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Reduced rank regression based on hard-thresholding singular value penalization

XU Hongming
(Department of Statistics and Finance » School o f Management » University of Science and Technology . He fei 230026, China)

Abstract: Reduced rank estimation using penalty functions to restrict ranks of variety matrices is often
used for solving the multi-collinearity of high-dimensional multivariate regression. Here a hard-
thresholding singular value penalization was considered to get more efficient results. Through local linear
approximate method, non-convex models were converted to computable ones. This model is
computationally efficient, and the resulting solution path is continuous. Experiment results from
simulation and public datasets show that this kind of reduced rank regression has better accuracy than
some frequently-used ones in most situations.
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UDV',ifi H D =diag{D, D, ,}.
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BQ)=B,sVD @ (D)V'.
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B A B XS A FIGE R A B ().
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FAT 38 o BEA TR DL IR A H AR SRR T A3
R Ak A TR B2 ARG TS L 7 MATLAB 358
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Bl Iy i
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0} |Y—=XB [l 4+2*r(B) (20)
HAkiHeh BY .
IR 7 5] R KR 9t
1
EHY—XB lr+AalBI. 21

HAEHich BY .

AR SCHE A R R (R AT S (R AE 5 R AT A T
ieH B

H e Sk 3R B AR, RBUE S B, M ik
R B,=b6B,B,, 9 p>0, B,€ R**" , B,€

R i FLEFA I B, f B, #BJEM N (0, 1) Bl
BURE. e TR R SF WA S 00, 3 02 pag<<n

5% p g =>n X I BN G 0 43 A SO B 1 A A
2. FERER 1 p i E n=100,p=q=25,r" =10. %R
M X G N AT AR IR N (0, ) Y BEHLFE
AFM, Hh D= ()., WA T, =p" 7, 0<
oL.FEBLTY 2 H, & n =40, p=qg=50 LA &
rt=10,r"=20. HIE X B EFEZER X =
X I B D #%2Zum ki, X, =X,X,,
X, € R, X, € R, MHA X,.X, #kE
HLEULEEH N (0, 1),

BARMRE Y MM kg Y=XB, +E, Hrp
E FRgm a2 N0, 1) FAgBEHLAE A, &5 3
TR ERAT REA KN T G p o W 17 48 S g AR
Sk r BRI R p €
{0.1, 0.5, 0. 9} MfE 55 E » € {0.05, 0.1,
0.3}, WA S EEE LR 500 K.

X B A AG T O 1k BB RURE B2 (Y L R BT 500
YABAT Y 7 1% 22 1 7 Y (8 Sk 0 o, L ob Al RS B
Est(B) =100 || B, — B | %/Cpq), T W & B
Pred(B)=100 || XB, —XB || %/(ng). % 1 F1 2 4
S5 T BAZE L, F 50 TR 1R 2 (4 4% Rl R R A
Ty I AEASS LR 42 1 RS B2 L R 1 % Ll o B R A
T 0 T 3K LR 4 O B /N T TR A T B s =
(X'X) XY WK B, @ SR AH Eb SRR B R 1m0 U3 Al 1
FHARE fe /N T 453 2 0 A5 T AORS BEARAIK.

F1 BB TAMGETAEHRUMGTHETRERE
Tab.1 Comparison of the estimation and prediction errors between kinds of estimators using Model 1
o b B BY BY B
Est 2.518 8 1.896 6 1.934 9 12,471 7
0.05
Pred 12,108 4 10.394 4 9.824 1 25.104 7
Est 5.432 6 3.890 8 3.988 8 12.381 6
0.9 0.1
Pred 15.980 1 14.366 2 13.214 0 24.953 1
Est 6.851 6 6.601 5 6.437 0 12.383 2
0.3
Pred 16.982 5 19. 344 0 16.532 2 24.963 3
Est 1.170 7 0.8357 0.832 8 2.232°6
0.05
Pred 16.561 6 12.130 9 12.789 7 25.048 3
Est 1.344 1 1.187 6 1.130 8 2.217 6
0.5 0.1
Pred 17.431 2 16.734 9 15.620 8 25.081 9
Est 1.248 8 1.487 7 1.289 4 2.2130
0.3
Pred 16.170 6 19.731 6 16.759 2 24.970 4
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3 Est 0. 866 3 0.650 9 0.644 1 1.372 1

