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Intra prediction

1C@�KMJ>@NN�JA�?@MDQDIB�OC@�KM@?D>ODJI�Q<GP@�AJM�OC@�>PMM@IO�N<HKG@�PNDIB�KM@QDJPNGT�?@>J?@?�N<HKG@�Q<GP@N�DI�OC@�N<H@

?@>J?@?�AM<H@�

Inverse transform

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

Key frame

�I�&IOM<�AM<H@�RCD>C�M@N@ON�OC@�?@>J?DIB�KMJ>@NN�RC@I�DO�DN�NCJRI�

Layer

��N@O�JA�ODG@�BMJPK�,�2N�RDOC�D?@IOD><G�NK<OD<G;D?�<I?�D?@IOD><G�O@HKJM<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>ODJI�DIO@I?@?�OJ�M@?P>@�OC@�QDND=DGDOT�JA�=GJ>F�@?B@N�

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@?�OJ�OC@�KMDH<MT�>JGJMN�

Note: 1C@�NTH=JG�M@KM@N@IODIB�GPH<�DN�6�
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Mode info

0TIO<S�@G@H@ION�N@IO�AJM�<�=GJ>F�>JIO<DIDIB�<I�DI?D><ODJI�JA�CJR�<�=GJ>F�DN�OJ�=@�KM@?D>O@?�?PMDIB�OC@�?@>J?DIB�KMJ>@NN�

Mode info block

��GPH<�N<HKG@�Q<GP@�=GJ>F�JA�NDU@��S��JM�G<MB@M�<I?�DON�ORJ�>JMM@NKJI?DIB�>CMJH<�N<HKG@�Q<GP@�=GJ>FN��DA�KM@N@IO��

Motion vector

��ORJ
?DH@INDJI<G�Q@>OJM�PN@?�AJM�DIO@M�KM@?D>ODJI�RCD>C�M@A@MN�OC@�>PMM@IO�AM<H@�OJ�OC@�M@A@M@I>@�AM<H@	�OC@�Q<GP@�JA

RCD>C�KMJQD?@N�OC@�>JJM?DI<O@�JAAN@ON�AMJH�<�GJ><ODJI�DI�OC@�>PMM@IO�AM<H@�OJ�<�GJ><ODJI�DI�OC@�M@A@M@I>@�AM<H@�

OBU

�GG�NOMP>OPM@N�<M@�K<>F@ODU@?�DI�],K@I��DONOM@<H�2IDON^�JM�,�2N��"<>C�,�2�C<N�<�C@<?@M	�RCD>C�KMJQD?@N�D?@IODATDIB

DIAJMH<ODJI�AJM�OC@�>JIO<DI@?�?<O<��K<TGJ<?��

Parse

1C@�KMJ>@?PM@�JA�B@OODIB�OC@�NTIO<S�@G@H@IO�AMJH�OC@�=DONOM@<H�

Prediction

1C@�DHKG@H@IO<ODJI�JA�OC@�KM@?D>ODJI�KMJ>@NN�>JINDNODIB�JA�@DOC@M�DIO@M�JM�DIOM<�KM@?D>ODJI�

Prediction process

1C@�KMJ>@NN�JA�@NODH<ODIB�OC@�?@>J?@?�N<HKG@�Q<GP@�JM�?<O<�@G@H@IO�PNDIB�<�KM@?D>OJM�

Prediction value

1C@�Q<GP@	�RCD>C�DN�OC@�>JH=DI<ODJI�JA�OC@�KM@QDJPNGT�?@>J?@?�N<HKG@�Q<GP@N�JM�?<O<�@G@H@ION	�PN@?�DI�OC@�?@>J?DIB

KMJ>@NN�JA�OC@�I@SO�N<HKG@�Q<GP@�JM�?<O<�@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<INAJMH�>J@AAD>D@IO�=@AJM@�?@LP<IODU<ODJI�

Raster scan

*<KN�<�ORJ�?DH@INDJI<G�M@>O<IBPG<M�M<NO@M�DIOJ�<�JI@�?DH@INDJI<G�M<NO@M	�DI�RCD>C�OC@�@IOMT�JA�OC@�JI@�?DH@INDJI<G�M<NO@M

NO<MON�AMJH�OC@�ADMNO�MJR�JA�OC@�ORJ�?DH@INDJI<G�M<NO@M	�<I?�OC@�N><IIDIB�OC@I�BJ@N�OCMJPBC�OC@�N@>JI?�MJR�<I?�OC@�OCDM?

MJR	�<I?�NJ�JI��"<>C�M<NO@M�MJR�DN�N><II@?�DI�G@AO�OJ�MDBCO�JM?@M�

Reconstruction

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

Reference

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

��NOJM<B@�<M@<�AJM�<�KM@QDJPNGT�?@>J?@?�AM<H@�<I?�<NNJ>D<O@?�DIAJMH<ODJI�

Reserved

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

Residual

1C@�?DAA@M@I>@N�=@OR@@I�OC@�M@>JINOMP>O@?�N<HKG@N�<I?�OC@�>JMM@NKJI?DIB�KM@?D>ODJI�Q<GP@N�

Sample

1C@�=<ND>�@G@H@ION�OC<O�>JHKJN@�OC@�AM<H@�

Sample value

1C@�Q<GP@�JA�<�N<HKG@��1CDN�DN�<I�DIO@B@M�AMJH�
�OJ������DI>GPNDQ@��AJM��
=DO�AM<H@N	�AMJH�
�OJ��
����DI>GPNDQ@��AJM��

=DO

AM<H@N	�<I?�AMJH�
�OJ��
����DI>GPNDQ@��AJM���
=DO�AM<H@N�

Segmentation map

���
=DO�IPH=@M�>JIO<DIDIB�OC@�N@BH@IO�<AADGD<ODJI�AJM�@<>C��S��=GJ>F�DI�OC@�DH<B@����N@BH@IO<ODJI�H<K�DN�NOJM@?�AJM�@<>C

M@A@M@I>@�AM<H@�OJ�<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@�JM�N@Q@M<G�>JIN@>PODQ@�>J?@?�AM<H@N�

Superblock

1C@�OJK�G@Q@G�JA�OC@�=GJ>F�LP<?OM@@�RDOCDI�<�ODG@���GG�NPK@M=GJ>FN�RDOCDI�<�AM<H@�<M@�OC@�N<H@�NDU@�<I?�<M@�NLP<M@��1C@

NPK@M=GJ>FN�H<T�=@����S����GPH<�N<HKG@N�JM���S���GPH<�N<HKG@N����NPK@M=GJ>F�H<T�>JIO<DI���JM���JM���HJ?@�DIAJ

=GJ>FN	�JM�H<T�=@�=DN@>O@?�DI�@<>C�?DM@>ODJI�OJ�>M@<O@���NP=
=GJ>FN	�RCD>C�H<T�OC@HN@GQ@N�=@�APMOC@M�NP=K<MODODJI@?	

AJMHDIB�OC@�=GJ>F�LP<?OM@@�

Switch Frame

�I�DIO@M�AM<H@�OC<O�><I�=@�PN@?�<N�<�KJDIO�OJ�NRDO>C�=@OR@@I�N@LP@I>@N��0RDO>C�AM<H@N�JQ@MRMDO@�<GG�OC@�M@A@M@I>@�AM<H@N

RDOCJPO�AJM>DIB�OC@�PN@�JA�DIOM<�>J?DIB��1C@�DIO@IODJI�DN�OJ�<GGJR�<�NOM@<HDIB�PN@�><N@�RC@M@�QD?@JN�><I�=@�@I>J?@?�DI

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?OC�?MJKN	�OC@�N@MQ@M

><I�NO<MO�N@I?DIB�>CPIFN�AMJH�<�GJR@M�=DOM<O@�@I>J?DIB�DINO@<?��4C@I�OCDN�C<KK@IN�OC@�DIO@M�KM@?D>ODJI�PN@N�OC@�@SDNODIB

CDBC@M�LP<GDOT�M@A@M@I>@�AM<H@N�OJ�?@>J?@�OC@�NRDO>C�AM<H@��1CDN�<KKMJ<>C�<GGJRN�<�=DOM<O@�NRDO>C�RDOCJPO�OC@�>JNO�JA�<�APGG

F@T�AM<H@�

Syntax element

�I�@G@H@IO�JA�?<O<�M@KM@N@IO@?�DI�OC@�=DONOM@<H�

Temporal delimiter OBU

�I�DI?D><ODJI�OC<O�OC@�AJGGJRDIB�,�2N�RDGG�C<Q@�<�?DAA@M@IO�KM@N@IO<ODJI�?@>J?DIB�ODH@�NO<HK�AMJH�OC@�JI@�JA�OC@�G<NO�AM<H@

KMDJM�OJ�OC@�O@HKJM<G�?@GDHDO@M�

Temporal unit

��1@HKJM<G�PIDO�>JINDNON�JA�<GG�OC@�,�2N�OC<O�<M@�<NNJ>D<O@?�RDOC�<�NK@>DAD>	�?DNODI>O�ODH@�DINO<IO��&O�>JINDNON�JA�<�O@HKJM<G

?@GDHDO@M�,�2	�<I?�<GG�OC@�,�2N�OC<O�AJGGJR	�PK�OJ�=PO�IJO�DI>GP?DIB�OC@�I@SO�O@HKJM<G�?@GDHDO@M�
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Temporal group

��N@O�JA�AM<H@N�RCJN@�O@HKJM<G�KM@?D>ODJI�NOMP>OPM@�DN�PN@?�K@MDJ?D><GGT�DI�<�QD?@J�N@LP@I>@�

Tile

��M@>O<IBPG<M�M@BDJI�JA�OC@�AM<H@�OC<O�><I�=@�?@>J?@?�<I?�@I>J?@?�DI?@K@I?@IOGT	�<GOCJPBC�GJJK
ADGO@MDIB�<>MJNN�ODG@

@?B@N�DN�NODGG�<KKGD@?�

Transform block

��M@>O<IBPG<M�OM<INAJMH�>J@AAD>D@IO�H<OMDS	�PN@?�<N�DIKPO�OJ�OC@�DIQ@MN@�OM<INAJMH�KMJ>@NN�

Transform coefficient

��N><G<M�Q<GP@	�>JIND?@M@?�OJ�=@�DI�<�AM@LP@I>T�?JH<DI	�>JIO<DI@?�DI�<�OM<INAJMH�=GJ>F�

Uncompressed header

%DBC�G@Q@G�?@N>MDKODJI�JA�OC@�AM<H@�OJ�=@�?@>J?@?�OC<O�DN�@I>J?@?�RDOCJPO�OC@�PN@�JA�<MDOCH@OD>�@I>J?DIB�
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�� 0TH=JGN�<I?�<==M@QD<O@?�O@MHN
DCT

!DN>M@O@� JNDI@�1M<INAJMH

ADST

�NTHH@OMD>�!DN>M@O@�0DI@�1M<INAJMH

LSB

)@<NO�0DBIDAD><IO��DO

MSB

*JNO�0DBIDAD><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<IOD>N�JA�<�K<MOD>PG<M

NTIO<S�@G@H@IO�<M@�?@ADI@?�DIN@>ODJI���

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

Symbol name Value Description

REFS_PER_FRAME � +PH=@M�JA�M@A@M@I>@�AM<H@N�OC<O�><I�=@�PN@?�AJM

DIO@M�KM@?D>ODJI

TOTAL_REFS_PER_FRAME � +PH=@M�JA�M@A@M@I>@�AM<H@�OTK@N��DI>GP?DIB�DIOM<

OTK@�

BLOCK_SIZE_GROUPS � +PH=@M�JA�>JIO@SON�RC@I�?@>J?DIBy_mode

BLOCK_SIZES �� +PH=@M�JA�?DAA@M@IO�=GJ>F�NDU@N�PN@?

BLOCK_INVALID �� 0@IODI@G�Q<GP@�OJ�H<MF�K<MODODJI�>CJD>@N�OC<O�<M@�IJO

<GGJR@?

MAX_SB_SIZE ��� *<SDHPH�NDU@�JA�<�NPK@M=GJ>F�DI�GPH<�N<HKG@N

MI_SIZE � 0H<GG@NO�NDU@�JA�<�HJ?@�DIAJ�=GJ>F�DI�GPH<�N<HKG@N

MI_SIZE_LOG2 � �<N@���GJB<MDOCH�JA�NH<GG@NO�NDU@�JA�<�HJ?@�DIAJ

=GJ>F

MAX_TILE_WIDTH �
�� *<SDHPH�RD?OC�JA�<�ODG@�DI�PIDON�JA�GPH<�N<HKG@N

MAX_TILE_AREA �
�������
� *<SDHPH�<M@<�JA�<�ODG@�DI�PIDON�JA�GPH<�N<HKG@N

MAX_TILE_ROWS �� *<SDHPH�IPH=@M�JA�ODG@�MJRN

MAX_TILE_COLS �� *<SDHPH�IPH=@M�JA�ODG@�>JGPHIN
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Symbol name Value Description

INTRABC_DELAY_PIXELS ��� +PH=@M�JA�CJMDUJIO<G�GPH<�N<HKG@N�=@AJM@�DIOM<

=GJ>F�>JKT�><I�=@�PN@?

INTRABC_DELAY_SB64 � +PH=@M�JA����=T����=GJ>FN�=@AJM@�DIOM<�=GJ>F�>JKT

><I�=@�PN@?

NUM_REF_FRAMES � +PH=@M�JA�AM<H@N�OC<O�><I�=@�NOJM@?�AJM�APOPM@

M@A@M@I>@

IS_INTER_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMis_inter

REF_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMsingle_ref 	 comp_ref 	

comp_bwdref	 uni_comp_ref 	

uni_comp_ref_p1 <I? uni_comp_ref_p2

MAX_SEGMENTS � +PH=@M�JA�N@BH@ION�<GGJR@?�DI�N@BH@IO<ODJI�H<K

SEGMENT_ID_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMsegment_id

SEG_LVL_ALT_Q 
 &I?@S�AJM�LP<IODU@M�N@BH@IO�A@<OPM@

SEG_LVL_ALT_LF_Y_V � &I?@S�AJM�Q@MOD><G�GPH<�GJJK�ADGO@M�N@BH@IO�A@<OPM@

SEG_LVL_REF_FRAME � &I?@S�AJM�M@A@M@I>@�AM<H@�N@BH@IO�A@<OPM@

SEG_LVL_SKIP � &I?@S�AJM�NFDK�N@BH@IO�A@<OPM@

SEG_LVL_GLOBALMV � &I?@S�AJM�BGJ=<G�HQ�A@<OPM@

SEG_LVL_MAX � +PH=@M�JA�N@BH@IO�A@<OPM@N

PLANE_TYPES � +PH=@M�JA�?DAA@M@IO�KG<I@�OTK@N��GPH<�JM�>CMJH<�

TX_SIZE_CONTEXTS � +PH=@M�JA�>JIO@SON�AJM�OM<INAJMH�NDU@

INTERP_FILTERS � +PH=@M�JA�Q<GP@N�AJMinterp_filter

INTERP_FILTER_CONTEXTS �� +PH=@M�JA�>JIO@SON�AJMinterp_filter

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

SKIP_CONTEXTS � +PH=@M�JA�>JIO@SON�AJM�?@>J?DIB�NFDK

PARTITION_CONTEXTS � +PH=@M�JA�>JIO@SON�RC@I�?@>J?DIBpartition

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

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

NDU@N�

TX_MODES � +PH=@M�JA�Q<GP@N�AJMtx_mode

DCT_DCT 
 &IQ@MN@�OM<INAJMH�MJRN�RDOCDCT <I?�>JGPHIN

RDOCDCT
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Symbol name Value Description

ADST_DCT � &IQ@MN@�OM<INAJMH�MJRN�RDOCDCT <I?�>JGPHIN

RDOCADST

DCT_ADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCADST<I?�>JGPHIN

RDOCDCT

ADST_ADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCADST<I?�>JGPHIN

RDOCADST

FLIPADST_DCT � &IQ@MN@�OM<INAJMH�MJRN�RDOCDCT <I?�>JGPHIN

RDOCFLIPADST

DCT_FLIPADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCFLIPADST<I?

>JGPHIN�RDOCDCT

FLIPADST_FLIPADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCFLIPADST<I?

>JGPHIN�RDOCFLIPADST

ADST_FLIPADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCFLIPADST<I?

>JGPHIN�RDOCADST

FLIPADST_ADST � &IQ@MN@�OM<INAJMH�MJRN�RDOCADST<I?�>JGPHIN

RDOCFLIPADST

IDTX � &IQ@MN@�OM<INAJMH�MJRN�RDOC�D?@IODOT�<I?�>JGPHIN

RDOC�D?@IODOT

V_DCT �
 &IQ@MN@�OM<INAJMH�MJRN�RDOC�D?@IODOT�<I?�>JGPHIN

RDOCDCT

H_DCT �� &IQ@MN@�OM<INAJMH�MJRN�RDOCDCT <I?�>JGPHIN

RDOC�D?@IODOT

V_ADST �� &IQ@MN@�OM<INAJMH�MJRN�RDOC�D?@IODOT�<I?�>JGPHIN

RDOCADST

H_ADST �� &IQ@MN@�OM<INAJMH�MJRN�RDOCADST<I?�>JGPHIN

RDOC�D?@IODOT

V_FLIPADST �� &IQ@MN@�OM<INAJMH�MJRN�RDOC�D?@IODOT�<I?�>JGPHIN

RDOCFLIPADST

H_FLIPADST �� &IQ@MN@�OM<INAJMH�MJRN�RDOCFLIPADST<I?

>JGPHIN�RDOC�D?@IODOT

TX_TYPES �� +PH=@M�JA�DIQ@MN@�OM<INAJMH�OTK@N

MB_MODE_COUNT �� +PH=@M�JA�Q<GP@N�AJMYMode

INTRA_MODES �� +PH=@M�JA�Q<GP@N�AJMy_mode
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Symbol name Value Description

UV_INTRA_MODES_CFL_NOT_ALLOWED �� +PH=@M�JA�Q<GP@N�AJMuv_mode RC@I�>CMJH<�AMJH

GPH<�DN�IJO�<GGJR@?

UV_INTRA_MODES_CFL_ALLOWED �� +PH=@M�JA�Q<GP@N�AJMuv_mode RC@I�>CMJH<�AMJH

GPH<�DN�<GGJR@?

COMPOUND_MODES � +PH=@M�JA�Q<GP@N�AJMcompound_mode

COMPOUND_MODE_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcompound_mode

COMP_NEWMV_CTXS � +PH=@M�JA�I@R�HQ�Q<GP@N�PN@?�RC@I�>JINOMP>ODIB

>JIO@SO�AJMcompound_mode

NEW_MV_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMnew_mv

ZERO_MV_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMzero_mv

REF_MV_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMref_mv

DRL_MODE_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMdrl_mode

MV_CONTEXTS � +PH=@M�JA�>JIO@SON�AJM�?@>J?DIB�HJODJI�Q@>OJMN

DI>GP?DIB�JI@�AJM�DIOM<�=GJ>F�>JKT

MV_INTRABC_CONTEXT � *JODJI�Q@>OJM�>JIO@SO�PN@?�AJM�DIOM<�=GJ>F�>JKT

MV_JOINTS � +PH=@M�JA�Q<GP@N�AJMmv_joint

MV_CLASSES �� +PH=@M�JA�Q<GP@N�AJMmv_class

CLASS0_SIZE � +PH=@M�JA�Q<GP@N�AJMmv_class0_bit

MV_OFFSET_BITS �
 *<SDHPH�IPH=@M�JA�=DON�AJM�?@>J?DIB�HJODJI

Q@>OJMN

MAX_LOOP_FILTER �� *<SDHPH�Q<GP@�PN@?�AJM�GJJK�ADGO@MDIB

REF_SCALE_SHIFT �� +PH=@M�JA�=DON�JA�KM@>DNDJI�RC@I�N><GDIB�M@A@M@I>@

AM<H@N

SUBPEL_BITS � +PH=@M�JA�=DON�JA�KM@>DNDJI�RC@I�>CJJNDIB�<I�DIO@M

KM@?D>ODJI�ADGO@M�F@MI@G

SUBPEL_MASK �� ( 1 << SUBPEL_BITS ) - 1

SCALE_SUBPEL_BITS �
 +PH=@M�JA�=DON�JA�KM@>DNDJI�RC@I�>JHKPODIB�DIO@M

KM@?D>ODJI�GJ><ODJIN

MV_BORDER ��� 3<GP@�PN@?�RC@I�>GDKKDIB�HJODJI�Q@>OJMN

PALETTE_COLOR_CONTEXTS � +PH=@M�JA�Q<GP@N�AJM�>JGJM�>JIO@SON
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Symbol name Value Description

PALETTE_MAX_COLOR_CONTEXT_HASH � +PH=@M�JA�H<KKDIBN�=@OR@@I�>JGJM�>JIO@SO�C<NC

<I?�>JGJM�>JIO@SO

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

PALETTE_Y_MODE_CONTEXTS � +PH=@M�JA�Q<GP@N�AJM�K<G@OO@�6�KG<I@�HJ?@

>JIO@SON

PALETTE_UV_MODE_CONTEXTS � +PH=@M�JA�Q<GP@N�AJM�K<G@OO@�2�<I?�3�KG<I@�HJ?@

>JIO@SON

PALETTE_SIZES � +PH=@M�JA�Q<GP@N�AJM�K<G@OO@;NDU@

PALETTE_COLORS � +PH=@M�JA�Q<GP@N�AJM�K<G@OO@;>JGJM

PALETTE_NUM_NEIGHBORS � +PH=@M�JA�I@DBC=JMN�>JIND?@M@?�RDOCDI�K<G@OO@

>JHKPO<ODJI

DELTA_Q_SMALL � 3<GP@�DI?D><ODIB�<GO@MI<ODQ@�@I>J?DIB�JA�LP<IODU@M

DI?@S�?@GO<�Q<GP@N

DELTA_LF_SMALL � 3<GP@�DI?D><ODIB�<GO@MI<ODQ@�@I>J?DIB�JA�GJJK�ADGO@M

?@GO<�Q<GP@N

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

MAX_ANGLE_DELTA � *<SDHPH�H<BIDOP?@�JA��IBG@!@GO<6�<I?

�IBG@!@GO<23

DIRECTIONAL_MODES � +PH=@M�JA�?DM@>ODJI<G�DIOM<�HJ?@N

ANGLE_STEP � +PH=@M�JA�?@BM@@N�JA�NO@K�K@M�PIDO�DI>M@<N@�DI

�IBG@!@GO<6�JM��IBG@!@GO<23�

TX_SET_TYPES_INTRA � +PH=@M�JA�DIOM<�OM<INAJMH�N@O�OTK@N

TX_SET_TYPES_INTER � +PH=@M�JA�DIO@M�OM<INAJMH�N@O�OTK@N

WARPEDMODEL_PREC_BITS �� &IO@MI<G�KM@>DNDJI�JA�R<MK@?�HJODJI�HJ?@GN

IDENTITY 
 4<MK�HJ?@G�DN�EPNO�<I�D?@IODOT�OM<INAJMH

TRANSLATION � 4<MK�HJ?@G�DN�<�KPM@�OM<ING<ODJI

ROTZOOM � 4<MK�HJ?@G�DN�<�MJO<ODJI���NTHH@OMD>�UJJH��

OM<ING<ODJI

AFFINE � 4<MK�HJ?@G�DN�<�B@I@M<G�<AADI@�OM<INAJMH

GM_ABS_TRANS_BITS �� +PH=@M�JA�=DON�@I>J?@?�AJM�OM<ING<ODJI<G

>JHKJI@ION�JA�BGJ=<G�HJODJI�HJ?@GN	�DA�K<MO�JA�<

/,17,,*�JM��##&+"�HJ?@G
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Symbol name Value Description

GM_ABS_TRANS_ONLY_BITS � +PH=@M�JA�=DON�@I>J?@?�AJM�OM<ING<ODJI<G

>JHKJI@ION�JA�BGJ=<G�HJODJI�HJ?@GN	�DA�K<MO�JA�<

1/�+0)�1&,+�HJ?@G

GM_ABS_ALPHA_BITS �� +PH=@M�JA�=DON�@I>J?@?�AJM�IJI
OM<ING<ODJI<G

>JHKJI@ION�JA�BGJ=<G�HJODJI�HJ?@GN

DIV_LUT_PREC_BITS �� +PH=@M�JA�AM<>ODJI<G�=DON�JA�@IOMD@N�DI�?DQDNJM�GJJFPK

O<=G@

DIV_LUT_BITS � +PH=@M�JA�AM<>ODJI<G�=DON�AJM�GJJFPK�DI�?DQDNJM

GJJFPK�O<=G@

DIV_LUT_NUM ��� +PH=@M�JA�@IOMD@N�DI�?DQDNJM�GJJFPK�O<=G@

MOTION_MODES � +PH=@M�JA�Q<GP@N�AJM�HJODJI�HJ?@N

SIMPLE 
 2N@�OM<ING<ODJI�JM�BGJ=<G�HJODJI�>JHK@IN<ODJI

OBMC � 2N@�JQ@MG<KK@?�=GJ>F�HJODJI�>JHK@IN<ODJI

LOCALWARP � 2N@�GJ><G�R<MK�HJODJI�>JHK@IN<ODJI

LEAST_SQUARES_SAMPLES_MAX � )<MB@NO�IPH=@M�JA�N<HKG@N�PN@?�RC@I�>JHKPODIB

<�GJ><G�R<MK

LS_MV_MAX ��� )<MB@NO�HJODJI�Q@>OJM�?DAA@M@I>@�OJ�DI>GP?@�DI�GJ><G

R<MK�>JHKPO<ODJI

WARPEDMODEL_TRANS_CLAMP �����  G<HKDIB�Q<GP@�PN@?�AJM�OM<ING<ODJI�>JHKJI@ION�JA

R<MK

WARPEDMODEL_NONDIAGAFFINE_CLAMP �����  G<HKDIB�Q<GP@�PN@?�AJM�H<OMDS�>JHKJI@ION�JA

R<MK

WARPEDPIXEL_PREC_SHIFTS ���� +PH=@M�JA�KC<N@N�PN@?�DI�R<MK@?�ADGO@MDIB

WARPEDDIFF_PREC_BITS �
 +PH=@M�JA�@SOM<�=DON�JA�KM@>DNDJI�DI�R<MK@?�ADGO@MDIB

GM_ALPHA_PREC_BITS �� +PH=@M�JA�AM<>ODJI<G�=DON�AJM�N@I?DIB�IJI


OM<ING<ODJI<G�R<MK�HJ?@G�>J@AAD>D@ION

GM_TRANS_PREC_BITS � +PH=@M�JA�AM<>ODJI<G�=DON�AJM�N@I?DIB�OM<ING<ODJI<G

R<MK�HJ?@G�>J@AAD>D@ION

GM_TRANS_ONLY_PREC_BITS � +PH=@M�JA�AM<>ODJI<G�=DON�PN@?�AJM�KPM@�OM<ING<ODJI<G

R<MKN

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

MASK_MASTER_SIZE �� 0DU@�JA�*<NO@M*<NF�<MM<T
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Symbol name Value Description

SEGMENT_ID_PREDICTED_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMsegment_id_predicted

IS_INTER_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMis_inter

SKIP_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMskip

FWD_REFS � +PH=@M�JA�NTIO<S�@G@H@ION�AJM�AJMR<M?�M@A@M@I>@

AM<H@N

BWD_REFS � +PH=@M�JA�NTIO<S�@G@H@ION�AJM�=<>FR<M?�M@A@M@I>@

AM<H@N

SINGLE_REFS � +PH=@M�JA�NTIO<S�@G@H@ION�AJM�NDIBG@�M@A@M@I>@

AM<H@N

UNIDIR_COMP_REFS � +PH=@M�JA�NTIO<S�@G@H@ION�AJM�PID?DM@>ODJI<G

>JHKJPI?�M@A@M@I>@�AM<H@N

COMPOUND_TYPES � +PH=@M�JA�Q<GP@N�AJMcompound_type

CFL_JOINT_SIGNS � +PH=@M�JA�Q<GP@N�AJMcfl_alpha_signs

CFL_ALPHABET_SIZE �� +PH=@M�JA�Q<GP@N�AJMcfl_alpha_u <I?

cfl_alpha_v

COMP_INTER_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcomp_mode

COMP_REF_TYPE_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcomp_ref_type

CFL_ALPHA_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcfl_alpha_u <I?

cfl_alpha_v

INTRA_MODE_CONTEXTS � +PH=@M�JA�@<>C�JA�G@AO�<I?�<=JQ@�>JIO@SON�AJM

intra_frame_y_mode

COMP_GROUP_IDX_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcomp_group_idx

COMPOUND_IDX_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMcompound_idx

INTRA_EDGE_KERNELS � +PH=@M�JA�ADGO@M�F@MI@GN�AJM�OC@�DIOM<�@?B@�ADGO@M

INTRA_EDGE_TAPS � +PH=@M�JA�F@MI@G�O<KN�AJM�OC@�DIOM<�@?B@�ADGO@M

FRAME_LF_COUNT � +PH=@M�JA�GJJK�ADGO@M�NOM@IBOC�Q<GP@N

MAX_VARTX_DEPTH � *<SDHPH�?@KOC�AJM�Q<MD<=G@�OM<INAJMH�OM@@N

TXFM_PARTITION_CONTEXTS �� +PH=@M�JA�>JIO@SON�AJM�OSAH;NKGDO

REF_CAT_LEVEL ��
 �JIPN�R@DBCO�AJM�>GJN@�HJODJI�Q@>OJMN

MAX_REF_MV_STACK_SIZE � *<SDHPH�IPH=@M�JA�HJODJI�Q@>OJMN�DI�OC@�NO<>F

MFMV_STACK_SIZE � 0O<>F�NDU@�AJM�HJODJI�AD@G?�HJODJI�Q@>OJMN
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Symbol name Value Description

MAX_TX_DEPTH � *<SDHPH�ODH@N�OC@�OM<INAJMH�><I�=@�NKGDO

WEDGE_TYPES �� +PH=@M�JA�?DM@>ODJIN�AJM�OC@�R@?B@�H<NF�KMJ>@NN

FILTER_BITS � +PH=@M�JA�=DON�PN@?�DI�4D@I@M�ADGO@M�>J@AAD>D@ION

WIENER_COEFFS � +PH=@M�JA�4D@I@M�ADGO@M�>J@AAD>D@ION�OJ�M@<?

SGRPROJ_PARAMS_BITS � +PH=@M�JA�=DON�I@@?@?�OJ�NK@>DAT�N@GA�BPD?@?�ADGO@M

N@O

SGRPROJ_PRJ_SUBEXP_K �  JIOMJGN�CJR�N@GA�BPD?@?�?@GO<N�<M@�M@<?

SGRPROJ_PRJ_BITS � -M@>DNDJI�=DON�?PMDIB�N@GA�BPD?@?�M@NOJM<ODJI

SGRPROJ_RST_BITS � /@NOJM<ODJI�KM@>DNDJI�=DON�B@I@M<O@?�CDBC@M�OC<I

NJPM>@�=@AJM@�KMJE@>ODJI

SGRPROJ_MTABLE_BITS �
 -M@>DNDJI�JA�HO<=G@�?DQDNDJI�O<=G@

SGRPROJ_RECIP_BITS �� -M@>DNDJI�JA�?DQDNDJI�=T�I�O<=G@

SGRPROJ_SGR_BITS � &IO@MI<G�KM@>DNDJI�=DON�AJM�>JM@

N@GABPD?@?;M@NOJM<ODJI

EC_PROB_SHIFT � +PH=@M�JA�=DON�OJ�M@?P>@� !#�KM@>DNDJI�?PMDIB

<MDOCH@OD>�>J?DIB

EC_MIN_PROB � *DIDHPH�KMJ=<=DGDOT�<NNDBI@?�OJ�@<>C�NTH=JG

?PMDIB�<MDOCH@OD>�>J?DIB

SELECT_SCREEN_CONTENT_TOOLS � 3<GP@�OC<O�DI?D><O@N�OC@

<GGJR;N>M@@I;>JIO@IO;OJJGN�NTIO<S�@G@H@IO�DN

>J?@?

SELECT_INTEGER_MV � 3<GP@�OC<O�DI?D><O@N�OC@�AJM>@;DIO@B@M;HQ�NTIO<S

@G@H@IO�DN�>J?@?

RESTORATION_TILESIZE_MAX ��� *<SDHPH�NDU@�JA�<�GJJK�M@NOJM<ODJI�ODG@

MAX_FRAME_DISTANCE �� *<SDHPH�?DNO<I>@�RC@I�>JHKPODIB�R@DBCO@?

KM@?D>ODJI

MAX_OFFSET_WIDTH � *<SDHPH�CJMDUJIO<G�JAAN@O�JA�<�KMJE@>O@?�HJODJI

Q@>OJM

MAX_OFFSET_HEIGHT 
 *<SDHPH�Q@MOD><G�JAAN@O�JA�<�KMJE@>O@?�HJODJI

Q@>OJM

WARP_PARAM_REDUCE_BITS � /JPI?DIB�=DORD?OC�AJM�OC@�K<M<H@O@MN�OJ�OC@�NC@<M

KMJ>@NN
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Symbol name Value Description

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

COEFF_BASE_RANGE �� 1C@�LP<IODU@M�M<IB@�<=JQ@�+2*;��0";)"3")0

<=JQ@�RCD>C�OC@�"SK
$JGJH=�>J?DIB�KMJ>@NN�DN

<>ODQ<O@?

BR_CDF_SIZE � +PH=@M�JA�Q<GP@N�AJMcoeff_br

SIG_COEF_CONTEXTS_EOB � +PH=@M�JA�>JIO@SON�AJMcoeff_base_eob

SIG_COEF_CONTEXTS_2D ��  JIO@SO�JAAN@O�AJMcoeff_base AJM�CJMDUJIO<G
JIGT

JM�Q@MOD><G
JIGT�OM<INAJMHN�

SIG_COEF_CONTEXTS �� +PH=@M�JA�>JIO@SON�AJMcoeff_base

SIG_REF_DIFF_OFFSET_NUM � *<SDHPH�IPH=@M�JA�>JIO@SO�N<HKG@N�OJ�=@�PN@?�DI

?@O@MHDIDIB�OC@�>JIO@SO�DI?@S�AJMcoeff_base <I?

coeff_base_eob �

SUPERRES_NUM � +PH@M<OJM�AJM�PKN><GDIB�M<ODJ

SUPERRES_DENOM_MIN � 0H<GG@NO�?@IJHDI<OJM�AJM�PKN><GDIB�M<ODJ

SUPERRES_DENOM_BITS � +PH=@M�JA�=DON�N@IO�OJ�NK@>DAT�?@IJHDI<OJM�JA

PKN><GDIB�M<ODJ

SUPERRES_FILTER_BITS � +PH=@M�JA�=DON�JA�AM<>ODJI<G�KM@>DNDJI�AJM�PKN><GDIB

ADGO@M�N@G@>ODJI

SUPERRES_FILTER_SHIFTS ����

02-"//"0;#&)1"/;�&10

+PH=@M�JA�KC<N@N�JA�PKN><GDIB�ADGO@MN

SUPERRES_FILTER_TAPS � +PH=@M�JA�O<KN�JA�PKN><GDIB�ADGO@MN

SUPERRES_FILTER_OFFSET � 0<HKG@�JAAN@O�AJM�PKN><GDIB�ADGO@MN

SUPERRES_SCALE_BITS �� +PH=@M�JA�AM<>ODJI<G�=DON�AJM�>JHKPODIB�KJNDODJI�DI

PKN><GDIB

SUPERRES_SCALE_MASK ����������
�� *<NF�AJM�>JHKPODIB�KJNDODJI�DI�PKN><GDIB

SUPERRES_EXTRA_BITS � !DAA@M@I>@�DI�KM@>DNDJI�=@OR@@I

02-"//"0;0 �)";�&10�<I?

02-"//"0;#&)1"/;�&10

TXB_SKIP_CONTEXTS �� +PH=@M�JA�>JIO@SON�AJMall_zero

EOB_COEF_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMeob_extra

DC_SIGN_CONTEXTS � +PH=@M�JA�>JIO@SON�AJMdc_sign

LEVEL_CONTEXTS �� +PH=@M�JA�>JIO@SON�AJMcoeff_br
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Symbol name Value Description

TX_CLASS_2D 
 1M<INAJMH�>G<NN�AJM�OM<INAJMH�OTK@N�K@MAJMHDIB

IJI
D?@IODOT�OM<INAJMHN�DI�=JOC�?DM@>ODJIN

TX_CLASS_HORIZ � 1M<INAJMH�>G<NN�AJM�OM<INAJMHN�K@MAJMHDIB�JIGT�<

CJMDUJIO<G�IJI
D?@IODOT�OM<INAJMH

TX_CLASS_VERT � 1M<INAJMH�>G<NN�AJM�OM<INAJMHN�K@MAJMHDIB�JIGT�<

Q@MOD><G�IJI
D?@IODOT�OM<INAJMH

REFMVS_LIMIT ������������
�� )<MB@NO�M@A@M@I>@�*3�>JHKJI@IO�OC<O�><I�=@

N<Q@?

INTRA_FILTER_SCALE_BITS � 0><GDIB�NCDAO�AJM�DIOM<�ADGO@MDIB�KMJ>@NN

INTRA_FILTER_MODES � +PH=@M�JA�OTK@N�JA�DIOM<�ADGO@MDIB

COEFF_CDF_Q_CTXS � +PH=@M�JA�N@G@>O<=G@�>JIO@SO�OTK@N�AJM�OC@�>J@AA���

NTIO<S�NOMP>OPM@

PRIMARY_REF_NONE � 3<GP@�JAprimary_ref_frame DI?D><ODIB�OC<O�OC@M@

DN�IJ�KMDH<MT�M@A@M@I>@�AM<H@

BUFFER_POOL_MAX_SIZE �
 +PH=@M�JA�AM<H@N�DI�=PAA@M�KJJG
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��  JIQ@IODJIN
���� $@I@M<G
1C@�H<OC@H<OD><G�JK@M<OJMN�<I?�OC@DM�KM@>@?@I>@�MPG@N�PN@?�OJ�?@N>MD=@�OCDN�0K@>DAD><ODJI�<M@�NDHDG<M�OJ�OCJN@�PN@?�DI�OC@

 �KMJBM<HHDIB�G<IBP<B@��%JR@Q@M	�OC@�JK@M<ODJI�JA�DIO@B@M�?DQDNDJI�RDOC�OMPI><ODJI�DN�NK@>DAD><GGT�?@ADI@?�

&I�<??DODJI	�<�G@IBOC���<MM<T�PN@?�OJ�CJG?�<�HJODJI�Q@>OJM��DI?D><O@?�=T�OC@�Q<MD<=G@�I<H@�@I?DIB�RDOC�OC@�G@OO@MNMv JM

Mvs ��><I�=@�<>>@NN@?�PNDIB�@DOC@M�<MM<T�IJO<ODJI��@�B�Mv[ 0 ] <I? Mv[ 1 ] �	�JM�=T�EPNO�OC@�I<H@��@�B�	Mv ���1C@

JIGT�JK@M<ODJIN�?@ADI@?�RC@I�PNDIB�OC@�I<H@�<M@�<NNDBIH@IO�<I?�@LP<GDOT�DI@LP<GDOT�O@NODIB���NNDBIH@IO�JA�<I�<MM<T�DN

M@KM@N@IO@?�PNDIB�OC@�IJO<ODJIA = B <I?�DN�NK@>DAD@?�OJ�H@<I�OC@�N<H@�<N�?JDIB�=JOC�OC@�DI?DQD?P<G�<NNDBIH@IONA[ 0

] = B[ 0 ] <I? A[ 1 ] = B[ 1 ]. "LP<GDOT�O@NODIB�JA���HJODJI�Q@>OJMN�DN�M@KM@N@IO@?�PNDIB�OC@�IJO<ODJIA == B <I?

DN�NK@>DAD@?�OJ�H@<I�OC@�N<H@�<N(A[ 0 ] == B[ 0 ] && A[ 1 ] == B[ 1 ]) ��&I@LP<GDOT�O@NODIB�DN�?@ADI@?�<NA != B

<I?�DN�NK@>DAD@?�OJ�H@<I�OC@�N<H@�<N(A[ 0 ] != B[ 0 ] || A[ 1 ] != B[ 1 ]) �

4C@I�<�Q<MD<=G@�DN�N<D?�OJ�=@�M@KM@N@IO<=G@�=T�<�NDBI@?�DIO@B@M�RDOCx =DON	�DO�H@<IN�OC<O�OC@�Q<MD<=G@�DN�BM@<O@M�OC<I�JM

@LP<G�OJ-(1 << (x-1)) 	�<I?�OC<O�OC@�Q<MD<=G@�DN�G@NN�OC<I�JM�@LP<G�OJ(1 << (x-1))-1 �

1C@�F@T�RJM?N�]HPNO^	�]HPNO�IJO^	�]M@LPDM@?^	�]NC<GG^	�]NC<GG�IJO^	�]NCJPG?^	�]NCJPG?�IJO^	�]M@>JHH@I?@?^	�]H<T^	�<I?

]JKODJI<G^�DI�OCDN�?J>PH@IO�<M@�OJ�=@�DIO@MKM@O@?�<N�?@N>MD=@?�DI�/# ������

���� �MDOCH@OD>�JK@M<OJMN
� �??DODJI

\ 0P=OM<>ODJI��<N�<�=DI<MT�JK@M<OJM��JM�I@B<ODJI��<N�<�PI<MT�KM@ADS�JK@M<OJM�

� *PGODKGD><ODJI

� &IO@B@M�?DQDNDJI�RDOC�OMPI><ODJI�JA�OC@�M@NPGO�OJR<M?�U@MJ��#JM�@S<HKG@	7/4 <I? -7/-4 <M@�OMPI><O@?�OJ1

<I? -7/4 <I? 7/-4 <M@�OMPI><O@?�OJ-1 �

< � = /@H<DI?@M�AMJH�?DQDNDJI�JAa =T b ���JOC a <I? b <M@�KJNDODQ@�DIO@B@MN�

` #GJ<ODIB�KJDIO��<MDOCH@OD><G��?DQDNDJI�

>@DG�S�1C@�NH<GG@NO�DIO@B@M�OC<O�DN�BM@<O@M�JM�@LP<G�OC<Ix �

AGJJM�S�1C@�G<MB@NO�DIO@B@M�OC<O�DN�NH<GG@M�JM�@LP<G�OC<Ix �

���� )JBD><G�JK@M<OJMN
<����= )JBD><G��+!�JK@M<ODJI�=@OR@@Ia <I? b

<�VV�= )JBD><G�,/�JK@M<ODJI�=@OR@@Ia <I? b

� )JBD><G�+,1�JK@M<ODJI�

AV1 Bitstream & Decoding Process Specification

Section: Conventions Page 17 of 669



���� /@G<ODJI<G�JK@M<OJMN
� $M@<O@M�OC<I

�� $M@<O@M�OC<I�JM�@LP<G�OJ

� )@NN�OC<I

�� )@NN�OC<I�JM�@LP<G�OJ

�� "LP<G�OJ

�� +JO�@LP<G�OJ

���� �DORDN@�JK@M<OJMN
� �+!�JK@M<ODJI

V ,/�JK@M<ODJI

: 5,/�JK@M<ODJI

W +@B<ODJI�JK@M<ODJI

< �� = 0CDAOa DI��_N�>JHKG@H@IO�=DI<MT�DIO@B@M�M@KM@N@IO<ODJI�AJMH<O�OJ�OC@�MDBCO�=Tb =DO�KJNDODJIN��1CDN�JK@M<OJM�DN

JIGT�PN@?�RDOCb =@DIB�<�IJI
I@B<ODQ@�DIO@B@M���DON�NCDAO@?�DIOJ�OC@�*0�N�<N�<�M@NPGO�JA�OC@�MDBCO�NCDAO�C<Q@�<

Q<GP@�@LP<G�OJ�OC@�*0��JAa KMDJM�OJ�OC@�NCDAO�JK@M<ODJI�

< �� = 0CDAOa DI��_N�>JHKG@H@IO�=DI<MT�DIO@B@M�M@KM@N@IO<ODJI�AJMH<O�OJ�OC@�G@AO�=Tb =DO�KJNDODJIN��1CDN�JK@M<OJM�DN

JIGT�PN@?�RDOCb =@DIB�<�IJI
I@B<ODQ@�DIO@B@M���DON�NCDAO@?�DIOJ�OC@�)0�N�<N�<�M@NPGO�JA�OC@�G@AO�NCDAO�C<Q@�<

Q<GP@�@LP<G�OJ0 �

���� �NNDBIH@IO
� �NNDBIH@IO�JK@M<OJM

�� &I>M@H@IO	x++ DN�@LPDQ<G@IO�OJx = x + 1 ��4C@I�OCDN�JK@M<OJM�DN�PN@?�AJM�<I�<MM<T�DI?@S	�OC@�Q<MD<=G@�Q<GP@�DN

J=O<DI@?�=@AJM@�OC@�<POJ�DI>M@H@IO�JK@M<ODJI


�
 !@>M@H@IO	�D�@�x-- DN�@LPDQ<G@IO�OJx = x - 1 ��4C@I�OCDN�JK@M<OJM�DN�PN@?�AJM�<I�<MM<T�DI?@S	�OC@�Q<MD<=G@�Q<GP@

DN�J=O<DI@?�=@AJM@�OC@�<POJ�?@>M@H@IO�JK@M<ODJI

�� �??DODJI�<NNDBIH@IO�JK@M<OJM	�AJM�@S<HKG@x += 3 >JMM@NKJI?N�OJx = x + 3


� 0P=OM<>ODJI�<NNDBIH@IO�JK@M<OJM	�AJM�@S<HKG@x -= 3 >JMM@NKJI?N�OJx = 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?�0DBI@?��<M@�?@ADI@?�<N�AJGGJRN�
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1C@�?@ADIDODJI�JA�/JPI?��PN@N�NO<I?<M?�H<OC@H<OD><G�KJR@M�<I?�?DQDNDJI�JK@M<ODJIN	�IJO�DIO@B@M�JK@M<ODJIN���I

@LPDQ<G@IO�?@ADIDODJI�PNDIB�DIO@B@M�JK@M<ODJIN�DN�

Round2(( x,, n )) {{
ifif (( n ==== 00 ))

returnreturn x
returnreturn (( x ++ (( 11 <<<< (( n -- 11)) )) )) >>>> n

}}

1C@�#GJJM)JB��S��API>ODJI�DN�?@ADI@?�OJ�=@�OC@�AGJJM�JA�OC@�=<N@���GJB<MDOCH�JA�OC@�DIKPO�S�

1C@�DIKPO�S�RDGG�<GR<TN�=@�<I�DIO@B@M	�<I?�RDGG�<GR<TN�=@�BM@<O@M�OC<I�JM�@LP<G�OJ���

1CDN�API>ODJI�@SOM<>ON�OC@�GJ><ODJI�JA�OC@�HJNO�NDBIDAD><IO�=DO�DI�S�

AV1 Bitstream & Decoding Process Specification

Section: Conventions Page 19 of 669



�I�@LPDQ<G@IO�?@ADIDODJI��PNDIB�OC@�KN@P?J
>J?@�IJO<ODJI�DIOMJ?P>@?�DI�OC@�AJGGJRDIB�N@>ODJI��DN�

FloorLog2(( x )) {{
s == 00
whilewhile (( x !=!= 00 )) {{

x == x >>>> 11
s++++

}}
returnreturn s -- 11

}}

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

M@OPMI�
��

1C@�DIKPO�S�RDGG�<GR<TN�=@�<I�DIO@B@M	�<I?�RDGG�<GR<TN�=@�BM@<O@M�OC<I�JM�@LP<G�OJ�
�

1CDN�API>ODJI�@SOM<>ON�OC@�IPH=@M�JA�=DON�I@@?@?�OJ�>J?@�<�Q<GP@�DI�OC@�M<IB@�
�OJ�S
��

�I�@LPDQ<G@IO�?@ADIDODJI��PNDIB�OC@�KN@P?J
>J?@�IJO<ODJI�DIOMJ?P>@?�DI�OC@�AJGGJRDIB�N@>ODJI��DN�

CeilLog2(( x )) {{
ifif (( x << 22 ))

returnreturn 00
i == 11
p == 22
whilewhile (( p << x )) {{

i ++++
p == p <<<< 11

}}
returnreturn 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@��0TIO<S�@G@H@ION�DI�OC@�=DONOM@<H�<M@

M@KM@N@IO@?�DI�=JG?�OTK@��"<>C�NTIO<S�@G@H@IO�DN�?@N>MD=@?�=T�DON�I<H@��PNDIB�JIGT�GJR@M�><N@�G@OO@MN�RDOC�PI?@MN>JM@

>C<M<>O@MN��<I?�<�?@N>MDKOJM�AJM�DON�H@OCJ?�JA�>J?@?�M@KM@N@IO<ODJI��1C@�?@>J?DIB�KMJ>@NN�=@C<Q@N�<>>JM?DIB�OJ�OC@

Q<GP@�JA�OC@�NTIO<S�@G@H@IO�<I?�OJ�OC@�Q<GP@N�JA�KM@QDJPNGT�?@>J?@?�NTIO<S�@G@H@ION��4C@I�<�Q<GP@�JA�<�NTIO<S�@G@H@IO

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<GP@�JA�<�NTIO<S�@G@H@IO�DN�=@DIB

>JHKPO@?��@�B��=@DIB�RMDOO@I�RDOC�<�?@A<PGO�Q<GP@�DINO@<?�JA�=@DIB�>J?@?�DI�OC@�=DONOM@<H�	�DO�<GNJ�<KK@<MN�DI�M@BPG<M�OTK@

�@�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�@G@H@ION�Q<GP@N��0P>C

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@�G@OO@M�<I?�RDOCJPO�<IT

PI?@MN>JM@�>C<M<>O@MN��3<MD<=G@N�NO<MODIB�RDOC�<I�PKK@M�><N@�G@OO@M�<M@�?@MDQ@?�AJM�OC@�?@>J?DIB�JA�OC@�>PMM@IO�NTIO<S
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NOMP>OPM@�<I?�<GG�?@K@I?DIB�NTIO<S�NOMP>OPM@N��1C@N@�Q<MD<=G@N�H<T�=@�PN@?�DI�OC@�?@>J?DIB�KMJ>@NN�AJM�G<O@M�NTIO<S

NOMP>OPM@N��3<MD<=G@N�NO<MODIB�RDOC�<�GJR@M�><N@�G@OO@M�<M@�JIGT�PN@?�RDOCDI�OC@�KMJ>@NN�AMJH�RCD>C�OC@T�<M@�?@MDQ@?���0DIBG@

>C<M<>O@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>JM@�>C<M<>O@MN��@�B��*&;0&7"��

 JINO<IO�GJJFPK�O<=G@N�<KK@<M�<N�RJM?N��RDOC�OC@�ADMNO�G@OO@M�JA�@<>C�RJM?�DI�PKK@M�><N@	�<I?�M@H<DIDIB�G@OO@MN�DI�GJR@M

><N@��N@K<M<O@?�RDOC�PI?@MN>JM@�>C<M<>O@MN��@�B���GJ>F;4D?OC8[9��

%@S<?@>DH<G�IJO<ODJI	�DI?D><O@?�=T�KM@ADSDIB�OC@�C@S<?@>DH<G�IPH=@M�=T0x 	�H<T�=@�PN@?�RC@I�OC@�IPH=@M�JA�=DON�DN�<I

DIO@B@M�HPGODKG@�JA����#JM�@S<HKG@	0x1a M@KM@N@ION�<�=DO�NOMDIB0001 1010 �

�DI<MT�IJO<ODJI�DN�DI?D><O@?�=T�KM@ADSDIB�OC@�=DI<MT�IPH=@M�=T0b ��#JM�@S<HKG@	0b00011010 M@KM@N@ION�<�=DO�NOMDIB

0001 1010 ���DI<MT�IPH=@MN�H<T�DI>GP?@�PI?@MN>JM@�>C<M<>O@MN�OJ�@IC<I>@�M@<?<=DGDOT��&A�KM@N@IO	�OC@�PI?@MN>JM@

>C<M<>O@MN�<KK@<M�@Q@MT���=DI<MT�?DBDON�NO<MODIB�AMJH�OC@�)0���#JM�@S<HKG@	0b11010 H<T�<GNJ�=@�RMDOO@I�<N0b1_1010�

��Q<GP@�@LP<G�OJ�
�M@KM@N@ION�<�#�)0"�>JI?DODJI�DI�<�O@NO�NO<O@H@IO��1C@�Q<GP@�1/2"�DN�M@KM@N@IO@?�=T�<IT�Q<GP@�IJO

@LP<G�OJ�
�

1C@�AJGGJRDIB�O<=G@�GDNON�@S<HKG@N�JA�OC@�NTIO<S�NK@>DAD><ODJI�AJMH<O��4C@Isyntax_element <KK@<MN��RDOC�=JG?�A<>@

AJIO�	�DO�NK@>DAD@N�OC<O�OCDN�NTIO<S�@G@H@IO�DN�K<MN@?�AMJH�OC@�=DONOM@<H�

TypeType
/* 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_elementsyntax_element f(1)

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

{
statement
É

}

/* A ÒwhileÓ structure specifies that the statement is
to be evaluated repeatedly while the condition remains
true. */

while ( condition )
statement

/* A Òdo .. whileÓ 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 Òif .. elseÓ 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 ÒelseÓ and
corresponding alternative statement can be omitted. */

if ( condition )
primary statement

else
alternative statement

/* A ÒforÓ 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>ODJIN�PN@?�AJM�NTIO<S�?@N>MDKODJI�<M@�NK@>DAD@?�DI�OCDN�N@>ODJI�

,OC@M�API>ODJIN�<M@�DI>GP?@?�DI�OC@�NTIO<S�O<=G@N��1C@�>JIQ@IODJI�DN�OC<O�<�N@>ODJI�DN�><GG@?�NTIO<S�DA�DO�><PN@N�NTIO<S

@G@H@ION�OJ�=@�M@<?�AMJH�OC@�=DONOM@<H	�@DOC@M�?DM@>OGT�JM�DI?DM@>OGT�OCMJPBC�NP=KMJ>@NN@N��1C@�M@H<DIDIB�N@>ODJIN�<M@

><GG@?�API>ODJIN�

1C@�NK@>DAD><ODJI�JA�OC@N@�API>ODJIN�H<F@N�PN@�JA�<�=DONOM@<H�KJNDODJI�DI?D><OJM��1CDN�=DONOM@<H�KJNDODJI�DI?D><OJM�GJ><O@N

OC@�KJNDODJI�JA�OC@�=DO�OC<O�DN�BJDIB�OJ�=@�M@<?�I@SO�

get_position( ): /@OPMI�OC@�Q<GP@�JA�OC@�=DONOM@<H�KJNDODJI�DI?D><OJM�

init_symbol( sz ): &IDOD<GDU@�OC@�<MDOCH@OD>�?@>J?@�KMJ>@NN�AJM�OC@�0TH=JG�?@>J?@M�RDOC�<�NDU@�JA�NU�=TO@N�<N�NK@>DAD@?�DI

N@>ODJI�������

exit_symbol( ): "SDO�OC@�<MDOCH@OD>�?@>J?@�KMJ>@NN�<N�?@N>MD=@?�DIN@>ODJI�������OCDN�DI>GP?@N�M@<?DIB�OM<DGDIB�=DON��
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���
� !@N>MDKOJMN
���
��� $@I@M<G
1C@�AJGGJRDIB�?@N>MDKOJMN�NK@>DAT�OC@�K<MNDIB�JA�NTIO<S�@G@H@ION��)JR@M�><N@�?@N>MDKOJMN�NK@>DAT�NTIO<S�@G@H@ION�OC<O�<M@

M@KM@N@IO@?�=T�<I�DIO@B@M�IPH=@M�JA�=DON�DI�OC@�=DONOM@<H��PKK@M�><N@�?@N>MDKOJMN�NK@>DAT�NTIO<S�@G@H@ION�OC<O�<M@

M@KM@N@IO@?�=T�<MDOCH@OD>�>J?DIB�

���
��� A�I�
2INDBI@?�I
=DO�IPH=@M�<KK@<MDIB�?DM@>OGT�DI�OC@�=DONOM@<H��1C@�=DON�<M@�M@<?�AMJH�CDBC�OJ�GJR�JM?@M��1C@�K<MNDIB�KMJ>@NN

NK@>DAD@?�DIN@>ODJI����DN�DIQJF@?�<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@?�I
=DO�IPH=@M�<KK@<MDIB�?DM@>OGT�DI�OC@�=DONOM@<H��1C@�K<MNDIB�KMJ>@NN�AJM�OCDN�?@N>MDKOJM�DN

NK@>DAD@?�=@GJR�

uvlc() { TypeType
leadingZeros = 0
while ( 1 ) {

donedone f(1)
if ( done )

break
leadingZeros++

}
if ( leadingZeros >= 32 ) {

return ( 1 << 32 ) - 1
}
valuevalue f(leadingZeros)
return value + ( 1 << leadingZeros ) - 1

}

���
��� G@�I�
2INDBI@?�GDOOG@
@I?D<I�I
=TO@�IPH=@M�<KK@<MDIB�?DM@>OGT�DI�OC@�=DONOM@<H��1C@�K<MNDIB�KMJ>@NN�AJM�OCDN�?@N>MDKOJM�DN

NK@>DAD@?�=@GJR�

le(n) { TypeType
t = 0
for ( i = 0; i < n; i++) {

bytebyte f(8)
t += ( byte << ( i * 8 ) )

}
return t

}

Note: 1CDN�NTIO<S�@G@H@IO�RDGG�JIGT�=@�KM@N@IO�RC@I�OC@�=DONOM@<H�KJNDODJI�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�

&I�OCDN�@I>J?DIB	�OC@�HJNO�NDBIDAD><IO�=DO�JA�@<>C�=TO@�DN�@LP<G�OJ���OJ�NDBI<G�OC<O�HJM@�=TO@N�NCJPG?�=@�M@<?	�JM�@LP<G�OJ�


OJ�NDBI<G�OC@�@I?�JA�OC@�@I>J?DIB�

��Q<MD<=G@�)@=����TO@N�DN�N@O�@LP<G�OJ�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() { TypeType
value = 0
Leb128Bytes = 0
for ( i = 0; i < 8; i++ ) {

leb128_byteleb128_byte f(8)
value |= ( (leb128_byte & 0x7f) << (i*7) )
Leb128Bytes += 1
if ( !(leb128_byte & 0x80) ) {

break
}

}
return value

}

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�M@OPMI@?�AMJH�OC@�G@=����K<MNDIB�KMJ>@NN�DN�G@NN�OC<I�JM�@LP<G

OJ�����������
���

leb128_byte >JIO<DIN���=DON�M@<?�AMJH�OC@�=DONOM@<H��1C@�=JOOJH���=DON�<M@�PN@?�OJ�>JHKPO@�OC@�Q<MD<=G@�Q<GP@��1C@�HJNO

NDBIDAD><IO�=DO�DN�PN@?�OJ�DI?D><O@�OC<O�OC@M@�<M@�HJM@�=TO@N�OJ�=@�M@<?�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�HJNO�NDBIDAD><IO�=DO�JA�G@=���;=TO@�DN�@LP<G�OJ�
�DA�D�DN�@LP<G�OJ�����1CDN

@INPM@N�OC<O�OCDN�NTIO<S�?@N>MDKOJM�I@Q@M�PN@N�HJM@�OC<I���=TO@N��

���
��� NP�I�
0DBI@?�DIO@B@M�>JIQ@MO@?�AMJH�<I�I�=DON�PINDBI@?�DIO@B@M�DI�OC@�=DONOM@<H���1C@�PINDBI@?�DIO@B@M�>JMM@NKJI?N�OJ�OC@

=JOOJH�I�=DON�JA�OC@�NDBI@?�DIO@B@M���1C@�K<MNDIB�KMJ>@NN�AJM�OCDN�?@N>MDKOJM�DN�NK@>DAD@?�=@GJR�

Note: 1CDN�NTIO<S�@G@H@IO�RDGG�JIGT�=@�KM@N@IO�RC@I�OC@�=DONOM@<H�KJNDODJI�DN�=TO@�<GDBI@?�

Note: 1C@M@�<M@�HPGODKG@�R<TN�JA�@I>J?DIB�OC@�N<H@�Q<GP@�?@K@I?DIB�JI�CJR�H<IT�G@<?DIB�U@MJ�=DON�<M@�@I>J?@?�

1C@M@�DN�IJ�M@LPDM@H@IO�OC<O�OCDN�NTIO<S�?@N>MDKOJM�PN@N�OC@�HJNO�>JHKM@NN@?�M@KM@N@IO<ODJI��1CDN�><I�=@�PN@APG

AJM�@I>J?@M�DHKG@H@IO<ODJIN�=T�<GGJRDIB�<�ADS@?�<HJPIO�JA�NK<>@�OJ�=@�ADGG@?�DI�G<O@M�RC@I�OC@�Q<GP@�=@>JH@N

FIJRI�
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su(n) { TypeType
valuevalue f(n)
signMask = 1 << (n - 1)
if ( value & signMask )

value = value - 2 * signMask
return value

}

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

1CDN�?@N>MDKOJM�DN�NDHDG<M�OJ�A� @DG)JB��I��	�=PO�M@?P>@N�R<NO<B@�DI>PMM@?�RC@I�@I>J?DIB�IJI
KJR@M�JA�ORJ�Q<GP@�M<IB@N

=T�@I>J?DIB���A@R@M�=DON�AJM�OC@�GJR@M�K<MO�JA�OC@�Q<GP@�M<IB@��#JM�@S<HKG@	�RC@I�I�DN�@LP<G�OJ��	�OC@�@I>J?DIBN�<M@�<N

AJGGJRN��APGG�=DI<MT�@I>J?DIBN�<M@�<GNJ�KM@N@IO@?�AJM�>JHK<MDNJI��

Value Full binary encoding ns(n) encoding
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� 
�

� 
�
 �


� 
�� ��


� �

 ���

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

ns( n ) { TypeType
w = FloorLog2(n) + 1
m = (1 << w) - n
vv f(w - 1)
if ( v < m )

return v
extra_bitextra_bit f(1)
return (v << 1) - m + extra_bit

}

1C@�<==M@QD<ODJI�IN�NO<I?N�AJM�IJI
NTHH@OMD>��1CDN�@I>J?DIB�DN�IJI
NTHH@OMD>�=@><PN@�OC@�Q<GP@N�<M@�IJO�<GG�>J?@?�RDOC

OC@�N<H@�IPH=@M�JA�=DON�

���
��� )�I�
2INDBI@?�<MDOCH@OD>�@I>J?@?�I
=DO�IPH=@M�@I>J?@?�<N�I�AG<BN��<�]GDO@M<G^���1C@�AG<BN�<M@�M@<?�AMJH�CDBC�OJ�GJR�JM?@M��1C@

NTIO<S�@G@H@IO�DN�N@O�@LP<G�OJ�OC@�M@OPMI�Q<GP@�JA�M@<?;GDO@M<G��I����N@@N@>ODJI������AJM�<�NK@>DAD><ODJI�JA�OCDN�KMJ>@NN��
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�I�<MDOCH@OD>�@I>J?@?�NTH=JG�>J?@?�AMJH�<�NH<GG�<GKC<=@O�JA�<O�HJNO����@IOMD@N�

1C@�NTH=JG�DN�?@>J?@?�=<N@?�JI�<�>JIO@SO�N@INDODQ@� !#��N@@N@>ODJI����AJM�OC@�NK@>DAD><ODJI�JA�OCDN�KMJ>@NN��

���
��
� +0�I�
2INDBI@?�<MDOCH@OD>�@I>J?@?�DIO@B@M�RDOC�H<SDHPH�IPH=@M�JA�Q<GP@N�I��D�@��JPOKPO�DI�M<IB@�
��I
���

1CDN�?@N>MDKOJM�DN�OC@�N<H@�<N�IN�I��@S>@KO�OC@�PI?@MGTDIB�=DON�<M@�>J?@?�<MDOCH@OD><GGT�

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

NS( n ) { TypeType
w = FloorLog2(n) + 1
m = (1 << w) - n
vv L(w - 1)
if ( v < m )

return v
extra_bitextra_bit L(1)
return (v << 1) - m + extra_bit

}
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�� 0TIO<S�NOMP>OPM@N
���� $@I@M<G
1CDN�N@>ODJI�KM@N@ION�OC@�NTIO<S�NOMP>OPM@N�DI�<�O<=PG<M�AJMH��1C@�H@<IDIB�JA�@<>C�JA�OC@�NTIO<S�@G@H@ION�DN�KM@N@IO@?�DI

0@>ODJI���

���� )JR�JQ@MC@<?�=DONOM@<H�AJMH<O
1CDN�NK@>DAD><ODJI�?@ADI@N�<�GJR
JQ@MC@<?�=DONOM@<H�AJMH<O�<N�<�N@LP@I>@�JA�OC@�,�2�NTIO<>OD><G�@G@H@ION�?@ADI@?�DI�OCDN

N@>ODJI��4C@I�PNDIB�OCDN�AJMH<O	�J=P;C<N;NDU@;AD@G?�HPNO�=@�@LP<G�OJ����#JM�<KKGD><ODJIN�M@LPDMDIB�<�AJMH<O�RC@M@�DO�DN

@<ND@M�OJ�NFDK�OCMJPBC�AM<H@N�JM�O@HKJM<G�PIDON	�<�G@IBOC
?@GDHDO@?�=DONOM@<H�AJMH<O�DN�?@ADI@?�DI��II@S���

!@MDQ@?�NK@>DAD><ODJIN	�NP>C�<N�>JIO<DI@M�AJMH<ON�@I<=GDIB�NOJM<B@�JA��3��QD?@JN�OJB@OC@M�RDOC�<P?DJ�JM�NP=ODOG@N	�NCJPG?

DI?D><O@�RCD>C�JA�OC@N@�AJMH<ON�OC@T�M@GT�JI��,OC@M�H@OCJ?N�JA�K<>FDIB�,�2N�DIOJ�<�=DONOM@<H�AJMH<O�<M@�<GNJ�<GGJR@?�

���� ,�2�NTIO<S
������ $@I@M<G�,�2�NTIO<S

open_bitstream_unit( sz ) { TypeType
obu_header()
if ( obu_has_size_field ) {

obu_sizeobu_size leb128()
} else {

obu_size = sz - 1 - obu_extension_flag
}
startPosition = get_position( )
if ( obu_type != OBU_SEQUENCE_HEADER &&

obu_type != OBU_TEMPORAL_DELIMITER &&
OperatingPointIdc != 0 &&
obu_extension_flag == 1 )

{
inTemporalLayer = (OperatingPointIdc >> temporal_id ) & 1
inSpatialLayer = (OperatingPointIdc >> ( spatial_id + 8 ) ) & 1
if ( !inTemporalLayer || ! 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() { TypeType

obu_forbidden_bitobu_forbidden_bit f(1)
obu_typeobu_type f(4)
obu_extension_flagobu_extension_flag f(1)
obu_has_size_fieldobu_has_size_field f(1)
obu_reserved_1bitobu_reserved_1bit f(1)
if ( obu_extension_flag == 1 )

obu_extension_header()
}

������ ,�2�@SO@INDJI�C@<?@M�NTIO<S
obu_extension_header() { TypeType

temporal_idtemporal_id f(3)
spatial_idspatial_id f(2)
extension_header_reserved_3bitsextension_header_reserved_3bits f(3)

}

������ 1M<DGDIB�=DON�NTIO<S
trailing_bits( nbBits ) { TypeType

trailing_one_bittrailing_one_bit f(1)
nbBits--
while ( nbBits > 0 ) {

trailing_zero_bittrailing_zero_bit f(1)
nbBits--

}
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}

������ �TO@�<GDBIH@IO�NTIO<S
byte_alignment( ) { TypeType

while ( get_position( ) & 7 )
zero_bitzero_bit f(1)

}

���� /@N@MQ@?�,�2�NTIO<S
reserved_obu( ) { TypeType
}

���� 0@LP@I>@�C@<?@M�,�2�NTIO<S
������ $@I@M<G�N@LP@I>@�C@<?@M�,�2�NTIO<S

sequence_header_obu( ) { TypeType
seq_profileseq_profile f(3)
still_picturestill_picture f(1)
reduced_still_picture_headerreduced_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 ]seq_level_idx[ 0 ] f(5)
seq_tier[ 0 ] = 0
decoder_model_present_for_this_op[ 0 ] = 0
initial_display_delay_present_for_this_op[ 0 ] = 0

} else {
timing_info_present_flagtiming_info_present_flag f(1)
if ( timing_info_present_flag ) {

timing_info( )
decoder_model_info_present_flagdecoder_model_info_present_flag f(1)
if ( decoder_model_info_present_flag ) {

decoder_model_info( )
}

Note: /@N@MQ@?�,�2N�?J�IJO�C<Q@�<�?@ADI@?�NTIO<S��1C@�J=P;OTK@�M@N@MQ@?�Q<GP@N�<M@�M@N@MQ@?�AJM�APOPM@�PN@�

!@>J?@MN�NCJPG?�DBIJM@�OC@�@IODM@�,�2�DA�OC@T�?J�IJO�PI?@MNO<I?�OC@�J=P;OTK@��&BIJMDIB�OC@�,�2�><I�=@�?JI@

=<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�>JIND?@M@?�OJ�=@�OC@

G<NO�=TO@�OC<O�DN�IJO�@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@MKM@O

OM<DGDIB�U@MJ�=TO@N�<N�<�>JIODIP<ODJI�JA�OC@�OM<DGDIB�=DON�DI�<I�,�2��1CDN�DHKGD@N�OC<O�RC@I�<IT�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@�OM<DGDIB�=DO��NC<GG�IJO�=@�@LP<G�OJ�
�
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} else {
decoder_model_info_present_flag = 0

}
initial_display_delay_present_flaginitial_display_delay_present_flag f(1)
operating_points_cnt_minus_1operating_points_cnt_minus_1 f(5)
for ( i = 0; i <= operating_points_cnt_minus_1; i++ ) {

operating_point_idc[ i ]operating_point_idc[ i ] f(12)
seq_level_idx[ i ]seq_level_idx[ i ] f(5)
if ( seq_level_idx[ i ] > 7 ) {

seq_tier[ i ]seq_tier[ i ] f(1)
} else {

seq_tier[ i ] = 0
}
if ( decoder_model_info_present_flag ) {

decoder_model_present_for_this_op[ i ]decoder_model_present_for_this_op[ i ] f(1)
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 ]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 ]initial_display_delay_minus_1[ i ] f(4)
}

}
}

}
operatingPoint = choose_operating_point( )
OperatingPointIdc = operating_point_idc[ operatingPoint ]
frame_width_bits_minus_1frame_width_bits_minus_1 f(4)
frame_height_bits_minus_1frame_height_bits_minus_1 f(4)
n = frame_width_bits_minus_1 + 1
max_frame_width_minus_1max_frame_width_minus_1 f(n)
n = frame_height_bits_minus_1 + 1
max_frame_height_minus_1max_frame_height_minus_1 f(n)
if ( reduced_still_picture_header )

frame_id_numbers_present_flag = 0
else

frame_id_numbers_present_flagframe_id_numbers_present_flag f(1)
if ( frame_id_numbers_present_flag ) {

delta_frame_id_length_minus_2delta_frame_id_length_minus_2 f(4)
additional_frame_id_length_minus_1additional_frame_id_length_minus_1 f(3)

}
use_128x128_superblockuse_128x128_superblock f(1)
enable_filter_intraenable_filter_intra f(1)
enable_intra_edge_filterenable_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_compoundenable_interintra_compound f(1)
enable_masked_compoundenable_masked_compound f(1)
enable_warped_motionenable_warped_motion f(1)
enable_dual_filterenable_dual_filter f(1)
enable_order_hintenable_order_hint f(1)
if ( enable_order_hint ) {

enable_jnt_compenable_jnt_comp f(1)
enable_ref_frame_mvsenable_ref_frame_mvs f(1)

} else {
enable_jnt_comp = 0
enable_ref_frame_mvs = 0

}
seq_choose_screen_content_toolsseq_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_toolsseq_force_screen_content_tools f(1)
}

if ( seq_force_screen_content_tools > 0 ) {
seq_choose_integer_mvseq_choose_integer_mv f(1)
if ( seq_choose_integer_mv ) {

seq_force_integer_mv = SELECT_INTEGER_MV
} else {

seq_force_integer_mvseq_force_integer_mv f(1)
}

} else {
seq_force_integer_mv = SELECT_INTEGER_MV

}
if ( enable_order_hint ) {

order_hint_bits_minus_1order_hint_bits_minus_1 f(3)
OrderHintBits = order_hint_bits_minus_1 + 1

} else {
OrderHintBits = 0

}
}
enable_superresenable_superres f(1)
enable_cdefenable_cdef f(1)
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enable_restorationenable_restoration f(1)
color_config( )
film_grain_params_presentfilm_grain_params_present f(1)

}

������  JGJM�>JIADB�NTIO<S
color_config( ) { TypeType

high_bitdepthhigh_bitdepth f(1)
if ( seq_profile == 2 && high_bitdepth ) {

twelve_bittwelve_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_chromemono_chrome f(1)
}
NumPlanes = mono_chrome ? 1 : 3
color_description_present_flagcolor_description_present_flag f(1)
if ( color_description_present_flag ) {

color_primariescolor_primaries f(8)
transfer_characteristicstransfer_characteristics f(8)
matrix_coefficientsmatrix_coefficients f(8)

} else {
color_primaries = CP_UNSPECIFIED
transfer_characteristics = TC_UNSPECIFIED
matrix_coefficients = MC_UNSPECIFIED

}
if ( mono_chrome ) {

color_rangecolor_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_rangecolor_range f(1)
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_xsubsampling_x f(1)
if ( subsampling_x )

subsampling_ysubsampling_y f(1)
else

subsampling_y = 0
} else {

subsampling_x = 1
subsampling_y = 0

}
}
if ( subsampling_x && subsampling_y ) {

chroma_sample_positionchroma_sample_position f(2)
}

}
separate_uv_delta_qseparate_uv_delta_q f(1)

}

������ 1DHDIB�DIAJ�NTIO<S
timing_info( ) { TypeType

num_units_in_display_ticknum_units_in_display_tick f(32)
time_scaletime_scale f(32)
equal_picture_intervalequal_picture_interval f(1)
if ( equal_picture_interval )

num_ticks_per_picture_minus_1num_ticks_per_picture_minus_1 uvlc()
}

������ !@>J?@M�HJ?@G�DIAJ�NTIO<S
decoder_model_info( ) { TypeType

buffer_delay_length_minus_1buffer_delay_length_minus_1 f(5)
num_units_in_decoding_ticknum_units_in_decoding_tick f(32)
buffer_removal_time_length_minus_1buffer_removal_time_length_minus_1 f(5)
frame_presentation_time_length_minus_1frame_presentation_time_length_minus_1 f(5)

}

������ ,K@M<ODIB�K<M<H@O@MN�DIAJ�NTIO<S
operating_parameters_info( op ) { TypeType

n = buffer_delay_length_minus_1 + 1
decoder_buffer_delay[ op ]decoder_buffer_delay[ op ] f(n)
encoder_buffer_delay[ op ]encoder_buffer_delay[ op ] f(n)
low_delay_mode_flag[ op ]low_delay_mode_flag[ op ] f(1)

}
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���� 1@HKJM<G�?@GDHDO@M�J=P�NTIO<S
temporal_delimiter_obu( ) { TypeType

SeenFrameHeader = 0
}

���� -<??DIB�,�2�NTIO<S
padding_obu( ) { TypeType

for ( i = 0; i < obu_padding_length; i++ )
obu_padding_byteobu_padding_byte f(8)

}

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

metadata_obu( ) { TypeType
metadata_typemetadata_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( )
}

Note: 1C@�O@HKJM<G�?@GDHDO@M�C<N�<I�@HKOT�K<TGJ<?�

Note: J=P;K<??DIB;G@IBOC�DN�IJO�>J?@?�DI�OC@�=DONOM@<H�=PO�><I�=@�>JHKPO@?�=<N@?�JI�J=P;NDU@�HDIPN�OC@

IPH=@M�JA�OM<DGDIB�=TO@N��&I�KM<>OD>@	�OCJPBC	�NDI>@�OCDN�DN�K<??DIB�?<O<�H@<IO�OJ�=@�NFDKK@?	�?@>J?@MN�?J�IJO�I@@?

OJ�?@O@MHDI@�@DOC@M�OC<O�G@IBOC�IJM�OC@�IPH=@M�JA�OM<DGDIB�=TO@N��1C@T�><I�DBIJM@�OC@�@IODM@�,�2��&BIJMDIB�OC@�,�2

><I�=@�?JI@�=<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

>JIND?@M@?�OJ�=@�OC@�G<NO�=TO@�OC<O�DN�IJO�@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@MKM@O�OM<DGDIB�U@MJ�=TO@N�<N�<�>JIODIP<ODJI�JA�OC@�OM<DGDIB�=DON�DI�<I�,�2��1CDN�DHKGD@N�OC<O�RC@I�<IT

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@�OM<DGDIB�=DO��NC<GG�IJO

=@�@LP<G�OJ�
�
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������ *@O<?<O<�&121�1���NTIO<S
metadata_itut_t35( ) { TypeType

itu_t_t35_country_codeitu_t_t35_country_code f(8)
if ( itu_t_t35_country_code == 0xFF ) {

itu_t_t35_country_code_extension_byteitu_t_t35_country_code_extension_byte f(8)
}
itu_t_t35_payload_bytesitu_t_t35_payload_bytes

}

������ *@O<?<O<�CDBC�?TI<HD>�M<IB@�>JIO@IO�GDBCO�G@Q@G�NTIO<S
metadata_hdr_cll( ) { TypeType

max_cllmax_cll f(16)
max_fallmax_fall f(16)

}

������ *@O<?<O<�CDBC�?TI<HD>�M<IB@�H<NO@MDIB�?DNKG<T�>JGJM�QJGPH@
NTIO<S

metadata_hdr_mdcv( ) { TypeType
for ( i = 0; i < 3; i++ ) {

primary_chromaticity_x[ i ]primary_chromaticity_x[ i ] f(16)
primary_chromaticity_y[ i ]primary_chromaticity_y[ i ] f(16)

}
white_point_chromaticity_xwhite_point_chromaticity_x f(16)
white_point_chromaticity_ywhite_point_chromaticity_y f(16)
luminance_maxluminance_max f(32)
luminance_minluminance_min f(32)

}

Note: 1C@�@S<>O�NTIO<S�JA�H@O<?<O<;J=P�DN�IJO�?@ADI@?�DI�OCDN�NK@>DAD><ODJI�RC@I�H@O<?<O<;OTK@�DN�@LP<G�OJ�<

Q<GP@�M@N@MQ@?�AJM�APOPM@�PN@�JM�<�PN@M�KMDQ<O@�Q<GP@��!@>J?@MN�NCJPG?�DBIJM@�OC@�@IODM@�,�2�DA�OC@T�?J�IJO

PI?@MNO<I?�OC@�H@O<?<O<;OTK@��1C@�G<NO�=TO@�JA�OC@�Q<GD?�>JIO@IO�JA�OC@�?<O<�DN�>JIND?@M@?�OJ�=@�OC@�G<NO�=TO@�OC<O�DN

IJO�@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@MKM@O�OM<DGDIB�U@MJ�=TO@N�<N

<�K<??DIB�>JIODIP<ODJI�JA�OC@�OM<DGDIB�=DON�DI�<I�,�2��1CDN�DHKGD@N�OC<O�RC@I�<IT�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@�OM<DGDIB�=DO��NC<GG�IJO�=@�@LP<G�OJ�
�

Note: 1C@�@S<>O�NTIO<S�JA�DOP;O;O��;K<TGJ<?;=TO@N�DN�IJO�?@ADI@?�DI�OCDN�NK@>DAD><ODJI��"SO@MI<G�NK@>DAD><ODJIN�><I

?@ADI@�OC@�NTIO<S��!@>J?@MN�NCJPG?�DBIJM@�OC@�@IODM@�,�2�DA�OC@T�?J�IJO�PI?@MNO<I?�DO��1C@�G<NO�=TO@�JA�OC@�Q<GD?

>JIO@IO�JA�OC@�?<O<�DN�>JIND?@M@?�OJ�=@�OC@�G<NO�=TO@�OC<O�DN�IJO�@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@MKM@O�OM<DGDIB�U@MJ�=TO@N�<N�<�K<??DIB�>JIODIP<ODJI�JA�OC@�OM<DGDIB�=DON�DI�<I�,�2�

1CDN�DHKGD@N�OC<O�RC@I�<IT�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@�OM<DGDIB�=DO��NC<GG�IJO�=@�@LP<G�OJ�
�
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������ *@O<?<O<�N><G<=DGDOT�NTIO<S
metadata_scalability( ) { TypeType

scalability_mode_idcscalability_mode_idc f(8)
if ( scalability_mode_idc == SCALABILITY_SS )

scalability_structure( )
}

������ 0><G<=DGDOT�NOMP>OPM@�NTIO<S
scalability_structure( ) { TypeType

spatial_layers_cnt_minus_1spatial_layers_cnt_minus_1 f(2)
spatial_layer_dimensions_present_flagspatial_layer_dimensions_present_flag f(1)
spatial_layer_description_present_flagspatial_layer_description_present_flag f(1)
temporal_group_description_present_flagtemporal_group_description_present_flag f(1)
scalability_structure_reserved_3bitsscalability_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 ]spatial_layer_max_width[ i ] f(16)
spatial_layer_max_height[ i ]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 ]spatial_layer_ref_id[ i ] f(8)

}
if ( temporal_group_description_present_flag ) {

temporal_group_sizetemporal_group_size f(8)
for ( i = 0; i < temporal_group_size; i++ ) {

temporal_group_temporal_id[ i ]temporal_group_temporal_id[ i ] f(3)
temporal_group_temporal_switching_up_point_flag[ i ]temporal_group_temporal_switching_up_point_flag[ i ] f(1)
temporal_group_spatial_switching_up_point_flag[ i ]temporal_group_spatial_switching_up_point_flag[ i ] f(1)
temporal_group_ref_cnt[ i ]temporal_group_ref_cnt[ i ] f(3)
for ( j = 0; j < temporal_group_ref_cnt[ i ]; j++ ) {

temporal_group_ref_pic_diff[ i ][ j ]temporal_group_ref_pic_diff[ i ][ j ] f(8)
}

}
}

}

������ *@O<?<O<�ODH@>J?@�NTIO<S
metadata_timecode( ) { TypeType

counting_typecounting_type f(5)
full_timestamp_flagfull_timestamp_flag f(1)
discontinuity_flagdiscontinuity_flag f(1)
cnt_dropped_flagcnt_dropped_flag f(1)
n_framesn_frames f(9)
if ( full_timestamp_flag ) {

seconds_valueseconds_value f(6)

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures Page 36 of 669



minutes_valueminutes_value f(6)
hours_valuehours_value f(5)

} else {
seconds_flagseconds_flag f(1)
if ( seconds_flag ) {

seconds_valueseconds_value f(6)
minutes_flagminutes_flag f(1)
if ( minutes_flag ) {

minutes_valueminutes_value f(6)
hours_flaghours_flag f(1)
if ( hours_flag ) {

hours_valuehours_value f(5)
}

}
}

}
time_offset_lengthtime_offset_length f(5)
if ( time_offset_length > 0 ) {

time_offset_valuetime_offset_value f(time_offset_length)
}

}

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

frame_header_obu( ) { TypeType
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

}
}

}

������ 2I>JHKM@NN@?�C@<?@M�NTIO<S
uncompressed_header( ) { TypeType

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
FrameIsIntra = 1
show_frame = 1
showable_frame = 0

} else {
show_existing_frameshow_existing_frame f(1)
if ( show_existing_frame == 1 ) {

frame_to_show_map_idxframe_to_show_map_idx f(3)
if ( decoder_model_info_present_flag && !equal_picture_interval ) {

temporal_point_info( )
}
refresh_frame_flags = 0
if ( frame_id_numbers_present_flag ) {

display_frame_iddisplay_frame_id f(idLen)
}
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_typeframe_type f(2)
FrameIsIntra = (frame_type == INTRA_ONLY_FRAME ||

frame_type == KEY_FRAME)
show_frameshow_frame f(1)
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_frameshowable_frame f(1)
}
if ( frame_type == SWITCH_FRAME ||

( frame_type == KEY_FRAME && show_frame ) )
error_resilient_mode = 1

else
error_resilient_modeerror_resilient_mode f(1)

}
if ( frame_type == KEY_FRAME && show_frame ) {

for ( i = 0; i < NUM_REF_FRAMES; i++ ) {
RefValid[ i ] = 0
RefOrderHint[ i ] = 0
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}
for ( i = 0; i < REFS_PER_FRAME; i++ ) {

OrderHints[ LAST_FRAME + i ] = 0
}

}
disable_cdf_updatedisable_cdf_update f(1)
if ( seq_force_screen_content_tools == SELECT_SCREEN_CONTENT_TOOLS ) {

allow_screen_content_toolsallow_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_mvforce_integer_mv f(1)

} else {
force_integer_mv = seq_force_integer_mv

}
} else {

force_integer_mv = 0
}
if ( FrameIsIntra ) {

force_integer_mv = 1
}
if ( frame_id_numbers_present_flag ) {

PrevFrameID = current_frame_id
current_frame_idcurrent_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_flagframe_size_override_flag f(1)
order_hintorder_hint f(OrderHintBits)
OrderHint = order_hint
if ( FrameIsIntra || error_resilient_mode ) {

primary_ref_frame = PRIMARY_REF_NONE
} else {

primary_ref_frameprimary_ref_frame f(3)
}
if ( decoder_model_info_present_flag ) {

buffer_removal_time_present_flagbuffer_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 ] ) {

opPtIdc = operating_point_idc[ opNum ]
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inTemporalLayer = ( opPtIdc >> temporal_id ) & 1
inSpatialLayer = ( opPtIdc >> ( spatial_id + 8 ) ) & 1
if ( opPtIdc == 0 || ( inTemporalLayer && inSpatialLayer ) ) {

n = buffer_removal_time_length_minus_1 + 1
buffer_removal_time[ opNum ]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_flagsrefresh_frame_flags f(8)

}
if ( !FrameIsIntra || refresh_frame_flags != allFrames ) {

if ( error_resilient_mode && enable_order_hint ) {
for ( i = 0; i < NUM_REF_FRAMES; i++) {

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

RefValid[ i ] = 0
}

}
}

}
if (  FrameIsIntra ) {

frame_size( )
render_size( )
if ( allow_screen_content_tools && UpscaledWidth == FrameWidth ) {

allow_intrabcallow_intrabc f(1)
}

} else {
if ( !enable_order_hint ) {

frame_refs_short_signaling = 0
} else {

frame_refs_short_signalingframe_refs_short_signaling f(1)
if ( frame_refs_short_signaling ) {

last_frame_idxlast_frame_idx f(3)
gold_frame_idxgold_frame_idx f(3)
set_frame_refs()

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

if ( !frame_refs_short_signaling )
ref_frame_idx[ i ]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_1delta_frame_id_minus_1 f(n)
DeltaFrameId = delta_frame_id_minus_1 + 1
expectedFrameId[ i ] = ((current_frame_id + (1 << idLen) -

DeltaFrameId ) % (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_mvallow_high_precision_mv f(1)
}
read_interpolation_filter( )
is_motion_mode_switchableis_motion_mode_switchable f(1)
if ( error_resilient_mode || !enable_ref_frame_mvs ) {

use_ref_frame_mvs = 0
} else {

use_ref_frame_mvsuse_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 ( !enable_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_cdfdisable_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( )
quantization_params( )
segmentation_params( )
delta_q_params( )
delta_lf_params( )
if ( primary_ref_frame == PRIMARY_REF_NONE ) {

init_coeff_cdfs( )
} else {

load_previous_segment_ids( )
}
CodedLossless = 1
for ( segmentId = 0; segmentId < MAX_SEGMENTS; segmentId++ ) {

qindex = get_qindex( 1, segmentId )
LosslessArray[ segmentId ] = qindex == 0 && DeltaQYDc == 0 &&

DeltaQUAc == 0 && DeltaQUDc == 0 &&
DeltaQVAc == 0 && DeltaQVDc == 0

if ( !LosslessArray[ segmentId ] )
CodedLossless = 0

if ( using_qmatrix ) {
if ( LosslessArray[ segmentId ] ) {

SegQMLevel[ 0 ][ segmentId ] = 15
SegQMLevel[ 1 ][ segmentId ] = 15
SegQMLevel[ 2 ][ segmentId ] = 15

} else {
SegQMLevel[ 0 ][ segmentId ] = qm_y
SegQMLevel[ 1 ][ segmentId ] = qm_u
SegQMLevel[ 2 ][ segmentId ] = qm_v

}
}

}
AllLossless = CodedLossless && ( FrameWidth == UpscaledWidth )
loop_filter_params( )
cdef_params( )
lr_params( )
read_tx_mode( )
frame_reference_mode( )
skip_mode_params( )
if ( FrameIsIntra ||

error_resilient_mode ||
!enable_warped_motion )

allow_warped_motion = 0
else

allow_warped_motionallow_warped_motion f(1)
reduced_tx_setreduced_tx_set f(1)
global_motion_params( )
film_grain_params( )

}
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������ $@O�M@G<ODQ@�?DNO<I>@�API>ODJI
1CDN�API>ODJI�>JHKPO@N�OC@�?DNO<I>@�=@OR@@I�ORJ�JM?@M�CDION�=T�NDBI�@SO@I?DIB�OC@�M@NPGO�JA�NP=OM<>ODIB�OC@�Q<GP@N�

get_relative_dist( a, b ) { TypeType
if ( !enable_order_hint )

return 0
diff = a - b
m = 1 << (OrderHintBits - 1)
diff = (diff & (m - 1)) - (diff & m)
return diff

}

������ /@A@M@I>@�AM<H@�H<MFDIB�API>ODJI
mark_ref_frames( idLen ) { TypeType

diffLen = delta_frame_id_length_minus_2 + 2
for ( i = 0; i < NUM_REF_FRAMES; i++ ) {

if ( current_frame_id > ( 1 << diffLen ) ) {
if ( RefFrameId[ i ] > current_frame_id ||

RefFrameId[ i ] < ( current_frame_id - ( 1 << diffLen ) ) )
RefValid[ i ] = 0

} else {
if ( RefFrameId[ i ] > current_frame_id &&

RefFrameId[ i ] < ( ( 1 << idLen ) +
current_frame_id -
( 1 << diffLen ) ) )

RefValid[ i ] = 0
}

}
}

������ #M<H@�NDU@�NTIO<S
frame_size( ) { TypeType

if ( frame_size_override_flag ) {
n = frame_width_bits_minus_1 + 1
frame_width_minus_1frame_width_minus_1 f(n)
n = frame_height_bits_minus_1 + 1
frame_height_minus_1frame_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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������ /@I?@M�NDU@�NTIO<S
render_size( ) { TypeType

render_and_frame_size_differentrender_and_frame_size_different f(1)
if ( render_and_frame_size_different == 1 ) {

render_width_minus_1render_width_minus_1 f(16)
render_height_minus_1render_height_minus_1 f(16)
RenderWidth = render_width_minus_1 + 1
RenderHeight = render_height_minus_1 + 1

} else {
RenderWidth = UpscaledWidth
RenderHeight = FrameHeight

}
}

������ #M<H@�NDU@�RDOC�M@AN�NTIO<S
frame_size_with_refs( ) { TypeType

for ( i = 0; i < REFS_PER_FRAME; i++ ) {
found_reffound_ref f(1)
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( )

}
}

������ 0PK@MM@N�K<M<HN�NTIO<S
superres_params() { TypeType

if ( enable_superres )
use_superresuse_superres f(1)

else
use_superres = 0

if ( use_superres ) {
coded_denomcoded_denom f(SUPERRES_DENOM_BITS)
SuperresDenom = coded_denom + SUPERRES_DENOM_MIN

} else {
SuperresDenom = SUPERRES_NUM
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}
UpscaledWidth = FrameWidth
FrameWidth = (UpscaledWidth * SUPERRES_NUM +

(SuperresDenom / 2)) / SuperresDenom
}

������  JHKPO@�DH<B@�NDU@�API>ODJI
compute_image_size( ) { TypeType

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

}

�����
� &IO@MKJG<ODJI�ADGO@M�NTIO<S
read_interpolation_filter( ) { TypeType

is_filter_switchableis_filter_switchable f(1)
if ( is_filter_switchable == 1 ) {

interpolation_filter = SWITCHABLE
} else {

interpolation_filterinterpolation_filter f(2)
}

}

������� )JJK�ADGO@M�K<M<HN�NTIO<S
loop_filter_params( ) { TypeType

if ( CodedLossless || allow_intrabc ) {
loop_filter_level[ 0 ] = 0
loop_filter_level[ 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 ]loop_filter_level[ 0 ] f(6)
loop_filter_level[ 1 ]loop_filter_level[ 1 ] f(6)
if ( NumPlanes > 1 ) {

if ( loop_filter_level[ 0 ] || loop_filter_level[ 1 ] ) {
loop_filter_level[ 2 ]loop_filter_level[ 2 ] f(6)
loop_filter_level[ 3 ]loop_filter_level[ 3 ] f(6)

}

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures Page 45 of 669



}
loop_filter_sharpnessloop_filter_sharpness f(3)
loop_filter_delta_enabledloop_filter_delta_enabled f(1)
if ( loop_filter_delta_enabled == 1 ) {

loop_filter_delta_updateloop_filter_delta_update f(1)
if ( loop_filter_delta_update == 1 ) {

for ( i = 0; i < TOTAL_REFS_PER_FRAME; i++ ) {
update_ref_deltaupdate_ref_delta f(1)
if ( update_ref_delta == 1 )

loop_filter_ref_deltas[ i ]loop_filter_ref_deltas[ i ] su(1+6)
}
for ( i = 0; i < 2; i++ ) {

update_mode_deltaupdate_mode_delta f(1)
if ( update_mode_delta == 1 )

loop_filter_mode_deltas[ i ]loop_filter_mode_deltas[ i ] su(1+6)
}

}
}

}

������� .P<IODU<ODJI�K<M<HN�NTIO<S
quantization_params( ) { TypeType

base_q_idxbase_q_idx f(8)
DeltaQYDc = read_delta_q( )
if ( NumPlanes > 1 ) {

if ( separate_uv_delta_q )
diff_uv_deltadiff_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_qmatrixusing_qmatrix f(1)
if ( using_qmatrix ) {

qm_yqm_y f(4)
qm_uqm_u f(4)
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if ( !separate_uv_delta_q )
qm_v = qm_u

else
qm_vqm_v f(4)

}
}

������� !@GO<�LP<IODU@M�NTIO<S
read_delta_q( ) { TypeType

delta_codeddelta_coded f(1)
if ( delta_coded ) {

delta_qdelta_q su(1+6)
} else {

delta_q = 0
}
return delta_q

}

������� 0@BH@IO<ODJI�K<M<HN�NTIO<S
segmentation_params( ) { TypeType

segmentation_enabledsegmentation_enabled f(1)
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_mapsegmentation_update_map f(1)
if ( segmentation_update_map == 1 )

segmentation_temporal_updatesegmentation_temporal_update f(1)
segmentation_update_datasegmentation_update_data f(1)

}
if ( segmentation_update_data == 1 ) {

for ( i = 0; i < MAX_SEGMENTS; i++ ) {
for ( j = 0; j < SEG_LVL_MAX; j++ ) {

feature_value = 0
feature_enabledfeature_enabled f(1)
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_valuefeature_value su(1+bitsToRead)
clippedValue = Clip3( -limit, limit, feature_value)

} else {
feature_valuefeature_value f(bitsToRead)
clippedValue = Clip3( 0, limit, feature_value)
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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

}
}

}
SegIdPreSkip = 0
LastActiveSegId = 0
for ( i = 0; i < MAX_SEGMENTS; i++ ) {

for ( j = 0; j < SEG_LVL_MAX; j++ ) {
if ( FeatureEnabled[ i ][ j ] ) {

LastActiveSegId = i
if ( j >= SEG_LVL_REF_FRAME ) {

SegIdPreSkip = 1
}

}
}

}
}

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

Segmentation_Feature_Bits [[ SEG_LVL_MAX]] == {{ 88,, 66,, 66,, 66,, 66,, 33,, 00,, 00 }}
Segmentation_Feature_Signed[[ SEG_LVL_MAX]] == {{ 11,, 11,, 11,, 11,, 11,, 00,, 00,, 00 }}
Segmentation_Feature_Max[[ SEG_LVL_MAX]] == {{

255255,, MAX_LOOP_FILTER,, MAX_LOOP_FILTER,,
MAX_LOOP_FILTER,, MAX_LOOP_FILTER,, 77,,
00,, 00 }}

������� 1DG@�DIAJ�NTIO<S
tile_info ( ) { TypeType

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
sbSize = sbShift + 2
maxTileWidthSb = MAX_TILE_WIDTH >> sbSize
maxTileAreaSb = MAX_TILE_AREA >> ( 2 * sbSize )
minLog2TileCols = tile_log2(maxTileWidthSb, sbCols)
maxLog2TileCols = tile_log2(1, Min(sbCols, MAX_TILE_COLS))
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maxLog2TileRows = tile_log2(1, Min(sbRows, MAX_TILE_ROWS))
minLog2Tiles = Max(minLog2TileCols,

tile_log2(maxTileAreaSb, sbRows * sbCols))

uniform_tile_spacing_flaguniform_tile_spacing_flag f(1)
if ( uniform_tile_spacing_flag ) {

TileColsLog2 = minLog2TileCols
while ( TileColsLog2 < maxLog2TileCols ) {

increment_tile_cols_log2increment_tile_cols_log2 f(1)
if ( increment_tile_cols_log2 == 1 )

