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CHAPTER 1

INTRODUCTION

Much work has been directed toward improving the performance of the Se-
quential Probability Ratio Test (SPRT) by reducing the expected sample size for
paremeter values between the two hypothesized ories. Lorden (1976) proposed a
procedure for determining a simple combination of two one-sided SPRT’s known
as the Z;SPRT. This procedure approximately minimizes the expected sample size
at a give:in poiﬁt 6o among all tests with error probabilities controlled at two other
points, 6; and 8; (6, < 62).

This report investigates the use of a computer program for applying the 2-
SPRT procedure to three discrete distributions : binomial, Poisson, and negative
binomial. The user specifies the hypothesized values for §; and 0; and the respective
error probabilities, @« and . Then a 2-SPRT test for the specified distribution is
developed using a §p which, at least asymptoticaily, has the maximum expected

sample size.

Chapter II provides a literature review of the 2-SPRT sampling procedure
including its introduction and recent development. The 2-SPRT as a solution to
the Kiefer-Weiss and the modified Kiefer-Weiss problems is discussed. The 2-SPRT
for the binomial distribution, the Poisson distribution, and the negative binomial
distribution are also derivec.

Chapter III describes the use of the program. Chapter IV analyzes the factors
that influence the maximum sample size (M), the average sample number (ASN), the

95" percentile of the sample size (N g5) and the cperating characteristic function
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(OC). A summary and possible avenues of future research are in Chapter V.



CHAPTER II

LITERATURE REVIEW

The sequential probatility ratio test (SPRT) was developed by Wald, 1947.
Its purpose is to decide on the basis of a sequence of independent observations
X;,X2,... whether 6; or 6, is the true value of the parameter § where the error
probabilities are at most a and 8. Wald’s SPRT has a remarkable optimality
property; that is, it minimizes both Eg (N) and Eg,(/N) among all tests with equal
or smaller error probabilities. However, unsatisfactorily large sample sizes may be
required for values of § between 6; and 8; (Wetherill, 1975). Thus substantial eflort
has been devoted toward improving the performance of the SPRT by reducing the
expected sample size for parameter values between the hypotheses. The problem
of finding a procedure waich minimizes the maximum expected sample size aver
all possible 8 subject to the error probability constraints @ and 3 is known as the

Kiefer-Weiss problem. No optimal results have be:n found for this problem.

Kiefer and Weiss (1957) proved structure thec-em about tests which minimize
the expected sample size, Eg,(N), for a fixed # = 6: which is called the modified
Kiefer-Weiss problem. B:chhofer (1960) pointed out the desirability of solving the
Kiefer-Weiss problem; thet is, minimizing the maximum expected sample size aver
all possible 8. Weiss (1952) showed that the Kiefer-Weiss problem reduces to the
modified problem in syirnictric cases involving tlie normal and binomial distribu-
tions. Lai (1973} investiza.ed the Weiner process case. Lorden (1976) developed
the 2-SPRT as an asymptotic solution to the modifi=d Kiefer-Weiss problem. In

1980, he characterized the basic structure of optimai tests for the modified problem,
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with particularly informative results for the Koopinan-Darmois family of distribu-
tions (Lt;rden, 1980). In 1983, Huffman extended Lorden’s work by showing how
to choose 8y so that an asymptotic solution of the Kiefer-Weiss problem is obtained
for the Koopman-Darmoi:s family. For the case of testing the mean of an exponen-
tial density, extensive computer calculations comparing the proposed 2-SPRT with
an optimal procedure showed that the 2-SPRT comes within 2% of minimizing the
maximum expected sample size over a broad ran ge of error probabilities and param-
eter values (Huffman? 1983). Nagardeolekar (1988) applied the 2-SPRT to obtain
an appr(;ximate solution to the Kiefer-Weiss problem for the negative binomial dis-
tribution and studied some of its properties through Monte Carlo simulation. We
will ﬁrst;review the formulation of the 2-SPRT for a general distribution from the

Koopmaﬁ-Darmois family. Then we will develop the test for each of the three

discrete distributions considered in this report.
Review of the Formulation of the 2-SPRT

Assume X1, X5, 10 be independent and identically distributed random vari-
ables from one of the Kcopman-Darmois densities fa(z) = exp{fz — b(8)} (8; <
6 < 8;) with respect to a non- degenerate o - finite measure x. The function
b(6) is differentiable on (8;,6;) and its first two derivatives need to satisfy 8'(6) =
E¢(X) and b"(6) = Vare(X) (Koopman, 1936). Furthermore, the Kullback Leibler

information numbers:
I(6,¢) = Eglog{fe(z)/ fs(z)}
are given by

1(8,¢) = (6 — ¢)b'(8) — (5(8) — b(¢))

Consider testing Hy:0 = 6, versus Hy:0 = §; (6, < 6;) with error probabilities at

most a and 3. A third hypothesis Hp:8 = 6 is needed in a 2-SPRT procedure



where 6 is the function of 6; and 0, for which the expected sample size is minimized.
If 8, is-the value of 8 in the parameter space that has maximum expected sample
size, then a solution to the Kiefer-Weiss problem is obtained. The value of 6, which
will be found will provide an asymptotic solution to this problem.

Consider the usual likehood ratios :

fin _ i(X1)...fi(X5) and fan _ fo(X1).. fo(Xs)
forn  fo(X1)...fo(Xn) forn  fo(Xa)...fo(X3)

The stopping rule is based on the following conditions :

(1) Reject Hy if (fan/fon) < A

(2) Reject Hy if (fon/fon) < B

(3) Continue sampling if neither (1) nor (2) is satisfied,
where 0 < A, B < 1, are not both zero and a + 8 < maz(A,B). The sample
size N(A, B) is the smallest N > 0 such that the sampling is stopped by reaching
decision (1) or (2). Choose N = f(z,6;) if inequality (1) is not satisfied and
N = f(z,8,) if inequality (2) is not satisfied. If both (1) and (2) are satisfied
simultaneously, then any fixed rule can be used to decide between f(z,6;) and
f(z,62).

Lorden (1976) pointed out that the method which Wald used to derive upper
bounds for the error probebilities of an SPRT is applicable to the 2-SPRT and yields
a < A (rejecting Hy) and 8 < B (rejecting H;). Setting A=cain (1) and B=
in (2) ensures error probabilities of at most a and #. Furthermore Lorden (1976)
developed a theorem which shows that the 2-SPRT provides an asymptotic solution

to the modified Kiefer-Weiss problem.

Lorden’s Theorem (1976):

Let «(4, B) and $(4, B) denote the error probabilities of the 2-SPRT (N (4, B), N).

Let n(A, B) denotes the infimum of E(n) over all tests satisfying @ < a (4, B) and



B < B (A,B). Under the assumption that

olow(3)] e 2per(32))

are finite and fo, f1, f2 ave distinct, if A, B > 0, then
E{N(A,B)-n(4,B)} — 0as min(4,B) — 0

Thus, for any fixed 6, the 2-SPRT provides an asymptotic solution to the modified
Kiefer-Weiss problem. Lcrden’s numerical results indicate that 2-SPRT’s have

efficiencies greater than 99% regardless of the size of the error probabilities.
Approximate Solution For Kiefer-Weiss Problem

Lorden (1976) presented a theorem which sta.zs that the 2-SPRT provides an
approximate solution to the Kiefer-Weiss problem if there exist a # for which the
expected sample size is raaximized in the parameter space. Given a and 3 are
the true error probabilities of the 2-SPRT, Huffman’s (1983) theorem states that
for a f; = 8, the 2-SPRT procedure minimizes the maximum expected sample size
to within o((log(e™*))!/?) under the condition that 0 < C; < log(a)/log(8) <
C; < oo for fixed but arbitrary constants C; and Cy. In other words, the 2-SPRT
provides an approximate solution to the Kiefer-Weiss problem for 6, = 6.

To determine how to choose §, first define € so that

log(1/A)  log(1/E"

I(6%,6,)  I1(6",62)

Once 6% is found # can be determined using the following relationship between 6

and 8" (Huflman, 1983).

L

e

6= 6" +

U*x/ﬁi
Based on the general formulation of the 2-SPRT. the 2-SPRT for the binomial,

Poisson, and negative binoriial distribution are derived.



DERIVATION OF THE 2-SPRT FOR
THE BINOMIAL DISTRIBUTION

The probability mass function for the binomial distribution is

(Z)pzqn-—z, z=0)1121"')n;
fx(zin,p) =

0, eisewhere,

where 0 < p < 1 and ¢ == 1 — p. Since the binomial distribution belongs to the
Koopm:;n-Darmois family of distributions, the probability mass function can be

written in the following form :
f(z) = exp{8z — b(H)}, 6; < 8 < 6;

where 6 = log(p/q) and b8} = —n xlog(1 — p) —log (7). The b(f) satisfies the

following conditions:
b'(8) = ne’/(1+€°) = np = Eg(z)

b'(6) = nx(e/(1+e)) * (1/(L+¢%) = npq = Vare(s)

The Kullback-Leibler information numbers for this family of densities may be writ-

ten as
I(¢€,6;) = (0 — 6:)b'(8) — {b(0) — b(6:)}
Thus for the binomial distribution, we have

I(p,p:) = (log(p/q) — log(p/q)) * np + {n x log(q) + log (Z) —nlog(g:) —log (D}

which may be written as

I(p,p:) = nplog(pg:/qp:) + nlog(q/q) (2.1)



for i = 1,2. Both I(p,p;) and I(p,p:) are positive on (p1,p2).

Consider testing a null hypothesis Hy:p = p; against an alternative hypothesis
Hy:p = p2 (p1 < p2). We are interested in minimizing the expected sample size
for p = po, (p1 < po < p2). Therefore, we define a third hypothesis Hy:p = po.
A one-sided SPRT of Hy against H; is conducted for possible rejection of Hy. At
the same time, another one-sided SPRT of H, against H; is conducted for possible
rejection of H,. The test is conducted by taking one observation at a time from
the population and computing T), = f:l z;, the sum of the number of o};servations

i=

obtained up to that point. The 2-SPRT stopping rule may now be stated as follows

(1) Reject Hy in favor of Hy : p=p; if

) P
Ta n—Typ —
Po 9
That is, if
T'n > log(l/A) + nlog(Ql /qO) (2.2)
log(pog1/p190)
(2) Reject H; in favor of Hy : p = py if
A
T n—Th —
Py 9
That is, if
log(B 1 N
Tn S Og( ) + n Og(q('\ qZ) (2.3)
log(p290/Pog2)
(3) Continue sampling if neither (2.2) nor (2.3) is satisfied and n < M where
M(po) = the smallest integer
log(1/A)1og(p290/pogz) — log(B)log(pog1 /p19o) (2.4)

~ log(g0/g2)log(pog1/p190) — log(g1 /40 ) log(p290/Pog2)
At n = M a decision is mace based on the following condition :
(1) Reject H, if T}, < Mpy
(2) Reject Hy if Ty, > Mpy



(3) Randomize with equal probability if T,, = Mp,

Since two one-sided SPRT’s are being conducted simultaneously, the error
rates must be adjusted if the desired Type I and Type II error rates of a and 3,
respectively, are to be achieved. Huffman (1983) developed the following formu las

for determining the constants 4 and B for desired error probabilities a and 5.

Let

agp) = 22, . @)
and

B(p) = 2t (2.6)

where_t:he constants a;(p) ¢ = 1,2 are defined by

log(pg:/qp;)
I (P ’ Pi)

ai(p) =
and I(p,p;) is defined in (2.1).
According to Huffman’s theorem, the 2-SPRT provides an approximate solu-

tion to the Kiefer-Weiss problem for pg = p. The problem now reduces to how to

determine p. First determine p* such that

log(1/4) _ log(1/B)

= 2.7
I(p*apl) I(P*,pz) ( )
where A = A(p*), B = B(p*), and I(p*,p;) can be obtained using (2.1)..
Once p* is found, p can be determined using the relationship
§=06" 4 — (2.8)

a*\/TF

This may be written in terms of § and p* as

(i23) - () (:5)
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Solving for p, we obtain

| (£)enlete)

ﬁ:
1+ (s-:—)e:cp(a_’".n_>

r*=§“[ az(p*) ] (2.9)

a1(p*) — a2(p*)

®(.) denotes the cumulative distribution function of the standard normal variate

where

and
o =+/n*p*g*
and
i 7B a(p) - T a()
. (2.10)

ai(p*) — a2(p*)

DERIVATION OF THE 2-SPRT FOR
THE POISSON DISTRIBUTION

The probability mass function for the Poisson distributon is :

A
= e, 2£=0,1,2,--
L.

fx(z3A) =
0, elsewhere.
Since the Poisson distribution also belongs to the Xoopman-Darmois family of dis-

tributions, the probabilitv mass function can be written in the following form:

f(@) = explzlog(d) — A — log(sD)}

where 6 = log(\), b(6) = log(z!) + X, ' (6) = €® = XA =E4(z), and 1" (4) = ¢*
=X =Varg(z). The Kullback-Leibler information number for the Poisson distribu-
tion is

I(A ;) = {log(A) — log(A)} X — A + X\
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and hence

IGuA) = Alog(A/A) — 1} + N (2.11)

for i = 1,2. Both I(X, ;) and I(A, A2) are positive on (A1, Az).

