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Executive Summary

This document is the D6.1- Analysis of current migration approachedeliverable report of
ARTIST project which was produced in the frame of Task 6.1- Definition of roadmap
components (basic steps for migrating documentation, code, etd.)WP6- Modernisation
Blueprint, methodology and integration The report presents an analysis of the current
approaches for software migration and modernization which will exploited in the project to
define the baseline for the ARTIST migration methodology and conceptual architecture.

For the effective analysis and categorization of the respective approaches and tools, the main
processes of the ARTIST migration methodology and an initial specification of the high-level
conceptual architecture have been described based on the project objectives and an internal
survey. This survey was conducted by circulating internally in the project a questionnaire for
the categorization of the key objectives and process of each WP as well as for the main
artefacts that will be used and/or implemented.

The SotA analysis covers the ARTIST related methodologies and supporting tools and
specifications which in sequel have been also evaluated from the project point of view in order
to identify which and how these could be exploited and adapted towards the definition of
ARTIST migration methodology.

Project Title: ARTIST Contract No. FP7-317859
() B www.artist-project.eu
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1 Introduction

The main scientific and technical objective of ARTIST Project is:

To prepare, support and increase the competitiveness of the European Software and §
Industry in a global Cloud and SaaS business environment, ARTIgS&valdb a set of
methods, tools and techniques that facilita the transformation and modernization o
legacy software assets and business@he project wiltreate tools to assess, plan, desig
implement, and validate an automated evolution of legacy software, sold as a good, to S
and to the cloud computing elivery model By focusing on reusability during this transiti
the methods and tools will be generic enough to cover future shifting efforts, e.g. deplo

Services

[
n,
aasS
hn,
yment

to future platform delivery paradigms.

In order to achieve this objective, the ARTIST consortium will have to work extensively to cover
not only the core migration process of legacy software but also the pre- and post-migration
aspects. To this end, effective collaboration between the various ARTIST WPs is required,
especially between WP6 and the technical WPs.

WP6 - Modernisation Blueprint, methodology and integraticnesponsible for producing the
overall ARTIST methodology along with tools to support it, as well as for delivering the ARTIST
Conceptual Architecture. This work necessitates extensive knowledge of each technical WP
activities including the expected outcomes and dependencies to other WPs. Task 6.1 -

Definition of roadmap components (basic steps for migrating documentation, codejsetc.)

dedicated to the identification of the various inter/intra WP elements that will be part of the
methodology and architecture.

To this direction, in the frame of WP6 an internal survey was conducted in order to identify
and align the objectives of each WP and resolve their dependences for the migration and
modernization of a legacy application. This survey, presented in section 2, facilitated an initial
definition of the main processes of the ARTIST methodology as well as a high-level
specification of the ARTIST architecture.

The ARTIST methodology will be based on MDE (Model Driven Engineering) techniques. MDE
aims to raise the level of abstraction in software specification and increase automation in
development. The idea promoted by MDE is to use models at different levels of abstraction for
developing systems. The use of executable model transformations allows an increase of
automation in software development. Higher-level models are transformed into lower level
models until the model can be made executable using either code generation or model
interpretation.

MDE encompasses both reverse engineering techniques that enable the automatic acquisition
of models through the processing of source code developed in different programming
languages as forward engineering.

Forward engineering techniques permit the transformation of models with a higher level of
abstraction to other models closer to the deployment platform (Model to Model
transformations), and source code generation from these models (Model to Code
Transformations).

The main focus of this document though is the analysis of the related migration methodologies
and tools, the results of which are presented in section 3. This section covers the
methodologies defined by a) European Research Projects, b) the scientific community and c)
key players in this domain like Amazon and IBM. In addition, the various SotA elements have

Project Title: ARTIST Contract No. FP7-317859
() B www.artist-project.eu
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been examined by the ARTIST perspective (section 4) to identify if and how these could be
exploited or adapted in the ARTIST methodology.
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2 Overview of the ARTIST Migration Approach

One of the main tasks during the first project period is to define the elements of the roadmap
(methodology, steps, timing, guidelines, etc.) that the ARTIST users should follow to perform
the migration of their legacy products. During this process, the innovations introduced in the
project for assessing both architecture and organizational and business aspects of the
modernization, unlike current existing migration approaches, are also considered.

For the identification of components extensive communication between the stakeholders of
the various elements was necessary and to this direction several audio-conferences took place
and also an internal survey was organized. The survey was structures as a questionnaire which
was circulated to the technical WPs of ARTIST (WP5, WP7-WP11). The scope of the
guestionnaire was not limited to components but will also cover the following elements of
each WP from both technical and business aspects:

T WP methodology and processes (including cross WP interactions)

I Software components and tools

I Artefacts such as (meta)models, profiles and entities to be used and or implemented
I Specifications of all the above

The structure of the questionnaire is available in the ANNEX A of this report while preliminary
results for the identification of the various ARTIST elements as well as the overall ARTIST
architecture are presented in the following sub-sections. The survey took place during
November 2012 however, additional, focused and topic specific, iterations will follow the
upcoming months in order to resolve all identified issues and further detail the methodology
and architecture specifications.

2.1 ARTIST Migration Approach Phases and Main Activities

The ARTIST Methodology consists of three major phases plus one which are analysed below.
These phases are:

9 Pre-migration: In this phase a study on the technical and economic feasibility will be
conducted as a prelude to perform migration / modernization of the legacy system.

T Migration: This phase will perform the migration process itself, by using reverse
engineering and forward engineering techniques in order to deploy the legacy system
in the cloud. This phase also includes the verification (V & V) of the final system.

9 Provisioning: In this phase it will be checked if both technical and business objectives
established in the pre-migration phase have been achieved. Moreover, a certification
model will be created in order to increase customer confidence in the SaaS system.

9 Evolution: In this phase includes all needed maintenance activities of the application
after migration to the cloud, such as software updates, or even cloud provider changes
if necessary.

The following picture depicts, in a rough manner, the different phases that the ARTIST
Migration Approach has.

On the left there have been included the three core phases of the process (Pre-Migration,
Migration and Provisioning). As shown graphically on the stairs on the right, these three
phases are executed sequentially, so that one does not begin until the previous phase ends.

Project Title: ARTIST Contract No. FP7-317859
() B www.artist-project.eu
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Provisioning

Provisioning

Migration

Implementation

Pre-Migration

Feasibility
Assessment

Figure 1: ARTIST Migration Phases
The next sections give a high level description of the content and objective of each phase.

2.1.1 Pre-migration

The pre-migration phase is the starting point of each migration. Prior to facing such a
challenging project that involves not only changing the way companies are going to deliver
their software but also, probably their business model and how the company is organized in
terms of processes, software vendors need to analyse if what they want to achieve, is actual
feasible to them technologically and economically.

The first step in this pre-migration phase is to analyse how mature the application is in terms
of technology (i.e. architecture, programming language, database, integration with 3™ party
offerings, installation requirements, versioning, etc.) and business (i.e. current business model,
existence of SLA, maintenance and upgrades procedures, customer service, etc.) and how the
customer wants the application to be in those two axes (i.e. architecture — multitenant, multi-
instance -, cloud provider requirements, business model, SLA requirements to their cloud
provider and their offering to their customers, legal concerns, performance thresholds values,
etc.) once the application is migrated. The analysis of the current situation and the ideal
situation allows ARTIST to perform a gap analysis, described in terms of a technical feasibility
analysis and the business feasibility analysis.

The technical feasibility analysis is aimed to provide a snapshot of how well / bad designed an
application is, how complex and tight coupled is, how interrelated etc., with the main objective
to have a high level design of the application via Reverse Engineering techniques and a static
analysis of the source code. These data in combination with the ideal technological maturity
identified in the maturity assessment as well as with the target platform requirements will
provide some metrics such as how much effort will be needed to perform this migration and
others.

Project Title: ARTIST Contract No. FP7-317859
(o) R www.artist-project.eu
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Furthermore, the feasibility analysis in combination with the results from the ideal situation
identified in the maturity assessment and the identification of the characteristics that the
target platform shall have, a business feasibility analysis is performed. This business feasibility
analysis is aimed to provide information not only economic (ROI, payback, etc.) but also what
are the main risks to be faced with the migration and the organizational processes affected by
the uptake of the new business model.

