Supplementary Materials for “Robust High-Dimensional
Regression for Data with Anomalous Responses”

by Mingyang Ren, Sanguo Zhang and Qingzhao Zhang

For Case 1 in Simulation Studies, Fig. S1 to Fig. S6 report the classification

accuracy of penalized 7-logistic regression and other methods under (S1-S2).

The performances of variable selection with p = 2000 for Case 1 and Case 2 are

replaced in Table S1 and Table S2, respectively. The sensitivity analysis results

of ¢ in adjust BIC for logistic and poisson regression are shown in Table S3, and

the numerical approximation results in v-poisson regression are in Table S4.
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Figure S1: Simulation results of the classification accuracy under (S1) with p = 1000, » = 200.
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Figure S2: Simulation results of the classification accuracy under (S2) with p = 1000, » = 200.
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Figure S3: Simulation results of the classification accuracy under (S1) with p = 2000, » = 400.
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Figure S4: Simulation results of the classification accuracy under (S2) with p = 2000, n = 400.
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Figure S5: Simulation results of the classification accuracy under (S1) with p = 2000, » = 200.
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Table S1: Mean (sd) of numbers of true/false positives (TP/FP) for variable selection under
logistic regression with p = 2000.

S0 Sl $2

Correlation n Methods TP FP ||B—fol, TP FP [|B—foll, TP FP (16— Bl
AR p=025200 logistic 15.32(1.16) 0.27(0.66) 2.33(0.97) 11.44(3.15) 1.95(2.08) 4.15(1.05) 13.55(2.95) 2.92(1.86) 4.31(1.02)
constant 15.36(1.17) 0.29(0.62) 2.26(0.84) 11.75(2.82) 1.88(1.92) 3.87(0.99) 13.96(2.14) 2.07(1.21) 3.96(0.84)

~-logistic 15.25(1.22) 0.34(0.89) 2.29(0.77) 14.95(1.21) 0.74(0.98) 2.68(1.13) 15.18(0.89) 0.55(0.93) 2.54(0.95)

Oraclel 16.00(0.00) 0.00(0.00) 1.63(0.48) 16.00(0.00) 0.00(0.00) 1.94(0.54) 16.00(0.00) 0.00(0.00) 1.87(0.52)

Oracle2 - - -~ 16.00(0.00) 0.00(0.00) 1.70(0.39) 16.00(0.00) 0.00(0.00) 1.68(0.46)

400 logistic 15.71(0.53) 0.19(0.53) 2.19(0.91) 12.67(2.71) 1.89(1.72) 3.91(1.01) 13.68(2.65) 1.64(1.02) 3.78(0.85)

constant 15.73(0.58) 0.20(0.57) 2.02(0.75) 13.02(1.89) 1.68(1.41) 3.04(0.93) 14.75(1.90) 1.53(1.11) 2.89(0.64)

~-logistic 15.63(0.64) 0.28(0.67) 2.62(0.46) 15.31(0.88) 0.67(0.53) 1.94(0.86) 15.45(0.87) 0.42(0.81) 2.14(0.41)

Oraclel 16.00(0.00) 0.00(0.00) 1.02(0.25) 16.00(0.00) 0.00(0.00) 1.21(0.35) 16.00(0.00) 0.00(0.00) 1.27(0.38)

Oracle? - - 16.00(0.00) 0.00(0.00) 1.05(0.28) 16.00(0.00) 0.00(0.00) 1.07(0.31)

AR p=0.75200 logistic 14. 93(1 17) 0.45(0.66) 2.56(1.19) 9.96(4.96) 3.18(2.84) 4.86(1.34) 12.64(2.81) 3.95(1.94) 4.97(0.85)
constant 14.82(1.23) 0.53(0.70) 2.64(1.24) 10.88(3.66) 2.81(1.98) 4.07(1.15) 13.84(1.98) 2.26(1.46) 4.06(0.93)

~-logistic 14.54(1.55) 0.61(0.81) 2.88(1.06) 14.25(1.97) 1.11(1.05) 3.41(0.93) 14.46(1.17) 0.86(1.12) 3.05(0.76)

