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Introduction

We focus our research on applying demand-driven
(more precisely, user-driven) methodology to construct a
DW conceptual model

We interpret DW information requirements gained from
interviews as indicators

Indicator definition from BABOK® Guide:

An indicator identifies a specific numerical measurement for
a goal, impact, output, activity, or input. Each factor of
Interest has at least one indicator to measure it properly, but
some may require several.



Background and Questions of Interest

Current Situation Questions
DW of the University of Latvia How to structure and
accumulates data to reflect systematize DW information
diverse indicators requirements?

Student enrolment, strategic
indicators, staff workload, user
activity in CMS, etc.

Regular demand from client’s
side for DW reports
Over 150 reports and growing

Interest in dashboards

Which reports and schema
elements to incorporate into
dashboards?




Deriving a Conceptual Model of a DW
from Information Requirements
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Requirement Formalization Metamodel

Initial version of the Extended version of the
metamodel metamodel
Based on over 330 indicators Based on over 150 indicators
from business field from the real DW project of the
Measurement perspectives: University of Latvia
customer focus, environment & Indicator groups: student
community, employee enrolment, strategic
satisfaction, finance, internal indicators, staff workload,
process, and learning & growth user activity in CMS, staff/
Source: Indicator database student publications, etc.
from “Key Performance  pem Source: Indicators for
Indicators: Developing, PERFORMANCE existing reports developed
Implementing, INJICATORS with MicroStrategy tools

and Using Winning KPIs” Fe#
by Parmenter, D. (2010) [l

DAVID PARMENTER



Case Study & Findings

We analyzed sentences that express indicators in natural language
with an aim to discover common patterns

Initial version of the metamodel:

A set of principles was worked out that serves to translate the
informal requirements in natural language to a state that is
compatible with the requirement formalization metamodel

calls — count (call), number of visits — count (visit),

listing of customers — show customers,
total income — sum (income), etc.

Extended version of the metamodel:
Indicators were reformulated, and checked for compliance with
the initial metamodel - around 14% of indicators did not comply

As a result, new classes and relationships between classes were
added to the requirement formalization metamodel



Requirement Formalization Metamodel
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An Example of a Formalized Indicator

An indicator in natural language: “The ratio of master level graduates in the
University of Latvia in 2016, who are employers, has to be 10% of master level
graduates in the University of Latvia in 2015

A formalized indicator:

“((count (graduate) where level="master’ and year=2016’" and status=‘employer’) /
(count (graduate) where level='master’ and year=2016’)) =
(10% * (count (graduate) where level="master’ and year=2015’))”

If there are such components as “%”, “percent”, “percentage”, or “ratio”, then it is
substituted by division of partial quantity by total quantity

A component to be measured is treated as an aggregated number of all its
occurrences: “graduates” — “count (graduate)”

“Has to” was interpreted as a request for equality — “=" sign
“10%” is a simple requirement that consists of a single constant value
Now it is possible also to evaluate the ratio (e.g. “has to be 10% ...")



Prioritization Technique

Preferred approach — MoSCoW Analysis

A fast and straightforward approach with precisely defined priority
values

Doesn’t require complex calculations during re-prioritisation
process

Suitable for a small group of decision-makers

Priority values in MoSCoW (from BABOK® Guide)

“Must”: must be satisfied in the final solution for it to be considered
a success

“Should”: should be included in the solution if it is possible
“Could”: desirable but not necessary

“Won’t”: will not be implemented in a given release, but may be
considered



How requirement priority values are
propagated to pre-schema elements?
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A pre-schema generation algorithm (PGA) can map elements of

formalized requirements to DW schema elements

If a schema element (e.g. a Study Program attribute) has multiple
priority values (e.g. must, could), then the one with the higher value
is assigned (i.e. must)



Which elements of the accepted pre-
schema to incorporate into dashboards?

