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Executive summary

Introduction

With power and cooling costs accounting for increasingly large portions of IT budgets, IT departments looking
to minimize total cost of ownership (TCO) are making power efficiency a priority when choosing server
hardware. On top of their density and management advantages, blade servers can be extremely power-
efficient, and are an increasingly popular choice in the data centers. In this white paper, we examine the
power efficiency of two-socket blade servers using the Intel® Xeon® processor E5-2600 product family.

The Dell™ Solutions Performance Analysis (SPA) team compared a blade server solution based on the Dell
PowerEdge™ M630 to the HPE® ProLiant™ BL460c Gen9, both of which use the Intel® Xeon® processor E5-2600v4
product family. Using the industry standard SPECpower_ssj2008® benchmark, the solution from each vendor
was tested for performance, power draw, and performance per watt. The hardware for each solution was
configured as similarly as possible to ensure an apples-to-apples comparison.

The results showed the Dell PowerEdge™ M1000e blade chassis and M630 blades delivered better power
efficiency, provided higher performance, and drew less power than the HPE BladeSystem c7000 with
BL460c Gen9 blades.

Key findings

Performance per watt

Overall, the Dell PowerEdge M630 blade solution achieved a 16% higher performance-to-power ratio than
the HPE ProLiant BL460c Gen9 blade solution.

Performance

At the same input power, the PowerEdge M630 provided higher raw performance than the ProLiant BL360p
Gen9 at all load levels.

Power

When comparing power efficiency of the blades and enclosure, the Dell blade solution drew 28% less power
at idle and 14% less power at 100% load than the HPE solution drew.

Test methodology and detailed results are documented in this paper.
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Methodology

SPECpower_ssj2008 is an industry standard benchmark created by the Standard Performance Evaluation
Corporation (SPEC®) to measure a server’s power and performance across multiple utilization levels. Appendix
A — Test methodology details the test methodology used by Dell; Appendix B — Blade enclosure hardware
configuration information; Appendix C — Blade server firmware and drivers; and Appendix D —
SPECpower_ssj2008 results provide detailed report data that supports the results in this paper.

Configuration 1
Blades, chassis, and internal chassis components

Each blade solution measured for power efficiency was configured with eight blades, the blade enclosure, a
Gigabit pass through module, and three power supplies.

Table 1: Blade solution configurations

Dell blade solution HPE blade solution

Enclosure PowerEdge M1000e BladeSystem c7000

Blade slots 87/ 16 87/ 16

occupied / total

Blades 8 x PowerEdge M630 8 x ProLiant BL460c Gen9

Internal 170 1 x Dell 16 Port 1Gb 1 x HPE 16 Port 1Gb Ethernet

Module Ethernet Pass-Through Pass-Thru Module
Module

Management 1 x Dell CMC Module 1 x HPE Onboard

Administrator Module
Power supply 3 x 3000W 3 x 2400W

guantity/rating

The blades in the solutions were configured as similarly as possible. To eliminate any possible power efficiency
variations between processors and memory samples, the Dell SPA team ran tests on both solutions using the
exact same Intel Xeon E5-2660v4 processors and DIMMs. Storage Controllers and Network Interface Cards were
matched as close as possible between the two vendors.

The configurations of the blade servers used are summarized in Table 2.
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Table 2: Detailed configuration for blades used in the power efficiency comparisons

Per blade Dell PowerEdge M630 HPE ProLiant BL460c Gen9
Sockets/form factor 2 / half height 2 / half height
Processors 2 x Intel Xeon E5-2660v4 2 X Intel Xeon E5-2660v4
Physical/logical 14/28 14/28
cores
Memor 8 x 16GB Dual Ranked 8 x 16GB Dual Ranked
y PC4-2400T RDIMMs PC4-2400T RDIMMs
Hard drives 2 x 300GB SAS 10k, RAID 1 2 x 300GB SAS 10k, RAID 1
1 x Onboard 2 port
1 x Onboard 2 port
Network Broadcom BCM57810 FlexFabric 5536FLB 10GbE
10GbE
Storage controller PERC H730 Mini Smart HBA H244br Controller

Rather than employing power efficiency-specific BIOS tunings, the blade servers were set to their BIOS default
settings for all tests, thus simulating a typical initial deployment. All blade servers ran Microsoft® Windows
Server® 2012 R2, with all Windows settings left at their defaults except for enabling the “Lock pages in
memory” setting for the Administrator user, which is recommended in order for the SPECpower_ssj2008
benchmark to run optimally.
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Results

In this like-for-like comparison, the HPE ProLiant BL460c Gen 9 drew 16% more power than the Dell PowerEdge
M630 at 100% load, and the HPE solution drew 39% more power than the Dell solution at active idle. The
ProLiant Bl460c Gen9 also provided 4% lower raw performance than the PowerEdge M630, which led to a 14%
lower overall performance/watt ratio for the HPE solution.

Figure 1: Normalized SPECpower_ssj2008 Results for PowerEdge M630 and ProLiant BL460c Gen9
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The SPECpower_ssj2008 benchmark includes a measurement of power while the servers are at varying levels of
target utilization. The performance-to-watt ratio at each target load level is total operations (ssj_ops) divided
by average power consumption of the server at that load level. Figure 2 shows power efficiency at each

interval.
Figure 2: Performance per watt ratios for all target loads®
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Figure 2 shows that the Dell PowerEdge blade solution has a significant power efficiency advantage over the
HPE ProLiant blade solution at most target loads, including a 21% percent advantage at 100% target load and a
36% advantage at 10% load.

