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= BlAF+E Decode BlAFolW, 1 FHZE Parse B~ 9 DF B~
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TAppDecTop::decode ()
{
InputByteStream byteStream
while (!'byteStream)
{
InputNALUnit nalu = read (nalUnit)

bool bNewPicture = m_cTDecTop.decode (nalu)

if (bNewPicture)

{
m_cTDecTop.executeDeblockAndAlf (uiPOC, pcListPic);
xWriteOutput (pcListPic, nalu.m_temporalld);

}
xFlushOutput (pcListPic);

TDecTop::decode (InputNALUnit& nalu)
{
switch (nalu.m_nalUnitType)
{
case NAL_UNIT_VPS: xDecodeVPSQ; return false;
case NAL_UNIT_SPS: xDecodeSPS(); return false;
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case NAL_UNIT_PPS: xDecodePPSQ; return false;
case NAL_UNIT_APS: xDecodeAPS(); return false;
case NAL_UNIT_SEI: xDecodeSEIQ); return false;
case NAL_UNIT_SLICE: return xDecodeSlice (nalu);

}
return false;

}

TDecTop::xDecodeSlice (InputNalUnit& nalu)

{
m_cEntropyDecoder.decodeSliceHeader ();
if (isNextSlice())

return true;

m_cGopDecoder.decompressGop (nalu.m_Bitstream, pcPic, false);
return false;

}

TDecTop::executeDeblockAndAlf (UInt&
ruiPOC, TComList<TComPic#*>*& rpcListPic)
{
m_cGopDecoder.decompressGop (NULL, pcPic, true);

}

TDecGop::decompressGop (TComlInputBitstreams
pcBitstream, TComPic*& rpcPic, bool bExecuteDeblockAndAlf)

if (!bExecuteDeblockAndAlf)

...... substreams [ui] = pcBitstream—>extractSubstream(....);
m_pcEntropyDecoder—>setBitStream () ;
m_pcEntropyDecoer—>resetEntropy ();

m_pcSliceDecoder—>decompressSlice (pcBitStream,
substream,pcPic ... );

TDecSlice::decompressSlice (TComlInputBitstream* pcBitstream, ..... )

{

19 S H_ ‘_]l



{
pcSbacDecoder—>loadContext();
m_pcCuDecoder—>decodeCU (pcCU);
m_pcCuDecoder —>decompressCU (pcCU);
pcSbacDecoder—>loadContext();
}
}

Ao AA FEE HM AAFEoA gAid @9z F23 gu|E
e REEe U@ Zolth Y 499 decode FHoIAE
AERS S dolseluM goled AEHC ds dERZY
O39S 33t 9Jo]jEel ~AEZ-LS Parameter Set (PS)o] A}
EefolA A F glomg 747kl Age dEA tig-S Ayt
Sefo|2g AERY Yy s A9 AEYelN $A Sebolx
Ag taPd Ao, Seholsel dal A=z Padd $49
Y w0 Adds A weF gudE SEbols surt ths
Yol thsk AE o] LA, true 7} WS E o] dFpe] 3Z Qo
& =5 A7t gdaEHdsS A s, o] Af s

TDecGop::decompressGop (TComlInputBitstream* pcBitstream,
TComPic*& rpcPic, bool bExecuteDeblockAndAlf)

{
if ('bExecuteDeblockAndAlf)
{ }
else
{
// deblocking filter
m_pcLoopFiler —>loopFilterPic (pcPic) ;
//SAO
if (getUseSAO() && getSaoEnabledFlag())
m_pcSAO—>SAOProcess (pcPic, getSaoParam());
}
}
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TComLoopFilter::loopFilterPic (TComPic* pcPic)

{
for (Ulnti = 0; i < getNumCUsInFrame(; i++)
xDeblockCU (pcCU, EDGE_VER);
for (Ulnti = 0; i < getNumCUsInFrame(); i++)
xDeblockCU (pcCU, EDGE_HOR);
}

TComSampleAdaptiveOffset::SAOProcess (TComPic* pcPic)
{
for (Ulnti = 0; i < getNumCUsInFrame(); i++)

processSaoUnit (pcCU);
}

GHTE AGE AT DF & SAO o £Aw AGAA %
BHYE D LCU G for B8 Eof AT Hol9e). 919
YE HM A2 FEE HAg G992 3= Aujx sd o33
Fdgu

ReadTask::main()
{

InputByteStream byteStream
while (!!'byteStream)
{
InputNALUnit nalu = read (nalUnit)

bool bNewPicture = ReadTask::decode (nalu);
if (bNewPicture)
{

send (ParseTask, BitstreamList);

receive (WriteTask) ;

BitstreamList.clear ;

}

BitstreamList.add (nalu.m_Bitstream);