Detect schema elements with highest priorities
Check if any of these elements build up data hierarchies

Examples of formalized requirements (with high priorities):

R1: show course count (user session occurrence)
where user role = “student”

R2: show course category count (user session occurrence)
where user role = “student”

R1 — R2 is a requirement hierarchy example, because schema
elements form a hierarchy Course — Course Category

A dashboard report would include the R2 requirement



Dashboard Example

Dashboard
o Darbinieki un studenti: Akadémiska darba stradajo$o un studentu kopskaits pa fakultatém (Dashboard) [ =] Studentu skaita un akad. darba stradajoso skaita
Akad. darba Studentu | Studentu skaits / attiecibas bazes vértiba ir 10,4.
skaits PLE tradajoso skaits Zal3 : [7,4; 13,4);

Biologijas fakultate 4,6669 369 79,07 10,25 Dzeltens : [4,4; 7,4) U (13,4; 16,4];
Datorikas fakultate 6,0535 861 142,23 24,60 Brins : (-bezgaliba; 4,4) U (16,4; bezgaliba).
Ekonomikas un vadibas fakultate 13,3511 2 000 149,80 29,41
Fizikas un matematikas fakultate 14,1429 582 41,15 7,01 Studentu un akad. darba Md!joéo skaita awe...El
Geografijas un Zemes zinatpu fakultate 10,1033 538 53,25 8,41 [
Humanitaro zinatnu fakultate 21,5343 1398 64,92 12,83 [ nav nulles vértiba 9] =

09.2016 Juridiska fakultate 8,56 1367 152,57 35,05
Kimijas fakultate 4,5142 449 91,37 13,21
Medicinas fakultate 59,9509 1009 100,99 18,69
Pedagodijas, psihologijas un makslas fakultate 21,2918 1614 75,80 16,47
Socialo zinatpu fakultate 7,3176 1127 154,01 27,49
Teologijas fakultate 1,8416 137 74,39 10,54
Véstures un filozofijas fakultate 3,4524 373 108,04 14,92

Kopa 127,6206 11824 99,05 17,60
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ALE




Summary

A case study was conducted to test the existing requirement
formalization metamodel on a set of over 150 indicators for a real
currently operating DW project of the University of Latvia

Due to a specific structure of requirements that contain an evaluation
of ratios, the metamodel had to be restructured and extended with
some additional classes like themes, grouping, business
processes, stakeholders, and requirement priorities

MoSCoW analysis was chosen as the most suitable requirement
prioritization technique

Application of priorities was discussed in the context of dashboard
and report development



Details on Technical Implementation of iReq

IReq as a GUI for formalized requirement input
A web-based tool with responsive design
IReq is written in PHP (Laravel framework)

Requirement input: HTML, CSS, JavaScript
(Bootstrap, jQuery libraries)

Data are stored in MariaDB
Neodj for the glossary

@neoqj
%Iarcvel

MariaDB




An Example of Glossary as Graph DB

Source DB structure - .CSV - Neo4j Graph DB




A Requirement Example in IReq Tool

An example requirement from the Strategic Plan (2010-2020)

“Show information on student and academic staff ratio”

Group me Stakeholde Business process
Strategic Plan 2010-2020 Studies Senate Study process
Complex Requirement ‘7|
Simple Requirement ‘7‘ Arithmetical Operator | | Simple Requirement ‘7‘

Operation ‘7‘

Action \7\ Object \7]

Aggregation
count

Quantifying Data
student

/

Operation ‘7‘

Typified Condition \7\

Action \7\ Object ]7\

Aggregation
count

Quantifying Data
employee

Condition Type
where

Condition ‘7‘

Simple Condition ‘_‘

Simple Expression |_|

Qualifying Data
employee_group

Comparison

Constant
academic staff




Another Example in iIReq Tool

An example requirement from the Student Council

“Show information on students from Riga that attend
lecturs held in Latvian®

Group Theme Stakeholder Business process
n Strategic Plan 2010-2020 Studies Student council Study process
Simple Requirement ’_‘
Operation n ‘—] Typified Condition |—‘
Action ‘7| Object ‘7’ Condition ‘7|
Aggregation Quantifying D Complex Condition ‘—’
ou student — —
Simple Condition | ‘ Simple Condition ‘ ’
Simple Expression n ]—‘ Simple Expression n |—‘
Qualifying Data | [ Comparison | | Constant Qualifying Data | | Comparison | | Constant
language v city = Rig