! Required SPEC disclosure information: PowerEdge M630 blade solution scores: (19,178,162 ssj_ops and 2,656 W) @ 100% target load and
6,013 overall ssj_ops/watt vs. ProLiant BL460c Gen9 blade solution scores: (18,372,379 ssj_ops and 3,071 W) @ 100% and 5,172 overall
ssj_ops/watt. Comparison based on results by Dell Labs May 2016. SPEC® and the benchmark name SPECpower_ssj® are registered
trademarks of the Standard Performance Evaluation Corporation. For more information about SPECpower, see
www.spec.org/power ssj2008/.
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When IT professionals are calculating their data center needs, the maximum power draw of a solution is a
critical component of the decision. This makes the power draw at the 100% load interval particularly
important. At 100% target load, the Dell PowerEdge M630 blade solution drew only 2,656 Watts compared to
HPE’s ProLiant BL460c Gen9 blade solution which drew 3,071 Watts (16% more) under the same workload.
Figure 3 shows the power draw of the solutions at the 100% load level.

Figure 3: Power utilization at 100% target load?
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2 Required SPEC disclosure information: PowerEdge M630 blade solution scores: (19,178,162 ssj_ops and 2,656 W) @ 100% target load and
6,013 overall ssj_ops/watt vs. ProLiant BL460c Gen9 blade solution scores: (18,372,379 ssj_ops and 3,071 W) @ 100% and 5,172 overall
ssj_ops/watt. Comparison based on results by Dell Labs May 2016. SPEC® and the benchmark name SPECpower_ssj® are registered
trademarks of the Standard Performance Evaluation Corporation. For more information about SPECpower, see
www.spec.org/power ssj2008/.
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SPECpower_ssj2008 also includes a measurement of power while the servers are at 0% target utilization (Active
Idle). Average power utilization of the blade solutions at idle is shown in Figure 4. Compared to the Dell
PowerEdge blade solution, the HPE ProLiant blade solution consumed 244 watts more (39% higher.)

Figure 4: Power utilization at active idle®
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3 Required SPEC disclosure information: PowerEdge M630 blade solution scores: (19,178,162 ssj_ops and 2,656 W) @ 100% target load and
6,013 overall ssj_ops/watt vs. ProLiant BL460c Gen9 blade solution scores: (18,372,379 ssj_ops and 3,071 W) @ 100% and 5,172 overall
ssj_ops/watt. Comparison based on results by Dell Labs May 2016. SPEC® and the benchmark name SPECpower_ssj® are registered
trademarks of the Standard Performance Evaluation Corporation. For more information about SPECpower, see
www.spec.org/power ssj2008/.
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Summary

The results of the SPECpower_ssj2008 testing show that the Dell PowerEdge M630 blades have a 4% advantage
in raw performance over the HPE blade solution based on BL460c Gen 9 blades. The Dell solution drew less
power in most intervals, from 14% less at 100% load down to 28% lower at active idle. This led the Dell solution
to have 16% higher overall power efficiency than the similarly configured HPE solution.

As energy costs rise, power efficiency becomes an increasingly important factor in the decision to purchase
these important data center components. The higher performance per watt ratio of the blade solution based
on Dell PowerEdge M630 blades makes it a compelling addition to the datacenter compared to the solution
from HPE.

11
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Appendix A — Test methodology

SPECpower_ssj2008 standard

SPECpower_ssj2008 is an industry standard benchmark created by the Standard Performance Evaluation
Corporation (SPEC) to measure a server’s power and performance across multiple utilization levels.
SPECpower_ssj2008 consists of a Server Side Java (SSJ) workload along with data collection and control
services. SPECpower_ssj2008 results portray the server’s performance in ssj_ops (server side Java operations
per second) divided by the power used in watts (ssj_ops per watt). SPEC created SPEcpower_ssj2008 for those
who want to accurately measure the power consumption of their server in relation to the performance that the
server is capable of achieving with ssj2008 workload.

SPECpower_ssj2008 consists of three main software components:

e Server Side Java (SSJ) Workload—Java database that stresses the processors, caches and memory of
the system, as well as software elements, such as operating system elements and the Java
implementation chosen to run the benchmark.

e Power and Temperature Daemon (PTDaemon)—Program that controls and reports the power analyzer
and temperature sensor data.

e Control and Collect System (CCS)—Java program that coordinates the collection of all the data.

For more information on how SPECpower_ssj008 works, see http://www.spec.org/power ssj2008/.

All results discussed in this whitepaper are from compliant runs in SPEC terminology, which means that
although they have not been submitted to SPEC for review, Dell can disclose them for the purpose of this
study. All configuration details required to reproduce these results are listed in Appendices A, B, and C; all
result files from the runs compared are included in Appendix D — SPECpower_ssj2008 results.

All servers were configured by installing a fresh copy of Microsoft Windows Server 2008 Enterprise R2 (Service
Pack 1) and the operating system install with a single drive RAID 0, choosing the full installation option for
each.

The latest driver and firmware update packages available were installed to all servers at the beginning of this
study. Refer to Appendix B — Blade enclosure hardware configuration information for details.