}

ReadTask::decode (InputNALUnit& nalu)
{
switch (nalu.m_nalUnitType)
{
case NAL_UNIT_VPS: xDecodeVPSQ; return false;
case NAL_UNIT_SPS: xDecodeSPS(); return false;
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case NAL_UNIT_PPS: xDecodePPSQ; return false;

case NAL_UNIT_APS: xDecodeAPS(); return false;

case NAL_UNIT_SEI: xDecodeSEIQ); return false;

case NAL_UNIT_SLICE: return ReadTask::decodeSlice (nalu);
}

return false;

}

ReadTask::decodeSlice (InputNalUnit& nalu)
{

m_cEntropyDecoder.decodeSliceHeader ();
if (isNextSlice())
return true;

return false;

}

Read ElA=+ sty ol s AEHS ¢lof So]7]vt st
Holl, 9o} 59 AR E Parse BlAIE AGe] Folof st} of 7] A
F7Ho® PS 9 &epolA FHutAE Hads T3, I 29
A% =, zejolzdl U@ AERE AT, e el
QA E™|  olFa QlE  EEfo]A AERS Parse HAAR
Aesitl, g8l Write BIAIRHEH ZHdS 25 AHgFcs=
AR 7} =235 thA] Read BlAAE A7) e}

ParseTask::main ()
{
receive (ReadTask, BitstreamList);
for each (Bitstream bitstream in BitstreamList)
{
ParseTask::decodeGop (bitstream, pcPic);
}
send (DecodeTask, pcPic);
}
ParseTask::decodeGop (TComInputBitstream#* pcBitstream, TComPic*&
pcPic)
{

substreams [ui] = pcBitstream—>extractSubstream(....);
m_pcEntropyDecoder—>setBitStream () ;
m_pcEntropyDecoer—>resetEntropy ();
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ParseTask::decodeSlice (pcBitstream, substream, pcPic, ...);

}

for ( Int iCUAddr = iStartCUAddr; iCUAddr < rpcPic—
>getNumCUsInFrame(); ...)

{
pcSbacDecoder—>loadContext ()
_pcCuDecoder—>decodeCU (pcCU);
pcSbacDecoder —>loadContext () ;
}
}
& e,
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DecodeTask::main ()

{
receive (ParseTask, pcPic);
for (Ulnti = 0; i < getNumCUsInFrame(; i++)
m_pcCuDecoder—>decompressCU (pcCU);
send (DFTask, pcPic);
}

DFTask::main ()
{

receive (DecodeTask, pcPic);

for (Ulnti = 0; i < getNumCUsInFrame(; i++)
xDeblockCU (pcCU, EDGE_VER);

for (Ulnti = 0; i < getNumCUsInFrame(); i++)
xDeblockCU (pcCU, EDGE_HOR);
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send (SAQTask, pcPic);

)
SAOTask::main ()
{ receive (DFTask, pcPic);
for (Ulnti = 0; i < getNumCUsInFrame(; i++)
processSaoUnit (pcCU);
} send (WriteTask, pcPic);

WriteTask::main ()
{
receive (SAOTask, pcPic);

WriteOutput (pcListPic, nalu.m_temporalld);

send(ReadTask);
)i

Decode, DF, SAO & ¥ #=o] &l thZ for & 8 7
LCU o o3& =#dS A3t Decompress & A-F 7|4
ez Pz eA¢ wet A7t fgo, dEwy Hagol
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A HAk AHerh grsEd 24z og gadelA dgshd
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Write BfA~=17F @Astso] &3 A2lE @ Fol Read H{2=AE
743t A7tk
ReadTask::main ()
{

while (!'m_byteStream)

{
InputNALUnit nalu = read (nalUnit)

bool bNewPicture = ReadTask::decode (nalu);
if (bNewPicture)
break;

BitstreamList.add (nalu.m_Bitstream);
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}

send (ParseTask [iterationCount%p], BitstreamList);
BitstreamList.clear O;

}
ParseTask::main ()
{
receive (ReadTask, BitstreamList);
for each (Bitstream bitstream in BitstreamList)
{
ParseTask::decodeGop (bitstream);
}
for each (Task task in DecodeTaskList, DFTaskList, SAOTaskList)
send (task, pcPic);
}
DecodeTask::main
{
receive (ParseTask [iterationCount%p], pcPic);
for (inti = 0;i < getFrameWidthInCU(); ++1i)
{
WaitDependency ();
pcCU = getCU (pcPic, i, idxY);
m_pcCuDecoder—>decompressCU (pcCU);
SignalDependency () ;
}
}

