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Reusing work

If I have seen further it is by standing on the shoulders of
giants - Isaac Newton -

Experimentation with distributed systems

It is very difficult to re-do or re-use
experiments that involve distributed systems.
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Why do we want to do real experimentation?

Test the system in real conditions

Simulation is not enough.

Discrepancies between the expected behavior of an application
as modeled or simulated and its actual behavior when
deployed in a live environment.
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Ad hoc approaches

Normally seen in experimentation with distributed systems using
real platforms. Some Issues:

Dependency on the person who coded.

Difficult to repeat, some parameters could be forgotten.
Thus, it is almost impossible to reproduce.

Difficult to control large scale experiments (involving many
nodes).

Description and code organization can be difficult to
understand.
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Some Tools

Tools

Software Deployment Chef, Puppet

Application Execution Workflow engines

Experimentation

ORBIT OMF[4]

Emulab Workbench[2]

PlanetLab Plush[1]

Grid5000 Execo

Any Weevil[5], SPLAY[3]
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Some Issues

Platform dependent.

Domain dependent (Algorithm Testing, Wireless Networks,
Software deployment).

Scalability.

Expressiveness (Experiment Description)
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Some Issues

Platform dependent : Workbench It is bound to Emulab
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Some Issues

Experiment Description

Difficult to read and understand
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Approach

Expo: Experiment Engine for
Distributed Platforms

Kameleon: Appliance Generator
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Expo

Experimental engine which provides
Flexible experiment description.

Domain Specific Language based on Ruby
Borrows syntax from Capistrano and Rake.

Efficient execution of the experiment on a large set of
resources.

Abstractions for managing resources, tasks and results.

Interaction with Grid’5000 and Planetlab APIs.

Interactive mode.
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Flow of experimentation

Experiment set up

Description

Automation

Execute Experiment

Re-execute ExperimentInput New Output
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Concepts

We introduce three abstractions to describe an experiment:

Resource Set: resources are grouped and some characteristics
are associated to them.

Tasks: the building blocks to structure the experiment.
Associate software to execute on a group of resources. They
can be seen as Rake tasks.

Results: help the collection of results and give some quick
information about the execution of the experiment.

12 / 34



Introduction
State of the Art

Approach: Expo engine
Comparison
Conclusions

Resource Set

r e q u i r e ’ g 5 k a p i ’
r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” l y o n ” , ” r e n n e s ” ]
r e s e r v . r e s o u r c e s =[” nodes=12” , ” nodes=6” ]
r e s e r v . w a l l t i m e =7200

r e s e r v . run !

# A l l The r e s o u r c e s r e s e r v e d

$ a l l

$ a l l . gateway
# New r e s o u r c e s e t w i t h o n l y
# r e s o u r c e s from l y o n c l u s t e r

l y o n n o d e s=$ a l l [ ” l y o n ” ]

l y o n n o d e s . gateway

Lyon

Rennes

$all
$all["lyon"] $all["rennes"]G

G

G G

gateway resource resource set
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Resource Set Operations

Operation Description
[] Subset of the resource Set, nodes[1..4]

creates a subset with 4 resources.

to resources Returns an array composed of resource
objects.

length() Returns the number of resources in the
ResourceSet.

each slice power2 Iterates over subsets composed of power of
2 resources.

resource file Creates a file with the resources’
hostnames.

Table: Resource Set Operations
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DSL: Expo Commands

Command Description
task ( node,options = , &block ) execute command

barrier wait for all asynchronous task

put ( file,node, path={} ) Copy file to node

parallel section (&block) execute section in parallel

sequential section( &block) execute code sequentially

Table: Expo Commands
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Expo architecture

Ruby TakTuk ssh Local

Cmd Control

Task Resource
Set

Results

DSL
USER INTERFACE

Vistrails
Orgmode

Expo's
Abstractions

ExperimentOutput filter,
Instrument in 
basic ways

Interaction with platform

Figure: architecture
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Complex experiments

Resource provider

PlanetLab
OAR or other
Cluster Batch Scheduler
Cloud provider

Virtual 
Infrastructure

Real 
Infrastructure

Resource Set

Software layer

Well known software => Chef

Patches or user software => Custom scripts

Provisioning the resources
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Expo Example

Expo Simple Example.

r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” l i l l e ” , ” g r e n o b l e ” ]

r e s e r v . r e s o u r c e s =[” nodes=2” , ” nodes=3” ]
r e s e r v . w a l l t i m e =200

r e s e r v . run !

t a s k : t e s t , : t a r g e t => Exper iment . r e s o u r c e s
run ( ” hostname ” )

end

r e s . each { | r | p u t s r . d u r a t i o n }
p u t s ”mean : ” + r e s . m e a n d u r a t i o n
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Expo Examples

r e q u i r e ’ g 5 k a p i ’
r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” l i l l e ” ]
r e s e r v . r e s o u r c e s =[” c l u s t e r =’ c h i m i n t ’}/ nodes=4” ]
r e s e r v . w a l l t i m e =7200

r e s e r v . run !

