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Outline

e Problematic : Why and where was the need?
® Conformance validation steps
® State of the Art

e Presentation and Architecture of model-based Validation
® QObjectives
® Principles

e Results

e Conclusion
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Conformance validation steps of XML documents

XML Document

XML WellFormed
I XML Validation Report == — — — —( validation j

-

IsValid?

X5D Schema
Validation

Is Valid?

Business Rules
Validation

X5D Valid ation Report I—(— —_— -

-Schematron Validation

- Prorietary tools
-Model-based Validation

Rules Validation Report I{— e
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SCHEMATRON : What looks like?

<assert test="cda:recordTarget[cda:patientRole[cda:id[@root]]]"> ERR:
(TinicalDocument/recordTarget/patientRole/id@root 15 missing </assert>

<report test="cda:recordTarget [cda:patientRole[cda:id[@root]]]"> (TX:
(TinicalDocument/recordTarget/patientRole/id@root exists (PASS) </report>

schematron-processor

<assert test="cda:recordTarget[cda:patientRole[cda: id[@extension]]] "> ERR:
(linicalDocument/recordTarget/patientRole/id@extension is missing </assert>

<report test="cdairecordTarget [cda:patientRole[cda: id[@extension]]] "> (TX:
(1inicalDocument/recordTarget/patientRole/id@extension exists (PASS) </repart>

¢l-- (11nicalDocument/recordTarget/patientRole/addr 15 present with at least coun schematron processed

<assert test="cda:recordTarget [cda:patientRole [cda:addr[cda:country]]]"> ERR:
(TinicalDocument/recordTarget/patientRole/addr/country is missing </assert»

<report test="cda:recordTarget [cda:patientRole[cda:addr [cda:country]]] ™ (TX:
(TinicalDocument/recordTarget/patientRole/addr/country exists (PASS) </report>
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SCHEMATRON : Weakness

e Not easy to understand, once it is developed - maintainability problems

e The processing of schematron is too long. For complex XML documents, the
processing and generation of validation report is too long (1000 checks => 1.5
seconds) = performance problems

e Coding is difficult, the assertions are based on xpath query

e The structure of schematrons over the world is not the same

* No concrete coupling between requirements and rules of schematrons
e |HE experience with schematron : very hard problems of maintainability

— need to have new tool that tries to give a solution to all theses problems
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e Presentation and Architecture of model-based Validation
® QObjectives
® Principles
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e A scalable methodology to validate any kind of healthcare
specifications based on the XML standard

e This method allows also to :

® Simplify the use and the manipulation of XML documents

® Generate documentation of constraints

® Improve the coupling between rules and requirements

® Support the validation of inheritance between healthcare standards

CDA, RPH CR-B IE
DA-CH- CDA- UCT-MIMAL
AﬁA-CHl KD-LAB\ DA-FR XD-LAE\
/ IHE PCC / IHE PCC \
/ HL7 CDA / HL7 CDA \
y HL7 RIM D | £ HL7 RIM 9

Source : eHealth Suisse, Format d’échange, Rapports de laboratoire soumis a déclaration en Suisse (Projet)
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Principle (1)

Standards (HL7, etc)

Requirements from IHE TF
eHealth Spec
the healthcare
standards ¥
UML models OASIS TAML
OCL constraints Requirements
Use

Description of the structure of the XML doc.

OCL Processor Injection of rules and requirements into the

DresdenQCL
(bresdenoch) model - OCL constraints
Y i
M2T Processor %
(Acceleo) i E
8
|_
i~
=
, _ , Scripts that extract information from
V ‘ UML models and generate structured
] texts related to these models

XML : )
<—) Java XML Bindingy  JAVA Valldator =
Java Unit Testing validator Documentation
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A sample of a model of classes of constraints (1)

o
<<EClass>> < <EClass...
POCDMTO0A0D oc umen tationOF 1 1 [LabStatusC
{fram cdalab) e ode
==<EAttribute... nullFla... : NullFlavorl0..1]1 { ord... | Lnu sserviceEvent | Afrem lab)
==EAttribut... type... : ActRelationshipTypelD..1]... { ordered }
==EClass>>

POCDMTO00040C linicalDocument

(from cdalab)
: ActClinical Document[0..1...
: ActMood[0..1] { orde...
: NullFlavor[0..1] { ord...

