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ABSTRACT

In this paper, a statistical model known as the AMSAA

reliability growth model, is evaluated by measuring how

well it tracks various reliability growth patterns. These

patterns are defined by specified sequences of failure

rates. Monte Carlo simulation is used to generate test data

based on a time-terminated test plan. Estimates of failure

rates, computed using the AMSAA model, are compared with the

specified failure rates. Results for 18 reliability growth

patterns are presented in both tabular and graphical form.

Four modifications in the use of the model are discussed

with selected results of their application presented.
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I. INTRODUCTION

Many methods of modeling reliability growth have been

proposed and used with some success. Reference 1 contains

a detailed discussion of reliability growth, reliability

growth models, and describes several models that are

available to the manager for use in measuring reliability

growth in his program.

The purpose of this study is to evaluate the accuracy

of the Army Materiel Systems Analysis Activity (AMSAA)

reliability growth model [Ref. 1] for systems which provide

limited test data during the development cycle.

8
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II. THE AMSAA RELIABILITY GROWTH MODEL

The AMSAA reliability growth model is a statistical

model that estimates reliability growth trends. It is

applicable to systems for which usage data is measured on

a continuous scale.

As with most reliability growth models, the AMSAA

model uses test data to estimate unknown parameters which

are then used to estimate the reliability growth trend.

References 1 and 2 develop the AMSAA model in detail. This

paper addresses the use of the AMSAA model for sequential,

time-terminated testing.

Time-terminated testing occurs when each item is tested

until failure or until that item has been tested a speci-

fied amount of time. If an item does not fail before the

planned test time, then a failure has not occurred and the

next item is tested.

For time-terminated testing, the AMSAA model [Ref. 1)

provides the following estimate for the failure rate of a

type of hardware unit (component, assembly, subsystem,

system) at total accumulated test time T on that type of

uniti

-~-N

where N number of failures of that type of item to
time T

, .9



and

N

N in T - Z ln X
j.=l

with X. total accumulated test time over all items
] tested when the j th failure occurs.

Using these estimators, the accuracy of the AMSAA model

was evaluated for a variety of reliability growth patterns.

10



III. TESTING PROCEDURE

Reliability growth models are often evaluated against

actual test data. The problem with evaluating a model

against actual data is that the failure rate driving the

system at any one time is never known, it can only be

estimated.

The purpose of this chapter is to describe the test

plan under which the analysis was made and define the test

organization used. Figure 1 shows the relationship between

the elements of the test plan and the organization of the

testing.

PHSE FAL E/IES NE

RAAT TESTSI
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A. TEST PLAN

The key elements of the test plan used for the evalua-

tion of the AMSAA model are described below,

1. Phases

Tests were conducted in phases consisting of testing

a specified number of items with randomly generated exponen-

tial failure times-based on the failure rate specified for

that phase.

2. Failure Rates

Each phase had a specified failure eate, which was

assumed to be constant for the duration of the phase. The

failure rates specified could be different from phase to

phase. This set of failure rates defined the reliability

growth pattern for a test,

3. Items Tested

A specified number of items was tested in each

phase. In this analysis, the number of items tested was the

same for each phase in any one test.

4. Planned Test Time

Each item in a phase was tested to failure or until

the specified planned test time for that phase was reached.

The planned test time was the same for all items tested

during any one phase.

B. TEST ORGANIZATION

1. Cases

The AMSAA model was applied to 18 test cases where

each case was defined by a set of failure rates and a

12



specified number of phases, The general shape of the various

cases, classified by number of phases and by trend of

growth, can be found in Figures 2 through 5. Test phases

are plotted, equally spaced, on the horizontal axis and

failure rates are plotted on.the vertical axis.

a. Set of Failure Rates

Each set of failure rates defined a reliability

growth curve which was then classified by its general trend

of growth into one of two categories:

(1) Non-increasing Failure Rates
(Figures 2'and 3)

(2) Failure Rates that Increase
at least once during testing
(Figures 4 and 5)

b. Number of Phases

In addition to their growth trend, cases were

grouped, for comparison, by their total number of phases.

The two groups are those that have 16 phases and those that

have 6 phases.

(1) 16-Phase Cases. Cases 1 through 6

(Figure 2) and cases 13 through 18 (Figure 5) were each

defined by specifying 16 failure rates, one for each of the

16 test phases,

(2) 6-Phase Cases, The growth patterns for

cases 7 through 12 (Figures 3 and 4) were defined by a set

of six failure rates, Some of the cases reflect the same

growth patterns shown for the 16-Phase cases, except that,

the testing was carried out for only six test phases:

13



CASE I CASE 2

CASE 3 CASE 4

CASE 5 CASE 6

Figure 2. 16-Phase Cases with Non-increasing
Failure Rates

14



CASE 7 CASE 8

CASE 9 CASE 10

Figure 3. 6-Phase Cases with Non-increasing
Failure Rates

. ...... ._ .... f il . . . i i . .



CAE1

CASE 12

Figure 4. 6-Pha.. Cases with Failure Rates
that Increase

16



CASE 13 CASE 14

CASE 15 CASE 16

CASE 17 CASE 18

Figure 5. 16-Phase Cases with Failure Rates
that Increase

17



2. Data Sets

Specification of the number of items to be tested in

any phase for a particular case resulted in a Data Set. The

number of items tested during a phase was the same for each

phase of testing. Three sets of test data were generated

for each case, one set each for tests with 5, 10, and 20

items per phase.

3. Tests

The remaining element of the test plan, Planned Test

Time, was used to define individual tests. Since the failure

rate underlying the exponential test times was known, planned

test times were chosen so that the probability of survival

was such that sufficient failures would occur.

a. Test 1

The planned test times for Test 1 were generated

so that the probability of survival for each item would be

.85.

b. Test 2

Test 2 consisted of generating planned test times

by using a probability of survival for each item of .99.

This test was run to see how the model performed with very

limited data.

18
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IV. ANALYSIS PROCEDURE

A. MODEL ESTIMATES

1. Shape Parameter

Using the test data generated above, the shape

parameter for the model was estimated at the end of each

phase, i, using the AMSAA estimator:

^ N.

Ni
N.lnT. - E lnX.

1 1 j=i

where

N. number of failures that occurred to the
1 end of phase i,

T. = total accumulated test time over alli items to the end of phase i,

and X= total accumulated test time over all

J items when the j th failure occurs

with a small exception.
1

2. Failure Rate

The model estimate of the failure rate at the end

of the i th phase was computed in accordance with the AMSAA

model as follows:

1 It should be noted that the estimate of 0 can only be
computed when N>1, If N c1, the failure must not occur as
the lasZ item of-a phase hnce, in that case, Ti=Xi, thus
making B an indeterminate form.

19
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This resulted in a set of failure rate estimates

that was then compared to the set of specified failure rates

used to generate the test data.

B. EVALUATION CRITERIA

The manager using a reliability growth model is inter-

ested in two things, accuracy and variability.

1. Accuracy

Accuracy measures the ability of the model to track

a reliability growth trend. The measure of accuracy used in

evaluating the AMSAA model was the failure rate estimate

error as a percentage of the actual failure rate.

This percentage error is defined as follows:

Ir i-ril
e. x i001 r i

where r. mean estimste of the failure rate for the
i th phase

and r. = specified failure rate for the i the phase.

This measure of error was calculated at the end of

each phase and used to trace the accuracy of the model over

2 Sample may be less than the 100 replications simulated.

See footnote 1, page 17.
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all phases of each test case. This estimate error, as a

percentage of the actual failure rate, can be found in the

tabulated statistics for each Data Set of the tests con-

tained in the appendices.

2. Variability

A manager, considering a reliability growth model

for use in a program, will not only be concerned with the

model's accuracy, but will be concerned with the variability

of the estimates the model provides.

The simulation used for this evaluation was repli-

cated 100 times. The mean estimates used to evaluate the

tracking and measure the accuracy of the model only have

value over the long run. A manager, however, is primarily

interested in the one real application of the model. He is

concerned with how well a model performs for a single

replication and is thus ultimately concerned about the

variability of the estimates he gets from the model in

addition to its tracking accuracy.

The measure of variability used for this study was

the standard deviation about the mean estimate of the

failure rate, ri ,

S.D.(r)2. i- i

where K number of replications that yielded
estimates.

21



As with the failure rate percent error, the standard

deviation of the failure rate estimate is contained in the

tabulated statistics for each data set.

22



V. RESULTS

A. GENERAL DESCRIPTION

The results of the analysis are presented in the following

manner. The output for each test is contained in a separate

appendix to this paper. A data set is identified at the top

of each page. This heading consists of the case number and

the number of items for the data set. The output for each

data set consists of two parts; the tabulated statistics and

a performance plot. Figure 6 is a sample of the presentation

of the results of a typical data set.

1. Tabulated Statistics

The input parameters, model estimates, measures of

performance, and system status at the end of each phase of

testing are tabulated for each data set. The values given

are the average values over all replications for the data

set. Figure 6 shows the format of the tabulated results.

The following paragraphs describe each line of the format.

a. Input Parameters

(1) PHASE. This line indicates the phase of

testing for the results listed below. Throughout the

appendices, results for 6-and 16-phase growth patterns are

presented. For 16-phase cases, the first 8 phases are

tabulated above a row of asterisks. The same format is

then repeated below the asterisks for phases 9 through 16.

23
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(2) ACTUAL FAILURE RATE. This row consists of

the sequence of specified failure rates that defines the

reliability growth curve for the test case given in the

heading. In Figure 6, the specified failure rates for

Phases 8 and 9 are 0.1440 and 0.1330 respectively.

(3) PLANNED TEST TIME. Here, the time to

which each item was tested if it did not fail, is given.

This number was based on the actual failure rate and the

specified probability of survival for the test. This test

time was the same for all items tested in a phase. For

example, 10 items were tested in each of the 16 phases shown

in Figure 6. Those items tested in Phase 8 were tested for

1.1286 time units or until failure.

b. Model Estimates

(1) MODEL ESTIMATE. Line 4 of Figure 6 contains

the estimates of the failure rate provided by the AMSAA

model (see Section IV-A) for each phase of testing. Refer-

ring to Figure 6, it can be seen that the model estimate of

the failure rate at the end of the 8th Phase of testing was

0.1681 as compared to the actual failure rate of 0.1440.

c. Measures of Performance

(1) E TIMATE ERROIR, Here, the estimate error

as a percentage of the actual failure rate, is given. Again,

looking at the results for Phase 8, the percent error of

16.75 is found, This was computed as follows;

25
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0.1681 - 0.1440
x 100 15.74

0.1440

The difference in the two percent errors is due to the extra

accuracy carried by the computer.

(2) SAMPLE STD DEVIATION. The next line of

entries is the standard deviation of the model estimate.

This criteria is discussed in Section IV-B. The standard

deviation of the model estimate for Phase 8 is 0.0685.

d. System Status

(1) CUMULATIVE TEST TIME, This row contains

the total test time over all items as of the end of the

indicated phase. At the end of the 8th Phase of testing,

51.176 time units of testing had been performed on the

system.

(2) CUMULATIVE FAILURES. The final entry in

the table is that of total failures on the system to the end

of the phase. As illustrated by Figure 6, an average of

12.01 failures occurred over all replications. This means

that, of the 80 items tested to the end of the 8th Phase,

12 failed.

2. Performance Plot

As an aid to evaluating the tracking accuracy of the

model, the specified failure rate and the estimated failure

rate are plotted for each phase of a test, Figure 6 contAins

an example of a typical plot.

26



All failure rates are plotted on a scale of 0 to

1.2. If an estimate is greater than 1.2, it is plotted at

1.2 and is noted as a point "out of range". More precise

values of the points plotted can be obtained from the tabu-

lated output above the plot.

The phases, for each failure rate plotted, are

scaled on the horizontal axis. By referring to the CUMULA-

TIVE TEST TIME row of the tabulated statistics above the

plot, the amount of test time on the system, to the end

of a phase, can be found.

For example, in Figure 6, the items tested had

51.176 time units of testing at the end of Phase 8 and

62.421 time units at the end of Phase 9. Thus test Phase 9

consisted of 11.245 time units of testing.

B. TEST 1

The results for Test 1 are given in Appendix A. Model

estimates, made when cumulative test times on the system

were less than 10 hours, had a high percentage error and

large standard deviations. Testing more items per phase

tended to provide better estimates earlier in the testing.

1. Non-increasing Failure Rates

As would be expected, the AMSAA model tracks growth

patterns that approximate continuously decreasing curves

(Case 1) better than those that have drastic step changes

(Case 6). The model had a tendency to provide estimates

which lag behind the actual value of the failure rate.

27



This is reflected in the increase in percentage error during

the latter phases of testing. As can be seen in Case 4,

several phases of constant failure rate will cause the

model to lag behind even moderate changes in the failure

rate.

2. Failure Rates that Increase

As can be seen in the performance plots of Cases 11

through 18, the AMSAA model has a tendency to smooth

oscillations in the failure rate. This also seems to be

due to the tendency of the model to provide estimates of the

failure rate that lag the actual failure rate when the

growth pattern makes large step changes. This characteristic

can cause some large percentage errors and standard devia-

tions in the later phases of testing when the failure rate

increases for any reason.

C. TEST 2

Test 2 used planned test times generated for a proba-

bility of survival of .99. This resulted in far fewer

failures during the testing which severely curtailed the

model's ability to track a reliability growth pattern.

Appendix B contains the results for some representative

cases. As in Test 1, a minimum number of test hours or

failures is required for the model to make an accurate

estimate. This requirement is not inet when a high relia-

bility system is being tested.

28
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The results in Appendix B show a high percent error and

a large standard deviation for the estimates made during

the test.

D. MODIFICATIONS

As discussed above, the percentage error and the sample

standard deviation of the model estimates were high during

the early phases of testing and when failure rates in-

creased. In an attempt to reduce this error, the AMSAA

model was used in four modified test situations. All four

tests used the point estimate of the failure rate

number of failures during a phase
r -

P total test time during a phase

It should be noted that the number of failures and the

test time used to compute the point estimate are not

accumulated over all phases but are only for the current

phase of testing.

The point estimate, r , was used for any phase where the

cumulative test time on the system was less than 10 hours.

Once the 10 hour threshold was exceeded, AMSAA model esti-

mates were used, These estimates were made using all data

from the beginning of testing if the failure rate was not

considered to have increased. The four modified tests

differed only in their handling of increasing failure rates.

29



1. Estimating Slope

In order to determine whether the trend of failure

rates was increasing, the slope of the trend was estimated.

Two methods were used:

a. 2-Point Estimate of Slope

The slope was estimated using the point estimate,

rp, for the current phase and the last estimate, ri 1 ,

which may have been from the model or a point estimate.

Thus SLOPE r -
p

b. 3-Point Estimate of Slope

This method of estimating slope was used to

reduce the change that the estimated slope would be affected

by a randomly high point estimate. The slope was estimated

using the point estimate, rp , for the current phase and the

last two estimates r i 1 and ri-2  The slope estimated con-

sisted of two parts:

Si-1 - r i-2 and r - r

For the estimate of the slope to be considered increasing,

both parts had to be determined to be increasing.

2. De-termining Increasing Slope

Two methods of determining when an estimate of

slope could be considered increasing were used. The esti-

mates of slope described above were tested in one of the

30



following ways for each of the modified tests.

