb h e h ettt b e bbbt e h et et b e bbbt e a b et et bt sheebe et e st et enten 26
L 28 P OO OO OO U P URPPRUSRRRRRRRRO 26

0. L 2 e et h ettt e bt he bt h e e h e et et et et bbbt et et enben 26

0. 1.3 ettt et et e teteteeteeheeaeeh e et a e et e te bt eheeheeheen e et e teateeteeheeheeneeneententans 27

L2 O USSP 32
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0.2 ettt bttt h e bt bt h e a et bbbt bt he e st et et e bt bt bt et ent et entes 33
0.2 L ettt h et h ettt et et e teebeeheene et etetens 34
0.2 2 ettt et et ea e r e ne ettt et e te st ete st ent et ensetans 34
0.2.3  MEIZE ettt ettt et et et e e bt e bt e teeate st e nteenaeeteens 34
0.2.4  SOTL et et h bttt ettt b e bttt et ten 34

0.3 WHREIE oot h ettt bbbt h e a bbbt bt bt bt st et et e bbbt et ent et entes 35
0.3.1  WHREIE ettt ettt bbbttt ten 35
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0.4.3  NOU et ettt ettt bbbttt et et 37

0 S ettt bbbt h sttt e bt bbbt st et et bt she bt et et et entes 37
0 S L T e et bttt ettt et b e sheeb et et ten 37
0.5 2 RS ettt h ettt te et he et ene e tetens 38
0.5, 3 ettt ettt ae ettt et e aeeteeae st ent et ensenans 38

0. 54 KT e ettt ettt ettt et teeteete st ent et ensetans 38
0.0 S 3 ettt ettt sttt et ettt 38
0.5 0 BT ettt a ettt b et bt et et ten 39

0.0 IS bttt bbbt h e st e bt e bt bbbt st et et e bbbt et e st et enten 39
9.6.1  Is[not] EQUAl e ettt e e e stb e aae e 39
9.6.2  Is[not] Less Than = e e sb e sr e e tb e ae e sta e aae e 39
9.6.3  Is[not] Greater Than = e b e et e e ae e 39
9.64 Is[not] Less Than or Equal e 39
9.6.5 Is[not] Greater Than or Equal e 39
9.6.6  Is[not] Within ... TO e be e 39
9.6.7  Is[not] Within ... Preceding e 40
9.6.8  Is[not] Within ... Following e 40
9.6.9  Is[not] Within ... Surrounding e 40
9.6.10 Is [not] Within Past et ae e 40
9.6.11 Is[not] Within Same Day AS et 40
9.6.12  IS[NOt] BEfOre et s ere et ae b e 40
0.6.13 IS [NOt] AIEr e e e e e et e e b e e tb e e raeestaa e aaeenns 41
0.6.14 IS [NOt] IN e e e et e et e e tbe e aaeentaa e aaeenes 41
0.6.15 IS [NOt] PreSENt e et e e tb e et e e staa e aae e 41
9.6.16 IS [NOt] NUIL e et b e et e e tb e e aae e str e e aae e 41
9.6.17 Is[not] Boolean ettt be e 41
9.6.18 IS[NOt] NUMDET e st sae e e reenae b e 42
0.6.19 IS [NOt] SIrING ettt st st et 42
9.6.20 IS [NOt] TIME e e e e et e et e e tb e e aae e tbe e naeestae e aaaenns 42
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9.6.21 Is[not] DUration et sreenreebeebe e 42
0.6.22 IS [NOt] LISt e e e et e e et e et e e tb e e naeeataa e naeenns 42
0.6.23  [NOL]IN et ettt ettt te et te st st et enaetans 43
LN A © o713 USRS 43
0T L ettt b eh bt h ettt h e h e bbbt et e bt st hesh e bt et e b et 43
9.7.2  Occur [not] Equal ( , ) ettt et e et e b e e b e e b e reeeaeebeenneenes 43
9.7.3  Occur [not] Within ... To ( , ) ettt st e eeaeeraeeraeeraeraens 43
9.74  Occur [not] Within ... Preceding ( , )ttt ettt e enees 43
9.7.5  Occur [not] Within ... Following ( , ) e e 43
9.7.6  Occur [not] Within . . . Surrounding ( s ) e 44
9.7.7  Occur [not] Within Past ( s ) ettt r e b et eennennaeneens 44
9.7.8  Occur [not] Within Same Day As ( , ) ettt eneas 44
9.7.9  Occur [not] Before ( , ettt re e be b e b e e rt e te e te et e enbeenbenneas 44
9.7.10  Occur [not] After ( , S PRSPPI 44
9.7.11 Occur [not] At ( s ettt e et e et ae ettt e stbeeatae e beeaabeestbeenabeesbeeebeesaraeenreenns 44
0 8 ettt te ettt et ettt e tete ettt e ereen et et e te bt eheestentent e tebeeseeseeneentensensantes 44
9.8.1 ||( , ) ettt bbbttt b b h e bt bt e h et b b e et besbe bt et eaenee 44
9.8.2  Formatted with ( , ) ettt ettt ettt e te e be bt rbe et e erteeneebeenbeesbeenbenraeraas 45
9.8.3  String ... ( , ) ettt bbbt ettt be bt bttt e bbb bt bt et et nee 46
9.8.4  Matches pattern ( s ettt ettt e et ettt e s b e et e e e abeentbeeanbeetbeennaeesaeennraenns 46
9.8.5 Length ( R ) ettt ettt e e —e e t—e e ——e e ——ea——e e —ae e —eeabaeabeeebaeebeeabaeanbeesbaeesseeansaenntes 46
9.8.6  Uppercase ( , ) ettt h ettt ettt e et e eae et e e te et e enteeneeereennean 47
9.8.7  Lowercase ( , ) ettt ettt bt e bt et e b et et e at e st enteenteenteenteeraeanaenann 47
9.8.8  Trim [Left | Right] ( , ) ettt ettt e e be b et e ereenteebeenbeesbentaeraas 47
9.8.9  Find...[in] string...[starting at]... ( , ) ettt et sae e ra b e 47
9.8.10 Substring ... characters [starting at ...] from ... ( R ) ISR 48
0.0 ettt te e etete ettt ettt tetete bt st ettent et et e te bt st estentent e teteeseeseeneentensensentn 49
99.1 +( , ) ettt ettt ettt et e teeh et e enten b et et e sttt ene Rt eatent et e beete st st eseentensensensas 49
992 +( , ) ettt bbb ettt st h e bt h ettt et bbbt et eat et ennen 49
993 -( , ) ettt bt h bt bt e a bbbt h e bt e h e st et et bttt b e bt eat et enne e 50
994 -( , ) ettt bt bbbt a e s et h bbbt h st et et e bttt b e bt eat et enne e 50
995 *( , ) ettt bt et eh et teete bt eaeeh e et et et e ke bt eheeh e e ntente s e ate bt eneeneeneententens 50
99.6 /( , ) ettt ettt et et te et e ereeateatenten b et et e ebe st eseententen s e s e beeteereeneeneentensensansen 50
99.7 *F¥( , ) ettt ettt te ettt ettt n e et et et e beeteereeaten e e st et eseteese st ereententensensenns 51
0 L0 et bt bt a ettt bbbt h e e et et b e bt bt bt et et et be bt bt et et et enten 51
9.10.1 After ( , ) ettt ettt b et h e bt bt et e a et e bbbt bt eae b e ne et e 51
9.10.2 Before ( , ) ettt et h e b et et e e bt e b e e bt ae et e eae e bt e b e enbeesbeesbente e teenteenneeneenees 51
9.10.3 Ago( , ) ettt ettt eh ettt ettt bt eh e bt a e ea s et e ke bt eheebeeaeen s et e ete bt eheebe et ensentans 51
9.10.4 From ( R ) ettt et et e tee e —ee e tee e —ee e —ee e —ee e bee e ate e bee e baeabee e baeebeeataeenreeenraeanraaan 51
L2 1 USSR 51
9.11.1 Year ( , ) ettt ettt ettt et e at et e ente et e e r b e e st e sa e s e e st enbeenneenteeseenseenteans 51
9.11.2 Extract year ( , ) ettt ettt ettt et e et e bt e e bt e e bt e eteeenbaeenteeebaeenaee s 52
9.11.3 Month ( , ) ettt bt h ettt b e bt bt et et b et e bbbt et et enten 52
9.11.4 Extract month ( R ) ettt e et e —e ettt e et e ettt e e tae e tbeeanbe e taeensaeetbeennnaenns 52
9.11.5 Week ( , ) ettt ettt ettt ettt te sttt en e et e seete st ent et e ent et e beeteeneeneeneensensenns 52
9.11.6 Day ( , ) ettt ettt te ettt e entea et et ettt e et e entent et et e seeseene st eseensensenes 52
9.11.7 Extract day ( , ) ettt ettt ettt e e b e et e nee st e nne e st enteenteenaenneerean 52
9.11.8 Hour ( , ) ettt bt h e bt st b et h e e bt bt e aeea et e bbbt eb e bt en b e e ennen 52
9.11.9 Extract hour ( s ) ettt ettt et e he e b e et e et e e ta e ra e be e beerbeeaaesaeereenneens 52
9.11.10 Minute ( , ) ettt he e h e h e e a e a e et et e bttt eheeaten e et et e beeteebeeaeene et eneenes 53
9.11.11 Extract minute ( , ) ettt ettt e e e e e ba e be e e beeatbeeabaentbeearbeenrbaeanaeenras 53
9.11.12 Second ( , ) ettt e e e et e e e e e bt e et ee e bee e baeabee e baeebeeebaearbeeebeeaareesnaaennres 53
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9.11.13 Extract second ( , ettt ettt ettt e et e b et e tb e ta e be e beenbeentesnteereenseeseenseans 53
0. 12 et eeeeteteeteeteeteehe et e tetete bt eheeheeatea e et e te bt eheeheentent et e te bt eheebeeneenteeentas 53
LS 28 2 TSROSO 53
9.12.2  Count ( , ) ettt ettt ettt ettt be et e et e neea st e bebeeaeese e st ent et e s e abeeseeseentennensannan 54
9.12.3  Exist ( ) et ettt bbbttt b et be bt bttt eaen 54
9.12.4  Average ( ) ettt bt be ettt et e at e bt be et e etbeetbeata e raebeenseenaeeneennes 54
9.12.5 Median ( ) ettt ettt e e be e be b et e e ae e te e beebeenbeesbeetaeeraereas 54
9.12.6 Sum ( ) ettt ettt h e a e h et et et e b e eheeh e e n e et et e te bt eheebeeneenaeneennan 55
9.12.7 stddev ( ) ettt e et e e —e e et e tae e ——e e bt e e bee e bae e beeebaeebeeebaeereeeraeereean 55
9.12.8 Variance ( ) ettt ettt e e rtb e et e b e e tae e tbeebte e tbeebeeetaeeaaeeraeenreean 55
9.12.9 Minimum ( ) ettt ettt e tt e bt et et e et e ra e s e e seenbeenneeneenneenseenneans 55
9.12.10 Maximum ( ) ettt b e b e b et e ae e te e be e b e enbeerbentaeereeras 55
9.12.11 Last ( ) ettt h e a et b et h e bbbttt b e ae bt et et nee 56
9.12.12 First ( ) ettt ettt h e a e ettt e b et e b e eheeh e e n e et et e te bt eaeebeentenneeenean 56
9.12.13 Any ( ) ettt ettt et bttt et et e b et e te st eRe Rt en s et e s e te st eseeneentensensenes 56
9.12.14 All( ) ettt ettt ettt et te ettt e et en b e s et e Re st et e enten b e beeseese st enteneensenns 56
9.12.15 No ( ) ettt bt a et et h et b e bt bt et ettt b bbbt et eten 57
9.12.16 Latest ( ) ettt e et et e e bt et e e s b e e e bt e s b e e eateesabeeeabeeebeeeateesbeeenree s 57
9.12.17 Earliest ( ) ettt b et et e e be et e e b et e eaeeete e beebeenbeesbeesaenraereas 57
9.12.18 Element ( ) ettt e et et e e hee e e e e tee e —ee ettt e e —eeanbae e baearbeeanbeeatbeeanbeeasbeeasaeeasteennaeesaeennaeenns 57
9.12.19 Extract characters ... ( ) et e et e et e e e beesabeenaaeennnas 58
9.12.20 Seqto ( ) ettt e e et e et e e e e beeebae e tee s beeatbeearbeeatbeeenaeeatbeeanreentbeenraaanes 58
9.12.21 Reverse ( ettt ettt ettt et e st ete et e nbe e st e eraeereeseeseenneennennes 58
0. 12,2 e ettt ettt b e sh e eb et et aen 58
0. L3 ettt bbbt h e a e bbbt bbbt e a b et et bt she bt et e e et enten 60
L 28 X 75 OO SESUUPTURPSRUSRRSRRSRO 60
9.13.2 Nearest ... From ( ) ettt ettt e et e et e et e e taeetbeereeebaeeraeenraeeraean 60
9.13.3 Index Nearest ... From ( ) ettt ettt e et e et e e b e e bt e etaeeteeebaeenree s 60
9.13.4 Slope ( PSR 60
0. 4 e et h ettt h e bt h e h e a et et bbbt e bt e st et et e bbbt et e st et entes 61
L 28 3 O OO OO OO OO OSSOSO PP URRPRURORRRRRROO 61
9.14.2  Minimum ... From ( ) ettt e e e et be e b e e tbeennreeraaensaaenns 61
9.14.3 Maximum ... From ( ) ettt e e s e et e e s beeetbaeebaeenraeebaaearaeas 61
9.14.4 First ... From ( ) ettt e et et e ettt e e e e bt e e be e tbeaabeeatbeearaeetbeenraeesaeennreanes 62
9.14.5 Last... From ( SR 62
9.14.6 Increase ( ) ettt et et e bt e bt e e bt e e baeebeeebaeebeesbaeenbee s 62
9.14.7 Decrease ( ) ettt ettt et e et e e st e e nab e e s beeeabeeeabeennbeennbeenntes 62
9.14.8 % Increase ( ) et ettt et a et b e bbb et e eae 63
9.149 % Decrease ( ) ettt ettt ettt e n e h e e be e te e bt e et et e eneesaeenteeneens 63
9.14.10 Earliest ... From ( ) ettt ettt e et e et e et e e taeetbeereeebaeeraeenraeeraean 63
9.14.11 Latest ... From ( ) ettt ettt et ettt et e et re et e e teeaeeneeentenseenseenteans 63
9.14.12 Index Extraction Transformation Operators e, 64
0 LS e ettt bbbt h e a et et bbbt bt e st et et e bbbt et et et enten 65
L2857 OO 65
9.15.2 Interval ( ) ettt e ettt et —e e h—e e —ee e bt e e —ee e bt eabee e bt eebeeebaeaabeeabaeanreeenreennres 65
L2 < USRS 65
9.16.1 Arccos ( ) ettt ettt ettt e et t e e e bt ettt en e e te et e et e enteasaenre e seenneenneenes 65
9.16.2  Arcsin ( ) ettt ettt bbb e et t et e et e e b e erbeerteeateese e teenbeenbeenrensaenrens 65
9.16.3 Arctan ( ) ettt ettt et ettt et e ettt e abe ettt e nate e bteenateetaeenaaeenn 66
9.16.4 Cosine ( ) ettt et et tb e et ettt e nate e tteenaae e tbeeanteeatbeennteeasbeennaeennres 66
9.16.5 Sine ( ) ettt ettt ettt a et e b e beete bt ent et e enten s et e tese st eseeneentensensenens 66
9.16.6 Tangent ( ) ettt e e ee e —ee——e e t—ee——e e taeeaae e tbeeatte e tbeebaeetbeensaeetaaenaaeanns 66
Arden Syntax

Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved. 2007 8



Arden Syntax for Medical Logic Systems

9.16.7
9.16.8
9.16.9
9.16.10
9.16.11
9.16.12
9.16.13
9.16.14
9.16.15
9.16.16
9.16.17
9.17
9.17.1

10 LOGIC
10.1
10.2 Logic

10.2.1
10.2.2
10.2.3
10.2.4
10.2.5
10.2.6
10.3 Logic

11 DATA
11.1
11.2 Data

11.2.1

11.2.2

11.2.3

11.2.4

11.2.5

11.2.6

11.2.7

11.2.8

11.2.9

11.2.10

11.2.11

11.2.12

11.3 Data

12 ACTION
12.1
12.2 Action

12.2.1
12.2.2
12.2.3
12.2.4
12.2.5
12.2.6
12.3 Action

2007 8

Exp (

Log (
Logl0 (
Int (
Floor (
Ceiling (
Truncate (
Round (
Abs (

sqrt (

As number (

Time (

If-Then

Call

If-then Statement If-then
Call Statement Call
WHILE Loop WHILE

FOR Loop FOR

Health Level Seven inc,

Arden Syntax

HL7 , JAHIS © 2007. All rights reserved.
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I3 EVOKE ettt bbbt h et 84
L3 bbb et h e h et b e et h e et h e h et h e bbbt b et b e st et be e e 84
L3 L L et h e et b e et b e et b et et b et b et b et b et ne 84
L3 L 2 bbb et h et b et b et b et be et ne 84
L3 L e e et et ettt 85
D3 ettt h et e h et h e a et h et h e s b et h e et et ae e 85
D32 ] ettt et h ettt h ettt sttt ettt st et ettt et saeeere 85
1302, ettt h ettt bttt b et b e bt ettt ettt et 85
13.2.3 Declaration of EVENS ot 85
28 T 70 )<= TSSO 85
L3 3 L e e et et et ettt 85
13,3, ettt ettt h ettt sttt et et ettt ettt aeeene 86
13,33 ettt ettt ekttt a ettt st ettt et bt st eene 86
13,4 EVOKE e et h ettt e he et e e bt ea e eh e et et e beeteebe bt ebe e st enteeennan 87
A
YN B = T T 8 S A\ T 3 SRR 88
A e h e bttt 106
A e b e h bbbt h et h et b et he et ene 109
A bbbttt 110
AS 9.8.2 e et h et h bt h oLt a bt a b b a bbbt b et h e bbb bbbt et be e ne 114
X
X1 Write DITD ittt ettt sttt sttt 117
X2 MLM bbbttt 121
X e h bbbt h bbbt et be et 130
21
WRITE
Extended Markup Language (XML) Document Type
Definition (DTD)
Where trigger ( 1334 ) 2.1 Arden Syntax 2
where trigger
MLMs data event logic opt-out

”Currenttime”  MLMs
"length", "uppercase", "lowercase", "trim",

nn

"find...in string", "substring...characters from."

Arden Syntax  version 2 21 MLMs
“in” (“not in”) “is in” (“is not in”)
“from <time>" “after <time>" “from
now” “now + <time>" “occur/occurs/occurred at”  “occur/occurs/occurred equal”
MLM  name punctuation mark period (“.”)
Arden Syntax 7
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1
Medical Logic Module (MLM)
MLMs
MLM MLMs
MLMs
MLMs
2
21 ASTM %
E 1238 Specification for Transferring Clinical Laboratory Data Messages Between Independent Computer
Systems
E 1384 Guide for Content and Structure of an Automated Primary Record of Care
22 1O %
ISO 8601 - 1988 Data Elements and Interchange Formats-Information Interchange (representation of dates and
times)
ISO 8979 - 1986 Latin-1 Coded Character Set
23 ANS %
ANSI X3.4 - 1986 Coded Character Sets-American National Standard Code for Information Interchange (7-bit
ASCII)
ANSI/ISO 9899 Programming Language C
ANSI/ISO/IEC 9075 Information technology -- Database languages -- SQL
24  HealthLevel Seven %
HL7 Version 2.3
' Annual Book of ASTM Standards, Vol 14.01. Available from American Society for Testing and Materials , 100 Barr
Harbor Drive, West Conshohocken, PA19428-2959, USA
2 IS0, 1 Rue de Varembe, Case Postale 56, CH 1211, Geneve, Switzerland.
> American National Standards Institute, 1430 Broadway, New York, NY 10018, USA.
4 Health Level Seven, Inc., 3300 Washtenaw Ave, Suite 227, Ann Arbor, MI 48104, USA.
8 Arden Syntax
2007 8 Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.
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3
3.1
3.1.1  Medical Logic Module (MLM), n
MLM

3.2
3.2.1 time, n
3.2.2  time-of-day, n
323 date, n
3.2.4  duration, n

3days
325 institution, n
32.6 event,n
3.3

(rh
(9.12.18 ) Is[Not] Equal

not of
4
Arden Syntax

Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.

