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In other words, for any given region i, the circular spatial scan statistic considers K concentric circles,
whereas the flexible scan statistic considers K concentric circles plus all of the sets of connected regions
(including the single region i) whose centroids are located within the Kth largest concentric circle.
Therefore, the size of Z5 is much larger than that of Z;, which is at most m K. Because of this type of
heavy computational load, that is, combinatorial explosion, the maximum length K should be less than
30; otherwise, the computation may take more than 1 day, or 1 week, depending on the data. Therefore,
the value of K is set as 15 as the default in FleXScan.

2.2. Likelihood ratio statistic

With the use of the notation of window Z € Z, the null hypothesis (1) is expressed as
Hy:E(NZ))=¢(Z), forallZe Z, @)

where N() and £ () denote the random variable for the number of cases and the null expected number of
cases within the specified window, respectively. Under the alternative hypothesis H;, there is at least one
window Z € Z for which the underlying risk is higher inside the window when compared with outside,
that is,

Hy:E(N(Z)) > £(Z), forsomeZ e Z. )

For each window Z, it is possible to compute a likelihood of observing the observed number of cases
within and outside the window, respectively. Under the assumption of a Poisson distribution (1), the
well-known likelihood ratio statistic proposed by Kulldorff [6] is given by

n@\"® (n—n@\" P (@) n-n@)
Ax=gaxdsd) =g (s(Z>) (n—E(Z)) ’(s(Z)>n—s<z>)’ il

where n() denotes the observed number of cases within the specified window and 7() is the indicator
function. The window Z* that attains the maximum likelihood ratio is defined as the MLC. However,
it does not seem to be well recognized that the spatial scan statistics using the likelihood ratio defined
earlier tend to detect an MLC that is much larger than the true cluster by swallowing neighboring regions
with nonelevated risk [10, 15]. Tango [16] proposed the following:

Proposition ([16])
In the process of scanning the window based on A g (Z), there is a possibility that there exists two disjoint
windows Z and Z, and several regions {i1}, ..., {i,} such that

Ak({Z1. 22 {ir}. ... . {ir}}) > max{Ag (Z1), Ak (Z2)}. (6)

where

Z Z -

nZy) g 22 o Merg=1 )
§(Z1) £(Z>) §i

The aforementioned proposition means that if we allow any window and/or region to be a

candidate for the MLC, it causes the possibility of detecting an unrealistically large MLC by

swallowing up neighboring regions with nonsignificantly elevated risk due to random fluctuation or with
nonelevated risk.

2.3. Restricted likelihood ratio statistic

To avoid or scale back such undesirable phenomena, Tango [16] proposed the following restricted
likelihood ratio by taking each individual region’s risk into account:

= (18)" () (1D D T e<en.

i€EL

where p; is the one-tailed p-value of the test for Hy : E(N;) = &; and is given by the middle p-value

1
pi =Pr{N; =n; + 1| N; ~ Poisson(§;)} + = Pr{N; =n; | N; ~ Poisson(§;)}, (3)
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and o/ is the prespecified significance level for the individual region. The reason why the middle p-value
was used is to adjust for conservatism of the ordinary definition of p-value for small £; and count out-
comes. In this formulation, we devised /(p; < a1) as a screening criterion. Therefore, as in the case of
the original flexible spatial scan statistic, the p-value of the flexible scan statistic based on the restricted
likelihood ratio is obtained through Monte Carlo hypothesis testing [17].

Tango [16] investigated properties of the circular spatial scan statistic with the restricted likelihood
ratio via a Monte Carlo simulation study. It was shown to have better ability to identify the true
circular cluster compared with Kulldorff’s original one in all of the circular cluster models considered as
described in the succeeding discussion. The results of the Monte Carlo simulation study also suggest
the following guidance regarding the choice of o; for a restricted likelihood ratio statistic of the
nominal « level of 0.05 (= op.): (1) a3 = 0.10-0.20 to detect small clusters with a sharp increase
in risk; (2) a; = 0.20-0.30 to detect small to middle-sized clusters with a moderate increase in risk; and
(3) @3 = 0.30-0.40 to detect larger clusters with a slight increase in risk. Tango [16] further recommends
o = 0.20 as a default.

