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Motivation

] )
How to make it Shareable r ) How to make it Interoperable?
Sharing Knowledge
C If Disease = Head and Neck cancer
and Age >= 40 e i
C Then Treatment Plan = Surgery
\ J :
Hospital A o Hospital B
[ EMR1 Schema A ( EMR2 Schema )
Concepts Schema Concept Concepts Schema Concept
) Disease Disorder
Disease lliness
Head and Neck cancer Head and Neck cancer Head and Neck cancer HNC
Treatment Plan Treatment Treatment Plan Treatment Plan
Surgery Surgical Treatment ! Surgery gurglco?l
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MOUVaUOn = Tradeoff among shareability, interoperability and Usétiendliness

Shareableandreusable Knowledge

IS cost and time effective for clinic aJ
communities

Interoperableknowledge

HL7vMRandSNOMED CT
terminologies makes the integration
easy with legacy systems i

User friendlyrule authorlng environment
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RelatedWork (mutti-model mappinge Knowledge Interoperability

GOMMA [13, 14]

G
G

C
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Methodology:

Limitations:

Provides componenrbased
GOMMA infrastructure
Components are divided
into layers of repository,
functional components, and
tools

Hybrid match approaches
combine metadataand
annotationbased
approaches.

Lack of effective mapping
representation

Lack of definition based
mapping

Lack of Semantics mapping

LogMapLight [15, 16]

Methodology:

G
G
G
G

Limitations:

¢
G
G

Ontologymatching tool
address scalability issue
Provides better accuracy a
compare to other systems
Using builtin reasoning and
diagnosis capabilities.
Implements algorithms for
W2y (I K-StisFabilgyQ
detection and repair

92}

Lack of definition based
mapping

It has lack of flexible
mapping representation
Lack of Semantics Mapping

AgreementMakerLight [17, 18]

dzy

Methodology:

C Provides a combination of

flexible and extensible
framework with user
interface

Focused on computational
efficiency to handle large
ontologies

Lexicon based matching fo
names, labels, and
synonyms.

Limitations:

G

000

No flexible mapping
representation

Low mapping accuracy
Lack of Semantics Mapping
Lack of definition based

mapping
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FalcorAO++ [19, 20]

Methodology:

¢

¢

Provides fundamental
technologies for finding,
aligning, and learning
ontologies using divide
and-conquer approach
Using linguistic, structural,
partitioned block, similarity
combination strategies for
matching and aligning.
Have highest accuracy in
OAEI campaigns.

Limitations:

G

C
C

Lack of flexible mapping
representation

Lack of Semantics Mapping
Lack of definition based
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RelatedWork (vutti-model mappinge Knowledge Interoperability

6 Implemented Q Not Implemented

GOMMA [13] [14]

LogMapLight [15] [16]

AgreementMakerLight
[17][18]
FalcorAO++ [19] [20]
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RelatedWork (knowledge creationr Knowledge Shareability

]
UMLSBased [1] XML:based KAT [2] Rule Editog Arden Syntax [3] ArdenSuite [5, 12]

Methodology: Methodology: Methodology: Methodology:

C Rule Editor for MLM C Knowledge represented in C Provides welbrganized C Commercialized tool
creation based on UMLS XML:=based knowledge tool to create MLM integrated AS development
terminologies repository C Three phase process based and test environment

C Multi-phases selection of C Embedding data and on library, maintenance, C Working on resolving curly
concepts in rule creation knowledge into XML files and knowledge brace using GELLO and vM

C Achieve values level of simultaneously C Improved work for C Provides different slots to
interoperability. C XML files of knowledge and bibliographic and write MLM.

Limitations: data are considered as standardized database Limitations:

C Complex interfaces for rule shareable linkages C Lack of interoperability and
creation Limitations: Limitations: integration

C Lack of interoperability to C Complex structure of C Depends on local controlled C Physicians are responsible
integrate with legacy knowledge and data vocabulary to remember structure and
systems storage in XML files C Lack of easy integration and syntax of MLM

C XML is only preferable of interoperability C Lack of standard
data exchange C Complex interfaces for rule terminology for easy
C Lack of interoperability creation integration
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Problem Statement and Solution
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| Answer: |
| A Knowledgeis growing with |
: new research, innovations, :
| daily practice, new disease, |
I and new treatment |
| . |
| methodologies. |
lA Knowledgels heterogeneous l
| andnon-shareable |
| A HL7 community designed |
: MLM as standard knowledge:
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C Then Treatment Plan = Surgery
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Problem Statement and Solution

Problem
Current knowledge acquisition methods produstereable knowledge [1][2][3}ith highauthoring

complexity [4][5]andminimal interoperability [6][7Bupport.

T
Providingflexible/robust mappingmodel to enablingeasyto-use knowledgeauthoring environment
for accurate shareableandinteroperableknowledge

Solution

A Todesignanddevelopmappingmodelto ensureaccurateknowledgecreation
A Todevelopmethodsfor automatedcreationof a shareableand Interoperableknowledgebase

Way of Solution

A Howto mapthe conceptsof standarddata modeland terminologybasedon definition?
A Howto generateshareableknowledgewith highlevelabstractionto hide authoringcomplexity?

‘@




Problem Statement and Solution

Knowledge Norshareability

Problem

Solution

Methodology

Results
(Quantitative)

Knowledge Heterogeneity

I
It is achieved usinilulti-Modal |
Mappingamong standard and |
non-standardterminologies data |
I

models andlocalized ontologiesI

______________________ .
I

Precision, Recall -Measure:The |
multi-model Mappings are
measured in form oPrecision

|
|
|
|
|
: Recall and~Measure
: A A) Pre0.95, Re€).92, FM0.93
:
|
|
|
|

|
|
|
|
|
|
A B) Pre0.89 Ree0.97, FM0.93 :
|
|
|
|

through standardviedical
Logic Module (MLM)

g - - I
The shareability is achieved
|
I
representation. |
Success Rate: :

Errors are measured in terms OI
|

|

|

|

!
|

|

| syntax and semantics.

: A In term of syntax, our proposed
| approach irror-free, while
|

|

|

|

|

|

|

. I
semantic errors reduces our Success

Rate t090.63% which is better than!
9EAAGAY 3
46.87% |

s8a08YQa
|
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Knowledge Authoring Complexit

Userfriendly Authoring
Environment

It is achieved through auto |

generation of MLMoy hiding |

structural and syntax
complexity

| Performance: Efficiency |

| Userfriendliness is measured |

| throughLJK @ 4 A OA | y & Q

: w.r.t Average number of tasks I

| completed successfully per |
I mingtg. , J
dIAhdzNJ adgadsdsvyoa ! 9§81
| 56.625completion rate/time i
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Proposed Idea

Limitations

Lack of semanticall
interoperable knowlec

Shareable knowled
Authoring complexi

Required Elements

HL7 Standard VMR,
SNOMED CT , and
Domain Clinical Model
(DCM)

Domain Clinical Model
(DCM) and Medical Logi
Module (MLM)

Semantic Reconciliation Model

Solutionl

SchemaData level semantic reconciliation

@ DCMStandard Terminology mapping (DGHT)

@ Standard TerminologyDataModelmapping (STDT)
@ DCM- DataModelmapping (DCMDM)

Solution2

reconciliation

@ Structure level semantic

Automatic shareable knowledge creation
(MLM Generation)

@

Objectives

A Design and develop
mapping model to ensure
accurate knowledge
creation

A Develop methods for
automated creation of a
shareable knowledge base.

A Shareable, Interoperable, and Integrateable Knowledge Acquisition




Solutionl

(

SchemaData level Semantic Reconciliatia

@ DCMStandard Terminology mapping
P

DCM
Ontology

C Execution Decision
+ C Matching Algorithms
C Semantics Inset
C Similarity Measurement

A

Standard Terminology -
Data Model mappings

&

.

Standard
Terminology
and Specification

C Section Identification

C Definition Extraction

C Semantics Inset

C Similarity Measurement

L

Standard
Data model
Specification

@DCI\/I-Data Model mapping
|

Proposed Methodologytonceptual Model

Contribution 1 & 2:

A Explicit Semanticembedding to increase performance
A Definition basedmapping of standard terminology and

C Mapping Identification |
C Transitivity Law -
\ /

N

data model

DCMSNOMED II
Mapping | =
4

VMR-SNOMED JJ
Mapping

DCMVMR Mapping

Contribution 3:

A Automatic generationof Medical Logic

Module (MLM)

A Integration of SRM with MLM to enhance
interoperability and easy integration wit

clinical workflows

Sol

Production Rule

ution2

N
Structure Level Semantic Reconciliation

Automatic shareable knowledge creation
a

C Standard structure Identification
C Slot generation
C SRM integrated slots generation

MLMSs
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Answer:

A Knowledge shareability and interoperability are problems faced by every medical domain.
A Achieving these objectives lead to complexity in knowledge authoring.
A A case study oHead & Neck cancetomain is executed to realized the proposed system.

Domain Generalization
Only change DCM w.r.t Domain

[ )

DCMOntology
(Head & Neck Cance

A

Standard Terminology
(SNOMED CT)

Standard I:D'r'atér model
(VMR Specification

Y
./‘/ @

DCMOntology
(Head & Neck Cancer)

DCMOntology DCMOntology

DCMOntology

(Thyroid Cancer) (Cardiovascular Disease) (Diabetes)

Specific Domain

SchemaData level Semantic Reconciliatio

@ DCMStandard Terminology mapping

Standard Terminology - Data Model
mappings

@ DCMData Model mapping

DCMSNOMEDI
Mapping

Mapp

Production Rule

VMR-SNOMED | |
inn

Structure Level Semantic Reconciliation

@Automatic shareable knowledge creation

DCMvVMR Mappir] I




Map of Thesis Idea

2. MLM Generatior(Shareability

1. SchemaData Level Semantic Reconciliatip(interoperability)

X

< < oL

| Solution +1 Solution 12 g Solution 13 Solution2
Ontologies DCMStandard ; Standard Termino|ogy ; DCMC Data Model Mapping Files Structure L.evel Knowledge (MLM)
1 Terminology Mapping/ | - Data Model Mapping Semantic

Reconciliation

Standard.OntoIogy Mapping
2. Related Work
(5322 100 F= 10 0 =1 - R e
model 1. GOMMA[13, 14] 1. Baseline Algorithms . KAT (UMLBased) [1]
3 2. LogMapLight [15, 16] 1. Cosine Similarity . KAT (XMiBased) [2]
Localized Ontologyl| 3. AgreementMakerLight [17, 18] 2. Jaccard Similarity . Rule Edito Arden Syntax [3]
DCM 4. FalcorAO++ [19, 20] 3. Overlap Similarity . KAT (Anesthesia) [4]

Problems

C Lack of semantics mapping§ C Lack of definitiorbased

C Low Accuracy in standard | mapping
and nonstandard ontologies;

Solutions

C Algorithm 1 i C Algorithm 2
DCMStandard Terminology : Standard Terminology Data
Mapping (DCMBT Mapping) | Model Mapping

| (STDM) Mapping)

.....................................................................................................

