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Abstract

This contribution describes our response to Joint Call for Proposals (CfP) on Video Compression Technology [1]. Our proposal contains a new intra prediction method in addition to other efficient coding tools. Simulation results show an average of 20.67% bit reduction to Alpha anchor, and 11.79% bit reduction to Beta anchor respectively.

1 Introduction

This contribution describes our response to Joint Call for Proposals (CfP) on Video Compression Technology [1].
2 Algorithm description
2.1 Motion representation
2D Adaptive Interpolation Filter [2] is introduced in the proposal. The filter coefficients are adaptively created by Wiener filter basis, and use to the interpolation filter. Furthermore, motion vector competition [3] is also introduced. Predictive motion vector (PMV) is calculated in temporal and spatial predictor.
2.2 Intra-frame prediction
Intra vector prediction is added to AVC. The concept of intra vector prediction is shown in Figure 1. Intra prediction block is created by motion searches around current block. If reference block includes a not-coded area, intra vector is multiplied as (2Vx, 2Vy), and adaptively padding such region by using new reference pixel as shown in Figure 1(b). This scheme is especially effective to predict the periodical textures. 
In this contribution, intra vector prediction is conducted by each 8x8 block unit and searches 16 blocks range. The motion vectors are signaled by calculating PMV to neighboring 8x8 blocks. The coding mode of the intra vector prediction is identified by I_NxN mode and multiplexed 1-bit intra vector flag. We apply the intra vector prediction only to I slice.
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Figure 1　A novel method of intra vector prediction
2.3 Spatial transforms
16x16, 16x8, 8x16 transforms are added to the transforms of AVC [4]. 
2.4 Quantization 

No modifications are applied to the quantization of AVC.
2.5 In-loop filtering 

No modifications are applied to the in-loop filtering of AVC.
2.6 Entropy coding

No modifications are applied to the entropy coding of AVC.

2.7 Additional algorithmic description discussion topic: Extended Block Size
32x32, 32x16, 16x32 block sizes are added to the AVC [4]. We basically use 32x32 macroblock (MB) and adaptively divide them.

3 Compression performance discussion
3.1 Objective versus subjective compression performance 

We don't have any particular remarks on the issue.
3.2 Constraint set 1 configuration relative to Alpha anchor 

Table 1 - Table 5 show the performances of the proposed method in constraint set 1 relative to Alpha anchor. BD-values [5] were calculated by four rate points excluding rate 3. The results show an average of 20.67% bit reduction and 0.85dB gains relative to Alpha anchor.

Table 1  Test results for Class A
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△

Bitrate(%)



△

PSNR

BD-Bitrate BD-PSNR

2430.80 34.29 37.31 39.65 2405.84 35.36 37.24 39.62 -1.04 1.07

3428.47 35.81 38.03 40.35 3472.48 36.80 38.02 40.35 1.27 0.99

4861.71 37.19 38.71 41.04 4737.98 37.96 38.72 41.05 -2.61 0.77

7889.38 38.96 39.69 42.03 7944.46 39.65 39.77 42.11 0.69 0.70

13778.76 40.70 40.92 43.32 13981.94 41.26 40.97 43.37 1.45 0.56

2455.83 26.44 38.16 38.88 2460.64 27.56 37.68 38.64 0.20 1.12

3481.17 28.22 39.08 39.75 3435.32 29.18 38.22 39.07 -1.33 0.96

4936.47 30.11 39.77 40.48 4922.27 30.90 39.04 39.96 -0.29 0.79

7842.31 32.55 40.74 41.40 7809.11 33.13 40.20 41.13 -0.43 0.58

13743.81 35.32 42.05 42.58 13853.06 35.83 41.64 42.37 0.79 0.51

Total

- - - - - - - - - -

-16.92 0.77

BD-Value

Traffic -19.76 0.78

Sequence

Alpha Anchor Proposal Difference

People

On Street

-14.09 0.77


Table 2 Test results for Class B
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995.84 34.68 40.11 41.13 1001.61 36.12 39.86 40.88 0.58 1.44

