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Executive Summary

The ARTIST project aims at providing concepts, techniques, and tools for the modermiation

software by a migratiorto the cloud. Many tools have been developed in the context of
RATFSNBYG 2tQa 2F GKS !weL{¢ LINR2SOlD ! fft26AY
these tools for real world migrations scenarios, they need to be integrateld common

environment. In this deliverable, we report on the ARTIST integrated environment that

provides a common interface to th&RTIST tools. In this sense, the integrated environment
complements the methodology process tool, WP§ with dedicatedool-support for software

engineers and modellers to carry out a migration process.

As in ARTIST we work towards a mdateded engineering approach to support cleariented
software migration, model transformations play a key role in the transitiosoftfivare to the
cloud. In fact, such a migration often requires carrying out several different transformations to
ultimately gain the required software artefacts. These transformations need to be properly
chained and maintained because typically a diveseseof transformations realized by different
transformation languages and technologies need to be executed in an appropriate Baoier.
this reason, we have developed a dedicated language that alkmftsvare engineers and
modellers to compose multiple tresformationsinto a chain, thereby enabling thautomatic
executionof such transformationsf the dchain becomes executedlhe language supports
transformation technologies mainly applied in the context of reveragineering application
code into models,cf. WP8, and forwaréngineering application code hosted by a cloud
environment from models, cf. WP9n this deliverable, we give an overview of the key
concepts constituting this language and show how it can be applied for chaining
transformations that ve been developed in the context of the ARTIST project for supporting
cloud-oriented software migration.

Moreover, transformations developed in the context of WP9 mainly realize mumiehodel
transformations with the purpose of refining and optimizingith towards a selected cloud
environment and producing the pertinent application code from such models by relying on
modeHo-code transformations. In this deliverable, we report on a selected set of patterns for
which we have developed concrete transfornaeits and profiles, aiming to optimize certain
software artefacts for a selected cloud environment. In this respect, the quality of reverse
engineered models plays a crucial role as they are considered as starting point for applying
such transformations inhe forward engineering phasef D8.3 Only if they their quality is
appropriate, the quality of the models and generated application code as a result of possibly
chained transformations will be sufficient and useful for software engineers and modellers.

The ARTIST migration process provides techniques to investigate on the feasibility of a
migration to the cloud mainly by providing metrics, including sowmae maintainability. In

this deliverable, we report on the calculation of the maintainability reedf application code
generated as a result of an ARTIST migration scenario with purpose to reason about possible
improvements.

ProjectTitle: ARTIST Contract No. FR317859
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1 Introduction

1.1 About this deliverable

The integration of the ARTIST tools developed in different WPs into a common environment
aims at improving their application in reabrld cloud migration scenariogcluding the
ARTIST use cases. In this deliverable, we report oARIEIST integrated environment that
provides a common interface to all integrated ARTIST tools on top of the Eclipse environment.
It mainly targets software engineers and modellers carrying owration scenarios to the
cloud. As in ARTIST we work towaadsiodetbased engineering approach to support such a
software migration, model transformations play a key role in the transition of software to the
cloud. In fact, a migration scenario often requires carrying out several different
transformations to ultinately gain the required software artefacts. These transformations
need to be properly chained and maintained because typically a diverse set of transformations
realized by different transformation languages and technologies need to be executed in an
appropriate order. For this reason, we have developed a dedicated language that allows
multiple transformations to be composed into a transformation chain, thereby enabling their
automatic execution if thetw@in becomes executeth this deliverable, we give averview of

the key conceptsonstituting this language and show how it can be applied for chaining
transformations that have been developed in the context of the ARTIST project for supporting
cloud-oriented software migration. Moreover, in the ARTIST gubjransformation techniques
have been applied in combination with annotatichased modeling 4] for realizing
optimization patterns asreported by WP9Deliverables In thisdeliverable, we report on a
selected set of patterns for which we have develomeohcrete transformations and profiles,
aiming to optimize certain software artefactsfa selected cloud environment. In this respect,
not only modelto-model transformations are applied but also modeicode transbrmations

that generate clouespecificapplication code. As the ARTIST migration methodology praqvides
among otherstechniques to investigate on the feasibility of a migration to cloud mainly by
providing metrics, including soura@®de maintainability[2]. In this deliverable, we report on

the calculation of the maintainability metric of application code generated as a result of an
ARTIST migration scenario with purpose to reason about possible improvements.

1.2 Fitting into the overall ARTIST solution

The ARTIST integrated v@ronment supports theARTIST migration methodology from a
technical perspective by providing a tool suite to carry out teatld migration scenarios
including the ARTIST use cases. In this sense, it complements the methgowlogys tool

with a dedicatedmodelbasedtool-support for software engineers and modellers to carry out
such a process. As transformations play a crucial role in such a migration scenario, the
transformation composition language allows software engineers and modellers to chain them
into a coarsegrained transformation This language supports transformation technologies
mainly applied in the context reversngineering application code into models, cf. WP8, and
forward-engineering application code hosted by a cloud environment from models, cf. WP9.
Consiering the latter, transformations developed in the context of WP9 mainly realize model
to-model transformations with the purpose of refining and optimizing them towards a selected
cloud environment and producing the pertinent application code from sucheaisoClearly,

the quality of reverseengineered models plays a crucial role as they are considered as starting
point for forwardengineering activities. Only if they their quality is appropriate, the quality of
the models andyeneratedapplication code aa result of such a transformation chain will be
sufficient and useful for software engineers and modell&tsasuring the quality of generated
application code is provided by calculating dedicated metrics including maintainability.

ProjectTitle: ARTIST Contract No. FR317859
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1.3 Main Innovations

In this deliverable, we set the focus primarily nthe integration of ARTIST tools to support
modetbased software migration to the cloud, (ii) the development of a composition language
to chain transformations as part of the concrete cleariented migration scenario, (iii)
advances in the development of transformations and profiles to realize cloud optimization
patterns for a selected environment, and (iv) advances in the calculaticxutoimatically
generatedsourcecode metrics.

1 ARTIST integrated environemt. Provides a common interface to ARTIST tools to
support software engineers and modellers to carry out software migrations to the
cloud.

1 Transformation composition languageAllows multiple transformations to be
composed into a transformation chaithereby enabling their automatic execution if
the chain becomes executeahd thereuseof themin the sense thathey areloosely
coupled by a more coaragrained transformation

T Transformations and profiles for cloubdased optimization. Suppors the
improvement of software artefacts with novel cloud optimization opportunities.

1 Quality measurements for generated application coddlakes the generated code of
ARTIST tools measureable.

1.4 Delivered Components

All realized components are packaged either as Eclihsgins or Eclipse projects. The selected

license is the Eclipse Public License (BPKA OK A& | Yy 2 ¢WNN Sy Rt 20 22955/
source license. This should facilitate the future potential reuse and integration of the toolbox

(or at least of somef its components) by external partners.

The souce of the integrated environment and the transformation composition language is
located in thepublic ARTIST repository

https://github.com/artist -
project/ARTIST/tree/master/source /Tooling/migration/integrat ed environment

Regarding advances in cloud optimizatioattern, modifications have been carried out to the
model cloudification framework (MCF) as introduced in D9.3 and D9.5:

https://github.com/artist -
project/ARTIST/tree/master/source /Tooling/migration/modernization/ MCF

Regarding advances in measusring the qualitiy of generated source code, the respective
components are located at:

https://github.com/artist - project/ARTIST/tree/master/source / Tooling/pre -
migration/technical feasibility t ool/SCC

1.5 Document structure

The document is structured as follows. In $mtt2, we introduce the ARTIST integrated
environmenton top of the Eclipse environment. We introduce the transformation composition
language in Section 3. In Section 4 we report on the realization of a set of optimization
patterns for a selected cloud environment, while in Section 5, we report on how the

'a9Of ALIAS tdzof AO [ A Bupymave.sctipsecotyfedaiephlB.ml.! G Af | 6f SY
ProjectTitle: ARTIST Contract No. FR317859
www.artist-project.eu
Pagellof47



D9.7. ¢ Integrated Environment for aintaining/developing
forward engineering process Version: 1.Q; Final, Date: 31/02015

maintainability metric can be calculated for application code generated as a result of an ARTIST
migration scenario before we conclude in Section 6.
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2 ARTIST Integrated Environment

2.1 Functional Description

ARTIST Suite consists obandle of different tools sipporting the ARTIST Cloud migration
methodology. As these tools support different phases and tasks within the methodology, and
target different roles (and therefore, providing different interfaces for those users), they can
initially be not sufficiently integrated from different perspectives: usability, interoperability,
seamlessly integration along the ARTIST methodology and so on. The fact that the different
ARTIST tools have been developed according to different functional comstré@chnical
paradigns or different architecture platforms because of technical considerations or
constraints¢ imposes some challengésto their mutual integration.To improve the user
perception of the ARTIST Suite, as a single seamlessly integrated tool, differericabchn
initiatives have been conducted by ARTIST in different work packages:

1 The ARTIST methodology provides the conceptual and behavioural integrated process
that drives the operation of the entire ARTIST Suite and its constituting tools.

