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Best practices for KVM

Learn about the best practices for Kernel-based Virtual Machine (KVM), including device virtualization
for guest operating systems, local storage devices of virtual machines, over-committing processor and
memory resources, networking, and block I/O performance.

Best practices for device virtualization for guest operating systems

Learn about the performance gains of para-virtualized devices and about the drivers of the VirtIO APIL

Best practice: Para-virtualize devices by using the VirtlO API

KVM can provide emulated or para-virtualized devices to the guest operating systems. Compared to
emulated devices, para-virtualized devices provide lower latency and higher throughput for I/O
operations of guest operating systems. KVM includes the VirtlO API to para-virtualize devices.

With all virtualization technologies, the hypervisor must provide the guest operating systems with
devices that the guest operating systems require to successfully run. In the simplest case, these devices
provide storage and network access. In more complicated cases, additional devices provide new functions
that use the virtualization base on which the guest operating systems run.

Typically, the hypervisor provides emulated or para-virtualized devices to the guest operating systems.
Emulated devices

Emulated devices are the most common virtualized devices. Emulated devices are a core component of
full virtualization solutions such as VMware.

When a hypervisor provides a guest operating system with an emulated device, the hypervisor creates a
software implementation of the hardware. In KVM, a modified version of QEMU in user space provides
device emulation. The hypervisor intercepts all I/O requests from the guest operating system and
emulates the operation of the real I/O hardware. The guest operating system that uses the device
interacts with the device as if it were actual hardware rather than software.

The hardware device that is emulated is usually an older, generic device that supports various drivers
across various operating systems. This broad support is the core strength of device emulation. It provides
the ability for guest operating systems to run and use emulated devices with no special drivers and with
no modification to the operating system.

While emulated solutions provide a broader compatibility level than para-virtualized solutions, the
performance of emulated solutions is lower than para-virtualized solutions.

Red Hat Enterprise Linux provides several emulated devices that support the following functions:
* Block I/O: emulated devices include IDE, Floppy, SCSI, and USB

* Networking: emulated devices include 1000, ne2k_pci, pcnet, and rtl8139

* Graphics

* Mouse input

* Serial port

* Sound cards
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Emulated devices that support graphics, mouse input, serial port, and sound cards are meant for the
enablement of guest operating systems. These devices are not currently targeted for para-virtualized
performance improvements.

Para-virtualized devices

Para-virtualized devices are software implementations of hardware devices. You can install a
para-virtualized driver in the guest operating system. With para-virtualized devices, the hypervisor and
the guest operating system use an optimized I/0O interface to communicate as quickly and efficiently as
possible.

Unlike emulation, para-virtualization requires that the guest operating system be modified to
communicate with the hypervisor. In some solutions, such as Xen, the entire guest operating system is
para-virtualized for an efficient, cooperative relationship with the hypervisor. In other solutions, such as
VMware and KVM, only the device drivers are para-virtualized.

While para-virtualized solutions typically outperform emulated solutions, the compatibility level of
para-virtualized solutions is lower than emulated solutions. The reason that para-virtualized solutions
typically outperform emulated solutions is because emulated devices must adhere to the same
requirements as the real hardware they emulate. This adherence is critical because if the emulated device
does not behave like the hardware, the device drivers in the guest operating system might not work as
intended. However, this adherence is not necessarily efficient when two pieces of software, the hypervisor
and guest operating system, must communicate. Para-virtualized devices are not burdened with this
adherence requirement. Instead, para-virtualized solutions use an API that provides high performance for
I/O operations of guest operating systems.

In addition to latency and bandwidth gains, para-virtualized devices require fewer processor resources
than emulated devices. Sometimes emulation code cannot be implemented efficiently. One possible reason
is the lack of specialized hardware assistance. This inefficient code causes high processor load when a
device is heavily used. Lower processor use is often an additional benefit of para-virtualized devices
because of the optimized nature of para-virtualized devices.

VirtlO API

The VirtlO APl is a high performance API that para-virtualized devices use to gain speed and efficiency.
The VirtlO API specifies an interface between virtual machines and hypervisors that is independent of the
hypervisor. In typical situations, VirtlO para-virtualized devices provide lower latency and higher
throughput for I/O operations of guest operating systems. VirtlO para-virtualized devices are especially
useful for guest operating systems that run I/O heavy tasks and applications.

Tip: Always use devices that implement the VirtlO API if the devices are available and supported for the
guest operating system.

For a compatibility list of guest operating systems and VirtlO devices on Red Hat Enterprise Linux 5.5,
see [KVM Para-virtualized Drivers|
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Related concepts

[“Best practice: Optimize performance by using the virtio blk and virtio net drivers’]

The virtio_blk driver uses the VirtlO API to provide high performance for storage I/O devices,
especially in large enterprise storage systems. The virtio_net driver uses the VirtlO API to provide
increased network performance.

[“Best practice: Virtualize memory resources by using the virtio balloon driver” on page 5|
The virtio_balloon driver provides a communication pathway between the hypervisor and the guest
operating system. The hypervisor uses this communication pathway to over-commit memory resources.

Related tasks

[“Best practice: Configure para-virtualized network devices” on page 17|
You can configure para-virtualized network devices for the guest operating systems.

Best practice: Optimize performance by using the virtio blk and
virtio_net drivers

The virtio_bTk driver uses the VirtlO API to provide high performance for storage I/O devices,
especially in large enterprise storage systems. The virtio_net driver uses the VirtlO API to provide
increased network performance.

Red Hat Enterprise Linux 5.5 provides the virtio_blk and virtio_net VirtlO performance drivers. Red
Hat Enterprise Linux 5.5 also provides additional drivers, such as virtio, virtio_pci, and virtio_ring,
which provide the base support for the VirtlO APIL

The virtio_blk driver

The virtio_bTk driver supports access to para-virtualized block devices for increased storage
performance.

In a set of lab tests, the Flexible File System Benchmark (FFSB) program ran in guest operating systems
and generated various I/O workloads on a large storage system. The large storage system included four
IBM® DS3400 controllers that were fiber-attached, eight RAID10 disk arrays, and 192 disks. The KVM
environment included a guest operating system that used two virtual processors and 4 GB of memory.
The guest operating system did not use any disk I/O cache. The host used two physical processors and 2
GB of memory. The following figure shows the FFSB throughput data for direct I/O with the Deadline
I/0 scheduler:
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KVM Storage I/O Performance - Virtio-blk vs. Emulated IDE
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The figure shows the average FFSB throughput in megabytes per second for the guest operating system
run with a virtio_blk driver and the guest operating system run with an emulated IDE device. For both
the virtio_blk driver and the emulated IDE device, the figure shows throughput data for the following
types of operations:

* Large file creation
* Sequential reads

* Random reads

* Random writes

* Mail server, which includes random file operations such as creating files, opening files, deleting files,
random reads, random writes, and other random file operations. These random file operations were
performed on 100,000 files in 100 directories with file sizes ranging from 1 KB to 1 MB.

For each operation, the figure shows results for one thread, eight threads, and 16 threads.

For example, the figure shows the following average FFSB throughput for random writes on eight
threads:

* Guest operating system with the virtio_blk driver: 85.8 MB/second
* Guest operating system with an emulated IDE device: 19.0 MB/second

Overall, the figure shows that devices that you para-virtualize with the virtio_blk driver outperform
emulated devices, especially in multi-threaded scenarios.

The virtio_net driver

The virtio_net driver supports access to para-virtualized network devices for increased network
performance.
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Quantifying the performance gains of the virtio_net driver is difficult because of the various different
usage patterns for networking. However, in general, the driver provides latency and bandwidth
performance gains.

Related concepts

[‘Best practice: Para-virtualize devices by using the VirtlO API” on page 1|

KVM can provide emulated or para-virtualized devices to the guest operating systems. Compared to
emulated devices, para-virtualized devices provide lower latency and higher throughput for I/O
operations of guest operating systems. KVM includes the VirtIO API to para-virtualize devices.

