- 2 -

UIT - Secteur de la normalisation des télécommunications

ITU - Telecommunication Standardization Sector

UIT - Sector de Normalización de las Telecomunicaciones

Study Period 2001-2004

[image: image46.emf]0.0

5.0

10.0

15.0

20.0

25.0

1.0 10.0 100.0

False Detection Rate [%]

RSNR [dB]

Cheerleaders

Flamingoes

Green Leaves

Marching in

Mobile and Calendar

Soccer

  9
[image: image2.wmf]ï

þ

ï

ý

ü

ón tardía

Contribuci

on

Contributi

 

Delayed

on tardive

Contributi

  D.14

Geneva, 6-9 March 2001

[image: image3.wmf]ï

þ

ï

ý

ü

en

 

solamente

 

disponible

 

Texto

in

only 

 

available

Text 

en

seulement 

 

disponible

 

Texte

  E
Question: 
21/9


SOURCE*: 
Japan


TITLE:


Proposal of an objective picture quality measurement method with a reduced 



reference using invisible marker signals
___________________

Summary

    Automatic assessment of picture quality is an important issue. VQEG studies were conducted on picture quality assessment using reference pictures (FR). However, studies for highly accurate assessment of picture quality without reference pictures (RRNR) have not yet been conducted. This report proposes an invisible marker method. According to the experimental results, this method can estimate the PSNR of the received TV signal with the estimation error of about 1dB in the absence of the original, and it is useful even in a transmission chain which contains a tandem connection of codecs. This study is to be reflected in VQEG activities.

1. Introduction
In recent years, the development of technologies that provide support to operation and monitoring of television transmission systems and perform automatic monitoring in place of humans, has been an important issue. Especially awaited are technologies which automate picture quality assessment. Some of the methods proposed for this automatic assessment of picture quality utilize the original picture as a reference.

  However, methods for absolute picture quality assessment without using the original picture, which are important in automatic monitoring of a transmission chain, have not yet been established.

In this report, therefore, the authors propose an absolute picture quality assessment method that does not require reference pictures, which is based on the insertion and the detection of invisible marker signals.

2. General configuration of the scheme

1. On the transmission side, an invisible marker signal is embedded by the spread spectrum method into the picture to be transmitted.
The power of this signal is extremely small and it is spread over the whole picture, so that it is negligible compared to the degradation in picture quality due to subsequent transmission processing. (PSNR=50dB)

2. Processing in a TV transmission chain. This includes elements such as: 
· Transmission using compression codecs.
· Tandem connection of codecs.

· Format conversion such as 1080I ((720P.
· Up/down conversion between HDTV and SDTV.
· Standard conversion that includes frame rate conversion.

Since the marker signal embedded at the entrance of the chain is extremely small as mentioned above, 
it is negligible compared to the degradation in picture quality due to processing in the transmission chain.

3. The marker signal is extracted from the received picture (i.e. the decoded picture when a codec is used).

4. The degradation of the received picture compared to the original picture is estimated from the false detection rate of the marker signal.

Fig.1 shows an example of the configuration. This figure shows the case with tandem connection of codecs. At the entrance to the transmission chain, invisible marker signals are embedded. They are transmitted to the receiver point through the codec tandem connection stages. At each output of the decoders, a marker detector is connected, so that it is possible to evaluate the picture quality at the output of each stage. 
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Figure 1 : An example of configuration.
3. Features of the scheme

Picture quality assessment that does not require the original picture:

· Can be realized simply by addition of preprocessing and postprocessing without changing existing equipment such as codecs.
· Can automatically monitor the picture quality at each point in a TV transmission chain.
· No need to process the transmitted signal itself at the relay points of the tandem connection. Only a marker detector is required.

· No influence on picture quality due to the insertion of markers at the preprocessor.
· Easy implementation.

4. Method for embedding and detecting marker signals

Fig.2,3,4 shows the configurations for embedding and detecting invisible marker signals by the spread spectrum method.
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Figure 2: Embedding of marker signals by spread spectrum method.
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Figure 3: Detection of marker signals.
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Figure 4: Embedding and detection of signals by changing 
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Each picture is separated into rectangular blocks. 
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, a PN sequence, so that the spectrum is spread. Further, a Fourier transform is applied to this, and a spread spectrum signal 
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 represents the Fourier transform.

Next, the amplitude of a frequency component 
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, is manipulated so as to embed binary information {0,1}. The detection of the binary information on the receiver side is performed by checking the parity of the level value that is obtained by quantizing 
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 by a step size 
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(Fig.4) where 
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represents the embedded bit.

On the other hand, the embedding of {0,1} on the transmitter side is realized by changing the value of 
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Similarly, when the quantized level of 
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is odd, i.e., 
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, the signal is embedded by changing the value of 
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. The above is repeatedly applied to all blocks to complete the signal embedding on the transmitter side. The bit pattern of the marker signal and the PN sequence is shared between the transmitter and the receiver sides.

On the receiver side, by the same procedure as that used on the transmitter side, after spectrum spreading is applied to each block in the received picture, the parity of the quantized level of the same frequency component as on the embedding side is checked so as to detect the embedded bit (Fig.3).

As the receiver side knows the sequence of embedded bits, it is possible to judge whether the detected bit is correct or not. By performing this judgment on all blocks, the rate of false detection of marker signals is obtained.

5. Experiments

In the proposed method, the false detection rate is calculated on the assumption that the relation between the false detection rate and objective picture quality are already known. Therefore, computer simulations are necessary to confirm that the relation can be obtained. It is necessary to have this relation prior to detecting the markers. 

Table 1 shows the parameters for experiments.

Table 1: Parameters for experiments
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5.1 Relationship between Marker detection rate and RSNR

Figure 5 shows the relation between the false detection rate and RSNR. In this figure, there is four different points for one kind of picture. Each point represents each result of four different bitrates, and the smaller the false detection rate that the point has, the higher the bitrate the picture is coded by. The vertical and horizontal axes represent the mean value of RSNR and false detection rate in 30 frames respectively. 

RSNR represents degradation in the AC components in the decoded picture, and defined as following equation;


[image: image33.wmf]MSE

RSNR

MB

2

log

20

s

=


[image: image40.wmf])}

(

)

(

{

]

[

n

s

n

x

k

X

N

P

SS

´

=

F

[image: image41.wmf])}

(

)

(

{

]

[

n

s

n

x

k

X

N

P

SS

´

=

F

where 
[image: image34.wmf]2

MB

s

represents the mean value of variances of each macroblock, and RSNR is used as a general picture quality measure because it can easily be converted to PSNR by using the value 
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can be substituted with the variance of macroblocks of the decoded picture if the degradation is moderate).
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Figure 5 shows that there is a strong correlation between the false detection rate of the markers and the RSNR. From this result, a regression line can be drawn and its mean absolute error is 1.45dB. This regression line can be used independently of the bitrates and kind of pictures. Therefore, once this regression line is derived, the RSNR can be estimated only by the false detection rate.

Table 2 shows each picture’s degradation caused by marker embedding.  In each picture, the PSNR between the original and marker-embedded pictures is over 47dB, which is much smaller than the degradation caused by MPEG-2 coding and this degree of degradation is not perceivable by the human eye. 

