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S1 Technical Proof

Proof of Theorem 2.1. It is easy to see that

= PBieCL|Y,3;=0)P (B =0Y)+P(B € CLIY,B; #0) P (B #0]Y).

If 0 ¢ C1;, then

P(pB,eCLlY) = P(B;eCLY,3; #0)P(8; #0]Y)
= PBeCL|Y,B;#0)(1— fdr;(Y)) <1-a,

which leads to a contradiction. Consequently, 0 € C'I;. O
Proof of Theorem 3.1. First,

EL;(i, CL|Y) = ki Len(CL)P(8; # 0Y) (SL.1)
— PBieClLi,Bi #0|Y) + 1(0 € CL|Y ) (k2 — fdri(Y)).

Note that
P(B; € CI;, 5; #0|Y) = P(p; € CL|Y, B; # 0)(1 — fdri(Y)),

where

P(Bi € CLIY, B, #0) = /C UBIY 5 0.

Write Len(CI;) as fCIi 1dp;. Then (S1.1) equals to

(1— fdr; (Y))/ (ki — o (Bi|Y ., B; #0)) dB; + 1 (0 € CL|Y) (ko — fdr; (Y)). (S1.2)

CI;
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The minimizer of the first integration is given by {8; : ki < ¥(5|Y,8; #0)}. Now
consider two intervals CI} and CI? where C1} = {B; : ki <¢(B;]Y,B; # 0)} \ {0} and
CI} = {B; : ki <¥(B;]Y,B; #0)} U{0}. Then both CI} and CI? minimize the first
integration of (S1.2). Since 0 € CI? and 0 ¢ CI}, then

EL/(CI}|Y) = ELi(CI}|Y) + (k2 — fdri(Y)).

Consequently, the Bayes interval includes 0 if and only if ko < fdr;(Y'), i.e. it is the one
that is defined in (7). O

Proof of Theorem 3.2.
Consider the posterior non-coverage probability P(8; ¢ CIPP|Y),
P(B; ¢ CIPP|Y)
P(Bi ¢ CIPP|Y, pi = 0)P(B; = 0)Y) + P(B; ¢ CIPP|Y, B; # 0)P(B; # 0]Y)
fdri(Y)P(B; € CIFPIY B = 0) + (1 = fdri(Y)P(B; ¢ CIPP|Y, B #0)
fdri(Y)I(fdri(Y) <k2) +a(l— fdri(Y))
a+ fdry(Y)I(fdr;(Y) < k2) — a).

IN

Consequently,
PFCR=—— Y P(gi ¢ CIMY)

vl iER(Y)

1
< oty 2 JanY) Udr(Y) <k) ) <o,
iER(Y)

and so BFCR = E(PFCR) < a. O

S2 Gibbs Sampling

Define the parenthesis operator (i) as

/6(1) = (/817"' aﬂi—lmgi-‘rl;"' a/BIJ)a

and
Xy = (X1, , Xi1, Xig1, -+, Xp)
where X; is the ith column of the matrix X. Let D, = diag(1{,75,- -+ ,77).
1.

l; = P(B; = Orest)
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3. Let Z; =1(f; = 0), then

mo|rest ~ Beta (k:n + Z Zik(1—m)+p— Z Zi> :
i i

2 Bap(X?/2), it =0
: t~ > -1
Tilres (INGaussian (1 / )\ﬂg ,/\2)) , if fB; #0.
Here, the inverseGaussian(u', \') has the density function of

/ A
flz) = \/Zw_3/26xp{—W} ,x > 0;

5. \|rest ~ Gamma (shape = p + r,rate = 3,72 /2 +6);

_ _ ) _ Ty _ Ty—1
6. o%|rest ~ INGamma (shape = %,scale = (Y=Xp) ¥-XB)+8 D, p
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