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DISCLAIMER

This document contains description of the PaaSage project work and findings.

The authors of this document have taken any available measure in order for its content to be
accurate, consistent and lawful. However, neither the project consortium as a whole nor the
individual partners that implicitly or explicitly participated in the creation and publication of this
document hold any responsibility for actions that might occur as a result of using its content.

This publication has been produced with the assistance of the European Union. The content
of this publication is the sole responsibility of the PaaSage consortium and can in no way be
taken to reflect the views of the European Union.

The European Union is established in accordance with
the Treaty on European Union (Maastricht). There are
currently 27 Member States of the Union. It is based
on the European Communities and the member states
cooperation in the fields of Common Foreign and
Security Policy and Justice and Home Affairs. The five
main institutions of the European Union are the
European Parliament, the Council of Ministers, the
European Commission, the Court of Justice and the

Court of Auditors. (http://europa.eu.int/)

PaaSage is a project funded in part by the European Union.
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Executive Summary

A success of any platform, either commercial oeagsh-based, cannot solely rely on
the exhibited functionality, which obviously corstes a main differentiation point,
as such functionality needs to be complemented wuitificient documentation and
training materials which explicate the way this dtionality can be exploited in the
context of the user goals and requirements. Otlserwthe user will get lost in the
overwhelm of features and capabilities of the reSpe platform and eventually
resort to another solution which is better docureento this end, the purpose of this
deliverable is to provide an initial but enough skmaterial which will indicate the
way the PaaSage platform can be utilized in acomel#o its development status. The
latter also justifies the term "initial" as thetial functionality of the platform will not
be as extended and sophisticated as possibletadimal release.

A variety of material is provided, from instruct®on how to deploy and configure
the PaaSage platform or its modules, to the ddsmmipf the platform's components,
to detailed processes on how users can specifiyrdopiirements in Camel in order to
be exploited by the platform according to the ys#mposes and goals, and down to
the ways the PaaSage's SN can be utilized in dodachieve some particular user
tasks, such as the discovery and sharing of drikc@wledge which could be
exploited in the management of multi-cloud apploag.

As different users might have different goals irpleking the platform and as an
organization is made up of different types of us#re presented material is able to
target a variety of user types in the context ef plossible exploitation scenarios of
the platform which include: (a) exploitation of anning PaaSage platform for
managing multi-cloud applications and (b) extensainthe platform in order to
produce an added-value product which can makefarelitiation in the market. The
targeted user types include: (business usersvhich are guided in expressing
business requirements and organizational informatio Camel, (2)application
developerswhich can utilize the provided documentation indesr to express
application requirements as well as discover amdeshpplication design knowledge,
(3) software engineerghich are supplied with useful information towaedgending
the platform in order to produce added-value fuomality, and (4) system
administratorswhich are guided in deploying and configuring BPeaSage platform.
In addition, the provided guide in using the SN banexploited by any type of user
with the desire to discover and share any typenoiwkedge which can be deemed
useful towards the managing of multi-cloud applmas.

The PaaSage platform is under continuous developimanit will stabilize into a
final prototype at M45 with the development of tkepective modules to end at M36.
In this way, it will be possible to finalize theisting material that is presented in this
document as well as provide additional materialolvhtould indicate new ways to
exploit the platform based on the extended or noaphbilities exhibited by the final
prototype. Such a material will also highlight theccess under which the use-cases
have been addressed by the platform as well am#ie benefits and differentiation
points of the platform. Such a material will alse éxtensive and clear enough to
cover all possible exploitation and utilization @iés such that no respective inquiries
and questions will need to be asked by potentiploders of the platform. All this
material will be incarnated in the next and finatsion of this deliverable named as
"D9.3.2 - Final Training Material and Workshop PuctlLaunch” and due in M45.
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Intended Audience

This is a public document intended for differenpayg of users, including business
users, application designers, IT architects, systmiministrators and software
engineers, depending on their intended usage d?@a&age platform. In particular:

* business usersan exploit the presented material in order togha&led in
expressing their business requirements as well hesr torganization's
information via the CAMEL meta-model

* system administratorcan be assisted in deploying and configuring the
PaaSage platform as well as learn how to consatdmical requirements and
regulations.

» software engineersan utilize the presented information in order (a)
express application component and quality requiresnéen CAMEL, (b)
extend the PaaSage platform components, and (dupeonew components
with added-value functionality.

» application developers / IT architeatan be assisted in expressing application
requirements in CAMEL as well as exploiting presoapplication design
knowledge.

e any user typeany user can utilize the presented material deoto learn how
to use the PaaSage's Social Network (SN) for shapplication design and
technical knowledge, browsing existing applicatiodgploying them, and
exploiting previous application execution histonddSN recommendations to
establish better application deployments.

For each type of user, different knowledge andlIskdlre required for a better
comprehension of this document or its parts and rttagerial it presents. Each
presented material may also interest and catedifterent types of users. For even
better comprehension of the document, the prosmectiader is also referred to the
description of the overall PaaSage architecturesgmied in DeliverabldD1.6.1
[D1.6.1]. D1.6.1 provides background on the oveRdaSage architecture and the
way different modules fit in it, as well as the amtal architecture of particular
PaaSage components. The reader can also refee wefifarate deliverables for each
PaaSage module, i.€03.1.1[D3.1.1],D4.1.1[D4.1.1] andD5.1.1[D5.1.1] in order
to have a complete view about the exposed funditgnaf each module and its
internal components. Finally, the reader can radethe deliverabldd2.1.2[D2.1.2]
for a complete documentation of the Camel meta-inadd how it can be used to
express different types of models, including thopertaining to end-user
requirements.
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1 Introduction

The PaaSage product promises to differentiate leldping a platform which is
capable of managing cross-cloud applications. Suplatform could be exploited by
various organisations which might have differentalgo to achieve. Some
organisations might just desire to exploit the nfamctionality of the platform, while
others might need to adopt and possibly extend drder to develop a cloud-based
platform in the form of a business product whicim caake a differentiation in the
market and thus increase its market share. Howdedore exploiting a platform,
sufficient documentation and training material dddee in place which will indicate
the various exploitation ways of the platform amavide in details all necessary steps
and required knowledge that is needed for perfogntine appropriate steps towards
fulfilling these exploitation ways. This is exactlye main purpose of this deliverable:
to provide training material which can be used ttoe proper exploitation of the
PaaSage platform. As the platform is under heaweldpment, not all material is
presented but a small subset which is enough fitingeacquainted with the PaaSage
platform and using it to perform cloud-based atlan deployments. A complete set
of training material will be presented in the nextated deliverable of WP9, namely
D9.3.2, which will be available at M45 of the prcjevhen the PaaSage platform
prototype will be complete.

The set of material presented in this deliveralsleseparated into the following
different sections:

* Section 2 presents material which indicates howcdafigure, build and
deploy the PaaSage platform. This material will taiaty interest
organisations which would like to create and camiégtheir own platform
through which their applications can be deployadssdifferent clouds. This
material is mainly intended faystem admingvolved in such organisations
as it contains low-level technical details whichghti not be understandable
e.g. by business users. However, this does not thedrother types of users
cannot exploit it to fulfil the respective taskthe description of the platform
configuration and deployment process is quite gitit&orward.

» Section 3 supplies sufficient documentation abduthe components that
comprise the PaaSage platform. Such a documentatouid be quite
interesting for organisations which intend not otdyexploit but also adapt
the platform for their own purposes. The respectimaterial is more
appropriate for software engineers involved in soigfanisations which have
experience in developing new or modifying existougle which will expose
additional, added-value functionality.

» Section 4 focuses on a particular module of theSBga platform, namely the
Executionware, with the intention to exemplify hdihis module can be
deployed and utilized in order to enable an orgdma to deploy its
applications in the cloud. The deployment processcdbed unveils various
steps that need to be performed manually in cantiasthe respective
automated execution-ware deployment process desciib Section 2. The
presented material is more suited $gstem adminssimilarly to the case of
Section 2, as it involves technical details tha arore understandable and
manageable by this type of users. In addition, ¢batent is suited for
developers and testetbat aim at gathering a deeper understanding ®f th
interplay of software components in the PaaSageuxamware as well as of
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the low-level Executionware functionality that cée used to verify the
correct functioning of this module before linkirtga the Upperware and the
meta-data database Finally, the example subsectiot@ined in this section,
is suited for any type aiserof the platform (e.g., an application owner or a
user desiring to deploy an application belongingatepecific organization)
targeting at performing application deploymentshi@ cloud, as it shows how
to register existing cloud accounts in the Paa$éagéorm.

e Sections 5 and 6 play complementary roles towandbleng organisations in
providing the appropriate information as input ke tplatform in order to
fulfil particular organisation-required tasks, suels the deployment of
applications. In particular, Section 5 analyses hbe high-level business
requirements of an organisation can be transfornméd model-based
information described via the Camel meta-model ([Beéverables D2.1.1
and D2.1.2) that can be used as input to the phatftor appropriately
deploying applications in the clouds as well asptidg them according to
particular scalability rules. On the other hand¢ti®® 6 analyses the social
network perspective of the PaaSage platform bycatdig how users can
specify user profiles, manage and search for agjmbic models, and exploit
knowledge which has been produced from the exetutistory of the same
or similar applications in order to pose in a bretted more precise way their
requirements. To this end, by combining the infdrora from these two
sections, a user will be able to perform variousksawhich will enable
him/her to appropriately manage his/her applicatitivat are deployed in the
cloud without really getting into low-level technicdetails at the platform
and infrastructure level. The material in Sectiois $ntended to a variety of
type of users as the combination of their skilld &nowledge can lead to the
transformation of high-level business requiremetsequirements at the
application and infrastructure level. The matenabection 6 does not impose
particular requirements on the type of users, aalhgas we consider that the
social network (SN) can cater for many types ofsisapart from some basic
knowledge in social networking which is not mandgatas the SN has been
designed with a user-intuitive and simple to use Ul

The types of user that can benefit from the mdt@r@sented in this document are the
following:

* system adminsThey can inspect the configuration and buildingdglines
provided in order to build and deploy the PaaSadmtfgpm or its
parts/modules, like the Executionware. Their spied knowledge enables
them not only to comprehend such guidelines but sismplement them by
also respecting their organisation's technical irequents, peculiarities and
regulations and bypassing any technical obstacles.

