oy
{ ) OpenMRS

MEDICAL RECORD SYSTEM

Visit Notes Analysis Module
Developer’s Guide

Kavya Katipally, Ryan Eshleman
Advisor: Dr. Barry Levine



TABLE OF CONTENTS

L. OVEIVIBW.... et ettt ettt sttt e b b e et eae s e ses se e e e m e es e ee e se et eaeeaeeee ses se e sem b es£eb e ne e neeatenesee she st st neasensesnenns 4
2. SYSTEIM DBSIZN ittt sttt ettt e st st see b et et e ee e e bt es b es e et sbe sbesheeue et et et tesben e et e e shesheeue et essenebenan 5
2.1 SofaDocument data MOEL..........ccoeuieiirieiee sttt sttt st b e s e e 5

2.2 Named Entity Recognition Algorithm and Implementation.........cccccoeceiniriccce e 7

2.3 Visit Note Processing with Aspect Oriented Programming........c.ccceeveveeveseceseecenesesseeesseeseeeenes 9

3. Application Programming INTEITACE. ......cccci ittt sttt ese e e sbeste e se e bessesaetasnanens 10
R A @o o [T T o] o T<] £ OO 10

3.2 JaVAUOC EXCEIPLS. ittt st st sttt e ettt st e e st ebeste st e st sestes es et esesensabe st stesesnessnnsasansansans 13

320 NLPSEIVICE ettt ittt ettt et s sttt e e e e e b e et ese b b et e et es s s e e e e 13

3.2.2 DOCUMEBNTTAEEE ...eietiieie ettt sttt et te st st eea e s sbe et e sa st e sbesaeseasesseessaeasesssesseenneesns 15

3.2.3 SOfADOCUMENT....eiteieiietirt ettt sttt sttt et st et st st b e sbe e et e s stennanens 16

32,4 SOFATEXE vttt sttt sttt sttt st bt s b st sttt e b e bt eae e es et st s s et eae st s 18

3.2.5 SOfaTEXEMENTION....eivctieere et sttt sttt s e b st s s 20

3.2.6 SOfaTEXIMENTIONCONCEPT....ccveeietierieeee et etecte ettt ettt e e ete st st e e et sae b e s eesansaaeaaes 22

3.2.7 SOTaDOCUMENTU L .cuiiiiiieieie ettt sttt st s s et st et 24

3.2.8 SOfAaTEXtMENTIONULL..c.ciiiieieireriie ettt et st e s bbb s s 26

4. REST WD SEIVICES. .ottt sttt sttt seh et st bbb b e s et be b e et bbb et sea et eaeses et et et ebeneaeae e b s 28
4.1 SOTaDOCUMENT RESOUICE......ucvviririeieetiie ettt st st ser e st e b s e st er s st e eas s e s er e 28

4.2 WOTT RESOUNCE.....eeeuerenireietiee sttt see et st et ere s s te b st s et s et sttt b s eae s e b st s et senens 30

4.3 SofaTeXtMENTIONUI RESOUICE.......c.c ettt ettt ettt ser e s e es e s 32

4.4 SOfaDOCUMENTUI RESOUICE. ......viieuieeiict ettt ettt sttt e s et s b s s enes 35

5. User INterface deVeIOPMENT ...ttt et st st e e s et eb et erseseatesteste e e sensannen 39
Lo N o T U] Tl R IY =Y U o J TR 39



5.2 ANgUIar]S folder StrUCLUIE.....ccvcieeeeictcc ettt e ne e stesrestesnesnessassaessesnennee e e o B0

5.3 ANGUIAIIS CONLIOIIEIS ..ottt ettt st st st e s e b s s eneareeseste e nennann 41
5.4 AngUIArS direCtives @and D3.jS.....uviciveiieierieircerieetirt sttt st st ses ettt eesesre st stesee e sansanaenn 42
5.5 ANGUIArIS filtErS @Nd SEIVICES......coveieecee ettt et sttt sr e sa e etestestesaesee e bensesaesansens 45
6. PACKAEE STIUCTUIE..c.ctiee ettt ettt sttt et et e s etesteetesae stesssseabesbestesaetassansatesbesteseesssanasanns 46



1. Overview

The Visit Notes Analysis module was built to provide Named Entity Recognition (NER) capabilities to
OpenMRS to help the system extract more information from Visit Note text as well as other potential

sources of unstructured text.

Part of the challenge of enhancing OpenMRS’s ability to analyze plain text is to help the user gain the
most value out of the analysis. Our module provides one use, summarizing and visualizing the

information in a patient note, however we understand that there are many possible uses of NER.

It is with this understanding that we write the Developer’s Guide in order to provide future developers
with the background necessary to either continue and refine the development of this module, or

leverage the NER API provided by this module in order to build new and better projects.

In this guide you will find five sections:

1. System Design: A high level description of the three main components working under the hood to
carry out the module’s NER functions.

2. Application Programming Interface: Details and examples of the main Java classes used to support
the NER functionality.

3. REST web services: Details of new REST end points created for this module.

4. User Interface development: Angular)S has been used in the front end. Some details regarding the
front end code are shared in this section.

5. Package Structure: A diagram of the package structure with brief descriptions of each package.



2. System Design

There are three major system design components that a developer should be familiar with in order to
continue development with this module. Those components are:

1. The SofaDocument data model

2. The Named Entity Recognition algorithm

3. Processing Visit Notes with Aspect Oriented Programming.

2.1 SofaDocument data model

The module adds four database tables to the OpenMRS data model corresponding to the SofaDocument
data hierarchy (‘sofa’ is shorthand for Subject of Analysis). The data stored in these tables is accessible

via the service layer through the service class NLPService. The data model is shown in figure 1.

sola_cocument

P so'a_document K INT
FK1 encounter_id INT

< text TEXT

cate_created DATETIVE
cbs_id INT
patient_id INT
wid CHAR(38)
sofatoxt \ sofaiext manton N |sotatext mention_concaot
P sofatext_KIINT T |PK sofatexe_mendion_id INT ).~ IPK sofatoxt_mortion_concoot_id INT
N |FKI encounter_id INT N |FK1 solatext_id INT FK1 sofatext_mertion_id INT
\ FK2 sofa_document_ic FK2 concept_id INT
— : ] mention_text VARCHAR (255)
1ext VARCHAR(1024) mention_start INT
mﬂzlr:’ﬁ INT mention_end INT uuid CHAR|33)
¥ _ mention_type VARCHAR (255)
uuid CHAR(33) vud cu&(sa)

Figure 1: SofaDocument data model



This data model forms a hierarchical structure used to maintain the results of the analysis of a Visit

Note. Roughly the tables form this correspondence:

sofa_document => Visit Note

sofatext => sentence in Visit Note

sofatext_mention => entity identified in a sentence
sofatext_mention_concept => corresponding OpenMRS Concept for the entity, if it

exists. Empty otherwise.
Leveraging the NLPService class and Hibernate ORM mappings (www.hibernate.org), we can
read sofa_documents from the database into Java Objects. The corresponding data

hierarchy of Java Objects is shown in figure 2.

SofaDocument |
I |
SofaText SofaText o000 SofaText
| | | | l [ |
SofaTexmenton QOO  sotaTexsmention sofaTextventon QOO  sofaTexsMention
SotaTextmentonConcept i SotaextventonConoopt l Solal exiMertonConcopt SolaleventonConcept

Figure 2: SofaDocument data hierarchy
One SofaDocument can contain many SofaText objects. One SofaText can contain many
SofaTextMention objects. One SofaTextMention can contain a SofaTextMentionConcept object.

A concrete example of this hierarchy is shown in figure 3.



SofaDocument

The patient is a 47 year old male , with end stage liver disease secondary
10 hepatitis C cirrhosis diagnosed about 5 years prior to admission . |

SofaText | SofaText
The patient is a 47 year old male , with end stage The had wreatment with
liver disease secondary to hepalitis C cirrhosis p‘“m' % b ':d' °M°"°
diagnosed about 5 years prior to admission . <
\
SofaTextMention | SofaTextMention SofaTextMention I SofaTextMention
end stage liver o X
l doonse hepatitis C cirrhosis interferon Ribavarin
I SofaTextMentionConcept

Figure 3: concrete example of SofaDocument data hierarchy

2.2 Named Entity Recognition Algorithm and Implementation

The Named Entity Recognition algorithm takes place in two steps. The first step uses the concept class
mappings described in section 3.1 to identify concepts and their synonyms within the text. The second
step uses the machine learning algorithm Conditional Random Fields provided by BANNER
(banner.sourceforge.com) to find entities that may not be explicitly noted in the Concept Dictionary.
Figure 4 diagrams this process. BANNER was chosen for this module after it showed superior

performance when compared with several other open source NER systems.



