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$@1@M<O0@ BM<DI KMJ>@NN
0><GDIB GJJFPK DIDOD<GDU<ODJI KMJ>@NN
?? IJDN@ NTIOC@NDN KMJ>@NN
*JODJI AD@G? HIJODJI Q@>0JM NOJM<B@ KMJ>@NN
I@QA@M@I1>@ AM<H@ PK?<0@ KMJ>@NN
I@A@M@I1>@ AM<H@ GJ<?DIB KMJ>@NN
-<MNDIB KMJ>@NN
-<MNDIB KMJ>@NN AJM A |
-<MNDIB KMJ>@NN AJM NTH=JG ?@>J?@M
$@I@M<G
&IDOD<GDU<ODJI KMI>@NN AJM NTH=JG ?@>J?@M
JIG@<I ?@>J?DIB KMJ>@NN
"SDO KMJ>@NN AJM NTH=JG ?@>J?@M
-<MNDIB KMJ>@NN AJM M@<?;GDO@M<G
0TH=JG ?@>J?DIB KMJ>@NN
-<MNDIB KMJ>@NN AIM # @1>J?@7? NTIO<S @G@H@ION
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S@I@M<G
?AN@G@>0DJI KMJ>@NN
??DODJI<G O<=G@N
S@I@M<G
0><I O<=G@N
JIQ@MNDJI O<=G@N
I@A<PGO # O<=G@N
.P<IODU@M H<OMDS O<=G@N
S@I@M<G
I@MDQ<0ODJI KMJ>@NN &IAIJIMH<ODQ@
1<=G@N
@S -MJADG@N <I? G@Q@GN
S@I@M<G
-MJADG@N
)J@QQ@GN
l@>J?@M JIAJMH<I>@
@S )@IBOC ?@GDHDO@? =DONOM@<H AJMH<O
,Q@MQD@R
)@I1BOC ?@GDHDO@? =DONOM@<H NTIO<S
)@IBOC ?@GDHDO@? =DONOM@<H N@H<IOD>N
@S "MMJIM M@NDGD@I>@ =@C<QDJM DIAJMH<ODQ@
$@I@M<G
I@ADIDODJI JA KMJI>@NN<=G@ AM<H@N
/@>JHH@1?<0ODJI AJM KMJ>@NN<=G@ AM<H@N
"1>J?@M >JIN@LP@I>@N JA KMJ>@NN<=G@ AM<H@N
1@>J?@M >JIN@QLP@I>@N JA KMJ>@NN<=G@ AM<H@N
II@S! )<MB@ N><G@ ODG@ PN@ ><N@ DIAIJMH<ODQ®@
@S" '@>J?@M HJ?@G
S@I@M<G
@>J?@M HJ?@G ?@ADIDODJIN
,K@M<ODIB HI?@N
/@NJIPM>@ <Q<DG<=DGDOT HJ?@
|@>J?DIB N>C@?PG@ HJ?@
A4C@| ODHDIB DIAJMH<ODJI DN 1JO0 KM@N@IO DI OC@ =DONOM@<H
#M<H@ ODHDIB ?@ADIDODJIN
00<MO JA #$ =DON <MMDQ<G
"1? JA #$ =DON <MMDQ<G
0>C@?PG@? M@HJQ<G ODH@N
/@HJQ<G ODH@N DI ?@>J?DIB N>C@?PG@ HJ?@
/@HJQ<G ODH@N DI M@NJPM>@ <Q<DG<=DGDOT HJ?@
#M<H@ ?@>J?@ ODHDIB
#M<H@ KM@N@I10<ODJI ODHDIB
@>J?@M HI?@G
l@>J?@M HJ?@G API>ODJIN
l@>J?@M HI?@G KMJ>@NN
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DONOM@<H >JIAJMH<I>@
S@I@M<G
1@>J?@M =PAA@M ?@G<T >JINDNO@I>T <>MJINN / - <KKGD@N 0OJ ?@>J?DIB N>C@?F
0OHJJOCDIB =PAA@M JQ@MAGJR
OHJJOCDIB =PAA@M PI?@MAGJR
*DIDHPH ?@>J?@ ODH@ <KKGD@N 0OJ ?@>J?DIB N>C@?PG@ HJ?@
*DIDHPH KM@N@10<ODJI &I0@MQ<G
1@>J?@ ?@<?GDI@
)@Q@G DHKIN@? >JINOM<DION
@>J?@ -MJ>@NN >JINOM<DION
D=GDJBM<KCT
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AV1 Bitstream & Decoding Process Specification

0>JK@

1CDN ?J>PH@10 NK@>DAD@N OC@ GGD<I>@ AIM K@!*@?D< 3 =DONOM@<H AIJMH<ON <I? ?@>J?DIB KMJ>@NN

1@MHN <|? ?@ADIDODJIN

#IJM OC@ KPMKJIN@N JA OCDN ?J>PH@IO OC@ AJGGJIRDIB O@MHN <I? ?@ADIDODJIN <KKGT

AC coefficient
IT OM<INAIMH >J@AAD>D@I0O RCIN@ AM@LP@I>T DI?D>@N <M@ 131 U@MJ DI <O G@<NO JI@ ?DH@INDJI

Altref
GO@MI<ODQ@ M@A@M@I>@ AM<H@ AM<H@ OC<O ><I=@ PN@? DI DIO@M >J?DIB

Base layer
1C@ G<T@M RDOC NK<OD<G;D? <I? O@HKJIM<G;D? Q<GP@N @LP<G 0OJ

Bitstream
1C@ N@QLP@I>@ JA =DON B@I@M<O@7? =T @I>J?DIB<N@LP@I>@ JA AM<H@N

Bit string
I IM?@M@? NOMDIB RDOC GDHDO@? IPH=@M JA =DON 1C@ G@AO HINO =DO DN OC@ HJNO NDBIDAD><IO =DO *C
G@<NO NDBIDAD><I0 =DO )0

Block
NLP<M@ JM M@>0O<IBPG<M M@BDJI JA N<HKG@N

Block scan
NK@>DAD@? N@MD<G JM?@MDIB JA LP<IODU@? >J@AAD>D@ION

Byte
| =DO =DO NOMDIB

Byte alignment
,|@ =DO DN =TO@ <GDBI@? DA OC@ KINDODJI JA OC@ =DO DN <I DIO@B@M HPGODKG@ JA @DBCO AMJH OC@ KJI
=DONOM@<H

CDEF
JINOM<DI@? 'DM@>0DJI<G "IC<I>@H@I0 #DGO@M ?@NDBI@? 0J <?<KODQ@GT ADGO@M =GJ>FN =<N@7? JI D?@IC

CDF
PHPG<ODQ@ ?DNOMD=PODJI API>0DJI M@KM@N@IODIB OC@ KMJ=<=DGDOT ODH@N  OC<O < NTH=JG C<N Q<G
BDQ@I G@QQ@G

Chroma
N<HKG@ Q<GP@ H<OMDS JM < NDIBG@ N<HKG@ Q<GP@ JA JI@ JA OC@ ORJ >JGJM ?DAA@M@I>@ NDBI<GN
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AV1 Bitstream & Decoding Process Specification

Note: 0TH=JGN JA >CMJH< <M@ 2 <I? 3

Coded frame
1C@ M@KM@N@I0<ODJI JA JI@ AM<H@ =@AIM@ OC@ ?@>J?DIB KMJ>@NN

Component
@ JA OC@ OCM@@ N<HKG@ Q<GP@ H<OMD>@N JI@ GPH< H<OMDS <I? ORJ >CMJH< H<OMD>@N JM DON NDIBG(

Compound prediction
OTK@ JA DIO@M KM@7?D>0DJI RC@M@ N<HKG@ Q<GP@N <M@ >JHKPO@? =T =G@I1?DIB OJB@OC@M KM@?D>0D
OC@ AM<H@N =G@I?@7? ><I =@ OC@ N<H@ JM ?DAA@M@IO

DC coefficient
OM<INAIMH >J@AAD>D@I0 RCIN@ AM@LP@I>T DI?D>@N <M@ U@MJ DI =JOC ?DH@INDJIN

Decoded frame
1C@ AM<H@ M@>JINOMP>0@? JPO JA OC@ =DONOM@<H =T OC@ ?@>J?@M

Decoder
@ @H=J?DH@I0 JA OC@ ?@>J?DIB KMJ>@NN

Decoding process
1C@ KMJ>@NN OC<0O ?@MDQ@N ?@>J?@? AM<H@N AMJH NTIO<S @G@H@ION DI>GP?DIB <IT KMJ>@NNDIB NO@K
ADGH BM<DI NTIOC@NDN KMJ>@NN

Dequantization
1C@ KMJ>@NN DI RCD>C OM<INAJMH >J@AAD>D@ION <M@ J=0<DI@? =T N><GDIB OC@ LP<IODU@? >J@AAD>D@IC

Encoder
@ @H=J?DH@I0 JA OC@ @I>J?DIB KMJ>@NN

Encoding process
KMJ>@NN 1J0 NK@>DAD@? DI OCDN 0K@>DAD><ODJI OC<O B@I@M<O@N OC@ =DONOM@<H OC<0O >JIAJMHN OJ (
?J>PH@IO

Enhancement layer
G<T@M RDOC @DOC@M NK<OD<G;D? BM@<O@M OC<I IJM O@HKJIM<G;D? BM@<O@M OC<I

Flag
=DI<MT Q<MD<=G@ NJIH@ Q<MD<=G@N <I? NTIO<S @G@H@ION @ B J=P;@SO@INDJI;AG<B <M@ ?@N>MD=@? P
CDBCGDBCO OC<0O OC@ NTIO<S @G@H@IO ><I JIGT =@ @LP<G OJ IJM @LP<G OJ

Frame
1C@ M@KM@N@10<ODJI JA QD?@J NDBI<GN DI OC@ NK<OD<G ?JH<DI >JHKIN@? JA JI@ GPH< N<HKG@ H<OMDS ¢
N<HKG@ H<OMD>@N 2<I? 3
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AV1 Bitstream & Decoding Process Specification

Frame context
N@O JA KMJ=<=DGDOD@N PN@? DI OC@ ?@>J?DIB KMJ>@NN

Golden frame
AM<H@ OC<0 ><| =@ PN@? DI DIO@M >J?DIB 1TKD><GGT OC@ BJG?@!| AM<H@ DN @I>J?@? RDOC CDBC@M LP<G
M@A@M@I>@ AIM HPGODKG@ DIO@M AM<H@N

Inter coding
J?DIB JI@ =GJ>F JM AM<H@ PNDIB DIO@M KM@?D>0ODJI

Inter frame
AM<H@ >JHKM@NN@? =T M@A@M@I1>DIB KM@QDJPNGT ?@>J?@7? AM<H@N <I? RCD>C H<T PN@ DIOM< KM@ ?D>C

Inter prediction
1C@ KMJI>@NN JA ?2@MDQDIB OC@ KM@?D>0DJI Q<GP@ AJM OC@ >PMM@I0 AM<H@ PNDIB KM@QDJPNGT ?@>J?

Intra coding
J?DIB JI@ =GJ>F JM AM<H@ PNDIB DIOM< KM@?D>0DJI

Intra frame
AM<H@ >JHKM@NN@? PNDIB JIGT DIOM< KM@?D>0DJI RCD>C ><| =@ DI?@K@I?@IOGT ?2@>J?@"?

Intra prediction
1C@ KMJI>@NN JA ?2@MDQDIB OC@ KM@?D>0DJI Q<GP@ AJM OC@ >PMM@I0 N<HKG@ PNDIB KM@QDJPNGT ?@>J"
?2@>J?@7? AM<H@

Inverse transform
1C@ KMJ>@NN DI RCD>C < OM<INAJMH >J@AAD>D@I0 H<OMDS DN OM<INAIJIMH@? DIOJ < NK<OD<G N<HKG@ Q<GP

Key frame
| &I OM< AM<H@ RCD>C M@N@ON OC@ ?@>J?DIB KMJ>@NN RC@| DO DN NCJRI

Layer
N@O JA ODG@ BMJPK , 2N RDOC D?@I0D><G NK<OD<G;D? <I? D?@I0D><G O@HKJIM<G;D? Q<GP@N

Level
?@ADI@? N@O JA >JINOM<DION JI OC@ Q<GP@N AJM OC@ NTIO<S @G@H@ION <I? Q<MD<=G@N

Loop filter
ADGO@MDIB KMJ>@NN <KKGD@? OJ OC@ M@>JINOMP>0ODJI DIO@I?@7? OJ M@?P>@ OC@ QDND=DGDOT JA =GJ>F

Luma
N<HKG@ Q<GP@ H<OMDS JM < NDIBG@ N<HKG@ Q<GP@ M@KM@N@IODIB OC@ HJIJ>CMJH@ NDBI<G M@G<O@?

Note: 1C@ NTH=JG M@KM@N@IODIB GPH< DN 6
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Mode info
0TIO<S @G@H@ION N@IO AIM < =GJ>F >JIO<DIDIB <| DI?D><0ODJI JA CJR < =GJ>F DN OJ =@ KM@?D>0@? ?PMDIB OC

Mode info block
GPH< N<HKG@ Q<GP@ =GJ>F JANDU@ S JM G<MB@M <I? DON ORJ >IJMM@NKJI?DIB >CMJH< N<HKG@ Q<GP@ =G

Motion vector
ORJ ?DH@INDJI<G Q@>0JM PN@? AJM DIO@M KM@?D>0DJI RCD>C M@A@MN OC@ >PMM@I0 AM<H@ OJ OC@ M(
RCD>C KMJQD?@N OC@ >JIM?DI<O@ JAAN@ON AMJH < GJ><ODJI DI OC@ >PMM@I10 AM<H@ 0OJ < GJ><ODJI DI OC@

OBU
GG NOMP>OPM@N <M@ K<>F@ODU@? DI ],K@! DONOM@<H 2IDON*JM, 2N "<>C,2 C<N<C@<?@M RCD>C KMJQL
DIAJMH<ODJI AJM OC@ >JIO<DI@7? ?<0< K<TGJ<?

Parse
1C@ KMI>@?PM@ JA B@OODIB OC@ NTIO<S @G@H@I0 AMJH OC@ =DONOM@<H

Prediction
1C@ DHKG@H@10<0ODJI JA OC@ KM@?D>0DJI KMJ>@NN >JINDNODIB JA @DOC@M DIO@M JM DIOM< KM@?D>0DJI

Prediction process
1C@ KMJ>@NN JA @NODH<ODIB OC@ ?@>J?@7? N<HKG@ Q<GP@ JM ?<0< @G@H@10 PNDIB < KM@?D>0JM

Prediction value
1C@ Q<GP@ RCD>C DN OC@ >JH=DI<ODJI JA OC@ KM@QDJPNGT ?@>J?@7? N<HKG@ Q<GP@N JM ?<0< @G@H®@IC
KMJ>@NN JA OC@ I@SO N<HKG@ Q<GP@ JM ?<0< @G@H@IO

Profile
NP=N@O JA NTIO<S N@H<IOD>N <I? <GBJMDOCHN ?@ADI@? DI < K<MO

Quantization parameter
Q<MD<=G@ PN@? AJM N><GDIB OC@ LP<IODU@? >J@AAD>D@ION DI OC@ ?@>J?DIB KMJ>@NN

Quantized coefficient
OM<INAIJMH >J@AAD>D@I0 =@AIM@ ?@LP<IODU<ODJI

Raster scan

*<KN < ORJ ?DH@INDJI<G M@>0<IBPG<M M<NO@M DIOJ < JI@ ?DH@INDJI<G M<NO@M DI RCD>C OC@ @IOMT JA OC
NO<MON AMJH OC@ ADMNO MJR JA OC@ ORJ ?DH@INDJI<G M<NO@M <I? OC@ N><IIDIB OC@| BJ@N OCMJIPBC OCC(
MJIR <I? NJ JI "<>C M<NO@M MJR DN N><Il@? DI G@AO OJ MDBCO JM?@M

Reconstruction
,=0<DIDIB OC@ <??DODJI JA OC@ ?@>J?@? M@ND?P<G <I? OC@ >JMM@NKJI?DIB KM@?D>0DJI Q<GP@N

Reference
J@ JA<N@O JA O<BN @<>C JA RCD>C DN H<KK@? OJ < M@A@M@I>@ AM<H@

Section: Terms and definitions Page 4 of 669
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Reference frame
NOIM<B@ <M@< AIM < KM@QDJPNGT ?@>J?@7? AM<H@ <I? <NNJ>D<O@? DIAJMH<ODJI

Reserved
NK@>D<G NTIO<S @G@H@I0 Q<GP@ RCD>C H<T =@ PN@? OJ @SO@I? OCDN K<MO DI OC@ APOPM@

Residual
1C@ ?DAA@M@I>@N =@OR@ @ OC@ M@>JINOMP>0@? N<HKG@N <I? OC@ >IJMM@NKJI?DIB KM@?D>0DJI Q<GP@

Sample
1C@ =<ND> @G@H@ION OC<0O >JHKIN@ OC@ AM<H@

Sample value
1C@ Q<GP@ JA <N<HKG@ 1CDN DN <IDIO@B@M AMJH OJ DI>GPNDQ@ AJM =DO AM<H@N AMJH OJ DI>GF
AM<H@N <I? AMJH OJ DI>GPNDQ@ AJM =DO AM<H@N

Segmentation map
=DO IPH=@M >JIO<DIDIB OC@ N@BH@I0 <AADGD<ODJI AJM @<>C S =GJ>F DI OC@ DH<B@ N@BH@IO<ODJI H<k
M@A@M@I>@ AM<H@ 0OJ <GGJR I@R AM<H@N OJ PN@ < KM@QDJPNGT >J?@? H<K

Sequence
1C@ CDBC@NO G@Q@G NTIO<S NOMP>OPM@ JA >J?DIB =DONOM@<H DI>GP?DIB JI@ JIM N@Q@M<G >JIN@>PODQ

Superblock

1C@ OJK G@Q@G JA OC@ =GJ>F LP<?0OM@@ RDOCDI < ODG@ GG NPK@M=GJ>FN RDOCDI < AM<H@ <M@ OC@ N<
NPK@M=GI>FNH<T =@ S GPH<N<HKG@NJIM S GPH<N<HKG@N NPK@M=GJ>F H<T >JIO<DI JM JM HJ?@ DI
=GJ>FN JM H<T =@ =DN@>0@? DI @<>C ?DM@>0DJI 0OJ >M@<0@ NP==GJ>FN RCD>C H<T OC@HN@GQ@N =@ AF
AJMHDIB OC@ =GJ>F LP<?0M@ @

Switch Frame

| DIO@M AM<H@ OC<0 ><I =@ PN@? <N < KJDIO OJ NRDO>C = @OR@@I| N@LP@I>@N ORDO>C AM<H@N JQ@MRMD
RDOCJPO AJM>DIB OC@ PN@ JA DIOM< >J?DIB 1C@ DIO@IODJI DN OJ <GGJR < NOM@<HDIB PN@ ><N@ RC@M@ QL
NH<GG >CPIFN N<T JA N@=>JI? ?PM<ODJI @<>C NO<MODIB RDOC < NRDO>C AM<H@ &A OC@ <Q<DG<=G@ =<I?RD
><| NO<MO N@I?DIB >CPIFN AMJH < GJR@M =DOM<O0@ @I>J?DIB DINO@<? 4C@I| OCDN C<KK@IN OC@ DIO@M KM@
CDBC@M LP<GDOT M@A@M@I>@ AM<H@N 0J ?@>J?@ OC@ NRDO>C AM<H@ 1CDN <KKMJ<>C <GGJRN <=DOM<O
F@T AM<H@

Syntax element
| @G@H@IO JA ?<O< M@KM@N@I0@? DI OC@ =DONOM@<H

Temporal delimiter OBU
| DI?D><0ODJI OC<O OC@ AJGGJIRDIB, 2N RDGG C<Q@ < ?DAA@M@I0 KM@N@I0<ODJI ?@>J?DIB ODH@ NO<HK AMJ
KMDJM OJ OC@ O@HKIM<G ?@GDHDO@M

Temporal unit
1@HKJIM<G PIDO >JINDNON JA <GG OC@ , 2N OC<0O <M@ <NNJ>D<O@? RDOC < NK@>DAD> ?DNODI>0O ODH@ DINO:
?@GDHDO@M , 2 <I?<GG OC@ , 2N OC<O AJGGJR PK 0OJ =PO 1JO DI>GP?DIB OC@ I@SO O@HKJIM<G ?@GDHDO@M
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Temporal group
N@O JA AM<H@N RCIN@ O@HKJIM<G KM@?D>0DJI NOMP>0OPM@ DN PN@? K@MDJ?D><GGT DI < QD?@J N@QLP@!I>

Tile
M@>0<IBPG<M M@BDJI JA OC@ AM<H@ OC<O ><| =@ ?@>J7?@7? <I? @I>J?@7? DI?@K@I?@I0OGT <GOCJPBC GJIK AL
@7?B@N DN NODGG <KKGD@?

Transform block
M@>0<IBPG<M OM<INAJMH >J@AAD>D@10 H<OMDS PN@? <N DIKPO OJ OC@ DIQ@MN@ OM<INAIJMH KMJ>@NN

Transform coefficient
N><G<M Q<GP@ =>JIND?@M@7? OJ =@ DI < AM@LP@I>T ?JH<DI >JIO<DI@7? DI < OM<INAIJMH =GJ>F

Uncompressed header
%DBC G@Q@G ?@N>MDKODJI JA OC@ AM<H@ OJ =@ ?@>J?@7? OC<O DN @I>J?@? RDOCJPO OC@ PN@ JA <MDOCI
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OTH=JGN <I? <==M@QD<O@? O@MHN

DCT
IDN>M@O@ JNDI@ 1M<INAIJMH

ADST

NTHH@OMD> IDN>M@O@ 0DI@ 1M<INAIJMH

LSB
)@<NO ODBIDAD><IO DO

MSB
*JNO ODBIDAD><IO DO

WHT
4<GNC %<?<H<M? 1M<INAJMH

1C@ NK@>DAD><ODJI H<F@N PN@ JA < IPH=@M JA >JINO<IO DIO@B@MN JINO<ION OC<O M@G<O@ OJ OC@ N@H:

NTIO<S @G@H@IO <M@ ?@AH@2IDI

??DODJI<G >JINO<ION <M@ ?@ADI@? =@GJR

Symbol nhame

REFS_PER_FRAME

TOTAL_REFS_PER_FRAME

BLOCK_SIZE_ GROUPS
BLOCK_SIZES

BLOCK_INVALID

MAX_SB_SIZE
MI_SIZE

MI_SIZE_LOG?2

MAX_TILE_WIDTH
MAX_TILE_AREA
MAX_TILE_ROWS

MAX_TILE_COLS

Section: Symbols and abbreviated terms

Value

Description

+PH=@M JA M@A@M@I>@ AM<H@N OC<O ><I| =@ PN(
DIO@M KM@?D>0DJI

+PH=@M JA M@A@M@I>@ AM<H@ OTK@N DI>GP?DIE
OTK@

+PH=@M JA >JIO@SON RC@I| ?@ y_mode
+PH=@M JA ?DAA@M@I0 =GJ>F NDU@N PN@?

0@I10DI@G Q<GP@ OJ H<MF K<MODODJI >CJD>@N OC
<GGJR@?

*<SDHPH NDU@ JA < NPK@M=GJ>F DI GPH< N<HKG@N
OH<GG@NO NDU@ JA < HJ?@ DIAJ =GJ>F DI GPH< N<H

<N@ GJIB<MDOCH JA NH<GG@NO NDU@ JA <HJ?@ L
=GJ>F

*<SDHPH RD?0C JA < ODG@ DI PIDON JA GPH< N<HKG
*<SDHPH <M@< JA < ODG@ DI PIDON JA GPH< N<HKGC(
*<SDHPH IPH=@M JA ODG@ MJRN

*<SDHPH IPH=@M JA ODG@ >JGPHIN
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Symbol name

INTRABC_DELAY_PIXELS

INTRABC_DELAY_SB64

NUM_REF_FRAMES

IS_INTER_CONTEXTS

REF_CONTEXTS

MAX_SEGMENTS
SEGMENT_ID_CONTEXTS
SEG_LVL_ALT Q
SEG_LVL ALT LF Y V
SEG_LVL_REF_FRAME
SEG_LVL_SKIP
SEG_LVL_GLOBALMV
SEG_LVL_MAX
PLANE_TYPES
TX_SIZE_CONTEXTS
INTERP_FILTERS
INTERP_FILTER_CONTEXTS
SKIP_MODE_CONTEXTS
SKIP_CONTEXTS
PARTITION_CONTEXTS
TX_SIZES

TX_SIZES_ALL

TX_MODES

DCT_DCT

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

+PH=@M JA CIMDUJIO<G GPH< N<HKG@N =@AJM@ D
=GJ>F >JKT ><| =@ PN@?

+PH=@M JA =T =GJI>FN =@AIM@ DIOM< =GJ>F >JKT
><| =@ PN@"?

+PH=@M JA AM<H@N OC<O ><| =@ NOIM@? AJM APOF
M@A@M@I>@

+PH=@M JA >JIO@SC is_inter

+PH=@M JA >JIO@SC single_ref comp_ref
comp_bwdref uni_comp_ref
uni_comp_ref_pl <I? uni_comp_ref_p2

+PH=@M JA N@BH@ION <GGJR@? DI N@BH@I10<ODJI
+PH=@M JA >JIO@SC segment_id

&I?7@S AJM LP<IODU@M N@BH@10 A@<OPM@

&I?7@S AIM Q@MOD><G GPH< GJJK ADGO@M N@BH@
&I?7@S AAIM M@AG@M@I1>@ AM<H@ N@BH@10 A@<OPN
&I?7@S AJM NFDK N@BH@IO A@<OPM@

&I?7@S AIM BGJ=<G HQ A@<OPM@

+PH=@M JAN@BH®@I|O A@<OPM@N

+PH=@M JA ?DAA@M@I10 KG<I@ OTK@N GPH< JM >ClI
+PH=@M JA >JIO@SON AJM OM<INAJMH NDU@
+PH=@M JA Q<GPA@ interp_filter

+PH=@M JA >JIO@SC interp_filter

+PH=@M JA >JIO@SON AJM ?@>J7?DIB NFDK;HJ?@
+PH=@M JA >JIO@SON AJM ?@>J?DIB NFDK

+PH=@M JA >JIO@SON RC@I ?@ partition

+PH=@M JA NLP<M@ OM<INAJMH NDU@N

+PH=@M JA OM<INAJMH NDU@N DI>GP?DIB 131 NLP<M
NDU@N

+PH=@M JA Q<GP@ tx_mode

&IQ@MN@ OM<INAIJMH M DCTRDOEIGPHIN
RDC DCT
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Symbol name

ADST_DCT

DCT_ADST

ADST_ADST

FLIPADST_DCT

DCT_FLIPADST

FLIPADST_FLIPADST

ADST_FLIPADST

FLIPADST_ADST

IDTX

V_DCT

H_DCT

V_ADST

H_ADST

V_FLIPADST

H_FLIPADST

TX_TYPES
MB_MODE_COUNT

INTRA_MODES

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

&IQ@MN@ OM<INAIMH M DCTRODOLIGPHIN
RDC ADST

&IQ@MN@ OM<INAIMH M ADSTBCXCJGPHIN
RDC DCT

&IQ@MN@ OM<INAIMH M ADSTBCXC>JGPHIN
RDC ADST

&IQ@MN@ OM<INAIJMH M DCTRDOLIGPHIN
RDC FLIPADST

&IQ@MN@ OM<INAIJMH M FLIPADST<I?
>JGPHIN RDt DCT

&IQ@MN@ OM<INAIJMH M FLIPADST<I?
>JGPHIN RDt FLIPADST

&IQ@MN@ OM<INAIMH M FLIPADST<I?
>JGPHIN RDt ADST

&IQ@MN@ OM<INAIMH M ADSTBCXC-JGPHIN
RDC FLIPADST

&IQ@MN@ OM<INAIMH MJRN RDOC D?@I0ODOT <I? >JC
RDOC D?@10DOT

&IQ@MN@ OM<INAIMH MJRN RDOC D?@IODOT <I? >JC
RDC DCT

&IQ@MN@ OM<INAIMH M DCTRDOLIGPHIN
RDOC D?@IODOT

&IQ@MN@ OM<INAIMH MJRN RDOC D?@IODOT <I? >JC
RDC ADST

&IQ@MN@ OM<INAIMH M ADSTECXC-JGPHIN
RDOC D?@IODOT

&IQ@MN@ OM<INAIMH MJRN RDOC D?@IODOT <I? >JC
RDC FLIPADST

&IQ@MN@ OM<INAIMH M FLIPADST<I?
>JGPHIN RDOC D?@I0ODOT

+PH=@M JA DIQ@MN@ OM<INAIJIMH OTK@N
+PH=@M JA Q<GP@ YMode

+PH=@M JA Q<GP@ y_mode
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Symbol name

UV_INTRA_MODES_CFL_NOT_ALLOWED

UV_INTRA_MODES_CFL_ALLOWED

COMPOUND_MODES
COMPOUND_MODE_CONTEXTS

COMP_NEWMV_CTXS

NEW_MV_CONTEXTS
ZERO_MV_CONTEXTS
REF_MV_CONTEXTS
DRL_MODE_CONTEXTS

MV_CONTEXTS

MV_INTRABC_CONTEXT
MV_JOINTS
MV_CLASSES
CLASSO_SIZE

MV_OFFSET_BITS

MAX_LOOP_FILTER

REF_SCALE_SHIFT

SUBPEL_BITS

SUBPEL_MASK

SCALE_SUBPEL_BITS

MV_BORDER

PALETTE_COLOR_CONTEXTS

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

+PH=@M JA Q<GP@ uv_mode RC@| >CMJH< AMJH
GPH< DN 1JO <GGJR@?

+PH=@M JA Q<GP@ uv_mode RC@| >CMJH< AMJH
GPH< DN <GGJR@"?

+PH=@M JA Q<GP@ compound_mode
+PH=@M JA >JI0O@SC compound_mode

+PH=@M JA |@R HQ Q<GP@N PN@? RC@I >JINOMP>0O
>JIO@SO . compound_mode

+PH=@M JA >JIO@SC new_mv
+PH=@M JA >JIO@SC zero_mv
+PH=@M JA >JIO@SC ref _mv
+PH=@M JA >JIO@SC drl_mode

+PH=@M JA >JIO@SON AIM ?@>J?DIB HJODJI Q@>0OJ\
DI>GP?DIB JI@ AJM DIOM< =GJ>F >JKT

*JODJI Q@>0JIM >JIO@SO PN@? AJM DIOM< =GJ>F >JK
+PH=@M JA Q<GP@ mv_joint

+PH=@M JA Q<GP@ mv_class

+PH=@M JA Q<GP@ mv_class0_hit

*<SDHPH IPH=@M JA =DON AJM ?@>J?DIB HJODJI
Q@>0JMN

*<SDHPH Q<GP@ PN@? AJM GJIJK ADGO@MDIB

+PH=@M JA =DON JA KM@>DNDJI RC@I| N><GDIB M@A
AM<H@N

+PH=@M JA =DON JA KM@>DNDJI RC@| >CJJINDIB <I DI
KM@?D>0DJI ADGO@M F@MI@G

(1 << SUBPEL_BITS)-1

+PH=@M JA =DON JA KM@>DNDJI RC@I| >JHKPODIB DIt
KM@7?D>0DJI GJ><ODJIN

3<GP@ PN@? RC@| >GDKKDIB HJODJI Q@>0JMN

+PH=@M JA Q<GP@N AIM >JGJIM >JIO@SON
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Symbol name

PALETTE_MAX_COLOR_CONTEXT_HASH

PALETTE_BLOCK_SIZE_CONTEXTS

PALETTE_Y_MODE_CONTEXTS

PALETTE_UV_MODE_CONTEXTS

PALETTE_SIZES
PALETTE_COLORS

PALETTE_NUM_NEIGHBORS

DELTA_Q_SMALL

DELTA_LF_SMALL

QM_TOTAL_SIZE

MAX_ANGLE_DELTA

DIRECTIONAL_MODES

ANGLE_STEP

TX_SET_TYPES_INTRA
TX_SET_TYPES_INTER
WARPEDMODEL_PREC_BITS
IDENTITY

TRANSLATION

ROTZOOM

AFFINE

GM_ABS_TRANS_BITS

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

+PH=@M JA H<KKDIBN =@OR@@| >JGJIM >JIO@SO C<I
<I? >JGJIM >JIO@SO

+PH=@M JA Q<GP@N AIM K<G@OO@ =GJ>F NDU@

+PH=@M JA Q<GP@N AIJM K<G@OO@ 6 KG<I@ HJ?@
>JIO@SON

+PH=@M JA Q<GP@N AIJM K<G@OO@ 2 <I? 3 KG<I@ H.
>JIO@SON

+PH=@M JA Q<GP@N AIM K<G@OO@;NDU@
+PH=@M JA Q<GP@N AIM K<G@OO0@;>JGIM

+PH=@M JA |@DBC=JMN >JIND?@M@? RDOCDI K<G@!
>JHKPO<ODJI

3<GP@ DI?D><0ODIB <GO@MI<ODQ@ @1>J?DIB JA LP<I
DI?@S ?@GO< Q<GP@N

3<GP@ DI?D><ODIB <GO@MI<ODQ@ @1>J?DIB JA GJJIK
?2@G0O< Q<GP@N

+PH=@M JA Q<GP@N DI OC@ LP<IODU@M H<OMDS

*<SDHPH H<BIDOP?@ JA IBG@'!@GO<6 <I?
IBG@!@GO0<23

+PH=@M JA ?DM@>0DJI<G DIOM< HJ?@N

+PH=@M JA ?@BM@@N JA NO@K K@M PIDO DI>M@<I
IBG@!@GO<6 JM IBG@!@G0<23

+PH=@M JA DIOM< OM<INAJMH N@O OTK@N
+PH=@M JA DIO@M OM<INAJMH N@O OTK@N
&IO@MI<G KM@>DNDJI JA R<MK@? HJODJI HJ?@GN
4<MK HJ?@G DN EPNO <I D?@I0DOT OM<INAJMH
4<MK HJ?@G DN < KPM@ OM<ING<ODJI

4<MK HJ?@G DN < MJO<ODJI NTHH@OMD> UJJH
OM<ING<ODJI

4<MK HJ?@G DN < B@I@M<G <AADI@ OM<INAIJMH

+PH=@M JA =DON @I>J?@7? AJM OM<ING<ODJI<G
>JHKJII@ION JA BGJ=<G HIJODJI HI?@GN DA K<MO JA <
1,17, IM ##&+" HI?@G
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Symbol name

GM_ABS_TRANS_ONLY_BITS

GM_ABS_ALPHA_BITS

DIV_LUT_PREC_BITS

DIV_LUT_BITS

DIV_LUT_NUM
MOTION_MODES
SIMPLE

OBMC
LOCALWARP

LEAST_SQUARES_SAMPLES_MAX

LS_MV_MAX

WARPEDMODEL_TRANS_CLAMP

WARPEDMODEL_NONDIAGAFFINE_CLAMP

WARPEDPIXEL_PREC_SHIFTS
WARPEDDIFF_PREC_BITS

GM_ALPHA_PREC_BITS

GM_TRANS_PREC_BITS

GM_TRANS_ONLY_PREC_BITS

INTERINTRA_MODES

MASK_MASTER_SIZE

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

+PH=@M JA =DON @I>J?@? AJM OM<ING<ODJI<G
>JHKJI@ION JA BGJ=<G HJODJI HI?@GN DA K<MO JA -
1/ +0) 1&,+ HI?@G

+PH=@M JA =DON @I>J?@7? AIM 1Jl OM<ING<ODJI<G
>JHKJI@ION JA BGJ=<G HJODJI HJI?@GN

+PH=@M JA AM<>0DJI<G =DON JA @IOMD@N DI ?DQD
0<=G@

+PH=@M JA AM<>0DJI<G =DON AJM GJJFPK DI ?DQDN.
GJIFPK O<=G@

+PH=@M JA @IOMD@N DI ?DQDNJIM GJIFPK O<=G@
+PH=@M JA Q<GP@N AIJM HJODJI HJ?@N

2N@ OM<ING<ODJI JM BGJ=<G HJODJI >JHK@IN<ODJI
2N@ JQ@MG<KK@? =GJ>F HIODJI >JHK@IN<ODJI
2N@ GJ><G R<MK HJODJI >JHK@IN<ODJI

)<MB@NO IPH=@M JA N<HKG@N PN@? RC@| >JHKPOI
< GJ><G R<MK

)<MB@NO HJODJI Q@>0JM ?DAA@M@I>@ OJ DI>GP?(
R<MK >JHKPO<ODJI

G<HKDIB Q<GP@ PN@? AJM OM<ING<ODJI >JHKJI@IO
R<MK

G<HKDIB Q<GP@ PN@? AJM H<OMDS >JHKJI@ION JA
R<MK

+PH=@M JA KC<N@N PN@? DI R<MK@? ADGO@MDIB
+PH=@M JA @SOM< =DON JA KM@>DNDJI DI R<MK@?

+PH=@M JA AM<>0DJI<G =DON AJM N@I1?DIB 1JI
OM<ING<ODJI<G R<MK HJ?@G >J@AAD>D@ION

+PH=@M JA AM<>0DJI<G =DON AJM N@I?DIB OM<ING<
R<MK HJ?@G >J@AAD>D@ION

+PH=@M JA AM<>0DJI<G =DON PN@? AJM KPM@ OM<
R<MKN

+PH=@M JA DIO@M DIOM< HJ?@N

ODU@ JA *<NO@M*<NF <MM<T
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Symbol name

SEGMENT_ID_PREDICTED_CONTEXTS

IS_INTER_CONTEXTS
SKIP_CONTEXTS

FWD_REFS

BWD_REFS

SINGLE_REFS

UNIDIR_COMP_REFS

COMPOUND_TYPES
CFL_JOINT_SIGNS

CFL_ALPHABET_SIZE

COMP_INTER_CONTEXTS
COMP_REF_TYPE_CONTEXTS

CFL_ALPHA_CONTEXTS

INTRA_MODE_CONTEXTS

COMP_GROUP_IDX_CONTEXTS
COMPOUND_IDX_CONTEXTS
INTRA_EDGE_KERNELS
INTRA_EDGE_TAPS
FRAME_LF_COUNT
MAX_VARTX_DEPTH
TXFM_PARTITION_CONTEXTS
REF_CAT_LEVEL
MAX_REF_MV_STACK_SIZE

MFMV_STACK_SIZE

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

+PH=@M JA >JIO@SC segment_id_predicted
+PH=@M JA >JIO@SC is_inter

+PH=@M JA >JIO@SC skip 1

+PH=@M JA NTIO<S @G@H@ION AIM AIMR<M? M@AC
AM<H@N

+PH=@M JA NTIO<S @G@H@ION AIM =<>FR<M? M@A(
AM<H@N

+PH=@M JA NTIO<S @G@H@ION AJM NDIBG@ M@A@
AM<H@N

+PH=@M JA NTIO<S @G@H@ION AJM PID?DM@>0DJI<
>JHKJIPI? M@A@M@I>@ AM<H@N

+PH=@M JA Q<GP@ compound_type
+PH=@M JA Q<GPA@ cfl_alpha_signs

+PH=@M JA Q<GPQ@ cfl_alpha_u <I?
cfl_alpha_v

+PH=@M JA >JIO@SC comp_mode
+PH=@M JA >JIO@SC comp_ref_type

+PH=@M JA >JIO@SC cfl_alpha_ u <I?
cfl_alpha_v

+PH=@M JA @<>C JA G@AO <I? <=JQ@ >JIO@SON AJN
intra_frame_y mode

+PH=@M JA >JIO@SC comp_group_idx

+PH=@M JA >JIO@SC compound_idx

+PH=@M JA ADGO@M F@MI@GN AJM OC@ DIOM< @~
+PH=@M JA F@MI@G O<KN AJM OC@ DIOM< @?B@ Al
+PH=@M JA GJJK ADGO@M NOM@IBOC Q<GP@N
*<SDHPH ?@KOC AJM Q<MD<=G@ OM<INAJMH OM@ @
+PH=@M JA >JIO@SON AJM OSAH;NKGDO

JIPN R@DBCO AJM >GIJN@ HJODJI Q@>0JMN
*<SDHPH IPH=@M JA HJODJI Q@>0JMN DI OC@ NO<>F

00<>F NDU@ AJM HJODJI AD@G? HJIODJI Q@>0JMN
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Symbol name
MAX_TX_DEPTH
WEDGE_TYPES
FILTER_BITS
WIENER_COEFFS

SGRPROJ_PARAMS_BITS

SGRPROJ_PRJ_SUBEXP_K
SGRPROJ_PRJ_BITS

SGRPROJ_RST_BITS

SGRPROJ_MTABLE_BITS
SGRPROJ_RECIP_BITS

SGRPROJ_SGR_BITS

EC_PROB_SHIFT

EC_MIN_PROB

SELECT_SCREEN_CONTENT_TOOLS

SELECT_INTEGER_MV

RESTORATION_TILESIZE_MAX

MAX_FRAME_DISTANCE

MAX_OFFSET_WIDTH

MAX_OFFSET_HEIGHT

WARP_PARAM_REDUCE_BITS

Section: Symbols and abbreviated terms

Value

AV1 Bitstream & Decoding Process Specification

Description

*<SDHPH ODH@N OC@ OM<INAJMH ><I =@ NKGDO
+PH=@M JA ?DM@>0DJIN AJM OC@ R@?B@ H<NF KM.
+PH=@M JA =DON PN@? DI 4AD@I@M ADGO@M >J@AA
+PH=@M JA 4D@I@M ADGO@M >J@AAD>D@ION OJ M(

+PH=@M JA =DON 1@ @?@7? OJ NK@>DAT N@GA BPD?
N@O

JIOMJGN CJR N@GA BPD?@7? ?@GO<N <M@ M@<?
-M@>DNDJI =DON ?PMDIB N@GA BPD?@? M@NOJM<O

/@NOJM<ODJI KM@>DNDJI =DON B@l@M<O@? CDBC(
NIPM>@ =@AIM@ KMJE@>ODJI

-M@>DNDJI JA HO<=G@ ?DQDNDJI O<=G@
-M@>DNDJI JA ?DQDNDJI =T | O<=G@

&I0O@MI<G KM@>DNDJI =DON AJM >JM@
N@GABPD?@?;M@NOJM<ODJI

+PH=@M JA =DON OJ M@?P>@ '# KM@>DNDJI ?PMDIB
<MDOCH@OD> >J?DIB

*DIDHPH KMJ=<=DGDOT <NNDBI@? OJ @<>C NTH=JG
?PMDIB <MDOCH@OD> >J?DIB

3<GP@ OC<O DI?D><O@N OC@
<GGIR;N>M@@!;>JIO@I0;0JIJGN NTIO<S @G@H@IO D
>J?@7?

3<GP@ OC<O DI?D><0@N OC@ AIM>@;DIO@B@M;HQ
@G@H@IO DN >J?@?

*<SDHPH NDU@ JA < GJIK M@NOJM<ODJI ODG@

*<SDHPH ?DNO<I>@ RC@I| >JHKPODIB R@DBCO@?
KM@?D>0ODJI

*<SDHPH CIMDUJIO<G JAAN@O JA < KMIE@>0@? HJC
Q@>0IM

*<SDHPH Q@MOD><G JAAN@O JA < KMJE@>0@? HJO
Q@>0IM

/JPI?DIB =DORD?0C AJM OC@ K<M<H@O@MN OJ OC@
KMJ>@NN
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Symbol name Value
NUM_BASE_LEVELS

COEFF_BASE_RANGE

BR_CDF_SIZE
SIG_COEF_CONTEXTS_EOB

SIG_COEF_CONTEXTS_2D

SIG_COEF_CONTEXTS

SIG_REF_DIFF_OFFSET_NUM

SUPERRES_NUM
SUPERRES_DENOM_MIN

SUPERRES_DENOM_BITS

SUPERRES_FILTER_BITS

SUPERRES_FILTER_SHIFTS
02-"//"0;#8&)1"/; &10

SUPERRES_FILTER_TAPS
SUPERRES_FILTER_OFFSET

SUPERRES_SCALE_BITS

SUPERRES_SCALE_MASK

SUPERRES_EXTRA_BITS

TXB_SKIP_CONTEXTS
EOB_COEF_CONTEXTS
DC_SIGN_CONTEXTS

LEVEL_CONTEXTS

Section: Symbols and abbreviated terms

AV1 Bitstream & Decoding Process Specification

Description
+PH=@M JA LP<IODU@M =<N@ G@Q@GN

1C@ LP<IODU@M M<IB@ <=JQ@ +2*; 0")"3")0
<=JQ@ RCD>C OC@ "SK $JGJH= >J?DIB KMJ>@NN DN
<>0DQ<0@?

+PH=@M JA Q<GP@ coeff_br
+PH=@M JA >JIO@SC coeff_base_eob

JIO@SO JAAN@ coeff_base AIM CIMDUJIO<G JIGT
JM Q@MOD><G JIGT OM<INAJMHN

+PH=@M JA >JIO@SC coeff_base

*<SDHPH IPH=@M JA >JIO@SO N<HKG@N 0J =@ PN@"
?2@O0@MHDIDIB OC@ >JIO@SC( coeff base 1<I?
coeff_base_eob

+PH@M<OJM AJM PKN><GDIB M<ODJ
OH<GG@NO ?@I1JHDI<OJM AIM PKN><GDIB M<ODJ

+PH=@M JA =DON N@IO OJ NK@>DAT ?@I1JHDI<OJIM J/
PKN><GDIB M<ODJ

+PH=@M JA =DON JA AM<>0DJI<G KM@>DNDJI AJM PK
ADGO@M N@G@>0DJI

+PH=@M JA KC<N@N JA PKN><GDIB ADGO@MN

+PH=@M JA O<KN JA PKN><GDIB ADGO@MN
0<HKG@ JAAN@O AJM PKN><GDIB ADGO@MN

+PH=@M JA AM<>0DJI<G =DON AJM >JHKPODIB KJINDC
PKN><GDIB

*<NF AIM >JHKPODIB KINDODJI DI PKN><GDIB

IDAA@M@I>@ DI KM@>DNDJI =@OR@@!
02-"/"0;0 )"; &10 <I?
02-"/"0;#&)1"/: &10

+PH=@M JA >JIO@SC all_zero
+PH=@M JA >JIO@SC eob_extra
+PH=@M JA >JIO@SC dc_sign

+PH=@M JA >JIO@SC coeff _br
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Symbol name Value

TX_CLASS_2D

TX_CLASS_HORIZ

TX_CLASS_VERT

REFMVS_LIMIT

INTRA_FILTER_SCALE_BITS
INTRA_FILTER_MODES

COEFF_CDF_Q CTXS

PRIMARY_REF_NONE

BUFFER_POOL_MAX_SIZE

Section: Symbols and abbreviated terms

AV1 Bitstream & Decoding Process Specification

Description

1M<INAIJMH >G<NN AJM OM<INAJMH OTK@N K@MAJMI
1JI D?@10DOT OM<INAJMHN DI =JOC ?DM@>0ODJIN

1M<INAIJMH >G<NN AJM OM<INAIJMHN K@MAJMHDIB JI
CJIJMDUJIO<G 131 D?@IODOT OM<INAJMH

1M<INAIJMH >G<NN AJM OM<INAJMHN K@MAJMHDIB JI
Q@MOD><G IJI D?@I0DOT OM<INAIJMH

)<MB@NO M@A@M@I>@ *3 >JHKJII@IO OC<0 ><| =@
N<Q@?

0><GDIB NCDAO AJM DIOM< ADGO@MDIB KMJ>@NN
+PH=@M JA OTK@N JA DIOM< ADGO@MDIB

+PH=@M JAN@G@>0<=G@ >JIO@SO OTK@N AJM OC
NTIO<S NOMP>OPM@

3<GP@ . primary_ref_frame DI?D><ODIB OC<O OC@MC(
DN IJ KMDH<MT M@A@M@1>@ AM<H@

+PH=@M JA AM<H@N DI =PAA@M KJJIG
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AV1 Bitstream & Decoding Process Specification

JIQ@IODJIN
S@I@M<G

1C@ H<OC@H<OD><G JK@M<OJMN <I? OC@DM KM@>@?@1>@ MPG@N PN@? OJ ?@N>MD=@ OCDN 0K@>DAD><OL
KMJBM<HHDIB G<IBP<B@ %JR@Q@M OC@ JK@M<ODJI JA DIO@B@M ?DQDNDJI RDOC OMPI><ODJI DN NK@>DAD:

&1 <??DODJI < G@IBOC <MM<T PN@? OJ CJG? < HJODJI Q@>0JM DI?D><0@? =T OC@ Q<MD<=G@ MvI®I?DIB RD
Mvs ><I =@ <>>@NN@? PNDIB @DOC@M <MM<T  Mv[0] 7B Mv[1] JM =T EPNO OC@ I<H@ Mv3 1C@

JIGT JK@M<ODJIN ?@ADI@? RC@I| PNDIB OC@ I<H@ <M@ <NNDBIH@I0 <I? @LP<GDOT DI@LP<GDOT O@NODIB NNI

M@KM@N@IO@? PNDIB OC A =B GIXIDN NK@>DAD@? OJ H@<I OC@ N<H@ <N ?JDIB =JOC OC@ DI?DC A[ 0:G <NND

]1=B[0] <I? A[1]=B[1] "LP<GDOT O@NODIB JA HJODJI Q@>0JMN DN M@KM@N@IO A ==B IBIQC@ 1JO<!

DN NK@>DAD@? OJH@<IOC( (A[0]==B[0] & & A[1]==B[1]) &I@LP<GDOT O@NODIBDN A!=B d?<N

<|? DN NK@>DAD@? OJH@<IOCE€ (A[0]!=B[O]||A[1]!'=B[1])

4C@I < Q<MD<=G@ DN N<D? 0J =@ M@KM@N@I0<=G@ =T < x BIEMD DEB@ANROOL OC@ Q<MD<=G@ DN BM@<
@LP<G -(1<<(x-1))  <I? 0C<O OC@ Q<MD<=G@ DN G@NN O (1 << (x-1))-1 J

1C@ F@T RIM?N JHPNO” JHPNO 1JO* ]M@LPDM@?" JNC<GG” JNC<GG IJO* INCIPG?* INCIPG? IJO" IM@>IHH@I?@"
]1JKODJI<G" DI OCDN ?2J>PH@I0 <M@ 0J =@ DIO@MKM@O0@? <N ?@N>MD=@? DI /#

MDOCH@OD> JK@M<OJMN

??DODJI
\ 0P=0OM<>0DJI <N < =DI<MT JK@M<OJM JM I@B<ODJI <N < PI<MT KM@ADS JK@M<OJM
*PGODKGD><0ODJI

&I0O@B@M ?DQDNDJI RDOC OMPI><ODJI JA OC@ M@NPGO OJF 7/4 ¢@N -7/-4 @3@HeE@><0 1 OJ
<I? -714 <1? 7/-4 <M@ OMPI><O -1 D2J

< = /@H<DI?@MAMJIH?DQDI aJJ b JOC a <I? b <M@ KINDODQ@ DIO@B@MN
#GJ<ODIB KIJDIO <MDOCH@OD><G ?DQDNDJI
>@DG S1C@ NH<GG@NO DIo@B@M OC<O DN BM@ x @M JM @LP<G OC<I

AGJIM SIC@ G<MB@NO DIO@B@M OC<O DN NH<C x ?M JM @LP<G OC«I

)JBD><G JK@M<OJMN

< = )JJBD><G +! JK@M<ODJI =@0 a )@? b
<VV= )JIBD><G ,/ JK@M<ODJI =@0 a)@P b

)IBD><G +,1 JK@M<ODJI
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|@G<ODJI<G JK@M<OJMN

$M@<0@M OC<I

$M@<O@M OC<I IM @LP<G OJ
Y@NN OC<I

)@NN OC<I JM @LP<G 0J
"LP<G OJ

+JO @LP<G 0OJ

DORDN@ JK@M<OJMN

+! JK@M<ODJI
Vv J IK@M<ODJI
5,/ IK@M<ODJI
W +@B<0DJI JK@M<ODJI

< = 0CD{a DI _N>JHKG@H®@IO =DI<MT DIO@B@M M@KM@N@I10<ODJI A b =<O0CKINO@NDBCOBN JK@M<OJIM
JIGT PN@? RI b >=@DIB < JI |@B<ODQ@ DIO@B@M DON NCDAO@? DIOJ OC@ *0 N <N < M@NPGO JA OC@ N
Q<GP@ @LP<G 0OJOC@ a KMDJIM OJ OC@ NCDAO JK@M<ODJI

< = 0CD/a DI _N>JHKG@H@IO =DI<MT DIO@B@M M@KM@N@IO<ODJI ; b R0 KINDO@IB@ACDN JIK@M<OIM |
JIGT PN@? RI b >=@DIB < IJI l@B<ODQ@ DIO@B@M DON NCDAO@? DIOJ OC@ )0 N <N < M@NPGO JA OC@ C
Q<GP@ @LP- 0 0J

NNDBIH@I10

NNDBIH@10 JK@M<OJIM

&I>M@H@ x++ DN @LPDQ<Gi x=x+1 4C@I| OCDN JK@M<OJM DN PN@? AJM <I <MM<T DI?@S OC@ Q<MD<=
J=0<DI@? =@AJM@ OC@ <POJ DI>M@H@I0 JK@M<ODJI

I@>M@H@IO x-- DN @LPDQ<G(x=x-1 4C@! OCDN JK@M<OJM DN PN@? AJM <I <MM<T DI?@S OC@ Q<M
DN J=0<DI@? =@AIM@ OC@ <P0OJ ?@>M@H@I0 JK@M<ODJI

??DODJI <NNDBIH@10 JK@M<OJIM AJMN x += 3 <&I@M@NKJII?N x =x + 3

0P=0OM<>0DJI <NNDBIH@I10 JK@M<OJIM A x -=3 HBB@@NKJII?N x =x -3

*<OC@H<OD><G API>ODJIN

1C@ AJGGJRDIB H<OC@H<OD><G API>ODJIN =N GDK GDK *DI *<S /JPI? <I? /JPI? ODBI@? <M@ ?@ADI@? <N AJC
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1C@ ?@ADIDODJI JA /JP1? PN@N NO<I?<M? H<KOC@H<OD><G KJR@M <I? ?DQDNDJI JK@M<ODJIN 1JO DIO@B@M JK(
@LPDQ<G@IO ?@ADIDODJI PNDIB DIO@B@M JK@M<ODJIN DN

Round®? x, n) {

if (n==0)
return X
return ( x +(1<<(n-1))) >>n

}

1C@ #GJIM)JIB S API>ODJI DN ?@ADI@? OJ =@ OC@ AGJIMJA OC@ =<N@ GJIB<MDOCH JA OC@ DIKPO S
1C@ DIKPO S RDGG <GR<TN =@ <I DIO@B@M <I? RDGG <GR<TN =@ BM@<O@M OC<| JM @LP<G 0OJ

1CDN API>0ODJI @SOM<>0ON OC@ GJ><ODJI JA OC@ HJINO NDBIDAD><IO =DO DI S
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| @LPDQ<G@IO ?@ADIDODJI PNDIB OC@ KN@P?J >J?@ 1J0O<ODJI DIOMJ?P>@7? DI OC@ AJGGJRDIB N@>0DJI DN

FloorLog2( x ) {
s=0
while ( x!= 0) {
X =x>>1
s++

}

return s - 1

1C@ @DG)JB S API>ODJI DN ?@ADI@7? OJ =@ OC@ >@DGDIB JA OC@ =<N@ GJB<MDOCH JA OC@ DIKPO S RC@I ¢
M@OPMI

1C@ DIKPO S RDGG <GR<TN =@ <I DIO@B@M <I? RDGG <GR<TN =@ BM@<O@M OC<| JM @LP<G 0OJ
1CDN API>0ODJI @SOM<>0ON OC@ IPH=@M JA =DON 1@@7?@7? OJ >J?@ < Q<GP@ DI OC@ M<IB@ 0OJS

| @LPDQ<G@IO ?@ADIDODJI PNDIB OC@ KN@P?J >J?@ 1J0<ODJI DIOMJ?P>@7? DI OC@ AJGGJRDIB N@>0ODJI DN

CeilLog2( x ) {

if (x<2)
return 0

i =1

p=2

while ( p<x) {
| ++
p=p<<1

}

return i

*@OCJ? JA ?@N>MD=DIB =DONOM@<H NTIO<S

1C@ ?@N>MDKODJI NOTG@ JA OC@ NTIO<S DN NDHDG<M OJ OC@ KMJBM<HHDIB G<IBP<B@ O0TIO<S @G@H@ION
M@KM@N@IO@? DI =JG? OTK@ "<>C NTIO<S @G@H@I0 DN ?@N>MD=@? =T DON I<H@ PNDIB JIGT GJR@M ><N@ (
>C<M<>0@MN <I1? < ?2@N>MDKOJM AJM DON H@OCJ? JA >J?@? M@KM@N@IO<ODJI 1C@ ?@>J?DIB KMJ>@NN =@C
Q<GP@ JA OC@ NTIO<S @G@H@IO <I? 0J OC@ Q<GP@N JA KM@QDJPNGT ?@>J?@7? NTIO<S @G@H@ION 4C@I < C
DN PN@? DI OC@ NTIO<S O<=G@N JM OC@ O@SO DO <KK@<MN DI M@BPG<M D @ IJO =JG? OTK@ &A OC@ Q<GF
>JHKPO@7? @ B =@DIB RMDOO@I| RDOC < ?@A<PGO Q<GP@ DINO@<? JA =@DIB >J?@? DI OC@ =DONOM@<H DO «
@ B ODG@;NDU@;HDIPN;

&I NJH@ ><N@N OC@ NTIO<S O<=G@N H<T PN@ OC@ Q<GP@N JA JOC@M Q<MD<=G@N ?@MDQ@? AMJH NTIO<S (
Q<MD<=G@N <KK@<M DI OC@ NTIO<S O<=G@N JM O@SO I<H@? =T < HDSOPM@ JA GJR@M ><N@ <I? PKK@M ><N(
PI?7@MN>IM@ >C<M<>0@MN 3<MD<=G@N NO<MODIB RDOC <I PKK@M ><N@ G@OO0@M <M@ ?@MDQ@? AJM OC@
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NOMP>0OPM@ <I? <GG ?@K@1?DIB NTIO<S NOMP>OPM@N 1C@N@ Q<MD<=G@N H<T =@ PN@? DI OC@ ?@>J?DIB KI
NOMP>0OPM@N 3<MD<=G@N NO<MODIB RDOC < GJR@M ><N@ G@0O0@M <M@ JIGT PN@? RDOCDI OC@ KMJ>@NN
>C<M<>0@M Q<MD<=G@N <M@ <GGJR@?

JINO<IO Q<GP@N <KK@<M DI <GG PKK@M ><N@ G@OO@MN RDOC PI?@MN>IJM@ >C<M<>0@MN @ B *&;0&7"

JINO<IO GJIFPK O<=G@N <KK@<M <N RIM?N RDOC OC@ ADMNO G@OO@M JA @<>C RIM? DI PKK@M ><N@ <I? M
><N@ N@K<M<O@? RDOC PI?@MN>JM@ >C<M<>0@MN @ B GJ>F;4D?0C8[9

%@S<?@>DH<G IJO<ODJI DI?D><0@? =T KM@ADSDIB OC@ C@S Ox FBH<GadFN@MRI@| OC@ IPH=@M JA =DON DI
DIO@B@M HPGODKG@ JA #JI Oxla INK@@M@N@ION < =L 0001 1010

DI<MT 13J0<ODJI DN DI?D><0@7? =T KM@ADSDIB OC@ = 0b 1#IRH2@HHKT 0b00011010 M@KM@N@ION < =DO NOMDIB
0001 1010 DI<MT IPH=@MN H<T DI>GP?@ PI?@MN>JM@ >C<M<>0@MN OJ @IC<I>@ M@<?<=DGDOT &A KM@N@!IC
>C<M<>0@MN <KK@<M @Q@MT =DI<MT ?DBDON NO<MODIB AMJH 0b11010 K3\ €EHKB®@MDOC( 0b1_1010

Q<GP@ @LP<G OJ M@KM@N@ION <#)0" >JI?DODJI DI < O@NO NO<O@H@I0 1C@ Q<GP@ 1/2" DN M@KM@N@10¢
@LP<G OJ

1C@ AJGGJRDIB O<=G@ GDNON @S<HKG@N JA OC@ NTIO<S NK@ syntax_element @4M@I RDOC =JG? A<>@
AJIO DO NK@>DAD@N OC<O OCDN NTIO<S @G@H@I0 DN K<MN@? AMJH OC@ =DONOM@<H

Type
/* A statement can be a syntax element with associated
descriptor or can be an expression used to specify its
existence, type, and value, as in the following
examples */
syntax_element f(1)

/* A group of statements enclosed in brackets is a
compound statement and is treated functionally as a single
statement. */

statement
E
}
* A OwhileO structure specifies that the statement is

to be evaluated repeatedly while the condition remains
true. */

while ( condition )
statement

* A Odo .. whileO structure executes the statement once,

and then tests the condition. It repeatedly evaluates the
statement while the condition remains true. */
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do
statement
while ( condition )

/* An Oif .. elseO structure tests the condition first. If

it is true, the primary statement is evaluated. Otherwise,
the alternative statement is evaluated. If the alternative
statement is unnecessary to be evaluated, the OelseO and
corresponding alternative statement can be omitted. */

if ( condition )

primary statement
else

alternative statement

* A OforQ structure evaluates the initial statement at the
beginning then tests the condition. If it is true, the primary
and subsequent statements are evaluated until the condition
becomes false. */

for (initial statement; condition; subsequent statement )
primary statement

[* The return statement in a syntax structure specifies

that the parsing of the syntax structure will be terminated
without processing any additional information after this stage.
When a value immediately follows a return statement, this value

shall also be returned as the output of this syntax structure. */

return x

#PI>ODJIN

DONOM@<H API>0ODJIN PN@? AJM NTIO<S ?@N>MDKODJI <M@ NK@>DAD@? DI OCDN N@>0DJI

,OC@M API>ODJIN <M@ DI>GP?@? DI OC@ NTIO<S O<=G@N 1C@ >JIQ@IODJI DN OC<O < N@>0ODJI DN ><GG@? NTIC
@G@H®@ION 0J =@ M@<? AMJH OC@ =DONOM@<H @DOC@M ?DM@>0OGT JM DI?DM@>0GT OCMJIPBC NP=KMJ>@N
><GG@? API>ODJIN

1C@ NK@>DAD><ODJI JA OC@N@ API>ODJIN H<F@N PN@ JA < =DONOM@<H KIJNDODJI DI?D><OJM 1CDN =DONOM(
OC@ KINDODJI JA OC@ =DO OC<O DN BJDIB OJ =@ M@<? I@SO

get_position(): /@OPMI OC@ Q<GP@ JA OC@ =DONOM@<H KINDODJI DI?D><0JM

init_symbol(sz): &IDOD<GDU@ OC@ <MDOCH@OD> ?@>J?@ KMJ>@NN AJM OC@ 0TH=JG ?@>J?@M RDOC < NDU@
N@>0DJI

exit_symbol(): "SDO OC@ <MDOCH@OD> ?@>J?@ KMJ>@NNKRXXE@NH-MD2@MNDDI>GP?@N M@<?DIB OM<DGDIB =DO
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l@N>MDKOJMN
S@I@M<G

1C@ AJGGJRDIB ?@N>MDKOJMN NK@>DAT OC@ K<MNDIB JANTIO<S @G@H@ION )JR@M ><N@ ?@N>MDKOJMN NK
M@KM@N@IO@? =T <I DIO@B@M IPH=@M JA =DON DI OC@ =DONOM@<H PKK@M ><N@ ?@N>MDKOJMN NK@>DAT
M@KM@N@IO@? =T <MDOCH@OD> >J?DIB

Al

2INDBI@7? | =DO IPH=@M <KK@<MDIB ?DM@>0GT DI OC@ =DONOM@<H 1C@ =DON <M@ M@<? AMJH CDBC OJ GJR .
NK@>DAD®@BDDJI DN DIQIF@? <I? OC@ NTIO<S @G@H@IO DN N@O @LP<G OJ OC@ M@OPMI Q<GP@

PQG>

3<MD<=G@ G@IBOC PINDBI@? | =DO IPH=@M <KK@<MDIB ?DM@>0GT DI OC@ =DONOM@<H 1C@ K<MNDIB KMJ>@!
NK@>DAD@? =@GJR

uvic() { Type
leadingZeros =0
while (1) {
done f(1)
if (done)
break

leadingZeros++

}
if (leadingZeros >=32) {
return (1<<32)-1

}
value f(leadingZeros)
return value + (1 << leadingZeros) - 1

G@ |

2INDBI@? GDOOG@ @I1?D<I |1 =TO@ IPH=@M <KK@<MDIB ?DM@>OGT DI OC@ =DONOM@<H 1C@ K<MNDIB KMJ>@NN
NK@>DAD@? =@GJR

le(n) { Type
t=0
for (i=0;i<n;it+){
byte f(8)
t+=(byte<<(i*8))
}
return t

Note: 1CDN NTIO<S @G@H@10 RDGG JIGT =@ KM@N@I0O RC@| OC@ =DONOM@<H KINDODJI DN =TO@ <GDBI@"?
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G@=

2INDBI@? DIO@B@M M@KM@N@IO@? =T < Q<MD<=G@ IPH=@M JA GDOOG@ @I?D<I =TO@N
Note: 1CDN NTIO<S @G@H@10 RDGG JIGT =@ KM@N@IO RC@| OC@ =DONOM@<H KINDODJI DN =TO@ <GDBI@"?

&I OCDN @1>J?DIB OC@ HJINO NDBIDAD><IO =DO JA @<>C =TO@ DN @LP<G OJ OJNDBI<G OC<O HIM@ =TO@N NC.
OJ NDBI<G OC@ @1? JAOC@ @I1>J?DIB

Q<MD<=G@ )@= TO@N DNN@O @LP<G 0J OC@ IPH=@M JA =TO@N M@<? ?PMDIB OCDN KMJ>@NN
1C@ K<MNDIB KMJ>@NN AJM OCDN ?@N>MDKOJM DN NK@>DAD@? =@GJR

leb128() { Type
value =0
Leb128Bytes =0
for (i=0;i<8;i++){
leb128 byte f(8)
value |= ( (leb128_byte & 0x7f) << (i*7) )
Leb128Bytes +=1
if (!(leb128_byte & 0x80) ) {
break

}

return value

}

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0 OC@ Q<GP@ M@OPMI@? AMJH OC@ G@= K<MNDIE
oJ

leb128 byte >JIO<DIN =DON M@<? AMJH OC@ =DONOM@<H 1C@ =JOOJH =DON <M@ PN@? OJ >JHKPO@ OC@ Q<I
NDBIDAD><IO =DO DN PN@? OJ DI?D><0@ OC<0O OC@M@ <M@ HIM@ =TO@N 0OJ =@ M@<?

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ HJNO NDBIDAD><I|O =DO JA G@= ;=TO@ DN @L
@INPM@N OC<O OCDN NTIO<S ?@N>MDKOJM |@Q@M PN@N HIM@ OC<|l =TO@N

Note: 1C@M@ <M@ HPGODKG@ R<TN JA @I>J?DIB OC@ N<H@ Q<GP@ ?@K@I1?DIB JI CIR H<IT G@<?DIB U@MJ =
1C@M@ DN IJ M@LPDM@H@IO OC<O OCDN NTIO<S ?@N>MDKOJM PN@N OC@ HINO >JHKM@NN@? M@KM@N@
AIM @1>J?@M DHKG@H@I0<ODJIN =T <GGJRDIB < ADS@? <HJPIO JA NK<>@ OJ =@ ADGG@? DI GRO@M RC@I O(
FIJRI

NP |

ODBI@? DIO@B@M >JIQ@MO@? AMJH <I | =DON PINDBI@? DIO@B@M DI OC@ =DONOM@<H 1C@ PINDBI@? DIO@B(
=JOOJH | =DON JA OC@ NDBI@? DIO@B@M 1C@ K<MNDIB KMJ>@NN AJM OCDN ?@N>MDKOJM DN NK@>DAD@? =@
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su(n) { Type
value f(n)
signMask =1 << (n-1)
if (value & signMask )
value = value - 2 * signMask
return value

IN |

2INDBI@? @I1>J?@? DIO@B@M RDOC H<SDHPH IPH=@M JA Q<GP@N | D @ JPOKPO DI M<IB@ |

1CDN ?@N>MDKOJM DN NDHDG<M OJ A @DG)JB | =PO M@7?P>@N R<NO<B@ DI>PMM@? RC@| @I1>J?DIB 131 KIR@WN
=T @1>J?DIB A@R@M =DON AJM OC@ GJR@M K<MO JA OC@ Q<GP@ M<IB@ #JM @S<HKG@ RC@I | DN @LP<G OJ
AJGGJRN APGG =DI<MT @I1>J?DIBN <M@ <GNJ KM@N@IO@? AIJM >JHK<MDNJI

Value Full binary encoding ns(n) encoding

1C@ K<MNDIB KMJ>@NN AJM OCDN ?@N>MDKOJM DN NK@>DAD@? <N

ns(n){ Type
w = FloorLog2(n) + 1
m=(1<<w)-n

v flw - 1)
if(v<m)

return v
extra_bit f(1)

return (v << 1) - m + extra_bit

}

1C@ <==M@QD<ODJI IN NO<I?N AIJM 1JI NTHH@OMD> 1CDN @I1>J?DIB DN IJI NTHH@OMD> =@><PN@ OC@ Q<GP@N -
OC@ N<H@ IPH=@M JA =DON

) |

2INDBI@? <MDOCH@OD> @I>J?@7? | =DO IPH=@M @1>J?@7? <N | AG<BN <]GDO@M<G" 1C@ AG<BN <M@ M@<? AMJI
NTIO<S @G@H@IO DN N@O @LP<G OJ OC@ M@OPMI Q<GP@ NamM@?; G DO MNEK@>NEIB<ODJI JA OCDN KMJ>@N
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0

| <MDOCH®@OD> @1>J?@7? NTH=JG >J?@? AMJH < NH<GG <GKC<=@0 JA<O HINO @IOMD@N
1C@ NTH=JG DN ?@>J?@7? =<N@? JI < >JIO@SO N@INDOR@EO B IN&E@ OC@ NK@>DAD><ODJI JA OCDN KMJ>@NN
+0 |
2INDBI@? <MDOCH@OD> @I>J?@? DIO@B@M RDOC H<SDHPH IPH=@M JA Q<GP@N | D @ JPOKPO DI M<IB@ |
1CDN ?@N>MDKOJM DN OC@ N<H@ <N IN| @S>@KO OC@ PI?@MGTDIB =DON <M@ >J?@7? <MDOCH@OD><GGT
1C@ K<MNDIB KMJ>@NN AJM OCDN ?@N>MDKOJM DN NK@>DAD@? <N
NS(n){ Type

w = FloorLog2(n) + 1
m=(1<<w)-n

v L(w-1)
if(v<m)

return v
extra_bit L(1)

return (v << 1) - m + extra_bit
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OTIO<S NOMP>OPM@N
S@I@M<G

1CDN N@>0DJI KM@N@ION OC@ NTIO<S NOMP>OPM@N DI < O<=PG<M AJMH 1C@ H@<IDIB JA @<>C JA OC@ NTIO«<
0@>0DJI

IR JQ@MC@<? =DONOM@<H AJMH<O

1CDN NK@>DAD><ODJI ?@ADI@N < GJR JQ@MC@<? =DONOM@<H AIJMH<O <N < N@LP@I>@ JA OC@ , 2 NTIO<>0OD><
N@>0DJI 4C@| PNDIB OCDN AJMH<O J=P;C<N;NDU@;AD@G? HPNO =@ @LP<G OJ #JM <KKGD><ODJIN M@LPDMDI
@<ND@M 0OJ NFDK OCMJPBC AM<H@N JM O@HKJM<G PIDON < G@IBOC ?@GDHDO@? =DONOM@<H AJMH<O DN ?(

I@MDQ@7? NK@>DAD><ODJIN NP>C <N >JIO<DI@M AJMH<ON @I<=GDIB NOJM<B@ JA 3 QD?@JN OJB@OC@M RDOC
DI?D><O0O@ RCD>C JA OC@N@ AJMH<ON OC@T M@GT JI ,OC@M H@OCJ?N JA K<>FDIB , 2N DIOJ < =DONOM@<H AJM

.2 NTIO<S
S@I@M<G , 2 NTIO<S

open_bitstream_unit( sz ) { Type
obu_header()
if (obu_has_size field ) {
obu_size leb128()
}else {
obu_size = sz - 1 - obu_extension_flag
}
startPosition = get_position( )
if (obu_type '= OBU_SEQUENCE_HEADER &&
obu_type != OBU_TEMPORAL_DELIMITER &&
OperatingPointldc != 0 &&
obu_extension_flag==1)

inTemporalLayer = (OperatingPointldc >> temporal_id ) & 1
inSpatialLayer = (OperatingPointldc >> ( spatial id+8)) & 1
if (linTemporalLayer || ! inSpatialLayer ) {

drop_obu()

return

}

}

if (obu_type == OBU_SEQUENCE_HEADER)
sequence_header_obu()

else if (obu_type == OBU_TEMPORAL_DELIMITER)
temporal_delimiter_obu()

else if (obu_type == OBU_FRAME_HEADER )
frame_header_obu()

else if ( obu_type == OBU_REDUNDANT_FRAME_HEADER)
frame_header_obu()
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else if (obu_type == OBU_TILE_GROUP)
tile_group_obu( obu_size )
else if (obu_type == OBU_METADATA)
metadata_obu()
else if (obu_type == OBU_FRAME )
frame_obu( obu_size)
else if (obu_type == OBU_TILE_LIST)
tile_list_obu()
else if (obu_type == OBU_PADDING )
padding_obu()
else
reserved_obu()
currentPosition = get_position( )
payloadBits = currentPosition - startPosition
if (obu_size > 0 && obu_type '= OBU_TILE_GROUP &&
obu_type '= OBU_TILE_LIST &&
obu_type '= OBU_FRAME ) {
trailing_bits( obu_size * 8 - payloadBits )

}
}
, 2 C@<?@M NTIO<S
obu_header() { Type
obu_forbidden_bit f()
obu_type f(4)
obu_extension_flag f(1)
obu_has_size field f()
obu_reserved_1bit f(1)
if (obu_extension_flag==1)
obu_extension_header()
}
, 2 @SO@INDJI C@<?@M NTIO<S
obu_extension_header() { Type
temporal_id f(3)
spatial_id f(2)
extension_header_reserved_3bits f(3)
}
1IM<DGDIB =DON NTIO<S
trailing_bits( nbBits ) { Type
trailing_one_bit f(1)
nbBits--
while ( nbBits > 0) {
trailing_zero_bit f(1)
nbBits--
}

Section: Syntax structures Page 28 of 669



AV1 Bitstream & Decoding Process Specification

}
TO@ <GDBIH@IO NTIO<S
byte_alignment() { Type
while ( get_position() & 7))
zero_bit f(1)
}
/@N@MQ@? , 2 NTIO<S
reserved_obu() { Type
}

Note: /@N@MQ@? , 2N 2J 1J0 C<Q@ < ?@ADI@7? NTIO<S 1C@ J=P;0TK@ M@N@MQ@? Q<GP@N <M@ M@N@MQG
1@>J?@MN NCJPG? DBIJM@ OC@ @IODM@ , 2 DA OC@T 2J 1J0 PI?@MNO<I? OC@ J=P;0TK@ &BIJMDIB OC@ , 2 >
=<N@? JI J=P;NDU@ 1C@ G<NO =TO@ JA OC@ Q<GD? >JIO@IO JA OC@ K<TGJ<? ?<O< AJM OCDN , 2 OTK@ DN >J
G<NO =TO@ OC<O DN IJO @LP<G 0J U@MJ 1CDN MPG@ DN 0J KM@Q@I0 OC@ ?MJIKKDIB JA Q<GD? =TO@N =T |
OM<DGDIB U@MJ =TO@N <N < >JIODIP<ODJI JA OC@ OM<DGDIB =DON DI <I , 2 1CDN DHKGD@N OC<0O RC@! <IT K
KM@N@IO AJM OCDN , 2 OTK@ <O G@<NO JI@ =TO@ JA OC@ K<TGJ<? ?<O< DI>GP?DIB OC@ OM<DGDIB =DO N

O@QLP@I>@ C@<?@M , 2 NTIO<S
$@I@M<G NQLP@I>@ C@<?@M , 2 NTIO<S

sequence_header_obu( ) { Type
seq_profile 3)
still_picture f(1)
reduced_still_picture_header f(1)

if (reduced_still_picture_header ) {
timing_info_present_flag = 0
decoder_model_info_present flag =0
initial_display_delay_present _flag =0
operating_points_cnt_minus_1 =0
operating_point_idc[0] =0
seq_level _idx[ 0] f(5)
seq_tier[0]1=0
decoder_model_present_for_this op[0]=0
initial_display_delay_present_for_this op[0]=0
}else {
timing_info_present_flag f(1)
if (timing_info_present_flag ) {
timing_info( )
decoder_model_info_present_flag f()
if (decoder_model_info_present flag ) {
decoder_model_info()

}
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}else {
decoder_model_info_present_flag = 0
}
initial_display_delay_present_flag f(1)
operating_points_cnt_minus_1 f(5)
for (i=0; i <= operating_points_cnt_minus_1; i++) {
operating_point_idc[ i ] f(12)
seq_level idx[i] f(5)
if (seq_level idx[i]>7){
seq_tier[i] f(1)
}else {
seq_tier[i]=0
}
if (decoder_model_info_present_flag ) {
decoder_model_present_for_this_op[i] f(2)
if (decoder_model_present for_this op[i]) {
operating_parameters_info( i)
}
}else {
decoder_model_present_for_this_op[i]=0
}
if (initial_display_delay_present_flag ) {
initial_display_delay present_for_this_op[i] f(1)
if (initial_display_delay present_for_this_op[i]) {
initial_display_delay_minus_1[i] f(4)
}
}
}

}
operatingPoint = choose_operating_point()
OperatingPointldc = operating_point_idc[ operatingPoint ]

frame_width_bits_minus_1 f(4)
frame_height_bits _minus_1 f(4)
n = frame_width_bits_minus_1+ 1
max_frame_width_minus_1 f(n)
n = frame_height_bits_minus_1 + 1
max_frame_height_minus_1 f(n)

if (reduced_still_picture_header )
frame_id_numbers_present_flag =0

else

frame_id_numbers_present_flag f()
if (frame_id_numbers_present_flag ) {

delta_frame_id_length_minus_2 f(4)

additional_frame_id_length_minus_1 f(3)
}
use_128x128_superblock f(1)
enable_filter_intra f(1)
enable_intra_edge_filter f(1)

if (reduced_still_picture_header ) {
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enable_interintra_compound = 0

enable_masked_compound =0

enable_warped_motion = 0

enable_dual filter=0

enable_order_hint=0

enable_jnt comp =0

enable_ref frame_mvs =0

seq_force_screen_content_tools = SELECT_SCREEN_CONTENT_TOOLS
seq_force_integer_ mv = SELECT_INTEGER_MV

OrderHintBits = 0

}else {

enable_interintra_compound f(1)
enable_masked compound f(1)
enable_warped_motion f(1)
enable_dual_filter f(2)
enable_order_hint f(1)
if (enable_order_hint) {

enable_jnt_comp f()

enable_ref frame_mvs f(1)
}else {

enable_jnt_ comp =0

enable_ref_frame_mvs =0
}
seq_choose_screen_content_tools f(1)

if ( seq_choose_screen_content_tools ) {
seq_force_screen_content_tools = SELECT_SCREEN_CONTENT_TOOLS
} else {
seq_force_screen_content_tools f(1)

if ( seq_force_screen_content_tools >0 ) {
seq_choose_integer_mv f()
if (seq_choose_integer_ mv ) {
seq_force_integer_mv = SELECT_INTEGER_MV

}else {
seq_force_integer_mv f(1)
}
}else {
seq_force_integer_mv = SELECT_INTEGER_MV
}
if (enable_order_hint) {
order_hint_bits_minus_1 f(3)
OrderHintBits = order_hint_bits_minus_1 + 1
}else {
OrderHintBits = 0
}
}
enable_superres f(1)
enable_cdef f(1)

Section: Syntax structures Page 31 of 669



AV1 Bitstream & Decoding Process Specification

enable_restoration f(1)
color_config()
film_grain_params_present f(1)
}
JGJIM >JIADB NTIO<S
color_config() { Type
high_bitdepth f(1)
if (seq_profile == 2 && high_bitdepth ) {
twelve_bit f(1)

BitDepth = twelve_bit ? 12 : 10
} else if ( seq_profile <=2) {
BitDepth = high_bitdepth ? 10 : 8
}
if (seq_profile==1){
mono_chrome =0

}else {
mono_chrome f(1)
}
NumPlanes = mono_chrome ? 1: 3
color_description_present_flag f()
if ( color_description_present_flag ) {
color_primaries f(8)
transfer_characteristics f(8)
matrix_coefficients f(8)
}else {

color_primaries = CP_UNSPECIFIED
transfer_characteristics = TC_UNSPECIFIED
matrix_coefficients = MC_UNSPECIFIED
}
if (mono_chrome ) {
color_range f(1)
subsampling x =1
subsampling_y =1
chroma_sample_position = CSP_UNKNOWN
separate_uv_delta q=0
return
} else if ( color_primaries == CP_BT_709 &&
transfer_characteristics == TC_SRGB &&
matrix_coefficients == MC_IDENTITY ) {
color_range =1
subsampling_ x =0
subsampling_y =0
}else {
color_range f()
if (seq_profile ==0){
subsampling_ x=1
subsampling_y =1
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} else if ( seq_profile ==1) {
subsampling_ x =0
subsampling_ y =0

}else {
if ( BitDepth == 12 ) {

subsampling_x
if ( subsampling_x)
subsampling_y
else
subsampling_y =0
}else {
subsampling_x =1
subsampling_y =0
}

}
if ( subsampling_x && subsampling_y ) {

chroma_sample_position
}
}

separate_uv_delta_q

1DHDIB DIAJ NTIO<S

timing_info( ) {
num_units_in_display_tick
time_scale
equal_picture_interval
if ( equal_picture_interval )
num_ticks_per_picture_minus_1

l@>J?@M HJ?@G DIAJ NTIO<S

decoder_model_info( ) {
buffer_delay _length_minus_1
num_units_in_decoding_tick
buffer_removal_time_length_minus_1
frame_presentation_time_length_minus_1

,K@M<ODIB K<M<H@O@MN DIAJ NTIO<S

operating_parameters_info( op ) {
n = buffer_delay _length_minus_1 + 1
decoder_buffer_delay[ op ]
encoder_buffer_delay[ op ]
low_delay _mode_flag[ op ]

Section: Syntax structures
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f(2)
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Type
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f(32)

f(1)
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Type
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1@HKIM<G ?@GDHDO@M J=P NTIO<S

temporal_delimiter_obu( ) { Type
SeenFrameHeader = 0

}

Note: 1C@ O@HKIM<G ?@GDHDO@M C<N <| @HKOT K<TGJ<?

-<??DIB , 2 NTIO<S

padding_obu() { Type
for (1=0; i< obu_padding_length; i++)
obu_padding_byte f(8)

Note: J=P;K<??DIB;G@IBOC DN IJO >J?@? DI OC@ =DONOM@<H =PO ><| =@ >JHKPO@? =<N@? JI J=P;NDU@ HDIP!
IPH=@M JA OM<DGDIB =TO@N &l KM<>0D>@ OCJPBC NDI>@ OCDN DN K<??DIB ?<O< H@<IO OJ =@ NFDKK@? ~
0J ?2@O@MHDI@ @DOC@M OC<0O G@IBOC IIM OC@ IPH=@M JA OM<DGDIB =TO@N 1C@T ><I| DBIIM@ OC@ @IOI
><| =@ ?JI@ =<N@7? JI J=P;NDU@ 1C@ G<NO =TO@ JA OC@ Q<GD? >JIO@I0 JA OC@ K<TGJI<? ?<O< AJM OCDN, 2
>JIND?@M@7? OJ =@ OC@ G<NO =TO@ OC<O DN IJO @LP<G OJU@MJ 1CDN MPG@ DN OJ KM@Q@IO OC@ ?MJKt
NTNO@HN OC<O DIO@MKM@O OM<DGDIB U@MJ =TO@N <N < >JIODIP<ODJI JA OC@ OM<DGDIB =DON DI <I, 2 1C
K<TGJ<? ?<O< DN KM@N@IO AJM OCDN , 2 OTK@ <O G@<NO JI@ =TO@ JA OC@ K<TGJ<? ?<O< DI>GP?DIB OC@
=@ @LP<G OJ

*@0O<?<0<, 2 NTIO<S
$@I@M<G H@0O<?<0<, 2 NTIO<S

metadata_obu() { Type
metadata_type leb128()
if ( metadata_type == METADATA_TYPE_ITUT T35)
metadata_itut t35()
else if ( metadata_type == METADATA_TYPE_HDR_CLL)
metadata_hdr_cll()
else if ( metadata_type == METADATA _TYPE_HDR_MDCV)
metadata_hdr_mdcv()
else if ( metadata_type == METADATA_TYPE_SCALABILITY )
metadata_scalability( )
else if ( metadata_type == METADATA_TYPE_TIMECODE)
metadata_timecode( )
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Note: 1C@ @S<>0 NTIO<S JA H@0<?<0<;J=P DN 13O ?@ADI@? DI OCDN NK@>DAD><ODJI RC@| H@0<?<0<;0TK@
Q<GP@ M@N@MQ@? AJM APOPM@ PN@ JM < PN@M KMDQ<O0@ Q<GP@ !@>J?@MN NCJIPG? DBIIM@ OC@ @IOI
PI?@MNO<I|? OC@ H@0O<?<0<;0TK@ 1C@ G<NO =TO@ JA OC@ Q<GD? >JIO@I0 JA OC@ ?<0O< DN >JIND?@M@? C
1IJO @LP<G OJ U@MJ 1CDN MPG@ DN OJ KM@Q@IO OC@ ?MJKKDIB JA Q<GD? =TO@N =T NTNO@HN OC<O DIO@
< K<??DIB >JIODIP<ODJI JA OC@ OM<DGDIB =DON DI <I, 2 1CDN DHKGD@N OC<0O RC@I <IT K<TGJ<? ?<O< DN KM(
,20TK@ <O G@<NO JI@ =TO@ JA OC@ K<TGJ<? ?<0O< DI>GP?DIB OC@ OM<DGDIB =DO NC<GG JO =@ @LP<GC

*@O<?<0< &1211 NTIO<S

metadata_itut t35() { Type
itu_t_t35_country_code f(8)
if (itu_t_t35_country_code == OxFF ) {
itu_t _t35_country_code_extension_byte f(8)

}
itu_t_t35_payload_bytes

Note: 1C@ @S<>0O NTIO<S JA DOP;0;0 ;K<TGJI<?;=TO@N DN 1JO ?@ADI@? DI OCDN NK@>DAD><ODJI "SO@MI<G |
?@ADI@ OC@ NTIO<S !'@>J?@MN NCJIPG? DBIIM@ OC@ @IODM@ , 2 DA OC@T ?J IJO PI?Z@MNO<I? DO 1C@ G<N
>JIO@IO JA OC@ ?<0O< DN >JIND?@M@? OJ =@ OC@ G<NO =TO@ OC<O DN 1JO @LP<G OJ U@MJ 1CDN MPG@ DN
Q<GD? =TO@N =T NTNO@HN OC<O DIO@MKM@O OM<DGDIB U@MJ =TO@N <N < K<??DIB >JIODIP<ODJI JA OC@ C
1CDN DHKGD@N OC<O RC@I <IT K<TGJ<? ?<O< DN KM@N@I10 AJM OCDN, 2 OTK@ <O G@<NO JI@ =TO@ JA OC@
DI>GP?DIB OC@ OM<DGDIB =DO NC<GG IJO =@ @LP<G OJ

*@0<?<0< CDBC ?TI<HD> M<IB@ >JIO@IO GDBCO G@Q@G

metadata_hdr_cll() { Type
max_cll f(16)
max_fall f(16)

*@0O<?<0< CDBC ?TI<HD> M<IB@ H<NO@MDIB ?DNKG<T >J
NTIO<S

metadata_hdr_mdcv() { Type
for(1i=0;i<3;i++){
primary_chromaticity_x[ i ] f(16)
primary_chromaticity y[i] f(16)
}
white_point_chromaticity_x f(16)
white_point_chromaticity_y f(16)
luminance_max f(32)
luminance_min f(32)
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*@O<?<0< N><G<=DGDOT NTIO<S

metadata_scalability( ) { Type
scalability_mode _idc f(8)
if ( scalability_mode_idc == SCALABILITY_SS)
scalability _structure()

}
0><G<=DGDOT NOMP>0OPM@ NTIO<S
scalability_structure() { Type
spatial_layers_cnt_minus_1 f(2)
spatial_layer_dimensions_present_flag f(1)
spatial_layer_description_present_flag f(1)
temporal_group_description_present_flag f(1)
scalability_structure_reserved_3bits f(3)
if ( spatial_layer_dimensions_present_flag ) {
for (i=0;i<=spatial_layers_cnt_minus_1;i++){
spatial_layer_max_width[i] f(16)
spatial_layer_max_height[ i ] f(16)
}
}
if ( spatial_layer_description_present_flag ) {
for (i = 0; i <= spatial_layers_cnt_minus_1; i++)
spatial_layer _ref id[i] f(8)
}
if (temporal_group_description_present_flag ) {
temporal_group_size f(8)
for (i=0;i<temporal_group_size; i++) {
temporal_group_temporal_id[ i ] f(3)
temporal_group_temporal_switching_up_point_flag[ i ] f(1)
temporal_group_spatial_switching_up_point_flag[i ] f(1)
temporal_group_ref_cnt[i] f(3)
for (j=0;j < temporal_group_ref cnt[i]; j++){
temporal_group_ref pic_diff[i][]] f(8)
}
}
}
}
*@0<?<0< ODH@>J?@ NTIO<S
metadata_timecode( ) { Type
counting_type f(5)
full_timestamp_flag f(1)
discontinuity_flag f(1)
cnt_dropped_flag f(1)
n_frames f(9)
if (full_timestamp_flag ) {

seconds_value f(6)
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minutes_value
hours_value
}else {
seconds_flag
if (seconds _flag) {
seconds_value
minutes_flag
if ( minutes_flag ) {
minutes_value
hours_flag
if (hours_flag ) {
hours_value

}

}
}

time_offset_length
if (time_offset_length > 0) {
time_offset_value

}

AV1 Bitstream & Decoding Process Specification

(6)
f(5)

f(1)

f(6)
f(1)

f(6)
f(1)

f(5)

f(5)

f(time_offset_length)

#M<H@ C@<?@M , 2 NTIO<S
$@1@M<G AM<H@ C@<?@M , 2 NTIO<S

frame_header_obu() {
if ( SeenFrameHeader ==1) {
frame_header_copy()
}else {
SeenFrameHeader = 1
uncompressed_header()
if ( show_existing_frame ) {

decode_frame_wrapup()

SeenFrameHeader =0
}else {

TileNum =0

SeenFrameHeader = 1

Type

21> JHKM@NN@7? C@<?@M NTIO<S

uncompressed_header() {

if (frame_id_numbers_present_flag ) {
idLen = ( additional_frame_id_length_minus_1 +
delta_frame_id_length_minus_2 + 3)
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allFrames = (1 << NUM_REF_FRAMES) - 1
if (reduced_still_picture_header ) {
show_existing_frame =0
frame_type = KEY_FRAME
Framelsintra =1
show _frame =1
showable_frame =0
}else {
show_existing_frame
if ( show_existing_frame ==1) {
frame_to_show_map_idx
if (decoder_model_info_present flag && !equal_picture_interval ) {
temporal_point_info()
}
refresh_frame flags =0
if (frame_id_numbers_present_flag ) {
display_frame_id
}
frame_type = RefFrameType[ frame_to_show_map_idx ]
if (frame_type == KEY_FRAME ) {
refresh_frame_flags = allFrames
}
if (film_grain_params_present ) {
load_grain_params( frame_to_show_map_idx )

}

return
}
frame_type

Framelsintra = (frame_type == INTRA_ONLY_FRAME ||
frame_type == KEY_FRAME)
show_frame
if ( show_frame && decoder_model_info_present_flag && 'equal_picture_interval ) {
temporal_point_info()
}
if (show_frame ) {
showable_frame = frame_type = KEY_FRAME
}else {
showable_frame
}
if (frame_type == SWITCH_FRAME ||
(frame_type == KEY_FRAME && show_frame ) )
error_resilient_mode = 1
else
error_resilient_mode
}
if (frame_type == KEY_FRAME && show_frame ) {
for (i=0;i<NUM_REF_FRAMES; i++) {
Refvalid[i]=0
RefOrderHint[i]=0

Section: Syntax structures

f(1)

f(3)

f(idLen)

f(2)

f(1)

f(1)

f(1)
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}
for (i=0; i< REFS_PER_FRAME; i++ ) {
OrderHints[ LAST FRAME +i]=0

}
disable cdf update f(1)
if ( seq_force_screen_content_tools == SELECT_SCREEN_CONTENT_TOOLS ) {
allow_screen_content_tools f(1)
}else {
allow_screen_content_tools = seq_force_screen_content_tools
}
if (allow_screen_content_tools ) {
if (seq_force_integer_mv == SELECT_INTEGER_MV ) {
force_integer_mv f(1)
}else {
force_integer_mv = seq_force_integer_mv
}
}else {
force_integer mv=0
}
if ( Framelsintra ) {
force_integer mv=1
}
if (frame_id_numbers_present_flag ) {
PrevFramelD = current_frame_id
current_frame_id f(idLen)
mark_ref frames(idLen)
}else {
current_frame_id =0
}
if (frame_type == SWITCH_FRAME )
frame_size_override_flag =1
else if (reduced_still_picture_header )
frame_size_override_flag =0
else
frame_size_override_flag f(1)
order_hint f(OrderHintBits)
OrderHint = order_hint
if ( Framelsintra || error_resilient_mode ) {
primary_ref frame = PRIMARY_REF_NONE

}else {

primary_ref_frame f(3)
}
if (decoder_model_info_present flag ) {

buffer_removal_time_present_flag f(1)

if ( buffer_removal_time_present_flag ) {
for (opNum = 0; opNum <= operating_points_cnt_minus_1; opNum++ ) {
if ( decoder_model_present_for_this_op[ opNum ]) {
opPtldc = operating_point_idc[ opNum ]
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inTemporalLayer = ( opPtldc >> temporal_id ) & 1
inSpatialLayer = ( opPtldc >> ( spatial id+8))& 1
if (opPtldc == 0 || (inTemporalLayer && inSpatialLayer ) ) {
n = buffer_removal_time_length_minus_1 + 1
buffer_removal_time[ opNum ] f(n)

}
}
allow_high_precision_mv =0
use_ref frame _mvs =0
allow_intrabc =0
if (frame_type == SWITCH_FRAME ||
(frame_type == KEY_FRAME && show_frame) ) {
refresh_frame_flags = allFrames
}else {
refresh_frame_flags f(8)
}
if (!Framelsintra || refresh_frame_flags != allFrames ) {
if (error_resilient_mode && enable_order_hint ) {
for (i=0; i< NUM_REF_FRAMES; i++) {

ref_order_hint[i] f(OrderHintBits)
if (ref_order_hint[ i ] != RefOrderHint[i]) {

Refvalid[i]=0
}

}
}

if ( Framelsintra) {
frame_size()
render_size()
if (allow_screen_content_tools && UpscaledWidth == FrameWidth ) {
allow_intrabc f(1)
}
}else {
if (!enable_order_hint) {
frame_refs_short_signaling =0

}else {
frame_refs_short_signaling f(1)
if (frame_refs_short_signaling ) {
last_frame_idx f(3)
gold_frame_idx f(3)
set_frame_refs()
}
}

for (i=0;i<REFS_PER_FRAME; i++) {
if (!frame_refs_short_signaling )
ref_frame_idx[i] f(3)
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if (frame_id_numbers_present_flag ) {
n = delta_frame_id_length_minus_2 + 2
delta_frame_id minus_1 f(n)
DeltaFrameld = delta_frame_id_minus_1 + 1
expectedFrameld[ i ] = ((current_frame_id + (1 << idLen) -
DeltaFrameld ) % (1 << idLen))

}

if (frame_size_override_flag && 'error_resilient_mode ) {
frame_size_with_refs()
}else {
frame_size()
render_size()
}
if (force_integer_mv ) {
allow_high_precision_mv =0

}else {
allow_high_precision_mv f(1)
}
read_interpolation_filter()
is_motion_mode_switchable f(1)

if (error_resilient_mode || !enable_ref frame_mvs) {
use_ref_frame_mvs =0
}else {
use_ref_frame_mvs f(1)
}
for (i=0;i<REFS_PER_FRAME; i++) {
refFrame = LAST_FRAME +i
hint = RefOrderHint[ ref_frame_idx[i]]
OrderHints[ refFrame ] = hint
if (lenable_order_hint) {
RefFrameSignBias[ refFrame ] =0
}else {
RefFrameSignBias| refFrame ] = get_relative_dist( hint, OrderHint) > 0

}

if (reduced_still_picture_header || disable_cdf_update )
disable_frame_end_update_cdf =1
else
disable_frame_end_update_cdf f(1)
if (primary_ref_frame == PRIMARY_REF_NONE ) {
init_non_coeff _cdfs()
setup_past_independence()
}else {
load_cdfs( ref_frame_idx[ primary_ref frame ])
load_previous()

}

if (use_ref frame_mvs==1)
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motion_field_estimation()
tile_info()
guantization_params( )
segmentation_params( )
delta_qg_params()
delta_If_params()
if ( primary_ref_frame == PRIMARY_REF_NONE ) {
init_coeff_cdfs()
}else {
load_previous_segment_ids( )
}
CodedLossless =1
for ( segmentld = 0; segmentld < MAX_SEGMENTS; segmentld++ ) {
gindex = get_gindex( 1, segmentid )
LosslessArray[ segmentld ] = gindex == 0 && DeltaQYDc == 0 &&
DeltaQUAc == 0 && DeltaQUDc == 0 &&
DeltaQVAc == 0 && DeltaQVDc == 0
if (!LosslessArray[ segmentld ])
CodedLossless =0
if (using_gmatrix ) {
if ( LosslessArray[ segmentld ]) {
SegQMLevel[ 0 ][ segmentld ] = 15
SegQMLevel[ 1 ][ segmentld ] = 15
SegQMLevel[ 2 ][ segmentld ] = 15
}else {
SegQMLevel[ 0 ][ segmentld ] = gm_y
SegQMLevel[ 1 ][ segmentld] =gm_u
SegQMLevel[ 2 ][ segmentld ] = gm_v

}
}
AllLossless = CodedLossless && ( FrameWidth == UpscaledWidth )
loop_filter_params()
cdef_params()
Ir_params()
read_tx_mode()
frame_reference_mode()
skip_mode_params()
if ( Framelsintra ||
error_resilient_mode ||
lenable_warped_motion )
allow_warped_motion =0
else
allow_warped_motion f(1)
reduced tx_set f(1)
global_motion_params()
film_grain_params()
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$@0 M@G<ODQ@ ?DNO<I>@ API>0ODJI

1CDN API>0DJI >JHKPO@N OC@ ?DNO<I>@ =@OR@@| ORJ IM?@M CDION =T NDBI @SO@I?DIB OC@ M@NPGO JA NI

get relative_dist(a, b) { Type
if (!lenable_order_hint)
return O
diff=a-b
m = 1 << (OrderHintBits - 1)
diff = (diff & (m - 1)) - (diff & m)
return diff

IAOM@I>@ AM<H@ H<MFDIB API>0ODJI

mark_ref_frames(idLen) { Type
diffLen = delta_frame_id_length_minus_2 + 2
for (i=0;i<NUM_REF_FRAMES:; i++ ) {
if (current_frame_id > ( 1 << diffLen)) {
if (RefFrameld[i ] > current_frame_id ||
RefFrameld[i] < ( current_frame_id - ( 1 << diffLen)))
Refvalid[i]=0
}else {
if (RefFrameld[i] > current_frame_id &&
RefFrameld[i] < ((1<<idLen) +
current_frame_id -
(1<<diffLen)))
Refvalid[i]=0

#M<H@ NDU@ NTIO<S

frame_size() { Type
if (frame_size_override_flag ) {

n = frame_width_bits_minus_1+1

frame_width_minus_1 f(n)
n = frame_height_bits_minus_1 + 1
frame_height_minus_1 f(n)

FrameWidth = frame_width_minus_1+1
FrameHeight = frame_height_minus_1 + 1
}else {
FrameWidth = max_frame_width_minus_1 + 1
FrameHeight = max_frame_height_minus_1 + 1
}
superres_params( )
compute_image_size()
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render_size() {

render_and_frame_size_different

if (render_and_frame_size different==1){
render_width_minus_1
render_height_minus_1
RenderWidth = render_width_minus_1 + 1
RenderHeight = render_height_minus_1 +1

}else {
RenderWidth = UpscaledWidth
RenderHeight = FrameHeight

AV1 Bitstream & Decoding Process Specification

Type
f(1)

f(16)
f(16)

#M<H@ NDU@ RDOC M@AN NTIO<S

frame_size_with_refs() {
for (i=0;i<REFS_PER_FRAME; i++) {

found_ref

if (found_ref ==1){
UpscaledWidth = RefUpscaledWidth[ ref _frame_idx[i]]
FrameWidth = UpscaledWidth
FrameHeight = RefFrameHeight[ ref_frame_idx[i]]
RenderWidth = RefRenderWidth[ ref _frame_idx[i]]
RenderHeight = RefRenderHeight[ ref_frame_idx[i]]
break

}

}

if (found_ref==0){
frame_size()
render_size()

}else {
superres_params( )
compute_image_size()

OPK@MM@N K<M<HN NTIO<S

superres_params() {
if (enable_superres)
use_superres
else
use_superres =0
if (use_superres) {
coded_denom
SuperresDenom = coded_denom + SUPERRES_DENOM_MIN
}else {
SuperresDenom = SUPERRES_NUM

Section: Syntax structures
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}
UpscaledWidth = FrameWidth

FrameWidth = (UpscaledWidth * SUPERRES_NUM +
(SuperresDenom / 2)) / SuperresDenom

JHKPO@ DH<B@ NDU@ API>ODJI

compute_image_size() { Type
MiCols = 2 * ( ( FrameWidth + 7 ) >> 3)
MiRows = 2 * ( ( FrameHeight + 7 ) >> 3)

}
&IO@MKJIG<ODJI ADGO@M NTIO<S
read_interpolation_filter() { Type
is_filter_switchable f(1)
if (is_filter_switchable == 1) {
interpolation_filter = SWITCHABLE
}else {
interpolation_filter f(2)
}
}

)JJK ADGO@M K<M<HN NTIO<S

loop_filter_params() { Type
if ( CodedLossless || allow_intrabc ) {
loop_filter_level[0]=0
loop_filter_level[1]1=0
loop_filter_ref _deltas[ INTRA_FRAME | =1
loop_filter_ref _deltas| LAST_FRAME ] =0
loop_filter_ref_deltas| LAST2_FRAME ] =0
loop_filter_ref _deltas| LAST3_FRAME ] =0
loop_filter_ref_deltas] BWDREF_FRAME | =0
loop_filter_ref_deltas] GOLDEN_FRAME ] =-1
loop_filter_ref deltas| ALTREF_FRAME ] =-1
loop_filter_ref _deltas| ALTREF2_FRAME ] =-1
for (i=0;i<2;i++){
loop_filter_mode_deltas[i]=0

}

return
}
loop_filter_level[ 0] f(6)
loop_filter_level[ 1] f(6)

if (NumPlanes > 1) {
if (loop_filter_level[ O] || loop_filter_level[ 1]) {
loop_filter_level[ 2] f(6)
loop_filter_level[ 3] f(6)
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}
loop_filter_sharpness f(3)
loop_filter_delta_enabled f(1)
if (loop_filter_delta_enabled == 1) {
loop_filter_delta_update f(1)
if (loop_filter_delta_update == 1) {
for (i=0;i < TOTAL_REFS_PER_FRAME; i++) {
update_ref_delta f()
if (update_ref delta==1)
loop_filter_ref_deltas[i] su(1+6)
}
for (i=0;i<2;i++){
update_mode_delta f(1)
if (update_mode_delta==1)
loop_filter_mode_deltas] i ] su(1+6)
}
}
}
}
P<IODU<ODJI K<M<HN NTIO<S
guantization_params( ) { Type
base_q_idx f(8)

DeltaQYDc = read_delta_q()
if (NumPlanes > 1) {
if (separate_uv_delta_q)
diff_uv_delta f(1)
else
diff uv_delta=0
DeltaQUDc = read_delta_q()
DeltaQUAc = read_delta_q()
if (diff_uv_delta) {
DeltaQVDc = read_delta_q()
DeltaQVAc =read_delta_q()
}else {
DeltaQVDc = DeltaQUDc
DeltaQVAc = DeltaQUAc

}
}else {
DeltaQUDc =0
DeltaQUAc =0
DeltaQVDc =0
DeltaQVAc =0
}
using_gmatrix f(1)
if (using_gmatrix ) {
qm_y f(4)
gm_u f(4)
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if (!separate_uv_delta_q)
gm_v=qgm_u

else
gm_v

l@GO< LP<IODU@M NTIO<S

read_delta q() {
delta_coded
if (delta_coded ) {
delta_q
}else {
delta_ g=0
}

return delta_q

0@BH@IO<ODJI K<M<HN NTIO<S

segmentation_params( ) {
segmentation_enabled
if ( segmentation_enabled == 1) {
if ( primary_ref_frame == PRIMARY_REF_NONE ) {
segmentation_update_map =1
segmentation_temporal_update = 0
segmentation_update_data =1
}else {
segmentation_update_map
if ( segmentation_update map==1)
segmentation_temporal_update
segmentation_update_data
}
if ( segmentation_update_data ==1) {
for (i=0;i< MAX_SEGMENTS; i++) {
for (j=0;j<SEG_LVL_MAX; j++){
feature_value = 0
feature_enabled
FeatureEnabled[ i ][ j ] = feature_enabled
clippedValue =0
if (feature_enabled == 1) {
bitsToRead = Segmentation_Feature_Bits[ j ]
limit = Segmentation_Feature_Max[ j ]
if ( Segmentation_Feature_Signed[j]==1) {
feature_value
clippedValue = Clip3( -limit, limit, feature_value)
}else {
feature_value
clippedValue = Clip3( 0, limit, feature_value)

Section: Syntax structures
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}
}
FeatureData[ i ][ j ] = clippedValue

}

}else {
for (i=0;i < MAX_SEGMENTS; i++) {
for (j=0;j<SEG_LVL _MAX; j++){
FeatureEnabled[i][j]=0
FeatureData[i][j]=0

}
}
SegldPreSkip =0
LastActiveSegld =0
for (i=0; i< MAX_SEGMENTS; i++){
for (j=0;j < SEG_LVL_MAX; j++) {
if (FeatureEnabled[i][j]){
LastActiveSegld = i
if (j>=SEG_LVL_REF_FRAME ) {
SegldPreSkip = 1
}

}

1C@ >JINO<IO GJIFPK O<=G@N PN@? DI OCDN NTIO<S <M@ ?@ADI@? <N

Segmentation_Feature Bits[ SEG_LVL MAX ={ 8
Segmentation_Feature_Signed SEG_LVL MAX={ 1
Segmentation_Feature_Mak SEG_LVL_MAX= {

255 MAX_LOOP_FILTBWAX_ LOOP_FILTER

MAX_LOOP_FILTB®AX_LOOP_FILTER

0, 0}

3,0 0}
101 01 0}

L 6'] 61 6'] 61
1, 1, 11

1DG@ DIAJ NTIO<S

tile_info () {
sbCols = use_128x128_superblock ? ( ( MiCols +31)>>5): ((MiCols + 15) >>4)
sbRows = use_128x128_superblock ? ( ( MiRows + 31)>>5): (( MiRows + 15) >>4)
sbShift = use_128x128_superblock ? 5 : 4
shSize = sbShift + 2
maxTileWidthSb = MAX_TILE_WIDTH >> sbSize
maxTileAreaSh = MAX_TILE_AREA >> ( 2 * sbSize )
minLog2TileCols = tile_log2(maxTileWidthSh, shCols)
maxLog2TileCols = tile_log2(1, Min(sbCols, MAX_TILE_COLS))

Type
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maxLog2TileRows = tile_log2(1, Min(sbRows, MAX_TILE_ROWS))
minLog2Tiles = Max(minLog2TileCols,
tile_log2(maxTileAreaSh, sbRows * sbCols))

uniform_tile_spacing_flag
if (uniform_tile_spacing_flag ) {
TileColsLog2 = minLog2TileCols
while ( TileColsLog2 < maxLog2TileCols ) {
increment_tile_cols_log2
if (increment_tile_cols_log2 ==1)
TileColsLog2++
else
break
}
tilewidthSb = (sbCols + (1 << TileColsLog?2) - 1) >> TileColsLog2
i=0
for (' startSb = 0; startSb < sbCols; startSb += tileWidthSb ) {
MiColStarts[ i ] = startSb << sbShift
i+=1
}
MiColStarts[i] = MiCols
TileCols =i

minLog2TileRows = Max( minLogZ2Tiles - TileColsLog2, 0)
TileRowsLog2 = minLog2TileRows
while ( TileRowsLog2 < maxLog2TileRows ) {
increment_tile_rows_log2
if (increment_tile_rows_log2 ==1)
TileRowsLog2++
else
break
}
tileHeightSb = (sbRows + (1 << TileRowsLog?2) - 1) >> TileRowsLog2
i=0
for (' startSb = 0; startSb < shRows; startSb += tileHeightSb ) {
MiRowsStarts[ i ] = startSb << sbShift
i+=1
}
MiRowsStarts[i] = MiRows
TileRows =i
}else {
widestTileSb = 0
startSb =0
for (i =0; startSb < sbCals; i++) {
MiColStarts[ i ] = startSb << sbShift
maxWidth = Min(sbCols - startSh, maxTileWidthSb)
width_in_sbs minus_1
sizeSb = width_in_sbs minus_1 +1
widestTileSb = Max( sizeSb, widestTileSb )

