VIEWPOINT

The dark side of computing power

Urs Holzle from Google points out that while the performance of commodity computer
clusters continues to increase, so does their electrical power consumption.

On a recent visit to CERN, | had the chance to
see how the high-energy physics (HEP)
community was struggling with many of the
same sorts of computing problems that we
have to deal with at Google. So here are some
thoughts on where commodity computing
may be going, and how organizations like
CERN and Google could influence things in
the right direction.

First a few words about what we do at
Google. The Web consists of more than
10 billion pages of information. With an
average of 10 kB of textual information per
page, this adds up to around 100 TB. This is
our data-set at Google. It is big, but tractable
— itis apparently just a few days’ worth of
data production from the Large Hadron
Collider. So just like particle physicists have
already found out, we need a lot of
computers, disks, networking and software.
And we need them to be cheap.

The switch to commodity computing began
many years ago. The rationale is that single
machine performance is not that interesting
any more, since price goes up non-linearly
with performance. As long as your problem
can be easily partitioned — which is the case
for processing Web pages or particle events
- then you might as well use cheaper,
simpler machines.

But even with cheap commodity %
computers, keeping costs down is a
challenge. And increasingly, the challenge is
not just hardware costs, but also reducing
energy consumption. In the early days at
Google — just five years ago — you would have
been amazed to see cheap household fans
around our data centre, being used just to
keep things cool. Saving power is still the
name of the game in our data centres today,
even to the extent that we shut off the lights in
them when no-one is there.

Let’s look more closely at the hidden
electrical power costs of a data centre.
Although chip performance keeps going up,
and performance per dollar, too, performance
per watt is stagnant. In other words, the total
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power consumed in data centres is rising.
Worse, the operational costs of commercial
data centres are almost directly proportional
to how much power is consumed by the PCs.
And unfortunately, a lot of that is wasted.

For example, while the system power of a
dual-processor PC is around 265 W, cooling
overhead adds another 135 W. Over four
years, the power costs of running a PC can
add up to half of the hardware cost. Yet this is
a gross underestimate of real energy costs. It
ignores issues such as inefficiencies of power
distribution within the data centre. Globally,
even ignoring cooling costs, you lose a factor
of two in power from the point where
electricity is fed into a data centre to the
motherboard in the server.

Since I'm from a dotcom, an obvious
business model has occurred to me: an
electricity company could give PCs away —
provided users agreed to run the PCs
continuously for several years on the power
from that company. Such companies could
make a handsome profit!

A major inefficiency in the data centre is
DC power supplies, which are typically about
70% efficient. At Google ours are 90%
efficient, and the extra cost of this higher
efficiency is easily compensated for by the
reduced power consumption over the

lifetime of the power supply.

Part of Google’s strategy has been to work
with our component vendors to get more
energy-efficient equipment to market earlier.
For example, most motherboards have three
DC voltage inputs, for historical reasons.
Since the processor actually works at a
voltage different from all three of these, this is
very inefficient. Reducing this to one DC
voltage produces savings, even if there are
initial costs involved in getting the vendor to
make the necessary changes to their
production. The HEP community ought to be
in a similar position to squeeze extra mileage
out of equipment from established vendors.

Tackling power-distribution losses and
cooling inefficiencies in conventional data
centres also means improving the physical
design of the centre. We employ mechanical
engineers at Google to help with this, and yes,
the improvements they make in reducing
energy costs amply justify their wages.

While I've focused on some negative trends
in power consumption, there are also positive
ones. The recent switch to multicore
processors was a successful attempt to reduce
processors’ runaway energy consumption. But
Moore’s law keeps gnawing away at any
ingenious improvement of this kind. Ultimately,
power consumption is likely to become the
most critical cost factor for data-centre
budgets, as energy prices continue to rise
worldwide and concerns about global warming
put increasing pressure on organizations to use
electrical power more efficiently.

Of course, there are other areas where the
cost of running data centres can be greatly
optimized. For example, networking
equipment lacks commodity solutions, at
least at the data-centre scale. And better
software to turn unreliable PCs into efficient
computing platforms can surely be devised.

In general, Google’s needs and those of the
HEP community are similar. So | hope we can
continue to exchange experiences and learn
from each other.

Urs Hélzle, vice-president of operations, Google.
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V859 Dual Attenuator

- Attenuation adjustable from O
to44.5dB

- Cascadeable sections

- Input bandwidth larger than
300 MHz

- 100 mW maximum input power

- No power supply required

V972 Delay Unit

- Completely passive delay via a
set of calibrated coaxial cable
stubs (50 Ohm)

- 0.5t0 31.5 ns delay with 2.6 ns
offset

- 0.5 ns resolution

¢ - £100 ps accuracy on 0.5to 8 ns
delay steps; £200 ps accurac'y"
on 16 ns step

- 1.15 maximum VSWR

V976 Quad 4 Fold Logic Unit

- Four independent sections with
four channels each

. - TTL and NIM inputs

| automatically detected

' - NIM-TTL-NIM Translator,-
AND, OR, Majority function with
selectable number of inputs

- Logic Fan In / Fan Out

- Selectable direct or negated
output

V925 Linear Fan-In Fan-Out

- Four independent sections

- Bipolar inputs

- Three4In/4 Outandone3in/
3 Out sections

- One Discriminator channel

- Inverting or non-inverting mode
independently selectable on
each section

- 120 MHz bandwidth

V974 4 Ch. Variable Gain Fast Amplifier

- Input bandwidth up to 170 MHz

- x10 adjustable gain with x1

| steps

! - 50 Ohm input impedance

. - £2V output dynamics

- Drives 50 Ohm loads

- Cascadeable channels

- Rise/fall time <3 ns with a 25 mV
unipolar input amplitude

- 1/O delay <3 ns

V977 16 Ch. I/O Register (Status A)

- NIM and TTL inputs/outputs

- Individual channel enabling/
disabling

¥ - Software Input/Output
generation

- Fully programmable RORA

¥ Interrupter

§ - Pushbutton TEST signal

- Satus A capabilities

- Live insertion

CAEN S.p.A.

via Vetraia, 11

55049 Viareggio - Italy
Phone +39.0584.388.398

CAEN

Nuclear

More information and the complete VME
Product Line are available on our web sites
www.caen.it

CAEN will attend:

2 Italy at CERN
CERN, Meyrin Switzerland, November 14-17/2005

> CLSI8th Annual Users’ Meeting and Workshops
University of Saskatchewan - Saskatoon,
Saskatchewan, Canada, November 18-20/2005

V975 8 Ch. Fast Amplifier

- Input bandwidth up to 250 MHz

- x10fixed gain

- 50 Ohm input impedance

i - +2V output dynamics

- Drives 50 Ohm loads

- Cascadeable channels

- Rise/fall time <1.5 ns with a 25
mV unipolar input amplitude

- 1/O delay <3 ns

V993B Dual Timer

- Manual or pulse triggered
START (NIM/TTL or ECL)

- Monostable (re-trigger) or
bistable operation

- NIM/TTL and ECL output pulses
from50.nsto 10s

- Manual or pulse triggered
RESET (NIM/TTL and ECL) END-
MARKER pulse

- VETO input



http://www.caen.it
http://www.caen.it

