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Background
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• Complex metadata 
• Linked Data
• Semantic Enriched dataset

Knowledge Representation 

• 30% of data is healthcare
• 97% hospitals use EHR (US)
• 80% data unstructured
• Critical to understand

Large Complex Dataset

Multiple Data Sources Complexity in Schema and Knowledge

Complex Health Standards Important Vs of Big Data – Volume and Variety

Standardized Health Documents have critical information and the semantics of the document has to be protected.

발표자
프레젠테이션 노트
In today’s world multiple data sources are used for healthcare records which increases complexity in data and creates more knowledge. It results in complex health standards and big data specifically in terms of volume and variety. In healthcare it is critical and all the semantics needs to be extracted for a complete picture.



Motivation
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• Semantic Preservance
• Means lossless data which is 

critical in healthcare

• Adaptable to Standardized 
schema(Open EHR, HL7 CDA)

• Complete Document Knowledge on 
disposal

• Data continuity is important in 
standardized health documents

• HL7 CDA standard is universally 
acceptable*

Healthcare Data

• Variety of Data Formats
• Unstructured 
• Semi structured
• Flat file
• XML

Enabling Better Decision making

*    Slavov, Vasil, et al. "A new tool for sharing and querying of clinical documents modeled using HL7 Version 3 standard." Computer methods and programs in biomedicine 112.3 (2013): 529-552.

발표자
프레젠테이션 노트
Slavov, Vasil, et al. "A new tool for sharing and querying of clinical documents modeled using HL7 Version 3 standard." Computer methods and programs in biomedicine 112.3 (2013): 529-552.



Problem Statement

Goal 

Challenges
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Semantic preservance in big data framework for standardized healthcare documents and 
ensure all the semantics from big data is extracted.

Semantic loss occurs in standardized and complex health care documents during 
partitioning big data framework and results in compromised decision making 
ability[1][2]

Problem statement

• Challenge 1: There exists no data correlation with conventional Big Data framework partition
• Challenge 2: Identifying documents with semantic loss based on the application scenario
• Challenge 3: Resolving conflicts in partitioned data through semantic matching

발표자
프레젠테이션 노트
Subheading for Hadoop and sparkBig data frameworks’ lack of ability to ensure semantics of standardized health care documents during partitioning results in data loss making the process a erroneous and computationally intensive taskEnsuring the semntiac presevance in standard health care document in big data framework Goal should be one sentence. Derive objectives 



Taxonomy
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Big Data 

HL7 Standard MapReduceUnified medical language 
system(UMLS)

HDFS
Real Time

KafkaSpark

Healthcare 
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Standard/
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Batch Processing

Security
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Related work and limitations
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Reference Data Handling Multiple 
Data 

Sources

Standard Validation Data preprocessing 
(schema)

Partition Data Distribution Time Complexity

Silvestri et al 
(2019)

Spark ○ ● Dependent Line by Line Default (n2)

Nunziato et al 
(2016)

Spark ● ○ Dependent Not Applied Default (n2)

HL7-CDA clinical
documents 
management 
(2013)

MongoDB ○ ● Dependent Not Applied Default NA

Ko et al. (2014) Pseudo 
Distributed ○ ○ Not Applied Line by Line NA NA

Hiromasa et al.
(2012)

Hadoop ● ○ Dependent Line by Line Default (n2)

Medoop (2013) Hadoop ○ ○ Dependent Schema 
Based

Default (n2)

Challenge: 1

o No semantic or data schema connected with the dataset
o Number of documents compromised are ignored or partially used
o No semantic resolution for the compromised documents

Overall Limitation

Challenge: 2

Challenge: 3

● Yes
○ No

발표자
프레젠테이션 노트
Related work is old. 2017,2018 MUST



Solution-1b

Limitation, Objective, and Proposed Solution
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Challenge: 3 Solution-2

Challenge: 2

Challenge: 2, 3, and 4

Challenge: 1 Solution-1a

Solution-2

⃝ Resolve conflicts to ensure 
semantic preservance

Limitations and Challenges Proposed Solution Objectives 

⃝ Dual-phase resolution strategy to 
tackle compromised documents⃝ Conflict resolution of compromised 

documents

Semantic preservance of standardized healthcare documents in big data framework 

Goal

⃝ Identify compromised documents 
based on the conflicts

⃝ Enabling semantic aware model on big 
data framework

⃝ Conflict Identification of 
compromised data based on the 
document standard schema

⃝ Finding data correlation based on 
the schema 

⃝ Building a semantic aware standard 
model⃝ No semantic correlation between 

data due to partition paradigm.

