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(57) ABSTRACT

Techniques for using a cache to accelerate virtual machine
(VM) I/O are provided. In one embodiment, a host system can
intercept an I/O request from a VM running on the host
system, where the I/O request is directed to a virtual disk
residing on a shared storage device. The host system can then
process the 1/O request by accessing a cache that resides on
one or more cache devices directly attached to the host sys-
tem, where the accessing of the cache is transparent to the
VM.
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TRANSPARENT HOST-SIDE CACHING OF
VIRTUAL DISKS LOCATED ON SHARED
STORAGE

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application is a continuation of U.S.
patent application Ser. No. 13/922,985, filed Jun. 20, 2013,
entitled “Transparent Host-Side Caching of Virtual Disks
Located on Shared Storage,” which in turn claims the benefit
and priority under 35 U.S.C. 119(e) of U.S. Provisional
Application No. 61/693,591, filed Aug. 27, 2012, entitled
“Transparent Host Side Caching of Virtual Disks Located on
Shared Storage.” The entire contents of these applications are
incorporated herein by reference for all purposes.

BACKGROUND

[0002] In data center and enterprise environments, it is
common for virtual machines (VMs) running on different
host systems to access virtual disks (VMDKs) that reside on
a shared storage device, such as a networked storage array.
Using shared storage for storing VMDKs provides a number
ofbenefits over using storage that is local to a host system. For
example, a shared storage implementation can streamline
storage maintenance and configuration, particularly in envi-
ronments that comprise a large number of host systems. A
shared storage implementation can also enable certain virtu-
alization management techniques, such as host failover and
live migration of VMs.

[0003] However, despite the foregoing benefits, accessing
VMDKSs from shared storage can, in some cases, negatively
affect VM /O performance. For instance, a VM that is
engaged in I/O to a shared storage device may experience
poor /O performance due to network latency between the
VM’s host system and the shared storage device, I/O conges-
tion at the shared storage device, and other factors. Some
server vendors have attempted to address this performance
issue by incorporating flash storage devices into host systems
for use as a cache. Unfortunately, existing techniques for
leveraging such flash storage devices as caches generally
require VM-level modifications and/or cache management
mechanisms that are specific to certain brands of flash storage
devices. As a result, these existing techniques fail to provide
a generic host-side caching solution that can be easily and
flexibly implemented in any virtualized system environment.

SUMMARY

[0004] Techniques for using a host-side cache to accelerate
VM I/O are provided. In one embodiment, the hypervisor of
a host system can intercept an I/O request from a VM running
on the host system, where the I/O request is directed to a
virtual disk residing on a shared storage device. The hyper-
visor can then process the /O request by accessing a host-side
cache that resides one or more cache devices distinct from the
shared storage device, where the accessing of the host-side
cache is transparent to the VM.

[0005] The following detailed description and accompany-
ing drawings provide a better understanding of the nature and
advantages of particular embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1 depicts a block diagram of a system environ-
ment that supports transparent host-side caching according to
an embodiment.
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[0007] FIG. 2 depicts a flowchart for configuring a host-
side cache according to an embodiment.

[0008] FIG. 3 depicts a flow within the system environment
of FIG. 1 for performing transparent host-side caching
according to an embodiment.

[0009] FIG. 4 depicts a flowchart for freeing a VM/VMDK
cache allocation according to an embodiment.

[0010] FIG. 5 depicts a flowchart for migrating the contents
of'a host-side cache during a VM live migration according to
an embodiment.

DETAILED DESCRIPTION

[0011] In the following description, for purposes of expla-
nation, numerous examples and details are set forth in order to
provide an understanding of various embodiments. It will be
evident, however, to one skilled in the art that certain embodi-
ments can be practiced without some of these details, or can
be practiced with modifications or equivalents thereof.
[0012] The present disclosure describes a framework that
can be implemented within the hypervisor of a host system for
accelerating VM I/O using a host-side cache. In one embodi-
ment, the hypervisor can intercept an I/O request originating
from a VM, where the I/O request is directed to a VMDK
residing on a shared storage device (e.g., a networked storage
array). The hypervisor can then process the I/O request by
accessing a host-side cache that resides on one or more cache
devices (e.g., flash storage devices) distinct from the shared
storage device, such that the accessing is “transparent” to the
VM (i.e., the VM is unaware that the host-side cache is being
accessed, or that the host-side cache exists at all).

