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Our research field
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Once upon a fime... (in 2009)
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Problem statement
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System = software systems
«  play a major role for most organizations

often large, heterogeneous and complex

Program Analysis and Transformation made of various inter-dependent artefacts
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Problem statement
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System evolution = jnevitable phenomenon

Software systems are constantly evolving
. business pull

Program Analysis and Transformation ’ [Tpustz

. ; . error correction (repair
for Data-Intensive System Evolution (repair)

complex, expensive and highly risky process
Anthony Cleve

consistency between artefacts to be preserved
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Why is software evolution so importante

System maintenance and evolution

responsible for up to 90% of total system costs !
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Why is software evolution so importante

System maintenance and evolution

from 2x to 100x more costly than initial system development
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Why is software evolution so important?

System maintenance and evolution

up to 80% of the maintenance time spent in trying to understand
... the current version of the system
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Work distribution of system developers

projects
m 90 3 7 100
8 500 500 1000 10 000
1970 65 000 15 000 20 000 100 000
1980 1 200 000 600 000 200000 2000 000
3 000 000 3000000 1000000 7000000
4000 000 4500000 1500000 10000 000
7 000 000 11000000 3000000 21000 000

Today: 65% of all developers work on system maintenance and evolution

In 2020: only 30 % of them will work on new projects !

Source: Capers Jones, Software Productivity Research
(via Paul Klint. The Software Evolution Volcano, 2011.)
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Focus on data-intensive systems

Data-intensive = intensive use of data
* a database containing mission-critical data
* aset of programs read and update this database

Program Analysis and Transformation * queries expressed on top of the database schema

for Data-Intensive System Evolution

Anthony Cleve ‘
i
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database
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Data-intensive system evolution

intersection (or union) of two distinct research communities

Database
engineering

Software
engineering

v

You are here
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Database engineering (ideal view)

pser Conceptual Conceptual
requirements analysis schema
Logical Logical schema
design
Physical Physical schema
design
DDL code
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Database engineering (ideal view)

f Conceptual schema \
CUSTOMER
_____ code ORDER PRODUCT
name | _loum | ./ detail \ _| reference
0-N 1-1 0-N - 0-N !
address date \ quantity / price
phone id: num id: reference
id: code

v

- § Y
| )

y 4
Conceptual / Logical schema
schema
CUSTOMER ORDERS DETAIL PRODUCT
code num prodref reference
AR, i~ name date ordnum price
Logical schema ~—— — ] address cuscode quantity id: reference
phone id: num id: prodref
id: code <+— ref: cuscode Q\ ordnum
y vV ' 4 ref: ordnum
Physical schema - —, k ref: prodref /
|
| v
|
A S | / Physical schema \
DDL code |
|
I CUSTOMER ORDERS D:T':JL PRODUCT
: code oum prodret reference
date ordnum .
I name - price
| cuscode quantity -
address — — id: reference
I id: num id: prodref
L— — — | phone acc
4 code acc ordnum
ace <~ | ref: cuscode acc
acc ref: ordnum
acc
\ ref: prodref J
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Database engineering*(ideol view

¢ t s O
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Conceptual
schema

Logical schema

Physical schema

DDL code

create table CUSTOMER (
DDL code
code char(6) not null,
name char (20) not null,
address char (40) not null,
phone numeric(12) not null,
constraint ID CUSTOMER primary key (code));
create table DETAIL (
prodref char(6) not null,
ordnum char (6) not null,
quantity numeric(6) not null,
constraint ID DETAIL primary key (prodref, ordnum));
create table ORDERS (
num char (6) not null,
date date not null,
cuscode char(6) not null,
constraint ID ORDERS primary key (num));
create table PRODUCT (
reference char(6) not null,
price numeric(6,2) not null,
constraint ID PRODUCT primary key (reference));
alter table DETAIL add constraint REF DET ORD FK
foreign key (ordnum) references ORDERS;
alter table DETAIL add constraint REF DET PRO
foreign key (prodref) references PRODUCT;
alter table ORDERS add constraint REF ORD CUS FK
foreign key (cuscode) references CUSTOMER;
create unique index CUSTOMER IND on CUSTOMER (code) ;
create unique index DET IND on DETAIL (prodref, ordnum);
create index DET ORD IND on DETAIL (ordnum);
create unique index ORD IND on ORDERS (num) ;
create index ORD _CUS IND on ORDERS (cuscode);
create unique index PRODUCT IND on PRODUCT (reference) ;




Database engineering (ideal view)

User ( Conceptual
requirements schema

Logical schema

Physical schema

DDL code

- )

Should form a complete and up-to-date
documentation of the database

Analyzing the Evolution of Data-Intensive Software Systems



Database engineering (in practice)
A
Conceptual
requirements schema
Logical schema
The DDL code usually constitutes the only avaitable
up-to-date doc i database !

Physical schema
DDL code
requirements
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How about the programse

User
requirements
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Requirements
Analysis models

Design
models

Program source
code



How about the programs ¢

The source code often constitutes the only available
up-to-date documentation of the programs !

User Program source
requirements code
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Data-intensive systems evolution

Data-intensive system (v1) Data-intensive system (v2)
schema schema*
database system database*
—_—
evolution
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Data-intensive systems evolution

Data-intensive system (v1)

[ schema ]

database

A

v

programs
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Data-intensive systems evolution

Data-intensive system (v1)

? schemi

database

- brograms

(-

PHASE 1: Understand the current version of the system

= reverse-engineering process

1. Redocument the database schema (structure and constraints)

2. Redocument the programs (structure and behavior)
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Data-intensive systems evolution

Data-intensive system (v1) Data-intensive system (v2)
) schema (
[ schema | »  schema* ]

change
data -
datatiseJ adaptation " database*

A A

\ 4 A 4
[ [
[ [

program
programs adaptation

A\ 4

programs*

PHASE 2: Evolve the system towards a new version
= co-evolution process

1. Change the database schema

2. Adapt the database contents

3. Adapt the programs
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When size does matter

CUSTOMER

code
name
address
phone

DB schema used as illustration in my 1st database course

id: code
acc

4 tables

PRODUCT

reference
price

ORDERS DETAIL
num prodref
date ordnum
cuscode quantity
id: num id: prodref

acc ordnum
ref: cuscode acc

acc ref: ordnum
acc

ref: prodref

id: reference
acc

< 40 lines of DDL code
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When size does matter

DB schema of OSCAR, an healthcare system used in Canada

1l U_‘ 4% ; A B
JiEmag I

18.560 lines of DDL code

Al -
Al e
= || |8 e
=3l T

b || |6 ‘a
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When size does matter

