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ABSTRACT

• Networks → Network management; • Hardware → Hardware
accelerators.
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INTRODUCTION

Network traffic storage is the base of many applications, including network tracing, network forensics, traffic analysis, etc. For example, network service providers, such as cloud service providers
and Internet service providers (ISPs), will store their traffic for advanced applications. Importantly, the network traffic volume is
skyrocketing nowadays, which brings huge storage overhead. It
is significant to reduce the overhead of network traffic storage.
Existing methods mainly focus on reducing in-network traffic
volume to facilitate data transfer. These methods only compress
limited parts of packets to maintain data transfer. Some studies
proposed removing redundant strings in the packet payload while
keeping the protocol header unchanged [1, 2]. In contrast, packet
header compression (HC), such as IPv6 header compression, compresses the specific protocol header without modifying the packet
payload. However, these in-network traffic reduction methods may
not suit traffic storage perfectly. Traffic to be stored does not need
to be transferred and can be compressed totally. Lossless data compression is an effective way to reduce data volume. In this paper,
we explore the possibility of using lossless data compression to
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Skyrocketing network traffic volume brings significant overhead
of traffic storage. We propose a hardware-accelerated lossless data
compression system to reduce traffic storage overhead. The prototype evaluation validates the excellent resource efficiency and
performance scalability of our traffic compression system.

Figure 1: The architecture of our traffic compression system.
compress traffic. Besides, software-based compression is not costeffective due to its huge CPU overhead. Many studies proposed using the field programmable gate array (FPGA) to accelerate data
compression workloads [3, 4]. Compared to CPUs, FPGA accelerators have lower power consumption and can achieve higher
throughput by better parallel pipeline processing.
In this paper, we propose a hardware-accelerated lossless data
compression system to reduce traffic storage overhead. We design
an adaptive architecture supporting scalable compression and decompression performance. To optimize hardware accelerator design, we build a resource-performance model for (de)compression
kernels. Preliminary evaluation shows the excellent resource efficiency and performance scalability of the proposed system.

2 TRAFFIC COMPRESSION SYSTEM DESIGN
2.1 System Architecture
As shown in Figure 1, the proposed system is designed to support
both the network interface and the PCIe interface, which is highly
suitable for FPGA-based SmartNICs. The system can compress raw
traffic from network and hosts, and store compressed traffic to
storage via network or PCIe. Similarly, stored traffic can be decompressed anytime. In our prototype design, (de)compression kernels
are based on LZ4, a fast lossless compression algorithm [5]. Note
that our system is adaptable to most compression algorithms, and
not limited to LZ4. The numbers of compression and decompression kernels can be easily configured to provide various compression and decompression performances. In the hardware architecture, the data mover is responsible for transmitting data between
the FPGA accelerator and masters. Input and output schedulers
based on the round-robin are designed to schedule the I/O data for
multiple kernels. The data path width and the clock frequency of
the data mover differ from those of (de)compression kernels. Thus,
data reshapers are designed to adjust the data flow width. Data
buffers are used for transferring data across clock domains.

2.2

Resource Performance Modeling

The compression algorithm designed for the software platform may
not fit the hardware. Besides, algorithm parameter configurations
will influence resource consumption and system performance. In
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where 𝑃𝐶 and 𝑃𝐷 mean the degrees of parallelism of compression
and decompression kernels, and 𝑓 is the design frequency.
The consumed on-chip resources include lookup tables (LUTs),
flip flops (FFs), block RAMs, etc. LUTs and FFs consumed by the
system can be calculated by
{
𝐿𝑈𝑇𝑠𝑢𝑚 = 𝑁𝐶 · 𝐿𝑈𝑇𝐶 (𝑃𝐶 ) + 𝑁𝐷 · 𝐿𝑈𝑇𝐷 (𝑃𝐷 ),
(2)
𝐹 𝐹𝑠𝑢𝑚 = 𝑁𝐶 · 𝐹 𝐹𝐶 (𝑃𝐶 ) + 𝑁𝐷 · 𝐹 𝐹𝐷 (𝑃𝐷 ),
where 𝐿𝑈𝑇 (·) and 𝐹 𝐹 (·) are LUTs and FFs consumed by one kernel,
denoted as the functions of the degree of parallelism. The block
RAM is used in implementing the hash table and the history buffer
(decompression kernels only need the history buffer). Its usage can
be estimated by
𝑅𝐴𝑀𝑠𝑢𝑚 = 𝑁𝐶 · (𝑆𝐻 𝐵 + 𝑆𝐻𝑇 ) + 𝑁𝐷 · 𝑆𝐻 𝐵 .

