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Abstract

CDSS provides clinical doctors with knowledge to be required when they diagnose or make

decision about treatment strategy. Arden Syntax is one of the language with which we write MLM
that is a component of CDSS. It was designated as a standard by HL7/ANSIL ArdenML is an XML

version of Arden Syntax. In this paper we propose a tool which translates Arden Syntax MLMs

into ArdenML MLM. To this end we first defines the corresponding relation between two

languages. Next we presents a modified version of Arden Syntax grammar to improve

performance of lexical analysis and minimize parsing conflicts. Finally we presents syntax and

semantics gaps between the both languages, which are a structural representation problem, a data

type problem, and a disrelation problem. Our translator resolves such issues and generates exact
ArdenML codes for an arbitrary Arden Syntax MLM.
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[I. Arden Syntax2t ArdenML

1. Arden Syntax
Arden Syntax® 2 ® MLMe 7]E¥ +%+ Fig.
13 .

maintenance:
slotname: slot—body;;
slotname: slot-body;;

iibrary:

slotname: slot—-body:;
i(}lowledgei

slotname: slot-body;;
;ésourcesi <optional>
slotname: slot-body;;

end:

Fig. 1. The basic structure of MLM written in
Arden Syntax[2]
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maintenance:
title: HgA1C Reminder;;
mlmname: Diabetes_HgA1C_Language:;
arden: Version 2.7;;
version: 1.00;;
institution: Intermountain Healthcare;;
author: Peter Haug (Peter.Haug@imail.org);;
specialist: Peter Haug (Peter.Haug@imail.org);;
date: 2008-11-19;;
validation: testing;;
library:
purpose: Alert for needed HgA1C testing and diabetics;;
explanation: Diabetics need to have their HgA1C measured routinely to monitor glucose control.
This is a simple example of an alert when the last HgA1C was LE 7 but occurred more
than six months ago.
A reminder is issued to order a HgA1C;;
keywords: diabetes: HgA1Cs;
citations: to be added;;
link: to be added::
knowledge:
type: data_driven;
data:
let Last_HgA1C be read latest {"HgA1C Value"};
let Diabetic_Patient be read latest {"Problem: Diabetes"};
let LngCode be read latest {"Language Coe"};
let Scheduled_Visit be event {"Scheduled_OP_Visit"}:;
evoke: Scheduled_Visit;;
logic:
if
Diabetic_Patient is not null
and Last_HgA1C occurred not within pas 6 months
and Last_HgA1C is less than or equal 7
then
conclude true;
else
conclude false;
endif;;
action:
write localized 'message' by LngCode:;
resources:
default: en::
language: en
'message': "All patients should have a HgAIC at least every 6 months.";;
language: ko
. 'message": "HE A= Holw 671€Y wit} HgAIC #HAFES afjof gyt
end:
Fig. 2. An Example of MLM written in Arden Syntax
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<Conclude>

otype="string"/>

<OccurWithinPast type="occurred">

H dlglHEo nlx] gk o <Identifier var="Last_HgA1C" otype="number"/>
LoglcStatementType a‘ﬂ = ]D} ]— ] ﬁ"_‘i <Else> <Value otype="duration" unit="months">6</Value>

<Identifier var="Last_HgA1C" otype="number"/>
<Value otype="number">7</Value>
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<Value otype="duration" unit="months">6</Value>

</OccurWithinPast>
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logic_statement = /* empty */
" RESULT = new EmptyNode(); :}
loglc assignmentiel
“. SULT = new LogicStatementNode(NodeType. TYPEL, el); :}

IF logic_if_then_else2:el

‘(Z RESULT = new LogicStatementNode(NodeType. TYPE2, el): :}
FOR identifier:el IN expr:e2 DO logic_block:e3 SEMICOLON ENDDO
‘{Z RESULT = new LogicStatementNode(NodeType. TYPE3, el,e2.e3); :}
WHILE expr:el DO logic_block:e2 SEMICOLON ENDDO

‘{ : RESULT = new LogicStatementNode(NodeType. TYPE4, el,e2); :}
logic_switch:el i

