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21 century is a century in which the basic defining factor of technological development of a society is rapid development of information technologies. Information technologies quickly get literally into all spheres of human activity. The degree of development of information systems in social and economic area allows solving the problem on revealing factors which influence development social-economic systems as a whole. These allow an opportunity to use methods of statistics (scan statistics methods) more widely, using greater files of the information on dynamics of development of investigated object in space and time (scanning in space and time) [1]-[5].
For example, a growing requirement of marketing surveillance activities is the capacity to quickly and accurately determine whether the extra-demand is occurring. The use of centralized data recording and databases generates large quantities of data, with consequent limitations on human resources to search and analyze these data for clustering. Automated processes to evaluate clusters in time (temporal clustering) are needed to enhance the efficiency of surveillance. Detection of temporal clustering by the use of the Scan test offers some advance towards rapid detection of extra-demand, and both spreadsheet methods [2], and internet-based methods [3] have been made available. 
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Figure 1. The illustration of area of using of traditional statistics methods.

In most cases possibility of traditional statistical conceptions and methods for investigation of real socio-economical object is bounded (grey zone). Traditional statistical methods are more appropriate for investigation of influences of internal factors – for localized (in grey zone) objects investigation. Scan statistics allows to investigate the socio-economical problems having extremely complex, i.e. sinenergic structure of interrelations (structure of the open systems). The analytical description of such systems probably only in the simplified kind, enabling to consider the likelihood scenarios of development of investigated object, but it is rare when all object as a whole. Real investigation of large scale socio-economical problem is in the project “Urbanisation Regime and Environmental Impact: Analysis and Modelling of Urban Patterns, Clustering and Metamorphoses” [6]. The research will focus on three major Swiss agglomerations: Lausanne, Bern and Zurich. Lausanne will be the main study region. The spatial scan statistics have been used to detect and extract spatiotemporal clusters of service within the city of Lausanne. As a case study, the distribution of restaurant and hotel business has been considered so far. Results show a dependency between high- and low-rates regions: the low-rates regions develop around the high-rate regions, in areas linked by public transports. The use of population adjustments allows understanding the reason of the clustering in a certain area. Results of this transdisciplinary research will increase the understanding of urban phenomena, improve urban analysis and modelling processes. The project will improve data collection and management processes. Let us consider the basic ideas scan statistics on examples. This statistics appears naturally at attempt to define clusters of events, using the saved up information distributed in space and time. We assume the scientific definition of variability (development) of object (a changing object) has non-uniformly distributed in time and space an information field. Thus, important achievement at research of objects, revealing structure of corresponding information fields is. Scan statistics allows defining clusters of factors describing heterogeneity. For better understanding of the idea of the scan statistics, let us illustrate example which is typical for epidemiology medicine [1].
Let us have N events, distributed in time interval (0, T). Denote Sw maximal number of the events, whish is in the time interval with length w (window of fixed length w of time). The maximum cluster, Sw, is called the scan statistic, from the viewpoint that one scans the time period (0, T) with a window of size w, and observes a large number of points (see Figure 2). Wk is the shortest period of time containing a fixed number of k of events. The interval Wr+1 is called the minimum r-th-order gap, or r-scan statistic. The distributions of the statistics Sw and Wk are related. If the shortest window that contains k points is longer than w, then there is no window of length w that contains k or more points: 
	P(Wk > w) = P(Sw < k).
	(1)


Over a five year period, 1991 to 1995, there were 19 cases of particular type of cancer reported in a city. In reviewing the data, the epidemiologist notes that there is a 1 year period (from April 4, 1993, through April 13, 1994), that contains eight cases. This is illustrated in Figure 2. The researcher asks the following question: “Given 19 cases over 5 years, how unusual is it to have a 1 year period containing as many as eight cases?”

[image: image2]
Figure 2. Scanning the unit time interval with window of length w=0.2. Black points represent times of occurrence of N=19 events, S0.2=8. The centers of the occurred “points” Ci have coordinates t1, t2, …, tN.
We might try to answer the researcher’s question as follows. Each of the 19 cases could either fall in the period (April 14, 1993 to April 13, 1994) or not fall in it, independently of the other cases. The probability b(k, N, w) of as many as eight cases fall in this interval is found by computing the binomial probability for N = 19, p = 1/5: 
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	(2)


Formula (2) gives the following probabilities for k = 8 and k > 8: 

Table 1


[image: image4.emf]k = 8 k > 8

p 0.01662 0.02328


Probabilities in Table 1 indicate that the observed cluster is somewhat unusual. But this calculation does not answer the question posed. The researcher wants to know how unusual it is to get any 1 year period (not a specific year) containing as many cases as eight cases. We might try to get around this problem by dividing the five years up into five disjoint 1 year periods, and using the distribution of the maximum number of cases falling in any 1 year. However, this too does not answer the researcher’s question; since the specific year observed overlaps two disjoint years (see Figure 2). The researcher is not limiting the question to calendar years. The researcher is in effect scanning the 5 year period with a window of length 1 year, and focusing on the scan statistic Sw, the maximum number of points in the scanning window (see Figure 3).

