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Central Limit Theorem and Confidence Interval

Central Limit Theorem state that given any distribution, the sample mean of a random sample of size 
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 from this distribution has a Normal distribution when 
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 is large enough. This is true for distribution of any shape: skew, multi-modal etc. This is the basis for confidence intervals constructed using the Student’s t distribution. Repeated sampling from this distribution, 95% (or any other confidence level) of the time, the true mean of the distribution will be in the confidence interval constructed.

We will illustrate these ideas with a simple program in Excel macro. There are 3 different files each using a different underlying distribution. CLT1.xls sample from a population of 510 observations from a reasonably symmetric, unimodal distribution with population mean 75.9 (see table 1). CLT2.xls sample from a population of 510 observations from a gamma distribution which is positively skewed and unimodal with population mean of 50.0 (see table 2). CLT3.xls sample from a population of 510 observations from a beta distribution which is bimodal with population mean of 69.7 (see table 3). The data in each workbook are hidden in case accidental changes but a histogram for the set of data is shown in the worksheet “histogram”.

The worksheet “sample” is the main sampling and calculation page. The sheets are protected and only cells highlighted in yellow can be change. Parameters that can be change include a 3 digit number use as seed when sampling using ID no. (see sampling method 1 below), the sample size 
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 and the confidence level. Sampling from the population can be done in two different ways:

1. Students can use their own three digit numbers to select a sample of given sample size. Take the last two digits of this number and divided by 2 give the starting row after truncation (e.g. the number 175 will use row 37). The left most digit determine the starting column. Sample are taken starting from the number determined by the row and column calculated. The subsequent 
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 numbers in the same column (looping back to row 1 if end of table is reach) are sample. All these can be done by entering the three digits number at the top yellow box and click “Sample using ID no.”

2. A random sample (sample with replacement) can be obtained using Excel built in random number function. This can be done by clicking the button: “Sample using Random no.”. The sample can be seen in row 5 of the sheet (third non-empty row).

After each button is click, the mean, standard deviation, standard error and confidence interval will be calculated. These are recorded into a hidden worksheet and the cumulated success rate (i.e. true mean within the confidence interval) will be calculated and shown in the top right corner of the sheet. The button “Sample using all ID no.” will step through all 500 ID no. and the button “100 Sample using Random no.” will generate 100 samples using the “Sample using Random no.” algorithm. The “Clear Record” will reset the hidden record sheet and start all over again.

A histogram of how the sample mean in the hidden record sheet can be found on the last worksheet “ sample mean” This is the sampling distribution of the sample mean. Also the first 30 confidence intervals are plotted in the worksheet “confidence interval” and can be used to show that some samples will generate confidence intervals that have different precision (width of confidence interval) and some may not contain the true population mean. This is also quite good at showing how changes in sample size and confidence level affect the precision of the intervals. (Clear the record and for each combination of sample size and confidence level, obtain 5-10 samples. Then repeat with a different combination and compare.) A different plot of confidence intervals can be generated using the macro “plotC” under the tool=>macro menu or using the hot key “Ctrl + p”. An input box will ask you how many confidence intervals you want to plot (and compare) and the plot generated will be in a new sheet “My CI”.

A small problem with this program is that sample size equal 1 leads to errors in the calculation of confidence intervals due to errors when calculating the standard deviations. However, the histogram for sample mean can still be used (which should look similar to the histogram for the data).
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Table 1: Data for CLT1.xls
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Table 2: Data for CLT2.xls
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				0		1		2		3		4		5		6		7		8		9