In what follows, we shall examine the properties of the proposed flexible spatial scan statistic imple-
mented with the restricted likelihood ratio statistic A7 = maxzez A7 (Z) with o; = 0.20 by comparing
its performance with that of Kulldorff’s circular spatial scan statistic and that of the original flexible
spatial scan statistic via illustration with mortality data and Monte Carlo simulations at a significance
level of arg = 0.05.

3. Illustration

As an illustration, we shall apply the three spatial scan statistics, that is, the proposed flexible spatial
scan statistic with &y = 0.2, the original flexible spatial scan statistic, and Kulldorff’s circular spatial
scan statistic, to data on mortality from cerebrovascular disease (1993-1997) in women in the areas

Table I. The most likely clusters detected at g = 0.05 by three methods: the original flexible spatial scan
statistic with K = 20, the proposed flexible spatial scan statistic with K = 50 (about half the number of
regions and essentially no restrictions) and oy = 0.02, and Kulldorff’s circular spatial scan statistic with
K = 50 in their application to the data on mortality from cerebrovascular disease (female, 1993-1997) in the
areas of Tokyo Metropolis and Kanagawa prefecture in Japan.

No. Region Observed Expected Relative risk One-tailed
no. no. of cases no. of cases Di

1 23 1297 1072.3 1.21 1.5x 10~

2 22 1266 1013.2 1.25 1.0x 10714

3 18 738 5227 1.41 <1.0x 10717

4 7 737 620.4 1.19 2.7x107°

5 8 896 780.6 1.15 2.7x107°

6 6 678 550.5 1.23 7.7%1078

7 1 164 144.7 1.13 0.057

8 17 1110 999.3 1.11 0.00029

9 21 1530 1335.1 1.15 92x1078

10 16 798 743.4 1.07 0.024

The proposed flexible scan’s MLC= {23,22,18,7,8,6,1,17,21, 16},
which is the same result as that of the original flexible scan
log Ay = 151.7, § = 1.18, p-value = 0.001
Running time: the original = 338 s, the proposed = less than 1 s

11 5} 548 566.3 0.97 0.778
12 2 267 251.3 1.06 0.161

Kulldorft’s circular scan’s MLC= {23,22,18,7,8,6,1,17,21, 16, 5,2}
logAg = 140.6, 8 = 1.17, p-value = 0.001
Running time: 2 s

Copyright © 2012 John Wiley & Sons, Ltd. Statist. Med. 2012, 31 4207-4218
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Figure 1. The 113 regions that comprise wards, cities, and villages in the Tokyo Metropolis and Kanagawa
prefecture in Japan. The region numbers used in Section 3 are indicated.

of Tokyo Metropolis and Kanagawa prefecture in Japan. The total number of observed deaths from
cerebrovascular disease in women over the 5-year period was 45,700 in this area. Regarding the
maximum length for K-nearest neighbors, we shall select K = 20 for the original flexible spatial scan
statistics and K = 50 for the proposed flexible and Kulldorff’s circular spatial scan statistics. The value
of K = 50 in this example corresponds to about half the number of regions. We calculate the p-value
of spatial scan statistics with the use of 999 replications for the Monte Carlo hypothesis testing. We
provide the results in Table I and summarize these as follows: the proposed flexible spatial scan statis-
tic detected an MLC consisting of 10 regions {1,6,7,8,16,17, 18,21, 22,23} (Figure 1 shows these
region numbers) with logA7(= logAg) = 151.7, 6 = 1.18, and p = 1/(999 + 1) = 0.001. Most
of these 10 regions within the MLC are shown to have significantly elevated risk. The original flexible
spatial scan statistic detected the same MLC in this example. However, the running time of the proposed
flexible spatial scan statistic was less than 1 s, which is much less than the running time of 338 s
(using PC Window 7, Intel(R), Core(TM)2 Duo CPU P8800) of the original flexible spatial scan statistic.
On the other hand, Kulldorff’s circular spatial scan statistic added two more regions {2, 5} to the MLC
detected by the proposed flexible spatial scan statistic, with log A g = 140.6, 6 =1.17, and p =0.001.
However, the two regions {2, 5} did not have significantly elevated risk. Especially, region {5}, called
‘Bunkyo-ku’, is well known as a ‘healthy district’ in this area, and it had a nonelevated relative risk
of 0.97 and ps = 0.778 as expected. Therefore, it seems unacceptable that ‘Bunkyo-ku’ is included
in the MLC.

