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Figure 3.1 Truncated double exponential density in the case of
A1 = 0.1 and A2 = 1 having a discontinuity point at 0.5
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Table 3.2 The Monte Carlo estimates of the MSEs and the averages for the discontinuity point estimators
in the case of f; with 7=0.5
Xy n CV  Average of h Average of 7 MSE of 7 Average of A(F) MSE of A(F)
MLCV ~ 0.112460  0.542880 (0.002831) 0.009855 (0.000874) 1.731917 (0.043871) 2.016620 (0.166966)
100 LSCV 0.123800  0.535740 (0.002581) (0.007938) (0.000796) 1.790413 (0.041177) 1.755435 (0.158737)
BCV 0.315110  0.510700 (0.001494)  0.002348 (0.000548)  1.804126 (0.015737) 0.300991 (0.049219)
MLCV  0.086620  0.515140 (0.001704) 0.003133 (0.000508) 1.897702 (0.026667) 0.729993 (0.093848)
1 200 LSCV 0.088800  0.515010 (0.001619)  0.002845 (0.000449)  1.888315 (0.027356) 0.769910 (0.099804)
BCV 0.224910  0.502860 (0.000340)  0.000124 (0.000050)  1.876632 (0.008292) 0.093859 (0.012045)
MLCV  0.060560  0.504470 (0.000890) 0.000812 (0.000252) 1.976765 (0.018171) 0.333583 (0.052963)
400 LSCV 0.063680  0.504860 (0.000936)  0.000900 (0.000257) 1.951552 (0.019134) 0.373079 (0.057792)
BCV 0.166600  0.500900 (0.000113)  0.000014 (0.000002) 1.912542 (0.006823) 0.061575 (0.002457)
MLCV  0.097390  0.521990 (0.002000) 0.004484 (0.000591) 2.467622 (0.045631) 2.186391 (0.221180)
100 LSCV 0.099450  0.521200 (0.001920)  0.004136 (0.000550)  2.428968 (0.048783) 2.510440 (0.252067)
BCV 0.265570  0.503690 (0.000497)  0.000261 (0.000154)  2.369434 (0.013086) 0.348505 (0.036785)
MLCV  0.080680  0.505470 (0.000889) 0.000821 (0.000224) 2.621245 (0.025068) 0.657015 (0.102310)
2 200 LSCV 0.072110  0.505800 (0.000871)  0.000792 (0.000195) 2.619183 (0.027905) 0.808024 (0.121016)
BCV 0.190580  0.500990 (0.000117)  0.000015 (0.000002)  2.458482 (0.009417) 0.198885 (0.006774)
MLCV  0.063610  0.500410 (0.000090)  0.000008 (0.000004) 2.712761 (0.013203) 0.180359 (0.021454)
400 LSCV 0.051870  0.501150 (0.000336) 0.000115 (0.000057) 2.710744 (0.017517) 0.313195 (0.051730)
BCV 0.135000  0.500210 (0.000047)  0.000002 (0.000001) 2.556770 (0.008086) 0.120000 (0.004381)
Table 3.3 The Monte Carlo estimates of the MSEs and the averages for the discontinuity point estimators
in the case of f1 with 7=0.75
Xy n CV  Average of h Average of 7 MSE of 7 Average of A(F) MSE of A(F)
MLCV  0.103730  0.757640 (0.000689) 0.000533 (0.000073) 2.978471 (0.030863) 0.960355 (0.148138)
100 LSCV 0.077220  0.763870 (0.000978) 0.001149 (0.000110) 2.846047 (0.052164) 2.769811 (0.308279)
BCV 0.202990  0.753430 (0.000364) 0.000144 (0.000022) 2.853746 (0.013048) 0.215687 (0.009090)
MLCV  0.073840  0.753050 (0.000388) 0.000160 (0.000041) 2.996443 (0.020899) 0.441723 (0.064335)
1 200 LSCV 0.055730  0.755920 (0.000632) 0.000435 (0.000071) 2.957322 (0.032252) 1.052177 (0.148384)
BCV 0.150070  0.751570 (0.000182) 0.000036 (0.000009) 2.886556 (0.011575) 0.166501 (0.006698)
MLCV ~ 0.049070  0.750840 (0.000197) 0.000039 (0.000021) 3.015570 (0.017095) 0.294865 (0.041882)
400 LSCV 0.042380  0.751060 (0.000226) 0.000052 (0.000023) 3.013709 (0.019332) 0.376542 (0.058015)
BCV 0.107950  0.750380 (0.000075) 0.000006 (0.000002) 2.941523 (0.010160) 0.118947 (0.005102)
MLCV  0.087890  0.756250 (0.000631) 0.000437 (0.000069) 3.799385 (0.043030) 1.930173 (0.281906)
100 LSCV 0.064230  0.759660 (0.000818) 0.000762 (0.000091) 3.747004 (0.059222) 3.617902 (0.426828)
BCV 0.172470  0.751810 (0.000194) 0.000041 (0.000007) 3.634533 (0.015215) 0.429637 (0.015406)
MLCV  0.076830  0.751070 (0.000196) 0.000040 (0.000015) 3.880958 (0.020621) 0.464719 (0.074877)
2 200 LSCV 0.047190  0.752950 (0.000436) 0.000199 (0.000044) 3.894685 (0.036403) 1.359366 (0.208006)
BCV 0.124720  0.750560 (0.000091) 0.000009 (0.000002) 3.739849 (0.013827) 0.306641 (0.011669)
MLCV  0.055470  0.750160 (0.000042) 0.000002 (0.000001) 3.940671 (0.015820) 0.269587 (0.011794)
400 LSCV 0.040280  0.750170 (0.000046) 0.000002 (0.000001) 3.981041 (0.018806) 0.363380 (0.016038)
BCV 0.089810  0.750110 (0.000033) 0.000001 (0.0000003) 3.826371 (0.012226) 0.213637 (0.008460)
F HlRE vEE 57 00] HE F5EE (uniform distribution) & Th
c, x<0.5
fa() = {
c2, x>0.5
3 2ol A2 AN (o1, e2) = (15,0.5)9) (L75,025)F A Teiakah o] A$ol 22 4
ZI7)+E -1.03% -1.50]th o] ExEL F ¥ n]EH 57 00lmE 4 (2.13) 9] [ {f(x)}  da S
4o oz 24 A0x 229t} Figure 3.2 (1, ¢2) = (15,0.5)0] 0] 2al% 0] 0,591 45-]
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Figure 3.2 Uniform density having a discontinuity point at 0.5
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Table 3.4 The Monte Carlo estimates of the MSEs and the averages for the discontinuity point estimators
in the case of f2