		0		78		66		58		58		87		74		75		79		84		63

		1		93		77		76		58		73		69		65		74		69		81

		2		83		64		68		85		58		73		59		66		80		76

		3		83		59		83		53		70		76		65		67		79		65

		4		93		70		92		62		77		64		88		60		70		76

		5		64		90		82		92		84		77		71		74		92		68

		6		57		93		78		78		73		69		67		69		69		76

		7		89		81		79		75		91		68		77		56		71		71

		8		65		67		76		63		87		81		60		74		87		101

		9		83		74		70		109		89		83		67		79		59		102

		10		74		58		72		87		84		74		73		81		71		78

		11		86		66		57		80		73		84		54		74		70		92

		12		69		73		76		83		77		67		95		51		60		72

		13		75		88		68		60		77		93		92		65		93		77

		14		72		68		97		64		63		60		54		89		80		74

		15		66		65		84		77		93		63		76		87		85		101

		16		87		67		66		66		111		126		87		88		62		68

		17		62		78		80		72		62		65		64		72		78		75

		18		73		83		81		75		78		93		64		74		85		72

		19		53		71		69		92		88		75		75		61		74		88

		20		74		89		101		87		64		75		53		81		78		87

		21		66		55		94		66		75		61		72		79		66		65

		22		79		63		78		72		72		67		70		65		78		95

		23		61		61		75		61		86		54		77		75		81		86

		24		80		78		89		83		66		78		84		88		70		69

		25		73		65		82		83		115		76		89		84		71		74

		26		73		86		80		82		86		68		80		72		72		92

		27		72		71		74		79		74		91		81		78		69		80

		28		76		72		89		92		76		91		68		63		72		78

		29		53		69		82		71		84		84		70		72		89		78

		30		72		61		95		77		66		84		59		95		79		87

		31		68		78		78		80		68		82		78		79		74		74

		32		85		80		69		89		85		76		70		75		80		66

		33		95		55		94		66		70		89		68		71		78		82

		34		68		78		79		94		71		75		61		86		75		78

		35		86		70		87		61		88		72		62		92		68		71

		36		87		85		67		70		79		74		65		60		79		75

		37		71		80		74		87		70		78		79		69		67		70

		38		73		82		83		79		74		82		72		71		74		68

		39		76		75		86		82		78		68		88		72		85		90

		40		68		75		75		76		64		77		82		78		88		77

		41		91		68		75		127		72		68		83		91		76		92

		42		87		80		78		64		87		60		72		59		81		82

		43		71		73		80		82		78		74		57		82		68		75

		44		99		69		76		76		76		70		89		86		83		80

		45		81		77		95		87		78		72		73		93		79		64

		46		61		80		63		113		66		76		87		71		97		78

		47		86		80		69		60		72		69		63		69		89		81

		48		67		86		86		73		76		63		68		80		64		87

		49		70		73		60		78		74		76		70		84		76		57

		50		79		68		60		99		89		89		70		120		82		71
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				0		1		2		3		4		5		6		7		8		9

