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ABSTRACT
In this paper, we show our on-going work on realizing a PC-
based network switch that provides low-latency in-network
processing of GPU-based DXT compression.

1. INTRODUCTION
To assist the buildup of programmable network in-

frastructure capable of high-performance networking,
several software routers have been introduced to provide
fast packet-processing performance. PacketShader [1]
introduces a software router platform that utilizes the
high-throughput computing capability of GPU, and the
same platform is applied to realize a transparent SSL
(secure socket layer) proxy in SSLShader. As a first step
to build a software router providing general in-network
processing, in this paper, we show our on-going work
on realizing a PC-based network switch that provides
in-network processing of GPU-based DXT compression.

2. DXT COMPRESSION AS IN-NETWORK
PROCESSING

In-network processing is the capability of a network
switch applying additional processing on the packets
before forwarding them to their destinations, as shown
in Fig. 1. For a PC-based network switch, we imple-
ment a processing module by utilizing CPU or GPU.
For light-complexity processing, CPU-based in-network
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Figure 1: In-network processing in a PC-based
network switch.

processing can provide shorter processing delay while
it could decrease the packet forwarding throughput as
CPU also takes charge in packet forwarding. On the
contrary, GPU-based in-network processing is better for
tasks that can benefit from processing parallelism with
many cores of GPU. However it could add more latency
due to the expensive memory copies between host mem-
ory and GPU device memory.
DXT (i.e., S3 texture compression) compression is

a good example to apply GPU-based in-network pro-
cessing. It is a light-weight compression scheme that
compresses an image frame based on 4x4-pixel blocks.
The size of each uncompressed pixel block is 32bytes
with YUV422 format and is decreased to 8bytes with
DXT compression. Compressing a single high-definition
video frame with 1920x1080 pixels requires 129600 times
of pixel-block compression operations which can be sig-
nificantly reduced with hundreds core GPU [2]. We
expect that in-network processing of GPU-based DXT
compression can enable serving multiple uncompressed
HD videos in real-time with several times less band-
width.

3. LATENCY EVALUATION
For the evaluation, we setup a test environment as

shown in Fig. 1. An uncompressed HD video server cap-
tures 1080i HD video from a HDMI camera and trans-
mits the video to a HD video client. The PC-based
network switch performs in-network DXT compression
for the packets received from the video server and for-



wards the compressed packets to the video client. For
sending a frame, it requires 2880 packets to transmit
assuming MTU size as 1500bytes and a packet can con-
tain 45 pixel blocks at most. The batch size is related
to the number of pixel blocks in a packet. In this exper-
iment, considering the performance limit of the network
switch, we limit the frame rates of HD video to 20fps.
To provide real-time in-network processing, it is im-

portant to minimize the latency caused by the process-
ing part. From Fig. 1, we can intuitively see the latency
incurred by the memory copy 1) from host to device 2)
from device to host, plus 3) that of DXT compression
itself. The latency in memory copy can vary according
to the buffer size. Also the time taken in DXT com-
pression would be determined by the number of pixel
blocks to compress. We perform following experiments
to understand the relationship between control factors
and latency.

3.1 Understanding the processing latency
We use following experiment configuration. We use

an Intel Xeon single-core CPU 3.60GHz processor with
400MHz 2GB SDRAM memory. For GPU acceleration,
we use a NVIDIA GTS450 card on a PCIe 1.0 x16 link,
which has 192 stream processor cores and 1GB GDDR5
memory. For network cards, we use two NICs: an on-
board Intel 82545GM 1GbE NIC and a Realtek 8169
1GbE NIC on a PCI slot. We use user-space Click
to configure a PC-based network switch and apply in-
network processing by implementing GPU-based DXT
compression as a Click element.

 0

 1000

 2000

 3000

 4000

 5000

 6000

 1  2  4  8  16
 32

 64
 128

 256
 512

 1024
 2048

 0

 0.5

 1

 1.5

 2

 2.5

 3

 3.5

 4

 4.5

D
at

a 
tr

an
sf

er
 r

at
e 

(M
bp

s)

La
te

nc
y 

(m
s)

Buffer size (Kbytes)

HtoD latency
DtoH latency

HtoD rate
DtoH rate

(a)

 0.1

 0.49

 0.88

 1.28

 2.1

 32
 64

 128
 256

 512
 1024

 2048
 4096

 8192
 16384

 32768

 65536

 129600

P
ro

ce
ss

in
g 

tim
e 

(m
s)

Batch size (number of pixel blocks)

(b)

Figure 2: Experiment results: (a) Data transfer
rate and latency in memory copy, (b) Processing
time of GPU-based DXT compression.

We measure data transfer rate and latency between
host and device memory over different buffer sizes and
summarize the results in Fig. 2(a). For buffer sizes less
than 128Kbytes, despite the small latency, we can only
get data transfer rate around 1Gbps just close to that
of NICs. When the buffer size is bigger than 1Mbytes,
it takes more than 2ms to copy in one direction and the
time increases linearly as the buffer size increases. Fig-
ure 2(b) shows the processing time of GPU-based DXT
compression according to the number of pixel blocks.
The processing time takes less than 0.2ms until 4096

pixel blocks. We can see that processing a single frame
at a time, 129600 pixel blocks, takes 2.1ms and the
processing time increases linearly for batch sizes bigger
than 4096 pixel blocks. From the above two results, we
can get minimum latency from a region between 2048
(=64Kbytes) and 8192 (=256Kbytes) pixel blocks.

3.2 Finding the minimum latency
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Figure 3: Latency of in-network DXT compres-
sion.

We measure the time for processing a frame in the
network switch as shown in Fig. 3. For a frame, we
compute the latency by the time difference between the
arrival time of the first packet and the departure time of
the last packet sent to the client. From fig. 3, we achieve
the minimum latency, 36ms, with the batch size of 2880
(=90Kbytes) and 5760 (=180Kbytes) pixel blocks. It
takes 41ms to complete the processing after all pack-
ets belonging to a frame arrives. With a batch size
smaller than 1440 (=45Kbytes) pixel blocks, the time
increases due to limited data transfer rate between host
and device memories. As we increase the number of
pixel blocks over 5760, it takes longer time. We also
measure the time for forwarding the packets without
processing them, which takes 42ms. This is because,
through DXT compression, the number of packets to
transmit is reduced while adding small latency for pro-
cessing.

4. FUTURE WORK
In this work, we show preliminary results of GPU-

based in-network DXT compression targeting low la-
tency. In future, we plan to enhance the latency by
applying other optimization techniques and increase the
scalability of in-network processing with multiple 10GbE
NICs.
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