발표자
프레젠테이션 노트
It is dual phase because in second phase all conflicts are removed.



Proposed Methodology
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Performance Constraints

User Constraints 

Constraint Identification

Constraint Modelling

Solution-1

Conflict Resolution Phase

Conflict Matching Pass

Document Matcher

Semantic Constraint Resolver

Solution-2

Matching Documents
• Doc 1
• Doc 2

…
• Doc n

• Abstract View

Analytics

+
-

+
+

-
-

Decision Making Assistance

Semantic aware 
Standard Model

Dual-phase 
resolution strategy

Applications

발표자
프레젠테이션 노트
Who gives user constraints?
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Overall Workflow : Semantic aware Standard Model, conflict identification and resolution

o Identify constraints and applying on 
the dataset

o Conflict Identification of the 
documents partitioned

o Conflict Resolution of the documents

Three main stepsSolution 1(a,b): Applying Semantic aware Standard 
Model

Solution 2: Conflict Resolution of 
compromised documents

Standardized 
Healthcare 
Documents

Shujaat Hussain, Bilal Amin,.. Sungyoung Lee, Chris Nugent, Sally McClean, Bryan Scotney and Gerard Parr, "Behavior Life Style analysis for mobile sensory data in cloud computing through MapReduce", Sensors 2014

Compromised Document
Regular Document

Regular Document

발표자
프레젠테이션 노트
What is Constraint and example of constraintSolution 1 a and 1b identification



Problem during data processing
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Data Node 1

Data Node 2

Allergies on Node 1

Medications on Node 2

Issues
• Incomplete information on two nodes for one patient
• No node has complete picture
• Partial Semantics at best

Substance Reaction Status

Penicillin Hives Active

Aspirin Wheezing Active

Codeine Nausea Active

Medication Instructions

Lisinopril 5 mg 1 tablet a day

Atenolol 25mg 1 tablet a day



Proposed Methodology: Semantic Standard Model-As-is To be
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Partitioner

Input Record Formatter

Size Splitter

Show Results

Existing Method
Proposed Idea

Data Transformation

Data processing

Data Extraction

Generate Analytics

User Parameters

Data Facts

Partitioner

Input Record Formatter

Size Splitter

Constraint Modelling

Performance 
Constraints

User Constraints

Existing Approach Limitations
 After the partition, documents are passed to data 

transformation and analytics in broken parts and full picture is 
not shown due to semantic loss

Applying Constraint 
Model

Conflict Identification

Data Classification

Dual Phase Resolution

Semantic Matching

UMLS Resolution

Generate Analytics

User Parameters

Data Facts

Solution for challenge  1
 Creation and application of semantic standard model to find 

compromised documents and the resolution of the documents.

Data Transformation

Data processing

Data Extraction

Show Results



Solution 1a: Semantic Aware Standard Model

• Semantic Standard model is based on 
constraints, in which the output of a  
decision is constrained by certain 
parameters. 
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Constraint Hierarchy

Constraint in CDA Document

Clinical Document Architecture

발표자
프레젠테이션 노트
As is and to beMention Published work in footerConjunctive Constraint explainationThe problem is modelled as a set of decision variables, and a set of constraints on those variables that a solution must satisfy.



Solution 1: Semantic Aware Model
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Inside CDA Document



Solution 1: Semantic Aware Model

• Section
• Section title
• Description and explanatory 

narrative
• LOINC section code 
• Requirements for a text element

15

Individual Constraint

Individual Constraints are those which are simple and are not 
dependent on other constraints or vice versa. They do not 
have any subtypes.



Solution 1: Semantic Aware Model

• Clinical Statements
• Key template metadata (e.g., 

template identifier, etc.)
• Description and explanatory narrative.
• Required CDA acts, participants and 

vocabularies.
• Optional CDA acts, participants and 

vocabularies. 
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Conjunctive constraints Conjunctive Constraints are nested
and contain subtypes as well as 
multiple individual constraints which 
increases the complexity.

