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Abstract

Least squares (LS) regression is a classic method for regression that is optimal under assumptions of regression
and usual observations. However, the presence of unusual data in the LS method leads to seriously distorted
estimates. Therefore, various robust estimation methods are proposed to circumvent the limitations of
traditional LS regression. Among these, there are M-estimators based on maximum likelihood estimation
(MLE), L-estimators based on linear combinations of order statistics and R-estimators based on a linear
combinations of the ordered residuals. In this paper, robust regression estimators with high breakdown
point and/or with high efficiency are compared under several simulated situations. The paper analyses and
compares distributions of estimates as well as relative efficiencies calculated from mean squared errors (MSE)
in the simulation study. We conclude that MM-estimators or GR-estimators are a good choice for the real
data application.
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+ least median of squares(LMS) 74 & (Rousseeuw, 1984)3} ZA7F & #F X9 a%s dtslo] &
A F TS H 233k least trimmed squares(LTS) 743 (Rousseeuw7 1985)°] Utk R A A
42 715 %) gk (weight function)ol] W2} Wilcoxon & A2 R 4 & (Jaeckel, 1972), Mallows
7} 2E AFE3F generalized rank(GR) A3 (Naranjo2} Hettmansperger, 1994), high-breakdown
rank(HBR) 715X & A3t HBR A% (Chang 5, 1999)°] St}
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¢(T,Z) = min {% sup 72" —T(2)|

1<m<n OO}’

o714 n& AR F, m2 L9 AR F, T(2)€ n/le AR 29 AFHZl1L, T(Z')2 n7h
o 42 BN mAZ 2 A AR 29 HAFAYIT, B LR FRAL HEAF 5137
2 thy] ANESS guletn IFFRGFEY FFAF L2 A (mean squared error; MSE)] H]golt}.
ol AEE 7|E€LE M IAF4E, MM 3|AFA=, LMS 37AF4 =2 LTS IAF4%, R 3+
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boxplot& B3] AHEHAN £ o A% YA AAFALYHY 455 vl assit.
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Wilcoxon &4 b = 1& AF&3Hd

D) =23 [ree - " e

[\
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Figure 3.1. Non-contaminated data.
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Figure 3.2. Box plot of regression coefficients(left) and intercepts(right) estimated with non-contaminated data.
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Table 3.1. Variance, bias?, MSE, ARE of coefficient and intercept estimates for non-contaminated data

Coefficient Intercept

Variance bias? MSE ARE Variance bias? MSE ARE

LS 0.0153 0.0000 0.0153 1.0000 0.0197 0.0000 0.0197 1.0000
Huber 0.0162 0.0000 0.0162 0.9428 0.0207 0.0000 0.0207 0.9515
MM 0.0166 0.0000 0.0166 0.9221 0.0210 0.0000 0.0210 0.9368
LMS 0.0894 0.0001 0.0895 0.1708 0.1228 0.0001 0.1230 0.1600
LTS 0.0899 0.0001 0.0899 0.1700 0.1241 0.0001 0.1242 0.1584
WIL 0.0164 0.0000 0.0164 0.9343 0.0331 0.0000 0.0331 0.5939
GR 0.0163 0.0000 0.0163 0.9359 0.0332 0.0000 0.0332 0.5927
HBR 0.0164 0.0000 0.0164 0.9324 0.0331 0.0000 0.0331 0.5941

MSE = mean squared errors, ARE = asymptotic relative efficiency, LS = least squares, LMS = least
median of squares, LMS = least median of squares, LTS = least trimmed squares, WIL = Wilcoxon
rank, GR = generalized rank, HBR = high-breakdown rank.
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Figure 3.3. The contaminated data with (X,Y) ~ BVN(1,6,1,1,0), o = 0.1.
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Figure 3.4. Box plot of regression coefficients(left) and intercepts(right) estimated with contaminated data with
(X,Y) ~BVN(,6,1,1,0).
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Table 3.2. Variance, bias?, MSE, ARE of coefficient and intercept estimates for contaminated data with (X,Y) ~

BVN(1,6,1,1,0)

Coefficient Intercept
Variance bias? MSE ARE Variance bias? MSE ARE

LS 0.0318 0.0663  0.0981  1.0000 0.0273 0.2170 0.2443 1.0000

Huber 0.0227 0.0233  0.0460 2.1323 0.0245 0.0372 0.0617 3.9621

MM 0.0258 0.0084 0.0342 2.8659 0.0274 0.0042 0.0316 7.7323

=01 LMS 0.0803 0.0002 0.0804 1.2194 0.1019 0.0003 0.1022 2.3900
LTS 0.0850 0.0003 0.0853 1.1501 0.1070 0.0002 0.1072 2.2794

