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Abstract

This contribution presents a technique for reducing motion compensation (MC) cycles of rectangular PUs by modifying MC filtering order depending on PU size. For the case of PU width < PU height, vertical filtering is carried out first and then horizontal filtering instead of horizontal filtering followed by vertical filtering as in HM-4.0. The filtering order is not changed for square PUs and rectangular PUs with PU width > PU height. With the modified filtering order, it is claimed that MC computation cycles reduction is in the range from 5% for 64x32 block to 35% for 16x4 block for the case when motion vector is fractional in both x- and y-directions. The computation cycles for square PUs and rectangle PUs with PU width > PU height do not change. The proposed change is normative for bit depths > 8 and is asserted to reduce average number of MC cycles for both HE and LC settings. The BD-Rate for RA-HE, LB-HE, LP-HE are all 0%. It is further claimed that if HEVC does not support 4x4 PU, 8x4 PU becomes worst case block size from MC cycles point of view, and proposed technique will then reduce worst case MC cycles too.
1 Introduction
The motion compensation order is fixed for all PU block sizes in HM 4.0 for high efficiency setting. Horizontal filtering is carried out first and the output of the horizontal filtering is rounded to fit within 16 bits. The rounded output from the first stage is then vertically filtered [1].

This contribution presents a technique for reducing motion compensation (MC) cycles of rectangular PUs by modifying MC filtering order depending on PU size. For the case of PU width < PU height, vertical filtering is carried out first and then horizontal filtering instead of horizontal filtering followed by vertical filtering as in HM-4.0. The filtering order is not changed for square PUs and rectangular PUs with PU width > PU height. The proposed change is normative for HE settings only.
Table 1 list the number of MC compensation operations when MC filtering order is fixed and when MC filtering order is modified depending on PU size. In Table 1, motion vectors are assumed to be fractional in both x- and y-directions. From the table it can be seen that MC computation cycles reduction is in the range from 5% for 64x32 block to 35% for 16x4 block. If HEVC does not include support 4x4 PU, then 8x4 PU becomes worst case block size from MC cycles point of view. If so, then the proposed technique reduces worst case MC cycles by 23%.
Table 1: Comparison of MC cycles for fixed MC filtering order and PU size dependent MC filtering order. Motion vectors are assumed to be fractional in both x- and y-directions.
	Block width (w)
	Block height (h)
	Fixed MC filter order
	PU size dependent MC filter order
	Percent savings in computations

	 
	 
	Filtering order
	Num MC filterings
	Num MC filterings
	Filtering order
	Num MC filterings
	Num MC filterings
	 

	8
	4
	H first
	(h+7)*w+w*h
	120
	V first
	(w+7)*h+w*h
	92
	23%

	16
	4
	H first
	(h+7)*w+w*h
	240
	V first
	(w+7)*h+w*h
	156
	35%

	16
	8
	H first
	(h+7)*w+w*h
	368
	V first
	(w+7)*h+w*h
	312
	15%

	32
	8
	H first
	(h+7)*w+w*h
	736
	V first
	(w+7)*h+w*h
	568
	23%

	32
	16
	H first
	(h+7)*w+w*h
	1248
	V first
	(w+7)*h+w*h
	1136
	9%

	64
	16
	H first
	(h+7)*w+w*h
	2496
	V first
	(w+7)*h+w*h
	2160
	13%

	64
	32
	H first
	(h+7)*w+w*h
	4544
	V first
	(w+7)*h+w*h
	4320
	5%

	 
	 
	 
	 
	 
	 
	 
	 
	 

	4
	8
	H first
	(h+7)*w+w*h
	92
	H first
	(h+7)*w+w*h
	92
	0%

	4
	16
	H first
	(h+7)*w+w*h
	156
	H first
	(h+7)*w+w*h
	156
	0%

	8
	16
	H first
	(h+7)*w+w*h
	312
	H first
	(h+7)*w+w*h
	312
	0%

	8
	32
	H first
	(h+7)*w+w*h
	568
	H first
	(h+7)*w+w*h
	568
	0%

	16
	32
	H first
	(h+7)*w+w*h
	1136
	H first
	(h+7)*w+w*h
	1136
	0%

	16
	64
	H first
	(h+7)*w+w*h
	2160
	H first
	(h+7)*w+w*h
	2160
	0%

	32
	64
	H first
	(h+7)*w+w*h
	4320
	H first
	(h+7)*w+w*h
	4320
	0%

	 
	 
