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Introduction

The years of Moore’s law growth without regard to power consumption are now over. On the data center side, power isn’t close to the largest cost of running a large service but it is one of the largest controllable costs and it has been in the press frequently of late.  On the client side, battery power is the limiting factor.  
It is worth understanding what devices consume the most power since most laptops provide some form of user control.   Most systems allow LCD backlight dimming, the CPU power consumption can be lowered (a combination of factors including reducing clock speed and voltage), wireless radios can be switched off, and disks activity can be curtailed or eliminated.  Where does the power go?
Client side Power Consumption:

To get a course view of laptop power consumption I used the Lenovo Power Manager on an IBM T60 running Windows XP.   The power manager is able to report the total wattage being dissipated on this 2Ghz Core Dual system with 2GB Memory, 100 GB SATA Disk, and 14.1” LCD in near real time.  All measurements below were made on battery under varying conditions:
· Radio off, system inactive for 3 min, LCD off: 

15W

· Radio off, CPU min, system in use, LCD at 1:

19W

· Radio on, CPU min, system in use, LCD at 1:

21W
· Radio on, CPU min, system in use, LCD at 5:

24W

· Radio on, CPU min, heavy I/O (during boot), LCD at 5:
37W

· Radio on, CPU max, 1 CPU at 100%, LCD at 7:

35W

· Radio on, CPU max, 2 CPUs at 100%, LCD at 7:

46W

· All on, all max, 2 disk and 2 CPU at 100%:

51W

· Max rated power supply wattage:


90W

The CPU is clearly the biggest consumer.  The LCD and its backlight are a distant second after which it’s difficult to resolve without a more precise testing technique.  This form of testing is limited in that we’re measuring the consumption of the entire system while attempting to change a single parameter.  What we would prefer to is individually measure consumption of each individual component under varying conditions as was done by Mahesr and Vardhan [1].  In this test, they used a Thinkpad R40 as the system under test and an Agilent 54621A analog oscilloscope with an Agilent N2774A inductive current probe.  The inductive current probe allows non-destructive current measurement.  The R40 is a 1.3GHz Pentium M, with 256 MB ram, 40GB disk spinning at 4,200 RPM, 14’1.  Table 1 shows heat dissipation by component on the Thinkpad R40.
Table 1: Thinkpad R40 Power Dissipation
	Device
	Standby
	Minimum
	Maximum

	CPU
	
	11.3W
	25.5W

	CD-R/RW, DVD
	0.0W
	2.8W
	5.3W

	LCD Backlight
	
	0.6W
	3.5W

	Wireless (802.11)
	0.1W
	1.0W
	3.1W

	HDD (40GB@4,200RPM)
	0.2W
	0.6W
	2.8W

	LCD
	
	0.9W
	1.0W


Additional detail on each component measurement:

· CPU:

· Minimum: 11.3W at 600MHz and idle

· Maximum: 1.3GHz and 100% load

· CD-R/RW, DVD:

· Off: 0W

· Minimum: 2.8W Spinning but not reading (3.3W on initial spin-up)

· Maximum: 5.3W reading (writing not measured)

· LCD Backlight:

· Minimum: Thinkpad level 0

· Maximum: Thinkpad level 7

· Wireless:

· Standby: 0.1W in Power Save mode

· Minimum: 1.0 idle

· Maximum: 2.6W receiving @ 2.9 Mb/s and 3.1W transmitting at 4.2Mb/s
· Hard disk Drive:

· Standby: 0.17W in standby

· Minimum: available but idle

· Maximum: 2.8W reading (note writing is somewhat less at 2.2W
)

· LCD:

· Minimum: all white background

· Maximum: all black background

The dominant consumer by a significant factor is the CPU.   This power consumption is, of course, very load dependent particularly in multi-core systems where the spread between minimum and maximum power dissipation is even higher. The second largest consumer is the LCD backlight, which isn’t surprising.  Two LCD-related findings that I did find surprising: 1) the LCD without backlight is a very light consumer of power, and 2) there is a perceptible difference in power consumption between mostly black and mostly white backgrounds.   Given that the wireless card is transmitting whenever its receiving having to send acknowledgements etc., the data above doesn’t resolve between transmission and non-transmission properly.  The credible data points for wireless are:
· Off: 
0.0W

· Idle: 
0.1W

· Active:
3.1W

The hard disk drive power consumption was notably less than I expected with only 2.8W dissipated during active reading.  A good rule of thumb for data center disks is about 10W per spindle.  The following table sampled from [2] shows average server-side disk idle consumption at 8.2W per disk (Table 2). When active, which is the normal case in the data center, dissipation can often exceeds 10W.
Table 2: Server Disk Power Dissipation

