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Dear editor,
The virtual desktop infrastructure (VDI) is widely
used by enterprises, as it can be easily deployed,
has a reduced management cost, improves resource
utilization, and can be accessed at any location by
the network. Currently, there is a demand for the
VDIs to support applications, such as playing 3D
games, playing HD videos, and using 3D designing software. The software in those applications
requires the GPU to support 3D rendering and
consumes a lot of GPU resources. However, virtual GPUs (vGPUs) perform poorly and do not
support 3D rendering. Therefore, a physical GPU
(pGPU) must be used.
The virtual desktop software (VDS) is an essential software used in VDI, and it is used for transferring data, such as display information (DI) and
operations, between the virtual machine (VM) in
the VDI and the user. There are many VDS, such
as SPICE, ICA, and PCoIP. As SPICE1) is open
source and can be modified freely, it has been extensively used. The SPICE client can be install
in windows, Linux and Android [1]. However, the
SPICE server is designed for a VM with a vGPU,
and cannot get the DI from the pGPU.
To enable VDIs to take advantage of the performance of the pGPUs and to enable the SPICE to

show the DI from a pGPU to the users, we propose
an optimized method for SPICE. The method obtains the DI from the GPU driver in the VM and
sends the DI to the SPICE server using the VirtIO
port [2], the SPICE server then sends the DI to the
SPICE client by reusing the display channel. The
method can both provide the VM with the necessary support to use vGPUs and pGPUs. The
evaluations show that: (1) the proposed method
can transfer the DI from the pGPU to users, when
the VM uses a pGPU to support 3D; (2) it has
excellent performance in terms of network traffic,
CPU utilization, and latency of the DI.
Related work. VMs can use a pGPU by the VTd and virtual machine monitor. There are mainly
two types for the VM to use a pGPU, according
to how the GPU commands in the VM are submitted to the pGPU. (1) The GPU commands in
the VM are first submitted to the agent in the
host and then submitted to the pGPU. (2) The
GPU commands in the VM are directly sent to the
pGPU. The GVT-g [3] in Intel and GRID vGPU
in NVIDIA belong to the former type. The AMD
SRIOV and GPU pass-through [4] belong to the
latter type. However, if we get the DI from the
GPU driver in the VM, the VM does not need
to care about how the VM uses the pGPU. Look-
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ing Glass2) enables a VM to use an NVIDIA GPU,
but NVIDIA has disabled the capture SDK. GVTg enables SPICE to support the GPU in the Intel
CPU, but Intel has removed the GPU in Xeon,
which is used in the data center.
Design and implementation. Considering the
functionality and maintenance, the optimized
method should achieve the following goals.
• In the term of functionality: (1) It must be
able to show the DI from the pGPU to the users.
(2) It must also enable the VM to use the vGPU.
• In the term of maintenance: It must not
change the source code of the QEMU and SPICE
client. In the QEMU, it reuses VirtIO which is
used to transfer data between the VM and the
SPICE client. In the SPICE, it reuses the encoding that is supported by SPICE and the display
channel which is used to transfer the DI between
the SPICE server and client.
To display the DI from the pGPU to the users,
we need to add an agent module into the VM and
a GPU module into the SPICE server. The architecture of the prototype is shown in Figure 1(a).
The two modules are explained below.
• The GPU module: it is mainly used to control the agent module, get the DI from the VirtIO
port, and send the DI to the display channel of
SPICE. As it is in the SPICE server, it needs to
handle the semaphores from SPICE server, such
as “open port”, “close port”, “client connection”,
and “client disconnection”. The “open port” and
the “close port” indicate the status of the VirtIO port used to transfer the DI. The “client
connection” and the “client disconnection” indicate whether the SPICE client is connected to the
SPICE server. The GPU module works on the following conditions: (1) the VirtIO port is open, (2)
the SPICE client is connected, and (3) the VM
uses the pGPU.
• The agent module: it is mainly used to obtain
the DI from the driver of the pGPU using the capturing SDK provided by the GPU manufacturer,
and send the DI to the GPU module using the VirtIO port. It is a service in the operating system
(OS), and it starts as the OS starts. As it is in the
VM, it needs to handle some semaphores from the
OS, such as “resolution change” and “send data
completely”. The “resolution change” indicates