Section: Syntax structures
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startSh += sizeSbh
}
MiColStarts[i] = MiCols
TileCols =i
TileColsLog?2 = tile_log2(1, TileCols)

if ( minLog2Tiles >0)

maxTileAreaSb = (sbRows * shCols) >> (minLog2Tiles + 1)
else

maxTileAreaSb = sbRows * sbCols
maxTileHeightSb = Max( maxTileAreaSb / widestTileSb, 1)

startSb =0
for (i = 0; startSb < sbRows; i++ ) {
MiRowStarts[ i ] = startSb << sbShift
maxHeight = Min(sbRows - startSb, maxTileHeightSb)
height_in_sbs_minus_1 ns(maxHeight)
sizeSb = height_in_sbs_minus_1 +1
startSb += sizeSb
}
MiRowsStarts[ i ] = MiRows
TileRows =i
TileRowsLog2 = tile_log2(1, TileRows)
}
if ( TileColsLog2 > 0 || TileRowsLog2 >0 ) {
f(TileRowsLog2

context_update _tile_id +
TileColsLog2)
tile_size_bytes minus_1 f(2)
TileSizeBytes = tile_size_bytes minus_1 + 1
}else {

context_update_tile_id =0

}

1IDG@ NDU@ ><G>PG<0ODJI API>0ODJI

ODG@;GJB M@OPMIN OC@ NH<GG@NO Q<GP@ AJM F NP>C OC<O =GFODU@ F DN BM@<O@M OC<IJIM @LP<G OJ

tile_log2( blkSize, target ) { Type
for (k = 0; (blkSize << k) < target; k++ ) {
}

return k

P<IODU@M DI?@S ?@GO< K<M<H@O@MN NTIO<S

delta_qg_params() { Type
delta g res=0
delta_qg_present =0

Section: Syntax structures Page 50 of 669



if (base_q_idx>0){
delta_qg_present

}

if (delta_qg_present) {
delta_q_res

}

AV1 Bitstream & Decoding Process Specification

f(1)

f(2)

)JJIK ADGO@M ?@GO< KKM<H@O@MN NTIO<S

delta_If params() {
delta_If present=0
delta_If res=0
delta_If multi=0
if (delta_g_present) {
if (lallow_intrabc )
delta_If_present
if (delta_If present) {
delta_If res
delta_If muilti

I"# K<KM<HN NTIO<S

cdef _params() {
if ( CodedLossless || allow_intrabc ||
lenable_cdef) {
cdef bits=0
cdef y pri_strength[0] =0
cdef y sec_strength[0] =0
cdef_uv_pri_strength[0] =0
cdef uv_sec_strength[0] =0
CdefDamping = 3
return
}
cdef_damping_minus_3
CdefDamping = cdef_damping_minus_3 + 3
cdef_bits
for (i=0;i< (1 << cdef_bits); i++) {
cdef_y_pri_strength(i]
cdef_y_sec_strength([i]
if (cdef_y sec_strength[i] == 3)
cdef y sec_strength[i] +=1
if (NumPlanes > 1) {
cdef_uv_pri_strength(i]
cdef_uv_sec_strengthli]
if (cdef_uv_sec_strength[i] == 3)
cdef _uv_sec_strength[i] += 1
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)JIK M@NOJIM<ODJI K<M<HN NTIO<S

Ir_params() { Type
if ( AllLossless || allow_intrabc ||

lenable_restoration ) {
FrameRestorationType[0] = RESTORE_NONE
FrameRestorationType[1] = RESTORE_NONE
FrameRestorationType[2] = RESTORE_NONE

UsesLr=0
return

}

UsesLr=0

usesChromalr =0
for (i=0; i< NumPlanes; i++) {
Ir_type f(2)
FrameRestorationType[i] = Remap_Lr_Type][lr_type]
if ( FrameRestorationType][i] '= RESTORE_NONE ) {
UsesLr=1
if (i>0){
usesChromaLr =1

}
if (UsesLr) {

if (use_128x128 superblock ) {

Ir_unit_shift f(1)
Ir_unit_shift++
}else {
Ir_unit_shift f(1)
if (Ir_unit_shift ) {
Ir_unit_extra_shift f(1)

Ir_unit_shift +=Ir_unit_extra_shift

}
LoopRestorationSize[ 0 ] = RESTORATION_TILESIZE_MAX >> (2 - Ir_unit_shift)
if ( subsampling_x && subsampling_y && usesChromalr ) {
Ir_uv_shift f(1)
}else {
Ir_uv_shift=0
}
LoopRestorationSize[ 1 ] = LoopRestorationSize[ 0 ] >> Ir_uv_shift
LoopRestorationSize[ 2 ] = LoopRestorationSize[ 0 ] >> Ir_uv_shift

}

RC@M@ /@H<K;)M;1TK@ DN < >JINO<IO GJJFPK O<=G@ NK@>DAD@? <N
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Remap_Lr Typd] = {
RESTORE_NORESTORE_SWITCHABEHSTORE_WIENRESTORE_SGRPROJ
}

15 HJ?@ NTIO<S

read_tx_mode() { Type
if (CodedLossless ==1){
TxMode = ONLY_4X4
}else {
tx_mode_select f(1)
if (tx_mode_select) {
TxMode = TX_MODE_SELECT
}else {
TxMode = TX_MODE_LARGEST

}

OFDK HJ?@ K<M<HN NTIO<S

skip_mode_params() { Type
if ( Framelsintra || Ireference_select || lenable_order_hint) {
skipModeAllowed = 0
}else {
forwardldx = -1
backwardldx = -1
for (i=0;i<REFS_PER_FRAME; i++) {
refHint = RefOrderHint[ ref_frame_idx[i]]
if ( get_relative_dist( refHint, OrderHint) < 0) {
if (forwardldx < O ||
get_relative_dist( refHint, forwardHint) > 0 ) {
forwardldx =i
forwardHint = refHint
}
} else if ( get_relative_dist( refHint, OrderHint) > 0) {
if (backwardldx <O ||
get_relative_dist( refHint, backwardHint) < 0) {
backwardldx =i
backwardHint = refHint

}

}
if (forwardldx < 0) {

skipModeAllowed = 0
} else if ( backwardldx >=0) {
skipModeAllowed = 1
SkipModeFrame[ 0 ] = LAST_FRAME + Min(forwardldx, backwardldx)
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SkipModeFrame[ 1 ] = LAST_FRAME + Max(forwardldx, backwardldx)
}else {
secondForwardldx = -1
for (i=0;i < REFS_PER_FRAME; i++){
refHint = RefOrderHint[ ref_frame_idx[i]]
if (get_relative_dist( refHint, forwardHint ) <0 ) {
if ( secondForwardldx <O ||
get_relative_dist( refHint, secondForwardHint ) > 0) {
secondForwardldx = i
secondForwardHint = refHint

}
}

if ( secondForwardldx <0) {
skipModeAllowed = 0
}else {
skipModeAllowed = 1
SkipModeFrame[ 0 ] = LAST_FRAME + Min(forwardldx, secondForwardldx)
SkipModeFrame[ 1 ] = LAST_FRAME + Max(forwardldx, secondForwardldx)

}

}
if ( skipModeAllowed ) {

skip_mode_present
}else {
skip_mode_present =0

}

#HM<H@ M@A@M@I>@ HJ?@ NTIO<S

frame_reference_mode() {
if ( Framelsintra ) {
reference_select =0
}else {
reference_select

}

$GJ=<G HIODJI K<M<HN NTIO<S

global_motion_params( ) {

for (ref = LAST_FRAME; ref <= ALTREF_FRAME; ref++) {
GmType[ ref ] = IDENTITY
for (i=0;i<6;i++){

gm_params[ref][i]=((i%3==2)"7
1 << WARPEDMODEL_PREC BITS:0)

}

}

if ( Framelsintra)
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return
for (ref = LAST_FRAME; ref <= ALTREF_FRAME; ref++) {
is_global
if (is_global ) {
is_rot_zoom
if (is_rot_zoom) {
type = ROTZOOM
}else {
is_translation
type = is_translation ? TRANSLATION : AFFINE
}
}else {
type = IDENTITY

}
GmType[ref] = type

if (type >= ROTZOOM ) {

read_global_param(type,ref,2)

read_global_param(type,ref,3)

if (type == AFFINE ) {
read_global_param(type,ref,4)
read_global_param(type,ref,5)

}else {
gm_params]ref][4] = -gm_params[ref][3]
gm_params[ref][5] = gm_params[ref][2]

}

}
if ( type >= TRANSLATION ) {

read_global_param(type,ref,0)
read_global_param(type,ref,1)

$GJ=<G K<M<H NTIO<S

read_global param( type, ref, idx ) {
absBits = GM_ABS_ALPHA_BITS
precBits = GM_ALPHA_PREC_BITS
if (idx<2){
if (type == TRANSLATION ) {
absBits = GM_ABS_TRANS_ONLY_BITS - lallow_high_precision_mv
precBits = GM_TRANS_ONLY_PREC_BITS - lallow_high_precision_mv
}else {
absBits = GM_ABS_TRANS_BITS
precBits = GM_TRANS_PREC_BITS
}

}
precDiff = WARPEDMODEL_PREC_BITS - precBits
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round = (idx % 3) == 2 ? (1 << WARPEDMODEL_PREC_BITS): 0
sub = (idx % 3) == 2 ? (1 << precBits) : 0
mx = (1 << absBits)
r = (PrevGmParams[ref][idx] >> precDiff) - sub
gm_params[ref][idx] =
(decode_signed_subexp_with_ref( -mx, mx + 1, r )<< precDiff) + round

Note: 4C@1 AIM>@;DIO@B@M;HQ DN @LP<G OJ NJH@ AM<>0DJI<G =DON <M@ NODGG M@<? AJM OC@ OM<INC(
%IR@Q@M OC@N@ AM<>0DJI<G =DON RDGG =@ ?DN><M?@? ?PMDIB OC@ 0@OPK $GJ=<G *3 KMJ>@NN

l@>J?@ NDBI@? NP=@SK RDOC M@A NTIO<S

decode_signed_subexp_with_ref( low, high, r) { Type
x = decode_unsigned_subexp_with_ref(high - low, r - low)
return x + low

Note: ?@>J?@;NDBI@7?;NP=@SK;RDOC;M@A RDGG M@OPMI < Q<GP@ DI OC@ M<IB@ GJR OJCDBC DI>GPNDQ

l@>J?@ PINDBI@? NP=@SK RDOC M@A NTIO<S

decode_unsigned_subexp_with_ref( mx, r) { Type
v = decode_subexp( mx)
if ((r<<1)<=mx){
return inverse_recenter(r, v)
}else {
return mx - 1 - inverse_recenter(mx - 1 - r, v)

}

Note: ?@>J?@;PINDBI@7?;NP=@SK;RDOC;M@A RDGG M@OPMI < Q<GP@ DI OC@ M<IB@ OJHS DI>GPNDQ@

l@>J?@ NP=@SK NTIO<S

decode_subexp( numSyms ) { Type
i=0
mk =0
k=3
while (1) {
b2=i?k+i-1:k
a=1<<b2
if (numSyms <=mk +3*a){
subexp_final_bits ns(numSyms - mk)
return subexp_final_bits + mk
} else {
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subexp_more_bits
if ( subexp_more_bits ) {
i++
mk +=a
}else {
subexp_bits
return subexp_bits + mk

&IQ@MN@ M@>@I0O@M API>ODJI

inverse_recenter(r, v) {

if(v>2%*r)

return v

elseif (v&1l)

returnr - ((v+ 1) >> 1)

else

returnr + (v >> 1)

#DGH BM<DI K<M<HN NTIO<S

film_grain_params( ) {

if (Mfilm_grain_params_present ||
(show_frame && Ishowable_frame) ) {

reset_grain_params()
return

}

apply_grain

if ('apply_grain ) {
reset_grain_params()
return

}

grain_seed

if (frame_type == INTER_FRAME )
update_grain

else
update_grain=1

if (lupdate_grain ) {
film_grain_params_ref_idx
tempGrainSeed = grain_seed
load_grain_params( film_grain_params_ref _idx )
grain_seed = tempGrainSeed
return

}

num_y_points

for (i=0;i<num_y_points; i++) {
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point_y value[i] f(8)

point_y scaling[i] f(8)
}
if (mono_chrome ) {

chroma_scaling_from_luma =0
}else {

chroma_scaling_from_luma f(1)
}
if (mono_chrome || chroma_scaling_from_luma ||

( subsampling_x == 1 && subsampling_y == 1 &&
num_y points ==0)
) {
num_cb_points =0
num_cr_points =0

}else {
num_cb_points f(4)
for (i=0;i<num_cb_points; i++) {
point_cb_value[i] f(8)
point_cb_scaling[i] f(8)
}
num_cr_points f(4)
for (i=0;i<num_cr_points; i++) {
point_cr_value[i] f(8)
point_cr_scaling[ i ] f(8)
}
}
grain_scaling_minus_8 f(2)
ar_coeff_lag f(2)

numPosLuma =2 * ar_coeff lag * (ar_coeff lag +1)
if (num_y_points ) {
numPosChroma = numPosLuma + 1
for (i=0;i<numPosLuma; i++)
ar_coeffs_y plus_128[i] f(8)
}else {
numPosChroma = numPosLuma
}
if (chroma_scaling_from_luma || num_cb_points ) {
for (i=0;i<numPosChroma; i++)
ar_coeffs_cb_plus_128Ji] f(8)
}
if (chroma_scaling_from_luma || num_cr_points ) {
for (i =0; i <numPosChroma; i++)

ar_coeffs_cr_plus_128[i] f(8)
}
ar_coeff_shift minus_6 f(2)
grain_scale_shift f(2)
if (num_cb_points ) {
cb_mult f(8)
cb_luma_mult f(8)
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cb_offset f(9)
}
if (num_cr_points) {
cr_mult f(8)
cr_luma_mult f(8)
cr_offset f(9)
}
overlap_flag f(1)
clip_to_restricted_range f(1)
}
1@HKJIM<G KJDIO DIAJ NTIO<S
temporal_point_info() { Type
n = frame_presentation_time_length_minus_1 + 1
frame_presentation_time f(n)
}

#M<H@ , 2 NTIO<S

frame_obu(sz) { Type
startBitPos = get_position( )
frame_header_obu()
byte alignment()
endBitPos = get_position( )
headerBytes = (endBitPos - startBitPos) / 8
sz -= headerBytes
tile_group_obu( sz)

1DG@ BMJPK , 2 NTIO<S
$@I@M<G ODG@ BMJIPK , 2 NTIO<S

tile_group_obu( sz ) { Type
NumTiles = TileCols * TileRows
startBitPos = get_position( )
tile_start_and_end_present_flag=0
if (NumTiles >1)

tile_start_and_end_present_flag f(1)
if (NumTiles == 1 || !tile_start_and_end_present_flag ) {

tg_start=0

tg_end = NumTiles - 1
}else {

tileBits = TileColsLog?2 + TileRowsLog2

tg_start f(tileBits)

tg_end f(tileBits)

}
byte alignment()
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endBitPos = get_position( )
headerBytes = (endBitPos - startBitPos) / 8
sz -= headerBytes

for ( TileNum = tg_start; TileNum <=tg_end; TileNum++) {
tileRow = TileNum / TileCols
tileCol = TileNum % TileCols
lastTile = TileNum ==tg_end
if (lastTile ) {
tileSize = sz
}else {
tile_size_minus_1
tileSize = tile_size_minus_1+1
sz -=tileSize + TileSizeBytes
}
MiRowsStart = MiRowStarts] tileRow ]
MiRowENd = MiRowStarts[ tileRow + 1 ]
MiColStart = MiColStarts] tileCol ]
MiColEnd = MiColStarts[ tileCol + 1 ]
CurrentQIndex = base_g_idx
init_symbol( tileSize )
decode _tile()
exit_symbol()
}
if (tg_end == NumTiles - 1) {
if (!disable_frame_end_update_cdf ) {
frame_end_update_cdf()
}
decode_frame_wrapup()
SeenFrameHeader =0

l@>J?@ ODG@ NTIO<S

decode_tile() {

clear_above_context()
for (i=0;i < FRAME_LF_COUNT; i++)
DeltaLF[i]=0
for ( plane = 0; plane < NumPlanes; plane++) {
for ( pass = 0; pass < 2; pass++ ) {
RefSgrXqd[ plane ][ pass ] = Sgrproj_Xqd_Mid[ pass ]
for (i=0;i<WIENER_COEFFS; i++) {
RefLrWiener[ plane ][ pass ][ i ] = Wiener_Taps_Mid[ i ]

}
shSize = use_128x128_superblock ? BLOCK_128X128 : BLOCK_64X64

sbSize4 = Num_4x4_Blocks_Wide[ sbSize ]

Section: Syntax structures
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for (r = MiRowStart; r < MiRowEnNd; r += shSize4 ) {

clear_left_context()

for ( ¢ = MiColStart; ¢ < MiColEnd; ¢ += shSize4 ) {
ReadDeltas = delta_q_present
clear_cdef(r, c)
clear_block _decoded flags(r, c, sbSize4)
read_Ir(r, c, sbSize)
decode_partition( r, c, sbSize )

}

RC@M@ O0BMKMJE;5L?;*D? <I? 4AD@I@M;1<KN;*D? <M@ >JINO<IO GJIFPK O<=G@N NK@>DAD@? <N

Wiener_Taps Mig3] ={ 3, -7, 15}

Sgrproj_Xqd_Mid2] ={ -32, 31}

G@<M =GJ>F ?@>J?@7? AG<BN API>ODJI

clear_block_decoded_flags(r, c, sbSize4 ) { Type
for ( plane = 0; plane < NumPlanes; plane++ ) {
subX = (plane > 0) ? subsampling_x : 0
subY = (plane > 0) ? subsampling_y : 0
sbWidth4 = ( MiColEnd - ¢ ) >> subX
sbHeight4 = ( MiRowEnd - r ) >> subY
for (y =-1; y <= ( sbSize4 >> subY ); y++)
for (x =-1; x <= ( sbSize4 >> subX); x++) {
if (y <0 && x <sbWidth4 )
BlockDecoded[ plane J[y][x]=1
else if (x <0 && y < shHeight4 )
BlockDecoded[ plane J[y][x]=1
else
BlockDecoded[ plane ][y ][x]1=0

}
BlockDecoded[ plane ][ shSize4 >> subY ][-1]=0
}
}
l@>J?7@ K<MODODJI NTIO<S
decode_partition( r, ¢, bSize ) { Type
if (r>= MiRows || ¢ >= MiCols)

return O
Availu =is_inside(r-1,c)
AvailL = is_inside(r,c-1)
num4x4 = Num_4x4_Blocks_Wide[ bSize ]
halfBlock4x4 = num4x4 >> 1
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quarterBlock4x4 = halfBlock4x4 >> 1
hasRows = (r + halfBlock4x4 ) < MiRows
hasCols = ( ¢ + halfBlock4x4 ) < MiCols
if (bSize < BLOCK_8X8) {

partition = PARTITION_NONE
} else if ( hasRows && hasCols ) {

partition S()
} else if ( hasCols) {
split_or_horz S()

partition = split_or_horz ? PARTITION_SPLIT : PARTITION_HORZ
} else if (hasRows ) {

split_or_vert SO
partition = split_or_vert ? PARTITION_SPLIT : PARTITION_VERT
}else {

partition = PARTITION_SPLIT
}
subSize = Partition_Subsize[ partition ][ bSize ]
splitSize = Partition_Subsize[ PARTITION_SPLIT ][ bSize ]
if ( partition == PARTITION_NONE ) {
decode_block(r, ¢, subSize)
} else if ( partition == PARTITION_HORZ ) {
decode_block(r, ¢, subSize )
if (hasRows )
decode_block( r + halfBlock4x4, c, subSize )
} else if ( partition == PARTITION_VERT ) {
decode_block(r, ¢, subSize )
if (hasCols)
decode_block( r, c + halfBlock4x4, subSize )
} else if ( partition == PARTITION_SPLIT ) {
decode_partition( r, ¢, subSize )
decode_partition( r, ¢ + halfBlock4x4, subSize )
decode_partition( r + halfBlock4x4, c, subSize )
decode_partition( r + halfBlock4x4, ¢ + halfBlock4x4, subSize )
} else if ( partition == PARTITION_HORZ_A ) {
decode_block(r, c, splitSize )
decode_block( r, ¢ + halfBlock4x4, splitSize )
decode_block( r + halfBlock4x4, c, subSize )
} else if ( partition == PARTITION_HORZ B) {
decode_block(r, ¢, subSize )
decode_block( r + halfBlock4x4, c, splitSize )
decode_block( r + halfBlock4x4, c + halfBlock4x4, splitSize )
} else if ( partition == PARTITION_VERT_A) {
decode_block(r, c, splitSize )
decode_block( r + halfBlock4x4, c, splitSize )
decode_block( r, ¢ + halfBlock4x4, subSize )
} else if ( partition == PARTITION_VERT B ) {
decode_block(r, c, subSize)
decode_block( r, ¢ + halfBlock4x4, splitSize )
decode_block( r + halfBlock4x4, c + halfBlock4x4, splitSize )
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} else if ( partition == PARTITION_HORZ 4) {
decode_block( r + quarterBlock4x4 * 0, c, subSize )
decode_block( r + quarterBlock4x4 * 1, ¢, subSize )
decode_block( r + quarterBlock4x4 * 2, c, subSize )
if (r+ quarterBlock4x4 * 3 < MiRows )

decode_block( r + quarterBlock4x4 * 3, ¢, subSize )

}else {
decode_block( r, ¢ + quarterBlock4x4 * 0, subSize )
decode_block(r, ¢ + quarterBlock4x4 * 1, subSize )
decode_block( r, ¢ + quarterBlock4x4 * 2, subSize )
if (¢ + quarterBlock4x4 * 3 < MiCols )

decode_block( r, ¢ + quarterBlock4x4 * 3, subSize )

l@>J?7@ =GJ>F NTIO<S

decode_block( r, c, subSize ) {

MiRow =r

MiCol = ¢

MiSize = subSize

bw4 = Num_4x4 Blocks_Wide[ subSize ]

bh4 = Num_4x4 Blocks_High[ subSize ]

if (bh4 == 1 && subsampling_y && (MiRow & 1) ==0)
HasChroma =0

else if (bw4 == 1 && subsampling_x && (MiCol & 1) ==0)
HasChroma =0

else
HasChroma = NumPlanes > 1

Availu =is_inside(r-1,c)

AvailL =is_inside(r,c-1)

AvailuChroma = AvailU

AvailLChroma = AvailL

if (HasChroma) {
if (subsampling_y && bh4 ==1)

AvailUChroma =is_inside(r-2,c)
if (subsampling_x && bw4 ==1)
AvailLChroma =is_inside(r,c-2)

}else {
AvailuChroma =0
AvailLChroma =0

}

mode_info()

palette_tokens()

read_block_tx_size()

if (' skip)
reset_block_context( bw4, bh4 )
isCompound = RefFrame[ 1] > INTRA_FRAME
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AV1 Bitstream & Decoding Process Specification

Type

Page 63 of 669



AV1 Bitstream & Decoding Process Specification

for (y = 0; y <bh4; y++) {
for (x = 0; x < bw4; x++) {
YModes [r+y][c+x]=YMode
if ( RefFrame[ 0 ] == INTRA_FRAME && HasChroma )
UVModes [r+vy ][ ¢ + x]=UVMode
for ( refList = O; refList < 2; refList++)
RefFrames[r + y ][ ¢ + x ][ refList ] = RefFrame[ refList ]
if (is_inter) {
if (luse_intrabc ) {
CompGroupldxs[r+y ][ ¢ + x] =comp_group_idx
Compoundldxs[r +y ][ ¢ + X ] = compound_idx
}
for (dir = 0; dir < 2; dir++) {
InterpFilters[ r +y ][ ¢ + x ][ dir ] = interp_filter[ dir ]
}
for (refList = O; refList < 1 + isCompound; refList++) {
Mvs[r +y ][ c + x ][ refList ] = Mv[ refList ]

}
}
}
}
compute_prediction()
residual()

for (y =0;y <bh4; y++) {
for (x = 0; x < bw4; x++) {
Isinters[r+y][c+x]=is_inter
SkipModes[r +y ][ ¢ + x ] = skip_mode
Skips[r+y][c+x]=skip
TxSizes[r+y ][ c +x]=TxSize
MiSizes[r +y ][ c + x ] = MiSize
Segmentlds[r +y ][ c + x] = segment_id
PaletteSizes[ 0 ][r + y ][ ¢ + x ] = PaletteSizeY
PaletteSizes[ 1 ][r +y ][ ¢ + x ] = PaletteSizeUV
for (i=0;i< PaletteSizeY; i++)
PaletteColors[ O ][r+y ][ c + x ][ i] = palette_colors_y[i]
for (i=0;i< PaletteSizeUV; i++)
PaletteColors[ 1 ][r+y][c + x ][ i] = palette_colors_u[i]
for (i=0;i<FRAME_LF_COUNT,; i++)
DeltaLFs[r+y][c+x][i] = DeltaLF[i]

}

RC@OM@ M@N@O;=GJ>F;>JIO@SO DN NK@>DAD@? <N

Section: Syntax structures Page 64 of 669



reset_block_context ( bw4 bh4) {

for ( plane = 0; plane <1 + 2 * HasChromaplane++) {
subX = (plane > Q) ? subsampling x: 0
subY = (plane > 0) ? subsampling y: 0

AV1 Bitstream & Decoding Process Specification

for (i = MiCol >>subX i < ( ( MiCol + bw4) >>subX); i+4 {

AbovelevelContex{ plane ][
AboveDcContext plane ][

}

for (i = MiRow>>subY, i < ( ( MiRow+ bh4) >>subY); i+% {

LeftLevelContext [ plane ][
LeftDcContext[ plane ][

*J?@ DIAJ NTIO<S

mode_info() {

if ( Framelsintra )
intra_frame_mode_info()

else
inter_frame_mode_info()

Type

&IOM< AM<H@ HJ?@ DIAJ NTIO<S

intra_frame_mode_info() {

skip=0
if ( SegldPreSkip )
intra_segment_id()
skip_mode =0
read_skip()
if (!1SegldPreSkip )
intra_segment_id()
read_cdef()
read_delta_gindex()
read_delta_If()
ReadDeltas = 0
RefFrame[ 0 ] = INTRA_FRAME
RefFrame[ 1 ] = NONE
if (allow_intrabc ) {
use_intrabc
}else {
use_intrabc =0
}
if (use_intrabc ) {
is_inter =1
YMode = DC_PRED

Section: Syntax structures
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UVMode = DC_PRED
motion_mode = SIMPLE
compound_type = COMPOUND_AVERAGE
PaletteSizeY =0
PaletteSizeUV =0
interp_filter[ 0 ] = BILINEAR
interp_filter[ 1 ] = BILINEAR
find_mv_stack( 0)
assign_mv(0)
}else {
is_inter =0
intra_frame_y mode S()
YMode = intra_frame_y mode
intra_angle_info_y()
if (HasChroma) {
uv_mode S()
UVMode = uv_mode
if (UVMode == UV_CFL_PRED ) {
read_cfl_alphas()
}
intra_angle_info_uv()
}
PaletteSizeY =0
PaletteSizeUV =0
if ( MiSize >= BLOCK_8X8 &&
Block_Width[ MiSize ] <= 64 &&
Block_Height[ MiSize ] <= 64 &&
allow_screen_content_tools ) {
palette_mode_info()

}

filter_intra_mode_info()

&IOM< N@BH@IO &! NTIO<S

intra_segment_id() { Type
if ( segmentation_enabled )
read_segment_id()
else
segment_id=0
Lossless = LosslessArray[ segment_id ]

I@<? N@BH@IO &! NTIO<S

read_segment_id() { Type
if (AvailU && AvailL )
prevUL = Segmentlds[ MiRow - 1 ][ MiCol - 1]
else
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prevUL = -1
if (AvailU)

prevU = Segmentlds[ MiRow - 1 ][ MiCol ]
else

prevU = -1
if (AvallL )

prevL = Segmentlds[ MiRow ][ MiCol - 1]
else

prevL =-1
if (prevU ==-1)

pred = (prevL ==-1) ? 0 : prevL
else if (prevL ==-1)

pred = prevU
else
pred = (prevUL == prevU) ? prevU : prevL
if (skip) {
segment_id = pred
}else {
segment_id S()
segment_id = neg_deinterleave( segment_id, pred,
LastActiveSegld + 1)
}

}

RCOM@ |@B;?@DIO@MG@<Q@ DN < API>0ODJI ?@ADI@7? <N

neg_deinterleave (diff , ref, ma} {
if ( !ref )
return diff
if (ref >=(max- 1) )
return max- diff - 1
if (2*ref <max) {
if (diff <=2* ref ) {

if (diff &1)
return ref + ((diff + 1) >> 1)
else
return ref - (diff >>1)
}
return diff
} else {
if (diff <=2* (max- ref - 1) ) {
if (diff &1)
return ref + ((diff + 1) >>1)
else
return ref - (diff >>1)
}
return max- (diff + 1)

}
}
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OFDK HJ?@ NTIO<S

read_skip_mode() { Type
if (seg_feature_active( SEG_LVL_SKIP) ||
seg_feature_active( SEG_LVL_REF_FRAME) ||
seg_feature_active( SEG_LVL_GLOBALMV) ||
Iskip_mode_present ||
Block_Width[ MiSize ] < 8 ||
Block_Height[ MiSize ] < 8) {
skip_mode =0
}else {
skip_mode S()

}

OFDK NTIO<S

read_skip() { Type
if ( SegldPreSkip && seg_feature _active( SEG_LVL_SKIP)){
skip=1
}else {
skip S()
}

P<IODU@M DI?@S ?@GO< NTIO<S

read_delta_gindex() { Type
sbSize = use_128x128 superblock ? BLOCK 128X128 : BLOCK_64X64
if ( MiSize == sbSize && skip)

return
if (ReadDeltas ) {
delta_q_abs S()
if (delta_g_abs == DELTA_Q_SMALL ) {
delta_g_rem_bits L(3)
delta_qg_rem_hits++
delta_g_abs_bits L(delta_qg_rem_bits)
delta_qg_abs = delta_qg_abs_bits + (1 << delta_q_rem_bits) + 1
}
if (delta_g_abs ) {
delta_q_sign_bit L(1)
reducedDeltaQIndex = delta_q_sign_bit ? -delta_q_abs : delta_qg_abs
CurrentQIndex = Clip3(1, 255,
CurrentQIndex + (reducedDeltaQIndex << delta_q_res))
}
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)NIK ADGO@M ?@GO< NTIO<S

read_delta_If() { Type

sbSize = use_128x128 superblock ? BLOCK 128X128 : BLOCK_64X64
if ( MiSize == sbSize && skip)

return
if ( ReadDeltas && delta_If present) {

frameLfCount =1

if (delta_If_multi ) {

frameLfCount = ( NumPlanes > 1) ? FRAME_LF_COUNT : (FRAME_LF_COUNT - 2)

}
for (i =0; i< frameLfCount; i++) {
delta_If_abs S()
if (delta_If abs == DELTA_LF_SMALL ) {
delta_If rem_bits L(3)
n =delta_If rem_bits + 1
delta_If_abs_bits L(n)
deltaLfAbs = delta_If abs_bits +
(1<<n)+1
}else {
deltaLfAbs = delta_If abs
}
if ( deltaLfAbs ) {
delta_If_sign_bit L(1)
reducedDeltaLfLevel = delta_If_sign_bit ?
-deltaLfAbs :
deltalLfAbs
DeltaLF[ i ] = Clip3( -MAX_LOOP_FILTER, MAX_LOOP_FILTER, DeltaLF[i] +
(reducedDeltaLfLevel << delta_If_res))
}
}

0@BH@IO<ODJI A@<OPM@ <>0ODQ@ API>ODJI

seg_feature_active_idx( idx, feature ) { Type
return segmentation_enabled && FeatureEnabled[ idx ][ feature ]

}

seg_feature_active( feature ) {
return seg_feature_active_idx( segment_id, feature )

}
15 NDU@ NTIO<S

read_tx_size( allowSelect ) { Type
if (Lossless ) {
TxSize = TX_4X4
return
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}

maxRectTxSize = Max_Tx_Size_Rect[ MiSize ]
maxTxDepth = Max_Tx_Depth[ MiSize ]
TxSize = maxRectTxSize
if (MiSize > BLOCK_4X4 && allowSelect && TxMode == TX_MODE_SELECT ) {
tx_depth S()
for (i=0;i<tx_depth;i++)
TxSize = Split_Tx_Size[ TxSize ]

}

1C@ *<S;1S;!@KOC O<=G@ NK@>DAD@N OC@ H<SDHPH OM<INAJMH ?@KOC AJM @<>C =GJ>F NDU@

Max_Tx_Depfh BLOCK_SIZES = {
1!

SN NIV

AN O
ANPMPOODNP
whADMN

Note: *<S;1S;!@KOC >JIO<DIN OC@ IPH=@M JA ODH@N OC@ OM<INAIJMH HPNO =@ NKGDO OJ M@<>C < S OM<IN
IPH=@M ><I| =@ BM@<O@M OC<I * 5;15;!"-1% %IJR@Q@M DO DN DHKINND=G@ OJ @I1>J?@ < OM<INAJMH ?@KOC
*5;15;!"-1% =@><PN@ OS;?@KOC ><| JIGT @I1>J?@ Q<GP@N DI OC@ M<IB@ OJ

GJ>F 15 NDU@ NTIO<S

read_block_tx_size() { Type
bw4 = Num_4x4_Blocks_Wide[ MiSize ]
bh4 = Num_4x4 Blocks_High[ MiSize ]
if (TxMode == TX_MODE_SELECT &&
MiSize > BLOCK_4X4 && is_inter &&
Iskip && !Lossless ) {
maxTxSz = Max_Tx_Size Rect[ MiSize ]
tXW4 = Tx_Width[ maxTxSz ]/ MI_SIZE
txH4 = Tx_Height[ maxTxSz ] / MI_SIZE
for (row = MiRow; row < MiRow + bh4; row += txH4 )
for ( col = MiCol; col < MiCol + bw4; col += txW4 )
read_var_tx_size( row, col, maxTxSz, 0)
}else {
read_tx_size(!skip || lis_inter)
for (row = MiRow; row < MiRow + bh4; row++)
for ( col = MiCol; col < MiCol + bw4; col++)
InterTxSizes| row ][ col ] = TxSize
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3<M 15 NDU@ NTIO<S

M@<?;Q<M;0S;NDU@ DN PN@? OJ M@<? < OM<INAJMH NDU@ OM@ @

read_var_tx_size( row, col, txSz, depth) { Type

if (row >= MiRows || col >= MiCols )

return
if (txSz == TX_4X4 || depth == MAX_VARTX_DEPTH ) {

txfm_split=0
}else {

txfm_split S()
}
w4 = Tx_Width[ txSz ]/ MI_SIZE
h4 = Tx_Height[ txSz ]/ MI_SIZE
if (txfm_split) {

subTxSz = Split_Tx_Size[ txSz ]

stepW = Tx_Width[ subTxSz ]/ MI_SIZE

stepH = Tx_Height[ subTxSz ]/ MI_SIZE

for (i=0;i<h4;i+=stepH)

for (j=0;j<w4;j+=stepW)
read_var_tx_size(row + i, col + j, subTxSz, depth+1)

}else {

for (i=0;i<h4;i++)

for (j=0;j<w4;j++)
InterTxSizes[ row +i][ col + ] =txSz
TxSize = txSz

&lIO@M AM<H@ HJ?@ DIAJ NTIO<S

inter_frame_mode_info() { Type
use_intrabc =0
LeftRefFrame[ 0 ] = AvailL ? RefFrames[ MiRow ][ MiCol-1 ][ 0 ] : INTRA_FRAME
AboveRefFrame[ 0 ] = AvailU ? RefFrames[ MiRow-1 ][ MiCol ][ 0] : INTRA_FRAME
LeftRefFrame[ 1 ] = AvailL ? RefFrames[ MiRow ][ MiCol-1 ][ 1] : NONE
AboveRefFrame[ 1 ] = AvailU ? RefFrames[ MiRow-1 ][ MiCol ][ 1] : NONE
Leftintra = LeftRefFrame[ 0 ] <= INTRA_FRAME
Abovelntra = AboveRefFrame[ 0 ] <= INTRA_FRAME
LeftSingle = LeftRefFrame[ 1] <= INTRA_FRAME
AboveSingle = AboveRefFrame[ 1 ] <= INTRA_FRAME
skip=0
inter_segment_id( 1)
read_skip_mode()
if ( skip_mode )
skip=1
else
read_skip()
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if (!SegldPreSkip )
inter_segment_id( 0)

Lossless = LosslessArray[ segment_id ]

read_cdef()

read_delta_gindex()

read_delta_If()

ReadDeltas = 0

read_is_inter()

if (is_inter)
inter_block_mode_info()

else
intra_block_mode_info()

&IO@M N@BH@IO &! NTIO<S

1CDN DN ><GG@? =@AIM@ KM@OFDK @LP<G OJ <I? <AO@M KM@OFDK @LP<G OJ OC@ NFDK NTIO<S @G@H®@!

inter_segment_id( preSkip ) { Type
if ( segmentation_enabled ) {
predictedSegmentld = get_segment_id( )
if ( segmentation_update_map ) {
if ( preSkip && !'SegldPreSkip ) {
segment_id=0

return
}
if (!preSkip ) {
if (skip) {
seg_id_predicted =0
for (i=0;i<Num_4x4_Blocks_Wide[ MiSize ]; i++)
AboveSegPredContext[ MiCol +i] = seg_id_predicted
for (i=0;i<Num_4x4_Blocks_High[ MiSize ]; i++)
LeftSegPredContext] MiRow + i ] = seg_id_predicted
read_segment_id()
return
}
}
if ( segmentation_temporal_update == 1) {
seg_id_predicted S()

if ( seg_id_predicted )
segment_id = predictedSegmentld
else
read_segment_id()
for (1=0;i<Num_4x4_ Blocks Wide[ MiSize ]; i++)
AboveSegPredContext[ MiCol +i] = seg_id_predicted
for (i=0;i<Num_4x4_Blocks_High[ MiSize ]; i++)
LeftSegPredContext[ MiRow + i ] = seg_id_predicted
}else {
read_segment_id()
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}

}else {
segment_id = predictedSegmentld
}
}else {
segment_id=0

}

&N DIO@M NTIO<S

read_is_inter() { Type
if (skip_mode ) {
is_inter=1
} else if ( seg_feature_active (SEG_LVL_REF_FRAME ) ) {
is_inter = FeatureData[ segment_id ][ SEG_LVL_REF_FRAME ] != INTRA_FRAME
} else if ( seg_feature_active (SEG_LVL_GLOBALMV) ) {
is_inter=1
}else {
is_inter S()

}

$@O N@BH@IO &! API>0ODJI

1C@ KM@7?D>0@? N@BH@I0O D? DN OC@ NH<GG@NO Q<GP@ AJPI? DI OC@ JI N>M@@! M@BDJI JA OC@ N@BH@IO
>PMM@I0 =GJ>F

get_segment_id() { Type
bw4 = Num_4x4 Blocks Wide[ MiSize ]
bh4 = Num_4x4 Blocks_High[ MiSize ]
xMis = Min( MiCols - MiCol, bw4 )
yMis = Min( MiRows - MiRow, bh4)
seg=7
for (y = 0; y < yMis; y++)
for (x = 0; x < xMis; x++)
seg = Min( seg, PrevSegmentlds[ MiRow + y ][ MiCol + x])
return seg

&IOM< =GJ>F HJ?@ DIAJ NTIO<S

intra_block_mode_info( ) { Type
RefFrame[ 0 ] = INTRA_FRAME
RefFrame[ 1 ] = NONE
y_mode S0
YMode =y_mode
intra_angle_info_y()
if (HasChroma ) {
uv_mode S0
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UVMode = uv_mode
if (UVMode == UV_CFL_PRED ) {
read_cfl_alphas()
}
intra_angle_info_uv()
}
PaletteSizeY =0
PaletteSizeUV =0
if (MiSize >= BLOCK_8X8 &&
Block_Width[ MiSize ] <= 64 &&
Block_Height[ MiSize ] <= 64 &&
allow_screen_content_tools )
palette_mode_info()
filter_intra_mode_info()

&IO@M =GJ>F HJ?@ DIAJ NTIO<S

inter_block_mode_info( ) {
PaletteSizeY =0
PaletteSizeUV =0
read_ref frames()
isCompound = RefFrame[ 1] > INTRA_FRAME
find_mv_stack( isCompound )
if ( skip_mode ) {
YMode = NEAREST_NEARESTMV
} else if ( seg_feature_active( SEG_LVL_SKIP) ||
seg_feature_active( SEG_LVL_GLOBALMV ) ) {
YMode = GLOBALMV
} else if (isCompound ) {
compound_mode
YMode = NEAREST_NEARESTMV + compound_mode
}else {
new_mv
if (new_mv==0){
YMode = NEWMV
}else {
zero_mv
if (zero_mv==0){
YMode = GLOBALMV

} else {
ref_mv
YMode = (ref_mv == 0) ? NEARESTMV : NEARMV
}
}
}
RefMvldx =0

if ( YMode == NEWMV || YMode == NEW_NEWMV ) {
for (idx = 0; idx < 2; idx++) {
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if (NumMvFound > idx + 1) {

drl_mode S()
if (drl_mode ==0) {
RefMvldx = idx
break
}
RefMvldx = idx + 1
}
}
} else if ( has_nearmv() ) {
RefMvldx = 1

for (idx = 1; idx < 3; idx++) {
if (NumMvFound >idx +1){

drl_mode S()
if (drl_mode ==0) {

RefMvldx = idx

break
}

RefMvldx =idx + 1

}
}
assign_mv(isCompound )
read_interintra_mode( isCompound )
read_motion_mode( isCompound )
read_compound_type( isCompound )
if (interpolation_filter == SWITCHABLE ) {
for ( dir = 0; dir < (enable_dual_filter ? 2 : 1); dir++) {
if (needs_interp_filter()) {
interp_filter[ dir ] S()
}else {
interp_filter[ dir ] = EIGHTTAP
}
}
if (!lenable_dual_filter )
interp_filter[ 1 ] = interp_filter[ 0 ]
}else {
for (dir = 0; dir < 2; dir++)
interp_filter[ dir ] = interpolation_filter

}

1C@ API>0ODJI C<N;|@<MHQ DN ?@ADI@? <N

has_nearmy¢ ) {
return (YMode== NEARMY YMode== NEAR_NEARMV
|| YMode== NEAR_NEWMWYMode== NEW_NEARMV
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1C@ API>ODJI l@@7?N;DIO@MK;ADGO@M DN ?@ADI@7? <N

needs_interp_filter () {
large = (Min(Block_Width[ MiSize], Block_Height[ MiSize]) >= 8)
if ( skip_mode|| motion_mode== LOCALWARK
return 0
} else if ( large && YMode== GLOBALMV{
return GmTyde RefFramé 0 ] ] == TRANSLATION
} else if ( large &&YMode== GLOBAL_GLOBA)LMV
return GmTygde RefFram¢ 0 ] ] == TRANSLATION GmTygde RefFram¢é 1] ] == TRANSLATION
} else {
return 1

}

#DGO@M DIOM< HJ?@ DIAJ NTIO<S

filter_intra_mode_info( ) { Type
use_filter_intra=0
if (enable_filter_intra &&
YMode == DC_PRED && PaletteSizeY == 0 &&
Max( Block_Width[ MiSize ], Block_Height[ MiSize 1) <=32) {

use_filter_intra SO
if (use_filter_intra ) {

filter_intra_mode S0
}

I@A AM<H@N NTIO<S

read_ref_frames() { Type
if ( skip_mode ) {
RefFrame[ 0 ] = SkipModeFrame[ O ]
RefFrame[ 1 ] = SkipModeFrame[ 1 ]
} else if ( seg_feature_active( SEG_LVL_REF _FRAME) ) {
RefFrame[ 0 ] = FeatureData[ segment_id ]| SEG_LVL_REF _FRAME ]
RefFrame[ 1] = NONE
} else if ( seg_feature_active( SEG_LVL_SKIP) ||
seg_feature_active( SEG_LVL_GLOBALMV ) ){
RefFrame[ 0] = LAST_FRAME
RefFrame[ 1] = NONE
}else {
bw4 = Num_4x4_Blocks_Wide[ MiSize ]
bh4 = Num_4x4 Blocks_High[ MiSize ]
if ( reference_select && ( Min( bw4, bh4) >=2))
comp_mode SO
else
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comp_mode = SINGLE_REFERENCE
if (comp_mode == COMPOUND_REFERENCE ) {
comp_ref_type
if (comp_ref _type == UNIDIR_COMP_REFERENCE ) {
uni_comp_ref
if (uni_comp_ref){
RefFrame[0] = BWDREF_FRAME
RefFrame[l] = ALTREF_FRAME
}else {
uni_comp_ref_pl
if (uni_comp_ref_pl1){
uni_comp_ref p2
if (uni_comp_ref p2){
RefFrame[0] = LAST_FRAME
RefFrame[1] = GOLDEN_FRAME
}else {
RefFrame[0] = LAST_FRAME
RefFrame[l] = LAST3_FRAME
}
}else {
RefFrame[0] = LAST_FRAME
RefFrame[l] = LAST2_FRAME

}
}
}else {
comp_ref
if (comp_ref==0) {
comp_ref_pl
RefFrame[ 0] = comp_ref p1?
LAST2_FRAME : LAST_FRAME
}else {
comp_ref_p2
RefFrame[ 0] = comp_ref p2 ?
GOLDEN_FRAME : LAST3_FRAME
}

comp_bwdref
if (comp_bwdref ==0){
comp_bwdref_p1
RefFrame[ 1 ] = comp_bwdref_p1 ?
ALTREF2_FRAME : BWDREF_FRAME
}else {
RefFrame[ 1] = ALTREF_FRAME

}
}

}else {
single_ref_pl
if (single_ref p1) {
single_ref_p2
if (single_ref_p2==0) {
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single_ref_p6 S()
RefFrame[ 0 ] = single_ref_p6 ?
ALTREF2_FRAME : BWDREF_FRAME

}else {
RefFrame[ 0 ] = ALTREF_FRAME
}
}else {
single_ref_p3 S()
if (single_ref p3){
single_ref_p5 S()
RefFrame[ 0 ] = single_ref p5 ?
GOLDEN_FRAME : LAST3_FRAME
}else {
single_ref_p4 S()
RefFrame[ 0 ] = single_ref_p4 ?
LAST2_FRAME : LAST_FRAME
}

}
RefFrame[ 1] = NONE

NNDBI *3 NTIO<S

assign_mv( isCompound ) { Type
for (1=0;i<1+isCompound; i++) {
if (use_intrabc ) {
compMode = NEWMV
}else {
compMode = get_mode( i)
}
if (use_intrabc ) {
PredMv[ 0 ] = RefStackMv[ 0 ][ 0]
if (PredMv[0][0]==0&& PredMv[0][1]==0){
PredMv[ 0 ] = RefStackMv[ 1 ][ 0]
}
if (PredMv[0][0]==0&&PredMv[0][1]==0){
sbSize = use_128x128 superblock ? BLOCK_128X128 : BLOCK_64X64
sbSize4 = Num_4x4_Blocks_High[ shSize ]
if ( MiRow - sbSize4 < MiRowStart ) {
PredMv[0][0]=0
PredMv[ 0 ][ 1] = -(sbSize4 * MI_SIZE + INTRABC_DELAY_PIXELS) * 8
}else {
PredMv[ 0 ][ 0 ] = -(sbSize4 * MI_SIZE * 8)
PredMv[0][1]=0
}

}
} else if (compMode == GLOBALMV ) {
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PredMv[i] = GlobalMvs[i]
}else {
pos = ( compMode == NEARESTMV ) ? 0 : RefMvldx
if (compMode == NEWMV && NumMvFound <= 1)
pos =0
PredMv[ i ] = RefStackMv[ pos ][ i ]
}
if (compMode == NEWMV ) {
read_mv(i)
}else {
Mv[i]=PredMv[i]
}

/@<? HIODJI HI?@ NTIO<S

read_motion_mode( isCompound ) { Type
if ( skip_mode ) {
motion_mode = SIMPLE
return
}
if (lis_motion_mode_switchable ) {
motion_mode = SIMPLE
return
}
if ( Min( Block_Width[ MiSize ],
Block_Height[ MiSize]) < 8) {
motion_mode = SIMPLE
return
}
if ( 'force_integer_mv &&
( YMode == GLOBALMYV || YMode == GLOBAL_GLOBALMV ) ) {
if (GmType[ RefFrame[ 0]] > TRANSLATION ) {
motion_mode = SIMPLE
return

}

}
if (isCompound || RefFrame[ 1 ] == INTRA_FRAME || !has_overlappable_candidates() ) {

motion_mode = SIMPLE
return
}
find_warp_samples()
if ( force_integer_mv || NumSamples == 0 ||
lallow_warped_motion || is_scaled( RefFrame[0] ) ) {

use_obmc S()
motion_mode = use_obmc ? OBMC : SIMPLE

}else {
motion_mode SO
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}

RC@M@ DN;N><G@? DN < API>0ODJI OC<O ?@O0@MHDI@N RC@OC@M < M@A@M@I>@ AM<H@ PN@N N><GDIB <I? L

is_scaled ( refFrame ) {
refldx ref_frame_idx [ refFrame - LAST_FRAME
xScale = ( ( RefUpscaledWidtf refldx ] << REF_SCALE_SHIFT ( FrameWidth/ 2 ) ) / FrameWidth
yScale = ( ( RefFrameHeighf refldx ] << REF_SCALE_SHIFT ( FrameHeight/ 2 ) ) / FrameHeight
noScale = 1 << REF_SCALE_SHIFT
return xScale '= noScale || yScale != noScale

/@<? DIO@M DIOM< NTIO<S

read_interintra_mode(isCompound ) { Type
if (!skip_mode && enable_interintra_compound && lisCompound &&
MiSize >= BLOCK_8X8 && MiSize <= BLOCK_32X32) {

interintra S()
if (interintra ) {
interintra_mode S()

RefFrame[1l] = INTRA_FRAME
AngleDeltaY = 0
AngleDeltaUV = 0
use_filter_intra=0

wedge _interintra S()
if (wedge_interintra ) {
wedge_index S()
wedge _sign =0
}
}
}else {
interintra=0

}

|@<? >JHKJPI? OTK@ NTIO<S

read_compound_type( isCompound ) { Type
comp_group_idx =0
compound_idx =1
if ( skip_mode ) {
compound_type = COMPOUND_AVERAGE
return
}
if (isCompound ) {
n = Wedge_Bits[ MiSize ]
if (enable_masked_compound ) {
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comp_group_idx S()
}
if (comp_group_idx ==0) {
if (enable_jnt_comp ) {
compound_idx S()
compound_type = compound_idx ? COMPOUND_AVERAGE :
COMPOUND_DISTANCE
}else {
compound_type = COMPOUND_AVERAGE

}

}else {
if(n==0){
compound_type = COMPOUND_DIFFWTD
}else {
compound_type S()
}
}
if (compound_type == COMPOUND_WEDGE ) {
wedge_index S()
wedge_sign L(2)
} else if (compound_type == COMPOUND_DIFFWTD ) {
mask_type L(2)
}
}else {

if (interintra’) {

compound_type = wedge_interintra ? COMPOUND_WEDGE : COMPOUND_INTRA
} else {

compound_type = COMPOUND_AVERAGE

$@0 HI?@ API>0ODJI

get_mode( refList ) { Type
if (refList==0) {
if (YMode < NEAREST_NEARESTMV )
compMode = YMode
else if ( YMode == NEW_NEWMYV || YMode == NEW_NEARESTMYV || YMode == NEW_NEARMV )
compMode = NEWMV
else if (YMode == NEAREST_NEARESTMV || YMode == NEAREST_NEWMV )
compMode = NEARESTMV
else if (YMode == NEAR_NEARMYV || YMode == NEAR_NEWMV )
compMode = NEARMV
else
compMode = GLOBALMV
}else {
if (YMode == NEW_NEWMYV || YMode == NEAREST_NEWMYV || YMode == NEAR_NEWMV )
compMode = NEWMV
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else if (YMode == NEAREST_NEARESTMV || YMode == NEW_NEARESTMV )
compMode = NEARESTMV

else if (YMode == NEAR_NEARMYV || YMode == NEW_NEARMV )
compMode = NEARMV

else
compMode = GLOBALMV

}
return compMode
}
*3 NTIO<S
read_mv( ref) { Type
diffMv[0] =0
diffMv[1]=0
if (use_intrabc ) {
MvCtx = MV_INTRABC_CONTEXT
}else {
MvCitx =0
}
mv_joint S()
if (mv_joint == MV_JOINT_HZVNZ || mv_joint == MV_JOINT_HNZVNZ)
diffMv[ 0 ] = read_mv_component( 0)
if (mv_joint == MV_JOINT_HNZVZ || mv_joint == MV_JOINT_HNZVNZ )
diffMv[ 1 ] = read_mv_component( 1)
Mv[ ref][0] = PredMv[ ref][ 0] + diffMv[ 0]
Mv[ref][1]=PredMv[ref][ 1]+ diffMv[ 1]
}
*3 >JHKJI@IO NTIO<S
read_mv_component( comp ) { Type
mv_sign S()
mv_class S()
if (mv_class == MV_CLASS 0){
mv_class0_bit S()

if (force_integer_mv)
mv_class0_fr=3

else

mv_class0_fr S()
if (allow_high_precision_mv )

mv_classO_hp S()
else

mv_classO_hp =1
mag = ( ( mv_class0_bit << 3) |
(mv_classO_fr<<1) |
mv_classO_hp) +1
} else {
d=0
for (i=0;i<mv_class; i++){
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mv_bit S()
d |= mv_bit <<i

}

mag = CLASSO0_SIZE << (mv_class + 2)

if (force_integer_mv)

mv_fr=3
else

mv_fr S()
if (allow_high_precision_mv )

mv_hp S
else

mv_hp=1

mag+=((d<<3)|(mv_fr<<l)|mv_hp)+1
}

return mv_sign ? -mag : mag

JHKPO@ KM@?D>0DJI NTIO<S

compute_prediction() { Type
sbMask = use_128x128_superblock ? 31 : 15
subBlockMiRow = MiRow & sbMask
subBlockMiCol = MiCol & sbMask
for ( plane = 0; plane < 1 + HasChroma * 2; plane++ ) {
planeSz = get_plane_residual_size( MiSize, plane )
num4x4w = Num_4x4 Blocks_Wide[ planeSz ]
num4x4H = Num_4x4_Blocks_High[ planeSz ]
log2W = MI_SIZE_LOG2 + Mi_Width_Log2[ planeSz ]
log2H = MI_SIZE _LOG2 + Mi_Height_Log2[ planeSz ]
subX = (plane > 0) ? subsampling_x: 0
subY = (plane > 0) ? subsampling_y : 0
baseX = (MiCol >> subX) * Ml_SIZE
baseY = (MiRow >> subY) * MI_SIZE
candRow = (MiRow >> subY) << subY
candCol = (MiCol >> subX) << subX

IsInterintra = (is_inter && RefFrame[ 1 ] == INTRA_FRAME )
if (IsInterintra’) {

if (interintra_mode ==1I_DC_PRED ) mode = DC_PRED
else if (interintra_mode == 1I_V_PRED ) mode = V_PRED
else if (interintra_mode == Il_H_PRED ) mode = H_PRED

else mode = SMOOTH_PRED
predict_intra( plane, baseX, baseY,
plane == 0 ? AvallL : AvailLChroma,
plane == 0 ? AvailU : AvailUChroma,
BlockDecoded] plane ]
[ ( subBlockMiRow >> subY ) - 1]
[ ( subBlockMiCol >> subX ) + num4x4Ww ],
BlockDecoded] plane ]
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[ ( subBlockMiRow >> subY ) + num4x4H ]
[ ( subBlockMiCol >> subX ) - 1],
mode,
log2W, log2H )
}
if (is_inter){
predW = Block_Width[ MiSize ] >> subX
predH = Block_Height[ MiSize ] >> subY
someUselntra=0
for (r =0; r < (num4x4H << subY); r++)
for (¢ =0; ¢ < (hum4x4W << subX); c++)
if ( RefFrames[ candRow + r ][ candCol + ¢ ][0 ] == INTRA_FRAME )
someUselntra = 1
if (someUselntra) {
predW = num4x4Ww * 4
predH = num4x4H * 4
candRow = MiRow
candCol = MiCol
}
r=0
for (y=0;y <num4dx4H * 4;y += predH ) {
c=0
for (x = 0; x < num4x4w * 4; x += predW ) {
predict_inter( plane, baseX + x, baseY + vy,
predW, predH,
candRow + r, candCol + ¢)
C++

r++

I@ND?P<G NTIO<S

residual() { Type
sbMask = use_128x128_superblock ? 31 : 15

widthChunks = Max( 1, Block_Width[ MiSize ] >>6)
heightChunks = Max( 1, Block_Height[ MiSize ] >>6)

miSizeChunk = (widthChunks > 1 || heightChunks > 1) ? BLOCK_64X64 : MiSize

for ( chunkY = 0; chunkY < heightChunks; chunkY++) {
for ( chunkX = 0; chunkX < widthChunks; chunkX++ ) {
miRowChunk = MiRow + ( chunkY << 4)
miColChunk = MiCol + ( chunkX << 4)
subBlockMiRow = miRowChunk & sbMask
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subBlockMiCol = miColChunk & sbMask

for ( plane = 0; plane < 1 + HasChroma * 2; plane++) {

txSz = Lossless ? TX_4X4 : get_tx_size( plane, TxSize )
stepX = Tx_Width[ txSz ] >> 2
stepY = Tx_Height[ txSz ] >> 2
planeSz = get_plane_residual_size( miSizeChunk, plane )
num4x4wW = Num_4x4 Blocks_Wide[ planeSz ]
num4x4H = Num_4x4_Blocks_High[ planeSz ]
subX = (plane > 0) ? subsampling_x: 0
subY = (plane > 0) ? subsampling_y : 0
baseX = (miColChunk >> subX) * MI_SIZE
baseY = (miRowChunk >> subY) * MIl_SIZE
if (is_inter && 'Lossless && Iplane ) {

transform_tree( baseX, baseY, num4x4W * 4, num4x4H * 4)
}else {

baseXBlock = (MiCol >> subX) * MI_SIZE

baseYBlock = (MiRow >> subY) * MI_SIZE

for (y = 0; y < num4x4H; y += stepY )

for (x = 0; X < num4x4W; x += stepX)
transform_block( plane, baseXBlock, baseYBIlock, txSz,
X + ( (chunkX << 4) >> subX),
y + ((chunkY << 4) >>subY))

IM<INAIJMH =GJ>F NTIO<S

transform_block(plane, baseX, baseY, txSz, x, y) {

startX = baseX + 4 * x

startY = baseY +4 *y

subX = (plane > 0) ? subsampling_x: 0

subY = (plane > 0) ? subsampling_y : 0

row = ( startY << subY ) >> M|_SIZE LOG2

col = ( startX << subX') >> MI_SIZE_LOG2

sbMask = use_128x128_superblock ? 31 : 15

subBlockMiRow = row & sbMask

subBlockMiCol = col & sbMask

stepX = Tx_Width[ txSz ] >> MI_SIZE_LOG2

stepY = Tx_Height[ txSz ] >> MI_SIZE_LOG2

maxX = (MiCols * MI_SIZE) >> subX

maxY = (MiRows * MI_SIZE) >> subY

if ( startX >= maxX || startY >= maxy ) {
return

}
if (lis_inter ) {
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if (((plane ==0) && PaletteSizeY ) ||
((plane '=0) && PaletteSizeUV ) ) {
predict_palette( plane, startX, startY, x, y, txSz)
}else {

isCfl = (plane > 0 && UVMode == UV_CFL_PRED)

if (plane ==0){

mode = YMode
}else {

mode = (isCfl ) ? DC_PRED : UVMode
}
log2W = Tx_Width_Log2[ txSz ]
log2H = Tx_Height_Log2[ txSz ]
predict_intra( plane, startX, startY,

AV1 Bitstream & Decoding Process Specification

(plane == 0 ? AvalilL : AvailLChroma) || x > 0,
(plane == 0 ? AvailU : AvailUChroma) ||y > 0,

BlockDecoded| plane ]

[ ( subBlockMiRow >> subY ) - 1]
[ ( subBlockMiCol >> subX ) + stepX ],

BlockDecoded] plane ]

[ ( subBlockMiRow >> subY ) + stepY ]
[ ( subBlockMiCol >> subX ) - 1],

mode,
log2W, log2H )
if (isCfl) {

predict_chroma_from_luma( plane, startX, startY, txSz)

}
}

if (plane ==0) {
MaxLumaW = startX + stepX * 4
MaxLumaH = startY + stepY * 4

}
}
if (Iskip) {
eob = coeffs( plane, startX, startY, txSz)
if (eob>0)
reconstruct( plane, startX, startY, txSz)
}
for (i=0;i<stepY;i++){
for (j=0; ] < stepX; j++) {
LoopfilterTxSizes[ plane ]
[ (row >> subY) +i]
[ (col >> subX) +j]=1txSz
BlockDecoded[ plane ]
[ ( subBlockMiRow >> subY ) +i ]

[ ( subBlockMiCol >>subX ) +j]=1
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1M<INAJMH OM@ @ NTIO<S

OM<INAIJMH;OM@@ DN PN@? OJ M@<? < IPH=@M JA OM<INAIJMH =GJ>FN <MM<IB@? DI < OM<INAJMH OM@ @

transform_tree( startX, startY, w, h){ Type
maxX = MiCols * MI_SIZE
maxY = MiRows * MI_SIZE
if ( startX >= maxX || startY >= maxyY ) {
return
}
row = startY >> MIl_SIZE LOG2
col = startX >> M|_SIZE LOG2
lumaTxSz = InterTxSizes[ row ][ col ]
lumaw = Tx_Width[ lumaTxSz ]
lumaH = Tx_Height[ lumaTxSz ]
if (w<=lumaW && h <=lumaH ) {
txSz = find_tx_size(w, h)
transform_block( O, startX, startY, txSz, 0, 0)
}else {
if (w>h){
transform_tree( startX, startY, w/2, h)
transform_tree( startX + w/ 2, startY, w/2, h)
}elseif (w<h){
transform_tree( startX, startY, w, h/2)
transform_tree( startX, startY + h/2, w, h/2)
}else {
transform_tree( startX, startY, w/2, h/2)
transform_tree( startX + w/2, startY, w/2, h/2)
transform_tree( startX, startY + h/2, w/2, h/2)
transform_tree( startX + w/2, startY + h/2, w/2, h/2)

}

RC@M@ ADI?;0S;NDU@ ADI?N OC@ OM<INAJMH NDU@ H<O>CDIB OC@ BDQ@! ?DH@INDJIN <I? DN ?@ADI@? <N

find_tx_size (w h) {
for ( txSz = 0; txSz < TX_SIZES ALLtxSz++)
if ( Tx_ WidtH txSz ] ==w &&Tx_Heightf txSz ] ==h))
break
return txSz

$@O 15 NDU@ API>0ODJI

get_tx_size( plane, txSz ) { Type
if (plane ==0)
return txSz
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uvTx = Max_Tx_Size_Rect[ get_plane_residual_size( MiSize, plane) ]
if (TX_Width[ uvTx ] ==64 || Tx_Height[ uvTx ] == 64 ){
if (Tx_Width[ uvTx]==16){
return TX_16X32
}
if (Tx_Height[ uvTx]==16) {
return TX_32X16
}
return TX_32X32

}

return uvTx

$@O0 KG<l@ M@ND?P<G NDU@ API>0DJI

1C@ B@O;KG<I@;M@ND?P<G;NDU@ M@OPMIN OC@ NDU@ JA < M@ND?P<G =GJ>F AJM OC@ NK@>DAD@? KG<I@
C<Q@ RD?0C <I? C@DBCO <O G@<NO @LP<G 0J

get_plane_residual_size( subsize, plane ) { Type
subx = plane > 0 ? subsampling_x: 0
suby = plane > 0 ? subsampling_y : 0
return Subsampled_Size[ subsize ][ subx ][ suby ]

}

1C@ OP=N<HKG@?;0DU@ O<=G@ DN ?@ADI@? <N
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Subsampled_Sizg BLOCK_SIZHEp 2 ]

{ { BLOCK_4x4
{ { BLOCK_4x8
{ { BLOCK_8X4
{ { BLOCK_8X8
{ {BLOCK_8X16
{ {BLOCK_16X8
{ {BLOCK_16X16
{ {BLOCK_16X32
{ {BLOCK_32X16
{ {BLOCK_32X32
{ {BLOCK_32x64
{ {BLOCK_64X32
{ {BLOCK_64X64

BLOCK_4X4
BLOCK_4)K4
BLOCK_INVALID
BLOCK_8)K4
BLOCK_8X%8
BLOCK_INVABID
BLOCK_16X8
BLOCK_16X16
BLOCK_INVALID
BLOCK_32X16
BLOCK_32X32
BLOCK_INVABID
BLOCK_64X32

{ {BLOCK_64X128BLOCK_64%64
{ {BLOCK_128%64BLOCK_INVALID
{ {BLOCK_128X128LOCK_128X64

{ {BLOCK_4X16
{ {BLOCK_16X4
{ {BLOCK_8X%32
{ {BLOCK_32x8
{ {BLOCK_16x64
{ {BLOCK_64X16

BLOCK_4X%8
BLOCK_INVALID
BLOCK_8X}16
BLOCK_INVALID
BLOCK_16X32
BLOCK_INVALID

AV1 Bitstream & Decoding Process Specification

2] ={

{BLOCK_4X4  BLOCK_4X4,
{BLOCK_INVALIBLOCK_4X4,
{BLOCK_4X4  BLOCK_4X4,
{BLOCK_4X8 BLOCK_4X4,
{BLOCK_INVALIBLOCK_4X§,
{BLOCK_8X8 BLOCK_8X4,
{BLOCK_8X16 BLOCK_8X§,
{BLOCK_INVALIBLOCK_8X8§,
{BLOCK_16X16 BLOCK_16X4,
{BLOCK_16X32 BLOCK_16X18,
{BLOCK_INVALIBLOCK_16X33,
{BLOCK_32X32 BLOCK_32X18,
{BLOCK_32X64 BLOCK_32X33,
{BLOCK_INVALIBLOCK_32X64,
{BLOCK_64X64 BLOCK_64X33,
{BLOCK_64X128BLOCK_64X64,
{BLOCK_INVALIBLOCK_4X§,
{BLOCK_8X4  BLOCK_8X4,
{BLOCK_INVALIBLOCK_4X18§,
{BLOCK_16X8 BLOCK_16K4,
{BLOCK_INVALIBLOCK_8X833,
{BLOCK_32X16 BLOCK_32X8,

J@AAD>D@ION NTIO<S

x4 = startX >> 2
y4 = startY >> 2

coeffs( plane, startX, startY, txSz ) {

w4 = Tx_Width[ txSz ] >> 2
h4 = Tx_Height[ txSz ] >> 2

txSzCtx = ( Tx_Size_Sqr[txSz] + Tx_Size_Sqr_Up[txSz] + 1) >>1

ptype = plane >0

segEob = (txSz == TX_16X64 || txSz == TX_64X16 ) ? 512 :
Min( 1024, Tx_Width[ txSz ] * Tx_Height[ txSz ] )

for (¢ =0; c < segEob; c++)

Quant[c] =0

for (i=0;i<64;i++)
for (j=0;j<64,j++)
Dequant[i][j]=0

eob=0
culLevel =0
dcCategory =0

all_zero
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if (all_zero) {
c=0
if (plane ==0){
for (i=0;i<wd;i++){
for (j=0;j<h4;j++){
TxTypes[y4 +j][ x4 +i]=DCT_DCT
}

}

}else {
if (plane ==0)
transform_type( x4, y4, txSz )
PlaneTxType = compute_tx_type( plane, txSz, x4, y4)
scan = get_scan( txSz)

eobMultisize = Min( Tx_Width_Log2[ txSz ], 5) + Min( Tx_Height_Log2[ txSz ], 5) - 4

if (eobMultisize ==0) {
eob_pt 16 S()
eobPt=eob pt 16 +1

} else if (eobMultisize == 1) {
eob_pt 32 S()
eobPt=eob pt 32 +1

} else if (eobMultisize == 2) {
eob_pt_64 S()
eobPt=eob _pt 64 +1

} else if (eobMultisize == 3) {
eob_pt_128 S()
eobPt=eob_pt 128 +1

} else if (eobMultisize == 4) {
eob_pt 256 S()
eobPt = eob_pt 256 +1

} else if (eobMultisize ==5) {

eob pt 512 S()
eobPt=eob _pt 512+ 1

}else {
eob_pt 1024 S()

eobPt = eob_pt 1024 +1
}

eob = (eobPt<2)?eobPt: ((1<<(eobPt-2))+1)
eobShift = Max( -1, eobPt - 3)
if (eobShift>=0) {
eob_extra S()
if (eob_extra) {
eob += (1 << eobShift )

}

for (i=1;i<Max(0, eobPt-2);i++){
eobShift = Max( 0, eobPt-2)-1-i
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eob_extra_bit L(1)
if (eob_extra_bit) {
eob += (1 << eobShift)
}
}
}
for(c=eob-1;¢c>=0;c-){
pos = scan[ ¢ ]
if(c==(eob-1)){
coeff base eob S()
level = coeff base eob + 1
}else {
coeff_base S()
level = coeff_base

}

if (level > NUM_BASE_LEVELS ) {
for (idx = 0;
idx < COEFF_BASE_RANGE / (BR_CDF_SIZE - 1);
idx++) {
coeff_br S()
level += coeff_br
if (coeff_br<(BR_CDF _SIZE-1))
break
}
}

Quant[ pos ] = level

}

for(c=0;c<eob;ct++){
pos = scan[ ¢ ]
if (Quant[ pos]!=0){

if(c==0){
dc_sign S()
sign = dc_sign

}else {
sign_bit L(1)
sign = sign_bit

}

} else {
sign=0

}
if (Quant[ pos ] >
(NUM_BASE_LEVELS + COEFF_BASE_RANGE ) ) {
length =0
do {
length++
golomb_length_bit L(1)
} while ( !golomb_length_bit )
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x=1
for (i=length-2;i>=0;i-){
golomb_data_bit L(1)
X =(x<<1)|golomb_data_bit
}
Quant[ pos ] = x + COEFF_BASE_RANGE + NUM_BASE_LEVELS
}
if (pos ==0 && Quant[ pos]>0){
dcCategory =sign ?1: 2
}
Quant[ pos ] = Quant[ pos ] & OxFFFFF
culLevel += Quant| pos ]
if (sign)
Quant[ pos | = - Quant[ pos ]
}

culLevel = Min( 63, culLevel )

}

for (i=0;i<wd;i++){
AbovelLevelContext[ plane ][ x4 + i ] = culLevel
AboveDcContext[ plane ][ x4 + i ] = dcCategory
}
for (i=0;i<h4;i++){
LeftLevelContext[ plane ][ y4 +i] = culLevel
LeftDcContext[ plane ][ y4 + i ] = dcCategory

}

return eob

JHKPO@ OM<INAJMH OTK@ API>ODJI

compute_tx_type( plane, txSz, blockX, blockY ) { Type
txSzSqrUp = Tx_Size_Sqr_Up[ txSz ]

if (Lossless || txSzSqrUp > TX_32X32)
return DCT_DCT

txSet = get_tx_set(txSz)

if (plane ==0){
return TxTypes[ blockY ][ blockX ]
}

if (is_inter){
x4 = Max( MiCol, blockX << subsampling_x)
y4 = Max( MiRow, blockY << subsampling_y)
txType = TxTypes[ y4 ][ x4 ]
if (lis_tx_type_in_set( txSet, txType ) )
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return DCT_DCT
return txType

txType = Mode_To_Txfm[ UVMode ]

if (lis_tx_type_in_set( txSet, txType ) )
return DCT_DCT

return txType

is_tx_type_in_set( txSet, txType ) {
return is_inter ? Tx_Type_In_Set_Inter[ txSet ][ txType ] :
Tx_Type_In_Set Intra] txSet ][ txType ]
}

RC@M@ OC@ O<=G@N 1S;1TK@;&I;0@0;&I0@M <I? 1S;1TK@;&;0@0;&I0M< <M@ NK@>DAD@? <N AJGGJRN

Tx_Type_In_Set Intra] TX_SET_TYPES_ INTRATX_TYPE}P = {

{
1, 0,0, 0, 0,00 00 0, 0, 0, 0, O O O

1, 1110 0,0 0,0 1,1 1 0 0, 0, O,

1, 1, 1, 1, 0,0, 0,0, 0,1, 0,0, 0, 0, 0, 0,
}
}

Tx_Type_In_Set Inter[ TX_SET_TYPES_ INTERTX_TYPEP = {

1, 0,0, 0, 0,00 00 0, 0, 0, 0, O O O

$@O N><| API>0DJI

get_mrow_scan( txSz ) { Type
if (txSz ==TX_4X4)
return Mrow_Scan_4x4
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else if (txSz == TX_4X8)
return Mrow_Scan_4x8
else if (txSz == TX_8X4)
return Mrow_Scan_8x4
else if (txSz == TX_8X8)
return Mrow_Scan_8x8
else if (txSz == TX_8X16)
return Mrow_Scan_8x16
else if (txSz == TX_16X8)
return Mrow_Scan_16x8
else if (txSz == TX_16X16)
return Mrow_Scan_16x16
else if (txSz == TX_4X16)
return Mrow_Scan_4x16
return Mrow_Scan_16x4

get_mcol_scan( txSz ) {
if (txSz == TX_4X4)
return Mcol_Scan_4x4
else if (txSz == TX_4X8)
return Mcol_Scan_4x8
else if (txSz == TX_8X4)
return Mcol_Scan_8x4
else if (txSz == TX_8X8)
return Mcol_Scan_8x8
else if (txSz == TX_8X16)
return Mcol_Scan_8x16
else if (txSz == TX_16X8)
return Mcol_Scan_16x8
else if (txSz == TX_16X16)
return Mcol_Scan_16x16
else if (txSz == TX_4X16)
return Mcol_Scan_4x16
return Mcol_Scan_16x4

get_default_scan(txSz) {
if (txSz == TX_4X4)
return Default_Scan_4x4
else if (txSz == TX_4X8)
return Default_Scan_4x8
else if (txSz == TX_8X4)
return Default_Scan_8x4
else if (txSz == TX_8X8)
return Default_Scan_8x8
else if (txSz == TX_8X16)
return Default_Scan_8x16
else if (txSz == TX_16X8)

Section: Syntax structures Page 94 of 669



AV1 Bitstream & Decoding Process Specification

return Default_Scan_16x8
else if (txSz == TX_16X16)
return Default_Scan_16x16
else if (txSz == TX_16X32)
return Default_Scan_16x32
else if (txSz == TX_32X16)
return Default_Scan_32x16
else if (txSz == TX_4X16)
return Default_Scan_4x16
else if (txSz == TX_16X4)
return Default_Scan_16x4
else if (txSz == TX_8X32)
return Default_Scan_8x32
else if (txSz == TX_32X8)
return Default_Scan_32x8
return Default_Scan_32x32

get_scan(txSz) {

if (txSz ==TX_16X64){
return Default_Scan_16x32

}

if (txSz ==TX_64X16){
return Default_Scan_32x16

}

if (Tx_Size Sqr_Up[txSz]==TX_64X64) {
return Default_Scan_32x32

if (PlaneTxType == IDTX ) {
return get_default_scan( txSz)

preferRow = ( PlaneTxType == V_DCT ||
PlaneTxType == V_ADST ||
PlaneTxType == V_FLIPADST )

preferCol = ( PlaneTxType == H_DCT ||
PlaneTxType == H_ADST ||
PlaneTxType == H_FLIPADST )

if (preferRow ) {

return get_mrow_scan( txSz )
} else if ( preferCol ) {

return get_mcol_scan( txSz )

}

return get_default_scan( txSz )
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&IOM< <IBG@ DIAJ GPH< NTIO<S

intra_angle_info_y() {
AngleDeltaY =0
if ( MiSize >= BLOCK_8X8) {
if (is_directional_mode( YMode ) ) {
angle_delta y
AngleDeltaY = angle_delta_y - MAX_ANGLE_DELTA

&IOM< <IBG@ DIAJ >CMJH< NTIO<S

intra_angle_info_uv() {
AngleDeltaUV =0
if ( MiSize >= BLOCK_8X8) {
if (is_directional_mode( UVMode ) ) {
angle_delta_uv
AngleDeltaUV = angle_delta_uv - MAX_ANGLE_DELTA

&N ?DM@>0DJI<G HJ?@ API>0DJI

is_directional_mode( mode ) {
if (( mode >=V_PRED ) && ( mode <= D67_PRED ) ) {
return 1

}

return O

/|@<? #) <GKC<N NTIO<S

read_cfl_alphas() {
cfl_alpha_signs
signU = (cfl_alpha_signs + 1) /3
signV = (cfl_alpha_signs +1) % 3
if (signU != CFL_SIGN_ZERO ) {
cfl_alpha_u
CflAlphaU = 1 + cfl_alpha_u
if (signU == CFL_SIGN_NEG)
CflAlphaU = -CflAlphaU
}else {
CflAlphaU =0
}
if (signV != CFL_SIGN_ZERO)) {
cfl_alpha_v
CflAlphaV =1 + cfl_alpha_v
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if (signV == CFL_SIGN_NEG)
CflAlphaV = -CflAlphaV
}else {
CflAlphaV =0

}
-<G@OO@ HJ?@ DIAJ NTIO<S

palette_mode_info( ) { Type
bsizeCtx = Mi_Width_Log2[ MiSize ] + Mi_Height_Log2[ MiSize ] - 2
if (YMode == DC_PRED ) {

has_palette_y SO
if (has_palette_y ) {
palette_size_y minus_2 S0

PaletteSizeY = palette_size_y minus_2 + 2
cacheN = get_palette _cache(0)
idx=0
for (i=0; i< cacheN && idx < PaletteSizeY; i++) {
use_palette_color_cache_y L(1)
if (use_palette_color_cache y) {
palette colors_y[ idx ] = PaletteCache[i]

idx++
}
}
if (idx < PaletteSizeY ) {
palette_colors_y[ idx ] L(BitDepth)
idx++
}

if (idx < PaletteSizeY ) {
minBits = BitDepth - 3
palette_num_extra_bits_y L(2)
paletteBits = minBits + palette_num_extra_bits_y

}
while (idx < PaletteSizeY ) {
palette_delta_y L(paletteBits)
palette delta y++
palette_colors_y[idx ] =
Clip1( palette_colors_y[idx-11]+
palette_delta_y)
range = ( 1 << BitDepth ) - palette_colors_y[ idx]- 1
paletteBits = Min( paletteBits, CeilLog2( range ) )
idx++
}
sort( palette_colors_y, 0, PaletteSizeY - 1)
}
}
if (HasChroma && UVMode == DC_PRED ) {
has_palette_uv S()

if (has_palette_uv ) {
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palette_size_uv_minus_2 S()
PaletteSizeUV = palette_size_uv_minus_2 + 2
cacheN = get_palette _cache( 1)
idx =0
for (i=0; i< cacheN && idx < PaletteSizeUV; i++) {
use_palette_color_cache _u L(1)
if (use_palette_color_cache_u) {
palette colors_u[ idx ] = PaletteCache[ i ]

idx++
}
}
if (idx < PaletteSizeUV ) {
palette_colors_u[ idx ] L(BitDepth)
idx++
}

if (idx < PaletteSizeUV ) {
minBits = BitDepth - 3
palette_num_extra_bits_u L(2)
paletteBits = minBits + palette_num_extra_bits_u

}
while (idx < PaletteSizeUV ) {
palette_delta_u L(paletteBits)
palette_colors_u[idx] =
Clip1( palette_colors_u[idx - 1]+
palette_delta_u)
range = ( 1 << BitDepth ) - palette_colors_u[ idx ]
paletteBits = Min( paletteBits, CeilLog2( range ) )
idx++
}

sort( palette_colors_u, 0, PaletteSizeUV - 1)

delta_encode_palette_colors_v L(1)
if (delta_encode_palette_colors_v ) {

minBits = BitDepth - 4

maxVal = 1 << BitDepth

palette_num_extra_bits v L(2)
paletteBits = minBits + palette_num_extra_bits_v
palette_colors_v[ 0] L(BitDepth)
for (idx = 1; idx < PaletteSizeUV; idx++ ) {
palette_delta_v L(paletteBits)
if ( palette_delta_v ) {
palette_delta_sign_bit_v L(1)

if ( palette_delta_sign_bit v) {
palette_delta v = -palette_delta_v

}

val = palette_colors_v[idx - 1 ] + palette_delta_v
if (val <0) val += maxVal

if (val >= maxVal ) val -= maxVal
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palette_colors_v[ idx ] = Clip1( val)

}

} else {
for (idx = 0; idx < PaletteSizeUV; idx++ ) {
palette_colors_v[ idx ]

}

}

L(BitDepth)

1C@ API>ODJINJMO <MM D D NJMON < NP=<MM<T JA OC@ <MM<T <MM DI KG<>@ DIOJ <N>@I?DIB IM?@M 1C@ I

=@OR@@I DI?D>@N D <I? D DI>GPNDQ@

Note: 1C@ K<G@OO@ >JGIJMN <M@ B@I@M<O@? DI <N>@I?DIB IM?@M 1C@ K<G@OO@ ><>C@ DN <GNJ DI <N>
H@<IN OC<O OC@ NJMO API>ODJI ><| =@ M@KG<>@? DI DHKG@H@IO<ODJIN =T < H@MB@ JA ORJ NJMO@? GDN

RC@M@ OC@ API>0ODJI B@O;K<G@OO0@;><>C@ RCD>C H@MB@N OC@ <=JQ@ <I? G@AO K<G@OO@N OJ AJMH < >

get_palette_cache( plane ) {
aboveN =0
if (( MiRow * MI_SIZE ) % 64 ) {
aboveN = PaletteSizes| plane ][ MiRow - 1 ][ MiCol ]
}
leftN =0
if (AvalilL ) {
leftN = PaletteSizes[ plane ][ MiRow ][ MiCol - 1]
}
aboveldx =0
leftldx =0
n=0
while ( aboveldx < aboveN && leftldx < leftN ) {
aboveC = PaletteColors[ plane ][ MiRow - 1 ][ MiCol ][ aboveldx ]
leftC = PaletteColors[ plane ][ MiRow ][ MiCol - 1 ][ leftldx ]
if (leftC < aboveC) {
if (n==0|| leftC != PaletteCache[n-1]) {
PaletteCache[ n ] = leftC
n++
}
leftldx++
} else {
if (n==0 || aboveC != PaletteCache[n-11]){
PaletteCache[ n ] = aboveC
n++
}
aboveldx++
if (leftC == aboveC) {
leftldx++
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}
}

while ( aboveldx < aboveN ) {
val = PaletteColors[ plane ][ MiRow - 1 ][ MiCol ][ aboveldx ]
aboveldx++
if (n==0|| val '= PaletteCache[n-11]){
PaletteCache[ n ] = val
n++
}

}
while (leftldx < leftN ) {

val = PaletteColors[ plane ][ MiRow ][ MiCol - 1 ][ leftldx ]
leftldx++
if (n==0|| val '= PaletteCache[n-11){

PaletteCache[ n ] = val

n++

}

return n

Note: B@O;K<G@OO@;><>C@ DN @LPDQ<G@IO OJ NJMODIB OC@ <Q<DG<=G@ K<G@0OO0@ >JGIMN AMJIH <=JQ(
M@HJQDIB <IT ?PKGD><O@N

1M<INAIJMH OTK@ NTIO<S

transform_type( x4, y4, txSz ) { Type
set = get_tx_set(txSz)

if (set>0 &&
( segmentation_enabled ? get_qgindex( 1, segment_id ) : base_q_idx) >0) {
if (is_inter) {
inter_tx_type S()
if (set ==TX_SET_INTER_1)
TxType = Tx_Type_Inter_Inv_Setl[ inter_tx_type ]
else if (set == TX_SET_INTER_2)
TXType = Tx_Type_lInter_Inv_Set2[ inter_tx_type ]
else
TxType = Tx_Type_lInter_Inv_Set3[ inter_tx_type ]
}else {
intra_tx_type S()
if (set==TX_SET_INTRA_1)
TxType = Tx_Type_lIntra_Inv_Setl[ intra_tx_type ]
else
TxType = Tx_Type_Intra_Inv_Set2[ intra_tx_type ]
}

}else {
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TxType = DCT_DCT
}
for (i=0;i<(Tx_Width[txSz]>>2); i++) {
for (j=0;j<(Tx_Height[txSz]>>2); j++) {
TxTypes[y4 +j][ x4 +i]=TxType
}

}

RC@M@ OC@ DIQ@MNDJI O<=G@N PN@? DI OC@ API>0ODJI <M@ NK@>DAD@? <N AJGGJRN

Tx_Type_Intra_Inv_Setl[ 7] ={ IDTX DCT_DCTV_DCT H_DCTADST_ADSRADST_DCTDCT_ADST

Tx_Type_Intra_Inv_Set2[ 5] = { IDTX DCT_DCTADST_ADSRADST_DCTCT_ADST

Tx_Type_Inter_Inv_Setl] 16] = { IDTX V_DCTH_DCTV_ADSTH_ADSTV_FLIPADSTH_FLIPADST
DCT_DCTADST_DCTDCT_ADSTFLIPADST_DCDCT_FLIPADSRADST_ADST
FLIPADST_FLIPAQSADST_FLIPADSFLIPADST_ADST

Tx_Type_Inter_Inv_Set2[ 12] = { IDTX V_DCTH_DCTDCT_DCTADST_DCTDCT_ADSTFLIPADST_DCT
DCT_FLIPADSRDST_ADSTFLIPADST_FLIPAQSADST_FLIPADST
FLIPADST_ADST

Tx_Type_Inter_Inv_Set3[ 2] ={ IDTX DCT_DCF

$@O OM<INAIMH N@O API>ODJI

get tx_set(txSz) { Type
txSzSqr = Tx_Size_Sqr[ txSz ]
txSzSqrUp = Tx_Size_Sqr_Up[ txSz ]
if (txSzSqrUp > TX 32X32)
return TX_SET_DCTONLY
if (is_inter){
if (reduced_tx_set || txSzSqrUp == TX_32X32 ) return TX_SET_INTER_3
else if (txSzSqr == TX_16X16 ) return TX_SET_INTER_2
return TX_SET_INTER_1
}else {
if (txSzSqrUp == TX_32X32) return TX_SET_DCTONLY
else if (reduced_tx_set) return TX_SET_INTRA_2
else if (txSzSqr == TX_16X16 ) return TX_SET_INTRA_2
return TX_SET_INTRA 1

-<G@OO@ OJF@IN NTIO<S

palette_tokens() { Type
blockHeight = Block_Height[ MiSize ]
blockWidth = Block_Width[ MiSize ]
onscreenHeight = Min( blockHeight, (MiRows - MiRow) * MI_SIZE )
onscreenWidth = Min( blockWidth, (MiCols - MiCol) * MI_SIZE )
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if ( PaletteSizeY ) {
color_index_map_y
ColorMapY|[0][0] = color_index_map_y
for (i=1;i<onscreenHeight + onscreenWidth - 1; i++ ) {
for (j = Min( i, onscreenWidth - 1);
j >= Max( 0, i - onscreenHeight + 1); j--) {
get_palette _color_context(
ColorMapY, (i-j), j, PaletteSizeY )
palette_color_idx_y
ColorMapY[i-j][j]= ColorOrder[ palette_color_idx_y ]

}
}
for (i=0; i< onscreenHeight; i++) {
for (j = onscreenWidth; j < blockWidth; j++ ) {
ColorMapY[i][j]= ColorMapY[i][ onscreenWidth - 1]

}
}
for (i = onscreenHeight; i < blockHeight; i++ ) {
for (j = 0; j < blockWidth; j++) {
ColorMapY[i][j]= ColorMapY[ onscreenHeight - 1 ][ j ]

}
}

if ( PaletteSizeUV ) {

color_index_map_uv
ColorMapUV[0][0] = color_index_map_uv
blockHeight = blockHeight >> subsampling_y
blockWidth = blockWidth >> subsampling_x
onscreenHeight = onscreenHeight >> subsampling_y
onscreenWidth = onscreenWidth >> subsampling_x
if (blockWidth <4){

blockWidth += 2

onscreenWidth += 2
}
if ( blockHeight <4 ) {

blockHeight += 2

onscreenHeight += 2

}

for (i=1;i<onscreenHeight + onscreenWidth - 1; i++ ) {
for (j = Min( i, onscreenWidth - 1);
j>=Max( 0, i-onscreenHeight + 1); j-- ) {
get_palette _color_context(
ColorMapUV, (i-j), |, PaletteSizeUV )
palette_color_idx_uv

ColorMapUV[i-j][j] = ColorOrder[ palette_color_idx_uv ]
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for (i = 0; i < onscreenHeight; i++ ) {
for (j = onscreenWidth; j < blockWidth; j++ ) {
ColorMapUV[i][j] = ColorMapUV] i ][ onscreenWidth - 1]
}
}
for (i = onscreenHeight; i < blockHeight; i++) {
for (j = 0; j < blockWidth; j++) {
ColorMapUV[i][j]= ColorMapUV][ onscreenHeight - 1 ][ j ]
}

-<G@OO0@ >JGIM >JIO@SO API>0ODJI

get_palette_color_context( colorMap, r, ¢, n) { Type
for (i=0;i<PALETTE_COLORS; i++){
scores[i]=0

ColorOrder[i] =i

}

if(c>0){
neighbor = colorMap[r][c-1]
scores| neighbor | += 2

}

if((r>0)&&(c>0)){
neighbor = colorMap[r-1][c-1]
scores| neighbor ] += 1

}

if (r>0){
neighbor = colorMap[r-1][c]
scores[ neighbor | += 2

}

for (i=0;i<PALETTE_NUM_NEIGHBORS; i++) {
maxScore = scores[ i ]
maxldx =i
for(j=i+1;j<n;j++){
if ( scores[ j] > maxScore ) {
maxScore = scores| j |
maxldx = j
}
}
if (maxldx !=1) {
maxScore = scores[ maxldx ]
maxColorOrder = ColorOrder[ maxldx ]
for ( k = maxldx; k > i; k-- ) {
scores[ k] =scores[k-1]
ColorOrder[ k ] = ColorOrder[ k - 1]
}

scores[ i ] = maxScore
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ColorOrder[ i ] = maxColorOrder

}

}
ColorContextHash = 0

for (i=0;i<PALETTE_NUM_NEIGHBORS; i++) {
ColorContextHash += scores[ i | * Palette_Color_Hash_Multipliers[ i ]

}

&N DIND?@ API>ODJI

DN;DIND?@ ?@O@MHDI@N RC@OC@M < ><I?D?<O0@ KINDODJI DN DIND?@ OC@ >PMM@10 ODG@

is_inside( candidateR, candidateC ) { Type
return ( candidateC >= MiColStart &&
candidateC < MiColEnd &&
candidateR >= MiRowStart &&
candidateR < MiRowEnd )

&N DIND?@ ADGO@M M@BDJI API>0ODJI

DN;DIND?@;ADGO@M;M@BDJI ?@0@MHDI@N RC@OC@M < ><1?D?<0@ KIJNDODJI DN DIND?@ OC@ M@BDJI OC<O [

is_inside_filter_region( candidateR, candidateC ) { Type
colStart =0
colEnd = MiCols
rowStart =0
rowEnd = MiRows
return (candidateC >= colStart &&
candidateC < colEnd &&
candidateR >= rowStart &&
candidateR < rowEnd)

G<HK *3 MJR API>0ODJI

clamp_mv_row( mvec, border ) { Type
bh4 = Num_4x4 Blocks_High[ MiSize ]
mbToTopEdge = -((MiRow * MI_SIZE) * 8)
mbToBottomEdge = ((MiRows - bh4 - MiRow) * MI_SIZE) * 8
return Clip3( mbToTopEdge - border, mbToBottomEdge + border, mvec )

G<HK *3 >JG API>0DJI

clamp_mv_col( mvec, border ) { Type
bw4 = Num_4x4_Blocks_Wide[ MiSize ]
mbToLeftEdge = -((MiCol * MI_SIZE) * 8)
mbToRightEdge = ((MiCols - bw4 - MiCol) * MI_SIZE) * 8
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return Clip3( mbToLeftEdge - border, mbToRightEdge + border, mvec )

G@<M !"# API>ODJI

clear_cdef(r,c) { Type
cdef idx[r][c]=-1
if (use_128x128 superblock ) {
cdefSize4 = Num_4x4_Blocks_Wide[ BLOCK_64X64 ]
cdef _idx[r][ ¢ + cdefSize4 ] =-1
cdef_idx[ r + cdefSized][c]=-1
cdef_idx[ r + cdefSized][ ¢ + cdefSize4 ] =-1

/@<? 1"# NTIO<S

read_cdef() { Type
if ( skip || CodedLossless || lenable_cdef || allow_intrabc) {
return
}
cdefSize4 = Num_4x4_Blocks_Wide[ BLOCK_64X64 ]
cdefMask4 = ~(cdefSize4 - 1)
r = MiRow & cdefMask4
¢ = MiCol & cdefMask4
if (cdef_idx[r][c]==-1){
cdef idx[r][c] L(cdef_bits)
w4 = Num_4x4_Blocks_Wide[ MiSize ]
h4 = Num_4x4_Blocks_High[ MiSize ]
for(i=r;i<r+h4;i+=cdefSize4) {
for(j=c;j<c+w4;j+=cdefSize4) {
cdef idx[i][j]=cdef_idx[r][c]
}

/@<? GJIK M@NOJIM<ODJI NTIO<S

read_Ir(r, c, bSize ) { Type
if (allow_intrabc ) {
return
}
w = Num_4x4_Blocks_Wide[ bSize ]
h = Num_4x4 Blocks_High[ bSize ]
for ( plane = 0; plane < NumPlanes; plane++ ) {
if ( FrameRestorationType[ plane ] '= RESTORE_NONE ) {
subX = (plane == 0) ? 0 : subsampling_x
subY = (plane == 0) ? 0 : subsampling_y
unitSize = LoopRestorationSize[ plane ]
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unitRows = count_units_in_frame( unitSize, Round2( FrameHeight, subY) )
unitCols = count_units_in_frame( unitSize, Round2( UpscaledWidth, subX) )
unitRowStart = (r * ( Ml_SIZE >> subY) +
unitSize - 1) / unitSize
unitRowENd = Min( unitRows, ( (r + h) * ( MI_SIZE >> subY) +
unitSize - 1) / unitSize)
if (use_superres ) {
numerator = (Ml_SIZE >> subX) * SuperresDenom
denominator = unitSize * SUPERRES_NUM
}else {
numerator = MI_SIZE >> subX
denominator = unitSize
}
unitColStart = ( ¢ * numerator + denominator - 1 ) / denominator
unitColEnd = Min( unitCols, ( (c + w) * numerator +
denominator - 1 ) / denominator)
for (unitRow = unitRowStart; unitRow < unitRowEnd; unitRow++) {
for (unitCol = unitColStart; unitCol < unitColEnd; unitCol++ ) {
read_lIr_unit(plane, unitRow, unitCol)

}

RC@M@ >JPIO;PIDON;DI;AM<H@ DN < API>0ODJI NK@>DAD@? <N

count_units_in_frame (unitSize , frameSize) {
return Max( frameSize + (unitSize >> 1)) / unitSize , 1)

}

[@<? GJIK M@NOJM<ODJI PIDO NTIO<S

read_Ir_unit(plane, unitRow, unitCol) {

if ( FrameRestorationType[ plane ] == RESTORE_WIENER ) {

use_wiener

restoration_type = use_wiener ? RESTORE_WIENER : RESTORE_NONE
} else if ( FrameRestorationType[ plane ] == RESTORE_SGRPROJ ) {

use_sgrproj

restoration_type = use_sgrproj ? RESTORE_SGRPROJ : RESTORE_NONE
}else {

restoration_type
}
LrType[ plane ][ unitRow ][ unitCol ] = restoration_type
if ( restoration_type == RESTORE_WIENER ) {

for ( pass = 0; pass < 2; pass++ ) {

if (plane ) {
firstCoeff = 1

Section: Syntax structures
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LrWiener[ plane ]
[ unitRow ][ unitCol ][ pass ][0] =0
} else {
firstCoeff = 0
}
for (j = firstCoeff; j < 3; j++) {
min = Wiener_Taps_Min[j ]
max = Wiener_Taps_Max[ j ]
k = Wiener_Taps_K[j]
v = decode_signed_subexp_with_ref_bool(
min, max + 1, k, RefLrWiener[ plane ][ pass 1[j])
LrWiener[ plane ]
[ unitRow ][ unitCol ][ pass][j] =V
RefLrWiener[ plane ][ pass][j]1=V
}

}
} else if ( restoration_type == RESTORE_SGRPROJ ) {

Ir_sgr_set L(SGRPROJ_PARAMS_BITS)
LrSgrSet[ plane ][ unitRow ][ unitCol ] = Ir_sgr_set
for(i=0;i<2;i++){
radius = Sgr_Params[ Ir_sgr_set][i* 2]
min = Sgrproj_Xqd_Min[i]
max = Sgrproj_Xqd_Max(i]
if (radius) {
v = decode_signed_subexp_with_ref_bool(
min, max + 1, SGRPROJ_PRJ_SUBEXP_K,
RefSgrXqd[ plane ][ i ])

}else {
v=0
if(i==1){
v = Clip3( min, max, (1 << SGRPROJ_PRJ_BITS) -
RefSgrXqd[ plane J[0])
}
}

LrSgrXqd[ plane ][ unitRow J[ unitCol J[i] =V
RefSgrXqgd[ plane J[i]=Vv

}

RC@QM@ 4D@I@M;1<KN;*DI 4D@I@M;1<KN;*<S 4D@I@M;1<KN;( 0BMKMJE;5L?;*DI <I? 0BMKMJE;5L?;*<S <M@ >JINO<
GJJIFPK O<=G@N
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Wiener_Taps_Mip3] = { -5, -23, -17}
Wiener_Taps M&8] ={ 1 8, 46}
Wiener_Taps 3] ={ 1, 2, 3}

Sgrproj_Xqd_Mif2] ={ -96, -32}
Sgrproj_Xqd_Mak2] ={ 31, 95}

0BM;-<M<HN DN < >JINO<IO GJJFPK O<=G@ 2@@AB0@3IIDI <I? 7@>J?@;NDBI@?;NP=@SK;RDOC;M@A;=JJG DN < API>O
NK@>DAD@? <N AJGGJRN

decode_signed_subexp_with_ref _bool( low, high, k, r) { Type
x = decode_unsigned_subexp_with_ref _bool(high - low, k, r - low)
return x + low

}

decode_unsigned_subexp_with_ref_bool( mx, k, r) {
v = decode_subexp_bool( mx, k)
if ((r<<1)<=mx){
return inverse_recenter(r, v)
}else {
return mx - 1 - inverse_recenter(mx - 1 - r, v)

}
}
decode_subexp_bool( numSyms, k) {
i=0
mk =0
while (1){
b2=i?k+i-1:k
a=1<<b2
if (numSyms <=mk+3*a){
subexp_unif_bools NS(numSyms - mk)
return subexp_unif_bools + mk
}else {
subexp_more_bools L(1)
if ( subexp_more_bools) {
i++
mk +=a
}else {
subexp_bools L(b2)
return subexp_bools + mk
}
}
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Note: 1C@ ?@>J?@;NDBI@?;NP=@SK;RDOC;M@A;=JJG API>ODJI DN OC@ N<H@ <N OC@ ?@>J?@;NDBI@?;NP=@

API>0DJI @S>@KO OC<O OC@ =DON PN@? 0J M@KM@N@10 OC@ NTH=JG <M@ <MDOCH@OD> >J?@? DINO@<"
OC@ =DONOM@<H

1DG@ GDNO, 2 NTIO<S
$@I@M<G ODG@ GDNO, 2 NTIO<S

tile_list_obu() {

Type
output_frame_width_in_tiles_minus_1 f(8)
output_frame_height_in_tiles_minus_1 f(8)
tile_count_minus_1 f(16)
for (tile = 0; tile <=tile_count_minus_1; tile++)

tile_list_entry()
}
1DG@ GDNO @IOMT NTIO<S

tile_list_entry() { Type
anchor_frame_idx f(8)
anchor_tile_row f(8)
anchor_tile_col f(8)
tile_data_size_minus_1 f(16)
N = 8 * (tile_data_size_minus_1 + 1)
coded tile data f(N)
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OTIO<S NOMP>0OPM@N N@H<IOD>N
S@I@M<G

1CDN N@>0ODJI NK@>DAD@N OC@ H@<IDIB JA OC@ NTIO<S @G@H@ION M@<? DI OC@ NTIO<S NOMP>OPM@N

&HKJIMO<IO Q<MD<=G@N <I? API>0DJI ><GGN <M@ <GNJ ?@N>MD=@7?

.2 N@OH<IOD>N
$@I@M<G , 2 N@QH<IOD>N

I IM?@M@? N@MD@N JA , 2N DN KM@N@I0@? OJ OC@ ?@>J?DIB KMJ>@NN "<>C, 2 DN BDQ@I| OJ OC@ ?@>J?DIB
JA =TO@N <GJIB RDOC < Q<MD<=G@ NU OC<0O D?@IODAD@N OC@ OJO<G IPH=@M JA=TO@N DI OC@ , 2

&A OC@ NTIO<S @G@H@IO J=P;C<N:NDU@;AD@G? DI OC@ , 2 C@<?@M DN @LP<G 0J OC@I| OC@ Q<MD<=G@ NL
1JO C<Q@ OJ =@ KMIQD?@?

obu_size >JIO<DIN OC@ NDU@ DI =TO@N JA OC@ , 2 130 DI>GP?DIB OC@ =TO@N RDOCDI J=P;C@<?@M JM OC@ J=P
@G@H®@IO

*@OCJ?N JA AM<HDIBOC@ ,2N D @ JA D?@IODATDIB OC@ N@MD@N JA , 2N <I? OC@DM NDU@ <I? K<TGJ<? ?<O< |
>JIO<DI@M AJMH<O H<T =@ @NO<=GDNC@? DI < H<Il@M JPOND?@ OC@ N>JK@ JA OCDN 0K@>DAD><ODJI ,I@ NDF
DI @S

, 2 ?7<O< NO<MON JI OC@ ADMNO HJINO NDBIDAD><IO =DO <I? @I?N JI OC@ G<NO =DO JA OC@ BDQ@I| =TO@N 1C@
=@OR@@I| OC@ ADMNO =DO JA OC@ BDQ@I =TO@N <I? OC@ G<NO =DO =@AJM@ OC@ ADMNO OM<DGDIB =DO 1M
OC@, 2 >JINDNON JAJIGT OC@ C@<?@M 1M<DGDIB =DON <>CD@Q@ =TO@ <GDBIH@IO RC@I| OC@ K<TGJI<? JA<I,
1C@ OM<DGDIB =DON H<T <GNJ PN@? AJM <??DODJI<G =TO@ K<??DIB <I? DAPN@? <M@ O<F@I DIOJ <>>JPIO DI OC
OC@ K<OO@MI PN@? AJM OC@ OM<DGDIB =DON BP<M<IO@@N OC<0 <GG, 2N @S>@KO C@<?@M JIGT, 2N @I?R
=DON@O 0J JI@ JKODJI<GGT AJGGJR@? =T U@MJN

Note: N < Q<GD?DOT >C@>F AJM H<GAIMH@? @1>J?@? ?<0< <I? AJIM JK@M<ODJI DI @IQDMJIH@ION DI RCD>C G
@MMJIMN ><| J>>PM ?@>J?@MN H<T ?@0@>0 <| @MMJIM DA OC@ @I? JA OC@ K<MN@? ?<O< DN |JO ?DM@>0G"
OM<DGDIB =DON K<OO@MI JM DA OC@ K<MNDIB JAOC@ , 2 C@<?@M <I? K<TGJI<? G@<?N OJ OC@ >JINPHKODJI
OM<DGDIB =DON @S>@KO AJM ODG@ BMJPK ?<0O< RCD>C DN <GGJR@? OJ M@<? < NH<GG ?DNO<I>@ DIOJ OC(
N@>0DJI

drop_obu() DN <API>0ODJI ><GG OC<0 DI?D><O@N RC@! OC@ ?@>J?DIB KMJ>@NN NCJIPG? DBIUM@ <I , 2 =@><PN@
DIOC@ N@G@>0@7? JK@M<ODIB KJDIO 4C@I!<I,2DNIJODIOC@ N@G@>0@? JK@M<ODIB KJIDIO OC@ >JIO@ION |
?@>J?DIB KMJ>@NN

4C@I| OCDN API>ODJI DN ><GG@? OC@ =DONOM@<H KIJNDODJI DI?D><0JM NCJPG? =@ <?Q<I>@7? =T J=P;NDU@ =
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, 2 C@<?@M N@H<IOD>N

, 2N <M@ NOMP>0OPM@? RDOC < C@<?@M <I? < K<TGJ<? 1C@ C@<?@M D?@IODAD@N OC@ OTK@ JA OC@ K<TGJ<
C@<?@M K<M<H@O@M

obu_forbidden_bit HPNO =@ N@O OJ
Note: 1CDN @INPM@N OC<O *-"$ OM<INKJMO DN KINND=G@ =T KM@Q@IODIB @HPG<ODJI JA *-"$ OM<INKIJMO N

obu_type NK@>DAD@N OC@ OTK@ JA ?<O< NOMP>0OPM@ >JIO<DI@7? DI OC@ , 2 K<TGJ<?

obu_type Name of obu_type
I@N@MQ@?
,2;0".2"+ %" 1"
, 2,1 )M &*&1"
, 2 %" 1M
» 2;1&)"%/,2-
, 211
, 2.+
, 2,2+ +1H * %" 1Y
, 2;1&)";)&01
ION@MQ@?

, 2;- 1&+$
/@N@MQ@? PIDON <M@ AJM APOPM@ PN@ <I? NC<GG =@ DBIIM@7? =T 3 ?@>J?@M
obu_extension_flag DI?D><O@N DA OC@ JKODJI<G J=P;@SO@INDJI;,C@<?@M DN KM@N@IO

obu_has_size_field @LP<G OJ DI?D><O@N OC<O OC@ J=P;NDU@ NTIO<S @G@H@IO RDGG =@ KM@N@IO J=P;C<N
DI?D><O@N OC<0O OC@ J=P;NDU@ NTIO<S @G@H@10 RDGG IJO =@ KM@N@I0O

obu_reserved_1bit HPNO =@ N@O OJ 1C@ Q<GP@ DN DBIIM@? =T <?@>J?@M

, 2 @SO@INDJI C@<?@M N@H<IOD>N

temporal_id NK@>DAD@N OC@ O@HKIM<G G@Q@G JA OC@ ?<0<>JIO<DI@? DI OC@ , 2 4C@| O@HKJIM<G;D? DN 1J
DN DIA@MM@? 0J =@ @LP<G 0OJ

spatial_id NK@>DAD@N OC@ NK<OD<G G@Q@G JA OC@ ?<0< >JIO<DI@? DI OC@ , 2 4C@| NK<OD<G;D? DN IJO KM
DIA@QMM@7? OJ =@ @LP<G OJ
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Note: 1C@ O@MH INK<OD<GM* M@A@MN OJ OC@ A<>0 OC<0O OC@ @IC<I>@H@I0 C@M@ J>>PMN DI OC@ NK<OLC
DI>M@<N@ DI NK<OD<G M@NJGPODJI JM <I DI>M@<N@ DI NK<OD<G AD?@GDOT DI>M@<N@? 0+/

1DG@ BMJPK , 2 ?<0O< <NNJ>D<O@7? RDOC NK<OD<G;D? <1? O@HKJIM<G;D? @LP<G OJ <M@ M@A@MM@? OJ <N OC(
BMJPK , 2 ?<O< OC<0O <M@ <NNJ>D<O@? RDOC NK<OD<G;D? BM@<O@M OC<l IJM O@HKJIM<G;D? BM@<O@M OC«I
@IC<I>@H@IO GKT@M N

J?@? QD?@J ?<0< JA < O@HKIM<G G@Q@G RDOC O@HKJIM<G:D? 1 <I? NK<OD<G G@Q@G RDOC NK<OD<G;D? 0 <N
KM@QDJIPNGT >J?@? QD?@J ?<0< JA O@HKJIM<G:D? 1_ <I? NK<OD<G;D?0_RC@M@ 1_ 1<I?0_ 0

extension_header_reserved_3bits HPNO =@ N@O OJ 1C@ Q<GP@ DN DBIIM@? =T <?@>J?@M
1M<DGDIB =DON N@H<IOD>N

Note: 1DG@ BMJPK , 2N ODG@ )DNO, 2N <I? AM<H@ , 2N ?J @1? RDOC OM<DGDIB =DON =PO AJM OC@N@ ><N@
=DON <M@ >JINPH@? =T OC@ @SDO;NTH=JG KMJ>@NN

trailing_one_bit NC<GG =@ @LP<G 0J
4C@I OC@ NTIO<S @G@H@I0 OM<DGDIB;JI@;=DO DN M@<? DO DN < M@LPDM@H@IO OC<O I=DON DN BM@<O@M

trailing_zero_bit NC<GG =@ @LP<G 0J <I? DN DIN@MO@? DIOJ OC@ =DONOM@<H OJ <GDBI OC@ =DO KIJNDODJI OJ
<?? JKODJI<G U@MJ K<??DIB =TO@N OJ OC@ , 2

TO@ <GDBIH@IO N@H<IOD>N

zero_bit NC<GG =@ @LP<G OJ <I? DN DIN@MO@? DIOJ OC@ =DONOM@<H OJ <GDBI OC@ =DO KINDODJI 0J < HPGC

I@N@MQ@? , 2 N@H<IOD>N

1C@ M@N@MQ@? ,2 <GGJRN OC@ @SO@INDJI JA OCDN NK@>DAD><ODJI RDOC <??DODJI<G , 2 OTK@N DI < R<T O
0OJ DBIIM@ OC@H

O@LP@I>@ C@<?@M , 2 N@H<IOD>N
$@I@M<G N@LP@I>@ C@<?@M , 2 N@H<IOD>N

seqg_profile NK@>DAD@N OC@ A@<OPM@N OC<0 ><I=@ PN@? DI OC@ >J?@7? QD?@J NQLP@I>@

seq_profile Bit depth Monochrome support Chroma subsampling
IM 6@N 623
JM +J 623
JM 6@N 623
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seq_profile Bit depth Monochrome support Chroma subsampling
6@N 623 623 623
&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<O N@L;KMJADG@ DN IJO BM@<O@M OC<l Q<GP@N (
*JIJI>CMIH@ ><I JIGT =@ NDBI<G@? RC@I| N@L;KMJADG@ DN @LP<G OJ JM
3 KMJADG@N <M@ ?@ADI@7? DI 11@S

still_picture @LP<G OJ NK@>DAD@N OC<O OC@ >J?@7? QD?@J N@LP@I>@ >JIO<DIN JIGT JI@ >J?@? AM<H@ NOD(
NK@>DAD@N OC<0O OC@ >J?@7? QD?@J N@LP@I>@ >JIO<DIN JI@ JIM HIM@ >J?@7? AM<H@N

reduced_still_picture_header NK@>DAD@N OC<O OC@ NTIO<S @G@H@ION 1JO l@@?@7? =T < NODGG KD>0OPM@ <M(

&A M@?P>@7?;NODGG;KD>0OPM@;C@<?@M DN @LP<G OJ DO DN < M@LPDM@H®@I10 JA =DONOM@<H >JIAJMH<I>@

Note: &0 DN <GGJR@? OJ C<Q@ NODGG;KD>OPM@ @LP<G OJ <I? M@?P>@7?;NODGG;KD>0OPM@;C@<?@M @LP-
AM<H@ OJ =@ >JIQ@MO@? OJ < NODGG KD>OPM@ =T >C<IBDIB < NDIBG@ =DO

timing_info_present_flag NK@>DAD@N RC@OC@M ODHDIB DIAJ DN KM@N@IO DI OC@ >J?@7? QD?@J N@LP@I>@

decoder_model_info_present_flag NK@>DAD@N RC@OC@M ?@>J?@M HJ?@G DIAJMH<ODJI DN KM@N@IO DI OC@ >
N@LP@I>@

initial_display_delay_present flag NK@>DAD@N RC@OC@M DIDOD<G ?DNKG<T ?@G<T DIAJMH<ODJI DN KM@N@IO [
NQLP@I>@

operating_points_cnt_minus_1 DI?D><0O@N OC@ IPH=@M JA JK@M<ODIB KJDION HDIPN KM@N@IO DI OC@ >J?@7? Q
| IK@M<ODIB KJDIO NK@>DAD@N RCD>C NK<OD<G <I? O@HKJIM<G GKT@MN NCIPG? =@ ?@>J7?@"?

operating_point_idc[i] >JIO<DIN < =DOH<NF OC<0O DI?D><0O@N RCD>C NK<OD<G <I? O@HKIM<G G<KT@MN NCJIPG? =(
JK@M<ODIB KIJDIOD DO FDN @LP<G OJ DA O@HKJIM<G G<T@M F NCIPG? =@ ?@>J?@7? AJM F=@OR@@| <I? I
NK<OD<G G<T@M E NCIPG? =@ ?@>J?@? AJME =@OR@@I! <I?