[image: image5]
Figure 3. Illustration of the scanning window of fixed length w=0.2.
It is easy to understand, that there are an infinite number of sliding windows on a time-interval (91, 96). But for constructive solving of the problem we must to assume some finite set of sliding window (Figure 4):

[image: image6]
Figure 4. Illustration of the scanning window of two fixed lengths w=0.1 and w=0.2. The centers of scanning windows are points with time coordinates t1, t2, …, tN. 

Let us denote P(k, 19, 0.2) the distribution of the maximum number of cases in a year, under the null hypothesis model for the unrestricted continuum of 1 year periods. The null model used was that the 19 cases Ci (i=1, 2, ,,,, 19) were distributed independently (with the binomial distribution function) and completely at random over the 5 years period.
The answer to the researcher’s question is given by a scan statistics probability. Here the cluster is k=8; the total number of cases over the whole 5 year period is N=19; and the window size w is one year out of five, or w=0.2. The answer is given by the probability P(8, 19,0.2). Using formula (2.3) from [1] probability P(k, N, w) approximately can be calculated as:
	P(k, N, w) ≈ (N – k + 1)b(k - 1, N, w) – (N – k - 1)b(k, N, w) + 2Gb(k + 1, N, w),
	(3)


where 
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Probabilities P(k, N, w), calculated with formula (3), are in the Table 2 (k = 7, 8,…,13). In our example: 
P(8, 19, 0.2) ≈ 12b(7, 19, 0.2) – 10b(8, 19, 0.2) + 2Gb(9, 19, 0.2) = 12·0.0443 - 10·0.0166 + 2·0.00666 = 0.379. 
This tells our researcher that observed cluster is not unusual. How accurate is (1) for this example? Very! The exact tabled result from [10] is 0.376.

Table 2

[image: image9.emf]k b(k, N, w)G

b

(k,N,w)P(k, N, w)P(k, N, w)

7 0.04432 0.06760 0.8000264 0.8000

8 0.01662 0.02328 0.3789698 0.3790

9 0.00508 0.00666 0.1402787 0.1403

10 0.00127 0.00158 0.0412472 0.0412

11 0.00026 0.00031 0.0097084 0.0097

12 0.00004 0.00005 0.0018309 0.0018

13 0.00001 0.00001 0.0002752 0.0003


Exact formulas for the two special cases, P(2, N, w) and P(N, N, w) appear in various probability texts and had been known for many years. An exact formula for P(N, N, w), the cumulative distribution function of WN, the sample range of the N points, is derived in Burnside [7]:
	P(N, N, w) = Nw(N - 1) – (N - 1)wN,
	(3)


In our case for k = N = 19, w = 0.2 we have from (3) value for P(N, N, w) = P(19, 19, 0.2) in Table 3:

Table 3

[image: image10.emf]k b(k, N, w)G
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(k,N,w) P(k, N, w)

18 0.00000 0.00000 0.0000000002870

19 0.00000 0.00000 0.0000000000040


An exact formula for P(2, N, w) the cumulative distribution function of W2, the smallest distance between any of the N points, is derived in Parzen [8], by a direct integration approach:

	P(2, N, w) = 1 – [1 – (N - 1)w]N,   0 < w < 1/(N - 1)
P(2, N, w) = 1   for 1/(N - 1) < w < 1.
	(4)