Consider testing Hy: A = A against Hz: A = Az (A; < A2). Construct a third
hypothesis Hg: A = A where (A; < Qo < A2). The 2-SPRT testing procedu’re for
the Poisson distribution is similar to the 2-SPRT for the binomial distribution. The

2-SPRT stopping rule is based on the following conditions : -
(1) Reject H; in favor of Hy: A = Az if

A e=n2
Aflpn —TLAO S A
ote
That is, if
‘ log(1/4) + n(Ae — A1)
> 2.12
2 T e/ (2:12)
(2) Reject H; in favor of Hy: A = Ay if
Ag-'ne-—nAg
)\OT"e‘“AU < B
That is, if

log(Az2/X0)
(3) Continue sampling if neither (2.12) nor (2.13) ic satisfied and n < M where

M(po) = the smallest interger

log(1/A)log(A2/A0) — log(B)log(Aa /A1)
~ (A2 = Ao)log(Ao/ A1) — (Ao — A1) log(A2/Ae)

(2.14)

At n = M a decision is made based on the followinz conditions :
(1) Reject Hy if Ty, < M)
(2) Reject Hy if T, > M)y,

(3) Randomize with equal probability if T, = M),
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The eonstants A and B for desired error probabilities @ and B are defined in (2.5)
and (2.6) by subtituting A for p.
For the Poisson distribution, ) for the approximate Kiefer-Weiss solution can

be {foxnd as follows. Find A* to satisfy

log(1/A4) _ log(1/B)

I, x1) I(A%,)2)

whers I(), ;) is defined in (2.11), A(A*) and B(A*) can be obtained using (2.5)

and {2.6), and

_log(A/Ai)

ai(A) = o0 1=1,2.

Once \*.is defined, A can be determined from (2.10). Thus, we solve

~m*

'
o*y/n*

log(A) = log(A*) +

for X and obtain the solution

A= X"e:cp( r )
g*v/n*

where r* is defined using (2.11) and o* = VA*.
The 2-SPRT provides an approximate solution to the Kiefer-Weiss problem for

Xo = X

DERIVATION OF THE 2-SPRT FOR THE
NEGATIVE BINOMIAL DISTRIBUTION

The probability mass function for the negative binomial distribution is

r+z -1\ . .
( )pq ) $=0,1,2,"'
r—1

fx(a:;n,p) =

0, elsewhere
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The probability mass function for the negative binornial distribution can be written

as

f(z) = ezp{zlog(q) + rlog(p) +log (T :i ; 1)}

where 6 = log(1 — p) and %(8) = —rlog(p) — log (’"tf]’l) The first two derivatives
of b(0) are
b'(6) = 7(1 — p)/p = Eo(z)

b"(6) =r(1 —p)/p* = Vare(z)

The Kullback-Leibler information number for this family of distributions is

I(p,pi) = (rq/p)log(q/q:) + r log(p/p;) (2.15)

for « = 1,2. Both I(p,p1) and I(p,p2) are positive on (p1,p:)

Consider testing Hy: p = py against Hy:p = p2 {p1 < pz). The third hypothesis
would be Hy:p = py where (p1 < po < pz). The 2-SPRT stopping rule is based on
the following conditions:

(1) Reject H; in favor of Hy:p = py if

T < log(A) + nrlog(po/p1)

Tog(a1 /a0) (2.16)

(2) Reject Hs in favor of Hy:p = py if

log(1/B) + nrlog(vz/ps)
log(go/q2)

Tn > (2.17)

(3) Continue sampling if neither (2.16) nor (2.17) :s satisfied and n < M where
M (po) = the smaliest integer

log(B)leg(g:/q0) + log(A)log(gu/qz)
~ r{log(p2/pe)loglg1/q0) — log(po/p1)log(qe/q2)}

At n = M a decision is made based on the following

(1) Reject Hy if Ty, > Mrqo/po
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(2) Reject Hy if Ty < M735/po
(3) Randomize with equa. probability if T, = Mrqo/po
The constants A and B for desired error probabilities & and [ are defined in (2.5)
and (2.6). ‘

As with the other distributioﬁs, we begin to find py by first determining the
p* which will satisfy (2.7) where I(p*,p;) is defined in (2.15) and

o Jo8(a/a)
{2) o) 0

»

Once p* is defined, p can be determined from (2.8). Thus we have

where r* and n* are defined in (2.9') and (2.10) respectively, and
o’ =+/rq*[p*

The approximate Kiefer-Weiss solution is obtained by using pg = p in the test given

in (2.16), (2.17), and (2.18).



CHAPTER III

THE PROGRAM

A computer program has been written in Quick Basic which allows a researcher
to develop a sampling plan for the 2-SPRT. It is designed in such a Wz;y that any
user can run the program easily. A portion of this program is modified from Na-
gardeolekar’s (1988) FORTRAN program which computed the 2-SPRT stopping
boundaries for the negative binomial distribution. The 2-SPRT may be developed
using t};is program when sampling from any one of three discrete population distri-
butions: binomial, Poisson, or negative binomial. In addition to the distribution,
a user must specify the hypothesized values for both the null and alternative, and
the type I and type II error rates. The user may then obtain the 2-SPRT stopping
boundaries, the OC and ASN functions, and the output data sheets. A detailed

description of the program, from the user’s viewpoint, will now be given.
p prog g

First, the user is asked if he would like to do the sampling from the negative
binomial, the binomial or the Poisson population distribution. Then he is asked
to specify the parameter values for the null and alternative hypotheses, the type I
error rate, and the type II error rate. For the negative binomial distribution the
parameters values are the mean (u) rather than p where p = k(1 — p)/p. In all
cases, the parameter value for the null hypothesis must be less than the parameter
value for the alternative hypothesis. For the negative binomial distribution, the

parameter value k (numkber of success before k failures) must also be specified.

Once this information is received, the user is able to choose from the following

options:

15
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(1) Compute values for the 2-SPRT boundaries

(2) Compute the exact properties'(OC and ASN functions)

(3) Compute the output data sheet

(4) Exit
If the user selects the option to compute the values for the 2-SPRT boundaries, the
following information is displayed:

(a) The parameter value of the thj?d hypothesis for which the expected sample

size is minimized

(b) The upper and lower intercepts

(c) The upper and lower slopes for the decision boundaries

(d)‘ The maximum sample size
Unlike ’;he SPRT which has parallel boundaries, the 2-SPRT has convergent decision
boundaries. Figure 1 shows the continuation region and the terminating decision
regions for the 2-SPRT testing procedure. The convergent nature of the decison
boundaries assures a termination with a definite decision. Table I provides formulas
for the slopes and intercepts of the 2-SPRT decision boundaries. Table II gives an
example of the output under option (1) for the binomial distribution with p; = 0.4,
p2 = 0.7, «a = 0.05, 8 = I.1.

On the other hand, if the user choose option (2), the exact OC, POWER, and
ASN function and the 95" percentile of the sample size are computed. These exact
properties are computed in the following manner. For each observation, there are
three possible outcomes. The observation may fall in the acceptance region, the
continuation region, or the rejection region. After each observation is taken, the
probability of each possible point in the continuation region is comnputed based on
the condition that no boundary has been crossed at an ealier time. All possible val-
ues for the n'* observatioa which would result in crossing into the acceptance region

for the first time are considered and the associated probabilities are computed given



Sum of the Observations (T'n)

Reject H;

Reject H,

UI + US(n)
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Figure 1. Decision Boundaries for 2-5PRT



TABLE 1

SLOPE AND INTERCEPT FOR THE 2-SPRT DECISION
BOUNDARIES FOR THE BINOMIAL, POISSON
AND NEGATIVE BINOMIAL DISTRIBUTIONS

18

BINOMIAL POISSON N.BINOMIAL
: log(B) log(B) log(A)
Ll log(p290/P0g2) log(Az/X0) log(g1/90)
log(1/A) log(1/4) log(1/B)
Ul log(pogs /7140) log(Ao/1) log(go/g2)
log(g0/q2) Az — Ao rlog(po /p1)
LS log(p290/Pog2) log(X2/X0) log(q1/40)
log(g1/40) o — M rlog(p2/po)
US log(poq1/P190) log(Ao /A1) - log(gq0/q2)




TABLE 11

A COMPUTER PRINTOUT OF THE
DECISION BOUNDARIES FOR A
BINOMIAL DISTRIBUTION

 NULL HYPOTHESIS : pi1 = 0.400
"ALTERNATIVE HYPOTHESIS : pe2 = 0.700
"ALPHA = 0.10

BETA = 0.10

THIRD HYPQTHESIS : p0 = 0.552

LOWER INTERCEPT FOR THE BOUNDARY : 1lint
UPPER INTERCEPT FOR THE BOUNDARY : uint
LOWER SLOPE FOR THE BOUNDARY : lslcpe =
UPPER SLOPE FOR THE BOUNDARY : uslope =
MAXIMUM SAMPLE SIZE FOR A DECISION : M

il
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the sum after the (n — 1)** observations. Then the probability of the observation
falling into the rejection region is one minus the sum of the probability of an ob-
servation falling into either the acceptance region or the continuation region. The
OC function is the sum of the probabilities of accepting Hy after each observation.
The cumulative probabilty of stopping (accepting A, or H;) is used to determine
the 95* percentile of the sample size. Computation ceases when the probability
of termination exceeds 0.9999. Table III shows an example of the output under
option (2) for the binomial distribution with p; = 0.4, p, = 0.7, a = 8 = 0.1.

After the user is satisfied with the properties of a proposed sampling plan, a
data sheet containing the upper and lower boundaries can be printed using option
(3). This output data sheet is computed using the slopes and intercepts of the
decision" boundaries. If the number of samples taken exceeds the maximum sample
size, cox‘nputation is stopped. Table IV is an example of the resulting data sheet
for a binomial distribution with p; = 0.4, p; = 0.7, =8 = 0.1.

The design of this program will allow the user to go from one part of the
computation to another without exiting the program. After completing the desired

computations, the user can exit from the program by choosing option (4).



TABLE III
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A COMOPUTER PRINTOUT FOR THE EXACT PROPERTIES
FOR A BINOMIAL DISTRIBUTION WHEN
p1 = 0.4, ps = 0.7, AND a = 8 = 0.10

EXACT VALUES FOR THE EINOMIAL Z2-SPRT

0.400

0.700
0.10

0.10

p1
pe =.

alpha =
beta =

2

DO O OO0 DO O0O00CO0OODO0OO0O D00

1.000
1.000
.997
L9779
.91
.861
. 795
.712
.E16
.B11
.404
.303
.214
141
. 086
.025
.005
.00n
.000

OO0 0000000 0oOo

<

O 90 OO

OO0 00000000
o
D
N

ma s B w B e ]
AN
g o 00
0o N

e s B e B e I
No)
~
@)

o0 NYU o

~ D

B A D BN AY B A
~N - WU

L0 = A

.000
.00¢0
.000
.000

000
000
000
000

.00
.000
.000
.000
.000
.000
.000
.000
.00D
.000
.000
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TABLE 1V

A COMOPUTER PRINTOUT OF THE DATA SHEET
FOR A BINOMIAL DISTRIBUTION WHEN
p1=04,p; =07, AND a = 8 =0.10

SAMPLE LOWER RUNNINC UPPER SAMPLE LOWER RUNNING UFPEKR
' NUMBER BOUND TOTAL BOUND NUMEBER BOUND  TOTalL ROUND
1 -2 . 3 51 0 9]
2 -1 4 52 0 e [¢]

. 2 -1 e _ 4 53 0 e c
;4 0 S 54 0 0
\ 5 ' . 5 55 o] C
[ i 1 56 0 o 9]
7 2 3 57 0 c
8 z [ 58 0 e o
) 3 7 59 0 o]
10 4 7 60 0 0
11 q 8 61 &} 0
12 S 8 62 0 o]
13 [ 9 62 0 C
14 & 9 64 n 0
15 7 10 65 0 0
16 8 10 66 0 o]
17 8 11 67 0 o
18 9 I B 68 0 0
19 9 12 6% 0 ¢
20 10 12 70 1] 0
21 11 13 71 0 )
22 11 13 72 0 o]
23 12 14 732 [s] G
24 13 14 74 0 [
25 13 15 75 0 e c
26 14 15 76 0 4]
27 14 I 77 0 [s]
28 15 16 78 o] )
29 16 _ 16 79 0 o ]
30 16 V7 80 Q — 0
31 17 17 81 o] o]
32 18 — 18 82 0 o]
33 18 . 18 = 4] o]
34 0 _ . 0 84 0 e 0
35S 0 . o] 85 0 e 4]
36 0 2] [S1) 0 0
37 0 . 0 87 Q N o]
38 0 .0 88 0 . a
39 0 0 S o} e 0
40 0 e S0 0 o 0
41 0 .0 <N 8] R a
42 8] 0 Q2 0 . Q
43 0 . s} 92 0 0
44 0 0 94 0 0
45 0 ) | 95 0 R Q
46 o] 0 96 0 R 0
47 0 0 97 [s] e, Q
48 0 0 98 Q 0
49 n 0 9<Q Q 0
S0 0 a 100 b} 0




CHAPTER IV
RESULTS

Factors That Influence The Maximum Sample Size

The error rates influence the maximum sample size (M). As a and f increase,
the value of M decreases for all three distributions. The value of M also decreases
when o is held constant while § increases and when f is held constant while «
increases. This is what we would expect to happen since if we are willing to accept
a larger error rate, a smaller maximum sample size will be required to make a
decision. Tables V, VI, and VII show the behavior of M as we change the error
rates a and B for the binomial, Poisson, and negative binomial distributions. Figure
2 shows this behavior graphically for a negative binomail distribution when p; =
0.2, g2 = 0.7, and k = 1. for all three distributions, the rate M decreases is about
the same as a and 3 increase from one level to another. On the other hand, when
B is held constant and « increases, the value of M decreases at a faster rate than

when «a is held constant and 8 increases.

