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RoBoSS loss driven robust geometric twin support vector machine

HUANG Xin-ji, WANG Hong-chun'
(School of Mathematical Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract: To satisfy the requirements of accurate and robust decision-making in classification tasks with noisy and
redundant features, and to enhance the model applicability in abnormal data scenarios, we propose a Robust Geometric
Twin Support Vector Machine (RGTSVM) that integrates the RoBoSS robust loss and L1 penalty term. Firstly, the
noise-insensitive RoBoSS robust loss is adopted to replace the traditional hinge loss, which reduces noise interference
and improves the model robustness; meanwhile, the L1 penalty term is utilized to realize feature selection and
effectively eliminate redundant features. Secondly, to solve the non-convex and non-smooth optimization problem of
the model, we design a solution algorithm based on proximal gradient descent, which achieves efficient parameter
updating through soft-threshold iteration. Furthermore, a theoretical analysis is conducted based on the influence
function to reveal the robustness of the model under sample perturbations. Finally, experiments are carried out on
synthetic datasets and UCI benchmark datasets, and the proposed RGTSVM is compared with a variety of comparative
methods under label noise interference and resampling noise. The results show that the proposed model achieves the
best classification performance and high feature recognition accuracy. This study proves that integrating robust loss and
sparse penalty terms into twin support vector machines can effectively improve the model applicability in abnormal
data scenarios, and provides a novel and effective modeling scheme for control decision-making in complex scenarios.o
Keywords: twin support vector machine; feature selection; robustness; nonconvex and nonsmooth optimization;

proximal gradient descent; influence function
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H 6 bR 22 800 5 0 /N LA BB A B0 T 3L
Xof A 5 M 7 ) S A

xR1 FAERELETHS L EREMIEE
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acctsd acctsd acctsd acctsd acctsd acctsd acctsd acctsd
0% 0.956+0.068 0.956+0.068 0.963+0.056 0.963+0.041 0.956+0.068 0.963+0.056 0.956+0.068 0.963+0.056
5% 0.944+0.026 0.938+0.038 0.950+0.047 0.938+0.058 0.950+0.052 0.931+0.060 0.944+0.026 0.956+0.052
20% 0.894+0.028 0.894+0.028 0.875+0.022 0.881+0.041 0.900+0.026 0.831+0.057 0.887+0.036 0.900+0.026
35% 0.825+0.075 0.838+0.075 0.831+0.068 0.794+0.084 0.831£0.072 0.781+0.096 0.825+0.098 0.838+0.071
Fz2 AEMEFELLTH F S8 EE

1 75 TPMSVM Pin-TSVM rhinge-SVM CSKB RoBoSS-SVM RoBoTS ATFSGTSVM RGTSVM

fscore+sd fscoretsd fscoretsd fscoretsd fscore+sd fscore+sd fscoretsd fscoretsd
0% 0.958+0.062 0.958+0.062 0.961+0.054 0.959+0.042 0.956+0.063 0.966+0.048 0.958+0.062 0.961+0.054
5% 0.942+0.025 0.935+0.037 0.949+0.049 0.934+0.059 0.949+0.053 0.929+0.052 0.942+0.025 0.955+0.053
20% 0.878+0.027 0.878+0.027 0.851+0.018 0.852+0.059 0.885+0.024 0.785+0.110 0.873+0.030 0.885+0.024
35% 0.752+0.145 0.789+0.085 0.770+0.094 0.744%0.065 0.783+0.080 0.684+0.144 0.767+0.112 0.787+0.077

#F=3 AEMEELE TR /LR ERfREE

1 75 TPMSVM Pin-TSVM rhinge-SVM CSKB RoBoSS-SVM RoBoTS ATFSGTSVM RGTSVM

gmean=+sd gmeansd gmean=+sd gmeansd gmean+sd gmean=sd gmeanzsd gmean=+sd
0% 0.956+0.068 0.956+0.068 0.960+0.056 0.961+0.041 0.953+0.070 0.953+0.073 0.956+0.068 0.960+0.056
5% 0.946+0.026 0.942+0.040 0.951+0.046 0.942+0.056 0.952+0.051 0.920+0.071 0.946+0.026 0.959+0.051
20% 0.900+0.022 0.900+0.022 0.875+0.025 0.872+0.054 0.906+0.020 0.815+0.090 0.894+0.032 0.906+0.020
35% 0.831+0.084 0.863+0.072 0.844+0.060 0.819+0.076 0.858+0.070 0.754+0.103 0.845+0.102 0.860+0.069

