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Introduction

The existing TML decoder, TML-8, requires significant complexity, 32-bit multiplication and intermediate memory access.  Several contributions have addressed this problem.  Different techniques have been used to achieve the goal of reduced complexity.  All contributions provide solutions to the major complexity problem in TML-8.  The group seeks to unify the contributions to satisfy an additional set of goals, 
Goals
Our fundamental goal is to produce a low complexity transform with equivalent coding performance to the current transform in TML-8.  Interest has been expressed in additional requirements on the transform in addition to support anticipated functionality:

· Minimum: Support for 8-bit image data (9-bit residual coding) with low complexity, desired support for support for 10+ bits.
· Investigate transform domain requantization

· Mathematically lossless transform
Complexity

It is difficult to evaluate the performance of an algorithm over a range of potential hardware architectures.  A minimal set of computational resources is defined below, the transform design must run efficiently with this minimal set of functions.  Following this, algorithms will be evaluated in terms of algorithmic complexity: adds, multiplies, memory access, etc.  A set of reference hardware implementations will be described with the relative cost of each operation.  Complexity estimates for a given algorithm on reference hardware architectures can be produced.  These additional complexity considerations beyond the requirements are not a dominant consideration.
1. Computational Resources
To evaluate these proposed techniques we list resources related to low complexity implementations.  These resources are considered available in planned hardware, DSPs and ASIC implementations.  
· 16-bit memory for input, intermediate and output.

· Arithmetic logic unit supporting 32-bit operations.

· Multiplier supporting single cycle 16-bit multiplications.
2. Complexity 

Algorithm complexity:

Estimates of complexity should count the cycles corresponding to all operations, including memory accesses.  In estimating complexity of memory access the complexity of address generation must be included for fast algorithms that access nonsequential addresses.
Table 1 Algorithm complexity

	Operation
	Count

	ADD/SUBTRACT
	?

	SHIFT
	?

	MULTIPLY
	?

	MEMORY ACCESS
	?

	BRANCH
	?

	INDIRECT ADDRESSING
	?


Implementation complexity:
A sample reference hardware description is shown in Table 1.  

Table 1 reference HW 1
	Instruction
	Cycles

	16-bit add
	?

	16-bit shift
	?

	16-bit multiply
	?

	16-bit multiply accumulate
	?

	32-bit add
	?

	32-bit shift
	?

	16-bit memory access
	?

	Address Generation
	?


3. Memory demands
Memory requirements are an additional measure of complexity.  Memory accesses are measured above.

Coding performance
An important aspect of evaluating a proposal to modify the transform is the impact on coding performance.  This includes objective and subjective evaluations.  It is recommended to replace the second order transform used for the 4x4 DC block of intra macroblocks with a Hadamard transform.  Three proposals modify the first order transform.  Concern has been raised over performance at fine quantization.  Our test conditions for evaluating coding performance are listed below:

· Comparison with TML-8.0 (one reference frame)
· Add low QP performance to common conditions, QP= [2, 4, 8]
· Evaluate chroma coding performance
· Evaluate visual artifacts on test sequences with QP=16
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