Another factor that influences the value of M is the distance between the two
hypothesized parameter values. Table VIII shows tae changes in M as the distance
between the two hypothesized parameters increases when sampling from the bino-
mial distribution with @ = § = 0.05. As the distance »etween the two hypothesized
parameters increases, M decreases. This is true for all three distributions. The
value of M drops rapidly at first and then decreases slowly as the distance between

the parameters increases. Also larger M values are needed to make a decision for a

23
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TABLE V

THE INFLUENCE OF ERROR PROBABILITIES ON THE
MAXIMUM SAMPLE SIZE (M) FOR A NEGATIVE
BINOMIALN DISTRIBUTION WHEN
p1=0.2, p2=0.7, AND k=1

a=p M «(0.05)? M B(0.05)? M
0.01 72.49 0.01 .| 5501 0.01 58.70
0.03 51.98 0.03 46.57 0.03 47.11
0.05 42.44 0.05 42.44 0.05 42.44
0.07 3615 | 0.07 39.62, 0.07 38.91 .
0.09 31.46 0.09 37.47 0.09 36.24
0.10 29.49 0.10 36.55 0.10 | 3511
0.13 24.59 0.13 34.23 0.13 32.29
0.15 21.92 0.15 32.95 0.15 30.75
0.17 19.58 0.17 31.82 0.17 29.40
0.20 16.55 0.20 30.35 0.20 27.68

1- «is held constant (0.05) while 8 varies
2 - [ is held constant (0.05) while a varies




TABLE VI

THE INFLUENCE OF ERROR PROBABILITIES
ON THE MAXIMUM SAMPLE SIZE (M) FOR
A BINOMIAL DISTRIBUTION WHEN

p1 = 0.4, AND p, = 0.7

25

a=p M a=0050] M B=005® M
0.01 81.99 0.01 64.22 0.01 64.67 .
0.03 58.97 0.03 53.46 0.03 53.62
0.05 48.26 0.05 48.26 0.05 48.26
0.07 41.21 0.07 44.75 0.07 44.65
0.09 35.94 0.09 42.09 0.09 41.90
0.10 33.73 0.10 40.96 0.10 40.74
0.13 28.24 0.13 38.13 0.13 37.82
0.15 25.24 0.15 36.57 0.15 36.20
0.17 22.61 0.17 35.20 0.17 34.79
0.20 19.21 0.20 33.42 0.20 32.94

1- ais held constant (0.05) while 8 varies
2 - fis held constant (0.05) while « varies
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TABLE VII

THE INFLUENCE OF ERROR PROBABILITIES
ON THE MAXIMUM SAMPLE SIZE (M) FOR
A POISSON DISTRIBUTION WHEN
A1 = 0.4, AND X, = 0.7

a=f M «(0.05)! M 5(0.05)? M
0.01 187.33 0.01 150.42 0.01 145.08
6.03 134.77 0.03 123.34 0.03 121.55
0.05 110.33 0.05 110.33 0.05 110.33
0.07 94.24 0.07 101.61 0.07 102.88
0.09 82.21 0.09 95.03 0.09 .| 97.32
0.10 77.17 0.10 92.26 0.10 94.99
0.13 64.62 0.13 85.33 0.13 89.27
0.15 57.78 0.15 81.55 0.15 86.22
0.17 51.79 0.17 78.25 0.17 83.61
0.20 44.02 0.20 73.99 0.20 80.36

1 - ais held constant (0.05) while 3 varies
2 - [ is held constant (0.05) while a varies
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Figure 2. Maximum S#mple Size for a Negative Binomial
Distribution using 2-SPRT when
11=0.2, 112=0.7, and k=1
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TABLE VIII

THE EFFECT OF THE DISTANCE BETWEEN THE
TWO HYPOTHESIZED PARAMETERS ON (M)
FOR A BINOMIAL DISTRIBUTION
WHEN a = 8 = 0.05

Null Alternative M
0.10 0.20 227.51
0.10 0.30 68.19
0.10 0.40 33.99
0.10 0.50 20.52
0.10 0.60 13.59
0.10 0.70 9.43
0.10 0.80 6.63
0.10 0.90 4.51
0.30 0.40 416.26
0.30 0.60 48.26
0.30 0.80 15.75
0.50 0.60 453.55
0.50 0.70 107.99
0.50 0.80 43.66
0.50 0.90 20.52
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set of hypotheses that have larger hypothesized parameters than one with smaller
hypothesized parameters.

For the negative binomial distribution, the value of M is also influenced by the
parameter k. M decreases as k increases. The rate at which M decreases is greater
for a set of small k values than for a set of larger k values. Also, M decreases more
rapidly for a set of larger hypothesized parameter values than for a set of smaller

hypothesized parameter values. The last two features are illustrated in-Table IX.

Factors That Influence The ASN AND N g5

Factors that influence thé maximum sample size (M) tend to influence the
average;sa.mple number (ASN) in the same manner. In all the cases, the ASN is
less than half the value of M. As expected, the ASN is influenced by the error
rates and also the distance between the two hypothesized parameter values’ for
all three distributions. As both a and £ increase, the ASN decreases. Also
the ASN decreases when a is constant while A increases and when S is constant
while a increases. Figure 3 and Figure 4 show this behavior for the binomial
distribution when p; = G.4 and p, = 0.7. In addition, as the distance between
the two hypothesized paralrneter values increases, the ASN decreases significantly.
Figure 5 illustrates the decrecase of the ASN when the distrance between the two
hypothesized parameters increases for a binomial distribution when @ = 8 = 0.1.
For the negative binomial distribution, the ASN is also influenced by the parameter
k. The ASN decreases as k increases and the rate of decrease depends on the chosen
hypothesized parameter values. This feature is showed in Figure 6 for the negative
binomial distribution when gy = 0.25, gz = 0.4, « = 8 = 0.1.

The same factors that influence the ASN also influence the 95" percentile of
the sample size, N ¢5. Hcwever, N g5 is more sensitive than the ASN. With the

same changes in the error rates, N g5 is affected more than the ASN. This is true



TABLE IX

THE INFLUENCE ON (M) AS k INCREASED FOR
A NEGATIVE BINOMIAL DISTRIBUTION WITH
TWO SET OF HYPOTHESIZED

30

PARAMETER VALUES

K1 = 0.2 p1 = 0.4

p2 = 0.7 2 = 0.9

a=f=0.05 a=p=0.05
k M M
1 42.44 74.47
2 36.21 60.19
3 34.10 55.39
4 33.04 52.98
5 32.41 51.53
6 31.98 50.56
7 31.67 49.87
8 31.44 49.35
9 31.26 48.95
10 31.12 48.62
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Figure 3. ASN for a Binomial Distribution with two set
of error rates when p; = 0.4, py=: 0.7
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also for the changes in the Cistance between the two hypothesized parameter values.
In addition the sensitivity to the error rates and the distance between parameters
will increase as the percentile level increases; that is, N gg is more sensitive than
N os.

Practically, a researcher can always adjust the error rates in order to obtain an
ASN that is economically feasible. A researcher needs to be aware of other factors

that will influence the ASN besides the error rates.

Factors That Influence The OO Function

There are two factors that influence the OC function. The first factor is the
error raies. For both the binomial and Poisson distribution, the OC value decreases
as the ﬁrobability of type I error («) increases. On the other hand, the OC value
increases as the probability Of. type II error (f) increases. Figure 7 illustrates the
decrease in the OC value as a increases when sampling from the Poisson distribution
with Ay = 0.5 and A; = 0.8. Figure 8 shows the increase in the OC value as 3
increases when sampling from the same distribution.

For the negative binomial distribution, ther error rates influence the OC func-
tion in a different manner. As either a or 3 increases, the OC value is decreased to
a point in a parameter space and then it is increasea. The turning point where the
OC value starts to decrease is inconsistent. Figures'9 and 10 show the influence of
error rates on the OC value for the negative binomial distribution when p; = 0.4,
and pp, = 0.7.

For all three distributions, the OC function is decreased up to a point in the
parameter space. After that point, it is increased when both a and [ increase.
The turning point where the OC value starts to increase is when the true param-
eter equals the parameter value of the third hypothesis for which the expected

sample size is minimized. This feature is illustrated in Figure 11 for the binomial
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Figure 9. OC curve for a Negative Binomial Distribution with
two set of error rates when p; = 0.4, u; = 0.7
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Figure 10. OC curve for a Negative Binomial Distribution with
two set of error rates when yy == (.4, uy = 0.7
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distribution with p; = 0.5, and p, = 0.8 (po = 0.66).

The second factor that influences the OC function is the distance between the
two hypothesized parameter values. As the distance between the two hypothesized
parameter values increases, the OC value decreases up to the point where the true
parameters equals the parameter value in the null hypothesis and then the OC value
starts to increase. This is true for all three distributions and Figure 12 illustrates

this result for the binomial distribution with a = 8 = 0.1.



ocC

42

~

) . ' : . : . : ; ~_ -
[ S I U U UG GG U0 S UK U NN TN N TSN N T N 0 O NN O O O OO IO TS 0 B G O | I S O T T o I N |

0] A .2 .3 .4 ) .6 .7 .8 .9

A.P
—p1 =04,p2 =056

——-p; = 0.4, p; = 0.8

Figure 12. OC curve for a Binomial Distribuiion with two set
of hypothesized values when a = 5 = 0.10



CHAPTER V
SUMMARY

A computer program to develop and evaluate a sequential testing procedure
which consists of two simultaneously conducted sequential probability ratio tests
(2-SPRT) for the negative binomial, binomial, and Poisson population distributi
ons, is discussed in this report.: A researcher can obtain the decision boundaries for
the 2-SPRT testing procedure easily using this comjuter program. Another part of
the program computes the exact properties of a proposed sampling plan. Here the
researcher determines the average sample number (ASN), the operating character-
istic function (OC), and the 95%* percentile of the sample size (N gs). Parameter
values and error rates may be altered until a sampling plan is feasible. Then the
user may choose to output a data sheet for immediate field implementation.

Unlike the SPRT, the 2-SPRT sequential testing procedure allows a researcher
to have a knowledge of the maximum number of observations he might have to take
before he starts the experiment. For all three populations, the value of M decreases
as the error rates and the distance between the twe hypothesized parameter values
increase. The result for both the ASN and the OC function depends on the chosen
hypothesized parameter values and the error rates.

This program could be expanded to included other discrete and coniinuous

distributions, such as the nermal distribution.
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COMPUTER PROGRAM
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DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE
DECLARE

DECLARE
DECLARE
DECLARE .
DECLARE
DECLARE
DECLARE
DECLARE

DECLARE
LECLARE
DECLARE
DECLARE
DECLARE

COMMON SHARED p0,

DIM SHARED pp(1

‘4 PROGRAM TO CALCULATE AN APPROXIMATE
'THE KIEFER-WEISS PROBLEM FOR THE NEZGAITEVE

*BEINOMIA

0 CLS
C

FRI
PRI
PRI
FRI
PR1
FRI
FRI
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SUEB NEGATIVE (MUts. MUZ2#. R#., :lrha#. hetas
SUB NE2SPRT (MU1#. MUZ2#, E#, zalpha#. Lbetat
FUNCTION NEFUNC#H (pw)
SUB ZERD (h#, C#. ahsertd, reler#. iflac)
SUB NBEXACT (MU1#, MUZ#, R#, alpha#. beta#., lint.,
uint. 1slope. uslope. ppl ), maxx’
SUB NEPROB (p0, R#., pp( ). maxx)
SUB NBSHEET (MU1#, MU2#, R#. alpha#, beta#)
SUB BINOMIAL (p1#, p2#., alpha#, beta#)
SUB BIZ2SPRT (p1#, p2#, alpha#, heta#)
FUNCTION EBIFUNCH# (p#)
SUB ZEROBI (b#, C#. abser#. reler#, iflae>
SUB BIEXACT (p1#, p2#, alpha#, beta®#, lint, uint.
lslope, uslope, pp( ), maxx)
SUB BIPROB (p0O, pp( ). maxx)
SUB BISHEET (pt#, p2#, alpha#, beta#)
SUB POISSON (pl#, pZ#, alpha#, beta#)
SUB PO2SPRT (pl1#, p2#, alpha#, beta#)
FUNCTION POFUNC# (p#)
SUB ZEROPD (b#, C#, abser#. reler#, iflag:
SUB POEXACT (p1#, pZ#, alrpha#, beta#, lint. uint.
lslope., uslope. ppl{ ), maxx)
SUB POPROB (pQ, pp( ), maxx)
SUE POSHEET (pl#,., p2#, alphaw, beta#)
SUB SHEET (LI, UI, LS, US. Ma>
SUB NORTRY (p#, X&, d#, id)
SUB POW (p0. mu, lint, uint, l1lslope. uslope. alchas
beta#, pgl ), maxx)
pl#, pl2#, MU1#, MUZ2#, alpha#, besitsztt, R#,
p#, lint, uint, lslope, uslope., maxx, n
TO 2, 1 TO 220

SOLUTION TO
EINOMIAL.

