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U AE Y 2 ol & B0, UE57 dEE, AE 454 2 Z M (sample
adaptive offset), 2]-3-% 5> & ¥ (adaptive loop filter), ¥ 3F = | (bilateral filter)
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[79]

[80]
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[84]

I 2 v 28] (360), 7-A 4 2 =2 | X2.2](360)2] DPBol] A48t 5= glt). A
thefet AEE S o & Bol, a5 dH P, AE 454 2 Al (sample
adaptive offset), 2]-3-% 5> & ¥ (adaptive loop filter), ¥ 3F = | (bilateral filter)
T X T

] 2.2)(360)9] DPBell A/ (8 H) 59 I A= QE o 57(332)0 4 Fx
HAAZ ARG At W2 @e0)= A HA W 23 GEIF mEEE=
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CAVLC(context-adaptive variable length coding), CABAC(context-adaptive binary
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AA = A FE 233}, CAVLC == CABAC 59 79 WS lif’a
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last_sig_coeff_x_prefix, last_sig_coeff_y_prefix, last_sig_coeff_x_suffix,
last_sig_coeff_y_suffix, coded_sub_block_flag, sig_coeff_flag, par_level_flag,
abs_level_gtl_flag, abs_level_gt3_flag, abs_remainder, coeff_sign_{flag,
dec_abs_level, mts_idx 2] A 8 X 9l 2] E Z(syntax elements)S 7| HFO 2
HEE RV EA R B R R DL EA /R EA R
Aej 2z AR =SS vhg o Ek ol vhebd 5 9]

911 [%1]

residual_coding( x0, v0. log2 IbWidih, log2 TbHeight, cldx ) { Descriptor

if{ transform_skip enabled flag && (cldx! =0 || tu mts flag[ x0[[y0]==0) &&
(log2TbWidth <= 2) && (log2TbHeight <= 2))

transform skip flag[ x0 ][ v0 ] cldx | ae(v)
last sig coeff x prefix ae(v)
last sig coeff y prefix ae(v)
if{ last sig coeff x prefix>3)

last sig coeff x suffix ae(v)
if{ last sig coeff y prefix>3)

last sig coeff y suffix ae(v)

log2SbSize = ( Min( 10g2TbWidth, log2TbHeight ) <2 2 1 : 2)
numSbCoeff = 1 << (log2SbSize << 1)
lastScanPos = numSbCoeff
lastSubBlock = (1 << (log2TbWidth + log2TbHeight — 2 * 1092SbSize )) — 1
do {
if{ lastScanPos == 0) {
lastScanPos = numSbCoeff
lastSubBlock— —
H
lastScanPos— —
xS — DiagScanOrder|[ log2TbWidth — 1og28bSize ][ log2TbHeight — log2SbSize |
[ lastSubBlock ][ 0 ]
vS = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize ]
[ lastSubBlock ][ 1 ]
XC = (%8 << log2SbSize ) +
DiagScanOrder[ log2SbSize ][ 1og2SbSize ][ lastScanPos ]] 0 ]
yC = (yS <<10g28SbSize ) +
DiagScanOrder[ loo2SbSize ][ log2SbSize ][ lastScanPos ][ 1 ]
1 while( ( xC != LastSignificantCoeffX ) || (yC != LastSignificantCoeffY ))
numSigCoeff =0
QState =0
for( i — lastSubBlock;i >~ 0;i——){
startQStateSh = QState
xS = DiagScanOrder| log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize |
[ lastSubBlock ][ 0 ]
y¥S = DiagScanOrder| log2 IbWidth — log2SbSize || log2'IbHeight — log2SbSize |
[ lastSubBlock [ 1 ]
inferSbDcSioCoeftFlag = 0
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[92] i{ (i <lastSubBlock ) && (1>0)){
coded _sub block flag[ xS || yS ] ae(v)

inferSbDcSigCoeffFlag = 1

3

firstSigScanPosSb — numSbCocff

lastSigScanPosSb = —1

remBinsPass] = (log2SbSize <2?6: 28)

remBinsPass2 = (log2SbSize <2?2:4)

firstPosMode0 = (i == lastSubBlock ? lastScanPos — 1 : numSbCoeff—1)

firstPosModel = -1

firstPosMode2 = -1

for(n = (i = = firstPosModel; n >= 0 && remBinsPassl >=3;n——) {

xXC = (xS << log28SbSize ) + DiagScanOrder| log2ShSize ][ log2SbSize ][n ][ 0 ]

yC = (yS << 10g28hSize ) + DiagScanOrder| log2ShSize ][ log2ShSize [[n ][ 1]

if{ coded sub block flag[xS][yS] && (n>0 || linferSbDcSigCoeftFlag ) ) {

sig_coeft tlag| xC || yC |

ae(v)

remBinsPassl— —

if{ sig coeff flag[ xC][yC])

inferSbDcSigCoeffFlag = 0

:

if{ sig coeff flag| xC][vC]) {

numSigCoell++

abs level gtl flag[n |

ae(v)

remBinsPassl— —

if{ abs level gtl flag[n]) {

par_level flag[n |

ae(v)

remBinsPassl— —

if{ remBinsPass2 >0 ) {

remBinsPass2— —

if{ remBinsPass2 == 0)

firstPosModel =n — 1
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if{ lastSigScanPosSb == —1)

lastSigScanPosSb =n

firstSigScanPosSb = n

i

AbsLevelPassl[ xC ][ yC ] =
sig coeff flag] XC ][ vC ]+ par level flag[n] +abs level otl flag[n ]

if{ dep quant enabled flag)

QState = QStateTransTable[ QState ][ AbsLevelPassl[ xC ][ vC ] & 1]

if{ remBinsPassl < 3)

firstPosMode2 =n — 1

if{ firstPosModel < firstPosMode2 )

firstPosModel = firstPosMode2

for(n —numSbCoell— 1; n >— [irstPosMode2; n— —)

if{ abs level gtl flag[n])

abs level ot3 flag[n |

ac(v)

for(n = numShCoeff — 1: n >= firstPosModel; n——) {

XC = (xS << 1og2SbSize ) + DiagScanOrder[ 10e2SbSize 1] 1og2SbSize [[n ][ 0]

vC = (vS <<log28bSize ) + DiagScanOrder| log2ShSize ]] log2SbSize [[n ][ 1]

if{ abs level ot3 flag[n])

abs remainder|n |

ac(v)

AbsLevel[ xC ][ yC ] = AbsLevelPass1[ xC ][ yC ]+
2 * (abs level ot3 flag[n ]+ abs remainder[n])

i

for( n = firstPosModel;n > firstPosMode2; n——) {

xXC = (xS <<log28bSize ) + DiagScanOrder] log28bSize |] log2SbSize || n |] 0 |

vC = (yS <<1og28bSize ) + DiagScanOrder] log28bSize 1] log2SbSize [n ][ 1]

if{ abs level gtl flag[n])

abs remainder| n ]

ae(v)

AbsLevel] XC ][ vC ] = AbsLevelPass1[ xC ] yC ] + 2 * abs remainder[n ]

i

for( n = firstPosMode2; n >=0;n——) {

XC = (xS << 1og2SbSize ) + DiagScanOrder[ 10e2SbSize 1] 1og2SbSize [[n ][ 0]

vC = (vS << 1og28bSize ) + DiagScanOrder] log28bSize ] log2SbSize [n ][ 1]

dec abs level[ n ]

ac(v)

iflAbsLevel] xC ][ vC 1>0)

firstSigScanPosSb = n

ifl dep quant enabled flag)

QState = QStateTransTable] OState [ AbsLevel[ xC [ vC [ & 1]

}

if{ dep quant enabled flag || !sion data hiding enabled flag)

sionHidden = 0

clse

sienHidden = ( lastSieScanPosSb — firstSieScanPosSb >3 2 1 : 0)

for( n = numSbCoeff—1:n >= 0:n——){

xC = (xS <<1og28bSize ) | DiagScanOrder] log2SbSize ] log2SbSize [n 1] 0 ]

vC = (yS << 1og2SbSize ) + DiagScanOrder[ 1oe2SbSize 1] 1og2SbSize [[n ][ 1]

if( sig_coeft flag xC [ yC ]| &&
( tsionHidden || (n != firstSieScanPosSb ) ))

coeff sion flag[ n ]

ac(v)
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[94]

[95]

[96]

if{ dep quant enabled flag)
QState = startQStateSh
for( n = numSbCoeff— 1:n >= 0;n——){
xC = (xS <<log2SbSize ) +
DiagScanOrder| log2SbSize ][ log2SbSize [ n ][0 ]
yC = (yS <<log2SbSize ) +
DiagScanOrder| log2SbSize ][ log2SbSize [[n ][ 1 ]
if( sig coeff flag] xC [ vC 1)
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] =
(2* AbsLevel[ xC][yC] — (QState>1?1:0))*
(1 — 2*coeff sign flag[n])
QState = QStateTransTable[ QState ][ par level flag[n]]
1 else
sumAbslLevel = 0
for(n = numSbCoeff— 1:n >= 0;n——){
xC = (xS <<log2SbSize ) +
DiagScanOrder| log2SbSize ][ log2SbSize ][ n ][0 ]
yC = (yS << 10g28ShSize ) +
DiagScanOrder| log2SbSize ][ log2SbSize [[n ][ 1 ]
if{ sig coeff flag] xCJ[vC]) {
TransCoefflevel[ x0 J[ yO ][ cldx [[xC ][yC] =
Abslevel] XC ][ vC ] * (1 — 2 * coeff sign flag[n])
if( sionHidden ) {
sumAbslevel += AbsLevel] xC ][ vC ]
if (n == firstSigScanPosSb ) && (sumAbslevel %2) == 1))
TransCoeffLevel[ x0 ][ y0 ][ cldx ][ xC][yC] =
—TransCoeffLevel] x0 ][ v0 ][ cldx ][ xC ]| yC ]

H
H
H
:
}
if{l tu mts flag[ x0 ][ y0] && (cldx == 0))
mits idx] x0 ][ v0 ][ cldx ] ag(v)

transform_skip_flagi= 1 ¥ & Z(associated block)©l] ¥ $Fo] A& x]=X]
o] -5 YR AT A7) transform_skip_flagi= W3 %] S 19 A€~
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[97]

[98]

[99]

[100]

[101]

[102]

[103]

— =2
w_mis_idx & A 13 Bk nj ke oe st ¢ S gl
[322]

VVC Draft 3 Proposed

transform unit( ) transform unit( )
tu_cbf_luma tu_cbf_luma

if( ... tu_cbf_luma && if( ... tu_cbf luma &&
(tbwidth <= 32) && (tbwidth <= 32) &&
( tbHeight <= 32)..) { tbHeight <= 32)..)
tu_mts flag tu_mts_idx

residual_coding( cldx )

if( (cldx =0 || tu_mts_flag) &&
(log2TbWidth <= 2) &&
(log2TbHeight <= 2))
transform_skip_flag[ cldx ]

... /* coefficient parsing */ ...

if( tu_mts_flag && cldx == )
mts_idx

3 20 A5 ko o], /& whoke] w2yl @A) &5l o sk MTS %17}
WA S e W E 23] Feh 1ok g ¥, o) ol MTS 918 o] g
o] faE 4 gt o] 714, A7) MTS Qe 2ol o) @ 29 & 24 Aol

ol X 3}E Fato] = 4= AL, V] MTS 19 2o thék g | Bl E Zoli=

2=
ol e} &ha] Aoty Whotel) wb=H W3 A7) 1 2 AV MTS =3 27}
A7 MTS 18l 27k 29 52 91, A7) MTS ¢80

7 3}(truncated unary binarization) 7} A}-8-2
=52 A FE A HEA st
871 MTS 74 485 =4 o7&

’ | W8 23] E9 1, 7] MTS 371
2 A7) MTS 19l A5 Gl o] A E A dlg)HE 22 A 719 & 8Fi= Hioto| x| ot

Q =

O

[3£3]

transform type binarization
horizontal vertical MTS & TS enabled | MTS enabled | TS enabled
DCT-II DCT-II 0 0
SKIP SKIP 10 -
DST-VII DST-VII 110 10
DCT-VIII DST-VII 1110 110
DST-VII DCT-VIII 11110 1110
DCT-VII DCT-VII 11111 1111

tu_mts_idx

o I=lo

[Ga] INN [€F] [ 6] B (@)
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[108] 3k, AEAE v g A EA e 5 3laL 3
et A A~ E Qd A o] 1 ¥ H E (increment) ctxIncE A 4 6= WHH 2 t}&-2]
[e)
el e
[109] [3%E5]
binldx
Syntax element 1 2 3 2 —
tu_mts_idx 1.6 7 na
(MTS & TS) (1 + cqtDepth)
tu_mts_idx 1.6 7 8 9 na na
(MTS) (1 + cgtDepth)
tu_mts_idx 0 na na na na na
s
[110] 7] At MTS 19 2~5= 53 ¥ (unified) MTS 919 2~2}a1 UrEWE* 5 Ak
[111] A7 388 MTS Q922 238351 dl A 72 dolg Slzd/d=
g Qe e ES St el meh o] vEd 4
[112] [3%6]
residual coding( %0, v0. loe2TbWidth, loe2TbHeight, cIdx ) § Descriptor
if (mts idx[ x0 [[y0]> 0[] (cu_sbt flag && log2TbWidth <6 && log2TbHeight <6 )
)
&& cldx==0 && log2TbWidth >4 )
log2TbWidth = 4
clse
log2TbWidth = Min( log2TbWidth, 5 )
if{ mts_idx[x0 J[y0 1> 0[] (cu_sbt flag && log2TbWidth <6 && log2TbHeight <6 ))
&& cldx==0 && log2TbHeight > 4)
log2TbHeight = 4
clse
log2TbHeight = Min( log2TbHeight, 5 )
last sig coeff X prefix ae(v)
last sig coeff v prefix ac(v)
if( last sig coeff x prefix>3)
last sig coeff x suffix ae(v)
if( last sig coeff v prefix>3)
last sig coeff y suffix ae(v)

24

| tu_mts_idx2] Z} bin®l)

log2SbSize = ( Min( log2TbWidth, log2TbHeight ) <2 ? 1 : 2)

numSbCoeff=1 << (10g2SbSize << 1)

lastScanPos = numSbCoeff

lastSubBlock = ( 1 << (1log2TbWidth + log2TbHeight — 2 * log2SbSize ) ) — 1

do {

if{ lastScanPos == 0) {

lastScanPos = numSbCoeff

lastSubBlock— —

3

lastScanPos— —

xS = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize |
[ lastSubBlock 1] 0 ]

yS = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize |
[ lastSubBlock ][ 1 ]

XC = (xS <<log2SbSize ) +
DiagScanOrder| loe2SbSize ] log2SbSize ][ lastScanPos ][ 0 |

yC = (yS <<log2SbSize ) +
DiagScanOrder[ log2SbSize ][ log2SbSize ][ lastScanPos [ 1 ]
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Y while( (xC != LastSigonificantCoeffX ) | (yC != LastSignificantCoeffY ))

numSigCoeff = 0

QState =0

for( i =lastSubBlock; i >= 0.i——){

startQStateSb = QState

xS = DiagScanOrder| log2TbWidth — log2SbSize |[ log2TbHeight — log2SbSize |
[ lastSubBlock ][ 0 ]

