APPENDIX A

Let X be a treatment variable, Z be an outcome variable, and r, be a map-
ping variable from X to Z. To represent the four potential response types, we
introduce a vector of potential response variables r, = (Z,,, Z,,) = (2, 2;)
(7,7 = 1,0). Then, 'doomed’, 'causative’, 'preventive’ and 'immune’ are rep-
resented by (z1,21), (21, 20), (20,21), (20,20), respectively. Similarly, let X
be a treatment variable, ¥ be an outcome variable, and ry,, be a mapping
variable from X to Y when Z is fixed to z; (kK = 1,0). We introduce an-
other vector of potential response variables ry., = (Yz, 2, Ya0,20) = (Yir ¥5)
(1,7 = 1,0). Then, 'doomed’, ’causative’, 'preventive’ and 'immune’ in this
context are represented by (y1,¥1), (¥1,%0), (Yo, ¥1), (Yo, Yo), respectively. Ta-

ble 1 summarizes the 64 potential response types.
[Table 1 about here.]
Using the potential response types, we can rewrite equation (2) as
ACDE(z) = pr(Ya,: =y1) — Pr(Yag2o = 1)

4 4
Z Qijk — Z Qijk (A-l)

1 k=1 \je{1,2} je{1,3}

7

ACDE(Zl) = pr<Y$1,Z1 = yl) - pr<Y$0,Z1 = yl)
4 4

- ZZ Z Gijk — Z Qijk (A.2)

i=1 j=1 \ke{1,2} ke{1,3}
In addition, the observed joint probability distribution of ¥ and Z given

X, i.e., pr(y, z|z), can also be represented by using potential response types
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on the basis of the consistent property (Pearl, 2000), i.e., X =z = Y, =

Y. These are shown as equations (A.3)-(A.12), which are consistent with

Kaufman et al. (2005).
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Zzzqzjk =1 (A.11)

i=1 j=1 k=1
Gijp >0, for i,j, k=1, 4. (A.12)

Then, optimizing the linear object functions as equations (A.1)-(A.2),
subject to the set of linear constraints as equations (A.3)-(A.12), defines a
linear programming problem that lends itself to closed-form solution.

Here, according to Balke (1995), we describe the process for deriving the
bounds on the ACDE under the monotonic and no-interaction assumptions,
which includes 12 potential response types. The process with 18 and 64
potential response types can be derived in the same way, except that it
would involve larger numbers of allowable types.

First, by noting that {q11, ¢i22, Gia1, Giaa : @ = 1,2, 4} is used for evaluating
the bound, the equality constraints in this specification allow us to eliminate
seven of the variables qi99, @211, 111, Qua1, Q144, ¢a11 and goq7, resulting in the

following five non-trivial inequality constraints:

max{0, pr(yo, 21]71) — pr(yo, 21]70) } <qoaa <pr(yo, 21|21),
max{0, pr(yi, z0|z1) — pr(y1, 20|xo) } <quo2 <pr(y1, 20|x1),
0<q141<pr(y1, 21]70),
0<q14a<P1(Y0, 20|71),

0<g222 + G244 + qa22<Pr (Y0, 20|x1) — Pr(yo, 20| 70)-
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The objective function to be minimized /maximized ACDFE(z) may also be

rewritten in terms of the remaining variables:

pr(yoa 21|$0) - pl"(yoa 21@1) + @222 + Qo244 + Qa22.

Before this expression is minimized /maximized the constant terms pr(yo, 21|zo)—
pr(yo, z1|z1) will be dropped. After the minimization/maximization is com-
pleted these terms will be reattached. Therefore, the expression to be opti-

mized by linear programming is given by:
G222 t G244 + q422.