5.2 Application to tandem connection of codecs

In this section, application to tandem connections is discussed. If there is a correlation independent of connection stages and the kind of picture, then picture quality assessment just by using the false detection rate is possible in tandem connections.

Figure 6 shows the relation between false detection rate and the RSNR when applying the proposed method to tandem connection of codecs. As shown in Table 1, the number of stages in the tandem connection is 3.  This figure confirms that there is a correlation independent of the number of stages and picture titles, and the regression line shown in Figure 6 can also be obtained. Thus, the proposed method can be applied to tandem connection of codecs.
Table 2: Degradation of the original pictures by markers
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Table 3:  MAE of RSNR estimation and degradations of the original pictures by the markers
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5.3 Study on further accurate estimation

In this section, we discuss how to improve the estimation accuracy of the proposed method. In the above experiment, 1320 bits information were embedded as the marker into one frame, and the picture quality is measured by the detection rate. So, for a more accurate estimation, more information must be embedded into frames because the error variance (mean square error of estimation) is likely to decrease due to the increase in samples. In the proposed method, ways to increase the number of embedded bits in a frame are:
1. To embed two or more bits in the macroblocks

2. To embed a bit into a block smaller than the macroblock (16x16 square pixel block)

The difference in the above two items is that 1. does not change the size of data hiding block but increases the quantity of information embedded into the block and,  2. does not change the quantity of embedded information per block (1bit) but does change the pixel block units for data hiding. To confirm the effectiveness of these two approaches, the experiments were conducted under the following condition and the estimation accuracy and degradation cause by the markers were measured;

i.)  Embed 2bit markers into macroblock (16x16 block, 2bits/block)

ii.) Embed 1bit markers into 16x8 block (16x8 block, 1bit/block)

iii.) Embed 1bit markers into 8x8 block (8x8 block, 1bit/block)

In Table 3, the mean absolute value of estimation error and degradation of the original pictures by the markers for each block size and the number of embedded bits are shown. The relationship between RSNR and the false detection rates of experiments ii.), iii.) and iv.) are shown in Figures 7 and 8 , respectively. These results prove that increasing the number of embedded bits in a block is not effective and only serves to increase the degradation in the original pictures. On the other hand, reducing the blocksize and embedding only one bit is proved to be effective in improving the estimation accuracy. This is because the correlation between each marker signal is so strong that they cannot decrease the error variance, while increasing the number of bits in a block. On the other hand, when reducing the block size, the correlations in marker signals in each block are not strong, so that they can decrease error variance and show high accuracy. As for the degradation due to the markers, all degradations in experiments i.)- iv.) caused by the markers were greater than degradation in the case of embedding 1bit for each macroblock; the estimation accuracy and degradation by the markers have a tradeoff relationship, so that block size for embedding the marker should be chosen carefully according to the required estimation accuracy and degradation.

6. Conclusion
As an automatic method for picture quality assessment, the authors proposed a scheme based on the insertion of invisible marker signals. It is effective even for tandem connection of codecs, and the estimation error is about 1dB.

 This shows considerable potential for the realization of a picture quality assessment method that does not require reference pictures. Future work includes improvement of the estimation accuracy and the application of the method to transmission processing other than compression codecs by refining the method of embedding marker signals.

____________
Figure 8: Relation between False detection rate and RSNR(8x8 pixel blocks, 1bit/block)





Figure 7: Relation between False detection rate and RSNR(16x8 pixel blocks, 1bit/block)





Figure 5: Relation between False detection rate and RSNR(One TM5 codec)








Figure 6: Relation between False detection rate and RSNR(Tandem Connection of codecs)
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				0.0		425.1		86.9		1729.2		25.0		34.4		18.7		17.0		18.7				25.6		18.7

