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Abstract
This contribution reports results of MC boundary filter (MBF) which is studied in core experiment (CE) 3[1]. To reduce complexity both memory bandwidth (b/w) and computation, MBF uses different filter coefficients to MC block boundary. The MBF can reduce worst case memory b/w to 40% as shown in complexity analysis. With the proposed method, the negative impact for coding efficiency are 0.2%, 0.2%, 0.2%, 0.1%, 0.3%, and 0.1% for RA_HE, RA_LC, LD_HE, LD_LC, LDP_HE and LDP_LC. 
1 Introduction
In general LSI codec system, the decoded picture buffer is implemented as external memory. This memory bandwidth between codec LSI and external memory is critical issue for consumer products because of memory chip cost and power consumption. MC process needs to access to external memory. So, it is important to reduce read access at MC process. In this contribution, we propose MC interpolation filter to reduce this memory b/w. We think it is meaningful to defined memory b/w.
1.1 Assessment for memory b/w 

An interpolation filter in MC process needs many input pixels to get 1 sub pel corresponding to filter length. We show example of interpolation process in Figure 1. Where, light blue boxes are full pel as reference pixels in frame memory, yellow boxes are vertical quarter pel and pink boxes are MC block. For example, DCT based IF 8 tap is used in MC for luma in latest HM software, and if 4x4 MC block is chosen and MV point to sub pel position both horizontally and vertically (e.g. f-position), we have to input 11x11= (horizontal size + filter length – 1) x (vertical size + filter length -1) to interpolation filter as shown solid line in figure. So, the ratio between input and output is about 7.6 = (11x11) / (4x4). In other words, this number (7.6) means number of pixels to get 1 sub pel. We applied this number to compare memory b/w. This is used in also CE 3.
Figure 1: An example of interpolation process for 4x4 block size
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2 An algorithm for memory b/w reduction

In order to reduce memory b/w and computation, we proposed the MC boundary filter in Geneva meeting [2] that was called memory b/w reduction MC filter.

2.1 Design new filter with compact support

In order to reduce memory bandwidth and computation, we designed new filter. The filter has compact support in MC. Figure 2 shows the example of interpolation. A light blue box means reference pixel. A green box is interpolation pixel. In usual, interpolation filter interpolates white boxes (a, b, or c) around center when interpolation filter has 8 tap such as DCT IF 8 tap. Proposal filter with compact support interpolates these green boxes (a, b, or c) from 8 light blue pixels.

Figure 2: newly designed filter
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2.2 MC process with compact support

We can reduce input pixel by use newly designed filter. The example is shown in Figure 4. In this figure, four interpolation pixels are created such as a part of 4x4 MC blocks. In usual case, interpolation filter needs 11 reference pixels to calculate FIR. But, if previous filter is used, couple of pixels at left and right side becomes unnecessary as shown in figure. Gray boxes mean the unnecessary pixel. For interpolation pixel around center, a conventional filter such as DCT-IF is used.

Figure 4: Interpolation in limited input
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We show example of interpolation process using new designed filter in Figure 5. It is called reduction case 1. Where, light blue boxes are full pel, yellow boxes are vertical quarter pel and pink boxes are MC block with 16 pixels. Dash line surrounds necessary pixels for DCT IF 8 tap. Solid line surrounds necessary pixels for proposal. It can reduce necessary pixels at block boundary by using proposal filter from 11x11 to 9x9 block size.

Figure 5: An example of interpolation using designed filter (reduction case 1)
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2.3 More compact support for reduction

Furthermore, we can reduce pixel of boundary using same concept. The example is shown Figure 6. To reduce 4 pixels of boundaries in 4x4 blocks, the filter has to have 7 tap (not 8 tap) because filter needs opposite pixel if it has 8 tap. Although this restriction is not needed for over 8x8 block, current our frame work always uses this 7 tap filter to boundary for all block size to reduce controlling complexity.

Figure 6: Interpolation in more limited input
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Using this method, we show example of reduction case 2. In this example, vertical necessary pixels are reduced than horizontal. In general, pixel values are allocated horizontally in external memory and accessed as chunk data corresponds with number of bus bit. From this implementation, to reduce vertical can gets more efficiency.

