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e-Random Uncertainty Intervals

|7DEFINITION 1 (Wang, 2002). Let f(y) bethe p.d.f. of y. Let T
0 < e < 1/2. An e-uncertainty interval of y, i.(y), ISany interval
containg y and satisfying

| fwdy=
YEie(y)
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e-uncertainty I nterval Space

fDEFINITION 2 (Wang, 2002). The set of all e-uncertainty T
Intervals of y, i.(y)

I(y) = {ie(y)|ie(y) : e-uncertainty interval of y}

IS called the e-uncertainty interval space of y.
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Representation of an e-uncertainty 1S

fTH EOREM 1. Let F'(y) be the cumulative distribution function of T
Y.Let0 < e < 1/2. Qupposethat y iIsintheinterior of the
support of F'(y). Then there exists a 1-1 correspondence between

the uncertainty interval space I.(y) and theinterval [y, y.],
which is defined as follows.

(i) If F(y) < ¢, then define
ye yl ] =[F" (), F~1(F(y) + €]
(i) If F(y) > ¢, then define
ye vl ] = [F~H(F(y) — e), min{y, F~'(1 — €)}]
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Representation of e-uncertainty |S, ctd.

fDE|:|N|T|ON 3 (representative interval). Theinterval [y, ] is
called the representative interval of the e-uncertainty interval

space of y.

REMARK 1. Each point in the representative interval [y, i ]
corresponds to the lower end of the interval space I.(y).
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Disclosure Policy
f #® Disclosure policy: T

DEFINITION 4 (Disclosure Policy). For agivene, a
disclosure policy is a predetermined probability distribution
over [y, vy ] for each datumy.

#® Remark: In the rest of the paper, we shall use the
uniform distribution on each [y_, y1].
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Form of the Data

# We consider data having the following form

D

(y, )

(?Jl L11 5131p\
Y2 L21 L2p
\yn Inl - xnp)

=

® vy, are scalar variables, which are sensitive for

publication.

® x are covariates, which are not sensitive for

publication.

-
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A Fundamental Assumption

=

We assume that there exists a \ so that
2(yj, A) ~ N(z}3, o°)

where z(y;, A) Is the Box-Cox transformation

y =1
2y, A) =4 A TA#0
logy, IfA=0

For simplicity, | assume that = '8

Generalization to u; = 2’8 is immediate.

-
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The L og Normal Population

f ® Assume that Z = log(Y) ~ N(u, 0?) T
# Density function with (i, 0%) = (0,1):

Log Normal density LN(0,1)

density function
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Artificial Data Before Publication
- o

100 Random Data Histogram of Data Before Disclosure
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ML Estimatorsof 3, o2 and \

- .

® The log-likelihood for 5 and ¢# conditional on \:

0 = ) log(z(yj, \); o}, 0?)

j=1
— ! (z(yj, A) — m;ﬁ)2 — nlog(\/ﬁa)

202 4
g=1

# The profile log-likelihood for A:

2

o -
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lp(N) = _z log(6%(\)) + (A —1) Zlog z(yj, A) + C
j=1



Box-Cox Profile Likelihood

fThe profile log-likelihood for A: T

6(N) = =5 log(6* (V) + (A = 1) Y _ log(2;) + C

Box—Cox Profile Likelihood

profile likelihood
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Box-Cox Transformed Data
- o

Histogram of Transformed Data
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Computing Percentilesin the y-scale
R - o

# Estimated density function of y

f(y) = & (29, 0); &B,5) 102(y, ) /0y

# For a given o we can find the 100ath percentile of F(y)
through the relation

2(y,\) = 6@ Ha) + 25

and the | Inverse of the Box-Cox transformation
z = z(y, \) is given by

Yy = (Xz—l— 1)1/5‘
| -
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20%-uncertainty Intervals: 1/2

=

al | ‘ \
||||I| ! ||I|| || T

I [ [ [ [ I
0 20 40 60 80 100




20%-uncertainty Intervals: 2/2
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20%-uncertainty In.: disclosed 4 times
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Uncertainty Intervalsat Various Levels
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The Published Data
=

# Data published in the following form

((yf, yi) T e 5131p\
.
, X21 X2
Dp _ (yz .yz) D
\Wrs ut) Tl o Tap)

# |Inferential goal: estimates of 5, o and \

o -
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The Grouped Likelihood M ethod

- .

# Literature: Barnard (1965), Kempthorne (1966) and
Giesbrecht and Kempthorne (1976), Atkinson et al.
(1991) and Nadal and Pericchi (1998)

proposed mainly for irregular parametric problems

o -
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The Grouped Likelihood M ethod, ctd.
f 1—®(c) A>0 T

o Let CI)()(C) = 1 A=0
d(c) A <0

» Contribution of (y;, y;") to the likelihood:

bi = o(— (A, + 1)/ Ao)

# The grouped log-likelihood:

(= St s 351} = st 3o
B J
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Grouped Profile Likelihoods
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density function

0.1 0.2 0.3 0.4 0.5 0.6

0.0

Density Estimation

Estimated Density

— true: LN(0O,1)
- - raw data

- epsilon = 10%
=+ epsilon = 20%
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e-asymptotics of Density Estimation
B o

Estimated Density

— true: LN(0O,1)
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