(3)

For our prototype system, its design goal is to maximize the
system throughput. Besides, there are three design constraints: 1)
consumed resources cannot exceed the available resources; 2) the
compression ratio cannot be less than the target (𝐶𝑅0 ); 3) the ratio (𝛼) of compression throughput to decompression throughput
is fixed. According to Equations 1, 2, and 3, the optimized system
performance can be obtained:
argmax
(𝑇𝐶 ,𝑇𝐷 ),
(4)
𝑁𝐶 ,𝑁𝐷 ,𝑃𝐶 ,𝑃𝐷 ,𝑆𝐻 𝐵 ,𝑆𝐻𝑇 ,𝐻,𝑓

subject to


𝐶𝑅(𝑆𝐻 𝐵 , 𝑆𝐻𝑇 , 𝐻 ) ⩾ 𝐶𝑅0,





 𝐿𝑈𝑇𝑠𝑢𝑚 ⩽ 𝐿𝑈𝑇𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 ,

𝐹 𝐹𝑠𝑢𝑚 ⩽ 𝐹 𝐹𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 ,
(5)


𝑅𝐴𝑀
⩽
𝑅𝐴𝑀
,

𝑠𝑢𝑚
𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒


 𝑇𝐶 = 𝛼 · 𝑇𝐷 .

We fine-tune algorithm parameters and implement kernels based
on the performance optimization model. Specifically, we use more
LUTs and FFs to increase the degree of parallelism, which will not
consume extra block RAMs.

3

PRELIMINARY EVALUATION

We implement our prototype system on the Intel Arria 10 FPGA
chip (10AX048H2F34E2SG). As the most-consumed resource, the
block RAM becomes the bottleneck of throughput enhancement.
We compare the block RAM utilization and memory efficiency with

Table 1: The block RAM usage, throughput, and the memory
efficiency of different acceleration kernels.
Scheme
Compression
Decompression

Block RAMs Throughput RAM efficiency
(Kbits)
(MB/s)
(Kbits per MB/s)

MLZ4 [4]
Vitis [3]
Ours

2484
1908
1500

228.88
287.00
536.80

10.853
6.648
2.79

MLZ4
Vitis
Ours

720
1152
520

247.96
368.00
660.76

2.904
3.13
0.79

3000

1-kernel

2-kernel

3-kernel

4-kernel

2500
Throughput (MB/s)

this paper, we build a performance-resource model to guide the
hardware design. It concerns compression ratio, throughput, available resources, the design goal, etc.
LZ4 uses the hash table to search repeated data. The compression ratio performance is determined by the searching capability.
It is mainly related to three parameters, including the hash function (𝐻 ), the hash table size (𝑆𝐻𝑇 ), and the history buffer size (𝑆𝐻 𝐵 ).
𝐻 and 𝑆𝐻𝑇 decide the searching accuracy of the hash table. 𝑆𝐻 𝐵
constrains the searching range. We denote the compression ratio
determined by these parameters as 𝐶𝑅(𝑆𝐻 𝐵 , 𝑆𝐻𝑇 , 𝐻 ).
The system throughput is decided by kernel throughput and the
number of integrated kernels. For a system with 𝑁𝐶 compression
kernels and 𝑁𝐷 decompression kernels, its compression throughput (𝑇𝐶 ) and decompression throughput (𝑇𝐷 ) can achieve
{
𝑇𝐶 = 𝑁𝐶 · 𝑃𝐶 · 𝑓 ,
(1)
𝑇𝐷 = 𝑁𝐷 · 𝑃𝐷 · 𝑓 ,
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Figure 2: The compression throughput of the prototype system with different number of compression kernels evaluated by various data of the Calgary corpus.
the existing designs with comparable compression ratios. We evaluate our design with the Calgary corpus. As shown in Table 1, our
design achieves state-of-the-art memory efficiency. In other words,
given the same memory resources, our system can obtain the highest throughput.
We validate the performance scalability of the proposed design
by the end-to-end compression test. We evaluate the end-to-end
compression throughput when the number of accelerating kernels
changes from 1 to 4. As shown in Figure 2, with 4 kernels, the maximum end-to-end throughput of the proposed design can achieve
about 2.7 GB/s (𝑝𝑖𝑐). Significantly, the end-to-end system throughput scales up well with kernels increasing.

4 CONCLUSION
We propose a hardware-accelerated lossless data compression system to reduce traffic storage overhead. The proposed system is
adaptable for various application scenarios. The evaluation results
prove its desirable resource efficiency and performance scalability.
In the future, we will explore the acceleration of various compression algorithms, improve system compatibility, and design multiaccelerator traffic compression architecture.
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