SLOPE > .07

3.d ~eModified Tests

Figure 7 shows the composition of each of the four

SLOPE 1-- .07 SLOPE .2r,_,

WIOD1 MOD2

2-Point
Slope r r1  .07 r - r._ 2r~

Estimate

3-PintMOD3 MOD4

Slope ri_.1 - ri-2  .07 r_ 1 -r. -2  .2r -2

Estimateanad

rp ri1 .7rp r -12

Figure 7. Composition of the Modified Tests
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The results of the modified tests are presented in

the appendices as follows:

TEST APPENDIX

MODI C

MOD2 D
MOD3 E
MOD4 F

Cases 4, -3, 15, and 18 are presented for each test.
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APPENDIX A

Results of Test 1

The results of Test 1 for Cases 1 through 18 are con-

tained in this appendix. Each case consists of three

data sets, one each for 5, 10, and 20 items. The results

are presented in two parts; the tabulated statistics and a

performance plot. The elements of the tabulated statistics

are described below. For 16-phase cases, the first eight

phases are presented above the asterisks and the last eight

are shown below.

1. Input Parameters

a. PHASE

This line indicates the phase of testing for which

the elements listed below apply. All statistics are as of

the end of the indicated phase.

b. ACTUAL FAILURE RATE

This line contains the failure rate specified for

the indicated phase. This failure rate was used to

generate the exponential failure times used as data for the

model.

c. PLANNED TEST TIME

This is the test time to which each item was tested

if failure did not occur earlier. For Test 1, the planned

test times were generated so that the probability of

survival was .85.
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2. Model Estimates

a. MODEL ESTIMATE

This is the estimate of the failure rate provided

by the model for the test phase indicated (See Section IV-A).

3. Measures of Performar.ce

a. ESTIMATE ERROR AS
PERCENTAGE OF ACTUAL
FAILURE RATE

These entries were computed as a measure of accuracy

to be used for evaluating the tracking accuracy of the AMSAA

model (See Section VI-B).

b. SAMPLE STD DEVIATION

These values were computed as a measure of varia-

bility for the estimate error (See Section IV-B).

4. System Status

a. CUMULATIVE TEST TIME

The times listed are the total test time accumulated

over all phases of testing to the end of the indicated phase.

b. CUMULATIVE FAILURES

These entries are the total failuares over all items

tested for all phases through the indicated phase.
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CASE I

AC1UAi POUL
tM  

A&?[ C.124 0.4)413 0.3200 C.251) C.1130 C.113C 041610 0 '4

P011410 1111 VI'S 0.2015 0.3145 0.301 0.8373 C.U&C e.0480 1t4 .01

PC:IL IS71.8TI 2.1191 1.1099 L.1535 C.Si54 0.3619 0.291 0.224e .11

1Z !ij04CA A! 230.44 &95.73 4.47.14 1:2J.12 4S.12 !I.*; 11.14 34.3i

IA'MITsC It1: 2.100 t.2141 7.143C C.53S? C.2,904 0.1302 9.1tP2 1.c

C;.LLAIV: TEST TI~f I.ca1 2.422 5.10 I.C33 1!.512 ii.tI4 Ic.2e 74.441

103:,~K4II 050 .10 2.0100 2.9130 2.11cc *.ioca q.1.:c q~.

4..................*...*fl...***.f ... .... ** ... ................

9189 Ic LI 12 03 14 L! 16

ACYLak PSELOI QA71 0.1330 0.1150 0.1113 0.L10 C.-13 I.Colt O.C0,2 9. ?-

*1*A011C 111 " 211 1.2109 1.3173 1.440 1.61390 L.OW6 1.312 1.4741 2.Ce9'1

PCOIL 531-ATI 0.10 0.1393 0.4294 C.11.74 C.1112 G.LC52 O.r993 %r11~

I A1;1.C2 is 19.11 17.19 18.1, L6.39 18.42 '.Cq ;0.t? L1.C43 5; Idl.

£I''LI SIC Cfv!A!C9 0.3776 0.0718 3.3832 9.3457 0.0521 C.C464 0.417T 1.134

CS.PLLAT'148 TEST VIPI 31.248 17.444 44.471 !054 44.839 68.M0 11.31t 06.96

CLP1LLAiS 9*L9IS 4.5100 7.1900 6.2coa 4.7333 q.!0CC 10.32CC 11.12:3 t.p?2,

I.Cc. * SPICIPIIC PO3LUNI Poll L-130

C.SC . 2.

i. c.. .. 6Oc14

6401 Ce SCOSCTO #
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3 4 4. I

ICI,.LL lol~idlo 4A71 0.7020 0.4342 0.3200 4.2330 0.2130 0.1432 0.1610 0.1z"C

6104|c 1517 TIP$ 0.231$ 0.3745 0.5019 C.437) C.1630 0.801 I.Cr.4 1.1aft

uCCIL |1$hTlIT 5.4ig 0.6ile o.soz C.3294 c.zs4 C.2308 C.LOST 0.16-

W.TIWI 8949 LI 482.03 46 .1 40.70 20.14 21.16 30.14 S1.93 t..75
Ttcb CF ACT LA

Sb9&. Se CIIIlAT1C6 23.0532 0.4566 C.3M0g C.1996 C.12z1 C.1143 o.09c31 .C€S

CI.PWLL Ilo? ee ip!*3 2.140 5.623 13.309 16.239 23.271 31.H10. 44.t10 51.e14

C4.bLLAI~l FAILLAll 1.3300 2.4i00 -.53CO -. 6300 I.4100 1.1sCC. 1C.627c i2.7cW1

.... --...--....-...-..-.- ..... ° .......... ... °..° ........ ........... ........

pa 9 Ic IL 12 13 14 is 16

ACTIAL FhILL I&0 0.L330 0.1110 0.1090 C.1010 C.C93. 0.C876 0.13 C.C770

*LO*400 MY3 i1t 1.2219 1.3171 1.4913 1.6091 1.7343 I.152 1.4747 7.C46?

PCCIL I1UP*TE e.15Z3 *.ties 0.1246 4.1;27 .aOSS O.C417 0..M2 C.Clsf
"''l lt1 Va-@ As 14.48 i7.34 14.29 11.01 12.70 11.58 0..3 14.14

ObCI AI h'TLAL

WIfLI SIC :| t141 G.2534 0.044? 0.336? 0.0332 C.C210 O.C2&S 0.219 Q.C201

CL l.IV@I 6S? tlp. 02.421 ?S.CS4 46.17 1C3.021 IL1.002 13*.4s7 M.112 1?4.94C

C6PLL47141 WhL6612 13.50 I5.4CC 16.490C 11.7903 01.3100 20.Gz00 22.3200 i.13.OC

. .1.IC1.2
* o;O ,.......... .... ... *t .nfl f o e ... o ..n..*. .......

&.cc S*141*I04 POtAXg poll
PIS& flltalln 90I01 GAVE

° c1.C lll l *LUII?

i.4

:. C

€*.1- * . €.24

. 0 . ..* .. .. .

1.08 4.15 0.14 10.09ll:

64*110 46 94101 Co.?5 O Smog * I
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CASe I

I0 1l110

pl-Ass I a 3 4 5 0 7 4

0CL41 FhZLI' fTA' C.?CZC 0.4340 0.203 C.2550 C.213C C.1.30 0.161C 0.1440

PLAIEC 1W!? 11pf 0.821$ 0.3145 0.5079 0.6373 C.164C 0.288 1.00.4 1.1'0t

",CIL I1s"AlE L.AM31 0.529 0.3637 C.290? C.248 C.2C63 C.135 0.'
1

el
9-T'0179 Ilocl £1 80.22 21.64 14.27 13.82 14.41 12.72 14.21 1!.24
I ?CIA~ifI fA ACTUAL

!*0;L1 S: CIV14T1C4 2.0;3? 0.3178 0.1490 0.1098 0.0852 0.C654 0.0241 02.C'41

CLPILA11I7 MI1? T!tp 4.Z68 11.L49 20.443 32.164 4e.215 62.460 41.2c3 101.l70

CLPLATIVi PA .I! 3.300 6.00C 9.0400 11.9900 15.C8CC IS.C4CC 21.230C 24.?C0

.................................... ..................

le5 9 I 11 12 13 14 'S 'a

ICYL F90111.! AA10 C.1.133 17.1190 0.1040 C.101C 0.0036 0.0814 .3.00'3 .C7?0

91.00001 T0 -1--f 1.0211 1.3173 1.450 1.409L 1.1363 1.PM0 1.17'? 2.CC4!

'ICCIL 9170.81 C.1904 0.1383 0.1228 C.1136 C.1028 0.0113 3.C4;22 0.0490

iblf13.01 17.17 LZ.69 12.43 13.00 13.39 211 13..'

29m;L1 STC 0!V.TZC, C.362 0.0309 4.0253 C.A2M9 C.AN08 0.C16 0.0165 I.C14a

CL..LICU IiS7 ITP 124.427 149.505 177.is1 200.590 i30.784 272.769 M1.3is 347.!^t

cLOTLIN:v FAILUR2S 27.6100 30.40C0 33.53C 34.4204 31.700C 42.9TCO 45.764C '9.220

2.C0 4.13 a..'0 12.02 If.00

l.zo . 1.20

3.C¢ SPIC 011 01 6LL PiYl 1 1.10

of& . P IES 50T1120 9*21.[ We12

C.4C C.PO

0.40 * 0.&0

- 0-

: .o * .•ooo*~oo*oeoo•*~o~***e0 *o~oe •***0•** *• •* **0.300 3.20

C ....................... ......... ...*S........................
3.00 4.12 S.5C 12.22

OL611F C1 C1l CU? OF 2t0(I * 3
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007131 FAIL,$!0 RATE 1.703 0.1CCC 0.70CC 0.7000 C.1400. 0.1000 0.7300 ft.7coc

VLSI-hit 70M 710 C.2222 0.2033 0.1.322 C.2322 0.2320 0.;300 C.2!0 0.2 0

bCCIL -W-t~7l 2.5620 3.6015 2.32SO 1.0?69 0.G700 Q.e?13 1.0225 0.61~0

I1!!.I1 ifI-C- I!L 26.46 414.06 189.2S 48.41 11.44 11.33 16.63 IG.7'

SAPPLI S70 OjlOITCh 2.5461 13.355 6.3476 C.8193 C.893. 0.0071 0.!S10 C.4t7'0

CL61LAT4(d TEST 7163 1.063 2.124 3.196 4.280 !.360 t.4,37 7.40 a.-Oc

CL1.01~a: l FA:1141 0.730C 1.54CO Z.3400 3.0300 3.7400 4.30 .2liC e.C'0'

........ ..... f**....... 6.6 6 . .....................

Of-AH 9 to 10 L2 13 14 !S 1

RCTL*A. 31L3.00 A170 COCO1 01C 0.7CC .C-C C.7030 C.7300 .1CCc t.lrcC C.7"c

PLAM-0C 1157 7166 C-132.2 0.2312 3.2222 C.2322 C.2322 .U 0.2 322 :.Z .222

60101 ESTP158 (3.8858 0.8648 0.8031 C.79*0 C.7539 o.aloa 2.7032 C.7124
-a ~25 ~ ct AS 06.54 24.12 15.44 13.44 13.66 11.3s 7.60 4.f!

134000 0!~!4 0.5960 O.&C19 0.4469 C.3q72 0.3592 0.3547 0.3145 0.210lf

CLPLL4'%01i TEST 1060 5.63C 10.t00 41.781 12.854 30.90t 14.5*3 06.772 17.142

0161137111 9*011840 4.6400 7.5602 8.2100 0.9s00 5.79DC 10.!103 11.2.CC 01..4c

O .CC .1 8.10 10.i!l0r

. ........... .........................

S .'C.c 3.43

618 IS01101610 IOIE WE~

C3.'c~~~~~e~ ........ .....*:, . . *..*.* ......

PHASES
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C0Sq 2

"~All t 2 3 4 5 6 1

'CTLAL i1.LLR RATE 0.100 0.7000 0.TCoo C.7300 C.7300 0.;C30 C.1010 C.TTr

SLA&N.C 1117 TIVI 0.2322 0.222Z 0.2322 C.2322 C.2322 0.2.- 0.2!22 :2o2z2

"CM . £5119!TI 2.0010 1.3248 0.4434 C.4568 C.676C 0.&474 O.CIi 1.tA2

4. ;'i !Ia! AS 185.s? 09.26 34.71 Z.4 29.L4 21.*6 L4.46 |iz.68
f0CEPTA0I CF ACTILI

PSILL! 55?3
-C5! T C11AT:!4 2.62C3 1.145? 0.7111 0.I0459 0.41* 0.3447 0.3214 C.30

CLMWLJT 4 TEST TIP- 2.151 4.409 6.491 , .SqT LC.720 LZ.1. *.10 %7.148

CLPLLAIIO F&WAIS1 1.34o0 3.0600 4t.3100 !.Igoe 1.50C 1...03 10.itC 12.Ucl

9 10 11 P2 13 i4 15 16

*011* F .0I ATE 3.7030 G.ICCO 4.?000 C.7033 0.1000 0.1000 -.mo0 .1~

PLAPAE, 1!!? TIP& 0.232Z 0.222z 0.2322 C.2322 C.2322 C.IIZ2 0.21: C.ii:2

PCCIL !STPA.'i 0.9184 O.7Mo 0*.726 C.7919 0.Iss? 0.7106 0.1701 1.7?17

II'!'Ll 11906 A! 16.51 13.05 13.23 13.12 12.a4 11.66 33.24 1C.67

PatILL
540;fL TC 0IV!AT10) 0.3105 0.2545 0.2765 0.2536 C.;372 0.1149 0.3*1 0.97

Cst-LLi UIS? 7.-1 11.274 21.417 23.91; IS.*so 21.022 20.it0 32.005 *'.Z'e

CLLLAIV FA!LLAES 13.8600 15.3100 16.9103 11.3.00 Z0.0400 21.14C0 '!.1130 ? 4.'C

3.00 4.19 Is03.2 90

I.CC . . 1.30
* "

... c: ..C

VI1 1II6CM Mpl

- S

C .4C C .3C

* •

,.Cc 4 0.20mc

KOMC OC P* S P C TCISOF fRilANC 35t|

* I
11 * 3 .

Loli9 CP 903311 01T 0P 0*5500 * *
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PI-5 1 2 3 4 4 1 6

ACTL4.S FILUPI 94T 0.7000 0.7c0 8.00 70 .GOO .1000 0.CCC 0.C 0.7

PL*ki. 1|i1 T[Pe a.Zn2a 0.asa 0.23 C.212 C.232Z 0.22a V.2122 €.322

lCCil iS12PA16 1.3;31 0.6044 0.7636 0.7644 C.7506 0.741L 0.7195 1.124!

1197 !Seac AS S3.30 15.49 9.06 S.19 ?*lz !.0T 9.17 !.?1
eA!LLL Jk

SoPKL SIC c"I0T!C4 1.5499 0.4719 0.3543 C.2899 C.'471 C.MC13 O.!WPi 0.3s$r

CLPLLETIZ' TEST T!| 4.234 a.244 12.40a 17.379 I'.J9 2.43. 4.1 i4.2Vs

CL LLATIVI PI.L.SI 3.3600 6.1400 9.1*00 :2.3 00 3].3occ 18.44c 0 . * -. OCC

I. *S*. *. 0* *S**t****S**SS.C***S.*S* 4*t*4.S*........................... .,.

04' I IC IL L2 13 14 is Le

ACTLAL FAILLII MA41 C.7000 0.7000 .7000 C.7000 0.1000 3.1CCG 0.10 C. ?,Cc

FLAPPC it? INP 0.2222 0.22z 0.2z;2 C.2322 C.2322 0.;3;2 0.2322 C.2222

ATEL S$l? €.719s 0.7141 0.7195 0.7197 0.7138 0.7161 0.73%e C.757
to.£' 6C' S .2 203 2.76 2.61 2.26 .%6 1.31? .6

SJPFILI STC MO!ATIh.tC 0.1799 0.1612 O.L64 0.1620 C.1601 0.157 0.14CZ 0.136!