BIOS settings

Available BIOS settings differed between the two manufacturers. Rather than experiment with each setting to
evaluate its effect on performance per watt, each blade was tested as it was shipped from the factory, with
default settings. This configuration more closely mimics a typical customer deployment in most situations.

For both servers, Snoop mode was set to Opportunistic Shoop Broadcast, Intel Turbo Boost was enabled by
default, and memory speed was left at the default value of 2400 MHz. Prefetchers built into the Intel Xeon E5-
2660 processors were left on for all three blade models. Both systems defaulted to handling their own power
management rather than leaving that function to the operating system.

For the Dell PowerEdge M630 blades, the following default settings were used:

e Adjacent Cache Line Prefetch enabled
e Hardware Prefetcher enabled

e DCU Streamer Prefetcher enabled

e DCU IP Prefetcher enabled

12
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e System Profile set to Performance Per Watt (DAPC)
e Turbo Boost enabled

e CI1E Enabled

e C States enabled

e Memory Patrol Scrub set to Standard

e Memory Refresh Rate set to 1x

For the HP ProLiant BL460c Gen8 blades, the following default settings were used:

e HP Power Regulator set to HP Dynamic Power Savings Mode
e Energy/Performance Bias set to Balanced Performance

e Minimum Processor Idle Power Core State set to C6 State

e Minimum Processor Idle Power Package State set to Package C6 (retention) State
e HW Prefetch Enabled in BIOS

o Adjacent Sector Prefetch Enabled in BIOS

e DCU Stream Prefetcher Enabled in BIOS

e DCU IP Prefetcher Enabled in BIOS

¢ Dynamic Power Savings Mode Response set to Fast in BIOS
e Collaborative Power Control Enabled in BIOS

e Intel Turbo Boost enabled

Operating system tuning

To improve Java performance, large pages were enabled by entering Control Panel>Administrative
Tools>Local Security Policy>Local Policies>User Rights Assignment>Lock Pages in Memory. An option was
changed to add Administrator. Operating System Power Management mode for all blades was left at the
default Balanced Mode.

All servers were configured with separate IP addresses on the same subnet as the SPECpower_ssj2008 controller
system where the Director, CCS, and PTDaemon components were located, and connected all servers at 1GbE
network speed through their onboard 1/0 module and into their external top-of-rack switch.

SPECpower_ssj2008 configuration

The Oracle Hotspot Java Virtual Machine (JVM)* was used for all solutions.
The following JVM options were used on all blade servers.

-server -Xmx13g -Xmsl3g -Xmnllg -XX:SurvivorRatio=1 -XX:TargetSurvivorRatio=99 -
XX:ParallelGCThreads=28 -XX:AllocatePrefetchDistance=256 -
XX:AllocatePrefetchLines=4 -XX:LoopUnrollLimit=45 -XX:InitialTenuringThreshold=12 -
XX:MaxTenuringThreshold=15 -XX:InlineSmallCode=9000 -XX:MaxInlineSize=270 -
XX:FreglnlineSize=6000 -XX:+UselLargePages -XX:+UseParallelOldGC -XX:+AggressiveOpts

The following binding was used to ensure that each of the 2 JVMs ran on 28 logical processors:

start /affinity [FFFFFFF]

* Oracle Java HotSpot 64-Bit Server VM (build 24.80-b11, mixed mode), version 1.7.0_80

13
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Power and temperature configuration

Yokogawa WT210 Digital Power Meters were used for the actual power measurements of the servers, as this is
the most commonly used analyzer for SPECpower_ssj2008 publications at the time that this study was
conducted. The WT210 units used were each calibrated less than a year prior to the test date to ensure
accurate power consumption measurements.

To ensure a fair comparison, the systems were mounted near each other in the test racks, and inlet
temperature was measured at the front of each system during their runs using a Digi International Watchport/H
temperature probe. As the attached Power Temperature Details reports show, the three solutions were run in
environments with a temperature difference of less than 1 degree Celsius.

14
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Appendix B — Blade enclosure hardware configuration information

Table 4: Blade enclosure hardware configuration information

Dell blade solution HPE blade solution

Enclosure PowerEdge M1000e BladeSystem c7000
Enclosure -
management 1 x Dell CMC Module 1 x HP Onboard Administrator
module
module
Enclosure
management CMC 5.01 Onboard Administrator 4.50
firmware
internal 1/0 1 x Dell 16 Port 1Gb 1 x HPE 16 Port 1Gb Ethernet
Ethernet Pass-Through Pass-Thru Module
module
Module
Internal IOM 11.0.0.0 3.03
firmware
Power supply 3 x 3000W 3 X 2400W

quantity/rating

Appendix C — Blade server firmware and drivers

Table 5: Blade server firmware and drivers

Driver/firmware

PowerEdge M630

ProLiant BL460c

versions Gen9
System BIOS 2.0.1 2.0.0
Network drivers 7.4.23.2 7.4.14.0
Network firmware 7.12.19 7.12.83
HBA firmware 25.2.1.0037 3.56
HBA drivers 6.600.21.8 6.46.0.64
Video driver 6.3.9600.16384 4.1.2.2
Integrated management ;noacg 5 30.30.30 2.40
controller firmware
Management controller driver N/A 3.9.0.0

15
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Appendix D — SPECpower_ssj2008 results

Figure 5: SPECpower_ssj2008 results for Dell PowerEdge M630 blade solution
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Figure 6: SPECpower_ssj2008 results for HPE ProLiant BL460c Gen9 blade solution
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Measurement Devices

Power Analyzer pwr1

Hardware Vendor:

Yokogawa Meters and Instruments Corporation

Model: [ WT210
Serial Number: | 91K308574
Connectivity: [ RS-232
Input Connection: | Default
Metrology Institute: | NIST
Accredited by: | Simco Electronics
Calibration Label: | 6930823
Date of Calibration: | 16-Feb-2016

PTDaemon Host System:

same as CCS

PTDaemon Host OS:

same as CCS

PTDaemon Version:

1.8.0-efc0c004-20160120

Setup Description:

Connected to SUT power supply 1

Temperature Sensor temp1

Hardware Vendor:

Digi International Inc.