1587.00 36.64 40.93 41.96 1569.23 37.77 40.75 41.87 -1.13 1.13

2492.43 38.34 41.80 42.92 2351.43 39.16 41.46 42.65 -6.00 0.82

3997.56 39.99 42.62 43.93 3996.78 40.69 42.40 43.77 -0.02 0.70

5978.68 41.00 43.27 44.77 5766.14 41.44 43.01 44.58 -3.69 0.44

988.55 31.76 37.24 38.82 1000.15 32.64 36.99 38.62 1.16 0.88

1589.19 33.53 38.09 39.45 1600.27 34.25 37.85 39.24 0.69 0.72

2479.42 35.21 39.01 40.12 2508.21 35.82 38.83 39.99 1.15 0.60

3987.28 37.01 39.97 40.97 3978.21 37.40 39.92 40.99 -0.23 0.39

5985.98 38.36 40.84 41.84 5991.83 38.70 40.76 41.84 0.10 0.34

1996.60 32.18 37.08 38.30 1884.04 32.98 36.94 38.17 -5.97 0.81

2996.25 33.72 37.72 39.37 2821.71 34.34 37.57 39.19 -6.19 0.63

4494.34 35.06 38.29 40.38 4232.51 35.55 38.18 40.19 -6.19 0.48

6979.26 36.29 38.78 41.27 6673.91 36.64 38.77 41.23 -4.58 0.35

9977.20 37.04 39.14 41.96 9432.81 37.25 39.11 41.87 -5.77 0.21

1992.42 32.20 39.23 38.29 1986.28 33.52 38.98 38.45 -0.31 1.32

2979.42 33.86 40.14 39.63 2970.40 34.88 39.91 39.61 -0.30 1.02

4489.41 35.30 41.03 40.90 4411.99 36.05 40.77 40.70 -1.75 0.75

6967.11 36.59 41.85 42.11 6898.88 37.15 41.61 41.85 -0.99 0.56

9965.82 37.43 42.38 42.93 9775.47 37.85 42.24 42.73 -1.95 0.41

1976.37 32.03 38.61 41.15 1967.38 32.87 38.50 41.15 -0.46 0.84

2969.72 33.10 39.16 41.74 2763.59 33.58 38.93 41.56 -7.46 0.48

4449.34 33.89 39.62 42.18 4102.19 34.22 39.38 41.95 -8.46 0.33

6937.47 34.52 40.02 42.54 6476.09 34.79 39.83 42.31 -7.12 0.27

9939.85 34.92 40.30 42.76 9995.43 35.28 40.21 42.64 0.56 0.35

Total

- - - - - - - - - -

-21.77 0.70

Sequence

Alpha Anchor Proposal Difference

BD-Value

Basketball

Drive

-23.71 0.83

Kimono -24.89 0.96

Park

Scene

-14.23 0.56

Cactus -20.28 0.65

BQTerrace -25.74 0.49


Table 3 Test results for Class C
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382.33 29.16 34.41 33.55 383.45 30.42 34.55 33.94 0.29 1.26