¥S = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize |
[ lastSubBlock ][ 1 ]

inferSbDcSigCoeffFlag = 0

if{ (i <lastSubBlock ) && (i>0)){

coded sub block flag] xS ] vS ]

ac(v)

inferSbDcSigCoeffFlag = 1

b

firstSioScanPosSb = numSbCoeff

lastSigScanPosSh = —1

remBinsPass]l = (10g28bSize <2?6: 28)

remBinsPass2 = (1002SbSize <2?2:4)

firstPosMode0 = (1 == lastSubBlock ? lastScanPos — 1 : numSbCoeff — 1)

firstPosModel = —1

firstPosMode2 = —1

for(n = (i == firstPosMode0; n >= 0 && remBinsPassl >=3;n——) {

xXC = (xS << 10g28bSize ) + DiagScanOrder| log2SbSize ][ 10g2SbSize [[n ][ 0]

vC = (yS << 10928bSize ) + DiagScanOrder[ log2SbSize ][ log2SbSize [[n ][ 1]

if{ coded sub block flag[xS][vS ] && (n>0 || linferSbDcSigCoeffFlag )) {

sig coeff flag] xC || vC |

ac(v)

remBinsPass]——

if( sig coeff flag] xC ][ vC 1)

inferSbDcSigCoeffFlag = 0

}

if( sig coeff flag] xC ][ vC 1) §

numSigCoeff++

abs level otl flag[n |

ac(v)

remBinsPassl

if{ abs level otl flag[n]) {

par level flag[n |

ac(v)

remBinsPassl— —

abs level ot3 flag[n |

ac(v)

remBinsPassl— —

B
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if{ lastSigScanPosSb == —1)

lastSigScanPosSbh = n

firstSigScanPosSb = n

:

AbsLevelPass1[ xC ][ yC ] =

sig_cocff flag] xC ][ yC ] + par_lcvel flag[ n] +abs level gtl flagin]+2*
abs level ot3 flag[n]

if{ dep quant enabled flag)

QState = QStateTransTable[ QState ][ AbsLevelPassl[ xC [ yC 1 & 1]

if{ remBinsPassl <3)

firstPosMode2 =n — 1

}

for( n = numSbCoeff — 1; n >= firstPosMode2; n— —) {

XC = (xS << 10g2SbSize ) + DiagScanOrder[ log2SbSize ][ 1092SbSize [[n ][ 0 ]

vC = (y§ <<10g2SbSize ) + DiagScanOrder] log2SbSize ][ 10g2SbSize [[n ][ 1]

if{ abs level ot3 flag[n])

abs remainder|n |

ae(Vv)

AbsLevel[ xC ][ yC ] = AbsLevelPass1[ xC |[ yC ] +
2 * abs remainder[n ]

i

for( n = firstPosMode2; n >=0;n— —) {

XC = (xS << 10g2SbSize ) + DiagScanOrder[ log2SbSize ][ 1092SbSize [[n ][ 0 ]

vC = ( y§ <<10g28bSize ) + DiagScanOrder| log2SbSize ][ 10g28bSize [[n ][ 1 ]

dec abs level n |

ac(v)

if{AbsLevel xC[[YC]>0)

firstSigScanPosSb = n

if{ dep quant enabled flag)

QState = QStateTransTable] QState ][ AbsLevel| xC[yC1 & 1]

i

if{ dep quant enabled flag || !sion data hiding enabled flag)

sionHidden = 0

clse

sionHidden = ( lastSigScanPosSb — firstSieScanPosSb >3 2 1 : 0)

for( n =numSbCoeff — 1:n >= 0,n——) §

XC = (xS <<10g2SbSize ) + DiagScanOrder| log2SbSize ][ 1092SbSize [[n ][ 0 ]

vC = ( vS§ <<t 10028bSize ) + DiagScanOrder| log2SbSize ][ log2SbSize [[n ][ 1]

if( sig_coeff flag[ xC ][yC] &&
( !sionHidden || (n != firstSigScanPosSb ) ))

coeff sion flag[ n ]

ac(v)




27

WO 2020/180102 PCT/KR2020/003049

[115]

[116]

[117]

if( dep quant enabled flag ) ¢
QState = startQ)StateSb
for( n = numSbCoeff —1:n >= 0;n——) {
xC = (xS << log2SbSize ) +
DiagScanOrder| log2SbSize || log2SbSize || n || O |
yC = (yS << log2SbSize ) +
DiagScanOrder| log2SbSize ][ log2SbSize ][ n ][ 1]
if( sig coctf flag] xC ][ yC ])
TransCoeftlLevel| x0 |[ yO J[ cldx ][ xC ][ yC | =
(2 *AbsLevel[ xC [[yC] — (QState>171:0))*
(1 = 2 *coeff sign flag/ n])
QState = QStateTransTable] QState ][ par level flag| n]]
! else {
sumAbsLevel = 0
for( n = numSbCoeff —1:n >= 0;n——) {
XC = (xS << log2SbSize ) +
DiagScanOrder| log2SbSize ][ 1og2SbSize ][ n ][ 0]
vC = (yS << log2SbSize ) +
DiagScanOrder| log2SbSize |[ log2SbSize ][ n ][ 1]
if{ sig coeff flag] xC ][ yC]) ¢
TransCoeftlevel| x0 |[ yO J[cldx J[ xC ][ YC | =
AbsLevell xC ][ yC ] * (1 =2 * coeff sign flag] n])
if( signHidden ) {
sumAbsLevel += AbsLevel] xC ][ yC |
if( (n == firstSigScanPosSb ) && ( sumAbsLevel %2 ) ==

1))

TransCoeftLevel| x0 ][ yO |[cldx ][ xC [[yC ] =
—TransCoefflevel] x0 ][ vO ]| cldx ][ xC ][ yC ]

-

|~

!
!

i

At 3 62 72 51H last_sig coeff x_prefix, last_sig_coeff_y_prefix,

last_sig_coeff_x_suffix, last_sig_coeff_y_suffix, coded_sub_block_flag,
sig_coeff_flag, abs_level_gtl_flag, par_level_flag, abs_level_gt3_flag, abs_remainder,
dec_abs_level, Z/5E+= coeff_sign_flag 7} A1 ZH /2 2 5= AT}

A A ool A, Q17 A= Al el A A E] A E last_sig_coeff x_prefix,
last_sig_coeff_y_prefix, last_sig_coeff_x_suffix a2 last_sig_coeff_y_suffixZ
ZIRk o =2 W3t B35 o] npx|H go] ofd WS Ao (x,y) HA AEE
Az s o= o Bof A4 4 o2 A7) last_sig_coeff x_prefixt= ¥ 3+ &5
2~70 <=4 (scanning order)®l| 4] 2] w}<] 9k(last) -7 & 7| (significant coefficient) 2]
& 2] X](column position)2] 3 2] & X (prefix)E Y EFU AL, 7]
last_sig_coeff y_prefixt= 7] "3 E-5 W 47| 2230 A (scanning order)©l 4] 2]
n}X] 2h(last) - & A 5(significant coefficient)2] 3 #] X|(row position)2]

32 2) 3 2~ (prefix) E VFEFW AL, A1 7] last_sig_coeff x_suffix™= 47] ¥ 3+ &=

271 2270 =4 (scanning order) ol A €] 7} <] }(last) F & 7| S(significant
coefficient)2] & %] %] (column position) ] A= X (suffix)E L EFH AL, /37|
last_sig_coeff y_suffix= 7] W3+ 55 U] 47| 270 4] (scanning order)l| A 2]
n}X] 2h(last) - & A 5(significant coefficient)2] 3 #] X|(row position)2]

0.
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298] 22 (suffix) E UrEME} A71A, 8 A== 771 001 o Al (non-zero
coefficient)& YERE 4~ wak A7) A A= 9d o2k A7) }\1 o)
T ATk = AT *7“ 1 T 20 FA, e A 200 EA Y 5 dth
71 22 EA A= ﬂ%” 1:‘E(CB E= TBE X388k CB)ol ?JEE}/?_H ol =]
A G E =4 o g/ A AR IECHRIE 5 BEE 7|vte R AAE 5
A

[118] :Lﬂrg, ANay A= A7 A3t EES 4x4 A H E-E(sub-block) & & -3
F, 7} 4x4 A B B-Enjc} (H] E o] A8l A @ & coded_sub_block_flag S A& 3]
AA AHE EF el 00] o} AlF7F EA)8h=A] of F Ebd = 9l

[119]

[120]

[121]

[122]

[123]
[124]

coded_sub_block_flag®] ko] 0o]H ¢ o]/ A5 A 57} Qonw o] A
A= AN AME S5 i3 Rt AA-AS TR 5 ATE v =,
coded_sub_block_flag®] #to] 10]H A2 AX] = 'g_coeff_ﬂagoﬂ o gk -5 3}
A AL 3D = k. A = 00] ofd
coded_sub_block_flag®ll t gt 5 3} 7F 52 g 631, M3k
EEslal QL= A H E5-& 00] ol A& ¥ EE gE ol 'l—'i ‘jf*'-—
coded_sub_block_flag= 2 3} ¥ X ¢kar 71 gho] 1o]gkar 7 = 4= 3}

TFeF coded_sub_block_flag®] ko] 10]0] A & A A B &5 ol 09] 0}‘4
Ag7F A gk oL gk = 35, 9 % Ea
Ol 21 ¢k-& 2t sig_coeff_flags 1z & o= qlr}. <1
ube} Z-zko] Mgk Aol th3t 1u]E A e AW E sig coeff flagE 2 T
T ATk wheF A 270 Aol A o] W Al5=9] ghol 0o o
sig_coeff_flag®] gk 10] & = gl o 7| A, wpx| 2} go] o} Al=E E3etar
A= M B E59] -5, v 00] o Alaell thal A<= sig_coeff_flag7}t
Axddd o7t gloma A7 ME B ot 53]} 7o) Aekd
AT} sig_coeff_flag7} 121 7 F-o| vF &8 A B -5 3517} 31\*33%1 7o, #d
ZJETEQ_J/]JGO]]#Q] N ] Aled A~ oﬂ‘tz/]tﬂECo] A}_Q. Qi) B}
TAA 2 &, 7 sig coeff_flag[xC][yC]i= @A TBW 2t ¥ 3 7417 94 (xC,
yOol A2l 85 w8 A2 @ ghel 00] obd A (non-zero) o5 LHebdl 4
DT A AA] ool M, 7] sig_coeff flagi= YFAFSIE HE A 5271 00] ol /- &
AFAA AR-S el = fa Alg Sl 129 A g2 dejaEe o o]

g 4= ATk

sig_coeff_flagel] T g+ 35 3} o] o] -2 il gk o}l o =52 3} ol
LEE g Udr S s o & U ks U He W= AlE s e A
remAbsLevel-> o} 2] & =812 2} =55 4= gl
[=41]

E
ol
O
W
2
o
i

f>

remAbsLevel = | coeff | - 1
o] 714, coeffi= A Al |2 Al 5=4L-& o v g},
T3 abs level gtl flagv= 3l & 2=70'd ¥ %] (n)°ll A 2] remAbsLevel'©] 1H.t}
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[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]
[134]

[135]

2] ARE JERY 4= 9t} o & , abs level _gtl_flag®] gto] oo™ e
Ao Mk Al5=2] % T’/H%}(absolute value) 1€ 7 ok, B3k 47|
abs_level_gtl_flag®| §Lo] 10]9, o] - YF-a 3lsfof & w2 b5 WEh= 7]
remAbsLevel-> o} 2l o] =812 3} o] =&E 4= it}
[=412]
remAbsLevel = remAbsLevel - 1
TS, At 42814 29 7] A ¥E remAbsLevel 2] least significant coefficient (LSB)
#h-2 par_level_flags 5-8Fo] o} e o] s=oh2 3¢} o] Qladd 4= gt
[=413]
par_level flag = | coeff | & 1
o] 714 par_level_flag[n]i= =703 $1%] noll A o] W2k A= &8 (3h <
o 2] El (parity) & WEFL = 3l
par_leve_flag $13% F-of) Q1 afjof & ¥ 8k A5 "2 4l remAbsLevel>
oh2-of A 1 ol o] EE 4 A
[214]
remAbsLevel = remAbsLevel >> |
abs_level_gt3_flagt 3l d 271 ¥ % (n)oll 4] 2] remAbsLevel©] 3K.T} -4
o] & b 4 91T} rem_abs_gt3_flag7} 191 7 5-ofl T} abs_remainder®l] tf] $

Az o] 3= 5= ). A A WE A5k coeffe} 7 A~ @ AL 9
A= ohg-o] F=oka 3 & < ME}.
[7215]

| coeff | = sig_coeff_flag + abs_level_gt1_flag + par_level_flag + 2 * ( abs_level_gt3_flag + abs_remainder)
o vheo] Bl A4 E 484 59 B E ol A5 S e,
[3£7]

|coeff| |sig_coeff_flag abs_lil\gegl_gﬂ_ pa r_Ieg\]IeI_fIa abs_lil\;e;_gﬁ_ abs_remainder|
0 0
1 1 0
2 1 1 0
3 1 1 1 0
4 1 1 0 1 0
5 1 1 1 1 0
6 1 1 0 1 1
7 1 1 1 1 1
8 1 1 0 1 2
9 1 1 1 1 2
10 1 1 0 1 3
11 1 1 1 1 3

o] 7141, | coeff 15= 13+ Al 5= 83k
AbsLevelo] 2} a1 AIE G5 Qi) B3k 7}
coeff_sign_flagE ©]-&3sto] Q12

A, ded AE s AU ES S AEshs AAld e e A2, AT
A S Aste] Mgk 27]o] A G =A] of ol ubeh M 2 Aol YA FE 2
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[138]
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transform unit( x0, y0, tbWidth, tbHeight, treeType, subTulndex, chType ) {

Descriptor

transform skip flag| x0 ][ yO ][ 0]

ae(v)

if{( Htransform skip flag] xO ][ yO ][ O] || slice ts residual coding disabled flag )

residual coding( x0, y0., Log2( tbWidth ), Log2( tbHeight ), 0 )

clse

residual ts coding( x0, v0, Log2( tbWidth ), Log2( tbHeight ). 0 )