Control Flow for tagging text with the DocumentTagger
| Step 1: Find entites in Concept Dictionary

input taxt é
—' .
i, ConceptClassT
ey g
: inisalized io find entities in the
H ConveptClass T, OpeniRS concept classes via sting

Tha BANNER CHF tagger incs entities in the text
m—__%.lmmm«mmmm
Tags from all our concept dasses
hggommeb
Sda.Docum

Figure 4: Named Entity Recognition Algorithm



2.3 Visit Note Processing with Aspect Oriented Programming

Visit notes are analyzed as they are submitted to the system via Spring’s support for Aspect
Oriented Programming (https://wiki.openmrs.org/display/docs/OpenMRS+AOP). When a user submits
a visit note through the Visit Notes page, the VisitNoteAdvice class interrupts the control flow and

processes the text of the Visit Note, saving the results for future presentation. Figure 5 shows this

process.
Input Visit Note Screen
dimnpamicrars VisitNote Advice
[ ] Intorcopts
EncounterService
User Clicks
T Argumants
= =
v
Advica
exvacts note
toxt from VRN
Encounter
Text faDocument NLPService saves
SofaDocument to
database

Figure 5: AOP processing of visit notes

These three components - the data model, the algorithm, and the control flow of capturing a

Visit Note make up the foundation of the module.



3. Application Programming Interface

There are three main components of the APl a developer can use to extend or build on top of this
module. Those components are the NLPService class for loading/storing data objects, the
SofaDocument and related classes for manipulating the data and the DocumentTagger class for
performing NER on strings of text. Below are brief descriptions of each component followed by
illustrative code snippets. Finally we provide excerpts from the JavaDocs for the related classes.
NLPService class: This service manages storing and retrieving SofaDocument objects and related data in
the database.

SofaDocument, SofaText, SofaTextMention and SofaTextMentionConcept classes:

Objects of these classes are used to manipulate the text data and annotations.

DocumentTagger class: This class provides a simple interface to the developer to execute the NER

functionality of the module.

3.1 Code Snippets

The following are four code snippets that illustrate how to use the core API functions.
1. Using the DocumentTagger class to annotate a text string and print out all “problem” entities found

in that string:

10



Code:
//text to be analyzed
String text = "The patient is a 47 year old male with "
+ "end stage liver disease secondary to hepatitis C “
+ "cirrhosis diagnosed about S5 years prior to admission”;

DocumentTagger tagger = new DocumentTagger();

//DocumentTagger performs NER,returns a populated SofaDocument obj

SofaDocument sofaDocument = tagger.tagDocument(text);

//iterate over ‘problem’ mentions and print the text

for(SofaTextMention mention : sofaDocument.getProblemMentions())
System.out.println(mention.getMentionText());

Output:
>> end stage liver disease

hepatitis C cirrhosis

Figure 6: Tag text with DocumentTagger

2. Tagastring of text and save it to the database using the NLPService class.

Code:
Patient patient = Context.getPatientService().getPatient(100);
String text = "The patient is a 47 year old male with "

+ "end stage liver disease secondary to hepatitis C “

+ "cirrhosis diagnosed about 5 years prior to admission”;
DocumentTagger tagger = new DocumentTagger();

SofaDocument sofalDocument = tagger.tagDocument(text);

//set the patient associated with the SofaDocument
sofaDocument.setPatient(patient);

//use the NLPService to save the Sofalocument to the DB
Context.getService(NLPService.class).saveSofaDocument(sofaDocument);

Figure 7: Tag a string, then save it to the database using NLPService

11



3. Retrieve all SofaDocuments for patient whose patient_id is 100, and print out the text of the

documents.

Code:
Patient patient = Context.getPatientService().getPatient(100);

Ffuse NLPservice to read all documents for patient from DB
List<SofaDocument> documents = Context.getService(NLPService.class)
.getSofaDocumentsByPatient(patient);

//DocumentTagger iterate over and print all documents

//in this case, we only have 1 document saved

for(SofaDocument d : documents)
System.out.println(d.getText())

Output:
>>The patient is a 47 year old male with end stage liver
disease secondary to hepatitis C cirrhesis diagnosed about
5 years prior to admission

Figure 8: Retrieve SofaDocument objects associated with a patient, then print the text

4. Internally to the DocumentTagger object, code from the BANNER library is being executed to
contribute annotations to the text. Here, tagger is an instance of the BANNER CRFTagger class,
tokenizer is an instance of the BANNER Tokenizer class, Sentence and Mention are also classes from the

BANNER library. Figure 9 gives this example of the CRFTagger tagging a sentence, the result is a list of

Mention objects.

Sentence new_sentence = new Sentence("This is a new sentence containing the problem
diabetes™);

tokenizer.tokenize(new_sentence);
tagger.tag(new_sentence);
List<Mention> mentions = new_sentence.getMentions():

Figure 9: example of BANNER library code

12




3.2 Javadoc Excerpts

Note: Many of these classes reference a banner.tagging.Mention object. This object is part of the result
of the NER tagging performed by BANNER. It contains information like mention text and mention type

that are used in many of the following classes.

3.2.1 NLPService

ofg.openmis module bannenprolotype.apl
Interface NLPService

All Superinterfaces:
orgopenmrs. apl. OpenmisService
All Known Implemanting Classes:

HLPSarvicelmpl

@Transactional
public interface NLPService
extends org.openmrs.api.OpenmrsService

This sendce exposes access bo the data persistence |ayer for savingiretriesing SofaDocument related data. it is a Spring managed bean which is configured in
moduledpplicasionContexd.mil

It can be accessed only via Comext
Context.getService (NLPService.class).someMethod() :

See Also:

Context

13



Method Summary

Sof sDocument
SofaDocusent

Jave.util, List<SofaDocument »

Jave.util.ListcSofalocument >

Java.util.ListcSofabDocument >

Sof abocumentyl

Java.util.List<SofabocumentUl>

SofaText
Java.util. SetcSofaText>
SofaTextMention

SofaTextMentionUl

$ava.util. SescSofaTextMent tonlil>
SofaDocusent

SofaText

SofaTextRention

voiag

Java.util.ListcSofaTextMentionlI>

Modifier and Type Method and Descripton
Java.util. ListcSofabDocusent > getAllSofaDocusents()

returns all SofaDocument obgects rom the database
org.hibernate, SessionfFacsory getSessionfactory()

retuns the current SessionFactory

getSofaDocumentByld(int sofaDocumentlic)

retumns the SofaDocument by 1D

getSofalocumentByUuid(java. lang.String wuic)

retums the SofaDocument by UUID

rjm.hn..su-h. 'uwﬂer-)

retuns all SoaDocument objects associated with patent, start and end dates, and search terms

getSofaliocoment sByPatfeat (org. cpenmes Patlent patient)
returns all SofaDocument objects assocated with patent

abocumentsByPat fentAndDateRange (org. openmrs Patient patient, Java.util.Date startDate,

getSof
Java.util.Date encDate)

returns all SofaDocument objects associated with patient, start and end dates
getSof abocumentUIBySof sbocuid(jave. lang, String sofaDocluid)

retuens the Sofad JI by SoaD
ts(org.openars.Patient patient, java.util.Dete stertOate, java.util.Date endDate,

getSof alocumentUT sByConstrain!
Java.leng.Stringl] searchlerns)

roturns SofaDocumentil objects associated with patient, start and end dates, and search terms

getSofaText(int sofaTextia)
retuns a SofaText object by its ID

tByOocusent(

retuens all SofaText objects whose parent is
getSofaTexthentionByUuia( Sava, lang.Sering wid)

retuens the SofaTextMention by UUID

getSofaTextMent ionUIByluid(jave.lang. String wuid)
rotuens the SofaTextMentionUl by SetaTextMention UUID

g with pabent, st and end Gales, and seaech lems

g all children in teh data hlerarchy

ints{org.cpeomrs . Patient patient, Jova.util.Date startDate, java.util.Date endDate,

getSofaTextMentiontilsByConstraints(org.openars . Patient patient, java.util.Date startDate, java.util.Date enclate,
Java lang. String(] searchTerms)
returns SofaText Jl objects
getse 1001 58y5 d(Sava.lang.String sofaDoctiuic)
retums SofaTextientonUl objects by SofaDocument UUID

S (SofsD frigey
Saves the Hibernate Object Relabonal Mappad data to e DB, including afl children In the data Merarchy
saveSofalext{SofaText sofaVext)
Saves a SofaText 1o the database, including all children in the data hierarchy
saveSofaTextNention(SofaText¥ention sofaTextMention)

Saves a SolaTe 10 the datab
truscateNLPtables()

Methods inherited from interface org.openmrs.apl.OpenmrsService

CASAUtECNn, ONSTArtLy

Figure 10: Javadoc excerpts for NLPService
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3.2.2 DocumentTagger

org.openmis moduie bannerprototype nip

Class DocumentTagger
java.lang.Object
org.openmrs. module bannerprototype nip. DocumentTagger
All Implemented Interfaces:
javaio Serializable

public class DocumentTagger
extends java.lang.Object
implements java.io.Serializable

This class exposes the Named Entity Recognition functionality of the module

This class contains four internal Named Entity Recognizers, three ConceptClassTagger objects

Each ConceptClassTagger Is initialized to recognize entties in text based on the concept class mappings
setin the Manage Visit Notes Analysis page accessible through the OpenMRS Administration page.
These mappings are stored and read via global properties

The fourth tagger is an NERTagger object which uses the BANNER CRF library and model specifled in the Manager Visit Notes Analysis page

Method Summary

Modifier and Type Method and Description
SofaDocument tagDocument (java.lang.String document)
This method executes the NER aigorithm 1o find mentions of medical entities within tha input text.