SQL query used as illustration in my 15t database course

select NCLI, NAME
from CUSTOMER
where CITY = ‘Namur’
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When size does matter
SQL query used in OSCAR, an healthcare system used in Canada

select appointmen0_.appointment_no as appointm1_89_0_, demographil_.demographic_no as demograp1_27_1_,
appointmen0_.appointment_date as appointm?2_89_0_, appointmen0_.billing as biling8%_0_, appointmen0_.bookingSource as
bookingS4_89_0_, appointmen0_.createdatetime as createda5_89_0_, appointmen0_.creator as creator89_0_,
appointmen0_.creatorSecurityld as creatorS7_89_0_, appointmen0_.demographic_no as demograp8_89_0_, appointmen0_.end_time as
end9_89_0_, appointmen0_.imported_status as imported10_89_0_, appointmen0_.lastupdateuser as lastupd11_89_0_,
appointmen0_.location as location8?_0_, appointmen0_.name as name89_0_, appointmen0_.notes as notes89_0_,
appointmen0_.program_id as program15_89_0_, appointmen0_.provider_no as provider1é_89_0_, appointmen0_.reason as reason8?_0_,
appointmen0_.reasonCode as reasonCode89_0_, appointmen0_.remarks as remarks89_0_, appointmen0_.resources as resourcesd8?_0_,
appointmen0_.start_time as start21_89_0_, appointmen0_.status as status8?_0_, appointmen_.style as style89_0_, appointmen0_.type as
type89_0_, appointmen0_.updatedatetime as updated25_89_0_, appointmen0_.urgency as urgency89_0_, demographil_.title as
fitle27_1_, demographil_.first_name as first3_27_1_, demographil_.last_name as last4_27_1_, demographil_.sex as sex27_1_,
demographil_.month_of_birth as monthé_27_1_, demographil_.date_of_birth as date7_27_1_, demographil_.year_of_birth as
year8_27_1_, demographil_.address as address27_1_, demographil_.city as city27_1_, demographil_.province as province27_1_,
demographil_.postal as postal27_1_, demographil_.email as email27_1_, demographil_.phone as phone27_1_, demographil_.phone2
as phonel5_27_1_, demographil_.myQOscarUserName as myOscarlé_27_1_, demographil_.hin as hin27_1_, demographil_.ver as
ver27_1_, demographil_.hc_type as hc19_27_1_, demographil_.hc_renew_date as hc20_27_1_, demographil_.roster_status as
roster21_27_1_, demographil_.patient_status as patient22_27_1_, demographil_.patient_status_date as patient23_27_1_,
demographil_.date_joined as date24 _27_1_, demographil_.chart_no as chart25_27_1_, demographil_.provider_no as provider2é_27_1_,
demographil_.end_date as end27_27_1_, demographil_.eff_date as eff28_27_1_, demographil_.roster_date as roster29_27_1_,
demographil_.roster_termination_date as roster30_27_1_, demographil_.roster_termination_reason as roster31_27_1_,
demographil_.pcn_indicator as pcn32_27_1_, demographil_.family_doctor as family33_27_1_, demographil_.alias as alias27_1_,
demographil_.previousAddress as previou35_27_1_, demographil_.children as children27_1_, demographil_.sourceOflncome as
source037_27_1_, demographil_.citizenship as citizen38_27_1_, demographil_.sin as sin27_1_, demographil_.anonymous as
anonymous27_1_, demographil_.spoken_lang as spoken41_27_1_, demographil_.official_lang as official42_27_1_,
demographil_.lastUpdateUser as lastUpd43_27_1_, demographil_.lastUpdateDate as lastUpd44_27_1_, demographil_.newsletter as
newsletter27_1_, demographil_.country_of_origin as country4é_27_1_, (select Ist.description from Ist_gender Ist where
Ist.code=demographil_.sex) as formula21_1_, (select d.merged_to from demographic_merged d where d.deleted = 0 and
d.demographic_no = demographil_.demographic_no) as formula22_1_, (select count(*) from admission a where
a.client_id=demographil_.demographic_no and a.admission_status='current' and a.program_id in (select p.id from program p where
p.type='Bed')) as formula23_1_, (select count(*) from health_safety h where h.demographic_no=demographil_.demographic_no) as
formula24_1_ from appointment appointmen0_, demographic demographil_ where
appointmen0_.demographic_no=demographil_.demographic_no and demographil_.hin<>" and
appointmen0_.appointment_date>='2014-10-23' and appointmen0_.appointment_date<='2014-10-23' and
(upper(demographil_.province)='"ONTARIO' or demographil_.province='ON') group by demographil_.demographic_no order by
demographil_.last_name;
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Episod |

The Origins

Analyzing the Evolution of Data-Intensive Software Systems —



Episod | — The Origins

Once upon a time (in 2012-2013)...

« The OSCAR system

written in Java os o=,
> 2 millions lines of code Avphication

Mteo’
MySQL database MCM
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Episod | — The Origins

Once upon a time (in 2012-2013)...

« The OSCAR system

written in Java os gren,
> 2 millions lines of code LA L) R
McMaster

MySQL database

- Evolution godl
data migration towards NoSQL
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Episod | — The Origins

Once upon a time (in 2012-2013)...

« The OSCAR system

written in Java OS CA o=,
> 2 millions lines of code Application

auter
MySQL database MM

- Evolution godl
data migration towards NoSQL

* Problem
lack of documentation (unsurprisingly)
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Episod | — The Origins

Once upon a time (in 2012-2013)...

« The OSCAR system

written in Java OS CA e,
> 2 millions lines of code Application

auter
MySQL database MM

- Evolution godl
data migration towards NoSQL

« Problem
lack of documentation (unsurprisingly)

Database reverse engineering (DBRE)
via a Master's thesis project
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Standard approach to DBRE

Step I: physical extraction

DDL code Physical schema

create table CUSTOMER (
code char(6) not null,

name char(20) not null, ORDERS DETAIL

address char(40) not null, zjrm oum prodref PRODUCY

phone numeric(i2) mot mull, name dae ordoum ;nﬂ!;nnm

constraint ID _CUSTOMER primary key (code)); address cuscode Quantity 1d-reference
create table DETAIL ( phone @ e acc

prodref char(6) mot null, id: code 4\_,,::;“ gﬂum

ordnum char(6) not null, scc acc ref: ordnum

quantity numeric(6) not null, acc

constraint ID_DETAIL primary key (prodref, ordnum)); ref: prodref

create table ORDERS (
num char(6) not null,
date date not null,
cuscode char(€) not null,
constraint ID ORDERS primary key (num));
create table PRODUCT (
reference char(€) not null,
price numeric(6,2) not null,
constraint ID_PRODUCT primary key (reference));
alter table DETAIL add conmstraint REF_DET_ORD_FX
foreign key (ordmum) references ORDERS;
alter table DETAIL add constraint REF_DET_PRO
foreign key (prodref) references FRODUCT:
alter table ORDERS add comstraint REF_ORD_CUS_FX
foreign key (cuscode) references CUSTOMER;
create unique index CUSTOMER_IND on CUSTOMER (code):
create unique index DET_IND on DETAIL (prodref, ordnum);
create index DET_ORD_IND on DETAIL (ordnu=m);

Analyzing Evolution of Data-Intensive Software S




Standard approach to DBRE

Step ll: logical refinement

Physical schema Logical schema

CUSTOMER ORDERS DETAIL PROOUCT CUSTOMER ORDERS DETALL PRODUCT
coce — neodre! reference code oum orodref raference
name qmwity price name date ordnym price
Adrass St = - i0- reference address cuscode quansity id- reference
phone - prodre! ace phone id num id" prodre!
id: code aee ordaum id: code <3— ref cuscode \ ordnum
scc et ::m '3;‘; ref- ordnum
ref: ordnum ref: prodref
acc
ref. prodref

Analyzing the Evolution of Data-Intensive Software Systems




Standard approach to DBRE

Step lll: conceptualization

Logical schema Conceptual schema
= =B == Em e
;:'r:ss :n: :ﬂ:ﬂj ; ::Getnnca .o.n.j:“ _M"'-cm: o q::::ty e g‘!;mca
d code Q—Mu»m\mmf m - id: reference
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When applied to OSCAR...