C€ML971L4 TST TV's 36.532 42.433 47.C46 1.397 ME.636 s$.qa 94.2t es.542

C6PLLjI.*8 FAKLIJS 27.3100 30.240 33.3$00 19.4500 M.4744 42.eCC 49.49C4 46.3tCC

.......... .... .....

8.00 . : ..t0

:C

- C

* A 0.60 0

: . 4 * * . . ......

:. C

* C

cc 0.6 C 14.0C

* CCFI€ftLR t

* ll CP pcikTs LT Op pofce I

P"Iff
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CASE

81* AEL4.91, NA19 M.CC0 0.0500 3.0501) 0.0,30 6.6CcC 0.3160 C.CSCC 9.0130

41*1.416 Isiv T901 0.2323 3.2904 3.2504 1.2504 2.2504 3.2!C4 3.2114 i.1904

PCCIL 1. ESIISI 2.444 0.0907 0.1304 C.0546 0.0511 0.6526 O.C,482 O.C497

1171 14A'E 1 --6 AS 277.71 01 .36 177.21 9.44 2.17 5.25 4.1. 6.5!

lJ53~t SIC C[VtATI64 3.014? 0.6'1 0.5111 CASH3 O.C441 G.C432 C.C424 0.6041

6I.5L1*IE TEST flPE 1.65 15.99 3.).66 '4.032 6.S1 YS.eSS 41.C11 ICs.1.O

C1.LLTIVE FAILURE:0 6.&S60 &.Saco 2.3100 2.9200 2.700C 4.4s66 5.1166 5.13Ce

of-AliU 9 10 11 L2 13 14 is te

£671.51 5*11.101 041 0.0900 0.0360 0.0900 C.0900 6..6500 0.cSC0 0.6C~c C.6*:t

FLO54.1.1 IM~ 7151 3.2504 3.1104 3.256' 3.2504 1.2504 3.21C4 !.M04 3.2!34

*CcILI. SIVPITI 0.0454 0.3422 0.0ti5 6.6421 C.Cft34 0.C453 0.0453 C.C"S

E' :.N1 6
4
;:1 IS 9.26 1..31 L4.54 15.46 lP.21 1.i0 S.4f 11.64

"111jtlACTUAL

5*4.4.1. ST: C61411716 0.0317 0.0242 0.C211 6.0253 C.C232 0.6221 4.(ZOO 31146

CLOLLA.Tti4. TEST 7150 121.7 136.404 1*1.S64 166.49 141.260 19t.1)1 Z11.C71 22C.C11

C.41.1.TESE9 FAILURES 6.5400 7.1300 7.5700 4.4900 S9100 16.4560 11.2100 11.9716

1we. 1.20

. 15 14.41 ESIMTE FIL'4RV RAt!

S 4S

C.1 C.40

* 4.

-~ 1.



CASE I

10 lTWpS

ACTLOL filL,.'6 NATI 0.7400 0.0000 0.014 4.0100 CAW.2 0.0100 1.0I10 I.0110

PLAO061C 1111 116 0.2322 3.2104, J.9904 3.2504 3.2104 j.I!Ct 3.21C4 3.i!

POCIL *S11P*S 1.6391 0.46114 0.0601 0.0141 C.C4.U O.C444 0.0449 4.C4.44

EST!-AT! 1'*cm AS 133.68 43.15 21.37 8.20 3.10 6.31 14.12 il.2

WALE1 S71 CIVIA1714 1.10'.? 0.0604 0.0314 9.0071 C.1243 0.020 C.0141 I.0192

CLOLLIf1iv TEST 'IP Z.197 31.478 R1.411 St.432 f21.44 110.94 191.2,1. 217.4!4

C8L4EFAWLAI1 1.3400 1.15:0 4.630) 4.4040 1.1506 q.0210 1C.63CC 12.4:10

Pp511 9 IC it 12 L3 14 IS 1e

*C LAt FAlLUMI Wl~ C.3500 0.0!00 0.0100 0.0100 CASCO0 0.4000 O.OlI %II

FL*Ahc My! 7!011 3.2!04 3.2SC4 3.2104 I.2104 3.2504 3.2014 3.21C4 -.751!4

PCML SII-lATI 0.0441 0.0438 0.043C C.0432 0.C434 0.04S0 0.04so Q.C'V

1$ZJ1 l0 ! 10.8c 12.42 14.01 13.50 12.86 80.14 8.ta 4.

SCIOLI lye IZA'1P4 0.3201 0.0177 0.0117 C.0174 0.11?? 0.114 C.C153 C.C192

CUPLL,7Z~t TEST TIPt 240*.fL6 270.194 301.220 131.226 UC01 29C.671 420.M7 41P.730

C8.L51$48 FAILLAIS 13.9200 12.440 16.TSOO 18.2800 11.8300 21.!240 23.17CC 26.t!CC

8.00 4.7is U.i 13.21 t*.CC

3.204 1.2:

PIO 16 SlIPATIO FAILURE RTEt

- .& C..

C.4

* 42

1 0.4At



case :Ia

01611 2 3 4 7

806II 81, 19 WE 0.71 0.0100 C.Of01 0.0103 0.0900 0.0900 0.0%00 ^.CqCC

PLAAA3C TEST ?t1I 0.2322 3.2104 3.1504 3.2514 3.2504 3.1104, 3.2110 30563

C06 3Si-its 1.2422 0.01451 0.43 11 C.0192 CA.01 G.'O2a 0.1400 1.40

I1 uflI 8300 "l.4u 9.06 21.c5 Z1.118 Mee0210 20.09 If.*,!

S516 510 .11109I~l L.4262 0.0438 3.0176 0.2L.2 0.01*9 3.0'41 O.C129 0'

CLOLLOtIVIl 1301117 o 14.123 64.011 124.57L 194.Z51 j44.24% 304.431 !64.416 4:4.21

CLPLLRiI%1' PAILIMS1 I.Ma0 5.61V" 6.6700 11.'0a0 t4.4400 01.91C0 10.4100 ?*.0'0O

S 10 11 12 13 14 is t6

C '% L 111.1 V516 C.Q00 0.0300 0.0500 :.Os00 0.0500 0.c100 OCli'e C.Mo30

P1.43180 TEST Tills 3.2204 3.252:4 3.290 0.2504 3.25C4 3.210 3.29C4 3.M54

301.10.48 030 .0445 0.04L3 0.0415 0.0425 O.0411 O.0420 O.C424

6'' 1;*jC8CSI £ 1884' 18.90 17.39 2,7.0* 11.04 2!.04 11.41 !At8
P 711.A

SAI31.6 SIC C941ST104 0.0110 0.01ce 0.4105 4.0103 0.0111 0.0110 0.CIC8 C.0212

C431.LO1 TEST T11411 4414.635 545.113 624.76% (65.234 114.11 744.115 644.SC1 09l

013.1IT1,1 FAILURES5 26.9400 Z9.4000 12.9100 33.8900 1.1000 41.1100o 44.13cc 47.6tt0

.............................

L4

1.00 1.03
* I .SPIC10IIO PSILIJAS WE1

* .Plan I5119*110 PItLUNI WE1

C.1C

0.80 14 00

10,11 P# 111CU P004 1A I
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casi 4

pilaff L I s a

ac Lh PAI1,165 0411 ceiocc *.$!CO 0.ozso C.4050 C.400C. 0.4cad C.*cc.: C.'ecc
0PIAIC TES1 73k3 0.1122 0.21155 0.3044 C.4312 4.4"01 0.404. 0.4001 0.4C0?

2.0 17P6 475 3.8921 0.7b42 C.5960o C.9433 0.4412 Ibl 0.43 S16
j'l

61 
S80 S 11.00 227.46 7MEL 41.15 -5.83 23.90 20.73 0.9l4

58811,5 SIC CIVIA?1CX 6.4796 2.3442 0.791.9 C.4336 0.4000 4.47C10 4 O.W04 aa 6

CLP'LA&711S ?ZVI7 1.074 2.418 6.12Z 6.049 7.942 4.141 11.4ksl '%.I8

C1,bLL#Tt~t *8A1RS 0.04C ! 2.11: 10l:111 3.4300 4.1CC 5.11ce 9.77-

9 10 it it L3 t 1 16

LOLW 1LLESF .4C^,0 0.4000 C.4000 0.4003 0.1750C 0.1.44 C.1000 C.0CC

WllthE ?EST ?lotE 0.4c63 0.4003 0.4C63 C.4463 C.4334 O.E&Zt z.#ZIZ !.:!&'

.00 51j, 0.4266 0.4234 0.40S9 C.%.204 C.4005 0.2310 0.24,4 C.f

fo#L StC Cfhrf,?ICA 0.2152 0.11F# 0.1891 C.15111 0.M07 o.4 0-443 1 .C" 1

COLLoat0bE ill? TIP! 15.442 07.314 14.1,16 ZI.C49 Mo.01 26.P64 14.0 '9.30'

C1.pt'?bEl~ 0414~116 6.51^.0 7.3402 8.3700 &.?$CC 1.1000 10.01CC 10.e900 ;'.eC

3.30 U. 11 S.IC 125 .'

0.. 06.0 .. as* ..... .... ...

*PIAM IST144110 FAILURE 0011

C.40

4. 8

* al 8p 8CMcO AC
omit

04

P Mimi



0*56 4

10 31'

*071*1 FAIL&&#5 *3071 CO.1000 ! 0.10 .253 0.40901 cc 0.4000 0.4000 0.4 "c 0'0

okho&bIe TEST Ilp 0.1322 0.2115 0.19Z4 0.4.G11 9.4CO3 0.403 0.4053 0.4093

P0:63, all!"Of1 2.92 1.169 0.5144 4.5460 C.4436 0.4136 0.3144 C.245?

:471#'1 1005 11 M2.79 W1.17 11.03 34.51 10.90 3.45 0.15 '.06

03,9.1*t4 TEST T11'6 2.136 4.05? 11.442 IZIt33 1:.812 11.*413 2!.4te 27.t1-;

COLLAIII fA1LLAII 1.5400 2.1400 4.1400 S.640 7.10*0 8.5400 I0.1000 11.f110

S********** ............ ****t****t*4 ..... .........S.bS .. * ...

qIAs 9 10 11 12 L3 14 is 1A

ICTL9. 933LOC3 At&?! C.4000 0.4cca 0.4000O C.4000 C.3150 0.2c00 C.IeCC C.0110c

P154400 IMo I:pg 0.4C63 @.4C*3 0.40.3 0.4043 C.4334 C.12 1.6M~ 1.i

P0033 117V.515 0.314s 0.3527 0.3412 0.kS45 C.3931 0.1440 C.al44 3 7

St"'Ll SIO 0!IA&TI:'1 0.1311 0.124 0.1344 C.1347 0.1179 0.t455 C.01.15 0.131

01,3,1*7141 I117 T1.§ 30.143 34.123 34.419 42.151 44.174 51.627 ff.!as 5.311

CLP%1L5TtV@ PAILOE36 13.0100 14.4100 16.3100 11.5710 19.160C IC.tC00 iiZ.240 2.1':'

J.00 4.39 0.9c 33.25 39.00

3.20 ...... . ........ .... 04.... ...

*.C . O . 5* 11*5 Pa eRUSE 5575

I AC

0.40

aamc
6 04,016 AP VC *1 *O Of *AC - I
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CASE 4

20 Itet~

RCTLAL FAIL641 WE' 0.7000 0.Si00 0.4250 C.4040 0.4.00 9.4c00 C.4.c C.40Cc

PLAN1610 1111 11VI 0.2522 0.2991 0.3424 C.4013 0.4C43 0.4041J 0.4M4 0.4C63

'COIlL all:,&ll MISS3 0.411 C.9166 0.4366 C.4171 0.4013 0.4C17 ".404C
vWPA7I I*., As 29.C2 23.37 ZI.51 T.00 4.14 142 0.4' .qC

soboto SIC Ivl&TI4 C.OW4 0.4140O 0.255% 0.1704 C.1717 W.jlo 04t24? 9.919C

CL' .LS~vTIO 3 r1b4 46.31. 9.794 16.874 14.30J H1.749 s3.!.32 4441s 24.164

0~U14 J1AAI 2.941 0 .8v0I 110100 I'.71CC l?.74CO iC.li.C 04.0I

le3 I 1 11 12 13 14 19 1e

AOIL4&SL I 4-141 C.4000 0.4000 0.4000 0.4000 C.3?30 0.2t00 C.1003 O.CV10
6t*4.R!

6  
TEST TlPt C.4.63 0.4043 0.4ft3 0.4C*3 C.4334 0.411* 1.672 !..!J4

.:.-IL Esi3-All 0.3499 0.4033 0.3561 C.3941 C.3861 0.464 0.24.z .1!19

!314 %Qk 4100 5 0.03 0.43 0.48 1.49 2.97 de.21 144.21 221.74

Si-PLF 1ST0 OtolilIC'. C.1101 0.1161) 0.1023 0.0171 0.0414 *.C~tt ).04S' I.C2

C.Lyl~t14 fit? 7144l AL.474 69.123 74.072 &4.172 92.134 101.194 137.3i0 197.412

01.411.10 FAILURES 21.0400O 30.2200 33.2300 24.1701 24.0400 42.0400 44.ICCC 0.@:12

:.Cc 4.11 O.s0 12.29 4.
*........... ..4.*.4,*44f....*... ......... ......

* . 4 4 196!P440 F4ILURI 1ovM

*faill ISINl?40 64WL-JO 6 *a

C.4

0.40 4 6.4

* ac

1. 4es
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Call I

is 51651

p*83* & 5 4 9 a

£CU5L PAIL4.1U *A1l 0.7000 0.70o" 0.1000 C. 7003 C.7000 a0.2040 0.10"0 0S. vem

otakkic 1W! vTII 4.42uz 0.S322 o.1ill c2zz o.922 0.21;2 4.2322 i.21'

3
1 0.10 .4 1.3161 1.34. 0.9164 C.&A4. 0.1151h 0.7719 3.7%?'

i !1:' i.Tjt is 112.43 93.42 S*.S. 31.2 14.71 10.01 10.:7 8.2'

3i-PLE 27C &OIAZtZC14 1.2429 1.8888 0.9333 C.6204 0.44 2.301b 0.3441 P.?j

C1I61I4l'Zat "IST TEPt 2.1.0 4.112 6.459 4.049 10.1.4 12.41Z &1.076 .. 222

C'.Lts4 *hi.41 1.3400 311 4.4U10C 1.6100 1.3404 5.6!00 10.kfCC 11.660C

....... 0 .................*4*.*.*s...tS ... ... I .........