				0.0		466.6		45.4		1738.8		15.2		36.8		21.1		8.9		21.1				16.0		21.1

				0.0		311.6		200.4		1605.6		51.3		31.1		15.0		39.1		15.0				44.0		14.6

				0.0		393.1		118.9		1646.5		21.5		35.0		19.1		23.2		19.1				27.3		18.6

				0.0		451.8		60.2		1660.6		12.0		37.8		21.9		11.8		21.9				15.7		21.5

				0.0		484.4		27.6		1667.4		7.6		40.2		24.3		5.4		24.3				7.9		24.0

				0.0		298.2		213.8		1702.5		66.2		30.0		14.2		41.8		14.2				45.4		14.8

				0.0		382.7		129.3		1755.4		29.1		33.7		18.0		25.2		18.0				33.1		18.7

				0.0		439.2		72.8		1772.2		15.9		36.6		20.9		14.2		20.9				20.7		21.5

				0.0		471.3		40.7		1779.8		9.7		39.0		23.4		7.9		23.4				12.7		23.9

		16x8frm

				0.0		564.4		459.6		1095.1		38.4		32.4		14.7		44.9		13.7		12.5		1.2		13.1		0.6

				0.0		702.3		321.7		1115.6		15.3		36.5		18.8		31.4		17.8		16.2		1.6		15.5		2.4

				0.0		822.6		201.4		1121.8		8.8		39.1		21.4		19.7		20.4		19.4		1.0		18.5		1.9

				0.0		911.9		112.1		1125.1		5.8		41.0		23.4		10.9		22.4		21.8		0.6		22.4		0.0

				0.0		521.8		502.2		303.8		31.7		33.2		9.9		49.0		8.9		11.3		2.4		12.6		3.7

				0.0		580.6		443.4		316.2		19.0		35.5		12.4		43.3		11.4		12.9		1.5		13.4		2.0

				0.0		674.6		349.4		321.8		12.2		37.6		14.5		34.1		13.5		15.5		1.9		14.9		1.4

				0.0		770.3		253.7		325.2		7.7		39.8		16.8		24.8		15.8		18.0		2.3		17.0		1.2

				0.0		528.8		495.2		1389.4		69.3		29.8		13.1		48.4		12.1		11.5		0.6		12.7		0.5

				0.0		634.6		389.4		1442.1		29.5		33.6		17.1		38.0		16.1		14.4		1.7		14.2		1.9

				0.0		781.1		242.9		1457.4		17.3		36.1		19.6		23.7		18.6		18.3		0.3		17.3		1.3

				0.0		888.3		135.7		1465.2		10.5		38.7		22.2		13.2		21.2		21.2		0.0		21.1		0.1

				0.0		546.6		477.4		1644.0		85.6		28.9		12.9		46.6		11.9		12.0		0.1		12.9		1.0

				0.0		668.7		355.3		1706.1		43.8		31.9		16.1		34.7		15.1		15.3		0.2		14.8		0.3

				0.0		799.3		224.7		1727.5		25.7		34.3		18.5		21.9		17.5		18.8		1.3		17.8		0.3

				0.0		894.0		130.0		1739.0		15.0		36.9		21.1		12.7		20.1		21.4		1.2		21.4		1.3

				0.0		576.0		448.0		1601.6		49.8		31.2		15.1		43.8		14.1		12.8		1.3		13.3		0.8

				0.0		740.6		283.4		1644.5		21.1		35.0		19.0		27.7		18.0		17.2		0.8		16.3		1.7

				0.0		866.7		157.3		1659.7		11.8		37.7		21.8		15.4		20.8		20.6		0.2		20.1		0.7

				0.0		945.6		78.4		1667.1		7.4		40.1		24.2		7.7		23.2		22.8		0.4		24.7		1.5

				0.0		563.7		460.3		1696.2		65.2		30.1		14.2		45.0		13.2		12.5		0.8		13.1		0.1

				0.0		714.2		309.8		1751.5		29.2		33.7		17.9		30.3		16.9		16.5		0.4		15.7		1.2

				0.0		844.6		179.4		1770.7		15.6		36.6		20.9		17.5		19.9		20.0		0.1		19.3		0.6

				0.0		925.9		98.1		1780.0		9.4		39.1		23.5		9.6		22.5		22.2		0.3		23.2		0.8

																								0.93				1.13

		8x8frm

				0.0		1086.7		961.3		1096.8		38.5		32.4		14.7		46.9		13.7		12.6		1.1		13.3		0.4

				0.0		1322.5		725.5		1117.3		15.3		36.5		18.8		35.4		17.8		15.9		1.9		14.9		3.0

				0.0		1572.2		475.8		1123.5		8.9		39.0		21.4		23.2		20.4		19.3		1.0		17.2		3.2

				0.0		1768.1		279.9		1126.6		5.9		40.9		23.3		13.7		22.3		22.1		0.2		20.1		2.2

				0.0		1037.1		1010.9		304.6		31.8		33.2		9.9		49.4		8.9		11.9		3.0		13.0		4.1

				0.0		1124.7		923.3		317.0		19.0		35.5		12.4		45.1		11.4		13.1		1.7		13.5		2.2

				0.0		1265.3		782.7		322.7		12.2		37.6		14.5		38.2		13.5		15.1		1.5		14.4		0.9

				0.0		1435.5		612.5		326.0		7.7		39.8		16.8		29.9		15.8		17.4		1.7		15.8		0.0

				0.0		1043.4		1004.6		1390.0		69.3		29.8		13.1		49.1		12.1		12.0		0.1		13.1		1.0

				0.0		1188.4		859.6		1442.7		29.6		33.6		17.1		42.0		16.1		14.0		2.1		13.9		2.2

				0.0		1453.1		594.9		1458.0		17.3		36.1		19.6		29.0		18.6		17.7		0.9		16.0		2.7

				0.0		1687.0		361.0		1465.8		10.6		38.6		22.2		17.6		21.2		20.9		0.2		18.7		2.5

				0.0		1062.0		986.0		1646.1		85.6		28.9		12.9		48.1		11.9		12.2		0.3		13.2		1.2

				0.0		1266.3		781.7		1707.1		44.0		31.9		16.1		38.2		15.1		15.1		0.0		14.5		0.6

				0.0		1506.0		542.0		1728.7		25.7		34.3		18.5		26.5		17.5		18.4		0.9		16.5		1.1

				0.0		1712.1		335.9		1740.3		15.1		36.8		21.1		16.4		20.1		21.3		1.2		19.1		1.0

				0.0		1116.5		931.5		1603.5		49.9		31.2		15.1		45.5		14.1		13.0		1.1		13.5		0.6

				0.0		1402.6		645.4		1645.7		21.3		35.0		19.0		31.5		18.0		17.0		1.0		15.5		2.5

				0.0		1670.8		377.2		1661.2		12.0		37.7		21.7		18.4		20.7		20.7		0.0		18.5		2.3

				0.0		1850.7		197.3		1668.8		7.5		40.0		24.1		9.6		23.1		23.2		0.2		22.0		1.0

				0.0		1093.3		954.7		1696.3		65.2		30.1		14.2		46.6		13.2		12.7		0.6		13.4		0.1

				0.0		1358.5		689.5		1752.7		29.4		33.6		17.9		33.7		16.9		16.4		0.6		15.1		1.8

				0.0		1619.7		428.3		1771.7		15.8		36.5		20.9		20.9		19.9		20.0		0.2		17.8		2.1