TileColsLog2++
else

break
}
tileWidthSb = (sbCols + (1 << TileColsLog2) - 1) >> TileColsLog2
i = 0
for ( startSb = 0; startSb < sbCols; startSb += tileWidthSb ) {

MiColStarts[ i ] = startSb << sbShift
i += 1

}
MiColStarts[i] = MiCols
TileCols = i

minLog2TileRows = Max( minLog2Tiles - TileColsLog2, 0)
TileRowsLog2 = minLog2TileRows
while ( TileRowsLog2 < maxLog2TileRows ) {

increment_tile_rows_log2increment_tile_rows_log2 f(1)
if ( increment_tile_rows_log2 == 1 )

TileRowsLog2++
else

break
}
tileHeightSb = (sbRows + (1 << TileRowsLog2) - 1) >> TileRowsLog2
i = 0
for ( startSb = 0; startSb < sbRows; startSb += tileHeightSb ) {

MiRowStarts[ i ] = startSb << sbShift
i += 1

}
MiRowStarts[i] = MiRows
TileRows = i

} else {
widestTileSb = 0
startSb = 0
for ( i = 0; startSb < sbCols; i++ ) {

MiColStarts[ i ] = startSb << sbShift
maxWidth = Min(sbCols - startSb, maxTileWidthSb)
width_in_sbs_minus_1width_in_sbs_minus_1 ns(maxWidth)
sizeSb = width_in_sbs_minus_1 + 1
widestTileSb = Max( sizeSb, widestTileSb )
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startSb += sizeSb
}
MiColStarts[i] = MiCols
TileCols = i
TileColsLog2 = tile_log2(1, TileCols)

if ( minLog2Tiles > 0 )
maxTileAreaSb = (sbRows * sbCols) >> (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_1height_in_sbs_minus_1 ns(maxHeight)
sizeSb = height_in_sbs_minus_1 + 1
startSb += sizeSb

}
MiRowStarts[ i ] = MiRows
TileRows = i
TileRowsLog2 = tile_log2(1, TileRows)

}
if ( TileColsLog2 > 0 || TileRowsLog2 > 0 ) {

context_update_tile_idcontext_update_tile_id
f(TileRowsLog2

+
TileColsLog2)

tile_size_bytes_minus_1tile_size_bytes_minus_1 f(2)
TileSizeBytes = tile_size_bytes_minus_1 + 1

} else {
context_update_tile_id = 0

}
}

������� 1DG@�NDU@�><G>PG<ODJI�API>ODJI
ODG@;GJB��M@OPMIN�OC@�NH<GG@NO�Q<GP@�AJM�F�NP>C�OC<O�=GF0DU@����F�DN�BM@<O@M�OC<I�JM�@LP<G�OJ�O<MB@O�

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

}

������� .P<IODU@M�DI?@S�?@GO<�K<M<H@O@MN�NTIO<S
delta_q_params( ) { TypeType

delta_q_res = 0
delta_q_present = 0
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if ( base_q_idx > 0 ) {
delta_q_presentdelta_q_present f(1)

}
if ( delta_q_present ) {

delta_q_resdelta_q_res f(2)
}

}

������� )JJK�ADGO@M�?@GO<�K<M<H@O@MN�NTIO<S
delta_lf_params( ) { TypeType

delta_lf_present = 0
delta_lf_res = 0
delta_lf_multi = 0
if ( delta_q_present ) {

if ( !allow_intrabc )
delta_lf_presentdelta_lf_present f(1)

if ( delta_lf_present ) {
delta_lf_resdelta_lf_res f(2)
delta_lf_multidelta_lf_multi f(1)

}
}

}

�������  !"#�K<M<HN�NTIO<S
cdef_params( ) { TypeType

if ( CodedLossless || allow_intrabc ||
!enable_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_3cdef_damping_minus_3 f(2)
CdefDamping = cdef_damping_minus_3 + 3
cdef_bitscdef_bits f(2)
for ( i = 0; i < (1 << cdef_bits); i++ ) {

cdef_y_pri_strength[i]cdef_y_pri_strength[i] f(4)
cdef_y_sec_strength[i]cdef_y_sec_strength[i] f(2)
if ( cdef_y_sec_strength[i] == 3 )

cdef_y_sec_strength[i] += 1
if ( NumPlanes > 1 ) {

cdef_uv_pri_strength[i]cdef_uv_pri_strength[i] f(4)
cdef_uv_sec_strength[i]cdef_uv_sec_strength[i] f(2)
if ( cdef_uv_sec_strength[i] == 3 )

cdef_uv_sec_strength[i] += 1
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}
}

}

�����
� )JJK�M@NOJM<ODJI�K<M<HN�NTIO<S
lr_params( ) { TypeType

if ( AllLossless || allow_intrabc ||
!enable_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++ ) {

lr_typelr_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 ) {
lr_unit_shiftlr_unit_shift f(1)
lr_unit_shift++

} else {
lr_unit_shiftlr_unit_shift f(1)
if ( lr_unit_shift ) {

lr_unit_extra_shiftlr_unit_extra_shift f(1)
lr_unit_shift += lr_unit_extra_shift

}
}
LoopRestorationSize[ 0 ] = RESTORATION_TILESIZE_MAX >> (2 - lr_unit_shift)
if ( subsampling_x && subsampling_y && usesChromaLr ) {

lr_uv_shiftlr_uv_shift f(1)
} else {

lr_uv_shift = 0
}
LoopRestorationSize[ 1 ] = LoopRestorationSize[ 0 ] >> lr_uv_shift
LoopRestorationSize[ 2 ] = LoopRestorationSize[ 0 ] >> lr_uv_shift

}
}

RC@M@�/@H<K;)M;1TK@�DN�<�>JINO<IO�GJJFPK�O<=G@�NK@>DAD@?�<N�
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Remap_Lr_Type[[ 44]] == {{
RESTORE_NONE,, RESTORE_SWITCHABLE,, RESTORE_WIENER,, RESTORE_SGRPROJ

}}

������� 15�HJ?@�NTIO<S
read_tx_mode( ) { TypeType

if ( CodedLossless == 1 ) {
TxMode = ONLY_4X4

} else {
tx_mode_selecttx_mode_select f(1)
if ( tx_mode_select ) {

TxMode = TX_MODE_SELECT
} else {

TxMode = TX_MODE_LARGEST
}

}
}

������� 0FDK�HJ?@�K<M<HN�NTIO<S
skip_mode_params( ) { TypeType

if ( FrameIsIntra || !reference_select || !enable_order_hint ) {
skipModeAllowed = 0

} else {
forwardIdx = -1
backwardIdx = -1
for ( i = 0; i < REFS_PER_FRAME; i++ ) {

refHint = RefOrderHint[ ref_frame_idx[ i ] ]
if ( get_relative_dist( refHint, OrderHint ) < 0 ) {

if ( forwardIdx < 0 ||
get_relative_dist( refHint, forwardHint) > 0 ) {

forwardIdx = i
forwardHint = refHint

}
} else if ( get_relative_dist( refHint, OrderHint) > 0 ) {

if ( backwardIdx < 0 ||
get_relative_dist( refHint, backwardHint) < 0 ) {

backwardIdx = i
backwardHint = refHint

}
}

}
if ( forwardIdx < 0 ) {

skipModeAllowed = 0
} else if ( backwardIdx >= 0 ) {

skipModeAllowed = 1
SkipModeFrame[ 0 ] = LAST_FRAME + Min(forwardIdx, backwardIdx)
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SkipModeFrame[ 1 ] = LAST_FRAME + Max(forwardIdx, backwardIdx)
} else {

secondForwardIdx = -1
for ( i = 0; i < REFS_PER_FRAME; i++ ) {

refHint = RefOrderHint[ ref_frame_idx[ i ] ]
if ( get_relative_dist( refHint, forwardHint ) < 0 ) {

if ( secondForwardIdx < 0 ||
get_relative_dist( refHint, secondForwardHint ) > 0 ) {

secondForwardIdx = i
secondForwardHint = refHint

}
}

}
if ( secondForwardIdx < 0 ) {

skipModeAllowed = 0
} else {

skipModeAllowed = 1
SkipModeFrame[ 0 ] = LAST_FRAME + Min(forwardIdx, secondForwardIdx)
SkipModeFrame[ 1 ] = LAST_FRAME + Max(forwardIdx, secondForwardIdx)

}
}

}
if ( skipModeAllowed ) {

skip_mode_presentskip_mode_present f(1)
} else {

skip_mode_present = 0
}

}

������� #M<H@�M@A@M@I>@�HJ?@�NTIO<S
frame_reference_mode( ) { TypeType

if ( FrameIsIntra ) {
reference_select = 0

} else {
reference_selectreference_select f(1)

}
}

������� $GJ=<G�HJODJI�K<M<HN�NTIO<S
global_motion_params( ) { TypeType

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

gm_params[ ref ][ i ] = ( ( i % 3 == 2 ) ?
1 << WARPEDMODEL_PREC_BITS : 0 )

}
}
if ( FrameIsIntra )
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return
for ( ref = LAST_FRAME; ref <= ALTREF_FRAME; ref++ ) {

is_globalis_global f(1)
if ( is_global ) {

is_rot_zoomis_rot_zoom f(1)
if ( is_rot_zoom ) {

type = ROTZOOM
} else {

is_translationis_translation f(1)
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 ) { TypeType

absBits = GM_ABS_ALPHA_BITS
precBits = GM_ALPHA_PREC_BITS
if ( idx < 2 ) {

if ( type == TRANSLATION ) {
absBits = GM_ABS_TRANS_ONLY_BITS - !allow_high_precision_mv
precBits = GM_TRANS_ONLY_PREC_BITS - !allow_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
}

������� !@>J?@�NDBI@?�NP=@SK�RDOC�M@A�NTIO<S
decode_signed_subexp_with_ref( low, high, r ) { TypeType

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

}

������� !@>J?@�PINDBI@?�NP=@SK�RDOC�M@A�NTIO<S
decode_unsigned_subexp_with_ref( mx, r ) { TypeType

v = decode_subexp( mx )
if ( (r << 1) <= mx ) {

return inverse_recenter(r, v)
} else {

return mx - 1 - inverse_recenter(mx - 1 - r, v)
}

}

������� !@>J?@�NP=@SK�NTIO<S
decode_subexp( numSyms ) { TypeType

i = 0
mk = 0
k = 3
while ( 1 ) {

b2 = i ? k + i - 1 : k
a = 1 << b2
if ( numSyms <= mk + 3 * a ) {

subexp_final_bitssubexp_final_bits ns(numSyms - mk)
return subexp_final_bits + mk

} else {

Note: 4C@I�AJM>@;DIO@B@M;HQ�DN�@LP<G�OJ��	�NJH@�AM<>ODJI<G�=DON�<M@�NODGG�M@<?�AJM�OC@�OM<ING<ODJI�>JHKJI@ION�

%JR@Q@M	�OC@N@�AM<>ODJI<G�=DON�RDGG�=@�?DN><M?@?�?PMDIB�OC@�0@OPK�$GJ=<G�*3�KMJ>@NN�

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

Note: ?@>J?@;PINDBI@?;NP=@SK;RDOC;M@A�RDGG�M@OPMI�<�Q<GP@�DI�OC@�M<IB@�
�OJ�HS�
����DI>GPNDQ@��
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subexp_more_bitssubexp_more_bits f(1)
if ( subexp_more_bits ) {

i++
mk += a

} else {
subexp_bitssubexp_bits f(b2)
return subexp_bits + mk

}
}

}
}

������� &IQ@MN@�M@>@IO@M�API>ODJI
inverse_recenter( r, v ) { TypeType

if ( v > 2 * r )
return v

else if ( v & 1 )
return r - ((v + 1) >> 1)

else
return r + (v >> 1)

}

�����
� #DGH�BM<DI�K<M<HN�NTIO<S
film_grain_params( ) { TypeType

if ( !film_grain_params_present ||
(!show_frame && !showable_frame) ) {

reset_grain_params()
return

}
apply_grainapply_grain f(1)
if ( !apply_grain ) {

reset_grain_params()
return

}
grain_seedgrain_seed f(16)
if ( frame_type == INTER_FRAME )

update_grainupdate_grain f(1)
else

update_grain = 1
if ( !update_grain ) {

film_grain_params_ref_idxfilm_grain_params_ref_idx f(3)
tempGrainSeed = grain_seed
load_grain_params( film_grain_params_ref_idx )
grain_seed = tempGrainSeed
return

}
num_y_pointsnum_y_points f(4)
for ( i = 0; i < num_y_points; i++ ) {
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point_y_value[ i ]point_y_value[ i ] f(8)
point_y_scaling[ i ]point_y_scaling[ i ] f(8)

}
if ( mono_chrome ) {

chroma_scaling_from_luma = 0
} else {

chroma_scaling_from_lumachroma_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_pointsnum_cb_points f(4)
for ( i = 0; i < num_cb_points; i++ ) {

point_cb_value[ i ]point_cb_value[ i ] f(8)
point_cb_scaling[ i ]point_cb_scaling[ i ] f(8)

}
num_cr_pointsnum_cr_points f(4)
for ( i = 0; i < num_cr_points; i++ ) {

point_cr_value[ i ]point_cr_value[ i ] f(8)
point_cr_scaling[ i ]point_cr_scaling[ i ] f(8)

}
}
grain_scaling_minus_8grain_scaling_minus_8 f(2)
ar_coeff_lagar_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 ]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_128[ i ]ar_coeffs_cb_plus_128[ i ] f(8)

}
if ( chroma_scaling_from_luma || num_cr_points ) {

for ( i = 0; i < numPosChroma; i++ )
ar_coeffs_cr_plus_128[ i ]ar_coeffs_cr_plus_128[ i ] f(8)

}
ar_coeff_shift_minus_6ar_coeff_shift_minus_6 f(2)
grain_scale_shiftgrain_scale_shift f(2)
if ( num_cb_points ) {

cb_multcb_mult f(8)
cb_luma_multcb_luma_mult f(8)
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cb_offsetcb_offset f(9)
}
if ( num_cr_points ) {

cr_multcr_mult f(8)
cr_luma_multcr_luma_mult f(8)
cr_offsetcr_offset f(9)

}
overlap_flagoverlap_flag f(1)
clip_to_restricted_rangeclip_to_restricted_range f(1)

}

������� 1@HKJM<G�KJDIO�DIAJ�NTIO<S
temporal_point_info( ) { TypeType

n = frame_presentation_time_length_minus_1 + 1
frame_presentation_timeframe_presentation_time f(n)

}

���
� #M<H@�,�2�NTIO<S
frame_obu( sz ) { TypeType

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@�BMJPK�,�2�NTIO<S

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

tile_start_and_end_present_flagtile_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 = TileColsLog2 + TileRowsLog2
tg_starttg_start f(tileBits)
tg_endtg_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_1tile_size_minus_1 le(TileSizeBytes)
tileSize = tile_size_minus_1 + 1
sz -= tileSize + TileSizeBytes

}
MiRowStart = MiRowStarts[ tileRow ]
MiRowEnd = MiRowStarts[ tileRow + 1 ]
MiColStart = MiColStarts[ tileCol ]
MiColEnd = MiColStarts[ tileCol + 1 ]
CurrentQIndex = base_q_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

}
}

������� !@>J?@�ODG@�NTIO<S
decode_tile( ) { TypeType

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 ]
}

}
}
sbSize = use_128x128_superblock ? BLOCK_128X128 : BLOCK_64X64
sbSize4 = Num_4x4_Blocks_Wide[ sbSize ]
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for ( r = MiRowStart; r < MiRowEnd; r += sbSize4 ) {
clear_left_context( )
for ( c = MiColStart; c < MiColEnd; c += sbSize4 ) {

ReadDeltas = delta_q_present
clear_cdef( r, c )
clear_block_decoded_flags( r, c, sbSize4 )
read_lr( r, c, sbSize )
decode_partition( r, c, sbSize )

}
}

}

RC@M@�0BMKMJE;5L?;*D?�<I?�4D@I@M;1<KN;*D?�<M@�>JINO<IO�GJJFPK�O<=G@N�NK@>DAD@?�<N�

Wiener_Taps_Mid[[ 33]] == {{ 33,, -- 77,, 1515 }}

Sgrproj_Xqd_Mid[[ 22]] == {{ -- 3232,, 3131 }}

�������  G@<M�=GJ>F�?@>J?@?�AG<BN�API>ODJI
clear_block_decoded_flags( r, c, sbSize4 ) { TypeType

for ( plane = 0; plane < NumPlanes; plane++ ) {
subX = (plane > 0) ? subsampling_x : 0
subY = (plane > 0) ? subsampling_y : 0
sbWidth4 = ( MiColEnd - c ) >> 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 ][ y ][ x ] = 1
else if ( x < 0 && y < sbHeight4 )

BlockDecoded[ plane ][ y ][ x ] = 1
else

BlockDecoded[ plane ][ y ][ x ] = 0
}

BlockDecoded[ plane ][ sbSize4 >> subY ][ -1 ] = 0
}

}

������� !@>J?@�K<MODODJI�NTIO<S
decode_partition( r, c, bSize ) { TypeType

if ( r >= MiRows || c >= MiCols )
return 0

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 = ( c + halfBlock4x4 ) < MiCols
if ( bSize < BLOCK_8X8 ) {

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

partitionpartition S()
} else if ( hasCols ) {

split_or_horzsplit_or_horz S()
partition = split_or_horz ? PARTITION_SPLIT : PARTITION_HORZ

} else if ( hasRows ) {
split_or_vertsplit_or_vert S()
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, c, subSize )
} else if ( partition == PARTITION_HORZ ) {

decode_block( r, c, subSize )
if ( hasRows )

decode_block( r + halfBlock4x4, c, subSize )
} else if ( partition == PARTITION_VERT ) {

decode_block( r, c, subSize )
if ( hasCols )

decode_block( r, c + halfBlock4x4, subSize )
} else if ( partition == PARTITION_SPLIT ) {

decode_partition( r, c, subSize )
decode_partition( r, c + halfBlock4x4, subSize )
decode_partition( r + halfBlock4x4, c, subSize )
decode_partition( r + halfBlock4x4, c + halfBlock4x4, subSize )

} else if ( partition == PARTITION_HORZ_A ) {
decode_block( r, c, splitSize )
decode_block( r, c + halfBlock4x4, splitSize )
decode_block( r + halfBlock4x4, c, subSize )

} else if ( partition == PARTITION_HORZ_B ) {
decode_block( r, c, 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, c + halfBlock4x4, subSize )

} else if ( partition == PARTITION_VERT_B ) {
decode_block( r, c, subSize )
decode_block( r, c + 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, c, subSize )
decode_block( r + quarterBlock4x4 * 2, c, subSize )
if ( r + quarterBlock4x4 * 3 < MiRows )

decode_block( r + quarterBlock4x4 * 3, c, subSize )
} else {

decode_block( r, c + quarterBlock4x4 * 0, subSize )
decode_block( r, c + quarterBlock4x4 * 1, subSize )
decode_block( r, c + quarterBlock4x4 * 2, subSize )
if ( c + quarterBlock4x4 * 3 < MiCols )

decode_block( r, c + quarterBlock4x4 * 3, subSize )
}

}

������� !@>J?@�=GJ>F�NTIO<S
decode_block( r, c, subSize ) { TypeType

MiRow = r
MiCol = c
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

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures Page 63 of 669



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 + y ][ c + x ] = UVMode
for ( refList = 0; refList < 2; refList++ )

RefFrames[ r + y ][ c + x ][ refList ] = RefFrame[ refList ]
if ( is_inter ) {

if ( !use_intrabc ) {
CompGroupIdxs[ r + y ][ c + x ] = comp_group_idx
CompoundIdxs[ r + y ][ c + x ] = compound_idx

}
for ( dir = 0; dir < 2; dir++ ) {

InterpFilters[ r + y ][ c + x ][ dir ] = interp_filter[ dir ]
}
for ( refList = 0; 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 ][ c + x ] = skip_mode
Skips[ r + y ][ c + x ] = skip
TxSizes[ r + y ][ c + x ] = TxSize
MiSizes[ r + y ][ c + x ] = MiSize
SegmentIds[ r + y ][ c + x ] = segment_id
PaletteSizes[ 0 ][ r + y ][ c + x ] = PaletteSizeY
PaletteSizes[ 1 ][ r + y ][ c + x ] = PaletteSizeUV
for ( i = 0; i < PaletteSizeY; i++ )

PaletteColors[ 0 ][ 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@M@�M@N@O;=GJ>F;>JIO@SO����DN�NK@>DAD@?�<N�
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reset_block_context (( bw4,, bh4 )) {{
forfor (( plane == 00;; plane << 11 ++ 22 ** HasChroma;; plane++++ )) {{

subX == (( plane >> 00)) ?? subsampling_x :: 00
subY == (( plane >> 00)) ?? subsampling_y :: 00
forfor (( i == MiCol >>>> subX;; i << (( (( MiCol ++ bw4 )) >>>> subX );); i ++++)) {{

AboveLevelContext[[ plane ][][ i ]] == 00
AboveDcContext[[ plane ][][ i ]] == 00

}}
forfor (( i == MiRow>>>> subY;; i << (( (( MiRow++ bh4 )) >>>> subY );); i ++++)) {{

LeftLevelContext [[ plane ][][ i ]] == 00
LeftDcContext [[ plane ][][ i ]] == 00

}}
}}

}}

������� *J?@�DIAJ�NTIO<S
mode_info( ) { TypeType

if ( FrameIsIntra )
intra_frame_mode_info( )

else
inter_frame_mode_info( )

}

������� &IOM<�AM<H@�HJ?@�DIAJ�NTIO<S
intra_frame_mode_info( ) { TypeType

skip = 0
if ( SegIdPreSkip )

intra_segment_id( )
skip_mode = 0
read_skip( )
if ( !SegIdPreSkip )

intra_segment_id( )
read_cdef( )
read_delta_qindex( )
read_delta_lf( )
ReadDeltas = 0
RefFrame[ 0 ] = INTRA_FRAME
RefFrame[ 1 ] = NONE
if ( allow_intrabc ) {

use_intrabcuse_intrabc S()
} else {

use_intrabc = 0
}
if ( use_intrabc ) {

is_inter = 1
YMode = DC_PRED
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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_modeintra_frame_y_mode S()
YMode = intra_frame_y_mode
intra_angle_info_y( )
if ( HasChroma ) {

uv_modeuv_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( ) { TypeType

if ( segmentation_enabled )
read_segment_id( )

else
segment_id = 0

Lossless = LosslessArray[ segment_id ]
}

������� /@<?�N@BH@IO�&!�NTIO<S
read_segment_id( ) { TypeType

if ( AvailU && AvailL )
prevUL = SegmentIds[ MiRow - 1 ][ MiCol - 1 ]

else
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prevUL = -1
if ( AvailU )

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

prevU = -1
if ( AvailL )

prevL = SegmentIds[ 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_idsegment_id S()
segment_id = neg_deinterleave( segment_id, pred,

LastActiveSegId + 1 )
}

}

RC@M@�I@B;?@DIO@MG@<Q@�DN�<�API>ODJI�?@ADI@?�<N�

neg_deinterleave (( diff ,, ref ,, max)) {{
ifif (( !! ref ))

returnreturn diff
ifif (( ref >=>= (( max-- 11)) ))

returnreturn max-- diff -- 11
ifif (( 22 ** ref << max)) {{

ifif (( diff <=<= 22 ** ref )) {{
ifif (( diff && 11 ))

returnreturn ref ++ (((( diff ++ 11)) >>>> 11))
elseelse

returnreturn ref -- (( diff >>>> 11))
}}
returnreturn diff

}} elseelse {{
ifif (( diff <=<= 22 ** (( max-- ref -- 11)) )) {{

ifif (( diff && 11 ))
returnreturn ref ++ (((( diff ++ 11)) >>>> 11))

elseelse
returnreturn ref -- (( diff >>>> 11))

}}
returnreturn max-- (( diff ++ 11))

}}
}}
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������
� 0FDK�HJ?@�NTIO<S
read_skip_mode() { TypeType

if ( seg_feature_active( SEG_LVL_SKIP ) ||
seg_feature_active( SEG_LVL_REF_FRAME ) ||
seg_feature_active( SEG_LVL_GLOBALMV ) ||
!skip_mode_present ||
Block_Width[ MiSize ] < 8 ||
Block_Height[ MiSize ] < 8 ) {

skip_mode = 0
} else {

skip_modeskip_mode S()
}

}

�������� 0FDK�NTIO<S
read_skip() { TypeType

if ( SegIdPreSkip && seg_feature_active( SEG_LVL_SKIP ) ) {
skip = 1

} else {
skipskip S()

}
}

�������� .P<IODU@M�DI?@S�?@GO<�NTIO<S
read_delta_qindex( ) { TypeType

sbSize = use_128x128_superblock ? BLOCK_128X128 : BLOCK_64X64
if ( MiSize == sbSize && skip )

return
if ( ReadDeltas ) {

delta_q_absdelta_q_abs S()
if ( delta_q_abs == DELTA_Q_SMALL ) {

delta_q_rem_bitsdelta_q_rem_bits L(3)
delta_q_rem_bits++
delta_q_abs_bitsdelta_q_abs_bits L(delta_q_rem_bits)
delta_q_abs = delta_q_abs_bits + (1 << delta_q_rem_bits) + 1

}
if ( delta_q_abs ) {

delta_q_sign_bitdelta_q_sign_bit L(1)
reducedDeltaQIndex = delta_q_sign_bit ? -delta_q_abs : delta_q_abs
CurrentQIndex = Clip3(1, 255,

CurrentQIndex + (reducedDeltaQIndex << delta_q_res))
}

}
}
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�������� )JJK�ADGO@M�?@GO<�NTIO<S
read_delta_lf( ) { TypeType

sbSize = use_128x128_superblock ? BLOCK_128X128 : BLOCK_64X64
if ( MiSize == sbSize && skip )

return
if ( ReadDeltas && delta_lf_present ) {

frameLfCount = 1
if ( delta_lf_multi ) {

frameLfCount = ( NumPlanes > 1 ) ? FRAME_LF_COUNT : ( FRAME_LF_COUNT - 2 )
}
for ( i = 0; i < frameLfCount; i++ ) {

delta_lf_absdelta_lf_abs S()
if ( delta_lf_abs == DELTA_LF_SMALL ) {

delta_lf_rem_bitsdelta_lf_rem_bits L(3)
n = delta_lf_rem_bits + 1
delta_lf_abs_bitsdelta_lf_abs_bits L(n)
deltaLfAbs = delta_lf_abs_bits +

( 1 << n ) + 1
} else {

deltaLfAbs = delta_lf_abs
}
if ( deltaLfAbs ) {

delta_lf_sign_bitdelta_lf_sign_bit L(1)
reducedDeltaLfLevel = delta_lf_sign_bit ?

-deltaLfAbs :
deltaLfAbs

DeltaLF[ i ] = Clip3( -MAX_LOOP_FILTER, MAX_LOOP_FILTER, DeltaLF[ i ] +
(reducedDeltaLfLevel << delta_lf_res) )

}
}

}
}

�������� 0@BH@IO<ODJI�A@<OPM@�<>ODQ@�API>ODJI
seg_feature_active_idx( idx, feature ) { TypeType

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 ) { TypeType

if ( Lossless ) {
TxSize = TX_4X4
return

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures Page 69 of 669



}
maxRectTxSize = Max_Tx_Size_Rect[ MiSize ]
maxTxDepth = Max_Tx_Depth[ MiSize ]
TxSize = maxRectTxSize
if ( MiSize > BLOCK_4X4 && allowSelect && TxMode == TX_MODE_SELECT ) {

tx_depthtx_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_Depth[[ BLOCK_SIZES]] == {{
00,, 11,, 11,, 11,,
22,, 22,, 22,, 33,,
33,, 33,, 44,, 44,,
44,, 44,, 44,, 44,,
22,, 22,, 33,, 33,,
44,, 44

}}

�������� �GJ>F�15�NDU@�NTIO<S
read_block_tx_size( ) { TypeType

bw4 = Num_4x4_Blocks_Wide[ MiSize ]
bh4 = Num_4x4_Blocks_High[ MiSize ]
if ( TxMode == TX_MODE_SELECT &&

MiSize > BLOCK_4X4 && is_inter &&
!skip && !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 || !is_inter)
for ( row = MiRow; row < MiRow + bh4; row++ )

for ( col = MiCol; col < MiCol + bw4; col++ )
InterTxSizes[ row ][ col ] = TxSize

}

Note: *<S;1S;!@KOC�>JIO<DIN�OC@�IPH=@M�JA�ODH@N�OC@�OM<INAJMH�HPNO�=@�NKGDO�OJ�M@<>C�<��S��OM<INAJMH�NDU@��1CDN

IPH=@M�><I�=@�BM@<O@M�OC<I�*�5;15;!"-1%��%JR@Q@M	�DO�DN�DHKJNND=G@�OJ�@I>J?@�<�OM<INAJMH�?@KOC�BM@<O@M�OC<I

*�5;15;!"-1%�=@><PN@�OS;?@KOC�><I�JIGT�@I>J?@�Q<GP@N�DI�OC@�M<IB@�
�OJ��
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}

�������� 3<M�15�NDU@�NTIO<S
M@<?;Q<M;OS;NDU@�DN�PN@?�OJ�M@<?�<�OM<INAJMH�NDU@�OM@@�

read_var_tx_size( row, col, txSz, depth) { TypeType
if ( row >= MiRows || col >= MiCols )

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

txfm_split = 0
} else {

txfm_splittxfm_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 + j ] = txSz

TxSize = txSz
}

}

�������� &IO@M�AM<H@�HJ?@�DIAJ�NTIO<S
inter_frame_mode_info( ) { TypeType

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
AboveIntra = 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 ( !SegIdPreSkip )
inter_segment_id( 0 )

Lossless = LosslessArray[ segment_id ]
read_cdef( )
read_delta_qindex( )
read_delta_lf( )
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@?�=@AJM@��KM@0FDK�@LP<G�OJ����<I?�<AO@M��KM@0FDK�@LP<G�OJ�
��OC@�NFDK�NTIO<S�@G@H@IO�C<N�=@@I�M@<?�

inter_segment_id( preSkip ) { TypeType
if ( segmentation_enabled ) {

predictedSegmentId = get_segment_id( )
if ( segmentation_update_map ) {

if ( preSkip && !SegIdPreSkip ) {
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_predictedseg_id_predicted S()
if ( seg_id_predicted )

segment_id = predictedSegmentId
else

read_segment_id( )
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
} else {

read_segment_id( )
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}
} else {

segment_id = predictedSegmentId
}

} else {
segment_id = 0

}
}

������
� &N�DIO@M�NTIO<S
read_is_inter( ) { TypeType

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_interis_inter S()

}
}

�������� $@O�N@BH@IO�&!�API>ODJI
1C@�KM@?D>O@?�N@BH@IO�D?�DN�OC@�NH<GG@NO�Q<GP@�AJPI?�DI�OC@�JI
N>M@@I�M@BDJI�JA�OC@�N@BH@IO<ODJI�H<K�>JQ@M@?�=T�OC@

>PMM@IO�=GJ>F�

get_segment_id( ) { TypeType
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, PrevSegmentIds[ MiRow + y ][ MiCol + x ] )

return seg
}

�������� &IOM<�=GJ>F�HJ?@�DIAJ�NTIO<S
intra_block_mode_info( ) { TypeType

RefFrame[ 0 ] = INTRA_FRAME
RefFrame[ 1 ] = NONE
y_modey_mode S()
YMode = y_mode
intra_angle_info_y( )
if ( HasChroma ) {

uv_modeuv_mode S()
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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( ) { TypeType

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_modecompound_mode S()
YMode = NEAREST_NEARESTMV + compound_mode

} else {
new_mvnew_mv S()
if ( new_mv == 0 ) {

YMode = NEWMV
} else {

zero_mvzero_mv S()
if ( zero_mv == 0 ) {

YMode = GLOBALMV
} else {

ref_mvref_mv S()
YMode = (ref_mv == 0) ? NEARESTMV : NEARMV

}
}

}
RefMvIdx = 0
if ( YMode == NEWMV || YMode == NEW_NEWMV ) {

for ( idx = 0; idx < 2; idx++ ) {
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if ( NumMvFound > idx + 1 ) {
drl_modedrl_mode S()
if ( drl_mode == 0 ) {

RefMvIdx = idx
break

}
RefMvIdx = idx + 1

}
}

} else if ( has_nearmv( ) ) {
RefMvIdx = 1
for ( idx = 1; idx < 3; idx++ ) {

if ( NumMvFound > idx + 1 ) {
drl_modedrl_mode S()
if ( drl_mode == 0 ) {

RefMvIdx = idx
break

}
RefMvIdx = 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 ]interp_filter[ dir ] S()
} else {

interp_filter[ dir ] = EIGHTTAP
}

}
if ( !enable_dual_filter )

interp_filter[ 1 ] = interp_filter[ 0 ]
} else {

for ( dir = 0; dir < 2; dir++ )
interp_filter[ dir ] = interpolation_filter

}
}

1C@�API>ODJI�C<N;I@<MHQ�DN�?@ADI@?�<N�

has_nearmv(( )) {{
returnreturn (( YMode==== NEARMV|||| YMode==== NEAR_NEARMV

|||| YMode==== NEAR_NEWMV|||| YMode==== NEW_NEARMV))
}}

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures Page 75 of 669



1C@�API>ODJI�I@@?N;DIO@MK;ADGO@M�DN�?@ADI@?�<N�

needs_interp_filter (( )) {{
large == (( Min(( Block_Width[[ MiSize],], Block_Height [[ MiSize])]) >=>= 88))
ifif (( skip_mode |||| motion_mode==== LOCALWARP)) {{

returnreturn 00
}} elseelse ifif (( large &&&& YMode==== GLOBALMV)) {{

returnreturn GmType[[ RefFrame[[ 00 ]] ]] ==== TRANSLATION
}} elseelse ifif (( large &&&& YMode==== GLOBAL_GLOBALMV)) {{

returnreturn GmType[[ RefFrame[[ 00 ]] ]] ==== TRANSLATION|||| GmType[[ RefFrame[[ 11 ]] ]] ==== TRANSLATION
}} elseelse {{

returnreturn 11
}}

}}

�������� #DGO@M�DIOM<�HJ?@�DIAJ�NTIO<S
filter_intra_mode_info( ) { TypeType

use_filter_intra = 0
if ( enable_filter_intra &&

YMode == DC_PRED && PaletteSizeY == 0 &&
Max( Block_Width[ MiSize ], Block_Height[ MiSize ] ) <= 32 ) {

use_filter_intrause_filter_intra S()
if ( use_filter_intra ) {

filter_intra_modefilter_intra_mode S()
}

}
}

�������� /@A�AM<H@N�NTIO<S
read_ref_frames( ) { TypeType

if ( skip_mode ) {
RefFrame[ 0 ] = SkipModeFrame[ 0 ]
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_modecomp_mode S()
else
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comp_mode = SINGLE_REFERENCE
if ( comp_mode == COMPOUND_REFERENCE ) {

comp_ref_typecomp_ref_type S()
if ( comp_ref_type == UNIDIR_COMP_REFERENCE ) {

uni_comp_refuni_comp_ref S()
if ( uni_comp_ref ) {

RefFrame[0] = BWDREF_FRAME
RefFrame[1] = ALTREF_FRAME

} else {
uni_comp_ref_p1uni_comp_ref_p1 S()
if ( uni_comp_ref_p1 ) {

uni_comp_ref_p2uni_comp_ref_p2 S()
if ( uni_comp_ref_p2 ) {

RefFrame[0] = LAST_FRAME
RefFrame[1] = GOLDEN_FRAME

} else {
RefFrame[0] = LAST_FRAME
RefFrame[1] = LAST3_FRAME

}
} else {

RefFrame[0] = LAST_FRAME
RefFrame[1] = LAST2_FRAME

}
}

} else {
comp_refcomp_ref S()
if ( comp_ref == 0 ) {

comp_ref_p1comp_ref_p1 S()
RefFrame[ 0 ] = comp_ref_p1 ?

LAST2_FRAME : LAST_FRAME
} else {

comp_ref_p2comp_ref_p2 S()
RefFrame[ 0 ] = comp_ref_p2 ?

GOLDEN_FRAME : LAST3_FRAME
}
comp_bwdrefcomp_bwdref S()
if ( comp_bwdref == 0 ) {

comp_bwdref_p1comp_bwdref_p1 S()
RefFrame[ 1 ] = comp_bwdref_p1 ?

ALTREF2_FRAME : BWDREF_FRAME
} else {

RefFrame[ 1 ] = ALTREF_FRAME
}

}
} else {

single_ref_p1single_ref_p1 S()
if ( single_ref_p1 ) {

single_ref_p2single_ref_p2 S()
if ( single_ref_p2 == 0 ) {
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single_ref_p6single_ref_p6 S()
RefFrame[ 0 ] = single_ref_p6 ?

ALTREF2_FRAME : BWDREF_FRAME
} else {

RefFrame[ 0 ] = ALTREF_FRAME
}

} else {
single_ref_p3single_ref_p3 S()
if ( single_ref_p3 ) {

single_ref_p5single_ref_p5 S()
RefFrame[ 0 ] = single_ref_p5 ?

GOLDEN_FRAME : LAST3_FRAME
} else {

single_ref_p4single_ref_p4 S()
RefFrame[ 0 ] = single_ref_p4 ?

LAST2_FRAME : LAST_FRAME
}

}
RefFrame[ 1 ] = NONE

}
}

}

�������� �NNDBI�*3�NTIO<S
assign_mv( isCompound ) { TypeType

for ( i = 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[ sbSize ]
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 : RefMvIdx
if ( compMode == NEWMV && NumMvFound <= 1 )

pos = 0
PredMv[ i ] = RefStackMv[ pos ][ i ]

}
if ( compMode == NEWMV ) {

read_mv( i )
} else {

Mv[ i ] = PredMv[ i ]
}

}
}

�������� /@<?�HJODJI�HJ?@�NTIO<S
read_motion_mode( isCompound ) { TypeType

if ( skip_mode ) {
motion_mode = SIMPLE
return

}
if ( !is_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 == GLOBALMV || 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 ||

!allow_warped_motion || is_scaled( RefFrame[0] ) ) {
use_obmcuse_obmc S()
motion_mode = use_obmc ? OBMC : SIMPLE

} else {
motion_modemotion_mode S()
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}
}

RC@M@�DN;N><G@?�DN�<�API>ODJI�OC<O�?@O@MHDI@N�RC@OC@M�<�M@A@M@I>@�AM<H@�PN@N�N><GDIB�<I?�DN�NK@>DAD@?�<N�

is_scaled (( refFrame )) {{
refIdx == ref_frame_idx [[ refFrame -- LAST_FRAME]]
xScale == (( (( RefUpscaledWidth[[ refIdx ]] <<<< REF_SCALE_SHIFT)) ++ (( FrameWidth// 22 )) )) // FrameWidth
yScale == (( (( RefFrameHeight[[ refIdx ]] <<<< REF_SCALE_SHIFT)) ++ (( FrameHeight // 22 )) )) // FrameHeight
noScale == 11 <<<< REF_SCALE_SHIFT
returnreturn xScale !=!= noScale |||| yScale !=!= noScale

}}

�������� /@<?�DIO@M�DIOM<�NTIO<S
read_interintra_mode( isCompound ) { TypeType

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

interintrainterintra S()
if ( interintra ) {

interintra_modeinterintra_mode S()
RefFrame[1] = INTRA_FRAME
AngleDeltaY = 0
AngleDeltaUV = 0
use_filter_intra = 0
wedge_interintrawedge_interintra S()
if ( wedge_interintra ) {

wedge_indexwedge_index S()
wedge_sign = 0

}
}

} else {
interintra = 0

}
}

�������� /@<?�>JHKJPI?�OTK@�NTIO<S
read_compound_type( isCompound ) { TypeType

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_idxcomp_group_idx S()
}
if ( comp_group_idx == 0 ) {

if ( enable_jnt_comp ) {
compound_idxcompound_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_typecompound_type S()
}

}
if ( compound_type == COMPOUND_WEDGE ) {

wedge_indexwedge_index S()
wedge_signwedge_sign L(1)

} else if ( compound_type == COMPOUND_DIFFWTD ) {
mask_typemask_type L(1)

}
} else {

if ( interintra ) {
compound_type = wedge_interintra ? COMPOUND_WEDGE : COMPOUND_INTRA

} else {
compound_type = COMPOUND_AVERAGE

}
}

}

������
� $@O�HJ?@�API>ODJI
get_mode( refList ) { TypeType

if ( refList == 0 ) {
if ( YMode < NEAREST_NEARESTMV )

compMode = YMode
else if ( YMode == NEW_NEWMV || YMode == NEW_NEARESTMV || YMode == NEW_NEARMV )

compMode = NEWMV
else if ( YMode == NEAREST_NEARESTMV || YMode == NEAREST_NEWMV )

compMode = NEARESTMV
else if ( YMode == NEAR_NEARMV || YMode == NEAR_NEWMV )

compMode = NEARMV
else

compMode = GLOBALMV
} else {

if ( YMode == NEW_NEWMV || YMode == NEAREST_NEWMV || YMode == NEAR_NEWMV )
compMode = NEWMV
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else if ( YMode == NEAREST_NEARESTMV || YMode == NEW_NEARESTMV )
compMode = NEARESTMV

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

else
compMode = GLOBALMV

}
return compMode

}

�������� *3�NTIO<S
read_mv( ref ) { TypeType

diffMv[ 0 ] = 0
diffMv[ 1 ] = 0
if ( use_intrabc ) {

MvCtx = MV_INTRABC_CONTEXT
} else {

MvCtx = 0
}
mv_jointmv_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 ) { TypeType

mv_signmv_sign S()
mv_classmv_class S()
if ( mv_class == MV_CLASS_0 ) {

mv_class0_bitmv_class0_bit S()
if ( force_integer_mv )

mv_class0_fr = 3
else

mv_class0_frmv_class0_fr S()
if ( allow_high_precision_mv )

mv_class0_hpmv_class0_hp S()
else

mv_class0_hp = 1
mag = ( ( mv_class0_bit << 3 ) |

( mv_class0_fr << 1 ) |
mv_class0_hp ) + 1

} else {
d = 0
for ( i = 0; i < mv_class; i++ ) {
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mv_bitmv_bit S()
d |= mv_bit << i

}
mag = CLASS0_SIZE << ( mv_class + 2 )
if ( force_integer_mv )

mv_fr = 3
else

mv_frmv_fr S()
if ( allow_high_precision_mv )

mv_hpmv_hp S()
else

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

}
return mv_sign ? -mag : mag

}

��������  JHKPO@�KM@?D>ODJI�NTIO<S
compute_prediction() { TypeType

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) * MI_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 == II_DC_PRED ) mode = DC_PRED
else if ( interintra_mode == II_V_PRED ) mode = V_PRED
else if ( interintra_mode == II_H_PRED ) mode = H_PRED
else mode = SMOOTH_PRED
predict_intra( plane, baseX, baseY,

plane == 0 ? AvailL : AvailLChroma,
plane == 0 ? AvailU : AvailUChroma,
BlockDecoded[ plane ]

[ ( subBlockMiRow >> subY ) - 1 ]
[ ( subBlockMiCol >> subX ) + num4x4W ],

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
someUseIntra = 0
for ( r = 0; r < (num4x4H << subY); r++ )

for ( c = 0; c < (num4x4W << subX); c++ )
if ( RefFrames[ candRow + r ][ candCol + c ][ 0 ] == INTRA_FRAME )

someUseIntra = 1
if ( someUseIntra ) {

predW = num4x4W * 4
predH = num4x4H * 4
candRow = MiRow
candCol = MiCol

}
r = 0
for ( y = 0; y < num4x4H * 4; y += predH ) {

c = 0
for ( x = 0; x < num4x4W * 4; x += predW ) {

predict_inter( plane, baseX + x, baseY + y,
predW, predH,
candRow + r, candCol + c)

c++
}
r++

}
}

}
}

�������� /@ND?P<G�NTIO<S
residual( ) { TypeType

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 )
num4x4W = 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) * MI_SIZE
if ( is_inter && !Lossless && !plane ) {

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, baseYBlock, txSz,

x + ( ( chunkX << 4 ) >> subX ),
y + ( ( chunkY << 4 ) >> subY ) )

}
}

}
}

}

�������� 1M<INAJMH�=GJ>F�NTIO<S
transform_block(plane, baseX, baseY, txSz, x, y) { TypeType

startX = baseX + 4 * x
startY = baseY + 4 * y
subX = (plane > 0) ? subsampling_x : 0
subY = (plane > 0) ? subsampling_y : 0
row = ( startY << subY ) >> MI_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 ( !is_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,

( plane == 0 ? AvailL : 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 ( !skip ) {

eob = coeffs( plane, startX, startY, txSz )
if ( eob > 0 )

reconstruct( plane, startX, startY, txSz )
}
for ( i = 0; i < stepY; i++ ) {

for ( j = 0; j < stepX; j++ ) {
LoopfilterTxSizes[ plane ]

[ (row >> subY) + i ]
[ (col >> subX) + j ] = txSz

BlockDecoded[ plane ]
[ ( subBlockMiRow >> subY ) + i ]
[ ( subBlockMiCol >> subX ) + j ] = 1

}
}

}
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�������� 1M<INAJMH�OM@@�NTIO<S
OM<INAJMH;OM@@�DN�PN@?�OJ�M@<?�<�IPH=@M�JA�OM<INAJMH�=GJ>FN�<MM<IB@?�DI�<�OM<INAJMH�OM@@�

transform_tree( startX, startY, w, h ) { TypeType
maxX = MiCols * MI_SIZE
maxY = MiRows * MI_SIZE
if ( startX >= maxX || startY >= maxY ) {

return
}
row = startY >> MI_SIZE_LOG2
col = startX >> MI_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( 0, 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 )

} else if ( 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?;OS;NDU@�ADI?N�OC@�OM<INAJMH�NDU@�H<O>CDIB�OC@�BDQ@I�?DH@INDJIN�<I?�DN�?@ADI@?�<N�

find_tx_size (( w,, h )) {{
forfor (( txSz == 00;; txSz << TX_SIZES_ALL;; txSz++++ ))

ifif (( Tx_Width[[ txSz ]] ==== w &&&& Tx_Height[[ txSz ]] ==== h ))
breakbreak

returnreturn txSz
}}

�������� $@O�15�NDU@�API>ODJI
get_tx_size( plane, txSz ) { TypeType

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

}

�������� $@O�KG<I@�M@ND?P<G�NDU@�API>ODJI
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@���1C@�M@ND?P<G�=GJ>F�RDGG�<GR<TN

C<Q@�RD?OC�<I?�C@DBCO�<O�G@<NO�@LP<G�OJ����

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

}

1C@�0P=N<HKG@?;0DU@�O<=G@�DN�?@ADI@?�<N�
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Subsampled_Size[[ BLOCK_SIZES][][ 22 ][][ 22 ]] == {{
{{ {{ BLOCK_4X4,, BLOCK_4X4},}, {{ BLOCK_4X4,, BLOCK_4X4}} },},
{{ {{ BLOCK_4X8,, BLOCK_4X4},}, {{ BLOCK_INVALID,, BLOCK_4X4}} },},
{{ {{ BLOCK_8X4,, BLOCK_INVALID},}, {{ BLOCK_4X4,, BLOCK_4X4}} },},
{{ {{ BLOCK_8X8,, BLOCK_8X4},}, {{ BLOCK_4X8,, BLOCK_4X4}} },},
{{ {{ BLOCK_8X16,, BLOCK_8X8},}, {{ BLOCK_INVALID,, BLOCK_4X8}} },},
{{ {{ BLOCK_16X8,, BLOCK_INVALID},}, {{ BLOCK_8X8,, BLOCK_8X4}} },},
{{ {{ BLOCK_16X16,, BLOCK_16X8},}, {{ BLOCK_8X16,, BLOCK_8X8}} },},
{{ {{ BLOCK_16X32,, BLOCK_16X16},}, {{ BLOCK_INVALID,, BLOCK_8X16}} },},
{{ {{ BLOCK_32X16,, BLOCK_INVALID},}, {{ BLOCK_16X16,, BLOCK_16X8}} },},
{{ {{ BLOCK_32X32,, BLOCK_32X16},}, {{ BLOCK_16X32,, BLOCK_16X16}} },},
{{ {{ BLOCK_32X64,, BLOCK_32X32},}, {{ BLOCK_INVALID,, BLOCK_16X32}} },},
{{ {{ BLOCK_64X32,, BLOCK_INVALID},}, {{ BLOCK_32X32,, BLOCK_32X16}} },},
{{ {{ BLOCK_64X64,, BLOCK_64X32},}, {{ BLOCK_32X64,, BLOCK_32X32}} },},
{{ {{ BLOCK_64X128,, BLOCK_64X64},}, {{ BLOCK_INVALID,, BLOCK_32X64}} },},
{{ {{ BLOCK_128X64,, BLOCK_INVALID},}, {{ BLOCK_64X64,, BLOCK_64X32}} },},
{{ {{ BLOCK_128X128,, BLOCK_128X64},}, {{ BLOCK_64X128,, BLOCK_64X64}} },},
{{ {{ BLOCK_4X16,, BLOCK_4X8},}, {{ BLOCK_INVALID,, BLOCK_4X8}} },},
{{ {{ BLOCK_16X4,, BLOCK_INVALID},}, {{ BLOCK_8X4,, BLOCK_8X4}} },},
{{ {{ BLOCK_8X32,, BLOCK_8X16},}, {{ BLOCK_INVALID,, BLOCK_4X16}} },},
{{ {{ BLOCK_32X8,, BLOCK_INVALID},}, {{ BLOCK_16X8,, BLOCK_16X4}} },},
{{ {{ BLOCK_16X64,, BLOCK_16X32},}, {{ BLOCK_INVALID,, BLOCK_8X32}} },},
{{ {{ BLOCK_64X16,, BLOCK_INVALID},}, {{ BLOCK_32X16,, BLOCK_32X8}} },},

}}

��������  J@AAD>D@ION�NTIO<S
coeffs( plane, startX, startY, txSz ) { TypeType

x4 = startX >> 2
y4 = startY >> 2
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 ( c = 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_zeroall_zero S()
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if ( all_zero ) {
c = 0
if ( plane == 0 ) {

for ( i = 0; i < w4; 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_16eob_pt_16 S()
eobPt = eob_pt_16 + 1

} else if ( eobMultisize == 1 ) {
eob_pt_32eob_pt_32 S()
eobPt = eob_pt_32 + 1

} else if ( eobMultisize == 2 ) {
eob_pt_64eob_pt_64 S()
eobPt = eob_pt_64 + 1

} else if ( eobMultisize == 3 ) {
eob_pt_128eob_pt_128 S()
eobPt = eob_pt_128 + 1

} else if ( eobMultisize == 4 ) {
eob_pt_256eob_pt_256 S()
eobPt = eob_pt_256 + 1

} else if ( eobMultisize == 5 ) {
eob_pt_512eob_pt_512 S()
eobPt = eob_pt_512 + 1

} else {
eob_pt_1024eob_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_extraeob_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_biteob_extra_bit L(1)
if ( eob_extra_bit ) {

eob += ( 1 << eobShift )
}

}
}
for ( c = eob - 1; c >= 0; c-- ) {

pos = scan[ c ]
if ( c == ( eob - 1 ) ) {

coeff_base_eobcoeff_base_eob S()
level = coeff_base_eob + 1

} else {
coeff_basecoeff_base S()
level = coeff_base

}

if ( level > NUM_BASE_LEVELS ) {
for ( idx = 0;

idx < COEFF_BASE_RANGE / ( BR_CDF_SIZE - 1 );
idx++ ) {

coeff_brcoeff_br S()
level += coeff_br
if ( coeff_br < ( BR_CDF_SIZE - 1 ) )

break
}

}
Quant[ pos ] = level

}

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

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

} else {
sign_bitsign_bit L(1)
sign = sign_bit

}
} else {

sign = 0
}
if ( Quant[ pos ] >

( NUM_BASE_LEVELS + COEFF_BASE_RANGE ) ) {
length = 0
do {

length++
golomb_length_bitgolomb_length_bit L(1)

} while ( !golomb_length_bit )
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x = 1
for ( i = length - 2; i >= 0; i-- ) {

golomb_data_bitgolomb_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 ] & 0xFFFFF
culLevel += Quant[ pos ]
if ( sign )

Quant[ pos ] = - Quant[ pos ]
}
culLevel = Min( 63, culLevel )

}

for ( i = 0; i < w4; i++ ) {
AboveLevelContext[ 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 ) { TypeType

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 ( !is_tx_type_in_set( txSet, txType ) )
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return DCT_DCT
return txType

}

txType = Mode_To_Txfm[ UVMode ]
if ( !is_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@O;&IO@M�<I?�1S;1TK@;&I;0@O;&IOM<�<M@�NK@>DAD@?�<N�AJGGJRN�

Tx_Type_In_Set_Intra[[ TX_SET_TYPES_INTRA][][ TX_TYPES]] == {{
{{

11,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,,
},},
{{

11,, 11,, 11,, 11,, 00,, 00,, 00,, 00,, 00,, 11,, 11,, 11,, 00,, 00,, 00,, 00,,
},},
{{

11,, 11,, 11,, 11,, 00,, 00,, 00,, 00,, 00,, 11,, 00,, 00,, 00,, 00,, 00,, 00,,
}}

}}

Tx_Type_In_Set_Inter [[ TX_SET_TYPES_INTER][][ TX_TYPES]] == {{
{{

11,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,,
},},
{{

11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,,
},},
{{

11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 00,, 00,, 00,, 00,,
},},
{{

11,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 11,, 00,, 00,, 00,, 00,, 00,, 00,,
}}

}}

�������� $@O�N><I�API>ODJI
get_mrow_scan( txSz ) { TypeType

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 )
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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( ) { TypeType

AngleDeltaY = 0
if ( MiSize >= BLOCK_8X8 ) {

if ( is_directional_mode( YMode ) ) {
angle_delta_yangle_delta_y S()
AngleDeltaY = angle_delta_y - MAX_ANGLE_DELTA

}
}

}

�������� &IOM<�<IBG@�DIAJ�>CMJH<�NTIO<S
intra_angle_info_uv( ) { TypeType

AngleDeltaUV = 0
if ( MiSize >= BLOCK_8X8 ) {

if ( is_directional_mode( UVMode ) ) {
angle_delta_uvangle_delta_uv S()
AngleDeltaUV = angle_delta_uv - MAX_ANGLE_DELTA

}
}

}

�������� &N�?DM@>ODJI<G�HJ?@�API>ODJI
is_directional_mode( mode ) { TypeType

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

}
return 0

}

�������� /@<?� #)�<GKC<N�NTIO<S
read_cfl_alphas() { TypeType

cfl_alpha_signscfl_alpha_signs S()
signU = (cfl_alpha_signs + 1 ) / 3
signV = (cfl_alpha_signs + 1 ) % 3
if ( signU != CFL_SIGN_ZERO ) {

cfl_alpha_ucfl_alpha_u S()
CflAlphaU = 1 + cfl_alpha_u
if ( signU == CFL_SIGN_NEG )

CflAlphaU = -CflAlphaU
} else {

CflAlphaU = 0
}
if ( signV != CFL_SIGN_ZERO ) {

cfl_alpha_vcfl_alpha_v S()
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( ) { TypeType

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

has_palette_yhas_palette_y S()
if ( has_palette_y ) {

palette_size_y_minus_2palette_size_y_minus_2 S()
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_yuse_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 ]palette_colors_y[ idx ] L(BitDepth)
idx++

}
if ( idx < PaletteSizeY ) {

minBits = BitDepth - 3
palette_num_extra_bits_ypalette_num_extra_bits_y L(2)
paletteBits = minBits + palette_num_extra_bits_y

}
while ( idx < PaletteSizeY ) {

palette_delta_ypalette_delta_y L(paletteBits)
palette_delta_y++
palette_colors_y[ idx ] =

Clip1( palette_colors_y[ idx - 1 ] +
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_uvhas_palette_uv S()
if ( has_palette_uv ) {
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palette_size_uv_minus_2palette_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_uuse_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 ]palette_colors_u[ idx ] L(BitDepth)
idx++

}
if ( idx < PaletteSizeUV ) {

minBits = BitDepth - 3
palette_num_extra_bits_upalette_num_extra_bits_u L(2)
paletteBits = minBits + palette_num_extra_bits_u

}
while ( idx < PaletteSizeUV ) {

palette_delta_upalette_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_vdelta_encode_palette_colors_v L(1)
if ( delta_encode_palette_colors_v ) {

minBits = BitDepth - 4
maxVal = 1 << BitDepth
palette_num_extra_bits_vpalette_num_extra_bits_v L(2)
paletteBits = minBits + palette_num_extra_bits_v
palette_colors_v[ 0 ]palette_colors_v[ 0 ] L(BitDepth)
for ( idx = 1; idx < PaletteSizeUV; idx++ ) {

palette_delta_vpalette_delta_v L(paletteBits)
if ( palette_delta_v ) {

palette_delta_sign_bit_vpalette_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 ]palette_colors_v[ idx ] L(BitDepth)
}

}
}

}
}

1C@�API>ODJI�NJMO��<MM	�D�	�D����NJMON�<�NP=<MM<T�JA�OC@�<MM<T�<MM�DI
KG<>@�DIOJ�<N>@I?DIB�JM?@M��1C@�NP=<MM<T�OJ�=@�NJMO@?�DN

=@OR@@I�DI?D>@N�D��<I?�D��DI>GPNDQ@�

RC@M@�OC@�API>ODJI�B@O;K<G@OO@;><>C@	�RCD>C�H@MB@N�OC@�<=JQ@�<I?�G@AO�K<G@OO@N�OJ�AJMH�<�><>C@	�DN�NK@>DAD@?�<N�AJGGJRN�

get_palette_cache( plane ) { TypeType
aboveN = 0
if ( ( MiRow * MI_SIZE ) % 64 ) {

aboveN = PaletteSizes[ plane ][ MiRow - 1 ][ MiCol ]
}
leftN = 0
if ( AvailL ) {

leftN = PaletteSizes[ plane ][ MiRow ][ MiCol - 1 ]
}
aboveIdx = 0
leftIdx = 0
n = 0
while ( aboveIdx < aboveN  && leftIdx < leftN ) {

aboveC = PaletteColors[ plane ][ MiRow - 1 ][ MiCol ][ aboveIdx ]
leftC = PaletteColors[ plane ][ MiRow ][ MiCol - 1 ][ leftIdx ]
if ( leftC < aboveC ) {

if ( n == 0 || leftC != PaletteCache[ n - 1 ] ) {
PaletteCache[ n ] = leftC
n++

}
leftIdx++

} else {
if ( n == 0 || aboveC != PaletteCache[ n - 1 ] ) {

PaletteCache[ n ] = aboveC
n++

}
aboveIdx++
if ( leftC == aboveC ) {

leftIdx++

Note: 1C@�K<G@OO@�>JGJMN�<M@�B@I@M<O@?�DI�<N>@I?DIB�JM?@M��1C@�K<G@OO@�><>C@�DN�<GNJ�DI�<N>@I?DIB�JM?@M��1CDN

H@<IN�OC<O�OC@�NJMO�API>ODJI�><I�=@�M@KG<>@?�DI�DHKG@H@IO<ODJIN�=T�<�H@MB@�JA�ORJ�NJMO@?�GDNON�
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}
}

}
while ( aboveIdx < aboveN ) {

val = PaletteColors[ plane ][ MiRow - 1 ][ MiCol ][ aboveIdx ]
aboveIdx++
if ( n == 0 || val != PaletteCache[ n - 1 ] ) {

PaletteCache[ n ] = val
n++

}
}
while ( leftIdx < leftN ) {

val = PaletteColors[ plane ][ MiRow ][ MiCol - 1 ][ leftIdx ]
leftIdx++
if ( n == 0 || val != PaletteCache[ n - 1 ] ) {

PaletteCache[ n ] = val
n++

}
}
return n

}

�������� 1M<INAJMH�OTK@�NTIO<S
transform_type( x4, y4, txSz ) { TypeType

set = get_tx_set( txSz )

if ( set > 0 &&
( segmentation_enabled ? get_qindex( 1, segment_id ) : base_q_idx ) > 0 ) {

if ( is_inter ) {
inter_tx_typeinter_tx_type S()
if ( set == TX_SET_INTER_1 )

TxType = Tx_Type_Inter_Inv_Set1[ inter_tx_type ]
else if ( set == TX_SET_INTER_2 )

TxType = Tx_Type_Inter_Inv_Set2[ inter_tx_type ]
else

TxType = Tx_Type_Inter_Inv_Set3[ inter_tx_type ]
} else {

intra_tx_typeintra_tx_type S()
if ( set == TX_SET_INTRA_1 )

TxType = Tx_Type_Intra_Inv_Set1[ intra_tx_type ]
else

TxType = Tx_Type_Intra_Inv_Set2[ intra_tx_type ]
}

} else {

Note: B@O;K<G@OO@;><>C@�DN�@LPDQ<G@IO�OJ�NJMODIB�OC@�<Q<DG<=G@�K<G@OO@�>JGJMN�AMJH�<=JQ@�<I?�G@AO�OJB@OC@M�<I?

M@HJQDIB�<IT�?PKGD><O@N�
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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>ODJI�<M@�NK@>DAD@?�<N�AJGGJRN�

Tx_Type_Intra_Inv_Set1[[ 77 ]] == {{ IDTX,, DCT_DCT,, V_DCT,, H_DCT,, ADST_ADST,, ADST_DCT,, DCT_ADST}}
Tx_Type_Intra_Inv_Set2[[ 55 ]] == {{ IDTX,, DCT_DCT,, ADST_ADST,, ADST_DCT,, DCT_ADST}}
Tx_Type_Inter_Inv_Set1[[ 1616 ]] == {{ IDTX,, V_DCT,, H_DCT,, V_ADST,, H_ADST,, V_FLIPADST,, H_FLIPADST,,

DCT_DCT,, ADST_DCT,, DCT_ADST,, FLIPADST_DCT,, DCT_FLIPADST,, ADST_ADST,,
FLIPADST_FLIPADST,, ADST_FLIPADST,, FLIPADST_ADST}}

Tx_Type_Inter_Inv_Set2[[ 1212 ]] == {{ IDTX,, V_DCT,, H_DCT,, DCT_DCT,, ADST_DCT,, DCT_ADST,, FLIPADST_DCT,,
DCT_FLIPADST,, ADST_ADST,, FLIPADST_FLIPADST,, ADST_FLIPADST,,
FLIPADST_ADST}}

Tx_Type_Inter_Inv_Set3[[ 22 ]] == {{ IDTX,, DCT_DCT}}

�������� $@O�OM<INAJMH�N@O�API>ODJI
get_tx_set( txSz ) { TypeType

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( ) { TypeType

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_ycolor_index_map_y NS(PaletteSizeY)
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_ypalette_color_idx_y S()
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_uvcolor_index_map_uv NS(PaletteSizeUV)
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 ), j, PaletteSizeUV )
palette_color_idx_uvpalette_color_idx_uv S()
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@OO@�>JGJM�>JIO@SO�API>ODJI
get_palette_color_context( colorMap, r, c, n ) { TypeType

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 ]
maxIdx = i
for ( j = i + 1; j < n; j++ ) {

if ( scores[ j ] > maxScore ) {
maxScore = scores[ j ]
maxIdx = j

}
}
if ( maxIdx != i ) {

maxScore = scores[ maxIdx ]
maxColorOrder = ColorOrder[ maxIdx ]
for ( k = maxIdx; 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?<O@�KJNDODJI�DN�DIND?@�OC@�>PMM@IO�ODG@�

is_inside( candidateR, candidateC ) { TypeType
return ( candidateC >= MiColStart &&

candidateC < MiColEnd &&
candidateR >= MiRowStart &&
candidateR < MiRowEnd )

}

�������� &N�DIND?@�ADGO@M�M@BDJI�API>ODJI
DN;DIND?@;ADGO@M;M@BDJI�?@O@MHDI@N�RC@OC@M�<�><I?D?<O@�KJNDODJI�DN�DIND?@�OC@�M@BDJI�OC<O�DN�=@DIB�PN@?�AJM� !"#�ADGO@MDIB�

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

candidateC < colEnd &&
candidateR >= rowStart &&
candidateR < rowEnd)

}

��������  G<HK�*3�MJR�API>ODJI
clamp_mv_row( mvec, border ) { TypeType

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>ODJI
clamp_mv_col( mvec, border ) { TypeType

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 ) { TypeType

cdef_idx[ r ][ c ] = -1
if ( use_128x128_superblock ) {

cdefSize4 = Num_4x4_Blocks_Wide[ BLOCK_64X64 ]
cdef_idx[ r ][ c + cdefSize4 ] = -1
cdef_idx[ r + cdefSize4][ c ] = -1
cdef_idx[ r + cdefSize4][ c + cdefSize4 ] = -1

}
}

�������� /@<?� !"#�NTIO<S
read_cdef( ) { TypeType

if ( skip || CodedLossless || !enable_cdef || allow_intrabc) {
return

}
cdefSize4 = Num_4x4_Blocks_Wide[ BLOCK_64X64 ]
cdefMask4 = ~(cdefSize4 - 1)
r = MiRow & cdefMask4
c = MiCol & cdefMask4
if ( cdef_idx[ r ][ c ] == -1 ) {

cdef_idx[ r ][ c ]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 ]

}
}

}
}

�������� /@<?�GJJK�M@NOJM<ODJI�NTIO<S
read_lr( r, c, bSize ) { TypeType

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 * ( MI_SIZE >> subY) +

unitSize - 1 ) / unitSize
unitRowEnd = Min( unitRows, ( (r + h) * ( MI_SIZE >> subY) +

unitSize - 1 ) / unitSize)
if ( use_superres ) {

numerator = (MI_SIZE >> subX) * SuperresDenom
denominator = unitSize * SUPERRES_NUM

} else {
numerator = MI_SIZE >> subX
denominator = unitSize

}
unitColStart = ( c * 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_lr_unit(plane, unitRow, unitCol)

}
}

}
}

}

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

count_units_in_frame (( unitSize ,, frameSize)) {{
returnreturn Max(((( frameSize ++ (( unitSize >>>> 11)))) // unitSize ,, 11))

}}

�������� /@<?�GJJK�M@NOJM<ODJI�PIDO�NTIO<S
read_lr_unit(plane, unitRow, unitCol) { TypeType

if ( FrameRestorationType[ plane ] == RESTORE_WIENER ) {
use_wieneruse_wiener S()
restoration_type = use_wiener ? RESTORE_WIENER : RESTORE_NONE

} else if ( FrameRestorationType[ plane ] == RESTORE_SGRPROJ ) {
use_sgrprojuse_sgrproj S()
restoration_type = use_sgrproj ? RESTORE_SGRPROJ : RESTORE_NONE

} else {
restoration_typerestoration_type S()

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

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

firstCoeff = 1
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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 ][ j ] )
LrWiener[ plane ]

[ unitRow ][ unitCol ][ pass ][ j ] = v
RefLrWiener[ plane ][ pass ][ j ] = v

}
}

} else if ( restoration_type == RESTORE_SGRPROJ ) {
lr_sgr_setlr_sgr_set L(SGRPROJ_PARAMS_BITS)
LrSgrSet[ plane ][ unitRow ][ unitCol ] = lr_sgr_set
for ( i = 0; i < 2; i++ ) {

radius = Sgr_Params[ lr_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 ][ 0 ] )

}
}
LrSgrXqd[ plane ][ unitRow ][ unitCol ][ i ] = v
RefSgrXqd[ plane ][ i ] = v

}
}

}

RC@M@�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<IO

GJJFPK�O<=G@N�
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Wiener_Taps_Min[[ 33]] == {{ -- 55,, -- 2323,, -- 1717 }}
Wiener_Taps_Max[[ 33]] == {{ 1010,, 88,, 4646 }}
Wiener_Taps_K[[ 33]] == {{ 11,, 22,, 33 }}

Sgrproj_Xqd_Min[[ 22]] == {{ -- 9696,, -- 3232 }}
Sgrproj_Xqd_Max[[ 22]] == {{ 3131,, 9595 }}

0BM;-<M<HN�DN�<�>JINO<IO�GJJFPK�O<=G@�?@ADI@?�DIN@>ODJI������� <I?�?@>J?@;NDBI@?;NP=@SK;RDOC;M@A;=JJG�DN�<�API>ODJI

NK@>DAD@?�<N�AJGGJRN�

decode_signed_subexp_with_ref_bool( low, high, k, r ) { TypeType
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_boolssubexp_unif_bools NS(numSyms - mk)
return subexp_unif_bools + mk

} else {
subexp_more_boolssubexp_more_bools L(1)
if ( subexp_more_bools ) {

i++
mk += a

} else {
subexp_boolssubexp_bools L(b2)
return subexp_bools + mk

}
}

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

tile_list_obu( ) { TypeType
output_frame_width_in_tiles_minus_1output_frame_width_in_tiles_minus_1 f(8)
output_frame_height_in_tiles_minus_1output_frame_height_in_tiles_minus_1 f(8)
tile_count_minus_1tile_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( ) { TypeType

anchor_frame_idxanchor_frame_idx f(8)
anchor_tile_rowanchor_tile_row f(8)
anchor_tile_colanchor_tile_col f(8)
tile_data_size_minus_1tile_data_size_minus_1 f(16)
N = 8 * (tile_data_size_minus_1 + 1)
coded_tile_datacoded_tile_data f(N)

}

Note: 1C@�?@>J?@;NDBI@?;NP=@SK;RDOC;M@A;=JJG�API>ODJI�DN�OC@�N<H@�<N�OC@�?@>J?@;NDBI@?;NP=@SK;RDOC;M@A

API>ODJI�@S>@KO�OC<O�OC@�=DON�PN@?�OJ�M@KM@N@IO�OC@�NTH=JG�<M@�<MDOCH@OD>�>J?@?�DINO@<?�JA�=@DIB�M@<?�?DM@>OGT�AMJH

OC@�=DONOM@<H�
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�� 0TIO<S�NOMP>OPM@N�N@H<IOD>N
���� $@I@M<G
1CDN�N@>ODJI�NK@>DAD@N�OC@�H@<IDIB�JA�OC@�NTIO<S�@G@H@ION�M@<?�DI�OC@�NTIO<S�NOMP>OPM@N�

&HKJMO<IO�Q<MD<=G@N�<I?�API>ODJI�><GGN�<M@�<GNJ�?@N>MD=@?�

���� ,�2�N@H<IOD>N
������ $@I@M<G�,�2�N@H<IOD>N
�I�JM?@M@?�N@MD@N�JA�,�2N�DN�KM@N@IO@?�OJ�OC@�?@>J?DIB�KMJ>@NN��"<>C�,�2�DN�BDQ@I�OJ�OC@�?@>J?DIB�KMJ>@NN�<N�<�NOMDIB

JA�=TO@N�<GJIB�RDOC�<�Q<MD<=G@�NU�OC<O�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�OJ��	�OC@I�OC@�Q<MD<=G@�NU�RDGG�=@�PIPN@?�<I?�?J@N

IJO�C<Q@�OJ�=@�KMJQD?@?�

obu_size >JIO<DIN�OC@�NDU@�DI�=TO@N�JA�OC@�,�2�IJO�DI>GP?DIB�OC@�=TO@N�RDOCDI�J=P;C@<?@M�JM�OC@�J=P;NDU@�NTIO<S

@G@H@IO�

*@OCJ?N�JA�AM<HDIB�OC@�,�2N��D�@��JA�D?@IODATDIB�OC@�N@MD@N�JA�,�2N�<I?�OC@DM�NDU@�<I?�K<TGJ<?�?<O<��DI�<�?@GDQ@MT�JM

>JIO<DI@M�AJMH<O�H<T�=@�@NO<=GDNC@?�DI�<�H<II@M�JPOND?@�OC@�N>JK@�JA�OCDN�0K@>DAD><ODJI��,I@�NDHKG@�H@OCJ?�DN�?@N>MD=@?

DI��II@S���

,�2�?<O<�NO<MON�JI�OC@�ADMNO��HJNO�NDBIDAD><IO��=DO�<I?�@I?N�JI�OC@�G<NO�=DO�JA�OC@�BDQ@I�=TO@N��1C@�K<TGJ<?�JA�<I�,�2�GD@N

=@OR@@I�OC@�ADMNO�=DO�JA�OC@�BDQ@I�=TO@N�<I?�OC@�G<NO�=DO�=@AJM@�OC@�ADMNO�OM<DGDIB�=DO��1M<DGDIB�=DON�<M@�<GR<TN�KM@N@IO	�PIG@NN

OC@�,�2�>JINDNON�JA�JIGT�OC@�C@<?@M��1M<DGDIB�=DON�<>CD@Q@�=TO@�<GDBIH@IO�RC@I�OC@�K<TGJ<?�JA�<I�,�2�DN�IJO�=TO@�<GDBI@?�

1C@�OM<DGDIB�=DON�H<T�<GNJ�PN@?�AJM�<??DODJI<G�=TO@�K<??DIB	�<I?�DA�PN@?�<M@�O<F@I�DIOJ�<>>JPIO�DI�OC@�NU�Q<GP@��&I�<GG�><N@N	

OC@�K<OO@MI�PN@?�AJM�OC@�OM<DGDIB�=DON�BP<M<IO@@N�OC<O�<GG�,�2N��@S>@KO�C@<?@M
JIGT�,�2N��@I?�RDOC�OC@�N<H@�K<OO@MI��JI@

=DO�N@O�OJ�JI@	�JKODJI<GGT�AJGGJR@?�=T�U@MJN�

drop_obu( ) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�RC@I�OC@�?@>J?DIB�KMJ>@NN�NCJPG?�DBIJM@�<I�,�2�=@><PN@�DO�DN�IJO�>JIO<DI@?

DI�OC@�N@G@>O@?�JK@M<ODIB�KJDIO��4C@I�<I�,�2�DN�IJO�DI�OC@�N@G@>O@?�JK@M<ODIB�KJDIO�OC@�>JIO@ION�C<Q@�IJ�@AA@>O�JI�OC@

?@>J?DIB�KMJ>@NN�

4C@I�OCDN�API>ODJI�DN�><GG@?	�OC@�=DONOM@<H�KJNDODJI�DI?D><OJM�NCJPG?�=@�<?Q<I>@?�=T�J=P;NDU@�����=DON�

Note: �N�<�Q<GD?DOT�>C@>F�AJM�H<GAJMH@?�@I>J?@?�?<O<�<I?�AJM�JK@M<ODJI�DI�@IQDMJIH@ION�DI�RCD>C�GJNN@N�<I?

@MMJMN�><I�J>>PM	�?@>J?@MN�H<T�?@O@>O�<I�@MMJM�DA�OC@�@I?�JA�OC@�K<MN@?�?<O<�DN�IJO�?DM@>OGT�AJGGJR@?�=T�OC@�>JMM@>O

OM<DGDIB�=DON�K<OO@MI�JM�DA�OC@�K<MNDIB�JA�OC@�,�2�C@<?@M�<I?�K<TGJ<?�G@<?N�OJ�OC@�>JINPHKODJI�JA�=DON�RDOCDI�OC@

OM<DGDIB�=DON��@S>@KO�AJM�ODG@�BMJPK�?<O<�RCD>C�DN�<GGJR@?�OJ�M@<?�<�NH<GG�?DNO<I>@�DIOJ�OC@�OM<DGDIB�=DON�<N�?@N>MD=@?�DI

N@>ODJI��������
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������ ,�2�C@<?@M�N@H<IOD>N
,�2N�<M@�NOMP>OPM@?�RDOC�<�C@<?@M�<I?�<�K<TGJ<?��1C@�C@<?@M�D?@IODAD@N�OC@�OTK@�JA�OC@�K<TGJ<?�PNDIB�OC@�J=P;OTK@

C@<?@M�K<M<H@O@M�

obu_forbidden_bit HPNO�=@�N@O�OJ�
�

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

obu_type Name of obu_type


 /@N@MQ@?

� ,�2;0".2"+ ";%"�!"/

� ,�2;1"*-,/�);!")&*&1"/

� ,�2;#/�*";%"�!"/

� ,�2;1&)";$/,2-

� ,�2;*"1�!�1�

� ,�2;#/�*"

� ,�2;/"!2+!�+1;#/�*";%"�!"/

� ,�2;1&)";)&01

�
�� /@N@MQ@?

�� ,�2;-�!!&+$

/@N@MQ@?�PIDON�<M@�AJM�APOPM@�PN@�<I?�NC<GG�=@�DBIJM@?�=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;NDU@;AD@G?�@LP<G�OJ�


DI?D><O@N�OC<O�OC@�J=P;NDU@�NTIO<S�@G@H@IO�RDGG�IJO�=@�KM@N@IO�

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

������ ,�2�@SO@INDJI�C@<?@M�N@H<IOD>N
temporal_id NK@>DAD@N�OC@�O@HKJM<G�G@Q@G�JA�OC@�?<O<�>JIO<DI@?�DI�OC@�,�2��4C@I�O@HKJM<G;D?�DN�IJO�KM@N@IO	�O@HKJM<G;D?

DN�DIA@MM@?�OJ�=@�@LP<G�OJ�
�

spatial_id NK@>DAD@N�OC@�NK<OD<G�G@Q@G�JA�OC@�?<O<�>JIO<DI@?�DI�OC@�,�2��4C@I�NK<OD<G;D?�DN�IJO�KM@N@IO	�NK<OD<G;D?�DN

DIA@MM@?�OJ�=@�@LP<G�OJ�
�

Note: 1CDN�@INPM@N�OC<O�*-"$��OM<INKJMO�DN�KJNND=G@�=T�KM@Q@IODIB�@HPG<ODJI�JA�*-"$��OM<INKJMO�NOM@<H�D?N�
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1DG@�BMJPK�,�2�?<O<�<NNJ>D<O@?�RDOC�NK<OD<G;D?�<I?�O@HKJM<G;D?�@LP<G�OJ�
�<M@�M@A@MM@?�OJ�<N�OC@�=<N@�G<T@M	�RC@M@<N�ODG@

BMJPK�,�2�?<O<�OC<O�<M@�<NNJ>D<O@?�RDOC�NK<OD<G;D?�BM@<O@M�OC<I�
�JM�O@HKJM<G;D?�BM@<O@M�OC<I�
�<M@�M@A@MM@?�OJ�<N

@IC<I>@H@IO�G<T@M�N��

 J?@?�QD?@J�?<O<�JA�<�O@HKJM<G�G@Q@G�RDOC�O@HKJM<G;D?�1�<I?�NK<OD<G�G@Q@G�RDOC�NK<OD<G;D?�0�<M@�JIGT�<GGJR@?�OJ�M@A@M@I>@

KM@QDJPNGT�>J?@?�QD?@J�?<O<�JA�O@HKJM<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�DBIJM@?�=T�<�?@>J?@M�

������ 1M<DGDIB�=DON�N@H<IOD>N

trailing_one_bit NC<GG�=@�@LP<G�OJ���

4C@I�OC@�NTIO<S�@G@H@IO�OM<DGDIB;JI@;=DO�DN�M@<?	�DO�DN�<�M@LPDM@H@IO�OC<O�I=�DON�DN�BM@<O@M�OC<I�U@MJ�

trailing_zero_bit NC<GG�=@�@LP<G�OJ�
�<I?�DN�DIN@MO@?�DIOJ�OC@�=DONOM@<H�OJ�<GDBI�OC@�=DO�KJNDODJI�OJ�<�HPGODKG@�JA���=DON�<I?

<??�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�KJNDODJI�OJ�<�HPGODKG@�JA���=DON�

���� /@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�OC<O�<GGJRN�JG?@M�?@>J?@MN

OJ�DBIJM@�OC@H�

���� 0@LP@I>@�C@<?@M�,�2�N@H<IOD>N
������ $@I@M<G�N@LP@I>@�C@<?@M�,�2�N@H<IOD>N
seq_profile NK@>DAD@N�OC@�A@<OPM@N�OC<O�><I�=@�PN@?�DI�OC@�>J?@?�QD?@J�N@LP@I>@�

seq_profile Bit depth Monochrome support Chroma subsampling


 ��JM��
 6@N 623�����


� ��JM��
 +J 623������

� ��JM��
 6@N 623������

Note: 1C@�O@MH�]NK<OD<G^�M@A@MN�OJ�OC@�A<>O�OC<O�OC@�@IC<I>@H@IO�C@M@�J>>PMN�DI�OC@�NK<OD<G�?DH@INDJI��@DOC@M�<N�<I

DI>M@<N@�DI�NK<OD<G�M@NJGPODJI	�JM�<I�DI>M@<N@�DI�NK<OD<G�AD?@GDOT��DI>M@<N@?�0+/��

Note: 1DG@�BMJPK�,�2N	�ODG@�)DNO�,�2N	�<I?�AM<H@�,�2N�?J�@I?�RDOC�OM<DGDIB�=DON	�=PO�AJM�OC@N@�><N@N	�OC@�OM<DGDIB

=DON�<M@�>JINPH@?�=T�OC@�@SDO;NTH=JG�KMJ>@NN�
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seq_profile Bit depth Monochrome support Chroma subsampling

� �� 6@N 623�����
	�623������	�623������

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�N@L;KMJADG@�DN�IJO�BM@<O@M�OC<I����Q<GP@N���OJ���<M@�M@N@MQ@?��

*JIJ>CMJH@�><I�JIGT�=@�NDBI<G@?�RC@I�N@L;KMJADG@�DN�@LP<G�OJ�
�JM���

�3��KMJADG@N�<M@�?@ADI@?�DI��II@S���

still_picture @LP<G�OJ���NK@>DAD@N�OC<O�OC@�>J?@?�QD?@J�N@LP@I>@�>JIO<DIN�JIGT�JI@�>J?@?�AM<H@��NODGG;KD>OPM@�@LP<G�OJ�


NK@>DAD@N�OC<O�OC@�>J?@?�QD?@J�N@LP@I>@�>JIO<DIN�JI@�JM�HJM@�>J?@?�AM<H@N�

reduced_still_picture_header NK@>DAD@N�OC<O�OC@�NTIO<S�@G@H@ION�IJO�I@@?@?�=T�<�NODGG�KD>OPM@�<M@�JHDOO@?�

&A�M@?P>@?;NODGG;KD>OPM@;C@<?@M�DN�@LP<G�OJ��	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�NODGG;KD>OPM@�DN�@LP<G�OJ���

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

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�DI�OC@�>J?@?�QD?@J

N@LP@I>@�

operating_points_cnt_minus_1 DI?D><O@N�OC@�IPH=@M�JA�JK@M<ODIB�KJDION�HDIPN���KM@N@IO�DI�OC@�>J?@?�QD?@J�N@LP@I>@�

�I�JK@M<ODIB�KJDIO�NK@>DAD@N�RCD>C�NK<OD<G�<I?�O@HKJM<G�G<T@MN�NCJPG?�=@�?@>J?@?�

operating_point_idc[ i ] >JIO<DIN�<�=DOH<NF�OC<O�DI?D><O@N�RCD>C�NK<OD<G�<I?�O@HKJM<G�G<T@MN�NCJPG?�=@�?@>J?@?�AJM

JK@M<ODIB�KJDIO�D���DO�F�DN�@LP<G�OJ���DA�O@HKJM<G�G<T@M�F�NCJPG?�=@�?@>J?@?��AJM�F�=@OR@@I�
�<I?������DO�E���DN�@LP<G�OJ���DA

NK<OD<G�G<T@M�E�NCJPG?�=@�?@>J?@?��AJM�E�=@OR@@I�
�<I?����

%JR@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�IJ�N><G<=DGDOT�DIAJMH<ODJI�DI�,�2

@SO@INDJI�C@<?@MN�<I?�OC@�JK@M<ODIB�KJDIO�<KKGD@N�OJ�OC@�@IODM@�>J?@?�QD?@J�N@LP@I>@��1CDN�H@<IN�OC<O�<GG�,�2N�HPNO�=@

?@>J?@?�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�JK@M<ODIB;KJDIO;D?>8�D�9�DN�IJO�@LP<G�OJ�JK@M<ODIB;KJDIO;D?>8�E�9�AJM�E���
���D


����

Note: &O�DN�<GGJR@?�OJ�C<Q@�NODGG;KD>OPM@�@LP<G�OJ���<I?�M@?P>@?;NODGG;KD>OPM@;C@<?@M�@LP<G�OJ�
��1CDN�<GGJRN�<�QD?@J

AM<H@�OJ�=@�>JIQ@MO@?�OJ�<�NODGG�KD>OPM@�=T�>C<IBDIB�<�NDIBG@�=DO�

Note: 1CDN�>JINOM<DIO�H@<IN�DO�DN�IJO�<GGJR@?�AJM�ORJ�JK@M<ODIB�KJDION�OJ�C<Q@�OC@�N<H@�Q<GP@�JA

JK@M<ODIB;KJDIO;D?>�
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&A�JK@M<ODIB;KJDIO;D?>8�JK�9�DN�IJO�@LP<G�OJ�
�AJM�<IT�Q<GP@�JA�JK�AMJH�
�OJ�JK@M<ODIB;KJDION;>IO;HDIPN;�	�DO�DN�<

M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�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@I�JK@M<ODIB�KJDIO�D�DN�N@G@>O@?�

seq_tier[ i ] NK@>DAD@N�OC@�OD@M�OC<O�OC@�>J?@?�QD?@J�N@LP@I>@�>JIAJMHN�OJ�RC@I�JK@M<ODIB�KJDIO�D�DN�N@G@>O@?�

decoder_model_present_for_this_op[ i ] @LP<G�OJ�JI@�DI?D><O@N�OC<O�OC@M@�DN�<�?@>J?@M�HJ?@G�<NNJ>D<O@?�RDOC�JK@M<ODIB

KJDIO�D��?@>J?@M;HJ?@G;KM@N@IO;AJM;OCDN;JK8�D�9�@LP<G�OJ�U@MJ�DI?D><O@N�OC<O�OC@M@�DN�IJO�<�?@>J?@M�HJ?@G�<NNJ>D<O@?�RDOC

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@>DAD@?�AJM

JK@M<ODIB�KJDIO�D��DIDOD<G;?DNKG<T;?@G<T;KM@N@IO;AJM;OCDN;JK8�D�9�@LP<G�OJ�
�DI?D><O@N�OC<O�DIDOD<G;?DNKG<T;?@G<T;HDIPN;��DN

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?@?�AM<H@N�OC<O�NCJPG?�=@

KM@N@IO�DI�OC@�=PAA@M�KJJG�=@AJM@�OC@�ADMNO�KM@N@IO<=G@�AM<H@�DN�?DNKG<T@?��1CDN�RDGG�@INPM@�OC<O�<GG�KM@N@IO<=G@�AM<H@N�DI�OC@

N@LP@I>@�><I�=@�?@>J?@?�<O�JM�=@AJM@�OC@�ODH@�OC<O�OC@T�<M@�N>C@?PG@?�AJM�?DNKG<T��&A�IJO�NDBI<G@?�OC@I

DIDOD<G;?DNKG<T;?@G<T;HDIPN;�8�D�9����2##"/;-,,);*�5;0&7"�
���

choose_operating_point( ) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@�JK@M<ODIB�KJDIO�NCJPG?�=@�N@G@>O@?�

1C@�DHKG@H@IO<ODJI�JA�OCDN�API>ODJI�?@K@I?N�JI�OC@�><K<=DGDOD@N�JA�OC@�>CJN@I�DHKG@H@IO<ODJI��1C@�JM?@M�JA�JK@M<ODIB

KJDION�DI?D><O@N�OC@�KM@A@MM@?�JM?@M�AJM�KMJ?P>DIB�<I�JPOKPO��<�?@>J?@M�NCJPG?�N@G@>O�OC@�@<MGD@NO�JK@M<ODIB�KJDIO�DI�OC@�GDNO

OC<O�H@@ON�DON�?@>J?DIB�><K<=DGDOD@N�<N�@SKM@NN@?�=T�OC@�G@Q@G�<NNJ>D<O@?�RDOC�@<>C�JK@M<ODIB�KJDIO�

��?@>J?@M�HPNO�M@OPMI�<�Q<GP@�AMJH�>CJJN@;JK@M<ODIB;KJDIO�=@OR@@I�
�<I?�JK@M<ODIB;KJDION;>IO;HDIPN;�	�JM�<=<I?JI

OC@�?@>J?DIB�KMJ>@NN�DA�IJ�G@Q@G�RDOCDI�OC@�?@>J?@M_N�><K<=DGDOD@N�><I�=@�AJPI?�

OperatingPointIdc NK@>DAD@N�OC@�Q<GP@�JA�JK@M<ODIB;KJDIO;D?>�AJM�OC@�N@G@>O@?�JK@M<ODIB�KJDIO�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�DA�,K@M<ODIB-JDIO&?>�DN�@LP<G�OJ�
	�OC@I�J=P;@SO@INDJI;AG<B�DN�@LP<G�OJ�


AJM�<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?OC�NTIO<S�@G@H@ION�

Note: "I>J?@MN�NCJPG?�N@G@>O�OC@�GJR@NO�G@Q@G�OC<O�DN�N<ODNAD@?�=T�OC@�JK@M<ODIB�KJDIO�OJ�H<SDHDU@�OC@�IPH=@M�JA

?@>J?@MN�OC<O�><I�?@>J?@�OC@�NOM@<H	�=PO�OCDN�DN�IJO�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�

Note: 1J�C@GK�RDOC�>JIAJMH<I>@�O@NODIB	�?@>J?@MN�H<T�<GGJR�OC@�JK@M<ODIB�KJDIO�OJ�=@�@SKGD>DOGT�NDBI<G@?�=T

@SO@MI<G�H@<IN�

Note: ��?@>J?@M�H<T�I@@?�OJ�>C<IB@�OC@�JK@M<ODIB�KJDIO�N@G@>ODJI�RC@I�<�I@R�>J?@?�QD?@J�N@LP@I>@�=@BDIN�
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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@DBCO�NTIO<S

@G@H@ION�

max_frame_width_minus_1 NK@>DAD@N�OC@�H<SDHPH�AM<H@�RD?OC�HDIPN���AJM�OC@�AM<H@N�M@KM@N@IO@?�=T�OCDN�N@LP@I>@

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@IO@?�=T�OCDN�N@LP@I>@

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?@J�N@LP@I>@�

additional_frame_id_length_minus_1 DN�PN@?�OJ�><G>PG<O@�OC@�IPH=@M�JA�=DON�PN@?�OJ�@I>J?@�OC@�AM<H@;D?�NTIO<S

@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?�NTIO<S�@G@H@ION�

use_128x128_superblock 	�RC@I�@LP<G�OJ��	�DI?D><O@N�OC<O�NPK@M=GJ>FN�>JIO<DI����S����GPH<�N<HKG@N��4C@I�@LP<G�OJ�
	

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�?@K@I?N�JI

NP=N<HKGDIB;S�<I?�NP=N<HKGDIB;T��

enable_filter_intra @LP<G�OJ���NK@>DAD@N�OC<O�OC@�PN@;ADGO@M;DIOM<�NTIO<S�@G@H@IO�H<T�=@�KM@N@IO��@I<=G@;ADGO@M;DIOM<�@LP<G

OJ�
�NK@>DAD@N�OC<O�OC@�PN@;ADGO@M;DIOM<�NTIO<S�@G@H@IO�RDGG�IJO�=@�KM@N@IO�

enable_intra_edge_filter NK@>DAD@N�RC@OC@M�OC@�DIOM<�@?B@�ADGO@MDIB�KMJ>@NN�NCJPG?�=@�@I<=G@?�

enable_interintra_compound @LP<G�OJ���NK@>DAD@N�OC<O�OC@�HJ?@�DIAJ�AJM�DIO@M�=GJ>FN�H<T�>JIO<DI�OC@�NTIO<S�@G@H@IO

DIO@MDIOM<��@I<=G@;DIO@MDIOM<;>JHKJPI?�@LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�NTIO<S�@G@H@IO�DIO@MDIOM<�RDGG�IJO�=@�KM@N@IO�

enable_masked_compound @LP<G�OJ���NK@>DAD@N�OC<O�OC@�HJ?@�DIAJ�AJM�DIO@M�=GJ>FN�H<T�>JIO<DI�OC@�NTIO<S�@G@H@IO

>JHKJPI?;OTK@��@I<=G@;H<NF@?;>JHKJPI?�@LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�NTIO<S�@G@H@IO�>JHKJPI?;OTK@�RDGG�IJO�=@

KM@N@IO�

enable_warped_motion @LP<G�OJ���DI?D><O@N�OC<O�OC@�<GGJR;R<MK@?;HJODJI�NTIO<S�@G@H@IO�H<T�=@�KM@N@IO�

@I<=G@;R<MK@?;HJODJI�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�<GGJR;R<MK@?;HJODJI�NTIO<S�@G@H@IO�RDGG�IJO�=@�KM@N@IO�

enable_order_hint @LP<G�OJ���DI?D><O@N�OC<O�OJJGN�=<N@?�JI�OC@�Q<GP@N�JA�JM?@M�CDION�H<T�=@�PN@?��@I<=G@;JM?@M;CDIO

@LP<G�OJ�
�DI?D><O@N�OC<O�OJJGN�=<N@?�JI�JM?@M�CDION�<M@�?DN<=G@?�

enable_dual_filter @LP<G�OJ���DI?D><O@N�OC<O�OC@�DIO@M�KM@?D>ODJI�ADGO@M�OTK@�H<T�=@�NK@>DAD@?�DI?@K@I?@IOGT�DI�OC@�CJMDUJIO<G

<I?�Q@MOD><G�?DM@>ODJIN��&A�OC@�AG<B�DN�@LP<G�OJ�
	�JIGT�JI@�ADGO@M�OTK@�H<T�=@�NK@>DAD@?	�RCD>C�DN�OC@I�PN@?�DI�=JOC�?DM@>ODJIN�

enable_jnt_comp @LP<G�OJ���DI?D><O@N�OC<O�OC@�?DNO<I>@�R@DBCON�KMJ>@NN�H<T�=@�PN@?�AJM�DIO@M�KM@?D>ODJI�

Note: 1C@�AM<H@�D?�IPH=@MN��M@KM@N@IO@?�DI�?DNKG<T;AM<H@;D?	�>PMM@IO;AM<H@;D?	�<I?�/@A#M<H@&?8�D�9��<M@�IJO

I@@?@?�=T�OC@�?@>J?DIB�KMJ>@NN	�=PO�<GGJR�?@>J?@MN�OJ�NKJO�RC@I�AM<H@N�C<Q@�=@@I�HDNN@?�<I?�O<F@�<I

<KKMJKMD<O@�<>ODJI�
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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@N@IO�

@I<=G@;M@A;AM<H@;HQN�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�PN@;M@A;AM<H@;HQN�NTIO<S�@G@H@IO�RDGG�IJO�=@�KM@N@IO�

seq_choose_screen_content_tools @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�N@L;AJM>@;N>M@@I;>JIO@IO;OJJGN�NTIO<S�@G@H@IO�RDGG�=@

KM@N@IO��N@L;>CJJN@;N>M@@I;>JIO@IO;OJJGN�@LP<G�OJ���DI?D><O@N�OC<O�N@L;AJM>@;N>M@@I;>JIO@IO;OJJGN�NCJPG?�=@�N@O�@LP<G

OJ�0")" 1;0 /""+; ,+1"+1;1,,)0�

seq_force_screen_content_tools @LP<G�OJ�0")" 1;0 /""+; ,+1"+1;1,,)0�DI?D><O@N�OC<O�OC@

<GGJR;N>M@@I;>JIO@IO;OJJGN�NTIO<S�@G@H@IO�RDGG�=@�KM@N@IO�DI�OC@�AM<H@�C@<?@M��,OC@MRDN@	

N@L;AJM>@;N>M@@I;>JIO@IO;OJJGN�>JIO<DIN�OC@�Q<GP@�AJM�<GGJR;N>M@@I;>JIO@IO;OJJGN�

seq_choose_integer_mv @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�N@L;AJM>@;DIO@B@M;HQ�NTIO<S�@G@H@IO�RDGG�=@�KM@N@IO�

N@L;>CJJN@;DIO@B@M;HQ�@LP<G�OJ���DI?D><O@N�OC<O�N@L;AJM>@;DIO@B@M;HQ�NCJPG?�=@�N@O�@LP<G�OJ�0")" 1;&+1"$"/;*3�

seq_force_integer_mv @LP<G�OJ�0")" 1;&+1"$"/;*3�DI?D><O@N�OC<O�OC@�AJM>@;DIO@B@M;HQ�NTIO<S�@G@H@IO�RDGG�=@

KM@N@IO�DI�OC@�AM<H@�C@<?@M��KMJQD?DIB�<GGJR;N>M@@I;>JIO@IO;OJJGN�DN�@LP<G�OJ�����,OC@MRDN@	�N@L;AJM>@;DIO@B@M;HQ

>JIO<DIN�OC@�Q<GP@�AJM�AJM>@;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@IO�RDGG�=@�KM@N@IO�DI�OC@�PI>JHKM@NN@?�C@<?@M�

@I<=G@;NPK@MM@N�@LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�PN@;NPK@MM@N�NTIO<S�@G@H@IO�RDGG�IJO�=@�KM@N@IO��DINO@<?�PN@;NPK@MM@N�RDGG

=@�N@O�OJ�
�DI�OC@�PI>JHKM@NN@?�C@<?@M�RDOCJPO�=@DIB�M@<?��

enable_cdef @LP<G�OJ���NK@>DAD@N�OC<O�>?@A�ADGO@MDIB�H<T�=@�@I<=G@?��@I<=G@;>?@A�@LP<G�OJ�
�NK@>DAD@N�OC<O�>?@A�ADGO@MDIB�DN

?DN<=G@?�

enable_restoration @LP<G�OJ���NK@>DAD@N�OC<O�GJJK�M@NOJM<ODJI�ADGO@MDIB�H<T�=@�@I<=G@?��@I<=G@;M@NOJM<ODJI�@LP<G�OJ�


NK@>DAD@N�OC<O�GJJK�M@NOJM<ODJI�ADGO@MDIB�DN�?DN<=G@?�

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?@?�QD?@J�N@LP@I>@�

Note: &O�DN�<GGJR@?�OJ�N@O�@I<=G@;NPK@MM@N�@LP<G�OJ���@Q@I�RC@I�PN@;NPK@MM@N�DN�IJO�@LP<G�OJ���AJM�<IT�AM<H@�DI

OC@�>J?@?�QD?@J�N@LP@I>@�

Note: &O�DN�<GGJR@?�OJ�N@O�@I<=G@;>?@A�@LP<G�OJ���@Q@I�RC@I�>?@A�ADGO@MDIB�DN�IJO�PN@?�JI�<IT�AM<H@�DI�OC@�>J?@?