* Dbusiness usersSuch users, which might not have a backgroundTortan
benefit from the material provided in order to abtand share knowledge as
well as publish their application models but algoexpress the business
requirements for their applications which, in cbthgation with other types of
users from the same organisation, can be matexihliato concrete Camel
models specifying deployment, scalability, quabiiyd security requirements
which can then be issued into the PaaSage platftomthe proper
management of the respective applications in thedcl
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» application developers / IT Architect¥hey can exploit the guidelines to
obtain and share application design knowledge dsasepublish publication
models for their organisations. They are also glideproperly providing the
requirements for their applications in terms ofaete Camel models.

» software engineersThey can exploit the presented material in otder(a)
extend particular PaaSage platform componentgrfguce new components
that can be fitted in the platform providing addedde functionality, (c)
develop the missing components for particular @apilbns when the available
library of components stored in the platform canbet used for realizing
completely the desired functionality, and (d) essrapplication component
and quality requirements in terms of Camel models.

* simple usersThey can exploit the material and especially ahe provided
by the SN in order to find out applications thaenest them and deploy them
in the cloud by just specifying some quality reqments, if needed, and
letting the system deriving the additional requiesnts and information
required for the proper deployment and manageménthe respective
application (e.g., from the previous executiondngtof the application or of
application similar to the desired one). Apart frgost having a basic
knowledge of how a SN functions, no other requinetms imposed on this
type of user. It should also be noted that this tgee can include the user
types mentioned above, thus actually catering fyrtsipe of user (thus could
be renamed as juste).

For each type of user indicated above, we demdasinathe following table the
respective material that may be of interest to hen/ The rows of the table
correspond to the presented material while thengobuto the respective user types.
The symbols used in the table's cell content hheefdllowing meaning: ¥ means
that the material is especially targeted at théqadar user type while "~" means that
the presented material could interest the respeater type.

Table 1: Mapping of presented material to targetisdr types

Material

System
Admins

Business
users

Application
developers

Software
Engineers

Simple
Users

PaaSage
platform
configuration
& deployment

\/

~

PaaSage
platform
documentation

Execution-
ware
deployment &
usage
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Camel model \ \ \ ~
creation
Social \ \ \ \ \
Network User
Guide

As the PaaSage platform evolves, new training asalmhentation material will be
produced which will then be used by the above tygfessers as well as additional
ones in order to better exploit the PaaSage phatiaccording to their organisations'
needs.

It should also be highlighted that apart from thecumentation and user guides
provided in this deliverable, there also existsewianaterial from which some of the
screenshots shown in the various guides/materiathia document have been
extracted. This material provides a significant aathplementary role with respect to
the respective material showed in this deliverableetter training the potential users
in exploiting the PaaSage platform.
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2 PaaSage Platform Configuration & Deployment

A lot of effort has been put into the automationcohfiguration and deployment of
the PaaSage platform so that it is as easy ashp@$sr a newcomer to get it running.
The PaaSage platform is made out of several sadte@amponents (see Section 3 for
a complete reference). Those components code tientlyr hosted in a Git repository
(http://qgit.cetic.be) located in the CETIC dataegrbut it will soon be moved to a
final and permanent hosting platform. Most of comgrat code is implemented in
Java and comes with a maven build file (pom.xmbraer to ease the build. The "jar-
with-dependencies” option is enabled into those .gorhfiles, so that it can be
guaranteed that as few problems as possible otcundime. A Jenkinsinstance is
connected to the Git repo and builds the componewsy time a new commit is
pushed on the origin. Next, multiple Chefookbooks and recipes have been
developed in order to automate the deployment amdiguration of the jar files
Jenkins builds. An additional tool, named Kitchem layer on top of Chef, takes care
of the PaaSage platform VM provisioning and triggehe Chef cookbooks
installation.

In order to ease the maintenance of the compongatgus guidelines and best
practices have been decided:

« The PAASAGE_CONFIG_DIR environment variable stotee path to the
default PaaSage platform configuration directoryhich contains the
configuration files for each component

- Each component configuration file sticks to theajavoperties format.
- Logfiles are stored in /var/log/paasage

- Java components must come with a pom.xml build ddethat they can be
automatically build via Maveh

« The jar-with-dependencies option in pom.xml musebabled so that all code
dependencies are resolved as they are shipped thilr respective
components

[y

jenkins-ci.org
www.getchef.com/chef/

https://docs.getchef.com/kitchen.html
maven.apache.org

A WN
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(hosts the code)

(builds the code)

(automates
deployments)

driver)
(provisions the VMs
and launches Chef
cookbooks)

ddo

p runnng

Figure 1: The PaaSage platform integration and buildinggess

Thanks to this continuous integration procedure @so Figure 1), PaaSage platform
deployments and tests are straightforward and gteea the use of latest code
versions.

In the following, the procedure to set up the PgaSplatform on your local

workstation is analyzed for each supported platftynfirst explaining what these
supported platforms are and which resource req@ngsnmust be met for the local
workstation. This procedure might be modified i thear future to become more
automated and possibly signify that PaaSage caloylégelf. The latter capability

could be enabled by, e.g., describing the actualogenent requirements of the
platform in Camel and then allowing the respectieployment system to deploy the
platform in one or even multiple clouds.

2.1 Supported platforms & Resource Requirements

The currently supported platforms are Linux and NBf8, where: (a) although any
modern Linux distribution can be exploited, the $age platform deployment has
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only been tested under Ubuntu 14.04; (b) similalthough previous Mac OS might
be exploited, only deployment on MacOSX 10.9 Maskehas been tested.

Apart from the above supported platforms, the lodbshe platform should preferably
have at least 4 GB of RAM, while 8 GB lead to ewaunch better performance.

2.2 Integration environment setup (Linux)

The steps provided below must be performed to stipntegration environment in
Linux. After all these steps are performed, yourkstation will be ready to launch
the PaaSage platform's VM.

1. Install Git

sudo apt-get install git

2. Download and install ChefDK htp://www.getchef.com/downloads/chef-
dk/ubuntuy.

3. Download and install VirtualBox and Virtualbox Erson Pack
(https://www.virtualbox.org/wiki/Downloads according to you operating
system.

4. Download and install Vagranhitp://www.vagrantup.corp/according to you
operating system.

5. Install Vagrant plugins

vagrant plugin install vagrant-vbox-snapshot

6. Configure Virtualbox network
o Open VirtualBox -> File -> Settings -> NetworksHest Only

o Edit the vboxnet0 so that: IPv4 address = 10.192.65Netmask =
255.255.255.0; DHCP server is enabled (see Figure 2
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E General Network

E| Input

Update NAT Networks | Host-only Networks

G Language

[E pisplay = Host-only Network Details x

Adapter | DHCP Server
ID Extensions

i Proxy 1Pv4 Address: |10.19.65.1 |

IPv4 Network Mask: | 255.255.255.0 |

IPv6 Address: | |

IPvb Network Mask Length: |£} |

b |

W Cancel |
Adapter 1: PC - T =

Figure 2: VirtualBox network settings

7. Clone wp6_integration git repository
cd $HOME/WorkingCopies
git clone ssh://git@agit.cetic.be:61011/paasage/wptgration.git

git checkout kitchen

export WP6_INTEG=$HOME/WorkingCopies/wp6_integnatio
cd $WP6_INTEG/admin

bundle install

# show the list of vm that could be deployed

kitchen list

2.3 Integration environment setup (MacOSX)

The steps provided below must be performed to sieipntegration environment in
MacOS. After all these steps are performed, youkstation will be ready to launch
the PaaSage platform's VM.

1. Download and install homebrewt{p://brew.shy + the command line tools
2. Download and install ChefDK http://www.getchef.com/downloads/chef-

dk/macj).

3. Install VirtualBox and Virtualbox Extension Pack
(https://www.virtualbox.org/wiki/Downloads according to your operating
system.
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4. Download and install Vagranbitp://www.vagrantup.comp/according to your
operating system.

