














Table 2: Trends in HP Superdome high end server, 2002-2007

Ratio  Instantaneous Doubling time

Units 2002 2007 2007/2002 Annual % A Years (1)  Notes
Total system costs M$ 6.39 11.98 1.87 13% 5.5 2
Software costs M$ 1.07 2.02 1.89 13% 5.5 2
Support costs M$ 0.64 0.97 1.52 8% 8.3 2
System cost less software + support M$ 4.68 8.99 1.92 13% 53 2
Inflation adjusted system costs 2008 $ 5.49 9.18 1.67 10% 6.8 3
Performance (TPC throughput) 389,434 4,092,799  10.51 47% 1.5 2
Performance/watt 2.63 19% 3.6 4
Watts/system 4.00 28% 2.5 5
Watts/server cost W/k2008% 2.40 17% 4.0 6
Performance/server cost Perf/k2008$ 6.29 37% 1.9 7

(1) Instantaneous annual growth rate and exact doubling times calculated using Equations 4 and 5.

(2) Total system costs, software costs, support costs, and performance taken from runs by the Transaction
Processing Performance Council (TPC) for Superdome servers, posted at http://www.tpc.org/tpcc/results/
tpce_results.asp?orderby=hardware. The 2002 runs are for the

HP Superdome PA-RISC/750 MHz-64p/64c while the 2007 runs are for the HP Integrity Superdome-
Itanium2/1.6GHz/24MB iL3.

(3) Nominal system costs adjusted for inflation using annual GDP deflator data from BEA (http://www.bea.gov/
national/nipaweb/SelectTable.asp?Selected=Y) and assuming 2% inflation from 2008 to 2009.

(4) Performance per watt calculated from Figure 1 in Belady, Christian L. 2007. "In the data center, power and
cooling costs more than the IT equipment it supports." In ElectronicsCooling. February. vol. 13, no. 1. pp. 24-27
(which represents trends for Superdome servers). That graph shows increases of a factor of 75 for performance
and a factor of 16 for power use, implying a factor of 4.7 increase in performance per watt over the eight year
period 1999 to 2007. That represents a 19% instantaneous annual rate of change in performance per watt. When
that rate of change is compounded continuously and extended over the five year period in this example, it results
in a factor of 2.63 increase in performance per watt.

(5) To estimate the ratio of power per server (2007 over 2002), we divided the performance ratio by the
performance per watt ratio for that same period.

(6) To estimate the ratio Watts per thousand 2008 $ (2007 over 2002), we divided the watts per system ratio by the
inflation-adjusted system costs ratio for that same period.

(7) To estimate the ratio of performance per thousand 2008 $ (2007 over 2002), we divided the performance ratio
by the inflation-adjusted system costs ratio for that same period.



Table 3: Trends in Google server performance, energy use and costs over time

Ratio  Instantaneous Doubling time Notes
2001 2004 2004/2001 Annual % A Years (1)

Performance 10 17.8 1.780 19.2% 3.6 2
Performance/server cost 8.3 13 1.566 15.0% 4.6 2
Performance/watt 8.3 8.5 1.024 0.8% 87.3 2
Nominal server price 1.136 4.3% 16.3 3
Watts/server 1.738 18.4% 3.8 4
Inflation 102.4  109.5 1.069 2.2% 31.2 5
Server price adjusted for inflation 1.063 2.0% 34.0 6
Performance/inflation adjusted server cost 1.674 17.2% 4.0

Watts/inflation adjusted server cost 1.635 16.4% 4.2 7

(1) Instantaneous annual growth rate and exact doubling times calculated using Equations 4 and 5.
(2) Performance, performance/server price, and performance/watt in arbitrary performance units
taken from Barroso, Luiz André. 2005. "The Price of Performance: An Economic Case for Chip
Multiprocessing." ACM Queue, special issue on Multiprocessors. vol. 3, no. 7. September. Barroso
informed us in an email January 22, 2009 that the three generations of Google servers described in
that article covered the period 2001 through 2004, before multicore processing became
commonplace.

(3) 2004/2001 ratio for nominal server price derived by dividing the Performance ratio by the
Performance/server price ratio above.

(4) 2004/2001 ratio for watts per server derived by dividing the Performance ratio by the
Performance/Watt ratio above.

(5) Inflation index based on GDP deflator data from BEA (http://www.bea.gov/national/nipaweb/
SelectTable.asp?Selected=Y) and assuming 2% inflation from 2008 to 2009.

(6) Server price ratio 2004/2001 divided by the inflation ratio 2004/2001 to get ratio for server price
adjusted for inflation.

(7) 2004/2001 ratio for watts per dollar of inflation adjusted server price derived by dividing the
Watts per server ratio by the server price adjusted for inflation ratio above.