" L dewd x
T B R (PR

Physical schema

18 560 lines of DDL code £l P
480 tables 1
No explicitly declared foreign key ! 1
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Crazy idea...

« History analysis techniques have been successfully used to
support program analysis, understanding and evolution

« Analyzing the system history may provide additional insights
about the current system version, and inform future evolutions

 So, let’ s follow the very same approach for databases |
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Research question

How can we extract, represent and exploit
the evolution history of a database schemae
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(Initial) Approach

| SQL code extraction
L 4
GIT repository Schema extraction Committers extraction
L SQU File 1 F)antmecrealton Schemas | _ schemai
— SQUFe 2 L Schema 2
— SQLFle3 v __ Schema 3
— SQL Fle 4 ’ IPtvysieal extractlonl + L Schema 4
SQL filesp— ... o
— SQL Filen ‘ | Schema n
Database deletion

Historical Schema
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Historical schema

Schema S1 Schema 52 Schema S3 Historical schema
(1) c » A C
A 1 B D A C D Al B | [c1 D
Al B c2 A Bl D1 Al Cl1 D1 A2 Bl c2 D1
a2 | [BT 3 a1 B2 | |p2 a3 ||e2 | [p2 a3 | [B2 | |c3 D2
o~
Historical schema
Schema S1 Schema S2 <
2) A A m— Al
Al Al Al
A2 A2 NG
A2
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Historical schema

viewed within DB-MAIN

Historical schema of OSCAR (22/07/2003-27/06/2013, 670 schema versions)

4 OscarMerged 5% GlobalSchema/All
: = E L B - TR [
HLERE | | B - = AP
FETFH I i B ] L] :
t‘ —3’1"5, |
HET R
=4 5

=34

| -i_‘ ;‘ g AL - 1S
. Ui 1 ol -
- {I FTN B y
=L H RS [T 1
- 3 i .
=l H 2 b
_ = Bk 3188
= ~ F-_Fres X = | | E =
b
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Historical schema

viewed within DB-MAIN

integratorconsant Property box Bx|

conzentlavel attrbute: ntegratorconsent.consentToStatistics
lastUpdate Prop | Userprop sem | Tech
o Crra—
cons=ntToPhoto
consentToPreventions eDced E]
consentToNotes stopCounting [v]
consentTolssues aeatonSchema 0scar2008-06-21.59)
consentToHealthCardld eation_date 200806-21
consentToBasicPerzonalld lastappearanceschema  oscar2008-12-21.59
conzentToBasicPerzonalData pevershives O
refszadToSign 50pen O
printadFormLocation[0-1] lastAppearance_date  2008-12-21
HemVersion[0-1] Default vakie
conzentToHealthNumberRegistry MappngOiD 1190377
conzentToMentalHealthData 0
conzentToAllNonDomainData -
conzentToSearches physType
restrictConsentToHic Stereotype
conzentToSharsData Value consiraint

zratorFacilityld ne
Bcilityld
demographicld
providarNo
crzatadDate
excludeMentalHaalthData
clientConsentStatus
signaturaStatus
expiry{0-1]
digital Signaturald[0-1]
id: id ‘
r=f digitalSignatursld i [;]:]Mm
r=f providarNo
r=f demographicd
rof Scilityld
acc: creatadDate
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Historical schema analysis

evolution of the # of tables

1# of tables
500 A

450:
400:
350:
300:
250:
200:
150:
100:

501

0 schema version
0 40 80 120 160 200 240 280 320 360 400 440 480 520 560 600 640 680
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Historical schema analysis

evolution of the # of columns

1# of columns
14000 1

13000 1
12000:
11000:
10000:
9000:
8000:
7000:
6000:
5000:
4000:
3000:
2000:

1000 1
0] schema version

{0 40 80 120 160 200 240 280 320 360 400 440 480 520 6560 600 640 680

-1000 A
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Historical schema analysis

creation/deletion of tables

# of tables created/deleted
65

60 -
55 1
50
45 -
40 -
35
301
25 -
20
151

10 -

5.
0

-40 0 40 0 1 6 20 2 320 360 400 0 2 0'6 640 680
-5

-10 1
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Historical schema analysis

creation/deletion of columns

1300 1# of columns created/deleted
1200
1100
1000+
900
8001
700+
600
500:
400
300

200:
IOO'LI
0- Il LJ A ‘.hul.l

-40, 0,70 40 |80l 120 320 360 400 440

-2001
~300
~4001
5001
-600
~7001
-800
-900
~10001
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Historical schema analysis

how many tables did each developer touch?
(incl. creation, deletion, change)

# of tables
100 1
90 -
80 -
70 A
60 1
501
40+
30
20

10

.|I... ||‘|| I|. ||||| | ,|,||developer

0] ‘ IIIIIIIIIIIIIIIIIIIIIIIIII

2 |02 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
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Historical schema analysis
which table did each developer touch?
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Conclusions of Episod |

Promising achievements at this stage

®  Mining database schema history (prototype)
® Clobal historical schema extraction

® Basic 2D visualization within DB-MAIN

Expected improvements (from 09/2013)

® Improve/extend the proof-of-concept prototype into a more
complete, robust tool suite

®  Find better, more scalable visualizations

® Analyze alarger set of data-intensive systems
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Episod II

DAHLIA
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Episod Il — DAHLIA (¥)

(*) Database ScHema Evolution Analysis

... In Highly Dynamic and Heterogeneous Systems
(like OSCAR)

DAHLIA = an interactive, visual analyzer of
database schema evolution
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DAHLIA

visualizing a particular schema version in 2D

f Visualization

intake node template intake node type intakerequiredfields
intake node template id name fieldKey
intake node type id type isRequired
remote intake node template id intake node type id ID: fieldKey
intake node label id ID: intake node type id INDEX: fieldKey
ID: intake node template id ﬁIMEX: intake node type id
FK: intake node type id
INDEX: intake node label id
INDEX: intake node type id
INDEX: intake ncde template id
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DAHLIA

visualizing an historical schema in 2D

[ Visualization x |
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DAHLIA

Zoom on historical schema in 2D

secuserrole validations waitinglist vacancy template waitinglistname
role no name position TEMPLATE ID is_history
role name id listID WL_PROGRAM ID name
activeyn nmaxLength is_history NAME group_ no
provider no minLength demographic no PROGRAM ID create_date
orgcd isDate note ACTIVE provider no
id isNumeric onListSince ID: TEMPLATE ID ID
ID: role nane isTrue id INDEX: TEMPLATE ID ID: ID
provider no regularExp ID: id INDEX: ID
ID: id maxValuel INDEX: 1listID
INDEX: role name maxValue INDEX: id
provider no nminValue
INDEX: id ID: id
INDEX: id
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DAHLIA

history of a particular schema object

secuserrole validations waitinglist vacancy template waitinglistname
role no name position TEMPLATE ID is_history
role name id listID WL_PROGRAM ID name
activeyn naxLength is_history NAME group no
provider_ no ninlLength demographic no create_date

