L

Jim thtlys-?.-
V.P. ofSafill
One Laptop per Ch

_ January:29;.2008




Sometimes the riskiest path is
the status quo.
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The mission

to develop a low-cost laptop — a technology that could
revolutionize how we educate the world's children



The 1.5 billion children
in the developing world




Presumptions

-2 X

 Schools e Home

- classrooms - electricity

- electricity - space to study

- teachers * Parents

- books - literate
 Teachers - aware of the world

- motivated - want the best for their

- experienced children

- valued by society * Most of th.ese

_ well educated presumptions are

wrong



High-quality education for all is essential to provide a
fair, equitable, economically and viable society; access
to laptops—on a sufficient scale—provides real benefits

for learning.



The Children
S| %

* Are just as able to learn as our children
 May have no place to learn, except under a
tree or out of doors

 Most laptops are useless in these environments
 May not even have a school or teacher
* Most children have no electricity at home






Schools
2| X
* May not exist
* If they do: insufficient classrooms
* Many children taught out of doors
* Makeshift quarters, or none at all
» Often very crowded — cables in the classroom

don't work: must have swappable batteries with

bulk chargers
* Two shifts/day in a school, even in better off
countries

» fewer hours in school/day



Our World




Children







Average book diagonal 8~
200 dpi 6 bit per pixel
(equivalent to text)
Reflective and transmissive

e Black and white in reflection

» Color with the backlight on
(slightly lower resolution)

 Room light increases

resolution
* Ebook mode

e >13 hours b&w
 >8 hours color




Parents
> %

* Literacy
- Examples: Uruguay, 98%; Peru, 87%; Uganda,
70%:; Haiti, 52%; Pakistan, 50%; Ethiopia, 42%;
Afghanistan, 28%

- Significantly lower literacy for girls than boys
 much lower literacy in rural areas

- |s there even a written form of their language”?
* has anyone invented computer terminology?

- Not computer “literate”
* Experience

- “What is the Internet?”



Teachers
> %

» Often have only 5-6 years of schooling
themselves

» Teaching is often very undesirable job: very
remote school locations

* One laptop/teacher
» Often shared among schools

 May only be available part time
* \What do you do about drop outs?

e give up?
* enable learning at other times?



Arahuay, Peru
>/ %

 End of the road, 2300 meters in the Andes

* 450 people; school has 55 children

* Boarding house to enable children to attend from
remote locations

 Bus once a day: only 4-5 hours travel from Lima

Most children have electric power at home

* Next town is several hours walk from Arahuay

 Beyond here, power becomes the key concern
e and permeates deployed costs
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many Watts?




3-5 Watts Not Good Enough
> %

* A small child can generate 5-10 watts
* Less than we had hoped, for less time
* How to get to to a reasonable return for the effort

ratio? 10X has been our goal
e Mesh network demands wireless be ON

* To forward packets for others
* |f the child is not confident there will be power

when needed, they will try to disable the wireless
 The CPU is usually just:

 refreshing the screen
» forwarding packets



Necessity is Mother of Invention
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» Turn off the CPU and most of the system:
only leave wireless and possibly display
 DCON chip allows autonomous display

—We can take over display from CPU using DCON
chip and small RAM chip, saving most of the
power.

* Marvell wireless operates autonomously
— Qutboard ARM core, with 192 Kbytes RAM

» Results for ebook reading: 1.5-2.5 watts,
depending on screen and wireless use

— 20 watt hour battery should have good life



Nicholas' School

> %

* 8 hours on rutted 4 wheel drive road
» Electricity — none, except generator @ school

» conventional laptops: fuel largest expense of
school
» screen is the brightest light at home



“Three Cups of Tea”
S| %

» Baltistan, Pakistan (K2 Region)

e several days travel
o further up the valleys you go, the less remains
from the central government

* how do you avoid theft in transit?

» Schools of any sort usually lacking

* Regional library: ~200 volumes....

» Children learn 4-5 languages by end of school
Balti, Arabic, English, Pashto, Dari, Farsi ....



Security & Safety
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» Activation at Destination
 Reduce theft in channel, by making systems
pretty roof tiles until activated
» Desirable in many parts of the world

 From port of entry to final destination
* Anti-Theft

 Anti-theft leases: needed in some areas
» Social pressure also very useful, when feasible



Rugged
>

* Must survive a child being in a rainstorm
or dust storm walking to/from school
- No fans, seal it as best we can
- Lower power would avoid convective cooling

- Is this good enough? Only time will tell
* Conventional server hardware poor

- too much power
- not sealed — fans not acceptable

- Corrpsion: warm salt air near ocean is the worst
 Repair depots are days, weeks, or
months away



Accidents Happen....
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Surprise!
> %

* Really remote — Amazonian Peru

- 20 days travel time for a teacher to go to a school
* by road, canoe, foot...

