
*o-Aflo no NAvAL PO$TflAOIJATE SCHOOl. NOWTThtV CAL IF Ffl ts/8
CO *ARI SON OF FOtS SEQUENTIAL PROBABILITY RAT IO TESTS. (U)
NAR 7~ S H I l L

UNCI.ASSIFILD II.

I
I



- -V —

I .0 ~
J2.8 ~ 2.5

II _____ 

~32 2.2

• 

~ 

~~~~~

11111’ .25 tIIIIi•4 un~•~
MV IV V 1 V  RESOLUTION TES T CHART

~~~A N l . 4 k ( ~ A



LEVEL ’
NAVA L POSTG RADUAT E SC HOOL

Monterey , Califor nia
H

_  

JU L ~~~1978
—
I .  

/

HESIS ~~~ 
B

COMPARISON OF SOUR ~ EQUENTIAL

P ROBABILITY RATIO ~~ STS - /

by

/ r~ Sun~~ Hwan/W1e / —
~

Mar _ 1F78

Thesis Advisor : Donald R. Barr

Approved for public release; distribution
unlimited .

-) ~1L ~/

78 07 10 Oo~



UNCLASSIFIED
SECURITY CLASS IFICATION QF THIS PAGE (~~~sn Do,. £n~.v.d)

~ E~ ’~~
1 ~~~~~~~~~~~~~~~~~~~~~ °41E READ !NSTRU CTIO NS

i~ ,-‘j, ~~, ~~wi ~~ ri u ~~i i~~r’ U BEFOR E COUPLETU4G FORM
I. REPOR T NU H I E R  2. GOVT ACCESSION HO L RECIPIENT S C A T A L O G  NUMSER

4. TITLE (a,d SubIill•) S. TYPE OP REPORT I PERIOD COVERED
Comparison of Four Sequential Probabilit~ Master ’s Thesis
Ratio Tests March 1978

S. PERFORMIN G ORG. REPORT WUM SER

7. AU T HOR(•) S. CONTRACT OR GRANT NUMSER(S)

Sung Hwan Wie

I. PERFORMING OROANIZAT ION NAM E AND ADDRESS 10. PROGRAM £LEM(NT~ PROJECT , T ASK
A REA I WORK UNIT NUMSERS

Naval Postgraduate School
Monterey, California 93940

II. CONTROLLING OFFICE N A M E  AND ADDRESS 12. REPORT DATE

Naval Postgraduate School March 1978
Monterey, California 93940 I

~ 
PAGE S

14. MONITORING AGENCY NAME & ADDR!SSOI dJI lovwS ho. Co.,t,.Uffil 0111c.) IS. SECURITY CLASS. (of ffil• r~~ort)

Naval Postgraduate School
Monterey , California 93940 Unclassified

II.. DECLA $SIPICAT ION/OOWNGRADING
SCHEDuLE

IS. OISTRISUTION STATEMENT (of thS. Ropo.t)

Approved for public , release; distribution unlimited.

17. DISTRISUTION STATEMENT (of IA. ab•tract ,t.o,d Sn Pl..k 20, U dSfS.... ,S ho. R.p..t)

IS. SUPPLEMENTARY NOTES

¶5. KEY WORDS (Canlgnu. on .v ,.. i5d IS n.c...o.y ond 5~ o,~I55~. by block .,o.b.e)

20. ASS~fIACT (C.0IInNO —t , vo.i • .I ~. St n~c.i p aid Idaiffi ~’ by 01.01 maiS.,)

~~An investigation of expected sample size (E[N])variance of sample size (y IN)) and robustness of four
sequential tests applicable to testing bombing system
accuracy is made using computer simulation.

Operating characteristics, EENI , yEN) and error
rates for these tests are presented.

FORM 1
(Pag~~ 1) :~~

‘:2
~:I:~
’:

~~~ 

IS .B9O~~~TE 

Cicu

’

~~~y CI., LF1~~~~~~~.~I1).iJP~~~~~(WI IM. Do.. ~~ ts~~d)



Approved for public release;
distribution unlimited.

COMPARISON OF FOUR SEQUENTIAL

PROBABILITY RATIO TESTS

by

Sung Hwan Wie
Lieutenant, Republic of Korea Navy
B.S., Korean Naval Academy , 1974

Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN OPERATIONS RESEARCH

from the

NAVAL POSTGRADUATE SCHOOL
March 1978

Author: 
- ,

Approved by: ~~~~~~~~~~~ fe~ /SaA,% ..
Thesis Advisor

/ ‘,“c~,1 
‘~~~~~~~~~~~~~

Second Reader

Chairm , e ent of~~perations Research

n In~orma n and Policy 
Sciences3



ABSTRACT

An investigation of expected sample size (E[N]),

variance of sample size (V[N1) and robustness of four

sequential tests applicable to testing bombing system

accuracy is made using computer simulation .

Operating characteristics , E[N], V [NJ and error rates

for these tests are presented.
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I. OBJECTIVE

In this thesis the Sequential Rayleigh Test and three

sequential binomial tests, which are applicable to testing

bombing system accuracy , are compared by computer simulation.

The objective of this thesis is to investigate expected

sample size, variance of samp1~ size, error rates of these

tests, and to investigate their robustness.
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II. DESCRIPTION OF THE TESTS

A. INTRODUCTION

There are two types of tests of a system (which is

taken to be a bombing system in what follows). The sample

size is determined as a direct result of the experiment

in one case (and is therefore random) , and the sample size

is selected prior to commencing the test in the other case.

The former procedure is called a sequential test [1].

The test procedures being considered here are sequential,

and are based on assumed circular normal distribution (that

is, bivariate normal) with the same variance in each co-

ordinate. In the coordinate system of the target plane it is

assumed that:

X”- Normal (O ,a2)

Y— Normal (0,c 2).

The origin of coordinate system is the target, and X and

Y are distances from the weapon impact to the target along

the X and Y axes.

If it is further assumed that X and Y are independent,

then is normal with mean 0, variance 1. —i.- is normal

with mean 0, variance 1. Thus ( ~~_)2 + ( Y )2 has Chi-

square distribution with two degrees of freedom.

7



The density function of Chi-square with two degrees of

freedom is (23 .

(t) = . e —t/2, t>o
2.r(l)

— 1 —t/2
-

This is the exponential density function with parameter

X= ~~
. . Here,

= 
x 2 

a2 
, where X 2 + is squared miss

distance of the impact from the target. Let this be another

random variable Z Then,

~~~~~ 
Exp(4)

The density function of Z is derived as follows:

Fz(z) 
= P ( Z< z

= P  
~~~~~~~~~~~ ~~~].

8
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Let 
a2 

be Z ;

then Fz(z) = ~~~

Where Z is exponentially distributed with parameter ~~ 4.-.
Then

Fz~~
(
~~7

) = l_exp (_z/2.cy23 F ~~
(Z)

From the relation that = Z~ the density function

of Z is [5)

1
2 exp(—z/2.o2 ) = f 2(z)2a

which is the exponential density function with parameter A= -1
2

Assume C is the median of Z (C represents CEP2 which is de—

•1 fined to be the median of the squared Circular Error Probable

(6] )

Then by definition :
1Fz(C) —

1 —~ cp (—C /2.cj2]~ 4
1- -

2 _ C
— 22.n2

Thus Z ”~’- Exp (&~~.)

9
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If a bombing system has been specified to have median radial

miss distance y,, and if a system with radial miss distance

Ii is unacceptable, this can be tested with C0= as the

null hypothesized median and Ci =‘Y i
2

~~~ the alternative

hypothesized median. Here, £n2 £n2 are the parameters

under null and alternative exponential distributions,

respectively.

In what follows C0 will be treated as median under null

hypothesis and C1 as median under alternative, where these

quantities relate to the squared radial miss distribution.

B. TEST CASE A: SEQUENTIAL RAYLEIGH TEST

If a system is to be tested with null hypothesis

H0: CEP 2 = and alternative hypothes i.s H1: CEP 2 = c1
with type I and type II error rate ~ and B, then a sequential

test for H0 against H1 can be defined as follows. We shall

call this the “Sequential Rayleigh Test” in what follows;

it is an application of Wald ’s Sequential probability ratio

test to the exponential situation described above.

Two positive constants are chosen, B and A , where B < A.

At each stage (n-th experiment or observation) , the probability

ratio n ~~~~ 
C1) , called the likelihood

11
i=l f(z~ ; C0)

ratio [3], is computed, where f(z~ ; C~) is the exponential

density function with parameter £ n2 , j  = 1,2
C~

10



n ~(z
., C1)

If B< .ll,~ 
~ 

<A , then another observation is made (this
1— (z1, C0)

means the test enter s t~~: (n+l)
St stage).

If the likelihood ratio does not fall  in the interval (B ,A),

called the continuation region, the test terminates.

In termination, the conclusion is to :
n f (z~~, C1)Accept H0 if i~l ~~ C0) ~ B;

n f (z
~~
, C1)Reject H0 ~~ ~~~ c ‘

~ 
~~ A.

i=l ‘ i’ o’
For a test with approximate level of significance ct and power

1—B , one may define (1]
B