				0.0		1808.9		239.1		1780.4		9.6		39.0		23.3		11.7		22.3		22.6		0.3		21.0		1.4

																								0.91				1.66

				0.0		282.5		229.5		1092.9		44.8		31.8		14.0		44.8		14.0		12.3		1.7

				0.0		359.6		152.4		1116.7		17.6		35.9		18.2		29.8		18.2		16.4		1.8

				0.0		423.2		88.8		1122.7		10.0		38.5		20.9		17.3		20.9		19.7		1.2

				0.0		464.3		47.7		1125.8		6.6		40.5		22.8		9.3		22.8		21.9		1.0

				0.0		269.1		242.9		306.1		37.1		32.5		9.3		47.4		9.3		11.6		2.4

				0.0		303.3		208.7		318.0		22.9		34.7		11.6		40.8		11.6		13.4		1.8

				0.0		351.6		160.4		323.4		15.1		36.7		13.6		31.3		13.6		16.0		2.3

				0.0		403.0		109.0		326.9		9.5		38.9		15.9		21.3		15.9		18.7		2.8

				0.0		268.9		243.1		1390.5		79.2		29.2		12.5		47.5		12.5		11.6		0.9

				0.0		338.6		173.4		1446.6		34.8		32.9		16.4		33.9		16.4		15.3		1.1

				0.0		409.6		102.4		1459.5		19.9		35.5		19.0		20.0		19.0		19.0		0.0

				0.0		459.9		52.1		1466.9		12.0		38.0		21.6		10.2		21.6		21.7		0.1

				0.0		281.6		230.4		1638.2		94.8		28.5		12.5		45.0		12.5		12.3		0.2

				0.0		349.2		162.8		1707.1		51.5		31.2		15.4		31.8		15.4		15.8		0.5

				0.0		414.2		97.8		1729.8		30.8		33.5		17.7		19.1		17.7		19.3		1.5

				0.0		458.1		53.9		1740.9		18.4		36.0		20.2		10.5		20.2		21.6		1.3

				0.0		306.1		205.9		1602.5		55.7		30.7		14.6		40.2		14.6		13.6		1.1

				0.0		390.4		121.6		1643.2		23.7		34.5		18.5		23.8		18.5		18.0		0.5

				0.0		450.8		61.2		1660.2		13.2		37.2		21.3		12.0		21.3		21.2		0.1

				0.0		481.9		30.1		1668.2		8.5		39.4		23.5		5.9		23.5		22.8		0.7

				0.0		294.7		217.3		1686.3		71.8		29.7		13.8		42.4		13.8		13.0		0.8

				0.0		375.4		136.6		1749.2		34.0		33.0		17.3		26.7		17.3		17.2		0.1

				0.0		434.4		77.6		1769.7		18.6		35.8		20.1		15.2		20.1		20.3		0.2

				0.0		469.9		42.1		1780.8		11.3		38.3		22.6		8.2		22.6		22.2		0.4

				0.0		280.5		231.5		1090.1		48.1		31.5		13.7		45.2		13.7		12.2		1.5

				0.0		358.3		153.7		1117.9		18.6		35.7		18.0		30.0		18.0		16.3		1.7

				0.0		420.9		91.1		1123.5		10.4		38.3		20.7		17.8		20.7		19.6		1.1

				0.0		461.9		50.1		1127.0		7.1		40.2		22.5		9.8		22.5		21.8		0.8

				0.0		268.2		243.8		308.6		40.1		32.2		9.0		47.6		9.0		11.6		2.6

				0.0		299.9		212.1		320.1		25.0		34.4		11.3		41.4		11.3		13.2		2.0

				0.0		344.8		167.2		324.8		16.4		36.3		13.3		32.7		13.3		15.6		2.3

				0.0		395.7		116.3		328.2		10.3		38.5		15.5		22.7		15.5		18.3		2.8

				0.0		267.8		244.2		1392.3		83.8		29.0		12.3		47.7		12.3		11.6		0.7

				0.0		332.8		179.2		1450.0		37.5		32.6		16.0		35.0		16.0		15.0		1.1

				0.0		404.8		107.2		1461.9		21.0		35.3		18.8		20.9		18.8		18.8		0.0

				0.0		456.1		55.9		1468.2		12.6		37.8		21.4		10.9		21.4		21.5		0.1

				0.0		281.5		230.5		1637.2		98.3		28.3		12.3		45.0		12.3		12.3		0.0

				0.0		342.7		169.3		1709.1		55.0		30.9		15.1		33.1		15.1		15.5		0.4

				0.0		407.6		104.4		1732.4		33.3		33.2		17.4		20.4		17.4		18.9		1.5

				0.0		452.0		60.0		1743.0		20.0		35.6		19.9		11.7		19.9		21.2		1.4

				0.0		303.5		208.5		1606.8		59.1		30.5		14.4		40.7		14.4		13.4		1.0

				0.0		389.2		122.8		1644.2		24.7		34.3		18.4		24.0		18.4		17.9		0.4

				0.0		448.5		63.5		1661.6		13.8		37.0		21.1		12.4		21.1		21.1		0.0

				0.0		479.2		32.8		1670.1		9.2		39.0		23.1		6.4		23.1		22.7		0.4

				0.0		292.9		219.1		1685.0		74.7		29.5		13.6		42.8		13.6		12.9		0.7

				0.0		369.4		142.6		1749.1		36.2		32.7		17.0		27.8		17.0		16.9		0.1

				0.0		429.3		82.7		1771.2		20.1		35.4		19.8		16.2		19.8		20.0		0.3

				0.0		467.0		45.0		1782.4		12.3		37.8		22.2		8.8		22.2		22.0		0.2

																		44.1		14.7		12.5		2.2

																		28.2		18.8		16.8		2.0

																		16.2		21.5		20.0		1.4

																		8.4		23.5		22.1		1.3

																		47.2		9.9		11.7		1.8

																		37.9		12.4		14.2		1.8

																		27.2		14.5		17.1		2.6

																		17.3		16.8		19.7		3.0

																		46.2		13.1		12.0		1.2

																		31.2		17.1		16.0		1.1

																		17.7		19.7		19.6		0.0

																		8.6		22.2		22.1		0.2

																		43.7		12.9		12.6		0.3

																		29.0		16.1		16.6		0.5

																		16.3		18.6		20.0		1.5

																		8.3		21.2		22.2		1.0

																		39.0		15.1		13.9		1.2

																		22.3		19.1		18.4		0.7

																		11.0		21.8		21.4		0.4

																		5.2		24.3		23.0		1.3

																		41.6		14.2		13.2		1.1

																		24.1		18.0		17.9		0.1

																		13.3		20.9		20.8		0.1

																		7.1		23.5		22.5		1.0

																								1.042
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		16x16		1bit		field merge		linear MQ

