
The Video Revolution
Today’s internet-savvy world is being revolutionized by video. This revolution 
has led to industry experts predicting that IP video traffic will account for over 80 
percent of the all consumer traffic by 2021.1 

Consequently, video compression (or encoding, as it is popularly known) has 
become one of the top workloads running on the cloud today. The goal of video 
encoding is to compress the video to make it viewable over the limited available 
bandwidth, while minimizing the visual impact to a human viewer. 

HEVC: The Future of Video
The High Efficiency Video Coding (or HEVC, also known as H.265) standard 
was designed to be the next evolutionary step in video compression to cater 
to the ever-increasing resolution of consumer devices.2 When compared to its 
predecessor Advanced Video Coding AVC (or H.264)3, HEVC is designed to achieve 
a 50-percent bandwidth savings at the same quality across a range of resolutions. 
Additionally, HEVC has tools that are expected to enable streaming of content in 
Ultra High Definition (UHD, or 4K) with High-Dynamic Range (HDR)4.

HEVC support is widespread across a variety of consumer devices today. From 
hand-held computers, such as mobile phones and tablets, to large-screen 
televisions, modern chipsets and devices natively support HEVC decoding either 
in hardware or via software. This capability enables the use of HEVC technology 
for streaming video over the Internet. Several leading streaming solution providers 
stream HEVC content not just at the UHD resolution, but also at lower resolution 
due to the bandwidth savings achieved by HEVC5.

The Key Challenge for HEVC: Compute for Encoding
Due to the more complex tools supported, HEVC encoders are expected to be 2–5X 
more complex than AVC encoders.6 As a consequence, performance optimizations 
that make the computation time manageable are paramount in the design of any 
HEVC video encoder.

Today, the most popular open source encoder for HEVC is x265.7 The x265 HEVC 
video codec is available under the GPL* v2 license, and is integrated into several 
popular open-source multimedia frameworks such as ffmpeg*, HandBrake*, and 
VLC*. The x265 encoder employs a wide variety of tools to make the encoding 
time for HEVC practical.8 One of the key tools that it employs is acceleration with 
the Intel® Advanced Vector Extensions (Intel® AVX) and Intel® Advanced Vector 
Extensions 2 (Intel® AVX2). Cumulatively, these Single Instruction, Multiple Data 
(SIMD) extensions offer a 5X average speedup when compared to native C code, 
making encoding with HEVC practical.
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Leapfrogging HEVC with Intel® Advanced 
Vector Extensions 512
The recently released Intel® Xeon® Scalable processors have 
introduced the Intel® Advanced Vector Extensions 512 (Intel® 
AVX-512) instruction set. Intel AVX-512 instructions are 
capable of performing 2X the number of operations in the 
same number of cycles compared to the previous-generation 
Intel AVX2 instructions. This technology therefore focuses 
on programs that have each instruction operating on data 
with wide widths. HEVC encoders, such as x265, operate on 
such data widths, making them prime targets for acceleration 
with Intel AVX-512. Intel and MulticoreWare Inc. co-funded 
a program to evaluate the benefits of accelerating the x265 
HEVC encoder with Intel AVX 512.

This acceleration is not straightforward. On the one hand, 
the specific kernels that will benefit from this extra width 
have to be carefully picked and handwritten to include Intel 
AVX-512 assembly instructions. On the other hand, using 
certain Intel AVX-512 instructions may result in lowering 
the clock frequency as compared to previous-generation 
instructions, because a higher fraction of the die is activated.9 
This reduction in clock frequency may affect parts of the 
encoder that do not use the Intel AVX-512 instructions, such 
as kernels in older-generation SIMD or C code.

Accelerating Compute Kernels with Intel 
Advanced Vector Extensions 512
We handpicked and accelerated over 500 kernels in x265 that 
are used when encoding to the main HEVC profile and over 
600 kernels when encoding to the main10 HEVC profile.  

Figure 1 shows the achieved performance improvement over 
their corresponding Intel AVX2 counterparts; the graphs are 
sorted in increasing order of cycle-count gains for each profile.

Figure 1 shows that on average, we gained a 33-percent cycle 
count by using Intel AVX-512 instructions for the main profile 
and 40 percent for the main10 profile; individual kernels 
gained well over 60 percent in both profiles. These results 
demonstrate that using Intel AVX-512 instructions for the x265 
kernels may be beneficial, contingent on the reduction in clock 
frequency to accommodate the increased vector width. 