History: vacancy_template[PROGRAM_ID]

Dates Event Committer

- |matthew.ma20110628@gmail.com|“
anniezhou91@gmail.com
marc@mdumontier.com
marc@mdumontier.com

2012-04-29(13h35m09s) “ |CREATION
2013-02-15(23h13m22s) DELETION
2013-02-15(23h58m47s) REAPPEARANCE

2013-02-25(09h21m32s) DELETION
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DAHLIA

An historical schema in 3D (*)

[ 3D Visualization |

(*) inspired by CodeCity (Wettel et al.)
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DAHLIA

visualizing a particular schema version in 3D

L3 DAHLIA
File Option

[ 3D Visualization

@ Filter Ex

() Visualize the historical schema

{® Visualize the database schema at a particular date
Select a date:
2008-08-25(19n24m38s) | v |
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DAHLIA

travelling in fime (back to the future)

[" 3D Visualization

p
Time Travel |

2 |

Current Database Schema: 537

o6

Analyzing the Evolution of Data-Intensive Software Systems —



DAHLIA

comparing two (non-)successive schema versions

L ] DAHLIA =
File Option

D Viuaination |

Schema-Diff
Select the first date:
‘2011 -08-03(21h45m14s) ‘ v ‘ prr— pr—
docfilename docfilename
Select the second date:
number_of_pages number_of_pages
‘2013»06-27(15!‘!38"\295) ‘ v ‘ doccreator
ible ibl
Show the diff t_no _no
appointment_no appointment_no
publicl publicl
reviewer reviewer
VP contenttype
updatedatetime upda ime
revi i revi ime
docxml docxml
program_id program_id
source source
status status
) ¥- docSubClass docSubClass
A iondate ndate
f g docClass docClass
s yp
3 i ID: document_no sourceFac
- INDEX: document_no|
ww
= i ID: document_no
i INDEX: document_no
L &
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Online demo
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DAHLIA

let’s go back to a previous slide...

1300 1# of columns created/deleted
1200
1100
1000+
900
8001
700+
600
500:
400
300

200:
100-\LI ll
0 1 ) A .hul. 2l
0

..u....._..+.n_)
—49&00: 80 | 12 320 360 400 440 80 520 56 Q [640 680

-2001
~300
~4001
5001
-600
~7001
-800
-900
~10001
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deleted on
24/03/201

DAHLIA

table renaming or table deletion?e

specshis

od add
od cyl
type
0s_sph
os_add
os _cyl
appointment no
update time
od prism
id
0s_prism
demographic no
0S_axis
status
od axis
date
provider
doctor
od sph

eyeformspecshistory

odcyl
odprism
demographicno
ossph
type
osadd
oscyl
updatetime
odaxis
appointmentno
id
status
osaxis
date
odsph
provider
osprism
odadd
doctor

T\

created on
24/03/2011
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DAHLIA

ldentifying table/column renamings

( Visualization x | Renaming detection: All tables[1] x |
=le Renamed Table Renaming Table Date
‘lteam_bed room_bed_historical 126
Add... l l l Apply the renaming... intake_instance intake 137
“lintake_label intake_node_template |137
system_message systemmessage 283
§g eyeformconsulationrep...|eyeformconsultationre... (468
specshis eyeformspecshistory : eyeform_followup eyeformfollowup 471
:leyeform_macro eyeformmacro 471
od add —— odAdd : -
— “locularprocedurehis eyeformocularprocedure (471
od cyl — ™ odCyl “[procedurebook eyeformtestbook 471
type ] type ‘Ispecshis eyeformspecshistory 471
os_sph ——»> osSph “|testbookrecord eyeformprocedurebook [471
os_add > osAdd remotedataretrievallog |remotedatalog 515
os cyl — P osCyl §§ formintakehhx formintakehx 610
appointment no——#»  appointmentNo :
update time [—————w updateTime
od prism [—————— odPrism
id ———— > id
os prism [—————» osPrism
demographic_no ———P demographicNo
os_axis > osAxis
status —————P status
od _axis ————— odAxis
date ———» date
provider ———————— provider
doctor ————» doctor
od sph P odSph
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DAHLIA

ldentifying the most frequent schema changes

Project Studied Period #Tables #Columns #Versions

OSCAR | 072003 — 06/2013 | 88 — 445 | 2443 — 13364 670
MediaWiki | 05/2003 — 08/2013 | 17 — 50 100 — 337 359
TikiWiki | 12/2006 — 07/2013 | 206 — 248 | 1525 — 1974 623
PrestaShop | 12/2008 — 09/2012 | 113 — 157 564 — 890 229
Change type (%) Oscar | MediaWiki | TikiWiki | PrestaShop
Adding table 9.7 9.6 194 19.6
Dropping table 1.5 3.9 3.4 1.7
Adding column 28.7 15.7 14.7 14.9
Dropping column 3.5 S.4 2.5 2.6
Adding ID 0.8 2.5 1.6 2.7
Dropping ID 0.3 0.9 1.4 0.7
Adding FK 0.05 0 0 0
Dropping FK 0.2 0 0 0
Adding index 2.3 12.5 54 14.7
Dropping index 0.4 4.3 2.3 2.3
'Changing column datatype| 41.6 44.1 48.8 39.6
Renaming table 0.2 0.11 0.1 0.1
Renaming column 10.6 0.9 2.5 |
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DAHLIA

ldentifying database schema experts among the developers

OSCAR MediaWiki TikiWiki PrestaShop
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DAHLIA

ldentifying database schema experts among the developers

OSCAR MediaWiki Tikiwiki PrestaShop

A
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Historical schema

viewed within DB-MAIN

Historical schema of MediaWiki — the Wikipedia database (2003-2013)