H

if{ tu cbf cb] xC ][ yC | && treeType != DUAL TREE LUMA ) {

if( sps_transform_skip enabled flag && !BdpcmFlag] x0][y0 ][ 1] &&
wC <= MaxTsSize && hC <= MaxTsSize && !cu sbt flag )

transform skip flag] xC JJyC ][ 1]

ae(v)

if{ !transform skip flag] xC [ yC ][ 1] || slice ts residual coding disabled flag )

residual coding( xC, yC, Log2( wC ), Log2( hC ), 1)

else

residual ts coding( xC. yC, Log2( wC ), Log2( hC ). 1)

i

if( tu_cbf cr xC [ yC | && treeType !'= DUAL TREE LUMA &&
I(tu cbf cb[ xC ][ yC | && tu joint cber residual flagl xC | yC 1)) {

if( sps_transform_skip enabled flag && !BdpcmFlag] x0][y0][2] &&
wC <= MaxTsSize && hC <= MaxTsSize && !cu sbt flag )

transform skip flag] xC JJvC ]] 2 ]

ae(v)

if( !transform skip flag] xC [[ yC ][ 2] || slice ts residual coding disabled flag )

residual coding( xC, vC, Log2( wC ), Log2( hC ), 2)

else

residual ts coding( xC, yC, Log2( wC ), Log2( hC ),2 )
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[139] [3E9]

residual coding( x0, y0, log2 TbWidth, log2 TbHeight, cIdx ) { Descriptor
if( sps_mts enabled flag && cu_sbt flag && cldx == 0 &&
log2TbWidth == 5 && log2Tblleight < 6 )
log270TbWidth = 4
else
log2Z0TbWidth = Min( log2 TbWidth, 5 )
if( sps_mts enabled flag && cu sbt flag && cldx == 0 &&
log2TbWidth <6 && log2TbHeight == 5)
log270TbHeight = 4
else
log2Z0TbHeight = Min( log2 TbHeight, 5 )
if( log2 TbWidth > 0 )
last sig coeff x prefix ae(v)
if( log2 TbHeight > 0 )
last sig coeff v prefix ae(v)
if( last sig coeff x prefix >3 )
last sig coeff x suffix ae(v)
if{ last sig coeff y prefix >3 )
last sig coeff v suffix ae(v)
log2 TbWidth = log270TbWidth
log2 TbHeight = log2Z0TbHeight
remBinsPass] = ( (1 << (log2TbWidth + log2TbHeight ) ) * 7 ) >> 2
log2SbW = ( Min( log2 TbWidth, log2 TbHeight )<2?1:2)
log2SbH = log2SbW
if( log2 TbWidth + log2 TbHeight > 3 )
if( log2 TbWidth <2 ) {
1og2SbW = log2 TbWidth
log2SbH = 4 — 1og2SbW
! else if{ log2 TbHeight <2 ) {
log2SbH = log2 TbHeight
10g2SbW = 4 — log2SbH
h
numSbCoeff = 1 << (1og2SbW + log2SbH )
lastScanPos = numSbCoeff
lastSubBlock = (1 << (log2TbWidth + log2 TbHeight — ( log2SbW + log2SbH ) ) ) — 1
do ¢
if( lastScanPos == 0 ) {
lastScanPos = numSbCoeff
lastSubBlock— —
H
lastScanPos— —
xS = DiagScanOrder| log2 TbWidth — 1log2SbW ][ log2 TbHeight — 1log2SbH |
[ lastSubBlock ]| 0 ]
yS = DiagScanOrder| log2 TbWidth — 10g2SbW ][ log2 TbHeight — 1og2SbH |
[ lastSubBlock || 1 ]
xXC = (xS << 1022SbW ) + DiagScanOrder| log2SbW ]| log2SbH ]| lastScanPos ][ 0 |
yC = (yS << log2SbH )+ DiagScanOrder| 1og2SbW ][ log2SbH ]| lastScanPos ][ 1 ]
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[140] 1 while( (xC '= LastSienificantCoeffX ) || (yC != LastSignificantCoeffY ))
if( lastSubBlock == 0 && log2TbWidth >= 2 && log2TbHeight >= 2 &&
'transform skip flag] x0 ][ vO ]| cldx ] && lastScanPos > ()
Lns(Dc¢Only =0
if( (lastSubBlock > 0 && 1log2TbWidth >= 2 && log2TbHeight >= 2) ||
(lastScanPos > 7 && (log2TbWidth == 2 || log2TbWidth == 3 ) &&
log2 ThWidth == log2TbhHeight ) )
LinstZeroOutSigCoefiFlag = 0
if( (lastSubBlock > 0 || lastScanPos> 0 ) && cldx==0)
MtsDcOnly = 0
QState =0
for( 1 =lastSubBlock;1 >= 0:1——) {
startQStateSb = QState
xS = DiagScanOrder| log2 TbWidth — log2SbW || log2 TbHeight — log2SbH |
[i1[0]
yS = DiagScanOrder| log2 TbWidth — log2SbW ][ log2 TbHeight — log2SbH |
[il[1]
inferSbDeSigCoeffFlag = 0
if( 1< lastSubBlock && 1>0){
coded sub block flag[ xS ]| vS | ae(v)
inferSbDcSigCoeffFlag = 1

}
if( coded sub block flag] xS vS ] && (xS>3 || yS>3) && cldx == 0)
MtsZeroOutSigCoeffFlag = 0
firstSigScanPosSb = numSbCoeff
lastSigScanPosSb = —1
firstPosMode0 = (1 == lastSubBlock ? lastScanPos : numSbCoeff — 1)
firstPosModel = firstPosMode0
for( n = firstPosMode0: n >= 0 && remBinsPassl >= 4:n—-) ¢
XC = (xS << log2SbW ) + DiagScanOrder]| log2SbW |[ log2SbH |[[n ][ 0 ]
yC = (yS << 1og2Sbll ) + DiagScanOrder| 1og2SbW ]| log2SbI1][n][ 1]
if{ coded_sub_block flag[ xS [[yS ]| && (n>0 || !inferSbDcSigCoeffFlag ) &&
( xC != LastSigniticantCoettX || yC != Last SignificantCoeftY ) ) {
sig coeff flag] xC |[ vC ] ae(v)
remBinsPassl— —
if{ sig coeff flag] xC ][ vC ])
inferSbDcSigCoeffFlag = 0

h
if{ sig coeff flag] xC ][ yC 1) {
abs level otx flag{n ][ O] ae(v)
remBinsPass]— —
if( abs level otx flag n ][0 ]) {
par level flag| n ] ae(v)
remBinsPass]— —
abs level otx flagin ]| 1] ae(v)
remBinsPass]— —
}
if( lastSigScanPosSb == —1)
lastSigScanPosSb = n
firstSigScanPosSb =n
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[141] }

AbsLevelPassl[ xC ][ yC | = sig_coeftf flag][ xC ][ yC ] + par_level flag[ n |+
abs level otx flagf n]J 0]+ 2 * abs level gtx flag[n][ 1]

if( ph dep quant enabled flag)

QState = QStateTransTable[ QState ][ AbsLevelPassl[ xC JJyC [ & 1]

firstPosModel =n — 1

1

for( n = firstPosMode0; n > firstPosModel; n— =) {

xC = (xS << 1log2SbW ) + DiagScanOrder| 1o0g2SbW ]| log2SbH ][ n ][ 0]

yC = (vS << log2SbH )+ DiagScanOrder| log2SbW ][ log2SbH ][ n ][ 1]

if( abs level gtx flagn][1])

abs remainder| n | ae(v)

AbsLevel] xC ][ yC | = AbsLevelPassl| xC ][ yC ] +2 * abs remainder| n ]

1

for( n = firstPosModel;n >= 0;n——) {

XC = (xS << log2SbW )+ DiagScanOrder| log2SbW ]| log2SbH [[n ][ 0]

yC = (vS << log2SbH )+ DiagScanOrder| log2SbW [ log2SbH J[n ][ 1]

if( coded sub block flag xS ][ yS ])

dec_abs level| n | ae(v)

if{ AbsLevel] xC ][ yC]>0){

if{ lastSigScanPosSb == —1)

lastSigScanPosSb = n

firstSigScanPosSb = n

H

if{ ph dep quant enabled flag )

QState = QStateTransTable[ QState ][ AbsLevel] xC [[ yC ] & 1]

1

if{ ph dep quant enabled flag || !pic sign data hiding enabled flag )

signHidden = 0

else

signHidden = ( lastSigScanPosSb — firstSigScanPosSb> 3?1 : 0 )

for( n = numSbCoeff — 1:n >= 0;n——) ¢

xC = (xS << 10g2SbW ) + DiagScanOrder| 10g2SbW ]| log2SbH [[n ][ 0 ]

yC = (yS << log2SbH ) + DiagScanOrder] log2SbW [ log2SbH ][ n ][ 1]

if (AbsLevel xC [ yC 1>0) &&
( !signHidden || (n != firstSigScanPosSb ) ) )

coeff sion flag| n | ae(v)

1

i
if( ph dep quant enabled flag) {

QState = startQStateSb

for( n = numSbCoeff —1: n >= 0;n——) {

xC = (xS << log2SbW ) + DiagScanOrder| log2SbW ] log2SbH ][ n ][ 0 |

yC = (yS << 1log2SbH )+ DiagScanOrder| 1log2SbW ][ log2SbH ][ n ][ 1 ]

if( AbsLevel[ xC ][ yC 1> 0)

TransCoeffLevel] x0 ][ yO ][ cldx ][ xC ][ vC | =
(2 *AbsLevel[ xC |[yC |- (QState>1?1:0))*
(1 =2 *coeff sign flagl n])

QState = QStateTransTable[ QState ][ AbsLevel] xC [[ vC ] & 1]

Y else {
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[142] sumAbsLevel = 0
for( n = numSbCoeff —1:n >= 0;n——) {
XC = (xS << 10g2SbW ) + DiagScanOrder| 10g2SbW ]| 1og2SbH [[n ][ 0 ]
yC = (yS << log2SbH )+ DiagScanOrder| log2SbW ][ log2SbH ][ n ][ 1 ]
if( AbsLevel[ xC ] yC 1> 0) ¢
TransCoeffLevel[ x0 [ yO J[ cldx ][ xC |[YC ] =
Absl.evel[ xC ][ yC ] * (1 =2 * coeff sion flag| n])
if( signHidden ) {
sumAbsLevel += AbsLevel] xC ]| yC |
if( (n == firstSigScanPosSb ) && (sumAbsLevel %2) == 1))
TransCoeftlevel] x0 || yO || cldx || xC || yC | =
~TransCoefflevel] x0 ][ vO ]| cldx ]| xC ][ yC ]

[143] [3£10]

residual ts coding( x0, y0, log2 TbWidth, log2 TbHeight, cldx ) { Descriptor
log2SbW = ( Min( log2TbWidth, log2 TbHeight )<2?1:2)
log2SbH = log2SbW
if{ 1og2 TbWidth + log2 TbHeight > 3 )
if( 1log2TbWidth< 2 ) {
log2SbW = log2 ThWidth
log2SbH = 4 — log2SbW
4 else if( log2TbHeight <2 ) {
log2SbH = log2 TbHeight
log2SbW = 4 — log2SbH

1
S

numSbCocff =1 << (log2SbW + log2SbH )
lastSubBlock = (1 << (log2TbWidth + log2TblIeight — ( log2SbW + log2SbIl ) ))— 1
inferSbCbf = 1
RemCcbs = ((1 << (log2TbWidth + log2TbHeight ) ) * 7 ) >> 2
for(1=0; 1 <= lastSubBlock; i++ ) {
xS = DiagScanOrder| log2 TbWidth — log2SbW ][ log2 TbHeight — log2SbH ][ 1 ][ O ]
yS = DiagScanOrder|[ log2 TbWidth — log2SbW ][ log2 TbHeight — log2SbH ][ i ][ 1 ]
if( 1 != lastSubBlock || !interSbCbt)
coded_sub_block flag| xS ][ vS ] ae(v)
if( coded sub block flag] xS ][ yS ] && 1< lastSubBlock )
inferSbCbf = 0
/* First scan pass */
inferSbSigCoeftFlag = 1
lastScanPosPass] = —1
for(n=0;n <= numSbCoeff -1 && RemCcbs >= 4;n++ ) {
XC = (xS << log2SbW ) + DiagScanOrder| log2SbW ][ log2SbH |[n ][ 0 ]
yC = (yS << log2SbH )+ DiagScanOrder| log2SbW ][ log2SbH |[[n ][ 1 ]
if( coded_sub_block flag[ xS [[yS ] &&
(n !'= numSbCoeff — 1 || linferSbSigCoeffFlag )) {
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[144] sig coeff flag] xC ][ yC ] ae(v)

RemCcbs— —

if{ sig coeff flag] xC | yC 1)
inferSbSigCoellFlag = 0

}
CoeffSignlevel] xC ][ yC ]=0
if( sig coeff flag] xC ][ yC ] {
coeff sion flag| n | ae(v)
RemCcbs— —
CoeffSignlevel] XC ][ yC | = (coeff sign flag/ n]>07?-1:1)
abs level otx flagn]] 0] ae(v)
RemCcbs— —
if( abs level otx flag/ n]J0]) {
par level flag] n ] ae(v)
RemCcbs— —
{

!
AbsLevelPass1[ xC ][ yC | =

sig coeff flag] xC ][ yC ] + par level flag] n ]+ abs level gtx flagf n ][ 0]
lastScanPosPassl = n

}
/* Greater than X scan pass (numGtXFlags=5) */
lastScanPosPass2 = —1
for(n=0;n <= numSbCoeff —1 && RemCcbs >= 4. n++) {
XC = (xS << 10g2SbW ) + DiagScanOrder| 1log2SbW [ log2SbH |[n ][ 0]
vC = (yS << log2SbH ) + DiagScanOrder| log2SbW ][ log2SbH ][ n ][ 1]
AbsLevelPass2[ xC ]| yC | = AbsLevelPass1| xC ]| yC |
for(j=1.§<5.7++) ¢
if( abs level otx flagf nl[j—11)¢
abs level otx flag[n][]] ae(v)
RemCcbs— —
}
AbsLevelPass2[ xC ] yC | +=2 *abs level etx flag[ n ][]

h
lastScanPosPass2 = n

!
/* remainder scan pass */
for(n=0;n <= numSbCoeff — 1; n++ ) {
XC = (xS << 10g2SbW ) + DiagScanOrder| 1log2SbW [ log2SbH |[n ][ 0]
yC = (yS << 1og2SbH )+ DiagScanOrder| log2SbW || log2SbH [[n ][ 1 |
if{ (n <= lastScanPosPass2 && AbsLevelPass2[ xC [[yC ]| >= 10) ||
(n> lastScanPosPass? && n <= lastScanPosPassl &&
AbsLevelPass1[ xC |[yC ] >= 2) ||
( n > lastScanPosPass]l && coded sub block flag] xS [ yS 1))
abs remainder| n ] ae(v)
if{ n <= lastScanPosPass? )
AbsLevell xC ][ yC ] = AbsLevelPass2| xC ][ yC ]+ 2 * abs remainder| n ]
else if(n <= lastScanPosPassl )
AbsLevell xC ][ yC ] = AbsLevelPass1| xC ][ yC ]+ 2 * abs remainder| n ]
else { /* bypass */
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[145]

[146]

[147]

[148]

AbsLevel[ xC ][ yC ] = abs remainder| n |
if( abs remainder| n])
coeff sign flag| n | ae(v)

}
if{l Bdpemllag] x0 [ yO ][ cldx] == 0 && n <= lastScanPosPassl ) {
absLeftCoeff = xC > 0? AbsLevel xC-1][yC]): 0
absAboveCoeff = yC >0 ? Absl.evel| xC][yC—=1]):0
predCoeff = Max( absLeftCoeff, absAboveCoeff )
if{ AbsLevel xCJ[yC ] == 1 && predCoeff >0 )
AbsLevell xC [ yC ] = predCoeff
else if( AbsLevel| xC || yC | >0 && AbslLevel| xC || yC | <= predCoeft )
AbsLevel[ xC [ yC ]——