The results obtained in both the feasibility and business analysis will guide decision makers in
the strategy of migrating a legacy application or start from scratch.

2.1.2 Migration

During the technical feasibility assessment, high level models and understanding of the system
has been acquired. Model Driven Reverse Engineering has as one of the main goals to obtain
the logic of the system in order to be able to understand it and to abstract it to different levels
depending who the stakeholder is (Discovery). Taking as input these models, the architectural
constraints corresponding to the maturity level the application is aimed to reach and the
model of the target platform where the application is to be deployed, several Forward
Engineering transformations from M2M (model to model) are executed.

The main aim for these transformations is to generate diverse views of the application
(Implementation). The next step is to generate automatically as much code as possible, by
profiting from Model To Text Transformations (M2T). The automatic code generation of a
complete application is very difficult which means that developers will have to write manually
several lines of code for both completing the generated code for old functionalities as for
writing code for new functionalities not covered by the old application. Finally, the quality of
the migrated system needs to be verified (V&V), considering both behavioural (functional) and
non-behavioural concerns such as performance or security. The migrated system has to
function similarly to the legacy system and needs to perform at least equally to the old system.
The non-compliance of any of these requirements may cause the non-acceptance of the
migrated service by the customers.

2.1.3 Provisioning (or Post -migration)

Once the application has been migrated, several issues need to be considered.
A well-defined SaaS application must:

9 Scale

1 Be multitenant

1 Be monitorizable

1 Bill automatically

1 Keep the highest security standards

All this have to be accompanied with a change in the way the company offering the service
works: new roles, new service model, a new form of payment, etc., in order to guaranty
business continuity. This reorganization, in addition to the model certification to ensure quality
of service (described below) will be addressed at this phase.

One of the major problems that new service based software providers have to face is the
reluctance of customers to consume new software offered as a service. Providers need to
demonstrate their consumers that the service they deliver is of good quality, secure, load-
balanced, trustable, etc. Service consumers need to be sure that the SaaS applications they use
and consume reach the minimum level of quality.

Project Title: ARTIST Contract No. FP7-317859
() B www.artist-project.eu
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To solve this, in the scope of ARTIST, it is proposed to use a Certification Model that analyses:

I the organization (processes, products, financial aspects, and service continuity),

I the service offered (security, administration, support, QoS, SLA, service operational
maturity) and

I the application (functionality, usability, maintenance).

2.1.4 Evolution

This phase includes all maintenance activities to be performed on the application once the
migration to the cloud and the adaptation to SaaS paradigm have been completed.

All intermediate results and artifacts attained in the whole process will be stored in a
repository, with the main purpose of easing the evolution of software to a different cloud
provider if needed, to make any change in the application or even to adapt to a new paradigm
that may appear in the future.

The generation of models with different levels of refinement using MDE techniques (Model
Driven Engineering) will facilitate the understanding of the whole system and will facilitate any
platform migration process and / or forward engineering that may be necessary.

2.2 Preliminary version of the ARTIST Integrated Arc hitecture

This section sketches the preliminary view of ARTIST architecture, whose analysis and design is
being conducted in task T6.4 (first version of ARTIST architecture will be delivered, D6.4.1, at
month 15). The architecture is presented here as a complement (from the materialization
point of view) to the foreseen ARTIST methodology outlined in previous section 2.1, aiming at
guiding the survey on the state of the art conducted in the rest this document.

Project Title: ARTIST Contract No. FP7-317859
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Page 15 of 49



D6.1-Analysis of current migration approaches

Version: v1.0 — Final, Date: 31/01/2013

cmp ARTIST Owerall Architecture /

«Pre-Migration=
Modernization Methodology

«T8.3n
Methodology
Process Tool

«Pre-Migraticns

Medernization Assessment

«T5 2% aT5 4x aT53n
Maturity Business Technical
Assessment Feasibility | Feasibility ?
Tool Tool Tool >
Sy
.
e
-~
- \_\ . - N
~
~ i
"
\

«Post-Migrations
ARTIST Testing & Validation

-
-~ - -
aMigration, Pre-Migraticns «Post-Migration, Migraticn, Pre-Migrations «higration, Pre-Migrations
Target Specification ARTIST Repository Rewverse Engineering
«T7 12 i 2] <Edclipse & ... 3] «T8.2s
Benchmarking Tool Performance ARTIST Model Discovery
Stereotype Tool
Classification Tool -
S -
-~ - —
-~ e
S~ -~ - -
- - -
T~ - - -
«Migration» -
Forward Engineering ﬁ-’ -
«T9.1» «T8 2w «T2 5w
Target Optimization Deployment
Specification Tool Tool
Tool

aWP11s «T11.4%
Testing Tool 5b5p Certification
Tool

Project Title: ARTIST
() ev-=n |

Figure 2: Preliminary ARTIST Architecture

Page 16 of 49

Contract No. FP7-317859
wwwe.artist-project.eu




D6.1-Analysis of current migration approaches Version: v1.0 — Final, Date: 31/01/2013

In this ARTIST architecture sketch (Figure 2), we follow the main ARTIST methodology block,
i.e. pre-migration, migration and post-migration, to introduce the ARTIST components in turn.
ARTIST components have been classified and identified at conceptual level, attending their
main functionality, but not necessarily will be implemented according to this component
distribution.

ARTIST supports end-users to conduct pre-migration phase activities through the following
components:

2.2.1 Components Modernisation Assessment

Modernisation assessment package will assist end-users during the pre-migration phase on
decision-making activities that evaluates the benefits, risks or costs of required migration. This
package includes the following components:

1 Maturity assessment tool enables end-users to estimate the existing gap between the
legacy application, as it is, and the migrated application, as it is required to be, in terms
of business and technical (i.e. architecture) concerns.

9 Business feasibility tool allows evaluating the business aspects of the migration,
including cost estimations, target business models, migration risks or organisation level
processes.

9 Technical feasibility tool provides an estimation, based on migration task breakdown
and metrics computation, of the technical complexity and costs (e.g. efforts
estimation) required by the migration.

2.2.2 Components for customisation of the ARTIST Modernisation
Methodology

Modernisation methodology components are those that, based on the results of the
modernisation assessment (including the target specification), provides a tailored
modernisation blueprint, that is, a personalisation of the ARTIST modernisation methodology
to the concrete modernisation project. This package includes the methodology process tool:

1 Methodology process tool, based on the results processed and obtained during the
modernisation assessment, defines a customized modernisation process, tailored to
the concrete legacy application needs. The methodology process tool shows the
customized process in detail, its tasks broken down in a step-by-step way, including
hooks to invoke the tools required to accomplish each task.

2.2.3 Components for Target Specification

Some components, during the migration assessment, would eventually depend on results
obtained from actions undertaken by other components, what is represented in the
architecture diagram by a dependency connection between the packages those components
belong to. In that sense, Modernisation assessment components depend on the target
specification and reverse engineering components. The target specification components are
used to understand and specify (e.g. by posing requirements) the target environment where
the migrated application would be placed (e.g. the Cloud platform). The reverse engineering
components are used to understand the legacy application (e.g. the application as it is).
Similarly, the modernisation methodology process tool depends on the results obtained during
the modernisation assessment.
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Target specification package offers components to characterise the migration target platforms
(e.g. the Cloud platforms), and eventually use their features to specify requirements for the
migration of the legacy application. The components of this package are the following:

1 Benchmarking tool profiles applications by type, in different Cloud infrastructure and
platform providers. Their benchmarking results obtained are use to classify
applications.

1 Performance stereotype classification tool is used to classify applications based on
benchmarking results and according to performance stereotype taxonomy.
Additionally, this tool determines the best matching Cloud infrastructure or platform,
from the target requirements specified for the legacy application to be migrated.

1 Modelling components to express target requirements at model level.

2.2.4 Components for Reverse Engineering

Model discovery tool, under the reverse engineering package, provides a technical
understanding of the legacy application at different level of complexity, ranging from the very
low level detail to the high abstractness, and for different concern views, by inspecting the
legacy application sources, including not only program code, but any other legacy sources: i.e.
configuration files, data source schema, etc.