		0		65		84		94		84		90		71		79		57		74		70

		1		68		79		95		69		70		76		78		75		59		88

		2		73		69		79		80		70		53		83		83		98		65

		3		80		79		84		67		71		73		77		85		74		83

		4		78		56		64		80		66		81		77		77		62		68

		5		76		87		75		67		79		82		76		82		62		77

		6		94		77		53		73		73		94		94		76		90		78

		7		69		103		77		73		77		73		63		73		65		64

		8		77		74		52		78		85		93		84		71		85		58

		9		91		91		85		82		81		86		94		78		71		67

		10		69		60		68		69		76		100		60		72		89		65

		11		98		58		83		92		72		70		83		74		89		76

		12		71		90		74		103		71		76		80		68		79		67

		13		72		61		64		82		70		93		76		73		76		62

		14		83		91		73		50		90		76		72		51		85		93

		15		67		69		57		92		61		87		63		77		89		104

		16		79		69		81		88		72		70		48		79		85		67

		17		68		81		90		76		89		73		73		88		86		81

		18		69		74		94		71		73		81		92		66		76		83

		19		76		87		72		88		104		70		55		73		85		97

		20		84		78		75		60		57		76		74		55		64		97

		21		63		77		70		72		106		81		100		60		66		90

		22		63		75		88		64		84		90		87		66		76		63

		23		76		71		73		69		75		90		82		94		85		87

		24		74		66		69		81		70		67		74		76		77		71

		25		68		84		72		94		58		73		105		81		83		72

		26		93		67		86		82		74		78		88		84		67		67

		27		81		79		93		97		71		76		78		79		71		71

		28		51		81		78		85		64		94		60		78		54		70

		29		81		89		75		80		95		81		74		79		70		96

		30		68		65		83		67		77		70		78		56		89		89

		31		72		73		71		82		68		94		77		67		69		64

		32		72		77		75		69		82		83		69		79		77		90

		33		74		61		95		83		81		100		78		80		65		74

		34		72		85		80		66		68		65		69		63		78		72

		35		70		82		79		82		68		70		76		78		76		83

		36		67		60		101		77		70		68		90		69		104		85

		37		74		85		77		76		91		69		97		63		78		85

		38		69		77		72		71		63		69		59		56		81		86

		39		63		70		74		62		68		74		87		82		55		69

		40		84		73		71		72		65		84		83		72		92		66

		41		62		76		69		83		50		87		92		72		69		82

		42		63		70		80		94		79		78		75		78		44		62

		43		79		82		76		72		81		74		88		89		84		72

		44		79		60		115		83		55		78		88		71		80		64

		45		88		66		72		71		65		73		84		91		79		79

		46		66		103		53		72		65		60		91		71		65		73

		47		75		73		54		57		75		75		86		65		70		75

		48		95		78		72		77		86		84		63		71		92		79

		49		85		109		72		82		63		82		79		76		44		91

		50		72		66		77		61		62		86		80		44		79		73
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				0		1		2		3		4		5		6		7		8		9