}
}
TransCoeffLevel[ x0 ][ yO ][ cldx ][ xC ][ yC ] =(1—2 * coeff sign flag[n])*
AbsLevell xC ][ yC ]

i
i

¥ Ao mp=w, 3 8ol] Al E nhe} o] WSk 7] S e
A2 E wansform_skip_flag®] gholl whe} e 2554 2 o] #7142 = . =,
Aot 27 FYe] ghe VIt e m (s 23] o B VRt o R) AAFd A S
Aeto] Aol gt Al el 2 dejH ETL AREE 5= 3l ﬁ%%ﬂﬂﬂﬁﬂﬂ%g
A=, Bkl A8H Aol AMEH = dA Y 22
3 (Regular Residual Coding, RRC)&}aL B3 = 3] & Uﬂ] H
B (S, Hsto]l 489 A &2 Bl dA T %] al
| 21594 =9 (Transform Skip Residual Coding, TSRC)&}3L T O]E} /‘}7] &
9+ transform_skip_flag®] ¢ko] 0 <1 45, =5, ¥ gto] 2 g4 ] —or9] ol 2]
qﬂANW*@ﬂﬂEE%ﬂEﬁWN_Lm#mMMm%mHQAQQ
Q1 735, = Hgho] 489X & B dAFE Ao A dyUES
L+E4 4 4= At

TAACRE, A F 5o, ¥t E59 Mt 7] o5 XAl eh= Wk ~

=z 7]’ o= = oL, AV WS 23] Eeo1F 1994 of o A 2

ATk A7 A 23] o] ghol 191 A9, 35 100 A E vRef o] ¥
E59 dAwE Aol digk 28~ A HE & sig coeff_flag, coeff_sign_flag,
abs_level_gtx_flag "2/%+= abs_remainder”} 37 2 4 31, 47| 219 2
AHNESS 7|RFe 8 V] A FE A7 =5 5 vt o] 45, 371
A2 AYAEESE FApA 02 9 d =5 QoL i A7 HAE 55
AT} 3k, A7) abs_level_gtx_flag i= abs_level_gtl_flag, abs_level_gt3_flag,
abs_level gtS flag, abs_level_gt7_flag % /‘IL abs_level_gt9_flag-s WEFE

ATt o & , abs_level_gtx_flag[n][j1i= 2=71'd ¥ X noll A A& A4~
o8 (= ﬁﬂ A dds 508 1U}ﬂ Az e ghel A gkl
(je<D+1E T 4 o35 Uehd = 28 1Y 5= Ak A7 (<<D+12, 25
kA AL LA, A2 AAA T 2] QAR AE 5= A

ESE A7 Wk 23] Z e ghel 0dl 7§‘or, % 90l T=A[H vk} %LO] H 3k
E59] g A FE Aol gk A8 dejHES sig coeff_flag,

)

_V&
L
% ¢
4r1
s

%jgol Am}w

. L5

ﬁﬂ
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[149]

[150]

[151]

abs_level_gtx_flag, par_level_flag, abs_remainder, dec_abs_level, coeff_sign_flag 7}
EH 4o, 7] AEl A dlglHEES 7|HEo 2 ALY g R FY 74]3,:7]_
2 4= 9lth o] A AV A E A dyHEEL =214 07 upAlE 4=
, I A7 A E 5 Qo) B8, A7) abs_level_gtx_flag i
abs_level_gtl_flag "B/%+= abs_level_gt3_flag & UEIE 5 AT} o & &
abs_level_gtx_flag[n][0]-> A1 ¥ 3} 7| 5= &8 52 L(abs_level_gtl ﬂag)/] d
o| A 4= 9141, 47| abs_level_gtx_flag[n][1]-= A2 ¥ 3k A4~ @2
=8 L(abs_level_gt3_flag)e] & oA A 5= AT}
Al gt uh e} o], WMol A8y %] o5& A9 # X 7L Aol digk AlE
LA E S o] AEE 450l dAFY Aol 4182
AW EEL ] wahd A el 2 o2l W E par level flago] 912 2 t] 529 ¥ ]
ATt ol= Bl A 74 Ao Uikl & 450l BE dAlw
ig_coeff_flag, par_level_flag, abs_level_gtx_flag 52| 21 €]
Fah= slo] dlAlwd Algo] ddghe IR o] X3
shol F4 AR A4 7hs Aol L, olo], ¥
Al A E el sl W gl A3 3 3ol
WE par_level flag & Ao 2H 7 a8 FFAZ 5 At
CABACE =2 A58 Al &3 A| 7t A 2] % (throughput) 4 5 0] =4
= @S 2=t o]i= CABACY A F 53k dxl o= <l
TS K=, CABACA A HE53) S 53 olmdd)i= o)A Hl(bin) 2l
335 el (ol Ed FE A et HAE AFEEH] wikell 352 Hl ol E
ol EARE Ko, && 1t % ol dA FEHE ek B2 Alte] A0E
T AT CABACS] A& A= -9 5 3} Hl(context-coded bin) 2] -5
srotomy sdd ME} & 5], e H 1, 3E 6, X9 Ew X 107
4ol sig_coeff_flag, abs_level_gtl_flag, par_level_flag, abs_level_gt3_flagS
F35H] A8l ARRE Hle] §ol s E59] Alo]zof) Wb ViR A dhE 4
o A o =&, slld E50] 4x4 Alo] =] E5<21 A9, 4d7] sig_coeff_flag,
abs_level_gt1_flag, par_level_flag, abs_level_gt3_flag o] o ¢+ H1E59] 32 3271 =2
AetE 4= Qa1 Sl 50| 2x2 Aol 29 B5 A5, 437 sig_coeff flag,
abs_level_gtl_flag, par_level_flag, abs_level_gt3_flag®l th 3t W1E9] 32 87| =
A ghEl 4= ek A W5 9] A gk 7] <473= remBinsPass1 & & W EF 5= gl T}
T= Ao E, B 52 CABAC A && 3, 218l ~E H 5 3} Hl(context
coded bin)&] 77} T 7 CGE E§sl= 55(CB %5= TB)ol| th &l A st=
T Atk oA e, AR A E H 33l Nle] 7R E5(CB = TB) @l 2
Agtd = Tt ol & 5o, AA E59] Alo] =7} 16x1601 1, A A CGe 7+
glol AA &5l theh U AE F a3t nle] 747t A7) d A E59 A4
7H4=<] 175HH, =, 4487 2 Al ghE = )
ol A, AaH FA = A5 HEQO} ol Alghe 7] 9 53}

OZI

Nl

30 M

HM

it
O
o

>4HEM“
mgﬂlg }d
_ﬂ

_Y‘i

=T S w A e A

4N 2 e

-

o]
T

-

m 50
o 1
rr

i

¥

A

-
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[152]

[153]

[154]

[155]

[156]
[157]

[158]

o

TE ] o gk o] X1 3} Wy & %3}04 o] X 3}&}at, H}O] 203 E A

ATE tRA] e, o & 501, 4x4 CG ol thate] 2 HE 2 E 553} 1l (context

coded bin)e] 77} 32, == 2x2 CG ol th3te] ¥ AHAE 531 Hlo] 4~7}

go] ¥i= o=t ol ZIH ~E B35 3 0l o7 FY 5= sig_coeff_flag,

abs level _gtl_flag, par_level_flag, abs_level_gt3_flagi= Q1 ¥ %] &8 4 AL,
¥ 83} Fo] #ulE dec_abs_level = Q1FAHE =3t} = o5 &

4x4 %%"ﬂ ste] ZHH AEAE B35 3} Hl(context coded bin)2] 7} A A

B30 A a9 1750, 5,288 A H = A9, Tl o] AHAE H 53}

Hlo g Iy += sig_coeff_flag, abs_level_gtl_flag, par_level_flag,

abs_level gt3 flagv 1Y ¥ A & 7 JaL, <=3 3% 837} go] &nt=

dec_abs_level = Q1 7 = 4= At}

[3E11]

[coeff] | dec abs level
0

[Ce] [ee] N] [o)] 1051 HiN [08] [ \§] Bt @)

H JESLY PEEEY JEECY JEELY JUEEY PEEEY PEEEY ELY PEEY FEEY FEEY

. =] =
o

dec_abs_level & 7|HFO = |coeffl Lo &=
lcoeffl = T}2-2] =814 1} o] &= 4=
[5=26]
| coeff | = dec_abs_level

& 7] coeff_sign_flag> 3l & 271 X (n)ell A o] WS Al & H o
3 (sign) & YEFE 5 AT} =5, A7 coeff_sign_flag- &l & =70
AR ()l A o |8 Ao P (sign)= WHEFE 7 Aok T3 7] mes_idx=
AA Mt E5 o dA T AEE diete] 3 W H A g o R
AgE =l ALY E S Ve 5 3

55T 4xd E5 U WE A ﬂ4ﬂ1%EM&LE%14

559 4x4 5L FAstE AFEL A o & e

50 HAE HEL
4x4 H3E B-Zo] 7L}, IEi= 8x8, 16x16, 32x32, 64x64 M 3 E-5- 9] 4x4 A H.

250 4 gtk =59 4x4 852 Fr} B8 mi= G20 BEg vebd 5
o]

S

o5 5o, 559 o thzhA A E = AleE ek oluy Aai= vhs-o

37 O A~
oF & 4 Sl

kR
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[159] [3E12]

scan_pos 5114711531121 11]110]1 89 1817165141 35]12]1T]0
coefficients OJOJTOJOTT1T]-1T]O0]1210]3[-2]-3]4]6]-7]10
sigcoeffflag | O JOJTOJTOJTTTTJTOLTTTOLTTTITLETI T
labs level gt1 fla 010 1 1 1 1 1 1
| par level flag 0 TTOTT1TTOTJO
labs_level_gt3 flag] 1 1
abs_remainder 011
dec_abs level / |10
coeffsignflag | O O JOJOJOJTT]JTOJOJOJO]IT]IT]JTOJO]JT1T]O
[160]  AF<=3h 3 129014 scan_posi= & thzhd 2700 whE Al 91X & YERdT
scan_pos 15 4x4 5504 7F8 A A 20 F =, =5 -8t 2 o] HE A 5+d
T 9141, scan_pos 0-= 74 Yol 20 =, 5 g 29 o] W3 Al ad
S1ok. @ &1 2ol 4, 47] sean posiz <41 #1120 AR 45 Sl
o & £, 471 scan_pos 0= =70 Y1 %] 0o] 2}ar XA = 4= ),

[161] ghH, A gt 8 ol lad A= g A7) ol Xl gho] o} Al E A

= (binarization)3}o] ¢} =

NI E olXgtz Mas ¢ ) =3 tad A= A7 AgA deuES
tagste] 47 Al AgfAE] o] X gty k(= olXste vy “E5
UL, G7] ol KB gk o ol xlg}ete] ] A E A AU EY IS e
4= Atk A7) ol A3} g2 &= EF A o] E] = 2}0] 2~ (Truncated Rice, TR)
o] 213} 3Z 2 M| ~(binarization process), kA Exp-Golomb (k-th order Exp-Golomb,
EGk) ©] 213} 3 2 M| ~(binarization process), kA} Limited Exp-Golomb (Limited k-th
order Exp-Golomb, Limited EGk), "=+= 317 Z ©](Fixed-length, FL) o] %I 3}
3Z 2 M| 2 (binarization process) & 22 8= 4 v} £ & o] A3} A&
7] TR o] X8} SLE A 2~ 47| EGk o] X 3} SLE A 2 W= 47| FL o] X1 &}
ZRAAE VISR o] AV AE s dejHES] ghe Rk #E S
Lhebd = gloh

[162] o & 5o, 7] TR o] X3} L2 A A= vhg-3) o] =3 = g}

[163] 71 TR 1313} Z 2 A2 9] 1% (input)> TR ] X1 3}ol] o &k 2 g 3 A&
A2l H Eof gt cMax ¥ cRiceParam & = AT 3 47| TR o] X1 8}
X 2 A 222 Z 9 (output)> Hl AEH o) tf-§5-3F= #k symbolVal ol T & TR
ol Xzt 4 AUt

[164]  TAACR, A &, ez A Eof )& 3 v Al(suffix) W1 2~ E o]

= A7) A2~ dEAE O gk TR ¥l 2~ E -2 % FAl(prefix)

Wl ~E g3 Hu| Al Hl 2 E 8 o] A3 (concatenation)d I~ 3L, 47| F AL HI

B Aol A AlE s deHEo] o gk 4] TR Wl

A

2EFY Utk B Bof 47 HEA W 2EF L
(e}

e
L
i)
(m
e
o,
o
-3
uls
o
N
hines

T
[,
}01,
lo,
)
o
o
2,
&)

[165] 7] Alg 2 dglH Eof tf &k 47] symbolVal 2] % FA} gh(prefix value)<
Z
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[166] [5°217]
prefixVal = symbolVal >> cRiceParam
[167) o714, prefixVal & 7] symbolVal o] 1A} & Lhebd 5 ek, 7]
ez el E o] 4] TR W 22 E o] HEAKS, AN 2E e
T4 o) 2ol maE & o
[168] o & E0o1, 4471 prefixVal©| cMax >> cRiceParam 5.t} 2} 7 9, 5] FA} 1l
2~ E & pinldxell &8 9194 ¥ =(indexed) Z ©| prefixVal + 12] H| E 2~ E #(bit
string) Y 5~ At} =5, A7 prefixVal©] cMax >> cRiceParam ®. T} 2 7 §-, /37|
HFAFH 2 E "2 binldx 7} 7Fe] 7]5= prefixVal + 1 H{ EG2] H{EAE R A 4=
AT} prefixVal®E.t}F 2H& binldx of] o gk ¥1-& 13} S A 7 U} 3
prefixVal®} & ¢k binldx ol o ¢+ 112 03} &L & 4 qlr).
[169] o & Eo1, 4371 prefixvalel o)+ ©&} o] X &} (unary binarization) 2 =% % = Hl
ZEHE 059 39 2S5 AT
[170] 3%13]
prefixVal Bin string
0 0
1 1 0
2 1 1 0
3 1 1 1 0
4 1 1 1 1 0
5 1 1 1 1 1 0
Pinldx_| 0 | 1 12 [3 [ 3153
[171] Sk, 7] prefixVal©| cMax >> cRiceParam 2.t} 2}%] @5 7§~ J7] 4 FA)
Hl ~EH .2 7o) 7} cMax >> cRiceParam ©] 1l E.& Hlo] Q] H|E AEH Y 4=
ATH
[172] %, cMax 7} symbolVal B.t} 31, cRiceParam ©| 0Kt} £- 745, TR Wl
o] HulAbul 2E o] EAT A qleh o F Bol, 7] HulAb
sEY e 4 vl gol 5 5
[173] A7 AE 2 A H Eo] tf gk 7] symbolVal o 5P AL Zh(suffix value)>
chgol st ol 2 4 Aok
[174]  [5°218]
suffixVal = symbolVal  ( ( prefixVal ) << cRiceParam )
[175] o] 71 A, suffixVal <= 4}7] symbolVal & 7 V] A} 7E-& veRd 5= loh
[176] TR Hl 2E & o] Hul AN, F AL HI A2 E ¥H)E cMax 4k©] (1 << cRiceParam)-1
9l suffixValell that FL o] 213} Z2 A A5 7|wto 7 55 5= it}
[177] sk 19 9Febv] B Q1 cRiceParam 2] 4kl 001, 47| TR o] X &= A &5} A

[178]

E 7 o] g = &3} o] X &(truncated unary binarization) 5~ 9141, I
Hagdy = g del E o] 7hsek H ) 3Lt 5 A 3 cMax ghol AF-8-E
A

3 o] B S0, A EGk o X3} TR A A e} o] FalE 5= glr)
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ue(v) & ZGE A8 2 A H E = Exp-Golomb Z W ¥ A H A~ dlgjHEQ] 4=
o]
A

[179]

[180]

[181]

[182]
[183]

[184]

[185]

[186]

[187]

[188]

2 o 2, 0} Exp-Golomb (0-th order Exp-Golomb, EG0) ©] %18} 3 2 A 2~ =
&3 ol =3 = 4= 3l

A7 A E 2 A E o EH Sk 314 32 2 A 22 (parsing process)T H| E 2 EH 9
AA YA A Al 2Fsko] FH A 7=-A] Z(non-zero) H| EE X &3 HEE 9]
01} & A3 v E =& M= Sl (counting) &2 Al 2HE 4= Qlt). 7] 34 &
b9 39 ol et 5= 9l

3% 14]

leadingZeroBits = —1

for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)

W3, W% codeNum & UHE-] 8143} o] w&E = gluh.

