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94% of Respondents Are Using Cloud

Public Cloud | 299%, 58% 7% Private Cloud
Only Only

Public
and Private

Source: RightScale 2014 State of the Cloud Report
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Problem #1

THERE MUST BE

A BETTER WAY oF

CHOOSING CLoud
PROVIDERS!
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Problem #2

» .

Gid Unexpected Deployment Exception 2

An exception happened during the deployment of the process

Reason:
An unexpected exception caused the deployment to fail

[ << Details ]| OK

Error while deploying, look in the Error Log for more info
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Problem Statement

- Lack of selection support
- Lack of unified representation
- Heterogeneous configuration processes

- Limited automated support
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- Flexibility

e Requirement specification, reasoning mechanism

- Maintainability Kf@\

e Add, remove, update Clouds MODACIouds

- Abstraction
e Correct granularity level(s)

- Heterogeneity
e Different Clouds




Existing Approaches

Approach Flexibility | Maintainability | Abstraction | Heterogeneity
Aeolus v (V) v
ConPaa$S (V') (V')
mOSAIC (V') (v')
MODAClouds (V') (V) v
REMICS v v
CloudGenius (V') (V)
CloudMIG (V) v v
Zeel/i (V) (V)

v': proposes or deals (partially) with the criteria
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Research Goals

- Manage Cloud variability

- Guarantee environment independance
- Provide a flexible and practical solution
- Deliver an automated support

- Maintain consistency
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Use Case : Jelastic

Application Servers ~* m

Vertical scaling per node

Reserved &
1 cloudlet(s)

128 MB, 200 MHz
0.0085 EUR per..

Discount: 15%

@

Horizontal scaling

Tomcat 7.0 ~

High-availability

Public IPv4

Resources (cloudlets)

Reserved cloudlets

Now: 1 Next:
Discount: 15% Discount:

Total Reserved Cloudlets

You're saving €1/month by using Reserved Cloudlets

€6 per month

Total monthly cost

*Free of charge for the trial period.

¥ Cost details
i’ Quotas & pricing

Environment name

env-2897066 v .jelastic.dogado.eu

Cancel @ Create
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Use Case : Jelastic

Legend
Jelastic O optional

@ mandatory
2 N
Application /O\alternatwe

VDS || SSL Build Database

Language

Server
- /.\
GlassFish Jetty
Java PHP 3.1 6.1 SQL NoSQL
A TomEE+ /Q\
1.
7 1| e 5
MySQL MongoDB | | CouchDB
Tomeat 5.5 2.2 1.2

/ N\ PostgreSQL

7.0 6.0 MariaDB i_\—
/Q\ 8.4 | [9.2

Tomcat 7.0 — Java 7 10 | [ 5.5




Use Case : Jelastic
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Vertical scaling per node Reserved cloudlets
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Use Case : Jelastic

Jelastic

Applicati
ge Peoror | | VDS || sSL | |Build | | Database
PHP GlassFish Jetty /.\

3.1 6.1 SQL NoSQL
TomEE+
1.5
MySQL MongoDB | | CouchDB
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/ 2 \ PostgreSQL

7.0 6.0 MariaDB ii

A 8.4 |]9.2

10 5.5
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@
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Use Case : Jelastic

Application Servers * [ ON_ Resources (cloudlets)

Vertical scaling per node Reserved cloudlets

Reserved S Now: 3 Next:
1 cloudlet(s) Discount: 15% Discount:

128 MB, 200 MHz |
0.0085 EUR per..

Discount: 5% Total Reserved Cloudlets €18 per month
6 You're saving €3/month by using Reserved Cloudlets

from
Horizontal scaling Total monthly cost €18*

*Free of charge for the trial period.
& Cost details

i) Quotas & pricing
Tomcat7.0 ~

High-availability Environment name

Public IPv4 env-2897066 v .jelastic.dogado.eu

Cancel @ Create




Use Case : Jelastic

Application Servers ~ [ ON |

Vertical scaling per node

Reserved 5
1 cloudlet(s)

128 MB, 200 MHz
0.0085 EUR per..

Discount: 15%

&
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Tomcat 7.0 ~
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Public IPv4
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Now: 3 Next:
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Total Reserved Cloudlets
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from
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& Cost details
i) Quotas & pricing
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Use Case : Jelastic

