3GPP TSG-SA4 Meeting #25bis
Tdoc S4-030155

Berlin, Germany, 24 - 28 February 2003


Title:
Complexity Evaluation Method for the AMR-WB+ Codec
Source:
VoiceAge

Document for:
Discussion

Agenda Item:
8
Introduction

This document proposes a complexity evaluation method to be used in the AMR-WB+ work item for codec candidates implemented with floating point arithmetics. The proposed complexity evaluation method is employed by 3GPP2 in the CDMA2000 wideband speech codec standardization. Please see below Section 4.4 and particularly Table 4.4-1 extracted from the attached 3GPP2/TSG-C1.1 document “Stage Two Requirements (Test Plan) for CDMA2000 Wideband Speech Codec” for the details. 

Complexity Verification in CDMA2000 Wideband Speech Codec Standardization [Section 4.4 in the attached 3GPP2/TSG-C1.1 Document]
“The complexity of speech codecs will be assessed using analytical means. It is the responsibility of the submitting organization to provide a detailed description of the codec algorithm processing and memory requirements in the form specified below. The computational complexity associated with a given speech codec can be specified in terms of the number of instructions required per 20 ms frame. This can be derived given the number of operations per frame and a description of the processing platform. The type and number of operations dictated by the algorithm on a per-frame basis shall be specified for both the encoder and decoder.  Algorithms shall be broken down into sub-processing elements, each shall have a detailed breakdown of the types of operations and number of operations required to complete the sub-processing element. Certain operations require several instructions in order to be computed. Thus all operations have associated with them a weight, indicative of this expansion, and given in the Table 4.4-1 below. 

The total number of instructions required per frame is then given by summing the total number of weighted operations. This number represents the basic computational complexity of the speech codec in instructions per frame. A computational complexity limit is imposed on all candidate speech codecs. The complexity estimates should be computed for each of the various operating modes assuming worst case encoding and worst case decoding operations. 

The operation count performed for the complexity measurement (Table 4.4-1) should be re-used to get an estimate of program memory. This operation count should specify operations in loops, loop counters, operations in subroutines, and subroutine counters.  Each operation should be weighted using the memory weights from Table 4.4-1 to produce a memory word. Operations inside loops should be only counted once.  Operations inside subroutines should only be counted once.  Operations inside multiple modes should only be counted once. Coefficient ROM should be counted in 16-bit words.  Coefficients used in multiple modes should only be counted once. Static RAM variables required should be counted as 16-bit words.”
	Operation
	Example
	Complexity Weights (Cycles)
	Memory Weights

(words)

	Addition
	a = b + c
	1
	1

	Multiplication
	a = b * c
	1
	1

	Multiplication-

Addition
	a += b * c
	1
	1

	Move
	a = b,

a[i] = b[i]
	1
	1

	Storing Arithmetic
Result in Array
	a[i] = b[i] + c[i]
	1 (for move only)
	0

	Logical
	 AND, OR, etc.
	1
	1

	Shift
	a = b >> c
	1
	1

	Test with zero, Branch
	if, if ... then ... else...
	2
	2

	Divisions
	a = b / c,

a = b % c
	18
	2

	Square-root
	a = sqrt (b)
	25
	2

	Transcendental
	sine, log, arctan
	25
	2

	Function call
	a = func (b, c, d)
	2 + i, where i = num

args passed & returned
	2

	Double Precision 
Floating Point
	(as above)
	2 x corresponding single precision cycle count
	Same as above

	Loop initialization
	for (i=0; i<n; i++)
	1
	1

	Indirect addressing
	a = b.c,

a = b[c]
	2
	2

	Pointer initialization
	a[i]
	1 (charged outside of loop)
	1


Table 1: Complexity measurement for arithmetic operations [Table 4.4-1 in the attached document].
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