Table 4: Characteristics of DL360 servers

Units DL360 G1 DL360 G5 G5/G1

Date of hardware availability Feb-00 Feb-09
CPU Intel Pentium IIT (introduced Oct 99) Intel Xeon E5450
Number of Transistors Millions 56 1640 29.3
CTP CPU performance metric MTOPS 3734 182000 48.7
GFLOPS performance metric GFLOPS 3.2 96 30.0
Bus speed MHz 133 1333 10.0
Operating System (OS) MS Windows Server 2003, Enterprise Edition, 32 bit MS Windows Server 2003 x64 Enterprise Edition
OS Version 5.2.3790 Service Pack 2 build 3790 R2

BEA JRockit(R) (build P27.5.0-5-97156-1.6.0 03-
JVM version SPEC Java VM 5.0 (build 1.2.3.4-tricore 20071111) 20080403-1524-windows-x86_64, compiled mode)
Benchmark version SPECpower ssj2008 1.1 SPECpower_ssj2008, 1.1
Power management Enabled Unknown
Power supply input power rating Watts 292 NA
Power supply output power rating Watts 180 700
Power supply details LiteOn Model PS-6191 HP part # 399542-B21
Clock speed MHz 800 3000 3.75
# of CPUs # 2 2 1
# of cores/CPU # 1 4 4
Total # of cores # 2 8 4
RAM GB 2 16
Size of RAM 4x 512 MB 4 x 4096 MB
# of Ram slots 4, all populated PC2-5300F CLS5 LP; slots 1A,3A,5B,7B populated
# of hard disk drives # 2 1
Size of each hard disk drive GB 18 120
Total hard drive space GB 36 120
Hard disk notes HP, 1.5G, 5.4K, 2.5" SFF SATA HDD
# and type of Network Interface cards 1, integrated 2 x NC373i
Network speed Mbit 10 1000




Table 5: Comparison of performance, power use, and costs for DL360 servers

Instantaneous Doubling time Notes
Units DL360 G1 DL360 G5 G5/G1 Annual % A Years (1)

Year of purchase 2001 2009
Number of CPU transistors Millions 56 1,640 29.3 42% 1.6 2
CTP CPU performance metric MTOPS 3,734 182,000 48.7 49% 1.4 3
Number of processors # 2 2 1.0 0% NA
# of cores # 2 8 4.0 17% 4.0
Clock speed MHz 800 3,000 3.8 17% 4.2
Performance typical ssj_ops 879 31,730 36.1 45% 1.5 4
Performance maximum ssj_ops 8,297 318,769 384 46% 1.5 5
Power typical Watts 86 179 2.1 9% 7.5 6
Power maximum Watts 124 282 23 10% 6.7 7
Performance per watt typical ssj_ops/W 103 178 17.3 36% 1.9 8
Performance per watt maximum ssj_ops/W 66.8 1,129 16.9 35% 2.0 9
Cost as configured 2001 $ 3,000 10, 12
2009 $ 3,656 5,500 1.5 5% 13.6 11, 12
Typical watts/server cost W/k 20098 234 325 1.4 4% 16.8 13
Max watts/server cost W/k 20098 339 513 1.5 5% 13.4 14
Typical performance/server cost Perf./k 2009% 240 5,769 24.0 40% 1.7 15
Max performance/server cost Perf./k 2009% 2,269 57,958 25.5 41% 1.7 16

(1) Instantaneous annual growth rate and exact doubling times calculated using Equations 4 and 5.

(2) Number of CPU transistors represents the sum total of transistors on the CPU for all cores.

(3) Composite theoretical performance (CTP) is a synthetic performance benchmark used by Intel Corp. to assess
compliance with Federal government export requirements going back to the 80386 processor in the mid to late 1980s;
http://www.intel.com/support/processors/sb/CS-017346.htm

(4) Performance typical represents ssj operations per second from the SPEC power benchmark (http://www.spec.org/
power_ssj2008/) at 10% computing load (the utilization level of typical business server).

(5) Performance maximum represents ssj operations per second from the SPEC power benchmark (http://www.spec.org/
power_ssj2008/) at 100% computing load (which is the utilization level of typical servers in high performance computing
applications).

(6) Power typical represents average Wconsumed from the SPEC power benchmark at 10% computing load.

(7) Power maximum represents W consumed from the SPEC power benchmark at 100% computing load.

(8) Performance per watt typical calculated from typical performance and power use.

(9) Performance per watt maximum calculated from maximum performance and power use.

(10) Cost for G1 server estimated from manufacturers suggested retail price on a web site for a refurbisher of DL360 G1
servers: <http://www.networkliquidators.com> and confirmed by original purchase cost of server from purchaser.

(11) Cost for G5 server taken from HP online store, assuming 16 GB of RAM, 120 GB HDD. We needed to subtract the
cost of a redundant power supply not included in the SPEC power run ($199, from another HP server on the same site).
The SPEC power run used the 80W version of the 5450 (personal communication from Klaus-Dieter Lange at HP to
Koomey on March 16, 2009) so that's the one we chose for cost purposes.