~~~~~~~ d B —- -s -
Thu s, an approximate bound for each stage can be obtained as

follows:

The explicit form of the likelihood ratio is

n f (z . , C1)1

1=1 t(z~ 1C0)

= 
(t n2/C 1) .exp (—z 1.~.n2/C

1) . — — — .(2~n2/C 1) .exp [— z ~~.R.n2/C1)
(~ n2/C0) .exp [-z1.~ n2/C0]. — — - . (~ n2/C0) .exp[-z~~.~ n2/C0)

(~.n2/C1)~~. 
( ~ z~~) . ex p [— 2 ~n2/C1)

= i=l
(2.n2/C ) fl ( ~ z.).exp(—9~.n2/C

i=1 1 0

11
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“C ~ n [n \ r=1 0 — I E z .j  f~ n2 — £ n 2 J
e ~~~~~~~~~ ‘I L~’ ~J

This is equated to A and the logarithm is taken to obtain

rejection bound R~ for the n-th stage;

1 8  f n  \ r  1
) n S ~nI 0 \ — I E Z . ~ J 2 ~n2 — 2.,n 210. 

\i=l 7 L~T ~ J
The test rejects H0 if

~~1
Zi~ 

—2.. n(l— 8) + (C 0)  = Rn

(9..n2) . 
~~~~~~~~~~~ 

—

where E z~ is sum of squared radial miss distances.i=l

The same procedure can be applied to B:

~ /__

B
_~~~~ _ _ _ _  

- / ~~ 
z Vfrz2 - ~n2

~~ 1-.ct ) ~~C1) ( i=l 1/l~ C1 C0

The test accepts H0 if

i~l 
~~ _ _ _ _ _ _ _ _  

=

Here , it is assumed C1 > C0, which is, we envision, true

in the bombing system test.

12
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C. CASE B: SEQUENTIAL BINOMIAL TEST WITH P0 = 4
In the study of bombing system the target is defined to

be a point on the impact plane and impact of a bomb within

(over) some distance /F~ from the target is defined to be a

hit (miss).

A null hypothesis that CEP 2 = C0 is to be tested against

an alternative hypothesis tha t CEP2 = C1, with Typ~ I and

Type II error rates 0. and B, where C0 < C~ .

Also this system can be tested with CEP 2 ~ C0 as null

hypothesis and CEP 2 ~ C1 as alternative hypothesis without al-

tering the test procedure.

Let P0 be defined as the probability of hit under the null

hypothesis, and P1 to be the hit probability under the alterna-

tive hypothesis. Then under H0, CEP 2 
~ C0, which says the

- true median of squared radial miss dis tance is less than or

equal to C0, implies the probability of hit is greater than

or equal to 0.5.

Similarly, ~~~ 
2 
~ C1 implies the probability of hit is

less than or equal to 0.5 under the alternative hypothesis. So

the new hypotheses are defined asH0; P0k. 0.5 and H1: P1 ~ 0.5.

From this hit or miss criterion r , a value of squared radial

miss distance may be obtained which gives P0 value of 0.5;

i.e., if

13
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—tn2 . r

F~~(r)  = l— e = 0.5

then ~n(0.5) = (~ n2 ) .  (— _
~~~~~~ 

) , so r = C0 .

The alternate hit probability P1 is found as follows:

= 

~r 
(hit CEP2 = C1]

= 1’r (observed squared radial miss distance < r CEP2=C13
9n2 r

= 1 — e  Cj~~

£n2 C0

= l — e  = 1 — 2

Let the random variable Z1 be defined as:

(a if miss (squared miss distance > r)

if hit (squared miss distance < r)

Then the likelihood ratio becomes

n f (z.,P
II

i=1 ~ (z~~,P0 )

= 
(~~~) Z (1_~ 1) n_ z

(1/2) Z (1/ 2) n— Z

~I’ ~1 \ ~ ( 1...~~~) n

n
W h e r e Z =  I

i=l

14
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For a sequential probability ratio test for the binomial

situation, the experiment is continued as long as this value

remains between B and A.

An approximate acceptance boundary is found by substituting

8 for B [1].

Then ~~ 
~ (j

~~ 
z~~ . ~n + n . ~n(2 (1-P1)).

Substituting (1_2~~0//C1) for P1 gives

(l_2~
0 1 )  

+n. th

Solving for i~l 
z1, which is a convenient test statistic :

n £~ -n.( 1 - C0/C1). ~tn2

I z . > - 
= A

1 - C0/C1 n
— 9.n (2 — 1 )

CO/Cl(The inequality changes because C0<C1 implies 2 
- 1 ~~. 0 . )

Where 
~ 

z~ is the number of bombs which hit the target, out
i=l 

1 8of the total f ire, n. And substituting .-
~~~— for A, an

approximate rejection boundary is found to be.

15
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— ,-.

9~ (~~~~~~~~ (1...C0__
‘~~ n2

n ~ a J  \ C1 )  —

I f C 0/C1 \ Rn
i=l £n (~2 — 1)

The test now operates as follows:

in stage n,

Accept H0 if i~1 
z~ ~

Reject H0 if ~ z~~ R~ ;

Continue to stage n+l otherwise.

D. CASE C: A SEQUENTIAL BINOMIAL TEST WITH NULL PARAMETER

WHICH MINIMIZE S E [N ]  UNDER H0.

This case also has null hypothesis CEP2~C0 and alter-

native CEP2~C1. Let P0(r) be the probability of hitting a

target of radius and let P1(r) denote that probability

under H1. In mathematical form:

~~2 .r
C

P 0 (r)  P 0 (Z~.r~ CEP 2 
= C0.) = l—e

Ln2
- . r

P1(r )  = Pr (Z~ r J C E P  = C1) = l—e

16
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CO/ClThu s: P1(r) = 1 — [1 — P0(r)]

It is desired to determine r so as to minimize expected samp1~

size n , required to test H0 vs H1 with Type I, II error rates

ct,8 respectively , using the Binomial Sequential Probability

Ratio test.

The average sample size function is

~ (l—L(P~)).2~nA + L (P).~ nB , [1), (4]E (N)  — 

/P1(r)\ fl—P1(r)P.Ln (
~P0(r)) 

+ (l_PUfl
~~~ p (r )

where P is the true probability of hit and L(P) Pr (accept H O I P ] .

If P0(r) is chosen to be the underlying hit probability , then

L (P 0 ( r ) ) = l — c x .

By substituting L (P 0 (r ) ) = l - c t ,

A = 1—B, P1(r)=1—(l—P 0(r)).C 0/C11B 
=

0. 1-ct

in E [N ]  function , the expression above becomes

/1—81 1 8
ct9..fl ‘:-~

--i+ ( l — c t ) R . n~I~~~
l— (1—P0 (r))

P0 (r).[2~n~ P0(r) ) ] + (1—P 0 (r) ).2..n (0.—P0 Cr)) ]

If a value of P 0(r) which minimizes E(N) is obtained, r is also

obtained from P 0 (r) . The numerator is a negative constant as

long as 6<0 .5  and ct(0.5 and the denominator is a negative variable

depending on r.

17
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Therefore , in order to minimize E (N)  it is necessary only to

maximize the absolute value of the denominator.

Let C0 = 1
C1 Ic

Then for various values of K, P0(r) may be found.

Figure ll ishows a plot of P0(r) vs k resulting from this

minimization. As k approaches infinity P0(r) approaches 1.0; as

k decreases to zero P0(r) decreases to around 0.63. Specifically ,

for k = 2

P0(r) = 0.8416, P1(r)  = 0.6020.

From this - r is found to be

— c0.~~~~°~~~~
4) 

= 2.65836.-C0

Let Z be a random variable such that

fO 
if squared miss distance > r

if squared miss distance ~ r

where r = 2.65836.

Then the hypotheses in this Binomial test becomes:

H0: P0 = 0.8416 , H1: P1 = 0 . 6 0 2 .

