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Chapter 1
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mn Context and Background p-2

software systems become increasingly complex
unify different technologies
are adapted for new and emerging technologies
need to comply with imposing requirements

Model-Driven Engineering (MDE)
helps to master complexity (design-time)
utilizes models as central artifacts
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B MDE Artifacts

Models
precisely specified
instances can be validated -
can be (d|r)efined at different abstraction levels
are suiteable to be represented to stakeholders
can be bound to tailored DSLs

Model Transformations
capture technical expertise (e.g., PIM — PSM)
= eases portability & adaptation

generation step: model to code transformation
(recurring) code = eases maintenance
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B MDE Artifacts — Examples o3

* implementations <h2>Risk-Control Correlation Matrix</h2>
NamedElement <table>
implements <tr>
A v <th>Risks/Controls</th>
. «FOREACH cv.control AS c»
Risk <th>
T . <a href="«cv.processName+
| .deSCrIptIOn. Sm.ng " C "+c.uuid+".html"»">«c.name»</a>
impact: EnumRiskCategory </th>
likelihood: EnumRiskCategory «ENDFOREACH»
risks * /\ & </tr> )
h «FOREACH cv.risk AS r»
« | has <tr>
<th>

ComplianceRequirement
<a href="«cv.processName+

" _R_"+r.uuid+".html"»">«r.name»</a>

section: String

conflictResolutionPriority: int </th>
«FOREACH cv.control AS c»
requirements */\ A <td>
fulfills «IF (c.requirements.risks.contains(r))»
X
L] Control «ENDIF»

* </td>
description: String «ENDFOREACH»
objective: String </tr>

0 " «ENDFOREACH>
h l has » subControls </table>
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I MDE — Problems Pp.4.69

evolution and co-evolution of MDE artifacts and systems
concurrent work
few MDE tools offer collaboration support = lack of integration
common version control systems are too naive for MDE

versioning on a model element level is not supported
relationships between artifacts are not captured/managed

search & retrieval of models and MDE artifacts
missing tool support and infrastructures = reuse becomes difficult
traceability (high-level « low-level model-instances and code)

essential for meaningful feedback from the runtime to stakeholders and for
identifying and understanding the root-cause

generation step causes different MDE phases to be isolated

missing infrastructure that supports dynamic model look-up = model-based
reflection is rarely used

monitoring of model-driven systems (e.g., in regard to requirements)
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mn Addressing MDE Challenges

Support for various stakeholders
appropriate model-representations (DSLs)
role-based access controls (RBACs)

Dealing with concurrency

locking mechanisms
raising the awareness of the work of others

comparing and merging possibilities

support for resolving conflicts )
/- Management of MDE Projects & Artifacts

versioning

capturing and keeping track of relationships

support for model evolution

Support for model-aware entities

information retrieval services

k resource management services J
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mn MDE Lifecycle — Positioning

Abstraction Level

[LO5]  Redesign

[TZD07] Model-
Models [GKPO7] ; [AP03]
e D.rlven.
Engineering 0 BY Analysis
[LBN+09] [TZD09] [CBC+06]
. Requirements
Generation [FFL+98] [SE05]
Monitoring
Code [BGN+10] Process [HA99]
Service [CD00]
_J€KS+09
Deployment AKP05]
Execution
) Design-Time Runtime i
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mn Research Question 1 p.8

Artifacts are subject to change & evolution of
meta-models may require co-evolution of
artifacts and systems if navigability is affected:

How can
navigation incompatibilities
be detected?

% 7128 o VIT/ILAB =505

mn Research Question 2 p.8

During execution, systems could benefit from
reflecting on models:

How can MDE projects and artifacts
be retrieved, searched for, and managed
both at design time and runtime
in a distributed setting?

% 8/28 10 VIT/ILAB ==

Ta'id Holmes



Supporting Model-Based Reflection, Rigorosum — 19 January 2011 13h
Monitoring, and Evolution in Service- Zemanek Seminarraum
Oriented Architectures through Model-

Aware Systems

mn Research Question 3 p.8

Monitoring could be enhanced if conceptual
models such as requirement and system models
would be considered and related at runtime:

How to facilitate
root cause analysis of runtime violations
at the abstraction level of models?

% s 1 VIT/ILAB =505

mn Overview of Contributions p.10

RQ
3

Model-Aware Monitoring

A Chapter 6
t f

Linking System and
Requirements through MDE

Model-Aware Systems

A . Chapter 4 @ Chapter 5
? ? RQ

Model-Aware Service Environment 2

A B @ oo
? RQ

Navigation Compatibility 1

. @ Chapter 2
A [ ® v

Runtime Generation time Design time Research question
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mn CHAPTER 2
Navigation Compatibility of Models
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mn Navigation Compatible Changes p.16
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mn Navigation Compatibility Check rr2228

Real World Meta-Models

Min. 1stQu. Median Mean 3rd Qu. Max.