				274.6		237.4		46.4		1,093.1		38.6		32.4		14.6		4.4

				341.0		171.0		33.4		1,116.0		15.7		36.4		18.7		2.8

				405.0		107.0		20.9		1,122.1		9.0		39.0		21.4		2.1

				451.1		60.9		11.9		1,124.6		5.8		41.2		23.5		1.7

				255.0		257.0		50.2		305.5		31.0		33.3		10.0		4.3

				269.4		242.6		47.4		316.9		18.4		35.6		12.5		3.3

				294.6		217.4		42.5		322.1		11.6		37.8		14.7		2.5

				325.1		186.9		36.5		325.1		7.5		39.9		16.9		2.0

				266.6		245.4		47.9		1,398.9		66.8		30.0		13.3		6.4

				342.5		169.5		33.1		1,447.1		28.2		33.9		17.3		4.1

				410.7		101.3		19.8		1,459.7		16.7		36.4		19.9		3.0

				460.3		51.7		10.1		1,466.7		10.1		39.0		22.5		2.2

				268.5		243.5		47.6		1,643.2		87.3		28.8		12.8		6.9

				322.1		189.9		37.1		1,707.9		42.8		32.0		16.2		4.8

				380.8		131.2		25.6		1,728.9		24.8		34.5		18.7		3.6

				429.8		82.2		16.0		1,738.7		15.1		36.9		21.1		2.7

				287.0		225.0		44.0		1,514.8		53.8		30.9		14.6		5.2

				372.3		139.7		27.3		1,558.3		22.5		34.8		18.6		3.3

				431.4		80.6		15.7		1,573.9		12.5		37.7		21.5		2.4

				471.3		40.7		7.9		1,581.7		7.7		40.2		24.0		1.9

				279.3		232.7		45.4		2,464.5		83.1		29.0		14.8		6.3

				342.7		169.3		33.1		2,540.5		36.0		32.8		18.7		4.2

				406.1		105.9		20.7		2,564.4		20.0		35.6		21.5		3.1

				447.1		64.9		12.7		2,575.2		12.3		38.0		23.9		2.3

		16x32		1bit		field merge		linear MQ

				129.3		126.7		49.5		1,520.2		38.4		32.4		16.1		4.9

				151.5		104.5		40.8		1,547.6		15.6		36.4		20.2		3.1

				176.6		79.4		31.0		1,555.4		8.9		39.1		22.9		2.3

				198.4		57.6		22.5		1,559.1		5.7		41.2		25.0		1.8

				127.7		128.3		50.1		267.0		27.1		33.9		10.0		4.4

				126.3		129.7		50.7		277.4		16.5		36.1		12.4		3.4

				131.7		124.3		48.6		282.8		10.4		38.3		14.7		2.6

				131.4		124.6		48.7		286.1		6.9		40.3		16.7		2.0

				129.0		127.0		49.6		1,428.6		66.8		30.0		13.4		6.6

				143.3		112.7		44.0		1,476.1		28.1		33.9		17.4		4.1

				171.8		84.2		32.9		1,487.3		16.6		36.4		20.0		3.1

				195.2		60.8		23.8		1,493.3		10.1		39.1		22.7		2.3

				130.5		125.5		49.0		2,172.6		87.1		28.8		14.0		7.5

				141.3		114.7		44.8		2,250.3		42.7		32.0		17.4		5.3

				161.1		94.9		37.1		2,275.1		24.8		34.5		19.9		4.0

				180.0		76.0		29.7		2,287.4		15.0		36.9		22.4		3.0

				135.1		120.9		47.2		1,756.4		53.7		30.9		15.2		5.8

				168.0		88.0		34.4		1,808.4		22.4		34.9		19.3		3.8

				192.5		63.5		24.8		1,826.2		12.4		37.8		22.2		2.7

				214.2		41.8		16.3		1,836.9		7.6		40.2		24.8		2.1

				132.8		123.2		48.1		3,866.0		82.9		29.0		16.8		7.3

				154.7		101.3		39.6		3,973.7		35.9		32.8		20.7		4.7

				183.2		72.8		28.4		4,006.2		19.8		35.6		23.5		3.4

				203.5		52.5		20.5		4,021.1		12.2		38.1		26.0		2.6

		32x32		1bit		field merge		linear MQ

				84.6		43.4		33.9		1,699.7		38.6		32.4		16.5		4.8

				105.0		23.0		18.0		1,724.3		15.9		36.3		20.6		3.1

				118.4		9.6		7.5		1,731.9		9.2		38.9		23.1		2.3

				124.1		3.9		3.0		1,735.6		6.1		40.9		25.2		1.8

				74.7		53.3		41.6		297.7		27.2		33.9		10.4		4.4

				100.6		27.4		21.4		308.5		16.6		36.1		12.8		3.4

				117.1		10.9		8.5		313.8		10.5		38.3		15.1		2.7

				123.1		4.9		3.8		317.0		7.0		40.3		17.1		2.1

				97.9		30.1		23.5		1,147.6		67.2		29.9		12.4		6.3

				119.6		8.4		6.5		1,187.6		28.5		33.8		16.4		3.9

				125.1		2.9		2.3		1,196.8		17.0		36.3		18.9		2.9

				126.8		1.2		0.9		1,201.2		10.5		38.8		21.5		2.3

				90.1		37.9		29.6		2,038.8		87.5		28.8		13.8		6.7

				116.1		11.9		9.3		2,102.4		43.2		31.9		17.0		4.7

				125.5		2.5		2.0		2,124.5		25.1		34.4		19.5		3.5

				126.8		1.2		0.9		2,134.3		15.5		36.7		21.9		2.7

				89.1		38.9		30.4		1,551.1		54.3		30.9		14.6		5.1

				113.9		14.1		11.0		1,593.0		23.0		34.7		18.6		3.3

				123.8		4.2		3.3		1,608.9		12.9		37.5		21.4		2.5

				126.5		1.5		1.2		1,617.2		8.1		39.8		23.8		2.0

				91.6		36.4		28.4		3,902.1		83.4		29.0		16.8		7.0

				116.1		11.9		9.3		3,999.8		36.5		32.7		20.6		4.6

				124.0		4.0		3.2		4,028.6		20.5		35.4		23.3		3.4

				125.8		2.2		1.7		4,041.7		12.9		37.7		25.6		2.6

		64x64		1bit		field merge		linear MQ

				21.8		10.2		31.9		1,927.9		38.5		32.4		17.0		4.5

				27.7		4.3		13.3		1,947.4		15.7		36.4		21.1		2.9

				30.4		1.6		5.0		1,953.5		9.0		39.0		23.7		2.2

				31.6		0.4		1.4		1,956.1		5.9		41.1		25.8		1.8

				19.4		12.6		39.4		340.1		27.3		33.9		11.0		4.5

				26.2		5.8		18.2		350.2		16.6		36.1		13.3		3.6

				29.6		2.4		7.5		355.9		10.5		38.3		15.6		2.7

				30.6		1.4		4.3		358.8		7.0		40.3		17.6		2.1

				24.6		7.4		23.1		1,271.4		66.9		30.0		12.9		6.2

				30.6		1.4		4.5		1,309.8		28.3		33.8		16.9		4.0

				31.6		0.4		1.1		1,318.3		16.9		36.3		19.4		3.0

				31.8		0.2		0.6		1,322.5		10.3		38.9		22.0		2.3

				24.8		7.2		22.6		2,455.2		87.4		28.8		14.5		5.4