1 The Methodology Rrcess Tool (MPT) provides another mechanism to improve the
behavioural and functional integration of the ARTIST Suite tools, which are
orchestrated within the MPT, in the different watlkrough guides provided (e.g. the
Eclipse Cheat Sheets), following fiersonalised ARTIST methodology.

1 The ARTIST Integrated Environment, described in this section, provides a seamlessly
integrated common user interface for all those ARTIST Suite tools that run within the
Eclipse environment.

The ARTIST Integrated Enviromhes an Integrated Development Environment (IDE), hosted

in the Eclipse IDE, which offers the MoflglvenEngineering tools developed by ARTIST,
which are compatible with Eclipse. These ARTIST tools, mostly targeting software engineers
and modellers, car a significant percentage of all the ARTIST tools. Nonetheless, few ARTIST
tools cannot be directly integrated, simply because they are not compatible with the ARTIST
framework. Nonetheless, for these cases, other loose coupling integration apm®dte

been addressed as weltf. D6.4.1 After this conceptual introduction of the scope and
motivation of the ARTIST Integrated Environment, we continue describing the main
functionality it offers to the endiser:

1 A single delivery and installation procedurwhereby the entire ARTIST Integrated
Environment can be installed, either from a distributable bundle, or from the ARTIST
update site Users can install the complete ARTIST Suite or individual components (e.qg.
Eclipse features).

1 An integrated configuradn for all ARTIST Suite tools, within a single-gtecture in
the ARTIST preference pages. Additionally, endpoints to access external (i.e. Web
based) ARTIST tools can be configured in these pages.

1 Top tool bars and menu bars to access external Waed ARTIST Tools, such as the
Maturity Assessment Tool, the Methodology Process Tool, the Certification Tool, etc.
as well as wizard based tools of the ARTIST Suite, such as the Enterprise Architect
Bridge, the Reusability Trace Tool, etc. These externab-hEsed tools can be
accessed through the internal Eclipse Web browser, or through an external one,
depending on the configuration.

1 A Wizard to create an ARTIST Cloud migration project, based on Java, which defines a
Cloud migration project folder structe according to the ARTIST MDE methodology.

ProjectTitle: ARTIST Contract No. FR317859
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1 A layout organization of ARTIST tool views in Eclipse perspectives. The main ARTIST
perspective includes by default the Repository view, from where the user can browse
and access reusable artefacts availablehim tepository.

1 Homogeneous usability and access mechanism (through the user interface) to the
Eclipsebased ARTIST tools, through contextual menus that offer cosenditive
options based on selected artefacts in the local workspace. This common access
mechanism complements other togbecific ones, already provided by the tools
themselves, such as the Eclipse runtime configurations.

1 Grouping of the ARTIST tools within common toolsets: Model Discovery Toolset,
Model Understanding Toolset, Mod€loudification and Optimization Toolset or Code
Generation toolset.

These user interface featurese aiming to improve the interoperability and usability of the
ARSTIST tools within the Eclipse environment, and supporting the access to external ARTIST
Web-based tools as well, were agreed by the consortium (both technical and use case
providers) in an integration workshdgeldduring an ARTIST general assembly.

2.2 Technical Description

ARTIST Integrated Environment (ARTIST IDE) is implemented using Eclipd@lugiDE
Development Environment) collecting most of the ARTIST tools as plugins and features within
its body allowing for a single installation for ARTIST tools and also an update site. ARTIST IDE
also owns a parent plugin as the main feature, whidtejendingon by several tools, defining

an Eclipse perspective for ARTIST, a preference page tree entry housing preferences for some
of the tools and an ARTIST top menu and a toolbar for launching external tools. Next figure
abstractly outlines the ARTIST9 Q& | NOKA (G SOl dzNB ¢

Feature

Feature

Plug-in Plug-in Plug-in ... Feature

l l l ARTIST Integrated Environment

Eclipse IDE

Figurel ARTIST Integrated Environment

2.2.1 ARTIST Suite

ARTIST Perspectivdd2 Y i NA 6 dziAy3d (2 90ftALIASQa LISNARLISOGAD
perspective within Eclipse specialized for ARTIST. This perspective layout contains the
Repository View, Problems View and the Package Explorer as default. ARTIST Perspective is
created byadding an extension farrg.eclipse.ui.perspectivextension point in the plugin.xml

and also defining a class implementing tRerspectiveFactointerface of Eclipse Ul package

to create the initial layout.
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[ Project Explorer 53 = 8 = 0
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Project Package
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Figure2 ARTIST Rspective

ARTIST Preference Page@2 Yy i NAodziAy3d (2 90fALIASQa t NBFSNI

extensions by definindedicated preference pages.

1 ARTIST page contains a single checkbox which offers the user the option to launch the

external tools whether i® Of A LJASQa AYUOSNYyIf 6S06 ONBGASNI 2N

1 Technical Feasibility Tool page too contains a single checkbox to let the user set a
default path for the TFT Report generation path.

1 Methodology Process Tool page consists of a radio button group lohilie user can
select a user role for MPT, a text field for storing the default URL for MPT Web App
and again a text field to store the path value for the MApore to be consumed by
MPT teatsheets.

1 Repository Connections page contains an SWT tabtmliect and store connection
information (name and URL) for the ARTIST Repository.

1 Maturity Assessment Tool page allows the user to set the default MAT URL on the text
field provided and also user credentials for MAT.

9 Certification Tool page contains axtefield to store the default value for the
/| SNIAFTAOIGAZY ¢22fQa ! w[ @

All defined pages created by adding an extensiorofgreclipse.upreferencePageextension

point in the plugin.xml and also defining a class implementing\terkbenchPreferencePage
AYGSNFIOS 2F GKS 90fALASQa !'L LIO1F3ASP ¢KS
the FieldEditorPreferencePaghkass of Eclipse Ul for the ease of layout creation with regards to
coding.
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Figure3 ARTIST preferengeages

ARTIST Top Menu and Toolbdftenu and the toolbar actions allows the user to create an
ARTIST migration project and launch external tools defined in the context of ARTIST,;
Certification Tool, Maturity Assessment Tool and Methodology Process Tool.

Bah the ARTIST top menu and toolbar is created by adding an extension for
org.eclipse.umenusextension point in the plugin.xml by adding a menu contribution. The
menu actions invoke an Eclipse command, defined in the plugin.xml by extending the
org.eclipg.ui.commandsxtension point. These actions send a parameter to the command
handler class which is then interpreted and the appropriate menu action is invoked, be it the
external tool or the ARTIST migration project wizard.

2.2.2 Model Discovery Toolbox

Model Discovery Toolbox feature consists of several plugins, which together forms the tools in

this toolbox. Currently, this toolbgxreported in WP8 Deliverablespnsists of the tools;

Java2Model, Java2UMLClass, Java2UMLActivity, XMLAggregator, SQL ModeteDiacd

JUMP. All these tools except JUMP contribute to the ARTIST Integrated Environment by adding
YSydz I Olazya (2 az2RAa02Q048 5Aa020SNE O2yGSEG Y
extension fororg.eclipse.umenusextension point in the plugin.xmising the menu category

ID defined by Modisco.

JUMP tool on the other hand, defines a Run Configuration which can be accessed by opening

0KS 90tALIASQa RSTFldA G wdzy /2y FAIdzNI GA2Y +ASgdD
menu option to projectavhich have Java nature. The menu option allows the user to create

and open a JUMP run configuration with the properties of the selected Java Project. This is also
managed by adding an extension forg.eclipse.umenusextension point in the plugin.xml

that is linked to a command invoking the run configuration of the JUMP tool.