	Series
	Idle
	Seek
	Read
	Write
	Start-Up

	Hitachi Deskstar 7K400
	9.0 (pata) / 9.6(sata) 
	- 
	- 
	- 
	30 (2A@12V) 

	Hitachi Deskstar 7K250
	5-7 (pata) / 5.6-7.6 (sata) (depending on capacity) 
	- 
	- 
	- 
	24 (1.7A@12V) 

	Hitachi Deskstar 180GXP
	5.0-7.0 (depending on capacity) 
	- 
	- 
	- 
	28 (2A@12V) 

	Maxtor MaXLine III
	6.7 (sata) / 6.3 (pata) 
	- 
	- 
	- 
	- 

	Maxtor DiamondMax 10
	7.6 
	- 
	- 
	- 
	- 

	Maxtor MaXLine Plus II
	8.8 
	12.6 
	- 
	- 
	- 

	Maxtor DiamondMax Plus 9
	7.35 
	12.2 
	- 
	- 
	- 

	Samsung SpinPoint P120 SATA 
	7.5 
	9.5 
	- 
	- 
	- 

	Samsung SpinPoint P120 UATA 
	7.0 
	9.0 
	- 
	- 
	- 

	Samsung SpinPoint P80
	7.0 
	8.6 
	- 
	- 
	- 

	Seagate Barracuda 7200.8
	7.2 
	12.4 
	12.8 
	- 
	- 

	Seagate Barracuda 7200.7 and 7200.7 Plus
	7.5 
	12.5 
	12.0 
	- 
	- 

	Seagate Barracuda ATA V
	9.5 
	13.0 
	12.0 
	- 
	- 

	Seagate Cheetah 15K.4 U320 SCSI 
	8.0-12.0 (depending on capacity) 
	13.5-17.5 (depending on capacity) 
	- 

	Seagate Cheetah 10K.7 U320 SCSI
	6.8-10.1 (depending on capacity) 
	11.7-16.4 (depending on capacity) 
	- 


The graphical form of the data presented in Table 1 underlines that the CPU is the dominant consumer and CPU consumption is very load dependent (Table 3).  The second largest consumer is the optical drive but this is rarely in use so, for all practical purposes, the LCD backlight is the second biggest consumer.  The backlight is followed by wireless.  Clearly it’s worth shutting off the wireless when running on batteries and not using the wireless adapter.  The hard disk power consumption is fractionally behind the wireless adapter and it too is load dependent at 0.6W idle climbing to more than 2 ¾W when reading.
Table 3: Thinkpad R40 Power Consumption by Component
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The difference between desktop power consumption and laptop is striking.  The highest reading I obtained measuring my Thinkpad T60 was 46W whereas desktop systems can easily run over 4 times this number.  Anton Ertle[3] got the following results using Voltcraft Energy Check 3000 which is accurate to +/- 7W:
190W 

K6-2 300MHz system idle (see below), 21" Nokia 445Xi monitor, active speakers, cable modem, HP DeskJet 600 (soft-off)
244W 

Athlon 64 system idle (see below), 21" Nokia 445Xi monitor displaying much white, active speakers, cable modem (HP LaserJet 1200 hard-off)
Having observed that CPU consumption dwarfs all other components, it is little surprise that a high performance graphics card can be a prodigious consumer of power.   They are basically just a combination of power hungry high-speed memory and high-performance CPUs.    Pictured below is the Radeon X800 Pro:
Table 4: Radeon X800 Pro
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The heat sinks on the graphics pictured above are a definite clue and Tim Tscheblockov measured full load consumption using an inductive probe at 48.2W and idle at 15.1W [4].

Conclusions

Desktop systems consume several factors more power than laptop systems.  Laptop power consumption is dominated by CPU and very sensitive to the load on the system.   The LCD backlight is another big consumer so it’s worth turning it down as low as possible.  Laptop disks are considerably less power intensive than enterprise class disks.  We don’t have data on laptop graphics processors but data points from the desktop world show high performance graphics processors to be incredibly power consumptive.
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� I was troubled by the difference between read at 2.2W vs 2.8W in the paper.  Aaron Dietrich of the NT Performance team almost certainly identified the source of the unexplained difference.  The system under test was running with Write Cache Enabled (WCE).  WCE will cache the parts of the write workload reducing the apparent cost.  On that understanding, I strongly suspect that both the read and write dissipation is 2.8W.