	 
	 
	 
	 
	 
	 
	 

	8
	8
	H first
	(h+7)*w+w*h
	184
	H first
	(h+7)*w+w*h
	184
	0%

	16
	16
	H first
	(h+7)*w+w*h
	624
	H first
	(h+7)*w+w*h
	624
	0%

	32
	32
	H first
	(h+7)*w+w*h
	2272
	H first
	(h+7)*w+w*h
	2272
	0%

	64
	64
	H first
	(h+7)*w+w*h
	8640
	H first
	(h+7)*w+w*h
	8640
	0%


2 Complexity considerations
2.1 Software complexity

From a software perspective, Table 1 is a good representation of complexity. The computational savings shown in the last column are expected to be the cycles savings in software.

2.2 Hardware complexity

A possible architecture for implementation of HM-4.0 MC is shown in Figure 1.
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Figure 1: Possible hardware architecture for HM-4.0 MC.

Transpose 1 and Transpose 2 are needed to have row access from input memory and row access to output memory. Transpose 1 reads in row at a time and writes out column at a time. Transpose 2 reads in column at a time and writes out row at a time. Several muxes are used to bypass different blocks for special cases of filtering: H subpel only, V subpel only, Integer pel only as shown in Figure 1. 

Figure 2 (Architecture 1) shows one modification to the architecture of Figure 1 in order to support PU size dependent MC filtering order. Some additional muxes will have to be used to rewire the blocks. However, the horizontal filtering will need to support larger bit-widths. E.g. for 10-bit inputs, horizontal interpolation will need to support 15x6 multiplication instead of 10x6 multiplication as in HM-4.0 [2].
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Figure 2: Architecture 1: Rewiring of block to support vertical filtering first for PU width > PU height.
Alternately, an additional transpose operation can be introduced before first filtering stage. Table 2 (Architecture 2) provides the details of operation of MC filtering with 3 transpose operations to support PU-size dependent MC filtering order. Here the first filtering stage will still operate on data at the same bit-width as in HM-4.0. So there is no complexity increase in the actual filtering blocks. The extra cost will be from the logic required for the additional transpose logic. However, since MC filtering is carried out on small blocks (e.g. 4x4 or 8x4) at a time even for large PUs, the extra cost of additional transpose logic will not be significant.
Table 2: Architecture 2: Supporting PU-size dependent filtering order with 3 transpose logic.
	No.
	Sub-Pel Options
	First MC filter input
	Second MC filter input
	Output

	1
	No Sub-Pel
	No Transpose
	No Transpose
	No Transpose

	2
	Horizontal Sub-Pel
	No Transpose
	No Transpose
	No Transpose

	3
	Vertical Sub-Pel
	Transpose
	Transpose
	No Transpose

	4
	Sub-Pel in both directions - 2NxN, 2NxN/2 case
	Transpose
	Transpose
	No Transpose

	5
	Sub-Pel in both directions - Nx2N, N/2x2N case
	No Transpose
	Transpose
	Transpose


3 Simulation results

HM-4.0 was modified to support PU-size dependent MC filtering order. Encoder simulations were run on heterogeneous Linux compute cluster. Decoder simulation was run on a single PC with Intel Xeon CPU 2.67 GHz with 3.5 GB RAM.
Table 3: BD-Rate results for PU-size dependent MC filtering order.

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-0.1%
	-0.1%
	0.0%
	0.0%
	0.0%

	Class B
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	-0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	Class E
	 
	
	 
	 
	
	 

	Class F
	 
	 
	 
	 
	 
	 

	Overall
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	96%
	101%

	Dec Time[%]
	100%
	100%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class D
	0.1%
	0.3%
	0.2%
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.3%
	0.5%
	0.0%
	0.0%
	0.0%

	Class F
	 
	 
	 
	 
	 
	 

	Overall
	0.0%
	0.1%
	0.2%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	101%
	99%

	Dec Time[%]
	100%
	99%

	
	
	
	
	
	
	

	
	Low delay P HE
	Low delay P LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	0.2%
	0.0%
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.1%
	0.2%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.2%
	0.1%
	0.0%
	0.0%
	0.0%

	Class E
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%

	Class F
	 
	 
	 
	 
	 
	 

	Overall
	0.0%
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	95%
	97%

	Dec Time[%]
	100%
	99%


4 Conclusions

It is recommended that PU size dependent MC filtering order be considered for adoption into HM-5.0 since it leads to MC cycles savings with no BD-Rate loss.
5 References

[1] F. Bossen, "On the motion compensation process," JCTVC-F537.
[2] F. Bossen, Personal communication.