2.2.5 Components for Forward E ngineering

Forward engineering package components assist the end-user in the process of transforming
her legacy application into a migrated one that satisfies the migration goals and can be
deployed onto the target environment. The components of the forward engineering package
are the following:

9 Target specification tool enables the end-user (i) to express requirements (e.g.
migration goals) about the desired target environment in the models that describe her
legacy application, and (ii) to search for and select target Cloud providers that match
the migration goals.

T Optimization tool optimises and ultimately adapts by transformation the legacy
application models into the target compliant models, which satisfy the target
requirements.

9 Deployment tool generates, out of the transformed models, the compilable code and
deployment descriptors that the end-user needs in order to generate a deployable
application bundle, compatible with selected target Cloud environment.

As commented before for the case of target specification, suites working at model level
(reverse engineering and forward engineering suites) will also include components to design
and use meta-models, extract or create models and express requirements on them, and
transform them by applying model to model (M2M) and model to text (M2T) transformations.

Forward engineering depends both on reverse engineering model discovery and on the target
specification. The former one is required to obtain platform independent models (PIM), out of
the legacy application code, which provides a multi-view description of the legacy application.
The later one is used to express migration goals and target requirements on the legacy
platform.

2.2.6 Components for Testing and Validation

Finally, during the post-migration phase, the following ARTIST testing and validation
components are in place:
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9 Testing tool enables the end-user (i) to verify the behavioural equivalence of the
migrated application and the legacy application (functional requirements), and (ii) to
validate the fulfilment of the general migration goals (non-functional requirements).
Testing tool depends on the Modernisation assessment components and on the
Forward Engineering components. Modernisation assessment components are
required to conduct behavioural tests on the legacy application, during the pre-
migration phase. Forward Engineering components are required to obtain the
migrated application upon which to run behavioural tests, in order to be compared to
those obtained on the legacy application. Moreover, the general migration goals are
obtained for validation from the requirements expressed on the models using the
target specification tool.

9 SbSp certification tool enables to certify SaaS application providers and their
applications, in terms of processes, sustainability and architecture.

2.2.7 Artist Repository

A central role in ARTIST architecture is played by the ARTIST Repository, a central repository of
reusable model driven engineering (MDE) artefacts, e.g. meta-models, M2M and M2T
transformations, generic model, etc., which are produced and consumed at different phases of
the ARTIST migration methodology. This artefact repository is essential to the ARTIST
approach, since generating generic and reusable (in multiple domains) artefacts a complex and
time consuming task, therefore their availability for further re-usage at any time or any
migration project, will simplify and dramatically reduce the migration efforts and costs. In the
ARTIST architecture diagram, most of the components will access the ARTIST marketplace,
looking for required artefacts. Nonetheless, these dependencies are not explicit, in order to
simplify the diagram.
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3 Current Migration Approaches Analysis

Following the identification of the main methodology processes and the components that will
facilitate them as part of the overall ARTIST architecture a State of the Art analysis took place
in WP6. The objective of this analysis was two folded, on one hand to examine the existing
methodologies that potentially could be applied to ARTIST and on the other hand to discover
tools to support the overall ARTIST migration and modernization methodology. It should be
noted that the analysis covers only the overall methodology and not the internal processes or
components of each WP, which will be presented in the respective deliverables.

3.1 Analysed Methodologies

In the following sections we describe related methodologies that could be useful for the
definition of the ARTIST migration methodology.

3.1.1 SMART

The SMART, Service-Oriented Migration and Reuse Technique [8], was developed by the
Software Engineering Institute at Carnegie Mellon University to assist enterprises to analyse
their legacy systems to evaluate their feasibility to integrate a Service-Oriented Architecture
(SOA).

SMART provides a service migration strategy as its primary product. The methodology allows
gathering a vast range of information about existing legacy systems, the SOA to deploy, and
potential services to produce. The implementation of SMART involves five major composite
activities:

1 Establishing Stakeholder Context: this is a set of tasks in which the stakeholders
involved in the migration process are consulted. As a result, several pieces of
information are obtained about legacy elements: the distribution of responsibilities
and knowledge, and about existing concerns regarding the migration process.

9 Describe Existing Capability: this activity intends to obtain descriptive data about the
components of the legacy system.

9 Describe the SOA State: in this group of tasks, the target SOA state is described. At the
same time, SMART gathers evidence about the potential for turning existing
capabilities into services, these decisions are made considering what the intended SOA
state is.

1 Analyse the Gap: an activity that aims to balance the breach existing between legacy
capabilities and the target SOA state.

1 Develop the Migration Strategy: the final set of tasks in which one or several goals are
determined out of the gap analysis made; and a strategy to achieve them is developed.

The first activity seeks to identify the people that have the most knowledge about the existing
legacy system, objective to be migrated. This is done by means of interviews. It seeks also to
identify the objective of each system and what it should do when exposed as a service.

The task of the second activity is to find a clear description of the legacy system. SMART
proposes to collect information of the system that may include the name, function,
programming language, operating systems, and age of legacy systems.

The main objective of the third activity, describe the SOA state, identifies the set of potential
services that can be created from legacy applications.
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The fourth activity identifies the gap between the current state of the IT infrastructure and the
desired SOA. It determines the effort and cost associated with the conversion of legacy
systems into services.

The last activity provides a strategy and a set of recommendations to achieve the initial
organizational goal.

The SMART approach has been applied with success in the U.S. Department of Defence (DoD).
The methodology has helped the DoD in converting their existing systems into services. It has
been established that specialized methodologies and approaches are indispensable for large
organizations since the number of people and the heterogeneity of software involved may
introduce a level of complexity that leaves the organizations in a worse position than before
introducing an SOA.

3.1.2 XIRUP

XIRUP is an “eXtreme end-User dRiven Process” methodology aimed to drive the
modernisation of complex software system, proposed by the MOMOCS project [12]. Some
aspects that motivated the definition of XIRUP methodology were, as follows.

General applicability: XIRUP process can be used to drive the modernisation of systems of
diverse nature in a variety of software engineering domains. Leverage on the existing system:
XIRUP process starts by acquiring and exploiting knowledge about the current system.
Incremental, iterative and agile approach: XIRUP process can be applied in an incremental way
to individual features of the system. User-centric: XIRUP process is driven by use cases. XIRUP
also ensures backwards compatibility among portions of the migrated and legacy system
enabling a progressive migration process.

XIRUP modernisation process is depicted in the next SPEM diagram [11].

od Xirup process model/

[new feature]

DD D=

Preliminary Understanding Building Migration
Evaluation
[not interested] [new feature]
0 Modernization completed

No modernization

Figure 3: XIRUP modernisation process

XIRUP adopts the following modelling principles:

O«

Highly iterative process, driven by features (concrete system functionality), enabling
incremental and partial modernisations.

(@]

MDE approach, coping with system complexity by abstraction.
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0 Component based modernisation, assuming most of existing and future platform
follow this architecture pattern. This assumption enables the incremental and feature
based modernisation.

0 Extensive model based validation. After each modernisation phase, produced models
are tested and validated before proceeding to the next phase.

XIRUP is an iterative and feature driven modernisation process, consisting of four main
activities (Preliminary Evaluation, Understanding, Building and Migration).

The process starts with the Preliminary Evaluation phase whose purpose is to estimate the
cost of the modernisation of the legacy software system and to assist on the decision to
undertake the modernisation. This evaluation requires gathering knowledge about the legacy
system. This estimation is conducted per feature to be modernised.

Understanding phase focuses on the gathering of detailed knowledge about both the system
whose modernisation has been just approved (the legacy one) in the previous phase and the
target modernised one. If the legacy system is complex enough, this acquisition can be
undertaken iteratively. Within each iteration, concrete features of the system are considered
and the system components participating in these features and their relationships are
identified.

During the Building phase, components of the existing system, identified in the previous phase
and corresponding to a concrete feature, are transformed into new components on the
modernised system, by using suitable M2M transformations. After the transformation, new
components are tested against functional and non-functional tests. The understanding-
building phase combination can be undertaken iteratively for new features anytime.

Once a bundle of required features have been modernised and their tests have been passed,
they are deployed into the modernised system during the Migration phase, replacing the old
ones. The migration involves the feature components and associated data. This migration has
to be done smoothly in order to guarantee the services provided by the system during the
transition. Moreover, after the migration components in the legacy and modernised system
can coexist.