510.40 30.41 35.27 34.66 509.72 31.55 35.34 34.90 -0.13 1.14

766.06 32.10 36.49 36.17 760.04 33.13 36.64 36.42 -0.79 1.03

1195.75 33.85 37.93 37.74 1121.15 34.58 37.96 37.78 -6.65 0.73

1998.32 35.92 39.61 39.57 1982.33 36.84 39.84 39.91 -0.81 0.93

382.65 28.54 36.93 37.24 382.73 30.27 36.65 37.20 0.02 1.74

510.52 30.17 37.64 38.20 509.36 31.50 37.27 37.88 -0.23 1.33

765.05 32.16 38.59 39.28 765.32 33.37 38.27 39.04 0.03 1.21

1196.32 34.23 39.59 40.44 1154.50 35.12 39.34 40.19 -3.62 0.89

1995.83 36.47 40.79 41.82 1980.91 37.29 40.78 41.77 -0.75 0.82

381.78 25.11 33.70 34.47 382.21 25.97 33.43 34.14 0.11 0.86

509.44 25.93 34.08 34.88 511.15 26.92 33.79 34.50 0.34 0.99

766.53 27.44 34.80 35.58 764.69 28.32 34.50 35.19 -0.24 0.88

1199.13 29.05 35.57 36.35 1195.27 29.92 35.30 36.00 -0.32 0.87

1997.04 31.03 36.62 37.45 1992.61 31.97 36.52 37.27 -0.22 0.93

382.88 27.59 33.81 35.20 383.43 28.99 34.17 35.75 0.14 1.39

508.73 28.72 34.52 36.05 507.96 29.99 34.70 36.31 -0.15 1.27

765.10 30.41 35.60 37.26 730.22 31.33 35.47 37.14 -4.78 0.92

1197.45 32.18 36.53 38.32 1199.46 33.23 36.51 38.25 0.17 1.05

1996.00 34.42 37.89 39.68 1934.00 35.05 37.81 39.45 -3.21 0.63

Total

- - - - - - - - - -

-23.07 1.06

Sequence

Alpha Anchor Proposal Difference

BD-Value

Basketball

Drill

-22.98 1.05

BQMall -22.14 1.15

Party

Scene

-22.73 0.93

Race

Horses

-24.43 1.12


Table 4 Test results for Class D
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255.17 30.11 36.94 34.83 253.94 31.04 36.57 34.97 -0.49 0.94

382.76 31.84 37.99 36.10 378.16 32.73 37.66 36.15 -1.22 0.89

510.89 33.16 38.75 37.02 492.78 33.91 38.44 37.03 -3.68 0.74

848.62 35.65 40.21 38.84 846.93 36.52 40.12 38.92 -0.20 0.87

1495.97 38.76 42.24 41.28 1453.21 39.39 42.21 41.28 -2.94 0.63

254.85 29.16 38.86 39.47 255.12 30.12 38.38 39.03 0.11 0.96

382.48 30.59 39.31 39.99 384.70 31.65 38.99 39.74 0.58 1.07

510.66 31.56 39.66 40.40 499.51 32.59 39.40 40.24 -2.23 1.03

847.33 33.33 40.24 41.04 833.48 34.37 40.29 41.15 -1.66 1.04

1498.10 35.51 41.14 42.00 1347.69 36.09 41.23 42.15 -11.16 0.58

254.25 28.97 35.01 35.65 249.48 29.65 34.71 35.22 -1.91 0.67

381.87 30.49 35.85 36.48 382.46 31.21 35.66 36.21 0.15 0.72

510.98 31.64 36.55 37.19 510.46 32.34 36.35 36.93 -0.10 0.70

846.80 33.64 37.76 38.38 846.05 34.48 37.92 38.55 -0.09 0.84

1497.42 36.11 39.39 40.07 1498.27 36.88 39.63 40.32 0.06 0.77

255.37 30.25 35.16 36.29 252.01 31.06 35.04 36.15 -1.33 0.82

382.69 32.01 36.17 37.36 382.62 32.85 36.07 37.25 -0.02 0.84

509.08 33.36 36.94 38.18 507.39 34.16 36.89 38.08 -0.33 0.80

845.25 35.94 38.43 39.68 842.87 36.68 38.47 39.62 -0.28 0.75

1493.07 39.07 40.68 41.81 1497.95 39.73 40.83 41.85 0.33 0.67

Total

- - - - - - - - - -

-18.76 0.88

BD-Value

Basketball

Pass

-16.90 0.90

Sequence

Alpha Anchor Proposal Difference

Race

Horses

-14.68 0.79

BQSquare -25.88 1.06

Blowing

Bubbles

-17.60 0.78


Table 5 Test results for all classes in constraint set 1
[image: image6.emf]BD-Bitrate (%) BD-PSNR (dB)

Class A -16.92 0.77

Class B -21.77 0.70

Class C -23.07 1.06

Class D -18.76 0.88

Total -20.67 0.85

Test Class

BD-Value


3.3 Constraint set 2 configuration relative to Beta and Gamma anchors 

Table 6 - Table 10 show the performances of the proposed method in constraint set 2 relative to Beta anchor. BD-values [5] were calculated by four rate points excluding rate 3. The results show an average of 11.79% bit reduction and 0.49dB gains relative to Alpha anchor.