Jelastic
[1..8] [1..64]
Language Nginx Apgéi:vaet:on VDS || SSL | | Build Database HA Cloudlet
/ C \\ /‘\ lr S e ~
\ SS -
! >SS
. | S e
J PHP GlassFish Jetty S T S m e
v 3.1 6.1 SQL NoSQL | [Name: CPU : ' Name: RAM !
A 'Type:int 1 | Type:int 1
| |
TomEE+ 'Value: 200 1 !Value: 128 1
; 6 15 | A< S TN - L :
MySQL MongoDB | | CouchDB
Tomeat 5.5 2.2 1.2

/ C N\ PostgreSQL

7.0 6.0 MariaDB C | Legend
O optional /O\alternative
/é\ 8.4 | 9.2 @ mandatory o
[1..4] cardinality

Tomcat 7.0 — Java 7
10 | | 5.5 /‘\or L _: attribute
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Configuration Constraints

- Boolean constraints

Tomcat 7/ — Java /

- Constraints on feature instances
# ApplicationServer >= 2 — Nginx

Tomcat — 1 Cloudlet

- Constraints on attribute values
Server.size =S — CPU Core.size = 500

[1,2] RAM.size — Disk.size = 10
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International Software Product Line Conference, SPLC'13. Tokyo, Japan, August 2013.
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Reasoning

Relation Feal:::txi:;)‘del
A
Mandatory _‘_
B
A
Optional i
B
A
Feature
Cardinality B[m""]
Or-group %
B ||
A
Alternative- A
group e
cardinality e
Implies A— B
Excludes A— B
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Reasoning with Constraints Satisfaction Problems

Relation Feal:::txi:;)‘del Constraint
A
Mandatory _‘_ B=A
B
A
Optional é) ifThen(A = 0; B =0;)
B
A
Feature
i A=0;B=0;B
Cardinality B[m"n] ifThenElse( 0; 0; B € {m,n})
Or-group % ifThenElse(A > 0; sum(B,C) > 1;sum(B,C) = 0;)
B || c
A
Alternative- A ifThenElse(A > 0; sum(B,C) = 1; sum(B,C) = 0;)
group e
Group %mm ifThenElse(A > 0; sum(B,C) €
cardinality e {m,n}; sum(B,C) = 0;)
Implies A— B ifThen(A > 0; B > 0;)
Excludes A— -B ifThen(A > 0; B = 0;) 25
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Reasoning with Constraints Satisfaction Problems

B || c
A
Alternative- ,
group B/A\c ifThenElse(A > 0; sum(B,C) = 1; sum(B,C) = 0;)
Group %m_m ifThenElse(A > 0; sum(B,C) €
cardinality e {m,n}; sum(B,C) = 0;)
Implies A— B ifThen(A > 0; B > 0;)
Excludes Ao B ifThen(A > 0. B =0:)
Value li,j]A — [m,n|B ifThen(A € {i,j}; B € {m,n};)
Comparison A = nB ifThen(A > 0; B > n x A;)
Functional mAANnNB — C >k ifThen(and(A=m,B =n);C > k;)
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Features Constraints

Cloud Type Total | F.ord Fuitr Attributes Total | Cogra  Clattr
Amazon EC2 [aaS 23 2 2 5 28 9 18
Cloudbees PaaS 23 2 1 + 12 3 9
Dotcloud PaaS 34 4 3 6 21 6 17

GoGrid [aaS 14 3 4 10 21 7 21
Google AE PaaS 23 1 5 13 10 0 10

Heroku PaaS 42 1 11 20 7 0 3

Jelastic PaaS 31 3 1 2 12 10 0
OpenShift PaaS 29 1 2 7 18 2 15
Pagoda Box [aaS/PaaS 28 5 5 9 8 4 8

Windows Azure JaaS/PaaS 31 6 12 29 46 0 46

SALOON: A Platform for Selecting and Configuring Cloud Environments.
Clément Quinton, Daniel Romero and Laurence Duchien.
In Software: Practice and Experience journal (SPE). Accepted with minor revisions, September 2014.
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In Software: Practice and Experience journal (SPE). Accepted with minor revisions, September 2014.