$ a l l . each {| node | copy node . n o d e f i l e , node , param=>”tmp”}

t a s k t l m=Task : : new (
”˜/ t lm / run mpi 1 400 20 10 50 matched /tmp/ machines ” ,
$ a l l , #r e s o u r c e s e t
” Tes1 ” )

F i l e . open ( ” t e s t e x p e r i m e n t . t x t ” , ’w ’ ) { | f |
2 0 . t i m e s . each{ | x |

id , r e s=t a s k t l m . e x e c u t e
r e s . each{ | r e s u l t | f . w r i t e

”#{ r e s u l t [ ’ host name ’ ]} #{ r e s u l t . d u r a t i o n} \n”}
}

}
c l e a n u p ( )
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Expo Examples

r e q u i r e ’ g 5 k a p i ’

b a s e u r l = ” h t t p : / / p u b l i c . g r e n o b l e . g r i d 5 0 0 0 . f r /˜ c r u i z s a n a b r i a /”
e n v i r o n m e n t = ” t l m s i m u l a t i o n . env ”

r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” nancy ” , ” r e n n e s ” , ” l i l l e ” , ” g r e n o b l e ” , ” s o p h i a ” ]
r e s e r v . r e s o u r c e s =[” nodes=1” ]
r e s e r v . name = ”TLM code”
r e s e r v . w a l l t i m e =2000
r e s e r v . e n v i r o n m e n t=b a s e u r l+e n v i r o n m e n t

r e s e r v . run !

$ a l l . g e n k e y s

copy $ a l l . n o d e f i l e , $ a l l . f i r s t , : path=> ”/ r o o t / nodes . d e p l o y e d ”

id , r e s = t a s k $ a l l . f i r s t , ” . / l a n c e r g r i d 1 3869 192 561 25 1 s c ”
g e t r e s u l t s ( $ a l l , ”/ r o o t / t lm / b i n / p r o f i l e .∗ ” , ”˜/ p r o f i l e s ” )
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Expo Examples: Planetlab Nodes Availability

Monitoring Planetlab.

r e q u i r e ’ e x p o p l a n e t l a b ’
## g e t t i n g r e s o u r c e s form p l a n e t l a b S l i c e
g e t r e s o u r c e s

task mon=Task : : new ( ” hostname ” , $ a l l , ” M o n i t o r i n g ” )

F i l e . open ( ” P l a n e t l a b a v a i l . t x t ” , ’w+ ’ ){| f |
f . p u t s ” Date \ t Time \ t Num Res”

2 4 0 . t i m e s{
data me = Time : : now . t o i
id , r e s = task mon . e x e c u t e
t ime = r e s . t o t a l d u r a t i o n
f . p u t s ”#{data me} \ t #{t ime} \ t #{r e s . l e n g t h}”
s l e e p ( 6 0 )
}

}
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Planetlab Nodes availability

From slice of 354 nodes.

Date

R
es

po
ns

iv
e 

N
od

es

140

160

180

200

220

240

260

21:00 02:00 07:00 12:00 17:00

Figure: Planetlab nodes availability
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Expo Console

Setting up an experiment implies the management of different
software packages and the testing of different parameters
Very hard and error prone process
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Comparison Plush vs Expo

Plush Vs Expo, two metrics:

Experiment Description

Scalability of the execution
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Expo vs Plush, Experiment description

Listing 1: Plush
<?xml v e r s i o n=” 1 . 0 ” e n c o d i n g=” u t f−8”?>

<gush>
<p r o j e c t name=” T e s t i n g o v e r h e a d ”>

<component name=” C l u s t e r 1 ”>
<r s p e c>

<num hosts>20</num hosts>
</r s p e c>
<r e s o u r c e s>

<r e s o u r c e t y p e=” s s h ” group=” l o c a l ”/>
</r e s o u r c e s>

</component>

<e x p e r i m e n t name=” s i m p l e ”>
<e x e c u t i o n>

<component b lock name=” cb1 ”>
<component name=” C l u s t e r 1 ”/>
<p r o c e s s b l o c k name=”p2”>