QD?@J�N@LP@I>@�

Note: &O�DN�<GGJR@?�OJ�N@O�@I<=G@;M@NOJM<ODJI�@LP<G�OJ���@Q@I�RC@I�GJJK�M@NOJM<ODJI�DN�IJO�PN@?�JI�<IT�AM<H@�DI�OC@

>J?@?�QD?@J�N@LP@I>@�
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������  JGJM�>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@�=DO�?@KOC�

mono_chrome @LP<G�OJ���DI?D><O@N�OC<O�OC@�QD?@J�?J@N�IJO�>JIO<DI�2�<I?�3�>JGJM�KG<I@N��HJIJ;>CMJH@�@LP<G�OJ�


DI?D><O@N�OC<O�OC@�QD?@J�>JIO<DIN�6	�2	�<I?�3�>JGJM�KG<I@N�

color_description_present_flag @LP<G�OJ���NK@>DAD@N�OC<O�>JGJM;KMDH<MD@N	�OM<INA@M;>C<M<>O@MDNOD>N	�<I?

H<OMDS;>J@AAD>D@ION�<M@�KM@N@IO��>JGJM;?@N>MDKODJI;KM@N@IO;AG<B�@LP<G�OJ�
�NK@>DAD@N�OC<O�>JGJM;KMDH<MD@N	

OM<INA@M;>C<M<>O@MDNOD>N�<I?�H<OMDS;>J@AAD>D@ION�<M@�IJO�KM@N@IO�

color_primaries DN�<I�DIO@B@M�OC<O�DN�?@ADI@?�=T�OC@�] JGJM�KMDH<MD@N^�N@>ODJI�JA�&0,�&" ���
��
��&12
1�%�����

color_primaries Name of color primaries Description

�  -;�1;�
� �1��
�

�  -;2+0-" &#&"! 2INK@>DAD@?

�  -;�1;��
;* �1���
�0TNO@H�*��CDNOJMD><G�

�  -;�1;��
;�;$ �1���
�0TNO@H��	�$��CDNOJMD><G�

�  -;�1;�
� �1��
�

�  -;0*-1";��
 0*-1"���


�  -;$"+"/& ;#&)* $@I@MD>�ADGH��>JGJM�ADGO@MN�PNDIB�DGGPHDI<IO� �

�  -;�1;�
�
 �1��
�
	��1���



�
  -;567 0*-1"������ &"������567�

��  -;0*-1";��� 0*-1"�/-����
�

��  -;0*-1";��� 0*-1"�"$����
�

��  -;"�2;���� "�2�1@>C������
"

transfer_characteristics DN�<I�DIO@B@M�OC<O�DN�?@ADI@?�=T�OC@�]1M<INA@M�>C<M<>O@MDNOD>N^�N@>ODJI�JA�&0,�&" ���
��
��&12
1

%�����

transfer_characteristics Name of transfer characteristics Description


 1 ;/"0"/3"!;
 #JM�APOPM@�PN@

� 1 ;�1;�
� �1��
�

� 1 ;2+0-" &#&"! 2INK@>DAD@?

� 1 ;/"0"/3"!;� #JM�APOPM@�PN@

� 1 ;�1;��
;* �1���
�0TNO@H�*��CDNOJMD><G�
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transfer_characteristics Name of transfer characteristics Description

� 1 ;�1;��
;�;$ �1���
�0TNO@H��	�$��CDNOJMD><G�

� 1 ;�1;�
� �1��
�

� 1 ;0*-1";��
 0*-1"���
�*

� 1 ;)&+"�/ )DI@<M

� 1 ;),$;�

 )JB<MDOCHD>���

�����M<IB@�

�
 1 ;),$;�

;0./1�
 )JB<MDOCHD>���

���0LMO��
������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��
��	�&12��1���

�-.

�� 1 ;0*-1";��� 0*-1"�01����

�� 1 ;%)$ �1���

�%)$	��/&��01!
���

matrix_coefficients DN�<I�DIO@B@M�OC<O�DN�?@ADI@?�=T�OC@�]*<OMDS�>J@AAD>D@ION^�N@>ODJI�JA�&0,�&" ���
��
��&12
1�%�����

matrix_coefficients Name of matrix coefficients Description


 * ;&!"+1&16 &?@IODOT�H<OMDS

� * ;�1;�
� �1��
�

� * ;2+0-" &#&"! 2INK@>DAD@?

� * ;/"0"/3"!;� #JM�APOPM@�PN@

� * ;#  20�#  �������

� * ;�1;��
;�;$ �1���
�0TNO@H��	�$��CDNOJMD><G�

� * ;�1;�
� �1��
�

� * ;0*-1";��
 0*-1"���
�*

� * ;0*-1";6 $ , 6 B J

� * ;�1;�
�
;+ ) �1��
�
�IJI
>JINO<IO�GPHDI<I>@	��1���

�6 = M

�
 * ;�1;�
�
; ) �1��
�
�>JINO<IO�GPHDI<I>@

�� * ;0*-1";�
�� 0*-1"�01��
���6!U!S
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matrix_coefficients Name of matrix coefficients Description

�� * ; %/,*�1;+ )  CMJH<OD>DOT
?@MDQ@?�IJI
>JINO<IO�GPHDI<I>@

�� * ; %/,*�1; )  CMJH<OD>DOT
?@MDQ@?�>JINO<IO�GPHDI<I>@

�� * ;& 1 - �1���

�& O K

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@?�DI�&0,�&" ���
��
��&12


1�%������>JGJM�M<IB@�@LP<G�OJ�
�NC<GG�=@�M@A@MM@?�OJ�<N�OC@�NOP?DJ�NRDIB�M@KM@N@IO<ODJI�<I?�>JGJM�M<IB@�@LP<G�OJ���NC<GG�=@

M@A@MM@?�OJ�<N�OC@�APGG�NRDIB�M@KM@N@IO<ODJI�AJM�<GG�DIO@ION�M@G<ODIB�OJ�OCDN�NK@>DAD><ODJI�

subsampling_x 	 subsampling_y NK@>DAT�OC@�>CMJH<�NP=N<HKGDIB�AJMH<O�

subsampling_x subsampling_y mono_chrome Description


 
 
 623������

� 
 
 623������

� � 
 623�����


� � � *JIJ>CMJH@���
�


&A�H<OMDS;>J@AAD>D@ION�DN�@LP<G�OJ�* ;&!"+1&16	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�NP=N<HKGDIB;S�DN�@LP<G

OJ�
�<I?�NP=N<HKGDIB;T�DN�@LP<G�OJ�
�

chroma_sample_position NK@>DAD@N�OC@�N<HKG@�KJNDODJI�AJM�NP=N<HKG@?�NOM@<HN�

chroma_sample_position

Name of chroma

sample position Description


  0-;2+(+,4+ 2IFIJRI��DI�OCDN�><N@�OC@�NJPM>@�QD?@J�OM<INA@M�API>ODJI�HPNO�=@

NDBI<G@?�JPOND?@�OC@��3��=DONOM@<H�

�  0-;3"/1& �) %JMDUJIO<GGT�>J
GJ><O@?�RDOC��
	�
��GPH<�N<HKG@	�Q@MOD><G�KJNDODJI�DI

OC@�HD??G@�=@OR@@I�ORJ�GPH<�N<HKG@N

�  0-; ,), �1"! >J
GJ><O@?�RDOC��
	�
��GPH<�N<HKG@

�  0-;/"0"/3"!

separate_uv_delta_q @LP<G�OJ���DI?D><O@N�OC<O�OC@�2�<I?�3�KG<I@N�H<T�C<Q@�N@K<M<O@�?@GO<�LP<IODU@M�Q<GP@N�

N@K<M<O@;PQ;?@GO<;L�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�2�<I?�3�KG<I@N�RDGG�NC<M@�OC@�N<H@�?@GO<�LP<IODU@M�Q<GP@�

Note: +JO@�OC<O�OCDN�NK@>DAD><ODJI�?J@N�IJO�@IAJM>@�OC@�M<IB@�RC@I�NDBI<G@?�<N�0OP?DJ�NRDIB��1C@M@AJM@�OC@

<KKGD><ODJI�NCJPG?�K@MAJMH�<??DODJI<G�>G<HKDIB�<I?�>JGJM�>JIQ@MNDJI�JK@M<ODJIN�<>>JM?DIB�OJ�OC@�NK@>DAD@?�M<IB@�
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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><G@�%U�OC<O

>JMM@NKJI?N�OJ�JI@�DI>M@H@IO�JA�<�>GJ>F�OD>F�>JPIO@M����?DNKG<T�>GJ>F�OD>F	�DI�N@>JI?N	�DN�@LP<G�OJ

IPH;PIDON;DI;?DNKG<T;OD>F�?DQD?@?�=T�ODH@;N><G@�

DispCT == num_units_in_display_tick Ö time_scale

&O�DN�<�M@LPDM@H@IO�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?�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�ODH@;N><G@�DN�BM@<O@M�OC<I�
�

equal_picture_interval @LP<G�OJ���DI?D><O@N�OC<O�KD>OPM@N�NCJPG?�=@�?DNKG<T@?�<>>JM?DIB�OJ�OC@DM�JPOKPO�JM?@M�RDOC�OC@

IPH=@M�JA�OD>FN�=@OR@@I�ORJ�>JIN@>PODQ@�KD>OPM@N��RDOCJPO�?MJKKDIB�AM<H@N��NK@>DAD@?�=T�IPH;OD>FN;K@M;KD>OPM@;HDIPN;�

�����@LP<G;KD>OPM@;DIO@MQ<G�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�DIO@MQ<G�=@OR@@I�ORJ�>JIN@>PODQ@�KD>OPM@N�DN�IJO�NK@>DAD@?�

num_ticks_per_picture_minus_1 KGPN���NK@>DAD@N�OC@�IPH=@M�JA�>GJ>F�OD>FN�>JMM@NKJI?DIB�OJ�JPOKPO�ODH@�=@OR@@I�ORJ

>JIN@>PODQ@�KD>OPM@N�DI�OC@�JPOKPO�JM?@M�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�JA�IPH;OD>FN;K@M;KD>OPM@;HDIPN;��NC<GG�=@�DI�OC@�M<IB@�JA�
�OJ

����������a��	�DI>GPNDQ@�

������ !@>J?@M�HJ?@G�DIAJ�N@H<IOD>N
buffer_delay_length_minus_1 KGPN���NK@>DAD@N�OC@�G@IBOC�JA�OC@�?@>J?@M;=PAA@M;?@G<T�<I?�OC@�@I>J?@M;=PAA@M;?@G<T

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>T�ODH@;N><G@�%U

OC<O�>JMM@NKJI?N�OJ�JI@�DI>M@H@IO�JA�<�>GJ>F�OD>F�>JPIO@M�

DecCT== num_units_in_decoding_tick Ö time_scale

Note: 1C@�`�JK@M<OJM�M@KM@N@ION�NO<I?<M?�H<OC@H<OD><G�?DQDNDJI��DI�>JIOM<NO�OJ�OC@���JK@M<OJM�RCD>C�M@KM@N@ION

DIO@B@M�?DQDNDJI��

Note: 1C@�AM<H@�M<O@	�RC@I�NK@>DAD@?�@SKGD>DOGT	�<KKGD@N�OJ�OC@�OJK�O@HKJM<G�G<T@M�JA�OC@�=DONOM@<H��&A�=DONOM@<H�DN

@SK@>O@?�OJ�=@�H<IDKPG<O@?	�@�B��=T�DIO@MH@?D<O@�I@ORJMF�@G@H@ION	�OC@I�OC@�M@NPGODIB�AM<H@�M<O@�H<T�IJO�H<O>C

OC@�NK@>DAD@?�JI@��&I�OCDN�><N@	�<I�@I>J?@M�DN�<?QDN@?�OJ�PN@�@SKGD>DO�ODH@�>J?@N�JM�NJH@�H@>C<IDNHN�OC<O�>JIQ@T

KD>OPM@�ODHDIB�DIAJMH<ODJI�JPOND?@�OC@�=DONOM@<H�
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IPH;PIDON;DI;?@>J?DIB;OD>F�NC<GG�=@�BM@<O@M�OC<I�
��!@> 1�M@KM@N@ION�OC@�@SK@>O@?�ODH@�OJ�?@>J?@�<�NDIBG@�AM<H@�JM�<

>JHHJI�?DQDNJM�JA�OC@�@SK@>O@?�ODH@N�OJ�?@>J?@�AM<H@N�JA�?DAA@M@IO�NDU@N�<I?�?DH@INDJIN�KM@N@IO�DI�OC@�>J?@?�QD?@J

N@LP@I>@�

buffer_removal_time_length_minus_1 KGPN���NK@>DAD@N�OC@�G@IBOC�JA�OC@�=PAA@M;M@HJQ<G;ODH@�NTIO<S�@G@H@IO	�DI�=DON�

frame_presentation_time_length_minus_1 KGPN���NK@>DAD@N�OC@�G@IBOC�JA�OC@�AM<H@;KM@N@IO<ODJI;ODH@�NTIO<S�@G@H@IO	

DI�=DON�

������ ,K@M<ODIB�K<M<H@O@MN�DIAJ�N@H<IOD>N
decoder_buffer_delay[ op ] NK@>DAD@N�OC@�ODH@�DIO@MQ<G�=@OR@@I�OC@�<MMDQ<G�JA�OC@�ADMNO�=DO�DI�OC@�NHJJOCDIB�=PAA@M�<I?�OC@

NP=N@LP@IO�M@HJQ<G�JA�OC@�?<O<�OC<O�=@GJIBN�OJ�OC@�ADMNO�>J?@?�AM<H@�AJM�JK@M<ODIB�KJDIO�JK	�H@<NPM@?�DI�PIDON�JA����





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�=DON�

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	�OC@�ADMNO�=DO�<MMDQ<G

ODH@�JA�AM<H@N�OJ�=@�?@>J?@?�OJ�OC@�NHJJOCDIB�=PAA@M��@I>J?@M;=PAA@M;?@G<T�DN�H@<NPM@?�DI�PIDON�JA����



�N@>JI?N�

#JM�<�QD?@J�N@LP@I>@�OC<O�DI>GP?@N�JI@�JM�HJM@�M<I?JH�<>>@NN�KJDION�OC@�NPH�JA�?@>J?@M;=PAA@M;?@G<T�<I?

@I>J?@M;=PAA@M;?@G<T�NC<GG�=@�F@KO�>JINO<IO�

low_delay_mode_flag[ op ] @LP<G�OJ���DI?D><O@N�OC<O�OC@�NHJJOCDIB�=PAA@M�JK@M<O@N�DI�GJR
?@G<T�HJ?@�AJM�JK@M<ODIB�KJDIO

JK��&I�GJR
?@G<T�HJ?@�G<O@�?@>J?@�ODH@N�<I?�=PAA@M�PI?@MAGJR�<M@�=JOC�K@MHDOO@?��GJR;?@G<T;HJ?@;AG<B8�JK�9�@LP<G�OJ�


DI?D><O@N�OC<O�OC@�NHJJOCDIB�=PAA@M�JK@M<O@N�DI�NOMD>O�HJ?@	�RC@M@�=PAA@M�PI?@MAGJR�DN�IJO�<GGJR@?�

���� 1@HKJM<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@IO�AM<H@�C<N�=@@I�M@>@DQ@?��&O�DN

DIDOD<GDU@?�OJ�U@MJ�

���� -<??DIB�,�2�N@H<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@>O�JI�OC@�?@>J?DIB

KMJ>@NN�

���� *@O<?<O<�,�2�N@H<IOD>N
������ $@I@M<G�H@O<?<O<�,�2�N@H<IOD>N
metadata_type DI?D><O@N�OC@�OTK@�JA�H@O<?<O<�

Note: 1C@�`�JK@M<OJM�M@KM@N@ION�NO<I?<M?�H<OC@H<OD><G�?DQDNDJI��DI�>JIOM<NO�OJ�OC@���JK@M<OJM�RCD>C�M@KM@N@ION

DIO@B@M�?DQDNDJI��
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metadata_type Name of metadata_type


 /@N@MQ@?�AJM��,*�PN@

� *"1�!�1�;16-";%!/; ))

� *"1�!�1�;16-";%!/;*! 3

� *"1�!�1�;16-";0 �)��&)&16

� *"1�!�1�;16-";&121;1��

� *"1�!�1�;16-";1&*" ,!"

�
�� 2IM@BDNO@M@?�PN@M�KMDQ<O@

���<I?�BM@<O@M /@N@MQ@?�AJM��,*�PN@

������ *@O<?<O<�&121�1���N@H<IOD>N
itu_t_t35_country_code NC<GG�=@�<�=TO@�C<QDIB�<�Q<GP@�NK@>DAD@?�<N�<�>JPIOMT�>J?@�=T��II@S���JA�/@>JHH@I?<ODJI�&12


1�1����

itu_t_t35_country_code_extension_byte NC<GG�=@�<�=TO@�C<QDIB�<�Q<GP@�NK@>DAD@?�<N�<�>JPIOMT�>J?@�=T��II@S���JA

/@>JHH@I?<ODJI�&12
1�1����

itu_t_t35_payload_bytes NC<GG�=@�=TO@N�>JIO<DIDIB�?<O<�M@BDNO@M@?�<N�NK@>DAD@?�DI�/@>JHH@I?<ODJI�&12
1�1����

1C@�&12
1�1����O@MHDI<G�KMJQD?@M�>J?@�<I?�O@MHDI<G�KMJQD?@M�JMD@IO@?�>J?@�NC<GG�=@�>JIO<DI@?�DI�OC@�ADMNO�JI@�JM�HJM@

=TO@N�JA�OC@�DOP;O;O��;K<TGJ<?;=TO@N	�DI�OC@�AJMH<O�NK@>DAD@?�=T�OC@��?HDIDNOM<ODJI�OC<O�DNNP@?�OC@�O@MHDI<G�KMJQD?@M�>J?@�

�IT�M@H<DIDIB�=TO@N�DI�DOP;O;O��;K<TGJ<?;=TO@N�?<O<�NC<GG�=@�?<O<�C<QDIB�NTIO<S�<I?�N@H<IOD>N�<N�NK@>DAD@?�=T�OC@�@IODOT

D?@IODAD@?�=T�OC@�&12
1�1����>JPIOMT�>J?@�<I?�O@MHDI<G�KMJQD?@M�>J?@�

������ *@O<?<O<�CDBC�?TI<HD>�M<IB@�>JIO@IO�GDBCO�G@Q@G�N@H<IOD>N
max_cll NK@>DAD@N�OC@�H<SDHPH�>JIO@IO�GDBCO�G@Q@G�<N�NK@>DAD@?�DI� "�
�����	��KK@I?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���

������ *@O<?<O<�CDBC�?TI<HD>�M<IB@�H<NO@MDIB�?DNKG<T�>JGJM�QJGPH@
N@H<IOD>N
primary_chromaticity_x[ i ] NK@>DAD@N�<�
����ADS@?
KJDIO�5�>CMJH<OD>DOT�>JJM?DI<O@�<N�?@ADI@?�=T� &"�����	�RC@M@�D��


	�	��NK@>DAD@N�/@?	�$M@@I	��GP@�M@NK@>ODQ@GT�

primary_chromaticity_y[ i ] NK@>DAD@N�<�
����ADS@?
KJDIO�6�>CMJH<OD>DOT�>JJM?DI<O@�<N�?@ADI@?�=T� &"�����	�RC@M@�D��


	�	��NK@>DAD@N�/@?	�$M@@I	��GP@�M@NK@>ODQ@GT�

white_point_chromaticity_x NK@>DAD@N�<�
����ADS@?
KJDIO�RCDO@�5�>CMJH<OD>DOT�>JJM?DI<O@�<N�?@ADI@?�=T� &"������
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white_point_chromaticity_y NK@>DAD@N�<�
����ADS@?
KJDIO�RCDO@�6�>CMJH<OD>DOT�>JJM?DI<O@�<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@?
KJDIO�HDIDHPH�GPHDI<I>@	�M@KM@N@IO@?�DI�><I?@G<N�K@M�NLP<M@�H@O@M�

������ *@O<?<O<�N><G<=DGDOT�N@H<IOD>N

&A�N><G<=DGDOT�H@O<?<O<�DN�KM@N@IO�DO�NCJPG?�=@�KG<>@?�=@OR@@I�OC@�ADMNO�N@LP@I>@�C@<?@M�<I?�OC@�ADMNO�AM<H@�C@<?@M�JA�<

>J?@?�QD?@J�N@LP@I>@��1C@�DIAJMH<ODJI�KM@N@IO�DI�<�N><G<=DGDOT�H@O<?<O<�,�2�<KKGD@N�OJ�OC@�@IODM@�>J?@?�QD?@J�N@LP@I>@

DI�RCD>C�DO�DN�>JIO<DI@?	�<I?�JIGT�OC<O�N@LP@I>@��/@?PI?<IO�>JKD@N�JA�<�N><G<=DGDOT�H@O<?<O<�,�2�H<T�J>>PM�DI�<IT

O@HKJM<G�PIDO�JA�<�>J?@?�QD?@J�N@LP@I>@�

scalability_mode_idc DI?D><O@N�OC@�KD>OPM@�KM@?D>ODJI�NOMP>OPM@�JA�OC@�>J?@?�QD?@J�N@LP@I>@�

scalability_mode_idc Name of scalability_mode_idc


 0 �)��&)&16;)�1�

� 0 �)��&)&16;)�1�

� 0 �)��&)&16;)�1�

� 0 �)��&)&16;)�1�

� 0 �)��&)&16;)�1�

� 0 �)��&)&16;0�1�

� 0 �)��&)&16;0�1�

� 0 �)��&)&16;0�1�

� 0 �)��&)&16;)�1�C

� 0 �)��&)&16;)�1�C

�
 0 �)��&)&16;)�1�C

�� 0 �)��&)&16;0�1�C

�� 0 �)��&)&16;0�1�C

�� 0 �)��&)&16;0�1�C

�� 0 �)��&)&16;00

Note: 1C@�N><G<=DGDOT�H@O<?<O<�,�2�DN�DIO@I?@?�AJM�PN@�=T�DIO@MH@?D<O@�KMJ>@NNDIB�@IODOD@N�OC<O�H<T�K@MAJMH

N@G@>ODQ@�G<T@M�@GDHDI<ODJI��&ON�KM@N@I>@�<GGJRN�OC@N@�@IODOD@N�OJ�FIJR�OC@�NOMP>OPM@�JA�OC@�JMDBDI<G�>J?@?�QD?@J

N@LP@I>@�RDOCJPO�C<QDIB�OJ�?@>J?@�DI?DQD?P<G�AM<H@N��&A�OC@�M@>@DQ@?�=DONOM@<H�C<N�=@@I�HJ?DAD@?�=T�<I

DIO@MH@?D<O@�KMJ>@NNDIB�@IODOT	�OC@I�NJH@�JA�OC@�G<T@MN�<I?�JM�DI?DQD?P<G�AM<H@N�H<T�=@�<=N@IO�AMJH�OC@�=DONOM@<H�
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scalability_mode_idc Name of scalability_mode_idc

�� 0 �)��&)&16;)�1�

�� 0 �)��&)&16;)�1�

�� 0 �)��&)&16;)�1�

�� 0 �)��&)&16;0�1�

�� 0 �)��&)&16;0�1�

�
 0 �)��&)&16;0�1�

�� 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%&#1

�� 0 �)��&)&16;)�1�;("6;0%&#1

��
��� M@N@MQ@?

1C@�N><G<=DGDOT�H@O<?<O<�KMJQD?@N�ORJ�H@>C<IDNHN�AJM�?@N>MD=DIB�OC@�PI?@MGTDIB�KD>OPM@�KM@?D>ODJI�NOMP>OPM@�JA�OC@

=DONOM@<H�

�� 0@G@>ODJI�<HJIB�<�N@O�JA�KM@>JIADBPM@?�NOMP>OPM@N	�JM�HJ?@N	�>JQ@MDIB�<�IPH=@M�JA�><N@N�OC<O�C<Q@�AJPI?�RD?@

PN@�DI�<KKGD><ODJIN�

�� ��A<>DGDOT�AJM�NK@>DATDIB�KD>OPM@�KM@?D>ODJI�NOMP>OPM@N�OJ�<>>JHHJ?<O@�<�Q<MD@OT�JA�NK@>D<G�><N@N�

1C@�KM@>JIADBPM@?�HJ?@N�<M@�?@N>MD=@?�=@GJR��1C@�H@>C<IDNH�AJM�?@N>MD=DIB�<GO@MI<ODQ@�NOMP>OPM@N�DN�?@N>MD=@?�DI

N><G<=DGDOT;NOMP>OPM@���=@GJR�

�GG�KM@?@ADI@?�HJ?@N�AJGGJR�<�?T<?D>	�CD@M<M>CD><G�KD>OPM@�KM@?D>ODJI�NOMP>OPM@��1C@T�NPKKJMO�PK�OJ�OCM@@�O@HKJM<G�G<T@MN	�DI

>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?�<�C<GA�ODH@N�OC@

M@NJGPODJI�JA�OC@�=<N@�G<T@M�DI�@<>C�?DH@INDJI	�?@K@I?DIB�JI�OC@�HJ?@��1C@M@�DN�<GNJ�NPKKJMO�AJM�<�NK<OD<G�G<T@M�OC<O�PN@N

IJ�DIO@M
G<T@M�KM@?D>ODJI��D�@�	�OC@�N@>JI?�NK<OD<G�G<T@M�?J@N�IJO�PN@�DON�>JMM@NKJI?DIB�=<N@�G<T@M�<N�<�M@A@M@I>@��<I?�<

NK<OD<G�G<T@M�OC<O�PN@N�DIO@M
G<T@M�KM@?D>ODJI�JIGT�<O�F@T�AM<H@N��1C@�AJGGJRDIB�O<=G@�GDNON�OC@�KM@?@ADI@?�N><G<=DGDOT

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 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;0�1� � ��� � +J

0 �)��&)&16;0�1� � ��� � +J

0 �)��&)&16;0�1� � ��� � +J

0 �)��&)&16;)�1�C � ����� � 6@N

0 �)��&)&16;)�1�C � ����� � 6@N

0 �)��&)&16;)�1�C � ����� � 6@N

0 �)��&)&16;0�1�C � ����� � +J

0 �)��&)&16;0�1�C � ����� � +J

0 �)��&)&16;0�1�C � ����� � +J

0 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;)�1� � ��� � 6@N

0 �)��&)&16;0�1� � ��� � +J

0 �)��&)&16;0�1� � ��� � +J

0 �)��&)&16;0�1� � ��� � +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>ODJI�NOMP>OPM@N�AJM�>@MO<DI�HJ?@N�
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L2T2
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L4T7_KEY_SHIFT

������ 0><G<=DGDOT�NOMP>OPM@�N@H<IOD>N
�������� $@I@M<G

spatial_layers_cnt_minus_1 DI?D><O@N�OC@�IPH=@M�JA�NK<OD<G�G<T@MN�KM@N@IO�DI�OC@�>J?@?�QD?@J�N@LP@I>@�HDIPN�JI@�

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@N@IO�AJM�@<>C�JA�OC@

�NK<OD<G;G<T@MN;>IO;HDIPN;�������G<T@MN	�JM�OC<O�DO�DN�IJO�KM@N@IO�RC@I�N@O�OJ�
�

spatial_layer_dimensions_present_flag DI?D><O@N�RC@I�N@O�OJ���OC<O�OC@�NK<OD<G;G<T@M;H<S;RD?OC�<I?

NK<OD<G;G<T@M;H<S;C@DBCO�K<M<H@O@MN�<M@�KM@N@IO�AJM�@<>C�JA�OC@��NK<OD<G;G<T@MN;>IO;HDIPN;�������G<T@MN	�JM�OC<O�DO�OC@T

<M@�IJO�KM@N@IO�RC@I�N@O�OJ�
�

temporal_group_description_present_flag DI?D><O@N�RC@I�N@O�OJ���OC<O�OC@�O@HKJM<G�?@K@I?@I>T�DIAJMH<ODJI�DN

KM@N@IO	�JM�OC<O�DO�DN�IJO�RC@I�N@O�OJ�
��4C@I�<IT�O@HKJM<G�PIDO�DI�<�>J?@?�QD?@J�N@LP@I>@�>JIO<DIN�,�2�@SO@INDJI

C@<?@MN�OC<O�C<Q@�O@HKJM<G;D?�Q<GP@N�OC<O�<M@�IJO�@LP<G�OJ�@<>C�JOC@M	�O@HKJM<G;BMJPK;?@N>MDKODJI;KM@N@IO;AG<B�HPNO�=@

@LP<G�OJ�
�

Note: 1C@�N><G<=DGDOT;NOMP>OPM@�DN�DIO@I?@?�AJM�PN@�=T�DIO@MH@?D<O@�KMJ>@NNDIB�@IODOD@N�OC<O�H<T�K@MAJMH�N@G@>ODQ@

G<T@M�@GDHDI<ODJI��&ON�KM@N@I>@�<GGJRN�OC@N@�@IODOD@N�OJ�FIJR�OC@�NOMP>OPM@�JA�OC@�QD?@J�=DONOM@<H�RDOCJPO�C<Q@�OJ

?@>J?@�DI?DQD?P<G�AM<H@N��0><G<=DGDOT�NOMP>OPM@N�NCJPG?�=@�KG<>@?�DHH@?D<O@GT�<AO@M�OC@�N@LP@I>@�C@<?@M�NJ�OC<O

OC@N@�@IODOD@N�<M@�DIAJMH@?�JA�OC@�N><G<=DGDOT�NOMP>OPM@�JA�OC@�QD?@J�N@LP@I>@�<N�@<MGT�<N�KJNND=G@�
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scalability_structure_reserved_3bits HPNO�=@�N@O�OJ�U@MJ�<I?�=@�DBIJM@?�=T�?@>J?@MN�

spatial_layer_max_width[ i ] NK@>DAD@N�OC@�H<SDHPH�AM<H@�RD?OC�AJM�OC@�AM<H@N�RDOC�NK<OD<G;D?�@LP<G�OJ�D��1CDN�IPH=@M

HPNO�IJO�=@�G<MB@M�OC<I�H<S;AM<H@;RD?OC;HDIPN;������

spatial_layer_max_height[ i ] NK@>DAD@N�OC@�H<SDHPH�AM<H@�C@DBCO�AJM�OC@�AM<H@N�RDOC�NK<OD<G;D?�@LP<G�OJ�D��1CDN�IPH=@M

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@IO�O@HKJM<G�PIDO�OC<O�OC@�AM<H@�JA�G<T@M�D

PN@N�AJM�M@A@M@I>@��&A�IJ�AM<H@�RDOCDI�OC@�>PMM@IO�O@HKJM<G�PIDO�DN�PN@?�AJM�M@A@M@I>@�OC@�Q<GP@�HPNO�=@�@LP<G�OJ�����

temporal_group_size DI?D><O@N�OC@�IPH=@M�JA�KD>OPM@N�DI�<�O@HKJM<G�KD>OPM@�BMJPK��&A�OC@�O@HKJM<G;BMJPK;NDU@�DN�BM@<O@M

OC<I�
	�OC@I�OC@�N><G<=DGDOT�NOMP>OPM@�?<O<�<GGJRN�OC@�DIO@M
KD>OPM@�O@HKJM<G�?@K@I?@I>T�NOMP>OPM@�JA�OC@�>J?@?�QD?@J

N@LP@I>@�OJ�=@�NK@>DAD@?��&A�OC@�O@HKJM<G;BMJPK;NDU@�DN�BM@<O@M�OC<I�
	�OC@I�AJM�O@HKJM<G;BMJPK;NDU@�KD>OPM@N�DI�OC@

O@HKJM<G�BMJPK	�@<>C�KD>OPM@_N�O@HKJM<G�G<T@M�D?��O@HKJM<G;D?�	�NRDO>C�PK�KJDION

�O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B�<I?�O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B�	�<I?�OC@

M@A@M@I>@�KD>OPM@�DI?D>@N��O@HKJM<G;BMJPK;M@A;KD>;?DAA��<M@�NK@>DAD@?�

1C@�ADMNO�KD>OPM@�NK@>DAD@?�DI�<�O@HKJM<G�BMJPK�HPNO�C<Q@�O@HKJM<G;D?�@LP<G�OJ�
�

&A�OC@�K<M<H@O@M�O@HKJM<G;BMJPK;NDU@�DN�IJO�KM@N@IO�JM�N@O�OJ�
	�OC@I�@DOC@M�OC@M@�DN�JIGT�JI@�O@HKJM<G�G<T@M�JM�OC@M@�DN�IJ

ADS@?�DIO@M
KD>OPM@�O@HKJM<G�?@K@I?@I>T�KM@N@IO�DI�OC@�>J?@?�QD?@J�N@LP@I>@�

+JO@�OC<O�AJM�<�BDQ@I�KD>OPM@	�<GG�AM<H@N�AJGGJR�OC@�N<H@�DIO@M
KD>OPM@�O@HKJM<G�?@K@I?@I>T�NOMP>OPM@��%JR@Q@M	�OC@�AM<H@

M<O@�JA�@<>C�G<T@M�><I�=@�?DAA@M@IO�AMJH�@<>C�JOC@M��1C@�NK@>DAD@?�?@K@I?@I>T�NOMP>OPM@�DI�OC@�N><G<=DGDOT�NOMP>OPM@�?<O<

HPNO�=@�AJM�OC@�CDBC@NO�AM<H@�M<O@�G<T@M�

temporal_group_temporal_id[ i ] NK@>DAD@N�OC@�O@HKJM<G;D?�Q<GP@�AJM�OC@�D
OC�KD>OPM@�DI�OC@�O@HKJM<G�BMJPK�

temporal_group_temporal_switching_up_point_flag[ i ] DN�N@O�OJ���DA�NP=N@LP@IO��DI�?@>J?DIB�JM?@M��KD>OPM@N�RDOC�<

O@HKJM<G;D?�CDBC@M�OC<I�O@HKJM<G;BMJPK;O@HKJM<G;D?8�D�9�?J�IJO�?@K@I?�JI�<IT�KD>OPM@�KM@>@?DIB�OC@�>PMM@IO�KD>OPM@��DI

>J?DIB�JM?@M��RDOC�O@HKJM<G;D?�CDBC@M�OC<I�O@HKJM<G;BMJPK;O@HKJM<G;D?8�D�9�

temporal_group_spatial_switching_up_point_flag[ i ] 9�DN�N@O�OJ���DA�NK<OD<G�G<T@MN�JA�OC@�>PMM@IO�KD>OPM@�DI�OC@�O@HKJM<G

BMJPK��D�@�	�KD>OPM@N�RDOC�<�NK<OD<G;D?�CDBC@M�OC<I�U@MJ��?J�IJO�?@K@I?�JI�<IT�KD>OPM@�KM@>@?DIB�OC@�>PMM@IO�KD>OPM@�DI�OC@

O@HKJM<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@�DI�OC@�O@HKJM<G�BMJPK�

temporal_group_ref_pic_diff[ i ][ j ] DI?D><O@N	�AJM�OC@�D
OC�KD>OPM@�DI�OC@�O@HKJM<G�BMJPK	�OC@�O@HKJM<G�?DNO<I>@�=@OR@@I

OC@�D
OC�KD>OPM@�<I?�OC@�E
OC�M@A@M@I>@�KD>OPM@�PN@?�=T�OC@�D
OC�KD>OPM@��1C@�O@HKJM<G�?DNO<I>@�DN�H@<NPM@?�DI�AM<H@N	

>JPIODIB�JIGT�AM<H@N�JA�D?@IOD><G�NK<OD<G;D?�Q<GP@N�

Note: 1CDN�>JI?DODJI�@INPM@N�OC<O�NRDO>CDIB�PK�OJ�<�CDBC@M�AM<H@�M<O@�DN�KJNND=G@�<O�OC@�>PMM@IO�KD>OPM@�
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1C@�AJGGJRDIB�N@>ODJIN�>JIO<DI�OC@�Q<GP@�JA�OC@N@�NTIO<S�@G@H@ION�AJM�>@MO<DI�KM@?@ADI@?�HJ?@N��-M@?D>ODJI�NOMP>OPM@N

C<QDIB�N><G<=DGDOT;HJ?@;D?>�Q<GP@N�DI�OC@�M<IB@����OJ���	�DI>GPNDQ@	�><IIJO�=@�?@N>MD=@?�PNDIB�O@HKJM<G�BMJPK�?@N>MDKODJI

NTIO<S�<I?�<M@�IJO�?@N>MD=@?�DI�OC@�N@>ODJIN�OC<O�AJGGJR�

�������� )�1���&IAJMH<ODQ@�

Layer Spatial Layers Description Value

NK<OD<G;G<T@MN;>IO;HDIPN;� 


Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

�������� )�1���&IAJMH<ODQ@�

Layer Spatial Layers Description Value

NK<OD<G;G<T@MN;>IO;HDIPN;� 


Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


Note: 1C@�N><G<=DGDOT�NOMP>OPM@�?@N>MDKODJI�?J@N�IJO�<GGJR�?DAA@M@IO�O@HKJM<G�KM@?D>ODJI�NOMP>OPM@N�<>MJNN�IJI


O@HKJM<G�G<T@MN��D�@�	�G<T@MN�RDOC�?DAA@M@IO�NK<OD<G;D?�Q<GP@N���&O�<GNJ�JIGT�<GGJRN�AJM�<�NDIBG@�M@A@M@I>@�KD>OPM@�AJM

DIO@M
G<T@M�KM@?D>ODJI�
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O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

�������� )�1����)�1�C��&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 


Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


AV1 Bitstream & Decoding Process Specification

Section: Syntax structures semantics Page 139 of 669



O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

�������� )�1����)�1�C��&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 


Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

�������� )�1����)�1�C��&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 


Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �
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 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

�������� 0�1����0�1�C��&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 ���

Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �
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O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

�������� 0�1����0�1�C��&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 ���

Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

�������� 0�1����0�1�C��&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 ���

Picture Temporal Group Description Value
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O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;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@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 
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O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;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@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;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 
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� NK<OD<G;G<T@M;M@A;D?8�9 �

Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

��������� 0�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���
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Picture Temporal Group Description Value

O@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

��������� 0�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@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

��������� 0�1���&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@HKJM<G;BMJPK;NDU@ �


 O@HKJM<G;BMJPK;O@HKJM<G;D?8
9 


O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8
9 


O@HKJM<G;BMJPK;M@A;>IO8
9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8
98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

� O@HKJM<G;BMJPK;O@HKJM<G;D?8�9 �

O@HKJM<G;BMJPK;O@HKJM<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 �

O@HKJM<G;BMJPK;NK<OD<G;NRDO>CDIB;PK;KJDIO;AG<B8�9 


O@HKJM<G;BMJPK;M@A;>IO8�9 �

O@HKJM<G;BMJPK;M@A;KD>;?DAA8�98
9 �

������ *@O<?<O<�ODH@>J?@�N@H<IOD>N
counting_type NK@>DAD@N�OC@�H@OCJ?�JA�?MJKKDIB�Q<GP@N�JA�OC@�I;AM<H@N�NTIO<S�@G@H@IO�<N�NK@>DAD@?�DI�OC@�O<=G@�=@GJR�

>JPIODIB;OTK@�NCJPG?�=@�OC@�N<H@�AJM�<GG�KD>OPM@N�DI�OC@�>J?@?�QD?@J�N@LP@I>@�
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counting_type Meaning


 IJ�?MJKKDIB�JA�I;AM<H@N�>JPIO�Q<GP@N�<I?�IJ�PN@�JA�ODH@;JAAN@O;Q<GP@

� IJ�?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�I;AM<H@N�>JPIO�@LP<G�OJ�H<S#KN�a��

� ?MJKKDIB�JA�OC@�ORJ�GJR@NO��Q<GP@�
�<I?����I;AM<H@N�>JPION�RC@I�N@>JI?N;Q<GP@�DN�@LP<G�OJ�
�<I?

HDIPO@N;Q<GP@�DN�IJO�<I�DIO@B@M�HPGODKG@�JA��


� ?MJKKDIB�JA�PINK@>DAD@?�DI?DQD?P<G�I;AM<H@N�>JPIO�Q<GP@N

� ?MJKKDIB�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<O�OC@�OC@�N@>JI?N;Q<GP@	�HDIPO@N;Q<GP@	�CJPMN;Q<GP@�NTIO<S�@G@H@ION�RDGG

=@�KM@N@IO��APGG;ODH@NO<HK;AG<B�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@M@�<M@�AG<BN�OJ�>JIOMJG�OC@�KM@N@I>@�JA�OC@N@�NTIO<S�@G@H@ION�

4C@I�ODHDIB;DIAJ;KM@N@IO;AG<B�DN�@LP<G�OJ��	�OC@�>JIO@ION�JA�OC@�>GJ>F�ODH@NO<HK�DI?D><O@�<�ODH@�JA�JMDBDI	�><KOPM@	�JM�D?@<G

?DNKG<T��1CDN�DI?D><O@?�ODH@�DN�>JHKPO@?�<N�AJGGJRN�

ifif (( equal_picture_interval )) {{
ticksPerPicture == num_ticks_per_picture_minus_1 ++ 11

}} elseelse {{
ticksPerPicture == 11

}}
ss == (( (( hours_value ** 6060 ++ minutes_value)) ** 6060 ++ 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	�M@G<ODQ@�OJ�NJH@

PINK@>DAD@?�KJDIO�DI�ODH@�AJM�RCD>C�>GJ>F1DH@NO<HK�RJPG?�=@�@LP<G�OJ�
�

discontinuity_flag @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�?DAA@M@I>@�=@OR@@I�OC@�>PMM@IO�Q<GP@�JA�>GJ>F1DH@NO<HK�<I?�OC@�Q<GP@�JA

>GJ>F1DH@NO<HK�>JHKPO@?�AMJH�OC@�KM@QDJPN�N@O�JA�ODH@NO<HK�NTIO<S�@G@H@ION�DI�JPOKPO�JM?@M�><I�=@�DIO@MKM@O@?�<N�OC@

ODH@�?DAA@M@I>@�=@OR@@I�OC@�ODH@N�JA�JMDBDI�JM�><KOPM@�JA�OC@�<NNJ>D<O@?�AM<H@N�JM�AD@G?N��?DN>JIODIPDOT;AG<B�@LP<G�OJ��

DI?D><O@N�OC<O�OC@�?DAA@M@I>@�=@OR@@I�OC@�>PMM@IO�Q<GP@�JA�>GJ>F1DH@NO<HK�<I?�OC@�Q<GP@�JA�>GJ>F1DH@NO<HK�>JHKPO@?

AMJH�OC@�KM@QDJPN�N@O�JA�>GJ>F�ODH@NO<HK�NTIO<S�@G@H@ION�DI�JPOKPO�JM?@M�NCJPG?�IJO�=@�DIO@MKM@O@?�<N�OC@�ODH@�?DAA@M@I>@

=@OR@@I�OC@�ODH@N�JA�JMDBDI�JM�><KOPM@�JA�OC@�<NNJ>D<O@?�AM<H@N�JM�AD@G?N�

4C@I�ODHDIB;DIAJ;KM@N@IO;AG<B�DN�@LP<G�OJ���<I?�?DN>JIODIPDOT;AG<B�DN�@LP<G�OJ�
	�OC@�Q<GP@�JA�>GJ>F1DH@NO<HK�NC<GG�=@

BM@<O@M�OC<I�JM�@LP<G�OJ�OC@�Q<GP@�JA�>GJ>F1DH@NO<HK�AJM�OC@�KM@QDJPN�N@O�JA�>GJ>F�ODH@NO<HK�NTIO<S�@G@H@ION�DI�JPOKPO

JM?@M�

cnt_dropped_flag NK@>DAD@N�OC@�NFDKKDIB�JA�JI@�JM�HJM@�Q<GP@N�JA�I;AM<H@N�PNDIB�OC@�>JPIODIB�H@OCJ?�NK@>DAD@?�=T

>JPIODIB;OTK@�
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n_frames DN�PN@?�OJ�>JHKPO@�>GJ>F1DH@NO<HK��4C@I�ODHDIB;DIAJ;KM@N@IO;AG<B�DN�@LP<G�OJ��	�I;AM<H@N�NC<GG�=@�G@NN�OC<I

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;ODH@NO<HK;AG<B�DN�@LP<G�OJ


��N@>JI?N;AG<B�@LP<G�OJ�
�NK@>DAD@N�OC<O�N@>JI?N;Q<GP@�<I?�HDIPO@N;AG<B�<M@�IJO�KM@N@IO�

seconds_value DN�PN@?�OJ�>JHKPO@�>GJ>F1DH@NO<HK�<I?�NC<GG�=@�DI�OC@�M<IB@�JA�
�OJ�����4C@I�N@>JI?N;Q<GP@�DN�IJO

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@O�JA�>GJ>F�ODH@NO<HK�NTIO<S

@G@H@ION�DI�?@>J?DIB�JM?@M	�<I?�DO�DN�M@LPDM@?�OC<O�NP>C�<�KM@QDJPN�N@>JI?N;Q<GP@�NC<GG�C<Q@�=@@I�KM@N@IO�

minutes_flag @LP<G�OJ���NK@>DAD@N�OC<O�HDIPO@N;Q<GP@�<I?�CJPMN;AG<B�<M@�KM@N@IO�RC@I�APGG;ODH@NO<HK;AG<B�DN�@LP<G�OJ�


<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?�CJPMN;AG<B�<M@�IJO�KM@N@IO�

minutes_value NK@>DAD@N�OC@�Q<GP@�JA�HH�PN@?�OJ�>JHKPO@�>GJ>F1DH@NO<HK�<I?�NC<GG�=@�DI�OC@�M<IB@�JA�
�OJ���	

DI>GPNDQ@��4C@I�HDIPO@N;Q<GP@�DN�IJO�KM@N@IO	�DON�Q<GP@�DN�DIA@MM@?�OJ�=@�@LP<G�OJ�OC@�Q<GP@�JA�HDIPO@N;Q<GP@�AJM�OC@

KM@QDJPN�N@O�JA�>GJ>F�ODH@NO<HK�NTIO<S�@G@H@ION�DI�?@>J?DIB�JM?@M	�<I?�DO�DN�M@LPDM@?�OC<O�NP>C�<�KM@QDJPN�HDIPO@N;Q<GP@

NC<GG�C<Q@�=@@I�KM@N@IO�

hours_flag @LP<G�OJ���NK@>DAD@N�OC<O�CJPMN;Q<GP@�DN�KM@N@IO�RC@I�APGG;ODH@NO<HK;AG<B�DN�@LP<G�OJ�
�<I?�N@>JI?N;AG<B�DN

@LP<G�OJ���<I?�HDIPO@N;AG<B�DN�@LP<G�OJ���

hours_value DN�PN@?�OJ�>JHKPO@�>GJ>F1DH@NO<HK�<I?�NC<GG�=@�DI�OC@�M<IB@�JA�
�OJ���	�DI>GPNDQ@��4C@I�CJPMN;Q<GP@�DN�IJO

KM@N@IO	�DON�Q<GP@�DN�DIA@MM@?�OJ�=@�@LP<G�OJ�OC@�Q<GP@�JA�CJPMN;Q<GP@�AJM�OC@�KM@QDJPN�N@O�JA�>GJ>F�ODH@NO<HK�NTIO<S

@G@H@ION�DI�?@>J?DIB�JM?@M	�<I?�DO�DN�M@LPDM@?�OC<O�NP>C�<�KM@QDJPN�CJPMN;Q<GP@�NC<GG�C<Q@�=@@I�KM@N@IO�

time_offset_length BM@<O@M�OC<I�
�NK@>DAD@N�OC@�G@IBOC�DI�=DON�JA�OC@�ODH@;JAAN@O;Q<GP@�NTIO<S�@G@H@IO��ODH@;JAAN@O;G@IBOC

@LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�ODH@;JAAN@O;Q<GP@�NTIO<S�@G@H@IO�DN�IJO�KM@N@IO��ODH@;JAAN@O;G@IBOC�NCJPG?�=@�OC@�N<H@�AJM

<GG�KD>OPM@N�DI�OC@�>J?@?�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@IO�ODH@;JAAN@O;Q<GP@�DN�@LP<G

OJ�ODH@;JAAN@O;G@IBOC��4C@I�ODH@;JAAN@O;Q<GP@�DN�IJO�KM@N@IO	�DON�Q<GP@�DN�DIA@MM@?�OJ�=@�@LP<G�OJ�
�

���� #M<H@�C@<?@M�,�2�N@H<IOD>N
������ $@I@M<G�AM<H@�C@<?@M�,�2�N@H<IOD>N
&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�<�N@LP@I>@�C@<?@M�,�2�C<N�=@@I�M@>@DQ@?�=@AJM@�<�AM<H@�C@<?@M

,�2�

frame_header_copy DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�<�>JKT�JA�OC@�KM@QDJPN�AM<H@;C@<?@M;J=P�NCJPG?�=@�DIN@MO@?�<O

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�ODG@;BMJPK;J=P�OJ�<GGJR

AJM�BM@<O@M�@MMJM�M@NDGD@I>@��%JR@Q@M	�OC@�>JKD@N�HPNO�>JIO<DI�D?@IOD><G�>JIO@ION�OJ�OC@�JMDBDI<G�AM<H@;C@<?@M;J=P�
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&A�J=P;OTK@�DN�@LP<G�OJ�,�2;#/�*";%"�!"/	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�0@@I#M<H@%@<?@M�DN

@LP<G�OJ�
�

&A�J=P;OTK@�DN�@LP<G�OJ�,�2;/"!2+!�+1;#/�*";%"�!"/	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O

0@@I#M<H@%@<?@M�DN�@LP<G�OJ���

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><O@N�OC<O�OC@�?@>J?@�AM<H@�RM<KPK�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����

NCJPG?�=@�DIQJF@?�

������ 2I>JHKM@NN@?�C@<?@M�N@H<IOD>N
show_existing_frame @LP<G�OJ��	�DI?D><O@N�OC@�AM<H@�DI?@S@?�=T�AM<H@;OJ;NCJR;H<K;D?S�DN�OJ�=@�JPOKPO�

NCJR;@SDNODIB;AM<H@�@LP<G�OJ�
�DI?D><O@N�OC<O�APMOC@M�KMJ>@NNDIB�DN�M@LPDM@?�

&A�J=P;OTK@�DN�@LP<G�OJ�,�2;#/�*"	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�NCJR;@SDNODIB;AM<H@�DN�@LP<G�OJ�
�

frame_to_show_map_idx NK@>DAD@N�OC@�AM<H@�OJ�=@�JPOKPO��&O�DN�JIGT�<Q<DG<=G@�DA�NCJR;@SDNODIB;AM<H@�DN���

display_frame_id KMJQD?@N�OC@�AM<H@�D?�IPH=@M�AJM�OC@�AM<H@�OJ�JPOKPO��&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O

RC@I@Q@M�?DNKG<T;AM<H@;D?�DN�M@<?	�OC@�Q<GP@�H<O>C@N�/@A#M<H@&?8�AM<H@;OJ;NCJR;H<K;D?S�9��OC@�Q<GP@�JA

>PMM@IO;AM<H@;D?�<O�OC@�ODH@�OC<O�OC@�AM<H@�DI?@S@?�=T�AM<H@;OJ;NCJR;H<K;D?S�R<N�NOJM@?�	�<I?�OC<O�/@A3<GD?8

AM<H@;OJ;NCJR;H<K;D?S�9�DN�@LP<G�OJ���

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�IPH=@M�JA�=DON�I@@?@?�OJ�M@<?�?DNKG<T;AM<H@;D?�?J@N�IJO�@S>@@?����

1CDN�DN�@LPDQ<G@IO�OJ�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/�;,+)6;#/�*"

� 04&1 %;#/�*"

show_frame @LP<G�OJ���NK@>DAD@N�OC<O�OCDN�AM<H@�NCJPG?�=@�DHH@?D<O@GT�JPOKPO�JI>@�?@>J?@?��NCJR;AM<H@�@LP<G�OJ�


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@M�PI>JHKM@NN@?�C@<?@M�PN@N

NCJR;@SDNODIB;AM<H@�@LP<G�OJ����

Note: 1C@N@�M@LPDM@H@ION�@INPM@�OC<O�OC@�ADMNO�AM<H@�C@<?@M�AJM�<�AM<H@�C<N�J=P;OTK@�@LP<G�OJ

,�2;#/�*";%"�!"/	�RCDG@�G<O@M�>JKD@N�JA�OCDN�AM<H@�C@<?@M��DA�KM@N@IO��C<Q@�J=P;OTK@�@LP<G�OJ

,�2;/"!2+!�+1;#/�*";%"�!"/�
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showable_frame @LP<G�OJ���NK@>DAD@N�OC<O�OC@�AM<H@�H<T�=@�JPOKPO�PNDIB�OC@�NCJR;@SDNODIB;AM<H@�H@>C<IDNH�

NCJR<=G@;AM<H@�@LP<G�OJ�
�NK@>DAD@N�OC<O�OCDN�AM<H@�RDGG�IJO�=@�JPOKPO�PNDIB�OC@�NCJR;@SDNODIB;AM<H@�H@>C<IDNH�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�RC@I�NCJR;@SDNODIB;AM<H@�DN�PN@?�OJ�NCJR�<�KM@QDJPN�AM<H@	�OC<O�OC@

Q<GP@�JA�NCJR<=G@;AM<H@�AJM�OC@�KM@QDJPN�AM<H@�R<N�@LP<G�OJ���

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�RC@I�NCJR;@SDNODIB;AM<H@�DN�PN@?�OJ�NCJR�<�KM@QDJPN�AM<H@�RDOC

/@A#M<H@1TK@8�AM<H@;OJ;NCJR;H<K;D?S�9�@LP<G�OJ�("6;#/�*"	�OC<O�OC@�AM<H@�DN�JPOKPO�QD<�OC@�NCJR;@SDNODIB;AM<H@

H@>C<IDNH�<O�HJNO�JI>@�

error_resilient_mode @LP<G�OJ���DI?D><O@N�OC<O�@MMJM�M@NDGD@IO�HJ?@�DN�@I<=G@?��@MMJM;M@NDGD@IO;HJ?@�@LP<G�OJ�
�DI?D><O@N

OC<O�@MMJM�M@NDGD@IO�HJ?@�DN�?DN<=G@?�

disable_cdf_update NK@>DAD@N�RC@OC@M�OC@� !#�PK?<O@�DI�OC@�NTH=JG�?@>J?DIB�KMJ>@NN�NCJPG?�=@�?DN<=G@?�

current_frame_id NK@>DAD@N�OC@�AM<H@�D?�IPH=@M�AJM�OC@�>PMM@IO�AM<H@��#M<H@�D?�IPH=@MN�<M@�<??DODJI<G�DIAJMH<ODJI�OC<O

?J�IJO�<AA@>O�OC@�?@>J?DIB�KMJ>@NN	�=PO�KMJQD?@�?@>J?@MN�RDOC�<�R<T�JA�?@O@>ODIB�HDNNDIB�M@A@M@I>@�AM<H@N�NJ�OC<O

<KKMJKMD<O@�<>ODJI�><I�=@�O<F@I�

&A�AM<H@;OTK@�DN�IJO�@LP<G�OJ�("6;#/�*"�JM�NCJR;AM<H@�DN�@LP<G�OJ�
	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O

<GG�JA�OC@�AJGGJRDIB�>JI?DODJIN�<M@�OMP@�

X >PMM@IO;AM<H@;D?�DN�IJO�@LP<G�OJ�-M@Q#M<H@&!	

X !DAA#M<H@&!�DN�G@NN�OC<I��������D?)@I�
����

RC@M@�!DAA#M<H@&!�DN�NK@>DAD@?�<N�AJGGJRN�

X &A�>PMM@IO;AM<H@;D?�DN�BM@<O@M�OC<I�-M@Q#M<H@&!	�!DAA#M<H@&!�DN�@LP<G�OJ�>PMM@IO;AM<H@;D?�
�-M@Q#M<H@&!�

X ,OC@MRDN@	�!DAA#M<H@&!�DN�@LP<G�OJ��������D?)@I�����>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�OJ�OC@�NDU@�DI�OC@�N@LP@I>@�C@<?@M�

AM<H@;NDU@;JQ@MMD?@;AG<B�@LP<G�OJ���NK@>DAD@N�OC<O�OC@�AM<H@�NDU@�RDGG�@DOC@M�=@�NK@>DAD@?�<N�OC@�NDU@�JA�JI@�JA�OC@

M@A@M@I>@�AM<H@N	�JM�>JHKPO@?�AMJH�OC@�AM<H@;RD?OC;HDIPN;��<I?�AM<H@;C@DBCO;HDIPN;��NTIO<S�@G@H@ION�

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@>O@?�JPOKPO�JM?@M�AJM�OCDN�AM<H@�

Note: 1CDN�M@LPDM@H@IO�<GNJ�AJM=D?N�NOJMDIB�<�AM<H@�RDOC�AM<H@;OTK@�@LP<G�OJ�("6;#/�*"�DIOJ�HPGODKG@�M@A@M@I>@

AM<H@N�<I?�OC@I�PNDIB�NCJR;@SDNODIB;AM<H@�AJM�@<>C�M@A@M@I>@�AM<H@�

Note: "MMJM�M@NDGD@IO�HJ?@�<GGJRN�OC@�NTIO<S�JA�<�AM<H@�OJ�=@�K<MN@?�DI?@K@I?@IOGT�JA�KM@QDJPNGT�?@>J?@?�AM<H@N�
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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<O�NCJPG?�=@�GJ<?@?�<O�OC@

NO<MO�JA�OC@�AM<H@�

buffer_removal_time_present_flag @LP<G�OJ���NK@>DAD@N�OC<O�=PAA@M;M@HJQ<G;ODH@�DN�KM@N@IO�

=PAA@M;M@HJQ<G;ODH@;KM@N@IO;AG<B�@LP<G�OJ�
�NK@>DAD@N�OC<O�=PAA@M;M@HJQ<G;ODH@�DN�IJO�KM@N@IO�

buffer_removal_time[ opNum ] NK@>DAD@N�OC@�AM<H@�M@HJQ<G�ODH@�DI�PIDON�JA�!@> 1�>GJ>F�OD>FN�>JPIO@?�AMJH�OC@�M@HJQ<G

ODH@�JA�OC@�G<NO�M<I?JH�<>>@NN�KJDIO�AJM�JK@M<ODIB�KJDIO�JK+PH��=PAA@M;M@HJQ<G;ODH@�DN�NDBI<G@?�<N�<�ADS@?�G@IBOC

PINDBI@?�DIO@B@M�RDOC�<�G@IBOC�DI�=DON�BDQ@I�=T�=PAA@M;M@HJQ<G;ODH@;G@IBOC;HDIPN;������

=PAA@M;M@HJQ<G;ODH@�DN�OC@�M@H<DI?@M�JA�<�HJ?PGJ��������=PAA@M;M@HJQ<G;ODH@;G@IBOC;HDIPN;��������>JPIO@M�

allow_screen_content_tools @LP<G�OJ���DI?D><O@N�OC<O�DIOM<�=GJ>FN�H<T�PN@�K<G@OO@�@I>J?DIB�

<GGJR;N>M@@I;>JIO@IO;OJJGN�@LP<G�OJ�
�DI?D><O@N�OC<O�K<G@OO@�@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<G�OJ�
�DI?D><O@N�OC<O

DIOM<�=GJ>F�>JKT�DN�IJO�<GGJR@?�DI�OCDN�AM<H@�

force_integer_mv @LP<G�OJ���NK@>DAD@N�OC<O�HJODJI�Q@>OJMN�RDGG�<GR<TN�=@�DIO@B@MN��AJM>@;DIO@B@M;HQ�@LP<G�OJ�
�NK@>DAD@N

OC<O�HJODJI�Q@>OJMN�><I�>JIO<DI�AM<>ODJI<G�=DON�

ref_order_hint[ i ] NK@>DAD@N�OC@�@SK@>O@?�JPOKPO�JM?@M�CDIO�AJM�@<>C�M@A@M@I>@�AM<H@�

Note: 1C@M@�DN�IJ�M@LPDM@H@IO�OC<O�,M?@M%DIO�NCJPG?�M@AG@>O�OC@�OMP@�JPOKPO�JM?@M���N�<�BPD?@GDI@	�OC@�HJODJI�Q@>OJM

KM@?D>ODJI�DN�@SK@>O@?�OJ�=@�HJM@�<>>PM<O@�DA�OC@�OMP@�JPOKPO�JM?@M�DN�PN@?�AJM�AM<H@N�OC<O�RDGG�=@�NCJRI�G<O@M��&A�<

AM<H@�DN�I@Q@M�OJ�=@�NCJRI��@�B��DO�C<N�=@@I�>JINOMP>O@?�<N�<I�<Q@M<B@�JA�N@Q@M<G�AM<H@N�AJM�M@A@M@I>@�KPMKJN@N�	

OC@�@I>J?@M�DN�AM@@�OJ�>CJJN@�RCD>C@Q@M�Q<GP@�JA�,M?@M%DIO�RDGG�BDQ@�OC@�=@NO�>JHKM@NNDJI�

Note: &O�DN�<GGJR@?�AJM�KMDH<MT;M@A;AM<H@�OJ�=@�>J?@?�<N�-/&*�/6;/"#;+,+"	�OCDN�RDGG�><PN@�?@A<PGO�Q<GP@N�OJ

=@�PN@?�AJM�OC@� !#�Q<GP@N�<I?�JOC@M�NO<O@�

Note: DIOM<�=GJ>F�>JKT�DN�JIGT�<GGJR@?�DI�DIOM<�AM<H@N	�<I?�?DN<=G@N�<GG�GJJK�ADGO@MDIB��AJM>@;DIO@B@M;HQ�RDGG�=@�@LP<G

OJ���AJM�DIOM<�AM<H@N	�NJ�JIGT�DIO@B@M�JAAN@ON�<M@�<GGJR@?�DI�=GJ>F�>JKT�HJ?@�

Note: 1C@�Q<GP@N�DI�OC@�M@A;JM?@M;CDIO�<MM<T�<M@�KMJQD?@?�OJ�<GGJR�DHKG@H@IO<ODJIN�OJ�BM<>@APGGT�C<I?G@�><N@N

RC@I�NJH@�AM<H@N�C<Q@�=@@I�GJNO�

Note: 4C@I�N><G<=DGDOT�DN�PN@?	�OC@�Q<GP@N�DI�/@A,M?@M%DIO�?PMDIB�OC@�?@>J?@�KMJ>@NN�H<T�?@K@I?�JI�OC@�N@G@>O@?

JK@M<ODIB�KJDIO�
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refresh_frame_flags >JIO<DIN�<�=DOH<NF�OC<O�NK@>DAD@N�RCD>C�M@A@M@I>@�AM<H@�NGJON�RDGG�=@�PK?<O@?�RDOC�OC@�>PMM@IO�AM<H@

<AO@M�DO�DN�?@>J?@?�

&A�AM<H@;OTK@�DN�@LP<G�OJ�&+1/�;,+)6;#/�*"	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�M@AM@NC;AM<H@;AG<BN�DN

IJO�@LP<G�OJ�
SAA�

0@@N@>ODJI����
AJM�?@O<DGN�JA�OC@�AM<H@�PK?<O@�KMJ>@NN�

frame_refs_short_signaling @LP<G�OJ���DI?D><O@N�OC<O�JIGT�ORJ�M@A@M@I>@�AM<H@N�<M@�@SKGD>DOGT�NDBI<G@?�

AM<H@;M@AN;NCJMO;NDBI<GDIB�@LP<G�OJ�
�DI?D><O@N�OC<O�<GG�M@A@M@I>@�AM<H@N�<M@�@SKGD>DOGT�NDBI<G@?�

last_frame_idx NK@>DAD@N�OC@�M@A@M@I>@�AM<H@�OJ�PN@�AJM�)�01;#/�*"�

gold_frame_idx NK@>DAD@N�OC@�M@A@M@I>@�AM<H@�OJ�PN@�AJM�$,)!"+;#/�*"�

set_frame_refs DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�OC@�M@A;AM<H@;D?S�Q<GP@N�<M@�>JHKPO@?��DI�OC@

><N@�RC@I�AM<H@;M@AN;NCJMO;NDBI<GDIB�DN�@LP<G�OJ��	�OC@N@�NTIO<S�@G@H@ION�<M@�>JHKPO@?�DINO@<?�JA�=@DIB�@SKGD>DOGT

NDBI<G@?���4C@I�OCDN�API>ODJI�DN�><GG@?	�OC@�N@O�AM<H@�M@AN�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����DN�DIQJF@?�

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@H@IO�JA�=DONOM@<H

>JIAJMH<I>@�OC<O�/@A3<GD?8�M@A;AM<H@;D?S8�D�9�9�DN�@LP<G�OJ��	�<I?�OC<O�OC@�N@G@>O@?�M@A@M@I>@�AM<H@N�H<O>C�OC@�>PMM@IO

AM<H@�DI�=DO�?@KOC	�KMJADG@	�>CMJH<�NP=N<HKGDIB	�<I?�>JGJM�NK<>@�

RefFrameSignBias NK@>DAD@N�OC@�DIO@I?@?�?DM@>ODJI�JA�OC@�HJODJI�Q@>OJM�DI�ODH@�AJM�@<>C�M@A@M@I>@�AM<H@����NDBI�=D<N

@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�M@A@M@I>@�AM<H@�DN�<�AJMR<M?N�M@A@M@I>@��D�@��OC@�M@A@M@I>@�AM<H@�DN�@SK@>O@?�OJ�=@�JPOKPO

=@AJM@�OC@�>PMM@IO�AM<H@���<�NDBI�=D<N�@LP<G�OJ���DI?D><O@N�OC<O�OC@�M@A@M@I>@�AM<H@�DN�<�=<>FR<M?N�M@A@M@I>@�

delta_frame_id_minus_1 DN�PN@?�OJ�><G>PG<O@�!@GO<#M<H@&?�

DeltaFrameId NK@>DAD@N�OC@�?DNO<I>@�OJ�OC@�AM<H@�D?�AJM�OC@�M@A@M@I>@�AM<H@�

RefFrameId[ i ] NK@>DAD@N�OC@�AM<H@�D?�AJM�@<>C�M@A@M@I>@�AM<H@�

Note: 1CDN�M@NOMD>ODJI�@I>JPM<B@N�@I>J?@MN�OJ�>JMM@>OGT�G<=@G�M<I?JH�<>>@NN�KJDION��=T�AJM>DIB�AM<H@;OTK@�OJ�=@

@LP<G�OJ�("6;#/�*"�RC@I�<I�DIOM<�AM<H@�DN�PN@?�OJ�M@N@O�OC@�?@>J?DIB�KMJ>@NN��

Note: 0TIO<S�@G@H@ION�DI?D><O@�<�M@A@M@I>@��NP>C�<N�)�01;#/�*"	��)1/"#;#/�*"���1C@N@�M@A@M@I>@N�<M@

GJJF@?�PK�DI�OC@�M@A;AM<H@;D?S�<MM<T�OJ�ADI?�RCD>C�M@A@M@I>@�AM<H@�NCJPG?�=@�PN@?�?PMDIB�DIO@M�KM@?D>ODJI��1C@M@�DN

IJ�M@LPDM@H@IO�OC<O�OC@�Q<GP@N�DI�M@A;AM<H@;D?S�NCJPG?�=@�?DNODI>O�

Note: 1C@�NDBI�=D<N�DN�EPNO�<I�DI?D><ODJI�OC<O�><I�DHKMJQ@�OC@�<>>PM<>T�JA�HJODJI�Q@>OJM�KM@?D>ODJI�<I?�DN�IJO

>JINOM<DI@?�OJ�M@AG@>O�OC@�<>OP<G�JPOKPO�JM?@M�JA�KD>OPM@N�
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expectedFrameId[ i ] NK@>DAD@N�OC@�AM<H@�D?�AJM�@<>C�AM<H@�PN@?�AJM�M@A@M@I>@��&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H

>JIAJMH<I>@�OC<O�RC@I@Q@M�@SK@>O@?#M<H@&?8�D�9�DN�><G>PG<O@?	�OC@�Q<GP@�H<O>C@N�/@A#M<H@&?8�M@A;AM<H@;D?S8�D�9�9��OCDN

>JIO<DIN�OC@�Q<GP@�JA�>PMM@IO;AM<H@;D?�<O�OC@�ODH@�OC<O�OC@�AM<H@�DI?@S@?�=T�M@A;AM<H@;D?S�R<N�NOJM@?��

allow_high_precision_mv @LP<G�OJ�
�NK@>DAD@N�OC<O�HJODJI�Q@>OJMN�<M@�NK@>DAD@?�OJ�LP<MO@M�K@G�KM@>DNDJI�

<GGJR;CDBC;KM@>DNDJI;HQ�@LP<G�OJ���NK@>DAD@N�OC<O�HJODJI�Q@>OJMN�<M@�NK@>DAD@?�OJ�@DBCOC�K@G�KM@>DNDJI�

is_motion_mode_switchable @LP<G�OJ�
�NK@>DAD@N�OC<O�JIGT�OC@�0&*-)"�HJODJI�HJ?@�RDGG�=@�PN@?�

use_ref_frame_mvs @LP<G�OJ���NK@>DAD@N�OC<O�HJODJI�Q@>OJM�DIAJMH<ODJI�AMJH�<�KM@QDJPN�AM<H@�><I�=@�PN@?�RC@I

?@>J?DIB�OC@�>PMM@IO�AM<H@��PN@;M@A;AM<H@;HQN�@LP<G�OJ�
�NK@>DAD@N�OC<O�OCDN�DIAJMH<ODJI�RDGG�IJO�=@�PN@?�

disable_frame_end_update_cdf @LP<G�OJ���DI?D><O@N�OC<O�OC@�@I?�JA�AM<H@� !#�PK?<O@�DN�?DN<=G@?�

?DN<=G@;AM<H@;@I?;PK?<O@;>?A�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�@I?�JA�AM<H@� !#�PK?<O@�DN�@I<=G@?�

motion_field_estimation DN�<�API>ODJI�><GG�RCD>C�DI?D><O@N�OC<O�OC@�HJODJI�AD@G?�@NODH<ODJI�KMJ>@NN�DIN@>ODJI����NCJPG?

=@�DIQJF@?�

OrderHints NK@>DAD@N�OC@�@SK@>O@?�JPOKPO�JM?@M�AJM�@<>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@�GJNNG@NN�@I>J?DIB��1CDN�DI?D><O@N�OC<O�OC@�AM<H@�DN

APGGT�GJNNG@NN�<O�OC@�>J?@?�M@NJGPODJI�JA�#M<H@4D?OC�=T�#M<H@%@DBCO��&I�OCDN�><N@	�OC@�GJJK�ADGO@M�<I?� !"#�ADGO@M�<M@

?DN<=G@?�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�?@GO<;L;KM@N@IO�DN�@LP<G�OJ�
�RC@I� J?@?)JNNG@NN�DN�@LP<G�OJ���

AllLossless DN�<�Q<MD<=G@�OC<O�DN�@LP<G�OJ���RC@I� J?@?)JNNG@NN�DN�@LP<G�OJ���<I?�#M<H@4D?OC�DN�@LP<G�OJ

2KN><G@?4D?OC��1CDN�DI?D><O@N�OC<O�OC@�AM<H@�DN�APGGT�GJNNG@NN�<O�OC@�PKN><G@?�M@NJGPODJI��&I�OCDN�><N@	�OC@�GJJK�ADGO@M	� !"#

ADGO@M	�<I?�GJJK�M@NOJM<ODJI�<M@�?DN<=G@?�

allow_warped_motion @LP<G�OJ���DI?D><O@N�OC<O�OC@�NTIO<S�@G@H@IO�HJODJI;HJ?@�H<T�=@�KM@N@IO��<GGJR;R<MK@?;HJODJI

@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�NTIO<S�@G@H@IO�HJODJI;HJ?@�RDGG�IJO�=@�KM@N@IO��OCDN�H@<IN�OC<O�), �)4�/-�><IIJO�=@

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>O@?�OJ�<�M@?P>@?�NP=N@O�JA�OC@�APGG�N@O�JA�OM<INAJMH�OTK@N�

setup_past_independence DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OCDN�AM<H@�><I�=@�?@>J?@?�RDOCJPO�?@K@I?@I>@�JI

KM@QDJPN�>J?@?�AM<H@N��4C@I�OCDN�API>ODJI�DN�DIQJF@?�OC@�AJGGJRDIB�O<F@N�KG<>@�

X #@<OPM@!<O<8�D�98�E�9�<I?�#@<OPM@"I<=G@?8�D�98�E�9�<M@�N@O�@LP<G�OJ�
�AJM�D���
��*�5;0"$*"+10
��<I?�E��


��0"$;)3);*�5
��

X -M@Q0@BH@IO&?N8�MJR�98�>JG�9�DN�N@O�@LP<G�OJ�
�AJM�MJR���
��*D/JRN
��<I?�>JG���
��*D JGN
��

Note: &O�><I�=@�PN@APG�OJ�?DN<=G@�OC@� !#�PK?<O@�=@><PN@�DO�H@<IN�OC@�I@SO�AM<H@�><I�NO<MO�OJ�=@�?@>J?@?�<N�NJJI

<N�OC@�AM<H@�C@<?@MN�JA�OC@�>PMM@IO�AM<H@�C<Q@�=@@I�KMJ>@NN@?�
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X $H1TK@8�M@A�9�DN�N@O�@LP<G�OJ�&!"+1&16�AJM�M@A���)�01;#/�*"���)1/"#;#/�*"�

X -M@Q$H-<M<HN8�M@A�98�D�9�DN�N@O�@LP<G�OJ�����D�������������������4�/-"!*,!");-/" ;�&10���
���AJM�M@A��

)�01;#/�*"���)1/"#;#/�*"	�AJM�D���
����

X GJJK;ADGO@M;?@GO<;@I<=G@?�DN�N@O�@LP<G�OJ���

X GJJK;ADGO@M;M@A;?@GO<N8�&+1/�;#/�*"�9�DN�N@O�@LP<G�OJ���

X GJJK;ADGO@M;M@A;?@GO<N8�)�01;#/�*"�9�DN�N@O�@LP<G�OJ�
�

X GJJK;ADGO@M;M@A;?@GO<N8�)�01�;#/�*"�9�DN�N@O�@LP<G�OJ�
�

X GJJK;ADGO@M;M@A;?@GO<N8�)�01�;#/�*"�9�DN�N@O�@LP<G�OJ�
�

X GJJK;ADGO@M;M@A;?@GO<N8��4!/"#;#/�*"�9�DN�N@O�@LP<G�OJ�
�

X GJJK;ADGO@M;M@A;?@GO<N8�$,)!"+;#/�*"�9�DN�N@O�@LP<G�OJ�
��

X GJJK;ADGO@M;M@A;?@GO<N8��)1/"#;#/�*"�9�DN�N@O�@LP<G�OJ�
��

X GJJK;ADGO@M;M@A;?@GO<N8��)1/"#�;#/�*"�9�DN�N@O�@LP<G�OJ�
��

X GJJK;ADGO@M;HJ?@;?@GO<N8�D�9�DN�N@O�@LP<G�OJ�
�AJM�D���
����

init_non_coeff_cdfs DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@� !#�O<=G@N�RCD>C�<M@�IJO�PN@?�DI�OC@�>J@AA����NTIO<S

NOMP>OPM@�NCJPG?�=@�DIDOD<GDN@?��4C@I�OCDN�API>ODJI�DN�DIQJF@?	�OC@�AJGGJRDIB�NO@KN�<KKGT�

X 6*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;6;*J?@; ?A

X 23*J?@ AG+JO�GGJR@? ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2Q;*J?@; AG;+JO;�GGJR@?; ?A

X 23*J?@ AG�GGJR@? ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2Q;*J?@; AG;�GGJR@?; ?A

X �IBG@!@GO< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;�IBG@;!@GO<; ?A

X &IOM<=> ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IOM<=>; ?A

X -<MODODJI4� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<MODODJI;4�; ?A

X -<MODODJI4�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<MODODJI;4��; ?A

X -<MODODJI4�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<MODODJI;4��; ?A

X -<MODODJI4�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<MODODJI;4��; ?A

X -<MODODJI4��� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<MODODJI;4���; ?A

X 0@BH@IO&? ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;0@BH@IO;&?; ?A
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X 0@BH@IO&?-M@?D>O@? ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;0@BH@IO;&?;-M@?D>O@?; ?A

X 1S�S� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1S;�S�; ?A

X 1S��S�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1S;��S��; ?A

X 1S��S�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1S;��S��; ?A

X 1S��S�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1S;��S��; ?A

X 1SAH0KGDO ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1SAH;0KGDO; ?A

X #DGO@M&IOM<*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;#DGO@M;&IOM<;*J?@; ?A

X #DGO@M&IOM< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;#DGO@M;&IOM<; ?A

X &IO@MK#DGO@M ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@MK;#DGO@M; ?A

X *JODJI*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*JODJI;*J?@; ?A

X +@R*Q ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;+@R;*Q; ?A

X 7@MJ*Q ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;7@MJ;*Q; ?A

X /@A*Q ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;/@A;*Q; ?A

X  JHKJPI?*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHKJPI?;*J?@; ?A

X !MG*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;!MG;*J?@; ?A

X &N&IO@M ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&N;&IO@M; ?A

X  JHK*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHK;*J?@; ?A

X 0FDK*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;0FDK;*J?@; ?A

X 0FDK ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;0FDK; ?A

X  JHK/@A ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHK;/@A; ?A

X  JHK�R?/@A ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHK;�R?;/@A; ?A

X 0DIBG@/@A ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;0DIBG@;/@A; ?A

X *Q'JDIO ?A8�D�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q;'JDIO; ?A�AJM�D���
��*3; ,+1"510
�

X *Q G<NN ?A8�D�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q; G<NN; ?A�AJM�D���
��*3; ,+1"510
�

X *Q G<NN
�DO ?A8�D�98�>JHK�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q; G<NN
;�DO; ?A�AJM�D���
��*3; ,+1"510
��<I?

>JHK���
���
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X *Q#M ?A8�D�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q;#M; ?A�AJM�D���
��*3; ,+1"510
�

X *Q G<NN
#M ?A8�D�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q; G<NN
;#M; ?A�AJM�D���
��*3; ,+1"510
�

X *Q G<NN
%K ?A8�D�98�>JHK�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q; G<NN
;%K; ?A�AJM�D���
��*3; ,+1"510
��<I?

>JHK���
���

X *Q0DBI ?A8�D�98�>JHK�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q;0DBI; ?A�AJM�D���
��*3; ,+1"510
��<I?�>JHK���
���

X *Q�DO ?A8�D�98�>JHK�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q;�DO; ?A�AJM�D���
��*3; ,+1"510
��<I?�>JHK���
���

X *Q%K ?A8�D�98�>JHK�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;*Q;%K; ?A�AJM�D���
��*3; ,+1"510
��<I?�>JHK���
���

X -<G@OO@6*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;6;*J?@; ?A

X -<G@OO@23*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;2Q;*J?@; ?A

X -<G@OO@60DU@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;6;0DU@; ?A

X -<G@OO@230DU@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;2Q;0DU@; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X -<G@OO@0DU@�6 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;6; JGJM; ?A

X -<G@OO@0DU@�23 JGJM ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;-<G@OO@;0DU@;�;2Q; JGJM; ?A

X !@GO<. ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;!@GO<;.; ?A
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X !@GO<)# ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;!@GO<;)A; ?A

X !@GO<)#*PGOD ?A8�D�9�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;!@GO<;)A; ?A�AJM�D���
��#/�*";)#; ,2+1
�

X &IOM<1S1TK@0@O� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IOM<;1S;1TK@;0@O�; ?A

X &IOM<1S1TK@0@O� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IOM<;1S;1TK@;0@O�; ?A

X &IO@M1S1TK@0@O� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@M;1S;1TK@;0@O�; ?A

X &IO@M1S1TK@0@O� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@M;1S;1TK@;0@O�; ?A

X &IO@M1S1TK@0@O� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@M;1S;1TK@;0@O�; ?A

X 2N@,=H> ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2N@;,=H>; ?A

X &IO@M&IOM< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@M;&IOM<; ?A

X  JHK/@A1TK@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHK;/@A;1TK@; ?A

X  AG0DBI ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; AG;0DBI; ?A

X 2ID JHK/@A ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2ID; JHK;/@A; ?A

X 4@?B@&IO@M&IOM< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;4@?B@;&IO@M;&IOM<; ?A

X  JHK$MJPK&?S ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHK;$MJPK;&?S; ?A

X  JHKJPI?&?S ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHKJPI?;&?S; ?A

X  JHKJPI?1TK@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; JHKJPI?;1TK@; ?A

X &IO@M&IOM<*J?@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;&IO@M;&IOM<;*J?@; ?A

X 4@?B@&I?@S ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;4@?B@;&I?@S; ?A

X  AG�GKC< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; AG;�GKC<; ?A

X 2N@4D@I@M ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2N@;4D@I@M; ?A

X 2N@0BMKMJE ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;2N@;0BMKMJE; ?A

X /@NOJM<ODJI1TK@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;/@NOJM<ODJI;1TK@; ?A

init_coeff_cdfs( ) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@� !#�O<=G@N�PN@?�DI�OC@�>J@AA����NTIO<S�NOMP>OPM@�NCJPG?�=@

DIDOD<GDN@?��4C@I�OCDN�API>ODJI�DN�DIQJF@?	�OC@�AJGGJRDIB�NO@KN�<KKGT�

X 1C@�Q<MD<=G@�D?S�DN�?@MDQ@?�<N�AJGGJRN�

c &A�=<N@;L;D?S�DN�G@NN�OC<I�JM�@LP<G�OJ��
	�D?S�DN�N@O�@LP<G�OJ�
�
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c ,OC@MRDN@	�DA�=<N@;L;D?S�DN�G@NN�OC<I�JM�@LP<G�OJ��
	�D?S�DN�N@O�@LP<G�OJ���

c ,OC@MRDN@	�DA�=<N@;L;D?S�DN�G@NN�OC<I�JM�@LP<G�OJ���
	�D?S�DN�N@O�@LP<G�OJ���

c ,OC@MRDN@	�D?S�DN�N@O�@LP<G�OJ���

X 1C@�>PHPG<ODQ@�?DNOMD=PODJI�API>ODJI�<MM<TN�<M@�M@N@O�OJ�?@A<PGO�Q<GP@N�<N�AJGGJRN�

c 1S=0FDK ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;1S=;0FDK; ?A8�D?S�9�

c "J=-O�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;��; ?A8�D?S�9�

c "J=-O�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;��; ?A8�D?S�9�

c "J=-O�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;��; ?A8�D?S�9�

c "J=-O��� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;���; ?A8�D?S�9�

c "J=-O��� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;���; ?A8�D?S�9�

c "J=-O��� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;���; ?A8�D?S�9�

c "J=-O�
�� ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;-O;�
��; ?A8�D?S�9�

c "J="SOM< ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;"J=;"SOM<; ?A8�D?S�9�

c !>0DBI ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO;!>;0DBI; ?A8�D?S�9�

c  J@AA�<N@"J= ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; J@AA;�<N@;"J=; ?A8�D?S�9�

c  J@AA�<N@ ?A�DN�N@O�OJ�<�>JKT�JA�!@A<PGO; J@AA;�<N@; ?A8�D?S�9�

c  J@AA�M ?A�DN�N@O�OJ�<�>JKT�JA�!@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<?@?�AMJH�AM<H@�>JIO@SO�IPH=@M�>OS�DI�OC@

M<IB@�
�OJ��+2*;/"#;#/�*"0�
�����4C@I�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;IJI;>J@AA;>?AN�DN�GJ<?@?�AMJH�<I�<M@<�JA�H@HJMT�DI?@S@?�=T�>OS���1C@�H@HJMT

>JIO@ION�JA�OC@N@�AM<H@�>JIO@SON�C<Q@�=@@I�DIDOD<GDU@?�=T�KM@QDJPN�><GGN�OJ�N<Q@;>?AN���,I>@�OC@� !#�<MM<TN�C<Q@�=@@I

GJ<?@?	�OC@�G<NO�@IOMT�DI�@<>C�<MM<T	�M@KM@N@IODIB�OC@�NTH=JG�>JPIO�AJM�OC<O�>JIO@SO	�DN�N@O�OJ�
�

load_previous( ) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�DIAJMH<ODJI�AMJH�<�KM@QDJPN�AM<H@�H<T�=@�GJ<?@?�AJM�PN@�DI

?@>J?DIB�OC@�>PMM@IO�AM<H@��4C@I�OCDN�API>ODJI�DN�DIQJF@?�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� 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�

�� -M@Q$H-<M<HN�DN�N@O�@LP<G�OJ�0<Q@?$H-<M<HN8�KM@Q#M<H@�9�

�� 1C@�API>ODJI�GJ<?;GJJK;ADGO@M;K<M<HN��KM@Q#M<H@���NK@>DAD@?�DIN@>ODJI�����DN�DIQJF@?�

�� 1C@�API>ODJI�GJ<?;N@BH@IO<ODJI;K<M<HN��KM@Q#M<H@���NK@>DAD@?�DIN@>ODJI�����DN�DIQJF@?�
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load_previous_segment_ids( ) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�<�N@BH@IO�H<K�AMJH�<�KM@QDJPN�AM<H@�H<T�=@�GJ<?@?

AJM�PN@�DI�?@>J?DIB�OC@�>PMM@IO�AM<H@��4C@I�OCDN�API>ODJI�DN�DIQJF@?�OC@�N@BH@IO�H<K�>JIO<DI@?�DI�-M@Q0@BH@IO&?N�DN�N@O

<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@IO<ODJI;@I<=G@?�DN�@LP<G�OJ��	�/@A*D JGN8�KM@Q#M<H@�9�DN�@LP<G�OJ�*D JGN	�<I?�/@A*D/JRN8�KM@Q#M<H@�9

DN�@LP<G�OJ�*D/JRN	�-M@Q0@BH@IO&?N8�MJR�98�>JG�9�DN�N@O�@LP<G�OJ�0<Q@?0@BH@IO&?N8�KM@Q#M<H@�98�MJR�98�>JG�9�AJM

MJR���
��*D/JRN
�	�AJM�>JG���
��*D JGN
��

,OC@MRDN@	�-M@Q0@BH@IO&?N8�MJR�98�>JG�9�DN�N@O�@LP<G�OJ�
�AJM�MJR���
��*D/JRN
�	�AJM�>JG���
��*D JGN
��

������ /@A@M@I>@�AM<H@�H<MFDIB�N@H<IOD>N
RefValid DN�<I�<MM<T�RCD>C�DN�DI?@S@?�=T�<�M@A@M@I>@�KD>OPM@�NGJO�IPH=@M����Q<GP@�JA���DI�OC@�<MM<T�NDBIDAD@N�OC<O�OC@

>JMM@NKJI?DIB�M@A@M@I>@�KD>OPM@�NGJO�DN�Q<GD?�AJM�PN@�<N�<�M@A@M@I>@�KD>OPM@	�RCDG@�<�Q<GP@�JA�
�NDBIDAD@N�OC<O�OC@

>JMM@NKJI?DIB�M@A@M@I>@�KD>OPM@�NGJO�DN�IJO�Q<GD?�AJM�PN@�<N�<�M@A@M@I>@�KD>OPM@�

������ #M<H@�NDU@�N@H<IOD>N
frame_width_minus_1 KGPN�JI@�DN�OC@�RD?OC�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�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�AM<H@;RD?OC;HDIPN;��DN�G@NN�OC<I�JM�@LP<G�OJ

H<S;AM<H@;RD?OC;HDIPN;��

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�AM<H@;C@DBCO;HDIPN;��DN�G@NN�OC<I�JM�@LP<G�OJ

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>ODJI�	�OC@�M@LPDM@H@ION�?@N>MD=@?�DI�OC@�AM<H@

NDU@�RDOC�M@AN�N@H<IOD>N�JAN@>ODJI������HPNO�<GNJ�=@�N<ODNAD@?�

������ /@I?@M�NDU@�N@H<IOD>N
1C@�M@I?@M�NDU@�DN�KMJQD?@?�<N�<�CDIO�OJ�OC@�<KKGD><ODJI�<=JPO�OC@�?@NDM@?�?DNKG<T�NDU@��&O�C<N�IJ�@AA@>O�JI�OC@�?@>J?DIB

KMJ>@NN�

render_and_frame_size_different @LP<G�OJ�
�H@<IN�OC<O�OC@�M@I?@M�RD?OC�<I?�C@DBCO�<M@�DIA@MM@?�AMJH�OC@�AM<H@�RD?OC

<I?�C@DBCO��M@I?@M;<I?;AM<H@;NDU@;?DAA@M@IO�@LP<G�OJ���H@<IN�OC<O�OC@�M@I?@M�RD?OC�<I?�C@DBCO�<M@�@SKGD>DOGT�>J?@?�

Note: /@A3<GD?�DN�JIGT�PN@?�OJ�?@ADI@�Q<GD?�=DONOM@<HN�RC@I�AM<H@;D?;IPH=@MN;KM@N@IO;AG<B�DN�@LP<G�OJ����#M<H@N

<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@>C<IDNH�

Note: &O�DN�<GGJR@?�AJM�OC@�=DONOM@<H�OJ�@SKGD>DOGT�>J?@�OC@�M@I?@M�?DH@INDJIN�DI�OC@�=DONOM@<H�@Q@I�DA�OC@T�<M@�<I

@S<>O�H<O>C�AJM�OC@�AM<H@�?DH@INDJIN�

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures semantics Page 160 of 669



render_width_minus_1 KGPN�JI@�DN�OC@�M@I?@M�RD?OC�JA�OC@�AM<H@�DI�GPH<�N<HKG@N�

render_height_minus_1 KGPN�JI@�DN�OC@�M@I?@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@	�JM�><I�=@�N@IO�@SKGD>DOGT�

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@�D�RC@M@�D�DN�OC@�GJJK

>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�OC<O�OC@�AM<H@�?DH@INDJIN

<M@�IJO�DIA@MM@?�AMJH�M@A@M@I>@�AM<H@�D�

,I>@�OC@�#M<H@4D?OC�<I?�#M<H@%@DBCO�C<Q@�=@@I�>JHKPO@?�AJM�<I�DIO@M�AM<H@	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H

>JIAJMH<I>@�OC<O�AJM�<GG�Q<GP@N�JA�D�DI�OC@�M<IB@�
���/"#0;-"/;#/�*"�
���	�<GG�OC@�AJGGJRDIB�>JI?DODJIN�<M@�OMP@�

X ����#M<H@4D?OC����/@A2KN><G@?4D?OC8�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

X #M<H@4D?OC���������/@A2KN><G@?4D?OC8�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

������ 0PK@MM@N�K<M<HN�N@H<IOD>N
use_superres @LP<G�OJ�
�DI?D><O@N�OC<O�IJ�PKN><GDIB�DN�I@@?@?��PN@;NPK@MM@N�@LP<G�OJ���DI?D><O@N�OC<O�PKN><GDIB�DN

I@@?@?�

coded_denom DN�PN@?�OJ�>JHKPO@�OC@�<HJPIO�JA�PKN><GDIB�

SuperresDenom DN�OC@�?@IJHDI<OJM�JA�<�AM<>ODJI�OC<O�NK@>DAD@N�OC@�M<ODJ�=@OR@@I�OC@�NPK@M=GJ>F�RD?OC�=@AJM@�<I?�<AO@M

PKN><GDIB��1C@�IPH@M<OJM�JA�OCDN�AM<>ODJI�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@MKJG<ODJI�ADGO@M�N@H<IOD>N
is_filter_switchable @LP<G�OJ���DI?D><O@N�OC<O�OC@�ADGO@M�N@G@>ODJI�DN�NDBI<G@?�<O�OC@�=GJ>F�G@Q@G��DN;ADGO@M;NRDO>C<=G@�@LP<G�OJ


�DI?D><O@N�OC<O�OC@�ADGO@M�N@G@>ODJI�DN�NDBI<G@?�<O�OC@�AM<H@�G@Q@G�

interpolation_filter NK@>DAD@N�OC@�ADGO@M�N@G@>ODJI�PN@?�AJM�K@MAJMHDIB�DIO@M�KM@?D>ODJI�

Note: 1CDN�DN�<�M@LPDM@H@IO�@Q@I�DA�<GG�OC@�=GJ>FN�DI�<I�DIO@M�AM<H@�<M@�>J?@?�PNDIB�DIOM<�KM@?D>ODJI�
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interpolation_filter Name of interpolation_filter


 "&$%11�-

� "&$%11�-;0*,,1%

� "&$%11�-;0%�/-

� �&)&+"�/

� 04&1 %��)"

�����
� )JJK�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@IO�GJJK�ADGO@M�NOM@IBOC�Q<GP@N�AMJH�OC@�<MM<T�<M@

PN@?�?@K@I?DIB�JI�OC@�DH<B@�KG<I@�=@DIB�ADGO@M@?	�<I?�OC@�@?B@�?DM@>ODJI��Q@MOD><G�JM�CJMDUJIO<G��=@DIB�ADGO@M@?�

loop_filter_sharpness DI?D><O@N�OC@�NC<MKI@NN�G@Q@G��1C@�GJJK;ADGO@M;G@Q@G�<I?�GJJK;ADGO@M;NC<MKI@NN�OJB@OC@M�?@O@MHDI@

RC@I�<�=GJ>F�@?B@�DN�ADGO@M@?	�<I?�=T�CJR�HP>C�OC@�ADGO@MDIB�><I�>C<IB@�OC@�N<HKG@�Q<GP@N�

1C@�GJJK�ADGO@M�KMJ>@NN�DN�?@N>MD=@?�DIN@>ODJI������

loop_filter_delta_enabled @LP<G�OJ���H@<IN�OC<O�OC@�ADGO@M�G@Q@G�?@K@I?N�JI�OC@�HJ?@�<I?�M@A@M@I>@�AM<H@�PN@?�OJ

KM@?D>O�<�=GJ>F��GJJK;ADGO@M;?@GO<;@I<=G@?�@LP<G�OJ�
�H@<IN�OC<O�OC@�ADGO@M�G@Q@G�?J@N�IJO�?@K@I?�JI�OC@�HJ?@�<I?

M@A@M@I>@�AM<H@�

loop_filter_delta_update @LP<G�OJ���H@<IN�OC<O�<??DODJI<G�NTIO<S�@G@H@ION�<M@�KM@N@IO�OC<O�NK@>DAT�RCD>C�HJ?@�<I?

