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Introduction

Reusing work

If | 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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Introduction

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.




State of the Art

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.



State of the Art

Some Tools

Tools

Software Deployment '—»| Chef, Puppet|
Application Execution }—>| Workflow engines|

Experimentation |

—[ORBIT}] OMF[4]
Workbench|2]
Plush[1]

Any Weevil[5], SPLAY(3]
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State of the Art

Some lIssues

@ Platform dependent.

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

@ Scalability.
e Expressiveness (Experiment Description)



State of the Art

Some lIssues

Platform dependent : Workbench

Experimentation Workbench: Management of Experimentation, Data, and Analyses

Flux Research Group, University of Utah School of Computin
Emulab Project




State of the Art

Some lIssues

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

+ unction join(n0) —— n0: some node in the ring
5 predecessor = o
o finger{1]= call@0, {"find_successor’, nd})
7 call(finger(1], { notify’. n}}

s end
o function stabilize() —— periodically verify n’s successor
w0 ger{ 1], "predecessor”

" (id, n.id, finger{11d, false, false) then

end
16 call(finger(1], {"notify’, n})
end

16 function notify(n0) —— n0 thinks it miight be our predecessor

17 if not predecessor or between(n0.id, predecessor.id, n.d. false, filse) then
i cessor = —— new predecessor
21 function fix_fingers() —— refresh fingers

2 refresh = (refresh % m) + 1 —— 1 < refresh <m
fingerlrefresh] = find_successor((n.id + 2 refresh — 1)) % 2°'m)
end

25 function check predecessor() — — checks if predecessor has failed
2 if predecessor and not ping(predecessor) then
predecessor = nil




Some lIssues

Scalability.
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State of the Art

Some lIssues

Experiment Description

2xml versior
<plush>>
<project. name="Bullet*>
<amare somesriaties
jackage name="
otk hitp fnrength: m: ol albrechiullt tor <lpath>

let.tar </dest

1.0" encoding="ute-817>

bullet_hosts </name>
num-machines>allJnum.machi
fiveminload=0, 0, 2, 5, 1<iveminload
et 3, 3. 5, T<lepuapend

resource {ype="planetlab® group="ucsd.bullet
resources

<application_block name="ullat">

<component.black nam
component nn

et

e use i
path_pref

‘bullerlog-" path_postfs

bulet_barrier>

Pt
<Jcomponent-block>

reads 50 sereas” typ max="130" knee-

<appliation.block>
<project:
</plush>

Difficult to

read and understand

set ns [new Simulator]
source tb_compat.tcl

# STATIC PART: nodes, networks, and agents.

set cnode [$ns node] # Define a node

set snode [$ns node]

set lan  [$ns make-lan "$cnode $snode” 100Mb Oms]
set client [$cnode program-agent]

set server [$snode program-agent]

# DYNAMIC PART: events.

set do_client [$ns event-sequence {
$client run -command "setup.sh"
$client run -command "client.sh"

set do_server [$ns event-sequence {
$server run -command "server.sh"

set do_expt [$ns event-sequence {
$do_server start # Do not wait for completion
$do_client run  # Run client, wait till end

$ns at 0.0 "$do_expt run"
$ns run
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Approach

Expo: Experiment Engine for
Distributed Platforms

Kameleon: Appliance Generator



Approach: Expo engine

Experimental engine which provides
@ Flexible experiment description.

e Domain Specific Language based on Ruby
o 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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Approach: Expo engine

Flow of experimentation

Experiment set up

|

Description

|

Automation

Execute Experiment

|

Input

—>]

Re-execute Experiment

—>]

New Output
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Approach: Expo engine

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.
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Approach: Expo engine

