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Hyper-V in Windows Server 2012 R2 includes the ability to set certain Quality of Service (QoS) 
parameters for storage on a virtual machine. 

Storage Quality of Service

Storage QoS provides storage performance isolation in a multi-tenant environment and 
mechanisms to notify you when the storage I/O performance does not meet the defined 
threshold to efficiently run your virtual machine workloads.
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Storage QoS delivers the ability 
to specify a minimum IOPS 
value for your virtual hard disk.

You will be notified when the IOPS to a 
specified virtual disk is below a threshold 
that is needed for its optimal performance. 

Maximum IOPS
Storage QoS delivers the ability to 
specify a maximum input/output 
operations per second (IOPS) 
value for your virtual hard disk. 

You can throttle the storage I/O and stop a 
tenant from consuming excessive storage 
resources that may impact another tenant. 

These maximum and minimum values are specified in terms of normalized IOPS where 
every 8 KB of data is counted as an I/O. 

You can monitor storage-related parameters for the virtual hard disk of the virtual 
machine. 

Windows Server 2012 R2 enhances your capability to manage virtual machine storage resources. 
You can increase or decrease the size of a virtual hard disk while the virtual machine is still running. 

Online Virtual Hard Disk Resizing 

You can expand or 
shrink virtual hard 
disk files (VHDX).

Virtual Machine

Expand Virtual Hard Disk

Operating
System
Volume

Unallocated Volume 
(created by the online 
resize of a virtual hard 
disk (VHDX)).

You can expand the operating system 
volume to include the unallocated volume  
space and make the expanded virtual hard 
disk capacity available to the operating 
system within the virtual machine.
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Shrink Virtual Hard Disk
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It is only possible to 
shink an unalloacted 
volume when 
reducing the size of 
a virtual hard disk. 
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Online resizing is intended exclusively for SCSI-attached VHDX files. 

Virtual Hard Disks

Virtual Machine

Scale-Out File Server and SMB 
Scale-Out File Server for Application Data
A Scale-Out File Server lets you store server application data (such as Hyper-V 
virtual machine files) on file shares and obtain a similar level of reliability, availability, 
manageability, and high performance as you would expect from a storage area 
network. All file shares are online on all nodes simultaneously. File shares associated 
with this type of clustered file server are called scale-out file shares. 
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Hyper-V Failover Cluster

SMB file shares are continuously available to store VHDs. File shares are accessible on all 
cluster nodes (active/active).

Scale-Out File Server

Hyper-V in a Failover Cluster

SMB File Shares for Application Storage

SMB Multichannel
SMB Multichannel capability enables bandwidth aggregation and failover across multiple 
network adapters to provide aggregated throughput and resiliency to network failures. 
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Clustered  File  Servers

SMB Direct    
SMB Direct delivers improved and 
enhanced network performance. 
SMB Direct supports the use of 
network adapters that have remote 
direct memory access (RDMA) 
capability. Network adapters that 
have RDMA can function at full 
speed with very low latency, while 
using less CPU. 
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SMB Direct provides 
higher performance 
through offloading of 
network I/O processing 
onto network adapter.

SMB Direct is used by the 
file server and Clustered 
Shared Volumes (CSV) for 
storage communications 
within a cluster.
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Remote Direct Memory 
Access (RDMA)–enabled 

network adapters
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SMB Transparent Failover
SMB Transparent Failover supports server application workloads that require the connection to 
the storage infrastructure to be continuously available. The SMB file server and client  work 
togeather to make failover of file server cluster nodes transparent to applications—for all file 
operations, and for both planned cluster resource moves and unplanned node failures.

Server Message Block (SMB 3.0)
SMB Direct delivers scalable, fast, and efficient storage access. You can also benefit from fast 
data transfers and network fault tolerance using SMB Multichannel. SMB Multichannel and 
SMB Direct improves network communications between your Hyper-V server cluster and 
your File Server cluster. It also improves internode communications within your File Server 
cluster. Windows Server 2012 R2 uses version 3.0 of the SMB protocol.  

Understanding Storage Architecture

Network 
Adapter

Network 
Adapter

Switch

4

SMB Direct 
You can improve your cloud deployment storage using a special type of network adapter 
that has remote direct memory access (RDMA) capability and can function at full speed 
with very low latency, while using very little CPU. For server roles or applications, this 
gives a remote file server performance comparable to local storage.

SMB Multichannel
This improvement allows aggregation of network bandwidth and network fault tolerance if 
multiple paths are available between the Server Message Block (SMB) client and the SMB 
server. Server applications can then take advantage of all available network bandwidth to be 
more resilient in the event of a network failure.

