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Summary
In this document the source proposes that a method known as the Analytic Hierarchy Process (AHP) may provide a useful tool for deriving a figure of merit for rank-ordering codecs during Qualification and Selection.
One example of how the AHP may be applied to the Qualification of EVS has been added as an attachment. 
Discussion 
In past codec selection exercises of 3GPP SA4, figures of merit (FOM) based upon delta dBQ values have been constructed in order to rank-order codecs. These exercises have had the distinct advantage of involving a single bandwidth of operation and hence a single scale of MNRUs from which to derive the equivalent Q values. Unfortunately, as is well documented, the EVS codec will span at least 3 different bandwidths of operation and potentially may involve different test methodologies as well as reference scales. Under these conditions a FOM based upon dBQ is fraught with difficulties. 
The Analytic Hierarchy Process (AHP) is a structured technique for organizing and analyzing complex decisions. It was developed by T.L. Saaty in the 1970s and has since been refined for use in group decision making. It is extensively used around the world in a variety of fields such as government, business, industry, healthcare, and education. See Wikipedia - AHP & Microsoft - AHP Example Application 

At the heart of the process are a series of normalized weights corresponding to the different attributes or criteria of the “thing” being chosen. In the case of EVS these would be the various performance “test sets” and each would have a positive real weight such that together they sum to unity. These normalized weights would usually be derived through pairwise comparison of the various criteria but they can be derived as in our case by discussion. 

An example of the pairwise comparison method is described here with numerical on-line example Senshu University - AHP Online Calculator . 
In essence the pairwise comparisons are used to populate an NxN square matrix. From this matrix, the weights are formed by determining the maximum eigen vector, and a consistency index is the maximum eigen value. Provided the maximum eigen value is below about 0.1 then the pairwise comparisons are pretty consistent, otherwise they should be readjusted.
Then, once the subjective test results are available at the Qualification (or Selection) meeting, a(nother) series of pairwise comparisons are made between each of the candidates in each of the performance “test sets”. If candidates A and B have similar performance then they will each score 1.0 in the comparison, otherwise candidate B may have a better or worse comparative score than A which would lead to a score value higher than 1.0 or lower than 1.0 (according to a reciprocal relationship) respectively. A set of comparative scores are then derived using the maximum eigen vector and eigen values method for each of the criteria and these individual scores are then weighted by the corresponding normalized weightings to derive the FOM. 
Example of how the AHP may be applied to the EVS Qualification.

Consider the situation where we have three Test Sets t1, t2 & t3 and three Candidates; a, b & c.

There will be a need to agree a set of three weights; one for each of the test sets; t1, t2 & t3. 

This may be developed using the AHP, or agreed by other means (e.g. in a form similar to that given in S4-120032). So we have {w1, w2, w3} which represents the weights for test sets t1, t2 & t3 respectively.

It will then be necessary to develop for each test set a set of scores for each candidate.

So we need to develop scores {s1a, s1b, s1c}, {s2a, s2b, s2c} & {s3a, s3b, s3c} which are the scores for the three candidates in each of the three test sets respectively. Given these scores, an overall FoM may be derived by computing the matrix multiplication….
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If the AHP is followed, the scores for each Test Set should be derived by pairwise comparison of the three candidates within the test set and what is necessary would be to determine whether one of the candidates is better than the other and by how much. The rest of this example concentrates on the application of the AHP to derive the scores for one of the test sets.
According to the current plans for Qualification, each organization will test their own candidate in all conditions and cross-check another organization’s candidate in each experiment. This means that there is no direct method, other than using comparisons to the reference codecs, to each pair of candidates’ performance.

For each candidate we will know whether the candidate has met all or some of the requirements or the objectives in one or two laboratories for each test set. We could also request the GAL to determine whether a candidate has been shown to exceed each requirement (e.g. statistically better than the reference for a NWT criterion) and objective.

We would then be able to derive a table of the form for each candidate…
Candidate X

	Condition #
	Requirement Passed
	Requirement Exceeded
	Objective Passed
	Objective Exceeded

	1
	Pass (2 labs)
	Yes (2 labs)
	Pass (2 labs)
	Yes (2 labs)

	2
	pass (1 lab)
	yes (1 lab)
	pass (1 lab)
	yes (1 lab)

	3
	Fail (2 labs)
	No (2 labs)
	Fail (2 labs)
	No (2 labs)

	4
	
	
	
	

	5
	
	
	
	


To apply the process it is perhaps helpful to develop a pair of hypothetical results and so consider first Candidates a & b, 

One possible method to determine the relative weightings for Candidates would be to start with the proportion of Requirements Passed and Failed and determine a comparative score between 1/2 & 2 – Recalling that the relative comparisons between Candidate x and Candidate y & Candidate y and Candidate x have a reciprocal relationship. 

