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Introduction

Following up on the document [1] from the Montreal Meeting, Coding Technologies would like to share information on the complexity of the fixed-point Enhanced aacPlus decoder implementation using the 16-bit ETSI basic operators. Similar information for the fixed-point encoder implementation will be made available as soon as the implementation is finalized.

Computational Complexity of the Enhanced aacPlus fixed-point decoder
For reference the computational design constraints for the floating point decoder according to [1] and [2], are given by the following table:

	
	Decoder
	Decoder, mono only

	wMOPS
	36.76
	27.57

	RAM+ROM [words]
	40000
	40000


Table 1: Design Constraints for the PSS/MMS audio decoder

The complexity numbers and RAM+ROM requirements for the Enhanced aacPlus audio codec can be found in the following table. The WMOPS numbers have been derived using the “allcat.wav” item, which holds all the material from the selection test concatenated in one single item. For every test case the average and worst frame weighted MOPS figure has been derived.

	
	Test Case
	Decoder
	Decoder, mono only

	RAM+ROM 
[16-bit words]
	
	37863
	28029

	wMOPS

[average / 
worst frame]


	14m
	17.05 / 18.97
	13.09 / 15.06

	
	18s
	30.98 / 33.73
	13.40 / 15.71

	
	24m
	18.78 / 21.71
	14.23 / 17.13

	
	24s
	32.95 / 36.21
	14.17 / 17.04

	
	32s
	33.89 / 37.38
	14.72 / 17.93

	
	48s
	29.20 / 35.58
	19.39 / 24.27

	
	14m, 16 kHz
	11.37 / 12.64
	8.72 / 10.04

	
	14m, 3% FER
	16.95 / 18.97
	12.95 / 15.06

	
	24s, 3% FER
	32.80 / 36.21
	14.01 / 17.04

	
	32s, 1%FER
	33.78 / 37.38
	14.58 / 17.93

	
	32s, 3%FER
	33.31 / 37.38
	14.32 / 17.93


Table 2: ETSI operators weighted MOPS figures for the Enhanced aacPlus decoder 
The audio quality of the AAC and the SBR tool have been verified by making sure the MPEG conformance criteria have been met. For the PS tool the numerical deviations (RMS, maximum difference) compared to the floating point reference code have been found to be in an acceptable low range. Furthermore extensive subjective listening evaluations and objective psychoacoustic measurements by using PEAQ have not revealed any audible difference.

Real world implementations
For an audio codec quite some parts of the signal path have to be calculated using 32x16 multiplications in order to achieve sufficient dynamic range to maintain (MPEG-) compliance. As already mentioned in [4] on a typical 16 bit DSP, a 32x16 multiplication has a complexity weight of 2 instructions, whereas with the 16-bit ETSI basic operators the complexity weight of a 32x16 multiplication is much higher. A coarse investigation, assuming 2 instructions for a  32x16 bit multiplication revealed that the WMOPS complexity numbers given in Table 2 would be reduced by approximately 15-20%.

Conclusions
The above reported results show that the earlier expressed expectation as cited from [3]

“Coding Technologies would like to respond to the SA-4 request as follows:

1) Coding Technologies is committed to provide 3GPP with a fixed-point implementation that offers an audio quality which is not significantly different from the floating point implementation which was delivered for the selection process.

2) To the best of Coding Technologies’ current knowledge, the computational complexity of this fixed point implementation is expected to meet all numbers fixed in the design constraints for the floating point implementation.”

could actually be achieved, even though the existing 16-bit ETSI operators lack a realistic 32x16 operator. Only for one of the tested configurations the peak of the computational complexity is slightly (<2%) higher than the design constraints for the floating point code.
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