<p r o c e s s name=” t e s t ”>
<path>hostname</path>

<cmdl ine>
<arg></arg>

</cmdl ine>
</p r o c e s s>

</p r o c e s s b l o c k>
</component b lock>

</e x e c u t i o n>
</e x p e r i m e n t>

</p r o j e c t>
</gush>

Listing 2: Expo
r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” nancy ” , ” s o p h i a ” ]
r e s e r v . r e s o u r c e s =[” nodes =200” , ” nodes =100” ]
r e s e r v . name = ”Expo S c a l a b i l i t y ”
r e s e r v . w a l l t i m e =2000

r e s e r v . run !

s i z e s = [ 1 0 , 5 0 , 1 0 0 , 2 0 0 , 3 0 0 ]

$ a l l . e a c h s l i c e a r r a y ( s i z e s ) do | nodes |

task mon= Task : : new ( ” hostname ” , nodes , ” Mon” )
( 3 0 ) . t i m e s{

id , r e s = task mon . e x e c u t e
p u t s ” #{r e s . l e n g t h} : #{r e s . d u r a t i o n}”

}

end

25 / 34
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Expo vs Plush, Experiment description

Listing 3: Plush
<?xml v e r s i o n=” 1 . 0 ” e n c o d i n g=” u t f−8”?>

<gush>
<p r o j e c t name=” T e s t i n g o v e r h e a d ”>

<component name=” C l u s t e r 1 ”>
<r s p e c>

<num hosts>20</num hosts>
</r s p e c>
<r e s o u r c e s>

<r e s o u r c e t y p e=” s s h ” group=” l o c a l ”/>
</r e s o u r c e s>

</component>

<e x p e r i m e n t name=” s i m p l e ”>
<e x e c u t i o n>

<component b lock name=” cb1 ”>
<component name=” C l u s t e r 1 ”/>
<p r o c e s s b l o c k name=”p2”>

<p r o c e s s name=” t e s t ”>
<path>hostname</path>

<cmdl ine>
<arg></arg>

</cmdl ine>
</p r o c e s s>

</p r o c e s s b l o c k>
</component b lock>

</e x e c u t i o n>
</e x p e r i m e n t>

</p r o j e c t>
</gush>

Listing 4: Expo
r e s e r v=ExpoEngine : : new ( @ c o n n e c t i o n )
r e s e r v . s i t e =[” nancy ” , ” s o p h i a ” ]
r e s e r v . r e s o u r c e s =[” nodes =200” , ” nodes =100” ]
r e s e r v . name = ”Expo S c a l a b i l i t y ”
r e s e r v . w a l l t i m e =2000

r e s e r v . run !

s i z e s = [ 1 0 , 5 0 , 1 0 0 , 2 0 0 , 3 0 0 ]

$ a l l . e a c h s l i c e a r r a y ( s i z e s ) do | nodes |

task mon= Task : : new ( ” hostname ” , nodes , ” Mon” )
( 3 0 ) . t i m e s{

id , r e s = task mon . e x e c u t e
p u t s ” #{r e s . l e n g t h} : #{r e s . d u r a t i o n}”

}

end

Does not have the resources
definition

Only one instance of the
experiment
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Scalability

Number of Nodes

T
im

e 
[s

ec
]

5

10

15

10 50 100 200 300

Expo
Gush

Figure: Plush vs Expo
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Drawbacks

Interface with the user, it could be complicated for a non
expert user.

tracking of changes in the experiment.
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Expo current work

Integration with other tools: Vistrails1, Chef2, Capistrano3.

Extend the concepts of Task and Result abstractions.

1http://www.vistrails.org
2http://www.opscode.com/chef/
3https://github.com/capistrano/capistrano
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Kameleon

Reproducible appliance Generator
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Motivations

Infrastructures such as FutureGrid and Grid5000 offer the
possibility of deploying an image which comprises: OS and an
application layer => Appliance.

This image is deployed can be loaded whether onto ”bare metal”
(real hardware) or on virtualized hardware using a hypervisor.
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Conclusions

Automating the experimentation process will allow others to
repeat the experiment.

The use of experiment tools will save user time, cost and will
allow others to gain deeper insights.
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Conclusions

Experiment tools will foster the evaluation of systems under
real conditions.

It is important to encourage the culture of experiment
reproducibility, which is acknowledged to be a shortcoming in
computer experimentation.
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Expo project page

Figure: http://expo.gforge.inria.fr/
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The end

Thank you!
Questions?
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