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Most of the predictions using machine learning are neutral predictions considering the symmetrical situation where the predicted

value is not smaller or larger than the actual value. However, in some situations, asymmetric prediction such as over-prediction
or under-prediction may be better than neutral prediction, and it can induce better judgment by providing various predictions
to decision makers. A method called Asymmetric Twin Support Vector Regression (ATSVR) using TSVR(Twin Support Vector
Regression), which has a fast calculation time, was proposed by controlling the asymmetry of the upper and lower widths of

the e-tube and the asymmetry of the penalty with two parameters.
In addition, by applying the existing GSVQR and the proposed ATSVR, prediction using the prediction propensities of over-pre-
diction, under-prediction, and neutral prediction was performed. When two parameters were used for both GSVQR and ATSVR,

it was possible to predict according to the prediction propensity, and ATSVR was found to be more than twice as fast in terms
of calculation time. On the other hand, in terms of accuracy, there was no significant difference between ATSVR and GSVQR,
but it was found that GSVQR reflected the prediction propensity better than ATSVR when checking the figures. The accuracy
of under-prediction or over-prediction was lower than that of neutral prediction. It seems that using both parameters rather than

using one of the two parameters (p_1,p_2) increases the change in the prediction tendency. However, depending on the situation,

it may be better to use only one of the two parameters.
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2.3 TSVR(Twin Support Vector Regression)
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<Table 2> Results for f, by Method

Predictive Propensity Dy Py Method ME RMSE MAE Time(sec)
. GSVQR 0.002 0.228 0.179 6.94
Neutral Predciton 0.50, 0.50
ATSVR -0.007 0.170 0.137 3.58
GSVQR 0.112 0.265 0.207 8.00
0.50, 0.01
ATSVR 0.010 0.167 0.137 3.60
. GSVQR 0.051 0.234 0.182 6.86
Underprediction 0.99, 0.50
ATSVR 0.038 0.172 0.140 3.45
GSVQR 0.161 0.289 0.225 7.77
0.99, 0.01
ATSVR 0.048 0.171 0.139 3.49
GSVQR -0.102 0.270 0.219 7.87
0.50, 0.99
ATSVR -0.020 0.176 0.141 3.51
o GSVQR -0.047 0.233 0.185 6.73
Overprediction 0.01, 0.50
ATSVR -0.054 0.179 0.143 3.56
GSVQR -0.151 0.292 0.240 8.22
0.01, 0.99
ATSVR -0.060 0.185 0.147 3.67
{Table 3> Results for f, by Method
Predictive Propensity Dy Py Method ME RMSE MAPE Time(sec)
. GSVQR -0.044 0.177 13.646 7.03
Neutral Predciton 0.50, 0.50
ATSVR -0.049 0.194 14.254 3.52
VQR 0.080 0.201 21.071 8.71
0.50, 0.01 GSVQ ! !
ATSVR -0.033 0.184 14.108 3.35
. GSVQR 0.005 0.172 14.372 7.23
Underprediction 0.99, 0.50
ATSVR -0.005 0.189 15.020 3.46
VQR 0.128 0.225 28.535 8.72
0.99, 0.01 GSVQ !
ATSVR 0.003 0.187 15.132 3.57
GSVQR -0.173 0.247 16.079 8.70
0.50, 0.99
ATSVR -0.061 0.196 14.447 3.38
GSVQR -0.093 0.195 13.859 7.80
Overprediction 0.01, 0.50 Q
ATSVR -0.095 0.210 14.313 3.60
GSVQR -0.222 0.284 18.98 8.05
0.01, 0.99
ATSVR -0.101 0.213 14.544 3.51
<Table 4> Results for f; by Method
Predictive Propensity Dy Dy Method ME RMSE MAPE Time(sec)
. GSVQR 0.001 0.096 8.160 6.65
Neutral Predciton 0.50, 0.50 ATSVR -0.002 0.105 8.937 348
0.50, 0.01 GSVQR 0.167 0.212 21.908 8.01
ATSVR 0.031 0.109 9.559 3.84
. GSVQR 0.050 0.108 9.447 6.46
Underprediction 0.99, 0.50 ATSVR 0.041 0110 9930 375
0.99, 0.01 GSVQR 0.216 0.252 28.642 8.05
ATSVR 0.063 0.126 11.726 3.51
0.50, 0.99 GSVQR -0.176 0.204 15.660 7.62
ATSVR -0.026 0.123 10.749 3.51
- GSVQR -0.048 0.107 8.643 6.12
Overprediction 0.01, 0.50 ATSVR 0,039 0119 9475 355
0.01. 0.99 GSVQR -0.225 0.248 18.795 7.66
T ATSVR -0.063 0.144 12.260 3.52
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{Table 5> Optimal Hyperparametersfor Tool Wear Data