WIL 0.0231 0.0212 0.0443 2.2162 0.0337 0.0185 0.0522 4.6784

GR 0.0228 0.0192 0.0419 2.3395 0.0336 0.0183 0.0519 4.7085

HBR 0.0231 0.0215 0.0446  2.2001 0.0337 0.0185 0.0522 4.6805

LS 0.0520 0.1833  0.2352  1.0000 0.0349 0.8429 0.8778 1.0000

Huber 0.0408 0.1455 0.1863 1.2624 0.0341 0.2951 0.3291 2.6672

MM 0.0468 0.0980 0.1448 1.6250 0.0557 0.0986 0.1542 5.6913

o= 0.2 LMS 0.0850 0.0000 0.0850 2.7677 0.1024 0.0001 0.1025 8.5676
LTS 0.0798 0.0001  0.0799  2.9442 0.1017 0.0000 0.1017 8.6306

WIL 0.0395 0.0893 0.1289 1.8255 0.0442 0.1199 0.1641 5.3484

GR 0.0398 0.0842 0.1240 1.8966 0.0442 0.1190 0.1632 5.3791

HBR 0.0392 0.0947 0.1340 1.7560 0.0445 0.1212 0.1657 5.2969

LS 0.0618 0.2834  0.3452  1.0000 0.0456 1.8220 1.8676 1.0000

Huber 0.0497 0.3543 0.4040 0.8545 0.0526 1.2066 1.2592 1.4832

MM 0.0438 0.3808 0.4246 0.8130 0.0721 0.7221 0.7941 2.3517

=03 LMS 0.1016 0.0025 0.1041 3.3154 0.1170 0.0008 0.1179 15.8439
LTS 0.0892 0.0027 0.0919 3.7563 0.1026 0.0010 0.1036 18.0269

WIL 0.0563 0.2143 0.2706  1.2758 0.0715 0.4122 0.4837 3.8612

GR 0.0590 0.2093 0.2683  1.2868 0.0716 0.4111 0.4827 3.8693

HBR 0.0559 0.2208 0.2767  1.2475 0.0721 0.4160  0.0.4881 3.8259

MSE = mean squared errors, ARE = asymptotic relative efficiency, LS = least squares, LMS = least

median of squares, LMS = least median of squares, LTS = least trimmed squares, WIL = Wilcoxon
rank, GR = generalized rank, HBR = high-breakdown rank.

Table 3.32 Figure 3.59
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Figure 3.6. Box plot of regression coefficients(left) and intercepts(right) estimated with contaminated data with
(X,Y) ~BVN(3,8,1,1,0).
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Table 3.3. Variance, bias?, MSE, ARE of coefficient and intercept estimates for contaminated data with (X,Y) ~
BVN(3,8,1,1,0)

Coefficient Intercept
Variance bias? MSE ARE Variance bias? MSE ARE
LS 0.0147 0.3677  0.3824  1.0000 0.0343 0.0941  0.1285  1.0000
Huber 0.0193 0.1924  0.2117  1.8062 0.0295 0.0371  0.0666  1.9274
MM 0.0529 0.0608 0.1137  3.3630 0.0314 0.0078  0.0392  3.2797
o001 LMS 0.0891 0.0008  0.0898  4.2558 0.1041 0.0002  0.1043  1.2311
LTS 0.0961 0.0013  0.0974  3.9242 0.1092 0.0003  0.1095 1.1732
WIL 0.0194 0.1857  0.2051  1.8642 0.0420 0.0215 0.0635  2.0223
GR 0.0211 0.0960 0.1170  3.2668 0.0374 0.0188  0.0562  2.2874
HBR 0.0210 0.1691  0.1901 2.0114 0.0409 0.0209 0.0617  2.0811
LS 0.0161 0.6885  0.7046  1.0000 0.0457 0.2515  0.2973  1.0000
Huber 0.0189 0.5840 0.6029  1.1687 0.0435 0.1669  0.2104  1.4128
MM 0.0509 0.4480  0.4989  1.4125 0.0515 0.1034  0.1549  1.9192
o= 0.2 LMS 0.1440 0.0069 0.1509 4.6706 0.1255 0.0010 0.1266  2.3486
LTS 0.1306 0.0062 0.1369  5.1485 0.1266 0.0006  0.1272  2.3373
WIL 0.0208 0.5527  0.5735  1.2287 0.0669 0.1173  0.1841 1.6144
GR 0.0226 0.5475  0.5701  1.2360 0.0673 0.1190 0.1863  1.5955
HBR 0.0207 0.5615  0.5822  1.2104 0.0676 0.1167 0.1843 1.6134
LS 0.0169 0.8731  0.8900  1.0000 0.0584 0.4361  0.4945  1.0000
Huber 0.0180 0.8282  0.8462  1.0518 0.0572 0.3247 0.3819  1.2948
MM 0.0191 0.8064 0.8255 1.0781 0.0596 0.2830 0.3425 1.4436
=03 LMS 0.2071 0.0530 0.2601  3.4221 0.1817 0.0139  0.1955  2.5292
LTS 0.1909 0.0507 0.2416  3.6840 0.1626 0.0117  0.1743  2.8376
WIL 0.0196 0.7997 0.8192 1.0864 0.0853 0.2696 0.3548 1.3936
GR 0.0190 0.8394  0.8583  1.0370 0.0889 0.2634  0.3523  1.4035
HBR 0.0196 0.8066  0.8262  1.0773 0.0859 0.2680 0.3539  1.3971