Watchport/H

Driver Version:

Watchport Virtual Port 5.30.2.0

Connectivity:

USB
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PTDaemon Host System:

same as CCS

PTDaemon Host OS:

same as CCS

Setup Description:

50 mm in front of SUT main airflow intake

| Notes
[None
| Power Details for Device pwr1
Avg Power = Average Power
Target Voltage (V) | Current (A) P-A‘—'—g- Active | Measurement | J |
Load [,..[r AvalR i:-‘?‘-",:-e-'f Power | Uncertainty - 2.750
Avg |Range|Avg |Range Factor |- %) 2 500 -—-—-/'\l
Calibration] 03| 300.0[13.2 20.0| 0.971 2,586 0.4%| 2250 -
i i 2,000
Calibration] 03| 300.0[13.0] 20.0| 0.970| 2,554 0.4% \
Callbration| 203| 300.0(13.1| 20.0| 0.971| 2,576 0.4% ?.ﬁm
1]
100%| 203| 300.0{13.5] 20.0| 0.972| 2,656 0.4%| & 1.280
90%[ 203| 300.0{11.9] 20.0] 0.967] 2,326 0.5%| 2 1000
80%]| 203| 300.0{11.3] 20.0[ 0.966] 2,215 0.5% 780 |
70%]| 204 300.0[10.1] 10.0] 0.963] 1,988 0.4% o
60%]| 204| 300.0{9.24| 10.0[ 0.963] 1,816 0.4%
50%]| 204| 300.0{7.73] 10.0] 0.967| 1,528 0.4% 250 1
40%| 205] 300.0[6.41] 10.0] 0.968] 1,271 0.4% 0 A
30%| 205] 300.0[5.72| 10.0[ 0.967| 1,134 0.5% %B.;\1515{?\&}*@*%@*«@*@*@*D-‘:}d"l,:_-:}d"@qd"r@d"‘\ﬁ“
20%]| 205| 300.0{5.20] 10.0| 0.966] 1,033 0.5% S a5
10%| 205| 300.0[4.68] 10.0] 0.964| 927 0.5% o o ? v
Active Idle| 206| 300.0{3.26] 10.0[ 0.938] 630 0.7% Target Load
Copyright © 2007-2016 Standard Performance Evaluation Corporation
http://www.spec.org - info@spec.org
SPECpower ssj2008 Reporter Version: [SSJ 1.2.10, May 9, 2012]
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SPECpower_ssj2008

Copyright © 2007-2016 Standard Performance Evaluation Corporation

Dell Inc. PowerEdge M630 (Intel Xeon E5-2660 v4, SPECpower_ssj2008 = 6,013 overall
2.00 GHz) ssj_ops/watt
Test Sponsor: | Dell Inc. SPEC License #: | 55 Test Method: | Multi Node
. .| Round Rock, TX, . | May 20,
Tested By: | Dell Inc. Test Location: USA Test Date: 2016
Hardware Availability: | Mar-2016 Software Availability: | Apr-2015 Publication: | Unpublished
s i ; ion- Power | Line-
System Source: | Single Supplier System Designation: | Server Provisioning: | powered

Benchmark Results Summary

T . P;rfct)rn}ance x Pow:r T Performance to Performance to Power Ratio
larget | Actual i Average Aclive| “"po\er Rat 7
Load | Load | *¥-°PS |""Power (W) rower Raflo o 25 2 e e
100%| 100.1%][ 19,178,162 2,656 7,221 100% B B ] 3] _opayat
90%| 90.0%(17,233,268 2,326 7,408
80%| 79.9%] 15,309,479 2,215 6,913 a0%
70%| 70.1%(13,421,003 1,988 6,751 20%
60%| 60.0%]( 11,494,640 1,816 6,331 70%
50%| 50.0%| 9,569,349 1,528 6,262 =
40%| 40.0%| 7,666,215 1,271 6020 & %
30%| 30.0%| 5,739,772 1,134 5,060 5 50%
20%| 20.0%| 3,830,355 1,033 3,710 E 0%
10%| 10.0%| 1,920,523 927 2,072 = 0%
Active Idle 0 630 0
yssj_ops / Ypower = 6,013 20% £
10%
Active
Idle
0 500 1000 1500 2,000 2500
Average Active Power (W)
Aggregate SUT Data
# of Nodes | # of Chips | # of Cores | # of Threads Total RAM (GB) # of OS Images # of JVM Instances
8 16 224 448 1,024 8 16
System Under Test
Shared Hardware
Shared Hardware
Enclosure: | Dell PowerEdge M1000e
Form Factor: | 10U
Power Supply Quantity and
Rafing (W) 3 x 3000
Power Supply Details: | Dell P/N: 8V4DK
Network Switch: | Dell PowerConnect 6248
Network Switch Details: | 48 Port 1Gb Ethernet Switch
KVM Switch: | None
KVM Switch Details: | N/A

Other Hardware:

Ethernet Pass-Through Module

Dell M1000e Chassis Management Controller, Dell P/N: JV95D; Dell 16-Port Gigabit

Comment:

Network switch not measured for power
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Set: 'sut’

Set Identifier: | sut

Set Description: | System Under Test

# of Identical Nodes: | 8

Comment:

None

Hardware per Node

Hardware Vendor:

Dell Inc.

