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$1000 Buys

after Kurzweil, 1999 &  Moravec, 1998

SKA

GPU?
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GPU?

$1000 buys
Peta-scale?
so $1M buys
Exa-scale?



Gordon Moore 1965: �The complexity for minimum component costs has increased 
at a rate of roughly a factor of two per year (see graph on next page). Certainly over 
the short term this rate can be expected to continue, if not to increase. Over the 
longer term, the rate of increase is a bit more uncertain, although there is no 
reason to believe it will not remain nearly constant for at least 10 years.�

(rise from
low yield)



Moore�s Law: number of transistors on 
an integrate circuit doubles every two years

� 4x1010 by 2020?
1 transistor each 100 nm
in two dimensions



Mark Kryder�s Law (Seagate Corp’s former senior VP of research and 
chief technology officer): magnetic disk areal storage density doubles annually 
(faster than processor power).... driving the �information age�

� 100 TB disks by 2020? 

Magnetic Disk Storage



� $40 per PetaByte in 2020?

Storage Costs Decreasing Exponentially                                                



Testimony of Ray Kurzweil on the Societal Implications of Nanotechnology 
presented April 9, 2003 at the Committee on Science in the U.S. House of 
Representatives 

�Technologies, particularly those related to information, develop at an exponential 
pace, generally doubling in capability and price-performance every year. This 
observation includes the power of computation, communication � both wired and 
wireless, DNA sequencing, brain scanning, brain reverse engineering, and the size 
and scope of human knowledge in general. Of particular relevance to this hearing, 
the size of technology is itself inexorably shrinking. According to my models, both 
electronic and mechanical technologies are shrinking at a rate of 5.6 per linear 
dimension per decade. At this rate, most of technology will be �nanotechnology" 
by the 2020s.

Computers will have greater computational capacity 
than the human brain, and we will be completing the 
reverse engineering of the human brain to reveal the 
software design of human intelligence.�



With present-day scaling, during the lifetime of the SKA:

We achieve one Human Brain capability (1016 cps) for $1,000 around the year 2023.

...  and for one cent around the year 2037. 

We achieve one Human Race capability (1026 cps) for $1,000 around the year 2049. 

...  and for one cent around the year 2059.

- Ray Kurzweil 2001 

Really???????????????





CLOCK FREQUENCIES
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Not everything is scaling up fast: 
DRAM access speed has hardly improved
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Passive power (leakage) reached active power 
(switching) several years ago
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� Passive power is

� Gate leakage
� Sub-threshold 

leakage (source-
drain leakage)

10S Tox=11AGate Stack 

Gate dielectric approaching 
a fundamental limit (a few 
atomic layers)
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