				30.7		1.3		4.1		2,495.5		42.9		32.0		17.8		3.9

				31.9		0.1		0.4		2,510.8		24.9		34.4		20.3		2.9

				31.9		0.1		0.3		2,519.1		15.2		36.8		22.7		2.2

				23.2		8.8		27.5		1,631.1		54.0		30.9		14.8		3.7

				29.0		3.0		9.4		1,654.2		22.7		34.8		18.8		2.5

				31.4		0.6		2.0		1,660.6		12.6		37.6		21.7		2.0

				31.7		0.3		0.8		1,663.2		7.8		40.0		24.1		1.6

				23.8		8.2		25.7		4,969.7		83.2		29.0		17.9		7.1

				29.5		2.5		7.7		5,063.8		36.3		32.8		21.7		4.6

				31.4		0.6		1.9		5,089.4		20.1		35.5		24.4		3.3

				31.8		0.2		0.7		5,101.3		12.5		37.9		26.8		2.5

		32x32		4bit		field merge		linear MQ

				341.1		170.9		33.4		1,701.7		39.1		32.3		16.5		4.8

				429.1		82.9		16.2		1,725.0		16.7		36.1		20.3		3.2

				482.4		29.6		5.8		1,732.7		10.2		38.3		22.6		2.4

				500.2		11.8		2.3		1,736.0		7.2		40.0		24.2		2.0

				319.7		192.3		37.6		298.4		27.3		33.8		10.4		4.4

				416.8		95.2		18.6		308.2		16.9		36.0		12.7		3.5

				475.9		36.1		7.1		314.0		10.7		38.2		15.0		2.7

				497.6		14.4		2.8		317.4		7.3		40.0		16.9		2.1

				396.3		115.7		22.6		1,148.7		68.0		29.9		12.4		6.4

				484.4		27.6		5.4		1,188.5		29.5		33.6		16.2		4.1

				501.8		10.2		2.0		1,198.2		18.2		35.9		18.6		3.0

				508.7		3.3		0.7		1,202.9		11.7		38.1		20.8		2.5

				365.4		146.6		28.6		2,040.8		88.6		28.7		13.7		6.7

				468.5		43.5		8.5		2,103.7		44.3		31.8		16.9		4.8

				499.9		12.1		2.4		2,125.8		26.5		34.1		19.3		3.7

				506.9		5.1		1.0		2,137.1		16.8		36.3		21.5		2.9

				367.1		144.9		28.3		1,551.3		55.3		30.8		14.5		5.1

				464.0		48.0		9.4		1,595.1		24.7		34.4		18.3		3.5

				497.1		14.9		2.9		1,611.2		14.6		36.8		20.8		2.8

				507.1		4.9		1.0		1,619.1		9.8		38.7		22.7		2.3

				366.4		145.6		28.4		3,901.7		85.2		28.9		16.7		7.1

				461.0		51.0		10.0		3,998.1		38.6		32.4		20.3		4.8

				489.5		22.5		4.4		4,026.9		22.7		34.9		22.8		3.7

				499.5		12.5		2.4		4,041.2		15.1		36.8		24.7		2.9

		512x256		512bit		field merge		linear MQ

				344.1		167.9		32.8		2,378.2		41.3		32.1		17.7		4.6

				450.3		61.7		12.0		2,403.8		20.4		35.1		20.8		3.4

				500.7		11.3		2.2		2,411.9		14.7		36.6		22.3		2.9

				507.1		4.9		1.0		2,415.8		12.1		37.4		23.1		2.7

				336.9		175.1		34.2		287.5		27.7		33.8		10.2		4.1

				446.7		65.3		12.8		297.6		17.6		35.8		12.4		3.2

				498.5		13.5		2.6		302.7		11.9		37.7		14.3		2.6

				505.2		6.8		1.3		305.2		8.4		39.2		15.9		2.2

				404.5		107.5		21.0		1,763.1		73.3		29.5		13.9		6.7

				499.0		13.0		2.5		1,815.9		35.5		32.8		17.2		4.6

				509.4		2.6		0.5		1,830.6		25.0		34.3		18.8		3.9

				510.4		1.6		0.3		1,837.4		18.9		35.6		20.1		3.3

				402.7		109.3		21.4		2,913.2		93.0		28.5		15.0		7.2

				503.7		8.3		1.6		2,985.3		48.9		31.3		18.0		5.3

				510.7		1.3		0.3		3,008.1		31.6		33.3		19.9		4.2

				510.9		1.1		0.2		3,018.3		22.2		34.9		21.5		3.6

				387.1		124.9		24.4		3,218.8		62.5		30.2		17.2		5.7

				491.9		20.1		3.9		3,266.4		31.5		33.2		20.2		4.2

				509.2		2.8		0.6		3,282.8		21.9		34.8		21.9		3.6

				510.3		1.7		0.3		3,290.9		17.4		35.9		22.9		3.2

				393.6		118.4		23.1		5,518.2		90.7		28.6		17.9		6.7

				496.4		15.6		3.1		5,605.9		45.3		31.7		21.0		4.9

				510.2		1.8		0.4		5,634.0		29.9		33.5		22.9		4.1

				510.9		1.1		0.2		5,646.8		22.6		34.8		24.2		3.6

		16x16		2bit		field merge		linear MQ

				554.1		469.9		45.9		1,093.6		38.6		32.4		14.6		4.4

				686.2		337.8		33.0		1,115.9		15.8		36.4		18.7		2.8

				812.4		211.6		20.7		1,121.9		9.1		39.0		21.3		2.1

				909.1		114.9		11.2		1,124.7		5.9		41.1		23.4		1.7

				518.2		505.8		49.4		159.9		27.2		33.9		7.7		4.0

				548.3		475.7		46.5		170.4		16.7		36.1		10.2		3.1

				617.2		406.8		39.7		175.6		10.5		38.3		12.6		2.4

				701.5		322.5		31.5		177.8		7.0		40.3		14.6		1.9

				541.8		482.2		47.1		1,398.8		66.7		30.0		13.3		6.4

				683.0		341.0		33.3		1,447.7		28.3		33.8		17.3		4.1

				825.7		198.3		19.4		1,459.9		16.8		36.3		19.8		3.0

				927.9		96.1		9.4		1,466.7		10.2		38.9		22.5		2.3

				538.2		485.8		47.4		1,642.9		87.5		28.8		12.8		6.9

				646.9		377.1		36.8		1,707.5		42.9		32.0		16.2		4.8

				768.0		256.0		25.0		1,728.8		24.9		34.4		18.7		3.6

				867.3		156.7		15.3		1,739.1		15.2		36.8		21.1		2.7

				577.2		446.8		43.6		1,515.1		53.9		30.9		14.6		5.2

				738.9		285.1		27.8		1,558.8		22.7		34.8		18.6		3.3

				866.4		157.6		15.4		1,574.0		12.6		37.6		21.5		2.4

				947.4		76.6		7.5		1,582.1		7.9		40.0		23.9		1.9

				562.0		462.0		45.1		2,463.7		83.3		29.0		14.8		6.4

				697.8		326.2		31.9		2,540.5		36.3		32.7		18.7		4.2

				820.0		204.0		19.9		2,564.4		20.2		35.5		21.4		3.1

				899.3		124.7		12.2		2,575.2		12.6		37.8		23.8		2.4
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		32x32 1bit nonlinear

