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Exhaustive search for sparse variable selection in linear regression
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We propose a K-sparse exhaustive search (ES-K) method and a K-sparse approximate exhaustive search method
(AES-K) in which the optimal combination of explanatory variables is assumed to be K-sparse and the K-sparse

combinations are exhaustively searched for sparse variable selection in linear regression.

The density of states

is thereby obtained and the solutions obtained by various approximate methods for sparse variable selection can
be mapped to the obtained density of states. The ES-K method enables integration of previous sparse variable
selection methods such as relaxation and sampling and evaluation of all approximate methods. In addition, for the
problem of combinatorial explosion of the explanatory variables, the AES-K method enables effective reconstruction
of the density of states by using the replica exchange Monte Carlo method and the multi-histogram method. In
this study, we applyed the ES-K and AES-K methods to type la supernova data.
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3.1 Results of ES-K and AES-K methods
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OEPMMHE I NG Z L3025, FE IZOWTIIHHER DR
BT 2 WA P(Bile; = 1) 2R EARE L 72 06T
IHART [HHRS 16], HHTof 2 A7 A0 & L TRl
L7256, RITBOBIKREL 2D ZLICLD FEDRKRELS S
b, kD ANR—ALHHERDOBEREITZ S Z L 2R L.
7272, ZOHPAICE LT, ST [LHES 16] & FkIC,
K > 2 OFHEROMEAGHLESMIIE NS Z E3bhr3b,

3.2 LASSO 2Dl

CDETIE, FEF—FENTICH V7 LASSO R0 3l % 17
3. JefTiF%ETIE, 1SE L — NI X 2 Ak e w3 2
ET, 6 DOBMHBEI M I N, RFHEICEWTEANIC
Ao Tu 3 HHEROMAGOE L IZE-S A EDE
i s 2 EBWME I N TV % [Uemura 15]. 4l M-
A¥ v VIERFECET—ZIC U THEHAH L2, ES-K & M
A¥ ¥ VIEEHIET 272012, TXRTD (N 2, ZNETNK
WO EEEZ L DIV =TI T ARG, KTV —=7
WTR/ND FE, CVE 2ZNZN FE(c(\k)), CVE(c(\k))
EEBL, M2t K=1,2,...,7¥C7ay bL% ZoOf
B, K>2IC8BWTES-K #, K. 2 TrTL91Z, FE®
CVE EBE5I2BWTH M-A X ¥ VIRICHRTHREMEN W
7. ZDIT EDB, LASSO i3, ES-K % AES-K #:i0f8on
5/ND FE ® CVE % b K- A 83— 2 5 3iHE % i+
52 EDHEETB R ER 05, R, M 1(a)-(c) D&
912, LASSO THE 6N fit% ES-K HETE 6 NI REEFEIC
2y EYIT3E, K=27Tl, KXFIBLWTEELLE
25N TV 2HAEBDMAGDE {1, c} Y ES-K HETIEH
HIN TS LASSO Tl I N TR L3905,
DX IIT, KA RIEEC X o TH S N fROBHR % FE T 2
DIZ, FE X CVE OREEELH S 2 EDXEETH L. Fk,
ES-K i 28— 2RI BT LASSO £ b b ERTH
B LD,

4. BREIRED

AWFFETIE, ESTEE AES L2 BIPIRRTED 28— 2258
BEPUH T, 2IREEZMRENICIRR T % ES-K L AES-K
HBERITIMAZRRE L 2, ZOPllAIE, Nagata 5 & [AkR
12, AN=AEBEROEN 7 Tu—F L7V 77 7

0 —F 2T 5 2 LWHRETH D [Nagata 15, Igarashi 16],
FTRTOEPNTEZTHITE 5. REFEZ, la BWEFED
TRk T — % [Silverman 12, Uemura 15] 1A L 7255,
FEATIE [Uemura 15] & 1%, 2% 2GR BB o7, HRfTif
JCl CVE 2ZaHii$ % 2 & T, a B@HROMASHRT -
DIHZEL (z1,¢) TH D ERGML TS, L LAads, A
DFHETIE, CVEZFTHL BICIKBWTY, (21,¢) DA
AR LD, HRORCHAGOEREE L, JHUIT
ZETHG S NIGERIIRR FEPARZERTH 5 Z L ERT 5,

SIE, FRIDFET —FEHTTEF S iR, Enk )k
TG L > TRONL»ZHERT 572018, ET—FD
ERETNEEZ, T Ih 6 NLICAR L 7487 — 2 1 [k
DOFEZEHA L TN 2. 2O~ % VMA (Virtual Mea-
surement and Analysis, (AHFHIANT) & IES (7R S 16),
KT — VO R LT 2 2 itk D, FET—FBITORs
J% T I R 24T 9

s

MXFCTH ST —FIEAHY 74NV =T RENRN=T L —
BOBHERKL IV =T DBRHAL T2 b0% ML %
[Silverman 12]. 7:, Aff7iid ISPS BHftE i il sl 7t
(JP25120001, JP25120007, JP25120008, JP25120009) O B
B % 32\ 7,

SE 3Rk

[Ichikawa 14] Ichikawa, H., Kitazono, J., Nagata, K., Manda,
A., Shimamura, K., Sakuta, R., Okada, M., Yamaguchi, K.
Y., Kanazawa, S., and Kakigi, R. (2014), Front. Human
Neurosci., 8, 480.

[Nagata 15] Nagata, K., Kitazono, J., Nakajima, S., Eifuku, S.,
Tamura, R., and Okada, M. (2015), IPSJ Trans., 8, 25-32.

[Igarashi 16] Igarashi, Y., Nagata, K., Kuwatani, T., Omori, T.,
Nakanishi-Ohno, Y., and Okada, M. (2016), J. Phys. Conf.
Ser. 699(1), 012001.

[(HAES 16] HARHE, e, s (ORIF) &L, WA, b
FHE, BIHEA (2016), {25453, 116(300), 313-320.
[Cover 77] Cover, T. M., and Van Campenhout, J. M. (1977),

IEEE Trans. Sys., Cyber., 7(9), 657-661.

[Tibshirani 96] Tibshirani, R. (1996), J. Royal Stat. Soc. Ser. B,
267-288.

[Metropolis 53] Metropolis, N., Rosenbluth, A. W., Rosenbluth,
M. N., Teller, A. H., and Teller, E. (1953), J. Chem. Phys.,
21(6), 1087-1092.

[George 93] George, E. I., and McCulloch, R. E. (1993), Journal
of the American Statistical Association, 88(423), 831-889.

[Hukushima 96] Hukushima, K., and Nemoto, K. (1996), J.
Phys. Soc. Japan, 65(6), 1604-1608.

[Kim 06] Kim, S., Tadesse, M. G., and Vannucci, M. (2006),
Biometrika, 93(4), 877-893.

[Ferrenberg 89] Ferrenberg, A. M., and Swendsen, R. H. (1989),
Phys. Rev. Lett., 63(12), 1195.

[Silverman 12] Silverman, J. M., Ganeshalingam, M., Li, W.,
and Filippenko, A. V. (2012), Monthly Notices of the Royal
Astronomical Society, 425(3), 1889-1916.

[Uemura 15] Uemura, M., Kawabata, K. S., Ikeda, S., and
Maeda, K. (2015), Pub. Astro. Soc. of Japan, 67(3), 55.

[Nakanishi 16] Nakanishi-Ohno, Y., Obuchi, T., Okada, M., and
Kabashima, Y. (2016), J. Stat. Mech.: Theory and Experi-
ment, 2016(6), 063302.