Methods inherited from class java.lang.Object

clone, equals, finalize, getClass, hasnhCode, notify, notifyAll, toString, wait, wait, wait

Method Detail
tagDocument

public SefaDocusent tagDocument(java. lang.String document)
throws java.io.I0€xception

This mefod execules the NER algontm o ind menions of medical entibes within e inpull lext Inputis a simple Sting cbject Oulpul is 8 populated SofaDocument inckuding all
children in the Sofalocwment data hierarchy.

Parameters:

document - Texl %0 be agged
Returns:

SofaDotument ully infkalized with tex and Named Enlities recognized
Thirows:

java.io. I0Exception

Figure 11: Javadoc excerpts for DocumentTagger
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3.2.3 SofaDocument

SofaDocument objects are created as a result of the DocumentTagger.tag() method. When a visit note is
saved by OpenMRS an encounter is generated/saved along with it. Visit Notes are captured and
analyzed via AOP when EncounterService.saveEncounter() is called. The encounter associated with this

visit note is recorded in the SofaDocument.

ol openmis moduls bannerprobilype

Class SofaDocument

vl Rang Object
orgopenmrs, BaseOpenmrslbyect
org.openmis EaseCpenmrsData
aig openmes moduls banneiprobitype SofaDocursant

Al implemented Inerlsces:
javaio Sefializabbe, arg opanmrs Auditable, argopanmrs OpenmriData, cigopanmrs. OpenmriObject, org openmis Voidable

public class SofaDocusent
extends org.openmrs . Baselpermrshata
implemerts java.lo.Serislizable

This Class is it rootof hie SelaDotument data Merarchy. This i the main dats stuchive for e NER analyss camiad out by this module. The histarcy Conlaing all i, fenismnes,
annoiabions and concepls for 3 Bpged decement Raefer io the Developer's guide for more details on e data modal

Author:
ryanashlaman

Sed Alaa:
Sarialized Fom

Constructor Summary

Constructors
Constructor and Description

SofaDocument( )
Default constructor

16



Method Summary

Mothods
| Modifier and Type Method and Description
| Sofatext adaSofaText{SofaText sofalext)

java.util.ListcSofaTextMention>
| Java.lang.String

java.util . Date
| org.openmrs.Encounter

java.lang.Integer

| org.opensrs,Patient
Java.util.ListcSofalextmention>

| nt

Java.util.SetcSofalext>
Jave.util. ListcSofaTextiention>

java.lang.String
Java.util. ListcSofaTextientions
Java.lang.5tring

| voig
| voia
| voie

voia

| wold
walid
| veie
wald

A0d a SofaText object 1o the set of SofaText objects for this SofaDocument

getAllMentions()

Retumns all of the SofaTextMention objects found in all the SofaText objects for this SotaDocument

getAnnotatedMTML()

Helper method 1o generate HTML to render on the Ul

getDateCreated()

getincounter()

Visit Notes are saved via he EncounterService saveEncounter() method, he encounter feld records ihe associated encounter.
getid()

This method is req: % impi
getPatient()
getProblesMentions()
Retums all of the SofaTextMention objects with type problem’ found in all he SofaText objects for this SofaDocument
getSofalocumentla()

sofaDocumentid s a unique identder for the SofaDocument

getSofalext()

getTestMentions()

Retums all of the SofaTextMention objects with type YesT found in all the SofaText objects for his SoaDocument
getText()

Get the text of e SofaDocument

getTreatmentMentions()

Retums all of the SofaTextMention objects with type Treatment found in all the SofaTaxt objects for this SofaDocument
getUuid()

uuld i5 8 unique idensder for the SotalDocument

setOateCreated{Java, util.Date cateCreated)

setEncounter(org.openars . Encounter encounter)

setid{java.lang.Integer argd)

setPatient(org.cpenars. Patient patient)

Bas20p Obfect, thea sofaDocumentid value

setSofalocmentId(int sofaDocumentId)
setfofaText( fava. util.Set<Sofalexts sofalext)
setText(java. lang. String text)
setiuld] java. lang. String uudd)

| Methods inherited from class org.openmrs.BaseOpenmrsData

getlhangedBy, getCreator, getDateChanged, getDuteVolded, getVolded, getVoldedBy, petVoldReason, isWolded, setChanged@y, setCreator, setDatelhaaged,
setDatevodded, setvolded, setVoldedBy, setVoddResszon

| Methods inherited from class org.openmrs.BaseOpenmrsObject

equals, hasklode, toString

'Methods inherited from class java.lang.Object

clome, flmalize, getClass, motify, notifpall, wait, wadt, walt

Figure 12: Javadoc excerpts for SofaDocument class
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3.2.4 SofaText

org.openmrs. module bannerprolotype
Class SofaText

javalang Object
org.openmrs BaseOpenmrsCbject
org.openmrs BaseOpenmrsData
org.openmrs module bannerprofotype SofaText

All Implemented Interfaces:

javaio Serializable, java lang Comparable, org openmrs Auditable, org openmes. OpenmrsData, orgopenmes OpenmrsObject, org openmrs. Voidable

public class SofaText
extends org.openars.BaseOpenarsData
implements java.io.Serializable, java.lang.Comparable

This class holds sentence level annotations contained in the Sofalocument
Author:

ryaneshleman
Sew Mlso:

Senalized Form

Constructor Summary

Constructors

Constructor and Description

sofaText()
Defauit Constructor

SofaText(java.lang.5tring text)
SofaText(java.lang.5tring text, int textStart, int textEnd)

18



Method Summary

Jova.lang.String

org.opeamrs . Encounter

| java.lang.Integer

Jove.ctil Collectiond? extends SofalextMention>
Sofabocusent

e

Save.wtil SetcSofalextMention)

Fave.util. Collectiond) extends SofalextMention>

Java. lang.String

)

.

At

Jawa.util.Collectiond? extends SofaTextMentions

BEREEE

A

Modifier and Type Mothod and Description |
boolean sddBannerMention(anner. tagging.Meation m)
BANNER mentons have a lower priorily 5o usa his me®od 10 3dd a menton made by BANNER % a SofaText, it will notbe
added if ho menton subsumes of is subsumed by a current menscn |
vois sddMent ionAndConcepts(banner, tagping Mention =, Save.wtil.listiorg.cpermrs Concepty Concepts)
mmmnm.mwmmamdmmwnaSobhnwt«nummummmmmmm.
multiple concepts can maskch a string, d of ¢ g one we record them all
int compareTo(Java.lang.Obfect st) |

returns 0 If two SofaText objects start at e same index. otherwise returns e distance in characters between the start index l

of the o SofaTexts bemg compared
getAnnotatediTML(int stertIndex)
Halpor method 1o genecate HTML
getincounter()

Visit Notes ace saved via the EncounterService saveEncounter() method. the encounter field records the associated l

ancounter.

getid)

refums sofa Textid vaiue, fis Is required o BaseOpenmrsCojoct
getProbless()

retums all SofaTextienson objects wih type “problem” in his SofaText object
getSofalocusent()

retums the parent SofaDocument cbgect for his SofaTexdt

getSofaTextIal)

retums the unique identiSer for s SofaText object

getSofaTextiention()

renms the menbons found in tis SofaText, here can be p b names and

s¥ing, instaad of choosing one, we record them all

getlests()

retums all SofaTextenson objects with type Yest” in this SotaText object
getText()

redums the haxt sying for s SofaText obj

getTextEnd()

refums the index Into Me parent SofaDocument hat he SofaTExt ands at

petTextitart()

retumns the index intg the pasent SofaDocument that e SofaText beging a1
petTreatments ()

returns all SodaTexthention obpects with type Treatmeant in this SotaText object
setEacounter(or. opetars  ERLOUATEr EAH0SUATE")

setld(java.lang. Integer 1d)

setiofaliocwment (Sofaliocument sof alocument)

setSofaTextTd(ing sofaTextld)
setSofaTextMention]java. util. Set<SofaTentMentionr sofaTextMention)
setText({favs. lang. String text)

sats lah bexd siing for this SotaText oby

setTextEnd(int textEnd)

setTextStart({int textStart)

Methods inherited from class org.openmrs.BaseOpenmrsData

getChangedBy, getCreator, getDateChanged, getDateCreated, getDateVodded, getvolded, getvoldedBy, getVoldReason, isWolded,

setDateChanged, setDatelreated, setDatevolded,

setVolded, setVoldeddy, setVoldReason

setlhangeaBy, setCreator,

‘Methods inherited from class org.openmrs.BaseOpenmrsObject

equals, getiaid, hashiode, setluid, toString

Methods inherited from class java.lang.Object

clone, finalize, getClass, motify, notifyall, walt, weein, wait

Ihhihu-dn inherited from interface org.openmrs.OpenmrsObject

petluid, setluld

Figure 13: Javadoc excerpts for SofaText class
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3.2.5 SofaTextMention

The NER algorithm executed in DocumentTagger.tag() may find multiple OpenMRS Concepts in a single
mention. This is a consequence of overlapping concept names/synonyms in the Concept Dictionary.