¢KS dzaSNJ Yl ydzZ ta FyR FAIdZNBA TFdzNIKSNI SELX [ AYyAyY.
deliverablegWP8 series of deliverables)
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2.2.3 Model Understanding Toolbox

The tools in Model Understanding Toolbox are; Component Model Generator, PIM Abstractor,
Annotation Based Slicing and CMM (Computation of Model Metrics). All of these tools

O2y iNARo6dziS G2 G(KS 90tALASQa YSydz SEGSyarzy o
Understanding Toolbox context menu for UML files. PIM abstractor and Component Model
Generator also assist the user with a dialog on which the user can make a selection among the
pre-defined abstractor types and UML profiles to be used in the model atigira and

generation processes. This dialogs are basically implemented as Java classes extending the
TitleAreaDialog2 ¥ 9 Of AeLd®PSThsiusewi@dnudls and figures further explaining the
G22ta OFy 0S F2dzy R Ay (WPB sriefo2delRerablekls a4 LISOG A PSS RS

ey

2.2.4 Code Generation Toolbox

This toolbox feature is formed of Java Code Generator and Maintainability Metric Calculator
(MMC) tools both of which define extensions to Eclipse menus by action additions to context
menus of UML files. The actions are grouped under the Code Generation Toolbox menu
item. MMC also has a custom dialog which helps the user in selecting a source code location of
the selected UML model. The dialogs and menu entries for this feature are implemented the
same wayas the Model Understanding Toold®& Y Sy dz SEGSyamhe vsar | YR RA
YIydzZ £f& YR FAIdzNBE FdzNIGKSNI SELX FAYyAy3a GKS
deliverablegWP8 series of deliverables)

-

2.2.5 Package information

{ Ay OS It | wdalphokagdiiffaniatio® are\withtnitli@ik i@spective deliverables,
this section will only describe the delivery package of the main feature (ARTIST Suite), which
consists of the folder structurghown below

a o sre
a [ = euartist.suite
a B » commands
- [} = LaunchBrowserWithURLHandler.java
a [ = perspective
. [§} > ARTISTPerspectiveFactory.java
a H = preferences

a H} - pages
. [#} = ARTIST java
. E] = CT.java

- [1 = MAT java
- [1 = MPT java
. [§} > TFT java
. [4} = PreferenceConstants.java
- [#} = Preferencelnitializer.java
a [ project
. M} ARTISTProjectSupport.java
a [ utils
- 41 WorkspaceHelper.java
a [ wizards
. '_]] MewARTISTProjectWizard,java
- [#} = ARTISTSuitejava

Figure4 Package strutire of ARTIST Suite
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eu.artist.suite.commandsContains the.aunchBrowserwithURLHandler.java  which
handles the browser launch actions of external tools.

eu.artist.suite.perspective: Contains the ARTISTPerspectiveFactory.java . This class is
responsiblefor the creation of the main layout of the ARTIST perspective.

eu.artist.suite.preferences:Contains thePreferenceConstants.java which holds constant
and default values that are being wused by the preference pages and
Preferencelnitializer.java which initializes the preference values whenever a preference
page is opened.

eu.artist.suite.preferences.pagesThis package contains the implementations of all the
preference pages defined within the context of ARTIST. Each class in this package defines a
unique pae in the Eclipse preferences tree view.

eu.artist.suite.project: Contains theARTISTProjectSupport.java . This class offers a method
for creation of an ARTIST Migration Project.

eu.artist.suite.utils: The package contains a single class calMeekspaceHelper.java . This
class offers methods for creating a base project, adding nature to a project, creation of folders
and setting classpath for library files.

eu.artist.suite.wizards:Contains theNewARTISTProjectWizard .java which is an extension of
the Eclipsavizard, enabling creation of an ARTIST project using the Eclipse wizards.
2.3 User Manual

ARTIST Integrated Environment and all its featptegin will be available for installation using
90fALASQa Lyadlftft bSg {27F0s! N&n e SdwilaaeBand®@A I | wd |
installed manually. Eclipse 4.2 (Juno) is required for installation buts&dliB (Kepler) is
recommended.

Installation Procedure of Required Plugins

ATL plugins are required to be installed. ATL plugins may be installed by following the
installation procedure below:
1. On the Help menu of Eclipse, click Install New Software.

2. CNRBY (KS a22N)] 6AGKE RNRLIR2gy fAddpsedaSt SO0 Y
version. If you damot have these entries in the list continue on from step 2a otherwise
continue from step 3.
a. Click Add button at the right side of the Work with dropdown list.

b. Write a name of your choice for the Kepler/Juno repo.

c. Write http.download.eclipse.org/releases/kepler or
http://download.eclipse.org/releases/juno to the Location field and click Ok.

3. Select ATL SDK, click next and follow the instructions on screen.

4. Restart Eclipse.
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Installation of ARTIST Integrated Envinment

The ARTIST IDE update site will be published at the ARTIST welsitertist-project.eu

F @ AfFofS T2NJ Ay anstdl iNéw Soffwargeatudes Guyfehtly, Sadiif adytidie S Q a
the user can downlad the update site zip file fromhttps://github.com/artist-
project/ARTIST/tree/master/binary/ARTIST IDdnd follow the instructions below for
installation.

1. Download theupdate site zip file fromhttps://github.com/artist-
project/ARTIST/tree/master/binary/ARTIST IDE

2. Extract the Zip contents to a desired location.
3. On the Help menu of Epse, click Install New Software.
4. Click the Add button at the right side of the Work with dropdown list.

a. Click the Local button and select the update site folder extracted from the zip
file on step 2. Click Ok button.

b. Click Ok button.
5. Select the ARTISTateres you want to install and follow the instructions on screen.

6. Restart Eclipse.

ProjectTitle: ARTIST Contract No. FR317859
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3 Transformation Composition Language

A modernization scenario often requires carrying out several different transformations to
ultimately gain the modernized softwaggtefacts. These transformations need to be properly
chained and maintained because typically a diverse set of transformations realized by different
transformation languages need to be executed in an appropriate drdearticular if there are
dependencie between these transformationd-or instance, a transformation may require
models as input that is produced by another transfotima as output. In such a case, the
order in which they are executed is vital for the produced result.

3.1 Functional Description

We have developed a dedicated language that allawsltiple transformations to be
composed into a transformation chain, thereby enabling their automatic execution ifria ¢
becomes executed Chaining transformations fosters reuse in the sense that iegjst
transformations are loosely coupled by a more coageined transformation [L Such a loose
coupling ensures that the developers still have the control over the execution of the single
transformations. The latter is important not only to pause anguree a transformation chain

in case of developers need to intervene, e.g., manual changes need to be carried out on
produced models, but also to partially -execute the transformation chain as a result of
updates to one or more transformations. Such aoré@mental transformation execution can
significantly reduce the runtime overhead particularly when computatigensive
transformations are marginally revised][2Moreover, it can ensure that manual changes to
existing models prior the rexecution of aransformation in the chain are retained because
they are only updated instead of entirely-ceeated.

Definition of
Transformation Chain

|:> Output Models

Input Models '

e

Execution of
Transformation Chain

Figure5 Conceptual overview of transformation composition

From a conceptual perspective, a transformation chain is considered as a single
transformation, where its input is determined by the entry point of the transformation chain,
i.e., transformations that do not require input from other transformations, and &md point

of the transformation chain determines its output. The latter is produced by transformations
on which no other transformations depend. As a result, a transformation chain is a directed
graph, where the arcs in the graph represent a dependerigyne transformation to another
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of the chainWe exploita place/trangtion Peti net [3] as the formal representation to encode
transformation chains and its wellefined operational semantics to execute theim.doing so,

the analysis techniques suppodéy this formalism can directly be used to, e.g., check the
reachability of a certain transformation from another one in the chain. Moreover, the fact that
Petri nets permit concurrent state transitions enables transformations to be executed in
parallel. Finally, because the placement of the tokens captures the state of the chain's
execution, it allows developers to intervene the chain, thereby both a Hiagkas well as a
white-box view on a trasformation chain is providedtigure5 gives a conceptual overview of
defining and executing a transformation chain.

The definition of a transformation chain is enabled by a Grbbaged domairspecific
language, which is ipgred by current build tools such as Gradl€he following Listing shows

the definition of a transformation chain consisting of five transformations that depend on each
other. The first transformation produces a Java model from a Java code base. MdBi$co

is used to perform this first transformation, which is realizsia model discoverer in the
context of WP8In a second step, a UML model is produced from the previously obtained Java
model, where this UML model is considered as input for a gligansformation in the third

step. Then, in the fourth step the sliced UML model is refined towards the Google App Engine
before in a final step code is generated from it. All the transformations in this scenario have
been developed in the context of WR&d WP9.

def java2javamodel = frafo (name: "javazjavamodel® ,of:  "MoDisco" ){
project = "JavaProject”

}

def java2uml= trafo (name: "java2uml® ,of: "ATL" ){
metaModel "Java" , "./Java.ecore"

metaModel "UML", "./UML.ecore"

input "Java" , "IN", "/javamodel.xmi" , "JavaSource"
output "UML", "OUT", "Jumlmodel® , "Table"
transformation = "./Java2UML.asm"

}

def uml2sliceduml= trafo (name: "uml2sliceduml|” ,of: "ATL/EMFTVM"){
metaModel "UML", "./JUML.ecore"

input "Java" , "IN", "/javamodel.xmi" , "JavaSource"
output "UML", "OUT", "Jumlmodel® , "Table"
transformation = ".JUML2SlicedUML.asm"
}
def uml2refineduml=  trafo (name: “"uml2refineduml" ,of: "ATL/EMFTVM"){
metaModel "UML", "./UML.ecore"
input "Java" , "IN", "Jjavamodel.xmi" , "JavaSource"
output "UML", "OUT", "Jumlmodel® , "Table"
transformation = ".JUML2SlicedUML.asm"
}