%IR@Q@M DA JK@M<ODIB;KJDIO;D?>8 D 9 DN @LP<G OJ OC@I| OC@ >J?@? QD?@J N@LP@I>@ C<N |1J N><G<=DGI
@SO@INDJI C@<?@MN <I? OC@ JK@M<ODIB KJDIO <KKGD@N OJ OC@ @IODM@ >J?@7? QD?@J N@LP@I>@ 1CDN K
2@>J?@?

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0 JK@M<ODIB;KJDIO;D?>8 D 9 DN 1JO @LP<G OJ JK@M<

Note: 1CDN >JINOM<DIO H@<IN DO DN 1JO <GGJR@? AJM ORJ JK@M<ODIB KIJDION 0OJ C<Q@ OC@ N<H@ Q<GP@ .
JK@M<ODIB;KJDIO;D?>
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&A JK@M<ODIB;KJDIO;D?>8 JK 9 DN 1JO @LP<G OJ AIM<IT Q<GP@ JA JK AMIJH 0OJ JK@M<ODIB;KJDION;>IO;HDIPN;
M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O J=P;@SO@INDJI;AG<B DN @LP<G OJ

seq_level_idx[i] NK@>DAD@N OC@ G@Q@G OC<O OC@ >J?@? QD?@J N@LP@I>@ >JIAJMHN OJ RC@! JK@M<ODIB
Note: "I>J?@MN NCIPG? N@G@>0 OC@ GJR@NO G@Q@G OC<O DN N<ODNAD@? =T OC@ JK@M<ODIB KJIDIO OJ
2@>J?@MN OC<0 ><| ?2@>J?@ OC@ NOM@<H =PO OCDN DN 1JO < M@LPDM@H@IO JA =DONOM@<H >JIAIMH<I>

seq_tier[i] NK@>DAD@N OC@ OD@M OC<O OC@ >J?@7? QD?@J N@LP@I>@ >JIAJMHN OJ RC@I| JK@M<ODIB KJDIO |

decoder_model_present_for_this_op[i] @LP<G 0J JI@ DI?D><0O@N OC<O OC@M@ DN < ?@>J?@M HI?@G <NNJ>D<O
KJDIO D ?@>J?@M;HJ?@G;KM@N@IO;AIJM;OCDN;JK8 D 9 @LP<G OJ U@MJ DI?D><O@N OC<O OC@M@ DN IJO < ?@>
JK@M<ODIB KJDIO D

initial_display_delay_present_for_this_op[i] @LP<G OJ DI?D><O@N OC<O DIDOD<G;?DNKG<T;?@G<T;HDIPN; DN NK
JK@M<ODIB KJDIO D DIDOD<G;?DNKG<T;?@G<T;KM@N@IO;AIJM;OCDN;JK8 D 9 @LP<G OJ DI?D><O@N OC<O DIDOD
IJO NK@>DAD@? AJM JK@M<ODIB KJDIO D

initial_display_delay_minus_1[i] KGPN NK@>DAD@N AJM JK@M<ODIB KJDIO D OC@ IPH=@M JA ?@>J?@7? AM<H@I
KM@N@IO DI OC@ =PAA@M KJIG =@AIM@ OC@ ADMNO KM@N@I0<=G@ AM<H@ DN ?DNKG<T@? 1CDN RDGG @IN
N@QLP@I>@ ><I =@ ?@>J?@7? <O IM =@AIM@ OC@ ODH@ OC<O OC@T <M@ N>C@?PG@7? AIJM ?DNKG<T &A IJO NDE
DIDOD<G;?DNKG<T;?@G<T;HDIPN; 8 D9 2##"/;-,,);* 5;0&7"

choose_operating_point() DN < API>0DJI ><GG OC<O DI?D><O@N OC<0O OC@ JK@M<ODIB KJDIO NCJPG? =@ N@G@:

1C@ DHKG@H@10<0ODJI JA OCDN API>0DJI ?@K@I?N JI OC@ ><K<=DGDOD@N JA OC@ >CIN@| DHKG@H@10<ODJI
KJDION DI?D><O@N OC@ KM@A@MM@? IM?@M AIJM KMJ?P>DIB <l JPOKPO <?@>J?@M NCIPG? N@G@>0 OC@ @:
OC<O H@@ON DON ?@>J?DIB ><K<=DGDOD@N <N @SKM@NN@? =T OC@ G@Q@G <NNJ>D<O@? RDOC @<>C JK@!

?2@>J?@M HPNO M@OPMI < Q<GP@ AMJH >CJIN@;JK@M<ODIB;KJDIO =@OR@@! <I? JK@M<ODIB;KJDION;>IO;HDIP
OC@ ?@>J?DIB KMJ>@NN DA I3 G@Q@G RDOCDI OC@ ?@>J?@M_N ><K<=DGDOD@N ><| =@ AJPI?

Note: 1J C@GK RDOC >JIAJMH<I>@ O@NODIB ?@>J?@MN H<T <GGJR OC@ JK@M<ODIB KJDIO OJ =@ @SKGD>DC
@SO@MI<G H@<IN

Note: ?@>J?@M H<T |@@? OJ >C<IB@ OC@ JK@M<ODIB KIDIO N@G@>0ODJI RC@I < I@R >J?@? QD?@J N@LP@!

OperatingPointldc NK@>DAD@N OC@ Q<GP@ JA JK@M<ODIB;KJDIO;D?> AJM OC@ N@G@>0@? JK@M<ODIB KJDIO

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O DA ,K@M<ODIB-JDIO&?> DN @LP<G OJ OC@I J=P;@°*
AIM <GG, 2N OC<O AJGGJR OCDN N@LP@I>@ C@<?@M PIODG OC@ I@SO N@LP@I>@ C@<?@M

frame_width_bits_minus_1 NK@>DAD@N OC@ IPH=@M JA =DON HDIPN PN@? AJM OM<INHDOODIB OC@ AM<H@ RD
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frame_height_bits_minus_1 NK@>DAD@N OC@ IPH=@M JA =DON HDIPN PN@? AJM OM<INHDOODIB OC@ AM<H@ C(
@G@H@ION

max_frame_width_minus_1 NK@>DAD@N OC@ H<SDHPH AM<H@ RD?0OC HDIPN AJM OC@ AM<H@N M@KM@N@IO@
C@<?@M

max_frame_height minus_ 1 NK@>DAD@N OC@ H<SDHPH AM<H@ C@DBCO HDIPN AJM OC@ AM<H@N M@KM@N@!
C@<?@M

frame_id_numbers_present flag NK@>DAD@N RC@OC@M AM<H@ D? IPH=@MN <M@ KM@N@IO DI OC@ >J?@? QD?(
Note: 1C@ AM<H@ D? IPH=@MN M@KM@N@I0@? DI ?2DNKG<T;AM<H@;D? >PMM@IO;AM<H@;D? <I? /@ A#M<H@:

l@@7?@7? =T OC@ ?@>J?DIB KMJ>@NN =PO <GGJR ?@>J?@MN OJ NKJO RC@I| AM<H@N C<Q@ =@@! HDNN@? <I’
<KKMJKMD<O@ <>0DJI

additional_frame_id_length_minus_1 DN PN@? OJ ><G>PG<O0@ OC@ IPH=@M JA =DON PN@? OJ @1>3?@ OC@ AM<HC(
@G@H®@IO
delta_frame_id_length_minus_2 NK@>DAD@N OC@ IPH=@M JA =DON HDIPN PN@? OJ @I>J?@ ?@GO<;AM<H@;D? N’

use_128x128_superblock RC@| @LP<G OJ DI?D><O@N OC<O NPK@M=GJ>FN >JIO<DlI S GPH<N<HKG@N 4C@Il @
DO DI?D><O@N OC<O NPK@M=GJ>FN >JIO<DI S GPH< N<HKG@N 1C@ IPH=@M JA >JIO<DI@? >CMJH< N<HKG@N °
NP=N<HKGDIB;S <I? NP=N<HKGDIB;T

enable_filter_intra @LP<G OJ NK@>DAD@N OC<0O OC@ PN@;ADGO@M;DIOM< NTIO<S @G@H@IO H<T =@ KM@N®@!IC
0J NK@>DAD@N OC<0O OC@ PN@;ADGO@M;DIOM< NTIO<S @G@H@I0 RDGG 1JO =@ KM@N@IO

enable_intra_edge_filter NK@>DAD@N RC@OC@M OC@ DIOM< @?B@ ADGO@MDIB KMJ>@NN NCIPG? =@ @I<=GC@?

enable_interintra_compound @LP<G OJ NK@>DAD@N OC<0O OC@ HJ?@ DIAJ AIJM DIO@M =GJ>FN H<T >JIO<DI OC@ |
DIO@MDIOM< @I<=G@;DIO@MDIOM<;>JHKJPI? @LP<G OJ NK@>DAD@N OC<O OC@ NTIO<S @G@H@I0O DIO@MDIO

enable_masked_compound @LP<G OJ NK@>DAD@N OC<O OC@ HJ?@ DIAJ AJM DIO@M =GJ>FN H<T >JIO<DI OC@ N
>JHKJIPI?;0TK@ @I<=G@;H<NF@?;>JHKJPI? @LP<G OJ NK@>DAD@N OC<O OC@ NTIO<S @G@H@IO >JHKJIPI?;0TK
KM@N@IO

enable_warped_motion @LP<G OJ DI?D><O@N OC<0O OC@ <GGJIR;R<MK@?;HJODJI NTIO<S @G@H@IO H<T =@ KM@
@I<=G@;R<MK@7?;HIJODJI @LP<G OJ DI?D><O@N OC<0O OC@ <GGJIR;R<MK@?;HJODJI NTIO<S @G@H@I0 RDGG 1JO

enable_order_hint @LP<G OJ DI?D><O@N OC<0 0OJJGN =<N@? JI OC@ Q<GP@N JA JM?@M CDION H<T =@ PN@? @I
@LP<G OJ DI?D><O@N OC<0O OJIGN =<N@? JI IM?@M CDION <M@ ?DN<=G@?

enable_dual_filter @LP<G OJ DI?D><O@N OC<0O OC@ DIO@M KM@?D>0DJI ADGO@M OTK@ H<T =@ NK@>DAD@? D
<I? Q@MOD><G ?DM@>0DJIN &A OC@ AG<B DN @LP<G OJ JIGT JI@ ADGO@M OTK@ H<T =@ NK@>DAD@? RCD>C

enable_jnt_ comp @LP<G OJ DI?D><O@N OC<0O OC@ ?DNO<I>@ R@DBCON KMJ>@NN H<T =@ PN@? AJM DIO@M KM
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enable_ref_frame_mvs @LP<G OJ DI?D><O@N OC<O OC@ PN@;M@A;AM<H@;HQN NTIO<S @G@H@IO H<T =@ KM@!
@I<=CG@;M@A;AM<H@;HQN @LP<G OJ DI?D><O@N OC<0O OC@ PN@;M@A;AM<H@;HQN NTIO<S @G@H@I0 RDGG IJ

seq_choose_screen_content _tools @LP<G OJ DI?D><0O@N OC<O OC@ N@L;AIM>@;N>M@@1;>JIO@10;0JIGN NTIO<S
KM@N@IO N@L;>CIJIN@;N>M@@!;>JI0@I10;0JIGN @LP<G OJ DI?D><O@N OC<O N@L;AIM>@;N>M@ @!;>JI0@10;0J
0J0"" 1,0 /""+; ,+1"+1;1,,)0

seq_force_screen_content_tools @LP<G OJ0")" 1;0 /"+; ,+1"+1;1,,)0 DI?D><O@N OC<O OC@
<GGJIR;N>M@@I;>JIO@I0;0JIGN NTIO<S @G@H@I0 RDGG =@ KM@N@IO DI OC@ AM<H@ C@<?@M ,OC@MRDN@
N@L;AIM>@;N>M@@1;>JI0@10;0JIGN >JIO<DIN OC@ Q<GP@ AIM <GGJR;N>M@@!;>JIO@10;0JIGN

seqg_choose_integer_ mv @LP<G OJ DI?D><O@N OC<O OC@ N@L;AIM>@;DIO@B@M;HQ NTIO<S @G@H@I0 RDGG =(
N@L;>CJIN@;DIO@B@M;HQ @LP<G OJ DI?D><O@N OC<O N@L;AJM>@;DIO@B@M;HQ NCIPG? =@ N@O @LP<G OJ |

seq_force_integer mv  @LP<G OJ 0")" 1;&+1"$"/:*3 DI?D><0@N OC<O OC@ AIM>@:DIO@B@M;HQ NTIO<S @G@H@IO R
KM@N@IO DI OC@ AM<H@ C@<?@M KMJQD?DIB <GGIR:N>M@@!;>JI0@I0;0JJGN DN @LP<G OJ ,OC@MRDN@ N
>JIO<DIN OC@ Q<GP@ AIM AIM>@;DIO@B@M;HQ

order_hint_bits minus_1 DN PN@? OJ >JHKPO@ ,M?@M%DIO DON
OrderHintBits NK@>DAD@N OC@ IPH=@M JA =DON PN@? AJM OC@ JM?@M;CDIO NTIO<S @G@H@IO

enable_superres @LP<G OJ NK@>DAD@N OC<O OC@ PN@;NPK@MM@N NTIO<S @G@H@I0 RDGG =@ KM@N@IO D
@I<=G@;NPK@MM@N @LP<G OJ NK@>DAD@N OC<0O OC@ PN@;NPK@MM@N NTIO<S @G@H@I0 RDGG 1JO =@ KM
=@ N@O OJ DI OC@ PI>JHKM@NN@? C@<?@M RDOCJPO =@DIB M@<?

Note: &0 DN <GGJR@? OJ N@O @I<=G@;NPK@MM@N @LP<G OJ @Q@|RC@! PN@;NPK@MM@N DN 1JO @LP<G
OC@ >J?@? QD?@J N@QLP@I>@

enable_cdef @LP<G OJ NK@>DAD@N OC<O >?@A ADGO@MDIB H<T =@ @I<=G@7? @I<=G@;>?@A @LP<G OJ NK@>
?DN<=G@"?

Note: &0 DN <GGJR@? OJN@O @I<=G@;>?@A @LP<G OJ @Q@! RC@I|>?@A ADGO@MDIB DN 1JO PN@? JI <IT ANV
QD?@J N@LP@I>@

enable_restoration @LP<G OJ NK@>DAD@N OC<0O GJIJK M@NOJIM<ODJI ADGO@MDIB H<T =@ @I<=G@? @I<=GC@;M(
NK@>DAD@N OC<0 GJIK M@NOJIM<ODJI ADGO@MDIB DN ?DN<=G@"?

Note: &0 DN <GGJR@? 0J N@O @I<=G@:M@NOJM<ODJI @LP<G 0J @Q@I! RC@! GJIK M@NOJIM<ODJI DN 1JO PN
>J?@? QD?@J N@QLP@I>@

film_grain_params_present NK@>DAD@N RC@OC@M ADGH BM<DI K<M<H@O@MN <M@ KM@N@IO DI OC@ >J?@7? Q
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JGJIM >JIADB N@H<IOD>N

high_bitdepth <I? twelve_bit <M@ NTIO<S @G@H@ION RCD>C OJB@OC@M RDOC N@L;KMJADG@ ?@O@MHDI@ OC

mono_chrome @LP<G OJ DI?D><O@N OC<0O OC@ QD?@J ?J@N 13O >JIO<DI 2 <I? 3 >JGIM KG<I@N HJIJ;>CMIH@ @L
DI?D><O@N OC<0O OC@ QD?@J >JIO<DIN 6 2 <I? 3>JGJIM KG<I@N

color_description_present_flag

color_primaries DN <I DIO@B@M OC<O DN ?@ADI@? =T OC@ ] JGIM KMDH<MD@N" N@>0DJI JA &0, &"

color_primaries

transfer_characteristics
%

transfer_characteristics

@LP<G OJ NK@>DAD@N OC<0O >JGIM;KMDH<MD@N OM<INA@M;>C<M<>0@MDNOD:
H<OMDS;>J@AAD>D@ION <M@ KM@N@IO >JGIM;?@N>MDKODJI;KM@N@IO;AG<B @LP<G OJ NK@>DAD@N OC<O:
OM<INA@M;>C<M<>O@MDNOD>N <I? H<KOMDS;>J@AAD>D@ION <M@ 13O KM@N®@I0

Name of color primaries

- 1

-;2+0-" &#&"

-,0*-1%

-8+ & HE&)*

Name of transfer characteristics

1,;/"0"/3",
1;1,

1;2+0-" &#&"

1,;/"0"/3",

1;1;

Section: Syntax structures semantics

&12 1%

Description

1

2INK@>DAD@?

1 OTNO@H* CDNOJMD><G
1 OTNO@H $ CDNOJMD><G
1

0*-1"

$@@MD> ADGH >JGJM ADGO@MN PNDIB DGGPHDI<IO
1 1

0*-1" &" 567

0*-1" /-

0*-1""$

"21@>C "

DN <I DIO@B@M OC<O DN ?@ADI@7? =T OC@ J1IM<INA@M >C<M<>0O@MDNOD>N* N@>0DJI JA

Description

#IM APOPM@ PN@
1

2INK@>DAD@?
#IM APOPM@ PN@

1 OTNO@H * CDNOJMD><G

Page 117 of 669



AV1 Bitstream & Decoding Process Specification

transfer_characteristics Name of transfer characteristics Description

1:1; ;% 1 OTNO@H $ CDNOJMD><G
1;1; 1
1,;0*-1" o*-1" *
1;)&+"/ )DI@<M
15,9 )JB<MDOCHD> M<IB@
1;%; ;0/1 )JB<MDOCHD> OLMO M<IB@
1;&"; &"
1,1, 1
1.0/% N/$ JM N6
1:1; ;&1 1 =DO NTNO@HN
1;1;, ;,;&1 1 =DO NTNO@HN
1;0*-1" 0*-1"01 &l12 1 -
1,;0*-1" 0*-1"01
1,;%)$ 1 %)$ /& 01!
matrix_coefficients DN <I DIO@B@M OC<0O DN ?@ADI@7? =T OC@ ]*<OMDS >J@AAD>D@ION* N@>0DJI JA &0, &" &
matrix_coefficients Name of matrix coefficients Description
*&I"+1&16 &?@10DOT H<OMDS
*: 1, 1
*2+0-" &#&"! 2INK@>DAD@?
* . ["0"/3"; #IM APOPM@ PN@
*oH# 20#
L% 1 O0TNO@H $ CDNOJMD><G
*: 1, 1
*0x1" o*1" *
*,0%-1"6 $, 6BJ
¥ 1, 5+) 1 1JI>JINO<IOGPHDIkI>@ 1 6=M
1) 1  >JINO<IO GPHDI<I>@
*;0*-1" 0*1"01 6W!IS
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matrix_coefficients Name of matrix coefficients Description
*0/,* 1;+) CMJH<OD>DOT ?@MDQ@? 131 >JINO<IO GPHDI<I>@
*: 00/ 1;) CMJH<OD>DOT ?@MDQ@? >JINO<IO GPHDI<I>@
*:&1- 1 &OK

color_range DN < =DI<MT Q<GP@ OC<O DN <NNJ>D<O@? RDOC OC@ 3D?@J#PGG/<IB@#G<B Q<MD<=G@ NK@>DAD(
1% >JGIM M<IB@ @LP<G OJ NC<GG =@ M@A@MM@? 0J <N OC@ NOP?DJ NRDIB M@KM@N@10<ODJI <I? >JGIM
M@A@MM@? OJ <N OC@ APGG NRDIB M@KM@N@I0<ODJI AJM <GG DIO@ION M@G<0ODIB OJ OCDN NK@>DAD><OD.

Note: +JO@ OC<O OCDN NK@>DAD><ODJI ?J@N 1JO @IAIM>@ OC@ M<IB@ RC@| NDBI<G@? <N 00P?DJ NRDIB 1(
<KKGD><ODJI NCIPG? K@MAJIMH <??DODJI<G >G<HKDIB <I? >JGJM >JIQ@MNDJI JK@M<ODJIN <>>JM?DIB OJ OC(

subsampling_x subsampling_y NK@>DAT OC@ >CMJH< NP=N<HKGDIB AJMH<O

subsampling_x subsampling_y mono_chrome Description
623
623
623
*JII>CMIH@

&A H<OMDS;>J@AAD>D@ION DN @LP<G OJ * ;&!"+1&16 DO DN < M@LPDM@H@I10 JA =DONOM@<H >JIAJMH<I>@ OC<
0J <I? NP=N<HKGDIB;T DN @LP<G OJ

chroma_sample_position NK@>DAD@N OC@ N<HKG@ KINDODJI AJM NP=N<HKG@? NOM@<HN

Name of chroma

chroma_sample_position sample position Description
0-;2+(+,4+ 2IFIJRI DI OCDN ><N@ OC@ NJPM>@ QD?@J OM<INA@M API>0DJI F
NDBI<G@? JPOND?@ OC@ 3 =DONOM@<H
0-;3"/1& ) %JMDUJIO<GGT >J GJ><0@7? RDOC GPH<N<HKG@ Q@MOD><G
OC@ HD??G@ =@OR@@! ORJ GPH< N<HKG@N
0-;,), 1" >J GJ><0@7? RDOC GPH< N<HKG@
0-;/"0"/3"

separate_uv_delta q @LP<G OJ DI?D><O@N OC<0O OC@ 2 <I? 3 KG<I@N H<T C<Q@ N@K<M<O0@ ?@GO< LP<IODU@N
N@K<M<O@;PQ;?@GO<;L @LP<G OJ DI?D><O@N OC<0O OC@ 2 <I? 3 KG<I@N RDGG NC<M@ OC@ N<H@ ?@GO< LP<
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1DHDIB DIAJ N@H<IOD>N

num_units_in_display_tick DN OC@ IPH=@M JA ODH@ PIDON JA < >GJ>F JK@M<ODIB <O OC@ AM@LP@I>T ODH@;N>
>IMM@NKJI?N 0J JI@ DI>M@H@I0 JA < >GJ>F OD>F >JPIO@M ?DNKG<T >GJ>F OD>F DIN@>JI?N DN @LP<G OJ
IPH;PIDON;DI;?DNKG<T;OD>F ?DQD?@? =T ODH@;N><G@

DispCT = num_units_in_display_tick @ time_scale

Note: 1C@ * JK@M<OIJM M@KM@N@ION NO<I?<M? H<KOC@H<OD><G ?DQDNDJI DI >JIOM<NO OJ OC@ JK@M<OQOJI
DIO@B@M ?DQDNDJI
&0O DN < M@LPDM@H@I10 JA =DONOM@<H >JIAJMH<I>@ OC<O IPH;PIDON;DI;?DNKG<T;OD>F DN BM@<O@M OC<I
time_scale DN OC@ IPH=@M JA ODH@ PIDON OC<O K<NN DI JI@ N@>JI?
&0 DN < M@LPDM@H@I10 JA =DONOM@<H >JIAJMH<I>@ OC<0O ODH@;N><G@ DN BM@<O@M OCx<I

equal_picture_interval @LP<G OJ DI?D><O@N OC<0O KD>OPM@N NCJIPG? =@ ?DNKG<T@? <>>JM?DIB OJ OC@DM JP(
IPH=@M JA OD>FN =@OR@@! ORJ >JIN@>PODQ@ KD>OPM@N RDOCJPO ?MJKKDIB AM<H@N NK@>DAD@? =T IPH;
@LP<G;KD>0OPM@;DIO@MQ<G @LP<G OJ DI?D><O@N OC<0O OC@ DIO@MQ<G =@OR@@I| ORJ >JIN@>PODQ@ KL

num_ticks_per_picture_minus_1 KGPN NK@>DAD@N OC@ IPH=@M JA >GJ>F OD>FN >JMM@NKJI?DIB OJ JPOKPO OC
>JIN@>PODQ@ KD>OPM@N DI OC@ JPOKPO JM?@M

&0 DN < M@LPDM@H@I10 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@ JA IPH;OD>FN;K@M;KD>0OPM@;HDIPN; |
a DI>GPNDQ@

Note: 1C@ AM<H@ M<O@ RC@I| NK@>DAD@? @SKGD>DOGT <KKGD@N OJ OC@ OJK O@HKJIM<G G<T@M JA OC
@SK@>0@? OJ =@ H<IDKPG<O@? @ B =T DIO@MH@?D<O0@ I@ORIJMF @G@H@ION OC@| OC@ M@NPGODIB A
OC@ NK@>DAD@? JI@ &l OCDN ><N@ <I| @1>J?@M DN <?QDN@7? OJ PN@ @SKGD>DO ODH@ >J?@N JM NJH@ H(
KD>OPM@ ODHDIB DIAJMH<ODJI JPOND?@ OC@ =DONOM@<H

l@>J?@M HIJ?@G DIAJ N@QH<IOD>N

buffer_delay _length_minus_1 KGPN NK@>DAD@N OC@ G@IBOC JAOC@ ?@>J?@M;=PAA@M;?@G<T <I? OC@ @I>J7
NTIO<S @G@H@ION DI =DON

num_units_in_decoding_tick DN OC@ IPH=@M JA ODH@ PIDON JA < ?@>J?DIB >GJ>F JK@M<ODIB <O OC@ AM@LP@I
OC<0 >JMM@NKJI?N OJ JI@ DI>M@H@I10 JA < >GJ>F OD>F >JPIO@M

DecCT= num_units_in_decoding_tick @ time_scale
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Note: 1C@ * JK@M<OIJM M@KM@N@ION NO<I?<M? H<KOC@H<OD><G ?DQDNDJI DI >JIOM<NO OJ OC@ JK@M<OQOJI
DIO@B@M ?DQDNDJI

IPH;PIDON;DI;?@>J?DIB;0OD>F NC<GG =@ BM@<O@M OC<I '@>1 M@KM@N@ION OC@ @SK@>0@? ODH@ OJ ?@>.
>JHHJI ?DQDNJIM JA OC@ @SK@>0@7? ODH@N 0OJ ?@>J?@ AM<H@N JA ?DAA@M@10 NDU@N <I? ?2DH@INDJIN KM@
N@LP@I>@

buffer_removal_time_length_ minus_ 1 KGPN NK@>DAD@N OC@ G@IBOC JA OC@ =PAA@M;M@HJIQ<G;ODH@ NTIO<S

frame_presentation_time_length_minus_1 KGPN NK@>DAD@N OC@ G@IBOC JA OC@ AM<H@;:KM@N@10<ODJI;ODH(
DI =DON

K@M<ODIB K<M<H@O@MN DIAJ N@H<IOD>N

decoder_buffer_delayfop] NK@>DAD@N OC@ ODH@ DIO@MQ<G =@OR@@| OC@ <MMDQ<G JA OC@ ADMNO =DO D
NP=N@LP@IO M@HJQ<G JA OC@ ?<0< OC<0O =@GJIBN 0J OC@ ADMNO >J?@7? AM<H@ AJM JK@M<ODIB KJDIO JK H
N@>JI?N 1C@ G@IBOC JA ?@>J?@M;=PAA@M;?@G<T DN NK@>DAD@? =T =PAA@M;?@G<T;G@IBOC;HDIPN; DI =L

encoder_buffer_delay[op] NK@>DAD@N DI >JH=DI<ODJI RDOC ?@>J?@M;=PAA@M;?@G<T8 JK 9 NTIO<S @G@H®@IO
ODH@ JA AM<H@N OJ =@ ?@>J?@7? OJ OC@ NHJJOCDIB =PAA@M @I>J?@M;=PAA@M;?@G<T DN H@<NPM@? DI PIC

#IM < QD?@JN@LP@I>@ OC<O DI>GP?@N JI@ JM HIM@ M<I?JH <>>@NN KJDION OC@ NPH JA ?@>J?@M;=PAA@M;"
@I1>J?@M;=PAA@M;?@G<T NC<GG =@ F@KO >JINO<IO

low_delay_mode_flagiop] @LP<G 0J DI?D><O@N OC<O OC@ NHJJOCDIB =PAA@M JK@M<O@N DI GJR ?@G<T HJ?C
JK & GJR ?@G<T HI?@ G<O@ ?@>J?@ ODH@N <I? =PAA@M PI?@MAGJR <M@ =JOC K@MHDOO@? GJR;?@G<T;HJ?
DI?D><0@N OC<O OC@ NHJJOCDIB =PAA@M JK@M<O@N DI NOMD>0 HJ?@ RC@M@ =PAA@M PI?@MAGJR DN 1JO <

1@HKIM<G ?@GDHDO@M , 2 N@H<IOD>N

SeenFrameHeader DN < Q<MD<=G@ PN@? OJ H<MF RC@OC@M OC@ AM<H@ C@<?@M AJM OC@ >PMM@I0 AM<H@
DIDOD<GDU@? OJ U@MJ

-<??DIB , 2 N@QH<IOD>N
*PGODKG@ K<??DIB PIDON ><I =@ KM@N@IO @<>C K<??DIB RDOC <I <M=DOM<MT IPH=@M JA =TO@N

obu_padding_byte DN < K<??DIB =TO@ -<??DIB =TO@N H<T C<Q@ <M=DOM<MT Q<GP@N <I? C<Q@ IJ @AA@>0 JI OC
KMJ>@NN

*@0<?<0<, 2 N@OH<IOD>N
$@I@M<G H@0<?<0< , 2 N@H<IOD>N

metadata_type DI?D><O@N OC@ OTK@ JA H@O<?<0<
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metadata_type Name of metadata_type
/@N@MQ@? AJM * PN@
*11 11 :16-"%I/; ))
*111;16-";%!/;*! 3
*111;16-";0 ) &)&16
*111;16-";&121;1
*111,;16-";1&*" I
2IM@BDNO@M@7? PN@M KMDQ<O@

<I? BM@<O@M /@N@MQ@7? AJM * PN@

*@O<?<0< &1211 N@H<IOD>N

itu_t_t35_country_code NC<GG =@ < =TO@ C<QDIB < Q<GP@ NK@>DAD@? <N < >JPIOMT >J?@ =T 11@S JA/@>JHH@
11

itu_t t35_country_code_extension_byte = NC<GG =@ <=TO@ C<QDIB < Q<GP@ NK@>DAD@? <N < >JPIOMT >J?@ =T IIC
/@>JHH@I1?<0DJI &12 11

itu_t_t35_payload_bytes NC<GG =@ =TO@N >JIO<DIDIB ?<O< M@BDNO@M@? <N NK@>DAD@? DI /@>JHH@1?<ODJI &

1C@ &1211 O@MHDI<G KMJQD?@M >J?@ <I? O@MHDI<G KMJQD?@M JMD@IO@? >J?@ NC<GG =@ >JIO<DI@? DI C
=TO@N JA OC@ DOP;0;0 :K<TGJ<?;=TO@N DI OC@ AIMH<O NK@>DAD@? =T OC@ ?HDIDNOM<ODJI OC<O DNNP@?
IT M@H<DIDIB =TO@N DI DOP;0;0 ;K<TGJ<?;=TO@N ?<0O< NC<GG =@ ?<0< C<QDIB NTIO<S <I? N@H<IOD>N <N NK@:
D?@IODAD@? =TOC@ &1211 >JPIOMT >J?@ <I? O@MHDI<G KMJQD?@M >J?@

*@0<?<0< CDBC ?TI<HD> M<IB@ >JIO@I10 GDBCO G@Q@G
max_cll NK@>DAD@N OC@ H<SDHPH >JIO@10 GDBCO G@Q@G <N NK@>DAD@? DI " KK@I1?DS
max_fall NK@>DAD@N OC@ H<SDHPH AM<H@ <Q@M<B@ GDBCO G@Q@G <N NK@>DAD@? DI " KK@I?DS
*@0O<?<0O< CDBC ?TI<HD> M<IB@ H<NO@MDIB ?DNKG<T >J
N@H<IOD>N

primary_chromaticity x[i] NK@>DAD@N< ADS@? KJDIO 5>CMJH<OD>DOT >JIM?DI<O@ <N ?@ADI@? =T &" RC
NK@>DAD@N /@? $M@@! GP@ M@NK@>0DQ@GT

primary_chromaticity y[i] NK@>DAD@N < ADS@? KJDIO 6 >CMJH<OD>DOT >JIM?DI<O@ <N ?@ADI@? =T &" RC
NK@>DAD@N /@? $M@@! GP@ M@NK@>0DQ@GT

white_point_chromaticity x NK@>DAD@N < ADS@? KJDIO RCDO@ 5 >CMJH<OD>DOT >JIM?DI<O@ <N ?@ADI@7? =T
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white_point_chromaticity y NK@>DAD@N < ADS@? KJDIO RCDO@ 6 >CMJH<OD>DOT >JIM?DI<0@ <N ?@ADI@? =T
luminance_max DN< ADS@? KJDIO H<SDHPH GPHDI<I>@ M@KM@N@IO@? DI ><I?@G<N K@M NLP<M@ H@O@M

luminance_min DN<  ADS@? KIDIO HDIDHPH GPHDI<I>@ M@KM@N@IO@? DI ><I?@G<N K@M NLP<M@ H@O@M
*@0<?<0< N><G<=DGDOT N@H<IOD>N

Note: 1C@ N><G<=DGDOT H@0<?<0<, 2 DN DIO@I?@? AJM PN@ =T DIO@MH@?D<O@ KMJ>@NNDIB @IODOD@N
N@G@>0DQ@ G<T@M @GDHDI<ODJI &0ON KM@N@I>@ <GGJRN OC@N@ @IODOD@N 0OJ FIJR OC@ NOMP>OPM(
N@LP@I>@ RDOCJPO C<QDIB OJ ?@>J?@ DI?DQD?P<G AM<H@N &A OC@ M@>@DQ@? =DONOM@<H C<N =@ @
DIO@MH@7?D<O@ KMJ>@NNDIB @IODOT OC@I NJH@ JA OC@ G<T@MN <I? JM DI?DQD?P<G AM<H@N H<T =@ <=

&A N><G<=DGDOT H@0<?<0< DN KM@N@IO DO NCJIPG? =@ KG<>@? =@OR@@| OC@ ADMNO N@LP@I>@ C@<?@WN
>J?7@7? QD?@IN@LP@I>@ 1C@ DIAJIMH<ODJI KM@N@IO DI < N><G<=DGDOT H@0<?<0<, 2 <KKGD@N 0J OC@ @IOI
DI RCD>C DO DN >JIO<DI@? <I? JIGT OC<O N@LP@I>@ /@?PI?<IO >JKD@N JA < N><G<=DGDOT H@O0<?<0<, 2 H<T J>
O@HKJIM<G PIDO JA < >J?@? QD?@J N@QLP@I>@

scalability_mode_idc DI?D><0O@N OC@ KD>OPM@ KM@?D>0DJI NOMP>0OPM@ JA OC@ >J?@7? QD?@J N@LP@I>@

scalability_mode_idc Name of scalability_mode_idc
0) &&16))1
0) &4&16;)1
0) &)&16))1
0) &&16))1
0) &4&16;)1
0) &8&16;01
0) &&16,01
0) &&16;,01
0) &&16,)1C
0) &4&16;)1C
0) &8&16;)1C
0) &&16,01C
0) &&16,01C
0) &8&16;,01C

0 ) &)&16;00
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scalability_mode_idc Name of scalability_mode_idc
0) &&16))1
0) &4&16;)1
0) &&16))1
0) &&16;,01
0) &8&16;01
0) &&16,01
0) &&16;)1;("6
0) &&16;)1;("6
0) &&16;)1;("6
0) &&16;)1;("6
0 ) &)&16;) 1 ;("6;0%&#1
0 ) &)&16;) 1 ;("6;0%&#1
0 ) &)&16;) 1 ;("6;0%8&#1
0 ) &)&16;) 1 ;("6;0%&#1
M@N@MQ@?

1C@ N><G<=DGDOT H@0O<?<0< KMJQD?@N ORJ H@>C<IDNHN AJM ?@N>MD=DIB OC@ PI?@MGTDIB KD>OPM@ KM(
=DONOM@<H

0@G@>0DJI <HJIB < N@O JA KM@>JIADBPM@? NOMP>0OPM@N JM HJ?@N >JQ@MDIB < IPH=@M JA ><N@N
PN@ DI <KKGD><ODJIN
A<>DGDOT AJM NK@>DATDIB KD>0OPM@ KM@?D>0DJI NOMP>OPM@N 0OJ <>>JHHJ?<0@ < Q<MD@OT JA NK

1C@ KM@>JIADBPM@? HJ?@N <M@ ?@N>MD=@? =@GJR 1C@ H@>C<IDNH AJM ?@N>MD=DIB <GO@MI<ODQ@ NON
N><G<=DGDOT;NOMP>OPM@ =@GJR

GG KM@?@ADI@7? HJ?@N AJGGJR < ?T<?D> CD@M<M>CD><G KD>OPM@ KM@?D>0DJI NOMP>0PM@ 1C@T NPKKJ
>JH=DI<ODJIN RDOC JI@ JM ORJ NK<OD<G G<T@MN 1C@ N@>JI? NK<OD<G G<T@M H<T C<Q@ ORD>@ JM JI@ <I? <
M@NJGPODJI JA OC@ =<N@ G<T@M DI @<>C ?DH@INDJI ?@K@I?DIB JI OC@ HJ?@ 1C@M@ DN <GNJ NPKKJMO AJN
IJ DIO@M G<T@M KM@?D>0DJI D @ OC@ N@>JI? NK<OD<G G<T@M ?J@N 1JO PN@ DON >IJMM@NKJI?DIB =<N@ G<
NK<OD<G G<T@M OC<O PN@N DIO@M G<T@M KM@?D>0DJI JIGT <O F@T AM<H@N 1C@ AJGGJRDIB O<=G@ GDNO|
NOMP>OPM@N

Name of scalability mode_idc Spatial Layers  Resolution Ratio  Temporal Layers  Inter-layer dependency

0) &&16;) 1
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Name of scalability _mode_idc Spatial Layers  Resolution Ratio  Temporal Layers  Inter-layer dependency
0) &)&16;)1

0) &4&16;)1 6@N
0) &&16))1 6@N
0) &)&16;)1 6@N
0) &8&16;01 +J
0) &)&1601 +J
0) &&16;,01 +J
0) &)&16;)1C 6@N
0) &&16)1C 6@N
0) &&l6;)1C 6@N
0) &&16,01C +J
0) &&16,01C +J
0) &8&16;,01C +J
0) &&16;)1 6@N
0) &&16;)1 6@N
0) &)&16))1 6@N
0) &&16:01 +J
0) &&16;,01 +J
0) &)&16;01 +J
0) &)&16;)1;("6 6@N
0) &&16;)1;("6 6@N
0) &)&16;)1 ("6 6@N
0 ) &)&16;)1;("6 6@N
0 ) &)&16;) 1 ;("6;0%&#1 6@N
0 ) &)&16;) 1 ;("6;0%&#1 6@N
0 ) &)&16;) 1 ;("6;0%&#1 6@N
0 ) &)&16;) 1 ;("6;0%&#1 6@N

1C@ AJGGJRDIB ADBPM@N NCJR OC@ KD>OPM@ KM@?D>0DJI NOMP>0OPM@N AJM >@MO<DI HIJ?@N
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L1T2

L1T3
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L2T1

L2T2
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L2T3

S2T1
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S2T2
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S2T3
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L3T2_KEY

L3T3_KEY
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LATS_KEY
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LAT7_KEY

L3T2_KEY_SHIFT
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L3T3_KEY_SHIFT
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LAT5_KEY_SHIFT
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L4T7_KEY_SHIFT

0><G<=DGDOT NOMP>0OPM@ N@H<IOD>N
S@IOM<G

Note: 1C@ N><G<=DGDOT;NOMP>0OPM@ DN DIO@I?@? AJM PN@ =T DIO@MH@?D<O@ KMJ>@NNDIB @IODOD@N
G<T@M @GDHDI<ODJI &0ON KM@N@I>@ <GGJRN OC@N@ @IODOD@N 0OJ FIJR OC@ NOMP>OPM@ JA OC@ QD?(
?2@>J?@ DI?DQD?P<G AM<H@N 0><G<=DGDOT NOMP>0OPM@N NCJIPG? =@ KG<>@? DHH@?D<O@GT <AO@M OC
OC@N@ @IODOD@N <M@ DIAIMH@? JA OC@ N><G<=DGDOT NOMP>OPM@ JA OC@ QD?@J N@LP@I>@ <N @<M

spatial_layers_cnt_ minus_1 DI?D><O@N OC@ IPH=@M JA NK<OD<G G<KT@MN KM@N@IO DI OC@ >J?@? QD?@J N@LI

spatial_layer_description_present_flag DI?D><O@N RC@I N@O OJ OC<O OC@ NK<OD<G;G<T@M;M@A;D? DN KM@NC(
NK<OD<G;G<T@MN;>IO;HDIPN; G<T@MN JM OC<O DO DN IJO KM@N®@IO RC@! N@O 0J

spatial_layer_dimensions_present_flag DI?D><O@N RC@I N@O OJ OC<0O OC@ NK<OD<G;G<T@M;H<S;RD?0C <I|?
NK<OD<G;G<T@M;H<S;C@DBCO K<M<H@O@MN <M@ KM@N@I0 AJM @<>C JAOC@ NK<OD<G;G<T@MN;>IO;HDIPN;
<M@ IJO KM@N@IO RC@I N@O 0J

temporal_group_description_present_flag DI?D><O@N RC@I N@O OJ OC<O OC@ O@HKJIM<G ?@K@I1?@I>T DIAJIMH<
KM@N@IO JM OC<O DO DN IJO RC@IN@O 0OJ 4C@I <IT O@HKJIM<G PIDO DI < >J?@? QD?@J N@LP@I>@ >JIO<DIN ,
C@<?@MN OC<0 C<Q@ O@HKIM<G;D? Q<GP@N OC<0O <M@ 1JO @LP<G 0J @<>C JOC@M O@HKIM<G;BMJIPK;?@N>
@LP<G 0J
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scalability_structure_reserved_3bits HPNO =@ N@O OJ U@MJ <I? =@ DBIIM@7? =T ?@>J?@MN

spatial_layer_max_width[i] NK@>DAD@N OC@ H<SDHPH AM<H@ RD?0C AJM OC@ AM<H@N RDOC NK<OD<G;D? @L
HPNO 130 =@ G<MB@M OC<I| H<S;AM<H@;RD?0OC;HDIPN;

spatial_layer_max_heightfi] NK@>DAD@N OC@ H<SDHPH AM<H@ C@DBCO AJM OC@ AM<H@N RDOC NK<OD<G;D?
HPNO IJO =@ G<MB@M OC<I| H<S;AM<H@;C@DBCO;HDIPN;

spatial_layer_ref id[i] NK@>DAD@N OC@ NK<OD<G;D? Q<GP@ JA OC@ AM<H@ RDOCDI OC@ >PMM@I0 O@HKIM<C
PN@N AIM M@A@M@I>@ &A 1J AM<H@ RDOCDI OC@ >PMM@10 O@HKJIM<G PIDO DN PN@? AJIM M@A@M@I>@ OC(

temporal_group_size DI?D><0O@N OC@ IPH=@M JA KD>0OPM@N DI < O@HKJIM<G KD>OPM@ BMJPK &A OC@ O@HKJIN
OC<l OC@IOC@ N><G<=DGDOT NOMP>0OPM@ ?<0< <GGJRN OC@ DIO@M KD>0OPM@ O@HKIM<G ?@K@I1?@I>T NC
N@LP@I>@ OJ =@ NK@>DAD@? &A OC@ O@HKJIM<G;BMIPK;NDU@ DN BM@<O@M OC<lI OC@| AIM O@HKJIM<G;B!
O@HKJIM<G BMJPK @<>C KD>OPM@_N O@HKJIM<G G<T@M D? O@HKJIM<G;D? NRDO>C PK KJDION
O@HKJIM<G;BMIPK;0@HKJIM<G;NRDO>CDIB;PK:KJDIO;AG<B <I? O@HKJIM<G;BMJIPK:NK<OD<G;NRDO>CDIB;PK:;KJDIO;
M@A@M@I1>@ KD>OPM@ DI?D>@N O@HKJIM<G;BMIPK;M@A;KD>;?DAA <M@ NK@>DAD@"?

1C@ ADMNO KD>OPM@ NK@>DAD@? DI < O@HKJIM<G BMJPK HPNO C<Q@ O@HKJIM<G;D? @LP<G OJ

&A OC@ K<M<H@O@M O@HKJIM<G;BMJIPK;NDU@ DN 1JO0 KM@N@IO JM N@O OJ OC@| @DOC@M OC@M@ DN JIGT
ADS@? DIO@M KD>0OPM@ O@HKJIM<G ?@K@I1?@I>T KM@N@IO DI OC@ >J?@7? QD?@J N@LP@I>@

+JO@ OC<0O AJM < BDQ@I| KD>OPM@ <GG AM<H@N AJGGJR OC@ N<H@ DIO@M KD>OPM@ O@HKJIM<G ?@K@I1?@I>
M<O@ JA @<>C G<T@M ><| =@ ?DAA@M@10 AMIJH @<>C JOC@M 1C@ NK@>DAD@? ?@K®@I1?@I>T NOMP>0OPM@ DI
HPNO =@ AJM OC@ CDBC@NO AM<H@ M<O@ G<T@M

temporal_group_temporal_id[i] NK@>DAD@N OC@ O@HKJIM<G;D? Q<GP@ AJM OC@ D OC KD>OPM@ DI OC@ O@HK

temporal_group_temporal_switching_up_point_flag[i] DN N@O OJ DANP=N@LP@IO DI ?@>J?DIB IM?@M KD>OPM(
O@HKJIM<G;D? CDBC@M OC<l O@HKIM<G;BMIPK;0@HKJIM<G;D?8 D 9 ?J I1JO ?@K@I? JI <IT KD>OPM@ KM@>@?DIB (
>J?DIB IM?@M RDOC O@HKJIM<G;D? CDBC@M OC<| O@HKJIM<G;BMIPK;0@HKJIM<G;D?8D 9

Note: 1CDN >JI?DODJI @INPM@N OC<O NRDO>CDIB PK OJ < CDBC@M AM<H@ M<O@ DN KINND=G@ <O OC@ >PMN

temporal_group_spatial_switching_up_point_flag[i ] 9DNN@O OJ DA NK<OD<G G<T@MN JA OC@ >PMM@I10 KD>0OPM
BMJPK D @ KD>OPM@N RDOC < NK<OD<G;D? CDBC@M OC<l U@MJ ?J 130 ?@K@I? JI <IT KD>OPM@ KM@>@?DIB O
O@HKJIM<G BMJPK

temporal_group_ref cnt[i] DI?D><O@N OC@ IPH=@M JA M@A@M@I>@ KD>OPM@N PN@? =T OC@ D OC KD>OPM@ |

temporal_group_ref_pic_diff(i][j] DI?D><0@N AJM OC@ D OC KD>OPM@ DI OC@ O@HKJIM<G BMIPK OC@ O@HKJIM
OC@ D OC KD>OPM@ <I? OC@ E OC M@A@M@I>@ KD>OPM@ PN@? =T OC@ D OC KD>OPM@ 1C@ O@HKJIM<G ?DN
>JPIODIB JIGT AM<H@N JA D?@10D><G NK<OD<G;D? Q<GP@N

Section: Syntax structures semantics Page 137 of 669



AV1 Bitstream & Decoding Process Specification

Note: 1C@ N><G<=DGDOT NOMP>OPM@ ?@N>MDKODJI ?2J@N IJO <GGJR ?DAA@M@I0 O@HKIM<G KM@?D>0DJI
O@HKJIM<G G<T@MN D @ G<T@MN RDOC ?DAA@M@10 NK<OD<G;D? Q<GP@N &O <GNJJIGT <GGJRN AJM < NL
DIO@M G<T@M KM@?D>0DJI

1C@ AJGGJRDIB N@>ODJIN >JIO<DI OC@ Q<GP@ JA OC@N@ NTIO<S @G@H@ION AIM >@MO<DI KM@?@ADI@? HJ"
C<QDIB N><G<=DGDOT;HJ?@;D?> Q<GP@N DI OC@ M<IB@ OJ DI>GPNDQ@ ><IIJO =@ ?@N>MD=@? PNDIB O@Hk
NTIO<S <I? <M@ 1O ?@N>MD=@7? DI OC@ N@>ODJIN OC<0O AJGGJR

)1 &IAIJMH<ODQ@

Layer Spatial Layers Description Value

NK<OD<G;G<T@MN;>I0;HDIPN;

Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

)1 &IAIMH<ODQ@

Layer Spatial Layers Description Value

NK<OD<G;G<T@MN;>IO;HDIPN;
Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@

O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
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O@HKJIM<G;BMIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;O0@HKJIM<G;D?8 9
O@HKJIM<G;BMIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

)1 )1C &AIMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKIM<G;BMJPK;NDU@
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9

O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
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O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

)1 )1C &AIMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKIM<G;BMJPK;NDU@
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

)1 )1C &IAIJMH<ODQ@
Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value

O@HKJIM<G;BMJIPK;NDU@
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O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;O0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

01 01C &IAIMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJIPK;NDU@
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9

O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9
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O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

01 01C &IAIMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

01 01C &IAIMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
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O@HKJIM<G;BMJIPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;O0@HKJIM<G;D?8 9
O@HKJIM<G;BMIPK;O0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

)1 &IAJMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;:M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description
O@HKJIM<G;BMJPK;NDU@

O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
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O@HKJIM<G;BMIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

)1 &IAJMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

)1 &IAIMH<ODQ@
Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9
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NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJIPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKIM<G;BMIPK;0O@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;0O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKIM<G;BMJIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

01 &IAJMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9
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Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

01 &IAJMH<ODQ@

Layer Spatial Layers Description Value
NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;M@A;>108 9
O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9
O@HKIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9

01 &IAJMH<ODQ@

Layer Spatial Layers Description Value
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NK<OD<G;G<T@MN;>IO;HDIPN;
NK<OD<G;G<T@M;M@A;D?8 9
NK<OD<G;G<T@M;M@A;D?8 9

NK<OD<G;G<T@M;M@A;D?8 9

Picture Temporal Group Description Value
O@HKJIM<G;BMJPK;NDU@
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKIM<G;BMJIPK;O@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<BS8 9
O@HKJIM<G;BMIPK;M@A;>108 9
O@HKJIM<G;BMIPK;M@A;KD>;?DAA8 98 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;D?8 9
O@HKJIM<G;BMJIPK;0@HKJIM<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMJIPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8 9
O@HKJIM<G;BMIPK;M@A;>108 9

O@HKJIM<G;BMJIPK;M@A;KD>;?DAA8 98 9

*@O<?<O< ODH@>J?@ N@H<IOD>N

counting_type NK@>DAD@N OC@ H@OCJ? JA ?MJIKKDIB Q<GP@N JA OC@ I;AM<H@N NTIO<S @G@H@IO <N NK@>D.
>JPIODIB;OTK@ NCJIPG? =@ OC@ N<H@ AJM <GG KD>OPM@N DI OC@ >J?@7? QD?@J N@LP@I>@
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counting_type  Meaning
1J ?MJIKKDIB JA [;,AM<H@N >JPIO Q<GP@N <I? IJ PN@ JA ODH@;JAAN@O;Q<GP@
1J ?MJKKDIB JA I, AM<H@N >JPIO Q<GP@N
?MJKKDIB JA DI?DQD?P<G U@MJ Q<GP@N JA I;AM<H@N >JPIO
?MJKKDIB JA DI?DQD?P<G Q<GP@N JA ;,AM<H@N >JPIO @LP<G OJ H<S#KN a

?MJIKKDIB JA OC@ ORJ GJR@NO Q<GP@ <I? I;AM<H@N >JPION RC@IN@>JI?N;Q<GP@ DN @LP<C
HDIPO@N;Q<GP@ DN 1JO <I DIO@B@M HPGODKG@ JA

?MJIKKDIB JA PINK@>DAD@? DI?DQD?P<G I:AM<H@N >JPIO Q<GP@N
?MJIKKDIB JA PINK@>DAD@? IPH=@MN JA PINK@>DAD@? I;AM<H@N >JPIO Q<GP@N
M@N@MQ@?

full_timestamp_flag @LP<G OJ DI?D><O@N OC<0O OC@ OC@ N@>JI?N;Q<GP@ HDIPO@N;Q<GP@ CJPMN;Q<GP@ N
=@ KM@N@IO APGG;ODH@NO<HK;AG<B @LP<G OJ DI?D><O@N OC<O OC@M@ <M@ AG<BN 0J >JIOMJG OC@ KM¢

AC@I| ODHDIB;DIAJ;KM@N@IO;AG<B DN @LP<G OJ OC@ >JIO@ION JA OC@ >GJ>F ODH@NO<HK DI?D><0@ < ODH@
?DNKG<T 1CDN DI?D><O0@? ODH@ DN >JHKPO@? <N AJGGJRN

if ( equal picture_interval ) {

ticksPerPicture = num_ticks_per_picture_minus_1 + 1
} else {
ticksPerPicture =1

}

ss = ( ( hours_value * 60 + minutes_value) * 60 + seconds_value )
clockTimestamp = ss * time_scale + n_frames * ticksPerPicture + time_offset value

>GJ>F1DH@NO<HK DN DI PIDON JA >GJ>F OD>FN JA < >GJ>F RDOC >GJ>F AM@LP@I>T @LP<G OJ ODH@;N><G@ %U
PINK@>DAD@? KJDIO DI ODH@ AJM RCD>C >GJ>F1DH@NO<HK RIPG? =@ @LP<G OJ

discontinuity_flag @LP<G OJ DI?D><O@N OC<0 OC@ ?DAA@M@I>@ =@OR@@| OC@ >PMM@I0 Q<GP@ JA >GJ>F1L
>GJ>F1IDH@NO<HK >JHKPO@? AMJH OC@ KM@QDJPN N@O JA ODH@NO<HK NTIO<S @G@H@ION DI JPOKPO JM?@
ODH@ ?DAA@M@I>@ =@OR@@I| OC@ ODH@N JA JMDBDI JM ><KOPM®@ JA OC@ <NNJ>D<O@? AM<H@N JM AD@G?
DI?D><O@N OC<0O OC@ ?DAAG@M@I>@ =@OR@@! OC@ >PMM@I0 Q<GP@ JA >GJ>FIDH@NO<HK <I? OC@ Q<GP@ J
AMJIH OC@ KM@QDJPN N@O JA >GJ>F ODH@NO<HK NTIO<S @G@H@ION DI JPOKPO JM?@M NCJPG? 1JO =@ DIO@W
=@OR@@I| OC@ ODH@N JA JMDBDI JM ><KOPM@ JA OC@ <NNJ>D<O@? AM<H@N JM AD@G?N

4AC@| ODHDIB;DIAJKM@N@IO;AG<B DN @LP<G OJ <I? ?DN>JIODIPDOT;AG<B DN @LP<G OJ OC@ Q<GP@ JA >GJ>F
BM@<O@M OC<I JM @LP<G 0J OC@ Q<GP@ JA >GJ>F1DH@NO<HK AJM OC@ KM@QDJPN N@O JA >GJ>F ODH@NO<
JM?@M

cnt_dropped_flag NK@>DAD@N OC@ NFDKKDIB JA JI@ JM HIM@ Q<GP@N JA ,AM<H@N PNDIB OC@ >JPIODIB H@OC
>JPIODIB;OTK@
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n_frames DN PN@? OJ >JHKPO@ >GJ>F1DH@NO<HK 4C@| ODHDIB;DIAJ;KM@N@IO;AG<B DN @LP<G OJ |;,AM<H@N
H<S#KN RC@M@ H<S#KN DN NK@>DAD@? =T H<S#KN >@DG ODH@;N><G@ IPH;PIDON;DI;?DNKG<T;OD>F

seconds_flag @LP<G OJ NK@>DAD@N OC<O N@>JI?N;Q<GP@ <I? HDIPO@N;AG<B <M@ KM@N@IO RC@I| APGG;OD}
N@>JI?N;AG<B @LP<G OJ NK@>DAD@N OC<O N@>JI?N;Q<GP@ <I? HDIPO@N;AG<B <M@ 1JO KM@N@IO

seconds_value DN PN@? OJ >JHKPO@ >GJ>F1DH@NO<HK <I? NC<GG =@ DI OC@ M<IB@ JA 0J 4C@I|N@>JI?N;Q<C
KM@N@IO DON Q<GP@ DN DIA@MM@? OJ =@ @LP<G OJ OC@ Q<GP@ JA N@>JI?N;Q<GP@ AJM OC@ KM@QDJPN N
@G@H@ION DI ?@>J?DIB IM?@M <I? DO DN M@LPDM@? OC<O NP>C < KM@QDJPN N@>JI?N;Q<GP@ NC<GG C<Q@

minutes_flag @LP<G OJ NK@>DAD@N OC<O HDIPO@N;Q<GP@ <I? CJPMN;AG<B <M@ KM@N@IO RC@| APGG;ODH@
<I? N@>JI?N;AG<B DN @LP<G OJ HDIPO@N;AG<B @LP<G OJ NK@>DAD@N OC<O HDIPO@N;Q<GP@ <I? CIPMN;AG:

minutes_value NK@>DAD@N OC@ Q<GP@ JA HH PN@? OJ >JHKPO@ >GJ>F1DH@NO<HK <I? NC<GG =@ DI OC@ M<IB
DI>GPNDQ@ 4C@| HDIPO@N;Q<GP@ DN IJO KM@N@IO DON Q<GP@ DN DIA@MM@? OJ =@ @LP<G OJ OC@ Q<GP@
KM@QDJPN N@O JA >GJ>F ODH@NO<HK NTIO<S @G@H@ION DI ?@>J?DIB IM?@M <I? DO DN M@LPDM@? OC<O NF
NC<GG C<Q@ =@@! KM@N@IO

hours_flag @LP<G OJ NK@>DAD@N OC<O CIPMN;Q<GP@ DN KM@N@IO RC@| APGG;ODH@NO<HK;AG<B DN @LP<C
@LP<G 0J <I? HDIPO@N;AG<B DN @LP<G OJ

hours_value DN PN@? OJ >JHKPO@ >GJ>F1DH@NO<HK <|? NC<GG =@ DI OC@ M<IB@ JA OJ DI>GPNDQ@ 4C@I C.
KM@N@IO DON Q<GP@ DN DIA@MM@? OJ =@ @LP<G OJ OC@ Q<GP@ JA CIPMN;Q<GP@ AJM OC@ KM@QDJPN NG@
@G@H®@ION DI ?@>J?DIB IM?@M <I? DO DN M@LPDM@? OC<O NP>C < KM@QDJPN CIPMN;Q<GP@ NC<GG C<Q@ =(

time_offset_length BM@<O@M OC<lI NK@>DAD@N OC@ G@IBOC DI =DON JA OC@ ODH@;JAAN@O;Q<GP@ NTIO<S (
@LP<G OJ NK@>DAD@N OC<0O OC@ ODH@;JAAN@O;Q<GP@ NTIO<S @G@H@I0 DN IJO KM@N@IO ODH@;JAAN@C
<GG KD>OPM@N DI OC@ >J?@7? QD?@J N@LP@I>@

time_offset_value DN PN@? OJ >JHKPO@ >GJ>F1DH@NO<HK 1C@ IPH=@M JA =DON PN@? OJ M@KM@N@I10 ODH®@:,
0OJ ODH@;JAAN@O;G@IBOC 4C@I| ODH@;JAAN@O;Q<GP@ DN IJO KM@N@IO DON Q<GP@ DN DIA@MM@? OJ =@ @

#M<H@ C@<?@M , 2 N@H<IOD>N
$@I@M<G AM<H@ C@<?@M , 2 N@H<IOD>N

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O < N@QLP@I>@ C@<?@M, 2 C<N =@ @| M@>@DQ@? =(
, 2

frame_header_copy DN < API>0DJI ><GG OC<O DI?D><O@N 0OC<0 <>JKT JA OC@ KM@QDJPN AM<H@;C@<?@M;J=P |
OCDN KJDIO

Note: DONOM@<HN H<T >JIO<DI N@Q@M<G >JKD@N JA OC@ AM<H@;C@<?@M;J=P DIO@MNK@MN@? RDOC OLC
AJM BM@<O@M @MMIM M@NDGD@I1>@ %JR@Q@M OC@ >JKD@N HPNO >JI0<DI D?@10D><G >JIO@ION OJ OC(
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&A J=P;0TK@ DN @LP<G OJ, 2;#/ *;%" 1"/ DO DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0 0@ @I#M<H¢
@LP<G 0J

&A J=P;O0TK@ DN @LP<G OJ, 2;/"12+! +1;#/ **;%" I"/ DO DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<O
0@@I#M<H@%@<?@M DN @LP<G OJ

Note: 1IC@N@ M@LPDM@H@ION @INPM@ OC<O OC@ ADMNO AM<H@ C@<?@M AIM < AM<H@ C<N J=P;0TK@ @
, 2;# *%" 1"l RCDG@ G<O@M >JKD@N JA OCDN AM<H@ C@<?@M DA KM@N@IO C<Q@ J=P;0TK@ @LP<G OJ
, 21241 +1H* %" 1Y

TileNum DN < Q<MD<=G@ BDQDIB OC@ DI?@S U@MJ =<N@? JA OC@ >PMM@IO ODG@

decode_frame_wrapup DN < API>ODJI ><GG OC<O DI?D><0O@N OC<0 OC@ ?@>J?@ AM<H@ RM<KRBHNAIF @NN NK@:>
NCJIPG? =@ DIQIF@?
2> JHKM@NN@? C@<?@M N@H<IOD>N

show_existing_frame @LP<G OJ DI?D><O@N OC@ AM<H@ DI?@S@7? =T AM<H@;0J;NCJR;H<K;D?S DN OJ =@ JPOKP
NCJIR;@SDNODIB;AM<H@ @LP<G OJ DI?D><O@N OC<0O APMOC@M KMJ>@NNDIB DN M@LPDM@?

&A J=P;0TK@ DN @LP<G QOJ, 2;#/*" DO DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O NCJR;@SDNODIB
frame_to_show_map_idx NK@>DAD@N OC@ AM<H@ OJ =@ JPOKPO &O DN JIGT <Q<DG<=G@ DA NCJIR;@SDNODIB;A

display_frame_id KMJQD?@N OC@ AM<H@ D? IPH=@M AJM OC@ AM<H@ OJ JPOKPO &O DN < M@LPDM@H@IO JA =I
RC@I@Q@M ?DNKG<T;AM<H@;D? DN M@<? OC@ Q<GP@ H<O>C@N /@A#M<H@&?8 AM<H@;0J;NCJIR;H<K;D?S 9 OC
>PMM@IO;AM<H@;D? <O OC@ ODH@ OC<0O OC@ AM<H@ DI?@S@7? =T AM<H@;0J;NCJIR;H<K;D?S R<N NOIM@? <I? (
AM<H@;0J;NCJIR;H<K;D?S 9 DN @LP<G OJ

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ IPH=@M JA =DON 1@ @?@7? OJ M@<? ?DNKG<T;/
1CDN DN @LPDQ<G@IO 0J OC@ >JINOM<DIO OC<O D?)@I

frame_type NK@>DAD@N OC@ OTK@ JA OC@ AM<H@

frame_type Name of frame_type
("6;1 *
&+1"/# *"
&+1/;,+)6;#/ *"
0481 %;# *"
show_frame @LP<G OJ NK@>DAD@N OC<O OCDN AM<H@ NCJPG? =@ DHH@?D<O@GT JPOKPO JI>@ ?@>J?@7? NC

NK@>DAD@N OC<O OCDN AM<H@ NCJPG? IJO =@ DHH@?D<O@GT JPOKPO &O H<T =@ JPOKPO G<O@M DA < G<O
NCJR;@SDNODIB;AM<H@ @LP<G 0OJ

Section: Syntax structures semantics Page 150 of 669



AV1 Bitstream & Decoding Process Specification

showable_frame @LP<G OJ NK@>DAD@N OC<O OC@ AM<H@ H<T =@ JPOKPO PNDIB OC@ NCJR;@SDNODIB;AM<H(
NCIR<=G@;AM<H@ @LP<G 0J NK@>DAD@N OC<O OCDN AM<H@ RDGG 1JO =@ JPOKPO PNDIB OC@ NCJR;@SDNO|

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O RC@| NCJR;@SDNODIB;AM<H@ DN PN@? OJ NCJR < k
Q<GP@ JANCIR<=G@;AM<H@ AJM OC@ KM@QDJPN AM<H@ R<N @LP<G 0J

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O RC@I NCIR;@SDNODIB;AM<H@ DN PN@? OJ NCJR < |
|@A#M<H@1TK@8 AM<H@;0J;NCJIR;H<K;D?S 9 @LP<G OJ ("6;#/ *" OC<O OC@ AM<H@ DN JPOKPO QD< OC@ NCJR;@:
H@>C<IDNH <O HINO JI>@

Note: 1ICDN M@LPDM@H@10 <GNJ AJM=D?N NOJMDIB < AM<H@ RDOC AM<H@;0TK@ @LP<G OJ ("6;#/ ** DIOJ HPG
AM<H@N <I? OC@I| PNDIB NCIJR;@SDNODIB;AM<H@ AJM @<>C M@A@M@I>@ AM<H@

error_resilient._ mode @LP<G OJ DI?D><O@N OC<O @MMJIJM M@NDGD@I10 HJ?@ DN @I<=G@? @MMIM;M@NDGD@IC
0OC<0O @MMIM M@NDGD@I0 HJ?@ DN ?DN<=G@?

Note: "MMJIM M@NDGD@I0 HJ?@ <GGJRN OC@ NTIO<S JA < AM<H@ OJ =@ K<MN@? DI?@K@I?@I0GT JA KM@QC

disable_cdf_update NK@>DAD@N RC@OC@M OC@ '# PK?<O@ DI OC@ NTH=JG ?@>J?DIB KMJ>@NN NCJIPG? =@ ?DI

current_frame_id NK@>DAD@N OC@ AM<H@ D? IPH=@M AJM OC@ >PMM@I0 AM<H@ #M<H@ D? IPH=@MN <M@ <?~
?2J 1J0 <AA@>0 OC@ ?@>J?DIB KMJ>@NN =PO KMJQD?@ ?@>J?@MN RDOC < R<T JA ?@0@>0DIB HDNNDIB M@A@!
<KKMJKMD<O@ <>0DJI ><I =@ O<F@I

&A AM<H@;O0TK@ DN 1JO @LP<G OJ ("6;#/ ** IM NCIR;AM<H@ DN @LP<G OJ DO DN < M@LPDM@H@IO JA =DONOM@
<GG JA OC@ AJGGJRDIB >JI?DODJIN <M@ OMP@

X >PMM@I0;AM<H@;D? DN 1JO @LP<G 0J -M@Q#M<H@&!
X IDAA#M<H@&! DN G@NN OC<I D?)@I
RC@M@ 'DAA#M<H@&! DN NK@>DAD@? <N AJGGJRN
X &A >PMM@I10;AM<H@;D? DN BM@<O@M OC<I| -M@Q#M<H@&! 'DAA#M<H@&! DN @LP<G OJ >PMM@I0;AM<H(
X ,OC@MRDN@ !'DAA#M<H@&! DN @LP<G OJ D@l >PMM@IO;AM<H@;D? -M@Q#M<H@&!

frame_size_override_flag @LP<G OJ NK@>DAD@N OC<O OC@ AM<H@ NDU@ DN @LP<G 0J OC@ NDU@ DI OC@ N@
AM<H@;NDU@;JQ@MMD?@;AG<B @LP<G OJ NK@>DAD@N OC<O OC@ AM<H@ NDU@ RDGG @DOC@M =@ NK@>D
M@A@M@I>@ AM<H@N M >JHKPO@? AMJH OC@ AM<H@;RD?0OC;HDIPN; <I? AM<H@;C@DBCO;HDIPN; NTIO<S @G

order_hint DN PN@? OJ >JHKPO@ ,M?@M%DIO

OrderHint NK@>DAD@N ,M?@M%DIO DON G@<NO NDBIDAD><IO =DON JA OC@ @SK@>0@? JPOKPO JM?@M AIM OC
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Note: 1IC@M@ DN |IJ M@LPDM@H@IO OC<O ,M?@M%DIO NCIPG? M@AG@>0 OC@ OMP@ JPOKPO JM?@M N < Bl
KM@?D>0DJI DN @SK@>0@? OJ =@ HIM@ <>>PM<O@ DA OC@ OMP@ JPOKPO JM?@M DN PN@? AJM AM<H@N"
AM<H@ DN |@Q@M OJ =@ NCJRI @ B DO C<N =@@! >JINOMP>0@? <N <| <Q@M<B@ JA N@Q@M<G AM<H@N AJI
OC@ @I>J?@M DN AM@@ OJ >CJIN@ RCD>C@Q@M Q<GP@ JA ,M?@M%DIO RDGG BDQ@ OC@ =@NO >JHKM@N

primary_ref_frame NK@>DAD@N RCD>C M@A@M@I|>@ AM<H@ >JIO<DIN OC@ '# Q<GP@N <I? JOC@M NO<O@ OC<C
NO<MO JA OC@ AM<H@

Note: &0 DN <GGJR@? AIJM KMDH<MT;M@A;AM<H@ OJ =@ >J?@7? <N -/&* [6;/"#;+,+" OCDN RDGG ><PN@ ?@A<PGC
=@ PN@? AJM OC@ '# Q<GP@N <I? JOC@M NO<O@

buffer_removal_time_present flag @LP<G OJ NK@>DAD@N OC<0O =PAA@M;M@HJIQ<G;ODH@ DN KM@N@IO
=PAA@M;M@HJIQ<G;ODH@;KM@N@IO;AG<B @LP<G OJ NK@>DAD@N OC<0O =PAA@M;M@HJIQ<G;ODH@ DN 1JO KM

buffer_removal_time[ opNum] NK@>DAD@N OC@ AM<H@ M@HJQ<G ODH@ DI PIDON JA!@> 1 >GJ>F OD>FN >JPIO@
ODH@ JA OC@ G<NO M<I?JH <>>@NN KJDIO AJIM JK@M<ODIB KJDIO JK+PH =PAA@M;M@HJIQ<G;ODH@ DN NDBI<G@
PINDBI@? DIO@B@M RDOC < G@IBOC DI =DON BDQ@! =T =PAA@M;M@HJQ<G;ODH@;G@IBOC;HDIPN;

=PAA@M;M@HJIQ<G;ODH@ DN OC@ M@H<DI?@M JA < HI?PGJ =PAA@M;M@HJIQ<G;ODH@;G@IBOC;HDIPN; >J

allow_screen_content_tools @LP<G OJ DI?D><O@N OC<0O DIOM< =GJ>FN H<T PN@ K<G@OO@ @I>J?DIB
<GGJIR;N>M@@!;>JIO@10;0JIGN @LP<G 0J DI?D><0O@N OC<0 K<G@00®@ @I>J?DIB DN I@Q@M PN@?

allow_intrabc @LP<G OJ DI?D><O@N OC<O DIOM< =GJ>F >JKT H<T =@ PN@? DI OCDN AM<H@ <GGJR;DIOM<=> @LP
DIOM< =GJ>F >JKT DN IJO <GGJR@? DI OCDN AM<H@

Note: DIOM< =GJ>F >JKT DN JIGT <GGJR@? DI DIOM< AM<H@N <I? ?DN<=G@N <GG GJJK ADGO@MDIB AIM>@;DI(
0OJ AJM DIOM< AM<H@N NJJIGT DIO@B@M JAAN@ON <M@ <GGJIJR@? DI =GJ>F >JKT HJ?@

force_integer mv  @LP<G OJ NK@>DAD@N OC<0O HJODJI Q@>0JMN RDGG <GR<TN =@ DIO@B@MN AIM>@;DIO@BC(
OC<0 HJODJI Q@>0JMN ><I| >JI0<DI AM<>0DJI<G =DON

ref_order_hint[i] NK@>DAD@N OC@ @SK@>0@? JPOKPO JM?@M CDIO AIM @<>C M@A@M@I>@ AM<H@

Note: 1C@ Q<GP@N DI OC@ M@A;JM?@M;CDIO <MM<T <M@ KMJQD?@? OJ <GGJR DHKG@H@I0<ODJIN OJ BM<>
RC@I NJH@ AM<H@N C<Q@ =@@| GINO

Note: 4C@| N><G<=DGDOT DN PN@? OC@ Q<GP@N DI /@A ,M?@M%DIO ?PMDIB OC@ ?@>J7@ KMJ>@NN H<T ?@
JK@M<ODIB KJDIO

Section: Syntax structures semantics Page 152 of 669



AV1 Bitstream & Decoding Process Specification

refresh_frame_flags >JIO<DIN < =DOH<NF OC<O NK@>DAD@N RCD>C M@A@M@I>@ AM<H@ NGJON RDGG =@ PK?<C
<AO@M DO DN ?@>J?@?

&A AM<H@;O0TK@ DN @LP<G OJ &+1/;,+)6;#/ ** DO DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<O M@AM
1JO @LP<G OJ SAA

Note: 1ICDN M@NOMD>0DJI @I1>JPM<B@N @I>J?@MN OJ >IMM@>0GT G<=@G M<I?JH <>>@NN KJIDION =T AJM>D
@LP<G OJ ("6;#/ ** RC@I <I DIOM< AM<H@ DN PN@? OJ M@N@O OC@ ?@>J?DIB KMJ>@NN

0@@@>0DJI AIM?@O<DGN JA OC@ AM<H@ PK?<O@ KMJ>@NN

frame_refs_short_signaling @LP<G OJ DI?D><O@N OC<0 JIGT ORI M@A@M@I>@ AM<H@N <M@ @SKGD>DOGT NDE
AM<H@;M@AN;NCIMO;NDBI<GDIB @LP<G OJ DI?D><O@N OC<0 <GG M@A@M@I>@ AM<H@N <M@ @SKGD>DOGT |

last_frame_idx NK@>DAD@N OC@ M@A@M@I>@ AM<H@ OJ PN@ AJM ) O1;#/ *"
gold_frame_idx NK@>DAD@N OC@ M@A@M@I>@ AM<H@ OJ PN@ AIM $)!"+;#/ *"

set_frame_refs DN < API>0ODJI ><GG OC<O DI?D><O@N OC@ >JI>@KOP<G KJDIO RC@M@ OC@ M@A;AM<H@;D?S Q<(
><N@ RC@I| AM<H@;M@AN;NCJIJMO;NDBI<GDIB DN @LP<G OJ OC@N@ NTIO<S @G@H@ION <M@ >JHKPO@? DINOC
NDBI<G@? 4C@! OCDN API>0ODJI DN ><GG@7? OC@ N@O AM<H@ M @& DIIHANNNBIB@PDAD@? DI

ref frame_idx[i] NK@>DAD@N RCD>C M@A@M@I>@ AM<H@N <M@ PN@? =T DIO@M AM<H@N &O DN < M@LPDM@
>JIAJMH<I>@ OC<O /@A3<GD?8 M@A;AM<H@;D?S8 D 99 DN @LP<G OJ <I? OC<O OC@ N@G@>0@? M@A@M@I>@
AM<H@ DI =DO ?@KOC KMJADG@ >CMJH< NP=N<HKGDIB <I? >JGJM NK<>@

Note: 0TIO<S @G@H@ION DI?D><0@ < M@A@M@I>@ NP>C <N) 0L;#/*" )1/"#;#/ * 1C@N@ M@A@M@I>@N <M@
GJIF@? PK DI OC@ M@A;AM<H@;D?S <MM<T OJ ADI? RCD>C M@A@M@I>@ AM<H@ NCJIPG? =@ PN@? ?PMDIB DI
IJ M@LPDM@H@IO OC<O OC@ Q<GP@N DI M@A;AM<H@;D?S NCIPG? =@ ?DNODI>O

RefFrameSignBias NK@>DAD@N OC@ DIO@1?@? ?DM@>0DJI JA OC@ HJODJI Q@>0JM DI ODH@ AIJM @<>C M@A@MN
@LP<G OJ DI?D><O@N OC<O OC@ M@A@M@I>@ AM<H@ DN < AIMR<M?N M@A@M@I>@ D @ OC@ M@A@M@I>C
=@AIM@ OC@ >PMM@10 AM<H@ < NDBI =D<N @LP<G OJ DI?D><O@N OC<O OC@ M@A@M@I>@ AM<H@ DN < =<>

Note: 1C@ NDBI =D<N DN EPNO <I DI?D><ODJI OC<0 ><| DHKMJQ@ OC@ <>>PM<>T JA HJODJI Q@>0JM KM@?D>C
>JINOM<DI@? OJ M@AG@>0 OC@ <>0OP<G JPOKPO JM?@M JA KD>OPM@N

delta_frame_id_minus_1 DN PN@? OJ ><G>PG<O@ !@GO<#M<H@&?
DeltaFrameld NK@>DAD@N OC@ ?DNO<I|>@ OJ OC@ AM<H@ D? AJM OC@ M@A@M@I>@ AM<H@

RefFrameld[i] NK@>DAD@N OC@ AM<H@ D? AJIM @<>C M@A@M@I>@ AM<H@
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expectedFrameld[i] NK@>DAD@N OC@ AM<H@ D? AJM @<>C AM<H@ PN@? AIM M@A@M@I>@ &O DN < M@LPDMC(C
>JIAJMH<I>@ OC<O RC@I1@Q@M @SK@>0@?#M<H@&?8 D 9 DN ><G>PG<O@7? OC@ Q<GP@ H<O>C@N /@A#M<H@!
>JIO<DIN OC@ Q<GP@ JA >PMM@I0;AM<H@;D? <O OC@ ODH@ OC<0O OC@ AM<H@ DI?@S@7? =T M@A;AM<H@;D?S F

allow_high_precision_mv ~ @LP<G OJ NK@>DAD@N OC<0O HJODJI Q@>0JMN <M@ NK@>DAD@? OJ LP<MO@M K@G K
<GGJR;CDBC;KM@>DNDJI;HQ @LP<G OJ NK@>DAD@N OC<0 HJODJI Q@>0JMN <M@ NK@>DAD@? OJ @DBCOC K@

is_motion_mode_switchable @LP<G OJ NK@>DAD@N OC<O JIGT OC@ 0&*-)* HJIODJI HJ?@ RDGG =@ PN@?

use_ref_frame_mvs @LP<G OJ NK@>DAD@N OC<O HJODJI Q@>0JM DIAJMH<ODJI AMIJH < KM@QDJPN AM<H@ ><I =(
?@>J?DIB OC@ >PMM@I10 AM<H@ PN@;M@A;AM<H@;HQN @LP<G OJ NK@>DAD@N OC<O OCDN DIAJMH<ODJI RDC

disable_frame_end_update_cdf @LP<G OJ DI?D><O@N OC<O OC@ @1? JA AM<H@ '# PK?<O@ DN ?DN<=G@"?
?DN<=G@;AM<H@;@1?;PK?<0@;>?A @LP<G OJ DI?D><O@N OC<O OC@ @I? JA AM<H@ '# PK?<O@ DN @I<=G@?

Note: &0 ><| =@ PN@APG OJ ?DN<=G@ OC@ # PK?<0@ =@><PN@ DO H@<IN OC@ I@SO AM<H@ ><I NO<MO 0OJ
<N OC@ AM<H@ C@<?@MN JA OC@ >PMM@10 AM<H@ C<Q@ =@ @| KMJ>@NN@?

motion_field_estimation DN < API>0DJI ><GG RCD>C DI?D><0@N OC<0O OC@ HJODJI AD@GN@NODH<ROIPEMI>@NN
=@ DIQJF@?
OrderHints NK@>DAD@N OC@ @SK@>0@? JPOKPO JM?@M AIM @<>C M@A@M@I>@ AM<H@

CodedLossless DN < Q<MD<=G@ OC<O DN @LP<G OJ RC@I| <GG N@BH@ION PN@ GINNG@NN @I>J?DIB 1CDN DI?C
APGGT GINNG@NN <O OC@ >J?@? M@NJGPODJI JA #M<H@4D?0C =T #M<H@%@DBCO &l OCDN ><N@ OC@ GJJK #
?DN<=G@"?

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0 ?@GO<;L;KM@N@IO DN @LP<G OJ RC@! J?@?)JINN(

AllLossless DN < Q<MD<=G@ OC<O DN @LP<G OJ RC@I J?@?)INNG@NN DN @LP<G 0J <I? #M<H@4D?0C DN @LP-
2KN><G@?4D?0C 1CDN DI?D><O@N OC<0O OC@ AM<H@ DN APGGT GINNG@NN <O OC@ PKN><G@7? M@NJGPODJI
ADGO@M <I? GJIK M@NOJM<ODJI <M@ ?DN<=G@?

allow_warped_motion @LP<G OJ DI?D><O@N OC<O OC@ NTIO<S @G@H@I0 HIODJI;HI?@ H<T =@ KM@N@IO <GGJ
@LP<G OJ DI?D><O@N OC<O OC@ NTIO<S @G@H@I0 HIJODJI;HJ?@ RDGG 130 =@ KM@N@IO OCDN H@<IN OC<O).
NDBI<G@? DA <GGJR;R<MK@?;HJODJI DN @LP<G OJ

reduced_tx_set @LP<G OJ NK@>DAD@N OC<O OC@ AM<H@ DN M@NOMD>0@? OJ < M@?P>@7? NP=N@O JAOC@ A

setup_past_independence DN < API>0DJI ><GG OC<0O DI?D><0O@N OC<0O OCDN AM<H@ ><I =@ ?@>J?@7? RDOCJPO ?(
KM@QDJPN >J?@? AM<H@N 4C@I| OCDN API>0DJI DN DIQJF@? OC@ AJGGJRDIB O<F@N KG<>@

X #@<OPM@!<0<8 D 98 E 9 <I? #@<OPM@"I1<=G@?8 D 98 E 9 <M@ N@O @LP<G OJ AJMD *5:0"$*"+10 <I? E
0"$;)3);*5

X -M@QO@BH@I0&?N8 MIR 98 >JG 9 DN N@O @LP<G OJ AJMMJR *D/JRN <I?>JG *D JGN
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X $HITK@8 M@A 9 DN N@O @LP<G OJ &!"+1&16 AIJM M@A ) OL;#/ *" )1/"##/ *"

X -M@Q$H-<M<HN8 M@A 98 D 9 DN N@O @LP<GOJ D 4 /"M &10 AIM M@A
) OL;#/ *" Y1/"#;#/ ** AJM D

X GJIK;ADGO@M;?@GO<;@I<=G@? DN N@O @LP<G OJ

X GJIK;ADGO@M;M@A;?@GO<N8 &+1/ ;#/** 9 DN N@O @LP<G 0OJ
X GJIK;ADGO@M;M@A;?@GO<N8 ) 01;#/ *" 9 DN N@O @LP<G 0OJ
X GJIK;ADGO@M;M@A;?@GO<N8 ) 01 ;#/** 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;M@A;?@GO<N8 ) 01 ;#/*" 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;M@A;?@GO<N8 4l/'#:#/*' 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;M@A;?@GO<N8 $,)!I"+;#/*' 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;M@A;?@GO<N8 )1/"##/ *' 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;M@A;?@GO<N8 )1/*# ;#/ *" 9 DN N@O @LP<G OJ
X GJIK;ADGO@M;HI?@;?@GO<N8 D 9 DN N@O @LP<G OJ AIMD

init_non_coeff_cdfs DN <API>0DJI ><GG OC<O DI?D><O@N OC<O OC@ # O<=G@N RCD>C <M@ 1JO PN@? DI OC@ >
NOMP>0OPM@ NCJPG? =@ DIDOD<GDN@? 4C@| OCDN API>ODJI DN DIQJF@? OC@ AJGGJIRDIB NO@KN <KKGT

X 6*3?@ ?A DN N@O OJ < >JKT JA |@A<PGO;6;*J?@; ?A

X 23*J?@ AG+JO GGJR@? ?A DN N@O 0OJ < >JKT JA !{@A<PGO;2Q;*J?@; AG;+JO; GGIJR@?; ?A
X 23*J?@ AG GGIJR@? ?ADN N@O 0J < >JKT JAI@A<PGO;2Q;*3?@; AG; GGIR@?; ?A

X IBG@'@GO< ?A DN N@O 0J <>JKT JA|@A<PGO; IBG@;!@GO<; ?A

X &IOM<=> ?A DN N@O 0J < >JKT JA |@A<PGO;&I0OM<=>; ?A

X -<MODODJI4 ?A DN N@O 0J <>JKT JA !|@A<PGO;-<MODODJI;4 ; ?A

X -<MODODJI4 ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<MODODJI;4 ; ?A

X -<MODODJI4 ?A DN N@O 0J < >JKT JAI@A<PGO;-<MODODJI;4 ; ?A

X -<MODODJI4 ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<MODODJI;4 ; ?A

X -<MODODJI4 ?ADNN@O 0J < >JKT JA!@A<PGO;-<MODODJI;4 ;?A

X 0@BH@IO&? ?A DN N@O 0J < >JKT JAI@A<PGO;0@BH@IO;&?; ?A
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0@BH@IO&?-M@?D>0@? ?A DN N@O 0OJ < >JKT JA |@A<PGO;0@BH@10;&?;-M@7?D>0@7?; ?A

1SS ?ADN N@O OJ <>JKT JA!@A<PGO;1S; S ; ?A

1S S ?2ADNN@O 0OJ <>JKT JA!@A<PGO;1S; S ; ?A

1S S ?2ADNN@O OJ < >JKT JA!@A<PGO;1S; S ; ?A

1S S ?2ADNN@O 0OJ <>JKT JA!@A<PGO;1S; S ; ?A

1SAHOKGDO ?A DN N@O 0J < >JKT JA I@A<PGO;1SAH;0KGDO; ?A
#DGO@M&IOM<*J?@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;#DGO@M;&IOM<;*J?@; ?A
#DGO@M&IOM< ?A DN N@O 0OJ < >JKT JA |@A<PGO;#DGO@M;&IOM<; ?A
&IO@MK#DGO@M ?A DN N@O 0OJ < >JKT JA |@A<PGO;&I0@MK;#DGO@M; ?A
*JODJI*J?@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;*JODJI;*J?@; ?A

+@R*Q ?ADN N@O 0J < >JKT JAI@A<PGO;+@R;*Q; ?A

7T@MJI*Q ?ADN N@O 0OJ < >JKT JAI@A<PGO;7@MJ;*Q; ?A

/@A*Q ?A DN N@O 0OJ < >JKT JA |@A<PGO;/@A;*Q; ?A

JHKJIPI?*3?@ ?A DN N@O OJ < >JKT JA |@A<PGO; JHKJIPI?;*J?@; ?A

IMG*J?@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;!MG;*J?@; ?A

&N&IO@M ?A DN N@O 0OJ < >JKT JA |@A<PGO;&N;&I0@M; ?A

JHK*J?@ ?A DN N@O 0OJ < >JKT JA !{@A<PGO; JHK;*J?@; ?A

OFDK*J?@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;0FDK;*3?@; ?A

OFDK ?A DN N@O 0OJ < >JKT JA |@A<PGO;0FDK; ?A

JHK/@A ?A DN N@O 0OJ < >JKT JA!@A<PGO; JHK;,/@A; ?A

JHK R?/@A ?A DN N@O 0J < >JKT JAI@A<PGO; JHK; R?;/@A; ?A
ODIBG@/@A ?A DN N@O 0OJ <>JKT JA!@A<PGO;0DIBG@;/@A; ?A

*Q'JDIO ?A8 D 9 DN N@O 0OJ < >JKT JA|@A<PGO;*Q;'JDIO; 2AAJMD  *3; ,+1"510

*Q G<NN ?A8 D 9 DN N@O 0OJ < >JKT JA{@A<PGO;*Q; G<NN; 2AAJMD  *3; ,+1"510

*Q G<NN DO ?A8 D 98 >JHK 9 DN N@O 0J < >JKT JA |@A<PGO;*Q; G<NN ; DO; ?A AJM D

>JHK

Syntax structures semantics
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*Q#M ?A8 D 9 DN N@O 0OJ < >JKT JA|@A<PGO;*Q;#M; 2AAIMD  *3; ,+1"510
*Q G<NN #M ?A8 D 9 DN N@O 0OJ < >JKT JA |@A<PGO;*Q; G<NN ;#M; 2AAJMD  *3; ,+1"510

*Q G<NN %K ?A8 D 98 >JHK 9 DN N@O 0J < >JKT JA |@A<PGO;*Q; G<NN ;%K; PAAJMD  *3; ,+1"510 <I?
>JHK

*QODBI ?A8 D 98 >JHK 9 DN N@O 0J < >JKT JAI@A<PGO;*Q;0DBI; ?2AAIMD  *3; ,+1"510 <I? >JHK
*Q DO ?A8 D 98 >JHK 9 DN N@O 0OJ < >JKT JA!@A<PGO;*Q; DO; ?7AAJMD  *3; ,+1"510 <I? >JHK
*Q%K ?A8 D 98 >JHK 9 DN N@O 0J < >JKT JA!@A<PGO;*Q;%K; 2AAJMD  *3; ,+1"510 <I? >JHK
-<G@OO0@6*J?@ ?A DN N@O OJ < >JKT JA!@A<PGO;-<G@O0@;6;*J?@; ?A

-<G@OO0@23*J?@ ?ADN N@O 0OJ < >JKT JA!@A<PGO;-<G@0O0@;2Q;*J?@; ?A
-<G@OO0@60DU@ ?A DN N@O 0J <>JKT JAI@A<PGO;-<G@0O0@;6;0DU@; ?A
-<G@OO@230DU@ ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;2Q;0DU@; ?A
-<G@OO@0ODU@ 6 JGIJM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0ODU@ 6 JGIM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0DU@ 6 JGIJM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0DU@ 6 JGIM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0DU@ 6 JGIM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0DU@ 6 JGIM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A
-<G@OO@0ODU@ 6 JGIJM ?A DN N@O 0J < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;6; JIGIM; ?A
-<G@OO0@ODU@ 23 JGIM ?A DN N@O 0OJ < >JKT JA |@A<PGO;-<G@0O0@;0DU@; ;2Q; JGIM; ?A

1@GO<. 2ADN N@O 0J < >JKT JAI@A<PGO;!@GO<;.; ?A
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X 1@GO<)# ?A DN N@O 0OJ < >JKT JA I@A<PGO;!@GO<;)A; ?A

X 1@GO<)#*PGOD ?A8 D 9 DN N@O 0J < >JKT JAI@A<PGO;!@GO<;)A; 2AAIMD  #/*")#; ,2+1
X &IOM<1S1ITK@O@O ?A DN N@O 0J < >JKT JAI@A<PGO;&IOM<;1S;1TK@;0@0 ; ?A
X &IOM<1S1ITK@0@O ?A DN N@O 0J < >JKT JAI@A<PGO;&IOM<;1S;1TK@;0@0 ; ?A
X &I0@M1S1TK@0@O ?A DN N@O 0OJ < >JKT JA |@A<PGO;&I0@M;1S;1TK@;0@0 ; ?A
X &I0O@M1S1TK@O0@O ?A DN N@O OJ < >JKT JA |@A<PGO;&I0@M;1S;1TK@;0@0 ; ?A
X &IO@M1S1TK@O0@O ?A DN N@O 0OJ < >JKT JA |@A<PGO;&I0@M;1S;1TK@;0@0 ; ?A
X 2N@,=H> ?A DN N@O 0OJ < >JKT JA |@A<PGO;2N@;,=H>; ?A

X &I0@M&IOM< ?A DN N@O 0J < >JKT JA |@A<PGO;&I0@M;&IOM<; ?A

X JHK/@AITK@ ?A DN N@O OJ < >JKT JA |@A<PGO; JHK;/@A;1TK@; ?A

X AGODBI ?A DN N@O 0J < >JKT JA |@A<PGO; AG;0DBI; ?A

X 21D JHK/@A ?A DN N@O 0J < >JKT JAI@A<PGO;2ID; JHK;,/@A; ?A

X 4@7B@&IO@M&IOM< ?A DN N@O 0OJ < >JKT JA |@A<PGO;4@7?B@;&I0@M;&IOM<; ?A
X JHK$MJIPK&?S ?A DN N@O OJ < >JKT JA !@A<PGO; JHK;$MJIPK;&?S; ?A

X JHKJPI?&?S ?A DN N@O 0J < >JKT JA |@A<PGO; JHKJIPI?;&?S; ?A

X JHKJIPI?1TK@ ?A DN N@O 0J < >JKT JA |@A<PGO; JHKJIPI?;1TK@; ?A

X &I0@M&IOM<*J?@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;&I0@M;&I0OM<;*J?@; ?A

X 4@7?B@&I1?@S ?A DN N@O 0J < >JKT JA |@A<PGO;4@7B@;&I?7@S; ?A

X AG GKC< ?A DN N@O 0J < >JKT JA!@A<PGO; AG; GKC<; ?A

X 2N@4D@1@M ?A DN N@O 0OJ < >JKT JA |@A<PGO;2N@;4D@I@M; ?A

X 2N@OBMKMJE ?A DN N@O 0J < >JKT JA |@A<PGO;2N@;0BMKMJE; ?A

X /@NOJM<ODJILTK@ ?A DN N@O 0OJ < >JKT JA |@A<PGO;/@NOJM<ODJI;1TK@; ?A

init_coeff_cdfs() DN < API>0DJI ><GG OC<0O DI?D><O@N OC<O OC@ '# O<=G@N PN@? DI OC@ >J@AA NTIO<S NOM
DIDOD<GDN@? 4C@| OCDN API>ODJI DN DIQJF@? OC@ AJGGJIRDIB NO@KN <KKGT

X 1C@ Q<MD<=G@ D?S DN ?@MDQ@? <N AJGGJRN

¢ &A=<N@;L;D?S DN G@NN OC<IJM @LP<G OJ D?SDNN@O @LP<G OJ
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¢ ,OC@MRDN@ DA =<N@;L;D?S DN G@NN OC<IJM @LP<G OJ D?SDNN@O @LP<G OJ
c ,OC@MRDN@ DA =<N@;L;D?S DN G@NN OC<IIJM @LP<G OJ D?SDNN@O @LP<G 0J
¢ ,OC@MRDN@ D?S DN N@O @LP<G OJ
X 1C@ >PHPG<ODQ@ ?DNOMD=PODJI API>0DJI <MM<TN <M@ M@N@O 0J ?@A<PGO Q<GP@N <N AJGGJRN
¢ 1S=0FDK ?A DN N@O 0OJ < >JKT JA !|@A<PGO;1S=;0FDK; ?A8 D?S 9
¢ "J=-O ?ADN N@O OJ < >JKT JA!{@A<PGO;"J=;-0; ; ?PA8D?S 9
¢ "J=-O ?A DN N@O OJ <>JKT JAI@A<PGO;"J=;-0O; ; ?7A8D?S 9
¢ "J=-O ?ADN N@O OJ < >JKT JA!{@A<PGO;"J=;-0; ; ?PA8D?S 9
c "J=-O ?ADNN@O 0OJ < >JKT JA!@A<PGO;"J=;-O; ; ?A8D?S 9
¢ "J=-O ?ADNN@O OJ<>JKT JA!I@A<PGO;"J=;-0O; ;?A8D?S 9
c "J=-O ?ADNN@O 0OJ <>JKT JA!@A<PGO;"J=;-O; ; ?A8D?S 9
c "J=-O ?ADNN@O 0J <>JKT JAI@A<PGO;"J=;-0O; ;?A8D?S9
¢ "J="SOM< ?A DN N@O 0OJ < >JKT JA |{@A<PGO;"J=;"SOM<; ?A8 D?S 9
c !>0DBI ?A DN N@O 0J < >JKT JA |@A<PGO;!>;,0DBI; ?A8 D?S 9
c J@AA<N@"J=?ADNN@O 0J <>JKT JA!@A<PGO; J@AA; <N@;"J=; ?PA8 D?S 9
¢ J@AA<N@ ?ADNN@O OJ <>JKT JAI@A<PGO; J@AA; <N@; ?A8 D?S 9
c J@AAM?ADNN@O 0J < >JKT JA I@A<PGO; J@AA; M; ?A8 D?S 9

load_cdfs(ctx) DN < API>ODJI ><GG OC<O DI?D><O@N OC<O OC@ # O<=G@N <M@ GJ<?@? AMIH AM<H@ >JIO@SO
M<IB@ OJ +2%/'##/*'0 4C@| OCDN API>ODJI DN DIQJF@? <>JKT JA @<>C # <MM<T H@IODJI@? DI OC@

N@H<IOD>N AJM DIDO;>J@AA;>?AN <I? DIDO;JI;>J@AA;>?AN DN GJ<?@7? AMJH <l <M@< JA H@HJIMT DI?@S@? =T >O:!
>JIO@ION JA OC@N@ AM<H@ >JIO@SON C<Q@ =@ @I DIDOD<GDU@? =T KM@QDJPN ><GGN OJ N<Q@;>?AN ,I>@ C
GJ<?@? OC@ G<NO @IOMT DI @<>C <MM<T M@KM@N@IODIB OC@ NTH=JG >JPIO AJM OC<0 >JIO@SO DN N@O O.

load_previous() DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0O DIAIMH<ODJI AMJH < KM@QDJPN AM<H@ H<T =@ GJ<
?@>J?DIB OC@ >PMM@I0 AM<H@ 4C@I| OCDN API>0ODJI DN DIQJF@? OC@ AJGGJRDIB IM?@M@? NO@KN <KKGT

1C@ Q<MD<=G@ KM@Q#M<H@ DN N@O @LP<G 0J M@A;AM<H@;D?S8 KMDH<MT;M@A;AM<H@ 9
-M@Q$H-<M<HN DN N@O @LP<G 0J 0<Q@?$H-<M<HN8 KM@Q#M<H@ 9
1C@ API>0DJI GJ<?;GJIK;ADGO@M;K<M<HN KM@ Q#M<HE@ NKI@>DBN@RDF@?

1C@ API>0DJI GJ<?;N@BH@I0<ODJI;K<M<HN KM@ Q#M<H@N®KCE>DADMNTIQIJF@?
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load_previous_segment_ids() DN < API>ODJI ><GG OC<O DI?D><0@N OC<O < N@BH@I0 H<K AMJIH < KM@QDJIPN AM:s
AJM PN@ DI ?@>J?DIB OC@ >PMM@I0 AM<H@ 4C@! OCDN API>0DJI DN DIQIF@? OC@ N@BH@I0 H<K >JIO<DI@? D!
<N AJGGJRN

1C@ Q<MD<=G@ KM@Q#M<H@ DN N@O @LP<G OJ M@A;AM<H@;D?S8 KMDH<MT;M@A;AM<H@ 9

&A N@BH@I0<ODJI;@I<=G@? DN @LP<G OJ /@A*D JGN8 KM@Q#M<H@ 9 DN @LP<G OJ *D JGN <I? /@A*D/J

DN @LP<G OJ *D/JRN -M@QO@BH@I10&?N8 MJR 98 >JG 9 DN N@O @LP<G 0J 0<Q@?0@BH@I0&?N8 KM@ Q#

MIJR *D/JRN AIM>JG *D JGN

,OC@MRDN@ -M@QO@BH@IO&?N8 MJR 98 >JG 9 DN N@O @LP<G 0OJ AIMMJR *D/JRN AJM>JG *D JGI
/A@QM@I>@ AM<H@ H<MFDIB N@H<IOD>N

RefValid DN <I <MM<T RCD>C DN DI?@S@7? =T < M@A@M@I>@ KD>OPM@ NGJO IPH=@M Q<GP@ JA DI OC@ <MM<
>JMM@NKJI?DIB M@A@M@I>@ KD>OPM@ NGJO DN Q<GD? AJM PN@ <N < M@A@M@I>@ KD>OPM@ RCDG@ < Q<G
>JMM@NKJI?DIB M@A@M@I>@ KD>OPM@ NGJO DN 1JO Q<GD? AJM PN@ <N < M@A@M@I>@ KD>OPM@

Note: /@A3<GD? DN JIGT PN@? OJ ?@ADI@ Q<GD? =DONOM@<HN RC@| AM<H@;D?;IPH=@MN;KM@N@IO;AG<B D
<M@ H<MF@? <N DIQ<GD? RC@I| OC@T <M@ OJJ A<M DI OC@ K<NO OJ =@ M@A@M@I>@? =T OC@ AM<H@ D? H

#M<H@ NDU@ N@H<IOD>N

frame_width_minus_1 KGPN JI@ DN OC@ RD?0C JA OC@ AM<H@ DI GPH< N<HKG@N
frame_height_minus_1 KGPN JI@ DN OC@ C@DBCO JA OC@ AM<H@ DI GPH< N<HKG@N

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAIJMH<I>@ OC<O AM<H@;RD?0OC;HDIPN; DN G@NN OC<| JM @LP<G OJ
H<S;AM<H@;RD?OC;HDIPN;

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O AM<H@;C@DBCO;HDIPN; DN G@NN OC<I| JM @LP<G (
H<S;AM<H@;C@DBCO;HDIPN;

&A #M<H@&N&IOM< DN @LP<G OJ DI?D><ODIB OC<O OCDN AM<H@ H<T PN@ DIO@M KM@?D>0DJI OC@ M@LPDNM
NDU@ RDOC M@AN N@HN<GDENIJA HPNO <GNJ =@ N<ODNAD@?