PowerEdge M630 (Intel Xeon E5-2660 v4, 2.00 GHz)

Form Factor:

Blade

CPU Name:

Intel Xeon E5-2660 v4 2.00 GHz

CPU Characteristics:

14 Core, 2.00 GHz, 35MB L3 Cache

CPU Frequency (MHz):

2000

CPU(s) Enabled:

28 cores, 2 chips, 22 cores/chip

Hardware Threads:

56 (2 / core)

CPU(s) Orderable:

1,2 chips

Primary Cache:

32KB | + 32KB D on chip per core

Secondary Cache:

256KB 1+D on chip per core

Tertiary Cache:

35 MB 1+D on chip per chip

Other Cache:

None

Memory Amount (GB):

128

# and size of DIMM:

8 x 16 GB

Memory Details:

16GB 2Rx8 PC4-2400T, Slots A1-4, B1-4 populated

Power Supply Quantity and Rating (W):

None

Power Supply Details:

Shared

Disk Drive:

2 x 300 GB 2.5" 10000 RPM SAS; Dell P/N:PGHJG

Disk Controller:

PERC H730 Mini; Dell P/IN:WMVFG

Installed:

1 x Onboard Broadcom BCM57810 10Gb Dual Port, Dell P/N COP7J

NICs Enabled in Firmware / OS / Connected:

2121

Network Speed (Mbit):

1000

None

None

Monitor: | None

Optical Drives: | No

Other Hardware: | None

Software per Node

_P_(_J\_I\{e_l:' Balanced Mode in OS (See Notes)
Management:
0 P-e-r?-t!’-‘ﬁ!- Microsoft Windows Server 2012 R2 Datacenter
System (OS):
OS Version: | Version 6.3.9600.17196
Filesystem: | NTFS
JVM Vendor: | Oracle
JVM Version: | Java HotSpot 64-Bit Server VM (build 24.80-b11, mixed mode), version 1.7.0_80
-server -Xmx13g -Xms13g -Xmn11g -XX:SurvivorRatio=1 -XX: TargetSurvivorRatio=99 -
JVM | XX:ParallelGCThreads=28 -XX:AllocatePrefetchDistance=256 -XX:AllocatePrefetchLines=4 -
Command- | XX:LoopUnrollLimit=45 -XX:Initial TenuringThreshold=12 -XX:MaxTenuringThreshold=15 -
line Options: | XX:InlineSmallCode=9000 -XX:MaxInlineSize=270 -XX:FreqlnlineSize=6000 -XX:+UselLargePages -
XX:+UseParallelOldGC -XX:+AggressiveOpts
JVM Affinity: | start /NODE [0,1] /affinity [FFFFFFF]
JVM
Instances: | 2
JVM Initial
Heap (MB): | 12000
JVM
Maximum | 13000
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Heap (MB):

JVM Address [ o,

Firmware | 2.0.1

Version:

Management

" Firmware | 2.30.30.30

“Version: SSJ 1.2.10

Director | & troller

----- None

Boot Firmware Settings

e Default BIOS Settings

| Management Firmware Settings

[none

| System Under Test Notes

Each JVM instance was affinitized to 28 cores.

Using the local security settings console, "lock pages in memory" was enabled for the user running the benchmark.
Run was started remotely via psexec script

Windows Balanced power settings:

Controller System

Hardware
Hardware Vendor: | Dell Inc.
Model: | R720

CPU Description: | Xeon 2650 v2
Memory amount (GB): | 256

Software
Operating System (OS): | Microsoft Windows Server 2012 Enterprise R2 SP1
JVM Vendor: | Oracle Corporation
JVM Version: | Oracle 1.7.0_80
CCS Version: | 1.2.6

Measurement Devices

Power Analyzer pwr1
Hardware Vendor: | Yokogawa Meters and Instruments Corporation
Model: | WT210
Serial Number: | 91K308574
Connectivity: | RS-232
Input Connection: | Default
Metrology Institute: | NIST
Accredited by: | Simco Electronics
Calibration Label: | 6930823
Date of Calibration: | 16-Feb-2016
PTDaemon Host System: | same as CCS
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PTDaemon Host OS:

same as CCS

PTDaemon Version:

1.8.0-efc0c004-20160120

Setup Description:

Connected to SUT power supply 1

Temperature Sensor temp1

Hardware Vendor:

Digi International Inc.