Of course solving real problem, seldom when it is possible to get analytical solution and we have only one possibility - to use computer modeling of the investigated object. In paper we consider the method of the Monte-Carlo in scan statistics. Authors are using the approach by Wallenstein and Naus [2] in assuming the null probability model may arise in a number of situations. Now we more precisely define scan statistics. Let S[x, x + w) = Sx,w denote the number of events in [x, x + w). The scan statistics is defined as [11]:
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This is often suggested as a statistic (with an appropriate window length w) for testing the presence of clustering. Indeed it arises from the generalized likehood ratio test of uniformity (H0) against the alternatives (H1):
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	(6)


where f(x) density function,  > 1 and T are unknown but w is known. For our case the computer programs only look at a constant background rate of events and for the two scenarios of continuous and grouped data. We compute a scan statistic Sw for continuous data where we assumed that there were N = n events occurring on a time-line (0, T). We generate uniform samples from this time-interval and construct an empirical distribution of the Pr(Sw > k) where k is the maximum number of events in a subinterval of width, w (scanning window) . We know that there are an infinite number of sliding windows on a time interval (0, T). However, our approach was to consider only the N = n points in a sample derived from this time-interval, and then: (Step 1) we computed sliding windows on the ordered sample data values (t1, … , tn), using the windows [ti, ti + w) for i = 1, … , n. The left square bracket “[” indicates inclusion of the lower point; the open right parenthesis “)” indicates exclusion of the upper point, which is a typical convention in mathematical analysis. We also looked (Step 2) at the reverse chain of sliding windows [tj , tj - w) for j = n, n-1, … , 1. By generating a large number of samples from the uniform distribution we derived an empirical distribution of Pr(Sw > k). Our interest was to see which value of “k” showed a small p-value, typically 0.05 or smaller. We can use modeled p-value for testing null hypothesis that samples are uniformly distributed against a clustering alternative.
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Figure 5. Spatial-time scan statistic.
In the Figure 5 factor (for example, intensity of the demand) development in some region. After 3 years we see the relocation of the maximum intensity factor from one sector to the other sector of the region. 
Conclusion
The scan statistic methodology at this stage looks at scenarios and probability models for the null distribution in the time series of events, assuming a constant background rate of random events according to the null distribution. It is important to distinguish the appropriate model for the relevant sampling process. Two major concerns with existing methods or approximations of a scan statistic are, knowing what really is correct, and what assumptions are made about statistical distributions used in the approximation. Scan statistic has wide area of applications: biology surveillance, carbon management, marketing, community infrastructure, crop surveillance, disaster management, disease surveillance, ecosystem health, environmental justice, sensor networks, robotic networks, environmental management, environmental policy, homeland security, invasive species, poverty policy, public health and environment, social networks.
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Window w=0.2 (1 year/5 year)
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binomial distribut

		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		b(k, N, w) =		0.0166206576

				k = 8				P(k, N, w)		P(k, N, w)

		0		0.01441		1.00000

		1		0.06845		0.98559

		2		0.15402		0.91713		0.2940365		0.2940

		3		0.21820		0.76311		0.4352243		0.4352

		4		0.21820		0.54491		1.0898225		1.0898

		5		0.16365		0.32671		1.4716715		1.4717

		6		0.09546		0.16306		1.2807470		1.2807

		7		0.04432		0.06760		0.8000264		0.8000

		p		0.01662		0.02328		0.3789698		0.3790				0.379

		9		0.00508		0.00666		0.1402787		0.1403

		10		0.00127		0.00158		0.0412472		0.0412

		11		0.00026		0.00031		0.0097084		0.0097								0.000000000004

		12		0.00004		0.00005		0.0018309		0.0018

		13		0.00001		0.00001		0.0002752		0.0003

		14		0.00000		0.00000		0.0000326		0.0000

		15		0.00000		0.00000		0.0000030		0.0000

		16		0.00000		0.00000		0.0000002		0.0000

		17		0.00000		0.00000		0.0000000		0.0000

		18		0.00000		0.00000		0.0000000		0.0000

		19		0.00000		0.00000		0.0000000000040

		8

																76646727.52





binomial distribut

		0

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19



k

P(k, N, w)

b(k, N, w)

0.0144115188

0.0684547143

0.1540231073

0.2181994019

0.2181994019

0.1636495515

0.0954622384

0.0443217535

0.0166206576

0.0050785343

0.0012696336

0.0002596978

0.000043283

0.0000058266

0.0000006243

0.000000052

0.0000000033

0.0000000001

0

0



Monte-Carlo model
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Probability



		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		k		b(k, N, w)		B(k, N, w)		X				NN		U0		X_binomial								N8 =		12

