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uu Cumulative Cumulative priceprice--performance advancesperformance advances in in 
technologies are bringing ICT within reach of the global technologies are bringing ICT within reach of the global 
poorpoor

uu Emergence of successful business modelsEmergence of successful business models has spurred has spurred 
commercial interest in these unconventional but large commercial interest in these unconventional but large 
marketsmarkets

uu Many Many successful pilot applicationssuccessful pilot applications have demonstrated have demonstrated 
the positive impact of ICT on global sustainability and the positive impact of ICT on global sustainability and 
qualityquality--ofof--lifelife

uu And And many of the very best ICT researchers from many of the very best ICT researchers from 
throughout the world are passionate about this throughout the world are passionate about this 
challenge!challenge!
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BREWER’S CONJECTURE:

Providing traditional enabling infrastructure, 
like building out roads, rail, the electrical grid 
and providing piped water is very expensive and 
can only really be economically justified for high 
density, relatively affluent communities.

Network infrastructure, on the other hand, is 
inexpensive enough to deploy economically to 
rural areas and can be used to build the 
economic base that then justifies investing in 
roads, rail,  electricity and water grids later.

Source: Eric BrewerSource: Eric Brewer
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uu Very Very Low CostLow Cost, Operates , Operates Off the Power GridOff the Power Grid, Designed , Designed 
for for Intermittent ConnectivityIntermittent Connectivity, Supports , Supports Low Literacy Low Literacy 
and Multiple Languagesand Multiple Languages, , ReliableReliable in Extreme in Extreme 
Environments, Supports Environments, Supports Shared AccessShared Access, Private and , Private and 
SecureSecure

uu Must support Must support telephonytelephony (synchronous and (synchronous and 
asynchronous) & asynchronous) & datadata communicationcommunication

uu Must support Must support sensor networkssensor networks (potentially millions of (potentially millions of 
sensors/application)sensors/application)

uu Online AuctionsOnline Auctions
uu MegaMega--Player Online GamesPlayer Online Games
uu Simple TelecommunicationsSimple Telecommunications
uu Education & TrainingEducation & Training
uu BlogsBlogs, , FriendsterFriendster, , LivejournalLivejournal, , 

Tribe.netTribe.net
uu TimeTime--Sensitive Sensitive ““ValuableValuable”” DataData
uu SMS to MMS++ to Multimedia CallsSMS to MMS++ to Multimedia Calls
uu Distributed Collaborative EnvironmentsDistributed Collaborative Environments
uu Business Relationships & NegotiationBusiness Relationships & Negotiation
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Proxies, 
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Data
Center Data

Center
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uu 100M logic gate equivalent100M logic gate equivalent
uu 1 1 GbyteGbyte MemoryMemory
uu 200 200 GbytesGbytes DiskDisk
uu BatteryBattery
uu Silicon Solar Cells (Silicon Solar Cells (1.5m1.5m22))
uu Mechanical StructureMechanical Structure

uu Cost US $750Cost US $750
uu Dissipate 250W at full loadDissipate 250W at full load

Support 100 simultaneous feeds at > 1Mbps eachSupport 100 simultaneous feeds at > 1Mbps each

uu 300M logic gate equivalent300M logic gate equivalent
uu 10 10 GbyteGbyte MemoryMemory
uu 10,000 10,000 GbytesGbytes DiskDisk
uu BatteryBattery
uu Silicon Solar Cells (Silicon Solar Cells (1m1m22))
uu Mechanical StructureMechanical Structure

uu Cost US $500Cost US $500
uu Dissipate 150W at full loadDissipate 150W at full load

Support 200 simultaneous feeds at > 2Mbps eachSupport 200 simultaneous feeds at > 2Mbps each
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uu Develop standard chip family for human Develop standard chip family for human 
application application ⇒⇒ $1$1--7 per chip7 per chip
vvProcessor, memory, radio; network, speech, Processor, memory, radio; network, speech, 

and display supportand display support
uu Develop standard chip family for sensor Develop standard chip family for sensor 

application application ⇒⇒$1$1--0.01 per chip0.01 per chip
vvProcessor, radio, power management, network Processor, radio, power management, network 

support, integrated GPS optionsupport, integrated GPS option
vvLowLow--power version < 200 microwattspower version < 200 microwatts

uu Novel lowNovel low--cost organic semiconductors for flexible cost organic semiconductors for flexible 
displays and inexpensive circuitsdisplays and inexpensive circuits
vv1010--50x cheaper, ultimately more robust50x cheaper, ultimately more robust

uu The telephone system was developed when memory and The telephone system was developed when memory and 
storage was expensivestorage was expensive

uu SemiSemi--interactive, but potentially much less expensiveinteractive, but potentially much less expensive……
uu Savings:Savings:
vv No need for dedicated resourcesNo need for dedicated resources
vv Can Can ““storestore--andand--forwardforward”” data (like real mail)data (like real mail)
vv Can hide problems (e.g. power out) by waiting or Can hide problems (e.g. power out) by waiting or 

redundancyredundancy

uu Examples:Examples: voice messaging, SMS/MMS, correspondence voice messaging, SMS/MMS, correspondence 
classes, medical diagnosis (nonclasses, medical diagnosis (non--emergency), coordinating emergency), coordinating 
money transfers, emoney transfers, e--commerce (e.g. catalogs), ecommerce (e.g. catalogs), e--mailmail
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uuIdea coIdea co--developed by Tom Kalil, Rich developed by Tom Kalil, Rich 
Newton (Berkeley) & Raj Reddy, Bernadine Newton (Berkeley) & Raj Reddy, Bernadine 
Diaz (CMU) Diaz (CMU) 