Model: | Watchport/H
Driver Version: | Watchport Virtual Port 5.30.2.0
Connectivity: | USB

PTDaemon Host System:

same as CCS

PTDaemon Host OS:

same as CCS

Setup Description:

50 mm in front of SUT main airflow intake

Notes

[None

Aggregate Electrical and Environmental Data

Target Load Average Active Power (W) Minimum Ambient Temperature (°C)
100% 2,656 22.9
90% 2,326 22.9
80% 2,215 22.9
70% 1,988 23.0
60% 1,816 23.1
0% 1,528 23.1
40% 1,271 23.2
0% 1,134 23.4
20% 1,033 23.4
0% 927 23.4
Active Idle 630 23.4
Line Standard Minimum Temperature (°C) Elevation (m)
208V / 60 Hz / 1 phase / 2 wires 22.9 255

See the Power/Temperature Details Report for additional details.

Aggregate Performance Data

ssj_ops @calibrated=19,156,607

See the Aggregate Performance Report for additional details.
Copyright © 2007-2016 Standard Performance Evaluation Corporation

Target Load
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1?-\.

Target Load | Actual Load - ssj_ops & Target ssj_ops -@ Actual ssj_ops
arget Actual 20,000,000 -
Calibration 1 19,398,531
Calibration 2 19,080,769 17 500,000 |
Calibration 3 19,232,446
ssj_ops@calibrated=19, 156,607 15,000,000
100% 100.1% 19,156,607 19,178,162
12,500,000
90% 90.0% 17,240,946 17,233,268 o
80% 79.9% 15,325,286 15,309,479 i 10,000,000
70% 70.1% 13,409,625 13,421,003 @
60% 60.0% 11,493,964 11,494,640 7,500,000 1
50% 50.0% 9,578,304 9,569,349
5,000,000 -
40% 40.0% 7,662,643 7,666,215
30% 30.0% 5,746,982 5,739,772 2,500,000 -
20% 20.0% 3,831,321 3,830,355
10% 10.0% 1,915,661 1,920,523 o y
: L "3- = o e e ce dE de e oe o
Active Idle 0 0 & %Byv@@%q,o@ﬁn B D o nS q \b
03" 03" QF‘
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Power/Temperature Details
Copyright © 2007-2016 Standard Performance Evaluation Corporation

Hewlett Packard Enterprise Proliant BL460c Gen9 (Intel SPECpower_ssj2008 = 5,172 overall
Xeon E5-2660 v4, 2.00 GHz) ssj_ops/watt
Test Sponsor: | Dell Inc. SPEC License #: | 55 Test Method: | Multi Node
_ . | Round Rock, . | May 16,
Tested By: | Dell Inc. Test Location: TX, USA Test Date: 2016
Hardware Availability: | Mar-2016 Software Availability: | Apr-2015 Publication: | Unpublished
. . . . Power | Line-
System Source: | Single Supplier System Designation: | Server provisib};i‘ﬁg; powered
Benchmark Results Summary
Target Average Active Minimum Ambient |—I— Average Active Power -8 Minimum Ambient Temperature
Load Power (W) Temperature (°C)
Callbrat|0r11 2,658 228 3000 - .7':'_'—0—0—0-0—04.—.;0—0—1 .
— 2,750 | |
Callbratlog 3,020 229 2 500 - | \"~. - 200
ibrati 2,250 | i 175 =
Callbratlo:r; 3.055 23 0 !~~ g
g 2,000 1 F150 8
100% 3,071 23.1 = 1750 o
90% 2,753 232 & 4500 : 128 8
80% 2,226 233] £ 4. ‘“'N-\- 100 ®
70% 1,905 23.4 1,000 1 ) 5 DD.
60% 1,736 23.2 750 | n
50% 1,606 23.3 500 | 5o
40% 1,492 23.4 _ o5
30% 1,397 23.4 240
20% 1,305 235 s
10% 1,209 23.5 FHRNSEFE L E L PP P '\i‘\b
Active Idle 874 23.4 S &
oF ot

Target Load

Measurement Devices

Power Analyzer pwr1
Yokogawa Meters and Instruments Corporation

Hardware Vendor:

WT210

Serial Number: | 91K308574
Connectivity: [ RS-232
Input Connection: | Default
Metrology Institute: | NIST
Accredited by: | Simco Electronics
Calibration Label: | 6930823
Date of Calibration: | 16-Feb-2016

PTDaemon Host System:

same as CCS

PTDaemon Host OS:

same as CCS

PTDaemon Version:

1.8.0-efc0c004-20160120

Setup Description:

Connected to SUT power supply 1

Temperature Sensor temp1
Hardware Vendor: | Digi International Inc.

Model: | Watchport/H
Driver Version: | Watchport Virtual Port 5.30.2.0
Connectivity: | USB
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PTDaemon Host System: | same as CCS