M@A@M@I>@�AM<H@�?@GO<N�<M@�OJ�=@�PK?<O@?��GJJK;ADGO@M;?@GO<;PK?<O@�@LP<G�OJ�
�H@<IN�OC<O�OC@N@�NTIO<S�@G@H@ION�<M@�IJO

KM@N@IO�

update_ref_delta @LP<G�OJ���H@<IN�OC<O�OC@�NTIO<S�@G@H@IO�GJJK;ADGO@M;M@A;?@GO<�DN�KM@N@IO��PK?<O@;M@A;?@GO<�@LP<G�OJ�


H@<IN�OC<O�OCDN�NTIO<S�@G@H@IO�DN�IJO�KM@N@IO�

loop_filter_ref_deltas >JIO<DIN�OC@�<?EPNOH@IO�I@@?@?�AJM�OC@�ADGO@M�G@Q@G�=<N@?�JI�OC@�>CJN@I�M@A@M@I>@�AM<H@��&A�OCDN

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@IO�GJJK;ADGO@M;HJ?@;?@GO<N�DN�KM@N@IO��PK?<O@;HJ?@;?@GO<

@LP<G�OJ�
�H@<IN�OC<O�OCDN�NTIO<S�@G@H@IO�DN�IJO�KM@N@IO�

loop_filter_mode_deltas >JIO<DIN�OC@�<?EPNOH@IO�I@@?@?�AJM�OC@�ADGO@M�G@Q@G�=<N@?�JI�OC@�>CJN@I�HJ?@��&A�OCDN�NTIO<S

@G@H@IO�DN�IJO�KM@N@IO�DI�OC@	�DO�H<DIO<DIN�DON�KM@QDJPN�Q<GP@�

Note: 1C@�KM@QDJPN�Q<GP@N�AJM�GJJK;ADGO@M;HJ?@;?@GO<N�<I?�GJJK;ADGO@M;M@A;?@GO<N�<M@�DIOD<GGT�N@O�=T�OC@

N@OPK;K<NO;DI?@K@I?@I>@�API>ODJI�<I?�><I�=@�NP=N@LP@IOGT�HJ?DAD@?�=T�OC@N@�NTIO<S�@G@H@ION�=@DIB�>J?@?�DI�<

KM@QDJPN�AM<H@�
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������� .P<IODU<ODJI�K<M<HN�N@H<IOD>N
1C@�M@ND?P<G�DN�NK@>DAD@?�QD<�?@>J?@?�>J@AAD>D@ION�RCD>C�<M@�<?EPNO@?�=T�JI@�JA�AJPM�LP<IODU<ODJI�K<M<H@O@MN�=@AJM@�OC@

DIQ@MN@�OM<INAJMH�DN�<KKGD@?��1C@�>CJD>@�?@K@I?N�JI�OC@�KG<I@��6�JM�23��<I?�>J@AAD>D@IO�KJNDODJI��! �� �>J@AAD>D@IO���1C@

!@LP<IODU<ODJI�KMJ>@NN�DN�NK@>DAD@?�DIN@>ODJI������

base_q_idx DI?D><O@N�OC@�=<N@�AM<H@�LDI?@S��1CDN�DN�PN@?�AJM�6�� �>J@AAD>D@ION�<I?�<N�OC@�=<N@�Q<GP@�AJM�OC@�JOC@M

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<O�OC@�2�<I?�3�?@GO<�LP<IODU@M�Q<GP@N�<M@�>J?@?�N@K<M<O@GT��?DAA;PQ;?@GO<�@LP<G�OJ�


DI?D><O@N�OC<O�OC@�2�<I?�3�?@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@�OJ�=<N@;L;D?S�

DeltaQVAc DI?D><O@N�OC@�3�� �LP<IODU@M�M@G<ODQ@�OJ�=<N@;L;D?S�

using_qmatrix NK@>DAD@N�OC<O�OC@�LP<IODU@M�H<OMDS�RDGG�=@�PN@?�OJ�>JHKPO@�LP<IODU@MN�

qm_y NK@>DAD@N�OC@�G@Q@G�DI�OC@�LP<IODU@M�H<OMDS�OC<O�NCJPG?�=@�PN@?�AJM�GPH<�KG<I@�?@>J?DIB�

qm_u NK@>DAD@N�OC@�G@Q@G�DI�OC@�LP<IODU@M�H<OMDS�OC<O�NCJPG?�=@�PN@?�AJM�>CMJH<�2�KG<I@�?@>J?DIB�

qm_v NK@>DAD@N�OC@�G@Q@G�DI�OC@�LP<IODU@M�H<OMDS�OC<O�NCJPG?�=@�PN@?�AJM�>CMJH<�3�KG<I@�?@>J?DIB�

������� !@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_q NK@>DAD@N�<I�JAAN@O��M@G<ODQ@�OJ�=<N@;L;D?S��AJM�<�K<MOD>PG<M�LP<IODU<ODJI�K<M<H@O@M�

������� 0@BH@IO<ODJI�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@IO�G@Q@G�

2K�OJ���N@BH@ION�H<T�=@�NK@>DAD@?�AJM�<IT�BDQ@I�AM<H@��#JM�@<>C�JA�OC@N@�N@BH@ION�DO�DN�KJNND=G@�OJ�NK@>DAT�

�� ��LP<IODU@M��<=NJGPO@�Q<GP@�JM�?@GO<��

�� ��GJJK�ADGO@M�NOM@IBOC��<=NJGPO@�Q<GP@�JM�?@GO<��

�� ��KM@?D>ODJI�M@A@M@I>@�AM<H@�

�� ��=GJ>F�NFDK�HJ?@�OC<O�DHKGD@N�=JOC�OC@�PN@�JA�<��
	
��HJODJI�Q@>OJM�<I?�OC<O�IJ�M@ND?P<G�RDGG�=@�>J?@?�
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"<>C�JA�OC@N@�?<O<�Q<GP@N�AJM�@<>C�N@BH@IO�H<T�=@�DI?DQD?P<GGT�PK?<O@?�<O�OC@�AM<H@�G@Q@G��4C@M@�<�Q<GP@�DN�IJO�PK?<O@?

DI�<�BDQ@I�AM<H@	�OC@�Q<GP@�AMJH�OC@�KM@QDJPN�AM<H@�K@MNDNON��1C@�@S>@KODJIN�OJ�OCDN�<M@�F@T�AM<H@N	�DIOM<�JIGT�AM<H@N�JM

JOC@M�AM<H@N�RC@M@�DI?@K@I?@I>@�AMJH�K<NO�AM<H@�Q<GP@N�DN�M@LPDM@?��AJM�@S<HKG@�OJ�@I<=G@�@MMJM�M@NDGD@I>@���&I�NP>C

><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@IO�<AADGD<ODJI��OC@�N@BH@IO<ODJI�H<K��DN�NOJM@?�<O�OC@�M@NJGPODJI�JA��S��=GJ>FN��&A�IJ�@SKGD>DO�PK?<O@�DN�>J?@?�AJM�<

=GJ>F_N�N@BH@IO�<AADGD<ODJI	�OC@I�DO�K@MNDNON�AMJH�AM<H@�OJ�AM<H@��PIODG�M@N@O�=T�<�><GG�OJ�N@OPK;K<NO;DI?@K@I?@I>@��

SegIdPreSkip @LP<G�OJ���DI?D><O@N�OC<O�OC@�N@BH@IO�D?�RDGG�=@�M@<?�=@AJM@�OC@�NFDK�NTIO<S�@G@H@IO��0@B&?-M@0FDK�@LP<G�OJ


�DI?D><O@N�OC<O�OC@�NFDK�NTIO<S�@G@H@IO�RDGG�=@�M@<?�ADMNO�

LastActiveSegId DI?D><O@N�OC@�CDBC@NO�IPH=@M@?�N@BH@IO�D?�OC<O�C<N�NJH@�@I<=G@?�A@<OPM@��1CDN�DN�PN@?�RC@I�?@>J?DIB

OC@�N@BH@IO�D?�OJ�JIGT�?@>J?@�>CJD>@N�>JMM@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@IO<ODJI�OJJG��N@BH@IO<ODJI;@I<=G@?

@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�AM<H@�?J@N�IJO�PN@�N@BH@IO<ODJI�

segmentation_update_map @LP<G�OJ���DI?D><O@N�OC<O�OC@�N@BH@IO<ODJI�H<K�<M@�PK?<O@?�?PMDIB�OC@�?@>J?DIB�JA�OCDN

AM<H@��N@BH@IO<ODJI;PK?<O@;H<K�@LP<G�OJ�
�H@<IN�OC<O�OC@�N@BH@IO<ODJI�H<K�AMJH�OC@�KM@QDJPN�AM<H@�DN�PN@?�

segmentation_temporal_update @LP<G�OJ���DI?D><O@N�OC<O�OC@�PK?<O@N�OJ�OC@�N@BH@IO<ODJI�H<K�<M@�>J?@?�M@G<ODQ@�OJ�OC@

@SDNODIB�N@BH@IO<ODJI�H<K��N@BH@IO<ODJI;O@HKJM<G;PK?<O@�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�I@R�N@BH@IO<ODJI�H<K�DN�>J?@?

RDOCJPO�M@A@M@I>@�OJ�OC@�@SDNODIB�N@BH@IO<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@?�AJM�@<>C�N@BH@IO�

N@BH@IO<ODJI;PK?<O@;?<O<�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�N@BH@IO<ODJI�K<M<H@O@MN�NCJPG?�F@@K�OC@DM�@SDNODIB�Q<GP@N�

feature_enabled @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�>JMM@NKJI?DIB�A@<OPM@�DN�PIPN@?�<I?�C<N�Q<GP@�@LP<G�OJ�
��A@<OPM@;@I<=G@?

@LP<G�OJ���DI?D><O@N�OC<O�OC@�A@<OPM@�Q<GP@�DN�>J?@?�

feature_value NK@>DAD@N�OC@�A@<OPM@�?<O<�AJM�<�N@BH@IO�A@<OPM@�

������� 1DG@�DIAJ�N@H<IOD>N
uniform_tile_spacing_flag @LP<G�OJ���H@<IN�OC<O�OC@�ODG@N�<M@�PIDAJMHGT�NK<>@?�<>MJNN�OC@�AM<H@���&I�JOC@M�RJM?N	�<GG

ODG@N�<M@�OC@�N<H@�NDU@�@S>@KO�AJM�OC@�JI@N�<O�OC@�MDBCO�<I?�=JOOJH�@?B@�RCD>C�><I�=@�NH<GG@M���PIDAJMH;ODG@;NK<>DIB;AG<B

@LP<G�OJ�
�H@<IN�OC<O�OC@�ODG@�NDU@N�<M@�>J?@?�

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@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�1DG@ JGN�DN�G@NN

OC<I�JM�@LP<G�OJ�*�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@?�IPH=@M�JA�ODG@N�?JRI�OC@�AM<H@�
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TileRows NK@>DAD@N�OC@�IPH=@M�JA�ODG@N�?JRI�OC@�AM<H@��&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�1DG@/JRN�DN�G@NN

OC<I�JM�@LP<G�OJ�*�5;1&)";/,40�

tileWidthSb DN�PN@?�OJ�NK@>DAT�OC@�RD?OC�JA�@<>C�ODG@�DI�PIDON�JA�NPK@M=GJ>FN��&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@

OC<O�ODG@4D?OC0=�DN�G@NN�OC<I�H<S1DG@4D?OC0=�

tileHeightSb DN�PN@?�OJ�NK@>DAT�OC@�C@DBCO�JA�@<>C�ODG@�DI�PIDON�JA�NPK@M=GJ>FN��&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@

OC<O�ODG@4D?OC0=���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�NO<MO0=�DN�@LP<G�OJ�N= JGN

RC@I�OC@�GJJK�RMDODIB�*D JG0O<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�NO<MO0=�DN�@LP<G�OJ�N=/JRN

RC@I�OC@�GJJK�RMDODIB�*D/JR0O<MON�@SDON�

MiColStarts DN�<I�<MM<T�NK@>DATDIB�OC@�NO<MO�>JGPHI��DI�PIDON�JA��S��GPH<�N<HKG@N��AJM�@<>C�ODG@�<>MJNN�OC@�DH<B@�

MiRowStarts DN�<I�<MM<T�NK@>DATDIB�OC@�NO<MO�MJR��DI�PIDON�JA��S��GPH<�N<HKG@N��AJM�@<>C�ODG@�?JRI�OC@�DH<B@�

width_in_sbs_minus_1 NK@>DAD@N�OC@�RD?OC�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�><I�=@�PN@?�AJM�<�ODG@��OJ�<QJD?�H<FDIB�ODG@N

RDOC�OJJ�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�=DONOM@<H�>JIAJMH<I>@�OC<O

>JIO@SO;PK?<O@;ODG@;D?�DN�G@NN�OC<I�1DG@ 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�I@@?@?�OJ�>J?@�@<>C�ODG@�NDU@�

������� .P<IODU@M�DI?@S�?@GO<�K<M<H@O@MN�N@H<IOD>N
delta_q_present NK@>DAD@N�RC@OC@M�LP<IODU@M�DI?@S�?@GO<�Q<GP@N�<M@�KM@N@IO�

delta_q_res NK@>DAD@N�OC@�G@AO�NCDAO�RCD>C�NCJPG?�=@�<KKGD@?�OJ�?@>J?@?�LP<IODU@M�DI?@S�?@GO<�Q<GP@N�

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<I�OC@�?@NDM@?�IPH=@M

=@><PN@�OC@�ODG@�NDU@�DN�MJPI?@?�PK�OJ�<�HPGODKG@�JA�OC@�H<SDHPH�NPK@M=GJ>F�NDU@�

Note: 1C@�M@LPDM@H@ION�JI�NO<MO0=�@INPM@�OC<O�OC@�NDU@N�JA�@<>C�ODG@�<??�PK�OJ�OC@�APGG�NDU@�JA�OC@�AM<H@�RC@I

H@<NPM@?�DI�NPK@M=GJ>FN�
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������� )JJK�ADGO@M�?@GO<�K<M<H@O@MN�N@H<IOD>N
delta_lf_present NK@>DAD@N�RC@OC@M�GJJK�ADGO@M�?@GO<�Q<GP@N�<M@�KM@N@IO�

delta_lf_res NK@>DAD@N�OC@�G@AO�NCDAO�RCD>C�NCJPG?�=@�<KKGD@?�OJ�?@>J?@?�GJJK�ADGO@M�?@GO<�Q<GP@N�

delta_lf_multi @LP<G�OJ���NK@>DAD@N�OC<O�N@K<M<O@�GJJK�ADGO@M�?@GO<N�<M@�N@IO�AJM�CJMDUJIO<G�GPH<�@?B@N	�Q@MOD><G�GPH<�@?B@N	

OC@�2�@?B@N	�<I?�OC@�3�@?B@N��?@GO<;GA;HPGOD�@LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�N<H@�GJJK�ADGO@M�?@GO<�DN�PN@?�AJM�<GG�@?B@N�

������� $GJ=<G�HJODJI�K<M<HN�N@H<IOD>N
is_global NK@>DAD@N�RC@OC@M�BGJ=<G�HJODJI�K<M<H@O@MN�<M@�KM@N@IO�AJM�<�K<MOD>PG<M�M@A@M@I>@�AM<H@�

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�HJODJI�

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<O�><I�=@�PN@?�AJM�BH;K<M<HN8M@A98D?S9��1C@�Q<GP@N�<GGJR@?�<M@�DI�OC@

M<IB@�
������<=N�DON��OJ�������<=N�DON��

precBits NK@>DAD@N�OC@�IPH=@M�JA�AM<>ODJI<G�=DON�PN@?�AJM�M@KM@N@IODIB�BH;K<M<HN8M@A98D?S9���GG�BGJ=<G�HJODJI�K<M<H@O@MN

<M@�NOJM@?�DI�OC@�HJ?@G�RDOC�4�/-"!*,!");-/" ;�&10�AM<>ODJI<G�=DON	�=PO�OC@�K<M<H@O@MN�<M@�@I>J?@?�RDOC�G@NN

KM@>DNDJI�

������� !@>J?@�NP=@SK�N@H<IOD>N
subexp_final_bits KMJQD?@�OC@�ADI<G�=DON�OC<O�<M@�M@<?�JI>@�OC@�<KKMJKMD<O@�M<IB@�C<N�=@@I�?@O@MHDI@?�

subexp_more_bits @LP<G�OJ�
�NK@>DAD@N�OC<O�OC@�K<M<H@O@M�DN�DI�OC@�M<IB@�HF�OJ�HF�<
���NP=@SK;HJM@;=DON�@LP<G�OJ��

NK@>DAD@N�OC<O�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?�=@�<??@?�OJ�OCDN�AM<H@��<KKGT;BM<DI�@LP<G�OJ�
�NK@>DAD@N�OC<O�ADGH

BM<DI�NCJPG?�IJO�=@�<??@?�

reset_grain_params() DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�<GG�OC@�NTIO<S�@G@H@ION�M@<?�DI�ADGH;BM<DI;K<M<HN�NCJPG?�=@

N@O�@LP<G�OJ�
�

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�NTIOC@NDN�

update_grain @LP<G�OJ���H@<IN�OC<O�<�I@R�N@O�JA�K<M<H@O@MN�NCJPG?�=@�N@IO��PK?<O@;BM<DI�@LP<G�OJ�
�H@<IN�OC<O�OC@

KM@QDJPN�N@O�JA�K<M<H@O@MN�NCJPG?�=@�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<M<H@O@MN�OJ�=@�PN@?�AJM�OCDN�AM<H@�
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&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�ADGH;BM<DI;K<M<HN;M@A;D?S�DN�@LP<G�OJ�M@A;AM<H@;D?S8�E�9�AJM�NJH@�Q<GP@

JA�E�DI�OC@�M<IB@�
�OJ�/"#0;-"/;#/�*"�
���

load_grain_params(idx) DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�<GG�OC@�NTIO<S�@G@H@ION�M@<?�DI�ADGH;BM<DI;K<M<HN�NCJPG?�=@

N@O�@LP<G�OJ�OC@�Q<GP@N�NOJM@?�DI�<I�<M@<�JA�H@HJMT�DI?@S@?�=T�D?S�

tempGrainSeed DN�<�O@HKJM<MT�Q<MD<=G@�OC<O�DN�PN@?�OJ�<QJD?�GJNDIB�OC@�Q<GP@�JA�BM<DI;N@@?�RC@I�GJ<?;BM<DI;K<M<HN�DN

><GG@?��4C@I�PK?<O@;BM<DI�DN�@LP<G�OJ�
	�<�KM@QDJPN�N@O�JA�K<M<H@O@MN�NCJPG?�=@�PN@?�AJM�@Q@MTOCDIB�@S>@KO�BM<DI;N@@?�

num_y_points NK@>DAD@N�OC@�IPH=@M�JA�KJDION�AJM�OC@�KD@>@
RDN@�GDI@<M�N><GDIB�API>ODJI�JA�OC@�GPH<�>JHKJI@IO�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�IPH;T;KJDION�DN�G@NN�OC<I�JM�@LP<G�OJ����

point_y_value[ i ] M@KM@N@ION�OC@�S��GPH<�Q<GP@��>JJM?DI<O@�AJM�OC@�D
OC�KJDIO�JA�OC@�KD@>@RDN@�GDI@<M�N><GDIB�API>ODJI�AJM

GPH<�>JHKJI@IO��1C@�Q<GP@N�<M@�NDBI<G@?�JI�OC@�N><G@�JA�
��������&I�><N@�JA��
�=DO�QD?@J	�OC@N@�Q<GP@N�>JMM@NKJI?�OJ

GPH<�Q<GP@N�?DQD?@?�=T����&I�><N@�JA����=DO�QD?@J	�OC@N@�Q<GP@N�>JMM@NKJI?�OJ�GPH<�Q<GP@N�?DQD?@?�=T�����

&A�D�DN�BM@<O@M�OC<I�
	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�KJDIO;T;Q<GP@8�D�9�DN�BM@<O@M�OC<I�KJDIO;T;Q<GP@8�D�
��

9��OCDN�@INPM@N�OC@�S�>JJM?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@�GDI@<M�N><GDIB�API>ODJI�AJM�GPH<

>JHKJI@IO�

chroma_scaling_from_luma NK@>DAD@N�OC<O�OC@�>CMJH<�N><GDIB�DN�DIA@MM@?�AMJH�OC@�GPH<�N><GDIB�

num_cb_points NK@>DAD@N�OC@�IPH=@M�JA�KJDION�AJM�OC@�KD@>@
RDN@�GDI@<M�N><GDIB�API>ODJI�JA�OC@�>=�>JHKJI@IO�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�IPH;>=;KJDION�DN�G@NN�OC<I�JM�@LP<G�OJ��
�

point_cb_value[ i ] M@KM@N@ION�OC@�S�>JJM?DI<O@�AJM�OC@�D
OC�KJDIO�JA�OC@�KD@>@
RDN@�GDI@<M�N><GDIB�API>ODJI�AJM�>=

>JHKJI@IO��1C@�Q<GP@N�<M@�NDBI<G@?�JI�OC@�N><G@�JA�
������

&A�D�DN�BM@<O@M�OC<I�
	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�KJDIO;>=;Q<GP@8�D�9�DN�BM@<O@M�OC<I�KJDIO;>=;Q<GP@8�D�


��9�

point_cb_scaling[ i ] M@KM@N@ION�OC@�N><GDIB��JPOKPO��Q<GP@�AJM�OC@�D
OC�KJDIO�JA�OC@�KD@>@RDN@�GDI@<M�N><GDIB�API>ODJI�AJM�>=

>JHKJI@IO�

num_cr_points NK@>DAD@N�M@KM@N@ION�OC@�IPH=@M�JA�KJDION�AJM�OC@�KD@>@
RDN@�GDI@<M�N><GDIB�API>ODJI�JA�OC@�>M�>JHKJI@IO�

Note: 1CDN�M@LPDM@H@IO�H@<IN�OC<O�ADGH�BM<DI�><I�JIGT�=@�KM@?D>O@?�AMJH�OC@�AM<H@N�OC<O�OC@�>PMM@IO�AM<H@�DN�PNDIB

<N�M@A@M@I>@�AM<H@N�

Note: 4C@I�>CMJH<;N><GDIB;AMJH;GPH<�DN�@LP<G�OJ��	�DO�DN�NODGG�<GGJR@?�AJM�IPH;T;KJDION�OJ�O<F@�Q<GP@N�PK�OJ����

1CDN�H@<IN�OC<O�OC@�>CMJH<�N><GDIB�<GNJ�I@@?N�OJ�NPKKJMO�PK�OJ����KJDION�
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&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�IPH;>M;KJDION�DN�G@NN�OC<I�JM�@LP<G�OJ��
�

&A�NP=N<HKGDIB;S�DN�@LP<G�OJ���<I?�NP=N<HKGDIB;T�DN�@LP<G�OJ���<I?�IPH;>=;KJDION�DN�@LP<G�OJ�
	�DO�DN�<�M@LPDM@H@IO�JA

=DONOM@<H�>JIAJMH<I>@�OC<O�IPH;>M;KJDION�DN�@LP<G�OJ�
�

&A�NP=N<HKGDIB;S�DN�@LP<G�OJ���<I?�NP=N<HKGDIB;T�DN�@LP<G�OJ���<I?�IPH;>=;KJDION�DN�IJO�@LP<G�OJ�
	�DO�DN�<�M@LPDM@H@IO�JA

=DONOM@<H�>JIAJMH<I>@�OC<O�IPH;>M;KJDION�DN�IJO�@LP<G�OJ�
�

point_cr_value[ i ] M@KM@N@ION�OC@�S�>JJM?DI<O@�AJM�OC@�D
OC�KJDIO�JA�OC@�KD@>@
RDN@�GDI@<M�N><GDIB�API>ODJI�AJM�>M�>JHKJI@IO�

1C@�Q<GP@N�<M@�NDBI<G@?�JI�OC@�N><G@�JA�
������

&A�D�DN�BM@<O@M�OC<I�
	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�KJDIO;>M;Q<GP@8�D�9�DN�BM@<O@M�OC<I�KJDIO;>M;Q<GP@8�D�


��9�

point_cr_scaling[ i ] M@KM@N@ION�OC@�N><GDIB��JPOKPO��Q<GP@�AJM�OC@�D
OC�KJDIO�JA�OC@�KD@>@RDN@�GDI@<M�N><GDIB�API>ODJI�AJM�>M

>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;��><I�O<F@�Q<GP@N�JA�
����<I?�?@O@MHDI@N�OC@�M<IB@�<I?�LP<IODU<ODJI�NO@K�JA�OC@�NO<I?<M?�?@QD<ODJI

JA�ADGH�BM<DI�

ar_coeff_lag NK@>DAD@N�OC@�IPH=@M�JA�<POJ
M@BM@NNDQ@�>J@AAD>D@ION�AJM�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�
	��	��	�<I?���>JMM@NKJI?�OJ�OC@

M<IB@N�AJM�<POJ
M@BM@NNDQ@�>J@AAD>D@ION�JA�8
�	���	�8
�	���	�8

��	�
����<I?�8

���	�
�����M@NK@>ODQ@GT�

grain_scale_shift NK@>DAD@N�CJR�HP>C�OC@�$<PNND<I�M<I?JH�IPH=@MN�NCJPG?�=@�N><G@?�?JRI�?PMDIB�OC@�BM<DI�NTIOC@NDN

KMJ>@NN�

cb_mult M@KM@N@ION�<�HPGODKGD@M�AJM�OC@�>=�>JHKJI@IO�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>=�>JHKJI@IO�N><GDIB

API>ODJI�

cb_luma_mult M@KM@N@ION�<�HPGODKGD@M�AJM�OC@�<Q@M<B@�GPH<�>JHKJI@IO�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>=

>JHKJI@IO�N><GDIB�API>ODJI�

cb_offset M@KM@N@ION�<I�JAAN@O�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>=�>JHKJI@IO�N><GDIB�API>ODJI�

Note: 1C@N@�M@LPDM@H@ION�@INPM@�OC<O�AJM�����
�>CMJH<�NP=N<HKGDIB	�ADGH�BM<DI�IJDN@�RDGG�=@�<KKGD@?�OJ�=JOC

>CMJH<�>JHKJI@ION	�JM�OJ�I@DOC@M��1C@M@�DN�IJ�M@NOMD>ODJI�AJM�������JM�������>CMJH<�NP=N<HKGDIB�
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cr_mult M@KM@N@ION�<�HPGODKGD@M�AJM�OC@�>M�>JHKJI@IO�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>M�>JHKJI@IO�N><GDIB

API>ODJI�

cr_luma_mult M@KM@N@ION�<�HPGODKGD@M�AJM�OC@�<Q@M<B@�GPH<�>JHKJI@IO�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>M

>JHKJI@IO�N><GDIB�API>ODJI�

cr_offset M@KM@N@ION�<I�JAAN@O�PN@?�DI�?@MDQ<ODJI�JA�OC@�DIKPO�DI?@S�OJ�OC@�>M�>JHKJI@IO�N><GDIB�API>ODJI�

overlap_flag @LP<G�OJ���DI?D><O@N�OC<O�OC@�JQ@MG<K�=@OR@@I�ADGH�BM<DI�=GJ>FN�NC<GG�=@�<KKGD@?��JQ@MG<K;AG<B�@LP<G�OJ�


DI?D><O@N�OC<O�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<O�>GDKKDIB�OJ�OC@�M@NOMD>O@?��NOP?DJ��M<IB@�NC<GG�=@�<KKGD@?�OJ�OC@�N<HKG@

Q<GP@N�<AO@M�<??DIB�OC@�ADGH�BM<DI��N@@�OC@�N@H<IOD>N�AJM�>JGJM;M<IB@�AJM�<I�@SKG<I<ODJI�JA�NOP?DJ�NRDIB��

>GDK;OJ;M@NOMD>O@?;M<IB@�@LP<G�OJ�
�DI?D><O@N�OC<O�>GDKKDIB�OJ�OC@�APGG�M<IB@�NC<GG�=@�<KKGD@?�OJ�OC@�N<HKG@�Q<GP@N�<AO@M

<??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�?@O@MHDI@?�

TxMode Name of TxMode


 ,+)6;�5�

� 15;*,!";)�/$"01

� 15;*,!";0")" 1

#JM�OS;HJ?@�@LP<G�OJ�15;*,!";)�/$"01	�OC@�DIQ@MN@�OM<INAJMH�RDGG�PN@�OC@�G<MB@NO�OM<INAJMH�NDU@�OC<O�ADON�DIND?@�OC@

=GJ>F�

#JM�OS;HJ?@�@LP<G�OJ�,+)6;�5�	�OC@�DIQ@MN@�OM<INAJMH�RDGG�PN@�JIGT��S��OM<INAJMHN�

#JM�OS;HJ?@�@LP<G�OJ�15;*,!";0")" 1	�OC@�>CJD>@�JA�OM<INAJMH�NDU@�DN�NK@>DAD@?�@SKGD>DOGT�AJM�@<>C�=GJ>F�

������� 0FDK�HJ?@�K<M<HN�N@H<IOD>N
SkipModeFrame[ list ] NK@>DAD@N�OC@�AM<H@N�OJ�PN@�AJM�>JHKJPI?�KM@?D>ODJI�RC@I�NFDK;HJ?@�DN�@LP<G�OJ���

skip_mode_present @LP<G�OJ���NK@>DAD@N�OC<O�OC@�NTIO<S�@G@H@IO�NFDK;HJ?@�RDGG�=@�KM@N@IO��NFDK;HJ?@;KM@N@IO�@LP<G�OJ


�NK@>DAD@N�OC<O�NFDK;HJ?@�RDGG�IJO�=@�PN@?�AJM�OCDN�AM<H@�
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������� #M<H@�M@A@M@I>@�HJ?@�N@H<IOD>N
reference_select @LP<G�OJ���NK@>DAD@N�OC<O�OC@�HJ?@�DIAJ�AJM�DIO@M�=GJ>FN�>JIO<DIN�OC@�NTIO<S�@G@H@IO�>JHK;HJ?@�OC<O

DI?D><O@N�RC@OC@M�OJ�PN@�NDIBG@�JM�>JHKJPI?�M@A@M@I>@�KM@?D>ODJI��/@A@M@I>@;N@G@>O�@LP<G�OJ�
�NK@>DAD@N�OC<O�<GG�DIO@M

=GJ>FN�RDGG�PN@�NDIBG@�KM@?D>ODJI�

������� 1@HKJM<G�KJDIO�DIAJ�N@H<IOD>N
frame_presentation_time NK@>DAD@N�OC@�KM@N@IO<ODJI�ODH@�JA�OC@�AM<H@�DI�>GJ>F�OD>FN�!DNK 1�>JPIO@?�AMJH�OC@�M@HJQ<G

ODH@�JA�OC@�G<NO�M<I?JH�<>>@NN�KJDIO�AJM�OC@�JK@M<ODIB�KJDIO�OC<O�DN�=@DIB�?@>J?@?��1C@�NTIO<S�@G@H@IO�DN�NDBI<G@?�<N�<

ADS@?�G@IBOC�PINDBI@?�DIO@B@M�RDOC�<�G@IBOC�DI�=DON�BDQ@I�=T�AM<H@;KM@N@IO<ODJI;ODH@;G@IBOC;HDIPN;�������1C@

AM<H@;KM@N@IO<ODJI;ODH@�DN�OC@�M@H<DI?@M�JA�<�HJ?PGJ�������AM<H@;KM@N@IO<ODJI;ODH@;G@IBOC;HDIPN;�������>JPIO@M�

���� #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�

���
� 1DG@�BMJPK�,�2�N@H<IOD>N
���
��� $@I@M<G�ODG@�BMJPK�,�2�N@H<IOD>N
NumTiles NK@>DAD@N�OC@�OJO<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;@I?�<M@�KM@N@IO��&A�OB;NO<MO�<I?�OB;@I?�<M@�IJO

KM@N@IO	�OCDN�ODG@�BMJPK�>JQ@MN�OC@�@IODM@�AM<H@�

&A�J=P;OTK@�DN�@LP<G�OJ�,�2;#/�*"	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�JA

ODG@;NO<MO;<I?;@I?;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@IO�ODG@�BMJPK�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�JA�OB;NO<MO�DN�@LP<G�OJ�OC@�Q<GP@�JA�1DG@+PH�<O�OC@�KJDIO�OC<O

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@IO�ODG@�BMJPK�

Note: 0FDK�HJ?@�OMD@N�OJ�PN@�OC@�>GJN@NO�AJMR<M?�<I?�=<>FR<M?�M@A@M@I>@N��<N�H@<NPM@?�=T�Q<GP@N�DI�OC@

/@A,M?@M%DIO�<MM<T���&A�IJ�=<>FR<M?�M@A@M@I>@�DN�AJPI?	�OC@I�OC@�N@>JI?�>GJN@NO�AJMR<M?�M@A@M@I>@�DN�PN@?��&A�IJ

AJMR<M?�M@A@M@I>@�DN�AJPI?	�OC@I�NFDK�HJ?@�DN�?DN<=G@?���#JMR<M?�KM@?D>ODJI�DN�RC@I�<�AM<H@�DN�PN@?�AJM�M@A@M@I>@

OC<O�DN�>JIND?@M@?�OJ�=@�JPOKPO�=@AJM@�OC@�>PMM@IO�AM<H@	�=<>FR<M?�KM@?D>ODJI�DN�RC@I�<�AM<H@�DN�PN@?�OC<O�C<N�IJO

T@O�=@@I�JPOKPO��

Note: 1C@�DIO@IODJI�DN�OJ�KMJQD?@�<�HJM@�>JHK<>O�R<T�JA�>J?DIB�OC@�>JHHJI�PN@�><N@�RC@M@�OC@�AM<H@�C@<?@M�DN

DHH@?D<O@GT�AJGGJR@?�=T�ODG@�BMJPK�?<O<�
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&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�JA�OB;@I?�DN�BM@<O@M�OC<I�JM�@LP<G�OJ�OB;NO<MO�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@�JA�OB;@I?�AJM�OC@�G<NO�ODG@�BMJPK�DI�@<>C�AM<H@�DN�@LP<G�OJ

+PH1DG@N�
���

frame_end_update_cdf DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@�AM<H@� !#�<MM<TN�<M@�N@O�@LP<G�OJ�OC@�N<Q@?� !#N��1CDN

KMJ>@NN�DN�?@N>MD=@?�DIN@>ODJI�����

tile_size_minus_1 DN�PN@?�OJ�>JHKPO@�ODG@0DU@�

tileSize NK@>DAD@N�OC@�NDU@�DI�=TO@N�JA�OC@�I@SO�>J?@?�ODG@�

decode_frame_wrapup DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@�?@>J?@�AM<H@�RM<KPK�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����

NCJPG?�=@�DIQJF@?�

���
��� !@>J?@�ODG@�N@H<IOD>N
clear_left_context DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�NJH@�<MM<TN�PN@?�OJ�?@O@MHDI@�OC@�KMJ=<=DGDOD@N�<M@�U@MJ@?��4C@I

OCDN�API>ODJI�DN�DIQJF@?�OC@�<MM<TN�)@AO)@Q@G JIO@SO	�)@AO!> JIO@SO	�<I?�)@AO0@B-M@? JIO@SO�<M@�N@O�@LP<G�OJ�
�

clear_above_context DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�NJH@�<MM<TN�PN@?�OJ�?@O@MHDI@�OC@�KMJ=<=DGDOD@N�<M@�U@MJ@?�

4C@I�OCDN�API>ODJI�DN�DIQJF@?�OC@�<MM<TN��=JQ@)@Q@G JIO@SO	��=JQ@!> JIO@SO	�<I?��=JQ@0@B-M@? JIO@SO�<M@�N@O�@LP<G

OJ�
�

ReadDeltas NK@>DAD@N�RC@OC@M�OC@�>PMM@IO�=GJ>F�H<T�M@<?�?@GO<�Q<GP@N�AJM�OC@�LP<IODU@M�DI?@S�<I?�GJJK�ADGO@M��&A�OC@�@IODM@

NPK@M=GJ>F�DN�NFDKK@?�OC@�?@GO<�Q<GP@N�<M@�IJO�M@<?	�JOC@MRDN@�?@GO<�Q<GP@N�AJM�OC@�LP<IODU@M�DI?@S�<I?�GJJK�ADGO@M�<M@�M@<?

JI�OC@�ADMNO�=GJ>F�JA�<�NPK@M=GJ>F��&A�?@GO<;L;KM@N@IO�DN�@LP<G�OJ�
	�IJ�?@GO<�Q<GP@N�<M@�M@<?�AJM�OC@�LP<IODU@M�DI?@S��&A

?@GO<;GA;KM@N@IO�DN�@LP<G�OJ�
	�IJ�?@GO<�Q<GP@N�<M@�M@<?�AJM�OC@�GJJK�ADGO@M�

Note: 1C@N@�M@LPDM@H@ION�@INPM@�OC<O�>JI>@KOP<GGT�<GG�ODG@�BMJPKN�<M@�KM@N@IO�<I?�M@>@DQ@?�DI�JM?@M�AJM�OC@

KPMKJN@N�JA�NK@>DATDIB�OC@�?@>J?@�KMJ>@NN�

Note: 1CDN�NDU@�DI>GP?@N�<IT�K<??DIB�=TO@N�DA�<??@?�=T�OC@�@SDO�KMJ>@NN�AJM�OC@�0TH=JG�?@>J?@M��1C@�NDU@�?J@N�IJO

DI>GP?@�OC@�=TO@N�PN@?�AJM�ODG@;NDU@;HDIPN;��JM�NTIO<S�@G@H@ION�N@IO�=@AJM@�ODG@;NDU@;HDIPN;���#JM�OC@�G<NO�ODG@�DI

OC@�ODG@�BMJPK	�ODG@0DU@�DN�>JHKPO@?�DINO@<?�JA�=@DIB�M@<?�<I?�DI>GP?@N�OC@�,�2�OM<DGDIB�=DON�

Note: )@AO)@Q@G JIO@SO8�KG<I@�98�D�9	�)@AO!> JIO@SO8�KG<I@�98�D�9	�<I?�)@AO0@B-M@? JIO@SO8�D�9�I@@?�OJ�=@�N@O�OJ�
�AJM�D

��
��*D/JRN
�	�AJM�KG<I@���
����

Note: �=JQ@)@Q@G JIO@SO8�KG<I@�98�D�9	��=JQ@!> JIO@SO8�KG<I@�98�D�9	�<I?��=JQ@0@B-M@? JIO@SO8�D�9�I@@?�OJ�=@�N@O

OJ�
�AJM�D���
��*D JGN
�	�AJM�KG<I@���
����
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���
���  G@<M�=GJ>F�?@>J?@?�AG<BN�N@H<IOD>N
BlockDecoded DN�<I�<MM<T�RCD>C�NOJM@N�JI@�=JJG@<I�Q<GP@�K@M��S��N<HKG@�=GJ>F�K@M�KG<I@�DI�OC@�>PMM@IO�NPK@M=GJ>F	�KGPN

<�=JM?@M�JA�JI@��S��N<HKG@�=GJ>F�JI�<GG�ND?@N�JA�OC@�NPK@M=GJ>F��"S>@KO�AJM�OC@�=JM?@MN	�<�Q<GP@�JA���DI��GJ>F!@>J?@?

DI?D><O@N�OC<O�OC@�>JMM@NKJI?DIB��S��N<HKG@�=GJ>F�C<N�=@@I�?@>J?@?��1C@�=JM?@MN�<M@�PN@?�RC@I�>JHKPODIB�<=JQ@
MDBCO

<I?�=@GJR
G@AO�<Q<DG<=DGDOT�<GJIB�OC@�OJK�<I?�G@AO�@?B@N�JA�OC@�NPK@M=GJ>F�

���
��� !@>J?@�K<MODODJI�N@H<IOD>N
partition NK@>DAD@N�CJR�<�=GJ>F�DN�K<MODODJI@?�

partition Name of partition


 -�/1&1&,+;+,+"

� -�/1&1&,+;%,/7

� -�/1&1&,+;3"/1

� -�/1&1&,+;0-)&1

� -�/1&1&,+;%,/7;�

� -�/1&1&,+;%,/7;�

� -�/1&1&,+;3"/1;�

� -�/1&1&,+;3"/1;�

� -�/1&1&,+;%,/7;�

� -�/1&1&,+;3"/1;�

1C@�Q<MD<=G@subSize DN�>JHKPO@?�AMJH�K<MODODJI�<I?�DI?D><O@N�OC@�NDU@�JA�OC@�>JHKJI@IO�=GJ>FN�RDOCDI�OCDN�=GJ>F�

subSize Name of subSize


 �), (;�5�

� �), (;�5�

� �), (;�5�

� �), (;�5�

� �), (;�5��

� �), (;��5�

� �), (;��5��

� �), (;��5��

� �), (;��5��
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subSize Name of subSize

� �), (;��5��

�
 �), (;��5��

�� �), (;��5��

�� �), (;��5��

�� �), (;��5���

�� �), (;���5��

�� �), (;���5���

�� �), (;�5��

�� �), (;��5�

�� �), (;�5��

�� �), (;��5�

�
 �), (;��5��

�� �), (;��5��

1C@�?DH@INDJIN�JA�OC@N@�=GJ>FN�<M@�BDQ@I�DI�RD?OC	�C@DBCO�JM?@M��@�B���), (;�5���>JMM@NKJI?N�OJ�<�=GJ>F�OC<O�DN��

N<HKG@N�RD?@	�<I?����N<HKG@N�CDBC��

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�B@O;KG<I@;M@ND?P<G;NDU@��NP=0DU@	�����DN�IJO�@LP<G�OJ��), (;&+3�)&!

@Q@MT�ODH@�NP=0DU@�DN�>JHKPO@?�

split_or_vert DN�PN@?�OJ�>JHKPO@�K<MODODJI�AJM�=GJ>FN�RC@I�JIGT�NKGDO�JM�Q@MO�K<MODODJIN�<M@�<GGJR@?�=@><PN@�JA�JQ@MG<K�RDOC

OC@�MDBCO�C<I?�@?B@�JA�OC@�AM<H@�

split_or_horz DN�PN@?�OJ�>JHKPO@�K<MODODJI�AJM�=GJ>FN�RC@I�JIGT�NKGDO�JM�CJMU�K<MODODJIN�<M@�<GGJR@?�=@><PN@�JA�JQ@MG<K

RDOC�OC@�=JOOJH�@?B@�JA�OC@�AM<H@�

���
��� !@>J?@�=GJ>F�N@H<IOD>N
MiRow DN�<�Q<MD<=G@�CJG?DIB�OC@�Q@MOD><G�GJ><ODJI�JA�OC@�=GJ>F�DI�PIDON�JA��S��GPH<�N<HKG@N�

MiCol DN�<�Q<MD<=G@�CJG?DIB�OC@�CJMDUJIO<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<ODJI�AJM�OC@�Q<MD<=G@�NP=0DU@�

Note: 1CDN�M@LPDM@H@IO�KM@Q@ION�OC@�23�=GJ>FN�AMJH�=@DIB�OJJ�O<GG�JM�OJJ�RD?@��D�@��C<QDIB�<NK@>O�M<ODJN�JPOND?@�OC@

M<IB@�����OJ�������#JM�@S<HKG@	�RC@I�������>CMJH<�NP=N<HKGDIB�DN�PN@?�<�GPH<�K<MODODJI�JA�NDU@��S���DN�DIQ<GD?	�<N

DO�DHKGD@N�<�>CMJH<�K<MODODJI�JA�NDU@��S��	�RCD>C�M@NPGON�DI�<I�<NK@>O�M<ODJ�JA�����
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HasChroma DN�<�Q<MD<=G@�OC<O�NK@>DAD@N�RC@OC@M�>CMJH<�DIAJMH<ODJI�DN�>J?@?�AJM�OCDN�=GJ>F�

3<MD<=G@AvailU DN�@LP<G�OJ�
�DA�OC@�DIAJMH<ODJI�AMJH�OC@�=GJ>F�<=JQ@�><IIJO�=@�PN@?�JI�OC@�GPH<�KG<I@���Q<DG2�DN�@LP<G�OJ

��DA�OC@�DIAJMH<ODJI�AMJH�OC@�=GJ>F�<=JQ@�><I�=@�PN@?�JI�OC@�GPH<�KG<I@�

3<MD<=G@AvailL DN�@LP<G�OJ�
�DA�OC@�DIAJMH<ODJI�AMJH�OC@�=GJ>F�OJ�OC@�G@AO�><I�IJO�=@�PN@?�JI�OC@�GPH<�KG<I@���Q<DG)�DN�@LP<G

OJ���DA�OC@�DIAJMH<ODJI�AMJH�OC@�=GJ>F�OJ�OC@�G@AO�><I�=@�PN@?�JI�OC@�GPH<�KG<I@�

3<MD<=G@NAvailUChroma <I? AvailLChroma C<Q@�OC@�N<H@�NDBIDAD><I>@�<N��Q<DG2�<I?��Q<DG)	�=PO�JI�OC@�>CMJH<

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<=>�@LP<G�OJ�
�NK@>DAD@N�OC<O

DIOM<�=GJ>F�>JKT�NCJPG?�IJO�=@�PN@?�

intra_frame_y_mode NK@>DAD@N�OC@�?DM@>ODJI�JA�DIOM<�KM@?D>ODJI�ADGO@MDIB�

intra_frame_y_mode Name of intra_frame_y_mode


 ! ;-/"!

� 3;-/"!

� %;-/"!

� !��;-/"!

� !���;-/"!

� !���;-/"!

� !���;-/"!

� !�
�;-/"!

� !��;-/"!

� 0*,,1%;-/"!

�
 0*,,1%;3;-/"!

�� 0*,,1%;%;-/"!

�� -�"1%;-/"!

Note: &IAJMH<ODJI�AMJH�<�=GJ>F�DI�<�?DAA@M@IO�ODG@�><I�=@�PN@?�DI�NJH@�>DM>PHNO<I>@N�DA�OC@�=GJ>F�DN�<=JQ@	�=PO�IJO�DA

OC@�=GJ>F�DN�OJ�OC@�G@AO�
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uv_mode NK@>DAD@N�OC@�>CMJHDI<I>@�DIOM<�KM@?D>ODJI�HJ?@�PNDIB�Q<GP@N�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N�DI�OC@�N@H<IOD>N

AJM�DIOM<;AM<H@;T;HJ?@	�RDOC�<I�<??DODJI<G�HJ?@�23; #);-/"!�

uv_mode Name of uv_mode


 ! ;-/"!

� 3;-/"!

� %;-/"!

� !��;-/"!

� !���;-/"!

� !���;-/"!

� !���;-/"!

� !�
�;-/"!

� !��;-/"!

� 0*,,1%;-/"!

�
 0*,,1%;3;-/"!

�� 0*,,1%;%;-/"!

�� -�"1%;-/"!

�� 23; #);-/"!

���
��� &IOM<�N@BH@IO�&!�N@H<IOD>N
Lossless DN�<�Q<MD<=G@�RCD>C	�DA�@LP<G�OJ��	�DI?D><O@N�OC<O�OC@�=GJ>F�DN�>J?@?�PNDIB�<�NK@>D<G��S��OM<INAJMH�?@NDBI@?�AJM

@I>J?DIB�AM<H@N�OC<O�<M@�=DO
D?@IOD><G�RDOC�OC@�JMDBDI<G�AM<H@N�

���
��� /@<?�N@BH@IO�&!�N@H<IOD>N
segment_id NK@>DAD@N�RCD>C�N@BH@IO�DN�<NNJ>D<O@?�RDOC�OC@�>PMM@IO�DIOM<�=GJ>F�=@DIB�?@>J?@?��&O�DN�ADMNO�M@<?�AMJH�OC@

NOM@<H	�<I?�OC@I�KJNOKMJ>@NN@?�=<N@?�JI�OC@�KM@?D>O@?�N@BH@IO�D?�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�KJNOKMJ>@NN@?�Q<GP@�JA�N@BH@IO;D?��D�@��OC@�Q<GP@�M@OPMI@?�=T

I@B;?@DIO@MG@<Q@��DN�DI�OC@�M<IB@�
�OJ�)<NO�>ODQ@0@B&?��DI>GPNDQ@�JA�@I?KJDION��

Note: !P@�OJ�OC@�R<T�OC@�PQ;HJ?@�NTIO<S�@G@H@IO�DN�M@<?	�PQ;HJ?@�><I�JIGT�=@�M@<?�<N�23; #);-/"!�RC@I

*<S���GJ>F;4D?OC8�*D0DU@�9	��GJ>F;%@DBCO8�*D0DU@�9���������
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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@I�AMJH�OC@�N@BH@IO<ODJI�H<K��N@B;D?;KM@?D>O@?�@LP<G

OJ�
�NK@>DAD@N�OC<O�OC@�NTIO<S�@G@H@IO�N@BH@IO;D?�DN�K<MN@?�

���
��
� 0FDK�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?�OJ�>JHKJPI?�KM@?D>ODJI�

<I?�NJ�HJNO�JA�OC@�HJ?@�DIAJ�DN�NFDKK@?��NFDK;HJ?@�@LP<G�OJ�
�DI?D><O@N�OC<O�OC@�HJ?@�DIAJ�DN�IJO�NFDKK@?�

���
���� 0FDK�N@H<IOD>N
skip @LP<G�OJ�
�DI?D><O@N�OC<O�OC@M@�H<T�=@�NJH@�OM<INAJMH�>J@AAD>D@ION�OJ�M@<?�AJM�OCDN�=GJ>F��NFDK�@LP<G�OJ���DI?D><O@N�OC<O

OC@M@�<M@�IJ�OM<INAJMH�>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�?@>J?@?��&A�?@GO<;L;<=N�DN�@LP<G�OJ

!")1�;.;0*�))	�OC@�Q<GP@�DN�@I>J?@?�PNDIB�?@GO<;L;M@H;=DON�<I?�?@GO<;L;<=N;=DON�

delta_q_rem_bits <I? delta_q_abs_bits @I>J?@�OC@�<=NJGPO@�Q<GP@�JA�OC@�LP<IODU@M�DI?@S�?@GO<�Q<GP@�=@DIB�?@>J?@?	

RC@M@�OC@�<=NJGPO@�Q<GP@�JA�OC@�LP<IODU@M�DI?@S�?@GO<�Q<GP@�DN�JA�OC@�AJMH�

(( 11 <<<< delta_q_rem_bits )) ++ delta_q_abs_bits ++ 11

delta_q_sign_bit @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�LP<IODU@M�DI?@S�?@GO<�Q<GP@�DN�KJNDODQ@��?@GO<;L;NDBI;=DO�@LP<G�OJ���DI?D><O@N

OC<O�OC@�LP<IODU@M�DI?@S�?@GO<�Q<GP@�DN�I@B<ODQ@�

���
���� )JJK�ADGO@M�?@GO<�N@H<IOD>N
delta_lf_abs NK@>DAD@N�OC@�<=NJGPO@�Q<GP@�JA�OC@�GJJK�ADGO@M�?@GO<�Q<GP@�=@DIB�?@>J?@?��&A�?@GO<;GA;<=N�DN�@LP<G�OJ

!")1�;)#;0*�))	�OC@�Q<GP@�DN�@I>J?@?�PNDIB�?@GO<;GA;M@H;=DON�<I?�?@GO<;GA;<=N;=DON�

delta_lf_rem_bits <I? delta_lf_abs_bits @I>J?@�OC@�<=NJGPO@�Q<GP@�JA�OC@�GJJK�ADGO@M�?@GO<�Q<GP@�=@DIB�?@>J?@?	�RC@M@

OC@�<=NJGPO@�Q<GP@�JA�OC@�GJJK�ADGO@M�?@GO<�Q<GP@�DN�JA�OC@�AJMH�

(( 11 <<<< (( delta_lf_rem_bits ++ 11 )) )) ++ delta_lf_abs_bits ++ 11

delta_lf_sign_bit @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�GJJK�ADGO@M�?@GO<�Q<GP@�DN�KJNDODQ@��?@GO<;GA;NDBI;=DO�@LP<G�OJ���DI?D><O@N�OC<O

OC@�GJJK�ADGO@M�?@GO<�Q<GP@�DN�I@B<ODQ@�

Note: &O�DN�<GGJR@?�AJM�N@B;D?;KM@?D>O@?�OJ�=@�@LP<G�OJ�
�@Q@I�DA�OC@�Q<GP@�>J?@?�AJM�OC@�N@BH@IO;D?�DN�@LP<G�OJ

KM@?D>O@?0@BH@IO&?�
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���
����  !"#�K<M<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�I@@?@?�OJ�NK@>DAT�RCD>C� !"#�ADGO@M�OJ�<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�

���
���� )JJK�M@NOJM<ODJI�K<M<HN�N@H<IOD>N
lr_type DN�PN@?�OJ�>JHKPO@�#M<H@/@NOJM<ODJI1TK@�

FrameRestorationType NK@>DAD@N�OC@�OTK@�JA�M@NOJM<ODJI�PN@?�AJM�@<>C�KG<I@�<N�AJGGJRN�

lr_type FrameRestorationType Name of FrameRestorationType


 
 /"01,/";+,+"

� � /"01,/";04&1 %��)"

� � /"01,/";4&"+"/

� � /"01,/";0$/-/,'

UsesLr DI?D><O@N�DA�<IT�KG<I@�PN@N�GJJK�M@NOJM<ODJI�

lr_unit_shift NK@>DAD@N�DA�OC@�GPH<�M@NOJM<ODJI�NDU@�NCJPG?�=@�C<GQ@?�

lr_unit_extra_shift NK@>DAD@N�DA�OC@�GPH<�M@NOJM<ODJI�NDU@�NCJPG?�=@�C<GQ@?�<B<DI�

lr_uv_shift DN�JIGT�KM@N@IO�AJM�����
�AJMH<ON�<I?�NK@>DAD@N�DA�OC@�>CMJH<�NDU@�NCJPG?�=@�C<GA�OC@�GPH<�NDU@�

LoopRestorationSize[plane] NK@>DAD@N�OC@�NDU@�JA�GJJK�M@NOJM<ODJI�PIDON�DI�PIDON�JA�N<HKG@N�DI�OC@�>PMM@IO�KG<I@�

���
���� 15�NDU@�N@H<IOD>N
tx_depth DN�PN@?�OJ�>JHKPO@�1S0DU@��OS;?@KOC�DN�DIQ@MO@?�RDOC�M@NK@>O�OJ�1S0DU@	�D�@��DO�NK@>DAD@N�CJR�HP>C�NH<GG@M�OC@

OM<INAJMH�NDU@�NCJPG?�=@�H<?@�OC<I�OC@�G<MB@NO�KJNND=G@�OM<INAJMH�NDU@�AJM�OC@�=GJ>F�

TxSize NK@>DAD@N�OC@�OM<INAJMH�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��

���
���� �GJ>F�15�NDU@�N@H<IOD>N
InterTxSizes DN�<I�<MM<T�OC<O�CJG?N�OC@�OM<INAJMH�NDU@N�RDOCDI�DIO@M�AM<H@N�

���
���� 3<M�15�NDU@�N@H<IOD>N
txfm_split @LP<G�OJ���NK@>DAD@N�OC<O�OC@�=GJ>F�NCJPG?�=@�NKGDO�DIOJ�NH<GG@M�OM<INAJMH�NDU@N��OSAH;NKGDO�@LP<G�OJ�
�NK@>DAD@N

OC<O�OC@�=GJ>F�NCJPG?�IJO�=@�NKGDO�<IT�HJM@�

���
���� 1M<INAJMH�OTK@�N@H<IOD>N
set NK@>DAD@N�OC@�OM<INAJMH�N@O�

Note: 1S0DU@�DN�?@O@MHDI@?�AJM�NFDKK@?�DIOM<�=GJ>FN�=@><PN@�1S0DU@�>JIOMJGN�OC@�BM<IPG<MDOT�JA�OC@�DIOM<�KM@?D>ODJI�

Note: 1S0DU@N�<I?�&IO@M1S0DU@N�>JIO<DI�?DAA@M@IO�Q<GP@N���GG�OC@�Q<GP@N�DI�1S0DU@N�<>MJNN�<�M@ND?P<G�=GJ>F�RDGG

NC<M@�OC@�N<H@�Q<GP@	�RCDG@�&IO@M1S0DU@N�><I�M@KM@N@IO�N@Q@M<G�?DAA@M@IO�OM<INAJMH�NDU@N�RDOCDI�<�M@ND?P<G�=GJ>F�
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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<INAJMH�N@ON�?@O@MHDI@�RC<O�NP=N@O�JA�OM<INAJMH�OTK@N�><I�=@�PN@?	�<>>JM?DIB�OJ�OC@�AJGGJRDIB�O<=G@�

Transform type

TX_SET_

DCTONLY

TX_SET_

INTRA_1

TX_SET_

INTRA_2

TX_SET_

INTER_1

TX_SET_

INTER_2

TX_SET_

INTER_3

! 1;! 1 5 5 5 5 5 5

�!01;! 1 5 5 5 5

! 1;�!01 5 5 5 5

�!01;�!01 5 5 5 5

#)&-�!01;! 1 5 5

! 1;#)&-�!01 5 5

#)&-�!01;#)&-�!01 5 5

�!01;#)&-�!01 5 5

#)&-�!01;�!01 5 5

&!15 5 5 5 5 5

3;! 1 5 5 5

%;! 1 5 5 5

3;�!01 5

%;�!01 5

3;#)&-�!01 5

%;#)&-�!01 5

inter_tx_type NK@>DAD@N�OC@�OM<INAJMH�OTK@�AJM�DIO@M�=GJ>FN�

intra_tx_type NK@>DAD@N�OC@�OM<INAJMH�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�<I�DIOM<�=GJ>F��DN;DIO@M�@LP<G�OJ���NK@>DAD@N�OC<O�OC@�=GJ>F�DN�<I�DIO@M�=GJ>F�

���
���� &IOM<�=GJ>F�HJ?@�DIAJ�N@H<IOD>N
1CDN�NTIO<S�DN�PN@?�RC@I�>J?DIB�<I�DIOM<�=GJ>F�RDOCDI�<I�DIO@M�AM<H@�

y_mode NK@>DAD@N�OC@�?DM@>ODJI�JA�GPHDI<I>@�DIOM<�KM@?D>ODJI�PNDIB�Q<GP@N�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N�AJM

DIOM<;AM<H@;T;HJ?@�

uv_mode NK@>DAD@N�OC@�>CMJHDI<I>@�DIOM<�KM@?D>ODJI�HJ?@�PNDIB�Q<GP@N�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N�DI�OC@�N@H<IOD>N

AJM�DIOM<;AM<H@;T;HJ?@	�RDOC�<I�<??DODJI<G�HJ?@�23; #);-/"!�

���
���� &IO@M�=GJ>F�HJ?@�DIAJ�N@H<IOD>N
1CDN�NTIO<S�DN�PN@?�RC@I�>J?DIB�<I�DIO@M�=GJ>F�

compound_mode NK@>DAD@N�CJR�OC@�HJODJI�Q@>OJM�PN@?�=T�DIO@M�KM@?D>ODJI�DN�J=O<DI@?�RC@I�PNDIB�>JHKJPI?�KM@?D>ODJI�

�I�JAAN@O�DN�<??@?�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

�� $),��);$),��)*3

�� +"4;+"4*3

Note: !P@�OJ�OC@�R<T�OC@�PQ;HJ?@�NTIO<S�@G@H@IO�DN�M@<?	�PQ;HJ?@�><I�JIGT�=@�M@<?�<N�23; #);-/"!�RC@I

*<S���GJ>F;4D?OC8�*D0DU@�9	��GJ>F;%@DBCO8�*D0DU@�9���������
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new_mv @LP<G�OJ�
�H@<IN�OC<O�<�HJODJI�Q@>OJM�?DAA@M@I>@�NCJPG?�=@�M@<?�

zero_mv @LP<G�OJ�
�H@<IN�OC<O�OC@�HJODJI�Q@>OJM�NCJPG?�=@�N@O�@LP<G�OJ�?@A<PGO�HJODJI�AJM�OC@�AM<H@�

ref_mv @LP<G�OJ�
�H@<IN�OC<O�OC@�HJNO�GDF@GT�HJODJI�Q@>OJM�NCJPG?�=@�PN@?��><GG@?�+"�/"01�	�M@A;HQ�@LP<G�OJ���H@<IN

OC<O�OC@�N@>JI?�HJNO�GDF@GT�HJODJI�Q@>OJM�NCJPG?�=@�PN@?��><GG@?�+"�/��

interp_filter NK@>DAD@N�OC@�OTK@�JA�ADGO@M�PN@?�DI�DIO@M�KM@?D>ODJI��3<GP@N�
����<M@�<GGJR@?�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N�AJM

DIO@MKJG<ODJI;ADGO@M��,I@�ADGO@M�OTK@�DN�NK@>DAD@?�AJM�OC@�Q@MOD><G�ADGO@M�?DM@>ODJI�<I?�JI@�AJM�OC@�CJMDUJIO<G�ADGO@M�?DM@>ODJI�

RefMvIdx NK@>DAD@N�RCD>C�><I?D?<O@�DI�OC@�/@A0O<>F*Q�NCJPG?�=@�PN@?�

drl_mode DN�<�=DO�N@IO�AJM�><I?D?<O@N�DI�OC@�HJODJI�Q@>OJM�NO<>F�OJ�DI?D><O@�DA�OC@T�NCJPG?�=@�PN@?��?MG;HJ?@�@LP<G�OJ�


H@<IN�OJ�PN@�OC@�>PMM@IO�Q<GP@�JA�D?S��?MG;HJ?@�@LP<G�OJ���N<TN�OJ�>JIODIP@�N@<M>CDIB��!/)�NO<I?N�AJM�]!TI<HD>

/@A@M@I>@�)DNO^�

���
���� #DGO@M�DIOM<�HJ?@�DIAJ�N@H<IOD>N
use_filter_intra DN�<�=DO�NK@>DATDIB�RC@OC@M�JM�IJO�DIOM<�ADGO@MDIB�><I�=@�PN@?�

filter_intra_mode NK@>DAD@N�OC@�OTK@�JA�DIOM<�ADGO@MDIB	�<I?�><I�O<F@�JI�<IT�JA�OC@�AJGGJRDIB�Q<GP@N�

filter_intra_mode Name of filter_intra_mode


 #&)1"/;! ;-/"!

� #&)1"/;3;-/"!

� #&)1"/;%;-/"!

� #&)1"/;!���;-/"!

� #&)1"/;-�"1%;-/"!

���
���� /@A�AM<H@N�N@H<IOD>N
comp_mode NK@>DAD@N�RC@OC@M�NDIBG@�JM�>JHKJPI?�KM@?D>ODJI�DN�PN@?�

comp_mode Name of comp_mode


 0&+$)";/"#"/"+ "

Note: 1C@�DIOM<�HJ?@N�O<F@�Q<GP@N�
�����NJ�OC@N@�6*J?@�Q<GP@N�NO<MO�<O����

Note: 1C@�NTIO<S�@G@H@IO�DIO@MKJG<ODJI;ADGO@M�AMJH�OC@�PI>JHKM@NN@?�C@<?@M�><I�NK@>DAT�OC@�OTK@�JA�ADGO@M�OJ�=@

PN@?�AJM�OC@�RCJG@�AM<H@��&A�DO�DN�N@O�OJ�04&1 %��)"�OC@I�OC@�DIO@MK;ADGO@M�NTIO<S�@G@H@IO�DN�M@<?�AMJH�OC@

=DONOM@<H�AJM�@Q@MT�DIO@M�=GJ>F�
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comp_mode Name of comp_mode

�  ,*-,2+!;/"#"/"+ "

SINGLE_REFERENCE DI?D><O@N�OC<O�OC@�DIO@M�=GJ>F�PN@N�JIGT�<�NDIBG@�M@A@M@I>@�AM<H@�OJ�B@I@M<O@�HJODJI�>JHK@IN<O@?

KM@?D>ODJI�

COMPOUND_REFERENCE DI?D><O@N�OC<O�OC@�DIO@M�=GJ>F�PN@N�>JHKJPI?�HJ?@�

1C@M@�<M@�ORJ�M@A@M@I>@�AM<H@�BMJPKN�

X $MJPK����)�01;#/�*"	�)�01�;#/�*"	�)�01�;#/�*"	�<I?�$,)!"+;#/�*"�

X $MJPK�����4!/"#;#/�*"	��)1/"#�;#/�*"	�<I?��)1/"#;#/�*"�

comp_ref_type DN�PN@?�AJM�>JHKJPI?�KM@?D>ODJI�OJ�NK@>DAT�RC@OC@M�=JOC�M@A@M@I>@�AM<H@N�>JH@�AMJH�OC@�N<H@�BMJPK�JM

IJO�

comp_ref_type Name of comp_ref_type Description


 2+&!&/; ,*-;/"#"/"+ " �JOC�M@A@M@I>@�AM<H@N�AMJH�OC@�N<H@�BMJPK

� �&!&/; ,*-;/"#"/"+ " ,I@�AMJH�$MJPK���<I?�JI@�AMJH�$MJPK��

uni_comp_ref 	 uni_comp_ref_p1 	�<I? uni_comp_ref_p2 NK@>DAT�RCD>C�M@A@M@I>@�AM<H@N�<M@�DI�PN@�RC@I�=JOC�>JH@

AMJH�OC@�N<H@�BMJPK�

comp_ref 	 comp_ref_p1 	�<I? comp_ref_p2 NK@>DAT�OC@�ADMNO�M@A@M@I>@�AM<H@�RC@I�OC@�ORJ�M@A@M@I>@�AM<H@N�>JH@�AMJH

?DAA@M@IO�BMJPKN�

comp_bwdref <I? comp_bwdref_p1 NK@>DAT�OC@�N@>JI?�M@A@M@I>@�AM<H@�RC@I�OC@�ORJ�M@A@M@I>@�AM<H@N�>JH@�AMJH

?DAA@M@IO�BMJPKN�

single_ref_p1 	 single_ref_p2 	 single_ref_p3 	 single_ref_p4 	 single_ref_p5 	�<I? single_ref_p6 NK@>DAT�OC@�M@A@M@I>@

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>O@?�N<HKG@N�AJM�OCDN�=GJ>F�

RefFrame[ 0 ] Name of ref_frame


 &+1/�;#/�*"

Note: "I>J?@MN�<M@�AM@@�OJ�<NNDBI�OC@N@�M@A@M@I>@N�OJ�<IT�JA�OC@�M@A@M@I>@�AM<H@N��QD<�OC@�M@A;AM<H@;D?S�<MM<T��

#JM�@S<HKG@	�OC@M@�DN�IJ�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�)�01;#/�*"�NCJPG?�DI?D><O@�<�AM<H@�OC<O

<KK@<MN�=@AJM@�OC@�>PMM@IO�AM<H@�DI�JPOKPO�JM?@M��0DHDG<MGT	�@I>J?@MN�><I�<NNDBI�HPGODKG@�M@A@M@I>@N�OJ�OC@�N<H@

M@A@M@I>@�AM<H@�
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RefFrame[ 0 ] Name of ref_frame

� )�01;#/�*"

� )�01�;#/�*"

� )�01�;#/�*"

� $,)!"+;#/�*"

� �4!/"#;#/�*"

� �)1/"#�;#/�*"

� �)1/"#;#/�*"

RefFrame[ 1 ] NK@>DAD@N�RCD>C�<??DODJI<G�AM<H@�DN�PN@?�DI�>JHKJPI?�KM@?D>ODJI�

RefFrame[ 1 ] Name of ref_frame


� +,+"��OCDN�=GJ>F�PN@N�NDIBG@�KM@?D>ODJI�


 &+1/�;#/�*"��OCDN�=GJ>F�PN@N�DIO@MDIOM<�KM@?D>ODJI�

� )�01;#/�*"

� )�01�;#/�*"

� )�01�;#/�*"

� $,)!"+;#/�*"

� �4!/"#;#/�*"

� �)1/"#�;#/�*"

� �)1/"#;#/�*"

���
���� �NNDBI�HQ�N@H<IOD>N
&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�RC@I@Q@M�<NNDBI;HQ�M@OPMIN	�OC@�API>ODJI�DN;HQ;Q<GD?�DN JHKJPI?�

RJPG?�M@OPMI��	�RC@M@�DN;HQ;Q<GD?�DN�?@ADI@?�<N�

Note: +JO�<GG�>JH=DI<ODJIN�JA�/@A#M<H@8
9�<I?�/@A#M<H@8�9�><I�=@�>J?@?�

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures semantics Page 183 of 669



is_mv_valid (( isCompound)) {{
forfor (( i == 00;; i << 11 ++ isCompound;; i ++++ )) {{

forfor (( comp== 00;; comp<< 22;; comp++++ )) {{
ifif (( Abs(( Mv[[ i ][][ comp]] )) >=>= (( 11 <<<< 1414 )) ))

returnreturn 00
}}

}}
ifif (( !! use_intrabc )) {{

returnreturn 11
}}
bw == Block_Width[[ MiSize ]]
bh == Block_Height [[ MiSize ]]
ifif (( (( Mv[[ 00 ][][ 00 ]] && 77)) |||| (( Mv[[ 00 ][][ 11 ]] && 77)) )) {{

returnreturn 00
}}
deltaRow == Mv[[ 00 ][][ 00 ]] >>>> 33
deltaCol == Mv[[ 00 ][][ 11 ]] >>>> 33
srcTopEdge== MiRow** MI_SIZE++ deltaRow
srcLeftEdge == MiCol ** MI_SIZE++ deltaCol
srcBottomEdge == srcTopEdge++ bh
srcRightEdge == srcLeftEdge ++ bw
ifif (( HasChroma)) {{

ifif (( bw << 88 &&&& subsampling_x ))
srcLeftEdge -=-= 44

ifif (( bh << 88 &&&& subsampling_y ))
srcTopEdge-=-= 44

}}
ifif (( srcTopEdge<< MiRowStart ** MI_SIZE||||

srcLeftEdge << MiColStart ** MI_SIZE||||
srcBottomEdge >> MiRowEnd** MI_SIZE||||
srcRightEdge >> MiColEnd ** MI_SIZE)) {{

returnreturn 00
}}
sbSize == use_128x128_superblock?? BLOCK_128X128:: BLOCK_64X64
sbH == Block_Height [[ sbSize ]]
activeSbRow == (( MiRow** MI_SIZE)) // sbH
activeSb64Col == (( MiCol ** MI_SIZE)) >>>> 66
srcSbRow== (( srcBottomEdge -- 11)) // sbH
srcSb64Col == (( srcRightEdge -- 11)) >>>> 66
totalSb64PerRow == (((( MiColEnd -- MiColStart -- 11)) >>>> 44)) ++ 11
activeSb64 == activeSbRow ** totalSb64PerRow ++ activeSb64Col
srcSb64 == srcSbRow** totalSb64PerRow ++ srcSb64Col
ifif (( srcSb64 >=>= activeSb64 -- INTRABC_DELAY_SB64)) {{

returnreturn 00
}}
gradient == 11 ++ INTRABC_DELAY_SB64++ use_128x128_superblock
wfOffset == gradient ** (( activeSbRow -- srcSbRow))
ifif (( srcSbRow>> activeSbRow ||||

srcSb64Col >=>= activeSb64Col -- INTRABC_DELAY_SB64++ wfOffset )) {{
returnreturn 00
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}}
returnreturn 11

}}

���
���� /@<?�HJODJI�HJ?@�N@H<IOD>N
use_obmc @LP<G�OJ���H@<IN�OC<O�,�* �NCJPG?�=@�PN@?��PN@;J=H>�@LP<G�OJ�
�H@<IN�OC<O�NDHKG@�OM<ING<ODJI�NCJPG?�=@

PN@?�

motion_mode NK@>DAD@N�OC@�OTK@�JA�HJODJI�>JHK@IN<ODJI�OJ�K@MAJMH�

motion_mode Name of motion_mode


 0&*-)"

� ,�* 

� ), �)4�/-

���
���� /@<?�DIO@M�DIOM<�N@H<IOD>N
interintra @LP<G�OJ���NK@>DAD@N�OC<O�<I�DIO@M�KM@?D>ODJI�NCJPG?�=@�=G@I?@?�RDOC�<I�DIOM<�KM@?D>ODJI�

interintra_mode NK@>DAD@N�OC@�OTK@�JA�DIOM<�KM@?D>ODJI�OJ�=@�PN@?�

interintra_mode Name of interintra_mode


 &&;! ;-/"!

� &&;3;-/"!

� &&;%;-/"!

� &&;0*,,1%;-/"!

Note: 1C@�KPMKJN@�JA�OCDN�API>ODJI�DN�OJ�GDHDO�OC@�H<SDHPH�NDU@�JA�HJODJI�Q@>OJMN�<I?�<GNJ	�DA�PN@;DIOM<=>�DN�@LP<G

OJ��	�OJ�<??DODJI<GGT�>JINOM<DI�OC@�HJODJI�Q@>OJM�DI�JM?@M�OC<O�OC@�?<O<�DN�A@O>C@?�AMJH�K<MON�JA�OC@�ODG@�OC<O�C<Q@

<GM@<?T�=@@I�?@>J?@?	�<I?�OC<O�<M@�IJO�OJJ�>GJN@�OJ�OC@�>PMM@IO�=GJ>F��DI�JM?@M�OJ�H<F@�<�KDK@GDI@?�?@>J?@M

DHKG@H@IO<ODJI�A@<ND=G@��

Note: ��HJODJI;HJ?@�@LP<G�OJ�0&*-)"�DN�PN@?�AJM�=GJ>FN�M@LPDMDIB�BGJ=<G�HJODJI�
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wedge_interintra @LP<G�OJ���NK@>DAD@N�OC<O�R@?B@�=G@I?DIB�NCJPG?�=@�PN@?��R@?B@;DIO@MDIOM<�@LP<G�OJ�
�NK@>DAD@N�OC<O

DIOM<�=G@I?DIB�NCJPG?�=@�PN@?�

wedge_index DN�PN@?�OJ�?@MDQ@�OC@�?DM@>ODJI�<I?�JAAN@O�JA�OC@�R@?B@�H<NF�PN@?�?PMDIB�=G@I?DIB�

���
���� /@<?�>JHKJPI?�OTK@�N@H<IOD>N
comp_group_idx @LP<G�OJ�
�DI?D><O@N�OC<O�OC@�>JHKJPI?;D?S�NTIO<S�@G@H@IO�NCJPG?�=@�M@<?��>JHK;BMJPK;D?S�@LP<G�OJ��

DI?D><O@N�OC<O�OC@�>JHKJPI?;D?S�NTIO<S�@G@H@IO�DN�IJO�KM@N@IO�

compound_idx @LP<G�OJ�
�DI?D><O@N�OC<O�<�?DNO<I>@�=<N@?�R@DBCO@?�N>C@H@�NCJPG?�=@�PN@?�AJM�=G@I?DIB��>JHKJPI?;D?S

@LP<G�OJ���DI?D><O@N�OC<O�OC@�<Q@M<BDIB�N>C@H@�NCJPG?�=@�PN@?�AJM�=G@I?DIB�

compound_type NK@>DAD@N�CJR�OC@�ORJ�KM@?D>ODJIN�NCJPG?�=@�=G@I?@?�OJB@OC@M�

compound_type Name of compound_type


  ,*-,2+!;4"!$"

�  ,*-,2+!;!&##41!

�  ,*-,2+!;�3"/�$"

�  ,*-,2+!;&+1/�

�  ,*-,2+!;!&01�+ "

wedge_index DN�PN@?�OJ�?@MDQ@�OC@�?DM@>ODJI�<I?�JAAN@O�JA�OC@�R@?B@�H<NF�PN@?�?PMDIB�=G@I?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+&#,/*;��

� 2+&#,/*;��;&+3

���
���� *3�N@H<IOD>N
MvCtx DN�PN@?�OJ�?@O@MHDI@�RCD>C� !#N�OJ�PN@�AJM�OC@�HJODJI�Q@>OJM�NTIO<S�@G@H@ION�

mv_joint NK@>DAD@N�RCD>C�>JHKJI@ION�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@�<M@�IJI
U@MJ�

Note:  ,*-,2+!;�3"/�$"	� ,*-,2+!;&+1/�	�<I?� ,*-,2+!;!&01�+ "�><IIJO�=@�?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�
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mv_joint Name of mv_joint Changes row Changes col


 *3;',&+1;7"/, +J +J

� *3;',&+1;%+737 +J 6@N

� *3;',&+1;%73+7 6@N +J

� *3;',&+1;%+73+7 6@N 6@N

1C@�HJODJI�Q@>OJM�?DAA@M@I>@�DN�<??@?�OJ�OC@�-M@?*Q�OJ�>JHKPO@�OC@�ADI<G�HJODJI�Q@>OJM�DI�*Q�

���
��
� *3�>JHKJI@IO�N@H<IOD>N
mv_sign @LP<G�OJ�
�H@<IN�OC<O�OC@�HJODJI�Q@>OJM�?DAA@M@I>@�DN�KJNDODQ@��HQ;NDBI�@LP<G�OJ���H@<IN�OC<O�OC@�HJODJI�Q@>OJM

?DAA@M@I>@�DN�I@B<ODQ@�

mv_class NK@>DAD@N�OC@�>G<NN�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@����CDBC@M�>G<NN�H@<IN�OC<O�OC@�HJODJI�Q@>OJM�?DAA@M@I>@

M@KM@N@ION�<�G<MB@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@>OJM�?DAA@M@I>@��1CDN�DN�JIGT�KM@N@IO�AJM�>G<NN�
�HJODJI�Q@>OJM

?DAA@M@I>@N�

mv_class0_fr NK@>DAD@N�OC@�ADMNO���AM<>ODJI<G�=DON�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@��1CDN�DN�JIGT�KM@N@IO�AJM�>G<NN�
�HJODJI

Q@>OJM�?DAA@M@I>@N�

mv_class0_hp NK@>DAD@N�OC@�OCDM?�AM<>ODJI�=DO�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@��1CDN�DN�JIGT�KM@N@IO�AJM�>G<NN�
�HJODJI�Q@>OJM

?DAA@M@I>@N�
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mv_bit NK@>DAD@N�=DO�D�JA�OC@�DIO@B@M�K<MO�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@�

mv_fr NK@>DAD@N�OC@�ADMNO���AM<>ODJI<G�=DON�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@�

mv_hp NK@>DAD@N�OC@�OCDM?�AM<>ODJI<G�=DO�JA�OC@�HJODJI�Q@>OJM�?DAA@M@I>@�

���
����  JHKPO@�KM@?D>ODJI�N@H<IOD>N
1C@�KM@?D>ODJI�AJM�DIO@M�<I?�DIO@MDIOM<�=GJ>FN�DN�OMDBB@M@?�RDOCDI�>JHKPO@;KM@?D>ODJI��%JR@Q@M	�DIOM<�KM@?D>ODJI�DN�?JI@�<O

OC@�OM<INAJMH�=GJ>F�BM<IPG<MDOT�NJ�KM@?D>O;DIOM<�DN�<GNJ�><GG@?�AMJH�OM<INAJMH;=GJ>F�

predW <I? predH <M@�Q<MD<=G@N�>JIO<DIDIB�OC@�NH<GG@NO�NDU@�OC<O�><I�=@�PN@?�AJM�DIO@M�KM@?D>ODJI���1CDN�NDU@�H<T�=@

DI>M@<N@?�AJM�>CMJH<�=GJ>FN�DA�IJO�<GG�=GJ>FN�PN@�DIO@M�KM@?D>ODJI��

predict_inter DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�DIO@M�KM@?D>ODJI�C<KK@IN��4C@I�OCDN�API>ODJI�DN

><GG@?	�OC@�DIO@M�KM@?D>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�

predict_intra DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�DIOM<�KM@?D>ODJI�C<KK@IN��4C@I�OCDN�API>ODJI�DN

><GG@?	�OC@�DIOM<�KM@?D>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�

someUseIntra 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�M@LPDM@�DIOM<�KM@?D>ODJI�

���
���� /@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<I����GPH<�N<HKG@N	�OC@I�OC@�M@ND?P<G�DN�NKGDO�DIOJ����=T����>CPIFN�

4DOCDI�@<>C�>CPIF	�OC@�OM<INAJMH�=GJ>FN�<M@�@DOC@M�N@IO�DI�M<NO@M�JM?@M��DA�PN@;DIO@M�DN�@LP<G�OJ�
�JM�)JNN)@NN�DN�@LP<G�OJ

��	�JM�RDOCDI�<�M@>PMNDQ@�OM<INAJMH�OM@@�

���
���� 1M<INAJMH�=GJ>F�N@H<IOD>N
reconstruct DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�DIQ@MN@�OM<INAJMH�<I?�M@>JINOMP>ODJI�C<KK@IN�

4C@I�OCDN�API>ODJI�DN�><GG@?	�OC@�M@>JINOMP>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�

predict_palette DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�K<G@OO@�KM@?D>ODJI�C<KK@IN��4C@I�OCDN�API>ODJI

DN�><GG@?	�OC@�K<G@OO@�KM@?D>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�

Note: 1C@�KM@?D>O;DIO@M�<I?�KM@?D>O;DIOM<�API>ODJIN�?J�IJO�<AA@>O�OC@�NTIO<S�?@>J?@�KMJ>@NN�

Note: 1C@�>CMJH<�M@ND?P<G�=GJ>F�NDU@�DN�<GR<TN�<O�G@<NO���DI�RD?OC�<I?�C@DBCO��1CDN�H@<IN�OC<O�IJ�OM<INAJMH�RD?OC

JM�C@DBCO�NH<GG@M�OC<I���DN�M@LPDM@?���N�NP>C	�<�>CMJH<�M@ND?P<G�H<T�<>OP<GGT�>JQ@M�N@Q@M<G�GPH<�=GJ>FN��&A�<IT�JA

OC@N@�=GJ>FN�<M@�DIOM<	�<�NDIBG@�KM@?D>ODJI�DN�K@MAJMH@?�AJM�OC@�@IODM@�>CMJH<�M@ND?P<G�=GJ>F�=<N@?�JI�OC@�HJ?@�DIAJ

JA�OC@�=JOOJH�MDBCO�GPH<�=GJ>F��%JR@Q@M	�DA�<GG�OC@�>JINODOP@IO�=GJ>FN�<M@�DIO@M�=GJ>FN	�<�NK@>D<G�><N@�DN�OMDBB@M@?

<I?�DIO@M�KM@?D>ODJI�DN�?JI@�PNDIB�OC@�NH<GG@M�>CMJH<�=GJ>F�NDU@�OC<O�>JMM@NKJI?N�OJ�@<>C�JA�OC@�GPH<�=GJ>FN�
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predict_chroma_from_luma DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC@�>JI>@KOP<G�KJDIO�RC@M@�KM@?D>ODIB�>CMJH<�AMJH�GPH<

C<KK@IN��4C@I�OCDN�API>ODJI�DN�><GG@?	�OC@�KM@?D>O�>CMJH<�AMJH�GPH<�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�

MaxLumaW <I? MaxLumaH <M@�I@@?@?�AJM�>CMJH<�AMJH�GPH<�KM@?D>ODJI�<I?�NOJM@�OC@�@SO@IO�JA�GPH<�N<HKG@N�OC<O�><I

=@�PN@?�AJM�KM@?D>ODJI�

LoopfilterTxSizes DN�<I�<MM<T�OC<O�NOJM@N�OC@�OM<INAJMH�NDU@�AJM�@<>C�KG<I@�<I?�KJNDODJI�AJM�PN@�DI�GJJK�ADGO@MDIB�

)JJKADGO@M1S0DU@N8�KG<I@�98�MJR�98�>JG�9�NOJM@N�OC@�OM<INAJMH�NDU@�RC@M@�MJR�<I?�>JG�<M@�DI�PIDON�JA��S��N<HKG@N�

���
����  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<INAJMH�OTK@�OJ�=@�PN@?�

Quant DN�<I�<MM<T�NOJMDIB�OC@�LP<IODN@?�>J@AAD>D@ION�AJM�OC@�>PMM@IO�OM<INAJMH�=GJ>F�

all_zero @LP<G�OJ���NK@>DAD@N�OC<O�<GG�>J@AAD>D@ION�<M@�U@MJ�

eob_extra <I? eob_extra_bit NK@>DAT�OC@�KJNDODJI�JA�OC@�G<NO�IJI
U@MJ�>J@AAD>D@IO�=T�=@DIB�PN@?�OJ�>JHKPO@�OC@�Q<MD<=G@

@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><O@N�OC@�DI?@S�JA�OC@�@I?�JA�=GJ>F��1CDN�DI?@S�DN�@LP<G�OJ�JI@�KGPN�OC@�DI?@S�JA�OC@�G<NO�IJI
U@MJ

>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�IJI
U@MJ�>J@AAD>D@IO�

coeff_base NK@>DAD@N�OC@�=<N@�G@Q@G�JA�<�>J@AAD>D@IO��OCDN�NTIO<S�@G@H@IO�DN�PN@?�AJM�<GG�>J@AAD>D@ION�@S>@KO�OC@�G<NO�IJI


U@MJ�>J@AAD>D@IO��

Note: 1C@�OM<INAJMH�NDU@�DN�<GR<TN�@LP<G�AJM�KG<I@N���<I?���

Note: 1C@�OM<INAJMH�OTK@�DN�JIGT�M@<?�AJM�GPH<�OM<INAJMH�=GJ>FN	�OC@�>CMJH<�PN@N�OC@�OM<INAJMH�OTK@�AJM�<

>JMM@NKJI?DIB�GPH<�=GJ>F�� CMJH<�=GJ>FN�RDGG�JIGT�PN@�OM<INAJMH�OTK@N�OC<O�C<Q@�=@@I�RMDOO@I�AJM�OC@�>PMM@IO

M@ND?P<G�=GJ>F�

Note: 1C@�OM<INAJMH�OTK@�DN�JIGT�KM@N@IO�RC@I�OCDN�DN�<�GPHDI<I>@�=GJ>F�<I?�<GG;U@MJ�DN�@LP<G�OJ�
��&A�<GG;U@MJ�DN

@LP<G�OJ���AJM�<�GPHDI<I>@�=GJ>F	�OC@�OM<INAJMH�OTK@�DN�N@O�OJ�! 1;! 1�

Note: 1C@�=<N@�G@Q@G�DN�N@O�OJ�>J@AA;=<N@;@J=�KGPN����0DI>@�OCDN�>J@AAD>D@IO�DN�FIJRI�OJ�=@�IJI
U@MJ	�JIGT�=<N@

G@Q@GN�JA��	��	�JM���><I�=@�>J?@?�QD<�>J@AA;=<N@;@J=�

AV1 Bitstream & Decoding Process Specification

Section: Syntax structures semantics Page 189 of 669



dc_sign NK@>DAD@N�OC@�NDBI�JA�OC@�! �>J@AAD>D@IO�

sign_bit NK@>DAD@N�OC@�NDBI�JA�<�IJI
U@MJ�� �>J@AAD>D@IO�

coeff_br NK@>DAD@N�<I�DI>M@H@IO�OJ�OC@�>J@AAD>D@IO�

golomb_length_bit DN�PN@?�OJ�>JHKPO@�OC@�IPH=@M�JA�@SOM<�=DON�M@LPDM@?�OJ�>J?@�OC@�>J@AAD>D@IO�

&A�G@IBOC�DN�@LP<G�OJ��
	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�BJGJH=;G@IBOC;=DO�DN�@LP<G�OJ���

golomb_data_bit NK@>DAD@N�OC@�Q<GP@�JA�JI@�JA�OC@�@SOM<�=DON�

AboveLevelContext <I? LeftLevelContext <M@�<MM<TN�OC<O�NOJM@�<O�<���N<HKG@�BM<IPG<MDOT�OC@�>PHPG<ODQ@�NPH�JA

>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@�NDBI�JA�OC@�! 

>J@AAD>D@IO��U@MJ�=@DIB�>JPIO@?�<N�<�N@K<M<O@�NDBI��

���
���� &IOM<�<IBG@�DIAJ�N@H<IOD>N
angle_delta_y NK@>DAD@N�OC@�JAAN@O�OJ�=@�<KKGD@?�OJ�OC@�DIOM<�KM@?D>ODJI�<IBG@�NK@>DAD@?�=T�OC@�KM@?D>ODJI�HJ?@�DI�OC@�GPH<

KG<I@	�=D<N@?�=T�*�5;�+$)";!")1��NJ�<N�OJ�@I>J?@�<�KJNDODQ@�Q<GP@�

angle_delta_uv NK@>DAD@N�OC@�JAAN@O�OJ�=@�<KKGD@?�OJ�OC@�DIOM<�KM@?D>ODJI�<IBG@�NK@>DAD@?�=T�OC@�KM@?D>ODJI�HJ?@�DI�OC@

>CMJH<�KG<I@�=D<N@?�=T�*�5;�+$)";!")1��NJ�<N�OJ�@I>J?@�<�KJNDODQ@�Q<GP@�

AngleDeltaY DN�>JHKPO@?�AMJH�<IBG@;?@GO<;T�=T�M@HJQDIB�OC@�*�5;�+$)";!")1��JAAN@O�OJ�KMJ?P>@�OC@�ADI<G�GPH<

<IBG@�JAAN@O�Q<GP@	�RCD>C�H<T�=@�KJNDODQ@�JM�I@B<ODQ@�

AngleDeltaUV DN�>JHKPO@?�AMJH�<IBG@;?@GO<;PQ�=T�M@HJQDIB�OC@�*�5;�+$)";!")1��JAAN@O�OJ�KMJ?P>@�OC@�ADI<G

>CMJH<�<IBG@�JAAN@O�Q<GP@	�RCD>C�H<T�=@�KJNDODQ@�JM�I@B<ODQ@�

���
���� /@<?� #)�<GKC<N�N@H<IOD>N
cfl_alpha_signs >JIO<DIN�OC@�NDBI�JA�OC@�<GKC<�Q<GP@N�AJM�2�<I?�3�K<>F@?�OJB@OC@M�DIOJ�<�NDIBG@�NTIO<S�@G@H@IO�RDOC��

KJNND=G@�Q<GP@N���1C@�>JH=DI<ODJI�JA�ORJ�U@MJ�NDBIN�DN�KMJCD=DO@?�<N�DO�DN�M@?PI?<IO�RDOC�! �&IOM<�KM@?D>ODJI��

cfl_alpha_signs Name of signU Name of signV


  #);0&$+;7"/,  #);0&$+;+"$

Note: 1C@�=<N@�G@Q@G�><I�O<F@�Q<GP@N�JA�
	��	��	�JM����&A�OC@�=<N@�G@Q@G�DN�G@NN�OC<I��	�OC@I�DO�>JIO<DIN�OC@�<>OP<G

G@Q@G�JA�OC@�>J@AAD>D@IO��,OC@MRDN@	�OC@�NTIO<S�@G@H@IO�>J@AA;=M�DN�PN@?�OJ�JKODJI<GGT�DI>M@<N@�OC@�G@Q@G�

Note: "<>C�LP<IODU@?�>J@AAD>D@IO�><I�PN@�>J@AA;=M�OJ�KMJQD?@�PK�OJ���DI>M@H@ION��&A�<I�DI>M@H@IO�G@NN�OC<I���DN

>J?@?	�DO�NDBIDAD@N�OC<O�OCDN�R<N�OC@�ADI<G�DI>M@H@IO�
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cfl_alpha_signs Name of signU Name of signV

�  #);0&$+;7"/,  #);0&$+;-,0

�  #);0&$+;+"$  #);0&$+;7"/,

�  #);0&$+;+"$  #);0&$+;+"$

�  #);0&$+;+"$  #);0&$+;-,0

�  #);0&$+;-,0  #);0&$+;7"/,

�  #);0&$+;-,0  #);0&$+;+"$

�  #);0&$+;-,0  #);0&$+;-,0

signU >JIO<DIN�OC@�NDBI�JA�OC@�<GKC<�Q<GP@�AJM�OC@�2�>JHKJI@IO�

signU Name of signU


  #);0&$+;7"/,

�  #);0&$+;+"$

�  #);0&$+;-,0

signV >JIO<DIN�OC@�NDBI�JA�OC@�<GKC<�Q<GP@�AJM�OC@�3�>JHKJI@IO�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N�AJM�NDBI2�

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@OO@�HJ?@�DIAJ�N@H<IOD>N
has_palette_y DN�<�=JJG@<I�Q<GP@�NK@>DATDIB�RC@OC@M�<�K<G@OO@�DN�@I>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�OJ��	�DI?D><O@N�OC<O�AJM�<�K<MOD>PG<M�K<G@OO@�@IOMT�DI�OC@�GPH<�K<G@OO@	�OC@�><>C@?

@IOMT�NCJPG?�=@�PN@?�
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use_palette_color_cache_u 	�DA�@LP<G�OJ��	�DI?D><O@N�OC<O�AJM�<�K<MOD>PG<M�K<G@OO@�@IOMT�DI�OC@�2�>CMJH<�K<G@OO@	�OC@�><>C@?

@IOMT�NCJPG?�=@�PN@?�

palette_colors_y DN�<I�<MM<T�CJG?DIB�OC@�6�KG<I@�K<G@OO@�>JGJMN�

palette_colors_u DN�<I�<MM<T�CJG?DIB�OC@�2�KG<I@�K<G@OO@�>JGJMN�

palette_colors_v DN�<I�<MM<T�CJG?DIB�OC@�3�KG<I@�K<G@OO@�>JGJMN�

delta_encode_palette_colors_v 	�DA�@LP<G�OJ��	�DI?D><O@N�OC<O�OC@�3�>CMJH<�K<G@OO@�DN�@I>J?@?�PNDIB�?@GO<�@I>J?DIB�

palette_num_extra_bits_y DN�PN@?�OJ�><G>PG<O@�OC@�IPH=@M�JA�=DON�PN@?�OJ�NOJM@�@<>C�K<G@OO@�?@GO<�Q<GP@�AJM�OC@�GPH<

K<G@OO@�

palette_num_extra_bits_u DN�PN@?�OJ�><G>PG<O@�OC@�IPH=@M�JA�=DON�PN@?�OJ�NOJM@�@<>C�K<G@OO@�?@GO<�Q<GP@�AJM�OC@�2

>CMJH<�K<G@OO@�

palette_num_extra_bits_v DN�PN@?�OJ�><G>PG<O@�OC@�IPH=@M�JA�=DON�PN@?�OJ�NOJM@�@<>C�K<G@OO@�?@GO<�Q<GP@�AJM�OC@�3�>CMJH<

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�>CMJH<�K<G@OO@�

palette_delta_sign_bit_v 	�DA�@LP<G�OJ��	�DI?D><O@N�OC<O�OC@�?@>J?@?�3�>CMJH<�K<G@OO@�?@GO<�Q<GP@�NCJPG?�=@�I@B<O@?�

���
���� -<G@OO@�OJF@IN�N@H<IOD>N
color_index_map_y CJG?N�OC@�DI?@S�DI�K<G@OO@;>JGJMN;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@OO@;>JGJMN;P�<I?�K<G@OO@;>JGJMN;Q�AJM�OC@�=GJ>F_N�23�KG<I@�OJK�G@AO�N<HKG@�

palette_color_idx_y CJG?N�OC@�DI?@S�DI� JGJM,M?@M�AJM�<�N<HKG@�DI�OC@�=GJ>F_N�6�KG<I@�

palette_color_idx_uv CJG?N�OC@�DI?@S�DI� JGJM,M?@M�AJM�<�N<HKG@�DI�OC@�=GJ>F_N�23�KG<I@�

���
���� -<G@OO@�>JGJM�>JIO@SO�N@H<IOD>N
ColorOrder DN�<I�<MM<T�CJG?DIB�OC@�H<KKDIB�AMJH�<I�@I>J?@?�DI?@S�OJ�OC@�K<G@OO@�� JGJM,M?@M�DN�M<IF@?�DI�JM?@M�JA

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�>GJN@I@NN�OJ�OC@�>PMM@IO

=GJ>F�

Note: )PH<�<I?�2�?@GO<�Q<GP@N�BDQ@�<�KJNDODQ@�JAAN@O�M@G<ODQ@�OJ�OC@�KM@QDJPN�K<G@OO@�@IOMT�DI�OC@�N<H@�KG<I@��3

?@GO<�Q<GP@N�BDQ@�<�NDBI@?�JAAN@O�M@G<ODQ@�OJ�OC@�2�K<G@OO@�@IOMD@N�
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ColorContextHash DN�<�Q<MD<=G@�?@MDQ@?�AMJH�OC@�?DNOMD=PODJI�JA�>JGJMN�DI�OC@�I@DBC=JMCJJ?�JA�OC@�>PMM@IO�=GJ>F	�RCD>C�DN

PN@?�OJ�?@O@MHDI@�OC@�KMJ=<=DGDOT�>JIO@SO�PN@?�OJ�?@>J?@�K<G@OO@;>JGJM;D?S;T�<I?�K<G@OO@;>JGJM;D?S;PQ�

���
��
� /@<?� !"#�N@H<IOD>N
cdef_idx NK@>DAD@N�RCD>C� !"#�ADGO@MDIB�K<M<H@O@MN�NCJPG?�=@�PN@?�AJM�<�K<MOD>PG<M����=T����=GJ>F����Q<GP@�JA�
��H@<IN

OC<O� !"#�DN�?DN<=G@?�AJM�OC<O�=GJ>F�

���
���� /@<?�GJJK�M@NOJM<ODJI�PIDO�N@H<IOD>N
use_wiener NK@>DAD@N�DA�OC@�4D@I@M�ADGO@M�NCJPG?�=@�PN@?�

use_sgrproj NK@>DAD@N�DA�OC@�N@GA�BPD?@?�ADGO@M�NCJPG?�=@�PN@?�

restoration_type NK@>DAD@N�OC@�M@NOJM<ODJI�ADGO@M�OC<O�NCJPG?�=@�PN@?�RDOC�OC@�N<H@�DIO@MKM@O<ODJI�<N

#M<H@/@NOJM<ODJI1TK@�

lr_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;HJM@;=JJGN�@LP<G�OJ

��NK@>DAD@N�OC<O�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?OC�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�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�ODG@;>JPIO;HDIPN;��DN�G@NN�OC<I�JM�@LP<G�OJ�����

������� 1DG@�GDNO�@IOMT�N@H<IOD>N
anchor_frame_idx DN�OC@�DI?@S�DIOJ�<I�<MM<T��I>CJM#M<H@N�JA�OC@�AM<H@N�OC<O�OC@�ODG@�PN@N�AJM�KM@?D>ODJI��1C@

�I>CJM#M<H@N�<MM<T�DN�KMJQD?@?�=T�@SO@MI<G�H@<IN�<I?�H<T�>C<IB@�AJM�@<>C�ODG@�GDNO�,�2��1C@�KMJ>@NN�AJM�>M@<ODIB�OC@

�I>CJM#M<H@N�<MM<T�DN�JPOND?@�JA�OC@�N>JK@�JA�OCDN�NK@>DAD><ODJI�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�<I>CJM;AM<H@;D?S�DN�G@NN�OC<I�JM�@LP<G�OJ�����

anchor_tile_row DN�OC@�MJR�>JJM?DI<O@�JA�OC@�ODG@�DI�OC@�AM<H@�OC<O�DO�=@GJIBN	�DI�ODG@�PIDON�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�<I>CJM;ODG@;MJR�DN�G@NN�OC<I�1DG@/JRN�
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anchor_tile_col DN�OC@�>JGPHI�>JJM?DI<O@�JA�OC@�ODG@�DI�OC@�AM<H@�OC<O�DO�=@GJIBN	�DI�ODG@�PIDON�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�<I>CJM;ODG@;>JG�DN�G@NN�OC<I�1DG@ JGN�

tile_data_size_minus_1 KGPN�JI@�DN�OC@�NDU@�JA�OC@�>J?@?�ODG@�?<O<	�>J?@?;ODG@;?<O<	�DI�=TO@N�

coded_tile_data <M@�OC@�ODG@;?<O<;NDU@;HDIPN;������=TO@N�JA�OC@�>J?@?�ODG@�
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�� !@>J?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	�JPOKPO�DN�<�?@>J?@?�AM<H@�

1C@�B@I@M<G�?@>J?DIB�KMJ>@NN�DN�NK@>DAD@?�DIN@>ODJI�����

1C@�G<MB@�N><G@�ODG@�?@>J?DIB�KMJ>@NN�DN�NK@>DAD@?�DIN@>ODJI�����

���� $@I@M<G�?@>J?DIB�KMJ>@NN
4C@I�ADGH;BM<DI;K<M<HN;KM@N@IO�DN�@LP<G�OJ�
	�?@>J?@MN�NC<GG�KMJ?P>@�JPOKPO�AM<H@N�OC<O�<M@�D?@IOD><G�DI�<GG�M@NK@>ON�<I?