- teachers travel one month, teach one month, and
travel back one month

- Think about cost of power: even at Nicholas'
school, fuel for a generator is the largest operating
expense with conventional laptops!

- Now think 20 days by boat, horse, foot

- Books very scarce: 1 laptop hard-drive == MANY
books



Field Repair
>/ %

* Not a luxury, a necessity
- Despite making a rugged machine, it must also be
field repairable, by anyone, with a screwdriver
- Can't go get parts, can't require experts
* “Laptop hospital”
- Spare parts
- Franken-machines
- Repair by the older kids



How to get power and net?
>| %

* Mountains are good for network, radio quiet,
long line of sight
* Rain forest may not be insurmountable

- Rain forest trees can be climbed

- Solar panels up high: need high voltage
transmission

- Interconnect schools to minimize uplinks

- Downlink via multicast for free for loading caches



Power: whatever we can get

1

* Indirect costs can easily exceed the laptop
cost: power is expensive

* Swappable batteries & bulk charger

» Solar panels - $12US for 5 Watts

* Solar blankets - $1 SOUS for 60 Watts

 Hand Crank T

* Food pedal

* Bicycle

c Cow

* Generator

* Water power

* \Wind







Environmental

VS

5 years of text books
* deforestation
* chemicals to make paper
* distribution costs

1 laptop
* RoHS compliant ++
* 2W power
* 5 year life (including batteries)
* 2000 cycle batteries
* recyclable
* cleanest laptop ever built



They'll share their learning
through networking.

Learning is maximized when
iIdeas are shared and is made
part of the everyday social
experience. Children (and
teachers) should be able to
build upon each other's ideas,
experience and knowledge.




Connectivity

*Child to child
communication is as
iImportant as child to teacher
and child to Internet

Wireless / Unlicensed /
Build it Yourself

Bandwidth is a perishable
commodity

\We'll take whatever we can
get: any connectivity is
better than no connectivity



Arahuay, Peru




Kashmir



Build it yourself! Athens, Greece






Internet

Optional distribution
network

\ packet-data link (2.5G,

Terrestrial
wireless links
(wifi, wimax)

Mesh of meshes



Rubber hook 1s stepped

Rubber hook provides a
& from the back surface

variety of attachment
/mounting types. T

PCB Board &
Antenna Housing
Camera Thread
Mount Location
LED Indicator (for tipod mounting)
Lights

/
5 meter USB cord

| 107.43mm

25.40mm

138..33mm

147.03 mm




Learning learning by debugging
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Children will be both
consumers and creators

mid->

iPod mini
4GB $'|99
6GB $249




How do we enable safe sharing

of code?
1l x

* Children and teachers to be able to exchange
and enhance activities

* We don't have unlimited mass storage space
— activities must come and go easily

 For more information, see the Bitfrost
specification




Sugar
> %

 GTK+/Pango/ATK/Cairo stack

— The same as gnome, the components are cross
platform; applications may or may not be

* Python to tie it all together
— Conventional applications can be embedded

—Many of our activities expose themselves at a
single “show source” keystroke

* Using Presence as basis:
—Web — follow me
— Chat, Voice, Collaborative editing
— Make music together: TamTam
— Kids teach kids: teachers guide kids

Collaboration, end to end, is key




activities view

Zoom Interface memm

friends view

mesh view



Q, My Activities

ould make same b

Shark

'-._ Great fish! 'm going to add an

octopus.

CETNC

Thursday, September 11, 2006

é AL 45 PM, you made:

“A Drawing of the Ocean™

with:

Q, My MNeighborheod

Eben said: "We found tons
of cool stuff about fish and
the environment they live
In. Sharks have huge testh
and |aws 50 they can prey
o large fish and mam-
mals."”

‘alter said: "Christian
drew the acean. | drew the
ship.”

Dascription:

Ocean, Fish, Boat

Type a new comment




Software Applications

> %
» Journal *Logo (TurtleArt)
* Web browser *Squeak/EToys
« WIKI /WP *\/ideo support
e eBook *Audio support
e Chat *Multimedia
 Measure *Pippy
« Camera *Paint

« RSS News Reader eetc....