IsEqual

element
IsNot Equal

2007
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MLMs

Medical Logic Modules (MLMs)

MLM

Columbia-Presbyterian Medical Center 1989 Arden Homestead retreat on sharing health knowledge bases

LDS Hospital, Salt Lake City, UT HELP

Health Care, Indianapolis, IN  Regenstrief Medical Record System

5 MLM
51
MLM  ASCII (ANSI X3.4 - 1986)
8859/1 ("Latin-1")
MLMs
end: MLMs 7.1.10 /
52
MLM ASCII ASCII 33 126
ASCII 10 ASCII 9 ASCII 11
7.1.6 7.1.9
53
54
55
Al  Backus-Naur Form Arden Syntax MLMs
(©)] X2 MLM MLM
maintenance:
slotname: slot-body;;
slotname: slot-body;;
10
2007 8 Health Level Seven inc, HL7

Regenstrief Institute for

CARE
[ ASCII ISO
X3.4 ]
MLM maintenance:
7.1.9
ASCII 32 ASCII 13
MLM
7.1.10
Arden Syntax
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5.6

5.7

5.8

5.8.1

5.82

5.8.3

library:

slotname: slot-body;;

knowledge:

slotname: slot-body;;

end:

MLM maintenance, library, knowledge
maintenance:, library:, knowledge:

MLM

title:

MLM
MLM

MLM

priority validation production, research

Arden Syntax 11
Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved. 2007 8
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5.84

5.9

5.10

6.1

12
2007

7
logic
MLM
MLM end end:
end END end
eNd 7.1.1.2 7.1.2.1
MLM
Maintenance
maintenance MLM
MLM maintenance
Arden Syntax
Title
MLM

title: B I
MImname
MIlmname MLM

_ 1 80 Mlmname
MLM mlmname

ASCII

mlmname: hepatitis B_in_pregnancy;;

or

mlmname: hiv_screening.mlm;;
mlmname filename
Arden Syntax version *
Arden Syntax MLM

MLM  ASTM E1460-1992
arden: Version <Version number of Arden Syntax standard>;;
Arden Syntax

8 Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.
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arden: Version 2;;

arden: version 2.1;;

*
6.1.4  Version
MLM SCCS RCS
80 1.00 0.01
1.00
MLM 11.2.3
version: 1.00;;
6.1.5 Institution
institution 80
institution: Columbia University;;
6.1.6  Author
author MLM
e-mail
author: John M. Smith, Jr., M.D. (jms@camis.columbia.edu);;
6.1.7  Specialist
MLM
MLM
MLM
specialist: Jane Doe, Ph.D.;;
specialist: ;;
6.1.8  Date
MLM
ISO 8601:1988 (E) ISO
T t yyyy-mm-dd 1989
1 2 1989-01-02 Arden 1800 1 1 (1800-01-
01T00:00:00Z) yyyy-mm-ddThh:mm:ss
1:30 p.m. on January 2, 1989 UTC  1989-01-02T13:30:00Z
date: 1989-01-02;;
Arden Syntax 13
Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved. 2007 8
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6.2

6.2.1

6.2.2

6.2.3

6.2.4

14
2007

Validation

validation MLM

production—
research—

testing— MLM

expired—

validation: testing;;

MLMs production
Library

library MLM

MLM

Purpose

purpose MLM

purpose: B

Explanation

MLM

explanation: B

2

Keywords

keywords: hepatitis B; pregnancy;;

Citations /

citation

MLM
a) Support — logic
b) Refute— logic

8 Health Level Seven inc,

MLM

UMLS (4

®)

Arden Syntax
HL7 , JAHIS © 2007. All rights reserved.
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citations:
1. SUPPORT Steiner RW. Interpreting the fractional excretion of sodium. Am J Med 1984;77:699-702.

2. Goldman L, Cook EF, Brand DA, Lee TH, Rouan GW, Weisberg MC, et al. A computer protocol to predict myocardial
infarction in emergency department patients with chest pain. N Engl J Med 1988;318(13):797-803.

6.2.5 Links /

link

Locator)

"Document Title", 'FILE://link.html'; "Second Document", 'http://www.nlm.nih.gov/" )

citations

link

URL (Uniform Resource

(

link type, space (ASCII 32), link description (Arden Syntax string), comma, link text (Arden Syntax term).

links:

2

MLMs

6.3 Knowledge

OTHER_LINK 'CTIM .34.56.78";

MESH 'agranulocytosis/ci and sulfamethoxazole/ae';

URL "NLM Web Page", 'http://www.nlm.nih.gov/";

URL "Visible Human Project",
'http://www.nlm.nih.gov/research/visible/visible human.html';

URL "DOS HTML File", 'file://doslinx.htm';

URL "UNIX HTML File", 'file://UnixLinx.html/";

knowledge MLM
MLM data MLM evoke
action
6.3.1  Type
type knowledge
data driven,

action, and urgency 1992

type:

type:

Arden Syntax

Health Level Seven inc,

data_driven;;

data-driven;;

HL7 , JAHIS © 2007. All rights reserved.

data-driven ("-"

logic

: data, priority, evoke, logic,

)

15
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6.3.2 Data
data MLM
11
6.3.3  Priority
1 99 MLMs
priority
MLMs priority
50

priority: 90;;

6.3.4  Evoke
evoke MLM 13
6.3.5 Logic
MLM true false
10
6.3.6  Action
logic true 9.15
6.3.7  Urgency
1 99 urgency
MLMs MLM
MLM urgency
1 99 50

urgency: 90;;

urgency: urg_var;,
7
7.1
7.1.1
16 Arden Syntax
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A3

A2
7.1.1.1 The
The
7.1.1.2
format with ...
5.10 9.8.2 AS.
7.1.2
7.1.2.1
7.1.3
7.1.4
1 345.
0
345
0.1
34.5E34
0.1e-4
3
3.
3el0
7.14.1
7.1.5
Arden Syntax
Health Level Seven inc, HL7

_ 1 80
then
5.10
(0t0 9) ()
E e
- 994
1ISO

, JAHIS © 2007. All rights reserved.

then THEN

7.1.1.2

80

Specification E 1238 HL72.3

2007
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7.1.5.1
1989-01-01T13:30:00.123
7.1.5.2
ISO  Coordinated Universal Time (UTC) z
1989-01-01T 13:30:00.1232 UTC + -hh:mm
EST (Eastern Standard Time, United States of America) 1989-
01-01T13:30:00-05:00  1989-01-01T18:30:00Z.
7.1.5.3
+ 1800-01-01 + (1993-1800)years + (5-
1)months+ (17-1)days ~ 1993-05-17
7.1.6
(" ASCII 34)

"this is a string".
7.1.6.1

"this string has one quotation mark: "" ".
7.1.6.2

5.3

"this is a string with

one space between 'with' and 'one™
7.1.6.3

"this is a string with

one line break between 'with' and 'one""
7.1.7

(" ASCII 39) mlmname

'mlm_name'

18 Arden Syntax
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7.1.8
{ } ASCIT 123  ASCII 125
data
Arden syntax the
mapping Arden
Arden Arden <var>(s)
MLM
MLM MLM MLM
MLM UMLS Metathesaurus
MLM MLM
data
7.1.9
I* */
the /* A comment /* */
xf**ly  xy
/! 53 //
*/
7.1.10
if done
3+4 3+4 5.4 7.1.1.1

7.2
7.2.1

/* "varl" 0 */

let varl be 0;

/* MLM named "hyperkalemia" MLM */

call "hyperkalemia’;

/* 5 mo *

if potassium > 5.0 then

conclude true;

endif;
Arden Syntax 19
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7.2.1.1
- L logic

logic:

last_potas := last potas_list;

if last_potas > 5.0 then

conclude true;

endif;

10 ,11 ,9.15 ,13
7.2.2
8
7.2.2.1
3 1991-03-23T00:00:00

null

true

345.4

"this is a string"

1991-05-01T23:12:23
7.2.2.2

7.1.2 7.2.3

varl

this_is a variable

a
7.2.2.3

3+4 +
3 4 7

4 * cosine 5

varl =7 and var2 = 15

(4+3)* 7

9.1
723
10.2.1
varl
null

20 Arden Syntax
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7.2.3.1
MLM MLMs MLMs
MLM MLMs 10.2.4
Arden 11.2.3
Arden Arden Arden
7232
MLM
11
is[not] equal (9.6.1 ), =
9.5.1 ), <>(9.5.2 )
8
MLM
MLM
8.8
8.1
null
null null
/* explicit null */
null
/* division by zero */
3/0
/* addition of Boolean */
true + 3
8.2
true false true false
null trueor null null
true
false false or null 9.4
Arden Syntax 21
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8.3
34E-12 7.14
1/2 05
8.4
1800 1800-01-01
1990-07-12T00:00:00  7.1.5
8.4.1
MLM
0
8.4.2
T00:00:00
843 Now
now MLM Now MLM
now MLM MLM
now
8.4.4 Eventtime
MLMs
MLM eventtime
eventtime  MLMs Eventtime
MLM
8.4.5  Triggertime
MLM MLM triggertime eventtime
MLM 13.3.2 MLM 12.2.4
triggertime  eventtime Triggertime
MLM MLM
MLM eventtime < triggertime < now
8.4.6 Currenttime
currenttime MLM Currenttime now MLM
MLM currenttime
now MLM eventtime <= triggertime <= now
<= currenttime
22 Arden Syntax
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85
9.11 1day, 45
seconds, 3.2 months
8.5.1
months  seconds
months
seconds months  seconds
MLM
6E+08 seconds 19.01 years 9.8
8.5.2
8.5.2.1 -
1990-03-01T00:00:00 - 1990-02-01T 00:00:00
2419200 seconds
8.5.2.2
1800-01-01T 00:00:00
1990-02-01T00:00:00 + 2419201 seconds ~ 1990-03-01T 00:00:01
8.5.2.3
1991-01-
31T00:00:00 1991-01
1991-01-31T00:00:00 + 1 month ~ 1991-02-28T 00:00: 00
1.1 months 1month 2 months
1991-
01-31T00:00:00 + 1.1 months  1991-02-28T00:00:00 + (0.1 * 2629746 seconds)  1991-03-03T01:02:54.6
1991-01-31T00:00:00 + 1 month =1991-02-28T00:00:00
0.1 Months * 2629746 seconds / month [from 8.5.2.4]  =262974.6 seconds
262974.6 seconds / (60 seconds / minute) / (1440 minutes /day) = 3.0436875 days
0.0436875 days * 1440 minutes / day = 62.91 minutes
Arden Syntax 23
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=1 hour, 2 minutes, 54.6 seconds.

0.1 months = 3 days 1 hours 2 minutes 54.6 seconds

1991-01-31T00:00:00 + 1.1 months =1991-02-28T00:00:00 + 3 days 1 hour 2 minutes 54.6 seconds

=1991-03-03T01:02:54.6

1993-01-31 + 1 month = 1993-02-28
1993-02-28 - 1 month = 1993-01-28 (3 days earlier)

: (d+1month)+1day d+(1 month+1 day)

1991-01-31T00:00:00 - 2.1 months = 1990-11-26T22:57:05.4
1991-01-31T00:00:00 - 1.1 months = 1990-12-27T22:57:05.4
1991-04-30T00:00:00 - 0.1 months = 1991-04-26T22:57:05.4

8.5.2.4
: 2629746 seconds/month
1month/1second 2629746
8.6
7.1.6
"this is a string constant"
8.7
mlmnames
call 10.2.4
7.1.7
'mlm_name2'
'http://www.nlm.nih.gov/'
8.8
0
) 9.2
9.8
4,3,5
3, true, 5, null
24 Arden Syntax
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0

8.9
Data
8.9.1
8.9.2
8.9.3
potas
if latest potas > 5.0 then
conclude true;
endif;
8.9.4
time 9.17 )

9.17.1
if time of latest potas is within the past 3 days then
conclude true;
endif';

eventtime
MLM eventtime
Arden Syntax

Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.
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9
9.1
9.1.1
9.1.2
<num:type> := <num:type> op <num:type>
op
9.1.2.1
num
1---
k, m, n---
null
9.12.2
type
null—
Boolean—Boolean data type
Boolean—
number—
time—
duration—
string—
item— call” 10.2.4
any-type—null Boolean number time duration, string
non-null—Boolean number time duration string
26 Arden Syntax
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ordered—number, time duration

9.1.2.3

9124

9.13.1

<num:type>

3**1991-03-24T 00:00:00

null
3+null

<num:type>
null

<n:type> := op <n:type>

-(3,4,5)

not ...

. is present

... s not present

... is null

... is not null

... is Boolean

... is not Boolean

... 1s number

... is not number

... is time

... 1s not time

... is duration

... is not duration

... is string

... 18 not string

... ago

... year

... years

... month

... months

... day

... days

... hour

Arden Syntax

Health Level Seven inc,

HL7

string

null
null

null

<n:type> := <n:type> op

-3,-4,-5

, JAHIS © 2007. All rights reserved.

ET]

null

time

2007
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... hours

... minute

... minutes

... second

... seconds
time [of] ...
arccos [of] ...
arcsin [of] ...
arctan [of] ...
cos [of] ...
cosine [of] ...
sin [of] ...
sine [of] ...
tan [of] ...
tangent [of] ...
exp [of] ...
truncate [of] ...
floor [of] ...
ceiling [of] ...
log [of] ...
log10 [of] ...
abs [of] ...
year [of] ...
month [of] ...
day [of] ...
hour [of] ...
minute [of] ...

second [of] ...

9.13.2

<l:type> :=o0p <n:type> <l:itype> :=<n:type> op
max(3,4,5) 5

count [of] ...
exist [of] ...
avg [of] ...
average [of] ...
median [of] ...
sum [of] ...
stddev [of] ...
variance [of] ...
any [of] ...

all [of] ...

no [of] ...

min [of] ...
minimum [of] ...
max [of] ...

maximum [of] ...

28 Arden Syntax
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9.1.33
9.13.4

n
Arden Syntax

Health Level Seven inc, HL7

last [of] ...

first [of] ...

earliest [of] ...

latest [of] ...

string [of] ...

... is list

... is not list

index min [of] ...
index minimum [of] ...
index max [of] ...
index maximum [of] ...
index earliest [of] ...

index latest [of] ...

<m:type> := op <n:type>

slope [of] ...

increase [of] ...
decrease [of] ...

percent increase [of] ...
% increase [of] ...
percent decrease [of] ...
% decrease [of] ...
interval [of] ...

extract characters [of] ...
sort ...

reverse ...

<m:type> :=<n:type> op
increase(11,15,13,12)

<n:type> :=<n:type> op <n:type>

(12)+(34) (4.6) 0+0

1+(3,4)

... 01,

...and ...

(1,1)+(3,4)

, JAHIS © 2007. All rights reserved.

4,-2, -1)

(4.5

null

2007

29



Arden Syntax for Medical Logic Systems

..isnotequal ...

<

D LI

.. is less than ...

.. is not greater than or equal ...
L <=L

e

.. is less than or equal ...

.. is not greater than ...

L

gt

.. is greater than ...

.. is not less than or equal ...
L=

..ge...

.. is greater than or equal ...

.. is not less than ...

.. is within past ...

.. is not within past ...

.. is within same day as ...

.. is not within same day as ...
.. is before ...

.. is not before ...

.. is after ...

.. is not after ...

.. matches pattern ...

.. occur equal ...

.. occur within past ...

.. occur not within past ...

.. occur within same day as ...
.. occur not within same day as ...
.. occur before ...

.. occur not before ...

.. occur after ...

.. occur not after ...

R

*

e

kk

.. before ...
.. after ...

.. round ...

<n:type> := <m:type> op <m:type>

... where ...

30 Arden Syntax
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9.13.5

9.13.6

Arden Syntax
Health Level Seven inc, HL7

iswithin (2,2) to (3,4)

<n:type> := <n:type> op; <n:type> op, <n:type>

(1,2) iswithin (0,2) to (3,4)

n

(false,true)

null

.. is within ... to ...

.. is not within ... to ...

.. is within ... preceding ...

.. is not within ... preceding ...

.. is within ... following ...

.. is not within ... following ...

.. is within ... surrounding ...

.. is not within ... surrounding ...
.. occur within ... to ...

.. occur not within ... to ...

.. occur within ... preceding ...

.. occur not within ... preceding ...
.. occur within ... following ...

.. occur not within ... following ...
.. occur within ... surrounding ...

.. occur not within ... surrounding ...

<n:type> := op; <L:type> op, <m:type>

null min 2 from (5,3,4)

min ... from ...
minimum ... from ...
max ... from ...
maximum ... from ...
last ... from ...

first ... from ...

latest ... from ...
carliest ... from ...
index min ... from ...
index minimum ... from ...
index max ... from...

index maximum ... from ...

, JAHIS © 2007. All rights reserved.

(3.4

(truetrue)

n
(1,2) iswithin 2 to (3,4)

2007 8
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index last ... from ...
index first ... from ...
index latest ... from ...

index earliest ... from ...

9.1.3.7
<n:type> := op; <n:type> op, <m:type>
lisin
(0,3 false (1,2,3)isin (0,3) (falsefalsetrue)

nearest ... from ...

... isin ...

