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Abstract
This document reports the results of EE2-2.7, where L2-regularization is imposed least squares regression for the solving of EIP and CCCM model coefficients. In test 2.7a, regularized EIP is used. In test 2.7b, regularized CCCM is used. Test 2.7c is the combination of 2.7a and 2.7b.
On top of ECM-13.0, simulation results of tests 2.7a, 2.7b and 2.7c are reported as below:
{Y, U, V, EncT, DecT, EncVmPeak, DecVmPeak}
EE2-2.7a:
AI: {-0.05%, -0.01%, 0.00%, 99.5%, 99.4%, 100.3%, 100.0%}.
RA: {-0.03%, 0.00%, -0.01%, 99.9%, 100.0%, 100.0%, 100.0%}. 
EE2-2.7b:
AI: {0.00%, 0.00%, -0.01%, 99.1%, 98.7%, 101.0%, 100.0%}.
RA: {-0.02%, -0.06%, 0.05%, 100.0%, 100.1%, 100.1%, 99.9%}.
EE2-2.7c:
AI: {-0.04%, -0.11%, -0.02%, 100.3%, 100.0%, 100.7%, 99.9%}.
RA: {-0.02%, -0.08%, -0.00%, 100.1%, 100.4%, 100.0%	, 100.0%}. 
Proposed methods
Regularized EIP (ReEIP)
In EIP, the model coefficients are computed as solving a system of linear equations by Gaussian elimination:

With the solution to the model coefficients being

It is proposed to introduce L2-regularization to EIP. The model coefficients are computed as:

Where λ is the regularization parameters. L2-regularization is achieved by a diagonal matrix  being added to the ‘ATA’ matrix.
A subset of the coefficients can be relaxed (unregularized). In this case, when the ith coefficient is relaxed, the (ith row, ith column) entry of the diagonal matrix  is set to zero.
The rest parts of EIP solver and prediction are kept unchanged. 
Regularized CCCM (ReCCCM)
Similar L2-regularization is also applied to CCCM, with a different regularization parameter.
Signalling
There is no signalling change as ReEIP and ReCCCM are always used and the regularization parameters are fixed or model-dependent.
Tests
Test 2.7a
In test 2.7a, ReEIP is always used:
· , where  is the number of filter taps in EIP. 
·  when the number of input samples , and thus . 
·  otherwise, and thus .
· The bias term of EIP is relaxed (unregularized): the bottom-right entry of the diagonal matrix is set to zero.

	#define ReEIP_RELAX_BIAS 1
static const int ReEIP_L2_PARAM_REG[2] = {192, 128};
static const int ReEIP_L2_PARAM_SAMPLE_THRESHOLD = 2024;

const int regularizationParam = (sampleNum <= ReEIP_L2_PARAM_SAMPLE_THRESHOLD) ? 
                                   (ReEIP_L2_PARAM_REG[0] * numParams) : 
                                   (ReEIP_L2_PARAM_REG[1] * numParams);
for (int coli0 = 0; coli0 < numParams - ReEIP_RELAX_BIAS; coli0++)
{
  ATA[coli0][coli0] += regularizationParam;
}


Test 2.7b
In test 2.7b, ReCCCM is always used for all intra CCCM modes:
· , where  is the number of filter taps of the respective CCCM model.
· The first luma term and bias term of CCCM are relaxed (unregularized): the top-left and bottom-right entries of the diagonal matrix is set to zero.

	#define ReCCCM_RELAX_FIRST_LUMA 1
#define ReCCCM_RELAX_BIAS 1
static const int LINEAR_MODEL_L2_PARAM_CCCM = 32;

if(!interCccmMode)
{
  const int regularizationParam = LINEAR_MODEL_L2_PARAM_CCCM * numParams;
  for( int i = ReCCCM_RELAX_FIRST_LUMA; i < numParams - ReCCCM_RELAX_BIAS; i++ )
  {
    ATA[i][i] += regularizationParam;
  }
}


Test 2.7c
Test 2.7c is 2.7a+2.7b.
Experimental results
The proposed method has been implemented on top of the ECM-13.0 [1]. The simulations were performed following the common test conditions [2] and summarized in the below table. 
Test 2.7a: ReEIP
	
	All Intra Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.08%
	-0.01%
	0.00%
	99.7%
	99.4%
	100.3%
	100.0%

	Class A2
	-0.05%
	-0.05%
	0.00%
	99.4%
	99.4%
	100.3%
	99.9%

	Class B
	-0.04%
	-0.05%
	-0.05%
	99.4%
	98.5%
	99.5%
	99.9%

	Class C
	-0.01%
	-0.03%
	0.01%
	99.8%
	100.9%
	100.0%
	100.0%

	Class E
	-0.08%
	0.10%
	0.06%
	99.3%
	98.9%
	102.1%
	100.0%

	Overall 
	-0.05%
	-0.01%
	0.00%
	99.5%
	99.4%
	100.3%
	100.0%

	Class D
	0.01%
	0.02%
	0.03%
	100.6%
	101.0%
	99.9%
	100.0%

	Class F
	0.00%
	0.02%
	-0.05%
	99.9%
	99.1%
	99.6%
	100.0%



	
	Random Access Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.04%
	-0.04%
	-0.10%
	100.0%
	99.1%
	99.9%
	100.0%

