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LLVM/Clang) and used on real applications (e.g., Google
Chrome, Firefox).

PGO is not limited to a user space application and can be
applied to the Linux kernel [3]. Profile guided kernel
optimization (PGKO) creates a Linux kernel which is optimized
for the behavior of an application.

Approach

Bare-Metal Container (BMC) runs a container image on a
remote machine with a suitable kernel. BMC is customized to
create an optimized kernel by PGKO and apply it to the target
application automatically.

What is BMC?

Bare-Metal Container (BMC) [2] is a technology to run a
container image on a remote machine with a suitable Linux
kernel, similar to an OS provisioning system (e.g., Ironic of
OpenStack and Kadeploy3). BMC easily allows changes of the
kernel and machine, which facilitates the comparison of the
effects of different kernel optimizations on the machine. BMC
utilizes remote machine management technologies (IMPI, Intel
AMT, and WakeupOnLAN) to power on and off a remote
machine. BMC also utilizes network bootloader “iPXE” to
control Linux booting. iPXE has an original scripting language
and allows the selection of a Linux kernel and initrd from
HTTP/HTTPS servers. The container image is deployed on
RamFS and is used as the root file system.

- T

l 3 <
I\§72C or IP1) Power On (WOL, AMT, IPMI)

iPXE

HTTPS (apache]
iPXE script

kernel & initrd

Download iPXE script

iPXE
(1P2)

[ NFS or download to RAM FS ]
]

Download kernel & initrd

NFS or download to RAM FS
dockerimage

cloud-init
+bmc tools (heatbea
+sshd
+ssh pub-key

Kernel & initrd

request ssh connection
(1P3) <

® <
[(Lﬁlxor IP1) power Off (shutdown, AMT, IPMI)

BMC’s Customization for PGKO

BMC'’s procedure is managed by the shell script.

» First booting uses the profiling kernel of PGKO and takes the
profile of a target application.

» The profile is used to re-compile the kernel, creating the
optimized kernel.

» Second booting uses the optimized kernel and runs the
application.

Kernels were optimized for big data workloads (Apache and
Redis) on two machines; a server with Intel Broadwell Xeon E5-
2630v4 10cores 2.20GHz and 64GB memory and a note PC
(ThinkPad T430s) with Intel Ivy Bridge i7-3520M dual cores
2.90GHz and 16GB memory.

The profiles for KPGO were taken for benchmark size
1,000,000 on Apache and 50,000,000 on Redis. The optimized
kernels were applied to different sizes. 5 trials for each
benchmark size were measured. The optimized kernel was
compiled on a separate machine and this overhead is omitted
in order to assess the improvement only due to kernel
replacement.

System call’s improvement on Apache on Xeon.
Measured by “strace -c”. Benchmark size is

System call’s improvement on Redis on Xeon.
Measured by “strace -c”. Benchmark size is

8,000,000. 80,000,000.
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System calls issued many times are improved, but the effects are different.
The detail analysis is our future work.

The overhead of compiling an optimized kernel requires some time
making it unsuitable for single execution. However, it is useful when the
target application is used repeatedly. We will analyze suitable usage in
our future work. We also discovered that Intel Broadwell architecture
improves branch prediction and may invalidate the software optimization.
This may explain the discrepancy in the results when using Redis.
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