Table 6 Test results for Class B
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995.85 33.95 39.59 40.73 998.77 35.57 38.90 39.91 0.36 1.61

1598.14 35.94 40.47 41.50 1569.38 37.30 39.75 40.66 -1.83 1.33

2499.06 37.66 41.29 42.31 2513.33 38.99 40.82 41.84 0.06 1.31

3997.68 39.41 42.13 43.27 3986.11 40.48 41.85 42.93 -0.21 1.07

5998.49 40.63 42.92 44.28 5980.46 41.43 42.74 43.99 -0.28 0.81

998.40 31.38 37.11 38.71 995.50 32.07 36.39 37.97 -0.05 0.69

1598.93 33.11 37.90 39.33 1535.87 33.40 37.06 38.53 -4.58 0.28

2499.41 34.73 38.67 39.93 2480.53 34.98 37.95 39.24 -0.34 0.26

3987.22 36.40 39.51 40.59 3960.61 36.51 38.82 39.90 -0.10 0.12

5999.06 37.74 40.34 41.34 6011.67 37.93 39.83 40.73 -0.13 0.18

1998.84 31.67 36.84 37.89 1911.35 32.27 36.48 37.26 -4.50 0.62

2999.51 33.23 37.48 38.92 2856.56 33.60 37.05 38.18 -5.00 0.37

4498.68 34.51 37.96 39.76 4468.60 34.95 37.72 39.23 -0.67 0.44

6998.60 35.80 38.60 40.83 5289.90 35.41 37.98 39.66 -32.30 -0.39

9999.51 36.68 38.96 41.52 9243.18 36.83 38.73 40.91 -8.18 0.16

1998.14 31.37 38.37 37.58 1941.12 32.77 37.30 37.19 -2.94 1.41

2997.23 33.09 39.37 38.82 2923.45 34.15 38.23 38.26 -2.52 1.05

4498.47 34.59 40.29 40.05 4462.49 35.45 39.30 39.48 -0.81 0.87

6997.94 35.97 41.18 41.30 6941.29 36.67 40.53 40.81 -0.82 0.70

9999.79 36.94 41.81 42.21 9587.59 37.48 41.25 41.66 -4.30 0.53

1997.91 31.35 38.43 41.18 1986.89 31.97 37.49 40.02 -0.55 0.62

2998.63 32.42 38.87 41.66 2977.37 32.85 37.88 40.42 -0.71 0.44

4498.84 33.35 39.24 41.96 4481.86 33.66 38.41 40.99 -0.38 0.31

6998.37 34.08 39.69 42.39 6922.70 34.36 38.88 41.39 -1.09 0.28

9997.27 34.53 39.95 42.59 9808.12 34.88 39.22 41.73 -1.93 0.34

Total

- - - - - - - - - -

-18.96 0.67

BD-Value

Kimono -30.17 1.26

Sequence

Alpha Anchor Proposal Difference

Park

Scene

-7.87 0.30

Cactus -13.79 0.45

Basketball

Drive

-25.40 0.96

BQTerrace -17.57 0.39


Table 7 Test results for Class C
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384.51 28.92 34.26 33.61 380.73 29.43 33.81 33.59 -0.99 0.51