Balke (1995) describes a computer program that takes symbolic descrip-
tion of linear programming problems and returns symbolic expressions for
the desired bounds. The program works by systematically enumerating
the vertices of the constraint polygon of the dual problem. This program
differs from other linear programming packages in that, its input is sym-
bolic description and its output is symbolic solution, while others can only
provide numerical solution for specific data, for example, the one used by
Kaufman et al. (2005), which is available from the Mathematics and Com-
puter Science Division of the Argonne National Laboratory (http : //www-
fp.mes.anl.gov/otc/Guide/So ftwareGuide/Categories/linearprog.html).
By applying Balke’s method, the closed-form formulas for the bounds on
the ACDE are derived. More details for Balke’s method is available from

http : / [bayes.cs.ucla.edu/csl_papers.html.



APPENDIX B

Let A;, B;, C; and D; represent the number of subjects in the treatment
group X = i, and let n; represent the total number in the corresponding

group (i = 1,0).
[Table 2 about here.|

In Table 2, assume that (A;, By, Cy, D;) is independent of (Ag, By, Co,
Dy), both of which follow the multinomial distribution. Then, since A; and
Ay follow the binomial distributions BN{ny, pr(y1, z1|z1)} and BN {ng, pr(y1, z1|x0)},
respectively, the consistent estimators of pr(y;, zi|z1) and pr(yi, z1]z) are

given as

. A Ao
pf(yh 21\%) =, pr(y1,21|xo) =,
ny U]

respectively. In addition, the consistent estimators of pr(y;|x1) and pr(y;|xo)

are given as

A

A+ By Ao+ By
————, pr(yilwo) = ———,
n o

pr(yi|e:) =
respectively. Similar notations are used for other estimators. In the following,
we provide the variances of the lower and upper bounds under no assumption
(64 types), monotonic assumption (18 types), and both monotonic and no-
interaction assumption (12 types).
1. Variance estimator under no assumption

In the binary case with 64 potential response types, for z€{z, 21}, the

mean estimator and the variance estimator give

Pr(Yo, 2|xo) + Prys, 2|21) — 1
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and

ﬁr(yo, Z\l’o){l - Ifr(ZJO, Z’%)} + pﬁ"(yb Z\ﬂﬁ){l - pﬂ@/h Z’$1)}
un nm

for the lower bound, and
1 — pr(ys, z|zo) — Pr(yo, z|21)

and

pr(ys, 2lwo) il = Pr(ys, 2lwo)} | Pr(yo, zlz){L = pr(yo, z|z1)}
No n

for the upper bound.
2. Variance estimator under monotonic assumption
Regarding the upper bounds, the mean estimator and the variance esti-

mator when Z = z; are given as

Iff(yo\l’o) - ﬁr(yo, 21\1’1)

and

pr(yolzo)pr(y1]zo) . pr(yo, z1|w){1 — pr(yo, z1|71)}
No ny

respectively. In addition, the mean estimator and the variance estimator

when Z = z; are given as

Iff(y1\l’1) - pﬁ"(yb 20\96’0)

and

pr(yolx1)pr(y1]e1) n pr(y1, 20]x0){1 — pr(yi, z0|z0)}
1 Un

respectively.



Regarding the lower bound, the mean estimator and the variance estima-

tor for the term pr(yo, z1|7o) — pr(yo, z1|z1) are given as
fi1 = Pr(Yo, 21/0) — Pr(Yo, 21]71),

and

52 pr(yo, 21|zo){1 — Pr(yo, 21]z0) } n pr(yo, z1]|z1){1 — pr(yo, 21]z1)}
2 =
Un T

respectively. Similarly, the mean estimator and the variance estimator for

the term pr(yi, zo|x1) — pr(y1, z0|xo) are given as
flo = Pr(y1, 20lr1) — Pr(y1, 20| 7o)

and

52 pr(y1, 2olr1){1 — pr(ya, 20l21)} n pr(y1, 20/o){1 — Pr(y1, 20/70)}
2 _
ny No

respectively. Since the binomial distribution can be approximated by the nor-
mal distribution when the sample size is large sufficiently (Anderson, 2003),
the estimator of the lower bound follows the approximate truncated normal
distribution. Then, letting ¢(-) and ®(-) be the standard normal density dis-
tribution and the standard normal cumulative distribution respectively, the

approximate mean estimator of the lower bound is given as

. - 2
’ K i
i <—A—,> ¢ <—A—,>

62 1 — % T

Z @{1-@(—&)} 1-@(—&)
g; oF;




fori=1,0.
3. Variance estimator under monotonic and no-interaction assumptions

It is easy to obtain the variance estimator of the upper bound:

ﬁr(yo\xo)ﬁf(yl\xo) + ﬁf(yo|$1)l51"(yl|$1)
No n ‘

On the other hand, since the lower bound consists of four terms, the
derivation of the variance estimator is complicated. Clark (1961) provided
an algorithm to obtain the approximate variance of maximum value of the
multivariate normal distribution, which is used in this paper. For the prop-
erties of the algorithm, refer to Clark (1961).

According to Clark (1961), we first derive the mean and variance esti-
mators of max{pr(yo, z1|z0) — pr(vo, z1|71), pr(y1, z0|x1) — pr(y1, 20|x0)}. The

mean and the variance estimators of & = pr(yo, 21|xo) — pPr(yo, 21]z1) are pro-

vided as
fie = pPr(yo, z1|T0) — Pr(Yo, 21]21),
52 — ﬁr(yo, 21‘1’0){1 - Ifr(yoa 21‘1’0)} + ﬁr(yo, 21‘1’1){1 - Ifr(yoa 21‘1’1)}
;= .

Un) T

In addition, the mean and the variance estimators of n = pr(y1, zo|z1) —

pr(y1, 20|zo) are provided as

ﬁr(yla Zo|$1) - I5F(?J1, Zo|$0),
pAr<y17 20’331){1 - pﬁ“(yb 20’331)} + pAr(yb 20’330){1 - pﬁ“(yb 20’330)}

T Un)

=
3
Il

Q>
S N

Furthermore, their covariance is

L ﬁr(?Jo, 21|$0)I5f(y1, Zo|$0) ﬁr(?Jo, 21|$1)I5f(y17 Zo|$1)
Oen = n + . )
0 1



Then, since the binomial distribution can be approximated by the normal

distribution when the sample size is large sufficiently (Anderson, 2003), the

mean and the variance estimators of max(¢,n) are provided as

ﬂmaX(é,n) = P (I%A > ( > + 95n¢ < %) )
0 9677

A A A He — 1% Mg
U?nax(f,n) = (0—52 +II’L§)® ( 9 ) +( +lu )(D ( n@é )
n
Y, fly — 1 R
+(f1e + fiy)0ey (an) - '“?naX(é,n)
&n

where égn = \/ c}g — 2pen0¢0y + 07 and pg, is the correlation coefficient be-

tween & and 7.
Second, we add the third term pr(yo, 21|z0)
The mean and the variance estimators of ( = pr(yo, z1|%o)

—pr(y1, 20|lxo) —pr(yo, z1]x1) +

pf(yla Zo\%)-
pr(y1, 20|zo) — Pr(yo, 21|z1) + Pr(yi, 20|z1) are provided as

e = pr(yo, z1]z0) — Pr(y1, 20l0) — Pr(vo, 21|x1) + pr(yi, zo|z1),

He =
52 _ Pr(vo, 21|0){1 — pr(yo, z1|z0)} n pr(vo, z1]x1){1 — pr(yo, z1|z1)}
¢ ) ni
+§r(y1, 20’330){1 - pﬁ“(yb Zo‘l’o)} + pﬁ“(yb 20’331){1 - ﬁr(yb 20‘96’1)}
N ny
+2I5T(yo,Zl\xo)ﬁf(yl,zo\xo) +2151’(%,21|$1)I5T(y1a20|$1)‘
N n

The covariances between ¢ and ¢ and between 7 and ( are
pr(yo, 21]70)Pr(y1, 20|70)