I 1C 11 11 13 14 is L6

AOTLOL F4LU-
4
f At'! 0.3!OG 0.0ici *.Gila 0901 0.0104 O.Ci9 3 .7M1 .091

ADLAPX*C 151 TI'0 3.2!04 1.200' 3.2S06 j.:5.)4 3.1!C' 2.1904 321g. !.294

'31 lZa5 0.15* 3.0129 0.0.4? C.0545 0.4494 0.0442 0.0438 O.C41%

IC 1 216.0 81.82 34.41 12.96 0.19 7.44 12.41 Id.20

5*5*4.3 SIC 24'01TC' 0.232 0.C320 3.214q 0.0184 0.0152 0.0134 0.0112 0.C114

t0p.Ah~vq 1137 T!'0 47.3:6 77.441 &C7.4L4 17.664 167.077 197.531 221.437 2S'.47%

C.PL141 § fLL40! 13.0800 L4.9100 1431)0 17121900 11.7300 10.24103 21.6. 23.38."

*C.1

- C.,. *C.43
- 3O

1.6 6.* 8.5 121 -U;
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ACV. 061LO1i 4471 6.100 3. ?CC@ 6.7003 C. ?0) 4.1m . ce *. .~ 0.0 7. 1.I

OtsaPOc "Ift li,0 0.2332 0.2102 0.19322 C40311 C.2344 C.Ma0 6.2122 :.Mla

~c L 11.TV 1.10)4 1 .7#0 a 14 1.6916 1.4949 1.CC42 4.9.40 6.41*

ij:a. !4a Nt 40O.44 L51.6.3 63.4 14t.42 if.q *!.Cj 14.., '4.4t
'F CTIJI

546011 SIC ab4lZc4 V7.8414 1.6887 1.066) 9.4117 C.1174 G.1431 G."914 0.6#9

C'.~.t. Ma? 7!-f I.C7e 2.*6a: 1.141 4.l !.i ts 5.4.a a. .-5 1. 41 SaC

CLLSIVlI F'!L" S @.&Joe 1.34C. 1.9903 3.6403 i.!OCC 4.3100 1.110 %.1i~c

Iau &C LI 12 13 14 is

8C1 .aL Pjhl.I RAI@ C.3900 0.0!00) 0.0100 C.0101 C.15.0 0.0103 0.0900 I.CiCl

MCIM Eit!"i71 405 0.Ma3 0.4114 C.0610 0.0526 0.1408 0."452 C.:17

IVT-Aj *.4k9 as 247.44 01.60 41.4s Z2.01 5.11 1.4. 06.t1 12.6p
*1,Ili AC? LAi.

19PO~l SIC C1,iATI:0# 0.1209 0.0419 o.0248 0.O72 1.CZZS O.czL 0.o2:c G.;173

c IPtLLII%1 ?IS? 7 off ZS.741 18.911 53.40) &$.T0i 63.611 st.721 11.171 129.797

CLUL't'al PAILLIS &.9300 7.1100 1.9343 4.7100 4.3700 19.1703 33.0200 l1.&700

IC C . .. . ad

9.4

j C.IC . c
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Ca) IP

*I.I # a a C " C S . f

aC?4'& *IIAWll I? 0.7400 2.?CC0 0.7000 4.7000 4.*1-3C 4. CCC 4.Do.J ".?

SLASSiC 1414 tiP 0.210'a 0.8)2 0.1)21 08.133 9.1322 C.81*11 4..2T71 4*.1I

cci.. ISTI 4-i 1.4461 .14. 4 0.74.s COIL C.72 7 0.1fas 0.7.41 1.7t5s

*,I'Jl'4 I.6:6 -1 $.18 13.41 LA.0T 6.-1 -. IC 1.36 ?. l ?.#I

1*P'Ik ITC OivIA?:.*% 0.6!40 0. "SS 0.1424 C.041 C.1,19 C.v! 1 ." ' '1

.L34 .S. 6. i£. . . 00 11.6" 14.17( 0 1..4440 IC.4..C i..?13C

ar. 4L.I 810 4.Tt40.1. *l .l o CCO 0..ICC C.€' t.
*L5iC i! -41 ol~oi0n3o134 0.344. 3.o03 3.e0134 3.27i4.o ). oil 3. 27:,i 1

- -------il ---

c4 s 14 .1 .1 0.0951.64 C.IS C:L 0.. 1 3.3-a 1

- °

(.aC * ...

p c

* ( III.

-.1 -- - -- - -. - - - - - - --- - - - - - - - - -

*IoC ist !. !?!.!1 al 60.

4.4 4 1.9 .23 IG.

.00. 1.

P00161

%.C Pth 311671 fILL-f4el



most# 3 4 5 4 1 4

ACL~k 98 IL." SASS 4.1 a00 5.104 0.700D C.7003 C.1000 C.4CZ3 .44101 0. Af07
PLA416C fli TIPl S .22 o.:322 0.0223 i .2322 C.232 0..:3 0.'.1 .. 44

oitft ifit-47P 6.137Z 3.13C? 1.3144 4.,94 4.0.95 ?.72.1 0.045? 1.4*'"

SCTASL8 so Ac.. 361.13 55.54 37.3S ;4.22 I.!!s !S.. 35.:!

gf.$L9 114 44. IsTZCM 41.441 12.44)0 0.6206 C.037 4.41 0.144 0.41!8 0.2-42

1LOLITI4 ?II5 TtiI 1.341 2.121 3.209 '.3011 .3?4 7.21o 4.07 1z.ete

€L-k.i51140 'II6LI1I C.7404 1.4540 2.203 2.1430 1.5900 4..60: 9.244o .C1

9.520 Ic 11 iz 13 14 19 16

SCMtL 44!. 4 4'1 C.4CC 0.4Cc0 0.1Co' C.1100 0.1203 0.1:10 0.!10 ). 3

piapoic its" 1!-f 0.4440 0.4M4 1.62112 1.44052 1.9752 1-.292 L1.2t2 1.i

"+l ~::l 0.4152 0.494d 0*TOOl. c..V61 C.tO t **al 3.ize1 tl*li+

Sic2 1. . 21.3C 14.4S 140.10 q5.37 t0.dc U.14 0.!e 14.1!

0SiP66 SIC iT vta:Cq 0.21 56 O.Ce3 0.1124 C.0776 €.040s 0.0529 0.C4i c.c425

C601.,47:11 '4;7 7!'! La.4 14.742 lz.a4l 2022 37.231 414.670 52.044 5c.521

C...LgJI.46 S
8

1L61l *.0600 7.34C. 4.3943 .30 14 12.4?1Cc 11.6420 l2.i.5

1* cc I I I t I I I L + I.e

*...... -:.". ......... ;! .........8!.........
1.14 . . L.20

PFCIp,,t PAsILU.P *8?'

I.C

C.I1 .eI

• .*

I
c..c C.2 .. 0

1.9c 4.5 .14 1a.50164

.%.Its co PCI11 I op 4K8P" * S
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CASI 4

* hqI 1 3 3 4 5 6 1 8

RCTLAL FAILLIk SATE O.7COo 0.?CCo 0.7000 C.7300 C.1Coc 0.4CC C.4c:c ".4io

PLA8 f6 Tell Vill 0.2!22 0.2322 0.4322 C.2322 4.2322 0.4C63 0.446? A.4)3

PCCII 1311PAI 1.7872 1.12s1 0.8011 C.8621 C.7812 0.5;71 O.C77 0.4116

1.11*&TO SPACE t3 135.35 b1.2* !5.86 32 11.59 4%.43 1. 1%41
3aLS| 71

IS-Lf SITC CIV¥A!Ck 1.7442 0.9!0- 0.5850 C.4&1 0O6S 0.?941 C.?Cfa 3.1t;4

C4.LA61161 TEST TIVt 2.158 4.277 6.44,1 1.383 14.128 14.45S 10.217 22.C93

CIp%.LAT!v Dh:L..41 1.3800 3.0-48 4.3300 5.9233 7.2400 8.4kcc 9..610a 11.25c,

.......... .......... ............ ............ ...............

8812 9 10 11 12 13 14 1' 1

-,;:;-L -L;;-.: UI7 0.1;4-0 a.4440 0.100i C.1000 0.1000 0.1240O 3.lC~cC.CC
PLIMNS O 19'?s TIPI 0.4063 0.4C43 1.6252 L.6252 1.tZS2 1.6'S! .1t2qz '6

*2IL 11*,.i 0.43114 0.4184 0.2492 C.12413 C.IS54 0.1?te 0.12!6 0.:14

!".q 9co 1! 8.99 4.41 149.24 16.29 !!O45 e.9s :3.061 14.%C
ii01-21 aCIM
Psi,.L ,j.I

118118 TC tVhiAIC' 0.144 O.1469 3.33 C.OSTA C.C423 O.C383 .C245 .r29

CL'OLiTIV 7T '18 25.831 24.165 44.552 !q.41 74.439 $G.!20 104.331 1190c.3

ckoq.l.AT:Is P I8 1 ! 12.7500 14.1900 I$.7601 17.4503 .S.CZQO 20.!!C' 2.188l ;3.740C

1.CC 4.15 8.90 Ig.5.

,.c ................ ............................. 0........... ..........

3.44. SPECIFINC FAILURE maq *

Pil l 16 ISIfPOIC WO1LONI RATE

- "

U 4c

3ee

I

* C
......... ........... ............

1io44 441 1.13 12.0 * P

016"140 CO I 1C? O MRIE I ARMS



CASE 6

20 ITP1

P1 2 3 4 S 4 1 1

ACTUAL FAILURE RATE O.140 *.?Co0 0.0-30 .7300 C.1000 C.4 c1 .4,Co 0.4CZC

It#h(C TES IT10 0.2322 0.2322 0.23?2 0.2321 C.23ZZ 0.4c63 0.4C67 0.46 3

-CCL ISTIPATI 1.21?? 1.01!4 0.8886 C.32 7.4A94 o.0cl 1.529 o.49So

5111AE -"'o 8 S2.03 ...48 2..54 19.32 12.7 52.48 .45 i.ce

S58L1 SIC VIIIATCN 1.213 0.4270 Q.4CG .0.3 o46 C.2523 0.11?7 3.14-? 0.137%

CLOLLATl1. TEST T:' 4.294 8.561 12.842 17.130 21.419 21.045, 3t.41^ 43.831

cL ' TLATIII ;ILLAIS 2.700 2c3;7 3.7T01 10.300 . .i3c 19.0100 2i.r424 2."?tV

........ 0* .... *e~oooo~ee ...... eoe 0*. ...... • 4 ......... I~ o ....... ; ...... ...........................

01501 9 II it 12 .3 1 1I

- --- -- - - - -- - -- --- -

ACTLA. FAILLAI RATE C.4CC0 0.4CC3 0.1000 WOO 0.!000 0.7040 0.1 C .17

818%P.OC '81W '18! 0.4063 0.463 1.0252 1..252 I.t252 L.tzl2 1..2 1.cM9

P'OEL ES01117' 0.4551 0.4365 0.2-a1 C..'131 C.1571 0.1315 0.1213 !.lilt

A Ito 1851 -0 R Ai L3.76 S.72 is&6.01) S3.06 57.1C !!.47 22.:1 11.6s

.! , :EPA

SA-riLE SIC EVIATIVO 0.L217 0.1213 01.4654 C.0431 0.C334 0.0776 0.024! i.czl7

C ' i III T.-s 51.373 59.956 911.41a 111.497 ''8..459 171.i1 ?Cf.0'4q 1

OL11':.1 A111071E 21'.0300 30.04CO 33.11CC 26.4600 11.43Ct 62'!SC50 49.le630 4e.2?cf!

I.73 4.15 $.!a 22.23 16.©
..... .................. ................ 8.............

*~~~I O 90820PILUOI *AT?

P0.I0 3.120

ca .

I~t ..... .... .....

.......... .,'. .t.........18 .~~...... ..... 1.41

&18148 CF 0.10,1 5t C Rost1 * 1
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£CI. j 'lLuag 0171 C.ICCG O.1400 O.L460 1.r .0.000 0.Cc
PLA't'C ?fit Q?( .ZxZ2 0.q01 1.532 2.4:$4 2.7cit 3.11C4

-CzU W1SPITO 2.664 0.4510 O.Z10? C.1267 0.0-094 G0.4
*'1!:4s'e 1030 A! 2640 155.26 99.29 66.74 44.89 ;q.21

!F~Y2E: ACTCh(.

110FI i C9%I'.1T0 2.249L 01.3773 0.2223 0.269 C.11464 0.C529

CLVL.411V TIS? T!b! 1.082 5.233 L2.135 22.415 34.915 4SIi

CLLII14i PILL4E! M.510 1.4CCC 21.1100 2.oa00 3.450C 4.Z000

0.20*C *~ 2.;.5 3.!C 4.15e.2

&.cc .* 17

* ~SPI0CIPIIO PILURI 0401
-~~PA t 01 STVIhTIG. FAWMI9 #Art

- .50 4 0.

. a

00010C UI LTO A ~ ~ e
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9,6!' 1 2 3 4 5

ICiL fill)-al 1.4444 0.2349 0.1166 CA.09 C.C645 0.0125

W!"A1F IAmC01 At IC0.46 30.44 12.05 22.99 1.51 '.S1
*.39Lt 6 9 A CJa

S*91L! S~C Cf531.1709 L.9720 13.1&45 0.0705 0.12sa c.0259 G.Ozia

CLUI.L513 79? 71.1 2.131 10.442 24.6sa 44.542. lk.742 9.t4s

CL4L5 I FLUMLA! 1.120C 3.0900 4.5003 5.S700 1.4C00 9.3430

f .c0 2.15 3I.C 4.1 94
1.20 . 13

* *PION ISTINUIG PLiume RaTS

N C.&C C.

I .c

I.I

c..e0.

III*I~l**III*I*1.II***IO.. . ......I ..... .

wels1 Cp P1011 CLY OF 990d - a
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CASE I

20 OTIPS

1 ~ 0 3 4 5 4

SCILAL FAILO61 I5T 4.0100 0.1100 3.ioba 0.0760 1.C6CC 0.V0C3

PLAIIC 1127 T[ 0.2322 0.1C29 1.5331 1.1384 2.7086 3.2!C4

PCOIL jll[PA'f 1.2610 0.211? 0.117 C.0603 C.C61 0.1456

W0IWI ea'c is £3.00 11.40 5.34 S5.1 1.17 1.73

SOIPLI SIC CIVIAT!? 1.1594 0.1266 0.0517 C.027 €.0204 0.Gf!-

COPLLOTZ I TEST -!Of 4.285 Z2.C18 49.447 14.955 U'q.ls5 19.2.

CtOLL01Z FAILOSS 3.1030 6.0200 0.6203 L1.9500 4.5300 17.eCCC

I.CC Z.S 3.!C 4.19 e.CZ
*....... ......f..... ..... ...f ... ... 0.. 1 . ..........

* O SP8V'|IO V1ILUII Qt

1.11* . *js *IiaI.8*SIL
5  

.g * .14

"

- .c .3e

•.C

...............

o 5

- S

4 U
- .4€ *oeeoeeeee • oa . t e 4o*eeoee

a * * * , * e o • •e a o ~ u
a JJ !Pll CTG AC

* SSI

o5



cast G

SCflAL FAILURE8 A811 0.7000 0.7000 3.1000 C.1000 C..IOOC 0.10CCC
FL11 ImS 71.1 4.2322 0.2322 0.2122 C.2322 C.2322. 024

.0:55. II:.* 6.5463 8.2s45 1.5116 1.1498 1.7851 0.q9489

81IPATE ona0 is 619.0? WAS.2 61.9 4.26 195.12 11.42

1APPLI ST.^ :110ATIC'd 18.5984 38.6478 1.5888 1.03*3 7.2352 G.6eC3

CS9LO111'.~11$ET TIP! 1.C?5 2.194 3.221 4.309 1.213 6.442

CI.PI.AIVIE 9*115.031 0.68010 1.4400 2.1800c 2.4500 3.51CC 4..lCO

2.ZC 245 3.!C 4.75 ~ c

i.3C *...1.20

1.CC L .00

- .50 . .6.9

- .80 ..