MSE = mean squared errors, ARE = asymptotic relative efficiency, LS = least squares, LMS = least
median of squares, LMS = least median of squares, LTS = least trimmed squares, WIL = Wilcoxon
rank, GR = generalized rank, HBR = high-breakdown rank.
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Figure 3.8. Box plot of regression coefficients(left) and intercepts(right) estimated with contaminated data with
(X,Y) ~ BVN(=2,3,1,1,0).
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Table 3.4. Variance, bias?, MSE, ARE of coefficient and intercept estimates for contaminated data with (X,Y) ~
BVN(-2,3,1,1,0)

Coefficient Intercept
variance bias? MSE ARE variance bias? MSE ARE
LS 0.0289 0.3592 0.3881 1.0000 0.0293 0.1398 0.1690 1.0000
Huber 0.0290 0.1056  0.1346  2.8827 0.0275 0.0434 0.0710 2.3818
MM 0.0325 0.0077  0.0401 9.6674 0.0302 0.0053 0.0355  4.7621
o001 LMS 0.0763 0.0000 0.0763  5.0877 0.1036 0.0002 0.1038  1.6292
’ LTS 0.0803 0.0001  0.0803 4.8311 0.1071 0.0001  0.1072 1.5761
WIL 0.0280 0.1051  0.1331 29170 0.0408 0.0237 0.0645  2.6217
GR 0.0226 0.0726  0.0952  4.0784 0.0385 0.0215 0.0599  2.8214
HBR 0.0258 0.0897 0.1155  3.3602 0.0396 0.0227 0.0624  2.7108
LS 0.0243 0.9163  0.9406  1.0000 0.0417 0.3752  0.4169  1.0000
Huber 0.0350 0.8274  0.8625  1.0906 0.0452 0.3464  0.3915  1.0648
MM 0.1365 0.4351  0.5716  1.6455 0.0796 0.2050  0.2846  1.4650
o= 0.2 LMS 0.1098 0.0013 0.1111  8.4646 0.1318 0.0005 0.1323  3.1507
LTS 0.1124 0.0013  0.1137  8.2727 0.1401 0.0003  0.1405  2.9679
WIL 0.0482 0.7169  0.7651  1.2294 0.0921 0.2231  0.3152  1.3226
GR 0.0465 0.6057  0.6522  1.4422 0.0838 0.2041  0.2879  1.4480
HBR 0.0493 0.6940 0.7433  1.2654 0.0909 0.2190 0.3099  1.3453
LS 0.0190 1.3659  1.3849  1.0000 0.0529 0.6367  0.6896  1.0000
Huber 0.0207 1.4057  1.4264  0.9709 0.0587 0.6763  0.7351  0.9318
MM 0.0253 1.4183 1.4436 0.9593 0.0633 0.7000 0.7632 0.9035
=03 LMS 0.3606 0.0526  0.4132  3.3513 0.3978 0.0509  0.4488  1.5367
LTS 0.3502 0.0472  0.3974  3.4848 0.3946 0.0507  0.4453  1.5487
WIL 0.0220 1.4547 1.4767 0.9378 0.1167 0.8658 0.9825 0.7019
GR 0.0241 1.4197  1.4437  0.9593 0.1173 0.8617 0.9790 0.7044
HBR 0.0223 1.4595  1.4818  0.9346 0.1168 0.8650 0.9818  0.7024

MSE = mean squared errors, ARE = asymptotic relative efficiency, LS = least squares, LMS = least
median of squares, LMS = least median of squares, LTS = least trimmed squares, WIL = Wilcoxon
rank, GR = generalized rank, HBR = high-breakdown rank.
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