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What is a Model Query?

= ModelQuery(A,B) <
Cond(A,B)
o Retrieve tuples of
model elements A,B

o Satisfying the query
condition Cond

o Enumerate

one / all instances

o With A,B as
input or output
parameters

its signal group which are not in
the same IPDU

e Find instances of critical functions
not running on different
processors of different chassis

e Show sink activities with no
outgoing flow




Live Model Queries

= Live Query Evaluation:
Incremental cache of matches

o Maintain a cheap cache
(only memory overhead)

o Notify about relevant changes

o Enable reactions to complex
structural events
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Live Model Queries for
. Model Transformations

e Find all contexts a MT rule is
applicable for

e Live MT rules: triggered
automatically upon change

Live Model Queries for
. Early Validation
e Find all violations of

a well-formedness constraint

e |[mmediate re-validation
upon model change

‘Live Model Queries for
. Traceability Management

e See talk tomorrow at 11:30




Example: Validation of BPMN Models

= BPMN models
o Describing business processes

o Models control and dataflow

* Flowchart-like notation

O daiToTuk Task H Simple 1 O
S A ‘ -

Pool




Example: Validation of BPMN Models

= Well-formedness validation during editing

o Sink Activity: activity without outgoing edge

O S Task Sample 1

g
Stari ‘
=
| E - n
|

=1 Properties | [% Problems i3 & Tasks | [ Reviews
7 errors, 0 warnings, 0 infos
Description Resource Path Location

= Y- Errors (7items)
| ® ither a time date or a time cyde should OMG E-Mail ... | eClarus BPMN Example | unknown | |
€ Either a time date or a time cyde should OMG E-Mail ... eClarus BPMN Example Unknown
@ Either a time date or a time cycle should OMG E-Mail ... eClarus BPMN Example Unknown
€ Either a time date or a time cycle should OMG E-Mail ... eClarus BPMN Example Unknown




EMF-IncQuery Framework




EMF-IncQuery: Architecture Overview
Application S - Graph pattern-based

. guery language
Typesafe query Application code Xtext2-based tooling
wrappers (DTOS) Execution, testing and
for easy debugging for queries
integration

Generated pattern Generative tooling Query
matcher specification

Validation Derived feature Interpreted
support pattern matcher

- Efficient Easy-to-use API
On-the-fly validation maintenance of for query
and problem marker derived attributes —m———— management
management and references Support for
rogrammed and
RETE Core INCQUERY Core Qyn%mic queries

. _ Fully dynamic
High performance Scalable evaluation for parameterization

backward getters complex queries Framewonny

and transitive ~ (over 2 000 000
EaCO=Licans EObjects) 2600




Simple Graph Pattern in EMF-IncQuery

pattern sequenceFlowEdge
(Flow:SequenceEdge,

Src:Activity, Dst:Activity)= {
SequenceEdge.source(Flow, Src);
SequenceEdge.target(Flow, Dst);

Src: source e Dst:

Activity Segggzce Activity




And Some More Complex Examples...

pattern hasOutEdge(A: Activity) {
find sequenceFlowEdge( Fr, A, _Other);

} or {
find messageFlowEdge( Fr, A, Other);

) [ Pattern composition
(for reuse)

|
pattern 51nkAct1v1tyNames(Name) {

Activity(A);
Activity.name(A, Name);
neg find hasOutEdge(A);

4

| Negative composition

negation, quantification)
(neg q ) ey

LA |
MUEGYETEM ITEEZ



EMF-INCQUERY Development Tools

=5 . - v 3 - = = « | i . . - . N 0 & )ava
4% schoolgueries.eig &3 & BUTE.school 28 tline 2% -
I* [T Resource Set 0 ) N =
* Courses of a teacher. ¥ @ platform: fres platform: /resourcesc
N ¥ <= School Bud, < School Budapest Ui
. P <> Year 20
* Teacher T teaches in Course C U U -l 010 " vear2oit
v P <= Year 20 P < Year 2012
i

<= Teacher <= Teacher Andras
pattern coursesOfTeacher(T:Teacher, C:Course) = { < Teacher D A = a < Teacher Istvan N
Teacher.courses(T,C}; <= Teacher < = 4+ Teacher Peter 5;
} <+ Teacher <= Teacher Daniel *
4 Course - a)la . 4 Course Model-d
Iz < Course F 4 Course Formal r
* Teacher T teaches a course which is being taught to School + Coursu + Course Fault-1p
y <4 Course Prolog program 4 Course Pralog p
4 Course Graph transformatio! 4 Course Graph tr

pattern classesOfTeacher(T:Teacher, SC:SchoolClass) = {
find coursesOfTeacher(T,C);
Course.schoolClass(C,50); ‘