C Algorithm 3
DCMc¢ Data Model Mapping
(DCMDM) Mapping)

. ArdenSuite Medexter [5, 12]

Knowledge base integration is difficult

Lack of medical standards, no Interoperabiljty
High authoring complexity due to complex
structure and syntax

G
G
¢

C Algorithm 4 Shareable and Interoperabl

Knowledge (MLM Generation)

C Algorithm 4-1 ¢ Data Slot Generation

C Algorithm 4-2 ¢ Logic Slot Generation
Algorithm 4-3 ¢ Action Slot Generation



Size of Used Ontologies

' A In ontologies matching, size is considered as number of classes, attributes, relationships, individuals. Therefore, fbl
| are the size of used ontologies.
|
|

: 2 /Domain Clinical Mode(DCM) 3 Nirtual Medical Record VMR)
C Classes 347,358 C Classes 214 Total
C Properties = 200 C Properties = 7 ¢ Classes =94
C Maximum Depth = 28 G Maximum Depth = 9 C Properties = 335
C Maximum Number of C Maximum Number of G Maximum Depth =5
Children = 3,355 Children =13 Used for CDSS
C Classes with no definition = C Definition of concepts = All C Classes =69
343,630 provided C Properties =171
C Maximum Depth =5
Large Biomedical Standard Non- Standard domain clinical Standard Data model (vMR)

Ontologx SSNOMED CTZ model SDCMZ
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Solution 1:SchemaData Level SemantiBeconciliation[Background]

|
. Plain Rule: HMIS2 )
Only work with HMIS1 If Disease= Head and Neck cancand Age>=40 Only work with
Slngle clinical ThenTreatment Plan= Surgery single clinical
system HMI& | system HMIL
A 4
Plain Rule: Plain Rule:
If Disorder=HNCand Age>=40 ThenTreatment Plan If liness=Head and Neck cancand Age>=40
= Surgical Procedure ThenTreatment = Surgical Treatment
wdzt SaQ CI Oua Representation in VMR classes and SNOMED CT codes
— Z - - . I
: Diseasesd | S| R | VR b S|O+—6+—6% N[EObservationResult.observationFocusi6457200% and ObservationResult.ObservationValue & H p p &1 pycnnd
| |
1| Age>=40 > EvaluatedPerson.age=40 |
I I
I| Treatment Plarp=Surgery > ProcedureEvenprocedureCode=¢ n m o T _oandiProceflureEvent.procedureMethod &G oy T T M0 o ¢
|

~ ~ Interoperable, integrateable

If ObservationResult.observationFocasi6457200% and ObservationResult.ObservationValue & H p p éandEvaluatedPerson.age= 40
ThenProcedureEvent.procedureCoded n M o T oandiPnocetlureEvent.procedureMethod & oy Té& Mo 1171 0




Solution 1:SchemabData Level SemantiReconciliation[Motivation]

Plain Rule: Comprises
If Disease= Head and Neck cancand Age>=40 » DCM Concepts
ThenTreatment Plan= Surgery

VMR Concepts fl= SNOMED CT Concepts .

Transformed rule into clinicastandardization:
If ObservationResult.observationFocasi6457200% and ObservationResult.ObservationValue & H p p éapndEvaluatedPerson.age= 40
ThenProcedureEvent.procedureCoded n M o T oandiPnocetlureEvent.procedureMethod & oy Té& Mo 171 0

A DCM to SNOMED Mapping:
..... A Itis mapping betweeaglinical conceptef HMIS systems ar®iNOMED CT

"

A It enhances theshareability, flexibility, and user friendliness

A DCM to vMR Mapping:

A It provides mappings betweetiinicalconceptsof HMIS systems andViR schema
classes.

A Itincreaseuser friendlinesand Interoperability

EEEEE N EEEEEEEEEEEEEE

A SNOMED to VMR:
) A It is mapping between the concepts BNOMED CandvMR schemalasses.

A Itis useable foshareability andInteroperability
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Solution X1): DCMStandardTerminologyMapping[Motivation]
— Domain Clinical Model (DCM) Standard TerminologgNOMED

Approximately 7 relationships =
It is localized ontology

Seliue> (G ! A Itis semantically very expressive
s Sy ROGT A ot
| Pemson F——ri| bject
s e X ! Body sucre. ™ SNOMED CT Conospt A More than 0.3 million concepts
> ! » A A Approximately 69 relationships
- — - z - -
‘_L..:I.Rea_so;t." '__'_:‘.‘g_ec;on;arystudyP_mto-c_:-.o-_i__" : '. " If'lndll'lg A It IS medlcal Standard
P —— I -~
A e : 4 Finding by site
e gt‘ud;Sit‘e- / ] f 3
T /, | 4
{ : ' d Fir-2ing of body region Disordar by body site
| - % | 3 * iy
/ : Malignant tumor of head W Finding of head aid neck region
/ -
/ ! - 4 Meurclogical finding Head finding
.f'f | k - 1 L =
7/ I 4 y Disorder of body system
‘E;Z \ | e Disorder of head  Disorder of body cavity
—~ 1 i L 4 of
3 » 'y
\.\ S : Seizure related finding Disorder of nervous system
\ Ve I ¥ > of
Y ps | Brain part Disorder of the central nenvous system
! » Seizure .
1 1 \ Disorder of brain
! Iy
e 5—,_) _ ‘T’*‘“”_‘”E”'g_""‘e"‘ : Ereinisate iructure Seizure disorder
= < | d
2 W : Cerebral structure Suﬂden LIz
] : AN A EE— o ! X Sraduat onset
A Less semantically expressive—_ o ! Eoionsy
n k ':"..FOH WUP/F""_ T _.(..--o-ow ci;ri-.-.._‘.I e b=
A More than hundred concep}s‘_%_ SR RS l Episodicities ARY ey, Soverilies
A “FrotecolChange ) .'-7:}';;0'0 mZ..;;LJ_’!;__'_,. : Courses
A




Solution 11): bDCMStandardTerminologyMapping[Abstract View]

C Lack of definitiorbased mappings .
I C These limitations cause to the low
I accuracy.

Mo & E— W EES E EES E B F B F S F S F S F B F S F B R S F l h —————————————————————————————————————— —

Measure similarity based on

Synonym Inset, Hypernym Inset, the highest accuracy

Hypernym Inset, Meronym Inset

(1) (?) (3)
[Standard Ontology P \]__/ . \Z/ : . \3/ .
Execute matching Algorithms Generate Mappings Verify Mappings
| String Matching, Label Matching, Child Matching, Based on similarity score Using ontology reasoner to Mapping
' Property Matching, Synonym Matching generates mapping verify conflict and duplicate Repository
[Standard Ontology
-
(Tog be)
Standard @ @ 3
Ontology 1 4 N/ . =/ . L N
Execute matching Algorithms Generate Mappings Verify Mappings
String Matching, Label Matching, Child Concept Mapped Based on similarity score Using ontology reasoner Mapping
Matching, Property Matching, Synonym generates mapping to verify conflict and Repository
Non Standard Matching duplicate
Ontology 2 - /2]_\ @
e -.
e S s s s m e m s 1 |
- Existing Approach Limitations ! ! v(9) () !
: Only focus on the internal semantics of ! : = \3/ :
¢ Ontg’IO : : Explicit Semantic Inset Similarity Measurement 1
I . | Concept Preprocessing, Acronyms Inse :
! I
! I
! I




§=ma{f(x):x=1..n}
: . . _ where f{x)is any defined
Solution %1): DCMStandardTerminologyMapping[Detail Workflow] — ngping fnction
— Insight Embedding e

[ DCM Ontology ]7_[ Standard Ontology]

; @ Explicit Semantics Inset

i

I .

I

I .

I

I .

I =

Y Compare | - o

Execution Contral > Similarity Scord Concepts Preprocessing : ;

I v

oI A@iodge p8 &} I Acronyms Inset - G

0L QAT QL ¢ B'QQQE QQ ; (! ONBOSY) Pl

| Selected GOnH @RO QE ¢ L

Matching v 1 S & i :

Concepts Execute Selected Execute All »  Generate I s tﬁmv\g?t: Z dn;;;/e «“-- .

Exists Algorithms Algorithms Mappings I (Mot » A ) !

A A . (|

Y I Synonyms Inset o

Verify - : Y

v v _ | (Recursion Depth: RD = 1) .

Matching Algorithms Mappings : ;!
il ettt ittt , Hypernyms Inset L. !
! ( String Matching Calculate L Child Matching Calculate ! (Recursion Depth: RD = 2) Loy
' Algorithm Similarity Score X Algorithm [ Similarity Score I 1 1 |
oo oooooooIIIooooooooIooooooooooIooooo I Hyponyms Inset _ : ;
| ¥ I | ' :RD = :
| [ Label Matching Calculate :: ( Property Matching ( Calculate I DCMS_tandard (RESUEION BHIME KD = & I
! Algorithm Similarity Score | 1| Algorithm | Similarity Score | Terminology ! ¢ .
L S N ! Mapping | — |
et : Similarity Measurement I
e ettty ) a n . .
Contribution 1 ! U B, 280 B 06 i

|

C In ontology mapping, the Insight Embedding increase the syistem _
accuracy. | Dl

A




Algorithm 1: bCMStandardTerminology Mapping I g
Insight Embedding

I
Algorithm 1: DCM and Standard Terminology mapping algorithm
Input : O, Source Ontology
Matching Algorithms @ O, Target Ontology
o~ o " P Result: M,,,.iConcepts
N . “ appe P
Qf*) O Q) 01(0[21 G/ haﬂ,zN hg 1 Initialization: InitialSimilarityScore = 0.0;
g®N 6 (@Q)label 6i(Q)label! SC/N hgl N hy 2 Initialization: FinalSimilarityScore = 0.0;
AN 6 QQYY), Child,(0)} S5C6o [oXor:! Q¥ EEJ A5 3 foreach C; of O do
. T . P T T U N 4 foreach C'; of O; do
N : i@
PEN 0T EN %l(@w PfOpE’ff}//'c“(Ot)luls(cU Len %j " Ol BA"Q@U 5 | 7| stringSimilarity = stringMatching(C;. Cj):
M appedConcepts = C:“l -R;% f(x) \ 6 childSimilarity = childgMatching(C;, C;):
o I~ | label Similarity = labelMatching(C;, C));
0 QO | X000 1 REOWWBIBEMM | QO Q4 8 propertySimilarity = propertyMatching(C;. Cj):
9 InitialSimilarityScore =
] max(stringSimilarity, childSimilarity, label Similarity, propertySimilarity);
— - 10 if InitialSimilarityScore is less than T hresholdV alue then
ExplicitSemantic Inset @ 1 SV (C;) = preprocessConcepts(C;):
0q, Uy _ _ _ . 12 SV (C;) = SV(C;) + InsertExplicitSemantics(C});
"0 Q[Sten{ 6 QAcrod QB "Y®9hB Own @)hB Owg69B 1 Qi(Egh 13 [T SV (C;) = preprocessConcepts(C):
. | SV (Cj) = SV(C;) + InsertExplicitSemantics(C}):
Oq. Uy i} . S SV(C,).8V(C,)
N 1 C . i—=1 I :
" & @ [Ster{ 8 'QAcrod QB "YO®QRB Omn @RHB  O0fBMB 0 Qi(Eyh / S| Cosinesin = Jer S Gory Sr, VG R
16 FinalSimilarityScore = Cosinegn,:
0 "QQ Y. /s space vector of source concept and ; :; if Fi xi;l.-'S:mJ({?mySm:' rg: (?roea)na ?agl Oo; fiqual to ThresholdV alue then
S0+ is space vector of target concept. § 5 o };rf;i";ff Joneepts T RIS L TEILEER
B MVOwe OOd 0 HFw'@ ©f ¢ thd@un Qi HQuié e Qwi ¢ € wai " end '
21 end
22 else
23 ﬂ'jfappe.dconcepts — C%(Os) ﬂ Cj(Ot)
4 Break;
25 end
26 end
Taqdir Ali, and Sungyoung Lee, "Reconciliation of SNOMED CT and domain clinical model for interoperable medical knatitedige cre 27 end

39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMB@y20115, 2017




Solution 11):

DCM Concept

Smoking
Status

SNOMED

Smoking
Status at 4
weeks

Smoking
Monitorin
g Status

Outcome of Algorithm 1

CT

Smoking Status

Similarity Score (Existing VS Proposed Approa{ch

Existing Approach

Smoking Status at 4 weeks

Proposed Approach

Smoking Status

Smoking Monitoring Status

Synonyms & Stems
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Solution 12): StandardTerminologyand DataModel Mapping[Motivation]

ObservationFocus | | Clinical Findings |

lm

0.3 Million @

Definitions Concepts pe: MEE Definitions

String Matching

ObservationFocu$= Clinical Findings

Child Matching

ObservationFocuk= Clinical Findings

= S@vgi _ mur-f::- -

‘.“!‘A,gﬂ_ﬂ‘f 2 W wan E"‘“‘

Virtual Medical Record

Py— -
0 Agonmentisz

~315 Hierarchical Label Matching Hierarchical ) w e L7” Hierarchical
Attributes Relationship ObservationFocuk= Clinical Findings \_ ~5nce == B i ), Relationship
Data Types Property Matching " Semantic X
ObservationFocuk= Clinical Findings Relationship
ObservationFocus Clinical Findings

Representshe result of a clinical observation, assessment or judgmient
and includes normal and abnormal clinical states (e.g. |asthma|,

SpeCIES;gS?jrr?Y:\I,lgblﬁér?]roafoﬁglfal\rleg Itg/ea} tgnrr:s:(?rt]e. Et;algtijsseru |headache|, |normal breath sounds|). The |clinical finding| hierarchy
P ' 9 ’ 9 ' includes concept used to represent diagnoses.