ER Model of iReq Requirements Repository

Table classes stores data on all the elements of requirements
classes.type - Action, Simple Condition, Quantifying data, etc.

n & dwh_req2 groups
gid : int(10) unsigned
mcreated_at : timestamp
mupdated_at : timestamp
atitle : varchar(255)

g status : varchar(2)

n £ dwh_reg2 business_processes_|

greq_id : int(10) unsigned
¢ 4bp_id : int(10) unsigned
‘ n £ dwh_req2 business_processes
| gid : int(10) unsigned
atitle : varchar(255)

n & dwh_req2 classes_rels
gparent_id : int(10) unsigned
|| #child_id : int(10) unsigned
|
((
| n &  dwh_req2 classes
| eid : int(10) unsigned
@type : varchar(255)

@name : varchar(255) n £ dwh_reg2.themes
@html_id : varchar(255) | gid : int(10) unsigned
@value : varchar(255) @name : varchar(255)

ggroup_id : int(10) unsigned
atheme_id - int(10) unsigned *

-— gregs_id : int(10) unsigned "

n £y dwh_req2 stakeholders
gid : int(10) unsigned
@title : varchar(255)

n ¢ dwh_req2 stakeholders_rels
L~ 4req_id : int(10) unsigned
gstakeholders_id : int(10) unsigned

n & dwh_req2.regs
gid : int(10) unsigned

mcreated_at : timestamp
mupdated_at : timestamp



Future Work for iReq GUI

Perform more GUI testing of the iReq tool to improve it
(e.g. add informal description of requirements)

Provide an option for entering formalized requirements
manually as input expressions in order to parse with
some natural language processing component

(e.g. : ) and save(retrieve) them into(from)
a database correctly

Make collected requirements fully or partially reusable
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Introduction

An injury of the knee joint
(fractures, dislocations, ligament
tears) is one of the most
common regardless of the age

A rehabilitation routine is aimed to minimize swelling,
return the range of movement, strengthen leg muscles by
taking into account limitations set by a physiotherapist

A body sensor network of wireless sensors attached to a
patient provides a promising method to collect clinically
relevant information about knee function in everyday life



loT - A Possible Solution?

Market Growth Trends:

Wearable Technology B Fitvess & Wellness [ infotainment B Heatthcare & Medical [l incustrial & Military
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Past Present Future

The global wearable technology market stood at Predictions are a compound annual growthrate of  The global market will reach $5.8 billion in 2018.

$750 million in 2012. 40.8 percent from 2012 to 2018.

The major ramp up in device sales and revenue will
The healthcare and medical segment accounted for happen towards the latter end of the review period
about 35.1 percent of the overall wearable technol- between 2017 and 2018.

ogy market in 2012



Existing Similar Solutions: Riablo

CoRehab: “Controlled exercises from clinics to home”

Wearable sensor systems to collect biofeedback during
exercise sessions in form of a video game

f \orzhob




Wearable Sensor System

A wearable sensor system for data acquisition and analysis

A framework to assess patients’ state of health, monitor dynamics in
real-time, and perform historical data analysis

To calculate the knee joint flexion/extension angle, a network consisting
of four 3-axial accelerometers is used




Mobile App to Gather Data

Data Source

arget Device:
Bluetooth Status:

SmartWearTest|
connected!

Set Threshold Value

Set the week of Rehab procedure

Statistics

Knee Flexion Value

140

Maximum Flexion Value

140

Average Flexion Value

72.8

Longest Rehab Session

87 minutes

Shortest Rehab Session

4 minutes




The Main Research Question

RQ: Is there a data modelling approach to enhance
both real-time and historical data analysis?

Search in Google Scholar:
(“data model”) AND (“post-traumatic” OR “post-operative’)
AND -‘post-traumatic stress disorder” AND rehab™

Results: 72 sources =2 no relevant work on data
modelling for rehabilitation procedures



Which Data Model to Choose?