4. Simulation study

In this section, we shall carry out an extensive Monte Carlo simulation study to compare the perfor-
mance of three spatial scan statistics: Kulldorff’s circular spatial scan statistic, the original flexible
spatial scan statistic, and the proposed flexible spatial scan statistic with restricted likelihood ratio. We
will sometimes refer to these statistics as CS, FS, and FSR, respectively.

e
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4.1. Simulated data

As the entire study population, we will use the area of Tokyo Metropolis and Kanagawa prefecture,
which consist of 113 regions (wards, cities, and villages), in Japan (Figure 1), described in Section 3.
The maximum length of K-nearest neighbors is set as K = 20 for FS and K = 50 (indicating virtually
no restrictions) for FSR. The maximum cluster size for CS is also set as K = 50. We shall consider the
following two different clustered areas with different types of shapes:

1. acrossed-line-shaped cluster Z = {25, 29, 30, 31, 32, 33, 38, 39, 40, 41,47,49,53,72,73,74,75,
76,86,93,92,97}(s* = 22) and

2. a ring-shaped cluster Z = {32, 56, 57, 58, 59, 62, 63, 73, 74, 75, 76, 78, 81, 82, 86, 93, 92}
(s*=17)

where s* denotes the length of the cluster. In one simulation study, we assume that there is only one true
cluster out of the aforementioned two clusters. Figures 2 and 3 respectively show these two clusters. The
reason why we chose these two clustered areas is that neither CS nor FS (because of the restrictions on
the number of regions) can detect these two clusters exactly.

Data to be simulated underwent the following three steps:

1. In each region i(=1,...,m = 113), we have a random (nonclustered) observed number of cases
no;, which have a Poisson distribution with the null expected number of cases §;, which was
defined as

W
€j=n0—ml—, i=1,...,m,
D k=1 Wk

where no denotes the prespecified total expected number of cases under the null hypothesis of no
clustering, and we consider here three values of ng, ng = 100, 200, and 500.

BLETRED F14080 1499

53 4941.~ 3940
%0 954533
29 2
47 215 A
31
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92
97

Figure 2. The 113 regions that comprise wards, cities, and villages in the Tokyo Metropolis and Kanagawa

prefecture in Japan, which were used as the entire study population for the Monte Carlo simulation study in

Section 4. The 22 regions whose region number is shown here constitute the crossed-line-shaped cluster assumed
in the simulation study.
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Figure 3. The 113 regions that comprise wards, cities, and villages in the Tokyo Metropolis and Kanagawa

prefecture in Japan, which were used as the entire study population for the Monte Carlo simulation study in

Section 4. The 17 regions whose region number is shown here constitute the ring-shaped cluster assumed in the
simulation study.

2. In each region i € Z, we have an additional number of cases n1; due to clustering such that
Pr{X =ny; | X ~ Poisson(&;)} = Q0 9)

in which the number 71; denotes the upper 100Q percentile of the Poisson distribution. We call the
value of Q strength of cluster throughout the paper in that the smaller the value of Q, the stronger
the cluster. We consider here three values of @, Q@ = 0.05,0.01, and 0.001.

3. Finally, we have

noi +ni, ifieZ

noi, otherwise. (10)

n; =
Thus, we evaluate a total of 18 (2 x 3 x 3) clustering scenarios.