/@1?7@M NDU@ N@H<IOD>N

1C@ M@I1?@M NDU@ DN KMJQD?@7? <N < CDIO 0J OC@ <KKGD><0ODJI <=JPO OC@ ?@NDM@? ?DNKG<T NDU@ &O C
KMJ>@NN

render_and_frame_size different @LP<G 0OJ H@<IN OC<O OC@ M@I1?@M RD?0C <I? C@DBCO <M@ DIA@MM@? AMJt
<|I? C@DBCO M@I1?@M;<I?;AM<H@;NDU@;?DAA@M@IO @LP<G OJ H@<IN OC<O OC@ M@I?@M RD?0C <I? C@DBCC

Note: &0 DN <GGJR@7? AJM OC@ =DONOM@<H OJ @SKGD>DOGT >J?@ OC@ M@I|?@M ?DH@INDJIN DI OC@ =DON
@S<>0 H<O>C AJM OC@ AM<H@ ?DH@INDJIN
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render_width_minus_1 KGPN JI@ DN OC@ M@I?@M RD?0OC JA OC@ AM<H@ DI GPH< N<HKG@N
render_height_minus_1 KGPN Ji@ DN OC@ M@I1?@M C@DBCO JA OC@ AM<H@ DI GPH< N<HKG@N

#M<H@ NDU@ RDOC M@AN N@H<IOD>N
#JM DIO@M AM<H@N OC@ AM<H@ NDU@ DN @DOC@M N@O @LP<G OJ OC@ NDU@ JA < M@A@M@I>@ AM<H@ JI

found_ref @LP<G OJ DI?D><O@N OC<O OC@ AM<H@ ?DH@INDJIN ><I =@ DIA@MM@? AMJH M@A@M@I>@ AM<H@
>JPIO@M DI OC@ NTIO<S K<MNDIB KMJ>@NN AJM AM<H@;NDU@;RDOC;M@AN AJPI?;M@A @LP<G OJ DI?D><O@N ¢
<M@ 13O DIA@MM@? AMJH M@A@M@I>@ AM<H@ D

1>@ OC@ #M<H@4D?0C <I? #M<H@%@DBCO C<Q@ =@ @| >JHKPO@? AJM <I DIO@M AM<H@ DO DN < M@LPDM@H(
>JIAJMH<I>@ OC<0O AJM <GG Q<GP@N JADDIOC@ M<IB@ ["#0;-"/;#/** <GG OC@ AJGGJRDIB >JI?DODJIN <M@ O

X  #M<H@4D?0C /@A2KN><G@?4D?0C8 M@A;AM<H@;D?S8D 99
X  #M<H@%@DBCO /@A#M<H@%@DBCO8 M@A;AM<H@;D?S8D 99
X #M<H@4D?0C |@A2KN><G@?4D?0C8 M@A;AM<H@;D?S8 D 9 9
X #M<H@%@DBCO |@A#M<H@%@DBCO8 M@A;AM<H@;D?S8 D 9 9

Note: 1CDN DN < M@LPDM@H®@10 @Q@! DA <GG OC@ =GJ>FN DI <I DIO@M AM<H@ <M@ >J?@? PNDIB DIOM< KM

OPK@MM@N K<M<HN N@H<IOD>N

use_superres @LP<G 0OJ DI?D><O@N OC<O |IJ PKN><GDIB DN l@@?@7? PN@;NPK@MM@N @LP<G OJ DI?D><O@N C
@@?@7?

coded_denom DN PN@? OJ>JHKPO@ OC@ <HJPIO JA PKN><GDIB

SuperresDenom DN OC@ ?@IJHDI<OJM JA < AM<>0DJI OC<O NK@>DAD@N OC@ M<ODJ =@OR@@| OC@ NPK@M=G.
PKN><GDIB 1C@ IPH@M<OJM JA OCDN AM<>0ODJI DN @LP<G OJ OC@ >JINO<IO 02-"//"0;+2*

JHKPO@ DH<B@ NDU@ N@H<IOD>N
MiCols DN OC@ IPH=@M JA S =GJ>F >JGPHIN DI OC@ AM<H@
MiRows DN OC@ IPH=@M JA S =GJ>F MJRN DI OC@ AM<H@

&IO@MKJIG<ODJI ADGO@M N@H<IOD>N

is_filter_switchable @LP<G OJ DI?D><O@N OC<O OC@ ADGO@M N@G@>0ODJI DN NDBI<G@? <O OC@ =GJ>F G@Q@
DI?D><O@N OC<0O OC@ ADGO@M N@G@>0ODJI DN NDBI<G@? <O OC@ AM<H@ G@Q@G

interpolation_filter NK@>DAD@N OC@ ADGO@M N@G@>0DJI PN@? AJIM K@MAJMHDIB DIO@M KM@ ?D>0DJI
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interpolation_filter Name of interpolation_filter
"&$%11 -
"&$%11 -;0*,,1%
"&$%11 -;0% /-
&)&+"/

04&1 % )"

)JIJIK ADGO@M N@H<IOD>N

loop_filter_level DN <I <MM<T >JIO<DIDIB GJJK ADGO@M NOM@IBOC Q<GP@N DAA@M@I0 GJIK ADGO@M NOM@IB(
PN@? ?@K@I?DIB JI OC@ DH<B@ KG<I@ =@DIB ADGO@M@? <I? OC@ @?B@ ?DM@>0DJI Q@MOD><G JM CIMDUJI

loop_filter_sharpness DI?D><0O@N OC@ NC<MKI@NN G@Q@G 1C@ GJIK;ADGO@M;G@Q@G <I? GJIK;ADGO@M;NC<|
RC@I < =GJ>F @?B@ DN ADGO@M@? <I? =T CJR HP>C OC@ ADGO@MDIB ><| >C<IB@ OC@ N<HKG@ Q<GP@N

1C@ GJIK ADGO@M KMJ>@NN DN\Z@N>IMD=@? DI

loop_filter_delta_enabled @LP<G OJ H@<IN OC<O OC@ ADGO@M G@Q@G ?@K@I?N JI OC@ HJI?@ <I? M@QA@M@I>(
KM@7?D>0 < =GJ>F GJIK;ADGO@M;?@GO<;@I<=G@7? @LP<G OJ H@<IN OC<O OC@ ADGO@M G@Q@G ?J@N IJO ?¢
M@A@M@I>@ AM<H@

loop_filter_delta_update @LP<G 0J H@<IN OC<O <??DODJI<G NTIO<S @G@H@ION <M@ KM@N@IO OC<O NK@>DAT
M@A@M@I>@ AM<H@ ?@GO<N <M@ 0J =@ PK?<0@? GJIK;ADGO@M;?@GO<;PK?<0@ @LP<G 0J H@<IN OC<O O
KM@N@IO

update_ref_delta @LP<G OJ H@<IN OC<O OC@ NTIO<S @G@H@IO GJIK;ADGO@M;M@A;?@GO< DN KM@N@IO PK?<
H@<IN OC<O OCDN NTIO<S @G@H@IO DN 1JO KM@N@I10

loop_filter_ref_deltas >JIO<DIN OC@ <?EPNOH®@IO |@@?@? AJM OC@ ADGO@M G@Q@G =<N@? JI OC@ >CIN@I M@
NTIO<S @G@H@IO DN IJO KM@N@IO DO H<DIO<DIN DON KM@QDJPN Q<GP@

update_mode_delta @LP<G OJ H@<IN OC<O OC@ NTIO<S @G@H@I10 GJIK;ADGO@M;HJ?@;?@GO<N DN KM@N@I0
@LP<G OJ H@<IN OC<O OCDN NTIO<S @G@H@I10 DN 1J0 KM@N@I10

loop_filter_mode_deltas >JIO<DIN OC@ <?EPNOH@IO I@@?@7? AJM OC@ ADGO@M G@Q@G =<N@7? JI OC@ >CIN@I +
@G@H@I0 DN 1JO KM@N@IO DI OC@ DO H<DIO<DIN DON KM@QDJPN Q<GP@

Note: 1C@ KM@QDJPN Q<GP@N AIM GJIK;ADGO@M;HI?@;?@GO<N <I? GJIK;ADGO@M;M@A;?@GO<N <M@ DIOLC
N@OPK;K<NO;DI?@K@I?@I>@ API>0ODJI <I? ><| =@ NP=N@LP@IOGT HIJ?DAD@? =T OC@N@ NTIO<S @G@H@ION
KM@QDJPN AM<H@
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P<I0ODU<ODJI K<M<HN N@H<IOD>N

1C@ M@ND?P<G DN NK@>DAD@? QD< ?@>J?@7? >J@AAD>D@ION RCD>C <M@ <?EPNO@? =T JI@ JA AJPM LP<IODU:
DIQ@MN@ OM<INAIJMH DN <KKGD@? 1C@ >CJD>@ ?@K@I?N JI OC@ KG<I@ 6 IM 23 <I? >J@AAD>D@I10 KINDODJI !
I@LP<IODU<ODJI KMJ>@NN DN NKi@ebaD@? DI

base_qg_idx DI?D><O@N OC@ =<N@ AM<H@ LDI?@S 1CDN DN PN@? AJM6 >J@AAD>D@ION <I? <N OC@ =<N@ Q<G
LP<IODU@MN

DeltaQYDc DI?D><O@N OC@ 6! LP<IODU@M M@G<ODQ@ OJ =<N@;L;D?S

diff_uv_delta @LP<G OJ DI?D><O@N OC<0O OC@ 2 <I? 3 ?@GO< LP<IODU@M Q<GP@N <M@ >J?@? N@K<M<O@GT ?
DI?D><0O@N OC<0 OC@ 2 <I? 3 ?2@GO< LP<IODU@M Q<GP@N NC<M@ < >JHHJI Q<GP@

DeltaQUDc DI?D><O@N OC@ 2! LP<IODU@M M@G<ODQ@ OJ =<N@;L;D?S

DeltaQUAc DI?D><O@N OC@ 2 LP<IODU@M M@G<ODQ@ OJ=<N@;L;D?S

DeltaQVDc DI?D><O@N OC@ 3! LP<IODU@M M@G<ODQ@ 0OJ =<N@;L;D?S

DeltaQVAc DI?D><O@N OC@ 3 LP<IODU@M M@G<ODQ@ OJ =<N@;L;D?S

using_gmatrix NK@>DAD@N OC<0O OC@ LP<IODU@M H<OMDS RDGG =@ PN@? OJ >JHKPO@ LP<IODU@MN

gm_y NK@>DAD@N OC@ G@Q@G DI OC@ LP<IODU@M H<OMDS OC<O NCJPG? =@ PN@? AJM GPH< KG<I@ ?@>J?D|

gm_u NK@>DAD@N OC@ G@Q@G DI OC@ LP<IODU@M H<OMDS OC<0O NCJPG? =@ PN@? AJM >CMJH< 2 KG<I@ ?@>

gm_v NK@>DAD@N OC@ G@Q@G DI OC@ LP<IODU@M H<OMDS OC<O NCJPG? =@ PN@? AJM >CMJH< 3 KG<I@ ?@>
I@GO< LP<IODU@M N@H<IOD>N

delta_coded NK@>DAD@N OC<O OC@ ?@GO<;L NTIO<S @G@H@IO DN KM@N@IO

delta_g NK@>DAD@N <l JAAN@O M@G<ODQ@ 0OJ =<N@;L;D?S AIJM < K<MOD>PG<M LP<IODU<ODJI KkM<H@O@M
0@BH@I0<0ODJI K<M<HN N@H<IOD>N

3 KMJQD?@N < H@<IN JA N@BH@IODIB OC@ DH<B@ <I? OC@I| <KKGTDIB Q<MDJPN <?EPNOH@ION <O OC@ N@BH(¢

2K0OJ N@BH@ION H<T =@ NK@>DAD@? AJM <IT BDQ@I| AM<H@ #JM @<>C JA OC@N@ N@BH@ION DO DN KINND=(

LP<IODU@M <=NJGPO@ Q<GP@ JM ?@GO<

GJIK ADGO@M NOM@IBOC <=NJGPO@ Q<GP@ JM ?@GO<

KM@?D>0DJI M@A@M@I>@ AM<H@

=GJ>F NFDK HJ?@ OC<O DHKGD@N =JOC OC@ PN@ JA<  HJODJI Q@>0JM <|? OC<O 1IJ M@ND?P<G RDGC
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"<>C JA OC@N@ ?<0< Q<GP@N AJM @<>C N@BH@IO H<T =@ DI?DQD?P<GGT PK?<O@? <O OC@ AM<H@ G@Q@G 4
DI <BDQ@I| AM<H@ OC@ Q<GP@ AMJH OC@ KM@QDJPN AM<H@ K@MNDNON 1C@ @S>@KODJIN OJ OCDN <M@ F(
JOC@M AM<H@N RC@M@ DI?@K@I?@1>@ AMIH K<NO AM<H@ Q<GP@N DN M@LPDM@? AIJM @S<HKG@ OJ @I<=G
><N@N <GG Q<GP@N <M@ M@N@O <N ?@N>MD=@? DI OC@ N@H<IOD>N AJM N@OPK;K<NO;DI?@K@I?@I>@

1C@ N@BH@10 <AADGD<0ODJI OC@ N@BH@I10<ODJI H<K DN NOJM@? <O OC@ M@NJGPODJI JA S =GJ>FN &A1l @
=GJ>F_N N@BH@I0 <AADGD<ODJI OC@! DO K@MNDNON AMJH AM<H@ OJ AM<H@ PIODG M@N@O =T < ><GG 0J N(

SegldPreSkip @LP<G OJ DI?D><O@N OC<O OC@ N@BH@I0 D? RDGG =@ M@<? =@AIJM@ OC@ NFDK NTIO<S @G@}
DI?D><O@N OC<0O OC@ NFDK NTIO<S @G@H@IO RDGG =@ M@<? ADMNO

LastActiveSegld DI?D><O@N OC@ CDBC@NO IPH=@M@? N@BH@IO D? OC<O C<N NJH@ @I<=G@? A@<OPM@ 1CDH"
OC@ N@BH@10 D? OJ JIGT ?@>J?@ >CJD>@N >IJMM@NKJI?DIB OJ PN@? N@BH@ION

segmentation_enabled @LP<G OJ DI?D><O@N OC<O OCDN AM<H@ H<F@N PN@ JA OC@ N@BH@I0<ODJI 0JJG N@!
@LP<G OJ DI?D><O@N OC<O OC@ AM<H@ ?J@N 1JO PN@ N@BH@10<0DJI

segmentation_update_map @LP<G OJ DI?D><O@N OC<O OC@ N@BH@IO<ODJI H<K <M@ PK?<O@? ?PMDIB OC@ ?@
AM<H@ N@BH@IO<ODJI;PK?<O0O@;H<K @LP<G OJ H@<IN OC<O OC@ N@BH@I10<ODJI H<K AMJH OC@ KM@QDJPN £

segmentation_temporal_update @LP<G OJ DI?D><O@N OC<0 OC@ PK?<O@N 0OJ OC@ N@BH@10<ODJI H<K <M@ >J~
@SDNODIB N@BH@I0<ODJI H<K N@BH@I0<ODJI;0@HKIM<G;PK?<0O@ @LP<G OJ DI?D><O@N OC<O OC@ I@R N@
RDOCJPO M@A@M@I>@ OJ OC@ @SDNODIB N@BH@I0<ODJI H<K

segmentation_update_data @LP<G OJ DI?D><O@N OC<O I@R K<M<H@O@MN <M@ <=JPO OJ =@ NK@>DAD@? AJIM (
N@BH@10<ODJI;PK?<0@;?<0< @LP<G OJ DI?D><O@N OC<O OC@ N@BH@I10<ODJI KckM<H@O@MN NCIPG? F@ @K

feature_enabled @LP<G OJ DI?D><O@N OC<0O OC@ >JMM@NKJI?DIB A@<OPM@ DN PIPN@? <I? C<N Q<GP@ @LP<G
@LP<G OJ DI?D><O@N OC<0O OC@ A@<OPM@ Q<GP@ DN >J?@?

feature_value NK@>DAD@N OC@ A@<OPM@ ?<0< AJM < N@BH@IO A@<OPM@

1DG@ DIAJ N@QH<IOD>N

uniform_tile_spacing_flag @LP<G OJ H@<IN OC<O OC@ ODG@N <M@ PIDAIJMHGT NK<>@? <>MJNN OC@ AM<H@ &
ODG@N <M@ OC@ N<H@ NDU@ @S>@KO AJM OC@ JI@N <O OC@ MDBCO <I? =JOOJH @?B@ RCD>C ><| =@ NH<GG
@LP<G OJ H@<IN OC<O OC@ ODG@ NDU@N <M@ >J?@7?

increment_tile_cols log2 DN PN@? OJ>JHKPO@ 1DG@ JGN)JB
TileColsLog2 NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ ?@NDM@? IPH=@M JA ODG@N <>MJNN OC@ AM<H@

TileCols NK@>DAD@N OC@ IPH=@M JA ODG@N <>MJNN OC@ AM<H@ &O DN < M@LPDM@H@10 JA =DONOM@<H >
OC<IJM @LP<G 0J *5;1&)"; ,)0

increment_tile_rows log2 DN PN@? OJ>JHKPO@ 1DG@/JRN)JB

TileRowsLog2 NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ ?@NDM@7? IPH=@M JA ODG@N ?JRI OC@ AM<H@
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Note: #JM NH<GG AM<H@ NDU@N OC@ <>OP<G IPH=@M JA ODG@N DI OC@ AM<H@ H<T =@ NH<GG@M OC<| OC
=@><PN@ OC@ ODG@ NDU@ DN MJPI?@? PK OJ < HPGODKG@ JA OC@ H<SDHPH NPK@M=GJ>F NDU@

TileRows NK@>DAD@N OC@ IPH=@M JA ODG@N ?JRI OC@ AM<H@ &O DN < M@LPDM@H@IO JA =DONOM@<H >JIA.
OC<I IJM @LP<G 0J * 5;1&)",/,40

tilewidthSb DN PN@? OJ NK@>DAT OC@ RD?0C JA @<>C ODG@ DI PIDON JA NPK@M=GJ>FN &0 DN < M@LPDM@HE
OC<0O ODG@4D?0C0= DN G@NN OC<| H<S1DG@4D?0C0=

tileHeightSb DN PN@? OJ NK@>DAT OC@ C@DBCO JA @<>C ODG@ DI PIDON JA NPK@M=GJ>FN &0 DN <M@LPDM@
OC<0O ODG@4D?0C0= ODG@%@DBCO0= DN G@NN OC<I H<S1DG@ M@<0=

&A PIDAJMH;ODG@;NK<>DIB;AG<B DN @LP<G OJ DO DN <M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<O NC
RC@I OC@ GJJK RMDODIB *D JGOO<MON @SDON

&A PIDAJMH;ODG@;NK<>DIB;AG<B DN @LP<G OJ DO DN <M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<O NC
RC@! OC@ GJJK RMDODIB *D/JROO<MON @SDON

Note: 1C@ M@LPDM@H@ION JI NO<MOO0O= @INPM@ OC<O OC@ NDU@N JA @<>C ODG@ <?? PK OJ OC@ APGG NLC
H@<NPM@? DI NPK@M=GJ>FN

MiColStarts DN <I <MM<T NK@>DATDIB OC@ NO<MO >JGPHI DI PIDON JA S GPH<N<HKG@N AIJM @<>C ODG@ <>MJ
MiRowStarts DN <I <MM<T NK@>DATDIB OC@ NO<MO MJR DI PIDON JA S GPH<N<HKG@N AJM @<>C ODG@ ?JRI OC
width_in_sbs_minus_1 NK@>DAD@N OC@ RD?0C JA <ODG@ HDIPN DI PIDON JA NPK@M=GJ>FN
height_in_sbs_minus_1 NK@>DAD@N OC@ C@DBCO JA <ODG@ HDIPN DI PIDON JA NPK@M=GJ>FN

maxTileHeightSb NK@>DAD@N OC@ H<SDHPH C@DBCO DI PIDON JA NPK@M=GJ>FN OC<O ><| =@ PN@? AIJM < ODC
RDOC 0OJJ HP>C <M@<

context_update_tile_id NK@>DAD@N RCD>C ODG@ OJ PN@ AJM OC@ !# PK?<O@ &O DN <M@LPDM@H@IO JA =DON
>JIO@SO;PK?<O@;0DG@;D? DN G@NN OC<| 1IDG@ JGN 1DG@/JRN

tile_size _bytes minus_ 1 DN PN@? OJ>JHKPO@ 1DG@0DU@ TO@N

TileSizeBytes NK@>DAD@N OC@ IPH=@M JA =TO@N l@@?@? OJ >J?@ @<>C ODG@ NDU@
P<IODU@M DI?@S ?@GO< K<M<H@O@MN N@H<IOD>N

delta_g_present NK@>DAD@N RC@OC@M LP<IODU@M DI?@S ?@GO< Q<GP@N <M@ KM@N@IO

delta_qg_res NK@>DAD@N OC@ G@AO NCDAO RCD>C NCJPG? =@ <KKGD@? 0J ?@>J?@7? LP<IODU@M DI?@S ?@GO
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)JJJK ADGO@M ?@GO< K<M<H@O@MN N@H<IOD>N

delta_If_present NK@>DAD@N RC@OC@M GJIJK ADGO@M ?@GO< Q<GP@N <M@ KM@N@IO
delta_If res NK@>DAD@N OC@ G@AO NCDAO RCD>C NCIPG? =@ <KKGD@? 0J ?@>J?@? GJIJK ADGO@M ?@GO< Q<

delta_If_multi @LP<G OJ NK@>DAD@N OC<O N@K<M<O@ GJIJK ADGO@M ?@GO<N <M@ N@I0 AIM CIMDUJIO<G GF
OC@ 2 @?B@N <I1? OC@ 3 @?B@N ?@GO<;GA;HPGOD @LP<G OJ NK@>DAD@N OC<O OC@ N<H@ GJJK ADGO@M °

$GJ=<G HIJODJI K<M<HN N@H<IOD>N
is_global NK@>DAD@N RC@OC@M BGJ=<G HJODJI KkM<H@O@MN <M@ KM@N@10 AIJM < K<MOD>PG<M M@A@M@
is_rot_zoom NK@>DAD@N RC@OC@M < K<MOD>PG<M M@A@M@I>@ AM<H@ PN@N MJO<ODJI <I? UJJH BGJ=<G HJ(
is_translation NK@>DAD@N RC@OC@M < K<MOD>PG<M M@A@M@I>@ AM<H@ PN@N OM<ING<ODJI BGJ=<G HJODJI

$GJ=<G K<M<H N@H<IOD>N

absBits DN PN@? OJ >JHKPO@ OC@ M<IB@ JA Q<GP@N OC<O0 ><I =@ PN@? AJM BH;K<M<HN8M@A98D?S9 1C@ Q<C
M<IB@ <=NDON OJ <=NDON

precBits NK@>DAD@N OC@ IPH=@M JA AM<>0DJI<G =DON PN@? AJIM M@KM@N@IODIB BH;K<M<HN8M@A98D?S9 (
<M@ NOJM@? DI OC@ HJ?@G RDOC 4 /-"I*,I");-[" ; &10 AM<>0DJI<G =DON =PO OC@ K<M<H@O@MN <M@ @I>J?@7? RL
KM@>DNDJI

l@>J?7@ NP=@SK N@H<IOD>N
subexp_final_bits KMJQD?@ OC@ ADI<G =DON OC<O <M@ M@<? JI>@ OC@ <KKMIKMD<O@ M<IB@ C<N =@@! ?@0¢

subexp_more_bits @LP<G OJ NK@>DAD@N OC<O OC@ K<M<H@O@M DN DI OC@ M<IB@ HF OJHF < NP=@SK;HJM
NK@>DAD@N OC<0O OC@ K<M<H@O@M DN BM@<O@M OC<I HF <

subexp_bits NK@>DAD@N OC@ Q<GP@ JA OC@ K<M<H@O@M HDIPN HF

#DGH BM<DI K<M<HN N@H<IOD>N

apply_grain @LP<G OJ NK@>DAD@N OC<O ADGH BM<DI NCJPG? =@ <??@7? OJ OCDN AM<H@ <KKGT;BM<DI @LP<G
BM<DI NCJIPG? IJO =@ <??@"?

reset_grain_params() DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0 <GG OC@ NTIO<S @G@H@ION M@<? DI ADGH;BN
N@O @LP<G 0OJ

grain_seed NK@>DAD@N OC@ NO<MODIB Q<GP@ AJM OC@ KN@P?J M<I?JH IPH=@MN PN@? ?PMDIB ADGH BM<DI N

update_grain @LP<G OJ H@<IN OC<O <I@R N@O JA K<M<H@O@MN NCJIPG? =@ N@IO PK?<O@;BM<DI @LP<G OJ |
KM@QDJPN N@O JA K<M<H@O@MN NCIPG? =@ PN@?

film_grain_params_ref idx DI?D><O@N RCD>C M@A@M@I>@ AM<H@ >JIO<DIN OC@ ADGH BM<DI K<sM<H@O@MN O.
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&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O ADGH;BM<DI;K<M<HN;M@A;D?S DN @LP<G OJ M@A;A
JAEDIOC@ M<IB@ OJ /"#0;-"[#/ *"

Note: 1CDN M@LPDM@H@10 H@<IN OC<O ADGH BM<DI ><| JIGT =@ KM@?D>0@? AMJH OC@ AM<H@N OC<O OC(
<N M@QA@M@I>@ AM<H@N

load_grain_params(idx) DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0 <GG OC@ NTIO<S @G@H@ION M@<? DI ADGH;
N@O @LP<G OJ OC@ Q<GP@N NOJM@? DI <I <M@< JA H@HJIMT DI?@S@7? =T D?S

tempGrainSeed DN < O@HKJIM<MT Q<MD<=G@ OC<O DN PN@? OJ <QJD? GIJNDIB OC@ Q<GP@ JA BM<DI;N@@? RC@
><GG@? 4C@I PK?<O@;BM<DI DN @LP<G OJ <KM@QDJPN N@O JA K<M<H@O@MN NCJIPG? =@ PN@? AIM @Q@M

num_y_points NK@>DAD@N OC@ IPH=@M JA KIDION AJM OC@ KD@>@ RDN@ GDI@<M N><GDIB API>0DJI JA OC@ (
&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<O IPH;T;KIJDION DN G@NN OC<I JM @LP<G OJ

point_y value[i] M@KM@N@ION OC@ S GPH< Q<GP@ >JIM?DI<O@ AJM OC@ D OC KJDIO JA OC@ KD@>@RDN@ C
GPH< >JHKJI@IO 1C@ Q<GP@N <M@ NDBI<G@? Jl OC@ N><G@ JA &I ><N@ JA =DO QD?@J OC@N@ Q<GP@N
GPH< Q<GP@N ?DQD?@? =T &I><N@ JA =DO QD?@J OC@N@ Q<GP@N >IMM@NKJI? OJ GPH< Q<GP@N ?DQD?@

&A D DN BM@<O@M OC<| DO DN <M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<O KJDIO;T;Q<GP@8 D 9 DN E
9 OCDN @INPM@N OC@ S >JIM?DI<O@N <M@ NK@>DAD@? DI DI>M@<NDIB JM?@M

point_y scaling[i] M@KM@N@ION OC@ N><GDIB JPOKPO Q<GP@ AJM OC@ D OC KJDIO JA OC@ KD@>@RDN@ GC
>JHKJI@IO

chroma_scaling_from_luma NK@>DAD@N OC<0O OC@ >CMJH< N><GDIB DN DIA@MM@? AMJH OC@ GPH< N><GDIB
num_cb_points NK@>DAD@N OC@ IPH=@M JA KIDION AJM OC@ KD@>@ RDN@ GDI@<M N><GDIB API>0ODJI JA OC@

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAIJMH<I>@ OC<O IPH;>=;KIJDION DN G@NN OC<I JM @LP<G OJ

Note: 4C@| >CMJIH<;N><GDIB;AMJH;GPH< DN @LP<G OJ DO DN NODGG <GGJR@? AIM IPH;T;KIDION OJ O<F@ Q<
1CDN H@<IN OC<O OC@ >CMJH< N><GDIB <GNJ |@@?N OJ NPKKIJMO PK OJ KJDION

point_cb_value[i] M@KM@N@ION OC@ S >JIM?DI<0@ AJM OC@ D OC KJDIO JA OC@ KD@>@ RDN@ GDI@<M N><Gl|
>JHKJI@IO 1C@ Q<GP@N <M@ NDBI<G@? JI OC@ N><G@ JA

&A D DN BM@<O@M OC<| DO DN <M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O KJDIO;>=;Q<GP@8 D 9 DN
9

point_ch_scaling[i] M@KM@N@ION OC@ N><GDIB JPOKPO Q<GP@ AJM OC@ D OC KJDIO JA OC@ KD@>@RDN@ G
>JHKJI@IO

num_cr_points NK@>DAD@N M@KM@N@ION OC@ IPH=@M JA KIJDION AJM OC@ KD@>@ RDN@ GDI@<M N><GDIB A
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&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O IPH;>M;KJDION DN G@NN OC<I| JM @LP<G 0OJ

&A NP=N<HKGDIB;S DN @LP<G 0OJ <I? NP=N<HKGDIB;T DN @LP<G OJ <I? IPH;>=;KIJDION DN @LP<G OJ DO DN <MQ@
=DONOM@<H >JIAJMH<I>@ OC<O IPH;>M;KJDION DN @LP<G OJ

&A NP=N<HKGDIB;S DN @LP<G 0OJ <I? NP=N<HKGDIB;T DN @LP<G OJ <I? IPH;>=;KIJDION DN IJO @LP<G OJ DO DN <
=DONOM@<H >JIAJMH<I>@ OC<O IPH;>M;KJDION DN 1JO @LP<G OJ

Note: 1IC@N@ M@LPDM@H@ION @INPM@ OC<O AJM >CMJH< NP=N<HKGDIB ADGH BM<DI IJDN@ RDGG =@ <k
>CMJIH< >JHKJI@ION JM OJ |I@DOC@M 1C@M@ DN I3 M@NOMD>0ODJI AJM  IM >CMJIH< NP=N<HKGDIB

point_cr_value[i] M@KM@N@ION OC@ S >JIM?DI<O@ AIJM OC@ D OC KJDIO JA OC@ KD@>@ RDN@ GDI@<M N><GL
1C@ Q<GP@N <M@ NDBI<G@? JI OC@ N><G@ JA

&A D DN BM@<O@M OC<| DO DN <M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<O KJIDIO;>M;Q<GP@8 D 9 DN
9

point_cr_scaling[i] M@KM@N@ION OC@ N><GDIB JPOKPO Q<GP@ AJM OC@ D OC KJDIO JAOC@ KD@>@RDN@ Gl
>JHKJI@IO

grain_scaling_minus_ 8 M@KM@N@ION OC@ NCDAO\ <KKGD@? OJ OC@ Q<GP@N JA OC@ >CMJH< >JHKJI@IO 1C@
BM<DI;N><GDIB;HDIPN; ><| O<F@ Q<GP@NJA <I? ?2@0@MHDI@N OC@ M<IB@ <I? LP<IODU<ODJI NO@K JAOC@ N
JA ADGH BM<DI

ar_coeff lag NK@>DAD@N OC@ IPH=@M JA <POJ M@BM@NNDQ@ >J@AAD>D@ION AIJM GPH< <I? >CMJH<
ar_coeffs_y plus_128[i] NK@>DAD@N <POJ M@BM@NNDQ@ >J@AAD>D@ION PN@? AJM OC@ 6 KG<I@
ar_coeffs_cb_plus_128[i] NK@>DAD@N <POJ M@BM@NNDQ@ >J@AAD>D@ION PN@? AJM OC@ 2 KG<I@
ar_coeffs_cr_plus_128[i] NK@>DAD@N <POJ M@BM@NNDQ@ >J@AAD>D@ION PN@? AJM OC@ 3 KG<I@

ar_coeff_shift minus_ 6 NK@>DAD@N OC@ M<IB@ JA OC@ <POJ M@BM@NNDQ@ >J@AAD>D@ION 3<GP@N JA
M<IB@N AJM <POJ M@BM@NNDQ@ >J@AAD>D@IONJAS 8 8 <178 M@NK@>0DQ@GT

grain_scale_shift NK@>DAD@N CJR HP>C OC@ $<PNND<I M<I?JH IPH=@MN NCJPG? =@ N><G@? ?JRI ?PMDIB OC@ B
KMJ>@NN

cb_mult M@KM@N@ION < HPGODKGD@M AJM OC@ >=>JHKJI@IO PN@? DI ?7@MDQ<O0DJI JA OC@ DIKPO DI?@S OJ C
API>0ODJI

cb_luma_mult M@KM@N@ION < HPGODKGD@M AJM OC@ <Q@M<B@ GPH< >JHKJI@I10 PN@? DI ?@MDQ<0DJI JA OC
>JHKJI@IO N><GDIB API>0DJI

cb_offset M@KM@N@ION <l JAAN@O PN@? DI ?7@MDQ<0ODJI JA OC@ DIKPO DI?@S 0J OC@ >= >JHKJI@IO N><GDIB A
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cr_mult M@KM@N@ION < HPGODKGD@M AIJM OC@ >M >JHKJI@10 PN@? DI ?7@MDQ<0ODJI JA OC@ DIKPO DI?@S 0J C
API>0DJI

cr_luma_mult M@KM@N@ION < HPGODKGD@M AJM OC@ <Q@M<B@ GPH< >JHKJI@IO PN@? DI ?7@MDQ<0ODJI JA OC(
>JHKJI@IO N><GDIB API>0DJI

cr_offset M@KM@N@ION <l JAAN@O PN@? DI ?7@MDQ<0DJI JA OC@ DIKPO DI?@S 0J OC@ >M >JHKJII@I0 N><GDIB A

overlap_flag @LP<G OJ DI?D><O@N OC<O OC@ JQ@MG<K =@OR@@! ADGH BM<DI =GJ>FN NC<GG =@ <KKGD@? J(
DI?D><O@N OC<0O OC@ JQ@MG<K =@OR@@I| ADGH BM<DI =GJ>FN NC<GG IJO =@ <KKGD@?

clip_to_restricted_range @LP<G OJ DI?D><O@N OC<0O >GDKKDIB 0J OC@ M@NOMD>0@? NOP?DJ M<IB@ NC<GG =
Q<GP@N <AO@M <??DIB OC@ ADGH BM<DI N@@ OC@ N@H<IOD>N AIM >JGIM;M<IB@ AIM <l @SKG<I<ODJI JA NOP
>GDK;0J;M@NOMD>0@7?;M<IB@ @LP<G OJ DI?D><O@N OC<0O >GDKKDIB 0J OC@ APGG M<IB@ NC<GG =@ <KKGDC(C
<??DIB OC@ ADGH BM<DI

15 HJ?@ N@H<IOD>N
tx_mode_select DN PN@? OJ >JHKPO@ 1S*J?@
TxMode NK@>DAD@N CJR OC@ OM<INAJMH NDU@ DN ?@O0@MHDI@?
TxMode Name of TxMode
+)6; 5
15;*,1") /$"01

15;*,!";0")" 1

#IM OS;HJ?@ @LP<G 0OJ 15;*,!";) /$"01 OC@ DIQ@MN@ OM<INAIJMH RDGG PN@ OC@ G<MB@NO OM<INAIJMH NDU@ C
=GJ>F

#IM OS;HJ?@ @LP<G 0OJ ,+)6;5 OC@ DIQ@MN@ OM<INAIJMH RDGG PN@ JIGT S OM<INAJMHN

#IM OS;HIJ?@ @LP<G 0J 15;*!";0")" 1 OC@ >CJID>@ JA OM<INAIJMH NDU@ DN NK@>DAD@? @SKGD>DOGT AJM @<>C
OFDK HJ?@ K<M<HN N@H<IOD>N

SkipModeFrame[ list] NK@>DAD@N OC@ AM<H@N OJ PN@ AJM >JHKJPI? KM@?D>0DJI RC@I| NFDK;HJ?@ DN @LP<G

skip_mode_present @LP<G OJ NK@>DAD@N OC<O OC@ NTIO<S @G@H@IO NFDK;HJ?@ RDGG =@ KM@N@IO NFD}
NK@>DAD@N OC<O NFDK;HJ?@ RDGG 1JO =@ PN@? AJM OCDN AM<H@
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Note: OFDK HJ?@ OMD@N OJ PN@ OC@ >GIN@NO AJMR<M? <I? =<>FR<M? M@A@M@I>@N <N H@<NPM@? =T Q-
@A M?@M%DIO <MM<T &A IJ =<>FR<M? M@A@M@I>@ DN AJPI? OC@I OC@ N@>J1? >GIN@NO AIMR<M? M@AC
AIMR<M? M@A@M@I>@ DN AJPI? OC@| NFDK HJ?@ DN ?DN<=G@? #JMR<M? KM@?D>0ODJI DN RC@I| < AM<H@ L
OC<O DN >JIND?@M@? OJ =@ JPOKPO =@AIM@ OC@ >PMM@I0 AM<H@ =<>FR<M? KM@?D>0DJI DN RC@I| < AM
T@O =@@I| JPOKPO

#M<H@ M@A@M@I>@ HI?@ N@H<IOD>N

reference_select @LP<G OJ NK@>DAD@N OC<0O OC@ HJ?@ DIAJ AJM DIO@M =GJ>FN >JIO<DIN OC@ NTIO<S @G@H
DI?D><O@N RC@OC@M OJ PN@ NDIBG@ JM >JHKJIPI? M@A@M@I>@ KM@?D>0DJI /I @A@M@I1>@;N@G@>0 @LP<G
=GJ>FN RDGG PN@ NDIBG@ KM@?D>0ODJI

1@HKIM<G KJDIO DIAJ N@H<IOD>N

frame_presentation_time NK@>DAD@N OC@ KM@N@10<ODJI ODH@ JA OC@ AM<H@ DI >GJ>F OD>FN IDNK 1 >JPIO@
ODH@ JA OC@ G<NO M<I?JH <>>@NN KJDIO AJM OC@ JK@M<ODIB KJDIO OC<O DN =@DIB ?@>J?@? 1C@ NTIO<S @
ADS@7? G@IBOC PINDBI@? DIO@B@M RDOC < G@IBOC DI =DON BDQ@! =T AM<H@;KM@N@I|0<ODJI;ODH@;G@IBOC;
AM<H@;KM@N@IO<ODJI;ODH@ DN OC@ M@H<DI?@M JA <HJ?PGJ AM<H@;KM@N@I0<ODJI;ODH@;G@IBOC;HDII

#M<H@ , 2 N@H<IOD>N

AM<H@ , 2 >JINDNON JA < AM<H@ C@<?@M, 2<I? <ODG@ BMJPK , 2 K<>F@? DIOJ < NDIBG@ , 2

Note: 1C@ DIO@IODJI DN OJ KMJQD?@ < HIM@ >JHK<>0 R<T JA >J?DIB OC@ >JHHJI PN@ ><N@ RC@M@ OC@ AN
DHH@?D<O@GT AJGGIR@? =T ODG@ BMJPK ?<0<

1DG@ BMJPK , 2 N@H<IOD>N
$@I@M<G ODG@ BMJPK , 2 N@QH<IOD>N

NumTiles NK@>DAD@N OC@ 0OJO<G IPH=@M JA ODG@N DI OC@ AM<H@

tile_start_ and_end_present flag NK@>DAD@N RC@OC@M OB;NO<MO <I? OB;@I1? <M@ KM@N@IO &A OB;NO<MO <I? (
KM@N@IO OCDN ODG@ BMJPK >JQ@MN OC@ @IODM@ AM<H@

&A J=P;0TK@ DN @LP<G OJ, 2;#/*' DO DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@ JA
ODG@;NO<MO;<I1?;@1?;KM@N@IO;AG<B DN @LP<G OJ

tg_start NK@>DAD@N OC@ U@MJ =<N@? DI?@S JA OC@ ADMNO ODG@ DI OC@ >PMM@10 ODG@ BMJIPK

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@ JA OB;NO<MO DN @LP<G OJ OC@ Q<GF
ODG@;BMJPK;J=P DN DIQJF@?

tg_end NK@>DAD@N OC@ U@MJ =<N@? DI?@S JA OC@ G<NO ODG@ DI OC@ >PMM@10 ODG@ BMJIPK
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&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@ JA OB;@1? DN BM@<O@M OC<I| JM @LP:-

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@ JA OB;@1? AJM OC@ G<NO ODG@ BMJP
+PH1DG@N

Note: 1IC@N@ M@LPDM@H@ION @INPM@ OC<O >JI>@KOP<GGT <GG ODG@ BMJIPKN <M@ KM@N@IO <I? M@>@
KPMKJIN@N JA NK@>DATDIB OC@ ?@>J?@ KMJ>@NN

frame_end_update_cdf DN < API>0DJI ><GG OC<O DI?D><O@N OC<0 OC@ AM<H@ # <MM<TN <M@ N@O @LP<G OJ (
KMJ>@NN DN ?@N>MbD@@?mil

tile_size_minus_1 DN PN@? OJ >JHKPO@ ODG@ODU®@

tileSize NK@>DAD@N OC@ NDU@ DI =TO@N JA OC@ |@SO >J?@? ODG@

Note: 1CDN NDU@ DI>GP?@N <IT K<??DIB =TO@N DA <??@7? =T OC@ @SDO KMJ>@NN AJM OC@ 0TH=JG ?@>J?@
DI>GP?@ OC@ =TO@N PN@? AJM ODG@;NDU@;HDIPN; JM NTIO<S @G@H@ION N@IO =@AIM@ ODG@;NDU@;HL
OC@ ODG@ BMJPK ODG@0DU@ DN >JHKPO@? DINO@<? JA =@DIB M@<? <I? DI>GP?@N OC@ , 2 OM<DGDIB =DC

decode_frame_wrapup DN <API>0DJI ><GG OC<O DI?D><O@N 0OC<0O OC@ ?@>J?@ AM<H@ RM<KRBSKNIIF@NN NK@>
NCJIPG? =@ DIQJF@?

l@>J?@ ODG@ N@H<IOD>N

clear_left_context DN < API>ODJI ><GG OC<O DI?D><O@N OC<0O NJH@ <MM<TN PN@? OJ ?@O@MHDI@ OC@ KMJ=<=
OCDN API>0ODJI DN DIQJF@? OC@ <MM<TN )@AO0)@Q@G JIO@SO )@AO!> JIO@SO <I? )@AO0@B-M@? JIO@SO <M@

Note: Y@AO)@Q@G JIO@SO8 KG<I@ 98 D 9 J@AO!> JIO@SO8 KG<I@ 98 D 9 <I? ) @AO0@B-M@? JIO@SO8D 9 @@
*D/IRN  AIM KG<I@

clear_above _context DN < API>0ODJI ><GG OC<0O DI?D><0@N OC<O NJH@ <MM<TN PN@? OJ ?@O@MHDI@ OC@ KMJ-=
4C@I| OCDN API>0ODJI DN DIQJF@? OC@ <MM<TN =JQ@)@Q@G JIO@SO =JQ@'> JIO@SO <I? =JQ@0@B-M@? JIO@
0J

Note: =JQ@)@Q@G JIO@SO8KG<I@ 98D 9 =JQ@!>JIO@SO08 KG<I@ 98D 9 <I? =JQ@0@B-M@? JIO@SO8D 9 |@
OJ AIMD *DJGN AJMKG<I@

ReadDeltas NK@>DAD@N RC@OC@M OC@ >PMM@I0 =GJ>F H<T M@<? ?@GO< Q<GP@N AJM OC@ LP<IODU@M DI?(
NPK@M=GJ>F DN NFDKK@? OC@ ?@GO< Q<GP@N <M@ 1JO M@<? JOC@MRDN@ ?@G0O< Q<GP@N AJM OC@ LP<IO
JI OC@ ADMNO =GJ>F JA < NPK@QM=GJ>F &A ?@GO<;L;KM@N@IO DN @LP<G OJ 1J?@G0O< Q<GP@N <M@ M@<? AJ
?@GO<;GAKM@N@IO DN @LP<G OJ 13 ?@G0O< Q<GP@N <M@ M@<? AJM OC@ GJIJK ADGO@M
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G@<M =GJ>F ?@>J?@7? AG<BN N@H<IOD>N
BlockDecoded DN <I <MM<T RCD>C NOJIM@N JI@ =JJG@<I Q<GP@ K@M S N<HKG@ =GJ>F K@M KG<I@ DI OC@ >PM
<=IJM?@M JAJI@ S N<HKG@ =GJ>F JI <GG ND?@N JA OC@ NPK@M=GJI>F "S>@KO AJM OC@ =IM?@MN < Q<GP@ J
DI?D><O@N OC<O OC@ >JMM@NKJI?DIB S N<HKG@ =GJ>F C<N =@ @I| ?@>J?@7? 1C@ =IM?@MN <M@ PN@? RC@] :
<I? =@GJIR G@AO <Q<DG<=DGDOT <GJIB OC@ OJK <I? G@AO @?B@N JA OC@ NPK@M=GJ>F

l@>J?@ K<MODODJI N@H<IOD>N

partition NK@>DAD@N CJR < =GJ>F DN K<MODODJI@?

partition Name of partition
-11&1&,+;+,+"
-11&1&,+;%,/7
-11&1&,+;3"/1
- /181&,+;0-)&1
-11&1&,+;%,/7;
-11&1&,+;%,/7;
-/11&1&,+;3"/1;
-/1&1&,+;3"/1;
-11&1&,+;%,/7;

-/1&1&,+;3"/1;
1C@ Q<MD<sub®ize DN >JHKPO@? AMJH K<MODODJI <I? DI?D><O@N OC@ NDU@ JA OC@ >JHKJI@10 =GJ>FN RDOCL

subSize Name of subSize
). (5
). (5
), (5
). (5
). (5
). (5
). (5
). (5
). (5
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subSize Name of subSize

). (G 5
). (5
) (G5
), (5
). G5
), (G5
), (G5

1C@ ?DH@INDJIN JA OC@N@ =GJ>FN <M@ BDQ@I| DI RD?0C C@DBCO JM?@M @B ), (;5 >IMM@NKJI?N OJ <=GJ>
N<HKG@N RD?@ <I? N<HKG@N CDBC

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0 B@O;KG<I@;M@ND?P<G;NDU@ NP=0DU@ DN IJO (
@Q@MT ODH@ NP=0DU@ DN >JHKPO@?

Note: 1ICDN M@LPDM@H@10 KM@Q@ION OC@ 23 =GJ>FN AMJH =@DIB 0JJ O<GG JM OJJRD?@ D @ C<QDIB <Nk
M<IB@ OJ #JM @S<HKG@ RC@I >CMJH< NP=N<HKGDIB DN PN@? < GPH< K<MODODJI JANDU@ S DN DI«
DO DHKGD@N < >CMJH< K<MODODJI JANDU@ S RCD>C M@NPGON DI <I <NK@>0 M<ODJ JA

split_or_vert DN PN@? OJ >JHKPO@ K<MODODJI AJM =GJ>FN RC@I! JIGT NKGDO JM Q@MO K<MODODJIN <M@ <GGJR
OC@ MDBCO C<I? @?B@ JAOC@ AM<H@

split_or_horz DN PN@? OJ >JHKPO@ K<MODODJI AJM =GJ>FN RC@I JIGT NKGDO JM CIMU K<MODODJIN <M@ <GGJIR(
RDOC OC@ =JOOJH @?B@ JA OC@ AM<H@

l@>J?@ =GJ>F N@H<IOD>N
MiRow DN < Q<MD<=G@ CJG?DIB OC@ Q@MOD><G GJ><0ODJI JA OC@ =GJ>F DI PIDON JA S GPH< N<HKG@N
MiCol DN < Q<MD<=G@ CJG?DIB OC@ CJIJMDUJIO<G GJ><ODJI JA OC@ =GJ>F DI PIDON JA S GPH< N<HKG@N

MiSize DN < Q<MD<=G@ CJG?DIB OC@ NDU@ JA OC@ =GJ>F RDOC Q<GP@N C<QDIB OC@ N<H@ DIO@MKM@O<OD.
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HasChroma DN < Q<MD<=G@ OC<0O NK@>DAD@N RC@OC@M >CMJH< DIAJMH<ODJI DN >J?@? AJM OCDN =GJ>F

3<MD<=@@ilU DN @LP<G OJ DA OC@ DIAJMH<ODJI AMJH OC@ =GJ>F <=JQ@ ><IlJO =@ PN@? JI OC@ GPH< KG<I@
DA OC@ DIAIJMH<ODJI AMJH OC@ =GJ>F <=JQ@ ><I=@ PN@? JI OC@ GPH< KG<I@

3<MD<=@@ilL DN @LP<G OJ DA OC@ DIAJMH<ODJI AMJH OC@ =GJ>F OJ OC@ G@AO ><I 1JO =@ PN@? JI OC@ GPH:-
0OJ DA OC@ DIAIMH<ODJI AMJH OC@ =GJ>F OJ OC@ G@AO ><l =@ PN@? JI| OC@ GPH< KG<I@

Note: &IAJMH<ODJI AMJH < =GJ>F DI < ?DAA@M@I0 ODG@ ><l =@ PN@? DI NJH@ >DM>PHNO<I>@N DA OC@ =GJ>
OC@ =GJ>F DN OJ OC@ G@AO

3<MD<=G@allUChroma <I? AvailLChroma C<Q@ OC@ N<H@ NDBIDAD><I>@ <N Q<DG2 <I? Q<DG) =PO JI OC@ >CMJ
KG<I@N

&IOM< AM<H@ HJ?@ DIAJ N@H<IOD>N

1CDN NTIO<S DN PN@? RC@I >J?DIB <I DIOM< =GJ>F RDOCDI <I DIOM< AM<H@

use_intrabc @LP<G OJ NK@>DAD@N OC<O DIOM< =GJ>F >JKT NCJPG? =@ PN@? AJM OCDN =GJ>F PN@;DIOM<=> @
DIOM< =GJ>F >JKT NCJPG? IJO =@ PN@?

intra_frame_y mode NK@>DAD@N OC@ ?DM@>0DJI JA DIOM< KM@?D>0DJI ADGO@MDIB

intra_frame_y mode Name of intra_frame_y _mode
L=
3;-"
%;-/"!
L=
oo/l
b=
b
b=
(A
0%,,1%;-/"!
0*,,1%;3;-/"!
0%*,,1%;%;-/"!

- "1%;-/"!

Section: Syntax structures semantics Page 174 of 669



AV1 Bitstream & Decoding Process Specification

uv_mode NK@>DAD@N OC@ >CMJHDI<I>@ DIOM< KM@?D>0DJI HJ?@ PNDIB Q<GP@N RDOC OC@ N<H@ DIO@MKM
AJM DIOM<;AM<H@;T;HJ?@ RDOC <I <??DODJI<G HJ?@ 23; #);-/"!
uv_mode Name of uv_mode
-
3;-"

%;-1"!

b=/
0*,,1%;-/"!
0*,,1%;3;-/"!
0*,,1%;%;-/"!
- "1%;-/"1

23; #);-1"

Note: IP@ OJ OC@ R<T OC@ PQ;HJ?@ NTIO<S @G@H@IO DN M@<? PQ;HI?@ ><I JIGT =@ M@<? <N 23; #);-/"l RC@
*<S GJ>F;4D?0C8 *DODU@ 9 GJ>F;%@DBCO8 *DODU@ 9

&IOM<N@BH@IO &! N@QH<IOD>N

Lossless DN < Q<MD<=G@ RCD>C DA @LP<G OJ DI?D><O@N OC<O OC@ =GJ>F DN >J?@7? PNDIB < NK@>D<G S ON
@1>3?DIB AM<H@N OC<0O <M@ =DO D?@I0D><G RDOC OC@ JMDBDI<G AM<H@N

/@<? N@BH@IO &! N@H<IOD>N

segment_id NK@>DAD@N RCD>C N@BH@I0O DN <NNJ>D<O@? RDOC OC@ >PMM@I0O DIOM< =GJ>F =@DIB ?@>J?@"?
NOM@<H <I? OC@! KINOKMJI>@NN@? =<N@? JI OC@ KM@?D>0@? N@BH@I0 D?

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ KINOKMJI>@NN@? Q<GP@ JAN@BH@IO;D? D (
|@B;?@DIO@MG@<Q@ DN DIOC@ M<IB@ OJ)<NO >0DQ@0@B&? DI>GPNDQ@ JA @I?KJDION
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&IO@M N@BH@IO &! N@H<IOD>N

seg_id_predicted @LP<G OJ NK@>DAD@N OC<O OC@ N@BH@IO;D? DN O<F@| AMIJH OC@ N@BH@IO<ODJI H<K N@
0J NK@>DAD@N OC<O OC@ NTIO<S @G@H@I10 N@BH@I0;D? DN K<MN@?

Note: &0 DN <GGJR@? AIM N@B;D?;KM@?D>0@? OJ =@ @LP<G OJ @Q@I| DA OC@ Q<GP@ >J?@? AJM OC@ N@
KM@?D>0@?0@BH@I0&?

OFDK HJ?@ N@H<IOD>N

skip_mode @LP<G OJ DI?D><O@N OC<O OCDN =GJ>F RDGG PN@ NJH@ ?@A<PGO N@OODIBN OC<O >JMM@NKJI?
<|? NJ HINO JA OC@ HJ?@ DIAJ DN NFDKK@? NFDK;HJ?@ @LP<G OJ DI?D><O@N OC<0O OC@ HJ?@ DIAJ DN IJO NFL

OFDK N@H<IOD>N

skip @LP<G OJ DI?D><O@N OC<O OC@M@ H<T =@ NJH@ OM<INAIMH >J@AAD>D@ION OJ M@<? AJM OCDN =GJ>F
OoC@M@ <M@ I3 OM<INAIMH >J@AAD>D@ION

P<IODU@M DI?@S ?@GO< N@H<IOD>N

delta_q_abs NK@>DAD@N OC@ <=NJGPO@ Q<GP@ JA OC@ LP<IODU@M DI?@S ?@GO< Q<GP@ =@DIB ?7@>J?@"7? &
IM1;.;0*)) OC@ Q<GP@ DN @I>J?@7? PNDIB ?@GO<;L;M@H;=DON <I? ?2@GO<;L;<=N;=DON

delta_q_rem_bits <I? delta_g_abs_bits @I>J?@ OC@ <=NJGPO@ Q<GP@ JA OC@ LP<IODU@M DI?@S ?@GO< Q<GP@
RC@M@ OC@ <=NJGPO@ Q<GP@ JA OC@ LP<IODU@M DI?@S ?@GO< Q<GP@ DN JA OC@ AIJMH

(1 << delta_g_rem_bits) + delta_g_abs bits + 1

delta_g_sign_bit @LP<G OJ DI?D><0O@N OC<O OC@ LP<IODU@M DI?@S ?@G0< Q<GP@ DN KINDODQ@ ?@GO<;L;N
0OC<0 OC@ LP<IODU@M DI?@S ?@GO< Q<GP@ DN |@B<ODQ@

)JIK ADGO@M ?@GO< N@H<IOD>N

delta_If_abs NK@>DAD@N OC@ <=NJGPO@ Q<GP@ JA OC@ GJIK ADGO@M ?@GO< Q<GP@ =@DIB ?@>J?@"? &A ?@
I"1;)#,0*)) OC@ Q<GP@ DN @1>J?@? PNDIB ?@GO<;GA;M@H;=DON <I? ?@GO<;GA;<=N;=DON

delta_If_rem_bits <I? delta_If_abs_bits @I1>3?@ OC@ <=NJGPO@ Q<GP@ JA OC@ GJIJK ADGO@M ?@GO< Q<GP@ =@I
OC@ <=NJGPO@ Q<GP@ JA OC@ GJIJK ADGO@M ?@GO< Q<GP@ DN JA OC@ AJMH

( 1 <<( delta_If rem_bits + 1) ) + delta_If abs_bits + 1

delta_If_sign_bit @LP<G OJ DI?D><0O@N OC<O OC@ GJIK ADGO@M ?@GO< Q<GP@ DN KINDODQ@ ?@GO<;GA;NDE
OC@ GJIK ADGO@M ?@GO< Q<GP@ DN I@B<ODQ@
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I"# K<KM<HN N@H<IOD>N

cdef_damping_minus_3 >JIOMJGN OC@ <HJPIO JA ?<HKDIB DI OC@ ?@MDIBDIB ADGO@M
cdef_bits NK@>DAD@N OC@ IPH=@M JA =DON |@@?@7? OJ NK@>DAT RCD>C !"# ADGO@M 0OJ <KKGT
cdef y pri_strength <I? cdef uv_pri_strength NK@>DAT OC@ NOM@IBOC JA OC@ KMDH<MT ADGO@M
cdef y sec_strength <I? cdef uv_sec_strength NK@>DAT OC@ NOM@IBOC JA OC@ N@>JI?<MT ADGO@M
)JIK M@NOJIM<ODJI K<M<HN N@H<IOD>N
Ir_type DN PN@? OJ >JHKPO@ #M<H@/@NOJM<ODJILITK@
FrameRestorationType NK@>DAD@N OC@ OTK@ JA M@NOJM<ODJI PN@? AJIM @<>C KG<I@ <N AJGGJRN
Ir_type FrameRestorationType Name of FrameRestorationType
["OL,/"+,+"
['01,/";,04&1 % )"
["01,/";4&"+"]
1'01,/*;0%/-/,'
UsesLr DI?D><O@N DA <IT KG<l@ PN@N GJJK M@NOJM<ODJI
Ir_unit_shift NK@>DAD@N DA OC@ GPH< M@NOJM<ODJI NDU@ NCJIPG? =@ C<GQ@?
Ir_unit_extra_shift NK@>DAD@N DA OC@ GPH< M@NOJM<ODJI NDU@ NCJIPG? =@ C<GQ@? <B<DI
Ir_uv_shift DN JIGT KM@N@IO AJM AJMH<ON <I? NK@>DAD@N DA OC@ >CMJH< NDU@ NCJIPG? =@ C<GA OC@ GF
LoopRestorationSize[plane] NK@>DAD@N OC@ NDU@ JA GJIK M@NOJM<ODJI PIDON DI PIDON JA N<HKG@N DI OC@

15 NDU@ N@H<IOD>N

tx_depth DN PN@? OJ >JHKPO@ 1SODU@ OS;?@KOC DN DIQ@MO@? RDOC M@NK@>0 0J 1SODU@ D @ DO NK@>D
OM<INAJMH NDU@ NCJIPG? =@ H<?@ OC<I OC@ G<MB@NO KINND=G@ OM<INAJMH NDU@ AJM OC@ =GJ>F

TxSize NK@>DAD@N OC@ OM<INAIJMH NDU@ OJ =@ PN@? AJM OCDN =GJ>F
TxSize Name of TxSize
15;5
15;5

15; 5
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TxSize Name of TxSize
15; 5
15; 5

15;5
15;5
15;5
15; 5
15; 5
15; 5
15; 5
15; 5
15;5
15; 5
15;5
15; 5
15; 5

15; 5
Note: 1SODU@ DN ?@O@MHDI@? AJM NFDKK@? DIOM< =GJ>FN =@><PN@ 1SODU@ >JIOMJGN OC@ BM<IPG<MDC

GJ>F 15 NDU@ N@H<IOD>N

InterTxSizes DN <I <MM<T OC<0O CJG?N OC@ OM<INAJMH NDU@N RDOCDI DIO@M AM<H@N

Note: 1SODU@N <I? &IO@M1SODU@N >JIO<DI ?2DAA@M@I0 Q<GP@N GG OC@ Q<GP@N DI 1SODU@N <>MJNN < M
NC<M@ OC@ N<H@ Q<GP@ RCDG@ &IO@M1SODU@N ><I M@KM@N@IO N@Q@M<G ?DAA@M@10 OM<INAIMH N

3<M 15 NDU@ N@H<IOD>N

txfm_split @LP<G OJ NK@>DAD@N OC<O OC@ =GJ>F NCIPG? =@ NKGDO DIOJ NH<GG@M OM<INAJMH NDU@N OS/
OC<0 OC@ =GJ>F NCJIPG? IJO =@ NKGDO <IT HIM@

1M<INAIJMH OTK@ N@H<IOD>N

set NK@>DAD@N OC@ OM<INAJMH N@O
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is_inter set Name of transform set
JI_O ><M@ 15;0"1;! 1,+)6
15;0"1;&+1/;
15;0"1;&+1/;
15;0"1;&+1"/;
15;0"1;&+1"/;

15;0"1;&+1"/;

1C@ OM<INAIJMH N@ON ?@0O@MHDI@ RC<O NP=N@O JA OM<INAIJMH OTK@N ><I =@ PN@? <>>JM?DIB OJ OC@ AJG

TX_SET_ TX_SET_  TX_SET_  TX_SET_  TX_SET_  TX_SET_
Transform type DCTONLY INTRA 1 INTRA 2 INTER_1 INTER_2 INTER_3
1111 5 5 5 5 5 5
101;! 1 5 5 5 5
11;101 5 5 5 5
101; 101 5 5 5 5
#)&-101;! 1 5 5
I 1:#)&- 101 5 5
#)&- 101;#)&- 101 5 5
101;#)&- 101 5 5
#)&- 101; 101 5 5
&!15 5 5 5 5 5
31 5 5 5
%;! 1 5 5 5
3; 101 5
%; 101 5
3i#)&- 101 5
%;#)&- 101 5

inter_tx_type NK@>DAD@N OC@ OM<INAIJMH OTK@ AJM DIO@M =GJ>FN

intra_tx_type NK@>DAD@N OC@ OM<INAIMH OTK@ AJM DIOM< =GJ>FN
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&N DIO@M N@H<IOD>N

is_inter @LP<G OJ NK@>DAD@N OC<O OC@ =GJ>F DN <| DIOM< =GJ>F DN;DIO@M @LP<G OJ NK@>DAD@N OC<O |

&IOM< =GJ>F HJ?@ DIAJ N@H<IOD>N

1CDN NTIO<S DN PN@? RC@! >J?DIB <I DIOM< =GJ>F RDOCDI <I DIO@M AM<H@

y_mode NK@>DAD@N OC@ ?DM@>0DJI JA GPHDI<I>@ DIOM< KM@?D>0DJI PNDIB Q<GP@N RDOC OC@ N<H@ DIOE
DIOM<;AM<H@;T;HJ?@

uv_mode NK@>DAD@N OC@ >CMJHDI<I>@ DIOM< KM@?D>0DJI HJ?@ PNDIB Q<GP@N RDOC OC@ N<H@ DIO@MKM;
AJM DIOM<;AM<H@;T;HJ?@ RDOC <I <??DODJI<G HI?@ 23; #);-/"!

Note: IP@ OJ OC@ R<T OC@ PQ;HJ?@ NTIO<S @G@H@I0 DN M@<? PQ;HJ?@ ><I JIGT =@ M@<? <N 23; #);-/"l RC@
*<S GJ>F;4D?0C8 *DODU@ 9 GJ>F;%@DBCO8 *DODU@ 9

&IO@M =GJ>F HJ?@ DIAJ N@H<IOD>N

1CDN NTIO<S DN PN@? RC@1 >J?DIB <I DIO@M =GJ>F

compound_mode NK@>DAD@N CJR OC@ HJODJI Q@>0JM PN@? =T DIO@M KM@?D>0DJI DN J=O<DI@? RC@I PNDIB
I JAAN@O DN <??@7? OJ >JHKJPI?;HJ?@ OJ >JHKPO@ 6*J?@ <N AJGGJRN
YMode Name of YMode

+"/'01*3

+" /*3

$), )*3

+"4*3

+" ["01;+" '01*3

+ [+ [*3

+" ["01;+"4*3

+"4;+" ['01*3

+" [;+"4*3

+"4;+" [*3

9. )9), )*3

+"4;+"4*3
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Note: 1C@ DIOM< HJ?@N O<F@ Q<GP@N NJ OC@N@ 6*J?@ Q<GP@N NO<MO <O

new_mv @LP<G OJ H@<IN OC<O < HJODJI Q@>0JM ?DAA@M@I>@ NCIPG? =@ M@<?
zero_mv @LP<G OJ H@<IN OC<O OC@ HJODJI Q@>0JM NCIPG? =@ N@O @LP<G OJ ?@A<PGO HJODJI AJM OC@ AN

ref_mv @LP<G OJ H@<IN OC<O OC@ HINO GDF@GT HJODJI Q@>0JM NCIPG? =@ PN@? ><GG@7? +"/'01 M@A;HQ (
OC<0O OC@ N@>JI? HINO GDF@GT HJODJI Q@>0JM NCIPG? =@ PN@? ><GG@? +"/

interp_filter NK@>DAD@N OC@ OTK@ JA ADGO@M PN@? DI DIO@M KM@?D>0DJI 3<GP@N <M@ <GGJR@? RDOC
DIO@MKJG<ODJI;ADGO@M ,I@ ADGO@M OTK@ DN NK@>DAD@? AJM OC@ Q@MOD><G ADGO@M ?DM@>0DJI <I? J

Note: 1C@ NTIO<S @G@H@IO DIO@MKJIG<ODJ;ADGO@M AMJH OC@ PI>JHKM@NN@? C@<?@M ><| NK@>DAT O
PN@? AJM OC@ RCIG@ AM<H@ &A DO DN N@O 0OJ 04&1 % )" OC@I| OC@ DIO@MK;ADGO@M NTIO<S @G@H®@I0
=DONOM@<H AJM @Q@MT DIO@M =GJ>F

RefMvidx NK@>DAD@N RCD>C ><I?D?<O@ DI OC@ /@A00<>F*Q NCIPG? =@ PN@?

drl_mode DN < =DO N@IO AJM ><I?D?<O@N DI OC@ HJODJI Q@>0JM NO<>F 0J DI?D><0@ DA OC@T NCJIPG? =@ PN
H@<IN OJ PN@ OC@ >PMM@I10 Q<GP@ JA D?S ?MG;HJ?@ @LP<G 0J N<TN 0J >JIODIP@ N@<M>CDIB /) NO<I?N AJI
|@A@M@I>@ )DNO?

#DGO@M DIOM< HJ?@ DIAJ N@H<IOD>N

use_filter_intra DN <=DO NK@>DATDIB RC@OC@M JM 1JO DIOM< ADGO@MDIB ><I =@ PN@"?

filter_intra_mode NK@>DAD@N OC@ OTK@ JA DIOM< ADGO@MDIB <I? ><| O<F@ JI <IT JA OC@ AJGGJRDIB Q<GP@N

filter_intra_mode Name of filter_intra_mode
#&)1";) ;-
#&)1"1;3;-"!
#&)1"1,%;-/"
#&)1";1 ;-

#8&)1"/;- "1%;-/"!

/@A AM<H@N N@H<IOD>N

comp_mode NK@>DAD@N RC@OC@M NDIBG@ JM >JHKJIPI? KM@?D>0DJI DN PN@?

comp_mode Name of comp_mode

0&+)";/"#"/"+ "
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comp_mode Name of comp_mode

e 2

SINGLE_REFERENCE DI?D><O@N OC<0O OC@ DIO@M =GJ>F PN@N JIGT < NDIBG@ M@A@M@I>@ AM<H@ OJ B@I@N\
KM@?D>0DJI

COMPOUND_REFERENCE DI?D><0@N OC<O OC@ DIO@M =GJ>F PN@N >JHKJIPI? HI?@
1C@M@ <M@ ORJ M@A@M@!>@ AM<H@ BMJIPKN
X SMIPK ) OL:#/* ) O1 :# * ) OL #/ ** <I? $)1"+:#/ **

X SMIPK 4l # = VL"# #*" <1? )LI"## >

Note: "I>J?@MN <M@ AM@@ OJ <NNDBI OC@N@ M@A@M@I>@N OJ <IT JA OC@ M@RA@M@I>@ AM<H@N QD< O(
#IM @S<HKG@ OC@M@ DN IJ M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0 ) 01;#/ *' NCIJPG? DI?D><0@
<KK@<MN =@AIM@ OC@ >PMM@I0 AM<H@ DI JPOKPO JM?@M ODHDG<MGT @I>J?@MN ><| <NNDBI HPGODKG(
M@A@M@I>@ AM<H@

comp_ref_type DN PN@? AIM >JHKJIPI? KM@?D>0DJI 0J NK@>DAT RC@OC@M =JOC M@A@M@I>@ AM<H@N >JH@ £
130

comp_ref_type Name of comp_ref_type Description
2+&I&S; x-H M+ JOC M@A@M@I>@ AM<H@N AMJH OC@ N<H@ BMJPK
&I&S; - ["# "+ " 1@ AMJH $MJPK  <I? JI@ AMJH $MJPK

uni_comp_ref uni_comp_ref pl <I? uni_comp_ref p2 NK@>DAT RCD>C M@A@M@I>@ AM<H@N <M@ DI PN@ RC@I -
AMJH OC@ N<H@ BMJPK

comp_ref comp_ref pl <I? comp_ref p2 NK@>DAT OC@ ADMNO M@A@M@I>@ AM<H@ RC@I| OC@ ORJ M@A@M@I
?DAA@M@I0 BMJIPKN

comp_bwdref <I? comp_bwdref pl NK@>DAT OC@ N@>JI? M@A@M@I>@ AM<H@ RC@| OC@ ORJ M@A@M@I>@ AV
?DAA@M@I10 BMJPKN

single_ref_pl single_ref_p2 single_ref p3 single_ref p4 single_ref p5 <I? single_ref p6 NK@>DAT OC@ M@A@MQ@!:
AM<H@ RC@I JIGT < NDIBG@ M@A@M@I>@ AM<H@ DN DI PN@

RefFrame[ 0 ] NK@>DAD@N RCD>C AM<H@ DN PN@? OJ >JHKPO@ OC@ KM@?D>0@7? N<HKG@N AJM OCDN =GJ>F

RefFrame[ 0] Name of ref_frame

&+1/ # *"
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RefFrame[ 0] Name of ref_frame
) OL;#/ *"
) 01 ;#/*"
) 01 ;#/ *"
S+ #
A"+
Y1/

VLI # ]
RefFrame[ 1] NK@>DAD@N RCD>C <??DODJI<G AM<H@ DN PN@? DI >JHKJIPI? KM@?D>0DJI

RefFrame[ 1] Name of ref_frame
+,+" OCDN =GJ>F PN@N NDIBG@ KM@ ?D>0DJI
&+1/ ;#/* OCDN =GJ>F PN@N DIO@MDIOM< KM@ ?D>0DJI
) 01;#/ ="
)01 ;#/ *"
) 01 ;#/ ="
S+ H
A1 H# *
Y1/

YLI#
Note: +JO <GG >JH=DI<ODJIN JA /@A#M<H@8 9 <I? I@A#M<H@8 9 ><| =@ >J?@"?

NNDBI HQ N@H<IOD>N

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O RC@I@Q@M <NNDBI;HQ M@OPMIN OC@ API>ODJI DI
RIPG? M@OPMI RC@M@ DN;HQ;Q<GD? DN ?@ADI@? <N
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is_mv_valid ( isCompound) {
for (i =0; i <1+ isCompound i++) {
for ( comp= 0; comp< 2; comp+) {
if ( Abd My i J] comp] ) >=(1<<14) )

return 0
}
}
if ( 'use_intrabc ) {
return 1
}

bw = Block_Width[ MiSize ]
bh = Block_Height[ MiSize ]
it (MEOoJL 0] & |l (Mg O] 1] &7 ) {

return 0
}
deltaRow =My O] 0] >>3
deltaCol =My O][ 1] >>3

srcTopEdge= MiRow* MI_SIZE + deltaRow
srcLeftEdge = MiCol * MI_SIZE+ deltaCol
srcBottomEdge = srcTopEdge + bh
srcRightEdge = srcLeftEdge + bw
if ( HasChromg {

if ( bw< 8 &&subsampling_x)

srcLeftEdge = 4
if ( bh < 8 &&subsampling_y)
srcTopEdge-= 4

}
if ( srcTopEdge< MiRowsStart * MI_SIZE||

srcLeftEdge < MiColStart * MI_SIZE||

srcBottomEdge > MiRowEnd MI_SIZE||

srcRightEdge > MiColEnd* MI_SIZE) {

return 0
}
sbSize = use_128x128 superblock? BLOCK 128X128BLOCK_64X64
sbH = Block_Height[ sbSize ]
activeSbRow = (MiRow* MI_SIZB / sbH
activeSb64Col = (MiCol * MI_SIZB >> 6
srcSbRow= (srcBottomEdge- 1) / sbH
srcSh64Col = (srcRightEdge - 1) >> 6
totalSb64PerRow = (( MiColEnd - MiColStart - 1) >>4) + 1
activeSb64 = activeSbRow* totalSb64PerRow + activeSb64Col
srcSbh64 = srcSbRow* totalSb64PerRow + srcSb64Col
if ( srcSb64 >= activeSb64 - INTRABC_DELAY_$Bg4

return 0
}
gradient = 1 + INTRABC_DELAY_SB6dse 128x128 superblock
wfOffset = gradient * (activeSbRow- srcSbRowy

if ( srcSbRow> activeSbRow ||
srcSh64Col >= activeSh64Col - INTRABC_DELAY_SB64fOffset ) {
return 0
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}

return 1

Note: 1C@ KPMKJIN@ JA OCDN API>0ODJI DN OJ GDHDO OC@ H<SDHPH NDU@ JA HJODJI Q@>0OJMN <I? <GNJ DA F
0OJ 0J<??DODJI<GGT >JINOM<DI OC@ HJODJI Q@>0JM DI IM?@M OC<O OC@ ?<O< DN A@O>C@? AMJH K<MON
<GM@<?T =@@I| ?@>3?@? <I? OC<O <M@ 1JO 0JJ >GIN@ OJ OC@ >PMM@I0 =GJ>F DI IM?@M OJ H<F@ < KDK@(

DHKG@H@I0<ODJI A@<ND=G@

/@<? HJODJI HJ?@ N@H<IOD>N

use_obmc @LP<G OJ H@<IN OC<O,* NCIPG? =@ PN@? PN@;J=H> @LP<G OJ H@<IN OC<O NDHKG@ OM<ING<OD
PN@?

motion_mode NK@>DAD@N OC@ OTK@ JA HJODJI >JHK@IN<ODJI OJ K@MAJIMH
motion_mode Name of motion_mode

08*-)"

), )Al-

Note: HJODJI;HI?@ @LP<G OJ 0&*-)" DN PN@? AJM =GJ>FN M@LPDMDIB BGJ=<G HJODJI

/@<? DIO@M DIOM< N@H<IOD>N

interintra @LP<G OJ NK@>DAD@N OC<O <I DIO@M KM@?D>0DJI NCIJPG? =@ =G@I?@? RDOC <I| DIOM< KM@ ?D>0D.
interintra_mode NK@>DAD@N OC@ OTK@ JA DIOM< KM@?D>0DJI OJ =@ PN@?

interintra_mode Name of interintra_mode
&&;!;-1"
&&;3;-"1
&&;%;-/"!

&&;0%,,1%;-/"!
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wedge_interintra @LP<G OJ NK@>DAD@N OC<O R@?B@ =G@I?DIB NCIPG? =@ PN@? R@?B@;DIO@MDIOM< @LP<(
DIOM< =G@I?DIB NCIPG? =@ PN@"?

wedge_index DN PN@? OJ ?@MDQ@ OC@ ?DM@>0DJI <I? JAAN@O JA OC@ R@?B@ H<NF PN@? ?PMDIB =G@I?DIB

|@<? >JHKJIPI? OTK@ N@H<IOD>N

comp_group_idx @LP<G OJ DI?D><O@N OC<0O OC@ >JHKJPI?;D?S NTIO<S @G@H@I0 NCIPG? =@ M@<? >JHK;BMJF
DI?D><O@N OC<O OC@ >JHKJPI?;D?S NTIO<S @G@H@10 DN 1JO0 KM@N@IO

compound_idx @LP<G OJ DI?D><O@N OC<O < ?DNO<I>@ =<N@7? R@DBCO@? N>C@H@ NCJIPG? =@ PN@? AIJM =G(
@LP<G OJ DI?D><O@N OC<0O OC@ <Q@M<BDIB N>C@H@ NCJIPG? =@ PN@? AJM =G@I?DIB

compound_type NK@>DAD@N CJR OC@ ORJ KM@?D>0ODJIN NCIPG? =@ =G@I1?@? OJB@OC@M
compound_type Name of compound_type
J*-, 2414 %"
-2+ 1&##4 1]
*- 240 3" g
*-, 2+ &+1/

*-,2+51&01 + "

Note: ,*-2+!; 3"/ $" *-2+1:&+1/ <I? *-2+!;1&01 + " ><|IJO =@ ?DM@>OGT NDBI<G@?

RDOC OC@ >JHKJPI?;OTK@ NTIO<S @G@H@IO =PO <M@ DIA@MM@? AMJH JOC@M NTIO<S @G@H@ION
wedge_index DN PN@? OJ ?@MDQ@ OC@ ?DM@>0DJI <I? JAAN@O JA OC@ R@?B@ H<NF PN@? ?PMDIB =G@I1?DIB
wedge_sign NK@>DAD@N OC@ NDBI JA OC@ R@?B@ =G@I?
mask_type NK@>DAD@N OC@ OTK@ JA H<NF OJ =@ PN@? ?PMDIB =G@I?DIB

mask_type Name of mask_type

2+&#,1%;

2+&# 1%, ;&+3

*3 N@H<IOD>N

MvCtx DN PN@? OJ ?7@O@MHDI@ RCD>C #N OJ PN@ AJM OC@ HJODJI Q@>0JM NTIO<S @G@H@ION

mv_joint NK@>DAD@N RCD>C >JHKJI@ION JA OC@ HJODJI Q@>0JM ?DAA@M@I>@ <M@ 11 U@MJ
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*3;,&+1;7"/,
*3;,&+1;%+737
*3;',&+1,%73+7

*3;,&+1,%+73+7
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Changes row Changes col
+J +J
+J 6@N
6@N +J
6@N 6@N

1C@ HJODJI Q@>0JM ?DAA@M@I>@ DN <??7@? OJ OC@ -M@7?*Q OJ >JHKPO@ OC@ ADI<G HIJODJI Q@>0JM DI *Q

*3 >JHKJII@IO N@H<IOD>N

mv_sign @LP<G OJ H@<IN OC<O OC@ HJODJI Q@>0JM ?DAA@M@I>@ DN KINDODQ@ HQ;NDBI @LP<G OJ H@<IN

?DAA@M@I>@ DN I@B<ODQ@

mv_class NK@>DAD@N OC@ >G<NN JA OC@ HJODJI Q@>0JM ?DAA@M@I>@ CDBC@M >G<NN H@<IN OC<O OC@ }

M@KM@N@ION < GKMB@M PK?<O@

mv_class

Name of mv_class
*3;) 00;
*3;) 00;
*3;) 00;
*3;) 00,
*3;) 00;
*3;) 00;
*3;) 00;
*3;) 00;
*3;) 00;
*3;) 00;

*3;) 00;

mv_class0_bit NK@>DAD@N OC@ DIO@B@M K<MO JA OC@ HJODJI Q@>0JM ?DAA@M@I>@ 1CDN DN JIGT KM@N@

?DAA@M@I>@N

mv_classO_fr NK@>DAD@N OC@ ADMNO AM<>0DJI<G =DON JA OC@ HJODJI Q@>0JM ?DAA@M@I>@ 1CDN DN JIGT

Q@>0JM ?DAA@M@I>@N

mv_classO_hp NK@>DAD@N OC@ OCDM? AM<>0DJI =DO JA OC@ HJODJI Q@>0JM ?DAA@M@I>@ 1CDN DN JIGT KM

?DAA@M@I>@N
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mv_hit NK@>DAD@N =DO D JA OC@ DIO@B@M K<MO JA OC@ HJODJI Q@>0JM ?DAA@M@I>@
mv_fr NK@>DAD@N OC@ ADMNO AM<>0DJI<G =DON JA OC@ HJODJI Q@>0JM ?DAA@M@I>@
mv_hp NK@>DAD@N OC@ OCDM? AM<>0DJI<G =DO JA OC@ HJODJI Q@>0JM ?DAA@M@I>@

JHKPO@ KM@?D>0ODJI N@H<IOD>N

1C@ KM@?D>0DJI AJM DIO@M <I? DIO@MDIOM< =GJ>FN DN OMDBB@M@? RDOCDI >JHKPO@;KM@?D>0ODJI %JR@C
OC@ OM<INAIMH =GJ>F BM<IPG<MDOT NJ KM@?D>0O;DIOM< DN <GNJ ><GG@? AMJH OM<INAIMH;=GJ>F

predW <I? predH <M@ Q<MD<=G@N >JIO<DIDIB OC@ NH<GG@NO NDU@ OC<O ><| =@ PN@? AJM DIO@M KM@?D>OlI
DI>M@<N@7? AIM >CMJH< =GJ>FN DA 13O <GG =GJ>FN PN@ DIO@M KM@?D>0ODJI

predict_inter DN < API>0ODJI ><GG OC<O DI?D><O@N OC@ >JI>@KOP<G KJDIO RC@M@ DIO@M KM@?D>0DJI C<KK@
><GG@? OC@ DIO@M KM@?D>0DJI KMIA@MNNINK@>DBRN@RDF@?

predict_intra DN < API>0ODJI ><GG OC<O DI?D><O@N OC@ >JI>@KOP<G KJDIO RC@M@ DIOM< KM@?D>0DJI C<KK@I!
><GG@? OC@ DIOM< KM@?D>0ODJI KMJ>@ &N OB @ >DAINDAQIF@?
Note: 1C@ KM@?D>0O;DIO@M <I? KM@?D>0O;DIOM< API>ODJIN ?2J 1JO <AA@>0 OC@ NTIO<S ?@>J?@ KMJ>@NN

someUselntra DN < Q<MD<=G@ OC<O DI?D><O@N DA NJH@ JA OC@ =GJ>FN >JMM@NKJI?DIB OJ OCDN M@ND?P<G N

Note: 1C@ >CMJH< M@ND?P<G =GJ>F NDU@ DN <GR<TN <O G@<NO DI RD?0C <I? C@DBCO 1CDN H@<IN OC<O
JM C@DBCO NH<GG@M OC<| DN M@LPDM@? N NP>C <>CMJH< M@ND?P<G H<T <>OP<GGT >JQ@M N@Q@M<
OC@N@ =GJ>FN <M@ DIOM< <NDIBG@ KM@?D>0ODJI DN K@MAIMH@? AJM OC@ @IODM@ >CMJH< M@ND?P<G
JA OC@ =JOOJH MDBCO GPH< =GJ>F %JR@Q@M DA <GG OC@ >JINODOP@I0 =GJ>FN <M@ DIO@M =GJ>FN < Nk
<|? DIO@M KM@?D>0DJI DN ?JI@ PNDIB OC@ NH<GG@M >CMJH< =GJ>F NDU@ OC<O >JMM@NKJI?N OJ @<>C JA

/@ND?P<G N@H<IOD>N

1C@ M@ND?P<G >JINDNON JA < IPH=@M JA OM<INAJMH =GJ>FN
&A OC@ =GJ>F DN RD?@M JM CDBC@M OC<l GPH<N<HKG@N OC@| OC@ M@ND?P<G DN NKGDO DIOJ =T >CPIF

4DOCDI @<>C >CPIF OC@ OM<INAIJMH =GJ>FN <M@ @DOC@M N@IO DI M<NO@M JM?@M DA PN@;DIO@M DN @LP<
JM RDOCDI < M@>PMNDQ@ OM<INAJMH OM@ @

1IM<INAIJMH =GJ>F N@H<IOD>N

reconstruct DN < API>ODJI ><GG OC<O DI?D><0@N OC@ >JI>@KOP<G KJDIO RC@M@ DIQ@MN@ OM<INAIMH <I? M@
4C@! OCDN API>ODJI DN ><GG@? OC@ M@>JINOMP>0ODJI KN@@RNINK @HDBIAFR@?

predict_palette DN < API>0DJI ><GG OC<O0 DI?D><0O@N OC@ >JI>@KOP<G KJDIO RC@M@ K<G@OO@ KM@?D>0DJI C
DN ><GG@? OC@ K<G@OO@ KM@7?D>0DJI KM@ EINN INK @>NDBI@P@?
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predict_chroma_from_luma DN <API>0DJI ><GG OC<O DI?D><O@N OC@ >JI>@KOP<G KJDIO RC@M@ KM@?D>ODIB >
C<KK@IN 4C@I| OCDN API>ODJI DN ><GG@? OC@ KM@?D>0 >CMJIH< AMJIH GP RGN @®NN DN @HERWER ? DI

MaxLumaW <I? MaxLumaH <M@ 1@@7?@7? AJM >CMJIH< AMIJH GPH< KM@?D>0DJI <I? NOIM@ OC@ @SO@I0 JA GPH<
=@ PN@? AIM KM@ ?D>0DJI

LoopfilterTxSizes DN <l <MM<T OC<O NOJIM@N OC@ OM<INAIJMH NDU@ AIM @<>C KG<I@ <I? KINDODJI AJM PN@ DI (
)JIJKADGO@M1SODU@N8 KG<I@ 98 MJR 98 >JG 9 NOIM@N OC@ OM<INAJMH NDU@ RC@M@ MJR <I? >JG <M@ DI PID

Note: 1C@ OM<INAIMH NDU@ DN <GR<TN @LP<G AJM KG<I@N <I?

J@AAD>D@ION N@H<IOD>N

TxTypes DN <I <MM<T RCD>C NOJM@N <O < S GPH< N<HKG@ BM<IPG<MDOT OC@ OM<INAIJMH OTK@ OJ =@ PN@?

Note: 1C@ OM<INAIJMH OTK@ DN JIGT M@<? AJM GPH< OM<INAJMH =GJ>FN OC@ >CMJH< PN@N OC@ OM<INAJIN
>JMM@NKJI?DIB GPH< =GJ>F CMJH< =GJ>FN RDGG JIGT PN@ OM<INAJMH OTK@N OC<0 C<Q@ =@@| RMDOO@!
M@ND?P<G =GJ>F

Quant DN <I <MM<T NOJMDIB OC@ LP<IODN@? >J@AAD>D@ION AJM OC@ >PMM@10 OM<INAIMH =GJ>F

all_zero @LP<G OJ NK@>DAD@N OC<0O <GG >J@AAD>D@ION <M@ U@MJ

Note: 1C@ OM<INAIMH OTK@ DN JIGT KM@N@IO RC@| OCDN DN < GPHDI<I>@ =GJ>F <I? <GG;U@MJ DN @LP<G C
@LP<G OJ AJM <GPHDI<I>@ =GJ>F OC@ OM<INAJMH OTK@ DN N@O OJ!1;!1

eob_extra <I? eob_extra_bit NK@>DAT OC@ KINDODJI JA OC@ G<NO Ul U@MJ >J@AAD>D@IO =T =@DIB PN@? OJ >JI
@J=

eob pt 16 eob _pt 32 eob pt 64 eob _pt 128 eob _pt 256 eob_pt 512 eob_pt 1024 NTIO<S @G@H@ION PN@? OJ
>JHKPO@ @J=

eob DN < Q<MD<=G@ OC<O DI?D><0O@N OC@ DI?@S JA OC@ @I? JA=GJ>F 1CDN DI?@S DN @LP<G 0J JI@ KGPN OC
>J@AAD>D@IO

coeff_base_eob DN < NTIO<S @G@H@IO PN@? OJ >JHKPO@ OC@ =<N@ G@Q@G JA OC@ G<NO JI U@MJ >J@AAD>L

Note: 1C@ =<N@ G@Q@G DN N@O 0J >J@AA;=<N@:@J= KGPN 0DI>@ OCDN >J@AAD>D@I0 DN FIJRI OJ =@ 1JI
G@Q@GNJA JIM ><I=@ >J?@7? QD< >J@AA;=<N@;@J=

coeff_base NK@>DAD@N OC@ =<N@ G@Q@G JA <>J@AAD>D@IO0 OCDN NTIO<S @G@H@IO DN PN@? AIM <GG >J(
ua@MJ >J@AAD>D@IO
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Note: 1C@ =<N@ G@Q@G ><| O<F@ Q<GP@N JA JM &AOC@ =<N@ G@Q@G DN G@NN OC<| OC@I DO >JI(
G@Q@G JAOC@ >J@AAD>D@IO ,OC@MRDN@ OC@ NTIO<S @G@H@I0 >J@AA;=M DN PN@? OJ JKODJI<GGT DI

dc_sign NK@>DAD@N OC@ NDBIJAOC@ ! >J@AAD>D@IO
sign_bit NK@>DAD@N OC@ NDBIJA< JIU@MJ >J@AAD>D@IO

coeff_br NK@>DAD@N <I DI>M@H@I0 OJ OC@ >J@AAD>D@I0

Note: "<>C LP<IODU@? >J@AAD>D@IO ><| PN@ >J@AA;=M OJ KMIQD?@ PK OJ DI>M@H@ION &A <I DI>M@H@I10
>J?@? DO NDBIDAD@N OC<O OCDN R<N OC@ ADI<G DI>M@H®@I10

golomb_length_bit DN PN@? 0J >JHKPO@ OC@ IPH=@M JA @SOM< =DON M@LPDM@? OJ >J?@ OC@ >J@AAD>D@IC
&A G@IBOC DN @LP<G OJ DO DN<M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I|>@ OC<0O BJGJH=;G@IBOC;=DO DN
golomb_data_bit NK@>DAD@N OC@ Q<GP@ JA JI@ JA OC@ @SOM< =DON

AbovelLevelContext <I? LeftLevelContext <M@ <MM<TN OC<O NOJM@ <O < N<HKG@ BM<IPG<MDOT OC@ >PHPG<OL
>J@AAD>D@IO G@Q@GN

AboveDcContext <I? LeftDcContext <M@ <MM<TN OC<O NOJM@ <O < N<HKG@ BM<IPG<MDOT =DON NDBI<GDIB OC
>J@AAD>D@I0 U@MJ =@DIB >JPIO@7? <N < N@K<M<O@ NDBI

&IOM< <IBG@ DIAJ N@H<IOD>N

angle_delta_y NK@>DAD@N OC@ JAAN@O OJ =@ <KKGD@7? OJ OC@ DIOM< KM@?D>0DJI <IBG@ NK@>DAD@? =T O(
KG<I@ =D<N@7? =T *5; +$)";!")1 NJ<N OJ @1>J?@ < KINDODQ®@ Q<GP@

angle_delta_uv NK@>DAD@N OC@ JAAN@O 0J =@ <KKGD@? 0J OC@ DIOM< KM@?D>0DJI <IBG@ NK@>DAD@? =T C
>CMJIH< KG<I@ =D<N@? =T * 5; +$)";!")1 NJ <N OJ @I>J?@ < KINDODQ@ Q<GP@

AngleDeltaY DN >JHKPO@? AMJH <IBG@;?@GO<;T =T M@HJQDIB OC@ * 5; +$)";!")1 JAAN@O OJ KMJ?P>@ OC@ ADI<C
<IBG@ JAAN@O Q<GP@ RCD>C H<T =@ KINDODQ@ JM |@B<ODQ@

AngleDeltaUV DN >JHKPO@? AMJH <IBG@;?@GO<;PQ =T M@HJQDIB OC@ * 5; +$)";!")1 JAAN@O OJ KMJ?P>@ OC@ AL
>CMJIH< <IBG@ JAAN@O Q<GP@ RCD>C H<T =@ KINDODQ@ JM |@B<ODQ@

|@<? #) <GKC<N N@H<IOD>N

cfl_alpha_signs >JIO<DIN OC@ NDBI JA OC@ <GKC< Q<GP@N AIM 2 <I? 3 K<>F@? OJB@OC@M DIOJ < NDIBG@ NTIO<
KINND=G@ Q<GP@N 1C@ >JH=DI<ODJI JA ORJ U@MJ NDBIN DN KMJCD=DO@? <N DO DN M@?P1?<I0 RDOC ! &IOM<

cfl_alpha_signs Name of signU Name of signV

#);0&%5+;7"/, #);,0&8$+;+"$
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cfl_alpha_signs Name of signU Name of signV
#),0&3+;7"/, #);0&%+;-,0
#);,0&%$+;+"$ #);,0&%$+;7"/,
#),0&$+;+"$ #);,0&3+;+"$
#);08$+,+"$ #);08%+;-,0
#);0&%$+;-,0 #);085+;7"/,
#),0&$+;-,0 #);08$+;+"$
#);0&$+;-,0 #);0&%+;-,0

signU >JIO<DIN OC@ NDBI JA OC@ <GKC< Q<GP@ AJM OC@ 2 >JHKJI@IO

sighU Name of signU
#),0&$+;7"/,
#),085+;+"$
#),0&$+;-,0
signV >JIO<DIN OC@ NDBI JA OC@ <GKC< Q<GP@ AJM OC@ 3 >JHKJI@10 RDOC OC@ N<H@ DIO@MKM@O<ODJI <N £
cfl_alpha_u >JIO<DIN OC@ <=NJGPO@ Q<GP@ JA <GKC< HDIPN JI@ AJM OC@ 2 >JHKJI@IO
cfl_alpha_v >JIO<DIN OC@ <=NJGPO@ Q<GP@ JA <GKC< HDIPN JI@ AJM OC@ 3 >JHKJI@IO
CflAlphaU >JIO<DIN OC@ NDBI@? Q<GP@ JA OC@ <GKC< >JHKJI@IO AJM OC@ 2 >JHKJI@IO
CflAlphaV >JIO<DIN OC@ NDBI@? Q<GP@ JA OC@ <GKC< >JHKJI@IO AJM OC@ 3 >JHKJI@IO
-<G@OO0@ HJ?@ DIAJ N@H<IOD>N
has_palette_y DN <=JJG@<I| Q<GP@ NK@>DATDIB RC@OC@M < K<G@OO@ DN @I1>J?@? AJM OC@ 6 KG<I@
has_palette uv DN < =JJG@<I Q<GP@ NK@>DATDIB RC@OC@M < K<G@OO@ DN @I>J?@? AJM OC@ 23 KG<I@
palette_size_ y minus_ 2 DN PN@? OJ >JHKPO@ -<G@OO@0DU@6
PaletteSizeY DN < Q<MD<=G@ CJG?DIB OC@ 6 KG<I@ K<G@OO@ NDU@
palette_size_uv_minus_2 DN PN@? OJ>JHKPO@ -<G@OO@0DU@23
PaletteSizeUV DN < Q<MD<=G@ CJG?DIB OC@ 23 KG<I@ K<G@OO@ NDU@

use_palette color_cache y DA @LP<G 0OJ DI?D><O@N OC<0O AJM < K<MOD>PG<M K<G@0OO@ @IOMT DI OC@ GPH<
@IOMT NCJIPG? =@ PN@?
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use_palette_color_cache_u DA @LP<G OJ DI?D><O@N OC<0O AJM < K<MOD>PG<M K<G@OO@ @IOMT DI OC@ 2 >CM
@IOMT NCIPG? =@ PN@?

palette_colors_y DN <I <MM<T CJG?DIB OC@ 6 KG<I@ K<G@OO@ >JGIJMN
palette_colors_ u DN <I <MM<T CJG?DIB OC@ 2 KG<I@ K<G@OO0@ >JGIJMN
palette_colors_v DN <I <MM<T CJG?DIB OC@ 3 KG<I@ K<G@OO@ >JGIJMN
delta_encode_palette _colors v. DA @LP<G OJ DI?D><O@N OC<0O OC@ 3 >CMJIH< K<G@OO@ DN @I1>J?@? PNDIB ?@(

palette_num_extra_bits_y DN PN@? OJ ><G>PG<O0@ OC@ IPH=@M JA =DON PN@? OJ NOIM@ @<>C K<G@OO0@ ?@G(
K<G@OO@

palette_num_extra_bits_u DN PN@? OJ ><G>PG<O@ OC@ IPH=@M JA =DON PN@? OJ NOIM@ @<>C K<G@O0@ ?@G!
>CMJIH< K<G@OO0@

palette_num_extra_bits_v DN PN@? OJ ><G>PG<O0@ OC@ IPH=@M JA =DON PN@? OJ NOIM@ @<>C K<G@OO0@ ?@G(
K<G@OO@

palette_delta_ y DN < ?@GO< Q<GP@ AJM OC@ GPH< K<G@OO@
palette_delta_u DN < ?@GO< Q<GP@ AJM OC@ 2 >CMJH< K<G@OO@

palette_delta_v DN < ?@GO< Q<GP@ AJM OC@ 3 >CMJIH< K<G@OO0@

Note: )PH< <I? 2 2@GO< Q<GP@N BDQ@ < KINDODQ@ JAAN@O M@G<ODQ@ 0J OC@ KM@QDJPN K<G@00@ @!
2@GO< Q<GP@N BDQ@ < NDBI@? JAAN@O M@G<ODQ@ 0J OC@ 2 K<G@0O0@ @IOMD@N

palette_delta_sign_bit v DA @LP<G OJ DI?D><0O@N OC<0O OC@ ?@>J?@7? 3 >CMIH< K<G@OO@ ?@G0O< Q<GP@ NC.
<G@OO@ OJF@IN N@H<IOD>N

color_index_map_y CJG?N OC@ DI?@S DI K<G@OO@;>JGIMN;T AJM OC@ =GJ>F_N 6 KG<I@ OJK G@AO N<HKG@

color_index_map_uv CJG?N OC@ DI?@S DI K<G@OO0@;>JGIMN;P <I? Kc<G@OO0@;>JGIMN;Q AIJM OC@ =GJ>F N 23 KG

palette_color_idx_ y CJG?N OC@ DI?@S DI JGIM,M?@M AIJM < N<HKG@ DI OC@ =GJ>F_N 6 KG<I@

palette_color_idx_uv CJG?N OC@ DI?@S DI JGIM,M?@M AIM < N<HKG@ DI OC@ =GJ>F_N 23 KG<I@

-<G@OO0@ >JGIM >JIO@SO N@H<IOD>N

ColorOrder DN <I <MM<T CJG?DIB OC@ H<KKDIB AMJH <I @I>J?@? DI?@S 0J OC@ K<G@O00@ JGJIM,M?@M DN M<IF(
AM@LP@I>T JA J>>PMM@I>@ JA @<>C >JGJM DI OC@ I@DBC=JMCJJ? JA OC@ >PMM@IO =GJ>F R@DBCO@? =T >GJ
=GJ>F
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ColorContextHash DN < Q<MD<=G@ ?@MDQ@7? AMJH OC@ ?DNOMD=PODJI JA >JGJMN DI OC@ I@DBC=JMCJJ? JA OC
PN@? OJ ?@O0@MHDI@ OC@ KMJ=<=DGDOT >JIO@SO PN@? OJ ?@>J?@ K<G@OO0@;>JGIM;D?S;T <I? K<G@OO@;>J!

/@<? I"# N@QH<IOD>N

cdef_idx NK@>DAD@N RCD>C !"# ADGO@MDIB K<M<H@O@MN NCIPG? =@ PN@? AIM < K<MOD>PG<M =T =GJ>F
OC<O !"# DN ?DN<=G@7? AJM OC<0 =GJ>F

/@<? GJJK M@NOJM<ODJI PIDO N@H<IOD>N
use_wiener NK@>DAD@N DA OC@ 4D@I@M ADGO@M NCIPG? =@ PN@?
use_sgrproj NK@>DAD@N DA OC@ N@GA BPD?@? ADGO@M NCIPG? =@ PN@?

restoration_type NK@>DAD@N OC@ M@NOJM<ODJI ADGO@M OC<O NCIPG? =@ PN@? RDOC OC@ N<H@ DIO@MKM
#M<H@/@NOJIM<ODJIITK@

Ir_sgr_set NK@>DAD@N RCD>C N@O JA K<M<H@O@MN OJ PN@ AJM OC@ N@GA BPD?@? ADGO@M

subexp_more_bools @LP<G OJ NK@>DAD@N OC<O OC@ K<M<H@O@M DN DI OC@ M<IB@ HF OJ HF < NP=@SK;HJ
NK@>DAD@N OC<0O OC@ K<M<H@O@M DN BM@<O@M OC<I HF <

subexp_unif_bools NK@>DAD@N OC@ Q<GP@ JA OC@ K<M<H@O@M HDIPN HF

subexp_bools NK@>DAD@N OC@ Q<GP@ JA OC@ K<M<H@O@M HDIPN HF

1DG@ GDNO, 2 N@H<IOD>N
$@I@M<G ODG@ GDNO , 2 N@H<IOD>N

output_frame_width_in_tiles_minus_1 ~ KGPN JI@ DN OC@ RD?0C JA OC@ JPOKPO AM<H@ DI ODG@ PIDON
output_frame_height_in_tiles_minus_ 1 KGPN Ji@ DN OC@ C@DBCO JA OC@ JPOKPO AM<H@ DI ODG@ PIDON
tile_count_minus_1 KGPN Ji@ DN OC@ IPH=@M JA ODG@;GDNO;@IOMT DI OC@ GDNO

&0 DN < M@LPDM@H@I10 JA =DONOM@<H >JIAJMH<I>@ OC<0O ODG@;>JPIO;HDIPN; DN G@NN OC<| JM @LP<G OJ

1DG@ GDNO @IOMT N@H<IOD>N

anchor_frame_idx DN OC@ DI?@S DIOJ <l <MM<T [>CIM#M<H@N JA OC@ AM<H@N OC<O OC@ ODG@ PN@N AJM KM
I>CIMEM<H@N <MM<T DN KMJQD?@? =T @SO@MI<G H@<IN <I? H<T >C<IB@ AJM @<>C ODG@ GDNO, 2 1C@ KMJ>(
[>CIM#EM<H@N <MM<T DN JPOND?@ JA OC@ N>JK@ JA OCDN NK@>DAD><ODJI

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<O <I>CIJM;AM<H@;D?S DN G@NN OC<| JM @LP<G 0OJ
anchor_tile_row DN OC@ MJR >JJM?DI<O@ JA OC@ ODG@ DI OC@ AM<H@ OC<O DO =@GJIBN DI ODG@ PIDON

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<O <I>CIM;ODG@;MJR DN G@NN OC<I| 1DG@/JRN
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anchor_tile_col DN OC@ >JGPHI >JIM?DI<O@ JA OC@ ODG@ DI OC@ AM<H@ OC<O DO =@GJIBN DI ODG@ PIDON
&0 DN < M@LPDM@H®@IO JA =DONOM@<H >JIAJMH<I>@ OC<O <I>CIM:0DG@:>JG DN G@NN OC<I 1DG@ JGN
tile_data_size_minus_1 KGPN JI@ DN OC@ NDU@ JA OC@ >J?@7? ODG@ ?<0< >J?@7?;0DG@:?<0< DI =TO@N

coded_tile_data <M@ OC@ ODG@;?<O<;NDU@;HDIPN; =TO@N JAOC@ >J?@? ODG@
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l@>J7?DIB KMJ>@NN
Q@MQD@R

3 >JIO<DIN ORJ JK@M<ODIB HJ?@N

$@I@M<G ?@>J?DIB DIKPO DN <N@LP@I>@ JA, 2N JPOKPO DN ?@>J?@? AM<H@N

)<MB@ N><G@ ODG@ ?@>J?DIB DIKPO DN < ODG@ GDNO, 2 KGPN <??DODJI<G ND?@ DIAJMH<ODJI JPOKP
1C@ B@I@M<G ?@>J?DIB KMJ>@NN DN N&@SDAD@? DI

1C@ G<MB@ N><G@ ODG@ ?@>J?DIB KMJ>@NEDRDNK@>DAD@? DI

S@I@M<G ?@>J?DIB KMJ>@NN

AC@| ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G 0J ?@>J?@MN NC<GG KMJ?P>@ JPOKPO AM<H@N OC<O <M@ D
C<Q@ OC@ N<H@ JPOKPO JM?@M <N OCIN@ KMJ?P>@? =T OC@ ?@>J?DIB KMJ>@NN NK@>DAD@? C@M@DI

AC@| ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G OJ <?@>J?@M NC<GG DHKG@H@IO < ADGH BM<DI NTIOC@NDN
JPOKPO <MM<TN ,PO6 ,PO2 ,PO3 1C@ M@A@M@I>@ ADGH BM<DI NTIOC@NDN K\N@>@DIN DN ?@N>MD=@? DI

AC@| ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G OJ < >JIAJMH<IO ?@>J?@M NC<GG N<ODNAT <O G@<NO JI@ JA (
JKODJIN

>JIAJMH<IO ?@>J?@M NC<GG KMJ?P>@ JPOKPO AM<H@N OC<0O <M@ D?@I0D><G DI <GG M@NK@>ON <I?
JM?@M <N OCIN@ KMJ?P>@? =T OC@ ?@>J?DIB KMJ>@NN NK@>DAD@? C@M@DI DI>GP?DIB <KKGTDIB OC
NTIOC@NDN KMJ>@NN <N NK@&DBAD@? DI

>JIAJMH<IO ?@>J?@M NC<GG KMJ?P>@ DIO@MH@?D<O0O@ AM<H@N OC<O <M@ D?@10D><G DI <GG M@NK
JM?@M <N OC@ AM<H@N KMJ?P>@7? =T OC@ KMJI>@RNNK@>DAD@?DODJI OJ OC<O < >JIAJMH<IO
?2@>J?@M NC<GG KMJ?P>@ JPOKPO AM<H@N OC<0O <M@ DI OC@ N<H@ JM?@M <I? ?J 1J0 C<Q@ K@M>@K(
?DAA@M@I1>@N RDOC OC@ AM<H@N KMJ?P>@7? =T OC@ M@A@M@I>@ ADGH BM<DN@FOQ@NDN KMJI>@N
RC@I <KKGD@? OJ OC@ DIKPO AM<H@N JA OC@ ADGH BM<DI NTIOC@NDN KMJ>@NN RDOC OC@ ADGH BN
OC@N@ AM<H@N 1C@ ?@>J?@M H<T <GNJ DI>GP?@ JKODJI<G KMJ>@NNDIB NO@KN RCD>C <M@ <KKGD(
AM<H@N KMJ?P>@7? =T OC@ KMJ>@NN NE@SDAD @XM =@AIM@ OC@ ADGH BM<DI NTIOC@NDN KMJ>@NN
DI OC@ DIKPO AM<H@N JA OC@ ADGH BM<DI NTIOC@NDN KMJ>@NN 0P>C JKODJI<G KMJ>@NNDIB NO@KN
OCDN NK@>DAD><0ODJI ,OC@MRDN@ OC@ DIO@MH@?D<0@ AM<H@N <M@ OC@ DIKPO AM<H@N JA OC@
1C@ ?@ADIDODJI JA [K@M>@KOP<GGT NDBIDAD><IO ?DAA@M@I>@N" DN =@TJI? OC@ N>JK@ JA OCDN NK
NK@>DAD@? AIM @S<HKG@ =T < N@MQD>@ KMJQD?@M <N K<MO JA OC@DM <>>M@?D0O<0DJI KMIBM<H
KMJI>@NN <KKGD@? =T < >JIAJMH<IO ?@>J?@M NCJIPG? =@ A@<OPM@ >JHKG@O@ RDOC M@B<M?N 0J OC
NTIOC@NDN KMJ>@@&ENOAJI DI>GP?DIB N><GDIB NOM@IBOC JA OC@ ADGH BM<DI <N < API>0ODJI JA DIOG
0J OC@ NDBI<G@? K<M<H@O@MN N<H@ H<SDHPH / G<B <I? NDHDG<M HJ?@GDIB JA >IJIMM@G<ODJI =@0C
>CMJH< <I? NHJJOCDIB JA OM<INDODJIN =@OR@ @| =GJ>FN JA BM<DI RC@I| <KKGD><=G@
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Note: 1J @INPM@ >JIAJIMH<I>@ ?@>J?@M H<IPA<>OPM@MN <M@ <?QDN@? OJ DHKG@H@IO OC@ ADGH BM<DI
<N NK@>DADK@BDDJI 1@ M@<NJI 0J >CIIN@ OC@ N@>JI? >JIAJMH<I>@ JKODJI DN DHKG@H@10<ODJI JA Ji
KMJ>@NNDIB NO@KN =@OR@ @| OC@3P0BIPO JA? OC@ ADGH BM<DI NTIOC@NDN KMJ>@NN DI RCD>C ><N@ O
>JPG? =@ HDIIUM ?DAA@M@I>@N DI OC@ JPOKPO RDOC OC@ M@A@M@I>@ ADGEEMNXIDI NTIOC@NDN KMJ>@N
"S<HKG@N JA OC@N@ JKODJI<G KMJ>@NNDIB NO@KN <M@ <GBJMDOCHN DHKMJQDIB JPOKPO KD>OPM@ LP<C
ADGO@MDIB <1? >J?DIB <MO@A<>0ON M@HJQ<G

Note: 0OJH@ <KKGD><ODJIN NP>C <N OM<IN>J?DIB AMJH 3 OJ 3 H<T PN@ DIO@MH@?D<O@N®@SBPD AM<H@N .
AJM OM<IN>J?DIB &I NP>C ><N@N OC@ JMDBDI<G ADGH BM<DI NTIOC@NDN DIAJMH<ODJI H<T =@ <?<KO(
OC@ OM<IN>J?@? =DONOM@<H
1C@ DIKPO OJ OCDN KMJ>@NN DN < N@LP@I>@ JA JK@! =DONOM@<H PIDON , 2N
1C@ JPOKPO AMJH OCDN KMJ>@NN DN < N@LP@I>@ JA ?@>J?@7? AM<H@N

#IJM @<>C, 2 DI OPMI OC@ NTIO<S @G@H@ION <M@ @ SOM<>O@@>DINK@>DAD@? DI

1C@ NTIO<S O<=G@N DI>GP?@ API>0DJI ><GGN DI?D><ODIB RC@| OC@ M@H<DIDIB ?@>J?@ KMJ>@NN@N <M@ Ol

)<MB@ N><G@ ODG@ ?@>J7?DIB KMJ>@NN
S@I@M<G

1C@ G<MB@ N><G@ ODG@ ?@>J?DIB KMJ>@NN DN PN@? OJ ?@>J?@ < M<I?JH NP=N@O JA ODG@N O<F@| AMJH <
1C@ GDNO JA ODG@N DN NK@>DAD@? =T < ODG@ GDNO, 2 ,|@ KINND=G@ PN@ ><N@ AIJM OCDN KMJ>@NN DN ?(

Note: ?@>J?@M DN M@>JHH@I|?@? OJ NPKKIMO ?@>J?DIB JA ODG@ GDNO , 2N =PO OCDN DN |JO < M@LPDM@
>JIAJMH<I>@

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X >JIO@ION JA <GG NTIO<S @G@H@ION <I? Q<MD<=G@N KMJ?P>@7? RC@| K<MNDIB < N@QLP@I>@ C@<?@M ,

X >JIO@ION JA <GG NTIO<S @G@H@ION <I? Q<MD<=G@N KMJ?P>@? RC@| K<MNDIB < AM<H@ C@<?@M, 2 D
JKODJI<GGT GJ<?@? AMJH < M@A@M@I>@ AM<H@

X <I <MM<T [>CIM#M<H@N >JIO<DIDIB PK OJ AM<H@N
X <ODG@ GDNO, 2
1C@ JPOKPO AMJH OCDN KMJ>@NN DN

X <1 JPOKPO AM<H@ >JIO<DIDIB ?@>J?@? ODG@N DI M<NO@M JM?@M
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Note: 1C@ NTIO<S @G@H@ION AMJH OC@ N@LP@I>@ C@<?@M <I? AM<H@ C@<?@M H<T =@ KMJ?P>@? =T ?@
N@QLP@I>@ C@<?@M , 2 <I? < AM<H@ C@<?@M , 2 =PO OCDN DN IJO < M@LPDM@H@I0 JA ?@>J?@M >JIAJMH<I:

[>CIM#M<H@N H<T =@ KMJ?P>@? =T ?@>J?DIB <I 3 =DONOM@<H =PO OCDN DN 1JO < M@LPDM@H®@I0 JA =DOI
>JIAJMH<I>@

1C@ AJGGJRDIB ADBPM@ NCJRN OC@ <MM<IB@H@I0O JA ?<O< M@LPDM@? OJ ?@>J?@ < NDIBG@ ODG@ GDNO, 2

BM@@I| =<>FBMJPI? <M@ IIMH<ODQ@GT ?@ADI@? DI OCDN NK@>DAD><ODJI !<O< DO@HN NCJRIJI < T@GGJR =<>|
<KMJ>@NN JM KMI>@NN@N =@TJI? OC@ N>JK@ JA OCDN NK@>DAD><ODJI
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Application level overview

#IJM @<>C ODG@ GDNO @IOMT DI OC@ ODG@ GDNO, 2 OC@ AJGGJRDIB IM?@M@7? NO@KN <M@ <KKGD@?

-<MN@ OC@ NTIO<S @G@H@ION RDOCDI OC@ ODG@;GDNO;@IOMT
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0@0 OC@ =DONOM@<H KIJNDODJI DI?D><0JM 0OJ KJDIO OJ OC@ OC@ NO<MO JA OC@ >J?@?;0DG@;?<O< N
0@0 OC@ Q<MD<=G@ G<NO @LP<G OJ M@A;AM<H@;D?S8 9

0@0 #M<H@O0OIM@8 G<NO 9 @LP<G OJ I>CIM#M<H@NS8 <I>CIM;AM<H@;D?S 9
/@A3<GD?8 G<NO 9 DN N@O @LP<G 0J

I@A2KN><G@7?4D?0C8 G<NO 9 DN N@O @LP<G 0J 2KN><G@?4D?0C
|@A#M<H@4D?0C8 G<NO 9 DN N@O @LP<G 0OJ #M<H@4D?0C
|@A#M<H@%@DBCO8 G<NO 9 DN N@O @LP<G 0J #M<H@%@DBCO

/@A*D JGN8 G<NO 9 DN N@O @LP<G 0J *D JGN

/@A*D/JRN8 G<NO 9 DN N@O @LP<G OJ *D/JRN

/@AOP=N<HKGDIB58 G<NO 9 DN N@O @LP<G 0OJ NP=N<HKGDIB;S
/@AOP=N<HKGDIB68 G<NO 9 DN N@O @LP<G OJ NP=N<HKGDIB;T

/@A DO!@KOC8 G<NO 9 DN N@O @LP<G OJ DO!@KOC

&IQIF@ OC@ ?@>J?@ ><H@M< ODG@ KMJI>@NRN@>DA@EMDIO@ OC@ ?@>J?@? ODG@N DIOJ <I JPOKP
DI M<NO@M JM?@M DI OC@ JM?@M OC<O OC@T J>>PM DI OC@ ODG@ GDNO, 2

1C@ JPOKPO AMJH OCDN KMJ>@NN DN OC@ JPOKPO AM<H@ OC<O DN =PDGO PK DI OC@ ADI<G NO@K <=JQ@
1C@ Q<MD<=G@ JPOKPO4 DN ?@ADI@? <N  JPOKPO;AM<H@;RD?0OC;DI;,ODG@N;HDIPN; 1DG@4D?0C
1C@ Q<MD<=G@ JPOKPO% DN ?@ADI@? <N  JPOKPO;AM<H@;C@DBCO;DI;ODG@N;HDIPN; 1DG@%@DBCO

1C@ JK@M<ODJI JA RMDODIB < ?@>J?@? ODG@ RDOC U@MJ =<N@? DI?@S BDQ@I| =T OC@ Q<MD<=G@ ODG@ DIC
JM?@M DN ?@ADI@7? <N AJGGJRN
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destX = TileWidth * ( tile %/(output_frame_width_in_tiles minus_1 + 1) )
destY = TileHeight * ( tile / (output_frame_width_in_tiles_minus_1 + 1) )
w = TileWidth
h = TileHeight
for (y =0y <h y++) {
for (x =0, x <w x++) {
OutputFrameY y + destY ][ x + destX ] =Outf y ][ x ]

}
}
w = w >> subsampling_x
h = h >> subsampling_y
destX = destX >> subsampling_x
destY = destY >> subsampling_y
for (y=0;y<h y++) {
for ( x=0; x <w x++) {
OutputFrame) y + destY ][ x + destX] =Outd y ][ X ]
OutputFramey y + destY J[ x +destX] =Out] y ][ x ]

}
}

,POKPO#M<H@6 M@KM@N@IODIB OC@ GPH< KG<I@ JA OC@ JPOKPO AM<H@ DN JPOKPO4 N<HKG@N <>MJINN =T.