DFTask::main
{

receive (ParseTask, pcPic);

pcBeforeCU = null
for (inti = 0;i < getFrameWidthInCU() +1; ++i)
{

WaitDependency ();

pcCU = getCU (pcPic, i, idxY);

if (pcCU !'= null)

xDeblockCU (pcCU, EDGE_VER);
if (pcBeforeCU != null)
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xDeblockCU (pcBeforeCU, EDGE_HOR);
pcBeforeCU = pcCU;

SignalDependency();
}
}
SAQOTask::main
{
receive (DFTask, pcPic);
for (inti = 0; i < getFrameWidthInCU(); ++1)
{
WaitDependency O ;
pcCU = getCU (pcPic, I, idxY);
processSaoUnit (pcCU);
SignalDependency O ;
}
if (idxY == getFrameWidthInCU — 1)
{
signal (DecodeTask[0]);
send (WriteTask, pcPic);
}
¥
WriteTask::main
{
receive (SAOTask, pcPic);
WriteOutput (pcListPic, nalu.m_temporalld);
send (ReadTask);
}
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Chunk0 = load(P[i]~P[i+7])

| Pl | Pi+1)| PE+2 | Pli+3] | Pli+4) | PE+5] | Pli+6] | Pl+7 |
Chunkl = load(P[i+1]~P[i+8])

| pi+11 | Pi+2) | Pr+3) | Pi+41 | Pii+3) | Pi+6] | P71 | Privgl |
Right = sign(chunk0 - chunkl)

P[i] Pli+1] | Pli+2] | P[i+3] | Pli+4] | P[i+5] | Pli+6] | P[i+7]

Pli+1] I_3[i+2] I_J[i+3] Pli+4] I_3[i+51 E[i+6] E[i+7] E[i+8]

iSignLeft Left = shift(Right), Left[0] = iSignLeft

Pli-1] P[] Pli+1] | Pi+2] | P[i+3] | P[i+4] | P[i+5] | P[i+6]
_ 3 _ _ _ _ _ _ _
PIi] P[i+1] | P[i+2] | P[i+3] | P[i+4] | P[i+5] | P[i+6] | P[i+7]

EdgeType = Right — Left + 2

L [ [ [ [ T [ |

| EdgeTypel] = sign(Pil-P[i+1]) - sign(P[i-L-P[) « 2 |
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Sequence QP Max
QP22 QP32 QP37

NebutaFestival 13403 15.024 15589  15.589

PeopleOnStreet 12706  14.509 14.804 14.804

SteamLocomotiveTrain  14.327 14.483 14.335 14.483

Traffic 12.606  14.715 14430  14.715
Crowd 11.283 15.211 15.231 15.231
DucksTakeOff 7.808 15.849 15704  15.849
InToTree 9.041 14.775 14457  14.775
OldTownCross 8.303 13.958 13.639  13.958
ParkJoy 9.755 15.052 14.982 15.052
R 47 4A 2 42 <3 T gy 2 I FHaA
Sequence QP Max
QP22 QP32 QP37
NebutaFestival 35.682 55.070 68.959 68.959

PeopleOnStreet 33.682 60.082  65.065 65.065

SteamLocomotiveTrain  70.775 77.648 81522 81.522

Traffic 47.604 77.865 83.621 83.621
Crowd 13.891 29488 32902 32.902
DucksTakeOff 6.124 28.519 33409 33.409
InToTree 10.578 38261 41.209 41.209
OldTownCross 71772 40.105 42904 42.904
ParkJoy 10.665 28.300 32.390 32.390
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Abstract

An Efficient Parallelization Technique of
HEVC Decoder for High Resolution

Video Processing

Junchul Choi

School of Computer Science Engineering
College of Engineering

The Graduate School

Seoul National University

Next generation TV have been developed according to the advances of display
technology. It is expected to have high resolution above 4K and to support
additional functions such as 3D display and multi-view for enriching user
experience. Efficient codec have been also developed in order to process high
resolution videos faster than existing codecs, and High Efficiency Video Coding
(HEVC) is the most representative one. HEVC is considered as the most appropriate
video codec for next generation TV since HEVC provides more efficient video
compression and higher video quality compared to existing codecs. However,
HEVC reference software cannot fully utilize multi-core system resources, which is
the trend of recent SoC design, because it is implemented to be executed
sequentially on single-core. In this paper, we propose parallelization technique of
HEVC decoder based on task graph model. Our technique aims for providing
flexible software model to support design space exploration for the design of next
generation TV SoC, and to increase throughput performance by parallel processing
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on multi-core SoC platform. In addition to task graph based technique, we propose
Single Instruction Multi Data (SIMD) based optimization. Performance increase by
our technique is verified with experimental results. We achieves speed-up of 15.59
for 2560x1600 sequences and 15.85 for 3840x2160 sequences, compared to base
reference software.

keywords : 4K resolution, HEVC, multi-core, parallel processing, design space
exploration
student number : 2011-23385
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