L AND POISOTN DISTRIBUTICN

ATE 6. 17

NT "CHOGSE ONE OF THE FOLLOWING DISTRIZIUTION:"
NT

NT (1) NEGLTIVE EINOMIALT

NT 7 2y BINDMIaL”

NT © (2 POISSONT

NT (<) EXITT

NT



CHs$ =

CASE

CASE

CASE

CASE

CASE

CLS

LOCAT
PRINT
LOCAT

PRINT ™15

LOCAT

FRINT ™(2)

Es =

c

c

INPUTS (1)
SELECT CASE CH#

0:1 .

CALL
11 270
CALL
LL4 3"

CALL POISSON(p1#,

"4'7
GOTO
ELSE

BEEP:
END SELECT

E €,

NEGATIVE(mu1#,

BINOMIAL(p1#,

40

GOTO

17

10

pa#,

pa#,

alphat,

alpha#,

beta#)

beta# ) -

" CHOOSE ONE OF THE FCLLOWING:"

E &,

Egy

18

MAKE ANOTHER ANALYSIS™

18

EXIT™

INPUT$C(1)
SELECT CASE Es

ASE

ASE

"1 ..
GOTO

'V2"
GOTO 40

CASE ELSE

CLs
END

REEP:
END SELECT

10

GOTO

beta#)

48



SUB NEGATIVE (mul#, mu2#, R#, alpha#, beta#)

500 CLS
LOCATE B, 15
PRINT
PRINT "ENTER VALUES FOR THE FOLLOWING PARAMETERS:"™
PRINT *( mu2 MUST BE GREATER THAN mu1tl »>»"
PRINT
INPUT FOR NULL HYPOTHESIS :
mutl = ", MU1#"™ -
INPUT ™ FOR ALTERNATIVE HYPOTHESIS :
muz = ", MUZ2a"
INPUT "NUMBER OF SUCCESSES BEFORE X FAILURE :
k - n’ R#"
INPUT " ALPHA = ", alpha#
INPUT BETA = ", beta#
PRINT :
510 CLS
LOCATE 5, 15
PRINT
PRINT AT THIS TIME. YOU MAY WANT TO:"™
PRINT
PRINT (1) MAKE CHANGES™
PRINT "(2) COMPUTE VALUES FOR 2-SPRT DECISION ROUNDARIES™
PRINT "¢(3) COMPUTE THE EXACT VALUES (0OC AND ASN FUNCTION)™
PRINT "(4) COMPUTE THE OUTPUT DATA SHEET"
PRINT (5> EXIT"™
CH$ = INPUTs$(1)
SELECT CASE CHs
CASE ™1"
GOTO 500
CASE 2"
CALL NB2SPRT(muil#. mul2#. R#. alpha#, beta#)
CASE 27
CALL NRBEXACT(mul#, mul2#%#. R#., alpha#., beta#, lint,
uint, lslope, uslope., pp(), maxx?
CASE *4"
CALL NBSHEET(mul#, muz#. kE#, alpha#, beta®)
CASE "B"™
GQOTO SEe0
CASE ELZE
BEEP: GOUTO S0
END SELECT
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530 GLS
LOCATE 6, 15 .
PRINT "CHOOSE ONE OF THE FOLLOWING”
PRINT "(1> MAKE ANOTHER COMFPUTATION®
PRINT "(2) DO ANALYSIS FROM ANCTHER DISTRIBUTIONT
PRINT "(3)  EXIT"

540 E$ = INPUTS$(1)
SELECT CASE E$
CASE "1"

GOTO 510
CASE 2"
GOTO 560
CASE 3"
GOTD 560
CASE ELSE
BEEP: GOTO 530
END SELECT

.

560 END 5UB



SUB NBPROE (p0. R#. pp(). maxx’

gdb = 1 = pa
ER(1s 1) = p0 ~ R#
rp(2, 1) = pp(1, 1)

FOR 1 = 2 TO z00

rpCt,y 1) pp(1, 1 - 1

ppl(2, i) = pp(2, 1 -1

IF pp(2, 1) > .9999
THEN GOTO 120

NEXT i

120 maxx = 1 - 1

]

) » qO0 * (R# + i - 23 7 (i
) + pp(1, 1)

END SUB

FUNCTION NBFUNC#% (p#? STATIC

SHARED MU1#, MU2#%, pl#, p2&#, alpnas#., hetan. k#
pi# = R# / (Rs + Mi2#)

p2d = R# / (R# + MU1%)
gl# = 1 - pl#
g2# = 1 - p2#

g = 1 - p#
3314 = CDBL{LUG(p# / pig )

sa2# = (g# / pe) * CDBLILOC(ats 7 o# )
nfl# = R# * (st

E:
I}

zg
in
1
2
U

mmyvi# = 53148
Tummyveg = al2=
~et= o= CDBLOL LS dummy s L
ma2a = CDBLOLTI dumnmvis
HBFUNCH# = in#1'4 # ec-Zd - infln

Lol w4y ) e

ARE
CDBL(LOGC
/

’

END FUNCTION



SUB NB2SPRT (MU1#, MU2#, R#, alpha#, beta#)

pl# R# / (R# + MUZ#)

p2H R# / (R# + MU1#)

pb = R# / (R# + MU1#8)

pl = R# / (R# + MU2#)

gld = 1% - pl1#

q2# = 1% - p2#

'program starts to calculate pterda for keifer-weiss problem
ee = 0

b# pl# + .005

C# p2# - ,005 -
reler# = 0

abser# -.00001

'call subprogram zero to obtain pstar
CALL ZERO(b#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN

pstar# = b#
ELSE
ee = 1
END IF
gstar# = 1 - pstar#

zz1# = CDBL(LOG(pstars$ / pt#))

zz2# = (gstar# / pstar#) % CDBL(LOG(g1# / gstar#))
infi1s# = R# * (zz1# -~ zz2#)

zz3% = (gstar# / pstar#) * CDBL(LOG(qgstar# / g2#))
zz44% = CDBL(LOG(p2# / pstar#))

inf2s# = R# ¥ (zz3# - zz4#)

alstar# = (-1) ¥ CDBL(LOG(g1# / gstar#)) / infis#
a2star# = CDBL(LOG(gstar# / g2#)) / infl2s#

y# = alstar# / (ailstar# - za2star#)

'call subprogram NORTRY to get mustar

CALL NORTRY(y#, X#, d#, id)

rstarg = X#

sigmas# = SQR{(R# % gstar# / (pstar# * pstar#))
ap# = (alstar# - al2star#) * alpha# / alstar#
bp# = (aZstar# - alstar#) * beta# / aPstars
zz5%# = CDBL(LOG(14% / bp#)) * (a2star#t / infZ2s#)
zz6# = CDBL(LOG(1# / ap#)) ¥ (aistar# / infils#)

nstar# = (zzbB# - zz&e#) / (a2star# - aitstar#)
zz7# = rstar# / (sigmas# ¥ SQR{(nstar#))
pterda# = 1# - gstar# * CDBL(EXP(zz7#))
gterda# = 1# - pterdat

MUTERDA# = (R# * gterda#) / pterda#
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'find nbar by replacing pstar by pterda

zz8# = CDBL(LOG(pterda# / pi1#))

zz9% = (gterda# / pterda#) ¥ CDBL(LOG(g1# / gterda#?)
inf1b# = R# * (2z8# - zz9#)

zz10# = (gterda# / pterda#) * CDBL(LOG(gterda# / gz#))
zzi11# = CDBL(LOG(p2# / pterda#))

inf2b# = R# % (zz10# - zz11#)
albar# = (-1) % CDBL(LOG(gq1# / gterda#)) / infi1b#
azcbar#¥ = CDBL(LOG(gterda®# / g2#)) / infZb#

aa# = (albar# - a2bar#) * alpha# / albar#
bb# = (a2bar# - aibar#) * beta# / albar#

zz12%# = CDBL(LOG(1# / bb#)) * (albar# / infZb#)
zz13# = CDBL(LOG(1# v aa#)) * (albar# / infib#) -~
nbar# = (zz12# -~ zz132#) / (a2bar# - albar#)

v# = albar# / (albar# - albar#)
CALL NORTRY(y#, X#, d#, id)
rbar# = X#
sigmab# = SQR(R# * gterda# / (pterda# * pterda#))
uint = LOG(1 / bb#) / LOG(gterda# / g2#)
uslope = R# * LOG(p2# / pterda#) / LOG(gterda# 7/ g2#>
lint = LOG(aa#) / LOG(g1# / gterda#)
lslope = R# * LOG(pterda# / pl1#) / LOG(gl# / gterda#)
c1 LOG(gt# / gterda#)
c2 = LOG(gterda# / g2o#)
c3 = LOG(p2# / pterda#)
c4 = LOG(pterda®# / pl#)
capm = (LOG(bb#) * c1 + LOG(aza#) % c2) /
(R# % (c3 ¥ c1 =~ ¢c4 * c2))

LPRINT

LPRINT USING “NULL HYPOTHESIS: mul =
HEH H#H"; MU #H

LPRINT USING "ALTERNATIVE HYPOTHESIS: mu2 =
Hi# , H#44°; MU2#

LPRINT USING "THIRD HYPOTHESIS: mu( =
Hu#  HEH"; MUTERDA#

LPRINT USING '"ALPHA = #.##"; alpha#

LPRINT USING "BETA = #.##"; beta#

LPRINT USING "“NUMBER OF SUCCESSES BEFORE X
FAILURE : k = #.##"; R#

LPRINT USING "LOWER INTERCEPT FOR THE BOUNDARY :

lint = ### $#8#""; lint

LPRINT USING "UPPER INTERCEPT FOR THE BOUNDARY
uint = #&## ##8°; uint

LPRINT USING "LOWER SLOPE FOR THE BOUNDARY
leslope = ###_%183"; lslope

LPRINT USING "UPPER SLCOPE FOR THE BOUNDAFRY :
uslope = ###.8B##"; uslope

LPRINT USING "MAXIMUM SAMPLE SIZE FOR & DECISION
M = ###_###"; capm

BEEP
END SUB
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" SUR

ZERO (b#, C#, abser#, reler#, iflag) STATIC

maxit = 500

600

601

602

603

605

i

0
1

rzero#
runits#
rtwo# = 2
reight# = 8
u# = runit#
u# us / rtwo#
p# = runit# + u#
IF (p# - runit#) > 0 THEN
GOTO &00
ELSE
GOTO €01
END IF
uft = ud * rtuwoH
refg = (reler# + u#) / rtwo# + ABS((reler# - u#)
/ rtwo#)
ic =0
acbs# = CDBL{ABS(b# - C#))
ad = C#
fa# = NBFUNC#(a#)
fb# = NBFUNC#(b#)
fcH = fa#
count = 2
ki1# = CDBLCABS(fb#))
k2# = CDBLC(ABS(fc#))
fx# CDBL((k1# + k2#) / rtwo# + ABS((k1# - k2#)
/ rtwo#)d)
IF (k2# - k1#)> < 0 THEN
GOTO 603
ELSE
GOTO 604
END IF
a# = b#
fag = fb#
b# = C#
fb# = fc#
C# = a#
fcl = fas
cmbg = (C# ~ hH#) / rtwos
acmb# = CDBL(aABS(cmb#))
tol#d = re#t ¥ CDEL{ABS(Db®)) + sbasr#
IF (acmb# -~ tol#)y » 0 THEN
GOTO 605
ELSE
GOTO €19
END IF
IF (count - maxit) < 0 THEN
GOTO é&é06
ELSE
GOTO 625
END IF
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606 p#
q#
IF

(b# - a#) ¥ f{b#
1 - p#
< 0 THEN
GOTO 607
ELSE
GOTO &08
END IF
607 p# = -1 % p#
q# -1 * qg#
608 a# b# |
fa# = fb#
ic = ic + 1
IF (ic = 4) < 0 THEN
GOTO 611
ELSE
GOTO 609
END IF
609 IF (reight# * gcmb# - acbs#) < 0 THEN
GOTO 610
ELSE
GOTO 615
END IF
610 ic = 0
acbs# = acmb#
611 IF (p#.- CDBL(ABS(g#)) * tol#) > 0 THEN
GOTO 613
ELSE
GOTO 612
END 1IF
612 1IF cmb# < 0 THEN
b# = b# - CDBL(ABS(tol#))

o i H

ELSE
b# = b# + CDBL(ABS(tol#))
END IF
GOTO 616
613 IF (p# - cmb# * g#) < 0 THEN
GOTO 614
ELSE
GOTO 615
END IF
614 b# = b# + p# / g#
GOTO 616

615 b# = (C# + b#) / rtwo#
616 fb# = NBFUNC#(b#)
IF fb# = ( THEN
GOTO &22
ELSE
GOTO 617
END IF



617

620

621

622

623

624

625

626

56

count = count + 1
IF fb# < 0 THEN .
k3# = CDBL(ABS(runit#)) * (=-1)
ELSE
k3# = CDBLC(ABS(runit#)?)
END IF
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#)) * (-1)

ELSE
k4# = CDBLC(ABS(runit#))
END 1IF
IF (k3% - k4#) = 0 THEN
GOTO 618
ELSE
GOTO 662
END IF
C# = a8t
fcH = fa#
GOTO 602