				224.3		105.7		32.0		1782.5		29.0		33.6		18.0		4.4		33.5904083308

				284.1		45.9		13.9		1805.8		12.7		37.3		21.8		2.8		37.3236543419

				314.4		15.6		4.7		1812.2		7.7		39.7		24.1		2.2		39.6723578895

				324.2		5.8		1.8		1815.5		5.3		41.5		25.9		1.8		41.4520898878

				210.7		119.3		36.2		478.9		27.6		33.8		12.5		4.3		33.7829606376

				266.6		63.4		19.2		488.9		17.2		35.9		14.7		3.4		35.9278672211

				302.7		27.3		8.3		494.5		10.8		38.1		16.9		2.6		38.128571013

				318.6		11.4		3.4		497.4		7.1		40.1		19.0		2.1		40.1359815506

				251.8		78.2		23.7		1501.4		67.0		30.0		13.6		6.7		29.9506016168

				306.4		23.6		7.2		1545.2		28.6		33.8		17.5		4.1		33.7776748087

				322.5		7.5		2.3		1555.7		17.2		36.2		20.0		3.0		36.2047835104

				326.5		3.5		1.1		1560.7		10.6		38.7		22.5		2.3		38.7006547558

				230.9		99.1		30.0		1811.5		89.1		28.7		13.2		7.0		28.7151652084

				298.3		31.7		9.6		1877.6		44.4		31.8		16.4		4.9		31.8170838169

				322.9		7.1		2.1		1897.9		25.7		34.3		19.0		3.8		34.3011290839

				327.1		2.9		0.9		1909.2		15.6		36.7		21.4		2.8		36.6939431282

				234.8		95.2		28.8		1980.4		53.6		30.9		15.8		4.9		30.9222970928

				294.7		35.3		10.7		2026.6		23.6		34.6		19.6		3.4		34.6210789377

				319.3		10.7		3.2		2045.0		13.4		37.3		22.3		2.5		37.3425336124

				325.9		4.1		1.2		2052.8		8.6		39.6		24.6		2.0		39.5693689528

				234.7		95.3		28.9		3350.8		88.8		28.7		15.8		7.6		28.7269873678

				305.1		24.9		7.5		3454.5		40.5		32.2		19.5		5.2		32.2366212386

				323.4		6.6		2.0		3486.7		23.0		34.9		22.2		3.8		34.8673742811

				326.7		3.3		1.0		3500.5		14.3		37.2		24.5		3.0		37.1781967502

		16x32 1bit nonlinear

				452.2		207.8		31.5		1567.8		29.9		33.5		17.3		4.5

				596.9		63.1		9.6		1591.8		14.0		36.8		20.7		3.0

				640.4		19.6		3.0		1599.2		9.1		38.8		22.7		2.4

				650.8		9.2		1.4		1602.7		6.8		40.2		24.1		2.0

				409.7		250.3		37.9		489.2		27.7		33.8		12.5		4.3

				540.5		119.5		18.1		500.3		17.4		35.9		14.7		3.4

				619.0		41.0		6.2		506.2		11.1		38.0		16.9		2.7

				645.0		15.0		2.3		509.9		7.5		39.9		18.8		2.1

				518.0		142.0		21.5		1571.3		68.3		29.9		13.7		6.8

				625.6		34.4		5.2		1619.7		29.9		33.6		17.5		4.4

				649.3		10.7		1.6		1630.8		18.6		35.8		19.8		3.3

				655.1		4.9		0.7		1637.2		12.2		37.9		21.9		2.6

				469.0		191.0		28.9		1978.7		90.9		28.6		13.5		8.1

				613.6		46.4		7.0		2064.4		46.1		31.6		16.7		5.7

				650.3		9.7		1.5		2091.8		27.5		34.0		19.0		4.4

				656.9		3.1		0.5		2105.6		17.4		36.1		21.2		3.4

				481.8		178.2		27.0		1943.9		55.7		30.7		15.5		5.9

				601.2		58.8		8.9		1999.1		25.7		34.2		19.1		4.0

				643.6		16.4		2.5		2019.2		15.5		36.6		21.5		3.1

				653.3		6.7		1.0		2028.9		10.7		38.4		23.3		2.5

				467.9		192.1		29.1		3295.6		90.9		28.6		15.7		7.9

				616.3		43.7		6.6		3406.3		43.1		31.9		19.1		5.4

				650.6		9.4		1.4		3441.4		25.7		34.3		21.5		4.1

				655.6		4.4		0.7		3456.9		17.1		36.2		23.5		3.3

		16x32 2bit nonlinear

				452.9166666667		207.1		31.4		1568.5216666667		31.1126666667		33.2716666667		17.0943333333		4.5716666667

				598.2666666667		61.7		9.4		1593.2516666667		15.902		36.2456666667		20.137		3.1913333333

				642.15		17.9		2.7		1601.215		11.028		37.8843333333		21.7983333333		2.5706666667

				651.8		8.2		1.2		1604.804		8.8546666667		38.8693333333		22.7916666667		2.255

				407.1666666667		252.8		38.3		489.8366666667		27.8306666667		33.7446666667		12.4996666667		4.3413333333

				539.8		120.2		18.2		501.105		17.7		35.7826666667		14.6363333333		3.446

				619.6166666667		40.4		6.1		506.7703333333		11.4583333333		37.8066666667		16.7116666667		2.723

				645.8833333333		14.1		2.1		510.5386666667		7.8673333333		39.5816666667		18.5193333333		2.1696666667

				521.7		138.3		21.0		1573.0196666667		69.7423333333		29.768		13.6026666667		6.86

				629.05		31.0		4.7		1622.275		31.454		33.3106666667		17.2803333333		4.483

				651.0333333333		9.0		1.4		1633.5226666667		20.3936666667		35.3013333333		19.302		3.5373333333

				655.8666666667		4.1		0.6		1639.8156666667		14.159		37.069		21.0856666667		2.889

				469.7166666667		190.3		28.8		1978.3463333333		93.0653333333		28.523		13.3523333333		8.208

				613.35		46.7		7.1		2067.147		47.991		31.4453333333		16.4666666667		5.8636666667

				650.25		9.8		1.5		2094.8726666667		29.6256666667		33.608		18.6873333333		4.5673333333

				656.5166666667		3.5		0.5		2108.0403333333		19.6766666667		35.4893333333		20.597		3.6266666667

				474.7333333333		185.3		28.1		1944.9983333333		58.6426666667		30.513		15.27		6.0363333333

				599.8833333333		60.1		9.1		2001.8353333333		28.366		33.737		18.621		4.2676666667

				643.95		16.1		2.4		2022.244		18.2793333333		35.745		20.6716666667		3.403

				653.75		6.3		0.9		2032.072		13.545		37.122		22.069		2.8826666667

				478.6333333333		181.4		27.5		3293.0793333333		93.4443333333		28.493		15.5366666667		8.068

				618.1166666667		41.9		6.3		3406.007		46.0816666667		31.625		18.8153333333		5.619

				649.3833333333		10.6		1.6		3443.1666666667		28.7276666667		33.7473333333		20.9856666667		4.3663333333

				654.55		5.5		0.8		3458.0356666667		20.3393333333		35.3303333333		22.5863333333		3.6356666667

		16x32 4bit nonlinear

				462.3833333333		197.6		29.9		1571.334		33.6666666667		32.9133333333		16.7446666667		4.7383333333

				603.9416666667		56.1		8.5		1597.395		19.335		35.3426666667		19.2453333333		3.4996666667

				644.2666666667		15.7		2.4		1605.9016666667		14.7793333333		36.5293333333		20.4533333333		2.9706666667

				652.5		7.5		1.1		1609.7743333333		12.7653333333		37.171		21.1066666667		2.7113333333

				412.175		247.8		37.5		490.3046666667		28.272		33.6683333333		12.4296666667		4.3713333333

				542.3083333333		117.7		17.8		501.8086666667		18.2756666667		35.6416666667		14.5026666667		3.4806666667

				619.825		40.2		6.1		507.7113333333		12.2456666667		37.4683333333		16.3803333333		2.816

				645.3		14.7		2.2		511.5643333333		8.681		39.065		18.011		2.2796666667

				521.4333333333		138.6		21.0		1575.866		72.78		29.5733333333		13.4166666667		7.0263333333

				630.6666666667		29.3		4.4		1626.741		34.968		32.811		16.7923333333		4.7583333333

				651.7		8.3		1.3		1638.855		24.0856666667		34.4823333333		18.4983333333		3.9043333333

				656.0583333333		3.9		0.6		1645.6626666667		18.1723333333		35.797		19.829		3.3313333333

				467.6916666667		192.3		29.1		1977.8666666667		97.0393333333		28.3326666667		13.1603333333		8.3786666667

				616.125		43.9		6.6		2070.7213333333		52.3506666667		31.0473333333		16.077		6.1196666667

				650.9		9.1		1.4		2099.8826666667		34.161		32.9303333333		18.0206666667		4.8896666667

				657.2083333333		2.8		0.4		2113.3033333333		24.4743333333		34.43		19.5476666667		4.047

				481.6166666667		178.4		27.0		1945.7803333333		63.5796666667		30.148		14.9053333333		6.3356666667

				608.9583333333		51.0		7.7		2006.6516666667		33.062		33.0296666667		17.9226666667		4.6673333333

				646.7166666667		13.3		2.0		2028.306		23.4616666667		34.5556666667		19.496		3.9146666667

				654.4916666667		5.5		0.8		2038.2896666667		18.8133333333		35.544		20.506		3.453

				481.5583333333		178.4		27.0		3291.774		98.5773333333		28.249		15.2913333333		8.2866666667

				622.0333333333		38.0		5.8		3410.473		51.8083333333		31.0796666667		18.2763333333		5.925