o0 Pred 17.242 2 13.501 8 13.260 0 24.908 5

Est 0.892 0 0.849 9 0.803 8 1.386 7

0.1 0.1

Pred 17.271 0 16.975 2 15.913 1 25.083 4

, Est 0.828 7 1.002 9 0.855 41 1.377 9

0 Pred 16.149 9 19.550 2 16.676 2 24.983 7

F2 KRB TAMGETAEHRUMGEITHFTRERE

Tab.2 Comparison of the estimation and prediction errors between kinds of estimators using Model 2

o b B BY BY B
Est 1.061 9 0.979 6 0.9817 2.393 5
0.05
Pred 26.942 4 25.336 7 23.957 0 49.712 8
Est 3.501 5 3.329 6 3.350 8 4.572 4
0.9 0.1
Pred 30.672 4 31.728 6 29.244 6 50.137 7
Est 27.372 4 27.744 6 27.544 3 28.513 4
0.3
Pred 31.6359 41.843 3 32.402 9 49,838 7
Est 0.892 7 0.858 9 0.863 1 1.160 4
0. 05
Pred 30.428 6 28.648 1 27.572 4 49,857 7
Est 2.130 0 2.108 6 2.178 4 3.424 2
0.5 0.1
Pred 31.424 8 34.2855 31.194 8 49,824 2
Est 27.472 2 27.038 7 26.832 8 27.792 2
0.3
Pred 32.265 5 42.614 2 32.542 9 49.953 7
Est 0.854 4 0.855 2 0.845 9 1.071 9
0. 05
Pred 31.113 4 29.018 4 27.876 1 50.067 5
Est 3.117 6 3.214 0 3.094 5 3.348 4
0.1 0.1
Pred 30.942 1 34.786 6 31.413 1 49. 649 4
Est 27.212°7 27.419 5 27.299 0 27.510 0
0.3
Pred 32.029 0 41.995 0 32.361 7 50. 257 6

B3-S PO RS U R/ S C R L RV S VN
PR BT AERE B L B A B A6 4 OB Y
/N TR 25 AL UL T 2 A SR U IR
At

W NE T A2 PR 1R 2 AR B RS AR AT
PIAG I LU S50  7EBOAL 1 o £ (3] i 8] )9 48 37 ok 4L
it BY B4 TR BE 5 BRSO T IR T A R
Hoftivh B WRBR S HEAE T By A fEAC A 2 fif
I 1] 091 726 570 o BRCA 1F B Y 5 BRI RRAG I B
ARG TR 2 R I ORS 3 2O T IR A 5 R RO T

B WY ABJE Y b BN VR T Fe . BY TR
A1 P RIRE L ZER 2 TS BY A R, B
eVl BY J&—FokE M FE R A T kL T BiY J2 iR
A INET R &5 R B e IR 2Z TR T =Fom T
TR R B A . WA o = 0.1, 0.5, 0.9
BEANE 6 FOAS 117 545 30 1Y Est Al Pred R ¥91{8
(BY RZERRAU LB . XA AT IR 1~4,
TP e A T DAERRE R AT 2 mTAR B A 2508, R 1R
2 i AT RIS o (FM O BU/INTH o HE R EO
BORE,BY BYERME BY Rt HILN BY AyitE
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MSPE = || Yo — X\ B || 3/(g"e0)
BE A 34 158 2% e /NI AL SRS 8 D 3 A Ok T
i BG5BT R 3X S BEAIL Y S 2 B
R 100 WK, Frig P33 5 WiiiR 22 a3 3 frws.
£3 2 SREEMEISHESTNSBENRELR

Tab.3 Comparison of the errors between three

kinds of reduced rank estimators in train data

and test data about Chromosome 21

MSPE
B}Q) BK’” B\g,_m
train data 0.688 3 0.700 1 0.679 6
test data 0.932 4 0. 850 2 0.818 7

WAFE 3 AT LA AR SCHR 5 1k 1 A 3
BY eI ZRgE AR AE (1R 2 /N T B M BY 1.
OB B A 1R B e A TR L AT L IR = ROy
AT I 15 25 1o T U 4 4 152 2 3K U A X ek [l
VARG n 8 B AR VT 0, BRIV X4 A MR 1 g1y
SO 9 U A T4 4 MR 2 i1 BOH 1.

5 &g

AR SCHRE T 0 0 AR R B R Bk
Yt Z2 50 [l AT AY . 2R R T — iR B 48 5T R R
A AR TR AR A AR ok AR B T Y Al TR
JEE L BE AR 3SR F T SR 2 M A ok A5 B AR
[ A A AR AU EUIE 22 5 breast cancer H SR
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