27



Research Goals

- Manage Cloud variability

- Guarantee environment independance
- Provide a flexible solution

- Deliver an automated support

- Maintain consistency
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Il. Contributions

- Cloud environments variability modeling

- SALOON
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Software Artifacts as Configuration Files & Scripts

Heroku
Language
Dyno
'Name:size | Name:ram | Scala | | Java
 Type: enum ! 1 Type: enum |
| Values: {1X, 2X} 1 | Values: {512, 1024} , A
1.6 1.7
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Software Artifacts as Configuration Files & Scripts

m< --------- Heroku | file
\' - ] command
(1.150] - (or part of)

D B — Language
heroku ps:scale web= [<-=-1 Dyno |-->{heroku run --size=
Name:size | 'Name:ram | Scala | | Java
 Type: enum Lo Type: enum !
| Values: {1X, 2X} 1 |Values: {512, 1024} | ./} AN
____________ B A system
- 1.6 || 1.7 v = .properties
project/
build.sbt \
/ / \
vy |

project/build .
w build.sbt
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Software Artifacts as Configuration Files & Scripts

m< --------- Heroku

git commit -m "Scala app"
heroku create

git push heroku master
heroku run --size=1X
heroku ps:scale web=2
heroku open

project/build
.properties

commands.sh

:\ file

] command
(or part of)

1.7

system
""" = .properties

build.sbt

— — — Language
heroku ps:scale web= [<-=-1 Dyno |-->{heroku run --size=
o ‘Name:size | ‘Name:ram | Scala | | Java
e ? | Type: enum ' 1 Type: enum !
i[O | Values: {1X, 2X} | | Values: {512, 1024} , s A
B ,\ ——————————————————————————— 4 “
O“ § i y2 ',‘ 1.6
~ it init build.sbt -.‘
g. \/ %' \'v
git add .
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Mappings

i ]
subConcepts ! root '<—0l FeatureModel H Constraint !
L __ _' 1 I e mmmmm— v 0. o _____ I

subFeatures J J ZF

[P — e T ] * i .:
1 Attribute o v _________ 11 ' Boolean !
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Mappings

|
|
|
|
|
|
* |
Jelastic.Cloudlet.RAM | Heroku.Dyno.RAM | :
OpenShift.Gear.RAM :
Load Balancer: !
Jelastic.Nginx | Heroku.Load Balancer | OpenShift.HAProxy
Application Server: ;
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| = .
| . Application Load Application !
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| Tomcat Jetty | Typerint | lype:int | JBoss | | Tomcat | Type:int ! :
i :
| |
| |
| |
| |
| |

39



Mappings

P
>
<

|
|
|
|
|
|
* |
Jelastic.Cloudlet.RAM | Heroku.Dyno.RAM | :
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Jelastic.Application Server | OpenShift.Application Server |
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|

|

|

|

|
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2 GB

—
(0]
=
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OpenShift.JBoss

Heroku OpenShift
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Mappings

@4 ......... Heroku

heroku ps:scale web=

r ]
i Name: size
' Type: enum

| Values: {1X, 2X}

! Name: ram

1 Type: enum -
11 Values: {512, 1024} T
#!/bin/bash

-
git init build.sbt
git add .

heroku run --size=

B [1..150]./_/\.

Language

oN

Scala

N

Java

4
/
4

7

1.6 1.7

200
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\

J
git commit -m "Scala app"

v
project/build _
\\_pw build.sbt

heroku create

git push heroku master
heroku run --size=1X

heroku ps:scale Web commands.sh
heroku open

:\ file

] command
L (or part of)

system
> .properties
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SALOON : Summary

Cloud
- ----9: Manual Tasks Apggrc:;:on Database
— » : Automated Tasks | : /@\ /‘\ <----->
: Tomcat Jetty SQL NoSQL
Feature Model A Software artifacts User
Cloud e : /g
1094 I / executes
User RGQUirement E Application - J" /\ O } -
g ! Specification 5 Server Patabase s \S ,f' ) | |
: /@\ L [o o _ ECOI‘IfIgUI’atlon»
' Tomcat Jetty saL NoSQL / pila o X
RN -
Cloud Product configuration Derivation :
Knowledge K. = - Software Product Line A :
Model (CKIM) | NN Lomrrmrm i m e e e
oy SPLi >
MaPPING N
" SPLN .
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/,0/-\,.\ Automated Selection and Configuration of Cloud Environments Using Software Product Lines Principles.