As we can see that proposal filter can reduce input pixels of MC process. In this example, those are reduced from 11x11 to 11x7 block size.
Figure 7: An example of interpolation using designed filter (reduction case 2)
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In Figure 8, example of reduction both vertical and horizontal is shown. It’s called reduction case 3. This scheme can reduce more input pixels than case 1 and 2. It can be reduced from 11x11 to 7x7 block size that is 40% from current HM. 
Figure 8: An example of interpolation using designed filter (reduction case 3)
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2.4 Filter coefficients

Filter coefficients of new designed filter are shown in Table 1 and Table 2. Table 1 is used at reduction case 1 and case 2 for horizontal. Table 2 is used at reduction case 2 for vertical and reduction case 3. As shown in Table 2, tap length is 7. In those tables, thick line shows where is interpolated.

Table 1: Filter coefficients for case 1
	Distance from block boundary
	Tap length
	Sub pel
	Filter coefficients

	0
	8
	1/4
	2
	-9
	56
	20
	-8
	4
	-2
	1

	
	
	2/4
	3
	-10
	39
	42
	-14
	7
	-4
	1

	
	
	3/4
	2
	-6
	18
	58
	-11
	5
	-3
	1


Table 2: Filter coefficients for case 2 and 3
	Distance from block boundary
	Tap length
	Sub pel
	Filter coefficients

	0
	7
	1/4
	
	-5
	54
	21
	-9
	5
	-3
	1

	
	
	2/4
	
	-6
	36
	44
	-15
	8
	-4
	1

	
	
	3/4
	
	-3
	16
	59
	-12
	6
	-3
	1

	1
	7
	1/4
	2
	-9
	56
	20
	-8
	4
	-1
	

	
	
	2/4
	3
	-10
	39
	41
	-13
	6
	-2
	

	
	
	3/4
	2
	-6
	18
	58
	-11
	4
	-1
	


3 Experiment
3.1 Test condition and machine platform

Experiment was carried out based on HM software version 3.0 as follow CE3 mandate. And encoding time and decoding time were measured on same platform machines that spec is Core i7 CPU 3.2GHz, and have 8 GB memory. And the Linux 64 bit (called Cent OS) is installed in the platform machine.

For encode, cluster that consists of above identical platform was used. For decode, only 1 computer in the cluster was used, and decoding time was measured without yuv output.

3.2 Coding condition

High coding efficiency anchor: 
Random access configuration

Low delay configuration
“P only” (GPB off case)
Low complexity anchor:
Random access configuration

Low delay configuration
“P only” (GPB off case)
Common test condition is specified in JCTVC-E700 [3].
3.3 De-coupling ME and MC

We tested a de-coupling ME and MC that is recommended in CE3. This means to not use a MBF during motion search, and only DCTIF 8 tap is used.
4 Test results
Simulation results are shown in Table 2 for case 1.

Table 3: Simulation result for case 1
	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	-0.1 
	0.0 
	-0.1 
	-0.2 
	0.1 

	Class B
	0.0 
	-0.1 
	0.0 
	0.0 
	0.1 
	0.0 

	Class C
	0.0 
	0.1 
	0.0 
	0.0 
	0.0 
	0.0 

	Class D
	0.0 
	-0.1 
	0.0 
	-0.1 
	-0.1 
	-0.1 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	0.0 
	0.0 
	-0.1 
	0.0 

	Enc Time[%]
	103%
	104%

	Dec Time[%]
	101%
	104%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.0 
	0.1 
	-0.1 
	0.0 
	-0.2 

	Class C
	0.0 
	-0.1 
	-0.2 
	-0.1 
	0.1 
	-0.1 

	Class D
	-0.2 
	0.1 
	-0.1 
	-0.3 
	0.0 
	-0.1 

	Class E
	0.2 
	0.1 
	0.4 
	0.1 
	0.1 
	-0.1 

	All
	0.0 
	0.0 
	0.0 
	-0.1 
	0.0 
	-0.1 

	Enc Time[%]
	103%
	104%

	Dec Time[%]
	101%
	103%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.1 
	-0.3 
	0.0 
	0.1 
	0.1 