6 WD text (modifications highlighted in yellow)
8.4.2.2.2.1 Luma sample interpolation process

Inputs to this process are:

–
 a luma location in full-sample units ( xIntL, yIntL ),

–
 a luma location in fractional-sample units ( xFracL, yFracL ),

–
 the luma reference sample array refPicLXL.
· variables specifying the width and the height of the prediction unit for luma, nPSW and nPSH,

Output of this process is a predicted luma sample value predSampleLXL[ xL, yL ]
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Figure 8‑6 – Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded blocks with lower-case letters) for quarter sample luma interpolation

In Figure 8‑6, the positions labelled with upper-case letters Ai, j within shaded blocks represent luma samples at full-sample locations inside the given two-dimensional array refPicLXL of luma samples. These samples may be used for generating the predicted luma sample value predSampleLXL[ xL, yL ]. The locations ( xAi, j, yAi, j ) for each of the corresponding luma samples Ai, j inside the given array refPicLXL of luma samples are derived as follows:

xAi, j = Clip3( 0, PicWidthInSamplesL – 1, xIntL +i )

(8‑97)
yAi, j = Clip3( 0, PicHeightInSamplesL – 1, yIntL +j )

(8‑98)
Variables shift1, shift2 and shift3 are derived as follows.

–
The variable shift1 is set equal to BitDepthY – 8, the variable shift2 is set equal to 6, and the variable shift3 is set equal to 14 – BitDepthY.

Given the luma samples Ai, j at full-sample locations ( xAi, j, yAi, j ), the luma samples ‘a0,0’ to ‘r0,0’ at fractional sample positions are derived by the following rules.
–
The samples labelled a0,0, b0,0, c0,0, d0,0, h0,0, and n0,0 shall be derived by applying the 8-tap filter to the nearest integer position samples:
a0,0 = ( −A−3,0 + 4*A−2,0 − 10*A−1,0 + 57*A0,0 +
 19*A1,0 − 7*A2,0 + 3*A3,0 − A4,0 ) >> shift1
(8‑99)
b0,0 = ( −A−3,0 + 4*A−2,0 − 11*A−1,0 + 40*A0,0 +
 40*A1,0 − 11*A2,0 + 4*A3,0 − A4,0 ) >> shift1
(8‑100)
c0,0 = ( −A−3,0 + 3*A−2,0 − 7*A−1,0 + 19*A0,0 +
 57*A1,0 − 10*A2,0 + 4*A3,0 − A4,0 ) >> shift1
(8‑101)
d0,0 = ( −A0,−3 + 4*A0,−2 − 10*A0,−1 + 57*A0,0 +
 19*A0,1 − 7*A0,2 + 3*A0,3 − A0,4 ) >> shift1
(8‑102)
h0,0 = ( −A0,−3 + 4*A0,−2 − 11*A0,−1 + 40*A0,0 +
 40*A0,1 − 11*A0,2 + 4*A0,3 − A0,4 ) >> shift1
(8‑103)
n0,0 = ( −A0,−3 + 3*A0,−2 − 7*A0,−1 + 19*A0,0 +
 57*A0,1 − 10*A0,2 + 4*A0,3 − A0,4 ) >> shift1
(8‑104)
–  If nPSW <= nPSH
–
The samples labelled e0,0, f0,0, g0,0, i0,0, j0,0, k0,0, p0,0, q0,0 and r0,0 shall be derived by applying the 8-tap filter to the samples a0,i, b0,i and c0,i where i = −3..4 in vertical direction:

e0,0 = ( −a0,−3 + 4*a0,−2 − 10*a0,−1 + 57*a0,0 +
 19*a0,1 − 7*a0,2 + 3*a0,3 − a0,4 ) >> shift2
(8‑108)
f0,0 = ( −a0,−3 + 4*a0,−2 − 11*a0,−1 + 40*a0,0 +
 40*a0,1 − 11*a0,2 + 4*a0,3 − a0,4 ) >> shift2
(8‑109)
g0,0 = ( −a0,−3 + 3*a0,−2 − 7*a0,−1 + 19*a0,0 +
 57*a0,1 − 10*a0,2 + 4*a0,3 − a0,4 ) >> shift2
(8‑110)
i0,0 = ( −b0,−3 + 4*b0,−2 − 10*b0,−1 + 57*b0,0 +
 19*b0,1 − 7*b0,2 + 3*b0,3 − b0,4 ) >> shift2
(8‑111)
j0,0 = ( −b0,−3 + 4*b0,−2 − 11*b0,−1 + 40*b0,0 +
 40*b0,1 − 11*b0,2 + 4*b0,3 − b0,4 ) >> shift2
(8‑112)
k0,0 = ( −b0,−3 + 3*b0,−2 − 7*b0,−1 + 19*b0,0 +
 57*b0,1 − 10*b0,2 + 4*b0,3 − b0,4 ) >> shift2
(8‑113)
p0,0 = ( −c0,−3 + 4*c0,−2 − 10*c0,−1 + 57*c0,0 +
 19*c0,1 − 7*c0,2 + 3*c0,3 − c0,4 ) >> shift2
(8‑114)
q0,0 = ( −c0,−3 + 4*c0,−2 − 11*c0,−1 + 40*c0,0 +
 40*c0,1 − 11*c0,2 + 4*c0,3 − c0,4 ) >> shift2
(8‑115)
r0,0 = ( −c0,−3 + 3*c0,−2 − 7*c0,−1 + 19*c0,0 +
 57*c0,1 − 10*c0,2 + 4*c0,3 − c0,4 ) >> shift2
(8‑116)
–
else // nPSW > nPSH
–
The samples labelled e0,0, f0,0, g0,0, i0,0, j0,0, k0,0, p0,0, q0,0 and r0,0 shall be derived by applying the 8-tap filter to the samples di,0, hi,0 and ni,0 where i = −3..4 in horizontal direction:

e0,0 = ( −d−3,0 + 4*d−2,0 − 10*d−1,0 + 57*d0,0 +
 19*d1,0 − 7*d2,0 + 3*d3,0 − d4,0 ) >> shift2
(8‑108A)
f0,0 = ( −d−3,0 + 4*d−2,0 − 11*d−1,0 + 40*d0,0 +
 40*d1,0 − 11*d2,0 + 4*d3,0 − d4,0 ) >> shift2
(8‑109-A)
g0,0 = ( −d−3,0 + 3*d−2,0 − 7*d−1,0 + 19*d0,0 +
 57*d1,0 − 10*d2,0 + 4*d3,0 − d4,0 ) >> shift2
(8‑110-A)
i0,0 = ( −h−3,0 + 4*h−2,0 − 10*h−1,0 + 57*h0,0 +
 19*h1,0 − 7*h2,0 + 3*h3,0 − h4,0 ) >> shift2
(8‑111-A)
j0,0 = ( −h−3,0 + 4*h−2,0 − 11*h−1,0 + 40*h0,0 +
 40*h1,0 − 11*h2,0 + 4*h3,0 − h4,0 ) >> shift2
(8‑112-A)
k0,0 = ( −h−3,0 + 3*h−2,0 − 7*h−1,0 + 19*h0,0 +
 57*h1,0 − 10*h2,0 + 4*h3,0 − h4,0 ) >> shift2
(8‑113-A)
p0,0 = ( −n−3,0 + 4*n−2,0 − 10*n−1,0 + 57*n0,0 +
 19*n1,0 − 7*n2,0 + 3*n3,0 − n4,0 ) >> shift2
(8‑114-A)
q0,0 = ( −n−3,0 + 4*n−2,0 − 11*n−1,0 + 40*n0,0 +
 40*n1,0 − 11*n2,0 + 4*n3,0 − n4,0 ) >> shift2
(8‑115-A)
r0,0 = ( −n−3,0 + 3*n−2,0 − 7*n−1,0 + 19*n0,0 +
 57*n1,0 − 10*n2,0 + 4*n3,0 − n4,0 ) >> shift2
(8‑116-A)
The positions labelled with lower-case letters within un-shaded blocks represent luma samples at quarter-pel sample fractional locations. The luma location offset in fractional-sample units ( xFracL, yFracL ) specifies which of the generated luma samples at full-sample and fractional-sample locations is assigned to the predicted luma sample value predSampleLXL[ xL, yL ]. This assignment is done according to Table 8‑9. The value of predSampleLXL[ xL, yL ] shall be the output.