If P0 = 0.8416, P1 = 0.602 are substituted in the likelihood

ratio (similar to Case B above), acceptance and rejection bounds

at stage n are:

Accept H0 if

i~~~l 
~~i ~~ 

—1.2564 . Z~ ( ~~~ 
+ n O.7333 =

18
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K. (!!~ 7

K 0 . 0 0 1  0 . 1  0 . 3  0 . 5  0 . 9 0  1 . 0 1  1 .414 1 . 5

P0 0.632 0.655 0.707 0.745 0.789 0.800 0.820 0.824

K 2.0 3.0 5.0 7.0 10.0 20.0 50.0 100.0

P0 0.842 0.863 0.886 0.899 0.910 0.928 0.944 0.953

FIGURE 11-1
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Reject H0 if

n
I Z~ ~. — l.2564.2n ( LA) + n.0.7333 =
i=1

Continue otherwise.

E. CASE D: A Sequential Binomial test with null parameter

which minimizes maximum value of E(N)

In the binomial situation described above, the hypotheses

about the parameter are

H :P P
0 o

H1; P =

The maximum average value of E(N) occurs very nearly at

/ 1—P0(r) ~
-. 

— 

2. nl1,~ 1 P 1(r) ) [4)p — 
/ P1(r)\ — / l—P1(r)£.n 
~ P0(r)) ~ ~~1—P~~(r)

from which

~~- ~B A .  £ f l B
E(N) 

/P1(r)\ f1—P 1(r)
— 2

~\
1_P

0(r)

= 
VIA. 2nB

~i— ( 1—P 0 (r )  )C0/C 1 ~i 1—P0 (r ) )C O/Cl J
_ _ _ _ _ _ _  . •~n!  _ _ _ _ _ _[ 1-P0(r)

(P1
(r) = 1 — [l_P

0 (r) ]C O/’t l, See Case B)

The numerator is a negative constant for given a and 8.

20



Similarly as in Case C by maximizing the absolute value

of the denominator , the maximum value of E [N] is minimized (or

at least nearly so).
C

Figure l l 2ehows the relation between P0(r) and k =

Specifically for k = 2

P Cr) = 0.89867, P1(r) = 0.68167 with r = — ~. fl (l—O.89867) =
0 2fl2

3.30286 is obtained .

Hence the hypotheses for this case are H0: P 0.89867,

H
1
: P=0.68l67, and “hit” is defined by squared radial miss

distance less than or equal to 3.30286.

Let Z be a random variable such that

(0 if squared miss distance > 3.30286
z. =
1 

(1 if squared miss distance � 3.30286.

Proceeding similarly as in Case B, the decision at stage n is

Reject H0 if

E Z~ ~ —1.42167 . + n.  0.80552 =

Accept H0 if

n
I z. .? —1.42167 . Ln ( 8 + n .  0.80552 = A
i=1 1

Continue to state n+1 otherwise .

21
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- I I 1
2. 00 ~.i0 1. 00 J ~A - 0 D

k

K 0.05 0.1 0.3 0.5 0.7 0.9 1.01 1.414

P0 0.5 0.504 0.602 0.681 0.738 0.780 0.794 0.851

K 1.5 2.0 2.5 3.0 4.0 5.0 7.0 10.0

P0 0.859 0.899 0.925 0.944 0.968 0.982 0.994 0.999

FIGURE 11-2
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III. DETERMINATION OF SIMULATION FACTORS

For convenience the hypotheses

H0: CEP2 = 1

H1: CEP 2 = 2 were selected .

This means k = 2 in Case C and D.

Type I and Type II error rates were selected to be 0.05.

But actual simulation gives Type I error rates .0258 , .046 8,

.0396 , .0292 and Type II error rates .0396, .0402 , .042 0,

.0400 for Case A , B, C, and D , respectively. This point is ex-

plained in Chapter 3.3 of (1]. Approximate error rates of

0.05, 0.05 (Type I, II) were obtained by adjusting the bounds

A and B , which is possible by changing a, 8 in A = !-~ , B =

• The adjustment factors used here are:

CASE A a = 2.0 x 0.05 8 = 1.2 x 0.05

CASE B a = 1.2 x 0.05 8 = 1.2 x 0.05

CASE C a = 1.5 x 0.05 8 = 1.15 x 0.05

CASE D a = 1.5 x 0.05 8 = 1.1 x 0.05

How many replications are enough? Assuming N1, N2 have Bi-

nomial distribution with probability of success 0.05, a sample

size n is found such that 
~~~ 

I~1-~2 Ic) 1-ct , where a is the

• significance level, p 1, 1=1, 2 is the estimation of P1 . The above

equation implies

Pr (
~ C < ~l 

— P2 < C) = 1—a

Pr (~
c < N1 — N 2 < C) = 1—a

P (—nc < N — N ~nc) = 1- ct
r 1 2

23



By the Norma l approxima t ion , (N~ - N 2 )-~ Normal w i th  mean o and

Variance 2np(l—p) .

Thus
N - N

‘~r 
— 

- 
nc 

— 

1 2 nc 
= 1~ a

~[2np(1-p) /~~ip (1-p)

gives
nc = Z  a

~[~np ( p)

The fo l lowing  table shows n for  various value s of a and c.

a
0.2 0.1 0.05 0.025 0.02

S 3~

c 1.285 1.645 1.96 2.24 2.33

0.2 3.9 6.4 9.1 11.9 12.8

0.1 15.7 25.7 36.1 47.6 51.5

0.05 62.7 102.8 145.9 190.7 206.3

0.025 250.9 411.3 583.9 762.7 825.2

0.01 1568.7 2570.7 3649.5  4766.7  5157.5

0.001 156866.4 257072.3 361237.5 476672.0 515745.5

24
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Assuming c = 0 .01  and a= 0.02 , an approximate value of

5000 is obtained through the tab le .  By this  number of re-

p l ica t ions , obtaining a d i f fe rence  in es t imated  error  ra tes

greater than 0.01 is significant at level 0.02. Exponential

random samples were generated by the Monte Carlo method.  For

an exponential variate T to have median m , it is necessary

to use the scale parameter  x = 
~. n 2

m
9.fl2 

.
so FT (t )  = l-e  -

But U = FT (T) is un i fo rmly  d i s t r i bu t ed  on (0 , 1) [ 8 ] .

-T
Thus 2 1Tt = 1 — F(T)=1-1J is also uniformly distributed.

F i n al l y T .  Zn2 = — 9 . n U , or
m

T = — m .  £ n U
£n2

By chang ing the median of the populat ion sampled , the

operating characteristic function , expected sample size at

termination , and its variance can be estimated for each test ,

and those can be compared. 
-

The medians to be generated are those which result in a

0.1 difference of operating characteristic function values

• in Case C , which is based on minimizing the maximum E(N),

those which yield Type I , II error rates , three points which

yield approximate maximum E(N) value (for Cases B , C , D), and

five more points in both tails.

25
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By changing the skewness of the sample distribution ,

comparison of the robustness of the four tests of hypotheses

about the medians under null and alternative hypothesis was

performed.

This is based on the assumption that the underlying

distribution is WEIBULL with shape parameter a and scale

parameter A.

If T’~— WEIBULL {a , A },

the distribution function of T is

FT (T) = 1 — e

Let m be the median. Then

~r 
(T ~ ml = PrET ~~. m);

‘A ~~1 — e ’ m, 
= 0.5,

2..~~(0.5) = — (A .m) ct

Solving for A,

A = 
l[9.~ 2J i/ct

Now l—e _ (AT)ct
~~ U(o,l), so

9.n ( l — U )  = — (XT) ct

T = ~. [9 . n ( U )  )~~ , where U--’ U (0,1).

Substituting A = ~~ (Zn2)l/ct

T = m . , ~~..WEIBULL~cz 
~~~~~~ 

(9.112 )l/Ct }
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Following histograms in Figure 111-i show the effect of

changing a in WEIBULL. As a decreases the distribution is

widely spread and it is said that the distribution has heavy

tail (Figure Ill—i, B). In the opposite case; i.e. a increases,

it has light tail (Figure Ill—i, A).

Figure 111—2 is observed keeping a fixed at 1 and median is

0.5, 1.0, 2.0 in WEIBULL.

This is exponential distribution with median 0.5, 1.0, 2.0.

27

-~~~~~~~ •~ . 1  - 

-

- — - . -  -~ - .  - -  - -



:~: 
T H I S P A GE I S B E S 2 , Q~JA 

-- -

4) 0’ r’~-ô.,.-40OO00~~OO00
I I I I I
• + wwUJwwUJ uJ

o
I- 0.? .-I~0tfl Ifl U

• 4.— .
u-

~.or-r-0u’.r

I I
+ +

01
I a

I 0 —
+ 4.— s

Os I ~
I I 0~-I.~
+ 4.