				649.7833333333		10.2		1.5		3447.2273333333		35.0016666667		32.812		20.054		4.771

				654.0833333333		5.9		0.9		3462.6363333333		26.916		33.982		21.242		4.13





		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		32x32 1bit

				224.7		105.3		31.9		1781.8		29.4		33.5		17.9		4.4		1.931412601		2.2846835856

				286.0		44.0		13.3		1806.2		12.0		37.6		22.0		2.8		1.9446148198		1.4292461957

				315.3		14.7		4.5		1811.0		7.4		39.9		24.3		2.1		1.9471982889		1.0952488398

				323.6		6.4		1.9		1812.8		5.3		41.5		25.9		1.8		1.9481752293		0.902211793

				210.6		119.4		36.2		477.6		27.9		33.7		12.4		4.4		1		4.4073333333

				270.6		59.4		18.0		489.1		16.2		36.2		15.0		3.3		1.0119209919		3.2808885541

				307.3		22.7		6.9		493.5		10.2		38.3		17.1		2.6		1.0165130193		2.5577636003

				318.1		11.9		3.6		495.1		6.9		40.2		19.0		2.1		1.0181151816		2.0626349926

				252.8		77.2		23.4		1498.8		68.7		29.8		13.5		6.8		1.7714469266		3.8552288702

				310.3		19.7		6.0		1545.0		27.6		34.0		17.7		4.2		1.7985371655		2.3209602857

				326.3		3.7		1.1		1554.3		15.4		36.8		20.5		3.0		1.8039356418		1.6730086873

				327.9		2.1		0.6		1555.6		10.1		38.9		22.7		2.4		1.8046711177		1.3176916152

				231.1		98.9		30.0		1807.0		92.4		28.6		13.0		7.1		1.9450551145		3.6693047651

				299.0		31.0		9.4		1875.8		44.5		31.8		16.4		5.0		1.9817528236		2.5098992875

				323.9		6.1		1.8		1899.2		24.0		34.7		19.3		3.6		1.99403591		1.8266137109

				327.7		2.3		0.7		1906.9		14.8		37.0		21.6		2.8		1.9980863658		1.4165220192

				235.5		94.5		28.6		1977.2		55.3		30.8		15.6		5.0		2.0345691485		2.4571950956

				297.2		32.8		9.9		2027.8		22.0		35.0		19.9		3.3		2.0604443622		1.5994931613

				321.5		8.5		2.6		2042.9		12.6		37.6		22.6		2.5		2.0680975691		1.209968703

				326.2		3.8		1.2		2049.3		8.5		39.6		24.6		2.0		2.0713300165		0.982621464

				233.5		96.5		29.3		3339.6		91.7		28.6		15.7		7.8		2.6442232202		2.9338168606

				307.2		22.8		6.9		3453.2		40.5		32.3		19.5		5.2		2.6888428531		1.9197849343

				323.7		6.3		1.9		3486.5		21.6		35.2		22.5		3.8		2.7017474571		1.389224342

				327.9		2.1		0.6		3499.5		13.5		37.4		24.8		2.9		2.7067729334		1.0758198311

		32x32 4bit

				885.4		434.6		32.9		7130.0		120.5		133.7		71.2

				1153.8		166.2		12.6		7226.2		51.9		148.8		86.6

				1270.4		49.6		3.8		7248.0		33.9		156.6		94.4

				1297.9		22.1		1.7		7255.3		25.8		161.7		99.5

				824.7		495.3		37.5		1912.2		112.1		134.9		49.5

				1080.9		239.1		18.1		1958.3		65.7		144.6		59.6

				1231.7		88.3		6.7		1975.6		41.9		152.9		68.1

				1283.9		36.1		2.7		1981.6		28.7		160.1		75.4

				1004.8		315.2		23.9		5997.0		278.5		119.1		53.6

				1243.1		76.9		5.8		6184.2		114.9		135.1		70.1

				1303.6		16.4		1.2		6221.8		66.4		145.4		80.5

				1312.3		7.7		0.6		6228.2		45.5		152.7		87.9

				920.4		399.6		30.3		7224.5		374.9		114.0		51.7

				1204.3		115.7		8.8		7511.6		183.6		126.7		65.1

				1296.3		23.7		1.8		7600.9		101.6		137.5		76.1

				1310.7		9.3		0.7		7634.8		65.1		145.8		84.5

				943.8		376.2		28.5		7910.1		227.9		122.6		61.9

				1199.2		120.8		9.2		8115.8		94.9		138.4		78.2

				1289.6		30.4		2.3		8179.5		56.8		147.9		87.8

				1307.4		12.6		1.0		8206.4		40.5		154.3		94.3

				944.2		375.8		28.5		13354.4		372.8		114.0		62.5

				1224.8		95.2		7.2		13811.5		170.0		128.1		77.1

				1294.2		25.8		2.0		13946.0		94.9		138.8		88.0

				224.7		105.3		31.9		1781.8		29.4		33.5		17.9

				286.0		44.0		13.3		1806.2		12.0		37.6		22.0

				315.3		14.7		4.5		1811.0		7.4		39.9		24.3

				323.6		6.4		1.9		1812.8		5.3		41.5		25.9

				210.6		119.4		36.2		477.6		27.9		33.7		12.4

				270.6		59.4		18.0		489.1		16.2		36.2		15.0

				307.3		22.7		6.9		493.5		10.2		38.3		17.1

				318.1		11.9		3.6		495.1		6.9		40.2		19.0

				252.8		77.2		23.4		1498.8		68.7		29.8		13.5

				310.3		19.7		6.0		1545.0		27.6		34.0		17.7

				326.3		3.7		1.1		1554.3		15.4		36.8		20.5

				327.9		2.1		0.6		1555.6		10.1		38.9		22.7

				231.1		98.9		30.0		1807.0		92.4		28.6		13.0

				299.0		31.0		9.4		1875.8		44.5		31.8		16.4

				323.9		6.1		1.8		1899.2		24.0		34.7		19.3

				327.7		2.3		0.7		1906.9		14.8		37.0		21.6

				235.5		94.5		28.6		1977.2		55.3		30.8		15.6

				297.2		32.8		9.9		2027.8		22.0		35.0		19.9

				321.5		8.5		2.6		2042.9		12.6		37.6		22.6

				326.2		3.8		1.2		2049.3		8.5		39.6		24.6

				233.5		96.5		29.3		3339.6		91.7		28.6		15.7

				307.2		22.8		6.9		3453.2		40.5		32.3		19.5

				323.7		6.3		1.9		3486.5		21.6		35.2		22.5

				327.9		2.1		0.6		3499.5		13.5		37.4		24.8

				244.7		85.3		25.8		485.8		10.5		38.1		16.8

				296.2		33.8		10.3		492.4		5.7		40.8		19.6

				318.1		11.9		3.6		495.2		3.9		42.7		21.5

				323.7		6.3		1.9		496.7		2.9		44.1		22.9

				220.5		109.5		33.2		682.1		28.5		33.7		13.9

				274.9		55.1		16.7		691.8		12.2		37.5		17.8

				305.6		24.4		7.4		695.0		7.4		39.8		20.1

				321.6		8.4		2.5		696.6		5.2		41.5		21.8

				285.7		44.3		13.4		1255.1		35.0		32.8		15.7

				314.7		15.3		4.6		1273.3		14.4		37.0		19.9

				325.0		5.0		1.5		1279.0		8.6		39.5		22.4

				327.7		2.3		0.7		1280.5		5.9		41.3		24.2

				209.0		121.0		36.7		452.5		7.9		39.2		17.7

				273.5		56.5		17.1		455.9		4.5		41.8		20.2

				314.7		15.3		4.6		457.2		3.1		43.5		22.0

				320.2		9.8		3.0		457.6		2.4		44.8		23.2

				208.6		121.4		36.8		411.4		14.0		36.9		13.1

				267.2		62.8		19.0		413.6		6.3		40.4		16.7

				305.4		24.6		7.5		414.4		4.1		42.3		18.6

				321.3		8.7		2.6		414.7		3.1		43.5		19.8
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