5. Install Vagrant plugins

vagrant plugin install vagrant-vbox-snapshot

6. Configure virtualbox network
o Open VirtualBox -> File -> Settings -> NetworksHest Only

o Edit the vboxnet0 so that: IPv4 address = 10.19.65Netmask =
255.255.255.0; DHCP server is enabled (see Figure 3

B General Network

@ Input 5 B

(5} Update NAT Networks | Host-only Networks |

@ Language i
Display = Host-only Network Details x

Adapter | DHCP Server

[l Extensions
ey 1Pv4 Address: |10.19.65.1 |

IPv4 Network Mask: |255.255.255.0 |

IPv6 Address: | |

IPvE Network Mask Length: |I:] |

b |

Adapter 1: Pﬁ =

Figure 3: VirtualBox network setting

7. Clone wp6_integration git repository
cd $HOME/WorkingCopies
git clone ssh://git@agit.cetic.be:61011/paasage/wptgration.git
git checkout kitchen
export WP6_INTEG=$HOME/WorkingCopies/wp6_integnatio
cd $WP6_INTEG/admin
bundle install

# show the list of vm that could be deployed
kitchen list
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2.4 Deployment of the PaaSage platform

From a functional point of view, nothing prevertte distribution of various platform
modules on separate VMs. Every platform moduleaonmonent was developed with
a share-nothing concept in mind so that each onewaseparately. However, as the
project is still under development, the chef resipave not yet been adapted to allow
such a deployment and, by the time of writing, dhebloys all platform modules and
respective components on the same Virtual Machimecbmponents deployed by the
current integration work which provide a basic fgah functionality are provided

below:
* Adaptation manager

« CDO Server

» Cerif mapper

* CP generator

* Rule processor

* Solver to deployment
* MILP Solver

* Meta solver

* Deploy-play
e« Execware frontend
* Cloudify

The following three commands trigger the PaaSagtgom deployment:

cd $WP6_INTEG/admin
kitchen converge full_paasage_platform

#This will download and install a lot of things, glease be patient for the first tim

kitchen login full_paasage_platform

@D

Once you've finished working / examining the platipyou can issue:

kitchen destroy <instanceName>

to destroy the PaaSage platform's VM.
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3 PaaSage Platform Documentation

For each component that belongs to the PaaSaderplatspecific documentation
information has been generated by the respectiveponent developer in the git
repository hosting the component's code. This méadion includes a README file
which explicates the main functionality and the wHys component can be
configured and run. Apart from this informationnkims was used to produce the java
documentation for each component which is maddablaiat a specific URL for the
potential exploiters by invoking the respectjagadocmodule of the corresponding
code building tool (e.gmavenor sbtfor scalg. In the following, the section is split
into three main sub-sections, each dedicated telgung respective component
information for each main module of the PaaSag#quha, i.e., the Upperware, the
MetaDataDataBase (MDDB) and the Executionware. @d&c information for each
component includes: (a) the location of the comptsecode in g (b) the
programming language used to implement the codehécorganisation which owns
and has obviously developed the code, (d) the URihe java documentation of the
code, and (e) a reference to the respective dellemwhere additional details about
the component are provided (as well as an architgcanalysis indicating how this
component is connected with other components ofstmae or different module).
Moreover,

It must be noted that as the component code isustder heavy development, the
produced java documentation may not contain as rdetdils as could be needed for
a potential exploiter. However, it is expected tlagt the component code gets
finalized and the code developers will have adddladime to provide more focused
code comments in the places needed, the java dotatiom will become much
richer and quite self-explanatory.

It must also be highlighted that apart from paftacexceptions, most of the code is
not mapped to a particular licence. However, éxpected that quite soon this will be
finalized and the respective licence will be in@dddn the git repository hosting the
respective code (apart from the code itself whigt pvobably be also annotated).
The exceptions concern: (a) the components deveélbpd-ORTH (CDO Server and
Metrics Collector) which for the moment have a prefary licence, (b) the
components developed by ULM (Execution Engine ameéchtionware Frontend)
which have an Apache Public Licence 2 and (c) teef ®apper developed by AGH
which has an Eclipse licence.

3.1 Upperware Components
* CP Generator

o Git repository:

http://qgit.cetic.be/paasage/wp3 profiler/tree/mdpsasage-wp3-profiler/wp3-
cp-generator

® Please be aware that the component location dsawe¢he URL to the respective
java documentation will be modified as soon asdbmponent code is moved to the
final hosting platform.
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o Programming language: Java

o Owning organization: INRIA Lille

o Code documentation:
http://jenkins.paasage.cetic.be/job/WP3 PROFILERR/JAvadocs
o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* Rule Processor

o Git repository:
http://git.cetic.be/paasage/wp3 profiler/tree/mdsite processor

o Programming language: Java
o Owning organization: STFC
o Code documentation:
http://jenkins.paasage.cetic.be/job/WP3 PROFILERR/JAvadocs
o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* Upperware metamodel

o Git repository:http://qgit.cetic.be/paasage/wp3_model

o Programming language: Java
o Owning organization: INRIA Lille
o Code documentation:
http://jenkins.paasage.cetic.be/job/WP3_MODEL/Jagad
o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* Metasolver

o Git repository:http://qgit.cetic.be/paasage/metasolver

o Programming language: Java
o Owning organization: STFC
o Code documentation:
http://jenkins.paasage.cetic.be/job/WP3 META SOLYIRadoc
o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* MILP Solver
o Git repository:http://qgit.cetic.be/paasage/milp-solver

o Programming language: Scala
o Owning organization: AGH University of Science arnethnology
o Code documentation:
http://jenkins.paasage.cetic.be/job/WP3 MILP_SOLYIsRadoc
o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* Solver to deployment
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o Git repository:http://qgit.cetic.be/paasage/solver-to-deployment

o Programming language: Java
o Owning organization: INRIA
o Code documentation:

http://jenkins.paasage.cetic.be/job/ WP3 SOLVER TEPDOYMENT/Java
doc

o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

* Adaptation manager
o Git repository:http://qgit.cetic.be/paasage/adaptation-manager

o Programming language: Java
o Owning organization: INRIA
o Code documentation:

http://jenkins.paasage.cetic.be/job/WP3 ADAPTATIONMNAGER/Javado
[¢

o Reference: PaaSage Deliverable D3.1.1 [D3.1.1]

3.2 MetaDataDataBase Components
 Metadata database / CDO Server

o Git repository:http://qgit.cetic.be/paasage/cdo-server

o Programming language: Java

o Owning organization: ICS FORTH

o Code documentation:
http://jenkins.paasage.cetic.be/job/WP4 _CDO_SERVEBE®Idoc
o Reference: PaaSage Deliverable D4.1.1 [D4.1.1]

* CERIF mapper
o Git repository:http://qgit.cetic.be/paasage/wp4-cerif-mddb-plugin

o Programming language: Clojure

o Owning organization: AGH University of Science arnethnology

o Code documentation:
http://jenkins.paasage.cetic.be/job/WP4-CERIF-MDPBJGIN/Code_docs
o Reference: PaaSage Deliverable D4.1.1 [D4.1.1]

3.3 Executionware Components
* Execution engine

o Git repository:
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https://github.com/dbaur/cloudify/tree/2.7.0 _pa&sag

o Programming language: Java

o Owning organization: Ulm University

o Code documentation: http://getcloudify.org/

o Reference: PaaSage Deliverable D5.1.1 [D5.1.1]
» Executionware frontend

o Git repository:http://qgit.cetic.be/paasage/execwarefrontend

o Programming language: Java
o Owning organization: Ulm University
o Code documentation:

http://jenkins.paasage.cetic.be/job/WP5 EXECWAREORREND PLAY/Javadoc
s/

o Reference: PaaSage Deliverable D5.1.1 [D5.1.1]
* Metrics wrapper

o Git repository:http://qgit.cetic.be/paasage/metrics-wrapper
o Programming language: Java

o Owning organization: ICS FORTH

o Code documentation:

o Reference: PaaSage Deliverable 5.1.1 [D5.1.1]
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4 Executionware Deployment & Usage

domain of PaaSage operator domain of cloud operator
i Upperware i rry— ! virtual machine
H 1an! I
; p——— lover ---i- o o Y4l iter-
- - st [ 7L ceptor -
o = = =] OpenStack ¥
deployer L inter- execution
: 1 v T | preter engine
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maonitoring nfrastrueture 4
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time series database

Figure 4: Executionware architecture within PaaSage

As stated in Deliverable D5.1.1 [D5.1.1], the PagSBxecutionware has the primary
purpose of bringing applications to execution armd rhonitor their run-time

performance. Figure 4 sketches the Executionwaohitacture and its role in

PaaSage.

The Upperware components [D3.1.1] and the MDDB [DY. are installed at the

premises of the PaaSage operator. The PaaSagdoopesawell as PaaSage users
interact with these two parts in order to accesaSRge functionality. Similar, the

Executionware consists partially of components thate to be installed at the

premises of the PaaSage operator. This is the Hgeware frontend and the

monitoring infrastructure. Other parts of the Exemuvare are then automatically
set-up by the frontend when an application is dggdahrough PaaSage.

Besides being integrated in PaaSage, the Executienfvontend can be used as a
stand-alone component for deploying applicatiors. that purpose, it comes with a
graphical, web-based user interface. This featsngseful in order to test the current
set-up and ensure the Executionware is working.s T¢ection deals with the
installation and configuration of the Executionwénantend. In contrast to Section 2,
it presents the individual technical requiremermts dach dependency it has. It also
instructs how to build the code from scratch. Tée®pens the understanding of the
overall Executionware architecture and functiogalh particular for developers and
testers. This is also the reason why this sectartlodes with a brief description of
how to deploy an application through the user fats.

