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$$ 1-\beta ;=; F_\nul\left(-t_{1-\alpha,\nu};\delta_2\right) - F_\nul\left(t_{1-
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M [M $2\sim N(0,1)$[0 $V\sim\chi~2 \nu$ [T11]
$$ T ;=; \frac{Z+\delta}{\sqrt{VAnu}} ;\sim; t \nu(\delta), $$
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$$ F_\nu(t;\delta)=\Pr(T\le t)=\int_0"™\infty \Phi(t w-\delta),f_W(w),dw, \qgquad
f W(w)=\frac{2(\nu/2)"~ {\nu/2} } {\Gamma(\nu/2)},w”™ {\nu-1}e” {-\nu w"~2/2} \quad w>0. $$

(T $W=ws$[I[1 $T$ I110 $N(\delta/w,,1/w~2)$ 111  $\Pr(T\le t\mid
w)=\Phi(tw-\delta)$[1T1  $w$ OITIIITIIIT
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$$ \mathbb E[T]=\delta\sqrt{\frac{\nu} {2} } \frac{\Gamma!\big(\frac{\nu-
1} {2}\big)} {\Gammal\big(\frac{\nu}{2}\big)}, \qquad \operatorname{Var}(T)=\frac{\nu} {\nu-
2}(1+\delta™2)-\big(\mathbb E[TI\big)™~2. $$
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$$ T(h,a)=\frac{1}{2\piNint_0~{a}\frac{\exp!\big[-\tfrac{h™2}{2}(1+x"2)\big]}{1+x"2},dx,
\gquad -\infty<h<\infty,\ -\infty<a<\infty. $$

[LIT] 0

$$ T(h,0)=0,\gquad T(0,a)=\frac{1}{2\pi}\arctan a,\qquad T(-h,a)=T(h,a),\qquad T(h,-a)=-
T(h,a),\qquad T(h\infty)=\tfrac12,\Phi(-|h|). $$

[LITIITTI (LI $\rho$ [TTIITIT]

$$ \Pr(X\le h,)\ Y\le k)=\Phi(h)\Phi(k)+\frac{1}{2\pi}\int_ 0~ {\rho}\frac{1} {\sqrt{1-r~2}}\exp!\left[-
\frac{h™2-2rhk+k”~2}{2(1-r~2)}\rightldr, $$

Owen (1956) [TTITT1T] T [I1

$$ \Pr(X\le h,Y\le k)=\tfrac12\Phi(h)+\tfrac12\Phi(k)-TN\left(h\frac{k-\rho h} {h\sqrt{1-
\rho”~2} Hright)-Thleft(k \frac{h-\rho k} {k\sqrt{1-\rho”~2} }right)-c, \qquad
c=\begin{cases}0,&hk\geO\ \tfrac1l2,&hk<0.\end{cases} $$
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$$ Q_\nu(t,\delta;0,R)=\frac{\sqrt{2\pi} } {\Gamma!\big(\tfrac\nu2\big),2” { (\nu-
2)/2} Y\int R~ {\infty }\Phil\left(\frac{t x} {\nu}-\delta\right)x”™ {\nu-1}\phi(x),dx, \qquad
\phi(x)=\frac{e™ {-x~2/2} }{\sqrt{2\pi}}. $$
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$$ F \nu(t;\delta)=Q \nu\big(t\sqrt\nu,\ \delta;\ 0,\ O\big). $$
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$$ \mu=\In\left(\frac{\text{test} } {\text{reference} }\right)=\In(\text{[I1TJ] 1), $%
[11T] $[\theta_1,\theta 2]$ [0 log 1T $[\In 0.80,\\In 1.25]=[-0.2231,\ 0.2231]%[]

111 TOST, Schuirmann 1987(] (1 "M "I

$$ H {01}:\ \mu\le\theta_1 \quad \text{vs.}\quad H_{11}:\\mu>\theta_1, \qquad H_{02}:\
\mu\ge\theta 2 \quad \text{vs.}\quad H_{12}:\ \mu<\theta 2. $$

(I $\alpha$ 11T M Westlake / Schuirmann
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$$ (1-2\alpha)\times100%\ \text{[I1]] H\ \subseteq\ [\theta 1,\theta 2] \iff \text{[TTT] }. $%
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$$ 1-\beta=\Prl\big(T_1>t {1-\alpha\nu}\\text{ }\ T_2<-t _{1-\alpha,\nu}\big). $$

(TIIT0 (110 [T 0 $2\times2$ [TIIIII0 $[-
\theta,\thetal$[TTIIT] $\mus[

$$ 1-\beta ;\approx; \Phil\left(\frac{\sqrt{N},(\theta-|\mu])} {\sigma_w\sqrt2}-t_{1-\alpha,N-
2}\right), $$

[LITITTITITTI

$$ N ;\approx; \frac{2,\sigma_w~"2,(z_{1-\alpha}+z_{1-\beta})"2}{(\theta-\mu|)~2}. $$
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e [ITI1] $NS$[ITT $n=N/2$[IIT111T]

e [TTITT] $\mus[] 11T $\sigma_wsS$TITTI1T] CV 11
$\sigma_w=\sqrt{\In(1+\text{CV}"~2)}$1]

e [T111 $\hat\mu=\bar X_T-\bar X_R$TTTTTITIITITIIIIIT

$$ \operatorname{Var}(\hat\mu)=\sigma_w~2\cdot\frac{2} {N}, \qquad \hat\sigma_w"2:\
\frac{\nu\hat\sigma_ w2} {\sigma_w”"2}\sim\chi”~2 \nu,\ \\nu=N-2. $$

a4 [TT1111] (IIITIT] $2\times2$ [T
$\mathrm{SE}=\sigma_w\sqrt{2/N}$0 $N$ 0 (1] [0
$\sigma_w\sqrt{2/n}s$ $n$ I $\sigma_ws$ 111 "
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$\mathrm{SE}=\sigma_w\sqrt{2/N}$[]

