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new; cls;
data={78,68,89,92,60,42,74,80,78};
times=200;

call balancedboot(data,times);

proc(3)=balancedboot(data,times);
local n,thetahat,vartheta,temp,i,thetahat i;
local resample,bsthetahat,bias,corrected,bsvar;
n=rows(data);
/* Theta here is mean. */
thetahat=meanc(data);
vartheta=stdc(data)"2/n;
temp=data;
i=1;
do while i<=times-1;



data=temp|data;
i=i+1;
endo;
data=sortc(data~rndu(n*times,1),2);
data=datal.,1];
thetahat _i=zeros(times,1);
i=1;
do while i<=times;
resample=data[n*(i-1)+1:n*i];
thetahat_i[i]=meanc(resample);
i=i+1;
endo;
bsthetahat=meanc(thetahat i);
bias=bsthetahat-thetahat;
corrected=thetahat-bias;
bsvar=stdc(thetahat_i)"2;
print/lz "# of sample=" n;
print/lz "# of repetition=" times;
print/lz" sample mean=" thetahat;
print/lz"  sample var =" vartheta;
print/lz "bootstrap mean=" bsthetahat;
print/lz "bootstrap var =" bsvar;
print/ld " bias=" bias;
print/lz "bias-corrected=" corrected;
retp(bsthetahat,bias,bsvar);

endp;

data

times-1 data

data=sortc(data~rndu(n*times,1),2);

data
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resample=data[n*(i-1)+1:n*i]; i=1
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nx times

times

data
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# of sample= 9
# of repetition= 200
sample mean= 73.444444
sample var = 25.975309
bootstrap mean= 73.444444
bootstrap var = 26.494199
bias= 0.00000000
bias-corrected= 73.444444
Jackknife
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Jackknife After Bootstrap

new; cls;

rndseed 911;
data={78,68,89,92,60,42,74,80,78};
call jab(data,1000);

proc(4)=jab(data,times);

Bias (
Balanced
sample var
Bootstrap Variance
Balanced
times
times

Bootstrap Sample
Bootstrap SE(j)

index Jackknife

Jackknife SE

local n,thetahat,setheta,thetahat _i,i,j,index,jindex,temp;

local bsthetahat,seb,jthetahat _ij,jthetahat j,sejseb,jtemp;



n=rows(data);
/* Theta here is mean. */
thetahat=meanc(data);
setheta=stdc(data)/sqrt(n);
thetahat _i=zeros(times,1);
jthetahat_ij=zeros(times,n);
i=1;
do while i<=times;
index=ceil(n*rndu(n,1));
temp=data[index];
thetahat_i[i]=meanc(temp);
=1
do while j<=n;
jindex=zeros(n,1);
jindex=(index.==j);
jtemp=delif(temp,jindex);
jthetahat _ij[i,j]J=meanc(jtemp);
j=itL
endo;
i=i+1;
endo;
bsthetahat=meanc(thetahat i);
seb=stdc(thetahat i);
jthetahat_j=stdc(jthetahat_ij);
sejseb=sqrt( ((n-1)/n)*sumc((jthetahat_j-meanc(jthetahat_j))"2) );
print/lz" sample mean=" thetahat;
print/lz " sample SE=" setheta;
print/lz" bootstrap SE=" seb;
print/lz "SEjack(SEboot)=" sejseb;
retp(thetahat,setheta,seb,sejseb);
endp;

sample mean= 73.444444
sample SE= 5.0965978
bootstrap SE= 4.6194834
SEjack(SEboot)= 1.7115705
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new; cls;

rndseed 911;
data={78,68,89,92,60,42,74,80,78};
call jab(data,1000);



proc(7)=jab(data,times);
local n,thetahat,setheta,thetahat _i,i,j,index,jindex,temp;
local bsthetahat,seb,jthetahat_ij,jthetahat_j,sejseb,jtemp,setibseb;
local j_ij,Bj,wj,wj2,wjthetahat_j,sewjseb,wj2thetahat_j,sewj2seb;
n=rows(data);
/* Theta here is mean. */
thetahat=meanc(data);
setheta=stdc(data)/sqrt(n);
thetahat _i=zeros(times,1);
jthetahat_ij=zeros(times,n);
j_ij=zeros(times,n);
i=1;
do while i<=times;
index=ceil(n*rndu(n,1));
temp=data[index];
thetahat_i[i]=meanc(temp);
=1
do while j<=n;
jindex=zeros(n,1);
jindex=(index.==j);
jtemp=delif(temp,jindex);
jthetahat _ij[i,j]J=meanc(jtemp);
j_ij[i,j]l=sumc(jindex);
j=itL
endo;
i=i+1;
endo;
Bj=n*times-sumc(j_ij);
wj=Bj/(sumc(Bj)/n);
wj2=Bj/(sumc(Bj)/n+n);
bsthetahat=meanc(thetahat i);
seb=stdc(thetahat i);
jthetahat_j=stdc(jthetahat_ij);
sejseb=sqgrt( ((n-1)/n)*sumc((jthetahat_j-meanc(jthetahat_j))"2) );
wjthetahat_j=wj.*stdc(jthetahat _ij);



