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1 Goals

This performance study is one of a series intended to obtain performance data which can be
used for several purposes:

* determine scalability limits for RHEV/RHS

* provide recommendations to customers about ratio of RHEV hosts to Gluster servers,
number of guests per RHEV host, tuning of RHEV hosts if any, tuning of guests if any

* understand 1/O bottlenecks and identify optimizations

In this article we use the terms “Red Hat Storage” (abbreviated to RHS) and “Gluster”
somewhat interchangeably. Red Hat Storage is a particular instantiation of Gluster that is
tuned and optimized for specific workloads and configurations.

Drawing 1 : RHEV/RHS configuration
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2 Results

For first installment of results, we use a single RHEV client with virtual machine parameters
similar to RHEV/RHS configuration. We are using an “image-local” filesystem only. By
“image-local” filesystem we mean a filesystem such as ext4 which is backed by the VM's
virtual disk image. In these tests, we created a separate LVM volume inside the VM's virtual
disk image, formatted it with ext4, and ran all tests within that filesystem * We are using
beta-test version of RHS 2.0+ designed to support RHEV 3.1 release, and we are focusing at
this point exclusively on sequential read/write performance of an application running inside a
VM.  The short version of the results is:

max throughput for: sequential read MB/s sequential write MB/s
single guest 380° 404
host (aggregation of all 926 560
8 guests)

Note: it is possible for the guest to mount an external filesystem using the
network (examples: Native Client or NFS (Linux), SMB (Windows), or to
attach an external block device over the network (example: iSCSI). If
additional performance is needed beyond what is described in this report,
consider using one of these alternatives.

For sequential write performance, RHEV/RHS performance is about 33% less than network
limit for a single guest, and approaches the network limit after that. The Y-axis is sized so
that the top of the Y axis corresponds to network line speed. Keep in mind that 2 replicas/file
are used in this test, so network throughput is actually 2x the above results. 550 MB/s x 2
replicas = 1100 MB/s ~= 10 Gbit/sec . , and in the case of 2 guests/host with server
O_DIRECT off, we are over 80% of 10-GbE line speed.

1 Itis also possible to create a separate virtual disk image, and in fact this may be a best practice for certain applications,
but this did not seem to be a configuration alternative that would yield significantly more data.

2 This result requires guest readahead tuning of 2 MB on block device. Using Linux kernel default readahead of 128 KB
in guest, you only get 180 MB/s. See configuration section below for instructions on how to get rhs-guest tuned profile.
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RHEV guest sequential write throughput

1 RHEV host, 1 iozone thread/guest, 2-replica volume, 16-GB file, 4-KB write size
Q)

g 600 560.46
=) 517.32 -
G:) 404M.7

%5 400

c

©

+ 300

Q

= 200

(@p

o

“ 100

Qe

©

o 0

o

o 1VM 2 VMs 4 VMs 8 VMs
(@)

@

RHEV guests/host

Note that the first time the VM is used, there is some overhead because of the copy-on-write
(cow) behavior of the VM image for the first sequential write, and this overhead then
diminishes.
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effect of thin provisioning on sequential write perf.

successive sequential writes in same VM to same file, first sample is with previously unused VM
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For reads, only 1 copy of data will be transmitted to the Gluster client so the top of the Y-axis
again corresponds to network line speed. This result shows that we get about 15% of
network line speed for a single guest, and about 80% of network line speed for 8 guests.

RHEV host sequential read throughput as guests/host increase

1 RHEV host, 1 iozone thread/guest VM, 8 Gluster servers, 2-replica volume
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RHEYV host read transfer rate (MB/s)

If the RHEV/RHS user has only 1 guest per host, and if sequential read performance for that
guest is critical, the next graph shows an alternative that in some cases can give better
results: guest readahead tuning. To do this, we set /sys/block/$dev/queue/read_ahead_kb
sysfs parameter inside the guest where $dev is the appropriate block device. Note: for LVM
devices, you must use device mapper block device to set readahead.

effect of guest readahead value on RHEV host read throughput

1 RHEV host, 1 iozone thread/guest, 16 GB data total, 4-KB iozone record size
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This graph shows that 2048 KB is a “sweet spot” that gives 100% performance improvement
in the 1-VM case but only 6% performance degradation in the 8 VM case.
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2.1 Future performance enhancements

The next graph shows what the FUSE scatter-gather patch (in RHEL6.4, details in bugzilla
858850) can do:

effect of RHEL6.4 FUSE Scatter-Gather enhancement for guest seq. read

1 RHEV host, 1 iozone thread per RHEV guest, 8 RHS servers, 2-replica volume
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The preceding graph shows effect of two variables, whether scatter-gather patch is in use,
and number of RHEV guests/host. This enhancement provides a significant boost to per-
guest throughput, as shown by the green curve, until you reach 8 guests, at which point
performance is constrained by other factors such as network capacity.