IF fb# < 0 THEN
k3# = CDBL(ABS(runit#)) * (-1)
ELSE
k3# = CDBLCABS(runit#))
END IF
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#)) * (-1)
ELSE
k4# = CDBL(ABS(runit#))
END IF
IF (k3% - k4#) = 0 THEN
GOTO 624
ELSE
GOTO 620
END 1IF
IF (CDBL(ABS(fb#)) ~ fx#) > 0 THEN
GOTO 623
ELSE
GOTG &21
END IF
iflag = 1
GOTO 626
iflag = 2
GOTO e26
iflag = 3
GOTO 626
iflag
GOTO &
iflag

4
S

5

R

END SUB
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SUB_NBEXACT (MU1#, MU2#, R#, alpha#, beta#, lint,
uint, 1lslope, uslope, pp(), maxx?

ptd = R# / (R#& + MU2#)
pe# = R# / (R# + MU1#)
pb = R#% / (R# + MU1T#H)
pl = R# / (R# + MU2#)

ql#d = 14 - p1#

qz2# = 184 - p2+#

'program starts to calculate pterda for keifer-weiss problem
ee = 0 ' ‘

b# = p1# + ,005

C# = p2# - ,005 ~
reler# = 0
abser# = ,00001

'‘call subprogram zero to obtain pstar
CALL ZERO(b#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN
pstar# = bh#
ELSE
ee = 1
END IF
gstar# = 1 - pstars
zz1# = CDBL(LOG(pstar# / pl1#))
zz2% = (gstar# / pstar#) * CDBL(LOG(g1# / gstar#))
infis# = R# % (zz1# - zz2#)
zz3# = (gstar# / pstar#) * CDBL(LOG(gstar# / g2#))
zz4d = CDBL(LOG(p2# / pstar#))
inf2s# = R# ¥ (zz3# - zZz4#)
alstar# = (-1) ¥ CDBL(LOG(qg1# / gstar#)) / infis#
aZ2star# = CDBL(LOG(gstar# / g2#)) / inf2s#
y# = alstar# / (alstar# - aZstar#)
'call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id)
rstar# = X#
sigmas# = SQR(R# ¥ gstar# / (pstar# * pstar#))
ap# = (alstar# - a2star#) ¥ alpha#t / alstar#
bp# = (a2star# - alstar#) * beta# / acstar#
zz5%# = CDBL(LOG(1# / bp#)) * (a2star# / infl2s#)
zz6# = CDBL(LOG(1# ~/ ap#)) ¥ (alstar# / inflis#)

nstar# = (zzH# - zzE6#) / (alstar# - alstar#)
zz7# = rstar# / (sigmas# ¥ SQR(nstar#))
pterda# = 1# - gstar# * CDBL(EXP(zz7#))
gterda# = 1# - pterda#

'find nbar by replacing pstar by pterda

zz8% = CDBL(LOG(pterda# / pl#))

zz94% = (gterda# / pterda#) ¥ CDBL(LOG{(gl# / gterda##?)
inf1b# = R# % (zz8# - zZzI#)

zz10# = (gterda# / pterda#) * CDBL(LOG(gterda# / gz#))
zz11# = CDBL(LOG(p2# / pterda#))



infZ2b# = R# * (zz10# - zz118#)
“lbar# = (=1) % CDBL(LOG(g1# / gterda#)) / inflbh#
a2bar# = CDBL(LOG(gterda#d / q2#)) / inf2b#

aa# = (albar# - s2bar#) * alpha# / albars

bb# = (alZ2bar# - albar#) * beta# / allbar#

zz124% CDBL(LOG(1# / bb#)) #* (albar# / 1nfZb#)

zz13#%# = CDBL(LOG(1# / aa#)) * (albar# / inflb#)

nbar# = (zz12# - zz13#) / (albar# - albar#)

y# = albar# / (albar# -~ aZbar#)

CALL NORTRY(y#, X#, d#, id)

rbar# = X#

sigmab# = SQR(R# * gterda# / (pterda# * pterda#))
uint = LOG(1 / bb#) / LOG(gterda# / g2#)

uslope = R# * LOG(p2# / pterda#) / LOG(gterda# / g2#)
lint = LOG(aa#) / LOG(gl# / gterda#)

lslope = R# * LOG(pterda# / pl1#) / LOG(gi# / gterda#)

cl = LOG(g1# / gterda#)
c2 = LOG(gterda# / g2#)
¢3 = LOG(p2# / pterda#)
c4 = LOG(pterda# 7/ p1#)

capm = (LOG(bb#) * c1 + LOG(aa#) * c2) /
(R# * (c3 * ¢c1 - c4 ¥ 2
'print the exact properties for the negative
'binomial 2-sprt
LPRINT "EXACT VALUES FOR THE NEGATIVE BINOMIAL 2-SPRT"
LPRINT
LPRINT USING "mul = H##_ 8#8"; MU1#
LPRINT USING "mu2 = ##8_ ##8*"; MUZs
LPRINT USING "k = ##_ ##"; R#
LPRINT USING "alpha = #.##"; alpha#
LPRINT USING "beta = #.##"; beta#
LPRINT
LPRINT * MU ocC POWER ASN No5™
LPRINT Memmmmm e e e e e e e -
LPRINT
FOR i = 1 TO 3
SELECT CASE i

CASE 1
inc = pt1 / 5
bot = inc
top = p1 + .0001
CASE 2

inc = (pb - p13 / 10

bot = p1 + inc
top = pb + .000¢
CASE 2
IF CH$ = "3 THEN inc = pl1 + B
ELSE inc = (1 - ph) ~ &
bot = pb + inc
IF CH$ = "3 THEN top = pb + pI
ELSE top = 1 - inc

END SELECT
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-FOR p0 = bot TO top STEP inc
mu = R# ¥ (1 - p0) / pO
CALL NBPROB(pO, R#, pp(), maxx)
CALL POW(pO, mu, lint, uint, lslope, uslope, alpha#,
beta#, pp(), maxx)
NEXT pD
NEXT i
BEEP
END SUB



SUB NBSHEET (MU1#, MU2#, R#, alpha#, beta#)

pl# = R& / (R#% + MU2#)

p2# = R# / (R# + MU1#)

Pb = R# / (R# + MUT#)

pl = R# / (R# + MU2#8)

qtd = 1# - pl#

g2# = 1# - p2#

‘program startzs to calculate pterda for keifer-weiss problem
ee = 0

b# = pi1# + 005
Cd# = p2# - ,005
reler# = 0

absger# = ,00001

'call subprogram zero to obtain pstar
CALL ZERO(b#, C#, abser#, reler#, iflag)
IF *iflag = 1 OR iflag = 2 THEN
-pstar# = b#
ELSE
ee = 1
END IF
gstar# = 1 - pstar#-
zz1# = CDBL(LOG(pstar# / pt#))
zz2#% = (gstar# / pstar#) * CDBL(LOG(gi1# / gstar#))
inflis# = R& * (zz1# - zZz2#)
zz3#% = (gstar# / pstar#) * CDBL(LOG(gstar# / g2#))
zz4# = CDBL(LOG(p2# / pstar#))
inf2s# = R# % (zz3# - zZz4#)
alstard = (=-1) * CDBL(LOG(g1# ~ gstar#)) / infis#
a2star# = CDBL(LOG(gstar# / g2#)) / inf2s#
vy# = alstar# / (atstar# -~ alstar#)

'call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id>

rstar# = X# .

sigmas# = SQR(R# * gstar# / (pstary# ¥ pstar#)d)
ap# = (alstar# - aZstar#) * alpha# / alstar#
bp# = (alZstar# - alstar#) * beta# / alZstars$
zz54% = CDBL(LOG(1# / bp#)) ¥ (alstar# / infl2gs#)
zz6# = CDBL(LOG(1# / ap#)) * (alstar# / infls#)
ngtar#t = (zz5# - zzé#) / (a2star# - alstar#)
zz7# = rstar# / (sigmas# ¥ SOR(nstar#))

pterda## = 18 - gstar# * CDBL(EXP(zz7#))

gterdaf# = 1# - pterda#

MUTERDA# = (R# * gterda#) ~/ pterda#
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'find nbar by replacing pstar by pterda

zz8# = CDBL(LOG(pterda# / p1#))

zz9# = (qterda# / pterda#) * CDBL(LOG(g1# / gterda#))
inf1b# = R# ¥ (zz88# -~ zZz9#)

zz10# = (gterda# / pterda#) * CDBL(LOG(gterda# / q2#))
zz11# = CDBL(LOG(p2# / pterda#))

inf2b# = R# * (zz10# - zz11#)

albar# = (-1) % CDBL(LOG(g1# / gterda#)) / inf1b#
a2bar# = CDBL({LOG(qterda# / q2#)) / inf2b# ~

aa# = (albar# - aZbar#) * alpha# / albar#

bb# = (albar# - albar#) * beta# / albar#

zz12% = CDBL(LOG(1# / bb#)) * (g2bar# / inf2b#)
zz1 34 CDBLC(LOG(1# / za#)) * (albar# / inf1b#)
nbar# = (zz128% - zZz13#) / (a2bar# - albar#)

yv# = albar# / (albar# - a2bars)

CAkL NORTRY(y#, X#, d#, id)

rbar# = X#

sigmab# = SQR(R# ¥ gterda# / (pterda#t * pterda#))

uint = LOG(1 / bb#) / LOG(gterda# / g2#)

uslope = R# * 10G(p2%# / pterda#) / LOG(gterda® / g2#)'

lint = LOG(aa##) / LOG(g18 / gterda#)

l1slope = R# * LOG(pterda# / pi1#) / LOG(gl1#¥ / gterda#)
cl1 = LOG(g1#% / gterda#)

c2 = LOG(gterda# / g2#)

c3 LOG(p2# / pterda#)

c4 = LOG(pterdas / pi1#)

capm = (LOG(bb#) ¥ c1 + LOG(aa#) ¥ c2) /

’ (R# ¥ (c3 ¥ c1 - c4 * c2))

LI = lint
LS = 1lslope
Ul = uint
US = uslope

MA = capm

LPRINT

LPRINT TaAB(2Z0>: " NEGATIVE BINOMIAL 2-SPRT™

LPRINT

LPRINT TAR(24)>: ™ MU1T ="3; MUt1&s5; " MU2 ="3 MUzZ#; " 7
K = "3 Ra"

LPRINT TAB(27)>; "ALPHA ="3; alpha#:i ™ BETA =": beta#

CALL sheet(LI. LS. UI. US, M&)

END SUE
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w

BINOMIAL (p1#, p2#, alpha#, beta#)

CLS
LOCATE 5, 15

PRINT
PRINT " ENTER VALUES FOR THE FOLLOWING PARAMETERS:"
PRINT " ( p2 MUST BE GREATER THAN pi1 )"

PRINT

INPUT " FOR NULL HYPOTHESIS : p1 = ", pil#
INPUT "™ FOR ALTERNATIVE HYPOTHESIS : p2 = ", p2# -
INPUT ™ ALPHA = ", alpha#
INPUT ™ BETA = ', beta#
PRINT

CLS

LOCATE 5, 15

PRINT

PRINT * AT THIS TIME YOU MAY WANT TO:"

PRINT

PRINT "(1) MAKE CHANGES"™

PRINT "(2) COMPUTE VALUES FOR 2-SPRT DECISION BOUNDARIES"
PRINT *(3) COMPUTE THE EXACT VALUES (OC AND ASN FUNCTION)™
PRINT "(4) COMPUTE THE OUTPUT DATA SHEETS™

PRINT "(5) EXIT”

CH$ = INPUTS$(1)
SELECT CASE CHs#
CASE ™1™

GOTOD 200
CASE "2v

CALL BIZ2SPRT(pi1#, p2#., alpha#, beta#t)
CASE " 37

CALL BIEXACT(p1#, p2%#, alpha#, beta#, lint, uint,

leslope, uslope, pp(), maxx)

CASE "4"

CALL BISHEET(pi1#, p2#, alpha#t, beta##)
CASE 5"

GOTO 2&0
CASE ELSE

BEEP: GOTO Z10
END SELECT

CLS

LOCATE 6, 15

PRINT "CHOOSE ONE OF THE FOLLOWING:™

PRINT "(1) MAKE ANOTHER COMPUTATION"™

PRINT "(2) DO ANALYSIS FROM ANOTHER DISTRIBUTION™
PRINT "(3) EXIT"
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240 E$ = INPUTs$(1)
SELECT CASE Es
CASE "1

GOTO 210
CASE 2"
GOTO 260
CASE 3"
GOTO 260
CASE ELSE
BEEP: GOTO 230
END SELECT

260 END SUB
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SUB BI2SPRT (p1#, p2#, alpha#, beta#)

R# = 1

qi# = 1# - pi1#

q2# = 1# - p2#

‘program starts to calculate pterda for the
'keifer-weiss problem

ee = 0

b# = p1# + .005

C# = p2# - .005
relert# = 0 ~ N
abser# = 00001

'call subprogram ZEROBI to obtain pstar
CALL ZEROBI(b#, C#, abser#, reler%#, iflag)
IF iflag = 1 OR iflag = 2 THEN
pstar# = b#
ELSE
ee
END IF
gstar# = 1 - pstar#$#
z1# = CDBL(LOG((pstar# ¥ gl1#) / (gstar# ¥ pil#))),
z2# = CDBL(LOG(gstar# / ql#))
inf1s# = R# * (pstar# * z1# + =Zz2#)
z3% = CDBL(LOG((pstar# * g2#%#) / (gstar# * p2#)))
z4# = CDBL(LOG(gstar# / g2#))
inf2s#% = R# * (pstar# ¥ z3# + z4#)
alstar# = z1# / infis#
a2etar$ = z3# / inf2s# '
v# = alstar#t / (atstargt - aZ2star#)

