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Abstract

As focus is increased on datacenter efficiency, understanding and investing in energy
management has never been more important. Lenovo® has developed a unique feature
called Lenovo Efficiency Mode in the System x® M5 series of servers. This new UEFI setting
is designed to operate autonomously. It optimizes the processor frequency based on the
dynamic workload changes and obtains the best performance/power ratio.

This paper is intended for use by datacenter administrators, end users, and technical sales
personal who would like to learn about the benefits of Lenovo Efficiency Mode and how it
operates.

At Lenovo Press, we bring together experts to produce technical publications around topics of
importance to you, providing information and best practices for using Lenovo products and
solutions to solve IT challenges.

See a list of our most recent publications at the Lenovo Press web site:

http://Tenovopress.com

Do you have the latest version? We update our papers from time to time, so check
whether you have the latest version of this document by clicking the Check for Updates
button on the front page of the PDF. Pressing this button will take you to a web page that
will tell you if you are reading the latest version of the document and give you a link to the
latest if needed. While you're there, you can also sign up to get notified via email whenever
we make an update.
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Introduction

Energy and power utility costs continue to rise and have become a significant portion of the
total data center expense. Energy efficiency enables data centers to use less energy while
providing the same level of performance, and therefore is a critical priority.

In a typical data center, the cost for power and cooling a server for three years is 1.5 to 2
times the cost of purchasing the server hardware itself'. At the same time, IT managers are
challenged to increase the workload capacity of data centers while maintaining or reducing
the power consumption. This can only be achieved by improving the overall efficiency of the
data center.

With data centers focusing on energy efficiency, understanding and investing in energy
management has never been more important. Lenovo has developed a unique feature called
Lenovo Efficiency Mode in the System x M5 series of servers. Lenovo Efficiency Mode is
designed to optimize the processor frequency based on the dynamic workload and obtain the
best performance/power ratio.

Lenovo Efficiency Mode is a setting in UEFI and is available on the following systems, with
either Xeon E5-2600 v3 or E5-2600 v4 processors:

System x3650 M5
System x3550 M5
System x3500 M5
NeXtScale nx360 M5
Flex System x240 M5
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Standard Performance Evaluation Corporation (SPEC) has developed the
SPECpower_ssj2008 benchmark suite (referred to hereafter as SPECpower) to measure the
power and performance characteristics of a server and report the overall performance/watt
efficiency metric of the server. The benchmark can be used to compare power and
performance among different servers and serves as an industry standard toolset for
measuring server efficiency.

The SPECpower benchmark is designed for use by hardware vendors, IT industry, computer
manufacturers, and governments. Also, because it is an industry-standard benchmark, the
results from SPECpower are more credible compared to custom efficiency benchmarks. In
the following sections, SPECpower will be used to compare the performance/watt efficiency in
different scenarios.

With respect to performance/watt efficiency, one of the key factors that affects efficiency is
CPU frequency. The CPUs in a server typically consume the largest portion of power used by
the server. As the CPU frequency is increased, the CPU power generally increases
exponentially which leads to higher system power. Therefore, monitoring the CPU frequency
is critical in analyzing the overall efficiency of the server. However, the SPECpower
benchmark suite does not monitor or report CPU frequency. To collect the CPU frequency
while running the scenarios in this paper, Intel’s Power Thermal Utility was used.

Methods of controlling CPU P-states

Modern CPUs are capable of changing their operating frequency on-the-fly -- operating
modes known as P-states. Running a CPU at a lower frequency (a higher-numbered P-state)

! United States Data Center Energy Usage Report, Ernest Orlando Lawrence, Berkeley National Laboratory,
Table 4, http://eta.1bl.gov/publications/united-states-data-center-energy-usag
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when the workload is light saves power. However, running a CPU at too low of a frequency
can reduce the performance below an acceptable level.

Lenovo UEFI supports multiple P-state control mechanisms. The P-state setting is on the
Processors page in UEFI as shown in Figure 1.