,POKPO#M<H@2 M@KM@N@IODIB OC@ 2 KG<I@ JA OC@ JPOKPO AM<H@ DN JPOKPO4 NP=N<HKGDIB;S N<HKC
JPOKPO% NP=N<HKGDIB;T N<HKG@N ?JRI

,POKPO#M<H@3 M@KM@N@IODIB OC@ 3 KG<I@ JA OC@ JPOKPO AM<H@ DN JPOKPO4 NP=N<HKGDIB;S N<HKC
JPOKPO% NP=N<HKGDIB;T N<HKG@N ?JRI

1C@ =DO?@KOC JA @<>C JPOKPO N<HKG@ DN BDQ@I =T DO!@KOC

1C@ JPOKPO AM<H@ H<T 130 =@ APGGT >JQ@M@7? RDOC ?@>J?@? ODG@N 1C@ ?@>J?@M NCJIPG? 1JO HI?DAT N«
JPOND?@ JA OC@ =JPI?<MD@N JA OC@ ?@>J?@7? ODG@N

I@>J?@MN OC<O NPKKJMO G<MB@ N><G@ ODG@ ?@>J?DIB NC<GG KMJ?P>@ JPOKPO AM<H@N OC<0O <M@ D?@IC
KMJ?P>@7? =T OCDN ?@>J?DIB KMJ>@NN

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ AJGGJRDIB >JI?DODJIN <M@ H@O
X @I<=G@;NPK@MM@N DN @LP<G 0OJ
X @I<=G@;JM?@M;CDIO DN @LP<G OJ
X NODGG;KD>OPM@ DN @LP<G 0OJ
X ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G OJ
X ODHDIB;DIAJ;KM@N@IO;AG<B DN @LP<G OJ

X ?@>3?@M;HI?@G;DIAJ;KM@N@IO;AG<B DN @LP<G 0OJ
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X DIDOD<G;?DNKG<T;?@G<T;KM@N@I0;AG<B DN @LP<G OJ
X @I<=G@;M@NOJIM<ODJI DN @LP<G OJ

X @I<=G@;>?@A DN @LP<G 0J

X HJIJ;>CMIH@ DN @LP<G OJ

X 1DG@%@DBCO DN @LP<G OJ PN@; S ;NPK@M=GJ>F AJM <GG ODG@N D @ OC@ ODG@ DN @S<>(
CDBC

X 1DG@4D?0C DN D?@I0D><G AIJM <GG ODG@N <I? DN <| DIO@B@M HPGODKG@ JA 1DG@%@DBCO D @ OC
NPK@M=GJ>FN RD?@

X #M<H@4D?0OC DN @LP<G OJ *D JGN *&;0&7"

X #M<H@%@DBCO DN @LP<G OJ *D/JRN *&;0&7"

X NCJIR;@SDNODIB;AM<H@ DN @LP<G 0OJ

X AM<H@;OTK@ DN @LP<G OJ &+1"/;#/ *"

X NCJIR;AM<H@ DN @LP<G 0OJ

X @MMIM;M@NDGD@I10;HI?@ DN @LP<G OJ

X ?DN<=G@;>?A;PK?<O@ DN @LP<G OJ

X ?DN<=G@;AM<H@;@1?;PK?<O@;>?A DN @LP<G OJ
X ?@GO<;GAKM@N@IO DN @LP<G OJ

X ?2@GO<;L;KM@N@IO DN @LP<G 0OJ

X AM<H@;NDU@;JQ@MMD?@;AG<B DN @LP<G 0OJ

X M@AM@NC;AM<H@;AG<BN DN @LP<G OJ

X PN@;M@A;AM<H@;HQN DN @LP<G OJ

X N@BH@I10<ODJI;0@HKJIM<G;PK?<O@ DN @LP<G OJ
X M@A@M@I>@;N@G@>0 DN @LP<G OJ

X GJIK;ADGO@M;G@Q@G8 9 <I? GJIK;ADGO@M;G@Q@G8 9 <M@ @LP<G OJ

X ODG@;>JPIO;HDIPN; DN G@NN OC<IJM @LP<G 0OJ JPOKPO;AM<H@;RD?0C;DI;ODG@N;HDIPN;
JPOKPO;AM<H@;C@DBCO;DI;ODG@N;HDIPN;
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l@>J7@ ><H@M< ODG@ KMJ>@NN

1CDN KMJ>@NN ?@>J?@N < NDIBG@ ODG@ RDOCDI < AM<H@

1C@ JPOKPO JA OCDN KMJ>@NN <M@ <MM<TN ,PO6 ,PO2 ,PO3>JIO<DIDIB OC@ ?@>J?@? N<HKG@N AJM OC@ OD(

Note: 1C@ ?@>J?DIB KMJ>@NN ?@ADI@7? C@M@ ?J@N 1JO DIQIJF@ OC@ KINO KMJI>@NNDIB NO@KN JA ?@=GJ>
GJIK M@NOJM<ODJI <I? M@A@M@I>@ AM<H@ PK?<O0@ &HKG@H@IO<ODJIN H<T >CJIN@ OJ DHKG@H@IO OCD
B@I@M<G ?@>J?@ KMJ>@NN RDOC OC@N@ OJIGN ?DN<=G@?

1C@ KMJ>@NN DN NK@>DAD@? <N

CurrentQIndex = base_qg_idx
init_symbol ( tile_data_size minus_1 + 1)
clear_above_context ( )
shSize = use_128x128_superblock? BLOCK_128X128BLOCK_64X64
sbSize4 = Num_4x4 Blocks WiflesbSize ]
MiRowsStart = MiRowStart anchor_tile_row ]
MiRowEnd- MiRowStartd anchor_tile_ row + 1]
MiColStart = MiColStarts [ anchor_tile_col ]
MiColEnd = MiColStarts [ anchor_tile_col + 1]
for ( r = MiRowStart r < MiRowEndr += shSize4 ) {
clear_left_context ()
for ( ¢ = MiColStart ; ¢ < MiColEnd ¢ += sbSized4 ) {
ReadDeltas = delta_q_present
clear_block_decoded_flags ( ¢ < ( MiColEnd- 1) )
decode_partition ( r, c, sbSize )

}
}
exit_symbol ( )
w = (MiColEnd - MiColStart) * MI_SIZE
h = (MiRowEnd MiRowStar) * MI_SIZE
x0 = MiColStart * MI_SIZE
y0 = MiRowsStart * MI_SIZE
subX = subsampling_x
subY = subsampling_y
XCO = ( MiColStart * MI_SIZE) >> subX
yCO = ( MiRowStart * MI_SIZE) >> subY

Note: 1C@ DIO@IODJI DN OC<O OC@ N<H@ ?@>J?DIB KMJ>@NN AJM ODG@ ?<0< ><| =@ PN@? <N AJM OC@ B@!
KMJ>@NN

&0 DN < M@LPDM@H@I0 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ AJGGJRDIB >JI?DODJIN <M@ H@O RC@I@Q@M
AMJH OC@ M@<?;M@A;AM<H@N NTIO<S

X I@A#M<H@8 9 ) 01;#/*"
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X |@A#M<H@8 9 +,+"

Note: &0 DN <GGJR@? OJ PN@ DIOM< =GJ>FN OC@T <M@ 1JO AIM=D??@! =T OCDN >JINOM<DIO =@><PN@ DIOM
OC@ M@<?;M@A;AM<H@N NTIO<S
MM<TN ,PO6 ,PO2 ,PO3 M@KM@N@IODIB OC@ ?@>J?@7? N<HKG@N AJM OC@ ODG@ <M@ NK@>DAD@? <N

X 1C@ <MM<T ,PO6 DN R N<HKG@N <>MJINN =T C N<HKG@N ?JRI <I? OC@ N<HKG@ <O GJ><ODJI S N<HKG@N -
N<HKG@N ?JRIDN BDQ@I| =T ,PO68T98S 9 PMM#M<H@8 98T T98S S9RDOCS R <I?T C

X 1C@ <MM<T ,PO2DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO28T98S 9 PMM#M<H@8 98T T 98
RDOCS R NP=5 <I?T C NP=6

X 1C@ <MM<T ,PO3 DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO38T98S9 PMM#M<H@8 98T T 98
RDOCS R NP=5 <I?T C NP=6

1C@ JPOKPO JA OCDN KMJ>@NN DN <MM<TN ,PO6 ,PO2 ,PO3 M@KM@N@IODIB OC@ 6 2 <I? 3 N<HKG@N

l@>J?@ AM<H@ RM<KPK KMJ>@NN

1CDN KMJ>@NN DN OMDBB@M@? =T < ><GG 0J ?@>J7?@;AM<H@;RM<KPK AMJH RDOCDI OC@ NTIO<S O<=G@N
O OCDN NO<B@ <GG OC@ ODG@ G@Q@G ?@>J?@ C<N=@ @I ?JI@ <I? OCDN KMJ>@NN K@MAJMHN <IT AM<H@ C

&A NCJIR;@SDNODIB;AM<H@ DN @LP<G 0J OC@ KMJ>@NN ADMNO K@MAJMHN <IT KINO KMJ>@NNDIB ADGO@MD
NO@KN

&A GJIK;ADGO@M;G@Q@G8 9 DN 130 @LP<G OJ JIM GJIK;ADGO@M;G@Q@G8 9 DN IJO @LP<G OJ OC@
N@>0DJI DN DIQJF@? OCDN KMJ>@NN HIJ?DAD@N OC@ >JIO@ION JA PMM#M<H@

1C@ !"# KMI>@NN NK@>DAD@?20DJI DN DIQJF@? OCDN KMJ>@NN O<F@N PMM#M<H@ <I? KMJ?P>@N
?@AHM<H@

1C@ PKN><GDIB KMJ>@NN NK@AD@? DDN DIQJF@? RDOC ?@A#M<H@ <N DIKPO <I? OC@ JPOKPO DN <
2KN><G@? ?@A#M<H@

1C@ PKN><GDIB KMJ>@NN NK@AD@? DDN DIQJF@? RDOC PMM#M<H@ <N DIKPO <I? OC@ JPOKPO DN <
2KN><G@? PMM#M<H@

1C@ GJIK M@NOJIM<ODJI KMJI>@NN NE@SDAD @NMIQIF@? OCDN KMJ>@NN O<F@N 2KN><G@7? PMM#M<F-
2KN><G@? ?@A#M<H@ <I? KMJ?P>@N )M#M<H@

1C@ HJODJI AD@G? HIODJI Q@>0JM NOIM<B@ KMJINGNDNBI@ EIMNADIQIFID ?
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&AN@BH@IO<ODJI;@1<=G@7? DN @LP<G OJ <I? N@BH@IO<ODJI;PK?<O@;H<K DN @LP<G OJ 0@BH@IO&?|
N@O @LP<G 0J-M@QO0@BH@IO&?N8 MJR 98 >JG 9 AIMMJIR  *D/JJRN AIJM>JG *D JGN

,OC@MRDN@ NCJR;@SDNODIB;AM<H@ DN @LP<G OJ DA AM<H@;OTK@ DN @LP<G OJ ("6;#/ ** OC@ M@A@M@I>(
KMJ>@NN <N NK@>DR@@omll DN DIQJF@? OCDN KMJ>@NN GJ<?N AM<H@ NO<O@ AMJH OC@ M@A@M@I>@ AM
AM<H@ NO<O@ Q<MD<=G@N

1C@ AJGGJRDIB IM?@M@7? NO@KN IJR <KKGT

1C@ M@A@M@I>@ AM<H@ PK?<O@ KMJ>@NN @+NR@ >DADIQIH@? OCDN KMJ>@NN N<Q@N OC@ >PMM
NO<O@ DIOJ OC@ M@A@M@I>@ AM<H@N

&A NCIR;AM<H@ DN @LP<G OJ JM NCJR;@SDNODIB;AM<H@ DN @LP<G OJ OC@ JPOKRPGNI>:@NN <N NK
DN DIQJF@? OCDN RDGG JPOKPO OC@ >PMM@10 AM<H@ JM < N<Q@? AM<H@

Note: GOCJPBC DO DN NK@>DAD@? OC<0O <GG N<HKG@N DI PMM#M<H@ <M@ PKN><G@7? <O HINO GDI@N <=
NOMDK@ ?@ADI@7? =T 0OMDK@0O<MOG6 <I? 0OMDK@"I?6 RDGG @I? PK =@DIB M@<? &HKG@H@IO<ODJIN H<T |
PKN><GDIB OC@ PIPN@? GDI@N

,M?@MDIB JA , 2N

=DONOM@<H >JIAJMHDIB OJ OCDN NK@>DAD><0ODJI >JINDNON JA JI@ JM HIM@ >J?@7? QD?@J N@LP@I>@N

>J?@7? QD?@J N@LP@I>@ >JINDNON JA JI@ JIM HIM@ O@HKJIM<G PIDON O@HKJIM<G PIDO >JINDNON JA < N@MD
AMJIH < O@HKJIM<G ?@GDHDO@M JKODJI<G N@LP@I>@ C@<?@MN JKODJI<G H@0<?<0<, 2N <N@LP@I>@ JA JIC
C@<?@MN @<>C AJGGJR@? =T U@MJ JM HIM@ ODG@ BMJPK , 2N <N R@GG <N JKODJI<G K<??DIB , 2N

I@R >J?@7? QD?@J N@LP@I>@ DN ?@ADI@? OJ NO<MO <O @<>C O@HKJIM<G PIDO RCD>C N<ODNAD@N =JOC JA O
X N@LP@I>@ C@<?@M , 2 <KK@<MN =@AIM@ OC@ ADMNO AM<H@ C@<?@M

X 1C@ ADMNO AM<H@ C@<?@M C<N AM<H@;0TK@ @LP<G OJ ("6;#/ *" NCIR;AM<H@ @LP<G OJ NCJR;@SDN
@LP<G OJ <I? O@HKJIM<G;D? @LP<G 0OJ

&A N><G<=DGDOT DN IJO =@DIB PN@? ,K@M<ODIB-JDIO&?> @LP<G OJ OC@I|<GG AM<H@N <M@ K<MO JA OC@ JI
>JINOM<DION HPNO CJG?

X 1C@ ADMNO AM<H@ C@<?@M HPNO C<Q@ AM<H@;0TK@ @LP<G OJ ("6;#/ *' <I? NCIR;AM<H@ @LP<G OJ
X "<>C O@HKJIM<G PIDO HPNO C<Q@ @S<>0OGT JI@ NCJRI AM<H@

&A N><G<=DGDOT DN =@DIB PN@? ,K@M<ODIB-JDIO&?>JO @LP<G OJ OC@IJIGT < NP=N@O JA AM<H@N <M@ K=
#IM @<>C JK@M<ODIB KJDIO OC@ AJGGJRDIB >JINOM<DION HPNO CJG?

X 1C@ ADMNO AM<H@ C@<?@M OC<0O RDGG =@ ?@>J?@? HPNO C<Q@ AM<H@;O0TK@ @LP<G OJ ("6;#/ *" <I? |
(ON]
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X "Q@MT G<T@M OC<0O C<N < >J?@? AM<H@ DI < O@HKJIM<G PIDO HPNO C<Q@ @S<>0OGT JI@ NCJRI AM<H@
JA OC<0O G<T@M DI OC@ O@HKJIM<G PIDO

Note: NCJRIAM<H@ DN @DOC@M < AM<H@ RDOC NCJR;AM<H@ @LP<G OJ JM RDOC NCJR;@SDNODIB;AM<H@

AM<H@ C@<?@M <I? DON <NNJ>D<O0O@? ODG@ BMJPK, 2N RDOCDI < O@HKJIM<G PIDO HPNO PN@ OC@ N<H@ Q<C
D@ @DOC@M =JOC DI>GP?@ JM =JOC IJO DI>GP?@ OC@ JKODJI<G , 2 @SO@INDJI C@<?@M

GG, 2 @SO@INDJI C@<?@MN OC<0O <M@ >JIO<DI@? DI OC@ N<H@ O@HKJIM<G PIDO <I? C<Q@ OC@ N<H@ NK<OD:s
OC@ N<H@ O@HKJIM<G;D? Q<GP@

&A <>J?@7? QD?@J N@LP@I>@ >JIO<DIN <O G@<NO JI@ @IC<I>@H@I0 G<T@M , 2N RDOC NK<OD<G;D? BM@<O@N
BM@<O@M OC<l OC@I<GG AM<H@ C@<?@MN <I? ODG@ BMJPK , 2N <NNJ>D<O@? RDOC =<N@ NK<OD<G;D? @LF
@LP<GN <I? @IC<I>@H@IO GKT@M NK<OD<G;D? BM@<O@M OC<| IJM O@HKJIM<G;D? BM@<O@M OC<I| ?<O<HPI
@SO@INDJI C@<?@M

, 2N RDOC NK<OD<G G@Q@G &N NK<OD<G;D? BM@<O@M OC<l HPNO <KK@<M RDOCDI < O@HKJIM<G PIDO DI DI>
G@Q@G & Q<GP@N

1C@ ADMNO O@HKJIM<G PIDO JA <>J?@7? QD?@J N@LP@I>@ HPNO >JIO<DI JI@ JM HHM@ N@LP@I>@ C@<?@M , 2}
C@<?@M, 2

Note: 1C@M@ DN 1JO < M@LPDM@H@I0 OC<O @Q@MT O@HKJIM<G PIDO RDOC < F@T AM<H@ <GNJ >JIO<DIN < |
OC<0O OC@ N@LP@I>@ C@<?@M C<N =@@| N@I0 =@AIM@ OC@ ADMNO F@T AM<H@ %JR@Q@M 1JO@ OC<O
N@QLP@I>@ C@<?@M , 2N <M@ IJO >JIND?@M@? OJ =@ M<I?JH <>>@NN KJIDION

0@LP@I>@ C@<?@M , 2N H<T <KK@<M DI <IT IM?@M RDOCDI < >J?@7? QD?@J N@QLP@I>@ 4DOCDI < K<MOD>PG<M
N@LP@I>@ OC@ >JIO@ION JAN@LP@I>@;C@<?@M;J=P HPNO =@ =DO D?@I0D><G @<>C ODH@ OC@ N@LP@I>@
OC@ >JIO@ION JA JK@M<ODIB;K<M<H@O@MN;DIAJ @R >J?@7? QD?@J N@LP@I>@ DN M@LPDM@? DA OC@ N@LI
>C<IB@ ITN@LP@I>@ C@<?@M DI <=DONOM@<H RCD>C >C<IB@N OC@ K<M<H@O@MN HPNO =@ >JIO<DI@? DI <
O@HKJIM<G;D? @LP<G OJ U@MJ

&A < O@HKJIM<G PIDO >JIO<DIN JI@ JM HIM@ N@LP@I>@ C@<?@M , 2N OC@ ADMNO <KK@<M<I>@ JA OC@ N@LP(
=@ =@AIM@ OC@ ADMNO AM<H@ C@<?@M, 2

1@ IM HIM@ H@0<?<0< <I? K<??DIB, 2N H<T <KK@<M DI <IT IM?@M RDOCDI <l ,2 N@LP@I>@ PIG@NN >JINOM<DI(
N@H<IOD>N KMJQD?@? @GN@RC@M@ DI OCDN NK@>DAD><ODJI O0K@>DAD> H@O0<?<0O< OTK@N H<T =@ M@LPD
KG<>@? DI NK@>DAD> GJ><ODJIN <N D?@IODAD@? DI OC@DM >IJMM@NKJI?DIB ?@ADIDODJIN

, 2 OTK@N OC<0 <M@ 1JO ?@ADI@? DI OCDN NK@>DAD><0ODJI ><I =@ DBIIM@? =T < ?@>J?@M

Note: 0JH@ <KKGD><ODJIN H<T >CJIN@ OJ PN@ =DONOM@<HN OC<O <M@ 1JO APGGT >JIAJMH<IO OJ OC@ M@L
DI OCDN N@>0DJI #IM @S<HKG@ <=DONOM@<H M@>@DQ@? DI < NOM@<HDIB PN@ ><N@ H<T |@Q@M >JIO<I
DINO@<? M@GT JI BM<?P<G DIOM< M@AM@NC
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/<I?JH <>>@NN ?@>J?DIB
S@I@M<G

&l B@I@M<G M<I?JH <>>@NN KJIDION <M@ KG<>@N DI < =DONOM@<H RC@M@ ?@>J?DIB ><I =@ NO<MO@?
1CDN N@>0DJI ?@ADI@N OC@ OTK@N JA M<I|?JH <>>@NN KJDIO OC<O HPNO =@ NPKKIMO@? =T <GG >JIAIJMH<IO *

1C@ KPMKJIN@ JA OCDN N@>0ODJI DN OJ ?@ADI@ < HDIDHPH G@Q@G JA API>0ODJI<GDOT OC<O HPNO =@ NPKKJIMC
RIM?N ?@>J?@MN H<T >CJIN@ OJ NPKKIMO HIM@ OTK@N JA M<I?JH <>>@NN KJDIO

1C@ M<I?JH <>>@NN KJIDION <M@ ? @UD+@D DI
1C@ >JIAIMH<I>@ M@LPDM@H@ION <M@WRE>DAD@? DI
1C@ >JIN@LP@I>@N AIM @1>J?@MN <M@ NKGBEDAD@? DI
1C@ >JIN@QLP@I>@N AIM ?@>J?@MN <M@ NE@SDAD@? DI
I@ADIDODJIN
1CDN N@>0ODJI ?@ADI@N OC@ AJGGJRDIB O@MHN
X F@T AM<H@ M<I?JH <>>@NN KJDIO
X ?2@G<T@? M<I?JH <>>@NN KJDIO
X F@T AM<H@ ?@K@1?@10 M@>JQ@MT KJIDIO
F@T AM<H@ M<I?JH <>>@NN KJDIO DN ?@ADI@? <N =@DIB < AM<H@
X RDOC AM<H@;0TK@ @LP<G OJ ("6;#/ *"
X RDOC NCJR;AM<H@ @LP<G 0OJ
X OC<O DN >JIO<DI@? DI < O@HKJIM<G PIDO OC<0O <GNJ >JIO<DIN < N@LP@I>@ C@<?@M , 2
?2@G<T@? M<I?JH <>>@NN KJDIO DN ?@ADI@? <N =@DIB < AM<H@
X RDOC AM<H@;0TK@ @LP<G OJ ("6;#/ *"
X RDOC NCJR;AM<H@ @LP<G OJ
X OC<O DN >JIO<DI@? DI < O@HKJIM<G PIDO OC<0O <GNJ >JIO<DIN < N@LP@I>@ C@<?@M , 2
F@T AM<H@ ?@K@I1?@10 M@>JQ@MT KJIDIO DN ?@ADI@7? <N =@DIB < AM<H@
X RDOC NCJR;@SDNODIB;AM<H@ @LP<G OJ

X RDOC AM<H@;0J;NCJR;H<K;D?S NK@>DATDIB < AM<H@ OJ JPOKPO OC<0 R<N < ?@G<T@? M<I?JH <>>@NN
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JIAJMH<I>@ M@LPDM@H@ION

&IAJMH<GGT OC@ M@LPDM@H@I10 AIM ?@>J?@M >JIAJMH<I>@ DN OC<0O ?@>J?DIB ><I NO<MO <O <IT F@T AM<H(
?2@G<T@? M<I?JH <>>@NN KJDIO 1C@ M@NO JA OCDN N@>0DJI H<F@N OCDN M@LPDM@H®@I0 HIM@ KM@>DN@

00O<MODIB <O < F@T AM<H@ M<I?JH <>>@NN KJDIO DN OMDQD<G =@><PN@ DA OC@ @<MGD@M O@HKJIM<G PIDO
O@HKJIM<G PIDON NODGG >JINODOPO@ < Q<GD? =DONOM@<H

00<MODIB <0 < ?@G<T@? M<I?JH <>>@NN KJDIO DN C<M?@M OJ ?@ADI@ =@><PN@

X DA <GG O@HKJIM<G PIDON =@AIM@ OC@ F@T AM<H@ ?@K@1?@10 M@>JQ@MT KJIDIO <M@ ?MJIKK@? DO
=@><PN@ OC@ M@G@Q<IO ?@G<T@? M<I?JH <>>@NN KJIDIO C<N =@@| ?MIKK@?

X DA <GG O@HKJIM<G PIDON =@AJM@ OC@ ?@G<T@? M<I?JH <>>@NN KJDIO <M@ ?MJKK@? DO DN PI>G@<N
AM<H@N =@OR@@I| OC@ ?@G<T@? M<I?JH <>>@NN KJDIO <I? OC@ F@T AM<H@ ?@K@I?@I0 M@>JQ@MT
<KKGD><ODJIN H<T RDNC OC@N@ 0J =@ ?MIKK@? RCDG@ JOC@MN H<T RDNC OC@H OJ =@ ?DNKG<T@"

X DI @DOC@M ><N@ OC@ M@H<DIDIB O@HKJIM<G PIDON ?J 1JO >JINODOPO@ < Q<GD? NO<I?<GJI@ =DONON
NO<MO RDOC < NCJRI F@T AM<H@

1J NPKKIJMO OC@ ?DAA@M@I10 HI?@N JA JK@M<0ODJI < >JIAJMH<IO ?@>J?@M DN M@LPDM@7? OJ =@ <=G@ 0J ?@:
JA

X < O@HKJIM<G PIDO >JIO<DIDIB < ?@G<T@? M<I?JH <>>@NN KJDIO
X DHH@?D<O@GT AJGGIR@? =T < O@HKJIM<G PIDO >JIO<DIDIB OC@ <NNJ>D<O@? F@T AM<H@ ?@K@I1?@I10
X AJGGIR@? =T JKODJI<G <??DODJI<G O@HKJIM<G PIDON

1CDN HIQ@N OC@ M@NKJIND=DGDOT AIM ?MJKKDIB OC@ DIO@MH@7?D<O0O@ O@HKJIM<G PIDON =@OR@@I| OC@ *
OC@ F@T AM<H@ ?@K@I1?@10 M@>JQ@MT KJIDIO JPO JA OC@ IIMH<ODQ@GT ?@ADI@? ?@>J?DIB KMJ>@NN DIOJ
=@C<QDJM 1CDN <GGJRN <KKGD><ODJIN 0J >CJIN@ RCD>C =@C<QDJM OJ PN@ ?@K@I?DIB JI OC@ PN@ ><N@ <I
NK@>DAD> ?@>J?@M DHKG@H@10<O0DJI

Note: &l KM<>OD>@ ?@>J?@M DHKG@H@IO<ODJIN <M@ @SK@>0@? OJ =@ <=G@ OJ NO<MO ?@>J?DIB =DONC
M<I?JH <>>@NN KJDIO RC@| OC@ DIO@MH@?D<O@ O@HKJIM<G PIDON <M@ NODGG KM@N@IO 1C@ ?@>J?@M
<GG JPOKPO AM<H@N AMJH OC@ |@SO F@T AM<H@ JM F@T AM<H@ ?@K@I?@10 M@>JQ@MT KJDIO JIR<M?N F
AM<H@N <M@ DHKG@H@10<O0DJI ?@ADI@? #IM @S<HKG@ < NOM@<HDIB ?@>J?@M H<T >CJIN@ OJ ?@>J?@ -
AM<H@N @Q@I| RC@| OC@ M@A@M@I>@ AM<H@N <M@ 1JO <Q<DG<=G@ OJG@M<ODIB NJH@ @MMJIMN DI OC(
?2@>J?@M H<T >CJIN@ OJ ?@>J?@ <I? ?DNKG<T <GG AM<H@N OC<0 <M@ BP<M<IO@@? OJ =@ >JIMM@>0 @ B
JIGT PN@N DIO@M KM@?D>0DJl AMJH OC@ ?@G<T@? M<I?JH <>>@NN KJDIO <H@?D< KG<T@M ?@>J?@M H<1
<|? ?2DNKG<T JIGT AM<H@N NO<MODIB AMJH < F@T AM<H@ JM F@T AM<H@ ?@K@I?@I10 M@>JQ@MT KJIDIO BP<
KG<T=<>F JI>@ ?DNKG<T NO<MON

"1>J?7@M >JIN@QLP@I>@N

/<1?JH <>>@NN KJDION DIOMJ?P>@ 1J <??DODJI<G >JIAJMH<I>@ M@LPDM@H@ION JI @I>J?@MN
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"I>J?@MN <M@ AM@ @ OJ DIN@MO <IT IPH=@M JA M<I?JH <>>@NN KJDION

l@>J?@M >JIN@QLP@I>@N

1C@ >JIAJMH<I>@ M@LPDM@H@I0O H@<IN OC<O >JIAJMH<IO ?@>J?@MN HPNO =@ <=G@ OJ NO<MO ?@>J?DIB <O <
<>>@NN KJIDIO K<MOR<T OCMJPBC < Q<GD? =DONOM@<H

1CDN DN <GHJNO OC@ N<H@ <N ?@>J?DIB < =DONOM@<H AMJH OC@ NO<MO OC@ JIGT ?DAA@M@I>@N <M@ OC:
X 1C@ ADMNO AM<H@ C<N NCJR;:AM<H@ @LP<G 0OJ

X &A AM<H@;D?;IPH=@MN;KM@N@I0O;AG<B DN @LP<G OJ AJM OC@ ADMNO AM<H@ >PMM@IO;AM<H@;D? N(
-M@Q#M<H@&! =@><PN@ -M@Q#M<H@&! DN PIDIDOD<GDU@?

#M<H@ @I1? PK?<O@ '# KMJ>@NN

1CDN KMJ>@NN DN OMDBB@M@7? RC@I| OC@ API>0ODJI AM<H@:;@1?;PK?<O@;>?A DN ><GG@? AMJH OC@ ODG@ BM
1C@ AM<H@ '# <MM<TN <M@ N@O @LP<G OJ OC@ N<Q@? '# <MM<TN <N AJGGJRN

>JKT DN H<?@ JA OC@ N<Q@? # Q<GP@N AIM @<>C JAOC@ '#<MM<TN H@IODJI@? DI OC@ N@H<IOD>N AJM DIL
DIDO;IJI;>J@AA;>?AN 1C@ I<H@ JA OC@ ?@NODI<ODJI AJM OC@ >JKT DN OC@ I<H@ JA OC@ !# <MM<T RDOC IJ KM
OC@ NJPM>@ AJM OC@ >JKT DN OC@ I<H@ JA OC@ # <MM<T KM@ADS@? RDOC [0<Q@?" #IM @S<HKG@ OC@ <N
PK?<O@? RDOC Q<GP@N @LP<G OJ OC@ >JIO@ION JA 0<Q@7?6*J?@ ?A

0@0 AM<H@ M@AN KMJ>@NN

1CDN KMJ>@NN DN OMDBB@M@? DA OC@ API>0ODJI N@O;AM<H@;M@AN DN ><GG@? RCDG@ M@<?DIB OC@ PI>JH
1C@ NTIO<S @G@H@ION DI OC@ M@A;AM<H@;D?S <MM<T <M@ >JHKPO@? =<N@? JI

X OC@ NTIO<S @G@H@ION G<NO;AM<H@;D?S <I? BJG?;AM<H@;D?S
X OC@ Q<GP@N NOJM@? RDOCDI OC@ /@A,M?@M%DIO <MM<T OC@N@ Q<GP@N M@KM@N@IO OC@ G@<I
JPOKPO JM?@M JA OC@ AM<H@N

1C@ MQA@M@I>@ AM<H@N PN@? AJM OC@ ) 01;#/ *" <I? $,)I"+# *" M@A@M@I>@N <M@ N@IO @SKGD>DOGT <I? PI
OC@ >JMM@NKJI?DIB @IOMD@N JA M@A;AM<H@;D?S <N AJGGJRN OC@ JOC@M @IOMD@N <M@ DIDOD<GDU@? C
OCDN KMJ>@NN

for (i =0; i <REFS_PER_FRAME+)

ref frame_idx [ i ] =-1
ref frame_idx [ LAST_FRAMELAST_FRAME= last_frame_idx
ref frame_idx [ GOLDEN_FRAMEAST_ FRAME= gold_frame_idx

| <MM<T PN@?#M<H@ H<MFDIB RCD>C M@A@M@I>@ AM<H@N C<Q@ =@@| PN@? DN KM@K<M@? <N AJGGJRN
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for (i =0; i <NUM_REF _FRAMES )
usedFrampi ] =0

usedFramg last_frame_idx ]

usedFramg gold frame_idx ]

1
1

Q<MD<=G@ >PM#M<H@%DIO DN N@O @LP<G 0OJ ,M?@M%DIO DON
| <MM<T NCDAO@?,M?@M%DION >JIO<DIDIB OC@ @SK@>0@? JPOKPO JM?@M NCDAO@? NP>C OC<O OC@ >PMM
>PM#M<H@%DIO DN KM@K<M@? <N AJGGJRN

for (i =0; i < NUM_REF_FRAMES )
shiftedOrderHints [ i ] = curFrameHint + get_relative_dist ( RefOrderHint[ i ], OrderHint )

1C@ Q<MD<=G@ G<NO,M?@M%DIO M@KM@N@IODIB OC@ @SK@>0@? JPOKPO JM?@M AJM ) 01;#/ ** DN N@O @L]
G<NO;AM<H@;D?S 9
&0 DN < M@LPDM@H@I0 JA =DONOM@<H >JIAJMH<I>@ OC<0 G<NO,M?@M%DIO DN NOMD>OGT G@NN OC<I| >PM#N

1C@ Q<MD<=G@ BJIG?,M?@M%DIO M@KM@N@IODIB OC@ @SK@>0@? JPOKPO JM?@M AIM $,)!"+:#/*' DN N@O @L
NCDAO@7?,M?@M%DION8 BJG?;AM<H@;D?S 9

&0 DN < M@LPDM@H@I0 JA =DONOM@<H >JIAJMH<I>@ OC<0O BJG?,M?@M%DIO DN NOMD>0OGT G@NN OC<I| >PM#M

1C@ )1/"#:# ** M@A@M@I>@ DN N@O 0J =@ < =<>FR<M? M@A@M@I>@ 0J OC@ AM<H@ RDOC CDBC@NO JPOKPO
ref = find_latest backward ()
if (ref >=0) {

ref frame_idx [ ALTREF_FRAMEAST_FRAME= ref
usedFramp ref 1 =1

}

RC@M@ ADI?;G<O@NO;=<>FR<M? DN ?@ADI@? <N
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find_latest_backward () {
ref =-1
for (i =0; i <NUM_REF_FRAMES ) {
hint = shiftedOrderHints [ i ]
if ( 'usedFrampi ] &&
hint >= curFrameHint &&
( ref <0 hint >= latestOrderHint ) ) {
ref =i
latestOrderHint = hint
}
}

return ref

1C@ 4/"## " M@A@M@I>@ DN N@O 0J =@ < =<>FR<M? M@A@M@I>@ OJ OC@ >GIN@NO AM<H@ <N AJGGJRN

ref = find_earliest_backward ()

if (ref >=0) {
ref_frame_idx [ BWDREF_FRAMEAST_FRAME= ref
usedFramg ref ] =1

}

RC@M@ ADI?;@<MGD@NO;=<>FR<M? DN ?@ADI@? <N

find_earliest_backward () {
ref =-1
for (i =0; i <NUM_REF_FRAMES ) {
hint = shiftedOrderHints [ i ]
if ( 'usedFrampi ] &&
hint >= curFrameHint &&
(ref <0 || hint < earliestOrderHint ) ) {
ref =i
earliestOrderHint = hint
}
}

return ref

1C@ )1/"# #1*" M@A@M@I>@ DN N@O OJ OC@ I@SO >GIN@NO =<>FR<M? M@A@M@I>@ <N AJGGJRN
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ref = find_earliest_backward ()

if (ref >=0) {
ref frame_idx [ ALTREF2_FRAMEAST FRAME= ref
usedFramp ref ] =1

}

1C@ M@H<DIDIB M@A@M@I>@N <M@ N@O 0J =@ AJIMR<M? M@A@M@I>@N DI <IOD >CMJIJGIBD><G JM?@M <N AJ

for (i =0; i <REFS_PER_FRAME i++) {
refFrame = Ref Frame_Lisf i ]
if ( ref_frame_idx [ refFrame - LAST_FRAME< 0) {
ref = find_latest forward ()
if (ref >=0) {
ref frame_idx [ refFrame - LAST_FRAME= ref
usedFramg ref ] =1

}
}
}

RCOM@ /@A#M<H@;)DNO DN NK@>DA@? <N

Ref Frame_ Lisf REFS PER_FRAME] = {
LAST2 FRAMEAST3 FRAMBWDREF FRAMETREF2 FRAME. TREF FRAME
}

<I? ADI?;G<O@NO;AJIMR<M? DN ?@ADI@? <N

find_latest_forward () {
ref =-1
for (i =0; i < NUM_REF_FRAMES ) {
hint = shiftedOrderHints [ i ]
if ( 'usedFrampi ] &&
hint < curFrameHint &&
( ref <0 hint >= latestOrderHint ) ) {
ref =i
latestOrderHint = hint
}
}

return ref

#DI<GGT <IT M@H<DIDIB M@A@M@I>@N <M@ N@O OJ OC@ M@A@M@I>@ AM<H@ RDOC NH<GG@NO JPOKPO JM
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ref =-1
for (i =0; i < NUM_REF_FRAMES ) {
hint = shiftedOrderHints [ i ]
if (ref <0 hint < earliestOrderHint ) {
ref =i
earliestOrderHint = hint

}
}
for (i =0; i <REFS_PER_FRAME+) {
if ( ref_frame_idx[ i ] <0) {
ref_frame_idx [ i ] = ref
}
}

Note: *PGODKG@ M@A@M@I>@ AM<H@N ><I NC<M@ OC@ N<H@ Q<GP@ AJM ,M?@M%DIO <I? ><M@ I@@?N OJ
><N@ >JINDNO@IOGT 1C@ M@A@M@I|>@ DHKG@H@IO<ODJI PN@N <l @LPDQ<G@I0 DHKG@H@IO<ODJI =<N@"
M@A@M@I>@ AM<H@N =<N@? JI OC@DM @SK@>0@? JPOKPO JM?@M RDOC OD@N =MIF@I| =<N@7? J| OC@ MC(

*JODJI AD@G? @NODH<ODJI KMJ>@NN
S@I@M<G

1CDN KMJ>@NN DN OMDBB@M@? =T < ><GG OJ HIODJ;AD@G?;@NODH<ODJI RCDG@ M@<7?DIB OC@ PI>JHKM@NN

GDI@<M KMJE@>0DJI HJ?@G DN @HKGJT@? OJ >M@<0@ < HJODJI AD@G? @NODH<ODJI OC<O DN <=G@ 0OJ ><KC
HJODJI OM<E@>0OJMD@N

1C@ HJODJI AD@G? DN @NODH<O@? =<N@? JI| OC@ N<Q@? HJODJI Q@>0JMN AMJH OC@ M@A@M@I>@ AM<H@N
?DNO<I>@N

N OC@ AM<H@ ?DNO<I>@N ?@K@I1? J OC@ AM<H@ =@DIB M@A@M@I>@? < N@K<M<O@ HJODJI AD@G? DN @NO
AM<H@ PN@? =T OC@ >PMM@I0 AM<H@

HJODJI Q@>0JM AIM @<>C M@A@M@I>@ AM<H@ OTK@ DN KM@K<M@? <O @<>C GJ><ODJI JI <I S GPH< N<HKG
1C@ Q<MD<=G@ R M@KM@N@I0ODIB OC@ RD?0C JA OC@ HJODJI AD@G? DI PIDON JA S GPH< N<HKG@N DN N@(
1C@ Q<MD<=G@ C M@KM@N@IODIB OC@ C@DBCO JA OC@ HJODJI AD@G? DI PIDON JA S GPH< N<HKG@N DN N

N OC@ GDlI@<M KMJE@>0DJI ><I >M@<0@ < AD@G? RDOC CJIG@N OC@ HJODJI AD@G?N <M@ DIDOD<GDU@? OJ
<N AJGGJRN
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for ( ref = LAST_FRAMEef <= ALTREF_FRAMEf ++)
for (y=0y<h8; y++)
for ( x =0; x <w§ x++)
for (j =0 ] <2 j++)
MotionFieldMvs[ ref [ yII x1l[ j ] =-1<<15
1C@ Q<MD<=G@ G<NO&?S M@KM@N@IODIB RCD>C M@A@M@I>@ AM<H@ DN PN@? AJM ) 01;#/*" DN N@O @LP<C

1C@ Q<MD<=G@ >PM$IG?,M?@M%DIO M@KM@N@IODIB OC@ @SK@>0@7? JPOKPO JM?@M AIM $)!"+;#/ *" JA OC@
@LP<G 0J ,M?@M%DIONS8 $,)!"+;#/ *" 9

1C@ Q<MD<=G@ G<NO GO,M?@M%DIO M@KM@N@IODIB OC@ @SK@>0@? JPOKPO JM?@M AJM )1/"#;#/ ** JA) O1;#
0J 0<Q@7?,M?@M%DION8 G<NO&?S 98 )1/"#;#/*" 9

1C@ Q<MD<=G@ PN@)<NO M@KM@N@IODIB RC@OC@M 0J KMIJE@>0 OC@ HJODJI Q@>0JMN AMJH ) 01;#/*" DN N
G<NO GO,M?@M%DIO >PM$JG?,M?@M%DIO

&A PN@)<NO DN @LP<G OJ OC@ KMJE@>QE3+-RQMIF@NN DIQIF@? RDOC NM> @LP<G OJ) 01;#/*" <I? ?NOODBI
@LP<G OJ 1C@ JPOKPO JA OCDN KMJ>@NN DN ?DN><M?@?

1C@ Q<MD<=G@ M@AOO<HK OC<O GDHDON CJR H<IT M@A@M@I>@ AM<H@N C<Q@ OJ =@ KMIJE@>0@? DN N@C

1C@ Q<MD<=G@ PN@ R? DN N@O @LP<G OJB@O;M@G<ODQ@;?DNO ,M?@M%DIONS8 4!/"#:#/*'9 M?@M%DIO
&APN@ R? DN @LP<G OJ OC@ AJGGJRDIB NO@KN <KKGT

X 1C@ KMJE@>0ODJI KMIN@NODII DN DIQJF@? RDOC NM> @LP<G OJ 4!/"#;#/ *" <I? ?NOODBI @LP<G OJ
<|? OC@ JPOKPO <NNDBI@? OJ KMJE,POKPO

X &A KMJE,POKPO DN @LP<G OJ M@AOO<HK DN N@O @LP<G OJ M@AOO<HK
1C@ Q<MD<=G@ PN@ GO DN N@O @LP<G OJ B@O;M@G<ODQ@;?DNO ,M?@M%DIONS8 )1/"# ;#/*"9 ,M?@M%DIO
&APN@ GO DN @LP<G OJ OC@ AJGGJRDIB NO@KN <KKGT

X 1C@ KMJE@>0DJI KMIN@NODJII DN DIQJF@? RDOC NM> @LP<G OJ )1/"# ;#/*" <I? ?NOODBI @LP<G OJ
<|? OC@ JPOKPO <NNDBI@? OJ KMJE,POKPO

X &A KMJE,POKPO DN @LP<G OJ M@AOO<HK DN N@O @LP<G OJ M@AOO<HK
1C@ Q<MD<=G@ PN@ GO DN N@O @LP<G OJ B@O;M@G<ODQ@;?DNO ,M?@M%DIONS8 )1/"#;#/ *'9 ,M?@M%DIO
&APN@ GO DN @LP<G OJ <I? M@AOO<HK OC@ AJGGJRDIB NO@KN <KKGT

X 1C@ KMJE@>O0ODJI KMIN@NODII DN DIQJF@? RDOC NM> @LP<G OJ )1/"#:#/ *" <I? ?NOODBI @LP<G OJ
<|? OC@ JPOKPO <NNDBI@? OJ KMJE,POKPO
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X &A KMJE,POKPO DN @LP<G OJ M@AOO<HK DN N@O @LP<G OJ M@AOO<HK

&A M@AOO<HK OC@ KMIE@>ODJI KM@>@DIN DIDN DIQJF@? RDOC NM> @LP<G OJ) 01 ;#/ *" <I? ?NOODBI @LP<C
0J 1C@ JPOKPO JA OCDN KMJ>@NN DN ?DN><M?@7?

-MIE@>0ODJI KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ NM> NK@>DATDIB RCD>C M@A@M@I>@ AM<H@_ N HJODJI Q@>0JMN NCJIPG? =@ KMJE@>0(
X <Q<MD<=G@ ?NOODBI NK@>DATDIB < |@B<ODJI HPGODKGD@M AJM OC@ HJODJI Q@>0JM ?DM@>0ODJI
1C@ KMJ>@NN KMJE@>ON OC@ HJODJI Q@>0JMN AMJH < RCJIG@ M@A@M@I>@ AM<H@ <I? NOIM@N OC@ M@NP

1C@ KMJ>@NN JPOKPON < NDIBG@ =JJG@<I| Q<GP@ M@KM@N@IODIB RC@OC@M OC@ NIPM>@ AM<H@ R<N Q<G
JPOKPO DN U@MJ 13 HI?DAD><0ODJI DN H<?@ 0OJ *JODJI#D@G?*QN

1C@ Q<MD<=G@ NM>&?S M@KM@N@IODIB RCD>C M@A@M@I>@ AM<H@ DN PN@? DN N@O @LP<G OJ M@A;AM<]
1C@ Q<MD<=G@ R M@KM@N@IODIB OC@ RD?0C JA OC@ HJODJI AD@G? DI PIDON JA S GPH< N<HKG@N DN N@(¢
1C@ Q<MD<=G@ C M@KM@N@IODIB OC@ C@DBCO JA OC@ HJODJI AD@G? DI PIDON JA S GPH< N<HKG@N DN N¢

&A /@A*D/JRN8 NM>&?S 9 DN 1JO @LP<G OJ *D/IJRN /@A*D JGN8 NM>&?S 9 DN 1J0 @LP<G OJ *D JGN JM /@A#M<H@1"
@LP<G 0J &+1/;,+)6;#/ *" IM ("6;#/ ** OC@ KMI>@NN @SDON <O OCDN KJDIO RDOC OC@ JPOKPO N@O @LP<G OJ

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN
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for (y8 =0; y8 < h8, y8++) {
for ( x8 =0; x8 <w8 x8++) {
row=2%*y8 +1
col =2* x8 +1
srcRef = SavedRefFramgssrcldx ][ row ][ col ]
if ( srcRef > INTRA_FRANE{
refToCur = get relative_dist ( OrderHints[ src ], OrderHint )
refOffset = get relative_dist ( OrderHints[ src ], SavedOrderHintd srcldx ][ srcRef ] )
posValid = Abq refToCur ) <= MAX_FRAME_DISTAMNCE
Abq refOffset ) <= MAX_FRAME_DISTANCE
refOffset >0
if ( posVvalid ) {
mv = SavedMys srcldx ][ row ][ col ]
projMv = get_mv_projection ( my refToCur * dstSign, refOffset )
posValid = get block position ( x8, y8, dstSign, projMv )
if ( posvalid ) {
for ( dst = LAST_FRAMHEst <= ALTREF_FRAMISt++) {
refToDst = get relative_dist ( OrderHint, OrderHints[ dst ] )
projMv = get_mv_projection ( my refToDst, refOffset )
MotionFieldMvs[ dst ]| PosY8][ PosX8] = projMv

4C@I| OC@ API>0ODJI B@O;HQ;KMIE@>0DJI DN ><GG@? OC@ B@O HQ KMJIE@>NQ3ERI>@DN NREFHDAR@ DD
JPOKPO <NNDBI@? OJ KMJE*Q

4C@!1 OC@ API>0ODJI B@0O;=GJ>F;KINDODJI DN ><GG@7? OC@ B@O =GJ>F KINDOIBHNI+ @ NN NHEIH@NDE?OT @
JPOKPO <NNDBI@? OJ KIN3<GD? 1CDN KMJ>@NN <GNJ N@ON PK OC@ Q<MD<=G@N -IN6 <I? -JN5 M@KM@N@IOD
GJ><ODJI DI OC@ HJODJI AD@G?
1C@ KMJ>@NN IJR @SDON RDOC OC@ JPOKPO N@O @LP<G OJ
$@0 *3 KMJE@>0DJI KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <G@IBOC <MM<T HQ NK@>DATDIB < HJODJI Q@>0JM

X < Q<MD<=G@ IPH@M<OJM NK@>DATDIB OC@ IPH=@M JA AM<H@N OJ =@ >JQ@M@7? =T OC@ KMJE@>0@"?

X < Q<MD<=G@ ?@IJHDI<OIJM NK@>DATDIB OC@ IPH=@M JA AM<H@N >JQ@M@? =T OC@ JMDBDI<G HJODJI

1C@ JPOKPON JA OCDN KMJ>@NN <M@

X <G@IBOC <MM<T KMJE*Q >JIO<DIDIB OC@ KMJE@>0@? HJODJI Q@>0JM
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1CDN KMJ>@NN NO<MON RDOC < HJODJI Q@>0JM HQ AMJH < KM@QDJPN AM<H@ 1CDN HJODJI Q@>0JM BDQ@N C
RC@I HIQDIB < >@MO<DI IPH=@M JA AM<H@N BDQ@I| =T OC@ Q<MD<=G@ ?@IJHDI<OJM &l IM?@M OJ PN@ OC@ }
KM@7?D>0DJIN PNDIB < ?2DAA@M@I0 M@A@M@I>@ AM<H@ OC@ G@IBOC JA OC@ HJODJI Q@>0IM HPNO =@ N><C

1C@ Q<MD<=G@ >GDKK@?!'@IJHDI<OJM DN N@O @LP<G OJ *DI *5;#/*";1&01 + " ?@IIJHDI<OIM
1C@ Q<MD<=G@ >GDKK@?+PH@M<OJM DN N@O @LP<G OJ GDK *5;#/ *";1&01 +" *5;#/*";1&01 + " IPH@M<OJM
1C@ KMIE@>0@? HIJODJI Q@>0JM DN NK@>DAD@? <N AJGGJRN

for (i =0; 1 <2 i++) {

scaled = Round2Signel my i ] * clippedNumerator * Div_Mult[ clippedDenominator ], 14)
projiMv[ i ] =Clip3( -(1<<14) + 1, (1<<14 - 1, scaled )

RC@M@ !'DQ;*PGO DN < >JINO<IO GJIFPK O<=G@ NK@>DAD@7? <N

Div_Mult[32] ={
0, 16384 8192 5461, 4096 3276 273Q 234Q 2048 1820 1638
1489 1365 126Q 117Q 1092 1024 963 910, 862 819 780
744, 712, 682 655 630, 606 585 564, 546 528

}

$@0O =GJI>F KINDODJI KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X Q<MD<=G@N S <I? T NK@>DATDIB < GJ><ODJI DI PIDON JA S GPH< N<HKG@N
X <Q<MD<=G@ ?NOODBI NK@>DATDIB < |@B<ODJI HPGODKGD@M AJM OC@ HJODJI Q@>0JM ?DM@>0ODJI
X <G@IBOC <MM<T KMJE*Q NK@>DATDIB < KMIJE@>0@? HIJODJI Q@>0JM

1C@ KMJ>@NN B@I@M<O@N BGJ=<G Q<MD<=G@N -JN5 <I? -JN6 M@KM@N@IODIB OC@ KMJE@>0@? GJ><ODJI DI
N<HKG@N

1C@ KMJ>@NN M@OPMIN < AG<B KIN3<GD? OC<O DI?D><O@N DA OC@ KINDODJI NCIPG? =@ PN@?

Note: KIN3<GD? DN NK@>DAD@? NP>C OC<O JIGT =GJ>FN RDOCDI < >@MO<DI ?DNO<I>@ JA OC@ >PMM@I0 GJ>
KMIE@>0@?

1C@ Q<MD<=G@ KJIN3<GD? DN N@O @LP<G OJ

1C@ Q<MD<=G@ -JN6 DN N@O @LP<G OJ KMIJE@>0T KMJE*Q8 9 ?NOODBI *D/JRN  *5;##0"1;%"&$%1
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1C@ Q<MD<=G@ -JN5 DN N@O @LP<G OJ KMJE@>0 S KMJE*Q8 9 ?NOODBI *D JGN  *5;##0"1;4&!1%

RC@M@ OC@ API>0ODJI KMJE@>0O DN NK@>DAD@? <N AJGGJRN

project ( v8, delta, dstSign, max8 maxOff8) {
base8 = (v8 >>3) << 3
if (delta >=0) {
offset8 = delta >>( 3 + 1 + MI_SIZE LOGp
} else {
offset8 = -( ( -delta ) >>( 3 +1 + MI_SIZE_LOGY )

}
v8 += dstSign * offset8

if (v8<0]
v8 >= max8||
v8 < base8 - maxOff8 ||
v8 >= base8 + 8 + maxOff8) {
posValid = 0
}

return v8

1C@ KMJE@>0 API>0ODJI >G@<MN KJIN3<GD? DA OC@ M@NPGODIB KINDODJI DN JAAN@O 0JJ A<M

*JODJI Q@>0JM KM@?D>0ODJI KMJI>@NN@N
S@QI@M<G

1C@ AJGGJRDIB N@>0ODJIN ?@ADI@ OC@ KMJ>@NN@N PN@? AJIM KM@?D>0DIB OC@ HJODJI Q@>0OJMN

1C@ @IOMT KJDIO OJ OC@N@ KMJ>@NN@N DN OMDBB@M@? =T OC@ API>0DJI ><GG OJ ADI?;HQ;NO<>F DI OC@ D
?@N>MD=@®@*+ODJI 1CDN API>0ODJI ><GG DIQJF@N OC@ #DI? *3 00<>F -MJ>@NN@K@*XIDAD@? DI

#DI1? *3 NO<>F KMJ>@NN
1CDN KMJ>@NN DN OMDBB@M@? =T < API>0ODJI ><GG 0J ADI?;HQ;NO<>F
1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<C
1CDN KMJ>@NN >JINOMP>ON <I <MM<T /@A00<>F*Q >JIO<DIDIB HJODJI Q@>0JM ><I?D?<O@N
1C@ KMJ>@NN <GNJ KM@K<M@N OC@ Q<GP@ JA OC@ >JIO@SON PN@? RC@I ?@>J?DIB DIO@M KM@?D>0DJI NTI

1C@ <MM<T /@A00<>F*Q RDGG =@ >JINOMP>0@? ?PMDIB OCDN KMJ>@NN /@A00<>F*Q8 D?S 98 GDNO 98 >JHK 9 M
>JHK AJMTIM AIM S JA <HJODJI Q@>0JM AIM < K<MOD>PG<M GDNO JM <O KINDODJID?S 0J*5;/"#;*3;01 (;C
DI OC@ NO<>F +J DIDOD<GDU<ODJI DN |@@?@7? =@><PN@ @<>C @IOMT DN <GR<TN RMDOO@| =@AIJM@ DO ><] :

1C@ Q<MD<=G@ =R NK@>DATDIB OC@ RD?0OC JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; GJ

Section: Decoding process Page 217 of 669



AV1 Bitstream & Decoding Process Specification

1C@ Q<MD<=G@ =C NK@>DATDIB OC@ C@DBCO JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; (
1C@ AJGGJRDIB IM?@M@7? NO@KN <KKGT

1C@ Q<MD<=G@ +PH*Q#JPI? M@KM@N@IODIB OC@ IPH=@M JA HJODJI Q@>0JM ><I?D?<O@N DI /@A00<>F

1C@ Q<MD<=G@ +@R*Q JPIO M@KM@N@IODIB OC@ IPH=@M JA ><I?D?<O@N AJPI? OC<O PN@? +"4*3 @I>J
@LP<G OJ

1C@ N@OPK BGJ=<G HQ KMJ>@NN NK@>0RI}@? DIDN DIQIJF@? RDOC OC@ DIKPO <I? OC@ JPOKPO DN <N
0J $GJ=<G*QN8 9

&A DN JHKJPI? DN @LP<G OJ OC@ N@OPK BGJ=<G HQ KMJ>@@&NDE®>DADADIQJF@? RDOC OC@ DIKPO
<|? OC@ JPOKPO DN <NNDBI@? OJ $GJ=<G*QN8 9

1C@ Q<MD<=G@ #JPI?*<O>C DN N@O @LP<G OJ

1C@ N><I MIR KMJ>@NNBDIODJI DN DIQJF@? RDOC ?@GO</JR @LP<G OJ <I? DN JHKJPI? <N DIKPON
1C@ Q<MD<=G@ AJPI? =JQ@*<O>C DN N@O @LP<G OJ #JPI?*<0O>C <I|? #JPI?*<0O>C DN N@O @LP<G 0OJ
1C@ N><| >JG KMJ>@NIDDDJI DN DIQJF@? RDOC ?@G0O< JG @LP<G OJ <I? DN JHKJPI? <N DIKPON
1C@ Q<MD<=G@ AJPI?)@AO0*<0O>C DN N@O @LP<G OJ #JPI?*<O>C <I? #JPI1?*<O>C DN N@O @LP<G OJ

&A*<S =R =C DN G@NN OC<IJIJM @LP<G 0OJ OC@ N><| KIDIONKMIDI@NN DI DN DIQJF@? RDOC ?@GO</JR
@LP<G0OJ ?@GO<JG @LP<G OJ=R <I? DN JHKJPI? <N DIKPON

&A #JPI1?*<O>C DN @LP<G OJ OC@ Q<MD<=G@ AJPI? =JQ@*<O>C DN N@O @LP<G OJ

1C@ Q<MD<=G@ GIN@*<O>C@N M@KM@N@IODIB ><|?D?<O@N AJPI? DI OC@ DHH@?D<0@ |@DBC=JMCJ
AJPI? =JQ@*<0O>C AJPI?)@AO0*<0O>C

1C@ Q<MD<=G@ IPH+@<M@NO M@KM@N@IODIB OC@ IPH=@M JA HJODJI Q@>0JMN AJPI? DI OC@ DHH@"
N@O @LP<G 0OJ +PH*Q#JPI?

1C@ Q<MD<=G@ IPH+@R M@KM@N@IODIB OC@ IPH=@M JA ODH@N < +"4*3 ><|?D?<0@ R<N AJPI? DI OC@
I@DBC=JMCJJ? DN N@O @LP<G 0J +@R*Q JPIO

&A IPH+@<M@NO DN BM@<O@M OC<l 4@DBCO00<>F8 D?S 9 DN DI>M@H@IO@? =T /"#; 1;)"3") AJM D?S
IPH+@<M@NO

1C@ Q<MD<=G@ 7@MJ*Q JIO@SO DN N@O @LP<G 0OJ

&A PN@;M@A;AM<H@;HQN DN @LP<G OJ OC@ O@HKIM{ENDBIMI>@BIN DIQJF@? RDOC DN JHKJPI?
<N DIKPO OC@ O@HKJIM<G N><| KMJ>@NN <AA@>0ON 7@MJ*Q JIO@SO
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1C@ N><| KIDIO KMJ>@N®&BODJI DN DIQJF@? RDOC ?@GO</JR @LP<G 0OJ ?@GO0<JG @LP<G0OJ <I~
DN JHKJPI? <N DIKPON

&A #JPI1?*<O>C DN @LP<G OJ OC®@ Q<MD<=G@ AJPI? =JQ@*<O>C DN N@O @LP<G OJ

1C@ Q<MD<=G@ #JPI?*<O>C DN N@O @LP<G 0OJ

1C@ N><I MIR KMJ>@NNEDAODJI DN DIQJF@? RDOC ?@GO</JR @LP<G OJ <I? DN JHKJPI? <N DIKPON
&A #JP1?*<O>C DN @LP<G OJ OC@ Q<MD<=G@ AJPI? =JQ@*<O>C DN N@O @LP<G OJ

1C@ Q<MD<=G@ #JPI?*<O>C DN N@O @LP<G 0OJ

1C@ N><| >JG KMJ>@NDDDJI DN DIQJF@? RDOC ?@G0O< JG @LP<G OJ <I? DN JHKJPI? <N DIKPON
&A #JPI1?*<0O>C DN @LP<G OJ OC@ Q<MD<=G@ AJPI?)@AO0*<0O>C DN N@O @LP<G 0OJ

1C@ Q<MD<=G@ #JPI?*<O>C DN N@O @LP<G OJ

&A =C DN BM@<O@M OC<l OC@ N><| MIRKMIS@INN DI DN DIQJF@? RDOC ?@GO</JR @LP<G OJ <I?
DN JHKJPI? <N DIKPON

&A #JPI1?*<O>C DN @LP<G OJ OC®@ Q<MD<=G@ AJPI? =JQ@*<O>C DN N@O @LP<G OJ
1C@ Q<MD<=G@ #JPI?*<O>C DN N@O @LP<G OJ

&A =R DN BM@<O@M OC<l OC@ N><|>JG\KMIS@NN DI DN DIQIF@? RDOC ?@G0< JG @LP<G OJ <I?
DN JHKJPI? <N DIKPON

&A #JPI1?*<0O>C DN @LP<G OJ OC@ Q<MD<=G@ AJPI?)@AO0*<0O>C DN N@O @LP<G OJ

1C@ Q<MD<=G@ 1JO<G*<O>C@N M@KM@N@IODIB <GG AJPI? ><I?D?<O@N DN N@O @LP<G OJ AJPI? =JQ(
AJPI?)@AO*<0O>C

1C@ NJMODIB KMJ>@@&ENODJI DN DIQJF@? RDOC NO<MO @LP<G OJ @I? @LP<G OJ IPH+@<M@NO <
DN JHKJPI? <N DIKPO

1C@ NJMODIB KMJ>@@&ENODJI DN DIQJF@? RDOC NO<MO @LP<G 0OJ IPH+@<M@NO @I? @LP<G OJ +Pl
<I? DN JHKJPI? <N DIKPO

&A +PH*Q#JP1? DN G@NN OC<l OC@ @SOM< N@<MN@kMDI@NN DIDN DIQJF@? RDOC DN JHKJPI? <N
DIKPO

1C@ >JIO@SO <I? >G<HKDIB KMJIN@NXDDDI DN DIQJF@? RDOC DN JHKJPI? <I? IPH+@R <N DIKPO

0@OPK BGJ=<G *3 KMJ>@NN
1C@ DIKPO 0OJ OCDN KMJ>@NN DN < Q<MD<=G@ M@A)DNO NK@>DATDIB RCD>C N@O JA HIODJI Q@>0JMN 0J KME

1C@ JPOKPO DN < HJODJI Q@>0JM HQ M@KM@N@IODIB BGJ=<G HJODJI AJM OCDN =GJ>F
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1C@ Q<MD<=G@ M@A NK@>DATDIB OC@ M@A@M@I>@ AM<H@ DN N@O @LP<G OJ /@A#M<H@8 M@A)DNO 9

&A M@A DN 1JO @LP<G OJ &+1/ ;#/ ** OC@ Q<MD<=G@ OTK NK@>DATDIB OC@ OTK@ JA BGJ=<G HJODJI DN N@O @
1C@ Q<MD<=G@ =R M@KM@N@IODIB OC@ RD?0C JA OC@ =GJ>F DI PIDON JA GPH< N<HKG@N DN N@O @LP<G O.
1C@ Q<MD<=G@ =C M@KM@N@IODIB OC@ C@DBCO JA OC@ =GJ>F DI PIDON JA GPH< N<HKG@N DN N@O @LP<G

1C@ JPOKPO HJODJI Q@>0JM HQ DN NK@>DAD@? =T KMJE@>ODIB OC@ >@IOM<G GPH< N<HKG@ JA OC@ =GJ>F <

if ( ref == INTRA_FRAME typ == IDENTITY) {
my0] =0
my1l] =0

} else if ( typ == TRANSLATION{
my 0] = gm_paranisef ][ 0] >> (WARPEDMODEL_PREC B)TS
my 1] = gm_paranisef ][ 1] >> (WARPEDMODEL_PREC B)TS
} else {
X = MiCol * MI_SIZE+ bw/ 2 - 1
y = MiRow* MI_SIZE+ bh/ 2 - 1
xc = (gm_paranisef ][ 2] - (1 << WARPEDMODEL_PRE)_BIKS+
gm_paranjsef ][ 3] * y +
gm_paranisef ][ 0]
yc = gm_paramsef ][ 4 * x +
(gm_paranjsef ][ 5] - (1 << WARPEDMODEL_PREJ} BITS+
gm_paranjsef ][ 1]
if ( allow_high_precision_mv ) {
my 0] = Round2Signeflyc, WARPEDMODEL_PREC_B)TS
my 1] = Round2Signefixc, WARPEDMODEL_ PREC B)TS
} else {
my 0] = Round2Signefyc, WARPEDMODEL_PREC_B)TS 2
my 1] = Round2Signe¢ixc, WARPEDMODEL_PREC_B)TS 2

}
}

lower_mv_precision( mv)

RC@M@ OC@ ><GG 0J GIR@M;HQ;KM@>DNDJI DIQIF@N OC@ GJR@M KM@%@NDIKMI>@NN NK@>DAD@? DI

0><I MJR KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@

X <Q<MD<=G@ ?@GO</JR NK@>DATDIB DI PIDON JA S GPH< N<HKG@N CJR A<M <=JQ@ OJ GJJF AJM HJODJ
X <Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
1C@ Q<MD<=G@ =R NK@>DATDIB OC@ RD?0OC JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; GJ

1C@ Q<MD<=G@ @I|? NK@>DATDIB OC@ G<NO =GJ>F OJ =@ N><Ill@? DI CJIMDUJIO<G S GPH< N<HKG@N DN N@O ¢
*DJIGN *DJG
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Note: @I1? GDHDON OC@ IPH=@M JA GJ><ODJIN OJ =@ N@<M>C@? AJM G<MB@ =GJ>FN 1C@M@ DN < NDHDG<N\
N><| KIDIO KMJ>@NN AJM OC@ OJK MDBCO GJ><ODJI DN 1JO DIQJF@? AJM G<MB@ =GJ>FN #JM @S<HKG@ AJIM

><|?D?<O@N AMJH OC@ MJR <=JQ@ RDGG =@ @S<HDI@? <O S JAAN@ON JA 1C@ GJ><ODJIN
<M@ N><Ii@? DI OCDN KMJ>@NN RCDG@ OC@ <I? <M@ N><Il@? =T OC@ N><| KIDIO KMJ>@NN %JR@Q@M .
JM =T =GJ>F ><I?D?<O@N AMJH OC@ MJR <=JQ@ RDGG JIGT =@ @S<HDI@? <O S JAAN@ON JA =@>

OC@ N><I KIDIO KMJ>@NN AJM OC@ OJK MDBCO GJ><ODJI DN 1JO DIQJF@?

1C@ Q<MD<=G@ ?@GO< JG DN N@O @LP<G 0OJ

1C@ Q<MD<=G@ PN@OO@K DN N@O @LP<G 0OJ =R

Note: PN@OO@K DN @LP<G OJ RC@IOC@ =GJ>F DN GPH<N<HKG@N RD?@ JM RD?@M 1CDN H@<IN JIGT G
=@ N@<M>C@? DI OCDN ><N@ %JR@Q@M < GPH<N<HKG@N RD?@ =GJ>F H<T NODGG N@<M>C GJ><ODJIN

&A =N ?@GO</JR DN BM@<O@M OC<I OC@ JAAN@O DN <?EPNO@? <N AJGGJRN

deltaRow += MiRow& 1
deltaCol =1 - (MiCol & 1)

Note: 1C@N@ <?EPNOH@ION M@7?P>@ OC@ IPH=@M JA HIODJI Q@>0JMN OC<0O I@@? OJ =@ F@KO DI HQHIMT

N@MD@N JA HJIODJI Q@>0JM GJ><ODJIN DN N><ll@? <N AJGGJRN

i =0
while (i <end4) {
mvRow MiRow+ deltaRow
mvCol = MiCol + deltaCol + i
if ( !is_inside (mvRownvCo) )
break
len = Min(bw4 Num_4x4 Blocks_ WifleMiSizes| mvRow[ mvCol] ])
if ( AbqdeltaRow) > 1)
len = Max2, len)
if ( useStepl6)
len = Max4, len)
weight =len * 2
add_ref_mv_candidate(l mvRow mvCo] isCompound weight)
i +=len

RC@OM@ OC@ ><GG 0J <??;M@A;HQ;><I?D?<0@ DIQIF@N@E@PKMJI>@NN DI
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0><1>JG KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ ?@G0O< JG NK@>DATDIB DI PIDONJA S GPH<N<HKG@N CJR A<M G@AO 0OJ GJJF AJM HJODJ
X <Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
1C@ Q<MD<=G@ =C NK@>DATDIB OC@ C@DBCO JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; (

1C@ Q<MD<=G@ @I? NK@>DATDIB OC@ G<NO =GJ>F OJ =@ N><lI@? DI Q@MOD><G S GPH<N<HKG@N DN N@O @
*D/IRN *D/JR

1C@ Q<MD<=G@ ?@GO</JR DN N@O @LP<G OJ
1C@ Q<MD<=G@ PN@OO@K DN N@O @LP<G 0OJ =C

&A =N ?@G0O< JG DN BM@<O@M OC<l OC@ JAAN@O DN <?EPNO@? <N AJGGJRN

deltaRow = 1 - (MiRow& 1)
deltaCol += MiCol & 1

N@MD@N JA HIODJI Q@>0JM GJ><ODJIN DN N><Ill@? <N AJGGJRN

i =0
while (i <end4) {
mvRow= MiRow+ deltaRow + i
mvCol= MiCol + deltaCol
if ( lis_inside (mvRownvCo) )
break
len = Min(bh4, Num_4x4_Blocks_HighMiSizes| mvRovw[ mvCol] ])
if ( AbgqdeltaCol) > 1)
len = Max2, len)
if ( useStepl6)
len = Max4, len)
weight =len * 2
add_ref_mv_candidate(l mvRow mvCo] isCompound weight )
i +=len

RC@M@ OC@ ><GG 0J <??;M@A;HQ;><I?D?<0O@ DIQIF@N@E@PKMJI>@NN DI

0><I KIDIO KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ ?@GO</JR NK@>DATDIB DI PIDONJA S GPH< N<HKG@N CJR A<M <=JQ@ OJ GJJF AJM < HJOL
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X < Q<MD<=G@ ?@GO< JG NK@>DATDIB DI PIDONJA S GPH< N<HKG@N CJR A<M G@AO 0J GJJF AJM <HJOL
X < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
1C@ Q<MD<=G@ HQ/JR DN N@O @LP<G OJ*D/JR ?@GO</JR
1C@ Q<MD<=G@ HQ JG DN N@O @LP<G OJ*D JG ?@GO<JG
1C@ Q<MD<=G@ R@DBCO DN N@O @LP<G 0J

&A DN;DIND?@ HQ/JR HQJG DN @LP<G OJ <I? /@A#M<H@N8 HQ/JR 98 HQ JG 98 9 C<N =@@!| RMDOO@| AJM OCDI
>C@>FN OC<O OC@ ><I?D?<0@ GJ><ODJIC<N =@@I| ?@>J?@7? OC@ <?? MOA@M@|>@IEmMNIQ@>AINI KMI>@NN
DIQJF@? RDOC HQ/JR HQ JG DN JHKJPI? R@DBCO <N DIKPON

1@HKIM<G N><| KMJ>@NN
1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM OJ NDBI<C

1CDN KMJ>@NN N><IN OC@ HJODJI Q@>0JMN DI < KM@QDJPN AM<H@ GJJFDIB AJM ><I?D?<O@N RCD>C PN@ OC@
1C@ Q<MD<=G@ =R NK@>DATDIB OC@ RD?0C JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ+PH; S ; GJ
1C@ Q<MD<=G@ =C NK@>DATDIB OC@ C@DBCO JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; (
1C@ Q<MD<=G@ NO@K4 DN N@O @LP<G OJ =R
1C@ Q<MD<=G@ NO@K% DN N@O @LP<G OJ =C

1C@ KMJ>@NN N><IN OC@ GJ><ODJIN RDOCDI OC@ =GJ>F <N AJGGJRN

for ( deltaRow = 0; deltaRow < Min( bh4, 16 ) ; deltaRow += stepH4 ) {
for ( deltaCol = 0; deltaCol < Min( bw4 16 ) ; deltaCol += stepW4) {
add_tpl_ref mv( deltaRow, deltaCol, isCompouny

}

RC@M@ OC@ ><GG 0J <??;0KG;M@A;HQ DIQIF@N OC@ O@HKINMBIBBIKG@ KMJI>@NN DI

1C@ KMJ>@NN OC@I N><IN KINDODJIN <MJPI? OC@ =GJ>F =PO NODGG RDOCDI OC@ N<H@ NPK@M=GJ>F <N AJG(
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allowExtension = (( bh4 >= Num_4x4_Blocks_HigiBLOCK_8K8 &&
(bh4 < Num_4x4_Blocks_HigiBLOCK_64Xp4 &&
(bw4 >= Num_4x4 Blocks WIifIBLOCK_8K8 &&
(bw4 < Num_4x4_Blocks_WIifIBLOCK_64Xp¢
if ( allowExtension ) {
for (i =01 <3; i++) {
deltaRow = tplSamplePoq i ][ 0]
deltaCol = tplSamplePoq i ][ 1]
if ( check sb_border deltaRow, deltaCol ) ) {
add_tpl_ref mv( deltaRow, deltaCol, isCompouny

}

RC@M@ OKGO<HKG@-JN >JIO<DIN OC@ JAAN@ON OJ N@<M>C DI PIDON JA S GPH< N<HKG@N <I? DN NK@>DADG@

tplISamplePoq 3][ 2] ={
{ bh4, -2}, { bh4 bw4}, { bhd- 2, bwa}
}

<|? >C@>F;N=;=IJM?@M >C@>FN OC<O OC@ KJNDODJI DN RDOCDI OC@ N<H@ S =GJ>F <N AJGGJRN

check_sb_borde deltaRow, deltaCol ) {
row = (MiRow& 15) + deltaRow
col = (MiCol & 15) + deltaCol

return ( row >= 0 &&row < 16 &&col >=0 &&col < 16)

1@HKIM<G N<HKG@ KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N ?@GO</JR <I? ?2@G0O< JG NK@>DATDIB DI PIDON JA S GPH< N<HKG@N OC@ JAAN@O OJ OC(
X < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
1CDN KMJ>@NN GJJFN PK < HJODJI Q@>0JM AMJH OC@ HJODJI AD@G? <I? <??N DO DIOJ OC@ NO<>F
1C@ Q<MD<=G@ HQ/JR DN N@O @LP<G 0J *D/JR ?@GO</JR V
1C@ Q<MD<=G@ HQ JG DN N@O @LP<G OJ *D JG ?@GO<JG V
&A DN;DIND?@ HQ/JR HQ JG DN @LP<G OJ OCDN KMJ>@NN O@MHDI<O@N DHH@?D<O@GT

1C@ Q<MD<=G@ S DN N@O @LP<G OJ HQ JG
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1C@ Q<MD<=G@ T DN N@O @LP<G OJ HQ/JR
S <I?T M@KM@N@IO OC@ KIJNDODJI JA OC@ ><I?D?<O@ DI PIDON JA S GPH< N<HKG@N

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN
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if ( deltaRow == 0 &&deltaCol ==0) {
ZeroMvContext= 1
}
if ( !isCompound) {
candMv= MotionFieldMvs[ RefFram¢ O] ][ y8 ][ x8]
if (candMff 0] ==-1<<15)
return
lower_mv_precision ( candMv)
if ( deltaRow == 0 &&deltaCol ==0) {
if ( Abg candM{ 0] - GlobalMvd O] 0] ) >=16 ||
Abg candMff 1] - GlobalMvd O] 1] ) >=16)
ZeroMvContext= 1
else
ZeroMvContext= 0
}
for (idx =0; idx < NumMvFounddx ++) {
if ( candM{ 0] == RefStackMy idx ]| O] 0] &&
candM{f 1 ] == RefStackMy idx J[ O][ 1] )
break
}
if ( idx < NumMvFound {
WeightStacl{ idx ] +=2
} else if ( NumMvFound MAX_REF_MV_STACK)SIZE
RefStackM§ NumMvFourlfi 0] = candMv
WeightStackk NumMvFourid = 2
NumMvFoung= 1

}
} else {
candMvO= MotionFieldMvs[ RefFramé O] ][ y8 1 x8]
if (candMvD 0] ==-1<<15)
return
candMvl= MotionFieldMvs[ RefFramé 1] ][ y8 1 x8]
if (candMvL 0] ==-1<<15)
return
lower_mv_precision ( candMvO0)
lower_mv_precision ( candMvl)
if ( deltaRow == 0 &&deltaCol ==0) {
if ( Abg candMvD O] - GlobalMvd O] 0] ) >=16 ||
Abq candMvD 1] - GlobalMvd O] 1] ) >=16 ||
Abq candMvlL 0] - GlobalMvd 1] 0] ) >=16 ||
Abg candMvlL 1] - GlobalMvd 1] 1] ) >=16)

ZeroMvContext= 1
else
ZeroMvContext= 0
}
for ( idx =0; idx < NumMvFounddx ++) {
if ( candMvp 0] == RefStackMy idx [ O] 0] &&
candMvD 1] ==RefStackMy idx J O] 1] &&
candMvlL 0 ] == RefStackMy idx J 1] 0] &&
candMvl 1] == RefStackMy idx J[ 1] 1] )
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break

}
if ( idx < NumMvFound {

WeightStack idx ] +=2

} else if ( NumMvFound MAX_REF_MV_STACK)SKZE
RefStackMy NumMvFourli 0] = candMvO
RefStackMy NumMvFourjfi 1 ] = candMvl
WeightStackk NumMvFourid = 2
NumMvFoung= 1

RC@M@ OC@ ><GG 0J GIR@M;HQ;KM@>DNDJI DIQJIF@N OC@ GJR@M KM@%@NDIDHKMI>@NN NK@>DAD@? DI

?? MOA@M@I>@ HIODJI Q@>0JM KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X Q<MD<=G@N HQ/JR <I? HQ JG NK@>DATDIB DI PIDON JA S GPH< N<HKG@N OC@ ><I?D?<O0@ GJ><ODJI
X < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
X <Q<MD<=G@ R@DBCO NK@>DATDIB OC@ R@DBCO <O0<>C@? OJ OCDN HJODJI Q@>0JM

1CDN KMJ>@NN @S<HDI@N OC@ ><I?D?<O0@ OJ ADI? H<O>CDIB M@A@M@I>@ AM<H@N

&A &N&IO@MN8 HQ/JR 98 HQ JG 9 DN @LP<G OJ OCDN KMJ>@NN O@MHDI<O@N DHH@?D<O@GT

&A DN JHKJPI? DN @LP<G OJ OC@ AJGGJRDIB <KKGD@N AJM ><|?)DNO

&A |@A#M<H@NS8 HQ/JR 98 HQ JG 98 ><I?)DNO 9 DN @LP<G OJ /@A#M<H@8 9 OC@ N@NIZ>ONO<>F KMJ>@I
DN DIQJF@? RDOC HQ/JR HQ JG R@DBCO <I? ><|?)DNO <N DIKPON

,OC@MRDN@ DN JHKJPI? DN @LP<G OJ OC@ AJGGJRDIB <KKGD@N

&A |@AHM<H@NS8 HQ/JR 98 HQ JG 98 9 DN @LP<G OJ/@A#M<H@8 9 <I? /@ A#M<H@N8 HQ/JR 98 HQ JG 98 9
I@A#M<H@8 9 OC@ >JHKJIPI? N@<M>C NO<>F K\M@>@MNN DI DN DIQJF@? RDOC HQ/JR HQ JG <I?
R@DBCO <N DIKPON

0@<M>C NO<>F KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N HQ/JIR <I? HQ JG NK@>DATDIB DI PIDON JA S GPH< N<HKG@N OC@ ><I?D?<O0@ GJ><ODJI
X < Q<MD<=G@ ><I?)DNO NK@>DATDIB RCD>C GDNO DI OC@ ><I?D?<0O@ H<O>C@N JPM M@A@M@I>@ AM<H

X <Q<MD<=G@ R@DBCO KMJKJIJMODJI<G OJ OC@ >IJMM@NKJI?DIB =GJ>F RD?0C JM C@DBCO AIJM OC@ ><I?D
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1CDN KMJ>@NN N@<M>C@N OC@ NO<>F AJM <l @S<>0 H<O>C RDOC < ><|?D?<0@ HJODJI Q@>0JM &A KM@N@IO
HJODJI Q@>0JM DN <??@7? OJ OC@ R@DBCO JA DON >JPIO@MK<MO DI OC@ NO<>F JOC@MRDN@ OC@ KMJ>@NN
NO<>F

1C@ Q<MD<=G@ ><I?*J?@ DN N@O @LP<G 0J 6*J?@N8 HQ/JR 98 HQ JG 9

1C@ Q<MD<=G@ ><I?0DU@ DN N@O @LP<G OJ *DODU@N8 HQ/JR 98 HQ JG 9

1C@ Q<MD<=G@ G<MB@ DN N@O @LP<G OJ *DI GJ>F;4D?0C8 ><|?0DU@ 9 GJ>F;%@DBCO08 ><I?0DU@ 9
1C@ ><I?D?<0@ HJIODJI Q@>0JM ><I?*Q DN N@O <N AJGGJRN

X &A ><17%?2@ $), )3VV><17*J?2@  $), );$), )*3 <I? $HITK@8/@A#M<H@8 99
1/ +0) 1&,+ <I? G<MB@ ><|?7*Q DN N@O @LP<G 0J $GJ=<G*QN8 9

X ,OC@MRDN@ ><I?*Q DN N@O @LP<G 0J *QN8 HQ/JR 98 HQ JG 98 ><I?)DNO 9
1C@ GJR@M KM@>DNDJI KMJ>@NNNRES>DAD@? DDN DIQJF@? RDOC ><I?*Q
&A C<N;I@RHQ ><1?*J?@ DN @LP<G OJ +@R*Q JPIO DN N@O @LP<G 0J +@R*Q JPIO
1C@ Q<MD<=G@ #JPI1?*<0>C DN N@O @LP<G OJ
1C@ KMJI>@NN ?@K@I1?N JIRC@OC@M OC@ ><I1?D?<O@ HJODJI Q@>0JM DN <GM@<?T DI OC@ NO<>F <N AJGGJIRN

X &A ><1?*Q DN <GM@<?T @LP<G OJ /@A00<>F*Q8 D?S 98 9 AIJM NJH@ D?S G@NN OC<I| +PH*Q#JPI? OC@I 4@
DN DI>M@<N@? =T R@DBCO

X ,OC@MRDN@ DA +PH*Q#JPI1? DN G@NN OC<I * 5;/'#;*3,01 (;0&7" OC@ AJGGJIRDIB IM?@M@7? NO@KN <KKGT

N

/@A00<>F*Q8 +PH*Q#JPI1? 98 9 DN N@O @LP<G 0J ><I?*Q

4@DBCO00<>F8 +PH*Q#JPI? 9 DN N@O @LP<G OJ R@DBCO

\%

+PH*Q#JPI? DN N@O @LP<G OJ +PH*Q#JPI?

X ,OC@MRDN@ +PH*Q#JPI? DN BM@<O@M OC<I| JM @LP<G OJ *5;/"#;*3,01 (;0&7" OC@ KMJ>@NN C<N |J @AA

JHKJPI? N@<M>C NO<>F KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N HQ/JR <I? HQ JG NK@>DATDIB DI PIDON JA S GPH< N<HKG@N OC@ ><I?D?<0@ GJ><ODJI
X <Q<MD<=G@ R@DBCO KMJKJIJMODJI<G OJ OC@ >IJMM@NKJI?DIB =GJ>F RD?0C JM C@DBCO AJM OC@ ><I?D

1CDN KMJ>@NN N@<M>C@N OC@ NO<>F AJM <l @S<>0 H<O>C RDOC < ><|?D?<0@ K<DM JA HJIODJI Q@>0JMN &A |
><|?D?<0@ K<DM JA HJODJI Q@>0JMN DN <??@7? 0J OC@ R@DBCO JA DON >JPIO@MK<MO DI OC@ NO<>F JOC@MF
HJODJI Q@>0JMN OJ OC@ NO<>F
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1C@ <MM<T ><I?*QN >JIO<DIDIB ORJ HJODJI Q@>0JMN DN N@O @LP<G 0OJ *QN8 HQ/JR 98 HQ JG 9
1C@ Q<MD<=G@ ><I?*J?@ DN N@O @LP<G 0J 6*J?@N8 HQ/JR 98 HQ JG 9
1C@ Q<MD<=G@ ><I?0DU@ DN N@O @LP<G OJ *DODU@N8 HQ/JR 98 HQ JG 9
&A ><I?*J?@ DN @LP<G 0J $), );$), )*3 AJIM M@A)DNO OC@ AJGGJRDIB <KKGD@N
X &A $HITK@8 /@A#M<H@8 M@A)DNO 99 1/ +0) 1&,+ ><I?*QN8 M@A)DNO 9 DN N@O @LP<G 0OJ $GJ=<G*QN8 V
#IM D OC@ GIR@M KM@>DNDJI KMJ>@NNNEGB@ELIAD@? CDN DIQIF@? RDOC ><I?*QN8 D 9
1C@ Q<MD<=G@ #JPI1?*<0>C DN N@O @LP<G OJ
1C@ KMJI>@NN ?@K@I1?N JIRC@OC@M OC@ ><I1?D?<O@ HJODJI Q@>0JM K<DM DN <GM@<?T DI OC@ NO<>F <N AJ(

X &A ><I?*QN8 9 DN @LP<G OJ /@A00<>F*Q8 D?S 98 9 <I? ><I?*QN8 9 DN @LP<G OJ /@A00<>F*Q8 D?S 98 9 /
G@NN OC<I +PH*Q#JPI? OC@| 4@DBCO00<>F8 D?S 9 DN DI>M@<N@? =T R@DBCO

X ,OC@MRDN@ DA +PH*Q#JPI1? DN G@NN OC<I * 5;/'#;*3;01 (;0&7" OC@ AJGGJIRDIB IM?@M@7? NO@KN <KKGT
< [@A0O<>F*Q8 +PH*Q#JPI? 98 D 9 DN N@O @LP<G OJ ><I?*QN8 D 9 AJIM D
= 4@DBCO00<>F8 +PH*Q#JPI1? 9 DN N@O @LP<G OJ R@DBCO
> +PH*Q#JPI? DN N@O @LP<G OJ +PH*Q#JPI?
X ,OC@MRDN@ +PH*Q#JPI? DN BM@<O@M OC<I| JM @LP<G OJ *5;/"#;*3,01 (;0&7" OC@ KMJ>@NN C<N |J @AA
&A C<N;I@RHQ ><1?*J?@ DN @LP<G OJ +@R*Q JPIO DN N@O @LP<G 0J +@R*Q JPIO

1C@ API>ODJI C<N;|@RHQ DN ?@ADI@7? <N

has_newmv( mode ) {
return (mode == NEWMV ||
mode == NEW_NEWMYV ||
mode == NEAR_NEWMYV ||
mode == NEW_NEARMYV ||
mode == NEAREST_NEWMYV ||
mode == NEW_NEARESTMV)

Note: &0 DN DHKINND=G@ AIJM HJ?@ OJ @LP<G +"4*3 DI OCDN API>ODJI =@><PN@ DO DN JIGT ><GG@? AIJM >JH

)JJR@M KM@>DNDJI KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN < M@A@M@I>@ ><I?*Q 0J < HIODJI Q@>0IM <MM<T
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1CDN KMJ>@NN HJ?DAD@N OC@ >JIO@ION JA OC@ DIKPO HJODJI Q@>0JM OJ M@HJQ@ OC@ G@<NO NDBIDAD><I|
<GGJIR@? <I? <GG OCM@@ AM<>0DJI<G =DON RC@| AIM>@;DIO@B@M;HQ DN @LP<G OJ

&A <GGJR;CDBC;KM@>DNDJI;HQ DN @LP<G OJ OCDN KMJ>@NN O@MHDI<O@N DHH@?D<O@GT

#IM D OC@ AJGGJRDIB <KKGD@N

if ( force_integer_mv ) {
a = Abg candM{ i ] )
alnt =(a+3) >3
if (candMjfi ] >0)
candMj i ] = alnt << 3
else
candMjy i ] =-( alnt << 3)
} else {
if (candMfi ] &1) {
if (candMffi ] >0)
candM{/ i ]--
else
candMy/ i ]++

0JMODIB KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ NO<MO M@KM@N@IODIB OC@ ADMNO KIJNDODJI OJ =@ NJMO@?

X <Q<MD<=G@ @I? M@KM@N@IODIB OC@ G@IBOC JA OC@ <MM<T

X <Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI
1CDN KMJ>@NN K@MAJMHN < NO<=G@ NJMO JA K<MO JA OC@ NO<>F JA HIODJI Q@>0JMN <>>JM?DIB OJ OC@ >JM
"IOMD@N DI /@A00<>F*Q AMJH NO<MO DI>GPNDQ@ OJ @1? @S>GPNDQ@ <M@ NJMO@?

1C@ NJMODIB KMJ>@NN DN NK@>DAD@? <N
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while ( end > start ) {
newEnd= start
for (idx =start + 1; idx <end idx++) {
if ( WeightStack idx - 1] < WeightStack idx ] ) {
swap_stack(idx - 1, idx)
newEnd= idx
}
}

end = newEnd

AC@!1 OC@ API>0ODJI NR<K;NO<>F DN DIQJF@? OC@ @IOMD@N <O GJ><ODJIN D?S<I? D?S NCJPG? =@ NR<KK@? |
/@A00<>F*Q <N AJGGJRN

swap_stacl i, j ) {
temp = WeightStack i ]
WeightStack i ] = WeightStacK | ]
WeightStack | ] = temp
for ( list =0; list <1+ isCompoungd list ++) {
for ( comp= 0; comp< 2; comp+) {
temp = RefStackMy i ][ list ][ comp]
RefStackMy i ][ list ][ comp] = RefStackMy j ][ list ][ comp]
RefStackMy j ][ list ][ comp] = temp
}
}
}

"SOM< N@<M>C KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN < Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM OJ NDBI<G

1CDN KMJ>@NN <??N <??DODJI<G HIODJI Q@>0JMN OJ /@A00<>F*Q PIODG DO C<N >CJD>@N JA HIODJI Q@>0JM :
G@AO <I? <=JQ@ I@DBC=JMN AJM K<MOD<GGT H<O>CDIB ><I?D?<O@N <I? N@>JI? <??DIB BGJ=<G HJODJI ><1?D?<C

4C@I ?JDIB NDIBG@ KM@?D>0DJI OC@ HJODJI Q@>0JMN BJ NOM<DBCO JI OC@ NO<>F

4C@I ?JDIB >JHKJPI? KM@?D>0DJI OC@ HJODJI Q@>0JMN <M@ <??@? OJ <MM<TN ><GG@7? /@A&?*QN >JPIODIB H:
N<H@ AM<H@ <I? /@AIDAA*QN >JPIODIB H<O>C@N AMJH ?DAA@M@10 AM<H@N

1C@ IPH=@M JA @IOMD@N DI OC@N@ <MM<TN <M@ DIDOD<GDU@? OJ U@MJ <N AJGGJRN
for (list =0; list <2 list ++) {

RefldCount[ list ] =0
RefDiffCount [ list ] =0

}
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ORJ K<NN N@<M>C AJM OC@ K<MOD<G H<O>CDIB ><I?D?<O@N DN NK@>DAD@? <N

w4 = Min( 16, Num_4x4_Blocks_WifleMiSize ] )
h4 = Min( 16, Num_4x4_Blocks_HighMiSize ] )
w4 = Min( w4 MiCols - MiCol )
h4 = Min( h4, MiRows- MiRow)
num4x4= Min( w4 h4)
for ( pass = 0; pass < 2; passt+) {
idx =0
while ( idx < num4x4&&NumMvFound 2 ) {
if ( pass==0) {
mvRow MiRow- 1
mvCol = MiCol + idx
} else {
mvRow= MiRow+ idx
mvCol= MiCol - 1
}
if ( lis_inside ( mvRowmvCol) )
break
add_extra_mv_candidat mvRow mvCo] isCompound)
if (pass==0) {
idx += Num_4x4_Blocks_WifleMiSizes[ mvRow[ mvCol] ]
} else {
idx += Num_4x4_Blocks_HighMiSizes] mvRow[ mvCol] ]
}
}
}

1C@ ADMNO K<NN N@<M>C@N OC@ MJR <=JQ@ OC@ N@>JI? N@<M>C@N OC@ >JGPHI 0J OC@ G@AO

1C@ API>0ODJI ><GG 0J <??;@SOM<;HQ;><I?D?<O0@ DIQIF@N OC@ <?? @SOM< HQ ><I?D?<O@KMD3I@NN NK@>DAD(
RDOC HQ/JR HQ JG DN JHKJPI? <N DIKPON

&A DN JHKJPI? DN @LP<G OJ OC@ ><I?D?<O@N DI OC@ /@A&?*QN <I? /@AIDAA*QN <MM<TN <M@ <??@? OJ OC@ N
PNDIB OC@ O@HKJIM<MT <MM<T >JH=DI@?*QN
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for (list =0; list <2; list ++) {

compCount= 0

for (idx = 0; idx < RefldCount[ list ]; idx++) {
combinedMys compCounfl[ list ] = RefldMvq list ][ idx ]
compCount+

}

for ( idx = 0; idx < RefDiffCount[ list ] &&compCount< 2; idx++) {
combinedMys compCounf][ list ] = RefDiffMvs[ list ][ idx ]
compCount+

}

while ( compCount< 2 ) {
combinedMys compCounf[ list ] = GlobalMv{ list ]
compCount+

}

}
if ( NumMvFound=1) {

if ( combinedMs O ][ 0] == RefStackMy O][ 0] &&
combinedMs 0 ] 1] ==RefStackMy O ][ 1] ) {

RefStackMy NumMvFourjfi 0] = combinedMys 1 ][ 0]
RefStackMy NumMvFourjfi 1 ] = combinedMyVs 1 ][ 1]

} else {
RefStackMy NumMvFourjfi 0 ]
RefStackMy NumMvFourjfi 1 ]

}

WeightStacl{ NumMvFourld = 2

NumMvFound

} else {

for (idx =0; idx <2 idx++) {
RefStackMy NumMvFourjfi 0 ]
RefStackMy NumMvFourjfl 1 ]
WeightStacf NumMvFourid = 2
NumMvFound

combinedMs 0 ][ 0]
combinedMs 0 ][ 1]

combinedMys idx ][ 0]
combinedMys idx [ 1]

&A DN JHKJPI? DN @LP<G OJ OC@ ><I?D?<O@N C<Q@ <GM@<?T =@ @I <??@7? OJ /@A00<>F*Q <I|? OCDN KMJ>@NI
RDOC BGJ=<G HJODJI ><I1?D?<O@N <N AJGGJRN

for ( idx = NumMvFounddx < 2; idx++) {
RefStackMy idx ][ 0] = GlobalMvqd 0]
}

Note: #IM NDIBG@ KM@?D>0DJI +PH*Q#JPI? DN IJO DI>M@H@IO@? =T OC@ <??DODJI JA BGJ=<G HJODJI ><I?D?-
AIM >JHKJIPI? KM@?D>0DJI +PH*Q#JPI? RDGG <GR<TN =@ BM@<O@M JM @LP<G OJ =T OCDN KJDIO
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?? @SOM< *3 ><|?D?<O0@ KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N HQ/JR <I? HQ JG NK@>DATDIB DI PIDON JA S GPH<N<HKG@N OC@ ><I?D?<O0@ GJ><ODJI
X <Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI

1CDN KMJ>@NN H<T HJ?DAT OC@ >JIO@ION JA OC@ BGJ=<G Q<MD<=G@N /@A&?*QN /@A&? JPIO /@A!DAA*QN /@/
/@AO00<>F*Q 4@DBCO00O<>F <I? +PH*Q#JPI?

1CDN KMJ>@NN @S<HDI@N OC@ ><I?D?<O0@ GJ><ODJI OJ ADI? KINND=G@ HJODJI Q@>0JMN <N AJGGJRN

Section: Decoding process Page 234 of 669



AV1 Bitstream & Decoding Process Specification

if ( isCompound) {
for ( candList = 0; candList < 2; candList ++) {
candRef = RefFrame$ mvRow[ mvCol][ candList ]
if ( candRef > INTRA_FRANME{
for (list =0; list <2 list ++) {
candMv= Mv§ mvRow[ mvCol][ candList ]
if ( candRef == RefFram¢ list ] &&RefldCount list ] <2) {
RefldMvyd list ][ RefldCount] list ] ] = candMv
RefldCount] list ]++
} else if ( RefDiffCount[ list ] <2) {
if ( RefFrameSignBia§ candRef] != RefFrameSignBia RefFramélist 1 ] ) {
candMy 0] *= -1
candMjy 1] *= -1
}
RefDiffMvs[ list ][ RefDiffCount[ list ] ] = candMv
RefDiffCount [ list ]++

}
}
}
}

} else {
for ( candList = 0; candList < 2; candList ++) {
candRef = RefFrame§ mvRow[ mvCol][ candList ]
if ( candRef > INTRA_FRANE{
candMv= Mv§ mvRowW[ mvCol][ candList ]
if ( RefFrameSignBia§ candRef] != RefFrameSignBia§ RefFramg¢ 0] ] ) {
candMjf 0] *= -1
candMjf 1] *= -1
}
for ( idx =0; idx < NumMvFounddx ++) {
if ( candMv== RefStackMy idx ][ 0] )
break
}
if ( idx == NumMvFound {
RefStackMy idx ][ 0] = candMv
WeightStack idx ] =2
NumMvFouhnd

JIO@SO <I? >G<HKDIB KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <Q<MD<=G@ DN JHKJPI? >JIO<DIDIB AJM NDIBG@ KM@?D>0DJI JM 0OJ NDBI<G >JHKJPI? KM@?D>0DJI

X <Q<MD<=G@ IPH+@R NK@>DATDIB OC@ IPH=@M JA +"4*3 ><|?D?<O@N AJPI? DI OC@ DHH@?D<O@ I@DBC:-
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1CDN KMJ>@NN >JHKPO@N >JIO@SON 0OJ =@ PN@? RC@I| ?@>J?DIB NTIO<S @G@H@ION <I? >G<HKN OC@ ><I?D?<
1C@ Q<MD<=G@ =R M@KM@N@IODIB OC@ RD?0C JA OC@ =GJ>F DI PIDON JA GPH< N<HKG@N DN N@O @LP<G O.

1C@ Q<MD<=G@ =C M@KM@N@IODIB OC@ C@DBCO JA OC@ =GJ>F DI PIDON JA GPH< N<HKG@N DN N@O @LP<G

Note: &0 JIGT HKOO@MN RC@OC@M IPH+@R DN U@MJ JM Il U@MJ =@><PN@ OC@ Q<GP@ DN >GDKK@? <O F
&HKG@H@I0<ODJIN H<T OC@M@AIM@ >CJIN@ OJ DHKG@H®@IO IPH+@R <I? +@R*Q JPIO <N < =JJG@<I DINO@*<
>JPIO@M

1C@ Q<MD<=G@ IPH)DNON NK@>DATDIB OC@ IPH=@M JA M@A@M@I>@ AM<H@N PN@? AJM OCDN =GJ>F DN N@C

1C@ <MM<T IMG OS00<>F DN N@O <N AJGGJRN

for (idx = 0; idx < NumMvFoundidx ++) {
z=0
if ( idx + 1 < NumMvFound {
w0 = WeightStacl] idx ]
wl = WeightStacl{ idx + 1]
if ( wO>=REF_CAT_LEVELY
if ( wl< REF_CAT_LEVEL

z=1
}
} else {
z=2

}

}
DriCtxStack|[ idx ] =z

1C@ HIJODJI Q@>0JMN <M@ >G<HK@? <N AJGGJRN

for ( list =0; list < numLists; list ++) {
for ( idx = 0; idx < NumMvFoundidx ++) {
refMv = RefStackMy idx ][ list ]
refMv[ 0] = clamp_mv_rogvrefMv[ 0], MV_BORDERh * 8)
refMv[ 1] = clamp_mv_caof refMv[ 1], MV_BORDERw * 8)
RefStackMy idx ][ list ] = refMv

1C@ Q<MD<=G@N /@A*Q JIO@SO <I? +@R*Q JIO@SO <M@ N@O <N AJGGJRN
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if ( CloseMatches==0) {
NewMvContext Min( TotalMatches, 1) /0,1
RefMvContext = TotalMatches

} else if ( CloseMatches==1) {

NewMvContext 3 - Min( numNew1 ) /2,3
RefMvContext= 2 + TotalMatches

} else {
NewMvContext 5 - Min( numNew1 ) /4,5

RefMvContext= 5

%<N JQ@MG<KK<=G@ ><I?D?<O@N KMJ>@NN

1CDN KMJ>@NN DN OMDBB@M@7? =T < ><GG 0J C<N;JQ@MG<KK<=G@;><I?D?<O@N

&0 M@OPMIN OJ DI?D><0@ OC<O OC@ =GJ>F C<N I@DBC=JMN NPDO<=G@ AJM PN@ =T JQ@MG<KK@? HJODJI >Jt
1C@ KMJ>@NN GJIJFN OJ N@@ DA OC@M@ <M@ <IT DIO@M =GJ>FN OJ OC@ G@AO JM <=JQ@

1C@ >C@>F DN JIGT H<?@ <O S BM<IPG<MDOT

1C@ KMJ>@NN DN NK@>DAD@? <N

has_overlappable_candidates ( ) {
if ( Availu ) {
w4 = Num_4x4_Blocks_WifleMiSize ]
for ( x4 = MiCol; x4 < Min( MiCols, MiCol + w4); x4 +=2) {
if ( RefFramefg MiRow- 1 ][ x4 | 1] 0] > INTRA_FRANE
return 1
}
}
if ( AvailL ) {
h4 = Num_4x4 Blocks_HighMiSize ]
for ( y4 = MiRow y4 < Min( MiRows MiRow+ h4); y4 +=2) {
if ( RefFrame$§ y4 | 1] MiCol - 1] 0] > INTRA_FRANE
return 1
}
}

return O

#DI1? R<MK N<HKG@N KMJ>@NN
S@IOM<G

1CDN KMJ>@NN DN OMDBB@M@? RC@| OC@ ADI?;R<MK;N<HKG@N API>0DJI DN DIQJF@?
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1C@ KMJ>@NN @S<HDI@N OC@ |@DBC=JMDIB DIO@M KM@?D>0@? =GJ>FN <I? @NODH<O@N < GJ><G R<MK OM<I
HJODJI Q@>0OJMN

1C@ KMJI>@NN KMJI?P>@N < Q<MD<=G@ +PHO<HKG@N >JIO<DIDIB OC@ IPH=@M JA Q<GD? ><I?D?<O@N AJPI? <I? <
>JI0<DIDIB NJIMO@? ><I?D?<O@N

1C@ Q<MD<=G@N +PHO<HKG@N <I? +PHO<HKG@NO><II@? <M@ =JOC N@O @LP<G 0OJ

Note: +PHO<HKG@NO><II@? >JPION OC@ IPH=@M JA ?DNODI>0 ><|?D?<O@N AJPI? =T OC@ <?? N<HKG@ KMJ>@!
OC@ HJODJI Q@>0OJMN <M@ 0JJ GsMB@ +PHO<HKG@N >JPION OC@ IPH=@M JA ?DNODI>0O Q<GD? ><I?D?<O@N
N<HKG@ KMJ>@NN D @ JIGT >JPIODIB ><N@N RC@M@ OC@ HJODJI Q@>0JM DN NH<GG @IJPBC OJ =@ >JIND?
NK@>D<G ><N@ DA IJ NH<GG HJODJI Q@>0JMN <M@ AJPI? OC@I| OC@ KMJ>@NN M@OPMIN OC@ ADMNO G<ME
N@OODIB +PHO<HKG@N OJ

1C@ Q<MD<=G@ R NK@>DATDIB OC@ RD?0OC JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; GJ>
1C@ Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ =GJ>F DI S GPH< N<HKG@N DN N@O @LP<G OJ +PH; S ; G

1C@ KMJ>@NN DN NK@>DAD@? <N
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doTopLeft = 1
doTopRight = 1
if ( Availl ) {
srcSize = MiSizes[ MiRow- 1 ][ MiCol ]
srcW = Num_4x4_Blocks_WiflesrcSize ]
if (wd<=srcW) {
colOffset = -(MiCol & (srcW - 1))
if ( colOffset < 0)
doTopLeft = 0
if ( colOffset + srcW> w4)
doTopRight = 0
add_samplé -1, 0)
} else {
for (i =0; i <Min( w4 MiCols - MiCol ); i +=miStep) {
srcSize = MiSizes[ MiRow- 1 ][ MiCol +i ]
srcW = Num_4x4_Blocks_WiflesrcSize ]
miStep = Min(w4 srcW)
add_samplé -1, i )
}
}
}
if ( AvailL ) {
srcSize = MiSizes[ MiRow][ MiCol - 1]
srcH = Num_4x4_Blocks_HighsrcSize ]
if ( hd<=srcH) {
rowOffset = -(MiRow& (srcH - 1))
if ( rowOffset < 0)
doTopLeft = 0
add_sampl¢ 0, -1)
} else {
for (i =0; i <Min( h4, MiRows- MiRoy i +=miStep) {
srcSize = MiSizes[ MiRow+ i ][ MiCol - 1]
srcH = Num_4x4 Blocks HidghsrcSize |
miStep = Min(h4, srcH)
add_sampl¢ i, -1)
}
}
}
if ( doTopLeft ) {
add_samplé¢ -1, -1)
}
if ( doTopRight) {
if ( Max w4 hd) <=16) {
add_sampl¢ -1, w4)
}

}
if ( NumSamples= 0 &&NumSamplesScannedO )

NumSamples 1

RC@M@ OC@ ><GG 0J <??;N<HKG@ NK@>DAD@N OC<O OC@ KREBGIHKGC@ KNOFREIMN-[ DIQIF@7?
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?? N<HKG@ KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ ?@GO</JR NK@>DATDIB DI PIDONJA S GPH<N<HKG@N CJR A<M <=JQ@ 0OJ GJIF AIM < HJOI
X < Q<MD<=G@ ?@GO< JG NK@>DATDIB DI PIDONJA S GPH< N<HKG@N CJR A<M G@AO 0J GJJF AJM <HJOL

1C@ JPOKPO JA OCDN KMJ>@NN DN 0J <?? < I@R N<HKG@ OJ OC@ GDNO JA ><1?D?<O@N DA DO DN < Q<GD? ><I?D
=@AIM@

&A +PHO<HKG@NO><II@? DN BM@<O@M OC<I JM @LP<G 0J)" 01;0.2 /"0;0 *-)"0;* 5 OCDN KMJ>@NN DHH@?D<O@GT (
1C@ Q<MD<=G@ HQ/JR DN N@O @LP<G 0OJ *D/JR ?@GO</JR

1C@ Q<MD<=G@ HQ JG DN N@O @LP<G OJ*D JG ?@GO< JG

&A DN;DIND?@ HQ/JR HQ JG DN @LP<G 0OJ OC@I OCDN KMJ>@NN DHH@?D<O@GT M@OPMIN

&A |@A#M<H@N8 HQ/JR 98 HQ JG 98 9 C<N IJO =@@! RMDOO@! AJM OCDN AM<H@ OC@I| OCDN KMJ>@NN DHH@?D
&A |@A#M<H@NB8 HQ/JR 98 HQ JG 98 9 DN 1JO @LP<G OJ /@A#M<H@8 9 OC@! OCDN KMJ>@NN DHH@?D<O@GT M(
&A |@A#M<H@N8 HQ/JR 98 HQ JG 98 9 DN 1JO @LP<G OJ +,+" OC@I| OCDN KMJ>@NN DHH@?D<O@GT M@OPMIN
1C@ Q<MD<=G@ ><I?0U DN N@O @LP<G OJ *DODU@N8 HQ/JR 98 HQ JG 9

1C@ Q<MD<=G@ ><I?4 DN N@O @LP<G 0J +PH; S ; GJ>FN;4D?@8 ><I?0U 9

1C@ Q<MD<=G@ ><I?% DN N@O @LP<G 0OJ +PH; S ; GJ>FN;%DBC8 ><I?0U 9

1C@ Q<MD<=G@ ><I?/JR DN N@O @LP<G OJ HQ/JR W ><I?%

1C@ Q<MD<=G@ ><I? JG DN N@O @LP<G OJHQ JG W ><I?4

1C@ Q<MD<=G@ HD?6 DN N@O @LP<G OJ><I?/JR  ><I?%

1C@ Q<MD<=G@ HD?5 DN N@O @LP<G OJ><I? JG ><|?4

1C@ Q<MD<=G@ OCM@NCJG? DN N@O @LP<G 0J GDK *<S GJ>F;4D?0C8*D0ODU@ 9 GJ>F;%@DBCO8 *DODU(
1C@ Q<MD<=G@ HQ!DAA/JR DN N@O @LP<G OJ =N *QN8 ><I?/JR98 ><I?JG 98 98 9 *Q8 98 9

1C@ Q<MD<=G@ HQ!DAA JG DN N@O @LP<G OJ =N *QN8 ><I?/JR 98 ><I?JG 98 98 9 *Q8 98 9

1C@ Q<MD<=G@ Q<GD? DN N@O @LP<G OJ HQIDAA/JR HQIDAAJG OCM@NCJIG?