setibseb=sqrt((1+1/times)*seb”"2);

sewjseb=sqrt( ((n-1)/n)*sumc((wjthetahat_j-meanc(wjthetahat_j))"2) );
wj2thetahat_j=wj2.*stdc(jthetahat _ij);

sewj2seb=sqrt( ((n-1)/n)*sumc((wj2thetahat_j-meanc(wj2thetahat _j))"2));
print/lz" sample mean=" thetahat;

print/lz " sample SE=" setheta;

print/lz" bootstrap SE=" seb;

print/lz " SEtib(SEboot)=" setibseb;

print/lz "SEjack(SEboot)=" sejseb;

print "weight";

print” wj(Type 1) wj(Type 2)";

print wj~wj2;

print/lz "SEwjack(SEboot)="; print sewjseb~sewj2seb;

retp(thetahat,setheta,seb,sejseb,setibseb,sewjseb,sewj2seb);

endp;

sample mean= 73.444444

sample SE= 5.0965978
bootstrap SE= 4.6194834
SEtib(SEboot)= 4.6217925

SEjack(SEboot)= 1.7115705

weight
wj(Type 1) wj (Type 2)
1.0017500 1.0006243
0.99875000 0.99762767
1.0011250 1.0000000
1.0085000 1.0073667
0.99562500 0.99450618
0.99987500 0.99875140
1.0023750 1.0012486
0.99200000 0.99088525
1.0000000 0.99887626
SEwjack(SEboot)=

1.6998996 1.6979894



Bootstrap after Boostrap

new; cls;

rndseed 911;
data={78,68,89,92,60,42,74,80,78};
call doubleboot(data,100,100);

proc(5)=doubleboot(data,timesl,times2);
local n,thetahat,setheta,thetahat i,i,j,index1,index2,temp,sebseb;
local bsthetahat,seb,bthetahat_ij,bbthetahat_i,sebb,temptemp;
n=rows(data);
/* Theta here is mean. */
thetahat=meanc(data);
setheta=stdc(data)/sqrt(n);
thetahat _i=zeros(times1,1);
bthetahat_ij=zeros(timesl,times2);
i=1;
do while i<=times1;
index1=ceil(n*rndu(n,1));
temp=data[index1];
thetahat_i[i]=meanc(temp);
=1
do while j<=times2;
index2=ceil(n*rndu(n,1));
temptemp=temp[index2];
bthetahat_ij[i,j]J=meanc(temptemp);
j=itL
endo;
i=i+1;
endo;
bsthetahat=meanc(thetahat i);
seb=stdc(thetahat i);
bbthetahat_i=meanc(bthetahat_ij");
sebb=stdc(bbthetahat i);
sebseb=stdc(stdc(bthetahat _ij"));
print/lz" sample mean=" thetahat;



print/lz " sample SE=" setheta;

print/lz" bootstrap SE=" seb;

print/lz "double boot SE=" sebb;

print/lz "SEboot(SEboot)=" sebseb;

retp(thetahat,setheta,seb,sebb,sebseb);
endp;

sample mean= 73.444444
sample SE= 5.0965978
bootstrap SE= 4.880302
double boot SE= 4.8983644
SEboot(SEboot)= 1.1733069
( call doubleboot(data,1000,1000); Full )

sample mean= 73.444444
sample SE= 5.0965978
bootstrap SE= 4.7198154
double boot SE= 4.7252967
SEboot(SEboot)= 1.2207583

SEboot(SEboot) Jackknife after Bootstrap SE SE
Jackknife
bootstrap
double boot SE bootstrap
bootstrap
SE bootstrap
SE
double boot Double Bootstrap
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Double Bootstrap Test