	Class C
	0.0 
	0.1 
	-0.1 
	0.0 
	0.0 
	-0.1 

	Class D
	-0.1 
	-0.6 
	-0.3 
	-0.2 
	-0.1 
	-0.3 

	Class E
	0.3 
	0.4 
	-0.5 
	0.2 
	-0.1 
	0.2 

	All
	0.0 
	0.0 
	-0.3 
	0.0 
	0.0 
	0.0 

	Enc Time[%]
	103%
	104%

	Dec Time[%]
	100%
	102%


Simulation results are shown in Table 3 for case 2.
	Table 4: Simulation result for case 2
　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.0 
	0.1 
	0.0 
	0.0 
	0.1 

	Class B
	0.0 
	0.0 
	0.1 
	0.0 
	0.0 
	0.0 

	Class C
	0.1 
	0.1 
	0.0 
	0.1 
	0.0 
	0.0 

	Class D
	0.2 
	0.1 
	0.1 
	0.2 
	0.0 
	0.0 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.1 
	0.0 
	0.1 
	0.1 
	0.0 
	0.0 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	101%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.2 
	0.0 
	-0.1 
	0.0 
	-0.1 

	Class C
	0.1 
	0.0 
	-0.1 
	0.0 
	0.2 
	-0.1 

	Class D
	0.0 
	0.1 
	0.1 
	0.1 
	0.4 
	-0.1 

	Class E
	0.2 
	0.0 
	0.0 
	-0.1 
	-0.2 
	-0.6 

	All
	0.1 
	0.1 
	0.0 
	0.0 
	0.1 
	-0.2 

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	99%
	101%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.0 
	-0.3 
	-0.1 
	0.1 
	0.2 

	Class C
	0.2 
	0.1 
	0.0 
	0.1 
	0.0 
	0.0 

	Class D
	0.1 
	-0.5 
	-0.1 
	0.2 
	-0.3 
	0.0 

	Class E
	0.0 
	-0.2 
	0.0 
	0.0 
	0.0 
	-0.2 

	All
	0.1 
	-0.1 
	-0.1 
	0.0 
	0.0 
	0.0 


	Enc Time[%]
	101%
	100%

	Dec Time[%]
	99%
	100%


Simulation results are shown in Table 4 for case 3.
Table 5: Simulation result for case 3
	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	-0.1 
	0.2 
	0.1 
	0.0 
	0.2 

	Class B
	0.1 
	0.0 
	0.0 
	0.1 
	0.1 
	0.1 

	Class C
	0.3 
	0.1 
	0.0 
	0.3 
	0.1 
	0.1 

	Class D
	0.5 
	0.2 
	0.2 
	0.6 
	0.2 
	0.2 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.2 
	0.0 
	0.1 
	0.2 
	0.1 
	0.1 

	Enc Time[%]
	102%
	103%

	Dec Time[%]
	101%
	104%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.1 
	0.1 
	-0.1 
	-0.1 
	-0.1 
	-0.2 

	Class C
	0.3 
	0.1 
	0.2 
	0.2 
	0.0 
	-0.2 

	Class D
	0.3 
	0.1 
	0.3 
	0.2 
	0.7 
	0.4 

	Class E
	0.3 
	0.3 
	-0.2 
	0.0 
	-0.1 
	-0.6 

	All
	0.2 
	0.1 
	0.1 
	0.1 
	0.1 
	-0.1 

	Enc Time[%]
	102%
	103%

	Dec Time[%]
	100%
	103%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.1 
	0.1 
	-0.3 
	-0.1 
	0.2 
	0.4 

	Class C
	0.3 
	0.0 
	0.1 
	0.1 
	0.0 
	0.0 

	Class D
	0.4 
	0.3 
	0.1 
	0.3 
	0.1 
	0.2 

	Class E
	0.2 
	0.2 
	-0.3 
	-0.1 
	-0.5 
	0.0 

	All
	0.3 
	0.1 
	-0.1 
	0.1 
	0.0 
	0.2 

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	100%
	101%


4.1 De-coupling ME and MC
	Table 6 Test results for case 1
　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.3 

	Class B
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Class C
	0.1 
	0.1 
	0.0 
	0.0 
	0.0 
	-0.1 