511.81 30.13 34.98 34.42 504.63 30.59 34.30 34.12 -1.42 0.46

767.07 31.74 35.96 35.60 763.27 32.12 35.19 35.04 -0.50 0.38

1196.46 33.41 37.11 36.96 1150.84 33.62 36.25 36.19 -3.96 0.21

1993.67 35.39 38.73 38.75 1973.62 35.55 37.94 38.01 -1.02 0.16

384.31 27.78 36.28 36.76 377.73 29.10 35.48 35.88 -1.74 1.32

512.18 29.35 37.04 37.68 504.41 30.36 36.17 36.67 -1.54 1.01

765.56 31.29 37.84 38.61 760.39 32.08 36.99 37.62 -0.68 0.80

1195.76 33.42 38.96 39.82 1188.04 33.95 38.09 38.78 -0.65 0.53

1993.54 35.67 40.17 41.14 1929.06 35.95 39.39 40.22 -3.34 0.28

385.27 24.26 33.13 34.11 370.50 24.43 32.09 32.90 -3.99 0.17

514.10 25.16 33.51 34.49 500.26 25.27 32.77 33.57 -2.77 0.11

769.09 26.61 34.26 35.18 746.48 26.50 33.52 34.23 -3.03 -0.11

1197.32 28.20 34.98 35.84 1131.61 27.85 34.21 34.88 -5.81 -0.35

1999.61 30.29 35.96 36.73 1987.98 29.93 35.20 35.88 -0.58 -0.35

383.79 27.86 33.93 35.37 377.47 28.70 33.98 35.29 -1.67 0.84

512.71 28.93 34.67 36.20 513.61 29.68 34.40 35.83 0.18 0.75

762.94 30.46 35.42 37.08 734.18 30.92 34.95 36.52 -3.92 0.47

1191.76 32.19 36.32 38.07 1187.48 32.79 35.92 37.56 -0.36 0.60

1990.36 34.22 37.43 39.23 1982.37 34.68 36.90 38.60 -0.40 0.46

Total

- - - - - - - - - -

-10.10 0.45

Sequence

Alpha Anchor Proposal Difference

BD-Value

Basketball

Drill

-10.06 0.41

BQMall -15.09 0.77

Party

Scene

0.56 -0.03

Race

Horses

-15.81 0.66


Table 8 Test results for Class D
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257.54 29.78 36.46 34.57 253.93 30.36 35.57 34.62 -1.42 0.58

385.37 31.45 37.33 35.72 378.95 31.93 36.43 35.52 -1.70 0.48

512.77 32.68 38.04 36.63 506.60 33.22 37.16 36.40 -1.22 0.54

849.05 35.11 39.43 38.38 843.16 35.55 38.68 38.10 -0.70 0.44

1497.24 38.15 41.40 40.69 1495.70 38.60 40.76 40.34 -0.10 0.45

258.27 28.52 38.63 38.85 255.09 28.18 37.41 37.18 -1.25 -0.35

386.21 29.91 39.05 39.46 378.96 29.42 37.78 37.81 -1.91 -0.49

513.60 30.85 39.25 39.68 507.98 30.32 37.96 38.11 -1.11 -0.54

850.56 32.53 39.82 40.52 846.15 31.94 38.53 38.91 -0.52 -0.58

1497.81 34.49 40.38 41.26 1466.45 33.99 39.19 39.84 -2.14 -0.50

256.91 28.31 34.50 35.10 250.18 28.04 33.71 34.12 -2.69 -0.27

385.76 29.71 35.20 35.79 385.19 29.52 34.48 34.86 -0.15 -0.19

512.96 30.94 35.80 36.31 478.62 30.29 34.81 35.20 -7.18 -0.66

851.12 32.99 37.16 37.66 831.07 32.54 36.25 36.63 -2.41 -0.45

1499.15 35.34 38.61 39.15 1499.11 35.09 37.60 38.00 0.00 -0.24

255.68 30.15 34.77 35.92 252.94 30.62 34.38 35.45 -1.08 0.47

384.72 31.88 35.77 36.97 356.78 31.94 35.24 36.31 -7.83 0.07

511.56 33.17 36.51 37.70 499.46 33.46 36.03 37.14 -2.42 0.29

844.58 35.70 38.08 39.26 851.41 36.21 37.67 38.78 0.80 0.51

1499.50 38.78 40.25 41.39 1465.82 39.10 39.80 40.89 -2.30 0.32

Total

- - - - - - - - - -

1.06 0.05

BD-Value

Basketball

Pass

-10.17 0.51

Sequence

Alpha Anchor Proposal Difference

BQSquare 15.88 -0.49

Blowing

Bubbles

6.93 -0.27

Race

Horses

-8.42 0.44


Table 9 Test results for Class E
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236.51 33.67 41.78 41.65 254.66 35.58 41.40 41.28 7.13 1.90