Patt Editor IF Instance Model

E Properties &2 =& :.‘,——:‘-> PerIems @ SWN Repositories & console Eﬂ Synchronize iQ Query Explorer &3 @ Error Lag B — O
Property Value ) o ) ' ) r Details / Filters 4

ourses & Course Model—driven s... > B schDul._[nurse\_hfltthg_hlﬂurtv - 1 match {Rum.lme} Parameter Value

@g school.inTheCircleQfFriends - 8 matches (Runtime) T Daniel Varro
Homeroomed. .. Class D )
Name 8 school.classesOfTeacher - 4 matches (Runtime)
' T o » 8g school.teachers - 4 matches (Runtime)
F B school.theOnesWithTheBiggestCircle - 3 matches (Runtime)

P g school.teachersOfSchool - 4 matches {(Runtime)
o o 85 bpmnl.lonelyActivity - No matches  (Runtime)
C C . » 8g school.schools - 1 match  (Runtime)
» 8 school.studentOfSchool - 5 matches  (Runtime)
. ¥ ®g school.teachesTheMostCourses - 1 match (Runtime)}
. ® T=Daniel Varro
P @ school finalPattern - 2 matches (Runtime)
» 8 school teacherWithoutClass - 1 match  (Runtime)

®g bpmnl.badLoopingActivity - No matches (Runtime) | Qu e ry EX p I O re r

o~ Selected Object: Teacher Daniel Varro

EGYETEM I1TEEZ



Visualization of Live Model Queries

in EMF-IncQuery




Requirements for Query Visualization

Genericity Incrementality

e Multiple Model Sources e Query Changes
e Model Editors e Model Changes
e Current Selection

Traceability Presentation

e Query Definitions e Filtering
e Input Model e Grouping

13 @ 0O &




Proposed Architecture of Query Visualizer

Other Model
Sources
Connectors
Model and
Filtered group of Notifications
Query queries R Query
Repository Engine

Query Result
Deltas

Query Query Results
Definition

Query Result Viewer




Model Source Connectors for Genericity

= Different model sources
o Graphical (e.g BPMN, UML)

o Textual (e.g. OCL)

o Different implementation

technologies

=» Model source connectors

= Operations
o Open model

o Send notification upon model

change
o Get current selection
o Close editor

Model
Editors

Other
Model
Sources

Connectors

Model and

Query
Engine

Notifications

Genericity

e Multiple Model Sources
e Model Editors
e Current Selection

Traceability

® Query Definitions
e Input Model

Incrementality

e Query Changes
e Model Changes

Presentation

e Filtering
e Grouping




Query-based Indexing for Incrementality

= Update query results
incrementally upon

o Model updates
e E.g. using the built-in editor

* Engine: handles this case
internally

o Query updates
* E.g. using the query editor

* Engine: rebuilds internal model
indexes

Genericity

Incrementality

e Multiple Model Sources
e Model Editors
e Current Selection

e Query Changes
e Model Changes

Presentation

Traceability

e Query Definitions
e |nput Model

e Filtering
e Grouping

Query-based indexing

e Contains model elements accessed
by the query

e Populated by an exhaustive model
traversal (can be slow!)

e Goal: Avoid unnecessary re-
traversal

Strategy 1:
Generic model indexer

e “Wildcard mode”:
index every model element

e Higher memory consumption

Strategy 2:

Group initialization

e |nitialize several patterns together




Traceability and Navigation

Model OthderI
Editors Mode
1] a

N /-

" Maintaining source models
and queries

= Support for navigating
to/highlighting

o Corresponding query
definitions

Query
Editor

Connectors

Query
Repository

Query
Engine

v

Query Result Viewer

* Highlighting functionality in the

query editor

o Referenced model element(s) ikt

e Model Editors

* Editor-dependent
implementation

 Model source connector
handles functionality

(X} !
L] EGYETEM I1TEEZ

Genericity

e Current Sel

‘ Traceability

ection

e Query Definitions e Filtering

e Input Model

e Grouping

Incrementality

* Query Changes
e Model Changes

Presentation

@00 &



Traceability in Query Visualizer

fworkspaces,/ws_eclipsecon2012

Java - school.instancemodel {BUTE.school - Eclipse - fUsers/I:

¥ BUTE.school 2% = O/ 5= outline &3 =0

[ Resource Set =

v @ platform: fresourcefschool.instancemodel/BUTE.school v @ platform: fresourcefsc
¥ <4 School Budapest University of Technology and Economics ¥ < School Budapest U
) P <= Year 2011
Teacher T teaches in Course C > o vearzoll
» P <4 Year 2012 P < Year 2012
/ .

<= Teacher Andras Pataricza < Teacher Andras
pattern coursesOfTeacher(T:Teacher, C:Course) = { 4 Teacher Istvan Majzik 4 Teacher Istvan
Teacher.courses(T,C); " <+ Teacher Peter S;
<= Teacher Daniel *
el-driven software development 4 Course Model-d
< Course Formal methods < Course Formal r
4 Course Fault-tolerant safety-critical computing 4 Course Fault-to
4 Course Prolog programming 4 Course Pralog p
4 Course Graph transformations 4 Course Graph tr

Courses of a teacher.