that the resolution of the DI has been changed. If
the resolution is changed, the resolution of the DI
needs to be changed. The “send data completely”
means that the data have been sent to the VirtIO
port. If it gets “send data completely”, it will send
the next frames of the DI.
To make the GPU module and the agent module
work together, some messages must be transferred
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between them by the VirtIO port. The messages
sent from the CPU module to the agent module include “capability”, “start”, and “stop”. The “capability” is used to negotiate the encoding type
of the DI. The “start” and “stop” respectively are
used to start or stop capturing the DI from the
pGPU. The messages sent from the agent module
to the CPU module include “resolution”, “display
information”, and “encoding type”. The “resolution” is used to indicate the resolution of the
desktop. The “display information” contains the
frames of the DI received by the agent. The “encoding type” is used to show the encoding types of
the DI, such as H.264 and MPEG. The sequences
of the messages are shown in Figure 1(b).
To handle the semaphores from the OS and the
messages from the GPU module, there are many
threads in the agent module. The “transporting
thread” is mainly used to send messages and receive messages from the VirtIO port. The “instruction processing” is mainly used to decode the
messages from GPU module in the SPICE and
semaphores from the OS, then send those commands or data in the messages to other threads.
The “capturing thread” is mainly used to capture
the frames of the DI from the GPU driver and encode the DI to H.264. The “semaphore monitor”
is mainly used to monitor the semaphore of the
“resolution change” from the OS. If the resolution
of the DI changes, the “capturing thread” will be
restarted. The relation and the messages among
the threads are shown in Figure 1(c).
To avoid changing the source code of the SPICE
client and to enable the VM to use both the vGPU
or the pGPU, we need to encode the DI obtained
from the pGPU to H.264, which is supported by
the SPICE client, and reuse the display channel
in SPICE. The method to reuse the display channel is depicted in Figure 1(d). According to the
type of GPU used by the VM, the SPICE server
decides whether the DI from the pGPU is sent to
the SPICE client or the DI from the vGPU is sent
to the SPICE client. The status of the VirtIO port
shows which type of GPU the VM uses. If the port
is open, the VM uses the pGPU. Otherwise, the
VM uses the vGPU.
For a VM that has a pGPU assigned, the VM
uses the pGPU after the driver of the GPU is
started, and the VM uses the vGPU before the
driver of the pGPU is started, as shown in Figure 1(e). If the SPICE client both connects to and
disconnects from the SPICE server when the VM
uses the vGPU, the SPICE server will use the original function in SPICE to handle the DI from the
vGPU. If the SPICE client both connects to and
disconnect from the SPICE server when the VM
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Figure 1 (a) Architecture of the prototype. (b) Sequence of messages between the GPU module and the agent module.
(c) Messages among the threads in the agent module. (d) Reusing the display channel. (e) Relation between the life cycle
of the VM and which type of GPU the VM uses.

uses the pGPU, the SPICE server will use the GPU
module to handle the DI from the pGPU. However,
if the SPICE client connects to the SPICE server
when the VM uses the vGPU and disconnects to
the SPICE serve when the VM uses the pGPU,
the DI must be switched from the vGPU to the
pGPU. The switch time is when the VirtIO port
is opened by the agent module.
Experimental evaluation. Herein, the experiment environment, the function evaluation, and
performance evaluation are described. All the
three parts can be found in Appendix A. The environment includes the PM, the VM, the terminal,
and the network. In the function evaluation, we
show that: (1) the original SPICE cannot show the
DI from the pGPU to the SPICE client, but the
optimized SPICE can do; (2) the pGPU can support 3D, but the vGPU (QXL) cannot. In the performance evaluation, we evaluated the optimized
SPICE from the following aspects, network traffic,
CPU utilization, and latency of DI. We can see
that the optimized SPICE has an excellent performance.
Conclusion. Herein, we optimized the SPICE
for the VDI using a pGPU. This enables the VDI
to leverage the advantages of the pGPU. A prototype based on KVM, QEMU, AMD Radeon
WX4100 is implemented. The evaluations show
that the optimized SPICE can display the DI ob-

tained from the pGPU to the users and has an
excellent performance.
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