These scores, based upon the number of Requirements passed and failed, could be refined by multiplying by a comparative score between 4/5 & 5/4 based upon the proportion of Objectives passed and failed. Further refinement could be based upon the proportion of requirements exceeded between 10/11 & 11/10 and objectives exceeded between 14/15 & 15/14. In this way the Requirements Passed have most importance followed by Objectives Passed, Requirements Exceeded and finally Objectives Exceeded. 

One method of determining the comparative score between 1/Cmax & Cmax would be to use the relationship of Cmax ^(delta/Smax) where Smax is the maximum score and delta is the score difference between the candidates from - Smax to + Smax. This function is somewhat arbitrary but it has the great advantage that it may be easily scaled and maintains the reciprocal arrangement between Candidate comparisons.

Candidate a

	Condition #
	Requirement Passed
	Requirement Exceeded
	Objective Passed
	Objective Exceeded

	1
	Pass (2 labs)
	No (2 labs)
	Fail (2 labs)
	No (2 labs)

	2
	pass (1 lab)
	No (2 labs)
	pass (1 lab)
	No (2 labs)

	3
	Pass
	yes (1 lab)
	Fail
	yes (1 lab)

	4
	Fail
	No (2 labs)
	Fail
	No (2 labs)

	5
	Pass
	No (2 labs)
	pass
	No (2 labs)

	TOTALS /15
	3*3+1 = 10
	1*1
	2*1=2
	1*1


Candidate b
	Condition #
	Requirement Passed
	Requirement Exceeded
	Objective Passed
	Objective Exceeded

	1
	Pass (2 labs)
	No (2 labs)
	Fail (2 labs)
	No (2 labs)

	2
	pass (1 lab)
	No (2 labs)
	pass (1 lab)
	No (2 labs)

	3
	pass (1 lab)
	No (2 labs)
	Pass
	No (2 labs)

	4
	pass
	No (2 labs)
	Fail
	No (2 labs)

	5
	Pass
	yes (1 lab)
	pass
	yes (1 lab)

	TOTALS /15
	2*3+3=9
	1*1
	1*3+2=5 
	1*1


Starting with the Requirements Passed, Candidate b has not failed any requirements in both labs, whereas Candidate a has one failure in both labs. If a Pass (in both labs) is given a score of +3 and a pass (in one lab only) is given a score of +1, then Candidate a has a score of 10, whereas Candidate b has a score of 9. These scores are very similar but there is a very slight advantage for Candidate a. 

In this case the comparative score between the candidates b & a is 2.0^((9-10)/15) = 0.9548. 
Each of the candidates also has just one condition where a requirement is exceeded in just one lab. We could therefore conclude that the candidates are the same in this case.

Turning to the objectives, Candidate b has one objective that is met in two laboratories and a further two conditions which are passed in one lab. Candidate a has two objectives passed in just one lab. Using the +3 & +1 scores again, Candidate b would have a score of +5 whereas Candidate a has a score of +2. Therefore Candidate b has an advantage here. Using the same method of determining the initial comparative score would give the value (5/4)^((5-2)/15) = 1.0456.
Looking at the objectives exceeded, both candidates have one condition exceeded in just one lab so their scores are identical.
Combining these scores we have an overall comparison of Candidate a compared to Candidate b as 0.9548 * 1.0456 * 1.0 * 1.0 = 0.9984
We now introduce Candidate c…
Candidate c

	Condition #
	Requirement Passed
	Requirement Exceeded
	Objective Passed
	Objective Exceeded

	1
	Pass (2 labs)
	No (2 labs)
	Fail (2 labs)
	No (2 labs)

	2
	Pass (2 labs)
	No (2 labs)
	Fail (2 labs)
	No (2 labs)

	3
	Pass (2 labs)
	Yes (2 lab)
	Pass
	No (2 labs)

	4
	Pass (2 labs)
	yes (1 lab)
	Fail
	No (2 labs)

	5
	Pass (2 labs)
	No (2 labs)
	pass
	No (2 labs)

	TOTALS
	5*3=15
	1*3+1*1=4
	1*3+1*1=4
	0


Applying the totals for Candidate c we have comparative scores to Candidate a of 
2.0^((15-10)/15) * (5/4)^((4-2)/15) * (11/10)^((4-1)/15) * (15/14)^((0-1)/15) 

= 1.260 * 1.030 * 1.019 * 0.9954 = 1.317
Applying the totals for Candidate c we have comparative scores to Candidate b of 

2.0^((15-9)/15) * (5/4)^((4-5)/15) * (11/10)^((4-1)/15) * (15/14)^((0-1)/15) 

= 1.320 * 0.9852 * 1.019 * 0.9954 = 1.319
We may therefore populate a matrix according to these values.