Accelerating x265’s HEVC encoding with  
Intel Advanced Vector Extensions 512
To test whether the acceleration to the cycle count 
of individual kernels translates to improved encoder 
performance, we compared the performance of x265 with 
the Intel AVX-512 accelerated kernels to one with Intel 
AVX2 accelerated kernels for a select set of HD (1920x1080) 
and 4K (3840x2160) clips. We measured the speedup with 
a wide variety of presets of x265 that represent different 
trade-offs in performance and quality. The ultrafast preset 
is the quickest but results in the lowest quality at a given 
bitrate, while the veryslow preset is the slowest but results 
in the best quality; the others shown in Figure 2 fit on a 
curve between these end points. We focused on the main 
profile for HD and the main10 profile for UHD for brevity. 
We measured the gains on a server with two Intel® Xeon® 
Platinum 8180 processors and on a workstation with an Intel® 
Core™ i9-7900X processor to understand the impact across a 
wide variety of use cases; the appendix describes the entire 
system configuration. Figure 2 show these results.
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Figure 1 . Cycle count improvements using Intel® Advanced Vector Extensions 512. 
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From Figures 1 and 2 we can make the following inferences:

•  For desktop and workstation SKUs (like the Intel Core i9-
7900X processor that we tested), Intel AVX-512 kernels 
can be enabled for all encoder configurations, because the 
reduction in CPU clock frequency is rather low.

•  For server SKUs (like the Intel Xeon Platinum 8180 
processor on which we tested), the frequency dip is higher 
and increases with more cores being active. Therefore, 
Intel AVX-512 should only be enabled when the amount 
of computation per pixel is high, because only then is the 
clock-cycle benefit able to balance out the frequency 
penalty and result in performance gains for the encoder. 
Specifically, we recommend enabling Intel AVX-512 only 
when encoding 4K content using the slower or veryslow 
preset in the main10 profile. We do not recommend 
enabling Intel AVX-512 kernels for other settings 
(resolutions, profiles, or presets), because unexpected 
inversions with respect to using the Intel AVX2 kernels  
may result.

Conclusion
This paper described our experience with accelerating 
x265 and open-source HEVC encoders, with Intel AVX-512 
instructions. From our experience we recommend that 
for workstation and client CPUs that have Intel AVX-512 
instructions, the kernels may be used across all profiles of 
x265. However, for server-grade CPUs that have the Intel 
AVX-512 instructions, this acceleration should be used only 
for certain profiles of x265 that focus on encoding high 
resolution video (4K and higher) in the main10 profile using 
the slower or veryslow presets due to the impact that the 
Intel AVX-512 instructions have to clock frequency. For other 
profiles on server CPUs with Intel AVX-512 instructions, 
enabling these kernels is not recommended.
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Intel® Xeon® Platinum 8180 Processor Intel® Core™ i9 7900X Processor

System Attribute Value System Attribute Value

Operating system: Centos Linux* release 7.3.1611 (Core) Operation system: Windows* 10 Enterprise

Architecture: x86_64 Architecture:         x64

CPU op-mode(s): 32-bit, 64-bit CPU op-mode(s):     64-bit

Byte order: Little Endian Byte order:            Little Endian

CPU(s): 112 CPU(s):               20

On-line CPU(s) list: 0–111 Thread(s) per core:    2

Thread(s) per core: 2 Core(s) per socket:    20

Core(s) per socket: 28 Socket(s):             1

Socket(s): 2 NUMA node(s):          1

NUMA node(s): 2 CPU family:            6

Vendor ID: GenuineIntel Model:                 5

CPU family: 6 Model name:           Intel Core i9 7900x processor

Model: 85 Stepping:              4

Model name: Intel Xeon Platinum 8180 processor @ 
2.50 GHz 

CPU MHz:               1200.11 MHz

Stepping: 4 Virtualization:        Intel® Virtualization Technology (Intel® VT) 
for IA-32, Intel® 64 and Intel® Architecture 
(Intel® VT-x)

CPU MHz: 1535.742 L1d cache:             32 KB

BogoMIPS: 5005.31 L1i cache:             32 KB

Virtualization: Intel VT-x L2 cache:              1024 KB

L1d cache: 32 K L3 cache:              14080 KB

L1i cache: 32 K 

L2 cache: 1024 K 

L3 cache: 39424 K 
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