Resource Set

require 'gbk_api
reserv=ExpoEngine ::new(@connection)

reserv.site=["lyon” ,"rennes”]
reserv.resources=["nodes=12" ," nodes=6"]
reserv.walltime=7200
$all
reserv.run! @ $all["lyon"]] Salll rennes] |

cummm [© mmm
# All The resources reserved

’ OEEE ==
$all = DDD Rennes|:I

Lyon

$all.gateway @ gateway resource a resource set
# New resource set with only
# resources from lyon cluster

lyon_nodes=$all["Iyon"]
lyon_nodes.gateway
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Approach: Expo engine

Resource Set

$all

require 'gbk_api

reserv=ExpoEngine ::new(@connection)
reserv.site=["lyon” ,"rennes”]
reserv.resources=["nodes=12" " nodes=6"]
reserv.walltime=72

reserv.

# All e resources Served

$all

(S

$all["lyon"]]

sall["rennes"] |

CEmEE
DEEE
OEEm

© mEm
EED

Rennes

Lyon

$all.gateway

# New resource set with fonly
# resources from lyon cfuster
lyon_nodes=$all["Iyon"]

lyon_nodes.gateway

@ gateway

resource a resource set

34



Approach: Expo engine

Resource Set
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Approach: Expo engine

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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Approach: Expo engine

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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Approach: Expo engine

Expo architecture

Vistrails
Orgmode | USER INTERFACE \
l DSL \

Expo's : Resource R |

Abstractions | Task Set esults
Output filter, Cmd Control Experiment
Instrument in
basic ways ’ Ruby ‘ ’TakTukH ssh ‘ ’Local ‘

Interaction with platform

Figure: architecture
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Approach: Expo engine

Complex experiments

PlanetLab

OAR or other

Cluster Batch Scheduler
Cloud provider

Resource provider

Virtual
Infrastructure

Real
Infrastructure

‘ Resource Set ‘

Software layer

Provisioning the resources

Well known software => Chef
Patches or user software => Custom scripts
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Approach: Expo engine

Expo Example

Expo Simple Example.

reserv=ExpoEngine ::new(@connection)
reserv.site=["lille” ," grenoble”]
reserv.resources=["nodes=2" ," nodes=3"]
reserv.walltime=200

reserv.run!

task :test, :target => Experiment.resources
run (" hostname”)
end

res.each { |r| puts r.duration }
puts "mean : " 4 res.mean_duration
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Approach: Expo engine

Expo Examples

require 'gbk-api
reserv=ExpoEngine ::new(@connection)
reserv.site=["lille"]
reserv.resources=["cluster="chimint'}/nodes=4"]
reserv.walltime=7200

reserv.run!

$all.each{|node| copy node.nodefile, node, param=>"tmp"}

task_tIm=Task :: new(
"~/tlm/run_mpi 1 400 20 10 50 matched /tmp/machines”,
$all , #resource set
"Tesl")

File .open(”test_experiment.txt”, 'w') { |f]
20.times.each{ |x|
id , res=task_tlm .execute
res.each{ |result| f.write
"#{result [ host_name ']} #{result.duration} \n"}
}
}

cleanup ()
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Approach: Expo engine

Expo Examples

require 'gbk_api

base_url = "http://public.grenoble.grid5000.fr/"cruizsanabria /"
environment = "tlm_simulation.env”

reserv=ExpoEngine :: new(@connection)

reserv.site=["nancy” ,"rennes” " lille” ," grenoble” ,” sophia”]
reserv.resources=["nodes=1"]
reserv.name = "TLM_code"

reserv.walltime=2000
reserv.environment=base_url4+environment

reserv.run!
$all.gen_keys
copy $all.node_file, $all.first, :path=> "/root/nodes.deployed”

id, res = task $all.first, "./lancer_grid 1 3869 192 561 25 1 sc”
get_results($all " /root/tlm/bin/profile.«”,”"/profiles”)
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Approach: Expo engine

Expo Examples: Planetlab Nodes Availability

Monitoring Planetlab.

require 'expo-_planetlab’
## getting resources form planetlab Slice
get_resources

task-mon=Task :: new(" hostname” ,$all ,” Monitoring”)

File .open(” Planetlab_avail . txt", 'wt+'){|f]|
f.puts "Date \t Time \t Num_Res”

240.times{
data_me = Time::now. to_i
id, res = task_mon.execute
time = res.total_duration
f.puts "#{data_me} \t #{time} \t #{res.length}”
sleep (60)
}
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Approach: Expo engine

Planetlab Nodes availability

From slice of 354 nodes.