| EdMedaWikiAl | 53 GlobalSchema/All
GlobalSchema’
racentlinkchanges imageredirects transcache ivﬁ:ﬁ{ fevision
ir_fom te_url ': = recentchanges
" tc_contents{0-1] O _ramaspace rc_moved_to_title
eu_sxternal _id| 1d_title - -
L tc_time ¥ _moved_to_ns
val_type id: rd_from
val_value{0-1] Ppt_timestamp
val_comment pt_expisy
trackbacks val_ip pt_creats_parm
tb_id[0-1] watchlist
_pagel(-1) -
th_title
tb_url
tb_ex{0-1] zorylinks - .
tb_nama[0-1) ~ - .
| Tt langlinks o text
5 id: r2v_id 11_fom 2r_comment
math 11_tang & _user
- inputhash ¢ . 11_title ar_user_text
math 2tl_to ¢ - 5 ar_timestamp
math_htmi job old_teal0-1] alid a_minor_sdit
,_htmi_conservativeness Interwiki peve_len[0-1] valid_tag - -
math_hemt[0-1] - job i¢ - ar_fags
math_mathml[0-1] [gtl to_title | iw_prefix job_cmd d — ar_r2v_id[0-1]
el job_namespace id: vt_tag ar_text_id[0-1]
2 job_title ar_deleted
1 = 4 image o o ar_ten[0-1]
e giw_ tamp(0-1] _params(0-1] si_page
_artic i e _id si_title vpdatzlog
si_taxt T v .
iption oldimage
2 : 0i_type
il_fom 0 oi_nams
it_to 22 oi_archive_name| Site_stats eatinks
: g wich Nyt s simis(0-] =
D img_height oi_width 535_fow e
oi_height s5_total_views[0-1] Pl-‘ ™
flearchive oi_bits 3_totsl_sdits[0-1] pLu
E 8 & id oi_description s5_g00d_articles[0-1]
&_name oi_user s3_total_pages[0-1] page_propt
z &_archive_name{0-1) 0f_usar_taxt pp_paze
z oi_timestamp pp_propname
4 pp_vaiue
. a 1]
& _deletsd_reason(0-1]
8 _sizef0-1) . N
5_width[0-1) quaryeacherso pre—— objectcache
&_height[0-1) qee_type = -
&_metsdata(0-1) qee_vatue Rk vatue[0-1]
5 bits[0-1] qec_namespace :- sxptime(0-1]
P it -
id: &_id :‘c :_ e . qc_titte id: keyname
id: page_id qec_titletwo
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Historical schema

viewed within DB-MAIN

Historical schema of OSCAR (2003-2013)

| I

- = = Oy ’
1S =] I L. l | Ji;-
- : = e H ,
LR E’ S 5 i |
ME | FEHFH I B =]
A of —gd=a
= =1 S EEE -l ~g‘
3= o - a ™
== : = Fl¥ E H
4= LB NI b .
s AHE | ey
= | EIE [
- S B | F
£
H
3

4 OscarMerged EE GlobalSchema/All

=9 AR M
- B HPe [
= 7 ce oI
? f -l | > oo ' -
‘! = Bl !;
— . HH

: B - 4
— o : | = - 5
-_;: ';“-“ = -] ::' g :

-
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Conclusions of Episod |l

Analyzing database schema evolution history

Mining database schema history with DAHLIA

® More advanced visuadlization and interaction

® Interesting statistics for a few systems, beyond OSCAR

Expected future improvements (from 08/2014)

® Analyzing a larger set of data-intensive systems

® Analyzing database usage (i.e., database queries in programs)
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Episod Il

DAHLIA+
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Episod Il - DAHLIA+

Analyzing Database Usage
... iIn Highly Dynamic and Heterogeneous Java Systems
(like OSCAR)

Goals:

Extract the database queries (SQL) occuring in the source
code of the programs (Java)

Analyze those queries to derive useful information, such as
accessed tables and columns
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Which tables are accessed in this query?

SELECT appointment.date, patient.firstname, patient.lasthame
FROM [appointment

JOIN [patient ON appointment.patientid = patient.id
WHERE appointment.date = ‘2016-05-11"
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Which columns are accessed in this querye

SELECT appointment.date) patient ffirstname, patient fastname
FROM appointment

JOIN patient ON appointment.patientid = patientlid
WHERE appointment.date = '2016-05-11"
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... and in this one?¢

select billingserQ_.billingservice_no as billings1_373_,
billingser0_.anaesthesia as anaesthe2_373_,
billingser0_.billingservice_date as bilings3_373_, billingser0_.description
as descript4_373_, billingser0_.displaystyle as displays5_373_,
billingser0_.gstFlag as gstFlag373_, billingser0_.percentage as
percentaged’/3_, bilingser0_.region as region373_,
billingser0_.service_code as service?_373_,
billingser0_.service_compositecode as servicel0_373_,
billingser0_.sliFlag as sliFlag373_, billingser0_.specialty as specialty3/73_,
billingser0_.termination_date as terminal3_373_, billingser0_.value as
value3/3_ from billingservice billingser0_ where
billingser0_.service_code='A001A" and
billingser0_.bilingservice_date=(select
MAX(billingser1_.billingservice_date) from billingservice billingser1_
where billingser1_.billingservice_date<="2014-10-28' and
billingser1_.service_code='A00TA');
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... and in this one?¢

select appointmen0_.appointment_no as appointm1_89_0_, demographil_.demographic_no as demograp1_27_1_,
appointmen0_.appointment_date as appointm?2_89_0_, appointmen0_.billing as biling8%_0_, appointmen0_.bookingSource as
bookingS4_89_0_, appointmen0_.createdatetime as createda5_89_0_, appointmen0_.creator as creator89_0_,
appointmen0_.creatorSecurityld as creatorS7_89_0_, appointmen0_.demographic_no as demograp8_89_0_, appointmen0_.end_time as
end9_89_0_, appointmen0_.imported_status as imported10_89_0_, appointmen0_.lastupdateuser as lastupd11_89_0_,
appointmen0_.location as location89_0_, appointmen0_.name as name89_0_, appointmen(_.notes as notes89_0_,
appointmen0_.program_id as program15_89_0_, appointmen0_.provider_no as provider1é_89_0_, appointmen0_.reason as reason89_0_,
appointmen0_.reasonCode as reasonCode89_0_, appointmen0_.remarks as remarks89_0_, appointmen0_.resources as resources8?_0_,
appointmen0_.start_time as start21_89_0_, appointmen0_.status as status8?_0_, appointmen0_.style as style89_0_, appointmen0_.type as
type89_0_, appointmen0_.updatedatetime as updated25_89_0_, appointmen0_.urgency as urgency89_0_, demographil_.title as title27_1_,
demographil_.first_name as first3_27_1_, demographil_.last_name as last4_27_1_, demographil_.sex as sex27_1_,
demographil_.month_of_birth as monthé_27_1_, demographil_.date_of_birth as date7_27_1_, demographil_.year_of_birth as year8_27_1_,
demographil_.address as address27_1_, demographil_.city as city27_1_, demographil_.province as province27_1_, demographil_.postal
as postal27_1_, demographil_.email as email27_1_, demographil_.phone as phone27_1_, demographil_.phone2 as phonel5_27_1_,
demographil_.myOscarUserName as myOscarlé_27_1_, demographil_.hin as hin27_1_, demographil_.ver as ver27_1_,
demographil_.hc_type as hc19_27_1_, demographil_.hc_renew_date as hc20_27_1_, demographil_.roster_status as roster21_27_1_,
demographil_.patient_status as patient22_27_1_, demographil_.patient_status_date as patient23_27_1_, demographil_.date_joined as
date24_27_1_, demographil_.chart_no as chart25_27_1_, demographil_.provider_no as provider2é_27_1_, demographil_.end_date as
end27_27_1_, demographil_.eff_date as eff28_27_1_, demographil_.roster_date as roster29_27_1_, demographil_.roster_termination_date
as roster30_27_1_, demographil_.roster_termination_reason as roster31_27_1_, demographil_.pcn_indicator as pcn32_27_1_,
demographil_.family_doctor as family33_27_1_, demographil_.alias as alias27_1_, demographil_.previousAddress as previou35_27_1_,
demographil_.children as children27_1_, demographil_.sourceOfIncome as sourceO37_27_1_, demographil_.citizenship as citizen38_27_1_,
demographil_.sin as sin27_1_, demographil_.anonymous as anonymous27_1_, demographil_.spoken_lang as spoken41_27_1_,
demographil_.official_lang as official42_27_1_, demographil_.lastUpdateUser as lastUpd43_27_1_, demographil_.lastUpdateDate as
lastUpd44_27_1_, demographil_.newsletter as newsletter27_1_, demographil_.country_of_origin as country4é_27_1_, (select Ist.description
from Ist_gender Ist where Ist.code=demographil_.sex) as formula21_1_, (select d.merged_to from demographic_merged d where d.deleted
=0 and d.demographic_no = demographil_.demographic_no) as formula22_1_, (select count(*) from admission a where
a.client_id=demographil_.demographic_no and a.admission_status='current' and a.program_id in (select p.id from program p where
p.type='Bed')) as formula23_1_, (select count(*) from health_safety h where h.demographic_no=demographil_.demographic_no) as
formula24_1_ from appointment appointmen0_, demographic demographil_ where
appointmen0_.demographic_no=demographil_.demographic_no and demographil_.hin<>" and
appointmen0_.appointment_date>="2014-10-23' and appointmen0_.appointment_date<="2014-10-23" and
(upper(demographil_.province)='"ONTARIO' or demographil_.province='ON') group by demographil_.demographic_no order by
demographil_.last_name;
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The problem of dynamically generated queries
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The problem of dynamically generated queries

