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Abstract

In this paper, we introduce the fast decoding method with the SIMD (Single Instruction Multiple Data) instructions for HEVC
RExt (High Efficiency Video Coding Range Extensions). Several tools of HEVC RExt such as intra prediction, interpolation,
inverse-quantization, inverse-transform, and clipping modules can be classified as the proper modules for applying the SIMD
instructions. In consideration of bit-depth increasement of RExt, intra prediction, interpolation, inverse-quantization, inverse-
transform, and clipping modules are accelerated by SSE (Streaming SIMD Extension) instructions. In addition, we propose effective
implementations for interpolation filter, inverse-quantization, and clipping modules by utilizing a set of AVX2 (Advanced Vector
eXtension 2) instructions that can use 256 bits register. The evaluation of the proposed methods were performed on the private
HEVC RExt decoder developed based on HM 16.0. The experimental results show that the developed RExt decoder reduces 12%
average decoding time, compared with the conventional sequential method.
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Fig. 7. 4X4 Inverse transform using SSE instruction set
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Fig. 8. Pack and unpack of AVX2 and SSE instruction set
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T2 9. AVX2 HHEo HES 0128 Wit 27t ZHE
Fig. 9. Horizontal interpolation using AVX2 instruction set
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T2 10. AVX2 HEo HEe o288 72 det 27t THE
Fig. 10. Vertical interpolation using AVX2 instruction set
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Fig. 11. 8>X8 TU inverse quantization using AVX2 instruction set
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xmm_pred | 80 | 81 82 | S3 | 84 | 85 | S6 | §7 s8 S9 | 810 | 811 | 812 | 813 | 814 | 815
+ + + + + 4+ + 4+ + + + o+ 4+ o+ o+ F
Xmm_resi S0 | S1 | 82 | 83 | 84 | S5 | 86 | S7 | S8 510 | S11 | 812 | 513 | 814 | 815
max max max max max max max max max
xmm_max | yal | val | val | val | val | val | val | val | val | val | val | val | val | val | val | val
min min - min - mn_ mn - mn  mn  mn  min
xmm_min | yal | val | val | val | val | val | val | val | val | val | val | val | val | val | val | val

xmm_dst

T2 12, AVX2 B0l IEe olgst S2iF
Fig. 12. Clipping using AVX2 instruction set
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2. SSE H AVX2 T HEte 0|28t 553t AlZt B 23t
Table 2. Experiments result using SSE and AVX2 instruction set
Intra prediction Interpolation Inverse Inverse
P . P . transform quantization Clipping Total
decoding decoding . . .
decoding decoding (AVX2) decoding
Sequence | QP (SSE) (AVX2) (SSE) (AVX2)
ATS ATS ATS ATS ATS ATS
(%) Avg. (%) Avg. (%) Avg. (%) Avg. (%) Avg. (%) Avg.
22 | 29.11 16.91 49.63 77.85 43.27 10.96
27 | 33.89 21.20 47.68 79.91 38.73 10.52
EBUHorse 32 | 3966 35.46 22.40 20.17 2618 47.41 79.45 79.70 2056 40.60 10,04 10.27
37 | 39.20 20.16 46.15 81.60 39.85 9.57
22 29.79 16.29 50.25 79.93 42.83 12.77
EBUKids 27 28.34 17.87 49.49 73.22 40.48 11.44
Soccer 32 | 31.96 31.16 19.31 18.30 50.79 4901 73.97 7596 37.15 39.94 10.90 1144
37 | 34.56 19.72 45.51 76.71 39.30 10.65
22 | 43.64 19.31 46.29 85.42 49.20 16.29
: 27 | 48.40 19.02 49.15 88.34 4711 14.76
Kimono 32 | 4956 48.41 19.00 19.19 2156 45.01 88.60 87.45 2512 46.80 1373 14.48
37 | 52.05 19.41 43.03 87.45 45.76 13.14
22 | 34.73 17.18 48.75 76.74 54.81 13.98
. 27 | 38.02 18.03 49.46 79.57 51.08 13.87
Seeking 32 | 4221 39.66 19.49 18.67 28.94 47.89 8236 80.50 47 60 50.53 13.45 13.69
37 | 43.67 19.96 44.38 83.34 48.62 13.46
Total 38.67 19.08 47.33 80.90 44.47 12.47
Average
I 3. SSE HHo| RlE | AVX2 o] Zsle| £ Skl HIg B £Fo HEsE 483517 Aes tFxojn B =78
Table 3. Time reduction ratio AVX2 instruction set compared SSE = - - ==
B P SSE % AVX2 BHo] A3g o) gate] A B5s} A7
instruction set
= B 12% FINAT  =wddlAe AVX2 BHEo] §
interpolation | interpolation —%L% HZJ’%H O—E’,-%kl}i} ga;\g ﬁ}x\_"ﬂ 34‘%_3]_93\21,]_ o]
horizontal vertical inverse cliopin i A i ’
quantization | P9 ool s W oS, -wS ol-F3x PE 59| whE <)
Uni Bi Uni Bi - - - - =
AEARS SRS Txo] ARG FHHA A B
/?;? 26.56 | 23.85 | 43.80 | 44.36 22.44 48.03 AS A F U2 Ao daETt
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