...isnotin ...

index nearest ... from ...
9.138

<n:type> :=<k:type> op <m:type>
1,(34) (1,34
... merge
ol
seqto
9.14
8.9.1
9.14.1
datal resultl

resultl := sin(datal);
9.14.2

6 = 2 * 3

(1/1) (1/1) (1/1);
42 =6 * 7T

32 Arden Syntax
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¢ ) @ @

+ 3+20 23

9.15.1 Precedence Table

A4
9.1.6
A4
9.1.6.1
3-4-5
- 34
1)-5 (-6)
9.1.6.2
averagesum 3
sum 3
3
9.1.6.3
*% 2**3**4
2**(3**4)
9.1.7
(3+4)*5 3+4
7 * 75 35
4096
9.2
9.14
Arden Syntax
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3+4*5
4*5

20
3
(_
average 3
(2**3)**4
(2**3)**4
33
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9.2.1 ,
<n:any-type> := <k:any-type> , <m:any-type>
4,2):=4,2
(4,"a",null) == (4,"a") , null
922
® 3
<l:any-type> =, <l:any-type>
(3):=,3
9.23  Merge
merge
9.2.4
null X wheretime of it is present
X
Merge X mergey sort time
(x.y) datal 2 1991-01-02T 00: 00: 00
data2 13 1991-01-01T00:00:00, 1991-01-03T 00:00:00
<n:any-type> := <k:any-type> MERGE <m:any-type>
(1,2, 3) .= datal MERGE data2
null := (4,3) MERGE (2,1)
9.2.4  Sort
Sort data
time Sort
sort sort
data time sort
reverse
Sort sort time [of] 9.17.1)
"sort time x" should be parsed as X
X
null wheretimeof it is present
sort
null null
null null
null datal 30,10,20 1991-01-
01T00:00:00, 1991-02-01T 00:00:00, 1991-01-03T00:00:00
<n:any-type> := SORT <n:any-type>
34 Arden Syntax
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<n:any-type> := SORT [DATA | TIME ] <n:any-type>
(10, 20, 30) := SORT DATA datal

(30, 20, 10) :== REVERSE (SORT DATA datal)

null := SORT DATA (3,1,2,null)

null := SORT DATA (3,"abc")

() :==SORT TIME ()

(1,2,3,3):=SORT (1,3,2,3)

(30, 20, 10) :== SORT TIME datal

9.3 Where
where
9.3.1  Where
where select ... where...
Boolean
true
false null
where WHERE WHERE
<n:any-type> := <m:any-type> WHERE <m:any-type>
(10,30) := (10,20,30,40) WHERE (true,false,true,3)
7.38 =(7.34, 7.38, 7.4) WHERE time of it is within 20 minutes after time of VentChange
(1/1 16:20)  (1/1 18:01) (1/1 16:20) (Jan 1 02:06) (Jan 1 16:12)
Where where
true
true
true
null
9.1.34
1 ;=1 WHERE true
(1,2,3) == (1,2,3) WHERE true
(1,1) == 1 WHERE (true,false,true)
null := (1,2,3,4) WHERE (true,false,true)
Where
potassium_list where potassium_list
>50 5
Where
queryResult where they are number
Arden Syntax 35
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queryResult where time of it is present

time  queryResult "it"
null
is present true
false where
9.3.1.1 It
it they where where
it potassium_list wherethey > 5.0
5 It
(potassium_list + sodium_list/3) whereit > 5.0 it where
it where it where
it null Arden Syntax where
it
9.4
9.4.1 Or
or true Boolean
true false false
null
<l:Boolean> := <1:any-type> OR <l:any-type>
true := true OR false
false := false OR false
true := true OR null
null := false OR null
null := false OR 3.4
(true, true) := (true, false) OR (false, true)
0:=00R(
Other null, number, time, duration, or string.
OR TRUE FALSE Other
TRUE TRUE TRUE TRUE
FALSE TRUE FALSE NULL
Other TRUE NULL NULL
942 And
and false
Boolean false true true
null
36 Arden Syntax
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<n:Boolean> := <n:any-type> AND <n:any-type>
false := true AND false

null := true AND null

false := false AND null

Other null, number, time, duration, or string.
AND TRUE FALSE Other
TRUE TRUE FALSE NULL
FALSE FALSE FALSE FALSE
Other NULL FALSE NULL
943 Not
Not True false false true null
<n:Boolean> := NOT <n:any-type>
true := NOT false
null := NOT null
Other null, number, time, duration, string.
NOT | TRUE FALSE other
| FALSE TRUE NULL
9.5
9.5.1 =
= eq isequal true false
false null null
9.14
<n:Boolean> := <n:non-null> = <n:non-null>
false:=1=2
(null,true,false) := (1,2,"a") = (null,2,3)
null := (3/0) = (3/0)
null :=5=()
null :=(1,2,3)=()
O :=null=()
0=0=0
null == 5 =null
Arden Syntax 37
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(null,null,null) := (1,2,3) = null
null := null = null

(true,true,false) := (1,2,3) = (1,2,4)

null = is present exists 9.6.15
9.12.3
952 <>
<> 2 ne isnot equal true
false true null
null
<n:Boolean> := <n:non-null> <> <n:non-null>
true :=1<>2
(null,false,true) := (1,2,"a") <> (null,2,3)
null := (3/0) <> (3/0)
953 <
< It islessthan isnot greater than or equal
ordered null
<n:Boolean> := <n:ordered> < <n:ordered>
true:=1<2
true := 1990-03-02T00:00:00 < 1990-03-10T00:00:00
true := 2 days < 1 year
true := "aaa" < "aab"
null :="aaa" <1
954 <=
<= le islessthan or equal, isnot greater than
ordered null
<n:Boolean> := <n:ordered> <= <n:ordered>
true :=1<=2
true := 1990-03-02T00:00:00 <= 1990-03-10T00:00:00
true := 2 days <= | year
true := "aaa" <= "aab"
null :="aaa" <=1
955 >
> gt isgreater than isnot lessthan or equal
ordered null
<n:Boolean> := < n:ordered> > <n:ordered>
false . =1>2
false := 1990-03-02T00:00:00 > 1990-03-10T00:00:00
false := 2 days > 1 year
38 Arden Syntax
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956 >=
>=
ordered
9.6 Is
9.6.1  Is[not] Equal
9.5.1
9.6.2
9.53
9.6.3
9.5.5
9.6.4
9.5.4
9.6.5
9.5.6
9.6.6
iswithin ... to
Arden Syntax
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false ;= "aaa" > "aab"

null ;= "aaa" > 1

ge isgreater than or equal

<n:Boolean> := <n:ordered> >= <n:ordered>

false :=1>=2

false := 1990-03-02T00:00:00 >= 1990-03-10T00:00:00
false := 2 days >= 1 year

false := "aaa" >="aab"

null :="aaa" >=1

surgery_time WAS BEFORE discharge time
WAS BEFORE
surgery_time IS NOT AFTER discharge time
IS NOT AFTER

Is [not] Less Than

Is [not] Greater Than

Is [not] Less Than or Equal

Is [not] Greater Than or Equal

Is [not] Within ... To

ordered
null

isnot lesstha
null

943

2007
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<n:Boolean> := <n:ordered> IS WITHIN <n:ordered> TO <n:ordered>

true :=3 IS WITHIN 2 TO 5

true := 1990-03-10T00:00:00 IS WITHIN 1990-03-05T00:00:00 TO 1990-03-15T00:00:00
true := 3 days IS WITHIN 2 days TO 5 months

true := "ccc" IS WITHIN "a" TO "d"

9.6.7  Is [not] Within ... Preceding

iswithin ... preceding

<n:Boolean> := <n:time> IS WITHIN <n:duration> PRECEDING <n:time>
true := 1990-03-08T00:00:00 IS WITHIN 3 days PRECEDING 1990-03-10T00:00:00

9.6.8  Is[not] Within ... Following

iswithin ... following

<n:Boolean> := <n:time> IS WITHIN <n:duration> FOLLOWING <n:time>
false := 1990-03-08T00:00:00 IS WITHIN 3 days FOLLOWING 1990-03-10T00:00:00

9.6.9  Is[not] Within ... Surrounding

iswithin ... surrounding

<n:Boolean> := <n:time> IS WITHIN <n:duration> SURROUNDING <n:time>
true := 1990-03-08T00:00:00 IS WITHIN 3 days SURROUNDING 1990-03-10T00:00:00

9.6.10 Is [not] Within Past
iswithin past
now now
now  1990-03-09T00:00:00

<n:Boolean> := <n:time> IS WITHIN PAST <n:duration>
true := 1990-03-08T00:00:00 IS WITHIN PAST 3 days

9.6.11 Is [not] Within Same Day As

iswithin same day as

<n:Boolean> := <n:time> IS WITHIN SAME DAY AS <n:time>
true := 1990-03-08T11:11:11 IS WITHIN SAME DAY AS 1990-03-08T01:01:01

9.6.12 Is [not] Before

isbefore

<n:Boolean> := <n:time> IS BEFORE <n:time>

40 Arden Syntax
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false := 1990-03-08T00:00:00 IS BEFORE 1990-03-07T00:00:00
false := 1990-03-08T00:00:00 IS BEFORE 1990-03-08T00:00:00

9.6.13 Is [not] After

is after

<n:Boolean> := <n:time> IS AFTER <n:time>

true := 1990-03-08T00:00:00 IS AFTER 1990-03-07T00:00:00

9.6.14 Is[not] In

isin
null
<n:Boolean> := <n:any-type> IS IN <m:any-type>
false := 2 IS IN (4,5,6)
(false,true) := (3,4) IS IN (4,5,6)
true :=null is in (1/0,2)
9.6.23

9.6.15 Is [not] Present

is present isnot null isnot present 1

null null true null false
Ispresent  null arg=null arg null

null

<n:Boolean> := <n:any-type> IS PRESENT
true := 3 IS PRESENT

false := null IS PRESENT

(true,false) := (3,null) IS PRESENT
(false,true) := (3,null) IS NULL

9.6.16 Is [not] Null

9.6.15

9.6.17 Is [not] Boolean

is Boolean Boolean true false
IsBoolean  null
<n:Boolean> := <n:any-type> IS BOOLEAN
true := false IS BOOLEAN
true := 3 IS NOT BOOLEAN
(false,true,false) := (null,false,3) IS BOOLEAN

Arden Syntax 41
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9.6.18

9.6.19

9.6.20

9.6.21

9.6.22

42
2007

Is [not] Number

isnumber number

isnumber  null

<n:Boolean> := <n:any-type> IS NUMBER
true := 3 IS NUMBER
false := null IS NUMBER

isnumber
null

sum(serum_K where it IS NUMBER)

Is [not] String

is string
isstring  null

string

<n:Boolean> := <n:any-type> IS STRING
true := "asdf" IS STRING
false := null IS STRING

Is [not] Time

istime
istime null

string

<n:Boolean> := <n:any-type> IS TIME
true := 1991-03-12T00:00:00 IS TIME
false := null IS TIME

Is [not] Duration

isduration
isduration  null

<n:Boolean> := <n:any-type> IS DURATION
true := (3 days) IS DURATION
false := null IS DURATION

Is [not] List

islist duration
isliss  null

<l:Boolean> := <n:any-type> IS LIST
true := (3,2, 1) IS LIST

False := 5 IS LIST

false := null IS LIST

islist
true := (3, 2, "asdf") IS LIST
(true, true, false) := (3, 2, "asdf") IS NUMBER
8 Health Level Seven inc,

duration

true false
true false
true false
true false
true false
Arden Syntax
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9.6.23 [not] In
in isin
<n:Boolean> := <n:any-type> IN <m:any-type>
false :=2 IN (4,5,6)

(false,true) := (3,4) IN (4,5,6)
true := null in (1/0,2)

9.6.14
9.7  Occur
9.7.1
9.6 is is occur Occur
occurs occured not
not 9.4.3
time 9.17
time of var IS NOT BEFORE 1990-03-05T11:11:11
var OCCURRED NOT BEFORE 1990-03-05T11:11:11
time of surgery IS WITHIN THE PAST 3 days
surgery OCCURRED WITHIN THE PAST 3 days
time(a) IS WITHIN 1990-03-05T11:11:11 TO time(b)
a OCCURRED WITHIN 1990-03-05T11:11:11 TO time(b)
data 1990-03-05T11:11:11
now  1990-03-06T00:00:00
9.7.2  Occur [not] Equal ( , ):
<n:Boolean> := <n:any-type> OCCUR EQUAL <n:time>
false := data OCCURED EQUAL 1990-03-01T00:00:00
9.7.11
9.7.3  Occur [not] Within ... To ( , ):
<n:Boolean> := <n:any-type> OCCUR WITHIN <n:time> TO <n:time>
true := data OCCURED WITHIN 1990-03-01T00:00:00 TO 1990-03-11T00:00:00
9.74  Occur [not] Within ... Preceding ( , ):
<n:Boolean> := <n:any-type> OCCUR WITHIN <n:duration> PRECEDING <n:time>
false := data OCCURRED WITHIN 3 days PRECEDING 1990-03-10T00:00:00
9.7.5  Occur [not] Within ... Following ( , ):
<n:Boolean> := <n:any-type> OCCUR WITHIN <n:duration> FOLLOWING <n:time>
false := data OCCURRED WITHIN 3 days FOLLOWING 1990-03-10T00:00:00
Arden Syntax 43
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9.7.6  Occur [not] Within . . . Surrounding ( , ):
<n:Boolean> := <n:any-type> OCCUR WITHIN <n:duration> SURROUNDING <n:time>
false := data OCCURED WITHIN 3 days SURROUNDING 1990-03-10T00:00:00

9.7.7  Occur [not] Within Past ( R ):
<n:Boolean> := <n:any-type> OCCUR WITHIN PAST <n:duration>
true := data OCCURED WITHIN PAST 3 days

9.7.8  Occur [not] Within Same Day As ( , ):
<n:Boolean> := <n:any-type> OCCUR WITHIN SAME DAY AS <n:time>
false := data OCCURED WITHIN SAME DAY AS 1990-03-08T01:01:01

9.7.9  Occur [not] Before ( , ):
<n:Boolean> := <n:any-type> OCCUR BEFORE <n:time>
true := data OCCURRED BEFORE 1990-03-08T01:01:01

9.7.10  Occur [not] After ( , ):
<n:Boolean> := <n:any-type> OCCUR AFTER <n:time>
false := data OCCURED AFTER 1990-03-08T01:01:01

9.7.11 Occur [not] At ( s ):

Occur at occur equal

<n:Boolean> := <n:any-type> OCCUR AT <n:time>
false := data OCCURRED AT 1990-03-01T00:00:00

9.7.2
9.8
9.8.1 [l ( R )
l
null || null
(13 2
formatted with %z 9.8.2 string
I 9.8.3
<l:string> := <m:any-type> || <n:any-type>
"null3" :=null || 3
"45" =415
"4.7four" :=4.7 || "four"
"true" == true || ™"
"3 days left" := 3 days || " left"
"on 1990-03-15T13:45:01" :="on " || 1990-03-15T13:45:01
"ist=(1,2,3)" = "list="| (1,2,3)
44 Arden Syntax
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9.8.2  Formatted with ( , )

formatted with

ANSIC

Data

Arden Syntax

Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.

printf Arden Syntax

<string> := <data> formatted with <format_string>
"01::02::03" := (1,2,3) formatted with "%2.2d::%2.2d::%2.2d"

"The result was 10.61 mg"
:=10.60528 formatted with "The result was %.2f mg"

"The date was Jan 10 1998"
:=1998-01-10T17:25:00 formatted with "The date was %.2t"

"The year was 1998"
:=1998-01-10T17:25:00 formatted with "The year was %.0t"

/* longer example */

a:="ten";
b :="twenty";
¢ := "thirty";

f:="%s, %s, %s or more";

"ten, twenty, thirty or more" := (a, b, ¢) formatted with f;

format string

%[ flags][width][.precision]type

%S

Arden MLM
MLM

Y%c
Yos
%d
Yot
Y%e
Yof
%g %e %f

AS

%%

data

2007
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9.8.3  String ... ( , )

string l
9.8.1
" 9.12.18

<l:string> := STRING <m:string>

<I:string> := STRING <m:list of strings>

"abc" := STRING ("a","b","c")

"abc" := STRING ("a","bc")

" .= STRING ()

"edcba" := STRING REVERSE EXTRACT CHARACTERS "abcde"

9.8.4  Matches pattern ( , )

SQL(ISO/IEC9075) LIKE Matches pattern

M atches Pattern

legal string
%

<n : Boolean> := <k : string> MATCHES PATTERN <m : string>

<n : list of Boolean> := <k : list of strings> MATCHES PATTERN <m : string>

true := "fatal heart attack" MATCHES PATTERN "%heart%";

false := "fatal heart attack" MATCHES PATTERN "heart";

true := "abnormal values" MATCHES PATTERN "%value ";

false := "fatal pneumonia" MATCHES PATTERN "%pulmonary%";

(true, false) := ("stunned myocardium", "myocardial infarction") MATCHES PATTERN
"%myocardium";

true :="5%" MATCHES PATTERN " \%";

9.8.5 Length ( , )
Length Length
Length count 9.12.1 Length
count
<n:number> := LENGTH [OF] <n:string>
7 = LENGTH OF "Example"
14 := LENGTH "Example String"
0:=LENGTH""
null ;= LENGTH ()
null := LENGTH OF null
(8, 3, null) :== LENGTH OF ("Negative", "Pos", 2)
46 Arden Syntax
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9.8.6  Uppercase ( ) )

uppercase
uppercase null

<n:string> := UPPERCASE <n:string>
"EXAMPLE STRING" := UPPERCASE "Example String"
"" = UPPERCASE ""
null := UPPERCASE null
null := UPPERCASE ()
("5-HIAA", "POS", null) := uppercase ("5-Hiaa", "Pos", 2)

9.8.7  Lowercase ( > )

lower case
lowercase null

<n:string> := LOWERCASE <n:string>
"example string" := LOWERCASE "Example String"
"":= LOWERCASE ""
null := LOWERCASE 12.8
null := LOWERCASE null
("5-hiaa", "pos", null) := LOWERCASE ("5-HIAA", "Pos", 2)

>

9.8.8  Trim [Left | Right] ( , )
trim 7.1.10 left right
trim  null
<n:string™> := TRIM [LEFT | RIGHT] <n:string>
"example" := TRIM " example "
" TRIM "™
null := TRIM ()
"result: " := TRIM LEFT " result: "
" result:" := TRIM RIGHT " result: "
("5N", "2 E", null) :=TRIM ("5N","2E ", 2)
9.8.9  Find...[in] string...[starting at]... ( , )
find ... string
find ... string  matches pattern
find ... string
null
starting at ... find ... string
Sarting at
Arden Syntax 47
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null Sartingat ...
length
<n:number> := FIND <n:string> [IN] STRING <n:string>
<n:number> := FIND <n:string> [IN] STRING <n:string> [STARTING AT <n:number>]
3 :=FIND "a" IN STRING "Example Here"
5 :=FIND "ple" IN STRING "Example Here"
0 := FIND "s" IN STRING "Example Here"
null := FIND 2 IN STRING "Example Here"
null := FIND "a" STRING 510
(2,0,4) :=FIND "t" STRING ("start", "meds", "halt")
7 :=FIND "e" IN STRING "Example Here" STARTING AT 1
1 :=FIND "e" IN STRING LOWERCASE "Example Here" STARTING AT 1
10 := FIND "e" IN STRING "Example Here" STARTING AT 8
10 := FIND "e" IN STRING "Example Here" STARTING AT 10
12 :=FIND "e" IN STRING "Example Here" STARTING AT 11
0 := FIND "e" IN STRING "Example Here" STARTING AT 13
null := FIND "e" IN STRING "Example Here" STARTING AT 1.5
null ;= FIND "e" IN STRING "Example Here" STARTING AT "x"

9.8.10 Substring ... characters [starting at ...] from ... ( s )
substring ... characters[starting at ...] from ...
substring 3 characters starting at 2 from " Example” "xam"

"Example"

null

<n:string> := SUBSTRING <n:number> CHARACTERS [STARTING AT <n:number>]
FROM <n:string>

"ab" := SUBSTRING 2 CHARACTERS FROM "abcdefg"
"abcdefg" := SUBSTRING 100 CHARACTERS FROM "abcdefg"
"def" := SUBSTRING 3 CHARACTERS STARTING AT 4 FROM "abcdefg"
"defg" := SUBSTRING 20 CHARACTERS STARTING AT 4 FROM "abcdefg"
null ;== SUBSTRING 2.3 CHARACTERS FROM "abcdefg"
null := SUBSTRING 2 CHARACTERS STARTING AT 4.7 FROM "abcdefg"
null := SUBSTRING 3 CHARACTERS STARTING AT "c¢" FROM "abcdefg"
null := SUBSTRING "b" CHARACTERS STARTING AT 4 FROM "abcdefg"
null ;= SUBSTRING 3 CHARACTERS STARTING AT 4 FROM 281471
"d" := SUBSTRING 1 CHARACTERS STARTING AT 4 FROM "abcdefg"
"d" ;= SUBSTRING -1 CHARACTERS STARTING AT 4 FROM "abcdefg"
"bed" ;= SUBSTRING -3 CHARACTERS STARTING AT 4 FROM "abcdefg"
"a" ;= SUBSTRING 1 CHARACTERS FROM "abcdefg"
"g" := SUBSTRING —1 CHARACTERS STARTING AT LENGTH OF "abcdefg"
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FROM "abcdefg"
("Pos","Neg",null):= SUBSTRING 3 CHARACTERS FROM ("Positive","Negative",2)

bp  "98/72","121/86", "138/102"

Bp ="121/86";
slash_pos := FIND "/" IN STRING bp;
systolic :== SUBSTRING (slash_pos — 1) CHARACTERS FROM bp;

or

systolic := SUBSTRING —3 CHARACTERS STARTING AT (slash_pos - 1) FROM bp;

diastolic :== SUBSTRING 3 CHARACTERS STARTING AT (slash_pos + 1) FROM bp;

or

diastolic := SUBSTRING (LENGTH of bp) CHARACTERS FROM bp STARTING AT (slash_pos +
)

9.9

85.2

99.1  +( , )

null

<n:number> := <n:number> + <n:number>
6:=4+2
0=5+0
null :=(1,2,3) + ()
O :=null+()
null := 5 + null
(null,null,null) = (1,2,3) + null
null := null + null
<n:duration> := <n:duration> + <n:duration>
3 days := 1 day + 2 days
<n:time> := <n:time> + <n:duration>
1990-03-15T00:00:00 := 1990-03-13T00:00:00 + 2 days
1993-05-17T00:00:00 := 0000-00-00 + 1993 years + 5 months + 17 days
<n:time> := <n:duration> + <n:time>