PAA AG E\ Clément Quinton, Daniel Romero and Laurence Duchien. In Proceedings of the 7th IEEE International
Conference on Cloud Computing, CLOUD'14. Anchorage, Alaska, July 2014.
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SALOON: A Platform for Selecting and Configuring Cloud Environments.
Clément Quinton, Daniel Romero and Laurence Duchien.
In Software: Practice and Experience journal (SPE). Accepted with minor revisions, September 2014.
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- Scalability

- Find a valid configuration

- From requirements specification

SALOON: A Platform for Selecting and Configuring Cloud Environments.
Clément Quinton, Daniel Romero and Laurence Duchien.
In Software: Practice and Experience journal (SPE). Accepted with minor revisions, September 2014.
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- Scalability

- Find a valid configuration

- From requirements specification

- Practicality
- Reliability

- Ease of use

SALOON: A Platform for Selecting and Configuring Cloud Environments.
Clément Quinton, Daniel Romero and Laurence Duchien.
In Software: Practice and Experience journal (SPE). Accepted with minor revisions, September 2014.
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Scalability : Experiment #1

CardEx constraints overhead

I8 Boolean feature model
%% SALOON feature model

INLRLLLLL LAY L

Time to solve (ms)

10 50 100 500 1000 5000 10000
Number of features
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Scalability : Experiment #1

CardEx constraints overhead

g 104 |

= I8 Boolean feature model

% 103 | %% SALOON feature model

g 102 —

Q -

g B

e lomzz W7 |

10 50 100 500 1000 5000 10000
Number of features
Features Constraints

Cloud Type Total | Foord Faur Attributes Total | Cogrd  Clattr
Amazon EC2 [aaS 23 2 2 5 28 9 18
Cloudbees PaaS 23 2 1 4 12 3 9

Dotcloud PaaS 34 4 3 6 21 6 17

GoGrid [aaS 14 3 4 10 21 7 21
Google AE PaaS 23 1 5 13 10 0 10

Heroku PaaS 42 1 11 20 7 0 3

Jelastic PaaS 31 3 1 2 12 10 0
OpensShift PaaS 29 1 2 7 18 2 15
Pagoda Box [aaS/PaaS | 28 5 5 9 8 4 8
Windows Azure JaaS/PaaS | 31 6 12 29 46 0 46 43




Scalability : Experiments #2 and #3

From a model instance to a CSP

)
E 10°F
Q -
£ 102}
q -
9
= 101
! mmmBBAR
10 100 500 1000 5000 10000

Number of features
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Scalability : Experiments #2 and #3

From a model instance to a CSP

—_
70

£ 10° ¢ =
~ -

g B

= 102 =

- -

9

= 10

B

-

10 50 100 500 1000 5000 10000
Number of features
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Scalability : Experiments #2 and #3

From a model instance to a CSP

50 100 500 1000 5000 10000
Number of features

)
g 103 F .
e -
g -
= 102 =
(- -
.© -
= 10
[
—
10

From a set of requirements to a configuration

Nb models | 10 50 100 200

H# Features < 100

Time(s) |13 28 33 44
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Practicality : Experiment #1
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support, then deploy the provided application»
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Practicality : Experiment #1

Task: «Configure an Heroku environment and add a PostgreSQL
support, then deploy the provided application»

Method: Git (G), Eclipse plugin (P) or Web interface (W)

Participant |1 2 3 4 5 6 7 8 9 10

Time (min) |26 19 32 26 48 60 17 - 23 28 Avyg: +28

Method G GG P P G G G W G

Experience 2 4 2 3 3 1 4 1 3 2

Apprunning | v VvV - Vv Vv - - - Vv -
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Practicality : Experiment #2

Task: «Configure an Heroku environment and add a PostgreSQL
support, then deploy the provided application»

Method: SALOON

Participant |1 2 3 4 5| 6 7 8

Time (min) 4 6 7 5 8 |11 12 7
Method SALOON SALOON

Experience |4 1 4 1 2| 2 2 3

Apprunning | v v VvV V VvV ||V Vv YV
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Practicality : Experiment #2