Relational data model?
Requires significant time and effort for adaptation

Our check-list for the required data model:
Transactional data processing
Historical tracking and analytical processing feature

Flexibility in restructuring of the stored data according
to conceptual changes

Effort- and time-saving in development and support

Data Vault (DV) model is designed for solving the
problems of flexibility and performance + a permanent
system of records ("all data, all the time")



Data Vault Structure - The Main Goals

Maximize resilience to change in the business
environment when storing historical data

Accommodate data regardless of their quality and of
their conformity to standard and business rules

Enable parallel loading so that very large
implementations can scale out without the need of
major redesign



Data Vault Structure - An Example

{ LNK_PATIENT_REHAB_PROGRAM

m LNK_PATIENT_REHAB_PROGRAM_PK

HUB_PATIENT_FK

PO

HUB_REHAB_PROGRAM_FK

LNK_LOAD_DTS

LNK_REC_SOURCE

HUB_PATIENT II

HUB_REHAB_PROGRAM

HUB_PATIENT_PK

HUB_REHAB_PROGRAM_PK

PERSONAL_CODE

HUB_LOAD_DTS

—

HUB_LOAD_DTS

HUB_REC_SOURCE

HUB_REC_SOURCE

‘o€

‘L SAT_PATIENT
SAT_PATIENT_PK

'HUB_PATIENT_FK

 FIRST_NAME

|LAST_NAME

| GENDER

| SAT_LOAD_DTS

SAT_REC_SOURCE

b3

{ SAT_PHYSICAL_FINDING

HUB_PATIENT_FK
AGE_CATEGORY
DAILY_ACTIVITY_TYPE
WEIGHT_CATEGORY
SAT_LOAD_DTS
SAT_REC_SOURCE

SAT_PHYSICAL_FINDING_PK

satellite

Hubs are unique lists of
business keys that are used
to track and identify key
information

Links define relations
between objects

Satellites contain descriptive
attributes of the objects

LOAD DTS - load date timestamp
REC_SOURCE - record source



Structural Flexibility of the Data Model

RehabProgram ProgramStage ' . devioedata .
RehabProgram ProgramStage patient data
Surgery Physiotherapist Status Status —
SurgeryDate PersonalCode GeneralEvaluation® —= OrderNr
Technique FirstName 1 ProgramAlignment* StageEvaluation® “ reaktime data |
BleedingVolume LastName StartTimestamp StartTimestamp ] '—he'-alt'h-&a:ﬁ -,
RequiredTime Gender StopTimestamp StopTimestamp | | = = e s -
SurgeryFinding” DateOfBirth T
Speciality B = Exercise 1 | eeiiiiiiiiaann
. ?9"09‘5 ExerciseType® DeviceUsage
Dfagnosls | ExercisePatiem® DeviceTimestamp
PhysicalFinding w gr;’:’;:’:;:’ 1 StartTimestamp TimeWindow
AgeGroup® 9 ' StopTimestamp Status
DailyActivity Type* Patient _—, ProgressNotes — I * FailureTimestamp
WeightGroup* PersonalCode Outcome - JF i e * FailureDescription ]
- — ]
- FirstName 4 Datﬂou&mylndicaﬁon“ :
lastName  ——————————T— | | | = feeeeeeees g
-Disease ' Gender Medication \BaselinePatten |
- Disease " DateOfBirth bl  BaselineType® .
. DiseaseType* I * PrescriptionPeriod ) , BaselinePatternTemplate” |
. Status = IntakeFreq o 1
AcquiredTimestamp = R S Dose Y
" ToTimestamp ! " StateOfHealth L () A
. | *HasAsthma " L L
T [ - =HasHypertonia F + DeviceModel
<HasAtrialFibrilation *  Feedback - JosxiosType;
THabt ~ C " " T . IsOnDiet « | FeedbackTimestamp : A « Umitvalue®
_ AlcoholFreq® .SugarLevel L ' FeedbackValue* | INomﬂon '
SmokingFreq* I S e m o ow o :Rﬂﬁng ! |:m:::nmmp :
" SportsActivity* p— ExercisePhase” T
et L e e e m e = = 1 e y *" - extensibility
\ v,