4.1 Installation

Table 23: List of components required for runninge&utionware frontend

Java developers kit, SunJDK or OpenJDK Version Bigher

Play framework 2.3.2

Cloudify 2.7-PaaSage
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Hibernate-capable database e.g. MySQL

The Executionware frontend is implemented on topthef Play framework and
makes use of a Hibernate-compatitdatabase. Furthermore, for deployment it uses a
customized, PaaSage-aware version of Clofdify the following, we sketch the
installation of the frontend components based onUdmintu-based Linux using
mySQL as a database and OpenJDK 7.We assume ¢hgpphication is installed by a
usermyuser to an installation directory/install. The installation steps that have to
be performed are the following:

1. Install git:

sudo apt-get install git

2. Install OpenJDK by using your operating system raagm:

=~

sudo apt-get install openjdk-7-jd

3. Install mySQL database:

sudo apt-get install mysql-serve

4. Create and enter installation directory:

mkdir ~/install;
cd ~/install

5. Download the Typesateeactive platform:

wget http://downloads.typesafe.com/typesafe-aci/bl.10/typesafe-
activator-1.2.10.zip

The Executionware frontend is implemented on toghef . In the following, we
sketch the installation of the frontend componéaised on an Ubuntu-based Linux
using mySQL as a database and OpenJDK 7. regititferm:

6. Extract the Typesafe platform that will result idigectory

~/install/activator-1.2.3-minimal
unzip typesafe-activator-1.2.10.zip

7. Clone the Executionware repository using git:

https://www.playframework.com/
http://hibernate.org/
http://getcloudify.org/
http://typesafe.com/platform

© 0 N O
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git clone ssh://git@git.cetic.be:6100/paasage/exaeivontend.git

8. Create a (so far) empty configuration file (nameefto choose):

touch dev.conf

9. Download the PaaSage-capable version of Cloudify:

wget http://eladron.e-technik.uni-ulm.de/cloudifgagspaces.cloudify-2.7.0-
ga-b5996.tar.gz

wget http://eladron.e-technik.uni-ulm.de/cloudifg@aspaces.cloudify-2.7.0-
ga-b5996.tar.gz

10.Unpack the archive that results in a directory:

~/install/ gigaspaces-cloudify-2.7.0-ga
tar -xzf gigaspaces-cloudify-2.7.0-ga-b5996.tar.gz

4.2 Configuration and Setup

Now that all software has been put in place, thdividual components must be
configured as follows:

MySQL
In mySQL we need to set-up a database as weluasrathat is allowed to access this
database.

1. Connect to database usimgysql —u root —p
2. Create database dbName.

3. Grant all privileges on dbName.* to ‘dbUser'@’lokakt’ identified by
‘dbPassword'.

Fill Config File

Open the config file (dev.conf) using your favoeréditor and add the content that is
shown in Figure 5.
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# Secret key properti

# The secret key is used to secure cryptographiagibns.

# If you deploy your application to several instas\be sure to use the same key!
application.secret="A VERY_SECRET_KEY"

# Database configuration
db.default.driver=com.mysql.jdbc.Driver
db.default.url="mysql://dbUser:dbPassword @localfttistiame"

# Cloudify properties

# Cloudify Path, directory for temporary files,lteloudify to save files
cloudify.path = "/home/myuser/install/gigaspacesudify-2.7.0-ga"
cloudify.temp = "/tmp"

cloudify.safe = true

Figure 5: Content for the configuration file dev.conf

Run Play Server

In order to bring up the server running the Exemwtiare, execute the following
steps:

1. Change to the Executionware directory:

cd /home/myuser/install/execwarefrontend

2. Run the play application server:

~/install/activator-1.2.3-minimal/activator -
Dconfig.file=/home/myuser/install/dev.conf start

3. This will lead to a running PaaSage Executionwalde tBat is accessible at
port 9000 and can be accessed with a browser
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Please sign in

Display Name
john.doe@example.com

Required
Password

Required

Figure 6: Login screen after a sucssful installatiol

4. Login using the following default username/passwathbination:
« Login: john.doe@example.com
« Passwordadmin

Logging in results in an empty Executionware comfagion that we will use in order
to deploy a sample application

Search,
in

Index / Breadcrumb | Test

Welcome to PaaSage Executionware

PaaSage Executionware Cloud Center

Figure 7: Screen after first login
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4.3 Example: Deploying an Application

This section deploys an example application ushegWeb-based user interface of
PaaSage’s Executionware. While this GUI-based ambras not PaaSage’s primary
approach for deploying applications, the GUI hetpsrder to figure out whether the
Executionware has been configured correctly amadsed operational.

When changing to thielanagement view using the upper right “Management” button
in the user interface, the GUI changes and dispéaysft column listing the core

abstractions of the Executionware in alphabetie@oriVe iterate through all of them
in logical order in the following subsections. Byimg this, we sketch the

functionality of each of them and create a workéxgmple.

4.3.1 Creating a Cloud

A Cloud is defined by theJser credentials to access the Cloud Instance offeyea b
particular Cloudprovider. The cloud also has a type that is defined bydihger
used to access the Cloud.

The Cloud driver defines the software used at #@es-side (e.g. Amazon EC2,
OpensStack, and Flexiant FCO), but also the URhefdervice. Hence, for accessing
the PaaSage testbed provided by Flexiant, we amafigFlexiant FCODriver as
shown in Figure 8 andFlexiant FCO Provideas shown in Figure 9.

The Driver configuration consists of an arbitrary driver na(Réexiant CFO in the
figure) and class names for accessing various &spédaaS offers; in particular,
compute services, storage services, and networkcesr For FCO, the compute
driver is capable of handling the other aspecta/els so that the remaining aspects
can be left emptyConnect to private IRlenotes whether the virtual machines created
for this cloud can be accessed using a public IRogrwhere the first case obviously
eases the deployment. The most important configurgtroperty, however, is the
overridesfield that defines the URI of the cloud operator.

Flexiant FCO

Attribute Value

Overrides flexiant endpoint”: “hitps://api sd1. flexiant.net:4442", "diskProductOffer: "2aedbbc7-41de-3628-918-2c9091aB1054'

Figure 8: The Flexiant FCO Driver
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Flexiant FCO

Attribute Value

Display Name Flexiant FCQ

Figure 9: The Flexiant FCO Provider

The Provider configuration in turn comprises configuration pedges regarding the
set-up of all virtual machines started in a dedidatloud, e.g., where to get the
cloudify run-time, prefixes of virtual machines aménagement virtual machines. In
addition, it defines how the system deals with nganaent virtual machines by, e.g.,
defining their total number and the memory they. use

The User entity encapsulates the access credentials t€liwed such as user name
(called user in the GUI) and password (calledpiKey). It also enables the
specification of a key file that will later be usedaccess virtual machines using PKI
authentication. For clouds with FCO driver, the ldges not need to be set. For
Clouds based on OpenStack, this is necessary, leowBve combination of Provider,
Driver, and User allows the definition Gtoud as shown in Figure 10.

Search..

Index / Management / Cloud / Flexiant

Applications
Boctstrap Attribute Value
Clouds Display Name Flexiant
Drivers Cloudfiy Name flexiant
e User joerg.domaschka@uni-ulm.de/88e8640c-7aea-35c1-9811-bca3aag55788

Images Provider Flexiant CFO

Installations Driver Flexiant CFO
Locations

Networks

Providers

Services

Uploads

Users

Figure 10: A Cloud configuration to access the Flexiasthed

In addition each clouds requires dpload. An Upload depicts custom files that will
be used when setting up a virtual machine. Theypleaded as a zip file. There are
mainly two important files regarding the upload:
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- bootstrap-management.:shhis file needs to be contained in every upload
zip. The bootstrap-management.sh can be downloafileth the
executionware webpage.

- Keyfile If you want to use public/private key authenticat for your
virtual machines, the private key which should Isedj also needs to be
contained in the uploads zip file.

When using specific cloud providersNetwork may be required. Currently, this is
true when using Flexiant and OpenStack. A Netwankfiguration is depicted by its
unique identifier given by the cloud provider, @hd cloud it belongs to. In addition a
custom configuratiocan be added, which can enable, e.g., the usdigabhg IPs.

4.3.2 Creating Hardware Configurations, Operating Systems and
Locations

When applications are to be deployed on laaS sygstémey are to be bound to a

dedicated image that encapsulates the operatingnsy(sf., Figure 11, Figure 12) and

in addition a hardware configuration (cf., Figu® that encapsulates the number of

CPUs and the available amount of memory.

nd a t | Imag

Jbuntu 12.04 amde4

Ubuntu 12.04 amd64

Attribute Value

Figure 11: Image configuration

The image configuration covers basic informatioattls required by the runtime
environment. It names the operating system cordamehe image, together with the
version number and the hardware architecture treg@ms built for. In addition, a
username and an associated password can be setisTUsed by the Executionware
runtime to get access to the running virtual maehirheremoteDirectoryproperty
defines the directory the run-time will use for forary files. The
initializationCommandproperty contains a set of commands to be execated
bootstrap. In the example, the local IP addresgtgo the IP address assigned by the
cloud platform. Theprivilegedproperty defines if this image requires commaiodset
executed with sudo. This is mainly required for btw cloud images. The
autoRestartAgenproperty should be set true, as this means tlatlibudify agent
installed on the machine gets automatically restibaffiter a reboot.