* i - ESIlfaloFIU*RT

.. .. . .4 . .. . .. .
C d.

AtfS ef KI CUT'SE OfIUP NAN TE
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3@S tV

£CTL PAIL6.'1 JA*i! C.TOOO 0.7003 0.7000 C.100 C .13OIJ 0.1M.

OL1644'C 11 TIP[ 0.2322 0.2322 3.2!22 C.Z3Z2 C.2322 0.2

A01L fill-A7g 1.,06 1.111.8 C.9447 C.4221 0.NG11 6.1247

6!PA!I M46 4 1.96 S169 31.4.7 31.62 23.83 11.62
PikA-!?tACI ;P SCOI.OL
DA:La 9 987

.TC E3Vh?11cs 2.Z042 0.69 0.411. 0.42*6 C.461 0.3530

u,ksliY&, It1? TIPS 2.11q 4.iog 6.3"~ *..OL 10.4 U.1

bLDI0FZILs.I3S 1.6200 3.1100 4.700 4.4300 1.#100 5.3000

3.00 2.;S 3.!0 4.11 *.CO
I. *.....*f**.......a............. ............ 0 ...

3.00 1.05

3. 9c
#&MC 4 AIC o ^1 t PAI

* 57



CASS 6

20 2Tte1

£CLu& OAILLU WE1 0.?7000 0.?000 0.7000 C.7000 C.1000 0.7000

PLARft 137 11 2 Q .ZSII 0.222 0.2122 C.2322 0.2222 G.AM2

D807, 1 FT l&il .1114 0.$40 0.6210 0.183? C.1602 a.?&$@

6171817 18*08 '! 71.04 24.14 18.54 11.95 11.4 .40
111 I sy CI*

SAPPLI sic 08'e1110% 1.3731 0.4682 0.35S4 C.2971 C.26a0 0.2102

CLPLLATZ1l ES 8!? 11 4.301 6.Ssl L2.443 11.144 21.424 22.dq0

CLPtt-t13.8 *1Ll!l 2.02co 4.0001 9.4100 32.1900 19.2700 18.2.CC

*3 .

I. * ... ..... ...... ......

t.40 08

ca

..4 c 4 ..

* 58
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c9e

I a 3 4

JCTUIL P11L1
1
g SATE C.ICOO 0.0!Ga O.0io0 CAM50 C-T540 O..

PLA16NIEC ?III TIP[ 0.2322 3.2904 3.2904 3.2504 i.2904, 3.2f44

-ML WV1i'I 3.0001 0.13.A 0.0413 C.0.4 C.C4,92 41.404

1t1"NS.I* *NaCTA 32'.99 1A.20 zA zo a

I"LFI 3? CO~tATICX 3.3?72 0.4960 0.0523 C.0539 0.0351 O.C25?

CI.PLLaTZ " 1!!? T!01 L.C6& 1A.C4A 30.714 49.40C *C.aIO ?1I1

CLOLLATM~ OKAILU-42S 0.7100 1.2100 2.41C4 3.1300 1.1400 4.64CC

3.00 2.25 1.50 4.75 S.4i

1.2 .... ...... ..... .O....

3.00 - SPICIOISO Paltunivo !.Co
*~ . IA * 9*8 5?PO11 FAIiI' MATE

- .1 C.

0.40 G .f0

* &C

* .c

aCOO

C

KOMl C9 PctA11 CL? OP AMC@ I PHC
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cast I

to :T~pt

sc?"ta plLucke RATA 0.0436 0.0-40 0.0103 c.0oJOo C~tioc C.Olct

PLAZ 81?p~ 0.2322 J.2904 3.2904 1.aSO4 2.2904 3.jfC4

OCCIL ISTIP-7i 1.2220 0.1112 0.0506 0.3392 C.C448 G.c~z9
OSI1*i7t 1"t:4 As 74.5? 2.4) 1.32 it.&* '3.31 11.0?

Sa.SLI SIC G8IIIAICX LOC 0.0401 0.1258 8.023? C.CZSC 3.Cl.*3

COLA1106 bI ST Ib 3.439 12.163 33.384 ii.?' '2.829 A'.O

CLP%.LhlV1 P946AIS 1.4730 2.8430 4.330C !.9030 1.45cc 4.190

14C .........***e..*........**.. . . ......

*~c * PICIIIIC UdILI.II RAT#
e~&lylpat~c O&ILLON wo1

- .c

C. I

4 .c

*.C 2..30.c

%%l- COPISCTO 9o

* 60

......



CASE I

20 ITEMS

pl-1l5 1 2 3 4 6

ACIt.*L P&ILLI RAUl C.1000 0.09Co 0.490%) C.0511 I C..2Sao .;)!CC

FLAPIC It!? TIPE 0.2322 3.2904 3.2504 3.Z504 3.21504 3.29C4

PCCIL 5315.811 1.L359 0.0449 0.0314 C.0391 C.0375 0.1211
15t3OAI1 1191CB .12.21 11.t1 24..41 J1.03 24.94 12.44

PIB1I Z, C, £Ci",

381.515 SIC Cl1!&1:C*4 1.1213 0.0335 0.0153 1.OM1 C.0144 4.4132

CLOLL*1Z0I 115'r lIPF 4.304 64.767 124.346 154.253 i44.683 104.!&C

CLPLT!Vt PAILURFS Z.8coo S.5'co 8.56C: 11.4400 14.UCC1 1..C

I.CC 2.25 3.50 6.73

* * 30[Clflt fA ILUPS POI
I~c P110ar liftlSaIC PuILLOS WAE 1.00

4 .t

C.2C .1P

- Al



68t| 10

8*ITEMS

ACTJl1 MAlLkla PATE C.7000 3.T000 G.7003 C.0500 C.C508 8.5Co

*LA&A-C T1S7 TIIl 9.2322 0.2322 0.2M 3.2504 3.2504 3.2!04

Occit W,.3111 3.Lzat 1.910? 1.4146 C.1021 O.00 0.1.577
I3AIS E&aCI J$ 351.14 072.96 LO.82 104.23 60.82 IC.1

.IACSIAGE A P ACTLAL
P'ZLLPI 4.4

SAPFLI STC 0[E1*TtCh 4.143 1.i687 1.6556 C.0704 C.CT83 0.0370

CL-LLOTZVE TEST TI-5 L.078 2.144 3.221 18.075 12.837 417.33

4 : Lc.O 1.41CO 2.0900 2.9503 2.6900 4.6440

2.60 5.5 .' .1080

!:.. .fS *,............ : ........... .............

• *|oCI * . .E i~

. .~ * 5p~~pjg t P85340 F|L Pi5 t * 1
* A

* .

4 •

*|4*

.5C 2.52! 5

62



PeASEA~ to 3 4

ICIVS MIeA,* 513!f 0.7S001 0.7000 0.700;) C.050O C.0300 0.3!CC

ftgicsI M?5 Tip[ 0.2322 0.2!2z 0.2.12i 3.2904 3.2504 3.2104

JOC1L I11-AT1 17.6544 1.1107 0.43-Ca C.046t C.:Sly O.C.99,

*I M0*'f 614,10 AS 2422.Cs 61.11 32.94 72.14 7.1.3 1.40

blfLE SleC 0141*ICN so*--*. 1.0294 0.02S6 C.0461 C.CZJ4 C.C189

CLOLLATM TIST TI9 2.134 4.277 6.418 Z6.133 66.23Z 91.i10

W).ILATItV FJ1LA.I0 1.3200 3.03C0 4.520 t.14.00 ].Saco S.1300

............................. ....

* a .SPICIPIEC PAW.ai 9411
1.00. -26% lIMPSIQ P.ILRI RV IA'S * 10

I aC

- aC

- .4 -.

-V0 .... a.o~ .. ...

A101 aPOI-1CL FRP4

N.63

AR



L 2 3 A

FLA%%C TIST 71-1 0.1321 0.232' 0.23?' 3.2944 i.OU4 I.'eC*

~0L .'.II ~ z 1a312 0.0112 0.0769 C.cScl 0.0.2)

IIT c .ifol 0.5346 3.4.00 C.0267 C.CIO. 0.r1;q

ct 6;0 Toll -.ip i..5 I.M) 12.aZ, 72.919 1! 1 . 1 llj.28?

CLO1.0J1--f PA..tkfl 3.ICC 6.31CO 1.Z?ca 12.0400 is.CSC0 ls.:tc0

3 . 0 4 3.r 4.2 Is
.. .......... .....

1.0 i .2

* *0* .*

0.G1 2.1 3.c*c

0410C I ~ f L 0AOC

*6

06



CASE It

1 2 3 -b 4

AC1%.8L. F&ILI.Al Sh11 0.7000 0.2ZO0 0.3000 0.350', C.6100 0.3!CQ
*1AMpIC ?IS? 7191 0.232Z 0.7223 0.5417 C.2955 C.2664 3.2!c4

PCZ11. SIMPATI 2.1195 0.63c7 0.4601 C.7153 C.7334 0.1340

Is'1!I*T U30CmARSJ! 212.14 180.33 93.30 30.0e 21.24 173.1e

IO901.1 SC 0Iv1Av174 2.3593 0.1244 0.3S03 0.8022 0.40 O.Clat

CLPLLi?101 UIST T!I 1.061 4.334 6.450 4.174 q.390 24.31

CLPL.LA?1' F*?LIUA12 1.6410 1.4110 2.3200 .20 4.c4600 4.42C3

I.1 A. ...... * .... :.75

1.;1 L .20

S5I61m9111 9*1144PI par

C.I1 0.60

.c C.0

I.. S

AM9 COOC11C TO AC A

65



0*3! 13

10 !T!b5

2 2 3 4 5 a

ACTL.A FAILUIS WE18 C.7030 0.2250 0.3000 0.5500 C.61,00 0.2-Ca

F1j0AhC TIST T11 0.2322 0.7223 0.4417 C.2155 C.2664 3.2!04

PCCEL WIT|hTE 1.5355 0.3774 0.4103 C0.4614 €.5680 0.1250

1 !11E1aCA 60 LL9.34 47.73 36.76 16.11 6.88 121.23
"'CE 'T C.E a. CTUAL

IIILI E RATE

SIPFLE SIC C,1AT6ICS L.9078 0.3!59 0.5g67 C.3514 C.3702 O.C536

CLP LA71v1 itS? liPs 2.102 8.799 13.80 16.481 19.894 4e.642

C1.LLATIf PAt.I"1R 1.3800 2.94C0 4.52CO 6.1000 7.5500 9.45CO

).at 2.4S 3.50 4.19 6.Cc

SPECIFI#C FAILL*1 RATE

* . PC#& 91100%t'1 011.0.4 lIl

1 .. € *

- IIi I'
*. C.4:

* * *C.

- C .:.7

FLO .0 0.-s U F 03.00 2.33 3.50 4.2

6B

"A



CASE it

20 ITIPS

o. Aa1 2 3 4 S 8

ACTLAL FAILUaS Mali C.7000 o.22S0 C.3400 C.SS00 C.6100 0.05CO

ILAMIEC 1811 T101 0.2322 0.7223 0.5417 C.2915 C.2664 3.2!04

OCCEL 1IPI L.2623 0.27!9 0.241 C.3 S7 C.4363 0.1140

.ttT. 19119A 80.33 22.61 11.96 36.24 28.47 117.5iPE=C91JICE CP aCTYL
Lu ' A L

SIPiLS StC CE%1AT1CN 1.1929 0.1553 0.1286 C.1S34 C.1742 O.C3?1

CL&,.L IT(V TEST TIPi *.305 LT.dZ2 ZT. 723 13.1459 38.813 7.892

CLPLLA'*1 9 PALLPES 2.9GO S.9.C3 8.8200 !1.9700 15.34CC 18.34CO

1.0* 2.25 ... . 4.75. .C.............. ........... .......... ! o........ .. ...................... ..
* I..* *l;C ... * S* Z

|.¢ SPE€IPIEC PAILUloI Poire L

I.CC S~vl o~t Por 1.00
p EaR ISTIPAIEC PAILLRE PATE

- I

1 C.C 
.

* •

• *I

C.2c 4.2

~ ......... I... .......... ................... s~..........

I.CC 1.JS 3.1c 4.15 6.C0

%kpole of POI1$ CUT Of MA/C
I 

- I
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cast 12

FOSSE 1 2 1 4 5

ACUL bEILCES %Alf 0.1000 0.0300 0.6000 C.lfloo C.5000 0.2000
PLAWhC ?II1 TIRE 0.2M2 3.2!C4 0.2709 1.6292 0.3290 0.6126

PocetISUMflATI 2.6739 0.1042 0.82 C.1429 C.3004 O.ZLZ1

f3il-bi isoco as 261.93 104.45 13.5' 60.61 MI.6 4.C4

SIPPL.E STC ceviaTICN 4.1245 0.1413 1.5503 4.1927 0.9044 0.1824

CI.*LLATIVI TEST 7168 1.071 15.qS4 L7.191 74.140 26.2.35 30.01

01.PL1*71146 fAILUSIS 0.6300 1.44C0 2.3600 3.1000 3.4100 4.41CC

3.00 I.;S 3.SC 4.19 *.c0

1.2c ........ ....... ......... .. L2

* . '-VC!OItC #AILUPI WE~

*.C . SV.*3I-TEO P&LL.'6 RATE

. .60 C.6

0.20 * 321

0.C * .0
.................. ........4 *4.

P11106 06 901416 CL? .F EANCE . PtSI

68



CAst ta

1 2 3 4 s A,

ACLI ~~.l &1 0.7000 6.0900 0.6001 C.1000 C.3000 0.2000
9136111 list I361 0.2322 1.2104 0.2709 1.6292 C.32!0 0.4126

6COIL !liA5 4.7415 0.0432 0.1693 C.1040 C.1536 @.16C2
I11163?I E03~la A! 577.36 26.10 72.4. 6.01 4,9.20 21.12
'I OcI'A act ACTUAL
FiLLst If

sapplI sit CEIATICN 24.3191 0.0410 0.266S 0.0190 1.1175 0.1070

CLPLLA?031 7117 7165 2.130 32.160 34.663 49.515 92.022 6C.420

CLI6L7161 F416LRE! L.4300 2.9300 4.4600 5.4600 7.3600 5.7000

1.00 2.23 3.10 4.7s 6.0

P*& ES.IAI 91511 A*73 LURS RATE

* IC

C .04c C.S3

- 0.40 0 .0C

%.S 4.7s *o4

----- ...



CASE 12

AC114L PAILLMI £611 *.?coo 0.0500a @.6001 C.IOCC 0.500a 4.2000

P.AIuC ?IS? ,:vI O.2322 3.2904 0.2739 1.6Z52 C.3210 0.SIZ6

PCCIL I1lIMATI 1.39*44 0.0461 0.0941 0.493 0.1255 0.141S

EI*CAD 34 6.63 6..31 0.74 14.83 29.0

P*ILLOF 1;A 1

SAPPLI STC CtVIArICM L.5188 0.0296 0.0513 C.0426 0.4535 0.0613

CLRLtLAIIV[ TEST TIIO 4.246 44.424 69.629 99.672 10.672 12C.t36

CLPLLATIVI PAILUAIS 3.27CC 6.1100 9.0400 12.1300 15.0440 18.01CO

1* cc22939

* 3PE0IIUIC PAIL9iI 01-C

I.C( 1 .08

4 6c

- 6C

.C.(C .