(12) Dollars adusted to 2009 using annual GDP deflator data from BEA (http://www.bea.gov/national/nipaweb/
SelectTable.asp?Selected=Y) and assuming 2% per year inflation from 2008 to 2009.

(13) Typical watts/thousand dollars typical from server cost and and typical power use.

(14) Typical watts/thousand dollars typical from server cost and and typical power use.

(15) Typical performance/thousand dollars from server cost and and typical performance.

(16) Maximum performance/thousand dollars from server cost and and maximum power use.



Table 6: Power and performance data for several generations of the HP DL.380

Performance ~ Power Performance/
Values from SPEC power runs Year sSj_ops /4 Watt
DL380 G1 2001 7,991 169 473
DL380 G4 2004 26,880 394 68.2
DL380 G5 (Intel 5160) 2006 159,151 258 616.9
DL380 G5 (Intel 5430) 2008 306,620 253 1211.9
DL380 G6 2009 439,831 170 2587.2
Indices relative to DL380 G1
DL380 G1 2001 1.0 1.0 1.0
DL380 G4 2004 34 2.3 14
DL380 G5 (Intel 5160) 2006 19.9 1.5 13.0
DL380 G5 (Intel 5430) 2008 384 1.5 25.6
DL380 G6 2009 55.0 1.0 54.7
Instantaneous growth rates (%)
DL380 G1 to DL380 G4 2001 to 2004 40% 28% 12%
DL380 G4 to DL380 G5 (Intel 5160) 2004 to 2006 89% -21% 110%
DL380 G5 (Intel 5160) to DL380 G5 (Intel 5430) 2006 to 2008 33% -1% 34%
DL380 G5 (Intel 5430) to DL380 G6 2008 to 2009 36% -40% 76%
DL380 G4 to DL380 G6 2004 to 2009 56% -17% 73%
DL380 G1 to DL380 G6 2001 to 2009 50% 0% 50%
Doubling times (years)
DL380 G1 to DL380 G4 2001 to 2004 1.7 2.5 5.7
DL380 G4 to DL380 G5 (Intel 5160) 2004 to 2006 0.8 -33 0.6
DL380 G5 (Intel 5160) to DL380 G5 (Intel 5430) 2006 to 2008 2.1 -70.8 2.1
DL380 G5 (Intel 5430) to DL380 G6 2008 to 2009 1.9 -1.7 0.9
DL380 G4 to DL380 G6 2004 to 2009 1.2 -4.1 1.0
DL380 G1 to DL380 G6 2001 to 2009 14 939.9 1.4

(1) Instantaneous annual growth rate and exact doubling times calculated using Equations 4 and 5.

(2) Power and performance data for DL380 Generation 1 (G1) taken from the 100% load case for servers

with 2 GB of RAM in Table C-2.

(3) Power and performance data for DL.380 G4 through G6 machines taken from the 100% load case for
each machine from the SPEC power web site: <http://www.spec.org/power_ssj2008/>



Table 7: Characteristics of LBNL cluster computing nodes

Dell PowerEdge Dell PowerEdge

Units Whitebox 1 U compute node 1950 Woodcrest 1950 1l Harpertown Notes
Purchase date May-03 Oct-06 Feb-09
Processor Intel Pentium 4 Xeon Dual Core Xeon 5150 4MB Cache Quad Core Xeon E5410, 2x6MB Cache
Processor speed GHz 3.06 2.66 2.33
Bus speed 512K/533MHz-FSB 1333MHz FSB 1333MHz FSB
Theoretical peak performance Gflops 12.24 42.56 74.56 1
Number of CPU transistors Millions 110 1350 1640 2
CTP CPU performance metric MTOPS 24,988 83,346 141,354 3
# of processors 2 2 2
Cores/processor 1 2 4
Total cores 2 4 8
RAM size GB 2 8 16
RAM configuration 4x512MB 4x2GB 8x2GB
# of hard drives 1 1 2
Hard drive size GB 40 73 750
Hard drive characteristics 7200RPM WD400JB SAS, 3.5-inch 10K RPM 7.2K RPM Un. SATA 3Gbps 3.5-in HotPlug
Network interface cards On Board Dual GigE Intel 10/100/1000 Lan Dual Embedded Broadcom NetXtreme II 5708 Gigabit Ethernet NIC
Power supply output rating W 350 Unknown Dell model number D670P-S1, 670W
# of power supplies 1 1 1
Idle power Watts 113 217 217 4
100% load power Watts 255 398 371 4
Purchase costs Nominal § 3250 2750 2750 5

2009 $ 3840 2936 2779 6
Performance/purchase cost Gflops/k 2009 $ 3.2 14.5 26.8
Performance/power (W max) Mflops/W 479 107.0 200.7
Power (W max)/purchase cost W/k 2009$ 66.5 135.5 133.7

(1) Theoretical peak performance estmated as clock speed in GHz times # of cores times # of instructions per clock cycle (2 for the 2003 server and 4 for the other two servers) for each processor.