‘{i RESULT = new LogicStatementNode(NodeType. TYPES, el): :}
BREAKLOOP

‘(i RESULT = new LogicStatementNode(NodeType. TYPE6); :}
CONCLUDE expr:el

{: RESULT = new LogicStatementNode(NodeType. TYPE7, el); :}

Fig. 5. Part of Cup specification
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3] (e} =] 5. = (e}
ArdenML 39S Arden Syntax¥d=2 ®W33s thg, trimoption = ( "LEFT" | "RIGHT" )?
B _ o caseoption = "UPPERCASE" | "LOWERCASE"
A7d¥ Arden Syntax¥t¥& & W7o YHARR it = UL THEY' s | WERE"
is = "I ) VAS VERE
gas A Hlo] o olao 5 oceur = "OCCUR" | "OCCURS" | "OCCURRED"
ZE5te] A ArdenMLAA S defe] ArdenML} ofreadfuncop = "AVERAGE" | "AVG" | *COUNT" | "EXIST" | "EXISTS" | "SUM"
N _ ] "MEDIAN"
Hlusle] A eAd S EA %), ofnoreadfuncop = "ANY ISTRUE" | "ALL" | "ALL ARETURE" | "NO

[ "NO ISTRUE" | "SLOPE" | "STDDEV" | "VARIANCE" | "INCREASE"
| "PERCENT INCREASE" | "% INCREASE" | "DECREASE"
| "PERCENT DECREASE" | "% DECREASE" | "INTERVAL" | "ARCCOS'
| VARCOIN' | PARCTAN® | "COSINE [ 7COS" | "SINE? | "TANGENT"
: "TAN' | "EXP' | "FLOOR" | "INT" | "ROUND" | "CEILING"
IV. Implementing the Translator | "TRUNCATE' | "LOG" | "LOG10" | "ABS" | "SQRT" | "EXTRACT YEAR'
| "EXTRACT MONTH' | "EXTRACT DAY" | "EXTRACT HOUR'
| "EXTRACT MINUTE" | "EXTRACT SECOND'
| "EXTRACT TIME OF DAY" | "STRING' | "EXTRACT CHARACTERS'
| "REVERSE' | "LENGTH' | "CLONE' | "EXTRACT ATTRIBUTE NAMES'
fromoffuncop = "MINIMUM' | "MIN" | "MAXIMUM" | "MAX'" | "LAST" | "FIRST"

HL7¢lM 23z 3 Arden Syntax wH-& Fupde] indzlex;::(f\nigfﬁiggplz”l;I/I\\IFlI“)I}:*S(TMINIMUI\’I” | "INDEX MIN" | "INDEX MAXIMUM"

Aztel] HAHshE Foln W] oHTh H7)AE atleasimosiop "AT LEAST® | AT hogTs o LATEST

durationop = "YEARS" | "MONTHS" | "WEEKS"' | "DAYS" | "HOURS"
Arden Syntax 7‘5]17—]'?—__]3% 7H }?—:‘]‘—oﬂ }}LE}‘ * @i}% %%% bot)llea‘;lli;[zllll\i}ele%%R‘U‘S'E?ql}iADEéE“
ANt A @k WA, Fold wPer AN ALE e R Ay T RV | PSR URDAy o | EPNESDAY
Sg Cup WA A, A= Wae] 277 typecode = "DATA_DRIVEN" | "DATA-DRIVEN"
JVMo| 3&st= w7t dolA A7 AR @= Fig. 7. Macro definitions for new terminals
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vat .a IO.H_S 0 o e R Reduce/Reduce F&E°] dovts &9 F9 3htolt},
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VALIDATION:”, 5 Elujdo]x L :
cvalidation code> e —— <expr_duration> ¥} <expr_duration> =
a = 1 . = ) - _
<V duti - et oA g ]jo] PRODUCTIOI;IE <expr_funtion> Y A& A3 wEo A
t ke o o , — - . -
validation_code = ATFE <expr_ago> = <expr_funtion>< AHA|EHE

RESEARCH, TESTING, EXPRIEDZ F+Ad®t} I

Reduce/Reduce ZEFA|2 A3 4 9t}
g =gnyd  validation_code® 4709  Eund TE ZR )|

PRODUCTION, RESEARCH, TESTING, EXPRIEDZ — After
TASE R validation_code® 32X 7oA EHuld Tiiiﬁi:éiﬁiiﬁ%ﬁi "AGO"
PRODUCTION, RESEARCH, TESTING, EXPRIEDS conpr oo duration> AGO"
VALIDATIONCODE #h= mla= olgow #Hosid | inetions <duration_op>

A g2 “VALIDATION” VALIDATIONCODE “;3”

7 Eo AgtAe e 29 5 Ak

Fig. 8. A grammar with Reduce/Reduce conflict(1)