........... 2



% L1 SAILwag M1 0.7000 0. O00 0.1000 C.Z50 C4300G O.Ziso 3.32:0 C.4'
PLAOC IM1 ?101# 0.2322 0.3412 0.51? 0.7223 0.812A 0.M22 0.S411 C.41f3

O1011 ISIPA72 2.14's 1.24614 0.924 0.4029 C.3071 0.2629 0.27*1 12.2729

"1'!.a'0*. IC sA 209.36 167.10 222.12 7861 !?.g! 14.43 7.4@ iC.'f

S*3611 ST0 GWA1T!C9 1.7129 1.2119 2.3741 0.3301 C.'77 *.,*Is 3.L-.3 :.lass

C16PUATI2t *l1 71*0 1124 2.1 5.21) I.S21 110.244 1.43Y 14.1id 12'.Cte

CCLI1%14 FAILURES C.5140 1..300 2.2100 1.0500 1.7900 4.!QCO 5.26cc 9.47~c

4*212f 9 Ic 11 L2 13 14 14 16

AC71*L PAILLId Wl1 0.4750 0.1103 0.6.3! 0.6250 0.4100 0.500 0.3500 I.*-^:

SL**40 Its? 711.2 .. 3421 0.29 0.2664 0.20C .2,664 0.;S!2 C.1417 3.P!14

151Lls:-I?* 0.2943 4.3!47 0.3031, C.4242 C.45,34 0.44 0.4-67 "

IMP$!!7 !ro". As 37.02 32.42 M720 32.12 24.S1 16.7! 45.S7 3.5.2t
tiAc PAG P hCLAL

$APPiLE STO C1'.1ATIC%4 C.1403 0.2C24 042233 C.2458 0.316C 0.2i42 0.2114 0.19

C;..1LA1*1 ?EST 71*9 21.65 23.410 24.Z23 25.423 i0.0)4 21.S54 3C.517 4i.!1.!

CLPLUA1I~ FAILOES1 6.4700 7.3000 21.1400 0.1000 1.7400 10.4100 11.3c101 2.1010

3.0cc 4.11 4.!01.5 00

4 PICIPIEC 9OILUII *&'9

* .c

..40 .4

"C
***...... ....*.**,.** ....

J.c4.15 6.00 12.25 %#.G0

h*11 CP 60:211 CUT OP M2901 I * AI

71



CASE Is

to tripS

Pkh!I 1 2 3 4 a a 1 B

ICTLSL F13L.41 4AT 0.7:30 3. 4i13 .3c00 €.22s0 C.23:- 0.2250 0.3100 0.4CC

PLAWA4C Till 7:01 0.2322 0.3tia 0.541, C.7223 C.0114 0.1303 0.5411 C.4C*3

P:C14. 2.07L2 0.100$ 0..441 0401 C.2444 0.2260 4.23SS -3.244?

*!1!d* f:'1 Ta 1l.4 T.CO 44.71 S3.44 24.39 2.4i 2.10 44.9S

S1&;LI SIC CIAlTIC 2 .4201 0.9441 0.3452 C.1536 €.1640 a.C146 O.1t01 C. 043

C%-%lLi11hl TEST? IN! 2.114 5.444 0.07 17.114 24.621 31.344 3t.!P1 4C.172

..... "*l*.lt.***te.*t............... . ..

PPlS , 9 IC 11 12 13 14 is it

TA PAILL41 QATo 0.473C 0.55el 0.6101 C.6290 C.&100 0.9i00 0.11C C.C! C

91*10 1C 1 TS Tp* 0.3421 3.241! 0.1044 C.2630 C44 4.2qS 0.417 i.11'

PC011 IMIPATI C.2631 0.:133 0.3147 0.3532 C1770 a010 0.114t 0.1549

C 44.41 484 47.1* 43.91 1'.26 27.95 .. 2 2qf.41
1 , ACTUAL

SAPPLI STC ^.14141:0t Q.1144 3.10S2 0.1199 C.1297 C.1384 C.1..SS 0.144a n.f964

CkL~L.J1I%f 713 T!PS 43.361 46.123 48.041 10.46? 03.424 54.146 t!.Cet 51.34q

Wl.LLAI!I !h1I44MI 13.0100 14.31CC 164M0 11.4000 14.140C 2C.00 22.Z340 23.102:

J.cc 4.1s G.!c 12.29 34.11
.1 . . ...... P.... ...................... t"

* * .SDICIPIIC FOILUME Pall

S.Cc OIS 011 It'J C PA aLLe 4? AT

- . P .: '

- 6
C46

€.€* *6 "

- C.S0

b.O0 4.7s 4.50 12.2516a

OLOVI& CP ICPIS W F SAM i I

72
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CASE 13

20 ITIPs

oIh19 1 2 3 4 5 6 1 9

ACTILh1 FAL,42 RATE 0.7124 0.49C3 0.32-00 C.2294 C.2000 0.225C C.331c *.3

*lhOAIC Till7 131 0.2132 0.3612 0.1417 0..123 C.lSZt 0.11323 0.4! a.'44

PCCIL 937?1PA7 &.0814 03.149 0.3114 C.2743 C.243 0.214' C.226 C.2-9

**1tMa" IPACQ I 14.46 MI.1S 19.15 21.93 12.13 4.10 22.19 37.2(

DE4ALC AP 211.3

3S10F! 11 C.2V1AT!C4 0.3151 0.32c? 0.1542 C.1341 C.C731 0.4747 10.241 P.cf.r

¢L .L&TVE!ESIT T'wi 4.281 LO.S.5 U.011 34.271 6S.266 62.670 ?2*5?t of .,)'!

C1.PLLA21b1 WWII161 3.0100 S.%11. 6 .slug2 Aa.ukoo 10.41Co 18.041 21.11CC 24.2il1

¢ AC it t2 11 14 1! '6

dLAW~C lill 18'4 0.34ii 3.35 0.26G4 1.2&GC 4.1*64 0.2155 3.!'17 -.2!34

W1141. CSi .2736 0.2981 0.3251 C.3494 C.369? 0.1653 0.3744 1.214

A!, 3 *'4 1 42.4t 45.72 46.71 #,4.1C 35.39 i4.12 26.4.6 3C2.73
I 9 17ICY1

SI.9OLE STC IV.*A:1'f 0.1037 0.09!9 3.0477 C.1921 C..^906 0.2474 0.0413 n1.087

CLbI..I?!d 9521.1.64 27.1300 30.0403 33.0t02 33.9703 34.6101 41.scCo 120 '71C

go4.19 6.1c 12.;9 ta.c'

.. ........ .............................. O ..........

i ! "
* *• •9 4 Paltume pill

. C0 .6 . 1.30

* .44 0.44

c4.4

Mc 4. 3 1.214

P /$|

73
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CASE 14

9 lSPS

94*05 1 2 3 4 86

&C1t~mL PA3LOI I*16 0.4000o O.Sc00 13.b03 C.7114 C .4bec 0 fC0 0..00 t .c l
91*4*80 I$? yap$ 0.443 0.3293 0.2709 C.232Z C.271 C.3250 0.4063 C.9417

W Cdt *071PATI 1 .2 0? L.0294 Q.V4*42 C. 9438 a 0.8370 a .12 ?? 0.6bz4 ."?z

&1.i* Io.a A 203.4. 123.a3 57.7t 34.03 3S.30 4%.24 4C.72 ?%.^S
*ZofAXao@ ' C'LA.

SARPLI SIC CIV!A??04I 0.8*53 t.0;446 4.4424 0..1 0.6107 0.4C14 0.loq0 30271'

CLPRl.I.IV'. 1911 TtPl L.501 3.414 l4.47 1.754 7.016 *.!at I0.1? ?7.Sit

**l~ff~fllllf.A..ll~. ~ ..Rmfl*f ... ......... ...............

So*0 t1 1 12 13 14 t!

1C FL *IL161i RA7 C.3000 0. 3020 0.3003 C.3001 0.3030 0.i000 C.3000 C.30l0
91*4430 '111 7148 C.5417 0.9417 0.5417 ^.541? 0.5*1? 0.3*1? 0.54L1 O.S.17

'O:IL isT'.*7(f C.4.57 0.404' 0.243 .3?S1: C.3512 0.136s 0.3312 6.3:4?
80714373 Ml:73 4! 48.54 34,41 31.52 Mai0 11.04 :;.3c 10.40 e.f7
sla0ij . P ACILA6

q'V811 370 CI51LTlC% 3.2358 0.2091 3.1538 0.1731 0.1414 0.LI04 0.1219 ').1180

CfPLPII.?'z IS T337 i ~~ .1411 4 ZO.318 27.851 25.381 27.480 30.3s4 sz.q11

C F,A I pt.1LLAIS t.4440 7.1100 8.0000 8.810C 4.404C 10.14ce 1'.940 11.!100

3..C 4.! .0 12.29 1&.02

1.20 ...... ......

I..6*4 SP5108180 PAII.mI fall

- 4

a~j * * * * * *

66*....00* . .. ...... *..S.......0.

3.0cc 4.38 8.30 11.15 18.0

74



CA&| 14

16 SIrSP

I 3 3 4 9 A 8

ACUtAIL FAIL Ip a RTI C. 4000 O.SCCC 0.6000 0.7000 1.6000 O.Ma0 C.4ce .li

01,1-11 1131 T1l 0.4063 0.3250 0.2709 €.Z322 €.2709 0.221M C.4C63 r.!417

lC 14 51T-21 1.G.49i 0.4324 30.95 0.8210 C.ILCC 0.6 4s ).ST41 r.4104

7Ti", 1 C A! 15..Z3 84.S7 32.57 18.71 Id.33 1C.5L 4.-1 tC.t1

12 so8

$18PBL SIC CIVlIATCh 1.1811 0.813 0.4491 C.45?q C.346 0.3?71 0.??% . 9

..... .. .. ....... * S .

ACi.P.P1.3. 6SC€CO 32 C 1.S .32C .3 t1.310 eICO .2 3 .!

PIJLAI%, TEST TIP= 0.4 0.41? 20 L1 0.607 41 .51 4.516 2C.46L7 25,4'S

|*€ .93 6.312 1.3335 8.9|CC J 2^.43 !.43C

......... 7 01C ........ ...14 ... 0.2.....3 ...0? 0........... ..

CL3.a?91141381 1.330 14670 16.00 123 19.10 21.1C Ts90 '29

C..=0 4 .;. 3.C 8 .300 1.3! cc 1.20a .c

A:t It AC

E T i . * .0 1

. 1 1 ;* .. 40

* *

* . • *S

• . .

C. • 0.60

* * * S

* "
1.3 * 0.20

%.CC 4.19 1.5O 12.21 16.01

Ppolls
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CASE 14

281 3 4 6 6 1

CLOIL WWILI 61 0.4000c 0.SCOO 43.00 C.7003 C.044 0.00CC C.4'0!0 0.?11C
'~080 63 Pt .4 0.3250 0.2709 .32 0'C .*0 040 0.5417

;OI 3306 04* .6447 0.82310 C.6711 0.604 0.&114 0.51ts C.47I2
*ill.'1 !x)2m Ai 71.41 20.93 3.49 4.13 8.30 22.2s 14.23 SiO4
,,,I~e L sTP ACTLAL

12F ' SI: g%107!C4 MISS4 0.4113 0.2714 C.2612 C.2910 0.83 C.1641 1.1240

CLOLA?41 TEST 13841 7.471 L3.44? 16.410 12.192 ;7.421 3!.e14 41.2b#, S1.174,

C L AT %II 8*11.1881 3 .1300 6.21CC 9.0700 1148200 14.5800 17.t'00 U.16ICO 24.1100

...... .. .. *...t... 4....... af........... l.........*.........S... .....

88*!'@ 9 10 11 12 13 !4 IS

AMS.L FAII.I.at RATE C.3CCC 0.303 0.3.10 C.3001 CONG .?C C .1'1CC C.7V cc

FLAIAP0C liS1 Tire 2.5417 O.3417 0.54,7 0.541? C.!417 C.!417 0.-!41? C.!41?

t':6 t 04".1 0.426a 0.3918 0.30CS C.3922 C.3414 0.3i12 C.'224 C.OilhC

1!0#1!T - 4~ AS 42.08 34.61 i3.30 17.41 13.61 I0.34 7.41 1.3'P

S*I.0LF ST0 M!'IATIC'I 0.&043 O.040 C.* .0719 C. .84 0.04 0.07 M.asi

CLOLL#EtKI! TEST TIPS 411.120 71.108 61.071 i1.080 !01.031 110.S12 12C.175 *!O.Sqg
-- . ---- -- ------------ --.-------------

3.00 4.13 .3 12.21 10.0

I.Cc 5

* . fig *!01807[0 wartl0 Vale

t.ac . 0.0

- * 0.00 410

3.0 4.981 22

* a .I

* 76
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CASE Is

ACILAL FAILu41 RAI[ 0.7000 0.3000 0.0-.011 C.5000 C.2000 0.!000 0.4000o 0. !000

Ots*&60 My! 3086 0.23*2. 0.5410 3.4504 C.3250 0.S32* 1.eZ$Z 0.*C63 0.!41?

COI Stil 41.2422 0.6412 0.1070 C.3765 0.2850 0.1035 O.191C 0.2181

!QC* ASL *077.4! 132.40 115.52 24.11 42.88 t3.14 !2.26 27.31

SL8'6LI sic CKV1&7?0M *'** 0.49' 0.1108 C.1261 0.278* 0.1745 0.1173 0.1138

CLMI.RE8 TEST riot 1.074 3.973 18.481 31.890 23.722 31.225 33.112 35.579

CLPS.LA1181 FASLLOIS 0WIN0 1.9s00 2.250C 1.9500 3.1*00 4.1200C 5.1400 S.AM0

of-ail q to 11 12 13 14 1! L6

AC70*L PAtLUO! 9671Z 0.2000 0.1!00 0.3000 C.3000 C.2000 0.tCao 0.1100 0.1C11
PL4 KI0 7151 TotE 0.512* 1.0135 0.54t? C.5410 0124 L.6252 1.42S2 1.a252

aCOOL I071-*TE 0.2127 0.Z011 0.220* C.2304 0.229s 0.1959 0.1656 0.1518
65718*1 4!30 *7 .35 34.0* 26.39 23.19 24.14 Ii.0*s f8. ! 51.51
MLfva Oif4ILAL

S09MLI 370 DlIIAIICN 0.1944 0.L17 0.113 0.1584 0.1455S 0.1124 0.0*65 0.01777

TestL*14 riot71 39.39L 44.2*8 46.786 49.254 53.005 60.464 601-17 7q.129

CLL*7l4 PAILUMS 6.6100 7.500 8.3100 96.1700 S.1000 10.7100 113500 11.Sq0C

1 .2c L.21.0 1.2

1.cc 1 .00

I . . 98*34 lf~*70 t5ILI#*' 44 75

P.AR COI- $AT

C.4
............ . ..... ..................... ...