Processors

Turbo Mode <Disable> Select the method used to
CPU P-state Control {Lenovo Efficiency Mode> control CPU P-states
C-States <Legacy> (perfornance states) . 'Mone’
C1 Enhanced Mode <Enable> disables all P-states and
Hyper-Thread ing <Enable> the CPUs run at either their
Execute Disable Bit <Disable> rated frequency or in turbo
Trusted Execution Technology <Disable> mode (if turbo is enabled) .
Intel Virtualization Technology When ‘Legacy’ is selected,
Hardware Prefetcher None the CPU P-states will be

Ad jacent Cache Prefetch Legacy presented to the operating
DCU Streamer Prefetcher Autonomous system (03) and the 0S power
DCU IP Prefetcher Lenovo Efficiency Mode management (OSPM) will

DCa directly control which
Energy Efficient Turbo <Enable> P-state is selected.

Uncore Frequency Scaling <Enable> 'Cooperative’ is a
MONITOR/MUWALT <Enable> combination of Legacy and
(PI Link Disable <Enable All Links> fiutonomous. The P-states are
COD Preference <Enable> still controlled in hardware
Snoop Preference <HS with HD+0SB> but the 03 can provide hints
Per Core P-state. <Enable> to the hardware for P-state
Cores in CPU Package <All> More (D/d)

Tl=Move Highlight <Enter>=Complete Entry Esc=Exit Entry

Figure 1 UEFI setting for P-state control

The choices are as follows:
» None:

The None selection disables all P-states and the CPUs run at either their rated frequency
or in Turbo mode (if Turbo is supported by the processor and is enabled in UEFI). The
trade-off in this mode is that CPUs will run at their top frequency regardless of the level of
workload. This results in more CPU power being consumed, but there is a benefit to
performance.

» Legacy Mode:

When Legacy is selected, the CPU P-states will be presented to the operating system
(OS) via the ACPI table. The OS power management (OSPM) function will directly control
which P-state is selected.

» Autonomous Mode:

For Autonomous mode, the server ignores all OS requests for P-states and decides on its
own what the best P-state is to use.

» Lenovo Efficiency Mode:

Lenovo Efficiency Mode is similar to Legacy mode in that the OSPM chooses the desired
P-state. But, unlike the Legacy option, the OSPM’s P-state choice only serves as a
suggestion when Lenovo Efficiency Mode is enabled. Lenovo Efficiency Mode then uses
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the OSPM’s P-state suggestion along with the CPU utilization level to make a final
determination of the appropriate P-state that will achieve maximum efficiency. Depending
on the CPU utilization, the actual P-state could be different from the P-state requested by
the OSPM.

This paper compares Legacy Mode and Lenovo Efficiency Mode for energy efficiency. Based
on the above description, it is clear that disabling P-states entirely (the None option) will have
a negative effect on energy efficiency. Autonomous has proved to have lower energy
efficiency than Legacy Mode, and therefore is not covered in this paper. Instead, this paper
will compare the P-state Legacy option vs. the Lenovo Efficiency Mode option to demonstrate
which is more efficient under either a Windows or Linux environment.

Comparing P-state control under Windows

For our tests under Windows we used the following server configuration:

Operating system: Windows Server 2012 R2

Java virtual machine: Oracle Java7 update 80

Server: Lenovo System x3650 M5

Processors: 2x Intel Xeon E5-2699 v4 (2.2 GHz, Turbo frequency up to 3.6 GHz)
Memory: 8x 8 GB 2Rx8 DDR4 DIMMs

Local storage: 1x 480GB SSD
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In order to compare Legacy vs. Lenovo Efficiency Mode P-state control, four SPECpower
benchmark runs were completed and the results recorded under Windows, with and without
Turbo Mode, as listed in Table 1.