[<=219]

codeNum = 2leadingzerosits 1 4+ read_bits( leadingZeroBits )

o] 7] A, read_bits(leadingZeroBits)ol| 4] HE3+E gk, =5
read_bits(leadingZeroBits)7} W EFU = 32 AWM A 2 7| 59 7Y F 2.8
H| E (most significant bit)ol] ™+ A1AFQ1 = X 9= (unsigned integer) 2] ©] %I
3% ¢ (binary representation) 2. 2 3 A= 4= l v}

HIE 2E Y2 "5 FAkprefix)" H] E 9} "W Ab(suffix)" B E =2 E2 g
Exp-Golomb =98] 1-&3= th+-9] 329} o] L = 3l

[3£15]
Bit string form Range of codeNum
1 0

01x, 1.2

001X, X, 3.6

0001 X, X, X4 7..14

00001 XX, X; Xg 15..30

000001 X, XXy Xy Xpy 31..62

" T /\}" H] += leadingZeroBits 74] AhE ko] gt -8 ol a3l H

HIEL 4= 911, £ 15004 Bl E 2E" o 0 = 12 FA1E 5 v =, 8=
F 15 0E= 12 INE B E 2EH S [ FARE 2EY A
"H A H E 1= codeNum @] Al 4tol] A ﬁr”ﬂb HEA 5= 3l 3
15004 xi= FTAIE 5= At =, Fee 1 159 xiz MA | HE ~EY
AuAF B E 2 E S YEd 42 9t} o] 7] A, i3= 09| A LeadingZeroBits-1<]
el gk = Aok 8 A xiv 0T 13 59T 5 U

7] codeNum o] &=+ HE 2EH L2 039 19 g5 5 Ao

m
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[189] [3E16]

Bit string codeNum
1
010
011
00100
00101
00110
00111
0001000
0001001
0001010

Nl [ore] BN [op) (9] BNEN (O8] |38 Lol Few]

[190] A8 2~ dl g E o] t] 2~ = E(descriptor) 7} ue(v) &1 745, <5, A1 8l X~

AHAETFue(v)E 2 H A5, 47 A2 A HE O] 4h-2 codeNum
TAE T
[191] T3 & &0, 471 EGk o X1 3} Z 2 M| 5= th5- 3 o] 3l 5 Qo)
[192] 4171 EGk o] 113} 2 A2~ 2] & (input)E EGk o] W 3}ol o3k 2 4 A 4= i),

S 47| EGk o] 78} L2 M| 2~ 2] &2 (output)> W1 2EH o tf-&-3F= 4k
symbolVal ¢l o] gk EGk o] 2l g}<d 4~ )t}

[193]  symbolValell th&FEGk o] X3} L2 A 20 H|E ~EH L v} -3 o] L34
2= o]ﬂ.
T AT

[194] [317]

absV = Abs( symbol Val )
stopLoop =0
do
if( absV >= (1 << k)){
put( 1)
absV=absV—(1 << k)
k++
} else {
put(0)
while( k——)
put( (absV >> k)& 1)
stopLoop =1
}
while( !stopLoop )

[195] A3 %178 F2389, put(X)2l 2+ F(each call)S
2EG o] ol F7hE Ak VA, XE 0 EE 1Y F T

[196] 3 & 50, A7) Limited EGk ©] 713} Z 2 4| 3= v &3} 1ho] =3)g &=
At

[197] 7471 Limited EGk ©] %13} 3 2 A 2 2] 1 ¥ (input)> Limited EGk ©] %13} o gt
87 2 ol 2 v H riceParam, #H R ko] o] Wt 45 Ve = H
log2TransformRange % 2t 5] FAF 28 o] & vrehl = W2l
maxPreExtLen® 5 91th X3k, 47 Limited EGk ©] %13} 32 & A 2 9]
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=9 (output)2 Wl 2~ E & o] o -5-5}= 4L symbolValoll th &+ Limited EGk ©] 21 8}
T A
[198] symbolVal®l] o] ¢} Limited EGk ©] %8} ZZ Z M|~ 9] H|E ~E 2 U533 o]
=g g ol
[199] [3%18]
codeValue = symbolVal >> riceParam
PrefixExtensionLength = 0
while{ { PrefixExtension] ength < maxPrefixFxtension] ength ) &&
(codeValue > ((2 << PrefixExtensionLength ) —2))) {
PrefixExtensionLength—+
put( 1)
i}f( ProfixExtensionLength == maxPrefixExtensionLength )
escapeLength = log2 TransformRange
e éscapeLengTh - PrefixExtensionLength + riceParam
put(0)
;fymbolValz symbolVal - (( (1 << PrefixExtensionLength )~ 1) << riceParam )
while( ( escapeLength——)>0)
put( ( symbolVal >> escapeLength ) & 1)
[200] T o & 5o, 47] FL o] X1 8} Z 2 A 2= vh3-3 o] =3 € = )
[201] 2F7] FL o) 2138} 3 2 Al 2~ 2] ] 3 (input)& FL o] 2 3}e]] that 2. 2 4]
AE 2 A Eof gk cMax Y = Atk &, 47| FL o] X1 3} S = A 2~ 9]
=2 (output)& Rl ~E o] tf &3 £k symbolVal ©ll T g+ FL o] 213} <= gt
[202]  FL o] X 8}+= A&7k symbolVal9] 31742 o]l H{E4E Zh= H|E ~ER S
ARgste] A E AT AVIAL AV A Aol HEE e gle AT E
2~ E ¥ (unsigned integer bit string) ¥ 5= I TF. =, FL 0| A3} & F-3Fo] A &4k
symbolVal o] Tt H|E ~EZ o] LEHE 4= 9}.1_, A7 R EAEY 9]
H EAo|(F, H|EF)= a1 dold 4= gt
[203] o & 5o, 7] 14 dol&= th9f F8h2 3 o] e = vk
[204] [572110]
fixedLength = Ceil( Log2( cMax + 1))
[205] FL o] X1 s}e)] o g Q15 9] Qe ]S H /g vl Ec A Hete] v E $AE
T7FetE 4he AFSSEE WAl Y Qi) ol & Eof, AV A vl Ee) A d
Hl Q1 e A 3= binldx =0 & 5 )
[206] SHA, o & 50, A7 A 7FE AR 5 A E 2 A HE abs_remainder © T g+
o X138} SR A A= vh2-3 o] =3fE = Q)
[207] A} 7] abs_remainder ©l] TH3F o] 7 &} L 2 A ~2] 9led & AlEl A~ A HE
abs_remainder{n] 2| o] X3} ot 27, M A F-(colour component) cldx, 7}
AA (x0, y0) & = Ut 71 Frk A A (x0, y0)i= A o A Frp MES
7|E o B ah= @A) Fup WS £S5 Add AEES TR A 7 v
[208] %}7| abs_remainder © T g+ o] X 3} 3 2 A| 2~ 9] & (output)- 37|

abs_remainder 2] ©] X 3}, 47| abs_remainder 2] o] 2 & Hl AEHY 4=
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[209]

[210]

[211]

[212]

[213]

[214]

[215]

[216]

ATt 7] o] X3} 2R A 2E F-8Fe] 7] abs_remainder ©f] thgk 7F& W1
A E

H A, abs_remainder[n] ©l| o] g} lastAbsRemainder 2 lastRiceParam ©| U3}

o] === 4= Q). o] 7] A, A7 lastAbsRemainder ©= 47| abs_remainder[n]
o] Z o] =& abs_remainder 2] #2 Y EF 4= ) 31, 4} 7] lastRiceParam += 27|

abs_remainder[n] ©] Aol %% ¥ abs remainder ©l T 3+ &}o] 2 gfEbu] g
cRiceParam & WEFE 5 3t}

o & 9], 47| abs_remainder[n] I o g} lastAbsRemainder 2 lastRiceParam &
LEeheE ZEAATEEA B EZ tief A5 TEE AT, =, 8] @A

H EZ WS AlaE 5 20 oA A ARA oA o Mk Aol gt
abs_remainder[n] 2| 2 M| 7} 8 %] = A 5, 7] lastAbsRemainder 2 7]
lastRiceParam-< W7 002 A A= 4= qlt},

E5H AV BT old A, S AV ZEA AT AA A E EE
S0 5% A7) oY, A7) lastAbsRemainder 2 4} 7| lastRiceParam-=
o] mpR)uk § Zof| A &4 abs_remainder[n] ¥ cRiceParam®] #k3} -5 A &} 7|
1 9= At} =, 471 lastAbsRemainder = & A] 7 %] = abs_remainder|n]

o] A ¥ abs_remainder[n] &} L3 Lo 2 =EE 4= a1, AV
lastRiceParam += & A 3 & ¥] = abs_remainder[n] ©] A ] o ¥ abs_remainder[n]
o]] t) &+ cRiceParam ¢} &Y%t gtoz w4 4= )

o] &, & A I %= abs_remainder[n] ] o] g} &}o] ~ 31| B cRiceParam <
A} 7] lastAbsRemainder & 4} 7| lastRiceParam = 7|8Fo. 2 =% 4= it} o &
Eo, 3l A = ¥ = abs_remainder[n] o t] $F 2}o] 2~ 3}&} 1] E] cRiceParam &
th2-o] sFeba ol mEE 4 gl
[F2111]
cRiceParam = Min( lastRiceParam + ( ( lastAbsRemainder > ( 3 * ( 1 << lastRiceParam ))) 7?1 : 0).3)

e o & 59, d A 24 ¥ = abs_remainder[n] ©l] ™) 3t cMaxi= 7] 2ol X~
&} 1] B cRiceParam = 7|HF o 2 ©EE 4= It} A 7] cMaxi= U229 42814 1}
Zol &

[52112]
cMax = 6 << cRiccParam

T, & 5o, @Al 59 W 23] o] 5 V[REe R 47V] o] 2~ gt

cRiceParamo] A€ <= At} =, A A CGE E$+sl+= & A TBel thaf H3lo)

2,

=i

2 o% N

O N
il
o

t)sho] M3 2 %] (transform skip)©] 485 += 4

cRiceParam& 12 &4 5= 9} ==, A7) &4 CGE 23
TBoll thaf W ko] 2§53= 49, tpA] Eaf, 7] A CGE £3Fahi= 4]
@A TRl thate] wak 23]0] A4 E A ez A, 4719k Lol
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[217]

[218]
[219]

[220]

[221]

[222]

[223]

[224]

[225]

[226]

[227]

[228]

[229]

abs_remainder[n] ©/] )%} cRiceParam¥} & Y3k ko2 &4 4= ).
$HH, %71 abs_remainder ] th &k o] X3}, =, 7] abs_remainder ol T g
2~ E & A A(suffix) Hl 22 E# o] EA]3h= 4 $-oll == T AH(prefix) ¥l
A~ EH 3} Huj AL Hl A~ E ¥ 9] A3 (concatenation)d I~ UATF B AMT] %
Hl ~E o] &A5FA] &= A 9-o = A}7| abs_remainder ©f] o 3 A} 7] 1l
|

- T
[e] A~
SEYZ AV ATAIN 2EY A

o

—_

mOE

iy L

o & Eol, 7] AFA N 2ER S Fosh= ule) o] E&E 4 QT
}7] abs_remainder[n] 2] % TA} 4k(prefix value) prefixVal-> T2 <=3}2] 2}

Wol w39 4 9lr.
|

i

prefixVal = Min( cMax, abs_remainder[ n 1)

}7| abs_remainder[n] 2] A7 W1 ~2E®H o] HFANE, A FAH 2E®)E
247 cMax 2 7] cRiceParam 2 98 0 & A}&-8F= 7] prefixVal o] th3F TR
ol X3 ZREAAE Fole] =Ed 7 A

A7 HAFARRL 2E" o] EE B EVF o]l H[E o7t el HE ~Ew 3t
T Y3d 47 abs_remainder[n] &] 47| Hl ~E® o] Hu|A} Hl A~EF o] £ 8
T AL, =5k vhel o] =& = Qv

A}7] abs_remainder €| 7 V| A} 4h(suffix value) suffixVal< TF-5-¢] 4782 3} o)

SsE 3l

PN

(4] 14]

suffixVal = abs_remainder[ n ] — cMax

7371 abs_remainder 2| 7] Wl ZE® o] HW ARl 2E 2 k 7} cRiceParam+1
2 dAH 31, riceParam-2 cRiceParam & =2 A % ¥ 31, log2TransformRange+= 15
47 ¥ 31, maxPreExtLen<> 112 A7 1= 37| suffixVal o o] 3t Limited EGk
o8l A 2T Foto] R 4 Arh

$HA, ol & &1, 7] A FE QB F 292 A HE dec_abs_level o off $F
o) 8} 3 %A 23z 033} o] - 4 ek,

AF7] dec_abs_level o] T3t o] 23} Z 2 A~ B2 AlE] A~ d]HE
dec_abs_level[n] 2] o]z s}ol ot @ %, A/ A ¥ (colour component) cldx, "V}
AR (x0, y0), A A Al 2270 YA (xC, yO), H 3 E-5 2] Z2f oAt 4*(binary
logarithm)$1 log2TbWidth B W& £5-2] 570] 2] o] X th =<l log2TbHeight ¢!
et 7] 0} 914 (x0, y0yi= % A ] ek v} HEL | FOR o HA
o W B se) AW AES kel 1 5 ok