05  I X zZ
i ~n

I I (fl
• 4— . z wwujww

o I I I- t~I ~a ~~~~~~~~~~~
I I —
I I I- 5—I-I- I- I-
• + ~~ zzzzz

~~
I I I’~- —
I I .0 ~ Zc10O~7QZ4.

0 5  I ‘U ‘I) Z0~A OU’%OX
• — ..._c’au,r-0s4

I I 0 ~~~~~~~~~~~~~~ (V ~
+

0 5
• I ~II 1 0
4. +~~~ S ~#) .10 1.-I.40 Q

01 41 I- 000000
Z I I I I
LU ~UWW WWW —

• + X OJ”fl O.-4.-I Ifl
Ol 5.) .4’ 1 rn4I .4

o • m ~ ‘~~~4U’.0st
U I ~, ~. ,.auu.w p.4
In 4. 4 S ..1 4 u’ -54 P14 ‘- -i

0 5  In 4 (
~a(~IU’~~~e4C.4

~~ . . . .• .
I- 0’c~~’t~~l

+ + Z
W O l

I- H— 0
UI 4 +~~~~• ~~ UJI!)

0 I ‘1• LU
Ui .1 ZI-44

0 UJ~~~I-I-
0. 4 4 — .fl’4~ ~~~~tUUJ —

4~ *4 .  X ZXUI~~~~~~~ 
C.~

4 *4 0U, ** 0• 4—.
—. ** .t — 1-4

*4 0 .4..p-4..I0.4 H
*4 0o.,•,00

+ 4 LU 1 5 1 1
m 4*4 0 IL’UJUJW UJ’U

*** •n o
*** rs C)

+ + • 0
0 * * * * * * I” U sji or—CJ~~
— * * * ~ * * o ~ m”~.i mo Q

4*44*4 ~~ —‘~~ H
4 + —

0~ ******
****** r—
*4 *4 *4  41 U

+ 4 •  5— 0
• p - U  ** * * *** *•*  5.4 Ui ~~~~ 4

— ‘ I * * * ** * ** **  U>4W U)
I * 4 * 4 * 4 * 4 * 4  U ZUJ>0 ~~
• 4. 4 4 0  UJO.

~s I * * * * * ** - ~~* ***  Ui — U.ZU5I)
P14 1 4 * 4 * 0 4* 4 * 0 4*  0 ~~ ~~0UJdZU4*0*4*04*44* U 0. 4I 0W4.~.

* + ‘ .  ‘/~ ~~“UZ~~ Z
UI ** * * * * * * * * * * *~~~~** * * *W *  1.4

S *********4*********** Q
‘p 4.

4., ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 1Jr1 Q~J0e4.4

P-I *4 0*4 *4 *  * * * * * * * * * * * * * * * * ** * *~~~* * * * * * * * *  ,n 000001)0
I * ** * * ** ** * 0 4 0* * * ** * * * * * * ** 0 0 0 0* * ** * 0 4 4  Sn I I
4 4.—. WUJSUWWWW

In, * * * *0 4 4 4 4 0 0 0* ** 0 0 4* ** ** * * * * ** * * * ** • * • *  .4 0
I_ I  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I • s . .I s . I . . I . . • .I • S . •. • S .. s S• • S S St I • . • • IS . S • • IS • s . .  Is. I’ l’ lfl ,,NNQ

In * )- I’ U”lJ.OU’
Ui (II I 4 .4 * * *4 * * * * * * * * * *4 * * * * * *W * * * * * * * ** * * * * ** * * *W 0 0 40  U U
— U’I •W ********.********e*W ***********-fr****440****** I~~ LU .~~ ~4W(J000U
U 4 .*4 4 4 4* *4 *4 4* * *4 0 0* * * *4 4 4*4 4 4 4 4* * * * *0 0 0 0 0 4* *0 4 4  .0 )L LU • • • • •z • . . . .. . . . . . .. . .. .. . . s . .. . . . . . . . . . . . . . ., . . s . , . , e . S• e — • — Li 4(l.05t’ICIO
LU 1 I  * * * * * * *W * *W * * * * ** * * * * * * ** * ** * * ** * ** * *W W* * ** * * * * * **  0 U.

~~ V 1  * * * * * * * * * * * * * * * * **# * * * * ** ** * * * * * ** W * * *W * * * * * * * ** * *  LU
U I * * ** * * * ** * * ** * ** 0 0 0* * ** * ** * * ** * * ** ** * * 0 0 0* * * ** * * **  LU 5-
Ui 4. 4 .J UJ44

~~ 514 5 * * * * * * * * ** * * * * * * * * ** * * * * * * ** * 0 00 4 .J £ZULULU
U. ‘U~ 4 4 0* * * *, * * ** * * * * * * ** 0 4 0* 0 4 4* * ** *  U 4

I * ** * * * * **0 4 4 9 0 0* * *I k 4 4 4 4 0 0*0 4 0 4**  0 Il) ~~ 4Wui4
4 —  . I— Z~~~~TX

141 14 4. P14 0 LU ‘U 4. ‘14 0 £
— — — .4 — 0 0 0 0 SM UiLU~~~... ’Ui4
• S • S S S S U

28
- - ---- — - -- — - - _ _ _ _ _

7’ 1 -



TH iS FAGE IS BE ST Q~it~LIi’L F k C ~’LCA~~~
)~~4CO~IFURNISHD1~

)
~~O _

~~~~~~~~~~
‘

-
~0’ I f * - ~~ -~~* * *4.4

* * * * * *4*
+ +

551 5 0*
** 5f5
*0 5

•
— II *

* C100000C)
I * I I I
• + UJUJWW UJUJW

5’) I * *I * * N ~51Q’tt%~~iUl’00
* * S

• +~~~WII *4*I * * *I *0*  5 • • S •5 5
+ + .-I0’(’S .4In’O C’J

4 1  4 *4 .
I 0*0  0
I *4*  5 —
4 4—LU

N - **** W4W
*0*0

+ + 1 LU .
.4~ *4*

4*4  I’S
*0* S

+ 4—N Z WIs.wWUi
4. * * * U J —I ..4.-i..J

* * *
*0* 5- 5-5-5-5-5-

+ + ~~ zzzzz
.4 * 02

* 5~~ —
* S ~~ Z3-3~~.J0Z• + ‘U 5- —

IA *** UI ZOInOUSOX
*4 * — (“iu’SNq’4 m
*0* 0 z . .. . . a; c’~+ - +
*4*
0 *0  0 Lfl
* * *  S

+ +—4 )  Il) I~~IP1)Q..It515 ’1 0N * ***  5- 000000
0*0*  Z
* * 0 * LU W UJ LUWW W

+ + Z .n~~ 4..05’j.t NIn *4 *  Li ‘U’UI’51c.)40
C) * 0* m ~~ InOISIUI IQCU
C.) * 4 * 5 14 . JI ’IOIs.4C2 0
In 4. 4.—UI ~J (OUINIALU4.

N *4 *4  4 Q.-101A0-S
*4 *0  ~~ .5....

U *0*0 5- ...1\iSn..4.-IC’J
+ + z

IL. LU *** *  Ui
‘4 *0 4*  N U InIn

*0 0*  5 In.-. H
I/) 4. 4 .. 4  ~~ WV)

In *0*4 4* UJ ~~~~~~~Ui *0 *4 *4  I ~~I—44
* * * * * * 0 LU0. + + —. ,n4~~~~~ujuJ

~~ 5-. *0 *0  1 ZZIn~~~~~I0 ~~4 *4 *0  0
In *4 . 0*

+ 4— 4.
In *0 *0 *4  .-4 H
—I 0*0*0 *  0 000.4C)

* * * * * * 000000
+ + H

(J . 5 . 5  • S • • S S S • S • S S S S •  . S. ,S . .5 .S S  • S I S S  5 5 5  • S • • S S S SS S  S .  0 WW WUJWW
*0 *4 .  In 0 ~~~~I’iNtA
* * * * S 0 .4(’,I .4IA Q’N

• 4—In 0
(Si 4 * 0 *4 *  U LUI’b4.CiW’O ~~
—4 *4 0*0 *  0 I’ .CQ UI.-451.-4

* 41 * * * * • 05’-iI’IOLUC’i
+ + .4 S S • • •5

*4.4*40* .-iI’I.-4 5SiAIIn I~Li
.1 0 *0 4*0 *  N

0 *4 0*0 *  5 U
• +-.4 ’i 5— 0

all 0*0*  Ui ~~> 4
X Z Z X~~ ZX Z Z X Z~~ XZ Z Z X ZZ~~ Z ZZ Z I X ZZZ ZX ZZ) XXZZ IX IZ~~ Z L)>4UJ U)

4 *0*  0 ZW>0 ~~
• + 4 40 UiO.

4 0*4 0*  Ui — U..Z~~In.41 4 *0*0*  0 ~ ~~OUJ ..ZZQI *4 *4 *4  5 0. 4I—0UJ4
• •- P11 VI

‘71
(‘1 5 *4 *0 0*0 *4 *

I * 4 * 4 0* 4 * 0 *  0
* * S

Ii’ j  * a * * * * * * * 4 * * * * * * 0 000U—4.—S I14
nI * * * * * * ** ** * *0 0 0 0  In 0001.3000

I I
4 + —.4 ~~ WWUJ!UUiUJUJ

‘05 S . S S . .S . . SS • 5 I . . IS S S • S. S • IS • S SS . S• SS S S S S S S • S . SS . 5 .  0
nI * * * * **4 . W** * * * *~~

5 * * * * ** *W 0 0 0 0 0 0*  U.. 00151N 04.
Vp + + ~~ .74..4~~54• •4 ~~
114 ~~~~ * * *0 0 4 0* *4 0 0 0 0 0 0*  5.3 5.1 Ul 4i .4U)*1
— -#1 •0 0 0w * * *e * * * * * *e *  N Ui Z
U I * * *W W * W 0 0 0 4** ** * *  S * ~14 5 5 5 5 . 55

Z 4 — 5.3 .4•4p.••.45~~5•4
141 ItS * * * * * *W W W W* * *0 I V W* * ** **  U.

~~ in 0 0 0 4* * *. * w - W* * *W * w 0 0 0 0*  141
(4 ..1 .. . .. , .S 5 . . . .. S S. S. .5 ,S S S 5 S S .S S SS S S S S S S S .S S S S  LU

514 ‘p + .J
(X. 0’ * ** * ** * * * * * ** ** * ****0 0 0*0 4 0 4 0 0 0 0 0* **0 0 0 0 0 0 0*** ** **  4 ..i £~~~0UJLU
U. (~1 * * * * * * * *** * * * * * *** *4 .** * * * * * * * * * * * * *~~~~~~~~ *~~’* * * *~~~ ** * * *  0 (4 4 Z44ZZX

.4 ** **** ** 0 0 0 0** * ** *0 * **4 0 0 4* ** * *. 1*4 0 0*0 0 4* * * * * * * ** *  S In ~~ 4LUW4
— — — — -  ~~0U) U tfl U UI

(Si (14 .4 .-S 0 Ui W U i~~~~~~.-SUJ4

• 5 5 5 (4

29

‘~~~~~ -— -i



THiS PAGE IS BEST QUALITY ?F~CII~A~~ 