Table 1 Windows tests performed

Turbo Mode disabled Turbo Mode enabled

Legacy Mode - P-state control Run 1 Run 3

Lenovo Efficiency Mode - P-state control Run 2 Run 4

When the CPU frequency increases, the power increases exponentially, and this is
particularly true when Turbo Mode is engaged. Turbo Mode allows for extreme performance
at the expense of increased power and reduced efficiency. To fully understand the impact of
Turbo Mode, the legacy vs. Lenovo Efficiency Mode comparison was done both with Turbo
Mode disabled and enabled.

After all four benchmark runs were completed, they were normalized to the lowest score and
compared as shown in Figure 2 on page 6.
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Relative Efficiency Impact of Lenovo Efficiency Mode - Windows
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Turbo Disabled Turbo Enabled
B Legacy M Lenovo Efficiency Mode

Figure 2 Impact on energy efficiency of the use of Lenovo Efficiency Mode

As shown in Figure 2, Lenovo Efficiency Mode improves average efficiency under Windows
by approximately 2.5%. To further narrow down exactly where the efficiency boost is
occurring, the SPECpower results need to be analyzed in greater detail. This is easy to do
because the SPECpower benchmark stresses the server at 11 different utilization levels
ranging from 100 to 0% and records the performance and power at each utilization level.

When the SPECpower benchmark runs, it drives the system to a predetermined performance
level for each of the 11 utilization levels measured. As shown in Figure 3, the relative
performance difference for both runs with Turbo Mode disabled is less than 1%.

Performance delta of Lenovo Efficiency Mode
compared to Legacy Mode - Turbo disabled
1.00%
0.50%
0.00%
100% 90% 80% 70% 50% 40% 30% 20% 10% Idle
0.50% Utilization Level (%)
-U. ()
-1.00%

Figure 3 Performance delta - Turbo Mode disabled

The same is true when Turbo Mode is enabled as shown in Figure 4 on page 7 - the relative
performance delta is less than 1%.
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Performance delta of Lenovo Efficiency Mode
compared to Legacy Mode - Turbo enabled
1.00%
0.50%
0.00%
100% 90% 80% 6 60% 50% 40% 30% 20% 10% Idle
Utilization Level (%)
-0.50%
-1.00%

Figure 4 Performance delta - Turbo Mode enabled

Because the performance is virtually identical between the two non-Turbo runs shown in
Figure 3 on page 6 and between the two Turbo runs shown in Figure 4, it can be concluded
that the difference in the performance/watt efficiency between Legacy Mode and Lenovo
Efficiency Mode P-state control must be due to differences in power consumption.

Figure 5 shows the power delta between Legacy Mode and Lenovo Efficiency Mode P-state
control for each of the 11 utilization levels run by SPECpower.

Power savings with Lenovo Efficiency Mode under Windows
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Figure 5 Power savings with Lenovo Efficiency Mode under Windows

As shown in Figure 5, Lenovo Efficiency Mode boosts power savings either with Turbo
enabled or disabled. With Turbo disabled, there is a maximum 9 watts power savings. And
with Turbo enabled, the maximum power savings increases to 16W.

Figure 6 on page 8 shows the frequency that the processor is driven at for each SPECpower
utilization level. For a given load, the CPU frequency is lower when the system is in Lenovo
Efficiency Mode than when the system is in Legacy Mode.
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Figure 6 CPU frequency at each SPECpower utilization level (Turbo disabled)

With the analysis shown in Figure 6, Turbo Mode was disabled. Doing the same analysis with
Turbo enabled results in a similar behavior.

Comparing P-state control under Linux

For our tests under Linux we used the following server configuration:

Operating system: Red Hat Enterprise Linux 7 Update 2

Java virtual machine: Oracle Java7 update 80

Server: Lenovo System x3650 M5

Processors: 2x Intel Xeon E5-2699 v4 (2.2 GHz, Turbo frequency up to 3.6 GHz)
Memory: 8x 8 GB 2Rx8 DDR4 DIMMs

Local storage: 1x 480GB SSD

vVvyvyvyYYyypy

Under Linux, one of the most effective ways to reduce power consumption and heat output on
a server is to use the cpufreq driver. Cpufreq can be enabled by adding the following line to
/boot/grub2/grub.cfg:

intel_pstate=disable

There are four preconfigured governors in the operating system’s acpi_cpufreq driver:

Performance
» Powersave
» Conservative
» Ondemand

v

In addition, end users can also choose the Userspace governor which allows more
customization. The end user can select any of the governors for controlling the CPU
frequency. A comparison of the governors are shown in Table 2 on page 9.