PTDaemon Host OS: | same as CCS

Setup Description: | 50 mm in front of SUT main airflow intake

| Notes
[None
| Power Details for Device pwr1
Avg Power = Average Power
Target Voltage (V) | Current (A) P-A‘—'—g- Active | Measurement | J |
"Load’ SOWel Bower “Uncertainty -
------ Avg|Range|Avg |Range Factor|--33""| ~=~~(g7y "> 3,000 - /—' \
; ; 2,750 4
Calibration] 52| 300.0{13.4| 20.0| 0.986| 2,658 0.4%| oo \_
Calibration| 55| 300.0[15.2| 20.0| 0.987| 3,020 0.4%| 220
- - 2 g 2,000
Callbration| 202| 300.0|15.4| 20.0| 0.987| 3,055 0.4%| = 1780 -
1]
100%]| 202 300.0[15.4] 20.0] 0.987| 3,071 04%| £ 1] e
90%| 202 300.0[13.8] 20.0] 0.986| 2,753 0.4%| & 1258 .
80%| 203 300.0[11.2] 20.0] 0.983] 2,226 0.5% 1.000 1 ‘.
70%| 204| 300.0[9.55] 10.0] 0.979] 1,905 0.3% 750
60%]| 204| 300.0[8.72[ 10.0] 0.977| 1,736 0.4% 500 |
50%| 204| 300.0[8.07] 10.0] 0.975] 1,606 0.4% 250 |
40%]| 204| 300.0]{7.51] 10.0[ 0.972] 1,492 0.4% 0 : —
30%| 205 300.0{7.04| 10.0] 0.969| 1,397 0.4% @1; Bﬁé}*@*@* q‘l"ﬁ;}d"‘_g}d"bpd" -:f" q""@"f‘@"
20%]| 205| 300.0[6.59] 10.0] 0.967| 1,305 0.4% \@w\\g\\v@ as
10%]| 205] 300.0]6.12] 10.0[ 0.964] 1,209 0.5% @ o o v
Active Idle| 206] 300.0[4.49] 10.0] 0.947[ 874 0.6% Target Load
Copyright © 2007-2016 Standard Performance Evaluation Corporation
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SPECpower_ssj2008

Copyright © 2007-2016 Standard Performance Evaluation Corporation

Hewlett Packard Enterprise Proliant BL460c Gen9 (Intel

Xeon E5-2660 v4, 2.00 GHz)

SPECpower_ssj2008 = 5,172 overall
ssj_ops/watt

Test Sponsor: | Dell Inc. SPEC License #: | 55 Test Method: | Multi Node
. . | Round Rock, . | May 16,
Tested By: | Dell Inc. Test Location: TX, USA Test Date: 2016
Hardware Availability: | Mar-2016 Software Availability: | Apr-2015 Publication: | Unpublished
e . . — Power | Line-
System Source: | Single Supplier System Designation: | Server Provisioning: | powered

Benchmark Results Summary

Performance Power _ Performance to Performance to Power Ratio
Tf‘g_g_gt. £°I‘__‘Eot_:_3|_ ssj_ops A‘!gg%lgr?‘fvt_;y_‘? “"Power Ratio 0 1000 2,000 3,000 4.::!|:u:| 5000 5,000 7,00
100%| 99.8%| 18,372,379 3,071 5,983 100% T S
90%| 90.0%|16,576,309 2,753 6,020
80%| 80.0%]|14,722,874 2,226 6,615 “0%
70%| 70.0%|12,885,499 1,905 6,764 20%
60%| 60.0%] 11,057,875 1,736 6,368 0%
50%| 50.0%| 9,211,622 1,606 5,735 =
40%| 40.0%| 7,368,876 1,492 4939 & %
30%]| 30.0%| 5,517,084 1,397 3,949 ] 50%
20%| 20.0%| 3,684,952 1,305 2,823 E 0%
10%| 10.0%| 1,841,922 1,209 1,523 = 0%
Active Idle 0 874 0
yssj_ops / Ypower = 5,172 20%
10%
Antive
Idle
0 500 1,000 1500 2000 2500 3,000
Average Active Power (W)
Aggregate SUT Data
# of Nodes | # of Chips | # of Cores | # of Threads Total RAM (GB) # of OS Images # of JVM Instances
8 16 224 448 1,024 8 16
System Under Test
Shared Hardware
Shared Hardware
Enclosure: | HPE Bladesystem c¢7000 Enclosure
Form Factor: | 10U
Power Supply Quantity and | 5,

Power Supply Details:

HPE P/N:570493-101

Network Switch:

Dell PowerConnect 6248

Network Switch Details:

48 Port 1Gb Ethernet Switch

KVM Switch: | None

KVM Switch Details:

N/A

Other Hardware:

BladeSystem ¢7000 DDR2 Onboard Administrator with KVM, HP P/N: 456204-B21; HPE 16
Port 1Gb Ethernet Pass-Thru Module

Comment:

Network switch not measured for power
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Set:

'sut’

Set Identifier:

sut

Set Description:

System Under Test

# of Identical Nodes:

8

Comment:

None

Hardware per Node

Hardware Vendor:

Hewlett Packard Enterprise

Proliant BL460c Gen9 (Intel Xeon E5-2660 v4, 2.00 GHz)

Form Factor:

Blade

CPU Name:

Intel Xeon E5-2660 v4 2.00 GHz

CPU Characteristics:

14 Core, 2.00 GHz, 35MB L3 Cache

CPU Frequency (MHz):

2000

CPU(s) Enabled:

28 cores, 2 chips, 14 cores/chip

Hardware Threads:

56 (2 / core)

CPU(s) Orderable:

1,2 chips

Primary Cache:

32KB | + 32KB D on chip per core

Secondary Cache:

256KB 1+D on chip per core

Tertiary Cache:

35 MB 1+D on chip per chip

Other Cache:

None

Memory Amount (GB):

128

# and size of DIMM:

8 x 16 GB

Memory Details:

16GB 2Rx8 PC4-2400T, Slots A1-4, B1-4 populated

Power Supply Quantity and Rating (W):

None

Power Supply Details:

Shared

Disk Drive:

2 x 300 GB 2.5" 10000 RPM SAS;HPE P/N:689287-001

Disk Controller:

Smart HBA H244br Controller;HPE P/N:726809-B21

# and type of Network Interface Cards (NICs) Installed:

1 x Onboard 2 port FlexFabric 5536FLB 10GbE

NICs Enabled in Firmware / OS / Connected:

2/2/1

Network Speed (Mbit):

1000

Keyboard:

None

Mouse:

None

Monitor:

None

Optical Drives:

No

Other Hardware:

None

Software per Node

M _P_(_)\_I\{QI:‘ Balanced Mode in OS (See Notes)
anagement:
sys'?epﬁe{r%gg)gf Microsoft Windows Server 2012 R2 Datacenter
OS Version: | Version 6.3.9600.17196
Filesystem: [ NTFS
JVM Vendor: | Oracle
JVM Version: | Java HotSpot 64-Bit Server VM (build 24.80-b11, mixed mode), version 1.7.0_80
-server -Xmx13g -Xms13g -Xmn11g -XX:SurvivorRatio=1 -XX: TargetSurvivorRatio=99 -
JVM | XX:ParallelGCThreads=28 -XX:AllocatePrefetchDistance=256 -XX:AllocatePrefetchLines=4 -
Command- | XX:LoopUnrollLimit=45 -XX:Initial TenuringThreshold=12 -XX:MaxTenuringThreshold=15 -
line Options: | XX:InlineSmallCode=9000 -XX:MaxInlineSize=270 -XX:FreqInlineSize=6000 -XX:+UselLargePages -
XX:+UseParallelOldGC -XX:+AggressiveOpts
JVM Affinity: | start /NODE [0,1] /affinity [FFFFFFF]
JVM |,
Instances:
JVM Initial
Heap (MB): | 1200
JVM
Maximum | 13000

Heap (MB):
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JVM Address 64

Firmware | 2.0.0

Firmware | 2.40

Version:

Workload | 55 1 5 19

Version:

Director | & ontroller

----- None

Boot Firmware Settings

o Default BIOS settings

| Management Firmware Settings

[none

| System Under Test Notes

Each JVM instance was affinitized to 28 cores.

Using the local security settings console, "lock pages in memory" was enabled for the user running the benchmark.
Run was started remotely via psexec script

Windows Balanced power settings:

Controller System

Hardware
Hardware Vendor: | Dell Inc.
Model: | R720

CPU Description: | Xeon 2650 v2
Memory amount (GB): | 256

Software
Operating System (OS): | Microsoft Windows Server 2012 Enterprise R2 SP1
JVM Vendor: | Oracle Corporation
JVM Version: | Oracle 1.7.0_80
CCS Version: | 1.2.6

Measurement Devices

Power Analyzer pwr1
Hardware Vendor: | Yokogawa Meters and Instruments Corporation
Model: | WT210
Serial Number: | 91K308574
Connectivity: [ RS-232
Input Connection: | Default
Metrology Institute: | NIST
Accredited by: | Simco Electronics
Calibration Label: | 6930823
Date of Calibration: | 16-Feb-2016
PTDaemon Host System: | same as CCS
PTDaemon Host OS: | same as CCS
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PTDaemon Version:

1.8.0-efc0c004-20160120

Setup Description:

Connected to SUT power supply 1

Temperature Sensor temp1

Hardware Vendor:

Digi International Inc.

Model: | Watchport/H
Driver Version: | Watchport Virtual Port 5.30.2.0
Connectivity. | USB

PTDaemon Host System:

same as CCS

PTDaemon Host OS:

same as CCS

Setup Description:

50 mm in front of SUT main airflow intake

Notes

[None

Aggregate Electrical and Environmental Data

Target Load Average Active Power (W) Minimum Ambient Temperature (°C)
100% 3,071 23.1
90% 2,753 23.2
80% 2,226 23.3
70% 1,905 23.4
60% 1,736 23.2
50% 1,606 23.3
40% 1,492 23.4
30% 1,397 23.4
20% 1,305 23.5
10% 1,209 23.5
Active Idle 874 23.4
Line Standard Minimum Temperature (°C) Elevation (m)
208V / 60 Hz / 1 phase / 2 wires 23.1 255

See the Power/Temperature Details Report for additional details.

Aggregate Performance Data

Target Load Actual Load ssj_ops & Target ssj_ops -# Actual ssj_ops
-------------------------- Target Actual
Calibration 1 - 18,704,186 55]_ops @ealibrated= 18,414,976
Calibration 2 18,310,679 17.500.000 1
Calibration 3 ' . 18,519,272 15,000,000 4
Ssj_ops@calibrated=18,414,976
100% 90.8%| 18,414,976] 18,372,379 12 600,000 4
90% 90.0%| 16,573,478| 16,576,309 »
80% 80.0%| 14,731,981 14,722,874 S| 10,000,000 |
70% 70.0%| 12,890,483 12,885,499 2
60% 60.0%| 11,048,985 11,057,875 7.500.000 1
50% 50.0% 9,207,488 9,211,622 6 000,000 |
40% 40.0% 7,365,990 7,368,876
30% 30.0% 5,524,493 5,517,084 2,600, 0010 |
20% 20.0% 3,682,995 3,684,952
10% 10.0% 1,841,498 1,841,922 o
Active Idle 0 0 RN ”'@”‘@”‘@”‘Lq“@%ﬁp“@“@“,\q“\b
AB B
AN ¥

Target Load

See the Aggregate Performalnce Report for additional details.
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