Note: ><I?/JR <I? ><I? JG BDQ@ OC@ OJK G@AO KINDODJI JA OC@ ><I?D?<O@ =GJ>F DI PIDON JA S =GJ>FN HD"
BDQ@ OC@ >@IOM<G KINDODJI JA OC@ ><I?D?<O@ =GJ>F DI PIDON JA GPH< N<HKG@N
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><|?D?<0@ <MM<T M@KM@N@IODIB NJPM>@ <I? ?2@NODI<ODJI GJ><ODJIN DI PIDON JA GPH< N<HKG@N DN NK({

cand 0] = midYy* 8
cand 1] = midX* 8
cand 2] = midY* 8 + Mv§ candRow][ candCol][ O] O]
cand 3] = midX* 8 + Mv§ candRow][ candCol][ O] 1]

1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
+PHO<HKG@NO><II@? DN DI>M@<N@? =T
&A Q<GD? DN @LP<G OJ <I? +PHO<HKG@NO><II@? DN BM@<O@M OC<l OC@ KMJ>@NN @SDON
<|?)DNO8 +PHO<HKG@N 98 E 9 DN N@O @LP<G OJ><I?8 E9 AJM E

&A Q<GD? DN @LP<G OJ +PHO<HKG@N DN DI>M@<N@? =T

-M@?D>0DJI KMJ>@NN@N
S@QI@M<G

1C@ AJGGJRDIB N@>0ODJIN ?@ADI@ OC@ KMJ>@NN@N PN@? AJIM KM@?D>0DIB OC@ N<HKG@ Q<GP@N

1C@N@ KMI>@NN@N <M@ OMDBB@M@? <O KIDION ?@ADI@? =T API>0DJI ><GGN 0J KM@?D>0;DIOM< KM@?D>0
KM@7?D>0;>CMJIH<;AMJH;GPH< <I? KM@?D>0;K<G@OO@ DI OC@ M@ND?P<G NED><HOKk=G@ ?@N>MD=@? DI

&IOM< KM@7?D>0DJI KMJ>@NN
S@I@OM<G

1C@ DIOM< KM@?D>0DJI KMJ>@NN DN DIQJF@? AJM DIOM< >J?@7? =GJ>FN OJ KM@7?D>0 < K<MO JA OC@ =GJ>F >J\
=GJ>F 4C@| OC@ OM<INAIJMH NDU@ DN NH<GG@M OC<| OC@ =GJ>F NDU@ OCDN KMJ>@NN ><| =@ DIQJF@? HPG(
=GJ>F AJM OC@ N<H@ KG<I@ <I? OC@ DIQJ><ODJIN <M@ DI M<NO@M JM?@M RDOCDI OC@ =GJ>F

1CDN KMJ>@NN DN OMDBB@M@? =T < ><GG 0J KM@?D>0;DIOM<
1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<I(
OM<INAJMH =GJ>F

X < Q<MD<=G@ C<Q@)@AO OC<O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N 0J OC@ G@AO JA OCDI

X <Q<MD<=G@ C<Q@ =JQ@ OC<O DN @LP<G 0J DA OC@M@ <M@ Q<GD? N<HKG@N <=JQ@ OCDN OM<INAJ
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X < Q<MD<=G@ C<Q@ =JQ@/DBCO OC<0O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N <=JQ@ OC@ OM:
OCDN OM<INAJMH =GJ>F

X < Q<MD<=G@ C<Q@ @GJIR)@AO OC<O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N OJ OC@ G@AO J,
OM<INAIMH =GJ>F

X < Q<MD<=G@ HJ?@ NK@>DATDIB OC@ OTK@ JA DIOM< KM@?D>0DJI OJ <KKGT
X <Q<MD<=G@ GJB 4 NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ RD?0C JA OC@ M@BDJI OJ =@ KM@?D:
X < Q<MD<=G@ GJB % NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ C@DBCO JAOC@ M@BDJI OJ =@ KM@

1C@ KMJ>@NN H<F@N PN@ JA OC@ <GM@<?T M@>JINOMP>0@? N<HKG@N DI OC@ >PMM@I0 AM<H@ PMM#M<H(
>PMM@I10 =GJ>F

1C@ JPOKPON JA OCDN KMJ>@NN <M@ DIOM< KM@?D>0@7? N<HKG@N DI OC@ >PMM@10 AM<H@ PMM#M<H@
1C@ Q<MD<=G@ R DN N@O @LP<GOJ GJB4
1C@ Q<MD<=G@ CDN N@O @LP<GOJ GJIB%
1C@ Q<MD<=G@ H<S5 DN N@O @LP<G OJ *D JGN *&;0&7"
1C@ Q<MD<=G@ H<S6 DN N@O @LP<G OJ *D/JRN *&;0&T7"
&A KG<Il@ DN BM@<O@M OC<l OC@I
X H<S5DNN@O @LP<G 0OJ *DJGN *&;0&7" NP=N<HKGDIB;S
X H<S6 DN N@O @LP<G OJ *D/JRN *&;0&7" NP=N<HKGDIB;T
1C@ <MM<T =JQ@/JR8D9AIMD R C DN?@MDQ@? <N AJGGJRN

X &A C<Q@ =JQ@ DN @LP<G OJ <I? C<Q@)@AO DN @LP<G OJ =JQ@/JR8D 9DNN@O @LP<G OJ PMM#M<H
9

X ,OC@MRDN@ DA C<Q@ =JQ@ DN @LP<G 0OJ <I? C<Q@)@AO DN @LP<G0OJ =JQ@/JR8 D 9 DN N@O @LP<C

X ,OC@MRDN@ OC@ AJGGJRDIB <KKGD@N
¢ 1C@ Q<MD<=G@ <=JQ@)DHDO DN N@O @LP<G OJ*DI H<S5 S C<Q@ =JQ@/DBCO R R
¢ =JQ@/JR8D 9DNN@O @LP<G OJ PMM#M<H@8 KG<I@ 98 T 98 *DI <=JQ@)DHDO SD 9
1C@ <MM<T ) @AOJGBD9AIMD R C DN?@MDQ@? <N AJGGJIRN

X &A C<Q@)@AO DN @LP<G OJ <I? C<Q@ =JQ@ DN @LP<G OJ )@AO JG8 D 9 DN N@O @LP<G OJ PMM#M<H(
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X ,OC@MRDN@ DA C<Q@)@AO DN @LP<G 0J <I? C<Q@ =JQ@ DN @LP<G OJ )@AO JG8D 9 DNN@O @LP<G

X ,OC@MRDN@ OC@ AJGGJRDIB <KKGD@N
¢ 1C@ Q<MD<=G@ G@AO)DHDO DN N@O @LP<G OJ*DI H<S6 T C<Q@ @GJR)@AO C C
c J@AO JG8 D 9DNN@O @LP<G OJ PMM#M<H@8 KG<I@ 98 *DI G@AO)DHDO TD 98S 9
1C@ <MM<T =JQ@/JR8D9AIMD DN NK@>DAD@? =T

X &A C<Q@ =JQ@ DN @LP<G OJ <I? C<Q@)@AO DN @LP<G OJ =JQ@/JR8 9DNN@O @LP<G 0J PMM#M<H
S 9

X ,OC@MRDN@ DA C<Q@ =JQ@ DN @LP<G OJ =JQ@/JR8 9DNN@O @LP<G OJ PMM#M<H@ 8 KG<I@ 98 T
X ,OC@MRDN@ DA C<Q@)@AO DN @LP<G 0J =JQ@/JR8 9DNN@O @LP<G OJ PMM#M<H@ 8 KG<I@ 98 T 9¢
X ,OC@MRDN@ =JQ@/JR8 9 DN N@O @LP<G 0OJ DO!@KOC
1C@ <MM<T ) @AOJGBD9AIMD DNN@O @LP<G 0OJ =JQ@/JR8 9
I <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@? N<HKG@N DN >JINOMP>0@? <N AJGGJRN

X &A KG<I@ DN @LP<G OJ <I? PN@;ADGO@M;DIOM<DN OMP@ OC@ M@>PMNDQ@ DIOM@KA@RD>0DJI KMJ
DN DIQJF@? RDOC R <I? C <N DIKPON <I? OC@ JPOKPO DN <NNDBI@? OJ KM@*?

X ,OC@MRDN@ DA DN;?DM@>0DJI<G;HJ?@ HJ?@ DN OMP@ OC@ ?DM@>0DJI<G DIOM< KI@@2D3ODJI KMJ:
DN DIQJF@? RDOCKG<I@ S T C<Q@)@AO C<Q@ =JQ@ HJ?@ R C H<S5 H<S6 <N DIKPON <I? OCC
<NNDBI@? OJ KM@"?

X ,OC@MRDN@ DA HJ?@ DN @LP<G 0J 0*,,1%;-/"l IM 0*,,1%;3;-/"! IM 0*,,1%,;%;-/"! OC@ NHJJOC DIOM<
KM@?D>0DJI KMJ>@NN NK@&EDAD@? DI DN DIQJF@? RDOC HJ?@ GJB4 GJB % R <I? C <N DIKPON <I? OC
JPOKPO DN <NNDBI@? OJ KM@?

X ,OC@MRDN@ DA HI?@ DN @LP<G OJ ! ;-/"! OC@ ! DIOM< KM@ ?D>0DJI KMI>@RNNK@>DAD® DMIF@?
RDOC C<Q@)@AO C<Q@ =JQ@ GJB4 GJB% R <I? C <N DIKPON <|? OC@ JPOKPO DN <NNDBI@? OJ KM@?

X ,OC@MRDN@ HJ?@ DN @LP<G OJ - "1%;-/"!l OC@ =<ND> DIOM< KM@?D>0DJI KMIN@NBDINK@>DADI@? DI
DIQJIF@? RDOC HJ?@ R <I? C <N DIKPON <I? OC@ JPOKPO DN <NNDBI@? OJ KM@?

1C@ >PMM@I10 AM<H@ DN PK?<O@? <N AJGGJRN

X PMM#M<H@8 KG<I@ 98T D98S E9DNN@O @LP<G OJKM@?8D98E9AIMD C <I?E R

<ND> DIOM< KM@?D>0DJI KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@
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X <Q<MD<=G@ R NK@>DATDIB OC@ RD?0C JA OC@ M@BDJI OJ =@ KM@?D>0@"?
X <Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
1C@ JPOKPO JA OCDN KMJ>@NN DN < ! <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@? N<HKG@N
1C@ KMJI>@NN B@I@M<O@N ADGO@M@? N<HKG@N AMJH OC@ N<HKG@N DI )@AO JG <I? =JQ@/JR <N AJGGJIRN
X 1C@ AJGGJRDIB IM?@M@? NO@KN <KKGTAJMD C AJME R
1C@ Q<MD<=G@ =<N@ DN N@O @LP<G 0OJ =JQ@/JR8E9 )Y@AOJG8D9 =JQ@/JR8 9
1C@ Q<MD<=G@ K)@AO DN N@O @LP<G OJ =N =<N@ )@AO0JG8DY9
1C@ Q<MD<=G@ K1JK DN N@O @LP<G OJ =N =<N@ =JOQ@/JR8E9
1C@ Q<MD<=G@ K1JK)@AO DN N@O @LP<G OJ =N =<N@ =JQ@/JR8 9
&A K)Y@AO KI1IK<I? K\@AO KLIK)@AO KM@?8D 98 E9 DN N@O @LP<G OJ )@AO JG8D 9
,OC@MRDN@ DA K1JK K1IK)@AO KM@?8 D 98 E 9 DN N@O @LP<G 0J =JQ@/JR8 E 9
,OC@QMRDN@ KM@7?8 D 98 E 9 DN N@O @LP<G OJ =JQ@/JR8 9

1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T KM@?

/@>PMNDQ@ DIOM< KM@7?D>0DJI KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@

X <Q<MD<=G@ R NK@>DATDIB OC@ RD?0C JA OC@ M@BDJI OJ =@ KM@?D>0@"?
X <Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
1C@ JPOKPO JA OCDN KMJ>@NN DN < ! <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@? N<HKG@N

#IM @<>C =GJ>F JA S N<HKG@N OCDN KMJ>@NN ADMNO KM@K<M@N <I <MM<T K JA 1@DBC=JMDIB N<HKG@N <I
JPOKPO =GJ>F =T ADGO@MDIB OCDN <MM<T

1C@ Q<MD<=G@ R DN N@O @LP<G OJR
1C@ Q<MD<=G@ C DN N@O @LP<G OJC
1C@ AJGGJRDIB NO@KN <KKGTAJMD C AJME R
X 1C@ <MM<T K DN ?@MDQ@7? <N AJGGJRN AJM D
¢ &ADDN G@NN OC<I K8D 9DN ?@MDQ@? <N AJGGJRN

b &AD DN @LP<G OJ K8D 9 DN N@O @LP<G 0OJ =JQ@/JR8 E D 9
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b ,OC@MRDN@ DAE DN @LP<G OJ <I? DDN @LP<G OJ K8D 9DNN@O @LP<G 0J)@AO JG
b  OC@MRDN@ K8 D 9 DN N@O @LP<G OJKM@7?8 D 98 E D 9
¢ ,OC@MRDN@ D DN BM@<O@M OC<IJM @LP<G OJ K8D 9DN ?@MDQ@? <N AJGGJRN
b &AE DN @LP<G OJ K8D 9DNN@O @LP<G OJ)@AO JG8 D D 9
b ,OC@MRDN@ E DN IJO @LP<GOJ K8D 9DNN@O @LP<G OJKM@?8 D D 98 E
1C@ AJGGJIRDIB NO@KN <KKGT AJM D E
¢ 1C@ Q<MD<=G@ KM DN N@O @LP<G 0J

¢ 1C@ Q<MD<=G@ KM DN DI>M@H®@I0@7? =T &IOM<;#DGO@M;1<KN8 ADGO@M;DIOM<;HJ?@ 98 D

¢ KM@7?8 D D 98 E E 9DNN@O @LP<G OJ GDK /JPI? ODBI@? KM
&+1/;#&)1";0 )"; &10

1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T KM@?

IDM@>0DJI<G DIOM< KM@?D>0DJI KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@

X

X

X

X

< Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

Q<MD<=G@N S <I? TNK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<IE
OM<INAIMH =GJ>F

< Q<MD<=G@ C<Q@)@AO OC<O DN @LP<G 0J DA OC@M@ <M@ Q<GD? N<HKG@N 0J OC@ G@AO JA OCDI
< Q<MD<=G@ C<Q@ =JQ@ OC<O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N <=JQ@ OCDN OM<INAJ
< Q<MD<=G@ HJ?@ NK@>DATDIB OC@ OTK@ JA DIOM< KM@?D>0DJI 0J <KKGT

< Q<MD<=G@ R NK@>DATDIB OC@ RD?0C JA OC@ M@BDJI 0J =@ KM@?D>0@?

< Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ M@BDJI 0J =@ KM@?D>0@?

< Q<MD<=G@ H<S5 NK@>DATDIB OC@ G<MB@NO Q<GD? S >JIM?DI<0@ AIM OC@ >PMM@I0 KG<I@

< Q<MD<=G@ H<S6 NK@>DATDIB OC@ G<MB@NO Q<GD? T >JIM?DI<O@ AIJM OC@ >PMM@I0 KG<I@

1C@ JPOKPO JA OCDN KMJ>@NN DN < ! <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@? N<HKG@N

1C@ KMJ>@NN PN@N < ?DM@>0DJI<G ADGO@M 0J B@l@M<O@ ADGO@M@? N<HKG@N AMJH OC@ N<HKG@N DI )

1C@ AJGGJRDIB IM?@M@7? NO@KN <KKGT
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1C@ Q<MD<=G@ <IBG@!@GO< DN ?2@MDQ@? <N AJGGJRN

¢ &AKG<I@ DN @LP<G OJ <IBG@'!@GO<DN N@O @LP<G OJ IBG@!@GO<6

¢ ,OC@MRDN@ KG<I@ DN IJO0 @LP<G 0OJ <IBG@!@GO<DN N@O @LP<G 0OJ IBG@!@G0<23
1C@ Q<MD<=G@ K IBG@ DN N@O @LP<G OJ *J?@;1J; IBG@8 HJ?@ 9 <IBG@!@GO< +$)";01"-
1C@ Q<MD<=G@N PKN<HKG@ =JQ@ <I? PKN<HKG@)@AO <M@ N@O @LP<G 0OJ
&A @I<=G@;DIOM<;@?B@;ADGO@M DN @LP<G OJ OC@ AJGGJIRDIB <KKGD@N

¢ &AKIBG@ DN 1J0 @LP<G OJ <I? KIBG@ DN IJO @LP<G0OJ OC@ AJGGJRDIB <KKGD@N

b &A KIBG@ <|I? KIBG@ <I? R C OC@ ADGO@M >IJMI@M KMJ>@NN NK@>DAD@?
N@>0DJI DN DIQJF@? <I? OC@ JPOKPO <NNDBI@? OJ =JOC )@AO JG8 9<I? =JQ@/JR!

b 1C@ DIOM< ADGO@M OTK@ KMJ>@NNNK@>DAD®R DIQIF@? RDOC OC@ DIKPO Q<MD<=G
KG<I@ <I? OC@ JPOKPO <NNDBI@? OJ ADGO@M1TK@

b &A C<Q@ =JQ@ DN @LP<G OJ OC@ AJGGJIRDIB NO@KN <KKGT

b 1C@ DIOM< @?B@ ADGO@M NOM@IBOC N@G@>ODIEMID@NN N K EDQIK@Er?DI
RDOCR C ADGO@MI1TK@ <I?KIBG@ <N DIKPON <I? OC@ JPOKPO <NNDBI@? O
Q<MD<=G@ NOM@IBOC

b 1C@ Q<MD<=G@ IPH-S DN N@O @LP<G OJ*DI R H<S5 S KIBG@ C

b 1C@ DIOM< @?B@ ADGO@M KMJ>@N® NB@>DAD@RWDIQJF@? RDOC OC@
K<M<H@O@MN IPH-S NOM@IBOC <I? <N DIKPON

b &A C<Q@)@AO DN @LP<G OJ OC@ AJGGJRDIB NO@KN <KKGT

b 1C@ DIOM< @?B@ ADGO@M NOM@IBOC N@G@>ODIEMID@NN N K@ EDQIK@EP?DI
RDOCR C ADGO@MITK@ <I? KIBG@ <N DIKPON <I? OC@ JPOKPO <NNDBI@? C
Q<MD<=G@ NOM@IBOC

b 1C@ Q<MD<=G@ IPH-S DN N@O @LP<G OJ*DI C H<S6 T KIBG@ R

b 1C@ DIOM< @?B@ ADGO@M KMJ>@N® NB@>DAD@RWDIQJF@? RDOC OC@
K<M<H@O@MN IPH-S NOM@IBOC <I? <N DIKPON

¢ 1C@ DIOM< @?B@ PKN<HKG@ N@G@>0ODJI KMI>@ENINK@>DADRN DIQIJF@? RDOCR C
ADGO@MITK@ <I? KIBG@ <N DIKPON <I? OC@ JPOKPO <NNDBI@? OJ OC@ Q<MD<=G@ PKN<HK

c 1C@ Q<MD<=G@ IPH-SDN N@O @LP<G0OJ R KIBG@ C
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¢ &A PKN<HKG@ =JQ@ DN @LP<G OJ OC@ DIOM< @?B@ PKN<HKG@ K@3<@NN NK@ENAD@? DI
DIQJF@? RDOC OC@ K<M<H@O@MN IPH-S <I? <N DIKPON

¢ 1C@ DIOM< @?B@ PKN<HKG@ N@G@>0ODJI KMIA@@NINK@>DADEN DIQIJF@? RDOCR C
ADGO@MITK@ <I? KIBG@ <N DIKPON <I? OC@ JPOKPO <NNDBI@? OJ OC@ Q<MD<=G@ PKN<HK

c 1C@ Q<MD<=G@ IPH-S DN N@O @LP<G0OJ C KIBG@ R

¢ &A PKN<HKG@)@AO DN @LP<G OJ OC@ DIOM< @?B@ PKN<HKG@ ®@MIE@NN NK@NIAR@ &N
RDOC OC@ K<M<H@O@MN IPH-S <I? <N DIKPON

1C@ Q<MD<=G@ ?S DN ?@MDQ@? <N AJGGJRN
¢ &AKIBG@ DN G@NN OC<l ?SDNN@O @LP<G OJ 'M;&I0OM<;!@MDQ<ODQ@8 K IBG@ 9

¢ ,OC@QMRDN@ DA KIBG@ DN BM@<O@M OC<Il <I? G@NN OC<I ?SDNN@O @LP<G 0OJ 'M;&I0OM<;!(
KIBG@ 9

c ,OC@MRDN@ 7S DN PI?@ADI@?
1C@ Q<MD<=G@ ?T DN ?@MDQ@? <N AJGGJRN
¢ &AKIBG@ DN BM@<O@M OC<I <I? G@NN OC<I ?T DN N@O @LP<G 0OJ IM;&I0OM<;|@MDQ<ODQ@8
¢ ,OC@MRDN@ DAKIBG@ DN BM@<O@M OC<l ?T DN N@O @LP<G 0J IM;&IOM<;|@MDQ<ODQ@8
¢ ,OC@MRDN@ ?T DN PI?@ADI@?
&AKIBG@ DN G@NN OC<l OC@ AJGGJRDIBNO@KN <KKGTAJMD C AJME R
c 1C@ Q<MD<=G@ D?S DN N@O @LP<G OJ D ?S
¢ 1C@ Q<MD<=G@ =<N@ DN N@O @LP<G 0J D?S PKN<HKG@ =JQ@ E PKN<HKG@ =JQ@
c 1C@ Q<MD<=G@ NCDAO DN N@O @LP<G OJ D?S PKN<HKG@ =JQ@ S#
¢ 1C@ Q<MD<=G@ H<S <N@5 DN N@O @LP<GOJ R C PKN<HKG@ =JQ@

¢ &A =<N@ DN G@NN OC<I H<S <N@5 KM@7?8 D 98 E 9 DN N@O @LP<G OJ/JPI? =JQ@/IJR8 =<N@ 9
=JQ@/IR8=<N@ 9 NCDAO

¢ ,OC@MRDN@ =<N@ DN BM@<O@M OC<I JIM @LP<G OJ H<S <N@5 KM@7?8 D 98 E 9 DN N@O @LP<G
H<S <N@5 9

,OC@MRDN@ DA KIBG@ DN BM@<O@M OC<I <I? KIBG@ DN G@NN OC<l OC@ AJGGJIRDIB NO@KN <KK(
R

c 1C@ Q<MD<=G@ D?S DN N@O @LP<G OJ E D ?S
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¢ 1C@ Q<MD<=G@ =<N@ DN N@O @LP<G 0J D?S PKN<HKG@ =JQ@
¢ &A =<N@ DN BM@<O@M OC<I| JM @LP<G 0OJ PKN<HKG@ =JQ@ OC@ AJGGJIRDIB NO@KN <KKGT
b 1C@ Q<MD<=G@ NCDAO DN N@O @LP<G 0OJ D?S PKN<HKG@ =JQ@ S#

b KM@?8 D 98 E9DNN@O @LP<G 0J/JPI? =JQ@/JR8 =<N@ 9 NCDAO =JQ@/JR8 =<N@
NCDAO

¢ ,OC@MRDN@ =<N@ DN G@NN OCx<I PKN<HKG@ =JQ@ OC@ AJGGJIRDIB NO@KN <KKGT
b 1C@ Q<MD<=G@ D?S DN N@O @LP<G 0OJ D E T
b 1C@ Q<MD<=G@ =<N@ DN N@O @LP<G OJ D?S PKN<HKG@)@AO
b 1C@ Q<MD<=G@ NCDAO DN N@O @LP<G 0OJ D?S PKN<HKG@)@AO S#

b KM@?8 D 98 E9 DN N@O @LP<G OJ/JPI? )Y@AO JG8 =<N@ 9 NCDAO )@AO JG8=<N@

,OC@MRDN@ DA KIBG@ DN BM@<O@M OC<lI OC@ AJGGJRDIB NO@KN <KKGTAJMD C AJME R
¢ 1C@ Q<MD<=G@ D?S DN N@O @LP<G OJ E T
¢ 1C@ Q<MD<=G@ =<N@ DN N@O @LP<G OJ D?S PKN<HKG@)@AO D PKN<HKG@)@AO
¢ 1C@ Q<MD<=G@ NCDAO DN N@O @LP<G OJ D?S PKN<HKG@)@AO S#
¢ KM@?8D98 E9DNN@O @LP<G OJ/JPI? Y@AO JG8 =<N@ 9 NCDAO )@AOJG8=<N@ 9 NCC

,OC@MRDN@ DA KIBG@ DN @LP<G OJ KM@?8D 98 E 9DNN@O @LP<G0OJ =JQ@/JRBE9RDOCE R <l
MJR JA OC@ =GJ>F DN ADGG@? RDOC < >JKT JA =JQ@/JR

,OC@MRDN@ DA KIBG@ DN @LP<G OJ KM@7?8D 98 E9DNN@O @LP<G OJ)@AOJG8D9RDOCE R <I
>JGPHI JA OC@ =GJ>F DN ADGG@7? RDOC < >JKT JA)@AO JG

1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T KM@?

I DIOM< KM@?D>0DJI KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@

X <Q<MD<=G@ C<Q@)@AO OC<O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N 0J OC@ G@AO JA OCD!
X <Q<MD<=G@ C<Q@ =JQ@ OC<O DN @LP<G OJ DA OC@M@ <M@ Q<GD? N<HKG@N <=JQ@ OCDN OM<INAJ
X <Q<MD<=G@ GJB 4 NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ RD?0C JA OC@ M@BDJI 0J =@ KM@?D:

X <Q<MD<=G@ GJB % NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ C@DBCO JAOC@ M@BDJI OJ=@ KM@
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X <Q<MD<=G@ R NK@>DATDIB OC@ RD?0C JA OC@ M@BDJI OJ =@ KM@?D>0@"?
X <Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
1C@ JPOKPO JA OCDN KMJ>@NN DN < ! <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@? N<HKG@N
1C@ KMJI>@NN <Q@M<B@N OC@ <Q<DG<=G@ @?B@ N<HKG@N DI )Y@AO JG <I? =JQ@/JR OJB@I@M<O@ OC@ KM(

X &A C<Q@)@AO DN @LP<G OJ <I? C<Q@ =JQ@ DN @LP<G OJ KM@?8 D 98 E9 DN N@O @LP<G OJ <QB RDO
1C@ Q<MD<=G@ <QB OC@ <Q@M<B@ JA OC@ N<HKG@N DI PIDJI JA =JQ@/JR <I? )@AO JG DN NK@>DAD@

sum= 0

for ( k=0; k <h; k++)
sum+= LeftCol [ k ]

for (k=0; k <w k++)
sum+= AboveRowk ]

sum+=( w+h) >>1
avg =sum/ ( w+ h)

Note: 1C@ M@A@M@I>@ >J?@ NCIRN CJR OC@ ?DQDNDJI =T R C ><|=@ DHKG@H@IO@? RDOC HPGODKGD><(
JK@M<ODJIN

X ,OC@MRDN@ DA C<Q@)@AO DN @LP<G OJ <I? C<Q@ =JQ@ DN @LP<G OJ KM@?8 D 98 E9 DN N@O @LP<
<I?E R 1C@ Q<MD<=G@ G@AO QB DN NK@>DAD@? <N AJGGJRN

sum= 0
for ( k=0, k <h; kt+) {
sum+= LeftCol [ k ]

}
leftAvg = Clipl( ( sum+ ( h>>1) ) >>log2H)

X ,0C@MRDN@ DA C<Q@)@AO DN @LP<G OJ <I? C<Q@ =JQ@ DN @LP<G 0J KM@?8 D 98 E 9 DN N@O @LP<
C <I?PE R 1C@ Q<MD<=G@ <=JQ@ QB DN NK@>DAD@? <N AJGGJRN

sum= 0
for ( k=0, k <w k++) {
sum+= AboveRowk ]

}
aboveAvg= Clipl( ( sum+ ( w>>1) ) >>log2W)

X ,OC@MRDN@ C<Q@)@AO DN @LP<G 0OJ <I? C<Q@ =JQ@ DN @LP<G0OJ KM@7?8D 98 E 9DNN@O @LP<G
RDOCD C <I?E R
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1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T KM@?

OHJJOC DIOM< KM@?D>0DJI KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@

X < Q<MD<=G@ HJ?@ NK@>DATDIB OC@ OTK@ JA DIOM< KM@?D>0ODJI OJ <KKGT
X < Q<MD<=G@ GJB 4 NK@>DATDIB OC@ =<N@ GJIB<MDOCH JA OC@ RD?0OC JA OC@ M@BDJI OJ =@ KM@?D:
X < Q<MD<=G@ GJB % NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ C@DBCO JA OC@ M@BDJI OJ =@ KM@
X <Q<MD<=G@ R NK@>DATDIB OC@ RD?0OC JA OC@ M@BDJI OJ =@ KM@?D>0@?
X <Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ M@BDJI 0J =@ KM@?D>0@?
1C@ JPOKPO JA OCDN KMJ>@NN DN < ! <MM<T I<H@? KM@? >JIO<DIDIB OC@ DIOM< KM@?D>0@7? N<HKG@N
1C@ KMJ>@NN PN@N GDI@<M DIO@MKJIG<ODJI OJ B@I@M<O@ ADGO@M@? N<HKG@N AMJH OC@ N<HKG@N DI )¢
X &A HJ?@ DN @LP<G 0OJ 0*,,1%;-/"! OC@ AJGGJRDIB IM?@M@7? NO@KN <KKGTAJMD C AJME R
1C@ <MM<T NH4@DBCON5 DN N@O ?@K@I1?@10 JI OC@ Q<GP@ JA GJB 4 <>>JM?DIB OJ OC@ AJGG.
log2wW smWeightsX
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S
1C@ <MM<T NH4@DBCONG6 DN N@O ?@K@I1?@10 JI OC@ Q<GP@ JA GJB % <>>JM?DIB OJ OC@ AJGG

log2H smWeightsY
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

1C@ Q<MD<=G@ NHJJOC-M@? DN N@O <N AJGGJRN
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smoothPred= smWeightslff i ] * AboveRowj ] +
( 256 - smWeightsf i ] ) * LeftCol[ h- 1] +
smWeightsK j ] * LeftCol[ i ] +
( 256 - smWeightsKj ] ) * AboveRoww - 1]

KM@?8 D 98 E9 DN N@O @LP<G 0OJ/JPI? NHJJOC-M@?
X ,OC@MRDN@ DA HJ?@ DN @LP<G 0OJ 0*,,1%;3;-/"! OC@ AJGGJRDIB IM?@M@? NO@KN <KKGTAJMD C A,
1C@ <MM<T NH4@DBCON DN N@O ?@K@I1?@10 JI OC@ Q<GP@ JA GJB % <>>JM?DIB OJ OC@ AJGGJ
log2H smWeights
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S
OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

1C@ Q<MD<=G@ NHJJOC-M@? DN N@O <N AJGGJRN

smoothPred= smWeightf i ] * AboveRowj ] +
( 256 - smWeightg i ] ) * LeftCol[ h - 1]
KM@7?8 D 98 E9 DN N@O @LP<G OJ /JPI? NHJJOC-M@?
X ,OC@MRDN@ HJ?@ DN @LP<G 0OJ 0*,,1%;%;-/"! OC@ AJGGJIRDIB IM?@M@? NO@KN <KKGTAJIMD C AJN
1C@ <MM<T NH4@DBCON DN N@O ?@K@I?@10 JI OC@ Q<GP@ JA GJB 4 <>>JM?DIB OJ OC@ AJGGJI
log2W smWeights

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

OH;4@DBCON;1S; S

1C@ Q<MD<=G@ NHJJOC-M@? DN N@O <N AJGGJRN
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smoothPred= smWeight§ j ] * LeftCol[ i ] +
( 256 - smWeight§ j ] ) * AboveRoww - 1]
KM@?8 D 98 E 9 DN N@O @LP<G 0J/JPI? NHJJOC-M@?

1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T KM@?

#DGO@M >IMI@M KMJ>@NN
1CDN KMJ>@NN PN@N < OCM@@ O<K ADGO@M 0J >JHKPO@ OC@ Q<GP@ 0J =@ PN@? AJM OC@ OJK G@AO >JMI;

1C@ Q<MD<=G@ N DN N@O @LP<G OJ )@AO JG8 9 =JQ@/IR8 9 =JQ@/JR8 9

1C@ JPOKPO JA OCDN KMJ>@NN DN /JPI? N

&IOM< ADGO@M OTK@ KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN < Q<MD<=G@ KG<I@ NK@>DATDIB OC@ >JGIM KG<I@ =@DIB KMI>@NN@?

1C@ JPOKPO JA OCDN KMJ>@NN DN < Q<MD<=G@ ADGO@M1TK@ OC<O DN N@O OJ DA @DOC@M OC@ =GJ>F <=J
KM@?D>0DJI HJ?@

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN
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get filter_type ( plane ) {
aboveSmooth= 0
leftSmooth =0
if ( ( plane ==0) ? AvailU : AvailUChroma) {
r = MiRow- 1
¢ = MiCol
if ( plane >0) {
if ( subsampling_x &&!( MiCol &1) )
ct++
if ( subsampling_y &&( MiRow& 1) )
r__

}
aboveSmooth= is_smooth( r, c, plane )
}
if ( ( plane ==0) ? AvailL : AvailLChroma) {
r = MiRow
¢ = MiCol - 1

if ( plane >0) {
if ( subsampling_x &&( MiCol & 1) )
C__
if ( subsampling_y &&!( MiRow& 1) )

r++
}
leftSmooth = is_smooth( r, c, plane )
}
return aboveSmooth| leftSmooth

}

RC@M@ OC@ API>0ODJI DN;NHJJOC DI?D><O@N DA < KM@?D>0DJI HJ?@ DN JI@ JA OC@ NHJJOC DIOM< HI?@N <I?

is_smooth( row, col, plane ) {
if ( plane ==0) {
mode= YMod€ds row ][ col ]

} else {
if ( RefFrameg row ][ col ] 0] > INTRA_FRANE
return 0
mode= UVModé¢srow ][ col ]
}
return (mode== SMOOTH_PREDmode== SMOOTH_V_PREDnode== SMOOTH_H_BRED

}

&IOM< @?B@ ADGO@M NOM@IBOC N@G@>0ODJI KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <Q<MD<=G@ R >JIO<DIDIB OC@ RD?0C JA OC@ OM<INAJMH DI N<HKG@N

X <Q<MD<=G@ C >JIO<DIDIB OC@ C@DBCO JA OC@ OM<INAJMH DI N<HKG@N
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X < Q<MD<=G@ ADGO@M1TK@ OC<O DN JM 0OC<O >JIOMJGN OC@ NOM@IBOC JA ADGO@MDIB
X < Q<MD<=G@ ?@GO< >JIO<DIDIB <I <IBG@ ?DAA@M@I|>@ DI ?@BM@@N
1C@ JPOKPO DN <I DIOM< @?B@ ADGO@M NOM@IBOC AMJH OJ DI>GPNDQ@
1C@ Q<MD<=G@ ? DN N@O @LP<G OJ =N ?@GO<
1C@ Q<MD<=G@ =GF4C >JIO<DIDIB OC@ NPH JA OC@ ?DH@INDJIN DN N@O @LP<GOJR C
1C@ JPOKPO Q<MD<=G@ NOM@IBOC DN NK@>DAD@? <N AJGGJRN
strength =0

if ( fiterType ==0) {
if ( blkWh<=8) {

if ( d>=56) strength =1
} else if ( blkWh<=12) {

if (d>=40) strength =1
} else if ( blkWh<=16) {

if (d>=40) strength =1

} else if ( blkWh<=24) {
if (d>=8) strength =1
if (d>=16) strength =2
if (d>=32) strength =3
} else if ( blkWh<=32) {
strength =1
if (d>=4) strength =2
if ( d>=32) strength =3

} else {
strength =3
}
} else {

it ( blkWh<=8) {

if ( d>=40) strength =1

if (d>=64) strength =2
} else if ( blkWh<=16) {

if (d>=20) strength =1

if (d>=48) strength =2

} else if ( blkWh<=24) {

if (d>=4) strength =3
} else {

strength =3
}

&IOM< @?B@ PKN<HKG@ N@G@>0DJI KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <Q<MD<=G@ R >JIO<DIDIB OC@ RD?0C JA OC@ OM<INAJMH DI N<HKG@N
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X <Q<MD<=G@ C >JIO<DIDIB OC@ C@DBCO JA OC@ OM<INAIJMH DI N<HKG@N

X < Q<MD<=G@ ADGO@M1TK@ OC<O DN JM OC<O >JIOMJGN OC@ NOM@IBOC JA ADGO@MDIB

X < Q<MD<=G@ ?@GO< >JIO<DIDIB <I <IBG@ ?DAA@M@I>@ DI ?@BM@@N

1C@ JPOKPO DN < AG<B PN@2KN<HKG@ OC<O DN OMP@ DA PKN<HKGDIB NCJPG? =@ <KKGD@? OJ OC@ @?B@

1C@ Q<MD<=G@ ? DN N@O @LP<G OJ =N ?@GO<

1C@ Q<MD<=G@ =GF4C >JIO<DIDIB OC@ NPH JA OC@ ?DH@INDJIN DN N@O @LP<GOJR C

1C@ JPOKPO Q<MD<=G@ PN@2KN<HKG@ DN NK@>DAD@? <N AJGGJRN

if (d<=0] d>=40) {
useUpsample= 0

} else if ( filterType ==0) {
useUpsample= (blkWh <= 16)
} else {

useUpsample= (blkWh <= 8)
}

&IOM< @7?B@ PKN<HKG@ KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ IPH-S NK@>DATDIB OC@ IPH=@M JA N<HKG@N 0J ADGO@M

X <Q<MD<=G@ ?DM >JIO<DIDIB RC@| ADGO@MDIB OC@ <=JQ@ N<HKG@N <I? RC@| ADGO@MDIB OC@ G@
1C@ JPOKPO JA OCDN KMJ>@NN <M@ PKN<HKG@7? N<HKG@N DI OC@ =JQ@/JR <I? Y@AO JG <MM<TN
1C@ Q<MD<=G@ =PA DN N@O ?@K@1?DIB JI ?DM

X &A ?DM DN @LP<G OJ =PADN N@O @LP<G 0J < M@A@M@I>@ OJ =JQ@/JR

X ,OC@MRDN@ ?DM DN @LP<G 0OJ =PADNN@O @LP<G OJ<M@A@M@I>@ OJ)@AO JG

Note: =PA DN < M@A@M@I>@ OJ @DOC@M =JQ@/JR IM )@AO JG IM@A@M@I>@" DI?D><O@N OC<0O HJ?DATDIE
Q<GP@N DI OC@ JMDBDI<G <MM<T

4C@1 OC@ KMJ>@NN NO<MON @IOMD@N OJIPH-S <M@ Q<GD? DI =PA <I? >JIO<DI OC@ JMDBDI<G Q<GP@N 4C(
>JHKG@O@N @IOMD@N OJ IPH-S <M@ Q<GD? DI =PA <I? >JIO<DI OC@ PKN<HKG@? Q<GP@N

| <MM<T ?PK JA G@IBOC IPH-S DN B@I@M<O@7? =T @SO@I?DIB =PA =T JI@ N<HKG@ <O OC@ NO<MO <I? @I? <N AJ
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dud O] =buf[ -1]
for (i =-1; i <numPxi++) {
dud i +2] =buf[ i ]

}
dugd numPx+ 2] = buf[ numPx 1]

1C@ PKN<HKGDIB KMJ>@NN HJ?DATDIB Q<GP@N DI =PA DN NK@>DAD@? <N AJGGJRN

buf[-2] = dudQ]
for (1 =0; i <numPxi++) {
s =-dudi] +(9 * dudi + 1) + (9 * dudi +2]) - dudi + 3]
s = Clipl ( Round®s, 4) )
buff 2*i - 1] =s
buf[ 2 * i ] =dufdi + 2]

&IOM< @7?B@ ADGO@M KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <NDU@ NU NU RDGG <GR<TN =@ G@NN OC<I| JM @LP<G 0J
X <ADGO@M NOM@IBOC NOM@IBOC =@OR@ @I <I? DI>GPNDQ@

X <l @?B@ ?DM@>0DJI G@AO RC@| @LP<G OJ DO NK@>DAD@N < Q@MOD><G @?B@ RC@I| @LP<G 0OJ D¢
@?B@

1C@ KMJ>@NN ADGO@MN OC@ )@AO JG DA G@AO DN @LP<G 0J JIM =JQ@/JR DA G@AO DN @LP<G OJ <MM<T!
&A NOM@IBOC DN @LP<G OJ OC®@ KMJ>@NN M@OPMIN RDOCJPO ?JDIB <ITOCDIB
1C@ <MM<T @?B@ DN ?@MDQ@? =T N@OODIB @?B@8 D 9 @LP<G OJ G@AO )Y@AOJG8D 9 =JQ@/JR8D 9 A
,OC@MRDN@ NOM@IBOC DN IJO @LP<G OJ OC@ AJGGJRDIB IM?@M@? NO@KN <KKGTAIMD NU

1C@ Q<MD<=G@ N DN N@O @LP<G 0J

1C@ AJGGJRDIB NO@KN IJR <KKGTAIJME  &+1/;"1$"1-0

< 1C@ Q<MD<=G@ FDN N@O @LP<GOJ GDK NU D E

= 1C@ Q<MD<=G@ N DN DI>M@H@I0@7? =T &IOM<;"?B@;(@MI@G8 NOM@IBOC 98E9 @?B@8F9

&A G@AO DN @LP<G OJ )@AOJG8D 9DNN@O @LP<GOJ N

&A G@AO DN @LP<G OJ =JQ@/JR8D 9DNN@O @LP<GOJ N
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1C@ <MM<T &IOM<;"?B@;(@MI@G DN NK@>DAD@? <N AJGGJRN

Intra_Edge_Kernel [INTRA_EDGE_KERNENSRA_EDGE_TARS{
{0 4 8
{0 5 86,
{2 4 4

}

&lIO@M KM@ ?D>0DJI KMJ>@NN
P@QI@M<G

1C@ DIO@M KM@?D>0DJI KMJ>@NN DN DIQJF@? AJM DIO@M >J?@? =GJ>FN <I? DIO@MDIOM< =GJ>FN 1C@ DIKPOI
X < Q<MD<=G@ KG<l@ NK@>DATDIB RCD>C KG<l@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<IC
KM@?D>0@"?

X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?

X Q<MD<=G@N ><I?/JR <I? ><I? JG NK@>DATDIB OC@ GJ><ODJI DIPIDON JA S =GJ>FN JA OC@ HJODJI Q@>C
0J=@ PN@?

1C@ JPOKPON JA OCDN KMJ>@NN <M@ KM@?D>0@? N<HKG@N DI OC@ >PMM@I0 AM<H@ PMM#M<H@
1CDN KMJ>@NN DN OMDBB@M@7? =T < API>0DJI ><GG 0J KM@7?D>0O;DIO@M

1C@ Q<MD<=G@ DN JHKJPI? DN N@O @LP<G OJ /@A#M<H@N8 ><I?/JR 98 ><I? JG 98 9 &+1/ ;#/*"

1C@ KM@7?D>0DJI <MM<TN <M@ AJIMH@? =T OC@ AJGGJRDIB IM?@M@7? NO@KN

1C@ MJIPI?DIB Q<MD<=G@N ?@MDQ<ODJI KMJ>@KN-NKRE@>DADEN DIQJF@? RDOC OC@ Q<MD<=G@ DN JHK
<N DIKPO

&A KG<I@ DN @LP<G 0J <I? HJODJI:HJ?@ DN @LP<G 0J), )4 /- OC@ R<MK @NODH<OD®KIDI@NN DI
DN DIQJF@?

&A KG<I@ DN @LP<G OJ <I? HIODJI;HJ?@ DN @LP<G 0J), )4 /- <I?)J><G3<GD? DN @LP<G OJ OC@ N@OPK
KMJ>@NN NK@>DA@EzDI| DN DIQJF@? RDOC )J><G4<MK-<M<HN <N DIKPO <I? OC@ JPOKPO R<MK3<(
<NNDBI@? OJ )J><G3<GD? OC@ JOC@M JPOKPON <M@ ?DN><M?@?

1C@ Q<MD<=G@ M@A)DNO DN N@O @LP<G 0OJ

1C@ Q<MD<=G@ M@A#M<H@ DN N@O @LP<G OJ /@A#M<H@NS8 ><|?/JR 98 ><I? JG 98 M@A)DNO 9

Section: Decoding process Page 257 of 669



AV1 Bitstream & Decoding Process Specification

&A 6*32@ $), 3V 6*12@ $), );$), )*3 <I? SHITK@8 M@A#M<H@ 9 1/ +0) 1&,+ OC@
N@OPK NC@<M KMJ>@NN NK@BARI®? DI DN DIQIF@? RDOC BH:K<M<HN8 M@A#M<H@ 9 <N DIKPO <I? OC
R<MK3<GD? DN <NNDBI@? 0J BGJ=<G3<GD? OC@ JOC@M JPOKPON <M@ ?DN><M?@?

1C@ Q<MD<=G@ PN@4<MK < Q<GP@ JA DI?D><O@N GJ><G R<MKDIB DI?D><O@N BGJ=<G R<MKDIB DN *
c &AR JIJMC PN@4<MKDNN@O @LP<G OJ
¢ ,OC@MRDN@ DA AJM>@;DIO@B@M;HQ DN @LP<G OJ PN@4<MK DN N@O @LP<G OJ

¢ ,OC@MRDN@ DA HJODJI;HI?@ DN @LP<G OJ), )4 /- <I?)J><G3<GD? DN @LP<G OJ PN@4<MK DN N¢
0J

¢ ,OC@MRDN@ DA <GG JA OC@ AJGGJRDIB <M@ OMP@ PN@4<MK DN N@O @LP<G 0J
b 6*?2@ $), )*3VV6:J?2@ $), );$), )*3
b $HITK@8 M@A#M<H@ 9 1/+0) 1&+
b DN;N><G@? M@A#M<H@ DN @LP<G OJ
b BGJ=<G3<GD? DN @LP<G 0QJ
¢ ,OC@MRDN@ PN@4<MK DN N@O @LP<G 0J
1C@ HJODJI Q@>0JM <MM<T HQ DN N@O @LP<G 0J *QN8 ><I|?/JR 98 ><|? JG 98 M@A)DNO 9
1C@ Q<MD<=G@ M@A&?S NK@>DATDIB RCD>C M@A@M®@!>@ AM<H@ DN =@DIB PN@? DN N@O <N AJGGJF
¢ &A PN@;DIOM<=> DN @LP<G OJ M@A&?S DN N@O @LP<G 0J M@A;AM<H@;D?S8 M@A#M<H@ ) 01

c ,OC@MRDN@ PN@;DIOM<=>DN @LP<G OJ M@A&?SDNN@O @LP<GOJ <I?/@A#M<H@4D?0C8
#M<H@4D?0C /@A#M<H@%@DBCO8 9 DN N@O @LP<G OJ #M<H@%@DBCO <I? /@A2KN><G@7?4D
0J 2KN><G@7?4D?0C 1C@N@ Q<GP@N @INPM@ OC<O OC@ HJODJI Q@>0JM N><GDIB C<N IJ @AA

1C@ HJODJI Q@>0JM N><GDIB KM@Z&NN DI DN DIQJF@? RDOC KG<I@ M@A&?S S T HQ <N DIKPON <|?
JPOKPO =@DIB OC@ DIDOD<G GJ><ODJI NO<MO5 NO<MO6 <I? OC@ NO@K NDU@N NO@K5 NO@K6

&A PN@;DIOM<=>DN @LP<G OJ /@A#M<H@4D?0C8 9DNN@O @LP<G OJ*D JGN *&;0&7" /@A#M<H@%@
@LP<G OJ *D/IJRN *&;0&7" <I? | @A2KN><G@?4D?0C8 9 DNN@O @LP<G OJ*D JGN *&;0&7" 1C@N@ Q<GP
@@?@7? OJ <QJD? DIOM<=>KM@?D>0DJI =@DIB >MJKK@? OJ OC@ AM<H@ =JPI?<MD@N

&A PN@4<MK DN IJO @LP<G OJ OC@ =GJ>F R<NIKIMI>@NN DDN DIQIF@? RDOC PN@4<MK KG<I@ M@A)
S TD E R C<NDIKPON<I? OC@ JPOKPO DN H@MB@? DIOJ OC@ ! <MM<T KM@?N8 M@A)DNO 9 AJM D
E R "<>C DIQJ><ODJI ADGGN DI < =GJ>F JA JPOKPO JANDU@ R =T C <O SJAAN@O E <I? T JAAN@

&A PN@4<MK DN @LP<G OJ OC@ =GJ>F DIO@M KM@R@=@milIKMJI>@NPDEIJF@? RDOC KG<I@ M@A&?S
NO<MO5 NO<MO6 NO@K5 NO@K6 R C ><I?/JR ><I? JG <N DIKPON <I? OC@ JPOKPO DN <NNDBI@? OJ OC@
M@A)DNO 9
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&A DN JHKJPI? DN @LP<G OJ OC@I| OC@ Q<MD<=G@ M@A)DNO DN N@O @LP<G OJ <I? NO@KN 0OJ <M@
KM@?D>0DJI AJM OC@ N@>JI? M@A@M@I>@

| <MM<T I<H@? *<NF DN KM@K<M@7? <N AJGGJRN

X &A >JHKJPI?;0TK@ DN @LP<G 0OJ ,*-,2+!;4"1$" <|? KG<I@ DN @LP<G OJ OC@ R@?B@ H<NF KM¥&OR DI
DN DIQJF@? RDOC R C <N DIKPON

X ,OC@MRDN@ DA >JHKJPI?;0TK@ DN @LP<G OJ ,*-,2+!;,&+1/ OC@ DIOM< HJ?@ Q<MD<IO H<NEXKDI@NN DI
DN DIQJF@? RDOC R C <N DIKPON

X ,OC@MRDN@ DA >JHKJPI?;OTK@ DN @LP<G OJ ,*-,2+|;1&##41! <|? KG<I@ DN @LP<G OJ OC@ ?DAA@M@I>E@
H<NF KMJ>@NNN@I>ODJI DN DIQJF@? RDOC KM@?N R C <N DIKPON

X ,OC@MRDN@ |J H<KNF <MM<T DN l@@?@"?

&A >JHKJPI?;0TK@ DN @LP<G OJ ,*-,2+!;1&01 +" OC@ ?DNO<I>@ R@DBCON KMBx@XINDDI DN DIQJF@? RDOC
><|?/JR <I? ><I? JG <N DIKPON

1C@ DIO@M KM@7?D>0@7? N<HKG@N <M@ OC@| ?@MDQ@7? <N AJGGJRN

X &A DN JHKJPI? DN @LP<G OJ <I? &N&IO@M&IOM< DN @LP<G OJ PMM#M<H@8 KG<I@ 98T D98S E 9 DN |
KM@?N8 98D98E9 AJIMD C <I?E R

X ,OC@MRDN@ DA >JHKJPI?;0TK@ DN @LP<G OJ ,*-,2+!;3"/$" PMM#M<H@8 KG<I@ 98 T D98 S E 9 DN N@O
0OJ GDK /JPI? KM@?N8 98D98E9 KM@?N8 98D98E9 &IO@M-JNO/JPI? AIMD C <I?E R

X ,OC@MRDN@ DA >JHKJPI?;0TK@ DN @LP<G OJ ,*-,2+!;1&01 +" PMM#M<H@8 KG<I@ 98 T D98S E 9 DN N@
0OJ GDK /JPI? #R?4@DBCO KM@?N8 98D98E9 >F4@DBCO KM@?N8 98D98E9 &IO@M-IJNO/JPI?
C <I”E R

X ,OC@MRDN@ OC@ H<NF =G@I? KN1@>@N0BI DI DN DIQJF@? RDOC KM@?N KG<I@ S T R C <N DIKPON

&A HIJODJI;HJ?@ DN @LP<G OJ,* OC@ JQ@MG<KK@? HIODJI >JHK@INIDDJI DI DN DIQJF@? RDOC KG<I@ R C <N
DIKPON

/JPI?DIB Q<MD<=G@N ?@MDQ<0DJI KMJI>@NN
1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ DN JHKJPI?

1C@ MJPI?DIB Q<MD<=G@N &I0O@M/JPI? &IO@M/IPI? <I? &IO@M-INO/JIPI? <M@ ?@MDQ@7? <N AJGGJRN
X &I0O@M/IPI? M@KM@N@IODIB OC@ <HJPIO OJ MJPI? =T <AO@M CIMDUJIO<G ADGO@MDIB DN N@O @LP<(
X &IO0@M/IIPI? M@KM@N@IODIB OC@ <HJPIO OJ MJPI? =T <AO@M Q@MOD><G ADGO@MDIB DN N@O @LP<GC
X &A DO!@KOC DN @LP<G OJ &IO@M/JPI? DN N@O @LP<G OJ &I0@M/JIPI?

X &A DO!@KOC DN @LP<G OJ <I? DN JHKJPI? DN @LP<G OJ &IO@M/JPI? DN N@O @LP<G OJ &I0O@M/JPI?

Section: Decoding process Page 259 of 669



AV1 Bitstream & Decoding Process Specification

X &I0@M-INO/IPI? M@KM@N@IODIB OC@ <HJPIO OJ MJPI? =T <O OC@ @I1? JA OC@ KM@?D>0DJI KMJ>@NN |
#&)1"/; &10 &IO@M/IPI?  &IO@M/IPI?

Note: 1C@ MJPI?DIB DN >CIN@I| OJ @INPM@ OC<O OC@ JPOKPO JA OC@ CIMDUJIO<G ADGO@M <GR<TN ADON F

*JODJI Q@>0JM N><GDIB KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?
X < Q<MD<=G@ M@A&?S NK@>DATDIB RCD>C M@A@M@I>@ AM<H@ DN =@DIB PN@?

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<IE
KM@?D>0@?

X <Q<MD<=G@ HQ NK@>DATDIB OC@ >G<HK@? HIJODJI Q@>0JM DI PIDONJA OCJA<GPH<N<HKG@ D @

1C@ JPOKPON JA OCDN KMJ>@NN <M@ OC@ Q<MD<=G@N NO<MO5 <I? NO<MO6 BDQDIB OC@ M@A@M@I>@ =GJ>F
N<HKG@ <I? Q<MD<=G@N S00@K <I? TOO@K BDQDIB OC@ NO@K NDU@ DI PIDON JA OC JA <N<HKG@

1CDN KMJ>@NN DN M@NKJIND=G@ AJM >JHKPODIB OC@ N<HKGDIB GJ><ODJIN DI OC@ M@A@M@I>@ AM<H@ =<Ni
N<HKGDIB GJ><ODJIN <M@ <GNJ <?EPNO@? OJ >JHK@IN<O@ AJM <IT ?DAA@M@I>@ DI OC@ NDU@ JA OC@ M@A@
>PMM@I10 AM<H@

Note: 4C@| DIOM< =GJ>F >JKT DN =@DIB PN@? M@A&?S RDGG =@ @LP<G OJ 0OJNDBI<G KM@?D>0DJI AMJH O(
=@DIB ?@>J?@? 1C@ <MM<TN /@A#M<H@4D?0C /@A#M<H@%@DBCO <I? /@A2KN><G@?4D?0C DI>GP?@ Q<G
BDQDIB OC@ ?DH@INDJIN JA OC@ >PMM@I0 AM<H@

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O <GG OC@ AJGGJRDIB >JI?DODJIN <M@ N<ODNAD@?
X  #M<H@4D?0C /@A2KN><G@?4D?0C8 M@A&?S 9
X  #M<H@%@DBCO /@A#M<H@%@DBCO8 M@A&?S 9
X #M<H@4D?0C I@A2KN><G@74D?0C8 M@A&?S 9
X #M<H@%@DBCO |@A#M<H@%@DBCO8 M@A&?S 9

Q<MD<=G@ S0><G@ DN N@O @LP<G OJ /@A2KN><G@7?4D?0C8 M@A&?S9 ['#,0 )";,0%&#1 #M<H@4D?0C
#M<H@4D?0C

Q<MD<=G@ T0><G@ DN N@O @LP<G 0OJ /@A#M<H@%@DBCO8 M@A&?S9 ['#,0 )";,0%&#1 #M<H@%@DBCO
#M<H@%@DBCO
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S0><G@ <I? T0O><G@ NK@>DAT OC@ NDU@ JA OC@ M@A@M@I>@ AM<H@ M@G<ODQ@ OJ OC@ >PMM@I10 AM<HC(
@LPDQ<G@IO 0J =JOC AM<H@N C<QDIB OC@ N<H@ NDU@

1C@ Q<MD<=G@N NP=5 <I? NP=6 <M@ N@O @LP<G 0J OC@ NP=N<HKGDIB AJM OC@ >PMM@I0 KG<I@ <N AJGGJRN
X &A KG<I@ DN @LP<G OJ NP=5DN N@O @LP<G OJ <I? NP=6 DN N@O @LP<G OJ
X ,OC@MRDN@ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<G 0J NP=N<HKGDIB;T

1C@ Q<MD<=G@ C<GAO<HKG@ M@KM@N@IODIB C<GA OC@ NDU@ JA < N<HKG@ DI PIDONJA OC JA<N<HKG@
02 -"); &10

1C@ Q<MD<=G@ JMDB5 DN N@O @LP<GOJ S 02-");&10 HQ89 NP=5 C<GAO<HKG@
1C@ Q<MD<=G@ JMDB6 DN N@O @LP<GOJ T 02-"); &10 HQ89 NP=6 C<GAO<HKG@

JMDBS5 <I? JIMDB6 NK@>DAT OC@ GJ><ODJI JA OC@ >@IOM@ JA OC@ N<HKG@ <O OC@ OJK G@AO >IMI@M JA OC(
AM<H@_N >JIM?DI<O@ NTNO@H DI PIDONJA OCJA<N<HKG@ D @ RDOC 02 -"); &10 AM<>0ODJI<G =DON

1C@ Q<MD<=G@ =<N@5 DN N@O @LP<G OJ JMDB5 S0><G@ C<GAO<HKG@ /"#;0 )";0%&#1
1C@ Q<MD<=G@ =<N@6 DN N@O @LP<G OJ JMDB6 T0><G@ C<GAO<HKG@ /"#;0 )";0%&#1

=<N@5 <I? =<N@6 NK@>DAT OC@ GJ><ODJI JA OC@ OJK G@AO >IMI@M JA OC@ =GJ>F DI OC@ M@A@M@I>@ AM<
>JIM?DI<O@ NTNO@H RDOC AM<>0ODJI<G =DON

1C@ Q<MD<=G@ JAA >JIO<DIDIB < MJPI?DIB JAAN@O AJM OC@ ADGO@M O<K N@G@>0DJI DN N@O @LP<G OJ
02 -"); &10

1C@ JPOKPO Q<MD<=G@ NO<MO5 DN N@O @LP<G OJ /JPI? ODBI@? =<N@5 /"#0 )";0%&#1 02 -"); &10
0 )%02-"); &10 JAA

1C@ JPOKPO Q<MD<=G@ NO<MO6 DN N@O @LP<G OJ /JPI? ODBI@? =<N@6 /"#:0 )":0%&#1 02 -"); &10
0 )%02-"); &10 JAA

NO<MOS5 <I? NO<MO6 NK@>DAT OC@ GJ><ODJI JA OC@ OJK G@AO >IMI@M JA OC@ =GJ>F DI OC@ M@A@M@I>@ A
>JIM?DI<O@ NTNO@H RDOC 0 )";02 -"); &10 AM<>0DJI<G =DON

1C@ JPOKPO Q<MD<=G@ NO@K5 DN N@O @LP<G OJ /JPI? ODBI@? SO0><G@ /'#;0 )";0%&%#1 0 )";,02-"); &10
1C@ JPOKPO Q<MD<=G@ NO@K6 DN N@O @LP<G OJ /JPI? ODBI@? TO><G@ /*#;0 )";,0%&#1 0 )";02-"); &10

NO@KS5 <I? NO@K6 <M@ OC@ NDU@ JA JI@ >PMM@IO AM<H@ N<HKG@ DI OC@ M@A@M@I>@ AM<H@_N >JIM?DI<
=DON

GJ>F DIO@M KM@?D>0DJI KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@
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X < Q<MD<=G@ KG<Il@

X < Q<MD<=G@ M@A&?S NK@>DATDIB RCD>C M@A@M@I>@ AM<H@ DN =@DIB PN@? JM AJM DIOM< =GJ>F
X Q<MD<=G@N S <I? T BDQDIB OC@ =GJ>F GJ><ODJI RDOC DI PIDON JA OC JA<N<HKG@

X Q<MD<=G@N S00@K <I? TOO@K BDQDIB OC@ NO@K NDU@ DI PIDON JA OC JA<N<HKG@

X Q<MD<=G@N R <I? C BDQDIB OC@ RD?0C <I? C@DBCO JA OC@ =GJ>F DI PIDON JA N<HKG@N

X Q<MD<=G@N ><I?/JR <I? ><|? JG NK@>DATDIB OC@ GJ><ODJI DIPIDON JA S =GJ>FN JA OC@ HJODJI Q@>C
0J=@ PN@?

1C@ JPOKPO AMJH OCDN KMJ>@NN DN OC@ ! <MM<T I<kH@? KM@? >JIO<DIDIB DIO@M KM@?D>0@? N<HKG@N
Q<MD<=G@ M@A NK@>DATDIB OC@ M@A@M@I>@ AM<H@ >JIO@ION DN N@O <N AJGGJRN
X &A M@A&?S DN @LP<G 0OJ M@A DN N@O @LP<G OJ PMM#M<H@
X ,OC@MRDN@ M@A&?S DN BM@<O@M OC<IIJM @LP<G 0OJ M@A DN N@O @LP<G OJ#M<H@00IM@8 M@A
1C@ Q<MD<=G@N NP=5 <I? NP=6 <M@ N@O @LP<G 0J OC@ NP=N<HKGDIB AJM OC@ >PMM@I0O KG<I@ <N AJGGJRN
X &A KG<I@ DN @LP<G OJ NP=5DN N@O @LP<G 0J <I? NP=6 DN N@O @LP<G 0J
X ,OC@MRDN@ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<G 0J NP=N<HKGDIB;T
1C@ Q<MD<=G@ G<NO5 DN N@O @LP<G OJ /@A2KN><G@?4D?0C8 M@A&?S9 NP=5 NP=5
1C@ Q<MD<=G@ G<NO6 DN N@O @LP<G OJ /@A#M<H@%@DBCO8 M@A&?S 9 NP=6 NP=6
G<NO5 <I? GENO6 NK@>DAT OC@ >JIM?DI<O@N JA OC@ =JOOJH MDBCO N<HKG@ JA OC@ M@A@M@I>@ KG<I@

1C@ Q<MD<=G@ DIO@MH@?D<0@%@DBCO NK@>DATDIB OC@ C@DBCO M@LPDM@? AJM OC@ DIO@MH@?D<0@
0 )";02-"); &10 0 )";02-"); &10

1C@ NP= N<HKG@ DIO@MKJIG<ODJI DN @AA@>0@? QD< ORJ JI@ ?DH@INDJI<G >JIQIGPODJIN #DMNO < CIJIMDUJIO
O@HKIM<MT <MM<T <I? OC@| OCDN <MM<T DN Q@MOD><GGT ADGO@M@? OJ J=0<DI OC@ ADI<G KM@?D>0DJI 1(
Q@>0JMN ?@O@MHDI@ OC@ ADGO@MDIB KMI>@NN &A OC@ AM<>0DJI<G K<MO DN U@MJ OC@I| OC@ ADGO@M
>JKT

1C@ ADGO@MDIB DN <KKGD@? <N AJGGJRN

X 1C@ <MM<T DIO@MH@7?D<O@ DN NK@>DAD@? <N AJGGJRN
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interpFilter = InterpFilters [ candRow][ candCol ][ 1]
if (w<=4){
if ( interpFilter == EIGHTTAK interpFilter == EIGHTTAP_SHARRF
interpFilter =4
} else if ( interpFilter == EIGHTTAP_SMOQTH
interpFilter =5
}
}

for (r =0; r < intermediateHeight ; r++) {
for (c=0; c <w c+t+t) {
s=0
p=x + xStep * ¢
for (t =0, t <8; t++)
s += Subpel_Filters [ interpFilter ][ (p >>6) & SUBPEL_MABKt ] *
ref[ plane ] [ Clip3( O, lasty, (y >>10) +r - 3) ]
[ Clip3( 0, lastX, (p>>10 +t - 3) ]

intermediate [ r ][ ¢ ] = Round®s, InterRoundO)

X 1C@ <MM<T KM@? DN NK@>DAD@7? <N AJGGJRN

interpFilter = InterpFilters [ candRow[ candCol ][ O]
if (h<=4){
if ( interpFilter == EIGHTTAH interpFilter == EIGHTTAP_SHARR
interpFilter =4
} else if ( interpFilter == EIGHTTAP_SMOQTH
interpFilter =5
}
}

for (r =0; r <h; r++) {
for (c=0; c <w c+t+t) {

s=0

p=(y &1023 + yStep * r

for (t =0, t <8; t++)

s += Subpel_Filters [ interpFilter ][ (p >>6) & SUBPEL_MABKt ] *

intermediate [ (p >>10) +t ][ c ]

pred[ r ] ¢ ] = Round®s, InterRoundl)

RC@M@ OC@ >JINO<IO <MM<T OP=K@G;#DGO@MN DN NK@>DAD@? <N
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Subpel_Filters [ 6 ][ 16 ][ 8] ={

{

[clNeleolelNolNeolNolNolNololololNolNolNolNo)

OO MNMNDNMNNMNNMNDNMNNMNNMNDNMNNMDNMNNMNDNMNDNO

Lt et Wt W et W e W s W e W e e W Nt it W e W e W W )

ooooonNMNoO

[clNeleolelNolNeolNolNolNolNolololNolololNo)
1
NN

e e Nt Nt e e e T Mt Mt Nt Nate Nt N Nate Nata)
o o0oo0ooo0oo0o

0, O,

-2, 6,

-4, 10,
-4, 10,
10,
-4, 10,
-4, 12,
-2, 10,

0, 128 0, 0, 0, 0},

-6, 126 8, -2, 0, 0},
122, 18, -4, 0, 0},
116, 28 -8, 2, 0},
110, 38 -10, 2, 0},
102, 48 -12, 2, 0},

-10,
-12,
-14,
-14,
-16,
-14,
-14,
-12,
-12,
-12,
-10,

94,
84,
76,
66,
58,
48,
38,

58, -12, 2, 0},
66, -12, 2, 0},
76, -14, 2, 0},
84, -14, 2, 0},
94, -16, 2, 0},
102, -14, 2, 0},

110, -14, 2, 0},

-8, 28, 116 -12 2, 0},
-4, 18, 122, -10, 2, 0},
-2, 8, 126 -6, 2, 0}

0, 128

28,
26,
22,
20,
18,
16,

62,
62,
62,
60,
58,
56,

0,0 0 0}

34, 2,0, 0},
36, 4, 0, 0},
40, 4, 0, 0},
42, 6, 0, 0},
44, 8, 0, 0},
46, 10, 0, 0},

16, 54, 48, 12, 0, 0},
14, 52, 52, 14, -2, 0},
12, 48, 54, 16, -2, 0},
10, 46, 56, 16, 0, 0},

8, 44, 58 18 0, 0},
6, 42, 60, 20, 0, 0},
4, 40, 62, 22, 0, 0},
4, 36, 62, 26, 0, 0},
2, 34 62 28 2, 0}

0, 128 0, 0, O, 0},

-2, 2, -6, 126 8, -2, 2, 0},
-12, 124 16, -6, 4, -2},
-2, 8, -18 120, 26, -10, 6, -2},

-22,
-22,
-24,
-24,
-24,
-22,

116, 38, -14, 6, -2 },
108 48, -18, 8, -2},
100, 60, -20, 8, -2},
90, 70, -22, 10, -2},
80, 80, -24, 12, -4},
70, 90, -24, 10, -4},

-2, 8 -20, 60, 100 -24, 10, -4},
-2, 8, -18 48 108 -22 10, -4}

e Nt Bt N W e Wt W et W e W e W N
1
_:h
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{ -2, 6, -14, 38 116 -22, 10, -4},
{ -2, 6, -10, 26, 120, -18, 8, -2},
{ -2 4, -6, 16 124 -12 6, -2},
{0 2 -2 8 126 -6, 2, -2}

h

{

{00 0 128 0, 0, 0, 0},
{00 0 120 8 0, 0, 0},
{0 0 0 112 16 0, 0, 0},
{0 0 0 104 24 0, 0, 0},
{00 0 9 32 0, 0, 0},
{0 0 0 88 40, 0, 0, 0},
{0 0 0 80 48 0, 0, 0},
{00 0 72 56 0, 0, 0},
{00 0 64 64 0, 0, 0},
{00 0 56 72 0, 0, 0},
{0 0 0 48 80, 0, 0, 0},
{0 0 0 40 88 0, 0, 0},
{00 0 32 96 0, 0, 0},
{0 0 0 24 104 0, 0, 0},
{00 0 16 112 0, 0, 0},
{00 0 8 120 0, 0, 0}

h

{

{00 0 128 0, 0, 0, 0},
{0 0 -4, 126 8, -2, 0, 0},
{0 0 -8 122 18 -4, 0, 0},
{0 0 -10, 116 28 -6, 0, 0},
{0 0 -12 110 38 -8 0, 0},
{0 0 -12 102 48 -10, 0, 0},
{0 0 -14, 94, 58 -10, 0, 0},
{0 0 -12 84, 66 -10, 0, 0},
{0 0 -12 76 76 -12, 0, 0},
{0 0 -10, 66, 84, -12, 0, 0},
{0 0 -10, 58 94, -14, 0, 0},
{0 0 -10, 48 102 -12, 0, 0},
{0 0 -8 38 110 -12, 0, 0},
{0 0 -6 28 116 -10, 0, 0},
{0 0 -4, 18 122 -8 0, 0},
{00 -2 8 126 -4, 0, 0}

h

{

{00 0 128 0, 0, 0, 0},

{0 0 30 62 34 2 0, 0},
{0 0 26 62 36 4, 0, 0},
{0 0 22 62 40, 4, 0, 0},
{0 0 20 60 42 6 0, 0},
{0 0 18 58 44, 8 0, 0},
{0 0 16 56 46, 10, 0, 0},
{0 0 14, 54 48 12 0, 0},
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{0 0 12 52 52 12 0, 0},
{0 0 12 48 54, 14, 0, 0},
{0, 0 10, 46 56, 16, 0, 0},
{0 0 8 44, 58 18 0, 0},
{0 0 6 42 60, 20, 0, 0},
{0 0 4 40, 62 22 0, 0},
{0 0 4 36 62 26 0, 0},
{0 0 2 34 62 30, 0, 0}
}

Note: GG OC@ Q<GP@N DI OP=K@G;#DGO@MN <M@ @Q@I| 1C@ G<NO ORJ ADGO@M OTK@N <M@ PN@? AJM N
AJPM ADGO@M O<KN 1C@ ADGO@M <O DI?@S C<N < AJPM O<K Q@MNDJI JA OC@ "&$%11 - ADGO@M 1C@ ADC
Q@MNDJI JA OC@ "&$%1 -;0*,,1% ADGO@M

GJ>F R<MK KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X <Q<MD<=G@ PN@4<MK @LP<G OJ AJM GJ><G R<MK JM AJM BGJ=<G R<MK
X < Q<MD<=G@ KG<I@
X < Q<MD<=G@ M@A)DNO NK@>DATDIB OC<O OC@ KMJ>@NN NCJIJPG? KM@?D>0 AMJH /@ A#M<H@8 M@A)DN

X Q<MD<=G@N S <I? TNK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<IE
KM@?D>0@"?

X Q<MD<=G@N D <I? E NK@>DATDIB OC@ JAAN@O DI PIDON JA N<HKG@N M@G<ODQ@ OJ OC@ OJK G@A!
X Q<MD<=G@N R <I? C BDQDIB OC@ RD?0C <I? C@DBCO JA OC@ =GJ>F DI PIDON JA N<HKG@N
1C@ JPOKPO AMJH OCDN KMJ>@NN DN OC@ ! <MM<T I<H@? KM@? >JIO<DIDIB R<MK@? DIO@M KM@ 7?D>0@? N<HK

1C@ KMJI>@NN JIGT PK?<O@N < N@>0DJI JA OC@ KM@? <MM<T 1C@ NDU@ JA OC@ PK?<O@7? N@>ODJI DN S N<Fk
JAOC@ =GJ>F 3<MD<=G@N D <I? E BDQ@ OC@ GJ><ODJI JA OC@ N@>0DJI OJ PK?<O0@

Q<MD<=G@ M@A&?S NK@>DATDIB RCD>C M@A@M@I>@ AM<H@ DN =@DIB PN@? DN N@O @LP<G 0J M@A:AM<H
) OL;#/ ** 9

Q<MD<=G@ M@A NK@>DATDIB OC@ M@QA@M@I>@ AM<H@ >JIO@ION DN N@O @LP<G OJ #M<H@00IM@8 M@A&?
1C@ Q<MD<=G@N NP=5 <I? NP=6 <M@ N@O @LP<G 0J OC@ NP=N<HKGDIB AJM OC@ >PMM@I0 KG<I@ <N AJGGJRN
X &A KG<I@ DN @LP<G OJ NP=5DN N@O @LP<G OJ <I? NP=6 DN N@O @LP<G 0OJ

X ,OC@MRDN@ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<G OJ NP=N<HKGDIB;T
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1C@ Q<MD<=G@ G<NO5 DN N@O @LP<G OJ /@A2KN><G@?4D?0C8 M@A&?S9 NP=5 NP=5
1C@ Q<MD<=G@ G<NO6 DN N@O @LP<G OJ /@A#M<H@%@DBCO8 M@A&?S 9 NP=6 NP=6
G<NO5 <I? GENO6 NK@>DAT OC@ >JIM?DI<O@N JA OC@ =JOOJH MDBCO N<HKG@ JA OC@ M@A@M@I>@ KG<I@
1C@ Q<MD<=G@ NM>5 DN N@O @LP<GOJ S E NP=5
1C@ Q<MD<=G@ NM>6 DN N@O @LP<GOJ T D NP=6
NM>5 <I? NM>6 NK@>DAT < GJ><ODJI DI OC@ GPH< KG<I@ OC<0O RDGG =@ KMIE@>0@? PNDIB OC@ R<MK K<M<H(
1C@ <MM<T R<MK-<M<HN DN NK@>DAD@? <N AJGGJRN
X &A PN@4<MK DN @LP<G OJ R<MK-<M<HN DN N@O @LP<G 0J)J><G4<MK-<M<HN
X ,OC@MRDN@ PN@4<MK DN @LP<G 0OJ R<MK-<M<HN DN N@O @LP<G OJ BH;K<M<HN8 /@A#M<H@8 M@A)L
1C@ Q<MD<=G@ ?NO5 DN N@O @LP<G OJ R<MK-<M<HN8 9 NM>5 R<MK-<M<HN89 NM>6 R<MK-<M<HN8 9
1C@ Q<MD<=G@ ?NO6 DN N@O @LP<G OJ R<MK-<M<HN8 9 NM>5 R<MK-<M<HN89 NM>6 R<MK-<M<HN89
?NO5 <1? ?NO6 NK@>DAT OC@ ?@NODI<ODJI GJ><ODJI DI OC@ GPH< KG<I@ PNDIB 4 /-"1*,I");-/" ; &10 =DON JA KM@>C

1C@ N@OPK NC@<M KMJ>@NN NK@>0BIl@? DIDN DIQIJF@? RDOC R<MK-<M<HN <N DIKPO <I? OC@ JPOKPON <M@
0J R<MK3<GD? <GKC< =@0< B<HH< <|? 7@G0O< R<MK3<GD? RDGG <GR<TN =@ @LP<G OJ <O OCDN KJDIO

1C@ NP= N<HKG@ DIO@MKJIG<ODJI DN @AA@>0@? QD< ORJ JI@ ?DH@INDJI<G >JIQJGPODJIN #DMNO < CIMDUJIO
<I DIO@MH@?D<O0@ <MM<T <|? OC@| OCDN <MM<T DN Q@MOD><GGT ADGO@M@? 0J J=0<DI OC@ ADI<G KM@?D>

1C@ ADGO@MDIB DN <KKGD@? <N AJGGJRN

X 1C@ <MM<T DIO@MH@?D<O@ DN NK@>DAD@? <N AJGGJRN
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x4 = dstX >> subX

y4 = dstY >> subY

ix4 = x4 >> WARPEDMODEL_PREC_BITS

sx4 = x4 & ((1 << WARPEDMODEL_PREL -BIJS
iy4 =y4 >> WARPEDMODEL_PREC_BITS

sy4 = y4 & ((1 << WARPEDMODEL_PREL -BI)S

for (i1 =-7;, i1 <8; i1++) {
for (12 =-4; i2 <4; i2++) {

sx = sx4 + alpha * i2 + beta * il

offs = Round®sx, WARPEDDIFF_PREC)BIT&/ARPEDPIXEL_PREC_SHIFTS

s=0

for (i3 =0; i3 <8; i3++) {

s += Warped_Filters[ offs ][ i3 ] *
ref[ plane ][ Clip3( 0, lastY, iy4 +il ) ]

[ Clip3( 0, lastX, ix4 +i2 - 3 +i3 ) ]

}

intermediate [(i1 + 7)][( i2 + 4)] = Round®s, InterRound0)

X 1C@ <MM<T KM@? DN NK@>DAD@7? <N AJGGJRN

for (il =-4; i1 <Min(4, h-i8 * 8- 4); il++) {
for (12 =-4; i2 <Min(4, w- j8 * 8- 4); i2++) {

sy = sy4 + gammd i2 + delta * il
offs = Round@sy, WARPEDDIFF_PREC) BIT&/ARPEDPIXEL_PREC_SHIFTS
s=0
for (I3 =0; i3 <8; i3++) {

s += Warped_Filters[offs ][ i3] *

intermediate [(i1 +i3 + AJ( 2 + 4)]

}
pred[ i8 * 8+i1 +4] j8 * 8 +i2 + 4] = Round®s, InterRoundl)

RC@M@ OC@ >JINO<IO <MM<T 4<MK@7?;#DGO@MN DN NK@>DAD@? <N
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Warped_Filters [ WARPEDPIXEL_PREC_SHIBTS 1][ 8] = {
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{-2, 8 -21, 79, 79 -21, 8, -2}, {-2, 8 -21 77, 82 -22, 8 -2},
{-2, 8, -21, 74, 84 -21, 8, -2}, {-2, 8 -21, 72 87 -22, 8 -2},
{-2, 8 -20, 69, 89 -22 8 -2}, {-2, 8 -20, 67, 91, -22, 8 -2},
{-2, 7, -19, 64, 94, -22, 8, -2}, {-2, 7, -19, 62, 96, -22, 8, -2},
{-2, 7, -18 59, 98 -22, 8, -2}, {-2, 7, -18, 56, 100, -21, 8, -2},
{-2, 7, -17, 54, 102 -21, 7, -2}, {-2, 7, -16, 51, 104 -21, 7, -2},
{-2, 6, -16, 49, 106 -20, 7, -2}, {-2, 6, -15 46, 108 -20, 7, -2},
{-2, 6, -15 43 110 -19, 7, -2}, {-2, 6, -14, 41, 111, -19, 7, -2},
{-1, 5 -13 38 113 -18 6, -2}, {-1, 5 -12, 35 114 -17, 6, -2},
{-1, 5 -12, 33 116 -17, 6, -2}, {-1, 4, -11, 30, 118 -16, 5, -1},
{-1, 4, -10, 27, 119 -15, 5, -1}, {-1, 4, -9, 25 120 -14, 5 -2},
{-1, 3, -8 23 121 -13 4, -1}, {-1, 3, -7, 20, 122 -12, 4, -1},
{-1, 3, -7, 18 123 -11, 4, -1}, {-1, 3, -6, 16, 124 -10, 3, -1},
{-1, 2, -5 13 125 -8, 3, -1}, {-1, 2, -4, 11, 126 -7, 2, -1},
{o 1, -3 8 126 -6, 2 O, {0 1 -2 6 127 -5 1, 0}
{o 1, -2 4 127 -3, 1, 0O, {0 O O 2 127 -1, 0, O}
{0,00 1,127 0 0 0} {00 0, -1, 127 2, 0, 0},
{0,0 1 -3 127 4 -1,0} {0, 0 1, - 4 126 6 -2 1}
{0,0 1 -5 126 8 -3, 1} {0, 0 1, -6 125 11, - 4, 1},
{0, 0 1 -7 124 13 -4, 1} {0, 0, 2 -8 123 15 -5 1},
{00 2 -9 122 18 -6, 1} {0, 0, 2, -10, 121, 20, - 6, 1},
{0 0 2 -11, 120, 22, -7, 2} {0, 0, 2, -12, 119 25 - 8, 2},
{0 0 3 -13 117 27, -8, 2}, {0, 0, 3, -13 116 29, - 9, 2},
{0 0 3 -14 114 32 -10, 3}, {0, 0, 3, -15 113 35 -10, 2},
{0 0 3 -15 111, 37 -11, 3}, { 0, 0, 3, -16, 109 40, -11, 3},
{0 0 3 -16 108 42 -12, 3}, {0, 0, 4, -17, 106 45 -13 3},
{0 0 4 -17, 104 47, -13 3}, { 0, 0, 4, -17, 102 50, -14, 3},
{0 0 4 -17, 100, 52, -14, 3}, {0, 0, 4, -18 98 55 -15 4},
{00 4 -18 96 58 -15 3}, {0, 0, 4, -18 94, 60, -16, 4},
{00 4 -18 91, 63 -16 4}, {0, 0, 4, -18 89, 65 -16 4},
{0 0 4 -18 87, 68 -17, 4}, {0, 0, 4, -18 85 70, -17, 4},
{0 0 4 -18 82 73 -17, 4}, {0, 0, 4, -18 80, 75 -17 4},
{0 0 4 -18 78 78 -18 4}, {0, 0, 4, -17, 75 80, -18 4},
{0 0 4 -17, 73, 82 -18 4}, {0, 0, 4, -17, 70, 85 -18 41},
{0 0 4 -17, 68 87 -18 4}, {0, 0, 4, -16, 65 89, -18 4},
{0 0 4 -16 63 91 -18 4}, {0, 0, 4, -16, 60, 94, -18 4},
{00 3 -15 58 96 -18 4}, {0, 0, 4, -15 55 98 -18 4},
{0 0 3 -14 52 100 -17, 4}, {0, 0, 3, -14, 50, 102 -17, 4},
{0 0 3 -13 47 104 -17, 4}, { 0, 0, 3, -13, 45, 106 -17, 4},
{0 0 3 -12, 42 108 -16 3}, { 0, 0, 3, -11, 40, 109 -16 3},
{0 0 3 -11, 37 111 -15 3}, {0, 0, 2, -10, 35 113 -15 3},
{0 0 3 -10, 32 114 -14, 3}, {0, 0, 2, - 9, 29, 116 -13 3},
{00 2 -8 27 117 -13 3}, {0, 0, 2, - 8 25 119 -12 2},
{00 2 -7 22120 -11, 2}, {0, 0, 1, - 6, 20, 121, -10, 2},
{0,0 1 -6 18 122 -9, 2} {0, 0, 1, -5 15 123 - 8, 2},
{0, 0 1 -4 13 124 -7, 1} {0, 0, 1, - 4 11, 125 - 6, 1},
{0,0 1 -3 8 126 -5 1} {0, 0, 1 -2 6 126 - 4, 1},
{0,0 0 -1 4 127 -3, 1} {0, 0,0 0 2 127 -1, 0},
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{0,0 0 0 2 127 -1 0}

0@OPK NC@<M KMJ>@NN

1C@ DIKPO AJM OCDN KMJ>@NN DN <I <MM<T R<MK-<M<HN M@KM@N@IODIB <I <AADI@ OM<INAJMH<ODJI

1C@ JPOKPON AMJH OCDN KMJ>@NN <M@ OC@ Q<MD<=G@ R<MK3<GD? <I? Q<MD<=G@N <GKC< =@0< B<HH< ?(
NC@<MDIB JK@M<ODJIN OC<0O >JH=DI@ OJ H<F@ OC@ APGG <AADI@ OM<INAIJMH<ODJI

1C@ Q<MD<=G@ <GKC< DN N@O @LP<G OJ GDK R<MK-<M<HNS8 9 4 /-1 1");-" 5 &10
1C@ Q<MD<=G@ =@0< DN N@O @LP<G OJ GDK R<MK-<M<HNS8 9

1C@ M@NJIGQ@ ?DQDNIM KMJI>@NN@K@DAD@PBIDIQIF@? RDOC R<MK-<M<HN8 9 <N DIKPO <I? OC@ JPOKPON
<NNDBI@? 0J ?DQOCDAO <I? ?DQ#<>0IM

1C@ Q<MD<=G@ Q DN N@O @LP<G OJ R<MK-<M<HN8 9 4/-"I*I");-/"; &10
1C@ Q<MD<=G@ B<HH< DN N@O @LP<G OJ GDK /JPI? ODBI@? Q 7?DQ#<>0JM ?DQOCDAO
1C@ Q<MD<=G@ R DN N@O @LP<G OJ R<MK-<M<HN8 9 R<MK-<M<HNS8 9

1C@ Q<MD<=G@ ?@GO< DN N@O @LP<G OJ GDK R<MK-<M<HN8 9 /JPI? 0DBI@? R ?DQ#<>0JM ?DQOCD
4 /-"1*1");-" 5 &10

1C@ JPOKPO Q<MD<=G@N <GKC< =@0< B<HH< ?@GO< <M@ N@O <N AJGGJRN

alpha = Round2Signefl alpha0, WARP_PARAM_REDUCH_B{®ARP_PARAM_REDUCE_BITS
beta = Round2Signefl betad, WARP_PARAM_REDUCH_B{T®ARP_PARAM_REDUCE_BITS

gamma Round2Signefl gamma0WARP_PARAM_REDUCH_ BT®ARP_PARAM_REDUCE_BITS
delta = Round2Signefl delta0, WARP_PARAM_REDUCBH_B{T®ARP_PARAM_REDUCE_BITS

1C@ JPOKPO R<MK3<GD? DN N@O <N AJGGJRN

X &A =N <GKC< =N =@0< DN BM@<O@M OC<IJM @LP<G OJ  4/-"I*I");-["; &10 R<MK3<GD?
DN N@O @LP<G OJ

X &\ =N B<HH< =N ?@GO< DNBM@<O@M OC<IJM @LP<GOJ  4/-"I*I");-"; &10
R<MK3<GD? DN N@O @LP<G OJ

X ,OC@MRDN@ R<MK3<GD? DN N@O @LP<G OJ

I@NJGQ@ ?DQDNJIM KMJI>@NN
1C@ DIKPO AJM OCDN KMJ>@NN DN < Q<MD<=G@ ?
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1C@ JPOKPON AJM OCDN KMJ>@NN <M@ Q<MD<=G@N ?DQOCDAO <I? ?DQ#<>0JM OC<0 ><| =@ PN@? OJ K@MAJIMt
QD< HPGODKGTDIB =T ?DQ#<>0JM <I|? NCDAODIB MDBCO =T ?DQOCDAO

1C@ Q<MD<=G@ | M@KM@N@IODIB OC@ GJ><ODJI JA OC@ HINO NDBIAD><IO =DO DI =N? DN N@O @LP<G OJ #C
1C@ Q<MD<=G@ @ DN N@O @LP<G OJ =N ? I
1C@ Q<MD<=G@ A DN N@O <N AJGGJRN
X &A1 1&3;)21; &10 ADN N@O @LP<G OJ/JPI? @ | !&3;)21; &10
X ,OC@MRDN@ ADNN@O @LP<GOJ@ !&3;)21; &10 |
1C@ JPOKPO Q<MD<=G@ ?DQOCDAO DN N@O @LP<G OJ | !&3;)21;-/"; &10
1C@ JPOKPO Q<MD<=G@ ?DQ#<>0JM DN N@O <N AJGGJRN
X &A? DN G@NN OC<| ?DQ#<>0JM DN N@O @LP<G OJ 'DQ;)PO8 A9
X ,OC@MRDN@ 7?DQ#<>0JM DN N@O @LP<G 0OJ IDQ;)PO8 A9

1C@ GJIFPK O<=G@ !DQ;)PO DN NK@>DAD@? <N

Div_Lut[ DIV_LUT_NUM {

16384 16320 16257 16194 16132 1607Q 16009 15948 15888 15828 15768
15709 1565Q 15592 15534 15477 1542Q 15364 15308 15252 15197 15142
15087 15033 1498Q 14926 14873 14821 14769 14717 14665 14614 14564
14513 14463 14413 14364 14315 14266 14218 1417Q 14122 14075 14028
13981 13935 13888 13843 13797 13752 13707 13662 13618 13574 1353Q
13487 13443 1340Q 13358 13315 13273 13231 13190 13148 13107 13066
13026 12985 12945 12906 12866 12827 12788 12749 1271Q 12672 12633
12596 12558 1252Q 12483 12446 12409 12373 12336 1230Q 12264 12228
12193 12157 12122 12087 12053 12018 11984 1195Q 11916 11882 11848
11815 11782 11749 11716 11683 11651 11619 11586 11555 11523 11491
1146Q 11429 11398 11367 11336 11305 11275 11245 11215 11185 11155
11125 11096 11067 11038 11009 1098Q 10951 10923 10894 10866 10838
1081Q 10782 10755 10727 1070Q 10673 10645 10618 10592 10565 10538
10512 10486 1046Q 10434 10408 10382 10356 10331 10305 1028Q 10255
1023Q 10205 1018Q 10156 10131 10107 10082 10058 10034 1001Q 9986
9963 9939 9916 9892 9869 9846 9823 980Q 9777 9754 9732
9709 9687 9664 9642 9620 9598 9576 9554 9533 9511, 9489
9468 9447 9425 9404 9383 9362 9341 9321, 9300 9279 9259
9239 9218 9198 9178 9158 9138 911§ 9098 9079 9059 9039
9020 9001 8981 8962 8943 8924 8905 8886 8867 8849 883Q
8812 8793 8775 8756 873§ 8720 8702 8684 8666 8648 863Q
8613 8595 8577 856Q 8542 8525 8508 8490 8473 8456 8439
8422 8405 8389 8372 8355 8339 8322 8306 8289 8273 8257,
8240 8224 8208 8192
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4<MK @NODH<ODJI KMJ>@NN

1CDN KMJ>@NN KMJ?P>@N OC@ <MM<T )J><G4<MK-<M<HN =<N@7? JI +PHO<HKG@N ><I?D?<O@N DI <I?)DNO =T K@!
NLP<M@N ADO

&0 <GNJ KMJ?P>@N < Q<MD<=G@ )J><G3<GD? DI?D><0ODIB RC@OC@M OC@ KMJI>@NN R<N NP>>@NNAPG

S H<OMDS <I? ORJG@IBOC <MM<TN S<I? T<M@ >JINOMP>0@? <N AJGGJRN

for (i =0; 1 <2 i++) {
for (j =0;] <2 j++){

Aillj] =0
}
B{i] =0
Byi] =0

}
w4 = Num_4x4_Blocks_WifisliSize]
h4 = Num_4x4 Blocks_ HigiMiSize]
midY = MiRow* 4 + h4 * 2 - 1
midX = MiCol * 4 + w4* 2 - 1
suy = midY * 8
Sux = midX* 8
duy = suy + My O][ O]
dux = sux + My O][ 1]
for (i =0; i <NumSamplesi ++) {
sy = CandList[i][ O] - suy
sx = CandList[i][ 1] - sux
dy = CandList[i][ 2] - duy
dx = CandList[i][ 3] - dux
if ( Abgqsx - dx) <LS_MV_MAR Abgqsy - dy) < LS_MV_MAX{
AO][ 0] +=Is_product (sx, sx) + 8
AO][ 1] +=Is_product (sx, sy) + 4
A 1] 1] +=Is_product (sy, sy) + 8
B 0] +=Is_product (sx, dx) + 8
B 1] +=Is_product (sy, dx) + 4
By 0] +=Is_product (sx, dy) + 4
By 1] +=Is_product (sy, dy) + 8

RC@M@ GN;KMJ?P>0 DN NK@>DAD@? <N

Is_product (a, b) {
return ( (a* b) >>2) + (a + b)
}
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Note: 1C@ H<OMDS DN NTHH@OMD> NJ @IOMT 8 98 9 DN JHDOO@?

1C@ Q<MD<=G@ ?@0O >JIO<DIDIB OC@ ?@O@MHDI<IO JA OC@ H<OMDS DNN@O @LP<GOJ 8989 8989 8989
1C@ Q<MD<=G@ )J><G3<GD? DN N@O <N AJGGJRN

X &A ?@0 DN @LP<G OJ )J><G3<GD? DN N@O @LP<G OJ

X ,OC@MRDN@ )J><G3<GD? DN N@O @LP<G OJ
&A ?7@0 DN @LP<G OJ OCDN KMJ>@NN O@MHDI<O@N <O OCDN KJDIO

1C@ M@NJIGQ@ ?DQDNJIM KMJ>@NN@&IK@XDAD@PRIDIQIF@? RDOC ?@0 <N DIKPO <I? OC@ JPOKPON <NNDBI@?
<I? 2DQ#<>0IM

1C@ GJ><G R<MK K<M<H@O@MN DI )J><G4<MK-<M<HN <M@ ?@MDQ@? <N AJGGJRN

divsShift -= WARPEDMODEL_PREC_BITS
if ( divShift <0) {

divFactor = divFactor << (-divShift )

divShift =0
}
LocalWarpParan|] diag ( A1l 1 *B{O] - AQI[ 1 * B{1)
LocalWarpParanis3] = nondiag( -AO][ 1] * B{ 0] + AO][ 0] * BX1])
LocalWarpParanis] nondiag( A 1[ 1] * BYO0] - AO][ 1] * By 1]
LocalWarpParanis] diag( -AO[ 1] * BYOl + AQ[ O * BY1])

mvx=M{§ O] 1]
mvy=M{ O] O]
vx = mvx* (1 << (WARPEDMODEL_PREC_B)JS-

(midX* (LocalWarpParani®?] - (1 << WARPEDMODEL_PRE)} BIT8dY * LocalWarpParanis3])
vy = mvy* (1 << (WARPEDMODEL_PREC B)JS-

(midX * LocalWarpParan{] + midY * (LocalWarpParan|$] - (1 << WARPEDMODEL_PRE) BITS
LocalWarpParani®] = Clip3 (-WARPEDMODEL_TRANS_QIARFEDMODEL_TRANS-CLAMY
LocalWarpParanisl] = Clip3 (- WARPEDMODEL_TRANS_QIARFEDMODEL_TRANS-CLAMB

RC@M@ ?D<B <I? 1JI1?D<B <M@ NK@>DAD@? OJ ?DQD?@ <I? >G<HK PNDIB ?DQ#<>0JM <I? ?DQOCDAO <N AJGGJRN
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nondiag(v) {
return Clip3 (- WARPEDMODEL NONDIAGAFFINE ICLAMP
WARPEDMODEL_NONDIAGAFFINE_CLAMP
Round2Signeflv * divFactor , divShift ))
}
diag(v) {
return Clip3 (( 1 << WARPEDMODEL_PREL -BWBRPEDMODEL NONDIAGAFFINE CLAMP

(1 << WARPEDMODEL_PREL ‘BWWBRPEDMODEL_NONDIAGAFFINE_ICLAMP
Round2Signefv * divFactor , divShift ))

,Q@MG<KK@? HJODJI >JHK@IN<ODJI KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
1C@ JPOKPON JA OCDN KMJ>@NN <M@ HJ?DAD@? DIO@M KM@?D>0@7? N<HKG@N DI OC@ >PMM@10 AM<H@ PMI

1CDN KMJ>@NN =G@I?N OC@ DIO@M KM@?D>0@7? N<HKG@N AJM OC@ >PMM@I10 =GJ>F RDOC DIO@M KM@ ?D>O¢
Q@>0JMN AMJH OC@ <=JQ@ <I? G@AO =GJ>FN

1C@ H<SDHPH IPH=@M JA JQ@MG<KK@? KM@?D>0DJIN DN GDHDO@? =<N@? J| OC@ NDU@ JA OC@ =GJ>F

#IJM NH<GG =GJ>FN JIGT OC@ G@AO I@DBC=JM RDGG =@ PN@? 0J AJMH OC@ KM@?D>0DJI

1C@ Q<MD<=G@N NP=5 <I? NP=6 ?@N>MD=DIB OC@ NP=N<HKGDIB JA OC@ >PMM@I0 KG<I@ <M@ ?@MDQ@? <N A.
X &A KG<I@ DN @LP<G OJ NP=5<I? NP=6 <M@ N@O @LP<G OJ
X ,OC@MRDN@ KG<I@ DN IJO @LP<G OJ NP=5DN N@O @LP<G 0J NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<(

1C@ KMJ>@NN DN NK@>DAD@? <N
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if ( Availu ) {
if ( get plane_residual size ( MiSize, plane ) >= BLOCK_8XB{
pass = 0
w4 = Num_4x4_Blocks_WifleMiSize ]
x4 = MiCol
y4 = MiRow
nCount= 0
nLimit = Min(4, Mi_Width_Log® MiSize ])
while ( nCount < nLimit &&x4 < Min( MiCols, MiCol + w4) ) {
candRow= MiRow- 1
candCol=x4 | 1
candSz = MiSizes[ candRow[ candCol ]
stepd = Clip3( 2, 16, Num_4x4 Blocks WiflecandSz] )
if ( RefFrameg candRow[ candCol][ 0] > INTRA_FRANE{
nCount += 1
predW= Min( w ( step4 * MI_SIZE) >> subX)
predH = Min( h >>1, 32 >>subY)
mask= get_obmc_magk predH )
predict_overlap ( )

}
x4 += stepd
}
}
}
if ( AvailL ) {
pass = 1
h4 = Num_4x4 Blocks_HighMiSize ]
x4 = MiCol
y4 = MiRow
nCount = 0
nLimit = Min(4, Mi_Height_Logd MiSize ])
while ( nCount < nLimit &&y4 < Min( MiRows MiRow+ h4) ) {
candCol = MiCol - 1
candRow=y4 | 1
candSz = MiSizes[ candRow][ candCol ]
step4d = Clip3( 2, 16, Num_4x4_Blocks_HighcandSz] )
if ( RefFrameg candRow|[ candCol][ O] > INTRA_FRANE{
nCount += 1
predW= Min( w>>1, 32 >> subX)
predH = Min( h, ( step4 * MI_SIZE) >> subY)
mask= get_obmc_magk predW)
predict_overlap ( )
}
y4 += stepd
}
}

4C@I| OC@ API>0ODJI KM@?D>0;JQ@MG<K DN DIQJF@? OC@ AJGGJIRDIB IM?@M@7? NO@KN <KKGT OJ AJMH OC@ J
JANDU@ KM@7?4 =T KM@?% =<N@? JI OC@ ><I?D?<O0@ HJODJI Q@>0JM
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1C@ HJODJI Q@>0JM HQ DN N@O @LP<G 0OJ *QN8 ><I?/JR 98 ><|? JG 98 9

1C@ Q<MD<=G@ M@A&?S DN N@O @LP<G OJ M@A;AM<H@;D?S8 /@ A#M<H@N8 ><I?/JR 98 ><I? JG 98 9 ) 01
1C@ Q<MD<=G@ KM@7?5 DN N@O @LP<G OJ S NP=5

1C@ Q<MD<=G@ KM@7?6 DN N@O @LP<G OJ T NP=6

1C@ HJODJI Q@>0JM N><GDIB KM@Z&NN DI DN DIQJF@? RDOC KG<I@ M@A&?S KM@?5 KM@7?6 HQ <N
<|I? OC@ JPOKPO =@DIB OC@ DIDOD<G GJ><ODJI NO<MO5 NO<MO6 <I? OC@ NO@K NDU@N NO@K5 NO@K

1C@ =GJ>F DIO@M KM@7?D>0ODJIN@IIS@NN DI DN DIQIF@? RDOC KG<l@ M@A&?S NO<MO5 NO<MO6 NOE
KM@7?4 KM@7?% ><I?/JR ><I? JG <N DIKPON <I? OC@ JPOKPO DN <NNDBI@? OJ OC@ ! <MM<T J=H>-M@"?

J=H>-M@7?8 D 98 E 9 DN N@O @LP<G OJ GDK J=H>-M@?8D98E9 AIMD KM@?% <I?E KM@?4

1C@ =G@I1?DIB KMJ>@WN®R=mDJI DN DIQJF@? RDOC KG<I@ KM@?5 KM@7?6 KM@7?4 KM@?7% K<NN J=l
<|? H<NF <N DIKPON

1C@ API>0DJI B@0O;J=H>;H<NF M@OPMIN < =G@I?DIB H<NF <N AJGGJRN

get_obmc_magklength ) {

if (length ==2) {
return Obmc_Mask 2

} else if (length ==4) {
return Obmc_Mask 4

} else if ( length ==8) {
return Obmc_Mask 8

} else if ( length ==16) {
return Obmc_Mask_16

} else {
return Obmc_Mask 32

1C@ =G@I1?DIB HKNFN <M@ ?@ADI@? <N AJGGJRN
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Obmc_Mas 2] ={ 45 64}
Obmc_MasK 4] ={ 39, 50, 59, 64}
Obmc_Mas & = { 36, 42, 48, 53, 57, 61, 64, 64}

Obmc_Mask [18] = { 34, 37, 40, 43, 46, 49, 52, 54
56, 58, 60, 61, 64, 64, 64, 64}

Obmc_Mask [322] ={ 33, 35 36, 38, 40, 41, 43 44,
45, 47, 48, 50, 51, 52, 53 55,

56, 57, 58, 59, 60, 60, 61, 62
64, 64, 64, 64, 64, 64, 64, 64}

,Q@MG<K =G@I?DIB KMJ>@NN
1C@ DIKPON 0J OCDN KMJ>@NN <M@

X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N KM@7?5 <I? KM@?6 NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M
M@BDJI 0J =@ KM@?D>0@"?

X Q<MD<=G@N KM@7?4 <I? KM@?% NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0
X < Q<MD<=G@ K<NN @LP<G OJ DA =G@I?DIB <=JQ@ N<HKG@N JM @LP<G OJ DA =G@I?DIB G@AO N<HKG(
X < ? <MM<T J=H>-M@? >JIO<DIDIB OC@ N<HKG@N KM@?D>0@? AMJH < |@DBC=JMDIB HIJODJI Q@>0JM
X <l <MM<T H<NF >JIO<DIDIB OC@ =G@I?DIB R@DBCON
1C@ JPOKPON JA OCDN KMJ>@NN <M@ HJ?DAD@? DIO@M KM@?D>0@7? N<HKG@N DI OC@ >PMM@10 AM<H@ PMI
#IMD KM@?% <I?E KM@?4 OC@ AJGGJIRDIBIM?@M@7? NO@KN <KKGT
1C@ Q<MD<=G@ H NK@>DATDIB OC@ =G@I1?DIB A<>0JM DN NK@>DA@? <N AJGGJRN
¢ &A K<NN DN @LP<G OJ =G@I? AMIH <=JQ@ HDN N@O @LP<G OJH<NF8D 9
¢ ,OC@MRDN@ K<NN DN @LP<G 0J H@<IDIB =G@I? AMJH G@AO HDN N@O @LP<G OJH<NF8E9

PMM#M<H@8 KG<I@ 98 KM@7?6 D 98 KM@?5 E 9DNN@O @LP<G OJ/JPI? H PMM#M<H@8 KG<I@ 98 KM@
H J=H>-M@?8D98E9

4@7?B@ H<NF KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN

X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
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1CDN KMJ>@NN N@ON PK < H<NF <MM<T AJM OC@ GPH< N<HKG@N

1C@ H<NF DN NK@>DAD@? <N

for (i =0; i <h; i++) {
for (j =0 ) <w j++) {
Mask i ]| j 1 = WedgeMasksMiSize ]| wedge_sign][ wedge index][ i 1[ j 1]
}

RC@M@ 4@7?B@*<NFN DN < ADS@? GJIFPK O<=G@ OC<O DN B@I@M<O@? =T OC@ AJGGJIRDIB API>0ODJI
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initialise_wedge_mask_table ( ) {
w = MASK_MASTER_SIZE
h = MASK_MASTER_SIZE
for (j =0, ] <w j++) {
shift = MASK_MASTER_SIZE
for (i =0; 1 <h; i +=2) {
MasterMask WEDGE_OBLIQUE63 ]| j ] = Wedge_Master_Oblique_EvEnClip3 ( 0,
MASK_MASTER_SIZE | - shift ) ]
shift =1
MasterMask WEDGE_OBLIQUE63 + 1] j ] = Wedge_Master_Oblique_OddClip3 ( 0,
MASK_MASTER_SIZE | - shift ) ]
MasterMask WEDGE_VERTIQJAL ][ j ] = Wedge_Master_Vertica[ | ]
MasterMask WEDGE_VERTIQAL + 1 ][ j ] = Wedge_Master_Vertical[ j ]

}
}
for (i =00 <h; i++) {
for (j =0, ] <w j++) {
msk = MasterMask WEDGE_OBLIQUE63 ][ | ]
MasterMask WEDGE_OBLIQUJE27 ][ i ] = msk
MasterMask WEDGE_OBLIQUBL1Y ][ w- 1 - j ] =64 - msk
MasterMask WEDGE_OBLIQUBEL58 - 1 - j ][ i ] = 64 - msk
MasterMask WEDGE_HORIZONITAL][ i ] = MasterMask WEDGE_VERTIQAL ][ | 1]
}
}
for ( bsize = BLOCK_8X&size < BLOCK_SIZE®size ++) {
if ( Wedge_Bit§ bsize 1] >0) {
w = Block_Width[ bsize ]
h = Block Height[ bsize ]
for ( wedge= 0; wedge< WEDGE_TYPE®dge+ ) {
dir = get_wedge_direction (bsize, wedgé
xoff = MASK_MASTER_SIZE - (( get_wedge_xoff(bsize, wedg® * w) >> 3)
yoff = MASK_MASTER_SIZE - (( get_wedge_yoff(bsize, wedg® * h) >> 3)
sum= 0
for (1 =0; i <w i++)
sum+= MasterMask dir ][ yoff ][ xoff H ]
for (i =21, i <h; i++)
sum+= MasterMask dir ][ yoff H ][ xoff ]
avg = (sum+ (w+h - 1) / 2) / (w+h - 1)
flipSign = (avg < 32
for (1 =0; i <h; i++) {
for (j =0, ] <w j++) {
WedgeMasksbsize ][ flipSign ][ wedge]l i ]I j 1 = MasterMask dir ][ yoff +
Il xoff 4 ]
WedgeMasksbsize ][ !flipSign ][ wedge]l i ][ j 1 = 64 - MasterMask dir ][
yoff H ][ xoff 4 ]

}
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1C@ ? GJIFPK O<=G@N <M@ ?@ADI@? <N

Wedge_Master_Oblique_ OddASK_MASTER_BSIZE

o o o o0 O O O O O O O O O O o o
o o o O O O O O O O O O 1, 2 6 18
37, 53, 60, 63, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64,
64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64
}

Wedge Master_Oblique EVERMASK_MASTER_BSIZE
o0 0 0o 00 00 00 O0 00 OO0 O, O, O, O, O, O O
o0 0 00 00 o0 00 O0 OO0 O, O, O O 1, 4, 11, 27,
46, 58, 62, 63, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64,
64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64
}

Wedge_Master_Vertica] MASK_MASTER_SIZE
o o o0 O O O O O O O O O O O O o
o o o0 O O O O O O O O O O 2 7 21
43 57, 62, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64,
64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64, 64

1C@ B@O;R@?B@ API>ODJIN <M@ ?@ADI@7? <N
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block_shape(bsize) {
w4 = Num_4x4_Blocks_Wiflbsize ]
h4 = Num_4x4_ Blocks_Hidlbsize ]
if ( h4d>w4)
return 0O
else if ( h4 <w4)
return 1
else
return 2

}

get_wedge_direction (bsize, index) {
return Wedge_Codebddiock_shape(bsize)][ index][ O]
}

get wedge_ xoff(bsize, index) {
return Wedge_Codebdddock_shape(bsize)][ index][ 1]
}

get wedge_ yoff(bsize, index) {
return Wedge_ Codebddiock_shape(bsize)][ index][ 2]
}

Wedge_Codebddj[ 16][ 3] = {
{

{ WEDGE_OBLIQUER74 }, { WEDGE_OBLIQUEE34 },
{ WEDGE_OBLIQUEMX74 }, { WEDGE_OBLIQUE¥,34 },
{ WEDGE_HORIZONZAL2 }, { WEDGE_HORIZONZAL4 },
{ WEDGE_HORIZONZAL6 }, { WEDGE_VERTI|CAL 4 },

{ WEDGE_OBLIQUER72 }, { WEDGE_OBLIQUER76 },
{ WEDGE_OBLIQUE®32 }, { WEDGE_OBLIQUE¥;36 },
{ WEDGE_OBLIQUE{34 }, { WEDGE_OBLIQUEj34 },
{ WEDGE_OBLIQUER74 }, { WEDGE_OBLIQUEH|74 },

{ WEDGE_OBLIQUER74 }, { WEDGE_OBLIQUES34 },
{ WEDGE_OBLIQUE#174 }, { WEDGE_OBLIQUE¥534 },
{ WEDGE_VERT|CAL4}, { WEDGE_VERTI|CAL4 },
{ WEDGE_VERTICBL4 }, { WEDGE_HORIZONTA4 },
{ WEDGE_OBLIQUER72 }, { WEDGE_OBLIQUER76 },
{ WEDGE_OBLIQUE¥®32 }, { WEDGE_OBLIQUE¥536 },
{ WEDGE_OBLIQUEE34 }, { WEDGE_OBLIQUE&34 },
{ WEDGE_OBLIQUEDI74 }, { WEDGE_OBLIQUEHL74 },

{ WEDGE_OBLIQUER74 }, { WEDGE_OBLIQUES34 },
{ WEDGE_OBLIQUE#174 }, { WEDGE_OBLIQUE¥534 },
{ WEDGE_HORIZONTAL }, { WEDGE_HORIZONTALS },
{ WEDGE_VERT|CAL4}, { WEDGE_VERTI|CAL 4 },
{ WEDGE_OBLIQUER72 }, { WEDGE_OBLIQUER76 },
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{ WEDGE_OBLIQUE®32 }, { WEDGE_OBLIQUE¥536 },
{ WEDGE_OBLIQUEB34 }, { WEDGE_OBLIQUEH34 },
{ WEDGE_OBLIQUER74 }, { WEDGE_OBLIQUEHL74 },

1C@ R@7B@ ?DM@>0DJI >JINO<ION PN@? <=JQ@ <M@ ?@ADI@? <N AJGGJRN

Constant Value
4"1%"%,/87,+1)
4"1$"3"/1& )
4M$";,)&.2"
48", )&.2"
4"1$";,)&.2"

413", )&.2"

IDAA@QM@I>@ R@DBCO H<NF KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN

X <I <MM<T KM@?N >JIO<DIDIB OC@ KM@?D>0@7? N<HKG@N
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@7?
1CDN KMJ>@NN KM@K<M@N <I <MM<T *<NF >JIO<DIDIB OC@ =G@I?DIB R@DBCON AJM OC@ GPH< N<HKG@N

1C@ KMJ>@NN N@ON OC@ <MM<T =<N@? JI OC@ ?DAA@M@I>@ =@OR@ @I OC@ ORJ KM@?D>0ODJIN <N AJGGJRN

for (i =0; i <h; i++) {
for (j =0 j <w j++) {
diff = Abgpreds[ O ][ i J[ j 1 - preds[ 1] i 1[ j ])
diff = Roundgdiff , (BitDepth - 8) + InterPostRound)
m= Clip3 (0, 64, 38 + diff / 16)
if ( mask_type)
Mask i I[ j ]
else
Mask i ][ j |

64 - m

m
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&IOM< HIJ?@ Q<MD<IO H<NF KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN

X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?
1CDN KMJ>@NN KM@K<M@N <I <MM<T *<NF >JIO<DIDIB OC@ =G@I?DIB R@DBCON AJM OC@ GPH< N<HKG@N

1C@ KMJI>@NN N@ON OC@ <MM<T =<N@? JI| OC@ HJ?@ PN@? AJM DIOM< KM@?D>0DJI <N AJGGJRN

sizeScale = MAX_SB_SIZEMaxX h, w)
for (1 =0; i <h; i++) {
for (] =0; ] <w j++) {

if ( interintra_mode ==1I_V_PRED) {
Mask i T j ] =li_Weights_1d[ i * sizeScale ]
} else if ( interintra_mode ==1I_H_PRED) {
Mask i ]I j ] = li_Weights_1d[ j * sizeScale ]
} else if ( interintra_mode ==1I_SMOOTH_PREQ
Mask i ]I j 1 = li_Weights_1d[ Min(i, j) * sizeScale ]
} else {

Mask i [ j ] =32
}

RC@M@ OC@ O<=G@ &D;4@DBCON; ? DN ?@ADI@? <N

li_Weights_1d[ MAX_SB_SIFE {
60, 58 56, 54, 52, 50, 48, 47, 45 44, 42, 41, 39, 38 37, 35 34, 33 32
31, 30, 29, 28 27, 26, 25 24, 23, 22, 22, 21, 20, 19, 19, 18 18 17, 16
16, 15 15 14, 14, 13 13 12 12 12 11, 11, 10, 10, 10, 9, 9, 9, 8,

8 8 8 7 7 7, 7, 6 6, 6 6 6 5 5 5 5 5 4 /4
4, 4, 4, 4, 4, 4, 3 3, 3, 3 3 3 3 3 3, 2 2 2 2
2, 2, 2, 2, 2, 2, 2, 2, 2 2 2 1 1 1, 1, 1, 1, 1, 1,
L 1 1 131 1 1 1 1 1 1, 1 1 1 1

*<NF =G@1? KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X <I <MM<T KM@?N >JIO<DIDIB OC@ KM@?D>0@? N<HKG@N
X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N ?NO5 <I? ?NO6 NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@
0J =@ KM@?D>0@"?
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X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ M@BDJI OJ =@ KM@?D>0@"?