-

~~~ 

PIE 

:_
0 0’ IAC’1.-5.-4.-I0 O

00000 00
4 JJUJWW JJWW

o 0.t’OIn.-.-*N
N .0U’In .OI’L1I14 1q

‘0
+ + S UIN’UC.34.’1JI’I

O
(J ’AJ U’( ’ U) ‘045’
5 5 5 5 5 ~~~

4 1%IN.-I 4.O’.4.P

0
C) —

+ - 4— •o LU W ’4Ui

+ + ~~ UJI 4
O 5

I Sn
I Sn

+ 4— 5 Z UJWLUUAILI
0 N U ..4..4 a... i ~J

5- 5-5-5-5-5-
+ + ~~ ZzZZz

U I  • 5 02
N —
‘0 0. Z0~~~~(3OZ‘I. 4._ e ~~ — —0 ‘0 In Z0U’OInC)*p —

I - 0 2 • S S • •~~~
+ +

01

‘P * S If) .4Q0C).4C~0 5 ‘0 5- 00000 0 ~~I Z I I m
I LU WUJU.JWWW

+ + X 0~SnI’IU’4.U’
o I - I LI S SJIJ’USII1N .-l

o 5 In ~~ C l(’4LUU’.-4 —5.) I I ’S •~ LjI”1(S~ 4.4 p.4IA + 4— , J (\J,ØIA W
0 5 IL~ 4 1fl 1fl1 ..4IA “~I 0. • S S • S • s—1

SI I 5- UI..4.-44.IA
+ + z

tLi .-4~ * Ui
P4 I * (1- (4 LIIU,

• 4 . 0 In~~ HVI + 4.-S 0.
U ‘7 Ui ,~~54. Il14

LII 5
I 0

0. + 4 — ‘P11~~~~~ WUi
x o’ I
4
U, 1 0

+ 4_ S
5) I 4 ~ -I

S 0 .4.4 .4.40.4
oooo oo H

+ 4 LU l I l t  I 1-4
LI I 0 WW LUUJUJW

I In 0
U I In 0 0”ti4.n0.0
+ + 5 0

.4 * Sn 0 U”J’O(fløSW
* 0 0LUm~ .’0Q’
* • ‘0N~ ’LU 0’IA

+ + .-I ...... I—I
N •** .i”oa’4.-,r— ~~*0*  (1-

*4* ‘44 44
+ # •  5- 0o *0* 514 LU 0.> 4

.4 *4*  U>4tU LU
*4*  0 ZW>0 0.

* + 4 < 0 WO.
(Il l 0*4* Ui ~..45 * ***  0 0. 0.OUA4ZQ

I - *0*4 .  0 0. <P-QUid—
+ + S In ~~VI(4~~0.X

5 5 5  *0*4 * 114
-‘I *0*4*

I *** .* 0
+ ‘p 5

44 5 *4 4*0*0* 0
NI * 0* 0 4*4 *  III 000000’.)

I 0*0*4 *0*  fl U I I I I I
+ * S X WWWU .IUiU .1Ui

— I  *0 *0 *0 *0 *0 *  .4 0 U’h*I Otfl ffl .IU
0.

*0 *4 *0 *0 *0 *  55.
53) + • . S . 5 S 5 5 5 5 5S . S , 5S 5 S S S S 5S S 5 S S S 5 C S S 5 I S e SS S S S S S S S S S S S  ). NONIA. N1
Ui —4 * * ** * *0 4 00 0 4 0* ** * *  Ci S.) InU1’t .U UI4.4.
— 1 5 * * * * * * * W • * 0 * 4 *  * * * * N Ui ~~ 1411 (5.JU’’744I’I
(4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘0 * LU S S S • 5 S S
£ . 4 S — Ci ‘U’7In’7(14In4
IS ‘UI S S I . S S 5 S S 5 5 5 5 5 5 S 5 5 I S S5 S 5 ~~~~ S S 5 . S 5 S • S S 5 S S S S S 5 IS S S S S S 5  0 ‘4. C

~~ 05  * . * * * * * * * * ** * 4 W W* *W *# * * * **  114

~S *W * ** * * *** *•*** *** *4 0 0* ** *  114 5-
Ui + + -.1 W44
15. L U I  • S . . . S . 5 S . I . S IS ! . . e I S . . . ..5 4 . e S e . . . I S S . • 5 5 S . S •S S S S  C a ZZIJUJUi
Is_ al * * * ** * * * * * * * *. * * ** ** * ** * * * * ** * * * * * ** * * * ** * * * *0 0 0* *  (4 ‘4 ~~~~~~~~~~~~~I’ll ,  04 0 0 0** * **** ***** *** * * * * * ****W ** ** ***** *** * * ** *0 0 0  0 ii) 0. 4wW4

• — —— •  ~— Z.—ZZCCZZ
5.) 115 (4 115 (4 III U III U C
4 1’) In CM N .* .4 0 LU WW0. -SUI 4

S S S S S S • S 54

30

s —---—; 
~~i 

-. 
.



THIS PAGE I S  REST QUALITY PRACTICABLE

~~~ 

~~~~~~~~~ IO DDC

o I U’
I 0000000

I I 1 1 5 1
+ + WUJUJWWW U)

05 I
I ‘
I ‘0

+ 0 ’ —  S L1P 1L10W(5I’0
5.1 1 I 01

I I
I S....,.

+ + IA—IIfl0’ .’”0’
01

C)
I 0 —
+ ‘p_ S

01 W’4UJ

I z0z
+ + _IU_

o
0l

I .1-I
+ 0— 5 Z UJ UJUJUJW

0 5 ( (.1 J.4 .4.J..J

5- 5-5-5-5-5-
4 + ~~ zzzzz

o I 02
U N —

I 1 4 1  0. ZQ~~~J.~ 0X ~~~ ‘
* ‘p_ S  5— — — I—I

* ‘0 (/1 ZOIAOU’SO*
I * — ~~~~~SJInr.Q’4

* 0 Z • 5 5 5 •~~~ 0”.

01~ ~

. .