4}7] dec_abs_level ol T3k o] X1 5} 3L &2 4 £ 2] 2 (output)- A7
dec_abs_level 9] o] A 3}H=, 7] dec_abs_level & o] X 3tH Wl ~E®HY 4=
UL 7] ol X3} LR A 2~ F F5to] 4] dec_abs_level ] th gk 7HE ®l
~EY 5O R2E 4 Ak

2}7] dec_abs_level[n] ©l| &+ @}o] 2 3}e}1] E] cRiceParam < 7] A AF A B

o

0]
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[230]

[231]

[232]

[233]
[234]

[235]

[236]

[237]

[238]

[239]

[240]

cldx 2 Fr} 91 A] (x0, y0), @A A5 2270 Y A] (xC, yC), ¥ 3 59| %9

o] X th <<l log2TbWidth 2 W 3+ £-5 9] o] 9] o] Xt =<1 log2TbHeight &
P o= Fau= gtol & g H EE (A S Fato] wEE 7 vk AT
ghol 2~ ghelE B o) oi g A A 9l A Tt

—

el o & 9], 47| dec_abs_level[n] o] o 3 cMax+= 27| gfo] & shetv]
cRiceParam & 7|HF o 2 &2 4= Qlth A7 cMaxT B9 57812 1 o]

== 2 0

—I—EE] T »}1\
[<2]15]

cMax = 6 << cRiceParam

SHH | 7] dec_abs_level[n] ] T &t o] 213}, =, 4} 7] dec_abs_level[n] ©f] o gt |l

—_—

2 E S Au| Alsuffix) B 2E o] EA 8= A -0l = 4 FAb(prefix) !
~E" 3} Hul Al Wl ~E ¥ o] A3 (concatenation)d = T} T AL Hul A}
Hl ~EZ o] &84 ¥ 7 $-o &= Ab7] dec_abs_level[n] o] T AF7] W
REHLE A7 AFALW 2EF Y 5 9l
A8 Fol A7 AT AEQE S st o] R 4 2tk
}71 dec_abs_level[n] & 5 A} h(prefix value) prefixVal<> th£-9] =38}2] 1}
ol 3
=216

prefixVal = Min( cMax, dec_abs_lcvel[ n ] )

AF7] dec_abs_level[n] & 47| Wl 2E® o] A FANE, A 7AWl 2E®)= A7
cMax % /7] cRiceParam 2 ¢} & 0. & A}-8-3}= 47| prefleal o] tf gt TR
ol X3 ZTRAAE Falo] EE AU
A7 AHFARHL 2 E o] E%H]E 7H1 ] HIE Zo]7} 6%l B E ~E= 1}
il

~Eg o] HulAbHl 2E" o] &)
/})}7] dec abs level[n ] EH61F E}O] »~ ety E5 A4 g ge

&7 ] ghol 2~ gt H s g o] 9 ¥ A AR Q1 H] 22 (colour component
index) cldx, F7F 9 2] (x0, y0), & A} Al 270 94| (xC, yC), A3 E&0 g_g]

o] % thl %=(binary logarithm) %! log2TbWidth % ¥ 3t E-5-9] Fo]9] o] X4
log2TbHeight & 5~ At} A7 FrF Y1 2] (x0, yO) &= 3 A o] 4 Frf A :_L._é_

7|2 R oz @A) Frp sk B0 A A5 7H A o vk 2 A

glo] 2 el B & 1A o] 82 A7) gho] 2 1eln| H cRiceParam ¥ 5

o]

©

] o, Fol % 2l E 2 A AFXAE
a2 cldx, 7] #d FrF $1 A (x0, y0)S 2b= H 3 E-50 o gk
AbsLevel[x][y] € 7]HFS 2 H = locSumAbs = T2 3Hol 7fAIEH 75

X (pseudo code) 9} ol &= 4 3

HE = sig_coeff flag[x][y] 2 7] AxEW
<

jud}
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[241] [3%219]
locSumAbs =0

[242]
[243]

[244]

[245]

[246]

[247]

if{ xC < (1 <<1og2TbWidth) — 1) {
locSumAbs += AbsLevel[ xC + 1 ][ yC ] —sig_coeff flag[xC+1][yC]
if( xC < (1 <<log2TbWidth) —2)
locSumAbs += AbsLevel[ xC + 2 ][ yC | — sig_coeff flag[ xC+2 ][ yC ]
if yC < (1 <<log2TbHeight) — 1)
locSumAbs += AbsLevel[ XC+ 1 ][ yC + 1] —sig coeff flag[ xC+1][yC+1]

H
if{ yC < (1 <<log2TbHeight) — 1) {
locSumAbs += AbsLevel[ xC ][ yC + 1 ]~ sig_coeff flag|xC ][ yC+1]
if yC < (1 <<log2TbHeight) — 2)
locSumAbs += AbsLevelPass] [ XC ][ yC + 2] - sig_coeff flag| xC][yC+2]

3
if{ locSumAbs >31)
locSumAbs = 31

A7) efol 2~ J]’E]‘U] B cRiceParam += T}&-3F o] =54 4= Q)

dE & 7] 2Fo] 2~ 3EhH] B cRiceParam = A 7] == H ¥ locSumAbs
1R E ]HPOE T Z9 4 9o} 7] W49 s = Max(0, QState - 1) &2
AARE =AY =, 4 7]StOﬂQState—lf}Jtﬂ%}oiﬁ@%31\*9}5}.

7] M4 locSumAbs 2 7] A5 & VMo 2 &= AY] gol
2} ] B cRiceParam 2 ZeroPos[n] i= U}ﬁ«] B !

[3£20]
S locSumAbs 8] 1 2 3 4 5 [ 7 8 9 10 11 12 13 14 | 15
RiceParam | 0] 0] 01 o] ol ol ol T i il i 1 il 1| 2[>
0 [ Zorobostnl | 0] o] ol ol ol 11 2 2] 2 2 o[ 2 4| 4| 4] 4
T [ ZewoPosinl | 11 1 1| 1| o[ 5] a| a] 4 6] 6] 6] s| s 8| s
2 [Zorobostnl | 1] 1| 2 o[ o[ 3| a| 4] a| 6| 6] o] s 8] s s«
locSumAbs 16 17 | 18 19 1 20 1 21 122 1 23 124 | 25)26 Q127128029 ]30]31
cRiceParam 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3
0 ZcrolPos[ n | 4 4 4 4 4 4 4 8 8 8 8 8 16 16 16 16
1 ZzroPos| n | 4 41 12 ] 12 12 1 12 ] 12 ] 12 12 ] 12 ] 16 16 16 16 16 16
2 ZeroPos[ n | 8 8 12 1 12 12 ) 121 12| 12 12 ] 16 ] 16 16 16 16 16 16
o E E0, 4= %208 FE8H 7] locSumAbs 7} 6 o] 5H¢1 -3, A1

cRiceParam & 022 44 E 5= 2131, %71 locSumAbs 7} 7 0] o] it 13 o] 8}<l

[6)
735, 71 cRiceParam = 12 A9 5= 2131, 447] locSumAbs 7} 14 o] o] a1 27

°3tRl -, %871 cRiceParam <> 28 24 € 5= 2131, 7] locSumAbs 28] /<!
73, A} 7] cRiceParam < 30 8 A A= 4= 9lt},

TC

i

A
3, &= 3 205 sk 271 s 7F0 0] AL, 7 7] locSumAbs 714 o] &<l
739~ %7 ZeroPos[n] 2 02 = A= 4= a1, A7) s 7F0 o] a1, A7 locSumAbs
7} 5¢1 A9, A7) ZeroPos[n] < 12 A A %1 ZF a1, A7) s 7F0 ol a1, A7
locSumAbs 7} 6 ©] /‘LO] 11 ©] 8} 7 5-, 47| ZeroPos[n] = 22 A€ 4+
271 s 7F0 ©] i, 7] locSumAbs 7} 12 ©] /‘C}O]ﬂ 22 o] 8}l A9, 471
ZeroPos[n] = 4% A€ 4= a1, A7) s 7F0 ©] a1, %7] locSumAbs 7} 23

o] 4fol a1 27 o] 3kl A 5, 47| ZeroPos[n] 8= AAE = a1 A7 s 7H0
o] 31, A4} 7]| locSumAbs 7} 28 ©]4+<l A W 7| ZeroPos[n] = 1622 A A= =
), gk Ak 1202 x5 /é) ] s 7} 1 o] 2L, A+ 7] locSumAbs 7} 3
ol s}l 749, 471 ZeroPos[n] = 12 A= 5= a1, A7 s 7F 1 o] a1, 47|

o

_4
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[248]

[249]

[250]

[251]

[252]

[253]

locSumAbs 7} 41 74 5-, A} 7] ZeroPos[n] = 2% A€ 4~ AL, A7 s 7F1 o] aL
7] locSumAbs 7} 591 A -5, %}7]| ZeroPos[n] < 302 A€ 4= a1, 47| s 7}
1 ©] a1, A7) locSumAbs 7} 6 ©] Aol a1 § 0] 8¢l A9~ A} 7] ZeroPos[n] & 4%
A= 5= 9131, 7] s 7F 1 ol 5L, 24 7] locSumAbs 79 ©]/do] il 11 o] &4l 4 ¢,
371 ZeroPos[n] < 6.2 % A= 4= a1, A7) s 7} 1 o] a1, 27| locSumAbs 7}
120]70] a1 15 o] 3t$] -5, 7] ZeroPos[n] <= 8= AA = = A3, 47 s 7F1
o] 31, 471 locSumAbs 7} 160]7d-0] 31 17 o]}l A 5, 471 ZeroPos[n] = 4=
A= 4= 9la1, 7] s 7F 1 o] AL, %471 locSumAbs 7} 180]70] a1 25 o] 51 7 ¢,
A}7] ZeroPos[n] = 122 A= 4= 131, 47] locSumAbs 7} 260] /0] AL 31

ol 5tQ1 7 -, 4471 ZeroPos[n] <> 1625 A7 4= It} &9k, &3 3 205
Fzsld 447 s 7F 2 o] a1, 2471 locSumAbs 7} 1 9] }O] 735, %471 ZeroPos[n] =
12 AA4E o 5L, 7] s 7F 2 o] AL, A7) locSumAbs 7} 2 o] o] a1 40]3}<]
7 5-, 7371 ZeroPos[n] = 22 4= 4= )31, 7] s 7F 2 0] 31, 47| locSumAbs
7F 521 749, /371 ZeroPos[n] <= 325 AAE 4= 9131, 7] s 7} 2 o] AL, 7]
locSumAbs 7} 6 ©]/g-o] 31 80] 51 74 -5-, 47| ZeroPos[n] = 4= AAE o 91,
71 s 7F2 o] a1, 271 locSumAbs 719 o] g0l AL 110] 8} 7 5-, 4 7] ZeroPos[n]
2602 HAE 59131, A7 s 7F2 o] 5, 7] locSumAbs 7} 12 ©] o] i
1701391 7 $-, %371 ZeroPos[n] = 8% A= 4= 9la1, 7] s 7F2 o] iz, 7]
locSumAbs 7} 18 ©]/-0] 31 240]3}21 74 $-, A} 7] ZeroPos[n] <= 12% A = <=
3L, A7) s 7} 2 o)A, A7) locSumAbs 7} 2501461 749 47| ZeroPos[n] &
160 52 A= 4= 9lt},

L=, o & 591, ZeroPos[n]-& -2 =213} o] &=
=35 = Ao E8HE = cRiceParam2 % 208 32 6)
[7417]

ZeroPos[n]= (QState <2? 1 : 2) << cRiceParam
L3k A7) dec_abs_level[n] 2] 57| A} 4k(suffix value) suffixVal-= T} o2

Foba it o] =& 4 gt

[+=2118]

suffixVal = dec_abs_level[ n ] — cMax

A}7] dec_abs_level[n] & 7] Wl ~E® o] HujALHl ~EH 2k 7}
cRiceParam+1 = A ¥ 31, riceParam-2 cRiceParam © 2 A4 ¥ 31

log2TransformRange = 152 A %] 31, maxPreExtLen 11%2 A7 ¥ 3= 47|
A
2=

1‘0

{i MN'
i

n
¥2,
o
=
2
N
>

suffixVal ©l] t 3} Limited EGk ©] %13} T2 M| A5 E3lo] B54E 4= T}
Lok B A= At o = g A FE S e = W 7] g, 33
o]

S el A e HAFE)e A AL EAAE AAFTE
Aoto] 71&E A FE 2 Wt A Sk W 8-& g ok Wk
A kst
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254] 270 S241c ol B Eol TB 5 o] A H5 % A8 5 o) i1 F
Aol oh g 220 M Ssheel A g e o o S5k thzh 2l 4 Y
S QITh %, TB % el A8 8 9 A8 55 e dAFD Al 3
IR I s} o)A Aga gFoR sk ot 20 4L 5 Yk
Wiz, o & FOl, TB H% el MH 2 W A8 B5 el dAFD Al
18 03 e SR a0 % o BoF e ek a1 8 3

[255]

[256]

[257]

[258]

=, TB &5 o ME 55 2 A H E5 U9 #AFE A o =714
SAE Aol A Ssbeh wbak o g AEhE o7 270 £ 5 9ok
ulx| 9}y 7= A| Z(non-zero) ¥ 3 Al AA| gl HAFE RNEE, dAATE

A= oS F, 34 dA 7L vbgdstar A3 2 7] (transform skip) & 2
O

—

Hgkol] o &k ol g #] 5ol s E A e wjitol], T3 Bk 0ol thE & S E
E= W3 559 gt Sl T ashA] B S U ol A EHA] e
T ATt whekA, o] A g-oll = mhA ) = Al 2 HE A o] 2 YA glg
ARE Ardgehis 22 e 5= vk il 7 A A ¥ = A A
ME EZSS S EE Y 4T A ESA 5 vt ¢-, A7) = A= w
A4~ f-2 A5 (significant coefficient) 2}l Y ER =% )t}

M B ES CBF: vhA 9 = Al = A 8 A9 270 Aol thgk A B9
Aladd o] HAl= M3 ~%]o] 485 51, coded_sub_block_flagE Z&i= A H.
£59 CBF A 1€ % & v o] 4 sl oFght}.

A

Pt Qla), A4 s FasHA G WMol AR o g W B
ol A T4 0 2 A e 5 gk whebA], vhA v i A 2 0 g A Sl 27
BE

A el gk AR = A ufe} o] A4 % 31, coded_sub_block_flag
AME E5ol thaf s d .