% & B T H B T RGTSVM [ 45 ¥ ¥ it
RoBoSS 1 Kk I1AH FYEHISS T 520 BFE A XS 1 L1
TRAEFZIA, L1 IF D)4 000 38 Jok 7 i Ak 240 R BRI T G s
IEAE M 75 IRBE N B3, 38 B A OR B T A5 28 A e
FEIRES T I SRR E M. R, RGTSVM AMUTE 5
WS 2 N BA RE MR, EIEL W E AR
Xof bR 25 M 7 1) R G AN U, & TS b
Y M AR 1B T 5

(2) SEbr L H, o g S S bR RO
W90 R FH E R R HOR. SR, 12454 5 51 NI R4E
P, L AT E, BB G R 1 &
BRI R . AT IR & BRI B S5, ARG
ilE RGTSVM [ERFEE . 75 BRG] (1) i5La
FIRR K SHEE N = (0.8, -0.4)", uy =
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AT 7 30 K.
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W FE 1 Re 0, BATAE R T BAR 1. 7E LR B R, B
KREHWAFEMENZ 0 m M AR 4
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MFie{l,2,...,n}, Ho,=1, HX T1<i#
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RSO E T SR R E S g —,
PE B8 25 Bl 1 75 L A9 T D 3 . H P, RGTSVM
TE 8 T 75 7K T 46 AR foe DR BRI 1 o000 2
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6 R, WA S HN W AR B vk e A
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4  (n=50, p=100) AT R EIMEAELL I RAE R gELE R
(a) acc
T L TPMSVM Pin-TSVM rhinge-SVM CSKB RoBo0SS-SVM RoBoTS ATFSGTSVM RGTSVM

0% 0.841%0.121 0.821+0.154  0.881=0.101 0.839+0.149 0.841+0.121 0.860+0.089 0.801+0.087 0.900+0.036
5% 0.782+0.086  0.804+0.170  0.783+0.134  0.702+0.096 0.784+0.189 0.803+0.120 0.763+0.154 0.821+0.055
20% 0.760£0.059  0.740+0.031 0.820£0.059  0.661+0.063 0.761+0.154 0.719+0.040 0.761%0.053 0.820+0.006
35% 0.679+0.127  0.640+0.013 0.641£0.050  0.578+0.162 0.659+0.042 0.681+0.084 0.699:£0.109 0.7430.145

(b) fscore
0% 0.839+0.150  0.807+0.205 0.881£0.114  0.845+0.168 0.839+0.150 0.839+0.150 0.792+0.121 0.902+0.042
5% 0.760£0.106  0.774+0.201 0.741£0.198  0.647+0.226 0.746+0.250 0.755+0.199 0.716£0.221 0.812+0.067
20% 0.692+0.086  0.714+0.048 0.780£0.058  0.531+0.085 0.760+0.086 0.556+0.192 0.687+0.035 0.809+0.045
35% 0.543+0.109  0.333£0.289  0.543+0.109  0.3720.212 0.579+0.084 0.432+0.388 0.579+0.084 0.646:0.210

(c) gmean
0% 0.82240.118  0.797+0.156  0.877+0.090  0.805+0.169 0.822+0.118 0.825+0.113 0.780+0.063 0.879+0.063
5% 0.765+0.101 0.794+0.179  0.754+£0.168  0.643+0.146 0.761+0.214 0.776:+0.161 0.745+0.182 0.813+0.055
20% 0.735+0.081 0.725+0.056  0.806£0.027  0.607+0.079 0.717£0.222 0.621+0.124 0.737+0.039 0.822+0.080
35% 0.646+0.131 0.393+0.341 0.645£0.070  0.493+0.161 0.680-+0.089 0.465+0.407 0.672+0.108 0.731+0.133