I I I.)
1 0  0

+ 0— 5 (#1 0 ’000—4 —
(‘I I *0 ‘0 5- 0005300

*4 Z
4* Ui .UWUJ WW Ui ‘

~~~
+ + Z 03N,0(1J,flLU ~~Ui *0* Li U3UJIP5.3U1LU

C) * * * In Z U” IISitJ ’(flUi
53 *0*  I’I .,
(A + +~~~ 5 .4 .—sIn.OIAUI.- ~~

N 4 * * *  IA 4 4.4. N..S(fl4. 5-4
I *4 0*  0. • S S • SS

* ** * 5. 4.(SJ 4.4.(SJ
+ + z

Ui (fl 5 *4 Ui
‘4 S *4 5- (4 InS/S
— I * 4. ‘0
5/) * - 0. (UI/P

*4*0*  ‘7 Ui Z4,J .. 5’.I C”4
UI I *4* 0*  5.

*4 *0*  0
0. + + ~~‘ 

1-4
Z 4 5  *4 *  1 IZIn~~ LU L U  H
4 I *0* ~~ H
I/V 5 *4* 0

+ 4_ S

‘OI 4*4* 4 .4
I 0*4* 0 00.4.40 0
5 * * * *+ + LU I I

(4( 5 *00 *0  0 IUWUJWWW Q
*0*0*  In U LU(JNIA 44.5 1-4

I *4.00* In 0
+ 4.— 5 5) P—~~0’sIrsJN

P111 *0 0*4 *  fl U

~ II ****** 0 4Ui,flI”5e4.4
0 *4 * 4* •

+ + _. 
• 5 5 5 • 5

‘05 *0 0*0*4*
~ 4 5  * * * * ** **  N

0 *0 *0 *0 *  ‘U U
4 . ~~~~~~ I— 0

.45 *4 * 0 0* 0*4 *  554 Ui 0.> 4
(4> 4W Ui

5 *4*00*0*0* (3 ZW>0 0.
+ + 4 ‘40 WO.

01 *4 * 0 * 0 * 0* 0  Ui ~ . U.Z5.DV~( 14( 4 *0 *0 *0 *0 *  0 0. 0.OW<Z0
I - ********** 0 0. 4I—QW4.-s

* S S S 5 Ø I S S S S S S S S S 5 S 5 S S S S S SS • S S S S S S 5 5 S 5 S S S S 5 5 S S SS S S S 5/) >(/)IJZ0.Z

9 1  **0 0 0 4* 4 4 4 4 0 0* * *  I’ll
( 15$

U * * * * ** * * * ** * ** * *  0
+ + S

N I * * * * * * * * * * * 0 * * * * * 0 0~~S0 —40.44’)
(‘S I ** 1 P* * *~~~* * * * * * * ** *  I’S 00000 ~~0

I X XZ1 Z Z Z Z Z Z Z Z 1 X X Z Z Z Z Z Z Z Z X Z ~ .XXZZZ I I I I
+ +~~~ S Z WUJW UJLUUIUJ

(3 (AN0.IIAU ’0
IA I * * * * * 4* * * * * * * 4 *0*0  * * * * * * * * 0. ..4(SI~~~ ’JS ’OI&5’0

I * * * * * * 41 * *0 * * * * * * * * * * * * * * * * U.
(3) * 5 5 . 5 5 5 5 . 5 5 5 5 4 5 . . 5S 5 5 5 5 5 5 5 . 5 5 1 5 55 . S S S S S S S S 5 S S S S S S  — NlJU’ .4l154’W5
(41 4(5 * * 0 0 0 0 4 4* * * ** 0 0 0* * * * * * *  (3 4
— 4 _ S 4 4 4 4 0*0 0 0 4*W * ** ** ***0 0 4  N LU Z I’SU1C3U’U”’U *I
I.I I * ** * * * * ** * 0 0 0 0* * ** ** ** *  ‘U IC LU S S S S S S  S

Z 4 • S — U ...54’.4’J)4.N4’J
UI •~~ *************.*.**0404**** 0 0 0* * * * * * **e* ******  14 U. C

~~ 14(1 S 5 S . 5 S S S S S . S SS S . . 5 S S IS S • I S S. . S S S S S 5 S S S S 5 S 5 S S S ’ S S S S  III
(4 **** 1 S* ***** * * * *4 0 0* * **0 0 0 0 0** * ****0 4 4* *** ****  UI 5-

~~ + + a UJ4’4
0. (.3 *****4******************4*******************~~~** ** ‘4 —i ZCou~LU
U. — 5  *00004** 4 ,0000**************4********0000**040004** (4 4

— ************************************************** 0 V’S 0. CWW4
— S 5-

O (4 UI (4 
~~

CM .4 .4 0 Ui WLU 0. .-nIi C
I 5 5 5 (4

— 31. 

S — - . ,  - .



1~HIS PAGE IS BEST ~
UALIT’L PRA A~.~~~*

FROM COPI FU~ 1(.)DDO ,._ ~~~~~—

0
S

+ ——— — --
~
-— —— -— —0

5 - I

* +
(Si

In
* * *  S

+ 4—0~
‘0 *4 . 4 . 4 . 4*  4-4.4000.-S

* * * * * * C)0c’0000
I I U

+ 4. UJLUUJWUJ W UJ
(51 *4 1* N Q0”flO’O’J’Ui

*** S

+ 4.—lU Ui-V
0 I

+ + .4(SJN. .5(fl~0~.4
4’S C)

***** S

+ ‘p—LU
( 155 4 *4 *  (144W

4 *4 *  0—c.)
*4 4*  ZCIC

+ + .-. IUI-’
(“II *40* XXI

*4 *4 In
I **** S

+ +—l’- Z W LIJ ISJWUJ
In 5 * * * * U ~i .4444

*4 *4  —
* * * * 5- 5-5-5-5-5-

+ + ~~ £ZZZ Z
‘U *** * * *  04

N —
****** S 0. Z(3~3c1Q3E ~~~ ‘

+ + ‘ U  5- —
N P * * * * * * * If) ZOIACIIA C)* ~~4 *0 4 4*4  —

- * *# * ** *  a z . . • s s a .

+ +
Il li  *****

I *0*4 *  l.J
I *4*4*  5

‘P + ‘ U  I/P .-.(5100.-II14 —
5 - I  *4*4*4*  5- 000000 ‘-4

I 4*4*4*4 Z
5 * * * * * * * Ui UIWUJIUWUJ
+ + X Ui~t-~I05-’0

U1 I * 0* * * * * * * (4 LUUSU’U’Sn.4 ~~
0 U ********* I’S �. (Ar’1P1IUi’7’0
53 5 * 0 * 0 0*4 0*  5 I.P( IIII N(MU4

(4’) + 4.~~~Ifl _i (‘45P’0IA0’0
NI *4 *4 *4 *  ‘4 (AWN..4111LU I—I

I ******* Q~ 
• 5 5 5 5 5

• I * *4*4*0 5-
+ + z

LU ‘VI *40*4*44*4*4.4 Ui
‘4 .45 ************* I’. (4 I/SIn
— U * * * * * * * * * * * * *  S In_
in • 4~~~’7 0. 1111/)

— I S  *4 *4 4* 0*4 *4  LU ZQ’~”CM r’i
Ui . 4 5  *********** I £5-CC
.4 I * 4 * 0 * 4 4* 0 * 4  (3 W 0.5-I- .
0. + + .-I In’V~~~~WW
X 0’ * *- l 5* * ** * *  ~~ 

1-4
4 4 *4 *4 *0 *4 .  13 H
/5 *0 *4 4*4 * 4 5

+
N *********************  .4
N • 5 . 5 5 5S 5  S S S 5 I • S  S S S • S S S S SS S 5  • • • • •  S , S . S I . . S S •.  • S S S S S  0 00..40 40

4* 4 *4 . 4*  ********** * *4 *  ~~00000 ~~
+ + LU S

I’) * * * * ** * * * * * *  0 UJWUJW LUW
.4 * 4 I* * * * * * * * **  Sn 0 ..4.’aNNNIA 5-4

************ S 0 40-PIn-tO 5zj
* 4 ’4’) 0
In * * *** * * * * * * ***  0 IflU’.O~UIn1J’.
.4 ************** 0

• mNO ’0’0’0
+ + —4

N *********************
4’) * * ******* * ** ** ***~~~*** 5-

• 4.1
+ 4 —Al’ 5- a

0 **************************** Ui 0.> ‘4
(S’S * ** * * * ** * ** ** * * ** ** * * ** * * * * *  (4>CUi UI

I * ** *** +** * * * * * ** * * * * * * * *** * *  (3 ZIU>0 0.
+ + 4 4(3

5 - U  * * ** * ** * * *** * * * * * ** * * ** * *  Ui — U.Z0U,
(14 6 *****4**4*****44**4***44.* 13 0.

• ************************* S 0. ‘45-QW4I.4

+ + C M  In ~~InIJX0.Z
‘UI • . . S S S . SS .S SS • S •S . S 5 S S 5 S . I S I 5 S . S SI S 5 S 5 S S S S S 5 S S S S S S

(‘II
I **** * * * ** ** * * *** * * * * * * * *
+ + 5

In S * * * * * * * * * * ** * * * * * * *4 * 0 (400000CM
4 , 4 5  *** * * * * *** ** * ** * * * * * *  (~5 0000000

I *0******************* •
4 4 . . 4  Z UJUiWU1WWUI

N * *0* * ******* * * * * * * *4*  * 0* **  4 * 0 * 0 0* 4  * 0* * ** * *  * 13
4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0.

* * 4 * * * * * * * * * 4* * * *4 * * * * *0 * * * * * 4 *4 *  * * * * * * *4* * II. LU..4.4InSnUiN
Il) + 4. 1. ‘70U”0’0’40
LU .4 ********************************************** 53
p4 Ui • 5~~~~5 5 5 5 5 5 55 5 5 5 5 5 5 5 S 1 5 5 5 (S 5 t 5 5 t 5 5 5 5 S 5 ~~~~~~~S 5 S 5 5 S 5 S 5 5  N in £ N51¼#UIUIIAI I
54 5*************************************0******* • 15 Ui 5 ’ S I SS  S

Z +—0 (4 U’.41A
UI U’) * * * * * * * * * * * * * * *4* * * ***#* ** ** **** *** ***** * ** * * ** * *4  U. £
~~ III * * * * * * ** * ** ***** * **** * * ** * **** * *** * * * * **  **********  Ui
(4 ************************************************** LU N
(12 + 4. .4
0 . 1 1 5  •***4*******************************~~~*~~~*********** .4 ~~I~ 0WUI
15. IA * * * * * **** * ***** * * *** * * * * *** * * *** *** * *** * ** ** * ** ** *  0 (4 4 £‘4CZZZ

S 5/) 0. <UJIUC
— — 0 5-

0 Ui ‘44 9 (14 C
.4 0 0 0 0 LU LUUJ0.54 W4

S (4 ~~~~.P a.L533.

32
— -_ _ _ _



IV. RESULTS AND COMMENTS

Simulation of the four tests were performed 5,000 times

(5,000 replications). In each replication H0: CEP
2=l;

H1: CEP
2 =2; and Type I, II error rates are 0.05.

The following tables P.1-1,2,3 show the mean number of

terminations, their variances, and number of acceptances of

H0 in 5,000 replications.

Table IV-lshows the effects of changing median values, where

the shape parameter of the WEIBULL variate was fixed at 1.0

(the exponential variate with changing median). Table’ W-2 and 3

shows the effects of changing shape parameter , the median being

fixed at 1.0 in tablelV-2and at 2 .0  in table IV-3.

For ease of comparison these were graphed . Each figure

contains four curves and each curve represents the case A , B,

C or D.

In testing the difference of E (N], null hypothesis would be

E [N 1] = E[N2 ] ,  where N 1, N2are random variables representing

the number of termination by test cases which one wishes to

test the difference of the E [N ] .

By the central limit theorem (2] the difference in E[N]

greater than 1.96 x~~_ is significant at level 0.05. ~ isn
estimated standard deviation of N. But it is different

between the test cases being considered .

The larger one might be selected so that we may not

reject H0 erroneously.
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REFERENCE FOR THE FIGURE S IV-l - IV-9

________________ CASE A

+ + + CASE B

_ _ _  * _ _ _  * CASE C

x x x CASED

FIGURE IV—l, 4, 7; Expected Sample Sizes

FIGURE IV—2, 5, 8; Variances of the Sample Sizes

FIGURE IV-3, 6, 9; Operating Characteristic Curves

37

- -~~-‘ — - - — - ‘ - -‘ -5--— ‘ S _ _ __ _ _ _ _’ I__ _ _ ‘— -

10 - ,~~~~~~ , •



/

- / /

*S

\

\

~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~
~~DO O~ ID ~% , ~~ 14. O~ 30. 00 3~ - 4~

FIGURE IV—l

38

10 - I  - 
- 

-_ ‘ ‘~~~—



\
/

/ -

/ \

/
I
/

12. 00 t a O  24 OC 30. 00 J~~00

4EGtQ I

FIGURE IV-2

39



a

2

8 ’
f

0

-4

U

8 - ‘

-
~
-- - -

~

—--- -

~

------ - 