=< EAttribut... class...
==EAttribute. ..
== EAttribute. ..

moodC...
nullFla...

participant

1.*

+recordTarget

<<EClass>>
POCDMTO000405 erviceEvent
(from cda)

=<=EAttrib... class... : ActClassRoot[D..1] = ...
: ActMood[0..1] = EV...

: NullFlavor(0..1]1 { o...

= <EAttribu... mood...
=«<EAttribut... nullFl...

+informationRecipient

+peiformer

{| ordered, uniqu

a

<<EClass>>
POCDMTO00040Performerl
{from cda)

==EAttribute... nullFla... : NullFlavor{0..1] { or...

EAttribu... type... : ¥ServiceEwventPerforme...

==Template...
LabPerformer

*  +authenticator

a rdarad unigque } :
%] ordered _vnique 3 B {orderad unicug 1 ] rdgred unioue
< C‘Eh;::;i i <<EClass>=> <<EClass>> | B " <<EClass>>
REE '"n["“mcda’ = POCDMTO00040Record Target POCDMTO00040InformationRecipient POCDMTO00040Auth en ticator
EAttrib textCont... : NullFlavori0..1] = O {from cda) {from cdal ool
SEETEAR.. cantextoan o mEvant. 2= B <<EAttrib... contextCont... : NullFlavor[0..1] = O... ==EAttribute... nullFla.. :NullFlavorl0..1] { orde... <<EAttribute. . nullFla._. : NullFlavor{0..1] { ord...
“E::rf:”te-" :”“'j':a-" -p”'::!':!a"':r[“{” {{““’; <<EAttribute... nullFla... : NullFlaver[0..1] { ord... <<EAttribut... type... : XInformationRecipienti0. 1... | |<<EAttrib... type... : ParticipationType[0..1] = A..
- rioute... typel... ! Fartcipationlype ord... - . P . - |
| % I-:-:EAttnbu...typ-E... : ParticipationTypel0..11 = R... |
==Template5pec, Documentatio... ? \ <<Template
ParticipantOrderingProviderT = ==TemplateSpec... < <Template... ==TemplateSpec, Do... P ———
II_I“'I' NonHumanSubject HPatNHSubj Infermation RecipientT ults Validat
| I—
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A sample of a model of classes of constraints (2)

==EClass>z>
POCDMTO0MA0D oc umentation OF
(from cdalab)

El Properties . [£i Problems| B console| 47 Search| & History| &2 Synchronize

|_.

H <<templateSpec, documentationSpec>> <Class> NonHumanSubject

I - constraint

Metadata

Stereokype Attributes

Comment

templateld is unique and valued to 1.3.6.1.4.1.19376.1|

Sl i (IHE Laboratory Technical Framework, Volume 3 (LAB

Modify details of selected constraint :
owned Rules Details

==EAttribute... nullFla... : NullFlavor[0..1] { ord... £5
==EAttribut... type... : ActRelationshipTypel[0..1]... {
£ Outline B » @ B (56 S v =0

+ &5 <<templateSpec, documentationSpec>> <Class> LabReportDPENtry
¥ 5 <<templateSpec, documentationSpec>> <Class> NonHumansubject
} <Constraint> constraint_code
<Constraint> constraint_relatedSubject
<Constraint> constraint_templateld
<Generalization> POCDMT000040Subject
> = Inherited Members

5
e
e
w0

> 25 <<templateSpec, documentationSpec>> <Class> NonHumanSubjectRT
> 5 <<templateSpec, documentationSpec>> <Class> NonHumanwithHumans
> £5 <<templateSpec, documentationSpec>> <Class> NotifiableConditionObs

» {:} «Constraint> constraint_addr |

[ |
I <ot templtel

Elements constrained :
i Class NonHumanSubject

Comment:

templateld is unique and valued to 1.3.6.1.4.1.19376.1.3.3.1.2.1
(IHE Laboratory Technical Framework, Volume 3 (LAB TF-3) 2.3.5.3, Table 2.3.5.3-1)

