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1 Introduction
Tandberg has presented several documents related to Computational Efficiency within the framework of H.264 basline profile.  Previously we have presented results partly based on the JM8.2 reference software and partly based on the Tandberg real time encoder.  Now all tools are implemented on the JM platform.  This document will present the results for the different tools both regarding avsnr and computer cycles on the decoder.

2 Grouping of tools
We have grouped some of the presented tools together:

· Simplified luma (VCEG-W10) and chroma (VCEG-X04) deblocking filters are linked together as one tool: Computational Efficient filter (CEf)
· Computational Efficient CAVLC (CEC) (VCEG-Y08) is a separate tool

· Simplified luma (VCEG-W09) and chroma (VCEG-Z08) interpolation for prediction are linked together as one tool: Computational Efficient interpolation (CEi)
· Integer skip vectors and reduced number of bits to code integer vectors (VCEG-Z08) are linked together as one tool: Integer Vector Preference (IVP)
· Minimum 8x8 prediction blocks (8x8p)
3 Cycle count
For assessment of computational efficiency we have used our optimized real time decoder.  It has been run in emulation mode to enable counting of computer cycles.  For each simulation we end up with a pair of values: (Cycle, Bitrate).  For the reference we have (Cycleref, Bitrateref) and for the method to be tested (Cycletest, Bitratetest).  Cycle depends on the bitrate as well as the decoding method.  Hence the two cycle values are not necessarily directly comparable.  We have corrected for this in a way indicated in the figure below.
· We fit a curve through different simulation points of the reference

· Then we compare Cycletest  with the value of this curve with Bitrate = Bitratetest
· The difference is indicated by the vertical line in the figure

[image: image1]
4 Use of two different encoders
All tools are included into a test software based on JM 8.2.  RDopt is on and 5 ref frames are used.  The simulations from this encoder software represent the main results.  
We have also included results based on the Tandberg real time encoder.  It is a much faster encoder and results based on it is included to see if the results depends significantly upon the quality of the encoder. We refer to the two encoders as Ref and Tan.

5 Range of Qp values
To see the variation over the most useful Qp range, we have calculated (cycle,bitrate) for Qp in the range (24-40).  For avsnr calculations we used the normal Qp range (28-40).
6 Avsnr

In the table below all the avsnr (%) values are found.

	Sequence
	CEf
	+CEC
	+CEi
	+IVP
	+8x8p

	
	Ref
	Tan
	Ref
	Tan
	Ref
	Tan
	Ref
	Tan
	Ref
	Tan

	Container
	2.3
	2.5
	3.7
	2.9
	-0,5
	-1.4
	2.3
	1.0
	4.6
	na

	News
	1.6
	2.3
	2.3
	2.8
	0.7
	1.0
	1.5
	2.3
	3.6
	na

	Foreman
	1.3
	2.9
	1.3
	2.9
	3.1
	3.9
	5.2
	11.2
	7.2
	na

	Silent
	-0.3
	0.9
	0.3
	0.5
	-1.5
	-1.4
	-0.4
	-0.7
	0.9
	Na

	Paris
	1.7
	2.3
	2.2
	2.5
	2.5
	2.4
	3.1
	3.1
	8.1
	Na

	Mobile
	2.2
	1.9
	1.5
	1.1
	6.2
	10.8
	9.5
	13.6
	13.8
	Na

	Tempete
	2.0
	1.7
	2.2
	1.8
	4.4
	6.3
	6.4
	9.9
	8.4
	Na

	Average
	1.5
	2.1
	1.9
	2.1
	2.1
	3.1
	3.9
	5.8
	6.6
	na


7 Cycle reduction
VCEG-Z10.xls  contains all the results reduction in computer cycles for each tool.  Qp is shown on the x-axis.  Positive % values on the Y-axis means reduction in computer cycles.  20% therefore means 20% reduced number of cycles.
NOTICE: The Tandberg encoder has not implemented prediction blocks smaller than 8x8 pixels.  Hence we do not have a measure of cycle reduction with the removal of small blocks in this encoder.  However, the dotted line in the Tan-plots VCEG-Z10.xls represents an estimate of the obtained cycle reduction by removing small prediction blocks.  The estimated cycle reduction is produced by adding the corresponding cycle reduction from the Ref-data.  (See also the formulas in VCEG-Z10.xls for producing the broken lines).

7.1 Conclusions

· The overall cycle reduction is around 30%

· This number does not vary very much over the Qp range.  There is a tendency of (1-2)% larger reduction for Qp = 32 which is also considered to represent the most useful Qp range
· The cycle reduction is not very different for the 2 encoders.  The Tandberg encoder results in about 2% larger cycle reduction – that is slightly more than 30%
· There is some variation from sequence to sequence, but less than we had expected

8 Comparisond with H.263 baseline

We have implemented the H.263 baseline decoder (without any annex).  The values for cycles for H.263 decoder compared to H.264 was calculated.  Qp = 32 was used for H.264 and a Qp resulting in a similar bitrate for H.263 was used.  The result:
· Foreman
53.4 %

· Paris
46.8 %

· Mobile
54.4 %

The numbers should be interpreted in the same way as described above.  This means that on average for the 3 sequences H.263 baseline needs 51.5 % less computer cycles for decoding compared to H.264.  This could be compared to the 30 % reduction in computer cycles resulting from the CE tools described above.
Both decoders have been highly optimized, but still there is some uncertainty as to whether both decoders have been optimized to the same level.

The above results are for baseline H.263.  In practical use H.263 would be used with some annexes (including deblocking filter) or with some means of post processing.  In such a comparison H.264 with all the CE tools described seems to be relatively close in computer cycles to a practical implementation of H.263.
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