D9.3.1 — Initial Training Materials Page 32 of 59



Hardware

4 Add Hardware

il

Figure 12: Hardware Configuration

The configuration basically defines the hardwarepprties of a virtual machine. In
particular, it is possible to define a set-up cstisg of a particular number of CPUs
and amount of RAM. Figure shows two configuratioose with 2 CPUs and 2000
MB of memory and another one with 4 CPUs and 40@d¥imemory.

A Location denotes a particular location within a cloud. Faxiant FCO this refers
to a virtual data centre. For Amazon EC2 this mefier an Amazon location (data
center) such as Europe, Asia, or West Coast. Regp@penStack, the location is not
required as it is contained in the identifiersifoage and hardware.

After creating anmage, Hardware or Location, those need to be assigned to the
cloud they are available in. For this purpose,AlsignButton (cf., Figure 12) can be
used. By giving the unique identifier of the Imab@ardware or Location Resource in
the specific cloud, the assignation can be comgl@te, Figure 13).

Assign Hardware

Figure 13: Assigning the Hardware to a specific cloud
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4.3.3 Bootstrap

A Bootstrap is the action of actually activating a Cloud. Thieans that the
management virtual machine gets started includimegrémote monitoring instances
(time-series database). Besides being startedatiiee is also linked with the metrics
collector (monitoring infrastructure residing aetRaaSage operator's premises; cf.,
Figure 4) so that monitoring data reaches the rdata-database.

Index Management / Bootstrap / New Boolsirap

Create a new Bootstrap

Bootstrap Cloud

Flexiant

Lecation

My Data Center
Hardware

Images Hardware

2 2000
Installations

Locations Image

Ubuntu 12.04 amd&4
Create

Providers

Uploads

Figure 14: Bootstrapping a Flexiant Cloud

Figure 14 shows the creation of a Bootstrap inga@uce this is created, the Cloud
is bootstrapped and the management virtual madkireeated. The result of this
action can be seen by clicking on tlabsicon in the right top corner (c.f., Figure 15).
Here, also the output to the operation can be seeccessful jobs are shown with a
green outline, failed jobs with a red. More detédighe jobs can be seen by clicking
on theShowButton.
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Figure 15: Job Overview

4.3.4 Applications, Services, and Installations

As described in D5.1.1 [D5.1.1], the Executionwhes adapted from Cloudify the
concepts ofServicesand Applications.While the PaaSage Upperware and its high-
level CAMEL models abstract from this low-level Ex#ionware-specific view,
using the Executionware directly requires to unided the difference between the
two:

An Application provides a context to a set &drvices. There is no logic attached to
the Application except that it defines its Servieesl the interdependencies between
them. Services may depend on each other in thee4ba$ one service needs to be
started before another one (e.g. the database neédsstarted before an application
server). Figure 16 shows an application represgrairCloudify-enabled version of
the Ghost blog applicatidh consisting of a load balancer service, an apjinat
server service, and a database service. All sexvdaa be scaled independently and
are further deployed independently from each other.

10 https://ghost.org/
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Index Management / Application / Ghost Blog

Ghost Blog

CraiErEp Attribute Value
Clouds Display Name Ghost Blog

Cloudfiy Name ghost

=+ Assign service

Assigned Service(s) Actions

Installations Apache Load Balancer m
Locations

MySQL DataBase m
letwork!

Net S
Providers
Uploads

Figure 16: An application definition consisting of three giees

A Service merely consists of a name and an archive file. difchive file contains a
set of scripts that are executed at certain pamtthe service’s life-cycle (install,
deployment, startup, shutdown, ...). The content tedstructure of these files has
been described in D5.1.1 [D5.1.1].

An Installation is the deployment of a particular application. Thstallation view
offers aninstall-Button triggering the installation of the applicat within the defined
cloud environment. As with the Bootstrap, the pescean be tracked in the Jobs view
(c.f., Figure 15).
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5 Camel Model Creation

5.1 Overview

The main purpose of Cloud Application Modelling artkecution Language

(CAMEL) [D2.1.2] is to capture user requirementstioe execution of applications in

the Cloud. CAMEL is formed via an aggregation oisérg standards to capture user
requirements and maintain them through the whotau€lapplication lifecycle. The

CAMEL models are created using the Eclipse IDE atated in a central CDO

server.

The Camel Models specified in Eclipse IDE can beduso capture the main
computing requirements to be associated with thpdicgtion when deployed on the
Cloud. These requirements are expected to be wadging and include various
perspectives on the application from different stakders within the organisation
that the user belongs to.

This guide shows the process of requirements capfrom the various user
perspectives and how this is translated into tHg&e CAMEL Modelling process.

Note

This guide has been written to support the firgSze prototype. It is expected that
significant future work will take place in the peci to make the process described
below both simpler and less open ended.

Pre-Requisites

In order to follow this tutorial, you should havkeady set up the Eclipse CAMEL
modelling environment. Instructions on how to des tban be found in the PaaSage
CAMEL CDO tutorial by Nikolay Nikolov. In addition, some knowledge dan
familiarity of the Eclipse IDE is required.

Audience
This tutorial is targeted at three types of users:

Application DesignerThis type of user is expected to have knowledgh®
main execution and deployment characteristics efapplication including specific
technical requirements, such as platform and datage and performance.

Business User This type of user will set the higher level buwss
requirements, such as Cost of application executiand specific business
requirements, such as process data using US hosts.

Systems AdmirThis type of user will know the wider technicalintext from
an organisational perspective that the applicatishould execute within.
Requirements such as the wider security policiabs tanhnical detail can be set by
this user type.

The end user which monitors the model and apptinagxecution in the Cloud could
belong to either one of the user types above depgradso on the level of detail and
interference that is required. End user choice w@peon the organisation's
characteristics. It is also possible that users delggate the setting of requirements
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to one of the user types listed above, althoughirements from each type of users is
needed for the PaaSage platform to provide themmyoii Cloud-based application

management. The process of requirements captsm@iidetween the perspectives of
Business Requirements, Application Requirementsfaindin Requirements.

5.2 Camel Modelling Process

5.2.1 Step 1: High Level Requirements Capture

It is expected that an organisation will have a sktclearly defined business
objectives associated with the decision to portieploy an application to the Cloud.
These objectives are likely to have formed paramfinternal project / business plan
for internal approval before the decision to embre Cloud via PaaSage was taken.

These business driven objectives will also link ather internal documentation
relevant to the security / admin and levels of meryor the application in the Cloud.
For example a typical objective could be to rundpelication on an EU Cloud using
specially defined Linux virtual machines at a ctmter than 1k per week. This
objective spans business (cost), admin (EU onlyg) application (Linux) specific

elements. This scenario will be later used in tAAEL creation example.

In order to translate these objectives into reaquéets, we start with the creation of a
UML sequence diagram. This step is designed to ¢eghpure the main objectives into
requirements but also help to describe the maiticgbion and its relationship with
other entities including other computational eletaerand business level
organisations. It is expected that this task isreygd by the main Business, Admin
and Application stakeholders linked to the deplogtréecision.

Resulting from this initial work a high level UMUass diagram will be produced.
This diagram will represent the key requirementsth@d cloud-based application
deployment including specific rules and constralimied to the provisioning of the
application.

In future developments of PaaSage it is expectatl tthis capture phase will be
embedded into a specific PaaSage front end GUleHlee user will select different
capture screens to describe the main business,radnd application requirements.
The PaaSage system will then automatically link gbes of requirements into the
respective CAMEL model to be exploited for the propnanagement of the
application in multiple-clouds.
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Fublic Cloud it
Customer (must bz in EU) Private Cloud

End User Database
Legacy System
Web Interface ——
Application Instance
Support Mobile Devices - - : 5 -
Mo less than 1tb storage per applicaton instance | Business Logic
Read Access Only
Web Server
Application Logic

Response time and availahility must meet x criteria

Figure 17: High Level Class Diagram of Deployment

The above diagram is a quite simplistic represemtadf the desired architecture
when the application is deployed to the Cloud. K& points here are to define what
components are to be deployed and their main cteaistics and interdependencies.
Where possible each main component should be brokswn into its software
requirements and performance characteristics. Bamigslof the Cloud can be used to
describe (as illustrated in Figure 17) how somelalepents could be hybrid in
nature.

5.2.2 Step 2: Detailed requirements capture

Once the high level architecture and relationshgtsveen components are defined, in
order to ensure that the reasoning PaaSage condustisitable to the end users
additional detail is added to the model. The addél input includes the prioritization
of specific factors such as cost of storage andicgtipn execution time to aid
automated decision making by PaaSage components.

Users will be required to capture their applicatreorkflow in order to model the key
points in the application deployment and execufpases. It is expected that the
future development of the PaaSage GUI will guideubker to the specific phases and
assist them in defining the rules and constrainisng this workflow creation
process. Once the user driven workflow is compléte, PaaSage components will
automatically combine it with the PaaSage lifecycle

At this stage of the project an interactive worlfldbased design tool is not yet
available to allow users to interact with the pbkesiptions available for application
deployment and provisioning/execution in the clodide project will develop a
flexible workflow tool to capture the more detaileshuirements which will support
the user in modeling their scenario’s workflow ombe standard PaaSage lifecycle
model identifying constraints / rules at the maaa8age decision pointsigure 18
illustrates this process for a generic Cloud depiemt.
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Figure 18: Simple PaaSage Lifecycle

Points A, B and C in the simple PaaSage lifecydepicted inFigure 18) are
typically points at which the user (or alternativethe platform produces
automatically on behalf of the user) is requiredcteate specific input, such as
functions to aid the management of user defineesrahd constraints. Users create or
assist in the creation of such an input by rankmgortance of specific rules and
constraints when defined in CAMEL. It is therefare important step to have such an
input defined before the process of CAMEL creaisstarted.