FxH ¥ # % %:RoBoSS Mk WEah 69 LT E A X H&Eh 9
F=5 (n=50, p=150) Bt R EIREFELL G T =R M RELE R
(a) acc
T L TPMSVM Pin-TSVM rhinge-SVM CSKB RoBo0SS-SVM RoBoTS ATFSGTSVM RGTSVM
0% 0.941+0.059  0.880+£0.004  0.961+0.068  0.881%0.057 0.961+0.068 0.96120.068 0.920+0.033 0.980-0.034
5% 0.941£0.059  0.922+0.090  0.920+0.033 0.838+0.076 0.859+0.040 0.922+0.090 0.920+0.033 0.941+0.059
20% 0.819+0.066  0.839+0.038 0.839+0.038  0.779+0.039 0.838+0.096 0.799+0.073 0.819+0.066 0.859+0.071
35% 0.680+0.084  0.720+£0.084  0.700+0.071 0.640+0.167 0.720+0.110 0.680+0.192 0.7000.141 0.740+0.089
(b) fscore
0% 0.937+0.073 0.880+0.026  0.952+0.082  0.894+0.027 0.958+0.072 0.958+0.072 0.909+0.047 0.978+0.038
5% 0.933£0.072  0.922+£0.090  0.910+0.031 0.837+0.052 0.857+0.033 0.916+0.104 0.910+0.031 0.939+0.063
20% 0.783+0.061 0.804+0.061 0.811£0.019  0.735+0.080 0.808+0.098 0.724+0.129 0.756=0.107 0.836+0.063
35% 0.480+0.084  0.617+0.161 0.494+0.093 0.467+0.225 0.528+0.122 0.547+0.137 0.497+0.118 0.633+0.075
(c) gmean
0% 0.931£0.067  0.864+0.018 0.955+0.077  0.855+0.088 0.961+0.068 0.961+0.068 0.914+0.043 0.978+0.037
5% 0.936£0.067  0.923£0.089  0.914+0.029  0.8310.075 0.855+0.034 0.917+0.093 0.91420.029 0.942+0.059
20% 0.815+0.064  0.839+£0.050  0.838+0.028  0.774+0.055 0.829+0.084 0.766+0.104 0.795+0.092 0.852+0.053
35% 0.583+0.065  0.650£0.120  0.597+0.081 0.593+0.207 0.606+0.092 0.601+0.132 0.584+0.106 0.689+0.079
#F 6  (n=50, p=200) AR [EIME A EE 5l AR B M REZE SR
(a) acc
T L TPMSVM Pin-TSVM rhinge-SVM CSKB RoBoSS-SVM RoBoTS ATFSGTSVM RGTSVM
0% 0.941£0.059  0.941£0.059  0.922+0.090  0.839+0.038 0.922+0.068 0.961+0.034 0.859+0.040 0.941+0.059
5% 0.920+0.033 0.920+0.033 0.919+0.070  0.859+0.071 0.941+0.059 0.902+0.090 0.920+0.089 0.941+0.059
20% 0.862+0.088  0.842+0.088 0.841£0.066  0.717+0.137 0.862+0.088 0.841x0.121 0.800-+0.089 0.882+0.156
35% 0.841£0.030  0.800+0.031 0.820£0.059  0.820+0.006 0.860+0.032 0.839+0.038 0.859+0.071 0.860+0.032
(b) fscore
0% 0.94240.050  0.942+£0.050  0.926+0.067  0.818+0.085 0.906:0.100 0.955+0.045 0.8500.060 0.942+0.050
5% 0.918+0.008  0.918+0.008 0.914+0.083 0.863+0.043 0.944::0.049 0.903+0.100 0.927+0.071 0.9440.049
20% 0.816£0.110  0.806£0.114  0.790+0.072  0.602+0.206 0.816+0.110 0.763+0.192 0.728+0.192 0.8410.201
35% 0.777+0.053 0.723+0.108 0.742+0.131 0.755+0.024 0.798+0.061 0.750+0.097 0.793+0.113 0.8060.069
(c) gmean
0% 0.938+0.074  0.938£0.074  0.925+0.096  0.838+0.041 0.904+0.083 0.972+0.025 0.860+0.051 0.938+0.074
5% 0.917+0.042  0.917£0.042  0.905+0.083 0.852+0.053 0.941+0.066 0.908+0.080 0.917+0.087 0.941+0.066
20% 0.848+0.099  0.851+0.100  0.825+0.069  0.678+0.182 0.848+0.099 0.805+0.176 0.773+0.097 0.875+0.181
35% 0.841£0.056  0.796+0.078 0.813£0.092  0.824+0.026 0.855+0.045 0.810+0.068 0.850+0.065 0.8660.045
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% x ## % %:RoBoSS WM& IE#h &) & 48 JUATE 4 I HrE 11
Rz 0% FFEIRFER UCI BIBEESNER
(a) acc
ik TPMSVM Pin-TSVM rhinge-SVM CSKB RoBo0SS-SVM RoBoTS ATFSGTSVM RGTSVM