		0		4.0		100.0		99.8		0.1		48.9		8.5		98.7		1.0		71.4		98.7

		1		31.5		99.2		0.2		8.5		97.8		99.7		100.0		89.9		99.9		84.6

		2		100.0		7.4		64.0		100.0		100.0		91.6		0.5		100.0		95.4		100.0

		3		85.1		100.0		98.4		100.0		96.9		3.5		2.7		95.9		0.0		59.8

		4		100.0		1.6		100.0		84.5		1.3		94.6		29.5		94.4		0.8		56.7

		5		100.0		9.4		100.0		27.5		100.0		99.9		94.8		93.6		0.0		45.1

		6		32.5		69.8		43.6		100.0		24.9		66.6		100.0		0.5		0.0		29.2

		7		51.5		87.9		99.7		88.2		10.9		97.4		100.0		85.9		47.0		37.1

		8		57.1		93.3		37.6		98.0		99.6		61.6		100.0		100.0		47.7		64.9

		9		49.1		0.4		0.3		83.7		98.1		56.0		40.8		100.0		93.2		4.9

		10		20.0		72.6		100.0		100.0		100.0		63.9		100.0		99.5		52.6		99.4

		11		0.3		47.0		11.8		77.3		97.1		100.0		46.2		98.8		0.4		0.1

		12		100.0		99.9		99.0		87.7		13.8		70.0		100.0		39.8		3.2		99.8

		13		40.5		0.0		2.4		41.4		0.1		67.0		81.9		8.6		100.0		100.0

		14		64.6		96.9		44.4		84.5		100.0		100.0		99.4		3.5		36.4		100.0

		15		100.0		67.7		83.8		97.8		92.3		100.0		80.2		85.2		13.9		53.4

		16		98.6		100.0		0.0		99.5		90.5		100.0		99.7		64.3		98.6		7.5

		17		62.0		48.8		44.7		100.0		98.6		94.3		99.1		98.2		66.4		52.7

		18		0.9		99.9		83.2		61.6		97.1		100.0		92.2		100.0		87.2		100.0

		19		87.9		98.7		99.8		1.1		98.4		100.0		97.4		100.0		33.8		100.0

		20		99.6		99.9		92.1		100.0		0.0		100.0		82.4		2.5		11.4		98.0

		21		100.0		100.0		90.6		100.0		99.7		99.2		99.9		31.5		98.1		37.1

		22		94.0		96.7		99.8		48.5		67.0		53.7		100.0		96.0		100.0		99.8

		23		100.0		97.9		99.8		44.1		98.8		100.0		66.6		79.4		74.5		77.7

		24		60.9		100.0		51.9		99.1		18.8		25.9		92.7		42.8		100.0		26.1

		25		96.6		90.8		95.2		95.9		100.0		100.0		44.9		55.2		98.9		33.6

		26		99.8		83.7		83.6		28.0		55.4		55.1		66.6		87.7		21.4		22.3

		27		49.7		0.7		3.3		100.0		74.6		58.5		78.8		99.9		8.2		52.8

		28		0.1		98.7		0.5		56.0		99.7		100.0		10.5		81.7		0.4		95.8

		29		99.0		100.0		97.8		10.5		85.9		87.2		70.6		98.1		99.9		99.1

		30		74.9		100.0		52.8		86.2		45.3		100.0		89.9		95.0		97.9		100.0

		31		99.9		88.8		84.7		100.0		83.5		99.9		99.3		53.1		100.0		98.2

		32		99.6		88.4		94.6		40.7		99.9		100.0		100.0		9.4		11.2		63.6

		33		100.0		98.8		95.9		100.0		97.5		89.2		98.9		75.8		1.6		99.4

		34		99.9		1.7		28.6		7.0		98.9		9.1		92.0		94.9		100.0		100.0

		35		100.0		89.5		89.4		97.1		22.1		100.0		12.5		8.8		5.1		76.0

		36		100.0		66.0		13.5		78.8		96.5		90.5		46.8		13.1		38.8		43.2

		37		41.1		3.6		24.6		47.1		0.0		94.9		99.5		40.9		19.8		95.6

		38		99.9		84.5		85.6		100.0		98.8		0.4		56.0		99.1		64.0		84.4

		39		99.4		99.4		27.1		7.4		99.8		100.0		12.7		100.0		26.5		99.6

		40		100.0		99.1		100.0		17.9		92.4		17.3		92.3		58.7		93.2		90.8

		41		99.8		91.0		0.9		100.0		71.1		99.4		100.0		99.9		87.3		0.9

		42		99.7		100.0		27.9		95.8		99.3		90.9		91.4		98.7		99.9		100.0

		43		99.8		25.5		1.7		12.2		0.3		100.0		88.6		4.8		98.5		100.0

		44		8.0		95.2		100.0		93.4		14.9		94.0		97.3		100.0		62.5		100.0

		45		100.0		9.6		100.0		42.7		100.0		36.0		99.6		71.4		42.9		72.3

		46		99.2		99.9		76.7		75.1		3.0		100.0		29.0		96.0		0.3		99.3

		47		99.2		100.0		0.1		83.5		75.2		98.1		78.7		100.0		68.1		99.9

		48		49.4		99.8		83.1		99.3		47.2		1.7		4.6		100.0		10.5		66.3

		49		0.1		0.1		93.5		96.8		98.5		100.0		3.4		97.0		2.8		77.4

		50		95.0		1.0		99.3		100.0		3.5		100.0		8.2		5.0		99.7		100.0
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				0		1		2		3		4		5		6		7		8		9