368.76 35.84 42.91 43.16 383.33 37.33 42.56 42.31 3.80 1.48

463.64 37.00 43.64 43.87 508.10 38.44 43.18 43.21 8.75 1.45

778.95 39.09 44.80 45.19 843.56 40.17 44.22 44.46 7.66 1.08

1433.97 41.13 45.62 46.33 1497.96 41.74 45.20 45.68 4.27 0.61

231.62 32.80 42.91 41.29 254.80 34.06 42.33 40.66 9.10 1.25

337.51 34.66 44.41 42.21 375.79 35.97 43.58 41.90 10.19 1.31

505.67 36.56 45.11 43.24 505.39 37.29 44.27 42.57 -0.05 0.73

768.60 38.33 45.93 44.30 846.69 39.24 45.37 43.86 9.22 0.90

1475.24 40.45 46.95 45.71 1493.63 40.93 46.29 44.90 1.23 0.48

252.58 34.03 42.33 42.08 255.28 35.64 42.00 41.35 1.06 1.61

348.80 35.72 43.41 42.85 382.63 37.28 43.08 42.74 8.84 1.56

496.43 37.28 44.42 44.19 509.42 38.37 43.96 43.65 2.55 1.09

749.45 38.90 45.52 45.53 850.18 39.88 44.91 44.98 11.85 0.98

1472.40 40.89 46.71 46.68 1496.00 41.26 45.95 46.02 1.58 0.37

Total - - - - - - - - - - -9.33 0.39

Sequence

Alpha Anchor Proposal Difference

BD-Value

Vidyo4 1.06 0.05

Vidyo1 -18.96 0.67

Vidyo3 -10.10 0.45


Table 10 Test results for all classes in constraint set 2
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Class B -18.96 0.67

Class C -10.10 0.45

Class D 1.06 0.05

Class E -19.24 0.82

Total -11.79 0.49

Test Class

BD-Value


4 Complexity analysis 
4.1 Encoding time and measurement methodology

Table 11 shows the result of encoder running times. These times were calculated by standard library time function, and include CPU idle time and YUV output time. 
Table 11 Average encoding times
[image: image12.emf]Set 1 Set 2

Class A 41.52 -

Class B 60.88 51.35

Class C 13.96 12.47

Class D 4.99 4.52

Class E - 39.30

Total 30.34 26.91

Class

Encoding time (hour)


4.2 Decoding time and measurement methodology, comparison vs. anchor bitstreams decoded by JM 16.2
Table 12 and Table 13 show the results of decoder running times. These times were calculated by standard library time function, and include CPU idle time and YUV output time. As shown in the table, the new decoder requires about 7.88 times computation for alpha anchor, and 9.47 times computation for beta anchor.
Table 12 Decoding time for Constraint Set 1
[image: image13.emf]Alpha anchor  Proposal

Class A 31.17 250.94 8.05

Class B 43.36 393.84 9.08

Class C 8.83 60.03 6.80

Class D 2.61 19.87 7.60

Total 21.49 181.17 7.88

Class

Decoding time (sec)

Ratio

(proposal/anchor)


Table 13 Decoding time for Constraint Set 2
[image: image14.emf]Beta anchor  Proposal

Class B 32.91 385.65 11.72

Class C 7.32 70.31 9.61

Class D 2.27 19.76 8.72

Class E 15.81 123.56 7.81

Total 14.57 149.82 9.47

Class

Decoding time (sec)

Ratio

(proposal/anchor)


4.3 Description of computing platform 
The tests were performed by the following platform.

· SLES9 64bit

· Xeon quad core CPU 3.0GHz
· 8GByte RAM

4.4 Expected memory usage of encoder 
Intra vector prediction requires a MB line memory and memory for search regions in addition to AVC encoder.
4.5 Expected memory usage of decoder 
Intra vector prediction requires a MB line memory in addition to AVC decoder.

4.6 Complexity characteristics of encoder 
We describe a complexity characteristic of intra vector prediction. 
The proposed method conducts 544-points motion searches in each 8x8 intra sub-blocks. Thus 2176-points motion searches are required in each MB. 
On the other hand, the forward P prediction conducts 16384-points motion searches around 128x128 regions in each P16x16, P16x8, P8x16, and P8x8 blocks. Thus 147456-points motion searches are required in each MB and each reference frame. 

Therefore we understand that the motion search in the proposed intra vector prediction is quite low complexity compared to the inter prediction.
4.7 Complexity characteristics of decoder
Intra vector prediction has equivalent complexity characteristics of decoder to AVC.

5 Algorithmic characteristics
5.1 Random access characteristics 
The proposed method has equivalent random access characteristics to AVC.
5.2 Delay characteristics 
The proposed method has equivalent delay characteristics to AVC.
6 Software implementation description
The proposed method was implemented by C/C++.
7 Highlighted aspects discussion
In this contribution, we introduced a novel method of intra vector prediction. Our method improves coding efficiency by adaptively creating intra prediction blocks. We recommend evaluating some intra prediction methods in the core experiments.
8 Closing remarks
This contribution has presented our response to Joint Call for Proposals (CfP) on Video Compression Technology. Our proposal contains a new intra prediction method in addition to other efficient coding tools. Simulation results show an average of 20.67% bit reduction to Alpha anchor, and 11.79% bit reduction to Beta anchor respectively. We propose to evaluate our intra prediction method including others in the core experiments.
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