~~~~~~~~~~~~~~~~~~ T -- “~~~
‘
~‘T 

-

%~s00 1)00 ~~~~ 
30100 l~~ - O 0

~.* I0 )

FIGURE IV-3

40

- - ----—- —— 

‘ 

S _____________________________ 
- - — -— 5-.——- -5”- - —-5—’ - -‘5-_I — 5’- ’-- — _______________



8 I

— - ~~~~ 
—~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~ --- —5’

~~~~~’~~~~~ -” S ~~

I’~~~~~~~~~~~
’ \

\

“7

-‘5 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~ ~~~~~~~~~~ -__  — r  -

5 _ ~5Q0 3 00 11 00 ft 00 15.00

.s*~pt 
) —is

FIGURE IV-’4

41

a ‘ p  
- ‘ 

- 

- - - 55’— - ~~~~~~~~ __5

, 

- - -— -‘I —  -5— --- --



/

~~~~~~~~~~~~~

~~~~~~~
- 

N~”., -

~~
-
~~ - ~~~~~~~~~~‘- -‘-~~~~~~~~~ ‘.5-” 

-.-- . - .t’ -. -____

-
‘ 

7.06 9.01 fl-0D 1~’01
)

FIGURE IV-5

42

‘ - 5

’ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-— ‘



//

/

I T ~~~~~~~~~~~~~~~
T ’ 5 ’

3 ~ coo 7’00 3.01 tt. l0

FIGURE IV-6

43

10 - s  - , , , .  - ‘



8

: 

~ :- 

~~
‘N 

~~~~~~~~~~~~~~~~~~~~~ 

—

I ~~~~~~~~~~~ I
5- DO ?.I0 ~.0O ~III0 VJ D0

txID )

FIGURE IV-7

44

- - 5 --  -----5’-- - --‘--5- ’--- - - - 5- — — --- -5-- -’ — -- -- - - - -.

& - - --- ---_I - ’ — ‘ ~1



/5. - ‘

“ N,

N

-J
P S  

_ _ _  
_____________ Ii

,1 ~~. 
311 ~~~~

5
’ 

30mPC, *11

FIGURE IV-8

45

* ~~~~~~~~~~~~~~~~~ — . 

-- —— --—-

~~~~~~

-‘ -— —



‘-S

9
5 ID -

p.

‘I)c

%J
5— ’- \
-4 -

‘

‘4

3 -
‘

44 I.

’

N ,

- r ’
5-

‘
5. ~~~~

-

5 - 5 -  -

~~1 

~‘ Ø4 3.00 ItIOI ,I~~0O

FIGURE IV—9

46

— - I- - - .  _- —



The interpretation of the figures is as follows:

a. Variances or standard deviations are approximately pro-

portional to expected sample sizes.

b. Test Case A contains the minimum expected sample size and

Test Case B includes the maximum expected sample size in

almost all instances.

c. Case C and Case D yield similar results when median is

changing and shape parameter is fixed at 1.0.

d. Test Case B is invariant about the change of skewness

when the underlying median is 110 (See Figures IV—4,5,6).

e. Case B also gives the lowest error rates if the bomb im-

pact has a heavy tail distribution under the alternative

hypothesized median, and has light tail distribution under

null hypothesized median (Figure IV-6.9).

f. Case C gives the lowest error rate when the true median is

2.0 and bomb impacts are clustered around the median.

NOTES:

a. The adjusting factors of the error rates table were devel-

oped iteratively and there is no guarantee that these ad-

justing factors are the best ones.

b. There could be further investigation of effects under er-

ror rates other than 0.05, or of changing null and alterna-

tive hypothesized median values.

C .  The Fortran program for this simulation is attached as an

Appendix.
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V. CONCLUSION

If it is certain that the bomb impact is Rayleigh distributed,

then Sequential Rayleigh Test is appropriate to test the system.

In case one has doubt about the bomb impact distribution ,

the Sequential Binomial Test gives better tests than the Se-

quential Rayleigh Test.