[0013] With this framework, there is no need to implement
code at the VM level in order to take advantage of the host-
side cache. Instead, the entire caching process can be auto-
mated by, and internal to, the hypervisor. As a result, the
framework can accelerate VM 1/O performance across all of
the hypervisor’s VMs, regardless of the software configura-
tion of each VM.

[0014] Further, in certain embodiments the framework can
be both cache device and shared storage device-agnostic—in
other words, the host-side cache that the hypervisor accesses
canreside on any type/brand of cache device, and the VMDKs
that the hypervisor accesses can reside on any type/brand of
shared storage device. In a particular embodiment, multiple
heterogeneous cache devices (e.g., cache devices of different
brands, capacities, form factors, etc.) can be pooled into a
single, logical host-side cache that conforms to a common file
system format. The hypervisor can then allocate space in the
logical host-side cache across a selected group of VMs (or
VMDKSs) for caching purposes.

[0015] Yet further, in certain embodiments the framework
can support a modular architecture for controlling its host-
side caching behavior. For example, consider a situation
where a flash storage vendor creates a proprietary caching
algorithm that it believes works best with its branded flash
storage device. To take advantage of this without limiting
device interoperability, the framework can allow multiple
caching modules (each implementing different caching algo-
rithms) to be simultaneously registered with, or installed in,
the hypervisor. An administrator of the host system can then
select that vendor’s caching module for use with a host-side
cache that is resident on that vendor’s flash storage device. In
this way, the framework can accommodate various third-
party caching techniques while remaining cache device-ag-
nostic.
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[0016] FIG. 1 depicts a system environment 100 that sup-
ports transparent host-side caching according to an embodi-
ment. As shown, system environment 100 includes a host
system 102 that executes a hypervisor 104 (also known as a
“virtualization layer” or virtualization software”). Hypervi-
sor 104 provides an environment in which one or more VMs
106 can run. In one embodiment, hypervisor 104 can interact
directly with the hardware platform of host system 102 with-
outan intervening host operating system. In this embodiment,
hypervisor 104 can include a kernel (not shown) that manages
VM use of the various hardware devices of host system 102.
In an alternative embodiment, hypervisor 104 can be part of a
“hosted” configuration in which the hypervisor runs on top of
a host operating system (not shown). In this embodiment,
hypervisor 104 can rely on the host operating system for
physical resource management of hardware devices. One of
ordinary skill in the art will recognize various modifications
and alternatives for the design and configuration of hypervi-
sor 104.

[0017] System environment 100 further includes a shared
storage device 108 and one or more cache devices 110 that are
communicatively coupled with host system 102. Shared stor-
age device 108 can be, e.g., a SAN or NAS-based storage
array, or any other type of storage device/component that is
shared between host system 102 and one or more other host
systems. Shared storage device 108 stores virtual disks (VM-
DKs) 112 that VMs 106 access to read and write persistent
data.

[0018] Cache devices 110 can comprise flash storage
devices (e.g., SSDs, PCI-e based flash cards, etc.), volatile
memory devices (e.g.,, NVRAM), and/or other similar stor-
age/memory devices. In one embodiment, cache devices 110
can be local (e.g., directly attached) to host system 102. In
other embodiments, one or more of cache devices 110 can be
remote devices that communicate with host system 102 over
a network (not shown).

[0019] As noted in the Background section, one of the
disadvantages of using shared storage (such as shared storage
device 108) for storing VMDKs is potentially poor VM 1/O
performance. Techniques exist for mitigating this perfor-
mance problem, but these existing techniques generally
require VM-level modifications and/or are proprietary to spe-
cific brands of cache devices.