[Best practices for block I/O performance” on page 19|
Learn about general best practices and 1/0 scheduler options for optimizing block I/O performance.

Best practice: Virtualize memory resources by using the
virtio_balloon driver

The virtio_balloon driver provides a communication pathway between the hypervisor and the guest
operating system. The hypervisor uses this communication pathway to over-commit memory resources.

Red Hat Enterprise Linux 5.5 provides the virtio_balloon driver of the VirtlO APIL. Red Hat Enterprise
Linux 5.5 also provides additional drivers, such as virtio, virtio_pci, and virtio_ring, which provide
the base support for the VirtlO APIL.

Instead of targeting performance gains, the virtio_balloon driver provides a new function in a
virtualized environment, which is memory over-commitment. The virtio_balloon driver opens a
cooperative communication pathway between the hypervisor and the guest operating system. Over this
pathway, the hypervisor sends a request to the virtio_balloon driver to return some of the memory of the
guest operating system back to the hypervisor. The virtio_balloon driver allocates memory from the guest
operating system to satisfy the request and returns the memory to the hypervisor. The hypervisor then
allocates the memory elsewhere as needed, over-committing the memory. If you do not load the
virtio_balloon driver in the guest operating system, the following results occur:

1. The guest operating system ignores memory requests from the hypervisor.
2. The hypervisor cannot over-commit the memory:.

Related concepts

[‘Best practice: Para-virtualize devices by using the VirtlO API” on page 1|

KVM can provide emulated or para-virtualized devices to the guest operating systems. Compared to
emulated devices, para-virtualized devices provide lower latency and higher throughput for I/O
operations of guest operating systems. KVM includes the VirtlO API to para-virtualize devices.

[‘Ballooning” on page 14

You can use ballooning to over-commit the memory resources of a guest operating system. However,
ballooning has some disadvantages that limit the usefulness of ballooning outside of specialized
scenarios.

Best practices for VM storage devices

With KVM, you can use block devices or files as local storage devices within guest operating systems.

Files are commonly known as disk image files for the following reasons:
* Disk image files are files that are available to the hypervisor.

* Like block devices, the disk image files represent a local mass storage disk device to the guest
operating systems.

Block devices perform better than disk image files. Unlike block devices, disk image files provide other

advantages in the areas of system management and storage capacity use. In most scenarios where disk
performance from the guest operating system is not critical, most users prefer to use disk image files.
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Regardless of the storage device you use, the storage must be accessible by the hypervisor before the
following actions can occur:

¢ The gemu-kvm emulator can specify the storage device.
* The guest operating systems can use the storage device.

With the gemu-kvm emulator, you can specify up to 32 disk options for each guest operation system.
These disk options can be any combination of block devices and disk image files.

The disk device options that are passed by the gemu-kvm emulator represent local mass storage devices
to the guest operating system. Therefore, the guest operating system uses and manages the disk devices
as typical storage devices. You can use standard Linux tools to manage and manipulate the devices. Some
standard Linux tools include:

* Partition managers

* Logical Volume Managers (LVM)

* Multiple Device (MD) drivers

* File system formatting

Storage devices within the guest operating systems are typically formatted with a file system. However,
some applications can perform I/O operations to an unformatted or raw disk device.

Best practice: Use block devices for VM storage

A guest operating system that uses block devices for local mass storage typically performs better than a
guest operating system that uses disk image files. The guest operating system that uses block devices
achieves lower-latency and higher throughput.

A guest operating system that uses block devices performs better because of the number of software
layers through which it passes. When an 1/0O request is targeted to the local storage of a guest operating
system, the I/O request must pass through the file system and I/O subsystem of the guest operating
system. Then, gemu-kvm moves the I/O request from the guest operating system and the hypervisor
handles the I/O request. Next, the hypervisor completes the I/O request in the same way the hypervisor
completes an I/O request for other processes running within the Linux operating system.

Consider the following requirements when choosing to use block devices:

 All block devices must be available and accessible to the hypervisor. The guest operating system
cannot access devices that are not available from the hypervisor.

* You must activate or enable some block devices before you can use the block devices. For example,
Logical Volume Manager (LVM) logical volumes and Multiple Device (MD) arrays must be running in
order to use the exported devices.

KVM supports various block storage devices that gemu-kvm can use for the guest operating systems.
Supported block devices include hard disks, hard disk partitions, LVM logical volumes, MD arrays, USB,
and other devices.

Best practice: If you cannot use block devices for VM storage, you
must use disk image files

Learn about disk image files, sparse image files, partitions for disk image files, and how to create a disk
image file.

Disk image files
Learn about disk image files, including the benefits and drawbacks of using disk image files.
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A disk image file is a file that represents a local hard disk to the guest operating system. This
representation is a virtual hard disk. The size of the disk image file determines the maximum size of the
virtual hard disk. A disk image file of 100 GB can produce a virtual hard disk of 100 GB.

The disk image file is in a location outside of the domain of the guest operating system and outside the
domain of the virtual machine (VM). Other than the size of the disk image file, the guest operating
system cannot access any other information about the disk image file. The disk image file is typically
located in the file system of the hypervisor. However, disk image files can also be located across a
network connection in the remote file system. For example, on a Network File System (NFS).

In general, a guest operating system that uses block devices for local mass storage typically performs
better than a guest operating system that uses disk image files for the following reasons:

* Managing the file system where the disk image file is located creates additional resource demand for
1/0 operations

* Using sparse files in a file system (that supports sparse files) adds logic that uses additional resources
and time

* Improper partitioning of mass storage using disk image files can cause unnecessary 1/O operations

However, disk image files provide the following benefits:

¢ Containment: Many disk image files can be located in a single storage unit. For example, disk images
files can be located on disks, partitions, logical volumes, and other storage units.

 Usability: Managing multiple files is easier than managing multiple disks, multiple partitions, multiple
logical volumes, multiple arrays, and other storage units.

* Mobility: You can easily move files from one location or system to another location or another system.
* Cloning: You can easily copy and modify files for new VMs to use.
* Sparse files save space: Using a file system that supports sparse files conserves unaccessed disk space.

* Remote and network accessibility: Files can be located in file systems on remote systems that are
connected by a network.

Sparse files
Learn about sparse image files, including the benefits of sparse image files and cautions about using
sparse image files.

Some file systems, like the third extended file system (ext3) in Linux, support a feature for allocating
sparse files. With this feature, you can sparsely create disk image files. Traditional (non-sparse) files
preallocate all the storage data space when the file is created. A 100 GB file uses 100 GB of storage space.
Sparse files are like traditional files except sparse files do not preallocate all of the data in the file.
Instead, sparse files allocate only the portions of the file that are written. Areas of the file that are not
written are not allocated. The sparse file allocates storage space for new data at the time a new block is
written to the file. This allocation provides on-demand growth of storage space for sparse files and
ensures the smallest amount of storage space consumption.

The maximum size to which a sparse file can grow equals the size of the file at creation. A sparse file of
100 GB can use 0 - 100 GB of storage space. The amount of GB the sparse file uses depends on how
many different portions of the sparse file are allocated by write operations.

With sparse files, you can define a maximum amount of storage space that a guest operating system can
use. At the same time, you can limit the amount of actual storage space to the amount that is in use. For
example, a guest operating system uses a sparse file for a local storage device. In this situation, only
those portions of the disks that are written use storage space within the sparse file. Any portions of the
disks that are unaccessed do not use space. To plan for the future growth of the data stored on that
device, you can create a preallocated storage area that reserves more space than the requirements. The
preallocated storage area can be a partition, Logical Volume Manager (LVM) logical volume, or other
storage areas. However, if the storage never grows to the reserved size, the remainder is wasted.
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When you use sparse files, you can over-commit disk space. Remember, a sparse file stores a fraction of
its total space allocated. Because a sparse file uses less disk space than its maximum, it can store more
files in the same storage space than traditional preallocated files. For example, you have two sparse files
each at 100 GB. One sparse file has 20 GB of allocated storage space and the other sparse file has 10 GB
of allocated storage space. The total storage space used by both sparse files is 30 GB (20 GB + 10 GB). In
comparison, you have two traditional preallocated files each at 100 GB. The total storage space used by
both traditional preallocated files is 200 GB (100 GB + 100 GB).