- %:, J.5 12

0911 PPII U f AC AI

A11-1 .W



CASE It

hCILAL PAILVSI RATE 0.1000 0.3000 0.0500 0.5000 C.2000 O.1000 C.R000 0.3000

PLANAR0 Iasi T1P@ 0.22 0.0417 1.2944 4.350 C.8226 1.6792 C.4047 0.!417

SC05 851667 1.6414 0.4541 0.0749 0.1567 C.1444 0.110S 0.1303 0.15411

III 0 6~~ RC ! 137.34 64.41 17.46 40.4? MAL6 IC.47 04. 6 41.61

55,61.1 STC C(Vf161C9 1.6201 0.5024 0.1070 C.3366 C.1544 0.1636 0.C857 7l. J77?

016.LAlIVI TEST T101 3.104 7.C&3 37.101 40.1015 47.6C6 6Z.576 64. 304 71.262

0L-L0 Tt4S FAILURES L.770C 3.3505 4.2900 e.3900 7.9200 9.3000 1C.9830 12.0000

...........666 . .*t6**6*... ...... 0.0* ......... ...............................

69All 9 to it 12 L3 14 is 10.

6073.11. 7813.. 67 AE .2000 0.1010 0.30CC 0.3003 1.2000 0.1700 0.10co 0.1012.

FLANNI~C 735? TIP1 0.6326 1.0830 0.5417 C.5417 C.1126 1.6252 1.eM5 1.9252

-COEL WI01t67 0.1600 0.1580 3.0742 0.1038 0.16 0.1622 0.14s0 0.1411

W171617 Z25301 A3 19.98 0.31 41.S4 30.74 8.60 t2.15 4S.85 4.1.12

SPOKE3. 510 00316717 0.0893 0.0838 0.0-01q 0.0420 0.C822 O.Cte? O.0047 0.050'0

CTm(.L671Vl TEST?1115 71.780 86.125 93.107 58.702 106.241 121.305 134.2,7 157.15!

Ck0LALZ16 96135105 13.5000o 10.5700 17.1600 14.6400 C0.1100 :1.400 13.19cC 14.010C

1.0cc 4. 75 8.50 13.20 14.03

..... ............ . ...................................

1.2c . .61

I.00 1.00

98016 ISTtMAMI FAILURE RATE

.. .10 C. 80rC.&C C.6

0.40 04

- . 4.

...... .....

0.P2o *p POW *L Co RO I

* 78



CASE is

ACLCA% PJILI.41 GATI 0.1Ca0 0.3CCO 0.0500 0.5000 C.2CCC 0. 1 "M 0.6ccC 0. 3Coo

PLAPINEC TEST TIPS 0.2322 Q.!417 3.2SC4 C.3290 C.6126 1.6252 0.4cel 0.!417

PCElL EIII'-*TE 1.1124 0.3903 0.0600 0.0926 C.1123 4.10%5 0.lbce *.sl

E 0c A 64.98 16.17 19.92 $1.45 41.85 ?.46 417.zo 5C.C.

SIPI.E SIC GIVIATICh 1.3274 0.1541 0.0254 C.0401 0.0442 0.0417 0.4493 0.0519

CLOIL*TI1.1 UST TIP1 4.272 14.248 74. 066 20.096 qs.034 1.24.911 132.146 142.274

CLOILiTIVE fAILUMIS 2.O900 5.4500 9.11000 11.7600 24.fooC 14.0s00 21.3200 24.6502,

*************4***,** St S**,*4 4........ . l ....................

oi.Sif 9 10 11 12 13 14 1! 16

OACTLAL F&ILT.SE WAE 0.2.30 23.LS00 0.3000 C.3010 C.2000 0.1000 0.0cco C.1000

PLAI-f6f 1ES1 TIP! 0.4126 1.C625 0.5407 0.5417 0.912t 1.4252 !.6752 1.&M5

OCOIL IS~tPAI 0.1340 0.153Z 0.16sa 0.1800 0.1611 0.141 0.1479 0.!l78

ESII**U Esoua AS ZZ.01 2.10 44.3 40.31 %.Is el.13, 47.@q 37.7!
* P I9EN'Ai~E P ACTLAL

Si9~5LE STO C!V:ATICN 0.0916 0.0465 0.0406 C.044.3 0.2456 0.0'10 0.0332 c.Cia1

CLPLLA.114 TEST TIPE 137.243 177.142 187.247 117.196 212.194 242-173 272.2SI 2^2.3.6

CLPILLATIVE PAILUSI! 27.4C00 30.4300 33.4100 16.6600 21.410C 42.6eCC 45.41CO 48.0C

I.cc 4.25 A..c 12.25 4.
..........n................... ...... *. 4......

1.2C .. le2

* P405IEO1 ~L :S PATE1

c .10 0.40

- .I C.

. .... ;; ........ . .......

.cc

0.4C 4* 079

- A"



CA$t 58

PO385 1 2 3 4 $ 4 7 a

£CTAL PAILUS1 OA71 C.4000 0.3100 0.300J C.ZAO C.C5OC 0.c01o 0.000 C.eCCC

OLAA&I M 15? TINI 0.4C63 0.4643 0.54L? C.6501 3.2504 3.2!c4 3.25C4 0.2709

PC80L ESTIVATE 2.2114 2.3319 0.5924 .4L9Z .1C90 0.0749 C0C.03 0.0?9

ET1!AfT EAR8C AS 467.91 644.25 97.46 67.66 116.06 44.76 19.25 81.52

8111.8 ll814. 11A I L IE ., .

0691.L SIC COII8TSCO* 4.7635 12.3516 0.S611 0.269, C.C689 O.I 0.C311 c.c':t

CL.PFLTZYVE TEST T1. 1.78 3.S69 6.457 9.450 24.581 3s.!29 14.6!0 ss.eg

CIJILITI18 FAILURES 0.bco 1.6?00 2.3600 3.1900 3.9200 4.tecC 5.4300 6.1701)

68!9 I0 11 12 IS 14 t15 it

AM1*. F*!L.18 0411 C.6coa 0.6030 11.5500 C.4000 0.25C0 G.JCCO 0.0100 O.fccO

fLAbf0E IM9T 118 0.z2Cq 0.Z?9 0.2955 C.4063 0.&501 1.4252 3.25c0 1.2!^4

OCCIL .1S111.01 C.3907 0.1168 0.1339 0.L486 C.1601 0.1440 0.127 3.CqT3

6!IIpST1 E;RCS as 84.49 80.553 75.65 02.66 35.97 4.1 111.3e 01.9s
; aCEk qP ACTLAL

S8;L SIC Ci4t&*IC 0.034 O.0828 0.0621 C.0892 C.C94 0.€T93 0.0512 0.4C3

CIbtLPTI|V T85? T! 51.1350 $S.-70 59.130 e1.603 t4.563 72.116 87.265 102.!!t

01.1P.1I. f 153 ES 4b.&.18 T.. ?C03 8.5000 S.23G0 1C.Cloo 10.69co 11.!OC I1.SiCc

3.00 4.15 I.SC 12.20 16.02

..... .......... 8 . .. I ...........

S.;0 . .2C

3.00 . * I $98019510 8893.UA8 1.87 * 1.00

• * FEARI EST14&?E* FAILURE AA'f

* I
- I

c.4c * * * 0.8

*

* .•

* 5

C.14 C .20

c~ r c.I 4..la

Strll
A 
CA SCII41 CUT OP RANCE a•"AI

80

'-- -I ',AI



*i~i2 3 4 5 5 S

£07181. PAILURC RATE 0.4000 0.3500 0.30001 C.2100 0.0500 0.0900 0.0500 0.4010
81.48680 1151 7180 0.4043 0.4443 0.541? C.6501 2504 3.2!04 3.22C4 C.271

8001 ES?'AT 1.392? 0.4004 0.44S? C.3459 0.1134 0.0441 0.0523 0.0645
$W-AT4E EA804 AS 2'.8.14 ?1.69 55.34 34.11S 104.88 11.44L 4.44 9%.Z4

$APPLE1 3IC CE'.l41tCN 2.3083 0.434 0.2404 0.1796 0.0450 0._243 0.0164 C.0244

CLILLATIVI TEST 7811 3.724 7.48? 12.94t 16.9S4 4848 ?178.13 L04.4 11.441

c PLA1151 FjULL61! 1.6400 3.2100 4.9400J 4.4400 8.000 4.4600 10.1100 12.1100

......... ..............

8811 S9 11 It 12 13 14 1f 16

CTLAL1 F8IL'.5S PATE 0.6CCO 0.6000 0.51,00 0.4000 0.350C 0.lOCO 0.051 0.C500

Uth~fC I!S PE8 C.2709 0.2115 0.295S 0.4041 0.4501 1.425; 3.2"3' 3.290,

; 0GIL 11711TE 0.0791 0.1560 0.1133 0.1?6' 0.1347 0.124C 0.1011 0.0970
,E:!,t'i 118CR AS 84.81 84.C0 79.40 48.41 44.12 24.04 103.11 TI.M

r,50iCfhCI, 4CTLAL
09 1 Of 7

546 U.: STC 089817104 0.0386 0.0351 0.0409 0.0431 C.C438 0.0394 0.0043 0.0230

CL-(.LA7tv0 TEST 1-! 1.3.564 116.45q 119.164 132.893 128.903 144.121 173.q11 303.404

C8.'L.4Y5 8488.566 15.6500 19.2100 &6.8100 16.3700 14.8300 l1.1CCG Z3.4103 24.te10C

'; c4* 51 .... ......

1.00 Spe.16c' 8880 5418.866 mRT t .00

!if- ST .741u :£aw. ru-

0.40 _60.8

.40

C.c 0.40 

I.a *:" 160

Al *l pOI1 L PRF4 . I .AI

* 8 81



CASE 16

to :II.;

P~4I 2 3 9

ACLAL 'OILUN 4671 C.4000 0.3!00 o.3000 C.2900 c.050o 0.03cc 0.05ca ".6100

OtIC 1121 l1i 0.4063 0.4643 0.5417 C.6501 1.2!04 3.2!04 3.210' C.2701

PCeft EIMPA? 0.5511 0.4492 0.3736 C.3396 0.0100 O.Ce18 0.01C6 4.C407
957 P.TE ~~ 644olA 459.42 2.14 2%,.6I 23.12 91.51 23-2 L.'& 85.38

tI!!r PACLAL
,aLL' -Ii

148912 SVC GE'.Alith9 0.4130 0.2!99 0.1584 C.L174 C.C314 O.C111 3.0146 0.0179

C"LLA.TIVI TEST TIPS 7.498 16.057 26.0)6 38.054 S8.276 134.310 U9.639 223.662

CLPLLATh 111 AILUXIS 3.0000 0.1tce 9.3600 12.3800 19.19CC 18.1500 20.9100 23.93C

Pf-50I 4 10 11 12 13 14 1! !6

FL1h4f1 1151 TIPE C.209 0.2104 0.2953 C.4063 C.6541 1.0251 3.2104 3.2!04

OCCI. ISTI8370 0.3747 0.0405 0.1064 C.1189 ,.1266 0.1140 0.046d 0.04C
iTISII 4 as £1 1.21 54.S2 80.66 10.24 4..6 13.16 13.-7 67.92

LLC0 JF~j ACT16AL

SA18140 SIC 0151A7I14 0.0183 0.0218 0.0254 C.0276 C.0247 G.C161 O.0204 0.c448

CLP4LiT2I" TIST ?0PI 224.44% 233.116 234.16S 24e.73? ;38.32 28S.M1. 340.M4 418.77f

CH4J 1D,% FILULAIS 26.7100 29.5100 32.6700 M55200 U246.'C 41.CC0 43.4400 -6.SS00

1.00 4.15 8.50 L2.11 16.cc
I.; .. 8............ ...................... ...... ..

c.1c.

- C.(c C .60

c 4- :!

* 82



S 01 II

~h8I 2 3 4 7 a

AMA&* FAILURE RATE C.7000 0.0900 0.0003 0.0100 0.CSOO 0.6CCO 0.6000 0.e000

h1*661 lost TI~f 0.2322 3.2104 1.2504 3.2S44 3.0104 0.4104 0.2101f 0.2701

OCIL M113Al1 3.1219 0.04 0.076? C.0953 0.0540 o.Ioaa 0.W63 0.202!?

1?ZPI 8400 AS 340.48 104.!O 53.34 10.56 7.96 11.01 MI.S 66.64
11,1C0,11C, -, ACTI.*I

3*551. SY0 C'.ZTICN 4.334S 0.187 0.1014 0.0348 0.03711 0.1726 a..-Vt C.4360

CL5CLL*T19 Test T158 1.074b 16.100 31.132 46.144 61.049 62.3160 43.084 64.841

Cl.P.*IlbI F*31.8lt 0.1300 L.4900 1.4000 3.1600 2.400 4.1300 S.S6CC 6.3cc

5,3 t o 11 10 13 14 is 16

ACTLIL FAZL1.I RATE 0.60CC 0.0000 0.050C (.00 C.ASCO O.0300 0.3021 0.0500

51*5600 1137 TIFO 0.z101 3.0004 3.2504 1.2504 3104 3.21C4 3.21C4 3.34

PCCE(1 eSTIPATE 0.0293 0.1140 0.3039 0.0801 O.C72Z 0.0640 0.0672 0.0632

W!"If 1iVd6 As 0.44 108.08 87.7? 60.06 44.43 31.41 !4.z1 04.31
we 0551 JF ACT%.$

S6P48 STC 010167106 0.4164 0.0149 0.0561. 0.4404 0.0308 0.0311 0.0347 1.1258

CLPLLAI.5I0 TEST' ?11 66.040 11.10 90.226 110.912 129.809 14C.723 I53.084 '1.701

CLOLL&TM4 FAILURES 7.0100 7.7100 0.5440 1.2401 IC.0300 10.8300 11.74CC 12.44C

1.00 4.19 8.50 12.2i 14.00
3.20 ............

* .2

4.f

1.0.0
14 .... ........IL8I56! 10

&toll CP4 oSTIOAI8 P53t8 OF*18,

* ISI

* 83



CASE 11

to :TV~:

£CT9.IL FAILUAC R676 0.I000 0.0900 O.JSOO C.0900 C.0500 o.f000 C.4000 0.601)1

P1*60.6 1*31 13. 0.2323 3.290' 3.2504. 3.2504 3.2504 C.2109 0.2709 0.2704

PICKL 6110.6' 1.8160 0.0544 0.3405 C.0444 C.044% 0.0107 0.014? 0.1162

63?PIT 50.211 A00 S 130.413 13.12 M9CI Is.?* 11. l 06.33 03.0' 1C.64
%iACW6'j6j *011*1LA

510.110 I10 OEVthTckC 3.5101 0.0.5d0 0.0252 0.0368 0.033) 0.04C0 0.12!4 0.1191

CI.1167066i 7637 710.6 2.:47 32.677 62.041 M 12 32.913 129.450 126.C10 130.535

CoPLAInVI FAILURES 1.4200 2.6500 44200 5.6300 1.1400 6.2900 5.8leO 11.110C

it354 10 1 12 13 14 1! 16

£07121 FALLP! RATS 0.6000 Mica0 0.0500 0.40 .0500 0.0500 0.0500 ma C.0500
f1*10.1 listTt116 0.2109 3.2!04 3.2!C4 3.23C4 i.2504 3.250 3.2SI' 3.21C4

PCCE6, 0171! 0.1420 0.0433 0.078i 0.0692 0.0651 0.C609 0.0511 0.0553

1T1PA!6 1PACA A! 76.34 16:.68 96.5.' 36.34 ?0.16 21.14 30.13 10.:0

SO-$Lt SIC C5VIATtCN 0.2162 3.0914 0.3361 0.0273 0.0237 0.0220 2.0049 O.c140

CLL1*7IVE 'EST 110.5 133.023 163.146 193.266 223.406 251.301 241.464 311.431 143.432

C1911*110.6 66111206 12.1400 14.21003 13.5500 11.0100 63 11.440 49C 21.4200 i2.620C

1.00 6.15 6.30 12.29 16.3
*6*66*,6*4..n*6~t3.6646606666,*.66.66*666.6446446.. ......