Table 8‑12 – Assignment of the luma prediction sample predSampleLXL[ xL, yL ]
	xFracL
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3

	yFracL
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	predSampleLXL[ xL, yL ]
	A << shift3
	d
	h
	n
	a
	e
	i
	p
	b
	f
	j
	q
	c
	g
	k
	r


8.4.2.2.2.2  Chroma sample interpolation process

Inputs to this process are:

–
a chroma location in full-sample units ( xIntC, yIntC ),

–
a chroma location in fractional-sample units ( xFracC, yFracC ),

· the chroma reference sample array refPicLXC.
· variables specifying the width and the height of the prediction unit for chroma, ncPSW and ncPSH,
Output of this process is a predicted chroma sample value predSampleLXC[ xC, yC ]
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Figure 8‑7 – Integer samples (shaded blocks with upper-case letters) and fractional sample positions (un-shaded blocks with lower-case letters) for eighth sample chroma interpolation

In Figure 8‑5, the positions labelled with upper-case letters Bi, j within shaded blocks represent chroma samples at full-sample locations inside the given two-dimensional array refPicLXC of chroma samples. These samples may be used for generating the predicted chroma sample value predSampleLXC[ xC, yC ]. The locations ( xBi, j, yBi, j ) for each of the corresponding chroma samples Bi, j inside the given array refPicLXC of chroma samples are derived as follows:

xBi, j = Clip3( 0, PicWidthInSamplesC – 1, xIntC +i )

(8‑117)
yBi, j = Clip3( 0, PicHeightInSamplesC – 1, yIntC +j )

(8‑118)
Variables shift1, shift2 and shift3 are derived as follows.

–
The variable shift1 is set equal to BitDepthC – 8, the variable shift2 is set equal to BitDepthC – 2, and the variable shift3 is set equal to 14 – BitDepthC.

Given the chroma samples Bi, j at full-sample locations ( xBi, j, yBi, j ), the chroma samples ‘ab0,0’ to ‘hh0,0’ at fractional sample positions are derived by the following rules.

–
The samples labelled ab0,0, ac0,0, ad0,0, ae0,0, af0,0, ag0,0, and ah0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value:

ab0,0 = ( −3*B−1,0 + 60*B0,0 + 8*B1,0 – B2,0 ) >> shift1

(8‑119)
ac0,0 = ( −4*B−1,0 + 54*B0,0 + 16*B1,0 – 2*B2,0 ) >> shift1
(8‑120)

ad0,0 = ( −5*B−1,0 + 46*B0,0 + 27*B1,0 – 4*B2,0 ) >> shift1
(8‑121)

ae0,0 = ( −4*B−1,0 + 36*B0,0 + 36*B1,0 – 4*B2,0 ) >> shift1
(8‑122)

af0,0 = ( −4*B−1,0 + 27*B0,0 + 46*B1,0 – 5*B2,0 ) >> shift1
(8‑123)

ag0,0 = ( −2*B−1,0 + 16*B0,0 + 54*B1,0 – 4*B2,0 ) >> shift1
(8‑124)

ah0,0 = ( −B−1,0 + 8*B0,0 + 60*B1,0 – 3*B2,0 ) >> shift1

(8‑125)
–
The samples labelled ba0,0, ca0,0, da0,0, ea0,0, fa0,0, ga0,0, and ha0,0 shall be derived by applying the 4-tap filter to the nearest integer position samples and clipping the filtered value:

ba0,0 = ( −3*B0,−1 + 60*B0,0 + 8*B0,1 – B0,2 ) >> shift1

(8‑126)
ca0,0 = ( −4*B0,−1 + 54*B0,0 + 16*B0,1 – 2*B0,2 ) >> shift1
(8‑127)

da0,0 = ( −5*B0,−1 + 46*B0,0 + 27*B0,1 – 4*B0,2 ) >> shift1
(8‑128)

ea0,0 = ( −4*B0,−1 + 36*B0,0 + 36*B0,1 – 4*B0,2 ) >> shift1
(8‑129)

fa0,0 = ( −4*B0,−1 + 27*B0,0 + 46*B0,1 – 5*B0,2 ) >> shift1
(8‑130)

ga0,0 = ( −2*B0,−1 + 16*B0,0 + 54*B0,1 – 4*B0,2 ) >> shift1
(8‑131)

ha0,0 = ( −B0,−1 + 8*B0,0 + 60*B0,1 – 3*B0,2 ) >> shift1

(8‑132)