Until a sparse file becomes fully allocated, the size of the sparse file is always less than the maximum
size. A storage device is over-committed when the maximum size of one or more sparse files is greater
than the available storage space. For example, you have 250 GB of available space to store the files from
the previous example. When you store the two traditional preallocated files (100 GB each), the available
space is 50 GB (250 GB - (100 GB + 100 GB)). In this example, you cannot add another 100 GB file in the
remaining 50 GB of available space. When you store the two sparse files (both using 30 GB total), the
available space is 220 GB (250 GB - 30 GB). In this example, you can add at least two 100 GB files (sparse
files or traditional preallocated files) in the remaining 220 GB of available space. If the additional files are
sparse files, you can add more than two additional files (like those previously described) because the
storage space used is less than 100 GB.

Continuing the example, you have 250 GB of available space to store four sparse files at 100 GB each.
Two sparse files have 20 GB each of allocated storage space and the other two sparse files have 10 GB
each of allocated storage space. In total, you have four 100 GB files that use 60 GB of storage space. If the
four 100 GB sparse files grow beyond the remaining 190 GB (250 GB - 60 GB) of available space, the
guest operating system encounters errors when attempting to write to new blocks. To the guest operating
system, the disk (which is really a sparse file) still has available space. However, the sparse file cannot
grow because there is no available space on the device in which the sparse file is located.

Over-committing storage provides the following benefits:

* You can make better use of storage space.

* You can store a greater number of sparse files on a given storage device.

However, over-committing storage can create problems if the underlying storage device becomes full.
There are no guarantees that the underlying device always has enough available space for sparsely

allocated files to grow. You must exercise caution to balance the risk associated with over-committing
storage with the advantages of using sparse files.

To reduce risk when over-committing storage, create plans and policies that help you perform the
following tasks:

* Avoid using all available space on the underlying storage device.

* Move the disk image files of the guest operating system to another device to provide additional space.

Partitions for disk image files
Learn about the challenges of subdividing a disk image file into partitions, including the misalignment of
cylinder boundaries, cylinder sizes, and the page cache.

In many scenarios, the mass storage device of a guest operating system uses an underlying disk image
file. You can use standard Linux tools to divide the storage device of a guest operating system into
partitions. A common practice for partitions for Linux is using three partitions as follows:

* Use one partition as the boot partition.
* Use another partition as the operating system partition.
* Use the other partition as the swap partition.
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Standard partitioning rules dictate the placement of boot loaders and the first partition. With these rules,
older operating systems can continue to function on newer and larger storage devices. Most current
operating systems also use these standard partitioning rules by default to increase the probability of
functional success.

One rule that has not changed over time is the geometry of the disk. To boot older operating systems, the
number of cylinders is as small as possible to better adhere to older boot limitations, like DOS and BIOS.
To achieve a small cylinder number, the track size value is set to 63 and the heads per cylinder value
is set to 255. Thus, the cylinder size is 63 x 255 = 16065 sectors per cylinder.

Most standard partitioning tools use the first track of the device for the Master Boot Record (MBR) and
the boot loader code. The MBR describes the offset, in sectors, where a partition begins and where the
partition ends. The default starting offset of the first partition is at the beginning of the second track of
the device because the MBR uses the first track. Typically, the beginning of the second track of the device
is sector 63, which is the 64th sector from zero. By default, standard partitioning tools usually start and
end subsequent partitions on cylinder boundaries. These boundaries typically do not align with processor
and operating system architecture elements.

Linux uses a page cache to cache data from I/O devices. The page cache has a granularity of one
standard processor memory page, which is 4 KB for Intel processors. The page cache linearly maps a
device or partition. In other words, Linux caches the first 4 KB of the device in one page in the page
cache. Then Linux caches the second 4 KB of the device into another page in the page cache. Linux
caches each successive 4 KB region of the device into a different page in the page cache.

Most Linux file systems ensure that the metadata and files, that are stored within the file system, are
aligned on 4 KB (page) boundaries. The second extended file system (ext2) and the third extended file
system (ext3) are most commonly used. Both file systems use 4 KB alignment for all data.

Because a disk image file is a file in the file system, the disk image file is 4 KB aligned. However, when
the disk image file is partitioned using the default or established partitioning rules, partitions can begin
on boundaries or offsets within the image file that are not 4 KB aligned.

The probability of a partition, within a disk image file, starting on a 4 KB alignment is low for the
following reasons:

* Partitions within a disk image file typically start and end on cylinder boundaries.
* Cylinder sizes typically are not multiples of 4 KB.

Within the guest operating system, disk 1/O operations occur with blocks that are offset in 4 KB
multiples from the beginning of the partitions. However, the offset of the partition in the disk image file
is typically not 4 KB aligned with respect to the following items:

¢ The beginning of the disk image file.
* The file system in which the disk image file is located.

As a result, when a guest operating system initiates I/O operations of 4 KB to the partition in the disk
image file, the I/O operations span two 4 KB pages of the disk image file. The disk image file is located
in the page cache of the hypervisor. If an I/O operation is a write request, the hypervisor must perform a
Read-Modify-Write (RMW) operation to complete the I/O request.

For example, the guest operating system initiates 4 KB write operation. The hypervisor reads a page to
update the last 1 KB of data. Then, the hypervisor reads the next page to update the remaining 3 KB of
data. After the updates are finished, the hypervisor writes both modified pages back to the disk. For
every write I/O operation from the guest operating system, the hypervisor must perform up to two read
operations and up to two write operations. These extra read and write operations produce an I/O
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multiplication factor of four. The additional 1/O operations create a greater demand on the storage
devices. This increased demand can affect the throughput and response times of all the software using
the storage devices.

To avoid the I/O affects from partitions that are not 4 KB aligned, ensure that you optimally partition the
disk image file. Ensure that partitions start on boundaries that adhere to the 4 KB alignment
recommendation. Most standard partitioning tools default to using cylinder values to specify the start
and end boundaries of each partition. However, based on default established values used for disk
geometry, like track size and heads per cylinder, cylinder sizes rarely fall on 4 KB alignment values. To
specify an optimal start value, you can switch the partition tool to the Advanced or Expert modes.

Creating a disk image file
You can create a disk image file for a guest operating system to use.

To create a disk image file, complete the following steps:
1. Create a disk image file by using the gemu-img command. For example:
gemu-img create -f 100GB-VM-file.img 100GB

This example creates a 100 GB file named 100GB-VM-file.img. If you are using the second extended
file system (ext2) or the third extended file system (ext3), the file that you create is a sparse file.

2. Specify the disk image file to the guest operating system by using the -drive parameter of the
gemu-kvm command. The guest operating system uses the disk image file as a raw, or blank, disk.

3. Optional: Create partitions within the disk image file. Start all partitions, or the most active partitions,
on a sector offset that is aligned 4 KB from the start of the disk image file. Use the Expert mode in
Linux partitioning tools to specify the starting and ending offsets for partitions in sector values rather
than cylinder values. In Expert mode, the starting sector value must be a multiple of eight sectors.
Each sector is 512 bytes and 512 bytes x 8 sectors = 4 KB.) The end boundary value is less important
because the file system likely ensures that multiples of 4 KB units are used.

Best practices for over-committing processor and memory resources

When over-committing processor and memory resources, you can target system use at 80%, allocate the
minimum amount of processor resources, and use page sharing or ballooning instead of swapping.