uuBerkeley prototype evolved from  Bridging Berkeley prototype evolved from  Bridging 
the Divide 2004, led by Drew Isaacs (MOT)the Divide 2004, led by Drew Isaacs (MOT)

uu8 teams of 4 students, from Engineering, 8 teams of 4 students, from Engineering, 
Haas, SIMS, Economics, Public Health, ERG, Haas, SIMS, Economics, Public Health, ERG, 
City & Regional Planning, City & Regional Planning, ……

uuSemester studying how to test a Semester studying how to test a 
hypothesis, conduct interviews, behave in hypothesis, conduct interviews, behave in 
a foreign culture, etc.a foreign culture, etc.

uu11--2 months away over summer; many 2 months away over summer; many 
return trips planned in the fall.return trips planned in the fall.
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uu We are working with We are working with M. S. M. S. SwaminathanSwaminathan Research Research 
Foundation (MSSRF)Foundation (MSSRF), , AravindAravind Eye Hospital, Eye Hospital, and the and the 
AkshayaAkshaya ((ee--govgov) project in ) project in KerelaKerela

uu This summer, we got towers up and set up two links: This summer, we got towers up and set up two links: 
one from one from AravindAravind to one of the MSSRF villages (only to one of the MSSRF villages (only 
3km) and a 10km link that reconnects that village 3km) and a 10km link that reconnects that village 
with the hub with the hub 
vv It had a connection that was broken, but we It had a connection that was broken, but we 

reused the towers and antennasreused the towers and antennas
uu We showed videoconferencing between the hospital We showed videoconferencing between the hospital 

and the villages (sufficient for basic telemedicine)and the villages (sufficient for basic telemedicine)
uu We collected 30 samples of Tamil speech for our We collected 30 samples of Tamil speech for our 

speech recognizerspeech recognizer
uu We set up and left a proxy cache that sits in front of We set up and left a proxy cache that sits in front of 

the VSAT (which is the only connection from the the VSAT (which is the only connection from the 
villages to the outside Internet)villages to the outside Internet)
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What is the most effectiveWhat is the most effective
power architecture for rural users?power architecture for rural users?
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Principal ConjecturesPrincipal Conjectures
There are a million useful things we could work on, but:There are a million useful things we could work on, but:
uu A A very low cost and reliable network infrastructure, very low cost and reliable network infrastructure, 

available to everyone, that supports communication available to everyone, that supports communication 
and data, is absolutely necessaryand data, is absolutely necessary (but not sufficient(but not sufficient……) ) 
if we are to support sustainable economic development if we are to support sustainable economic development 
in poor, rural areas.in poor, rural areas.

uu The most important application to support is The most important application to support is 
communicationcommunication——’’people are the killer apppeople are the killer app’’——but but most most 
likely in a very different modality than what we use likely in a very different modality than what we use 
here in the developed world todayhere in the developed world today

uu The problem isThe problem is not simply a technology problem (not simply a technology problem (‘‘just just 
put up wireless linksput up wireless links’’))——it is as much it is as much a systems a systems 
architectural problemarchitectural problem (e.g. where do you put data (e.g. where do you put data 
storage and why?)storage and why?)

Principal ConjecturesPrincipal Conjectures
uu Like the introduction of the railway system in the Like the introduction of the railway system in the 

US, US, the introduction of an open, standardsthe introduction of an open, standards--based based 
national and international communication national and international communication 
backbone network will enable or enhance many backbone network will enable or enhance many 
small businessessmall businesses——manymany of which we cannot of which we cannot 
imagine todayimagine today

uu A sustainable business model for deployment and A sustainable business model for deployment and 
use is critical to success and must be designed in use is critical to success and must be designed in 
conjunction with the technologyconjunction with the technology——ideally,ideally, the the 
system will be deployable in a system will be deployable in a locallylocally--owned, owned, 
‘‘viralviral’’ way, based on a reference architecture and way, based on a reference architecture and 
a paya pay--asas--youyou--useuse--it service modelit service model
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Working together, we must establish:Working together, we must establish:

uu An An active, global research and development active, global research and development 
communitycommunity of interested university, industry, NGO, of interested university, industry, NGO, 
and government participantsand government participants

uu A premier international conferenceA premier international conference with the highest with the highest 
of academic standardsof academic standards——A World Technology ForumA World Technology Forum

uu An An international business plan competition for both international business plan competition for both 
developed and developing countriesdeveloped and developing countries targeted to the targeted to the 
developing worlddeveloping world

uu Develop a Develop a research and development roadmapresearch and development roadmap for for 
sustainable developmentsustainable development

uu A A worldworld--class publicationclass publication accessible inexpensively accessible inexpensively 
throughout the worldthroughout the world

uu An An international Engineering international Engineering ““Peace CorpsPeace Corps”” for for 
students and young professionals to work together to students and young professionals to work together to 
address problems and to learn about the challenges address problems and to learn about the challenges 
and opportunities in the developing worldand opportunities in the developing world

Source:  Tom Kalil, Richard NewtonSource:  Tom Kalil, Richard Newton
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