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uuCumulative Cumulative priceprice--performance advancesperformance advances in technologies in technologies 
are bringing ICT within reach of the global poorare bringing ICT within reach of the global poor

uuEmergence 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

uuMany 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

uuAnd 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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You are here

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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uuVery Very Low CostLow Cost, Operates , Operates Off the Power GridOff the Power Grid, Designed , Designed 
for for Intermittent ConnectivityIntermittent Connectivity, Supports , Supports Low Literacy and Low Literacy and 
Multiple LanguagesMultiple Languages, , ReliableReliable in Extreme Environments, in Extreme Environments, 
Supports Supports Shared AccessShared Access, Private and Secure, Private and Secure

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

uuMust support Must support sensor networkssensor networks (potentially millions of (potentially millions of 
sensors/application)sensors/application)
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uuOnline AuctionsOnline Auctions
uuMegaMega--Player Online GamesPlayer Online Games
uuSimple TelecommunicationsSimple Telecommunications
uuBlogsBlogs, , FriendsterFriendster, , LivejournalLivejournal, , Tribe.netTribe.net
uuTimeTime--Sensitive Sensitive ““ValuableValuable”” DataData
uuSMS to MMS++ to Multimedia CallsSMS to MMS++ to Multimedia Calls
uuDistributed Collaborative EnvironmentsDistributed Collaborative Environments
uu Business Relationships & NegotiationBusiness Relationships & Negotiation

uu 50 50 GbytesGbytes/household/household
uu 100100--1000 households 1000 households 

served per served per basestationbasestation

uuWould require 5Would require 5--50 50 
TBytesTBytes per per basestationbasestation

50 GBytesTOTAL
5.00Internet
5.00Video games
0.324Magazines
2.1030Books
0.284Newspaper
2.3040Recorded Music
0.2910Radio

35.0020TV-Movies
0.3512Telephone

GbytesHoursActivity
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Source: Professors David Culler and Kris PisterSource: Professors David Culler and Kris Pister

August 2001

February 2003
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Source: Eric BrewerSource: Eric Brewer

uuBest place to store Best place to store persistentpersistent datadata
vv(device is second best)(device is second best)
vvCan justify backup power, networking, physical Can justify backup power, networking, physical 

securitysecurity
uuCheapest source of storage/computer per userCheapest source of storage/computer per user
vv100100--1000x less expensive than a personal device (!)1000x less expensive than a personal device (!)
vvFactors: shared resources, administration cost, raw Factors: shared resources, administration cost, raw 

costs (power, disks, CPUs)costs (power, disks, CPUs)
uuNeed at least two for disaster toleranceNeed at least two for disaster tolerance
uuPlan about 3 in urban centers (for one region)Plan about 3 in urban centers (for one region)

Source: Eric BrewerSource: Eric Brewer
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uu The key enablerThe key enabler…… distributiondistribution for information.for information.
uu Focus on wireless (e.g. IEEE 802.11, 802.16)Focus on wireless (e.g. IEEE 802.11, 802.16)
vvVastly cheaper to deployVastly cheaper to deploy
vvWide range of optionsWide range of options

uu PacketsPackets of data allow efficient use of mediaof data allow efficient use of media
vv““multiplexingmultiplexing”” (sharing) of channels(sharing) of channels

uu IP = IP = ““Internet ProtocolInternet Protocol””
vvGlobal names for every deviceGlobal names for every device
vvWay to route packets to namesWay to route packets to names

Source: Eric BrewerSource: Eric Brewer

uuBandwidth = data/sec Bandwidth = data/sec 
vv Modem = 56 kilobits/secModem = 56 kilobits/sec
vv DSL = 384 kilobits/secDSL = 384 kilobits/sec
vv IEEE 802.16 IEEE 802.16 WiMAXWiMAX = >75 megabits/sec per = >75 megabits/sec per ““sectorsector”” (~200 (~200 DSLsDSLs))
l Limited only by available spectrum

uuLatency = transmission delay in secondsLatency = transmission delay in seconds
vv Optical Internet = millisecondsOptical Internet = milliseconds
l Berkeley-CMU: 44ms minimum RT time (actual ~88ms)
l Berkeley-Bangalore: 200ms minimum RT time (actual ~0.75sec)

vv Satellite = Satellite = ¼¼ second per hopsecond per hop

uuPower should be mostly tied to transmissionPower should be mostly tied to transmission
vv Double distance Double distance ⇒⇒ Quadruple powerQuadruple power
vv Sequence of short hops usually lower power (but higher latency)Sequence of short hops usually lower power (but higher latency)