(LTI

$$ T_1=\frac{\hat\mu-\theta_1} {\hat\sigma_w\sqrt{2/N}} \qquad T_2=\frac{\hat\mu-
\theta_2}{\hat\sigma_w\sqrt{2/N}}. $$

OO0 M $Z=\dfrac{\hat\mu-\mu}{\sigma_w\sqrt{2/N} }\sim N(0,1)$[ $W=\sqrt{V/Anu}$[]
$VAsim\chi~2 \nu$[1T]

$$ T_1=\frac{Z+\delta_1}{W} \quad T_2=\frac{Z+\delta 2} {W}, \qquad \delta_1=\frac{\mu-
\theta_1}{\sigma_w\sqrt{2/N}}\quad \delta_2=\frac{\mu-\theta 2} {\sigma_w\sqrt{2/N}}. $$
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$$ T 1>t {1-\alpha\nu}\\ \text{( N\ \ T _2<-t {1-\alpha\nu} \iff t {\alpha}W-\delta 1 <Z < -
t {\alpha}W-\delta 2, \qquad t \alpha:=t_{1-\alpha\nu}. $$

[T $Z$ 11 M OO

$$ t \alpha W-\delta_1 < -t \alpha W-\delta_2 \iff W < w™*:=\frac{\delta_1-\delta 2} {2t \alpha}
=\frac{\theta 2-\theta 1}{2,t \alpha,\sigma_w\sqrt{2/N}}. $$
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$$ 1-\beta=\int_ 0"~ {w”~*}\Big[\Phi\big(-t \alpha w-\delta_2\big)-\Phi\big(t \alpha w-
\delta_1\big)\Big],f W(w),dw $$

M $f W(w)=\dfrac{2(\nu/2) " {\nu/2}} {\Gamma(\nu/2)}w”™ {\nu-1}e”~{-\nu w™2/2}$[]
111 0 $\mu=0%$[1] $\pm\thetas$[T] $\delta_l=\delta=-\delta 2$[TTIT]

$$ 1-\beta=\int_ 0" {\theta/(t \alpha\sigma_w\sqrt{2/N})}\big[2\Phi(\delta-t \alpha w)-
1\big],f W(w),dw, $$
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$$ 1-\beta=F \nu(-t \alpha;\delta_2)-F \nu(t_\alpha;\delta_1)-Q_\nu!\big(-
t \alpha\sqrt\nu,\delta_2;0,R\big)+Q _\nu\big(t \alpha\sqrt\nu,\delta_1;0,R\big) $$

[

$$ R=w*\sgrt\nu=\frac{\sqrt\nu,(\theta_2-\theta 1)} {2,t \alpha\sigma_w\sqrt{2/N}}. $$
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M 0O $2\times2$ [I1111 $\mathrm{CV}=20%3%$[ $\sigma_w=\sqrt{\In 1.04}=0.19804$%
(1T $1.0$0 $\mu=0$[T1TT] $0.80%$-$1.25%0] $\alpha=0.05$[111T] $80%30

0 $N=16$ I $\nu=14$[] $t {0.95,14}=1.7613%[]
$\mathrm{SE}=0.19804\sqrt{2/16}=0.07002$[] $\delta_1=0.22314/0.07002=3.1869%[]
$\delta_2=-3.1869$[TTIIIIIIT] $=0.8332\ge 0.8$[]] $N=14$[1] $0.7549%[IT]
$N=16%[]

[0 vs [ [LITTIT]

$N$ 10 Owen Q[] (T "I tCDF ] "
m
12 0.6445 0.8283 0.6432
14 0.7549 0.8847 0.7548
16 0.8332 0.9230 0.8332
20 0.9249 0.9663 0.9249
10 (T $N=12¢$ [ 83% [II11  6A4%[ITIITIITIII
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11 Owen's Q [TIT]
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CV=20%I0 =1.0 80% 16
CV=20%[0 =0.950 $\mu=- 80% 19
0.05133[]
CV=20%0 =0.95 90% 25
CV=30%I0 =1.0 80% 32
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3. 11T 0 $w”{\nu-1}e” {-\nu w*2/2}$ [TITTTIT]
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$\int_0™\infty\Phi(tw-\delta)f_W(w)dw$[] Owen's Q



$Q_\nu$ [TIITITIIIIIIT] $0$ 0 Ssw™*s [TI111
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4. [TIIII110O [] Fortran [J AS 5/76/243[] DCDFLIB[] C++ [] Boost.Math[] R[]
pt(..., ncp) [J PowerTOST [] OwenQ[] sn/mnormt [] Patefield-Tandy (2000) [J Lenth (1989)
10 Owen's T [I11J t IO Gil-Segura-Temme
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5. QIIIITIIIIIIO 0 $2\times2$ [TI1  $\mathrm{SE}=\sigma_w\sqrt{2/N}$[
$\nu=N-23$[1]

$$ 1-\beta=\int_ 0~ {w~™ }\Big[\Phi\big(-t \alpha w-\delta 2\big)-\Phi\big(t_\alpha w-
\delta_1\big)\Big]\frac{2(\nu/2)"~ {\nu/2}} {\Gamma(\nu/2)}w”™ {\nu-1}e” {-\nu w™~2/2},dw, \qquad
w” =\frac{\theta_2-\theta_1}{2,t \alpha,\sigma_w\sqrt{2/N}}. $$
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