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Volunteer Computing
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WhatWhat is is volunteervolunteer computingcomputing??
•• VolunteerVolunteer computingcomputing is is anan arrangementarrangement inin
whichwhich peoplepeople ((volunteersvolunteers) ) provideprovide computingcomputing
resourcesresources toto projectsprojects, , whichwhich useuse thethe resourcesresources
toto dodo distributeddistributed computingcomputing and/orand/or storagestorage. . 
– Volunteers are typically members of the general

public who own Internet-connected PCs. 
Organizations such as schools and businesses may
also volunteer the use of their computers. 

– Projects are typically academic (university-based) and
do scientific research.
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WhyWhy is is volunteervolunteer computingcomputing importantimportant??
•• BecauseBecause ofof thethe hugehuge numbernumber (> 1 (> 1 billionbillion) ) ofof PCsPCs inin thethe

worldworld, , volunteervolunteer computingcomputing suppliessupplies moremore computingcomputing
powerpower toto sciencescience thanthan doesdoes anyany otherother typetype ofof computingcomputing. . 
ThisThis advantageadvantage willwill increaseincrease overover timetime, , becausebecause
consumerconsumer productsproducts suchsuch asas PCsPCs andand gamegame consolesconsoles willwill
advanceadvance fasterfaster andand thatthat therethere willwill be more be more ofof themthem. . 

•• VolunteerVolunteer computingcomputing powerpower can'tcan't be be boughtbought; ; itit must be must be 
earnedearned. A . A researchresearch project project thatthat has limited has limited fundingfunding butbut
largelarge publicpublic appealappeal cancan getget hugehuge computingcomputing powerpower. . InIn
contrastcontrast, , traditionaltraditional supercomputerssupercomputers areare extremelyextremely
expensiveexpensive, , andand areare availableavailable onlyonly forfor applicationsapplications thatthat
cancan affordafford themthem ((forfor exampleexample, , nuclearnuclear weaponweapon design design 
andand espionageespionage).).
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PCs vs. Supercomputers PCs vs. Supercomputers 
•• PCs trail supercomputers by about 20 years PCs trail supercomputers by about 20 years 
•• 100,000 PCs == 1 supercomputer 100,000 PCs == 1 supercomputer 
•• There are ~1 billion PCs on the Internet There are ~1 billion PCs on the Internet 
•• Consumer products (PCs, game consoles) are Consumer products (PCs, game consoles) are 
getting faster getting faster 

•• PC owner buys PC, maintains it, buys electricity PC owner buys PC, maintains it, buys electricity 
•• But: PCs are unreliable and But: PCs are unreliable and untrusteduntrusted
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Resource
owners

Managed
systems?

Clients behind
firewall?

anonymous, unaccountable

no – need plug & play software

yes – pull model

yes – software stack
requirements OK

no – push model

identified, accountable

ISP bill?yes no

Volunteer computing is not “peer-to-peer computing”

Volunteer computing !=Volunteer computing !=
Grid computingGrid computing
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Evolution of ParadigmsEvolution of Paradigms
Mainframes

Personal Computers

Supercomputers

Cluster computing

Grid computing

Volunteer Computing
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BOINC in general
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Berkeley Open Infrastructure for Network Berkeley Open Infrastructure for Network 
ComputingComputing
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BOINCBOINC
•• Middleware for volunteer computingMiddleware for volunteer computing
•• OpenOpen--source (LGPL)source (LGPL)
•• ApplicationApplication--drivendriven
•• GoalsGoals

– lots of independent projects
– support for diverse applications
– client participation in multiple projects
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BOINC homepageBOINC homepage
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Some BOINC ProjectsSome BOINC Projects
Climateprediction.netClimateprediction.net
(Oxford University)(Oxford University)

LHC@homeLHC@home
(CERN) (CERN) 
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SETI@homeSETI@home
(U.C. Berkeley) (U.C. Berkeley) 

SZTAKI Desktop GridSZTAKI Desktop Grid
(Hungary)(Hungary)
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BOINC main features
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Main features of BOINCMain features of BOINC
•• Project Project autonomyautonomy

–– ManyMany projectsprojects useuse BOINC. BOINC. ProjectsProjects areare independentindependent; ; eacheach oneone operatesoperates itsits ownown servers servers andand databasesdatabases. . 
•• VolunteerVolunteer flexibilityflexibility

–– VolunteersVolunteers cancan participateparticipate inin multiplemultiple projectsprojects; ; theythey controlcontrol whichwhich projectsprojects theythey participateparticipate inin, , andand howhow theirtheir
resourcesresources areare divideddivided..