If you combine this enhancement with guest readahead tuning, you can significantly improve
sequential read performance as shown by the below graph, to 50% of line speed.

Effect of guest readahead on aggregate guest sequential read performance
with FUSE Scatter-Gather enhancement
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2.2 Evolution of RHEV/RHS virtualization

The next graph shows the effect of an enhancement to Gluster specifically for support of
virtualization: the network.remote-dio volume parameter. When you configure the Gluster
volume with the “group virt” command shown in the Configuration section, this
network.remote-dio parameter will be set to “on” by default. This parameter is somewhat
counter-intuitive — if you turn it “on”, you disable use of O_DIRECT flag on the Gluster server,
and if you turn it “off”, you are causing the server to use O_DIRECT flag if and only if the
client application opens the file with O_DIRECT.

RHEV default configuration for guests will assign the KVM parameter “cache=none” to the
KVM guests that it manages, and this in turn causes the KVM gemu process to open the
guest virtual disk image with the O_DIRECT flag. in RHS 2.0, this would result in the server
using direct I/O to the XFS filesystem on the brick. But in the RHS 2.0+ release targeted at
virtualization, the recommended volume tuning command in configuration section below will
result in several virtualization-specific customizations to the Gluster volume, including setting
the network.remote-dio parameter to on, which will disable O_DIRECT on the server, allowing
server-side caching to take place.

Note that this test was run without the Scatter-gather patch discussed in the preceding graph.

effect of new network.remote-dio volume parameter
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This parameter doesn't have as large an impact when using a single guest per host, but when
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using more than one guest, the disabling of O_DIRECT flag on the server results in higher
throughput, perhaps because of enabled Linux readahead functionality in the servers. When
we get up to 8 VMs, we have reached line speed anyway so the effect cannot be as
pronounced.

This optimization is critical for scaling out a RHEV guest pool to large numbers of VMs,
because with KVM “cache=none” attribute of RHEV guests, the RHEV host will not cache
data from the backing image for the RHEV guest template, so the Gluster servers with the
template replicas will be forced to serve the template image to ALL of the guests over the
network. Fortunately the guests do cache this data so over time the load on the Gluster
servers decreases, and writes to the guest filesystem go to VM-specific qcow2 images and
are hence distributed across the gluster volume automatically. A future paper will address
this topic.

3 Workload

This kind of workload is at present modeled using iozone benchmark with the “-+m” option
that enables distributed workload generation. We can use both random 1/O and sequential
I/O options in iozone, as well as direct I/O. For example, this command will initiate 1/0 using a
separate thread on each of 2 guest VMs on the single RHEV host, writing 8 GB/thread in 4-
KB transfer size, with no rewrite test:

iozone -+m 2vm.ioz -w -¢c -e -i 0 -+n -r 4k -s 8g -t 2

where 2vm.ioz file records such as:

gprfvm-0003-10ge /mnt/test /usr/local/bin/iozone
gprfvm-0007-10ge /mnt/test /usr/local/bin/iozone

4 Configuration

The elements of the hardware configuration for these tests are:

* 8 RHS servers — each 48 GB RAM, 2 6-core Intel westmere CPUs,
o PERC H700 (Megaraid) controller with 12 drives in a RAID6 wi 256-KB stripe size
o BIOS - hyperthreading enabled, virtualization disabled, power set to “OS control”

* 1 RHEV host — 48 GB RAM, 2 6-core Intel westmere CPUs
o BIOS - hyperthreading + virtualization enabled, power set to “OS control”

* 1 Intel 82599EB 2-port 10-GbE network card on all clients and servers.

* Cisco Nexus 7010 switch with 4 48-port line cards, 5-meter thru 10-meter twinax
cables
© jumbo frames (MTU=9000)

The elements of the software configuration are:

* on servers, RHS 2.0 base install, upgraded with Gluster virtualization support
baselevel rhsvirt1-9) (in one graph, the RHEL6.4 kernel S-G patch was used)
» kernel tuning done on each server with:
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# tuned-adm profile rhs-high-throughput

o Gluster — 2-replica volume, volume tuning is:

# gluster volume set your-volume group virt

* onclients, RHEL6.3 + RHEV 3.1 host RPMs, rhsvirt1-9 glusterfs, and glusterfs-fuse
RPMs,
*  On RHEV-M, version 3.1.0-22
* Tune your guest for better readahead following these steps:
o Get the “rhs-guest” tuned profile from /etc/tune-profiles on a RHEL host with
glusterfs RPMs installed.
o Copy this to /etc/tune-profiles/ directory on your virtual guest.

o Configure the guest to continue to use this tuning profile with command:
= tuned-adm profile rhs-guest

o make a template out of it, and then create your pool from that template.
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