Instead of forcing the algorithm to choose one Concept, we record them all.

ong.opanmirs.module bannerprototype

Class SofaTextMention

java lang.Object
org.openmes BaseOpenmrsObject
orgopenmes. BasaOpenmrsData
org_epenmrs module bannerprototype SofaTextMention

All Implemented |nterfaces:
|ava o Seralizable, java lang Comparable, org openmes Auditable, org openmes. OpenmrsData, org.openmrs. OpenmrsObject, org.openmrs Voidable

public claz: SofaTextMention
extends org.openmrs.BaseOpenmrsData
implements java.ic.Serislizable, java.lang.Comparable

This class carries information aboul annotations for specific SofaText objects
Author:
ryan eshleman

See Also:

Sarializad Form

Constructor Summary

Constructors

Constructor and Description

SofaTextmention()

SofaTextMention(SofaText sofaText, banner.tagging.Mention m, fava.util.List<org.openers.Concept> concepts)

consrucion e provided list of OpenMRS concepts will be converted to 2 hist of SofaTexMensonConcept cbjects, There may be several OpenMRS concepts assotiated with one

mention due 10 Overlapping concapt names, Instead of lorcing e Me Algornthm to choose 0ne CoNCept we fecord them all | Note: bannet ta9Qing mention m i an object relarned from
e BANNER tagging library after tagging a taxt
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Method Summary

=1, _

void adaConcepts(java.util. Listcorg. S Pt )
Add list of associated OpenMRS Concept objects associated with his SofaTextenson, hese Concepts are idented dunng he first
Sting maiching phase of he NER algonthm in DocumentTaggertagl)

int compareTo(java.lang.Object stm)

Save.util. Listcorg. . openmrs . Concept>  petConcepts()
helper method Mat retums Me OpenMRS Concept objects associated with his SofaTextMension by exiracing them Fom the
SofaTextMensonConcept objects, Concepts are identiied during the rst Sting maiching phase of the NER algonthm in

DocumentTaggertag()
Jave.iang.Integer getlal)

returns sofaTexthMentionid vakue, this mathod is required o implament BaseOpenmrsOtiact
int gethentionEnd()

returns the index into he SofaTEX where he menbons ends
int getMentionStart()

retumns the indax into tha SofaText where the menlon stans indax of start of mention within ScfaText
Java.lang.String pethentionText()

return the text string associated with this mention, for example ‘clirhosis’
Java. lang. String gethentionType()

retuens the mention hype as a string, for example “problem”
Sofalext getSofaText()

returns the parent SofaText for this object
Java. il SetcSofaTextMentionConcepts petSofalextMentionConcept()
retumns the children SofaTextMentonConcept objects associated wilth he SofaTexiMenton object, it may be an emply set

{nt getSofaTextientionld()
unique identifer for this SotaTextMention cdject
Jave.leng.5%ring getWid()
wuid Is a urique Idensfier for the SofaTerth\ention
vois setld(fova.lang.Integer ic)
vois sethentionEnd(int senticnEna)
veie setMentionStart(int mentionStart)
set start index of mention
voia setMentionText(java.lang.String mentionText)
| voia setMentionType(iavs.lang.String mentionType)
| voie setSofalext(Sofalext sofaText)
| voia setSof 1oaC: (FJova.util.SetcSofaTextMentionConcept> scfaTextMentionConcept)
| voie setSofaTextMenticnld(int sofeTextMentionlc)
| vela settuld(jave, lang.String wuld)

EModslmoﬂbdfrom‘dmw.Bnuopmum

getChangecBy, getCreator, getDatelhanges, getDatelrestec, getDeteVoidec, getvoiced, getveidedBy, getVoidReason, fsVoided, setChangecBy, setCrestor,
| setDatecChanges, setDateCreatec, setDateVoided, setVoldes, setVolcedBy, setVoicReason

B i . et e o e B T N

equals, hashCede, toString

' Methods inherited from class java.lang.Object

clone, finalize, getClass, notify, notifyall, weit, wait, wait

Figure 14: Javadoc excerpts for SofaTextMention class
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3.2.6 SofaTextMentionConcept

org.openmrs.module bannerprototype

Class SofaTextMentionConcept

javalang.Object
org openmrs.BaseOpenmrsObject
org.openmrs.BaseOpenmrsData
org.openmrs. module bannerprototype SofaTextMentionConcept

All Implemented Interfaces:

java.io.Serializable, org.openmrs Auditable, org.openmrs.OpenmrsData, org.openmrs.OpenmrsObject, org.openmrs Voidable

public class SofaTextMentionConcept
extends org.openmrs.BaseOpenmrsData
implements java.io.Serializable

Class references an OpenMRS concept thatis associated with a SofaTextMention
Author:

ryaneshieman
See Also:

Senalized Form

Constructor Summary

Constructors

Constructor and Description

SofaTextMentionConcept()

SofaTextMentionConcept(SofaTextMention sofaTextMention, org.openmrs.Concept c)
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Method Summary

Methods
Modifier and Type Method and Description
org.openmrs,Concept getConcept()
returns the OpenMRS concept associated with this object
int getConceptid()
‘ returns the id associated with the OpenMRS Concept contained in this object
java.lang.String getConceptName()
getthe name of the concept. for example "tuberculosis”
java.lang.Integer getld()
‘ returns sofaTExtMentionConceptld value, required to implement BaseOpenmrsObject
SofaTextMention getSofaTextMention()
get the parent SofaTextMention
| int getSofaTextMentionConceptId()
unique identifier for this object
' void setConcept{org.openmrs.Concept concept)
| void setConceptId(int conceptld)
| void setConceptName(java.lang.String concepthame)
’ set the concept Name
| void setId(java.lang.Integer argod)
| void setSofaTextMention(SofaTextMention sofaTextMention)
| void setSofaTextMentionConceptId(int sofaTextMentionConceptld)

'Methods inherited from class org.openmrs.BaseOpenmrsData

petChanpedly, petireates, getDetelhanged, getDetelreated, getDetevolded, petvelssd, getvielseaby, petVoloResgen, LiValded, setChangecly, fetCrenter,

setDateChanged, setlateCreated, setlateVolded, setVolded, setVeddedBy, setVoldReason

'Methods inherited from class org.openmrs.BaseOpenmrsObject

equals, gpetUuld, hashCode, setUuld, toString

‘Methods inherited from class java.lang.Object

clone, finalize, getClass, notify, notifyall, wait, wait, wait

'Methods inherited from interface org.openmrs.OpenmrsObject

petludd, setlulid

Figure 15: Javadoc excerpts for SofaTextMentionConcept class
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3.2.7 SofaDocumentUl

O CEnmy s module Dannerposotype
Class SofaDocumentUl

Jva lang Cledt

All Implemented Interfaces:
jvaio. Serializabie, ong.openmes. Auditable. org.openmes OpenmrsData, crg openmes OpenmisObject. ong.openmes. Viodabie

public class SofaDocumentUI
extends org.openars.BasedpenmrsData
implements java.io.Serializable

Thits class has been created jor the new REST web senvices.