(2) Number of transistors per processor taken from <http://www.intel.com/pressroom/kits/quickreffam.htm>, multiplied by 2 processors per server.

(3) CTP performance metric taken from <http://www.intel.com/support/processors/sb/CS-028241.htm> and <http://www.intel.com/support/processors/xeon/sb/CS-020863.htm>. May 03 machine assumed
to use Intel 519 processor instead of the 519K processor (web site isn't clear which is appropriate). Per processor CTP multipled by number of processors (2).

(4) Power measured by Jared Baldridge (JRBaldridge@]Ibl.gov) using a PLM meter to track watt-hours over a 30 minute period and then multiplying by 2 to get watt-hours/hour.

For full load measurement LBNL ran Advanced Clustering's software called "Break in" that builds and rebuilds a Linux kernel and tracks utilization of all parts of the server architecture.
<http://www.advancedclustering.com/software/breakin.html>.
(5) Nominal purchase costs (not including tax or shipping) given as a range of $3 to 3.5k for the 2003 server and $2.5k to 3k for the other two. We chose the midpoints of the ranges.
(6) Real server costs calculated using monthly GDP deflators from EIA: http://tonto.eia.doe.gov/cfapps/STEO_TableBuilder/index.cfm and assuming 2% inflation 2008-2009.



Table 8: Calculation of doubling times for key parameters from LBNL computing cluster node data

Ratio Annual % A Doubling time (years)

2006/2003  2009/2006 2009/2003 2003-2006 2006-2009 2003-2009 2003-2006  2006-2009  2003-2009
Theoretical peak performance 3.48 1.75 6.09 36% 24% 31% 1.90 2.9 2.21
Number of CPU transistors 12.27 1.21 14.91 73% 8% 47% 0.94 8.3 1.48
CTP CPU performance metric 3.34 1.70 5.66 35% 23% 30% 1.97 3.1 2.30
Idle power per server 1.93 1.00 1.93 19% 0% 11% 3.61 805 6.06
100% load power per server 1.56 0.93 1.45 13% -3% 7% 5.35 -23.6 10.65
Inflation adjusted purchase costs 0.76 0.95 0.72 -8% -2% -6% -8.83 -29.4 -12.33
Performance/real purchase cost 4.55 1.85 8.42 44% 26% 37% 1.56 2.6 1.87
Performance/power (W max) 2.23 1.88 4.19 24% 27% 25% 2.95 2.6 2.78
Power (W max)/real purchase cost 2.04 0.99 2.01 21% -1% 12% 3.33 -118 5.71
# of months 41 28 69

(1) Data for ratios taken from Table 7.
(1) Instantaneous annual growth rate and exact doubling times calculated using Equations 4 and 5, with elapsed time expressed as months divided by 12.



APPENDIX A: SIMPLE COST MODEL FOR DATA CENTERS

The annualized total cost (ATC) of a data center can be expressed as in Equation (B-1):
ATC =1IT + INFyy + INFyonkw + EC + O&M (B-1)

Where

IT = annualized IT capital

INFy,, = annualized kW related infrastructure capital;

INFponkw= annualized non-kW related infrastructure capital;

EC = annual electricity costs, typically about half for infrastructure and half for direct IT
electricity use, and

O&M = annualized operations and maintenance costs.

To annualize capital costs we use the capital recovery factor, defined as

d(1+d)"
CRF = (B-2)

((1+d)L-l)

where d is the discount rate (7% real) and L is the lifetime of the equipment (3 years for
IT equipment and 15 years for infrastructure equipment).

Of course, what we really care about is the cost per delivered computing cycle. For
simplicity, let’s assume 100% equipment utilization. This means that the maximum
number of computations possible for a given data center over the course of a year is the
maximum number of operations per second times the number of seconds per year.!2
Dividing both sides of equation 2 by maximum annual computations we get

ATC IT + INF popkw + INFy + EC + O&M
= 3)

Annual Computations Annual Computations

12 Measuring actual utilization and total computational output is complicated. Most data centers produce
more than one type of computing, and the costs and value of that computing varies by time of day and
sometimes by geography. For purposes of this simple example we need not worry about these
complexities, but companies wrestling with assessing total costs surely must.

39



Let’s assume we’ll spend $1,000 on IT equipment. That yields annualized costs of
$381/year for IT (CRF calculated using a 7% discount rate over 3 years).

Both power related terms (INFy,, and EC) can be expressed as a function of the power use
per server cost.

