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Topics for this update

* Most important changes since IETF96/July 2016

Support for 10 and 12 bit video

Support for high internal precision regardless of
iInput
Optimisations:

* support for 256 bit generic intrinsics

* optimisations for AVX2

* SIMD optimisations for high bitdepths

Source code reworked a bit to allow different
bitdepths while staying reasonably efficient



Support for higher bitdepths

* |nput video can be 8, 10 or 12 bit

* The internal bitdepth can be 8, 10 or 12 bit
independently of the input video

— A compression gain is achieved for 8 bit video if the internal
bitdepth is 10 or 12 bit (but adds ~20-50% more complexity)

— Also possible to encode 10 or 12 bit video with 8 bit internal
bitdepth, which reduces the computational complexity but of
course also reduces the quality

* Video bitdepth and internal bitdepth signalled in the
sequence header



Support for higher bitdepths

* Gains (Y) for 8 bit video with 10 bit internal depth:

(BDR-low = low bitrates, BDR-high = high bitrates)



Support for higher bitdepths

* Gains (Y) for 8 bit video with 12 bit internal depth:

(BDR-low = low bitrates, BDR-high = high bitrates)



Support for higher bitdepths

* Gains (U) for 8 bit video with 12 bit internal depth:

(BDR calculated using U PSNR and bitrate dominated by Y)



Support for higher bitdepths

* Gains (V) for 8 bit video with 12 bit internal depth:

(BDR calculated using V PSNR and bitrate dominated by Y)



Support for higher bitdepths

* Higher internal bitdepth means that the following must
be adjusted according to the bitdepth:

— The shift after the first pass of the forward transform
— The shift after the second pass of the inverse transform
— The strengths of the constrained low-pass filter
— The threshold and beta of the deblocking filter
- The pixel clipping
* The quantisation and dequantisation are unchanged,
and the gp range remains the same

* Small changes on paper, but large implications for the
source code



Support for higher bitdepths

* Since we want to keep the 8 bit optimisations, the
frame buffers can be either 8 bit or 16 bit

* |In C++ the use of templates would have been handy,
but since Thor is written in C99, simple preprocessor
magic is used to mimic C++ templates

* Much of the code in the encoder and decoder gets
instantiated twice: once for 8 bit frame buffers and
once for 16 bit frame buffers

* The amount of source code remains roughly the
same, but the executables increase in size



256 bit generic intrinsics

* Thor uses an abstraction of common SIMD intrinsics
to support SIMD optimisations for several
architectures (NEON, SSE2, SSSE3, etc)

- Presented at IETF94

* Not required for standardisation, but useful during
standardisation to assess the complexity in real
applications, and it makes a reference codec more
“shipping ready”

* SIMD optimised code for 8 bit needs a 10/12 bit
counterpart and writing SIMD code is tedious

- Several thousand lines of code



256 bit generic intrinsics

* |nstead of spending weeks or months on writing such
code, it's possible to convert existing code
automatically and get a reasonably good result

* Intrinsics like v64 add 8 becomes v128 add 16,
v64 load aligned becomes, v128 load aligned etc.

e 256 bit intrinsics were added so that v128 add 8
could become v256 add 16, etc

* Native support on AVX2, otherwise emulated (mostly
by duplicating 128 bit intrinsics)

* Just one set of SIMD optimised code to maintain
regardless of bitdepth and architecture



256 bit generic intrinsics

* Instead of writing entirely new code for 16 bit frame
buffers, the existing code for 8 bit was reworked
slightly to make it trivial to convert

* SIMD code for 16 bit frame buffers generated by a
sed script (“search and replace™)

* The addition of 256 bit intrinsics also opens up for
AVX2 optimisations of 8 bit code (not yet done)



Summary

* Thor supports:

- 8,10 or 12 bit video
- 4:2:0 or 4:4:4 chroma sampling
- SIMD optimisations for 8, 10 and 12 bit configurations
* NEON, SSE2, SSSE3, SSE4.1, AVX2
* Not directly supported but can be trivially handled:
- Interlaced video
- RGB4:4:4
* https://github.com/cisco/thor


https://github.com/cisco/thor
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Encoder frame rate vs. BDR - low delay
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Frame rate vs compression HD

Encoder frame rate vs. BDR - high delay
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