N 4

Thecode that identifies the focus of the observation with as muc

IR




[ VMR Specification(O; ) ]

[SNOMED C$pecificati0n(os)]

| |

Load Concept

Extract Definitions

v

Create Word Vector

3}

Similarity calculate

A 4

Cosine

A

Jaccard

Overlap

Y

Compare Similarity
(var maxValue = x)

maxValue >=
Threshold

Contribution 2 1

C In ontology matching the def|n|t|ol*|'
based mapping is our contrlbut|0h|
with explicit and implicit semantlcg,l
embedding.

Explicit Semantics Inset

Implicit Semantics Inset

Concepts Extraction

Acronyms Inset
(! ONBOSY)

Stem words Inset
(Noun, Verb, Adjective)

Synonyms Inset
(Recursion Depth: RD = 1)

Embedding Lexical Chaih

RelatedTerms
Typeof
Seealso

Partof
Canbe

e
ConceptsNet3

Hypernyms Inset
(Recursion Depth: RD = 2)

Hyponyms Inset
(Recursion Depth: RD = 1)

Word Sense
Disambiguation

Maximum Words
Overlap (MWO)

i <

List computed Matched
Similarities a Topn




Algorithm 2:StandardTerminologyand DataModel Mapping

]
b, U ExplicitSemantic Insets
OYo 6 '@ [Stenf 6 "QAcro 6 QB "Yw®ghB "Own @)hB 0wy 1 Qi(&yh
07, Us
OYo 6 @ [Sten{ 6 QAcro6 QB "Yw®9ghB O0wn @HhB 00§ 69MB 0 Qi(dyh

0 "QQION®-y /s explicit spacevector of source concept and
ESW6+] Is explicit spacevector of target concept.
B MOQ0ME OdMOd & X0 ©F & thd@hn Q1 HAuEnié tméa Rwi € & wal

(1]

Algorithm 2: Standard Terminology and data model mapping algorithm

Implicit Semantic Insets (Lexical Chain)

2]

Oq, Ui
o) & /c[B YQU OOV (GMB  YONR @ WMB 0O ¢ WEB  YQQOha (660
6”QN l’.”(‘)
Orad & c[B Y QA O O0DMDI (('!"n@ﬁB Yon '@ 'QQHB 0 Oi & '@QFB YQ'Qw a (6§

0 "QQION &y /s implicit space vector of source concept and

ISUO+J /s implicit Sspace vector of target concept.

B Q0 ddOd & BO®®E & 0D Qi 0 QQi

Vectors Integration
"0y ESV(Q +ISV(C) (09 ES V@ + I1SV(C)
Similarity Measurement 6
. B "Yd@98Ywd Q Y& Q Yab Q Yo Q Yad Q

3IEx7 ¢ YD ’Q3IEEAAAAOA 3|EI OAOI,TD Q

\/B "Y oo "Q\/B Y& O Yo Q "Y® )Qh Y o

Input : O, Source Ontology as data model specification
O, Target Ontology as standard terminology specification
0s ={C1,Co,Cs,..,Cy,...,Cp}
Oy = {}C1,C9,C3,..,Cj...,Ch}
Result: MppedConcepts
1 Initialization: FinalSimilarityScore = 0.0;
2 foreach C; of O5 do

3 Definition(C};) = ExtractDefinition(C});

4 SV (C;) = preprocessDefinition(C});

5 SV (C;) = SV (C;) + InsertExplicitSemantics(C;): 0

6 SV (C;) = SV(C) + InsertImplicitSemantics(Cy): 9

7 foreach C; of O; do

8 Definition(C'j) = ExtractDefinition(C'):

9 SV (C;) = preprocessDefinition(C}):

10 SV (C;) = SV(C;) + InsertExplicitSemantics(C}): 0
1 SV (Cj) = SV (Cy) + InsertImplicitSemantics(C')); g
12 end

13 Cosine, — i1 SV(C).SV(Cy)

o SV(C)2 /S SVIC, 2
SV(C)NSV(C,)| .
14 | Jaceardsin = [V

|SV(C: NSV (Cy)| i
min(|SV(C)LISV(C;))”
16 FinalSimilarityScore = max(Cosinegim, Jaccardsim, Overlapsim):
17 if FinalSimilarityScore isgreaterthanorequaltol hresholdV alue then

15 Overlapsim =

18 —""fappe.dconccpfs +— C; (Os) ﬂ Cj ( Of) .
19 Break:.

20 end

21 end




Algorithm 3:DCMand DataModel Mapping

algorithm

algorithm

DCMSNOMED
Mapping

PPNy S A .
Algorithm 3 :  Algorithm 1

DCM and Standard data : DCMStandard
model mapping : terminology mapping

seessfnEEEEEEEEEEEEEER

DCMVMR II
Mapping

/

llllllllllllllllllllll>

Algorithm 2

Standard terminology and
data model mapping

A Whyreconciliation inferencing Ialgorithm

A We already mapped DGBNOMED
and SNOMEDMR.

A Both of these mappings can give
results for DCM/MR automatically by
transitivity law.

VMR-SNOMED
Mapping

Algorithm 3: DCMand standarddata model mappingalgorithm

Begin
inputs: DCMOntologynr F4 {4 4 ot memeife 4 {4 FL rr
I {00 HO }// nobjectsof DCM
{O™O "¥8 RO Y} // n objectsof DCMSNOMEMapping
# {OYOY FOY} /I nobjectsof YMRSNOMEMapping
output: 0 @ N WAL Q

foreachDcin A
loadConcepDc)
foreachDSdn B // scanningof DCMSNOMEMapping
if Dcisequalto DSc// (if A=B)
foreachvSdn C// Scanningf vMRSNOMEMapping
if vSdsequalto DSc// (ifB=C)
generateMappinglO®c vSQ // (meansA=C)
MappingFileAddDc,vS¢
endif
endforeach
endif
endforeach
endforeach
ReturnMappingFile
End




&

Shows localized concepts Shows the SNOMED CT
DCM concepts and codes

Outcome of Solution 1

— Shows VMR classes/attributds

A Partial Example of the outcome of

SOIUtion 1. SurgicalHistory - ProcedureEvent
A It provides three mapping files vIMR Classes' Attributes DCM concepts SNOMED CT Description  |SNOMED CT Code
R ) ppebentendebontendbosbohosbosdhosbondsbostesbestes e »  approachBodySite Vocal Cord Vocal Cord Structure 46105003
A DCM¢ SNOMED CT ' Subjective: larynx Laryngeal structure (body 4536009
A 1 ClinicalStatement structure)
A VMRC SNOMED CT : Laryngeal part Laryngeal part (body structure) 119196003
A DCM-VvMR H v Entire larynx Entire larynx (body structure) 181212004
N . . i 1 i i . Head and neck Head and k structure (b 774007
A ltis offline process, it is needed once ! Pgﬁ;’?’é‘;?éi:i:';teo;{' ® e ey o
when its going to deploy in hOSpital. : Muscle tissue Muscle tissue (body structure) 91727004
A ! Ph Pha I structure (b 54066008
A On each new deployment only DCM —— arvm ey o
mapping is required. iurglc;IHllsEtory.t Skin Skin structure (body structure) 39937001
roceaurecven Lymph node Structure of |ymph node (body 59441001
1 . structure)
: + P:Ocegurre_ﬁ\r/:nt_l\/L TS [=———— =9 procedureCode SurgicalHistory Surgical procedure (procedure) 387713003
: procedure € - __.'_ _____ - procedureMethod Vocal cord stripping Stripping of vocal cords 9373007
I .. ProcedureBase T {procedure)
==+ approachBodySite : BodySite il Laser surgery Laser surgery (procedure) 35631009
r===1+ procedureCode : CD i Cardectomy Cordectomy of vocal cord 47935000
1 =+ procedureMethod : CD {0] i [procedura)
|--E-1'---+ targetBodySite : BodySite-10 i Laryngectomy Laryngectomy (procedure) 72791001
: : : - ClinicalStatement : 1 Partial laryngectonmy |Partial laryngectomy (procedure) 20513001
: : : + dataSourceType : CDID 1 : Total laryngectomy Total laryngectomy (procedure) 66478002
! H bl +idn i i Myocutaneous flaps Myocutaneous flap of head and 65635008
1
: : : * templateld - [G] : : Phar Phar “Efktl::fﬂ::;ur! 51265002
g 1 o yngectomy yngectomy (p )
: : : [ | Free flaps Reconstruction with free flap 240985005
: 1 : : : {procedure)
: i : : : Lymph node remowal Biopsy of lymph node [procedure) 21911005
| | ST m e e e e ————— CE |
: e e L EE LR L L PP TP L PP e ! Tracheotormy,/Tracheos tonmmy Incision of rachea (procedure) 48387007
------------------------------------------------- > targetBodySite As above [approachBodySite)




Medical Logic Module Generation

Represents In

If Treatment Intent = Palliative Then Treatment Plan = Radiotherapy

DCMLocalized
Ontology

Plain Rule Transformation ti Interoperable and Shareable MLM

4 Pt

Standard Terminology
Standard Data
model (SNOMED CT)
(vMR) Ontology Ontology

Represent Values in

Represent Keys in VMR SNOMED CT codes

T Represents In

-

A The Medical Logic Module (MLNB generated from plane rules
) instead of ontologies.
A Standard Terminology (SNOMED CT) and standard data mode|

(VMR) ontology concepts are using to create shareable and
interoperable MLM.

maintenance:

title: Palliative Treatment By Physician 3;;
mimname: Palliative Treatment By Physician 3;;
arden: Arden Syntax V2.7;;
version: Version 2.7;;
institution: SKMCH;;
author: Dr. Physician 3;;
specialist: Dr. Physician 3;;
date: 13/01/2015;;
validation: testing;;

Library :

purpose: Experimental testing;;

explanation: Experimental testing;; SNOMED CT VMR
keywords: Oral Cavity;; _
citations: ;;
Knowledge :

(ype : data driven; ; ~N

data: ProcedureEvents:= object [ProcedureEvent];
ProcedureEventList:= read asProcedureEvents
{ selectProcedureEvent FROM client Where ProcedureEvent.procedureCode IN (*3950770Q0)};
Recommendationl := objectProcedureEvent;
\__RecommendationList:= (); ;;
evoke:null_event; ;
/" logic : N\
ProcedureEventListDetail := EXTRACT ATTRIBUTE NAME®rocedureEventList
ProcedureEventl := ATTRIBUTProcedureEventListDetai[1] FROMProcedureEventList

IF( (ProcedureEventl.procedureCode = "39507;7000 And ProcedureEventl.procedureMethod = "363676003))
THEN

recPartl := newProcedureEvent with " 108290001;
recl := new Recommendationl with recPartl;
recommendationList := recommendationList, recl;

Treatment Intent |
—/

action : . | | | | - |
WRITE recommendations procedureMethod :; Radiotherapy Treatment Intent Palliative

\ at stdout_dest;
end;




Solution 2:StructureLevel Semanti®econciliation (MLM Generation)

Production Rule

DCMSNOMED II
Mapping | 1=
v

I

nology,

MLMSs

KNOWLEDGE BAS




Solution 2:StructureLevel Semanti®econciliation (MLM Generation)Motivation]

Standard Clinical knowledge representation
Using HL7 Arden Syntax MLM
Structure
maintenance :

title: Palliative Treatment By Physician 3;;

mimname: Palliative Treatment By Physician 3;; \
arden: Arden Syntax V2.7;;
version: Version 2.7;;
institution: SKMCH;;
author: Dr. Physician 3;;
specialist: Dr. Physician 3;;
date: 13/01/2015;;
validation: testing;;
Library :
purpose: Experimental testing;;
explanation: Experimental testing;;
keywords: Oral Cavity;;

citations: ;;

Knowledge : 0 .
type : data driven; ; '§ SOIUUO
data: g

LET varTreatmentintent = BE Read { Selectreatmentinten from ClientDB }

evoke: null_event; ;
logic :
if ( varTreatmentintent is equal to Palliative)

Conclude true;
ki
action :
WRITE "The recommended treatment plan is Radiotherapy"
at stdout_dest, ;;

end:; /

4
V
Complexity , Interoperability, andntegration

If Treatment Intent = Palliative Then Treatment Plan = Radiotherapy

maintenance:
title: Palliative Treatment By Physician 3;;

mimname: Palliative Treatment By Physician 3;;
arden: Arden Syntax V2.7;;

version: Version 2.7;;

institution: SKMCH;;

author: Dr. Physician 3;;

specialist: Dr. Physician 3;;

date: 13/01/2015;;

validation: testing;;

Library :
purpose: Experimental testing;; NOMED CT

VMR
explanation: Experimental testing;; u [ ]

keywords: Oral Cavity;;
citations:

Knowledge :

(ype : data driven; ;
data: ProcedureEvents:= object [ProcedureEvent];
ProcedureEventList:= read asProcedureEvents
{ selectProcedureEvent FROM client Where ProcedureEvent.procedureCode IN (*3950770Q0)};

Recommendationl := objectProcedureEvent;

Treatment Intent

\_ RecommendationList:= (); ;;

evoke:null event; :

/" logic :
ProcedureEventListDetail := EXTRACT ATTRIBUTE NAME®rocedureEventList
ProcedureEventl := ATTRIBUTProcedureEventListDetai[1] FROMProcedureEventList

THEN
recPartl := newProcedureEvent with "108290001;
recl := new Recommendationl with recPartl;
recommendationList := recommendationList, recl;

IF( (ProcedureEventl.procedureCode = "39507;7000 And ProcedureEventl.procedureMethod = "363676003) )

\

action :

WRITE recommendations.procedureMethod ;; | Radiotherapy

| | Treatment Intent || Palliative |

\ at stdout_dest;

end;

A Solution: Structure level semantic reconciliation
A Proposed solution hides this complexity by automatic generation of MLM.