. pr(yo, z1]wo){1 — pr(yo, 21]w0) }
0'& = -+
no U]
+;§r(y0, 21\1’1){1 - ﬁr(QO, 21\1’1)} 1 ﬁr(QO, 21\1’1)15T(y1, 20\1’1)
nq n
. pr(yn, zolz) {1 — pr(ys, 2olz1)} | Pr(ve, 2zolw1)pr(yo, 21]21)
On¢ = +
nq n
+15r(y1, Zo\xo){l - ﬁf(?Jl, Zo\xo)} n ﬁf(?Jl, Zo\xo)ﬁf(yoa Zl\xo)
no )



Thus, the correlation coefficient between max(§,n) and ( is

R = fig — f . Py — flg R
P¢max(gm) = {UEPEC(I) < A n) + Oy Py ® ( - > } /UmaX(é,n)‘
9517 9&7

Then, according to Clark (1961), if max(,n) is normally distributed asymp-

totically, the mean and variance estimators of max{max(&,n),(} = max(&,n, ()

are
fimax(€n.0)
~ /lmax &) T /lC Mmax &,
Omax(e.m) ¢ Qmax(f,n),c
Hmax(¢,
+‘9max &m) Cd) <—(n)> )
Omax(em).c
~2
Tmax(&m,¢)
a0 -2 fimax(em) — Hg -2 fi¢ — Pmax(en)
- (O-max(f,n) + Mmax({,n))q) < é > + (UC + MC)CI) < 0 >
max(&,n),¢ max(&,n),¢

— Hmax(gn) -9
+(:umax(§ n) + MC)QmaX &m) C¢ ( ! ) - :umax(.ﬁ,n,g)u
:

where Omax(en).c = \/ O c(e) — 2Pmax(em),¢ Tmax(en)0¢ + 0F-
If max(&, n, ) is normally distributed asymptotically, the estimator of the

lower bound follows the approximate truncated normal distribution. Hence,
the mean estimator of the lower bound is given as
_ Fmax(eng)
o\ ~5
A A max(é?n?c)
Pmax(€,¢) + Tmax(€,.) - )
_ @ [ HmaxEng)
1— .
Omax(€,.¢)
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and the variance estimator of the lower bound is given as

N ~ 2
N . Hmax(€,1,¢) . /fmaX(ém,C)
| flmax(e.n,¢) 9 ( (e <) <>) ¢ ( amax(g,,,,o)
Ornax(enc) |1~ - - -
Omax(£,n.0) {1 —® (—7/f ma"(g””@) } 1—® (—7&‘ ma"“’”’“)
" Tmax(¢,,() Tmax(&,1,¢)

4. Simulation study

In order to investigate the performance of the variance estimators dis-
cussed above, we did simulation experiments. The exact variances of the
upper bounds can be obtained under the three cases, but only the approxi-
mate variances of the lower bounds can be obtained under 18 and 12 potential
response types. Therefore, it is expected that whether the lower bound is
zero or not would influence the variance, since the truncated normal distri-
bution is used to approximate the variance. Based on this consideration, we
consider three possible scenarios. In case 1, the probabilistic terms of the
lower bounds in 18 types and 12 types take negative values, which lead to
zero lower bounds. In case 2, the probabilistic terms of the lower bounds
in 18 types and 12 types take positive values, which lead to positive lower
bounds. In case 3, the probabilistic terms of the lower bounds in 18 types and
12 types equal zero, which also lead to zero lower bounds. The conditional

probabilities pr(y, z|x) of these three cases are shown in Table 3.
[Table 3 about here.]

We did simulation experiments based on the conditional probabilities in
Table 3 with sample size n = 500, 1000 and 2000 (n = ng = n;). Table 4
reports the variance estimates from 3000 replications in various sample sizes.

The first line shows the value of the upper and lower bounds calculated from
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the conditional probabilities in Table 3. The even-numbered line shows the
value of the approximate standard error (SE) based on the proposed variance
estimators in each sample size, and the odd-numbered line shows the value
of the sample SE obtained from simulation experiments.