= pattern classesOfTeacher(T:Teacher, SC:SchoolClass) = {
find coursesOfTeacher(T,C);
Course.schoolClass(C,5C);

EMF Instance Model

E Properties &2 = B I == Problems @S\FN Repositories & console Eﬂ Synchronize ﬁPIug-ins iQ Query Explorer &3 gError Lag B — O

. ) : Details / Filters 3
# B school.courseWithWeightThirty - 1 match  (Runtime) Parameter |Value

F ®g school.inTheCircleOfFriends - 8 matches (Runtime) T Daniel Varro
P @5 school.classesOfTeacher - 4 matches  (Runtime)
» 8g school.teachers - 4 matches (Runtime)
F B school.theOnesWithTheBiggestCircle - 3 matches (Runtime)
P g school.teachersOfSchool - 4 matches {(Runtime)
85 bpmnl.lonelyActivity - No matches  (Runtime)
» 8g school.schools - 1 match  (Runtime)
» 8 school.studentOfSchool - 5 matches  (Runtime)
: = 1 match (Runtime}

® T=Daniel Varro
{Runtime}

» 8 school teacherWithoutClass - 1 match  (Runtime)

®g bpmnl.badLoopingActivity - No matches (Runtime) ‘ ll I e E: ! I }:p I Q Ee r
—————

Property Value
Courses 4 Course Model-driven s...
Homeroomed. ..
MName Diapje 0

n® Selected Object: Teacher Daniel Varro




Grouping and Filtering for Presentation

= Define query groups
(,related” queries)

. Que.ry_/. l Query Query Result
o Static groups Definitions Results eltas
* E.g. Namespaces Query Result Viewer

o Dynamic groups
* E.g. Dependency based
= Filtering
o Filter visible queries

* Uses hints from developer
* Manual overriding

o Filter query results
* By binding query parameters

Genericity Incrementality

e Multiple Model Sources e Query Changes
e Model Editors e Model Changes
e Current Selection

Traceability Presentation

e Query Definitions e Filtering
e Input Model e Grouping

(X} !
L] EGYETEM I1TEEZ



Result Viewer

Different model Loaded

sources Queries

eriD (platform: /resource/bpmn
Runtime}
(Runtime)

4 Ti‘.‘nrg.eclipse-stp.b agram.part.BpmnDiagrang
bwEdge - No matches
tlge - 3 matches

Query Results

> S5 bpmnYsinkActivityNames - 3 matches (Runtime)
v 'i'.."' org.ecligse.stp.bpmn.diagram.part.BpmnDiagramEditoriD {platform: /resource /bpmn
%5 bpmnl.messageFlowEdge - Mo matches (Runtime)
> ©g bpmnl.hasOutEdge - 33 matches (Runtime)
> ©g bpmnl.sinkActivityNames - 1 match (Runtime)

ist

Pattern re




Filtering Visible Queries

€| Error Log += Tasks i Problems iq Query Explorer 52  E Properties B ¥ = 0
A Pattern "!'H,E‘t_f'r' - v ‘.." org.eclipse.stp.bpmn.diagram.part.BpmnDiagramEditorlD (platform:/resource /bpmn.instancemc 4
E i sequenceFlowEdge F Sg bpmnl.sequenceFlowEdgeName - 1 match (Runtime)
E i sequenceFlowEdge b 95 bpmnl.hasOutEdge - 3 matches (Runtime}
] iC] messageFlowEdge P 95 bpmnl.sinkActivityNames - 3 matches  (Runtime)
] iQ pool b S5 bpmnl.sequenceFlowEdge - 3 matches (Runtime}
] iQ) poolNames 0
J i) artifact -
] iQ artifactNames E
E iQ hasQOutEdge ”
= _ =

 ——————

Elements in Query Queries Loaded
Registry




Query Result Filtering

iy Query Explorer &3 e

* T"i".iDrg.eclipse-ﬂp.bpmn.|:|iagram.part.BpmnDiagramEditﬂ-rlD
F O bpmnl.hasOutEdge - 3 matches (Runtime)

Parameter Filter

Flow
Activity Start

“o bpmnl.sequenceFlowEdge - 1 matc
@ Flow=5tartToTask, Src=5tart, Dst=Task

Pattern registry




Conclusions and Future Work

R1. Genericity

R3. Traceability ) Mode! Other Model

Editors Sources

Connectors

R3. Traceability
R4. Presentation

Filtered group of v R2. Incrementality

queries
ngry | Query 4
Repository
Query Result

Query Query Results !

L Deltas
Definition

Query Result Viewer R4. Presentation

Future Plans

* Analysis-based grouping
» Graph-based result visualization