A SofaDocumentll coresponds o one SofaDocument. Each SofaDocumentUl object has detals such as diagnosts. provider, location. a5 wed as problems, teatments and fests.
These details are populabed from the cormesponding SotaDocument object.
Each SotaDocumentUl object populales a srghe vertical bar on the heat map and a single row in the visit note 51 on the Ul

Author:

kavyakaspally
See Also:
Serialived Form

Constructor Summary

e

| SofaDocumentUX(java.lang.String uuld, java.util.Date dateCreated, java.lang.String provider, java.lang.String location,
java.lang.String diagnosis)

RSN SN0 VD) SO, W SN T Do KRy IRONS S ORI OO R O CORCD S
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Method Summary

Modifier and Type Method and Description
’ java.util.Date getDateCreated()
‘ returns the dateCreated associated with the SofaDocumentUl
java.lang.String getDiagnosis()
| returns te Diagnosts associated with the SofaDocumentUl
‘ jJava,lang. Integer getld()
This method Is required to implement BaseOpenmrsObject
java.lang.String getLocation()
roturns the Location associated with the SofaDocumentU!
int getMentionCount()
returns mensonCount which is the frequency of the associated SofaTextMentionUl object in the SofaDocumentUt
org.opennrs.Patient getPatient()
‘ returns the patient associated with the SofaDocumentUt
java.util.List<Word> getProbleawordList()
returns the problemWordList associated with the SofaDocumnentUl
java.lang.String getProvider()
retumns the Provider assoclated with the SotaDocumentUl
Java.util.List<Word> getTestWordList()
returns the testWordList associated with the SofaDocumentUl
Java.util.List<Word> getTreatmentWordList()
| returns the NordList iated with the SofaDocumentUt
i java.lang.String getluid()
returns the uuid associated with the SofaDocumentUl
| void incrementCount()

|
‘]ava.lang.soolean

void

ivold

|
void

;vold
void
‘vold
void

| void

void

| void

\
void

Each SofaDocumentUl object is associated with a SofaTextMentionUl on the heat map.
isVoided()

Added to handie ERROR - BaseRestControlier handieExcepson{106) Could not write JSON: Confiicting getter definions for

property “voided™

setDateCreated(java.util.Date dateCreated)
sets the dateCreated for the SofaDocumentUl

setDiagnosis(java.lang.String diagnosis)
sets the Diagnosis for the SofaDocumentUl
setId(java.lang.Integer argd)
setlocation(java.lang.String location)
sets the Location for the SofaDocumentUt
setMentionCount(int mentionCount)

sets mentionCount which is the frequency of the assoclated SofaTextMentionUl object in the SofaDocumentUl

setPatient(org.openmrs.Patient patient)

sets the patient for the SofaDocumentUl
setProblemWordList(java.util.List<Word> problemWordList)
sets the problemWordList for the SofaDocumentUl
setProvider(java.lang.String provider)

sets the Provider foc the SofaDocumentU!
setTestWordList(java.util.List<Word> testWordlist)

sets the testWordList for the SofaDocumentUl
setTreatmentWordList(java.util.List<Word> treatmentWordlList)
sets the reatmentWordList for the SofaDocumentUl
setUuid(java.lang.String vuld)

sets the uuid for the SofaDocumentUl

ifil;th;d; inherited from class org.openmrs.BaseOpenmrsData

getChangedBy, getCreator, getDateChanged, getDateVoided, getVoided, getVoidedBy, getVoidReason, setChangedBy, setCreator,
setDateChanged, setDateVoided, setVoided, setVoidedBy, setVoidReason

‘Methods inherited from class org.openmrs.BaseOpenmrsObject

equals, hashCode, toString

Figure 16: Javadoc excerpts for SofaDocumentUl class
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3.2.8 SofaTextMentionUl

ORGOPENMIS. MOGUKE BANMSTIROLE e
Class SofaTextMentionUl

ceg.openmes.module bannerprototype. SotaTexthentionll
Al Imiph d Interfaces

java o Serializable, ofg openmis Auditable, ong.openmis OpenmrsData, ofg.openme s OpenmirsODEcL ofg-openmrs. Vioidable

public class SofaTextMemtionUI
extends org.openmrs.BaseOpenmriData
implements java.io.Serializable

This cliss has béen créaded lof the nésw REST web senices.
A SofaTextMentionll comesponds 10 one mention of entity and populabes a Single row on the heat map. Each SofaTextMentionlUll object has details such as mentionTent.,
menionType, seasch term that i is related 1o, as well as a list of SolaDocumentlUls (each ks a vertical bar on the heat map).
Author;
kawyakatpalty
See Also:
Seralzed Fom

Constructor Summary

Constructor and Description

{

SofaTextMentionUI(java.lang.String mentionText, java.lang.String mentionType, java.util.List<SofaDocumentUI> datelist)
\,A?‘!"TW S N SN T, oSS0 VD Sy L NG O PN LS

Method Summary
Methods
Modinier and Type Method and Description
void addDate (SofaDocumentUI sofaDocumentUI)
Acds a SotaDocumentUl 1o the List of SofaDocumentUls associated with this SofaTextMentionUl If it was not already presant.
boolean equals(java.lang.0bject o)
Two SofaTextMentionUts are considered equal If their mentionTexts are equal
java.util.List<SofaDocumentUI> getDatelist()
retums the list of SofaDocumentUls associaled wath the SofaTextMentionUl
java.lang.Integer getld()
This method is required 10 implement BaseOpenmesOtject
Java.lang.String getMentionText()
retums the mentionText associated with the SofaTextMentionUt
java.lang.String getMentionType()
retums the mentbonType associated with the SofaTextMentionUl
Java.lang.String getRelatedTo()
roturns the search term that the SofaTextMensionlUl &s related to
int hashCode()
void setDatelist(java.util.List<SofaDocumentUI> datelist)
sets the list of SotaDocumentUls for the SofaTexiMentionUl
| void setld(java.lang.Integer argod)
void setMentionText(java.lang.String mentionText)
sets the mentionText for the SofaTextMentionUt
void setMentionType(java.lang.String mentionType)
sets the mentionType for the SofaTextMensonUl
vold sotRelatedTo( java.lang.String relatedTo)
Sots the search term that the SofaTexaMentonUl is refated to
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: Methods inherited from class org.openmrs.BaseOpenmrsData

getChangedBy, getCreator, getDateChanged, getDateCreated, getDateVolded, getVolded, getVoidedBy, getVoldReason, 1sVolded,
setChangedBy, setCreator, setDateChanged, setDateCreated, setDateVoided, setVolded, setVoidedBy, setVoidReason

: Methods inherited from class org.openmrs.BaseOpenmrsObject
getUuid, setUuid, toString

: Methods inherited from class java.lang.Object

clone, fimalize, getClass, notify, motifyAll, wailt, walt, wait

: Methods inherited from interface org.openmrs.OpenmrsOhbject
getluid, setUuid

Method Detail

addDate
public void addDate(SofaDocumentUl sofabDocumentUI)

Adds a SofaDotumentLll 1o the List of SotaDocumentlils associabed with this SofaTextMentionUl if i was not already present. B the SofaDocumentUl was alrgady present, the
meentionCiount of the SolaTextMentionUN is ncremenbed

Parameters:

sofaDocumentUl -

Figure 17: Javadoc excerpts for SofaTextMentionUl class
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4. REST web services

Four REST resources have been added to the new version of Visit Notes Analysis module.

4.1 SofaDocument Resource

The SofaDocument Resource is used to populate two sections of the Ul. On page 1, it is used to populate
the D3 visualization of all visit notes for a given patient. An example of the REST call:
/openmrs/ws/rest/vl/bannerprototype/sofadocument?patient=0586cbb8-56f1-4621-9ea6-
4d53cb44884c

Here, all visit dates are retrieved for patient with id: 0586cbb8-56f1-4621-9ea6-4d53cb44884c

A screenshot of the test page for this REST call is displayed:

Admin | Settings | Test | Help
Testing REST URIs

Type GET |(GET, POST, PUT, or DELETE)
URI JopenmirsiwsirestivLbannerprotolype/sof adocument Ppatient =05
Body content |
Representation full | (red, full, custom:)
send
success!

Object
KEY
results

‘

IRDEX VALUE
: e
KEY WALVE
wuid “@Tfhb473-Thc2 -47hd - abed - 4503adeG 2601 "
display =2g16-12-18 21:11:43.8"
dateCreated =2616-12-18T21:11:43. 060 - 9866"
taxt “Patient 15 26 year old male with end st..."
annatatedHTHL "Patient 1% 26 year old male with <span ..."
links DEFTH REACHED]
i resourceversion =1.8"

Figure 18: REST test page — Get all SofaDocuments for a given patient



The SofadocumentResource calls NLPService’s getSofaDocumentsByPatient function, which in turn calls
the dao.getSofaDocumentsByPatient function. Code from SofadocumentResource:

@Override
protected PageableResult doSearch(RequestContext context) {

Patient patient = context.getParameter("patient") != null ?
Context.getPatientService().getPatientByUuid(
context.getParameter("patient”)) : null;
return new
NeedsPaging<SofaDocument>(Context.getService(NLPService.class).getSofaDocumentsByPati

ent(patient),
context);

The SofaDocument Resource is also used to populate Page 2’s Visit Note Rendering section. An example
REST call which specifies the UUID of the SofaDocument for which the text is to be retrieved:
/openmrs/ws/rest/vl/bannerprototype/sofadocument/da75e3ae-a71c-40fa-af67-5ee2eba8e867

A screenshot of the test page for this REST call:
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Admin | Settings | Test | Help
Testing REST URIs

Type IGET | (GET, POST, PUT, or DELETE)

URI |!npenmrsmsrres.wubannerprmmype.f&ufadﬂcurnent.r’da?ﬁeBae-ﬂ
Body content | |
Representation [full | (ref, full, custom:)

send

H

success!