XIRUP modernisation enables some transitions between its phases that occur once a phase has
finished. After the preliminary evaluation, the user has to decide whether or not to undertake
the modernisation. After the understanding phase, once system information concerning a
concrete feature has been acquired, the user can proceed to the building phase to modernise
the components intervening in that feature. After building, if the resulting components do not
pass validation tests, their implementation has to be reviewed. Otherwise, these components
can be deployed in the modernised system during the migration phase. The migration phase
moves back to the understanding phase to accomplish another feature modernisation.
Otherwise, once all required features have been modernised, the process stops.

XIRUP provides a specification of the modernisation methodology using SPEM [17] and also
concrete “process fragments” or “process methods” which are well isolated extensible
patterns for using in concrete phases of the methodology, which are: architecture recovery,
architecture modernisation, transformation definition, model evaluation, code generation.

3.1.3 OMG ADM

The Object Management Group (OMG) has created a dedicated Task Force in order to work on
so-called Architecture-Driven Modernization (ADM) [1]. The main objective of this group
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composed of several (mostly U.S.) companies and consultants is to create a set of standard
specifications defining common metamodels to be used by the industry in the context of
modernization. By modernization, OMG means any process implying the understanding and
evolution of software artefacts which are parts of existing applications (i.e. legacy
applications): software improvement, refactoring, restructuring, migration, porting,
interoperability, etc.

Even if not specific to a given modernization target such as the Cloud, one or several
metamodels could be reused in the context of the ARTIST project. Notably, they could be
relevant when dealing with the reverse engineering activities or when provisioning the forward
engineering ones.

ADM currently provides specifications for three generic metamodels, and reference
implementations in EMF Ecore [6] of these metamodels are available from the
Eclipse/MoDisco project [4] to be reused and extended in ARTIST:

0 Knowledge Discovery Metamodel (KDM) - a common intermediate representation for
legacy systems and their environments, also including the definition of the common
metadata required to support modernization scenarios (and others such as IT portfolio
management or software assurance). It allows representing applications structure and
data but not below the procedure level;

0 Abstract Syntax Tree Metamodel (ASTM) - a generic representation for the legacy
software full internal structure, independently from the considered implementation;

0 Language(s). Complementary to KDM, it allows representing applications procedures
with all the required details and metadata;

O«

Software Metrics Metamodels (SMM) - a generic metamodel for both describing
metrics themselves (as well as how they can be extracted from models) and reporting
on the actual computation of these metrics. It has been notably designed to be used
on KDM models (but not exclusively).

Moreover, OMG is also working on two main other initiatives via on-going Requests for
Contributions (RFCs), but they are currently not mature or used enough to be considered
within the context of ARTIST:

0 “Automated Function Point”, a function point is a unit to measure the amount of
business functionalities provided by a given IT system - to be officially released as an
OMG specification (v1.0) in February 2013;

0 “Implementation Patterns Metamodel”, for describing patterns on requirements
patterns, architecture patterns, design patterns, implementation patterns, security
patterns etc.

3.1.4 REMICS

REMICS [14] is a collaborative project funded by the EC under the FP7.The REMICS project is
specially focused on the recover, migrate, validate and supervise areas, and for those areas it
will provide specific tools and techniques. The other two activity areas requirements and
withdrawal are included in the methodology in other to fully cover the lifecycle of the cloud
based applications. The REMICS activity areas are shown in the next figure:
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Figure 4: REMICS Methodology Overview

The main focus of each of these areas is [13]:

0

O«

O«

Requirements and Feasibility: The purpose of the requirements activity area is to
gather the migration requirements for the system, and to identify the main
components of the solution and their implementation strategy. The purpose is not an
exhaustive description of all requirements of the objective system, but the description
of the requirements that will require development effort and will be used as a basis for
the validation of the system. In this initial requirement elicitation process it is also not
necessary to focus on those requirements that will come up from the systematic
analysis of the legacy. This affects mainly the requirements of components that are
going to be reengineered. Requirements that will appear during the recover activities
through the application of migration tools.

Recover: The purpose of this activity area is recover the knowledge from those legacy
components that in the feasibility analysis has been pointed as candidates to be
reengineered. The application of recover methods and tools will provide the
application model of the legacy application. Moreover, the application of recover
methods and tools may provide information on the requirements and even in the
testing procedures for the migrated code.

Migrate: The purpose of this activity is to define and implement the new system based
on the elements identified during the requirement and recover phases. This will
include also the definition of the necessary new components to fulfil the past features
and the additional requirements and developing a service oriented architecture
Validation: The purpose of this activity area is to define testing strategy to verify that
the migrated system implements the requirements identified and verify that the
components (including those not reengineered) and services work properly. This
validation phase includes not only functional validation but what it is more important,
non-functional validation, especially performance, reliability and security. In the case
of cloud computing applications these three aspects must be stressed on.

Control and Supervise: The purpose of this activity is to provide elements to control
the performance of the system and to modify that performance. This last step allows a
company to monitor at all times, the performance of the application once this has
been released and provisioned as a service, so it can be improved in performance,
reliability, resources used and beware of possible degradation

Interoperability: The purpose of this activity is to provide tools that solve
interoperability problems with 3rd part providers or any external components and
services. This may include the development of new components. Interoperability is a
cross-cutting activity to the general methodology that deals with the interoperability
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issues that affect SaaS along the other activity areas (requirements, recover, migrate,
validate, supervise, and withdrawal).

0 Withdrawal: The purpose of this activity is to provide elements to stop the service,
with the purpose of finalizing it or with the purpose of moving to another cloud
infrastructure.

REMICS accompanies the methodology with a set of tools as depicted in the figure below:

Reg & Control &
F easibility

Recover Migrate Validate 5
Supervise

BluAge BluAge Metrno Quntime

Modefio Modefio FokusMBT  Interoperability
Framework
Tool  anceMonitorin

Figure 5: REMICS Tools

3.1.5 MODELWARE & MODELPLEX

MODELWARE and MODELPLEX were two consecutive IST FP6 European projects that focused
on MDE techniques and their application to software engineering. While MODELWARE was
mainly dedicated to the improvement of core modelling technologies, MODELPLEX was about
using and integrating them to provide an open modelling solution for complex software
systems.

As part of MODELPLEX, (model driven) reverse engineering activities have been funded and
realized. This has led to the creation and initial development of the Eclipse/MoDisco project
[4], providing a generic and extensible Model Driven Reverse Engineering (MDRE) framework
dedicated to the support of different modernization scenarios such as software improvement,
migration, retro-documentation, quality measurement, etc.

The global MDRE approach resulting from these two projects is composed of two main phases:

0 Model Discovery which consists in extracting the required raw models out of legacy
artefacts of various and varied natures;

Model Understanding which is about treating (i.e. transforming) these raw models
into derived models useful for the remainder of the process (e.g. forward engineering

O«

in the case of modernization).
Within ARTIST, this overall approach is directly reflected by the structure of the WP8 “Reverse
Engineering” and its division in tasks. In this context, the MoDisco framework and several of its
components (either generic or technology-specific) are going to be reused for evaluation
and/or migration purposes. Also, new technology-specific components may be developed
when needed by the project and then integrated into the MoDisco framework.

3.1.6 SHAPE

The SHAPE Project [16] “Semantically-enabled heterogeneous service architecture and
platforms” is a finished FP7 collaborative project. The main goal of this project was to support
the development and realization of enterprise systems based on a Semantically enabled
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Heterogeneous service architecture (SHA), which extends SOA (Service-oriented Architecture)
with semantics and support for heterogeneous architectural styles. The main results of this
project include a methodology framework and a reference matrix using a model based
approach whilst using transformations (mainly M2M).

Next Figure shows the main characteristics of the SHAPE methodology:
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Figure 6: SHAPE Methodology

The main purpose of the SHAPE Methodology [15] is to enable the creation of custom
methodologies for individual system engineering projects. A custom methodology defines the
overall engineering procedure for a specific system development project and merely contains
the relevant techniques and methods out of the available ones.

In order to support system architects in the creation of custom methodologies, the
Methodology Customization Tool guides in the identification and selection of the relevant
engineering methods and generates a valid overall engineering procedure with respect to the
procedural constraints and dependencies that are defined within the methodology content.