1

‘call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id)

rstar# = X#

sigmas# = SOQR(R# * pstar# * gstar#)

ap# = (alstar# - a2star#) ¥ alpha# / alstar#
bp# = (alstar# - alstar#) * beta# / a2star#
z254% = CDBL(LOG(1# / bp#)) * (alstar# / inf2s#)
z6# = CDBLC(LOGC1# / ap#)) * (alstar# / infils#)
nstar# = (z5# - z6#H) / (alstar# - alstar#)

z7# = rstar##t / (sigmas# ¥ SQR(nstar#))

pterda# = (pstar# / gstar# * CDBL(EXP(=z7#))) /
(1# + (pstar# / gstars ¥ CDBL(EXP(z7#)))?
gterda¥®¥ = 1# - pterda#

‘find nbar by replacing pstar by pterda

z8%# = CDBL(LOG((pterda# ¥ gl#) / (gterda# * pi&d)i)
z3# = CDBL(LOG(gterda®# / gt#))

infib# = R# * (pterda# * z8# + z9%#)



I

z10#
z11#4 =
inf2b#
albar#
az2bar#
aat = (
bb# = (
z12#% =
z13# =
nbar# =
y = alb
CALL NO
rbar# =
sigmab#
uint =

lint =
capm =
LPRINT
LPRINT
LPRINT
LPRINT
LPRINT

LPRINT
LPRINT

LPRINT
LPRINT
LPRINT
LPRINT

LPRINT
BEEP

END SUB
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CDBL(LOG((pterda# * gq2#) / (gterda# * p2#)))

CDBL(LOG(gterda# / g2#))

R# * (pterda# * z10# + =z1148)

z8# / inf1ib#

z10# / inf2b#

albar# - aZ2bar#) ¥ aglpha# / albar#

azbar# - albar#) * beta# / albar#

CDBLC(LOG(1# / bb#)) * (abar# / inf2b#)

CDBL(LOG(1# / aa#)) * (albar# / inf1b#) -
(z12# - Z134#) / (a2bar# - albar#)

ar$# / (albar# - a2bar#)

RTRY(y#, X#, d#, id>

X#

= SQAR(R# * pterda# * gterda#)

LOG(1 / aa#) / LOG(pterda# ¥ g1 /

(p18 * gterda#))

= LOG(gq1# / gterda#) / LOG(pterda# *
ql# / (p1# * gterda#))

= LOG(gterda# / g2#) / LOG(p2# * gterda# /
(pterda#t * g2#)) ,

LOG(bb#) / LOG(p2# * gterda# / (pterda# * g2%))

(uint - 1lint) / (lslope - uslope) ’

USING "NULL HYPOTHESIS : p1 = ###.###"; pl1#
USING "ALTERNATIVE HYPOTHESIS : p2 = ##H#_.##48"; pl#
USING "ALPHA = # . ##"; alpha#
USING "BETA = #.##"; beta#
USING "THIRD HYPOTHESIS : p0 = ###_ H##H#"; pterda#
USING "LOWER INTERCEPT FOR THE BOUNDARY :

lint = ### . ###"; 1lint
USING "UPPER INTERCEPT FOR THE BOUNDARY °:

uint = ###_ #8485 uint
USING "LOWER SLOPE FOR THE BOUNDARY :

lslope = ###_ ###"; lslope
USING "UPPER SLOPE FOR THE BOUNDARY :

uslope = ###. #4484 uslope .
USING "MAXIMUM SAMPLE SIZE FOR A DECISION :

M = ### _ ###"; capm
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SUB BIPROB (p0O, pp(), maxx)

1 - pO
pp(i, 1)
pO

1

fl

pp(1, 1
pp(2, 1
pp(1, 2O
pp(2, 2)
maxx = 1

)

nonn

END SUB

FUNCTION BIFUNC# (p#)
SHARED p1#, p2#, alpha#., beta#, R#

qls = 1 - pi#
g2# = 1 - p2#
q# = - p#

1

= CDBLC(LOG((p# * g1#) / (g# * p18i))
bs2# = CDBL(LOG(g# / qgl#))

# = R# ¥ (p# * bsi1# + bs2#)

= CDBLC(LOG((p# * q2#) / (g# * p2#,))
bs4# = CDBL(LOG(g# / g2#))
binf2#% = R# * (p# % bg3# + bg4d#)
bal# = bs1# / binf1#
ba2# = bs2# / binf2o#
capAl# = bal# / ((bal# - ba2#) * zlpha#)
capA2# = bal2# / ((bal2# - bal#) % beta#;
BIFUNC# = CDBL(LOG(capAZ2#)) * binf1# -
CDBLC(LQOG(capA18)) * Lbinfzo#

END FUNCTION
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SUB ZEROBI (b#, C#, abser#. reler#, iflag) STATIC
maxit = 500
rzero# 0
runit# = 1
rtwo# = 2
reight# = 8
u# = runit#s
100 u# u# / rtwo#
p# = runit# + u#
IF (p# - runit#) > 0 THEN
GOTO 100 ‘ -
ELSE
GOTO 101
END IF
101 u# = u# * rtwof
re# = (reler# + u##) / rtwo# + ABS((reler# - u#)
7/ rtwo#)
ic = 0
acbs# = CDBL(ABS(b# - C#))
a# = C#
fa#t = BIFUNC#H(a#)
fb# = BIFUNC#(b#)
fed = fa#
count = 2
k1# = CDBLC(ABS( fb#))
k2# = CDBL(ABS(fc#))
fx# = CDBL((k1# + k2#) / rtwo# + ABS((k1# - k2Z#)
/ rtwo#))
102 IF (k2# - k1#) < 0 THEN

GOTO 103
ELSE
GOTO 104
END IF
103 a#t = b#
fagt = fb#
b# = C#
fb# = fc#
C# = a#
fcH = fa#

104 cmb# = (C# - b#) / rtwo#
acmb# = CDBL(ABS(cmb#))
tol# = re# ¥ CDBLCAZRS(b#)) + absers
IF (acmb# - tcl#) > 0 THEN
GOTO 105

ELSE
GOTO 119

END IF

105 IF (count - maxit) < 0 THEN

GOTO 106

ELSE
GOTO 1256

END IF



106 p# = (b# - a#) * fb#
= 1 - p#
IF p < 0 THEN

GOTO 107

107 p# = -1 * p#

108 a# = b#
fa# = fb#
ie = ic + 1
IF (ie - 4) < 0 THEN
GOTO 111
ELSE
GOTO 109
END IF
109 IF (reight# * acmb#®# - acbs#) < 0 THEN
GOTO 110
ELSE
GOTO 11%
END 1IF
110 ic = 0
acbs# = acmb#
111 IF (p# - CDBL(ABS(q#)) % tol#) > 0 THEN
GOTO 113
ELSE
GCOTO 112
END IF
112 IF cmb# < 0 THEN
b# = b# - CDBL(ABS(tol#))
ELSE
b# = b# + CDBL(ABS(tol#))
END IF
GOTO 116
113 IF (p# - cmb# #* g#) < 0 THEN
GOTO 114
ELSE
GQTO 118
END IF
114 b# = b# + p# , g#
GOTC 116
115 b# = (C# + k8 / rtwo#
11€¢ fb# = BIFUNC#{b#s)
IF fb# = 0 THEN
GOTQO 122
ELSE
GOTO 117
END IF



117

121

122

123

124

125

126

count = count + 1
IF fb# < 0 THEN

k3% = CDBL(ABS(runit#))
ELSE _
k3# = CDBL(ABS(runit#))
END IF _
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#)?)
ELSE
k4# = CDBL(ABS(runit#))
END IF
IF (k3# - k4#) = 0 THEN
GOTO 118
ELSE
GOTO 102
END IF
C# = a#
fcHd = fa#
GOTO 102

IF fb# < 0 THEN

k3# = CDBL(ABS(runit#))
ELSE
k3# = CDBLC(ABS(runit#))
END IF
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#))
ELSE
k4# = CDBL(ABS(runit#))
END IF
IF (k3# - k4#) = 0 THEN
GOTO 124
ELSE
GOTO 120
END IF
IF (CDBL(ABS(fb#)) - fx#) >
GOTO 123
ELSE
GOTO 121
END IF
iflag = 1
GOTO 126
iflag = 2
GOTO 126
iflag = 3
GOTO 126
iflag = 4
GOTO 126
iflag = 5

END SUB
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* (=-1)

* (=1

* (=1)

* (=12

0 THEN



SUB BIEXACT (p1#, p2#, alpha#, beta#, lint, uint,
lslope. uslope. pp(), maxx)

R = 1

gl = 184 ~ p1#

qe# = 1# - p2#

‘program starts to calculate pterda for
'the keifer-weiss problem

ee = 0

b# = p1# + _005

C# = p2# - .005

reler# = 0

abser# .00001

Ycall subprogram ZEROBI to obtain pstar
CALL ZEROBI(b#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN

pstar# = b#
ELSE
i ee
END IF
gstar# = 1 - pstar#
z1# = CDBL(LOG((pstar# % gi1#) / (gstar# * p1#)))
z2# = CDBL(LOG(gstar# / ql#))
infis# = R# ¥ (pstar# ¥ z1# + Z2#)
z3% = CDBL(LOG((pstar# * g2#) / (gstar$# * p2#)))
z4# = CDBL(LOG{(gstar# / g2#))
inf2s# = R# * (pstar# * z3# + z4#)

1

alstard# = z1# / infls#
a2star# = z3# / infl2s#
y# = alstar# / (alstar# - aZstar#)

'call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id)
rstar# = X#

sigmas# = SQR(R# * pstar# * gstar#)

ap# = (alstar®# - a2star#) ¥ zlpha#t / alstar#
bp# = (aZstar# - alstar#) * beta# / alstars#
254 = CDBL(LOG(1# / bp#)) * (alstar®# / inf2s#)
z68% = CDBL(LOG(1# / ap#)) ¥ (alstar# / infis#)
nstard = (z5#% - z6#) / (alstar# - alstar#)

z78# = rstar## / (sigmas# ¥ SAGR(nstar#))

pterda®# = (pstar# / gstar# * CDBL(EXP(z7#))) /
(1% + (pstar®# / gstar# * CDBL(EXP(z7#))))
gterda#®# = 1# - pterda#

'find nbar by replacing pstar by pterda

z8# CDBL(LOG( (pterda# * gi1#) / (gterdaf# * pl&)))
z9% = CDBL(LOG(gterda# / gl#))

infib# = R# * (pterda# % z8# + =z9H#)

i



z10#% = CDBL(LOG((pterda# * g2#) / (gterda# * p2#)))
z11% = CDBL(LOG(gterda# / q2#))
inf2b# = R# * (pterda# * z10# + z1148)
albar# = z8%# , 1nfib#
achar# = z10# / I1nf2b#
aa# = (albar® - aZbar#) * alpha# / albar#
bb# = (aZbar# - aibar#) * beta¥# / albar#
z12# = CDBL(LOG(1# / bb#)) * (albar# / inf2b#)
z13# = CDBL(LOG(1# / aa#)) * (albar# / inf1b#)
nbar# = (z12% - z13#) / (a2bar# - albar#) N
y = albar# / (albar# - z2bar#)
CALL NORTRY(y#, X#, d&, id)
rbar# = X#
sigmab# = SQR(R# * pterda# * gterda#)
uint = LOG(1 / aa#) / LOG(pterda# * gi# /
(pl1# * gterda#))
uslope = L0OG(g1# / gterda#) / LOG(pterda# *
ql# / (pl# ¥ gterda$))
lslope = LOG(gterda# , g2#) / LOG(p2# * gterda#
/s (pterdas * gqZ#))

lint = LOG(bb#) s LOG(p2# * gterdas / (pterda# * gZ#))
capm = (uint - 1lint) / (lslope - uslope)
LPRINT "EXACT VALUES FOR THE BINOMIAL 2-SFRT”
LPRINT
LPRINT USING "pl1 = #H& . 8H#"; pl#
LPRINT USING "p2 = ##z _##8"; pls
LPRINT USING "alpha = #.8#8"; zlpha#
LPRINT USING "beta = #. . ##"; beta#
LPRINT
LPRINT MU 0ocC POWER ASN N3S"
LPRINT Mo mm e e e e e e e e e e e e -
LPRINT
FOR 1 =1 TO 2
SELECT CASE i
CASE 1

inc = p1#8 / 5

bot = inc

top = pi*# + 0001
CaSE &2

inc = (p2% - pi=#n 10

ot = p*# + ino

top = pz# + SRVRAN
CASE =

inc = (1 - pR2#) /B

bot = p&Z# + inc

top = 1 - inc
END SELECT
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FOR pO
mu =

bot TO top STEP inc

=38}

CALL BIPROB(pO,
CALL POW(pO, mu,

NEXT pO
NEXT i
BEEP

END SUB

alpha#,

pp( ), maxx)

lintg
beta#,

uint,
pp( ),

lslope,
maxx)

uslope,
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SUB BISHEET (p1#, p2#. alpha#, beta#)