		0		0.01441		0.00000		0				1		0.58760		4								p8 =		0.012

		1		0.06845		0.01441		1				2		0.78385		5

		2		0.15402		0.08287		2				3		0.31683		3

		3		0.21820		0.23689		3				4		0.53865		4

		4		0.21820		0.45509		4				5		0.24383		3

		5		0.16365		0.67329		5				6		0.29939		3

		6		0.09546		0.83694		6				7		0.32128		3

		7		0.04432		0.93240		7				8		0.06132		1

		8		0.01662		0.97672		8				9		0.74654		5

		9		0.00508		0.99334		9				10		0.77147		5

		10		0.00127		0.99842		10				11		0.06714		1

		11		0.00026		0.99969		11				12		0.47521		4

		12		0.00004		0.99995		12				13		0.96247		7

		13		0.00001		0.99999		13				14		0.85804		6

		14		0.00000		1.00000		14				15		0.73368		5

		15		0.00000		1.00000		15				16		0.24897		3

		16		0.00000		1.00000		16				17		0.23510		2

		17		0.00000		1.00000		17				18		0.60852		4

		18		0.00000		1.00000		18				19		0.97227		7

		19		0.00000		1.00000		19				20		0.28493		3

						1.00000						21		0.11943		2

												22		0.84687		6

												23		0.18386		2

												24		0.71846		5

												25		0.49688		4

												26		0.93183		6

												27		0.46906		4

												28		0.07943		1

												29		0.85193		6

												30		0.07145		1

												31		0.13837		2

												32		0.99036		8

												33		0.74167		5

												34		0.30448		3

												35		0.23764		3

												36		0.34992		3

												37		0.53309		4

												38		0.09858		2

												39		0.12892		2

												40		0.91183		6

												41		0.14246		2

												42		0.45630		4

												43		0.07733		1

												44		0.79084		5

												45		0.04439		1

												46		0.09698		2

												47		0.13520		2

												48		0.33434		3

												49		0.94747		7

												50		0.90029		6

												51		0.84726		6

												52		0.14003		2

												53		0.13857		2

												54		0.75199		5

												55		0.75641		5

												56		0.46583		4

												57		0.30738		3

												58		0.85541		6

												59		0.53251		4

												60		0.27401		3

												61		0.49698		4

												62		0.18739		2

												63		0.34449		3

												64		0.99798		9

												65		0.15028		2

												66		0.49688		4

												67		0.95668		7

												68		0.20625		2

												69		0.64033		4

												70		0.60611		4

												71		0.04915		1

												72		0.88178		6

												73		0.43121		3

												74		0.41189		3

												75		0.07533		1

												76		0.98231		8

												77		0.19319		2

												78		0.96964		7

												79		0.07856		1

												80		0.46489		4

												81		0.70810		5

												82		0.38767		3

												83		0.42228		3

												84		0.98387		8

												85		0.07347		1

												86		0.45464		3

												87		0.12730		2

												88		0.11132		2

												89		0.76393		5

												90		0.15222		2

												91		0.66348		4

												92		0.34360		3

												93		0.88568		6

												94		0.94994		7

												95		0.88784		6

												96		0.89500		6

												97		0.00520		0

												98		0.85417		6

												99		0.65107		4

												100		0.97618		7

												101		0.25422		3

												102		0.65800		4

												103		0.82480		5

												104		0.27317		3

												105		0.90298		6

												106		0.28614		3

												107		0.10037		2

												108		0.09768		2

												109		0.79106		5

												110		0.96783		7

												111		0.66676		4

												112		0.37742		3

												113		0.94132		7

												114		0.69466		5

												115		0.02416		1

												116		0.52147		4

												117		0.49832		4

												118		0.29247		3

												119		0.33363		3

												120		0.45503		3

												121		0.34905		3

												122		0.81485		5

												123		0.69571		5

												124		0.47066		4

												125		0.09603		2

												126		0.36327		3

												127		0.00046		0

												128		0.13537		2

												129		0.27229		3

												130		0.94851		7

												131		0.06329		1

												132		0.05396		1

												133		0.88463		6

												134		0.35160		3

												135		0.05459		1

												136		0.74920		5

												137		0.05841		1

												138		0.92597		6

												139		0.79620		5

												140		0.02430		1

												141		0.20308		2
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binomial distribut

		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		b(k, N, w) =		0.0166206576

		k		b(k, N, w)				P(k, N, w)		P(k, N, w)

