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t-distributed Stochastic Neighbor Embedding (t-SNE)
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Uniform Manifold Approximation and Projection (UMAP)
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Uniform Manifold Approximation and Projection (UMAP)
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Uniform Manifold Approximation and Projection (UMAP)
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* Uniform Manifold Approximation and Proj ection (UMAP)
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Least Absolute Shrinkage of Selection Operators (LASSO)

J&E T ILORYFHRED R 78— XA HETE (Tibshirani, 1996; Chen ctal., 1998)
c IRTTDFHE EdRITTDHZEEDHE {(y;, x;) - n}

1
H;L—argmln{ z (yl—xTH) +—||9||1}—argm1n{—||Y X0|| —||a||1}




Least Absolute Shrinkage of Selection Operators (LASSO)

J&E T ILORYFHRED R 78— XA HETE (Tibshirani, 1996; Chen ctal., 1998)

c IRTTDFHNE & dRITTDHZE =DM {(y;, x;) n}
1
H;L—argmln{ z (yl—xTH) +—||9||1}—argm1n{—||Y X0|| —||a||1}

= Proximal gradient method

7LD X LDOITHRICEY EZIZOC




Least Absolute Shrinkage of Selection Operators (LASSO)

J&E T ILORYFHRED R 78— XA HETE (Tibshirani, 1996; Chen ctal., 1998)

c IRTTDFHNE & dRITTDHZE =DM {(y;, x;) n}
1
H;L—argmln{ z (yl—xTH) +—||9||1}—argm1n{—||Y X0|| —||a||1}
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LASSO D1

5] ¢ Generalized LASSO

'{1 Y )(92+’1 D6 }
arg;nm anl |2 nII |1

e Fused LASSO : F1EH]#
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e [ trend filtering : X1
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LASSO D1

5] ¢ Generalized LASSO
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* LASSOD{# A : Square-root LASSO (Belloni, Chernozhukov, Wang, 2011)

EERDLASSOD Mgl Z R D Elo ICHTF T 5 (ADEY) F55F)
* LASSODERtE D LEET S & TIDIREFENLGLED

°
\Juil

1 A 1 A
aremin{— ||Y — X8||* +—=|6 } ar min{— Y — X0 +—116 }
ge {anl 1 nII |1 89 mll 1 nII |1

Square-root LASSO!

e Distributionally Robust Optimization & @ E&3& (Blanchet, Kang, Murthy, 2019)

1 A
min{—||Y—X9|| +—||0||1}=min max Ep[||Y — X6|]?]
6 W2n n 0 P:DOO(P,Pn)s%

Doo(Pl Pn) = nEl_}g’f:Pn) Eﬂ[HZl — ZZHOO]
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LEL>YFEZ7400x2 )7 ERLERERFAER (Yano and Kano, 2023)
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I_ E/\?E@‘LB/VF éj\ .

SteinD ZE T

e SteinDZETt  FESHICET 2 [59
E[(X —w)fX)] =

"l EIX — wf (0]

0.50 -0.25 0.00 0.25 0.50 0.75 1.00

“E[f' (0],

M& | [Stein (1973)]

X~N(u,0?)

reLU(x; a) = max(x — a, 0)

0.3
i 02E[f'(X)]
1.00 —0.75 —-0.50 —-0.25
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Mallows’ Cp / Stein’s unbiased risk estimate

Stein® %= % F

LASSO®D 8| — &
I (Zou,

192 ¢&
RED [RWHEFEE] 21F2 28N TES

Hastie, Tibshirani, 2007)

R/ A XN TRTHB EE,
E[I| Y — X011 = E[ ||IY — X0,]1% + 262(|6;]]o ]

AT L7aWn . =N $ V) R—=Z|C

C, . / S

%.0 025 05 075 10 125 15 175 20 A’
-

* = (2023) [LASSOIZXI 4 % SUREEmICE D  [FHEAR %]
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LASSODFEZERRIZEE) : LASSODF| D