R# = 1

gl# = 1# - pl#
gqz2# = 14 - p2#
ee = 0

b# = p1# + ,005
C# = p2# - ,005
reler# = 0

abser# = ,00001

'call subprogram ZEROBI to obtain pstar
CALL ZEROBI(b#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN
pstar# = b#
ELSE
ee
END IF
qstar# = 1 - pstar#$#
z1# = CDBL(LOG((pstar# * g1#) / (gstar# * pl#)))
z2# = CDBL(LOG(gstar$# / qi1#))
infis# = R# * (pstar# * z1# + z2#)
z3# = CDBL(LOG((pstar# * g2#) / (gstar# * p2#)))
z4# = CDBL(LOG(gstar# / g2#))

|

1

inf2s# = R# ¥ (pstar# ®* z34 + z44)
alstar# = z1# / infils#
az2star# = z3# / infl2s#
y# = zistar# / (alstar# - alstar#)

‘call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id)

rstar## = X#

sigmas# = SQR(R# ¥ pgstar# * gstar#)

ap# = (alstar# - al2star#) * alpha# / alstar#
bp# = (aZstar# - alstar#) ¥ beta## / alstar#
z58% = CDBL(LOG(1# / bp#:)) ¥ (al2star# / infl2s#)

z6# = CDBL(LOG(1# / ap#)) ¥ (ailstar# / infis#)
nstard = (=z54% - z6#) / (agstar# - aistar#)
z7# = rstar# / (sigmas# * SQR(nstar#))

pterda##f = (pstar# / gstart# * CDBL{(EXP(z7#))>) /

(1# + (pestar# /7 gstar$ ¥ CDBL{EXP(Z7#))))
gterda#t = 1# - pterda#

'find nbar by replacing pstar by pterda

z8# = CDBL(LOG{((pterda# * gl1#) / (gterda# * pl#H)i>
z9# = CDBL(LOG(gterda# / glt#))

infi1b# = R# * (pterda# * =3# + z9#)

z10% = CDBL(LOG( (pterda# ¥ g2#) / (gterda# * p2#)))
z11# CDBL(LOG(gterda# / g2#&#))
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inf2b# = R# * (pterda# * z10# + z11#)
albar# = z8# / inf1b#
a2bar# = z10# / inf2b#%
aa#t = (albar# - a2bar#) * alpha# / albar#
bb# = (a2bar# - albar#) * beta# / a2bar#
z124#4 CDBL(LOG(1# / bb#)) ¥ (a2bar# / inf2b#)
z13# CDBL(LOG(1# / aa#)) * (albar# / inf1b#)
nbar$ = (z12# - z13#) / (a2bar# - albar#)
y = albar# / (albar# - al2bar#)
CALL NORTRY(y#, X#, d#, id)>
rbar# = X#
sigmab# = SQR(R# * pterda# * gterda#)
uint = LOG(1 / aa#) / LOG(pterda# * gi# /
(pi# ¥ gterda#))
usldpe = LOG(g1# / gterda#) / LOG(pterda# * gi# /
: (p1# * qgterda#))
l1slope = LOG{(gterda# / q2#) / LOG(p2# * gterda# /
(pterdas * g2#))

lint = LOG(bb#) / LOG(p2# * gterda# / (pterda# * g2#))
capm = (uint - 1lint) / (lslope - uslope)

LI = 1lint

LS = lslope

Ul = uint

US = uslope

MA = capm

LPRINT

LPRINT TAB(25)>; ™ BINOMIAL 2-SPRT"™

LPRINT

LPRINT TAB(30)>; " pl1 ="35 pl#; * p2 ="; p2#

LPRINT TAB{(28>; * alpha ="3 alpha#; * beta ="3; beta#

CaAalLL SHEET(LI, LS, UI. US, Ma>

END SUB



SUB POISSON (p1#, p2#, alpha#, beta#)

300 CLS
LOCATE 5, 15

PRINT
PRINT ' ENTER VALUES FOR THE FOLLOWING PARAMETERS:"

PRINT ™ ( LAMBDA 2 MUST BE GREATER THAN LAMBDA 1 )"
INPUT ™ FOR NULL HYPOTHESIS : LAMBDA 1 = ", ~
pl#
INPUT ™ FOR ALTERNATIVE HYPOTHESIS : LAMBDA 2 = ",
. p2#
INPUT ™ ALPHA = ", alpha#
INPUT ™ BETA = ", beta#
PRINT
PRINT"
310 CLS

LOCATE 5, 15

PRINT * AT THIS TIME YOU MAY WANT TO:"

PRINT : ‘

PRINT " (1) MAKE CHANGES™

PRINT ™ (2) COMPUTE VALUES FOR 2-SPRT DECISION BOUNDARIES™
PRINT ™ (3) COMPUTE THE EXACT VALUES (OC AND ASN FUNCTIONO™
PRINT * (4) COMCPUTE THE OUTPUT DATA SHEET"”

PRINT * (5) EXIT"

CHe = INPUT$(1)
SELECT CASE CHs
CASE 1"

GOTO 300
CASE "2

CALL PO2SPRT(p1#. p2#%, alpha#, beta#)
CASE 37

CALL POEXACT(pi1#, p2#, alpha#, beta#, 1lint, uint,

lslope, uslope, pp(), maxx)

CASE *'4*

CALL POSHEET(p1#, p2#, alpha#f, beta#)
CASE "B"

GOTO 360
CASE ELSE

BEEP: GQOTO 310
END SELECT



330 CLS
LOCATE 6, 15
PRINT "“CHOOSE ONE OF THE FOLLOWING:"
PRINT “(1) MAKE ANOTHER COMPUTATION™
PRINT ™(2) DO ANALYSIS FROM ANOTHER DISTRIBUTION"
PRINT "(3) EXIT"”

340 E$ = INPUT$(1)
SELECT CASE Es$
CASE "1

GOTO 310
CASE "2
GOTO 360
CASE "3"
GOTO 360
CASE ELSE
BEEP: GOTO 330
END SELECT

360 END SUB
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SUB PO2SPRT (pl#, p2#, alpha#, beta#)

‘program starts to calculate lambd-terda
'for the keifer-weliss problem

ee = 0

b# = p1#8 + _005

C# p2# - .00%

reler# = 0

abser# = 00001

‘call subprogram ZEROPO to obtain pstar -
CALL ZEROPO(b#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN
'pstar is lambda star
pstar# = b#
ELSE
ee = 1
END IF
z1# = CDBL(LOG(pstar# / pi#))
z2# = CDBL(LOG(pstar# / p2#))
infis# = pstar# * (z1# - 14#) + pil1#
inf2s# = pstar# ¥ (z2# - 1#) + p2#&
alstar# = z18# ./ infis#
a2stard = z2# / inf2Zs#
y# = alstar# / (alstar# - aZstar#)

‘call subprogram NORTRY tc get mustar
CALL NORTRY(v#, X#, d#, id)

'rgstar is mustar

rstar# = X#

sigmas# = pstar#

ap# = (alstar# - aZstar#) * alpha# 7/ alstars
bp# = (a2star# - alstar#) # beta# / aZstars
z5# = CDBL(LOG(1# / bp#)) * (a2star# / infZs¥)
z6# = CDBLC(LOG(1# - ap#3) * (alstar# / infils#>
nstar# = (zH# - zé&#) / (a2stargd - aistars#)

=78# = rstar# / {(sigmas# * SOR(nstars))

pterda# = pstart % CDRL(EXP(z7#))

‘find nbar by replacing pstar by pterda
z8# = CDBL(LOG(pterda$ 7/ pl#))

z9# = CDBL(LOG(pterda# / p2#))

inf1b# = pterda# ¥ (z8# - 1#) + pls8

inf2b# = pterda#s * (z98%# - 1&) + pzH

albar# = z8%# / inflb#

aZbar# = z98# / infZ2b#

aa# = (atbar# - a2bar#) ¥ zglpha# 7 attbars

bh# = {acbar# - albar#) ¥ beta# / acbar#

z12# = CDBL(LOG(1# / bb#)) * (aZbar# .~ infZb#:>

z13#

CDBL(LOG{1# / aa#¥#)) * (albars$ / inflh#>’



nbar# = (z12% - z13#) / (a2bar# - ailbar#)

Yy = altbar# / (albar# - a2bar#)

CALL NORTRY(y#, X#, d#. id)

rbarg# = X#

sigmab# = pterda#

uint = LOG(1 / aa#) / LOG(pterda# / pi#)
uslope = (pterda# - p1#) / LOG(pterda# / pi#)
lslope = (p2# - pterda#) / LOG(p2#%# / pterda#)
lint = LOG(bb#) / LOG(p2# / pterda#)

capm = (uint - lint) / (lslope - uslope)

LPRINT USING "NULL HYPOTHESIS : LAMBDA 1 -

= HHH HHEH"; p1#

LPRINT USING "ALTERNATIVE HYPOTHESIS : LAMBDA 2
= HEH_ HHEH"; poH

LPRINT USING "ALPHA = #.##"; alpha#

LPRINT USING "BETA = #.##"; beta#

LPRINT USING "THIRD HYPOTHESIS : LAMBDA TERDA

. = H###4 _ H#H#"; pterda#

LPRINT USING "LOWER INTERCEPT FOR THE BOUNDARY :
lint = ### ###"; lint

LPRINT USING "UPPER INTERCEPT FOR THE BOUNDARY
uint = H##8 ###"; uint

LPRINT USING "LOWER SLOPE FOR THE BOUNDARY :
lslope = ###.,.8##735 lslope

LPRINT USING "UPPER SLOPE FOR THE BOUNDARY

uslope = H##_#H##"; uslope
LPRINT USING "MAXIMUM SAMPLE SIZE FOR A DECISION
M = ##8 H#HHH"; capm

BEEP
END SUB
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FUNCTION POFUNC# (p#)

SHARED pi1#, p2#, alpha#, beta#

'p1# is lambdal, p2# is lambda2, p# is lambda

psi# ‘CDBL(LOG(p# / pi#))

ps2# = CDBL(LOG{(p# / p2%#))

Pinf1# = p# * (psi1# - 1#) + pil1s

pPinf2# = p# ¥ (pg2# ~ 1#) + p2#

pal# = psi1# / pinf1# . -

paz2# = ps2# / pinf2#

capAl# = pal# / ((pal# - pa2#) * alpha#)

capA2# = pal2# / ((pa2# - pal#) ¥ beta#)

POFUNC# = CDBL(LOG(capA2#)) * pinf1#& -
CDBL(LOG(capAl#)) * pinf2#

END FUNCTION

SUB POPROB (p0, pp(), maxx?

pp(1, 1) = EXP(-1 ¥ pQ0)

pp(2, 1) = pp(1, 13

FOR i = 2 TO 200

ppCi, i) = pp(1., 1 - 1) ¥ pO0 ~» (i - 1)
pp(2, i) = pp(Z2, 1 - 1) + pp(1, i)

IF pp(2, i) > .9999 THEN GOTO 700

NEXT i

700 maxx = i - 1

END SUB
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SUB. ZEROPO (b#, C#, abser#, reler#, iflag) STATIC

maxit = 500

400

401

402

403

404

405

rzero# = 0
runit# = 1
rtwo# = 2
reight# =
u# runit#
u# u# / rtwo#
p# = runit# + u#
IF (p# - runit#) > 0 THEN
GOTO 400
ELSE
GOTO 401

8

hn

" END IF

u# = ud ¥ rtwo#

re# = (reler# + u#) / rtwo# + ABS((reler# - u#)
/ rtuwo#)

ic = 0

" acbs# = CDBL(ABS(b# - C#))

af = C#

fa# = POFUNC#H#(a#x)

fb# = POFUNC#(Db#)

fc# = fa# ‘

count = 2

k1# = CDBL{ABS( fb#1)

k2# = CDBL(ABS(fc#))

fx# CDBL{(k1# + k2#)> / rtwo# + ABS((k1# - kZ2Z#)
/ rtwo#))

IF (k2# - k1#) < 0 THEN

GOTO 403
ELSE
GOTO 404
END IF
a# = b#
fa = fb#
b# = C#
fb# = fc#
CH# = a#
fc# = fa#

cmb# = (C# - b#) / rtwo#
acmb# = CDBL(ABS(cmb#))
tol#d = re#t * CDBL(ARS{D#)) + abszers
IF (acmb# - tol#) > (0 THEN
GOTO 40%
ELSE
GOTO 419
END IF
IF (count - maxit) < 0 THEN
GOTO 40¢
ELSE
GOTO 425 -
END IF



406

407

408

409

411

412

413

415
416

= (b# - a#) ¥ f{b#
= 1 - p#

IF p < 0 THEN

GOTO 407

GOTO 408

END 1IF

p# -1 % p#

q# -1 ¥ g#

a# b#

fa## = fb#

ic = ic + 1

IF (ic - 4) < 0 THEN
GOTO 411

ELSE
GOTO 409

END IF

IF (reight# * acmb# - acbs#) < 0 THEN
GOTO 410

ELSE
GOTO 415

END IF

ic =0

acbs# = acmb#

IF (p#% - CDBL(ABS(qg#)) ¥ tol#) > 0 THEN
GOTO 413

ELSE
GOTO 412

END IF

IF cmb# < 0 THEN

b# = b# - CDBL(ABS(tol#))
ELSE
b# = b# + CDBL(ABS(tol#))
END 1IF
GOTO 416
IF (p# - cmb# * g#) < 0 THEN
GOTO 414
ELSE
GOTO 415
END 1IF
b# = b# + p# / g#
GOTO 416

b# = (C# + b#) / rtwo#
fb# = POFUNC#H(b#)»
IF fb# = 0 THEN
GOTO 422
ELSE
GOTO 417
END IF
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-