–  If ncPSW <= ncPSH
–
The samples labelled bX0,0, cX0,0, dX0,0, eX0,0, fX0,0, gX0,0 and hX0,0 for X being replaced by b, c, d, e, f, g and h, respectively, shall be derived by applying the 4-tap filter to the intermediate values aX0,i where i = −1..2 in vertical direction:

bX0,0 = ( −3*aX0,−1 + 60*aX0,0 + 8*aX0,1 – aX0,2 ) >> shift2
(8‑140)
cX0,0 = ( −4*aX0,−1 + 54*aX0,0 + 16*aX0,1 – 2*aX0,2 ) >> shift2
(8‑141)

dX0,0 = ( −5*aX0,−1 + 46*aX0,0 + 27*aX0,1 – 4*aX0,2 ) >> shift2
(8‑142)

eX0,0 = ( −4*aX0,−1 + 36*aX0,0 + 36*aX0,1 – 4*aX0,2 ) >> shift2
(8‑143)

fX0,0 = ( −4*aX0,−1 + 27*aX0,0 + 46*aX0,1 – 5*aX0,2 ) >> shift2
(8‑144)

gX0,0 = ( −2*aX0,−1 + 16*aX0,0 + 54*aX0,1 – 4*aX0,2 ) >> shift2
(8‑145)

hX0,0 = ( −dX0,−1 + 8*aX0,0 + 60*aX0,1 – 3*aX0,2 ) >> shift2
(8‑146)
–  else // ncPSW > ncPSH
–
The samples labelled Xb0,0, Xc0,0, Xd0,0, Xe0,0, Xf0,0, Xg0,0 and Xh0,0 for X being replaced by b, c, d, e, f, g and h, respectively, shall be derived by applying the 4-tap filter to the intermediate values Xai,0 where i = −1..2 in horizontal direction:

Xb0,0 = ( −3*Xa−1,0 + 60*Xa0,0 + 8*Xa1,0 – Xa2,0 ) >> shift2
(8‑140-A)
Xc0,0 = ( −4*Xa−1,0 + 54*Xa0,0 + 16*Xa1,0 – 2*Xa2,0 ) >> shift2
(8‑141-A)

Xd0,0 = ( −5*Xa−1,0 + 46*Xa0,0 + 27*Xa1,0 – 4*Xa2,0 ) >> shift2
(8‑142-A)

Xe0,0 = ( −4*Xa−1,0 + 36*Xa0,0 + 36*Xa1,0 – 4*Xa2,0 ) >> shift2
(8‑143-A)

Xf0,0 = ( −4*Xa−1,0 + 27*Xa0,0 + 46*Xa1,0 – 5*Xa2,0 ) >> shift2
(8‑144-A)

Xg0,0 = ( −2*Xa−1,0 + 16*Xa0,0 + 54*Xa1,0 – 4*Xa2,0 ) >> shift2
(8‑145-A)

Xh0,0 = ( −Xd−1,0 + 8*Xa0,0 + 60*Xa1,0 – 3*Xa2,0 ) >> shift2
(8‑146-A)
The positions labelled with lower-case letters within un-shaded blocks represent chroma samples at eighth-pel sample fractional locations. The chroma location offset in fractional-sample units ( xFracC, yFracC ) specifies which of the generated chroma samples at full-sample and fractional-sample locations is assigned to the predicted chroma sample value predSampleLXC[ xC, yC ]. This assignment is done according to Table 8‑10. The value of predSampleLXC[ xC, yC ] shall be the output.

Table 8‑13 – Assignment of the chroma prediction sample predSampleLXC[ xC, yC ] for ( X, Y ) being replaced by ( 1, b ), ( 2, c ), ( 3, d ), ( 4, e ), ( 5, f ), ( 6, g ), and ( 7, h ), respectively
	xFracC
	0
	0
	0
	0
	0
	0
	0
	0
	X
	X
	X
	X
	X
	X
	X
	X

	yFracC
	0
	1
	2
	3
	4
	5
	6
	7
	0
	1
	2
	3
	4
	5
	6
	7

	predSampleLXC[ xC, yC ]
	B << shift3
	ba
	ca
	da
	ea
	fa
	ga
	ha
	aY
	bY
	cY
	dY
	eY
	fY
	gY
	hY
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