Oraclel 16.00(0.00) 0.00(0.00) 1.85(0.46) 16.00(0.00) 0.00(0.00) 2.20(0.48) 16.00(0.00) 0.00(0.00) 2.29(0.56)

Oracle2 - - - 16.00(0.00) 0.00(0.00) 1.82(0.43) 16.00(0.00) 0.00(0.00) 1.92(0.48)

400 logistic 15.49(0.73) 0.43(0.86) 2.33(1.26) 11.75(3.19) 2.34(1.56) 4.42(1.12) 13.31(2.12) 2.42(1.64) 3.54(1.34)

constant 15.52(0.74) 0.41(0.97) 1.95(0.98) 12.56(2.64) 1.96(1.67) 3.94(0.86) 13.92(1.76) 1.75(1.32) 3.24(1.12)

~-logistic 15.40(0.86) 0.51(0.72) 2.72(0.88) 15.12(1.08) 0.86(1.03) 2.76(1.25) 15.22(0.82) 0.68(0.94) 2.15(1.14)

Oraclel 16.00(0.00) 0.00(0.00) 1.18(0.24) 16.00(0.00) 0.00(0.00) 1.37(0.43) 16.00(0.00) 0.00(0.00) 1.45(0.46)

Oracle2 - - 16.00(0.00) 0.00(0.00) 1.20(0.28) 16.00(0.00) 0.00(0.00) 1.23(0.26)

Band 1 200 logistic 1543(1 04) 0.23(0.64) 2.27(1.08) 11.68(3.02) 1.73(1.42) 4.08(0.85) 13.88(3.02) 2.64(1.72) 4.18(0.95)
constant 15.48(1.15) 0.22(0.59) 2.19(1.23) 12.48(2.35) 1.65(1.72) 3.72(0.79) 14.18(1.92) 1.72(1.06) 3.84(0.78)

~-logistic 15.38(1.10) 0.28(0.75) 1.97(0.68) 15.22(1.18) 0.66(0.73) 2.54(0.67) 15.32(0.72) 0.48(0.84) 2.45(0.51)

Oraclel 16.00(0.00) 0.00(0.00) 1.50(0.36) 16.00(0.00) 0.00(0.00) 1.87(0.52) 16.00(0.00) 0.00(0.00) 1.78(0.54)

Oracle2 - -~ 16.00(0.00) 0.00(0.00) 1.55(0.39) 16.00(0.00) 0.00(0.00) 1.53(0.41)

400 logistic 15. 87(0 34) 0.11(0.31) 142(0.45) 12.75(2.54) 1.84(1.42) 3.42(0.86) 14.04(1.66) 1.54(1.24) 3.34(0.54)

constant 15.84(0.37) 0.14(0.35) 1.36(0.42) 13.96(1.87) 1.16(0.96) 2.86(0.96) 14.87(1.72) 1.45(1.07) 2.78(0.42)

~-logistic 15.82(0.39) 0.18(0.39) 1.40(0.38) 15.44(0.86) 0.32(0.54) 1.54(0.67) 15.48(0.92) 0.35(0.57) 1.64(0.48)

Oraclel 16.00(0.00) 0.00(0.00) 0.89(0.22) 16.00(0.00) 0.00(0.00) 1.18(0.36) 16.00(0.00) 0.00(0.00) 1.20(0.30)

Oracle2 - - 16.00(0.00) 0.00(0.00) 0.92(0.25) 16.00(0.00) 0.00(0.00) 1.01(0.31)

Band 2 200 logistic 15. 36(1 21) 0.26(0.64) 2.36(1.19) 11.48(3.34) 1.90(1.93) 4.21(1.14) 13.58(3.02) 2.86(1.75) 4.28(1.06)
constant 15.39(1.18) 0.27(0.67) 2.24(0.94) 11.94(2.67) 1.84(1.89) 3.84(1.02) 14.02(1.98) 1.98(1.06) 3.93(0.95)