•• FlexibleFlexible applicationapplication frameworkframework
–– ExistingExisting applicationsapplications inin commoncommon languageslanguages (C, C++, (C, C++, FortranFortran) ) cancan runrun asas BOINC BOINC applicationsapplications withwith littlelittle oror no no 

modificationmodification..
•• SecuritySecurity

–– BOINC BOINC protectsprotects againstagainst severalseveral typestypes ofof attacksattacks. . ForFor exampleexample, , digitaldigital signaturessignatures basedbased onon publicpublic--keykey encryptionencryption, , 
etcetc. . 

•• Server Server performanceperformance andand scalabilityscalability
–– The BOINC The BOINC serverserver software is software is extremelyextremely efficientefficient, , and highly and highly scalabescalabe, , soso thatthat a a singlesingle midmid--rangerange serverserver cancan

dispatchdispatch andand handlehandle millionsmillions ofof jobsjobs per per dayday..
•• SourceSource codecode availabilityavailability

–– BOINC is BOINC is distributeddistributed underunder thethe LesserLesser GeneralGeneral PublicPublic LicenseLicense. . HoweverHowever, BOINC , BOINC applicationsapplications needneed notnot be be openopen
sourcesource. . 

•• SupportSupport forfor largelarge datadata
–– BOINC BOINC supportssupports applicationsapplications thatthat produceproduce oror consumeconsume largelarge amountsamounts ofof datadata, , oror thatthat useuse largelarge amountsamounts ofof

memorymemory. . DataData distributiondistribution andand collectioncollection cancan be be spreadspread acrossacross manymany serversservers. . UsersUsers cancan specifyspecify limitslimits onon diskdisk
usageusage andand networknetwork bandwidthbandwidth..

•• MultipleMultiple participantparticipant platformsplatforms
–– The BOINC The BOINC corecore clientclient is is availableavailable forfor most most commoncommon platformsplatforms ((MacMac OS X, Windows, OS X, Windows, LinuxLinux andand otherother Unix Unix 

systemssystems). ). 
•• OpenOpen, , extensibleextensible software software architecturearchitecture

–– BOINC BOINC makmakeses itit possiblepossible forfor thirdthird--partyparty develdevelopersopers toto extendextend BOINC.BOINC.
•• VolunteerVolunteer communitycommunity featuresfeatures

–– BOINC BOINC providesprovides webweb--basedbased toolstools, , suchsuch asas messagemessage boardsboards, , useruser profilesprofiles, , andand privateprivate messagingmessaging, , thatthat encourageencourage
volunteersvolunteers toto formform onlineonline communitiescommunities..
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Which application?Which application?
•• BOINC is BOINC is designeddesigned toto supportsupport applicationsapplications thatthat havehave

– large computation requirements
– large storage requirements
– or both.
The main requirement of the application is that it be divisible into a large

number (thousands or millions) of jobs that can be done independently. 
•• In case of volunteer resourcesIn case of volunteer resources, , therethere areare additionaladditional requirementsrequirements: : 
•• PublicPublic appealappeal

–– AnAn applicationapplication must be must be viewedviewed asas interestinginteresting andand worthwhileworthwhile byby thethe
publicpublic inin orderorder toto gaingain largelarge numbersnumbers ofof participantsparticipants.. A project must A project must 
havehave thethe resourcesresources andand commitmentcommitment toto maintainmaintain thisthis interest, interest, typicallytypically
byby creatingcreating a a compellingcompelling webweb sitesite andand byby generatinggenerating interestinginteresting graphicsgraphics
inin thethe applicationapplication..

•• LowLow data/computedata/compute ratioratio
–– Input Input andand output output datadata areare sentsent throughthrough commercialcommercial Internet Internet connectionsconnections, , 

whichwhich maymay be be expensiveexpensive and/orand/or slowslow.. AsAs a a rulerule ofof thumbthumb, , ifif youryour
applicationapplication producesproduces oror consumesconsumes more more thanthan a a gigabytegigabyte ofof datadata per per dayday
ofof CPU CPU timetime, , thenthen itit maymay be be cheapercheaper toto useuse inin--househouse clustercluster computingcomputing
ratherrather thanthan volunteervolunteer computingcomputing. . 
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Key expressionsKey expressions
•• ProjectProject

– A project is an entity that does distributed computing using BOINC. Projects are independent.
•• ApplicationApplication

– An application includes several programs (for different platforms) and a set of workunits and results. A project can
include multiple applications. 