Comparing the approximate SEs with SEs in Table 4, the ratios are close
to 1 in all cases, except for the lower bounds of 18 types and 12 types in case
1. In case 1, the sample SEs of the lower bounds in 18 types and 12 types
are equal to 0.000. This is because the negative probabilistic term leads
to zero lower bound in each replication. Therefore, the proposed variance
estimators provide good approximation of the variance in the case where the
probabilistic terms of the lower bounds are nonnegative.

In spite that the sample SEs of the lower bounds of 18 types and 12 types
in case 1 equal 0.000, the corresponding approximate SEs are not so close
to 0.000. These may result from the normal approximation and the negative
value p/o in the truncated normal distribution ¢(-)/{1 — ®(-)}. Moreover,
in 12 types, this may also result from the normal approximation of the dis-
tribution of the order statistics, which are assumed to follow the normal

distribution although they are not the normal distribution (Clark,1961).
[Table 4 about here.]
[Table 5 about here.]

References in Appendix B
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APPENDIX C

We only consider the case of ACDE(z). The case of ACDE(z,) can be

derived in a similar process. From equation (A.1), we can obtain

4 4
ACDE(z) = ZZ Z Qijk — Z Qijk
i=1 k=1 | je{1,2} je{1,3}
4 4
= Z ZZ Z Qijk-s — Z Qijk-s pr(s)
s |i=1 k=1 | je{1,2} je{1,3}

= ) ACDE(z|s)pr(s)

by introducing a covariate S. Here, g;jr.s = pr(r. = i, 7y, = J, Ty, = K|5).
By replacing ¢, and pr(y;, zj|zx) in equations (A.3)-(A.12) with g;jx.s and
pr(y;, zj|zk, s) respectively and using the similar procedure in Appendix A,
we can obtain the bounds on the ACDE(z|s), which are provided in section
3. Letting LB;(z) and UBg(2) be the lower and upper bounds in stratum s,

by noting that X is independent of S, we can obtain

}:LB 2)pr(s <§:ACDE(]) r(s) = ACDE(z)

<§:UB (s)<UB(2).

Thus, the bounds obtained in Section 3 should not be wider than those in

Section 2.
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APPENDIX D

According to Balke and Pearl (1997), ACDE(y, z,x,2') in Fig. 1 is defined
as
ACDE(y, z,z,3") = pr{y|do(z’),do(2)} — pr(y|do(z),do()}
= S oyl o', ) - pr(ylu, 2, 2) hpr(u).
Since X is an exogenous variable, which indicates that X || U holds true,
then pr(u) =pr(u|z) =pr(u|z’) can be obtained. Thus,
ACDE(y, 2, z,2")
= D ) Apr(ylu, 2, 2)pr(ul2’, 2)pr(2'[a’) — pr(ylu, x, z)pr(ulz, 2)pr(2|2)}

= pr(y, z2") — pr(y, z|x)

+ Z Z{pr(y\u, Il? z)pr(u|z', :L‘,)pr(zl‘l‘/) - pr(y\u, Z, z)pr(u|x, z’)pr(z'\x)}.

u  z'#z
By substituting 0 and 1 to pr(y|u, 2’, 2) and pr(y|u, z, 2) (2'#%2) respectively,

we can obtain the lower bound
ACDE(y, z,z,2")> — 1+ pr(z|z) + pr(y, z[2’) — pr(y, z|z),

and by substituting 1 and 0 to pr(y|u,2’, z) and pr(y|u, x, z) (2'#z) respec-

tively, we can obtain the upper bound

ACDE(y, z,z,2")<1 — pr(z|2) + pr(y, z|2") — pr(y, z|z).
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Table 1. 64 potential response types