Task: «Configure an Heroku environment and add a PostgreSQL
support, then deploy the provided application»

Method: SALOON

Participant |1 2 3 4 5 (6 7 8 New users

Time (min) 4 6 7 5 8 |11 12 7
Method SALOON SALOON

Experience |4 1 4 1 2| 2 2 3

Apprunning | v v VvV V VvV ||V Vv YV
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Practicality : Experiment #2

Task: «Configure an Heroku environment and add a PostgreSQL
support, then deploy the provided application»

Method: SALOON

Participant |1 2 3 4 5| 6 7 8

Time(min) |4 6 7 5 8|11 12 7  Average:8
Method SALOON SALOON

Experience |4 1 4 1 2| 2 2 3

Apprunning ||[v v Vv VvV VvV ||V Vv YV

46



Practicality

Participant | 1 2 3 4 5 6 7 8 9 10

Time (min) |26 19 32 26 48 60 17 - 23 28
Method G GG P P G G G W G
Experience | 2 4 2 3 3 1 4 1 3 2

Apprunmming | v Vv - Vv Vv - - - Vv -

Participant |1 2 3 4 5| 6 7 8

Time(min) |4 6 7 5 8 |11 12 7
Method SALOON SALOON
Experience |4 1 4 1 2| 2 2 3

Apprunning | v vV Vv Vv V||V Vv V
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Practicality

Participant | 1 2 3 4 5 6 7 8 9 10

‘Time(min) 26 19 32 26 48 60 17 - 23 28‘

Method G GG P P G G G W G

Experience | 2 4 2 3 3 1 4 1 3 2

‘Apprunning\/ v - v v - - -V -‘

Participant |1 2 3 4 5| 6 7 8

- Decrease time (72%)

‘Time(min) 4 6 7 5 8|11 12 7‘ N
- Improve reliability

Method SALOON SALOON

Experience |4 1 4 1 2| 2 2 3

‘Apprunmng\///\//\///‘
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Research Goals

- Manage Cloud variability \/
- Guarantee environment independance

- Provide a flexible solution

- Deliver an automated support

- Maintain consistency
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Research Goals
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- Guarantee environment independance
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Il. Contributions

- Cloud environments variability modeling
- SALOON

- Consistency checking for evolving Cloud models
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Motivating Example

Jelastic

[0..4] /\[O..16]

Application Cloudlet
Server

Jetty C

1° Jetty — 1 Cloudlet
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Motivating Example
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Motivating Example

Range
Inconsistency

[0..4]

Jelastic

[0..16]

Server

ication | | o |5udlet

AN

GlassFish

Jetty

C,: Jetty — 1 Cloudlet

1
Cz: GlassFish — 5 Cloudlet
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Evolving Cardinality-based Feature Models

Jelastic

: Application
Language Nginx Server Cloudlet
<1..2;‘\ <1..1>
Java PHP GlassFish Jetty
Cegond TomEE+

(O optional

@ mandatory 1 4] Lealarzluirrmealit Tomcat GlassFish — 5 Cloudlet
P 4 TomEE — 4 Cloudlet

| <1.2> g;‘:gi"r’]amy Jetty — 1 Cloudlet

/O\altemaﬂve [2,*] Application Server — Nginx

Consistency Checking for the Evolution of Cardinality-based Feature Models.
Clément Quinton, Andreas Pleuss, Daniel Le Berre, Laurence Duchien and Goetz Botterweck.
In Proceedings of the 18th International Software Product Line Conference, SPLC'14. Florence, Italy, Septembre 2014.
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Evolving Cardinality-based Feature Models

Add | Remove | Update | Move

Feature

Feature Cardinality

Group Cardinality

Constraint
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Evolving Cardinality-based Feature Models
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Evolving Cardinality-based Feature Models

Add | Remove | Update | Move
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Cardinality-based Feature Model Consistency
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A B A

A—[4,%] B

Local Range
Inconsistent

B— 2A

[0..2]

Local Range
Consistent

B— 2A

0.4/ \_[0.3] 0.4/ \_10.3]
A C A C

[0..2]

57
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Cardinality-based Feature Model Consistency