Double Bootstrap Test

Double Bootstrap bootstrap
bootstrap
bootstrap
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Double Bootstrap

new; cls;

rndseed 911;

n=100;

data=rndn(n,1);

print doublepval(data,199,999);

proc doublepval(data,timesl,times?2);

local n,pstarstar,i,index,temp,pstar,pval;

n=rows(data);

pstarstar=zeros(times2,1);

i=1;

do while i<=times2;
index=ceil(n*rndu(n,1));
temp=data[index];
pstarstar[i]=bootpstar(temp,timesl);

i=i+1;



endo;
pstar=bootpstar(data,timesl);
pval=(sumc(pstarstar.<=pstar)+1)/(times2+1);
retp(pval);

endp;

proc bootpstar(data,times);
local n,tstar,i,index,temp,t,pval;
n=rows(data);
tstar=zeros(times,1);
i=1;
do while i<=times;
index=ceil(n*rndu(n,1));
temp=data[index];
tstar[i]=stat(temp);
i=i+1;
endo;
t=stat(data);
pval=(sumc(tstar.>=t)+1)/(times+1);
retp(pval);
endp;

proc stat(data);
local n,t;
n=rows(data);
t=(meanc(data)-0)/(stdc(data)/sqgrt(n)); /* Here, true myu=0 . */
retp(t);
endp;

0.92000000

proc stat

procedure
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new; cls;

rndseed 911;
data={78,68,89,92,60,42,74,80,78};
times=2000; pinterval=0.95;

{thetahat,thetaboot,sdboot}=bootmean(data,times);

print "Theta estimate here is mean:";
print "Bias mean=" meanc(data);
print/rz pinterval*100 "% CI";

print "Percentile";

print percentile_ci(thetahat,thetaboot,pinterval);

print "Basic";

print basic_ci(thetahat,thetaboot,pinterval);
print "Normal"; tval=cdftci((1-pinterval)/2,rows(data)-1);

print normal_ci(thetahat,thetaboot,tval,pinterval);

print "Studentized(Single)";

Studentized

print studentized_ci(thetahat,thetaboot,sdboot,pinterval);

proc percentile_ci(thetahat,thetaboot,pinterval);

local alpha,times,low,up;

Baisc

9- 1 CDF

Bootstrap



alpha=1-pinterval;
times=rows(thetaboot);
thetaboot=sortc(thetaboot,1);
low=thetaboot[round(times*alpha/2)];
up=thetaboot[round(times*(1-alpha/2))];
retp(low~up);

endp;

proc basic_ci(thetahat,thetaboot,pinterval);
local alpha,times,low,up;
alpha=1-pinterval;
times=rows(thetaboot);
thetaboot=sortc(thetaboot,1);
low=2*thetahat-thetaboot[round(times*(1-alpha/2))];
up=2*thetahat-thetaboot[round(times*alpha/2)];
retp(low~up);

endp;

proc normal_ci(thetahat,thetaboot,tval,pinterval);
local alpha,times,low,up;
alpha=1-pinterval;
times=rows(thetaboot);
thetaboot=sortc(thetaboot,1);
low=thetahat-tval*stdc(thetaboot);
up=thetahat+tval*stdc(thetaboot);
retp(low~up);

endp;

proc studentized_ci(thetahat,thetaboot,sdboot,pinterval);
local alpha,times,tval,low,up;
alpha=1-pinterval;
times=rows(thetaboot);
thetaboot=sortc(thetaboot,1);
tval=(thetaboot-thetahat)./sdboot;
tval=sortc(tval,l);
low=thetahat-tval[round(times*(1-alpha/2))]*stdc(thetaboot);



up=thetahat-tval[round(times*alpha/2)]*stdc(thetaboot);

retp(low~up);
endp;

proc(3)=bootmean(data,times);

local n,thetahat,thetaboot,sdboot,i,index,temp;

n=rows(data);

thetahat=meanc(data);

thetaboot=zeros(times,1); sdboot=zeros(times,1);

i=1;

do while i<=times;

index=ceil(n*rndu(n,1));

temp=data[index];

thetaboot[i]J=meanc(temp);
sdboot[i]=stdc(temp);

i=i+1;

endo;

retp(thetahat,thetaboot,sdboot);

endp;

Theta estimate here is mean:

Bias mean= 73.444444
95 % CI

Percentile

63.111111 81.666667
Basic

65.222222 83.777778
Normal

62.525809 84.363080
Studentized(Single)

69.922152 77.690711

Studentized tval=(thetaboot-thetahat)./sdboot;
Studentized sdboot
Bootstrap Bootstrap