[0020] To address the foregoing (and other similar) issues,
hypervisor 104 of host system 102 can include a caching
framework 114. In one embodiment, caching framework 114
can reside immediately below a virtual SCSI (vSCSI) layer
within the I/O stack of hypervisor 104, although it should be
appreciated that caching framework 114 can reside at any
other layer/location within hypervisor 104. In operation,
caching framework 114 can intercept I/O requests originating
from VMs 106 that are destined for VMDKs 112 on shared
storage device 108. Caching framework 114 can then process
the I/O requests by accessing a host-side cache 116 residing
on cache devices 110 (in lieu of, or in addition to, accessing
shared storage device 108). For example, if an intercepted I/O
request is a read request, caching framework 114 can check
whether the requested data is already available in host-side
cache 116. If so, caching framework 114 can retrieve the data
directly from cache devices 110 rather than performing a
roundtrip to/from shared storage device 108, thereby reduc-
ing the I/O latency experienced by the originating VM.
[0021] Significantly, caching framework 114 can perform
the cache processing described above in a manner that is
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transparent to VMs 106. Thus, caching framework 114 does
not require any changes to the applications or guest operating
system(s) running within VMs 106. In addition, unlike certain
existing caching implementations, caching framework 114
can be agnostic of the types/brands of cache devices 110
and/or shared storage device 108.

[0022] Further, in the embodiment of FIG. 1, caching
framework 114 can allow third-party developers (e.g., storage
or server vendors) to develop custom/proprietary caching
algorithms and register/install these algorithms, as caching
modules 118, within framework 114. As described in further
detail below, an administrator of host system 102 can associ-
ate a particular caching module 118 with a particular cache
device, VM, VMDK, etc. (per, e.g., the recommendations/
guidelines of the third-party developer that created the cach-
ing module). At runtime of host system 102, caching frame-
work 114 can subsequently use this association to invoke the
functionality of caching module 118 for that cache device,
VM, or VMDK.

[0023] FIG. 2 depicts a flowchart 200 for creating host-side
cache 118 and configuring the operation of caching frame-
work 114 according to an embodiment. For simplicity, it is
assumed that flowchart 200 is performed by a management
component/interface of hypervisor 104. However, in alterna-
tive embodiments, one or more blocks of flowchart 200 can be
performed by a central management server that is separate
from host system 102.

[0024] At block 202, hypervisor 104 can receive, from an
administrator of host system 102 (or some other user), a
selection of one or more cache devices (e.g., cache devices
110) to be used as a host-side cache by caching framework
114. In one embodiment, the selected cache devices can be
homogenous (i.e., identical). In other embodiments, the
selected cache devices can be heterogeneous (i.e., devices
that have differing types, capacities, brands, etc.). For
example, one cache device may be 256 GB SSD manufac-
tured by EMC, while another cache device may be a 512 GB
PCI-e based flash card manufactured by Fusion-io.

[0025] Atblock 204, hypervisor 104 can pool, or combine,
the selected cache devices together, such that the cache
devices can be accessed and managed as a single, logical
cache resource (i.e., host-side cache 116). In certain embodi-
ments, the processing at block 204 can comprise applying a
common file system to the selected cache devices, and then
creating a host-side cache “partition” across the cache devices
using the file system. An example of one such file system is
VMware’s VFFS (Virtual Flash File System), although it
should be appreciated that other file systems may be used. In
embodiments where the administrator selects only a single
cache device at block 202, this step can be omitted.

[0026] Once host-side cache 116 has been defined/created
per blocks 202-204, the administrator can configure caching
framework 114 to use host-side cache 116 for accelerating the
1/0 of a particular VM or VMDK of host system 102 (blocks
206-210). For example, at block 206, hypervisor 104 can
receive, from the administrator, a selection of the VM or
VMDK. As part of this step, hypervisor 104 can receive
parameters for controlling the amount of space in host-side
cache 116 that should be allocated to the VM/VMDK. This
space (referred to as the VM/VMDK’s cache allocation) dic-
tates the amount of cached data that host-side cache 116 can
hold for the VM/VMDK at a given time. In a particular
embodiment, the parameters can include “min” and “max”
parameters that specify minimum and maximum sizes for the
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VM/VMDK ’s cache allocation respectively. Alternatively or
in addition, the parameters can include a “shares” parameter
that specifies a percentage of the total size of host-side cache
116 for the VM/VMDK’s cache allocation.

[0027] At block 208, hypervisor 104 can receive, from the
administrator, a selection of a caching module 118 for the
VM/VMDK selected at block 206. As noted above, in certain
embodiments caching framework 114 can implement a
modular architecture in which various third-party developers
can create and install their own, custom/proprietary caching
algorithms (in the form of caching modules 118) in caching
framework 114. This enables the third-party developers to
optimize the operation of caching framework 114 for a par-
ticular type of cache device, a particular VM, a particular
VMDAK, and/or the like. With this architecture, multiple cach-
ing modules may be installed in caching framework 114 at
any given time. Accordingly, the caching module selection
received at block 208 allows caching framework 114 to know
which caching module to invoke upon intercepting a I/O
request related to the selected VM or VMDK at system runt-
ime.