발표자
프레젠테이션 노트
Clinical Statements TypesObservations Substance Administration Organizer Encounter Procedure Supply Act



Solution 1b: Semantic Standard Model
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Input: Standardized Documents
Output: Conflicted Document 

HDFS

Partitioner

Split Record 
Reader

Constraint Checker

User 
Constraints

Performance 
Constraints

Constraint 
Logic 

Repository
Satisfiability Test

o Conflict Identification of head of 
the documents partitioned

o Conflict Identification of tail of 
the documents partitioned'

o Documents with no conflicts sent 
for processing and analytics

Contributions

Shujaat Hussain, Maqbool Hussain, Muhammad Afzal, …Sungyoung Lee, "Semantic Preservation of standardized healthcare documents in big data", International Journal of Medical Informatics 2019

Algorithm

발표자
프레젠테이션 노트
Slide 9 pictorial representation of conflictsIncrease size of the picture and text increase of box



Identification of Compromised Documents
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• After applying Semantic aware standard model the output is conflicted 
documents and the different markers identified are 
• Number of constraints violated
• Individual Constraints
• Conjunctive Constraints

• Based on the conflict markers, we need a resolution strategy to make the 
document whole so that no conflicts remain.

• A Dual Phase resolution strategy was introduced. 



Solution 2: Dual-phase resolution strategy
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o The documents are matched to the head and tail of 
the documents. 

o The documents are validated through the schema.
o Some documents may not match or match with 

two heads/tails which then requires second phase.

First Pass of Conflict resolving

Input: Conflicted Documents
Output: Conflict free Document 

0

1

1

0

1

2

0

1

1

0

2

1

Shujaat Hussain, Maqbool Hussain, Muhammad Afzal, …Sungyoung Lee, "Semantic Preservation of standardized healthcare documents in big data", International Journal of Medical Informatics 2019

발표자
프레젠테이션 노트
Increase size of conflict numbers and numbers in circular form for better visibilityIncrease Text of the box



Orphan and Duplicate Matches 
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• First Phase
• The duplicate documents occur when two or more documents are conflicted with similar 

markers i.e. same constraints.
• This results in some documents being orphan which means their other half matched with 

someone else.

• Second Phase
• Semantic Concept type matching is used for resolving orphan and duplicate documents
• For Semantic Concept matching, Unified Medical Language System (UMLS) is used.
• The motivation for using UMLS is the large biomedical concepts from over 100 source 

vocabularies.



Solution 2: UMLS Querying Workflow-Example
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Unified 
Medical 

language 
System
(UMLS)

2.16.840.1.113883.6.1

Family history Family history

Concept Matching of Upper and Lower Document

2.16.840.1.113883.10.20.1.42

Family history

o A methodology for autonomous resolution of compromised document based on their conflicts and semantic 
concepts based on the classified documents

Contributions



Solution 2: Dual-phase resolution strategy
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o UMLS repository is used for second phase of 
resolution. 

o It has a vocabulary of enriched concepts of biomedical 
terms.

o The documents remaining compromised after phase 1 
go through phase 2

2nd Pass of conflict resolution

Unified Medical 
language 
System

Semantic 
Type

Standard 
Terminology

Extracted 
Concepts

Input: Orphan and Duplicated Documents
Output: Conflict free Document 

Shujaat Hussain, Maqbool Hussain, Muhammad Afzal, …Sungyoung Lee, "Semantic Preservation of standardized healthcare documents in big data", International Journal of Medical Informatics 2019

발표자
프레젠테이션 노트
There are many repos but UMLS is comprehensive and cda complexity is tackled by itCreate workflow how to communicate UMLS visuallyUMLS repository and medical terms are shown. Enriched concepts we resolved because of that



Experimental Setup
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o Experiment 1: Constraint Conflicts against Healthcare Documents
o Experiment 2: Dual Phase Resolution strategy

Experiments

o Ubuntu 16.04
o HDFS (Hadoop and Spark)
o 6 Machine Cluster

Experiment Setup and Big Data Framework

o Unique 700 C-CDA documents*
o Overall Dataset: 87000 documents through bootstrapping and sampling
o Block Sizes: 32 MB, 64MB, 128 MB, 256 MB

Dataset

* https://github.com/jmandel/sample_ccdas

https://github.com/jmandel/sample_ccdas


Solution 1: Individual Constraints
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Higher value is bad which means more conflicts and compromised documents

Results Discussion
• Overall the number of documents compromised got 

higher with the dataset without any constraints 
applied.