acoustic 0.825£0.040  0.812+0.035  0.875+0.036  0.635+0.035 0.845+0.048 0.822+0.043 0.748+0.048 0.842+0.038
bads 0.976£0.012  0.960£0.009  0.988+0.011  0.811=0.068 0.980+0.005 0.770+0.071 0.847+0.022 0.980-+0.008
heartfailure  0.839+0.049  0.843£0.055  0.849+0.057  0.716+0.059 0.836+0.048 0.7900.107 0.799+0.079 0.8560.058
messidor 0.702+0.029  0.592+0.045  0.744£0.035  0.568+0.050 0.637+0.053 0.718+0.037 0.595+0.027 0.699+0.029
raisin 0.860+0.014  0.863+0.017  0.868+0.012  0.829+0.027 0.8730.019 0.858+0.011 0.828+0.022 0.862+0.014
shillbidding ~ 0.980+0.007  0.970£0.011  0.982+0.012  0.962+0.024 0.972+0.015 0.955+0.016 0.9590.012 0.982:+0.011
tripadvisor  0.747£0.026  0.748£0.017  0.734+£0.034  0.631+0.064 0.7660.050 0.734+0.029 0.737+0.014 0.738+0.030
vertebral 0.845+0.027  0.820£0.076  0.842+0.026  0.726+0.086 0.848+0.029 0.790+0.064 0.742+0.088 0.8610.027
waveform 0.847+0.020  0.822+0.034  0.868+0.033  0.759+0.090 0.865+0.027 0.828+0.034 0.827+0.035 0.869+0.030
wp 0.845£0.042  0.838+0.041  0.849+0.041  0.731%0.076 0.846+0.044 0.533+0.268 0.839+0.051 0.848+0.040

(b) fscore
acoustic 0.821£0.053  0.819+0.038  0.874£0.043  0.6330.070 0.848+0.048 0.817+0.048 0.755+0.044 0.845+0.039
bads 0.973+0.015  0.956+0.010  0.987+0.012  0.806:0.062 0.978+0.005 0.798+0.053 0.828+0.024 0.978+0.009
heartfailure  0.736+0.110  0.745+0.117  0.745+0.110  0.601+0.136 0.732+0.109 0.667+0.178 0.692+0.129 0.733+0.100
messidor 0.673£0.044  0.514+0.113  0.733£0.045  0.547+0.114 0.643+0.061 0.743+0.035 0.597+0.036 0.697+0.053
raisin 0.854+0.019  0.856£0.022  0.863+0.013  0.815+0.036 0.868+0.023 0.855+0.012 0.810+0.029 0.856£0.015
shillbidding ~ 0.905+0.035  0.846+0.069  0.908+0.052  0.820+0.106 0.856+0.091 0.727+0.061 0.82120.079 0.910+0.048
tripadvisor ~ 0.219+0.105  0.183+0.095  0.038+0.027  0.204+0.083 0.281:0.087 0.188+0.071 0.207+0.117 0.163+0.052
vertebral 0.759+0.055  0.711£0.129  0.769+0.023  0.623+0.139 0.768+0.027 0.730+0.040 0.664+0.072 0.782+0.018
waveform 0.878+0.018  0.846£0.027  0.891£0.029  0.800+0.059 0.8900.021 0.869+0.020 0.849+0.030 0.897+0.023
wp 0.865+0.046  0.858+0.044  0.868+0.043  0.783+0.064 0.865+0.047 0.367+0.439 0.860+0.051 0.867+0.044