‘N — sub-process



Maintaining the Change History

HUB_STATE_OF HEALTH
| HUB_STATE_OF HEALTH_PK |
HUB_LOAD_DTS

HUB_REC_SOURCE

SAT_STATE_OF _HEALTH_1 SAT_STATE_OF_HEALTH_2
SAT_STATE_OF_HEALTH1_PK SAT_STATE_OF_HEALTH2_PK
HUB_STATE_OF_HEALTH_FK HUB_STATE_OF_HEALTH_FK
HAS_ASTHMA HAS_ASTHMA
HAS_HYPERTONIA HAS_HYPERTONIA
HAS_ATRIAL_FIBRILLATION HAS_ATRIAL_FIBRILLATION
IS_ON_DIET IS_ON_DIET
SUGAR_LEVEL SUGAR_LEVEL
SAT_LOAD_DTS HAS_DYSPNEA
SAT_REC_SOURCE ' SAT_LOAD_DTS

SAT_REC_SOURCE

A new attribute is added

The whole history of
changes is being preserved
Applying multi-instanced
approach to represent
satellites of the same hub

Which satellite to use?
Time of creation
Treatment program



Starry Vault - Remarks

East European Conference on Advances in Databases and Information Systems
ADBIS 2016: Advances in Databases and Information Systems pp 137-151 | Cite as

Starry Vault: Automating Multidimensional Modeling
from Data Vaults

Authors Authors and affiliations

Matteo Golfarelli , Simone Graziani, Stefano Rizzi

“...a data vault is not suitable for direct
multidimensional querying both for performance reasons
(it is not optimized for OLAP workloads) and because it is
hardly supported by OLAP front-ends”

“...our future work on this topic will be mainly focused on
investigating ad hoc techniques to support the data
scientist in discovering a multidimensional structure
even in situations in which the source data are poorly-
structured or schemaless, as is the case for document
databases.”



Starry Vault - Example and FD

An order is made by 1 customer and a customer belongs to 1 class

A customer normally issues several orders, each normally including
several lines

__S_Customer H_Customer L CusiCiess H_Class ~S.Clese
! CustomerSID | CustClassSID { ClassSID |
2 5 CusomerSID CustomerSID ClassSID ! Timest 5
: imestamp | r’ CustomerCode ClassSID ~——| ClassCode |[€— De—angscn !
FirstName _— Timestamp S e o —> Timestamp F rcplta.:: !
LastName ! A anastamp L ouperciass |
Phone | | __S_Employee
| Emet L_CustOrder | EmployeeSID |
""""""""""" H_Employee | Timestamp
S _CustAddress CmbmerSIDI EmployeaSID : FirstName
| CustomerSID | OrderSID EmployeaCode i LastName
: Timestamp | EmployeeSID Timestamp { Address
! Address '_ Timest: i City
: City i County
County ! . State
L_Lineltem
[Smle H.Orde I Phane S_Product _
H_Product ! i
r.s._g.‘!.‘.‘.!‘..'?!!!ﬁ.: OrderNumber oD = ProductS|D
: T L. ' Time stamp ProductCode [€— Name !
5 mestamp L T Color |
! Score ’ .5 Order T S_Lineltem | — W: ot
loyaty i ¢ QrderSID | LipeltemSID | = e
i Timestamp ! Timestamp |
i Date 1 i Quanfty :
i Total Amount | Amount i
Discount VAT

Fig. 1. A sale data vault. Grey boxes, hexagons, and dashed boxes represent hubs,
links, and satellites, respectively; additional FDs are shown with thick dashed arrows



From FDs to an MD-Schema

The goal is to detect the FDs holding between hubs
related by a link, which can be achieved by detecting the
AFDs (TANE) involving the foreign keys in that link

Draft md-schemata of the fact L_Lineltem (left)
The enriched md-schemata of fact S_Lineltem (right)

FrrstName(i)’ g
LastName ( § E Os o
W, rclass!
o FirstName o
Phone (O g g _Description
- — LastiName e
Email ( e—o —") \/~><8 Denciigiion ~O C ClassCode Lineltem () Name
o T Superclass - Phone S, )
Address — |
\)‘/// ) Name Address = 9 | Quantity _’(_)4‘(};(:0‘0'
City ()r rderNgmber Lineltem N - __---—"6' Cod Amount ProductCode
e i C 4 ) Color City (e PROmarode | otalAmount
ounty ( (,/')\ .
\_,D{@,coum g ) Weight County () VAT
State .C) / (_*//' W O O & }/ Drscount '\f_)
)/ < ;: o 2 State () (L ! Customer Score
B o / () Loyalty
Score.\’_'j/ Total.;\_n?ioum - g g ProductWeight | .
(Date § g0