Studentized



Bootstrap
proc bootmean Bootstrap sdboot2
proc studentized sdboot sdboot2

Studentized
61.699578 85.544601

new; cls;

rndseed 911;

data={78,68,89,92,60,42,74,80,78};

times1=2000; times2=2000; pinterval=0.95;
{thetahat,thetaboot,sdboot2}=bootmean2(data,timesl,times2);
print "Studentized";

print studentized_ci(thetahat,thetaboot,sdboot2,pinterval);

proc studentized_ci(thetahat,thetaboot,sdboot,pinterval);
local alpha,times,tval,low,up;
alpha=1-pinterval;
times=rows(thetaboot);
thetaboot=sortc(thetaboot,1);
tval=(thetaboot-thetahat)./sdboot;
tval=sortc(tval,l);
low=thetahat-tval[round(times*(1-alpha/2))]*stdc(thetaboot);
up=thetahat-tval[round(times*alpha/2)]*stdc(thetaboot);
retp(low~up);

endp;

proc(3)=bootmean2(data,timesl,times2);
local n,thetahat,thetaboot,sdboot,i,index,temp;
local j,index2,temp2,sdboot?2;
n=rows(data);
thetahat=meanc(data);
thetaboot=zeros(timesl,1);
sdboot=zeros(times2,1); sdboot2=zeros(times1,1);
i=1;



do while i<=times1;
index=ceil(n*rndu(n,1));
temp=data[index];
thetaboot[i]J=meanc(temp);
=1
do while j<=times2;
index2=ceil(n*rndu(n,1));
temp2=temp[index2];
sdboot[j]=meanc(temp?2);
j=itL
endo;
sdboot2[i]=stdc(sdboot);
i=i+1;
endo;
retp(thetahat,thetaboot,sdboot?2);

endp;
Studentized Bootstrap
Bootstrap Bootstrap Sample
Bootstrap sdboot2
Bootstrap
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Bias-Corrected Accelerated
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@ z0 Bias-Corrected
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6, <6
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-3 step

skew



z=cdfn(z0) ratio Bias

step=0.001;
z=0; z0=-3; @ initial points @
do while z<=ratio;
z=cdfn(z0);
z0=z0+step;
endo;
a Jackknife skew
a=sumc((thetahat_i-mean)”3)/(6*(sumc((thetahat_i-mean)”2))"1.5);
za percentile
0.05 0.975 1.96
procedure 3 ratio ratio

BCa procedure

Percentile BCa skew acceleration
constant a=0 BC a=0
Bootstrap
CDF
new; cls;

rndseed 911;

data={78,68,89,92,60,42,74,80,78};

times=2000; pinterval=0.95;
{thetahat,thetaboot,ratio}=bootmeanratio(data,times);
print "Theta estimate here is mean:";

print "Bias mean=" meanc(data);

print/rz pinterval*100 "% CI";

print "Percentile";

print percentile_ci(thetahat,thetaboot,pinterval);
print "BCa";

print bca_ci(data,thetahat,thetaboot,ratio,pinterval);

proc bca_ci(data,thetahat,thetaboot,ratio,pinterval);
local alpha,n,times,thetahat _i,j,index,temp,mean,a;
local za,z,z0,step,phi,phi2,low,up,sorttheta;

alpha=1-pinterval;



n=rows(data); times=rows(thetaboot);

/* acceleration constant by jackknife */
thetahat_i=zeros(n,1);
=1
do while j<=n;

index=zeros(n,1);

index[j]=1;

temp=delif(data,index);

thetahat_i[j]J=meanc(temp);

=i+,
endo;
mean=meanc(thetahat i);
a=sumc((thetahat_i-mean)”3)/(6*(sumc((thetahat_i-mean)”2))"1.5);

[* za and z0 */
za=cdfni(l-alpha/2); @ Here, about za=1.96 @
step=0.001;
z=0; z0=-3; @ initial points @
do while z<=ratio;

z=cdfn(z0);
z0=z0+step;
endo;