The workflow for creating a custom methodology is as follows:

1. Identification of relevant Engineering Techniques by analysing requirements and
consulting the methodology & tool documentation.
2. Tool-supported Custom Methodology Creation:
9 Configuration of Eclipse Process Framework (EPF) infrastructure for the individual
project
I Wizard for selecting required engineering methods with including runtime
validation of user choices (see below)
 Generation of valid custom methodology as EPF Delivery Process
3. Refinement of the custom methodology via EPF editing facilities (optional)
4. Publication of final custom methodology as a website (optional).

Project Title: ARTIST
o) R

Page 26 of 49

Contract No. FP7-317859
www.artist-project.eu



D6.1-Analysis of current migration approaches Version: v1.0 — Final, Date: 31/01/2013

The SHAPE project methodology was based on a model-based approach and also relies on
model to model and model to text transformations to speed up the development process, to
ensure traceability and to reduce the number of defects.

3.1.7 mCloud

mCloud (2011 - 2014) is a research project [10] funded by the Spanish government under the
INNPACTO program. The main goal of this project can be categorized on three axis: 1) Develop
a methodological framework to help product oriented companies to migrate to service
oriented ones, while providing them with the necessary tools to ease this transition to the
cloud, 2) create a technological infrastructure that accelerates the adoption of this new
business model in the Spanish industry, and 3) catalogue and adapt innovative cloud business
models.

mCloud proposes a four step approach to pursue the migration of an application:

1 Analysis of the maturity of the application in terms of business model and technology
as-is compared to the analysis of the maturity of the application in terms of business
model and technology to-be that is the ideal situation of the application once it is
migrated.

1 A cost benefit analysis: For this cost-benefit analysis, partners have identified the
most common cost and benefit drivers faced while migrating to the cloud. In this step,
also the main business processes affected by the migration are identified and
analysed. Recommendations on which processes need to be redefined or defined from
scratch are given.

9 Migration: the migration process is also a two-step procedure. The first step tries to
obtain a common understanding of the system, mainly functional. This step includes
the analysis of the different functions and how they can be exposed as a service or be
reused as they are. The second step of this migration includes the import of these
functionalities to a framework based on CloudFoundry [3], to which external billing
and monitoring components have been added, as well as an abstract layer so that one
application, programmed once, can be deployed on multiple cloud provider. Best
practices on how to achieve a multitenant and scalable application are also given in
this step.

9 Certification: the final solution is certified.

For the time being, the legacy applications targeted with mCloud are those developed in Java.

In the context of ARTIST, steps 1, 2, and 4 of the mCloud approach will be analysed, extended
and automated. The migration approach, on the other hand, is not following an MDE one and
therefore, the potential reusability of that solution is very low.

3.1.8 Amazon Migration Strategy

Amazon, as one of major cloud providers, proposes a number of steps and methodologies to
be taken in order to migrate an existing application to the cloud with minimal cost and effort.
A phase driven step-by-step approach is being introduced enabling this. The steps comprised
in this approach do not necessarily have to be taken and the order is does not have to be fixed
per se. It consists of the following six steps:
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Figure 7: Amazon Migration Strategy

1. Cloud Assessment: Build up a strong business case for your migration. This is done
through an assessment in three areas. The financial assessment makes sure if the gains
of moving to the cloud outweigh its costs. The security and compliance assessment
deals with the policies and compliance requirements that need to be fulfilled. The
technical and functional assessment gives insights into the suitability of the source
application for the cloud in terms of architecture. After this, a migration roadmap can
be created.

2. Proof-of-Concept: Once you have identified if the application should be migrated and
in many cases what parts of the applications should be migrated, this can be tested by
building a small proof-of-concept. The goal is to make sure that the assumptions of the
target environment you made beforehand are indeed accurate.

3. Data Migration: Step 1 of the actual migration is migrating the data. Several options
exist for storing your data. Each with their own characteristics. So you have to make
the right trade-offs, and decide which one(s) are right for your application.

4. Application Migration: Step 2 of the actual migration is migrating the application (or
part of) itself. There are two main strategies here, the so-called forklift migration
where the complete application is picked up at once and moved towards the cloud.
This is in contrast to the hybrid migration that just takes some parts of an application
while leaving other parts untouched. This typically involves creating a thin layer
(temporary wrappers) to make the application “cloud aware”.

5. Leverage the Cloud: Once you have done the actual migration, one has to run the
appropriate tests and confirm if everything is working as it should.

6. Optimization: As a final step, you can analyse the usage patterns of your application.
This way, the application can be optimized further in order to reduce overall costs of
running in the cloud.

In various steps of this step-by-step approach Amazon provides supporting tools in order to
guide you in the migration path.

3.2 Migrati on Methodolog y Supporting Tools

In the following sections we analyse the tools that could be of use to support the ARTIST
migration methodology.

3.2.1 SPEM2.0

SPEM 2.0 [17] is defined as a meta-model as well as a UML2 profile and is based on MOF
model that reuses other OMG specifications. Moreover it is used to define software and
systems development processes of different styles and their components (roles, products,
deliverables, guides, lifecycle, phases etc.) and in turn allows users to manage and monitoring
projects. The development of SPEM was motivated by the abundance of different concepts for
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process modelling and software process improvement which are usually described in different
formats using different notations.

SPEM 2.0 is organized in seven main meta-model packages and currently is supported by
Eclipse tool as a part of the Eclipse Process Framework (SPF). The model is divided into logical
units. The role of each unit is to extend the units depend upon and to provide additional
structures and capabilities to the elements defined below, with the use of UML 2.0 package
merge mechanism.
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Figure 8: Structure of the SPEM 2.0 Meta-Model
The seven meta-model packages are analysed below [18]:

The Core meta-model package contains all the appropriate meta-model classes and
abstractions that build the fundament for all other meta-model packages and mainly defines
classes for two SPEM 2.0 capabilities for providing: i) the ability to create defined qualifications
for a SPEM 2.0 classes by allowing them to discriminate different SPEM 2.0 class instances and
ii) a set of abstract classes to define work expressed as SPEM 2.0 processes.

Process Structure package defines the base for all process models and provides to users the
ability of implementing flexible process models. Also it provides mechanisms for process reuse
such as the dynamic binding of process patterns that allow users to assemble processes with
sets of dynamically linked Activities.

The Method Content package contains all the elements for creating a set of reusable methods,
independently from a specific project, and the main role is to depict the goals that a method
has to reach or which resources are used. Moreover, it adds concepts for defining lifecycle and
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process-independent reusable method content elements that provide a base of documented
knowledge of software development methods, techniques, and concrete realizations of best
practices.

Process Behaviour allows extending processes, which are introduced in Process Structure as
static breakdown structures, with behavioural models. However, it does not define its own
behaviour modelling approach, but rather provides 'links' to existing externally-defined
behaviour models, enabling reuse of these approaches from other OMG or third party
specifications.

The Process package includes the important elements for modelling a process: a breakdown
structure provides the Role classes and the input and output Work Product classes for each
activity which is nested in this structure. These elements are used to represent a high-level
process that when instantiated on a specific project takes the method content elements and
relates them into partially-ordered sequences that are customized to specific types of projects.

Managed Content package is related with development processes which are not represented
as models, but also as documented and managed as natural language descriptions. Many
development approaches see software development as a creative process that requires
constant re-evaluation and adoption rather than a strict sequence of activities.

Method Plugin is related with designing and managing maintainable, large scale, reusable, and
configurable libraries or repositories of method content and processes. The concepts
introduced in this package allow arranging different parts of such a library based on different
layers of concern similar to layered software architectures. With concepts such as Method
Plug-in, Process Component, and Variability, one can define processes that are granularly
extended with more and more capabilities.

Although SPEM 2.0 does not aim to be a generic process modelling language, nor does it even
provide its own behaviour modelling concepts, it defines the ability for the developer to
choose the generic behaviour modelling approach that best fits their needs. SPEM 2.0 is a
meta-model tool which is meant to be useful in ARTIST approach in order to enhance such
generic behaviour models that are characteristic for describing development processes.

3.2.2 EPF Ecipse Process Framework

The Eclipse Process Framework (EPF) [6] is an open source project that is managed by the
Eclipse Foundation and aims at producing a customizable software process engineering
extensible framework, with process content and tools, supporting a broad variety of project
types and development styles. Moreover provides extensible process content for a range of
software development and management processes supporting iterative, agile, and incremental
development, and applicable to a broad set of development platforms and applications. For
instance development teams need simplified and centralized access to the information as
many organizations do not provide central databases of their practices and processes (which
are not documented, or they are physically distributed in various presentation formats) [5].

