
Connected Health Summer School 
Smart Environments for Smarter Living 

27-30th June 2016 - Artimino, Firenze, Italy 

Sungyoung Lee  

Dept. of Computer Engineering,  Kyung Hee University, Korea 

sylee0301@gmail.com 

http://uclab.khu.ac.kr 

 

 

June 28th 2016 

mailto:sylee0301@gmail.com
http://uclab.khu.ac.kr/


/ Contents 

Ⅰ. Introduction to Clinical Decision Support System (CDSS) 

Ⅱ. Proposed Smart CDSS 

Ⅲ. Summary 

Ⅱ-1  Three Phase Knowledge Acquisition Model 
Ⅱ-2  Knowledge Authoring Tool 
 I I -3  Evidence Support 
Ⅱ-4  Execution Engine 



/ 

source: http://www.slideshare.net/manojsaxena2/ibm-watson-progress-and-roadmap-saxena/8-Watson_Products_and_Infrastructure_Watson 

Watson Products and Infrastructure 

AI waves in Healthcare - IBM Watson 



/ Clinical Decision Support System (CDSS) 

What is CDSS? 

• CDSS is a tool that helps in 
making better medical decision 
thereby reducing clinical errors 
and improves quality of care. 
 

• CDSS has potential applications 
in area of; 
Generating alerts and reminders 
Diagnostic assistance 
Therapy critiquing and planning 
Image recognition and 

interpretation 
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Source: Dereck L. Hunt., et al. “Effects of computer-based clinical decision support systems on physician performance and patient outcomes: a systematic review” Jama 280.15 (1998): 1339-1346. 
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Credible Secure Personalized Reliable 

Accurate Transparent Context Aware Easy to use 

Little, L. and Briggs, P., “Ubiquitous Healthcare: Do we want it?” Proceedings of the 22nd British HCI Group Annual Conference on People and Computers: Culture, 
Creativity, Interaction-Volume 2, 2008 

Source: 
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 Knowledge Representations 
 Arden Syntax ,  XML, Ontological Representation, RDB  

 Knowledge (Rules) Type 
 MLM (Medical Logic Module) vs Plain Rule (Production rule) 

 Knowledge Acquisition & Quality 
 Data Driven, Expert Driven, or Hybrid  

 Integrity, Accuracy,  interoperability, Shareability, Up-to-date 

 Knowledge Validation & Verification 
 Model level, Execution level, or both 

 RDR (Ripple Down Rule), CBR (MLM Augmented CBR) 

 Authoring Tool Support 
 Interface for Knowledge Maintenance  

 UI/UX, Analytics, Visualization 

 Evidence Support 
 Query and Quality for PubMed 

 Interoperability 
 Process interoperability and Data interoperability 

  Standardization (HL7, FHIR) 
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physicians 

HOW TO CREATE / MAINTAIN 

CREATE/ 
UPDATE 

Gets Knowledge from guidelines 

Dialogue 

Highly dependency on Knowledge Engineer (KE)  

Difficult to validate knowledge by KE 

Accuracy Issue 

Knowledge Validation  

Evidence is missing (from standard guidelines) 

Games 

Business Industries 
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ENGINEERING  

KNOWLEDGE 
ACQUISITION 
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VALIDATION 

KNOWLEDGE  
SHARABILITY 

IMPROVE  
EFFICIENCY 

REDUCE  
COST 

REDUCE  
ERRORS 

Limitations (Expert Driven) 

Limitations (Data Driven) 
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Medical Logic Module 

Medical Logic  
Module 

CONS PROS 

Complex  
implementation 

Integration  
Problem with HIS 

Transformation to 
executable code 
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VS 

Standard Representation 

Shareable knowledge 

Highly expressive 

Explicit knowledge specification 

Clinician centric representation 

Meta information handling 

Evidence support 
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Plain Rule 

Plain  
Rule 

CONS PROS 

No shareability 

No mechanism for handling 
meta information  

Less expressive 

- 

- 

- 

Natural knowledge 
representation 

Easy to understand 

Supporting 
incomplete and 

uncertain 
knowledge 

Uniform structure 

Explicit separation 
between 

knowledge and 
processing  

+ 

+ 

+ 

+ 

+ 

No relations between rules 

Ineffective search strategy 

No evidence support 

Not Turing complete system 

No uniform implementation 

- 

- 

- 

- 

- 
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Smart CDSS Architecture 

Smart CDSS Framework 
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Knowledge Engine 