Loyalty .\’_‘5



Technical Implementation Challenges

In our use-case, change management should be provided
not only at the development stage, but also to users

y
GUI for the transformations both in data structures
and mappings
Subject-oriented DDL and DML should let operate freely
with conceptual objects

An additional analytical layer over DV data for reporting
Is needed + DML for querying over DV objects



Conclusions

A prototype: wearable device +

a mobile app for health data acquisition
to collect, store, visualize data, and
communicate via notifications

The overall requirement for the data model is to give
maximum simplicity and flexibility to maintain:

Changes in the structure of all entities and inter-component
relations

History of all changes made
Analytical queries

Data Vault (DV) could be adapted to frequent changes in
information requirements



Future Work - Empirical Studies

Abnormal values in certain individuals/cohorts of
patients to prevent the risk of gaining a repeated trauma

Positioning of the sensor nodes for more precise
harvesting of vital signs

Supplementary sensors such as gyroscopes and more
advanced signal processing to boost performance

Tracing the wearable device workability in real-time by
recognizing bad data in real-time during exercise sessions



Motion Capture Data and svrony o s v

Systems and Applications

Fundamental Operations (disa.fi. muni.cz)

PAULor JACK?

Skeleton pose
with 31 tracked joints

Motion Capture Data

Spatio-temporal data captured in a 3D space,

e.g., 31 body joints & 120 frames per second.

It is an interesting research challenge to

process such complex data automatically. 6

lllustration of a short cartwheel motion sequence
Terminology 5 seconds of 120 Hz mocap data represent 55,800 float numbers




Motion Capture Data and Lovoratory f Dat I
Fundamental Operations (disa.fi. muni.cz)

DATABASE MOTIONS MOTION IMAGES DCNN 4,096 DIMENSIONAL
— 0 FEATURE VECTORS
/ 2 .\:l§l‘-.' % -
T v-— OPTIONAL R =
L; \ = QRO D ® <..,053,1.18,9.64, ..>
- — — (X ~ = <.,012 860,199, ..>
Lo\ @ — T BB x <593, 2.26,441, .>
S © S o <..272,2.40,2.10, >
OO000 O

Transforming motions into the features
Normalized body joints are encoded within the RGB image and fixed-size 4,096D features are extracted. The similarity is compared using the Euclidean distance.

{ { + |
™ { L ] u.. -
»‘ | ]
JUMP CATEGORY QUERY SAMPLE KICK CATEGORY
FEATURE VECTORS FEATURE VECTOR FEATURE VECTORS
<..,0.53, 10.8, 4.64, ...> 1. <,.,093 101,243, .> " <.., 893,101, 2.43, .>
<..,0.12, 8.60, 1,99, ..> <..7.42 714,227, ..>
<. 1.93 6.26, 3.41 ..> 2. 3 Nearest Neighbors < 933816 224 .>
<., 272 7.40,2.10,..> RESULT CLASS: JUMP <..9.18, 7.45,62.29, .>



5 Levers to Reduce Healthcare Costs

n| | Right living

* Patient health management
* Health education
* Prescription adherence

G

N Right care
.

Physician communication
Clinical decision support
Disease/case management
Public health monitoring
Safety detection

(* °)
(T@ Right provider
(>

* Resource/finance optimization
* Performance quality
measurement

ﬂ Right value

* Consumer decision making
* Patient information exchange
* Fraud prevention

@ Right innovation

Trial operations improvement
Avoid repeating failures
Unmet needs identification
Post-approval risk detection




PatientsLikeMe

People like you share
symptoms, treatment
info, and health
outcomes.

PatientsLikeMe turns
that into millions of
data points about
disease...

...and aggregates and
organizes the data to
reveal new insights.

We share back what
we've learned with
everyone — that's our
give data, get data
philosophy.

Then, we share the
patient experience with
the industry so they
can develop better
products, services, and
care.