~-logistic 15.30(1.28) 0.32(0.92) 2.15(0.89) 14.97(1.08) 0.72(0.92) 2.65(1.35) 15.21(0.96) 0.62(0.97) 2.60(0.86)

Oraclel 16.00(0.00) 0.00(0.00) 1.60(0.44) 16.00(0.00) 0.00(0.00) 1.97(0.56) 16.00(0.00) 0.00(0.00) 1.90(0.58)

Oracle2 - - - 16.00(0.00) 0.00(0.00) 1.68(0.47) 16.00(0.00) 0.00(0.00) 1.65(0.40)

400 logistic 15.74(0.44) 0.23(0.64) 2.04(0.81) 12.69(2.69) 1.91(1.56) 3.84(0.96) 13.7(2.05) 1.66(1.32) 3.71(0.76)

constant 15.76(0.43) 0.26(0.69) 1.84(0.69) 13.17(1.84) 1.60(1.36) 2.95(0.92) 14.78(1.82) 1.51(1.29) 2.86(0.57)

~-logistic 15.68(0.54) 0.25(0.58) 1.96(0.77) 15.33(0.91) 0.58(0.61) 1.87(0.75) 15.43(1.09) 0.45(0.91) 2.03(0.43)

Oraclel 16.00(0.00) 0.00(0.00) 0.93(0.21) 16.00(0.00) 0.00(0.00) 1.20(0.40) 16.00(0.00) 0.00(0.00) 1.24(0.35)

Oracle2 - - - 16.00(0.00) 0.00(0.00) 0.98(0.30) 16.00(0.00) 0.00(0.00) 0.94(0.29)




Table S2: Mean (sd) of numbers of true/false positives (TP/FP) for variable selection under
poisson regression with p = 2000.

100 poisson15.80(0-40) 0.42(0.62) 134(0.91) 15.14
~-poisson 15.78(0.42) 0.40(0.57) 1.39(0.97) 15.62
Oraclel 16.00(0.00) 0.00(0.00) 0.32(0.14) 16.00
Oracle2 - - - 16.00

Band 2 200 poisson 15.50(0.52) 0.79(1.04) 1.52(1.07) 14.82
y-poisson 15.49(0.56) 0.82(1.14) 1.42(1.12) 1541
Oraclel 16.00(0.00) 0.00(0.00) 0.48(0.20) 16.00
Oracle2 - - 16.00

100 poisson 15.57(0.63) 0.60(0.75) 143(0.97) 15.05(0.97) 4.12(3.04
y-poisson 15.54(0.68) 0.58(0.72) 1.52(L.06) 15.51(0.71) 0.77(0.89
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S0 ST 52

Comelation n Methods TP FP |B-fl, TP FP ||B-Bls TP FP |8 - Boll2
AR p=025200 poisson 15.46(0.78) 0.83(0.97) 154(1.11) 14.76(1.64) 5.88(4.04) 2.17(1.81) 15.05(1.27) 4.98(2.92) 1.95(1.64)
y-poisson 15.48(0.73) 0.70(1.08) 1.60(1.22) 15.36(0.86) 0.93(1.24) 1.76(1.54) 15.41(0.82) 0.86(1.17) 1.72(1.48)

Oraclel 16.00(0.00) 0.00(0.00) 0.57(0.25) 16.00(0.00) 0.00(0.00) 0.86(0.18) 16.00(0.00) 0.00(0.00) 0.70(0.12)

Orace2 - - 16.00(0.00) 0.00(0.00) 0.55(0.27) 16.00(0.00) 0.00(0.00) 0.56(0.23)

400 poisson 15.52(0.68) 0.65(0.83) 1.48(1.02) 15.03(1.03) 4.32(3.12) 1.86(1.45) 15.19(1.08) 4.34(2.72) 1.75(1.35)
+-poisson 15.50(0.71) 0.67(0.87) 1.55(1.23) 15.45(0.76) 0.86(1.04) 1.64(1.04) 15.46(0.78) 0.74(1.04) 1.58(1.24)