One of the most alluring aspects of virtualization is that you can run many guest operating systems
simultaneously on one system. Consolidating systems with virtualization has been around for quite some
time with IBM mainframe virtualization coming about in the 1970s. When you load one system with the
workloads of many systems, you increase the usage level of the system making the system more
productive. Idle computing resources are wasteful from both an acquisition and operations perspective.

One of the challenges of driving higher system use by consolidating workloads is managing the
complexity of the consolidation. Some workloads stress the storage subsystem while other workloads
stress the network. Some workloads are active during the business day and other workloads are active at
night. To manage this diversity, you can over-commit the processor and memory resources and then
control the ability of the guest operating systems to access those resources.

Best practice: Target system use at 80% or lower

Target overall system use at 80% or lower to maximize resource use while maintaining performance.

The hypervisor technology of KVM is based on the Linux kernel. In the KVM environment, each guest
operating system is a process that consists of multiple threads. Because the Linux operating system
multi-tasks, it can perform the following operations:

* Linux can switch execution between processes.
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¢ Linux can run multiple processes at the same time by using simultaneous multi-processing (SMP)
hardware.

KVM uses both operations to over-commit processor resources.

Over-committing processor resources can cause performance penalties. When a processor must switch
context from one process to another process, the switch affects the performance of the system. When the
current use of the system is low, the performance penalty of the context-switch is low. When the current
use of the system is high, the performance penalty of the context-switch is high. In this situation, the
performance penalty can increase to the point of negatively affecting the overall performance of the
system.

As overall system use increases, the responsiveness of the guest operating systems diminishes. By
targeting overall system use at 80% or lower, you can reduce the performance penalties as follows:

* You provide the system with 20% of available resources to handle unexpected bursts in activity.
* You can minimize the negative effect on the responsiveness of the guest operating systems.

The target of 80% or lower is defined as a percentage of system use and not as a specific number of
virtual processors. At any time, some guest operating systems might run with some virtual processors
inactive. Running guest operating systems with inactive virtual processors minimally affects the processor
use of the system, making it possible to over-commit processor resources.

Best practice: Allocate the minimum amount of processor resources

To maximize performance, allocate the minimum amount of virtual processors necessary for each guest
operating system to successfully operate. Do not allocate virtual processors to guest operating systems
that the guest operating systems do not need.

If you allocate many virtual processors to the guest operating systems, the system functionally works.
However, this configuration has scaling issues that cause performance degradations. You can reduce the
effect of these scaling issues by tuning KVM. For example, you can pin virtual processors to physical
processors. However, some of the tuning techniques impart additional restrictions.

Related information

[Processor pinning]

Best practice: Over-commit memory resources by using page sharing
or ballooning

You can use page sharing, ballooning, or swapping to over-commit memory resources. Page sharing and
ballooning outperform swapping.

There are three main technologies that you can use to over-commit memory in Red Hat Enterprise Linux
5.5: page sharing, ballooning, and swapping. The primary goal is to over-commit memory with the
minimum negative effect on performance.

Page sharing

You can use page sharing to over-commit the memory resources of a guest operating system. However,
difficulty quantifying the memory gains of page sharing limits the usefulness of page sharing in
production environments.

Kernel same-page merging (KSM):

KSM is a kernel feature in KVM that shares memory pages between various processes, over-committing
the memory.
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How KSM works

The memory that KSM scans must be registered with KSM. The application that owns the memory
registers the memory with KSM. In this case, the owning application is QEMU and it has been modified
to register the memory with KSM. Currently, there are no other KVM applications that use KSM.

Page sharing with KSM works as follows:
1. You configure KSM to scan memory ranges.
2. KSM looks for pages that contain identical content within the defined memory ranges.

3. When KSM finds two or more identical pages, KSM identifies those pages as shareable.
4. KSM replaces the shareable pages with a single page that is write protected.
5. If later a process requests to modify one of the pages from step 3, KSM creates a page by using

copy-on-write.
6. The requesting process modifies the new page.

How KSM affects processor resources

Scanning memory pages is a processor-intensive operation. Therefore, tuning KSM is critical, especially in
environments with high processor use. If you configure KSM to act too aggressively, KSM might use an
entire processor thread. The following actions might cause KSM to act too aggressively:

* Configuring KSM to scan too many pages per period.
* Configuring KSM to scan too often.

You can measure the processor load that KSM applies by running the top utility. Then, watch the process
use of the kksmd thread. The kksmd process thread is the KSM kernel thread.

How KSM affects memory resources

Quantifying the memory performance gained by using KSM is difficult for the following reasons:

* The version of KSM that is backported to Red Hat Enterprise Linux 5.4 is missing several statistics that
you can use to evaluate the effectiveness of KSM. Without these statistics, you must aggregate
information from multiple sources to determine the effects of KSM. For example, you can obtain
information from the /proc/meminfo directory and the top utility.

* You can deploy KSM and save memory, but you cannot easily calculate how much memory KSM
actually saves. Without this calculation, you cannot determine how many additional guest operating
systems you can deploy without forcing the system to start swapping memory. Swapping memory
creates the following complications:

— Swapping memory can lead to a huge performance penalty.
— The system cannot swap memory pages that are shared by KSM because they are pinned.

The difficulties associated with quantifying the memory gains of KSM limits the usefulness of KSM in
production environments.

Page size restriction for KSM

KSM can share only small pages and not huge pages. Therefore, you cannot use libhugetlbfs to enable
huge-page backing of the memory of the guest operating system.
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Related concepts

[‘Swapping” on page 15|
You can use swapping to over-commit the memory resources of a guest operating system. However, page
sharing and ballooning are better methods.

Related information

Running Kernel same-page merging (KSM):
You can start KSM, view KSM configuration settings, and stop KSM by using the ksmctl utility.

Red Hat Enterprise Linux 5.4 supports KSM as a backport from recent kernel releases. You control the
backported version of KSM by using the ksmctl utility.

To run KSM, complete the following steps:
1. Activate KSM by typing the following command:
ksmctl start pages period

where:
* pages is the number of pages to be scanned per period.
e period is how often, in milliseconds, to scan.

For example, to scan 440 pages every 5 seconds, type the following command:
ksmct1 start 440 5000

2. View the current KSM configuration settings by typing the following command:
ksmct1l info

3. Stop KSM from scanning by typing the following command:
ksmct1 stop

After KSM runs for a while, determine the resulting memory savings. For instructions, see
[the memory savings of Kernel same-page merging (KSM).”|

Determining the memory savings of Kernel same-page merging (KSM):

You can identify the memory savings of KSM by looking at the anonymous pages value in the
/proc/meminfo directory and by looking at the output of the top utility for the QEMU processes.

Before you can determine the memory savings of KSM, you must first run KSM. For instructions, see
[‘Running Kernel same-page merging (KSM).”

To determine the memory savings of KSM, complete the following steps:

1. View the memory savings of KSM by looking at the anonymous pages line in the /proc/meminfo
directory. Your output might look like the following output:

AnonPages: 1622216 kB

If no significant tasks are running on the host, other than KSM, most of the anonymous pages are
likely the memory of guest operating systems. When you activate KSM and it starts to share memory
pages, the number of anonymous pages decreases.

The anonymous pages value is the best way to ascertain the memory savings of KSM. However, the
anonymous pages value changes constantly, making it difficult to observe KSM performance. The
value changes because guest operating systems fault in memory pages on demand. The hypervisor
allocates memory to the guest operating system only when the guest operating system attempts to use
the memory. The memory is not included in the anonymous pages value until the guest operating
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system faults in the memory. Over time a guest operating system grows larger until it reaches its
maximum size and stops growing. The anonymous pages value changes as the guest operating
system faults in pages. The anonymous pages value does not change when a guest operating system
starts and runs for a long time with all of its memory faulted in.