(c) gmean
acoustic 0.823+0.043  0.813%0.037  0.876£0.039  0.630+0.040 0.845+0.047 0.822+0.044 0.748+0.046 0.843+0.040
bads 0.975+0.013  0.960+0.011  0.988+0.011  0.811=0.068 0.982+0.005 0.759+0.083 0.844+0.022 0.981+0.008
heartfailure  0.810£0.067  0.818%0.069  0.811+0.071  0.702+0.080 0.808+0.063 0.755+0.131 0.780+0.063 0.782+0.008
messidor 0.698+0.031  0.565+0.074  0.745+0.034  0.540+0.063 0.638+0.053 0.712+0.042 0.597+0.029 0.697+0.033
raisin 0.859+0.016  0.862+0.018  0.867+0.012  0.825%0.030 0.872+0.020 0.8570.010 0.823+0.025 0.861+0.014
shillbidding ~ 0.978+0.018  0.924+0.067  0.957+0.042  0.928+0.077 0.933+0.055 0.760+0.056 0.973+0.009 0.947+0.038
tripadvisor ~ 0.352£0.108  0.312+0.103  0.123£0.074  0.367+0.087 0.4050.081 0.327+0.081 0.343+0.112 0.300+0.056
vertebral 0.817+0.054  0.781+0.087  0.83240.020  0.708+0.129 0.828+0.032 0.800+0.043 0.749+0.089 0.8330.019
waveform 0.850£0.015  0.849+0.032  0.883+0.026  0.766=0.117 0.878+0.024 0.800+0.077 0.856+0.029 0.869+0.029
wp 0.868+0.040  0.862+0.039  0.874+0.038  0.712+0.106 0.870+0.039 0.424+0.381 0.865+0.051 0.874+0.038

Fz9  15% IREMEER UCI HiEELINER
(a) acc
EEiTES TPMSVM Pin-TSVM rhinge-SVM CSKB RoBoSS-SVM RoBoTS ATFSGTSVM RGTSVM

acoustic 0.735+0.029  0.708+0.058  0.747+0.053  0.588+0.107 0.732+0.043 0.718+0.037 0.710+0.042 0.748+0.038
bads 0.977+0.012  0.964+0.016  0.978+0.010  0.818+0.085 0.982+0.008 0.976+0.013 0.845+0.013 0.973+0.012
heartfailure ~ 0.809+0.056  0.813£0.047  0.826+£0.046  0.682+0.070 0.813+0.047 0.799+0.074 0.7760.106 0.829+0.053
messidor 0.682+0.026  0.624+0.027  0.696£0.007  0.578+0.037 0.644+0.015 0.651+0.114 0.603+0.029 0.692+0.014
raisin 0.861+0.028  0.853+0.025  0.858+0.034  0.816=0.038 0.859+0.040 0.853+0.018 0.836+0.015 0.858+0.032
shillbidding ~ 0.969+0.008  0.969+0.015  0.971£0.005  0.848+0.056 0.978+0.008 0.968+0.012 0.970+0.011 0.976+0.016
tripadvisor  0.742£0.017  0.744£0.007  0.735£0.010  0.685+0.046 0.745+0.004 0.738+0.012 0.735+0.021 0.737+0.017
vertebral 0.819+0.021  0.739£0.025  0.829+0.023  0.700+0.034 0.823+0.021 0.794+0.041 0.716+0.019 0.836+0.019
waveform 0.833+0.037  0.831£0.034  0.832+0.025  0.7130.106 0.829+0.049 0.810+0.032 0.817+0.032 0.832+0.019
wp 0.833+0.052  0.83240.033  0.85240.022  0.770+0.060 0.838+0.041 0.833+0.042 0.843+0.029 0.853+0.026

