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Moore’s Law Implicated through Energy-Saving PBITS

For millions of users of computer devices requiring frequent recharging such as cell phones, PDAs and MP3 players, new
technology developed at Georgia Tech could mean they are no longer tethered to their chargers. Dr. Krishna Palem an-
nounces that he has confirmed his probabilistic bits discovery from last spring by producing a device based on this cutting-
edge new approach to making computer chips significantly more energy efficient. The Defense Advanced Research Projects
Agency (DARPA), the central research arm of the U.S. Department of Defense, funded this research effort through
DARPA’s Power Aware Computing and Communications (PACC) program.

The validation of probabilistic bits, or PBITs, is most significant in the area of reduced power consumption and increased
processing speeds, causing computer devices to run faster and more efficiently. A PBIT islike a conventional bit in that it
takeson a0 or a1 value, except that oneis certain of its value only with a probability of p. Current hardware, using conven-
tional bits, expends large amounts of energy calculating with absolute certainty.

“Our PBITs model is now backed by measurements of an actual probabilistic CMOS device, which we call PCMOS,” said
Palem, ajoint professor in the Georgia Tech College of Computing and the School of Electrical and Computer Engineering
and director of the Center for Research in Embedded Systems & Technology. “Our device takes advantage of noise at the
guarter-micron (0.25 micron) level and uses probability to extract great energy savings. Noise and energy savings are becom-
ing increasingly important as semiconductors approach the nanoscale.”

This ability to cope with noiseis also increasingly relevant in the context of the impact of noise as devices scale to increas-
ingly small sizes as projected by Moore's Law — the doubling of transistors every couple of years. Palem’s approach opens
up an entirely new way of overcoming this hurdle.

“Finding ways to reduce energy demands and cope with probabilistic variations in future VLSI designs, thus sustaining
Moore's Law past the next decade, is an issue faced by the entire semiconductor industry, and Krishna Palem is researching
novel ways to address this problem,” said Shekhar Borkar, Intel Fellow and director of circuit research for Intel’s Microproc-
essor Technology Lab. “1 believe that Dr. Palem'’ s research holds great promise for the industry, and look forward to the ac-
celeration of hiswork from research to development.”

“The most striking thing about the work to meis the idea that we can utilize a phenomenon normally viewed as unwanted
(noise on the chip) as avehicle to address an important and limiting problem (reducing hesat dissipation). There is something
powerful and appealing about turning a problem into afeature!” says Ralph K. Cavin I11, Ph.D., vice president for Research
Operations at Semiconductor Research Corporation.

Using the physical measurements of PCM OS devices, the research team estimates that 100-fold improvements are possible
to the energy consumed and performance of complex applications such as neural networks, which are used for pattern recog-
nition and other applications such as spoken al phabet recognition programs used on cell phones. Palem announced these re-
sults at the DARPA-PACC meeting in Santa Fe, N.M on December 1-2.

Next Steps

Next, the research team would like to work on implementing a computing tile at the chip level for applications such as neural
networks. Palem estimates this will take about one year to validate. Palem sees this technology being used in robotics, natural
language processing, data mining, signal processing and a range of applications with a probabilistic and an embedded flavor.
In addition, in bioengineering the low-power demands of this technology are promising for use in hearing aids and optical
prosthetics.

“If successful, thiswill mean that the semiconductor industry could continue to offer increasing performance per dollar to
customers and thus continue to provide society with the benefits from powerful miniaturized computing, communication, and
sensing devices. | believe that the capability to continue the three decades of scaling according to Moore's Law isimportant
to the economic growth and vitality of the nation’s economy,” says Cavin. “1 am encouraged that early data obtained from
evaluation of test chipsis showing good correlation with the theoretical projections made by Dr. Palem and his team.”