C<Q@�OC@�N<H@�JPOKPO�JM?@M�<N�OCJN@�KMJ?P>@?�=T�OC@�?@>J?DIB�KMJ>@NN�NK@>DAD@?�C@M@DI�

4C@I�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�KMJ>@NN�OC<O�HJ?DAD@N�OC@

JPOKPO�<MM<TN�,PO6	�,PO2	�,PO3��1C@�M@A@M@I>@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�DN�?@N>MD=@?�DIN@>ODJI��������

4C@I�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�OC@�AJGGJRDIB�ORJ

JKODJIN�

�� ��>JIAJMH<IO�?@>J?@M�NC<GG�KMJ?P>@�JPOKPO�AM<H@N�OC<O�<M@�D?@IOD><G�DI�<GG�M@NK@>ON�<I?�C<Q@�OC@�N<H@�JPOKPO

JM?@M�<N�OCJN@�KMJ?P>@?�=T�OC@�?@>J?DIB�KMJ>@NN�NK@>DAD@?�C@M@DI�DI>GP?DIB�<KKGTDIB�OC@�@S<>O�ADGH�BM<DI

NTIOC@NDN�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI��������

�� ��>JIAJMH<IO�?@>J?@M�NC<GG�KMJ?P>@�DIO@MH@?D<O@�AM<H@N�OC<O�<M@�D?@IOD><G�DI�<GG�M@NK@>ON�<I?�C<Q@�OC@�N<H@

JM?@M�<N�OC@�AM<H@N�KMJ?P>@?�=T�OC@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI���������&I�<??DODJI�OJ�OC<O	�<�>JIAJMH<IO

?@>J?@M�NC<GG�KMJ?P>@�JPOKPO�AM<H@N�OC<O�<M@�DI�OC@�N<H@�JM?@M�<I?�?J�IJO�C<Q@�K@M>@KOP<GGT�NDBIDAD><IO

?DAA@M@I>@N�RDOC�OC@�AM<H@N�KMJ?P>@?�=T�OC@�M@A@M@I>@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�NK@>DAD@?�DIN@>ODJI�������

RC@I�<KKGD@?�OJ�OC@�DIKPO�AM<H@N�JA�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�RDOC�OC@�ADGH�BM<DI�K<M<H@O@MN�NDBI<G@?�AJM

OC@N@�AM<H@N��1C@�?@>J?@M�H<T�<GNJ�DI>GP?@�JKODJI<G�KMJ>@NNDIB�NO@KN�RCD>C�<M@�<KKGD@?�OJ�OC@�DIO@MH@?D<O@

AM<H@N�KMJ?P>@?�=T�OC@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� <I?�=@AJM@�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN	�M@NPGODIB

DI�OC@�DIKPO�AM<H@N�JA�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN��0P>C�JKODJI<G�KMJ>@NNDIB�NO@KN�<M@�=@TJI?�OC@�N>JK@�JA

OCDN�NK@>DAD><ODJI��,OC@MRDN@	�OC@�DIO@MH@?D<O@�AM<H@N�<M@�OC@�DIKPO�AM<H@N�JA�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�

1C@�?@ADIDODJI�JA�]K@M>@KOP<GGT�NDBIDAD><IO�?DAA@M@I>@N^�DN�=@TJI?�OC@�N>JK@�JA�OCDN�NK@>DAD><ODJI�<I?�H<T�=@

NK@>DAD@?	�AJM�@S<HKG@	�=T�<�N@MQD>@�KMJQD?@M�<N�K<MO�JA�OC@DM�<>>M@?DO<ODJI�KMJBM<H��1C@�ADGH�BM<DI�NTIOC@NDN

KMJ>@NN�<KKGD@?�=T�<�>JIAJMH<IO�?@>J?@M�NCJPG?�=@�A@<OPM@�>JHKG@O@�RDOC�M@B<M?N�OJ�OC@�M@A@M@I>@�ADGH�BM<DI

NTIOC@NDN�KMJ>@NN�JAN@>ODJI������� DI>GP?DIB�N><GDIB�NOM@IBOC�JA�OC@�ADGH�BM<DI�<N�<�API>ODJI�JA�DIO@INDOT�<>>JM?DIB

OJ�OC@�NDBI<G@?�K<M<H@O@MN	�N<H@�H<SDHPH��/�G<B	�<I?�NDHDG<M�HJ?@GDIB�JA�>JMM@G<ODJI�=@OR@@I�GPH<�<I?

>CMJH<�<I?�NHJJOCDIB�JA�OM<INDODJIN�=@OR@@I�=GJ>FN�JA�BM<DI�RC@I�<KKGD><=G@�
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1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�N@LP@I>@�JA�JK@I�=DONOM@<H�PIDON��,�2N��

1C@�JPOKPO�AMJH�OCDN�KMJ>@NN�DN�<�N@LP@I>@�JA�?@>J?@?�AM<H@N�

#JM�@<>C�,�2�DI�OPMI�OC@�NTIO<S�@G@H@ION�<M@�@SOM<>O@?�<N�NK@>DAD@?�DIN@>ODJI�����

1C@�NTIO<S�O<=G@N�DI>GP?@�API>ODJI�><GGN�DI?D><ODIB�RC@I�OC@�M@H<DIDIB�?@>J?@�KMJ>@NN@N�<M@�OMDBB@M@?�

���� )<MB@�N><G@�ODG@�?@>J?DIB�KMJ>@NN
������ $@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@I�AMJH�<�IPH=@M�JA�>J?@?�AM<H@N�

1C@�GDNO�JA�ODG@N�DN�NK@>DAD@?�=T�<�ODG@�GDNO�,�2��,I@�KJNND=G@�PN@�><N@�AJM�OCDN�KMJ>@NN�DN�?@N>MD=@?�DI��II@S�!�

1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X >JIO@ION�JA�<GG�NTIO<S�@G@H@ION�<I?�Q<MD<=G@N�KMJ?P>@?�RC@I�K<MNDIB�<�N@LP@I>@�C@<?@M�,�2	

X >JIO@ION�JA�<GG�NTIO<S�@G@H@ION�<I?�Q<MD<=G@N�KMJ?P>@?�RC@I�K<MNDIB�<�AM<H@�C@<?@M�,�2��DI>GP?DIB� !#�O<=G@N

JKODJI<GGT�GJ<?@?�AMJH�<�M@A@M@I>@�AM<H@�	

X <I�<MM<T��I>CJM#M<H@N�>JIO<DIDIB�PK�OJ�����AM<H@N	

X <�ODG@�GDNO�,�2�

1C@�JPOKPO�AMJH�OCDN�KMJ>@NN�DN�

X <I�JPOKPO�AM<H@�>JIO<DIDIB�?@>J?@?�ODG@N�DI�M<NO@M�JM?@M�

Note: 1J�@INPM@�>JIAJMH<I>@	�?@>J?@M�H<IPA<>OPM@MN�<M@�<?QDN@?�OJ�DHKG@H@IO�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN

<N�NK@>DAD@?�DIN@>ODJI���������,I@�M@<NJI�OJ�>CJJN@�OC@�N@>JI?�>JIAJMH<I>@�JKODJI�DN�DHKG@H@IO<ODJI�JA�JKODJI<G

KMJ>@NNDIB�NO@KN�=@OR@@I�OC@�JPOKPO�JAN@>ODJI������� <I?�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN	�DI�RCD>C�><N@�OC@M@

>JPG?�=@�HDIJM�?DAA@M@I>@N�DI�OC@�JPOKPO�RDOC�OC@�M@A@M@I>@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�JAN@>ODJI��������

"S<HKG@N�JA�OC@N@�JKODJI<G�KMJ>@NNDIB�NO@KN�<M@�<GBJMDOCHN�DHKMJQDIB�JPOKPO�KD>OPM@�LP<GDOT	�NP>C�<N�?@
=<I?DIB

ADGO@MDIB�<I?�>J?DIB�<MO@A<>ON�M@HJQ<G�

Note: 0JH@�<KKGD><ODJIN	�NP>C�<N�OM<IN>J?DIB�AMJH��3��OJ��3�	�H<T�PN@�DIO@MH@?D<O@�JPOKPO�AM<H@N�JAN@>ODJI

������ AJM�OM<IN>J?DIB��&I�NP>C�><N@N	�OC@�JMDBDI<G�ADGH�BM<DI�NTIOC@NDN�DIAJMH<ODJI�H<T�=@�<?<KO@?�<I?�DIN@MO@?�DI

OC@�OM<IN>J?@?�=DONOM@<H�

Note: ��?@>J?@M�DN�M@>JHH@I?@?�OJ�NPKKJMO�?@>J?DIB�JA�ODG@�GDNO�,�2N	�=PO�OCDN�DN�IJO�<�M@LPDM@H@IO�AJM�?@>J?@M

>JIAJMH<I>@�
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1C@�AJGGJRDIB�ADBPM@�NCJRN�OC@�<MM<IB@H@IO�JA�?<O<�M@LPDM@?�OJ�?@>J?@�<�NDIBG@�ODG@�GDNO�,�2��1CJN@�?<O<�NCJRI�JI�<

BM@@I�=<>FBMJPI?�<M@�IJMH<ODQ@GT�?@ADI@?�DI�OCDN�NK@>DAD><ODJI��!<O<�DO@HN�NCJRI�JI�<�T@GGJR�=<>FBMJPI?�<M@�?@ADI@?�=T

<�KMJ>@NN�JM�KMJ>@NN@N�=@TJI?�OC@�N>JK@�JA�OCDN�NK@>DAD><ODJI�

Note: 1C@�NTIO<S�@G@H@ION�AMJH�OC@�N@LP@I>@�C@<?@M�<I?�AM<H@�C@<?@M�H<T�=@�KMJ?P>@?�=T�?@>J?DIB�<

N@LP@I>@�C@<?@M�,�2�<I?�<�AM<H@�C@<?@M�,�2	�=PO�OCDN�DN�IJO�<�M@LPDM@H@IO�JA�?@>J?@M�>JIAJMH<I>@��1C@

�I>CJM#M<H@N�H<T�=@�KMJ?P>@?�=T�?@>J?DIB�<I��3��=DONOM@<H	�=PO�OCDN�DN�IJO�<�M@LPDM@H@IO�JA�=DONOM@<H

>JIAJMH<I>@�
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Application level overview

#JM�@<>C�ODG@�GDNO�@IOMT�DI�OC@�ODG@�GDNO�,�2	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<M@�<KKGD@?�

�� -<MN@�OC@�NTIO<S�@G@H@ION�RDOCDI�OC@�ODG@;GDNO;@IOMT
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�� 0@O�OC@�=DONOM@<H�KJNDODJI�DI?D><OJM�OJ�KJDIO�OJ�OC@�OC@�NO<MO�JA�OC@�>J?@?;ODG@;?<O<�NTIO<S�@G@H@IO

�� 0@O�OC@�Q<MD<=G@�G<NO�@LP<G�OJ�M@A;AM<H@;D?S8�
�9

�� 0@O�#M<H@0OJM@8�G<NO�9�@LP<G�OJ��I>CJM#M<H@N8�<I>CJM;AM<H@;D?S�9

�� /@A3<GD?8�G<NO�9�DN�N@O�@LP<G�OJ���

�� /@A2KN><G@?4D?OC8�G<NO�9�DN�N@O�@LP<G�OJ�2KN><G@?4D?OC�

�� /@A#M<H@4D?OC8�G<NO�9�DN�N@O�@LP<G�OJ�#M<H@4D?OC�

�� /@A#M<H@%@DBCO8�G<NO�9�DN�N@O�@LP<G�OJ�#M<H@%@DBCO�

�� /@A*D JGN8�G<NO�9�DN�N@O�@LP<G�OJ�*D JGN�

�
� /@A*D/JRN8�G<NO�9�DN�N@O�@LP<G�OJ�*D/JRN�

��� /@A0P=N<HKGDIB58�G<NO�9�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�

��� /@A0P=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�

��� &IQJF@�OC@�?@>J?@�><H@M<�ODG@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������<I?�RMDO@�OC@�?@>J?@?�ODG@N�DIOJ�<I�JPOKPO�AM<H@

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?OC;DI;ODG@N;HDIPN;������1DG@4D?OC�

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@��DIOJ�OC@�JPOKPO�AM<H@�DI�M<NO@M

JM?@M�DN�?@ADI@?�<N�AJGGJRN�
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destX == TileWidth ** (( tile %%(( output_frame_width_in_tiles_minus_1 ++ 11)) ))
destY == TileHeight ** (( tile // (( output_frame_width_in_tiles_minus_1 ++ 11)) ))
w == TileWidth
h == TileHeight
forfor (( y == 00;; y << h;; y++++ )) {{

forfor (( x == 00;; x << w;; x++++ )) {{
OutputFrameY[[ y ++ destY ][][ x ++ destX ]] == OutY[[ y ][][ x ]]

}}
}}
w == w >>>> subsampling_x
h == h >>>> subsampling_y
destX == destX >>>> subsampling_x
destY == destY >>>> subsampling_y
forfor (( y == 00;; y << h;; y++++ )) {{

forfor (( x == 00;; x << w;; x++++ )) {{
OutputFrameU[[ y ++ destY ][][ x ++ destX ]] == OutU[[ y ][][ x ]]
OutputFrameV[[ y ++ destY ][][ x ++ destX ]] == OutV[[ y ][][ x ]]

}}
}}

,POKPO#M<H@6��M@KM@N@IODIB�OC@�GPH<�KG<I@�JA�OC@�JPOKPO�AM<H@��DN�JPOKPO4�N<HKG@N�<>MJNN�=T�JPOKPO%�N<HKG@N�?JRI�

,POKPO#M<H@2��M@KM@N@IODIB�OC@�2�KG<I@�JA�OC@�JPOKPO�AM<H@��DN���JPOKPO4����NP=N<HKGDIB;S���N<HKG@N�<>MJNN�=T��

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<HKG@N�<>MJNN�=T��

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�IJO�=@�APGGT�>JQ@M@?�RDOC�?@>J?@?�ODG@N��1C@�?@>J?@M�NCJPG?�IJO�HJ?DAT�N<HKG@N�DI�OC@�JPOKPO�AM<H@

JPOND?@�JA�OC@�=JPI?<MD@N�JA�OC@�?@>J?@?�ODG@N�

!@>J?@MN�OC<O�NPKKJMO�G<MB@�N><G@�ODG@�?@>J?DIB�NC<GG�KMJ?P>@�JPOKPO�AM<H@N�OC<O�<M@�D?@IOD><G�DI�<GG�M@NK@>ON�<N�OCJN@

KMJ?P>@?�=T�OCDN�?@>J?DIB�KMJ>@NN�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�AJGGJRDIB�>JI?DODJIN�<M@�H@O�

X @I<=G@;NPK@MM@N�DN�@LP<G�OJ�


X @I<=G@;JM?@M;CDIO�DN�@LP<G�OJ�


X NODGG;KD>OPM@�DN�@LP<G�OJ�


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 ?@>J?@M;HJ?@G;DIAJ;KM@N@IO;AG<B�DN�@LP<G�OJ�
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X DIDOD<G;?DNKG<T;?@G<T;KM@N@IO;AG<B�DN�@LP<G�OJ�


X @I<=G@;M@NOJM<ODJI�DN�@LP<G�OJ�


X @I<=G@;>?@A�DN�@LP<G�OJ�


X HJIJ;>CMJH@�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<>OGT�JI@�NPK@M=GJ>F

CDBC�

X 1DG@4D?OC�DN�D?@IOD><G�AJM�<GG�ODG@N�<I?�DN�<I�DIO@B@M�HPGODKG@�JA�1DG@%@DBCO��D�@��OC@�ODG@�DN�<I�DIO@B@M�IPH=@M�JA

NPK@M=GJ>FN�RD?@�

X #M<H@4D?OC�DN�@LP<G�OJ�*D JGN���*&;0&7"

X #M<H@%@DBCO�DN�@LP<G�OJ�*D/JRN���*&;0&7"

X NCJR;@SDNODIB;AM<H@�DN�@LP<G�OJ�


X AM<H@;OTK@�DN�@LP<G�OJ�&+1"/;#/�*"

X NCJR;AM<H@�DN�@LP<G�OJ��

X @MMJM;M@NDGD@IO;HJ?@�DN�@LP<G�OJ�


X ?DN<=G@;>?A;PK?<O@�DN�@LP<G�OJ��

X ?DN<=G@;AM<H@;@I?;PK?<O@;>?A�DN�@LP<G�OJ��

X ?@GO<;GA;KM@N@IO�DN�@LP<G�OJ�


X ?@GO<;L;KM@N@IO�DN�@LP<G�OJ�


X AM<H@;NDU@;JQ@MMD?@;AG<B�DN�@LP<G�OJ�


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@IO<ODJI;O@HKJM<G;PK?<O@�DN�@LP<G�OJ�


X M@A@M@I>@;N@G@>O�DN�@LP<G�OJ�


X GJJK;ADGO@M;G@Q@G8�
�9�<I?�GJJK;ADGO@M;G@Q@G8���9�<M@�@LP<G�OJ�


X ODG@;>JPIO;HDIPN;������DN�G@NN�OC<I�JM�@LP<G�OJ��JPOKPO;AM<H@;RD?OC;DI;ODG@N;HDIPN;��������

�JPOKPO;AM<H@;C@DBCO;DI;ODG@N;HDIPN;�������
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������ !@>J?@�><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@�ODG@�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�

CurrentQIndex == base_q_idx
init_symbol (( tile_data_size_minus_1 ++ 11 ))
clear_above_context (( ))
sbSize == use_128x128_superblock?? BLOCK_128X128:: BLOCK_64X64
sbSize4 == Num_4x4_Blocks_Wide[[ sbSize ]]
MiRowStart == MiRowStarts[[ anchor_tile_row ]]
MiRowEnd== MiRowStarts[[ anchor_tile_row ++ 11 ]]
MiColStart == MiColStarts [[ anchor_tile_col ]]
MiColEnd == MiColStarts [[ anchor_tile_col ++ 11 ]]
forfor (( r == MiRowStart;; r << MiRowEnd;; r +=+= sbSize4 )) {{

clear_left_context (( ))
forfor (( c == MiColStart ;; c << MiColEnd;; c +=+= sbSize4 )) {{

ReadDeltas == delta_q_present
clear_block_decoded_flags (( c << (( MiColEnd -- 11 )) ))
decode_partition (( r ,, c,, sbSize ))

}}
}}
exit_symbol (( ))
w == (( MiColEnd -- MiColStart )) ** MI_SIZE
h == (( MiRowEnd-- MiRowStart)) ** MI_SIZE
x0 == MiColStart ** MI_SIZE
y0 == MiRowStart ** MI_SIZE
subX == subsampling_x
subY == subsampling_y
xC0 == (( MiColStart ** MI_SIZE)) >>>> subX
yC0 == (( MiRowStart ** MI_SIZE)) >>>> subY

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�AJGGJRDIB�>JI?DODJIN�<M@�H@O�RC@I@Q@M�OC@�K<MNDIB�KMJ>@NN�M@OPMIN

AMJH�OC@�M@<?;M@A;AM<H@N�NTIO<S�

X /@A#M<H@8�
�9���)�01;#/�*"

Note: 1C@�?@>J?DIB�KMJ>@NN�?@ADI@?�C@M@�?J@N�IJO�DIQJF@�OC@�KJNO
KMJ>@NNDIB�NO@KN�JA�?@=GJ>F	�>?@A	�NPK@MM@N	

GJJK�M@NOJM<ODJI�<I?�M@A@M@I>@�AM<H@�PK?<O@��&HKG@H@IO<ODJIN�H<T�>CJJN@�OJ�DHKG@H@IO�OCDN�KMJ>@NN�=T�PNDIB�OC@

B@I@M<G�?@>J?@�KMJ>@NN�RDOC�OC@N@�OJJGN�?DN<=G@?�

Note: 1C@�DIO@IODJI�DN�OC<O�OC@�N<H@�?@>J?DIB�KMJ>@NN�AJM�ODG@�?<O<�><I�=@�PN@?�<N�AJM�OC@�B@I@M<G�?@>J?DIB

KMJ>@NN�
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X /@A#M<H@8���9���+,+"

�MM<TN�,PO6	�,PO2	�,PO3��M@KM@N@IODIB�OC@�?@>J?@?�N<HKG@N�AJM�OC@�ODG@��<M@�NK@>DAD@?�<N�

X 1C@�<MM<T�,PO6�DN�R�N<HKG@N�<>MJNN�=T�C�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O�GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T

N<HKG@N�?JRI�DN�BDQ@I�=T�,PO68�T�98�S�9��� PMM#M<H@8�
�98�T
���T�98�S
���S�9�RDOC�S���
��R�
���<I?�T���
��C�
���

X 1C@�<MM<T�,PO2�DN��R���NP=5�����NP=5�N<HKG@N�<>MJNN�=T��C���NP=6�����NP=6�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O

GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T�N<HKG@N�?JRI�DN�BDQ@I�=T�,PO28�T�98�S�9��� PMM#M<H@8���98�T 
���T�98�S 
���S�9

RDOC�S���
���R����NP=5��
���<I?�T���
���C����NP=6��
���
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X DHH@?D<O@GT�AJGGJR@?�=T�<�O@HKJM<G�PIDO�>JIO<DIDIB�OC@�<NNJ>D<O@?�F@T�AM<H@�?@K@I?@IO�M@>JQ@MT�KJDIO

X AJGGJR@?�=T�JKODJI<G�<??DODJI<G�O@HKJM<G�PIDON

1CDN�HJQ@N�OC@�M@NKJIND=DGDOT�AJM�?MJKKDIB�OC@�DIO@MH@?D<O@�O@HKJM<G�PIDON��=@OR@@I�OC@�?@G<T@?�M<I?JH�<>>@NN�KJDIO�<I?

OC@�F@T�AM<H@�?@K@I?@IO�M@>JQ@MT�KJDIO��JPO�JA�OC@�IJMH<ODQ@GT�?@ADI@?�?@>J?DIB�KMJ>@NN�DIOJ�<KKGD><ODJI�NK@>DAD>

=@C<QDJM��1CDN�<GGJRN�<KKGD><ODJIN�OJ�>CJJN@�RCD>C�=@C<QDJM�OJ�PN@�?@K@I?DIB�JI�OC@�PN@�><N@�<I?�><K<=DGDOD@N�JA�OC@

NK@>DAD>�?@>J?@M�DHKG@H@IO<ODJI�

������ "I>J?@M�>JIN@LP@I>@N
/<I?JH�<>>@NN�KJDION�DIOMJ?P>@�IJ�<??DODJI<G�>JIAJMH<I>@�M@LPDM@H@ION�JI�@I>J?@MN�

Note: &I�KM<>OD>@	�?@>J?@M�DHKG@H@IO<ODJIN�<M@�@SK@>O@?�OJ�=@�<=G@�OJ�NO<MO�?@>J?DIB�=DONOM@<HN�AMJH�<�?@G<T@?

M<I?JH�<>>@NN�KJDIO�RC@I�OC@�DIO@MH@?D<O@�O@HKJM<G�PIDON�<M@�NODGG�KM@N@IO��1C@�?@>J?@M�NCJPG?�>JMM@>OGT�KMJ?P>@

<GG�JPOKPO�AM<H@N�AMJH�OC@�I@SO�F@T�AM<H@�JM�F@T�AM<H@�?@K@I?@IO�M@>JQ@MT�KJDIO�JIR<M?N	�RCDG@�OC@�KM@>@?DIB

AM<H@N�<M@�DHKG@H@IO<ODJI�?@ADI@?��#JM�@S<HKG@��<�NOM@<HDIB�?@>J?@M�H<T�>CJJN@�OJ�?@>J?@�<I?�?DNKG<T�<GG

AM<H@N�@Q@I�RC@I�OC@�M@A@M@I>@�AM<H@N�<M@�IJO�<Q<DG<=G@��OJG@M<ODIB�NJH@�@MMJMN�DI�OC@�JPOKPO�	�<�GJR�G<O@I>T

?@>J?@M�H<T�>CJJN@�OJ�?@>J?@�<I?�?DNKG<T�<GG�AM<H@N�OC<O�<M@�BP<M<IO@@?�OJ�=@�>JMM@>O��@�B��<I�DIO@M�AM<H@�OC<O

JIGT�PN@N�DIO@M�KM@?D>ODJI�AMJH�OC@�?@G<T@?�M<I?JH�<>>@NN�KJDIO�	�<�H@?D<�KG<T@M�?@>J?@M�H<T�>CJJN@�OJ�?@>J?@

<I?�?DNKG<T�JIGT�AM<H@N�NO<MODIB�AMJH�<�F@T�AM<H@�JM�F@T�AM<H@�?@K@I?@IO�M@>JQ@MT�KJDIO��BP<M<IO@@DIB�NHJJOC

KG<T=<>F�JI>@�?DNKG<T�NO<MON��
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"I>J?@MN�<M@�AM@@�OJ�DIN@MO�<IT�IPH=@M�JA�M<I?JH�<>>@NN�KJDION�

������ !@>J?@M�>JIN@LP@I>@N
1C@�>JIAJMH<I>@�M@LPDM@H@IO�H@<IN�OC<O�>JIAJMH<IO�?@>J?@MN�HPNO�=@�<=G@�OJ�NO<MO�?@>J?DIB�<O�<�?@G<T@?�M<I?JH

<>>@NN�KJDIO�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<O�

X 1C@�ADMNO�AM<H@�C<N�NCJR;AM<H@�@LP<G�OJ�
�

X &A�AM<H@;D?;IPH=@MN;KM@N@IO;AG<B�DN�@LP<G�OJ��	�AJM�OC@�ADMNO�AM<H@�>PMM@IO;AM<H@;D?�NCJPG?�IJO�=@�>JHK<M@?�OJ

-M@Q#M<H@&!��=@><PN@�-M@Q#M<H@&!�DN�PIDIDOD<GDU@?��

���� #M<H@�@I?�PK?<O@� !#�KMJ>@NN
1CDN�KMJ>@NN�DN�OMDBB@M@?�RC@I�OC@�API>ODJI�AM<H@;@I?;PK?<O@;>?A�DN�><GG@?�AMJH�OC@�ODG@�BMJPK�NTIO<S�O<=G@�

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�AJM�@<>C�JA�OC@� !#�<MM<TN�H@IODJI@?�DI�OC@�N@H<IOD>N�AJM�DIDO;>J@AA;>?AN�<I?

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@ADS��1C@�I<H@�JA

OC@�NJPM>@�AJM�OC@�>JKT�DN�OC@�I<H@�JA�OC@� !#�<MM<T�KM@ADS@?�RDOC�]0<Q@?^��#JM�@S<HKG@	�OC@�<MM<T�6*J?@ ?A�RDGG�=@

PK?<O@?�RDOC�Q<GP@N�@LP<G�OJ�OC@�>JIO@ION�JA�0<Q@?6*J?@ ?A�

���� 0@O�AM<H@�M@AN�KMJ>@NN
1CDN�KMJ>@NN�DN�OMDBB@M@?�DA�OC@�API>ODJI�N@O;AM<H@;M@AN�DN�><GG@?�RCDG@�M@<?DIB�OC@�PI>JHKM@NN@?�C@<?@M�

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@<NO�NDBIDAD><IO�=DON�JA�OC@�@SK@>O@?

JPOKPO�JM?@M�JA�OC@�AM<H@N��

1C@�M@A@M@I>@�AM<H@N�PN@?�AJM�OC@�)�01;#/�*"�<I?�$,)!"+;#/�*"�M@A@M@I>@N�<M@�N@IO�@SKGD>DOGT�<I?�PN@?�OJ�N@O

OC@�>JMM@NKJI?DIB�@IOMD@N�JA�M@A;AM<H@;D?S�<N�AJGGJRN��OC@�JOC@M�@IOMD@N�<M@�DIDOD<GDU@?�OJ�
��<I?�RDGG�=@�JQ@MRMDOO@I�G<O@M�DI

OCDN�KMJ>@NN��

forfor (( i == 00;; i << REFS_PER_FRAME;; i ++++ ))
ref_frame_idx [[ i ]] == -- 11

ref_frame_idx [[ LAST_FRAME-- LAST_FRAME]] == last_frame_idx
ref_frame_idx [[ GOLDEN_FRAME-- LAST_FRAME]] == gold_frame_idx

�I�<MM<T�PN@?#M<H@�H<MFDIB�RCD>C�M@A@M@I>@�AM<H@N�C<Q@�=@@I�PN@?�DN�KM@K<M@?�<N�AJGGJRN�
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forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ ))
usedFrame[[ i ]] == 00

usedFrame[[ last_frame_idx ]] == 11
usedFrame[[ gold_frame_idx ]] == 11

��Q<MD<=G@�>PM#M<H@%DIO�DN�N@O�@LP<G�OJ�������,M?@M%DIO�DON�
����

�I�<MM<T�NCDAO@?,M?@M%DION��>JIO<DIDIB�OC@�@SK@>O@?�JPOKPO�JM?@M�NCDAO@?�NP>C�OC<O�OC@�>PMM@IO�AM<H@�C<N�CDIO�@LP<G�OJ

>PM#M<H@%DIO��DN�KM@K<M@?�<N�AJGGJRN�

forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ ))
shiftedOrderHints [[ i ]] == curFrameHint ++ get_relative_dist (( RefOrderHint [[ i ],], OrderHint ))

1C@�Q<MD<=G@�G<NO,M?@M%DIO��M@KM@N@IODIB�OC@�@SK@>O@?�JPOKPO�JM?@M�AJM�)�01;#/�*"��DN�N@O�@LP<G�OJ�NCDAO@?,M?@M%DION8

G<NO;AM<H@;D?S�9�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�G<NO,M?@M%DIO�DN�NOMD>OGT�G@NN�OC<I�>PM#M<H@%DIO�

1C@�Q<MD<=G@�BJG?,M?@M%DIO��M@KM@N@IODIB�OC@�@SK@>O@?�JPOKPO�JM?@M�AJM�$,)!"+;#/�*"��DN�N@O�@LP<G�OJ

NCDAO@?,M?@M%DION8�BJG?;AM<H@;D?S�9�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�BJG?,M?@M%DIO�DN�NOMD>OGT�G@NN�OC<I�>PM#M<H@%DIO�

1C@��)1/"#;#/�*"�M@A@M@I>@�DN�N@O�OJ�=@�<�=<>FR<M?�M@A@M@I>@�OJ�OC@�AM<H@�RDOC�CDBC@NO�JPOKPO�JM?@M�<N�AJGGJRN�

ref == find_latest_backward ()()
ifif (( ref >=>= 00 )) {{

ref_frame_idx [[ ALTREF_FRAME-- LAST_FRAME]] == ref
usedFrame[[ ref ]] == 11

}}

RC@M@�ADI?;G<O@NO;=<>FR<M?�DN�?@ADI@?�<N�
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find_latest_backward ()() {{
ref == -- 11
forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ )) {{

hint == shiftedOrderHints [[ i ]]
ifif (( !! usedFrame[[ i ]] &&&&

hint >=>= curFrameHint &&&&
(( ref << 00 |||| hint >=>= latestOrderHint )) )) {{

ref == i
latestOrderHint == hint

}}
}}
returnreturn ref

}}

1C@��4!/"#;#/�*"�M@A@M@I>@�DN�N@O�OJ�=@�<�=<>FR<M?�M@A@M@I>@�OJ�OC@�>GJN@NO�AM<H@�<N�AJGGJRN�

ref == find_earliest_backward ()()
ifif (( ref >=>= 00 )) {{

ref_frame_idx [[ BWDREF_FRAME-- LAST_FRAME]] == ref
usedFrame[[ ref ]] == 11

}}

RC@M@�ADI?;@<MGD@NO;=<>FR<M?�DN�?@ADI@?�<N�

find_earliest_backward ()() {{
ref == -- 11
forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ )) {{

hint == shiftedOrderHints [[ i ]]
ifif (( !! usedFrame[[ i ]] &&&&

hint >=>= curFrameHint &&&&
(( ref << 00 |||| hint << earliestOrderHint )) )) {{

ref == i
earliestOrderHint == hint

}}
}}
returnreturn ref

}}

1C@��)1/"#�;#/�*"�M@A@M@I>@�DN�N@O�OJ�OC@�I@SO�>GJN@NO�=<>FR<M?�M@A@M@I>@�<N�AJGGJRN�
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ref == find_earliest_backward ()()
ifif (( ref >=>= 00 )) {{

ref_frame_idx [[ ALTREF2_FRAME-- LAST_FRAME]] == ref
usedFrame[[ ref ]] == 11

}}

1C@�M@H<DIDIB�M@A@M@I>@N�<M@�N@O�OJ�=@�AJMR<M?�M@A@M@I>@N�DI�<IOD
>CMJIJGJBD><G�JM?@M�<N�AJGGJRN�

forfor (( i == 00;; i << REFS_PER_FRAME-- 22;; i ++++ )) {{
refFrame == Ref_Frame_List[[ i ]]
ifif (( ref_frame_idx [[ refFrame -- LAST_FRAME]] << 00 )) {{

ref == find_latest_forward ()()
ifif (( ref >=>= 00 )) {{

ref_frame_idx [[ refFrame -- LAST_FRAME]] == ref
usedFrame[[ ref ]] == 11

}}
}}

}}

RC@M@�/@A;#M<H@;)DNO�DN�NK@>DA@?�<N�

Ref_Frame_List[[ REFS_PER_FRAME-- 22 ]] == {{
LAST2_FRAME,, LAST3_FRAME,, BWDREF_FRAME,, ALTREF2_FRAME,, ALTREF_FRAME

}}

<I?�ADI?;G<O@NO;AJMR<M?�DN�?@ADI@?�<N�

find_latest_forward ()() {{
ref == -- 11
forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ )) {{

hint == shiftedOrderHints [[ i ]]
ifif (( !! usedFrame[[ i ]] &&&&

hint << curFrameHint &&&&
(( ref << 00 |||| hint >=>= latestOrderHint )) )) {{

ref == i
latestOrderHint == hint

}}
}}
returnreturn 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?@M�<N�AJGGJRN�
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ref == -- 11
forfor (( i == 00;; i << NUM_REF_FRAMES;; i ++++ )) {{

hint == shiftedOrderHints [[ i ]]
ifif (( ref << 00 |||| hint << earliestOrderHint )) {{

ref == i
earliestOrderHint == hint

}}
}}
forfor (( i == 00;; i << REFS_PER_FRAME;; i ++++ )) {{

ifif (( ref_frame_idx [[ i ]] << 00 )) {{
ref_frame_idx [[ i ]] == ref

}}
}}

���� *JODJI�AD@G?�@NODH<ODJI�KMJ>@NN
������ $@I@M<G
1CDN�KMJ>@NN�DN�OMDBB@M@?�=T�<�><GG�OJ�HJODJI;AD@G?;@NODH<ODJI�RCDG@�M@<?DIB�OC@�PI>JHKM@NN@?�C@<?@M�

��GDI@<M�KMJE@>ODJI�HJ?@G�DN�@HKGJT@?�OJ�>M@<O@�<�HJODJI�AD@G?�@NODH<ODJI�OC<O�DN�<=G@�OJ�><KOPM@�CDBC�Q@GJ>DOT�O@HKJM<G

HJODJI�OM<E@>OJMD@N�

1C@�HJODJI�AD@G?�DN�@NODH<O@?�=<N@?�JI�OC@�N<Q@?�HJODJI�Q@>OJMN�AMJH�OC@�M@A@M@I>@�AM<H@N�<I?�OC@�M@G<ODQ@�AM<H@

?DNO<I>@N�

�N�OC@�AM<H@�?DNO<I>@N�?@K@I?�JI�OC@�AM<H@�=@DIB�M@A@M@I>@?	�<�N@K<M<O@�HJODJI�AD@G?�DN�@NODH<O@?�AJM�@<>C�M@A@M@I>@

AM<H@�PN@?�=T�OC@�>PMM@IO�AM<H@�

��HJODJI�Q@>OJM��AJM�@<>C�M@A@M@I>@�AM<H@�OTK@��DN�KM@K<M@?�<O�@<>C�GJ><ODJI�JI�<I��S��GPH<�N<HKG@�BMD?�

1C@�Q<MD<=G@�R���M@KM@N@IODIB�OC@�RD?OC�JA�OC@�HJODJI�AD@G?�DI�PIDON�JA��S��GPH<�N<HKG@N��DN�N@O�@LP<G�OJ�*D JGN������

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@O�@LP<G�OJ�*D/JRN������

�N�OC@�GDI@<M�KMJE@>ODJI�><I�>M@<O@�<�AD@G?�RDOC�CJG@N	�OC@�HJODJI�AD@G?N�<M@�DIDOD<GDU@?�OJ�<I�DIQ<GD?�HJODJI�Q@>OJM�JA�
�����	


������<N�AJGGJRN�

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�=@�O<F@I�OJ�C<I?G@�OCDN

><N@�>JINDNO@IOGT��1C@�M@A@M@I>@�DHKG@H@IO<ODJI�PN@N�<I�@LPDQ<G@IO�DHKG@H@IO<ODJI�=<N@?�JI�NJMODIB�OC@

M@A@M@I>@�AM<H@N�=<N@?�JI�OC@DM�@SK@>O@?�JPOKPO�JM?@M	�RDOC�OD@N�=MJF@I�=<N@?�JI�OC@�M@A@M@I>@�AM<H@�DI?@S�
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forfor (( ref == LAST_FRAME;; ref <=<= ALTREF_FRAME;; ref ++++ ))
forfor (( y == 00;; y << h8 ;; y++++ ))

forfor (( x == 00;; x << w8;; x++++ ))
forfor (( j == 00;; j << 22;; j ++++ ))

MotionFieldMvs[[ ref ][][ y ][][ x ][][ j ]] == -- 11 <<<< 1515

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<G�OJ�M@A;AM<H@;D?S8�
�9�

1C@�Q<MD<=G@�>PM$JG?,M?@M%DIO��M@KM@N@IODIB�OC@�@SK@>O@?�JPOKPO�JM?@M�AJM�$,)!"+;#/�*"�JA�OC@�>PMM@IO�AM<H@��DN�N@O

@LP<G�OJ�,M?@M%DION8�$,)!"+;#/�*"�9�

1C@�Q<MD<=G@�G<NO�GO,M?@M%DIO��M@KM@N@IODIB�OC@�@SK@>O@?�JPOKPO�JM?@M�AJM��)1/"#;#/�*"�JA�)�01;#/�*"��DN�N@O�@LP<G

OJ�0<Q@?,M?@M%DION8�G<NO&?S�98��)1/"#;#/�*"�9�

1C@�Q<MD<=G@�PN@)<NO��M@KM@N@IODIB�RC@OC@M�OJ�KMJE@>O�OC@�HJODJI�Q@>OJMN�AMJH�)�01;#/�*"��DN�N@O�@LP<G�OJ��

G<NO�GO,M?@M%DIO����>PM$JG?,M?@M%DIO���

&A�PN@)<NO�DN�@LP<G�OJ��	�OC@�KMJE@>ODJI�KMJ>@NN�DIN@>ODJI������DN�DIQJF@?�RDOC�NM>�@LP<G�OJ�)�01;#/�*"	�<I?�?NO0DBI

@LP<G�OJ�
����1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�?DN><M?@?��

1C@�Q<MD<=G@�M@A0O<HK��OC<O�GDHDON�CJR�H<IT�M@A@M@I>@�AM<H@N�C<Q@�OJ�=@�KMJE@>O@?��DN�N@O�@LP<G�OJ�*#*3;01� (;0&7"�


��

1C@�Q<MD<=G@�PN@�R?�DN�N@O�@LP<G�OJ�B@O;M@G<ODQ@;?DNO��,M?@M%DION8��4!/"#;#/�*"�9	�,M?@M%DIO�����
�

&A�PN@�R?�DN�@LP<G�OJ��	�OC@�AJGGJRDIB�NO@KN�<KKGT�

X 1C@�KMJE@>ODJI�KMJ>@NN�DIN@>ODJI������DN�DIQJF@?�RDOC�NM>�@LP<G�OJ��4!/"#;#/�*"	�<I?�?NO0DBI�@LP<G�OJ��	

<I?�OC@�JPOKPO�<NNDBI@?�OJ�KMJE,POKPO�

X &A�KMJE,POKPO�DN�@LP<G�OJ��	�M@A0O<HK�DN�N@O�@LP<G�OJ�M@A0O<HK�
���

1C@�Q<MD<=G@�PN@�GO��DN�N@O�@LP<G�OJ�B@O;M@G<ODQ@;?DNO��,M?@M%DION8��)1/"#�;#/�*"�9	�,M?@M%DIO�����
�

&A�PN@�GO��DN�@LP<G�OJ��	�OC@�AJGGJRDIB�NO@KN�<KKGT�

X 1C@�KMJE@>ODJI�KMJ>@NN�DIN@>ODJI������DN�DIQJF@?�RDOC�NM>�@LP<G�OJ��)1/"#�;#/�*"	�<I?�?NO0DBI�@LP<G�OJ��	

<I?�OC@�JPOKPO�<NNDBI@?�OJ�KMJE,POKPO�

X &A�KMJE,POKPO�DN�@LP<G�OJ��	�M@A0O<HK�DN�N@O�@LP<G�OJ�M@A0O<HK�
���

1C@�Q<MD<=G@�PN@�GO�DN�N@O�@LP<G�OJ�B@O;M@G<ODQ@;?DNO��,M?@M%DION8��)1/"#;#/�*"�9	�,M?@M%DIO�����
�

&A�PN@�GO�DN�@LP<G�OJ���<I?��M@A0O<HK����
�	�OC@�AJGGJRDIB�NO@KN�<KKGT�

X 1C@�KMJE@>ODJI�KMJ>@NN�DIN@>ODJI������DN�DIQJF@?�RDOC�NM>�@LP<G�OJ��)1/"#;#/�*"	�<I?�?NO0DBI�@LP<G�OJ��	

<I?�OC@�JPOKPO�<NNDBI@?�OJ�KMJE,POKPO�
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X &A�KMJE,POKPO�DN�@LP<G�OJ��	�M@A0O<HK�DN�N@O�@LP<G�OJ�M@A0O<HK�
���

&A���M@A0O<HK����
��	�OC@�KMJE@>ODJI�KMJ>@NN�DIN@>ODJI������DN�DIQJF@?�RDOC�NM>�@LP<G�OJ�)�01�;#/�*"	�<I?�?NO0DBI�@LP<G

OJ�
����1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�?DN><M?@?��

������ -MJE@>ODJI�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@>OJMN�NCJPG?�=@�KMJE@>O@?	

X <�Q<MD<=G@�?NO0DBI�NK@>DATDIB�<�I@B<ODJI�HPGODKGD@M�AJM�OC@�HJODJI�Q@>OJM�?DM@>ODJI�

1C@�KMJ>@NN�KMJE@>ON�OC@�HJODJI�Q@>OJMN�AMJH�<�RCJG@�M@A@M@I>@�AM<H@�<I?�NOJM@N�OC@�M@NPGON�DI�*JODJI#D@G?*QN�

1C@�KMJ>@NN�JPOKPON�<�NDIBG@�=JJG@<I�Q<GP@�M@KM@N@IODIB�RC@OC@M�OC@�NJPM>@�AM<H@�R<N�Q<GD?�AJM�OCDN�JK@M<ODJI��&A�OC@

JPOKPO�DN�U@MJ	�IJ�HJ?DAD><ODJI�DN�H<?@�OJ�*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<H@;D?S8�NM>�
�)�01;#/�*"�9�

1C@�Q<MD<=G@�R���M@KM@N@IODIB�OC@�RD?OC�JA�OC@�HJODJI�AD@G?�DI�PIDON�JA��S��GPH<�N<HKG@N��DN�N@O�@LP<G�OJ�*D JGN������

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@O�@LP<G�OJ�*D/JRN������

&A�/@A*D/JRN8�NM>&?S�9�DN�IJO�@LP<G�OJ�*D/JRN	�/@A*D JGN8�NM>&?S�9�DN�IJO�@LP<G�OJ�*D JGN	�JM�/@A#M<H@1TK@8�NM>&?S�9�DN

@LP<G�OJ�&+1/�;,+)6;#/�*"�JM�("6;#/�*"	�OC@�KMJ>@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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forfor (( y8 == 00;; y8 << h8;; y8++++ )) {{
forfor (( x8 == 00;; x8 << w8;; x8++++ )) {{

row == 22 ** y8 ++ 11
col == 22 ** x8 ++ 11
srcRef == SavedRefFrames[[ srcIdx ][][ row ][][ col ]]
ifif (( srcRef >> INTRA_FRAME)) {{

refToCur == get_relative_dist (( OrderHints [[ src ],], OrderHint ))
refOffset == get_relative_dist (( OrderHints [[ src ],], SavedOrderHints[[ srcIdx ][][ srcRef ]] ))
posValid == Abs(( refToCur )) <=<= MAX_FRAME_DISTANCE&&&&

Abs(( refOffset )) <=<= MAX_FRAME_DISTANCE&&&&
refOffset >> 00

ifif (( posValid )) {{
mv == SavedMvs[[ srcIdx ][][ row ][][ col ]]
projMv == get_mv_projection (( mv,, refToCur ** dstSign ,, refOffset ))
posValid == get_block_position (( x8,, y8,, dstSign ,, projMv ))
ifif (( posValid )) {{

forfor (( dst == LAST_FRAME;; dst <=<= ALTREF_FRAME;; dst ++++ )) {{
refToDst == get_relative_dist (( OrderHint ,, OrderHints [[ dst ]] ))
projMv == get_mv_projection (( mv,, refToDst ,, refOffset ))
MotionFieldMvs[[ dst ][][ PosY8][][ PosX8]] == projMv

}}
}}

}}
}}

}}
}}

4C@I�OC@�API>ODJI�B@O;HQ;KMJE@>ODJI�DN�><GG@?	�OC@�B@O�HQ�KMJE@>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������DN�DIQJF@?�<I?�OC@

JPOKPO�<NNDBI@?�OJ�KMJE*Q�

4C@I�OC@�API>ODJI�B@O;=GJ>F;KJNDODJI�DN�><GG@?	�OC@�B@O�=GJ>F�KJNDODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������DN�DIQJF@?�<I?�OC@

JPOKPO�<NNDBI@?�OJ�KJN3<GD?��1CDN�KMJ>@NN�<GNJ�N@ON�PK�OC@�Q<MD<=G@N�-JN6��<I?�-JN5��M@KM@N@IODIB�OC@�KMJE@>O@?

GJ><ODJI�DI�OC@�HJODJI�AD@G?�

1C@�KMJ>@NN�IJR�@SDON�RDOC�OC@�JPOKPO�N@O�@LP<G�OJ���

������ $@O�*3�KMJE@>ODJI�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�G@IBOC���<MM<T�HQ�NK@>DATDIB�<�HJODJI�Q@>OJM	

X <�Q<MD<=G@�IPH@M<OJM�NK@>DATDIB�OC@�IPH=@M�JA�AM<H@N�OJ�=@�>JQ@M@?�=T�OC@�KMJE@>O@?�HJODJI�Q@>OJM	

X <�Q<MD<=G@�?@IJHDI<OJM�NK@>DATDIB�OC@�IPH=@M�JA�AM<H@N�>JQ@M@?�=T�OC@�JMDBDI<G�HJODJI�Q@>OJM�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�

X <�G@IBOC���<MM<T�KMJE*Q�>JIO<DIDIB�OC@�KMJE@>O@?�HJODJI�Q@>OJM
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1CDN�KMJ>@NN�NO<MON�RDOC�<�HJODJI�Q@>OJM�HQ�AMJH�<�KM@QDJPN�AM<H@��1CDN�HJODJI�Q@>OJM�BDQ@N�OC@�?DNKG<>@H@IO�@SK@>O@?

RC@I�HJQDIB�<�>@MO<DI�IPH=@M�JA�AM<H@N��BDQ@I�=T�OC@�Q<MD<=G@�?@IJHDI<OJM���&I�JM?@M�OJ�PN@�OC@�HJODJI�Q@>OJM�AJM

KM@?D>ODJIN�PNDIB�<�?DAA@M@IO�M@A@M@I>@�AM<H@	�OC@�G@IBOC�JA�OC@�HJODJI�Q@>OJM�HPNO�=@�N><G@?�

1C@�Q<MD<=G@�>GDKK@?!@IJHDI<OJM�DN�N@O�@LP<G�OJ�*DI��*�5;#/�*";!&01�+ "	�?@IJHDI<OJM���

1C@�Q<MD<=G@�>GDKK@?+PH@M<OJM�DN�N@O�@LP<G�OJ� GDK���
*�5;#/�*";!&01�+ "	�*�5;#/�*";!&01�+ "	�IPH@M<OJM���

1C@�KMJE@>O@?�HJODJI�Q@>OJM�DN�NK@>DAD@?�<N�AJGGJRN�

forfor (( i == 00;; i << 22;; i ++++ )) {{
scaled == Round2Signed(( mv[[ i ]] ** clippedNumerator ** Div_Mult [[ clippedDenominator ],], 1414 ))
projMv[[ i ]] == Clip3 (( -- (( 11 <<<< 1414)) ++ 11,, (( 11 <<<< 1414)) -- 11,, scaled ))

}}

RC@M@�!DQ;*PGO�DN�<�>JINO<IO�GJJFPK�O<=G@�NK@>DAD@?�<N�

Div_Mult [[ 3232]] == {{
00,, 1638416384,, 81928192,, 54615461,, 40964096,, 32763276,, 27302730,, 23402340,, 20482048,, 18201820,, 16381638,,
14891489,, 13651365,, 12601260,, 11701170,, 10921092,, 10241024,, 963963,, 910910,, 862862,, 819819,, 780780,,
744744,, 712712,, 682682,, 655655,, 630630,, 606606,, 585585,, 564564,, 546546,, 528528

}}

������ $@O�=GJ>F�KJNDODJI�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@�?NO0DBI�NK@>DATDIB�<�I@B<ODJI�HPGODKGD@M�AJM�OC@�HJODJI�Q@>OJM�?DM@>ODJI	

X <�G@IBOC���<MM<T�KMJE*Q�NK@>DATDIB�<�KMJE@>O@?�HJODJI�Q@>OJM�

1C@�KMJ>@NN�B@I@M<O@N�BGJ=<G�Q<MD<=G@N�-JN5��<I?�-JN6��M@KM@N@IODIB�OC@�KMJE@>O@?�GJ><ODJI�DI�PIDON�JA��S��GPH<

N<HKG@N�

1C@�KMJ>@NN�M@OPMIN�<�AG<B�KJN3<GD?�OC<O�DI?D><O@N�DA�OC@�KJNDODJI�NCJPG?�=@�PN@?�

1C@�Q<MD<=G@�KJN3<GD?�DN�N@O�@LP<G�OJ���

1C@�Q<MD<=G@�-JN6��DN�N@O�@LP<G�OJ�KMJE@>O�T�	�KMJE*Q8�
�9	�?NO0DBI	�*D/JRN�����	�*�5;,##0"1;%"&$%1��

Note: KJN3<GD?�DN�NK@>DAD@?�NP>C�OC<O�JIGT�=GJ>FN�RDOCDI�<�>@MO<DI�?DNO<I>@�JA�OC@�>PMM@IO�GJ><ODJI�I@@?�OJ�=@

KMJE@>O@?�
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1C@�Q<MD<=G@�-JN5��DN�N@O�@LP<G�OJ�KMJE@>O�S�	�KMJE*Q8���9	�?NO0DBI	�*D JGN�����	�*�5;,##0"1;4&!1%��

RC@M@�OC@�API>ODJI�KMJE@>O�DN�NK@>DAD@?�<N�AJGGJRN�

project (( v8,, delta ,, dstSign ,, max8,, maxOff8 )) {{
base8 == (( v8 >>>> 33)) <<<< 33
ifif (( delta >=>= 00 )) {{

offset8 == delta >>>> (( 33 ++ 11 ++ MI_SIZE_LOG2))
}} elseelse {{

offset8 == -- (( (( -- delta )) >>>> (( 33 ++ 11 ++ MI_SIZE_LOG2)) ))
}}
v8 +=+= dstSign ** offset8
ifif (( v8 << 00 ||||

v8 >=>= max8||||
v8 << base8 -- maxOff8 ||||
v8 >=>= base8 ++ 88 ++ maxOff8 )) {{

posValid == 00
}}
returnreturn v8

}}

1C@�KMJE@>O�API>ODJI�>G@<MN�KJN3<GD?�DA�OC@�M@NPGODIB�KJNDODJI�DN�JAAN@O�OJJ�A<M�

���
� *JODJI�Q@>OJM�KM@?D>ODJI�KMJ>@NN@N
���
��� $@I@M<G
1C@�AJGGJRDIB�N@>ODJIN�?@ADI@�OC@�KMJ>@NN@N�PN@?�AJM�KM@?D>ODIB�OC@�HJODJI�Q@>OJMN�

1C@�@IOMT�KJDIO�OJ�OC@N@�KMJ>@NN@N�DN�OMDBB@M@?�=T�OC@�API>ODJI�><GG�OJ�ADI?;HQ;NO<>F�DI�OC@�DIO@M�=GJ>F�HJ?@�DIAJ�NTIO<S

?@N>MD=@?�DIN@>ODJI�������� ��1CDN�API>ODJI�><GG�DIQJF@N�OC@�#DI?�*3�0O<>F�-MJ>@NN�NK@>DAD@?�DIN@>ODJI����
���

���
��� #DI?�*3�NO<>F�KMJ>@NN
1CDN�KMJ>@NN�DN�OMDBB@M@?�=T�<�API>ODJI�><GG�OJ�ADI?;HQ;NO<>F�

1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�Q<MD<=G@�DN JHKJPI?�>JIO<DIDIB�
�AJM�NDIBG@�KM@?D>ODJI	�JM���OJ�NDBI<G�>JHKJPI?�KM@?D>ODJI�

1CDN�KMJ>@NN�>JINOMP>ON�<I�<MM<T�/@A0O<>F*Q�>JIO<DIDIB�HJODJI�Q@>OJM�><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>ODJI�NTIO<S�@G@H@ION�

1C@�<MM<T�/@A0O<>F*Q�RDGG�=@�>JINOMP>O@?�?PMDIB�OCDN�KMJ>@NN��/@A0O<>F*Q8�D?S�98�GDNO�98�>JHK�9�M@KM@N@ION�>JHKJI@IO

>JHK��
�AJM�T�JM���AJM�S��JA�<�HJODJI�Q@>OJM�AJM�<�K<MOD>PG<M�GDNO��
�JM����<O�KJNDODJI�D?S��
�OJ�*�5;/"#;*3;01� (;0&7"�


���DI�OC@�NO<>F��+J�DIDOD<GDU<ODJI�DN�I@@?@?�=@><PN@�@<>C�@IOMT�DN�<GR<TN�RMDOO@I�=@AJM@�DO�><I�=@�M@<?�

1C@�Q<MD<=G@�=R��NK@>DATDIB�OC@�RD?OC�JA�OC@�=GJ>F�DI��S��GPH<�N<HKG@N�DN�N@O�@LP<G�OJ�+PH;�S�;�GJ>FN;4D?@8�*D0DU@�9�
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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�;�GJ>FN;%DBC8�*D0DU@�9�

1C@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� 1C@�Q<MD<=G@�+PH*Q#JPI?��M@KM@N@IODIB�OC@�IPH=@M�JA�HJODJI�Q@>OJM�><I?D?<O@N�DI�/@A0O<>F*Q��DN�N@O�@LP<G�OJ


�

�� 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?DIB��DN�N@O

@LP<G�OJ�
�

�� 1C@�N@OPK�BGJ=<G�HQ�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�OC@�DIKPO�
�<I?�OC@�JPOKPO�DN�<NNDBI@?

OJ�$GJ=<G*QN8�
�9�

�� &A�DN JHKJPI?�DN�@LP<G�OJ��	�OC@�N@OPK�BGJ=<G�HQ�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�OC@�DIKPO��

<I?�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�MJR�KMJ>@NN�DIN@>ODJI����
���� 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?*<O>C	�<I?�#JPI?*<O>C�DN�N@O�@LP<G�OJ�
�

�� 1C@�N><I�>JG�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO< JG�@LP<G�OJ�
��<I?�DN JHKJPI?�<N�DIKPON�

�� 1C@�Q<MD<=G@�AJPI?)@AO*<O>C�DN�N@O�@LP<G�OJ�#JPI?*<O>C	�<I?�#JPI?*<O>C�DN�N@O�@LP<G�OJ�
�

�
� &A�*<S��=R�	�=C����DN�G@NN�OC<I�JM�@LP<G�OJ���	�OC@�N><I�KJDIO�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO</JR

@LP<G�OJ�
�	�?@GO< JG�@LP<G�OJ�=R�	�<I?�DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<O>C�DN�@LP<G�OJ��	�OC@�Q<MD<=G@�AJPI?�=JQ@*<O>C�DN�N@O�@LP<G�OJ���

��� 1C@�Q<MD<=G@� GJN@*<O>C@N��M@KM@N@IODIB�><I?D?<O@N�AJPI?�DI�OC@�DHH@?D<O@�I@DBC=JMCJJ?��DN�N@O�@LP<G�OJ

AJPI?�=JQ@*<O>C���AJPI?)@AO*<O>C�

��� 1C@�Q<MD<=G@�IPH+@<M@NO��M@KM@N@IODIB�OC@�IPH=@M�JA�HJODJI�Q@>OJMN�AJPI?�DI�OC@�DHH@?D<O@�I@DBC=JMCJJ?��DN

N@O�@LP<G�OJ�+PH*Q#JPI?

��� 1C@�Q<MD<=G@�IPH+@R��M@KM@N@IODIB�OC@�IPH=@M�JA�ODH@N�<�+"4*3�><I?D?<O@�R<N�AJPI?�DI�OC@�DHH@?D<O@

I@DBC=JMCJJ?��DN�N@O�@LP<G�OJ�+@R*Q JPIO

��� &A�IPH+@<M@NO�DN�BM@<O@M�OC<I�
	�4@DBCO0O<>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�OJ�
�

��� &A�PN@;M@A;AM<H@;HQN�DN�@LP<G�OJ��	�OC@�O@HKJM<G�N><I�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�DN JHKJPI?

<N�DIKPO��OC@�O@HKJM<G�N><I�KMJ>@NN�<AA@>ON�7@MJ*Q JIO@SO��
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��� 1C@�N><I�KJDIO�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO</JR�@LP<G�OJ�
�	�?@GO< JG�@LP<G�OJ�
�	�<I?

DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<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�
�

��� 1C@�N><I�MJR�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO</JR�@LP<G�OJ�
��<I?�DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<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�
�

��� 1C@�N><I�>JG�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO< JG�@LP<G�OJ�
��<I?�DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<O>C�DN�@LP<G�OJ��	�OC@�Q<MD<=G@�AJPI?)@AO*<O>C�DN�N@O�@LP<G�OJ���

��� 1C@�Q<MD<=G@�#JPI?*<O>C�DN�N@O�@LP<G�OJ�
�

��� &A�=C��DN�BM@<O@M�OC<I��	�OC@�N><I�MJR�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO</JR�@LP<G�OJ�
��<I?

DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<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<I��	�OC@�N><I�>JG�KMJ>@NN�DIN@>ODJI����
���� DN�DIQJF@?�RDOC�?@GO< JG�@LP<G�OJ�
��<I?

DN JHKJPI?�<N�DIKPON�

��� &A�#JPI?*<O>C�DN�@LP<G�OJ��	�OC@�Q<MD<=G@�AJPI?)@AO*<O>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@*<O>C��

AJPI?)@AO*<O>C�

��� 1C@�NJMODIB�KMJ>@NN�DIN@>ODJI����
����� DN�DIQJF@?�RDOC�NO<MO�@LP<G�OJ�
	�@I?�@LP<G�OJ�IPH+@<M@NO	�<I?

DN JHKJPI?�<N�DIKPO�

��� 1C@�NJMODIB�KMJ>@NN�DIN@>ODJI����
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1C@�Q<MD<=G@�=R��M@KM@N@IODIB�OC@�RD?OC�JA�OC@�=GJ>F�DI�PIDON�JA�GPH<�N<HKG@N��DN�N@O�@LP<G�OJ��GJ>F;4D?OC8�*D0DU@�9�

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�OJ��GJ>F;%@DBCO8�*D0DU@�9�

1C@�JPOKPO�HJODJI�Q@>OJM�HQ�DN�NK@>DAD@?�=T�KMJE@>ODIB�OC@�>@IOM<G�GPH<�N<HKG@�JA�OC@�=GJ>F�<N�AJGGJRN�

ifif (( ref ==== INTRA_FRAME|||| typ ==== IDENTITY)) {{
mv[[ 00]] == 00
mv[[ 11]] == 00

}} elseelse ifif (( typ ==== TRANSLATION)) {{
mv[[ 00]] == gm_params[[ ref ][][ 00]] >>>> (( WARPEDMODEL_PREC_BITS-- 33))
mv[[ 11]] == gm_params[[ ref ][][ 11]] >>>> (( WARPEDMODEL_PREC_BITS-- 33))

}} elseelse {{
x == MiCol ** MI_SIZE++ bw // 22 -- 11
y == MiRow** MI_SIZE++ bh // 22 -- 11
xc == (( gm_params[[ ref ][][ 22]] -- (( 11 <<<< WARPEDMODEL_PREC_BITS)))) ** x ++

gm_params[[ ref ][][ 33]] ** y ++
gm_params[[ ref ][][ 00]]

yc == gm_params[[ ref ][][ 44]] ** x ++
(( gm_params[[ ref ][][ 55]] -- (( 11 <<<< WARPEDMODEL_PREC_BITS)))) ** y ++
gm_params[[ ref ][][ 11]]

ifif (( allow_high_precision_mv )) {{
mv[[ 00]] == Round2Signed(( yc,, WARPEDMODEL_PREC_BITS-- 33))
mv[[ 11]] == Round2Signed(( xc,, WARPEDMODEL_PREC_BITS-- 33))

}} elseelse {{
mv[[ 00]] == Round2Signed(( yc,, WARPEDMODEL_PREC_BITS-- 22)) ** 22
mv[[ 11]] == Round2Signed(( xc,, WARPEDMODEL_PREC_BITS-- 22)) ** 22

}}
}}
lower_mv_precision (( mv ))
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1C@�Q<MD<=G@�?@GO< JG�DN�N@O�@LP<G�OJ�
�
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&A��=N�?@GO</JR��DN�BM@<O@M�OC<I��	�OC@�JAAN@O�DN�<?EPNO@?�<N�AJGGJRN�

deltaRow +=+= MiRow&& 11
deltaCol == 11 -- (( MiCol && 11))

��N@MD@N�JA�HJODJI�Q@>OJM�GJ><ODJIN�DN�N><II@?�<N�AJGGJRN�

i == 00
whilewhile (( i << end4 )) {{

mvRow== MiRow++ deltaRow
mvCol == MiCol ++ deltaCol ++ i
ifif (( !! is_inside (( mvRow,, mvCol)) ))

breakbreak
len == Min(( bw4,, Num_4x4_Blocks_Wide[[ MiSizes[[ mvRow][][ mvCol ]] ])])
ifif (( Abs(( deltaRow)) >> 11 ))

len == Max(( 22,, len ))
ifif (( useStep16 ))

len == Max(( 44,, len ))
weight == len ** 22
add_ref_mv_candidate(( mvRow,, mvCol,, isCompound,, weight ))
i +=+= len

}}
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deltaRow == 11 -- (( MiRow&& 11))
deltaCol +=+= MiCol && 11

��N@MD@N�JA�HJODJI�Q@>OJM�GJ><ODJIN�DN�N><II@?�<N�AJGGJRN�

i == 00
whilewhile (( i << end4 )) {{

mvRow== MiRow++ deltaRow ++ i
mvCol == MiCol ++ deltaCol
ifif (( !! is_inside (( mvRow,, mvCol)) ))

breakbreak
len == Min(( bh4,, Num_4x4_Blocks_High[[ MiSizes[[ mvRow][][ mvCol ]] ])])
ifif (( Abs(( deltaCol )) >> 11 ))

len == Max(( 22,, len ))
ifif (( useStep16 ))

len == Max(( 44,, len ))
weight == len ** 22
add_ref_mv_candidate(( mvRow,, mvCol,, isCompound,, weight ))
i +=+= len

}}
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1C@�Q<MD<=G@�=R��NK@>DATDIB�OC@�RD?OC�JA�OC@�=GJ>F�DI��S��GPH<�N<HKG@N�DN�N@O�@LP<G�OJ�+PH;�S�;�GJ>FN;4D?@8�*D0DU@�9�

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�;�GJ>FN;%DBC8�*D0DU@�9�
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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�

forfor (( deltaRow == 00;; deltaRow << Min(( bh4,, 1616 )) ;; deltaRow +=+= stepH4 )) {{
forfor (( deltaCol == 00;; deltaCol << Min(( bw4,, 1616 )) ;; deltaCol +=+= stepW4)) {{

add_tpl_ref_mv(( deltaRow,, deltaCol ,, isCompound))
}}

}}
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allowExtension == (((( bh4 >=>= Num_4x4_Blocks_High[[ BLOCK_8X8])]) &&&&
(( bh4 << Num_4x4_Blocks_High[[ BLOCK_64X64])]) &&&&
(( bw4 >=>= Num_4x4_Blocks_Wide[[ BLOCK_8X8])]) &&&&
(( bw4 << Num_4x4_Blocks_Wide[[ BLOCK_64X64]))]))

ifif (( allowExtension )) {{
forfor (( i == 00;; i << 33;; i ++++ )) {{

deltaRow == tplSamplePos[[ i ][][ 00 ]]
deltaCol == tplSamplePos[[ i ][][ 11 ]]
ifif (( check_sb_border(( deltaRow,, deltaCol )) )) {{

add_tpl_ref_mv(( deltaRow,, deltaCol ,, isCompound))
}}

}}
}}

RC@M@�OKG0<HKG@-JN�>JIO<DIN�OC@�JAAN@ON�OJ�N@<M>C��DI�PIDON�JA��S��GPH<�N<HKG@N��<I?�DN�NK@>DAD@?�<N�

tplSamplePos[[ 33][][ 22]] == {{
{{ bh4,, -- 22 },}, {{ bh4,, bw4 },}, {{ bh4 -- 22,, bw4 }}

}}

<I?�>C@>F;N=;=JM?@M�>C@>FN�OC<O�OC@�KJNDODJI�DN�RDOCDI�OC@�N<H@���S���=GJ>F�<N�AJGGJRN�

check_sb_border(( deltaRow,, deltaCol )) {{
row == (( MiRow&& 1515)) ++ deltaRow
col == (( MiCol && 1515)) ++ deltaCol

returnreturn (( row >=>= 00 &&&& row << 1616 &&&& col >=>= 00 &&&& col << 1616 ))
}}

���
����� 1@HKJM<G�N<HKG@�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X Q<MD<=G@N�?@GO</JR�<I?�?@GO< JG�NK@>DATDIB��DI�PIDON�JA��S��GPH<�N<HKG@N��OC@�JAAN@O�OJ�OC@�><I?D?<O@�GJ><ODJI	

X <�Q<MD<=G@�DN JHKJPI?�>JIO<DIDIB�
�AJM�NDIBG@�KM@?D>ODJI	�JM���OJ�NDBI<G�>JHKJPI?�KM@?D>ODJI�

1CDN�KMJ>@NN�GJJFN�PK�<�HJODJI�Q@>OJM�AMJH�OC@�HJODJI�AD@G?�<I?�<??N�DO�DIOJ�OC@�NO<>F�

1C@�Q<MD<=G@�HQ/JR�DN�N@O�@LP<G�OJ��*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������

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 224 of 669



1C@�Q<MD<=G@�T��DN�N@O�@LP<G�OJ�HQ/JR������

�S��<I?�T��M@KM@N@IO�OC@�KJNDODJI�JA�OC@�><I?D?<O@�DI�PIDON�JA��S��GPH<�N<HKG@N��

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 225 of 669



ifif (( deltaRow ==== 00 &&&& deltaCol ==== 00 )) {{
ZeroMvContext == 11

}}
ifif (( !! isCompound)) {{

candMv== MotionFieldMvs[[ RefFrame[[ 00 ]] ][][ y8 ][][ x8 ]]
ifif (( candMv[[ 00 ]] ==== -- 11 <<<< 1515 ))

returnreturn
lower_mv_precision (( candMv))
ifif (( deltaRow ==== 00 &&&& deltaCol ==== 00 )) {{

ifif (( Abs(( candMv[[ 00 ]] -- GlobalMvs[[ 00 ][][ 00 ]] )) >=>= 1616 ||||
Abs(( candMv[[ 11 ]] -- GlobalMvs[[ 00 ][][ 11 ]] )) >=>= 1616 ))

ZeroMvContext == 11
elseelse

ZeroMvContext == 00
}}
forfor (( idx == 00;; idx << NumMvFound;; idx ++++ )) {{

ifif (( candMv[[ 00 ]] ==== RefStackMv[[ idx ][][ 00 ][][ 00 ]] &&&&
candMv[[ 11 ]] ==== RefStackMv[[ idx ][][ 00 ][][ 11 ]] ))
breakbreak

}}
ifif (( idx << NumMvFound)) {{

WeightStack[[ idx ]] +=+= 22
}} elseelse ifif (( NumMvFound<< MAX_REF_MV_STACK_SIZE)) {{

RefStackMv[[ NumMvFound][][ 00 ]] == candMv
WeightStack[[ NumMvFound]] == 22
NumMvFound+=+= 11

}}
}} elseelse {{

candMv0== MotionFieldMvs[[ RefFrame[[ 00 ]] ][][ y8 ][][ x8 ]]
ifif (( candMv0[[ 00 ]] ==== -- 11 <<<< 1515 ))

returnreturn
candMv1== MotionFieldMvs[[ RefFrame[[ 11 ]] ][][ y8 ][][ x8 ]]
ifif (( candMv1[[ 00 ]] ==== -- 11 <<<< 1515 ))

returnreturn
lower_mv_precision (( candMv0))
lower_mv_precision (( candMv1))
ifif (( deltaRow ==== 00 &&&& deltaCol ==== 00 )) {{

ifif (( Abs(( candMv0[[ 00 ]] -- GlobalMvs[[ 00 ][][ 00 ]] )) >=>= 1616 ||||
Abs(( candMv0[[ 11 ]] -- GlobalMvs[[ 00 ][][ 11 ]] )) >=>= 1616 ||||
Abs(( candMv1[[ 00 ]] -- GlobalMvs[[ 11 ][][ 00 ]] )) >=>= 1616 ||||
Abs(( candMv1[[ 11 ]] -- GlobalMvs[[ 11 ][][ 11 ]] )) >=>= 1616 ))

ZeroMvContext == 11
elseelse

ZeroMvContext == 00
}}
forfor (( idx == 00;; idx << NumMvFound;; idx ++++ )) {{

ifif (( candMv0[[ 00 ]] ==== RefStackMv[[ idx ][][ 00 ][][ 00 ]] &&&&
candMv0[[ 11 ]] ==== RefStackMv[[ idx ][][ 00 ][][ 11 ]] &&&&
candMv1[[ 00 ]] ==== RefStackMv[[ idx ][][ 11 ][][ 00 ]] &&&&
candMv1[[ 11 ]] ==== RefStackMv[[ idx ][][ 11 ][][ 11 ]] ))
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breakbreak
}}
ifif (( idx << NumMvFound)) {{

WeightStack[[ idx ]] +=+= 22
}} elseelse ifif (( NumMvFound<< MAX_REF_MV_STACK_SIZE)) {{

RefStackMv[[ NumMvFound][][ 00 ]] == candMv0
RefStackMv[[ NumMvFound][][ 11 ]] == candMv1
WeightStack[[ NumMvFound]] == 22
NumMvFound+=+= 11

}}
}}
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&A�C<N;I@RHQ��><I?*J?@���DN�@LP<G�OJ��	�+@R*Q JPIO�DN�N@O�@LP<G�OJ�+@R*Q JPIO�����

1C@�API>ODJI�C<N;I@RHQ�DN�?@ADI@?�<N�

has_newmv( mode ) {
return (mode == NEWMV ||

mode == NEW_NEWMV ||
mode == NEAR_NEWMV ||
mode == NEW_NEARMV ||
mode == NEAREST_NEWMV ||
mode == NEW_NEARESTMV)

}

���
����
� )JR@M�KM@>DNDJI�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�M@A@M@I>@�><I?*Q�OJ�<�HJODJI�Q@>OJM�<MM<T�
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&A�<GGJR;CDBC;KM@>DNDJI;HQ�DN�@LP<G�OJ��	�OCDN�KMJ>@NN�O@MHDI<O@N�DHH@?D<O@GT�

#JM�D���
���	�OC@�AJGGJRDIB�<KKGD@N�

ifif (( force_integer_mv )) {{
a == Abs(( candMv[[ i ]] ))
aInt == (( a ++ 33)) >>>> 33
ifif (( candMv[[ i ]] >> 00 ))

candMv[[ i ]] == aInt <<<< 33
elseelse

candMv[[ i ]] == -- (( aInt <<<< 33 ))
}} elseelse {{

ifif (( candMv[[ i ]] && 11 )) {{
ifif (( candMv[[ i ]] >> 00 ))

candMv[[ i ]] ----
elseelse

candMv[[ i ]] ++++
}}

}}
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������ 0JMODIB�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�NO<MO�M@KM@N@IODIB�OC@�ADMNO�KJNDODJI�OJ�=@�NJMO@?	
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whilewhile (( end >> start )) {{
newEnd== start
forfor (( idx == start ++ 11;; idx << end;; idx ++++ )) {{

ifif (( WeightStack[[ idx -- 11 ]] << WeightStack[[ idx ]] )) {{
swap_stack(( idx -- 11,, idx ))
newEnd== idx

}}
}}
end == newEnd

}}

4C@I�OC@�API>ODJI�NR<K;NO<>F�DN�DIQJF@?	�OC@�@IOMD@N�<O�GJ><ODJIN�D?S�<I?�D?S�
���NCJPG?�=@�NR<KK@?�DI�4@DBCO0O<>F�<I?

/@A0O<>F*Q�<N�AJGGJRN�

swap_stack(( i ,, j )) {{
temp == WeightStack[[ i ]]
WeightStack[[ i ]] == WeightStack[[ j ]]
WeightStack[[ j ]] == temp
forfor (( list == 00;; list << 11 ++ isCompound;; list ++++ )) {{

forfor (( comp== 00;; comp<< 22;; comp++++ )) {{
temp == RefStackMv[[ i ][][ list ][][ comp]]
RefStackMv[[ i ][][ list ][][ comp]] == RefStackMv[[ j ][][ list ][][ comp]]
RefStackMv[[ j ][][ list ][][ comp]] == temp

}}
}}

}}

���
������ "SOM<�N@<M>C�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�Q<MD<=G@�DN JHKJPI?�>JIO<DIDIB�
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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�><I?D?<O@N�

4C@I�?JDIB�NDIBG@�KM@?D>ODJI	�OC@�HJODJI�Q@>OJMN�BJ�NOM<DBCO�JI�OC@�NO<>F�

4C@I�?JDIB�>JHKJPI?�KM@?D>ODJI	�OC@�HJODJI�Q@>OJMN�<M@�<??@?�OJ�<MM<TN�><GG@?�/@A&?*QN��>JPIODIB�H<O>C@N�AMJH�OC@

N<H@�AM<H@��<I?�/@A!DAA*QN��>JPIODIB�H<O>C@N�AMJH�?DAA@M@IO�AM<H@N��

1C@�IPH=@M�JA�@IOMD@N�DI�OC@N@�<MM<TN�<M@�DIDOD<GDU@?�OJ�U@MJ�<N�AJGGJRN�

forfor (( list == 00;; list << 22;; list ++++ )) {{
RefIdCount[[ list ]] == 00
RefDiffCount [[ list ]] == 00

}}
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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(( 1616,, Num_4x4_Blocks_Wide[[ MiSize ]] ))
h4 == Min(( 1616,, Num_4x4_Blocks_High[[ MiSize ]] ))
w4 == Min(( w4,, MiCols -- MiCol ))
h4 == Min(( h4,, MiRows-- MiRow))
num4x4== Min(( w4,, h4 ))
forfor (( pass == 00;; pass << 22;; pass++++ )) {{

idx == 00
whilewhile (( idx << num4x4&&&& NumMvFound<< 22 )) {{

ifif (( pass ==== 00 )) {{
mvRow== MiRow-- 11
mvCol == MiCol ++ idx

}} elseelse {{
mvRow== MiRow++ idx
mvCol == MiCol -- 11

}}
ifif (( !! is_inside (( mvRow,, mvCol )) ))

breakbreak
add_extra_mv_candidate(( mvRow,, mvCol,, isCompound))
ifif (( pass ==== 00 )) {{

idx +=+= Num_4x4_Blocks_Wide[[ MiSizes[[ mvRow][][ mvCol ]] ]]
}} elseelse {{

idx +=+= Num_4x4_Blocks_High[[ MiSizes[[ mvRow][][ mvCol ]] ]]
}}

}}
}}

1C@�ADMNO�K<NN�N@<M>C@N�OC@�MJR�<=JQ@	�OC@�N@>JI?�N@<M>C@N�OC@�>JGPHI�OJ�OC@�G@AO�

1C@�API>ODJI�><GG�OJ�<??;@SOM<;HQ;><I?D?<O@�DIQJF@N�OC@�<??�@SOM<�HQ�><I?D?<O@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI����
�����

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?�/@A!DAA*QN�<MM<TN�<M@�<??@?�OJ�OC@�NO<>F�<N�AJGGJRN

�PNDIB�OC@�O@HKJM<MT�<MM<T�>JH=DI@?*QN��
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forfor (( list == 00;; list << 22;; list ++++ )) {{
compCount== 00
forfor (( idx == 00;; idx << RefIdCount[[ list ];]; idx ++++ )) {{

combinedMvs[[ compCount][][ list ]] == RefIdMvs[[ list ][][ idx ]]
compCount++++

}}
forfor (( idx == 00;; idx << RefDiffCount [[ list ]] &&&& compCount<< 22;; idx ++++ )) {{

combinedMvs[[ compCount][][ list ]] == RefDiffMvs[[ list ][][ idx ]]
compCount++++

}}
whilewhile (( compCount<< 22 )) {{

combinedMvs[[ compCount][][ list ]] == GlobalMvs[[ list ]]
compCount++++

}}
}}
ifif (( NumMvFound==== 11 )) {{

ifif (( combinedMvs[[ 00 ][][ 00 ]] ==== RefStackMv[[ 00 ][][ 00 ]] &&&&
combinedMvs[[ 00 ][][ 11 ]] ==== RefStackMv[[ 00 ][][ 11 ]] )) {{

RefStackMv[[ NumMvFound][][ 00 ]] == combinedMvs[[ 11 ][][ 00 ]]
RefStackMv[[ NumMvFound][][ 11 ]] == combinedMvs[[ 11 ][][ 11 ]]

}} elseelse {{
RefStackMv[[ NumMvFound][][ 00 ]] == combinedMvs[[ 00 ][][ 00 ]]
RefStackMv[[ NumMvFound][][ 11 ]] == combinedMvs[[ 00 ][][ 11 ]]

}}
WeightStack[[ NumMvFound]] == 22
NumMvFound++++

}} elseelse {{
forfor (( idx == 00;; idx << 22;; idx ++++ )) {{

RefStackMv[[ NumMvFound][][ 00 ]] == combinedMvs[[ idx ][][ 00 ]]
RefStackMv[[ NumMvFound][][ 11 ]] == combinedMvs[[ idx ][][ 11 ]]
WeightStack[[ NumMvFound]] == 22
NumMvFound++++

}}
}}

&A�DN JHKJPI?�DN�@LP<G�OJ�
	�OC@�><I?D?<O@N�C<Q@�<GM@<?T�=@@I�<??@?�OJ�/@A0O<>F*Q	�<I?�OCDN�KMJ>@NN�NDHKGT�@SO@I?N

RDOC�BGJ=<G�HJODJI�><I?D?<O@N�<N�AJGGJRN�

forfor (( idx == NumMvFound;; idx << 22;; idx ++++ )) {{
RefStackMv[[ idx ][][ 00 ]] == GlobalMvs[[ 00 ]]

}}

Note: #JM�NDIBG@�KM@?D>ODJI	�+PH*Q#JPI?�DN�IJO�DI>M@H@IO@?�=T�OC@�<??DODJI�JA�BGJ=<G�HJODJI�><I?D?<O@N	�RC@M@<N

AJM�>JHKJPI?�KM@?D>ODJI�+PH*Q#JPI?�RDGG�<GR<TN�=@�BM@<O@M�JM�@LP<G�OJ���=T�OCDN�KJDIO�
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ifif (( isCompound)) {{
forfor (( candList == 00;; candList << 22;; candList ++++ )) {{

candRef == RefFrames[[ mvRow][][ mvCol ][][ candList ]]
ifif (( candRef >> INTRA_FRAME)) {{

forfor (( list == 00;; list << 22;; list ++++ )) {{
candMv== Mvs[[ mvRow][][ mvCol ][][ candList ]]
ifif (( candRef ==== RefFrame[[ list ]] &&&& RefIdCount[[ list ]] << 22 )) {{

RefIdMvs[[ list ][][ RefIdCount[[ list ]] ]] == candMv
RefIdCount[[ list ]] ++++

}} elseelse ifif (( RefDiffCount [[ list ]] << 22 )) {{
ifif (( RefFrameSignBias[[ candRef ]] !=!= RefFrameSignBias[[ RefFrame[[ list ]] ]] )) {{

candMv[[ 00 ]] *=*= -- 11
candMv[[ 11 ]] *=*= -- 11

}}
RefDiffMvs[[ list ][][ RefDiffCount [[ list ]] ]] == candMv
RefDiffCount [[ list ]] ++++

}}
}}

}}
}}

}} elseelse {{
forfor (( candList == 00;; candList << 22;; candList ++++ )) {{

candRef == RefFrames[[ mvRow][][ mvCol ][][ candList ]]
ifif (( candRef >> INTRA_FRAME)) {{

candMv== Mvs[[ mvRow][][ mvCol ][][ candList ]]
ifif (( RefFrameSignBias[[ candRef ]] !=!= RefFrameSignBias[[ RefFrame[[ 00 ]] ]] )) {{

candMv[[ 00 ]] *=*= -- 11
candMv[[ 11 ]] *=*= -- 11

}}
forfor (( idx == 00;; idx << NumMvFound;; idx ++++ )) {{

ifif (( candMv==== RefStackMv[[ idx ][][ 00 ]] ))
breakbreak

}}
ifif (( idx ==== NumMvFound)) {{

RefStackMv[[ idx ][][ 00 ]] == candMv
WeightStack[[ idx ]] == 22
NumMvFound++++

}}
}}

}}
}}
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forfor (( idx == 00;; idx << NumMvFound;; idx ++++ )) {{
z == 00
ifif (( idx ++ 11 << NumMvFound)) {{

w0 == WeightStack[[ idx ]]
w1 == WeightStack[[ idx ++ 11 ]]
ifif (( w0 >=>= REF_CAT_LEVEL)) {{

ifif (( w1 << REF_CAT_LEVEL)) {{
z == 11

}}
}} elseelse {{

z == 22
}}

}}
DrlCtxStack [[ idx ]] == z

}}

1C@�HJODJI�Q@>OJMN�<M@�>G<HK@?�<N�AJGGJRN�

forfor (( list == 00;; list << numLists;; list ++++ )) {{
forfor (( idx == 00;; idx << NumMvFound;; idx ++++ )) {{

refMv == RefStackMv[[ idx ][][ list ]]
refMv[[ 00 ]] == clamp_mv_row(( refMv[[ 00 ],], MV_BORDER++ bh ** 88))
refMv[[ 11 ]] == clamp_mv_col(( refMv[[ 11 ],], MV_BORDER++ bw ** 88))
RefStackMv[[ idx ][][ list ]] == refMv

}}
}}
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ifif (( CloseMatches ==== 00 )) {{
NewMvContext== Min(( TotalMatches,, 11 )) // 0,1
RefMvContext == TotalMatches

}} elseelse ifif (( CloseMatches ==== 11 )) {{
NewMvContext== 33 -- Min(( numNew,, 11 )) // 2,3
RefMvContext == 22 ++ TotalMatches

}} elseelse {{
NewMvContext== 55 -- Min(( numNew,, 11 )) // 4,5
RefMvContext == 55

}}
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has_overlappable_candidates (( )) {{
ifif (( AvailU )) {{

w4 == Num_4x4_Blocks_Wide[[ MiSize ]]
forfor (( x4 == MiCol;; x4 << Min(( MiCols,, MiCol ++ w4 );); x4 +=+= 22 )) {{

ifif (( RefFrames[[ MiRow-- 11 ][][ x4 || 11 ][][ 00 ]] >> INTRA_FRAME))
returnreturn 11

}}
}}
ifif (( AvailL )) {{

h4 == Num_4x4_Blocks_High[[ MiSize ]]
forfor (( y4 == MiRow;; y4 << Min(( MiRows,, MiRow++ h4 );); y4 +=+= 22 )) {{

ifif (( RefFrames[[ y4 || 11 ][][ MiCol -- 11 ][][ 00 ]] >> INTRA_FRAME))
returnreturn 11

}}
}}
returnreturn 00

}}
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doTopLeft == 11
doTopRight == 11
ifif (( AvailU )) {{

srcSize == MiSizes[[ MiRow-- 11 ][][ MiCol ]]
srcW == Num_4x4_Blocks_Wide[[ srcSize ]]
ifif (( w4 <=<= srcW )) {{

colOffset == -- (( MiCol && (( srcW -- 11))))
ifif (( colOffset << 00 ))

doTopLeft == 00
ifif (( colOffset ++ srcW >> w4 ))

doTopRight == 00
add_sample(( -- 11,, 00 ))

}} elseelse {{
forfor (( i == 00;; i << Min(( w4,, MiCols -- MiCol );); i +=+= miStep )) {{

srcSize == MiSizes[[ MiRow-- 11 ][][ MiCol ++ i ]]
srcW == Num_4x4_Blocks_Wide[[ srcSize ]]
miStep == Min(( w4,, srcW))
add_sample(( -- 11,, i ))

}}
}}

}}
ifif (( AvailL )) {{

srcSize == MiSizes[[ MiRow][][ MiCol -- 11 ]]
srcH == Num_4x4_Blocks_High[[ srcSize ]]
ifif (( h4 <=<= srcH )) {{

rowOffset == -- (( MiRow&& (( srcH -- 11))))
ifif (( rowOffset << 00 ))

doTopLeft == 00
add_sample(( 00,, -- 11 ))

}} elseelse {{
forfor (( i == 00;; i << Min(( h4,, MiRows-- MiRow);); i +=+= miStep )) {{

srcSize == MiSizes[[ MiRow++ i ][][ MiCol -- 11 ]]
srcH == Num_4x4_Blocks_High[[ srcSize ]]
miStep == Min(( h4,, srcH))
add_sample(( i ,, -- 11 ))

}}
}}

}}
ifif (( doTopLeft )) {{

add_sample(( -- 11,, -- 11 ))
}}
ifif (( doTopRight )) {{

ifif (( Max(( w4,, h4 )) <=<= 1616 )) {{
add_sample(( -- 11,, w4 ))

}}
}}
ifif (( NumSamples==== 00 &&&& NumSamplesScanned>> 00 ))

NumSamples== 11
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cand[[ 00 ]] == midY ** 88
cand[[ 11 ]] == midX ** 88
cand[[ 22 ]] == midY ** 88 ++ Mvs[[ candRow][][ candCol ][][ 00 ][][ 00 ]]
cand[[ 33 ]] == midX ** 88 ++ Mvs[[ candRow][][ candCol ][][ 00 ][][ 11 ]]
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�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�#�

c 1C@�Q<MD<=G@�H<S�<N@5�DN�N@O�@LP<G�OJ��R���C�
�������PKN<HKG@�=JQ@�

c &A�=<N@�DN�G@NN�OC<I�H<S�<N@5	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?����=JQ@/JR8�=<N@�9��������
�NCDAO����

�=JQ@/JR8�=<N@�����9���NCDAO	�����

c ,OC@MRDN@��=<N@�DN�BM@<O@M�OC<I�JM�@LP<G�OJ�H<S�<N@5�	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ��=JQ@/JR8

H<S�<N@5�9�

�� ,OC@MRDN@	�DA�K�IBG@�DN�BM@<O@M�OC<I��
�<I?�K�IBG@�DN�G@NN�OC<I���
	�OC@�AJGGJRDIB�NO@KN�<KKGT�AJM�D���
��C
�	�AJM�E��


��R
��

c 1C@�Q<MD<=G@�D?S�DN�N@O�@LP<G�OJ���E��������
���D���������?S�
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c 1C@�Q<MD<=G@�=<N@�DN�N@O�@LP<G�OJ�D?S��������
�PKN<HKG@�=JQ@���

c &A�=<N@�DN�BM@<O@M�OC<I�JM�@LP<G�OJ�
������PKN<HKG@�=JQ@�	�OC@�AJGGJRDIB�NO@KN�<KKGT�

b 1C@�Q<MD<=G@�NCDAO�DN�N@O�@LP<G�OJ�����D?S����PKN<HKG@�=JQ@������������
S�#�

b KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?����=JQ@/JR8�=<N@�9��������
�NCDAO������=JQ@/JR8�=<N@�����9��

NCDAO	�����

c ,OC@MRDN@��=<N@�DN�G@NN�OC<I�
������PKN<HKG@�=JQ@�	�OC@�AJGGJRDIB�NO@KN�<KKGT�

b 1C@�Q<MD<=G@�D?S�DN�N@O�@LP<G�OJ���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�OJ�����D?S����PKN<HKG@)@AO������������
S�#�

b KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���)@AO JG8�=<N@�9��������
�NCDAO�����)@AO JG8�=<N@�����9���NCDAO	��

��

�� ,OC@MRDN@	�DA�K�IBG@�DN�BM@<O@M�OC<I���
	�OC@�AJGGJRDIB�NO@KN�<KKGT�AJM�D���
��C
�	�AJM�E���
��R
��

c 1C@�Q<MD<=G@�D?S�DN�N@O�@LP<G�OJ���E���������?T�

c 1C@�Q<MD<=G@�=<N@�DN�N@O�@LP<G�OJ���D?S��������
�PKN<HKG@)@AO���������D����PKN<HKG@)@AO���

c 1C@�Q<MD<=G@�NCDAO�DN�N@O�@LP<G�OJ�����D?S����PKN<HKG@)@AO������������
S�#�

c KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���)@AO JG8�=<N@�9��������
�NCDAO�����)@AO JG8�=<N@�����9���NCDAO	�����

�
� ,OC@MRDN@	�DA�K�IBG@�DN�@LP<G�OJ��
	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ��=JQ@/JR8�E�9�RDOC�E���
��R
��<I?�D���
��C
���@<>C

MJR�JA�OC@�=GJ>F�DN�ADGG@?�RDOC�<�>JKT�JA��=JQ@/JR��

��� ,OC@MRDN@	�DA�K�IBG@�DN�@LP<G�OJ���
	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�)@AO JG8�D�9�RDOC�E���
��R
��<I?�D���
��C
���@<>C

>JGPHI�JA�OC@�=GJ>F�DN�ADGG@?�RDOC�<�>JKT�JA�)@AO JG��

1C@�JPOKPO�JA�OC@�KMJ>@NN�DN�OC@�<MM<T�KM@?�

��������� ! �DIOM<�KM@?D>ODJI�KMJ>@NN
1C@�DIKPON�OJ�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�OJ�OC@�G@AO�JA�OCDN�OM<INAJMH�=GJ>F	

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<INAJMH�=GJ>F	

X <�Q<MD<=G@�GJB�4�NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�RD?OC�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X <�Q<MD<=G@�GJB�%�NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	
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X <�Q<MD<=G@�R�NK@>DATDIB�OC@�RD?OC�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X <�Q<MD<=G@�C�NK@>DATDIB�OC@�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�<��!�<MM<T�I<H@?�KM@?�>JIO<DIDIB�OC@�DIOM<�KM@?D>O@?�N<HKG@N�

1C@�KMJ>@NN�<Q@M<B@N�OC@�<Q<DG<=G@�@?B@�N<HKG@N�DI�)@AO JG�<I?��=JQ@/JR�OJ�B@I@M<O@�OC@�KM@?D>ODJI�<N�AJGGJRN�

X &A�C<Q@)@AO�DN�@LP<G�OJ���<I?�C<Q@�=JQ@�DN�@LP<G�OJ��	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�<QB�RDOC�D���
��C
��<I?�E���
��R
��

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@?�<N�AJGGJRN�

sum== 00
forfor (( k == 00;; k << h;; k++++ ))

sum+=+= LeftCol [[ k ]]
forfor (( k == 00;; k << w;; k++++ ))

sum+=+= AboveRow[[ k ]]

sum+=+= (( w ++ h )) >>>> 11
avg == sum// (( w ++ h ))

X ,OC@MRDN@�DA�C<Q@)@AO�DN�@LP<G�OJ���<I?�C<Q@�=JQ@�DN�@LP<G�OJ�
	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�G@AO�QB�RDOC�D���
��C
�

<I?�E���
��R
���1C@�Q<MD<=G@�G@AO�QB�DN�NK@>DAD@?�<N�AJGGJRN�

sum== 00
forfor (( k == 00;; k << h;; k++++ )) {{

sum+=+= LeftCol [[ k ]]
}}
leftAvg == Clip1 (( (( sum++ (( h >>>> 11 )) )) >>>> log2H ))

X ,OC@MRDN@�DA�C<Q@)@AO�DN�@LP<G�OJ�
�<I?�C<Q@�=JQ@�DN�@LP<G�OJ��	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�<=JQ@�QB�RDOC�D��


��C
��<I?�E���
��R
���1C@�Q<MD<=G@�<=JQ@�QB�DN�NK@>DAD@?�<N�AJGGJRN�

sum== 00
forfor (( k == 00;; k << w;; k++++ )) {{

sum+=+= AboveRow[[ k ]]
}}
aboveAvg== Clip1 (( (( sum++ (( w >>>> 11 )) )) >>>> log2W ))

X ,OC@MRDN@��C<Q@)@AO�DN�@LP<G�OJ�
�<I?�C<Q@�=JQ@�DN�@LP<G�OJ�
�	�KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ���������DO!@KOC�
����

RDOC�D���
��C
��<I?�E���
��R
��

Note: 1C@�M@A@M@I>@�>J?@�NCJRN�CJR�OC@�?DQDNDJI�=T��R�C��><I�=@�DHKG@H@IO@?�RDOC�HPGODKGD><ODJI�<I?�NCDAO

JK@M<ODJIN�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 249 of 669



1C@�JPOKPO�JA�OC@�KMJ>@NN�DN�OC@�<MM<T�KM@?�

��������� 0HJJOC�DIOM<�KM@?D>ODJI�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�HJ?@�NK@>DATDIB�OC@�OTK@�JA�DIOM<�KM@?D>ODJI�OJ�<KKGT	

X <�Q<MD<=G@�GJB�4�NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�RD?OC�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X <�Q<MD<=G@�GJB�%�NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X <�Q<MD<=G@�R�NK@>DATDIB�OC@�RD?OC�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X <�Q<MD<=G@�C�NK@>DATDIB�OC@�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�<��!�<MM<T�I<H@?�KM@?�>JIO<DIDIB�OC@�DIOM<�KM@?D>O@?�N<HKG@N�

1C@�KMJ>@NN�PN@N�GDI@<M�DIO@MKJG<ODJI�OJ�B@I@M<O@�ADGO@M@?�N<HKG@N�AMJH�OC@�N<HKG@N�DI�)@AO JG�<I?��=JQ@/JR�<N�AJGGJRN�

X &A�HJ?@�DN�@LP<G�OJ�0*,,1%;-/"!	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�AJM�D���
��C
�	�AJM�E���
��R
��

�� 1C@�<MM<T�NH4@DBCON5�DN�N@O�?@K@I?@IO�JI�OC@�Q<GP@�JA�GJB�4�<>>JM?DIB�OJ�OC@�AJGGJRDIB�O<=G@�

log2W smWeightsX

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

�� 1C@�<MM<T�NH4@DBCON6�DN�N@O�?@K@I?@IO�JI�OC@�Q<GP@�JA�GJB�%�<>>JM?DIB�OJ�OC@�AJGGJRDIB�O<=G@�

log2H smWeightsY

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

�� 1C@�Q<MD<=G@�NHJJOC-M@?�DN�N@O�<N�AJGGJRN�
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smoothPred== smWeightsY[[ i ]] ** AboveRow[[ j ]] ++
(( 256256 -- smWeightsY[[ i ]] )) ** LeftCol [[ h -- 11 ]] ++

smWeightsX[[ j ]] ** LeftCol [[ i ]] ++
(( 256256 -- smWeightsX[[ j ]] )) ** AboveRow[[ w -- 11 ]]

�� KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���NHJJOC-M@?	�����

X ,OC@MRDN@�DA�HJ?@�DN�@LP<G�OJ�0*,,1%;3;-/"!	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�AJM�D���
��C
�	�AJM�E���
��R
��

�� 1C@�<MM<T�NH4@DBCON�DN�N@O�?@K@I?@IO�JI�OC@�Q<GP@�JA�GJB�%�<>>JM?DIB�OJ�OC@�AJGGJRDIB�O<=G@�

log2H smWeights

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

�� 1C@�Q<MD<=G@�NHJJOC-M@?�DN�N@O�<N�AJGGJRN�

smoothPred== smWeights[[ i ]] ** AboveRow[[ j ]] ++
(( 256256 -- smWeights[[ i ]] )) ** LeftCol [[ h -- 11 ]]

�� KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���NHJJOC-M@?	�����

X ,OC@MRDN@��HJ?@�DN�@LP<G�OJ�0*,,1%;%;-/"!�	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�AJM�D���
��C
�	�AJM�E���
��R
��

�� 1C@�<MM<T�NH4@DBCON�DN�N@O�?@K@I?@IO�JI�OC@�Q<GP@�JA�GJB�4�<>>JM?DIB�OJ�OC@�AJGGJRDIB�O<=G@�

log2W smWeights

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;�S�

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

� 0H;4@DBCON;1S;��S��

�� 1C@�Q<MD<=G@�NHJJOC-M@?�DN�N@O�<N�AJGGJRN�
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smoothPred== smWeights[[ j ]] ** LeftCol [[ i ]] ++
(( 256256 -- smWeights[[ j ]] )) ** AboveRow[[ w -- 11 ]]

�� KM@?8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���NHJJOC-M@?	�����

1C@�JPOKPO�JA�OC@�KMJ>@NN�DN�OC@�<MM<T�KM@?�

��������� #DGO@M�>JMI@M�KMJ>@NN
1CDN�KMJ>@NN�PN@N�<�OCM@@�O<K�ADGO@M�OJ�>JHKPO@�OC@�Q<GP@�OJ�=@�PN@?�AJM�OC@�OJK
G@AO�>JMI@M�

1C@�Q<MD<=G@�N�DN�N@O�@LP<G�OJ�)@AO JG8�
�9��������=JQ@/JR8�
��9��������=JQ@/JR8�
�9�����

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�/JPI?��N	����

��������� &IOM<�ADGO@M�OTK@�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�Q<MD<=G@�KG<I@�NK@>DATDIB�OC@�>JGJM�KG<I@�=@DIB�KMJ>@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�<=JQ@�JM�OJ�OC@�G@AO�PN@N�<�NHJJOC

KM@?D>ODJI�HJ?@�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�
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get_filter_type (( plane )) {{
aboveSmooth== 00
leftSmooth == 00
ifif (( (( plane ==== 00 )) ?? AvailU :: AvailUChroma)) {{

r == MiRow-- 11
c == MiCol
ifif (( plane >> 00 )) {{

ifif (( subsampling_x &&&& !! (( MiCol && 11 )) ))
c++++

ifif (( subsampling_y &&&& (( MiRow&& 11 )) ))
r ----

}}
aboveSmooth== is_smooth(( r ,, c,, plane ))

}}
ifif (( (( plane ==== 00 )) ?? AvailL :: AvailLChroma )) {{

r == MiRow
c == MiCol -- 11
ifif (( plane >> 00 )) {{

ifif (( subsampling_x &&&& (( MiCol && 11 )) ))
c----

ifif (( subsampling_y &&&& !! (( MiRow&& 11 )) ))
r ++++

}}
leftSmooth == is_smooth(( r ,, c,, plane ))

}}
returnreturn aboveSmooth|||| leftSmooth

}}

RC@M@�OC@�API>ODJI�DN;NHJJOC�DI?D><O@N�DA�<�KM@?D>ODJI�HJ?@�DN�JI@�JA�OC@�NHJJOC�DIOM<�HJ?@N�<I?�DN�NK@>DAD@?�<N�

is_smooth(( row,, col ,, plane )) {{
ifif (( plane ==== 00 )) {{

mode== YModes[[ row ][][ col ]]
}} elseelse {{

ifif (( RefFrames[[ row ][][ col ][][ 00 ]] >> INTRA_FRAME))
returnreturn 00

mode== UVModes[[ row ][][ col ]]
}}
returnreturn (( mode==== SMOOTH_PRED|||| mode==== SMOOTH_V_PRED|||| mode==== SMOOTH_H_PRED))

}}

��������� &IOM<�@?B@�ADGO@M�NOM@IBOC�N@G@>ODJI�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�R�>JIO<DIDIB�OC@�RD?OC�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���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�<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<G�OJ�R���C�

1C@�JPOKPO�Q<MD<=G@�NOM@IBOC�DN�NK@>DAD@?�<N�AJGGJRN�

strength == 00
ifif (( filterType ==== 00 )) {{

ifif (( blkWh <=<= 88 )) {{
ifif (( d >=>= 5656 )) strength == 11

}} elseelse ifif (( blkWh <=<= 1212 )) {{
ifif (( d >=>= 4040 )) strength == 11

}} elseelse ifif (( blkWh <=<= 1616 )) {{
ifif (( d >=>= 4040 )) strength == 11

}} elseelse ifif (( blkWh <=<= 2424 )) {{
ifif (( d >=>= 88 )) strength == 11
ifif (( d >=>= 1616 )) strength == 22
ifif (( d >=>= 3232 )) strength == 33

}} elseelse ifif (( blkWh <=<= 3232 )) {{
strength == 11
ifif (( d >=>= 44 )) strength == 22
ifif (( d >=>= 3232 )) strength == 33

}} elseelse {{
strength == 33

}}
}} elseelse {{

ifif (( blkWh <=<= 88 )) {{
ifif (( d >=>= 4040 )) strength == 11
ifif (( d >=>= 6464 )) strength == 22

}} elseelse ifif (( blkWh <=<= 1616 )) {{
ifif (( d >=>= 2020 )) strength == 11
ifif (( d >=>= 4848 )) strength == 22

}} elseelse ifif (( blkWh <=<= 2424 )) {{
ifif (( d >=>= 44 )) strength == 33

}} elseelse {{
strength == 33

}}
}}

��������
� &IOM<�@?B@�PKN<HKG@�N@G@>ODJI�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�R�>JIO<DIDIB�OC@�RD?OC�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<INAJMH�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<G�OJ�R���C�

1C@�JPOKPO�Q<MD<=G@�PN@2KN<HKG@�DN�NK@>DAD@?�<N�AJGGJRN�

ifif (( d <=<= 00 |||| d >=>= 4040 )) {{
useUpsample== 00

}} elseelse ifif (( filterType ==== 00 )) {{
useUpsample== (( blkWh <=<= 1616))

}} elseelse {{
useUpsample== (( blkWh <=<= 88))

}}

���������� &IOM<�@?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�OJ�ADGO@M	

X <�Q<MD<=G@�?DM�>JIO<DIDIB�
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Note: =PA�DN�<�M@A@M@I>@�OJ�@DOC@M��=JQ@/JR�JM�)@AO JG��]M@A@M@I>@^�DI?D><O@N�OC<O�HJ?DATDIB�Q<GP@N�DI�=PA�HJ?DAD@N

Q<GP@N�DI�OC@�JMDBDI<G�<MM<T�
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dup[[ 00 ]] == buf [[ -- 11 ]]
forfor (( i == -- 11;; i << numPx;; i ++++ )) {{

dup[[ i ++ 22 ]] == buf [[ i ]]
}}
dup[[ numPx++ 22 ]] == buf [[ numPx-- 11 ]]

1C@�PKN<HKGDIB�KMJ>@NN��HJ?DATDIB�Q<GP@N�DI�=PA��DN�NK@>DAD@?�<N�AJGGJRN�

buf [[ -- 22]] == dup[[ 00]]
forfor (( i == 00;; i << numPx;; i ++++ )) {{

s == -- dup[[ i ]] ++ (( 99 ** dup[[ i ++ 11])]) ++ (( 99 ** dup[[ i ++ 22])]) -- dup[[ i ++ 33]]
s == Clip1 (( Round2(( s,, 44)) ))
buf [[ 22 ** i -- 11 ]] == s
buf [[ 22 ** i ]] == dup[[ i ++ 22]]

}}

���������� &IOM<�@?B@�ADGO@M�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�
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��
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�� &A�G@AO�DN�@LP<G�OJ�
	��=JQ@/JR8�D�
���9�DN�N@O�@LP<G�OJ���N������������

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 256 of 669



1C@�<MM<T�&IOM<;"?B@;(@MI@G�DN�NK@>DAD@?�<N�AJGGJRN�

Intra_Edge_Kernel [[ INTRA_EDGE_KERNELS][][ INTRA_EDGE_TAPS]] == {{
{{ 00,, 44,, 88,, 44,, 00 },},
{{ 00,, 55,, 66,, 55,, 00 },},
{{ 22,, 44,, 44,, 44,, 22 }}

}}

������� &IO@M�KM@?D>ODJI�KMJ>@NN
��������� $@I@M<G
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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@�9�<MM<T�JA�OC@�M@BDJI�OJ�=@

KM@?D>O@?	