(b) fscore
acoustic 0.739£0.005  0.713£0.040  0.749+0.030  0.584=0.100 0.733+0.050 0.719+0.012 0.709+0.035 0.754+0.025
bads 0.975+0.012  0.960£0.017  0.976£0.009  0.816+0.081 0.980-:0.007 0.974+0.013 0.820+0.026 0.971+0.012
heartfailure ~ 0.713£0.099  0.712£0.095  0.729+0.087  0.468+0.120 0.711%0.092 0.702+0.094 0.694+0.141 0.718+0.104
messidor 0.645+0.069  0.596+0.061  0.635+0.036  0.501%0.189 0.643+0.026 0.646+0.099 0.600£0.017 0.686+0.016
raisin 0.852+0.003  0.839+0.040  0.850£0.038  0.804+0.041 0.852+0.044 0.849+0.023 0.819+0.029 0.851+0.037
shillbidding ~ 0.861+0.046  0.836+0.086  0.862+0.022  0.379+0.186 0.892:0.046 0.819+0.090 0.859+0.047 0.870+0.089
tripadvisor ~ 0.225+0.187  0.230£0.144  0.043£0.045  0.126+0.120 0.215+0.157 0.184+0.173 0.168+0.149 0.186+0.083
vertebral 0.746:0.040  0.670£0.095  0.742£0.049  0.607+0.106 0.718+0.059 0.721+0.039 0.649+0.067 0.739+0.060
waveform 0.857+0.033  0.857+0.026  0.859+0.020  0.764+0.075 0.854+0.044 0.850+0.029 0.840+0.026 0.867+0.015
wp 0.859+0.045  0.856+0.032  0.873+0.023  0.821%0.035 0.865+0.032 0.863+0.033 0.869:0.022 0.875+0.025

(c) gmean
acoustic 0.736£0.031  0.710£0.056  0.748+0.053  0.591%0.106 0.733+0.041 0.717+0.037 0.712+0.040 0.749+0.039
bads 0.978+0.012  0.965+0.016  0.979+0.011  0.819+0.082 0.983+0.008 0.977+0.014 0.838+0.019 0.974+0.012
heartfailure  0.793+0.077  0.791£0.075  0.802+0.067  0.584+0.085 0.788+0.071 0.775+0.071 0.777+0.105 0.786+0.080
messidor 0.672+0.044  0.616£0.035  0.676x0.025  0.516+0.091 0.645+0.016 0.650£0.113 0.603+0.027 0.691+0.012
raisin 0.859+0.029  0.848+0.032  0.856£0.035  0.813+0.036 0.856:0.041 0.853+0.018 0.830+0.021 0.855+0.033
shillbidding ~ 0.978£0.010  0.910+0.068  0.945+0.039  0.630+0.184 0.964+0.045 0.866+0.075 0.945+0.051 0.931+0.065
tripadvisor  0.354+£0.188  0.360£0.153  0.113+£0.108  0.239+0.179 0.34120.164 0.286+0.220 0.295+0.162 0.320+0.101
vertebral 0.819+0.017  0.756£0.022  0.807+0.026  0.706+0.053 0.785+0.041 0.789+0.028 0.739+0.022 0.799+0.024
waveform 0.858+0.029  0.854+0.023  0.853£0.020  0.714+0.151 0.849+0.045 0.803+0.041 0.848+0.023 0.829+0.020
wp 0.854+0.057  0.857+0.032  0.876£0.020  0.741%0.134 0.857+0.053 0.846+0.041 0.863+0.041 0.877+0.026