Point A is concerned with requirements providedhsy end user in terms of priority
(e.g., cost is given higher priority than perforroan

Point B is where the selection of Cloud providexses place. Here rules could exist
that exclude specific providers or take into aceapecific historical actions of the
provider (stored in the MDDB [D4.1.1]) when makittte choice. Utility functions
could also be expressed to guide the reasoningegsaowards discovering the most
optimal deployment plan according to the user megoents, constraints and
preferences. Such utility functions could be eiteepressed directly by the user in
case he/she is quite experienced in this matteautomatically by the system by
considering the user requirements and the priergzsed on them.

Point C is user-defined and specific to the ong@recution of the Cloud. It could be
expressed in the form of scalability rules whiclioate those conditions that when
met the end-user application should be scaled. Qudtalability rule could be
specified by the user, based on extensive tesfitgsther application or on live data
received during the application execution on theu@l Alternatively, the system
could generate the scalability rule automaticalhyd asuggest it to the user for
confirmation based on the previous execution hystar the cloud of similar or
equivalent applications.

5.2.3 Step 3: CAMEL

Once the high level requirements and more spedffut within the PaaSage
engagement are defined, the process of CAMEL aeasi ready to start. Following
on from the pre-requisite step of installing the AL modelling environment, the
user is presented with several options when defiaiCAMEL root node.

The root nodes in CAMEL are taken from specific BStaptured in the CAMEL
modelling environment (see also Figure 19). Mortaitke about each DSL can be
found in [D2.1.2].

D9.3.1 — Initial Training Materials Page 40 of 59



#  http:/fwww.paasage.eu/camel/cerif L
##  http:/Swww.paasage.eu/camel/cloudml *
#  httpe/Swww.paasage.eu/camel/execution 2
http:/fwww.paasage.eu/camel/saloon/feature 3
http:/fwww.paasage.eu/camel/security L
http:/fwww.paasage.eu/camel/srl *
#  http/Swww.paasage.eu/camel/type 2
http:/ fwww.paasage.eu/camelfwsag 3

Figure 19: The DSLs of CAMEL mapping to the roade®

DSLs that the root nodes emerge from are listedvibekith the main areas of
information that they cover. It should be notedehdrat for the capturing of user
requirements, not all DSLs are actually needed. él@n, models for the DSLs that
are neglected in requirements capture and stor&Di® Server could be exploited
during the requirements modelling as the DSLs hgaed and mapped to each other.
For instance, when defining a specific deploymendeh for an application, the user
could define a requirement that a specific cloudvpter's VM is used for the
deployment of a particular application componeriticlv can be linked to the
respective cloud provider capabilities description a model defined via the
feature/provider DSL.

 CERIF: This is used to map the roles and attribaotassers in the application
to be deployed in the Cloud. CERIF is actually uded describing
organisations, their respective users and userpgrcand the corresponding
roles that are mapped to these users and grouganiSations can be cloud
providers or particular companies that need to @kphe PaaSage platform
for their own needs.

» CLOUDML: This is used to model the main architeatunature of the
application and its deployment. This includes tppli@ation components and
the characteristics of the VMs, such as computaticgsources and operating
systems, on which these components will be deployed

* PROVIDER/FEATURE: This is used to capture the Clopdovider
capabilities in terms of offered cloud servicesaiguite expressive way. It is
expected that a set of provider models will alrebd@ystored in PaaSage's
MDDB such that the end-user is not required to $pethem but just
reference them when e.g. needs to express whiald dervices should be
mapped to which cloud providers.

« SECURITY: This focuses on defining security cordrahnd respective
attributes and metrics which can be used for asggpsgether the respective
security requirements of the user are satisfiets #xpected that the security
controls will already be stored in PaaSage's MDDBtte user would just
have to express which controls interest him/her ahdt priorities it set for
their satisfaction. Such security control requiratsecan be used to filter the
available cloud provider space based on the preos/idgecurity control
realizations/capabilities.

* SRL: It is used for defining scalability rules whicare tied to specific
applications and their respective deployments. Eachlability rule is
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expressed as a simple or complex condition on anenae Q0S metrics
whose satisfaction should lead to the executionth® corresponding
scalability actions (such as scale-out) by the BgaSplatform. Obviously,
apart from widely-known QoS metric templates (adseatored in PaaSage's
MDDB) which can be instantiated, the end-user hasfteedom of defining
new QoS metrics and associating them to respecsiwalability rule
conditions.

» Type: Itis used for defining the values and valpees that particular CAMEL
constructs/elements can take. For instance, a ugjee can be bound to a
specific QoS metric in order to be able to assdssther the respective metric
monitoring values are correct.

* WSAG: This actually maps to the WS-Agreement lagguand thus can be
used for defining Service Level Terms as well asviSe Level Objectives
(SLOs) related to the applications deployment atetetion on the Cloud. We
should highlight here the connection between WSA®G SRL as SLOs can be
expressed as conditions on QoS metrics.

5.2.4 Example: Simple Requirements Capture

In order to demonstrate the process of requiremeayptire we have created a simple
scenario. The main outline of the scenario is erplibelow:

Business Requirements

Company A has a non-cloud application offered ® dustomers that is being
considered for migration to the cloud. The appiaratonsists of a legacy application
linked to a web based database and web servempedsthrough a client side web
GUI (the UML diagram is expressed earlier in thegwiment in Figure 17).

The Business Usealefines the core business motivational requiremfamtsising the
Cloud. These are that Company A wants to provigatgr resource flexibility to the
web server and database by provisioning via thauClds a result Company A
expects to present a new charging model to itoousts and reduce its own costs by
selecting the most economical options for deploym@&hus, cost is a significant
factor in the setting of the deployment to be optad.

The Application Designelnas knowledge of performance and hosting requirésnen
for the application. Here, the requirements, topsupthree levels of SLA which are

offered Company A via the application to its custosy are integrated. The SLA is

linked to application support but also storage capand processing power. These
factors are expressed as requirements linked tavtie server and database to be
deployed on the Cloud.

The Systems Admiras knowledge of the security constraints andlmépes within
the organisation. For example what type of idemignagement framework can be
supported by clients. Here the requirement is pledithat the system should support
that company customers (or users representing thalin)se their federated identity
to gain access to the application. The client &tlH# should support mobile devices.
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In terms of security, the application handles peatalata and therefore appropriate
access policies need to be applied linked to natjanternational and domain specific
law. Taking this into account the application mostexecuted in the EU.

Detailed Requirements

Using the model in Figure 18, detailed requiremanésformed at three points. These
are expressed in this example as simple functidrishadetermine specific decisions
that need to be made at these points of the Pa&3age lifecycle.

At Point A, the initial set of detailed requiremegnd the user defined priorities for the
deployment to the Cloud. In this example, the ekenumust be performed at the
cheapest cost possible regardless of processirg tim

At Point B, user preferences are provided and tiniceCloud provider selection. In
this example, the user does not wish to use thezam&loud and desires to select a
Cloud Provider with the highest user reputation kmbased on feedback in the
MDDB from the Social Network.

At Point C in the example, the user monitors (wile help of the platform) the
performance of the application execution. Due tecH#E changing circumstances
(e.g., deterioration in application execution tioheée to increased load at particular
time periods during the day) the user may wismtodase the processing power given
to the application to get the application complegedtker. To this end, he/she could
feed this in the form of a scalability rule at tisimge of the application lifecycle to
handle accordingly the equivalent future circumstarthat are about to occur.

DSLs
In terms of each DSL, this use case/example shooldel the following information:

» CERIF: This is used to map the roles and attribofdbe end users federated
identities to the roles and attributes of the ajgion.

 CLOUDML: This is used to model the main deploymerddel capturing the
three main components above at its core as weleasequirements posed by
each of them to the respective VM.

* SECURITY: As the application processes personah,dspecific encryption
and hosting requirements will have to be enforaedupport the deployed
application.

* SRL: Scalability rules should be defined and erddrto ensure maintenance
of service level dictated by the respective SLA fach customer. For
example, ascale outaction should be executed when the databasedhinea
capacity or the component VMs run out of computaigower.

» WSAG: Service level objectives (SLOs) linked to theier SLA which are
expressed via conditions on metrics that can bdtored and defined in SRL.

Model Creation

In order to set specific elements into the CAMB1ie toot node is added relevant to
the specific requirement being captured. To demmatesthis, we will use an element
from the scenario described above:

Abiding by the security ruleghe application should be hosted on an EU Cloudgis
specially defined Linux virtual machines at a doster than 1k euros per week.
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From a business perspective, the focus of cosbearaptured by defining a specific
requirement in WSAG indicating that the respectittribute (defined in SRL)
mapped to cost should be restrained with a paaticuhlue (1k) and unit (euros).
Then, when the user-provided deployment model & ifégo the platform, this
deployment model will become more concrete by aeraig the cost constraint into
account when mapping the deployment requirementisetgespective capabilities of
the cloud providers which come with a particulastco

The application perspective of specific VMs can rhedelled using nodes from
CloudML. Here the most appropriate way of modellthgs would be to create an
appropriate root node mapping to a Deployment MoBEsdm this root node, child
nodes can be added such as the application comigonde VMs and their
characteristics, such as required memory and stoeagl the mapping of components
to VMs via hosting nodes. It should be noted hbet the VMs here are described in
terms of requirements on their characteristics. elew, the user has the freedom to
become even more concrete and map particular apipiccomponents to VMs (or
VM types) of specific cloud providers.