		0		0.01441		1.00000

		1		0.06845		0.98559

		2		0.15402		0.91713		0.2940365		0.2940

		3		0.21820		0.76311		0.4352243		0.4352

		4		0.21820		0.54491		1.0898225		1.0898

		5		0.16365		0.32671		1.4716715		1.4717

		6		0.09546		0.16306		1.2807470		1.2807

		7		0.04432		0.06760		0.8000264		0.8000

		8		0.01662		0.02328		0.3789698		0.3790				0.379

		9		0.00508		0.00666		0.1402787		0.1403

		10		0.00127		0.00158		0.0412472		0.0412

		11		0.00026		0.00031		0.0097084		0.0097

		12		0.00004		0.00005		0.0018309		0.0018

		13		0.00001		0.00001		0.0002752		0.0003

		14		0.00000		0.00000		0.0000326		0.0000

		15		0.00000		0.00000		0.0000030		0.0000

		16		0.00000		0.00000		0.0000002		0.0000

		17		0.00000		0.00000		0.0000000		0.0000

		18		0.00000		0.00000		0.0000000		0.0000

		19		0.00000		0.00000		0.0000000
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		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		k		b(k, N, w)		B(k, N, w)		X				NN		U0		X_binomial								N8 =		18

		0		0.01441		0.00000		0				1		0.12383		2								p8 =		0.018

		1		0.06845		0.01441		1				2		0.14895		2

		2		0.15402		0.08287		2				3		0.18180		2

		3		0.21820		0.23689		3				4		0.70206		5

		4		0.21820		0.45509		4				5		0.37483		3

		5		0.16365		0.67329		5				6		0.12045		2

		6		0.09546		0.83694		6				7		0.01864		1

		7		0.04432		0.93240		7				8		0.46071		4

		8		0.01662		0.97672		8				9		0.04137		1

		9		0.00508		0.99334		9				10		0.34003		3

		10		0.00127		0.99842		10				11		0.67138		4

		11		0.00026		0.99969		11				12		0.95060		7

		12		0.00004		0.99995		12				13		0.42945		3

		13		0.00001		0.99999		13				14		0.46665		4

		14		0.00000		1.00000		14				15		0.98623		8

		15		0.00000		1.00000		15				16		0.41105		3

		16		0.00000		1.00000		16				17		0.93482		7

		17		0.00000		1.00000		17				18		0.26229		3

		18		0.00000		1.00000		18				19		0.65019		4

		19		0.00000		1.00000		19				20		0.50624		4

						1.00000						21		0.16287		2

												22		0.48470		4

												23		0.63450		4

												24		0.78415		5

												25		0.51591		4

												26		0.37842		3

												27		0.54307		4

												28		0.30379		3

												29		0.04781		1

												30		0.04279		1

												31		0.43092		3

												32		0.78708		5

												33		0.91437		6

												34		0.04176		1

												35		0.97776		8

												36		0.40418		3

												37		0.82677		5

												38		0.97012		7

												39		0.42083		3

												40		0.33332		3

												41		0.05125		1

												42		0.22171		2

												43		0.13427		2

												44		0.10922		2

												45		0.16207		2

												46		0.60654		4

												47		0.32837		3

												48		0.16499		2

												49		0.37568		3

												50		0.42766		3

												51		0.78079		5

												52		0.53522		4

												53		0.27821		3

												54		0.06778		1

												55		0.73782		5

												56		0.54312		4

												57		0.27111		3

												58		0.96164		7

												59		0.40046		3

												60		0.53609		4

												61		0.10290		2

												62		0.02577		1

												63		0.13317		2

												64		0.30324		3

												65		0.55112		4

												66		0.72486		5

												67		0.94513		7

												68		0.74780		5

												69		0.89557		6

												70		0.60389		4

												71		0.45034		3

												72		0.80882		5

												73		0.68362		5

												74		0.02505		1

												75		0.41923		3

												76		0.34433		3

												77		0.17855		2

												78		0.41568		3

												79		0.01762		1

												80		0.66901		4

												81		0.37689		3

												82		0.89898		6

												83		0.16743		2

												84		0.16905		2

												85		0.81487		5

												86		0.12352		2

												87		0.15833		2

												88		0.77590		5

												89		0.62771		4

												90		0.10400		2

												91		0.97135		7

												92		0.82673		5

												93		0.77176		5

												94		0.95165		7

												95		0.40207		3

												96		0.75871		5

												97		0.33858		3

												98		0.21580		2

												99		0.91732		6

												100		0.99946		10

												101		0.59526		4

												102		0.01619		1

												103		0.44221		3

												104		0.72723		5

												105		0.37891		3

												106		0.93203		6