12 = % 5 X K Exk
10 35% IREIRAER UCI HiREL AR
(a)acc
LAEITE S TPMSVM Pin-TSVM rhinge-SVM CSKB RoBoSS-SVM RoBoTS ATFSGTSVM RGTSVM
acoustic 0.663+0.073  0.650£0.102  0.675£0.075  0.522+0.093 0.620+0.074 0.547+0.069 0.653+0.084 0.650+0.046
bads 0.967+0.020  0.927+0.035  0.968+0.015  0.645+0.168 0.969+0.021 0.955+0.035 0.861+0.016 0.9730.019
heartfailure ~ 0.743£0.147  0.739£0.119  0.726+0.088  0.581+0.117 0.736:+0.132 0.706+0.015 0.716£0.034 0.759+0.110
messidor 0.575+0.099  0.577+0.047  0.592+0.058  0.488+0.041 0.587+0.053 0.550+0.053 0.584+0.042 0.615+0.055
raisin 0.849+0.040  0.851£0.089  0.807+0.074  0.821+0.049 0.850+0.046 0.817+0.046 0.824+0.038 0.833+0.034
shillbidding ~ 0.968+0.019  0.965£0.023  0.968+0.018  0.848+0.107 0.973+0.018 0.962:0.027 0.956+0.009 0.974+0.012
tripadvisor  0.700£0.043  0.699£0.068  0.723£0.050  0.655+0.074 0.726+0.049 0.6760.079 0.664+0.087 0.7330.046
vertebral 0.726£0.120  0.684£0.099  0.755+0.095  0.591=0.115 0.774+0.123 0.735+0.066 0.710+0.051 0.8130.069
waveform 0.783+0.021  0.762+0.089  0.764+0.074  0.608+0.167 0.760+0.041 0.647+0.119 0.774+0.045 0.789+0.035
wp 0.800£0.040  0.796£0.068  0.781£0.066  0.576+0.153 0.8050.056 0.790+0.053 0.781+0.058 0.794+0.059
(b) fscore
acoustic 0.664+0.082  0.647+0.093  0.677+0.089  0.507+0.110 0.621+0.062 0.530+0.111 0.651£0.112 0.657+0.054
bads 0.964+0.022  0.924+0.034  0.965+0.015  0.685+0.168 0.967+0.021 0.953+0.034 0.844+0.031 0.959+0.025
heartfailure ~ 0.586+0.083  0.584+0.076  0.505+0.218  0.445+0.156 0.620+0.059 0.589+0.085 0.561+0.124 0.580+0.065
messidor 0.574+0.114  0.480£0.123  0.588+0.091  0.481+0.078 0.626+0.042 0.562+0.073 0.589+0.040 0.6360.065
raisin 0.835£0.049  0.841£0.038  0.773£0.101  0.813+0.043 0.847+0.046 0.807+0.053 0.806+0.062 0.831+0.032
shillbidding ~ 0.803+0.179  0.845+0.092  0.843+0.022  0.346+0.198 0.807+0.018 0.816+0.122 0.810+0.038 0.813+0.088
tripadvisor ~ 0.200£0.122  0.183+0.140  0.054+0.120  0.200+0.051 0.057+0.126 0.147+0.173 0.197+0.118 0.206+0.195
vertebral 0.646+0.078  0.656£0.060  0.691£0.059  0.480+0.277 0.692+0.070 0.660+0.083 0.669+0.058 0.712+0.092
waveform 0.816£0.020  0.802+0.072  0.807+0.063  0.660+0.158 0.799+0.038 0.70120.129 0.811+0.040 0.828+0.032
wp 0.834+0.035  0.821£0.065  0.826£0.031  0.623+0.153 0.837+0.042 0.829+0.045 0.827+0.032 0.839+0.045
(c) gmean
acoustic 0.663+0.074  0.646£0.096  0.678+0.077  0.518+0.092 0.622+0.064 0.536+0.080 0.650+0.087 0.653+0.049
bads 0.969+0.019  0.930£0.035  0.967+0.014  0.616+0.232 0.965+0.019 0.956+0.033 0.858+0.020 0.971+0.023
heartfailure  0.686£0.055  0.665£0.067  0.594+0.189  0.556+0.117 0.710+0.036 0.690:£0.028 0.659+0.078 0.721+0.025
messidor 0.545+0.122  0.539+0.088  0.571£0.060  0.458+0.045 0.575+0.068 0.545+0.059 0.586+0.043 0.602+0.059
raisin 0.846+0.044  0.849+0.032  0.795+0.086  0.815+0.051 0.8510.047 0.814+0.048 0.818+0.045 0.833+0.033
shillbidding ~ 0.935+0.060  0.922+0.056  0.889+0.043  0.591+0.273 0.915+0.073 0.904:0.068 0.955+0.023 0.870+0.061
tripadvisor ~ 0.345£0.199  0.312£0.207  0.085+£0.191  0.356+0.053 0.087+0.195 0.243+0.253 0.327+0.190 0.294+0.275
vertebral 0.729+0.055  0.730£0.047  0.778+0.052  0.541%0.309 0.777+0.039 0.750+0.071 0.748+0.042 0.795+0.060
waveform 0.800£0.031  0.773x0.111  0.765£0.082  0.610+0.167 0.773+0.053 0.639+0.106 0.787+0.059 0.787+0.043
wp 0.806+0.067  0.827+0.052  0.697+0.320  0.493+0.214 0.815+0.070 0.790+0.081 0.718+0.245 0.768+0.140