2 Groovy:http://groovy-lang.org
*Gradle: https://gradle.org
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def uml2java= trafo (name: "uml2java" ,of: "Acceleo" ){
project "UML", "./UML.ecore"

main "Java" , "IN" , ".J/javamodel.xmi" , "JavaSource"
target "UML", "OUT", "./umimodel" , "Table"

model = "./UML2SlicedUML.asm"
}

java2uml.dependsOn "java2javamodel”
umli2sliceduml.dependsOn  “java2uml”
uml2refineduml.dependsOn "umi2sliceduml
uml2java.dependsOn "uml2refineduml

If atransformation is scheduled for execution, it runs through four phases: (i) setup, (i) pre
work, (iii) work, and (iv) postork. The first phase is dedicated to initialize a transformation by
providing all the required parameters. In the above Listing, parameters required to setup

the transformation are enclosed by the curly brackets. The other three phases are part of the
execution of a defined transformation in the chain. Developers can interfere in these phases
by passing method calls to them, whighuseful, for instance, to save intermediate results,
add assertionshat need to be fulfilledprovide debug informationand pass the behaviour of

a transformation directly via the chaiffhe following Listing shows how the three phases can
be accessed

java2javamodel << {
/I before the transformation is executed

}

javazjavamodel .work ={
/I the transformation itself

}

java2javamodel  >> {
/I after the transformation has been executed

}

3.2 Technical Specification

The transformatiorcomposition language uses the following components and technologies:

9 eu.artist.migration.transformation.composition.ui: provides an user interface to
execute a transformation chain

1 eu.artist.migration.transformation.composition.coreimplements the transfanation
composition language based on Groovy, provides a translation of defined
transformation chains into a Petri net representation, and enables the execution of
transformation chains

1 eu.artist.migration.transformation.compositiondelegates  delegates to the
supported technologies such as Acceleo, ATL, ATL/EMFTVM, Modisco

1 Groowvy it is used as a host language for implementing the transformation compositin
language

1 Java / JVMit is used to implement the delegators to the supported technologies;
Groovy igdynamically compiled to JVM bytecode
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3.3 User Manual

In this Section, we give an overview of how the transformation composition language can be
used in practice. A dedicated menu entry is offered to execute defined transformation chain
(right click on *moola ONA LJG | yR &St SO0 dawdzy az22ftl €0

3.3.1 Defining transformation chains

Transformation chains are composed of transformations defined in a *.moola script. The
following example composes three transformations that are executed one after each other.

def a=trafo ( name "a" ) {

Il setup configuration for $name"
}
def b=trafo ( name "b" ) {

/I setup configuration for $name"
}

def c =trafo ( name "c¢" ) {
/I setup configuration for $name"

}

/I define the dependencies between the transformations
b. dependsOn "a"
c. dependsOn "b"

Dependencies between transformations can also be defined within the signature of a
transformation.

def a= trafo ( name "a" ) {

/I setup configuration for $name"

}

def b= trafo ( name "b", dependsOn ['a'" ] ) {
/l setup  configuration for $name"

}

def c¢= trafo ( name "c¢", dependsOn ['b' ] ) {
Il setup configuration for $name'}

Moreover, a short cut can be used to define the order in which the transformations shall be
executed. Finally, it is possible to explicitBfine the entry point of the transformation chain.

run inOrder : ["a", "b", "c"]
start  with : ["b" ]

3.3.2 Conditional Branching

Dependencies can also be annotated with conditighgondition needs tdorward control to

exactly one succeeding transformatidforinstance, fithe condition ofi KS RS LISy RSy 0@
i 2 doésa't match, a default route has to be defined. An exception will be thrown if no
condition matches and no default branch is defined.

ProjectTitle: ARTIST Contract No. FR317859
www.artist-project.eu
Page23of 47

27



D9.7. ¢ Integrated Environment for aintaining/developing
forward engineering process Version: 1.Q; Final, Date: 31/02015

def assertion = "some value "

def a= trafo ( name "a" ) {

/I setup configuration for $name"
}
def a= trafo ( name "b" ) {
Il setup configuration for $name"
assertion = "some other value "
}
def a= trafo ( name "¢c" ) {
Il setup configuration for $name'}

def a= trafo ( name "d" ) {
/l setup  configuration for $name"

}

/I define the dependencies between the transformations
b. dependsOn("a" )
c. dependsOn"b" ) {
asseration == "some other value
}

d. dependsOn("b" )

3.3.3 Concurrency

Transformations in a chain are executed once all the transformatioeg depend on have
been executed. As a result, transformations angossible executed in parallel.

def a = trafo ( name: "a") {

Il setup configuration for $name'}
}
def b = trafo ( name: "b" ) {

Il setup configuration for $name'}
}
def ¢ =trafo ( name: "c") {

Il setup configuration for $name'}
}
b.dependsOn "a"
c.dependsOn "a"

3.3.4 Supported Technologies

Currently, four different types of transformations are supported. They refer to the respective
Eclipsebased technologiescceleg ATLATL/EMFTVM, and MoDisco.
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4 Advances in Cloud Optimization Patterns

In the ARTIST projedtansformation tecmiques areapplied in combination with annotatien
based modeling [8] for realizing optimization patterns as contributed by WH8lldwing, we
report on a selected set of patterns for which we have developed concrete transformations
and profiles, aiming tdurn on-premise software into clouthased software andptimize
certain software artefacts for a selected cloud environment.

4.1 Key-Value Storage Pattern

4.1.1 Functional Description

This pattern aims to change the architecture of the database by converting a relational schema
into a keyvalue storage. In order to successfully apply this pattern, first the domain model of

the application has to be extracted, as it is described in DFbBthe Google App Engine, we

use the Objectify profile, shown idrigure 6. The transformations explained in D9.3
automatically annotate the corresponding entity classes and properties with the
O2NNBaALRYRAY3I Fyy2i0l dA2ya 6% FiguteX ibrdal exdnp¥ o SR
model of the Petstore. Finally, when the code generator is launched, the corresponding
annotations are automatically created for the generated classes and properti€sgiafe8).

4.1.2 Technical Description

As explained in D9.3, the objectification component for generating Objdwdfed PSMs from
PIMs that capture the domain model of an application is realized based on two #wdel
model transformations:

1 DomainModelObjectification:Generic transformation rules to apply Objectifgsed
stereotypes to domain model elements.

T DataAccessObjectsObijectificatiorzeneric transformation rules to generate service
classes for entities of a dam model.

The main technologies used to realize the objectification component are as follows:

1 UML metamodel for representing the discovered UML models, which is included in
the UML2 plugin

1 ATL/EMFTVMor implementing purposes

1 Java for implementationpurposes.

Furthermore, and as explained in D9vie have extended the Acceldmased code generator
developed by Obeo Networks, which includes the following aspects:

I Generic Code GeneratoMWe have added support for UML profiles to the Acceleo
based code geerator developed by Obeo Networks. In this respect, we have also
restructured the code templates as we produce Java annotations for corresponding
UML stereotypes.

1 Code Generator Extension for ObjectiffVe have implemented an Accekbased

code generator extension for the Objectify framework.

Code Generator UICode generator Ul developed by Obeo Networks.

Acceleo Base technology to realize the code generation facility

Java Base technology to realizke code generation facility

UML Modeling language to represent the models and profiles injected to the code

generation facility

E R
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4.1.3 User Manual

The steps to obtain the domain model with the Objectify profile and the corresponding
stereotypes applied arexpldaned in Section 3.3.1.3 of D9.@onsidering thgeneration of the
code, it is explained in Section 3.2.4 of D9.5.

«stereotypes ametaclasss «stereotypes astereotypes «stereotypes
. OnLoad Q Operation . OnSave Cache Entity
A [Cg expirationSeconds @ int [C& name : String
«stereotypes «stereotypes # %
Translate . Serialize
metaclass
[Cg early : boolean [E§ zip : boolean f= “Q -.-—MM’o
. [C5 compressionlevel @ int
— astereotypes ¢ |
. ¥ R tereatypes )
smetaclasse > | El atsoload > smetaclass» | = Embed ? 4
Parameter [C3 value : String E Property ————— J
—. «stereotypes
| N Index ———
b useotype» - 4—]
Load b «stereotype | [
( ?T - T ? + =] unindex
_ I «stereotypes
I . EntitySubclass
«stereotype» ‘ wstereotypes «sreotypen [Eg name : String
&
. Parent . IgnoreLoad = Ignore g index : boolean
[E5 alsoload : String
«stereotypes «stereotypes «stereotypes L
Id . IgnoreSave Mapity
+ value “' 1‘ + value
+value
—— «metaclasss + value
Class —

— + value

Figure6 ¢ UML Profile for Objectify
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E';:, <Package Import> UML Primitive Types
i, «Package Import> Java Primitive Types
4 [ <Package> org
a4 B3 <Package> agoncal
a4 £ «Package> application
4 £3 <Package> petstore
4 B3 <Package> domain
. B <<Embed>> <Class> CreditCard
4 = <<Entity>> <Class> OrderLine
> B3 <<Id>> <Property> id: Long
> B «Property=> quantity : Int [0..1]
> Bl <Property= item : Item [0.1]
s E <«<Entity> > <Class> Order

Figure7 Model with the corresponding annotation$or the KeyValue Storagepattern

[HEmbed HENtity
public class CreditCard { public class OrderLine {

g

* Description of the property id.
£ .Iu'

[@Td
private Long id;

Figure8 cAnnotations automatically generated for thi&eyValue Storagepattern in GAE
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4.2 Caching Pattern

4.2.1 Functional Description

The application of this pattern aims at reducing the timegderforming reads to the database
facilitating database scalabilityn the Google App Engine, we simply need #&Cache>>
stereotype of the Objectify profile shown Figure6 on the entities that we want to be cached
Thus, we only need to know which classes, out of those representing the domain model, we
want to be cached, and stereotype them, as shown in fortde class irFigure9.