260 -
240 -
220-

200 -

i

®

o
|

160 -

Responsive Nodes

140 -

| | | | |
21:00 02:00 07:00 12:00 17:00
Date

Figure: Planetlab nodes availability



Approach: Expo engine

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

Comparison Plush vs Expo

Plush Vs Expo, two metrics:
@ Experiment Description

@ Scalability of the execution

24 /34



Comparison

Expo vs Plush, Experiment description

Listing 1: Plush

<?xml version="1.0" encoding="utf—8'7>
<gush>
<project name="Testing overhead”>
<component name="Clusterl”>
<rspec>
<num_hosts >20</num_hosts>
</rspec>
<resources>
<resource type="ssh” group="local"/>
</resources>
</component>

<experiment name="simple">
<execution>
<component-block name="cbl1">
<component name="Clusterl” />
<process_block name="p2">
<process name="test">
<path>hostname</path>
<cmdline>
<arg></arg>
</cmdline>
</process>
</process-block>
</component_block>
</execution>
</experiment>
</project>
</gush>

Listing 2: Expo

reserv=ExpoEngine :: new(@connection)

reserv.site=["nancy”,
reserv.resources=["nodes=200" ," nodes=100"]
reserv.name = "Expo Scalability”

reserv.walltime=2000
reserv.run!

sizes=[10,50,100,200,300]

$all . each_slice_array(sizes) do | nodes|
task-mon= Task::new(" hostname” ,nodes,” Mon")
(30).times{
id ,res = task.mon.execute

puts " #{res.length} : #{res.duration}"
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Comparison

Expo vs Plush, Experiment description

Listing 3: Plush

<?xml version="1.0" encoding="utf—8"7>
<gush>
<project name="Testing overhead”> Tt .
L rpenemt mamest Clhser S Listing 4: Expo
<rspec>
<num_hosts >20</num_hosts> reserv=ExpoEngine :: new(@connection)
</rspec> reserv.site=["nancy” " sophia”]
<resources> L ; R reserv.resources=["nodes=200" ," nodes=100"]
<resource type="ssh” group="local"/> reserv.name = "Expo Scalability”
reserv . wallt\mef2000
- Does not have the resources
reserv.run!
dEfInItIOFI sizes=[10,50,100,200,300]
S ——
<component name=" Clusterl /> $all.each_slice_array(sizes) do | nodes|
<process_block name="p2">
<process name="test"> task-mon= Task ::new (" hostname” ,nodes,” Mon")
<path>hostname </path> ) (30). times{
<cmdline> id, res = task.mon. execute
i puts " #{res.length} : #{res.duration}"
Only one instance of the
- end
experlment
</experiment>
</project>
</gush>
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Scalability

Comparison

Time [sec]

e
o

E3 Expo
B3 Gush

10 200

50 100
Number of Nodes

Figure: Plush vs Expo

300
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Comparison

Drawbacks

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

@ tracking of changes in the experiment.
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Comparison

Expo current work

o Integration with other tools: Vistrails!, Chef?, Capistrano®.

@ Extend the concepts of Task and Result abstractions.

'http://www.vistrails.org
2http:/ /www.opscode.com /chef/
3https://github.com /capistrano/capistrano
28 /34



Kameleon

Reproducible appliance Generator



Comparison

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

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

Conclusions

@ Experiment tools will foster the

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

Expo project page

nt Engine for Distributed Platforms

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

Thank you!
Questions?
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Conclusions
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Conclusions
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