SQL queries are not always written in the programs
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The problem of dynamically generated queries

SQL queries are not always written in the programs
SQL qgueries are most often generated by the programs
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The problem of dynamically generated queries

SQL queries are not always written in the programs
SQL qgueries are most often generated by the programs

1 | public class ProviderMgr {

2 private Statement st;

3 private ResultSet rs; JDBC
4 private boolean ordering;

5

6

7 public void executeQuery(String x, String y){
8 String sql = getQueryStr(x);

9 if (ordering)

10 sql += 7 order by 7 + y;

11 rs = st.execute(sql);

12 }

13

14 public String getQueryStr(String str){
15 return “select = from 7 + str;

16 }

17

18 public Provider[] getAllProviders (){

19 String tableName = "Provider”;

20 String columnName ;

21 if(...)

22 columnName = “provider_id";

23 else

24 columnName = “provider_name”;

25 executeQuery (tableName , columnName) ;
26

n |}

% |}
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The problem of dynamically generated queries

SQL queries are not always written in the programs
SQL qgueries are most often generated by the programs

1 | private static Session session;

2 Hibernate

3

4 | public static void saveCustomer(Customer myCustomer){
5 saveObject (myCustomer) ) ;

6 |}

;

8 | public static void saveObject(Object 0){

9 session.save(o):

0 |}
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The problem of dynamically generated queries

SQL queries are not always written in the programs
SQL qgueries are most often generated by the programs

1 | EntityManager entityManager = entityManagerFactory.
createEntityManager () ;

entityManager. getTransaction () .begin(); JPA

Order order= createNewOrder () :

entityManager. persist( order );

entityManager. getTransaction () .commit() ;

entityManager. close () ;

(= R e
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Research question

How can we extract and analyze the
(generated) database queries from the
source code of dynamic programse
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Research question

How can we extract and analyze the
(generated) SQL database queries from the
source code of dynamic Java programse
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SQL query extraction and analysis

Java system

| Database
Database schema Static analyzer

'. () JDBC module

|
JDBC ORM | DB access . Database
¢ » > getector (2 Hibernate module P coccos

, v (D JPAmodule

|
Java
source code
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SQL query extraction (Jpsc)

1 | public class ProviderMgr {
2 private Statement st;
3 private ResultSet rs;
4 private boolean ordering;
5
6
7 public void executeQuery(String x, String y){
8 String sql = getQueryStr(x);
9 if (ordering)
10 sql += 7 order by 7 + y; . . .
1 rs = st.execute(sql); 3 pOSSIb'E SQL queries at line 11:
12 }
13
14 public String getQueryStr(String str){ select * from Provider
15 return “select = from 7 + str;
16 }
17
18 public Provider[] getAllProviders (){ .
19 String tableName = “Provider”; select * from Provider
20 String columnName; . .
N i) order by provider 1id
22 columnName = “provider_id"”;
23 else
24 columnName = “provider_name”; ‘
— 2 *
25 executeQuery (tableName , columnName) ; select from Provider
- ) order by provider name
28 |}

Analyzing the Evolution of Data-Intensive Software Systems ”



SQL query extraction (Hibernate)

1 | private static Session session;

2

3

4 | public static void saveCustomer(Customer myCustomer){
5 saveObject (myCustomer) ) ;

6 |}

;

8 | public static void saveObject(Object 0){

9 session.save(o):

o |}

+ class Customer is mapped with table CLIENT

v

SQL query at line 9 (among others):

insert into CLIENT wvalues (..)
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SQL query extraction (Jpra)

1 | EntityManager entityManager = entityManagerFactory.
createEntityManager () ;

entityManager. getTransaction () .begin();

Order order= createNewOrder () :

entityManager. persist( order );

entityManager. getTransaction () .commit() ;

entityManager. close () ;

(= S

+ class Order is mapped with table ORDERS

~

SQL query at line 4 :

insert into ORDERS wvalues (...)
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SQL parsing

SELECT b.title FROM Book b
WHERE Db.code=:code

SELECT

Columns From \

Identlfler Ahas Binary
name: b.title name: b

kind: equals
Expres sion Left Righ

Identifier Identlfler
name: Book name: b.code
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SQL analysis

SELECT
Columns  From Wher
&= = —
Identifier Alias Binary
name: b.title name: b kind: equals
Expr@s sion Left

Identifier Identlfler
name: Book name: b.code

Accessed table: Book

Accessed columns: Book.title, Book.code
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Evaluation

Metrics about the case studies

System Description LOC Tables Columns
Oscar Medical record system 2 054 940 480 13 822
OpenMRS  Medical record system 301 232 38 951
Broadleaf =~ E-commerce framework 254 027 179 965
System Database Accesses
JDBC  Hibernate JPA
Oscar 123 661 727 31729
OpenMRS 77 687 0
Broadleaf 0 0 930
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Evaluation

Distribution of tables accessed per technology
OSCAR OpenMRS Broadleaf

JPA Hibernate
Hibernate

ﬂ ‘ JDBC

Distribution of columns accessed per technology

OpenMRS Broadleaf

Hibernate JPA

__—/’
_/

!
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Evaluation

Precision of the query extraction process
(computed based on the test cases)

Technologies
System  yphBC  Hibernate/Jpa 10t
Oscar 14/17 656/689 95.2%
OpenMRS 8/8 86/99 86.8%
Broadleaf - 29/29 100%

Recall of the query extraction process
(computed based on the test cases)