The kW related infrastructure capital costs can be expressed as

$1k < Watts « kW < $24,800
$1.000 k2009$ 1.000 W kW

INFi = $1,000 x x CRF (7%, 15yrs) (B-4)

Where

Watts/k 2009 $ = 79.6 in the base case, based on the data for all IT equipment in a data
center found in Koomey (2007), and

$24,800/kW = the capital cost of Tier 3 infrastructure in 2009$ from Koomey (2007),
based on Uptime institute data.

The energy costs can be expressed as

$1k Watts kW 8766 hours

EC = $1,000 x X X X
$1,000 k2009$ 1000 W year

x LFx PUEXEP (B-5)

Where
LF = load factor, defined as average electricity load divided by peak load
(typically close to 100% for data centers, though climate variations and
other factors can reduce this number to 85-90% in some cases),
PUE = Power Utilization Effectiveness, also known as the Site Infrastructure
Energy Overhead Multiplier. This term characterizes the ratio of total
data center electricity use to the IT electricity use, and it is typically

about 2.0, and

EP = Electricity price, which is around $0.07/kWh for large industrial users in
the U.S.

The other two terms can be expressed as a fraction of the annualized IT costs, based on
the data in Koomey (2007).

INFonew = IT x 0.19 (B-6)

O&M =1IT x 0.30 (B-7)
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The equations above are used to make Figures 1 and ES-1.

These equations, combined with Equation 1 in the main text, can be used to give
quantitative insight about the tradeoffs among the different cost components of data
centers. Let’s assume Moore’s law drives performance per server cost up by a factor of
two over a two-year period (a doubling time of two years). The effect on the power-
related components of data center costs depends on what happens to power use per server
costs (and implicitly, to performance per watt).

Table A-1 shows several scenarios for data center costs, to illustrate the interactions
among key parameters. Case 1 corresponds to the costs reported in Koomey et al. (2007),
which we treat as the base case. Data center facilities vary a lot, but this source is the
most well-documented published data on total costs for data centers currently known to
the authors, and it is sufficiently well grounded in current industry practice that relying
on it for this schematic example will not lead us too far astray.

The table examines four other cases. For each of these cases the ratio of performance to
IT costs doubles compared to the base case. We assume that we always spend $1,000 for
IT equipment, which implies that total performance will go up by a factor of two (in this
example we rely on arbitrary performance units to simplify the calculations).

For scenario 2, we assume that performance per watt also doubles during this period,
implying that watts per thousand dollars will remain constant (as per Equation 1). For
scenario 3, we assume that performance per watt will remain the same as in the base case,
implying that power use per unit of server cost will double. Scenario 4 assumes that
performance per watt triples over two years, implying that watts per thousand dollars of
IT cost will reach 2/3 of its value in the base case. Finally, in Scenario 5 we calculate the
performance per watt (relative to the base case) that would result in the same total cost
per computation as in the base case.
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Table A-1: Schematic cost calculation for data centers (based on $1,000 of I'T costs)
CASE 1 (Base) 2 3 4 5

Performance/real server cost (Base = 1.0) 1.00 2.00 2.00 2.00 2.00

Performance/watt (Base = 1.0) 1.00 2.00 1.00 3.00 0.53
Watts/k 2009% 79.6 79.6 159.2 53.1 3028
Arbitrary number of computations 1000 2000 2000 2000 2000

Annualized costs (20098)

IT $381 $381 $381 $381 $381
kW related infrastructure $217 $217 $433 $144  $824
Electricity costs $98 $98 $195 $65  $372
Non-kW related infrastructure $73 $73 $73 $73 $73
O&M costs $113 $113 $113  $113  $113
Total $882 $882  $1,196 $777 $1,763

Index compared to base case 1.000 | 1.000 1.357 0.881  2.000

Annualized cost per computation $0.88 | $0.44 $0.60 $0.39 $0.88
Index compared to base case 1.000 | 0.500 0.678 0.441  1.000

(1) Case 1: Base case, circa 2007 for a data center delivering high performance
computing for financial applications (based on model in Koomey 2007).

Case 2: Computations per $ of IT cost doubles as does performance per watt, keeping
Watts/k$ constant.

Case 3: Computations per $ of IT cost doubles and performance per watt doesn't change,
making Watts/k$ double.

Case 4: Computations per $ of IT cost doubles and performance per watt triples,
reducing Watts/k$ to 2/3 of its base case value.

Case 5: Computations per $ of IT cost double and performance per watt declines almost
50% (enough for increased indirect power related costs to completely offset the IT related
reduction in costs per computation).