View the amount of shared memory for each guest operating system by looking at the output of the
top utility for the QEMU processes. The output might look similar to the following output:

PID USER PR NI VIRT RES SHR S %CPU %MEM TIME+ COMMAND

7260 root 15 0 1240m 255m 196m
7215 root 15 0 1238m 252m 190m

.22 gemu-kvm

S 1.0 0.4 0:25
S 0.7 0.4 0:25.17 gemu-kvm

As KSM shares pages, the values in the SHR column increase for the guest operating systems. The
changes in the SHR column might significantly fluctuate depending on the KSM configuration
settings. The values in the SHR column only partially indicate how much memory KSM saves. The
values reported in the SHR column do not distinguish between consolidating 1000 pages into one
page or consolidating 1000 pages into 500 pages. The values reflect only that KSM shared 1000 pages.

Ballooning

You can use ballooning to over-commit the memory resources of a guest operating system. However,
ballooning has some disadvantages that limit the usefulness of ballooning outside of specialized
scenarios.

Ballooning is a cooperative operation between the host hypervisor and the guest operating systems.

How ballooning works

Ballooning works as follows:

1.

The hypervisor sends a request to the guest operating system to return some amount of memory back
to the hypervisor.

The virtio_balloon driver in the guest operating system receives the request from the hypervisor.
The virtio_balloon driver inflates a balloon of memory inside the guest operating system:
* The guest operating system cannot use or access the memory inside the balloon.

e The virtio_balloon driver tries to satisfy the request from the hypervisor. However, it is possible
that the virtio_balloon driver might not be able to inflate the balloon of memory to fully satisfy
the request. For example, when an application running in the guest operating system pins memory,
the virtio_balloon driver might not be able to find enough available memory to satisfy the
request. In this situation, the driver inflates the balloon of memory as much as possible even
though the amount of memory does not fully satisfy the request.

The guest operating system returns the balloon of memory back to the hypervisor.
The hypervisor allocates the memory from the balloon elsewhere as needed.

If the memory from the balloon later becomes available, the hypervisor can return the memory to the
guest operating system:

a. The hypervisor sends a request to the virtio_balloon driver in the guest operating system.
b. The request instructs the guest operating system to deflate the balloon of memory.
c. The memory in the balloon becomes available to the guest operating system to allocate as needed.

Balloon management

You can initiate balloon operations in one of the following ways:

* If you start QEMU directly, you can control ballooning with the QEMU monitor.
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 If you manage guest operating systems with the 1ibvirt API, you can control ballooning with a
management program that supports the Tibvirt APL For example, you can use the setmem command
in the virsh management program.

Advantages of ballooning

* Ballooning can potentially save you massive amounts of memory because you can control and monitor
ballooning. Unlike page sharing, the system only makes changes based on the commands that you
issue to it. Then, you can monitor the memory and verify the changes.

* Ballooning can be subtle by requesting small amounts of memory, and ballooning can be aggressive by
requesting large amounts of memory.

* With ballooning, the hypervisor can relieve memory pressure by inflating a memory balloon in a guest
operating system and returning the memory to the hypervisor. The hypervisor is not required to
allocate the memory to another guest operating system.

Disadvantages of ballooning

* Ballooning requires that you load the virtio_balloon driver on the guest operating system. In contrast,
swapping and page sharing work independently of the guest operating system and do not require the
cooperation of the guest operating system.

* Currently, the virtio_balloon driver is available only for guest operating systems running Red Hat
Enterprise Linux 5.5.

* Ballooning can potentially negatively affect the performance of the guest operating system because
ballooning can remove large amounts of memory from the guest operating system. This memory
removal can cause the following situations:

— Applications running in the guest operating system can fail.

— The amount of block I/O in the guest operating system can increase because it is harder for the
guest operating system to cache data.

* Red Hat Enterprise Linux 5.5 provides no mechanism that you can use to manage the ballooning. The
manual administration requirement of ballooning makes ballooning impractical for deployment in a
production environment. Ballooning is not a practical technology for KVM until an autonomic
management technology exists that can perform the following tasks:

1. Monitor the system.
2. Decide how and when to perform ballooning operations.
Until that time, treat the ballooning capabilities that KVM currently supports as a technology preview
with limited uses outside of specialized scenarios.
Related concepts

[‘Best practice: Virtualize memory resources by using the virtio balloon driver” on page 5|
The virtio_balloon driver provides a communication pathway between the hypervisor and the guest
operating system. The hypervisor uses this communication pathway to over-commit memory resources.

Swapping
You can use swapping to over-commit the memory resources of a guest operating system. However, page
sharing and ballooning are better methods.

Compared to page sharing and ballooning, swapping is the most mature. However, swapping negatively
affects performance. Swapping is the least ideal method for over-committing the memory of a guest
operating system for the following reasons:

* Swapping in general usually generates poor performance.

* When using Intel Nehalem processors with extended page tables (EPT), the Linux host cannot
accurately determine which memory pages the guest operating system is least likely to use. Therefore,
the Linux host cannot accurately determine which memory pages are ideal candidates to swap out.
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Related information

[The swapiness valuel

Best practices for networking

You can use the QEMU networking options or PCI pass-through to provide networking support to guest
operating systems.

Best practice: Use the tap networking option in QEMU
Learn about QEMU networking options and Linux bridge support.

QEMU networking options

QEMU networking support includes the following options:

User The user option is a networking environment that supports the TCP and UDP protocols. QEMU
provides services to the guest operating system such as DHCP, TFTP, SMB, and DNS. QEMU acts
as a gateway and a firewall for the guest operating system such that communication from the
guest operating system appears to be from the QEMU host.

You cannot initiate a connection to the guest operating system without help from QEMU. For this
type of connection, QEMU provides the redir parameter. The redir parameter redirects TCP or
UDP connections from a specific port on the host to a specific port on the guest operating system.

The user option is the default networking option in QEMU.

Socket
The socket option is used to connect together the network stacks of multiple QEMU processes.
You create one QEMU process that listens on a specified port. Then, you create other QEMU
processes that connect to the specified port.

Tap  The tap option connects the network stack of the guest operating system to a TAP network device
on the host. By using a TAP device, QEMU can perform the following actions:

* Receive networking packets from the host network stack and pass the packets to the guest
operating system.

* Receive networking packets from the guest operating system and inject the packets into the
host network stack.

Use the tap networking option because it provides full networking capability to a guest operating system.
Linux bridge support

Perform the following tasks to add and remove TAP network devices to and from the bridges when you
start and stop a guest operating system:

1. Create the bridges before you start the first guest operating system.

2. If you want the guest operating system to access the physical network, add an Ethernet device to the
bridge.

3. Specify a script for configuring the tap network device and a script for unconfiguring the tap network
device.

Guest operating systems that you add to the same bridge can communicate with each other. If you want
multiple subnets available to the guest operating systems, define multiple bridges. In this situation, each
bridge is for a unique subnet. Each bridge contains the TAP devices that are associated with the NICs of
the guest operating systems that are part of the same subnet.
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When using the Linux bridge, consider the form of receive offload supported by the network adapter.
Receive offload aggregates multiple packets into a single packet to improve network performance. Many
network adapters provide a form of receive offload in the adapter, which is often referred to as large
receive offload (LRO). The Linux kernel provides a form of receive offload called generic receive offload
(GRO). Linux bridges can forward GRO packets. Linux bridges cannot forward LRO packets unless the
driver is compliant with GRO. Therefore, in order for guest operating systems to use receive offload the
network adapter must support GRO.

QEMU VLAN

QEMU networking uses a networking technology that is like VLAN. A QEMU VLAN is not an 802.1q
VLAN. Rather, a QEMU VLAN is a way for QEMU to forward packets to guest operating systems that
are on the same VLAN. When you define the networking options for a guest operating system, you can
specify a VLAN to which the network interface is assigned. If you do not specify a VLAN, by default
QEMU assigns the interface to VLAN 0. In general, if you create more than one network interface for a
guest operating system, assign the network interfaces to different VLANSs.

