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m-out-of-n bootstrap
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Shimodaira (2002, 2004, 2008, 2010)
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m = 00 Shimodaira, Kanamori, Aoki, and Mine (in prep)
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human
cow
rabbit
mouse
opposum
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1 GCCAACCTCCTACTCCTCATTGTACCCATTCTAATCGCAATGG
2 ACCAACCTCCTACTCCTCATTE@TACCCATCCTAATCGCAATAG
3 ATTAATATCATCTCACTAATTATCCCAATTCTCCTCGCCGTAG
4 ATTAACATCTTAATACTAATTATTCCCATCCTATTGGCCGTAG
5 ATTAATACACTCCTTTTAATCCTACCIGTACTITTAGCCATAG
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Phylogenetic Tree
— Classifying Lang Tumors from Gene Expressions
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Suzuki and Shimodaira (2006)

Shimodaira and Hasegawa (2005) Machine Learning

Causality Inference

Estimating Gene Network

Kamimura et al. (2005)

Komatsu, Shimizu and Shimodaira (2010) . =
Shimodaira, Kanamori, Aoki and Mine (2010)
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123 4 5 W 14\% 12 4 3 5
0.58 0.01 0.02 0.00 ,
BP >0.05 0.31 0.04 0.00 0.00 :
0.04 0.01 0.00 0.00 )
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C o s 4 s Coaa e Y [0 s s o L
0.79 . 008 0.10 0.03 0.01
12 3 4 5 1 23 4 5 1 4 2 3 5 1 3 4 2 s 1 3 2 4 5
p=>0.05 0.52 0.13 0.01 0.02 0.01
s a4 s L o o .
0.11
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1 2 3 4 5 1 2 3 4 5 W 1 4 3 2 5 1 2 4 3 5
0.94 0.18 0.11 0.03 0.01
: g Q
SH >0.05 0.80 0.15 0.07 0.02 0.00

13 24 » 1 2 3 4 5 12 4 3 5 1 4 2 3 5 T3 43 2

0.58 0.03 0.01 0.00

Shimodaira-Hasegawa test (XI#{ALEND L E LLE)

10



m=-n ~NIWVET S

p(c?) = d {0 CD_l(BP(JZ))}

IEEfRRIE T —r X5y THESE (Shimodaira 2008)

p(c?)
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Bias reduces as k increases

2(6°) £ —o ©(BP(c?))
p(c?) =P {-2(c?)]

2(c?)

BP=0.0078 (k=1) <— 2.40<—|— >
p=0.057 (k=2) < 1.58 <.

RV

p=0.052 (k=3) o
p=0.05 (exact) 5 2 4 6
2(c°)=py,+ o+ B0 + o+
H—l
using k=2 terms
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Multivariate Normal Model (Efron and Tibshirani 1998)
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Bayesian Frequentist

BP(1) ~ @[-(5, + 5,)] p-value ~ @ [~(5, - 3,)]

Bo=distance, 3;=curvature
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BP(c?) p(c”) =@ {c @7 (BP(c?))|

2

©)

o’ =1 _0'2 =-1
BP(1) ~ (D[_(:Bo +ﬂ1)] p@) ~ q)[_(ﬂo +:81)]
BP(c?%) ~ CD{—(%—%—,B@')} p(az) ~ O [_(:Bo T 13162)]

Ar—1) 58|
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Bridging Bayesian to Frequentist

p(c?) = @[ (5, +ﬂ<2 + ot + B+ |

signed distance mean curvature

o’ =+1 BP(1) p(+1) = CI)[_(IBO +181 "‘:82 +183 T )]

(Bayesian)

o’ =-1 p-value p(_l) =0 [_(:Bo _181 "':Bz _183 T )]

(frequentist)

Shown for “nearly flat surfaces” in Shimodaira (2008) 16
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Here we work on the “smooth function model” of Hall (1989)
0="1(x) 1°= g(x,)

The percentile confidence interval of Efron
BP=F(4,) with F(0)2P(@® <6|D,)
P{QO c [If_l(a),oo)} =1-a+0(n"?)

The results of

The bootstrap-t confidence interval
Hall (1989)

NE - (b
p:1—G£‘9 AHO) with G(t)=P( = £t|Dnj

T

P{6, e[0-7G(1-a),)| =1-a+O(n")

(

~

The confidence interval derived from the multiscale bootstrap
n . . T PR
p(0®)=H_.(6,) with H_.(0)20|cd™(F.(0)] / 2, =0 (a)

P16, e[H . (@), )} =1-a+n"*§(z,) {~(L+0)b,+ 2. A} +O(n")
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Estimating the skewness term A

™~

*

Dmi ‘ D;t‘ Yes
D, == D’ == D’==) no > Bp(s?g?)= LIS

~ 10000
*10000

. _ 2 _1/2
Dml ‘ Dmtooﬂm Yes_/ B BP(O_ )+Op(n )

) 2 2 2
with o =0, +0,

~o®(BP(c7,0.)) =—c®(BP(c?)) +n*Ac/ oo (B, —o°) + O, (n™)

Two-step multiscale bootstrap of Shimodaira (2004) ,
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Bias Corrected (BC) method of Efron (1982)

BC 20 0(F(4,))-2x @ (F(0)) | = p(-D)+0,(n")

Accelerated Bias Corrected (BCa) method of Efron (1987)

BC, = the two-step multiscale bootstrap +Op(n‘1)

The double bootstrap (Hall 1992)
The three-step multiscale bootstrap (Shimodaira 2004)

The error is only O(n™*?)



Frequency

f-{SAD{RER: FDR, AI$R1L

Cluster dendrogram with PP1/AU3 values (%)
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Histogram of z-values with ticks of critical values (AU3)
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Distance: correlation
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PP1>95
Cluster method: average
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THEEF (2009), MEHEEKRKE, LD F A& (ZBIJ HFalse Discovery Rate DT ILF R —ILEtE
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2(6%) ~ B, + BN c?
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