CDSS Façade 

Knowledge Manager 

Knowledge   Broker 

Rule Editor 

Arden Syntax Studio 

 
SNOMED 
Ontology 

Rule Validator 

Syntax Validator 

Compilation Module 

Rule Parser 

MLM Repository 

MLM1 … MLMn 

I-KAT  

Rule Builder 

Object 
Coder 

Executable Environment 
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Case Structure 

Methods 
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Function 

MLMAugmentedCBR 

Smart CDSS KB and Reasoner 
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KnowledgeButton Manager 
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Pat.Charting 

Data Exchange 

Data Exchange  
Web Service 

HL7 Exchange 
Service 

Clinical Models 

Knowledge Button 

Retrieve documents from 
PubMed to provide evidence 

support for knowledge 

Execution Engine 

Execute inference engine to 
generate recommendations 

Offline  Knowledge  
Acquisition 

Off-line Data Driven 
Knowledge Acquisition 

PubMed comprises more than 26 
million citations for biomedical 
literature from MEDLINE, life science 
journals, and online books 

KAT(Knowledge Authoring Tool) 

Provide knowledge authoring 
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User Friendly 

Health Information System 

Clinical Knowledge  
Model (CKM) 

Prediction 
Model (PM) 

Clinical 
 Guidelines 

Medical  
Practices data 

KNOWLEDGE  
ACQUISITION 

Guideline-enabled  
Data-driven  

Rigorous Inspection 

Machine 
Learning 

Refined Clinical 
Knowledge Model 

(RCKM) 

Knowledge  
Authoring Tool (KAT) 

KNOWLEDGE BASE 

MLMs 

Health Services 

Diagnosis 

Treatment 

Reminders 

Alerts 

Evidence-based Knowledge Evolution 

PICO Compliant 
Query Construction 

Model Based Quality 
Appraisal 

Semantic Reconciliation 
Model (SRM) 

Domain Clinical Model (DCM) 

SNOMED CT Virtual Medical  
Record (vMR) 

 Shareable 
 Interoperable 
 Integratable 

 Relevant Evidences 
 Quality Evidences 

Computer 
Interpretable 

Guideline (CIG) 

Clinical Practice 
Guideline (CPG) 

Verification Validation 

Uniqueness #1 Uniqueness #2 

Uniqueness #3 
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Phase-II: Prediction Model from patient medical 
record (Data Driven) 

Phase-II: Refined Clinical Knowledge Model after 
validation of PM from CKM (Guideline Enabled) 

Phase-I: Clinical Knowledge Model from 
Guideline 

 

Phase-III: R-CKM Conversion into MLM 
(Expert Driven) 
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Validation Verification 

Proposed Knowledge Acquisition 
(Guidelines Enabled Data-Driven Knowledge Acquisition ) 

Refined Clinical Knowledge Model 
(R-CKM) 

R-CKM 

Problem 
Modeling 

CKM 

PM 

R-CKM 

Model 
States 
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PM Path Validation 

Functions 
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Retrieve CKM 

Retrieve PM 

Evolve RCKM 

Add Path 
RCKM 

Proving 
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Theorem 
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Assign Criteria 
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Rigorous Inspection 

Machine Learning 

Contribution #1 
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Knowledge  
Execution 

Knowledge 
Compilation 

Knowledge  
Transformation 

Knowledge  
Creation 

Knowledge  
Maintenance Clinical Knowledge 

1 

2 

4 

3 

5 

Transformation of Physician Practices and 
experiences into knowledge base  

Knowledge evolution and conflict resolution 

Arden Syntax compilation to Executable Code: 
C# code 

Physician’s knowledge transformation 
to Arden Syntax MLM 

Integration of knowledge base to executable 
environment 

 Shareable 
Knowledge 

 Interoperable 
Knowledge 

 User-Friendliness 

Easy-to-use 

Shareability 

Interoperability 
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Phase-III: R-CKM Conversion into MLM 
(Expert Driven) 