Example

The following example shows the gemu-kvm options you can use to set up multiple interfaces:

-net nic,model=virtio,vlan=0,macaddr=00:16:3e:00:01:01
-net tap,vlan=0,script=/root/ifup-brd,downscript=/root/ifdown-brod
-net nic,model=virtio,vlan=1,macaddr=00:16:3e:00:01:02
-net tap,vlan=1,script=/root/ifup-brl,downscript=/root/ifdown-brl

The example shows two network devices configured for a guest operating system as follows:

¢ The - net nic command defines a network adapter in the guest operating system. Both network devices
are para-virtualized devices which is indicated by the model=virtio value. Both devices also have
unique MAC addresses which is indicated by the macaddr values. Each network device is on a different
VLAN. The first device is on VLAN 0 and the second network device is on VLAN 1.

¢ The -net tap command defines how QEMU configures the host. Each network device is added to and
removed from a different bridge by using scripts. The first device is added to the br0 bridge by using
the /root/ifup-bro script and removed from the br0 bridge by using the /root/ifdown-br0 script.
Similarly, the second network device is added to the brl bridge by using the /root/ifup-brl script and
removed from the brl bridge by using the /root/ifdown-brl script. Each network device is also on a
different VLAN. The first device is on VLAN 0 and the second network device is on VLAN 1.

Best practice: Configure para-virtualized network devices

You can configure para-virtualized network devices for the guest operating systems.

When you select a network device, choose a para-virtualized network device instead of an emulated
network device. A para-virtualized network device improves throughput and latency. (If the guest
operating system does not support a para-virtualized network device, then choose one of the emulated
devices that the guest operating system supports.)

To configure para-virtualized network devices, complete the following steps:
1. Verify that the system supports para-virtualized devices:
a. Obtain a list of supported devices by typing the following command:
$ gemu-kvm -net nic,model=?

The output might look similar to the following output:
gemu: Supported NIC models: ne2k_pci,i82551,182557b,182559%er,rt18139,e1000,pcnet,virtio

b. Verify that virtio is in the list of supported devices. The virtio value represents para-virtualized
devices.
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2. Specify the networking device by using the -net nic option in gemu-kvm as follows:
* Set model=virtio to specify a para-virtualized device.

* Specify a unique MAC address for each network device on each guest operating system to avoid
MAC address collisions. You can use the MAC address prefix 00:16:3e to generate unique MAC
addresses.

Note: The 00:16:3e prefix is the prefix assigned to the guest operating systems of the Xen
hypervisor. However, the prefix is meant for generating MAC addresses for guest operating
systems in general.
For example:
-net nic,model=virtio,vlan=0,macaddr=00:16:3e:00:01:01
Related concepts

[Best practice: Para-virtualize devices by using the VirtlO API” on page 1|

KVM can provide emulated or para-virtualized devices to the guest operating systems. Compared to
emulated devices, para-virtualized devices provide lower latency and higher throughput for I/O
operations of guest operating systems. KVM includes the VirtIO API to para-virtualize devices.

Related information

[ [Red Hat Enterprise Virtualization for Servers|

Best practice: Use PCI pass-through to enhance network performance

You can assign a PCI device directly to a guest operating system instead of emulating network devices.

PCI pass-through
With PCI pass-through, you can assign a PCI device directly to one guest operating system. You do not
need to emulate a network device.

When you use PCI pass-through, the PCI device becomes unavailable to the host and to all other guest
operating systems. Ideally you need one networking device for each guest operating system and one
networking device for the host. If you do not have enough networking devices, then you must choose
which guest operating systems use PCI pass-through and which do not.

An alternative to using a complete networking device is to use a virtual networking device, or an SR-IOV
device. An SR-IOV device supports 1/O virtualization. You create multiple virtual function (VF) devices
that communicate with the physical function (PF) device. Each VF device operates as a separate PCI
device that you can use with PCI pass-through. You can create a VF device for each guest operating
system and maintain access to the PF device in the host. The number of VF devices that you can create
depends on the manufacturer of the device.

PCI pass-through reduces the flexibility of migrating the guest operating system to a new host. When you
migrate a guest operating system, the PCI pass-through hardware on the current host must be available
on the new host.

Setting up PCI pass-through

You can configure a networking device to use PCI pass-through.

Before you start, verify that your host supports either Intel VT-d or AMD IOMMU. Then, verify that this
support is enabled in both the machine BIOS and the Linux kernel.

To set up PCI pass-through, complete the following steps:

1. Identify the ID and other slot information that is associated with the PCI device by typing the
following command:

Ispci -nn
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Your output might include a line like the following line, which identifies the network adapter:

15:00.0 Ethernet controller [0200]: Intel Corporation 82599EB 10-Gigabit Network \
Connection [8086:10fb] (rev 01)

2. Unbind the device from the host by using the echo command. For example:

echo "8086 10fb" > /sys/bus/pci/drivers/pci-stub/new_id
echo 0000:15:00.0 > /sys/bus/pci/devices/0000:15:00.0/driver/unbind
echo 0000:15:00.0 > /sys/bus/pci/drivers/pci-stub/bind

3. Shut down the guest operating system.

4. Assign the device to the guest operating system by using the pcidevice gemu-kvm option. For
example:

-pcidevice host=15:00.0
5. Start the guest operating system.
6. Test the networking device to verify that it supports PCI pass-through.

Best practices for block I/0 performance

Learn about general best practices and 1/O scheduler options for optimizing block I/O performance.

Related concepts

[“Best practice: Optimize performance by using the virtio blk and virtio net drivers” on page 3|
The virtio_blk driver uses the VirtlO API to provide high performance for storage I/O devices,
especially in large enterprise storage systems. The virtio_net driver uses the VirtlO API to provide
increased network performance.

General best practices for block I/O performance

You can use ext3 and raw partitions to optimize block I/O performance.
Best practice: Use ext3

For best performance, use the third extended file system (ext3) instead of the forth extended file system
(ext4) in Red Hat Enterprise Linux 5. Currently, ext4 is only partially optimized in Red Hat Enterprise
Linux 5.

Best practice: Use raw partitions

The modified version of QEMU that is included in KVM supports raw partitions and the qcow2 image
format. For best performance, use raw partitions. If you cannot use raw partitions, use the gcow2 image
format.

Related information
[KVM/QEMU Storage Stack Performance Discussion from the Linux Plumbers Conference

Best practices for I/O schedulers

You can use the Deadline I/O scheduler or configure the Completely Fair Queuing (CFQ) I/O scheduler
to improve block I/O performance in large storage environments.

I/0 schedulers

Linux offers four I/O schedulers, or elevators: the NOOP 1/0O scheduler, the Anticipatory 1/O scheduler,
the Completely Fair Queuing (CFQ) I/O scheduler, and the Deadline I/O scheduler. Each 1/O scheduler
is effective in different scenarios.

NOOP 1/0 scheduler

The NOOP 1/0O scheduler is the simplest I/O scheduler. The NOOP I/0O scheduler is a FIFO queue that
provides basic merging and sorting functions to complete I/O requests. The NOOP 1/0O scheduler uses
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performance optimizations in the block device, HBA, or controller. The NOOP I/0O scheduler is most
effective in scenarios with small systems with slow disks.

Anticipatory 1/0 scheduler

The Anticipatory I/0 scheduler changes the location of data to reduce disk seek operations by
performing the following tasks:

* Combining and reordering I/O requests.
* Introducing a controlled delay before dispatching I/O requests.

The Anticipatory I/O scheduler improves disk 1/O performance on systems with small or slow disks.
The Anticipatory 1/O scheduler has the possibility of long I/0O latencies. Therefore, this I/O scheduler
can be effective in scenarios with small client systems or small workstations where 1/O latencies are less
important than interactive response times.