Technologies

System JDBC  Hibernate/JpA  1otal

Oscar 1681/2038 892/1558 71.5%

OpenMRS 31/41 268/322 82.4%
Broadleaf - 94/95 99%
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Visualization within DAHLIA (oscar)

Code Impact DAHLIA =

Select a date:

2014-12-14(21h58m16s) ‘V‘

Show the impacts
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Visualization within DAHLIA (oscar)

Code Impact DAHLIA

Select a date:

2014-12-14(21h58m16s)

Show the impacts

)
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Visualization within DAHLIA (oscar)

Code Impact DAHLIA - a

Select a date:

2014-12-14(21h58m16s) ‘v‘
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Visualization within DAHLIA (oscar)

DAHLIA

Code Impact

Select a date:

L4

2014-12-14(21h58m165s)

Show the impacts

HEEREREENNENN . -

| ms. B Bm mm Ha 5.0 B

=3 Table: appointment

o= [J Access nr.0 [JPA]

o= [ Access nr.1 [JPA]

o= [ Access nr.2 [JPA]

o= [ Access nr.3 [JPA]

o= [ Access nr.4 [JPA]

o [J Access nr.5 [JPA]

o= ] Access nr.6 [JPA]

o [J Access nr.7 [JPA]

o= ] Access nr.8 [JPA]

o [J Access nr.9 [JPA]

o= [J Access nr.10 [JPA]
o [J Access nr.11 [JPA]
o= ] Access nr.12 [JPA]
o [ Access nr.13 [JPA]
o= ] Access nr.14 [JPA]
o [J Access nr.15 [JPA]
o= [ Access nr.16 [JPA]
o= [ Access nr.17 [JPA]
o= [ Access nr.18 [JPA]
o= [ Access nr.19 [JPA]
o= [ Access nr.20 [JPA]
o= [ Access nr.21 [JPA]
o= ] Access nr.22 [JPA]
o= [J Access nr.23 [JPA]
o= [ Access nr.24 [JPA]
o= [J Access nr.25 [JPA]
o [J Access nr.26 [JPA]
o= [J Access nr.27 [JPA]
o [J Access nr.28 [JPA]
o= [J Access nr.29 [JPA]
o [J Access nr.30 [JPA]
o= [J Access nr.31 [JPA]
o [J Access nr.32 [JPA]
o= [J Access nr.33 [JPA]
o [ Access nr.34 [JPA]
o= ] Access nr.35 [JPA]
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Visualization within DAHLIA (oscar)

Code Impact DAHLIA

Select a date:

2014-12-14(21h58m16s) |v| I
Show the impacts
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[ Table: appointment
o~ [ Access nr.0 [JPA]
o [J Access nr.1 [JPA]
o [J Access nr.2 [JPA]
o= [ Access nr.3 [JPA]
o= [ Access nr.4 [JPA]
o= [ Access nr.5 [JPA]
o~ [ Access nr.6 [JPA]
o~ [ Access nr.7 [JPA]
o= [ Access nr.8 [JPA]
o [J Access nr.9 [JPA]
o [J Access nr.10 [JPA
o [J Access nr.11 [JPA
o [J Access nr.12 [JPA
¢ [J Access nr.13 [JPA

[ File: /sre/main
o [J Access nr.14 [JPA
o= ] Access nr.15 [JPA
o= ] Access nr.16 [JPA
o= ] Access nr.17 [JPA
o= [ Access nr.18 [JPA
o~ [ Access nr.19 [JPA

o [ Access nr.20 [JPA
o [J Access nr.21 [JPA
o [J Access nr.22 [JPA
o= ] Access nr.23 [JPA
o= ] Access nr.24 [JPA
o= [ Access nr.25 [JPA
o= [ Access nr.26 [JPA
o~ [ Access nr.27 [JPA
o~ [ Access nr.28 [JPA
o [J Access nr.29 [JPA
o~ [J Access nr.30 [JPA
o= ] Access nr.31 [JPA
o= ] Access nr.32 [JPA
o= [ Access nr.33 [JPA
o~ [ Access nr.34 [JPA
o~ [ Access nr.35 [JPA




Visualization within DAHLIA (oscar)

DAHLIA - o I3

=1 Table: appointment g
o~ [ Access nr.0 [JPA]
o= [CJ Access nr.1 [JPA]
o= [ Access nr.2 [JPA]
o~ [ Access nr.3 [JPA]
o= [CJ Access nr.4 [JPA]
o= [ Access nr.5 [JPA]
o= [ Access nr.6 [JPA]
o~ [ Access nr.7 [JPA]
o= [CJ Access nr.8 [JPA]
o= [ Access nr.9 [JPA]
o= [ Access nr.10 [JPA]
o= (3 Access nr.11 [JPA]
o= [CJ Access nr.12 [JPA]
9 [ Access nr.13 [JPA]

0 |Fi|e: Isrc/main/javalorg/oscarehr/common/dao/SiteDao.java (line 223)
o~ [ Access nr.14 [JPA]
o= [CJ Access nr.15 [JPA]
o= [ Access nr.16 [JPA]
o= [ Access nr.17 [JPA]
o~ [ Access nr.18 [JPA]
o= [ Access nr.19 [JPA]
o= [ Access nr.20 [JPA]
o~ [J Access nr.21 [JPA]
o= [ Access nr.22 [JPA]
o= [ Access nr.23 [JPA]
o= [ Access nr.24 [JPA]
o~ [ Access nr.25 [JPA]
o= [CJ Access nr.26 [JPA]
o= [ Access nr.27 [JPA]
o [ Access nr.28 [JPA]
o= (9 Access nr.29 [JPA]
o= [ Access nr.30 [JPA]
o= [ Access nr.31 [JPA]
o~ [ Access nr.32 [JPA]
o= [CJ Access nr.33 [JPA]
o= [ Access nr.34 [JPA]
o~ [ Access nr.35 [JPA]

.
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Visualization within DAHLIA (oscar)

X

scar/blob/593f554fea2c0be0804894a46d0744fc72c61bc6/src/main/java/org/oscarehr/common/dao/SiteDao.java#L223

1 return pList;

| [~ Table: appointment - ¥
2| & [ Access nr.0 [JPA] e
o [ Access nr.1 [JPA] 192 public List<String> getGroupBySiteManagerProviderNo(String providerho) {
i| e~ £ Access nr.2 [JPA]
i| o~ 9 Access nr.3 [JPA] 1 Query query = entityManager.createNativeQuery(
i| o~ =9 Access nr.4 PA) 1 "select distinct g.mygroup_no from mygroup g "
o= [ Access nr.5 [JPA] " inner join provider p on p.provider_no = g.provider_no and p.status =1 " +
2| o= [ Access nr.6 [JPA] " inner join providersite ps on ps.provider_no = g.provider_no " +
i| & [ Access nr.7 [JPA] 1 " where ps.site_id in (select site_id from providersite where provider_no = :providerno)");
i| &= X Access nr.8 [JPA] 1 query.setParameter("providerno”, providerNo);

| & 3 Access nr.a P

#| o= =3 Access nr.10 [JPA]
i o~ =3 Access nr.11 [JPA]
o [ Access nr.12 [JPA]
2| 9 X3 Access nr.13 UPA]