	Class D
	0.0 
	-0.1 
	0.0 
	-0.1 
	-0.2 
	-0.1 


	Class E
	　
	　
	　
	　
	　
	　

	All
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 
	0.0 

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	102%
	104%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.2 
	0.2 
	0.0 
	0.0 
	-0.1 

	Class C
	-0.1 
	-0.1 
	-0.1 
	-0.1 
	0.1 
	-0.1 

	Class D
	-0.2 
	-0.2 
	-0.2 
	-0.3 
	0.0 
	0.1 

	Class E
	0.3 
	0.1 
	-0.3 
	0.1 
	-0.3 
	-0.1 

	All
	0.0 
	0.0 
	-0.1 
	-0.1 
	0.0 
	0.0 

	Enc Time[%]
	102%
	102%

	Dec Time[%]
	101%
	103%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.1 
	-0.1 
	0.0 
	0.1 
	0.1 
	0.1 

	Class C
	0.0 
	0.1 
	-0.2 
	0.0 
	-0.1 
	-0.1 

	Class D
	-0.1 
	-0.3 
	-0.1 
	-0.2 
	0.0 
	0.0 

	Class E
	0.1 
	-0.2 
	-0.4 
	0.2 
	-0.5 
	-0.3 

	All
	0.0 
	-0.1 
	-0.2 
	0.0 
	-0.1 
	0.0 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	100%


Table 7 The test results for case 2

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.1 
	-0.1 
	0.0 
	0.1 
	0.1 
	0.2 

	Class B
	0.1 
	0.0 
	0.0 
	0.0 
	0.1 
	0.1 

	Class C
	0.1 
	0.1 
	0.0 
	0.2 
	0.1 
	0.1 

	Class D
	0.2 
	0.0 
	0.0 
	0.3 
	0.0 
	0.1 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.1 
	0.0 
	0.0 
	0.1 
	0.1 
	0.1 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	99%
	101%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.0 
	0.3 
	0.0 
	0.0 
	0.1 
	-0.1 

	Class C
	0.1 
	0.2 
	0.0 
	0.1 
	0.0 
	-0.1 

	Class D
	0.0 
	-0.1 
	0.2 
	0.1 
	0.1 
	0.0 

	Class E
	0.1 
	0.2 
	-0.6 
	0.0 
	0.1 
	-0.4 

	All
	0.1 
	0.1 
	-0.1 
	0.0 
	0.1 
	-0.2 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	103%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.1 
	0.1 
	-0.1 
	0.0 
	0.2 
	0.3 

	Class C
	0.2 
	0.2 
	0.1 
	0.1 
	0.1 
	0.2 

	Class D
	0.2 
	0.0 
	0.2 
	0.2 
	0.4 
	0.1 

	Class E
	0.1 
	0.0 
	-0.3 
	0.0 
	-0.2 
	-0.3 

	All
	0.1 
	0.1 
	0.0 
	0.1 
	0.1 
	0.1 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	100%


Table 8 The test results for case 3

	　
	Random access
	Random access LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	0.1 
	-0.1 
	0.1 
	0.0 
	-0.1 
	0.3 

	Class B
	0.1 
	-0.1 
	0.1 
	0.1 
	0.1 
	0.0 

	Class C
	0.3 
	0.1 
	0.1 
	0.3 
	0.1 
	0.1 

	Class D
	0.6 
	0.2 
	0.1 
	0.6 
	0.2 
	0.2 

	Class E
	　
	　
	　
	　
	　
	　

	All
	0.3 
	0.0 
	0.1 
	0.2 
	0.1 
	0.2 

	Enc Time[%]
	102%
	101%

	Dec Time[%]
	101%
	103%

	
	
	
	
	
	
	

	　
	Low delay
	Low delayLC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.1 
	0.2 
	0.1 
	-0.1 
	0.0 
	0.0 

	Class C
	0.3 
	0.2 
	0.2 
	0.2 
	0.1 
	0.0 

	Class D
	0.4 
	0.7 
	0.4 
	0.3 
	0.2 
	0.3 

	Class E
	0.4 
	0.3 
	-0.3 
	0.0 
	-0.2 
	-0.1 

	All
	0.3 
	0.3 
	0.1 
	0.1 
	0.0 
	0.1 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	101%
	102%