KEY VALUE

uuid "da7beldae-aTlc-40Ta-af67-5ee2ebaBelB6T"
display "2017-84-08 16:09:81.8"

dateCreated "2917-04-08T16:09:81.000-0700"

text "Admission Date :2013-85-09Discharge D..."
annotatedHTML "Admission Date :2013-85-09Discharge D..."

Figure 19: REST test page — Get SofaDocument for a given UUID
The SofadocumentResource calls NLPService’s getSofaDocumentByUuid function, which in turn calls the
DAQ’s getSofaDocumentByUuid function.
@Override
public SofaDocument getByUniqueId(String uuid) {

return Context.getService(NLPService.class).getSofaDocumentByUuid(uuid);

}

4.2 Word Resource

The WordResource is used to populate the word cloud on page 1 based on constraints such as the start
and end dates, the patient ID, the entity type selected and the number of terms to display in the word

cloud. An example REST call is:



/openmrs/ws/rest/vl/bannerprototype/word?patient=0586cbb8-56f1-4621-9eab-
4d53cb44884c&startDate=2015-05-07&endDate=2017-05-07&entityType=All&numTerms=5
Here is a screenshot of the REST test page for this end point:

Admin | Settings | Test | Help
Testing REST URIs

Type GET | (GET, POST, PUT, or DELETE)

URi JopenmrsAvsrestiv ibannerprototypeisodd fpatent=0586cbba-5
Body content

Representation full | {ref, full, cusiom:)

send

SUCCESS!

object
KEY

results

|

INDEX VALUE
:
KEY VALUE
display "protonix”
ward "protonix®
count 4
className "treatment”
links JEFTH REACHED

Figure 20: REST test page — Get words for a given patient, start and end dates, entityType, numOfTerms
WordResource calls NLPService’s getSofaDocumentsByPatientAndDateRange method to get all
SofaDocuments for a given patient, start and end dates. Depending upon the entity type specified by the
user, all SofaTextMentions are added to a Word Cloud and the top SofaTextMentions are retrieved,

limited by the number of terms specified by the user. Here’s the code from the WordResource class:

@Override
protected PageableResult doSearch(RequestContext context) {

Patient patient = context.getParameter("patient") != null ?
Context.getPatientService().getPatientByUuid(
context.getParameter("patient”)) : null;

Date startDate = context.getParameter("startDate") != null ? (Date)
ConversionUtil. convert(

context.getParameter("startDate"), Date.class) : null;



Date endDate = context.getParameter("endDate") != null ? (Date)
ConversionUtil. convert(
context.getParameter("endDate"), Date.class) : null;

String entityType = context.getParameter("entityType");
Integer numTerms = Integer.parselnt(context.getParameter("numTerms"));

WordCloud wordcloud = new WordCloud();

List<SofaDocument> allSofaDocuments =
Context.getService(NLPService.class).getSofaDocumentsByPatientAndDateRange(
patient, startDate, endDate);

if (entityType.equals("Problems")) {
for (SofaDocument sd : allSofaDocuments) {
addToCloud(wordcloud, sd.getProblemMentions());
}
} else if (entityType.equals("Treatments")) {
for (SofaDocument sd : allSofaDocuments) {
addToCloud(wordcloud, sd.getTreatmentMentions());
}
} else if (entityType.equals("Tests")) {
for (SofaDocument sd : allSofaDocuments) {
addToCloud(wordcloud, sd.getTestMentions());
}
} else {
for (SofaDocument sd : allSofaDocuments) {
addToCloud(wordcloud, sd.getAllMentions());

List<Word> wordList = wordcloud.getTopWordsShuffled(numTerms);
return new NeedsPaging<Word>(wordList, context);

4.3 SofaTextMentionUl Resource

For page 2’s heat map and Visit Note List sections, two new classes were created. Javadocs for these
classes were shared in the previous section. One is the SofaDocumentUI, which is analogous to a vertical
bar on the heat map corresponding to a single note. It has the instance variables — UUID, patient,
dateCreated, mentionCount, diagnosis, provider, location, problemWordList, treatmentWordList and
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testWordList. The diagnosis, provider, location variables are used to populate the tooltip on the heat
map for the particular note. The mentionCount is used to show the frequency of occurrence of the
mention in this note. The problemWordList, treatmentWordList and testWordList are kept empty for the
heat map since these lists of all mentions are not required on the heat map. They are required in the
Visit Note List section for the filter functionality.

The SofaTextMentionUl object is analogous to a single search term row in the heat map. It has these
instance variables — mentionText, mentionType, relatedTo and datelist. The relatedTo variable is used
to identify the search term to which a term is related, and the datelist variable stores a List of
SofaDocumentUl objects for each SofaTextMentionUl object. These SofaTextMentionUI objects are used
to populate the heat map visualization.

The SofaTextMentionUI REST Resource is used to populate the heat map for given search terms, start
and end dates and patient ID. A sample REST call is -
/openmrs/ws/rest/vl/bannerprototype/sofatextmentionui?patient=0586cbb8-56f1-4621-9eab-
4d53cb44884c&startDate=2015-04-30&endDate=2017-04-30&searchTerms=end stage liver disease

The test page shows an array of SofaTextMentionUI objects with each one mapping to a datelist, which

is in turn an array of SofaDocumentUI objects.
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résults

o

KEY WALVE
uid =37a18138- F307 - 41758224~ FAT 004 Tebcna ™
display “end stage liver diseases/problem®
menk fonText =end stage Liver disease”
mentionType =problea”
relatedTo RULL
datelist
INDEX

2k
EI

ulid "RTTEDATI-ThCE- 4T - aSed - 450324062897
display “RTTEDATI-TheZ- 4Thd - afed - 450304062897
dateCreated "2016-12- 18700 00 00 . 00O - DEDO~

mentionCount

- |

diagnosis Seirrhosis®
provider =Super User®
location "Dutpatient Clinic®
probleskoralist NULL

treatmentworollst

NULL

Figure 21: REST test page — Get SofaTextMentionUls for a given patient, start &end dates, search terms

The SofaTextMentionUl Resource calls NLPService’s getSofaTextMentionUIsByConstraints() method. The

NLPServicelmpl has the business logic for how the heat map gets populated. When the search terms

exceed the limit (for example, 3), it calls the dao.getSofaTextMentionUIsByConstraints(patient,

startDate, endDate, searchTerms) method directly to get the SofaTextMentionUls to populate the heat

map. On the other hand, if the number of search terms is less than the limit, related terms are to be

displayed on the Ul. SofaDocuments for each search term are first retrieved by calling

dao.getSofaDocumentsByConstraints(patient, startDate, endDate, term). The most frequent 5 problems,

5 treatments and 5 tests are retrieved from all SofaDocuments corresponding to a search term. Finally,

the SofaTextMentionUls which populate each row in the heat map are obtained by calling

dao.getSofaTextMentionUIsByConstraints(patient, startDate, newEndDate, allTopTermsArr).
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In the code for dao.getSofaTextMentionUIsByConstraints — First, a database query is run which retrieves
the SofaTextMention’s text and type along with all the SofaDocuments in which the mention occurs, and
the UUIDs, dateCreated and encounter IDs for each SofaDocument. Using the encounter ID, we get the
Provider, Location and Diagnosis details for each SofaDocument. A SofaDocumentUI object is
instantiated for each SofaDocument and added to an ArrayList. For each mention, a SofaTextMentionUI

object is instantiated and the datelist is set. Finally, an ArrayList of SofaTextMentionUls is returned.

4.4 SofaDocumentUI Resource

The SofaDocumentUl Resource is used to make two REST calls — one to populate the Visit Note List for
given search terms and another to populate the Visit Note List for a particular visit date.