GSVQR ATSVR
Kernel
C v C y
Linear 10° - 10° -
R.BF. 10° 107 10° 107
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<Table 6> Results for tool Wear by Method and Kernel

Predictive Propensity, P> Py Method Kernel ME RMSE MAPE Time(sec)
Linear -2.655 7.803 5.048 42.29
GSVQR
) RBF -3.045 5.724 4.075 48.54
Neutral Predciton 0.50, 0.50 -
Linear -3.031 7977 5.313 20.78
ATSVR
RBF -2.710 6.936 4.559 23.74
Linear 9.253 13.680 11.741 44,54
GSVQR
RBF 6.284 10.440 9.140 57.26
0.50, 0.01 -
Linear 1.023 21.046 24.202 20.03
ATSVR
RBF -2.197 12.118 9.339 23.94
Linear -2.606 7.787 5.037 52.72
GSVQR
o RBF -2.996 5.700 4.051 53.00
Underprediction 0.99, 0.50 -
Linear -2.985 7.960 5.306 18.20
ATSVR
RBF -2.680 6.927 4.553 22.74
Linear 9.302 13.714 11.791 45.18
GSVQR
RBF 6.333 10.469 9.170 58.86
0.99, 0.01 -
Linear 1.042 21.038 24.117 19.86
ATSVR
RBF -2.180 12.134 9.359 24.20
Linear -15.675 18.482 11.880 54.95
GSVQR
RBF -11.257 14.240 9.062 56.79
0.50, 0.99 -
Linear -6.662 20.600 13.392 20.96
ATSVR
RBF -3.798 12.429 8.142 24.78
Linear -2.704 7.820 5.060 41.86
GSVQR
o RBF -3.094 5.750 4.100 49.77
Overprediction 0.01, 0.50 -
Linear -3.077 7.995 5.320 18.34
ATSVR
RBF -2.739 6.946 4.565 23.35
Linear -15.724 18.524 11914 54.12
GSVQR
RBF -11.306 14.279 9.097 55.88
0.01, 0.99 -
Linear -6.687 20.624 13.400 21.49
ATSVR
RBF -3.818 12.448 8.154 25.03
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<Figure 3> Prediction for tool wear by GSVQR

ZE F D[iStaA|

2 AFNE TS,
= 164 sto] SVRE o] &3t o5&
wateh 53], 271] wijy
= 7He Z—ﬂo}‘f)‘]—_l_
w3k Th GSVQR7IH ] o
$a1 gekdol digh A7t %—% 1
&g Bl 2E gob R ol E
Aby | gk},
GSVQR¥} ATSVR R 2719] v/ 4-E &85k 45
|53l e o Zo] 7hestlon, ATSVRO] Alh MVJ
S A= 28f o] whE Ao & JEehdTh ¢, A e

=

NIOL&Sﬂﬁ

_&

tool wear

79

Tool wear prediction by Linear Kernel
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6—u12__ N(Y+ee,— (Aw,+eb,)) —ATy=0 (51)
%Z*@T( Y+e€2*(Aw2+8bz))*eTfy=0 (52)
oL, 1
o= o (53)
Pesl Aok F7beke A(s4), (55)7 2k
(Aw2+eb2)— Y> (1—p1)eez— » n (54)
2
n=0 (55)
aeuE, grolfgee A (56), A (57)7 2
Y (Aw, +eb,) — Y—(l—pl)e€2+pin =0,y>0 (56)
2
§=0,6=0 (57)
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2 2
2 519k A (52)= A (58)7 2t

- {f;] (( Ytee,) — 4 6}[%])

b

A
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g

G=[Ae], h =Y+ee,, u,y
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=wlb,) 72 2 2EH, A (58) 4 (59)= JERE 5 ok
—G'h+ GTGu,— G” (59)
THER, wy, wfol] HE Aoz ehiE| 4 (60), 4 (61)F 2}
u, =(GTQ) M (@Th+ G™) (60)
ul'=(hTe+~+Ta)(GTe) ™ (61)
GTG7} WrFA 213 F(positive semidefinite matrix) ©]7]& A %F o
o] #Ql o & T AN & =

APEE o] AAHE T A7l ofF F2 <d]
=, 2 (60)> 2] (62)9F 2Tt

(GTG+U[)71GT(}L+7)
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