•• PlatformPlatform
– A platform is a compilation target - typically a combination of a CPU architecture and an operating system. BOINC 

defines a set of standard platforms. 
•• ApplicationApplication versionsversions

– An application program may go through a sequence of versions. A particular version, compiled for a particular
platform, is called an application version. An application version consists of one or more files. 

•• WorkunitWorkunit
– A workunit is a computation to be performed, i.e. a "job". It may include any number of input files. It has various

attributes, such as resource requirements and deadline. 
– A workunit is associated with an application, not with an application version. In other words, you don't specify what

platform the job is to be run on. 
•• ResultResult

– A result describes an instance of a computation, either unstarted, in progress, or completed. Each result is 
associated with a workunit. In some cases there may be several instances, or "replicas", of a given workunit. 

•• AccountAccount
– Each volunteer in a project has an account, identified by an email address and password. An account has an

associated amount of credit, a numerical measure of the work done by that volunteer's computers. 
•• CreditCredit

– The project's server keeps track of how much work your computer has done. 
•• ClientsClients andand attachmentattachment

– Volunteers run a program called the BOINC client; this is the only software they manually download. 
– A given computer running the BOINC client can be attached to accounts on one or more project. Each attachment

has a resource share. If a computer is attached to multiple projects, its resources are divided among them in
proportion to their resource shares.
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How BOINC works?How BOINC works?
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How to participateHow to participate
•• Install and run BOINC client software Install and run BOINC client software 

– http://boinc.berkeley.edu
– Available for Windows, Mac OS X, Linux 

•• Enter the URL of a project Enter the URL of a project 
– e.g.: http://szdg.lpds.sztaki.hu/szdg

•• Enter your email address and passwordEnter your email address and password
•• Done!Done!
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BOINC FeaturesBOINC Features
•• Credit systemCredit system

– Volunteer competition
•• Community features Community features 

– Message boards 
• Science, technical, social 

– User profiles 
– Teams 
– Translations 
– Web sites
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BOINC CreditBOINC Credit
•• The The project'sproject's serverserver keepskeeps tracktrack ofof howhow muchmuch workwork youryour computer has computer has 

donedone; ; thisthis is is calledcalled creditcredit. . ToTo ensureensure thatthat credit is credit is grantedgranted fairlyfairly, most , most 
BOINC BOINC projectsprojects workwork asas followsfollows: : 
– Each task may be sent to two computers. 
– When a computer reports a result, it claims a certain amount of credit, based on

how much CPU time was used. 
– When at least two results have been returned, the server compares them. If the

results agree, then users are granted the smaller of the claimed credits. 
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Inside the BOINC server
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BOINC ServerBOINC Server

Under the hoodUnder the hood

BOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC Client

Application MasterApplication Master

Workunit

Result Table

BOINC ClientBOINC Client

Workunit Table

Application ClientApplication Client
Feeder 

Daemon
Feeder 

Daemon

ResultResultResult

Validator
Daemon
Validator
Daemon

1

2 2

Client 
Server
Client 
Server 3

5

4

6
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BOINC ServerBOINC Server

Under the hoodUnder the hood
Application MasterApplication Master

Workunit

Workunit Table

1
1. Application master submits 

workunit(s)
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Under the hoodUnder the hood

BOINC ServerBOINC Server

Workunit Table

2. Feeder daemon checks for 
new workunits
a) Creates Results for 

redundant computing
b) Registers Results in the 

result table of the 
database

Result Table

Feeder 
Daemon
Feeder 

Daemon

ResultResultResult

2 2
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Under the hoodUnder the hood
BOINC ServerBOINC Server

Workunit Table Result Table

BOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC Client

BOINC ClientBOINC Client

Application ClientApplication Client
Client 
Server
Client 
Server 3

3. Boinc Client requests 
some work

a) Client Server 
grabs a result 
from database

b) Client Server 
sends result to 
Client
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Under the hoodUnder the hood

4. BOINC Client processes result
a) Downloads application client if 

it does not have it already
b) Executes client application with 

the input found in the 
downloaded result

c) Upon finish the output of the 
result is sent to the BOINC 
Server 

BOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC Client

BOINC ClientBOINC Client

Application ClientApplication Client
4
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BOINC ServerBOINC Server