Solution 2:Structure Level Semantic Reconciliation (MLM Generatidhorkflow]
- N

— Automatic MLM Generation
I
MLM Standard
I_ Structure
Extract and build
Maintenance slot
Y
Build Slot
Categories
Extract and build

t _.E Library slot
9 Extract Condition — [#=-=============--—m—m
1

A

T

I

1
Extract Conclusion [#----==-==-==-==-mm-mni
L&
Ll

Algorithm 4-1  Algorjthm 4-2 Algorithm 4-3

DCM-SNOMED
Mapping

i o
! Contribution 3:

1 A Automatic generationof

1 Medical Logic Module (MLM)

1
1
1
1
1
1 A Integration of SRM with MLM to:
1
1
1
1
1

vMR-
SNOMED
Mapping

enhance interoperability and
easy integration with clinical
workflows

DCM-vMR
Mapping

Build Action
slot

Build Data
—) slot
MLMs —

KNOWLEDGE

E Merge Slots
\! J/




Solution 2:StructureLevelSemantic Reconciliation[Detail Workflow]

| . A . . .
— Data Slot Generation Logic Slot Generation Action Slot Generation
l ¢ Data Slot Logic Slot
Plain Rule Plain Rule : |
1
v :
v Identify Output I
1
Extract Condition Extract Condition Parameters !
1
i x Y Fetcthutput :
- Identify Input Extract Input Objects > R
Extract Conclusion Parameters I - > trom Data List Parameter
| I
Y Y i v T DCI\Ta?)Npa - Assign output T e I
Identify Output | Find corresponding | _ ! ! ssign output. . _ Mappi
Parameters ' *| VMR class/attribute | | Execute client query:_—_—_—_—] i parameter to VMR List - - L ToRRng=
DCMVMR : ¢ . ! :
Find cor;('espond'ng Mappi Create "MR Input : o DCMVMR I | ! VMRSNOME
| NG |- -~ v ut | » Fetch Conditional Fact Mapping ! =1 Mappi 1
VMR class/attribute |* Objects : , : | Pappne—
1 | 1
v v | v : :
Create VMR Output DI Create VMR Input | | Create/modify S :
Objects | Objects List ! Conditional Statemeng - = === -=-=======--=-=-=-----= Prepare |F statement
i : for each VMR class
|
! "_ i onditiona Finalize Conditional v
““““ » Create client query | , Facts <= n Statement Prepare ELSE IF Write final
| v statement for each recommendation
: Prepared output VMR class
! objects
» Merge Data Slot «———— ________ i v
Algorithm 41 Algorithm 4-2 Merge Logic Slot Algorithm 4-3




DCMVMR
Mappi

VMRSNOME
Mappin

4 Mapping Files\

Data Slot
Generation

@ Extract Condition

@ Extract Conclusion

Identify output/output
Parameters

Fetch corresponding vVMR
Class/attributes.

@ Create VMR output objects
@ Create VMR input objects

Create VMR input objects
List

Create client query

Generated Data Slot

Algorithm 4-1: Semantic Reconciliation Model realization for Data Slot generation

o0 =1 ™ N ke e bk e

k)|
2

Input : Rule production rule
mfDCMSNOMED mapping file of DCM-SNOMED
mfvMRSNOMED mapping file of vYMR-SNOMED
m fDCMvM R mapping file of DCM-vMR

Result: DataSlot

Initialization:
inputObjectList = Empty:
outputObjectList = Empty;
listConditionalOperator[2] = {"and”, "or”};
listConditionalFacts = Rule.condition. getAllFacts(listConditional Operator);
listConclusionFacts = Rule.conclusion.getAllFacts(listConditional Operator);
listComparisonOperator[] = {" ="," = ",7 <77 >="" «="};
foreach Factf of listConditional Facts do
operands[2] = f.getOperands(listComparisonOperator);
foreach ConeceptC in mfDCMvM R do
if C' is mapped with operand|[1] then
vM RClassAttribute + getCorrespondingvM RClass(C);
if inputObject List.contains{ivM RClass Attribute = False) then
inputObjectList.CreateObject(vM RClass Attribute.class);
SNOMEDCode = mfDCMuvuM R.getSNOMEDCode(C);
queryList.createQuery(vM RClassAttribute.class, SNOM E DCode)
Break:
end
end
end
end
foreach Fact f of listConclusionF acts do

operands[2] = f.getOperands(listComparisonOperator);
foreach ConeceptC in mfDCMvM R do
if C' is mapped with operand|[1] then
vM RClassAttribute + getCorrespondingvM RClass(C);
if outputObject List.contains(v M RClassAttribute = False) then
outputObject List.CreateObject(vM RClass Attribute.class);
Break;
end
end

end

end




Algorithm 4-2: Semantic Reconciliation Model realization for Logic Slot generation

Algorithm 4-2: StructureLevel Semanti&econciliation (MLM Generation)

DCMVMR
Mappi

VMRSNOME
Mappin

4 Mapping Files\

Logic Slot
Generation

@ Extract Condition
Extract input objects from
data slot
Executable statement of
client query
Fetch conditional facts
repetitively
Create/Modify conditional
statement

@ Merge conditional
statements

Prepared/assigned output
objects

Generated Logic Slot

- I B L L

21

Input : Rule production rule
inputObjectsList Input object list generated by Data Slot
outputObjectsList Output object list generated by Data Slot
mfDCMSNOMED mapping file of DCM-SNOMED
mfvMRSNOMED mapping file of vYMR-SNOMED
mfDCMuM R mapping file of DCM-vMR
Result: LogicSlot
Initialization:conditionStatement = ™ and
conclusionStatement = ™7
listConditionalOperator[2] = {"and™, “or"'};
listConditionalFacts = Rule.condition. getAllFacts(listConditionalOperator):
listConclusionFacts = Rule.conelusion. getAllFacts(listConditionalOperator);
listComparisonOperator[] = {7 =77 = 7,7 <77 =77 «="]
foreach Fact f of listConditional Facts do
operands|2] = f.getOperands(listComparisonOperator):
foreach ConceptC' in operands do
if inputObjectsList. find(ConceptC) = True then
conditionStatement = conditionStatement +
inputObjectsList[c].operands[0].getVMRClasses() + ™" +
inputObjectsList[c].getV MR Attribute():
conditionStatement = conditionStatement +
inputObjectsList[c].operands(0].getSNOMEDCTCode()
conditionStatement = conditionStatement +
operands|0].getFollowedOperator():

end

end

end

foreach Factf of listConclusionF acts do

operands[2] = f.getOperands(listComparisonOperator);

foreach ConceptC' in operands do

if outputObjectsList. find(ConeeptC) = True then

comelusionStatement = conclusionStatement +
outputObjectsList|c|.operands[0].getVMRClasses() + ™" +
outputObjectsList|c|.getVMRAttribute();

cemelusionStatement = conclusionStatement +
outputObjectsList[c|.operands[0].getSNOMEDCTCode()
conclusionStatement = conclusionStatement +
operands[0].getFollowedOperator();

end
end

end
LogieSlot = "IF ™ + conditionStatemnent + 7 Then” + conclusionStatement;




Algorithm 4-3: StructureLevel Semanti®econciliation (MLM Generation)

DCMSNOM
Mappin -

DCMVMR
Mappi

VMRSNOME
Mappin

1T

4 Mapping Files\

Action Slot
Generation

@ ExtractConclusion
@ Fetch output parameters

Prepare IF statement for
each output parameter

Prepare Then statement
for each parameter

Write final recommendation

Generated Action Slot

Algorithm 4-3: Semantic Reconciliation Model realization for Action Slot generation

Input : Rule production rule
outputObjectsList Output object list generated by Logic Slot
Result: ActionSlot
1 Initialization: recommendationStatement = ™"
2 foreach Object obj of outputObjectsList do
3 if obj.Is Not Null then

4 recommendationStatement = "1F recommendation =" + obj. get VMR Class() +
" tmn !!;
5 recommendationStatement = recommendationStatement + "Write ™ +

obj.getVMRClass(). getV MRA ttribute() = obj.getValue;
"Write " + recommendationStatement;
end

b

7

8 end
o if recommendationStatement is not NULL then
10 ActionSlot = recommendationStatement:

11 end




Evaluationfor Algorithm 1: DCMStandard Terminology Mpping

]
Experimental Setup
A Experiments
A Experiment 1Proposed Algorithm Performance for DEM oo
Standard Terminology Mapping 0.94
A Experiment 2 Existing Algorithms Performance Ofg:
A AgreementMakerLight 0.925
A GOMMA &ﬁ
A LogMapLight 0.91 Percentage
A ProposedSystem 0909 Precision Recall F-mearsure
A Datasets m Percentage 0.95 0.92 0.93
A DCM :Domain Clinical Model (Collaborative Hospital)

A Total number of concepts214

A SNOMED CTHTSDO (Downloaded) m
A Total number of conceptsQ.3 million Proposed System Results Statistic:

D OAREGELL Y B 000V 0 Total DCM Concepts 214
YT @@ i 00 b @l 00 "2 0 SNOMED CT Mapped Concepts 197
Vi @i Q6 Q0 Q
2 AAAIGE TG T 00 06 @ @k 6 Qb © Wrong Mapped Concepts 9
01 QOQi YBEOD a LocalConcepts 8

& 1 AAOOQA——F—7—=. . .