Knowledge  
Authoring  

Tool 
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  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 { Select TreatmentInten from ClientDB } 
      ;;  

evoke: null_event; ; 
                logic: 
                          if ( varTreatmentIntent is equal to Palliative) 
                           {   
                              Conclude true; 
                           };;  
                 action: 
                                   WRITE "The recommended treatment plan is Radiotherapy" 

                 at stdout_dest; ; ; 
       end;  

  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: ProcedureEvents := object [ProcedureEvent]; 
                        ProcedureEventList := read as ProcedureEvents 
                        { select ProcedureEvent FROM client Where ProcedureEvent.procedureCode IN ("395077000")}; 
                         Recommendation1 := object[ProcedureEvent]; 
                         RecommendationList := (); ;;  

evoke: null_event; ; 
                logic: 
                          ProcedureEventListDetail := EXTRACT ATTRIBUTE NAMES ProcedureEventList; 
                          ProcedureEvent1 := ATTRIBUTE ProcedureEventListDetail[1] FROM ProcedureEventList; 
                         IF( (ProcedureEvent1.procedureCode = "395077000" And ProcedureEvent1.procedureMethod = "363676003") ) 
                          THEN 
                                   recPart1 := new ProcedureEvent with "108290001"; 
                                    rec1 := new Recommendation1 with recPart1; 
                                    recommendationList := recommendationList, rec1;                 

                   action: 
                                   WRITE recommendations.procedureMethod;; 

                  at stdout_dest; ; ; 
       end;  

 Standard MLM 
 Shareable 
 Interoperable 

 More Complex 
(Hide by KAT) 

  if Treatment Intent is palliative then radiotherapy is recommended as treatment plan. 

Plain Rule 

 Standard MLM 
 Not Shareable 
 Not Interoperable 

 Complex 

vMR SNOMED CT 

Treatment Intent 

Treatment Intent Palliative Radiotherapy 

ArdenSuite I-KAT 
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ArdenSuite I-KAT 

Plain Rule   if Treatment Intent is palliative then radiotherapy is recommended as treatment plan. 

Data 

Logic 

Action 

Logic Action 

 Rate of syntax errors in KAT is less than ArdenSuite 
 Expert’s performance of KAT is higher than ArdenSuite 
 ArdenSuite requires more efforts of experts to remind 

syntax and structure of MLM 

VS 
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• DCM to SNOMED Mapping 

• It is mapping between clinical concepts of 
HMIS systems and SNOMED CT.  

• It enhances the shareability, flexibility, and 
user friendliness 

• DCM to vMR Mapping  

• It provides mappings between clinical 
concepts of HMIS systems and vMR schema 
classes. 

• It increase user friendliness and 
Interoperability 

• SNOMED to vMR 

• It is mapping between the concepts of 
SNOMED CT and vMR schema classes. 

• It is useable for shareability, and 
Interoperability 

Why SRM?  

• SRM provides standard data model for final CIG, 
which is build from three different data models; 
to achieve following benefits. 
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What is CDSS? 

User Friendly 
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Prediction 
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Data-driven  
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Machine 
Learning 

Refined Clinical 
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Authoring Tool (KAT) 

KNOWLEDGE BASE 

MLMs 
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SNOMED CT Virtual Medical  
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ArdenSuite (Medexter) 
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A 
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A 

A+B 

KAT Pros: 
• Automatic Generation of Shareable, Interoperable MLM in  
• User-Friendly Environment (ISF) 
• Hide structure and syntax complexity 
• Intelli-sense for easy selection of concepts 
• Intelli-sense to provide controlled environment 

KAT Cons: 
• Extra work for mapping 
• No support for fuzziness ( Fuzzy Arden Syntax) 

ArdenSuite Pros: 
• Easy to develop 
• Commercially tested and available 

ArdenSuite Cons: 
• Extra burden for physicians 
• No interoperable MLM 
• Complex interface 
• Physician responsible to deal with 

complex structure and syntax 
• No Intelli-sense  

Contribution #2 
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• Authentication: I-KAT provides 
user login screen to authenticate 
domain experts. 

• Domain experts can see the 
screens based on his/her role.  