		0		4.0		100.0		99.8		0.1		48.9		8.5		98.7		1.0		71.4		98.7

		1		31.5		99.2		0.2		8.5		97.8		99.7		100.0		89.9		99.9		84.6

		2		100.0		7.4		64.0		100.0		100.0		91.6		0.5		100.0		95.4		100.0

		3		85.1		100.0		98.4		100.0		96.9		3.5		2.7		95.9		0.0		59.8

		4		100.0		1.6		100.0		84.5		1.3		94.6		29.5		94.4		0.8		56.7

		5		100.0		9.4		100.0		27.5		100.0		99.9		94.8		93.6		0.0		45.1

		6		32.5		69.8		43.6		100.0		24.9		66.6		100.0		0.5		0.0		29.2

		7		51.5		87.9		99.7		88.2		10.9		97.4		100.0		85.9		47.0		37.1

		8		57.1		93.3		37.6		98.0		99.6		61.6		100.0		100.0		47.7		64.9

		9		49.1		0.4		0.3		83.7		98.1		56.0		40.8		100.0		93.2		4.9

		10		20.0		72.6		100.0		100.0		100.0		63.9		100.0		99.5		52.6		99.4

		11		0.3		47.0		11.8		77.3		97.1		100.0		46.2		98.8		0.4		0.1

		12		100.0		99.9		99.0		87.7		13.8		70.0		100.0		39.8		3.2		99.8

		13		40.5		0.0		2.4		41.4		0.1		67.0		81.9		8.6		100.0		100.0

		14		64.6		96.9		44.4		84.5		100.0		100.0		99.4		3.5		36.4		100.0

		15		100.0		67.7		83.8		97.8		92.3		100.0		80.2		85.2		13.9		53.4

		16		98.6		100.0		0.0		99.5		90.5		100.0		99.7		64.3		98.6		7.5

		17		62.0		48.8		44.7		100.0		98.6		94.3		99.1		98.2		66.4		52.7

		18		0.9		99.9		83.2		61.6		97.1		100.0		92.2		100.0		87.2		100.0

		19		87.9		98.7		99.8		1.1		98.4		100.0		97.4		100.0		33.8		100.0

		20		99.6		99.9		92.1		100.0		0.0		100.0		82.4		2.5		11.4		98.0

		21		100.0		100.0		90.6		100.0		99.7		99.2		99.9		31.5		98.1		37.1

		22		94.0		96.7		99.8		48.5		67.0		53.7		100.0		96.0		100.0		99.8

		23		100.0		97.9		99.8		44.1		98.8		100.0		66.6		79.4		74.5		77.7

		24		60.9		100.0		51.9		99.1		18.8		25.9		92.7		42.8		100.0		26.1

		25		96.6		90.8		95.2		95.9		100.0		100.0		44.9		55.2		98.9		33.6

		26		99.8		83.7		83.6		28.0		55.4		55.1		66.6		87.7		21.4		22.3

		27		49.7		0.7		3.3		100.0		74.6		58.5		78.8		99.9		8.2		52.8

		28		0.1		98.7		0.5		56.0		99.7		100.0		10.5		81.7		0.4		95.8

		29		99.0		100.0		97.8		10.5		85.9		87.2		70.6		98.1		99.9		99.1

		30		74.9		100.0		52.8		86.2		45.3		100.0		89.9		95.0		97.9		100.0

		31		99.9		88.8		84.7		100.0		83.5		99.9		99.3		53.1		100.0		98.2

		32		99.6		88.4		94.6		40.7		99.9		100.0		100.0		9.4		11.2		63.6

		33		100.0		98.8		95.9		100.0		97.5		89.2		98.9		75.8		1.6		99.4

		34		99.9		1.7		28.6		7.0		98.9		9.1		92.0		94.9		100.0		100.0

		35		100.0		89.5		89.4		97.1		22.1		100.0		12.5		8.8		5.1		76.0

		36		100.0		66.0		13.5		78.8		96.5		90.5		46.8		13.1		38.8		43.2

		37		41.1		3.6		24.6		47.1		0.0		94.9		99.5		40.9		19.8		95.6

		38		99.9		84.5		85.6		100.0		98.8		0.4		56.0		99.1		64.0		84.4

		39		99.4		99.4		27.1		7.4		99.8		100.0		12.7		100.0		26.5		99.6

		40		100.0		99.1		100.0		17.9		92.4		17.3		92.3		58.7		93.2		90.8

		41		99.8		91.0		0.9		100.0		71.1		99.4		100.0		99.9		87.3		0.9

		42		99.7		100.0		27.9		95.8		99.3		90.9		91.4		98.7		99.9		100.0

		43		99.8		25.5		1.7		12.2		0.3		100.0		88.6		4.8		98.5		100.0

		44		8.0		95.2		100.0		93.4		14.9		94.0		97.3		100.0		62.5		100.0

		45		100.0		9.6		100.0		42.7		100.0		36.0		99.6		71.4		42.9		72.3

		46		99.2		99.9		76.7		75.1		3.0		100.0		29.0		96.0		0.3		99.3

		47		99.2		100.0		0.1		83.5		75.2		98.1		78.7		100.0		68.1		99.9

		48		49.4		99.8		83.1		99.3		47.2		1.7		4.6		100.0		10.5		66.3

		49		0.1		0.1		93.5		96.8		98.5		100.0		3.4		97.0		2.8		77.4

		50		95.0		1.0		99.3		100.0		3.5		100.0		8.2		5.0		99.7		100.0
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		0		99.8		31.1		25.0		50.8		74.1		25.5		78.1		47.6		43.7		98.9