The extensible framework includes two elements, the first one is the meta-model which
follows MOF, UML and XML schema specification and is used as a base on which method
content and processes will be structured. The initial implementation of this meta-model came
from UMA (IBM’s Unified Method Architecture, an evolution of current OMG industry
standard SPEM v1.1). The final specification of EPF will be based on SPEM 2.0 extensibility
mechanisms, the improvement of UMA and the meta-model will be extensible for custom
attributes and custom process elements. The second element is the process tooling framework
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which includes API’s that will allow method authoring, process authoring, library management,
configuring and publishing with the use of exemplary tools. Below the capabilities of tools are
analysed.

Method Authoring: The tool provides a set of reusable method building blocks such as roles,
work products, tasks, templates, guidelines, examples, and checklists. A rich-text editor allows
users to document method elements, and graphical views present diagrams showing relevant
relationships. Moreover users have the ability of reusing which means that they can create a
method element as a derivative of another method element through various inheritance-types
of relationships.

Process Authoring: The tool allows user to construct reusable chunks of processes which are
called capability patterns and also allows defining delivery processes, which are end-to-end
processes.

Library Management and Content Extensibility: A library which is based on XML provides
configuration management and content exchange for distributed client-server
implementations. Method and process content can be packaged into content plug-ins and
content packages allowing simple distribution, management and extensibility of content. A
plug-in describes how content can be extended in other plug-ins and as they are added to the
library, the tool will resolve dependencies between process elements.

Configuring and Publishing: A process configuration works as a starting point and includes a
set of content plug-ins and content packages which are added or removed from this exemplary
configuration. As the configuration is published, the tool resolves the many relationships
between process elements in the plug-ins and packages, and creates a set of html pages with
links representing relationships between process elements to make the resulting Web site easy
to navigate and anyone can see without the need for a Web server.
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Figure 9: Eclipse Process Framework
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The most fundamental principle in the Eclipse Process Framework is the separation of reusable
core method content from its application in processes. Reusable method content and
processes can be configured by EPF Composer users for specific project needs and then
published for enactment as project plans or process documentation.

3.2.3 CBDISAE

CBDI's Reference Framework [7] in support of SOA and other industry trend such us Object
Management Group's (OMG), Model Driven Architecture (MDA) and the more general Model
Driven development (MDD), is designed to provide a defined, structured methodology in order
to support migration and to focus on the needs of Lifecycle. The three main aspects of the
framework are: Organization, Process and Architecture of the Artefacts and their
implementations are based on a firm Model that provides the language and principles of SOA.
The analysis of the four aspects is described below:

T The Model component consists of four main parts: SOA Principles, Glossary and
Service Lifecycle.

9 The Organization component is related to the support of the service lifecycle through
the description of roles and responsibilities, projects and funding models
recommended.

I The Process component includes four areas: consume, provide, manage and enable.
This methodology aims service provisioning organizations to decide which business
process or activity should follow in order to successfully analyse, plan, design,
provision and run services.

9 Finally the Architecture component describes the various SOA views such as Business,
Specification, Implementation, Deployment and Technology and the Best Practices of a
system in order to support a number of key architectural principles. The above
separation in views aims architects to focus on a particular section such as business,
software, logical or technology which makes easier the maintenance of the
architecture.
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Figure 10: CBDI-SAE Reference Framework

The CBDI framework includes also different SOA views for the migration processes:

)l

Business View includes a number of artefacts and models used to analyse important
aspects of the business and also other best practices which provide the method of how
to derive information about the business.

Specification View includes the artefacts and models that specify the functional and
non-functional requirements of software and services and also the architectural
interaction between them.

Implementation View contains a number of artefacts and models. The primary
artefact is the service Implementation Architecture that captures the structure of the
Automation Units that implements the services identified in the Service Specification
Architecture. A model, which its implementation is based on UML diagrames, is created
to map the logical specification onto automation units.

Deployment View provides the mapping of Automation Units onto Nodes or Service
Platforms and it is responsible for the communication between service or solution
architects and infrastructure for deciding the way the services will run in the
environment. Also deployment provides a mechanism for analysing the processing and
bandwidth capacity required for each section of infrastructure.

Technology View is responsible for the way the network will look like, for policies that
will govern service operations and finally for ensuring that the technology base
contains all the appropriate equipment that is needed for the services to run in the
production environment.
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3.2.4 IBM-SOMA

IBM announced service-oriented modelling and architecture (SOMA) as the first publicly
announced SOA-related methodology in 2004. Based on the experience obtained through the
development of service-oriented architectures projects from 2002 to 2004, IBM found that
there were no methods capable to cover the whole scope of service-oriented analysis and
design (SOAD).

SOMA can meet these through the identification, specification and realization of services,
components that realize those services (a.k.a. "service components"), and flows that can be
used to compose services.
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SOMA activities are grouped into three major steps:

0 SOMA Identification discovers candidate services, enterprise components and flows

0 SOMA Specification makes service exposure decisions, and specifies the services and
enterprise components to realize them.

0 SOMA Realization captures realization decisions.

SOMA extended existing analysis and design methods, including global services method, which
is an internal IBM proprietary method, as well as the rational unified process (RUP) and added
the tasks and work products and roles necessary for the analysis and design and
implementation of a service-oriented architecture (SOMA 2.x).

In addition to the creation of service-oriented modelling and architecture (SOMA) method,
IBM provides a framework and an environment to model service-oriented solutions based on
SOMA. This environment is called SOMA-ME (SOMA Modelling Environment).

Main characteristics of SOMA-ME are the following:

0 Adds SOMA support to Rational Software Architect and Rational Software Modeller.
0 Based on SOMA and SOA Solution Stack
3 Extends UML meta-model for SOMA methodology -UML 2.0 Profiles for
SOMA.
3 Provides Model Template suitable for SOMA phases and activities.
3 Automates repeatedly performed tasks with MDD enhancements for SOMA-
Transformations and Patterns.
3 Reduces effort and duration drastically with SOMA Work Product Generation
capabilities.
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3 Ease modelling with User Interfaces to create SOA/SOMA model elements.
3 Model Validation for completeness and consistency.

3.2.5 Cloud4SOAFramework

The Cloud4SOA project offers a “Cloud interoperability framework and platform for user-
centric, semantically-enhanced, service-oriented application design, deployment and
distributed execution”. Cloud4SOA is of interest for ARTIST due to some of reasons, as follows.

The first reason is that Cloud4SOA defines a semantic model for describing PaaS offerings and
application profiles that ARTIST can consider in the baseline for describing Cloud requirements
during the pre-migration phase. PaaS offerings describe available Cloud offers provided by
existing PaaS providers, in terms of their pricing policies, QoS, offered services, supported
programming frameworks or exposed APls and communication channels. Moreover, the PaaS
model is complemented with its underlying infrastructure model (laaS), which describes
infrastructure features such as computing, storage or network.

Application profiles describe Cloud requirements for the application to be deployed into the
Cloud using similar concepts used for describing PaaS offerings, what enables matching
application needs and the Cloud offers.

Second reason is that Cloud4SOA provides an open semantic interoperable APl and framework
that enables interoperable PaaS management for Paa$S selection, application deployment and
migration, and monitoring.

3.2.6  MOMOCSTools

Momocs project [12] addressed the MDE driven modernisation of complex systems. Momocs
is of interest for ARTIST because Momaocs provided the XIRUP modernisation methodology
aforementioned, considering that migration into the Cloud is a particular case of legacy system
modernisation. But moreover, Momocs provided a couple of tools supporting some XIRUP
methodology process fragments, which are of interest for the materialization of ARTIST
methodology.

On the one hand, XIRUP methodology promotes the sharing and reusability of the products of
the modernisation process within the modernisation project itself but in other modernisation
projects as well. Sharable and reusable modernisation products or artefacts are stored within a
shared repository, named XSM Knowledge Base repository. Similar approach is expected in
ARTIST methodology.