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?	

X Q<MD<=G@N�><I?/JR�<I?�><I? JG�NK@>DATDIB�OC@�GJ><ODJI��DI�PIDON�JA��S��=GJ>FN��JA�OC@�HJODJI�Q@>OJM�DIAJMH<ODJI
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1CDN�KMJ>@NN�DN�OMDBB@M@?�=T�<�API>ODJI�><GG�OJ�KM@?D>O;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@?D>ODJI�<MM<TN�<M@�AJMH@?�=T�OC@�AJGGJRDIB�JM?@M@?�NO@KN�

�� 1C@�MJPI?DIB�Q<MD<=G@N�?@MDQ<ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�RDOC�OC@�Q<MD<=G@�DN JHKJPI?

<N�DIKPO�

�� &A�KG<I@�DN�@LP<G�OJ�
�<I?�HJODJI;HJ?@�DN�@LP<G�OJ�), �)4�/-	�OC@�R<MK�@NODH<ODJI�KMJ>@NN�DIN@>ODJI

�������� DN�DIQJF@?�

�� &A�KG<I@�DN�@LP<G�OJ�
�<I?�HJODJI;HJ?@�DN�@LP<G�OJ�), �)4�/-�<I?�)J><G3<GD?�DN�@LP<G�OJ��	�OC@�N@OPK�NC@<M

KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�RDOC�)J><G4<MK-<M<HN�<N�DIKPO	�<I?�OC@�JPOKPO�R<MK3<GD?�DN

<NNDBI@?�OJ�)J><G3<GD?��OC@�JOC@M�JPOKPON�<M@�?DN><M?@?��

�� 1C@�Q<MD<=G@�M@A)DNO�DN�N@O�@LP<G�OJ�
�

�� 1C@�Q<MD<=G@�M@A#M<H@�DN�N@O�@LP<G�OJ�/@A#M<H@N8�><I?/JR�98�><I? JG�98�M@A)DNO�9�
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�� &A��6*J?@����$),��)*3�VV�6*J?@����$),��);$),��)*3��<I?�$H1TK@8�M@A#M<H@�9���1/�+0)�1&,+	�OC@
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�� 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�?@MDQ@?�<N�AJGGJRN�

c &A�R�����JM�C����	�PN@4<MK�DN�N@O�@LP<G�OJ�
�

c ,OC@MRDN@	�DA�AJM>@;DIO@B@M;HQ�DN�@LP<G�OJ��	�PN@4<MK�DN�N@O�@LP<G�OJ�
�

c ,OC@MRDN@	�DA�HJODJI;HJ?@�DN�@LP<G�OJ�), �)4�/-�<I?�)J><G3<GD?�DN�@LP<G�OJ��	�PN@4<MK�DN�N@O�@LP<G

OJ���

c ,OC@MRDN@	�DA�<GG�JA�OC@�AJGGJRDIB�<M@�OMP@	�PN@4<MK�DN�N@O�@LP<G�OJ���

b �6*J?@����$),��)*3�VV�6*J?@����$),��);$),��)*3��

b $H1TK@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�OJ���

c ,OC@MRDN@	�PN@4<MK�DN�N@O�@LP<G�OJ�
�

�� 1C@�HJODJI�Q@>OJM�<MM<T�HQ�DN�N@O�@LP<G�OJ�*QN8�><I?/JR�98�><I? JG�98�M@A)DNO�9�

�� 1C@�Q<MD<=G@�M@A&?S�NK@>DATDIB�RCD>C�M@A@M@I>@�AM<H@�DN�=@DIB�PN@?�DN�N@O�<N�AJGGJRN�

c &A�PN@;DIOM<=>�DN�@LP<G�OJ�
	�M@A&?S�DN�N@O�@LP<G�OJ�M@A;AM<H@;D?S8�M@A#M<H@�
�)�01;#/�*"�9�

c ,OC@MRDN@��PN@;DIOM<=>�DN�@LP<G�OJ���	�M@A&?S�DN�N@O�@LP<G�OJ�
��<I?�/@A#M<H@4D?OC8�
��9�DN�N@O�@LP<G�OJ

#M<H@4D?OC	�/@A#M<H@%@DBCO8�
��9�DN�N@O�@LP<G�OJ�#M<H@%@DBCO	�<I?�/@A2KN><G@?4D?OC8�
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�
� 1C@�HJODJI�Q@>OJM�N><GDIB�KMJ>@NN�DIN@>ODJI��������� DN�DIQJF@?�RDOC�KG<I@	�M@A&?S	�S	�T	�HQ�<N�DIKPON�<I?�OC@
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��� &A�PN@4<MK�DN�IJO�@LP<G�OJ�
	�OC@�=GJ>F�R<MK�KMJ>@NN�DIN@>ODJI��������� DN�DIQJF@?�RDOC�PN@4<MK	�KG<I@	�M@A)DNO	
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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���OJ����<M@�M@K@<O@?�OJ�AJMH�OC@
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X &IO@M-JNO/JPI?��M@KM@N@IODIB�OC@�<HJPIO�OJ�MJPI?�=T�<O�OC@�@I?�JA�OC@�KM@?D>ODJI�KMJ>@NN��DN�N@O�@LP<G�OJ����
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��������� *JODJI�Q@>OJM�N><GDIB�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�
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interpFilter == InterpFilters [[ candRow][][ candCol ][][ 11 ]]
ifif (( w <=<= 44 )) {{

ifif (( interpFilter ==== EIGHTTAP|||| interpFilter ==== EIGHTTAP_SHARP)) {{
interpFilter == 44

}} elseelse ifif (( interpFilter ==== EIGHTTAP_SMOOTH)) {{
interpFilter == 55

}}
}}
forfor (( r == 00;; r << intermediateHeight ;; r ++++ )) {{

forfor (( c == 00;; c << w;; c++++ )) {{
s == 00
p == x ++ xStep ** c
forfor (( t == 00;; t << 88;; t ++++ ))

s +=+= Subpel_Filters [[ interpFilter ][][ (( p >>>> 66)) && SUBPEL_MASK][][ t ]] **
ref [[ plane ]] [[ Clip3 (( 00,, lastY ,, (( y >>>> 1010)) ++ r -- 33 )) ]]

[[ Clip3 (( 00,, lastX ,, (( p >>>> 1010)) ++ t -- 33 )) ]]
intermediate [[ r ][][ c ]] == Round2(( s,, InterRound0))

}}
}}

X 1C@�<MM<T�KM@?�DN�NK@>DAD@?�<N�AJGGJRN�

interpFilter == InterpFilters [[ candRow][][ candCol ][][ 00 ]]
ifif (( h <=<= 44 )) {{

ifif (( interpFilter ==== EIGHTTAP|||| interpFilter ==== EIGHTTAP_SHARP)) {{
interpFilter == 44

}} elseelse ifif (( interpFilter ==== EIGHTTAP_SMOOTH)) {{
interpFilter == 55

}}
}}
forfor (( r == 00;; r << h;; r ++++ )) {{

forfor (( c == 00;; c << w;; c++++ )) {{
s == 00
p == (( y && 10231023)) ++ yStep ** r
forfor (( t == 00;; t << 88;; t ++++ ))

s +=+= Subpel_Filters [[ interpFilter ][][ (( p >>>> 66)) && SUBPEL_MASK][][ t ]] **
intermediate [[ (( p >>>> 1010)) ++ t ][][ c ]]

pred[[ r ][][ c ]] == Round2(( s,, InterRound1))
}}

}}

RC@M@�OC@�>JINO<IO�<MM<T�0P=K@G;#DGO@MN�DN�NK@>DAD@?�<N�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 263 of 669



Subpel_Filters [[ 66 ][][ 1616 ][][ 88 ]] == {{
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ 00,, 22,, -- 66,, 126126,, 88,, -- 22,, 00,, 00 },},
{{ 00,, 22,, -- 1010,, 122122,, 1818,, -- 44,, 00,, 00 },},
{{ 00,, 22,, -- 1212,, 116116,, 2828,, -- 88,, 22,, 00 },},
{{ 00,, 22,, -- 1414,, 110110,, 3838,, -- 1010,, 22,, 00 },},
{{ 00,, 22,, -- 1414,, 102102,, 4848,, -- 1212,, 22,, 00 },},
{{ 00,, 22,, -- 1616,, 9494,, 5858,, -- 1212,, 22,, 00 },},
{{ 00,, 22,, -- 1414,, 8484,, 6666,, -- 1212,, 22,, 00 },},
{{ 00,, 22,, -- 1414,, 7676,, 7676,, -- 1414,, 22,, 00 },},
{{ 00,, 22,, -- 1212,, 6666,, 8484,, -- 1414,, 22,, 00 },},
{{ 00,, 22,, -- 1212,, 5858,, 9494,, -- 1616,, 22,, 00 },},
{{ 00,, 22,, -- 1212,, 4848,, 102102,, -- 1414,, 22,, 00 },},
{{ 00,, 22,, -- 1010,, 3838,, 110110,, -- 1414,, 22,, 00 },},
{{ 00,, 22,, -- 88,, 2828,, 116116,, -- 1212,, 22,, 00 },},
{{ 00,, 00,, -- 44,, 1818,, 122122,, -- 1010,, 22,, 00 },},
{{ 00,, 00,, -- 22,, 88,, 126126,, -- 66,, 22,, 00 }}

},},
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ 00,, 22,, 2828,, 6262,, 3434,, 22,, 00,, 00 },},
{{ 00,, 00,, 2626,, 6262,, 3636,, 44,, 00,, 00 },},
{{ 00,, 00,, 2222,, 6262,, 4040,, 44,, 00,, 00 },},
{{ 00,, 00,, 2020,, 6060,, 4242,, 66,, 00,, 00 },},
{{ 00,, 00,, 1818,, 5858,, 4444,, 88,, 00,, 00 },},
{{ 00,, 00,, 1616,, 5656,, 4646,, 1010,, 00,, 00 },},
{{ 00,, -- 22,, 1616,, 5454,, 4848,, 1212,, 00,, 00 },},
{{ 00,, -- 22,, 1414,, 5252,, 5252,, 1414,, -- 22,, 00 },},
{{ 00,, 00,, 1212,, 4848,, 5454,, 1616,, -- 22,, 00 },},
{{ 00,, 00,, 1010,, 4646,, 5656,, 1616,, 00,, 00 },},
{{ 00,, 00,, 88,, 4444,, 5858,, 1818,, 00,, 00 },},
{{ 00,, 00,, 66,, 4242,, 6060,, 2020,, 00,, 00 },},
{{ 00,, 00,, 44,, 4040,, 6262,, 2222,, 00,, 00 },},
{{ 00,, 00,, 44,, 3636,, 6262,, 2626,, 00,, 00 },},
{{ 00,, 00,, 22,, 3434,, 6262,, 2828,, 22,, 00 }}

},},
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ -- 22,, 22,, -- 66,, 126126,, 88,, -- 22,, 22,, 00 },},
{{ -- 22,, 66,, -- 1212,, 124124,, 1616,, -- 66,, 44,, -- 22 },},
{{ -- 22,, 88,, -- 1818,, 120120,, 2626,, -- 1010,, 66,, -- 22 },},
{{ -- 44,, 1010,, -- 2222,, 116116,, 3838,, -- 1414,, 66,, -- 22 },},
{{ -- 44,, 1010,, -- 2222,, 108108,, 4848,, -- 1818,, 88,, -- 22 },},
{{ -- 44,, 1010,, -- 2424,, 100100,, 6060,, -- 2020,, 88,, -- 22 },},
{{ -- 44,, 1010,, -- 2424,, 9090,, 7070,, -- 2222,, 1010,, -- 22 },},
{{ -- 44,, 1212,, -- 2424,, 8080,, 8080,, -- 2424,, 1212,, -- 44 },},
{{ -- 22,, 1010,, -- 2222,, 7070,, 9090,, -- 2424,, 1010,, -- 44 },},
{{ -- 22,, 88,, -- 2020,, 6060,, 100100,, -- 2424,, 1010,, -- 44 },},
{{ -- 22,, 88,, -- 1818,, 4848,, 108108,, -- 2222,, 1010,, -- 44 },},
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{{ -- 22,, 66,, -- 1414,, 3838,, 116116,, -- 2222,, 1010,, -- 44 },},
{{ -- 22,, 66,, -- 1010,, 2626,, 120120,, -- 1818,, 88,, -- 22 },},
{{ -- 22,, 44,, -- 66,, 1616,, 124124,, -- 1212,, 66,, -- 22 },},
{{ 00,, 22,, -- 22,, 88,, 126126,, -- 66,, 22,, -- 22 }}

},},
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 120120,, 88,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 112112,, 1616,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 104104,, 2424,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 9696,, 3232,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 8888,, 4040,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 8080,, 4848,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 7272,, 5656,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 6464,, 6464,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 5656,, 7272,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 4848,, 8080,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 4040,, 8888,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 3232,, 9696,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 2424,, 104104,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 1616,, 112112,, 00,, 00,, 00 },},
{{ 00,, 00,, 00,, 88,, 120120,, 00,, 00,, 00 }}

},},
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ 00,, 00,, -- 44,, 126126,, 88,, -- 22,, 00,, 00 },},
{{ 00,, 00,, -- 88,, 122122,, 1818,, -- 44,, 00,, 00 },},
{{ 00,, 00,, -- 1010,, 116116,, 2828,, -- 66,, 00,, 00 },},
{{ 00,, 00,, -- 1212,, 110110,, 3838,, -- 88,, 00,, 00 },},
{{ 00,, 00,, -- 1212,, 102102,, 4848,, -- 1010,, 00,, 00 },},
{{ 00,, 00,, -- 1414,, 9494,, 5858,, -- 1010,, 00,, 00 },},
{{ 00,, 00,, -- 1212,, 8484,, 6666,, -- 1010,, 00,, 00 },},
{{ 00,, 00,, -- 1212,, 7676,, 7676,, -- 1212,, 00,, 00 },},
{{ 00,, 00,, -- 1010,, 6666,, 8484,, -- 1212,, 00,, 00 },},
{{ 00,, 00,, -- 1010,, 5858,, 9494,, -- 1414,, 00,, 00 },},
{{ 00,, 00,, -- 1010,, 4848,, 102102,, -- 1212,, 00,, 00 },},
{{ 00,, 00,, -- 88,, 3838,, 110110,, -- 1212,, 00,, 00 },},
{{ 00,, 00,, -- 66,, 2828,, 116116,, -- 1010,, 00,, 00 },},
{{ 00,, 00,, -- 44,, 1818,, 122122,, -- 88,, 00,, 00 },},
{{ 00,, 00,, -- 22,, 88,, 126126,, -- 44,, 00,, 00 }}

},},
{{

{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },},
{{ 00,, 00,, 3030,, 6262,, 3434,, 22,, 00,, 00 },},
{{ 00,, 00,, 2626,, 6262,, 3636,, 44,, 00,, 00 },},
{{ 00,, 00,, 2222,, 6262,, 4040,, 44,, 00,, 00 },},
{{ 00,, 00,, 2020,, 6060,, 4242,, 66,, 00,, 00 },},
{{ 00,, 00,, 1818,, 5858,, 4444,, 88,, 00,, 00 },},
{{ 00,, 00,, 1616,, 5656,, 4646,, 1010,, 00,, 00 },},
{{ 00,, 00,, 1414,, 5454,, 4848,, 1212,, 00,, 00 },},
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{{ 00,, 00,, 1212,, 5252,, 5252,, 1212,, 00,, 00 },},
{{ 00,, 00,, 1212,, 4848,, 5454,, 1414,, 00,, 00 },},
{{ 00,, 00,, 1010,, 4646,, 5656,, 1616,, 00,, 00 },},
{{ 00,, 00,, 88,, 4444,, 5858,, 1818,, 00,, 00 },},
{{ 00,, 00,, 66,, 4242,, 6060,, 2020,, 00,, 00 },},
{{ 00,, 00,, 44,, 4040,, 6262,, 2222,, 00,, 00 },},
{{ 00,, 00,, 44,, 3636,, 6262,, 2626,, 00,, 00 },},
{{ 00,, 00,, 22,, 3434,, 6262,, 3030,, 00,, 00 }}

}}
}}
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JA�OC@�=GJ>F��3<MD<=G@N�D��<I?�E��BDQ@�OC@�GJ><ODJI�JA�OC@�N@>ODJI�OJ�PK?<O@�

��Q<MD<=G@�M@A&?S�NK@>DATDIB�RCD>C�M@A@M@I>@�AM<H@�DN�=@DIB�PN@?�DN�N@O�@LP<G�OJ�M@A;AM<H@;D?S8�/@A#M<H@8�M@A)DNO�9�


)�01;#/�*"�9�

��Q<MD<=G@�M@A�NK@>DATDIB�OC@�M@A@M@I>@�AM<H@�>JIO@ION�DN�N@O�@LP<G�OJ�#M<H@0OJM@8�M@A&?S�9�

1C@�Q<MD<=G@N�NP=5�<I?�NP=6�<M@�N@O�@LP<G�OJ�OC@�NP=N<HKGDIB�AJM�OC@�>PMM@IO�KG<I@�<N�AJGGJRN�

X &A�KG<I@�DN�@LP<G�OJ�
	�NP=5�DN�N@O�@LP<G�OJ�
�<I?�NP=6�DN�N@O�@LP<G�OJ�
�

X ,OC@MRDN@	�NP=5�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�<I?�NP=6�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;T�

Note: �GG�OC@�Q<GP@N�DI�0P=K@G;#DGO@MN�<M@�@Q@I��1C@�G<NO�ORJ�ADGO@M�OTK@N�<M@�PN@?�AJM�NH<GG�=GJ>FN�<I?�JIGT�C<Q@

AJPM�ADGO@M�O<KN��1C@�ADGO@M�<O�DI?@S���C<N�<�AJPM�O<K�Q@MNDJI�JA�OC@�"&$%11�-�ADGO@M��1C@�ADGO@M�<O�DI?@S���C<N�<�AJPM�O<K

Q@MNDJI�JA�OC@�"&$%1�-;0*,,1%�ADGO@M�
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1C@�Q<MD<=G@�G<NO5�DN�N@O�@LP<G�OJ����/@A2KN><G@?4D?OC8�M@A&?S�9���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?�G<NO6�NK@>DAT�OC@�>JJM?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<G�OJ��S���E��������������NP=5�

1C@�Q<MD<=G@�NM>6�DN�N@O�@LP<G�OJ��T���D��������������NP=6�

�NM>5�<I?�NM>6�NK@>DAT�<�GJ><ODJI�DI�OC@�GPH<�KG<I@�OC<O�RDGG�=@�KMJE@>O@?�PNDIB�OC@�R<MK�K<M<H@O@MN��

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�OJ�)J><G4<MK-<M<HN�

X ,OC@MRDN@��PN@4<MK�DN�@LP<G�OJ���	�R<MK-<M<HN�DN�N@O�@LP<G�OJ�BH;K<M<HN8�/@A#M<H@8�M@A)DNO�9�9�

1C@�Q<MD<=G@�?NO5�DN�N@O�@LP<G�OJ�R<MK-<M<HN8�9���NM>5���R<MK-<M<HN8�9���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<HN8�9���NM>6���R<MK-<M<HN8�9�

�?NO5�<I?�?NO6�NK@>DAT�OC@�?@NODI<ODJI�GJ><ODJI�DI�OC@�GPH<�KG<I@�PNDIB�4�/-"!*,!");-/" ;�&10�=DON�JA�KM@>DNDJI��

1C@�N@OPK�NC@<M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�RDOC�R<MK-<M<HN�<N�DIKPO	�<I?�OC@�JPOKPON�<M@�<NNDBI@?

OJ�R<MK3<GD?	�<GKC<	�=@O<	�B<HH<	�<I?�?@GO<���R<MK3<GD?�RDGG�<GR<TN�=@�@LP<G�OJ���<O�OCDN�KJDIO��

1C@�NP=
N<HKG@�DIO@MKJG<ODJI�DN�@AA@>O@?�QD<�ORJ�JI@
?DH@INDJI<G�>JIQJGPODJIN��#DMNO�<�CJMDUJIO<G�ADGO@M�DN�PN@?�OJ�=PDG?�PK

<I�DIO@MH@?D<O@�<MM<T	�<I?�OC@I�OCDN�<MM<T�DN�Q@MOD><GGT�ADGO@M@?�OJ�J=O<DI�OC@�ADI<G�KM@?D>ODJI�

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 && (((( 11 <<<< WARPEDMODEL_PREC_BITS)) -- 11))
iy4 == y4 >>>> WARPEDMODEL_PREC_BITS
sy4 == y4 && (((( 11 <<<< WARPEDMODEL_PREC_BITS)) -- 11))

forfor (( i1 == -- 77;; i1 << 88;; i1 ++++ )) {{
forfor (( i2 == -- 44;; i2 << 44;; i2 ++++ )) {{

sx == sx4 ++ alpha ** i2 ++ beta ** i1
offs == Round2(( sx,, WARPEDDIFF_PREC_BITS)) ++ WARPEDPIXEL_PREC_SHIFTS
s == 00
forfor (( i3 == 00;; i3 << 88;; i3 ++++ )) {{

s +=+= Warped_Filters [[ offs ][][ i3 ]] **
ref [[ plane ][][ Clip3 (( 00,, lastY ,, iy4 ++ i1 )) ]]

[[ Clip3 (( 00,, lastX ,, ix4 ++ i2 -- 33 ++ i3 )) ]]
}}
intermediate [([( i1 ++ 77)][()][( i2 ++ 44)])] == Round2(( s,, InterRound0))

}}
}}

X 1C@�<MM<T�KM@?�DN�NK@>DAD@?�<N�AJGGJRN�

forfor (( i1 == -- 44;; i1 << Min(( 44,, h -- i8 ** 88 -- 44);); i1 ++++ )) {{
forfor (( i2 == -- 44;; i2 << Min(( 44,, w -- j8 ** 88 -- 44);); i2 ++++ )) {{

sy == sy4 ++ gamma** i2 ++ delta ** i1
offs == Round2(( sy,, WARPEDDIFF_PREC_BITS)) ++ WARPEDPIXEL_PREC_SHIFTS
s == 00
forfor (( i3 == 00;; i3 << 88;; i3 ++++ )) {{

s +=+= Warped_Filters [[ offs ][][ i3 ]] **
intermediate [([( i1 ++ i3 ++ 44)][()][( i2 ++ 44)])]

}}
pred[[ i8 ** 88 ++ i1 ++ 44 ][][ j8 ** 88 ++ i2 ++ 44 ]] == Round2(( s,, InterRound1))

}}
}}

RC@M@�OC@�>JINO<IO�<MM<T�4<MK@?;#DGO@MN�DN�NK@>DAD@?�<N�
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Warped_Filters [[ WARPEDPIXEL_PREC_SHIFTS** 33 ++ 11][][ 88]] == {{
{{ 00,, 00,, 127127,, 11,, 00,, 00,, 00,, 00 },}, {{ 00,, -- 11,, 127127,, 22,, 00,, 00,, 00,, 00 },},
{{ 11,, -- 33,, 127127,, 44,, -- 11,, 00,, 00,, 00 },}, {{ 11,, -- 44,, 126126,, 66,, -- 22,, 11,, 00,, 00 },},
{{ 11,, -- 55,, 126126,, 88,, -- 33,, 11,, 00,, 00 },}, {{ 11,, -- 66,, 125125,, 1111,, -- 44,, 11,, 00,, 00 },},
{{ 11,, -- 77,, 124124,, 1313,, -- 44,, 11,, 00,, 00 },}, {{ 22,, -- 88,, 123123,, 1515,, -- 55,, 11,, 00,, 00 },},
{{ 22,, -- 99,, 122122,, 1818,, -- 66,, 11,, 00,, 00 },}, {{ 22,, -- 1010,, 121121,, 2020,, -- 66,, 11,, 00,, 00 },},
{{ 22,, -- 1111,, 120120,, 2222,, -- 77,, 22,, 00,, 00 },}, {{ 22,, -- 1212,, 119119,, 2525,, -- 88,, 22,, 00,, 00 },},
{{ 33,, -- 1313,, 117117,, 2727,, -- 88,, 22,, 00,, 00 },}, {{ 33,, -- 1313,, 116116,, 2929,, -- 99,, 22,, 00,, 00 },},
{{ 33,, -- 1414,, 114114,, 3232,, -- 1010,, 33,, 00,, 00 },}, {{ 33,, -- 1515,, 113113,, 3535,, -- 1010,, 22,, 00,, 00 },},
{{ 33,, -- 1515,, 111111,, 3737,, -- 1111,, 33,, 00,, 00 },}, {{ 33,, -- 1616,, 109109,, 4040,, -- 1111,, 33,, 00,, 00 },},
{{ 33,, -- 1616,, 108108,, 4242,, -- 1212,, 33,, 00,, 00 },}, {{ 44,, -- 1717,, 106106,, 4545,, -- 1313,, 33,, 00,, 00 },},
{{ 44,, -- 1717,, 104104,, 4747,, -- 1313,, 33,, 00,, 00 },}, {{ 44,, -- 1717,, 102102,, 5050,, -- 1414,, 33,, 00,, 00 },},
{{ 44,, -- 1717,, 100100,, 5252,, -- 1414,, 33,, 00,, 00 },}, {{ 44,, -- 1818,, 9898,, 5555,, -- 1515,, 44,, 00,, 00 },},
{{ 44,, -- 1818,, 9696,, 5858,, -- 1515,, 33,, 00,, 00 },}, {{ 44,, -- 1818,, 9494,, 6060,, -- 1616,, 44,, 00,, 00 },},
{{ 44,, -- 1818,, 9191,, 6363,, -- 1616,, 44,, 00,, 00 },}, {{ 44,, -- 1818,, 8989,, 6565,, -- 1616,, 44,, 00,, 00 },},
{{ 44,, -- 1818,, 8787,, 6868,, -- 1717,, 44,, 00,, 00 },}, {{ 44,, -- 1818,, 8585,, 7070,, -- 1717,, 44,, 00,, 00 },},
{{ 44,, -- 1818,, 8282,, 7373,, -- 1717,, 44,, 00,, 00 },}, {{ 44,, -- 1818,, 8080,, 7575,, -- 1717,, 44,, 00,, 00 },},
{{ 44,, -- 1818,, 7878,, 7878,, -- 1818,, 44,, 00,, 00 },}, {{ 44,, -- 1717,, 7575,, 8080,, -- 1818,, 44,, 00,, 00 },},
{{ 44,, -- 1717,, 7373,, 8282,, -- 1818,, 44,, 00,, 00 },}, {{ 44,, -- 1717,, 7070,, 8585,, -- 1818,, 44,, 00,, 00 },},
{{ 44,, -- 1717,, 6868,, 8787,, -- 1818,, 44,, 00,, 00 },}, {{ 44,, -- 1616,, 6565,, 8989,, -- 1818,, 44,, 00,, 00 },},
{{ 44,, -- 1616,, 6363,, 9191,, -- 1818,, 44,, 00,, 00 },}, {{ 44,, -- 1616,, 6060,, 9494,, -- 1818,, 44,, 00,, 00 },},
{{ 33,, -- 1515,, 5858,, 9696,, -- 1818,, 44,, 00,, 00 },}, {{ 44,, -- 1515,, 5555,, 9898,, -- 1818,, 44,, 00,, 00 },},
{{ 33,, -- 1414,, 5252,, 100100,, -- 1717,, 44,, 00,, 00 },}, {{ 33,, -- 1414,, 5050,, 102102,, -- 1717,, 44,, 00,, 00 },},
{{ 33,, -- 1313,, 4747,, 104104,, -- 1717,, 44,, 00,, 00 },}, {{ 33,, -- 1313,, 4545,, 106106,, -- 1717,, 44,, 00,, 00 },},
{{ 33,, -- 1212,, 4242,, 108108,, -- 1616,, 33,, 00,, 00 },}, {{ 33,, -- 1111,, 4040,, 109109,, -- 1616,, 33,, 00,, 00 },},
{{ 33,, -- 1111,, 3737,, 111111,, -- 1515,, 33,, 00,, 00 },}, {{ 22,, -- 1010,, 3535,, 113113,, -- 1515,, 33,, 00,, 00 },},
{{ 33,, -- 1010,, 3232,, 114114,, -- 1414,, 33,, 00,, 00 },}, {{ 22,, -- 99,, 2929,, 116116,, -- 1313,, 33,, 00,, 00 },},
{{ 22,, -- 88,, 2727,, 117117,, -- 1313,, 33,, 00,, 00 },}, {{ 22,, -- 88,, 2525,, 119119,, -- 1212,, 22,, 00,, 00 },},
{{ 22,, -- 77,, 2222,, 120120,, -- 1111,, 22,, 00,, 00 },}, {{ 11,, -- 66,, 2020,, 121121,, -- 1010,, 22,, 00,, 00 },},
{{ 11,, -- 66,, 1818,, 122122,, -- 99,, 22,, 00,, 00 },}, {{ 11,, -- 55,, 1515,, 123123,, -- 88,, 22,, 00,, 00 },},
{{ 11,, -- 44,, 1313,, 124124,, -- 77,, 11,, 00,, 00 },}, {{ 11,, -- 44,, 1111,, 125125,, -- 66,, 11,, 00,, 00 },},
{{ 11,, -- 33,, 88,, 126126,, -- 55,, 11,, 00,, 00 },}, {{ 11,, -- 22,, 66,, 126126,, -- 44,, 11,, 00,, 00 },},
{{ 00,, -- 11,, 44,, 127127,, -- 33,, 11,, 00,, 00 },}, {{ 00,, 00,, 22,, 127127,, -- 11,, 00,, 00,, 00 },},

{{ 00,, 00,, 00,, 127127,, 11,, 00,, 00,, 00},}, {{ 00,, 00,, -- 11,, 127127,, 22,, 00,, 00,, 00},},
{{ 00,, 11,, -- 33,, 127127,, 44,, -- 22,, 11,, 00},}, {{ 00,, 11,, -- 55,, 127127,, 66,, -- 22,, 11,, 00},},
{{ 00,, 22,, -- 66,, 126126,, 88,, -- 33,, 11,, 00},}, {{ -- 11,, 22,, -- 77,, 126126,, 1111,, -- 44,, 22,, -- 11},},
{{ -- 11,, 33,, -- 88,, 125125,, 1313,, -- 55,, 22,, -- 11},}, {{ -- 11,, 33,, -- 1010,, 124124,, 1616,, -- 66,, 33,, -- 11},},
{{ -- 11,, 44,, -- 1111,, 123123,, 1818,, -- 77,, 33,, -- 11},}, {{ -- 11,, 44,, -- 1212,, 122122,, 2020,, -- 77,, 33,, -- 11},},
{{ -- 11,, 44,, -- 1313,, 121121,, 2323,, -- 88,, 33,, -- 11},}, {{ -- 22,, 55,, -- 1414,, 120120,, 2525,, -- 99,, 44,, -- 11},},
{{ -- 11,, 55,, -- 1515,, 119119,, 2727,, -- 1010,, 44,, -- 11},}, {{ -- 11,, 55,, -- 1616,, 118118,, 3030,, -- 1111,, 44,, -- 11},},
{{ -- 22,, 66,, -- 1717,, 116116,, 3333,, -- 1212,, 55,, -- 11},}, {{ -- 22,, 66,, -- 1717,, 114114,, 3535,, -- 1212,, 55,, -- 11},},
{{ -- 22,, 66,, -- 1818,, 113113,, 3838,, -- 1313,, 55,, -- 11},}, {{ -- 22,, 77,, -- 1919,, 111111,, 4141,, -- 1414,, 66,, -- 22},},
{{ -- 22,, 77,, -- 1919,, 110110,, 4343,, -- 1515,, 66,, -- 22},}, {{ -- 22,, 77,, -- 2020,, 108108,, 4646,, -- 1515,, 66,, -- 22},},
{{ -- 22,, 77,, -- 2020,, 106106,, 4949,, -- 1616,, 66,, -- 22},}, {{ -- 22,, 77,, -- 2121,, 104104,, 5151,, -- 1616,, 77,, -- 22},},
{{ -- 22,, 77,, -- 2121,, 102102,, 5454,, -- 1717,, 77,, -- 22},}, {{ -- 22,, 88,, -- 2121,, 100100,, 5656,, -- 1818,, 77,, -- 22},},
{{ -- 22,, 88,, -- 2222,, 9898,, 5959,, -- 1818,, 77,, -- 22},}, {{ -- 22,, 88,, -- 2222,, 9696,, 6262,, -- 1919,, 77,, -- 22},},
{{ -- 22,, 88,, -- 2222,, 9494,, 6464,, -- 1919,, 77,, -- 22},}, {{ -- 22,, 88,, -- 2222,, 9191,, 6767,, -- 2020,, 88,, -- 22},},
{{ -- 22,, 88,, -- 2222,, 8989,, 6969,, -- 2020,, 88,, -- 22},}, {{ -- 22,, 88,, -- 2222,, 8787,, 7272,, -- 2121,, 88,, -- 22},},
{{ -- 22,, 88,, -- 2121,, 8484,, 7474,, -- 2121,, 88,, -- 22},}, {{ -- 22,, 88,, -- 2222,, 8282,, 7777,, -- 2121,, 88,, -- 22},},
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{{ -- 22,, 88,, -- 2121,, 7979,, 7979,, -- 2121,, 88,, -- 22},}, {{ -- 22,, 88,, -- 2121,, 7777,, 8282,, -- 2222,, 88,, -- 22},},
{{ -- 22,, 88,, -- 2121,, 7474,, 8484,, -- 2121,, 88,, -- 22},}, {{ -- 22,, 88,, -- 2121,, 7272,, 8787,, -- 2222,, 88,, -- 22},},
{{ -- 22,, 88,, -- 2020,, 6969,, 8989,, -- 2222,, 88,, -- 22},}, {{ -- 22,, 88,, -- 2020,, 6767,, 9191,, -- 2222,, 88,, -- 22},},
{{ -- 22,, 77,, -- 1919,, 6464,, 9494,, -- 2222,, 88,, -- 22},}, {{ -- 22,, 77,, -- 1919,, 6262,, 9696,, -- 2222,, 88,, -- 22},},
{{ -- 22,, 77,, -- 1818,, 5959,, 9898,, -- 2222,, 88,, -- 22},}, {{ -- 22,, 77,, -- 1818,, 5656,, 100100,, -- 2121,, 88,, -- 22},},
{{ -- 22,, 77,, -- 1717,, 5454,, 102102,, -- 2121,, 77,, -- 22},}, {{ -- 22,, 77,, -- 1616,, 5151,, 104104,, -- 2121,, 77,, -- 22},},
{{ -- 22,, 66,, -- 1616,, 4949,, 106106,, -- 2020,, 77,, -- 22},}, {{ -- 22,, 66,, -- 1515,, 4646,, 108108,, -- 2020,, 77,, -- 22},},
{{ -- 22,, 66,, -- 1515,, 4343,, 110110,, -- 1919,, 77,, -- 22},}, {{ -- 22,, 66,, -- 1414,, 4141,, 111111,, -- 1919,, 77,, -- 22},},
{{ -- 11,, 55,, -- 1313,, 3838,, 113113,, -- 1818,, 66,, -- 22},}, {{ -- 11,, 55,, -- 1212,, 3535,, 114114,, -- 1717,, 66,, -- 22},},
{{ -- 11,, 55,, -- 1212,, 3333,, 116116,, -- 1717,, 66,, -- 22},}, {{ -- 11,, 44,, -- 1111,, 3030,, 118118,, -- 1616,, 55,, -- 11},},
{{ -- 11,, 44,, -- 1010,, 2727,, 119119,, -- 1515,, 55,, -- 11},}, {{ -- 11,, 44,, -- 99,, 2525,, 120120,, -- 1414,, 55,, -- 22},},
{{ -- 11,, 33,, -- 88,, 2323,, 121121,, -- 1313,, 44,, -- 11},}, {{ -- 11,, 33,, -- 77,, 2020,, 122122,, -- 1212,, 44,, -- 11},},
{{ -- 11,, 33,, -- 77,, 1818,, 123123,, -- 1111,, 44,, -- 11},}, {{ -- 11,, 33,, -- 66,, 1616,, 124124,, -- 1010,, 33,, -- 11},},
{{ -- 11,, 22,, -- 55,, 1313,, 125125,, -- 88,, 33,, -- 11},}, {{ -- 11,, 22,, -- 44,, 1111,, 126126,, -- 77,, 22,, -- 11},},
{{ 00,, 11,, -- 33,, 88,, 126126,, -- 66,, 22,, 00},}, {{ 00,, 11,, -- 22,, 66,, 127127,, -- 55,, 11,, 00},},
{{ 00,, 11,, -- 22,, 44,, 127127,, -- 33,, 11,, 00},}, {{ 00,, 00,, 00,, 22,, 127127,, -- 11,, 00,, 00},},

{{ 00,, 00,, 00,, 11,, 127127,, 00,, 00,, 00 },}, {{ 00,, 00,, 00,, -- 11,, 127127,, 22,, 00,, 00 },},
{{ 00,, 00,, 11,, -- 33,, 127127,, 44,, -- 11,, 00 },}, {{ 00,, 00,, 11,, -- 44,, 126126,, 66,, -- 22,, 11 },},
{{ 00,, 00,, 11,, -- 55,, 126126,, 88,, -- 33,, 11 },}, {{ 00,, 00,, 11,, -- 66,, 125125,, 1111,, -- 44,, 11 },},
{{ 00,, 00,, 11,, -- 77,, 124124,, 1313,, -- 44,, 11 },}, {{ 00,, 00,, 22,, -- 88,, 123123,, 1515,, -- 55,, 11 },},
{{ 00,, 00,, 22,, -- 99,, 122122,, 1818,, -- 66,, 11 },}, {{ 00,, 00,, 22,, -- 1010,, 121121,, 2020,, -- 66,, 11 },},
{{ 00,, 00,, 22,, -- 1111,, 120120,, 2222,, -- 77,, 22 },}, {{ 00,, 00,, 22,, -- 1212,, 119119,, 2525,, -- 88,, 22 },},
{{ 00,, 00,, 33,, -- 1313,, 117117,, 2727,, -- 88,, 22 },}, {{ 00,, 00,, 33,, -- 1313,, 116116,, 2929,, -- 99,, 22 },},
{{ 00,, 00,, 33,, -- 1414,, 114114,, 3232,, -- 1010,, 33 },}, {{ 00,, 00,, 33,, -- 1515,, 113113,, 3535,, -- 1010,, 22 },},
{{ 00,, 00,, 33,, -- 1515,, 111111,, 3737,, -- 1111,, 33 },}, {{ 00,, 00,, 33,, -- 1616,, 109109,, 4040,, -- 1111,, 33 },},
{{ 00,, 00,, 33,, -- 1616,, 108108,, 4242,, -- 1212,, 33 },}, {{ 00,, 00,, 44,, -- 1717,, 106106,, 4545,, -- 1313,, 33 },},
{{ 00,, 00,, 44,, -- 1717,, 104104,, 4747,, -- 1313,, 33 },}, {{ 00,, 00,, 44,, -- 1717,, 102102,, 5050,, -- 1414,, 33 },},
{{ 00,, 00,, 44,, -- 1717,, 100100,, 5252,, -- 1414,, 33 },}, {{ 00,, 00,, 44,, -- 1818,, 9898,, 5555,, -- 1515,, 44 },},
{{ 00,, 00,, 44,, -- 1818,, 9696,, 5858,, -- 1515,, 33 },}, {{ 00,, 00,, 44,, -- 1818,, 9494,, 6060,, -- 1616,, 44 },},
{{ 00,, 00,, 44,, -- 1818,, 9191,, 6363,, -- 1616,, 44 },}, {{ 00,, 00,, 44,, -- 1818,, 8989,, 6565,, -- 1616,, 44 },},
{{ 00,, 00,, 44,, -- 1818,, 8787,, 6868,, -- 1717,, 44 },}, {{ 00,, 00,, 44,, -- 1818,, 8585,, 7070,, -- 1717,, 44 },},
{{ 00,, 00,, 44,, -- 1818,, 8282,, 7373,, -- 1717,, 44 },}, {{ 00,, 00,, 44,, -- 1818,, 8080,, 7575,, -- 1717,, 44 },},
{{ 00,, 00,, 44,, -- 1818,, 7878,, 7878,, -- 1818,, 44 },}, {{ 00,, 00,, 44,, -- 1717,, 7575,, 8080,, -- 1818,, 44 },},
{{ 00,, 00,, 44,, -- 1717,, 7373,, 8282,, -- 1818,, 44 },}, {{ 00,, 00,, 44,, -- 1717,, 7070,, 8585,, -- 1818,, 44 },},
{{ 00,, 00,, 44,, -- 1717,, 6868,, 8787,, -- 1818,, 44 },}, {{ 00,, 00,, 44,, -- 1616,, 6565,, 8989,, -- 1818,, 44 },},
{{ 00,, 00,, 44,, -- 1616,, 6363,, 9191,, -- 1818,, 44 },}, {{ 00,, 00,, 44,, -- 1616,, 6060,, 9494,, -- 1818,, 44 },},
{{ 00,, 00,, 33,, -- 1515,, 5858,, 9696,, -- 1818,, 44 },}, {{ 00,, 00,, 44,, -- 1515,, 5555,, 9898,, -- 1818,, 44 },},
{{ 00,, 00,, 33,, -- 1414,, 5252,, 100100,, -- 1717,, 44 },}, {{ 00,, 00,, 33,, -- 1414,, 5050,, 102102,, -- 1717,, 44 },},
{{ 00,, 00,, 33,, -- 1313,, 4747,, 104104,, -- 1717,, 44 },}, {{ 00,, 00,, 33,, -- 1313,, 4545,, 106106,, -- 1717,, 44 },},
{{ 00,, 00,, 33,, -- 1212,, 4242,, 108108,, -- 1616,, 33 },}, {{ 00,, 00,, 33,, -- 1111,, 4040,, 109109,, -- 1616,, 33 },},
{{ 00,, 00,, 33,, -- 1111,, 3737,, 111111,, -- 1515,, 33 },}, {{ 00,, 00,, 22,, -- 1010,, 3535,, 113113,, -- 1515,, 33 },},
{{ 00,, 00,, 33,, -- 1010,, 3232,, 114114,, -- 1414,, 33 },}, {{ 00,, 00,, 22,, -- 99,, 2929,, 116116,, -- 1313,, 33 },},
{{ 00,, 00,, 22,, -- 88,, 2727,, 117117,, -- 1313,, 33 },}, {{ 00,, 00,, 22,, -- 88,, 2525,, 119119,, -- 1212,, 22 },},
{{ 00,, 00,, 22,, -- 77,, 2222,, 120120,, -- 1111,, 22 },}, {{ 00,, 00,, 11,, -- 66,, 2020,, 121121,, -- 1010,, 22 },},
{{ 00,, 00,, 11,, -- 66,, 1818,, 122122,, -- 99,, 22 },}, {{ 00,, 00,, 11,, -- 55,, 1515,, 123123,, -- 88,, 22 },},
{{ 00,, 00,, 11,, -- 44,, 1313,, 124124,, -- 77,, 11 },}, {{ 00,, 00,, 11,, -- 44,, 1111,, 125125,, -- 66,, 11 },},
{{ 00,, 00,, 11,, -- 33,, 88,, 126126,, -- 55,, 11 },}, {{ 00,, 00,, 11,, -- 22,, 66,, 126126,, -- 44,, 11 },},
{{ 00,, 00,, 00,, -- 11,, 44,, 127127,, -- 33,, 11 },}, {{ 00,, 00,, 00,, 00,, 22,, 127127,, -- 11,, 00 },},
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{{ 00,, 00,, 00,, 00,, 22,, 127127,, -- 11,, 00 }}
}}

��������� 0@OPK�NC@<M�KMJ>@NN
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<NNDBI@?�OJ�?DQ0CDAO�<I?�?DQ#<>OJM�

1C@�Q<MD<=G@�Q�DN�N@O�@LP<G�OJ���R<MK-<M<HN8���9����4�/-"!*,!");-/" ;�&10���

1C@�Q<MD<=G@�B<HH<
�DN�N@O�@LP<G�OJ� GDK���
�����	������	�/JPI?�0DBI@?��Q���?DQ#<>OJM	�?DQ0CDAO�����

1C@�Q<MD<=G@�R�DN�N@O�@LP<G�OJ���R<MK-<M<HN8���9���R<MK-<M<HN8���9���

1C@�Q<MD<=G@�?@GO<
�DN�N@O�@LP<G�OJ� GDK���
�����	������	�R<MK-<M<HN8���9�
�/JPI?�0DBI@?��R���?DQ#<>OJM	�?DQ0CDAO���
������

4�/-"!*,!");-/" ;�&10����

1C@�JPOKPO�Q<MD<=G@N�<GKC<	�=@O<	�B<HH<	�?@GO<�<M@�N@O�<N�AJGGJRN�

alpha == Round2Signed(( alpha0,, WARP_PARAM_REDUCE_BITS)) <<<< WARP_PARAM_REDUCE_BITS
beta == Round2Signed(( beta0,, WARP_PARAM_REDUCE_BITS)) <<<< WARP_PARAM_REDUCE_BITS
gamma== Round2Signed(( gamma0,, WARP_PARAM_REDUCE_BITS)) <<<< WARP_PARAM_REDUCE_BITS
delta == Round2Signed(( delta0 ,, WARP_PARAM_REDUCE_BITS)) <<<< WARP_PARAM_REDUCE_BITS

1C@�JPOKPO�R<MK3<GD?�DN�N@O�<N�AJGGJRN�

X &A������=N��<GKC<����������=N��=@O<���DN�BM@<O@M�OC<I�JM�@LP<G�OJ�������4�/-"!*,!");-/" ;�&10�	�R<MK3<GD?

DN�N@O�@LP<G�OJ�
�

X &A������=N��B<HH<����������=N��?@GO<���DN�BM@<O@M�OC<I�JM�@LP<G�OJ�������4�/-"!*,!");-/" ;�&10�	

R<MK3<GD?�DN�N@O�@LP<G�OJ�
�

X ,OC@MRDN@	�R<MK3<GD?�DN�N@O�@LP<G�OJ���

��������� /@NJGQ@�?DQDNJM�KMJ>@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�?DQ0CDAO�<I?�?DQ#<>OJM�OC<O�><I�=@�PN@?�OJ�K@MAJMH�<I�<KKMJSDH<O@�?DQDNDJI�=T�?

QD<�HPGODKGTDIB�=T�?DQ#<>OJM�<I?�NCDAODIB�MDBCO�=T�?DQ0CDAO�

1C@�Q<MD<=G@�I��M@KM@N@IODIB�OC@�GJ><ODJI�JA�OC@�HJNO�NDBIAD><IO�=DO�DI��=N�?����DN�N@O�@LP<G�OJ�#GJJM)JB����=N�?����

1C@�Q<MD<=G@�@�DN�N@O�@LP<G�OJ��=N��?���
��������I���

1C@�Q<MD<=G@�A�DN�N@O�<N�AJGGJRN�

X &A�I���!&3;)21;�&10	�A�DN�N@O�@LP<G�OJ�/JPI?���@	�I�
�!&3;)21;�&10���

X ,OC@MRDN@	�A�DN�N@O�@LP<G�OJ�@������!&3;)21;�&10�
�I���

1C@�JPOKPO�Q<MD<=G@�?DQ0CDAO�DN�N@O�@LP<G�OJ���I���!&3;)21;-/" ;�&10���

1C@�JPOKPO�Q<MD<=G@�?DQ#<>OJM�DN�N@O�<N�AJGGJRN�

X &A�?�DN�G@NN�OC<I�
	�?DQ#<>OJM�DN�N@O�@LP<G�OJ�
!DQ;)PO8�A�9�

X ,OC@MRDN@	�?DQ#<>OJM�DN�N@O�@LP<G�OJ�!DQ;)PO8�A�9�

1C@�GJJFPK�O<=G@�!DQ;)PO�DN�NK@>DAD@?�<N�

Div_Lut [[ DIV_LUT_NUM]] == {{
1638416384,, 1632016320,, 1625716257,, 1619416194,, 1613216132,, 1607016070,, 1600916009,, 1594815948,, 1588815888,, 1582815828,, 1576815768,,
1570915709,, 1565015650,, 1559215592,, 1553415534,, 1547715477,, 1542015420,, 1536415364,, 1530815308,, 1525215252,, 1519715197,, 1514215142,,
1508715087,, 1503315033,, 1498014980,, 1492614926,, 1487314873,, 1482114821,, 1476914769,, 1471714717,, 1466514665,, 1461414614,, 1456414564,,
1451314513,, 1446314463,, 1441314413,, 1436414364,, 1431514315,, 1426614266,, 1421814218,, 1417014170,, 1412214122,, 1407514075,, 1402814028,,
1398113981,, 1393513935,, 1388813888,, 1384313843,, 1379713797,, 1375213752,, 1370713707,, 1366213662,, 1361813618,, 1357413574,, 1353013530,,
1348713487,, 1344313443,, 1340013400,, 1335813358,, 1331513315,, 1327313273,, 1323113231,, 1319013190,, 1314813148,, 1310713107,, 1306613066,,
1302613026,, 1298512985,, 1294512945,, 1290612906,, 1286612866,, 1282712827,, 1278812788,, 1274912749,, 1271012710,, 1267212672,, 1263312633,,
1259612596,, 1255812558,, 1252012520,, 1248312483,, 1244612446,, 1240912409,, 1237312373,, 1233612336,, 1230012300,, 1226412264,, 1222812228,,
1219312193,, 1215712157,, 1212212122,, 1208712087,, 1205312053,, 1201812018,, 1198411984,, 1195011950,, 1191611916,, 1188211882,, 1184811848,,
1181511815,, 1178211782,, 1174911749,, 1171611716,, 1168311683,, 1165111651,, 1161911619,, 1158611586,, 1155511555,, 1152311523,, 1149111491,,
1146011460,, 1142911429,, 1139811398,, 1136711367,, 1133611336,, 1130511305,, 1127511275,, 1124511245,, 1121511215,, 1118511185,, 1115511155,,
1112511125,, 1109611096,, 1106711067,, 1103811038,, 1100911009,, 1098010980,, 1095110951,, 1092310923,, 1089410894,, 1086610866,, 1083810838,,
1081010810,, 1078210782,, 1075510755,, 1072710727,, 1070010700,, 1067310673,, 1064510645,, 1061810618,, 1059210592,, 1056510565,, 1053810538,,
1051210512,, 1048610486,, 1046010460,, 1043410434,, 1040810408,, 1038210382,, 1035610356,, 1033110331,, 1030510305,, 1028010280,, 1025510255,,
1023010230,, 1020510205,, 1018010180,, 1015610156,, 1013110131,, 1010710107,, 1008210082,, 1005810058,, 1003410034,, 1001010010,, 99869986,,
99639963,, 99399939,, 99169916,, 98929892,, 98699869,, 98469846,, 98239823,, 98009800,, 97779777,, 97549754,, 97329732,,
97099709,, 96879687,, 96649664,, 96429642,, 96209620,, 95989598,, 95769576,, 95549554,, 95339533,, 95119511,, 94899489,,
94689468,, 94479447,, 94259425,, 94049404,, 93839383,, 93629362,, 93419341,, 93219321,, 93009300,, 92799279,, 92599259,,
92399239,, 92189218,, 91989198,, 91789178,, 91589158,, 91389138,, 91189118,, 90989098,, 90799079,, 90599059,, 90399039,,
90209020,, 90019001,, 89818981,, 89628962,, 89438943,, 89248924,, 89058905,, 88868886,, 88678867,, 88498849,, 88308830,,
88128812,, 87938793,, 87758775,, 87568756,, 87388738,, 87208720,, 87028702,, 86848684,, 86668666,, 86488648,, 86308630,,
86138613,, 85958595,, 85778577,, 85608560,, 85428542,, 85258525,, 85088508,, 84908490,, 84738473,, 84568456,, 84398439,,
84228422,, 84058405,, 83898389,, 83728372,, 83558355,, 83398339,, 83228322,, 83068306,, 82898289,, 82738273,, 82578257,,
82408240,, 82248224,, 82088208,, 81928192

}}
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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@?�JI�+PH0<HKG@N�><I?D?<O@N�DI� <I?)DNO�=T�K@MAJMHDIB�<�G@<NO

NLP<M@N�ADO�

&O�<GNJ�KMJ?P>@N�<�Q<MD<=G@�)J><G3<GD?�DI?D><ODIB�RC@OC@M�OC@�KMJ>@NN�R<N�NP>>@NNAPG�

���S��H<OMDS��	�<I?�ORJ�G@IBOC���<MM<TN��S�<I?��T�<M@�>JINOMP>O@?�<N�AJGGJRN�

forfor (( i == 00;; i << 22;; i ++++ )) {{
forfor (( j == 00;; j << 22;; j ++++ )) {{

A[[ i ][][ j ]] == 00
}}
Bx[[ i ]] == 00
By[[ i ]] == 00

}}
w4 == Num_4x4_Blocks_Wide[[ MiSize]]
h4 == Num_4x4_Blocks_High[[ MiSize]]
midY == MiRow** 44 ++ h4 ** 22 -- 11
midX == MiCol ** 44 ++ w4 ** 22 -- 11
suy == midY ** 88
sux == midX ** 88
duy == suy ++ Mv[[ 00][][ 00]]
dux == sux ++ Mv[[ 00][][ 11]]
forfor (( i == 00;; i << NumSamples;; i ++++ )) {{

sy == CandList[[ i ][][ 00]] -- suy
sx == CandList[[ i ][][ 11]] -- sux
dy == CandList[[ i ][][ 22]] -- duy
dx == CandList[[ i ][][ 33]] -- dux
ifif (( Abs(( sx -- dx)) << LS_MV_MAX&&&& Abs(( sy -- dy)) << LS_MV_MAX)) {{

A[[ 00][][ 00]] +=+= ls_product (( sx,, sx)) ++ 88
A[[ 00][][ 11]] +=+= ls_product (( sx,, sy)) ++ 44
A[[ 11][][ 11]] +=+= ls_product (( sy,, sy)) ++ 88
Bx[[ 00]] +=+= ls_product (( sx,, dx)) ++ 88
Bx[[ 11]] +=+= ls_product (( sy,, dx)) ++ 44
By[[ 00]] +=+= ls_product (( sx,, dy)) ++ 44
By[[ 11]] +=+= ls_product (( sy,, dy)) ++ 88

}}
}}

RC@M@�GN;KMJ?P>O�DN�NK@>DAD@?�<N�

ls_product (( a,, b)) {{
returnreturn (( (( a ** b)) >>>> 22)) ++ (( a ++ b))

}}
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1C@�Q<MD<=G@�?@O��>JIO<DIDIB�OC@�?@O@MHDI<IO�JA�OC@�H<OMDS����DN�N@O�@LP<G�OJ��8
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1C@�Q<MD<=G@�)J><G3<GD?�DN�N@O�<N�AJGGJRN�

X &A�?@O�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�?@O�DN�@LP<G�OJ�
	�OCDN�KMJ>@NN�O@MHDI<O@N�<O�OCDN�KJDIO�

1C@�M@NJGQ@�?DQDNJM�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�RDOC�?@O�<N�DIKPO	�<I?�OC@�JPOKPON�<NNDBI@?�OJ�?DQ0CDAO

<I?�?DQ#<>OJM�

1C@�GJ><G�R<MK�K<M<H@O@MN�DI�)J><G4<MK-<M<HN�<M@�?@MDQ@?�<N�AJGGJRN�

divShift -=-= WARPEDMODEL_PREC_BITS
ifif (( divShift << 00 )) {{

divFactor == divFactor <<<< (( -- divShift ))
divShift == 00

}}
LocalWarpParams[[ 22]] == diag(( A[[ 11][][ 11]] ** Bx[[ 00]] -- A[[ 00][][ 11]] ** Bx[[ 11])])
LocalWarpParams[[ 33]] == nondiag(( -- A[[ 00][][ 11]] ** Bx[[ 00]] ++ A[[ 00][][ 00]] ** Bx[[ 11])])
LocalWarpParams[[ 44]] == nondiag(( A[[ 11][][ 11]] ** By[[ 00]] -- A[[ 00][][ 11]] ** By[[ 11])])
LocalWarpParams[[ 55]] == diag(( -- A[[ 00][][ 11]] ** By[[ 00]] ++ A[[ 00][][ 00]] ** By[[ 11])])

mvx == Mv[[ 00 ][][ 11 ]]
mvy == Mv[[ 00 ][][ 00 ]]
vx == mvx ** (( 11 <<<< (( WARPEDMODEL_PREC_BITS-- 33)))) --

(( midX ** (( LocalWarpParams[[ 22]] -- (( 11 <<<< WARPEDMODEL_PREC_BITS)))) ++ midY ** LocalWarpParams[[ 33])])
vy == mvy ** (( 11 <<<< (( WARPEDMODEL_PREC_BITS-- 33)))) --

(( midX ** LocalWarpParams[[ 44]] ++ midY ** (( LocalWarpParams[[ 55]] -- (( 11 <<<< WARPEDMODEL_PREC_BITS))))))
LocalWarpParams[[ 00]] == Clip3 (( -- WARPEDMODEL_TRANS_CLAMP,, WARPEDMODEL_TRANS_CLAMP-- 11,, vx))
LocalWarpParams[[ 11]] == Clip3 (( -- WARPEDMODEL_TRANS_CLAMP,, WARPEDMODEL_TRANS_CLAMP-- 11,, vy))

RC@M@�?D<B�<I?�IJI?D<B�<M@�NK@>DAD@?�OJ�?DQD?@�<I?�>G<HK�PNDIB�?DQ#<>OJM�<I?�?DQ0CDAO�<N�AJGGJRN�

Note: 1C@�H<OMDS���DN�NTHH@OMD>�NJ�@IOMT��8�98
9�DN�JHDOO@?�
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nondiag(( v)) {{
returnreturn Clip3 (( -- WARPEDMODEL_NONDIAGAFFINE_CLAMP++ 11,,

WARPEDMODEL_NONDIAGAFFINE_CLAMP-- 11,,
Round2Signed(( v ** divFactor ,, divShift ))))

}}

diag(( v)) {{
returnreturn Clip3 (((( 11 <<<< WARPEDMODEL_PREC_BITS)) -- WARPEDMODEL_NONDIAGAFFINE_CLAMP++ 11,,

(( 11 <<<< WARPEDMODEL_PREC_BITS)) ++ WARPEDMODEL_NONDIAGAFFINE_CLAMP-- 11,,
Round2Signed(( v ** 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>O@?	

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�HJ?DAD@?�DIO@M�KM@?D>O@?�N<HKG@N�DI�OC@�>PMM@IO�AM<H@� PMM#M<H@�

1CDN�KMJ>@NN�=G@I?N�OC@�DIO@M�KM@?D>O@?�N<HKG@N�AJM�OC@�>PMM@IO�=GJ>F�RDOC�DIO@M�KM@?D>O@?�N<HKG@N�=<N@?�JI�HJODJI

Q@>OJMN�AMJH�OC@�<=JQ@�<I?�G@AO�=GJ>FN�

1C@�H<SDHPH�IPH=@M�JA�JQ@MG<KK@?�KM@?D>ODJIN�DN�GDHDO@?�=<N@?�JI�OC@�NDU@�JA�OC@�=GJ>F�

#JM�NH<GG�=GJ>FN	�JIGT�OC@�G@AO�I@DBC=JM�RDGG�=@�PN@?�OJ�AJMH�OC@�KM@?D>ODJI�

1C@�Q<MD<=G@N�NP=5�<I?�NP=6�?@N>MD=DIB�OC@�NP=N<HKGDIB�JA�OC@�>PMM@IO�KG<I@�<M@�?@MDQ@?�<N�AJGGJRN�

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=5�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�<I?�NP=6�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;T�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�
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ifif (( AvailU )) {{
ifif (( get_plane_residual_size (( MiSize,, plane )) >=>= BLOCK_8X8)) {{

pass == 00
w4 == Num_4x4_Blocks_Wide[[ MiSize ]]
x4 == MiCol
y4 == MiRow
nCount == 00
nLimit == Min(( 44,, Mi_Width_Log2[[ MiSize ])])
whilewhile (( nCount << nLimit &&&& x4 << Min(( MiCols,, MiCol ++ w4 )) )) {{

candRow== MiRow-- 11
candCol == x4 || 11
candSz == MiSizes[[ candRow][][ candCol ]]
step4 == Clip3 (( 22,, 1616,, Num_4x4_Blocks_Wide[[ candSz ]] ))
ifif (( RefFrames[[ candRow][][ candCol ][][ 00 ]] >> INTRA_FRAME)) {{

nCount +=+= 11
predW== Min(( w,, (( step4 ** MI_SIZE)) >>>> subX ))
predH == Min(( h >>>> 11,, 3232 >>>> subY ))
mask== get_obmc_mask(( predH ))
predict_overlap (( ))

}}
x4 +=+= step4

}}
}}

}}
ifif (( AvailL )) {{

pass == 11
h4 == Num_4x4_Blocks_High[[ MiSize ]]
x4 == MiCol
y4 == MiRow
nCount == 00
nLimit == Min(( 44,, Mi_Height_Log2[[ MiSize ])])
whilewhile (( nCount << nLimit &&&& y4 << Min(( MiRows,, MiRow++ h4 )) )) {{

candCol == MiCol -- 11
candRow== y4 || 11
candSz == MiSizes[[ candRow][][ candCol ]]
step4 == Clip3 (( 22,, 1616,, Num_4x4_Blocks_High[[ candSz ]] ))
ifif (( RefFrames[[ candRow][][ candCol ][][ 00 ]] >> INTRA_FRAME)) {{

nCount +=+= 11
predW== Min(( w >>>> 11,, 3232 >>>> subX ))
predH == Min(( h,, (( step4 ** MI_SIZE)) >>>> subY ))
mask== get_obmc_mask(( predW))
predict_overlap (( ))

}}
y4 +=+= step4

}}
}}

4C@I�OC@�API>ODJI�KM@?D>O;JQ@MG<K�DN�DIQJF@?	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�OJ�AJMH�OC@�JQ@MG<K�KM@?D>ODJI�AJM�<�M@BDJI

JA�NDU@�KM@?4�=T�KM@?%�=<N@?�JI�OC@�><I?D?<O@�HJODJI�Q@>OJM�
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1C@�API>ODJI�B@O;J=H>;H<NF�M@OPMIN�<�=G@I?DIB�H<NF�<N�AJGGJRN�

get_obmc_mask(( length )) {{
ifif (( length ==== 22 )) {{

returnreturn Obmc_Mask_2
}} elseelse ifif (( length ==== 44 )) {{

returnreturn Obmc_Mask_4
}} elseelse ifif (( length ==== 88 )) {{

returnreturn Obmc_Mask_8
}} elseelse ifif (( length ==== 1616 )) {{

returnreturn Obmc_Mask_16
}} elseelse {{

returnreturn Obmc_Mask_32
}}

}}

1C@�=G@I?DIB�H<NFN�<M@�?@ADI@?�<N�AJGGJRN�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 277 of 669



Obmc_Mask_2[[ 22]] == {{ 4545,, 6464 }}

Obmc_Mask_4[[ 44]] == {{ 3939,, 5050,, 5959,, 6464 }}

Obmc_Mask_8[[ 88]] == {{ 3636,, 4242,, 4848,, 5353,, 5757,, 6161,, 6464,, 6464 }}

Obmc_Mask_16[[ 1616]] == {{ 3434,, 3737,, 4040,, 4343,, 4646,, 4949,, 5252,, 5454,,
5656,, 5858,, 6060,, 6161,, 6464,, 6464,, 6464,, 6464 }}

Obmc_Mask_32[[ 3232]] == {{ 3333,, 3535,, 3636,, 3838,, 4040,, 4141,, 4343,, 4444,,
4545,, 4747,, 4848,, 5050,, 5151,, 5252,, 5353,, 5555,,
5656,, 5757,, 5858,, 5959,, 6060,, 6060,, 6161,, 6262,,
6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464 }}

��������
� ,Q@MG<K�=G@I?DIB�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�
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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@N	

X <��?�<MM<T�J=H>-M@?�>JIO<DIDIB�OC@�N<HKG@N�KM@?D>O@?�AMJH�<�I@DBC=JMDIB�HJODJI�Q@>OJM	

X <I�<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>O@?�N<HKG@N�DI�OC@�>PMM@IO�AM<H@� PMM#M<H@�

#JM�D���
���KM@?%�
����<I?�E���
���KM@?4�
���	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� 1C@�Q<MD<=G@�H�NK@>DATDIB�OC@�=G@I?DIB�A<>OJM�DN�NK@>DA@?�<N�AJGGJRN�

c &A�K<NN�DN�@LP<G�OJ�
��=G@I?�AMJH�<=JQ@�	�H�DN�N@O�@LP<G�OJ�H<NF8�D�9�

c ,OC@MRDN@��K<NN�DN�@LP<G�OJ���H@<IDIB�=G@I?�AMJH�G@AO�	�H�DN�N@O�@LP<G�OJ�H<NF8�E�9�

��  PMM#M<H@8�KG<I@�98�KM@?6���D�98�KM@?5���E�9�DN�N@O�@LP<G�OJ�/JPI?���H��� PMM#M<H@8�KG<I@�98�KM@?6���D�98�KM@?5���E�9

������
�H����J=H>-M@?8�D�98�E�9	���

���������� 4@?B@�H<NF�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�
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1C@�H<NF�DN�NK@>DAD@?�<N�

forfor (( i == 00;; i << h;; i ++++ )) {{
forfor (( j == 00;; j << w;; j ++++ )) {{

Mask[[ i ][][ j ]] == WedgeMasks[[ MiSize ][][ wedge_sign ][][ wedge_index][][ i ][][ j ]]
}}

}}

RC@M@�4@?B@*<NFN�DN�<�ADS@?�GJJFPK�O<=G@�OC<O�DN�B@I@M<O@?�=T�OC@�AJGGJRDIB�API>ODJI�
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initialise_wedge_mask_table (( )) {{
w == MASK_MASTER_SIZE
h == MASK_MASTER_SIZE
forfor (( j == 00;; j << w;; j ++++ )) {{

shift == MASK_MASTER_SIZE// 44
forfor (( i == 00;; i << h;; i +=+= 22 )) {{

MasterMask[[ WEDGE_OBLIQUE63][][ i ][][ j ]] == Wedge_Master_Oblique_Even[[ Clip3 (( 00,,
MASK_MASTER_SIZE-- 11,, j -- shift )) ]]

shift -=-= 11
MasterMask[[ WEDGE_OBLIQUE63][][ i ++ 11][][ j ]] == Wedge_Master_Oblique_Odd[[ Clip3 (( 00,,

MASK_MASTER_SIZE-- 11,, j -- shift )) ]]
MasterMask[[ WEDGE_VERTICAL][][ i ][][ j ]] == Wedge_Master_Vertical[[ j ]]
MasterMask[[ WEDGE_VERTICAL][][ i ++ 11 ][][ j ]] == Wedge_Master_Vertical[[ j ]]

}}
}}
forfor (( i == 00;; i << h;; i ++++ )) {{

forfor (( j == 00;; j << w;; j ++++ )) {{
msk == MasterMask[[ WEDGE_OBLIQUE63][][ i ][][ j ]]
MasterMask[[ WEDGE_OBLIQUE27][][ j ][][ i ]] == msk
MasterMask[[ WEDGE_OBLIQUE117][][ i ][][ w -- 11 -- j ]] == 6464 -- msk
MasterMask[[ WEDGE_OBLIQUE153][][ w -- 11 -- j ][][ i ]] == 6464 -- msk
MasterMask[[ WEDGE_HORIZONTAL][][ j ][][ i ]] == MasterMask[[ WEDGE_VERTICAL][][ i ][][ j ]]

}}
}}
forfor (( bsize == BLOCK_8X8;; bsize << BLOCK_SIZES;; bsize ++++ )) {{

ifif (( Wedge_Bits[[ bsize ]] >> 00 )) {{
w == Block_Width[[ bsize ]]
h == Block_Height [[ bsize ]]
forfor (( wedge== 00;; wedge<< WEDGE_TYPES;; wedge++++ )) {{

dir == get_wedge_direction (( bsize ,, wedge))
xoff == MASK_MASTER_SIZE// 22 -- (((( get_wedge_xoff(( bsize ,, wedge)) ** w)) >>>> 33))
yoff == MASK_MASTER_SIZE// 22 -- (((( get_wedge_yoff(( bsize ,, wedge)) ** h)) >>>> 33))
sum== 00
forfor (( i == 00;; i << w;; i ++++ ))

sum+=+= MasterMask[[ dir ][][ yoff ][][ xoff ++i ]]
forfor (( i == 11;; i << h;; i ++++ ))

sum+=+= MasterMask[[ dir ][][ yoff ++i ][][ xoff ]]
avg == (( sum++ (( w ++ h -- 11)) // 22)) // (( w ++ h -- 11))
flipSign == (( avg << 3232))
forfor (( i == 00;; i << h;; i ++++ )) {{

forfor (( j == 00;; j << w;; j ++++ )) {{
WedgeMasks[[ bsize ][][ flipSign ][][ wedge][][ i ][][ j ]] == MasterMask[[ dir ][][ yoff ++i

][][ xoff ++j ]]
WedgeMasks[[ bsize ][][ !! flipSign ][][ wedge][][ i ][][ j ]] == 6464 -- MasterMask[[ dir ][][

yoff ++i ][][ xoff ++j ]]
}}

}}
}}

}}
}}
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}}

1C@��?�GJJFPK�O<=G@N�<M@�?@ADI@?�<N�

Wedge_Master_Oblique_Odd[[ MASK_MASTER_SIZE]] == {{
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,,
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 11,, 22,, 66,, 1818,,
3737,, 5353,, 6060,, 6363,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,,
6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464

}}

Wedge_Master_Oblique_Even[[ MASK_MASTER_SIZE]] == {{
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,,
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 11,, 44,, 1111,, 2727,,
4646,, 5858,, 6262,, 6363,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,,
6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464

}}

Wedge_Master_Vertical[[ MASK_MASTER_SIZE]] == {{
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,,
00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 00,, 22,, 77,, 2121,,
4343,, 5757,, 6262,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,,
6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464,, 6464

}}

1C@�B@O;R@?B@�API>ODJIN�<M@�?@ADI@?�<N�
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block_shape(( bsize )) {{
w4 == Num_4x4_Blocks_Wide[[ bsize ]]
h4 == Num_4x4_Blocks_High[[ bsize ]]
ifif (( h4 >> w4 ))

returnreturn 00
elseelse ifif (( h4 << w4 ))

returnreturn 11
elseelse

returnreturn 22
}}

get_wedge_direction (( bsize ,, index)) {{
returnreturn Wedge_Codebook[[ block_shape(( bsize )][)][ index][][ 00]]

}}

get_wedge_xoff(( bsize ,, index)) {{
returnreturn Wedge_Codebook[[ block_shape(( bsize )][)][ index][][ 11]]

}}

get_wedge_yoff(( bsize ,, index)) {{
returnreturn Wedge_Codebook[[ block_shape(( bsize )][)][ index][][ 22]]

}}

Wedge_Codebook[[ 33][][ 1616][][ 33]] == {{
{{

{{ WEDGE_OBLIQUE27,, 44,, 44 },}, {{ WEDGE_OBLIQUE63,, 44,, 44 },},
{{ WEDGE_OBLIQUE117,, 44,, 44 },}, {{ WEDGE_OBLIQUE153,, 44,, 44 },},
{{ WEDGE_HORIZONTAL,, 44,, 22 },}, {{ WEDGE_HORIZONTAL,, 44,, 44 },},
{{ WEDGE_HORIZONTAL,, 44,, 66 },}, {{ WEDGE_VERTICAL,, 44,, 44 },},
{{ WEDGE_OBLIQUE27,, 44,, 22 },}, {{ WEDGE_OBLIQUE27,, 44,, 66 },},
{{ WEDGE_OBLIQUE153,, 44,, 22 },}, {{ WEDGE_OBLIQUE153,, 44,, 66 },},
{{ WEDGE_OBLIQUE63,, 22,, 44 },}, {{ WEDGE_OBLIQUE63,, 66,, 44 },},
{{ WEDGE_OBLIQUE117,, 22,, 44 },}, {{ WEDGE_OBLIQUE117,, 66,, 44 },},

},},
{{

{{ WEDGE_OBLIQUE27,, 44,, 44 },}, {{ WEDGE_OBLIQUE63,, 44,, 44 },},
{{ WEDGE_OBLIQUE117,, 44,, 44 },}, {{ WEDGE_OBLIQUE153,, 44,, 44 },},
{{ WEDGE_VERTICAL,, 22,, 44 },}, {{ WEDGE_VERTICAL,, 44,, 44 },},
{{ WEDGE_VERTICAL,, 66,, 44 },}, {{ WEDGE_HORIZONTAL,, 44,, 44 },},
{{ WEDGE_OBLIQUE27,, 44,, 22 },}, {{ WEDGE_OBLIQUE27,, 44,, 66 },},
{{ WEDGE_OBLIQUE153,, 44,, 22 },}, {{ WEDGE_OBLIQUE153,, 44,, 66 },},
{{ WEDGE_OBLIQUE63,, 22,, 44 },}, {{ WEDGE_OBLIQUE63,, 66,, 44 },},
{{ WEDGE_OBLIQUE117,, 22,, 44 },}, {{ WEDGE_OBLIQUE117,, 66,, 44 },},

},},
{{

{{ WEDGE_OBLIQUE27,, 44,, 44 },}, {{ WEDGE_OBLIQUE63,, 44,, 44 },},
{{ WEDGE_OBLIQUE117,, 44,, 44 },}, {{ WEDGE_OBLIQUE153,, 44,, 44 },},
{{ WEDGE_HORIZONTAL,, 44,, 22 },}, {{ WEDGE_HORIZONTAL,, 44,, 66 },},
{{ WEDGE_VERTICAL,, 22,, 44 },}, {{ WEDGE_VERTICAL,, 66,, 44 },},
{{ WEDGE_OBLIQUE27,, 44,, 22 },}, {{ WEDGE_OBLIQUE27,, 44,, 66 },},
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{{ WEDGE_OBLIQUE153,, 44,, 22 },}, {{ WEDGE_OBLIQUE153,, 44,, 66 },},
{{ WEDGE_OBLIQUE63,, 22,, 44 },}, {{ WEDGE_OBLIQUE63,, 66,, 44 },},
{{ WEDGE_OBLIQUE117,, 22,, 44 },}, {{ WEDGE_OBLIQUE117,, 66,, 44 },},

}}
}}

1C@�R@?B@�?DM@>ODJI�>JINO<ION�PN@?�<=JQ@�<M@�?@ADI@?�<N�AJGGJRN�

Constant Value

4"!$";%,/&7,+1�) 


4"!$";3"/1& �) �

4"!$";,�)&.2"�� �

4"!$";,�)&.2"�� �

4"!$";,�)&.2"��� �

4"!$";,�)&.2"��� �

���������� !DAA@M@I>@�R@DBCO�H<NF�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�

X <I�<MM<T�KM@?N�>JIO<DIDIB�OC@�KM@?D>O@?�N<HKG@N	

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

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>ODJIN�<N�AJGGJRN�

forfor (( i == 00;; i << h;; i ++++ )) {{
forfor (( j == 00;; j << w;; j ++++ )) {{

diff == Abs(( preds[[ 00 ][][ i ][][ j ]] -- preds[[ 11 ][][ i ][][ j ])])
diff == Round2(( diff ,, (( BitDepth -- 88)) ++ InterPostRound))
m == Clip3 (( 00,, 6464,, 3838 ++ diff // 1616))
ifif (( mask_type ))

Mask[[ i ][][ j ]] == 6464 -- m
elseelse

Mask[[ i ][][ j ]] == m

}}
}}
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���������� &IOM<�HJ?@�Q<MD<IO�H<NF�KMJ>@NN
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

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@�HJ?@�PN@?�AJM�DIOM<�KM@?D>ODJI�<N�AJGGJRN�

sizeScale == MAX_SB_SIZE// Max(( h,, w ))
forfor (( i == 00;; i << h;; i ++++ )) {{

forfor (( j == 00;; j << w;; j ++++ )) {{
ifif (( interintra_mode ==== II_V_PRED)) {{

Mask[[ i ][][ j ]] == Ii_Weights_1d [[ i ** sizeScale ]]
}} elseelse ifif (( interintra_mode ==== II_H_PRED)) {{

Mask[[ i ][][ j ]] == Ii_Weights_1d [[ j ** sizeScale ]]
}} elseelse ifif (( interintra_mode ==== II_SMOOTH_PRED)) {{

Mask[[ i ][][ j ]] == Ii_Weights_1d [[ Min(( i ,, j )) ** sizeScale ]]
}} elseelse {{

Mask[[ i ][][ j ]] == 3232
}}

}}
}}

RC@M@�OC@�O<=G@�&D;4@DBCON;�?�DN�?@ADI@?�<N�

Ii_Weights_1d [[ MAX_SB_SIZE]] == {{
6060,, 5858,, 5656,, 5454,, 5252,, 5050,, 4848,, 4747,, 4545,, 4444,, 4242,, 4141,, 3939,, 3838,, 3737,, 3535,, 3434,, 3333,, 3232,,
3131,, 3030,, 2929,, 2828,, 2727,, 2626,, 2525,, 2424,, 2323,, 2222,, 2222,, 2121,, 2020,, 1919,, 1919,, 1818,, 1818,, 1717,, 1616,,
1616,, 1515,, 1515,, 1414,, 1414,, 1313,, 1313,, 1212,, 1212,, 1212,, 1111,, 1111,, 1010,, 1010,, 1010,, 99,, 99,, 99,, 88,,
88,, 88,, 88,, 77,, 77,, 77,, 77,, 66,, 66,, 66,, 66,, 66,, 55,, 55,, 55,, 55,, 55,, 44,, 44,,
44,, 44,, 44,, 44,, 44,, 44,, 33,, 33,, 33,, 33,, 33,, 33,, 33,, 33,, 33,, 22,, 22,, 22,, 22,,
22,, 22,, 22,, 22,, 22,, 22,, 22,, 22,, 22,, 22,, 22,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,,
11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11,, 11

}}

���������� *<NF�=G@I?�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@

X <I�<MM<T�KM@?N�>JIO<DIDIB�OC@�KM@?D>O@?�N<HKG@N	

X <�Q<MD<=G@�KG<I@�NK@>DATDIB�RCD>C�KG<I@�DN�=@DIB�KM@?D>O@?	

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@8�KG<I@�9�<MM<T�JA�OC@�M@BDJI

OJ�=@�KM@?D>O@?	
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X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<I?�C@DBCO�JA�OC@�M@BDJI�OJ�=@�KM@?D>O@?�

1C@�KMJ>@NN�>JH=DI@N�ORJ�KM@?D>ODJIN�<>>JM?DIB�OJ�OC@�H<NF��&O�H<F@N�PN@�JA�<I�<MM<T�*<NF�>JIO<DIDIB�OC@�=G@I?DIB

R@DBCON�OJ�<KKGT��OC@�R@DBCON�<M@�?@ADI@?�AJM�OC@�>PMM@IO�KG<I@�N<HKG@N�DA�>JHKJPI?;OTK@�DN�@LP<G�OJ

 ,*-,2+!;&+1/�	�JM�OC@�GPH<�KG<I@�JOC@MRDN@��

1C@�Q<MD<=G@N�NP=5�<I?�NP=6�?@N>MD=DIB�OC@�NP=N<HKGDIB�JA�OC@�>PMM@IO�KG<I@�<M@�?@MDQ@?�<N�AJGGJRN�

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=5�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�<I?�NP=6�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;T�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

forfor (( y == 00;; y << h;; y++++ )) {{
forfor (( x == 00;; x << w;; x++++ )) {{

ifif (( (( !! subX &&&& !! subY)) ||||
(( interintra &&&& !! wedge_interintra )) )) {{

m == Mask[[ y ][][ x ]]
}} elseelse ifif (( subX &&&& !! subY )) {{

m == Round2(( Mask[[ y ][][ 22**x ]] ++ Mask[[ y ][][ 22**x++11 ],], 11 ))
}} elseelse ifif (( !! subX &&&& subY )) {{

m == Round2(( Mask[[ 22**y ][][ x ]] ++ Mask[[ 22**y++11 ][][ x ],], 11 ))
}} elseelse {{

m == Round2(( Mask[[ 22**y ][][ 22**x ]] ++ Mask[[ 22**y ][][ 22**x++11 ]] ++
Mask[[ 22**y++11 ][][ 22**x ]] ++ Mask[[ 22**y++11 ][][ 22**x++11 ],], 22 ))

}}
ifif (( interintra )) {{

pred0 == Clip1 (( Round2(( preds[[ 00 ][][ y ][][ x ],], InterPostRound )) ))
pred1 == CurrFrame[[ plane][][ y++dstY][][ x++dstX]]
CurrFrame[[ plane][][ y++dstY][][ x++dstX]] == Round2(( m ** pred1 ++ (( 6464 -- m)) ** pred0,, 66 ))

}} elseelse {{
pred0 == preds[[ 00 ][][ y ][][ x ]]
pred1 == preds[[ 11 ][][ y ][][ x ]]
CurrFrame[[ plane][][ y++dstY][][ x++dstX]] == Clip1 (( Round2(( m ** pred0 ++ (( 6464 -- m)) ** pred1,, 66 ++

InterPostRound )) ))
}}

}}
}}

���������� !DNO<I>@�R@DBCON�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�Q<MD<=G@N�><I?/JR�<I?�><I? JG�NK@>DATDIB�OC@�GJ><ODJI��DI�PIDON�JA��S��=GJ>FN��JA�OC@

HJODJI�Q@>OJM�DIAJMH<ODJI�OJ�=@�PN@?�

1CDN�KMJ>@NN�>JHKPO@N�R@DBCON�OJ�=@�PN@?�AJM�=G@I?DIB�KM@?D>ODJIN�OJB@OC@M�=<N@?�JI�OC@�@SK@>O@?�JPOKPO�ODH@N�JA�OC@

M@A@M@I>@�AM<H@N�
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forfor (( refList == 00;; refList << 22;; refList ++++ )) {{
h == OrderHints [[ RefFrames[[ candRow][][ candCol ][][ refList ]] ]]
dist [[ refList ]] == Clip3 (( 00,, MAX_FRAME_DISTANCE,, Abs(( get_relative_dist (( h,, OrderHint )) )) ))

}}
d0 == dist [[ 11 ]]
d1 == dist [[ 00 ]]
order == d0 <=<= d1
ifif (( d0 ==== 00 |||| d1 ==== 00 )) {{

FwdWeight== Quant_Dist_Lookup[[ 33 ][][ order ]]
BckWeight == Quant_Dist_Lookup[[ 33 ][][ 11 -- order ]]

}} elseelse {{
forfor (( i == 00;; i << 33;; i ++++ )) {{

c0 == Quant_Dist_Weight[[ i ][][ order ]]
c1 == Quant_Dist_Weight[[ i ][][ 11 -- order ]]
ifif (( order )) {{

ifif (( d0 ** c0 >> d1 ** c1 ))
breakbreak

}} elseelse {{
ifif (( d0 ** c0 << d1 ** c1 ))

breakbreak
}}

}}
FwdWeight== Quant_Dist_Lookup[[ i ][][ order ]]
BckWeight == Quant_Dist_Lookup[[ i ][][ 11 -- order ]]

}}

RC@M@�OC@�O<=G@N�.P<IO;!DNO;)JJFPK�<I?�.P<IO;!DNO;4@DBCO�<M@�NK@>DAD@?�<N�

Quant_Dist_Weight[[ 44 ][][ 22 ]] == {{
{{ 22,, 33 },}, {{ 22,, 55 },}, {{ 22,, 77 },}, {{ 11,, MAX_FRAME_DISTANCE}}

}}

Quant_Dist_Lookup[[ 44 ][][ 22 ]] == {{
{{ 99,, 77 },}, {{ 1111,, 55 },}, {{ 1212,, 44 },}, {{ 1313,, 33 }}

}}

������� -<G@OO@�KM@?D>ODJI�KMJ>@NN
1C@�K<G@OO@�KM@?D>ODJI�KMJ>@NN�DN�DIQJF@?�AJM�K<G@OO@�>J?@?�DIOM<�=GJ>FN�OJ�KM@?D>O�<�K<MO�JA�OC@�=GJ>F�PNDIB�OC@�GDHDO@?

K<G@OO@�

1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�KG<I@�NK@>DATDIB�RCD>C�KG<I@�DN�=@DIB�KM@?D>O@?	

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#M<H@8�KG<I@�9�<MM<T�JA�OC@

>PMM@IO�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�OC@�>PMM@IO�OM<INAJMH�=GJ>F	
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X <�Q<MD<=G@�OS0U	�NK@>DATDIB�OC@�NDU@�JA�OC@�>PMM@IO�OM<INAJMH�=GJ>F�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�K<G@OO@�KM@?D>O@?�N<HKG@N�DI�OC@�>PMM@IO�AM<H@� PMM#M<H@�

1C@�Q<MD<=G@�R�NK@>DATDIB�OC@�RD?OC�JA�OC@�OM<INAJMH�=GJ>F�DN�N@O�@LP<G�OJ�1S;4D?OC8�OS0U�9�

1C@�Q<MD<=G@�C�NK@>DATDIB�OC@�C@DBCO�JA�OC@�OM<INAJMH�=GJ>F�DN�N@O�@LP<G�OJ�1S;%@DBCO8�OS0U�9�

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@;>JGJMN;T�

X ,OC@MRDN@	�DA�KG<I@�DN��	�K<G@OO@�DN�N@O�OJ�K<G@OO@;>JGJMN;P�

X ,OC@MRDN@��KG<I@�DN���	�K<G@OO@�DN�N@O�OJ�K<G@OO@;>JGJMN;Q�

1C@�Q<MD<=G@�H<K�DN�NK@>DAD@?�<N�AJGGJRN�

X &A�KG<I@�DN�
	�H<K�DN�N@O�OJ� JGJM*<K6�

X ,OC@MRDN@��KG<I@�DN�IJO�
�	�H<K�DN�N@O�OJ� JGJM*<K23�

1C@�>PMM@IO�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�OJ�K<G@OO@8�H<K8�T�������D�98�S�������E�9�9�AJM�D���
��C
��<I?�E��


��R
��

������� -M@?D>O�>CMJH<�AMJH�GPH<�KMJ>@NN
1C@�>CMJH<�AMJH�GPH<�KMJ>@NN�PN@N�M@>JINOMP>O@?�GPH<�N<HKG@N�OJ�AJMH�<�KM@?D>ODJI�AJM�OC@�>CMJH<�N<HKG@N��1C@�CDBC

AM@LP@I>D@N�<M@�O<F@I�AMJH�OC@�M@>JINOMP>O@?�GPH<�N<HKG@N�<I?�>JH=DI@?�RDOC�! �KM@?D>O@?�>CMJH<�N<HKG@N�

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>O@?	