File Edit MNavigate Search Project CDOEditor Run Window Help
i) & (¥ IS = S = iy v Quick Access [ | &7Java 4> Plug-in Development [ZF Mod:
&5 Model Explorer 5 9% ¥ = 8 | HCosener. [i] Adtinjava (1) Application... &) camel.ecore | [ *Lufthansa 3 | 7 =
4 Agreement t Context Type [NEW]

4 4 Provider Model [NEW]

4 Requires [NEW]
4 4 Deployment Model INEW]

4 VM NEW]

Property Value

o

4 Agreement Context Type Max Ram 0
< Provider Model Ram Unit

+ Deployment Mode! Min Cores =0

M =g

0

o

Min CPU =00

Figure 20: The Eclipse Environment through which the Camadieh of the example
specified (and shown at the right top window infigare)

From a security / administration policy, perspeetiwot nodes from the Security
DSL, including Security Requirements that can hikdd to specific security controls.
Such requirements can be ranked via user-providedepies to allow for a more
informed selection of the respective cloud provéder

The process of adding root nodes and drilling dénom these nodes to add specific
detail is repeated to cover all defined requirememd create the CAMEL model for
the application as it is used in the Cloud (see Eigure 20 which shows the Camel
model specified for the example).

Functions from the more detailed requirements cargénerated from the models by
adding specific constraints or rules within the idgion of specific nodes. The end
result of the process is one or a set of CAMEL risosi®red in the CDO database.
Such models can be added to and modified overamdeshared between users and
application domains.
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5.2.5 Summary

The tutorial above takes a simple view on the aeabf a CAMEL model. The
process is open ended and the possibility of dejinsimilar constraints using
different DSLs is a recognised problem. To addteissproblem improved integration
of DSLs and the production of the GUI-based desigits for the creation of CAMEL
is a major focus of the next phase of PaaSage vamke this improved integration of
the DSLs takes place, an extended version of tihisial will be produced, which will
include specific guidelines for each DSL in orderaissist the user in defining the
different types of requirements for his/her apglma The respective example used
throughout this tutorial will also be enriched lmgluding particular screenshots and
steps which indicate the way particular requirermeme formed in specific CAMEL
DSLs.
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6 Social Network User Guide

The PaaSage Social Network (SN) is a social platftargeting at the creation of a
community of users and developers by enabling themxchange their experience
and knowledge with respect to the PaaSage platfohmugh the PaaSage SN, users
can connect to other SN users and view their dautions, join groups, deploy
applications, navigate through historical knowledgé previously executed
application models, create application models Igo altilizing useful modelling
recommendations provided by the SN as well as caminad rate such applications
models. Soon (end of M30) the SN will be availaioleusers to create accounts and
exploit the functionality exhibited by the SN.

This section presents the basic functionality c¢ tPaaSage Social Network and
provides an overview of the pages and the actidv&d & user can perform.
Furthermore, in the following subsections, all tequired information about how to
use and navigate through the PaaSage Social Netsveupplied.

6.1 Site Sections

The fundamental view of the Social Network Web $teshown in . In theop-bar
navigation mendhe user can navigate through the key elemerttseoN, which are
the Models, Components and the Community. The Modet¢ application models
described in the Camel Meta-model [D2.1.2], wheweche model includes a
description of one or more Components. The Compsree individual units which
provide some functionality. Finally, the Communityupplies the necessary
functionality for users to ask questions, get femt#liirom other users and create / join
groups. In the right corner of thep-bar navigation menuhe following shortcuts are
supplied:

My Area | TheMy Areasection contains the user’s configurations, runs,
models, components, and credentials

(=4

Cart The user can add to the user’s cart any mnmdamponents t
be used for the design of an application deploymeodel.

Notifications| Any system notification to the user.

The user | Redirects to the user’s profile.
profile photo

L
@ Friends Redirects to the user’s friends.

Messages | The text messages sent from other users.

Y | Settings | The user's settings.

The Main Windowdisplays the main information that the user wantsee according
to the user action/selection performed. For insgtarfdhe user clicks the Community
link from the top-bar, theMain Window will contain the home page of the
community. TheSidebarsection contains neighbouring information abow ain
Windowand some actions that maybe the user wants torpgrsuch as filtering the
Main Windowinformation.
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i . Compay scarch 2wARm 2 2 A
bar navigation menu

SERVER APPLICATION

1
An application server can be either a software framework that provides a generalized approach to creating an application-semer l A . @

implementation, or the server portion of a specific implementation instance. In either case, the semver's function is....

4 Members 5 Questions

SUGGESTED MEMBERS ViewA

Main Window

Figure 21: Site Sections: 1) The top-bar section pdesi the basic navigation options. 2) The N
Window provides the main information that the udesires to see. 3) The sidebar sections
basically for additional, secondary information a#yithe footer of the si

Finally, the last element of the page is Faoter which is kept simple and provides
the links to:

« Contact Information
- Terms of Service and
« Privacy Policy
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6.2 User Login / Register

The introductory page of Social Network (SN), shownFigure 22, has the basic

functionality for login, register and additionalsome information about the SN

capabilities. If the user has an account on the t88h he/she can log-in by typing

his/her username or email as well as passwordernagh right section. If the user is a
new visitor then he/she can register to the SN. rElgestration section is kept simple

by enabling the user to provide only the necessiatpils for the sign up process

(display name, email address, username and passwardist be highlighted that the

user can provide additional details in the pro$iéttings pages which are analysed in
the following subsection. After the sign-up or limgprocess, the user is redirected to
the models home page, which is analysed in thesédion.

6.3 Profile Configuration

Figure 23 depicts the page of user general settifigs user can navigate to this page
either from the settings icon at the right of tbp bar or from the profile page. In this
page the user can provide additional informationva#i as determine the privacy
level for each information provided.

In the right submenu the user can change the aphtap on Avatar Settings section
or can change the password or other account ddtgilsavigating to theéAccount
Settings

PAAJACE Usemame or ema

SIGN UP

Build application models that can run on multiple Cloud
platforms

Build or migrate old applications. View application execution statistics. Manage resources and
run applications on the Cloud.

Collaborate with a powerful community

Create your network. Find experts. Rate, review and discuss applications.

Build and run application models

Find applications or components, view their execution statistics and deploy them directly or use them to create your own application model

Join the community

Find Find groups and users, connect with them and participate in discussions

Contact Terms of Service Privacy Policy

Figure 22: Log-in and Registration Pag
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Figure 23: User General Settings

6.4 User Profile

The user’s profile page is shown in Figure 24 hia top of the main page the user can
see his/her contributions, such as how many mod&s)ponents, questions and
answers has contributed to the SN. Such contributeans are shown throughout all
the web site in order to incentive the user to gleveedback to the community. After
the contributions page part, the user can seednigfip contributions, nominated
according to the rating of other users. In the elanpage shown in Figure 24 the
user has asked three interesting questions. Ingkesection of the main page body,
the user can see his/her activity feed. Finallythm sidebar section, the user can add
his/her skills (e.g., web application developmertyl areas of interest (e.g., servers).
When the mouse is over a tag in the skills or maarof interest section, a remove
button appears to assist the user in deletingeébkeeat entry/tag.
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TOP CONTRIBUTIONS MY CONTRIBUTIONS

07 99% (1 20 ms
' SENSAPP

400 uses 100runs 4K watches s00

=
1 DEPLOUYMENT IN DIFFERENT MACHINES
;R-;n E;S“";:;;;:Z;]e app E'wr deployad in differsnt nodes?
L MYSQL OR MONGODB
i
SENSAPP m
Application created by Mike Elson iy

& Mike Elson added a new discussion i nt in different machines in the group SPECIENterpnse 2 days sgo

Figure 24: User's profile page.

Figure 25 shows the user’s friends page which camatcessed by clicking the
Friendsshortcut or thé&/iew All link at the bottom part of the side part of thefipe
page. In this page the user can perform threerectio

» Seehis/her friends' profiles
* Senda message to a friend or
* Remove particular friend from his/her friend list.
The actionsSSendandRemoveppear when the user mouse is over a specific user

6.5 Social Network Community
The SN Community delivers to the user the functibypprovided below:
* Create, Join or Leave a group
» Ask a question or begin a topic
* Reply to a question or a topic and
* Associate models and components to a questiomeply
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John Smith's friends

# Edit Profile

Chris Parker Nick Dallas m Antonis Papaioannou
l 0 Models 0 Components 0 Questions 0 Replies l 0 Models 0 Components 0 Questions 0 Replies ;\ﬂf‘ © Models D Components 0 Questions 0 Replies
chris
1 0 Models 0 Components 0 Questions 0 Replies L 0 Models 0 Components 0 Questions 0 Replies

Contact Temms of Service Privacy Policy

Community

SUGGESTED GROUPS

E APACHE SERVER WEB SERVICES SPECJENTERPRISE

Apache hitpd Server Guestions and Answers about web, B8 The SPEC/Entermiise2010 benchmark
The Apache HTTP Server Project is an effort to Guestions and Answers about web services API The SPECjEnterprise2010 benchmark is a full
develop and maintain an open-source HTTP server
for madern operating systems including UNIX and measurement and characterization of Java EE 5.0
Windows NT. The goal of this project is to provide a servers and supporting infrastructure such as JYI,
secure, efficient and extensible server that provides Database, CPU, disk and servers.
HTTP services in sync with the current HTTP.

system henchmark which allows parformance

DEPLOUYME

Started by Mike Elsan 22

lr:!.‘I?DJFFERENT MACHINES @  JAVA DEVELOPERS

Can 2asily the DB a

e app server deployed in different nodes?