& platform:/rescurce/eu.artist.migration.modernization.uml2java.test/model/petstore_demain_ochjectified_dac.uml
4 (= <Model> petstore-app
B <Package Import> UML Primitive Types
B <PackageImport> lava Primitive Types
4 [ «Package= org
4 [ <Package> agoncal
4 [ =Package> application
4 B3 <Package> petstore
4 B3 <Package> domain
. B <<Embed>> <Class» CreditCard
. & «<Entity>> =Class> OrderLine
: Q <<Entity>> <Class> Order
: Q <<Entity, Cache>» < Class> Item
: Q << Entity>» <Class> Category
: Q << Entity>> <Class> Product
: Q << Entity>» <Class> Customer
: Q <<Embed>> <Class» Address

Figure9 Class annotated with th&€achestereotype

Then, the corresponding @Cachenotation at code level as well as the necessary import is
automatically generated by the code generator EifurelO).

import com.googlecode.objectify.annotation.Cache;

HEntity
ACache

public class Item {

Figurel0 Annotation automatically generated for th&Cachepattern in GAE

4.2.2 Technical Description

As explained in D9.A], we have extended the Accelased code generator developed by
Obeo Networks. For this specific pattern, we add support for including@Bachennotation
and the correspondingnports.

4.2.3 User Manual

In order to execute this pattern for having the annotations included in the code, the user
needs to execute the extended code generator after the <<Cache>> stereotype has been
applied to the corresponding classes.
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4.3 Multitenancy Pattern

4.3.1 Functional Description

As we explained in D9.&he Google App Engine offers a PaaS service to its developers, and we
do not have to worry about splitting the data in the database among tenants, since GAE
manages it automatically and transparently to tdeveloper. GAE offers thBamespaces
servicé to implement multitenancy. By using this service, namespaces can be set, obtained,
and validated usingamespace_manager

Although in D9.3 we presented the possibility to stereotype both operations and chagtbes

the Multitenancyprofile, we only consider the stereotype of classes in order to automatically
generate coddahat supports multitenancy. The profile that we propose is showRigurell.
When aClasds stereotyped withMultitenancy, this means that all the entities of this specific
type consider multitenancy. Consequently, all the reads and writes on these entities will be
done by applying the IDf the specific tenant or group @énants. At this level, it can also be
specified the type and level of multitenancy that the system must provide, although for GAE,
theseparameters are not needed.

. «Enumerations
ocSter.EDt}fp = M:F_I;:er::rr‘lac:'ul';; e Multitenancyleve
MU'FltE”E‘”C}‘ zmetaclasss TABLE PER TENANT HARDWARE

+ type: Multl_tenanc:,rT}rpe [1] - Class VPD - - OP_SYSTEM
+ level: MultitenancylLevel [1] SEPARATED SCHEMA | | MIDDLEWARE
SHARED_SCHEMA DATA

Figurell Steoreotype forMultitenancy

In order to automatically generate code that supports multiteog, we have extended the
Acceleo code generator to include some code related to multitenancy in some service classes
of those entities stereotyped withk<Multitenancy>> The usershould be aware that the
entities that should be stereotyped witMultitenancy>>are those that must have their data
split in the databasdn GAEthe Namespacés set to be the ID of the user who is logged in the
application.For instance, in the modelf the Petstore shown ifigurel2, we can see how the
Customerclass is extended with th&lultitenancy stereotype, sincethe user wants each
customer of the applicédn to read/write his/her own data. This means that, when we execute
the code generatorsome code specific for thdtNamespaceManageis added in the service
class of the Customer. In fact, we consider thatew customer logs in whenever it is created
or it is searched for. For this reason, these two operations ofGhstomerServicelass get
extended. The necessary imports to support this serdiae also included automatically (cf.
Figurel3).

4 https://developers.google.com/appengine/docs/python/multitenancy/multitenancy
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4 |#) platform:/resource/eu.artist. migration.modernization.umli2java.test/model/petstore_domain_objectified_dac.uml
4 = <Model> petstore-app
B2 <Package Import> UML Primitive Types
?;_<Packagehﬂpo¢>JavaPnnﬂﬁveTypes
4 B3 <Package> org
4 7 <Package> agoncal
4 1 <Package> application
4 B3 <Package= petstore
4 B3 <Package> domain
. & «<Embed>> «Class> CreditCard
. & <<Entity>> <Class> OrderLine
> E <<Entity>> <Class> Order
> E <<Entity, Cache>> «<Class> Item
. & «<Entity>> «Class> Category
. & «<Entity>> <Class> Product
- & <<Multitenancy, Entity>> =Class> Customer
. & «<Embed>> <Class> Address

Figurel2 Customerclass annotated with theMultitenancy stereotype

import com.google.appengine.api.NamespaceManager;

public class CustomerService {

public Customer createCustomer( Customer entityToCreate) {
if (entityToCreate != null) {

: Provide business logic if required

4

fina the er

1ly ed - synchronous approach

//The Namespace is set for the logged Customer
NamespaceManager.set(Long.toString(entityToCreate.getId()));
ofy().save().entity(entityToCreate).now();

} else {

m

xception handling if the entity is null

}

return entityToCreate;

}

public Customer findCustomer( long entitylId) {
Customer ¢ = ofy().load().type(Customer.class).filter("id", entityId).first().now();
//The Namespace is set for the logged Customer
NamespaceManager.set(Long.toString(c.getId()));
return c;

Figurel3 Some code generated for thilultitenancy pattern in the CustomerServicelass

4.3.2 Technical Description

As explained in D9.A], we have extended the Accelased code generator developed by
Obeo Networks. For this specific pattern, we add support for extersiyegific service classes
and for adding the necessary imports.

4.3.3 User Manual

In order to execute this pattern for adding the necessary code, the user needs to execute the
extended code generator after the <<Multitenancy>> stereotype has been applied to the
corresponding domain classes.
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4.4 Materialized View Pattern

4.4.1 Functional Description

When a query requires only a subset of the data from some entities, such as a summary of
orders for several customers without all of the order details, it must extract allefiita for

the relevant entities in order to extract the required informatioln addition to joining tables

or combining data entities, queries may also include the current values of calculated columns
or data items. Realizing the same query once andnaigduences negatively the performance

of the system. This pattern proposes to store the results of these frequesdlyzed queries in

the Cache, improving the performance of the application.

We consider that these queries are realized inside speqifithods of the classes in the
migrated application. Consequently, we stereotype vdttMaterializedView>those methods

that contain queries of this typecf. Figure14). The idea is to first look if the value we are
interested in is in the Cache. If it is not, the query is realized and the value returned (and also
stored in the Cachelf it is, it is retréved from the Cache.

=Sterectypes

«meta cl.a | tp— MaterializedView
Operation

Figurel4 Stereotype for MaterializedView pattern

For automatically generating code for this pattern, in order for an operation to acquire the
logic to implement the materialized view pattern, it needs to &dlkie <<MaterializedView>>
stereotype applied, as shown for thepdateProductoperation in Figure 15. Then, the
corresponding code template in code level is automatically generated. Then, when executing
the code generator, the necessary imports as well as the code are automatically generated, as
shown inFigurel6.