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#M<H@8�KG<I@�9�<MM<T�JA�OC@

>PMM@IO�OM<INAJMH�=GJ>F	

X <�Q<MD<=G@�OS0U	�NK@>DATDIB�OC@�NDU@�JA�OC@�>PMM@IO�OM<INAJMH�=GJ>F�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�HJ?DAD@?�>CMJH<�KM@?D>O@?�N<HKG@N�DI�OC@�>PMM@IO�AM<H@� PMM#M<H@�

1C@�Q<MD<=G@�R�NK@>DATDIB�OC@�RD?OC�JA�OC@�OM<INAJMH�=GJ>F�DN�N@O�@LP<G�OJ�1S;4D?OC8�OS0U�9�

1C@�Q<MD<=G@�C�NK@>DATDIB�OC@�C@DBCO�JA�OC@�OM<INAJMH�=GJ>F�DN�N@O�@LP<G�OJ�1S;%@DBCO8�OS0U�9�

1C@�Q<MD<=G@�NP=5�DN�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�OJ� AG�GKC<3�

�I�<MM<T�)��>JIO<DIDIB�NP=N<HKG@?�M@>JINOMP>O@?�GPH<�N<HKG@N�RDOC���AM<>ODJI<G�=DON�JA�KM@>DNDJI��<I?�GPH<�QB

�M@KM@N@IODIB�OC@�<Q@M<B@�M@>JINOMP>O@?�GPH<�DIO@INDOT�RDOC���AM<>ODJI<G�=DON�JA�KM@>DNDJI��DN�NK@>DAD@?�<N�

lumaAvg== 00
forfor (( i == 00;; i << h;; i ++++ )) {{

lumaY == (( startY ++ i )) <<<< subY
lumaY == Min(( lumaY,, MaxLumaH-- (( 11 <<<< subY)) ))
forfor (( j == 00;; j << w;; j ++++ )) {{

lumaX == (( startX ++ j )) <<<< subX
lumaX == Min(( lumaX,, MaxLumaW-- (( 11 <<<< subX)) ))
t == 00
forfor (( dy == 00;; dy <=<= subY;; dy +=+= 11 ))

forfor (( dx == 00;; dx <=<= subX;; dx +=+= 11 ))
t +=+= CurrFrame[[ 00 ][][ lumaY ++ dy ]]

[[ lumaX ++ dx ]]
v == t <<<< (( 33 -- subX -- subY ))
L[[ i ][][ j ]] == v
lumaAvg+=+= v

}}
}}
lumaAvg== Round2(( lumaAvg,, Tx_Width_Log2[[ txSz ]] ++ Tx_Height_Log2[[ txSz ]] ))

1C@�KM@?D>O@?�>CMJH<�N<HKG@N�<M@�NK@>DAD@?�<N�

forfor (( i == 00;; i << h;; i ++++ )) {{
forfor (( j == 00;; j << w;; j ++++ )) {{

dc == CurrFrame[[ plane ][][ startY ++ i ][][ startX ++ j ]]
scaledLuma== Round2Signed(( alpha ** (( L[[ i ][][ j ]] -- lumaAvg),), 66 ))
CurrFrame[[ plane ][][ startY ++ i ][][ startX ++ j ]] == Clip1 (( dc ++ scaledLuma))

}}
}}

����� /@>JINOMP>ODJI�<I?�?@LP<IODU<ODJI
������� $@I@M<G
1CDN�N@>ODJI�?@O<DGN�OC@�KMJ>@NN�JA�M@>JINOMP>ODIB�<�=GJ>F�JA�>J@AAD>D@ION�PNDIB�?@LP<IODU<ODJI�<I?�DIQ@MN@�OM<INAJMHN�

������� !@LP<IODU<ODJI�API>ODJIN
1CDN�N@>ODJI�?@ADI@N�OC@�API>ODJIN�B@O;?>;LP<IO�<I?�B@O;<>;LP<IO�OC<O�<M@�I@@?@?�=T�OC@�?@LP<IODU<ODJI�KMJ>@NN�

1C@�LP<IODU<ODJI�K<M<H@O@MN�<M@�?@MDQ@?�AMJH�GJJFPK�O<=G@N�
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Dc_Qlookup[[ 33 ][][ 256256 ]] == {{
{{

44,, 88,, 88,, 99,, 1010,, 1111,, 1212,, 1212,, 1313,, 1414,, 1515,, 1616,,
1717,, 1818,, 1919,, 1919,, 2020,, 2121,, 2222,, 2323,, 2424,, 2525,, 2626,, 2626,,
2727,, 2828,, 2929,, 3030,, 3131,, 3232,, 3232,, 3333,, 3434,, 3535,, 3636,, 3737,,
3838,, 3838,, 3939,, 4040,, 4141,, 4242,, 4343,, 4343,, 4444,, 4545,, 4646,, 4747,,
4848,, 4848,, 4949,, 5050,, 5151,, 5252,, 5353,, 5353,, 5454,, 5555,, 5656,, 5757,,
5757,, 5858,, 5959,, 6060,, 6161,, 6262,, 6262,, 6363,, 6464,, 6565,, 6666,, 6666,,
6767,, 6868,, 6969,, 7070,, 7070,, 7171,, 7272,, 7373,, 7474,, 7474,, 7575,, 7676,,
7777,, 7878,, 7878,, 7979,, 8080,, 8181,, 8181,, 8282,, 8383,, 8484,, 8585,, 8585,,
8787,, 8888,, 9090,, 9292,, 9393,, 9595,, 9696,, 9898,, 9999,, 101101,, 102102,, 104104,,
105105,, 107107,, 108108,, 110110,, 111111,, 113113,, 114114,, 116116,, 117117,, 118118,, 120120,, 121121,,
123123,, 125125,, 127127,, 129129,, 131131,, 134134,, 136136,, 138138,, 140140,, 142142,, 144144,, 146146,,
148148,, 150150,, 152152,, 154154,, 156156,, 158158,, 161161,, 164164,, 166166,, 169169,, 172172,, 174174,,
177177,, 180180,, 182182,, 185185,, 187187,, 190190,, 192192,, 195195,, 199199,, 202202,, 205205,, 208208,,
211211,, 214214,, 217217,, 220220,, 223223,, 226226,, 230230,, 233233,, 237237,, 240240,, 243243,, 247247,,
250250,, 253253,, 257257,, 261261,, 265265,, 269269,, 272272,, 276276,, 280280,, 284284,, 288288,, 292292,,
296296,, 300300,, 304304,, 309309,, 313313,, 317317,, 322322,, 326326,, 330330,, 335335,, 340340,, 344344,,
349349,, 354354,, 359359,, 364364,, 369369,, 374374,, 379379,, 384384,, 389389,, 395395,, 400400,, 406406,,
411411,, 417417,, 423423,, 429429,, 435435,, 441441,, 447447,, 454454,, 461461,, 467467,, 475475,, 482482,,
489489,, 497497,, 505505,, 513513,, 522522,, 530530,, 539539,, 549549,, 559559,, 569569,, 579579,, 590590,,
602602,, 614614,, 626626,, 640640,, 654654,, 668668,, 684684,, 700700,, 717717,, 736736,, 755755,, 775775,,
796796,, 819819,, 843843,, 869869,, 896896,, 925925,, 955955,, 988988,, 10221022,, 10581058,, 10981098,, 11391139,,
11841184,, 12321232,, 12821282,, 13361336

},},
{{

44,, 99,, 1010,, 1313,, 1515,, 1717,, 2020,, 2222,, 2525,, 2828,, 3131,, 3434,,
3737,, 4040,, 4343,, 4747,, 5050,, 5353,, 5757,, 6060,, 6464,, 6868,, 7171,, 7575,,
7878,, 8282,, 8686,, 9090,, 9393,, 9797,, 101101,, 105105,, 109109,, 113113,, 116116,, 120120,,
124124,, 128128,, 132132,, 136136,, 140140,, 143143,, 147147,, 151151,, 155155,, 159159,, 163163,, 166166,,
170170,, 174174,, 178178,, 182182,, 185185,, 189189,, 193193,, 197197,, 200200,, 204204,, 208208,, 212212,,
215215,, 219219,, 223223,, 226226,, 230230,, 233233,, 237237,, 241241,, 244244,, 248248,, 251251,, 255255,,
259259,, 262262,, 266266,, 269269,, 273273,, 276276,, 280280,, 283283,, 287287,, 290290,, 293293,, 297297,,
300300,, 304304,, 307307,, 310310,, 314314,, 317317,, 321321,, 324324,, 327327,, 331331,, 334334,, 337337,,
343343,, 350350,, 356356,, 362362,, 369369,, 375375,, 381381,, 387387,, 394394,, 400400,, 406406,, 412412,,
418418,, 424424,, 430430,, 436436,, 442442,, 448448,, 454454,, 460460,, 466466,, 472472,, 478478,, 484484,,
490490,, 499499,, 507507,, 516516,, 525525,, 533533,, 542542,, 550550,, 559559,, 567567,, 576576,, 584584,,
592592,, 601601,, 609609,, 617617,, 625625,, 634634,, 644644,, 655655,, 666666,, 676676,, 687687,, 698698,,
708708,, 718718,, 729729,, 739739,, 749749,, 759759,, 770770,, 782782,, 795795,, 807807,, 819819,, 831831,,
844844,, 856856,, 868868,, 880880,, 891891,, 906906,, 920920,, 933933,, 947947,, 961961,, 975975,, 988988,,
10011001,, 10151015,, 10301030,, 10451045,, 10611061,, 10761076,, 10901090,, 11051105,, 11201120,, 11371137,, 11531153,, 11701170,,
11861186,, 12021202,, 12181218,, 12361236,, 12531253,, 12711271,, 12881288,, 13061306,, 13231323,, 13421342,, 13611361,, 13791379,,
13981398,, 14161416,, 14361436,, 14561456,, 14761476,, 14961496,, 15161516,, 15371537,, 15591559,, 15801580,, 16011601,, 16241624,,
16471647,, 16701670,, 16921692,, 17171717,, 17411741,, 17661766,, 17911791,, 18171817,, 18441844,, 18711871,, 19001900,, 19291929,,
19581958,, 19901990,, 20212021,, 20542054,, 20882088,, 21232123,, 21592159,, 21972197,, 22362236,, 22762276,, 23192319,, 23632363,,
24102410,, 24582458,, 25082508,, 25612561,, 26162616,, 26752675,, 27372737,, 28022802,, 28712871,, 29442944,, 30203020,, 31023102,,
31883188,, 32803280,, 33753375,, 34783478,, 35863586,, 37023702,, 38233823,, 39533953,, 40894089,, 42364236,, 43944394,, 45594559,,
47374737,, 49294929,, 51305130,, 53475347

},},
{{
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44,, 1212,, 1818,, 2525,, 3333,, 4141,, 5050,, 6060,,
7070,, 8080,, 9191,, 103103,, 115115,, 127127,, 140140,, 153153,,
166166,, 180180,, 194194,, 208208,, 222222,, 237237,, 251251,, 266266,,
281281,, 296296,, 312312,, 327327,, 343343,, 358358,, 374374,, 390390,,
405405,, 421421,, 437437,, 453453,, 469469,, 484484,, 500500,, 516516,,
532532,, 548548,, 564564,, 580580,, 596596,, 611611,, 627627,, 643643,,
659659,, 674674,, 690690,, 706706,, 721721,, 737737,, 752752,, 768768,,
783783,, 798798,, 814814,, 829829,, 844844,, 859859,, 874874,, 889889,,
904904,, 919919,, 934934,, 949949,, 964964,, 978978,, 993993,, 10081008,,
10221022,, 10371037,, 10511051,, 10651065,, 10801080,, 10941094,, 11081108,, 11221122,,
11361136,, 11511151,, 11651165,, 11791179,, 11921192,, 12061206,, 12201220,, 12341234,,
12481248,, 12611261,, 12751275,, 12881288,, 13021302,, 13151315,, 13291329,, 13421342,,
13681368,, 13931393,, 14191419,, 14441444,, 14691469,, 14941494,, 15191519,, 15441544,,
15691569,, 15941594,, 16181618,, 16431643,, 16681668,, 16921692,, 17171717,, 17411741,,
17651765,, 17891789,, 18141814,, 18381838,, 18621862,, 18851885,, 19091909,, 19331933,,
19571957,, 19921992,, 20272027,, 20612061,, 20962096,, 21302130,, 21652165,, 21992199,,
22332233,, 22672267,, 23002300,, 23342334,, 23672367,, 24002400,, 24342434,, 24672467,,
24992499,, 25322532,, 25752575,, 26182618,, 26612661,, 27042704,, 27462746,, 27882788,,
28302830,, 28722872,, 29132913,, 29542954,, 29952995,, 30363036,, 30763076,, 31273127,,
31773177,, 32263226,, 32753275,, 33243324,, 33733373,, 34213421,, 34693469,, 35173517,,
35653565,, 36213621,, 36773677,, 37333733,, 37883788,, 38433843,, 38973897,, 39513951,,
40054005,, 40584058,, 41194119,, 41814181,, 42414241,, 43014301,, 43614361,, 44204420,,
44794479,, 45464546,, 46124612,, 46774677,, 47424742,, 48074807,, 48714871,, 49424942,,
50135013,, 50835083,, 51535153,, 52225222,, 52915291,, 53675367,, 54425442,, 55175517,,
55915591,, 56655665,, 57455745,, 58255825,, 59055905,, 59845984,, 60636063,, 61496149,,
62346234,, 63196319,, 64046404,, 64956495,, 65876587,, 66786678,, 67696769,, 68676867,,
69666966,, 70647064,, 71637163,, 72697269,, 73767376,, 74837483,, 75997599,, 77157715,,
78327832,, 79587958,, 80858085,, 82148214,, 83528352,, 84928492,, 86358635,, 87888788,,
89458945,, 91049104,, 92759275,, 94509450,, 96399639,, 98329832,, 1003110031,, 1024510245,,
1046510465,, 1070210702,, 1094610946,, 1121011210,, 1148211482,, 1177611776,, 1208112081,, 1240912409,,
1275012750,, 1311813118,, 1350113501,, 1391313913,, 1434314343,, 1480714807,, 1529015290,, 1581215812,,
1635616356,, 1694316943,, 1757517575,, 1823718237,, 1894918949,, 1971819718,, 2052120521,, 2138721387

}}
}}
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Ac_Qlookup[[ 33 ][][ 256256 ]] == {{
{{

44,, 88,, 99,, 1010,, 1111,, 1212,, 1313,, 1414,, 1515,, 1616,, 1717,, 1818,,
1919,, 2020,, 2121,, 2222,, 2323,, 2424,, 2525,, 2626,, 2727,, 2828,, 2929,, 3030,,
3131,, 3232,, 3333,, 3434,, 3535,, 3636,, 3737,, 3838,, 3939,, 4040,, 4141,, 4242,,
4343,, 4444,, 4545,, 4646,, 4747,, 4848,, 4949,, 5050,, 5151,, 5252,, 5353,, 5454,,
5555,, 5656,, 5757,, 5858,, 5959,, 6060,, 6161,, 6262,, 6363,, 6464,, 6565,, 6666,,
6767,, 6868,, 6969,, 7070,, 7171,, 7272,, 7373,, 7474,, 7575,, 7676,, 7777,, 7878,,
7979,, 8080,, 8181,, 8282,, 8383,, 8484,, 8585,, 8686,, 8787,, 8888,, 8989,, 9090,,
9191,, 9292,, 9393,, 9494,, 9595,, 9696,, 9797,, 9898,, 9999,, 100100,, 101101,, 102102,,
104104,, 106106,, 108108,, 110110,, 112112,, 114114,, 116116,, 118118,, 120120,, 122122,, 124124,, 126126,,
128128,, 130130,, 132132,, 134134,, 136136,, 138138,, 140140,, 142142,, 144144,, 146146,, 148148,, 150150,,
152152,, 155155,, 158158,, 161161,, 164164,, 167167,, 170170,, 173173,, 176176,, 179179,, 182182,, 185185,,
188188,, 191191,, 194194,, 197197,, 200200,, 203203,, 207207,, 211211,, 215215,, 219219,, 223223,, 227227,,
231231,, 235235,, 239239,, 243243,, 247247,, 251251,, 255255,, 260260,, 265265,, 270270,, 275275,, 280280,,
285285,, 290290,, 295295,, 300300,, 305305,, 311311,, 317317,, 323323,, 329329,, 335335,, 341341,, 347347,,
353353,, 359359,, 366366,, 373373,, 380380,, 387387,, 394394,, 401401,, 408408,, 416416,, 424424,, 432432,,
440440,, 448448,, 456456,, 465465,, 474474,, 483483,, 492492,, 501501,, 510510,, 520520,, 530530,, 540540,,
550550,, 560560,, 571571,, 582582,, 593593,, 604604,, 615615,, 627627,, 639639,, 651651,, 663663,, 676676,,
689689,, 702702,, 715715,, 729729,, 743743,, 757757,, 771771,, 786786,, 801801,, 816816,, 832832,, 848848,,
864864,, 881881,, 898898,, 915915,, 933933,, 951951,, 969969,, 988988,, 10071007,, 10261026,, 10461046,, 10661066,,
10871087,, 11081108,, 11291129,, 11511151,, 11731173,, 11961196,, 12191219,, 12431243,, 12671267,, 12921292,, 13171317,, 13431343,,
13691369,, 13961396,, 14231423,, 14511451,, 14791479,, 15081508,, 15371537,, 15671567,, 15971597,, 16281628,, 16601660,, 16921692,,
17251725,, 17591759,, 17931793,, 18281828

},},
{{

44,, 99,, 1111,, 1313,, 1616,, 1818,, 2121,, 2424,, 2727,, 3030,, 3333,, 3737,,
4040,, 4444,, 4848,, 5151,, 5555,, 5959,, 6363,, 6767,, 7171,, 7575,, 7979,, 8383,,
8888,, 9292,, 9696,, 100100,, 105105,, 109109,, 114114,, 118118,, 122122,, 127127,, 131131,, 136136,,
140140,, 145145,, 149149,, 154154,, 158158,, 163163,, 168168,, 172172,, 177177,, 181181,, 186186,, 190190,,
195195,, 199199,, 204204,, 208208,, 213213,, 217217,, 222222,, 226226,, 231231,, 235235,, 240240,, 244244,,
249249,, 253253,, 258258,, 262262,, 267267,, 271271,, 275275,, 280280,, 284284,, 289289,, 293293,, 297297,,
302302,, 306306,, 311311,, 315315,, 319319,, 324324,, 328328,, 332332,, 337337,, 341341,, 345345,, 349349,,
354354,, 358358,, 362362,, 367367,, 371371,, 375375,, 379379,, 384384,, 388388,, 392392,, 396396,, 401401,,
409409,, 417417,, 425425,, 433433,, 441441,, 449449,, 458458,, 466466,, 474474,, 482482,, 490490,, 498498,,
506506,, 514514,, 523523,, 531531,, 539539,, 547547,, 555555,, 563563,, 571571,, 579579,, 588588,, 596596,,
604604,, 616616,, 628628,, 640640,, 652652,, 664664,, 676676,, 688688,, 700700,, 713713,, 725725,, 737737,,
749749,, 761761,, 773773,, 785785,, 797797,, 809809,, 825825,, 841841,, 857857,, 873873,, 889889,, 905905,,
922922,, 938938,, 954954,, 970970,, 986986,, 10021002,, 10181018,, 10381038,, 10581058,, 10781078,, 10981098,, 11181118,,
11381138,, 11581158,, 11781178,, 11981198,, 12181218,, 12421242,, 12661266,, 12901290,, 13141314,, 13381338,, 13621362,, 13861386,,
14111411,, 14351435,, 14631463,, 14911491,, 15191519,, 15471547,, 15751575,, 16031603,, 16311631,, 16631663,, 16951695,, 17271727,,
17591759,, 17911791,, 18231823,, 18591859,, 18951895,, 19311931,, 19671967,, 20032003,, 20392039,, 20792079,, 21192119,, 21592159,,
21992199,, 22392239,, 22832283,, 23272327,, 23712371,, 24152415,, 24592459,, 25072507,, 25552555,, 26032603,, 26512651,, 27032703,,
27552755,, 28072807,, 28592859,, 29152915,, 29712971,, 30273027,, 30833083,, 31433143,, 32033203,, 32633263,, 33273327,, 33913391,,
34553455,, 35233523,, 35913591,, 36593659,, 37313731,, 38033803,, 38763876,, 39523952,, 40284028,, 41044104,, 41844184,, 42644264,,
43484348,, 44324432,, 45164516,, 46044604,, 46924692,, 47844784,, 48764876,, 49724972,, 50685068,, 51685168,, 52685268,, 53725372,,
54765476,, 55845584,, 56925692,, 58045804,, 59165916,, 60326032,, 61486148,, 62686268,, 63886388,, 65126512,, 66406640,, 67686768,,
69006900,, 70367036,, 71727172,, 73127312

},},
{{
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44,, 1313,, 1919,, 2727,, 3535,, 4444,, 5454,, 6464,,
7575,, 8787,, 9999,, 112112,, 126126,, 139139,, 154154,, 168168,,
183183,, 199199,, 214214,, 230230,, 247247,, 263263,, 280280,, 297297,,
314314,, 331331,, 349349,, 366366,, 384384,, 402402,, 420420,, 438438,,
456456,, 475475,, 493493,, 511511,, 530530,, 548548,, 567567,, 586586,,
604604,, 623623,, 642642,, 660660,, 679679,, 698698,, 716716,, 735735,,
753753,, 772772,, 791791,, 809809,, 828828,, 846846,, 865865,, 884884,,
902902,, 920920,, 939939,, 957957,, 976976,, 994994,, 10121012,, 10301030,,
10491049,, 10671067,, 10851085,, 11031103,, 11211121,, 11391139,, 11571157,, 11751175,,
11931193,, 12111211,, 12291229,, 12461246,, 12641264,, 12821282,, 12991299,, 13171317,,
13351335,, 13521352,, 13701370,, 13871387,, 14051405,, 14221422,, 14401440,, 14571457,,
14741474,, 14911491,, 15091509,, 15261526,, 15431543,, 15601560,, 15771577,, 15951595,,
16271627,, 16601660,, 16931693,, 17251725,, 17581758,, 17911791,, 18241824,, 18561856,,
18891889,, 19221922,, 19541954,, 19871987,, 20202020,, 20522052,, 20852085,, 21182118,,
21502150,, 21832183,, 22162216,, 22482248,, 22812281,, 23132313,, 23462346,, 23782378,,
24112411,, 24592459,, 25082508,, 25562556,, 26052605,, 26532653,, 27012701,, 27502750,,
27982798,, 28472847,, 28952895,, 29432943,, 29922992,, 30403040,, 30883088,, 31373137,,
31853185,, 32343234,, 32983298,, 33623362,, 34263426,, 34913491,, 35553555,, 36193619,,
36843684,, 37483748,, 38123812,, 38763876,, 39413941,, 40054005,, 40694069,, 41494149,,
42304230,, 43104310,, 43904390,, 44704470,, 45504550,, 46314631,, 47114711,, 47914791,,
48714871,, 49674967,, 50645064,, 51605160,, 52565256,, 53525352,, 54485448,, 55445544,,
56415641,, 57375737,, 58495849,, 59615961,, 60736073,, 61856185,, 62976297,, 64106410,,
65226522,, 66506650,, 67786778,, 69066906,, 70347034,, 71627162,, 72907290,, 74357435,,
75797579,, 77237723,, 78677867,, 80118011,, 81558155,, 83158315,, 84758475,, 86358635,,
87958795,, 89568956,, 91329132,, 93089308,, 94849484,, 96609660,, 98369836,, 1002810028,,
1022010220,, 1041210412,, 1060410604,, 1081210812,, 1102011020,, 1122811228,, 1143711437,, 1166111661,,
1188511885,, 1210912109,, 1233312333,, 1257312573,, 1281312813,, 1305313053,, 1330913309,, 1356513565,,
1382113821,, 1409314093,, 1436514365,, 1463714637,, 1492514925,, 1521315213,, 1550215502,, 1580615806,,
1611016110,, 1641416414,, 1673416734,, 1705417054,, 1739017390,, 1772617726,, 1806218062,, 1841418414,,
1876618766,, 1913419134,, 1950219502,, 1988619886,, 2027020270,, 2067020670,, 2107021070,, 2148621486,,
2190221902,, 2233422334,, 2276622766,, 2321423214,, 2366223662,, 2412624126,, 2459024590,, 2507025070,,
2555125551,, 2604726047,, 2655926559,, 2707127071,, 2759927599,, 2814328143,, 2868728687,, 2924729247

}}
}}

1C@�API>ODJI�B@O;LDI?@S��DBIJM@!@GO<.	�N@BH@IO&?���M@OPMIN�OC@�LP<IODU@M�DI?@S�AJM�OC@�>PMM@IO�=GJ>F�<I?�DN�NK@>DAD@?�=T

OC@�AJGGJRDIB�

X &A�N@B;A@<OPM@;<>ODQ@;D?S��N@BH@IO&?	�0"$;)3);�)1;.���DN�@LP<G�OJ���OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� 0@O�OC@�Q<MD<=G@�?<O<�@LP<G�OJ�#@<OPM@!<O<8�N@BH@IO&?�98�0"$;)3);�)1;.�9�

�� 0@O�LDI?@S�@LP<G�OJ�=<N@;L;D?S���?<O<�

�� &A�DBIJM@!@GO<.�DN�@LP<G�OJ�
�<I?�?@GO<;L;KM@N@IO�DN�@LP<G�OJ��	�N@O�LDI?@S�@LP<G�OJ� PMM@IO.&I?@S��

?<O<�

�� /@OPMI� GDK���
	����	�LDI?@S���
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X ,OC@MRDN@	�DA�DBIJM@!@GO<.�DN�@LP<G�OJ�
�<I?�?@GO<;L;KM@N@IO�DN�@LP<G�OJ��	�M@OPMI� PMM@IO.&I?@S�

X ,OC@MRDN@	�M@OPMI�=<N@;L;D?S�

1C@�API>ODJI�B@O;?>;LP<IO��KG<I@���M@OPMIN�OC@�LP<IODU@M�Q<GP@�AJM�OC@�?>�>J@AAD>D@IO�AJM�<�K<MOD>PG<M�KG<I@�<I?�DN�?@MDQ@?

<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<I@�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@IO�AJM�<�K<MOD>PG<M�KG<I@�<I?�DN�?@MDQ@?

<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@MRDN@��KG<I@�DN�@LP<G�OJ���	�M@OPMI�<>;L��B@O;LDI?@S��
	�N@BH@IO;D?�����!@GO<.3�>���

������� /@>JINOMP>O�KMJ>@NN
1C@�M@>JINOMP>O�KMJ>@NN�DN�DIQJF@?�OJ�K@MAJMH�?@LP<IODU<ODJI	�DIQ@MN@�OM<INAJMH�<I?�M@>JINOMP>ODJI��1CDN�KMJ>@NN�DN

OMDBB@M@?�<O�<�KJDIO�?@ADI@?�=T�<�API>ODJI�><GG�OJ�M@>JINOMP>O�DI�OC@�OM<INAJMH�=GJ>F�NTIO<S�O<=G@�?@N>MD=@?�DIN@>ODJI

������� �

1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�KG<I@�NK@>DATDIB�RCD>C�KG<I@�DN�=@DIB�M@>JINOMP>O@?	

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@�9�<MM<T�JA�OC@�>PMM@IO

OM<INAJMH�=GJ>F	

X <�Q<MD<=G@�OS0U	�NK@>DATDIB�OC@�NDU@�JA�OC@�OM<INAJMH�=GJ>F�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�M@>JINOMP>O@?�N<HKG@N�DI�OC@�>PMM@IO�AM<H@� PMM#M<H@�

1C@�M@>JINOMP>ODJI�<I?�?@LP<IODU<ODJI�KMJ>@NN�DN�?@ADI@?�<N�AJGGJRN�

1C@�Q<MD<=G@�?L!@IJH�DN�?@MDQ@?�<N�AJGGJRN�

X &A�OS0U�DN�@LP<G�OJ�15;��5��	�15;��5��	�15;��5��	�15;��5��	�JM�15;��5��	�?L!@IJH�DN�N@O�@LP<G�OJ���

Note: 4C@I�PNDIB�=JOC�?@GO<�LP<IODU<ODJI�<I?�GJNNG@NN�N@BH@ION	�><M@�NCJPG?�=@�O<F@I�OC<O�B@O;LDI?@S�M@OPMIN�


AJM�OC@�GJNNG@NN�N@BH@ION��,I@�<KKMJ<>C�DN�OJ�N@O�#@<OPM@!<O<8�N@BH@IO&?�98�0"$;)3);�)1;.�9�OJ�
����AJM�OC@

GJNNG@NN�N@BH@ION�
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X ,OC@MRDN@	�DA�OS0U�DN�@LP<G�OJ�15;��5��	�15;��5��	�JM�15;��5��	�?L!@IJH�DN�N@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?OC�JA�OC@�OM<INAJMH�=GJ>F��DN�N@O�@LP<G�OJ�1S;4D?OC;)JB�8

OS0U�9�

1C@�Q<MD<=G@�GJB�%��NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�C@DBCO�JA�OC@�OM<INAJMH�=GJ>F��DN�N@O�@LP<G�OJ�1S;%@DBCO;)JB�8

OS0U�9�

1C@�Q<MD<=G@�R��NK@>DATDIB�OC@�RD?OC�JA�OC@�OM<INAJMH�=GJ>F��DN�N@O�@LP<G�OJ������GJB�4�

1C@�Q<MD<=G@�C��NK@>DATDIB�OC@�C@DBCO�JA�OC@�OM<INAJMH�=GJ>F��DN�N@O�@LP<G�OJ������GJB�%�

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�?@MDQ@?�<N�AJGGJRN��&A�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA�#)&-�!01;! 1	�#)&-�!01;�!01	

3;#)&-�!01	�JM�#)&-�!01;#)&-�!01	�AGDK2!�DN�N@O�@LP<G�OJ����,OC@MRDN@	�AGDK2!�DN�N@O�@LP<G�OJ�
�

1C@�Q<MD<=G@�AGDK)/�DN�?@MDQ@?�<N�AJGGJRN��&A�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA�! 1;#)&-�!01	��!01;#)&-�!01	

%;#)&-�!01	�JM�#)&-�!01;#)&-�!01	�AGDK)/�DN�N@O�@LP<G�OJ����,OC@MRDN@	�AGDK)/�DN�N@O�@LP<G�OJ�
�

1C@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� #JM�D���
���OC
��	�AJM�E���
���OR
��	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

<��1C@�Q<MD<=G@�L�DN�?@MDQ@?�<N�AJGGJRN�

c &A�D�DN�@LP<G�OJ�
�<I?�E�DN�@LP<G�OJ�
	�OC@�Q<MD<=G@�L�DN�N@O�@LP<G�OJ�B@O;?>;LP<IO��KG<I@���

c ,OC@MRDN@��D	�E�JM�=JOC�<M@�IJO�@LP<G�OJ�
�	�OC@�Q<MD<=G@�L�DN�N@O�@LP<G�OJ�B@O;<>;LP<IO��KG<I@���

=��1C@�Q<MD<=G@�L��DN�?@MDQ@?�<N�AJGGJRN�

c &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�N@BH@IO;D?�9

DN�G@NN�OC<I���	�L��DN�N@O�@LP<G�OJ�/JPI?���L���.P<IODU@M;*<OMDS8�0@B.*)@Q@G8�KG<I@�98�N@BH@IO;D?�9�98

KG<I@���
�98�.H;,AAN@O8�OS0U�9���D���OR���E�9	�����

c ,OC@MRDN@	�L��DN�N@O�@LP<G�OJ�L�

>��1C@�Q<MD<=G@�?L�DN�N@O�@LP<G�OJ�.P<IO8�D���OR���E�9���L��

?��1C@�Q<MD<=G@�NDBI�DN�N@O�@LP<G�OJ���?L���
�����
������

@��1C@�Q<MD<=G@�?L��DN�N@O�@LP<G�OJ�NDBI������=N��?L�����
S######�����?L!@IJH�

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<INAJMH�=GJ>F�KMJ>@NN�?@ADI@?�DIN@>ODJI������� RDOC�OC@�Q<MD<=G@�OS0U�<N�DIKPO��1C@

DIQ@MN@�OM<INAJMH�JPOKPON�<M@�NOJM@?�DI�OC@�/@ND?P<G�=PAA@M�

�� #JM�D���
���C
��	�AJM�E���
���R
��	�OC@�AJGGJRDIB�<KKGD@N�

c 1C@�Q<MD<=G@�SS�DN�N@O�@LP<G�OJ�AGDK)/�����R�
�E�
�������E�

c 1C@�Q<MD<=G@�TT�DN�N@O�@LP<G�OJ�AGDK2!�����C�
�D�
�������D�

c  PMM#M<H@8�KG<I@�98�T���TT�98�S���SS�9�DN�N@O�@LP<G�OJ� GDK��� PMM#M<H@8�KG<I@�98�T���TT�98�S���SS�9��

/@ND?P<G8�D�98�E�9���

&A�)JNNG@NN�DN�@LP<G�OJ��	�DO�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@N�RMDOO@I�DIOJ�OC@�/@ND?P<G�<MM<T�DI�NO@K

��<M@�M@KM@N@IO<=G@�=T�<�NDBI@?�DIO@B@M�RDOC������DO!@KOC�=DON�

����� &IQ@MN@�OM<INAJMH�KMJ>@NN
������� $@I@M<G
1CDN�N@>ODJI�?@O<DGN�OC@�DIQ@MN@�OM<INAJMHN�PN@?�?PMDIB�OC@�M@>JINOMP>ODJI�KMJ>@NN@N�?@O<DG@?�DIN@>ODJI������

������� �!�OM<INAJMHN
��������� �POO@MAGT�API>ODJIN
1CDN�N@>ODJI�?@ADI@N�OC@�=POO@MAGT�API>ODJIN���<I?�%�PN@?�=T�OC@��!�OM<INAJMH�KMJ>@NN@N�

1C@�DIQ@MN@�OM<INAJMH�KMJ>@NN�RJMFN�=T�RMDODIB�Q<GP@N�DIOJ�<I�<MM<T�1�

1C@�API>ODJI�=M@Q�IPH�DON	�S��M@OPMIN�OC@�=DO
M@Q@MN<G�JA�IPH�DON�JA�S�<I?�DN�NK@>DAD@?�<N�AJGGJRN�

brev(( numBits,, x )) {{
t == 00
forfor (( i == 00;; i << numBits;; i ++++ )) {{

bit == (( x >>>> i )) && 11
t +=+= bit <<<< (( numBits -- 11 -- i ))

}}
returnreturn t

}}

1C@�API>ODJI����<	�=	�<IBG@	�
	�M���K@MAJMHN�<�=POO@MAGT�MJO<ODJI�NK@>DAD@?�=T�OC@�AJGGJRDIB�JM?@M@?�NO@KN�

Note: 4C@I�)JNNG@NN�DN�@LP<G�OJ�
	�Q<GP@N�RMDOO@I�DIOJ�/@ND?P<G�H<T�IJO�=@�M@KM@N@IO<=G@�=T������DO!@KOC�=DON��AJM

@S<HKG@	�?P@�OJ�LP<IODU<ODJI�IJDN@���1C@�>JINOM<DION�DI�JOC@M�K<MON�JA�OC@�NK@>DAD><ODJI�@INPM@�OC<O�OC@�Q<GP@N�RDGG

<GR<TN�=@�M@KM@N@IO<=G@�=T�<�NDBI@?�DIO@B@M�RDOC�*<S���DO!@KOC����	������=DON�
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�� 1C@�Q<MD<=G@�S�DN�N@O�@LP<G�OJ�18�<�9���>JN�����<IBG@���
�18�=�9���NDI�����<IBG@���

�� 1C@�Q<MD<=G@�T�DN�N@O�@LP<G�OJ�18�<�9���NDI�����<IBG@�����18�=�9���>JN�����<IBG@���

�� 18�<�9�DN�N@O�@LP<G�OJ�/JPI?���S	������

�� 18�=�9�DN�N@O�@LP<G�OJ�/JPI?���T	������

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�Q<GP@N�N<Q@?�DIOJ�OC@�<MM<T�1�=T�OCDN�API>ODJI�<M@�M@KM@N@IO<=G@�=T�<

NDBI@?�DIO@B@M�PNDIB�M�=DON�JA�KM@>DNDJI�

1C@�API>ODJI�>JN�����<IBG@���DN�NK@>DAD@?�AJM�DIO@B@M�Q<GP@N�JA�OC@�DIKPO�<IBG@�=T�OC@�AJGGJRDIB�JM?@M@?�NO@KN�

�� 0@O�<�Q<MD<=G@�<IBG@��@LP<G�OJ�<IBG@�������

�� &A�<IBG@��DN�BM@<O@M�OC<I�JM�@LP<G�OJ�
�<I?�G@NN�OC<I�JM�@LP<G�OJ���	�M@OPMI� JN���;)JJFPK8�<IBG@��9�

�� &A�<IBG@��DN�BM@<O@M�OC<I����<I?�G@NN�OC<I�JM�@LP<G�OJ����	�M@OPMI� JN���;)JJFPK8�����
�<IBG@��9���
��

�� &A�<IBG@��DN�BM@<O@M�OC<I�����<I?�G@NN�OC<I�JM�@LP<G�OJ����	�M@OPMI� JN���;)JJFPK8�<IBG@��
�����9���
��

�� ,OC@MRDN@��DA�<IBG@��DN�BM@<O@M�OC<I�����<I?�G@NN�OC<I�����	�M@OPMI� JN���;)JJFPK8�����
�<IBG@��9�

4C@M@� JN���;)JJFPK�DN�<�>JINO<IO�GJJFPK�O<=G@�?@ADI@?�<N�

Cos128_Lookup[[ 6565 ]] == {{
40964096,, 40954095,, 40914091,, 40854085,, 40764076,, 40654065,, 40524052,, 40364036,,
40174017,, 39963996,, 39733973,, 39483948,, 39203920,, 38893889,, 38573857,, 38223822,,
37843784,, 37453745,, 37033703,, 36593659,, 36123612,, 35643564,, 35133513,, 34613461,,
34063406,, 33493349,, 32903290,, 32293229,, 31663166,, 31023102,, 30353035,, 29672967,,
28962896,, 28242824,, 27512751,, 26752675,, 25982598,, 25202520,, 24402440,, 23592359,,
22762276,, 21912191,, 21062106,, 20192019,, 19311931,, 18421842,, 17511751,, 16601660,,
15671567,, 14741474,, 13801380,, 12851285,, 11891189,, 10921092,, 995995,, 897897,,
799799,, 700700,, 601601,, 501501,, 401401,, 301301,, 201201,, 101101,, 00

}}

1C@�API>ODJI�NDI�����<IBG@���DN�?@ADI@?�OJ�=@�>JN�����<IBG@�
������

4C@I�OC@�<IBG@�DN�@LP<G�OJ�����������F�AJM�DIO@B@M�F�OC@�=POO@MAGT�MJO<ODJI�><I�=@�@LPDQ<G@IOGT�K@MAJMH@?�RDOC�ORJ�A@R@M

HPGODKGD><ODJIN��=@><PN@�OC@�H<BIDOP?@�JA�>JN���������������F���DN�<GR<TN�@LP<G�OJ�OC<O�JA�NDI���������������F����=T�OC@

AJGGJRDIB�KMJ>@NN�

�� 1C@�Q<MD<=G@�Q�DN�N@O�@LP<G�OJ��<IBG@���������18�<�9���18�=�9���18�<�9�
�18�=�9�

Note: 1C@�>JN����API>ODJI�DHKG@H@ION�OC@�@SKM@NNDJI��
�����>JN��<IBG@���KD���������MJPI?@?�OJ�OC@�I@<M@NO

DIO@B@M��1C@�NDI����API>ODJI�DHKG@H@ION�OC@�@SKM@NNDJI��
�����NDI��<IBG@���KD���������MJPI?@?�OJ�OC@�I@<M@NO

DIO@B@M�
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�� 1C@�Q<MD<=G@�S�DN�N@O�@LP<G�OJ�Q���>JN�����<IBG@���

�� 1C@�Q<MD<=G@�T�DN�N@O�@LP<G�OJ�R���>JN�����<IBG@���

�� 18�<�9�DN�N@O�@LP<G�OJ�/JPI?���S	������

�� 18�=�9�DN�N@O�@LP<G�OJ�/JPI?���T	������
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s[[ 00 ]] == SINPI_1_9 ** T[[ 00 ]]
s[[ 11 ]] == SINPI_2_9 ** T[[ 00 ]]
s[[ 22 ]] == SINPI_3_9 ** T[[ 11 ]]
s[[ 33 ]] == SINPI_4_9 ** T[[ 22 ]]
s[[ 44 ]] == SINPI_1_9 ** T[[ 22 ]]
s[[ 55 ]] == SINPI_2_9 ** T[[ 33 ]]
s[[ 66 ]] == SINPI_4_9 ** T[[ 33 ]]
a7 == T[[ 00 ]] -- T[[ 22 ]]
b7 == a7 ++ T[[ 33 ]]

s[[ 00 ]] == s[[ 00 ]] ++ s[[ 33 ]]
s[[ 11 ]] == s[[ 11 ]] -- s[[ 44 ]]
s[[ 33 ]] == s[[ 22 ]]
s[[ 22 ]] == SINPI_3_9 ** b7

s[[ 00 ]] == s[[ 00 ]] ++ s[[ 55 ]]
s[[ 11 ]] == s[[ 11 ]] -- s[[ 66 ]]

x[[ 00 ]] == s[[ 00 ]] ++ s[[ 33 ]]
x[[ 11 ]] == s[[ 11 ]] ++ s[[ 33 ]]
x[[ 22 ]] == s[[ 22 ]]
x[[ 33 ]] == s[[ 00 ]] ++ s[[ 11 ]]

x[[ 33 ]] == x[[ 33 ]] -- s[[ 33 ]]

T[[ 00 ]] == Round2(( x[[ 00 ],], 1212 ))
T[[ 11 ]] == Round2(( x[[ 11 ],], 1212 ))
T[[ 22 ]] == Round2(( x[[ 22 ],], 1212 ))
T[[ 33 ]] == Round2(( x[[ 33 ],], 1212 ))
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a == T[[ 00 ]] >>>> shift
c == T[[ 11 ]] >>>> shift
d == T[[ 22 ]] >>>> shift
b == T[[ 33 ]] >>>> shift
a +=+= c
d -=-= b
e == (( a -- d)) >>>> 11
b == e -- b
c == e -- c
a -=-= b
d +=+= c
T[[ 00 ]] == a
T[[ 11 ]] == b
T[[ 22 ]] == c
T[[ 33 ]] == d

���������� &IQ@MN@�D?@IODOT�OM<INAJMH���KMJ>@NN
1C@�KMJ>@NN�?J@N�<I�DI
KG<>@�OM<INAJMH�JA�OC@�<MM<T�1��JA�G@IBOC����=T�OC@�AJGGJRDIB�><G>PG<ODJI�AJM�D���
����

T[[ i ]] == Round2(( T[[ i ]] ** 57935793,, 1212 ))

���������� &IQ@MN@�D?@IODOT�OM<INAJMH���KMJ>@NN
1C@�KMJ>@NN�?J@N�<I�DI
KG<>@�OM<INAJMH�JA�OC@�<MM<T�1��JA�G@IBOC����=T�OC@�AJGGJRDIB�><G>PG<ODJI�AJM�D���
����
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T[[ i ]] == T[[ i ]] ** 22

���������� &IQ@MN@�D?@IODOT�OM<INAJMH����KMJ>@NN
1C@�KMJ>@NN�?J@N�<I�DI
KG<>@�OM<INAJMH�JA�OC@�<MM<T�1��JA�G@IBOC�����=T�OC@�AJGGJRDIB�><G>PG<ODJI�AJM�D���
�����

T[[ i ]] == Round2(( T[[ i ]] ** 1158611586,, 1212 ))

���������� &IQ@MN@�D?@IODOT�OM<INAJMH����KMJ>@NN
1C@�KMJ>@NN�?J@N�<I�DI
KG<>@�OM<INAJMH�JA�OC@�<MM<T�1��JA�G@IBOC�����=T�OC@�AJGGJRDIB�><G>PG<ODJI�AJM�D���
�����

T[[ i ]] == T[[ i ]] ** 44

���������� &IQ@MN@�D?@IODOT�OM<INAJMH�KMJ>@NN
1CDN�KMJ>@NN�K@MAJMHN�<I�DI
KG<>@�D?@IODOT�OM<INAJMH�KMJ>@NN��RDOC�<�NDU@
?@K@I?@IO�N><GDIB�A<>OJM��JI�OC@�<MM<T�1�JA�NDU@

� I AJM���Y�I�Y���

1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�Q<MD<=G@�I�OC<O�NK@>DAD@N�OC@�=<N@���GJB<MDOCH�JA�OC@�G@IBOC�JA�OC@�DIKPO�<MM<T�

1C@�KMJ>@NN�OJ�DIQJF@�?@K@I?N�JI�I�<N�AJGGJRN�

X &A�I�DN�@LP<G�OJ��	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH���KMJ>@NN�DIN@>ODJI���������� �

X ,OC@MRDN@	�DA�I�DN�@LP<G�OJ��	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH���KMJ>@NN�DIN@>ODJI���������� �

X ,OC@MRDN@	�DA�I�DN�@LP<G�OJ��	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH����KMJ>@NN�DIN@>ODJI���������� �

X ,OC@MRDN@��I�DN�@LP<G�OJ���	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH����KMJ>@NN�DIN@>ODJI���������� �

������� �!�DIQ@MN@�OM<INAJMH�KMJ>@NN
1CDN�KMJ>@NN�K@MAJMHN�<��!�DIQ@MN@�OM<INAJMH�AJM�<I�<MM<T�JA�>J@AAD>D@ION�NOJM@?�DI�OC@��!�<MM<T�!@LP<IO��1C@�JPOKPO�DN

KG<>@?�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<INAJMH�NDU@�

0@O�OC@�Q<MD<=G@�GJB�4�@LP<G�OJ�1S;4D?OC;)JB�8�OS0U�9�

0@O�OC@�Q<MD<=G@�GJB�%�@LP<G�OJ�1S;%@DBCO;)JB�8�OS0U�9�

0@O�OC@�Q<MD<=G@�R�@LP<G�OJ������GJB�4�

0@O�OC@�Q<MD<=G@�C�@LP<G�OJ������GJB�%�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 305 of 669



0@O�OC@�Q<MD<=G@�MJR0CDAO�@LP<G�OJ�)JNNG@NN���
���1M<INAJMH;/JR;0CDAO8�OS0U�9�

0@O�OC@�Q<MD<=G@�>JG0CDAO�@LP<G�OJ�)JNNG@NN���
�����

0@O�OC@�Q<MD<=G@�MJR G<HK/<IB@�@LP<G�OJ��DO!@KOC�����

0@O�OC@�Q<MD<=G@�>JG G<HK/<IB@�@LP<G�OJ�*<S���DO!@KOC����	������

1C@�MJR�OM<INAJMHN�RDOC�D���
���C
���<M@�<KKGD@?�<N�AJGGJRN�

X 18�E�9�DN�?@MDQ@?�<N�AJGGJRN�AJM�E���
���R
���

c &A�D�<I?�E�<M@�=JOC�G@NN�OC<I���	�18�E�9�DN�N@O�@LP<G�OJ�!@LP<IO8�D�98�E�9�

c ,OC@MRDN@	�18�E�9�DN�N@O�@LP<G�OJ�
�

X &A��=N��GJB�4�
�GJB�%���DN�@LP<G�OJ��	�18�E�9�DN�N@O�@LP<G�OJ�/JPI?���18�E�9�������	������AJM�E���
���R
���

X &A�)JNNG@NN�DN�@LP<G�OJ��	�DIQJF@�OC@�&IQ@MN@�4%1�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI���������
 RDOC�NCDAO�@LP<G�OJ���

X ,OC@MRDN@	�DA�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA�! 1;! 1	��!01;! 1	�#)&-�!01;! 1�JM�%;! 1	�DIQJF@�OC@

DIQ@MN@�! 1�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI��������� RDOC�OC@�DIKPO�Q<MD<=G@�I�@LP<G�OJ�GJB�4�<I?�OC@�DIKPO

Q<MD<=G@�M�@LP<G�OJ�MJR G<HK/<IB@�

X ,OC@MRDN@	�DA�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA�! 1;�!01	��!01;�!01	�! 1;#)&-�!01	

#)&-�!01;#)&-�!01	��!01;#)&-�!01	�#)&-�!01;�!01	�%;�!01	�JM�%;#)&-�!01	�DIQJF@�OC@�DIQ@MN@

�!01�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI��������� RDOC�DIKPO�Q<MD<=G@�I�@LP<G�OJ�GJB�4�<I?�OC@�DIKPO�Q<MD<=G@�M�@LP<G

OJ�MJR G<HK/<IB@�

X ,OC@MRDN@	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH�KMJ>@NN�NK@>DAD@?�DIN@>ODJI���������� RDOC�OC@�DIKPO�Q<MD<=G@�I

@LP<G�OJ�GJB�4�

X 0@O�/@ND?P<G8�D�98�E�9�@LP<G�OJ�/JPI?���18�E�9	�MJR0CDAO���AJM�E���
���R
���

�@OR@@I�OC@�MJR�<I?�>JGPHI�OM<INAJMHN	�/@ND?P<G8�D�98�E�9�DN�N@O�@LP<G�OJ� GDK���
����������>JG G<HK/<IB@�
������	���������

>JG G<HK/<IB@�
�������
��	�/@ND?P<G8�D�98�E�9���AJM�D���
���C
��	�AJM�E���
���R
���

1C@�>JGPHI�OM<INAJMHN�RDOC�E���
���R
���<M@�<KKGD@?�<N�AJGGJRN�

X 0@O�18�D�9�@LP<G�OJ�/@ND?P<G8�D�98�E�9�AJM�D���
���C
���

X &A�)JNNG@NN�DN�@LP<G�OJ��	�DIQJF@�OC@�&IQ@MN@�4%1�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI���������
 RDOC�NCDAO�@LP<G�OJ�
�

X ,OC@MRDN@	�DA�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA�! 1;! 1	�! 1;�!01	�! 1;#)&-�!01�JM�3;! 1	�DIQJF@�OC@

DIQ@MN@�! 1�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI��������� RDOC�OC@�DIKPO�Q<MD<=G@�I�@LP<G�OJ�GJB�%�<I?�OC@�DIKPO

Q<MD<=G@�M�@LP<G�OJ�>JG G<HK/<IB@�
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X ,OC@MRDN@	�DA�-G<I@1S1TK@�DN�@LP<G�OJ�JI@�JA��!01;! 1	��!01;�!01	�#)&-�!01;! 1	

#)&-�!01;#)&-�!01	��!01;#)&-�!01	�#)&-�!01;�!01	�3;�!01	�JM�3;#)&-�!01	�DIQJF@�OC@�DIQ@MN@

�!01�KMJ>@NN�<N�NK@>DAD@?�DIN@>ODJI��������� RDOC�DIKPO�Q<MD<=G@�I�@LP<G�OJ�GJB�%�<I?�OC@�DIKPO�Q<MD<=G@�M�@LP<G

OJ�>JG G<HK/<IB@�

X ,OC@MRDN@	�DIQJF@�OC@�DIQ@MN@�D?@IODOT�OM<INAJMH�KMJ>@NN�NK@>DAD@?�DIN@>ODJI���������� RDOC�OC@�DIKPO�Q<MD<=G@�I

@LP<G�OJ�GJB�%�

X /@ND?P<G8�D�98�E�9�DN�N@O�@LP<G�OJ�/JPI?���18�D�9	�>JG0CDAO���AJM�D���
���C
���

RC@M@�1M<INAJMH;/JR;0CDAO�DN�?@ADI@?�<N�

Transform_Row_Shift[[ TX_SIZES_ALL]] == {{
00,, 11,, 22,, 22,, 22,, 00,, 00,, 11,, 11,,
11,, 11,, 11,, 11,, 11,, 11,, 22,, 22,, 22,, 22

}}

����� )JJK�ADGO@M�KMJ>@NN
������� $@I@M<G
&IKPO�OJ�OCDN�KMJ>@NN�DN�OC@�<MM<T� PMM#M<H@�JA�M@>JINOMP>O@?�N<HKG@N�

,POKPO�AMJH�OCDN�KMJ>@NN�DN�<�HJ?DAD@?�<MM<T� PMM#M<H@�>JIO<DIDIB�?@=GJ>F@?�N<HKG@N�

1C@�KPMKJN@�JA�OC@�GJJK�ADGO@M�DN�OJ�@GDHDI<O@��JM�<O�G@<NO�M@?P>@��QDNP<GGT�J=E@>ODJI<=G@�<MODA<>ON�<NNJ>D<O@?�RDOC�OC@�N@HD


DI?@K@I?@I>@�JA�OC@�>J?DIB�JA�NPK@M�=GJ>FN�<I?�OC@DM�>JINODOP@IO�NP=
=GJ>FN�

1C@�GJJK�ADGO@M�DN�<KKGD@?�JI�<GG�Q@MOD><G�=JPI?<MD@N�AJGGJR@?�=T�<GG�CJMDUJIO<G�=JPI?<MD@N�<N�AJGGJRN�

forfor (( plane == 00;; plane << NumPlanes;; plane++++ )) {{
ifif (( plane ==== 00 ||||

loop_filter_level [[ 11 ++ plane ]] )) {{
forfor (( pass == 00;; pass << 22;; pass++++ )) {{

rowStep == (( plane ==== 00 )) ?? 11 :: (( 11 <<<< subsampling_y ))
colStep == (( plane ==== 00 )) ?? 11 :: (( 11 <<<< subsampling_x ))
forfor (( row == 00;; row << MiRows;; row +=+= rowStep ))

forfor (( col == 00;; col << MiCols;; col +=+= colStep ))
loop_filter_edge (( plane,, pass,, row,, col ))

}}
}}

}}

4C@I�OC@�API>ODJI�GJJK;ADGO@M;@?B@�DN�><GG@?	�OC@�@?B@�GJJK�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�OC@

Q<MD<=G@N�KG<I@	�K<NN	�MJR	�<I?�>JG�<N�DIKPON�
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������� "?B@�GJJK�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@>ODJI�JA�OC@�@?B@N��K<NN�@LP<G�OJ�
�H@<IN�OC@�KMJ>@NN�DN�ADGO@MDIB�Q@MOD><G�=GJ>F

=JPI?<MD@N	�<I?�K<NN�@LP<G�OJ���H@<IN�OC@�KMJ>@NN�DN�ADGO@MDIB�CJMDUJIO<G�=GJ>F�=JPI?<MD@N	

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<�KG<I@�

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@IO�KG<I@�<M@�?@MDQ@?�<N�AJGGJRN�

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=5�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�<I?�NP=6�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;T�

1C@�Q<MD<=G@N�?S�<I?�?T�<M@�?@MDQ@?�<N�AJGGJRN�

X &A�K<NN�DN�@LP<G�OJ�
	�OC@I�?S�DN�N@O�@LP<G�OJ��	�?T�DN�N@O�@LP<G�OJ�
�

X ,OC@MRDN@��K<NN�DN�@LP<G�OJ���	�?T�DN�N@O�@LP<G�OJ��	�?S�DN�N@O�@LP<G�OJ�
�

?S�<I?�?T�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<�>JJM?DI<O@N�

1C@�Q<MD<=G@N�MJR�<I?�>JG�<M@�<?EPNO@?�<N�AJGGJRN�

X MJR�DN�N@O�@LP<G�OJ���MJR�V�NP=6��

X >JG�DN�N@O�@LP<G�OJ���>JG�V�NP=5��

1C@�Q<MD<=G@�JI0>M@@I��@LP<G�OJ���DA�OC@�N<HKG@N�JI�=JOC�ND?@N�JA�OC@�=JPI?<MT�GD@�DI�OC@�QDND=G@�<M@<��DN�?@MDQ@?�<N

AJGGJRN�

Note: 1C@�GJJK�ADGO@M�DN�<I�DIO@BM<G�K<MO�JA�OC@�?@>J?DIB�KMJ>@NN	�DI�OC<O�OC@�M@NPGON�JA�GJJK�ADGO@MDIB�<M@�PN@?�DI�OC@

KM@?D>ODJI�JA�NP=N@LP@IO�AM<H@N�

Note: 1C@�GJJK�ADGO@MDIB�DN�?@NDBI@?�NJ�OC<O�<IT�JM?@M�JA�ADGO@MDIB�AJM�OC@�@?B@N�RDGG�BDQ@�D?@IOD><G�M@NPGON	�KMJQD?@?

OC<O�OC@�Q@MOD><G�=JPI?<MD@N�<M@�ADGO@M@?�=@AJM@�OC@�CJMDUJIO<G�=JPI?<MD@N�
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�
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�
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X 0@O�S-�@LP<G�OJ�S����NP=5

X 0@O�T-�@LP<G�OJ�T����NP=6
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?@MDQ@?�<N�AJGGJRN�
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0@O�OC@�Q<MD<=G@�NFDK�@LP<G�OJ�0FDKN8�MJR�98�>JG�9�

0@O�OC@�Q<MD<=G@�DN&IOM<�@LP<G�OJ�/@A#M<H@N8�MJR�98�>JG�98�
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�
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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@?�<N�AJGGJRN�

X &A�DN1S"?B@�DN�@LP<G�OJ�
	�<KKGT#DGO@M�DN�N@O�@LP<G�OJ�
�
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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?@�JA�OC@�NK@>DAD@?�=JPI?<MT�
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q0 == CurrFrame[[ plane ][][ y ][][ x ]]
q1 == CurrFrame[[ plane ][][ y ++ dy ][][ x ++ dx ]]
q2 == CurrFrame[[ plane ][][ y ++ dy ** 22 ][][ x ++ dx ** 22 ]]
q3 == CurrFrame[[ plane ][][ y ++ dy ** 33 ][][ x ++ dx ** 33 ]]
q4 == CurrFrame[[ plane ][][ y ++ dy ** 44 ][][ x ++ dx ** 44 ]]
q5 == CurrFrame[[ plane ][][ y ++ dy ** 55 ][][ x ++ dx ** 55 ]]
q6 == CurrFrame[[ plane ][][ y ++ dy ** 66 ][][ x ++ dx ** 66 ]]
p0 == CurrFrame[[ plane ][][ y -- dy ][][ x -- dx ]]
p1 == CurrFrame[[ plane ][][ y -- dy ** 22 ][][ x -- dx ** 22 ]]
p2 == CurrFrame[[ plane ][][ y -- dy ** 33 ][][ x -- dx ** 33 ]]
p3 == CurrFrame[[ plane ][][ y -- dy ** 44 ][][ x -- dx ** 44 ]]
p4 == CurrFrame[[ plane ][][ y -- dy ** 55 ][][ x -- dx ** 55 ]]
p5 == CurrFrame[[ plane ][][ y -- dy ** 66 ][][ x -- dx ** 66 ]]
p6 == CurrFrame[[ plane ][][ y -- dy ** 77 ][][ x -- dx ** 77 ]]

Note: 0<HKG@N�L�	�L�	�L�	�K�	�K�	�<I?�K��<M@�JIGT�PN@?�DA�ADGO@M0DU@�DN�@LP<G�OJ����
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hevMask== 00
threshBd == thresh <<<< (( BitDepth -- 88))
hevMask|=|= (( Abs(( p1 -- p0 )) >> threshBd))
hevMask|=|= (( Abs(( q1 -- q0 )) >> threshBd))

1C@�Q<MD<=G@�ADGO@M)@I	�M@KM@N@IODIB�OC@�IPH=@M�JA�O<KN�@<>C�ND?@�JA�OC@�>@IOM<G�N<HKG@�DI�OC@�ADGO@M	�DN�?@MDQ@?�<N�AJGGJRN�

X &A�ADGO@M0DU@�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�OJ���

X ,OC@MRDN@	�DA�ADGO@M0DU@�DN�@LP<G�OJ��	�ADGO@M)@I�DN�N@O�@LP<G�OJ���

X ,OC@MRDN@	�ADGO@M)@I�DN�N@O�@LP<G�OJ����
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<I?�DN�><G>PG<O@?�<N�AJGGJRN�

limitBd == limit <<<< (( BitDepth -- 88))
blimitBd == blimit <<<< (( BitDepth -- 88))
mask== 00
mask|=|= (( Abs(( p1 -- p0 )) >> limitBd ))
mask|=|= (( Abs(( q1 -- q0 )) >> limitBd ))
mask|=|= (( Abs(( p0 -- q0 )) ** 22 ++ Abs(( p1 -- q1 )) // 22 >> blimitBd ))
ifif (( filterLen >=>= 66 )) {{

mask|=|= (( Abs(( p2 -- p1 )) >> limitBd ))
mask|=|= (( Abs(( q2 -- q1 )) >> limitBd ))

}}
ifif (( filterLen >=>= 88 )) {{

mask|=|= (( Abs(( p3 -- p2 )) >> limitBd ))
mask|=|= (( Abs(( q3 -- q2 )) >> limitBd ))

}}
filterMask == (( mask==== 00))

1C@�Q<GP@�JA�AG<O*<NF�DN�JIGT�M@LPDM@?�RC@I�ADGO@M0DU@�������&O�H@<NPM@N�RC@OC@M�N<HKG@N�AMJH�@<>C�ND?@�JA�OC@�NK@>DAD@?

=JPI?<MT�<M@�DI�<�AG<O�M@BDJI��1C<O�DN�RC@OC@M�OCJN@�N<HKG@N�<M@�<O�HJNO���������DO!@KOC�
�����?DAA@M@IO�AMJH�OC@�N<HKG@�JI

OC@�=JPI?<MT��&O�DN�><G>PG<O@?�<N�AJGGJRN�
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thresholdBd == 11 <<<< (( BitDepth -- 88))
ifif (( filterSize >=>= 88 )) {{

mask== 00
mask|=|= (( Abs(( p1 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q1 -- q0 )) >> thresholdBd ))
mask|=|= (( Abs(( p2 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q2 -- q0 )) >> thresholdBd ))
ifif (( filterLen >=>= 88 )) {{

mask|=|= (( Abs(( p3 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q3 -- q0 )) >> thresholdBd ))

}}
flatMask == (( mask==== 00))

}}

1C@�Q<GP@�JA�AG<O*<NF��DN�JIGT�M@LPDM@?�RC@I�ADGO@M0DU@��������&O�H@<NPM@N�RC@OC@M�<O�G@<NO�N@Q@I�N<HKG@N�AMJH�@<>C�ND?@

JA�OC@�NK@>DAD@?�=JPI?<MT�<M@�DI�<�AG<O�M@BDJI�<NNPHDIB�OC@�ADMNO�AJPM�JI�@<>C�ND?@�<M@��NJ�OC@�APGG�M@BDJI�DN�AG<O�DA�AG<O*<NF��

AG<O*<NF�����
���1C@�Q<GP@�JA�AG<O*<NF��DN�><G>PG<O@?�<N�AJGGJRN�

thresholdBd == 11 <<<< (( BitDepth -- 88))
ifif (( filterSize >=>= 1616 )) {{

mask== 00
mask|=|= (( Abs(( p6 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q6 -- q0 )) >> thresholdBd ))
mask|=|= (( Abs(( p5 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q5 -- q0 )) >> thresholdBd ))
mask|=|= (( Abs(( p4 -- p0 )) >> thresholdBd ))
mask|=|= (( Abs(( q4 -- q0 )) >> thresholdBd ))
flatMask2 == (( mask==== 00))

}}

��������� +<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@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@>ODJI�K@MK@I?D>PG<M�OJ�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�OC@�Q<GP@�JA�C@Q*<NF�<N

AJGGJRN�
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X &A�C@Q*<NF�DN�@LP<G�OJ�
��D�@��OC@�N<HKG@N�?J�IJO�C<Q@�CDBC�@?B@�Q<MD<I>@�	�OCDN�KMJ>@NN�HJ?DAD@N�ORJ�N<HKG@N�JI

@<>C�ND?@�JA�OC@�NK@>DAD@?�=JPI?<MT	�PNDIB�<�ADGO@M�>JINOMP>O@?�AMJH�EPNO�OC@�DII@M�ORJ��JI@�AMJH�@<>C�ND?@�JA�OC@

NK@>DAD@?�=JPI?<MT��

X ,OC@MRDN@��OC@�N<HKG@N�?J�C<Q@�CDBC�@?B@�Q<MD<I>@�	�OCDN�KMJ>@NN�JIGT�HJ?DAD@N�OC@�JI@�Q<GP@�JI�@<>C�ND?@�JA

OC@�NK@>DAD@?�=JPI?<MT	�PNDIB�<�ADGO@M�>JINOMP>O@?�AMJH�AJPM�DIKPO�N<HKG@N��ORJ�AMJH�@<>C�ND?@�JA�OC@�NK@>DAD@?

=JPI?<MT��

1C@�KMJ>@NN�NP=OM<>ON�
S�
������DO!@KOC�
����AMJH�OC@�DIKPO�N<HKG@�Q<GP@N�NJ�OC<O�OC@T�<M@�DI�OC@�M<IB@�
��������DO!@KOC�


����OJ���������DO!@KOC�
�����
���DI>GPNDQ@��&IO@MH@?D<O@�Q<GP@N�<M@�H<?@�OJ�=@�DI�OCDN�M<IB@�=T�OC@�AJGGJRDIB�API>ODJI�

filter4_clamp (( value )) {{
returnreturn Clip3 (( -- (( 11 <<<< (( BitDepth -- 11)),)), (( 11 <<<< (( BitDepth -- 11)))) -- 11,, value ))

}}

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

q0 == CurrFrame[[ plane ][][ y ][][ x ]]
q1 == CurrFrame[[ plane ][][ y ++ dy ][][ x ++ dx ]]
p0 == CurrFrame[[ plane ][][ y -- dy ][][ x -- dx ]]
p1 == CurrFrame[[ plane ][][ y -- dy ** 22 ][][ x -- dx ** 22 ]]
ps1 == p1 -- (( 0x800x80 <<<< (( BitDepth -- 88))))
ps0 == p0 -- (( 0x800x80 <<<< (( BitDepth -- 88))))
qs0 == q0 -- (( 0x800x80 <<<< (( BitDepth -- 88))))
qs1 == q1 -- (( 0x800x80 <<<< (( BitDepth -- 88))))
filter == hevMask?? filter4_clamp (( ps1 -- qs1 )) :: 00
filter == filter4_clamp (( filter ++ 33 ** (( qs0 -- ps0)) ))
filter1 == filter4_clamp (( filter ++ 44 )) >>>> 33
filter2 == filter4_clamp (( filter ++ 33 )) >>>> 33
oq0 == filter4_clamp (( qs0 -- filter1 )) ++ (( 0x800x80 <<<< (( BitDepth -- 88))))
op0 == filter4_clamp (( ps0 ++ filter2 )) ++ (( 0x800x80 <<<< (( BitDepth -- 88))))
CurrFrame[[ plane ][][ y ][][ x ]] == oq0
CurrFrame[[ plane ][][ y -- dy ][][ x -- dx ]] == op0
ifif (( !! hevMask)) {{

filter == Round2(( filter1 ,, 11 ))
oq1 == filter4_clamp (( qs1 -- filter )) ++ (( 0x800x80 <<<< (( BitDepth -- 88))))
op1 == filter4_clamp (( ps1 ++ filter )) ++ (( 0x800x80 <<<< (( BitDepth -- 88))))
CurrFrame[[ plane ][][ y ++ dy ][][ x ++ dx ]] == oq1
CurrFrame[[ plane ][][ y -- dy ** 22 ][][ x -- dx ** 22 ]] == op1

}}

��������� 4D?@�ADGO@M�KMJ>@NN
1C@�DIKPON�OJ�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@>ODJI�K@MK@I?D>PG<M�OJ�OC@�@?B@�=@DIB�ADGO@M@?	

X <�Q<MD<=G@�GJB�0DU@�NK@>DATDIB�OC@�=<N@���GJB<MDOCH�JA�OC@�IPH=@M�JA�O<KN�

1CDN�ADGO@M�DN�JIGT�<KKGD@?�RC@I�N<HKG@N�AMJH�@<>C�ND?@�JA�OC@�=JPI?<MT�<M@�?@O@>O@?�OJ�=@�DI�<�AG<O�M@BDJI�

1C@�Q<MD<=G@�I��NK@>DATDIB�OC@�IPH=@M�JA�ADGO@M�O<KN�JI�@<>C�ND?@�JA�OC@�>@IOM<G�N<HKG@��DN�N@O�<N�AJGGJRN�

X &A�GJB�0DU@�DN�@LP<G�OJ��	�I�DN�N@O�@LP<G�OJ���

X ,OC@MRDN@�DA�KG<I@�DN�@LP<G�OJ�
	�I�DN�N@O�@LP<G�OJ���

X ,OC@MRDN@��GJB�0DU@�DN�@LP<G�OJ���<I?�KG<I@�DN�BM@<O@M�OC<I�
�	�I�DN�N@O�@LP<G�OJ���

1C@�Q<MD<=G@�I���NK@>DATDIB�OC@�IPH=@M�JA�ADGO@M�O<KN�@LP<G�OJ���JI�@<>C�ND?@�JA�OC@�>@IOM<G�N<HKG@�I@@?@?�OJ�BDQ@�<�PIDOT

! �B<DI��DN�N@O�<N�AJGGJRN�

X &A�GJB�0DU@�DN�@LP<G�OJ���<I?�KG<I@�DN�@LP<G�OJ�
	�I��DN�N@O�@LP<G�OJ�
�

X ,OC@MRDN@��GJB�0DU@�DN�@LP<G�OJ���JM�KG<I@�DN�BM@<O@M�OC<I�
�	�I��DN�N@O�@LP<G�OJ���

1CDN�KMJ>@NN�HJ?DAD@N�OC@�N<HKG@N�JI�@<>C�ND?@�JA�OC@�NK@>DAD@?�=JPI?<MT�=T�<KKGTDIB�<�GJR�K<NN�ADGO@M�<N�AJGGJRN�

forfor (( i == -- n;; i << n;; i ++++ )) {{
t == 00
forfor (( j == -- n;; j <=<= n;; j ++++ )) {{

p == Clip3 (( -- (( n ++ 11 ),), n,, i ++ j ))
tap == (( Abs(( j )) <=<= n2 )) ?? 22 :: 11
t +=+= CurrFrame[[ plane ][][ y ++ p ** dy ][][ x ++ p ** dx ]] ** tap

}}
F[[ i ]] == Round2(( t ,, log2Size ))

}}
forfor (( i == -- n;; i << n;; i ++++ ))

CurrFrame[[ plane ][][ y++i ** dy ][][ x++i ** dx ]] == F[[ i ]]

RC@M@�#�DN�<I�<MM<T�RDOC�DI?D>@N�AMJH�
I�OJ�I�
���PN@?�OJ�NOJM@�OC@�ADGO@M@?�M@NPGON�

�����  !"#�KMJ>@NN
&IKPO�OJ�OCDN�KMJ>@NN�DN�OC@�<MM<T� PMM#M<H@�JA�M@>JINOMP>O@?�N<HKG@N�

,POKPO�AMJH�OCDN�KMJ>@NN�DN�OC@�<MM<T� ?@A#M<H@�>JIO<DIDIB�?@MDIB@?�N<HKG@N�

1C@�KPMKJN@�JA� !"#�DN�OJ�K@MAJMH�?@MDIBDIB�=<N@?�JI�OC@�?@O@>O@?�?DM@>ODJI�JA�=GJ>FN�

 !"#�K<M<H@O@MN�<M@�NOJM@?�AJM�@<>C����=T����=GJ>F�JA�GPH<�N<HKG@N�
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1C@� !"#�ADGO@M�DN�<KKGD@?�JI�@<>C���=T���=GJ>F�<N�AJGGJRN�

step4 == Num_4x4_Blocks_Wide[[ BLOCK_8X8]]
cdefSize4 == Num_4x4_Blocks_Wide[[ BLOCK_64X64]]
cdefMask4 == ~~(( cdefSize4 -- 11))
forfor (( r == 00;; r << MiRows;; r +=+= step4 )) {{

forfor (( c == 00;; c << MiCols;; c +=+= step4 )) {{
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>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�M	�>	�<I?�D?S�<N

DIKPON�

�������  !"#�=GJ>F�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

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@�D?S�NK@>DATDIB�RCD>C�N@O�JA� !"#�K<M<H@O@MN�OJ�PN@	�JM�
��OJ�NDBI<G�OC<O�IJ�ADGO@MDIB�NCJPG?�=@�<KKGD@?�

1C@�=GJ>F�DN�ADMNO�>JKD@?�OJ�OC@� ?@A#M<H@�<N�AJGGJRN�

startY == r ** MI_SIZE
endY == startY ++ MI_SIZE** 22
startX == c ** MI_SIZE
endX == startX ++ MI_SIZE** 22
forfor (( y == startY ;; y << endY;; y++++ )) {{

forfor (( x == startX ;; x << endX;; x++++ )) {{
CdefFrame[[ 00 ][][ y ][][ x ]] == CurrFrame[[ 00 ][][ y ][][ x ]]

}}
}}
ifif (( NumPlanes>> 11 )) {{

startY >>=>>= subsampling_y
endY >>=>>= subsampling_y
startX >>=>>= subsampling_x
endX >>=>>= subsampling_x
forfor (( y == startY ;; y << endY;; y++++ )) {{

forfor (( x == startX ;; x << endX;; x++++ )) {{
CdefFrame[[ 11 ][][ y ][][ x ]] == CurrFrame[[ 11 ][][ y ][][ x ]]
CdefFrame[[ 22 ][][ y ][][ x ]] == CurrFrame[[ 22 ][][ y ][][ x ]]

}}
}}

}}
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&A�D?S�DN�@LP<G�OJ�
�	�OC@I�OC@�KMJ>@NN�M@OPMIN�DHH@?D<O@GT�<AO@M�K@MAJMHDIB�OCDN�>JKT�

1C@�Q<MD<=G@�>J@AA0CDAO�DN�N@O�@LP<G�OJ��DO!@KOC�
���

1C@�Q<MD<=G@�NFDK�DN�N@O�@LP<G�OJ���0FDKN8�M�98�>�9����0FDKN8�M�����98�>�9����0FDKN8�M�98�>�����9����0FDKN8�M�����98�>�����9���

&A�NFDK�DN�@LP<G�OJ�
	�OC@� !"#�?DM@>ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�M�<I?�>�<N�DIKPON	�<I?�OC@

JPOKPON�<NNDBI@?�OJ�Q<MD<=G@N�T!DM�<I?�Q<M�

&A�NFDK�DN�@LP<G�OJ�
	�OC@�AJGGJRDIB�JM?@M@?�NO@KN�<KKGT�

�� 1C@�Q<MD<=G@�KMD0OM�DN�N@O�@LP<G�OJ�>?@A;T;KMD;NOM@IBOC8�D?S�9����>J@AA0CDAO�

�� 1C@�Q<MD<=G@�N@>0OM�DN�N@O�@LP<G�OJ�>?@A;T;N@>;NOM@IBOC8�D?S�9����>J@AA0CDAO�

�� 1C@�Q<MD<=G@�?DM�DN�N@O�@LP<G�OJ���KMD0OM����
�����
���T!DM�

�� 1C@�Q<MD<=G@�Q<M0OM�DN�N@O�@LP<G�OJ���Q<M����������*DI��#GJJM)JB���Q<M�������	�������
�

�� 1C@�Q<MD<=G@�KMD0OM�DN�N@O�@LP<G�OJ���Q<M�����KMD0OM���������Q<M0OM����������������
���

�� 1C@�Q<MD<=G@�?<HKDIB�DN�N@O�@LP<G�OJ� ?@A!<HKDIB���>J@AA0CDAO�

�� 1C@� !"#�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@�@LP<G�OJ�
	�M	�>	�KMD0OM	�N@>0OM	�?<HKDIB	

<I?�?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@�AJM�OC@�2�<I?�3�KG<I@N��

�� 1C@�Q<MD<=G@�KMD0OM�DN�N@O�@LP<G�OJ�>?@A;PQ;KMD;NOM@IBOC8�D?S�9����>J@AA0CDAO�

�
� 1C@�Q<MD<=G@�N@>0OM�DN�N@O�@LP<G�OJ�>?@A;PQ;N@>;NOM@IBOC8�D?S�9����>J@AA0CDAO�

��� 1C@�Q<MD<=G@�?DM�DN�N@O�@LP<G�OJ���KMD0OM����
�����
��� ?@A;2Q;!DM8�NP=N<HKGDIB;S�98�NP=N<HKGDIB;T�98�T!DM�9�

��� 1C@�Q<MD<=G@�?<HKDIB�DN�N@O�@LP<G�OJ� ?@A!<HKDIB���>J@AA0CDAO�
���

��� 1C@� !"#�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@�@LP<G�OJ��	�M	�>	�KMD0OM	�N@>0OM	�?<HKDIB	

<I?�?DM�<N�DIKPO�

��� 1C@� !"#�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@�@LP<G�OJ��	�M	�>	�KMD0OM	�N@>0OM	�?<HKDIB	

<I?�?DM�<N�DIKPO�

 ?@A;2Q;!DM�DN�<�>JINO<IO�GJJFPK�O<=G@�?@ADI@?�<N�

Note &A� !"#�ADGO@MDIB�OPMIN�JPO�OJ�=@�I@@?@?	�OC@I�OC@�>JIO@ION�JA� ?@A#M<H@�RDGG�=@�JQ@MRMDOO@I�G<O@M�DI�OCDN

KMJ>@NN�
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Cdef_Uv_Dir[[ 22 ][][ 22 ][][ 88 ]] == {{
{{ {{ 00,, 11,, 22,, 33,, 44,, 55,, 66,, 77},},

{{ 11,, 22,, 22,, 22,, 33,, 44,, 66,, 00}} },},
{{ {{ 77,, 00,, 22,, 44,, 55,, 66,, 66,, 66},},

{{ 00,, 11,, 22,, 33,, 44,, 55,, 66,, 77}} }}
}}

�������  !"#�?DM@>ODJI�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�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@�

1C@�JPOKPON�JA�OCDN�KMJ>@NN�<M@�

X <�Q<MD<=G@�T!DM�>JIO<DIDIB�OC@�?DM@>ODJI�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@>ODJI�<I?�Q<MD<I>@�JA�<�=GJ>F�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�
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forfor (( i == 00;; i << 88;; i ++++ )) {{
cost [[ i ]] == 00
forfor (( j == 00;; j << 1515;; j ++++ ))

partial [[ i ][][ j ]] == 00
}}
bestCost == 00
yDir == 00
x0 == c <<<< MI_SIZE_LOG2
y0 == r <<<< MI_SIZE_LOG2
forfor (( i == 00;; i << 88;; i ++++ )) {{

forfor (( j == 00;; j << 88;; j ++++ )) {{
x == (( CurrFrame[[ 00 ][][ y0 ++ i ][][ x0 ++ j ]] >>>> (( BitDepth -- 88)))) -- 128128
partial [[ 00][][ i ++ j ]] +=+= x
partial [[ 11][][ i ++ j // 22]] +=+= x
partial [[ 22][][ i ]] +=+= x
partial [[ 33][][ 33 ++ i -- j // 22]] +=+= x
partial [[ 44][][ 77 ++ i -- j ]] +=+= x
partial [[ 55][][ 33 -- i // 22 ++ j ]] +=+= x
partial [[ 66][][ j ]] +=+= x
partial [[ 77][][ i // 22 ++ j ]] +=+= x

}}
}}
forfor (( i == 00;; i << 88;; i ++++ )) {{

cost [[ 22]] +=+= partial [[ 22][][ i ]] ** partial [[ 22][][ i ]]
cost [[ 66]] +=+= partial [[ 66][][ i ]] ** partial [[ 66][][ i ]]

}}
cost [[ 22]] *=*= Div_Table[[ 88]]
cost [[ 66]] *=*= Div_Table[[ 88]]
forfor (( i == 00;; i << 77;; i ++++ )) {{

cost [[ 00]] +=+= (( partial [[ 00][][ i ]] ** partial [[ 00][][ i ]] ++
partial [[ 00][][ 1414 -- i ]] ** partial [[ 00][][ 1414 -- i ])]) **

Div_Table[[ i ++ 11]]
cost [[ 44]] +=+= (( partial [[ 44][][ i ]] ** partial [[ 44][][ i ]] ++

partial [[ 44][][ 1414 -- i ]] ** partial [[ 44][][ 1414 -- i ])]) **
Div_Table[[ i ++ 11]]

}}
cost [[ 00]] +=+= partial [[ 00][][ 77]] ** partial [[ 00][][ 77]] ** Div_Table[[ 88]]
cost [[ 44]] +=+= partial [[ 44][][ 77]] ** partial [[ 44][][ 77]] ** Div_Table[[ 88]]
forfor (( i == 11;; i << 88;; i +=+= 22 )) {{

forfor (( j == 00;; j << 44 ++ 11;; j ++++ )) {{
cost [[ i ]] +=+= partial [[ i ][][ 33 ++ j ]] ** partial [[ i ][][ 33 ++ j ]]

}}
cost [[ i ]] *=*= Div_Table[[ 88]]
forfor (( j == 00;; j << 44 -- 11;; j ++++ )) {{

cost [[ i ]] +=+= (( partial [[ i ][][ j ]] ** partial [[ i ][][ j ]] ++
partial [[ i ][][ 1010 -- j ]] ** partial [[ i ][][ 1010 -- j ])]) **
Div_Table[[ 22 ** j ++ 22]]

}}
}}
forfor (( i == 00;; i << 88;; i ++++ )) {{
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ifif (( cost [[ i ]] >> bestCost )) {{
bestCost == cost [[ i ]]
yDir == i

}}
}}
var == (( bestCost -- cost [([( yDir ++ 44)) && 77])]) >>>> 1010

RC@M@�OC@�!DQ;1<=G@�DN�<�>JINO<IO�GJJFPK�O<=G@�NK@>DAD@?�<N�

Div_Table[[ 99]] == {{
00,, 840840,, 420420,, 280280,, 210210,, 168168,, 140140,, 120120,, 105105

}}

�������  !"#�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>O@?	

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@�KMD0OM�NK@>DATDIB�OC@�KMDH<MT�ADGO@M�NOM@IBOC	

X <�Q<MD<=G@�N@>0OM�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@�?@O@>O@?�?DM@>ODJI�JA�OC@�=GJ>F�

1C@�KMJ>@NN�HJ?DAD@N�N<HKG@N�DI� ?@A#M<H@�=<N@?�JI�ADGO@MDIB�N<HKG@N�AMJH� PMM#M<H@�

*D JG0O<MO	�*D/JR0O<MO	�*D JG"I?	�*D/JR"I?�<M@�N@O�@LP<G�OJ�OC@�Q<GP@N�OC@T�C<?�RC@I�OC@�NTIO<S�@G@H@IO�*D0DU@N8�M�98

>�9�R<N�RMDOO@I�

1C@�Q<MD<=G@�>J@AA0CDAO�DN�N@O�@LP<G�OJ��DO!@KOC�
���

1C@�ADGO@MDIB�DN�<KKGD@?�<N�AJGGJRN�

Note: 1C@N@�Q<MD<=G@N�<M@�PN@?�=T�OC@�DN;DIND?@;ADGO@M;M@BDJI�API>ODJI�OJ�?@O@MHDI@�RCD>C�N<HKG@N�<M@�<Q<DG<=G@

AJM�PN@�DI�ADGO@MDIB�
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subX == (( plane >> 00)) ?? subsampling_x :: 00
subY == (( plane >> 00)) ?? subsampling_y :: 00
x0 == (( c ** MI_SIZE)) >>>> subX
y0 == (( r ** MI_SIZE)) >>>> subY
w == 88 >>>> subX
h == 88 >>>> subY
forfor (( i == 00;; i << h;; i ++++ )) {{

forfor (( j == 00;; j << w;; j ++++ )) {{
sum== 00
x == CurrFrame[[ plane][][ y0 ++ i ][][ x0 ++ j ]]
max== x
min == x
forfor (( k == 00;; k << 22;; k++++ )) {{

forfor (( sign == -- 11;; sign <=<= 11;; sign +=+= 22 )) {{
p == cdef_get_at (( plane,, x0,, y0,, i ,, j ,, dir ,, k,, sign ,, subX,, subY))
ifif (( CdefAvailable )) {{

sum+=+= Cdef_Pri_Taps[([( priStr >>>> coeffShift )) && 11][][ k]] ** constrain (( p -- x,, priStr ,,
damping))

max== Max(( p,, max))
min == Min(( p,, min))

}}
forfor (( dirOff == -- 22;; dirOff <=<= 22;; dirOff +=+= 44)) {{

s == cdef_get_at (( plane,, x0,, y0,, i ,, j ,, (( dir ++ dirOff )) && 77,, k,, sign ,, subX,, subY))
ifif (( CdefAvailable )) {{

sum+=+= Cdef_Sec_Taps[([( priStr >>>> coeffShift )) && 11][][ k]] ** constrain (( s -- x,,
secStr ,, damping))

max== Max(( s,, max))
min == Min(( s,, min))

}}
}}

}}
}}
CdefFrame[[ plane][][ y0 ++ i ][][ x0 ++ j ]] == Clip3 (( min,, max,, x ++ (((( 88 ++ sum-- (( sum<< 00)))) >>>> 44)) ))

}}
}}

RC@M@� ?@A;-MD;1<KN�<I?� ?@A;0@>;1<KN�<M@�>JINO<IO�GJJFPK�O<=G@N�NK@>DAD@?�<N�

Cdef_Pri_Taps[[ 22][][ 22]] == {{
{{ 44,, 22 },}, {{ 33,, 33 }}

}}

Cdef_Sec_Taps[[ 22][][ 22]] == {{
{{ 22,, 11 },}, {{ 22,, 11 }}

}}

>JINOM<DI�DN�NK@>DAD@?�<N�
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constrain (( diff ,, threshold ,, damping)) {{
ifif (( !! threshold ))

returnreturn 00
dampingAdj == Max(( 00,, damping -- FloorLog2(( threshold )) ))
sign == (( diff << 00)) ?? -- 11 :: 11
returnreturn sign ** Clip3 (( 00,, Abs(( diff ),), threshold -- (( Abs(( diff )) >>>> dampingAdj)) ))

}}

>?@A;B@O;<O�A@O>C@N�<�N<HKG@�AMJH� PMM#M<H@�<I?�N@ON� ?@A�Q<DG<=G@�<>>JM?DIB�OJ�RC@OC@M�OC@�N<HKG@�DN�<Q<DG<=G@�

>?@A;B@O;<O�DN�NK@>DAD@?�<N�

cdef_get_at (( plane,, x0,, y0,, i ,, j ,, dir ,, k,, sign ,, subX,, subY)) {{
y == y0 ++ i ++ sign ** Cdef_Directions [[ dir ][][ k][][ 00]]
x == x0 ++ j ++ sign ** Cdef_Directions [[ dir ][][ k][][ 11]]
candidateR == (( y <<<< subY)) >>>> MI_SIZE_LOG2
candidateC == (( x <<<< subX)) >>>> MI_SIZE_LOG2
ifif (( is_inside_filter_region (( candidateR,, candidateC )) )) {{

CdefAvailable == 11
returnreturn CurrFrame[[ plane ][][ y ][][ x ]]

}} elseelse {{
CdefAvailable == 00
returnreturn 00

}}
}}

RC@M@� ?@A;!DM@>ODJIN�DN�<�>JINO<IO�GJJFPK�O<=G@�?@ADI@?�<N�

Cdef_Directions [[ 88][][ 22][][ 22]] == {{
{{ {{ -- 11,, 11 },}, {{ -- 22,, 22 }} },},
{{ {{ 00,, 11 },}, {{ -- 11,, 22 }} },},
{{ {{ 00,, 11 },}, {{ 00,, 22 }} },},
{{ {{ 00,, 11 },}, {{ 11,, 22 }} },},
{{ {{ 11,, 11 },}, {{ 22,, 22 }} },},
{{ {{ 11,, 00 },}, {{ 22,, 11 }} },},
{{ {{ 11,, 00 },}, {{ 22,, 00 }} },},
{{ {{ 11,, 00 },}, {{ 22,, -- 11 }} }}

}}

����� 2KN><GDIB�KMJ>@NN
&IKPO�OJ�OCDN�KMJ>@NN�DN�<I�<MM<T�DIKPO#M<H@�JA�RD?OC�#M<H@4D?OC�<I?�C@DBCO�#M<H@%@DBCO�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�<�CJMDUJIO<GGT�PKN><G@?�AM<H@�JA�RD?OC�2KN><G@?4D?OC�<I?�C@DBCO�#M<H@%@DBCO�

&A�PN@;NPK@MM@N�DN�@LP<G�OJ�
	�IJ�PKN><GDIB�DN�M@LPDM@?�<I?�OCDN�KMJ>@NN�M@OPMIN�DIKPO#M<H@�
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forfor (( plane == 00;; plane << NumPlanes;; plane++++ )) {{
ifif (( plane >> 00 )) {{

subX == subsampling_x
subY == subsampling_y

}} elseelse {{
subX == 00
subY == 00

}}
downscaledPlaneW== Round2(( FrameWidth,, subX))
upscaledPlaneW== Round2(( UpscaledWidth,, subX))
planeH == Round2(( FrameHeight,, subY))
stepX == (((( downscaledPlaneW<<<< SUPERRES_SCALE_BITS)) ++ (( upscaledPlaneW// 22)))) // upscaledPlaneW
err == (( upscaledPlaneW** stepX)) -- (( downscaledPlaneW<<<< SUPERRES_SCALE_BITS))
initialSubpelX ==

(( -- (((( upscaledPlaneW-- downscaledPlaneW)) <<<< (( SUPERRES_SCALE_BITS-- 11)))) ++ upscaledPlaneW// 22)) //
upscaledPlaneW++

(( 11 <<<< (( SUPERRES_EXTRA_BITS-- 11)))) -- err // 22
initialSubpelX &=&= SUPERRES_SCALE_MASK
miW== MiCols >>>> subX
minX == 00
maxX== miW** MI_SIZE-- 11
forfor (( y == 00;; y << planeH;; y++++ )) {{

forfor (( x == 00;; x << upscaledPlaneW;; x++++ )) {{
srcX == -- (( 11 <<<< SUPERRES_SCALE_BITS)) ++ initialSubpelX ++ x**stepX
srcXPx == (( srcX >>>> SUPERRES_SCALE_BITS))
srcXSubpel == (( srcX && SUPERRES_SCALE_MASK)) >>>> SUPERRES_EXTRA_BITS
sum== 00
forfor (( k == 00;; k << SUPERRES_FILTER_TAPS;; k++++ )) {{

sampleX== Clip3 (( minX,, maxX,, srcXPx ++ (( k -- SUPERRES_FILTER_OFFSET))))
px == frame[[ plane][][ y][][ sampleX]]
sum+=+= px ** Upscale_Filter [[ srcXSubpel][][ k]]

}}
outputFrame[[ plane][][ y][][ x]] == Clip1 (( Round2(( sum,, FILTER_BITS))))

}}
}}

}}

RC@M@�2KN><G@;#DGO@M�DN�NK@>DAD@?�<N�
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Upscale_Filter [[ SUPERRES_FILTER_SHIFTS][][ SUPERRES_FILTER_TAPS]] == {{
{{ 00,, 00,, 00,, 128128,, 00,, 00,, 00,, 00 },}, {{ 00,, 00,, -- 11,, 128128,, 22,, -- 11,, 00,, 00 },},
{{ 00,, 11,, -- 33,, 127127,, 44,, -- 22,, 11,, 00 },}, {{ 00,, 11,, -- 44,, 127127,, 66,, -- 33,, 11,, 00 },},
{{ 00,, 22,, -- 66,, 126126,, 88,, -- 33,, 11,, 00 },}, {{ 00,, 22,, -- 77,, 125125,, 1111,, -- 44,, 11,, 00 },},
{{ -- 11,, 22,, -- 88,, 125125,, 1313,, -- 55,, 22,, 00 },}, {{ -- 11,, 33,, -- 99,, 124124,, 1515,, -- 66,, 22,, 00 },},
{{ -- 11,, 33,, -- 1010,, 123123,, 1818,, -- 66,, 22,, -- 11 },}, {{ -- 11,, 33,, -- 1111,, 122122,, 2020,, -- 77,, 33,, -- 11 },},
{{ -- 11,, 44,, -- 1212,, 121121,, 2222,, -- 88,, 33,, -- 11 },}, {{ -- 11,, 44,, -- 1313,, 120120,, 2525,, -- 99,, 33,, -- 11 },},
{{ -- 11,, 44,, -- 1414,, 118118,, 2828,, -- 99,, 33,, -- 11 },}, {{ -- 11,, 44,, -- 1515,, 117117,, 3030,, -- 1010,, 44,, -- 11 },},
{{ -- 11,, 55,, -- 1616,, 116116,, 3232,, -- 1111,, 44,, -- 11 },}, {{ -- 11,, 55,, -- 1616,, 114114,, 3535,, -- 1212,, 44,, -- 11 },},
{{ -- 11,, 55,, -- 1717,, 112112,, 3838,, -- 1212,, 44,, -- 11 },}, {{ -- 11,, 55,, -- 1818,, 111111,, 4040,, -- 1313,, 55,, -- 11 },},
{{ -- 11,, 55,, -- 1818,, 109109,, 4343,, -- 1414,, 55,, -- 11 },}, {{ -- 11,, 66,, -- 1919,, 107107,, 4545,, -- 1414,, 55,, -- 11 },},
{{ -- 11,, 66,, -- 1919,, 105105,, 4848,, -- 1515,, 55,, -- 11 },}, {{ -- 11,, 66,, -- 1919,, 103103,, 5151,, -- 1616,, 55,, -- 11 },},
{{ -- 11,, 66,, -- 2020,, 101101,, 5353,, -- 1616,, 66,, -- 11 },}, {{ -- 11,, 66,, -- 2020,, 9999,, 5656,, -- 1717,, 66,, -- 11 },},
{{ -- 11,, 66,, -- 2020,, 9797,, 5858,, -- 1717,, 66,, -- 11 },}, {{ -- 11,, 66,, -- 2020,, 9595,, 6161,, -- 1818,, 66,, -- 11 },},
{{ -- 22,, 77,, -- 2020,, 9393,, 6464,, -- 1818,, 66,, -- 22 },}, {{ -- 22,, 77,, -- 2020,, 9191,, 6666,, -- 1919,, 66,, -- 11 },},
{{ -- 22,, 77,, -- 2020,, 8888,, 6969,, -- 1919,, 66,, -- 11 },}, {{ -- 22,, 77,, -- 2020,, 8686,, 7171,, -- 1919,, 66,, -- 11 },},
{{ -- 22,, 77,, -- 2020,, 8484,, 7474,, -- 2020,, 77,, -- 22 },}, {{ -- 22,, 77,, -- 2020,, 8181,, 7676,, -- 2020,, 77,, -- 11 },},
{{ -- 22,, 77,, -- 2020,, 7979,, 7979,, -- 2020,, 77,, -- 22 },}, {{ -- 11,, 77,, -- 2020,, 7676,, 8181,, -- 2020,, 77,, -- 22 },},
{{ -- 22,, 77,, -- 2020,, 7474,, 8484,, -- 2020,, 77,, -- 22 },}, {{ -- 11,, 66,, -- 1919,, 7171,, 8686,, -- 2020,, 77,, -- 22 },},
{{ -- 11,, 66,, -- 1919,, 6969,, 8888,, -- 2020,, 77,, -- 22 },}, {{ -- 11,, 66,, -- 1919,, 6666,, 9191,, -- 2020,, 77,, -- 22 },},
{{ -- 22,, 66,, -- 1818,, 6464,, 9393,, -- 2020,, 77,, -- 22 },}, {{ -- 11,, 66,, -- 1818,, 6161,, 9595,, -- 2020,, 66,, -- 11 },},
{{ -- 11,, 66,, -- 1717,, 5858,, 9797,, -- 2020,, 66,, -- 11 },}, {{ -- 11,, 66,, -- 1717,, 5656,, 9999,, -- 2020,, 66,, -- 11 },},
{{ -- 11,, 66,, -- 1616,, 5353,, 101101,, -- 2020,, 66,, -- 11 },}, {{ -- 11,, 55,, -- 1616,, 5151,, 103103,, -- 1919,, 66,, -- 11 },},
{{ -- 11,, 55,, -- 1515,, 4848,, 105105,, -- 1919,, 66,, -- 11 },}, {{ -- 11,, 55,, -- 1414,, 4545,, 107107,, -- 1919,, 66,, -- 11 },},
{{ -- 11,, 55,, -- 1414,, 4343,, 109109,, -- 1818,, 55,, -- 11 },}, {{ -- 11,, 55,, -- 1313,, 4040,, 111111,, -- 1818,, 55,, -- 11 },},
{{ -- 11,, 44,, -- 1212,, 3838,, 112112,, -- 1717,, 55,, -- 11 },}, {{ -- 11,, 44,, -- 1212,, 3535,, 114114,, -- 1616,, 55,, -- 11 },},
{{ -- 11,, 44,, -- 1111,, 3232,, 116116,, -- 1616,, 55,, -- 11 },}, {{ -- 11,, 44,, -- 1010,, 3030,, 117117,, -- 1515,, 44,, -- 11 },},
{{ -- 11,, 33,, -- 99,, 2828,, 118118,, -- 1414,, 44,, -- 11 },}, {{ -- 11,, 33,, -- 99,, 2525,, 120120,, -- 1313,, 44,, -- 11 },},
{{ -- 11,, 33,, -- 88,, 2222,, 121121,, -- 1212,, 44,, -- 11 },}, {{ -- 11,, 33,, -- 77,, 2020,, 122122,, -- 1111,, 33,, -- 11 },},
{{ -- 11,, 22,, -- 66,, 1818,, 123123,, -- 1010,, 33,, -- 11 },}, {{ 00,, 22,, -- 66,, 1515,, 124124,, -- 99,, 33,, -- 11 },},
{{ 00,, 22,, -- 55,, 1313,, 125125,, -- 88,, 22,, -- 11 },}, {{ 00,, 11,, -- 44,, 1111,, 125125,, -- 77,, 22,, 00 },},
{{ 00,, 11,, -- 33,, 88,, 126126,, -- 66,, 22,, 00 },}, {{ 00,, 11,, -- 33,, 66,, 127127,, -- 44,, 11,, 00 },},
{{ 00,, 11,, -- 22,, 44,, 127127,, -- 33,, 11,, 00 },}, {{ 00,, 00,, -- 11,, 22,, 128128,, -- 11,, 00,, 00 },},

}}

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�PKN><G@?-G<I@4�DN�NOMD>OGT�BM@<O@M�OC<I�?JRIN><G@?-G<I@4�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�@LP<G�OJ�JPOKPO#M<H@�

����� )JJK�M@NOJM<ODJI�KMJ>@NN
&IKPO�OJ�OCDN�KMJ>@NN�<M@�OC@�<MM<TN�2KN><G@? PMM#M<H@��JA�M@>JINOMP>O@?�N<HKG@N��<I?�2KN><G@? ?@A#M<H@��JA�?@MDIB@?