Oraclel 16.00(0.00) 0.00(0.00) 0.43(0.15) 16.00(0.00) 0.00(0.00) 0.60(0.15) 16.00(0.00) 0.00(0.00) 0.48(0.16)

Oracle2 - - - 16.00(0.00) 0.00(0.00) 0.41(0.16) 16.00(0.00) 0.00(0.00) 0.46(0.18)

AR p=0.75 200 poisson 15.18(1.42) 0.96(1.08) 2.15(1.46) 14.56(1.82) 7.68(6.64) 2.34(1.96) 14.68(1.89) 6.26(4.87) 2.28(1.38)
+-poisson 15.15(1.34) 0.87(0.98) 1.96(1.24) 15.10(1.42) 1.06(1.34) 2.03(1.76) 15.08(1.31) 1.01(1.19) 1.98(1.32)

Oraclel 16.00(0.00) 0.00(0.00) 0.79(0.40) 16.00(0.00) 0.00(0.00) 0.87(0.20) 16.00(0.00) 0.00(0.00) 0.85(0.18)

Oracle2 - - 16.00(0.00) 0.00(0.00) 0.77(0.42) 16.00(0.00) 0.00(0.00) 0.80(0.43)

400 poisson 15.49(0.70) 0. 8(09 ) 1.52(1.04) 14.82(1.43) 5.19(3.95) 1.96(1.52) 15.00(0.39) 4.82(2.76) 1.90(1.50)
+-poisson 15.48(0.74) 0.84(0.92) 1.58(0.37) 15.40(0.81) 0.95(1.12) 1.86(1.61) 15.42(0.80) 0.92(1.00) 1.67(1.38)

Oraclel 16.00(0.00) 0.00(0.00) 0.69(0.13) 16.00(0.00) 0.00(0.00) 0.89(0.23) 16.00(0.00) 0.00(0.00) 0.85(0.20)

Orade? - - ~16.00(0.00) 0.00(0.00) 0.72(0.16) 16.00(0.00) 0.00(0.00) 0.68(0.14)

Band 1 200 poisson 15.58(0.54) 0.75(0.98) 1.24(0.94) 15.03(1.41) 4.06(5.11) 1.96(1.66) 15.16(1.13) 3.76(1.50) 1.81(1.50)
y-poisson 15.56(0.58) 0.73(0.95) 1.32(0.99) 15.52(0.63) 0.88(1.12) L54(L.17) 15.53(0.69) 0.84(L.03) 147(L07)
Oraclel16.00(0.00) 0.00(0.00) 0.40(0.16) 16.00(0.00) 0.00(0.00) 0.61(0.19) 16.00(0.00) 0.00(0.00) 0.57(0.20)

Orace - - 16.00(0.00) 0.00(0.00) 0.38(0.15) 16.00(0.00) 0.00(0.00) 0.41(0.19)

(1.02) 3.74(2.69) 1.48( (0.97) 3.86(2.79) )

(0.57) 0.56(0.67) 1.42( (0.46) 0.51(0.83) )

(0.00) 0.00(0.00) 0.48( (0.00) 0.00(0.00) )

(0.00) 0.00(0.00) 0.34( (0.00) 0.00(0.00) )

(1.57) 5.65(3.82) 2.09( 07(1.24) 4.65(2.87) )

(0.69) 0.97(1.31) 1.68( (0.92) 0.92(1.28) )

(0.00) 0.00(0.00) 0.69( (0.00) 0.00(0.00) )

(0.00) 0.00(0.00) 0.50( (0.00) 0.00(0.00) )

(0.97) 4.12(3.04) 1.79( (1.10) 4.09(2.67) )

(0.71) 0.77(0.89) 1.58( (0.69) 0.68(0.92) )

(0.00) 0.00(0.00) 0.59( (0.00) 0.00(0.00) )

(0.00) 0.00(0.00) 0.4o( (0.00) 0.00(0.00) )

0.3
1.92
1.68
0.5
0.4
1.7
1.5
0.4
0.3

1.68 545
0.69 6.00
0.50 6.00 9
1.79 5.21 1
1.58 5.52 1
0.59 6.00 3
0.40 6.00 8




Table S3: The sensitivity analysis for § in adjust BIC: Mean (sd) of numbers of true/false
positives (TP/FP) for variable selection under logistic and poisson regression with p = 1000.