RGTSVM KK A 4, 4, 3, Fi T E 1198 Hi; RoBoSS-
SVM IR 2., sk EN 3, 2, 1; TPMSVM 43 5 B 15
2,3 Fl 4 aAl, JLHAEPATEFE b B RIAME . H
REEBAAFERT R R M ERIL. LK F, RoBoSS-
SVM % & & H M e 1, RGTSVM M B 3 35 4+ /1 5%
558, {E7E 28 1) B 4 5 THIATS 5 ik — 2B AL

R 10 2 35% i bn 28 W 7R R B R IR SR 06 45 R
M L ST S, S AR T R ZE B — P b
K. RGTSVM 7£ = 5 37 s L 35 8.3, 79 i HUAS 7,
5, 4 BURAR, BHAE 15% MR G KIS T, ELH
e S5 D R i e P S L A 0. RO 15% W 7 R LA
{E# 1Y) RoBoSS-SVM, f= M 75 I8 e L ik B AR 1,
3,1, P PERE R R, AR TR e, AL
A EESE FEA Y. 45 E, RGTSVM Al A 240
il v 6 B s R e 7 -G, TE 40 R 5 28001 35 i
RS I A TR

3.6.2 Giitarir

ABAE RGTSVM A 2itk, A 3C# I Friedman
F g6 1 2 AN RE SR B SRR AT L, LA
VO T A BTG 235 22 . SR TR sep 4 4, ik
1T Nemenyi 4. Friedman G i1 € LA

D, — 12

Fr = Dn((C’k - 1;X— X3
Horr, X3 E X R PR, D, =2 8 S e,
C\, R PIHE, R, 25T K.

(25)

, 12D, 5o, CuCi+1)

KAD, =10, Cy = 8, WX TEEEEE 0%, Fr =
16.257; X T M b 15%, Frp = 10.692; %} - 7
tt 35%, F» = 12.071.

ERATISEI T, Fp ~ F(7,63), %5 %k
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0.1 I, I SR Fy 1 (7,63) = 1.758. H1 T Fio>
1.758, Friedman £ 36 (1) F AR ¥ L% 4 46 48, T 11
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CD = 3.164.
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(c)35%IEFELY
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W& H SR TE B3 % 5 35% M5 N, RGTSVM
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B v g R AL Bk — P OK . B A& Nemenyi £ 45 %
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4 % B

B o) B S A H [R] I AE LR M S 5 TR ARFAE (1 XL
HPRAR, A SCHH— R 45 S RoBoSS #it 2k 5 51 A\ F
51768 1 TH0 PR 28 A2 SCHF I B LY RGTSVM #2484 Al
F RoBoSS #2145 7t i JE R P 1 56 R 2%

MRS R, FEEIN L1 1 S AR B AR AIE e 5 DA
HH T RFAE T, B0 BAR R Boh AR ik 556
B3 TR A AR A HE B, FRATTR A iPiano Bk HEAT
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