4.2. Bivariate power distribution

We carried out Monte Carlo simulations with the use of 1000 replications at significance levels of
oo = 0.05 and o3 = 0.20. To compare the performance of the cluster detection tests, the usual power
has been used by many authors. However, it should be noted that the usual power estimates reflected
the power to reject the null hypothesis for whatever reason, whereas the probability of both rejecting the
null hypothesis and accurately identifying the true cluster is a different matter altogether. To compare the
performance of the spatial cluster detection tests, Tango and Takahashi [10] proposed a bivariate power
distribution P (I, s|s*) based on Monte Carlo simulation where [ is the length of the significant MLC
and s is the number of regions identified out of the assumed true cluster with s* regions.

P(,s)=Pr{L=1,S=s5|s"}
__ #{significant MLC has length | and includes s true regions}

' Y

#{trials for each simulation}

v
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where L and S denote the random variable of / and s under the specified model, respectively, and 1 </
and 0 < s < min{/, s*}. We are especially interested in the power around the point (/ = s*, s = s*) and
P(s*,s*), the probability of exact detection. The usual power, on the other hand, is defined as the sum
of P(I,s):

Inax min{l,s*}

P(+.+)=)_ Y  P(.s)=1-P(0.0), (12)

I=1 s=0

where [nax denotes the maximum length / observed in the simulation and P (0, 0) denotes the probability
that the spatial scan statistic does not detect any clusters.

4.3. Results

We provide the results in Tables II-V. Tables II-IV show the estimated bivariate power distributions
P(l, s)x1000 of CS, FS, and FSR, respectively, for the crossed-line-shaped cluster Z shown in Figure 2,
where the strength of the cluster is set as O = 0.01 and the total expected number of cases under the
null hypothesis as np = 500. The three spatial scan statistics have perfect usual power, that is, 100%
power. However, Table II indicates that the support of the power distribution of CS tends to be scattered
over the range {(/,s) : 1 <[ < [px, 1 < 5 < 5%} and has zero probability of detecting the cluster
exactly, indicating that the detected clusters never contain the whole true cluster and tend to be much
larger than the true cluster by swallowing up neighboring regions with nonelevated risk. Table III also

Table II. Estimated bivariate power distributions P (7, 5) x 1000 of Kulldorff’s circular spatial scan statistic
with K = 50 for the crossed-line-shaped cluster Z = {25, 29, 30, 31, 32, 33, 38, 39,40, 41,47, 49, 53,72, 73,
74,75,76, 86,93, 92, 97}(s* = 22) with Q0 = 0.01.

Length Included s
[ hotspot regions
1-2 5-6 7-8 9-10 11-12 13-14 15-16 17-18 19-20 21 22

L

1-2
34
5-6
7-8
9-10
11-12
13-14
15-16
17-18
19-20
21

22

23

24

25

26

21

28

29

30
31-35
36-40
41-45
46-50

Total* 0 0 0 0 130 21 148 131 561 0 0

Significance level was ag = 0.05. We carried out ng = 500 and 1000 trials. Running time per trial was 1 s on average.
*Usual power is 1000/1000.
#The proportion of exact detection is 0/1000.
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Table ITI. Estimated bivariate power distributions P(/, s) x 1000 of Tango and Takahashi’s original flexible
spatial scan statistic with K = 20 for the crossed-line-shaped cluster Z = {25, 29, 30, 31, 32, 33, 38, 39, 40,
41,47,49,53,72,73,74,75, 76, 86, 93,92, 97} (s* = 22) with Q = 0.01.
Length Included s
l hotspot regions
o 12 34 56 78 09-10 11-12 13-14 15-16 17-18 19-20 21 22
1-2 0 0
34 0 0 0
5-6 0 0 0 0
7-8 0 0 0 0 0
9-10 0 0 0 0 1 19
11-12 0 0 0 0 0 28 781
13-14 0 0 0 0 0 5 155 0
15-16 0 0 0 0 0 0 9 0 0
17-18 0 0 0 0 0 0 2 0 0 0
19-20 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 o*
Total* 0 0 0 0 1 52 947 0 0 0 0 0 0

Significance level was og = 0.05. We carried out np = 500 and 1000 trials. Running time per trial was 120 s on
average.