D1 Qw QiYW O
Taqdir Ali, and Sungyoung Lee, "Reconciliation of SNOMED CT and domain clinical model for interoperable medical knatidedg83tteAnnual International
Conference of the IEEE Engineering in Medicine and Biology Society (EMBQUR01¥15, 2017




Evaluationfor Algorithm 1: DCMStandard Terminology Mpping

]
Relevant values of statistical measures finding Statistical measures Precision, Recall, ante&sure
Systems pore szi'tsif,’e C;ﬁg::)ts Nngfﬁeve Comparison with existing system w.r.t Precision, Recall, and Accuracy
—————— -
AgreementMakerLight| 163 43 8 51 ' : I
0.9
I
GOMMA 137 69 8 77 08 ! i
- I
LogMapLight 153 53 8 61 07 I :
Proposed System 197 9 8 17 0.6 I i
0.5 : :
Result Analysis o : !
. 0.3
A SRM performeaxceptionally well on thall I I
. .. 0.2
featureswith 0.95precision,0.92recall, and).93 I :
0.1
F-measure on datasets : I
A The Compared eXlstlng Systems have good 0 AgreementMakerLight GOMMA LogMap Light I Proposed System |
H Precision 0.83 0.71 0.79 0.95 |
performance on both datasets asandard = Recall 08 0.69 0.76 : 092 I
terminok_)gies = F-Measure 0.81 0.7 0.77 :_ 0.93 I
A Explicit semantics Inset enhanced performance m Precision  Recall = F-Measure

Taqdir Ali, and Sungyoung Lee, "Reconciliation of SNOMED CT and domain clinical model for interoperable medical knatibetige cre
39th Annual International Conference of the IEEE Engineering in Medicine and Biology Society (EMB@y20415, 2017



Evaluationfor Algorithm 2 Standard Terminology and Data Mod®apping

Experimental Setup
A Experiments A Tools and Technologies
A Experiment 1Proposed Algorithm Performance for A Proposed Algorithmwe implemented matching tool

Standard Terminology and data model mapping using java language.
A Experiment 2Existing ontology matching algorithms lack A Restful Service with Java
definition-based mapping, therefore, we evaluate our A Knowledge base (SQL Server 2016)

system with basdine (Jaccard) Similarity matching é wg]r?j?\lvg g)éniém lj'e%B AllAcronyms Repositories

algorithm. R :
A Datasets A Jaccard Similarity AlgorithnExisting baséine
A standard Data Model (vMR) Specification of standard algorithm (Jaccard Similarity) is implement using existing
: tool RapidMinor
da}ga n;oilell Wlthb f 60 A RapidMinor Studio Basic 6.5.002
otal number ot concep A Windows 10, RAM 4 GB
A SNOMED CTHTSDO (Downloaded) A Pythonlibraries for Preprocessing

A Total number otop level hierarchical concept1

0 OARE Gif YL 08100000
VI @ | Q0 00 &l & Q0 Q0 Q

s "Yi @@ i QO QL Q
2AAA I ...
Yi @G i Q0 Qe @1 @WQMO QL Q
01 QOQIYRGEOA &

& T AAOOO AT romaoa &




Evaluationfor Algorithm 2 Standard Terminology and Data Mod®lapping

E—
A Definition-BasedMiatching with B Definition Based Matching with
Jaccard Similaritglgorithm proposedalgorithm
1 1
0.95 0.95 - —— —— — = —
0.9 0.9
8 0.85 / (O] 0.85
S 0.8 _— é 0.8
€075 — S 0.75
o Y
T 07 o 07
(&)
& 0.65 ® 065
0.6 0.6
0.55 0.55
0.5 0.5
0.55 0.6 0.65 0.7 0.75 0.55 0.6 0.65 0.7 0.75
Threshold (Ranging from 0.55 to 0.75) Threshold (Ranging from 0.55 to 0.75)
== Recall =#=Precisions F-Score —i—Recall =#=Precisions F-Score

Results Analysis
A A)The Jaccard similarity algorithm gives higball (0.92)ut the precision(0.59)was very low wittthreshold value 0.5
It gave very random results on differettiresholdvalues.
A B)The proposed system givetter resultsthan baseline (Jaccard) with each threshold.tAteshold 0.75the proposed
algorithm gave good result with respect foecision (0.89Recall (0.97)andFmeasure (0.93)
A We insertedExplicitand Implicit semanticito Space Vectors to increase the performance




Evaluationfor Algorithm 2 Standard Terminology and Data Mod®apping

Comparison of proposed algorithm with Jaccard Similarity
algorithm w.r.t FMeasure

Results Analysis -

A In summery, this graph shows the comparison pf

Proposeadalgorithm withBaseline algorithm with
respect to FMeasure.

0.8

A The Proposedystem showed better resulfs 075
Measure (0.93)while the Basdine algorithm has _
FMeasure (0.76pn the highest threshold/alue 0.65
0.75 _

A On thelowestthreshold valug.55, the F 0.55
Measureof Proposed system 78 while Base 05

0.55 0.6

line algorithm ha®.72with very low precision. 0-65 0.7 0-75
Threshold (Ranging from 0.55 to 0.75)

o
©

0.85

Performance (FMeasure)
o
\‘

o
»

m Jaccard Similarity m Proposed

Ali, Taqdir, et al. "Muktimodetbased interactive authoring environment for creating shareable medical knowledge." Computerdaetnd
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Evaluationfor Solution 2(Algorithm 4} Standard Terminology and Data Mod®apping

SyStemcentrIC Evaluatlo T T T TITIIIIIIII I > COM PARISON TO '4 .......................................... User_CentrIC Eva|uatI0n

ArdenSuite

wnload/newMLMCon!

|-KAT

il KAT inelligent knowledge Authoring Tool

System quality measurement
Already existing dataset of
preferences and opinions

C Items collected from users,

C System performance and
quality measurement

C Dataset items collected from
users during interaction with

O O

system [7] _not nec_essar_lly during
— interaction with system [7]
N
=

Ali, Taqdir, et al. "Muktimodetbased interactive authoring environment for creating shareable medical knowledge." Computerdaetnd
programs in biomedicine 150 (2017)-42



Results of Solution 2Algorithm 4} System Centric

|
-
Essential
a
c
Q
£
(3 < Recommended
E
o
7]
[
Optional

Initial

Requirements

Total (20)
R1, R2, R3, R4, RS, R6,
R7. R8. R9, RI10, RI11,
R12, R13. RI14, RI15,
R16,R17, R18, R19, R20

Total (21)
R23, R24, R25, R26,
R27, R28, R29, R30,
R31, R32. R33, R34
R35, R36. R37, R38.
R39, R40, R41, R42, R43

Total (15)
R21, R22, R44, R45,
R46, R47, R48, R49,
R50, R51, R32, RS53,
R54, R55, R56

Phase 1 Phase 2 Phase 3
Reduction Enhancement Interpretation
O Removed O Recommend new d g::g’;ct the CIMT
technology-oriented requirement of DCM requirements for
and specific to tree and Intelli-sense kn?)wl edoe
CMIT requirements window 8
Authoring tool
Total (16) Total (16) Total (16)

R1, R2, R3, R4, R5. R6,
R8. R9., R10. R11, R13,
R14,R16, R17, R18, R19

Total (16)
R23, R25, R26, R27,
R29, R30, R31, R32,
R33. R34, R37. R39.
R40, R41, R42, R43

Total (5)
R21, R45, R48, R51, R52

R1, R2, R3, R4, RS, R6,
RS, R9, R10. RI1, RI3,
R14,R16, R17, RI8, R19

Total (18)
R23, R25, R26, R27,
R29, R30, R31. R32,
R33. R34. R37. R39.
R40, R41, R42, R43,

ER57. ER58

Total (5)
R21,R45, R48, R51, R52

IR1, IR2, IR3, IR4, IRS,
IR6, IR8, IR9, IRIO,
IR11, IR13, IR14, IR16,
IR17, IR18, IR19

Total (18)
IR23, IR25, IR26, IR27,
IR29, IR30, IR31, IR32,
IR33, IR34. IR37. IR39.
IR40, [R41, IR42, IR43,
IR57, IR58

Total (5)
IR21, IR45, IR48, IRS5I,
IR52

Ali, Taqdir, et al. "Muktimodetbased interactive authoring environment for creating shareable medical knowledge." Computerdaetnd
programs in biomedicine 150 (2017)-42

Phase 4
Evaluation

based on output of
phase 3.

Evaluations and Results
Evaluation of proposed
system with exiting
knowledge authoring tool
[5] based on 40
requirements in the previous
phase.

Total

Essential
Requirements
(20)

(21)

Requirements
(56) [8]

Recommended
Requirements

Optional
Requirements
(15)

Final Requirement set for
evaluation of knowledge
Acquisition Tool

"z )
A Total (39)
A Essential (16)
A Recommended (18)
A Optional (5)
J

Contribution 4

tool w.r.t. standard requirements.

1
1
1
1
i C The completeness evaluation of knowledge acquisition
1
1
1



Results of Solution 2Algorithm 4} System Centric

o

Result Analysis
I-KAT
A hasfull supportto 82.05%of requirements
A Haspartial supportto 7.69%of requirements

A Hasno supportto 10.25%of requirements

ArdenSuite
A hasfull supportto 35.89%of requirements
A Haspartial supportto 28.20%of requirements

Ve

A Hasno supportto 35.89%0of requirements

J

Ali, Taqdir, et al. "Muktimodetbased interactive authoring environment for creating shareable medical knowledge." Computerdaetnd

programs in biomedicine 150 (2017)-42

Evaluation of Not-supported (NS), Partially Supported (PS) and Fully Supported (FS)

requirements
32
14 14
11
4
._
3
NS PS FS

Requirement categories with respect to implementation support

w=le= [-KAT  ==@=ArdenSuite




Results of Solution 2Algorithm 4): System Centric

(a) Evaluation of Not-supported (NS) requirements

9
- 8 8
8
E 7
g6
=
g 5
=4 4
e
g3 )
g . 1'_/‘\. i
< | 1
0
Essential (E) Recommended (R) Optional ((3)

Categories of requirements

== [-KAT === ArdenSuilc

Number of requirements

{b) Evaluation of Partially Supported (PS) requirements

4
4
3
2 2
0 0 0
Essential (E) Recommended (R} Optional (Q)

Categories of requirements

== -KAT === ArdenSuite

Number of requirements

(¢) Evaluation of Fully Supported (FS) requirements

15
14
13

12
10 8

8

6 5

4 4

2

1
0
Fssential (F) Recommended (R} Optional (()

Categories of requirements

= P=]-KAT =®=ArdenSuite

()

Interpretation:
(b)

(c)

\[/

\[/

\[/

I-KAT has minimum number of requirements
which are not supported. Essential 1,
Recommended 2, Optional 1

I-KAT has less partial support to Essential O

Recommended 3, Optional 0

[-KAT hagmaximumfull support to requirements.

Essential 15, Recommended 13, Optional 4

Ali, Taqdir, et al. "Multimodelbased interactive authoring environment for creating shareable medical knowledge." Computesdaetnd

programs in biomedicine 150 (2017)-42




Results of Solution 2Algorithm 4) User Centric

Experiments and Objectives

Experiments

Experimentl:
Userfriendliness

Experiment2:
Shareability and Interoperability

Objectives

tKéé)\O)\l-)/éQ LJS
time

No. of errors in MLM creation

Testing MLM: Total 8 MLMs are tested
A 2 MLM with simple structure

A 2MLM with intermediate

A 4 MLM with complex structure

. Contents/Logic Complexity
MLMID | Associated Rule ID [MNo. of attributes, {INo. of logical operators}]
MLM1 Rulel 1. {And (0), Or (1)}
MLM?2 Rule2 1. {And (0), Or (1)}
MLM3 Ruled 5. {And (3), Or (1)}
MLM4 Ruled [7, {And (5), Or (1) }]
MLM5 Rule5 7. {And (5), Or (1)}
MLM& Rulefi 5. {And (3), Or (1)}
MLMT Rule7 17, {And (7), Or (9)]}]
MLMBE RuleX [29, {And (7)., Or (21)}}]