1990-03-15T00:00:00 := 2 days + 1990-03-13T00:00:00

992  +( , )

<n:number> := + <n:number>
2:=+2
null := + "asdf"

<n:duration> := + <n:duration>

Arden Syntax 49
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993

994

9.9.5

9.9.6

50
2007

*(

I(

3+-4

2 days :=+ 2 days

null 7.1.5 "

<n:number> := <n:number> - <n:number>
4:=6-2
<n:duration> := <n:duration> - <n:duration>
1 day :=3 days - 2 days
<n:time> := <n:time> - <n:duration>
1990-03-13T00:00:00 := 1990-03-15T00:00:00 - 2 days
<n:duration> := <n:time> - <n:time>

2 days := 1990-03-15T00:00:00 - 1990-03-13T00:00:00

, )
negation
null
3+(-4) 3-4
<n:number> := - <n:number>
(-2)=-2
<n:duration> := - <n:duration>
(-2) days := - (2 days)
, )
<n:number> := <n:number> * <n:number>
8:=4%*2
<n:duration> := <n:number> * <n:duration>
6 days :=3 * 2 days
<n:duration> := <n:duration> * <n:number>
6 days :=2 days * 3
b )
/1l year
<n:number> := <n:number> / <n:number>
4:=8/2
<n:duration> := <n:duration> / <n:number>
2 days := 6 days/ 3
<n:number> := <n:duration> / <n:duration>
Health Level Seven inc, HL7
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120 := 2 minutes / 1 second

36 := 3 years / | month
997  **( , )
ok

<n:number> := <n:number> ** <n:number>

9:=3*%)
9.10
8.5.2
9.10.1  After ( , )
After
<n:time> := <n:duration> AFTER <n:time>
1990-03-15T00:00:00 := 2 days AFTER 1990-03-13T00:00:00
9.10.2 Before ( , )
Before
<n:time> := <n:duration> BEFORE <n:time>
1990-03-11T00:00:00 := 2 days BEFORE 1990-03-13T00:00:00
9.10.3 Ago ( , )
ago now
19T00:03:15 )
<n:time> := <n:duration> AGO
1990-04-17T00:03:15 := 2 days AGO
9.10.4 From ( R )
from
<n:time> := <n:duration> FROM <n:time>
2000-09-13T00:08:00 := 2 days FROM 2000-09-11T00:08:00
9.11
8.5.2
3 hoursbefore 3daysago (3 hours) before ((3 days) ago)
9.11.1 Year( , )
year years
<n:duration> := <n:number> YEAR
24 months := 2 YEAR
Arden Syntax
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9.11.2

9.11.3

9.11.4

9.11.5

9.11.6

9.11.7

9.11.8

9.11.9

52
2007

Extract year ( , )

extract year

<n:number> := EXTRACT YEAR <n:time>
1990 := EXTRACT YEAR 1990-01-03T14:23:17.3
null := EXTRACT YEAR (1 YEAR)

Month ( s )

month months

<n:duration> := <n:number> MONTH

Extract month ( s )

extract month

<n:number> := EXTRACT MONTH <n:time>
1 := EXTRACT MONTH 1990-01-03T14:23:17.3
null ;== EXTRACT MONTH 1

Week ( s )

week weeks

<n:duration> := <n:number> WEEK

Day ( ; )

day days

<n:duration> := <n:number> DAY

Extract day ( , )

extract day

<n:number> := EXTRACT DAY <n:time>
3 :=EXTRACT DAY 1990-01-03T14:23:17.3
null :== EXTRACT DAY "this is not a time"

Hour ( , )

hour hours

<n:duration> := <n:number> HOUR

Extract hour ( s )

extract hour

<n:number> := EXTRACT HOUR <n:time>
14 := EXTRACT HOUR 1990-01-03T14:23:17.3

8 Health Level Seven inc, HL7
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null := EXTRACT HOUR (1 HOUR)

9.11.10 Minute ( , )

minute minutes

<n:duration> := <n:number> MINUTE

9.11.11 Extract minute ( , )

extract minute

<n:number> := EXTRACT MINUTE <n:time>
23 := EXTRACT MINUTE 1990-01-03T14:23:17.3
0 := EXTRACT MINUTE 1990-01-03
null := EXTRACT MINUTE 0000-00-00

9.11.12 Second ( , )

second seconds

<n:duration> := <n:number> SECOND

9.11.13 Extract second ( ) )

extract second

<n:number> := EXTRACT SECOND <n:time>
17.3 := EXTRACT SECOND 1990-01-03T14:23:17.3
null := EXTRACT SECOND (1 second)

9.12
9.12.1
of

SUM a_list

SUM OF a_list

SUM(a_list)

SUM OF(a_list)

9.14

AVERAGE OF LAST 3 FROM a_list

Arden Syntax

Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.

60 seconds

2007

8

53



Arden Syntax for Medical Logic Systems

9.12.2  Count ( , )

count count null
count

<l:number> := COUNT <n:any-type>
4 := COUNT (12,13,14,null)
1 := COUNT "asdf"
0:=COUNT ()
1 := COUNT null

9.12.3  Exist ( )

exist exists null
true exist  null

<l:Boolean> := EXIST <n:any-type>
true := EXIST (12,13,14)
false := EXIST null
false := EXIST ()
true := EXIST ("plugh",null)

9.12.4  Average ( )

average avg

<l:number> := AVERAGE <n:number>
14 := AVERAGE (12,13,17)
3 := AVERAGE 3
null := AVERAGE ()
<l:time>:= AVERAGE <n:time>
1990-03-11T03:10:00 := AVERAGE (1990-03-10T03:10:00, 1990-03-12T03:10:00)
<I:duration> := AVERAGE <n:duration>
3 days := AVERAGE (2 days, 3 days, 4 days)

9.12.5 Median ( )

median

<l:number> := MEDIAN <n:number>

13 := MEDIAN (12,17,13)

3 :=MEDIAN 3

null := MEDIAN ()
<I:time> := MEDIAN <n:time>

1990-03-11T03:10:00 = MEDIAN (1990-03-10T03:10:00, 1990-03-11T03:10:00, 1990-03-28T03:10:00)
<l:duration> := MEDIAN <n:duration>

3 days := MEDIAN (1 hour, 3 days, 4 years)

54 Arden Syntax
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9.12.6  Sum ( )

sum

<l:number> := SUM <n:number>
39 :=SUM (12,13,14)
=SUM 3
0:=SUM ()
<I:duration> := SUM <n:duration>

7 days := SUM (1 day, 6 days)

9.12.7 stddev ( )

stddev

<l:number> := STDDEV <n:number>
1.58113883 := STDDEV (12,13,14,15,16)
null := STDDEV 3
null := STDDEV ()

9.12.8 Variance ( )

variance

<l:number> := VARIANCE <n:number>
2.5 := VARIANCE (12,13,14,15,16)
null := VARIANCE 3
null := VARIANCE ()

9.12.9 Minimum ( )
minimum min <= 9.54
<l:ordered> := MINIMUM <n:ordered>
12 := MINIMUM (12,13,14)
3:=MIN3
null := MINIMUM ()
null := MINIMUM (1,"abc")
9.12.10 Maximum ( )
maximum max >= 9.5.6
Arden Syntax
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9.12.11 Last (

last
X[count X]

9.12.12 First (

first
9.12.13 Any (
any
false
9.12.14 All(
all
56
2007 8

<l:ordered> := MAXIMUM <n:ordered>
14 := MAXIMUM (12,13,14)
3 :=MAXIMUM 3
null := MAXIMUM ()
null := MAXIMUM (1,"abc")

null last x
last
last Arden Syntax version E 1460-92 last
latest 9.12.16

<l:any-type> := LAST <n:any-type>
14 :=LAST (12,13,14)
3:=LAST3
null :=LAST ()

null first x X[1]
first
first Arden Syntax version E 1460-92 first
earliest 9.12.17

<l:any-type> := FIRST <n:any-type>
12 :=FIRST (12,13,14)
3 :=FIRST 3
null := FIRST ()

true true false
null false

<l:Boolean> := ANY <n:any-type>
true := ANY (true,false,false)
false := ANY false
false := ANY ()
null := ANY (3, 5, "red")
false := ANY (false, false)
null := ANY (false, null)

true true false false
null true

<l:Boolean> := ALL <n:any-type>
false := ALL (true,false,false)

Arden Syntax
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false := ALL false

true := ALL ()

null := ALL (3, 5, "red")
null := ALL (true, null)

9.12.15 No ( )
no false true true
false null true
<1:Boolean> := NO <n:any-type>
false := NO (true,false,false)
true := NO false
true :=NO ()
null :=NO (3, 5, "red")
null := NO (false, null)
9.12.16 Latest ( )
latest
null wheretime of it is present
null
<l:any-type> := LATEST <n:any-type>
null := LATEST ()
"penicillin" := LATEST ("penicillin", "ibuprofen", "pseudoephedrine HCL");
(T16:40) (T16:40)  (T14:05)  (T14:04)
9.12.17 Earliest ( )
earliest
null wheretime of it is present

null

<l:any-type> := EARLIEST <n:any-type>
null := EARLIEST ()

" pseudoephedrine HCL" := EARLIEST ("penicillin", "ibuprofen", " pseudoephedrine HCL");

(T14:04) (T16:40)  (T14:05) (T14:04)
9.12.18 Element ( )
element([])
“element” (O]

<n:any-type> := <k:any-type>[n:index]

20 := (10,20,30,40)[2]

Arden Syntax
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0 :=(10,20)[(]

(null,20) := (10,20)[1.5,2]

(10,30,50) = (10,20,30,40,50)[1,3,5]
(10,30,50) := (10,20,30,40,50)[ 1,(3.5)]
(10,20,30) = (10,20,30,40,50)[1 seqto 3]

9.12.19 Extract characters ... ( )

extract characters
| 9.8.1
0 string 9.8.3
element 9.12.18

<n:string> := EXTRACT CHARACTERS <m:any-type>
("a","b","c") := EXTRACT CHARACTERS "abc"

("a","b","c") := EXTRACT CHARACTERS ("ab","c")

() := EXTRACT CHARACTERS ()

() := EXTRACT CHARACTERS ""

"edcba" := STRING REVERSE EXTRACT CHARACTERS "abcde"

9.12.20 Seqto ( )

seqto
null

<n:number> := <l:number> SEQTO <I:number>
(2,3,4) ;=2 SEQTO 4
() =4 SEQTO 2
null := 4.5 SEQTO 2
(2) =2 SEQTO 2
(-3,-2,-1) :==-3 SEQTO -1
(2,4,6,8) :=2 * (1 SEQTO 4)
null == (1.5 seqto 5)

9.12.21 Reverse ( )
reverse
<n:any-type> := REVERSE <n:any-type>
(3,2,1) :==reverse (1,2,3)

(6,5,4,3,2,1) :=reverse (1 seqto 6)

() :==reverse ()

9.12.22

58 Arden Syntax
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9.12.22.1 Index Latest ( )

index latest
null wheretime of it is present

null

<l:any-type> := INDEX LATEST <n:any-type>
null := INDEX LATEST ()

1 :=INDEX LATEST ("penicillin", "ibuprofen", "psuedophedrine HCL");
(T16:40)  (T14:05) (T14:04)

9.12.22.2  Index Earliest ( )

index earliest
null wheretime of it is present

null

<l:any-type> := INDEX EARLIEST <n:any-type>
null := INDEX EARLIEST ()

3 :=INDEX EARLIEST ("penicillin", "ibuprofen", "psuedophedrine HCL");
(T16:40)  (T14:05) (T14:04)

9.12.22.3  Index Minimum ( )

index minimum index min. <= 9.54

<l:ordered> := INDEX MINIMUM <n:ordered>
1 :=INDEX MINIMUM (12,13,14)
1 :=INDEX MIN 3
null := INDEX MINIMUM ()
null := INDEX MINIMUM (1,"abc")

9.12.22.4 Index Maximum ( )

index maximum index max >= 9.5.6

<l:ordered> := INDEX MAXIMUM <n:ordered>
3 :=INDEX MAXIMUM (12,13,14)
1 :=INDEX MAX 3
null := INDEX MAXIMUM ()
null := INDEX MAXIMUM (1,"abc")

Arden Syntax
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9.12.22.5
last first INDEX FIRST
INDEX LAST COUNT
9.13
9.13.1

The unary query aggregation operators (that is, those that do not include the from word) may optionally be

followed by of.
from of
9.13.2 Nearest ... From ( )
nearest ... from
null wheretime of it is present
data 12,13,14 data
1990-03-15T15:00:00, 1990-03-16T15:00:00, 1990-03-17T15:00:00
1990-03-18T16:00:00. nearest ... from

<n:any-type> := NEAREST <n:time> FROM <m:any-type>
13 := NEAREST (2 days ago) FROM data
null := NEAREST (2 days ago) FROM (3,4)
null := NEAREST (2 days ago) FROM ()

9.13.3 Index Nearest ... From ( )
index nearest ... from nearest ... from operator 9.13.2
Index nearest ... from
data 12,13,14 data
1990-03-15T15:00:00, 1990-03-16T15:00:00, 1990-03-17T15:00:00
1990-03-18T16:00:00. Index nearest ... from

<n:number> := INDEX NEAREST <n:time> FROM <m:any-type>
2 := INDEX NEAREST (2 days ago) FROM data
null := INDEX NEAREST (2 days ago) FROM (3,4)

9.13.4 Slope ( )

slope
null
null
null slope data

60 Arden Syntax
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<l:number> := SLOPE <n:number>
:= SLOPE data
null := SLOPE (3,4)

9.14

9.14.1

null

from of

9.14.2 Minimum ... From ( )

minimum ... from min ... from N

N null

<n:ordered> := MINIMUM <I:number> FROM <m:ordered>
(11,12) := MINIMUM 2 FROM (11,14,13,12)
(,3) == MINIMUM 2 FROM 3
null := MINIMUM 2 FROM (3, "asdf")
() := MINIMUM 2 FROM ()
() := MINIMUM 0 FROM (2,3)
(1,2,2) == MINIMUM 3 FROM (3,5,1,2,4,2)

9.14.3 Maximum ... From ( )

maximum ... from max ... from N

N null

<n:ordered> := MAXIMUM <I:number> FROM <m:ordered>
(14,13) := MAXIMUM 2 FROM (11,14,13,12)
(,3) :=MAXIMUM 2 FROM 3
null := MAXIMUM 2 FROM (3, "asdf")
() := MAXIMUM 2 FROM ()
() = MAXIMUM 0 FROM (1,2,3)
(5,4,4) =MAXIMUM 3 FROM (1,5,2,4,1,4)
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9.14.4  First ... From ( )

first ... from

0 null

<n:any-type> := FIRST <l:number> FROM <m:any-type>
(11,14) := FIRST 2 FROM (11,14,13,12)
(,3) =FIRST 2 FROM 3
(null,1) ;= FIRST 2 FROM (null,1,2,null)
() :=FIRST 2 FROM ()

9.14.5 Last ... From ( )

last ... from N

0 null

<n:any-type> := LAST <l:number> FROM <m:any-type>
(13,12) := LAST 2 FROM (11,14,13,12)
(,3) =LAST 2 FROM 3
(2,null) :== LAST 2 FROM (null,1,2,null)
() :=LAST 2 FROM ()

9.14.6 Increase ( )
increase
<n:number> := INCREASE <m:number>
(4,-2,-1) == INCREASE (11,15,13,12)
() = INCREASE 3
null := INCREASE ()
<n: duration> := INCREASE <m:time>
(1 day) := INCREASE (1990-03-01,1990-03-02)
<n:duration> := INCREASE <m:duration>
(1 day) := INCREASE (1 day, 2 days)
9.14.7 Decrease ( )
decrease
null decrease increase
<n:number> := DECREASE <m:number>
(-4,2,1) := DECREASE (11,15,13,12)
62
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() = DECREASE 3

null := DECREASE ()
<n: duration> := DECREASE <m:time>

((-1) day) :== DECREASE (1990-03-01,1990-03-02)
<n:duration> := DECREASE <m:duration>

((-1) day) :== DECREASE (1 day, 2 days)

9.14.8 % Increase ( )

% increase percent increase

null

<n:number> := % INCREASE <m:number>
(36.3636,-13.3333) := % INCREASE (11,15,13)
() =% INCREASE 3
null := % INCREASE ()

<n:number> := % INCREASE <m:duration>

(100) := % INCREASE (1 day, 2 days)

9.14.9 % Decrease ( )

% decrease percent decrease

null

<n:number> := % DECREASE <m:number>
(-36.3636,13.3333) := % DECREASE (11,15,13)
() =% DECREASE 3
null := % DECREASE ()

<n:number> := % DECREASE <m:duration>
(-100) := % DECREASE (1 day, 2 days)

9.14.10 Earliest ... From ( )

earliest ... from

null
present
X earliest 1 from x
0 null
<n:any-type> := EARLIEST <Il:number> FROM <m:any-type>
() = EARLIEST 2 FROM ()

9.14.11 Latest ... From ( )

latest ... from

N
null

Arden Syntax
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X latest 1 from x latest x 0
null

<n:any-type> := LATEST <l:number> FROM <m:any-type>
() ==LATEST 2 FROM ()

9.14.12 Index Extraction Transformation Operators

9.14.12.1 Index Minimum ... From ( )
index minimum ... from index min ... from
N
N
null

<n:number> := INDEX MINIMUM <1:number> FROM <m:ordered>
(1,4) := INDEX MINIMUM 2 FROM (11,14,13,12)
(3,4,6) := INDEX MINIMUM 3 FROM (3,5,1,2,4,2)
null := INDEX MIN 2 FROM (3, "asdf")
(,1) := INDEX MINIMUM 2 FROM 3
() := INDEX MINIMUM 0 FROM (2,3)

9.14.12.2 Index Maximum ... From ( )
index maximum ... from index max ... from
N
N
null

<n:number> := INDEX MAXIMUM <1:number> FROM <m:ordered>
(2,3) = INDEX MAXIMUM 2 FROM (11,14,13,12)
(2,3,5) := INDEX MAXIMUM 3 FROM (3,5,1,2,4,2)
null := INDEX MAX 2 FROM (3, "asdf")
(,1) := INDEX MAXIMUM 2 FROM 3
() == INDEX MAXIMUM 0 FROM (2,3)
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9.14.12.3  First... From; Last... From

First ... From Last ... From First ...
From segto Last... From segto count

Index First x From y : | seqto x

Index Last x Fromy : (count(y)-x) seqto count(y)
9.15
9.15.1
null
null
of
9.15.2 Interval ( )
Interval increase
data
1990-03-15T15:00:00, 1990-03-16T 15:00: 00, 1990-03-
18T21:00:00
<n:duration> := INTERVAL <m:any-type>
(1 day, 2.25 days) := INTERVAL data
null := INTERVAL (3,4)
9.16
log 0 null
9.16.1 Arccos ( )
arccos
<n:number> := ARCCOS <n:number>
0:=ARCCOS 1
9.16.2  Arcsin ( )
arcsin
<n:number> := ARCSIN <n:number>
0 := ARCSIN 0
Arden Syntax 65
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9.16.3

9.16.4

9.16.5

9.16.6

9.16.7

9.16.8

9.16.9

9.16.10

66
2007

Arctan (

arctan

Cosine (

cosine

Sine (

sine

Tangent (

tangent

Exp (

exp

Log (

log

Logl0 (

logl0

Int (

int
floor

8

<n:number> := ARCTAN <n:number>

0:=ARCTAN 0

Ccos

<n:number> := COSINE <n:number>

1 :=COSINE 0

sin

<n:number> := SINE <n:number>

0:=SINE 0

tan

<n:number> := TANGENT <n:number>
0 :=TANGENT 0

)

€

<n:number> := EXP <n:number>

1:=EXPO

<n:number> := LOG <n:number>

0:=LOG 1

10

<n:number> := LOG10 <n:number>

1:=LOG10 10

9.16.11

<n:number> := INT <n:number>

Health Level Seven inc, HL7

Arden Syntax
, JAHIS © 2007. All rights reserved.