Fig. 9% Arden Syntax Version 2.8 &% Sl A

Cup Specification RedUCG/RedUCG %‘};é_o] (?E]Oi]’]r% = E]'%‘ T"}%O] q
Arden Syntax
<validation_slot> 1=
cvalidation_slot> 1= VALIDATION VALIDATIONC ODE SEMICLOLNS
“VALIDATION:" <calidation_code> ;" %FJ u]é <evoke_statement>9] /(-" Eﬂyﬁ ‘(B}E]:[:[LZ}
<validation_code> u=
[EEODCHON » JFlex Specification <evoke_statement> = <evoke_time>¥ =Eujg
“TESTING”™
| “EXPRIED" [\;a;zdauonmde : :Ts‘g%[:uu‘ﬂqggl;:rﬁg&%sa- } <evoke_time_expr> 9] —‘,:— H RH }\g }\6] Tt 7311
<evoke_time_expr> 1= <evoke_time>< =Eugd
Fig. 6. The modified production rules for ValidationSlot <evoke_time>©0 2 Eola}t}. <evoke_statement> :i=
. <evoke_time>oll ¢]3}o] <evoke_time>o] A= &
Fig. 7& o]9} & wHog A= HoH Engo - - o=
et W22 Aol 9lal, <evoke_statement> :i= <delayed_evoke>©l
84 (e} .

9% <evoke_time>o] ABAH 4 9t} o] A
validationcode = "PRODUCTION" | "RESEARCH" | "TESTING" | "EXPIRED" o AWM AT vi=
citationtype = ( "SUPPORT" | "REFUTE' )? - AdA AEarE <evoke_statement>
linktype = ( "URL_LINK" | "MESH_LINK" | "OTHER_LINK" | "EXE_LINK" )? <evoke_time>S ATFIH Z=RA=Z A -

—_ = - - = L = = =
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After

<evoke_statement> =
/* empty #/
| <event_or>

| <delayed_evoke>
| <qualified_evoke_cycle>
"CALL"

<delayed_evoke> ::i=

<evoke_time_expr_or> "AFTER" <event_time>
| <evoke_time_expr_or>
| <evoke_duration> "AFTER" <evoke_time_or>

<evoke_time_expr_or> ::=
<evoke_time_expr>
| <evoke_time_expr> "OR" <evoke_time_expr_or>

<evoke_time_expr>:i=
<evoke_duration>
| <evoke_time>

Fig. 9. A grammar with Reduce/Reduce conflict(2)

At

Table 1. Grammars with shift/reduce conflict

<expr_add_list> = <expr_remove_list>
| "ADD" <expr_where> "TO" <expr_where>
| "ADD" <expr_where> "TO" <expr_where> "AT" <expr_where>

Fig. 10. A grammar with shift/reduce conflict

precedence left COMMA;
precedence left DOT;

precedence nonassoc USING;
precedence nonassoc AT, FROM;
precedence left DVBAR;
precedence nonassoc FORMATTED;
precedence nonassoc AFTER;
precedence nonassoc AGO:;
precedence nonassoc TIME;

Fig. 11. Precedence options in Cup specification

PENE THHE 4 woe m= 4y FudFe
cherel Al VRt o2 2 Tk shenel/s s
o s= A4 HYR/AWAY mE Yo

1 <object_init_element> ::= <identifier> ":=" <expr>
<expr> = <expr> "," <expr_sort>
2 <identifier_or_object_ref> ::= <identifier_or_object_ref> "." <identifier_or_object_ref>
3 <expr_function> ::= <from_of_func_op> "OF" <expr_function>
<expr_function> ::= <from_of_func_op> "OF" <expr_function> "USING" <expr_function>
4 <expr_function> ::= <from_of_func_op> <expr_function>
<expr_function> ::= <from_of_func_op> <expr_function> "USING" <expr_function>
5 <expr_sort> 1= <expr_add_list> "MERGE" <expr_sort>
<expr_sort> := <expr_add_list> "MERGE" <expr_sort> "USING" <expr_function>
6 <expr_sort> ::= "SORT" <sort_option> <expr_sort>
<expr_sort> : SORT" <sort_option> <expr_sort> "USING" <expr_function>
7 <expr_ago> : <prr_duratlon>
<expr_ bcf0r0> = <expr_duration> "FROM" <expr_ago>
<expr_function> = <expr_factor>
8 <expr_function> ::= <from_of_func_op> <expr_factor> "FROM" <expr_function> "USING"
<expr_function>
<expr_function> ::= <from_of_func_op> <expr_factor> "FROM" <expr_function>
9 <expr_function> ::= <expr_factor>
<expr_function> ::= <index_from_of_func_op> <expr_factor> "FROM" <expr_function>
10 <expr_string> ::= "TRIM" <trim_option> <expr_string>
<expr_string> ::= <expr_string> "||" <expr_plus>
11 <expr_string> <case_option> <expr_string>
<expr_string> ::= <expr_string> "||" <expr_plus>
<expr_string> 1= "TRIM" <trim_option> <expr_string>
12 <expr_string> <expr_string> "FORMATTED" "WITH" <format_string>
<expr_string> 1= <expr_string> "FORMATTED" "WITH" <expr_plus>
<expr_string> ::= <case_option> <expr_string>
13 <expr_string> <expr_string> "FORMATTED" "WITH" <format_string>
<expr_string> ::= <expr_string> "FORMATTED" "WITH" <expr_plus>
14 <evoke_time_expr>:i= <evoke_duration>
<delayed_evoke>::= <evoke_duration> "AFTER" <evoke_time_or>
15 <expr_duration> ::= <expr_function>
<expr_ago> = <expr_function> "AGO"
16 <sort_option> = /*empty*/
<sort_option> 1= "TIME"