	1.0
	1.0/0.9984
	1.0/1.317

	0.9984
	1.0
	1.0/1.319

	1.317
	1.319
	1.0


This matrix has a maximum eigen vector of 

	0.3016

	0.3012

	0.3972


which is in fact numerically equivalent to any one of the normalized columns of the matrix. The consistency index C.I.=0.0 indicating complete consistency of the matrix derived. 
http://www.isc.senshu-u.ac.jp/~thc0456/EAHP/AHPweb.html 
This eigen vector then forms one of the columns of the score matrix described above for one of the three test sets.

An Excel Spreadsheet implementing this procedure may be found here…
[image: image1.emf]AHP_Example.xls


Conclusion

In this contribution we have outlined a method to derive and evaluate a figure of merit (FOM) using a method known as the Analytic Hierarchy Process. 

This method breaks the problem down into a series of simple pairwise comparisons between candidates and criteria and builds a FOM by combining these evaluations. Consistency checking is built into the process.

One example of how the AHP could be applied to the Qualification of EVS has been provided although this may not be the only way it could be used and has been constructed to exploit the output given the current state of the qualification testing as understood by the source.
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_1389453250.xls
AHP Inputs

		Constants For Scoring

		Score for 1 pass		1				Number of Conditions		5

		Score for 2 passes		3

		Candidate a

		Condition #		Requirement Passed		Requirement Exceeded		Objective Passed		Objective Exceeded						Requirement Pass Scores		Requirement Exceeded Scores		Objective Passed Scores		Objective Exceeded Scores

		1		2		0		0		0						3		0		0		0

		2		1		0		1		0						1		0		1		0

		3		2		1		0		1						3		1		0		1

		4		0		0		0		0						0		0		0		0

		5		2		0		1		0						3		0		1		0

		TOTALS		10		1		2		1

		Candidate b

		Condition #		Requirement Passed		Requirement Exceeded		Objective Passed		Objective Exceeded						Requirement Pass Scores		Requirement Exceeded Scores		Objective Passed Scores		Objective Exceeded Scores

		1		2		0		0		0						3		0		0		0

		2		1		0		1		0						1		0		1		0

		3		1		0		2		0						1		0		3		0

		4		1		0		0		0						1		0		0		0

		5		2		1		1		1						3		1		1		1

		TOTALS		9		1		5		1

		Candidate c

		Condition #		Requirement Passed		Requirement Exceeded		Objective Passed		Objective Exceeded						Requirement Pass Scores		Requirement Exceeded Scores		Objective Passed Scores		Objective Exceeded Scores

		1		2		0		0		0						3		0		0		0

		2		2		0		0		0						3		0		0		0

		3		2		2		2		0						3		3		3		0

		4		2		1		0		0						3		1		0		0

		5		2		0		1		0						3		0		1		0

		TOTALS		15		4		4		0





AHP Processing

		Constants For Relative Importance												Eigen Vector Scores

		Requirements Passed		2.00										Candidate a		0.3016319654

		Objectives Passed		1.25										Candidate b		0.3011554314

		Requirements Exceeded		1.10										Candidate c		0.3972126031

		Objectives Exceeded		1.07

				Requirements Passed		Requirements Exceeded		Objectives Passed		Objectives Exceeded

		Candidate a		10		1		2		1

		Candidate b		9		1		5		1

		Candidate c		15		4		4		0

		Pairwise Comparison Matrix (Requirements Passed)										OVERALL COMPARISON MATRIX

				Candidate a		Candidate b		Candidate c						Candidate a		Candidate b		Candidate c

		Candidate a		1		1.0472941228		0.793700526				Candidate a		1		1.0015823524		0.7593715886

		Candidate b		0.9548416039		1		0.7578582833				Candidate b		0.9984201475		1		0.7581718935

		Candidate c		1.2599210499		1.3195079108		1				Candidate c		1.316878344		1.3189621095		1

		Pairwise Comparison Matrix (Objectives Passed)

				Candidate a		Candidate b		Candidate c

		Candidate a		1		0.9563524998		0.9706857743

		Candidate b		1.0456395526		1		1.0149874387

		Candidate c		1.0301995007		0.9852338678		1

		Pairwise Comparison Matrix (Requirements Exceeded)

				Candidate a		Candidate b		Candidate c

		Candidate a		1		1		0.9811184957

		Candidate b		1		1		0.9811184957

		Candidate c		1.0192448765		1.0192448765		1

		Pairwise Comparison Matrix (Objectives Exceeded)

				Candidate a		Candidate b		Candidate c

		Candidate a		1		1		1.0046101188

		Candidate b		1		1		1.0046101188

		Candidate c		0.9954110368		0.9954110368		1
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