CFQ 1I/0 scheduler

The CFQ I/0 scheduler is one of the most sophisticated I/O schedulers. The CFQ I/O scheduler divides
the available I/O bandwidth among all of the processes that issue 1/O requests. The CFQ I/O scheduler
maintains per-process queues for synchronous I/O requests. The maximum number of per-process
queues that the CFQ I/0O scheduler maintains for synchronous I/O requests is 64. The CFQ 1/0
scheduler batches together asynchronous requests from all processes based on the priorities of the
processes. For example, the CFQ I/O scheduler maintains one process queue for all asynchronous
requests from processes with the idle scheduling priority.

During each cycle, the CFQ I/O scheduler moves one request from each queue to the dispatch queue.
After the CFQ I/O scheduler moves a request from each queue, it repeats the process and removes
another request from each queue. You can configure the number of requests that the CFQ 1/0O scheduler
moves to the dispatch queue during each cycle by setting the quantum parameter. After the CFQ 1/0
scheduler moves requests to the dispatch queue, the CFQ I/0O scheduler sorts the requests to minimize
disk seeks. Then, the CFQ I/0O scheduler services the requests accordingly.

The CFQ I/0O scheduler provides each queue with time to access the disk. The length of time depends on
the scheduling priority of the process. You can adjust the scheduling priority of a process by using the
ionice parameter. For example:

ionice -pprocessPID -cclass -npriority within_a_class

where:

* processPID is the ID of the process.

* class is the scheduling priority of the process. The class value can be one of the following values:
— 1: The scheduling priority of the process is idle, which is the lowest priority.
— 2: The scheduling priority of the process is best effort, which is the default priority.
— 3: The scheduling priority of the process is real time, which is the highest priority.

e priority_within_a_class is the scheduling priority within the best effort or real-time classes. The
priority_within_a_class value can be integers 0 through 7, with 0 as the highest priority within a class
and 7 as the lowest priority within a class.

The CFQ I/0 scheduler is the default I/O scheduler for Red Hat Enterprise Linux 5 or later. To improve
the performance of the CFQ I/O scheduler, you can use a predefined profile customized to your
environment. For example, if you have a large enterprise storage environment, you can run the following
command to customize the CFQ I/O scheduler profile:

# tuned-adm profile enterprise-storage
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The profile includes adjusted parameters for the CFQ I/O scheduler that increase the performance of the
CFQ I/0 scheduler for environments with large enterprise storage.

The CFQ I/0 scheduler is most effective in the following scenarios:
¢ Systems that require balanced I/O performance across several I/O controllers and LUNs
* Large enterprise systems

Deadline I/0 scheduler

The Deadline I/O scheduler is one of the most sophisticated 1/O schedulers. The Deadline 1/O scheduler
dispatches I/O requests based on the length of time that the I/O requests are in the queues. Therefore,
the Deadline I/O scheduler guarantees a start service time for each 1/O request.

The Deadline I/O scheduler maintains deadline queues and other queues as follows:

¢ The Deadline I/O scheduler sorts deadline queues by the expiration times, or deadlines, of the I/O
requests.

¢ The Deadline 1/O scheduler sorts the other queues by the positions of the requests on the disks, or
sector numbers.
Each set of queues, deadline queues and other queues, includes read queues and write queues as follows:

¢ The read queues contain read requests. Because processes often block on read operations, the Deadline
I/0 scheduler performs the following actions on read requests:

— Prioritizes read requests higher than write requests. However, you can control the number of read
requests that the Deadline I/O scheduler dispatches before a write request.

— Assigns read requests shorter expiration times than write requests. By default, the Deadline 1/O
scheduler assigns read requests the expiration time of 500 milliseconds.

* The write queues contain write requests. By default, the Deadline I/O scheduler assigns write requests
the expiration time of 5 seconds.

The Deadline I/0 scheduler works as follows:

1. Based on prioritization and expiration times, the Deadline I/O scheduler determines which request
from which queue to dispatch.

2. The Deadline I/O scheduler checks to see if the first request in the deadline queue expired.

3. If the first request in the deadline queue expired, then the Deadline I/O scheduler performs the
following tasks:

a. The Deadline I/O scheduler services the first request in the deadline queue immediately.

b. To improve disk efficiency, the Deadline I/O scheduler services a batch of requests near the disk
location of the request from step 3a. This batch contains requests that follow the request (from step
3a) in the queue.

4. If the first request in the deadline queue is not expired, then the Deadline I/O Scheduler performs the
following tasks:

a. The Deadline I/O scheduler services the request from the sorted queue.

b. The Deadline I/O scheduler services a batch of requests near the disk location of the request from
step 4a. This batch contains requests that follow the request (from step 4a) in the sorted queue.

The Deadline I/O scheduler is the default Linux I/O scheduler on IBM mainframe systems.

The Deadline I/O scheduler is most effective in scenarios with large enterprise systems.
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Related concepts

[‘Best practice: Optimize block 1/0O performance by using the Deadline 1/O scheduler”|
Based on lab test data, use the Deadline I/O scheduler on the KVM host and guest operating systems for
I/0O-bound workloads on enterprise storage systems.

“Best practice: If you cannot use the Deadline 1/0 scheduler, configure the CFQ I/0O scheduler” on page]
o

If you cannot use the Deadline I/O scheduler, you can use the Completely Fair Queuing (CFQ) I/O
scheduler. You can configure the CFQ I/O scheduler to optimize block I/O performance.

Best practice: Optimize block I/O performance by using the Deadline I/O scheduler
Based on lab test data, use the Deadline I/O scheduler on the KVM host and guest operating systems for
I/0O-bound workloads on enterprise storage systems.

In a set of lab tests, the Flexible File System Benchmark (FFSB) program generated various I/O
workloads on a large storage system. The large storage system included four IBM DS3400 controllers that
were fiber-attached, eight RAID10 disk arrays, 192 disks, and an I/O block size of 8 KB. The following
figure shows the FFSB throughput data for direct and buffered I/O with the Deadline and CFQ 1/0
schedulers:

CFQ vs. Deadline I/O Schedulers
(FFSB Benchmark, LVM wi 8 Disk Arrays, /O Block Size = 8KB)
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The figure shows the average FFSB throughput in megabytes per second for each type of I/O paired with
each type of I/O scheduler as follows:

e Direct I/0O with the Deadline I/O scheduler

e Direct I/0O with the CFQ I/0O scheduler

* Buffered I/O with the Deadline I/O scheduler

e Buffered I/O with the CFQ I/O scheduler

For each combination of I/O type and 1/0 scheduler type, the figure shows throughput data for the
following types of operations:

* Large file creation

¢ Sequential reads
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¢ Random reads
¢ Random writes

* Miail server, which includes random file operations such as creating files, opening files, deleting files,
random reads, random writes, and other random file operations. These random file operations were
performed on 100,000 files in 100 directories with file sizes ranging from 1 KB to 1 MB.

For each operation, the figure shows results for one thread, eight threads, and 16 threads.

For example, the figure shows the following average FFSB throughput for sequential reads on 16 threads:
e Direct I/O with the Deadline I/0 scheduler: 237.0 MB/second

* Direct I/O with the CFQ I/O scheduler: 77.8 MB/second

e Buffered I/O with the Deadline 1/O scheduler: 2498.6 MB/second

* Buffered I/0 with the CFQ I/O scheduler: 1361.9 MB/second

Overall, the figure shows that the Deadline I/O scheduler outperforms the CFQ I/O scheduler, especially
in multi-threaded scenarios.

In another set of lab tests, the FFSB program generated various I/O workloads on a guest operating
system that used two virtual processors and 4 GB of memory. The I/O block size was 8 KB. The

following figure shows the FFSB throughput data for direct I/O with the Deadline and CFQ I/0
schedulers:

KVM /O Performance - Deadline vs. CFQ I/O Scheduler
(FFSB Benchmark, Direct 10, 8KB Block Size, KVM Guest wi 2 vcpus, 4GB)
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The figure shows the average FFSB throughput in megabytes per second for the guest operating system
run with the Deadline I/O scheduler and for the guest operating system run with the CFQ I/0
scheduler. For each 1/0 scheduler, the figure shows throughput data for the following types of
operations:

 Large file creation
* Sequential reads
* Random reads
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¢ Random writes

For each operation, the figure shows results for one thread, eight threads, and 16 threads.