*Usual power is 1000/1000.

#The proportion of exact detection is 0/1000.

Table IV. Estimated bivariate power distributions P(/,s) x 1000 of the proposed flexible spatial scan
statistic with restricted likelihood ratio with K = 50 for the crossed-line-shaped cluster Z =
{25,29,30,31, 32,33, 38,39, 40, 41, 47, 49, 53,72, 73, 74,75, 76, 86, 93, 92, 97} (s * = 22) with Q = 0.01.
Length Included s
[ hotspot regions

0 12 34 56 7-8 9-10 11-12 13-14 1516 17-18 1920 21 22
1-2 0 0
34 0 0 0
5-6 0 0 0 0
7-8 0 0 0 0 0
9-10 0 0 0 0 0 0
11-12 0 0 0 0 0 0 0
13-14 0 0 0 0 0 0 0 0
15-16 0 0 0 0 0 0 0 0 0
17-18 0 0 0 0 0 0 0 0 0 0
19-20 0 0 0 0 0 0 0 0 0 0 0
21 0 0 0 0 0 0 0 0 0 0 0 0
22 0 0 0 0 0 0 0 0 0 0 0 0 107*
23 0 0 0 0 0 0 0 0 0 0 0 0 260
24 0 0 0 0 0 0 0 0 0 0 0 0 271
25 0 0 0 0 0 0 0 0 0 0 0 0 173
26 0 0 0 0 0 0 0 0 0 0 0 0 100
27 0 0 0 0 0 0 0 0 0 0 0 0 54
28 0 0 0 0 0 0 0 0 0 0 0 0 23
29 0 0 0 0 0 0 0 0 0 0 0 0 9
30 0 0 0 0 0 0 0 0 0 0 0 0 2
31 0 0 0 0 0 0 0 0 0 0 0 0 1
Total* 0 0 0 0 0 0 0 0 0 0 0 0 1000

Significance levels were og = 0.05 and o1 = 0.2. We carried out ng = 500 and 1000 trials. Running time per trial was
less than 1 s on average.

*Usual power is 1000/1000.

#The proportion of exact detection is 107/1000.
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Table V. Estimated bivariate power distributions P (I, s*) x 1000, [ = s*, ..., I of the proposed flexible
spatial scan statistic with X' = 50 for the two true clusters assumed in our Monte Carlo simulation study.
hg = 100 ho = 200 ng = 500
Cluster type  Strength Q of cluster/  0.05 0.01 0.001 0.05 001 0.001 005 001 0.001
Cross 22# 0 88 188 53 108 211 59 107 245
23 2 233 335 148 241 340 178 260 344
24 3 260 263 185 279 255 258 271 227
25 3 224 158 183 195 130 211 173 111
26 2 124 43 126 111 45 133 100 46
27 2 51 11 83 42 13 87 54 19
28 0 13 1 45 13 3 35 23 5
29 0 7 1 18 7 1 19 9 3
30 1 0 0 6 3 2 12 2 0
31 0 0 0 4 0 0 3 1 0
32 0 0 0 1 0 0 1 0 0
Total 13 1000 1000 852 999 1000 996 1000 1000
Loop 17% 37 124 288 70 180 233 138 278 385
18 90 256 372 181 347 372 304 356 347
19 134 261 215 255 258 255 267 190 176
20 93 189 84 195 134 94 146 116 63
21 70 110 34 102 53 36 89 40 19
22 40 41 5 54 19 8 35 14 7
23 13 16 2 31 6 2 13 4 1
24 2 2 0 10 0 0 3 0 1
25 0 1 0 2 0 0 1 1 1
26 0 0 0 4 0 0 1 1 0
27 0 0 0 0 0 0 1 0 0
Total 479 1000 1000 905 997 1000 998 1000 1000