S0 S1 S2

Correlation n 0 TP FP TP FP TP FP
logistic AR p=0.75 200 2 15.10(1.34) 0.07(0.26) 14.75(1.83) 0.10(0.36) 15.33(0.82) 0.19(0.42)
4 1517(1.32)  0.08(0.27) 14.79(1.84) 0.10(0.33) 15.35(0.81) 0.22(0.44)
6 15.16(1.30) 0.10(0.33) 14.81(1.81) 0.11(0.35) 15.39(0.76)  0.23(0.45)
8 1519(1.25) 0.11(0.36) 14.85(1.88) 0.11(0.31) 1540(0.73)  0.25(0.44)
10 1521(117)  0.17(047) 14.88(1.81) 0.15(0.39) 15.41(0.74) 0.27(0.47)
400 2 1545(1.25) 0.10(0.33) 15.22(0.86) 0.03(0.17) 15.45(0.81)  0.20(0.40)
4 1549(1.17)  0.12(0.36)  15.23(0.86)  0.03(0.17)  15.45(0.78)  0.21(0.43)
6 1549(1.17) 0.12(0.36) 15.25(0.83) 0.05(0.22) 15.47(0.76)  0.23(0.45)
8 15.50(1.16) 0.12(0.33) 15.25(0.84) 0.06(0.24) 15.48(0.76)  0.23(0.42)
10 15.53(1.11)  0.16(0.33)  15.26(0.84) 0.06(0.24)  15.48(0.77)  0.26(0.46)
Band1 200 2 15.61(0.83) 0.02(0.14) 15.21(0.84) 0.01(0.10)  15.39(0.67)  0.08(0.27)
4 1565(0.82) 0.03(0.17) 15.22(0.85) 0.01(0.10) 15.40(0.65) 0.10(0.30)
6 15.66(0.82) 0.05(0.22) 15.25(0.82) 0.02(0.14) 15.41(0.65) 0.11(0.31)
8 15.68(0.82) 0.05(0.22) 15.28(0.79) 0.01(0.10) 15.43(0.65) 0.11(0.31)
10 15.71(0.81)  0.06(0.24)  15.30(0.80)  0.04(0.20)  15.46(0.66)  0.15(0.39)
400 2 15.88(0.36) 0.03(0.17) 1549(0.66) 0.06(0.24) 15.52(0.93)  0.04(0.20)
4 15.90(0.30)  0.04(0.20) 15.51(0.64) 0.07(0.26)  15.52(0.90)  0.05(0.22)
6 15.91(0.29)  0.04(0.20) 15 51(0.66)  0.07(0.26) 15.53(0.97)  0.05(0.22)
8 15.93(0.26) 0.04(0.20) 15.52(0.64) 0.07(0.26) 15.53(0.99)  0.06(0.24)
10 15.93(0.26)  0.04(0.20)  15.55(0.69) 0.11(0.35)  15.54(1.00)  0.06(0.24)
poisson AR p=0.75 200 2 15.87(0.37) 0.56(1.16) 15.83(0.40) 0.88(1.07) 15.89(0.35) 0.69(0.87)
4 1588(0.36) 0.58(1.18) 15.85(0.39) 0.88(1.09) 15.92(0.31) 0.70(0.87)
6 15.90(0.30) 0.61(1.07) 15.86(0.38) 0.90(1.13) 15.94(0.28) 0.72(0.93)
8 15.91(0.29) 0.61(1.13) 15.89(0.31) 0.91(1.18) 15.94(0.24) 0.73(0.94)
10 15.91(0.29)  0.65(1.08) 15.90(0.30) 0.91(1.10)  15.96(0.20)  0.76(0.95)
400 2 15.89(0.35) 0.02(0.14) 15.97(0.17) 0.15(0.39) 15.96(0.20)  0.08(0.27)
4 15.90(0.33) 0.02(0.14) 15.97(0.17) 0.17(0.40)  15.99(0.10)  0.10(0.30)
6 15.90(0.30) 0.03(0.17) 15.99(0.10) 0.18(0.41) 16.00(0.00) 0.11(0.31)
8 15.92(0.27) 0.03(0.17) 15.99(0.10) 0.18(0.42) 16.00(0.00) 0.11(0.31)
10 15.93(0.26)  0.04(0.20)  15.99(0.10)  0.20(0.45)  16.00(0.00)  0.11(0.31)
Band1 200 2 15.92(0.27) 0.51(0.94) 15.87(0.34) 0.60(0.94) 15.90(0.33)  0.55(0.78)
4 15.93(0.26) 0.52(0.97) 15.88(0.37) 0.59(0.91) 15.90(0.30) 0.54(0.76)
6 15.96(0.20) 0.53(1.03) 15.90(0.30) 0.62(0.98) 15.91(0.29) 0.56(0.78)
8 15.97(0.17) 0.53(1.05) 15.90(0.30) 0.62(0.98) 15.93(0.26) 0.57(0.82)
10 15.97(0.17)  0.57(0.96) 15.91(0.20)  0.62(0.99) 15.95(0.22)  0.60(0.84)
400 2 15.99(0.10)  0.01(0.10)  16.00(0.00)  0.04(0.20)  15.59(0.10)  0.03(0.17)
4 16.00(0.00)  0.02(0.14) 16.00(0.00)  0.04(0.20)  15.59(0.10)  0.05(0.22)
6 16.00(0.00) 0.02(0.14) 16.00(0.00)  0.04(0.20) 16.00(0.00)  0.05(0.22)
8 16.00(0.00) 0.02(0.14) 16.00(0.00) 0.04(0.20) 16.00(0.00) 0.05(0.22)
10 16.00(0.00)  0.02(0.14)  16.00(0.00)  0.05(0.22)  16.00(0.00)  0.05(0.22)