SMB Transparent Failover
You can easily perform hardware or software maintenance of nodes in a clustered file 
server by moving file shares between nodes without interrupting server applications that 
are storing data on these file shares. Also, if a hardware or software failure occurs on a 
cluster node, SMB 3.0 Transparent Failover lets file shares fail over to another cluster 
node without interrupting server applications that are storing data on these file shares.

Scale-Out File Server
Scale-Out File Server lets you store server application data (such as Hyper-V virtual machine 
files) on file shares and obtain a similar level of reliability, availability, manageability, and high 
performance as you would expect from a storage area network. All file shares are online on 
all nodes simultaneously. File shares associated with this type of clustered file server are 
called scale-out file shares. This is an active/active configuration. 

Tiered Storage Spaces
Storage Spaces delivers storage virtualization capabilities to Windows Server 2012 R2. The 
storage stack has been enhanced to incorporate two new abstractions, storage pools, and 
storage spaces. Storage pools are a collection of physical disks that enable you to aggregate 
disks, expand capacity in a flexible manner, and delegate administration. Storage spaces are 
virtual disks created from free space in a storage pool, with attributes such as resiliency level, 
storage tiers, fixed provisioning, and precise administrative control.

Cluster Shared Volumes
Cluster Shared Volumes (CSV) simplifies the configuration and management of clustered 
virtual machines. With CSV, multiple clustered virtual machines can use the same LUN 
(disk) and still live migrate from node to node independently of one another.
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Network failure detection works with any virtual machine. It supports legacy and software-based 
network adapters, SR-IOV–enabled network adapters, virtual machine checkpoints, storage or 
network resource pools, and advanced networking features enabled on virtual machines.

Storage Failure Detection for Virtual Machines

Hyper-V and Failover Clustering

Storage failure detection supports VHD and VHDX file formats, differencing disks, virtual hard disks 
connected to IDE controllers, virtual hard disks connected to SCSI controllers, virtual machine 
checkpoints (snapshots), and virtual machines using storage and network resource pools. 

Windows Server has always allowed you to cluster your virtual machines using storage managed by 
the failover cluster. If a storage failure was detected, the failover cluster responded in an appropriate 
manner and ensured that your virtual machine maintained access to its storage. In Windows Server 
2012 R2, Hyper-V and Failover Clustering have been enhanced to detect physical storage failures on 
storage devices that are not managed by the failover cluster (for example, SMB 3.0 shares). 

Storage failure detection can detect the failure of a virtual machine boot disk or any secondary data 
disk associated with the virtual machine. If such an event occurs, Failover Clustering ensures that the 
virtual machine is relocated and restarted on another node in the cluster. This eliminates situations 
where unmanaged storage failures would not be detected and where virtual machines resources 
may become unavailable. For example, a SQL data store failing on a secondary drive is now 
detected. 

Network Failure Detection for Virtual Machines
In previous releases, Failover Clustering has monitored and managed network connectivity among 
cluster nodes, and between clients and cluster nodes. It detects problems with a network adapter 
or other network device and takes appropriate action to ensure connectivity is uninterrupted. In 
Windows Server 2012 R2, Hyper-V and Failover Clustering have been enhanced to detect network 
connectivity issues for virtual machines. If the physical network assigned to the virtual machine 
suffers a failure—such as a faulty switch port, network adapter, or a disconnected network 
cable—then the failover cluster moves the virtual machine to another node in the failover cluster 
in order to restore network connectivity. 

You can use network failure detection to monitor the health of a physical cluster node as well as 
the health of the virtual machine and ensure that you can provide a robust environment to host 
private cloud environments. 

Event log entries describe the reason for 
a virtual machine being restarted or  
moved when a storage failure is 
detected.

Server Running Hyper-V
in Failover Cluster

Failover Cluster 
Node A

Failover Cluster 
Node B

A storage network failure breaks the link 
between a virtual machine to its storage.

Failover Clustering detects the problem and 
restarts the virtual machines on the other 
node in the cluster. 

A virtual machine is moved to a new cluster 
node when storage failure detects a virtual 
machine can no longer access its storage.

You can access virtual 
machine storage from 
the virtual machine  
moved to Node B. 

Shared Storage

Storage Network

Server Running Hyper-V 
in Failover Cluster

SMB 3.0 
SharesCluster Shared Volumes

(CSV)

Storage failure detection identifies  
physical storage failures on storage 
devices that are not managed by 
the failover cluster.
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Failover Cluster Node A If a virtual machine loses 
network connectivity due to a 
physical network failure (link 
state of network adapter fails), 
then the failover cluster will 
move the virtual machine to 
another node in the cluster.  