	Class A2*
	-0.01%
	0.03%
	-0.01%
	100.3%
	101.1%
	100.0%
	99.9%

	Class B
	-0.03%
	-0.05%
	-0.03%
	99.8%
	99.5%
	100.0%
	100.0%

	Class C
	-0.02%
	0.06%
	0.08%
	99.8%
	100.6%
	100.0%
	100.0%

	Class E
	 
	
	 
	
	
	
	

	Overall 
	-0.03%
	0.00%
	-0.01%
	99.9%
	100.0%
	100.0%
	100.0%

	Class D
	-0.01%
	0.14%
	0.39%
	101.6%
	104.7%
	99.8%
	100.0%

	Class F
	0.01%
	-0.10%
	-0.29%
	99.8%
	98.9%
	99.6%
	100.0%


Test 2.7b: ReCCCM
	
	All Intra Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.01%
	0.02%
	0.05%
	99.8%
	99.4%
	101.0%
	100.0%

	Class A2
	0.00%
	0.06%
	0.05%
	99.4%
	99.3%
	99.1%
	99.9%

	Class B
	0.01%
	-0.11%
	-0.06%
	99.2%
	98.0%
	104.2%
	99.9%

	Class C
	0.00%
	0.01%
	0.01%
	98.2%
	98.9%
	99.5%
	100.0%

	Class E
	0.00%
	0.10%
	-0.07%
	99.0%
	98.0%
	100.0%
	100.0%

	Overall 
	0.00%
	0.00%
	-0.01%
	99.1%
	98.7%
	101.0%
	100.0%

	Class D
	0.00%
	-0.08%
	0.08%
	98.4%
	97.7%
	99.9%
	100.0%

	Class F
	-0.01%
	0.03%
	-0.10%
	99.3%
	98.6%
	99.7%
	99.9%



	
	Random Access Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.06%
	-0.38%
	-0.02%
	100.1%
	99.0%
	99.9%
	100.0%

	Class A2*
	0.01%
	-0.05%
	0.02%
	100.1%
	100.7%
	100.1%
	99.9%

	Class B
	-0.02%
	-0.04%
	-0.14%
	99.7%
	99.5%
	100.0%
	99.9%

	Class C
	-0.01%
	0.16%
	0.38%
	100.3%
	101.1%
	100.4%
	99.9%

	Class E
	 
	
	 
	
	
	
	

	Overall 
	-0.02%
	-0.06%
	0.05%
	100.0%
	100.1%
	100.1%
	99.9%

	Class D
	0.05%
	-0.28%
	0.08%
	102.1%
	104.8%
	99.8%
	100.0%

	Class F
	0.04%
	0.09%
	0.06%
	99.9%
	100.6%
	100.1%
	99.9%


*missing: ParkRunning3 QP22
Test 2.7c: Test 2.7a+Test 2.7b (ReEIP+ReCCCM)
	
	All Intra Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1
	-0.08%
	-0.23%
	0.07%
	100.9%
	100.6%
	100.2%
	100.0%

	Class A2
	-0.03%
	-0.09%
	-0.01%
	100.3%
	100.3%
	99.1%
	100.0%

	Class B
	-0.03%
	-0.07%
	-0.03%
	100.4%
	99.7%
	103.3%
	99.9%

	Class C
	0.01%
	-0.05%
	-0.04%
	100.0%
	99.9%
	99.5%
	100.0%

	Class E
	-0.07%
	-0.16%
	-0.08%
	100.1%
	99.8%
	100.0%
	100.0%

	Overall 
	-0.04%
	-0.11%
	-0.02%
	100.3%
	100.0%
	100.7%
	99.9%

	Class D
	0.01%
	0.03%
	-0.08%
	100.4%
	101.4%
	100.0%
	100.0%

	Class F
	-0.01%
	-0.03%
	-0.07%
	100.8%
	99.4%
	99.4%
	99.9%



	
	Random Access Main 10 

	
	Over ECM-13.0

	
	Y
	U
	V
	EncT
	DecT
	EncVmPeak
	DecVmPeak

	Class A1*
	-0.06%
	-0.25%
	-0.19%
	100.0%
	99.8%
	100.1%
	99.9%

	Class A2*
	-0.04%
	-0.18%
	-0.03%
	100.1%
	100.9%
	100.0%
	100.1%

	Class B
	-0.01%
	-0.10%
	-0.08%
	99.7%
	99.4%
	100.0%
	99.9%

	Class C
	0.00%
	0.15%
	0.25%
	100.6%
	101.6%
	100.0%
	100.0%

	Class E
	 
	
	 
	
	
	
	

	Overall 
	-0.02%
	-0.08%
	0.00%
	100.1%
	100.4%
	100.0%
	100.0%

	Class D
	0.03%
	0.13%
	-0.25%
	102.3%
	105.7%
	99.7%
	100.0%

	Class F
	0.05%
	0.21%
	-0.07%
	100.3%
	101.0%
	100.0%
	100.0%


*missing: Tango2 QP22; DaylightRoad2 QP22, ParkRunning3 QP22/27.
Conclusion
Test 2.7a brings 0.05% luma gain in AI with a slightly modified initialization in EIP. Test 2.7c brings 0.04% luma gain and {0.11%, 0.02%} chroma gain in AI with an additional similar modification to CCCM. It is proposed to adopt EE2-2.7 into the next version of ECM software.
References
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