Significance levels were ap = 0.05 and o1 = 0.2. We carried out 1000 trials.
#] = s* for the exact detection.

shows undesirable property of FS in that FS always detects clusters smaller than the true cluster, which
is obviously due to the small value of K to avoid the heavy computational load of FS. Table IV, on the
other hand, shows a good property of FSR. Namely, the power distribution appears to be concentrated
in a relatively narrow range of the length / on the line s = s* = 22, thereby indicating that the observed
significant MLC always contains the true cluster in this case. Regarding the average running time per
trial, the average running time is less than 1 s for FSR, 1 s for CS, and about 120 s for FS, indicating
that the running time for FSR with virtually no restrictions on K is surprisingly less than that for FS
with K = 20.

Although we omit here details of the estimated bivariate power distributions for other parameter values
such as Q = 0.05,0.001 and ny = 100, 200, and also for the case of the ring-shaped cluster shown in
Figure 3, the relative performances of CS, FS, and FSR were essentially unchanged. Table V shows the
estimated bivariate power distributions on the line s = s*(I = s*, ..., lx) of FSR for each of the two
types of the true cluster, indicating clearly that FSR can detect an arbitrarily shaped cluster reasonably
well as the strength or the relative risk of the cluster becomes large. Both CS and FS, on the other hand,
have no such property. However, Table V also suggests that FSR still has an undesirable property to a
certain extent in that the probability of detecting the true cluster together with a few of the neighboring
regions with nonelevated risk is not small even when Q is quite small.

5. Discussion

In this paper, we examined the performance of the flexible spatial scan statistic implemented with the
restricted likelihood ratio via a Monte Carlo simulation study and also compared the performance of the
three spatial scan statistics, Kulldorff’s circular spatial scan, Tango and Takahashi’s flexible spatial scan,

e
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and the proposed flexible spatial scan. As a result, the proposed flexible spatial scan statistic was shown
to eliminate the constraint of the maximum of 30 nearest neighbors for searching the cluster candidates
and to have surprisingly much less running time than the original flexible spatial scan statistic of Tango
and Takahashi. Furthermore, it tended to detect clusters of any shape reasonably well as the relative risk
of the cluster becomes large as shown in Table V. Other spatial scan statistics do not seem to have this
property. For example, Kulldorff’s circular spatial scan statistic was shown to have relatively high usual
power but tended to detect an MLC that was much larger than expected from the data. When applied to a
noncircular cluster, the supports of the bivariate power distribution P (/, s) of Kulldorff’s circular spatial
scan statistic were scattered over a wide range of points (/,s). In comparison, we did not include the
elliptical version of spatial scan statistic [12], which introduces an eccentricity penalty that discourages
eccentric clusters. The reason is that an elliptical window is obviously not able to detect clusters of any
shape and is plagued with a large dose of subjectivity and noninterpretability in the penalty parameters.

The idea of the restricted likelihood ratio A7 (Z), on the other hand, seems to be quite natural and
interpretable in that the regions with nonelevated risk should not be included in the MLC. However, this
restriction may be too strict in some cases depending on the choice of «;. For example, for a small to
moderate increase in risk in a local area, random variation might result in nonelevated observed count
(pi > o) in regions with truly elevated risk. In this case, the proposed procedure may only identify the
elevated portion of the true cluster. To remedy this situation to a certain extent, we recommend adopting
a larger value for ¢r; as discussed in Section 2.3.

Our simulation study adopted the value of o; = 0.20, which was recommended as a default option by
Tango [16]. We think this problem is quite similar to selection of covariates in any regression model.
A well-known stepwise regression combines the two procedure of forward selection and backward
elimination where p-values of selection criterion and elimination criterion are usually set at around
0.15-0.20. Needless to say, we can vary the value depending on the situation and/or the user’s specific
consideration. However, we do not think that the basic property of the proposed flexible spatial scan
statistic observed in our simulation study would change drastically for other values of a1 (<0.5).