For example, the figure shows the following average FFSB throughput for random writes on eight
threads:

* Guest operating system with the Deadline I/O scheduler: 79.8 MB/second
¢ Guest operating system with the CFQ I/O scheduler: 23.1 MB/second

Overall, the figure shows that the Deadline I/O scheduler outperforms the CFQ I/O scheduler, especially
in multi-threaded scenarios.

Related concepts

[1/O schedulers” on page 19|

Linux offers four 1/0O schedulers, or elevators: the NOOP 1/0O scheduler, the Anticipatory I/O scheduler,
the Completely Fair Queuing (CFQ) I/O scheduler, and the Deadline I/O scheduler. Each I/O scheduler
is effective in different scenarios.

Best practice: If you cannot use the Deadline I/O scheduler, configure the CFQ I/0
scheduler

If you cannot use the Deadline I/O scheduler, you can use the Completely Fair Queuing (CFQ) I/O
scheduler. You can configure the CFQ I/0O scheduler to optimize block 1/O performance.

To improve the performance of the CFQ I/O scheduler in large storage environments, you can use the
enterprise-storage profile on Red Hat Enterprise Linux 5 and 6. To activate this profile, run the
following command:

# tuned-adm profile enterprise-storage

The enterprise-storage profile sets the quantum and slice_idle parameters as follows:

/sys/block/device/queue/iosched/quantum = 32
/sys/block/device/queue/iosched/slice_idle = 0

where device is the name of an I/O device with which the CFQ scheduler interacts.
In a set of lab tests, the Flexible File System Benchmark (FFSB) program generated various I/O
workloads on a large storage system. The large storage system included four IBM DS3400 controllers that

were fiber-attached, eight RAID10 disk arrays, 192 disks, and an 1/O block size of 8 KB. The following
figure shows the FFSB throughput data for direct I/O with the Deadline and CFQ I/O schedulers:
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The figure shows the average FFSB throughput in megabytes per second for direct I/O paired with the
following types of 1/O schedulers:

* Deadline I/O scheduler
* CFQ I/O scheduler with the default settings
¢ CFQ I/O scheduler with the quantum parameter set to 32 and the slice_idle parameter set to 0

For each I/0O scheduler type, the figure shows throughput data for the following operations:
* Large file creation

* Sequential reads

¢ Random reads

* Random writes

* Mail server, which includes random file operations such as creating files, opening files, deleting files,
random reads, random writes, and other random file operations. These random file operations were
performed on 100,000 files in 100 directories with file sizes ranging from 1 KB to 1 MB.

For each operation, the figure shows results for one thread, eight threads, and 16 threads.

For example, the figure shows the following average FFSB throughput for large file creation on 16
threads:

* Deadline I/O scheduler: 104.0 MB/second
* CFQ I/O scheduler with the default settings: 18.9 MB/second

¢ CFQ I/O scheduler with the quantum parameter set to 32 and the slice_idle parameter set to 0: 80.9
MB/second

Overall, the figure shows the following results:
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¢ The Deadline I/0O scheduler outperforms the CFQ I/O scheduler, especially in multi-threaded
scenarios.

¢ Changing the default settings of the CFQ I/O scheduler improves performance in large storage
environments.

Related concepts

[1/0 schedulers” on page 19|

Linux offers four 1/O schedulers, or elevators: the NOOP 1/0O scheduler, the Anticipatory 1/O scheduler,
the Completely Fair Queuing (CFQ) I/O scheduler, and the Deadline I/O scheduler. Each I/O scheduler
is effective in different scenarios.
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Notices

This information was developed for products and services offered in the U.S.A.

IBM may not offer the products, services, or features discussed in this document in other countries.
Consult your local IBM representative for information on the products and services currently available in
your area. Any reference to an IBM product, program, or service is not intended to state or imply that
only that IBM product, program, or service may be used. Any functionally equivalent product, program,
or service that does not infringe any IBM intellectual property right may be used instead. However, it is
the user's responsibility to evaluate and verify the operation of any non-IBM product, program, or
service.

IBM may have patents or pending patent applications covering subject matter described in this
document. The furnishing of this document does not grant you any license to these patents. You can send
license inquiries, in writing, to:

IBM Director of Licensing
IBM Corporation

North Castle Drive
Armonk, NY 10504-1785
US.A.

The following paragraph does not apply to the United Kingdom or any other country where such
provisions are inconsistent with local law: INTERNATIONAL BUSINESS MACHINES CORPORATION
PROVIDES THIS PUBLICATION "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. Some
states do not allow disclaimer of express or implied warranties in certain transactions, therefore, this
statement may not apply to you.

This information could include technical inaccuracies or typographical errors. Changes are periodically
made to the information herein; these changes will be incorporated in new editions of the publication.
IBM may make improvements and/or changes in the product(s) and/or the program(s) described in this
publication at any time without notice.

Licensees of this program who wish to have information about it for the purpose of enabling: (i) the
exchange of information between independently created programs and other programs (including this
one) and (ii) the mutual use of the information which has been exchanged, should contact:

IBM Corporation
Dept. LRAS/Bldg. 903
11501 Burnet Road
Austin, TX 78758-3400
US.A.

Such information may be available, subject to appropriate terms and conditions, including in some cases,
payment of a fee.

The licensed program described in this document and all licensed material available for it are provided

by IBM under terms of the IBM Customer Agreement, IBM International Program License Agreement or
any equivalent agreement between us.

© Copyright IBM Corp. 2010, 2010 27



For license inquiries regarding double-byte (DBCS) information, contact the IBM Intellectual Property
Department in your country or send inquiries, in writing, to:

IBM World Trade Asia Corporation
Licensing

2-31 Roppongi 3-chome, Minato-ku
Tokyo 106-0032, Japan

IBM may use or distribute any of the information you supply in any way it believes appropriate without
incurring any obligation to you.

Information concerning non-IBM products was obtained from the suppliers of those products, their
published announcements or other publicly available sources. IBM has not tested those products and
cannot confirm the accuracy of performance, compatibility or any other claims related to non-IBM
products. Questions on the capabilities of non-IBM products should be addressed to the suppliers of
those products.

Any references in this information to non-IBM Web sites are provided for convenience only and do not in
any manner serve as an endorsement of those Web sites. The materials at those Web sites are not part of
the materials for this IBM product and use of those Web sites is at your own risk.

This information contains examples of data and reports used in daily business operations. To illustrate
them as completely as possible, the examples include the names of individuals, companies, brands, and
products. All of these names are fictitious and any similarity to the names and addresses used by an
actual business enterprise is entirely coincidental.

Trademarks

IBM, the IBM logo, and ibm.com® are trademarks or registered trademarks of International Business
Machines Corporation in the United States, other countries, or both. If these and other IBM trademarked
terms are marked on their first occurrence in this information with a trademark symbol (® and ), these
symbols indicate U.S. registered or common law trademarks owned by IBM at the time this information
was published. Such trademarks may also be registered or common law trademarks in other countries. A
current list of IBM trademarks is available on the Web at Copyright and trademark information at
www.ibm.com/legal /copytrade.shtml

Adobe, the Adobe logo, PostScript, and the PostScript logo are either registered trademarks or trademarks
of Adobe Systems Incorporated in the United States, and/or other countries.

Intel, Intel logo, Intel Inside, Intel Inside logo, Intel Centrino, Intel Centrino logo, Celeron, Intel Xeon,
Intel SpeedStep, Itanium, and Pentium are trademarks or registered trademarks of Intel Corporation or its
subsidiaries in the United States and other countries.

Linux is a trademark of Linus Torvalds in the United States, other countries, or both.

Other company, product, or service names may be trademarks or service marks of others.
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