[0028] Finally, at block 210, hypervisor 104 can save the
inputs received at blocks 206 and 208 in a metadata file (e.g.,
a VMX file) associated with the selected VM/VMDK.
[0029] FIG. 3 depicts a flow 300 that caching framework
114 can perform during the runtime of host system 102 for
carrying out transparent host-side caching according to an
embodiment. In this example, it is assumed that the adminis-
trator of host system 102 has selected VMDK 112 (corre-
sponding to VM 106) as making use of host-side cache 116
per block 206 of FIG. 2. Further, it is assumed that the admin-
istrator has selected caching module 118 as being the appro-
priate caching module for processing I/O requests directed to
VMDK 112 per block 208 of FIG. 2.

[0030] Atstep (1) (reference numeral 302), caching frame-
work 114 can create, upon power on of VM 106, a cache
allocation 320 for VMDK 112 in host-side cache 116. In one
embodiment, cache allocation 320 can correspond to a file
that is formatted according to the common file system applied
to cache devices 110 at block 204 of FIG. 2. In alternative
embodiments, cache allocation 320 can correspond to a set of
reserved data blocks in host-side cache 116. By allocating
VMDK 112 its own, dedicated portion of host-side cache 116,
caching framework 114 can ensure that the caching perfor-
mance for VMDK 112 is unaffected by the I/O workloads of
other VMDKs or VMs that may make use of host-side cache
116.

[0031] Generally speaking, the size of cache allocation 320
can conform to the size parameter(s) received at block 206 of
FIG. 2 (and stored in VM 106’s metadata file). In cases where
host-side cache 116 does not have sufficient free space to
create cache allocation 320, cache framework 114 can trans-
mit an error message to hypervisor 104, which may abort the
VM power on process.

[0032] In addition to the above, as part of step (1), caching
framework 114 can initialize caching module 118 (i.e., the
caching module selected for VMDK 112 at block 208 of FIG.
2) to interoperate with VMDK 112 and host-side cache 116.
This initialization process can comprise, e.g., calling an
“open( )” function of caching module 118 and passing, as
input parameters to the open( ) function, handles/pointers to
VMDK 112 and host-side cache 116 respectively.

[0033] Once caching framework 114 has created cache
allocation 320 and initialized caching module 118 per step
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(1), caching framework 114 can execute a process for trans-
parently handling I/O requests that originate from VM 106
(and are directed to VMDK 112). For example, at steps (2)
and (3) (reference numerals 306 and 308), caching frame-
work can intercept such an I/O request 304 and determine that
caching module 118 should process the 1/O request (by, e.g.,
examining the VM metadata file created at block 210 of FIG.
2). Caching framework 114 can then call an appropriate func-
tion of caching module 118 (e.g., an “asyncio( ) function) for
invoking its caching functionality (step (4), reference
numeral 310).

[0034] In response to the invocation at step (4), caching
module 118 can execute its internal caching algorithm(s) to
determine how to handle (e.g., cache) the I/O request (step
(5), reference numeral 312). For example, if the [/O request is
a read request, caching module 118 may perform one type of
algorithm, and if the I/O request is a write request, caching
module 118 may perform a different type of algorithm. As
noted previously, in certain embodiments, caching module
118 may be defined by a third-party developer in order to
optimize caching performance. Accordingly, in these
embodiments, the caching algorithm(s) that caching module
118 executes at block 312 may be specifically tailored for
VMDK 112, the applications/workload of VM 106, and/or
cache devices 110.

[0035] Finally, at step (6) (reference numeral 314), caching
module 118 can issue appropriate commands 316, 318 (via
the I/O handles received at step (1)) to host-side cache 116
and/or VMDK 112 in order to read/write data from/to these
entities based on the processing of step (5). Although not
shown in FIG. 3, hypervisor 104 can also return an acknowl-
edgement to VM 106 indicating that the I/O request has been
successfully completed/processed.