Arden Syntax for Medical Logic Systems

9.16.11 Floor (

floor

9.16.12 Ceiling (

celling

9.16.13 Truncate (

truncate

9.16.14 Round (

round

Arden Syntax
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2:=INT-1.5
2 :=INT-2.0
1:=INT (1.5)
-3 :=INT (-2.5)
-4 :=INT (-3.1)
-4 :=INT (-4)
)
int
)

<n:number> := CEILING <n:number>
-1 :=CEILING -1.5
-1 :=CEILING -1.0
2 :=CEILING 1.5
-2 :=CEILING (-2.5)
-3 := CEILING (-3.9)

<n:number> := TRUNCATE <n:number>
-1 =TRUNCATE -1.5
-1 :=TRUNCATE -1.0
1 :=TRUNCATE 1.5

<n:number> := ROUND <n:number>
1:=ROUND 0.5
3:= ROUND 3.4
4:= ROUND 3.5
-4 :=ROUND -3.5
-3:=ROUND -3.4
-4 :=ROUND -3.7

2007
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null

(7, 8,230, 4100, null, null, 1, 0, null, null, null) := ("7", 8, "2.3E+2", 4.1E+3, "ABC", Null, True, False, 1997-10-

9.16.15 Abs ( )
abs
<n:number> := ABS <n:number>
1.5 :=ABS (-1.5)
9.16.16 sqrt ( )
sgrt
<n:number> := SQRT <n:number>
=SQRT 4
null := SQRT(-1)
9.16.17 As number ( )
as number
null
’71239’
null
<n:number> := <n:numeric string> AS NUMBER;
5:="5" AS NUMBER;
null == "xyz" AS NUMBER;
<n:number> := <n:Boolean> AS NUMBER;
1 := True AS NUMBER;
0 := False AS NUMBER;
<n:number> := <n:number> AS NUMBER;
6 := 6 AS NUMBER;
31T00:00:00, now, 3 days) AS NUMBER;
0:= () ASNUMBER;
9.17
9.17.1 Time ( )
time 8.9
null time
timetimex timex
1990-03-15T 15:00:00
<n:time> := TIME [OF] <n:any-type>
1990-03-15T15:00:00 := TIME OF data0
1990-03-15T15:00:00 := TIME TIME data0
(null,null) == TIME (3,4)
time
68
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TIME [OF] <n:any-type> := <n:time>;
TIME datal := time data2;

10 LOGIC
101
Logic Data
Action
10.2 Logic
Logic 1
10.2.1
<identifier> := <expr> ;
LET <identifier> BE <expr>;
<identifier> <expr> 7.2.2
(
null (
Data logic
) mim(11.2.3 ) interface(11.2.12 ) Data
var2 5
varl :=1;
varl :=3;
var2 :=varl +2;
10.2.2  If-Then
if-then (<expr>)
True (<block>) (
; if-then )
if-then
10.2.2.1 if-then

<exprl> true <block1>

IF <expr1> THEN

Arden Syntax
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; Action

:event(11.2.2

true
if-then
true

69
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<block1>
ENDIF;

10.2.2.2 If-Then-Else

<exprl> true <block1>

IF <expr1> THEN
<block1>
ELSE
<block2>
ENDIF;

10.2.2.3 If-Then-Elseif

<exprl1l> <exprN>(

<block E>

IF <expr1> THEN
<block1>

ELSEIF <expr2> THEN
<block2>

ELSEIF <expr3> THEN
<block3>

ELSEIF <exprN> THEN
<blockN>

ELSE
<blockE>

ENDIF;

10.2.2.4  Null

true false
false null true
2 if-then varl null

IF varl THEN
var2 .= 0;
ELSE
var2 :=45;
ENDIF;

IF not(varl) THEN
var2 :=45;
ELSE
var2 :=0;

ENDIF;

null

IF varl is Boolean THEN
IF varl THEN

70
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true
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<block2>
true
<block E> ese
if-then-else else
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var2 = "varl is true";

ELSE
var2 = "varl is false";
ENDIF;
ELSE
var2 :="varl is null or some other type";
ENDIF;
10.2.2.5 List
Lists ; List
:any all no(9.12.13  9.12.14
9.12.15 ) Bool_list true :
IF any(Bool_list) THEN
var2 .= 0;
ENDIF;
10.2.3  Conclude
Conclude logic Conclude (<expr>) 1 true
Action MLM logic
Logic Conclude 1 1
MLM :
CONCLUDE <expr>;
null if-then (10.2.2 ) conclude
Conclude logic Action
concludefalse
CONCLUDE false;
CONCLUDE potas > 5.0;
10.2.4 Call
Call MLM MLM MLM
0
MLM ; MLM
0 2 (
):
<var> := CALL <name>;
LET <var> BE CALL <name>;
<var>:= CALL <name> WITH <expr>;
LET <var> BE CALL <name> WITH <expr>;
(<var>, <var>, ...) := CALL <name> WITH <expr>;
LET (<var>, <var>, ...) BE CALL <name> WITH <expr>;
Arden Syntax 71
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<var>:= CALL <name> WITH <expr>, ..., <expr>;

LET <var> BE CALL <name> WITH <expr>, ..., <expr>;

(<var>, <var>, ...) := CALL <name> WITH <expr>, ..., <expr>;
LET (<var>, <var>, ...) BE CALL <name> WITH <expr>, ..., <expr>;
10.2.4.1

(argument 11.2.4 ) (list
9.2.1 )

3

x := CALL xxx with (a,b),(c merge d),etf;

y := CALL yyy WITH exprl, expr2;

1
z := CALL zzz WITH (expr3, exprd);

10.2.4.2 <name>

<name> Data MLM (11.2.3 ) MLM

Data (11.2.2 )
Data (11.2.12 )

10.2.4.3 <exprs>

<expr> ( list null )

10.2.44  <var>

<var>
10.2.4.5 MLM

Call <name> MLM MLM( call )

MLM MLM Data (11.2.4 )
<expr> MLM Call
( ) null Call MLM
( ) MLM
MLM True MLM
MLM  Action (12.2.2 ) return <var> return
MLM
return MLM null return
MLM null  <var> :

varl ;= CALL my_mlm] WITH paraml, param2;

(var2, var3, var4) := CALL my_mlm2 WITH paraml, param2;

72 Arden Syntax
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10.2.4.6 Event

<name> MLM
MLM 13 )
MLM  return
; return MLM null MLM
var> <var>

varl ;= CALL my_event WITH paraml, param2;

10.2.4.7 Interface

Call <name> INTERFACE MLM(
INTERFACE INTERFACE (
<expr> INTERFACE call
( ) null
MLM 1 <var>
MLM
INTERFACE MLM null
null  <var>

varl :=CALL my_interface functionl WITH paraml, param2;

(varl, var2, var3) := CALL my _interface function2 WITH paraml, param2;
10.2.4.8 Call

call

/* Define find_allergies MLM */

find_allergies ;= MLM 'find_allergies';

/* Lists two medications and their allergens */

med_orders:= ("PEN-G", "aspirin");

med_allergens:= ("penicillin", "aspirin");

/* Lists three patient allergies and their reactions */

patient_allergies:= ("milk", "codeine", "penicillin" );

patient_reactions:= ("hives", NULL, "anaphylaxis");

/* Passes 4 arguments and receives 3 lists as values */

(meds, allergens, reactions):= call find_allergies with med_orders,
med_allergens,
patient_allergies,

patient_reactions;

10.2.4.9 Interface

Interface

/* Define find_allergies external function*/

find_allergies := INTERFACE {\\RuleServer\AllergyRules\my _institution\find_allergies.exe};
/* Lists two medications and their allergens */

med_orders:= ("PEN-G", "aspirin");

med_allergens:= ("penicillin", "aspirin");

/* Lists three patient allergies and their reactions */

patient_allergies:= ("milk", "codeine", "penicillin" );

patient_reactions:= ("hives", NULL, "anaphylaxis");

Arden Syntax
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10.2.5 WHILE
While
—10.2.2
(<block>)
MLM

10.2.6 FOR

74

2007 8

/* Passes 4 arguments and receives 3 lists as values */

(meds, allergens, reactions):= call find_allergies with med_orders,
med_allergens,
patient_allergies,

patient_reactions;

while

WHILE <expr> DO

<block>
ENDDO;

(<expr>) 1 true(if-then

) <expr> true

<expr> true

while

/* Initialize variables */

a list:=();

m_list:= ();

r_list:=();

num:= 1;

/* Checks each allergen in the medications to determine if the patient is allergic to it */
while num <= (count med_allergen) do

allergen:= last(first num from med_allergens);

allergy found:= (patient_allergies = allergen);

reaction:= patient_reactions where allergy found;

medication:= med_orders where (med_allergens = allergen);

/* Adds the allergen, medication, and reaction to variables that will */
/* be returned to the calling MLM */

If any allergy found then

a list:==a_list, allergen;

m_list:= m_list, medication;

r_list:=r_list, reaction;

endif;

/* Increments the counter that is used to stop the while-loop */
num:=num+ 1 ;

enddo;

FOR

FOR <identifier> in <expr> DO
<block>

ENDDO;

Arden Syntax
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<expr> <expr> empty null
<expr> <identifier>
) <identifier>
enddo <identifier>
/* Initialize variables */
a_list:=();
m_list:= ();
r_list:=();
/* Checks each allergen in the medications to determine if the patient is allergic to it */
for allergen in med_allergens do
allergy found:= (patient_allergies = allergen);
reaction:= patient_reactions where allergy found;
medication:= med_orders where (med_allergens = allergen);
/* Adds the allergen, medication, and reaction to variables that will */
/* be returned to the calling MLM */
If any allergy found then
a_list:= a_list, allergen;
m_list:= m_list, medication;
r_list:=r_list, reaction;
endif;
enddo;
foriin (1 seqto 10) do
enddo;
10.3 Logic
Logic Data
conclude Logic conclude true
logic ( 5.0
( )
111
Data MLM
Data
(7.1.8 )
11.2 Data
Data logic
event(11.2.2 ) mim(11.2.3 ) interface (11.2.12 ) Data
Arden Syntax
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11.2.1 Read

) read

read

11.2.1.1

2

<var>:= READ <aggregation> <mapping> WHERE <constraint>;

3 :
<mapping>WHERE<constraint>
)

read

Read

LET <var> BE READ <aggregation> <mapping> WHERE <constraint>;

11.2.1.2

<var>

<aggregation>

© )

) <aggregation>

exist

sum
average
avg
minimum
min
maximum
max

last

first
earliest

latest

minimum ... from

min ... from

max ... from

maximum ... from

last ... from

first ... from

earliest ... from

latest ... from

76
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<constraint> it( they) © )
<constraint>

they occurred within the past 3 days

it occurred before the time of surgery

<mapping> (7.1.8 )
<mapping>
11.2.13
read ( ):
varl := READ {select potassium from results where specimen = ‘serum'};
varl := READ last {select potassium from results};
LET varl BE READ {select potassium from results} WHERE it occurred within the past 1 week;
varl := READ first 3 from {select potassium from results} WHERE it occurred within the past 1 week;
11.2.1.4
read MLM

read

11.2.1.5 Result

8.9 ) <aggregation>
<aggregation>
(
5

birthdate := READ last {select birthdate from demographics};

11.2.1.6
1 1
2 ( ):
(<var>, <var>, ...) := READ <aggregation> <mapping> WHERE <constraint> ;
LET (<var>, <var>, ...) BE READ <aggregation> (<mapping> WHERE <constraint>);
( )
11.2.1.7
<var> <aggregation> <constraint> <mapping>
<mapping>
<aggregation> <constraint> ;<mapping>

/* in this example three anion gaps are calculated */

(Na,CLLHCO3) := read last 3 from {select sodium, chloride, bicarb from electro};
Arden Syntax 77
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11.2.1.8

11.2.2 Event

11.2.2.1

<var>

<mapping>

anion_gap :=Na - (C1 + HCO3) ;

) read

<var>:= EVENT <mapping>;
LET <var> BE EVENT <mapping>;

evoke

MLM(10.2.4 ) evoke

logic action

call

(7.1.8 )

The variable that represents the event can be treated like a Boolean in the logic or action slots.

Time

eventtime

11222

11.23 MLM

MLM
MLM

):

11.2.3.1

78
2007 8

logic action

9.17 )
( (844 )

eventl := EVENT {storage of serum potassium};

mlmname
call
<var> = MLM <term>;
LET <var> BE MLM <term>;

<var>:= MLM <term> FROM INSTITUTION <string>;

10.2.4

LET <var> BE MLM <term> FROM INSTITUTION <string>;

LET MLM1 BE MLM 'my_mlm]1';

mlm2 := MLM 'my_mlm2.mlm' FROM INSTITUTION "my institution";

Health Level Seven inc,
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11.2.3.2
<var> MLM Call
<term> 7.1.7 MLM  mlmname
mlm_self( ) MLM
<string> 7.1.6
MLM institution
mlmname MLM
MLM mlmname MLM
MLM
MLM (6.1.4 )
11.2.3.3
mlm! := MLM 'mlm_to_be_called';
mlm?2 := MLM 'diagnosis_score' FROM INSTITUTION "LDS Hospital";
11.2.4
10.2.4 MLM MLM
MLM MLM MLM
1 <varl> 2
1 2 <var2>
CALL null
MLM null (
)
2 ( ) 1
<var>:= ARGUMENT;
LET <var> BE ARGUMENT;
(<varl><var2>,...) := ARGUMENT,;
LET (<varl><var2>,...) BE ARGUMENT;
<var> MLM  call with
MLM MLM null
11.2.4.1
MLM

varl ;= CALL my_mlm WITH paraml, (iteml, item2);

"my_mim" MLM

(argl, listl) := ARGUMENT;

11.2.5 Message

(12.2.1 ) 2

Arden Syntax 79
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<var> := MESSAGE <mapping>;
LET <var> BE MESSAGE <mapping>;

<var> Write
<mapping> (7.1.8 X )
11.2.5.1
messagel := MESSAGE {pneumonia~23 45 65};
11.2.6
(122.1 ) 2
<var> := DESTINATION <mapping>;
LET <var> BE DESTINATION <mapping>;
<var> write
<mapping> (7.1.8 )
11.2.6.1
destination] := DESTINATION {email: user@cuasdf.bitnet};
destination2 := DESTINATION { attending_physician(Pt_id) };
destination3 := DESTINATION { "primary physician email" };
11.2.7
10.2.1 Data

11.2.8 If-Then

10.2.2 if-then Data
11.2.9 Call
10.2.4 call Data

11.2.10 WHILE

10.2.5 while Data
11.2.11 FOR
10.2.6 for Data
80 Arden Syntax
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11.2.12 Interface

(read )

(1024 ) ©
2 .

<var> := INTERFACE <mapping>;
LET <var> BE INTERFACE <mapping>;

<var> Call
<mapping> (7.1.8
11.2.12.1

data:

/* Declares the third-party drug-drug interaction function */

/* The implementation within the {}-braces shows that a string (char*) will be returned */

/* when the third-party API (ThirdPartyAPI) is used to call */
/* the drug-drug interaction function (DrugDruglnteraction) */
/* The function expects that two medicaion strings (char®, char*) will be passed */
func_drugint := INTERFACE {
char* ThirdPartyAPl:DrugDruglnteraction (char*, char*)
|5
evoke:
logic:
/* Calls the drug-drug interaction function */

alert_text := call func_drugint with "terfenadine", "erythromycin";

11.3 Data
Data MLM
1 MLM
Data logic if-then
logic Data
logic conclude
logic if-then
Data (
)
Arden Syntax
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12 ACTION
121
logic true MLM
action
MLM MLM
MLM  action
write MLM  action 12.2.4
13 action
12.2 Action
12.2.1  Write
Write action
WRITE <expr>;
WRITE <expr> AT <destination>;
WRITE <message>;
WRITE <message> AT <destination>;
<expr> logic
<destination> 11.2.6
e-mail
<message> 11.2.5 message <expr>
MLM message
<expr> Arden Syntax XML
X1
DTD
write
MLM write syntax
MLM MLM  action 12.2.4 write
MLM
syntax
12.21.1 <expr>
serum_pot  logic email_dest
a_message message
82 Arden Syntax
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WRITE "the patient's potassium is" || serum_pot;
WRITE "this is an email alert" AT email dest;
WRITE a_message;

12.2.1.2 <message>

message

WRITE "the patient's potassium is " || serum_pot;

WRITE CKO0023 || serum_pot;

CKO0023 "thepatient'spotassium is"

write

12.2.2
MLM MLM
call (10.24 )
RETURN <expr>;
RETURN <expr>, ..., <expr>;

<expr>
MLM

12221  Examples
RETURN (diagnosis_score,diagnosis_name);

RETURN diagnosis_score, diagnosis_name;

12.2.3 If-then Statement If-then

10.2.2 If-then action

12.2.4 Call Statement Call

action Call logic
10.2.4 logic
11.2.4
CALL <name>;

CALL <name> DELAY <duration>;
CALL <name> WITH <expr>;
CALL <name> WITH <expr> DELAY <duration>;

CALL <name> WITH <expr>, ..., <expr>;

Arden Syntax

MLM

MLM
Call
Imname MLM
MLM
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CALL <name> WITH <expr>, ...,

<name>

<duration>
12.24.1  Operation

<name> MLM

MLM
(13 ) logic Call
MLM
12.2.4.2 Example
mimx
CALL mlmx DELAY 3 days ;

12.2.5 WHILE Loop WHILE

10.2.5 while
12.2.6 FOR Loop FOR

10.2.6 for
12.3 Action

action

if-then
action

13 EVOKE
13.1

evoke MLM
13.1.1
13.1.2
84
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<expr> DELAY <duration>;

MLM

MLM
evoke
action

) mlimx

action

action

action

logic

MLM

HL7

MLM (11.2.3 )
(11.2.2 )
MLM <name>
Call
:=MLM 'my_mim'
MLM
5
Arden Syntax
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13.1.3
5
13.2
13.2.1
5.0
storage of serum potassium
13.2.2
9.17 )
storage of potassium
Eventtime MLM
(844 )

13.2.3 Declaration of Events

11.2.2
13.3 Evoke
13.3.1

MLM

<event-expr>
<event-expr> 11.2.2 or 9.4.1
), any (9.12.13 ) call MLM
MLM
13.3.1.1
eventl OR event2 OR event3 MLM
evoke true MLM
MLM

Arden Syntax 85
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13.3.1.2

penicillin_storage
penicillin_storage OR cephalosporin_storage

ANY OF (penicillin_storage,cephalosporin_storage,aminoglycoside_storage)

data:
penicillin_storage := event {store penicillin order}
cephalosporin_storage := event {store cephalosporin order}
evoke:
penicillin_storage OR

cephalosporin_storage;;

13.3.2

MLM

<time-expr>

<duration-expr> AFTER TIME <event>

<time-expr> (7.1.5 ) (11.2.2 ) time 9.17
) (7.14 ) (9.10.4 ) after (9.10.1

<duration-expr>

<event>
13.3.2.1
MLM
MLM
13.3.2.2
3 days after time of penicillin_storage
1992-01-01T00:00:00
13.3.3
MLM
EVERY <duration-expr> FOR <duration-expr> STARTING <time-expr>
EVERY <duration-expr> FOR <duration-expr> STARTING <time-expr> UNTIL <Boolean-expr>
86 Arden Syntax
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<duration-expr> (9.10.4 ) (7.1.4 )
<time-expr> (7.1.5 ) (11.2.2 ) time 9.17
)
<Boolean-expr> MLM true
13.3.3.1
MLM starting every
for for
every 1 day for 1 day starting 3 days after time of eventl MLM 2

13.3.3.2  Until

until

13.3.33

13.4 Evoke

Arden Syntax

4

MLM
true MLM
true MLM every

every 1 day for 14 days starting 1992-01-01T00:00:00
every 1 day for 14 days starting time of eventl

every 2 hours for 1 day starting 5 hours after the time of event2

every 1 week for 1 month starting 3 days after the time of event3 until last(serum_potassium) > 5.0

MLM

MLM

87
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A

Al BACKUS-NAUR

MLM syntax  Backus-Naur (BNF) 3
Backus-Naur (EBNF) Backus-Naur 3
<expression> - represents the non-terminal expression
"IF" - represents the terminal if, iF, If, or I[F
":=" - represents the terminal ;=
::= - is defined as

/*..*/ - a comment about the grammar

| - or

the
the
LALR(1)

[F¥*FFx* physical file containing one or more MLMs *****%/
[FFFEEE file of individual MLMs ******/
<mlms> ::=

<mlm>

| <mlm> <mlms>

/****** Categories ******/
<mlm> ::=

<maintenance category>

<library_category>

<knowledge category>

"END:"
<maintenance_category> ::=

"MAINTENANCE:" <maintenance_body>

88 Arden Syntax
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<maintenance _body> ::=
<title slot>
<mlmname_slot>
<arden_version_slot>
<version_slot>
<institution_slot>
<author_slot>
<specialist_slot>
<date_slot>

<validation_slot>

<library_category> ::=

"LIBRARY:" <library body>

<library body> ::=
<purpose_slot>
<explanation_slot>
<keywords_slot>
<citations_slot>

<links_slot>

<knowledge category> ::=
"KNOWLEDGE:" <knowledge body>

<knowledge body> ::=
<type_slot>
<data_slot>
<priority_slot>
<evoke_ slot>
<logic_slot>
<action_slot>

<urgency_slot>

/****** SlOtS ******/

[**EEEEX maintenance slots ******/

<title slot>::=

"TITLE:" <text>";;"

< <mlmname_slot> ::=
"MLMNAME:" <mlmname_text>";;"
| "FILENAME:" <mlmname_text>";;"
/* the "FILENAME:" form is only valid */
/* combination with the empty version */

/* of <arden_version_slot> */

<mlmname_text> ::=
<letter>

| <mlmname_text><mlmname_text rest>

Arden Syntax
Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.