Before the virtual machine is 
moved, link detection of the 
destination network adapter is 
confirmed on the destination 
computer. 

Switch

Network 
Adapter

Network 
Cable

Network

Switch

Network 
Adapter

Network 
Cable

Failover Cluster Node B

Event log entries indicate the reason for a virtual machine being moved when a network failure is detected.
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You can get the free Windows 8 
app, Server Posterpedia, from 
the Windows Store

Hyper-V with Virtual Hard Disk Sharing
Windows Server 2012 R2 enables you to share a virtual hard disk file (VHDX format), 
which provides shared storage for a virtual machine failover cluster (also known as a 
guest cluster). By making shared storage available to virtual machines, you can can easily 
use a virtual machine failover cluster to protect your application services (for example, 
SQL or file server services) running inside your virtual machines.
Virtual Machine Clustering Using Cluster Shared Volumes
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Virtual Machine Clustering with SMB Storage in a Scale-Out File Server 

Supported Scenarios for Virtual Hard Disk Sharing 
Supported scenarios include:

One option for using virtual hard disk sharing is to use a scale-out file server.                        

A virtual machine failover cluster using a 
shared virtual hard disk is not limited to a 
specific storage topology. It is supported 
on Fibre Channel, iSCSI, Storage Spaces, 
and SMB. 

VHDX format only

Hyper-V virtual machine failover 
clustering is available for use with 
data virtual hard disks, not the boot 
virtual hard disk.

You can configure virtual 
machine storage on the 
server running Hyper-V.
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Virtual Hard Disk Sharing does not support: A virtual machine failover cluster using a shared 
virtual hard disk is not limited to a specific storage 
topology. It is supported on Fibre Channel, iSCSI, 
Storage Spaces, and SMB. 
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Storage Spaces 
integrates with 
other Windows 
Server 2012 R2 
storage capabilities.
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Storage spaces are virtual disks created 
from free space in a storage pool, with 
attributes such as resiliency level, 
storage tiers, fixed provisioning, and 
precise administrative control.

Mirror spaces: Stripes and mirrors data in duplicate or triplicate 
across physical disks, helping to protect against one (for a 
two-way mirror) or two (for a three-way mirror) simultaneous disk 
failures while maximizing performance.

Parity spaces: Stripes data and parity information across physical 
disks, helping to protect against one (for single-parity) or two (for 
dual-parity) simultaneous disk failures, while maximizing capacity.

Simple spaces: Stripes data across physical disks, maximizing 
performance and capacity when protection against disk failures is 
not needed or is provided in other ways.

Storage Spaces provides three storage layouts.

Storage Pool 

SSD SSD
Solid State Drives Hard Disk DrivesHot 

Data
Cold 
Data

Storage Spaces can use existing SSDs in the 
storage pool to create a durable write-back 
cache that buffers small random writes to 
SSDs before later writing them to HDDs. The 
write-back cache works with all mirror spaces 
and simple spaces, including tiered storage 
spaces.

Storage pools are a 
collection of 
physical disks that 
enable you to 
aggregate disks, 
expand capacity in 
a flexible manner, 
and delegate 
administration.

Deduplication for Virtual Desktop Infrastructure 

In Windows Server 2012 R2, data deduplication 
now supports open virtual hard disk files (both 
VHD and VHDX) and deduplication of data 
stored on Cluster Shared Volumes used in a 
scale-out file server. 

You must install deduplication on a remotely 
connected file server. This ensures performance is 
maintained on your Hyper-V VDI infrastructure.

Scale-out File Server with CSV

Data deduplication in Windows Server 2012 R2 
has been enhanced to include performance 
improvements, which results in faster read/write 
of optimized files and improved optimization 
speed.

Deduplication is supported only for data volumes,  
and not for boot or system volumes. ReFS 
volumes do not support using deduplication. Storage Spaces

Cluster Shared 
Volume 

Deduplication of Virtual 
Hard Disk File Storage

Deduplication 
of open 
VHD/VHDX files 
is supported.

Deduplication 
improves 
read/write of 
optimized files.

Hyper-V Configured for Virtual Desktop Infrastructure

Hyper-V 
Failover Cluster

SMB 3.0 network storage required

Virtual Machine Virtual Machine

Deduplication does not affect Hyper-V 
host CPU. This is performed in the 
scale-out file server cluster. 

Scale-Out File Servers

Deduplication
Storage Spaces is a storage virtualization technology in Windows Server 2012 R2 and 
Windows Server 2012 that enables you to group industry-standard disks into storage 
pools and then create virtual disks called storage spaces from free space in the pools. 