EE DC T3k Y A of] tgk A B ES5(3dd A B 5ol tf g
coded_sub_block_flagi= 58 g+ Ao 2~ 5 vt 5= Ut oﬂ%— £ 9], VVC Draft
30| A, 7] e A B E-Zof th 3l coded_sub_block flagi= Al 19 & ¥ x| &1
G 13 Fdstrta m5E 9}5} npA = Al 2 WS Al g=e] 290 #1117
| FA8d B EFol o MH &5 YHA8h= 4F+=DCAHE =55,
| g A B E5) 9l 4 OL‘E shube] f-3 @) B (significant level)©]
Uee HEbd = vk AR H o', 4] DC A H &5l g
coded_sub_block_flag7} 1 91 A &2 &2 %] X q} 0/H] {- & (non-significant)
gl RhE 5k = vk A ek 8 o] A ESel Wk 270
A G, A = A 2 A g Ao 2o Y Aol ek ARV led, 7
A H 55 g coded_sub_block_flag7F A| 2E & & 4= It} o] 7] o = /447] DC
B E5 ol9le] & A H 559 U8 coded_sub_block_flag 7} o] 7] 0 1
A5 A9l slal DC A B 559l o 3§ coded_sub_block_flag= 3 4= AT},

A, o & 5o, Hs E59 290 SA R st A g d o o] F5h=
2270 =4 7F 24 ¥ 51, DC A H 5-59)) O & coded_sub_block_flag7}

A7
A7
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[259]

[260]

[261]

[262]

[263]

[264]

[265]

ol

B %] 9= A9, 471 DC A H EEof )& coded_sub_block_flag”7} 132}
%4 4= A H(inferDeSbChf = 1). whehA], %37] DC A H &5l &=
shte] F & gl glojolst e AV DC M E E5 W (0,002 A H A
tl gk sig_coeff flag ©] 2] 9] sig_coeff flag E°] 25 021 45, 371 (0,0)2]
Aol thEk sig_coeff_flag += A ZLE ™ H A ¢7a1, 1 3 FAstrtar
%% 4= ) th(inferSbDcSigCoeffFlag = 1).

%}, coded_sub_block_flage] Z1E| ~E P dlgo] A E 4= T}, o & £,

-]Eﬂ/\E UE—ﬂ 0]1:4]/\L~ ?55|;<H }\11:1 Hi/] JJFZ }\11:1

coded_sub_block_flag 2 A}7] A A A B &E52] A= 4
coded_ sub _block_flag®| 33} /37| coded_sub_block_flag &
AxkE o vk

sig_coeff_flag Z1 8| ~E WA sig_coeff flag Z1E~E Ao =24
el =2l (local template)i= & A 2279 1 x]1 2] 25 Y X(NBO)S} 3=
HAANBDRF 2ot s =4 € 5= Jlvh, A AE Bl 9 ZA2 f 7 53
A X9 sig_coeff_flag [NBO] + sig_coeff flag [NB1]2] =2 &4 4 Slt}.
wheb A, @A) W3 B2 o] tfzhA dol] whet Ao g 718l A E A E 2] Mo
AAE a2 A 1 H I sig coeff flag S A 8H7] 913l 379 A ~E
= t%]l:_er el 7491/\15 I cﬂo] H;@E] 2= o]ﬂ.

abs_level_gtl_flag X par_level flag Z1 €] =~ E W 2l&: abs level_gtl_flag %
par_level ﬂagoﬂ o] A Eﬂ/\E 17 ) o] }_9_51 2= o]ﬂ.

abs_remainder I %: W 7] P x| Fd Ao ddlo] A4 E3EE A8
e} Zef A QE Bz 7|3 -3l WA Rk WA E Alg A PR v &

B o] AT 7 Aot 53], A4 A o] dxg- o] Ak
gl Al A el el v & 5 Atk o]l abs_remainder 2] ©] %13} 2
AdAE 2dgortey 7Lo] A= 4= 9lr)

o & £9], abs_remainder 2] ©] X 3}o] ¥ & 7 @ E(cutoff) gko] AFEE
AT} ol & F3}F], sig_coeff flag, abs_level_gtl_flag, par_level_flag %
abs_level_gt3_flagE A}-83F I w9l A abs_remainder®l] off 3 2}o] A~ F =7 9
Azt x4 2 ZEHl 9] %] 9 q}%} AL g AE 7do) 1;4 Lo olE FHol
A= 5 ATt A7 ALZE F7HA 714 "XE T 2" Fd 1 5 59,
abs_level_gt5_flag, abs_level_gt7 flag 5)7F 7 @32 of) 3t w71 %] ] 20|
vy el = ol A QX =52 A= 4 At (numGtFlags = 5).

E3 elol &~ b E EEo gig Bl &8 o] 2 E S Tk =, A A A0
A=A o] = T A L 5= T X wFsig_coeff flag Z1E A~ E B ElE] 9]
2AUMZg o ued 2= 9

o i omy >,
bt

NorE X @ L

“‘;‘éél—ﬂlﬂml

o

m

coeff _sign_flag Z1 Bl ~E W&l & 1135 (sign) A @ 2> -2 Bobd A 9 o =
H A 57 E o] A7t EE nhol o] 2 (bias)H = A 0 & A3, 2 F A
2 3 (distribution) 7} 7H FAE BHEE S R dE ARE HdHrE
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PAlg ALgsto] ZHE AT e AE AHAE Rdo] 5 i A B9
Aol AREE 4= 31, 5 A g H = sig coeff_flag 0] Fol] 3] Ho] B&
719~ E H 35 3] Hl 5 (context coded bins)Z} 3HA| F-A1 <2 4= AT}

[266]

[267]

AU AE 153 9] 7ha: A A 270 o 2o o g Al ) &

A 2] 1 E E(syntax elements), <7, sig_coeff flag, abs_level_gtl_flag 2
par_level_flag®] A& HA A & 5 vt 1Y A& & HEA2E 1353
Q1= (Context Coded Bins per sample, CCBs)2] &t %] 2] A| g+ #| A= a1 T} 2 7
Z749 4 9lt}. CCB 9] 4= CCB>k ¢ 49 FashA] &2 RE= X431
EEE A AVA, k= el A S (positive integer) Y 4+ T ol & Eo,
A A8 29 2 Z(regular level coding mode)2] 745, k=2 A 5 At} A=dt
A ghE FAps; o] Fhao) g o

Fest A E AgE o] P UAFE dole e} #HE 2
HESLS v %9 Zol ek 5= vk

=
P>
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[268] [3%21]
residual ts coding( x0, v0, log2ThbWidth, log2TbHeight, cldx ) { Descriptor

[269]

[270]

[271]

[272]

log2SbSize = ({ Min( log2TbWidth, log2 TbHeight ) <2 2 1 : 2)
numSbhCoeff =1 << (log25bSize << 1)
lastSubBlock = (1 << (log2TbWidth + log2TbHeight — 2 * log28bSize ) ) — 1
/* Loop over subblocks from last to the top-left (DC) subblock */
inferDeSbChf = 1
for( 1 = lastSubBlock; 1 >= 01— —) ¢
xS = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2TbHeight — log2SbSize ][ lastSubBlock ][ 0]
vS = DiagScanOrder[ log2TbWidth — log2SbSize ][ log2 TbHeight — log2SbSize ][ lastSubBlock ][ 1]
if{ (i>0 |] linferDeSbCbf )
coded sub block flag[ xS [ vS | ae(v)
if( coded sub block flagl xS vS ] && i>0)
inferDeSbCbf = 0

1

/* First scan pass */
inferSbDcSigCoeffFlag = 1
for(n=(i == numSbCoeff — 1:n >= 0:n——) {
xC = (xS << 1og28bSize ) + DiagScanOrder]| lop28bSize || log2SbSize |[n ][ 0]
yC = (vS << lop28bSize ) + DiagScanOrder| log28bSize [ lop28bSize J[n ][ 1]
if{ coded sub block flagl xS [ yS] && (n>0 || linferSbDeSigCoeffFlag )) {
sig_coeff flag] xC ][ yC | ae(v)
if( sig coeff flag[ xC [ vC 1)
inferSbDcSipCoeffFlag = 0

H
if sig coeff flag[ xC[yC 1) §

coeff sign flagl n | ae(v)
abs level gtX flagi n ][ 0] ae(v)
if( abs level otX flag[n ][0 1)

par_level flagl n | ae(v)

:
AbsLevelPassX[ xC J[ yC ] =

sig coeff flagl xC ][ vC ]+ par level flagl n |+ abs level ptX flagf n ][ 0]

1

/* Greater than X scan passes (numGtXFlags=5) */
for(i=1:;i <= numGtXFlags — 1 && abs level gtX flagin{[i—1]:i++){
for( n = numSbCoeff —1:n >= 0;n— —) ¢
xC = (xS << log28bSize ) + DiagScanOrder[ lop2SbSize |[ log28bSize |[n ][ 0]
yC — (vS << lop28bSize )+ DiagScanOrder| log28bSize |[ log28bSize [n ][ 1]
abs level gtX flag[ n[i] ae(v)
AbsLevelPassX[ xC ][ yC ]+ =2 *abs level gtX flagl n [ i]

t

1

/* remainder scan pass */
for( n = numSbCoeff —1:n >= 0;n— - ) ¢
xC = (xS << log28bSize ) + DiagScanOrder| log2SbSize || log2SbSize {[n ][ 0 |
yC = (vS << lop28bSize ) + DiagScanOrder| log2SbSize ][ log28bSize [[n ][ 1]
if{ abs level gtX flag] n |[ numGtXFlags —11])
abs remainder| n | ae(v)
TransCoeffLevel[ x0 ][ y0 J[ cldx [[xC ][ yC ] =(1 —2 * coeff sign flag[ n])*
( AbsLevelPassX[ xC ][ yC ] + abs_remainder[ n])
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Syntax el t binldx
0 1 2 3 4 >= 5
end of tile group flag terminate na na na na na
alf ctb flag[ 711 ] 0.8
(clause 9.5.4.2.2) e e e e e
sao merge left flag 0 na na na na na
sao merge up flag 0 na na na na na
sao type idx luma 0 bypass na na na na
sao type idx chroma 0 bypass na na na na
sao offset abs[ 1[ 1] ][ ] bypass bypass bypass bypass bypass na
sao offset sign[ [ ][ 1] ] bypass na na na na na
sao band position[ ][ ][ ] bypass bypass bypass bypass bypass bypass
sao eo class luma bypass bypass na na na na
sao eo class chroma bypass bypass na na na na
qt_split_cu_flag[ ][ ] 0.5 na na na na na
(clause 9.5.4.2.2)
mit_split_cu_flag 0.12 na na na na na
T (clause 9.5.4.2.2)
( cbWidth == na na na na na
. . c¢bHeight )20 :
mtt split cu vertical flag ( (cbWidth >
cbHeight )?1:2)
mtt split cu binary flag 0 na na na na na
cu_skip_flag[ ][ ] 0.1,2 na na na na na
(clause 9.5.4.2.2)
pred mode flag 0 na na na na na
pem flag[ 1[ ] terminate na na na na na
intra luma ref idx[ ][ ] 0 1 2 na na na
intra subpartitions mode flag 0 na na na na na
intra_subpartition split flag 0 na na na na na
intra luma mpm flag[ ][ ] o] na na na na na
intra luma mpm idx[ ][ ] bypass bypass bypass bypass bypass na
intra_luma_mpm_remainder|[ | bypass bypass bypass bypass bypass bypass
[1
intra_chroma_pred_mode[ ][ ] 0 bypass bypass na na na
sps_cclm enabled flag —=0
intra_chroma pred mode[ ][ ] 0 1 2 bypass bypass na
sps_cclm enabled flag ==1 &&
bin at binldx equalto2 ==0
intra_chroma pred mode[ ][ ] 0 1 2 2 na na
sps cclm enabled flag ==1 &&
bin at binldx equalto2==1
merge_subblock flag[ ][ ] 0,1,2
(clause 9.5.4.2.2) na na na na na
merge_subblock idx[ ][ ] 0 bypass bypass bypass bypass bypass
sps_sbtmvp enabled flag ==0
merge_subblock_idx[ ][ ] 0 1 2 3 4 4
sps sbtmvp enabled flag ——1
merge (agl )| ] o] na na na na na
mmvd flagl ][ | 0 na na na na na
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mmvd merge flag[ ][ ] 0 na na na na na
mmvd distance idx[ ][ ] 0 bypass bypass bypass bypass bypass
mmvd direction idx[ ][ ] bypass bypass na na na na
2
merge_triangle flag[ ][ ] (claus:bl ’5‘ 422) na na na na na
merge triangle idx[ ][ ] 0 bypass bypass bypass bypass bypass
merge 1dx| || | 0 bypass bypass bypass bypass na
ciip flagf [ ] 0 na na na na na
ciip luma mpm flag[ [ | o] na na na na na
ciip luma mpm idx[ ][ ] bypass bypass na na na na
inter_pred_ide[ x0 ][ yO ] ( cbWidth + cbHei 4
ght)I=87
T-((1+
Log2( cbWidt na na na na
h )+ Log2( cbHei
ght) ) >>1)
. . 0,1,_
inter_affine flag[ ][ ] (clause 9.5.4.2.2) na na na na na
cu affine type flag[ ][] 0 na na na na na
ref idx 10[ [ ] 0 1 bypass bypass bypass bypass
ref idx 11] ][ ] o] 1 bypass bypass bypass bypass
mvp 10 flapl [ ] 0 na na na na na
mvp 11 fagf [ ] o] na na na na na
0,1,2
amvr_flag[ ][ ] (clause 9.5.4.2.2) na na na na na
amvr 4pel flagl [ | 0 na na na na na
obi_idx[ 1[ ]
NoBackwardPredFlag == v 1 na na na na
gbi_idx[ ][ ] 5
NoBackwardPredFlag == 0 1 - 3 na na
cu cbf 0 na na na na na
( cbWidth *
cu_sbt flag cbHeight < 256 ) na na na na na
?21:0
cu sbt quad flag 0 na na na na na
(cbWidth = =
. cbHeight ) ? 0 :
cu_sht_horizontal_flag ( cbWidth < cbHei na na na na na
ght) 21 :2
cu_sbt pos flag 0 na na na na na
abs mvd greater0 flag[ | 0 na na na na na
abs mvd greaterl ﬂiig[ 1 o] na na na na na
abs mvd minus2| ] bypass bypass bypass bypass bypass bypass
mvd sign ﬂgg[ 1 bvpa_ss na na na na na
0,123
tu_cbf luma[ ][ ][ ] (clause 9.5.4.2.4) na na na na na
==0 ?
tu_cbf cb[ ][ ][] trDCP(;h_ 1 07 na na na na na
tu cbf cr[ 1[I ] tu cbf cb[ [ 1[ ] na na na na na
cu gp delta abs 0 1 1 1 1 bypass
cu gp delta sign flag bypass na na na na na
transform skip flap[ [ ] 0 na na na na na
tu mts idx[ ][ ] cqtDepth 6 7 8 na na
last sig coeff x prefix 0..23 (clause 9.5.4.2.3)
last sig coeff v prefix 0..23 (clause 9.5.4.2.3)
last sig coeff x suffix bypass bypass bypass bypass bypass bypass
last sig coeff v suffix bypass bypass bypass bypass bypass bypass
coded_sub_block_flag[ ][ ] 0.3 na na na na na
(clause 9.5.4.2.5)
sig_coeff’ flag[ ][ ] 0..89 na na na na na
(clause 9.5.4.2.7)
0.32
par_level flag[ | (clause 9.5.4.2.8) na na na na na
0.32
abs_level gtl flag[ ] (clause 9.5.4.2.8) na na na na na
0.32
abs_level _gt3_flag[ ] (clause 9.5.4.2.8) na na na na na
abs remainder| ] bypass bypass bypass bypass bypass bypass
dec abs level[ | bypass bypass bypass bypass bypass bypass
coeff sign flagl | bypass na na na na na
1" " " " " [e) =
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9.5.4.2.2 Derivation process of ctxInc using left and above syntax elements
Input to this process is the luma location ( x0, y0 ) specifying the top-left luma sample of the
current luma block relative to the top-left sample of the current picture, the colour component
cldx, the current coding quadtree depth cqDepth, and the width and the height of the current
coding block in luma samples cbWidth and cbHeight.
Output of this process is ctxIne.
The location ( XNbL, yNbL ) is set equal to ( x0 — 1, y0 ) and the variable availableL, specifying
the availability of the block located directly to the left of the current block, is derived by
invoking the availability derivation process for a block in z-scan order as specified in subclause
6.4 with the location ( xCurr, yCurr ) set equal to ( X0, y0 ) and the neighbouring location
(xXNbY, yNbY ) set equal to ( xNbL, yNbL ) as inputs, and the output is assigned to availablel..
The location ( XNbA, yNbA ) is set equal to ( x0, y0 — 1) and the variable availableA specifying
the availability of the coding block located directly above the current block, is derived by
invoking the availability derivation process for a block in z-scan order as specified in subclause
6.4 with the location ( xCurr, yCurr ) set equal to ( x0, y0 ) and the neighbouring location
(xNDbY, yNbY ) set equal to ( XNbA, yNbA ) as inputs, and the output is assigned to availableA.
The variables sizeC, sizeTh2 and sizeTh1 are derived as follows:

sizeTh2 = ( MaxBtSizeY ==128) ? 1024 : ((MuxBitSizeY==64)? 512:256) (919)

sizeThl = ( MaxBtSizeY ==128) ? 128 : 64 (9 20)

sizeC = cbWidth * cbHeight 921)
The assignment of cixIne is specilied as follows with condL and condA [or the synlax elements
alf ctb flag] x0 ][ vO ][ cldx ], qt_split cu_flag[ x0 ][ yO], mtt_split cu flag[ x0 ][ yO ],
cu_skip flag[ x0 ][ y0 ], amvr flag[ x0 ][ y0 ], inter_affine flag[x0 ][0 ],
merge triangle (lag[ x0 ][ yO ] and merge subblock {lag[ x0 ][ y0 ] specilied in Table 9 11:
ctxInc = ( condL && availableL ) + ( condA && availableA ) + ctxSetldx * 3 (922)
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9.5.4.2.3 Derivation process of ctxInc for the syntax elements last sig coeff x prefix and
last sig coeff y prefix
Inputs to this process are the variable binldx, the colour component index cldx, the binary
logarithm of the transform block width log2TbWidth and the transform block height
log2TbHeight.
Output of this process is the variable ctxInc.
The variable log2TbSize is derived as follows:
— If the syntax element to be parsed is last_sig_coeff x prefix, log2TbSize is set equal to
log2TbWidth.
— Otherwise (the syntax element to be parsed is last sig_coeff y prefix), log2TbSize is set
equal to log2TbHeight.
The variables ctxOffset and ctxShift are derived as follows:
— If cldx is equal to 0, ctxOffset is set equal to 3 * (10g2TbSize — 2 ) + ( (1log2TbSize — 1) >>
2 ) and ctxShift is set equal to (log2TbSize + 1) >> 2.
— Otherwise (cldx is greater than 0), ctxOffset is set equal to 21 and ctxShift is set equal to
Clip3( 0, 2, 2log2TbSize >> 3 ).
The variable ctxInc is derived as follows:

ctxInc = (binldx >> ctxShift) + ctxOffset 9 23)
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9.5.4.2.4 Derivation process of ctxIne for the syntax element tu_cbf luma
Inputs to this proccss arc the variable binldx, the colour component index cldx, the binary
logarithm of the transform block width 1og2TbWidth and the transform block height
log2TbHeight and the current transform tree depth trDepth.
Output of this process is the variable ctxInc.
The variable ctxInc is derived as follows:
— If IntraSubpartitionSplitType is equal to ISP NO SPLIT or ¢Idx is not equal to 0, the
following applies:

ctxInc =trDepth==0 2 1 : 0 (924)
— Oftherwise ( IntraSubpartitionSplitType is not equal to ISP NO SPLIT and cldx is equal to
0), the following applies:
— The variable prevTuCbfY is derived as follows:

— If the current transform unit is the first one to be parsed in a coding unit, prevTuCbfY is set
equal to 0.

— Otherwise, prevTuCbfY is set equal to the value of tu_cbf luma of the previous luma
transform unit in the current coding unit.
— The variable cixIng is derived as [ollows:

ctxInc =2 + prevTuCbfY (925)
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9.5.4.2.5 Derivation process of ctxInc for the syntax element coded sub block flag

Inputs to this process are the colour component index cIdx, the current sub-block scan location
(%8, ¥8), the previously decoded bins of the syntax element coded sub_block flag and the
binary logarithm of the transform block width log2TbWidth and the transform block height
log2TbHcight.

QOutput of this process is the variable ctxInc.

The variable csbfCtx is derived using the current location ( XS, yS ), two previously decoded bins
of the syntax element coded sub block flagin scan order, log2TbWidth and log2TbHeight, as

follows:

— The variables log2SbWidth and log2SbHeight are dervied as follows:

log2SbWidth = ( Min( log2 TbWidth, log2TbHeight ) <2 ? 1 : 2) (9 206)
log2SbHeight = log2SbWidth ©27)

— The variables log2SbWidth and log2SbHeight are modifed as follows:
If log2TbWidth is less than 2 and cIdx is equal to 0, the following applies

log2SbWidth = log2 TbWidth (928)
log2SbHeight = 4 — log2SbWidth (929)
— Otherwise, if log2TbHeight is less than 2 and cldx is equal to 0, the following applies
log2SbHeight = log2 ThHeight (930)
log2SbWidth = 4 — log2SbHeight (931)
— csbfCtxis initialized with 0 as follows:
csbfCtx =0 (932)
— When xS is less than (1 << (log2TbWidth —1og2SbWidth ) ) — 1, csbfCtx is modified as
follows:
csbfCtx += coded_sub_block flag[ xS +1][yS] (933)
— When yS is less than (1 << (log2TbHeight — log2SbHeight ) ) — 1, c¢sbfCtxis modified as
follows:
csbfCtx += coded_sub_block flag[xS [[yS+1] (934)
The context index increment ctxIne is derived using the colour component index cldx and
csbfCtx as follows:
— If cldx is equal to 0, ctxInc is derived as follows:
ctxInc = Min( ¢sbfCtx, 1) (935)
— Otherwise (cldx is greater than 0), ctxInc is derived as follows:
ctxIne = 2 + Min( ¢sbfCtx, 1) (936)
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9.5.4.2.6 Derivation process for the variables locNumSig, locSumAbsPass1
Inputs to this process are the colour component index cldx, the luma location ( x0, y0 )
specifying the top-left sample of the current transform block relative to the top-left sample of the
current picture, the current coefficient scan location ( XC, yC ), the binary logarithm of the
transform block width log2TbWidth, and the binary logarithm of the transform block height
log2TbHeight.
Outputs of this process are the variables locNumSig and locSumAbsPass]1.
Given the syntax elements sig_coeff flag[ x ][ v ] and the array AbsLevelPass1[ x ][ C ] for the
transform block with component index cldx and the top-left luma location ( x0, y0 ), the
variables locNumSig and locSum AbsPass|1 are derived as specified by the following pseudo
code:
locNumSig =0
locSumAbsPass1 = 0
if(xC < (1 <<log2 ThbWidth) — 1) {
locNumSig +=sig_coeff flag| xC+1][yC]
locSumAbsPass1 += AbsLevelPass1[xC+1 |[ yC |
H(xC < (1 << log2ThWidth) - 2 ) §
locNumSig +=sig_coeff flag[xC+2][yC]
locSumAbsPass1 += AbsLevelPass1[xC +2 || yC|

}
if(yC < (1 <<log2TbHeight) - 1) {
locNumSig +=sig_coeff flag[xC+1][yC+1] 937)
locSumAbsPass1 += AbsLevelPass1[xC+1 ][ yC+ 1]
}
}
if(yC < (1 <<log2TbHeight)— 1) {
locNumSig +=sig_cocff flag|xC][yC+1]
locSumAbsPass1 += AbsLevelPass1| xC || yC+ 1]
if(yC < (1 <<log2TbHeight) -2 ) {
locNumSig +=sig_coeff flag[xC|[yC+2]
locSumAbsPass1 += AbsLevelPass1[ xC |[ yC+ 2 |
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9.5.4.2.7 Derivation process of ctxInc for the syntax element sig_coeft flag
Inputs to this process are the colour component index cldx, the luma location ( x0, y0 )
specifying the top-left sample of the current transform block relative to the top-left sample of the
current picture, the current coefficient scan location ( xC, yC ), the binary logarithm of the
transform block width log2TbWidth, and the binary logarithm of the transform block height
log2TbHeight.
Output of this process is the variable ctxInc.
The variable locSumAbsPass] is derived by invoking the derivation process for the variables
locNumSig and locSumAbsPass] specifies in clause 9.5.4.2.6 with colour component index cldx,
the luma location ( X0, y0), the current coefficient scan location (xC, yC ), the binary logarithm
of the transform block width 1og2TbWidth, and the binary logarithm of the transform block
height log2TbHeight as input.
The variable d is set equal to xC + yC.
The variable ctxInc is derived as follows:
— Ifcldx is equal to 0, ctxIne is derived as follows:

ctxInc = 18 * Max( 0, QState — 1) + Min( locSumAbsPass1,S)+ (d<2 ? 12 : (d<5 ?
6:0)) (938)
— Oftherwise (cldx is greater than 0), ctxInc is derived as follows:

ctxIne = 54 + 12 * Max( 0, QState — 1) + Min( locSumAbsPass1,5)+(d<2 ? 6 : 0)

939)
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9.5.4.2.8 Derivation process of ctxInc for the syntax elements par_level flag, abs level gtl flag,
and abs level ot3 flag
Inputs to this process are the colour component index cIdx, the luma location ( %0, y0 )
specitying the top-left sample of the current fransform block relative to the top-left sample of the
current picture, the current coetlicient scan location ( xC, yC ), the binary logarithm of the
transform block width 10g2ThWidth, and the binary logarithm of the transform block height
log2TbHeight.
QOutput of this process is the variable ctxInc.
The variablea locNumSig and locSumAbsPass1 is derived by invoking the derivation process for
the variables locNumSig and locSumAbsPass1 specifies in clause 9.5.4.2.6 with colour
component index cldx, the luma location ( x0, y0), the current coefficient scan location (xC, yC),
the binary logarithm of the transform block width log2TbWidth, and the binary logarithm of the
transform block height log2TbHeight as input.
The variable ctxOffset is set equal to Min( locSumAbsPass1 — locNumSig, 4 ).
The variable d is set equal to xC + yC.
The variable ctxInc is derived as follows:
— IfxCis equal to LastSignificantCoeffX and yC is equal to LastSignificantCoeffY, ctxInc is
derived as follows:

ctxInc=(cldx == 0?2 0 : 21) (9 40)
— Otherwise, if cldx is equal to 0, ctxInc is derived as follows:

ctxInc=1+ ctxOffset+ (d == 0 ? 15 : (d<3 ? 10 : (d<10? 5:0))) 941
— Otherwise (cldx is greater than 0), ctxInc is derived as follows:

ctxIne =22 + ctxOffset + (d == 0 ? §: 0) 942)
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value)) & WEH = 5L, 7] AL 8l 1= ] @Al ﬂ7q A Ao
7RIS Ve = dan), AV AR o] ghol 191 B, AT AR
ZW1e A7 AA AAFE AT & ZF(negatwe value)2) & b =
UTHE, A7 AR 2 A7) AA A A7 Ao F57 198 e
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o & &1, 7] dA 79 A K= transform_skip_flag, last_sig_coeff x_prefix,

last_sig_coeff_y_prefix, last_sig_coeff_x_suffix, last_sig_coeff_y_suffix,
coded_sub_block_flag, sig_coeff_flag, par_level_flag, abs_level_gtl_flag,
abs_level_gtX_flag, abs_remainder, coeff_sign_flag, dec_abs_level /%= mits_idx
o Alg 2 A E(syntax elements)S X3 = gt}
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Al9=+= & A5 (significant coefficient) 2}l B2 5 )

L3 o & 50, 7] dAwE AE= 47 A4 £59 ?ﬂxﬂ R R Rl
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[372]

[373]
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[375]

ANE vebd o AT =,
A7 Aol Mol A&
SU2E e = Alg A oA E = %8} transform_skip_ ﬂag o 4=t}
LS o & 5o, V] HAFE ARE V] dA 59 dAFE A
Al & (array)oll A w4 2} +=-A] Z(non-zero) B A 7L A2 AXE YHEFHE
AA BRE L3S 7 Ak S, A7 dAFE ARE 7] A £S5 2904
<] (scanning order)ol] 4 2] m}A] 2} =_A| & (non-zero) H A FL4 A5 YA =
et = 912 B RE E3ek 5= Qlvk 3] 913 A H = 7] A Al =
A A7 A9 € A A(column position) 2] 3Z 2] & X (prefix)E U EFH = A B
7] A = A 2 H AT Al 8 A A (row position) 9] 3 2] X (prefix) E
e = B R, 7] mpA Y = A =2 AT A2l @ 91 & (column position) 2]
A 2 (suffix) & HEFW = AR, A7 A ) = A 2 G AT A2 F
A X (row position) 2] A= A (suffix)E UEM = A BE 233 o sl 47] $1A
ARl gk Al g2 e HE S-S last_sig_coeff x preflx last_sig_coeff y preflx
last_sig_coeff x_suffix, last_sig_coeff_y_suffix & 5~ T}, $+H, =-A| 2 9 A 55

A4~ F 8 A5 (significant coefficient)2} il B =% AT},

S ol E 5o, AV U AR AR V] @A &5 @A dlAwE Al
3l AB A E 7jdlko 72 o] H Aldl A oﬂg]gq_Eg%}:‘Lﬁ—z,:o] /\07]
AME 2~ A HE Z2 A7 dA # A 5L Al97F +=-A Z(non-zero) | A 7
AFAA ARE et fa Al U1, 871 A d A w L Aol EH§
Al 8 o] o) 2) ¥ (parity)ol] th ek s 2 ¥ &8 E2 o1, A7) Al o] Al
DA A B} FA] ool gk A1 Al w8 S R V] AA EA T
A2l 7] Al o] A2 A By SA] o ol T gk A2 Al #E
ZWIE 23T 7 Ak AV A, 7] FE Al E 1 sig_coeff_flag ¥ <7
Az, A7) 2] @ 2] 13 par_level flag & 5= 9L, A7) Al AL @

Z 2 713= abs_level_gtl_flag & = 1aL, 7] A2 Al 28 Z 2 1=
abs_level_gt3_flag t=+= abs level_gtx flag & 5 AT}

3 ol S Sol, Al AT AGol B A AE swow agy e
AUAES S A7 @A AAFL Ao F25 YERl = ARl 2315
94 42 U 9 e, 4] A e 0] A e
L El)
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