An example of the first REST call to populate the Visit Note List for given search terms:
/openmrs/ws/rest/vl/bannerprototype/sofadocumentui?patient=0586cbb8-56f1-4621-9eab-
4d53cb44884c&startDate=2015-05-03&endDate=2017-05-03&searchTerms=end stage liver
disease&searchTerms=protonix

Here's a screenshot of the REST test page which shows an array of SofaDocumentUls, with the
problemWordList populated. The problem, treatment and test wordlists are populated for each
SofaDocumentUI object so that filtering by any problem, treatment or test entity can work on the Visit

Note List.
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results

‘

KEY WALUE

wuid "BTTED4TI- TOCZ- 4704 - abed - 450 Jade 6 ZA9T "
display "PTTED4TI-TOCZ- 4704 - abed- 450 Jade 62RO
datelreated =2006- 12- LETHE : 09 100 . 0E9 - DS~

mant ionCount 1

diagnesis "cirrhosls®

provider "Supsr Usar®

location "Outpatient Clinic®

problesWordList

INGEX WALUE

“ b
KEY WALUE
display "end stage liver dissase"
word "end stage liver disease®
count 1
€ Las sName “problem”
1inks MEPTH REACHED

Figure 22: REST test page — Get SofaDocumentUIs for a given patient, start & end dates, search terms
The SofaDocumentUl Resource calls NLPService’s getSofaDocumentUIsByConstraints () method. The
NLPServicelmpl has the business logic for how the Visit Note List gets populated, which is similar to the
logic in the previous section. When the search terms exceed the limit (for example, 3), it calls the
dao.getSofaDocumentUIsByConstraints(patient, startDate, newEndDate, searchTerms) method directly
to get the SofaDocumentUIs to populate the Visit Note List. On the other hand, if the number of search
terms is less than the limit, dates for related terms are also to be displayed on the Ul. SofaDocuments
for each search term are first retrieved by calling dao.getSofaDocumentsByConstraints(patient,
startDate, newEndDate, term). The most frequent 5 problems, 5 treatments and 5 tests are retrieved
from all SofaDocuments corresponding to a search term. Finally, the SofaDocumentUIs which populate
each row in the Visit Note List are obtained by calling dao.getSofaDocumentUIsByConstraints(patient,
startDate, newEndDate, allTopTermsArr).

In the code for dao.getSofaDocumentUIsByConstraints — First, a database query is run which retrieves
the UUIDs, dateCreated and encounter IDs for distinct SofaDocuments in which the mentions occur.

Using the encounter ID, we get the Provider, Location and Diagnosis details for each SofaDocument.
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Lists of Problems, Treatments and Tests that occur in the SofaDocument are added to the
problemWordList, treatmentWordList and testWordList respectively. A SofaDocumentUI object is

instantiated for each SofaDocument and an ArrayList of SofaDocumentUls is returned.

An example of the second REST end point available on the SofaDocumentUI resource, which can be used
to populate the Visit Note List for a particular visit date (please see Figure 4.5):
/openmrs/ws/rest/vl/bannerprototype/sofadocumentui/07fbb473-7bc2-47b4-a8e4-45d3a4e6289f

A screenshot of the REST test page for this call shows a single SofaDocumentUl object with the

problemWordList, treatmentWordList and testWordList populated.

URI JopenmrsiwsiresiivLbannerproiotype/sol adecumentuidiT a4 73,

Body content | ]

Frepresentation ful | {ref, full, cusiom:)

sand

SUCCESS!

e —

KEY YALUE

wuid “ATfbb473- Thel - 4704 - afled - 45d3a4eB2891"

display "ATTbbdT3- Tc2-47hd - afed - 45d2ade 689"

dateCreated =2o16-12- 18760 : 60: 00 , 006 - 806~

ment LonCownt 1

UIHQHDSIS "cirrhosis®

provider 'SUFET User"

location *Outpatient Clinic®

IRDEX WALUE
8 Ub

KEY VALUE
display “end stage Liver disease”
word "end stage liver disease"
count 1
classMase *probles”

Figure 23: REST test page — Get SofaDocumentUI for a given SofaDocument UUID
The SofaDocumentUl resource calls NLPService’s getSofaDocumentUIBySofaDocUuid() method which
calls dao.getSofaDocumentUIBySofaDocUuid(). This method queries the database for the dateCreated

and encounter ID of the SofaDocument with the UUID of the date clicked on page 1. Using the
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encounter ID, we get the Provider, Location and Diagnosis details for the SofaDocument. Lists of
Problems, Treatments and Tests that occur in the SofaDocument are added to the problemWordList,
treatmentWordList and testWordList respectively. A SofaDocumentUl object is instantiated and
returned.
Code from the SofaDocumentUl resource is shown below:
@Override

public SofaDocumentUI getByUniqueId(String sofaDocUuid) {

return
Context.getService(NLPService.class).getSofaDocumentUIBySofaDocUuid(sofaDocUuid);
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5. User interface development

5.1 AngularlS set up

notesNLPng.gsp is set as the view and NotesNLPngPageController is the corresponding controller as part
of the Spring MVC set up in this module. Instead of rendering the GSP server-side, an AngularJS app is
embedded in this GSP. The code from notesNLPng.gsp is shown here:

<body ng-app="visitNotesApp">
<base href="/"/>
<div ng-view></div>
</body>

The ng-app directive specifies the root element of the AngularJS application. The ng-view directive
specifies the location where partial views are to be rendered.

We want to navigate to two separate views, but keep this as a single page application with no page re-
loading, so we use Angular’s ngRoute module. SrouteProvider is defined using the config method and it
is used to configure different routes in this application. The default route is also set using the
otherwise() method. Here is a code snippet from app.js:

var visitNotesApp = angular.module('visitNotesApp', [
'ngRoute’, 'ngResource', 'ngAnimate', 'ngSanitize', 'ui.bootstrap’
D
.config(['$routeProvider', function($routeProvider) {
$routeProvider.when('/viewl', {
templateUrl: '/' + OPENMRS_CONTEXT_PATH +
'/ms/uiframework/resource/bannerprototype/partials/viewl.html’,
css: '/' + OPENMRS_CONTEXT_PATH +
'/ms/uiframework/resource/bannerprototype/styles/app.css’
}
$routeProvider.when('/view2', {
templateUrl: '/' + OPENMRS_CONTEXT_PATH +
'/ms/uiframework/resource/bannerprototype/partials/view2.html’,
css: '/' + OPENMRS_CONTEXT_PATH +
'/ms/uiframework/resource/bannerprototype/styles/app.css’
}

$routeProvider.otherwise({redirectTo: '/viewl'});

s
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5.2 AngularlS folder structure

Here is the folder structure of the Angular]S files — view1.html and view2.html under
webapp/resources/partials are the html files for page 1 and page 2 of the application respectively. The
webapp/resources/scripts folder has separate folders for AngularlS controllers, directives, filters,

resources, services etc.

sMHLPng.gsp

partials
iew.htrml
v2.heml

controllers

heatmapController.js

Figure 24: AngularJS folder structure
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5.3 Angular]S controllers

Angular controllers are used to set up the initial state of the Sscope object and to add properties and
methods to the Sscope. They contain business logic. There is a single controller for page 1 called
cloudController.js and one controller for page 2 called heatmapController.js.

Examples of methods in the cloud controller are addToSearch() and pagelSubmit(). addToSearch() is
called when any term in the word cloud is clicked, and pagelSubmit() is called when the form at the
bottom of page 1 is submitted. The relevant code snippets are shown from viewl.html and
cloudController.js:

<a ngHref="#" ng-click="addToSearch(term.word)">
<form class="searchbottom” ng-submit="pagelSubmit(searchInput)">

$scope.addToSearch = function(name){
if($scope.searchInput === "")
$scope.searchInput += name ;
else

$scope.searchInput += ", + name ;

}s5
$scope.pagelSubmit = function(searchInput){

SearchFactory.setSearchTerms($scope.searchInput);
$location.url('/view2');

}s

The controllers also consume JSON data from REST web services. This is discussed further in the next
section. In addition, the controllers use Sscope.Swatch to register a listener callback to be executed
whenever the watch expression changes. A code snippet below from cloudController.js shows the use of
Swatch. The slider min and max dates, entity type and number of terms to display are tracked, and a

REST web service call for the cloud data is made if any of the above properties change.

$scope.$watch('[sliderMinDate, sliderMaxDate, entityType, displayNumTerm]',
function(newVals, oldvals) {
$scope.words = WordResources.displayCloud({
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The heatmapController handles the business logic for how page 2 gets populated. If both the search
terms and the visit date selected on page 1 are “falsy”, the application is reloaded by re-routing to page
1. On the other hand, if search terms were entered on page 1, the heat map and visit note list are
populated with data returned from corresponding REST calls. If a visit date was clicked on page 1, the
visit note list and rendering sections are updated with data for the particular date. The code is shown:

if (!$scope.searchInput && !$scope.visitDateUuid) {

$location.url('/viewl');
} else if ($scope.searchInput){
//populate the heat map and visit note list with data for the search terms

} else if ($scope.visitDateUuid) {
//populate the visit note list and rendering with data for the date selected

}

In the heatmapController.js, the business logic to handle these three scenarios is similar — loading page 2
with search terms entered on page 1, search terms and dates submitted on page 2 and breadcrumbs
clicked on page 2. All of these cases result in re-loading the heat map and visit note list sections based

on the search terms and date range entered.