2007

8

89



Arden Syntax for Medical Logic Systems

<mlmname_text rest> ::=
<letter>
| <digit>
‘ ||.||
‘ ||_H

non

<arden_version_slot> ::=
"ARDEN:" <arden_version>";;"

| *empty*/

<arden_version> ::=
HVERSIONH YI2H
| "VERSION" "2.1"

<version_slot> ::=

"VERSION:" <mlm_version>";;"

<mlm_version> ::=

<text>

<institution_slot> ::=

"INSTITUTION:" <text>";;"

<author_slot> ::=

"AUTHOR:" <text>";;"

<specialist_slot> ::=

"SPECIALIST:" <text>";;"

<date slot>::==

"DATE:" <mlm_date>";;"

<mlm_date> ::=
<iso_date>

| <iso_date time>

<validation_slot> ::=

/* the empty version is only valid */
/* combination with the "FILENAME" */

/* form of < mlmname_slot > */

/* text limited to 80 characters */

/* see 6.1.6 for details */

/* see 6.1.7 for details */

"VALIDATION:" <validation_code>";;"

<validation_code> ::=
"PRODUCTION"
| "RESEARCH"
| "TESTING"
| "EXPIRED"

/****** hbrary SlOtS ******/

<purpose_slot> ::=

"PURPOSE:" <text>";;"

<explanation_slot> ::=

"EXPLANATION:" <text>";;"

90
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<keywords_slot> ::=
"KEYWORDS:" <text>";;"

/* May require special processing to handle both list and text versions */

<citations_slot> ::=
/* empty */
| "CITATIONS:" <citations_list>";;"
| "CITATIONS:" <text>";;" /* deprecated -- supported for backward compatibility */

<citations_list> ::=
/* empty */
| <single citation>

| <single_citation>";" <citations_list>

<single_citation> ::=
<digits> "." <citation_type> <citation_text>

| <citation_text>
/* This is a separate definition to allow for future expansion */

<citation_text> ::=

<string>

<citation_type> ::=
/* empty */
| "SUPPORT"
| "REFUTE"

/* May require special processing to handle both list and text versions */

<links_slot> ::=
/* empty */
| "LINKS:" <links_list>";;"
| "LINKS:" <text>";;" /* deprecated - supported for backward*/
/* compatibility */

<links_list> ;==
/* empty */
| <single link>

| <links_list>";" <single link>

<single link> ::=

<link_type> <link name> <link_text>

<link type> ::==
/* empty */
| "URL_LINK"
| "MESH_LINK"
| "OTHER_LINK"
|"EXE_LINK"

<link_name> ::=
/* empty */

| <string>

Arden Syntax
Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.

2007

8

91



Arden Syntax for Medical Logic Systems

/* This is a separate definition to allow for future expansion */

<link_text> ==

<term>
[FEEFER knowledge slots *#*#%*/

<type_slot> 1=

"TYPE:" <type_code>";;"
/* This is a separate definition to allow for future expansion */

<type_code> ::=
"DATA_DRIVEN"
| "DATA-DRIVEN" /* deprecated -- supported for backwards */
/* compatibility */

<data_slot> ::=

"DATA:" <data_block>";;"

<priority_slot> ::=
/* empty */
| "PRIORITY:" <number> ";;"

<evoke slot> ::=

"EVOKE:" <evoke block>";;"

<logic_slot> ::=

"LOGIC:" <logic_block>";;"

<action_slot> ::=

"ACTION:" <action_block>";;"

<urgency_slot> ::=
/* empty */
| "URGENCY:" <urgency val>";;"

<urgency_val> ;=
<number>

| <identifier>
[FE*EEE [ogic block *H**H*/

<logic_block> ::=
<logic_block>";' <logic_statement>

| <logic_statement>

<logic_statement> ::=
/* empty */
| <logic_assignment>
| "IF" <logic_if then_else2>
| "FOR" <identifier> "IN" <expr> "DO" <logic_block>";" "ENDDO"
| "WHILE" <expr> "DO" <logic_block>";" "ENDDO"
| "CONCLUDE" <expr>
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<logic_if then else2> ::=

<expr> "THEN" <logic_block>";" <logic_elseif>";"

<logic_elseif> ::=
"ENDIF"
| "ELSE" <logic_block>";" "ENDIF"
| "ELSEIF" <logic_if then_else2>

<logic_assignment> ::=
<identifier becomes> <expr>
| <time_becomes> <expr>

| <identifier becomes> <call phrase>

<identifier_becomes> ::=
<identifier> ":="
| "LET" <identifier> "BE"
["NOW" ":="

<time becomes> ::=
"TIME" "OF" <identifier> “:="
| "TIME" <identifier> “:=”
| "LET" "TIME" "OF" <identifier> "BE"
|"LET" "TIME" <identifier> "BE"

<call phrase> ::=
"CALL" <identifier>
| "CALL" <identifier> "WITH" <expr>

/****** expressions ******/

<expr> =
<expr_sort>
| <expr>"," <expr_sort>

|"," <expr_sort>

<expr_sort> ::=
<expr_where>
| <expr_where> "MERGE" <expr_sort>
| "SORT" <expr_sort>

| "SORT" <sort_option> <expr_sort>

<sort_option> ::=
"TIME"
| "DATA"

<expr_where> ::=
<expr_range>

| <expr_range> "WHERE" <expr range>

<expr_range> .=
<expr_or>

| <expr_or>"SEQTO" <expr_or>
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<expr_or> ::=
<expr_or> “OR” <expr_and>

| <expr_and>

<expr_and> ::=
<expr_and> “AND” <expr_not>

| <expr_not>

<expr_not> ::=
“NOT” <expr_comparison>

| <expr_comparison>

<expr_comparison> ::=
<expr_string>
| <expr_find_string>
| <expr_string> <simple_comp_op> <expr_string>
| <expr_string> <is> <main_comp_op>
| <expr_string> <is> "NOT" <main_comp_op>
| <expr string> <in_comp_op>
| <expr_string> "NOT" <in_comp_op>
| <expr_string> <occur> <temporal_comp_op>
| <expr_string> <occur> "NOT" <temporal_comp_op>
| <expr_string> <occur> <range_comp_operator>
| <expr_string> <occur> "NOT" <range comp_operator>

| <expr_string> "MATCHES" "PATTERN" <expr_string>

<exp_find_string> ::=
"FIND" <expr_string> "IN" "STRING" <expr_string> <string_search_start>
| "FIND" <expr_string> "STRING" <expr_string> <string_search_start>

<expr_string> ==
<expr_plus>

| <expr_string>"||" <expr_ plus>
| <expr_string> "FORMATTED" "WITH" <format_string>
| "TRIM" <trim_option> <expr_string>

| "SUBSTRING" <expr_plus>"CHARACTERS" <string_search_start> "FROM" <expr_string>

<format_string> ::=
""" <format_specification>""" /* The format string is a true ~ */
/* Arden Syntax string, enclosed */
/* in a single pair of double ~ */

/* quotes (") */

<format_specification> ::=/* See section 9.8.2 and Annex 5 for */
/* explanation of valid combination and their */
/* meanings. */
<format_specificaton> <format_specification_single>

| <format_specification_single>

<format_specification_single>
"%"<format_options><format_ flag><width><precision>
/* No spaces are permitted between elements in above form */

| <text>
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<format_options> ::=

/* empty */

‘ ||+ll

‘ n_n

‘ ||0"

["™" /* space */

‘ ||#l|

<format flag> ::= /* Format flags ar e case sensitive */

N

‘ HCH

‘ ||dl|

‘ HIH

‘ ||0l|

‘ ||ul|

‘ ||Xl|

‘ ||XH

‘ ||eH

‘ ||E||

‘ HfV

‘ ||g"

‘ HGH

‘ ||nl|

‘ ||pl|

‘ ||SH

‘ nn

<width> ::=
/* empty */

| <digits>

<precision> ::=
/* empty */

| "."<digits>

<trim_option> ::=
/* empty */
| "LEFT"
| "RIGHT"

<string_search_start> ::=
/* empty */
| "STARTING" "AT" <expr_plus>

<expr_plus>::=
<expr_times>
| <expr_plus> "+" <expr_times>
| <expr_plus>"-" <expr_times>
| "+" <expr_times>

| "-" <expr_times>
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<expr_times> ::=
<expr_power>
| <expr_times> "*" <expr_power>

| <expr_times>"/" <expr_power>

<expr_power> ::=
<expr_before>
| <expr_function> "**" <expr_function>
/* exponent (second argument) must be an expression */

/* that evaluates to a scalar number */

<expr_before> ::=
<expr_ago>
| <expr_duration> "BEFORE" <expr_ago>
| <expr_duration>"AFTER" <expr_ago>

| <expr_duration> "FROM" <expr_ago>

<expr_ago> ;=
<expr_function>
| <expr_duration>

| <expr_duration>"AGO"

<expr_duration> ::=

<expr_function> <duration_op>

<expr_function> ::=
<expr_factor>
| <of func_op> <expr_function>
| <of func_op>"OF" <expr_function>
| <from_of func op> <expr_function>
| <from_of func op>"OF" <expr_function>
| <from_of func op> <expr_factor>"FROM" <expr_function>
| <from_func_op> <expr_factor> "FROM" <expr_function>
| <index_from_of func op> <expr_function>
| <index_from of func op>"OF" <expr_function>
| <index_from_of func op> <expr_factor>"FROM" <expr_function>
| <index_from func_op> <expr_factor>"FROM" <expr_function>

| <expr_factor>"AS" <as_func_op>

<expr_factor> ::=
<expr_factor atom>
| <expr_factor atom>"[" <expr>"]" /* number [<expr>] is not */

/* a valid construct ~ */
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<expr_factor_atom> ::=
<identifier>
| <number>
| <string>
| <time value>

| <boolean_value>

| "NULL"
| <it> /* Value of <it> is NULL outside ofa  */

/* where clause and may be flagged as an */

/* error in some implementations. oo
|"(" <expr>")"

[FEEFEE for readability **#%***/
<it> = "IT" | "THEY"
[RFEXEX comparison synonyms *F*#**/

<is>::="IS" | "ARE" | "WAS" | "WERE"

<occur> ::="OCCUR" | "OCCURS" | "OCCURRED"
[FFFEEE gperators FHHEHRE/

<simple_comp_op> ::=

o |nEQ
"< LT
"> | "GT
"<=" | LE
">=" | "GE"
["<>"  |"NE"

<main_comp_op> ::=
<temporal _comp op>
| <range comp_op>
| <unary_comp_op>

| <binary comp op> <expr_string>

/* the WITHIN TO operator will accept any ordered parameter, */

/* including numbers, strings (single characters), times, Boolean /*

<range_comp_op> ;==

"WITHIN" <expr_string> "TO" <expr_string>

Arden Syntax
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<temporal _comp_op> ::=
"WITHIN" <expr_string> "PRECEDING" <expr_string>
| "WITHIN" <expr_string> "FOLLOWING" <expr_string>
| "WITHIN" <expr_string> "SURROUNDING" <expr_string>
| "WITHIN" "PAST" <expr_string>
| "WITHIN" "SAME" "DAY" "AS" <expr_string>
| "BEFORE" <expr_string>
| "AFTER" <expr_string>
| "EQUAL" <expr_string>

| "AT" <expr_string>

<unary_comp_op> ::=
"PRESENT"
| "NULL"
| "BOOLEAN"
| "NUMBER"
| "TIME"
| "DURATION"
| "STRING"
| "LIST"

<binary_comp_op> ::=
"LESS" "THAN"
| "GREATER" "THAN"
| "GREATER" "THAN" "OR" "EQUAL"
| "LESS" "THAN" "OR" "EQUAL"
| "IN"

<of func op>::=
<of read_func_op>

| <of noread func op>

<in_comp op> :=
HIN"

<of read func op>::=
"AVERAGE" |"AVG"
| "COUNT"
| "EXIST" | "EXISTS"
|"SUM"
| "MEDIAN"
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<of noread_func op> ::=
"ANY"
|"ALL"
| "NO"
| "SLOPE"
| "STDDEV"
| "VARIANCE"
| "INCREASE"
| "PERCENT" "INCREASE" | "%" "INCREASE"
| "DECREASE"
| "PERCENT" "DECREASE" | "%" "DECREASE"
| "INTERVAL"
| "TIME"
| "ARCCOS"
| "ARCSIN"
|"ARCTAN"
| "COSINE" |"COS"
["SINE" |"SIN"
|"TANGENT" |"TAN"
| "EXP"
| "FLOOR"
["INT"
| "ROUND"
| "CEILING"
| "TRUNCATE"
| "LOG"
["LOG10"
|"ABS"
| "SQRT"
|"EXTRACT" "YEAR"
|"EXTRACT" "MONTH"
|"EXTRACT" "DAY"
|"EXTRACT" "HOUR"
|"EXTRACT" "MINUTE"
| "EXTRACT" "SECOND"
| "STRING"
|"EXTRACT" "CHARACTERS"
| "REVERSE"
| "LENGTH"
| "UPPERCASE"
| "LOWERCASE"

<from_func_op> ::=

"NEAREST"

<index_from_func op> ::=

"INDEX" "NEAREST"
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<from_of func op>::=
"MINIMUM" | "MIN"
| "MAXIMUM" | "MAX"
|"LAST"
| "FIRST"
| "EARLIEST"
| "LATEST"

<index_from of func op>::=

"INDEX" "MINIMUM" | "INDEX" "MIN"
| "INDEX" "MAXIMUM" | "INDEX" "MAX"

| "INDEX" "EARLIEST"
| "INDEX" "LATEST"

<as_func op>::=

"NUMBER"

<duration_op> ::=
"YEAR" | "YEARS"
| "MONTH" | "MONTHS"
| "WEEK" | "WEEKS"
| "DAY" | "DAYS"
| "HOUR" | "HOURS"
| "MINUTE" | "MINUTES"
| "SECOND" | "SECONDS"

/****** factors ******/

<boolean_value> ::=
"TRUE"
| "FALSE"

<time_value> ::=
"NOW"
| <iso_date time>
| <iso_date>
| "EVENTTIME"
| "TRIGGERTIME"
| "CURRENTTIME"

/****** data blOCk ******/

<data_block> ::=

<data_block> ”;” <data_statement>

| <data_statement>

<data_statement> ::=
/* empty */
| <data_assignment>

| "IF" <data_if then_else2>

| "FOR" <identifier> "IN" <expr> "DO" <data_block>";" "ENDDO"

| "WHILE" <expr> "DO" <data_block>";" "ENDDO"
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<data_if then else2> ::=
<expr> "THEN" <data_block>";" <data_elseif>

<data_elseif> ::=
"ENDIF"
| "ELSE" <data_block>";" "ENDIF"
| "ELSEIF" <data_if then else2>

<data_assignment> ::=
<identifier becomes> <data_assign_phrase>
| <time_becomes> <expr>
| "(" <data_var_list>")" ":=" "READ" <read_phrase>
|"LET" "(" <data_var_list>")" "BE" "READ" <read_phrase>
| "(" <data_var_list>")" ":=" "ARGUMENT"
|"LET" "(" <data_var_list>")" "BE" "ARGUMENT"

<data_var_list> ::=
<identifier>

| <identifier> "," <data_var_list>

<data_assign_phrase>::= "READ" <read_phrase>
| "MLM" <term>
| "MLM" <term> "FROM" "INSTITUTION" <string>
|"MLM" "MLM_SELF"
| "INTERFACE" <mapping_factor>
| "EVENT" <mapping_factor>
| "MESSAGE" <mapping_factor>
| "DESTINATION" <mapping_factor>
| "ARGUMENT"
| <call_phrase>

| <expr>

<read_phrase> ::=
<read_where>
| <of read func op> <read where>
| <of read_func_op>"OF" <read where>
| <from_of read func op> <read where>
| <from_of read_func_op> "OF" <read where>
| <from_of read func_op> <expr_factor> "FROM" <read where>
<read_where> ::=
<mapping_factor>

| <mapping_factor>"WHERE" <it> <occur> <temporal comp_op>

| <mapping_factor> "WHERE" <it> <occur> "NOT" <temporal comp op>

| <mapping_factor> "WHERE" <it> <occur> range comp_op
| <mapping_factor>"WHERE" <it> <occur> "NOT" range_comp_op

| "(" <read_where>")"

<mapping_factor> ::=

"{" <data_mapping> "}"
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prasik eyoke block ¥/

<evoke block> ::=
<evoke_ statement>

| <evoke block>";" <evoke statement>

<evoke_statement> ::=
/* empty */
| <event_or>
| <evoke time>
| <qualified_evoke cycle>

| "CALL" /* deprecated -- kept for backward compatibility */

<event_list> ::=
<event_or>

| <event_list>"," <event_or>

<event_or> ::=
<event_or> "OR" <event_any>

| <event_any>

<event_any> ::=
"ANY" "(" <event_list>")"
["ANY" "OF" "(" <event_list>")"
| "ANY" <identifier>
["ANY" "OF" <identifier>

| <event_factor>

<event_factor> ::=
H(H <€Vent70r> H)H

| <identifier>

<evoke time> ::=
<evoke duration>"AFTER" <evoke time>
| "TIME" <event_any>
| "TIME" "OF" <event_any>
| <iso_date time>

| <iso_date>

<qualified_evoke cycle> ::=
<simple_evoke cycle>

| <simple_evoke cycle>"UNTIL" <expr>

<simple_evoke cycle> ;==
"EVERY" <evoke_duration> "FOR" <evoke duration>"STARTING" <evoke time>

<evoke duration> ::=

<number> <duration_op>
[RHEXAE getion block *HH*H**/

<action_block> ::=
<action_statement>

| <action_block>";" <action_statement>
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<action_statement> ::=
/* empty */
| "IF" <action_if then else2>
| "FOR" <identifier> "IN" <expr> "DO" <action_block>";" "ENDDO"
| "WHILE" <expr>"DO" <action_block>";" "ENDDO"
| <call_phrase>
| <call phrase> "DELAY" <expr>
| "WRITE" <expr>
| "WRITE" <expr>"AT" <identifier>
| "RETURN" <expr>