Fig. 102 Arden Syntax Version 2.8 ¥% ol A
Shift/Reduce F&°] &A= TWeolth. Fig. 109
oA AT ER Y e At AR A AT EE
of el ¥ & w e F A AATHoR
Reduce &#] o} wixut AAF2 o2 Shift &4
o] AT}, o] AfoE “AT’e] EFZo = J#Hd
“AT”& Reduce® U} Shifts -4 Az =5 §
AE WA olet frAbe FAE A= W
AHoz Aestd Table 17 a1, o= Fig.
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WA STE ARHoR oHs] g vwd
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V. Evaluation

2 Wgylo osiA A ArdenML S
°] ArdenML¥# vlugh A3} of -2 A ehs] Wk
ARt B 7R ERelA Mz dAEA g Tl

9l WA Author slot,

slot, Specialist slot, Keywords slot, Citation slot,

Institution slot,
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Link slot®] W& Arden SyntaxolA] W]TZ%

THoE gdAYEY dkslo
ArdenMLol A= BE 4L F28% xdo]7] o
o] W3lto] oy}, o & £ Author_slote] ¥
Fig. 129} 2t}

i

=
= Ydul "gAE

fo M -

<author_slot> = "AUTHOR:" <text> ";;"
<text> ::= /* any string of
characters without "3;" */

Fig. 12. Arden Syntax grammar for author slot

71 <text>= el Ml EA Aot ¥
], o] &%= ArdenML T3+ Fig. 133 Zth

<author_slot>¢l &%+ ArdenML <dBHUE+=
Author <glHEo|t}, Tglar = EHuld <text>E
Fig. 1394 <Person>@g|HE9 2] dAgHERZ &
glE]ojor gty = v xA HAERRE o]F, A
=, &9 59 ‘—ILZ"q HARE ZZ3)oF s}, ]‘: ™
02 7jes 282 g

g7IME FaEFd  XMLEARZ  wE7] 98
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o] wAIE A o<

%
A ARE FEIHoF e £35S Author~E 0]9401

it

% Institution slot, Author slot, Spec1ahst slot,
Keywords slot, Citation slot, Link slot %©] 0113]-

o5& EF <Author> IHECS}L FAFg "y
ArdenML& A37d gtct.

tggow gy Aottt & 59 Fig. 1494
<Identifier> AFHES 25¥H-E stringo|tt. 1Hd|
Arden Syntaxolt AEdS FAsE o] gt
ol ZRAHow FHAsr] Y= Arden Syntax¥
Fo2HE 2A5FPS FEIof gt B HIV| A E
ArdenMLoIA 8] A58 £4& 3 Agerh

Fig. 13. ArdenML structure for <author_slot>

<Read>
<Identifier var="PPD_Test" otype="string"/>
<Assigned>
<Last>
<Mapping>
<Contents>PPD Skin test Result</Contents>
<XForms>
<selectl>
<label>PPD Skin Test</label>
<item>
<label>Positive</label>
<value>positive</value>
</item>
<item>
<label>Negative</label>
<value>negative</value>
</item>
</select1>
</XForms>
</Mapping>
</Last>
</Assigned>
</Read>

Fig. 14. An instance of <Read> element

w220 2 Arden Syntax$®} ArdenMLAFe]<] o
HAZE 1= B97F Ak & £49 Fig. 14:= DBA
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= Arden Syntax® TS} o] Wa"E 4 gt}

PPD_Test := read last {PPD Skin test Result};

o] do A ArdenMLe] <XForms> Zz|HEo| tjsf
e &5+ Arden Syntax ERo] {l7] wiEo| A
3 W3glo] E7bsslt). <XForms> AHEE "5
deHET} of7] wjite] ol& Aesitete fFadh
XML =47F 2 5 Aot weba] o]l gk ke
Ao 2 YeHA gl <XForms> dWE
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==
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VI. Conclusions
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