[0036] With the techniques shown in FIGS. 2 and 3, cach-
ing framework 114 can provide a number of advantages over
existing host-side caching solutions. First, since runtime flow
300 is encapsulated entirely within hypervisor 104, there is no
need to perform any modifications at the VM level in order to
take advantage of host-side cache 116; the caching function-
ality provided by caching framework 114 can apply to any
VM running on hypervisor 104 by simply designating the VM
as making use of host-side cache 116 per block 206 of FIG. 2.
Second, since caching framework 114 is not tied to a particu-
lar type/brand of cache device(s) 110 (or shared storage
device 108), caching framework 114 can operate in the con-
text of any storage infrastructure, and can even unify multiple,
disparate cache devices into a single, logical cache resource
(via a common file system). Fourth, by supporting multiple,
pluggable caching modules, caching framework 114 can pro-
vide for optimized caching performance on a per VM, per
VMDK, or per cache device basis. Fifth, by allocating each
VM or VMDK is own, dedicated cache allocation within
host-side cache 116, caching framework 114 can ensure
cache performance isolation across VMs/VMDKs.

[0037] One challenge with implementing the host-side
caching shown in FIG. 3 is ensuring there is sufficient free
space in host-side cache 116 to create new cache allocations
as new VMs are powered on. To address this, in certain
embodiments caching framework 114 can free cache space
that has been allocated to a VM or VMDK when the VM is
powered off or otherwise rendered inactive (e.g., suspended,
snapshotted, etc.). This prevents the VM/VMDK from unnec-
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essarily occupying cache resources that can be allocated to
other, active VMs/VMDKs. FIG. 4 depicts a flowchart 400 of
such a process.

[0038] At block 402, caching framework 114 can detect a
power off/suspend/snapshot command with respect to a VM
running on hypervisor 104. In the case of VM power down,
the command may originate from the VM itself. In the case of
VM suspend or snapshot, the command may originate from,
e.g., a central management server responsible for managing
host sy stem 102.

[0039] At block 404, caching framework 114 can invoke a
“close( )” function of the VM’s associated caching module
(and/or the caching modules associated with the VM’s
VMDKs).

[0040] In response, the caching module(s) can flush any
dirty data in the VM/VMDK’’s cache allocation(s), if such
dirty data exists (block 406). The caching module(s) can then
free the cache space associated with the cache allocation(s) in
host-side cache 116 (block 408).

[0041] In the case of a VM suspend or snapshot event, the
VM will eventually be resumed. In this scenario, upon detect-
ing the VM resume command, caching framework 114 can
attempt reallocate space in host-side cache 116 for the VM
(and/or its VMDKSs) based on the administrator inputs pro-
vided in FIG. 2. Like the VM power on scenario, if there is
insufficient free space in host-side cache 116 to create the
cache allocation, the VM suspend process may be aborted.
Alternatively, hypervisor 104 may choose to power on/re-
sume the VM without creating a cache allocation.

[0042] In some embodiments, hypervisor 104 of host sys-
tem 102 may wish to live migrate a running VM to another
(i.e., “destination”) host system while caching framework
114 is actively caching I/O requests for the VM (or its
VMDKSs) in host-side cache 116. In these embodiments,
caching framework 114 can also move, as part of the VM
migration process, the contents of the VM/VMDK’s cache
allocation(s) from host-side cache 116 to a corresponding
host-side cache at the destination host system. This process
essentially “warms up” the host-side cache at the destination
host system so that it can used to accelerate the VM’s I/O
immediately after VM migration. FIG. 5 depicts a flowchart
500 for carrying out such a process according to an embodi-
ment.

[0043] At block 502, hypervisor 104 can begin the VM
migration to the destination host system. Although not
shown, this step can include checking with the destination
host system whether it has sufficient free space in its host-side
cache to accommodate the VM (and/or its VMDKs) cached
data. If the host-side cache on the destination host system
does not have sufficient free space, the VM migration process
can be aborted.

[0044] At block 504, caching framework 114 can deter-
mine whether the VM/VMDK ’s cached data should be copied
over to the destination host system. This choice can be con-
figured by, e.g., an administrator of host system 102. If so,
caching framework 114 can transmit the cached data to the
destination host system so that the data can be populated in
the destination host system’s host-side cache (block 506). As
noted above, this step can warm up the destination host-side
cache so that it can immediately begin servicing VM 1/O
requests.