8 Power Management with Lenovo Efficiency Mode



Table 2 A comparison of the different governors in the Linux acpi_cpufreq driver

Governor selection | Efficiency impact

Performance Not good for efficiency because it forces the CPUs to stay at the highest
frequency regardless of the loadings. Overall, power consumption will be
higher.

Powersave Not good for efficiency either , because it forces the CPUs to stay at the lowest
frequency no matter how much workload is present. Overall, performance will
be lower.

Ondemand Scales the CPU frequency between minimum and maximum. The final
operating frequency is based on the workload. Efficiency will benefit.

Conservative Operates the same as the ondemand governor but switches between P-states
more gradually. This can have a detrimental effect on system latency.

Userspace Requires a lot of intensive workload tuning to determine the optimal CPU
frequency that achieves the highest efficiency. It’'s an iterative process and is
not automatic. Most data center administrators don’t have the time to
manually optimize the userspace governor.

Figure 7 illustrates how each governor controls the CPU frequency during a SPECpower run
while using legacy P-state control. It can be seen that the operation of each matches the
descriptions above.

Linux Governor Comparison
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Figure 7 Linux governor comparison

Figure 7 shows a comparison of the CPU frequency control for each of the Linux governors.
Based on our experience and several SPECpower runs, we know that the Ondemand
governor produces the highest efficiency when Lenovo Efficiency Mode is disabled.
Therefore, Ondemand was used as the comparison point when Lenovo Efficiency Mode was
enabled. Lenovo Efficiency Mode complements the Linux governor selected and it will be
shown that enabling Lenovo Efficiency Mode boosts the overall system efficiency when used
along with the Ondemand governor.

As was done under Windows (see Figure 2 on page 6), overall efficiency comparisons were
done with Turbo Mode both disabled and enabled. However, as shown in Figure 8 on

page 10, the advantage of Lenovo Efficiency Mode is significantly more pronounced under
Linux. When Lenovo Efficiency Mode is enabled there is a 16-19% efficiency advantage,
compared to Legacy Mode P-state control.
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Figure 8 Impact on energy efficiency of the use of Lenovo Efficiency Mode

Drilling down into the details, the power savings across the full utilization curve can be
studied. From Figure 9, it can be seen that with Lenovo Efficiency Mode, there is a maximum
of 74W savings when Turbo is enabled and 60W when Turbo is disabled.

Power Savings with Lenovo Efficiency Mode under Linux
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Figure 9 Power savings with Lenovo Efficiency Mode under Linux

Conclusions

It has been shown how Lenovo Efficiency Mode optimizes the CPU frequency in real time to
improve the performance/watt efficiency on Lenovo servers. In essence, Lenovo Efficiency
Mode prevents the CPU from running faster than necessary to complete a job. It is analogous
to selecting the optimal transmission gear in a vehicle based on the speed of the vehicle.
Selecting the optimal gear and engine speed boosts efficiency and saves fuel. Similarly,
selecting the optimized CPU frequency saves power and improves efficiency on Lenovo
servers.
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Whether running Windows or Linux, Lenovo Efficiency Mode can improve a server’s
performance/watt efficiency with one change in a UEFI setting. Unlike other efficiency tuning
methods, Lenovo Efficiency Mode does not require extensive tuning or intricate knowledge of
the server environment.

Data centers can realize significant savings by enabling Lenovo Efficiency Mode. Under
Windows, efficiency is boosted by an average of 3% and a maximum power savings of 16W
is realized. Under Linux, efficiency is boosted by an average of 19% and a maximum power
savings of 74W is realized. The power savings leads to real dollar savings at the data center
level.
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