1.0 6.0 12.0 19.5 26.0 114.0  n(Classes)

0.00 2.00 7.50 14.42 16.25 96.00 n(Generalizations)

0.00 6.00 13.00 24,08 27.25 231.00 n(References)

0.0000 0.2857 0.6000 0.5537 0.8632 1.7140 n(Generalizations)/ n(Classes)
0.0000 0.7411 1.1500 1.2450 1.5770 6.8570 n(References)/ n(Classes)

2.0 18.0 39.5 87.1 98.5 725.0 RunTime [ms]
k=] o

£ g 2z o
g o ° z ° o °
£ g e g 8 : s Bl == ug‘,’an o OB
I o ER o o Moo L

8 ° §F ¢ . 8| &g

= |8 ? i ? B |E ? 1 = ? Eggug 1 1

2 4 il a 0 12 1] 10 2n an 4n

n{Classos) ] niReierences) 1

g 12/28 15 VIT/ILAB ==

mn Applied in an Industrial Setting  rr-29-30

during the development and evolution

ensuring the downwards-compatibility of evolved
meta-model versions

MDE developers are free to undertake
navigation compatible changes frequently

changes that break navigation compatibility
require a formal agreement of the developers as
this involves the co-evolution of other artifacts

Lines of Navigation Compatibility
Moments of Navigation Incompatible Changes

g 13/28 16 VIT/LAB ==
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mn CHAPTER 3

Model-Aware Service Environment

Rien n’est plus dangereux qu 'une idée, quand on n’a qu'une idée.’
— EMILE CHARTIER
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mn CHAPTER 4

Model-Aware Systems

Mater artium necessitas. !
— WILLIAM HORMANN 2
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! Necessity is the mother of invention.

2 An original author is unknown. .
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m The Model-Aware Service 0.36
Environment (MORSE) Approach

invoke L Service B
informational A emi :u_n_lmeUeL\J/g S
operations containing ]

I Model-Aware

Services

System that
integrates with
Model-Aware
Services

1 retrieve models by UUID

generate & deploy

system with UUIDs A

generate & deploy system
with traceability information

MORSE
Repository

== 14/28 19
—_— VITALAB ==
mn Model-Aware Systems p.56-67

contain, emit, or use model traceability information
for model look-up and reflection

Model-Aware Services
UUIDs are embedded during transformation

may interact with MORSE (e.g., retrieve models
from which they have been generated)

may expose traceability information
Model-Aware Processes

emit UUIDs during process execution
proposed and realized as a BPEL-extension

e 0 20 VITALAB ==
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S50 1028

S MorsE Core Model p40
MObject MMetadata
uuid: String | @—>{ uuid: String
A state: MObjectState 1
MProject g revision: long metadata
’ 1 0..1|_head: boolean qc
project opposite 0.1
. original DublinCore
MAtrtifact modified
title: String
data: byte[] . MObjectState cregtor: String
contentType : String <<enum>> subject: String
- description: String
artifacts active publisher: String
inactive contributor: String
locked date: Date
type: String

1
mainBranch

| MSnapshot | | MRelease |

format: String
source: String
identifier: String
language: String
relation: String
coverage: String
rights: String

context MObject
inv: metadata.uuid = uuid and metadata.dc.identifier = uuid

inv: original->notEmpty() implies original.ocllsTypeOf(self)
context MProject inv: mainBranch.project = self

inv: opposite—>notEmpty() implies ((head xor opposite.head) and opposite.ocllsTypeOf(self))

context MTag inv: parent—>notEmpty() implies parent.project = project

21
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Bl MModel, -Element, -Relation

MObject

A

I
MArtifact

[

outRelations

src
MModel et

0..1 dest
model . .
inRelations

*

p.41

MModelRelation

*  x

* |elements

0..1destElement

MModelElement

0..1 srcElement

context MModelRelation B
inv: dest—>notEmpty() and destElement—notEmpty()
implies dest.elements—includes(destElement)
inv: src—>notEmpty() and srcElement—notEmpty()
implies src.elements—includes(srcElement)

Iil% 17/28
——
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MinstanceRelation

MinheritanceRelation

MAnnotationRelation

VIT/ILAB ==

Ta'id Holmes

11



Supporting Model-Based Reflection,
Monitoring, and Evolution in Service-

Oriented Architectures through Model-

Aware Systems

mn MORSE Services P47
generated for each concept of a model
information
. 1 create or evolve model
retrieval
resource T . Domain
echnical Expert
management Expert
versioning 2 refine model Model Repository
3 generate model code
4 generate model services
5 deploy model services
MORSE
Services
EECS 158 23 VIT/ILAB =

Iil% 19/28
——

mn MORSE Service Operations p.49

Response Operation Description

boolean exists does a model with a UUID exist?

boolean isHead is the object (specified by UUID) version-independent?