(2) IT capital expenditures assumed to remain constant at $1,000. Electricity price =
$0.07/kWh. Load factor = 100%. PUE =2.0. Discount rate = 7% real. Lifetime of IT
equipment = 3 years, lifetime of infrastructure equipment = 15 years.
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APPENDIX B: COSTS, POWER USE, AND PERFORMANCE FOR SELECTED
SERVERS

Table B-1 shows selected data from the runs posted on the SPECpower ssj2008 website
<http://www.spec.org/power_ssj2008/>, which we used to produce Figure 2. These runs
give power use and performance data for 100+ servers as of June 2009—we focus here
on the power levels for maximum performance. We chose 14 of these servers for which
to estimate purchase costs using the online stores for Dell, HP, and IBM on March 5 and
6, 2009. No sales taxes, software, support, or shipping costs are included. When small
differences in configuration arose (like the online store only giving a price for a server
with a redundant power supply when the SPECpower ssj2008 run for that model
included only one power supply) we used data from other parts of the same site to
estimate component costs and correct for those differences. Dollar costs adjusted to July
2009 dollars using the monthly GDP deflators from the EIA Short Term Energy outlook
custom table builder: <http://tonto.eia.doe.gov/cfapps/STEO TableBuilder/index.cfm>.
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Table B-1: Purchase costs, peak performance, and peak power for selected servers circa March 2009

Performance/ Power/purchase

Performance/

Company Model Peak watts Performance Purchase cost power costs purchase costs
Y ssj_ops 2009 $ ssj_ops/W W/k 2009 $ ssj_ops/k 2009 $

Dell R300 117 155,342 1,589 1,328 74 97,747
Dell 2950111 276 305,413 3,454 1,107 80 88,425
Dell 2970 (2.60 GHz, 2382) 258 331,257 2,580 1,284 100 128,390
HP DL120G5 136 190,630 1,580 1,402 86 120,641
HP DL160G5 233 281,914 3,133 1,210 74 89,981
HP DL180G5 189 282,281 2,761 1,494 68 102,249
HP DL360G5 282 318,769 5,550 1,130 51 57,439
HP DL385G5 (2.30 GHz, 2356) 299 240,914 3,717 806 80 64,809
HP DL385G5p (2.70 GHz, 2384) 257 341,306 4,020 1,328 64 84,902
HP DL580G5 387 359,523 14,616 929 26 24,598
HP DL785G5 796 1,066,480 29,359 1,340 27 36,326
IBM x3250 127 188,975 3,532 1,488 36 53,510
IBM x3350 125 187,946 2,679 1,504 47 70,156
IBM x3450 252 323,998 5,443 1,286 46 59,529
HP DL360G1 124 8,297 3,656 67 34 2,269

(1) Performance and power measurements are posted results from SPEC power for the 100% load case for each server,
downloaded from http://www.spec.org/power_ssj2008/.
(2) Cost data estimated using online cost configurators for IBM, HP, and Dell by Jonathan Koomey on 5-6 March 2009.
When given an option, we choose the prices for small/medium businesses. Prices do not include

operating system or application software, maintenance contracts, taxes, or delivery charges.

Prices adjusted to July 2009 $ assuming 2% inflation from July 2008 to July 2009.
(3) DL360G1 machine characteristics from Table 5.



APPENDIX C:

SERVERS

Table C-1: SPECpower_ssj2008 results for HP ProLiant DL360 G1 server

Generation 1 DL360, 2 GB RAM

Run in research mode (no

temperature sensor) 24 July 08
Performance to
Target load Actual load ssj_ops Average Power (W) Power Ratio
100% 98.00% 8,297 124 66.8
90% 91.90% 7,780 122 63.7
80% 79.20% 6,709 117 57.2
70% 68.40% 5,789 113 51.2
60% 61.40% 5,199 110 473
50% 49.00% 4,151 105 39.7
40% 39.00% 3,301 100 33.0
30% 30.10% 2,549 95.6 26.7
20% 20.10% 1,698 91.1 18.6
10% 10.40% 879 85.6 10.3
Active Idle 0 80.1 0.0
Yssj_ops/Zpower= 40.5
Generation 1 DL360, 4 GB RAM
Run in research mode (no
temperature sensor) 18 Nov 2008
Performance to
Target load Actual load ssj_ops Average Power (W)  Power Ratio
100% 99.20% 6,837 127 53.6
90% 88.10% 6,068 124 49.0
80% 80.50% 5,545 121 45.8
70% 70.90% 4,883 118 41.4
60% 61.50% 4,240 114 37.3
50% 48.80% 3,366 108 41.1
40% 40.30% 2,774 104 26.6
30% 28.90% 1,989 99.8 19.9
20% 20.40% 1,404 96 14.6
10% 10.60% 734 90 8.2
Active Idle 0 84.4 0.0
Yssj ops / Zpower = 31.9

SPECPOWER SSJ2008 RESULTS HP DL360 + DL380 Gl
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Table C-2: SPECpower_ssj2008 results for HP ProLiant DL380 G1 server (2 power
supplies but only 1 hooked up to the AC analyzer, the other disconnected)

Generation 1 DL380, 2 GB RAM
Run in research mode (no

temperature sensor) 24 July 08
Performance to

Target load Actual load s$sj_ops Average Power (W) Power Ratio
100% 99.0% 7,991 169 47.2