Experimental Setup

Experienced

Novice wediate

Experienced

10 KAT inteligent Knowledge Authoring Tool

=




Results of Solution 2Algorithm 4) User Centric

Table 4: Ease-of-use evaluation with respect to time

— MLM Creation Time
MLM No Using ArdenSuite | Using I-KAT User Involved
5 R 5 18 min 20 Sec 22 sec Physician 1
ExperimentL: t KEAAOAL YaQ [LISNF 2 NNy OF 2w 55 16 soc Physician 2
g g . Not Applicable 66 sec Physician 3
Userfriendliness w.r.t. Time & min 30 Sec 20 sec Knowledge Engineer
18 min 22 Sec 23 sec Physician 1
21 min 10 Sec 40 sec Physician 2
/ MLM2 Not Applicable 69 sec Physician 3
I I - & min 34 Sec 23 sec Knowledge Engineer
Resu t Ana ySIS 32 min 20 Sec 2 min and 47 sec Physician 1
4 . . . 34 min 30 Sec 3 min and 5 sec Physician 2
Acreate elght M LMS by eaCh part|C|pant MLM3 Not Applicable 2 min and 40 sec Physician 3
- . . 19 min 15 Sec 2 min and 18 sec | Knowledge Engineer
AI-KAT haS |ncreasaﬂ- tl meSfaSter th an 33 min 25 Sec 3 min and 49 sec Physician 1
. . . 35 min 39 Sec 3 min and 7 sec Physician 2
ArdenSUIte 18] Slmplest M LM 1’ Wh% MLM4 Not Applicable 3 min and 45 sec Physician 3
. . 18 min 21 Sec 2 min and 19 sec | Knowledge Engineer
times faster IN cCOMm pleX M Lm 33 min 25 Sec 3 min and 49 sec Physician 1
~ MILME 35 min 39 Sec 3 min and 7 see Physician 2
AThe Overa” average perform ance Showec Not Applicable 4 min and 47 sec Physician 3
. . 21 min 21 Sec 3 min and 19 sec | Knowledge Engineer
an |mprovement Oﬂ_5 t| mes 32 min 20 Sec 2 min and 47 sec Physician 1
L . . . MLM6 34 min 30 Sec 3 min and 5 sec Physician 2
Awe prOV|ded’] |g h Ievel abStraCthland Not Applicable 2 min and 40 sec Physician 3
. . 19 min 15 Sec 2 min and 18 sec | Knowledge Engineer
h |de the Com pIeXIty 34 min 45 Sec 4 min and 53 sec Physician 1
MILM?T 36 min 51 Sec 5 min and 51 sec Physician 2
Not Applicable 2 min and 27 sec Physician 3
k / 21 min 34 Sec 4 min and 10 sec | Knowledge Engineer
35 min 58 Sec 5 min and 23 sec Physician 1
MLMS 37 min 51 Sec 6 min and 19 sec Physician 2
Not Applicable 9 min and 47 sec Physician 3
Ali, Taqdir, et al. "Mulimodetbased interactive authoring environment for creating shareable medical knowledge." Computesdsetnd 22 min 46 Sec 5 min and 13 sec | Knowledge Engineer

programs in biomedicine 150 (2017)-42




Results of Solution 2Algorithm 4) User Centric

Table 5: MLM syntactic and semantic evaluation

MLM Errors Recorded
MLM No | (L: Logical errors, 5: Syntax error User Involved
e ] 5 Using ArdenSuite | Using I-KAT
Xperiment2: i R S5:2, L:2 S:0, L:0 Physician 1
Shareability and Interoperability No. of errors in MLM creation MLM1 S:3, L5 S:0, LD Physician 2
Not Applicable 5:0, L:0 Physician 3
5:0, L:0 5:0, L:0 Knowledge Engineer
/ . \ S5:2, L:1 S:0, L:0 Physician 1
RGSU't AnalySIS MLM?2 5:3, L4 5:0, L:0 Physician 2
- . . Not Applicable S:0, La1 Physician 3
AsyntaCUC(S) and_oglcal(l_) EFI’OI’S S:0, L:0 S:0, L:0 Knowledge Engineer
A P . : S:10, L:11 5:0, L:1 Physician 1
AParticipants made o# errorson averagen simplest —— T o
MLM3 S:5, L:18 S5:0, L1 Physician 2
M LM 1 n 17 rrorsin m | X M L N Not Applicable S:0, L:2 Physician 3
a d . eIrors co pe I\IB us g 5:2, L:0 S5:0, L:0 Knowledge Engineer
ArdenSuitejts success rate $6.88%. 59, L:13 50, L1 Physician |
~ . . . . MLM4 5:6, L:17 S:0, L:2 Physician 2
APart|C|pant made Only |OgIC61| error on avera]gel’l’orln Not Applicable S5:0, L:2 Physician 3
. . 5:3, L:0 5:0, L1 Knowledge Engineer
all MLMsusingl-KAT withoverall Task Success Rate SR RY S Physician 1
0 . 56, L:16 S:0, Le1 Physician 2
. 90625 /0' MLAS Not Applicable 5:0, L:3 Physician 3
AWe hide the structure and syntax of MLM from 5:3, L:1 50,10 [ Knowledge Engincer
h L. 5:8 L9 S:0, L1 Physician 1
sicians S:6, L:17 S:0, L:2 Physician 2
\ p y / MLM6 Not Applicable S5:0, L1 Physician 3
(. . ) S:1, L0 S:0, L:0 Knowledge Engineer
A Synte}ctlc(S) EI’I‘OII‘S. S:8, L:13 5:0, L Physician 1
A Mistakes in syntax of Arden Syntax Language of MLM. S8 L7 S0 L2 Phvsician 2
A |—09|C,a|(|-)_ Errors: _ _ ML Not. Applicable S:0, L:4 Physician 3
A Mistakes of wrong concept selection, wrong operator selection, and wrong values 3 L2 S0, L:0 Knowledge Engineer
selection. S:09, L:15 S:0, L:2 Physician 1
~ o MLMS S:6, L:16 S:0, L:1 Physician 2
Ali, Taqdir, et al. "Multmodelbased interactive authoring environment for creating shareable medical s Not Applicable S0, L3 Physician 3
knowledge." Computer methods and programs in biomedicine 150 (2017241 S:2, L:3 S:0, L:0 Knowledge Engineer




Time-On-Task:
A Called task completion

time.

A Faster completion of tas

by user is the better
experience.

A Mean time per MLM
creation calculated in

seconds.

A Find Mean, Median,
Geometric mean, and

confidence interval.

A The error bars represent

the 95% { = 0.05)
confidence interval.

A ArdenSuite:The average !

time-on-task in simplest |
MLM is1621.25 Secand |
complex MLM i€348.75 '

Sec

MLM is400.5 Sec

A |-KAT:The average time |
on-task in simplest MLM |
is38.5Se¢ and complex

Evaluation:TaskOn-Time

Mean Task Time (Seconds)
= = N N w w
8 8 8 8 8 8

w
=}

0

I-KAT: Mean Time per Task (Seconds)
(Errors bars represent the 95% confidence interval)

MLM1 MLM2 MLM3 MLM4 MLM3S MLM& MLM7
Tasks to create MLM (1 - 8)

MLM8

2500

2000

1500

Mean Task Time (Seconds)

ArdenSuite: Mean Time per Task (Seconds)
(Errors bars represent the 95% confidence interval

MLM1 MLM2 MLM3 MLM4 MLMS5 MLME MLM7
Tasks to create MLM (1 - 8)

MLM8

I-KATTimeOnTask data for 4 participants and 8 MLMs

MLM1 | MLM2 | MLM3 | MLM4 | MLM5 | MLM6 | MLM7 | MLM8
Physician 1 22 23 167 229 229 167 293 323
Physician 2 46 40 185 187 187 185 351 379
Physician 3 66) 69, 160 225 287 160 507 587
Knowledge Engineer 20 23 138 139 199 138 250 313
Mean 38.5 38.75 162.9 195 225.5 162.§ 350.2 400.5
Median 34 31.5 163.5 206 214 163.5 322 351
Geometric mean 34 34.74 161.61 191.3 222.3§ 161.61 337.89 387.24
Standard Deviation 21.81 21.7 19.43 41.86 44.64 19.43 112.4 127.6§
Confidence 21.37 21.27 19.04 41.02 43.79 19.04 110.13 125.17
Confidence Interval (+ 59.87 60.02 181.54 236.03 269.25 181.5%4 460.4 525.67
Confidence Interval (-) 17.13 17.44 143.44 153.98 181.75 143.46 240.1  275.39
Confidence Interval 42.74 42.54 38.09 82.04 87.5 38.08 220.3 250.24
ArdenSuiteTime-OnTask data for 4 participants and 8 MLM
MLM1 | MLM2 | MLM3 | MLM4 | MLM5 | MLM6 | MLM7 | MLM8
Physician 1 1100 1102 194Q 2005 2005 194Q 2085 2158
Physician 2 1275 127(Q 207(Q 2139 2139 207(Q 2211 2271
Physician 3 3600 3600 3600 3600 3600 3600 3600 3600
Knowledge Engineer 510 514 1155 1101 1281 1155 1294 1364
Mean 1621.25 1621.5 2191.2% 2211.25 2256.25 2191.2% 2297.5 2348.71
Median 1187.5 1184 2005 2072 2072 2005 2148 2214.5
Geometric mean 1266.76 1268.57 2021.4¢ 2030.5 2108.84 2021.46 2152.7] 2215.6}
Standard Deviation 1359.16 1358.24 1022.4% 1034.25 971.88 1022.45 958.9 926.26
Confidence 1331.95 1331.08 1001.9 1013.55 952.42 1001.98 939.31 907.77
Confidence Interval (+) 2953.4 2952.55 3193.23 3224.§ 3208.61 3193.23 3236.8]1 3256.4}
Confidence Interval (-) 289.3 290.45 1189.27 1197.7 1303.83 1189.27 1358.19 1441.03
Confidence Interval 2663.9 2662.1 2003.96 2027.1 1904.84 2003.9¢ 1878.62 1815.44




&

e , I-KATTask Success for 4 participants and 8 MLMs

KAl b k
: Ta.Sk Success Rate: I-KAT: Percent Correct, by Tas

| A Binary success is the :
simplest way to measurel
_ task success. :
A It depends on Pass Or Fall
binary decision. I
AceLAOIttes Mo

Evaluation: Task Success Rate

120 MLM1|MLM2| MLM3| MLM4 [ MLM5 | MLM6| MLM7 | MLMS8 | Averagsd
Physician 1 1 1 1 1 1 1 1 1 10009
5dz0084343 | yR
|

100
I Physician 2 1 1 1 1 1 1 1 1 1009
Physician 3 1 1 1 1 0 1 0 0 62.59
Knowledge Engineq 1 1 1 1 1 1 1 1 1009
40 Average 1009 1009 1009 1009 759 1009 759 75% 90.629
20
for failure. .

A Calculate task success 4)/ MLM1  MLM2  MLM3  MLM4  MLM5 MLM6 MLM7  MLMS
Iooking at the average | Tasks in form of MLM creation

success rate for each task
across the participantsOfp = — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —— — — — — — — — — — — -
each patrticipant across |
task. | ArdenSuite: Percent Correct, by Task
A The value at the right
bottom of the table is

Percent (%) of task success
[=al
(=]

ArdenSuiteTask Success for 4 participants and 8 MLM

MLM1 MLM2 MLM3 MLM4 MLMS MLM6 MLM7 MLM8

Tasks in form of MLM creation

!
!
!
v 100
overall task success of : g
_ the system | g w MLM1| MLM2 | MLM3 | MLM4 | MLM5 | MLM6 | MLM7 [ MLM8 | Average
A ArdenSuite hag6.88% | £ o Physician 1 1 1 1 0 0 0 0 0o | 37.59
task success rate, while | | & Physician 2 1 | 1 ol ool ol oo 250
ggogcz’;ed 4|'(<AT has | g w0 Physician 3 1 1 0 0 0 0 0 0 259
-62%dask success. | g Knowledge Engine{ 1 1 1 1 1 1 1 1 1009
| I I I I I Average 1009 1009 509 254 2504 254 259 259 46.879
!
!
!




Evaluation: Efficiency

—— _E%ﬂc_lér;(; — —— —: I-KAT: Efficiency (Task Success per Minute) I_KATEﬁICIenCy Measu rement
. 180
A Efficiency is the y I 160 Task Success Ratg] Time-On-Task (seq Time-On-Task(min)| Efficiency %
combination of two : £ 10 MLM1 100 38.3 0.64 159
YSGNKO& deb ki g o IMLM2 104 38.75 0.64 154
YR GORANE] £ £ 100 IMLM3 104 162.1 2.7( 36
p =
A Usability Test Reports | g & IMLMA4 104 199 3.23 30
b = (=
(ISO/IEC 25062:2006) : Z o0 IMLM5 75 225.9 3.75 19
4LISOATA Scare GKF ) g - IMLM6 104 162.9 2.70 36
measure2 ¥ STFTA (}j AS| T o I I I I ; IMLM7 75 350.2: 5.83 12
the ratio of the task | 0 MLM8 75 400.5 6.67 11
. MLM1 MLM2 MLM3 MLM4 MLM5 MLM6 MLM7 MLMS8 . . A
completion rate to the | Tasks in form of MLM Creation Efficiency (IKAT) = 56.62
meantime pertask :
A We already calculated — —— — — — — — — — — — — o — — — — -
GeroOnE L alé YR
acl aj { dz00S £ ArdenSuite: Efficiency (Task Success per Minute) . L.
previously. F ArdenSuite Efficiency Measurement
A The calculated efficiency! - i - - _ —
of existing system is | £ 35 Task Success Ratg Time-OnTask (sed Time-OnTask(min)| Efficiency 9
1.87% completion | 5, MLM1 100 1621.2¢ 27.07 4
rate/time . | g 25 |MLM2 100 1621.5 27.02 4
4 - £ 2 B
A The calculated eff|C|ency: S 2 IMLM3 50 2191.21 36.52 2
of our proposed system is % 15 . ||V|L|V|4 25 2211.2F 36.85 1]
56.62% completion I = IMLM5 25 2256.2] 37.6( 1]
rate/time.. : “os I I I I I IMLM6 25 2191.21 36.52 il
| 0 IMLM7 25 2297. 38.29 1]
| MLM1 MLM2 MLM3 MLM4 MLM5 MLM6 MLM7 MLM8 0
| Tasks in form MLM Creation MLM8 29 2348.71 39.14 1
3 | Efficiency (ArdenSuite) = 1.87




Uniqueness and Contributions

Research Contribution

Knowledge Interoperability
A SemantidReconciliatiorModel (SRMjo enhance the
knowledgelnteroperability
A Explicit Semantic embedding to enhance ontology
matchingperformance
A Precisior0.95 Recal0.92 FMeasure0.93
A Enhance data anschemadevel interoperability by
definition basedmappings
A Precisior0.89 Recal0.97, FMeasure0.93

Knowledge Shareability
A AutomaticMLM generation with the help of structure
interoperability using medical standards
A Task Success R&i©.625%

System evaluation Method
A Weintroduced new system evaluation methodology based on
standard requirements to fulfill during design and
development of knowledge acquisition system

I\/Iedlcal Domain Contrlbutlon

h and |

/\

Daily Real Practices

/New Diseases

Frequent Knowledge
Evolution

Hospital A

EMR-1 Schema

Concepts

Schema Concept

Disease

lliness

Head and Neck
cancer

Head and Neck
cancer

Treatment Plan

Treatment

Surgery

Surgical Treatment

\.