[0045] On the other hand, if the cached data should not be
copied over, caching framework 114 can simply flush any
dirty data in the VM/VMDK’s cache allocation(s) to shared
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storage device 108 (block 508). This ensures that there is no
data corruption in shared storage device 108 when the VM
begins executing and accessing data from the destination host
system, but does not warm up the destination host-side cache
as in block 506.

[0046] Finally, at block 510, caching framework 114 can
free the VM/VMDK ’s cache allocation(s) in host-side cache
116 since the VM is no longer running on host system 102.
[0047] The embodiments described herein can employ
various computer-implemented operations involving data
stored in computer systems. For example, these operations
can require physical manipulation of physical quantities—
usually, though not necessarily, these quantities take the form
of electrical or magnetic signals, where they (or representa-
tions of them) are capable of being stored, transferred, com-
bined, compared, or otherwise manipulated. Such manipula-
tions are often referred to in terms such as producing,
identifying, determining, comparing, etc. Any operations
described herein that form part of one or more embodiments
can be useful machine operations.

[0048] Further, one or more embodiments can relate to a
device or an apparatus for performing the foregoing opera-
tions. The apparatus can be specially constructed for specific
required purposes, or it can be a general purpose computer
system selectively activated or configured by program code
stored in the computer system. In particular, various general
purpose machines may be used with computer programs writ-
ten in accordance with the teachings herein, or it may be more
convenient to construct a more specialized apparatus to per-
form the required operations. The various embodiments
described herein can be practiced with other computer system
configurations including handheld devices, microprocessor
systems, microprocessor-based or programmable consumer
electronics, minicomputers, mainframe computers, and the
like.

[0049] Yet further, one or more embodiments can be imple-
mented as one or more computer programs Or as one or more
computer program modules embodied in one or more non-
transitory computer readable storage media. The term non-
transitory computer readable storage medium refers to any
data storage device that can store data which can thereafter be
input to a computer system. The non-transitory computer
readable media may be based on any existing or subsequently
developed technology for embodying computer programs in
a manner that enables them to be read by a computer system.
Examples of non-transitory computer readable media include
a hard drive, network attached storage (NAS), read-only
memory, random-access memory (e.g., a flash memory
device), a CD (Compact Disc) (e.g., CD-ROM, CD-R, CD-
RW, etc.), a DVD (Digital Versatile Disc), a magnetic tape,
and other optical and non-optical data storage devices. The
non-transitory computer readable media can also be distrib-
uted over a network coupled computer system so that the
computer readable code is stored and executed in a distributed
fashion.

[0050] Inaddition, while described virtualization methods
have generally assumed that virtual machines present inter-
faces consistent with a particular hardware system, persons of
ordinary skill in the art will recognize that the methods
described can be used in conjunction with virtualizations that
do not correspond directly to any particular hardware system.
Virtualization systems in accordance with the various
embodiments, implemented as hosted embodiments, non-
hosted embodiments or as embodiments that tend to blur
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distinctions between the two, are all envisioned. Furthermore,
certain virtualization operations can be wholly or partially
implemented in hardware.

[0051] Many variations, modifications, additions, and
improvements are possible, regardless the degree of virtual-
ization. The virtualization software can therefore include
components of a host, console, or guest operating system that
performs virtualization functions. Plural instances can be
provided for components, operations, or structures described
herein as a single instance. Finally, boundaries between vari-
ous components, operations, and data stores are somewhat
arbitrary, and particular operations are illustrated in the con-
text of specific illustrative configurations. Other allocations
of functionality are envisioned and may fall within the scope
of the invention(s). In general, structures and functionality
presented as separate components in exemplary configura-
tions can be implemented as a combined structure or compo-
nent. Similarly, structures and functionality presented as a
single component can be implemented as separate compo-

nents.

[0052] Asusedinthe description herein and throughout the
claims that follow, “a,” “an,” and “the” includes plural refer-
ences unless the context clearly dictates otherwise. Also, as
used in the description herein and throughout the claims that
follow, the meaning of “in” includes “in” and “on” unless the

context clearly dictates otherwise.

[0053] The above description illustrates various embodi-
ments along with examples of how aspects of particular
embodiments may be implemented. These examples and
embodiments should not be deemed to be the only embodi-
ments, and are presented to illustrate the flexibility and advan-
tages of particular embodiments as defined by the following
claims. Other arrangements, embodiments, implementations
and equivalents can be employed without departing from the
scope hereof as defined by the claims.