Further, if there is some reason to believe that the

median is likely to be 1 (so the test is likely to accept H0),

Case B (Null parameter P~~ 0.5) is better than any of the other

three tests.

If the median is not likely to be 1, test case A (Sequential

Rayleigh Test) or test case C (which has null parameter that

minimized E(N] under H0) are the best tests.
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APPENDIX

DIMENS I ON BCUND (300,2,4),DATAL4,-4),TEST (5000,2,4)
C BOUND————CONThINS DECISION BOUNDARIES FOR EACH STAGES
C TEST——— — F I R S T ELEt’ENT REPR ESENTS MJMBER OF REPLICATION
C SECOND E L E M E N T  R E P R E S E N T S  D E C I S I O N
C THIRD ELEMENT REPRESENTS TEST C A S E (A , B , C  OR D)
C DATA——— --TEST RESULT ,F IRST R O W— — —M EAN NUMBER OF TERMINA
C T ION SECOND ROW ——V A R 1 A NCE,T HIRD ROW ——— NUMBER ACCEP
C TANCE FOURTH ROW——NUMBER REJECTION

ISEED= 688777
NCOUN T=50 Co

R EAD(5 ,2 )A LPHA,  BETA ,C0 ,C1
C C0——--— —M ED IAN UNDER THE NUL L HYPOTHESIS
C C 1————MED IAN UNDER THE ALT ER NATIVE HYPOTHESI S

~RITE (6 ,  140 )ALPHA ,BETA ,CO ,C 1
140 FORMAT (5X , ’ALPI-i A = ’ ,F6.3, ’ BET A ’,F6.3, ’ CO=’ ,F6.3

*,‘ C] = ’,F6.3 )
R=—C0*ALOG(.1584)/(ALOG(2.))

C R———— H !T MISS CRITER ION IN CASE C
C R2——— HIT MISS CRITER ION IN CAS E C

P40= .8 98657
R2=(ALOG(1—P4)) )/ALOG(.5)
P41=1.—1./2**(R2/2.)

2 F OR M A T( 4 F6 . 3)  -C COM PUTE BOUND OF REJECTI ON AND ACCEPT IANC E
81=A LOG( 1.2 * BETA/ ( 1—2 .*ALP HA ) )
A1 =ALOG ( ( l—1.2* BETA )/ (2 . *ALPHA ))
B2=A LDG ( 1.2* BETA/ ( 1— 1.2*ALP HA ) I
A2=~ LOG( 1.—1 .2* B ETA )/ ( 1 .2 *ALP HA ) )
B3=A LOG( .15* BETAI( 1— 1.5*ALPHA ) I
A 3 = A L O G (  ( L — L . t 5 *B E T A ) / ( l . 5 *A L P I - t A ) I
84=A LOG(1. 1* BETA/( 1— 1.5~ A L P H A ) )
4 4 = A L O G ( (  L— 1 . 1* B E TA )f ( l .5*A L P HA ) I
AL= (A L OG (2 . )  )* ( 1. /CO—1./C 1 )
4 L 1 = A L 3 G ( 2* *( C 0 / C1) —l . )
F1=1—S QRT ( .1584)
4L2=ALGG ( .1584*P1/(.8416*( 1—Ph II
A L 3 = ( A L O G(  2 . )  )* (  l— (C 0 / C1 ))
A L4=ALCG ( ( 1—P1)/.1584)
AL5=ALOG ( ( 1—P41 ) / ( 1—P40) I
AL6=AL3G (P41*(1—P4J)/(P4)*(l—P4111)
00 5 1=1,300
BOUND 1,1,1 = (I*ALOG (Ch/CUI+B1 )/AL
BCUND(I,2 ,1 =(A 1.-I*AL OG ( C .)/C 1) ) / A L
BOUND(I,I,2 =(A 2— I*A L3I IA L I
BOUND 1,2,2 =( B2~ I*AL3) fAL l.
BOUND 1,1,3 = (A3 —I *4 L4)/ 4L 2
BOUND( 1,2,3 =1 B3—I*AL4 )/4L2
BOUND (I,1,4 = ( A 4 —I* A L 5I IA L 6
BOUND (I,2,4.= (B4—I*4L5)/4L6

5 CONTINUE
303 READ (5,6 ,ENO 1)30) FMED ,SHAPE

C FMED————MED IAN VALUE TO BE GENERATED
C SHAPE————S HAP E PARAMETER IN W EIBULL DISTRIBUTION

6 FORMAT (2F6.3)
~tRITE (6,lO2)FMED, SHAPEKCUNT 1.
CO 7 1=1 ,4
00 7 J=1,4

7 DATA(I,J)=3 .
C Tl(2,3,4)————TEST STATISTIC FOR TEST CASE A (B,C,OJ
C DCLNI (2,3,4)——TAKES VALUE I. IF TEST TERMINATED,OTHE
C - RWISE ).

10 T1~ 0.12=0.
T3 0.
T4=O.
N’~ 0.DCZN 1=0
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DCZN2= O
DCZN3=0 .
DCZN4=O

20 CALL GGUB( ISEED,1,U)
X=F MED*LALOG (U)/ALOG ( .5))**(1 .151-APE )
N=N+ 1
IF(DC Z NI.EQ.1.)GO TO 40
T 1=T L +X
IF (T1.GT .BOLND (N,1,1).AND .T1.LT.BCUND (N,2,l)) GD TO 40
TE ST ( K3UNT , 1,1 1=N
DAT A (  1, 1) = DAT A ( 1,
IF (T1.LE.BOUND (N,1,1))GO TO 30
TEST(KOUNT,2,1)=—1.
GO TO 31

30 TEST (KO UNT ,2 ,IJ=l .
31 DCZN1=t .
40 IF(DCZN2.EQ.1.)GO TO 60

IF (X.LE.C0)12=T2+1.
IF(T2 .GT .BOU NO ( N,1 ,2 ) .A NO .T2 .LT .BCUND( N,2 ,2) ) GO TO 60
TEST(KOUNT, 1,2)=N
C~ TA (2, I I=DATA (2 ,  1 )+N
IF (T2.GE.BOUND (N,2,2))GO TO 50
TEST( KOUNT, 2,2) —1.
GO TO 51

50 TEST ( KOUNT,2 ,2 )= 1 .
51 CCZN2=1.
60 IF( DCZN3.EQ.1.)GO TO 80

I F(X .LE .R ) 13=13+1.
IF(T3.GT.B OUND (N,  1,3) .AND.T3.LT .BO UND( N,2 ,3) ) GO TO 80
TEST (KO UNT ,1 ,3)= l~DA TA (3 ,  1)=DATA (3 ,1) + N
lF(T3.GE.BOUND(N,2,3f lG0 TO 7)
TEST (KOUNT,2,3)=—I. .
GC TO 71

7) TEST (K OUNT,2,3)=1.
71 DCZN3=1.
80 IF(OCZN4.EQ .l) GO TO 93

IF (X.LE.R2) T4=T4+1.
IF (T4.GT.BOUNO (N,1,4).AND .T4.LT.8CUNO (N,2,4J) GO 10 20
TEST (KOUNT , 1,4)=N
0414(4, 1J=DATA (4, 1)+N
IF(14.GE.BOUND (N,2,4)) GO TO 78
TEST(KOUNT, 2,4) —l .

GO TO 79
78 TEST(KOUNT,2,4)=1.
79 DCZN4=1.
90 DDD=DCZNL*DCZN 2*DCZN3

IF(DDD.NE.1.)G0 TO 23
KCUNT=K OUNT+1
IF(KOUNT. LE.NCO UNT)GO 10 10
DC 1)0 1=1,4

100 DATA ( I , 1) =OATA ( I , 1)/ NCOU NT
CO 110 I=1,NCOUNT
00 110 11=1 ,4
OATA ( II,2)~~(TEST ( I,1,II)—D#TA (II ,1))**~~./FLCAT (NCCUNT—
*1 )+DATA (II,2)
IF (TESTII,2,II).EC.1.) DATA (II,3)=DATA ( II,3)+l.

110 CONTINUE
DC 123 J 1,4

120 OATA (J,4)=NCOUNT-DATA(J,3)
WRITE (6,130 ) ((DATA( I,J),J=I,41,1 1,3J

13) FI.~RMAT (/,4X,’ MEAN ’,F10.5,’ VAR ’ ,F10.5,’ ~O ACCEPT
*,~~5.Q,’ NO REJECT ‘,F5.O )

101 FORMAT (1-3F1J.5 )
102 FORMAT (5X, ’ MEDIAN IS’ ,F7.3,’ SHAPE PAR AM ETER IS’ ,

*F7 .3)
GO TO 33)

1000 STOP
E N D
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