"\

S

Knowledge Base

How to make it Shareable?
How to make it Interoperable?

Sharing Knowledge

[ If Disease = Head and Neck cancer
and Age >= 40
[ Then Treatment Plan = Surgery

How to Share?

New Treatment Methods

Ve

\
EMR-2 Schema
j— -

Hospital B
Concepts Schema Concept
Disease Disorder
Head and Neck HNC
cancer
Treatment Plan Treatment Plan
Surgery Surgical Procedure

o /

A Clinical Knowledge shareability and interoperability is
achieved
A Intelligent Knowledge Authoring Tool4KAT) to create
shareable and interoperable knowledge




Uniqueness and Contributions

Knowledge Interoperability

r

A SemantidReconciliation Model to enhance the knowledsiereabilityand
Interoperability

A Explicit Semantic embedding to enhance ontology matching performance

A Enhance data anschemaevel interoperability by definition basedappings

KnowledgeShareability

A AutomaticMLM generation with the help of structure interoperability using medical standards

System evaluation Method

A We introduced new system evaluation methodology based on standard requiremefuti§ilto
during design and development of knowledge acquisifgsiem




Conclusionand FutureWorks

Semantic Reconciliation Model (SRM) is proposed

A Tomakethe standardand non standardknowledgebaseasinteroperable
A Toacquireshareableknowledgeusingstandardknowledgerepresentation
A Transformthe knowledgeinto executableformat.

Standards Data Models, Terminologies, and Knowledge Representation
A In SRM, we used Standard Data Model vMR and Standard Terminology (SNOMED CT) to

achieve Interoperability.
A We used standard knowledge representation HL7 MLM for shareability and Production rules

for non-standard knowledge interoperability.

Future Works

A Infuture, we will validate the interoperability aspect with other knowledge

representations such asLIF
A Uncertainty control will handle in Medical Logic Module using Fuzzy Logic
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A SCI/ SClBournals(12)
A First Author TWO Published
A CoAuthor- 10 Published

A Local Journal (1)

A CoAuthor ~

A International Conferences (19)
A FirstAuthor- SeverPublications
A CoAuthor- Twelve Publications

Total Publications 39

A Local Conferences (3)
A First Authorc Three Publications

A Patents Local (3)
A 2 Registered
A 1 Applied

A International Patent (1)
A 1 Applied
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Editorial

Two new computational methods for data analysis: A social network
analysis-based classifier and the GEEORD SAS module

Two of this month's editor's choice articles involve new com-
putarional methods that provide nal options to applied data
scientists and sitisticians, The third article is an applied research
report thar addresses the important problem of increasing the effi-
ciency and easy of crearing chinical knowledge repositories.

The tirst editar’s choice article, “Social Nerwork Analysis-based
Classifler (SNAC) A case Study on Lime course gene expression
dara,” repumposes techniques used in social nerwork anaysis
create a classifier for time sequential genomic dara (1] The au-
thars are able 1o model genomic data in terms of a social nerwork
by grouping genes o create ‘communities” according t commonly
shared characteristics. They calculate distances between genes and
connect them using adjacency marrices. Their fnal model. called
SNAC. is an ensemble method which ultimately results from calc-
lating genomic expression differences berween nodes. The authors
compare their social network-based classinier against six other
‘mainstream machine learning algorithms and find thar it outper-
forms many of them and is nat inferior t them. These results indi-
cate thar social nerwork analysis may be another lens with which
1o view time sequential datasets, and the authors close by men-
tioning that they can extend their classifler 50 that it becomes a
general classifter.

The second editor’s choice article is tired. *GEEORD: A SAS
‘macro for analyzing ordinal response variables with repeared mea-
sures through proportional odds, partial proportional odds, or non-
proportional odds models.” (2] Many clinical datasers fit this use
case, including before/after sudies in which patiens are graded on
semi-quantitarive scaled outcomes. Commonly. proportional odds
among subjects is not ahways the case, and the included SAS mod-
ules. PROC Logistic and PROC GENMOD. lack formal tests for pro-
portional odds. which many decrease the robustess of resulis.
Creared by a group of siatisticians, the free GEEORD macro fills
a needed gap in the SAS suistical software suite by providing a
formal proportional odds test and adds the capability t 1t a non-
proportional odds model. a partial proportional odds model. and
a proportional odds model. The authors illustrate their macro by
Jsine it on real world daraser

for non-technical users [3). The authors designed the Intelligent
Knowledge Authoring Tool (1-KAT). essentially  user-friendly way
for non-technical physicians 1 transfer their clinical knowledge
inm the Arden syntax m generate compurer-readable knowledge
arufacts. The authors go beyond merely writing software t testing
the easy of use compared to the current de facto standard soft-
ware. They measure the ability of their systems’ features to meet
all modeling requirements and show that their I-KAT sofrware cov-
ered more than twice a5 many requirements as the de facto swn-
dard sofrware and was ar least fifieen times more user-friendly.
These findings reinforce the lesson thar much room for delivering
value lies not just in iventing new fundamental innovations (Ar-
den syntax in this case), bur making these innovarions accessible
10 the critical audience (in this case physicians) has just as much
10 do with the realizing the end goal (emcient creation of knowl-
edge repositories)

The final editor's choice article, "Multi- model-based Interac-
ive Authoring Environment for Creating Shareable Medical Knowl-
edge,” details one research group's effort o speed up the gen-
eration of machine-interpretable decision support rules through
the design of an easy-to-use. interactive knowledge authoring 1ol
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Any questions or comments?
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Summaryof Limitationsof Existing Works

1 ““,‘”’"ﬂ’Semantic Mapping / Low Accuracy
Kn OWlEdge Lack of Semantic Accuracy for specific size
“1: M ings, h licit of ontologies- Low
Interoperability aPPINGS, Steh 88 SXPIc 0

and implicit semantics. accuracy in standard and
non-standard ontologies

/" Definition-based
3

Mapping
Lack of definition based
mappings. Standard
data model and
terminology can only
map with definitions

Lack ofdefinition-based matching in ontology mapping

Kn OWI ed g e Semantic Mapping

Shareability

Lack of Semantic Accuracy for specific size of

Mappings, such as explicit ontologies- Low accuracy in

and implicit semantics. standard and nosstandard
ontologies

/" Definition-based
3

Mapping
Lack of definition based
mappings. Standard
data model and
terminology can only
map with definitions

Lack ofdefinition-based matching in ontology mapping




Proposed Methodology

Limitations Elements Solutions

HL7 Standard vVMR,

Lack of Semantics > SNOMED CT , and
Interoperabilit Domain Clinical Mode
s (oem = 8

Knowledge
base
integration

Complexity

Shareable knowledge in shareable
authoring complexity knowledge

acquisition




Solution 1: apCMStandard terminology mapping algorithm (ASC IS)

]
Execute Algorithms
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Matching Algorithms

e m - ettt bttt
. i1<ti [ v > ! String Matching Calculate !
! EX'Stlng ApprOaCh | »| Execution Contrl ' Algorithm Similarity Score ] !
! Limitations I ©oTTITIITIoIITITILIITICIIIIIIIIIIIY
I : : !
. : ! '( Label Matching ( Calculate 0\ v
I'(C Only focus on the internal I ! Algorithm Similarity Score | | Generate
'\ semantics of ontology. | i — . Mappings
1 - N h e e e e e
N I . 1 1

7 . NN . Matching ' : : 1 N
I | Child Matching Calculate |
i C Lack (_)f definitiorbased ! Concepts | Algorithm }7 Similarity Score | !
. \__mappings 1 Exist A - /1
!/ — N ! CoIIIIIIIIIIIIIIIIIIIIIIIIIIooIoooo v
Il C These limitations cause to the| ; ' (Property Matehing ) [ Caloutate Verify
I'\_ low accuracy. 1 ! Algorithm 71 Similarity Score | ! Mappings
| - | X
- e o e o Em e o mm s mm o mm s mm o mm | e, e, - —— 1

exit

DCMsStandard
Terminology

Mapping




Solution 1: b)Standard terminology and data model mapping algorithm

Synset®of WordNet

Synonyms

Hypernyms

Hyponyms

Similarity Measure ofynsets

Lexical Item 2
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[ SNOMED CT Specificati?n

A 4
Load Concept |«

! [ VMR Specification]

A 4

\ 4
Compute Shortest

Load Concept

Solution 1: b)Standard terminology and data model mapping algorithm

Insight Embedding

Distance
A

Is concept
Exist?

Explicit Semantics Inset

Concepts Extraction

Implicit Semantics Inset

Yes
v

Extract Definitions

Create Word Vector

v

Similarity calculate

¢ v

v

Cosine Jaccard

Euclidean

A 4

Compare Similarity
(var maxValue = x)

Acronyms Inset
(! ONBOSY)

Stem words Inset
(Noun, Verb, Adjective)

Synonyms Inset
(Recursion Depth: RD = 1)

Hypernyms Inset
(Recursion Depth: RD = 2)

Hyponyms Inset
(Recursion Depth: RD = 1)

Embedding Lexical Chaih

RelatedTerms
Typeof
Seealso

Partof

—
ConceptsNetS

Word Sense
Disambiguation

Least Common
Subsumer (LCS)

Maximum Words
Overlap (MWO)

; |
Yes/\ No List computed |
1 |-

maxValue = Similarities 1

A




Solution 1: b)Standard terminology and data model mapping algorithm

Algorithm 1. Standardterminology and data model mappingalgorithm

CEE [ erg ] | EER] R

Begin
inputs: 4 4 ] —m
! {"Y‘Yf@ H;Y} /I nobjects

" {ww hw}// nobjects
output: O @d N [ WEAR Q

foreachScin A
definitionSC= ExtractDefinition(Sq
InsertExplicitSemantigslefinitionSC)
InS(j,-LrtImpIicitSemanticedefinitionSQ
T ih= CreateWordVectofdefinitionSC) X. [
foreachVcin B
definitionVc= ExtractDefinition(Vc)
FT = CreateWordVectofdefinitionVc) X. [
CosineSimilarity B*. s138r 44/B° 1%,/B> F°%

e

JaccardSimiIarity:JJﬁ
maxValue= CompareSimilarityCosineSimilarityX.,JaccardSimilarity
if maxValueis one Then
Scis matchedwith Vc
else
ListComputedSimiliraty: maxValue

endforeach
shortestDistance= ComputeShortestDistandgistComputedSimiliraty

if shortestDistance>=0.5
Scis matchedwith Vc
endif
endforeach
End




Solution 2:Structure level semantic reconciliation

A Structure:

A It has a standard structure having following
categories.

A Maintenance
A Library
A Knowledge
A Each category contain different slots
A In knowledge category three core slots are
A Data
A Logic
A Action

A Syntax
A MLM has its own syntax to write meta data
and actual rule based on structure, like
columns, semcolumns, brackets, curly braces
and key words.