5.4 AngularlS directives and D3.js

In Angularls, directives are used for DOM manipulation. Angular comes with a set of built-in directives
such as ngModel, ngClass and ngBind. This application creates four custom directives — slider.js for the
slider on page 1, visitDates.js for the D3.js visit dates visualization at the top of page 1, heatMap.js for
the D3.js heat map visualization on page 2 and renderNote.js for the Visit Note Rendering section on
page 2.

Directives are matched based on element names (E), attributes (A), class names (C) and comments (M).
A directive can specify which of the four matching types it supports in the restrict property of the
directive definition object. Isolate scope has been used for the custom directives, so the scope inside

each directive is separated from the outside scope. The outside scope is then mapped by binding data to
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the directive’s isolate scope. Here’s a code snippet from the visitDates directive with five properties
passed to the isolate scope:

visitNotesApp.directive('visitDates', function($compile){
return {
restrict: 'E',
scope: A
visitDatesData: '=visitDatesData’',
visitDatesDataUpdated: '=visitDatesDataUpdated’,

visitDateUuid: '=visitDateUuid',
sliderMinDate: '=sliderMinDate',
sliderMaxDate: '=sliderMaxDate'

}s

link: function(scope, element, attrs, controller) {

D3 visualizations with SVGs are created in both the heatMap.js and visitDates.js directives. For the
visitDates visualization, an SVG is first created, and then vertical bars are added for each date in the
data. An X-axis is added and tooltips are added to show details upon hovering over a vertical bar.
Scope.Swatch is added to build the visualization again if the slider min and max dates have changed or if
the data has been loaded. The D3.js code below shows how a vertical bar of height ‘20’, width ‘2’ is
added at the corresponding X-axis location for each date in the data:
var dates = svg.selectAll('.dates')

.data(data)

.enter().append('rect')

.attr('x', function(d){ return xScale(new Date(d.dateCreated)) })

.attr('y', 10)

Lattr("rx", 0)

Lattr("ry", 0)

Lattr('width', 2)

.attr('height', 20)
The heatMap.js directive is more complex than visitDates. Properties shared with the isolate scope of
the heatMap directive include the data, start and end dates for the timeline and resetMap. Other shared
properties are used to populate the search bar upon right clicking a heat map term (searchlnput) and to

filter the Visit Note List (filterFromDate, filterToDate, matchTerm, visitListinput). HeatMap.js updates

the visualization by keeping track of the current state of the heat map. The current state includes details
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such as entities that have been removed by the user by clicking ‘X’, and entities that have been toggled
by clicking (+).

In heatMap.js, an SVG is first added and then entity frequencies in various rectangles are computed so
that the color scale can be set. For the color scale, a frequency of ‘0’ corresponds to a very light color,
and the highest computed frequency in a rectangle corresponds to a deep red color. This color scale is
applied to both the rectangles and the vertical bars and it gets re-computed with every update. Here’s
the code for the color scale:

var colorScale = d3.scalelLinear()
.domain([@, d3.max(AllRect, function(d){ return d.totFreq;})])
.range([ '#ffffd9o', '#ff0033']);

The heat map is then populated row by row for each entity. In each row, (+) or (-) is displayed for search
terms, then the entity name is displayed. The entity can be right clicked to be added to the search bar,
and left clicked to be added to the filter on the Visit Note List section. The heat map rectangles and
vertical bars are added, which display tooltips upon hovering and filter the Visit Note list upon clicking.
Finally the ‘X’ symbol on each row is displayed. Below all the entities, the X-axis and a color scale legend
are added. There is a scope.Swatch to track the input data and the resetMap variable, which updates
the visualization if these values change. Here’s the code snippet for the display of an entity.

var ylLabel = d3.select(this).append("text")
.text(function (d) { return d.mentionText; })
Lattr("x", 1.4*termWidth)
Lattr("y", function (d, i) { return ((gridHeight*3)/4) + (j *
gridHeight); })
.style('text-anchor', 'end')
.style('font-family', 'sans-serif')
.attr('class', 'ylLabel')
.each( //sets the color of the text
function(d){
d3.select(this).classed(d.mentionType, true)
}
.on("contextmenu", function(d, i){ //right click to add to search bar
d3.event.preventDefault();
scope.$apply(function() {
if(scope.searchInput === "")
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scope.searchInput += d.mentionText ;
else

scope.searchInput += ", + d.mentionText ;

})s

})
.on("click", function(d, i){ //left click to add to Visit List filter

scope.$apply(function() {
scope.scrollToList = true;
scope.visitListInput = d.mentionText;

1)
1)

For the date range slider, a library called jQRangeSlider has been used. The slider.js directive handles the

bounds, default min and max dates, minimum range and updates the slider min and max dates.

5.5 AngularlS filters and services

Angular filters are used to filter data. In this application, they are used to filter the Visit Note List section.
The custom dateRangeAndTerm.js filter is used to filter visit notes displayed in the table by the start and
end dates and the entity selected. An in-built Angular filter is also used which filters the visit notes by
the input element associated with visitListInput. This is a very useful filter since anything entered into
the input box is compared to all the data associated with a visit note. For example, filtering by 2016’
filters for visit notes which have ‘2016’ anywhere in the data. Similarly, filtering by ‘end stage liver
disease’ filters for visit notes with this term, and it is expected to be part of the problemWordList of the
visit note. Here's the corresponding code snippet from view2.html:
<tr ng-repeat="visitNote in filteredVisitNotes = (visitNotes | orderBy: 'date' |
dateRangeAndTerm: filterFromDate : filterToDate : matchTerm | filter:visitListInput |
uniqueNotes) | limitTo:5:5*(currentPage-1)"

ng-click="selectNote()">

<td>{{visitNote.date | date:'mediumDate’}}</td>

<td>{{visitNote.diagnosis}}</td>

<td>{{visitNote.provider}}</td>

<td>{{visitNote.location}}</td>

</tr>

Angular services are used to share state between the two controllers used in this application.
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6. Package Structure

Some directories, such as those with .js/css files have not been included.

1

api

1

org.openmrs.module.bannerprototype

SofaDocument.java

SofaText.java
SofaTextMention.java
SofaTextMentionConcept.java
SofaDocumentUl java
SofaTextMentionUl. java

[ 1

org.openmrs.module. bannerprototype.transport

SofaDocumentTransport.java

SofaTextTransport.java
SofaTextMentionTransport.java
1
org.openmrs.module.bannerprototype.api |
| NLPService java |
1
org.openmrs.module.bannerprototype.api.impl
l NLPServicelmpl.java J
[ 1
org.openmrs.module.bannerprototype.api.db ]
1 NLPServiceDAO.java ]
1
org.openmrs.module.bannerprototype.api.db.hibernate
l HibernateNLPServiceDAO.java |
1
org.openmrs.module.bannerprototype.nlp
ConceptClassTagger.java
DocumentTagger.java
NamedEntity.java
NERTagger.java
TaggerFactory.java

Figure 25: Module API package structure

Description:

Data model classes and
REST resource related
classes

Data transport classes
for communication with
Training Application

Service Layer Interface

Service Implementation

Data Access Object
Interface

Data Access Object
Implementation

NER Implementation
classes
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amod

[

org.openmrs.module. bannerprototype.advice

| VisitNoteAdvice.java ]

1

org.openmrs.module bannerprototype.rest.controller

| BannerprototypeRestControllerjava |
|

org.openmrs.module. bannerprototype.rest.resource

SofadocumentResource.java

WordResource. java

SofadocumentUIResource.java

SofatextmentionUIResource java

1
arg.openmrs. module bannerprototype.extension, hitm|
AdminList.java
NLPPatientDashboardTab.java
1

org.openmrs.module. bannerprototype.page.controller

MotesNLPngPageController.java l

[ 1

org.openmrs.module. bannerprototype.reporting

l ReportGenerator.java |

1

org.openmrs.module bannerprototype.web.controller

| bannerpmmtypeh"lanagecnntrnllenjaua|
|

org.openmrs.module.bannerprototype.web.wordcloud

Word.java
WordCloud.java

|

srefmain/resources

[ 1

taggers

| defaultTagger.ser

lemmatiser.ser

posTagger.ser

Figure 26: Module OMOD package structure

Description:

Aspect oriented
programming class

REST controller class

REST resource classes

Extension point classes

Page controller

Class for generating
analysis reports

Word cloud related
classes

Serialized objects
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