		1		60.5		98.1		26.1		93.0		25.5		43.6		49.9		50.6		62.7		36.8

		2		26.0		86.5		43.4		92.4		25.6		99.4		95.8		89.7		25.6		57.4

		3		33.0		100.0		91.6		29.8		85.2		60.7		99.7		27.6		85.9		96.3

		4		92.9		54.0		73.5		98.8		64.1		67.4		98.8		51.6		29.1		29.0

		5		36.0		54.8		25.1		56.4		71.3		57.0		44.4		26.9		26.4		33.2

		6		98.2		53.0		100.0		99.9		98.8		95.0		57.7		89.5		61.7		95.2

		7		74.3		74.0		98.9		69.3		87.8		95.7		95.4		97.5		97.6		25.6

		8		80.8		35.4		30.4		29.8		44.9		29.3		69.7		89.4		25.1		51.7

		9		35.8		34.5		52.8		61.3		26.7		100.0		25.2		29.5		83.4		70.2

		10		60.1		25.0		26.1		92.2		28.2		34.6		67.6		31.2		96.6		69.1

		11		25.1		31.9		39.7		32.6		27.1		98.3		100.0		99.9		89.4		31.5

		12		57.3		80.9		99.0		93.3		99.3		28.5		54.6		89.1		25.8		97.2

		13		33.9		89.7		89.0		100.0		25.2		25.5		94.6		93.7		64.2		30.2

		14		34.9		38.2		26.0		96.8		95.4		87.8		81.3		98.9		52.8		50.5

		15		43.5		35.0		66.8		25.4		83.2		33.4		77.6		80.0		97.9		52.6

		16		31.0		26.9		53.4		48.6		95.7		35.2		88.1		54.4		99.6		81.5

		17		63.3		39.3		25.1		99.9		99.8		79.5		33.3		66.5		31.6		98.1

		18		25.6		48.1		83.6		76.8		69.7		98.1		28.9		34.7		38.0		41.0

		19		85.6		92.5		61.4		86.0		100.0		25.0		91.6		38.1		93.7		32.0

		20		78.7		69.6		38.9		99.1		72.6		32.4		98.9		87.0		26.2		79.5

		21		25.1		97.6		90.9		78.5		92.3		100.0		85.4		29.1		74.4		93.8

		22		38.9		92.7		97.5		43.2		95.4		77.2		98.6		96.9		78.6		97.8

		23		97.2		95.5		31.1		46.8		100.0		49.6		46.5		95.4		92.0		75.3

		24		25.0		100.0		37.6		36.7		85.1		68.1		95.3		77.8		65.4		86.8

		25		77.5		56.1		94.4		89.8		48.3		95.6		27.5		100.0		82.3		46.3

		26		77.5		26.5		89.5		72.4		47.7		82.4		30.7		89.1		97.2		73.6

		27		51.5		85.1		99.1		25.0		25.4		49.4		94.8		42.8		25.1		89.9

		28		99.7		41.1		32.3		94.1		50.3		28.2		52.2		47.5		48.7		80.6

		29		39.8		99.6		54.2		77.5		67.8		93.3		96.6		91.8		95.5		33.1

		30		97.1		87.8		35.5		33.2		55.5		39.3		88.5		73.7		98.4		27.8

		31		99.1		56.0		45.8		73.6		99.8		25.0		94.2		94.1		52.9		28.1

		32		76.6		98.4		62.0		59.1		31.7		25.2		27.5		27.9		63.5		27.7

		33		100.0		51.1		63.1		49.1		35.9		90.3		64.1		57.2		82.3		91.7

		34		25.7		89.5		96.0		53.7		99.7		96.2		28.0		92.4		83.3		91.2

		35		25.1		99.9		90.4		81.1		98.6		50.3		65.1		60.7		32.2		28.8

		36		82.4		51.7		27.4		55.3		94.6		65.3		41.9		73.6		64.5		98.6

		37		47.9		92.2		52.7		99.9		52.4		44.9		97.2		32.0		80.1		99.7

		38		28.3		28.6		87.2		52.0		86.4		66.6		51.6		99.9		99.8		98.9

		39		47.6		48.2		68.2		100.0		26.9		25.0		78.0		37.5		99.4		43.9

		40		36.5		26.1		29.7		50.4		79.8		75.7		67.4		94.3		91.1		27.6

		41		28.1		94.6		32.9		61.4		62.1		25.0		90.7		26.4		98.9		45.9

		42		91.9		25.0		100.0		26.3		25.0		35.5		25.6		86.3		79.4		63.7

		43		56.4		25.6		26.9		96.5		82.5		88.1		88.1		81.5		99.5		42.0

		44		86.8		56.4		28.4		46.1		92.3		27.7		35.5		73.6		43.5		60.9

		45		31.2		86.9		77.9		25.1		98.8		97.0		65.5		33.2		34.2		41.1

		46		59.4		98.5		95.8		38.8		70.1		31.8		33.3		60.5		73.5		82.3

		47		27.3		28.8		95.7		25.0		79.8		40.3		92.4		56.3		95.9		52.6

		48		25.3		27.8		81.8		79.1		25.8		60.2		27.1		39.3		29.4		99.1

		49		47.3		86.8		31.6		38.0		70.7		31.3		97.1		65.9		25.5		30.3

		50		88.8		68.6		57.2		99.6		97.4		66.5		94.8		30.1		26.9		25.0
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				0		1		2		3		4		5		6		7		8		9