Finally, the proposed flexible spatial scan statistic has a better property in that the running time is
quite fast and it can detect the true cluster with any shape reasonably well when the value of Q is large.
However, it still suffers from the undesirable property that the probability of perfect detection of the
true cluster cannot be 1.00 even when Q is quite small. We would like to examine this issue in our
future work.

‘We have conducted all of the computations and simulations on a PC with Windows 7.
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i 10,388 16755 ®  12/31 - 1/7 8 1,620 0.0001 121
@ 1/14-1/28 15 2725 0.0005 1.08
B, LEEOR)
SERG 1B St RS EREM B WIMAE pfE RR
2005 4£ 12 B Bk 8,177 131.89 ® 12/30 - 1710 12 1930 0.0001 1.22
~ 2006 €1 B Eegid 6020 97.10 ® 12/29 - 1/11 14 1,652 0.0001 1.22
2006 4£ 12 A Bt 7422 11971 O v1-u7 7 1.053 0.0001 1.26
~ 200741 H g 5,209 84.02 @© 12/30 - 1/9 11 1,177 0.0001 127
2007412 A Bt 7931 127.92 @ /1-1/4 4 718 0.0001 140
~ 200841 ® 127 -1/29 3 467 0.0040 1.22
g 5380 94.84 @ 12730 - 1/6 8 927 0.0001 122
® 1/14 - 1/15 2 248 0.0073 1.31
® 12r-31 5 552 00324 1.16
(B, EOLEEOR)
SERER 1 Bd ) Sty B oRBEEE B BIEASEEK pfMA RR
20054 12 A Bk 6,265 101.05 @ 1-1/3 3 495 0.0001 163
~ 2006411 g 4,196 67.68 ® 12/30 - 1/5 7 614 0.0001 1.30
2006 4 12 A i 6,207 100.11 ®© v1i-12 2 344 0.0001 1.72
~ 2007418 ik 4228 68.19 © V1-1/4 4 413 0.0001 151
2007 4£ 12 B Bt 6425 103.63 @ 12/31 - 1/4 5 747 0.0001 144
~ 20084 1H g 4508 7271 ® v1-1/3 3 323 0.0001 148
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}3 2005F 12 A~ 2006 F 1 BiCHOTHERE S M EREARASAICH T 5 FRAKEGER
TLL LR
SERIBRP SRS SRR SRS
12730 - 1/10 12/29 - 1/11
T g ) R (%) B ) AB (%)
0-9 7 0.36 40 0.64 17 1.03 18 041
10 - 19 12 0.62 23 0.37 0.24 9 021
20 - 29 20 1.04 42 067 054 21 048
30 — 39 29 150 118 189 12 073 50 114
40 — 49 73 3.78 246 394 28 1.69 77 1.76
50 - 59 185 9.59 690 11.05 71 4.30 202 462
60 — 69 357 1850 1120 1793 136 823 423 9.68
70 -179 626 3244 1,908 30.54 395 2391 1071 24.52
80 - 89 485 25.13 1,597 2556 656 3971 1704 3901
90 - 136 7.05 463 741 324 1961 793 1815
&t 1,930 100.00 6,247 100.00 1652 100.00 4,368 100.00
B LB TSR R

SRR SRR AP SRS

171 - 1/3 12730 = 1/5
T B A () NEC %) N %)
0-9 3 0.61 102 177 049 63 176
10 - 19 101 66 114 0.49 33 092
20 - 29 121 172 298 11 179 107 2.99
30 - 39 10 2.02 253 438 12 195 111 310
40 — 49 15 303 342 593 28 4.56 133 371
50 - 59 41 8.28 712 12.34 46 749 284 793
60 — 69 92 1859 898 15.56 79 12.87 387 1080
70 - 79 175 35.35 1517 26.29 135 21.99 745 20.80
80 — 89 112 2263 1,344 2329 196 31.92 1145 3197
90 - 36 7.27 364 6.31 101 1645 574 1602
Eil 495 100.00 5770 100.00 614 100.00 3582 100.00
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