Result TableWorkunit Table

Valiadator
Daemon

Valiadator
Daemon

5

Under the hoodUnder the hood
5. Validator Daemon checks for finished 

results
a) If all of the results of a workunit has 

been finished they get compared by 
the validator

b) If there’s a majority match:
i. Output is passed to the workunit
ii. Results are marked as deletable
iii. State of the workunit is set to 

Finished
c) If there’s no match:

i. New results are generated and 
registered in the result table

ii. If there’s still no consensus after 
a certain number of results, the 
workunit is considered to be a 
failure
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Under the hoodUnder the hood
Application MasterApplication Master

Workunit

Workunit Table

6

6. Application Master polls the workunit
table for any workunit in finished state
a) If found the output of the workunit

is grabbed and processed
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BOINC ServerBOINC Server

Under the hoodUnder the hood

BOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC ClientBOINC Client

Application MasterApplication Master

Workunit

Result Table

BOINC ClientBOINC Client

Workunit Table

Application ClientApplication Client
Feeder 

Daemon
Feeder 

Daemon

ResultResultResult

Valiadator
Daemon

Valiadator
Daemon

1

2 2

Client 
Server
Client 
Server 3

5

4

6
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Preparing a BOINC server
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Preparing a BOINC ServerPreparing a BOINC Server
•• Ingredients:Ingredients:

– 1 piece of hardware
– BOINC server package
– Application
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Preparing a BOINC ServerPreparing a BOINC Server
•• 1 1 pcspcs of hardwareof hardware

– Capable of running Debian linux
– CPU with at least 1 GHz
– Min. 512 MB of memory (the more the better)
– Fast internet connection (upload needs to be fast as 

well)
– Plenty of available storage (depends on application)



35Joint EGEE-EDGeS Summer School, 01/07/2009, Budapest, Hungary

Preparing a BOINC ServerPreparing a BOINC Server
•• BOINC server packageBOINC server package

– Available at http://www.desktopgrid.hu
– Installation guide is also available there
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Creating Application Master
– Creating Application Client

• Compiling for multiple platforms

– Creating Application Validator
– Registering Application on the BOINC Server
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Creating Application Master

The job of the Master is to create The job of the Master is to create workunitsworkunits
– Usually by breaking a big input into smaller pieces
– Submit the workunits in the BOINC server

Development is aided by DCDevelopment is aided by DC--APIAPI
– Available at http://www.desktopgrid.hu
– Examples and documentation also available 
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Creating Application Client

The job of the client is to process the input found The job of the client is to process the input found 
in the results downloaded from the BOINC in the results downloaded from the BOINC 
ServerServer
– Usually a non-boinc application exists, that can be modified with 

DC-API  to support execution in a BOINC environment

– DC-API aids development
– Application is executed in a “rough” environment on the client 

side: should support checkpointing to be able to survive restarts 
and other conditions
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Creating Application Client
• Compiling for multiple platforms

The majority of BOINC clients use the Windows The majority of BOINC clients use the Windows 
platformplatform
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Creating Application Validator

Output calculated by clients is not trustworthyOutput calculated by clients is not trustworthy
– Computation errors
– Malicious user intervention 

Redundancy is used to overcome this conditionRedundancy is used to overcome this condition
– Applicatin specific validator is needed that compares 

several outputs belonging to the same workunit and 
decides if they can be accepted or refused 
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Preparing a BOINC ServerPreparing a BOINC Server
•• ApplicationApplication

– Registering Application on the BOINC Server
• Tutorial is available at http://www.desktopgrid.hu

– Copy client app executable to the server
– Register client apps with command-line utility
– Copy master app executable to the server
– Add master app to the xml listing server daemons
– Add application to the xml listing registered 

applications
– Register application with command-line utility
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ConclusionConclusion

•• Scientific computing Scientific computing 
– Will always need more computing power 

•• Volunteer computingVolunteer computing
– The computing paradigm of the future 

•• BOINCBOINC
– Middleware for volunteer computing
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For more information, visit:
http://boinc.berkeley.edu

or
http://www.desktopgrid.hu

If you have any question, use:
http://boinc.berkeley.edu/email_lists.php

or
desktopgrid@lpds.sztaki.hu

Special thanks to
David Anderson and Adam Kornafeld

for the slides!

Thank you for your attention!Thank you for your attention!

Any
questions?