MYSQL OR MONGODE

Started by Miks Elsan 24 minutes a0

Can mongoDB replace mysql?

Figure 26: Community Home Page

The home page of the community page is shown inrEi@6. In this page the user
can join the suggested groups, navigate throughdibeussion feed or find new
friends in the suggested connections section.

When a user finds and joins a group, then the olattd the group is as the page in
Figure 27. Then, the member can do the followirgi®as:

» Ask questions,

* Reply to questions

» See the group members

* Invite her friends to join the group and
» See other popular groups.
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Brief description: The SPEC|Enterprize2010 benchmark group.

P ‘ Description:
" & The SPECjEnterprise2010 benchmark is a full system benchmark which aliows performance measurement and characterization of Java l . ‘ I l
s ] EE 5.0 servers and supporting infrastructure such as JVM, Database, CPU. disk and servers. =1

Owner: Chris Papoulas

roup members: 4

SPECJENTERPRISE

LY

JAVA DEVELOPERS
n [ hs | 2 % WEB SERVICES

lied on the discussion topic Deplouyment in

dayz ago

app server deployed In different nodes?

MYSQL OR MONGODB

Stanedh

Can mongoDB replace mysql?

Figure 27: A group's view

6.6 Models

All the applications live in theModels section of the SN. The home page of the
models is shown in Figure 28. In the top of therm&indow, the user can navigate
through recommended applications according toahs that he/she has specified.

In the sidebar section, the user can perform theviong actions:
» Search for a specific model
» Apply filters such as the deployment cloud, thetctse response time, the
geography etc.
e Add a model to her cart
» Share a model to user’s activity feed or
* View more details about a model — full model view.

In full model view, which is the page of , the usan:
* Navigate through the past execution®umssubmenu (),
» See the components that the application is composed
» See or add a review Reviewsubmenu () and
» Find similar models.
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RECOMMENDED FOR YOU

Areas of Interest

0 99%
L /| sPECJENTERPRIS

View Al Kostas Created: 249 days ago

SpecjEnterprise

400 uses 100 runs 4K watches 400 uses 100 uns 4K watches
Collapses
0799% (7320 ms 70907 99%(2) 20 ms 07 99% ()20 ms
SPECJENTERPRISE APPLICATION APPLICATION FILTERS
o 249 0oy ago Panagiotis Garefalakis Created: 249 0ays 690 | B¢ Penagiotis Gerefalakis Created: 249 day

EH i oy e cumaincec P e ot

SpecjEnterprise Application Application Q
STATUS
ORi

400 uses 100 runs 4K watches 400 uses 100 uns 4K watches 400 uses 100 runs 4K watches

0799% (220 ms 00 99% (320 ms 00 99% (220 ms CLOUDS

H? SPECJENTERPRISE FOO | wes
Eﬂ B ‘r<>FeL‘ 251 days ago s g gﬁ SERVER

Created: 253 day
peciEnterprise foo o

Chef

wel server

400 uses 100 uns 4K watches 400 uses 100 runs 4K watches - [l 400 uses 100 uns 4K watches

Figure 28: The home page of models.
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As mentioned above, in Figure 29 the user can bkeeptst executions of an
application model. The user can sort the executibgstime, response time,
throughput, cost, providers, or status and finalg the configuration of an execution.

€ Q€ eurs ¥ Upt ter than Geography 1Al

ms ms v

ms [ Australia

Apply
M Series 1
; llII“IIIIIIlI--I “IIII“II“||
»

Figure 29: Models: Past Executions Page Secl

EY. o

Rating from 3 users

Good App

devaiopad by SI

group), s = bs

nitior: of ioT sopications. Tt
{=.g.. deseription and

Detias 2014-08-18

467/5  Ratng fom S users
Sstors [ (2}

Rewview content 4 stars o
3stars B @
2stars M (@
1stars M (@

1 users found this

[ wrirdrdrdr
REVIEWS (3 Canna Frst v s

Antonis Papaiosnol

Figure 30: Model's Review Page
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6.7 Components

As mentioned above, each application model is ca®goof one or more
components. In PaaSage's Social Network, the ChahpOnents have been
integrated from the Chef Repository to the SN'sgHRptabase. The categories of
components are:

*  Web Servers,

« Ultilities,

* Programming Languages,
* Process Management,

* Package Management,

» Operating Systems,

* Networking,

* Monitoring and Trending
» Databases

* Other

Figure 31 shows the component categories of compen&V/e can navigate there
through theComponent$ink in the top-bar navigation menu. When the ussects a
category, he/she can see the list of componerntssrcategory as depicted in the page
of Figure 32.

Filters

P
sz(»

(=]
Chef

: [CICloudML
. (O]

=N = Puppet
N \ - Salt

Networking Monitoring-Trending Databases

Contact Terms of Service Privacy Policy

Figure 31: The categories of Chef components
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Components > WebServers
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E e
Created: 155 days ago
Cher

WebServers WebServers WebServers
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—— ——— ===

Figure 32: The list of components shown for the \Bletvers category
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7 Conclusion

This deliverable has provided training material dodumentation which can be used
as a guide for various types of users in orderetfopm a variety of tasks, such as the
deployment and configuration of the PaaSage platfothe extension of its
functionality, the modelling of end-user requiretseim Camel and the sharing and
exploitation of knowledge incarnated in the PaaSagecial Network (SN).

While such a material constitutes an initial effiortguiding users how to exploit the
PaaSage platform, which is in line with the deplewninstatus of the platform itself, it
is expected that the material will evolve as wesllnew material will be supplied in
the next version of this deliverable (D9.3.2 - M4%he existing material could be
enhanced as follows:

* It is expected that the PaaSage platform’'s deployroeuld be made even
more automated. In addition, it is envisaged tlm& tonfiguration of the
platform will become richer even enabling the pati to be deployed in
multiple clouds, in accordance with the main obyecof the whole project.
Thus, the respective documentation will be surgdgdated, explicating the
minimum steps to be performed for deploying thetfpien as well as the
various configuration points that will become aahle.

* As the PaaSage platform development evolves, egistomponents will be
modified as well as new ones will be developed.sThuis expected that in
the next version of this deliverable we will seeesen more extensive and
richer description of even a bigger set of comptsmehthe PaaSage platform.

» Similarly to the previous point, the Executionwavidl be further developed,
thus expecting to include additional material pertey to the modifications as
well as the extended functionality that will be #ited by this PaaSage
module.

» Concerning the material in guiding users in expnegsgheir requirements in
Camel, it is envisaged that it will be extendeddows: (a) showing exactly all
the steps needed in order to specify all the requénts of the running
example and (b) explicating how the requirementthefvarious use-cases in
PaaSage are expressed in Camel. As Camel is amireydanguage/meta-
model, we will surely see additional features oé tlanguage which will
enable to express an even more involved varietysef requirements and this
will be anticipated in the forthcoming version bfg material.

 The user guide on the PaaSage's Social Networlkpseceéed to evolve in

providing particular SN exploitation scenarios whiadicate how a user is
able to perform various simple or complicated tasksch as registering
him/herself or browsing the execution history ofisrg applications to

discover and utilize respective optimal applicatd@ployment configurations
according to his/her requirements. It is also etgmbcthat initial usage

information (e.g., statistics) and user feedbacknfrexploiting the SN could
be supplied, as soon as the SN launches and be@aidgble to the public,

for assessing whether some of the main goals dsMhare getting close to be
realized and providing additional incentives fag thsers to exploit it.
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The new material that we anticipate to foreseeha iext and final version of this
deliverable is the following:

* Detailed documentation concerning deployment amdigoration of not only
one but all modules of PaaSage (i.e., MDDB and Upaee).

» Successful use-case stories which include the igéscr of the respective
requirements in Camel down to full exploitationtbé PaaSage platform in
order to achieve the main use-case goals relatedula-cloud application
management, such as the optimal deployment ofda$ggective application or
the runtime application adaptation based on pdaticacalability rules.

* Material and user guides for exploiting Camel niolyan terms of expressing
user requirements but also other types of inforomatie.g., related to the
runtime management of an application, such as tpecification of
measurement information or the adaptation histdraro application. These
other types of information will also complement thecumentation of the
PaaSage components as it will provide useful irsigh not only the
functionality of a component but also of the wajsiexpected to manage the
respective models or information manipulated by it.

* More visual-based material, such as videos, whiclh @@omplement the
respective description in the supplied user guidesumentations and training
materials.

In the end, the final deliverable version will bec@allection of structured and both
textual and visual material which will enable ustrysbetter exploit and utilize the
PaaSage platform in many different directions biwags according to their

requirements and goals. Such a material will aigblight in the best possible way
the main benefits of the PaaSage platform and &g rdifferentiation points with

respect to the other related commercial or reseafignings, thus constituting one
extended advertisement point which will eventuatter for a better and more
involved exploitation of the platform.
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