What is claimed is:

1. A method for using a cache to accelerate virtual machine
(VM) /O, the method comprising:

intercepting an 1/O request from a VM running on a host
system, the I/O request being directed to a virtual disk
residing on a shared storage device; and

processing the I/0 request by accessing a cache that resides
on one or more cache devices directly attached to the
host system, the accessing of the cache being transparent
to the VM.

2. The method of claim 1 wherein processing the 1/O
request by accessing the cache comprises invoking a caching
module that has been preconfigured for use with the VM or
the virtual disk.

3. The method of claim 2 wherein the caching module is a
modular component that is implemented by a third-party
developer.

4. The method of claim 1 wherein the cache is spread across
a plurality of cache devices that are pooled into a single
logical resource by applying a common file system to the
plurality of cache devices.

5. The method of claim 4 wherein the plurality of cache
devices are heterogeneous devices.

6. The method of claim 1 wherein the VM or the virtual disk
is allocated a portion of the cache when the VM is powered
on, the allocated portion having a preconfigured minimum
size and a preconfigured maximum size.
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7. The method of claim 6 wherein the allocated portion is
freed when the VM is powered off or migrated to another host
system.

8. The method of claim 1 wherein the one or more cache
devices are distinct from the shared storage device.

9. A non-transitory computer readable storage medium
having stored thereon computer software executable by a
processor of a host system, the computer software embodying
a method for using a cache to accelerate VM 1/O, the method
comprising:

intercepting an I/O request from a VM running on the host

system, the 1/O request being directed to a virtual disk
residing on a shared storage device; and

processing the I/O request by accessing a cache that resides

on one or more cache devices directly attached to the
host system, the accessing of the cache being transparent
to the VM.

10. The non-transitory computer readable storage medium
of claim 9 wherein processing the I/O request by accessing
the cache comprises invoking a caching module that has been
preconfigured for use with the VM or the virtual disk.

11. The non-transitory computer readable storage medium
of claim 10 wherein the caching module is a modular com-
ponent that is implemented by a third-party developer.

12. The non-transitory computer readable storage medium
of claim 9 wherein the cache is spread across a plurality of
cache devices that are pooled into a single logical resource by
applying a common file system to the plurality of cache
devices.

13. The non-transitory computer readable storage medium
of claim 12 wherein the plurality of cache devices are hetero-
geneous devices.

14. The non-transitory computer readable storage medium
of claim 9 wherein the VM or the virtual disk is allocated a
portion of the cache when the VM is powered on, the allocated
portion having a preconfigured minimum size and a precon-
figured maximum size.

15. The non-transitory computer readable storage medium
of claim 14 wherein the allocated portion is freed when the
VM is powered off or migrated to another host system.

16. The non-transitory computer readable storage medium
of claim 9 wherein the one or more cache devices are distinct
from the shared storage device.

17. A host system comprising:

a processor;

one or more cache devices; and

a non-transitory computer readable medium having stored

thereon program code that, when executed by the pro-

cessor, causes the processor to:

intercept an I/O request from a VM running on the host
system, the I/O request being directed to a virtual disk
residing on a shared storage device; and

process the I/O request by accessing a cache that resides
on the one or more cache devices, the accessing of the
cache being transparent to the VM.

18. The host system of claim 17 wherein the program code
that causes the processor to process the I/0 request by access-
ing the cache comprises program code that causes the proces-
sor to invoke a caching module that has been preconfigured
for use with the VM or the virtual disk.

19. The host system of claim 18 wherein the caching mod-
ule is a modular component that is implemented by a third-

party developer.
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20. The host system of claim 17 wherein the cache is spread
across a plurality of cache devices that are pooled into a single
logical resource by applying a common file system to the
plurality of cache devices.

21. The host system of claim 20 wherein the plurality of
cache devices are heterogeneous devices.

22. The host system of claim 17 wherein the VM or the
virtual disk is allocated a portion of the cache when the VM is
powered on, the allocated portion having a preconfigured
minimum size and a preconfigured maximum size.

23. The host system of claim 22 wherein the allocated
portion is freed when the VM is powered off or migrated to
another host system.

24. The host system of claim 17 wherein the one or more
cache devices are distinct from the shared storage device.

#* #* #* #* #*
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