	
	
	
	
	
	
	

	　
	P-only
	P-only LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	　
	　
	　
	　
	　
	　

	Class B
	0.2 
	0.2 
	-0.2 
	0.0 
	0.2 
	0.5 

	Class C
	0.3 
	0.2 
	0.0 
	0.3 
	0.2 
	0.1 

	Class D
	0.5 
	0.1 
	0.2 
	0.4 
	0.3 
	0.0 

	Class E
	0.2 
	-0.2 
	-0.2 
	0.0 
	-0.4 
	-0.2 

	All
	0.3 
	0.1 
	-0.1 
	0.2 
	0.1 
	0.1 

	Enc Time[%]
	101%
	101%

	Dec Time[%]
	100%
	100%


5 Theoretical complexity analysis

We investigated theoretical complexity analysis using CE3’s excel sheet. The summary of complexity analysis is shown in Table 9 and Table 10. We can see that complexity both b/w and operation is decreasing. The memory b/w of case 3 significantly decreases to 40%.
Table 9: Summary of complexity analysis (multiplication case)
	Method
	DCTIF 8-tap
	Proposal

	add/shift or multiple
	multiple
	multiple
	　

	Sheet
	Anchor
	Proposal
	Ratio (%)

	Case 1
	Operations
	Worst case / pixel
	97.50 
	91.00 
	93%

	
	
	Average of operations / pixel
	36.12 
	36.49 
	101%

	
	Bandwith
	Worst case / pixel
	15.13 
	10.13 
	67%

	
	
	Average of bytes / pixel
	3.71 
	2.94 
	79%

	Case 2
	Operations
	Worst case / pixel
	97.50 
	70.50 
	72%

	
	
	Average of operations / pixel
	36.12 
	32.02 
	89%

	
	Bandwith
	Worst case / pixel
	15.13 
	9.63 
	64%

	
	
	Average of bytes / pixel
	3.71 
	2.88 
	78%

	Case 3
	Operations
	Worst case / pixel
	97.50 
	68.75 
	71%

	
	
	Average of operations / pixel
	36.12 
	32.12 
	89%

	
	Bandwith
	Worst case / pixel
	15.13 
	6.13 
	40%

	
	
	Average of bytes / pixel
	3.71 
	2.28 
	61%


Table 10: Summary of complexity analysis (add/shift case)

	Method
	DCTIF 8-tap
	Proposal

	add/shift or multiple
	add/shift
	add/shift
	　

	Sheet
	Anchor
	Proposal
	Ratio (%)

	Case 1
	Operations
	Worst case / pixel
	120.00 
	123.50 
	103%

	
	
	Average of operations / pixel
	45.15 
	42.49 
	94%

	
	Bandwith
	Worst case / pixel
	15.13 
	10.13 
	67%

	
	
	Average of bytes / pixel
	3.71 
	2.94 
	79%

	Case 2
	Operations
	Worst case / pixel
	120.00 
	91.00 
	76%

	
	
	Average of operations / pixel
	45.15 
	36.16 
	80%

	
	Bandwith
	Worst case / pixel
	15.13 
	9.63 
	64%

	
	
	Average of bytes / pixel
	3.71 
	2.88 
	78%

	Case 3
	Operations
	Worst case / pixel
	120.00 
	96.25 
	80%

	
	
	Average of operations / pixel
	45.15 
	37.24 
	82%

	
	Bandwith
	Worst case / pixel
	15.13 
	6.13 
	40%

	
	
	Average of bytes / pixel
	3.71 
	2.28 
	61%


6 Conclusion

We tested a MC boundary filter which is one of tools in CE3. It is reported that the memory b/w and computation can be reduced. Memory b/w in worst case decreases to 40%. The negative impact for coding efficiency is very small that are 0.2%, 0.2%, 0.2%, 0.1%, 0.3%, and 0.1% for RA_HE, RA_LC, LD_HE, LD_LC, LDP_HE and LDP_LC.
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