4 03 =Package= oryg
4 B3 <Package> agoncal
4 [ «<Package> application
4 O3 <Package> petstore
. B3 <Package> domain
4 B3 <Package> service
s Q < Class> OrderLine5ervice
- & =Class> OrderService
. & =Class> ItemService
s Q < Class> CategoryService
P Q < Class» ProductService
=l <Property> item5ervice : ltemService
. {8 <Operation> createProduct (entityToCreate : Product] : Product
. §% <Operation> findProduct (entityld : Long] : Product [0.1]
. §8% <Operation> findAllProduct {J : Product [0..%]
. 8 <<MaterializedView=> <Operation> updateProduct (entityToUpdate : Product) : Product
. {8 <Operation> removeProduct (entityToRemove : Product)
. & =Class> CustomerService
. 27, <Profile Application> objectify

S =Profile Application> multitenancyPIM

. 37, «Profile Application> materializedView
Figurel5 Operation annotated with theMaterializedViewstereotype
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import com.google.appengine.api.memcache.MemcacheService;
import com.google.appengine.api.memcache.MemcacheServiceFactory;
import com.google.appengine.api.memcache.ErrorHandlers;

pﬁblic Product updateProduct( Preduct entityToUpdate) {

String key = "MV1"; //This key needs to be unique

MemcacheService syncCache = MemcacheServiceFactory.getMemcacheService();
syncCache.setErrorHandler(ErrorHandlers. getConsistentLlogAndContinue(Level . INFO));
String value = (String) syncCache.get(key);

if (value == null) {

Iy : Provide the operation whose result is then materialized in a wiew in the cache
syncCache.put(key, value);

telse{
// The wvalue was already in the cache, we have therefore retrieved it, now semething can be done with it

)

Figurel6 Code automatically generated for th®laterializedViewpattern

4.4.2 Technical Description

As explained in D9.H], we have extended the Acceldased code generator developed by
Obeo Networks. For this specific pattern, we add support for extending the specific operations
of service classes that asmnotated with <<MaterializedView>>. Specifically, the extension in
code level refers to the inclusion of the template in said operations.

4.4.3 User Manual

In order to execute this pattern for having the code included in the operations, the user needs
to execue the extended code generator after the <<MaterializedView>> stereotype has been
applied to the corresponding operations.

4.5 Circuit Breaker Pattern

4.5.1 Functional Description

A circuit breaker acts as a proxy for operations that may fail. The proxy should mtEto
number of recent failures that have occurred, and then use this information to decide whether
to allow the operation to proceed or simply return an exception immediately or wait for a
specific timeout for retrying the operation.

We have implementedhis pattern in a model level as a stereotype extending an operation,
since it § within methodswhere the calls to a specific service may fail. As we need the
information about the number of failures before the circuit breaker acts, we have set an
attribute thresholdin the stereotypeWe alsoneed to know the time we want the application

to wait before retrying the operation, something that is stored in tiraeout attribute. The
stereotype we have defined is shownRigurel?.

«Stereotypes
CircuitBreaker

+ threshald: Integer [1] ™  «metaclasss

+ timecout: Integer [1] Operation

Figurel? Stereotype for theCircuitBreakempattern

In order for an operation to acquire the logic to implement the circuit breaker pattern, it needs
to have the<<CircuitBreaker>=stereotype applied (cfFigure18). Then, the corresponding
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code template in code level is automatically generated together withGireuitBreakergva
and ServiceCircuit.javelasses.

4 B5 «Model> petstore-app
'?;:, <Package Import> UML Primitive Types
?;:, <Package Import> Java Primitive Types
4 B3 «Package> org
4 B3 <Package= agoncal
a [ «<Package> application
4 1 «<Package> petstore
- B3 «Package> domain
a4 [ «Package> service
s Q < Class> OrderLineService
, 5 < Class> OrderService
4 = <Class> emService
. 48 «<Operation> createltemn (entityToCreate : Item) : ltem
. 8 <Operation> findltem (entityld : Long) : Item [0..1]
. §88 <<CircuitBreaker> > <Operation> findAllltern () : Item [0..%]
. {8 «<Operation> updateltermn (entityTolUpdate : lterm) : ltem
. 48 < Operation> removeltemn (entityToRemove : ltem)

Figure18 Operation annotated with theCircuitBreakeistereotype

4.5.2 Technical Description

As explained in D9.A], we have extended the Accelased code generator developed by
Obeo Networks. For this specific pattern, we add support for extending the specific operations
of service classes that are annotated with <<CircuitBreaker>>. Specifically, the exi@nsion
code level refers to the inclusion of the template in said operations.

45.3 User Manual

In order to execute this pattern for having the code included in the operations, the user needs
to execute the extended code generator after the <<CircuitBreaker>> steredigpebeen
applied to the corresponding operations.

4.6 Cloudification of Resource Monitoring Concerns

4.6.1 Functional D escription

Platform resource monitoring in Java is possible through several means, the most widely used

being JMXJava Management eXtensio@dMXprovides means to add flexible and powerful
management interfaces to an application. Through JMX technology, a set of platform
resources to be controlled can be seen as simple,-eeflhed objects whose properties map

to the lowerlevel characteristics dhe given resourceWith JMXJava instruments the Virtual

Machine itself to provide visibility into the state of memory management, class loading, active

threads, logging, and platform configuration. This functionality is provided thrddgyBeans

which NB> Ay SFFSOGX YIyF3aSySydad o6Stya SyOl LadzZ i
internals. The management interface exposes several classes to control a wide set of
resourcesincluding Memory, Operating System, Threads, Runtime

When moving to cloudn particular to PaaS providers, it is possible that this information is no
longer available, incorrect or not supported. The transformation described in this section is
aimed at replacing the existing technology to gather the information about platfesources
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with one that is supported by the cloud provider, with a minimal impact for the rest of the
system.

Although for some types of resources resource management is taken care of by the cloud
provider, the monitoring of resource consumption can be uktd systems when they want to
enact closed loop management mechanisms, or even to try to contain costs related to
resources consumption.

Taking as an example Google App Engine (GAE), while this cloud provider does not support
JMX, includinglMXBeanscess, it offers billing schemas based on resource usage quotas.
Resource monitoring can be useful to check that the system does not exceed the thresholds
over which resources are to be paid for. Even if JMX is not supported as such, GAE offers
several otherservices to manage and monitor the consumption of resources. The idea of the
transformation is to create a profile that allows identifying platform resources, so to be able to
replace the technology to access them with the ones compatible with the clomdder.

In Figurel9, the whole transformation chain is visualized, together with the artifacts involved

in the process. All artifacts and transformations are desctim more detail in the following
paragraphs. The initial input to the transformation process is the UML Model of the system to
be migrated. The model is annotated with tResourceMonitoringProfile created to identify
resources ant its properties. Trasnotated model, still platform independent, is then mapped
with the Resource Monitoring GAE library model. This library is specific to Google app engine
and uses cloud provider specific APIs to gather information on the resources.

RM-GAE Lib
UML

Model (PDM)
UmML Annotated \L umML
Model Annotate4dRM UML %[ RM2GAEMapper ]ﬁ Model
(PIM) Model (PSM)

ResourceMonitoring
Profile

( ) e Reverse .
JMX-CD2RM-Profile € Class . . Java
Engineering Tool
source

ii . J Diagram

Figurel9 Transformation Chain

The result of this mapping is a Platform specific model with resource management support for
the target cloud provider, in this case Google App Engine

4.6.1.1 Platform -Independent Profile for Resource Monitoring

The ResourcMonitoring profile esmodel.pofile) has been derived automatically from the
JMX specifications. It describes resources and their main properties relevant at the level of the
Java platform.The profile has been generated using an ATL transformatlxCD2RM
Profile)that maps the JMX concepts to stereotypes, along with their properties. The diagram in
Figure 20 depicts some of the resources modelled in the proffen if not all providers
support the access to all the properties listed in thesmodel.profile the profile is as
complete as possible to be platform independent.
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«Stereotype»
Runtime

«Stereotypes
Thread

+ base_Interface: Interface [1]
+ base_Class: Class [1]

+ Name: Name [1]

+ VmName: VmName [1]

+ VmVendor: VmVendor [1]

+ VmVersion: VmVersion [1]

+ SpecName: SpecName [1]

+ SpecVendor: SpecVendor [1]
+ SpecVersion: SpecVersion [1]

+ ClassPath: ClassPath [1]

+ LibraryPath: LibraryPath [1]

+ BootClassPath: BootClassPath [1]

+ InputArguments: InputArguments [1]
+ Uptime: Uptime [1]

+ StartTime: StartTime [1]

+ SystemProperties: SystemProperties [1]

& + base_Class: Class [1]

&) + base_Interface: Interface [1]

=] + ThreadCount: ThreadCount [1]

=) + PeakThreadCount: PeakThreadCount [1]

= + TotalStartedThreadCount: TotalStartedThreadCount [1]
=] + DaemonThreadCount: DaemonThreadCount [1]

=] + AllThreadlds: AllThreadlIds [1]

=] + CurrentThreadCpuTime: CurrentThreadCpuTime [1]
= + CurrentThreadUserTime: CurrentThreadUserTime [1]
+ ManagementSpecVersion: ManagementSpecVersion [1] = + ThreadCpuTime: ThreadCpuTime [1]

=] + ThreadUserTime: ThreadUserTime [1]

=l + ThreadInfo: ThreadInfo [1]

«Stereotypex
OperatingSystem

«Stereotypes
Memory

+ HeapMemoryUsage: HeapMemoryUsage [1]

+ base_Interface: Interface [1]
| + base_Class: Class [1]

O0oo@oo

+ ObjectPendingFinalizationCount: ObjectPendingFinalizationCount [1]

+ NonHeapMemoryUsage: NonHeapMemoryUsage [1]

(=]
=
=
(=]
(=]
(=]
(=]

+ base_Interface: Interface [1]

+ Name: Name [1]

+ Arch: Arch [1]

+ Version: Version [1]

+ AvailableProcessors: AvailableProcessors [1]
+ SystemLoadAverage: SystemLoadAverage [1]
+ base_Class: Class [1]

Figure20 Platform Independent Profile for Resourddonitoring

4.6.1.2 Platform -Specific model for Resource Monitoring

To exploit the information made available from Google App Engine, a library for resource

monitoring has been developed in the context of ART&lect. This libraryusesplatform

specific services (GAE QuotasService, Module APIs, GAE SystemProperty class) plus other

standard Java calls, to gather information about resources.