<action_if then_else2> ::=

<expr> "THEN" <action_block>";" <action_elseif>

<action_elseif> ;==
"ENDIF"
| "ELSE" <action_block>";" "ENDIF"
| "ELSEIF" <action_if then_else2>

[**EEEE Joxical constructs ******/

/* Unless otherwise specificed, characters are the printable ASCII */
/* characters (ASCII 33 through and including 126), ( See 5.2) */
/* The space, carriage return, line feed, horizontal tab, vertical tab, */
/* and form feed are collectively referred to as white space. */
/* See also Section 7.1.10. */
<string> ::=
/* any string of characters enclosed in double quotes (" ASCII 22) */
/* with nested "" but without ";;" */
/* (character set limitations do not apply here) */
<identifier> ::=
/* up to 80 characters total (no reserved words allowed) */
<letter> <identifier rest>
<identifier rest>::= /* no spaces are permitted between elements */
/* empty */
| <letter> <identifier>
| <digit> <identifier>
| "_" <identifier>
<text> ::=
/* any string of characters without ";;" */
<format_text> ::=
/* any string of characters */
<number> ::= /* no spaces are permitted between elements */
<digits> <exponent>
| <digits>"." <exponent>
| <digits> "." <digits> <exponent>
| "." <digits> <exponent>
Arden Syntax
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<exponent> ::=

/* null */

| <e> <sign> <digits>

/* no spaces are permitted between elements */

<e> =
nE"
e"
<sign> ::=
/* null */
|
|
<digits> == /* no spaces are permitted between elements */
<digit>
| <digit> <digits>
<digit> ;==
no"
KR
2"
"3
|4
s
6"
"7
8"
9"
<letter> ::=
"a" |"b" | "c" |"d"
["e" ["f" ["g" |"h"
Ptk
"o | "
g e s |
[
["y" "z
A" |"B"|"C" | "D"
|"E" |"F" |"G" | "H"
T KL
| "M"["N" ["O" | "P"
"Q"["R" |"S" | "T"
UV WX
Y|z
<iso_date> ::= /* no spaces are permitted between elements */

<digit> <digit> <digit> <digit> "-" <digit> <digit> "-" <digit> <digit>

<iso_date_time> ::= /* no spaces are permitted between elements */
<digit> <digit> <digit> <digit> "-" <digit> <digit> "-" <digit> <digit> <t>
<digit> <digit> ":" <digit> <digit>":" <digit> <digit>
<fractional_seconds>

<time_zone>
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Arden Syntax

<t>:=
npn
‘ ||t||
<fractional seconds> ::= /* no spaces are permitted between elements */
" <digits>
| /* empty */
<time_zone> ::= /* no spaces are permitted between elements */
/* null */
| <zulu>
| "+" <digit> <digit> ":" <digit> <digit>
| "-" <digit> <digit> ":" <digit> <digit>
<zulu> =
ngn
‘ ||le
<term> ::=

/* any string of characters enclosed in single quotes (', ASCII 44) without ";;" */

<data_mapping> ::=
/* any balanced string of characters enclosed in curly brackets { } */
/* (ASCII 123 and 125, respectively) without ";;" the data mapping */

/* does not include the curly bracket characters */

<multi_line_comment> ::=

/* any string of characters enclosed between pairs of "/*" and"*/" */

/* (character set limitations do not apply here) */

<single line comment> ::=

/* any string of characters located between "//" and */
/* an end-of-line markner (CR, LF, or CR/LF pair) */
/* (character set limitations do not apply here) */
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A2.
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abs destination institution ne
action do int nearest
after duration interface no
ago earliest interval not
alert else is now
all elseif it null
and enddo keywords number
any endif knowledge occur
arccos end last occurred
arcsin eq latest occurs
arctan equal le of
arden event left or
are eventtime length past
argument every less pattern
as evoke let percent
at exist library preceding
author exists links present
average exp list priority
avg expired log production
be explanation logl0 purpose
before extract logic read
Boolean false lowercase refute
call filename It research
ceiling find maintenance return
characters first matches reverse
citations floor max right
conclude following maximum round
cos for median same
cosine formatted merge second
count from message seconds
currenttime ge min seqto
data greater minimum sin
data_driven gt minute sine
data-driven hour minutes slope
date hours mlm sort
day if mlmname specialist
days in mlm_self sqrt
decrease increase month starting
delay index months stddev
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string
substring
sum
support
surrounding
tan
tangent
testing
than

the

then

they

time

title

to
triggertime
trim

true
truncate
type
unique
until
uppercase
urgency
validation
variance
version
was

week
weeks
were
where
while
with
within
write
year

years
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union

A3.

Arden Syntax
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citation
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A4,

A4.1

A4.2

A4.3

° [of] of

, ... (left associative)
merge ... (left associative)

sort ... (non-associative)

.. where ... (non-associative)

..or ... (left associative)

..and ... (left associative) not ... (non-associative)

110
2007

o

.=..%...eq..°%..isequal ... (non-associative)

. <>..%..ne..°..isnotequal ... (non-associative)
L <. %0 It 0L is less than ... © ... is not greater than or equal ... (non-associative)
.<=..%..le..°...isless than or equal ... ° ... is not greater than ... (non-associative)
> % gt % is greater than ... ° ... is not less than or equal ... (non-associative)
.>=..%..ge..°..is greater than or equal ... ° ... is not less than ... (non-associative)
.. is within ... to ... (non-associative)

.. is not within ... to ... (non-associative)

.. 1s within ... preceding ... (non-associative)

.. 1s not within ... preceding ... (non-associative)
.. is within ... following ... (non-associative) ... is not within ... following ... (non-associative)
.. 18 within ... surrounding ... (non-associative)

.. s not within ... surrounding ... (non-associative)
.. 1s within past ... (non-associative)

.. s not within past ... (non-associative)

.. 1s within same day as ... (non-associative)

.. 1s not within same day as ... (non-associative)

.. is before ... (non-associative)

.. is not before ... (non-associative)

.. is after ... (non-associative)

.. is not after ... (non-associative)

..occur equal ... ° ... occur at ... (non-associative)
.. occur within ... to ... (non-associative)

.. occur not within ... to ... (non-associative)

.. occur within ... preceding ... (non-associative)

.. occur not within ... preceding ... (non-associative)
.. occur within ... following ... (non-associative)

.. occur not within ... following ... (non-associative)

8 Health Level Seven inc, HL7
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.. occur within ... surrounding ... (non-associative)
... occur not within ... surrounding ... (non-associative)
.. occur within past ... (non-associative)

.. occur not within past ... (non-associative)

.. occur within same day as ... (non-associative)

.. occur not within same day as ... (non-associative)
.. occur before ... (non-associative)

.. occur not before ... (non-associative)

.. occur after ... (non-associative)

.. occur not after ... (non-associative)

..isin... ° ... in ... (non-associative)
..isnotin... ° ... notin ... (non-associative)

.. is present ° ... is not null (non-associative)

.. is not present ° ... is null (non-associative)

.. 1s Boolean (non-associative)

.. is not Boolean (non-associative)

.. is number (non-associative)

.. s not number (non-associative)

.. 1s time (non-associative)

.. isnot time (non-associative)

.. is duration (non-associative)

.. s not duration (non-associative)

.. 1s string (non-associative)

.. 18 not string (non-associative)

.. 1s list (non-associative)

.. is not list (non-associative)

.|| ... (left associative)

... formatted with ... (non- associative)

uppercase ... (right associative)

lowercase ... (right associative)

trim ... (right associative)

trim left ... (right associative)

trim right ... (right associative)

substring ... characters from ... (right associative)

substring ... characters from ... starting at ... (right associative)

+ ... (non-associative)
... T ... (left associative)
- ... (non-associative)
... = ... (left associative)

... ... (left associative)
... /... (left associative)

.. ¥* . (non-associative)

.. round ... (non-associative)

.. before ... (non-associative)
..after... ° ... from ... (non-associative)

..ago (non-associative)

.. year ° ... years (non-associative)

.. month ° ... months (non-associative)
.. week ° ... weeks (non-associative)
..day ° ... days (non-associative)

Arden Syntax
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.. hour ° ... hours (non-associative)

.. minute ° ... minutes (non-associative)
..second ° ... seconds (non-associative)
...matches pattern ... (non-associative)

find ... [in] ... (right associative)

find ... [in] ... starting at ... (right associative)

count [of] ... (right associative)

exist [of] ... (right associative)

avg [of] ... ® average [of] ... (right associative)

median [of] ... (right associative)

sum [of] ... (right associative)

stddev [of] ... (right associative)

variance [of] ... (right associative)

any [of] ... (right associative)

all [of] ... (right associative)

no [of] ... (right associative)

slope [of] ... (right associative)

min ... from ° minimum ... from ... (right associative)

min [of] ... ° minimum [of] ... (right associative)

max ... from ... ° maximum ... from ... (right associative)
max [of] ... ° maximum [of] ... (right associative)

index min ... from ° index minimum ... from ... (right associative)
index min [of] ... ° index minimum [of] ... (right associative)
index max ... from ... ° index maximum ... from ... (right associative)
index max [of] ... © index maximum [of] ... (right associative)
last ... from ... (right associative)

last [of] ... (right associative)

first ... from ... (right associative)

first [of] ... (right associative)

latest ... from ... (right associative)

latest [of] ... (right associative)

earliest ... from ... (right associative)

earliest [of] ... (right associative)

nearest ... from ... (right associative)

index nearest ... from ... (right associative)

increase [of] ... (right associative)

decrease [of] ... (right associative)

percent increase [of] ... © % increase [of] ... (right associative)
percent decrease [of] ... ° % decrease [of] ... (right associative)
interval [of] ... (right associative)

time [of] ... (right associative)

arccos [of] ... (right associative)

arcsin [of] ... (right associative)

arctan [of] ... (right associative)

cos [of] ... ° cosine [of] ... (right associative)

sin [of] ... ® sine [of] ... (right associative)

tan [of] ... © tangent [of] ... (right associative)

exp [of] ... (right associative)

floor [of] ... (right associative)

ceiling [of] ... (right associative)

truncate [of] ... (right associative)

log [of] ... (right associative)

logl0 [of] ... (right associative)

abs [of] ... (right associative)

sqrt [of] ... (right associative)

extract year [of] ... (right associative)

extract month [of] ... (right associative)

extract hour [of] ... (right associative)

112 Arden Syntax
2007 8 Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.



Arden Syntax for Medical Logic Systems

extract minute [of] ... (right associative)
extract second [of] ... (right associative)
reverse [of] ... (right associative)
extract characters [of] ... (right associate)
string [of] ... (right associative)

length [of] ... (right associative)

Arden Syntax 113
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A5.

As.1

AS5.2

flags

114
2007

Character

(e}

o 0O

(9.8.2)

type Required character that determines whether the associated argument is interpreted as a character, a string, or a number.

Type
number
number
number
number
number
number
number
number

number

number

double

double

double

Not supported.
Not supported.
string

time

Table A5-1
Output Format

The number is assumed to represent a character code to be output as a character.
The number is assumed to represent a character code to be output as a character.
Signed decimal integer.

Signed decimal integer.

Unsigned octal integer.

Unsigned decimal integer.

Unsigned hexadecimal integer, using "abcdef."

Unsigned hexadecimal integer, using "ABCDEE."

Signed value having the form [ — ]d.dddd e [sign]ddd where d is a single decimal digit,
dddd is one or more decimal digits, ddd is exactly three decimal digits, and sign is + or —

Identical to the e format, except that E, rather than e, introduces the exponent.

Signed value having the form [ — ]Jdddd.dddd, where dddd is one or more decimal digits.
The number of digits before the decimal point depends on the magnitude of the number,
and the number of digits after the decimal point depends on the requested precision.

Signed value printed in f or e format, whichever is more compact for the given value
and precision. The e format is used only when the exponent of the value is less than —4
or greater than or equal to the precision argument. Trailing zeros are truncated, and the
decimal point appears only if one or more digits follow it.

Identical to the g format, except that E, rather than e, introduces the exponent (where
appropriate).

Not supported.
Not supported.
Specifies a character. Characters are printed until the precision value is reached.

A time is printed based on the user's environment settings and the precision value.

Optional character or characters that control justification of output and printing of signs, blanks, decimal points,
and octal and hexadecimal prefixes. More than one flag can appear in a format specification.

8
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Flag Meaning

Table A5-2

- Left align the result within the given field width.

+ Prefix the output value with a sign (+ or —) if the output value is of
a signed type.
0 If width is prefixed with 0, zeros are added until the minimum

width is reached. If 0 and — appear, the 0 is ignored. If 0 is specified

with an integer format (I, u, X, X, o, d) the 0 is ignored.

Space  Prefix the output value with a space if the output value is signed

and positive; the space is ignored if both the space and + flags

appear.

# When used with the o, x, or X format, the # flag prefixes any
nonzero output value with 0, 0x, or 0X, respectively.

# When used with the e, E, or f format, the # flag forces the output

value to contain a decimal point in all cases.

When used with the g or G format, the # flag forces the output

value to contain a decimal point in all cases and prevents the
truncation of trailing zeros.

# Ignored when used with ¢, d, i, u, or s.
width Width
flag width 0

Width
Width * Width

width

precision
Arden Syntax
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Default

Right align.

Sign appears only for
negative signed values (-).

No padding.

No space appears.

No blank appears.

Decimal point appears only
if digits follow it.

Decimal point appears only
if digits follow it. Trailing
zeros are truncated.
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Type
c,C

d5 i? u’
0,Xx, X

e, E

g G

Table A5-3
Meaning

The precision has no effect.

The precision specifies the minimum number of digits
to be printed. If the number of digits in the argument is
less than precision, the output value is padded on the
left with zeros. The value is not truncated when the
number of digits exceeds precision.

The precision specifies the number of digits to be
printed after the decimal point. The last printed digit is
rounded.

The precision value specifies the number of digits after
the decimal point. If a decimal point appears, at least
one digit appears before it. The value is rounded to the
appropriate number of digits.

The precision specifies the maximum number of
significant digits printed. The last printed digit is
rounded.

The precision specifies the maximum number of
characters to be printed. Characters in excess of
precision are not printed.

The precision specifies how many of the date and time
fields are printed. The order and format of the fields
are implementation specific. Non-printed fields are
truncated (rounded down).

0: Year only

1: Year, Month

2: Date (Year, Month, Day)
3: Date, hour

4: Date, hour, minute

5: Date, hour, minute, second

Health Level Seven inc,

HL7

Default

Character is printed.

Default precision is 1.

Default precision is 6; if precision is 0,
or the period (.) appears without a
number following it, no decimal point
is printed.

Default precision is 6; if precision is 0,
or if the period (.) appears without a
number following it, no decimal point
is printed.

Six significant digits are printed, with
any trailing zeros truncated.

Characters are printed until a null
character is encountered.

All fields are printed.

Arden Syntax
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X1
X1.1

X1.2

X1.3

Write DTD

Structured Message

<structured.message> XML

<?xml version="1.0"?>
Usage Notes

" XML

nn

Document Type Definition (DTD)

Document Type Definition (DTD) <structured.message> XML
DTD <structured.message>
DTD

<?xml version="1.0"?>

<!-- DOCTYPE structured.message SYSTEM "StructuredMessage.dtd" Arden Syntax 2.1 -->

<IDOCTYPE structured.message [

<IELEMENT structured.message (body+, distribution.list?)>

<IELEMENT body (subject?, context*, conclusion, recommendation®, citation*)>

<IELEMENT subject (#PCDATA)>

<!IELEMENT context (#PCDATA)>

<IELEMENT conclusion (#PCDATA)>

<IELEMENT recommendation  (instruction, choice.list?)>

<!ELEMENT instruction (#PCDATA)>

<IELEMENT choice.list (choice+)>

<IATTLIST choice.list type (at.least|at.most/exactly) #IMPLIED
number CDATA #IMPLIED>

<IELEMENT choice (#PCDATA)>

<IATTLIST choice id CDATA #IMPLIED>

<!IELEMENT citation (#PCDATA)>

<IATTLIST citation position (support|refute) #IMPLIED>

<IELEMENT distribution.list (distribution+)>

<IELEMENT distribution  (recipient+, workflow?)>

<IELEMENT recipient (#PCDATA)>

<IATTLIST recipient role CDATA #IMPLIED>

<IELEMENT workflow (closure.select?, forwarding.select?,
coverage.select?, timers.select?)>

<IELEMENT closure.select EMPTY>

<IATTLIST closure.select  required (true|false) "false">

<IELEMENT forwarding.select EMPTY>

<IATTLIST forwarding.select enabled (true|false) "false">

<IELEMENT coverage.select EMPTY>

<IATTLIST coverage.select enabled (true|false) "false">

<IELEMENT timers.select  (timeout+)>

<IELEMENT timeout (#PCDATA)>

<!ATTLIST timeout type (submission.ack|delivery.ack|display.ack|closure.ack) #IMPLIED>

>

Arden Syntax 117
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X14
<structured.message>
X1.4.1 <structured.message>
XML MLM MLM
<body>

<distribution.list>

X1.42 <body>

MLM <subject>
0 <context> <conclusion> 0 <recommendation> 0
<citation>
X1.4.3 <subject>
MLM MLM «
X1.4.4 <context>
MLM

X1.4.5 <conclusion>

MLM  logic true MLM “

2

X1.4.6 <recommendation>

MLM  logic MLM
<instruction> <choice.list>

X1.4.7 <instruction>

X1.4.8 <choice.list>

<choice>
type number MLM
Type “at.least” “at.most” “exactly”
Number XML CDATA
”<” 9’>9’ 9’&9’
X1.4.9 <choice>
118 Arden Syntax
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“50%
XML CDATA
”<” 7’>7’ 7’&7’
X1.4.10 <citation>
6.2.4 MLM  logic
position
“refute” logic
Position
X1.4.11 <distribution.list>
MLM
<distribution>
X1.4.12 <distribution>
distribution
<workflow>
X1.4.13 <recipient>
“person” “role” “group” ‘“unspecified”
’?GrOup’9
”Roleﬁ’
”Unspecified”
MLM
”Unspecified”
type ”person”
X1.4.14 <workflow>
MLM
<closure.select>
<forwarding.select> <coverage.select>
<timers.select>
X1.4.15 <closure.select>
Closure
MLM
”true” ”false”
Q’tme”

X1.4.16 <forwarding.select>

Arden Syntax
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id

“support” logic

<recipient>

type

”Person”

required

2007
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Forwarding enabled
MLM
”true” ,7false’7 ”true”

X1.4.17 <coverage.select>

Coverage
enabled MLM
”true7’ ”false7’

tE)

“true
X1.4.18 <timers.select>

<timuout>

X1.4.19 <timeout>

type
“submission.ack” “delivery.ack”
“display.ack” “closure.ack”

type

X1.5

<?xml version="1.0"?>
<IDOCTYPE structured.message SYSTEM " StructuredMessage.dtd">
<structured.message>
<body>
<subject>Critical Lab Result</subject>
<context>Mary Smith had a blood sugar of 120 two weeks ago.</context>
<conclusion>Mary Smith's blood sugar is critical at 435 mg/dl. </conclusion>
<citation>See Pharmacy and Therapeutics committee standard criteria for abnormal lab studies.</citation>
</body>
<distribution.list>
<distribution>
<recipient role:
<workflow>
<closure.select required="true"/>
<forwarding.select enabled="true"/>
<coverage.select enabled="false"/>
<timers.select>
<timeout type="closure.ack"/>
</timers.select>
</workflow>
</distribution>
</distribution.list>
</structured.message>

personal physician">Dr. John Jones</recipient>
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X2. MLM