On the other hand, XIRUP methodology fosters intense usage of MDE techniques during some
of its phases, in particular, those where legacy models evolves towards their modernised ones
using M2M transformations. Momocs offers M2M transformation support in its XSM M2M
Transformation tool, which assists users to design, compose and execute transformations.
ARTIST methodology is also driven by MDE techniques and considers both Reverse and
Forward Modelling techniques. In both MDE aspects, M2M transformation techniques are
essential.
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4 Current Migration Approaches Evaluation

4.1 Evaluation Process Definition

After the analysis of the migration methodologies and supporting tools in section 3, in this
section we evaluate them from the ARTIST point of view. The approach that we followed is
based on the preliminary findings of the internal survey for the identification of the main
elements of the ARTIST methodology and conceptual architecture. To this direction, the
relation to the project, the applicability and potential use of these methodologies and tools
have been examined.

Similarly with the previous section we separate the evaluation process into methodologies
evaluation and supporting tools evaluation. For each element we examined its offerings on the
ARTIST processes:

I Pre-migration

0 Assessment
T Migration

0 Discovery

0 Implementation

0 Validation and verification
I Post-migration

0 Provisioning
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4.2 Evaluation Results

4.2.1 Evaluation of Methodologies

The following table summarizes the results of the evaluation on the migration methodologies.

Table 1: Methodologies Comparison Table

Version: v1.0 — Draft, Date: 31/01/2013

Pre-migration Migration Post-migration
Feasibility Assessment Discovery Implementation V&V Provisioning
SMART I Gap Analysis T Wrappers
 Risk Assessment 9 Service Exposition
XIRUP 9 XIRUP Preliminary XIRUP 1  XIRUP Buildingand | Covered by XIRUP
Evaluation Understanding Migration Phases Building and
phase Migration Phases
OMG ADM 1 Software Knowledge 9 No (only
Measurement Discovery specifications are

Metamodel (SMM)
could be used for
assessment
purposes

Metamodel (KDM)
and Abstract Syntax
Tree Metamodel
(ASTM) are
intended to be used
for (model)
discovery purposes

provided) — but the
Eclipse MoDisco
project provides
reusable
implementations in
Ecore of these main
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Pre-migration Migration Post-migration
Feasibility Assessment Discovery Implementation V&V Provisioning
ADM metamodels
REMICS T  Model-Driven i Model Driven  Model-Based
(KDM) T Wrappers Testing
1 SoaML
9 Service exposition
I The proposed MDRE |  The Eclipse MoDisco
MODELWARE/ approach relies on project to be reused
MODELPLEX two main phases in ARTIST has been
including Model initially created in
Discovery this context.
SHAPE CIM Modelling 1 PIM Modelling 9 Refinement of the
T PSM Modelling custom
methodology via
EPF
mCloud 9 Questionnaires i By cloudFoundry I Manual testing
1 Cost Benefit PaaS
Analysis
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Version: v1.0 — Draft, Date: 31/01/2013

Pre-migration Migration Post-migration
Feasibility Assessment Discovery Implementation V&V Provisioning
Amazon i Financial Pointers to basic 1 Manual testingand | Maintenance
I Security & tools for data validation (optimization):
compliance migration ‘ .
1 Technical & From Scratch for T Re-engineering,
Functional application I Decomposing
migration (using databases,
intermediate I implement best
wrappers) practices
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The methodologies that we examined during the SotA survey concluded to some interesting
findings, with the most important one that there is not a methodology that covers all
processes/phases of the migration that are required in the ARTIST approach.

The SMART approach is relevant in the pre-migration phase while trying to understand the
functioning of system in order to be able to identify the gap analysis between the legacy
system and the desired one. However, most of this analysis is performed manually and
based on the knowledge of the participating team. After acquiring that knowledge, SMART
proposes a migration strategy created ad-hoc for each system. In addition, since SMART is
focused on the migration to SOA, many relevant issues that concern the basics of SaaS
architectures are not treated.

XIRUP methodology structures a software migration process in a pretty similar way that the
foreseen ARTIST methodology does, as depicted in previous section, although there is not
possible to define a precise one-to-one mapping between both. XIRUP was intended as a
general-purpose MDE-based modernisation methodology, not specifically designed to
address the challenging of migrating legacy applications into the Cloud, but a much wider
modernisation situations. In particular, XIRUP is a feature-driven modernization
methodology, where the whole legacy system is decomposed into features (as offered by
encapsulated components) that are iteratively evaluated (for migration decision support),
migrated and assessed (post-migration evaluation). This approach could fit well when partial
migration is required (e.g. hybrid Cloud environment, including some migrated components
coexisting with some legacy components).

XIRUP also defines method fragments as well isolated engineering processes for software
modernisation, in line with the Situational Methods Engineering techniques and assigns
groups of methods fragments to concrete XIRUP methodology phases. Nonetheless, even if
some of those methods fragments are applicable to foreseen ARTIST methodology phases,
they need to be aligned and extended to cope with the particularities of the migration to
Cloud.

A comparison of the XIRUP high level methodology and foreseen ARTIST methodology offers
some insights as follows. The XIRUP early evaluation can be mapped into the ARTIST
migration assessment, although the XIRUP focuses mostly in the technical aspects of the
modernisation, relying on an early understanding of the legacy and modernised systems.
That is, XIRUP early evaluation and understanding phases cover similar tasks at different
levels of detail, which in ARTIST are covered during the migration assessment and legacy
system discovery phases. Maturity assessment and business feasibility are not covered by
XIRUP. Additionally, neither during the XIRUP early evaluation nor the understanding phases,
the legacy system is behaviourally tested for further assessment at post-migration phases.
However, XIRUP promotes a post-phase model-based evaluation for the understanding,
building and migration phases. XIRUP building and migration phases cover the ARTIST
implementation phase (e.g. migration). ARTIST post-migration verification and validation can
be mapped to the end of XIRUP migration phase (e.g. model evaluation process method).

Finally, XIRUP does not explicitly address in the methodology the ARTIST provisioning
concern, although is implicitly addressed by its Model Driven Engineering (MDE) orientation.

OMG ADM provides a set of generic metamodel specifications that could be relevant within
the context of ARTIST, especially considering their reference implementations in Ecore as
made available by the Eclipse MoDisco project. The Software Measurement Metamodel
(SMM) could be used while dealing with assessment (e.g. for expressing appropriate
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metrics/measures as well as representing the result of their computation), the Knowledge
Discovery Metamodel (KDM) and to a lower extent the Abstract Syntax Tree Metamodel
(ASTM) can be used for reverse engineering purposes (e.g. for representing the legacy
source code as models in a “neutral” technology-independent manner).

REMICS will be an excellent starting point for ARTIST, not only the methodology but also the
modelling language developed in the timeframe of the project, that is, PIM4Cloud. While
following an MDE approach, REMICS does not take into consideration non-functional
requirements (i.e. performance) inherent to SaaS applications and neither how to address
architectural issues such as multi-tenancy or scalability. Furthermore, REMICS relies the
monitoring, billing and security issues to the cloud provider where the application is
deployed on (i.e. Amazon). Business issues (business model and processes), related to the
components mentioned before (billing, monitoring) are also not considered. That is, REMICS
focuses on the technical axis leaving aside the business one.

In what respects to the methodology, REMICS executes the migration on brute force,
without considering the feasibility or convenience to migrate. Among their lessons learnt,
the REMICS consortium members also mention the necessity of having an integrated tool
framework to ease the migration, instead of as many tools as they currently have.

The global reverse engineering approach as proposed by the MODELWARE/MODELPLEX
project is expected to be applied in the context of ARTIST WP8 (cf. the two phases Model
Discovery and Model Understanding corresponding to project’s T8.2 & T8.3). It is also going
to be detailed and refined according to the experimentations performed in ARTIST, a
consolidated version of this overall “framework” (e.g. using the components provided by
Eclipse MoDisco as one example implementation) will be one of the main results of WPS.

SHAPE Methodology provides some interesting input to ARTIST especially in the M2M
transformation approaches. SHAPE allows for high flexibility and customization of models
that are later transformed to platform independent and platform dependent models. In
addition facilitates the refinement and publication of the custom methodologies that could
be potentially exploited in WP6 and WP11.

mCloud approach comes with an analysis of the application maturity in terms of business
model and technology as well as a cost benefit analysis which will be taken into
consideration in the respective assessment processes that will be defined in ARTIST WP5.
The migration approach, on the other hand, is not following an MDE one and therefore, the
potential reusability of that solution is very low.