A model for this library has been generated and annotated with the Resource profile, and used

asthe PDM for this transformation
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#]| GAE-res-monitors.uml £3

a #] platform:/resource/eu.artist. migration.medernization.eng.menitoring/PDM/GAE-res-monitors.uml
4 = <Model> root model
4 =1 «Model> GAE-res-monitors
4 £ <Packages eu
4 3 «<Package> artist
4 £ «<Package> eng
4 1 «Package> modernization
4 B3 «Package> monitors
4 £ «<Package> gae
Q <Class> ObjectMame

. B «Class> MemoryUsage

4 [ <<OperatingSystem>» <Class> Q5M
- [Eg <Property> runtime : Runtime [0..1]
- % <Operation> getMame () : String [0..1]
. % <<Arch>> <Operation> getArch () : String [0.1]
- % <<Version>> <Operation> getVersion () : String [0..1]
\ ﬁ}.., << AvailableProcessors» = <Operation> getAvailableProcessors () 1 int [0.1]
- % <<SystemlLoadAverage>> <Operation> getSystemlLoadAverage () : double [0.1]

. & <«<Thread>> =Class> ThreadM

. & <<Runtime>> <Class> RuntimeM

» Q << Memory>> <Class> MemoryM

. B <Class> ManagementFactory

! Q <(Class> GAE_res_monitorsServiet

Figure21 GAE resource monitors PDM

4.6.2 Technical Specifications

This section describes an example of migration of a SPCoop service responsible for monitoring
and managing resources using JMX platfdseans, to the corresponding GAE compliant
service.

The input Platformindependent class diagram represents the system once sliced to extract the
relevant view of the original PSM. This is the output of the model discovery / understanding
phase of the ARSI methodology, and input to the transformation described in this section.

Taking into consideration the migration goal described above, the first step of the migration is
to map resources in JMX and map them to the vocabulary of the Resource monitord?ill p

For this purpose m in-place ATL transformation Annotate4RMatl) has been created. A
snippet of the transformation, regarding the mapping of Interfaces is shown below:
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€] AnnotatedRM.atl 3

-- Annotate the MXBeans
rule AnnInterface {
from
s: UML2!Interface in IN (
s.name.endsWith('MXBean")
)

using {
temp_name : 5tring = s.name.replaceAll('MxBean’, '') ;
st : UML2!Stereotype = thisModule.rm_stereotypes -> any(var | temp_name = var.name);

}
to

t: UML2!Interface
do {

- We apply the sterectype
if (not st.oclIsUndefined()) {
s.applyStereotype(st);
h
- annotate all operations in this bean with their stereotypes

for (op in s.getOperations()) {
thisModule.AnnOperation(op);

}
h
}
9= lazy rule AnnOperation {
from
51 UML2!Operation
using {

s.interface.name.replaceAll( 'MXBean', '').tolLower() ->debug('tmp_name') ;
UML2!Package.allInstancesFrom( 'RM') -> any(var | temp_name = var.name} -> debug('pkg');
.name-> debug('op');

temp_name : String
pkg : UML2!Package
op_name : String =

wounon

t: UML2!Operation
if (not pkg.oclIsundefined()) {
if(not pkg.sub_stereotype(op_name).oclIsUndefined())

Figure22 Annotate4RM transformation

A sample of theesulting PIM model with RM stereotypes is showFigure23.

wFNEMOry» cruntimes «threacs
«Interfaces «Interfaces «Interfaces
MernoryMxBea =] RuntimeMXBea = ThreadMXBea

(enguspcoops:monitors:jvm)
Q WIMResMonitor

@5, - JWMResMonitor()
#5 + stop(: void

5 + restart(): veid
§5 + start(): void

Figure23 PIM model annotated with Resource Monitor profile

The following step consistm merging the annotated PIM model with a Platform Dependent
Model that links concepts of the PIM profile to the classes needed to resource properties
values in Google App Engine as already shovdigure2124.

The transformation is performedby applying the respective transformation ¢
RM2GAEMapper.atl ¢ that relates classes, attributes and operations of the PIM profile with
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correspondent ones of the PDM. The resulting Platform Specific diagram is depic¢igghia
25.

<P spcoop-res_GAE.di £

aruntimes
(eusartist:eng:modernization:monitors:gag)
Q RuntimeM (enguspcoopumonitors:jvm
£ JWMResMoniter
[Eg +run: Runtime [1
(£ = mem: MemoryM [1] threads
3 +mthread: Threadh [1

(eusartist:eng:modernization:monitors:gag)
=] Threadm

#5 + stop(): veid
Zj‘% + restart(): void —4
Zj‘% + start(): void

aMMEMOry»
(eusartist:eng:modernization:monitors:gag)

=] MemoryM

Figure24 SPCoop monitoring service PSM (GAE compliant)

4.6.3 User Manual

The oncrete implementationf M2MT modulesa dzLJLJ2 NI A2ydZAR AFKR O di@i2y ¢ 2F N
monitoring in Google App Engine are part of the ARTIST Cloudification Toolbtocated in

ARTISTooling Github Repository, under the foldaigration/modernization/in the project

eu.artist. migrationmodernization.eng.monitor.

The project contains the following folders:

9 transform:containing allATLtransformations;

1 models:collects input and output models. The input PIMpEoopres_JMX.umhvhile
the PSM model produced by the transformation is narapdoopres_ GAE.uml

1 PDM:contains the resourcenonitor-GAE.uml model;

9 profiles:contains theresmodel.profile

9 launch:The folder contains the launch files allowing to run the transformations. Files
are numbered for convenience of the user.

In order to run the transformations, launch file RM_annotate.launchirst, to create the
spcoopres_PIM_RM.umihtermediate model, then launcB_PIM2PSM.laundio generate the
target PSM model. To launch the file run right click on the file in the wadespesource tree
YR aStSOG awdzy Fa¢sx OK22aAy3a GKS 1 dzyOK O2Yy FA:

4.7 Federated ldentity Pattern

4.7.1 Functional Description

Elaborating the work described in deliverable D9.3 on the cloudification of security concerns,
we have extended the transformation to include the motielcode stepFigure25recalls the
transformation chain already covered in D9.3 (in grey) and highlights the extension, the
implementdion on topof an Acceledased code generator for the Federated Identity pattern.

4.7.2 Technical Description

This generator extends the stdard UML2Java Acceleo code generator to create stubs of core
methods, so to implement correctly the authentication process using the openiD4Java library,
based on the stereotypes in the Authentication Enforcer pattern
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Figure25 Federated Identity optimization pattern process
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the correct interaction with the openid4java library.

&) petstoreEEorig_AE_openiddjava.uml 5%

a4 1 <Package> org
a [0 <Package> agoncal
4 £ <Package= application
4 [ <Package> petstore
F3 <Package> constraint
> B3 <Package> domain
> B3 <Package> exception
> B3 <Package= rest
» B3 «Package» security
- B3 <Package> service
» B3 <Packages> util
4 [ <Package> web
. & «Class> Exceptionlnterceptor
> E <Class> LocaleBean
» B <Class> CatalogController
. B <<Credentials>> <Class> Credentials
4 B <<AuthenticationEnforcers» <Class> AccountController
A «Generalization> Centroller
» [E1, <Property> customerService : CustomerService
» [EL <Property> credentials : Credentials
- [EL <Property> conversation : Conversation
- [EZ, <Property> leggedinCustomer: Customer
» [E1, <Property> loginContext : LoginContext
» [Eg <Property> ap: OpenlDAuthenticationProvider

Figure26 Petstore PSM with OpenID UM

For example, using stereotypes from the AuthenthicationEnforcer profitegsbeen possible

to identify and initialize methods for theéAuthenticationProviderclass, where variables
referring to theSubjectclass have been matched to the correct signature. In the following an
example of a model and one of its generated methods:
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a4 B3 <Package> eu
4 |F3 <Package> artist
4 [0 <Package> modernization
a4 B3 <Package> eng
4 [0 <Package> openid
F3 <Package> subject
4 & <<AuthenticationProvider>» =Class> OpenlDAuthenticationProvider