MLM

MLM

www.cpmc.columbia.edu/arden

X21

MLM

maintenance:

title: Fractional excretion of sodium;;

mlmname: fractional na;;

arden: Version 2;;

version: 1.00;;

institution: Columbia-Presbyterian Medical Center;;

author:  George Hripcsak, M.D.
(hripcsak@cucis.cis.columbia.edu);;

specialist: ;;
date: 1991-03-13;;

validation: testing;;

library:

purpose:
Calculate the fractional excretion of sodium whenever urine
electrolytes are stored. (This MLM demonstrates data
interpretation across independent laboratory results.);;

explanation:
The fractional excretion of sodium is calculated from the urine
sodium and creatinine and the most recent serum sodium and
creatinine (where they occurred within the past 24 hours). A
value less than 1.0 % is considered low.;;

keywords: fractional excretion; serum sodium; azotemia;;

citations:
1. Steiner RW. Interpreting the fractional excretion of sodium.
Am J Med 1984;77:699-702.;;

knowledge:

type: data-driven;;

data:
let (urine_na, urine_creat) be read last
({urine electrolytes where evoking}
where they occurred within the past 24 hours) ;
let (serum_na, serum_creat) be read last
({serum electrolytes where they are not null}
where they occurred within the past 24 hours) ;
let urine_electrolyte storage be event
{storage of urine electrolytes}

s

evoke:

urine_electrolyte storage;;

logic:

Arden Syntax
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/* calculate fractional excretion of sodium */
let fractional na be 100 * (urine_na / urine_creat)/
(serum_na / serum_creat) ;
/* if the frational Na is invalid (e.g., if the */
/* urine or serum sample is QNS) then stop here */
if fractional na is null then
conclude false ;
endif ;
/* check whether the fractional Na is low */
let low_fractional nabe  fractional na<1.0;
/* send the message */
conclude true ;

2
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action:
if low_{fractional na then
write "The calculated fractional excretion of sodium is low ("

|| fractional na || "). If the patient is azotemic, " ||
"this number may indicate: volume depletion, " ||
"hepatic failure, congestive heart failure, acute " ||
"glomerulonephritis, oliguric myoglobinuric or " ||
"hemoglobinuric renal failure, oliguric contrast " ||
"nephrotoxicity, polyuric renal failure with severe " ||
"burns, renal transplant rejection, 10 % of cases " ||
"with non-oliguric acute tubular necrosis, and " ||
"several other forms of renal injury.";

else

write "The calculated fractional excretion of sodium is " ||

"not low (" || fractional na || "). If the patient " ||
"is azotemic, this may indicate: acute renal " ||
"parenchymal injury, volume depletion coexisting " ||
"with diurectic use or pre-existing chronic renal " ||
"disease, and up to 10 % of cases of uncomplicated " ||
"volume depletion.";

endif;

end:

X2.2 MLM

maintenance:
title: Screen for hypercalcemia for Dr. B.'s study;;
mlmname: hypercalcemia_for b;;
arden: Version 2;;
version: 2.02;;
institution: Columbia-Presbyterian Medical Center;;
author: George Hripcsak, M.D.;;
specialist: ;;
date: 1990-12-04;;
validation: research;;
library:

purpose:
Screen for hypercalcemia for Dr. B.'s study. (This MLM demonstrates
screening patients for clinical trials.);;

explanation:
The storage of a serum calcium value evokes this MLM. If a serum
albumin is available from the same blood sample as the calcium,
then the corrected calcium is calculated, and patients with actual
or corrected calcium greater than or equal 11.5 are accepted; if
such a serum albumin is not available, then patients with actual
calcium greater than or equal 11.0 are accepted. Patients with
serum creatinine greater than 6.0 are excluded from the study.;;

keywords: hypercalcemia;;
citations: ;;

knowledge:
type: data-driven;;

data:
/* the storage of a calcium value evokes this MLM */
storage of calcium :=event {‘06210519°,°06210669°} ;
/* total calcium in mg/dL */
calcium := read last {*06210519°,°06210669’;’CALCIUM’} ;
/* albumin in g/dL */
evoking_albumin := read last {‘06210669’;” ALBUMIN’ where evoking} ;
/* albumin in g/dL; not necessarily from same test as Ca */
last_albumin :=read last ({*06210669’;’ALBUMIN’}

where it occurred within the past 2 weeks) ;

/* creatinine in mg/dL; not necessarily from same test as Ca */
creatinine := read last ({*06210669°,06210545°,°06000545’;CREAT’}
where it occurred within the past 2 weeks) ;

2

evoke:
storage_of calcium;;
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logic:
/* make sure the Ca is present (vs. hemolyzed, ...) */
IF calcium is not present THEN
conclude false ;
ENDIF ;
/* if creatinine is present and greater than 6, then stop now */
IF creatinine is present THEN
IF creatinine is greater than 6.0 THEN
conclude false ;
ENDIF ;
ENDIF ;
/* is an albumin present for the same sample as the calcium */
IF evoking_albumin is present THEN
/* calculate the corrected calcium */
IF evoking_albumin is less than 4.0 THEN
corrected_calcium := calcium + (4.0-evoking_albumin)*0.8 ;
ELSE
/* corrected is never less than actual */
corrected_calcium := calcium ;
ENDIF ;
/* test for total or corrected calcium >= 11.5 */
IF calcium >= 11.5 OR corrected_calcium >= 11.5 THEN
message := "calcium =" || calcium ||
"on " || time of calcium ||
" (corrected calcium =" ||
corrected_calcium || ")" ;
message := message||"; albumin = "||evoking_albumin ;
IF creatinine is present THEN
message := message||
"; last creatinine = "||creatinine ;
message := messagel||
"; (total or corrected calcium " ||
"was at least 11.5)" ;
conclude true ;
ELSE
conclude false ;
ENDIF ;
ENDIF
/* no evoking albumin was present */
ELSE
/* check for true calcium >=11.0 */
IF calcium >= 11.0 THEN
message := "calcium = "||calcium||" on "||time of calcium ;
IF last_albumin is present THEN
message := message||"; last albumin "||
"(not from same blood sample as calcium) ="||
last_albumin ;
IF creatinine is present THEN
message := message|| "; last creatinine ="
|[creatinine ;
message := message||
"; (total calcium was at least 11.0; "||
"corrected calcium was not calculated)" ;
conclude true ;

ELSE
conclude false ;
ENDIF ;
ENDIF ;
ENDIF ;
ENDIF ;

5
action: write "hypercalcemia study: " || message;;
urgency: 50;;

end:

X2.3 MLM

maintenance:
title: Check for penicillin allergy;;
mlmname: pen_allergy;;
arden: ASTM-E1460-1995;;
version: 1.00;;
institution: Columbia-Presbyterian Medical Center;;
author: George Hripcsak, M.D.;;

specialist: ;;

Arden Syntax
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date: 1991-03-18;;
validation: testing;;
library:
purpose:
When a penicillin is prescribed, check for an allergy. (This MLM
demonstrates checking for contraindications.);;

explanation:
This MLM is evoked when a penicillin medication is ordered. An
alert is generated because the patient has an allergy to penicillin
recorded.;;

keywords: penicillin; allergy;;
citations: ;;
knowledge:

type: data-driven;;

data:

/* an order for a penicillin evokes this MLM */

penicillin_order := event {medication_order where

class = penicillin};
/* find allergies */
penicillin_allergy := read last {allergy where
agent_class = penicillin};

evoke:

penicillin_order;;
logic:

if exist(penicillin_allergy)then

conclude true;

endif;
action:

write "Caution, the patient has the following allergy to penicillin documented: " || penicillin_allergy;;
urgency: 50;;

end:

X2.4 MLM

maintenance:
title: Dosing for gentamicin in renal failure;;
mlmname: gentamicin_dosing;;
arden: ASTM-E1460-1995;;
version: 1.00;;
institution: Columbia-Presbyterian Medical Center;;
author: George Hripcsak, M.D.;;
specialist: ;;
date: 1991-03-18;;
validation: testing;;
library:
purpose:
Suggest an appropriate gentamicin dose in the setting of renal
insufficiency. (This MLM demonstrates a management suggestion.);;

explanation:
Patients with renal insufficiency require the same loading dose of
gentamicin as those with normal renal function, but they require a
reduced daily dose. The creatinine clearance is calculated by serum
creatinine, age, and weight. If it is less than 30 ml/min, then an
appropriate dose is calculated based on the clearance. If the
ordered dose differs from the calculated dose by more than 20 %,
then an alert is generated.;;

keywords: gentamicin; dosing;;
citations: ;;

knowledge:
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type: data-driven;;

data:
/* an order for gentamicin evokes this MLM */
gentamicin_order := event {medication_order where
class = gentamicin} ;
/* gentamicin doses */
(loading_dose,periodic_dose,periodic_interval) :=
read last {medication_order initial dose,
periodic dose, interval} ;
/* serum creatinine mg/dl */
serum_creatinine := read last ({serum_creatinine}
where it occurred within the past 1 week) ;
/* birthdate */
birthdate := read last {birthdate} ;
/* weight kg */
weight := read last ({weight}
where it occurred within the past 3 months) ;
evoke:
gentamicin_order;;
logic:
age := (now - birthdate)/1 year ;
creatinine _clearance := (140 - age) * (weight)/
2 * serum_creatinine) ;
/* the algorithm can be adjusted to handle higher clearances */
if creatinine clearance < 30 then
calc_loading_dose := 1.7 * weight ;
calc_daily_dose :=3 * (0.05 + creatinine_clearance / 100) ;
ordered_daily _dose :=periodic_dose *
periodic_interval/(1 day) ;
/* check whether order is appropriate */
if (abs(loading_dose - calc_loading_dose)/
calc_loading_dose > 0.2)
or
(abs(ordered_daily dose - calc_daily_dose)/
calc_daily dose > 0.2)then
conclude true ;
endif';
endif’;
action:
write "Due to renal insufficiency, the dose of gentamicin " ||
"should be adjusted. The patient's calculated " ||
"creatinine clearance is " || creatinine clearance ||
" ml/min. A single loading dose of " ||
calc_loading_dose || " mg should be given, followed by " ||
calc_daily_dose || " mg daily. Note that dialysis may " ||
"necessitate additional loading doses."

urgency: 50;;

end:

X2.5 MLM

maintenance:
title: Monitor renal function while taking gentamicin;;
mlmname: gentamicin_monitoring;;
arden: Version 2;;
version: 1.00;;
institution: Columbia-Presbyterian Medical Center;;
author: George Hripcsak, M.D.;;
specialist: ;;
date: 1991-03-19;;
validation: testing;;
library:
purpose:

Monitor the patient's renal function when the patient is taking
gentamicin. (This MLM demonstrates periodic monitoring.);;
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explanation:
This MLM runs every five days after the patient is placed on
gentamicin until the medication is stopped. If the serum creatinine
has not been checked recently, then an alert is generated
requesting follow-up. If the serum creatinine has been checked, is
greater than 2.0, and has risen by more than 20 %, then an alert is
generated warning that the patient may be developing renal
insufficiency due to gentamicin.;;

keywords: gentamicin; renal function;;
citations: ;;

knowledge:
type: data-driven;;

data:
/* an order for gentamicin evokes this MLM */
gentamicin_order := event {medication_order where
class = gentamicin};

/* check whether gentamicin has been discontinued */
gentamicin_discontinued :=

read exist({medication_cancellation where class = gentamicin}

where it occurs after eventtime);

/* baseline serum creatinine mg/dl */
baseline_creatinine := read last ({serum_creatinine}

where it occurred before eventtime);
/* followup serum creatinine mg/dl */
recent_creatinine := read last ({serum_creatinine}

where it occurred within the past 3 days);

evoke:
every 5 days for 10 years starting 5 days after time of
gentamicin_order until gentamicin_discontinued;;

logic:
if recent_creatinine is not present then
no_recent_creatinine := true;
conclude true;
else
no_recent_creatinine := false;
if % increase of (serum_creatinine,
recent_creatinine) > 20 /* % */
and recent_creatinine > 2.0 then
conclude true;
endif;
endif;
5
action:
if no_recent_creatinine then
write "Suggest obtaining a serum creatinine to follow up " ||
"on renal function in the setting of gentamicin.";
else
write "Recent serum creatinine (" || recent_creatinine ||
" mg/dl) has increased, possibly due to renal " ||
"insufficiency related to gentamicin use.";
endif;
5
urgency: 50;;

end:

X2.6 MLM

maintenance:
title: Granulocytopenia and Trimethoprim/Sulfamethoxazole;;
mlmname: anctms;;
arden: Version 2;;
version: 2.00;;
institution: Columbia-Presbyterian Medical Center;;
author: George Hripcsak, M.D.;;
specialist: ;;
date: 1991-05-28;;

validation: testing;; library:
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purpose:
Detect granulocytopenia possibly due to
trimethoprim/sulfamethoxazole;;
explanation:
This MLM detects patients that are currently taking
trimethoprim/sulfamethoxazole whose absolute neutrophile count is
less than 1000 and falling.;;
keywords:
granulocytopenia; agranulocytosis; trimethoprim; sulfamethoxazole;;
citations:
1. Anti-infective drug use in relation to the risk of
agranulocytosis and aplastic anemia. A report from the
International Agranulocytosis and Aplastic Anemia Study.
Archives of Internal Medicine, May 1989, 149(5):1036-40.;;
links:
'CTIM .34.56.78',
'MeSH agranulocytosis/ci and sulfamethoxazole/ae';;
knowledge:

type: data-driven;;

data:

/* capitalized text within curly brackets would be replaced with */

/* an institution's own query */

let anc_storage be event {STORAGE OF ABSOLUTE _NEUTROPHILE COUNT};

let anc be read last 2 from ({ABSOLUTE_NEUTROPHILE _COUNT}
where they occurred within the past 1 week);

let pt_is_taking_tms be read exist
{TRIMETHOPRIM_SULFAMETHOXAZOLE ORDER};

evoke: anc_storage;;

logic:
if pt_is_taking_tms
and the last anc is less than 1000
and the last anc is less than the first anc
/* is anc falling? */
then
conclude true;
else
conclude false;
endif;;

action:
write "Caution: patient's relative granulocytopenia may be " ||
"exacerbated by trimethoprim/sulfamethoxazole.";

end:

X2.7 CARE MLM

maintenance:
title: Cardiology MLM from CARE, p. 85;;
mlmname: care_cardiology mlm;;
arden: Version 2;;
version: 1.00;;
institution: Regenstrief Institute;;
author: Clement J. McDonald, M.D.; George Hripcsak, M.D.;;
specialist: ;;
data: 1991-05-28;;
validation: testing;;
library:
purpose:
Recommend higher beta-blocker dosage if it is currently low and the

patient is having excessive angina or premature ventricular
beats.;;

explanation:
If the patient is not bradycardic and is taking less than 360 mg of
propanolol or less than 200 mg of metoprolol, then if the patient
is having more than 4 episodes of angina per month or more than 5
premature ventricular beats per minute, recommend a higher dose.;;
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keywords:

citations:

knowledge:

beta-blocker, angina; premature ventricular beats; bradycardia;;

1. McDonald CJ. Action-oriented decisions in ambulatory medicine.
Chicago: Year Book Medical Publishers, 1981, p. 85.

2. Prichard NC, Gillam PM. Assessment of propranolol in angina
pectoris: clinical dose response curve and effect on
electrocardiogram at rest and on exercise. Br Heart J,

33:473-480 (1971).

3. Jackson G, Atkinson L, Oram S. Reassessment of failed beta-

blocker treatment in angina pectoris by peak exercise heart rate
measurements. Br Med J, 3:616-619 (1975).

type: data-driven;;

data:

let last_clinic_visit be read last {CLINIC_VISIT};
let (beta_meds,beta_doses,beta_statuses) be read
{MEDICATION,DOSE,STATUS
where the beta_statuses are ‘current’
and beta_meds are a kind of ‘beta_blocker’};
let low_dose beta_use be false;
/* if patient is on one beta blocker, check if it is low dose  */
if the count of beta_meds = 1 then
if  (the last beta_meds = ‘propanolol'
and
last beta_doses < 360)
or (the last beta_meds = ‘metoprolol'
and
the last beta_doses <= 200) then
let low_dose beta_use be true;
endif;
endif;
let cutoff_time be the maximum of
((1 month ago),(time of last_clinic_visit),
(time of last beta_meds));
/* a system-specific query to angina frequency, PVC frequency, */
/* and pulse rate would replace capitalized terms */
let angina_frequency be read last ({ANGINA_FREQUENCY}
where it occurred after cutoff time);
let premature_beat_frequency be read last
({PREMATURE_BEAT FREQUENCY}
where it occurred after cutoff time);
let last_pulse rate be read last {PULSE_RATE};

2

evoke: /* this MLM is called directly */;;

logic:

action:

if last_pulse_rate is greater than 60 and
low_dose_beta_use then
if angina_frequency is greater than 4 then
let message be
"Increased dose of beta blockers may be "||
"needed to control angina.";
conclude true;
else
if premature beat frequency is greater than 5 then
let message be
"Increased dose of beta blockers may "||
"be needed to control PVC's.";
conclude true;
endif;

endif;
conclude false;

I

write message;;

end:

X2.8 WhileLoop

maintenance:

MLM

title: Allergy test with_while loop;;

filename:

test_for allergies_while_loop;;

version: 0.00;;

128
2007 8

Arden Syntax
Health Level Seven inc, HL7 , JAHIS © 2007. All rights reserved.



Arden Syntax for Medical Logic Systems

institution: ;;

author: ;;

specialist: ;;

date: 1997-11-06;;

validation: testing;;
library:

purpose:
Illustrates the use of a WHILE-LOOP that processes an entire list

2

explanation:

I

keywords:

knowledge:
type: data-driven;;

data:
/* Receives four arguments from the calling MLM: */
(med_orders,
med_allergens,
patient_allergies,
patient_reactions) := ARGUMENT;

2

evoke:

logic:
/* Initializes variables */
a list:=();
m_list:= ();
r_list:=();
num:= 1;
/* Checks each allergen in the medications to determine */
/* if the patient is allergic to it */
while num <= (count med_allergen) do
allergen:= last(first num from med_allergens);
allergy found:= (patient_allergies = allergen);
reaction:= patient_reactions where allergy found;
medication:= med_orders where (med_allergens = allergen);

/* Adds the allergen, medication, and reaction to */
/* variables that will be returned to the calling MLM */
If any allergy_found then
a_list:= a_list, allergen;
m_list:= m_list, medication;
r_list:=r _list, reaction;
endif;
/* Increments the counter that is used to stop the while-loop */
num:=num+ 1 ;
enddo;
/* Concludes true if the patient is allergic to one of */
/* the medications */
If exist m_list
then conclude true;
endif;

action:
/* Returns three lists to the calling MLM */
return m_list, a_list, r_list;

2

end:
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X3.

1992 (Version 1) Version 2

Arden syntax version . (6.1.3 )
(624 )
Links (625 )
+ (7.153 )
Triggertime MLM 845 )
primary time (892 )
Interface (11.2.12 )
"y (7.19 )
filename mlimname (6.1.2 )
> sort(9.2.4 )
> reverse(9.12.21 )
» format (9.8.2 )
> earliest, latest (9.12.17 ,9.12.16 )
» floor, ceiling, truncate, round (9.16.11 ,9.16.12 ,9.16.13 ,9.16.14 )
» index (...[...]) (9.12.18 )
» year, month, day, hour, minute, second field extraction (9.11.2 ,9.11.4 ,9.11.7 ,9.11.9 ,9.11.11

,9.11.13 )

» seqto (9.12.20 )
» string, extract characters(9.8.3 ,9.12.19 )
(9.12.18 )
Asnumber (9.16.17 )
( )
call action
(1024 ,11.24 ,1222 ,1224 )
for loop, while loop. (10.2.5 ,10.2.6 )
continue unless it (this a readability aid).
unless conclude
"read ... where ..."
( primary time ).
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Version 2 Version 2.1

e WRITE Extensible Markup Language (XML) Document Type
Definition (X1.4.1 <structured.message>)

e in isin notin isnotin (9.6.23)

e Occur/occurg/occurred at  occur/occur s/occurred equal .(9.7.11)

e from<time> after <time> . (9.10.4)

. ()  MImname .(6.1.2)

. Currenttime MLM (8.4.6)

. length (9.8.5), uppercase (9.8.6), lowercase (9.8.7), trim (9.8.8),
find...in string (9.8.9), substring...charactersfrom (9.8.10).

e  where

e Arden Syntax version —Version 2.1—  Version 2 Version 2.1 MLMs
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