Collaboration is already integrated into many of
these applications
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NORTHERN PERU |

SEE SOUTHERN FERU MAF FOR KEY AND NOTES

34 HUALLAGA HUANUGCD QUECHUA

35 HUAMALIES-DOS DE MAYO
HUANUCO QUECHUA

38 HUAMBISA

37 HUAYLAS ANCASH QUECHUA

40 1aUITO

41 ISCONAHUA

44 JEBERD

45 LAMBAYEQUE QUECHUA

45 MATSES

50 MINICA HUITOTO

54 MUNICHE

52 MURUI HUITOTO {2}

¥ NAFD LOWLAND QUAICHUA

57 NORTHERN CONCHUCOS
ANCASH QUECHUA

58 NORTHERN PASTAZA CGUICHUA

58 NOPODE HUITOTO

1 ACHUAR-SHIWIAR (2 71 SECOYA () |
2 AGUARUNA (2] 73 BHIFIBO-CONIBD
7 ARABELA 74 SIHUAS ANCASH QUECHUA |
131 BORA 76 SOUTHERN CONCHUCOS | Ecuador
14 CAHUARANG ANCASH QUECHUA
15 CAJAMAREA QUECHUA 77 BOUTHERN FASTAZA QUECHUA t
17 CANDOSHI-SHAPRA 78 TAUSHIRD
18 CAPANAHUA 78 TIGUNA :
20 CASHIBO-CACATAIBD 80 UCAYALFYURUA ASHENINKA (2) f o a l I l l a e S
23 CHACHAPOYAS QUECHUA a1 LURARINA .
24 CHAMICURD B2 YAGUA j
25 CHAYAHUITA 83 YAMINAHUA L
27 GOCAMA-COCAMILLA u u
28 CORONGO ANCASH QUECHUA ,' O > m I I O n
"
- 'S

speakers

—E8

e Spanish,

s Quechua,
e Aymara
SOUTHERN PERU = Bl
e Source: Ethnologue

1, DASHED LINES SHOW OVERLAP OF LAMGUAGE AREAS
2. BRACKETS SHOW THE NUMBER OF TIMES A
LANGLIAGES NUMBER AFFEARS ON MAP, IF MORE THAN ONCE

3 AIYININKA APURLCAYALI A3 JALLIA WARNCA QUECHUA

4 AMAHUACA 46 MACHIGUENGA (2)

5 AMARAKAERI 47 MARGDES-YAROWILCA-LAURICCCHA
& AMBO-PASCO QUECHUA GUECHUA

BAREQUIPA-LA UMION QUECHUA 48 MASHCO PIRD

0 ASHANINKA 53 NANTI

10 ASHENINKA PMONA.L 54 MAPD LOWLAND CUECHUA
11 ASHENINKA FERENE 55 NOMAT SIGUENGA

12 AYACUCHD QUECHUA 56 NORTH JUNIN QUECHUA

16 CAJATAMBO NORTH LIMA 63 PACARAOS QUECHUA

QUECHLIA 54 PAMAD HUANUCO QUECHUA

10 CAGLIMNTE 85 PICHIS ASHENINKA
21 CASHINAHUA 67 PUND QUECHUA
22 CENTRAL AYMARA (2) 70 SANTA ANA DE TUS! PASCO
26 CHIQULAN AHCASH QUECHUA QUECHUA
20 CULINA 72 SHARANAHUA (2]

30 CUSCO QUECHUA 73 SHIPIEC-COMIBO

31 EASTERN APURIMAC QUECHUA 75 SOUTHERN AYMARA
32ESEEJJA T8 SOUTHERMN CONCHUCOS

33 HUACHIPAERI AMCASH QUECHUA

34 HUALLAGA HUANUCO QUECHUA B0 UCAYALI-YURUA ASHENINIA
35 HUAMALIES-DOS DE B2 YAMINAHUA (5)

MAYD HUANUCO QUECHUA B4 YANAHUANCA PASCO QUECHUA

37T HUAYLAS ANCASH QUECHUA BS YANESHA'

3B HUAYLLA WANCA QUECHUA BS YALUYOS QUECHUA

30 INAPAR| BT ¥INE

42 JAQARL BE YORA

LANGUAGE FAMILIES

ARALIAKN HARAKMBET QUECHUAN WITOTOAN
ARAWAKAN JIVAROAN TACANAN ZAPARCAN L '
AYMARAN PANOAMN TUCAMOAN UNCLASSIFIED : | "‘:'n 1 | Chile ‘

o a 50 100 180 @00 H
CAHUAPANAN EBA-YAGUAN TUPI LAMGUAGE ISOLATE 0% cpbios siL




Localization
> %

« ~350 languages with > 1 million speakers

» Children may learn as many as 4-5 languages
before leaving school in 5™ grade

* Current techniques do not scale

* | ocalization must be able to be added later —
cannot coordinate software releases to
translations at this scale



Thank Youl!!!

Without your efforts over many years this
initiative would not be possible.

With your help this initiative will succeed.



Questions?