Standard Clinical knowledge representation
Using HL7 Arden Syntax MLM

maintenance :

title: Palliative Treatment By Physician 3;;
mlmname: Palliative Treatment By Physician 3;;
arden: Arden Syntax V2.7;;
version: Version 2.7;;
institution: SKMCH;;
author: Dr. Physician 3;;
specialist: Dr. Physician 3;;
date: 13/01/2015;;
validation: testing;;
Library :
purpose: Experimental testing;;
explanation: Experimental testing;;
keywords: Oral Cavity;;
citations: ;;
Knowledge :
type : data driven; ;
data:
LET varTreatmentintent = BE Read { Selectreatmentinten from ClientDB }

evoke: null_event; ;
logic :
if ( varTreatmentintent is equal to Palliative)

{

Conclude true;

i o

WRITE "The recommended treatment plan is Radiotherapy"
at stdout_dest;
end;

action :

~

/

A

A

@

Complexity:

A The standard structure and syntax of MLM is
tedious and difficult task for physicians to
remember

A Structure
A Syntax

Interoperability and Integration

Physicians are bound only for structure and
syntax of MLM during creation.

While for the internal contents of slots,
physicians are free handed to write.

It causes diverse concepts and terminologies
for Key and values

We achieved interoperability and easy
integration by integrating SRM with MLM
creation.



Solution 2:Structure level semantic reconciliation

If Treatment Intent = Palliative
Then Treatment Plan = Radiotherapy

ﬁnaintenance:

title: Palliative Treatment By Physician 3;;

mimname: Palliative Treatment By Physician 3;;
arden: Arden Syntax V2.7;;
version: Version 2.7;;
institution: SKMCH;;
author: Dr. Physician 3;;
specialist: Dr. Physician 3;;
date: 13/01/2015;;
validation: testing;;

Library :

purpose: Experimental testing;;

explanation: Experimental testing;;

keywords: Oral Cavity;;

citations: ;;

Knowledge :

SNOMED CT VMR
I L

ype : data driven; ;
data: ProcedureEvents:= object [ProcedureEvent];
ProcedureEventList:= read asProcedureEvents

Recommendationl := objectProcedureEvent;
\_ RecommendationList:= (); :;

{ selectProcedureEvent FROM client Where ProcedureEvent.procedureCode IN (*395077000)}:

Treatment Intent
)

> 4

evoke:null _event; ;

/ logic :

ProcedureEventListDetail:= EXTRACT ATTRIBUTE NAME®rocedureEventList
ProcedureEventl := ATTRIBUTProcedureEventListDetai[1] FROMProcedureEventList
IF( (ProcedureEventl.procedureCode = "39507y000And ProcedureEventl.procedureMethod = "363676003))

~

THEN
recPartl := newProcedureEvent with "108290001;
recl := new Recommendationl with recPart1;
recommendationList := recommendationList, recl;
action :
WRITE recommendations procedureMethod ;;
\ at stdout dest;

Radiotherapy

| | Treatment Intent || Palliative |

K end;

/

A Complexity:

A The standard structure and syntax of MLM is
already complex, while incorporating
interoperability and integration standards
enhance the complexity more.

A Solution: Structure level semantic reconciliation

A Proposed solution hides this complexity by
automatic generation of MLM.



Solution 1: b)Standard terminology and data model mapping algorithm

Word Sense Disambiguation

Maximum Concepts Overlap (MCO)

Context

Patient needs A+ blood Bmergencyward, which is notivailablein bloodbank

/ /

The canoaip on the bank"; "he sain the bank of the river and watched the currents

S1: Bank:slopinglahd (especially the slope beside 7/body of water)) "ghe§ed

/ /

14
S2: Bagkésupply or stock held in reserve favailability in future (especially in
emergency)

Lexical Chain

Re/ated Ter
m Canbe

Status »  Monitoring

Related Term

S:Monitor-e.g52 Ol 2N Aad Y2yAdstaauNAy 3 (GKS LI GASyd

ax

Algorithm 2: Maximum Conceptverlapalgorithm

Begin
inputs:

7 I/ word
3/l Sentenceof Context

output:

"AOB®AT OA

max-overlap= 0
foreachsensein sensesf W

signature=setof wordsin the gloss+ setof wordsin examplef sense
overlap<- COMPUTEOVERL&ignature,S
if overlap >max-overlap Then

overlap > max-overlap

"AOO FAdneA

endforeach
Return(® AGO 3 AT OA

End




Results And Eva

uatiorkolution 2 (SysterCentric)

Comparison table of I-KAT and ArdenSuite with respect to imple-
mentation category [Essential: E, Recommended: R, Optional: 0].

Priority  Req. Number  |-KAT ArdenSuite

- Result # Definition Result 1| Result 2 |Result 3 NS PS FS NS PS FS
# Definition Result 2 |Result 3
1 29 |should include visualisation components for viewing complex term refationships =3 ES FS E IR1 v v
1 [Pt todefine clinical information models according to a defined technical FS FS FS 30 Should faciltate the use of the clinical information model to transform/map from s Es Fs
bspecification for structuring clinical information in EHR systems fisiing data E IRZ v v
2 [support the semantic interoperability of EHR systems FS FS FS a1 IShould allow to define of the clinical information models toffrom other PS PS PS E |R3 iy ‘/
lEnsure consistency of information collected by enabling the definition of clinical pppectfications E IR4 v N
3 |nformation models generic enough to be compatible in multiple scenarios through FS FS FS 32 A repository service should provide a nolification senvce to experts and systems FS ES FS -
kspeciaiisation mechanisms for the additional constraints of each local scenario labout clinical information model updates, additions and backwards compatibility E IRS ( ‘/
IDefinition and validation of the clinical information models according to a formal 33 here more than one format is supported, requester user or system will be able to FS ES FS E IRE -
4 | Fs Fs FS ominate the prefered rereval format v
[mport and export dlinical information models according t the following formal [Requesters of obsolete versions of an clinical information model shall be provided E ]RS v e
5 yntaxes: XML and AML FS FS FS 34 jth a notification that an update (or updates) exist and be able to nominate the PS PS PS F |R9 ( ‘(_
6 [Represent data types according an accepted data type standard (e.g. ISO 21090 s Fs Fs Jrersion(s) to be returned :
tandard or a subset of this) JAllows to subscribe to clinical model and p from E IR10 e o
upport for version management, tracking changes and past history for each clinical 35 Jnationallinternational regulatory bodies to ensure that is contained version of the PS PS PS E IR]] ‘( (
7 tormation model NS NS NS linical knowledge is updated
8  [Provide an automatic parser for the defined clinical information model FS FS FS 36 [provide mechanisms for backward compatibility NS NS NS F IR.I} v v
fTools will verify that clinical information model and their instances are semantically [Should provide mechanisms to assign the following roles to experts participating in E |R14 ( '/
9 | symaciically consistent FS FS FS 37 e ciinical information modelling process and document this information in the final ES ES ES E IR16 v v
[The tool allows the author to create term bindings by connecting with Terminology Anical information mode! produced: editor, author and reviewer
10 fservers using (e using CT2) or another sutabie terminology server s s s g [Freukt provide mecharisms for document shasing, ciscussion and wid with 20 NS NS NS E IR17 v v
ommunication specifcation L0 support (e E IR18 v v
0 s s s Should provide the means to define the clinical and usage scope of the clinical =
hould include an intuitive graphical user interface for navigating large taxonomies
g gatng =9 39 fnformation model in a structured and coded format, in order to be able to check for FS ES ES E IR19 e 4
12 JAllows the user to assign one or multiple terminology/ontology concept to each node PS PS PS bossible scope overlap with other clinical information model R R23 v v
f the clinical information model structure 0 IShould implement clinician understandable mechanisms for a guided process for local s s Fs
13 [Frove incluce mecharisms that enabie uses and ind a clial infomadon mocels inf s s fppecialisation and validation purposes R IR25 v v
e repository by searching on any of its structured information properties Should be able to create prototype screens for domain expert validation of the defined R IR26 v v
41 clinical information model auto-generates example GUIs to test the creation of PS PS PS
14 fshould export its clinical information model in at least one format that conforms to a Es Es S fample instances R IR27 < Fa
published international standard o specification 1 [User friendly interface for clinicians including drag and drop capabilities to be able to ES Es ES R IR29 e e
15 [rhe repository and its services shall maintain a complete and audited version history NS NS NS nanage multple clinical information models easily
or all of its clinical information models R 1IR30 v v
43 [Editorial role can examine changes, and accept or reject changes FS FS FS
Jshould allow collaborative authoring of clinical information models according to the
16 |established roles. As well as recording experts and organisation participating in this FS FS FS 44 [Should be easily adapted to using altemative types of (or new versions of) a FS ES ES R IR31 v v
Reference Model
process R IR32 v v
17 Jshould provide mechanisms to support multiple language translations of an clinical NS NS NS 45 [importiselect the Reference Model that will lead underpin the definition FS FS FS R IR33
fnformation model v v
6 Should be able to compare 2 clinical information models covering a similar clinical s s s
1g [Frove enabe te foma cetinion o cical content by domain expers withou: the s s Es somein and highlght diferences R IR34 N e
heed for technical understanding R IR37
Should allow to rank similar clinical informati del
Jshould ensure the definition of purpose, appropriate description of usage, and precise 47 [Bhould dllow to rank simiar clinical information models FS Fs FS 3 4 v
19 Inention of clinical information model domain FS FS FS 48 [Tools should suggest clinical information modellers with candidate Fs Fs Fs R |R39 o e
e logy/ontol t based th anti derl del
20 [eenerate documentation for clinician review as MindMaps and Prototype Screens NS NS NS _ R IR40 v v
Should request the items to be included in the generic definition of clinical information
21 [Facilitate the implementation of EHR systems that meet clinical requirements NS NS NS 49 models according to the maximal data set approach FS FS FS R |R4] ‘/ ‘/
import and export clinical information models according to Web Ontology Language 50 [Should provide mechanisms for prioritising data items to be included in local Fs FS FS R IR42 < v
jmplementations based on minimal data set approach and multiple user needs
22 owl) NS NS NS ¢ o o
[Should integrate or link to educational material to teach clinicians how to participate
upport the organisational needs relating to the definition process, with coordination 51 FS FS FS R IR43 v v
feither in core and validation domain expert group R FRS?
[Should allow to assign or edit the GUI presentation capabilities for local purposes, -
23 [eapabilities among clinical information modelling experts and clinical teams to provide FS FS FS o g b - purp Fs s Fs v "4
common or consensus agreed definition of the clinical information model naking possible that clinician/administrator edit the local presentation R I:‘.R,SS Ve v
Jsupport the o 1o allow the establishment of 53 [Tools for ongoing monitoring level of use and acceptance of clinical information Fs Fs Fs R
24 Jon agreed editorial policy. process and quality criteria NS NS NS models 0 I ] v v
o5 [remee the clinician adoption with a simplified and guided view well understood by Es Es Fs 54  [provide for ge ES FS FS 0 IR45 s s
hem that guide their participation in the modelling process Ensure conformance to any relevant licenses or restrictions for use of a clinical U |R48 o o
Define semantic and syntactic patterns in the form of constraints to on the selected
26 FS = ES 55  [Jinformation model, and provide appropriate means for potential users of it to be FS FS FS
roan s 0 IR51 v v
Provide an automatic testing environment for systems using the defined clinical
27 PS PS PS Jshould include checkbox to verify that the resultant clinical information model quality 0 IR52 v v
fnformation model 56 ES Es ES
28 [Shoult alow the deftion and mport of Semanti pt NS NS NS has been developed according to the quality metrics defined by editorial role
ould allow the definition and import of Semantic patterns




Results And Evaluatiorsolution 2 (Reliability Evaluation)

Reliability Testing

/

AThree Physicians tested the reliability of the
system on 8 compiled MLMs

AThe test was handled in separate
environment for each physicians.

APhysicians tested and validat&tLMs on
1314 Head and Neck Cancer patient data c
the real environment.

AThe accuracy of compiled MLM was 100%

\

\V

f

Nt

J

Physician A Physician B Physician C
Rule 1 correct correct correct
Rule 2 correct correct correct
Rule 3 correct correct correct
Rule 4 correct correct correct
Rule 5 correct correct correct
Rule 6 correct correct correct
Rule 7 correct correct correct
Rule 8 correct correct correct

Physician A Decision Physician B Decision Physician B Decision
Samples _ _ :

Comparlson comparison comparison

1314 100% 100% 100%




End of Document