N<HKG@N��
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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<O@M�=@�JQ@MRMDOO@I�AJM

=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@	�GJJK�M@NOJM<ODJI�DN�<KKGD@?�<N�AJGGJRN�

forfor (( y == 00;; y << FrameHeight;; y +=+= MI_SIZE)) {{
forfor (( x == 00;; x << UpscaledWidth;; x +=+= MI_SIZE)) {{

forfor (( plane == 00;; plane << NumPlanes;; plane++++ )) {{
ifif (( FrameRestorationType[[ plane ]] !=!= RESTORE_NONE)) {{

row == y >>>> MI_SIZE_LOG2
col == x >>>> MI_SIZE_LOG2
loop_restore_block (( plane,, row,, col ))

}}
}}

}}
}}

4C@I�GJJK;M@NOJM@;=GJ>F�DN�><GG@?	�OC@�GJJK�M@NOJM@�=GJ>F�KMJ>@NN�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@	�MJR	�<I?�>JG�<N

DIKPON�

������� )JJK�M@NOJM@�=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�<I?�>JG�NK@>DATDIB�OC@�GJ><ODJI�JA�OC@�=GJ>F�DI�PIDON�JA��S��=GJ>FN�DI�OC@�PKN><G@?�GPH<�KG<I@�

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@IO�NOMDK@��DN�N@O�@LP<G�OJ��GPH<6�����������

Note: �GOCJPBC�OCDN�KMJ>@NN�GJJKN�JQ@M��S��=GJ>FN	�GJJK�M@NOJM<ODJI�DN�?@NDBI@?�OJ�RJMF�DI�NOMDK@N����GPH<�N<HKG@N

CDBC�RDOCJPO�I@@?DIB�<??DODJI<G�GDI@�=PAA@MN��0<HKG@N�RDOCDI�OC@�>PMM@IO�NOMDK@�<M@�A@O>C@?�AMJH

2KN><G@? ?@A#M<H@��0<HKG@N�JPOND?@�OC@�>PMM@IO�NOMDK@�<M@�A@O>C@?�AMJH�2KN><G@? PMM#M<H@��OC@N@�N<HKG@N�RDGG

=@�?@=GJ>F@?	�=PO�RDGG�IJO�C<Q@� !"#�ADGO@MDIB�<KKGD@?��

Note: 1C@�NOMDK@N�<M@�JAAN@O�PKR<M?N�=T���GPH<�N<HKG@N�OJ�H<F@�KDK@GDI@?�DHKG@H@IO<ODJIN�HJM@�@AAD>D@IO��4C@I

<�MJR�JA�NPK@M=GJ>FN�C<N�=@@I�M@>@DQ@?	�@IJPBC�MJRN�JA�?@=GJ>F@?�JPOKPO�><I�=@�KMJ?P>@?�OJ�<GGJR�GJJK

M@NOJM<ODJI�JA�OC@�>JMM@NKJI?DIB�NOMDK@N�
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1C@�Q<MD<=G@N�NP=5�<I?�NP=6�<M@�N@O�@LP<G�OJ�OC@�NP=N<HKGDIB�AJM�OC@�>PMM@IO�KG<I@�<N�AJGGJRN�

X &A�KG<I@�DN�@LP<G�OJ�
	�NP=5�DN�N@O�@LP<G�OJ�
�<I?�NP=6�DN�N@O�@LP<G�OJ�
�

X ,OC@MRDN@	�NP=5�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;S�<I?�NP=6�DN�N@O�@LP<G�OJ�NP=N<HKGDIB;T�

1C@�Q<MD<=G@�0OMDK@0O<MO6��NK@>DATDIB�OC@�NO<MO�JA�OC@�NOMDK@�DI�PIDON�JA�N<HKG@N�DI�OC@�>PMM@IO�KG<I@��DN�N@O�@LP<G�OJ����
���

NOMDK@+PH����������NP=6���

1C@�Q<MD<=G@�0OMDK@"I?6��NK@>DATDIB�OC@�@I?�JA�OC@�NOMDK@�DI�PIDON�JA�N<HKG@N�DI�OC@�>PMM@IO�KG<I@��DN�N@O�@LP<G�OJ

0OMDK@0O<MO6����������NP=6��
���

1C@�Q<MD<=G@�PIDO0DU@��NK@>DATDIB�OC@�NDU@�JA�M@NOJM<ODJI�PIDON�DI�PIDON�JA�N<HKG@N�DI�OC@�>PMM@IO�KG<I@��DN�N@O�@LP<G�OJ

)JJK/@NOJM<ODJI0DU@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<G�OJ�>JPIO;PIDON;DI;AM<H@�

PIDO0DU@	�/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�@LP<G�OJ�>JPIO;PIDON;DI;AM<H@�

PIDO0DU@	�/JPI?���2KN><G@?4D?OC	�NP=5�����

1C@�Q<MD<=G@�PIDO/JR��NK@>DATDIB�OC@�Q@MOD><G�DI?@S�JA�OC@�>PMM@IO�GJJK�M@NOJM<ODJI�PIDO��DN�N@O�@LP<G�OJ�*DI��PIDO/JRN�
��	����

MJR���*&;0&7"���������NP=6�����PIDO0DU@���

1C@�Q<MD<=G@�PIDO JG��NK@>DATDIB�OC@�CJMDUJIO<G�DI?@S�JA�OC@�>PMM@IO�GJJK�M@NOJM<ODJI�PIDO��DN�N@O�@LP<G�OJ�*DI��PIDO JGN�
��	��

>JG���*&;0&7"����NP=5�����PIDO0DU@���

1C@�CJMDUJIO<G�@SO@IO�JA�OC@�NK<>@�<GGJR@?�AJM�ADGO@MDIB�DN�NK@>DAD@?�<N�AJGGJRN�

1C@�Q<MD<=G@�-G<I@"I?5��NK@>DATDIB�OC@�CJMDUJIO<G�@SO@IO�JA�OC@�NK<>@�<GGJR@?�AJM�ADGO@MDIB��DN�N@O�@LP<G�OJ�/JPI?��

2KN><G@?4D?OC	�NP=5���
���

1C@�Q<MD<=G@�-G<I@"I?6��NK@>DATDIB�OC@�Q@MOD><G�@SO@IO�JA�OC@�NK<>@�<GGJR@?�AJM�ADGO@MDIB��DN�N@O�@LP<G�OJ�/JPI?��

#M<H@%@DBCO	�NP=6���
���

1C@�Q<MD<=G@�S�DN�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�OJ�*DI��*&;0&7"����NP=5	�-G<I@"I?5�
�S�������

Note: 0OMDK@0O<MO6�<I?�0OMDK@"I?6�<M@�PN@?�=T�OC@�B@O�NJPM>@�N<HKG@�KMJ>@NN�OJ�?@>D?@�RC@OC@M�OJ�A@O>C�AMJH

2KN><G@? PMM#M<H@�JM�2KN><G@? ?@A#M<H@�

Note: 1C@�IPH=@M�JA�M@NOJM<ODJI�PIDON�DI�<�AM<H@�><I�=@�?DAA@M@IO�AJM�>CMJH<�<I?�GPH<�
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1C@�Q<MD<=G@�C�DN�N@O�@LP<G�OJ�*DI��*&;0&7"����NP=6	�-G<I@"I?6�
�T�������

�3<MD<=G@N�S�<I?�T�M@KM@N@IO�OC@�KJNDODJI�JA�OC@�=GJ>F�DI�N<HKG@N�M@G<ODQ@�OJ�OC@�OJK
G@AO�>JMI@M�JA�OC@�>PMM@IO�KG<I@�

3<MD<=G@N�R�<I?�C�M@KM@N@IO�OC@�NDU@�JA�OC@�=GJ>F�DI�N<HKG@N��

1C@�Q<MD<=G@�M1TK@��NK@>DATDIB�OC@�GJJK�M@NOJM<ODJI�OTK@��DN�N@O�@LP<G�OJ�)M1TK@8�KG<I@�98�PIDO/JR�98�PIDO JG�9�

1C@�ADGO@M�OJ�PN@?�?@K@I?N�JI�M1TK@�<N�AJGGJRN�

X &A�M1TK@�DN�@LP<G�OJ�/"01,/";4&"+"/	�OC@�4D@I@M�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC

KG<I@	�PIDO/JR	�PIDO JG	�S	�T	�R	�<I?�C�<N�DIKPON�

X ,OC@MRDN@	�DA�M1TK@�DN�@LP<G�OJ�/"01,/";0$/-/,'	�OC@�N@GA�BPD?@?�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN

DIQJF@?�RDOC�KG<I@	�PIDO/JR	�PIDO JG	�S	�T	�R	�<I?�C�<N�DIKPON�

X ,OC@MRDN@��M1TK@�DN�@LP<G�OJ�/"01,/";+,+"�	�IJ�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@�KJNDODJI�JA�OC@�GJJK�M@NOJM<ODJI�PIDO	

X Q<MD<=G@N�S�<I?�T�NK@>DATDIB�OC@�KJNDODJI�JA�OC@�=GJ>F�DI�N<HKG@N�M@G<ODQ@�OJ�OC@�OJK
G@AO�>JMI@M�JA�OC@�>PMM@IO�KG<I@	

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�JM?@M@?�NO@KN�

�� 1C@�Q<MD<=G@�N@O�DN�N@O�@LP<G�OJ�)M0BM0@O8�KG<I@�98�PIDO/JR�98�PIDO JG�9�

�� 1C@�Q<MD<=G@�K<NN�DN�N@O�@LP<G�OJ�
�

�� 1C@�=JS�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@	�S	�T	�R	�C	�N@O	�<I?�K<NN�<N�DIKPON	�<I?

OC@�JPOKPO�<NNDBI@?�OJ�AGO
�

�� 1C@�Q<MD<=G@�K<NN�DN�N@O�@LP<G�OJ���

�� 1C@�=JS�ADGO@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�KG<I@	�S	�T	�R	�C	�N@O	�<I?�K<NN�<N�DIKPON	�<I?

OC@�JPOKPO�<NNDBI@?�OJ�AGO��

1C@�M@NOJM<ODJI�KMJ>@NN�DN�OC@I�<KKGD@?�AJM�@<>C�N<HKG@�<N�AJGGJRN�

Note: �GOCJPBC�OC@�ADGO@M�DN�?@N>MD=@?�<N�JK@M<ODIB�JI�NH<GG�=GJ>FN	�OC@�JPOKPO�RDGG�=@�OC@�N<H@�DA�G<MB@M�=GJ>FN�<M@

PN@?�
�KMJQD?@?�<GG�>JIO<DI@?�N<HKG@N�=@GJIB�OJ�OC@�N<H@�GJJK�M@NOJM<ODJI�PIDO�
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w0 == LrSgrXqd[[ plane ][][ unitRow ][][ unitCol ][][ 00 ]]
w1 == LrSgrXqd[[ plane ][][ unitRow ][][ unitCol ][][ 11 ]]
w2 == (( 11 <<<< SGRPROJ_PRJ_BITS)) -- w0 -- w1
r0 == Sgr_Params[[ set ][][ 00 ]]
r1 == Sgr_Params[[ set ][][ 22 ]]
forfor (( i == 00;; i << h;; i ++++ )) {{

forfor (( j == 00;; j << w;; j ++++ )) {{
u == UpscaledCdefFrame[[ plane ][][ y ++ i ][][ x ++ j ]] <<<< SGRPROJ_RST_BITS
v == w1 ** u
ifif (( r0 ))

v +=+= w0 ** flt0 [[ i ][][ j ]]
elseelse

v +=+= w0 ** u
ifif (( r1 ))

v +=+= w2 ** flt1 [[ i ][][ j ]]
elseelse

v +=+= w2 ** u
s == Round2(( v,, SGRPROJ_RST_BITS++ SGRPROJ_PRJ_BITS))
LrFrame[[ plane ][][ y ++ i ][][ x ++ j ]] == Clip1 (( 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?�T�NK@>DATDIB�OC@�KJNDODJI�JA�OC@�=GJ>F�DI�N<HKG@N�M@G<ODQ@�OJ�OC@�OJK
G@AO�>JMI@M�JA�OC@�>PMM@IO�KG<I@	

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<G�OJ�
�JM���	�NK@>DATDIB�DA�OC@�KMJ>@NN�DN�B@I@M<ODIB�OC@�ADMNO�JM�N@>JI?�ADGO@M@?�JPOKPO�

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<HN8�N@O�98�K<NN�������
�9�

&A�M�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���������9�

1C@��?�<MM<TN���<I?����IJO@�OC@N@�<MM<TN�<M@�Q<GD?�AJM�>JJM?DI<O@N�DI>GP?DIB�<I�@SOM<�N<HKG@�<MJPI?�OC@�=JPI?<MT��<M@

KM@K<M@?�<N�AJGGJRN�
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n == (( 22 ** r ++ 11 )) ** (( 22 ** r ++ 11 ))
n2e == n ** n ** eps
s == (((((( 11 <<<< SGRPROJ_MTABLE_BITS)) ++ n2e // 22)) // n2e))
forfor (( i == -- 11;; i << h ++ 11;; i ++++ )) {{

forfor (( j == -- 11;; j << w ++ 11;; j ++++ )) {{
a == 00
b == 00
forfor (( dy == -- r ;; dy <=<= r ;; dy++++ )) {{

forfor (( dx == -- r ;; dx <=<= r ;; dx++++ )) {{
c == get_source_sample(( plane,, x ++ j ++ dx,, y ++ i ++ dy ))
a +=+= c ** c
b +=+= c

}}
}}
a == Round2(( a,, 22 ** (( BitDepth -- 88)) ))
d == Round2(( b,, BitDepth -- 88 ))
p == Max(( 00,, a ** n -- d ** d ))
z == Round2(( p ** s,, SGRPROJ_MTABLE_BITS))
ifif (( z >=>= 255255 ))

a2 == 256256
elseelse ifif (( z ==== 00 ))

a2 == 11
elseelse

a2 == (((( z <<<< SGRPROJ_SGR_BITS)) ++ (( z// 22)))) // (( z ++ 11))
oneOverN== (((( 11 <<<< SGRPROJ_RECIP_BITS)) ++ (( n// 22)))) // n
b2 == (( (( 11 <<<< SGRPROJ_SGR_BITS)) -- a2 )) ** b ** oneOverN
A[[ i ][][ j ]] == a2
B[[ i ][][ j ]] == Round2(( b2,, SGRPROJ_RECIP_BITS))

}}
}}

RC@M@�OC@�><GG�OJ�B@O;NJPM>@;N<HKG@�NK@>DAD@N�OC<O�OC@�B@O�NJPM>@�N<HKG@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� NCJPG?�=@

DIQJF@?�<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�

Note: 4C@I�K<NN�DN�@LP<G�OJ�
	�JIGT�J??�MJRN��D�@��@IOMD@N��8�D�98�E�9�<I?��8�D�98�E�9�RDOC�D�J??��RDGG�=@�PN@?�OJ�B@I@M<O@

OC@�JPOKPO�
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forfor (( i == 00;; i << h;; i ++++ )) {{
shift == 55
ifif (( pass ==== 00 &&&& (( i && 11 )) )) {{

shift == 44
}}
forfor (( j == 00;; j << w;; j ++++ )) {{

a == 00
b == 00
forfor (( dy == -- 11 ;; dy <=<= 11;; dy++++ )) {{

forfor (( dx == -- 11;; dx <=<= 11;; dx++++ )) {{
ifif (( pass ==== 00 )) {{

ifif (( (( i ++ dy)) && 11 )) {{
weight == (( dx ==== 00)) ?? 66 :: 55

}} elseelse {{
weight == 00

}}
}} elseelse {{

weight == (( dx ==== 00 |||| dy ==== 00)) ?? 44 :: 33
}}
a +=+= weight ** A[[ i ++ dy ][][ j ++ dx ]]
b +=+= weight ** B[[ i ++ dy ][][ j ++ dx ]]

}}
}}
v == a ** UpscaledCdefFrame[[ plane ][][ y ++ i ][][ x ++ j ]] ++ b
F[[ i ][][ j ]] == Round2(( v,, SGRPROJ_SGR_BITS++ shift -- SGRPROJ_RST_BITS))

}}
}}

1C@�>JINO<IO�GJJFPK�O<=G@�0BM;-<M<HN�DN�NK@>DAD@?�<N�

Sgr_Params[[ (( 11 <<<< SGRPROJ_PARAMS_BITS)) ][][ 44 ]] == {{
{{ 22,, 1212,, 11,, 44 },}, {{ 22,, 1515,, 11,, 66 },}, {{ 22,, 1818,, 11,, 88 },}, {{ 22,, 2121,, 11,, 99 },},
{{ 22,, 2424,, 11,, 1010 },}, {{ 22,, 2929,, 11,, 1111 },}, {{ 22,, 3636,, 11,, 1212 },}, {{ 22,, 4545,, 11,, 1313 },},
{{ 22,, 5656,, 11,, 1414 },}, {{ 22,, 6868,, 11,, 1515 },}, {{ 00,, 00,, 11,, 55 },}, {{ 00,, 00,, 11,, 88 },},
{{ 00,, 00,, 11,, 1111 },}, {{ 00,, 00,, 11,, 1414 },}, {{ 22,, 3030,, 00,, 00 },}, {{ 22,, 7575,, 00,, 00 }}

}}

������� 4D@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@�KJNDODJI�JA�OC@�GJJK�M@NOJM<ODJI�PIDO	

Note: 4C@I�K<NN�DN�@LP<G�OJ�
	�OC@�R@DBCON�AJM�@Q@I�MJRN�JA���<I?���<M@�<GR<TN�@LP<G�OJ�
�
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X Q<MD<=G@N�S�<I?�T�NK@>DATDIB�OC@�KJNDODJI�JA�OC@�=GJ>F�DI�N<HKG@N�M@G<ODQ@�OJ�OC@�OJK
G@AO�>JMI@M�JA�OC@�>PMM@IO�KG<I@	

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@MKJG<ODJI�DN�@AA@>O@?�QD<�ORJ�JI@
?DH@INDJI<G�>JIQJGPODJIN��#DMNO�<�CJMDUJIO<G�ADGO@M�DN�PN@?�OJ�=PDG?�PK�<

O@HKJM<MT�<MM<T	�<I?�OC@I�OCDN�<MM<T�DN�Q@MOD><GGT�ADGO@M@?�OJ�J=O<DI�OC@�ADI<G�KM@?D>ODJI�

1C@�MJPI?DIB�Q<MD<=G@N�?@MDQ<ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�RDOC�OC@�DIKPO�Q<MD<=G@�DN JHKJPI?�N@O

@LP<G�OJ�
�

1C@�4D@I@M�>J@AAD>D@IO�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�<I�DIKPO�JA�)M4D@I@M8�KG<I@�98�PIDO/JR�98�PIDO JG

98�
�9�<I?�OC@�JPOKPO�<NNDBI@?�OJ�QADGO@M�

1C@�4D@I@M�>J@AAD>D@IO�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�RDOC�<I�DIKPO�JA�)M4D@I@M8�KG<I@�98�PIDO/JR�98�PIDO JG

98���9�<I?�OC@�JPOKPO�<NNDBI@?�OJ�CADGO@M�

1C@�ADGO@MDIB�DN�<KKGD@?�<N�AJGGJRN�

X 1C@�<MM<T�DIO@MH@?D<O@�DN�NK@>DAD@?�<N�AJGGJRN�

offset == (( 11 <<<< (( BitDepth ++ FILTER_BITS-- InterRound0 -- 11))))
limit == (( 11 <<<< (( BitDepth ++ 11 ++ FILTER_BITS-- InterRound0)))) -- 11
forfor (( r == 00;; r << h ++ 66;; r ++++ )) {{

forfor (( c == 00;; c << w;; c++++ )) {{
s == 00
forfor (( t == 00;; t << 77;; t ++++ ))

s +=+= hfilter [[ t ]] ** get_source_sample(( plane,, x ++ c ++ t -- 33,, y ++ r -- 33 ))
v == Round2(( s,, InterRound0))
intermediate [[ r ][][ c ]] == Clip3 (( -- offset ,, limit -- offset ,, v ))

}}
}}

4C@M@�OC@�><GG�OJ�B@O;NJPM>@;N<HKG@�NK@>DAD@N�OC<O�OC@�B@O�NJPM>@�N<HKG@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI�������

NCJPG?�=@�DIQJF@?�

X 1C@�JPOKPO�N<HKG@N�<M@�RMDOO@I�<N�AJGGJRN�

Note: 1C@�CJMDUJIO<G�ADGO@M�I@@?N�OJ�=@�<KKGD@?�=@AJM@�OC@�Q@MOD><G�ADGO@M	�=PO�OC@�CJMDUJIO<G�>J@AAD>D@ION�<M@�N@IO�<AO@M

OC@�Q@MOD><G�>J@AAD>D@ION�

Note: 1C@�DIO@MH@?D<O@�M@NPGO�DN�>GDKK@?�NJ�OC<O���DIO@MH@?D<O@8�M�98�>�9���JAAN@O���ADON�DI�<I�PINDBI@?�Q<MD<=G@

RDOC�*DI���	�DO!@KOC������=DON�
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forfor (( r == 00;; r << h;; r ++++ )) {{
forfor (( c == 00;; c << w;; c++++ )) {{

s == 00
forfor (( t == 00;; t << 77;; t ++++ ))

s +=+= vfilter [[ t ]] ** intermediate [[ r ++ t ][][ c ]]
v == Round2(( s,, InterRound1 ))
LrFrame[[ plane ][][ y ++ r ][][ x ++ c ]] == Clip1 (( v ))

}}
}}

������� 4D@I@M�>J@AAD>D@IO�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�<I?�C<N�<�PIDO�! �B<DI	�NJ�OC@M@�<M@�JIGT�OCM@@�>J@AAD>D@ION�OC<O�I@@?�OJ�=@

@SKGD>DOGT�>J?@?�

1CDN�KMJ>@NN�>JHKPO@N�OC@�APGG�N@O�JA�>J@AAD>D@ION�<N�AJGGJRN�

filter [[ 33 ]] == 128128
forfor (( i == 00;; i << 33;; i ++++ )) {{

c == coeff [[ i ]]
filter [[ i ]] == c
filter [[ 66 -- i ]] == c
filter [[ 33 ]] -=-= 22 ** c

}}

1C@�JPOKPO�JA�OC@�KMJ>@NN�DN�OC@�<MM<T�ADGO@M�

������� $@O�NJPM>@�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@I�AMJH�RDOCDI�OC@�<GGJR@?�@SO@IO�AJM�GJJK�M@NOJM<ODJI�ADGO@MDIB�

Note: 4C@I�>CMJH<�DN�=@DIB�ADGO@M@?	�>J@AA8�
�9�RDGG�<GR<TN�=@�@LP<G�OJ�
	�OC@M@AJM@�ADGO@M8�
�9�<I?�ADGO@M8���9�RDGG�<GR<TN

=@�@LP<G�OJ�
��&I�JOC@M�RJM?N	�GPH<�PN@N�<��
O<K�ADGO@M	�RCDG@�>CMJH<�PN@N�<��
O<K�ADGO@M�
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0<HKG@N�RDOCDI�OC@�>PMM@IO�NOMDK@�<M@�O<F@I�<AO@M� ?@A�ADGO@MDIB�C<N�=@@I�<KKGD@?	�N<HKG@N�JPOND?@�OC@�>PMM@IO�NOMDK@�<M@

O<F@I�=@AJM@� ?@A�ADGO@MDIB�

1C@�N<HKG@�OJ�M@OPMI�DN�NK@>DAD@?�<N�AJGGJRN�

x == Min(( PlaneEndX,, x))
x == Max(( 00,, x))
y == Min(( PlaneEndY,, y))
y == Max(( 00,, y))
ifif (( y << StripeStartY )) {{

y == Max(( StripeStartY -- 22,, y))
returnreturn UpscaledCurrFrame[[ plane ][][ y ][][ x ]]

}} elseelse ifif (( y >> StripeEndY )) {{
y == Min(( StripeEndY ++ 22,, y))
returnreturn UpscaledCurrFrame[[ plane ][][ y ][][ x ]]

}} elseelse {{
returnreturn UpscaledCdefFrame[[ plane ][][ y ][][ x ]]

}}

����� ,POKPO�KMJ>@NN
������� $@I@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>ODJI�DN�><GG@?�OJ�?@>D?@�RC@OC@M

OCDN�AM<H@�RDGG�=@�JPOKPO��&A�OCDN�API>ODJI�M@OPMIN�<�Q<GP@�@LP<G�OJ�
	�OC@I�OCDN�KMJ>@NN�O@MHDI<O@N�DHH@?D<O@GT�

1C@�DIO@MH@?D<O@�JPOKPO�KM@K<M<ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI������� DN�DIQJF@?�OJ�KM@K<M@�<MM<TN�,PO6	�,PO2	�<I?

,PO3	�<I?�OC@�JPOKPON�<M@�<NNDBI@?�OJ�R	�C	�NP=5	�<I?�NP=6�

&A�ADGH;BM<DI;K<M<HN;KM@N@IO�DN�@LP<G�OJ���<I?�<KKGT;BM<DI�DN�@LP<G�OJ��	�OC@I�OC@�ADGH�BM<DI�NTIOC@NDN�KMJ>@NN�NK@>DAD@?�DI

N@>ODJI������� DN�DIQJF@?�RDOC�DIKPON�JA�R	�C	�NP=5	�<I?�NP=6���1CDN�KMJ>@NN�HJ?DAD@N�OC@�JPOKPO�<MM<TN�,PO6	�,PO2	

,PO3��

Note: 1CDN�KMJ>@NN�><I�=@�><GG@?�AJM�N<HKG@N�JI�OC@�OCM@@�GDI@N�<=JQ@�<I?�OCM@@�GDI@N�=@GJR�OC@�>PMM@IO�NOMDK@�

%JR@Q@M	�OC@�>JJM?DI<O@N�<M@�>MJKK@?�NP>C�OC<O�JIGT�ORJ�GDI@N�<=JQ@�<I?�=@GJR�OC@�NOMDK@�I@@?�OJ�=@�A@O>C@?��&I

JOC@M�RJM?N	�M@LP@NON�AJM�OC@�OCDM?�GDI@��<=JQ@�JM�=@GJR��<M@�BDQ@I�<�>JKT�JA�OC@�N@>JI?�GDI@�

Note: �KKGD><ODJIN�OC<O�<M@�?DNKG<TDIB�OC@�?@>J?@?�QD?@J�<M@�@SK@>O@?�OJ�JIGT�?DNKG<T�JI@�AM<H@�AMJH�@<>C

O@HKJM<G�PIDO�RDOCDI�OC@�N@G@>O@?�JK@M<ODIB�KJDIO��1CDN�AM<H@�NCJPG?�=@�OC@�CDBC@NO�NK<OD<G�G<T@M�OC<O�DN�=JOC�RDOCDI

OC@�JK@M<ODIB�KJDIO�<I?�KM@N@IO�RDOCDI�OC@�O@HKJM<G�PIDO��,OC@M�<KKGD><ODJIN�H<T�N@O�OC@DM�JRI�KJGD>T�<=JPO�RCD>C

AM<H@N�<M@�JPOKPO�
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#DI<GGT	�OC@�AM<H@�OJ�=@�JPOKPO�DN�?@ADI@?�OJ�=@�OC@�<MM<TN�,PO6	�,PO2	�,PO3�RC@M@�OC@�=DO�?@KOC�AJM�@<>C�N<HKG@�DN

�DO!@KOC�

1CDN�AM<H@�OJ�=@�JPOKPO�DN�OC@�JQ@M<GG�JPOKPO�JA�OC@�?@>J?DIB�KMJ>@NN�<I?�APMOC@M�KMJ>@NNDIB��NP>C�<N�>JGJM�>JIQ@MNDJI��DN

JPOND?@�OC@�N>JK@�JA�OCDN�NK@>DAD><ODJI�

#JM�@S<HKG@	�<�M@<G�DHKG@H@IO<ODJI�HDBCO�PN@�OC@N@�<MM<TN�OJ�?DNKG<T�OC@�AM<H@�OJ�OC@�PN@M	�JM�<�O@NO�NTNO@H�HDBCO�N<Q@

OC@�<MM<TN�NJ�OC@�JPOKPO�><I�=@�Q@MDAD@?�

������� &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	�<I?�NP=6�?@N>MD=DIB�OC@�AJMH<O�JA�OC@�?<O<�DI�<MM<TN�,PO6	�,PO2	

<I?�,PO3�

&A�NCJR;@SDNODIB;AM<H@�DN�@LP<G�OJ��	�OC@I�OC@�?@>J?@M�NCJPG?�>JKT�,PO6	�,PO2	�<I?�,PO3�AMJH�<�KM@QDJPNGT�?@>J?@?

AM<H@�<N�AJGGJRN�

X 1C@�Q<MD<=G@�R�DN�N@O�@LP<G�OJ�/@A2KN><G@?4D?OC8�AM<H@;OJ;NCJR;H<K;D?S�9�

X 1C@�Q<MD<=G@�C�DN�N@O�@LP<G�OJ�/@A#M<H@%@DBCO8�AM<H@;OJ;NCJR;H<K;D?S�9�

X 1C@�Q<MD<=G@�NP=5�DN�N@O�@LP<G�OJ�/@A0P=N<HKGDIB58�AM<H@;OJ;NCJR;H<K;D?S�9�

X 1C@�Q<MD<=G@�NP=6�DN�N@O�@LP<G�OJ�/@A0P=N<HKGDIB68�AM<H@;OJ;NCJR;H<K;D?S�9�

X 1C@�<MM<T�,PO6�DN�R�N<HKG@N�<>MJNN�=T�C�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O�GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T

N<HKG@N�?JRI�DN�BDQ@I�=T�,PO68�T�98�S�9���#M<H@0OJM@8�AM<H@;OJ;NCJR;H<K;D?S�98�
�98�T�98�S�9�RDOC�S���
��R�
���<I?

T���
��C�
���

X 1C@�<MM<T�,PO2�DN��R���NP=5�����NP=5�N<HKG@N�<>MJNN�=T��C���NP=6�����NP=6�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O

GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T�N<HKG@N�?JRI�DN�BDQ@I�=T�,PO28�T�98�S�9���#M<H@0OJM@8�AM<H@;OJ;NCJR;H<K;D?S

98���98�T�98�S�9�RDOC�S���
����R���NP=5�����NP=5��
���<I?�T���
����C���NP=6�����NP=6��
���

X 1C@�<MM<T�,PO3�DN��R���NP=5�����NP=5�N<HKG@N�<>MJNN�=T��C���NP=6�����NP=6�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O

GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T�N<HKG@N�?JRI�DN�BDQ@I�=T�,PO38�T�98�S�9���#M<H@0OJM@8�AM<H@;OJ;NCJR;H<K;D?S

98���98�S�98�T�9�RDOC�S���
����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@;OJ;NCJR;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@I�OC@�?@>J?@M�NCJPG?�>JKT�OC@�>PMM@IO�AM<H@�<N�AJGGJRN�

X 1C@�Q<MD<=G@�R�DN�N@O�@LP<G�OJ�2KN><G@?4D?OC�

Note: &A�+PH-G<I@N�DN�@LP<G�OJ��	�OC@I�OC@�2�<I?�3�KG<I@N�NCJPG?�=@�DBIJM@?�
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X 1C@�Q<MD<=G@�C�DN�N@O�@LP<G�OJ�#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�<>MJNN�=T�C�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O�GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T

N<HKG@N�?JRI�DN�BDQ@I�=T�,PO68�T�98�S�9���)M#M<H@8�
�98�T�98�S�9�RDOC�S���
��R�
���<I?�T���
��C�
���

X 1C@�<MM<T�,PO2�DN��R���NP=5�����NP=5�N<HKG@N�<>MJNN�=T��C���NP=6�����NP=6�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O

GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T�N<HKG@N�?JRI�DN�BDQ@I�=T�,PO28�T�98�S�9���)M#M<H@8���98�T�98�S�9�RDOC�S���
����R��

NP=5�����NP=5��
���<I?�T���
����C���NP=6�����NP=6��
���

X 1C@�<MM<T�,PO3�DN��R���NP=5�����NP=5�N<HKG@N�<>MJNN�=T��C���NP=6�����NP=6�N<HKG@N�?JRI�<I?�OC@�N<HKG@�<O

GJ><ODJI�S�N<HKG@N�<>MJNN�<I?�T�N<HKG@N�?JRI�DN�BDQ@I�=T�,PO38�T�98�S�9���)M#M<H@8���98�T�98�S�9�RDOC�S���
����R��

NP=5�����NP=5��
���<I?�T���
����C���NP=6�����NP=6��
���

X 1C@�=DO�?@KOC�AJM�@<>C�N<HKG@�DN��DO!@KOC�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�<M@�OC@�Q<MD<=G@N�R	�C	�NP=5	�<I?�NP=6�

������� #DGH�BM<DI�NTIOC@NDN�KMJ>@NN
��������� $@I@M<G
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<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@�

1C@�KMJ>@NN�HJ?DAD@N�OC@�<MM<TN�,PO6	�,PO2	�,PO3�OJ�<??�ADGH�BM<DI�IJDN@�<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�BM<DI;N@@?�

�� 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�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�

�� 1C@�N><GDIB�GJJFPK�DIDOD<GDU<ODJI�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� DN�DIQJF@?�

�� 1C@�<??�IJDN@�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� 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@?�JI�OC@�NO<O@�DI�/<I?JH/@BDNO@M�

1C@�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

get_random_number(( bits )) {{
r == RandomRegister
bit == (((( r >>>> 00)) ^̂ (( r >>>> 11)) ^̂ (( r >>>> 33)) ^̂ (( r >>>> 1212)))) && 11
r == (( r >>>> 11)) || (( bit <<<< 1515))
result == (( r >>>> (( 1616 -- bits )))) && (((( 11 <<<< bits )) -- 11))
RandomRegister== r
returnreturn 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�IJDN@�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@?�AJM�GPH<�<N�AJGGJRN�

shift == 1212 -- BitDepth ++ grain_scale_shift
forfor (( y == 00;; y << 7373;; y++++ )) {{

forfor (( x == 00;; x << 8282;; x++++ )) {{
ifif (( num_y_points >> 00 )) {{

g == Gaussian_Sequence[[ get_random_number(( 1111 )) ]]
}} elseelse {{

g == 00
}}
LumaGrain[[ y ][][ x ]] == Round2(( g,, shift ))

}}
}}

RC@M@�OC@�API>ODJI�><GG�B@O;M<I?JH;IPH=@M�DIQJF@N�OC@�M<I?JH�IPH=@M�KMJ>@NN�NK@>DAD@?�DIN@>ODJI��������� �

1C@I�<I�<POJ
M@BM@NNDQ@�ADGO@M�DN�<KKGD@?�OJ�OC@�RCDO@�IJDN@�<N�AJGGJRN�
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shift == ar_coeff_shift_minus_6 ++ 66
forfor (( y == 33;; y << 7373;; y++++ )) {{

forfor (( x == 33;; x << 8282 -- 33;; x++++ )) {{
s == 00
pos == 00
forfor (( deltaRow == -- ar_coeff_lag ;; deltaRow <=<= 00;; deltaRow++++ )) {{

forfor (( deltaCol == -- ar_coeff_lag ;; deltaCol <=<= ar_coeff_lag ;; deltaCol ++++ )) {{
ifif (( deltaRow ==== 00 &&&& deltaCol ==== 00 ))

breakbreak
c == ar_coeffs_y_plus_128 [[ pos ]] -- 128128
s +=+= LumaGrain[[ y ++ deltaRow ][][ x ++ deltaCol ]] ** c
pos++++

}}
}}
LumaGrain[[ y ][][ x ]] == Clip3 (( GrainMin,, GrainMax,, LumaGrain[[ y ][][ x ]] ++ Round2(( s,, shift )) ))

}}
}}

&A�HJIJ;>CMJH@�DN�@LP<G�OJ�
	�OC@�>CMJH<�BM<DI�DN�B@I@M<O@?�DI�<�NDHDG<M�R<T	�@S>@KO�OC@�ADGO@MDIB�DI>GP?@N�<�>J@AAD>D@IO

OC<O�DIOMJ?P>@N�<�>JMM@G<ODJI�RDOC�OC@�GPH<�BM<DI�

1C@�Q<MD<=G@�>CMJH<4��M@KM@N@IODIB�OC@�RD?OC�JA�OC@�>CMJH<�IJDN@�<MM<T��DN�N@O�@LP<G�OJ��NP=N<HKGDIB;S������������

1C@�Q<MD<=G@�>CMJH<%��M@KM@N@IODIB�OC@�C@DBCO�JA�OC@�>CMJH<�IJDN@�<MM<T��DN�N@O�@LP<G�OJ��NP=N<HKGDIB;T������������

4CDO@�IJDN@�<MM<TN� =$M<DI�<I?� M$M<DI�>CMJH<4�N<HKG@N�RD?@�<I?�>CMJH<%�N<HKG@N�CDBC�<M@�B@I@M<O@?�<N�AJGGJRN�
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shift == 1212 -- BitDepth ++ grain_scale_shift
RandomRegister== grain_seed ^̂ 0xb5240xb524
forfor (( y == 00;; y << chromaH;; y++++ )) {{

forfor (( x == 00;; x << chromaW;; x++++ )) {{
ifif (( num_cb_points >> 00 |||| chroma_scaling_from_luma)) {{

g == Gaussian_Sequence[[ get_random_number(( 1111 )) ]]
}} elseelse {{

g == 00
}}
CbGrain[[ y ][][ x ]] == Round2(( g,, shift ))

}}
}}
RandomRegister== grain_seed ^̂ 0x49d80x49d8
forfor (( y == 00;; y << chromaH;; y++++ )) {{

forfor (( x == 00;; x << chromaW;; x++++ )) {{
ifif (( num_cr_points >> 00 |||| chroma_scaling_from_luma)) {{

g == Gaussian_Sequence[[ get_random_number(( 1111 )) ]]
}} elseelse {{

g == 00
}}
CrGrain[[ y ][][ x ]] == Round2(( 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 ++ 66
forfor (( y == 33;; y << chromaH;; y++++ )) {{

forfor (( x == 33;; x << chromaW-- 33;; x++++ )) {{
s0 == 00
s1 == 00
pos == 00
forfor (( deltaRow == -- ar_coeff_lag ;; deltaRow <=<= 00;; deltaRow++++ )) {{

forfor (( deltaCol == -- ar_coeff_lag ;; deltaCol <=<= ar_coeff_lag ;; deltaCol ++++ )) {{
c0 == ar_coeffs_cb_plus_128 [[ pos ]] -- 128128
c1 == ar_coeffs_cr_plus_128 [[ pos ]] -- 128128
ifif (( deltaRow ==== 00 &&&& deltaCol ==== 00 )) {{

ifif (( num_y_points >> 00 )) {{
luma == 00
lumaX == (( (( x -- 33)) <<<< subsampling_x )) ++ 33
lumaY == (( (( y -- 33)) <<<< subsampling_y )) ++ 33
forfor (( i == 00;; i <=<= subsampling_y;; i ++++ ))

forfor (( j == 00;; j <=<= subsampling_x;; j ++++ ))
luma +=+= LumaGrain[[ lumaY ++ i ][][ lumaX ++ j ]]

luma == Round2(( luma,, subsampling_x ++ subsampling_y ))
s0 +=+= luma ** c0
s1 +=+= luma ** c1

}}
breakbreak

}}
s0 +=+= CbGrain[[ y ++ deltaRow ][][ x ++ deltaCol ]] ** c0
s1 +=+= CrGrain[[ y ++ deltaRow ][][ x ++ deltaCol ]] ** c1
pos++++

}}
}}
CbGrain[[ y ][][ x ]] == Clip3 (( GrainMin,, GrainMax,, CbGrain[[ y ][][ x ]] ++ Round2(( s0,, shift )) ))
CrGrain[[ y ][][ x ]] == Clip3 (( GrainMin,, GrainMax,, CrGrain[[ y ][][ x ]] ++ Round2(( s1,, shift )) ))

}}
}}

��������� 0><GDIB�GJJFPK�DIDOD<GDU<ODJI�KMJ>@NN
1CDN�KMJ>@NN�>JHKPO@N���GJJFPK�O<=G@N�AJM�OC@�?DAA@M@IO�>JGJM�>JHKJI@ION�

"<>C�GJJFPK�O<=G@�0><GDIB)PO8�KG<I@�9�>JIO<DIN�����@IOMD@N�>JINOMP>O@?�=T�<�KD@>@RDN@�GDI@<M�DIO@MKJG<ODJI�JA�OC@�BDQ@I

KJDION�<N�AJGGJRN�

Note: 4C@I�IPH;T;KJDION�DN�@LP<G�OJ�
	�OCDN�KMJ>@NN�H<T�PN@�PIDIDOD<GDU@?�Q<GP@N�RDOCDI�<M;>J@AAN;T;KGPN;����OJ

>JHKPO@�)PH<$M<DI��%JR@Q@M	�)PH<$M<DI�RDGG�I@Q@M�=@�M@<?�DI�OCDN�><N@�NJ�DO�?J@N�IJO�H<OO@M�RC<O�Q<GP@N�<M@

>JINOP>O@?��0DHDG<MGT	�RC@I�IPH;>M;KJDION�IPH;>=;KJDION�<M@�@LP<G�OJ�
�<I?�>CMJH<;N><GDIB;AMJH;GPH<�DN�@LP<G

OJ�
	�OC@� =$M<DI� M$M<DI�<MM<TN�RDGG�I@Q@M�=@�M@<?�
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forfor (( plane == 00;; plane << NumPlanes;; plane++++ )) {{
ifif (( plane ==== 00 |||| chroma_scaling_from_luma ))

numPoints == num_y_points
elseelse ifif (( plane ==== 11 ))

numPoints == num_cb_points
elseelse

numPoints == num_cr_points
ifif (( numPoints ==== 00 )) {{

forfor (( x == 00;; x << 256256;; x++++ )) {{
ScalingLut [[ plane ][][ x ]] == 00

}}
}} elseelse {{

forfor (( x == 00;; x << get_x(( plane,, 00 );); x++++ )) {{
ScalingLut [[ plane ][][ x ]] == get_y(( plane,, 00 ))

}}
forfor (( i == 00;; i << numPoints -- 11;; i ++++ )) {{

deltaY == get_y(( plane,, i ++ 11 )) -- get_y(( plane,, i ))
deltaX == get_x(( plane,, i ++ 11 )) -- get_x(( plane,, i ))
delta == deltaY ** (( (( 6553665536 ++ (( deltaX >>>> 11)) )) // deltaX ))
forfor (( x == 00;; x << deltaX ;; x++++ )) {{

v == get_y(( plane,, i )) ++ (( (( x ** delta ++ 3276832768 )) >>>> 1616 ))
ScalingLut [[ plane ][][ get_x(( plane,, i )) ++ x ]] == v

}}
}}
forfor (( x == get_x(( plane,, numPoints -- 11 );); x << 256256;; x++++ )) {{

ScalingLut [[ plane ][][ x ]] == get_y(( plane,, numPoints -- 11 ))
}}

}}
}}

RC@M@�OC@�API>ODJIN�B@O;S�<I?�B@O;T�M@OPMI�OC@�>JJM?DI<O@N�AJM�<�NK@>DAD>�KJDIO�<I?�<M@�NK@>DAD@?�<N�
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get_x(( plane,, i )) {{
ifif (( plane ==== 00 |||| chroma_scaling_from_luma ))

returnreturn point_y_value [[ i ]]
elseelse ifif (( plane ==== 11 ))

returnreturn point_cb_value [[ i ]]
elseelse

returnreturn point_cr_value [[ i ]]
}}

get_y(( plane,, i )) {{
ifif (( plane ==== 00 |||| chroma_scaling_from_luma ))

returnreturn point_y_scaling [[ i ]]
elseelse ifif (( plane ==== 11 ))

returnreturn point_cb_scaling [[ i ]]
elseelse

returnreturn point_cr_scaling [[ i ]]
}}

��������� �??�IJDN@�NTIOC@NDN�KMJ>@NN
1C@�DIKPON�OJ�OCDN�KMJ>@NN�<M@�

X Q<MD<=G@N�R�<I?�C�NK@>DATDIB�OC@�RD?OC�<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@�?<O<�

#DMNO�<I�<MM<T�JA�IJDN@�?<O<�IJDN@0OMDK@�DN�B@I@M<O@?�AJM�@<>C����GPH<�N<HKG@�CDBC�NOMDK@�JA�OC@�DH<B@�

IJDN@0OMDK@8�GPH<+PH�98�
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lumaNum== 00
forfor (( y == 00;; y << (( h ++ 11)) // 22 ;; y +=+= 1616 )) {{

RandomRegister== grain_seed
RandomRegister^=^= (((( lumaNum** 3737 ++ 178178)) && 255255)) <<<< 88
RandomRegister^=^= (((( lumaNum** 173173 ++ 105105)) && 255255))
forfor (( x == 00;; x << (( w ++ 11)) // 22 ;; x +=+= 1616 )) {{

rand == get_random_number(( 88 ))
offsetX == rand >>>> 44
offsetY == rand && 1515
forfor (( plane == 00 ;; plane << NumPlanes;; plane++++ )) {{

planeSubX== (( plane >> 00)) ?? subX :: 00
planeSubY== (( plane >> 00)) ?? subY :: 00
planeOffsetX == planeSubX?? 66 ++ offsetX :: 99 ++ offsetX ** 22
planeOffsetY == planeSubY?? 66 ++ offsetY :: 99 ++ offsetY ** 22
forfor (( i == 00;; i << 3434 >>>> planeSubY;; i ++++ )) {{

forfor (( j == 00;; j << 3434 >>>> planeSubX;; j ++++ )) {{
ifif (( plane ==== 00 ))

g == LumaGrain[[ planeOffsetY ++ i ][][ planeOffsetX ++ j ]]
elseelse ifif (( plane ==== 11 ))

g == CbGrain[[ planeOffsetY ++ i ][][ planeOffsetX ++ j ]]
elseelse

g == CrGrain[[ planeOffsetY ++ i ][][ planeOffsetX ++ j ]]
ifif (( planeSubX==== 00 )) {{

ifif (( j << 22 &&&& overlap_flag &&&& x >> 00 )) {{
old == noiseStripe [[ lumaNum][][ plane ][][ i ][][ x ** 22 ++ j ]]
ifif (( j ==== 00 )) {{

g == old ** 2727 ++ g ** 1717
}} elseelse {{

g == old ** 1717 ++ g ** 2727
}}
g == Clip3 (( GrainMin,, GrainMax,, Round2(( g,, 55)) ))

}}
noiseStripe [[ lumaNum][][ plane ][][ i ][][ x ** 22 ++ j ]] == g

}} elseelse {{
ifif (( j ==== 00 &&&& overlap_flag &&&& x >> 00 )) {{

old == noiseStripe [[ lumaNum][][ plane ][][ i ][][ x ++ j ]]
g == old ** 2323 ++ g ** 2222
g == Clip3 (( GrainMin,, GrainMax,, Round2(( g,, 55)) ))

}}
noiseStripe [[ lumaNum][][ plane ][][ i ][][ x ++ j ]] == g

}}
}}

}}
}}

}}
lumaNum++++

}}
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forfor (( plane == 00;; plane << NumPlanes;; plane++++ )) {{
planeSubX== (( plane >> 00)) ?? subX :: 00
planeSubY== (( plane >> 00)) ?? subY :: 00
forfor (( y == 00;; y << (( (( h ++ planeSubY)) >>>> planeSubY)) ;; y++++ )) {{

lumaNum== y >>>> (( 55 -- planeSubY))
i == y -- (( lumaNum<<<< (( 55 -- planeSubY)) ))
forfor (( x == 00;; x << (( (( w ++ planeSubX)) >>>> planeSubX)) ;; x++++ )) {{

g == noiseStripe [[ lumaNum][][ plane ][][ i ][][ x ]]
ifif (( planeSubY==== 00 )) {{

ifif (( i << 22 &&&& lumaNum>> 00 &&&& overlap_flag )) {{
old == noiseStripe [[ lumaNum-- 11 ][][ plane ][][ i ++ 3232 ][][ x ]]
ifif (( i ==== 00 )) {{

g == old ** 2727 ++ g ** 1717
}} elseelse {{

g == old ** 1717 ++ g ** 2727
}}
g == Clip3 (( GrainMin,, GrainMax,, Round2(( g,, 55)) ))

}}
}} elseelse {{

ifif (( i << 11 &&&& lumaNum>> 00 &&&& overlap_flag )) {{
old == noiseStripe [[ lumaNum-- 11 ][][ plane ][][ i ++ 1616 ][][ x ]]
g == old ** 2323 ++ g ** 2222
g == Clip3 (( GrainMin,, GrainMax,, Round2(( g,, 55)) ))

}}
}}
noiseImage[[ plane ][][ y ][][ x ]] == g

}}
}}

}}

#DI<GGT	�OC@�IJDN@�DN�=G@I?@?�RDOC�OC@�JMDBDI<G�DH<B@�?<O<�<N�AJGGJRN�

Note: �GOCJPBC�OCDN�KMJ>@NN�DN�NK@>DAD@?�DI�O@MHN�JA�APGG�NDU@�IJDN@0OMDK@�<I?�IJDN@&H<B@�<MM<TN	�OC@�M@A@M@I>@�>J?@

NCJRN�CJR�DO�DN�KJNND=G@�OJ�DHKG@H@IO�OC@�BM<DI�NTIOC@NDN�RDOC�EPNO���GDI@�=PAA@MN�AJM�GPH<	�<I?���GDI@�=PAA@M�AJM�@<>C

>CMJH<�>JHKJI@IO�

AV1 Bitstream & Decoding Process Specification

Section: Decoding process Page 346 of 669



ifif (( clip_to_restricted_range )) {{
minValue == 1616 <<<< (( BitDepth -- 88))
maxLuma== 235235 <<<< (( BitDepth -- 88))
ifif (( matrix_coefficients ==== MC_IDENTITY))

maxChroma== maxLuma
elseelse

maxChroma== 240240 <<<< (( BitDepth -- 88))
}} elseelse {{

minValue == 00
maxLuma== (( 256256 <<<< (( BitDepth -- 88)))) -- 11
maxChroma== maxLuma

}}
ScalingShift == grain_scaling_minus_8 ++ 88
forfor (( y == 00;; y << (( (( h ++ subY)) >>>> subY)) ;; y++++ )) {{

forfor (( x == 00;; x << (( (( w ++ subX)) >>>> subX)) ;; x++++ )) {{
lumaX == x <<<< subX
lumaY == y <<<< subY
lumaNextX== Min(( lumaX ++ 11,, w -- 11 ))
ifif (( subX ))

averageLuma== Round2(( OutY[[ lumaY ][][ lumaX ]] ++ OutY[[ lumaY ][][ lumaNextX],], 11 ))
elseelse

averageLuma== OutY[[ lumaY ][][ lumaX ]]
ifif (( num_cb_points >> 00 |||| chroma_scaling_from_luma )) {{

orig == OutU[[ y ][][ x ]]
ifif (( chroma_scaling_from_luma )) {{

merged== averageLuma
}} elseelse {{

combined == averageLuma** (( cb_luma_mult -- 128128 )) ++ orig ** (( cb_mult -- 128128 ))
merged== Clip1 (( (( combined >>>> 66 )) ++ (( (( cb_offset -- 256256 )) <<<< (( BitDepth -- 88)) )) ))

}}
noise == noiseImage[[ 11 ][][ y ][][ x ]]
noise == Round2(( scale_lut (( 11,, merged)) ** noise,, ScalingShift ))
OutU[[ y ][][ x ]] == Clip3 (( minValue,, maxChroma,, orig ++ noise ))

}}

ifif (( num_cr_points >> 00 |||| chroma_scaling_from_luma)) {{
orig == OutV[[ y ][][ x ]]
ifif (( chroma_scaling_from_luma )) {{

merged== averageLuma
}} elseelse {{

combined == averageLuma** (( cr_luma_mult -- 128128 )) ++ orig ** (( cr_mult -- 128128 ))
merged== Clip1 (( (( combined >>>> 66 )) ++ (( (( cr_offset -- 256256 )) <<<< (( BitDepth -- 88)) )) ))

}}
noise == noiseImage[[ 22 ][][ y ][][ x ]]
noise == Round2(( scale_lut (( 22,, merged)) ** noise,, ScalingShift ))
OutV[[ y ][][ x ]] == Clip3 (( minValue,, maxChroma,, orig ++ noise ))

}}
}}

}}
forfor (( y == 00;; y << h ;; y++++ )) {{
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forfor (( x == 00;; x << w ;; x++++ )) {{
orig == OutY[[ y ][][ x ]]
noise == noiseImage[[ 00 ][][ y ][][ x ]]
noise == Round2(( scale_lut (( 00,, orig )) ** noise,, ScalingShift ))
ifif (( num_y_points >> 00 )) {{

OutY[[ y ][][ x ]] == Clip3 (( minValue,, maxLuma,, orig ++ noise ))
}}

}}
}}
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scale_lut (( plane,, index )) {{
shift == BitDepth -- 88
x == index >>>> shift
rem == index -- (( x <<<< shift ))
ifif (( BitDepth ==== 88 |||| x ==== 255255)) {{

returnreturn ScalingLut [[ plane ][][ x ]]
}} elseelse {{

start == ScalingLut [[ plane ][][ x ]]
end == ScalingLut [[ plane ][][ x ++ 11 ]]
returnreturn start ++ Round2(( (( end -- start )) ** rem,, shift ))

}}
}}
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MfRefFrames[[ row ][][ col ]] == NONE
MfMvs[[ row ][][ col ][][ 00 ]] == 00
MfMvs[[ row ][][ col ][][ 11 ]] == 00
forfor (( list == 00;; list << 22;; list ++++ )) {{

r == RefFrames[[ row ][][ col ][][ list ]]
ifif (( r >> INTRA_FRAME)) {{

refIdx == ref_frame_idx [[ r -- LAST_FRAME]]
dist == get_relative_dist (( RefOrderHint [[ refIdx ],], OrderHint ))
ifif (( dist << 00 )) {{

mvRow== Mvs[[ row ][][ col ][][ list ][][ 00 ]]
mvCol == Mvs[[ row ][][ col ][][ list ][][ 11 ]]
ifif (( Abs(( mvRow)) <=<= REFMVS_LIMIT&&&& Abs(( mvCol )) <=<= REFMVS_LIMIT)) {{

MfRefFrames[[ row ][][ col ]] == r
MfMvs[[ row ][][ col ][][ 00 ]] == mvRow
MfMvs[[ row ][][ col ][][ 11 ]] == mvCol

}}
}}

}}
}}
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AJM�E���
��/"#0;-"/;#/�*"
��

X )M#M<H@8�
�98�T�98�S�9�DN�N@O�@LP<G�OJ�#M<H@0OJM@8�AM<H@;OJ;NCJR;H<K;D?S�98�
�98�T�98�S�9�AJM�S��


��2KN><G@?4D?OC
�	�AJM�T���
��#M<H@%@DBCO
��

X )M#M<H@8�KG<I@�98�T�98�S�9�DN�N@O�@LP<G�OJ�#M<H@0OJM@8�AM<H@;OJ;NCJR;H<K;D?S�98�KG<I@�98�T�98�S�9�AJM�KG<I@�������	

AJM�S���
����2KN><G@?4D?OC���NP=N<HKGDIB;S�����NP=N<HKGDIB;S��
��	�AJM�T���
����#M<H@%@DBCO���NP=N<HKGDIB;T�

���NP=N<HKGDIB;T��
���

X *A/@A#M<H@N8�MJR�98�>JG�9�DN�N@O�@LP<G�OJ�0<Q@?/@A#M<H@N8�AM<H@;OJ;NCJR;H<K;D?S�98�MJR�98�>JG�9�AJM�MJR��


��*D/JRN
�	�AJM�>JG���
��*D JGN
��

X *A*QN8�MJR�98�>JG�98�>JHK�9�DN�N@O�@LP<G�OJ�0<Q@?*QN8�AM<H@;OJ;NCJR;H<K;D?S�98�MJR�98�>JG�98�>JHK�9�AJM�>JHK��


���	�AJM�MJR���
��*D/JRN
�	�AJM�>JG���
��*D JGN
��

X BH;K<M<HN8�M@A�98�E�9�DN�N@O�@LP<G�OJ�0<Q@?$H-<M<HN8�AM<H@;OJ;NCJR;H<K;D?S�98�M@A�98�E�9�AJM�M@A��

)�01;#/�*"���)1/"#;#/�*"	�AJM�E���
����

X 0@BH@IO&?N8�MJR�98�>JG�9�DN�N@O�@LP<G�OJ�0<Q@?0@BH@IO&?N8�AM<H@;OJ;NCJR;H<K;D?S�98�MJR�98�>JG�9�AJM�MJR��


��*D/JRN
�	�AJM�>JG���
��*D JGN
��

X 1C@�API>ODJI�GJ<?;>?AN��AM<H@;OJ;NCJR;H<K;D?S���DN�DIQJF@?�

X &A�ADGH;BM<DI;K<M<HN;KM@N@IO�DN�@LP<G�OJ��	�OC@�API>ODJI�GJ<?;BM<DI;K<M<HN��AM<H@;OJ;NCJR;H<K;D?S���DN

DIQJF@?��N@@N@>ODJI������
��

X 1C@�API>ODJI�GJ<?;GJJK;ADGO@M;K<M<HN��AM<H@;OJ;NCJR;H<K;D?S���DN�DIQJF@?��N@@�=@GJR��

X 1C@�API>ODJI�GJ<?;N@BH@IO<ODJI;K<M<HN��AM<H@;OJ;NCJR;H<K;D?S���DN�DIQJF@?��N@@�=@GJR��

GJ<?;GJJK;ADGO@M;K<M<HN��D���DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@�Q<GP@N�JA�GJJK;ADGO@M;M@A;?@GO<N8�E�9�AJM�E���
���

1,1�);/"#0;-"/;#/�*"
�	�<I?�OC@�Q<GP@N�JA�GJJK;ADGO@M;HJ?@;?@GO<N8�E�9�AJM�E���
������NCJPG?�=@�GJ<?@?�AMJH�<I�<M@<

JA�H@HJMT�DI?@S@?�=T�D�

GJ<?;N@BH@IO<ODJI;K<M<HN��D���DN�<�API>ODJI�><GG�OC<O�DI?D><O@N�OC<O�OC@�Q<GP@N�JA�#@<OPM@"I<=G@?8�E�98�F�9�<I?�#@<OPM@!<O<8

E�98�F�9�AJM�E���
����*�5;0"$*"+10
�	�AJM�F���
����0"$;)3);*�5
��NCJPG?�=@�GJ<?@?�AMJH�<I�<M@<�JA�H@HJMT�DI?@S@?�=T

D�
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�� -<MNDIB�KMJ>@NN
���� -<MNDIB�KMJ>@NN�AJM�A�I�
1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�?@N>MDKOJM�JA�<�NTIO<S�@G@H@IO�DI�OC@�NTIO<S�O<=G@N�DN�@LP<G�OJ�A�I��

1C@�I@SO�I�=DON�<M@�M@<?�AMJH�OC@�=DO�NOM@<H�

1CDN�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

x == 00
forfor (( i == 00;; i << n;; i ++++ )) {{

x == 22 ** x ++ read_bit (( ))
}}

M@<?;=DO����M@<?N�OC@�I@SO�=DO�AMJH�OC@�=DONOM@<H�<I?�<?Q<I>@N�OC@�=DONOM@<H�KJNDODJI�DI?D><OJM�=T����&A�OC@�=DONOM@<H�DN

KMJQD?@?�<N�<�N@MD@N�JA�=TO@N	�OC@I�OC@�ADMNO�=DO�DN�BDQ@I�=T�OC@�HJNO�NDBIDAD><IO�=DO�JA�OC@�ADMNO�=TO@�

1C@�Q<GP@�AJM�OC@�NTIO<S�@G@H@IO�DN�BDQ@I�=T�S�

���� -<MNDIB�KMJ>@NN�AJM�NTH=JG�?@>J?@M
������ $@I@M<G
1C@�@IOMJKT�?@>J?@M�DN�M@A@MM@?�OJ�<N�OC@�]0TH=JG�?@>J?@M^�<I?�OC@�API>ODJIN�DIDO;NTH=JG��NU��	�@SDO;NTH=JG���	

M@<?;NTH=JG��>?A��	�<I?�M@<?;=JJG����<M@�PN@?�DI�OCDN�0K@>DAD><ODJI�OJ�DI?D><O@�OC@�@IOMJKT�?@>J?DIB�JK@M<ODJI�

������ &IDOD<GDU<ODJI�KMJ>@NN�AJM�NTH=JG�?@>J?@M
1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�<�Q<MD<=G@�NU�NK@>DATDIB�OC@�IPH=@M�JA�=TO@N�OJ�=@�M@<?�=T�OC@�0TH=JG�?@>J?@M�

1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�API>ODJI�DIDO;NTH=JG��NU���DN�><GG@?�AMJH�OC@�NTIO<S�NOMP>OPM@�

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<??@?�PA�DN�N@O�@LP<G�OJ���=PA��������
�IPH�DON����

1C@�Q<MD<=G@�0TH=JG3<GP@�DN�N@O�OJ������������
����:�K<??@?�PA�

1C@�Q<MD<=G@�0TH=JG/<IB@�DN�N@O�OJ���������

Note: 1C@�=DO�KJNDODJI�RDGG�<GR<TN�=@�=TO@�<GDBI@?�RC@I�DIDO;NTH=JG�DN�DIQJF@?�=@><PN@�OC@�PI>JHKM@NN@?�C@<?@M

<I?�OC@�?<O<�K<MODODJIN�<M@�<GR<TN�<�RCJG@�IPH=@M�JA�=TO@N�GJIB�
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1C@�Q<MD<=G@�0TH=JG*<S�DON�DN�N@O�OJ�����NU�
����

0TH=JG*<S�DON��RC@I�IJI
I@B<ODQ@��M@KM@N@ION�OC@�IPH=@M�JA�=DON�NODGG�<Q<DG<=G@�OJ�=@�M@<?��&O�DN�<GGJR@?�AJM�OCDN�IPH=@M

OJ�BJ�I@B<ODQ@��@DOC@M�C@M@�JM�?PMDIB�M@<?;NTH=JG���0TH=JG*<S�DON��RC@I�I@B<ODQ@��NDBIDAD@N�OC<O�<GG�<Q<DG<=G@�=DON�C<Q@

=@@I�M@<?	�<I?�OC<O�
0TH=JG*<S�DON�JA�K<??DIB�U@MJ�=DON�C<Q@�=@@I�PN@?�DI�OC@�NTH=JG�?@>J?DIB�KMJ>@NN��1C@N@

K<??DIB�U@MJ�=DON�<M@�IJO�KM@N@IO�DI�OC@�=DONOM@<H�

1C@�<MM<T�1DG@&IOM<#M<H@6*J?@ ?A�DN�N@O�@LP<G�OJ�<�>JKT�JA�!@A<PGO;&IOM<;#M<H@;6;*J?@; ?A�

��>JKT�DN�H<?@�JA�@<>C�JA�OC@� !#�<MM<TN�H@IODJI@?�DI�OC@�N@H<IOD>N�AJM�DIDO;>J@AA;>?AN�<I?�DIDO;IJI;>J@AA;>?AN��1C@

I<H@�JA�OC@�>JKT�DN�OC@�I<H@�JA�OC@� !#�<MM<T�KM@ADS@?�RDOC�]1DG@^��1CDN�>JKTDIB�KMJ?P>@N�OC@�AJGGJRDIB�<MM<TN�

X 1DG@6*J?@ ?A

X 1DG@23*J?@ AG+JO�GGJR@? ?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@0@BH@IO&?-M@?D>O@? ?A

X 1DG@1S�S� ?A

X 1DG@1S��S�� ?A

X 1DG@1S��S�� ?A

X 1DG@1S��S�� ?A

X 1DG@1SAH0KGDO ?A

X 1DG@#DGO@M&IOM<*J?@ ?A

X 1DG@#DGO@M&IOM< ?A
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X 1DG@&IO@MK#DGO@M ?A

X 1DG@*JODJI*J?@ ?A

X 1DG@+@R*Q ?A

X 1DG@7@MJ*Q ?A

X 1DG@/@A*Q ?A

X 1DG@ JHKJPI?*J?@ ?A

X 1DG@!MG*J?@ ?A

X 1DG@&N&IO@M ?A

X 1DG@ JHK*J?@ ?A

X 1DG@0FDK*J?@ ?A

X 1DG@0FDK ?A

X 1DG@ JHK/@A ?A

X 1DG@ JHK�R?/@A ?A

X 1DG@0DIBG@/@A ?A

X 1DG@*Q'JDIO ?A

X 1DG@*Q0DBI ?A

X 1DG@*Q G<NN ?A

X 1DG@*Q G<NN
�DO ?A

X 1DG@*Q#M ?A

X 1DG@*Q G<NN
#M ?A

X 1DG@*Q G<NN
%K ?A

X 1DG@*Q�DO ?A

X 1DG@*Q%K ?A

X 1DG@-<G@OO@6*J?@ ?A

X 1DG@-<G@OO@23*J?@ ?A
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X 1DG@-<G@OO@60DU@ ?A

X 1DG@-<G@OO@230DU@ ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@-<G@OO@0DU@�6 JGJM ?A

X 1DG@-<G@OO@0DU@�23 JGJM ?A

X 1DG@!@GO<. ?A

X 1DG@!@GO<)# ?A

X 1DG@!@GO<)#*PGOD ?A8�D�9�AJM�D���
��#/�*";)#; ,2+1
�

X 1DG@&IOM<1S1TK@0@O� ?A

X 1DG@&IOM<1S1TK@0@O� ?A

X 1DG@&IO@M1S1TK@0@O� ?A

X 1DG@&IO@M1S1TK@0@O� ?A

X 1DG@&IO@M1S1TK@0@O� ?A

X 1DG@2N@,=H> ?A
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X 1DG@&IO@M&IOM< ?A

X 1DG@ JHK/@A1TK@ ?A

X 1DG@ AG0DBI ?A

X 1DG@2ID JHK/@A ?A

X 1DG@4@?B@&IO@M&IOM< ?A

X 1DG@ JHK$MJPK&?S ?A

X 1DG@ JHKJPI?&?S ?A

X 1DG@ JHKJPI?1TK@ ?A

X 1DG@&IO@M&IOM<*J?@ ?A

X 1DG@4@?B@&I?@S ?A

X 1DG@ AG�GKC< ?A

X 1DG@2N@4D@I@M ?A

X 1DG@2N@0BMKMJE ?A

X 1DG@/@NOJM<ODJI1TK@ ?A

X 1DG@1S=0FDK ?A

X 1DG@"J=-O�� ?A

X 1DG@"J=-O�� ?A

X 1DG@"J=-O�� ?A

X 1DG@"J=-O��� ?A

X 1DG@"J=-O��� ?A

X 1DG@"J=-O��� ?A

X 1DG@"J=-O�
�� ?A

X 1DG@"J="SOM< ?A

X 1DG@!>0DBI ?A

X 1DG@ J@AA�<N@"J= ?A
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X 1DG@ J@AA�<N@ ?A

X 1DG@ J@AA�M ?A

������ �JJG@<I�?@>J?DIB�KMJ>@NN
1CDN�KMJ>@NN�?@>J?@N�<�KN@P?J
M<R�=DO�<NNPHDIB�@LP<G�KMJ=<=DGDOT�AJM�?@>J?DIB�<�
�JM�<���

1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�API>ODJI�M@<?;=JJG����DN�><GG@?�AMJH�OC@�M@<?;GDO@M<G�API>ODJI�DIN@>ODJI�������

�I�<MM<T�>?A�JA�G@IBOC���DN�>JINOMP>O@?�<N�AJGGJRN�

cdf [[ 00 ]] == 11 <<<< 1414
cdf [[ 11 ]] == 11 <<<< 1515
cdf [[ 22 ]] == 00

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�BDQ@I�=T�M@<?;NTH=JG��>?A���

������ "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@�

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�0TH=JG*<S�DON�DN�BM@<O@M�OC<I�JM�@LP<G�OJ�
���RC@I@Q@M�OCDN�KMJ>@NN�DN

DIQJF@?�

1C@�Q<MD<=G@�OM<DGDIB�DO-JNDODJI�DN�N@O�@LP<G�OJ�B@O;KJNDODJI���
�*DI���	�0TH=JG*<S�DON�����

1C@�=DONOM@<H�KJNDODJI�DI?D><OJM�DN�<?Q<I>@?�=T�*<S�
	0TH=JG*<S�DON����1CDN�NFDKN�JQ@M�<IT�OM<DGDIB�=DON�OC<O�C<Q@�IJO

<GM@<?T�=@@I�M@<?�?PMDIB�NTH=JG�?@>J?@��

1C@�Q<MD<=G@�K<??DIB"I?-JNDODJI�DN�N@O�@LP<G�OJ�B@O;KJNDODJI���

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�=DO�<O�KJNDODJI�OM<DGDIB�DO-JNDODJI�DN�@LP<G�OJ���

&O�DN�<�M@LPDM@H@IO�JA�=DONOM@<H�>JIAJMH<I>@�OC<O�OC@�=DO�<O�KJNDODJI�S�DN�@LP<G�OJ�
�AJM�Q<GP@N�JA�S�NOMD>OGT�=@OR@@I

OM<DGDIB�DO-JNDODJI�<I?�K<??DIB"I?-JNDODJI�

Note: 1CDN�>?A�<MM<T�DN�>JINOMP>O@?�@<>C�ODH@�M@<?;=JJG�DN�DIQJF@?��1CDN�H@<IN�OC<O�DHKG@H@IO<ODJIN�><I�JHDO�OC@

>?A�PK?<O@�K@MAJMH@?�=T�M@<?;NTH=JG�RC@I�DIQJF@?�AMJH�M@<?;=JJG�=@><PN@�OC@�HJ?DAD@?�Q<GP@N�<M@�I@Q@M�PN@?�

Note: K<??DIB"I?-JNDODJI�RDGG�<GR<TN�=@�<�HPGODKG@�JA���DI?D><ODIB�OC<O�OC@�=DO�KJNDODJI�DN�=TO@�<GDBI@?�

Note: 1CDN�@SDO�KMJ>@NN�>JINPH@N�OC@�,�2�OM<DGDIB�=DON�AJM�<�ODG@�BMJPK�
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&A�?DN<=G@;AM<H@;@I?;PK?<O@;>?A�DN�@LP<G�OJ�
�<I?�1DG@+PH�DN�@LP<G�OJ�>JIO@SO;PK?<O@;ODG@;D?	�<�>JKT�DN�H<?@�JA�OC@�ADI<G

 !#�Q<GP@N�AJM�@<>C�JA�OC@� !#�<MM<TN�H@IODJI@?�DI�OC@�N@H<IOD>N�AJM�DIDO;>J@AA;>?AN�<I?�DIDO;IJI;>J@AA;>?AN��1C@�I<H@

JA�OC@�?@NODI<ODJI�AJM�OC@�>JKT�DN�OC@�I<H@�JA�OC@� !#�<MM<T�KM@ADS@?�RDOC�]0<Q@?^��1C@�I<H@�JA�OC@�NJPM>@�AJM�OC@�>JKT�DN

OC@�I<H@�JA�OC@� !#�<MM<T�KM@ADS@?�RDOC�]1DG@^��#JM�@S<HKG@	�<I�<MM<T�0<Q@?6*J?@ ?A�RDGG�=@�>M@<O@?�RDOC�Q<GP@N�@LP<G

OJ�1DG@6*J?@ ?A�

������ -<MNDIB�KMJ>@NN�AJM�M@<?;GDO@M<G
1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�API>ODJI�M@<?;GDO@M<G��I���DN�DIQJF@?�

1CDN�KMJ>@NN�DN�NK@>DAD@?�<N�AJGGJRN�

x == 00
forfor (( i == 00 ;; i << n;; i ++++ )) {{

x == 22 ** 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�JA�G@IBOC�+�����RCD>C�NK@>DAD@N�OC@�>PHPG<ODQ@�?DNOMD=PODJI�AJM�<�NTH=JG�RDOC�+

KJNND=G@�Q<GP@N�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�OC@�Q<MD<=G@�NTH=JG	�>JIO<DIDIB�<�?@>J?@?�NTIO<S�@G@H@IO��1C@�KMJ>@NN�<GNJ�HJ?DAD@N�OC@

DIKPO�<MM<T�>?A�OJ�<?<KO�OC@�KMJ=<=DGDOD@N�OJ�OC@�>JIO@IO�JA�OC@�NOM@<H�

1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�API>ODJI�M@<?;NTH=JG��>?A���DN�><GG@?�

1C@�Q<MD<=G@N�>PM	�KM@Q	�<I?�NTH=JG�<M@�><G>PG<O@?�<N�AJGGJRN�

cur == SymbolRange
symbol == -- 11
dodo {{

symbol++++
prev == cur
f == (( 11 <<<< 1515 )) -- cdf [[ symbol ]]
cur == (((( SymbolRange>>>> 88)) ** (( f >>>> EC_PROB_SHIFT)))) >>>> (( 77 -- EC_PROB_SHIFT))
cur +=+= EC_MIN_PROB** (( N -- symbol -- 11))

}} whilewhile (( SymbolValue<< cur ))

Note: 4C@I�OCDN�KMJ>@NN�DN�DIQJF@?	�+�RDGG�=@�BM@<O@M�OC<I���<I?�>?A8�+
��9�RDGG�=@�@LP<G�OJ���������
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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@IJMH<GDU@?�=T�OC@�AJGGJRDIB�JM?@M@?�NO@KN�

�� 1C@�Q<MD<=G@�=DON�DN�N@O�OJ����\�#GJJM)JB���0TH=JG/<IB@����1CDN�M@KM@N@ION�OC@�IPH=@M�JA�I@R�=DON�OJ�=@�<??@?

OJ�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*<S�DON�����1CDN�M@KM@N@ION�OC@�IPH=@M�JA�I@R�=DON

OJ�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<??@?!<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<�:�������0TH=JG3<GP@����������=DON���
�����

�� 1C@�Q<MD<=G@�0TH=JG*<S�DON�DN�N@O�OJ�0TH=JG*<S�DON�
�=DON�

&A�?DN<=G@;>?A;PK?<O@�DN�@LP<G�OJ�
	�OC@�>PHPG<ODQ@�?DNOMD=PODJI�DN�PK?<O@?�<N�AJGGJRN�

rate == 33 ++ (( cdf [[ N ]] >> 1515 )) ++ (( cdf [[ N ]] >> 3131 )) ++ Min(( FloorLog2(( N ),), 22 ))
tmp == 00
forfor (( i == 00;; i << N -- 11;; i ++++ )) {{

tmp == (( i ==== symbol )) ?? (( 11 <<<< 1515 )) :: tmp
ifif (( tmp << cdf [[ i ]] )) {{

cdf [[ i ]] -=-= (( (( cdf [[ i ]] -- tmp )) >>>> rate ))
}} elseelse {{

cdf [[ i ]] +=+= (( (( tmp -- cdf [[ i ]] )) >>>> rate ))
}}

}}
cdf [[ N ]] +=+= (( cdf [[ N ]] << 3232 ))

Note: &HKG@H@IO<ODJIN�H<T�KM@A@M�OJ�NOJM@�OC@�DIQ@MN@�>?A�OJ�HJQ@�OC@�NP=OM<>ODJI�JPO�JA�OCDN�GJJK�

Note: =DON�H<T�=@�@LP<G�OJ�
	�DI�RCD>C�><N@�OC@N@�JM?@M@?�NO@KN�C<Q@�IJ�@AA@>O�

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=JG�C<N�=@@I�?@>J?@?

�PK�OJ�<�H<SDHPH�JA������1CDN�<GGJRN�OC@�>?A�<?<KODJI�M<O@�OJ�?@K@I?�JI�OC@�IPH=@M�JA�ODH@N�OC@�NTH=JG�C<N�=@@I

?@>J?@?�
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1C@�M@OPMI�Q<GP@�AMJH�OC@�API>ODJI�DN�BDQ@I�=T�NTH=JG�

���� -<MNDIB�KMJ>@NN�AJM� !#�@I>J?@?�NTIO<S�@G@H@ION
������ $@I@M<G
1CDN�KMJ>@NN�DN�DIQJF@?�RC@I�OC@�?@N>MDKOJM�JA�<�NTIO<S�@G@H@IO�DI�OC@�NTIO<S�O<=G@N�DN�@LP<G�OJ�0�

1C@�DIKPO�OJ�OCDN�KMJ>@NN�DN�OC@�I<H@�JA�<�NTIO<S�@G@H@IO�

0@>ODJI������ NK@>DAD@N�CJR�<� !#�<MM<T�DN�>CJN@I�AJM�OC@�NTIO<S�@G@H@IO��1C@�Q<MD<=G@�>?A�DN�N@O�@LP<G�OJ�<�M@A@M@I>@�OJ

OCDN� !#�<MM<T�

1C@�JPOKPO�JA�OCDN�KMJ>@NN�DN�OC@�M@NPGO�JA�><GGDIB�OC@�API>ODJI�M@<?;NTH=JG��>?A���

������  ?A�N@G@>ODJI�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�<� !#�<MM<T�

4C@I�OC@�?@N>MDKODJI�DI�OCDN�N@>ODJI�PN@N�Q<MD<=G@N	�OC@N@�Q<MD<=G@N�<M@�O<F@I�OJ�C<Q@�OC@�Q<GP@N�?@ADI@?�=T�OC@�NTIO<S

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@IO�<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?@�98�G@AOHJ?@�9

RC@M@�<=JQ@HJ?@�<I?�G@AOHJ?@�<M@�OC@�DIOM<�HJ?@N�PN@?�AJM�OC@�=GJ>FN�DHH@?D<O@GT�<=JQ@�<I?�OJ�OC@�G@AO�JA�OCDN�=GJ>F

<I?�<M@�>JHKPO@?�<N�

abovemode== Intra_Mode_Context[[ AvailU ?? YModes[[ MiRow-- 11 ][][ MiCol ]] :: DC_PRED]]
leftmode == Intra_Mode_Context[[ AvailL ?? YModes[[ MiRow][][ MiCol -- 11]] :: DC_PRED]]

RC@M@�&IOM<;*J?@; JIO@SO�DN�?@ADI@?�<N�AJGGJRN�

Intra_Mode_Context[[ INTRA_MODES]] == {{
00,, 11,, 22,, 33,, 44,, 44,, 44,, 44,, 33,, 00,, 11,, 22,, 00

}}

Note: 1C@�<MM<T�HPNO�=@�K<NN@?�=T�M@A@M@I>@�=@><PN@�M@<?;NTH=JG�RDGG�<?EPNO�OC@�<MM<T�>JIO@ION�

AV1 Bitstream & Decoding Process Specification

Section: Parsing process Page 361 of 669



y_mode ��1C@�>?A�AJM�T;HJ?@�DN�BDQ@I�=T�1DG@6*J?@ ?A8�>OS�9�RC@M@�OC@�Q<MD<=G@�>OS�DN�>JHKPO@?�<N�0DU@;$MJPK8�*D0DU@�9�

uv_mode ��1C@�>?A�AJM�PQ;HJ?@�DN�?@MDQ@?�<N�AJGGJRN�

X &A�)JNNG@NN�DN�@LP<G�OJ���<I?�B@O;KG<I@;M@ND?P<G;NDU@��*D0DU@	�����DN�@LP<G�OJ��), (;�5�	�OC@�>?A�DN�BDQ@I�=T

1DG@23*J?@ AG�GGJR@? ?A8�6*J?@�9�

X ,OC@MRDN@	�DA�)JNNG@NN�DN�@LP<G�OJ�
�<I?�*<S���GJ>F;4D?OC8�*D0DU@�9	��GJ>F;%@DBCO8�*D0DU@�9��������	�OC@�>?A�DN

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�GGJR@? ?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�AJM�<IBG@;?@GO<;PQ�DN�BDQ@I�=T�1DG@�IBG@!@GO< ?A823*J?@�
�3;-/"!9�

partition ��1C@�Q<MD<=G@�>OS�DN�>JHKPO@?�<N�AJGGJRN�

bsl == Mi_Width_Log2[[ bSize ]]
above == AvailU &&&& (( Mi_Width_Log2[[ MiSizes[[ r -- 11 ][][ c ]] ]] << bsl ))
left == AvailL &&&& (( Mi_Height_Log2[[ MiSizes[[ r ][][ c -- 11 ]] ]] << bsl ))
ctx == left ** 22 ++ above

1C@�>?A�DN�?@MDQ@?�<N�AJGGJRN�

X &A�=NG�DN�@LP<G�OJ��	�OC@�>?A�DN�BDQ@I�=T�1DG@-<MODODJI4� ?A8�>OS�9�

X ,OC@MRDN@	�DA�=NG�DN�@LP<G�OJ��	�OC@�>?A�DN�BDQ@I�=T�1DG@-<MODODJI4�� ?A8�>OS�9�

X ,OC@MRDN@	�DA�=NG�DN�@LP<G�OJ��	�OC@�>?A�DN�BDQ@I�=T�1DG@-<MODODJI4�� ?A8�>OS�9�

X ,OC@MRDN@	�DA�=NG�DN�@LP<G�OJ��	�OC@�>?A�DN�BDQ@I�=T�1DG@-<MODODJI4�� ?A8�>OS�9�

X ,OC@MRDN@��=NG�DN�@LP<G�OJ���	�OC@�>?A�DN�BDQ@I�=T�1DG@-<MODODJI4��� ?A8�>OS�9�

split_or_horz ��NKGDO;JM;CJMU�PN@N�OC@�N<H@�?@MDQ<ODJI�AJM�OC@�Q<MD<=G@�>OS�<N�AJM�OC@�NTIO<S�@G@H@IO�K<MODODJI�

1C@�<MM<T�K<MODODJI ?A�DN�?@MDQ@?�<>>JM?DIB�OJ�OC@�>?A�?@MDQ<ODJI�KMJ>@?PM@�AJM�OC@�NTIO<S�@G@H@IO�K<MODODJI��IJO@�OC<O�=NG�DN

I@Q@M�@LP<G�OJ���RC@I�?@>J?DIB�NKGDO;JM;CJMU��

1C@�>?A�OJ�M@OPMI�DN�BDQ@I�=T�<I�<MM<T�JA�G@IBOC���RCD>C�DN�>JINOMP>O@?�<N�AJGGJRN�

Note: 4@�<M@�PNDIB�<��!�<MM<T�OJ�NOJM@�OC@�6*J?@N�<I?�23*J?@N�AJM�>G<MDOT��&O�DN�KJNND=G@�OJ�M@?P>@�H@HJMT

>JINPHKODJI�=T�JIGT�NOJMDIB�JI@�DIOM<�HJ?@�AJM�@<>C��S��CJMDUJIO<G�<I?�Q@MOD><G�KJNDODJI	�D�@��OJ�PN@�ORJ��!�<MM<TN

DINO@<?�
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psum== (( partitionCdf [[ PARTITION_VERT]] -- partitionCdf [[ PARTITION_VERT-- 11 ]] ++
partitionCdf [[ PARTITION_SPLIT]] -- partitionCdf [[ PARTITION_SPLIT-- 11 ]] ++
partitionCdf [[ PARTITION_HORZ_A]] -- partitionCdf [[ PARTITION_HORZ_A-- 11 ]] ++
partitionCdf [[ PARTITION_VERT_A]] -- partitionCdf [[ PARTITION_VERT_A-- 11 ]] ++
partitionCdf [[ PARTITION_VERT_B]] -- partitionCdf [[ PARTITION_VERT_B-- 11 ]] ))

ifif (( bSize !=!= BLOCK_128X128))
psum+=+= partitionCdf [[ PARTITION_VERT_4]] -- partitionCdf [[ PARTITION_VERT_4-- 11 ]] ))

cdf [[ 00]] == (( 11 <<<< 1515 )) -- psum
cdf [[ 11]] == 11 <<<< 1515
cdf [[ 22]] == 00

split_or_vert ��NKGDO;JM;Q@MO�PN@N�OC@�N<H@�?@MDQ<ODJI�AJM�OC@�Q<MD<=G@�>OS�<N�AJM�OC@�NTIO<S�@G@H@IO�K<MODODJI�

1C@�<MM<T�K<MODODJI ?A�DN�?@MDQ@?�<>>JM?DIB�OJ�OC@�>?A�?@MDQ<ODJI�KMJ>@?PM@�AJM�OC@�NTIO<S�@G@H@IO�K<MODODJI��IJO@�OC<O�=NG�DN

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>O@?�<N�AJGGJRN�

psum== (( partitionCdf [[ PARTITION_HORZ]] -- partitionCdf [[ PARTITION_HORZ-- 11 ]] ++
partitionCdf [[ PARTITION_SPLIT]] -- partitionCdf [[ PARTITION_SPLIT-- 11 ]] ++
partitionCdf [[ PARTITION_HORZ_A]] -- partitionCdf [[ PARTITION_HORZ_A-- 11 ]] ++
partitionCdf [[ PARTITION_HORZ_B]] -- partitionCdf [[ PARTITION_HORZ_B-- 11 ]] ++
partitionCdf [[ PARTITION_VERT_A]] -- partitionCdf [[ PARTITION_VERT_A-- 11 ]] ))

ifif (( bSize !=!= BLOCK_128X128))
psum+=+= partitionCdf [[ PARTITION_HORZ_4]] -- partitionCdf [[ PARTITION_HORZ_4-- 11 ]]

cdf [[ 00]] == (( 11 <<<< 1515 )) -- psum
cdf [[ 11]] == 11 <<<< 1515
cdf [[ 22]] == 00

tx_depth ��OC@�>?A�?@K@I?N�JI�OC@�Q<GP@�JA�H<S/@>O1S0DU@�<I?�>OS	�RC@M@�>OS�DN�>JHKPO@?�=T�

Note: 1C@�NTIO<S�@G@H@IO�NKGDO;JM;CJMU�DN�IJO�<GGJR@?�OJ�M@OPMI�<�-�/1&1&,+;3"/1	�NJ�OC@�KMJ=<=DGDOT�AJM�<

Q@MOD><G�K<MODODJI�DN�<NNDBI@?�OJ�OC@�KMJ=<=DGDOT�AJM�OC@�NKGDO�K<MODODJI�
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maxTxWidth== Tx_Width[[ maxRectTxSize]]
maxTxHeight== Tx_Height[[ maxRectTxSize]]

ifif (( AvailU &&&& IsInters [[ MiRow-- 11 ][][ MiCol ]] )) {{
aboveW== Block_Width[[ MiSizes[[ MiRow-- 11 ][][ MiCol ]] ]]

}} elseelse ifif (( AvailU )) {{
aboveW== get_above_tx_width(( MiRow,, MiCol ))

}} elseelse {{
aboveW== 00

}}

ifif (( AvailL &&&& IsInters [[ MiRow][][ MiCol -- 11 ]] )) {{
leftH == Block_Height [[ MiSizes[[ MiRow][][ MiCol -- 11 ]] ]]

}} elseelse ifif (( AvailL )) {{
leftH == get_left_tx_height (( MiRow,, MiCol ))

}} elseelse {{
leftH == 00

}}

ctx == (( aboveW>=>= maxTxWidth)) ++ (( leftH >=>= maxTxHeight ))

RC@M@�B@O;<=JQ@;OS;RD?OC�<I?�B@O;G@AO;OS;C@DBCO�<M@�API>ODJIN�?@ADI@?�<N�NK@>DAD@?�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

OSAH;NKGDO�

1C@�>?A�OJ�M@OPMI�DN�BDQ@I�=T�

X 1DG@1S��S�� ?A8�>OS�9�DA�H<S1S!@KOC�DN�@LP<G�OJ���

X 1DG@1S��S�� ?A8�>OS�9�DA�H<S1S!@KOC�DN�@LP<G�OJ���

X 1DG@1S��S�� ?A8�>OS�9�DA�H<S1S!@KOC�DN�@LP<G�OJ���

X 1DG@1S�S� ?A8�>OS�9�JOC@MRDN@�

txfm_split ��OC@�>?A�DN�BDQ@I�=T�1DG@1SAH0KGDO ?A8�>OS�9	�RC@M@�>OS�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(( 6464,, Max(( Block_Width[[ MiSize ],], Block_Height [[ MiSize ]] )) ))
maxTxSz== find_tx_size (( size ,, size ))
txSzSqrUp == Tx_Size_Sqr_Up[[ txSz ]]
ctx == (( txSzSqrUp !=!= maxTxSz)) ** 33 ++

(( TX_SIZES-- 11 -- maxTxSz)) ** 66 ++ above ++ left

RC@M@�B@O;<=JQ@;OS;RD?OC�<I?�B@O;G@AO;OS;C@DBCO�<M@�API>ODJIN�?@ADI@?�<N�AJGGJRN�
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get_above_tx_width(( row,, col )) {{
ifif (( row ==== MiRow)) {{

ifif (( !! AvailU )) {{
returnreturn 6464

}} elseelse ifif (( Skips[[ row -- 11 ][][ col ]] &&&& IsInters [[ row -- 11 ][][ col ]] )) {{
returnreturn Block_Width[[ MiSizes[[ row -- 11 ][][ col ]] ]]

}}
}}
returnreturn Tx_Width[[ InterTxSizes [[ row -- 11 ][][ col ]] ]]

}}

get_left_tx_height (( row,, col )) {{
ifif (( col ==== MiCol )) {{

ifif (( !! AvailL )) {{
returnreturn 6464

}} elseelse ifif (( Skips[[ row ][][ col -- 11 ]] &&&& IsInters [[ row ][][ col -- 11 ]] )) {{
returnreturn Block_Height [[ MiSizes[[ row ][][ col -- 11 ]] ]]

}}
}}
returnreturn Tx_Height[[ InterTxSizes [[ row ][][ col -- 11 ]] ]]

}}

segment_id ��1C@�>?A�DN�BDQ@I�=T�1DG@0@BH@IO&? ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�

ifif (( prevUL << 00 ))
ctx == 00

elseelse ifif (( (( prevUL ==== prevU)) &&&& (( prevUL ==== prevL)) ))
ctx == 22

elseelse ifif (( (( prevUL ==== prevU)) |||| (( prevUL ==== prevL)) |||| (( prevU ==== prevL)) ))
ctx == 11

elseelse
ctx == 00

seg_id_predicted ��OC@�>?A�DN�BDQ@I�=T�1DG@0@BH@IO&?-M@?D>O@? ?A8�>OS�9	�RC@M@�>OS�DN�>JHKPO@?�=T�

ctx == LeftSegPredContext[[ MiRow]] ++ AboveSegPredContext[[ MiCol ]]

new_mv ��OC@�>?A�DN�BDQ@I�=T�1DG@+@R*Q ?A8�+@R*Q JIO@SO�9�

zero_mv ��OC@�>?A�DN�BDQ@I�=T�1DG@7@MJ*Q ?A8�7@MJ*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�!MG OS0O<>F8�D?S�9�9�

is_inter ��OC@�>?A�DN�BDQ@I�=T�1DG@&N&IO@M ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�
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ifif (( AvailU &&&& AvailL ))
ctx == (( LeftIntra &&&& AboveIntra )) ?? 33 :: LeftIntra |||| AboveIntra

elseelse ifif (( AvailU |||| AvailL ))
ctx == 22 ** (( AvailU ?? AboveIntra :: LeftIntra ))

elseelse
ctx == 00

use_filter_intra ��OC@�>?A�DN�BDQ@I�=T�1DG@#DGO@M&IOM< ?A8�*D0DU@�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@�>OS�DN�>JHKPO@?�=T�

ifif (( AvailU &&&& AvailL )) {{
ifif (( AboveSingle &&&& LeftSingle ))
ctx == check_backward(( AboveRefFrame[[ 00 ]] ))

^̂ check_backward(( LeftRefFrame[[ 00 ]] ))
elseelse ifif (( AboveSingle ))

ctx == 22 ++ (( check_backward(( AboveRefFrame[[ 00 ]] )) |||| AboveIntra ))
elseelse ifif (( LeftSingle ))

ctx == 22 ++ (( check_backward(( LeftRefFrame[[ 00 ]] )) |||| LeftIntra ))
elseelse

ctx == 44
}} elseelse ifif (( AvailU )) {{

ifif (( AboveSingle ))
ctx == check_backward(( AboveRefFrame[[ 00 ]] ))

elseelse
ctx == 33

}} elseelse ifif (( AvailL )) {{
ifif (( LeftSingle ))

ctx == check_backward(( LeftRefFrame[[ 00 ]] ))
elseelse

ctx == 33
}} elseelse {{

ctx == 11
}}

RC@M@�>C@>F;=<>FR<M?�DN�<�API>ODJI�NK@>DAD@?�<N�AJGGJRN�

check_backward(( refFrame)) {{
returnreturn (( (( refFrame >=>= BWDREF_FRAME)) &&&& (( refFrame <=<= ALTREF_FRAME)) ))

}}

skip_mode ��OC@�>?A�DN�BDQ@I�=T�1DG@0FDK*J?@ ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�
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ctx == 00
ifif (( AvailU ))

ctx +=+= SkipModes[[ MiRow-- 11 ][][ MiCol ]]
ifif (( AvailL ))

ctx +=+= SkipModes[[ MiRow][][ MiCol -- 11 ]]

skip ��OC@�>?A�DN�BDQ@I�=T�1DG@0FDK ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�

ctx == 00
ifif (( AvailU ))

ctx +=+= Skips[[ MiRow-- 11 ][][ MiCol ]]
ifif (( AvailL ))

ctx +=+= Skips[[ MiRow][][ MiCol -- 11 ]]

comp_ref ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHK/@A ?A8�>OS�98�
�9�RC@M@�>OS�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 (( last12Count ,, last3GoldCount ))

RC@M@�>JPIO;M@AN�DN�?@ADI@?�<N�

count_refs (( frameType)) {{
c == 00
ifif (( AvailU )) {{

ifif (( AboveRefFrame[[ 00 ]] ==== frameType )) c++++
ifif (( AboveRefFrame[[ 11 ]] ==== frameType )) c++++

}}
ifif (( AvailL )) {{

ifif (( LeftRefFrame[[ 00 ]] ==== frameType )) c++++
ifif (( LeftRefFrame[[ 11 ]] ==== frameType )) c++++

}}
returnreturn c

}}

<I?�M@A;>JPIO;>OS�DN�?@ADI@?�<N�
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ref_count_ctx (( counts0,, counts1)) {{
ifif (( counts0 << counts1 ))

returnreturn 00
elseelse ifif (( counts0 ==== counts1 ))

returnreturn 11
elseelse

returnreturn 22
}}

comp_ref_p1 ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHK/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�=T�

lastCount == count_refs (( LAST_FRAME))
last2Count == count_refs (( LAST2_FRAME))
ctx == ref_count_ctx (( lastCount ,, last2Count ))

RC@M@�>JPIO;M@AN�<I?�M@A;>JPIO;>OS�<M@�OC@�N<H@�<N�BDQ@I�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM�>JHK;M@A�

comp_ref_p2 ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHK/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�=T�

last3Count == count_refs (( LAST3_FRAME))
goldCount == count_refs (( GOLDEN_FRAME))
ctx == ref_count_ctx (( last3Count ,, goldCount ))

RC@M@�>JPIO;M@AN�<I?�M@A;>JPIO;>OS�<M@�OC@�N<H@�<N�BDQ@I�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM�>JHK;M@A�

comp_bwdref ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHK�R?/@A ?A8�>OS�98�
�9�RC@M@�>OS�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;>OS�<M@�OC@�N<H@�<N�BDQ@I�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM�>JHK;M@A�

comp_bwdref_p1 ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHK�R?/@A ?A8�>OS�98���9�RC@M@�>OS�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;>OS�<M@�OC@�N<H@�<N�BDQ@I�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM�>JHK;M@A�

single_ref_p1 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98�
�9�RC@M@�>OS�DN�>JHKPO@?�=T�
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fwdCount == count_refs (( LAST_FRAME))
fwdCount +=+= count_refs (( LAST2_FRAME))
fwdCount +=+= count_refs (( LAST3_FRAME))
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;>OS�<M@�OC@�N<H@�<N�BDQ@I�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM�>JHK;M@A�

single_ref_p2 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�<N�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

>JHK;=R?M@A�

single_ref_p3 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�<N�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

>JHK;M@A�

single_ref_p4 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�<N�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

>JHK;M@A;K��

single_ref_p5 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�<N�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

>JHK;M@A;K��

single_ref_p6 ��OC@�>?A�DN�BDQ@I�=T�1DG@0DIBG@/@A ?A8�>OS�98���9�RC@M@�>OS�DN�>JHKPO@?�<N�DI�OC@� !#�N@G@>ODJI�KMJ>@NN�AJM

>JHK;=R?M@A;K��

compound_mode ��OC@�>?A�DN�BDQ@I�=T�1DG@ JHKJPI?*J?@ ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�

ctx == Compound_Mode_Ctx_Map[[ RefMvContext >>>> 11 ][][ Min(( NewMvContext,, COMP_NEWMV_CTXS-- 11)) ]]

RC@M@� JHKJPI?;*J?@; OS;*<K�DN�?@ADI@?�<N�AJGGJRN�

Compound_Mode_Ctx_Map[[ 33 ][][ COMP_NEWMV_CTXS]] == {{
{{ 00,, 11,, 11,, 11,, 11 },},
{{ 11,, 22,, 33,, 44,, 44 },},
{{ 44,, 44,, 55,, 66,, 77 }}

}}

interp_filter ��OC@�>?A�DN�BDQ@I�=T�1DG@&IO@MK#DGO@M ?A8�>OS�9�RC@M@�>OS�DN�>JHKPO@?�=T�
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ctx == (( (( dir && 11 )) ** 22 ++ (( RefFrame[[ 11 ]] >> INTRA_FRAME)) )) ** 44
leftType == 33
aboveType== 33

ifif (( AvailL )) {{
ifif (( RefFrames[[ MiRow][][ MiCol -- 11 ][][ 00 ]] ==== RefFrame[[ 00 ]] ||||

RefFrames[[ MiRow][][ MiCol -- 11 ][][ 11 ]] ==== RefFrame[[ 00 ]] ))
leftType == InterpFilters [[ MiRow]] [[ MiCol -- 11 ][][ dir ]]

}}

ifif (( AvailU )) {{
ifif (( RefFrames[[ MiRow-- 11 ][][ MiCol ][][ 00 ]] ==== RefFrame[[ 00 ]] ||||

RefFrames[[ MiRow-- 11 ][][ MiCol ][][ 11 ]] ==== RefFrame[[ 00 ]] ))
aboveType== InterpFilters [[ MiRow-- 11 ]] [[ MiCol ][][ dir ]]

}}

ifif (( leftType ==== aboveType))
ctx +=+= leftType

elseelse ifif (( leftType ==== 33 ))
ctx +=+= aboveType

elseelse ifif (( aboveType==== 33 ))
ctx +=+= leftType

elseelse
ctx +=+= 33

motion_mode ��OC@�>?A�DN�BDQ@I�=T�1DG@*JODJI*J?@ ?A8�*D0DU@�9�

mv_joint ��OC@�>?A�DN�BDQ@I�=T�1DG@*Q'JDIO ?A8�*Q OS�9�

mv_sign ��OC@�>?A�DN�BDQ@I�=T�1DG@*Q0DBI ?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_class0_bit ��OC@�>?A�DN�BDQ@I�=T�1DG@*Q G<NN
�DO ?A8�*Q OS�98�>JHK�9�

mv_class0_fr ��OC@�>?A�DN�BDQ@I�=T�1DG@*Q G<NN
#M ?A8�*Q OS�98�>JHK�98�HQ;>G<NN
;=DO�9�

mv_class0_hp ��OC@�>?A�DN�BDQ@I�=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�>OS�9	�RC@M@�>OS�DN�>JHKPO@?�<N�AJGGJRN�
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