												107		0.10175		2

												108		0.09057		2

												109		0.33637		3

												110		0.91087		6

												111		0.38516		3

												112		0.13406		2

												113		0.44938		3

												114		0.30292		3

												115		0.29456		3

												116		0.60740		4

												117		0.65600		4

												118		0.03392		1

												119		0.15069		2

												120		0.95361		7

												121		0.73100		5

												122		0.27793		3

												123		0.65893		4

												124		0.31982		3

												125		0.85200		6

												126		0.34539		3

												127		0.32496		3

												128		0.64142		4

												129		0.71677		5

												130		0.26142		3

												131		0.25553		3

												132		0.90217		6

												133		0.53193		4

												134		0.43439		3

												135		0.36261		3

												136		0.64477		4

												137		0.04760		1

												138		0.50328		4

												139		0.94753		7

												140		0.49559		4

												141		0.26263		3

												142		0.13562		2

												143		0.39823		3

												144		0.80993		5

												145		0.11622		2

												146		0.73492		5

												147		0.45887		4

												148		0.67942		5

												149		0.26455		3

												150		0.09184		2

												151		0.11590		2

												152		0.66475		4

												153		0.75633		5

												154		0.91276		6

												155		0.71195		5

												156		0.51413		4

												157		0.51778		4

												158		0.67092		4

												159		0.75206		5

												160		0.06251		1

												161		0.54898		4

												162		0.07164		1

												163		0.74560		5

												164		0.39081		3

												165		0.59687		4

												166		0.76383		5

												167		0.96263		7

												168		0.57141		4

												169		0.10697		2

												170		0.33833		3

												171		0.76452		5

												172		0.97926		8

												173		0.68426		5

												174		0.77878		5

												175		0.55609		4

												176		0.25635		3

												177		0.07228		1

												178		0.25386		3

												179		0.71287		5

												180		0.40082		3
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		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		b(k, N, w) =		0.0166206576

		k		b(k, N, w)				P(k, N, w)		P(k, N, w)

		0		0.01441		1.00000

		1		0.06845		0.98559

		2		0.15402		0.91713		0.2940365		0.2940

		3		0.21820		0.76311		0.4352243		0.4352

		4		0.21820		0.54491		1.0898225		1.0898

		5		0.16365		0.32671		1.4716715		1.4717

		6		0.09546		0.16306		1.2807470		1.2807

		7		0.04432		0.06760		0.8000264		0.8000

		8		0.01662		0.02328		0.3789698		0.3790				0.379

		9		0.00508		0.00666		0.1402787		0.1403

		10		0.00127		0.00158		0.0412472		0.0412

		11		0.00026		0.00031		0.0097084		0.0097								0.000000000004

		12		0.00004		0.00005		0.0018309		0.0018

		13		0.00001		0.00001		0.0002752		0.0003

		14		0.00000		0.00000		0.0000326		0.0000

		15		0.00000		0.00000		0.0000030		0.0000

		16		0.00000		0.00000		0.0000002		0.0000

		17		0.00000		0.00000		0.0000000		0.0000

		18		0.00000		0.00000		0.0000000002870		0.0000

		19		0.00000		0.00000		0.0000000000040
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		Binomial distribution

		N =		19

		k =		8

		w =		0.2

		k		b(k, N, w)		B(k, N, w)		X				NN		U0		X_binomial								N8 =		16

		0		0.01441		0.00000		0				1		0.30513		3								p8 =		0.016

		1		0.06845		0.01441		1				2		0.53084		4

		2		0.15402		0.08287		2				3		0.57308		4

		3		0.21820		0.23689		3				4		0.93913		7

		4		0.21820		0.45509		4				5		0.71974		5

		5		0.16365		0.67329		5				6		0.34038		3

		6		0.09546		0.83694		6				7		0.94151		7

		7		0.04432		0.93240		7				8		0.71798		5

		8		0.01662		0.97672		8				9		0.24384		3

		9		0.00508		0.99334		9				10		0.52091		4

		10		0.00127		0.99842		10				11		0.46550		4

		11		0.00026		0.99969		11				12		0.87022		6

		12		0.00004		0.99995		12				13		0.38575		3

		13		0.00001		0.99999		13				14		0.15045		2

		14		0.00000		1.00000		14				15		0.00345		0

		15		0.00000		1.00000		15				16		0.51718		4

		16		0.00000		1.00000		16				17		0.91015		6

		17		0.00000		1.00000		17				18		0.39978		3

		18		0.00000		1.00000		18				19		0.76039		5

		19		0.00000		1.00000		19				20		0.71581		5
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