uuID[] list returns the VIIDs of all models

uuID[] versions returns all VSIDs of a model

<Class>[] query search for models; support of various query parameters
<Class> retrieve a model is retrieved by UUID

uuiD create a VIID is returned

UuID update a VSID is returned

UuID delete a VSID is returned

uuID[] list<Role> returns the UUIDs for a role

UuID add<Role> a VSID is returned

UuID remove<Role> a VSID is returned
uuID clear<Role> aVSID is returned
2 VIT/LAB s
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mn MoRSE Service Clients p-48
MORSE 2 generate service clients
Model
Repository Service
Developer
1 generate & deploy 3 develop
MORSE Model-Aware
Services < . Services l
4 store & retrieve models
ESCT 2006 25 VIT/LAB

mn Model Repository Comparison  #p-50.52
Repository M_o_del _ ModeI_I_EIerr_Ient M_ode_l Complex
Identification Identification Navigation Search
AMOR URL ID X x
AtlanticZoo URL X x x
CDO URL URI-Fragment v v
EMFStore ID ID v x
MDR ID URI-Fragment X X
ModelBus URL X X x
MORSE uuID uuID v v
Odyssey-SCM ID URI-Fragment X X
Odyssey-VCS 2 ID URI-Fragment X X
% 21/28 26 VIT L AB
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TU CHAPTER 5
Linking Systems and Requirements
through Model-Driven Engineering

A good marriage is one which allows for change and growth.
— PEARL BUCK !
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mn A Practical Modeling Approach  rr.6983

Focus: Business Process Compliance
Models are used for describing the

System
Process View Models

System Requirements
Compliance Concerns of Business Processes

Requirement Models annotate System Models
novel, direct linkage and correlation of
system & requirements models

E 23/28 28 VIT/ILAB ==
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mn View-based Modeling Framework »
— > Core

Model

2 Abstract A A A A A
c 5 Layer extends extends extends extends extends
o=
25
5 g FlowView CollaborationView InformationView HumanView
Ec Model Model Model Model
=R}
k)
S 5 A A A A
E = Technology extends extends extends extends

= -
> g specific Layer (refines) (refines) (refines) (refines)

Qo

BpelFlowView BpelCollaborationView BpelnformationView BPEL4PeopleView | | TransactionView
Model Model Model Model Model

horizontal dimension
mastering the complexity of tangled process concerns

Huy Tran, Uwe Zdun, and Schahram Dustdar.
“View-based and Model-driven Approach for Reducing the Development Complexity in Process-Driven SOA”.
In: BPSC. Vol. 116. LNI. GI, 2007, pp. 105-124.
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mn Requirement Model:

p.79

Compliance Metadata Instance
otelBookingNE : NamedElement || FlightBookingNE : NamedElement

Name- TravelBookingNE : NamedElement || H
based
Matching name =, TravelBooking" name = ,HotelBooking“ name = ,FlightBooking"
T
|
E Name- CarBookingNE : NamedElement CreditBureauNE : NamedElement
' based d—————
| Matching name = ,CarBooking“ name = ,CreditBureau”
’ 7
S 1 N N .

P N implements implements implements implements implements
TravelBooking : Service :r' v v P v P v v
name =, TravelBooking* ,/ C1: Control

," description = ,Secure transmission of individual-related data through secure protocol connectors
CarBooking : Service |/ Talfills
v
name = ,CarBooking“
CR1: ComplianceRequirement
CreditBureau : Service AbuseRisk : Risk has fvollows
name = ,CreditBureau” description = ,Abuse of individual-related data“
impact = HIGH
HotelBooking : Service likelinood = LOW
name = ,HotelBooking“ EU_Directive 95 46 EC : Legislation
title = ,EU Directive 95/46/EC Individual Protection“
FlightBooking : Service authors = ,European Parliament, Council*
uri =, http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31995L0046:EN:NOT"
name = ,FlightBooking* date = 1995-10-24
31 1 —
VIT/ILAB ==
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CHAPTER 6

mn Model-Aware Monitoring

Is it not delightful to acquire knowledge and put it into practice
from time to time? — L1~ !
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7. Root cause analysis / manipulation of model(s)

Before: sequential task execution;

. .
mn Model-Aware Monitoring p-95
T MORSE | i e m,
meeTs Business | events
mode’s Process
Enginz [ vuiDs |
4. Process
17 ’—J and
1
analyze
H W
| 3. Get compliance models Inhfdrgg:ag?ugre events
: for process
1 Violation
: : ComplianceRequirement : PublishDeadline detected
1 — _ .
1 ID =,Sec 409 formID -_,FormsK 5. Retrieve responsible /
1 Real time . duration = 2 corresponding models
1 issuer disclosures unit = BusinessDays
1
: 6. Report violation
H \‘___‘_-_-_-_—jv——-_-_._____,_/ :
1 Compliance
1 Governance %
H Web UI
1
[}
[}
1

i

slow, lots of violations

After: parallel task execution;
faster, fewer violations
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I’'m begging you, let me work!
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CHAPTER 7
Summary
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mn Main Scientific Contributions

We defined the novel notion of a navigation
compatible model change and presented an
algorithm for determining navigation
compatibility.

In a SOA we made MDE artifacts uniquely
identifiable and retrievable and facilitated their
design- and runtime use and management.

We demonstrated a direct linkage of system &
requirement models, presented model-aware
systems and realized model-aware monitoring.

p.9
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