Source: Eric BrewerSource: Eric Brewer
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uuRange costs power (squared)Range costs power (squared)
uuLong distances best covered with directional antennasLong distances best covered with directional antennas
vv 10x difference in range for low cost10x difference in range for low cost
vv ““PointPoint--toto--pointpoint”” linkslinks
vv IEEE 802.16 can be used over 50km at reasonable costIEEE 802.16 can be used over 50km at reasonable cost

uuUser density matters:User density matters:
vv Range also limited by total usersRange also limited by total users
vv Urban areas thus use shortUrban areas thus use short--range wirelessrange wireless
vv Rural areas need longRural areas need long--range, high capacity linksrange, high capacity links

uu Ideal architecture assumes islands of coverage (with Ideal architecture assumes islands of coverage (with 
pointpoint--toto--point wireless)point wireless)
vv Islands are the dense areas (e.g. villages)Islands are the dense areas (e.g. villages)

Source: Eric BrewerSource: Eric Brewer

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

uuSemiSemi--interactive, but potentially much less expensiveinteractive, but potentially much less expensive……
uuSavings: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 redundancyCan hide problems (e.g. power out) by waiting or redundancy

uuExamples: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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uuDevelop standard chip family for human application Develop standard chip family for human application ⇒⇒
$1$1--7 per chip7 per chip
vv Processor, memory, radio; network, speech, and display Processor, memory, radio; network, speech, and display 

supportsupport
uuDevelop standard chip family for sensor application Develop standard chip family for sensor application 

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

integrated GPS optionintegrated GPS option
vv LowLow--power version < 200 microwattspower version < 200 microwatts

uuNovel lowNovel low--cost organic semiconductors for flexible cost organic semiconductors for flexible 
displays and inexpensive circuitsdisplays and inexpensive circuits
vv 1010--50x cheaper, ultimately more robust50x cheaper, ultimately more robust

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
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Source: IBMSource: IBM
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There is no semiconductor silicon in most things around us
…but there ARE printed laminates and coatings

Courtesy: Campbell’s Soup, Behr Paints Source:  Source:  VivekVivek SubramanianSubramanian

No lithography
No vacuum processing 

Reduced abatement costs
Cheap substrate handling
Reduced packaging costs

Source:  Source:  VivekVivek SubramanianSubramanian
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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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Source:  Prof. Richard SmalleySource:  Prof. Richard Smalley
Data from International Energy AgencyData from International Energy Agency
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Source:  Prof. Richard SmalleySource:  Prof. Richard Smalley
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Peng, X. G.; Manna, L.; Yang, W. D.; Wickham, J.; Scher, E. 
Kadavanich, A. P. Alivisatos, Nature 2000, 404, 59-61. Source:  Prof. Paul AlivisatosSource:  Prof. Paul Alivisatos

v Low end silicon tandem cells, 12% power efficiency
v High end multi-band gap tandems 34%
v Key considerations:
vThermalization to band edge
vProcessing methods

AM 1.5 Efficiency
Power Conversion: 1.7%
Short Circuit Current:  5.8 mA/cm2

Fill Factor:  0.42
Voc : 0.67 V

Source:  Prof. Paul AlivisatosSource:  Prof. Paul Alivisatos
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uuFunding Agencies: International Organizations, National Funding Agencies: International Organizations, National 
Governments, and FoundationsGovernments, and Foundations
vv Support research, education, the development and maintenance Support research, education, the development and maintenance 

of testof test--beds, and communitybeds, and community--building activitiesbuilding activities
uu IndustryIndustry
vv Treat the developing world as a legitimate and important marketTreat the developing world as a legitimate and important market
vv Launch internal research and development efforts   (like HP LabsLaunch internal research and development efforts   (like HP Labs

India)India)
vv Partner with academia to develop and commercialize promising Partner with academia to develop and commercialize promising 

university researchuniversity research

uuNGOsNGOs
vv Experiment with a variety of ICT applications for sustainable Experiment with a variety of ICT applications for sustainable 

development development 
vv Support the implementation of a Technology Support the implementation of a Technology ““Peace CorpsPeace Corps”” for the for the 

developing world                                                developing world                                                
uuUniversities: ICT researchers, sociologists, business,Universities: ICT researchers, sociologists, business,
vv Perform longPerform long--term, highterm, high--risk research and development for the risk research and development for the 

developing world that may lead to order of magnitude developing world that may lead to order of magnitude 
improvements in accessibilityimprovements in accessibility

vv Perform rigorous and independent evaluation of past and ongoing Perform rigorous and independent evaluation of past and ongoing 
effortsefforts

vvCan a young faculty member be tenured working on basic research Can a young faculty member be tenured working on basic research 
inspired by major challenges for the developing world? Medical inspired by major challenges for the developing world? Medical 
informatics is here to stay, how about Development informatics?informatics is here to stay, how about Development informatics?
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Working together, we must establish:Working together, we must establish:
uu An An active, global research and development communityactive, global research and development community of of 

interested university, industry, NGO, and government interested university, industry, NGO, and government 
participantsparticipants

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

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

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

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

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

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

"We must become the change"We must become the change
we want to see"we want to see"

Mahatma GandhiMahatma Gandhi
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