• Enter user name 
•  Enter password 
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• Dashboard: facilitation for 
domain expert to view existing 
rules at a glance. 
 

• Create New Rule:  it is used to 
navigate domain expert to 
new rule creation 
environment 
 

•  View:  it is used to view and 
modify the existing rules. 
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• Meta Information: Information about 
rule’s title, author, specialist, creation 
date, purpose, and explanation. 
 

• Plane Rule:  it is used to enter 
• Rule condition 
• Rule conclusion/Action 

 
•  Domain Model:  it facilitates experts 

to select desired standard domain 
concepts and values for rule condition 
and conclusion. 
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• Intelli-sense: This 
functionality facilitates 
expert to select desired 
concepts and values in 
condition and conclusion 
writing at run time. 

• It fetches concepts from 
domain model as well as 
standard terminologies 
of SNOMED CT. 
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• Data Slot: This slot represents the input 
data that requires from HMIS system to 
execute this MLM. 

• The input data in form of data model 
vMR and SNOMED CT codes enhances 
shareability and makes the 
integration easy.  

 
• Logic Slot:  This is main logic slot that 

represents all the conditions of created 
rule. 

• This slot also represent the conditions 
in combination of vMR and SNOMED 
CT. 

•  Action Slot:  It represent final output of 
executed MLM in form of recommendation 
(conclusion). 

• This slot can represent in data model 
vMR or it can be some textual 
recommendation. 

Treatment Intent 

Stages T, T, N 

Treatment Intent Redical 

Stage T 

T1 Stage T 

T2 Stage N 

N1 
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Hospital 
Information 

System 

dialog 

Patient information 
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Results 

Evidence 
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Knowledge & 
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Initial Decision 
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Support 
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Clinical Decision 
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Research 
Evidence 

Final Decision 

Domain Experts 

More reliable 
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Context Aware PICO Compliant Query Construction 

Relevant and Quality Evidences 

Patient 
Record 
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PICO Content Extraction 

P I C O 

PICO Query 

P I C O 

Context (Filter) Identification 

C + 
 Treatment 
 Diagnosis 
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 Prognosis 

vMR Class Hierarchy 
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Context Aware PICO Query 

Feature Engineering 
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Standardization Automatic 
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(QRM) Learning 

Model Execution 
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Control Structure Parsing 
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Language Standardization 
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 Disease related 
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 Publication Type  

Partial Complete 

QRM-based Evidence Appraisal 

   X 

Contribution #3 

P: Problem 
I : Intervention 
C: Comparison 

O: Outcome   
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Adaptability 
Engine 

Interface 
Engine 

Knowledge 
Engine 

Adaptability 
Engine 

Interface 
Engine 

Knowledge 
Engine 

Adaptability 
Engine 

Interface 
Engine 

Knowledge 
Engine 

• Adaptability Engine (AE) provides set of adapters to support 
integration with HIS 

• Existing AE enables HL7 based HIS communication 
• AE also support adapters to plug-in proprietary EMR  

• Interface Engine (IE) provides standard interfaces for Smart 
CDSS 

• Smart CDSS is adapting HL7 vMR as standard for internal data 
model 

• Knowledge Engine (KE) provides clinical knowledge base, 
which is set of MLM(Medical Logic Modules) 

•  MLMs are represented in HL7 Arden Syntax 
• KE is provided with MLMAugmentedCBR: a case base 

reasoning mechanism to validate and verify the clinical 
knowledge at runtime 
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Service Scenario 

Multi Disciplinary Team 
Meeting 

Radiotherapy Surgery Chemotherapy Final Recommendation Follow ups 

Biopsy 

Cancer 
Staging 

 

Staging 

Diagnosis Treatment Intervention 

Recommendations 

     T:    3 
     N:   1 
     M:  0 
    --------- 
   Stage: 3 

Chemotherapy Induction 
 Disease Type: Non-resectable  

 Drugs: Pemetrexed disodium and Oxaliplatin 

 Intervention: Patients receive dose over 2 

hours on day 1. Treatment repeats every 14 days 
for up to 4 courses. 

 Intervention Result: Patient progressed 

before receiving 4 courses of treatment. 