Table S4: Mean of (Tapproxi, Tapprox2) Under poisson regression with p = 1000.
Correlation n y=0.01 y=01 y=03 7=05 y=10 7=15 y=5 7=10

ARp=02 20 (<107°<107%) (<1075<107%)  (<108<107%)  (<107°<107%)  (<1075<107Y)  (<1078<1078)  (<1078<1078) (<1078 < 10" )
400 (<1078<107%) (<1078<107h) (<1078<1078) (<1078<1078) (<1078< 107 (<1078<1078) (<1078 <1078) (<107t < 10” )
ARp=07 20 (<1075<107%)  (<1078<107%)  (<108<107%)  (<108<1078)  (<1078<1078) (<1078 <1078)  (<1078<107h) (<1078 <107 )
400 (<1078<107%) (<1078<107h) (<1078<1078) (<1078<1078) (<1078< 107 (<1078<1078) (<1078 1078) (<107t < 10” )
Bund1 200 (<108<107%) (<108<1078)  (<1078<107%) (<107 f<1078)  (<1078<1078)  (<1078<1078) (<1078 <1078) (<107t < 10" )
400 (<1078<1078) (<107P<107Y) (<1078<1078) (<1078<1078) (<1078< 107 (<1078< 1078 (<1078 < 107) (j<10’3.< 10~ )
Band2 200 (<1078<107%) (<1o*8.<10*5) (<1078<107%)  (<1078<1078)  (<1078<1078) (<1078<1078) (<1078 1078) (<1078 <1078
400 (<1078<1078) (<107< 1078 (<1078<1078) (<1078<1078) (<1078< 1078 (<1078<1078) (<1078 1078 (<1078 <1078
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Figure S6: Simulation results of the classification accuracy under (S2) with p = 2000, » = 200.