1C@ KMJI>@NN >JH=DI@N ORJ KM@?D>0ODJIN <>>JM?DIB OJ OC@ H<NF &0 H<F@N PN@ JA <I <MM<T *<NF >JIO<DID
R@DBCON 0OJ <KKGT OC@ R@DBCON <M@ ?@ADI@7? AJM OC@ >PMM@I10 KG<I@ N<HKG@N DA >JHKJPI?;0TK@ DN
*-,2+5&+1/ IM OC@ GPH< KG<l@ JOC@MRDN@

1C@ Q<MD<=G@N NP=5 <I? NP=6 ?@N>MD=DIB OC@ NP=N<HKGDIB JA OC@ >PMM@I0 KG<I@ <M@ ?@MDQ@7? <N A.
X &A KG<I@ DN @LP<G OJ NP=5<I? NP=6 <M@ N@O @LP<G 0OJ
X ,OC@MRDN@ KG<I@ DN IJO0 @LP<G OJ NP=5DN N@O @LP<G 0J NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<(

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN

for (y=0;y<h; y++) {
for ( x=0; x <w x++) {
if ( ('subX&&!suby) ||
(interintra  &&!wedge_interintra ) ) {
m= Mask y J[ x]
} else if ( subX&&!subY) {
m= Round? Mask y J[ 2*x] + Mask y J[ 2*x+1], 1)
} else if ( !subX&&subY) {
m= Round? Mask 2*y ][ x] + Mask 2*y+1 ][ x], 1)
} else {
m= Round® Mask 2*y ]| 2*x ] + Mask 2*y ][ 2*x+1 ] +
Mask 2*y+1 ]| 2*x ] + Mask 2*y+1 ][ 2*x+1], 2)
}
if ( interintra ) {
pred0 = Clipl( Round® preds[ O] y I x ], InterPostRound ) )
predl = CurrFramg plane][ y+dstY][ x+dstX]
CurrFramd plane][ y+dstY][ x+dstX] = Round? m* predl + (64 - m) * predO, 6 )
} else {
predO =preds[ O] vy 1 X1
predl =preds[ 1 ][ vy X1
CurrFramd plane][ y+dstY][ x+dstX] = Clipl ( Round?2 m* pred0 + (64 - n) * predl, 6 +
InterPostRound ) )
}
}

IDNO<I>@ R@DBCON KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@ Q<MD<=G@N ><I?/JR <I? ><|? JG NK@>DATDIB OC@ GJ><ODJI DI PIDON JA S
HJODJI Q@>0JM DIAJMH<ODJI OJ =@ PN@?

1CDN KMJ>@NN >JHKPO@N R@DBCON OJ =@ PN@? AJM =G@I1?DIB KM@?D>0ODJIN OJB@OC@M =<N@? JI| OC@ @ SK
M@QA@M@I>@ AM<H@N

1C@ R@DBCON <M@ >JHKPO@? <N AJGGJRN
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for ( refList = 0; refList < 2; refList ++) {
h = OrderHints[ RefFramef candRow][ candCol ][ refList ] ]
dist [ refList ] = Clip3( 0, MAX_FRAME_DISTAM®E get_relative_dist ( h, OrderHint ) ) )
}
do =dist[ 1]
dl=dist[ 0]
order = d0 <=d1
if (do==0] di==0) {
FwdWeight= Quant_Dist_Lookug 3 ][ order ]
BckWeight = Quant_Dist_Lookugp 3 ][ 1 - order ]
} else {
for (i =0, 1 <3; i++) {
c0 = Quant_Dist Weigh{ i ][ order ]
¢l = Quant_Dist Weigh{ i ][ 1 - order ]

if ( order ) {
if (dO* cO>dl* cl)
break
} else {
if (dO* cO<dl* cl)
break
}

}

FwdWeight= Quant_Dist_Looku i ][ order ]

BckWeight = Quant_Dist_Lookug i ]| 1 - order ]
}

RC@M@ OC@ O<=G@N .P<IO;!DNO;)JJFPK <I? .P<IO;!DNO;4@DBCO <M@ NK@>DAD@? <N

Quant_Dist Weigh{ 4 ][ 2] ={
{2 3} {25} {2 7} {1 MAX_FRAME_DISTANCE
}

Quant_Dist_Lookug 4] 2] ={
{9 7} {1, 5} {12 4} {13 3}
}

-<G@OO0@ KM@7?D>0ODJI KMJ>@NN

1C@ K<G@OO0@ KM@?D>0DJI KMJ>@NN DN DIQIF@? AIM K<G@OO0@ >J?@? DIOM< =GJ>FN OJ KM@?D>0 < K<MO J,
K<G@O0o@

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N NO<MO5 <I? NO<MO6 NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM:/
>PMM@I10 OM<INAJMH =GJ>F

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI DI S PIDON M@G<ODQ@ OJ OC@ OJK G@AO N<HKG@ JA
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X < Q<MD<=G@ OSOU NK@>DATDIB OC@ NDU@ JA OC@ >PMM@10 OM<INAIJMH =GJ>F
1C@ JPOKPON JA OCDN KMJ>@NN <M@ K<G@OO0@ KM@?D>0@? N<HKG@N DI OC@ >PMM@I10 AM<H@ PMM#M<H(
1C@ Q<MD<=G@ R NK@>DATDIB OC@ RD?0OC JA OC@ OM<INAIMH =GJ>F DN N@O @LP<G 0J 1S;4D?0C8 OS0U 9
1C@ Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ OM<INAIJMH =GJ>F DN N@O @LP<G 0J 1S;%@DBCO8 OS0U
1C@ Q<MD<=G@ K<G@OO@ DN NK@>DAD@? <N AJGGJRN

X &A KG<I@ DN K<G@OO@ DN N@O OJ K<G@OO@;>JGIMN;T
X ,OC@MRDN@ DA KG<I@ DN K<G@OO@ DN N@O 0J K<G@OO@;>JGJIMN;P
X ,OC@MRDN@ KG<I@ DN K<G@OO@ DN N@O 0JK<G@OO@;>JGJIMN;Q

1C@ Q<MD<=G@ H<K DN NK@>DAD@? <N AJGGJRN

X &AKG<I@ DN H<K DN N@O 0J JGIM*<K6
X ,OC@MRDN@ KG<I@ DN I1JO H<K DN N@O 0J JGJIM*<K23

1C@ >PMM@I10 AM<H@ DN PK?<O@? <N AJGGJRN

X PMM#M<H@8 KG<I@ 98 NO<MO6 D 98 NO<MO5 E 9 DN N@O @LP<G OJK<G@OO@8H<K8T D98S EC
R

-M@7?D>0 >CMJH< AMJH GPH< KMJ>@NN

1C@ >CMJIH< AMJH GPH< KMJ>@NN PN@N M@>JINOMP>0@? GPH< N<HKG@N OJ AJMH < KM@?D>0DJI AJM OC@ >C
AM@LP@I>D@N <M@ O<F@I| AMIJH OC@ M@>JINOMP>0@? GPH< N<HKG@N <I? >JH=DI@? RDOC ! KM@?D>0@? >Cl

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ BM@<O@M OC<I U@MJ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?

X Q<MD<=G@N NO<MOS5 <I? NO<MO6 NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM;
>PMM@I10 OM<INAIMH =GJ>F

X < Q<MD<=G@ OSOU NK@>DATDIB OC@ NDU@ JA OC@ >PMM@10 OM<INAIJMH =GJ>F
1C@ JPOKPON JA OCDN KMJ>@NN <M@ HJ?DAD@? >CMJH< KM@?D>0@7? N<HKG@N DI OC@ >PMM@I0 AM<H@ PM
1C@ Q<MD<=G@ R NK@>DATDIB OC@ RD?0OC JA OC@ OM<INAIMH =GJ>F DN N@O @LP<G 0J 1S;4D?0C8 OS0U 9
1C@ Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ OM<INAIJMH =GJ>F DN N@O @LP<G 0J 1S;%@DBCO8 OS0U
1C@ Q<MD<=G@ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S
1C@ Q<MD<=G@ NP=6 DN N@O @LP<G OJ NP=N<HKGDIB;T

1C@ Q<MD<=G@ <GKC< ?@K@I?N JI OC@ KG<I@ <N AJGGJRN
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X &A KG<I@ DN @LP<G OJ <GKC<DN N@O @LP<G OJ AG GKC<2
X ,OC@MRDN@ KG<I@ DN @LP<G OJ <GKC<DN N@O @LP<G 0OJ AG GKC<3

| <MM<T) >JIO<DIDIB NP=N<HKG@? M@>JINOMP>0@? GPH< N<HKG@N RDOC AM<>0DJI<G =DON JA KM@>DNDJI -
M@KM@N@IODIB OC@ <Q@M<B@ M@>JINOMP>0@? GPH< DIO@INDOT RDOC AM<>0DJI<G =DON JA KM@>DNDJI

lumaAvg= 0
for (i =0; i <h; i++) {
lumaY = (startY + i) << subY
lumaY = Min( lumaY¥, MaxLumaH (1 << suby) )
for (J =0, ] <w j++) {
lumaX= (startX +j) << subX
lumaX = Min( lumaX MaxLumaW (1 << subX )
t =0
for ( dy =0; dy <=subY, dy +=1)
for ( dx = 0; dx <=subX dx +=1)
t += CurrFramg¢ O ][ lumaY + dy ]
[ lumaX+ dx ]
v =t <<( 3- subX- subY)
LLilljl=v
lumaAvg+= v
}

}
lumaAvg= Round® lumaAvg Tx Width_LogP txSz ] + Tx_Height LogZ txSz ] )

1C@ KM@?D>0@7? >CMJIH< N<HKG@N <M@ NK@>DAD@? <N

for (i =0; i <h; i++) {
for (j =05 ) <w j++) {
dc = CurrFramg plane ][ starty +i ][ startX +j ]
scaledLuma= Round2Signe@ alpha * ( L[ i ][ j ] - lumaAvg), 6)
CurrFramg plane ][ starty +i ][ startX +j ] = Clipl( dc + scaledLuma)

/@>JINOMP>0DJI <I? ?@LP<IODU<QODJI
S@QI@M<G

1CDN N@>0DJI ?@0<DGN OC@ KMI>@NN JA M@>JINOMP>0DIB < =GJ>F JA >J@AAD>D@ION PNDIB ?@LP<IODU<OD
l@LP<IODU<ODJI API>ODJIN
1CDN N@>0DJI ?@ADI@N OC@ API>ODJIN B@0;?>;LP<I0 <I? B@0;<>;LP<I0 OC<0 <M@ |@@?@? =T OC@ ?@LP<IOD!

1C@ LP<IODU<ODJI KkM<H@O@MN <M@ ?@MDQ@? AMJH GJJFPK O<=G@N
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1C@ API>0ODJI ?>;L = DN NK@>DAD@? <N !>;,.GJIFPK8 DO!@KOC 98 GDK = 9RC@M@ !>;.GJIFPK DN ?@A
<N AJGGJRN
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Dc_Qlookup 3 ][ 2561 ={

{

4! 81 8! 91

17,
27,
38,
48,
57,
67,
77,
87,
105
123
148
177,
211,
250,
296,
349
411,
489,
602
796,

18,
28,
38,
48,
58,
68,
78,
88,

107,
125
150,
180,
214
253
300,
354
417,
497,
614
819

19,
29,
39,
49,
59,
69,
78,
90,

10,
19,
30,
40,
50,
60,
70,
79,
92,

108
127,
152
182
217,
257,
304,
359,
423
505
626,
843

11,
20,
31
41,
51,
61,
70,
80,
93,
110
129
154
185
220,
261,
309,
364,
429,
513
640,
869,

12,
21,
32,
42,
52,
62,
71,
81,
95,
111,
131,
156
187,
223
265
313
369,
435
522,
654,
896,

1184 1232 1282 1336

12,
22,
32,
43,
53,
62,
72,
81,
96,

113
134
158
190,
226,
269
317,
374
441,
530,
668,
925

13,
23,
33,
43,
33,
63,
73,
82,
98,

14,
24,
34,
44,
54,
64,
74,
83,
99,

114
136,
161,
192,
230,
272,
322,
379
447,
539
684,
955

15,
25,
35,
45,
55,
65,
74,
84,

101, 102 104

116
138
164,
195,
233
276,
326,
384,
454,
549,
700,
088

16,
26,
36,
46,
56,
66,
75,
85,

117,
140,
166
199
237,
280,
330,
389,
461,
559,
717,

26,
37,
47,
57,
66,
76,
85,

118
142,
169,
202,
240,
284
335
395
467,
569,
736,

120,
144,
172,
205,
243
288
34Q
400,
475,
579,
755,
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121,
146,
174,
208
247,
292,
344,
406,
482,
590,
775

1022 1058 109§ 1139

4, 9, 10, 13, 15 17, 20, 22, 25 28, 31, 34
37, 40, 43 47, 50, 53, 57, 60, 64, 68 71, 75
78, 82, 86, 90, 93, 97, 101, 105 109 113 116 120

124
170,
215
259,
300
343
418
490,
592,
708,
844,

1001,
1186
1398
1647,
1958
241Q
3188
4737,

12§
174
219
262,
304
350
424
499,
601,
718
856,
1015
1202,
1416
167Q
1990
2458
3280
4929

132
178
223
266,
307,
356,
430,
507,
609,
729,
868
103Q
1218
1436
1692
2021,
2508
3375
513Q

136,
182
226,
269,
310,
362,
436,
516,
617,
739,
880,
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140,
185
23q
273
314
369,
442,
525,
625
749,
891,

1045
1236
1456
1717,
2054
2561,
3478
5347

143
189,
233
276,
317,
375
448
533
634
759,
906,

1061,

1253

1476

1741,

2088

2616

3586

147,
193
237,
280,
321,
381,
454,
542,
644,
770,
920,
1076
1271,
1496
1766
2123
2675
3702

151,
197,
241,
283
324
387,
460,
550,
655
782,
933

109Q
128§
1516
1791,
2159
2737,
3823

155
200,
244
287,
327,
394
466,
559,
666,
795
947,

1105
1306
1537,
1817,
2197,
2802
3953

159,
204,
248
290,
331,
400,
472,
567,
676,
807,
961,

163
208
251,
293
334
406,
478
576,
687,
819,
975

112Q
1323
1559
1844
2236
2871,
4089

166,
212,
255
297,
337,
412,
484,
584
698,
83],
988,
1137,
1342,
158Q
1871,
2276
2944
4236

1153
1361,
1601,
190Q
2319
3020
4394

117Q
1379
1624
1929
2363
3102
4559
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4, 12, 18 25 33 41, 50, 60,

70, 80, 91, 103 115 127, 140 153

166 180 194 208 222 237, 251, 266

281, 296, 312 327, 343 358 374 390

405 421, 437, 453 469 484 500 516

532, 548 564 580, 596 611, 627, 643

659, 674, 690, 706, 721, 737, 752 768

783 798 814 829 844 859 874 889

904, 919 934 949 964 978 993 1008

1022 1037 1051 1065 1080 1094 1108 1122
1136 1151, 1165 1179 1192 1206 122Q 1234
1248 1261, 1275 1288 1302 1315 1329 1342
1368 1393 1419 1444 1469 1494 1519 1544
1569 1594 1618 1643 1668 1692 1717 1741
1765 1789 1814 1838 1862 1885 1909 1933
1957, 1992 2027 2061, 2096 213Q 2165 2199
2233 2267, 230Q 2334 2367 240Q 2434 2467,
2499 2532 2575 2618 2661, 2704 2746 278§
2830 2872 2913 2954 2995 3036 3076 3127,
3177, 3226 3275 3324 3373 3421, 3469 3517
3565 3621 3677 3733 3788 3843 3897, 395]
4005 4058 4119 4181, 4241 4301 4361, 442Q
4479 4546 4612 4677, 4742 4807, 4871 4942
5013 5083 5153 5222 5291, 5367, 5442 5517
5591 5665 5745 5825 5905 5984 6063 6149
6234 6319 6404 6495 6587, 6678 6769 6867,
6966 7064 7163 7269 7376 7483 7599 7715
7832 7958 8085 8214 8352 8492 8635 878§
8945 9104 9275 945Q 9639 9832 10031 10245
10465 10702 10946 1121Q 11482 11776 12081 12409
12750 13118 13501 13913 14343 14807 1529Q 15812
16356 16943 17575 18237 18949 19718 20521 21387

1C@ API>ODJI <>;L = DN NK@>DAD@? <N >;.GJIJFPK8 DO!@KOC 98 GDK = 9RC@M@ >;.GJIFPK DN ?@Al
AJGGJRN
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Ac_Qlookup 3 ][ 2561 ={

{

4, 8, 9, 10, 11, 12, 13 14, 15 16, 17, 18

19, 20, 21,
31, 32, 33
43, 44, 45,
55, 56, 57,
67, 68, 69,
79, 80, 81,
91, 92, 93

104,
128
152,
188
231,
285,
353
440,
550,
689,
864,

106, 108
130, 132,
155 158
191, 194
235 239,
290, 295
359, 366
448 456,
560 571
702, 715
881, 898

22, 23, 24
34, 35 36
46, 47, 48
58, 59, 60
70, 71, 72,
82, 83 84,
94, 95 96

110, 112
134, 136
161, 164
197, 200,
243 247,
300, 305
373 380,
465 474
582 593
729, 743
915 933

25, 26, 27
37, 38, 39
49, 50, 51,
61, 62, 63
73, 74, 75
85, 86, 87,
97, 98, 99,

114
138
167,
203
25],
311,
387,
483
604,
757,
95],

1087, 1108 1129 1151 1173
1369 1396 1423 1451, 1479
1725 1759 1793 1828

4, 9, 11, 13 16, 18, 21, 24,
40, 44, 48, 51, 55, 59, 63, 67, 71, 75, 79, 83,
88, 92, 96, 100 105 109 114 118§ 122 127, 131 136
172, 177, 181, 186

140
195,
249,
302,
354,
409,
506,
604,
749,
922,
1138
1411,
1759
2199
2755
3455
4348
5476
6900
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145 149
199 204
253 258
306, 311,
358 362
417, 425
514, 523
616, 628
761, 773
938 954

1158
1435
1791,
2239
2807,
3523
4432
5584
7036

1178
1463
1823
2283
2859
3591,
4516
5692
7172,

154, 158
208 213
262, 267,
315 319
367, 371,
433 441,
531, 539,
640, 652,
785 797,
970, 986,

1198
1491,
1859
2327,
2915
3659
4604
5804
7312

163
217,
271,
324
375
449,
547,
664,
809,

116,
140,
170,
207,
255
317,
394
492,
615
771,
969,

28, 29, 30,
40, 41, 42,
52, 53 54,
64, 65, 66
76, 77, 78
88, 89, 90,
100 101, 102

118 120
142, 144
173 176
211, 215
260, 265
323 329
401, 408
501, 510
627, 639
786, 801,

122, 124
146, 148
179, 182,
219 223
270, 275
335 341,
416, 424,
520, 530,
651, 663
816 832

AV1 Bitstream & Decoding Process Specification

126,
150,
185
227,
280,
347,
432,
540,
676
848

988 1007, 1026 1046 1066
1196 1219 1243 1267, 1292 1317, 1343
1508 1537 1567 1597 1628 166Q 1692

27, 30, 33, 37,

168
222,
275
328
379,
458
555
676,
825

226, 231,
280, 284,
332 337,
384, 388
466, 474,
563 571,
688 700
841, 857,

235 240,
289, 293
341, 345
392 396
482, 490,
579, 588
713 725
873 889

1002 101§ 1038 1058 107§

1218
1519
1895
2371,
2971,
3731,
4692
5916

1242
1547,
193],
2418
3027,
3803
4784
6032

1266
1575
1967,
2459
3083
3876
4876
6148

1290
1603
2003
2507,
3143
3952
4972,
6268

1314
1631,
2039
2555
3203
4028
5068
6388

190
244,
297,
349,
401,
498
596,
737,
905

1098 1118

1338
1663
2079
2603
3263
4104
5168
6512

1362
1695
2119
265],
3327,
4184
5268
6640

1386
1727,
2159
2703
3391,
4264
5372
6768
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4, 13 19, 27, 35 44, 54, 64,

75, 87, 99, 112 126 139 154 168

183 199
314 331
456, 475
604, 623
753 772
902, 920

1049
1193
1335
1474
1627,
1889
215Q
2411,
2798
3185
3684
4230
4871,
5641,
6522,
7579
8795
10220
11885
13821
1611Q
18766
21902
2555]

1067,
1211,
1352
1491,
166Q
1922
2183
2459
2847,
3234
3748
4310
4967,
5737,
665Q
7723
8956

10412
12109
14093
16414
19134
22334
26047

214
349,
493
642,
791,
939,

1085
1229
137Q
1509
1693
1954
2216
2508
2895
329§
3812
4390
5064
5849
6778
7867,
9132

230,
366,
511,
660,
809,
957,

10604
12333
14365
16734
19502
22766
26559

1103
1244
1387,
1526
1725
1987,
2248
2556
2943
3362
3876
447Q
516Q
5961,
6906
8011,
930§

10812
12573
14637
17054
19886
23214
27071,

247, 263
384, 402
530, 548
679, 698
828 846
976, 994

1121,
1264
1405
1543
1758
202Q
2281,
2605
2992
3426
3941,
455Q
5256
6073
7034
8155
9484

280,

420,

567,

716,

865

1012
1139
1282
1422
156Q
1791,
2052
2313
2653
304Q
3491,
4005
4631,
5352
6185
7162,
8315
966Q

110209
12813
14925
1739Q
2027Q
23662
27599

297,
438
586,
735
884
103Q
1157,
1299
144q
1577,
1824
2085
2346
2701,
3088
3555
4069
4711,
5448
6297,
729q
8475
9836
11228
13053
15213
17726
2067Q
24126
28143

1175
1317,
1457,
1595
1856
2118
2378
275Q
3137,
3619
4149
4791,
5544
641Q
7435
8635
10028
11437,
13309
15502
18062
2107Q
24590
28687

11661
13565
15806
18414
21486
2507Q
29247
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1C@ API>ODJI B@O;LDI?@S DBIIM@!@GO<. N@BH@10&? M@OPMIN OC@ LP<IODU@M DI?@S AIJM OC@ >PMM@IC
OC@ AJGGJRDIB

X &A N@B;A@<OPM@;<>0DQ@;D?S N@BH@10&? 0"$;)3);)1;. DN @LP<G OJ OC@ AJGGJIRDIB IM?@M@? NOG
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0@0 OC@ Q<MD<=G@ ?<0< @LP<G OJ #@<OPM@!'<O<8 N@BH@10&? 98 0"$;)3); )1;. 9

0@O LDI?@S @LP<G 0J =<N@;L;D?S ?<0O<

&A DBIIM@'!'@GO<. DN @LP<G OJ <I? ?@GO<;L;KM@N@I0 DN @LP<G OJ N@O LDI?@S @LP<G OJ |
?2<0<

/@OPMI GDK

LDI?@S
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X ,OC@MRDN@ DA DBIIM@!@GO<. DN @LP<G 0J <I? ?@GO<;L;KM@N@IO DN @LP<G OJ M@OPMI PMM@IO

X ,OC@MRDN@ M@OPMI =<N@;L;D?S

Note: 4C@| PNDIB =JOC ?@GO< LP<IODU<ODJI <I? GINNG@NN N@BH@ION ><M@ NCJIPG? =@ O<F@| OC<O B@O
AJM OC@ GINNG@NN N@BH@ION ,|I@ <KKMJ<>C DN OJ N@O #@<OPM@!<0O<8 N@BH@10&? 98 0"$;)3); )1;. 9 OJ
GINNG@NN N@BH@ION

1C@ API>ODJI B@O;?>;LP<IO KG<I@ M@OPMIN OC@ LP<IODU@M Q<GP@ AJM OC@ ?>>J@AAD>D@I0 AIM < K<MO
<N AJGGJRN

X &A KG<I@ DN @LP<G OJ M@OPMI ?>;L B@O;LDI?@S N@BH@IO;D? !@GO<.6!>
X ,OC@MRDN@ DA KG<l@ DN @LP<G OJ M@OPMI ?>,L B@O;LDI?@S N@BH@IO;D? !@GO<.2!>
X ,OC@MRDN@ KG<I@ DN @LP<G OJ M@OPMI?>;L B@O;LDI?@S N@BH@IO;D? !'@GO<.3!>

1C@ API>ODJI B@O;<>;LP<IO KG<I@ M@OPMIN OC@ LP<IODU@M Q<GP@ AJM OC@ <> >J@AAD>D@I10 AJM < K<MO
<N AJGGJRN

X &A KG<I@ DN @LP<G OJ M@OPMI <>;L B@O;LDI?@S N@BH@IO;D?
X ,OC@MRDN@ DA KG<I@ DN @LP<G OJ M@OPMI <>;L B@O;LDI?@S N@BH@IO;D? !@GO<.2>
X ,OC@QMRDN@ KG<I@ DN @LP<G OJ M@OPMI<>L B@O;LDI?@S N@BH@IO;D? !'@G0O<.3>

[@>JINOMP>0 KMJ>@NN

1C@ M@>JINOMP>0 KMJ>@NN DN DIQIF@? OJ K@MAIMH ?@LP<IODU<ODJI DIQ@MN@ OM<INAIMH <I? M@>JINOMF
OMDBB@M@? <O < KJDIO ?@ADI@7? =T < API>ODJI ><GG 0J M@>JINOMP>0O DI OC@ OM<INAIMH R@IPINTIO<S O<=G

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB M@>JINOMP>0@"?

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI JA OC@ OJK G@AO N<HKG@ DI OC@ PMM#M<H@8 KG<IE
OM<INAIMH =GJ>F

X <Q<MD<=G@ OSO0U NK@>DATDIB OC@ NDU@ JA OC@ OM<INAIMH =GJI>F
1C@ JPOKPON JA OCDN KMJ>@NN <M@ M@>JINOMP>0@? N<HKG@N DI OC@ >PMM@I10 AM<H@ PMM#M<H@
1C@ M@>JINOMP>0DJI <I? ?@LP<I0ODU<ODJI KMJ>@NN DN ?@ADI@7? <N AJGGJRN
1C@ Q<MD<=G@ ?L!@IJH DN ?@MDQ@? <N AJGGJRN

X &A OSOUDN @LP<G OJ15; 5 15;5 15;5 15;5 JM15; 5 ?LI@IJHDNN@O @LP<G 0OJ

Section: Decoding process Page 294 of 669



AV1 Bitstream & Decoding Process Specification

X ,OC@MRDN@ DA OSOUDN @LP<G0OJ15; 5 15;5 JM15; 5 ?L/@IJHDNN@O @LP<G OJ
X ,OC@MRDN@ ?L!@IJH DN N@O @LP<G OJ

1C@ Q<MD<=G@ GJB 4 NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ RD?0C JA OC@ OM<INAIJMH =GJ>F DN N@C
OSouU 9

1C@ Q<MD<=G@ GJIB % NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ C@DBCO JA OC@ OM<INAIJMH =GJ>F DN N
OSouU 9

1C@ Q<MD<=G@ R NK@>DATDIB OC@ RD?0OC JA OC@ OM<INAIJMH =GJ>F DNN@O @LP<G OJ GJB4
1C@ Q<MD<=G@ C NK@>DATDIB OC@ C@DBCO JA OC@ OM<INAIJMH =GJ>F DN N@O @LP<GOJ GJIB%
1C@ Q<MD<=G@ OR DN N@O @LP<G OJ*DI R

1C@ Q<MD<=G@ OC DN N@O @LP<G OJ*DI C

1C@ Q<MD<=G@ AGDK2! DN ?2@MDQ@? <N AJGGJRN &A -G<I@1S1TK@ DN @LP<G OJ JI@ JA #)&-101;! 1 #)&-!01;!01
3;#)&- 101 IM #)&- 101;#)&- 101 AGDK2! DN N@O @LP<G OJ ,OC@MRDN@ AGDK2! DN N@O @LP<G 0OJ

1C@ Q<MD<=G@ AGDK)/ DN ?@MDQ@? <N AJGGJRN &A -G<I@1S1TK@ DN @LP<G OJJI@ JA! 1;#)&- 01 !01;#)&-'01
%;#)&- 101 JM #)&- 101;#)&- 101 AGDK)/ DN N@O @LP<G OJ ,OC@MRDN@ AGDK)/DNN@O @LP<G 0OJ

1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
#IMD OC AJME OR OC@ AJGGJIRDIBIM?@M@? NO@KN <KKGT
< 1C@ Q<MD<=G@ L DN ?@MDQ@? <N AJGGJRN
¢ &ADDN @LP<G OJ <I? EDN @LP<G OJ OC@ Q<MD<=G@ L DN N@O @LP<G OJ B@0:?>:LP<I0 KG<
¢ ,OC@MRDN@ D E JM =JOC <M@ 1JO @LP<G OJ OC@ Q<MD<=G@ L DN N@O @LP<G OJ B@O;<>LP
= 1C@ Q<MD<=G@ L DN ?@MDQ@? <N AJGGJIRN

¢ &A PNDIB;LH<OMDS DN @LP<G OJ -G<I@1S1TK@ DN G@NN OC<I &!15 <I? 0@B.*)@Q@G8 KG<I@ 98
DN G@NN OC<l L DNN@O @LP<G 0OJ/JPI? L .P<IODU@M;*<OMDS8 0@B.*)@Q@G8 KG<I@ 98 N@F
KG<l@ 98.H;, AAN@O8OSO0U9 D OR E9

¢ ,OC@QMRDN@ L DNN@O @LP<G OJL
> 1C@ Q<MD<=G@ ?L DN N@O @LP<G OJ .P<IO8D OR E9 L
? 1C@ Q<MD<=G@ NDBI DN N@O @LP<G OJ 7L
@ 1C@ Q<MD<=G@ ?L DN N@O @LP<G OJNDBI =N ?L S###### ?LI@IIH

A !@LP<IO8 D 98 E 9 DN N@O @LP<G OJ GDK DO!@KOC DO!@KOC ?L
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&IQJF@ OC@ ! DIQ@MN@ OM<INAIMH =GJ>F KMJ>@®E®NC@ADI@RIDC OC@ Q<MD<=G@ OS0U <N DIKPO 1C
DIQ@MN@ OM<INAIMH JPOKPON <M@ NOJM@? DI OC@ /@ND?P<G =PAA@M

#JIMD C AIJME R OC@ AJGGJRDIB<KKGD@N
¢ 1C@ Q<MD<=G@ SSDN N@O @LP<G OJAGDK)/! R E E
c 1C@ Q<MD<=G@ TT DN N@O @LP<G OJAGDK2! C D D

¢ PMM#M<H@8 KG<I@ 98T TT98S SS9DNN@O @LP<G OJ GDK PMM#M<H@8 KG<I@ 98T TT 98 !
/@ND?P<G8 D 98 E 9

&A )JINNG@NN DN @LP<G OJ DO DN <M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ Q<GP@N RMDOC
<M@ M@KM@N@IO<=G@ =T < NDBI@? DIO@B@M RDOC DO!@KOC =DON

Note: 4C@| )JJNNG@NN DN @LP<G OJ Q<GP@N RMDOO@!I DIOJ /@ND?P<G H<T IJO =@ M@KM@N@IO<=G@ =T
@S<HKG@ ?P@ OJ LP<IODU<ODJI JIDN@ 1C@ >JINOM<DION DI JOC@M K<MON JA OC@ NK@>DAD><ODJI @INPI
<GR<TN =@ M@KM@N@10<=G@ =T < NDBI@? DIO@B@M RDOC *<S DO!@KOC =DON

&IQ@MN@ OM<INAIJMH KMJ>@NN
S@I@M<G
1CDN N@>0DJI ?@0O<DGN OC@ DIQ@MN@ OM<INAIMHN PN@? ?PMDIB OC@ M@>JIND@BSDDUI KMJ>@NN@N ?@O0<

I OM<INAJMHN

POO@MAGT API>ODJIN
1CDN N@>0DJI ?@ADI@N OC@ =POO@MAGT API>ODJIN <I? % PN@? =T OC@ ! OM<INAJMH KMJ>@NN@N

1C@ DIQ@MN@ OM<INAIMH KMJ>@NN RIMFN =T RMDODIB Q<GP@N DIOJ <I <MM<T 1

1C@ API>ODJI =M@Q IPHDON S M@OPMIN OC@ =DO M@Q@MN<G JA IPH DON JA S <I? DN NK@>DAD@? <N AJGGJR

brev( numBits, x ) {
t =0
for (i =0; i <numBits; i++) {
bit =(x>>1i) &1
t +=bit << (numBits - 1 - i)
}

return t

1C@ API>ODJI < = <IBG@ M K@MAIMHN <=POO@MAGT MJO<ODJI NK@>DAD@? =T OC@ AJGGJRDIB IM?@M@"

Section: Decoding process Page 296 of 669



AV1 Bitstream & Decoding Process Specification

1C@ Q<MD<=G@ SDNN@O @LP<G 0J18<9 >JN <IBG@ 18=9 NDI <IBG@
1C@ Q<MD<=G@ T DN N@O @LP<G 0J18<9 NDI <IBG@ 18=9 >JN <IBG@
18<9DNN@O @LP<G OJ/JPI? S
18=9DNN@O @LP<GOJ/IPI? T

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0 OC@ Q<GP@N N<Q@? DIOJ OC@ <MM<T 1 =T OCDN A
NDBI@? DIO@B@M PNDIB M =DON JA KM@>DNDJI

1C@ API>0ODJI>JN <IBG@ DN NK@>DAD@? AJM DIO@B@M Q<GP@N JA OC@ DIKPO <IBG@ =T OC@ AJGGJRDIB JI
0@0 < Q<MD<=G@ <IBG@ @LP<G OJ<IBG@
&A <IBG@ DN BM@<O@M OC<IJM @LP<G OJ <I? G@NN OC<IIJM @LP<G 0OJ M@OPMI JN ;)JIFPK8<IBG@
&A <IBG@ DN BM@<O@M OC<I <I? G@NN OC<IJM @LP<GOJ M@OPMI JN ;)JIJFPK8 <IBG@ 9
&A <IBG@ DN BM@<O@M OC<| <I? G@NN OC<IJIM @LP<G0OJ M@OPMI JN ;)JJFPK8 <IBG@ 9
,OC@MRDN@ DA<IBG@ DN BM@<O@M OC<I <I? G@NNOC<I M@OPMI JN ;)JJFPK8 <IBG@ 9
4COM@ JIN ;)JJIFPK DN < >JINO<IO GJJFPK 0O<=G@ ?@ADI@? <N
Cos128 Lookyp65] ={
4096 4095 4091, 4085 4076 4065 4052 4036
4017, 3996 3973 3948 3920 3889 3857 3822
3784 3745 3703 3659 3612 3564 3513 3461,
3406 3349 329Q 3229 3166 3102 3035 2967
2896 2824 2751, 2675 2598 2520 244Q 2359
2276 2191, 2106 2019 1931, 1842 1751, 166Q

1567 1474 138Q 1285 1189 1092 995 897,
799, 700, 601, 501, 401, 301 201 101 O

1C@ API>ODJINDI <IBG@ DN ?@ADI@?0J=@ >JN <IBG@

Note: 1C@ >IN API>ODJI DHKG@H@ION OC@ @SKM@NNDJI >JN <IBG@ KD MJIPI?@? OJ OC@ I@<M@N!
DIO@B@M 1C@ NDI API>ODJI DHKG@H@ION OC@ @SKM@NNDJI NDI <IBG@ KD MJIPI?@? OJ OC@ 1@<
DIO@B@M

41C@1 OC@ <IBG@ DN @LP<G OJ F AJM DIO@B@M F OC@ =POO@MAGT MJO<ODJI ><| =@ @LPDQ<G@IOGT K@!
HPGODKGD><ODJIN =@><PN@ OC@ H<BIDOP?@ JA >JN F DN <GR<TN @LP<G 0OJ OC<O JA NDI F =T
AJGGJRDIB KMJ>@NN

1C@ Q<MD<=G@ Q DN N@O @LP<G OJ <IBG@ 18<9 18=9 18<9 18=9
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1C@ Q<MD<=G@ R DN N@O @LP<G OJ <IBG@  18<9 18=9 18<9 18=9
1C@ Q<MD<=G@ S DN N@O @LP<G 0JQ >JN <IBG@

1C@ Q<MD<=G@ T DN N@O @LP<G OJR >JN <IBG@

18 <9 DN N@O @LP<G 0J /JPI? S

18 =9 DN N@O @LP<G OJ/JPI? T

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0 OC@ Q<GP@N N<Q@? DIOJ OC@ <MM<T 1 =T OCDN A
NDBI@? DIO@B@M PNDIB M =DON JA KM@>DNDJI

1C@ API>ODJI < = <IBG@ M K@MAIMHN <=POO@MAGT MJO<ODJI <I? AGDK NK@>DAD@? =T OC@ AJGGJRDIB .
1C@ API>ODJI < =<IBG@ M DN DIQIF@?
1C@ >JIO@ION JA 18<9<I? 18 =9 <M@ @S>C<IB@"?

1C@ API>ODJI % < = M K@MAJIMHN < %<?<H<M? MJO<ODJI NK@>DAD@? =T OC@ AJGGJRDIB IM?@M@7? NO@KN
1C@ Q<MD<=G@ S DNN@O @LP<G 0J 18<9
1C@ Q<MD<=G@ T DN N@O @LP<G 0J18=9
18 <9 DN N@O @LP<G OJ GDK M M ST
18 =9 DN N@O @LP<G 0OJ GDK M M ST

1C@ API>0ODJI % < = M K@MAJIMHN < %<?<H<M? MJO<ODJI RDOC AGDKK@? DI?D>@N <I? DN NK@>DAD@? <N AJ(

1C@ API>ODJI% = < M DN DIQIF@?

&IQ@MN@ ! 1 <MM<T K@MHPO<ODJI KMJ>@NN

1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ K@MHPO<ODJI JA OC@ AMMT IYIARGEHETN M@LPDM@? = @AIM@ @S@
JAOC@ DIQ@MN@ ! 1 KMJ>@NN

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ G@IBOC J,
O@HKIM<MT <MM<T I<H@? >JKT1 DN N@O @LP<G OJ 1

18 D9DNN@O @LP<G OJ>JKT18=M@Q | D 9AIMD I

&IQ@MN@ ! 1 KMJ>@NN

1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ DIQ@MN@ ?DN>M@0@ >INDI@ OM<INAIMH JA OC@ K@MHRIMA'Y tMM<T
Y

1C@ DIKPON OJ OCDN KMJ>@NN <M@
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X <Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ G@IBOC JA OC@ DIKPO <MM<T
X <Q<MD<=G@ M OC<O NK@>DAD@N OC@ DIO@MH@?D<O@ >G<HKDIB M<IB@
1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
&IQJF@ OC@ DIQ@MN@ ! 1 K@MHPO<ODJI KMJ>@NNN® NBEZHDAD@PDIC OC@ DIKPO Q<MD<=G@ |
&A | DN @LP<G OJ DIQJF@ D D =M@Q D M AIMD
&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ D D =M@Q D M AJMD
&A|IDN @LP<G OJ DIQIF@% D D D M AWMD
&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ D D =M@Q D M AJMD
&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ % D DD M AIJMD
&A | DN @LP<G OJ DIQJF@ D E D E =M@Q D E M AIMD AIM E
&A | DN BM@<O@M OC<I JM @LP<G OJ DIQJF@ D D D M AMD
&A | DN BM@<O@M OC<I IJM @LP<G OJ DIQJF@ % D DD M AIJMD

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQJF@ D E D E E D M AIMD
AIJM E

&AIDN @LP<GOJ DIQIF@% D E D ED M AMD AIME

&IQIF@ D D D DM AMD

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQJF@ % D DDM AIMD

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ D D D M AMD

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQJF@ % D E DED ™M AWMD AIME
&A | DN @LP<G OJ DIQJF@ D E D E D E M AIJMD AIJM E
&IQIF@% D D M AIMD

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ M

&A | DN BM@<O@M OC<I JM @LP<G OJ DIQJIF@ % D E DEDM AMD AIM E
&A | DN BM@<O@M OC<I JM @LP<G OJ DIQIF@ D D D M AIMD

&A | DN @LP<G OJ DIQJF@ % D E DED ™M AWMD AIME

&A | DN BM@<O@M OC<IJM @LP<GOJ DIQIF@% D D M AIJMD
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&A | DN BM@<O@M OC<IIM@LP<GOJ DIQF@ D D M AIMD
&A1 DN BM@<O@M OC<IJM @LP<GOJ DIQIF@% D E D EDM AIMD AJME
&AIDN@LP<GOJ DIQF@ D DD M AJM D
&A | DN BM@<O@M OC<I JM @LP<GOJ DIQIF@% D D M AIJMD
&A | DN BM@<O@M OC<IIM@LP<GOJ DIQF@ D D M AIMD
&A DN @LP<G OJ OC@ AJGGJIRDIB NO@KN <KKGT AJM D
c &QIF@% D D M
c &QIF@% D D M
&A | DN BM@<O@M OC<I JM @LP<GOJ DIQIF@% D D M AIJMD
&AIDN@LP<GOJ DIQF@ D D M AIMD

&AIDN @LP<GOJ DIQIF@% D D M AIMD

&IQ@MN@ !'01 DIKPO <MM<T K@MHPO<ODJI KMJ>@NN

1CDN KMJ>@NN K@MAJIMHN OC@ DI KG<>@ K@MHPO<ODJI JA OREZRMNMRN MIAIGR@B@C <N OC@ ADMNO NO@K JA
101 RC@M@ YI1Y

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ G@IBOC J.
1C@ Q<MD<=G@ | DN N@O @LP<G 0OJ |
O@HKIM<MT <MM<T I<H@? >JKT1 DN N@O @LP<G OJ 1
1C@ AJGGJRDIB NO@KN <KKGT AJM D I
X 1C@ Q<MD<=G@ D?S DN N@O @LP<G OJ D D I D

X 18 D9 DN N@O @LP<G OJ >JKT18 D?S 9

&IQ@MN@ '01 JPOKPO <MM<T K@MHPO<ODJI KMJ>@NN

1CDN KMJ>@NN K@MAJIMHN OC@ DI KG<>@ K@MHPO<ODJI JA OREZRMNRN MIAIPRBAC =@AIM@ OC@ ADI<G NOC
DIQ@MN@ !01 RC@M@ YIY

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ G@IBOC J.
1C@ Q<MD<=G@ | DN N@O @LP<G 0OJ |

O@HKIM<MT <MM<T I<H@? >JKT1 DN N@O @LP<G OJ 1
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1C@ AJGGJRDIB NO@KN <KKGT AJM D I

X 1C@ Q<MD<=G@ < DN N@O @LP<GOJ D

X 1C@ Q<MD<=G@ =DN N@O @LP<G OJ D D

X 1C@ Q<MD<=G@ > DN N@O @LP<GOJ D : D

X 1C@ Q<MD<=G@ ? DNN@O @LP<G OJ D D

X 1C@ Q<MD<=G@ D?S DN N@O @LP<G OJ ~? vV > vV = V< I
X 18 D9DNN@O @LP<G OJ D >JKT18 D?S9 >JKT18D?S9

&IQ@MN@ !'01 KMJ>@NN
1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ DIQ@MN@ '01 KMI>@NN JI OC@ <MM<T 1 JA NDU@

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ M NK@>DATDIB OC@ DIO@MH@?D<O@ >G<HKDIB M<IB@

1C@ AJGGJRDIB <KKGD@N
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s[ 0] =SINPI_1 9* T[ 0]
s[ 1] =SINPI_2 9* T[ 0]
s[ 2] =SINPL.3 9* T[ 1]
s|] 3] =SINPIL 4 9* T[ 2]
s] 4] =SINPIL1 9% T[ 2]
s] 51 =SINPIL2 9* T 3]
s[ 6] =SINPI_4 9* T[ 3]
a7r=T 0] - T 2]

ar + T 3]

O
]
]

sf] 0] =s[ 0] +s[ 3]
s[ 1] =s[ 1] - s[ 4]
s[ 3] =s[ 2]

s[ 2] = SINPI_3_9* b7

s] 0] =s[ 0] +s[ 5]
sl 1] =s[ 1] - s[ 6]

XL 0] =s[ O] +s[ 3]
x[1] =s[ 1] +s[ 3]
x[ 2] =s[ 2]

X[ 3] =s[ 0] +s[ 1]

X[ 31 =x 3] - s[ 3]

] =Round® x[ 0], 12)
] =Round? x[ 1], 12)
2] =Round? x[ 2], 12)
] =Round? x[ 3], 12)

444

RC@M@ OC@ >JINO<ION PN@? <M@ ?@ADI@? <N AJGGJRN

Symbol Value
0&+-&; ;
0&+-&; ;
0&+-&; ;
0&+-&; ;

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0O <GG Q<GP@N NOJM@? DI OC@ N <I? S <MM<TN =T O(
=T <NDBI@? DIO@B@M PNDIBM =DON JA KM@>DNDJI

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0 Q<GP@N NOIJM@? DI OC@ Q<MD<=G@ < =T OCDN KN
NDBI@? DIO@B@M PNDIBM =DON JA KM@>DNDJI

&0 DN < M@LPDM@H@I0O JA =DONOM@<H >JIAJMH<I>@ OC<0 Q<GP@N NOIJM@? DI OC@ Q<MD<=G@ = =T OCDN KN\
NDBI@? DIO@B@M PNDIB M =DON JA KM@>DNDJI
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&IQ@MN@ !01 KMJ>@NN
1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ DIQ@MN@ !01 KMI>@NN JI OC@ <MM<T 1 JA NDU@

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ M NK@>DATDIB OC@ DIO@MH@7?D<O0@ >G<HKDIB M<IB@
1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
&IQJF@ OC@ !'01 DIKPO <MM<T K@MHPO<ODJI KMJ>@ NEMNMO@FDAD@RMDC OC@ DIKPO Q<MD<=G@ | N@O
&IQIF@ D D D M AMD
&IQIF@% D D M AIMD
&IQIF@ D D D M AMD
&IQIF@% E D ED M AMD AIME
&IQIF@ D D M AIMD

&IQIJF@ OC@ '01 JPOKPO <MM<T K@MHPO<ODJI KMJ>@N®& NE@HFDAD@DDIC OC@ DIKPO Q<MD<=G@ | N@C

&IQ@MN@ !01 KMJ>@NN
1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ DIQ@MN@ !01 KMI>@NN JI OC@ <MM<T 1 JA NDU@

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ M NK@>DATDIB OC@ DIO@MH@7?D<O0@ >G<HKDIB M<IB@
1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
&IQJF@ OC@ !'01 DIKPO <MM<T K@MHPO<ODJI KMJ>@ NEMNMO@FDAD@RMDC OC@ DIKPO Q<MD<=G@ | N@O
&IQIF@ D D D M AMD
&IQIF@% D D M AIMD
&IQIF@ D D D M <I? D D D M AMD
&IQIF@% E D ED M AMD AIME
&IQIF@ E D E D D M AMD AIME
&IQIF@% E D ED M AMD AIME
&IQIF@ D D M AIMD

&IQIJF@ OC@ '01 JPOKPO <MM<T K@MHPO<ODJI KMJ>@N®& NE@HFDAD@DDIC OC@ DIKPO Q<MD<=G@ | N@C

&IQ@MN@ !'01 KMJ>@NN
1CDN KMJ>@NN K@MAJIMHN <I DI KG<>@ DIQ@MN@ '01 KMI>@NN JI OC@3MIMETYL. JA NDU@
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1C@ DIKPON OJ OCDN KMJ>@NN <M@
X <Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJIB<MDOCH JA OC@ G@IBOC JA OC@ DIKPO <MM<T
X <Q<MD<=G@ M OC<O NK@>DAD@N OC@ DIO@MH@?D<O0O@ >G<HKDIB M<IB@
1C@ AJGGJIRDIB NO@KN <KKGT
X &A1 DN @LP<G OJ DIQJF@ OC@ DIQ@MN@ !01 M@IS@MNN DI RDOC OC@ DIKPO Q<MD<=G@ M
X ,OC@MRDN@ DA |DN @LP<G OJ DIQJF@ OC@ DIQ@MN@N@2®DA>@NNRDOC OC@ DIKPO Q<MD<=G@ M

X ,OC@MRDN@ |IDN @LP<G OJ DIQJF@ OC@ DIQ@MN@ !0ll@MI>@NN DIRDOC OC@ DIKPO Q<MD<=G@ M

&IQ@MN@ 4<GNC %<?<H<M? OM<INAJMH KMJ>@NN
1C@ DIKPO 0J OCDN KMJ>@NN DN < Q<MD<=G@ NCDAO OC<O NK@>DAD@N OC@ <HJPIO JA KM@ N><GDIB

1CDN KMJ>@NN ?J@N <I DI KG<>@ OM<INAIJIMH JAOC@ <MM<T 1 JAG@IBOC =T OC@ AJGGJRDIB IM?@M@? NO@!

>> shift
>> shift
>> shift
>> shift

i -Ill- 1 1
o o444
W NP, O

(a-d >>1
e-b
e-c

— et — O
|

449 oco oo oo
1

wl\)l—‘O-lil-

[o N eI o g}

&IQ@MN@ D?@IODOT OM<INAIMH KMJ>@NN
1C@ KMJ>@NN ?J@N <I DI KG<>@ OM<INAIMH JA OC@ <MM<T 1 JA G@IBOC =T OC@ AJGGJIRDIB ><G>PG<ODJI AJ}

TMi]=Round2 T i ] * 5793 12)

&IQ@MN@ D?@IODOT OM<INAIJIMH KMJ>@NN
1C@ KMJ>@NN ?J@N <I DI KG<>@ OM<INAIMH JA OC@ <MM<T 1 JA G@IBOC =T OC@ AJGGJIRDIB ><G>PG<ODJI AJ}
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Mmil=Ti]*2

&IQ@MN@ D?@I0ODOT OM<INAIJMH KMJ>@NN
1C@ KMI>@NN 2J@N <I DI KG<>@ OM<INAIMH JA OC@ <MM<T 1 JAG@IBOC =T OC@ AJGGJRDIB ><G>PG<ODJI AJ

TMi]=Roundg T i ] * 11586 12)

&IQ@MN@ D?@IODOT OM<INAIMH KMJ>@NN
1C@ KMJ>@NN ?J@N <I DI KG<>@ OM<INAIJMH JA OC@ <MM<T 1 JAG@IBOC =T OC@ AJGGJRDIB ><G>PG<ODJI AJl

MTi]J=Ti]~*4

&IQ@MN@ D?@IODOT OM<INAIJMH KMJ>@NN

1CDN KMJ>@NN K@MAJMHN <I DI KG<>@ D?@IODOT OM<INAIJMH KMJ>@NN RDOC < NDU@ ?@K@I?@10 N><GDIB A<
|
AIM YIY

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ | OC<O NK@>DAD@N OC@ =<N@ GJB<MDOCH JA OC@ G@IBOC J.
1C@ KMJ>@NN OJ DIQJF@ ?@K@I1?N JI | <N AJGGJRN

X &A1 DN @LP<G OJ DIQJF@ OC@ DIQ@MN@ D?@IODOT OM<@AJMB KMJ>@NN DI

X ,OC@MRDN@ DA |DN @LP<G OJ DIQJF@ OC@ DIQ@MN@ D?@IODON@MIMNAIMH KMJI>@NN DI

X ,OC@QMRDN@ DA DN @LP<G OJ DIQJF@ OC@ DIQ@MN@ D?@IODOTNGR INAIMH  KMJ>@NN DI

X ,OC@MRDN@ |IDN @LP<G OJ DIQJF@ OC@ DIQ@MN@ D?@IODOT OVM&INADWH KMJ>@NN DI

I DIQ@MN@ OM<INAIJMH KMJ>@NN

1CDN KMJ>@NN K@MAJMHN < ! DIQ@MN@ OM<INAIMH AJM <I <MM<T JA >J@AAD>D@ION NOIM@? DI OC@ ! <MM<T
KG<>@7? DI OC@ ! <MM<T /@ND?P<G

1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ OS0U OC<O NK@>DAD@N OC@ OM<INAIJMH NDU@
0@0 OC@ Q<MD<=G@ GJB 4 @LP<G 0J 1S;4D?0C;)JB 8 OS0OU 9

0@0O OC@ Q<MD<=G@ GJB % @LP<G 0J 1S;%@DBCO;)JB 8 OS0U 9

0@0 OC@ Q<MD<=G@ R @LP<G OJ GJB4

0@0 OC@ Q<MD<=G@ C @LP<G0OJ GIB%
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0@0 OC@ Q<MD<=G@ MJROCDAO @LP<G 0J )JNNG@NN 1M<INAJMH;/JR;0CDAO8 OS0U 9
0@0 OC@ Q<MD<=G@ >JGOCDAO @LP<G 0J )JINNG@NN
0@0 OC@ Q<MD<=G@ MJR G<HK/<IB@ @LP<G 0J DO!@KOC
0@0 OC@ Q<MD<=G@ >JG G<HK/<IB@ @LP<G OJ*<S DO!@KOC
1C@ MIJR OM<INAJMHN RDOCD C <M@ <KKGD@? <N AJGGJRN
X 18 E9 DN ?@MDQ@? <N AJGGJRNAJME R
¢ &AD<I? E<M@ =JOC G@NN OC<l 18E9DNN@O @LP<G OJ!@LP<IO8D98E9
c ,OC@MRDN@ 18 E9 DN N@O @LP<G OJ
X &A =N GJB4 GIJB% DN @LP<GOJ 18E9DNN@O @LP<GOJ/JPI? 18E9 AJME R
X &A)INNG@NN DN @LP<G OJ DIQIJF@ OC@ &IQ@MN@ 4%1 KMISEHNINNK@>CRADGEC?NITDAO @LP<G 0J

X ,OC@MRDN@ DA -G<I@1S1TK@ DN @LP<G OJJI@ JA!1;!1 101;!1 #)&-101;! 1 IM %;! 1 DIQJF@ OC@
DIQ@MN@ ! 1 KMI>@NN <N NK@XNBAEE@JIDI RDOC OC@ DIKPO Q<MD<=G@ | @LP<G OJ GJB 4 <I? OC@ DlI
Q<MD<=G@ M @LP<G 0OJ MJR G<HK/<IB@

X ,OC@MRDN@ DA -G<I@1S1TK@ DN @LP<G OJJIi@ JA!1;!01 !01;!01 !1;#)&-!01
#)&- 101;#)&- 101 101;#)&- 101 #)&-101;!01 %; 101 IM %;#)&- |01 DIQIF@ OC@ DIQ@MN@

101 KMJ>@NN <N NK@>DADI@?DDJI RDOC DIKPO Q<MD<=G@ | @LP<G OJ GJB 4 <I? OC@ DIKPO Q<MD<
0J MJR G<HK/<IB@

X ,OC@MRDN@ DIQJF@ OC@ DIQ@MN@ D?@I0ODOT OM<INAIMHENIED@NN NKR>OAD@@MDMIKPO Q<MD<=G@
@LP<G0JGJB 4

X 0@0O /@ND?P<G8 D 98 E 9 @LP<G OJ/JPI? 18 E9 MIJROCDAO AIJME R

@OR@@! OC@ MJR <I? >JGPHI OM<INAIJMHN /@ND?P<G8 D 98 E 9 DN N@O @LP<G 0OJ GDK >JG G<HK/<IB@
>JG G<HK/<IB@ /@ND?P<G8D98E9 AJMD C AJME R

1C@ >JGPHI OM<INAJMHN RDOCE R <M@ <KKGD@? <N AJGGJRN
X 0@0 18D 9 @LP<G OJ/@ND?P<G8D98E9AIMD C
X &A)INNG@NN DN @LP<G OJ DIQJF@ OC@ &IQ@MN@ 4%1 KMJISEDNOININK@>CRDGEC?NITDAO @LP<G 0J

X ,OC@MRDN@ DA -G<I@1S1TK@ DN @LP<G OJJI@ JA!1;!1 11;101 ! 1;#)&-101IM 3;! 1 DIQIF@ OC@
DIQ@MN@ ! 1 KMI>@NN <N NK@ N@EAB@3 DI RDOC OC@ DIKPO Q<MD<=G@ | @LP<G 0J GJB % <I? OC@ DI
Q<MD<=G@ M @LP<G 0J >JG G<HK/<IB@
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X ,OC@MRDN@ DA -G<I@1S1TK@ DN @LP<G OJJI@ JA '01;!1 !01;!'01 #)&-'01;!1
#)&-101;#)&- 101 101;#)&- 101 #)&-101;!01 3;!01 JM 3;#)&- 101 DIQJF@ OC@ DIQ@MN@
101 KMJ>@NN <N NK@>DAD@>DDJI RDOC DIKPO Q<MD<=G@ | @LP<G 0OJ GJB % <I? OC@ DIKPO Q<MD:s
0J >JG G<HK/<IB@

X ,OC@MRDN@ DIQIJF@ OC@ DIQ@MN@ D?@I0DOT OM<INAIMHEZNIED @ NN NKRO2D@@MIKPO Q<MD<=G@
@LP<G 0J GJIB %

X I@ND?P<G8 D 98 E9 DN N@O @LP<G OJ/JPI? 18D9 >JGOCDAO AJMD C

RC@M@ 1M<INAJMH;/JR;0CDAO DN ?@ADI@? <N

Transform_Row_Shiff TX_SIZES_ALL = {

o'l 11 2'] 21
1, 1, 11

=N

, 0,0 1, 1
L ] 1212,2,2

}

)JJK ADGO@M KMJ>@NN
S@I@M<G

&IKPO OJ OCDN KMJ>@NN DN OC@ <MM<T PMM#M<H@ JA M@>JINOMP>0@7? N<HKG@N
,POKPO AMJH OCDN KMJ>@NN DN < HJ?DAD@? <MM<T PMM#M<H@ >JIO<DIDIB ?@=GJ>F@? N<HKG@N

1C@ KPMKIN@ JA OC@ GJIK ADGO@M DN OJ @GDHDI<O@ JM <O G@<NO M@7?P>@ QDNP<GGT J=E@>0DJI<=G@
DI?@K@I1?@1>@ JA OC@ >J?DIB JA NPK@M =GJ>FN <I? OC@DM >JINODOP@IO NP==GJ>FN

1C@ GJIK ADGO@M DN <KKGD@7? JI <GG Q@MOD><G =JPI?<MD@N AJGGIR@? =T <GG CIMDUJIO<G =JPI?<MD@N </

for ( plane = 0; plane < NumPlanes plane++) {
if ( plane ==0 ||
loop_filter level [ 1 + plane ] ) {
for ( pass = 0; pass < 2; passt+) {
rowStep = ( plane ==0) ? 1 : ( 1 << subsampling_y)
colStep = ( plane ==0) ? 1: ( 1 << subsampling_x)
for ( row = 0; row < MiRows row += rowStep )
for ( col =0; col < MiCols; col +=colStep )
loop_filter_edge ( plane, pass, row, col )

4C@I| OC@ API>0ODJI GJIK;ADGO@M;@?B@ DN ><GG@? OC@ @7B@ GJIK ADGLGEMIKMIDE®NNONK@?>RRD@ DBI@
Q<MD<=G@N KG<I@ K<NN MJR <I? >JG <N DIKPON
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Note: 1C@ GJIK ADGO@M DN <I DIO@BM<G K<MO JA OC@ ?@>J?DIB KMJ>@NN DI OC<O OC@ M@NPGON JA GJJI
KM@?D>0DJI JA NP=N@LP@IO AM<H@N

Note: 1C@ GJIK ADGO@MDIB DN ?@NDBI@? NJ OC<O <IT IM?@M JA ADGO@MDIB AJM OC@ @?B@N RDGG BDQ@
OC<0O OC@ Q@MOD><G =JPI?<MD@N <M@ ADGO@M@7? =@AIM@ OC@ CIMDUJIO<G =JPI?<MD@N

"?B@ GJIK ADGO@M KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N

X < Q<MD<=G@ K<NN NK@>DATDIB OC@ ?DM@>0DJI JAOC@ @?B@N K<NN @LP<G O0J H@<IN OC@ KMJ>@!
=JPI?<MD@N <I? K<NN @LP<G OJ H@<IN OC@ KMJ>@NN DN ADGO@MDIB CIMDUJIO<G =GJ>F =JPI?<MD@!

X Q<MD<=G@N MJR <I? >JG NK@>DATDIB OC@ GJ><ODJI JA OC@ @?B@ DI PIDON JA S =GJ>FN DI OC@ GPH<
1C@ JPOKPON JA OCDN KMJ>@NN <M@ HJ?DAD@? Q<GP@N DI OC@ <MM<T PMM#M<H@
1C@ Q<MD<=G@N NP=5 <I? NP=6 ?@N>MD=DIB OC@ NP=N<HKGDIB JA OC@ >PMM@I0 KG<I@ <M@ ?@MDQ@7? <N A!
X &A KG<I@ DN @LP<G OJ NP=5<I? NP=6 <M@ N@O @LP<G OJ
X ,OC@MRDN@ KG<I@ DN IJO0 @LP<G OJ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<(
1C@ Q<MD<=G@N ?S <I? ?T <M@ ?@MDQ@7? <N AJGGJRN
X &A K<NN DN @LP<G OJ OC@I?S DN N@O @LP<G OJ ?TDNN@O @LP<G OJ
X ,OC@MRDN@ K<NN DN @LP<GOJ ?TDNN@O @LP<GOJ ?SDNN@O @LP<G 0OJ
?S <I1? 2T NK@>DAT OC@ JAAN@O =@OR@@I| OC@ N<HKG@N OJ =@ ADGO@M@"?
1C@ Q<MD<=G@ S DN N@O @LP<G OJ>JG *&;0&7"
1C@ Q<MD<=G@ T DN N@O @LP<G OJ MJR *&;0&7"
S <I? T >JIO<DI OC@ GJ><ODJI DI GPH< >JIJM?DI<O@N
1C@ Q<MD<=G@N MJR <I? >JG <M@ <?EPNO@? <N AJGGJRN
X MIJR DN N@O @LP<G OJ MJRV NP=6
X >JG DN N@O @LP<G OJ >JGV NP=5

1C@ Q<MD<=G@ JIO>M@@! @LP<G OJ DA OC@ N<HKG@N JI =JOC ND?@N JA OC@ =JPI?<MT GD@ DI OC@ QDND=C
AJGGJRN
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X &A S DN BM@<O@M OC<I| JM @LP<G OJ #M<H@4D?0C JIO>M@@| DN N@O @LP<G OJ

X ,OC@MRDN@ DA T DN BM@<O@M OC<| JM @LP<G OJ #M<H@%@DBCO JIO>M@@I| DN N@O @LP<G OJ

X ,OC@MRDN@ DA K<NN DN @LP<G OJ <I? SDN @LP<G OJ JIO>M@@I| DN N@O @LP<G OJ

X ,OC@MRDN@ DA K<NN DN @LP<G OJ <I? TDN @LP<G 0OJ JIO>M@@I| DN N@O @LP<G OJ

X ,OC@MRDN@ JIoO>M@@! DN N@O @LP<G OJ
&A JIO>M@ @1 DN @LP<G OJ OC@I OCDN KMJ>@NN DHH@?D<O@GT M@OPMIN <I? |3 ADGO@MDIB DN <KKGD@? OJ
1C@ Q<MD<=G@N S- <I? T- >JIO<DIDIB OC@ GJ><ODJI DI OC@ >PMM@IO KG<I@ <M@ ?@MDQ@7? <N AJGGJRN

X 0@0 S- @LP<G OJS NP=5

X 0@O0T-@LP<GOJT NP=6

1C@ Q<MD<=G@N KM@Q/JIR <I? KM@Q JG >JIO<DIDIB OC@ GJ><ODJI JA OC@ HJ?@ DIAJ =GJ>F JI OC@ JOC@M ND?
?2@MDQ@? <N AJGGJRN

X 0@O KM@Q/JR @LP<G OJMJIR ?T NP=6
X 0@O KM@Q JG @LP<G 0OJ>JG ?S NP=5
0@0O OC@ Q<MD<=G@ *DODU@ @LP<G 0OJ *DODU@N8 MJR 98 >JG 9
0@0 OC@ Q<MD<=G@ OS0U @LP<G 0J )JIKADGO@M1SODU@N8 KG<I@ 98 MJR NP=698 >JG NP=59
0@0O OC@ Q<MD<=G@ KG<I@0DU@ @LP<G OJ B@O;KG<I@;M@ND?P<G;NDU@ *DODU@ KG<I@
0@0 OC@ Q<MD<=G@ NFDK @LP<G OJ OFDKN8 MJR 98 >JG 9
0@0O OC@ Q<MD<=G@ DN&IOM< @LP<G OJ /@A#M<H@N8 MIJR 98 >JG 98 9 &+1/;#/*"
0@0 OC@ Q<MD<=G@ KM@Q1S0U @LP<G 0J )JJIKADGO@M1SODU@N8 KG<I@ 98 KM@Q/JR NP=698 KM@Q JG NP
1C@ Q<MD<=G@ DN GJ>F"?B@ @LP<G OJ DA OC@ N<HKG@N >MJINN < KM@?D>0ODJI =GJ>F @?B@ DN ?@MDQ@?
X &A K<NN DN @LP<G OJ <I? S- DN <l @S<>0 HPGODKG@ JA GJ>F;4D?0C8 KG<I@0DU@ 9 DN GJ>F"?B@ DN N

X ,OC@MRDN@ DA K<NN DN @LP<G OJ <I? T-DN <l @S<>0 HPGODKG@ JA GJ>F;%@DBCO8 KG<I@0DU@ 9 C
oJ

X ,OC@MRDN@ DN GJ>F"?B@ DN N@O @LP<G 0OJ
1C@ Q<MD<=G@ DN1S"?B@ @LP<G OJ DA OC@ N<HKG@N >MJINN < OM<INAIJMH =GJ>F @?B@ DN ?@MDQ@7? <N A

X &A K<NN DN @LP<G OJ <I? S- DN <l @S<>0 HPGODKG@ JA 1S;4D?0C8 OS0U 9 DN1S"?B@ DN N@O @LP<G C
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X ,OC@MRDN@ DA K<NN DN @LP<G OJ <I? T- DN <I @S<>0 HPGODKG@ JA 1S;%@DBCO8 OS0OU 9 DN1S"?B@ |
X ,OC@MRDN@ DN1S"?B@ DN N@O @LP<G OJ

1C@ Q<MD<=G@ <KKGT#DGO@M @LP<G OJ DA OC@ N<HKG@N <M@ ADGO@M@? DN ?@MDQ@7? <N AJGGJRN
X &A DN1S"?B@ DN @LP<G OJ <KKGT#DGO@M DN N@O @LP<G 0OJ
X ,OC@MRDN@ DA DN GJ>F'?B@ DN @LP<G OJ JM NFDK DN @LP<G OJ JM DN&IOM< DN @LP<G OJ <KKGT#
X ,OC@MRDN@ <KKGT#DGO@M DN N@O @LP<G OJ

1C@ ADGO@M NDU@ KMJ>@NN@RKOD>DAD@RNMIQJIF@? RDOC OC@ DIKPON OSOU KM@Q1S0U K<NN <I? KG<I@ <I*
JPOKPO <NNDBI@? 0J OC@ Q<MD<=G@ ADGO@MODU@ >JIO<DIDIB OC@ H<SDHPH ADGO@M NDU@ OC<O ><| =@ F

1C@ <?<KODQ@ ADGO@M NOM@IBOC KMI@NIDNK @>DRDEIE@®? RDOC OC@ DIKPON MJR >JG KG<I@ <I? K<NN
OC@ JPOKPO <NNDBI@? OJ OC@ Q<MD<=G@N GQG GDHDO =GDHDO <I? OCM@NC

&A GQG DN @LP<G 0J OC@ <?<KODQ@ ADGO@M NOM@IEDEXNI>@NN N@F@AIRDODIOC@ DIKPON KM@Q/JR
KM@Q JG KG<I@ <I? K<NN <I? OC@ JPOKPO <NNDBI@? 0J OC@ Q<MD<=G@N GQG GDHDO =GDHDO <I? OCM@NC

#JIJM OC@ Q<MD<=G@ D O<FDIB Q<GP@N AMJH 0J *&;0&7" OC@ AJGGJRDIB <KKGD@N

X &A <KKGT#DGO@M DN @LP<G OJ <I? GQG DN BM@<O@M OC<l U@MJ OC@ N<HKGEADGI@MDIB KMJ>@!
DIQJF@7? RDOC OC@ DIKPO Q<MD<=G@ S N@O @LP<G 0JS- ?T D OC@ DIKPO Q<MD<=G@ T N@O @LP<G
Q<MD<=G@N KG<I@ GDHDO =GDHDO OCM@NC ?S ?T <I? ADGO@MODU@ NPKKGD@? <N DIKPON

Note: OC@ Q@>0JM ?S ?T M@KM@N@ION OC@ ?DM@>0DJI JA OC@ ADGO@M RCDG@ ?T ?S M@KM@N@ION

#DGO@M NDU@ KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X <Q<MD<=G@ OS0U NK@>DATDIB OC@ NDU@ JA OC@ OM<INAIMH =GJ>F
X < Q<MD<=G@ KM@Q1S0U NK@>DATDIB OC@ NDU@ JA OC@ OM<INAIMH =GJ>F JI OC@ JOC@M ND?@ JA OC
X <Q<MD<=G@ K<NN NK@>DATDIB OC@ ?DM@>0DJI JA OC@ @?B@N
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N
1C@ JPOKPO JA OCDN KMJ>@NN DN OC@ Q<MD<=G@ ADGO@MODU@ >JI0<DIDIB OC@ H<SDHPH ADGO@M NDU@ (

1C@ KPMKJIN@ JA OCDN KMJ>@NN DN OJ M@?P>@ OC@ RD?0OC JA OC@ >CMJH< ADGO@MN <I? OJ @INPM@ OC<O
ADGO@M@? DI KkM<GG@G

1C@ Q<MD<=G@ =<N@0DU@ DN ?@MDQ@? <N AJGGJRN
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X &A K<NN DN @LP<G OJ =<N@O0DU@ DN N@O @LP<G 0J*DI 1S;4D?0C8 KM@Q1S0U 9 1S;4D?0C8 OS0U 9

X ,OC@MRDN@ K<NN DN @LP<G 0OJ =<N@ODU@ DN N@O @LP<G OJ*DI 1S;%@DBCO8 KM@Q1S0U 9 1S;%@
1C@ JPOKPO Q<MD<=G@ ADGO@MODU@ DN ?@MDQ@? <N AJGGJRN

X &A KG<I@ DN @LP<G OJ ADGO@MODU@ DN N@O @LP<G OJ*DI =<N@0DU@

X ,OC@MRDN@ KG<I@ DNBM@<O@M OC<lI ADGO@MODU@ DN N@O @LP<G OJ*DI =<N@ODU@

?<KODQ@ ADGO@M NOM@IBOC KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@

X OC@ Q<MD<=G@N MJR <I? >JG NK@>DATDIB OC@ GPH< GJ><ODJI DI PIDON JA S =GJ>FN

X OC@ Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N

X OC@ Q<MD<=G@ K<NN NK@>DATDIB OC@ ?DM@>0DJI JA OC@ @?B@ =@DIB ADGO@M@7? K<NN @LP<G O.
Q@MOD><G =GJ>F =JPI?<MD@N <I? K<NN @LP<G OJ H@<IN OC@ KMJ>@NN DN ADGO@MDIB CIMDUJIO<G

1C@ JPOKPON JA OCDN KMJ>@NN <M@ OC@ Q<MD<=G@N GQG GDHDO =GDHDO <I? OCM@NC
1C@ JPOKPO Q<MD<=G@ GQG DN ?@MDQ@? <N AJGGJRN

X 1C@ Q<MD<=G@ N@BH@IO DN N@O @LP<G OJ 0@BH@I0&?N8 MJR 98 >JG 9

X 1C@ Q<MD<=G@ M@A DN N@O @LP<G OJ /@A#M<H@N8 MJR 98 >JG 98 9

X 1C@ Q<MD<=G@ HJ?@ DN N@O @LP<G 0OJ 6*J?@N8 MJR 98 >JG 9

X 1C@ Q<MD<=G@ HJ?@1TK@ DN ?@MDQ@? <N AJGGJRN

&A HJ?@ DN BM@<O@M OC<I JIM @LP<G 0J +" ["01*3 <I? IJO @LP<G 0J $), )*3 <I? 1IJO @LP<G 0J
$), ):$), )*3 HI?@1TK@ DN N@O @LP<G 0J

,OC@MRDN@ DA HJ?@ DN <I DIOM< OTK@ JM $), )*3IM $), );$), )*3 HI?@1TK@ DN N@O @LP<G OJ

X 1C@ Q<MD<=G@ ?@GO<)# DN ?@MDQ@? <N AJGGJRN
&A ?@GO<;GA;HPGOD DN @LP<G OJ ?@GO<)# DN N@O @LP<G OJ !@GO<)#N8 MIR 98 >JG 98 9

,OC@MRDN@ ?@GO<;GA;HPGOD DN @LP<G 0J ?@GO<)# DN N@O @LP<G 0J!@GO<)#N8 MJR 98 >
K<NN KG<I@ 9

X 1C@ <?<KODQ@ ADGO@M NOM@IBOC N@G@>ODNEMOI@NN NBKEDIQAP@? RDOC N@BH@I10 M@A
HI?@1TK@ ?@GO<)# KG<I@ <I? K<NN <N DIKPON <|? OC@ JPOKPO =@DIB OC@ JPOKPO Q<MD<=G@ GQG
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1C@ Q<MD<=G@ NCDAO DN ?@MDQ@? <N AJGGJRN
X &A GJIK;ADGO@M;NC<MKI@NN DN BM@<O@M OC<I NCDAO DN N@O @LP<G OJ
X ,OC@MRDN@ DA GJJK;ADGO@M;NC<MKI@NN DN BM@<O@M OC<lI NCDAO DN N@O @LP<G 0J
X ,OC@MRDN@ NCDAO DN N@O @LP<G OJ
1C@ JPOKPO Q<MD<=G@ GDHDO DN ?@MDQ@? <N AJGGJRN
X &A GJIK;ADGO@M;NC<MKI@NN DN BM@<O@M OC<l GDHDO DN N@O @LP<G OJ GDK GJIK;ADGO@M;
X ,OC@MRDN@ GDHDO DN N@O @LP<G 0OJ*<S GQG NCDAO
1C@ JPOKPO Q<MD<=G@ =GDHDO DN N@O @LP<G OJ GQG GDHDO
1C@ JPOKPO Q<MD<=G@ OCM@NC DN N@O @LP<G 0J GQG
?<KODQ@ ADGO@M NOM@IBOC N@G@>0ODJI KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@
X 1C@ Q<MD<=G@ N@BH@IO NK@>DATDIB OC@ >PMM@I0 N@BH®@I0O D?
X 1C@ Q<MD<=G@ M@A NK@>DATDIB OC@ M@A@M@I>@ AM<H@ OTK@ &+1/;#/*" )01,#/ * @O>
X 1C@ Q<MD<=G@ HJ?@1TK@ NK@>DATDIB OC@ GJIJK ADGO@M HJ?@ OTK@
X 1C@ Q<MD<=G@ ?@GO<)# NK@>DATDIB OC@ GJIK ADGO@M ?@GO< Q<GP@
X 1C@ Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N

X 1C@ Q<MD<=G@ K<NN NK@>DATDIB OC@ ?DM@>0DJI JA OC@ @?B@ =@DIB ADGO@M@7? K<NN @LP<G O.
ADGO@MDIB Q@MOD><G =GJ>F =JPI?<MD@N <I? K<NN @LP<G OJ H@<IN OC@ KMJ>@NN DN ADGO@MDIB

1C@ JPOKPO JA OCDN KMJ>@NN DN < ADGO@M NOM@IBOC G@Q@G
1CDN KMJ>@NN DN DIQIF@? 0J N@G@>0 < GJIK ADGO@M NOM@IBOC G@Q@G
1C@ Q<MD<=G@ D DN N@O @LP<G 0J KG<I@ K<NN KG<I@
1C@ Q<MD<=G@ =<N@#DGO@M)@Q@G DN N@O @LP<G 0J GDK *5;),-#&)1" ?@GO<)# GJIK;ADGO@M;G@Q@C
1C@ AJGGJRDIB IM?@M@? NO@KN <KKGT
1C@ Q<MD<=G@ GQGO@B DN N@O @LP<G 0J =<N@#DGO@M)@Q@G
1C@ Q<MD<=G@ A@<OPM@ DN N@O @LP<G 0J 0"$;)3); )1;)#:6;3 D

&AN@B;A@<OPM@;<>0DQ@;D?S N@BH@IO A@<OPM@ DN @LP<G OJ OC@ AJGGJRDIB IM?@M@7? NO@
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< GQGO@B DN N@O @LP<G OJ #@<OPM@!<O<8 N@BH@I0 98 A@<OPM@ 9 GQGO@B

= GQGO@B DN N@O @LP<G OJ GDK *5;),,-#&)1"/ GQGO@B

&A GJIK;ADGO@M;?@GO<;@I<=G@7? DN @LP<G OJ OC@I| OC@ AJGGJIRDIB IM?@M@7? NO@KN <KKGT
< 1C@ Q<MD<=G@ I0OCDAO DN N@O @LP<G 0J GQGO@B

= &AM@A DN @LP<G 0J &+1/ #/*' OC@| GQGO@B DN N@O @LP<G 0J GQGO@B GJIK;ADGO@M;M@A;?@C
IOCDAO

> OC@MRDN@ DA M@A DN 1JO @LP<G OJ &+1/;#/ ** OC@| GQGO@B DN N@O @LP<G OJ GQGO0@B GJIK;A
9 I0CDAO GJIKADGO@M;HI?@;?@GO<N8 HJI?@1TK@ 9 10CDAO

? GQGO@B DN N@O @LP<G OJ GDK *5;),,-#&)1"/ GQGO@B

/@OPMI GQGO@B

O<HKG@ ADGO@MDIB KMJ>@NN
S@I@M<G

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI RDOCDI PMM#M<H@8 KG<I@ 9
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ =GJ>F DN OC@ 6 2 JM 3 KG<I@
X Q<MD<=G@N GDHDO =GDHDO OCM@NC OC<O NK@>DAT OC@ NOM@IBOC JA OC@ ADGO@MDIB JK@M<OI
X Q<MD<=G@N ?S <I? ?T NK@>DATDIB OC@ ?DM@>0DJI K@MK@I?D>PG<M 0J OC@ @?B@ =@DIB ADGO@M@
X <Q<MD<=G@ ADGO@MODU@ JA NK@>DATDIB OC@ H<SDHPH NDU@ JA ADGO@M <GGJR@"?

1C@ JPOKPON JA OCDN KMJ>@NN <M@ HJ?DAD@? Q<GP@N DI OC@ <MM<T PMM#M<H@

#DMNO OC@ ADGO@M H<NF KMJ>@NR>NKI@>DAD@®N DIQJF@? RDOC OC@ DIKPON S T KG<I@ GDHDO =GDHDO O
<|I? ADGO@MODU@ <I? OC@ JPOKPO DN <NNDBI@? OJ OC@ Q<MD<=G@N C@Q*<NF ADGO@M*<NF AG<O*<NF <I? /

1C@1 OC@ <KKMIKMD<O@ ADGO@M KMJ>@NN DN DIQJF@? RDOC OC@ DIKPON S T KG<I@ ?S ?T <N AJGGJRN
X &A ADGO@M*<NF DN @LP<G OJ 13 ADGO@M DN DIQJF@?

X ,OC@MRDN@ DA ADGO@MODU@ DN @LP<G OJ JM AG<O*<NF DN @LP<G OJ OC@ I<M@IRBIGO@M KMJ>
DN DIQJF@? RDOC OC@ <??DODJI<G DIKPO Q<MD<=G@ C@Q*<NF

X ,OC@MRDN@ DA ADGO@MODU@ DN @LP<G OJ JM AG<O*<NF DN @LP<G OJ OC@ RIEPZDBDGO@M KMJ>(
DN DIQJF@? RDOC OC@ <??DODJI<G DIKPO Q<MD<=G@ GJB 0DU@ N@O 0OJ
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X ,OC@MRDN@ OC@ RD?@ ADGO@M KMIN@NEINK@>DANA?QIF@? RDOC OC@ <??DODJI<G DIKPO Q<MD<=
GJB 0DU@ N@O OJ

#DGO@M H<NF KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI RDOCDI PMM#M<H@8 KG<I@ 9
X < Q<MD<=G@ KG<l@ NK@>DATDIB RC@OC@M OC@ =GJ>F DN OC@ 6 2 JM 3 KG<I@
X Q<MD<=G@N GDHDO =GDHDO OCM@NC OC<O NK@>DAT OC@ NOM@IBOC JA OC@ ADGO@MDIB JK@M<OI
X Q<MD<=G@N ?S <I? ?T NK@>DATDIB OC@ ?DM@>0DJI K@MK@I?D>PG<M OJ OC@ @7?B@ =@DIB ADGO@M@
X < Q<MD<=G@ ADGO@MODU@ JA NK@>DATDIB OC@ H<SDHPH NDU@ JA ADGO@M <GGJR@"?
1C@ JPOKPON AMJH OCDN KMJ>@NN <M@ OC@ Q<MD<=G@N
X C@Q*<NF
X ADGO@M*<NF
X AG<O*<NF JIGT PN@? DA ADGO@MODU@
X AG<O*<NF JIGT PN@? DA ADGO@MODU@

1C@ Q<GP@N JPOKPO AJM OC@N@ H<NFN ?@K@I? JI OC@ ?DAA@M@I>@N =@OR@@I| N<HKG@N JI @DOC@M ND°
1C@N@ N<HKG@N <M@ NK@>DAD@? <N AJGGJRN

g0 = CurrFramg plane ][ vy [ x ]
gl = CurrFramg plane ][ y + dy I x + dx ]
g2 = CurrFramg plane ][ y +dy * 2 ][ x +dx * 2]
g3 = CurrFramg plane [ vy +dy * 3 ][ x +dx * 3]
g4 = CurrFramg plane | y +dy * 4] x +dx * 4]
g5 = CurrFramg plane ][ vy +dy * 5] x +dx * 5]
g6 = CurrFramg plane J[ vy +dy * 6 ][ x +dx * 6 ]
pO = CurrFram¢g plane ][ y - dy I x - dx ]
pl = CurrFramg plane ][ v - dy * 2] ]
p2 = CurrFramg plane ][ -dy * 3] ]
p3 = CurrFramg plane ][ -dy * 4] ]

]

]

]

2
y -dx * 3
y 4
p4 = CurrFramg plane ][ vy - dy * 5]
y
y

dx *

-dx*5
p5 = CurrFramg plane ][ -dy * 6] -dx * 6
p6 = CurrFramg plane ][

X X X X X X
1

Note: O<HKG@NL L L K K <I?K <M@ JIGT PN@? DA ADGO@MODU@ DN @LP<G OJ
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1C@ Q<GP@ JA C@Q*<NF DI?D><O@N RC@OC@M OC@ N<HKG@ C<N CDBC @?B@ Q<MD<I>@ &O DN ><G>PG<O@°

hevMask= 0

threshBd = thresh << (BitDepth - 8)
hevMask|= (Abq p1 - p0) > threshBd)
hevMask|= (Abq g1 - q0 ) > threshBd)

1C@ Q<MD<=G@ ADGO@M)@! M@KM@N@IODIB OC@ IPH=@M JA O<KN @<>C ND?@ JA OC@ >@IOM<G N<HKG@ DI
X &A ADGO@MODU@ DN @LP<G OJ ADGO@M)@I DN N@O @LP<G OJ
X ,OC@MRDN@ DA KG<I@ DN IJO @LP<G OJ ADGO@M)@I! DN N@O @LP<G 0OJ
X ,OC@MRDN@ DA ADGO@MODU@ DN @LP<G OJ ADGO@M)@| DN N@O @LP<G OJ
X ,OC@MRDN@ ADGO@M)@! DN N@O @LP<G OJ

1C@ Q<GP@ JA ADGO@M*<NF DI?D><O@N RC@OC@M <?E<>@I0 N<HKG@N >GIJN@ OJ OC@ @?B@ RDOCDI AJPM |
NK@>DAD@? =JPI?<MT Q<MT =T G@NN OC<I| OC@ GDHDON BDQ@!I =T GDHDO <I? =GDHDO &0 DN PN@? OJ ?@0O@N\
<I? DN ><G>PG<O@7? <N AJGGJRN

limitBd = limit << (BitDepth - 8)
blimitBd = blimit << (BitDepth - 8)
mask= 0
mask|= (Abg pl - p0) > limitBd )
mask|= (Abg gl - g0 ) > limitBd )
mask|= (Abg pO- q0) * 2 + Abq pl- gql) / 2 > blimitBd )
if ( fiterL,en >=6) {
mask|= (Abgq p2 - pl) > limitBd )
mask|= (Abq g2 - gl) > limitBd )
}
if ( filterL,en >=8) {
mask|= (Abgq p3 - p2) > limitBd )
mask|= (Abq g3 - g2 ) > limitBd )
}
filterMask = (mask== 0)

1C@ Q<GP@ JA AG<O*<NF DN JIGT M@LPDM@? RC@! ADGO@MODU@ &0 H@<NPM@N RC@OC@M N<HKG@N AN
=JPI?<MT <M@ DI < AG<O M@BDJI 1C<O DN RC@OC@M OCIN@ N<HKG@N <M@ <O HINO DO!/@KOC  ?DAA@M
OC@ =JPI?<MT &O DN ><G>PG<O@? <N AJGGJRN

Section: Decoding process Page 315 of 669



AV1 Bitstream & Decoding Process Specification

thresholdBd = 1 << (BitDepth - 8)
if ( filterSize >=8) {
mask= 0
mask|= (Abq pl - p0) > thresholdBd)
mask|= (Abg gl - g0 ) > thresholdBd)
mask|= (Abq p2 - p0) > thresholdBd)
mask|= (Abg g2 - g0 ) > thresholdBd)
if ( filterL,en >=8) {
mask|= (Abq p3 - p0) > thresholdBd)
mask|= (Abq g3 - g0 ) > thresholdBd)

}
flatMask = (mask== 0)

1C@ Q<GP@ JA AG<O*<NF DN JIGT M@LPDM@? RC@| ADGO@MODU@ &0 H@<NPM@N RC@OC@M <O G@<NO N
JA OC@ NK@>DAD@? =JPI?<MT <M@ DI < AG<O M@BDJI <NNPHDIB OC@ ADMNO AJPM JI @<>C ND?@ <M@ NJ OC@
AG<O*<NF 1C@ Q<GP@ JA AG<O*<NF DN ><G>PG<O@? <N AJGGJRN

thresholdBd = 1 << (BitDepth - 8)

if ( filterSize >=16) {
mask= 0
mask|= (Abq p6 - p0) > thresholdBd)
mask|= (Abg g6 - g0 ) > thresholdBd)
mask|= (Abq p5 - p0) > thresholdBd)
mask|= (Abg g5 - g0 ) > thresholdBd)
mask|= (Abg p4 - p0) > thresholdBd)
mask|= (Abg g4 - g0 ) > thresholdBd)
flatMask2 = (mask== 0)

+<MMJR ADGO@M KMJ>@NN
1C@ DIKPON OJ OCDN ADGO@M <M@

X <Q<MD<=G@ C@Q*<NF NK@>DATDIB RC@OC@M OCDN DN < CDBC @?B@ Q<MD<I>@ ><N@

X Q<MD<=G@N S T NK@>DATDIB OC@ GJ><ODJI RDOCDI PMM#M<H@8 KG<I@ 9

X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@QOC@M OC@ =GJ>F DN OC@ 6 2 JM 3 KG<I@

X Q<MD<=G@N ?S <I? ?T NK@>DATDIB OC@ ?DM@>0DJI K@MK@I?D>PG<M 0J OC@ @?B@ =@DIB ADGO@M@

1CDN KMJ>@NN HJ?DAD@N PK OJ ORJ N<HKG@N JI @<>C ND?@ JA OC@ NK@>DAD@? =JPI?<MT ?@K@I?DIB JI OCG@
AJGGJRN
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X &A C@Q*<NFDN @LP<G OJ D @ OC@ N<HKG@N ?J 13O0 C<Q@ CDBC @?B@ Q<MD<I>@ OCDN KMJ>@NN H
@<>C ND?@ JA OC@ NK@>DAD@? =JPI?<MT PNDIB < ADGO@M >JINOMP>0@? AMJH EPNO OC@ DIl@M ORJ
NK@>DAD@? =JPI?<MT

X ,OC@MRDN@ OC@ N<HKG@N ?J C<Q@ CDBC @?B@ Q<MD<I>@ OCDN KMJ>@NN JIGT HI?DAD@N OC@ JI(
OC@ NK@>DAD@? =JPI?<MT PNDIB < ADGO@M >JINOMP>0@? AMJH AJPM DIKPO N<HKG@N ORJ AMJH @<:
=JPI?<MT

1C@ KMJ>@NN NP=OM<>ON S DO!@KOC AMJIH OC@ DIKPO N<HKG@ Q<GP@N NJ OC<O OC@T <M@ DI OC@ M
0J DO!@KOC DI>GPNDQ@ &IO@MH@?D<O0@ Q<GP@N <M@ H<?@ OJ =@ DI OCDN M<IB@ =T OC@ AJGGJ

filter4_clamp ( value ) {
return Clip3 ( -(1 << (BitDepth - 1)), (1 << (BitDepth - 1)) - 1, value )
}

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN

g0 = CurrFramg plane [ y [ x 1]
gl = CurrFramg plane J[ vy +dy ][ x + dx ]
pO = CurrFramg plane J[ y - dy ][ x - dx ]
pl = CurrFramg plane J[ vy - dy * 2 ][ x - dx * 2]
psl = pl - (0x80 << (BitDepth - 8))
psO = p0 - (0x80 << (BitDepth - 8))
gsO = g0 - (0x80 << (BitDepth - 8))
gsl = g1 - (0x80 << (BitDepth - 8))
filter = hevMask? filter4_clamp ( psl- gsl) : O
fiker = filter4_clamp ( filter + 3 * (qsO - ps0) )
filterl = filter4_clamp ( filter +4) >>3
fiter2 = filter4_clamp ( filter +3) >>3
0qO0 = filter4_clamp ( qsO - filterl ) + (0x80 << (BitDepth - 8))
opO0 = filterd_clamp ( psO + filter2 ) + (0x80 << (BitDepth - 8))
CurrFramg plane [ y I x] =090
CurrFramg plane ][ y - dy ][ x - dx] = op0
if ( !'hevMask) {
filter = Round® filterl , 1)
ogl = filter4_clamp ( gsl - filter ) + (Ox80 << (BitDepth - 8))
opl = filterd_clamp ( psl + fiter ) + (0x80 << (BitDepth - 8))
CurrFram¢g plane ]| vy +dy ][ x +dx ] =o0ql
CurrFramg plane ]| y-dy * 2] x- dx* 2] =opl

4D?@ ADGO@M KMJ>@NN
1C@ DIKPON 0J OCDN ADGO@M <M@

X Q<MD<=G@N S T NK@>DATDIB OC@ OC@ GJ><ODJI RDOCDI PMM#M<H@8 KG<I@ 9
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X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ =GJ>F DN OC@ 6 2 JM 3 KG<I@
X Q<MD<=G@N ?S <I? ?T NK@>DATDIB OC@ ?DM@>0DJI K@MK@I?D>PG<M 0J OC@ @?B@ =@DIB ADGO@M@
X <Q<MD<=G@ GJB ODU@ NK@>DATDIB OC@ =<N@ GJB<MDOCH JA OC@ IPH=@M JA O<KN
1CDN ADGO@M DN JIGT <KKGD@? RC@| N<HKG@N AMJH @<>C ND?@ JA OC@ =JPI?<MT <M@ ?@0@>0@? OJ =@ D
1C@ Q<MD<=G@ | NK@>DATDIB OC@ IPH=@M JA ADGO@M O<KN Jl @<>C ND?@ JA OC@ >@IOM<G N<HKG@ DN N(
X &A GJB ODU@ DN @LP<G OJ |IDNN@O @LP<G 0OJ
X ,OC@MRDN@ DA KG<I@ DN @LP<G OJ |IDNN@O @LP<G 0OJ
X ,OC@MRDN@ GJB 0DU@ DN @LP<G 0OJ <I? KG<I@ DN BM@<O@M OC<I |IDNN@O @LP<G 0OJ

1C@ Q<MD<=G@ | NK@>DATDIB OC@ IPH=@M JA ADGO@M O<KN @LP<G OJ JI @<>C ND?@ JA OC@ >@IOM<G N<F
I B<DI DN N@O <N AJGGJRN

X &A GJB ODU@ DN @LP<G OJ <I? KG<I@ DN @LP<G OJ | DNN@O @LP<G 0OJ
X ,OC@MRDN@ GJB 0DU@ DN @LP<G OJ JM KG<I@ DN BM@<O@M OC<I | DN N@O @LP<G 0J

1CDN KMJ>@NN HJ?DAD@N OC@ N<HKG@N JI @<>C ND?@ JA OC@ NK@>DAD@? =JPI?<MT =T <KKGTDIB < GJR K<N

=-n i< i) {
0

for (j =-nj <=nm j++) {
p=Clip3( -(n+1), n i +j)

ap =( Abg j ) <=n2) ?72: 1

+=CurrFram¢ plane | y+p*dy ][ x +p * dx] * tap

}
H i ] =Round® t, log2Size )

}
for (i =-n; i <n; i++)
CurrFramg plane ]I yH *dy ][ xH *dx] =H i ]

RC@M@ # DN <I <MM<T RDOC DI?D>@N AMJH 10J1 PN@? OJ NOIM@ OC@ ADGO@M@? M@NPGON
]
I"# KMJ>@NN
&IKPO OJ OCDN KMJ>@NN DN OC@ <MM<T PMM#M<H@ JA M@>JINOMP>0@? N<HKG@N
,POKPO AMJH OCDN KMJ>@NN DN OC@ <MM<T ?@A#M<H@ >JIO<DIDIB ?@MDIB@? N<HKG@N
1C@ KPMKIN@ JA !"# DN OJ K@MAJMH ?@MDIBDIB =<N@? JI OC@ ?@0@>0@7? ?DM@>0DJI JA =GJ>FN

I"#f KKM<H@O@MN <M@ NOIM@? AIM @<>C =T =GJ>F JA GPH<N<HKG@N
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1C@ !"# ADGO@M DN <KKGD@7? JI @<>C =T =GJ>F <N AJGGJRN

step4d = Num_4x4 Blocks_ WifleBLOCK 8X8
cdefSize4 = Num_4x4_Blocks_WifleBLOCK_64Xg4
cdefMask4 = ~(cdefSize4 - 1)
for (r =0; r < MiRows r +=stepd ) {
for ( ¢ =0; ¢ < MiCols; ¢ +=stepd ) {
baseR=r & cdefMask4
baseC= c & cdefMask4
idx = cdef_idx [ baseR][ baseC]
cdef_block (r, c, idx)

4C@I OC@ >?@A;=GJ>F API>ODJI DN ><GG@? OC@ !"#=GJ>F KMJ>@ENNR@>DAINIMQIF@? RDOC M > <I|? D?S <N
DIKPON

I"# =GJ>F KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X Q<MD<=G@N M <I1? > NK@>DATDIB OC@ GJ><ODJIJA<I S =GJ>F DI PIDON JA S =GJ>FN DI OC@ GPH< KG<I(
X < Q<MD<=G@ D?S NK@>DATDIB RCD>C N@O JA !"# K<M<H@O@MN OJ PN@ JM OJ NDBI<G OC<O IJ ADGOC(

1C@ =GJ>F DN ADMNO >JKD@? OJ OC@ ?@A#M<H@ <N AJGGJRN

startY =r * MI_SIZE
endY = starty + MI_SIZE* 2
startX =c * MI_SIZE
endX = startX + MI_SIZE* 2
for (y =startY ; y <endY y++) {
for ( x =startX ; x < endX x++) {
CdefFramg O] y Il x] =CurrFramg O][ vy [ x 1
}

}
if ( NumPlanes> 1) {

startY >>=subsampling_y

endY >>= subsampling_y

startX >>=subsampling_x

endX >>= subsampling_x

for (y = startY ; y <endY y++) {

for ( x =startX ; x <endX x++) {

CdefFramg 1 ][ vyl x] =CurrFram¢g 1] vy I x 1
CdefFramg 2 ][ y1l[ x] =CurrFram¢g 2 ][ vy I x 1]
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Note &A !"# ADGO@MDIB OPMIN JPO OJ =@ l@@?@? OC@I| OC@ >JIO@ION JA ?@A#M<H@ RDGG =@ JQ@MRMD
KMJ>@NN

&A D?SDN @LP<G OJ OC@IOC@ KMJ>@NN M@OPMIN DHH@?D<O@GT <AO@M K@MAJMHDIB OCDN >JKT
1C@ Q<MD<=G@ >J@AAOCDAO DN N@O @LP<G OJ DO!@KOC
1C@ Q<MD<=G@ NFDK DN N@O @LP<G OJ OFDKN8M98>9 OFDKN8M 98>9 OFDKN8M98> 9 OFDKN8M 9

&A NFDK DN @LP<G OJ OC@ !"# ?DM@>0DJI KMJ>@N® NR@}FDAMATIQIF@? RDOC M <I? > <N DIKPON <I|? OC@
JPOKPON <NNDBI@? OJ Q<MD<=G@N T!DM <I? Q<M

&A NFDK DN @LP<G 0J OC@ AJGGJRDIB IM?@M@? NO@KN <KKGT
1C@ Q<MD<=G@ KMDOOM DN N@O @LP<G 0J >?@A:T:KMD:NOM@IBOC8 D?S 9 >J@AAOCDAO
1C@ Q<MD<=G@ N@>00M DN N@O @LP<G 0J >?@A:T:N@>:NOM@IBOC8 D?S 9 >J@AAOCDAO
1C@ Q<MD<=G@ ?DM DN N@O @LP<G 0J KMDOOM TIDM
1C@ Q<MD<=G@ Q<MOOM DN N@O @LP<G 0J Q<M *DI #GJIM)IB Q<M
1C@ Q<MD<=G@ KMDOOM DN N@O @LP<G OJ Q<M KMDOOM  Q<MOOM
1C@ Q<MD<=G@ ?<HKDIB DN N@O @LP<G 0J ?@AI<HKDIB >J@AAOCDAO

1C@ !"# ADGO@M KMJ>@NN NK@&DAI@I? DI DN DIQJF@? RDOC KG<I@ @LP<G OJ M > KMDOOM N@>00MN
<|? ?DM <N DIKPO

&A +PH-G<I@N DN @LP<G OJ OC@ KMJ>@NN O@MHDI<O@N <O OCDN KJDIO D @ ADGO@MDIB DN IJO ?JI(
1C@ Q<MD<=G@ KMDOOM DN N@O @LP<G 0J >?@A;PQ;KMD;NOM@IBOC8 D?S 9 >J@AAOCDAO

1C@ Q<MD<=G@ N@>00M DN N@O @LP<G 0OJ >?@A;PQ;N@>;NOM@IBOC8 D?S9 >J@AAOCDAO

1C@ Q<MD<=G@ ?DM DN N@O @LP<G OJ KMDOOM ?@A;2Q;!DM8 NP=N<HKGDIB;S 98 NP=N<HKGDIB;’
1C@ Q<MD<=G@ ?<HKDIB DN N@O @LP<G 0OJ ?@A!<HKDIB >J@AAOCDAO

1C@ !"# ADGO@M KMJ>@NN NK@&DAI@? DI DN DIQJF@? RDOC KG<I@ @LP<G OJ M > KMDOOM N@>00N
<|? ?DM <N DIKPO

1C@ !"# ADGO@M KMJ>@NN NK@&DAI@? DI DN DIQJF@? RDOC KG<I@ @LP<G OJ M > KMDOOM N@>00N
<|? ?DM <N DIKPO

?@A;2Q;!DM DN < >JINO<IO GJIFPK O<=G@ ?@ADI@7? <N
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Cdef UV Dif 2] 2] 8] =

{{0, 1,2 3 4 5 6 7,
{1, 2 2 2 3, 4, 6 0 }

{{7,0 2 4 5 6 6, 6,
{0, 1, 2, 3 4 5 6 7} }

I"# ?2DM@>0DJI KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@ Q<MD<=G@N M <I? > NK@>DATDIB OC@ GJ><ODJIJA<I S =GJ>F DI PIDON JA
KG<I@

1C@ JPOKPON JA OCDN KMJ>@NN <M@
X <Q<MD<=G@ T!DM >JIO<DIDIB OC@ ?DM@>0DJI JA OCDN =GJ>F
X <Q<MD<=G@ Q<M >JIO<DIDIB OC@ Q<MD<I>@ AJM OCDN =GJ>F
1CDN =GJ>F PN@N GPH< N<HKG@N OJ H@<NPM@ OC@ ?DM@>0DJI <I? Q<MD<I>@ JA < =GJ>F

1C@ KMJ>@NN DN NK@>DAD@? <N
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for (1 =0; 1 <8; i++) {
cost[i] =0
for (j =0; j <15 j++)
partial [i][j] =0

}
bestCost = 0
yDir =0

X0 = ¢ << MI_SIZE_LOG2
y0 =r << MI_SIZE LOG2
for (i =0; i <8 i++) {
for (j =05 ) <8 j++) {
X = (CurrFramg¢ O ][ yO +i][ x0 + j] >> (BitDepth - 8)) - 128
partial [O[i +j] +=xX
partial [1[i +j / 2] +=X
partial [2][i] +=x
partial [3[3+i - / 2] +=X
partial [4)[7 +i - j] +=X
partial [5][3-1 / 2+ ] +=X
partial [6][j] +=x
partial [7][i / 2 +j] +=X
}
}
for (i =0; i <8; i++) {
cost[2] +=partial [2][i] * partial [2][ i]
cost[6] += partial [6][ i] * partial [6][ i]
}
cost[2] *= Div_Table[ 8]
cost[6] *= Div_Table[ 8]
for (i =0; i1 <7, i++) {
cost[0] += (partial [O][i] * partial [O)[i] +
partial [O][ 14 - i] * partial [O] 14 - i]) *
Div_Table[i + 1]
cost[4] += (partial [4][i] * partial [4][i] +
partial [4][ 14 - i] * partial [4][ 14 - i]) *
Div_Table[i + 1]
}
cost[0] += partial [O][ 7] * partial [O][ 7] * Div_Table[ 8]
cost[4] += partial [4][ 7] * partial [4][ 7] * Div_Table[ 8]
for (1 =1, <8 i +=2) {
for (j =0; ] <4+1; j++) {
cost[i] +=partial [i][3 +]] * partial [I][3 +]]
}
cost[i] *= Div_Table[ 8]
for (j =0, ] <4-1 j++){
cost[i] +=(partial [i][j] * partial [i][j] +
partial [i][ 10 - j] * partial [i][20- j]) *
Div_Table[2 * j + 2]
}

}
for (i =0; 1 <8 i++) {
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if ( cost[i] > bestCost ) {
bestCost = cost[i]
yDir =i

}

}
var = (bestCost - cost[( yDir + 4) &7]) >>10

RC@M@ OC@ 'DQ;1<=G@ DN < >JINO<IO GJIJFPK O<=G@ NK@>DAD@? <N

Div_Table[9] = {
0, 840, 420 280 210, 168 140, 120, 105
}

I"# ADGO@M KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RCD>C KG<I@ DN =@DIB KM@?D>0@"?
X Q<MD<=G@N M <I? > NK@>DATDIB OC@ GJ><ODJI JA<I S =GJ>F DI PIDON JA S =GJ>FN DI OC@ GPH< KG<I(
X < Q<MD<=G@ KMDOOM NK@>DATDIB OC@ KMDH<MT ADGO@M NOM@IBOC
X < Q<MD<=G@ N@>00M NK@>DATDIB OC@ N@>JI?<MT ADGO@M NOM@IBOC
X < Q<MD<=G@ ?<HKDIB NK@>DATDIB < NCDAO PN@? AJM ?<HKDIB
X <Q<MD<=G@ ?DM NK@>DATDIB OC@ ?@O0@>0@? ?DM@>0DJI JA OC@ =GJ>F
1C@ KMJ>@NN HIJ?DAD@N N<HKG@N DI ?@A#M<H@ =<N@? JI| ADGO@MDIB N<HKG@N AMJH PMM#M<H@

*D JGOO<MO *D/JROO<MO *D JG"I? *D/IR"I? <M@ N@O @LP<G OJ OC@ Q<GP@N OC@T C<? RC@| OC@ NTIO<S @G(
> 9 R<N RMDOO@I

Note: 1IC@N@ Q<MD<=G@N <M@ PN@? =T OC@ DN;DIND?@;ADGO@M;M@BDJI API>0DJI OJ ?@O@MHDI@ RCD>(
AJM PN@ DI ADGO@MDIB

1C@ Q<MD<=G@ >J@AAOCDAO DN N@O @LP<G OJ DO!@KOC

1C@ ADGO@MDIB DN <KKGD@? <N AJGGJRN
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subX = (plane > 0) ? subsampling_x: 0
subY = (plane > Q) ? subsampling y: 0
X0 = (¢ * MI_SIZE) >> subX
yo = (r * MI_SIZE) >> subY
w = 8 >> subX
h = 8 >> subY
for (i =0; 1 <h; i++) {
for (j =0, ) <w j++) {
sum= 0
x = CurrFramd plane][ yO + i][ xO + j]
max= X
min = X
for (k=0 k <2 k++) {
for ( sign =-1; sign <=1; sign +=2) {
p = cdef _get at(plane, x0, yO, i, j, dir, k, sign, subX subY)
if ( CdefAvailable ) {
sum+= Cdef_Pri_Tapd( priStr >> coeffShift ) & 1][ k] * constrain (p - x, priStr ,
damping
max= Maxp, may)
min = Min(p, min)

for ( dirOff =-2; dirOff <=2; dirOff +=4) {
s = cdef_get_at (plane, x0, yO, i, j, (dir + dirOff ) &7, k, sign, subX suby)
if ( CdefAvailable ) {
sum+= Cdef_Sec_Tapg¢ priStr >> coeffShift ) & 1][ k] * constrain (s - X,
secStr, damping
max= Maxs, maj
min = Min(s, min)

}

}
CdefFramgplane][ yO + i][ X0 +j] = Clip3(min, max x + ((8 + sum- (sum< Q)) >>4) )

RC@QM@ ?@A;-MD;1<KN <I? ?@A;0@>;1<KN <M@ >JINO<IO GJJFPK O<=G@N NK@>DAD@? <N

Cdef Pri_Tapq2][ 2] ={
{4 2} {3 3}
}

Cdef_Sec_Tap<?][ 2] = {
{21} {2 1}
}

>JINOM<DI DN NK@>DAD@7? <N
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constrain (diff , threshold , damping {
if ( !threshold )
return 0
dampingAdj = Max0, damping- FloorLog2( threshold ) )
sign = (diff <0) ?-1: 1
return sign * Clip3 (0, Abgdiff ), threshold - (Abgdiff ) >> dampingAd) )

>?@A;B@0;<0 A@O>C@N < N<HKG@ AMJH PMM#M<H@ <I? N@ON ?@A Q<DG<=G@ <>>JM?DIB OJ RC@OC@M OCC
>?@A;B@0O;<0O DN NK@>DAD@? <N

cdef _get_at (plane, x0, yO, i, j, dir, k, sign, subX subY) {

y =y0 +1i + sign * Cdef_Directions [dir ][ k][ O]

X = X0 +j + sign * Cdef_Directions [dir ][ K][ 1]

candidateR = (y << subY) >> MI_SIZE LOG2

candidateC = (x << subX >> MI_SIZE_LOG2

if ( is_inside_filter_region ( candidateR, candidateC ) ) {
CdefAvailable =1
return CurrFramg plane ][ v [ x ]

} else {
CdefAvailable =0
return 0

}

RC@OM@ ?@A;'DM@>0DJIN DN < >JINO<IO GJIFPK O<=G@ ?@ADI@? <N

C

Q.

ef Directions [8][ 2][ 2] = {

{{_11 1}1 {_21 2}}:
{{o1} {-1, 2}}
{{ o061} {0 2}}
({01} {1 2}}
{{ L1} {2 2}}
{{ L0} { 2 1}}
{{ L0} { 2 0}}
{{ L0} {2 -1}}

2KN><GDIB KMJ>@NN

&IKPO OJ OCDN KMJ>@NN DN <I <MM<T DIKPO#M<H@ JA RD?0C #M<H@4D?0C <I? C@DBCO #M<H@%@DBCO
1C@ JPOKPO JA OCDN KMJ>@NN DN < CIMDUJIO<GGT PKN><G@? AM<H@ JA RD?0C 2KN><G@?4D?0C <I? C@DBCC

&A PN@;NPK@MM@N DN @LP<G OJ 1J PKN><GDIB DN M@LPDM@? <I? OCDN KMJ>@NN M@OPMIN DIKPO#M<H@
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1CDN KMJ>@NN DN NK@>DAD@? <N

for ( plane = 0; plane < NumPlanes plane++) {
if ( plane >0) {
subX = subsampling_x
subY = subsampling_y

} else {
subX=10
subY=0

}

downscaledPlaneW= RoundRFrameWidth subX
upscaledPlaneW= Round®UpscaledWidth subX
planeH = Round2FrameHeight subV)
stepX = (( downscaledPlaneWs< SUPERRES_SCALE)B#T&upscaledPlaneW/ 2)) / upscaledPlaneW
err = (upscaledPlaneW* stepX) - (downscaledPlaneW<< SUPERRES_ SCALE)BITS
initialSubpelX =
(- (( upscaledPlaneW- downscaledPlaneyV << (SUPERRES_SCALE_BIT) + upscaledPlaneW/ 2) /
upscaledPlaneW+
(1 << (SUPERRES_EXTRA BIT§ - err / 2
initialSubpelX &= SUPERRES_SCALE_MASK
miW= MiCols >> subX
minX =0
maxX= miw* MI_SIZE- 1
for (y=0; y < planeH y++) {
for ( x =0; x < upscaledPlaneW x++) {
srcX = -(1 << SUPERRES_SCALE)B#TRiitialSubpelX  + x*stepX
srcXPx = (srcX >> SUPERRES_SCALE)BITS
srcXSubpel = (srcX & SUPERRES_SCALE)MASBUPERRES_EXTRA _BITS
sum= 0
for ( k =0; k < SUPERRES_FILTER_TARS ) {
sampleX= Clip3 (minX maxX srcXPx + (k - SUPERRES_FILTER_ORJFSET
px = frame[ plane][ y][ sampleX
sum+= px * Upscale_Filter [srcXSubpel][ K]
}
outputFramq plane][ y][ X] = Clipl (Round®sum FILTER_BITH

RC@M@ 2KN><G@;#DGO@M DN NK@>DAD@? <N
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Upscale_Filter [ SUPERRES_FILTER_SHIFI$PERRES_FILTER_TAPS
{0 0 0 128 0, 0, 0, 0}, {00 -1, 128 2, -1, 0, 0},

0,1 -3 127 4, -2, 1, 0}, 0, 1 -4 127, 6, -3, 1, 0},

0, 2 -6 126 8 -3, 1, 0}, 0, 2, -7, 125 11, -4, 1, 0},
-8, 125 13, -5, 2, 0}, , -9, 124 15, -6, 2, 0},
-10, 123 18, -6, 2, -1}, -11, 122 20, -7, 3, -1},
12, 121, 22, -8, 3, -1}, 13, 120, 25, -9, 3, -1},
-14, 118 28, -9, 3, -1}, -15, 117, 30, -10, 4, -1},
-16, 116 32, -11, 4, -16, 114, 35, -12, 4, -1},
-17, 112, 38, -12, 4, -18, 111, 40, -13, 5, -1},
-18, 109, 43, -14, 5, -1}, -19, 107, 45, -14, 5, -1},

5,
6,

-19, 105 48, -15 -19, 103 51, -16, 5 -1},
-20, 99, 56, -17, 6,
-20, 95, 61, -18 6,
-20, 91, 66, -19, 6,
-20, 86, 71, -19, 6, -
-20, 81, 76, -20, 7, -1},
7,
7,
7,
6,
6,

{
{ ,
{ 3
{ 3
{ 4
{ 4
{ 5
{ 5
{ 6
{ 6
-20, 101, 53, -16, { 6
-20, 97, 58, -17, 6, { 6
-20, 93, 64, -18, 6, { 7
-20, 88, 69, -19, 6, { 7
-20, 84, 74, -20, 7, { -2 7
20, 79, 79, -20, 7, -2}, { -1, 7
7, { 6
7, { 6
7, { 6
6, { 6
{ 5
{ 5
{ 5
{ 4
{ 4
{ 3
{ 3
{
{
{
{

-20, 76, 81, -20,
-19, 71, 86, -20,
-19, 66, 91, -20,
-18, 61, 95, -20,
-17, 56, 99, -20, ,
-16, 51, 103 -19, 6, -1},
-14, 45 107, -19, 6, -1},
-13, 40, 111, -18 5, -1},

S5

4,

-20, 74, 84, -20,
-19, 69, 88, -20,
-18, 64, 93, -20,
-17, 58, 97, -20,
-16, 53, 101, -20,

6,

-15, 48, 105 -19, 6,
-14, 43, 109 -18 5, -1},

S5

S5

-12, 38, 112 -17, 5, -1},
-11, 32, 116 -16, 5, -1},
-9, 28, 118 -14, 4, -1},
-8, 22, 121, -12, 4, -1},
-6, 18, 123 -10, 3, -1},
, -5, 13, 125 -8, 2, -1},

, -3, 8, 126 -6, 2, 0},

, -2, 4, 127, -3, 1, 0},

, -12, 35, 114, -16 5, -1},

, -10, 30, 117, -15 4, -1},

, -9, 25, 120, -13, 4, -1},

, -7, 20, 122, -11, 3, -1},
-6, 15, 124 -9, 3, -1},
-4, 11, 125 -7, 2, 0},
-3, 6, 127, -4, 1, 0},

, -1, 2, 128 -1, 0, 0},

e e e e e e e e e e e e e e e e e e e e e e e N
]
N
NWWPAPPODOUOOOOONNNNNODOOUOORMDMWNDN

o0 o !
RN
oORrEN

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O PKN><G@?-G<l@4 DN NOMD>OGT BM@<O@M OC<I ?.