90% 92.1% 7,438 167 44.6

80% 78.5% 6,340 161 39.4

70% 70.9% 5,728 157 36.5

60% 59.2% 4,781 151 31.7

50% 48.8% 3,936 145 27.1

40% 39.5% 3,187 139 22.9

30% 30.3% 2,445 134 18.3

20% 21.1% 1,707 127 13.4

10% 10.0% 804 120 6.7
Active Idle 0 113 0.0
Yssj ops / Zpower = 28.0

Generation 1 DL380, 4 GB RAM
Run in research mode (no

temperature sensor) 18 Nov 2008
Performance to

Target load Actual load ssj_ops Average Power (W) Power Ratio
100% 99.5% 8,419 170 49.5

90% 87.8% 7,432 166 44.8

80% 83.8% 7,089 165 43.1

70% 69.7% 5,894 157 37.5

60% 51.8% 5,230 153 34.1

50% 51.1% 4,326 148 29.2

40% 40.4% 3,416 142 24.1

30% 28.8% 2,438 135 18.0

20% 20.8% 1,765 130 13.6

10% 9.8% 829 123 6.8
Active Idle 0 116 0.0
Yssj ops / Zpower = 29.2
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APPENDIX D: CHARACTERISTICS OF THE HP PROLIANT DL360 + DL380 G1
SERVERS

The following pages summarize the characteristics of the HP ProLiant DL360 and DL380
G1 servers upon which Anthony Santos of Intel ran the SPECpower ssj2008 benchmark
in July and November 2008. In the July runs, the servers included 2 GB of RAM, which
is half the maximum allowed for this machine. Santos also ran SPECpower ssj2008 in
November 2008 for a 4 GB configuration of the DL360 + DL380 G1 machines and
experimented with different power supply configurations for the DL380 machine.
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SYSTEM INFORMATION FOR HP PROLIANT DL360, DUAL PIII, 800 MHZ

Itermn l Value
0S Mame Microsoft(R] Windows[R] Server 2003, Enterprise Edition
Yersion 5.2.3790 Service Pack 1 Build 3790

Other 0S Description
0S Manufacturer
System Name
System Manufacturer
System Model
System Type
Processor

Processor

BIOS Version/Date
SMBIOS Yersion
Windows Directory
System Directory
Boot Device

Locale

Hardware Abstraction Layer
User Name

Time Zone

R2

Microsoft Corporation

INTEL-MDUEBZ5GS

Compaq

ProLiant DL360

*B6-based PC

%86 Family 6 Model 8 Stepping 3 Genuinelntel ~737 Mhz
%86 Family 6 Model 8 Stepping 3 Genuinelntel ~737 Mhz
Compaqg P21, 5/28/2001

2.3

C:AWINDOWS

C:AWINDOWS \system32

\Device\HarddiskVolume

United States

Version ="'5.2.3790.1830 (srv03_sp1_rtm.050324-1447)"
INTEL-MDUEBZ5GS \Administrator

Pacific Daylight Time

Total Physical Memory 2,047.51 MB
Available Physical Memory 1.76 GB
Total Virtual Memory 2.23GB
idvallable Virtual Memory 214 GB
Page File Space 384.00 MB

Page File

C:\pagefile.sys
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SYSTEM UNDER TEST CONFIGURATION FOR HP PROLIANT DL360, DUAL
PIIl, 800 MHZ

System Under Test
Hardware Software
Hardware Vendor: | HP ___ P.Q_W?_{_ Enabled (see SUT Notes)
Model: | HP Proliant, 380 Management:
CPU Name: | Dual Pentium Il Operating | Micrazoft[R) Windows(R) Server 2003, Enterprice

CPU Characteristics: | Single-Core, B0JMHz S“’;“"" ((_)S): Ednion,SQ;h 1)
CPI) Frequency (NH2): | E0D (’.::bl Version: .;géiz?;oemne Pack 2 Build 3730
: | 2 cores, 2 chips, 1 Josyslam:
CPUfs) Enabled: | - eaichip JUN Vendor: | SPEC
Hardware Threads / Core: |1 JVM Version: | SPEC Java VM 5.0 [build 1.2.3.4-1ricare 20071111)
CPUis) Orderable: | 12 -Ams350m -Xmx350m -XXaggressive -X{lazyunlocking -
z BAKE | +54KE D on chip JUM Command. | ¥gergenpar -X{gethread==2 -¥ns300m - zllprofiling -
Primary Cache: oo core line Options: | ¥largepages. exitOnFailure=true -
- - Axtlazize:min=dk, prefamed=512k
Secondary Cache: | on chip per chip —
- - - JVM Affinity: | MNone
Tertiary Cache: | chig per chip
JUN Instances: | 2
Other Cache: | None WM nitial
Memory Amount (GB): | 2.0GB H'e'.]%':']r.l'\"é}-' 30
Z and size of DIM‘M: 451208 JUN Maximum_ -
Memory Details: | 1.2, 3, 4 populated Hoap (MB): |
Power Supply Quantity and Rating (W): | 1 x 180 JUM Address
Power Supply Details: | LiteOn model PS6131 | 7777777 Bits: -
Disk Drive: | 2x18GB RAID Benchmark o
""""" :----| SP ) Z 11
Disk Controller: | Inteqrated RAID coniroller Version: S power N8
2 ; ] Direct
£ and type of Network Intertace Cards | | ;0.0 LoemistL| Controller