REEWld

IR AE2FEMIEIRDOBEARNMEBICIFTETE S -

2 lxll? = ma fuTx — 2 [lul 2]
u

ULegendre’Z;jﬁ%

LASSO/Zmin-maxf@ZB & L TERILTZ %

. 1 2 A 1 T T 1
érElIerzi{%HY—XHHZ +E”8”1}= min max{—u X0 +u Y—2—||u||2

geRrd ueR™ (2n

1
T
» PO = 52}1}@1}”%%{27111 X0 +;(u,8)

|

Jiell, |
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LASSODMEERIZEE) : LASSOD L) HEE

Min-maxPIEE D = K= uT X6 |3 g, h~N(0,0%)%& A\ THERBY I BER] BE

1
PO~ AO = min max {— lu|| g"0 + |18]| hTu + ¥, (u, 9)}

6eRd UER™

2n

* Convex Gaussian min-max theorem (Thrampoulidis, Omyak, Hassibi, 2015) 7 5
* Hayakawa (2023) Asymptotic Performance Prediction for ADMM-Based Compressed Sensing



LASSODFEERRZEE) : LASSOD—RITHIBEADISE

FENERE T AR ERTT (d/n » y) T | —RITTDOmax-minfilfE | (C)FE AIEE I

max min ¢ (b, )

2 2 1 2
where s (b, 7) = (0_ N T) b % +2E [min {b“’— bV + Aw+ 0] — A\@\}]

T 2 weR 2T

EMRRICEZS - - - LA L. EIZEEITS

2 o 1 ’
T =0 —|—5E [{SZIA(@—I—T*W)—@} ] :

1 x
b*:T*{l—gPr (]@—I—nW!ZZ—A)}.

* Miolane and Montanar1 (2021) The distribution of the Lasso... 76



LASSO®D =R IT T DIEXR I ZE B

e 413 ¥ DR, 13K OT CEE | HE T ATAE

oo nllY — X1
n — [6, DIEE OER]

1.2 +

LASSO & E{EDO XA EEDFERZEF L "
AR ERIT (d/n— y)D b & 101

0.9

A 2
>i(6, —0°); n "
L 5  —(t%—-o0* _
d d( ) v i ; ; ;
INAIR—=RT X —& nXA

BH{E & DiEE

A TOHETE

AN—ZAHEED(ERITT TOVEZRNREEF A S IR - 7o

* Han and Shen (2023) Universality of regularized regression estimators in high dimensions 7 7
* Sawaya, Uematsu, Imaizumi (2024) HIGH-DIMENSIONAL SINGLE-INDEX MODELS
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SERITTTDRA X DF]

EEII SR T EECENERES b OEERETONA XDF
SHETERE R O R M - 2o IR

ﬁf&ﬁ*ﬁ( F%ﬁ 7 Bz ElE

Fic 4Eampl,2Lft omgh Top row: If1; If y (wi h,B the horizontal a:
and «a th ertical azis). Bottom row: posterior mean; cro ct n {z, = O} f
2000 posterior samples
Monard et al., AoS, 2020 Deringer, et al., chemical reviews, 2021
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ERTTTDORA X DF|FE

SR TSR ECERERES L OEFRECORA XOF AT
SHETERE B D NREE M I - 2o M ARAT

HIEBEHER 7 Bz ElE

F1Gc 4. Ezample 2. Left to right. Top row: Ifi; If1 noisy (with B on the horizontal azis
and a on the vertical azis). Bottom row: posterior mean; cross-section on {x2 = 0} of
2000 posterior samples.

Monard et al., AoS, 2020 Deringer, et al., chemical reviews, 2021
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* Cox (1993) An Analysis of Bayesian Inference for Nonparametric Regression 87



Castillo & Nickl (2013) D7 A 77 : D DA

FCERDERIC | SRERAD ] D IBEZ T %

SHESTSHZ

20 1

10 A

_10 .