201 @SuppressWarnings("unchecked")
202 List<String> groupList = query.getResultlist();

Dy [Fite: i gl /SiteDao.java (line 223) ) .

| o 9 Access nr14 UPA] 2 return grouplist;
‘| o 23 Access nr.15 UPAl }
i o=
o S :zzzzz :::::3 {jg:} 2 public Long site_searchmygroupcount(String myGroupNo, String siteName) {
“| o [ Access nr.18 [JPA] Query guery = entityManager.createNativeQuery("select count(provider_no) from mygroup where mygroup_no=:groupno and provi
i o= |j Access nr.19 [JPA] query.setParameter("groupno”, myGroupho);

o~ [ Access nr.20 [JPA] 211 query.setParameter("sitename", siteName);

o= [CJ Access nr.21 [JPA] 212
i| & ] Access nr.22 [JPA] Long result = ((BigInteger)query.getSingleResult()).longValue();
/| & B3 Access nr.23 JPA] 214 return result;
“| o= [ Access nr.24 [JPA] 215 )

i| o~ 3 Access nr.25 [JPA]
i| &= [X] Access nr.26 [JPA]
i| o =3 Access nr.27 uPA)
#| o= =3 Access nr.28 [JPA]

1 public String getSiteNameByAppointmentNo(String appointmentNo) {

= | & 7 Access nr29 UPA) Query guery = entityManager.createNativeQuery("select location from appointment where appointment_nc = :appointmentno");
: o 9 Access nr.30 [JPA] query.setParameter("appointmentno™, appointmentNo);
- o [ Access nr.31 [JPA] 221
= i| e~ £ Access nr.32 [JPA] @SuppressWarnings("unchecked")
- i| o~ 3 Access nr.33 [JPA] List<String> list = query.getResultlist();
= | o[ Access nr.34 [JPA] 224 if(list.size()>8) {

2| o= [CJ Access nr.35 [JPA] 5 return list.get(@);

: }

2 return "";
}
}
i »
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Online demo
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Episod IV

DAHLIA++

Analyzing the Evolution of Data-Intensive Software Systems —



Episod IV — DAHLIA++

Analyzing and Supporting
Database/Program Co-Evolution

Goals:
|ldentify program inconsistencies due to past database schema
changes

Prevent such program inconsistencies in the future, by helping
developers propagating schema changes to programs
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Episod IV

Analyzing & supporting database/program co-evolution

_ | Source
Code

Versioning
System J

Database III
Schema |
\\

D:ndmse Schema Exlradi;n
(Meurice et al.)

SR, SS—
- ~
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Episod IV

Data model of the historical dataset

Version CodeObjectPosition
hash beginLine
0-N- 0-N- date 0-N beginCol 0-N
developer \ endLine
id:hash 0-N. endCol
mappingVersion
call 0-N
DatabaseAccess
jdbe[0-1]
hib[0-1] 1-1 Class
ipaf0-1] Attribute _ ‘“:u‘h‘)d <ssPath File
exact-1: ijc name | i‘ign ? -feCI — 1-10-N— isInterface —l-lO-N— filePath
hib id: name 10. class.Liass id: file File id: filePath
jpa Signature classPath
1-1
Mapping
Query - hib[0-1]
query (;R:zigzerauon 1-10-_\'— jpa[0-1] { attribute >
columnType isNativeSQL pe exact-1: hib T
minCard jpa 0-N
maxCard 0-N 0-N
type ) i
decimalNumber accesse mapped
defaultValue[0-1]
0-N 0-N
DatabaseObject -
entity
Column Table
N mame —1-1—.—0-N—
id: has Table Chas > 22
id: name
name
tableVersion 1-1
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Episod IV

Analyzing the evolution of database access technologies

# Accessed Tables

200

100

N NN RKNARAIEeRLIBBRRIEBRS8E N NANAASSNEEER EAE55ABARRNNARRE
Version
W JDBC B HIB N JPA WJDBC&HIB JDBC & JPA JDBC & HIB & JPA HIB & JPA Not Accessed
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Episod IV

Analyzing the evolution of database access technologies

700

g g

&

# DB-Accesing Files

100

1
5
9
13
17
21
]
p]
33
37
41
45
49
53
57
61
65
69
73
77
81
85
89
93
97
101
105
109
1
1
2
sl
2
133
137
141
145
149
153
157
161
165
169
173
177
181
185
189
193
197
201
285
209
213
217
221
25
229
233
237
241

Version

mJDBC mHIB mJPA mJDBC&HIB
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Episod IV

|[dentifying co-evolution inconsistencies

System #Table #Unsolved Propagation Time #Accesses System Renaming  Solution Time  #Accesses
Deletions avg~max avg~vmax avg~max avg~max
OpenMRS 11 1 1.6 ~ 134 175~9 OpenMRS 1 1 ~1 0~0
Broadleaf 86 0 L1 ~6 28 ~ 14 Broadleaf 14 26 ~6 33~ 8
OSCAR 33 5 1.4 ~ 90 29~9 OSCAR 7 1.9 ~ 89 1.6 ~ 132
System #Column  #Unsolved Propagation Time  #Accesses System Renaming  Solution Time  #Accesses
Deletions avg~max avg~smax avg~vmax avg~max
OpenMRS 32 4 1.6 ~ 134 22~ 4 OpenMRS 10 1~ 1 0~0
Broadleaf 154 0 L1 ~2 4~ 15 Broadleaf 16 1.1 ~2 1.7~ 3
OSCAR 170 0 1.1 ~ 24 1.6 ~ 132 OSCAR 321 1.2 ~ 38 1.7 ~ 389
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Episod IV

Preventing co-evolution inconsistencies

-~

Database |

Elements | |
Database ORM Mappings ! input

Source Schema .
Code Database Accesses Database ORM
Extraction \ Accesses Mappings
Dataset

input

What-If Analysis

output

Hypothetical Database ]
Schema Change J

Recommendations
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Evaluation

130 selected schema changes

TR TD CR CD

Broadleaf 12 17 12 52
OpenMRS 0 2 0 5
OSCAR 5 9 7 9

Total 17 28 19 66

Correctness of recommendations

TR TD CR CD | Total  Perc.

Correct recommendations 17 90 24 71 202 99 %
Wrong recommendations 0 0 0 2 2 1%

Missing recommendations 2 0 | 3] 6 5%
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Online demo
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Epilogue

conclusions and todo list
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Conclusions

Observations
Data-intensive systems are indeed large and complex

Continuously increasing size and complexity over time
Several database access technologies may co-exist

Database access can be highly dynamic
Co-evolving database and programs is non-trivial = inconsistencies

Automated support for developers is more than welcome |
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Conclusions

Achievements
Analyzing the evolution history of database schemas
Analyzing database usage in dynamic Java programs
Analyzing co-evolution between databases and programs
Supporting co-evolution between databases and programs
Current implementation for Java systems using MySQL
Promising case studies and evaluations for large-scale systems
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Conclusions

Future work

Support other programming languages and database platforms

Consider other information sources (e.g., data, developers, user interface)
Support other database evolution scenarios (e.g., migration)

Partly automate program adaptation under database schema change
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