/* adjusted percentiles and confidence interval */
@ Activate a=0 here when BC. @
phi=cdfn(z0+((z0+za)/(1-a*(z0+za))));
phi2=cdfn(z0+((z0-za)/(1-a*(z0-za))));
@ Here, 0.975=1-alpha/2=cdfn(za) when a=0 & z0=0. @
sorttheta=sortc(thetaboot,1);
low=sorttheta[round(phi2*times)];
up=sorttheta[round(phi*times)];
retp(low~up);

endp;

proc percentile_ci(thetahat,thetaboot,pinterval);
local alpha,times,low,up;
alpha=1-pinterval;

times=rows(thetaboot);



thetaboot=sortc(thetaboot,1);
low=thetaboot[round(times*alpha/2)];
up=thetaboot[round(times*(1-alpha/2))];
retp(low~up);

endp;

proc(3)=bootmeanratio(data,times);

local n,thetahat,thetaboot,i,index,temp,ratio;

n=rows(data);

thetahat=meanc(data);

thetaboot=zeros(times,1);

i=1;

do while i<=times;
index=ceil(n*rndu(n,1));
temp=data[index];
thetaboot[i]J=meanc(temp);
i=i+1;

endo;

ratio=sumc(thetaboot.<=thetahat)/times;

retp(thetahat,thetaboot,ratio);

endp;

Theta estimate here is mean:

Bias mean= 73.444444
95 % CI

Percentile

63.111111 81.666667
BCa

64.333333 82.222222
BCO OO (BCa a=0 )

63.111111 81.666667

a=0 BC Percentile

proc

print

phi cdfn(za) zO;
a

z0

1
z0



za Percentile

Scale Bootstrap
Bootstrap
Multi-scale
Bootstrap Bootstrap Sample
Bootstrap
new; cls;
rndseed 911;
data={78,68,89,92,60,42,74,80,78};
times=2000; pp=0.05; p=0.3; @ varying +-30% of n here @

call scaleboot(data,times,pp,p);

proc(3)=scaleboot(data,times,pp,p);
local n,thetahat,vartheta,thetahat _i,i,index,lowerb,upperb,count,seq;
local temp,bsthetahat,bias,corrected,bsvar,sorttheta,nn,plusminus,j;
n=rows(data);
/* Theta here is mean. */
thetahat=meanc(data);
vartheta=stdc(data)"2/n;

/* n could change here. */
plusminus=round(p*n);
nn=(n-plusminus)+floor((2*plusminus+1)*rndu(times,1));
thetahat_i=zeros(times,1)~nn;
i=1;

do while i<=times;



temp=zeros(nn[i],1);

=1

do while j<=nnli];
index=ceil(n*rndu(1,1));
templj]=data[index];
j=itL

endo;

thetahat_i[i,1]=meanc(temp);

i=i+1;

endo;
/* Ratio Calculation */
print/lz "+-" p*100 "% of original n";
print" # ratio";
seq=seda(n-plusminus,1,2*plusminus+1);
i=1;
do while i<=2*plusminus+1;
count=sumc(thetahat _i[.,2].==seq[i])/times;
print/lz seq[i]~count;
i=i+1;

endo;

/* Formal Calculation as in normal bootstrap */
thetahat_i=thetahat i[.,1];
bsthetahat=meanc(thetahat i);
bias=bsthetahat-thetahat;
corrected=thetahat-bias;
bsvar=stdc(thetahat_i)"2;
sorttheta=sortc(thetahat _i,1);
lowerb=sorttheta[round(times*pp/2)];
upperb=sorttheta[round(times*(1-pp/2))];
print/lz "# of original cases in sample=" n;
print/lz " sample mean=" thetahat;
print/lz "sample variance=" vartheta;
print/lz " bootstrap mean=" bsthetahat;
print/lz " bias=" bias;
print/lz " bias-corrected=" corrected "[ thetahat-bias ]";

print/lz" bootstrap var=" bsvar;



print/rz (1-pp)*100 " % Confidence Interval";

print/lz "[ " lowerb ", " upperb "1";
retp(bsthetahat,bias,bsvar);
endp;
Bootstrap
30
12

plusminus=round(p*n);

nn=(n-plusminus)+floor((2*plusminus+1)*rndu(times,1));

n-plusminus

Bootstrap times timesx
thetahat_i=zeros(times,1)~nn; timesx
Bootstrap
nn index
nnli]
temp
nnli]
Bootstrap
Ratio
seq
timesx

count=sumc(thetahat i[.,2].==seq[i])/times;

(

x plusminus )

temp

times



+- 30 % of original n

# ratio

6 0.1395
7 0.139
8 0.136
9 0.1475
10 0.1495
11 0.14
12 0.1485

# of original cases in sample=9
sample mean= 73.444444
sample variance= 25.975309
bootstrap mean= 73.254432
bias=-0.19001245
bias-corrected= 73.634457 [ thetahat-bias ]
bootstrap var= 24.202779
95 % Confidence Interval
[ 62.727273 : 82 ]
0 Bootstrap

n Bootstrap

Bootstrap
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