1C@ JPOKPO JA OCDN KMJ>@NN DN @LP<G OJ JPOKPO#M<H@

)JIK M@NOJIM<ODJI KMJ>@NN

&IKPO OJ OCDN KMJ>@NN <M@ OC@ <MM<TN 2KN><G@? PMM#M<H@ JA M@>JINOMP>0@? N<HKG@N <I? 2KN><G
N<HKG@N

,POKPO AMJH OCDN KMJ>@NN DN OC@ <MM<T )M#M<H@ JA GJIK M@NOJIM@? N<HKG@N

Section: Decoding process Page 327 of 669



AV1 Bitstream & Decoding Process Specification

Note: GOCJPBC OCDN KMJ>@NN GJIJKN JQ@M S =GJ>FN GJIK M@NOJM<ODJI DN ?@NDBI@? OJ RIMF DI NOMDI
CDBC RDOCJPO I@@?DIB <??DODJI<G GDI@ =PAA@MN 0<HKG@N RDOCDI OC@ >PMM@10 NOMDK@ <M@ A@O>
2KN><G@? ?@A#M<H@ O<HKG@N JPOND?@ OC@ >PMM@10 NOMDK@ <M@ A@O>C@7? AMJH 2KN><G@? PMM#N\
=@ ?@=GJ>F@? =PO RDGG 1JO C<Q@ !"# ADGO@MDIB <KKGD@"?

1C@ <MM<T )M#M<H@ DN N@O @LP<G OJ < >JKT JA 2KN><G@? ?@A#M<H@ 1C@ >JIO@ION JA )M#M<H@ RDGG G<(
=GJ>FN OC<O M@LPDM@ M@NOJM<ODJI ADGO@MDIB
&A 2N@N)M DN @LP<G OJ OC@I| OC@ KMJ>@NN M@OPMIN DHH@?D<O@GT <AO@M K@MAJMHDIB OCDN >JKT
,OC@MRDN@ GJIJK M@NOJM<ODJI DN <KKGD@? <N AJGGJRN
for (y =0; y < FrameHeight y += MI_SIZE) {
for ( x =0; x < UpscaledWidth x += MI_SIZE) {
for ( plane = 0; plane < NumPlanes plane++) {
if ( FrameRestorationTypd plane ] = RESTORE_NQNgE
row =y >> MI_SIZE_LOG2

col =x >> MI_SIZE_LOG2
loop_restore_block ( plane, row, col )

4C@1 GIIK;M@NOIM@;=GJ>F DN ><GG@? OC@ GJIK M@NOIM@-SBEIHF KNdN-QIRNHAE ? RDOC KG<I@ MJR <I? >JG <I
DIKPON

)JJIK M@NOIM@ =GJ>F KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N
X Q<MD<=G@N MJR <I1? >JG NK@>DATDIB OC@ GJ><ODJI JA OC@ =GJ>F DI PIDON JA S =GJ>FN DI OC@ PKN><
1C@ JPOKPO JA OCDN KMJ>@NN <M@ N<HKG@N DI )M#M<H@8 KG<I@ 9
1C@ Q<MD<=G@ GPH<6 DN N@O @LP<G OJ MJR *&;0&7"

1C@ Q<MD<=G@ NOMDK@+PH NK@>DATDIB OC@ U@MJ =<N@? DI?@S JA OC@ >PMM@I|O NOMDK@ DN N@O @LP:

Note: 1C@ NOMDK@N <M@ JAAN@O PKR<M?N =T GPH< N<HKG@N OJ H<F@ KDK@GDI@? DHKG@H@IO<ODJIN t
< MJR JANPK@M=GJ>FN C<N =@@| M@>@DQ@7? @IJPBC MIRN JA ?@=GJ>F@? JPOKPO ><| =@ KMJ?P>@7? OJ <G
M@NOJM<ODJI JA OC@ >IJMM@NKJI?DIB NOMDK@N
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1C@ Q<MD<=G@N NP=5 <I? NP=6 <M@ N@O @LP<G 0J OC@ NP=N<HKGDIB AJM OC@ >PMM@I0 KG<I@ <N AJGGJRN
X &A KG<I@ DN @LP<G OJ NP=5DN N@O @LP<G OJ <I? NP=6 DN N@O @LP<G OJ
X ,OC@MRDN@ NP=5DN N@O @LP<G OJ NP=N<HKGDIB;S <I? NP=6 DN N@O @LP<G 0J NP=N<HKGDIB;T

1C@ Q<MD<=G@ 0OMDK@00<MO6 NK@>DATDIB OC@ NO<MO JA OC@ NOMDK@ DI PIDON JA N<HKG@N DI OC@ >PI
NOMDK@+PH NP=6

1C@ Q<MD<=G@ 0OMDK@"I?6 NK@>DATDIB OC@ @I1? JA OC@ NOMDK@ DI PIDON JA N<HKG@N DI OC@ >PMM@!IO k
0OMDK@00<MO6 NP=6

Note: 0OOMDK@0O<MO6 <I? 0OMDK@"I?76 <M@ PN@? =T OC@ B@O NIJPM>@ N<HKG@ KMJ>@NN OJ ?@>D?@ RC@
2KN><G@? PMM#M<H@ JM 2KN><G@? ?@A#M<H@

1C@ Q<MD<=G@ PIDOODU@ NK@>DATDIB OC@ NDU@ JA M@NOJM<ODJI PIDON DI PIDON JA N<HKG@N DI OC@ >PN\
)JIK/@NOJIM<ODJIODU@8 KG<I@ 9

1C@ Q<MD<=G@ PIDO/JRN NK@>DATDIB OC@ IPH=@M JA M@NOJM<ODJI PIDON ?JRI OC@ AM<H@ DN N@O @LP<C
PIDOODU@ /JPI? #M<H@%@DBCO NP=6

1C@ Q<MD<=G@ PIDO JGN NK@>DATDIB OC@ IPH=@M JA M@NOJM<ODJI PIDON <>MJNN OC@ AM<H@ DN N@O @L
PIDOODU@ /JPI? 2KN><G@?4D?0C NP=5

Note: 1C@ IPH=@M JA M@NOJM<ODJI PIDON DI < AM<H@ ><I =@ ?DAA@M@10 AIJM >CMJH< <I? GPH<

1C@ Q<MD<=G@ PIDO/JR NK@>DATDIB OC@ Q@MOD><G DI?@S JA OC@ >PMM@I10 GJIK M@NOJM<ODJI PIDO DN N
MIR *&,0&7" NP=6 PIDOODU@

1C@ Q<MD<=G@ PIDO JG NK@>DATDIB OC@ CIJMDUJIO<G DI?@S JA OC@ >PMM@I10 GJIK M@NOJM<ODJI PIDO DN
>JG *&;0&7" NP=5 PIDOODU@

1C@ CIMDUJIO<G @SO@I0 JA OC@ NK<>@ <GGIR@? AJM ADGO@MDIB DN NK@>DAD@? <N AJGGJRN

1C@ Q<MD<=G@ -G<I@"I?5 NK@>DATDIB OC@ CIMDUJIO<G @SO®@I0 JA OC@ NK<>@ <GGJR@? AJM ADGO@MDIB |
2KN><G@?4D?0C NP=5

1C@ Q<MD<=G@ -G<I@"1?6 NK@>DATDIB OC@ Q@MOD><G @SO@I0 JA OC@ NK<>@ <GGJR@? AJM ADGO@MDIB C
#M<H@%@DBCO NP=6

1C@ Q<MD<=G@ SDN N@O @LP<G OJ >JG *&;0&7" NP=5
1C@ Q<MD<=G@ T DN N@O @LP<G OJ MJR *&;0&7" NP=6

1C@ Q<MD<=G@ R DN N@O @LP<G 0OJ *DI *&;0&7" NP=5 -G<I@"I?5 S
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1C@ Q<MD<=G@ C DN N@O @LP<G 0OJ *DI *&;0&7" NP=6 -G<I@"I?6 T

3<MD<=G@N S <I? TM@KM@N@I0 OC@ KINDODJI JA OC@ =GJ>F DI N<HKG@N M@G<ODQ@ 0J OC@ OJK G@AO >J
3<MD<=G@N R <I? C M@KM@N@IO OC@ NDU@ JA OC@ =GJ>F DI N<HKG@N

Note: GOCJPBC OC@ ADGO@M DN ?@N>MD=@7? <N JK@M<ODIB JI NH<GG =GJ>FN OC@ JPOKPO RDGG =@ OC@
PN@? KMJIQD?@? <GG >JIO<DI@? N<HKG@N =@GJIB OJ OC@ N<H@ GJIK M@NOJM<ODJI PIDO

1C@ Q<MD<=G@ M1TK@ NK@>DATDIB OC@ GJIK M@NOJIJM<ODJI OTK@ DN N@O @LP<G OJ )M1TK@8 KG<I@ 98 PIC
1C@ ADGO@M OJ PN@? ?@K@I1?N JI MITK@ <N AJGGJRN

X &A M1TK@ DN @LP<G 0OJ /"01,/";4&"+"/ OC@ 4D@I@M ADGO@M KMJ>@N®& NEEDADRDIPIF@? RDOC
KG<I@ PIDO/JR PIDOJG S T R <I? C <N DIKPON

X ,OC@MRDN@ DA M1TK@ DN @LP<G 0J/"01,/*;0%/-/,/ OC@ N@GA BPD?@7? ADGO@M KMBE@NNINK@NDAD@?
DIQJF@? RDOC KG<I@ PIDO/JR PIDOJG S T R <I? C <N DIKPON

X ,OC@MRDN@ M1TK@ DN @LP<G 0J/"01,/";+,+" 13 ADGO@MDIB DN <KKGD@?
0@GA BPD?@? ADGO@M KMJ>@NN
1C@ DIKPON OJ OCDN =GJ>F <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N
X Q<MD<=G@N PIDO/JR <I? PIDO JG NK@>DATDIB OC@ KINDODJI JA OC@ GJIK M@NOJM<ODJI PIDO
X Q<MD<=G@N S <I? TNK@>DATDIB OC@ KINDODJI JA OC@ =GJ>F DI N<HKG@N M@G<ODQ@ 0J OC@ OJK G¢
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ NDU@ JA OC@ =GJ>F DI N<HKG@N
1C@ <MM<TN AGO <I? AGO <M@ KM@K<M@? =T OC@ AJGGJRDIB IM?@M@7? NO@KN
1C@ Q<MD<=G@ N@O DN N@O @LP<G OJ )MOBMO@O8 KG<I@ 98 PIDO/JR 98 PIDO JG 9
1C@ Q<MD<=G@ K<NN DN N@O @LP<G 0OJ

1C@ =JS ADGO@M KMJ>@NN NK@xmAD@? DN DIQIF@? RDOCKG<I@ S T R C N@O <I? K<NN <N DIKPON -«
OC@ JPOKPO <NNDBI@? OJ AGO

1C@ Q<MD<=G@ K<NN DN N@O @LP<G OJ

1C@ =JS ADGO@M KMJ>@NN N{@<mAD@? DN DIQIF@? RDOCKG<I@ S T R C N@O <I? K<NN <N DIKPON s
OC@ JPOKPO <NNDBI@? 0OJ AGO

1C@ M@NOJM<ODJI KMJ>@NN DN OC@I| <KKGD@? AJM @<>C N<HKG@ <N AJGGJRN
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w0 = LrSgrXgd plane J[ unitRow ][ unitCol ][ 0]
w1l = LrSgrXgd plane ][ unitRow ][ unitCol ][ 1]
w2 = (1 << SGRPROJ_PRJ_BITSW0 - w1l
rO = Sgr_Paramp set ][ 0]
rl = Sgr_Paramp set ][ 2]
for (i =0; i <h; i++) {
for (j =0, ) <w j++) {
u = UpscaledCdefFramg plane J[ v +i ][ x +] ] << SGRPROJ_RST_BITS
V=wl*u
if (r0)
v+=w0* flto [ i ][ j ]
else
v +=w0* u
if (rl)
v=w2Efit [0 j ]
else
vV +=w2* u
s = Round® v, SGRPROJ_RST_BITSGRPROJ_PRJ_B)TS
LrFramd plane [ y+i ][ x+j ] =Clipl( s)

JS ADGO@M KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X <Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N
X Q<MD<=G@N S <I? TNK@>DATDIB OC@ KINDODJI JA OC@ =GJ>F DI N<HKG@N M@G<ODQ@ 0J OC@ OJK G¢
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ NDU@ JA OC@ =GJ>F DI N<HKG@N
X < Q<MD<=G@ N@O NK@>DATDIB OC@ NOM@IBOC JA OC@ ADGO@MDIB
X <Q<MD<=G@ K<NN @LP<G0OJ JM NK@>DATDIB DA OC@ KMJ>@NN DN B@I@M<ODIB OC@ ADMNO JM N
1C@ JPOKPO JA OCDN KMJ>@NN DN < ? <MM<T #
1C@ Q<MD<=G@ M NK@>DATDIB OC<O OC@ =JS ADGO@MN C<Q@ ND?@ G@IBOC M DN N@O @LP<G OJ 0BM;-<M\
&AM DN @LP<G OJ OC@I| OCDN KMJ>@NN DHH@?D<O@GT O@MHDI<O@N
1C@ Q<MD<=G@ @KN NK@>DATDIB < N><GDIB AJM OC@ JPOKPO DN N@O @LP<G OJ 0BM;-<M<HN8 N@O 98 K<NN

1C@ ? <MM<TN <I? 1JO@ OC@N@ <MM<TN <M@ Q<GD? AIM >JIM?DI<O@N DI>GP?DIB <| @SOM< N<HKG@ <MJPI?
KM@K<M@? <N AJGGJRN
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n=(2*r+1)*(2*r +1)
n2e=n*n* eps
s = ((( 1 << SGRPROJ_MTABLE)B#T82e / 2) / n2¢

for (i =-1; 1 <h+1 i++) {
for (j =-1; ) <w+1; j++) {
a=0
b=0

for (dy =-r; dy <=r; dy++) {
for ((dx =-r; dx <=r; dx++) {
c = get_source_samplg plane, x +j +dx, y +i +dy)

at+=c*c
b +=c
}
}
a = Round® a, 2 * (BitDepth - 8) )
d = Round® b, BitDepth - 8)
p=Max 0, a*n-d*d)
z = Round® p * s, SGRPROJ_MTABLE_BITS
if (z>=255)
a2 = 256
else if (z==0)
az=1
else

a2 = ((z << SGRPROJ_SGR BI¥3z/2)) / (z +1)
oneOverN= (( 1 << SGRPROJ_RECIP_BIFgn/2)) / n
b2 = ( (1 << SGRPROJ_SGR BA%2 ) * b * oneOverN
Aillijl-=az
B i ][ j] =Round® b2, SGRPROJ_RECIP_BITS

Note: 4C@!1 K<NN DN @LP<G OJ JIGTJ?? MJIRN D @ @IOMD@N 8D 98 E 9<I|? 8 D 98 E 9 RDOC D J?? RDGG =@ P
OC@ JPOKPO

RC@M@ OC@ ><GG 0J B@O;NIPM>@;N<HKG@ NK@>DAD@N OC<O OC@ B@O NIPN@>RNEHIKGC @NKMBPSRNB NK@>L
DIQIF@? <I? OC@ JPOKPO <NNDBI@? OJ Q<MD<=G@ >

AO@M <I? <M@ KM@K<M@? OC@ JPOKPO <MM<T # DN B@I@M<O@? <N AJGGJRN
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for (i =0; i <h; i++) {

shift =5

if (pass==0&&(1 &1) ) {
shift =4

}

for (J =0,] <w j++) {
a=0
b=0

for (dy=-1; dy<=1; dy++) {
for ( dx =-1; dx <=1; dx++) {
if (pass==0) {
if ((i +dy) &1) {
weight = (dx ==0) 76 : 5
} else {
weight = 0
}
} else {
weight = (dx ==0 || dy ==0) ?4: 3
}
a+=weight * A i +dy][ j +dx]
b +=weight * B i +dy ][ j +dx]
}

}
v = a * UpscaledCdefFramg plane ][ vy +i J[ x +j ] +b

A i j] =Round? v, SGRPROJ SGR_BiThift - SGRPROJ_RST BITS

Note: 4C@|1 K<NN DN @LP<G OJ OC@ R@DBCON AIM @Q@I| MIRN JA <I? <M@ <GR<TN @LP<G OJ

1C@ >JINO<IO GJJIFPK O<=G@ 0BM;-<M<HN DN NK@>DAD@? <N

Sgr_Paramp (1 << SGRPROJ_PARAMS) BITS! | = {

{2 12 1, 4} {2 15 1, 6}, {2 18 1, 8} {2 21, 1, 9},
{224 1,10} {2 29 1, 11}, {2 36 1, 12}, { 2 45 1, 13},
{256 1 14} {2 68 1, 15}, {0, 0,1, 5} {0 0 1, 8}
{0 {2

01 11} {0, 0 1, 14} {2 30,0 0}, 75, 0, 0}

}

4AD@I@M ADGO@M KMJ>@NN

1C@ DIKPON OJ OCDN =GJ>F <M@
X <Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N

X Q<MD<=G@N PIDO/JR <I? PIDO JG NK@>DATDIB OC@ KINDODJI JA OC@ GJIK M@NOJIM<ODJI PIDO

Section: Decoding process Page 333 of 669



AV1 Bitstream & Decoding Process Specification

X Q<MD<=G@N S <I? TNK@>DATDIB OC@ KINDODJI JA OC@ =GJ>F DI N<HKG@N M@G<ODQ@ 0J OC@ OJK G¢
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ NDU@ JA OC@ =GJ>F DI N<HKG@N
1C@ JPOKPO AMJH OCDN KMJ>@NN <M@ HJ?DAD@? N<HKG@N DI )M#M<H@

1C@ NP= N<HKG@ DIO@MKJIG<ODJI DN @AA@>0@? QD< ORJ JI@ ?DH@INDJI<G >JIQIGPODJIN #DMNO < CIJIMDUJIO
O@HKIM<MT <MM<T <I? OC@| OCDN <MM<T DN Q@MOD><GGT ADGO@M@? OJ J=0<DI OC@ ADI<G KM@?D>0DJI

1C@ MJPI?DIB Q<MD<=G@N ?@MDQ<0DJI KMJ>@IgN-NKRE@ >DADEN DIQIJF@? RDOC OC@ DIKPO Q<MD<=G@ DN JHKJI
@LP<G OJ

1C@ 4D@I@M >J@AAD>D@I0 KMI>@NNEKQDDAD@NMIQIF@? RDOC <I DIKPO JA )M4D@I@M8 KG<I@ 98 PIDO/JR 9¢
98 9<I? OC@ JPOKPO <NNDBI@? OJ QADGO@M

1C@ 4D@I@M >J@AAD>D@I0 KMI>@NNEKQD>DAD@NMIQIF@? RDOC <I DIKPO JA )M4D@I@M8 KG<I@ 98 PIDO/JR 9¢
98 9<I? OC@ JPOKPO <NNDBI@? OJ CADGO@M

Note: 1C@ CIMDUJIO<G ADGO@M I@@?N OJ =@ <KKGD@? =@AIM@ OC@ Q@MOD><G ADGO@M =PO OC@ CIM
OC@ Q@MOD><G >J@AAD>D@ION

1C@ ADGO@MDIB DN <KKGD@? <N AJGGJRN

X 1C@ <MM<T DIO@MH@?D<O@ DN NK@>DAD@? <N AJGGJRN

offset = (1 << (BitDepth + FILTER_BITS InterRound0 - 1))

limt = (1 << (BitDepth + 1 + FILTER_BITS InterRound0)) - 1

for (r =0, r <h+6;, r++) {

for (c=0;, c<w c++) {
s=0
for (t =0t <7 t++)
s +=hfilter [ t ] * get_source_samplqd plane, x +c¢c +t - 3, y +r - 3)

v = Round®s, InterRoundO)
intermediate [ r J[ ¢ ] = Clip3( -offset , limit - offset , v)

4C@M@ OC@ ><GG OJ B@O;NIPM>@;N<HKG@ NK@>DAD@N OC<O OC@ B@O NJPMX@MNIBIKG@ KMJI>@NN
NCJIPG? =@ DIQJF@?

Note: 1C@ DIO@MH@?D<O@ M@NPGO DN >GDKK@? NJ OC<O DIO@MH@?D<O@8 M 98 >9 JAAN@O Al
RDOC *DI DO!@KOC =DON

X 1C@ JPOKPO N<HKG@N <M@ RMDOO@I| <N AJGGJRN
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for (r =0, r <h; r++) {
for (¢ =0, c<w c++) {
s=0
for (t =0, t <7, t++)
s +=Vfilter [ t ] * intermediate [ r +t ][ ¢ ]
v = Round® s, InterRoundl )
LrFramg plane [ y+r ]l x+c] =Clipl( v)

4AD@I@M >J@AAD>D@10 KMJ>@NN

1C@ DIKPO OJ OCDN KMJ>@NN DN <I <MM<T >J@AA >JIO<DIDIB >J@AAD>D@ION
1C@ JPOKPO AMJH OCDN KMJ>@NN DN <I <I <MM<T >JIO<DIDIB >J@AAD>D@ION

1C@ 4D@I@M ADGO@M DN <GR<TN NTHH@OMD><G <|? C<N < PIDO ! B<DI NJ OC@M@ <M@ JIGT OCM@ @ >J@AAD!
@SKGD>DOGT >J?@7?

1CDN KMJ>@NN >JHKPO@N OC@ APGG N@O JA >J@AAD>D@ION <N AJGGJRN

filter [ 3] = 128

for (1 =0; 1 <3; i++) {
c =coeff[ 1]
fiter [ i ] =c
fiter [ 6-1] =c
filter [ 3] =2*c¢

1C@ JPOKPO JA OC@ KMJ>@NN DN OC@ <MM<T ADGO@M

Note: 4C@| >CMJH< DN =@DIB ADGO@M@? >J@AA8 9 RDGG <GR<TN =@ @LP<G OJ OC@M@AJM@ ADGO@M8
=@ @LP<G OJ &lIJOC@M RIM?N GPH<PN@N < O<K ADGO@M RCDG@ >CMJH< PN@N < O<K ADGO@M

$@0O NIPM>@ N<HKG@ KMJ>@NN

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X < Q<MD<=G@ KG<I@ NK@>DATDIB RC@OC@M OC@ KMJ>@NN DN ADGO@MDIB 6 2 JM 3 N<HKG@N
X Q<MD<=G@N S <I? T NK@>DATDIB OC@ GJ><ODJI DI OC@ >PMM@IO KG<I@ DI PIDON JA N<HKG@N

1CDN KMJ>@NN H<F@N NPM@ N<HKG@N <M@ O<F@| AMJH RDOCDI OC@ <GGJR@? @SO@10 AJIM GJIK M@NOJIM<(
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0<HKG@N RDOCDI OC@ >PMM@I0 NOMDK@ <M@ O<F@I| <AO@M ?@A ADGO@MDIB C<N =@@I| <KKGD@? N<HKG@
O<F@I =@AIM@ ?@A ADGO@MDIB

1C@ N<HKG@ 0OJ M@OPMI DN NK@>DAD@? <N AJGGJRN

x = Min(PlaneEndX x)
X = Max0, Xx)
y = Min(PlaneEndY vy)
y = Maxo0, y)

if (y < StripeStartY ) {

y = MaxStripeStartY - 2,y)

return UpscaledCurrFramg plane ][ v ][ x 1]
} else if (y > StripeEndY ) {

y = Min(StripeEndY + 2,y)

return UpscaledCurrFramé plane ][ vy II X ]
} else {

return UpscaledCdefFram plane ][ y [ X ]

}

Note: 1CDN KMJ>@NN ><| =@ ><GG@? AJM N<HKG@N JI OC@ OCM@ @ GDI@N <=JQ@ <I? OCM@@ GDI@N =@GJF
%IR@Q@M OC@ >JIM?DI<O@N <M@ >MJIKK@? NP>C OC<O JIGT ORJ GDI@N <=JQ@ <I? =@GJR OC@ NOMDK®@ I
JOC@M RIM?N M@LP@NON AJM OC@ OCDM? GDI@ <=JQ@ JM =@GJR <M@ BDQ@I < >JKT JA OC@ N@>JI? GDI(

POKPO KMJ>@NN
S@QI@M<G

1CDN KMJ>@NN DN DIQJF@? OJ KM@K<M@ JPOKPO AM<H@N

&A N><G<=DGDOT DN =@DIB PN@? ,K@M<ODIB-JDIO&?>IJO @LP<G OJ <I<KKGD><ODJI NK@>DAD> API>0DJI DN >
OCDN AM<H@ RDGG =@ JPOKPO &A OCDN API>0ODJI M@OPMIN < Q<GP@ @LP<G OJ OC@I| OCDN KMJ>@NN O@MH

Note: KKGD><ODJIN OC<O <M@ ?DNKG<TDIB OC@ ?@>J?@7? QD?@J <M@ @SK@>0@? OJ JIGT ?DNKG<T JI@ AM:
O@HKJIM<G PIDO RDOCDI OC@ N@G@>0@? JK@M<ODIB KJDIO 1CDN AM<H@ NCJPG? =@ OC@ CDBC@NO NK<(
OC@ JK@M<ODIB KJDIO <I? KM@N@IO RDOCDI OC@ O@HKJIM<G PIDO ,0C@M <KKGD><ODJIN H<T N@O OC@DN
AM<H@N <M@ JPOKPO

1C@ DIO@MH@7?D<O0@ JPOKPO KM@K<M<ODJI KMIE@HIDNK @-EMDI@IAD ? O KM@K<M@ <MM<TN ,PO6 ,PO2 <I?
,PO3 <I? OC@ JPOKPON <M@ <NNDBI@? OJR C NP=5 <I? NP=6

&A ADGH;BM<DI;K<M<HN;KM@N@I10 DN @LP<G OJ <I? <KKGT;BM<DI DN @LP<G OJ OC@I OC@ ADGH BM<DI NTIOC
N@>0DJI DN DIQJF@? RDOC DIKPON JAR C NP=5 <I? NP=6 1CDN KMJ>@NN HJ?DAD@N OC@ JPOKPO <MM<TN
,PO3
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#DI<GGT OC@ AM<H@ OJ =@ JPOKPO DN ?@ADI@7? OJ =@ OC@ <MM<TN ,PO6 ,PO2 ,PO3 RC@M@ OC@ =DO ?@KO!
DO!@KOC

1CDN AM<H@ OJ =@ JPOKPO DN OC@ JQ@M<GG JPOKPO JA OC@ ?@>J7?DIB KMJ>@NN <I? APMOC@M KMJ>@NNDIE
JPOND?@ OC@ N>JK@ JA OCDN NK@>DAD><ODJI

#IM @S<HKG@ < M@<G DHKG@H@I0<ODJI HDBCO PN@ OC@N@ <MM<TN OJ ?DNKG<T OC@ AM<H@ 0J OC@ PN@
OC@ <MM<TN NJ OC@ JPOKPO ><I =@ Q@MDAD@?

Note: &A +PH-G<I@N DN @LP<G OJ OC@I| OC@ 2 <I? 3 KG<I@N NCIPG? =@ DBIIM@?

&IO@MH@?D<O@ JPOKPO KM@K<M<ODJI KMJ>@NN

1C@ JPOKPO JA OCDN KMJ>@NN <M@ OC@ Q<MD<=G@N R C NP=5 <|? NP=6 ?@N>MD=DIB OC@ AJMH<O JA OC@ *~
<|? ,PO3

&A NCJIR;@SDNODIB;AM<H@ DN @LP<G OJ OC@I| OC@ ?@>J?@M NCJIPG? >JKT ,PO6 ,PO2 <I? ,PO3 AMIH < KM@QL
AM<H@ <N AJGGJRN

X 1C@ Q<MD<=G@ R DN N@O @LP<G OJ /@A2KN><G@?4D?0C8 AM<H@;0OJ;NCJIR;H<K;D?S 9
X 1C@ Q<MD<=G@ C DN N@O @LP<G OJ /@A#M<H@%@DBCO8 AM<H@;0J;NCJR;H<K;D?S 9
X 1C@ Q<MD<=G@ NP=5 DN N@O @LP<G OJ /@A0P=N<HKGDIB58 AM<H@;0J;NCJR;H<K;D?S 9
X 1C@ Q<MD<=G@ NP=6 DN N@O @LP<G OJ /@AOP=N<HKGDIB68 AM<H@;0J;NCJR;H<K;D?S 9

X 1C@ <MM<T ,PO6 DN R N<HKG@N <>MJINN =T C N<HKG@N ?JRI <I? OC@ N<HKG@ <O GJ><ODJI S N<HKG@N -
N<HKG@N ?JRI DN BDQ@I =T ,PO68T98 S 9 #M<H@0OIJM@8 AM<H@;0OJ;NCJIR;H<K;D?S 98 98 T 98 S 9 RDOC
T C

X 1C@ <MM<T ,PO2DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO28T 98 S 9 #M<H@O0OIJM@8 AM<H@;0.
98 98T 98 S9RDOC S R NP=5 NP=5 <I?T C NP=6 NP=6

X 1C@ <MM<T ,PO3 DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO38T98 S 9 #M<H@O0OJIJM@8 AM<H@;0.
98 98S98TI9RDOCS R NP=5 NP=5 <I?T C NP=6 NP=6

X 1C@ Q<MD<=G@ DO!@KOC DN N@O @LP<G OJ /@A DO!@KOC8 AM<H@;0J;NCJIR;H<K;D?S 9
X 1C@ =DO ?@KOC AJM @<>C N<HKG@ DN DO!@KOC
,OC@MRDN@ NCJR;@SDNODIB;AM<H@ DN @LP<G OJ OC@IOC@ ?@>J?@M NCJIPG? >JKT OC@ >PMM@I0 AM<HE

X 1C@ Q<MD<=G@ R DN N@O @LP<G 0J 2KN><G@?4D?0C
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X 1C@ Q<MD<=G@ C DN N@O @LP<G 0J #M<H@%@DBCO
X 1C@ Q<MD<=G@ NP=5 DN N@O @LP<G OJ NP=N<HKGDIB;S
X 1C@ Q<MD<=G@ NP=6 DN N@O @LP<G OJ NP=N<HKGDIB;T

X 1C@ <MM<T ,PO6 DN R N<HKG@N <>MJINN =T C N<HKG@N ?JRI <I? OC@ N<HKG@ <O GJ><ODJI S N<HKG@N -
N<HKG@N ?JRI DN BDQ@I| =T ,PO68T98S 9 )M#M<H@8 98T98S9RDOCS R <I?T C

X 1C@ <MM<T ,PO2DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO28T 98 S 9 )M#M<H@8 98 T 98 S 9 RDC
NP=5 NP=5 <I?T C NP=6 NP=6

X 1C@ <MM<T ,PO3 DN R NP=5 NP=5N<HKG@N <>MJNN =T C NP=6 NP=6 N<HKG@N ?JRI <I? OC@ N<HKC
GJ><ODJI S N<HKG@N <>MJNN <I? T N<HKG@N ?JRI DN BDQ@I =T ,PO38T98 S 9 )M#M<H@8 98 T 98 S 9 RDC
NP=5 NP=5 <I?T C NP=6 NP=6

X 1C@ =DO ?@KOC AIJM @<>C N<HKG@ DN DO!@KOC

1C@ JPOKPO JA OCDN KMJ>@NN <M@ OC@ Q<MD<=G@N R C NP=5 <|? NP=6

#DGH BM<DI NTIOC@NDN KMJ>@NN
S@I@OM<G

1C@ DIKPON OJ OCDN KMJ>@NN <M@
X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ AM<H@
X Q<MD<=G@N NP=5 <|? NP=6 NK@>DATDIB OC@ NP=N<HKGDIB K<M<H@O@MN JA OC@ AM<H@
1C@ KMJ>@NN HI?DAD@N OC@ <MM<TN ,PO6 ,PO2 ,PO3 OJ <?? ADGH BM<DI IIDN@ <N AJGGJRN
1C@ Q<MD<=G@ /<I?JH/@BDNO@M PN@? AJM B@I@M<ODIB KN@P?J M<I?JH IPH=@MN DN N@O @LP<G OJ
1C@ Q<MD<=G@ $M<DI @IO@M DN N@O @LP<G OJ DO!@KOC
1C@ Q<MD<=G@ $M<DI*DI DN N@O @LP<G OJ $M<DI @IO@M
1C@ Q<MD<=G@ $M<DI*<S DN N@O @LP<G OJ DO!@KOC $M<DI @IO@M
1C@ B@I@M<O@ BM<DI KMJ>@NN Nkg@<IDID@? DDN DIQJF@?
1C@ N><GDIB GJJFPK DIDOD<GDU<ODJI KMJ>@ENNR@>DADEMIF@?

1C@ <?? IIDN@ KMJ>@NN NK@ X@AE@3 DI DN DIQJF@? RDOC R C NP=5 <I? NP=6 <N DIKPON

[<I?JH IPH=@M KMJ>@NN
1C@ DIKPO OJ OCDN KMJ>@NN DN < Q<MD<=G@ =DON NK@>DATDIB OC@ IPH=@M JA M<I?JH =DON OJ M@OPMI
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1C@ JPOKPO JA OCDN KMJ>@NN DN < KN@P?J M<I?JH IPH=@M =<N@7? JI OC@ NO<O@ DI /<I?JH/@BDNO@M

1C@ KMJ>@NN DN NK@>DAD@? <N AJGGJRN

get_random_numbér bits ) {
r = RandomRegister
bit =((r >0 ~(r >>1) ~(r >>3) " (r >>12) &1
r=(r >>1) | (bit <<15
result =(r >>(16 - bits)) & ((1 <<bits ) - 1)
RandomRegister= r
return result

1C@ JPOKPO JA OCDN KMJ>@NN DN OC@ Q<MD<=G@ M@NPGO

$@I@M<O@ BM<DI KMJ>@NN
1CDN KMJ>@NN B@I@M<O@N IIDN@ QD< <I <POJ M@BM@NNDQ@ ADGO@M

#DMNO <I| <MM<T )PH<$M<DI N<HKG@N RD?@ <I? N<HKG@N CDBC JA RCDO@ |IJDN@ DN B@I@M<O@? AIJM GPH<

shift = 12 - BitDepth + grain_scale_shift
for (y=0,y <73 y++) {
for ( x =0; x <82 x++) {
if ( num_y points> 0 ) {
g = Gaussian_Sequende get_random_numbér 11 ) ]
} else {
g=0
}
LumaGraif y ]| x ] = Round® g, shift )
}
}

RC@M@ OC@ API>0DJI ><GG B@O;M<I?JH;IPH=@M DIQJF@N OC@ M<I?JH IPH=@M KE@AJ@DNN NK@>DAD@? DI

1C@I <l <POJ M@BM@NNDQ@ ADGO@M DN <KKGD@? OJ OC@ RCDO@ IIDN@ <N AJGGJRN
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shift = ar_coeff_shift minus 6 + 6

for (y=3 y<73 y++){
for (x =3, x <82- 3, x++) {
s=0
pos = 0
for ( deltaRow = -ar_coeff_lag ; deltaRow <= 0; deltaRowt+ ) {
for ( deltaCol = -ar_coeff lag ; deltaCol <= ar_coeff lag ; deltaCol ++) {
if ( deltaRow == 0 &&deltaCol ==0)
break
c = ar_coeffs_ y plus_128[ pos] - 128
s += LumaGraifi y + deltaRow ][ x + deltaCol ] * ¢
post+
}
}
LumaGraiff y ] x ] = Clip3 ( GrainMin, GrainMax LumaGraiff y ] x ] + Round® s, shift ) )
}
}

&A HJIJ;>CMIH@ DN @LP<G OJ OC@ >CMJH< BM<DI DN B@I@M<O@? DI < NDHDG<M R<T @S>@KO OC@ ADGO@M
OC<O DIOMJ?P>@N < >JMM@G<0ODJI RDOC OC@ GPH< BM<DI

1C@ Q<MD<=G@ >CMJIH<4 M@KM@N@IODIB OC@ RD?0C JA OC@ >CMJIH< IJIDN@ <MM<T DN N@O @LP<G OJ NP=N
1C@ Q<MD<=G@ >CMJIH<% M@KM@N@IODIB OC@ C@DBCO JA OC@ >CMJIH< IIDN@ <MM<T DN N@O @LP<G OJ NI

4CDO@ IJDN@ <MM<TN =$M<DlI <I? M$M<DI >CMIH<4 N<HKG@N RD?@ <I? >CMJIH<% N<HKG@N CDBC <M@ B@I@M-
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shift = 12 - BitDepth + grain_scale_shift
RandomRegister= grain_seed ” 0xb524
for (y =0; y <chromaH y++) {
for ( x =0; x < chromaW x++) {
if ( num_cb_points> 0 || chroma_scaling_from_lumg {
g = Gaussian_Sequende get_random_numbér 11 ) ]
} else {
g=20
}
CbGraif y ][ x] = Round® g, shift )
}
}
RandomRegister= grain_seed ”~ 0x49d8
for (y =0; y <chromald y++) {
for ( x =0; x < chromaWV x++) {
if ( num_cr_points > 0 || chroma_scaling_from_lumg {
g = Gaussian_Sequende get_random_numbé¢r 11 ) ]
} else {
g=0
}
CrGrain[ y I x] = Round® g, shift )
}
}

1C@I OC@ <POJ M@BM@NNDQ@ ADGO@M DN <KKGD@? <N AJGGJRN
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shift = ar_coeff_shift minus 6 + 6
for (y =3; y <chromald y++) {
for ( x =3; x <chromaW 3; x++) {

sO=0
s1=0
pos = 0
for ( deltaRow = -ar_coeff_lag ; deltaRow <= 0; deltaRowt+ ) {
for ( deltaCol = -ar_coeff lag ; deltaCol <= ar_coeff lag ; deltaCol ++) {

c0 = ar_coeffs_cb plus 128[ pos] - 128
cl = ar_coeffs_cr_plus_128 [ pos] - 128
if ( deltaRow == 0 &&deltaCol ==0) {
if ( num_y_points>0) {
luma =0
lumaX= ( (x - 3) << subsampling_x) + 3
lumaY= ( (y - 3) << subsampling_.y) + 3
for (i =0; i <=subsampling_y, i++)
for (j =0; j <=subsampling_x j++)
luma += LumaGraifi lumaY + i J[ lumaX+j ]
luma = Round® luma subsampling_x + subsampling_y )
sO +=luma * c0
sl +=luma * cl
}
break
}
sO += CbGraiff y + deltaRow ][ x + deltaCol ] * cO
sl += CrGrain[ y + deltaRow ][ x + deltaCol ] * cl1

post++
}
}
CbGraif y ]I x] = Clip3( GrainMin, GrainMax CbGraif y ][ x ] + Round® sO, shift ) )
CrGrain[ y ]I x] = Clip3( GrainMin, GrainMax CrGrain[ y ][ x ] + Round® s1, shift ) )
}

}

Note: 4C@I IPH;T;KIDION DN @LP<G OJ OCDN KMJ>@NN H<T PN@ PIDIDOD<GDU@? Q<GP@N RDOCDI <M;>J@A/
>JHKPO@ )PH<$M<DI %IJR@Q@M )PH<$M<DI RDGG |@Q@M =@ M@<? DI OCDN ><N@ NJ DO ?J@N 1JO H<OO@M |
>JINOP>0O@7? ODHDG<MGT RC@! IPH;>M;KJDION IPH;>=;KIJDION <M@ @LP<G OJ <I? >CMJH<;N><GDIB;AMJH;GPH:
0OJ OC@ =$M<DI M$M<DI <MM<TN RDGG |@Q@M =@ M@<?

0><GDIB GJJFPK DIDOD<GDU<ODJI KMJ>@NN
1CDN KMJ>@NN >JHKPO@N GJJIFPK O<=G@N AIM OC@ ?DAA@M@I0 >JGIM >JHKJI@ION

"<>C GJIFPK O<=G@ 0><GDIB)PO8 KG<I@ 9 >JIO<DIN @IOMD@N >JINOMP>0@? =T < KD@>@RDN@ GDI@<M DIO@!
KJDION <N AJGGJRN
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for ( plane = 0; plane < NumPlanes plane++) {
if ( plane ==0 || chroma_scaling_from_luma)
numPoints = num_y_points
else if ( plane ==1))
numPoints = hum_cb_points
else
numPoints = hum_cr_points
if ( numPoints==0) {
for ( x =0; x <256 x++) {
ScalingLut [ plane ][ x] =0
}
} else {
for ( x =0; x <get x( plane, 0); x++) {
ScalingLut [ plane ][ x ] = get y( plane, 0)

}
for (i =0; i <numPoints- 1; i++) {
deltaY = get y( plane, i +1) - get y( plane, i )
deltaX = get x( plane, i +1) - get x( plane, i )
delta = deltayY * ( ( 65536 + (deltaX >>1) ) / deltaX )
for ( x =0; x < deltaX; x++) {
v =get y( plane, i ) + ( ( x * delta + 32768) >>16)
ScalingLut [ plane ][ get x( plane, i ) +x] =v
}
}

for ( x = get_x( plane, numPoints- 1); x < 256 x++) {
ScalingLut [ plane ][ x ] = get_y( plane, numPoints- 1)
}

RC@M@ OC@ API>ODJIN B@O;S <I? B@O;T M@OPMI OC@ >JIM?DI<O@N AIM < NK@>DAD> KJDIO <I? <M@ NK@>DAI
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get_x( plane, i ) {
if ( plane ==0 || chroma_scaling_from_luma)
return point y value [ i ]
else if ( plane ==1))
return point_cb_value[ i ]
else
return point_cr_value [ i ]

}

get y( plane, i ) {
if ( plane ==0 || chroma_scaling_from_luma)
return point_y scaling [ i ]
else if ( plane ==1)
return point_cb_scaling [ i ]
else
return point_cr_scaling [ i ]

?? IIDN@ NTIOC@NDN KMJ>@NN
1C@ DIKPON OJ OCDN KMJ>@NN <M@

X Q<MD<=G@N R <I? C NK@>DATDIB OC@ RD?0C <I? C@DBCO JA OC@ AM<H@
X Q<MD<=G@N NP=5 <I? NP=6 NK@>DATDIB OC@ NP=N<HKGDIB K<M<H@O@MN JA OC@ AM<H@
1CDN KMJ>@NN >JH=DI@N OC@ ADGH BM<DI RDOC OC@ DH<B@ ?<0<
#DMNO <I <MM<T JA IIDN@ ?<O< IJDN@OOMDK@ DN B@I1@M<O@? AJM @<>C GPH< N<HKG@ CDBC NOMDK@ JA O

IIJDN@OOMDK@8 GPH<+PH 98 9 DN N<HKG@N CDBC <I? R N<HKG@N RD?@ <A@R <??DODJI<G N<HKG@N <>MJNI
0J OC@ <MM<T =PO OC@N@ <M@ |@Q@M M@<? <I? >JIO<DIN [JDN@ AIM OC@ GPH< >JHKJI@IO

IIJDN@OOMDK@8 GPH<+PH 98 9 <I? IJDN@OOMDK@8 GPH<+PH 98 9 <M@ NP=6 N<HKG@N CDBC <I? /JPI? R NP-=
N<HKG@N RD?@ <I? >JIO<DI IJDN@ AIM OC@ >CMJIH< >JHKJI@ION

IJDN@OOMDK@ M@KM@N@ION OC@ M@NPGO JA >JINOMP>0ODIB NLP<M@ BM<DI =GJ>FN <I? =G@I1?DIB CIMDUJIO<!
<GOCJPBC =G@I?DIB DN JIGT <KKGD@? DA JQ@MG<K;AG<B DN @LP<G OJ <I? DN >JINOMP>0@? <N AJGGJRN
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lumaNun+ O
for (y=0, y<(h+21/2;y+=16) {
RandomRegister= grain_seed
RandomRegister= (( lumaNunt 37 + 178 & 255 << 8
RandomRegister= (( lumaNunt 173 + 105 & 255
for (x=0; x<(w+1)/2; x+=16) {
rand = get_random_numbér 8 )
offsetX = rand >> 4
offsetY rand & 15
for ( plane = 0 ; plane < NumPlanes plane++) {
planeSubX= ( plane > 0) ? subX: 0O
planeSubY= ( plane > 0) ? subY: 0
planeOffsetX = planeSubX? 6 + offsetX : 9 + offsetX *
planeOffsetY = planeSubY? 6 + offsetY : 9 + offsety *
for (1 =0; i <34 >>planeSubY; i++) {
for (j =0; j <34 >>planeSubX; j++) {
if ( plane ==0)
g = LumaGraif planeOffsetY + i ][ planeOffsetX +j ]
else if ( plane ==1)
g = CbGrairf planeOffsetY + i ][ planeOffsetX +j ]
else
g = CrGrain[ planeOffsetY + i ][ planeOffsetX +j ]
if ( planeSubX==0) {
if (] <2 &&overlap_flag &&x >0) {
old = noiseStripe [ lumaNunj[ plane J[ i J| x* 2 +j ]
it (] ==0){
g=old * 27 + g * 17
} else {
g=old * 17 + g * 27

2
2

}
g = Clip3 ( GrainMin, GrainMax Round2g, 5) )
}
noiseStripe [ lumaNunj[ plane ][ i ][ x*2+j ] =g
} else {
if (j ==0 &&overlap_flag &&x >0) {
old = noiseStripe [ lumaNuni[ plane J[ i ][ x +] 1]
g=old * 23+g* 22
g = Clip3 ( GrainMin, GrainMax Round2g, 5) )
}
noiseStripe [ lumaNunj[ plane J[ i ][ x +j ] =49

1C@I| OC@ IJDN@ NOMDK@N <M@ =G@I?@? OJB@OC@M OJ AJMH < |IJDN@ DH<B@ IIDN@&H<B@ <N AJGGJRN

Section: Decoding process Page 345 of 669



AV1 Bitstream & Decoding Process Specification

for ( plane = 0; plane < NumPlanes plane++) {
planeSubX= ( plane > 0) ? subX: 0
planeSubY= ( plane > 0) ? subY: 0
for (y =0, y <( (h+ planeSubY >> planeSubY) ; y++) {
lumaNun¥ y >> ( 5 - planeSubY)
i =y - (lumaNunx< ( 5 - planeSubY) )
for ( x =0; x <( (w+ planeSubX >> planeSubX ; x++) {
g = noiseStripe [ lumaNunj[ plane J[ i ][ x ]
if ( planeSubY==0) {
if (i <2 &&IlumaNunmr 0 &&overlap_flag ) {
old = noiseStripe [ lumaNum 1 ][ plane J[ i +32] x]
if (i ==0){
g=old * 27 + g * 17
} else {
g=old * 17 + g * 27

}
g = Clip3 ( GrainMin, GrainMax Round®g, 5) )
}
} else {
if (1 <1&&lumaNum> 0 &&overlap flag ) {
old = noiseStripe [ lumaNum 1 ][ plane ][ i +16 ] x ]
g=old * 23 +g * 22
g = Clip3 ( GrainMin, GrainMax Round®g, 5) )
}
}
noiselmagdg plane [ vy 1 x1] =49
}
}
}

Note: GOCJPBC OCDN KMJ>@NN DN NK@>DAD@? DI O@MHN JA APGG NDU@ IJDN@OOMDK@ <I? IJIDN@&H<B@ <
NCJRN CJR DO DN KINND=G@ OJ DHKG@H@I10 OC@ BM<DI NTIOC@NDN RDOC EPNO GDI@ =PAA@MN AJM GPH
>CMJH< >JHKJI@10

#DI<GGT OC@ IIDN@ DN =G@I1?@? RDOC OC@ JMDBDI<G DH<B@ ?<0< <N AJGGJRN
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if ( clip_to_restricted_range ) {
minValue = 16 << (BitDepth - 8)
maxLuma 235 << (BitDepth - 8)

if ( matrix_coefficients == MC_IDENTITY
maxChroma maxLuma
else
maxChroma 240 << (BitDepth - 8)
} else {

minValue = 0
maxLuma (256 << (BitDepth - 8)) - 1
maxChroma maxLuma
}
ScalingShift = grain_scaling_minus_8 + 8
for (y=0;y<((h+subY >>subY ; y++) {
for ( x =0; x <( (w+ subX >>subX ; x++) {
lumaX = x << subX
lumaY =y << subY
lumaNextX= Min( lumaX+ 1, w- 1)
if ( subX)
averageLuma= Round® OutY lumaY][ lumaX] + Out{ lumaY][ lumaNextX], 1)
else
averageLuma= OutY lumaY][ IlumaX]
if ( num_cb_points> 0 || chroma_scaling_from_luma) {
orig =OutJ y J[ x]
if ( chroma_scaling_from_luma) {
merged = averageLuma
} else {
combined = averageLuma* ( cb_luma_mult- 128) + orig * ( cb_mult - 128)
merged= Clipl ( ( combined>>6) + ( (cb_offset - 256 ) << (BitDepth - 8) ) )

}
noise = noiselmagd 1] vy 1l x]
noise = Round® scale lut ( 1, merged) * noise, ScalingShift )

OutJ y I x] = Clip3( minValug maxChromaorig + noise )
}

if ( num_cr_points > 0 || chroma_scaling_from_lumg {
orig =O0ut] y [ x]
if ( chroma_scaling_from_luma) {
merged = averageLuma
} else {
combined = averageLuma* ( cr_luma_mult - 128) + orig * ( cr_mult - 128)
merged= Clipl ( ( combined>>6) + ( (cr_offset - 256 ) << (BitDepth - 8) ) )

}
noise = noiselmagd 21 y1II x]1
noise = Round® scale lut ( 2, merged) * noise, ScalingShift )

Outf y [ x] = Clip3( minValue maxChromaorig + noise )

}
}

}
for (y=0y<h; y++) {
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for ( x =0; x <w; x++) {
orig =0utY yJ[ x1]
noise = noiselmagd O] v I x1
noise = Round® scale lut ( 0, orig ) * noise, ScalingShift )
if ( num_y points> 0 ) {

OutY vy [ x] = Clip3( minValug maxLumaorig + noise )

}

}

}

RC@M@ N><G@;GPO DN < API>0ODJI OC<O K@MAJMHN < KD@>@RDN@ GDI@<M DIO@MKJIG<ODJI DIOJ OC@ <KKMJ
API>0DJI DN NK@>DAD@? <N AJGGJRN

scale_lut ( plane, index ) {
shift = BitDepth - 8
X = index >> shift
rem = index - ( x << shift )
if ( BitDepth ==8 || x ==255 {
return ScalingLut [ plane J[ x ]
} else {
start = ScalingLut[ plane ][ x ]
end = ScalingLut [ plane J[ x + 1]
return start + Round® (end - start ) * rem shift )

*JODJI AD@G? HIODJI Q@>0JM NOIM<B@ KMJ>@

1CDN KMJ>@NN <KKGD@N NJH@ ADGO@MDIB <I? M@JM?@MDIB OJ OC@ HJODJI Q@>0JMN OJ KM@K<M@ OC@H A
M@A@M@I>@ AM<H@ PK?<O@ KMJ>@NN

1C@ AJGGJRDIB <KKGD@N AJM MJR  *D/IJRN AIM>JG *D JGN
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MfRefFramep row ][ col ] = NONE
MfMvg row ][ col ] 0] =0
MfMvé row ][ col ] 1] =0
for (list =0; list <2 list ++) {
r = RefFrame§ row ][ col ][ list ]
if (r >INTRA_FRANE{
refldx = ref frame_idx [ r - LAST_FRAME
dist = get relative_dist ( RefOrderHint[ refldx ], OrderHint )
if (dist <0) {
mvRow= Mv§ row ][ col ][ list ][ 0]
mvCol= Mv§ row ][ col J[ list ][ 1]
if ( Abg mvRowW <= REFMVS_LIMIE&Abg mvCol) <= REFMVS_LIMIT {
MfRefFramep row ][ col ] =r
MfMvg row ][ col ]I 0] = mvRow
MfMv row ][ col I 1] = mvCol

Note: GOCJPBC OCDN KMJ>@NN NOJM@N <GG OC@ HJODJI Q@>0OJMN DIOJ *A*QN JIGT OC@ Q<GP@N RC@M@
J?? RDGG <AA@>0 OC@ ?@>J?DIB KMJ>@NN

I@A@OM@I>@ AM<H@ PK?<O@ KMJ>@NN

1CDN KMJ>@NN DN DIQJF@? <N OC@ ADI<G NO@K DI ?@>J?DIB < AM<H@
1C@ DIKPON OJ OCDN KMJ>@NN <M@ OC@ ?@>J?@? N<HKG@N AJM OC@ >PMM@I0 AM<H@ )M#M<H@8 KG<I@ 98
1C@ JPOKPO AMJH OCDN KMJ>@NN DN <I PK?<O@? N@O JA M@A@M@I>@ AM<H@N <I? KM@QDJPN HJODJI Q@>0.

#IM @<>C Q<GP@ JAD AMJH OJ +2*%/'#;#/*'0 OC@ AJGGJRDIB <KKGD@N DA =DO D JA M@AM@NC;AM<H@;AG<B\
DA M@AM@NC;AM<H@;AG<BN D DN @LP<G OJ

X I@A3<GD?8 D 9 DN N@O @LP<G OJ

X I@A#M<H@&7?8 D 9 DN N@O @LP<G OJ >PMM@I0;AM<H@;D?

X [@A2KN><G@?4D?0C8 D 9 DN N@O @LP<G 0J 2KN><G@?4D?0C
X [@A#M<H@4D?0C8 D 9 DN N@O @LP<G 0OJ #M<H@4D?0C

X I@A#M<H@%@DBCO8 D 9 DN N@O @LP<G OJ #M<H@%@DBCO
X I@A/@1?@M4D?0C8 D 9 DN N@O @LP<G OJ/@I?@M4D?0C

X I@A/@1?7@M%@DBCO8 D 9 DN N@O @LP<G OJ/@1?@M%@DBCO

Section: Decoding process Page 349 of 669



X

X

X

X

X

X

X

X

X

X

AV1 Bitstream & Decoding Process Specification

/@A*D JGN8 D 9 DN N@O @LP<G 0J *D JGN

/@A*D/JRN8 D 9 DN N@O @LP<G OJ *D/JRN
|@A#M<H@1TK@8 D 9 DN N@O @LP<G OJ AM<H@;0TK@
/@AOP=N<HKGDIB58 D 9 DN N@O @LP<G OJ NP=N<HKGDIB;S
/@AOP=N<HKGDIB68 D 9 DN N@O @LP<G OJ NP=N<HKGDIB;T
/@A DO!@KOC8 D 9 DN N@O @LP<G OJ DO!@KOC

0<Q@?,M?@M%DIONS D 98 E ) 01;#/ *" 9 DN N@O @LP<G 0J ,M?@M%DIONS E ) 01;#/ ** 9 AIM E
["H0;-"1:#] *"

#M<H@O0OIM@8 D 98 98T 98 S9 DN N@O @LP<G OJ )M#M<H@8 98T 98S9AIMS 2KN><G@?4D?0C AJIMN
#M<H@%@DBCO

#M<H@O0OIM@8 D 98 KG<I@ 98 T98 S 9 DN N@O @LP<G OJ )M#M<H@8 KG<I@ 98 T 98 S 9 AJM KG<I@ AIM
NP=N<HKGDIB;S NP=N<HKGDIB;S AJMT #M<H@%@DBCO NP=N<HKGDIB;T NP=N<HKGDIB;T

0<Q@?/@A#M<H@N8 D 98 MJR 98 >JG 9 DN N@O @LP<G OJ *A/@A#M<H@N8 MJR 98 >JG 9 AJM MJR  *D/JRN
*D JGN

0<Q@?*QN8 D 98 MJR 98 >JG 98 >JHK 9 DN N@O @LP<G 0OJ *A*QN8 MJR 98 >JG 98 >JHK 9 AJM >JHK AIM M
*D/IJRN AIM>JG *D JGN

0<Q@?$H-<M<HN8 D 98 M@A 98 E 9 DN N@O @LP<G OJ BH;K<M<HN8 M@A 98 E 9 AIM M@A ) O1;#/** )1/"#:#/°

0<Q@?0@BH@10&?N8 D 98 MJR 98 >JG 9 DN N@O @LP<G OJ 0@BH@IO&?N8 MJR 98 >JG 9 AIM MJR  *D/JRN
*D JGN

1C@ API>ODJI N<Q@;>?AN D DN DIQIF@? N@@ =@GJR
&A ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G OJ OC@ API>0ODJI N<Q@;BM<DI;K<M<HN D DN DIQJF@? N
1C@ API>0ODJI N<Q@;GJIK;ADGO@M;K<M<HN D DNDIQIJIF@? N@@ =@GJR

1C@ API>0ODJI N<Q@;N@BH@I0<ODJI;K<M<HN D DN DIQJIF@? N@@ =@GJR

#IM @<>C Q<GP@ JAD AMJH OJ +2*/"#;#/*'0 OC@ AJGGJIRDIB <KKGD@N DA =DO D JA M@AM@NC;AM<H@;AG<BN
DA M@AM@NC;AM<H@;AG<BN D DN @LP<G OJ

X

I@AM?@M%DIO8 D 9 DN N@O @LP<G OJ ,M?@M%DIO

N<Q@;>?AN >0OS DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0 <GG OC@ # <MM<TN <M@ N<Q@? DIOJ AM<H@ >JI(

M<IB@

OJ +2%/'#:#/*'0  4C@| OCDN API>0ODJI DN DIQJF@? OC@ AJGGJRDIB O<F@N KG<>@
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X >JKT JA @<>C # <MM<T H@IODJI@? DI OC@ N@H<IOD>N AJM DIDO;>J@AA;>?AN <I? DIDO;1JI;>J@AA;>?AN C
<M@< JAH@HJIMT DI?7@S@? =T >0OS

N<Q@;BM<DI;K<M<HN D DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0 <GG OC@ NTIO<S @G@H@ION OC<0 ><| =@
NCIPG? =@ N<Q@? DIOJ <I <M@< JA H@HJIMT DI?@S@7? =T D

N<Q@;GJIIK;ADGO@M;K<M<HN D DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0O OC@ Q<GP@N JA GJIK;ADGO@M;M
1,1 );/"#0;-"1#*" <1? OC@ Q<GP@N JA GJIK;ADGO@M;HI?@;?@GO<N8 E 9 AJM E NCJIPG? =@ N<Q@? DIOJ <I <M(
H@HJIMT DI?@S@7? =T D

N<Q@;N@BH@IO<ODJI;K<M<HN D DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0 OC@ Q<GP@N JA #@<OPM@"I<=G
E9SFI9AIME *5;0"$*"'+10 AJMF 0"$;)3);*5 NCIPG? =@ N<Q@? DIOJ <I <M@< JAH@HJIMT DI?@S@7? =T D

Note: GOCJPBC OCDN KMJ>@NN NOJM@N <GG OC@ HJODJI Q@>0OJMN DIOJ 0<Q@?*QN JIGT OC@ Q<GP@N RC(
=JOC J?? RDGG <AA@>0 OC@ ?@>J?DIB KMJ>@NN

| @QA@QM@I>@ AM<H@ GJ<?DIB KMJ>@NN

1CDN KMJ>@NN DN OC@ M@Q@MN@ JA OC@ M@A@M@I>@ AM<H@ RE><d| KMIO @BKPNKNeQXD@EPI@N AIM <
KM@QDJPN M@A@M@I>@ AM<H@ =<>F DIOJ OC@ >PMM@IO AM<H@ Q<MD<=G@N 1C@ DI?@S JA OC@ N<Q@? M(
OC@ NTIO<S @G@H@I0 AM<H@;0J;NCJR;H<K;D?S

X >PMM@IO;AM<H@;D? DN N@O @LP<G OJ /@A#M<H@&?8 D 9

X 2KN><G@7?4D?0C DN N@O @LP<G OJ /@A2KN><G@?4D?0C8 AM<H@;0J;NCJIR;H<K;D?S 9

X #M<H@4D?0C DN N@O @LP<G OJ/@A#M<H@4D?0C8 AM<H@;0J;NCJIR;H<K;D?S 9

X #M<H@%@DBCO DN N@O @LP<G OJ/@A#M<H@%@DBCO8 AM<H@;0J;NCJR;H<K;D?S 9

X /@1?7@M4D?0C DN N@O @LP<G OJ /@A/@1?@M4D?0C8 AM<H@;0J;NCJIR;H<K;D?S 9

X 1@1?7@M%@DBCO DN N@O @LP<G OJ /@A/@1?@M%@DBCO8 AM<H@;0J;NCJIR;H<K;D?S 9

X *D JGN DN N@O @LP<G OJ/@A*D JGN8 AM<H@;0J;NCJIR;H<K;D?S 9

X *D/JRN DN N@O @LP<G OJ/@A*D/JRN8 AM<H@;0J;NCJR;H<K;D?S 9

X NP=N<HKGDIB;S DN N@O @LP<G OJ /@A0P=N<HKGDIB58 AM<H@;0J;NCJR;H<K;D?S 9

X NP=N<HKGDIB;T DN N@O @LP<G OJ /@A0P=N<HKGDIB68 AM<H@;O0J;NCJIR;H<K;D?S 9

X DO!/@KOC DN N@O @LP<G OJ /@A DO!@KOC8 AM<H@;0J;NCJIR;H<K;D?S 9

X ,M?@M%DIO DN N@O @LP<G OJ/@A,M?@M%DIO8 AM<H@;0J;NCJIR;H<K;D?S 9
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X ,M?@M%DION8 E ) 01;#/*' 9 DN N@O @LP<G 0OJ 0<Q@?,M?@M%DION8 AM<H@;0J;NCJIR;H<K;D?S 98 E ) 01;#/
AJME  ["#O;-"I;# *"

X )M#EM<H@8 98T 98 S 9 DN N@O @LP<G OJ #M<H@00IM@8 AM<H@;0J;NCJIR;H<K;D?S 98 98 T98 S9AIM S
2KN><G@?4D?0C AIMT #M<H@%@DBCO

X IM#EM<H@8 KG<I@ 98 T 98 S 9 DN N@O @LP<G 0J #M<H@O00OIM@8 AM<H@;0J;NCJIR;H<K;D?S 98 KG<I@ 98 T 9¢
AIM S 2KN><G@?4D?0C NP=N<HKGDIB;S NP=N<HKGDIB;S AJMT #M<H@%@DBCO NP=N<HKGL
NP=N<HKGDIB;T

X *A/@A#M<H@N8 MJR 98 >JG 9 DN N@O @LP<G 0J 0<Q@?/@A#M<H@N8 AM<H@;0J;NCJIR;H<K;D?S 98 MJR 98 :
*D/IJRN AIJM>JG *D JGN

X *A*QN8 MJR 98 >JG 98 >JHK 9 DN N@O @LP<G 0OJ 0<Q@?*QN8 AM<H@;0J;NCJIR;H<K;D?S 98 MJR 98 >JG 98 >JI
AIMMIR *D/JRN AIJM>JG *DJIGN

X BH;K<M<HN8 M@A 98 E 9 DN N@O @LP<G 0OJ 0<Q@7?$H-<M<HN8 AM<H@;0J;NCJIR;H<K;D?S 98 M@A 98 E 9 AJN
) OL;#/ ** Y1/"#:#/ *" AJM E

X 0@BH@IO&?N8 MJR 98 >JG 9 DN N@O @LP<G 0OJ 0<Q@?0@BH@10&?N8 AM<H@;0J;NCJR;H<K;D?S 98 MJR 98
*D/IJRN AIJM >JG *D JGN

X 1C@ API>0DJI GJ<?;>?AN AM<H@;0J;NCJR;H<K;D?S DN DIQJF@?

X &A ADGH;BM<DI;K<M<HN;KM@N@IO DN @LP<G OJ OC@ API>0DJI GJ<?;BM<DI;K<M<HN AM<H@;0J;NCJR;Hs
DIQIF@? N@@>ODJI

X 1C@ API>0DJI GJ<?;GJIK;ADGO@M;K<M<HN AM<H@;0J;NCJR;H<K;D?S DN DIQJF@? N@@ =@GJR
X 1C@ API>0ODJI GI<?;N@BH@I10<ODJI;K<M<HN AM<H@;0J;NCJR;H<K;D?S DN DIQJF@? N@@ =@GJR

GJ<?;GJIK;ADGO@M;K<M<HN D DN < API>0DJI ><GG OC<O DI?D><O@N OC<0O OC@ Q<GP@N JA GJIK;ADGO@M;M@
1,1 );/"#0;-"1#*" <1? OC@ Q<GP@N JA GJIK;ADGO@M;HI?@;?@GO<N8 E 9 AJM E NCIPG? =@ GJ<?@7? AMJH <I <\
JAH@HJIMT DI?@S@7? =T D

GI<?;,N@BH@I0<ODJI;K<M<HN D DN < API>0ODJI ><GG OC<O DI?D><O@N OC<0O OC@ Q<GP@N JA #@<OPM@"I<=G@

E9SFI9AIME *5;0"$*"'+10 AJMF 0"$;)3);*5 NCIPG? =@ GJ<?@7? AMJH <I <M@< JAH@HJIMT DI?@S@7? =T
D
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-<MNDIB KMJ>@NN
-<MNDIB KMJ>@NN AIJM A |

1CDN KMJ>@NN DN DIQJF@? RC@! OC@ ?@N>MDKOJM JA < NTIO<S @G@H@IO DI OC@ NTIO<S O<=G@N DN @LP<C
1C@ 1@SO | =DON <M@ M@<? AMJH OC@ =DO NOM@<H
1CDN KMJ>@NN DN NK@>DAD@? <N AJGGJRN

x =0

for (i =0; i <n; i++) {

X =2 * x + read_bit ()

}

M@<?;=DO M@<?N OC@ I@SO =DO AMJH OC@ =DONOM@<H <I? <?Q<I>@N OC@ =DONOM@<H KINDODJI DI?D><0.
KMJIQD?@7? <N < N@MD@N JA =TO@N OC@! OC@ ADMNO =DO DN BDQ@I =T OC@ HINO NDBIDAD><|O =DO JA OC@ /

1C@ Q<GP@ AJM OC@ NTIO<S @G@H@IO DN BDQ@I =T S

-<MNDIB KMJ>@NN AJM NTH=JG ?@>J?@M
S@I@M<G

1C@ @IOMJIKT ?@>J?@M DN M@A@MM@? OJ <N OC@ ]0TH=JG ?@>J?@M" <I? OC@ API>ODJIN DIDO;NTH=JG NU @
M@<?;NTH=JG >?A <I? M@<7?;=JJG <M@ PN@? DI OCDN OK@>DAD><0ODJI OJ DI?D><0@ OC@ @IOMJKT ?@>J?DIB

&IDOD<GDU<ODJI KMJ>@NN AJM NTH=JG ?@>J?@M
1C@ DIKPO 0J OCDN KMJ>@NN DN < Q<MD<=G@ NU NK@>DATDIB OC@ IPH=@M JA =TO@N 0J =@ M@<? =T OC@ 0T

1CDN KMJ>@NN DN DIQJF@? RC@I| OC@ API>0ODJI DIDO;NTH=JG NU DN ><GG@7? AMJH OC@ NTIO<S NOMP>OPM@

Note: 1C@ =DO KINDODJI RDGG <GR<TN =@ =TO@ <GDBI@? RC@I DIDO;NTH=JG DN DIQJF@? =@><PN@ OC@ P!
<I? OC@ ?<0O< K<MODODJIN <M@ <GR<TN < RCJG@ IPH=@M JA =TO@N GJIB

1C@ Q<MD<=G@ IPH DON DN N@O @LP<G OJ *DI NU

1C@ Q<MD<=G@ =PA DN M@<? PNDIB OC@ A IPH DON K<MNDIB KMJ>@NN
1C@ Q<MD<=G@ K<??@7? PADN N@O @LP<G OJ =PA IPH DON

1C@ Q<MD<=G@ 0TH=JG3<GP@ DN N@O 0OJ t K<??@7? PA

1C@ Q<MD<=G@ 0TH=JG/<IB@ DN N@O OJ
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1C@ Q<MD<=G@ 0TH=JG*<S DON DN N@O OJ NU

0TH=JG*<S DON RC@I JI |@B<ODQ@ M@KM@N@ION OC@ IPH=@M JA =DON NODGG <Q<DG<=G@ 0J =@ M@<? &O
0JBJ1@B<ODQ@ @DOC@M C@M@ JM ?PMDIB M@<?;NTH=JG 0TH=JG*<S DON RC@I 1@B<ODQ@ NDBIDAD@N OC
=@@I M@<? <I? OC<O 0TH=JG*<S DON JA K<??DIB U@MJ =DON C<Q@ =@@| PN@? DI OC@ NTH=JG ?@>J?DIB KMJ>
K<??DIB U@MJ =DON <M@ 1J0 KM@N@IO DI OC@ =DONOM@<H

1C@ <MM<T 1DG@&IOM<#M<H@6*J?@ ?A DN N@O @LP<G 0J < >JKT JA |@A<PGO;&IOM<;#M<H@;6;*J?@; ?A

>JKT DN H<?@ JA @<>C JAOC@ '# <MM<TN H@IODJI@? DI OC@ N@H<IOD>N AJM DIDO;>J@AA;>?AN <I? DIDO;1JI;>J(
I<H@ JA OC@ >JKT DN OC@ I<H@ JA OC@ !# <MM<T KM@ADS@? RDOC ]J1DG@" 1CDN >JKTDIB KMJ?P>@N OC@ AJC

X 1DG@6*J?@ ?A

X 1DG@23*J?@ AG+JO GGIJR@? ?A
X 1DG@23*J?@ AG GGJR@? ?A

X 1DG@ IBG@!@GO< ?A

X 1DG@&IOM<=> ?A

X 1DG@-<MODODJI4 ?A

X 1DG@-<MODODJI4 ?A

X 1DG@-<MODODJI4 ?A

X 1DG@-<MODODJI4 ?A

X 1DG@-<MODODJI4 ?A

X 1DG@0@BH@IO&? ?A

X 1DG@O0@BH@IO&?-M@7?D>0@7? ?A
X 1DG@1S S ?A

X 1DG@1S S ?A

X 1DG@1S S ?A

X 1DG@1S S ?A

X 1DG@1SAHOKGDO ?A

X 1DG@#DGO@M&IOM<*J?@ ?A

X 1DG@#DGO@M&IOM< ?A
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1DG@&IO@MK#DGO@M ?A
1DG@*JODJI*J?@ ?A
1DG@+@R*Q ?A
1DG@7@MJI*Q ?A
1DG@/@A*Q ?A

1DG@ JHKIPI?*J?@ ?A
1DG@!MG*J?@ ?A
1DG@&N&IO@M ?A
1DG@ JHK*J?@ 2A
1DG@OFDK*J?@ ?A
1DG@OFDK ?A

1DG@ JHK/I@A ?A
1DG@ JHK R?/@A ?A
1DG@ODIBG@/@A ?A
1DG@*Q'JDIO ?A
1DG@*QODBI ?A
1DG@*Q G<NN ?A
1DG@*Q G<NN DO ?A
1DG@*Q#M ?A
1DG@*Q G<NN #M ?A
1DG@*Q G<NN %K ?A
1DG@*Q DO 2A
1DG@*Q%K ?A
1DG@-<G@O0@6*J2@ ?A

1IDG@-<G@O0@23*3?@ ?A
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Section:

1IDG@-<G@OO0@60DU@ ?A
1IDG@-<G@OO0@230DU@ ?A
1IDG@-<G@OO0@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO0@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO0@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO0@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@-<G@OO@ODU@ 6 JGIM ?A
1IDG@-<G@OO@ODU@ 23 JGJIM ?A
1IDG@!@GO<. ?A

1DG@!@GO<)# ?A

1DG@!'@GO<)#*PGOD ?A8 D 9 AJM D

1IDG@&IOM<1SITK@O@O ?A
1IDG@&IOM<1SITK@0@O ?A
1IDG@&IO@MISITK@O0@O ?A
1IDG@&IO@M1ISITK@0@O ?A
1IDG@&IO@M1ISITK@O0@O ?A

1IDG@2N@,=H> ?A
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Section:

1IDG@&IO@M&IOM< ?A
1DG@ JHK/@ALTK@ ?A
1DG@ AGODBI ?A

1DG@2ID JHK/@A ?A
1IDG@4@7B@&IO@M&IOM< ?A
1DG@ JHK$MIPK&?S ?A
1DG@ JHKJIPI?&?S ?A
1DG@ JHKJIPI?1TK@ ?A
1IDG@&IO@M&IOM<*J?@ ?A
1IDG@4@7?B@&I?@S ?A
1DG@ AG GKC< ?A
1IDG@2N@4Db@I@M ?A
1DG@2N@O0BMKMJE ?A
1DG@/@NOJIJM<ODJILTK@ ?A
1DG@1S=0FDK ?A
1IDG@"J=-0 ?A

1IDG@"J=-0 ?A

1IDG@"J=-0 ?A

1IDG@"J=-0 7?A
1IDG@"J=-0 7?A
1IDG@"J=-0 7?A
1IDG@"J=-0 °?A
1DG@"J="SOM< ?A
1DG@!>0DBI ?A

1DG@ J@AA <N@"J= ?A
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X 1DG@ J@AA <N@ ?A
X 1DG@ J@AA M ?A
JIG@<I| ?@>J?DIB KMJ>@NN
1CDN KMJ>@NN 2@>J?@N < KN@P?J M<R =DO <NNPHDIB @LP<G KMJ=<=DGDOT AIM ?@>J?DIB < JM <
1CDN KMJ>@NN DN DIQIF@? RC@I OC@ API>ODJI M@<?;=3JG DN ><GG@? AMIH OCEEM@RIAGDO@M<G API>0DJI

| <MM<T >?A JA G@IBOC DN >JINOMP>0@? <N AJGGJRN

cdf[ 0] =1<<14
cdf[ 1] =1<<15
cdf[ 2] =0

1C@ JPOKPO JA OCDN KMJ>@NN DN BDQ@I =T M@<?;NTH=JG >?A

Note: 1CDN >?A <MM<T DN >JINOMP>0@? @<>C ODH@ M@<7?;=JJG DN DIQJF@? 1CDN H@<IN OC<O DHKG@H@IC
>?A PK?<0@ K@MAIMH@? =T M@<?;NTH=JG RC@I DIQIF@? AMJH M@<?;=JJG =@><PN@ OC@ HJ?DAD@? Q<GP

"SDO KMJ>@NN AJM NTH=JG ?@>J?@M

1CDN KMJ>@NN DN DIQJF@? RC@I| OC@ API>ODJI @SDO;NTH=JG DN ><GG@? AMJH OC@ NTIO<S NOMP>OPM@

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAIMH<I>@ OC<O 0TH=JG*<S DON DN BM@<O@M OC<I JM @LP<G 0J
DIQIF@?

1C@ Q<MD<=G@ OM<DGDIB DO-JNDODJI DN N@O @LP<G OJ B@O;KIJNDODJI *DI 0TH=JG*<S DON

1C@ =DONOM@<H KINDODJI DI?D><0OJM DN <?Q<I>@? =T *<S 0TH=JG*<S DON 1CDN NFDKN JQ@M <IT OM<DGDIB:
<GM@<?T =@@I| M@<? ?PMDIB NTH=JG ?@>J?@

1C@ Q<MD<=G@ K<??DIB"I?-JINDODJI DN N@O @LP<G OJ B@O;KIJNDODJI
Note: K<??DIB"I?-JNDODJI RDGG <GR<TN =@ < HPGODKG@ JA DI?D><ODIB OC<O OC@ =DO KINDODJI DN =TO@ -

&0 DN < M@LPDM@H@10 JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ =DO <O KINDODJI OM<DGDIB DO-JNDODJI DN @

&0 DN < M@LPDM@H@IO JA =DONOM@<H >JIAJMH<I>@ OC<0O OC@ =DO <O KINDODJI S DN @LP<G OJ AJM Q<GP@
OM<DGDIB DO-JNDODJI <I? K<??DIB"I?-JNDODJI

Note: 1CDN @SDO KMJ>@NN >JINPH@N OC@ , 2 OM<DGDIB =DON AJM < ODG@ BMJPK
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&A ?DN<=G@;AM<H@;@1?;PK?<O0@;>?A DN @LP<G OJ <I? 1IDG@+PH DN @LP<G 0J >JIO@SO;PK?<O0@;0DG@;D? < >.

# Q<GP@N AJM @<>C JAOC@ # <MM<TN H@I0ODJI@? DI OC@ N@H<IOD>N AJM DIDO;>J@AA;>?AN <I? DIDO;1JI;>J@.
JAOC@ ?@NODI<ODJI AJM OC@ >JKT DN OC@ I<H@ JA OC@ !# <MM<T KM@ADS@? RDOC ]0<Q@?" 1C@ I<H@ JA O
OC@ I<H@ JA OC@ '# <MM<T KM@ADS@? RDOC ]1DG@" #IM @S<HKG@ <I<MM<T 0<Q@7?6*J?@ ?A RDGG =@ >M@
0J 1IDG@6*J?@ ?A

-<MNDIB KMJ>@NN AIM M@<?;GDO@M<G
1CDN KMJ>@NN DN DIQJF@? RC@I| OC@ API>ODJI M@<?;GDO@M<G | DN DIQJF@?
1CDN KMJ>@NN DN NK@>DAD@? <N AJGGJRN

x =0
for (i =0; 1 <n; i++) {

X =2 * x + read_bool( )

}

1C@ M@OPMI Q<GP@ AJM OC@ API>ODJI DN BDQ@I =T S

0TH=JG ?@>J?DIB KMJ>@NN

1C@ DIKPO OJ OCDN KMJ>@NN DN <I <MM<T >?A JAG@IBOC + RCD>C NK@>DAD@N OC@ >PHPG<ODQ@ ?DNOMD
KINND=G@ Q<GP@N

1C@ JPOKPO JA OCDN KMJ>@NN DN OC@ Q<MD<=G@ NTH=JG >JIO<DIDIB < ?@>J?@7? NTIO<S @G@H@IO 1C@ KM.
DIKPO <MM<T >?A 0J <?<KO OC@ KMJ=<=DGDOD@N 0J OC@ >JIO@I0 JA OC@ NOM@<H

1CDN KMJ>@NN DN DIQJF@? RC@I| OC@ API>ODJI M@<?;NTH=JG >?A DN ><GG@?
Note: 4C@| OCDN KMJ>@NN DN DIQJF@? + RDGG =@ BM@<O@M OC<I| <I?>?A8 + 9 RDGG =@ @LP<G OJ
1C@ Q<MD<=G@N >PM KM@Q <I? NTH=JG <M@ ><G>PG<O@? <N AJGGJRN

cur = SymbolRange

symbol = -1

do {
symbok+
prev = cur

f =(1<<15) - cdf[ symbol]
cur = (( SymbolRange>> 8) * (f >> EC_PROB_SHIFT>> (7 - EC_PROB_SHIFT
cur += EC_MIN_PROB(N - symbol - 1)

} while ( SymbolValue< cur )
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Note: &HKG@H@IO<ODJIN H<T KM@A@M OJ NOIM@ OC@ DIQ@MN@ >?A OJ HIQ@ OC@ NP=OM<>0DJI JPO JA O

1C@ Q<MD<=G@ 0TH=JG/<IB@ DN N@O OJ KM@Q >PM
1C@ Q<MD<=G@ 0TH=JG3<GP@ DN N@O @LP<G OJ 0TH=JG3<GP@ >PM
1C@ M<IB@ <I? Q<GP@ <M@ M@IIMH<GDU@? =T OC@ AJGGJRDIB IM?@M@7? NO@KN

1C@ Q<MD<=G@ =DON DN N@O OJ \#GJIM)JB O0TH=JG/<IB@ 1CDNM@KM@N@ION OC@ IPH=@M JA I@R
0J 0TH=JG3<GP@

1C@ Q<MD<=G@ 0TH=JG/<IB@ DN N@O OJ 0TH=JG/<IB@ =DON

1C@ Q<MD<=G@ IPH DON DN N@O @LP<G OJ *DI =DON *<S 0TH=JG*<SDON 1CDN M@KM@N@ION OC@
0J M@<? AMJH OC@ =DONOM@<H

1C@ Q<MD<=G@ I@R!<O< DN M@<? PNDIB OC@ A IPH DON K<MNDIB KMJ>@NN
1C@ Q<MD<=G@ K<??@7?!<O< DN N@O @LP<G OJ I@R!<O< =DON IPH DON
1C@ Q<MD<=G@ 0TH=JG3<GP@ DN N@O OJ K<??@?!<O<: O0TH=JG3<GP@ =DON

1C@ Q<MD<=G@ 0TH=JG*<S DON DN N@O 0OJ 0TH=JG*<S DON =DON

Note: =DON H<T =@ @LP<G OJ DIRCD>C ><N@ OC@N@ JM?@M@? NO@KN C<Q@ |IJ @AA@>0

&A ?DN<=G@;>?A;PK?<O@ DN @LP<G OJ OC@ >PHPG<ODQ@ ?DNOMD=PODJI DN PK?<O@? <N AJGGJRN

rate =3 + ( cdf[ N] >15) + ( cdf[ N] >31) + Min( FloorLog2( N), 2)

tmp=20
for (i =001 <N-1; i++) {
tmp=(i ==symbol) ? ( 1<<15) : tmp

if (tmp<ecdf[i]){

cdff i ] =((cdf[ i ] - tmp) >>rate )
} else {

cdf[ i ] +=( (tmp- cdf[ i ] ) >>rate )
}

}
cdf[ N] +=( cdf[ N] < 32)

Note: 1C@ G<NO @IOMT JA OC@ >?A <MM<T DN PN@? OJ F@@K < >JPIO JA OC@ IPH=@M JA ODH@N OC@ NTH=J
PK OJ < H<SDHPHJA  1CDN <GGJRN OC@ >?A <?<KODJI M<O@ 0J ?@K@!I? JI OC@ IPH=@M JA ODH@N OC@ NT
2@>37@?
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1C@ M@OPMI Q<GP@ AMJH OC@ API>ODJI DN BDQ@I =T NTH=JG

-<MNDIB KMJ>@NN AIJM # @1>J?@7? NTIO<S @G@H
S@I@M<G

1CDN KMJ>@NN DN DIQJF@? RC@! OC@ ?@N>MDKOJM JA < NTIO<S @G@H@IO DI OC@ NTIO<S O<=G@N DN @LP<C
1C@ DIKPO OJ OCDN KMJ>@NN DN OC@ I<H@ JA < NTIO<S @G@H@IO

0@>0DJI NK@>DAD@N CJR < # <MM<T DN >CIN@I AJM OC@ NTIO<S @G@H®@IO 1C@ Q<MD<=G@ >?A DN N@O (
OCDN # <MM<T

Note: 1C@ <MM<T HPNO =@ K<NN@? =T M@A@M@I>@ =@><PN@ M@<?;NTH=JG RDGG <?EPNO OC@ <MM<T >JI(

1C@ JPOKPO JA OCDN KMJ>@NN DN OC@ M@NPGO JA ><GGDIB OC@ API>ODJI M@<?NTH=JG >?A
?2AN@G@>0DJI KMJ>@NN

1C@ DIKPO OJ OCDN KMJ>@NN DN OC@ I<H@ JA < NTIO<S @G@H@IO

1C@ JPOKPO JA OCDN KMJ>@NN DN < M@A@M@I>@ OJ < 1# <MM<T

4C@1 OC@ ?@N>MDKODJI DI OCDN N@>0DJI PN@N Q<MD<=G@N OC@N@ Q<MD<=G@N <M@ O<F@| OJ C<Q@ OCCE
O<=G@N <O OC@ KJDIO OC<O OC@ NTIO<S @G@H@IO DN =@DIB ?@>J?@?

1C@ KMJ=<=DGDOD@N ?@K@I? JI OC@ NTIO<S @G@H@I0 <N AJGGJRN
use_intrabc 1C@ >?A AJM PN@;DIOM<=> DN BDQ@I| =T 1DG@&IOM<=> ?A

intra_frame_y mode 1C@ >?A AJM DIOM<;AM<H@;T;HJ?@ DN BDQ@I =T 1DG@&IOM<#M<H@6*J?@ ?A8 <=JQ@HJ?@ ¢
RCOM@ <=JQ@HI?@ <I? G@AOHJI?@ <M@ OC@ DIOM< HJ?@N PN@? AJM OC@ =GJ>FN DHH@?D<O@GT <=JQ@ <I?
<I? <M@ >JHKPO@? <N

abovemode= Intra_Mode_Context] AvailU ? YModgs MiRow- 1 ][ MiCol ] : DC_PRED
leftmode = Intra_Mode_Context] AvailL ? YModds MiRow][ MiCol - 1] : DC_PREP

RC@M@ &IOM<;*3?@; JIO@SO DN ?@ADI@7? <N AJGGJRN

Intra_Mode_Context] INTRA_MODES= {
0,1 2 3,4 4 4 4 3, 0 1, 2,0
}
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Note: 4@ <M@ PNDIB < ! <MM<T OJ NOJM@ OC@ 6*J?@N <I? 23*J?@N AIJM >G<MDOT &O DN KINND=G@ OJ M@~?F
>JINPHKODJI =T JIGT NOJMDIB JI@ DIOM< HJ?@ AJM @<>C S CJIMDUJIO<G <I? Q@MOD><G KINDODJI D @ OJ PN
DINO@<?

y_mode 1C@ >?A AJM T;HJ?@ DN BDQ@I =T 1DG@6*3?@ ?A8 >0OS 9 RC@M@ OC@ Q<MD<=G@ >0OS DN >JHKPO@? <N

uv_mode 1C@ >?A AIM PQ;HJ?@ DN ?7@MDQ@? <N AJGGJRN

X &A)INNG@NN DN @LP<G OJ <I? B@O;KG<I@;M@ND?P<G;NDU@ *DODU@ DN @LP<GOJ ),(;5 OC@ >?A
1IDG@23*J?@ AG GGIJR@? ?A8 6*J?@ 9

X ,OC@MRDN@ DA )INNG@NN DN @LP<G OJ <I?*<S GJ>F;4D?0C8*DODU@ 9 GJ>F;%@DBCO8 *DODU@ 9
BDQ@I =T 1DG@23*J?@ AG GGJR@? ?A8 6*J?@ 9

X ,OC@MRDN@ OC@ >?A DN BDQ@I! =T 1DG@23*J?@ AG+JO GGIJR@? ?A8 6*J?@ 9
angle_delta y 1C@ >?A AJM<IBG@;?@GO<;T DN BDQ@I =T 1DG@ IBG@!@GO< ?A86*J?@ 3;-/"!9
angle_delta uv 1C@ >?A AIM<IBG@;?@GO<;PQ DN BDQ@I =T 1DG@ IBG@'!@GO< ?A823*J?@ 3;-/"!9

partition 1C@ Q<MD<=G@ >0S DN >JHKPO@? <N AJGGJRN

bsl = Mi_Width_Log? bSize ]

above = AvailU &&( Mi_Width_LogP® MiSizes[ r - 1 ][ ¢ ] ] <bsl)

left = AvailL &&( Mi_Height_Logqd MiSizes[ r ] ¢ - 1] ] <bsl )

ctx =left * 2 + above

1C@ >?A DN ?@MDQ@? <N AJGGJRN

X &A =NG DN @LP<G OJ OC@ >?A DN BDQ@I =T 1DG@-<MODODJI4 ?A8 >0S 9
X ,OC@MRDN@ DA =NG DN @LP<G OJ OC@ >?A DN BDQ@I =T 1IDG@-<MODODJI4 ?A8 >0S 9
X ,OC@MRDN@ DA =NG DN @LP<G OJ OC@ >?A DN BDQ@I =T 1DG@-<MODODJI4 ?A8>0S 9
X ,OC@MRDN@ DA =NG DN @LP<G OJ OC@ >?A DN BDQ@I =T 1DG@-<MODODJI4 ?A8 >0S 9
X ,OC@MRDN@ =NG DN @LP<G OJ OC@ >?A DN BDQ@I =T 1DG@-<MODODJI4 ?A8>0S9

split_or_horz NKGDO;JM;CIMU PN@N OC@ N<H@ ?@MDQ<0ODJI AJM OC@ Q<MD<=G@ >0S <N AJM OC@ NTIO<S @G

1C@ <MM<T K<MODODJI ?A DN ?@MDQ@? <>>JM?DIB OJ OC@ >?A ?@MDQ<ODJI KMJ>@?PM@ AIM OC@ NTIO<S @C
I@Q@M @LP<G OJ RC@I| ?@>J?DIB NKGDO;JM;CIMU

1C@ >?A OJ M@OPMI DN BDQ@I =T <I <MM<T JA G@IBOC RCD>C DN >JINOMP>0@? <N AJGGJRN
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partitionCdf
partitionCdf
partitionCdf
partitionCdf

[
[
[
[
[
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PARTITION_VERT- partitonCdf [ PARTITION_VERTL] +
PARTITION_SPLIT - partitonCdf [ PARTITION_SPLIT11] +

PARTITION_HORZ A partitionCdf [ PARTITION_HORZ A ] +
PARTITION_VERT] A partitionCdf [ PARTITION_VERT-AL ] +
PARTITION_VERT] B partitionCdf [ PARTITION_VERT-BL ] )

if ( bSize '= BLOCK_128X138
psum+= partitionCdf [ PARTITION_VERT] 4 partitionCdf [ PARTITION_VERT-411] )
cdf[0] =( 1 <<15) - psum

cdf[ 1]
cdf[ 2]

1<<15
0

Note: 1C@ NTIO<S @G@H@IO NKGDO;JM;CIMU DN 1JO <GGIJR@? OJ M@OPMI < - /1&1&,+;3"/1 NJ OC@ KMJ=<=DGL
Q@MOD><G K<MODODJI DN <NNDBI@? OJ OC@ KMJ=<=DGDOT AJM OC@ NKGDO K<MODODJI

split_or_vert NKGDO;JM;Q@MO PN@N OC@ N<H@ ?@MDQ<ODJI AJM OC@ Q<MD<=G@ >0S <N AJM OC@ NTIO<S @C

1C@ <MM<T K<MODODJI ?A DN ?@MDQ@? <>>JM?DIB OJ OC@ >?A ?@MDQ<0DJI KMI>@?PM@ AIM OC@ NTIO<S @C
I@Q@M @LP<G OJ RC@I ?@>J?DIB NKGDO;JM;Q@MO

1C@ >?A OJ M@OPMI DN BDQ@!I =T <I <MM<T JA G@IBOC RCD>C DN >JINOMP>0@? <N AJGGJRN

psum= ( partitionCdf
partitionCdf
partitionCdf
partitionCdf
partitionCdf

— p— p— p— p—

PARTITION_HORZ npartitionCdf [ PARTITION_HORZL] +
PARTITION_SPLIT - partitionCdf [ PARTITION _SPLIT 1] +
PARTITION_HORZ A partitionCdf [ PARTITION_HORZ A ] +
PARTITION_HORZ B partitionCdf [ PARTITION_ HORZ B ] +
PARTITION_VERT] A partitionCdf [ PARTITION_VERT-AL ] )

if ( bSize '= BLOCK_128X128
psum+= partitionCdf [ PARTITION_HORZ 4 partitionCdf [ PARTITION_HORZ 4 ]
cdf[0] =( 1 <<15) - psum

cdf[1] =1 <<15
cdf[2] =0

tx_depth OC@ >?A ?@K@I?N JI OC@ Q<GP@ JA H<S/@>01S0DU@ <I? >0S RC@M@ >0OS DN >JHKPO@? =T

Section: Parsing process

Page 363 of 669



AV1 Bitstream & Decoding Process Specification

maxTxWidth= Tx_WidtH maxRectTxSize]
maxTxHeight= Tx_Heightl maxRectTxSize]

if ( Availu &&lsinters [ MiRow- 1 ][ MiCol ] ) {
aboveW= Block_Width[ MiSizes[ MiRow- 1 ][ MiCol ] ]
} else if ( Availu ) {
aboveW= get_above_tx_width( MiRow MiCol )
} else {
aboveW= 0

}

if ( AvailL &&lsinters [ MiRow][ MiCol - 1] ) {

leftH = Block_Height[ MiSizes[ MiRow][ MiCol - 1] ]
} else if ( AvailL ) {

leftH = get left tx_height ( MiRow MiCol )
} else {

leftH =0

}

ctx = ( aboveW>= maxTxWidth) + ( leftH >= maxTxHeight)
RC@M@ B@0O;<=JQ@;0S;RD?0C <I? B@O;G@AO;0S;C@DBCO <M@ API>ODJIN ?@ADI@? <N NK@>DAD@? DI OC@ 4
OSAH;NKGDO
1C@ >?A OJ M@OPMI DN BDQ@I =T
X 1DG@1S S ?A8>0S 9 DA H<S1S!@KOC DN @LP<G OJ
X 1DG@1S S ?A8 >0S 9 DA H<S1S!@KOC DN @LP<G OJ
X 1DG@1S S ?A8 >0S 9 DA H<S1S!@KOC DN @LP<G OJ
X 1DG@1S S ?A8 >0S 9 JOC@MRDN@
txfm_split OC@ >?A DN BDQ@I =T 1IDG@1SAHOKGDO ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T
above = get_above_tx_width( row, col ) < Tx _WidtH txSz ]
left = get_left tx_height ( row, col ) < Tx_Height] txSz ]
size = Min( 64, MaxX Block Width[ MiSize ], Block Height[ MiSize ] ) )
maxTxSz= find_tx_size ( size, size )
txSzSqrUp = Tx_Size_Sqgr_Up txSz ]

ctx = (txSzSqrUp != maxTxSg * 3 +
(TX_SIZES 1 - maxTxSg * 6 + above + left

RC@M@ B@0O;<=JQ@;0S;RD?0C <I? B@O;G@AO;0S;C@DBCO <M@ API>ODJIN ?@ADI@7? <N AJGGJRN
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get_above_tx_width( row, col ) {
if ( row == MiRow) {
if ( 'Availlu ) {
return 64
} else if ( Skips[ row - 1 ][ col ] &&lsinters [ row- 1] col 1) {
return Block_Width[ MiSizes[ row - 1 ][ col ] ]
}
}
return Tx_WidtH InterTxSizes [ row - 1 ][ col ] ]

}

get_left tx_height ( row, col ) {
if ( col ==MiCol ) {
if ( 'AvailL ) {
return 64
} else if ( Skips[ row ][ col - 1] &&lsinters [ row][ col - 1] ) {
return Block_Height[ MiSizes[ row ][ col - 1] ]
}
}

return Tx_Height] InterTxSizes [ row ][ col - 1] ]

segment_id 1C@ >?A DN BDQ@I =T 1IDG@0@BH@I0&? ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T

if ( prevUL<0)

ctx =0
else if ( (prevUL == prevl) && (prevUL == prevL) )
ctx =2
else if ( (prevUL == prevl) || (prevUL == prevL) || (prevU == prevL) )
ctx =1
else
ctx =0

seg_id_predicted OC@ >?A DN BDQ@I =T 1DG@0@BH@I10&?-M@?D>0@7? ?A8 >0OS 9 RC@M@ >0OS DN >JHKPO@? =T

ctx = LeftSegPredContextf MiRow] + AboveSegPredContext MiCol ]

new_mv OC@ >?A DN BDQ@! =T 1DG@+@R*Q ?A8 +@R*Q JIO@SO0 9
zero_mv OC@ >?A DN BDQ@! =T 1DG@7@MJI*Q ?A8 7@MJI*Q JIO@SO 9

ref_ mv OC@ >?A DN BDQ@I =T 1DG@/@A*Q ?A8 /@A*Q JIO@SO 9

drl_mode OC@ >?A DN BDQ@I =T 1DG@!MG*J?@ ?A8 IMG OS00<>F8 D?S 9 9

is_inter OC@ >?A DN BDQ@I =T 1DG@&N&IO@M ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T
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if ( Availu &&AvailL )

ctx = (Leftintra &&Abovelntra) ? 3 : Leftintra || Abovelntra
else if ( Availu || AvailL )

ctx =2 * (AvailU ? Abovelntra : Leftintra )
else

ctx =0

use_filter_intra OC@ >?A DN BDQ@! =T 1DG@#DGO@M&IOM< ?A8 *DODU@ 9
filter_intra_mode OC@ >?A DN BDQ@I =T 1DG@#DGO@M&IOM<*J?@ ?A

comp_mode OC@ >?A DN BDQ@I =T 1DG@ JHK*J?@ ?A8 >OS 9 RC@M@ >0OS DN >JHKPO@? =T

if ( Availl &&AvailL ) {
if ( AboveSingle && LeftSingle )
ctx = check_backward AboveRefFranie0 ] )
N check_backward LeftRefFrame[ 0] )
else if ( AboveSingle )
ctx = 2 + ( check_backward AboveRefFranfe0 ] ) || Abovelntra)
else if ( LeftSingle )
ctx = 2 + ( check_backwarqd LeftRefFrame[ 0] ) || Leftintra )
else
ctx =4
} else if ( Availl ) {
if ( AboveSingle )
ctx = check_backward AboveRefFranfe0 ] )
else
ctx =3
} else if ( AvailL ) {
if ( LeftSingle )
ctx = check_backward LeftRefFrame[ 0] )
else
ctx =3
} else {
ctx =1

}

RC@M@ >C@>F;=<>FR<M? DN < API>ODJI NK@>DAD@? <N AJGGJRN

check_backwardrefFrame) {
return ( ( refFrame >= BWDREF_FRAME: ( refFrame <= ALTREF_FRAMB

}

skip_mode OC@ >?A DN BDQ@I =T 1DG@OFDK*J?@ ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T
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ctx =0
if ( Availl )

ctx += SkipModef MiRow- 1 ][ MiCol ]
if ( AvailL )

ctx += SkipMode§ MiRow][ MiCol - 1]

skip OC@ >?A DN BDQ@I =T 1DG@OFDK ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T

ctx =0
if ( Availl )

ctx += Skips[ MiRow- 1 ][ MiCol ]
if ( AvailL )

ctx += Skips[ MiRow][ MiCol - 1]

comp_ref OC@ >?A DN BDQ@! =T 1DG@ JHK/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? =T

last12Count = count_refs ( LAST_FRAME+ count_refs ( LAST2_FRAME
last3GoldCount = count_refs ( LAST3_FRAME+ count_refs ( GOLDEN_FRAME
ctx = ref_count_ctx ( lastl2Count, last3GoldCount )

RC@M@ >JPIO;M@AN DN ?@ADI@7? <N

count_refs (frameTypg {
c=0
if ( Availl ) {
if ( AboveRefFranfe 0 ] == frameType) c++
if ( AboveRefFranfe 1] == frameType) c++

}
if ( AvailL ) {
if ( LeftRefFrame[ 0] == frameType) c++
if ( LeftRefFrame 1] == frameType) c++
}
return c

<I? M@A;>JPIO;>0S DN ?@ADI@? <N
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ref_count_ctx (countsO, countsl) {
if ( countsO < countsl )
return 0
else if ( countsO == countsl )
return 1
else
return 2

comp_ref_pl OC@ >?A DN BDQ@I =T 1DG@ JHK/@A ?A8 >0S 98 9 RC@M@ >0S DN >JHKPO@? =T

lastCount = count_refs ( LAST_FRANE
last2Count = count_refs ( LAST2_FRAME
ctx = ref_count_ctx ( lastCount, last2Count )

RC@M@ >JPIO;M@AN <I? M@A;>JPIO;>0S <M@ OC@ N<H@ <N BDQ@I| DI OC@ # N@G@>0DJI KMJ>@NN AJM >JHK;

comp_ref_p2 OC@ >?A DN BDQ@I =T 1DG@ JHK/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? =T

last3Count = count_refs ( LAST3_FRANE
goldCount = count_refs ( GOLDEN_FRAME
ctx = ref_count_ctx ( last3Count, goldCount )

RC@M@ >JPIO;M@AN <I? M@A;>JPIO;>0S <M@ OC@ N<H@ <N BDQ@I DI OC@ # N@G@>0ODJI KMJ>@NN AIM >JHK;}

comp_bwdref OC@ >?A DN BDQ@I =T 1DG@ JHK R?/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? =T

brfarf2Count = count_refs ( BWDREF_FRAME count_refs ( ALTREF2_FRAME
arfCount = count_refs ( ALTREF_FRAME
ctx = ref_count_ctx ( brfarf2Count , arfCount )

RC@M@ >JPIO;M@AN <I? M@A;>JPIO;>0S <M@ OC@ N<H@ <N BDQ@I DI OC@ # N@G@>0ODJI KMJ>@NN AIM >JHK;}

comp_bwdref_pl OC@ >?A DN BDQ@! =T 1DG@ JHK R?/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? =T

brfCount = count_refs ( BWDREF_FRAME
arf2Count = count_refs ( ALTREF2_FRAME
ctx = ref_count_ctx ( brfCount, arf2Count )

RC@M@ >JPIO;M@AN <I? M@A;>JPIO;>0S <M@ OC@ N<H@ <N BDQ@I DI OC@ # N@G@>0ODJI KMJ>@NN AIM >JHK;!

single_ref p1 OC@ >?A DN BDQ@! =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0S DN >JHKPO@? =T

Section: Parsing process Page 368 of 669



AV1 Bitstream & Decoding Process Specification

fwdCount = count_refs ( LAST_FRANE
fwdCount += count_refs ( LAST2_FRAME
fwdCount += count_refs ( LAST3_FRANE
fwdCount += count_refs ( GOLDEN_FRAME
bwdCount= count_refs ( BWDREF_FRAME
bwdCount+= count_refs ( ALTREF2_FRAME
bwdCount+= count_refs ( ALTREF_FRAME
ctx = ref_count_ctx ( fwdCount bwdCount)

RC@M@ >JPIO;M@AN <I? M@A;>JPIO;>0S <M@ OC@ N<H@ <N BDQ@I DI OC@ # N@G@>0ODJI KMJ>@NN AIM >JHK;}

single_ref p2 OC@ >?A DN BDQ@! =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0S DN >JHKPO@? <N DI OC@ !# N@
>JHK;=R?M@A

single_ref_p3 OC@ >?A DN BDQ@I =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? <N DI OC@ !# NG@
>JHK;M@A

single_ref_p4 OC@ >?A DN BDQ@I =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? <N DI OC@ !# N@
>JHK;M@A;K

single_ref_p5 OC@ >?A DN BDQ@I =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? <N DI OC@ !# NG@
>JHK;M@A;K

single_ref_p6 OC@ >?A DN BDQ@I =T 1DG@ODIBG@/@A ?A8 >0S 98 9 RC@M@ >0OS DN >JHKPO@? <N DI OC@ !# N@
>JHK;=R?M@A;K

compound_mode OC@ >?A DN BDQ@I =T 1DG@ JHKJPI?*J?@ ?A8 >0OS 9 RC@M@ >0OS DN >JHKPO@? =T

ctx = Compound_Mode_Ctx_M&efMvContext>> 1 ][ Min(NewMvContext COMP_NEWMV_CTIXS]

RC@M@ JHKJIPI?;*J?@; OS;*<K DN ?@ADI@? <N AJGGJRN

Compound_Mode_Ctx_M8&p][ COMP_NEWMV_TTEX$
{0 11,1 1},
{1 2 3, 4, 4},
{4 45 6, 7}

interp_filter OC@ >?A DN BDQ@I =T 1DG@&IO@MK#DGO@M ?A8 >0S 9 RC@M@ >0OS DN >JHKPO@? =T
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ctx = ( (dir &1) * 2+ ( RefFram¢ 1] > INTRA_FRANE) * 4
leftType =3
aboveType= 3

if ( AvailL ) {
if ( RefFrameg MiRow][ MiCol - 1 ][ 0] == RefFram¢ 0] ||
RefFrameg MiRow][ MiCol - 1 ][ 1] == RefFram¢ 0] )
leftType = InterpFilters [ MiRow] [ MiCol - 1 ][ dir ]

}
if ( Availl ) {
if ( RefFrameg MiRow- 1 ][ MiCol ][ 0] == RefFram¢ 0] ||
RefFrameg MiRow- 1 ][ MiCol ][ 1] == RefFram¢ 0] )
aboveType= InterpFilters [ MiRow- 1] [ MiCol ][ dir ]
}

if ( leftType == aboveType)
ctx += leftType

else if ( leftType ==3)
ctx += aboveType

else if ( aboveType==3)
ctx += leftType

else
ctx +=3

motion_mode OC@ >?A DN BDQ@! =T 1DG@*JODJI*J?@ ?A8 *DODU@ 9

mv_joint OC@ >?A DN BDQ@! =T 1DG@*Q'JDIO ?A8 *Q OS 9

mv_sign OC@ >?A DN BDQ@I =T 1DG@*QODBI ?A8 *Q OS 98 >JHK 9

mv_class OC@ >?A DN BDQ@I =T 1DG@*Q G<NN ?A8 *Q OS 98 >JHK 9

mv_classO_bit OC@ >?A DN BDQ@! =T 1DG@*Q G<NN DO ?A8 *Q OS 98 >JHK 9

mv_class0_fr OC@ >?A DN BDQ@! =T 1DG@*Q G<NN #M ?A8 *Q OS 98 >JHK 98 HQ;>G<NN ;=DO 9
mv_classO_hp OC@ >?A DN BDQ@! =T 1DG@*Q G<NN %K ?A8 *Q OS 98 >JHK 9

mv_fr OC@ >?A DN BDQ@I =T 1DG@*Q#M ?A8 *Q OS 98 >JHK 9

mv_hp OC@ >?A DN BDQ@I =T 1DG@*Q%K ?A8 *Q OS 98 >JHK 9

mv_bit OC@ >?A DN BDQ@I =T 1DG@*Q DO ?A8 *Q OS 98 >JHK 98 D 9

all_zero OC@ >?A DN BDQ@I =T 1DG@1S=0FDK ?A8 OS0U OS 98 >0S 9 RC@M@ >0OS DN >JHKPO@? <N AJGGJRN
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