(c1,c2) n CV  Average of h Average of 7 MSE of 7 Average of A(F) MSE of A(F)

MLCV 0.181440 0.426300 (0.003833) 0.020124 (0.001201) -1.005493 (0.026741) 0.715112 (0.055680)

100 LsCV 0.173530 0.413970 (0.004107) 0.024265 (0.001351) -0.957720 (0.036366) 1.324256 (0.088588)

BCV 0.597450 0.381860 (0.005781) 0.047380 (0.002138) -0.412557 (0.031817) 1.357406 (0.063582)

MLCV 0.14696 0.450420 (0.003064) 0.011849 (0.000950) -0.975172 (0.020152) 0.406734 (0.037511)

(1.5,0.5) 200 LSCV 0.136270 0.440320 (0.003438) 0.015384 (0.001101) -0.915046 (0.026900) 0.730836 (0.059787)
BCV 0.393100 0.443830 (0.004048) 0.019537 (0.001559) -0.794118 (0.021244) 0.493691 (0.039853)

MLCV 0.117080 0.477990 (0.002068) 0.004761 (0.000629) -0.993430 (0.012707) 0.161522 (0.021226)

400 LSCV 0.103350 0.464800 (0.002621) 0.008111 (0.000810) -0.922675 (0.019616) 0.390752 (0.038778)

BCV 0.260180 0.492360 (0.001131) 0.001337 (0.000402) -0.990203 (0.006858) 0.047135 (0.009785)

MLCV 0.155960 0.447720 (0.003104) 0.012366 (0.000996) -1.458339 (0.031609) 1.000859 (0.093227)

100 LSCV 0.128790 0.428970 (0.003489) 0.017216 (0.001124) -1.306472 (0.045792) 2.134354 (0.159516)

BCV 0.423800 0.478790 (0.002041) 0.004615 (0.000736) -1.453677 (0.016088) 0.260985 (0.044361)

MLCV 0.122570 0.476310 (0.002168) 0.005261 (0.000686) -1.485030 (0.020071) 0.403053 (0.052349)

(1.75,0.25) 200 LSCV 0.096220 0.454110 (0.003026) 0.011261 (0.000965) -1.376968 (0.032528) 1.073213 (0.097404)
BCV 0.290730 0.493300 (0.000835) 0.000743 (0.000264) -1.496396 (0.007847) 0.061593 (0.014205)

MLCV 0.087630 0.490220 (0.001385) 0.002015 (0.000405) -1.515496 (0.012145) 0.147737 (0.023620)

400 LsCV 0.070070 0.477820 (0.002168) 0.005194 (0.000657) -1.433313 (0.022262) 0.500034 (0.061094)

BCV 0.197980 0.498160 (0.000211) 0.000048 (0.000011) -1.499070 (0.005575) 0.031079 (0.001436)
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Table 3.5 Discontinuity point identification frequency in the case of f; with 7
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Abstract

The cross-validation is a popular method to select bandwidth in all types of kernel
estimation. The maximum likelihood cross-validation, the least squares cross-validation
and biased cross-validation have been proposed for bandwidth selection in kernel density
estimation. In the case that the probability density function has a discontinuity point,
Huh (2012) proposed a method of bandwidth selection using the maximum likelihood
cross-validation. In this paper, two forms of cross-validation with the one-sided ker-
nel function are proposed for bandwidth selection to estimate the location and jump
size of the discontinuity point of density. These methods are motivated by the least
squares cross-validation and the biased cross-validation. By simulated examples, the
finite sample performances of two proposed methods with the one of Huh (2012) are

compared.

Keywords: Biased cross-validation, least squares cross-validation, maximum likelihood

cross-validation.
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