» [Eg <Property> sc: CustomerService [0.1]
» [Eg <Property> RETURMN_URL : String [0..1]
» [Eg <Property> consumerManager : ConsumerManager [0.1]
+ {3 <Operation> performDiscoveryOnUserSuppliedidentifier (userSuppliedldentifier : String [0.1]) : Discoverylnformation [0.1]
s ij‘% <Operation> createOpenldAuthRequest (discoverylnformation : DiscoveryInformation [0..1], returnToUrl : String [0.1]) : AuthRequest [0..1
s ij‘% <(Operation> processReturn (discoverylnformation : Discoverylnformation [0..1], req : ServletRequest [0..1], returnToUrl : String [0..1]) : Cus
. 48 <Operation> getConsumerManager () : ConsumerManager [0..1]
+ {3 <Operation> getReturnTelUrl () : String [0.1]

Figure27 Stereotyped example model

Processes the returned information from an authentication request
* from the OP.
:.:._.,I
public Customer processReturn{ DiscoveryInformaticn discoveryInfermation, ServletBequest req, String returnToUrl) {
Customer ret = null;
/ Verify the Information returned from the OP
This is required according to the spec
Parameterlist response = new Parameterlist(req.getParameterMap());
try {
VerificationResult verificationResult = getConsumerManager().verify(returnToUrl, response, discoveryInformation);
Identifier verifiedIdentifier = verificationResult.getVerifiedId();
if (verifiedIdentifier != null) {
Authsuccess authSuccess = (AuthSuccess)verificationResult.getAuthResponse();
if (authsuccess.hasExtension(SRegMessage.OPENID NS_SREG)) {
MessageExtensign extension = authSuccess.getExtension(3RegMessage.0PENID_NS_SREG);
if (extension instanceof SRegResponse) {
ret = sc,(verifiedIdentifier.getIdentifier());
ret = sc.getSubjectbyId(verifiedIdentifier.getIdentifier());
ret.setOpenId(verifiedIdentifier.getIdentifier());

h
¥
h
t catch (Exception e) {
String message = "Exception occurred while verifying response!™;

throw new RuntimeException(message, e);

}

return ret;

Figure28 Generated code from stereotypedxample model
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5 Advances in Measuring the Quality of Generated Code

5.1 Functional Description

In the first stages of the ARTIST methodology {pigration phase)and project where the
feasibility for a migration to cloud is being evaluated, the maintainability metric (as defined by
IEEE 9]) for analysingthe software complexity is calculated. In the context of the
modernization phasghe maintainability metric of the geneted metric is calculated too. The
main purpose for this realculation of the maintainability index is &mnalyzeif within the
application modernization process (through model to model and model to code
transformations) this metric has improved.

Maintainabilityis defined by IEEE standard glossary of Software Engind&linga 41 KS S| & S
with which a software system or component can be modified to correct faults, improve
LISNF2NXYIFyOS 2NJ 2GKSNJ FGidNAO6dziSazT 2NJ I RIFLIWG G2

As explied in D5.1.1in the context of ARTIST we use the compound MEMOOD method [
to calculate the Maintenance based on the following model:

000t 00t @F GOM wod ¢ QQOQMERK DWEHQQI | 0 HTWRATQO O
YO O @D XD 06
Where:
0 € QQQQNGHE DIEIX pO 6 T X 00 "0OQET® p @0 6 QOO w @
0 "0Q¢ @ wed Ow0O0Y
YEQQI i 0 pHM B el 6 T wT 0 "0QE O
YOO QO ROTWIw 06 TP MNMO6 TMrwyxl O micedd ey
00 "Y

D06 ™M QwmBtmyY 6€ 0N MPYPOENI Q &P pwd & T YT 0D 66

Being NC: Number of classes; NGen: Number of Generalizations; NGenH: Number Of
Generalizations Hierarchies; AC: Afferent CoupliE@: Efferent Coupling; ND: Nesting Depth;
DMS: Distance from main sequence; PC: % coverage; CC: Cyclomatic complexity; ILCC: IL
Cyclometic complexity

This prototype calculates the final Maintainability metric through the combination of the
atomic metrics. The final objective is to calculate both metrics, the one obtained from the
source code and the one calculated from the generated code, and analyse possible variations.

5.2 Technical description

5.2.1 Prototype architecture

Thecurrent Maintainability metie calculatomprototype architecture is a java API that explores
source files to generate several Metrics of a specific project. The following image depicts the
overall architecture:
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Figure29 MMC High level architecture

While the main objective of théVlaintainability Metric Calculatois to expose an API that any
other plugin or RCP could use to obtain the metrics generated inAR&ISTProject, it also
provides Test Cases to access the same functionality as if used prograailpatihe
generated metrics is available in XML files and console log.

5.2.2 Components description

The current Maintainability Metric calculator prototype component comprises three
components:

1 Metric Explorer:This is the main component tiie MaintainabilityMetric calculator
current prototype It provides the calculation of all the required metrics that are used
to generate themaintainability metric Besides, it also provides exporting features to
convenient formats like XML or JSON

9 Structures:This compoant contains the structures of the inputs and outputs models
that the Metric Explorer uses. It algmrovidesthe functionality for generating the
output file formats (XML, JSQN

1 Test CasesThis componenis providedfor implementing thetesting of the Metric
Explorer component. It generates several use cases that test the functionality of the
Maintainability Metric calculatarThe test case generates console logs and XML files
with several examples (DEWS and JavaPetStore)

5.2.3 Technical specifications

All the components are developed in JavaSE 1.6. So this is the minimum java version for
executing the API. There are no any other requirements

User Interface

There is no user interface implemented the result obtained from Maintainability Metric
calculator wil be consumed by other ARTIST tools or used for validakon executing the
Metrics Explorer API the user has to execute the test cases included in the API. Several input
parameters can be changed for obtaining new metrics of different prajects

Backend
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There is no persistency implemented neither planned for this API. Thus, every time the new
metrics are needed, they have to be calculated. Persistency is delegated to APl consumers.
5.2.4 Packageinformation

The following image depicts the package structufé¢he main component, the Artist metrics
generator plugn.

a ‘_;‘,J- ew.artist.migraticn.mme
4 5 sre
4 [ euartist.migration.mme.metricexplorer
- [4] AbstractionExplorer.java
. [J] ClassExplorer.java
- 4J] ComponentExplorer.java
- 4] CouplingExplorer.java
- 4] CSExplorer.java
. [4] CyclomaticExplorer.java
» _'B lavaExplorer,java
- 4] MetricCalculator.java
- [J] MestedBlockDepthExplorer.java
- [J] PolymorphismExplorer.java
; _'B Searcher,java
+ 4J] UMLExplorer java
4 B eu.artist.migration.mmec.structures
. [J] Component.java
- [4] Method.java
. [J] Projectjava
. [J] SearchResult.java
- [J] SourceFilejava
- [J] UmlElement.java
4 B euartistmigration.mme.test
» _'B AfferentTest.java
- 4] ClassNumberTest java
- [J] CyclomaticComplexityTest.java
- )] EfferentTestjava
. [4] MetricCalculatorListTest java
+ [J] MetricCalculatorTest java
. [J] MestedBlockDepthTest java
> 2= JRE System Library [JavaSE-1.6]
. =, Referenced Libraries
» = lib

Figure30 Package structure of the Maintainability metric calculator

1 eu.artist.migration.mmcmetricexplorer. Contains the classes for exploring the UML
models and thesource code.

1 eu.artistmigration.mmcstrucctures Contains the classes of the structures used by
the metric explorer component

1 eu.artist. migration.mmctest: Contains the test cases classes for executing the metric
explorer component.
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5.3 User Manual

In this \ersion of the prototype this plu requires manual installatiofThe user has to import
de components tothe Eclipse workspace manuallgll the components are developed in
JavaSE 1.6. So this is the minimum java version for executing the API.

Import the project into the Eclipse workspace:

= ‘,;—f- e, artigt. migration. mmc

=148 g
+- 4 ew.artist. migration. mme. metricesplarer
+-H1 ew artist. migration. mme. structures
+-1H eu.artist migration. mme. test

+-B JRE Spstem Librany [JavaSE-1.E]

+- 24, Referenced Libraries

£ = lib

Figure31 Maintainability metric calculator project

Open the eu.artismigration.mmctest package

a B euarist.migration.mme.test
. 1] AfferentTestjava
. 1J] ClassMurmnberTest java
. [J] CyclomaticComplexityTest.java
. 1] EfferentTest,java
. [J] MetricCalculatorListTest java
. [J] MetricCalculatorTest.java
- [J] MestedBlockDepthTest.java

Figure32 Testing package

Right click in a test case and seléd@ Run as Java Application option:
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Figure33 Maintainability metric calculator testing
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