& CERBIKER D DEE

c.f., Sobolev DD ~NZFE

f(8), dX(¢)

Bo L TEZD
[IF|lz2 = ClIVF]]2

t t
JF f(T)dT,J dX (1)

Castillo and Nickl (2013) Nonparametric Bernstein—von Mises theorems in Gaussian white noise
Castillo and Nickl (2014) On the Bernstein—von Mises phenomenon for nonparametric Bayes procedures



Castillo & Nickl (2013) D7 4 7 7 : weak norm

WEH BB 2 BIEE —H{L L.
UTOL DL ERERDZERT AL DB/ IVLZEZD

strong inner-product (f,9)2 = E(f , ®i)9, i)

4

weak imner-product  If13 = ) wilf, $i)(g, 81} withw; > 0
i

* BB LVATEIC L B EILANJL P ERIEH (W) EEL

)
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Castillo and Nickl (2013, 2014) : 7T D—H % || - ||, CEELET Z & T

VA(f ) 1X =205 ~

E

ERDMfDIESL T

VA(f = fo) | foP 5 Fs  asn-e
foRYRLHBETORES X
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* Yano and Kato (2019) On frequentist coverage errors of Bayesian credible sets in moderately high dimensions 9 1
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L ZE=REEZE (Leave-one-out CV; LOOCV)

e T—RAEWMIIABEFERICTIVRLDEL, FERATCOREHER A EILHE MM
c MHMEEETILDOTF 22—V INRTIAREROT 770 P AKXV X —FK

nf& X taXHRW-T—2& LT
\
[ STHF— 4 | LOOCV = z{ Epes[logp(X; | 6)1}
s > AL 1B 4 (I SEE T O FHE) 12 A 75 U SEL
Gp = EXn+1EX1,...,Xn [_Epos log [p(Xn+1 | 0)]
- 1@ E[ LOOCVg | = Gg + 0(1/n%)

> (T & A EETERARE
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NAXETILOFM : [L < ER B IBER=FRLE (WAIC)

T

WAIC (Watanabe, 2010) (Z;/L D 7= D E T )L FFMFR 4E

1 1
WAIC, = E § {Epos [— logp(X; | 8)]} + E E Vpos [logp (X; | 6)]
l _T_ l _T_

RIS L 2 HIRE ERDIC L D DE

dlinl

dlinl

| 2 THOENSEIERD A TETEA]EE
- ZIEDOEBZRDIE THNLEBEELADOZYLRHETFEICHR > TWLWS
- —EIR ERERIEEDIIMIC R > TW 5

WAICIZIZ =3B Y F1ET % A2 2 TIEZWAIC, & BA 04
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A ZETNOFE | FERHADBAERBIRE
M SERIEMNEBALELL T TR, 2—F—pHEELLWL

— Iba and Y. (2023,2024) Posterior Covariance Information CriterionZ H2 28

PCIC,. =% z Epos[1(X0, 0)] ——Z Covyos[L(X, 8),logp (X; | 0)]
T T T

=B MICKDHAFE FROMICLD2HEDE

llllnl

WAICOH DEWHEB AR ->T-FFEEDIELEZF/Z D LD IC

Iba and Yano (2023) Posterior Covariance Information Criterion for Weighted Inference 9 5
Iba and Yano (2024) Posterior covariance information criterion for general loss functions, R & R
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=R TR [B] I T D WAIC

= AR Tl WAICK B LTS

X1,

Z D

Theorem 1 in Okuno and Y. (2023)

: J A7 [A]

f—tr(Z)& b =d?||B|le
FOEED >0 1T L

—ICHDBUTIEZ L DAV ADHICHKE D HE=E

1
Pr(JWAIC — G| > €) < C (E)

* RICEIC K 573 W ER

* YN 5

S AE— N IHRZSHESTHOXNAN § L EIFFRBMOKRKZTI DTRESD

* Okuno and Yano (2023) A generalization gap estimation for overparameterized models via Langevin functional variance
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