The Amazon Migration Methodology does not really fit very well with the methodology we
aim for in the ARTIST project. Where we want to focus on a highly structured model-driven
approach backed by software tools, the Amazon approach follows a more unstructured trial-
and-error path. The pre-migration phase is similar to that of ARTIST. In terms of the actual
migration phase, the application is manually rewritten part-by-part. No reverse
engineering/forward engineering techniques are used whatsoever. The post-migration
phase is very much focused on optimization, but only some guidelines/best practices are
given on this matter. Nothing is mentioned about the actual provisioning.
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4.2.2 Evaluation of Supporting Tools

The following table presents the results of the evaluation on the migration supporting tools.

Table 2: Supporting Tools Comparison Table

Version: v1.0 —

Draft, Date: 31/01/2013

Pre-migration

Migration

Post-migration

Feasibility Assessment

Discovery

Implementation

V&V

Provisioning

component is
related to the
support of the
service Lifecycle

9 Business view

related with the
best practices to
derive business

specify functional
and non-functional
requirements

View based on UML

diagrams to map

logical specification

onto automation
units

EPF 9 Process tooling I EPF metamodels specification
framework for 9 Process tooling framework for method authoring, process authoring, library management,
method authoring, configuring and publishing
process authoring, 9 Reusable method building blocks such as roles, work products, tasks, templates, guidelines,
library examples, and checklists
management, I Extendibility
configuring and
publishing
CBDI-SAE 9 Organization 9 Specification viewto |  Implementation 9 Deployment View

9 Technology View
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Version: v1.0 — Draft, Date: 31/01/2013

Pre-migration Migration Post-migration
Feasibility Assessment Discovery Implementation V&V Provisioning
information
SPEM 2.0 SPEM 2.0 defines stereotypes for UML2 superstructure model elements Method content
for almost every meta-model concept package and plugins
Core meta-model package that contains all the appropriate meta-model for designing and
classes and abstractions that build the fundament for all other meta- managing
model packages maintainable, large
Process Package which includes the important elements for modelling a scale, reusable, and
process configurable
libraries or
repositories of
method content and
processes
IBM SOMA f  Work Product SOMA Identification [  SOMA Specification | { SOMA Realization
Generation f  UML 2.0 Profilesfor | SOMA Model
SOMA Validation
 SOMA Modelling
Environment
Cloud4SOA T  Model for Semantic interoperable APl and framework for Paa$ selection, application deployment and
Tools describing Paa$S migration, and monitoring
offerings

Project Title: ARTIST
() ev-=n |

Page 43 of 49

Contract No. FP7-317859
wwwe.artist-project.eu




D6.1-Analysis of current migration approaches

Version: v1.0 — Draft, Date: 31/01/2013

Pre-migration

Migration

Post-migration

Feasibility Assessment

Discovery

Implementation

V&V

Provisioning

MOMOCS
Tools

9 Reusability of artefacts

f M2M Transformations
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The analysis, from the ARTIST perspective, of the supporting tools for the migration
methodologies, summarised in the table above, showed some highly relevant and
potentially exploitable elements.

More specifically, the Eclipse Process Framework supports a wide set of development styles
to accommodate both established practices as well as new ones as they are introduced and
also enable users to build a stable set of high-quality base content, focusing on core
development activities; requirements, analysis & design, implementation, testing, change
management, and project management. That framework and the base content can be
extended to scale to support content covering the entire IT Lifecycle Management domain,
including software, systems and product development, business engineering, operations and
systems management, governance and portfolio management. Since ARTIST’s goal is the
migration, the development of a set of supporting tools and the provision of an integrated
conceptual architecture, upon the baseline of Eclipse platform, the suite of Eclipse-based
technologies and plugs-in Eclipse Process Framework seems an ideal candidate for the
baseline of our approach.

CBDI-SAE process framework provides to organizations a collection of knowledge and best
practices, including a reference model for SOA comprising defined concepts, reference
architecture and process in order to support the migration to a service oriented enterprise
[9]. However CBDI-SAE lacks industrial application and also provides low adaptability which
means that the approach does not have the ability to be flexible if any changes of the
requirements of other parameters occur. The above aspects are considered of major
importance for ARTIST as the project focus on the development of a generic methodology
for legacy business applications which will be applicable on any kind of migration scenario
involving a switch of paradigm during the process, compared to usual approaches
considering only specific targets.

SPEM 2.0 does not aim to be a generic process modelling language, nor does it even provide
its own behaviour modelling concepts, it defines the ability for the developer to choose the
generic behaviour modelling approach that best fits their needs. SPEM 2.0 is a meta-model
tool which is meant to be useful in ARTIST approach in order to enhance such generic
behaviour models that are characteristic for describing development processes.

Cloud4SOA defines a semantic model for describing Paa$S offerings and application profiles
that ARTIST can consider in the baseline for describing Cloud requirements during the pre-
migration phase, which could be highly interesting for WP7. Application profiles describe
Cloud requirements for the application to be deployed into the Cloud using similar concepts
used for describing PaaS offerings, what enables matching application needs and the Cloud
offers. In addition, Cloud4SOA provides an open semantic interoperable APl and framework
that enables interoperable PaaS management for PaaS selection, application deployment
and migration, and monitoring. ARTIST can consider this interoperable PaaS APl in the
baseline for Cloud target deployment patterns, as well as in the baseline for the supporting
tools of ARTIST methodology at different phases.

Momocs provided a couple of tools supporting some XIRUP methodology process
fragments, which are of interest for the materialization of ARTIST methodology. The
sharable and reusable modernisation products or artefacts which are stored within a shared
repository, is highly relevant with the ARTIST repository. In addition Momocs provides M2M
transformation tools and techniques which can be exploited for the in ARTIST Reverse and
Forward Modelling processes.
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5. Conclusions

The main objective of this report was to define the baseline for the work that will be carried
out in WP6 for the definition of ARTIST migration methodology and conceptual architecture.
Initially our effort was focused on the identification of the main elements of the
methodology and the architecture which in sequel drove the SotA analysis on related tools
and techniques.

The SotA analysis results indicated that there are several highly interesting related
methodologies, parts of which could be applied (or extended) to our work in WP6, such as
REMICS methodology elements, as well as tools to support the various migration processes
such as Eclipse Modelling Framework.

The results presented in his report are considered as valuable input for WP6 for the
accomplishment of the rest WP objectives, towards the detailed definition of the ARTIST
methodology and the specification of the architecture during the upcoming months.
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ANNEX A Odentification of Components dlInternal Questionnaire

The following table presents the ARTIST internal questionnaire for the identification
of components / processes / tools / methodologies across the project WPs. The
results have been exploited in WP6 to ease the communication with the technical
WPs and align their expected outcomes with the overall ARTIST Methodology and
Conceptual Architecture.

Table 3: Questionnaire Structure

ID

Question

Answer

#WPX_01

What are the key objectives of this WP?

#WPX_02

Describe the main processes of this WP as
part of theoverall ARTIST Methodology.

Additional input required:

1 To which ARTIST phase(s) each proce
related (premigration, migration, post
migration)?

I Which are the WP objectives that each
process fulfils?

1 How theseprocesses are interconnecteq
(steps, dependencies, iterations etc.)?

1 Who are the stakeholders (e.g.
developer, endiser etc.) in each
process?

#WPX_03

Do you use any specific methodologies?

How are they related to the aforementioned
processes?

#WPX_04

Which existing tools will be used in this WP

Indicate if their use is internal or external to
this WP (used by other WPs).

#WPX_05

What additional tools you expect to be
implemented in the frame of this WP?

Indicate if their use is internal or external to
this WP(used by other WPs).

#WPX_06

Which existing artefacts (models,
metamodels, etc.) will be used in this WP?

Indicate if they are produced or consumed
this WP.

#WPX_07

Which artefacts (models, nemodels, etc.)
you expect to be implemented in this WP?

Indicate if they are produced or consumed
this WP.
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#WPX_08 Do you intend to use any existing
specifications or standards for all the above

#WPX_09 What types of applications will this WP
support (Programming languages, types
etc.)?

Is there a time plan for that?

#WPX_10 Identify and briefly describe the dependenc
to other WPs.

#WPX_11 Based on the response on previous questid
identify any interoperability constraints.
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