417

418

420

count = count + 1
IF fb# < 0 THEN
k3% = CDBL(ABS(runit#)) % (-1)
ELSE
k3# = CDBLCABS(runit#))
END IF
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#)) #* (-1)
ELSE
k4# = CDBL(ABS(runit#))
END 1IF
IF (k3# - k4#) = 0 THEN
GOTO 418
ELSE
GOTO 402
END IF
C# = a#
fc# = fa#
GOTO 402
IF fb# < 0 THEN
k3# = CDBL(ABS(runit#)) * (=-1)
ELSE
k3# = CDBL(ABS(runit#))
END IF -
IF fc# < 0 THEN
k4# = CDBL(ABS(runit#)) % (=1)
ELSE
k44 = CDBL(ABS(runit#))
END IF
IF (k3% - kd4#) = 0 THEN
GOTO 424
ELSE
GOTO 420
END IF
IF (CDBL(ABS(fb#)) - fx#) > 0 THEN
GOTQO 423
ELSE
GOTO 421
END IF
iflae 1
GOTO 42¢
iflag 2
GOTO 426
iflag = 3
GOTO 42¢
iflag = 4
GOTO 426
iflag = 5

mn

END SUB
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SUB POEXACT (p1#, p2#, alpha#, beta#, lint, uint,
lslope, uslope, pp( ), maxx)

‘program starts to calculate lambda-terda for
'the keifer-weiss problem

ee = 0

b# = p1# + .005

C# = p2# - .005

reler# = 0

absers .00001

‘call subprogram ZEROPO to obtain pstar
CALL ZEROPO(b%#, C#, abser#, reler#, iflag)
IF iflag = 1 OR iflag = 2 THEN
'petar is lambda star
pstar# = b#
ELSE
ee = 1
END IF
z1# = CDBL(LOG(pstar# / pi#))
z2# = CDBL(LOG(pstar# / p2#))
infis# = pstar# * (z1# - 18#) + pi#

inf2s# = pstary# * (z2# - 1#) + p2#
alstart# = z1# / infis#
a2starg# = z28# / inf2s#
yv# = alstar# / (alstard# - aZstar#)

‘call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id)
‘rstar is mustar

rstar# = X#

sigmas# = pstar#

ap# = (alstar# - alstar#) * alpha# / alstar#
bp# = (a2star# - alstar#) * beta# / azstar#
z5% = CDBL(LOG(1# / bp#)) * (a2star# / inf2s#)
z68% = CDBL(LOG(1# / ap#)) * (alstar# / infis#)
netar# = (z5# - z6#) / (alstar# - alstar#)

z78# = rstar# / (sigmas# ¥ SQR(nstar#))

pterda# = pstar# ¥ CDBL(EXP(z7#))

'find nbar by replacing pstar by pterda
=8% = CDBL(LOG(pterda# / pl#))

z9# = CDBL(LOG(pterda# , p2#))

inf1b# = pterda# * (z8# - 1#) + pl#
inf2b# = pterda# * (z%# - 1#) + pz#
albhar# = z8# / inf1b#

aZbar# = z9# / infZ2b#

aa# = {(albar# - a2bar#) * alpha# / albar#

bb# = (a2bar# - albar#) * beta# / aZbar#



Zz12# = CDBL(LOG(1# # bb#)) ¥ (al2bar# / inf2b#)
z13# = CDBL(LOG(1# / aa#)) * (albar# / infl1b#)
nbar# = (2128 - z13#) / (a2bar# - albar#)

y = albar# / (aibar# - a2bar#)

CALL NORTRY(y#, X#, d#, id)

rbar# = X#

sigmab# = pterda#

uint = LOG(1 7/ aa#) / LOG(pterda# / pi#)
uslope = (pterda# - pi#) / LOG(pterda# / pil1#)
lslope = (p2# - pterda#) / LOG(p2# / pterda#$)
‘1int = LOG(bb#) / LOG(p2# / pterda#)

capm = (uint - lint) / (lslope - uslope)
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'print the exact properties for the poisson 2-sprt

LPRINT "EXACT PROPERTIES FOR THE POISSON 2-SPRT™

LPRINT
LPRINT USING "LAMBDA 1 = ##&# ##4"; p1l#
LPRINT USING "LAMBDA 2 = ### H#HH##"; p2#
LPRINT USING "ALPHA = #ouH"g alpha#
LPRINT USING "BETA = #.##"; beta#
LPRINT
LPRINT ™ MU cC POWER ASN NoD™
LPRINT "= rmmrmrr e e rr e e - - "
LPRINT
FOR i = 1 TO 3
SELECT CASE i
CASE 1

inc = pi# / 5

bot = inc

top = pl1#% + .0001
CASE 2

inc = (p2# - p1#) / 10

bot = pi1# + inc

top = p2# + _0001
CASE 3

inc = (1 - p2#) / 5

bot = p2#% + inc

top = 1 = inc
BEEP
END SELECT
FOR p0 = bot TO top STEP inc

mu = p0
CALL POPROB(pQ. pp(), maxx?
CALL POW{(p0, mu., lint, uvuint, lslope. uslope. alrha#f,
beta#. pp(), maxx)

NEXT pO
NEXT i

END SUB



SyB POSHEET (p1#, p2#, alpha#, beta#)

‘program starts to calculate lambd-terda
‘for the keifer-weiss problem

ee = 0

b# pi# + _005

Ce = p2# - .005

reler# = 0

atgser# = ,00001

1}

‘call subprogram ZEROPO to obtain pstar -
CALL ZEROPO(b#, C#, abser#, reler#, iflag?
IF iflag = 1 OR iflag = 2 THEN
*pstar is lambda star
pstar# = b#
ELSE
ee = 1
END IF
z1# = CDBL(LOG(pstar# / pi1#))
z2#% = CDBL(LOG(pstar# / p2#))
infls# = pstar# * (z1# - 18#) + pi#
inf2s# = pstarg * (z2# - 1#) + p2H
aistar#$ = z1#% / infis#
a2star#d = z2# / inf2s#
y# = alstar# / (alstar# - a2star#)

‘call subprogram NORTRY to get mustar
CALL NORTRY(y#, X#, d#, id>

‘rstar is mustar

rstar# = X#

gsigmas# = pstar#

ap# = (alstar# - a2star#) * alpha# / alstar#
bp# = (a2star# - alstar#) * beta# / alstar#
z5# = CDBL(LOG(1# / bp#)) ¥ (a2star#®# / inf2s#)

=26# = CDBL(LOG(1# / ap#)) * (alstar# / infis#)
nstar# = (zH8 - z6#) / (az2star# - alstars)
278# = rstar# / (sigmas# * SQR(nstar#))

pterda® = pstar# * CDBL(EXP(z78))

*find nbar by replacing pstar by pterda
=-8# = CDBL(LOG(pterda# / pl#))

=98 = CDBL(LOG(pterda# ~/ p2#))

inf1b# = pterda# * (z8# - 1#) + pi#

inf2b# = pterda# * (z98 - 1#) + pZs
albhar# = z8# / inf1b#

azbar# = z9# / inf2b#

aa = (a'bar# - aZbar#) ¥ alpha# / albar#

bb# = (a2bar# - atlbar#) * beta#t / aZbar#
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2 Ce - 4-/FL(LOGCI# / aa#)) * (albar# / infib#)
nbar# = /3242# - z13#) / (albar# - albar#)

y = a1M"f / (albar# - a2bar#)

CALL Mo FY(y#, X#, d#, id)

rbar#® * Vid

sigmab’ ,pterda#

Nint = ‘Aﬂm1 / aa#®) / LOG(pterda# / pi#)
dslope * jpterdaﬂ - p1#) / LOG(pterda# / p1#)
lslope - ~P2# - pterda#) / LOG(p2% / pterda#)
lint = j //7{bb¥#) / LOG(p2# / pterda#)

capm = /,rinit = 1lint) / (lslope - uslope)

L1 = 141
LS 1a)rFE
Ul = utf’
us = um!FE
Ma = cat?
LPRINT ] o
LprINT TAF(EBIS POISSON 2-SPRT"

LPRINTY -
LPRINT 1&5(30)’ Lambdal ="; pi1#; * Lambdaz

]

(I

. e " e s P
LprINT 1AE(3205 "Alpha ="; alpha#; Beta ="; b

CaLL gHprTCLI, LS, UL, US, Ma>

END SUR



SUB sheet (LI, LS, UI, US, MA)
900 LPRINT

LPRINT M= == o e e e e e e

LPRINT ™ SAMPLE™: TAB(13)5; “LOWER"™: TAB(20);
LPRINT TAB(29); "UPPER™; TAB(43); "SAMPLE";
LPRINT “LOWER™3 TAB(59); "RUNNING"; TAB(69);
LPRINT ™ NUMBER"™; TAB(13)3; "BOUND"™; TAB(20);
LPRINT TAB(29)3 "BOUND"; TAB(43); "NUMBER";

LPRINT "BOUND"; TAB(59); "TOTAL"; TAB(69);

LPRINT
X = 51

FOR R = 1 TO 50
IF R < MA THEN

*LB1 = CLNG(LI + (R * LS))
UB1 = CLNG(UI + (R * US))
ELSE
LB1 = 0
UBtT = 0
END IF

IF R ¢ MA AND X < MA THEN
LB2 = CLNG(LI + (X * LS))

UB2 = CLNG(UI + (X * US))
ELSE

LB2 = 0

UB2 = 0
END IF

905 LPRINT TAB(S)>; R: TAB(13); LB13; TaAB(20); "
TAB(29)>;5 UB1;
LPRINT TAB(44); X; TAB(52); LB2; TAB(59);
TAB(69)5 UB2;
X =X + 1
NEXT R

910 END SUB
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"RUNNING™;
TAB(D2)3
"UPPER™
"TOTAL™S
TAB(52);

"BOUND™
LPRINT e m et =



SUB NORTRY (p#, X#, d#, id) STATIC

‘subprogram "ncrtry” to {#ind mustar
ig = 0
X# 999999939
d# X8
IF p# < 0 THEN
GOTO 1
ELSEIF p# = 0 THEN
GOTO 4
ELSE
GOTO 2
END IF
1 ile = -1
GOTO 13 .
2 IF (p# - 1#) < 0 THEN
GOTO 7
ELSEIF (p# - 1#) = 0 THEN
GOTO 5
ELSE
GOTO 1
END IF
4 X = -99999999
5 d# = 0#
GOTO 13
7 d# = p#
IF (d# - .5) > 0 THEN
GOTO 8
ELSE
GOTO 9
END IF
8 d# = 1# - d#
S T2# = LOG(1# / (d# * d#))
T# = SQR(T2#)
first# = 2.,515517 + .£02852 * Ta +
.010326 * T2+

second# = 1V + 1,.4327#8 * T# + 189269 #
To# + ,00130T ¥ T8 ¥ To#
X# = T# - first# / second#
IF (p# - .5) >» D THEN
GOTO 12
ELSE
GOTO 11
END IF
11 X# = -1 ¥ X#
12 d# = .3989432# % EXP(-1 ¥ X % X 2t

—
2

END SUB



SUB POW (p0s mu, lint, uint, lslope. uslope, alpha#,
beta#., pp(), maxx)

DIM prob(3, 1000)>, T(2, 1000)

CLS

q0 = 1 - p0

FOR i = 1 TO 1000

FOR j = 1 TO 3

prob(j, ) = 0

NEXT j

NEXT i B

[ )

11im1
ulim1
T(1, 1)
lastn
lastt
FOR n TO 1000

11lim2 INT(1int + n * 1lslope + .99999)
IF 11im2 < 0 THEN 11im2 = 0O

hoan
~ =0l o0
—

]

ulim2 = INTCuint + n * uslope)
IF lastt = 1 THEN
prest = 2
ELSE
prest = 1
END IF
times = ulim2 - 11im2 + 1

FOR i = 1 TO times
T(prest, i) = 0

NEXT i
FOR j = 11imt TO ulim?
unum = ulim2 - j
IF unum > max»x THEN unum = maxx
lnum = 11im2 - j
IF lnum < 0 THEN lnum = 0
from = j - 11im1 + 1
FOR i = 1lnum TO unum
index = i + j - 11im2 + {
T(prest, index) = T(prest, index) + T(lastt., from)
* ppl1, i + 1)
NEXT i ‘
prob(2. n?) = prob(2. n) + T(lastt, from) *
(1 - pp(2, unum + 1))

IF 1lnum » O THEN

prob(1. n?) = prob{(1, n) + T(lastt, from) * pp(2,
NEXT j

find = 0

lnum?
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FOR i = 11im2 TO ulim2

chk = 1 - 11lim2 + 1

find = find + T(prest, chk)

NEXT i

prob(3, n) = prob(1, n) + prob(2, n)
IF find < .00001 THEN GOTO 21

ulim1t = ulim2 -
1lim1 = 11im2

lastt = prest

NEXT n

maxn = 1000

GOTO 22

LOCATE 8, 12

21 PRINT n

maxn = n

22 oc = O

power = 0

EN = 0O

chk = 0

find = 0

FOR i = 1 TO maxn

oc = oc + prob(1, i)

power = power + prob(2, i)

EN = EN + prob(3, i) * i

find = find + prob(3, i)

IF find < .95 THEN GOTO 30

IF chk = 0 THEN n95 = i

chk = 1

30 NEXT i

LOCATE 11, 12

LPRINT USING "##### ###"; mu; ocj powersj; EN35 n95
'print oc,power,en,n9b

END SUB
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