In Windows Server 2012 R2, you can create tiered storage spaces with a mixture of 
solid state drives (SSD) (fast tier) and hard disk drives (standard tier). Frequently 
accessed (hot) data in a tiered storage space gets moved to the SSDs in the fast tier, 
while infrequently accessed (cold) data is moved to the high-capacity hard disks in the 
standard tier. This enables you to balance capacity and performance.

SSD
Write-back caching 

Storage Spaces Configuration

SSDs and hard disk drives are 
used as different tiers in the 
same storage pool. 

Physical or 
Virtualized 
Workloads

Virtual Machine

Virtual Machine

Storage Spaces Architecture

Data deduplication uses variable-size chunking and 
compression, which together deliver storage 
optimization ratios of 2:1 for general file servers, and 
up to 20:1 for virtualization data. 

Scale-Out File Server
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You can significantly reduce your storage capacity requirements by using the data 
deduplication feature on your Clustered Shared Volume. In Windows Server 2012 R2, 
data deduplication is supported only in a Scale-Out File Server deployment for 
Virtual Desktop Infrastructure (VDI) workloads with separate storage and compute 
nodes. The desktop virtual hard disks (VHDs) are stored on a scale-out file server and 
accessed using Server Message Block (SMB 3.0).

Data deduplication is a storage efficiency feature in Windows Server 2012 R2 that 
helps address the growing demand for file storage. Data deduplication can 
drastically reduce how much disk space your files consume by automatically finding 
identical parts (chunks) of files and replacing duplicate parts with a reference to the 
single copy. The chunks are compressed and then organized into special container 
files in the System Volume Information folder.

VDI stores and runs desktop workloads, 
including:

      

Cluster Shared Volumes
Understanding Cluster Shared Volumes
Cluster Shared Volumes (CSV) simplifies the configuration and management of virtual machines 
that are running on a cluster. With CSV, multiple virtual machines that are running on a cluster 
can use the same physical disk, while still being able to fail over independently of one another.  
Cluster Shared Volumes provide multiple benefits, including easier storage management and 
greater resiliency to failures.
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Virtual Machine Virtual Machine

Cluster 
Node B

Cluster 
Node A

Cluster 
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Cluster 
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SAN Storage

CSV provides a unified 
namespace.

You can store virtual 
machine VHDs on the 
same LUN using Cluster 
Shared Volumes space.

Cluster Shared Volumes
Single Volume (NTFS)

Cluster Shared Volumes 
allows you to make better 
use of your existing disk 
space as you do not need to 
place your Virtual Hard Disk 
(VHD) files on separate disks.

CSV supports BitLocker 
Drive Encryption.

Storage Spaces Integration

CSV provides storage for the Scale-out File Server (SoFS) 
feature, which provides continuously available and 
scalable file-based (SMB 3.0) server storage for Hyper-V 
(or SQL Server). 

Cluster Shared Volumes 
detects and handles many 
problems that would 
otherwise cause the storage 
to be unavailable to virtual 
machines. This includes 
storage connection problems. CSV supports dynamically expanding, fixed-sized, 

and differencing virtual hard disks. 

CSV is integrated with Storage Spaces. You can 
scale out access to your data by creating virtualized 
cluster storage using groups of inexpensive disks 
(JBODs). CSV also supports tiered storage spaces 
and write-back caching.

Enhanced CSV Functionality

i

i CSV is integrated with SMB Multichannel and SMB 
Direct. This allows CSV traffic to stream across 
multiple networks in the cluster and leverage 
network adapters that support remote direct 
memory access (RDMA). 

CSV ownership is now evenly distributed across the 
failover cluster nodes, based on the number of CSVs 
that each node owns. CSV ownership is automatically 
rebalanced when there are conditions such as a CSV 
failover, a node rejoins the cluster, you add a new 
node to the cluster, you restart a cluster node, or you 
start the failover cluster after it has been shut down.

i

You can allocate a higher percentage of the total 
physical memory to the Cluster Shared Volume cache, 
which is useful for Scale-Out File Server scenarios. 

i

Enhanced CSV Functionality
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Virtual Machines

Remote Desktop User

Applications
Data in a virtual machine running
on a Hyper-V host

A Windows client operating system

Hyper-V storage migration

Hyper-V Replica

Storage Quality of Service (QoS)

Live migration of virtual machines using virtual hard disk sharing.
Saving and restoring virtual machines (but the shared virtual hard disk file must be 
excluded from the storage snapshot operation).
Protecting against the failure of a guest node, Hyper-V host, or file server node.