Tz Ty|z0 Ty|z1 Tz Tyl 20 Ty|z1
Z:B1 Z;BO Y:vl,zo Y:vo,zo Y:vl,z1 Y:vo,z1 Z:vl Za:o Y:vl,zo Y$0,z0 Y$1,z1 Y$0,z1
qi11 21 21 Y1 Y1 Y1 Y1 g311 20 21 Y1 Y1 Y1 Y1
qi12 21 21 n n n Yo q312 20 21 n n n Yo
q113 21 21 Y1 Y1 Yo Y1 q313 20 21 Y1 Y1 Yo Y1
qi14 21 21 n n Yo Yo q314 20 21 n n Yo Yo
qi121 21 21 Y1 Yo Y1 Y1 321 %0 21 Y1 Yo Y1 Y1
qi122 21 21 n Yo n Yo q322 20 21 n Yo n Yo
q123 21 21 Y1 Yo Yo Y1 g323 20 21 Y1 Yo Yo Y1
qi124 21 21 n Yo Yo Yo q324 20 21 n Yo Yo Yo
q131 21 21 Yo Y1 Y1 Y1 g331 %0 21 Yo Y1 Y1 Y1
q132 21 21 Yo Y1 Y1 Yo g332 20 21 Yo Y1 Y1 Yo
qi133 21 21 Yo n Yo n g333 20 21 Yo n Yo n
q134 21 21 Yo Y1 Yo Yo g334 20 21 Yo Y1 Yo Yo
qi41 21 21 Yo Yo n n q341 %0 21 Yo Yo n n
qi42 21 21 Yo Yo Y1 Yo q342 20 21 Yo Yo Y1 Yo
q143 21 21 Yo Yo Yo n q343 20 21 Yo Yo Yo n
qi44 21 21 Yo Yo Yo Yo q343 20 21 Yo Yo Yo Yo
q211 ~1 20 n n n n q411 %0 20 n n n n
q212 21 20 Y1 Y1 Y1 Yo q412 20 20 Y1 Y1 Y1 Yo
4213 21 20 n n Yo n q413 %0 20 n n Yo n
q214 21 20 Y1 Y1 Yo Yo q414 20 20 Y1 Y1 Yo Yo
q221 21 20 Y1 Yo Y1 Y1 421 20 20 Y1 Yo Y1 Y1
q222 21 20 n Yo n Yo q422 20 20 n Yo n Yo
q223 21 20 Y1 Yo Yo Y1 q423 20 20 Y1 Yo Yo Y1
4224 21 20 n Yo Yo Yo q424 20 20 n Yo Yo Yo
q231 21 20 Yo Y1 Y1 Y1 431 20 20 Yo Y1 Y1 Y1
q232 21 20 Yo n n Yo q432 20 20 Yo n n Yo
q233 21 20 Yo Y1 Yo Y1 q433 20 20 Yo Y1 Yo Y1
q234 21 20 Yo n Yo Yo q434 20 20 Yo n Yo Yo
q241 21 20 Yo Yo Y1 Y1 q441 20 20 Yo Yo Y1 Y1
Q242 21 20 Yo Yo n Yo q442 20 20 Yo Yo n Yo
q243 21 20 Yo Yo Yo Y1 q443 20 20 Yo Yo Yo Y1
q244 21 20 Yo Yo Yo Yo 444 20 20 Yo Yo Yo Yo
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Table 2. A contingency table with a treatment X, an intermediate Z and an
outcome Y

x1 Zo

21 20 21 20
yi A1 By Ay By
y Ci1 D1 Cop Dy

total n1 ng
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Table 3. Simulation settings

case 1

x1 Zo

<1 <0 <1 <0

Y1
Yo

0.2000 0.0100 0.1000 0.0500
0.7400 0.0500 0.5500 0.3000

case 2

T Zo

21 20 Z1 20

Y1
Yo

0.3000 0.0500 0.1000 0.0100
0.4500 0.2000 0.5900 0.3000

case 3

T Zo

21 20 Z1 20

Y1
Yo

0.2000 0.0500 0.0700 0.0500
0.4800 0.2700 0.4800 0.4000
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Table 4. Simulation results