OCL Rule Code:
(not self.templateld-=isEmpty()) and

self.templateld->size()=1 and self.cemplateld->Forall(ii: 11 |
(not ii.root.oclisUndefined()) and

participa
B ii.root="1.3.6.1.4.1.19376.1.3.3.1.2.1'
ccEClass>> e )
POCDMTOOD040Participantl poCDMT000040R]
i d
s = I:l:oml = a[i = 0.11=0 {from cda) | (from cda) | (from cda)
| Eﬁ '!t"' o .-IKIF‘I_JI ” I;LI Aot al= 1" contextCont... : NullFlavor] | <EAttribute.. nullFla.. :NullFlaver[0..1] { orde...| |<=<EAttribute... nullFla... : NullFlavor(0 [
o ﬂl“! e nullFlE ‘I_ .3" . - e . nullFla... : NullFlavor ==EAttribut... type... : XInformationRecipient[0..1... |:.'-.'Ei\u|i|_'... type... : ParticipationType[D..1] = A...
|-:-'EA|.L||L'\|1-:~... typeC... : ParticipationType { ord... . : Participationg | |
I e... :Participatio T [“_\,
==TemplateSpec, Documentatio... = ’T\ =
ParticipantOrdering ProviderT e =<TemplateSpec... <<Template... <=TemplateSpec, Do... =<Template...
HumanPatientRT NonHumanSubject HPatNHSubj InformationRecipientT L:r::;-::::is
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Results

e More than 70 validators based on this methodology
e More than 50 000 XML documents validated

e Applied on dozens of structures of XML standards,
with a success to adapt their models => generic model

e Fast validation tools
e Easy to maintain and to modify
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Integration of the validation tool in Gazelle Plateform

f Requirements 1 / Test \\
Management Tool Management Tool
m —> Gazelle TestManagement
N J e

l N
/ \ _?'Eq”"';'_?::t Defect

S - raceabili Il "

:m Qrslmﬂ @T /

==

ST lodel

- g E”::Ed N I

H Gazelle EVSClient Tool
\ Data flow Configuration Management/

ISTQB Foundation Level Syllabus — Model-Based Tester

2
4
E
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& External Validation Service Front-end CAS lagin

Validation of CDA dacument in the contaxt of the IHE

Model Based Validation detal

Lipiicaad S XML Fle you wan 1o vakdate - ondy fins with eatension ™ xm™ are alosed -
Show Templates Tree
(experimental)

6 136.14.1.19376.1.3
-
1.36.141.19376.1.

7 136.14.1.1937¢
7 1361411937
€9 136.1.41.1937¢
7 136.14.1.1937¢
+ {7 136.14.1.1937¢
- 7 13614118

- ” 13614

~ 1/ 136!

o Add.

« PCC BASIC
- PHARM Dispensation

- PHARM Prasmaceutical Advice
- FHARM Proscription

ND-LAB

About | Contactus | lssue Tracker . XD3-80
= ¥D5-80 XDS-1b

f_‘ﬁ-’ 1: e S TR B B A R Locanon fulinicalocument parmcipant|u) =
SI8E L UREAL TERA foe St oy SR SR Description ERROR : This condition is not verified : participant require time attribute (IHE Laboratory
~ ¢~ 136.1.41.19376.13.1 - Laboratory Report Data Processing Entry Technical Framework, Volume 3 (LAB TF-3) 2.3.3.19) mare...

~ ¢# 1.3.6.14.119376.1.3.16 - Laboratory Observation
1 1.3.6.1.4.1.19376.1.3.3.1.5 - Laboratory Results Validator
+ ¢ 1.36.1.4.119376.1.3.3.2.2 - Laboratory Report ltem Section
v ¢ 136.1.4119376.1.3.1 - Laboratory Report Data Processing Entry
—_— + # 1.3.6.1.4.1.19376.1.3.1.6 - Laboratory Observation
.~ 1.3.6.14.1.19376.1.3.3.1.5 - Laboratory Results Validator

26-2 bv/de?ﬁZOl 76.1.3.3.2.2 - Laboratorv Report ltem Section
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Comparison to schematrons

e 1300 HL7 CDA documents from the epSOS project

2500

2000

/ —— MBY —%—S5CH

1000

time of execution(ms)
=
[ %)
=
=

0 1000 2000 3000 4000 5000 6000 7000
numbers rules verified
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Conclusion

* A methodology of validation of XML documents on healthcare
standards based on model based architecture

e Allows the management and the coupling between
requirements and constraints

 Open source implementation with open source tools
(Topcased, Acceleo, DresdenOCL)
e Other related topics :

® Coupling with requirements meta-models editor tools (like ART-DECOR)
* Application of the validation process on other fields than healthcare
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