[1..1]/".\[0..8] [1..1]/". § 0.81") 0.4/ \_10.3] 0.4] / [0..3]
A B A A C A

B C

B B
Local Range Local Range Local Range Global Range
Consistent Inconsistent Consistent Inconsistent

Consistent = Local Range Consistent + Global Range Consistent
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B — 2A [0..2] —_— B — 2A [0..6]

58



Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

58



Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

58



Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

58



Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

58



Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

M M’

T M= (F,w,e) > M =(F,u, o)

w'(f) = w(f) iff parent(f) = @
= w(f) x w'(parent(f))
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Relation Between Consistencies

B — 2A [0..2] —_— B — 2A [0..6]

M M’

Property: checking the global range consistency of a

feature model M is equivalent to checking the local
range consistency of T (M).
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Global Inverse Consistency in CSP

A CSP is Global Inverse Consistent iff for every value
in the domain of its variables, there exists a solution

of the CSP with such value.
[Bessiere et al., CP’13]
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Global Inverse Consistency in CSP

A CSP is Global Inverse Consistent iff for every value
in the domain of its variables, there exists a solution
of the CSP with such value.

[Bessiere et al., CP’13]

0.4/ \ 0.3 Detecting a local range inconsistency
A C

=) is equivalent to detecting that a CSP

B — 2A

[0..6]

B

is not Global Inverse Consistent
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Property: checking the global range consistency of a

feature model M is equivalent to checking the local
range consistency of T (M).

0.4/ \ 0.3 Detecting a local range inconsistency
A © =) is equivalent to detecting that a CSP
is not Global Inverse Consistent

B — 2A [0..6]
B
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Automated Support

.11 /" \0.8] #(1,1,[A.1]); |
A B » #(1,1,[B.0, B.1, B.2, B.3, B.4, B.5, B.6, B.7, B.8]);
R (A.1=>B.4 | B.5| B.6 | B.7 | B.8); |

T EEE—
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Automated Support

1.1/ \0.8] #(1,1,[A.1]);
A B » #(1,1,[B.0, B.1, B.2, B.3, B.4, B.5, B.6, B.7, B.8]);
P (A.1=>B.4 | B.5 | B.6 | B.7 | B.8); |

T ———

Macintosh:cardFMs clement$ java -jar sat4j.jar fmEvo.txt
computing problem backbone...
rootPropagated: A=1

rootReduced: B=0 B=1 B=2 B=3
done in 0,012s with 5 SAT calls.
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Automated Support

1.1/ \0.8] #(1,1,[A.1]);
A B .‘; #(1,1,[B.0, B.1, B.2, B.3, B.4, B.5, B.6, B.7, B.8]);

(A.1=>B.4 | B.5|B.6|B.7 | B.8);
A — [4,%] B |
T —

Macintosh:cardFMs clement$ java -jar sat4j.jar fmEvo.txt
computing problem backbone...

rootPropagated: A=1

rootReduced: B=0 B=1 B=2 B=3

done 1n 0,012s with 5 SAT calls.

$> #explain -B=2
A.1->B.4|B.5|B.6IB.7|B.8

$> |
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Evaluation: Scalability

- Random consistent feature model generation
- Edit generation

Add | Remove | Update | Move
Feature v v v |
Feature Cardinality | NA NA I NA
Group Cardinality | NA NA I NA
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- # edits € [1..nbFeatures/20]
- Cardinality upper bound € [1..30] for 1/10 feature

[1..25] Service
Language Web Location
Process
us
PP [0..25] [0..25] [0..25]
Database Worker Caching Protocol

N

Redis Memcached SSL

Piggy Self Third
Back Signed Party
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- # edits € [1..nbFeatures/20]
- Cardinality upper bound € [1..30] for 1/10 feature

= == Global Range Inconsistency ,f

—®&— Local Range Inconsistency

10 20 50 100 200 500 1000 2000
Nb Features
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Research Goals

- Manage Cloud variability
- Guarantee environment independance

- Provide a flexible solution
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I1l. Conclusion and Perspectives
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- Dedicated GUI or DSL

- Improve SALOON interoperability
- Input and output

- Extend cardinality support
- Other domains/constraints
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- SALOON @ runtime
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- SALOON-as-a-Service
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