• Higher level individual constraints resulted in more 
conflicted documents.

Block 
Size

Individual Constraints

Whole Documents Sections

.5 GB 1 GB 2 GB 4 GB 8 GB .5 GB 1 GB 2 GB 4 GB 8 GB

32 mb 16 33 67 134 269 16 28 57 116 242

64 mb 8 16 33 67 134 9 15 30 60 122

128 mb 4 8 16 33 67 5 8 15 31 61

256 mb 2 4 8 16 33 3 5 9 17 33



Solution 1: Conjunctive constraints
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Results Discussion
• Clinical Statements (CS) is a superset of 

Entryrelationships (ER).
• CS is the most complex constraint and it has 

been compromised the most
• ER is an individual constraint but present 

inside CS constraints Higher value is bad which means more conflicts and compromised documents

Block 
Size

Conjunctive Constraints

Clinical Statements EntryRelationships

.5 GB 1 GB 2 GB 4 GB 8 GB .5 GB 1 GB 2 GB 4 GB 8 GB

32 mb 22 36 63 141 310 10 13 22 50 99

64 mb 12 18 35 72 155 5 6 13 25 51

128 mb 6 10 18 39 78 3 3 6 15 26

256 mb 2 3 9 20 39 0 0 3 6 14



Results And Evaluation: Solution 2 Dual Phase resolution
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Experimental Details
• Two phases of conflict resolution

• Matching documents
• UMLS Querying

Conflicted Documents in Phase 1

Shujaat Hussain, Maqbool Hussain, Muhammad Afzal, …Sungyoung Lee, "Semantic Preservation of standardized healthcare documents in big data", International Journal of Medical Informatics 2019

Results Discussion
• The conflicted documents are matched 

depending on the number of conflicts 
identified.

• The table shown are the conflict for the 1GB 
dataset.



Results And Evaluation: Solution 2 Dual Phase resolution
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Experimental Details
• Two phases of conflict resolution

• Matching documents
• UMLS Querying

Results Discussion
• The orphan and duplicated documents are 

matched through semantic type
• All the document conflicts were resolved 

during the second phase of the resolution.

The constraints against size is 
shown accumulating all the blocks



Contributions and Uniqueness

• Potential Applications
• Document Interoperability
• Predictive Analytics
• Decision Support Systems

28

 Compromised Healthcare documents processed through Big Data Frameworks 

were identified

Dual-phase resolution are applied to compromised documents

 The healthcare documents in the dataset are semantically preserved for meaningful 

extraction though conflict resolution technique. 

The compromised documents were successfully identified through semantic 
aware standard model



Conclusion and Future Work
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• Future Research

• In future, we will focus on performance, as the first goal was semantic preservance in this study.

Conflict Resolution of the documents compromised

Identifying compromised documents based on constraint model 

 Identifying constraints based on schema standard and user scenario as well as performance.

 Classifying documents into three categories conflicts

 All the documents were semantically preserved and the meaningful data can be extracted from them to better decision 

making.
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• SCI/ SCIE Journals (8)
• First Author- Two Published
• Co-Author- Six Published

• Local Journal (2)
• Co-Author-Two Published

• International Conferences (9)
• First Author – Five Publications
• Co-Author- Nine Publications

• Local Conferences (3)
• First Author – Three Publications

• Domestic Patents (3)
• 2 Registered
• 1 Applied

Total Publications = 25
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THANK YOU!



Conjunctive Constraints

• Clinical Statements
• Key template metadata (e.g., template 

identifier, etc.)
• Description and explanatory narrative.
• Required CDA acts, participants and 

vocabularies.
• Optional CDA acts, participants and 

vocabularies. 

34

Clinical 
Statements

Substance 
Administration Observations Encounter Procedure … Act

발표자
프레젠테이션 노트
Clinical Statements TypesObservations Substance Administration Organizer Encounter Procedure Supply Act
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