     T:    3 
     N:   1 
     M:  0 
    --------- 
Stage: ???? 

Patient Encounter 

Chemotherapy 

Chemo Recommendations 
Next Follow up 

T: Tumor 
N: Lymph Nodes  
M: Metastasis 
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CDSS 

CDSS 
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<section classCode="DOCSECT" moodCode="EVN"> 
               <title representation="TXT" mediaType="text/plain">Cancer Staging</title> 
               <entry typeCode="COMP" contextConductionInd="true"> 
                  <observation classCode="OBS" moodCode="EVN"> 
                     <code code="385379008" displayName="TNM tumor staging finding (finding)" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                     <entryRelationship typeCode="COMP" contextConductionInd="true"> 
                        <organizer classCode="BATTERY" moodCode="EVN"> 
                        <templateId root="2.16.840.1.113883.10.20.5.6.11"/>  
                          <statusCode code="completed"/> 
                         <component typeCode="COMP" contextConductionInd="true"> 

                          <observation classCode="OBS" moodCode="EVN"> 
                                 <code code="50283003" displayName=“Clinical stage III" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                          </observation> 
                           </component> 
                                <component typeCode="COMP" contextConductionInd="true"> 

                          <observation classCode="OBS" moodCode="EVN"> 
                                 <code code="" displayName=“Disease Type: -------" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                          </observation> 
                              </component> 
                                 <component typeCode="COMP" contextConductionInd="true"> 

                          <substance Administration classCode=""> 
                                 <code code="395814003" displayName=“Oxaliplatin" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                          </substanceAdministration > 
                      <substance Administration classCode=""> 
                                 <code code="409159000" displayName=“Pemetrexed" codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                       </substanceAdministration > 
                         </component> 
                                 <component typeCode="COMP" contextConductionInd="true"> 

                          <observation classCode="OBS" moodCode="EVN"> 
                                 <code code="" displayName=“Patient progressed …." codeSystem="2.16.840.1.113883.6.96" codeSystemName="SNOMED CT"/> 
                          </observation> 
                              </component> 

                        </organizer> 
                     </entryRelationship> 
                  </observation> 
               </entry> 
   </section> 

Staging 

Chemo 
Induction 

     T:    3 
     N:   1 
     M:  0 
    --------- 
Stage: 3 

1 

  Treatment Plan CDA Input to CDSS 2 

Chemotherapy Induction 
 Disease Type: Non-resectable  

 Drugs: Pemetrexed disodium and Oxaliplatin 

 Intervention: Patients receive dose over 2 

hours on day 1. Treatment repeats every 14 days 
for up to 4 courses. 

 Intervention Result: Patient progressed 

before receiving 4 courses of treatment. 

1 
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• Physician's Notes 
• H & P 

• Reports  
• Pathology 
• Radiology 
• Histology 

Treatment 
Recommendation 

Service 

Radiotherapy 

Surgery 

Chemotherapy 

TNM NCCN 

NCCN 

<observationResults> 
                <observationResult> 
 <templateId root="2.16.840.1.113883.10.20.1.32"/> 
 <id root="107c2dc0-67a5-11db-bd13-0800200c9a66"/> 
 <observationFocus displayName="(TNM) tumor staging finding (finding)"  codeSystem="2.16.840.1.113883.6.96"  code=" 385379008"/> 
 <observationEventTime low="20110803" high="20110803"/> 
 <relatedClinicalStatement> 
     <observationResult> 
                                                        <templateId root="2.16.840.1.113883.10.20.1.32"/> 
                                                        <id root="43d27880-eb74-11e0-9572-0800200c9a66"/> 
                                                        <observationFocus displayName=“Clinical Stage III"  codeSystem=“2.16.840.1.113883.6.96"  code="50283003 "/> 
                                              </observationResult> 
                                          </relatedClinicalStatement> 
                </observationResult> 
      </observationResults> 
 