[NICs) Installed:

NICs Enabled in Firmware / 0S /

Connected:

24241

Other Software:

Mone

Network Speed (Nbit):

10

Keyboard:

pPS2

Mouse:

P32

LY

© In=net
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SYSTEM INFORMATION FOR HP PROLIANT DL380, DUAL PIII, 900 MHZ

Item | Value
0S Name Microzoft(R] Windows[R) Server 2003, Enterprize Edition
Yersion 5.2.3790 Service Pack 1 Build 3730

Other OS Description
0S5 Manufacturer
System Name
System Manufacturer
System Model
System Type
Processor

Processor

BIOS Yersion/D ate
SMEIOS Version
“Windows Directory
System Directory
Boot Device

Locale

Hardware Abstraction Layer

User Name
Time Zone
Total Physical Memory

Ayvailable Physical Memory

T otal Virtual Memory

Axvailable Virtual Memory

Page File Space
FPage File

Rz

Microsoft Corporation

INTEL-LTILTTELRA

Compaqg

FroLiant DL380

»86-based PC

=86 Family & Model 8 Stepping 6 Genuinelntel ~930 Mhz
#8386 Family 6 Model 8 Stepping 6 Genuinelntel ~930 Mhz
Compaq P17, 12/18/2002

23

C:AWINDOWS

C:WWINDOWShspstem32

“Device'HarddiskVolume1

United States

Yersion = "'5.2.3790.1830 [srv03_spl1_rtm. 050324-1447)"
INTEL-L1LT TELRANADministrator

Facific Daylight Time

2.047 50 MB

1.77 GB

3.36 GB

3.26 GB

1.50 GB

C:\paagefile.sys
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SYSTEM UNDER TEST CONFIGURATION FOR HP PROLIANT DL380, DUAL

PIII, 900 MHZ

| System Under Test |
Hardware Software
Hardware Vendor: | HR/Compag Power_
Todel: | HP Brolisrt, D380 Manageme; | Enebled (see SUT Notes)
CPU Name: | Dual Pentium |1l Operating S Miu; r_nsnﬂ(R) \‘Uirwdows[R’) Sener 2003, Enterprise
CPU Charactoristics: | Single-Cora, 930MHz ___[UbEsnEdbon 2ai)___
CPU Froquoncy (MHz): | %0 0S Version: 5_2. 3?90_ Serice Pack 2 Build 3720
2 cores. 2 chivs. 1 Filesystem: | SPECFS
CPUis) Enabled; [ < E28€. = €hiPs, =PEC
................ * | coresichip JVM Vendor: | SPEC
Hardware Thieads / Core: | 1 JVIN Version: | SPEC Jewa jrockit-R27 3 .1-e1 6.0 01
CPU(s) Orderable: | 12 JVM Command. | Z¥ns200m -KenicCOm Xng150m -
Pilmary Cache: | MeA/Id> "'iiﬁé‘ﬁ@ﬁ'«{f.& Aargepages exitOnF ailure=tiue - ‘
- —] -t 2l asize:min=4k preferme =286k -¥kthroughputcompaction
Secondary Cache: | on chip per chip -
. JUI Affinity: | None
Tertiary Cache: | chip per chip TV It 3
Other Cache: | Mone T Indtial
Memory Amount (GB): 266 | =0 ! !"1"9"(.;:'2'.[{' 200
2 .n’ld;i:ize of D"_‘“E 4:512MB :'.‘!!’].’!‘.“_’.‘!’_“_'_”__‘_‘_ 5
mory Detalls: | 1,2, 3, 4 populated fizap (MBJ: |
Power Supply Ouantity and Rating (W): | 2 x 400 JVIN Address Bits: | 32
= . LiteOn mode| PS-5581- Benchmark
Power Supply Details: benchmark 55
........... pply Detais:  4ng Vorsion: | SPECROwer_ssj2003 1.1
Disk Drive: | 2 « 18GE RAID Director Location: | Controller
Disk Controller: | Integrated RAID controllzr Other Software: | None
Z and type of Network Interface Cards (NICs) | | .
Installed: | integrated
NICs Enabled in Firmware / OS / Connected: | 2/2/1
Network Speed (Mbit): | 10
Keyboard: | PS2
Mouse: | PS2
< | )
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