case 1

64 types 18 types 12 types
lower  upper lower upper lower upper
20 n bound -0.6900 0.9000 0.0000 0.1600 0.0000 0.0600
500 approximate SE  0.0210 0.0138 0.0024 0.0207 0.0107 0.0242
sample SE 0.0205 0.0137 0.0000 0.0214 0.0000 0.0249
1000 approximate SE  0.0148 0.0097 0.0013 0.0146 0.0076 0.0171
sample SE 0.0149 0.0097 0.0000 0.0149 0.0000 0.0172
2000 approximate SE 0.0105 0.0069 0.0012 0.0103 0.0054 0.0121
sample SE 0.0104 0.0069 0.0000 0.0104 0.0000 0.0123
21 n bound -0.2500 0.1600 0.0000 0.1100 0.0000 0.0600
500 approximate SE  0.0285 0.0219 0.0297 0.0253 0.0107 0.0242
sample SE 0.0292 0.0238 0.0000 0.0260 0.0000 0.0249
1000 approximate SE  0.0202 0.0168 0.0210 0.0179 0.0076 0.0171
sample SE 0.0202 0.0168 0.0000 0.0179 0.0000 0.0172
2000 approximate SE  0.0143 0.0119 0.0148 0.0126 0.0054 0.0121
sample SE 0.0143 0.0121 0.0000 0.0128 0.0000 0.0123

case 2

64 types 18 types 12 types
lower  upper lower upper lower upper
20 n bound -0.6500 0.7900 0.0400 0.3400 0.1800 0.2400
500 approximate SE  0.0227 0.0184 0.0107 0.0218 0.0306 0.0255
sample SE 0.0227 0.0186 0.0108 0.0221 0.0345 0.0257
1000 approximate SE 0.0160 0.0130 0.0076 0.0154 0.0227 0.0180
sample SE 0.0162 0.0130 0.0078 0.0154 0.0250 0.0181
2000 approximate SE  0.0113 0.0092 0.0054 0.0109 0.0168 0.0128
sample SE 0.0114 0.0090 0.0054 0.0107 0.0173 0.0127
21 n bound -0.1100 0.4500 0.1400 0.4400 0.1800 0.2400
500 approximate SE  0.0301 0.0260 0.0313 0.0263 0.0306 0.0255
sample SE 0.0301 0.0258 0.0309 0.0262 0.0345 0.0257
1000 approximate SE 0.0213 0.0184 0.0221 0.0186 0.0227 0.0180
sample SE 0.0217 0.0182 0.0224 0.0185 0.0250 0.0181
2000 approximate SE  0.0150 0.0130 0.0156 0.0131 0.0168 0.0128
sample SE 0.0151 0.0129 0.0157 0.0131 0.0173 0.0127
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Table 4. Simulation results (cont.)

case 3

64 types 18 types 12 types
lower  upper lower upper lower upper
20 n bound -0.5500 0.6800 0.0000 0.2000 0.0000 0.1300
500 approximate SE  0.0240 0.0221 0.0083 0.0217 0.0188 0.0242
sample SE 0.0240 0.0223 0.0080 0.0219 0.0214 0.0243
1000 approximate SE  0.0170 0.0156 0.0059 0.0153 0.0133 0.0171
sample SE 0.0170 0.0160 0.0056 0.0157 0.0145 0.0173
2000 approximate SE  0.0120 0.0111 0.0042 0.0108 0.0094 0.0121
sample SE 0.0120 0.0110 0.0039 0.0108 0.0106 0.0119
21 n bound -0.3200 0.4500 0.0000 0.4000 0.0000 0.1300
500 approximate SE  0.0286 0.0251 0.0190 0.0267 0.0188 0.0242
sample SE 0.0285 0.0253 0.0185 0.0267 0.0214 0.0243
1000 approximate SE  0.0202 0.0177 0.0135 0.0188 0.0133 0.0171
sample SE 0.0205 0.0180 0.0126 0.0191 0.0145 0.0173
2000 approximate SE  0.0143 0.0125 0.0095 0.0133 0.0094 0.0121
sample SE 0.0143 0.0125 0.0092 0.0132 0.0106 0.0119

19




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