<substanceAdministrationEvents> 
            <substanceAdministrationEvent> 
                    <id root="2.16.840.1.113883.3.795.10.1" extension="4519239" />  
                          <substance> 
 <id root="f4a1d18b-2b92-4399-b4f9-efb1828d267d" />  
                                      <substanceCode displayName=“Oxaliplatin” codeSystem="2.16.840.1.113883.6.96 " code="395814003 " />  
                          </substance> 
                          <substance> 
 <id root="f4a1d18b-2b92-4399-b4f9-efb1828d267d" />  
                                      <substanceCode displayName=“Pemetrexed“ codeSystem="2.16.840.1.113883.6.96 " code="409159000" />  
                          </substance> 
          </substanceAdministrationEvent> 
</substanceAdministrationEvents> 
 

Staging 

Chemo 
Induction 

  vMR converted from CDA 3 
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        MLMAugmentCBR select appropriate CASE from Case Base 4 
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maintenance: 
 title: Treatment Plan MLM for Lips and Cavity 
 … … … …  
library: 
 purpose: “Taking Staging and Chemo Induction for lips and cavity cancer and suggest appropriate   
                                                    Treatment Plan for patient” 
 knowledge: 
  logic: 
 If  S = 3 and Desease type = Resectional and Drug1 = Oxaliplatin and Drug2 =     
                                     Pemetrexed and Intervenention Result= Patient progress before ending of 4 courses 
    
 then 
  Treatment Plan = Concurrent Chemo-Radiotherapy; 
  Else if S = 3 and Desease type = Non-Resectional and Drug1 = Oxaliplatin and Drug2 =     
                                     Pemetrexed and Intervenention Result= Patient progress before ending of 4 course then 
   Treatment Plan = Surgery  
Else if ---------- 
           ….               …..                  …..              …… 
End;; 

 

Base on CASE selected, Treatment Plan MLM is executed 5 



/ 

Smart CDSS 
Consumer 

EMR/PHR 

Smart CDSS Core Engine 

Interface Engine 

St
an

d
ar

d
 In

p
u

t 
 

In
te

rf
ac

e 

Adaptability Engine 

Adapter  
Interoperability Engine 

Adapter   
EMR/PHR 

St
an

d
ar

d
 O

u
tp

u
t 

 
In

te
rf

ac
e 

Standard Input  
Interface 

 
A

n
o

n
ym

iz
at

io
n

 S
e

rv
ic

e
 

Knowledge Engine 

CDSS Façade 

Knowledge Manager 

Knowledge   Broker 

Executable Environment 

MLMInvoker 

Clinical Knowledge Base 

Case Base 

CB1 … CBn 

Case Structure 

Methods 

Similarity 
Function 

MLMAugmentedCBR 

Smart CDSS KB and Reasoner 

HIS 
LIS 

Pharmacy 

Pat.Charting 

Data Exchange 

Data Exchange  
Web Service 

HL7 Exchange 
Service 

Clinical Models 

            
 
 
 
 
  <vmrOutput> 
<observationResults> 
                <observationResult> 
 <templateId root="2.16.840.1.113883.10.20.1.32"/> 
 <id root="107c2dc0-67a5-11db-bd13-0800200c9a66"/> 
 <observationFocus displayName="(TNM) tumor staging finding (finding) Recommendation" /> 
 <observationEventTime low="20110803" high="20110803"/> 
  <relatedClinicalStatement>   

     <observationResult> 
               <templateId root="2.16.840.1.113883.10.20.1.32"/> 
              <id root="23d27880-eb74-11e0-9572-0800200c9a66"/> 
                                                      <observationFocus displayName=“Concurrent Chemo-Radiotherapy/> 
                     </observationResult> 
 
                            </observationResult> 
       </observationResults> 
</vmrOutput> 

Treatment Plan: 
Concurrent Chemo-

Radiotherapy 

  Treatment Plan recommendation is generated 6 
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Knowledge Acquisition & Authoring  
 Three phase knowledge acquisition model combined data-driven with guidelines  

 Producing  guideline enabled data acquisition : 72% accuracy on real patient data 

 KAT enhanced physician performance by 26 times as compared to 
ArdenSuite 

 Automatic Generation of PICO compliant Query and Automatic Quality 
Appraisal: Time saving and 35% documents are filtered out. 

Execution Engine 
 Provides set of healthcare standards adapters such as HL7 CDA and HL7 FHIR 

 Provides standard interfaces using HL7 vMR 
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