		0		72.8		208.7		13.4		40.2		16.1		15.0		50.4		54.2		85.4		32.2

		1		29.0		15.5		63.8		147.8		54.3		56.3		28.7		46.1		40.9		49.2

		2		61.4		42.4		76.8		27.9		44.1		43.6		24.2		97.5		48.5		97.3

		3		29.9		81.4		36.3		19.7		23.7		12.5		29.1		45.9		25.4		60.1

		4		53.1		84.1		76.3		68.2		6.1		85.7		47.9		156.8		49.3		7.1

		5		88.5		21.1		10.0		28.9		8.1		36.9		32.5		13.6		55.3		79.7

		6		8.9		66.8		17.5		7.8		23.6		20.2		14.3		97.1		31.6		35.7

		7		99.3		22.4		47.6		76.9		111.2		59.1		58.7		28.6		63.6		88.8

		8		44.7		60.0		55.7		106.7		31.6		25.9		98.4		36.1		68.9		24.6

		9		19.2		21.0		54.4		93.4		58.5		6.1		60.8		18.3		29.3		20.8

		10		70.7		49.2		142.3		21.0		37.7		8.2		30.8		61.6		29.3		43.8

		11		73.2		54.7		55.1		86.9		32.9		100.4		20.7		6.7		73.6		45.4

		12		12.1		57.0		38.5		60.9		62.6		60.1		15.3		139.2		35.6		76.9

		13		19.6		53.1		36.0		18.1		38.0		59.3		79.1		71.9		126.1		68.3

		14		34.1		32.0		125.1		230.5		25.0		37.5		18.3		36.3		28.7		29.7

		15		53.1		11.8		132.8		27.9		20.8		75.8		104.0		46.5		28.8		50.6

		16		99.8		6.4		78.8		46.6		18.9		5.1		44.6		40.8		17.4		108.3

		17		9.8		62.2		84.8		20.5		62.8		75.6		63.7		40.6		74.2		63.4

		18		79.6		83.0		68.1		18.1		45.3		85.3		15.6		67.7		36.1		4.0

		19		44.6		36.4		14.1		28.6		71.0		43.6		10.9		69.6		49.5		93.5

		20		9.8		128.9		59.1		40.2		43.5		32.3		9.6		42.1		40.2		46.9

		21		15.5		29.8		36.1		4.4		65.1		100.7		70.7		101.5		24.4		53.8

		22		93.6		43.3		20.4		7.5		20.2		39.0		25.9		62.7		38.4		45.4

		23		34.2		92.4		44.6		80.5		53.8		2.5		54.4		32.4		70.1		208.7

		24		26.0		14.4		27.6		104.5		19.3		86.7		21.8		28.8		44.5		32.1

		25		35.9		14.9		40.5		113.6		31.9		23.1		38.2		35.6		55.3		63.3

		26		82.4		20.8		37.3		16.2		88.1		39.3		12.1		41.6		54.1		2.8

		27		20.7		11.7		24.0		5.5		46.3		68.6		27.7		118.9		64.4		117.9

		28		37.0		93.8		57.8		38.1		60.2		55.7		63.6		62.7		24.6		130.1

		29		35.4		29.9		59.0		48.1		46.0		28.7		48.3		43.4		27.1		67.9

		30		15.3		85.7		40.2		14.2		61.1		66.4		93.3		37.3		29.7		61.4

		31		23.9		59.5		19.0		79.9		11.9		68.6		29.4		20.2		27.5		16.2

		32		38.8		15.2		37.3		52.0		30.9		31.8		158.4		50.3		131.0		38.0

		33		15.4		23.7		27.1		23.1		26.9		111.3		32.6		14.4		54.5		48.4

		34		66.0		52.8		59.0		18.7		78.2		75.0		47.8		31.9		26.4		52.4

		35		16.9		33.0		4.5		32.3		32.6		16.2		59.0		36.0		27.7		38.7

		36		31.0		91.4		56.5		100.6		53.5		75.4		97.8		35.9		103.7		13.0

		37		45.5		52.5		32.6		86.2		36.9		60.5		109.9		34.5		58.6		35.3

		38		95.5		41.2		15.6		23.7		94.3		34.2		153.3		72.1		22.4		18.1

		39		45.6		69.2		28.6		47.5		17.0		31.5		27.4		37.2		65.8		44.1

		40		58.7		9.2		9.8		110.6		59.6		22.1		69.3		37.2		34.8		25.2

		41		3.7		21.0		20.6		62.0		13.1		3.3		42.9		43.9		20.8		110.2

		42		55.2		20.8		66.2		34.6		67.2		64.2		61.7		78.4		66.4		27.3

		43		25.2		23.0		20.5		76.6		14.9		65.8		43.7		25.0		13.4		64.1

		44		26.5		53.4		33.1		121.8		13.7		68.7		70.4		70.8		69.1		8.7

		45		13.9		59.1		21.7		22.3		15.0		38.7		92.4		13.2		30.1		51.8

		46		89.6		58.2		36.7		43.8		45.3		43.8		38.8		47.9		24.8		54.9

		47		92.6		12.9		87.8		55.1		75.3		70.1		13.6		28.3		62.0		50.2

		48		40.8		38.2		6.7		45.5		42.7		48.8		87.2		47.1		13.8		36.1

		49		42.5		30.0		55.3		30.1		49.9		34.1		45.5		73.4		37.1		38.9

		50		54.0		21.6		62.7		46.6		31.0		66.2		54.7		9.2		10.7		76.0
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		0		31.5		40.0		9.4		21.0		58.4		35.7		85.9		167.4		47.4		39.7

		1		35.8		50.3		45.6		81.1		90.8		39.1		58.7		18.1		40.4		15.2

		2		48.3		87.8		127.2		94.5		24.9		88.8		72.8		63.7		11.6		58.8

		3		99.3		4.5		11.9		59.6		90.6		89.7		155.2		16.8		46.1		20.9

		4		89.7		30.7		53.2		40.4		164.9		17.4		23.3		24.1		16.6		11.5

		5		17.0		11.4		30.2		76.8		4.6		115.5		19.5		38.4		119.7		39.6

		6		47.9		13.5		18.2		10.5		28.0		100.5		29.7		86.1		7.5		32.6

		7		53.2		78.4		21.3		37.7		64.4		17.5		30.4		34.5		82.9		20.0

		8		61.9		38.0		17.9		47.5		39.3		12.6		46.3		105.3		15.4		97.5

		9		44.9		84.9		103.0		88.6		30.1		143.9		40.8		10.4		104.6		42.7

		10		116.4		44.0		110.9		15.8		44.0		25.9		103.9		81.5		10.0		69.9

		11		55.0		30.0		48.2		28.4		28.0		24.5		46.8		36.1		161.5		5.4

		12		88.0		82.4		22.0		7.9		51.8		38.4		41.3		132.3		145.0		94.6

		13		67.0		76.6		62.8		14.9		7.1		96.0		125.7		38.2		68.6		94.2

		14		72.5		29.2		45.3		50.6		53.5		140.8		30.7		65.3		22.2		86.2

		15		22.8		39.0		36.5		149.1		114.7		52.0		47.1		7.9		41.6		19.0

		16		38.0		54.3		67.5		63.9		97.2		43.2		29.7		36.2		39.6		107.9

		17		17.8		51.6		13.2		79.5		8.4		22.8		19.5		60.9		24.2		25.0

		18		50.3		30.8		110.8		30.5		64.8		48.2		23.3		83.7		55.7		53.3

		19		120.5		19.9		83.0		25.1		19.8		54.1		19.2		116.3		17.9		23.2

		20		47.8		16.1		19.8		123.0		13.8		57.6		96.9		16.3		22.6		67.7

		21		63.6		31.4		47.4		65.3		9.8		12.7		38.2		60.7		39.2		7.5

		22		39.2		133.9		38.3		43.6		43.2		12.0		51.1		10.6		64.3		51.2

		23		30.5		86.0		34.2		20.7		52.3		88.0		6.9		122.2		82.8		3.5

		24		58.9		49.2		25.9		81.1		12.6		159.0		14.0		38.1		50.1		35.3

		25		43.5		23.8		63.8		61.7		9.6		57.9		44.1		24.8		108.1		36.0

		26		9.6		34.3		42.4		104.4		35.7		15.1		108.0		56.7		64.2		37.0

		27		29.2		54.5		6.4		56.4		21.8		96.6		13.8		50.1		17.5		16.1

		28		44.3		84.7		44.9		178.8		55.9		39.7		21.6		21.5		35.2		203.9

		29		54.5		13.3		26.5		44.6		17.4		79.3		79.6		11.8		42.2		41.5

		30		111.2		38.3		93.4		18.2		56.8		80.9		26.0		14.9		28.3		31.0

		31		76.1		18.4		22.6		13.8		13.2		26.1		79.8		56.4		22.6		101.3

		32		35.9		19.0		54.6		65.6		6.2		35.4		17.0		114.0		86.5		41.6

		33		7.2		28.3		46.9		154.4		93.6		9.8		73.4		34.5		10.9		56.2

		34		66.2		13.6		34.5		115.4		74.7		39.8		42.4		17.1		16.2		67.1

		35		34.0		12.1		55.1		43.3		15.1		27.7		87.0		23.5		34.5		56.4

		36		26.1		31.7		29.2		17.5		50.2		117.4		25.6		50.6		32.2		23.7

		37		70.4		138.8		48.1		9.9		51.7		62.4		69.9		51.1		51.3		72.3

		38		9.2		48.9		79.5		6.2		51.2		27.6		83.1		18.9		73.2		15.8

		39		49.2		25.4		23.1		40.8		36.4		72.3		44.8		24.6		55.0		18.6

		40		64.9		57.4		44.6		24.4		66.6		90.7		52.8		24.9		10.5		74.8

		41		18.6		115.0		72.6		54.4		101.8		38.6		84.1		62.9		46.4		39.5

		42		38.6		41.5		64.5		32.7		35.4		25.9		95.2		53.4		91.4		56.0

		43		216.3		38.9		14.8		122.5		24.6		19.4		34.2		62.1		78.7		25.9

		44		50.3		35.9		33.6		18.7		52.9		38.5		125.9		21.8		64.9		36.5

		45		75.3		14.5		18.2		50.1		15.9		64.1		81.9		46.9		102.3		51.9

		46		39.3		83.4		49.6		41.5		56.0		58.7		44.4		49.5		21.6		22.4

		47		41.5		25.4		83.7		29.8		99.5		18.9		68.4		22.0		27.5		164.9

		48		35.4		23.9		24.1		25.8		32.9		38.8		10.3		6.2		49.7		22.4

		49		41.8		141.1		51.2		35.0		53.9		14.9		63.1		6.7		56.6		25.9

		50		38.6		45.8		76.1		102.3		39.9		56.7		46.5		21.3		40.9		36.8
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