1.204 1.23

1.00 * . 0.656. 6SP110 PAILUR ASLU6 A s30

* .4

4 84
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C*58 11

30 I11.0

a 3 lb 6 7

ACT1.8L PAIL%,Rl I*16 0.7000 0.01CO 0.0100 0.0900 0.C500 0.6000 0.*000 0.O000

PLAIAIC 1811 TI'S 0.2323 3.2104 3.2504 3.Z504 3.3504 C.270 C.2109 0.270S

POCIOL 11106*71 1.0139 0.0445 0.0ills 0.0371 0.0313 0.0533 C.AM0 0.0694

56.21 C.48 23.45 24.12 25.4? 91.12 16.11 1!.23

!SV9Ll STC C04*TIC. L.0963 0.AM1 0.0314 C.0162 0.2144 O.0231 0.0304 0.0313

Ct..IL tI 7151 TIPS 4.301 64.21* 124.450 114.941 245.1*2 250.104 25!.LtO 26:.155

CLMS.LAlVlV UIILAIS 2.4300 6.0:00 6.6500 11.6100 14.7000 11.15CC Z0.7900 33.61CC

to5 9 1 11 12 13 14 1s 16

ACTIL PAILL~i RATE 0.6CaO 0.0100 1.0500 0.0500 0.0500 0.0500 0.0500 0.CS3^

PL*MKIC TEST TIPSl 0.3701 3.3104 3.3104 M.204 1.2!0' 3.3!C4 3.25C4 3.391'4

PCCL IIIIPATI 0.1056 0.0646 0.0155 0.063 0.0*37 0.0191 0.C.!1L O.CSSO

! 00606TI 1; 4CI!L 62.36 73.63 50.96 36.43 37.31 18.26 14.11 10.01

51651.1 STO CIV1IA1CN 0.0413 0.0298 0.032 0.0194 C.01*4, 0.0144 30136 I.3t20

CLPLLAIMS TISl TI 265.105 323.C11 3$9.302 445.45? -105.314 9*5.%06 e2l.428 485.722

CILLAiT1v1 FAIL IS UAW10 39.4800 3Z.5000 35.4700 U.51604 41.IS00 44.3600 41.310

1.00 4.19 6.S0 12.05 l8.00
* .*******6**S*****S****S~u.p*******e9**...n~e.................

I.IC L .20

3.00 * SPICIFIEO PAILUNS *AT!* 1.00
* *Pl586 1170N8'S0 FA1LJ1 -Al

C .00 3.0

0.40 C .40

- 2 C.2

"C ..........................

a .C *.S83 2.51.

6~#"gas

*8



CASE 1o

ICTL&L FAILURE WE1 0.3000 0.3000 O.SC00 C.3000 C.1CCo 0.1000 0.1000 0.7000

O0AM5 110 tETV751 OJAI? *S1 0.54 S47T C.5417 C.23:2 0.2322 C.2322 0.a21Z

PCCIL 1s160*II 1.S200 G.9481 0.6453 4.sz2a 0.6ass 0.148 0.1106 0.1!33

WIWI soxo asd 504.4? 222.49 121.76 14.6 13.49 1.24 12.1? 11.04

SIPPLI sIC 0lv1A?1ck 4.1604 Z.S514 0.754 C.5055 C.467 0.44#0 0.5714 0.6CO33

COLUAhifl IT 1101 2.504 5.042 1.501 t0.020 11.115 12.196 11.223 14.268

C1P111IZ~4 FAILUREIS 0.7100 1.4200 2.2t00 2.9400 ].!Goa 4.4100 I.3100 6.1^30

01311l 9 IQ 11 12 13 t4 is 14

A07101 P001116 RATE 0.4C00 0.4010 0.4000 0.4000 0.0500 0.1500 0.cm02 0.ci10
PL*5&AC TEST V560 0.4C43 0.4C43 0.4063 C.4063 3.2904 3.25C4 3.2534 3.29114

006115161 0226 .42 0.5941 0.5712 0.2266 0.140 0.I02? 0.CR641
W!.37! EleC4 A. 60.94 40.49 46.31 42.71 M1.20 150.41 105.42 45.29

O*6PO.E sic DEtZ4?ZCN4 0.5225 0.3726 0.3149 0.296? c.0106 0.044! 0.0350 0.0230

CLPLLJI'5V& TEST I5wf 14.144 16.071 19.14L 21.604 24.765 51.170 67.144 62.335

CLLsuI.1 PAILLIS 4.6200 7.3300 6.2700 %.0100 1.92a0 10.4CC0 11.2CC0 i1.19100

I*.cc 4.15 6.1 12.2 16.00* 12

1.20* 1.0

1.00 1.00

C.4 4 4

4.1 4.

* 86

..4 0. ............
.........



ACL*L FskiaUI RATE C.36CC 0.3660 0.3000 C.3000 C.7000 D.OMC 0.70CC 0.7000

61*46Cc TEST TIP 4.1541? 0.9417 0.5417 4.5417 C.7322 6.2222 0.f2? 0.222

CCCL ISTIP*71 0.9424 0.4254 0.490q C.4141 C.4922 0.9417 0.6090 0.6907

~7i6,IC 5 230.81 49.14 50.31 30.03 29.69 22.61 13.!? 1.CS

5A'6tl IC 11413?ICN 1.8064 0.3275 0.3510 C.2213 C.2896 0.1666 0.349? 0.ICII

CL.U~lh?14i TEST TIPI 4.027 9.432 L4.456 19.74? 21.909 24.Ul1 2d.213 26.141

62.vallve14 6*11.611 1.M90 3.6466 4.7640 O.5600 7.970C 9.32CC 10.8400 12.41cC

6609 IC it 12 U3 14 IS I*

MAI.L PAILUNI R*7! C.4C00 AM60 0.40C0 C.400C C.CSOC 0.0560 0.09CC 0.6C

till0, 1C I!! T 16 0.4C43 0.463 C.4C63 C.4063 3.2C6 3.2!C4 1.23C4 3.4

,CCI L $I PATE 0.5856 0.5325 0.5164 C.5015 C.2063 4.126 0.1664 0.6429

lllP?Aq foaCaAs* 46.41 33.12 29.41 25.38 31a.546 161.12 160.16 65.73
ACT LA I

SiNFLI 516 C646*7160 2.2372 0.1869 0.1496 6.1604 C.CSIO 0.C421 0.0262 0.6216

CLPLL*T'?it TEST Tlbf 32.125 35.050 39.705 43.451 73.610 103.724 133.755 163.588

CLPLLh11'41 6*111015 13.6200 15.0400 16.5500 14.0700 11.460.0 20.4400 22.31CC 21.9M0

2.00 4.15 $.so 12.19 14.66

.... ... ... ....................... ......

*~ * SPVCKPIFC P*tLU*ffIW.8

1.CC . 1E- 31AI FI-IRT .00

...... . ........ ....................

.. .



561103 PAIL.I.* We7 0.6coC 0.3000 0.3000 C.3000 C.1000 C.16CC 0.7000 0.7000

OLAX4616 1637 TIP@ 0.54L? 0.307? 0.541? C.54&7 6.33 0.2122 0.2322 4.3333

Met1 ESTIMATE Q.,79 0.3648 0.3657 C.3373 C.4107 0.4ioq 0.9414 *.!fee

vac'a7 119C 51 9.77 Z2.28 21.89 12.43 41.32 ~1.00 33.06 14.13
*lE~6

5TA f I ACTLAL

$POOL# SIC COVIA71CR 0.4000 0.2244 0.012? C.1377 C.1-609 0.1713 0.4989 0.'%6'

CL6LSIIl 7017 TIP[ I.S94 19.184 Ma.8d 31.S08 44.24t 41.411 12.144 IT.Cis

CLOL.A71VI P4331111 3.0300 5.S000 9.1106 12.0600 14.14CC 16.12CC 11.0100 23.98

U..*.....fl..... *e44..4..*Sfl.4**l...lf..***f........*.....................

Raise 9 10 11 12 13 14 Is9 16

ACT.LIL FAW3.Of RATE 0.4C00 0.4c00 0.400 C.4000 C.C500 0.0260 D.6Cc C.65^10

FtLh1I 111 TE1TTip 0.4043 0.4043 0.4043 6.4063 2.29C4 3.3C4 3.2SC4 3.2104

'C"CL ISIPATE 0.592C 0.5296 0.520i C.5030 C.2070 0.1310 0.2205 0.6823

W7!oi?2 i0161 As 36.01 32.40 30.04 23.95 31'.CS 411 ICC.qs t!.09
01I 3"'HC AC?...8I

186535 170 11OZA1C.i 0.11144 0.1316 3.1315 C.XZOT 0.C413 C.C237 0.0114 C.C131

CL'3L81106 TEST T1011 44.4 ?%.CS.I ?9.547 91.097 147.963 ;08.V36 261.736 327.023

C161PLLAZ"S FAILURES 24.9100 29.6440 33.1100 36.0300 18.41CC 41.l4CC 4,4.9266 47 .!CI6

1.76 1.20

peak .S16t PA % We00

C SC

* .664 3.8C

- .46 a C.40

*.1 4 . 0

*- s ......... 4.............. ... ...
s.- 122 S9

6.30 . * 0.3

* .88
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APPENDIX B

Results of Test 2

This appendix contains the results for Cases 1, 3, 7,

and 18. The planned test times were generated for a pro-

bability of survival of .99.

A detailed description of the format of the results can

be found in Appendix A.
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c8*fr I

S ITIUI

l0I4l I 3 5 4 8 4 1 I

i~itil DaitS= sl C.7C;C 0.4340 G.+3205 (.3160 (.1318 C.113C C*SIIC .. 4*C

61l.1 11 l Ill (.0142 C.C333 0.0314 (.0.344 €CC7.s 0.C24 0.el.4 C.Ctl

PCCIL 4t)TI 31.8345 16.3C14 5.351, 1.7270 1.85€2 2.411t 1.2137 1.!EC

#55II~47 #lrb I! 443 .44 11.5. , 16.I 13 34.51 1611.11 *231t.. A 7.q. 844.63

18I1LI S1C tI11*IC% ac.f116 18.124 S.3M *C1 3 g0 l.176 4.1!12 1.2C1l I.i0S,

CLOLLI31 " Iii TM .. CC1 0.17 0.243 C.531 C.774 J.C4. 1.-2S 1.721

. --------- . -.-... 5- * ............ ---------------- -. - ------ -......--- -----

I 4 ic 11 2 13 14 1! 14

A(C'U F&ttLr-E 64 0.U!! 3.1510 3.1cso C.10.10 .CS16 0.ce14 O.CE23 C.C776
PLOAMl 1W+ 116! €.cste O.C112 C.C522 C.csg5 C.1€74, C.1147 0.12il 0.1:q!

.CC1t 1171PA's C.Lkis 0.841L 0.786i (.ss01 C.9903 0.6!t44 0.5116 0.!!47

'4383.1 STE (55 ISIlCr ..5291 1.0148 1.2115 1.1225 ;.!d21 1.4f84 1.3M0 C.1i11

CL$Ltl51%8 M10 51f ;.C! 3. .41 i.464 4.CCI 4.!1 !.1t2 S.136

CL(LLITI F8:4018! C.Zs:O 0.3!03 0.54CC 0.3400 0.4?CC (.Aic( €.4eCC 0.!!Cc

.** ... * ................... .. ................ ZI .................... ....

* SPICIPIIC F3ILLP3 NATO

h . IfS? ISIIPIEO FAILLiI NATO

* 4

C.8

Ca .

la*( . (.iiiI I30 I I i IIIlIII~
l l

.05 t ,t.CtItis :I .c~ 4L..pjc

*i.11' 24 PC 5115 5T + 4& * I l9

WI SI



10 ITIP!

° .. . o ............................ ----- -. . . . . . . . . . . . .-- - - - - - - - - - - -. . . . . .-- -- - -............--- -- -- -- --

ECMIL FAILLOP DAIl C*C20 0.4W) 0.1201 C.2550 C.;23C 0.1Cc C.161€ c.I €c

ISAPPIC 1!1 1111 0.0141 C.Ci!2 0.0!14 C.C3s4 C.c4la 0.ct4v 0.044 C.Ct.

OCCEL W31IW*TI 3.3211- 3.1;1C i.7112 1.4535 I.31W 1.31!4 I.L|f8 0.7 41

W~Ibi'S 6;9CI A! ;224.'.5 700.*4 149.14 '10.t! 112.0I *!].Ct t24.0I 'IC.olS|LYIPYS(| I CILAe~IL I JT I ['
4ILL-t.1TVA

S11*L! .7c I4.9IIYCP 11.4*22 3.1113 3.31S0 1.71 ;.!214 i.!t!3 2.727! I.€Ut

COLLP1%i | 1l'I TIp! 0.142 3.27! 0.ias 1.075 1.544 ;.CS4 2.124 3.411

CLILLA7*?I FAIL.CE! C.LIOC 0.21CC C.3200 C.3700 C.47CC C.4CCC C.648CC .11CC

.. .. o.. ....... 0............................... . ...... .......... ........................

PM s IC It 12 13 14 12 It

ICILI. P&ITLL LIA!I C.13?C 0.1140 C.010 C..1011! c.cq36 O.C74 0.C123 O.C7?t

$LIppiC 1W7 11-1 C.C156 O.C*!' 0.012z C.C007 C.1C16 C.:id1 C.:.Z1 C.'11

P1. 57C3L IWI C.?1C! 1).4 4V 19 .3044 (.2 d46 C.1154 c .; I C. . 4 ,4 O.Z!e
W..111. . .3 9! 44.;2 21...7 253. 181.83 241.22 10.!4 .. !. 1. .7
:!;ck TIE rF sCTLAL

S19FLI SIC CWI4IC. 1.2461 0.41(4 C.6155 C.219 C. ,! C.2!39 C.elt! €..2f!

€L-LLI'1|I IISI 7!-S 4.16C $o¢C7 S.S24 6.915 7.9T4 S.115 IC.,?2 11.42C

CtOL.A.4I4I 141104E 0.94cc 1.C2CC 1.12c .2200 1.340c 1.!1cc 1.Aica 1.1?CC

°.°... ° ... ................. . . . . . . . .. ......... ........ . .. . . .. . . .. . . .. . .

... . . .. .. ... .. .. .. .. ... .. .. .. .. .................. ...l....... 4........1 . . . . . . .

* . 190(19140 FAILURE SA.TE

* * MEIN ESTIMATE) FAILURE RA'E

I.(c * L.CC

.3C *. C.1C

* S

= S

C*'C * .,40

(..c .. 20
(.1 * ,

I * S

.47 4.2c 12.21
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g 20 1148!

---------------------------------------------------------------- . ... .............. .-------- ---------

ACTtLI WILI df €.?CIC 0.404 0.3200 C.2150 C.21?c C.1410 O.ItLe ;.144C
1ILJphic 1W 1106 C.01 1 O. 2 .14 C.039* C.C472 C.C!4s O.Ce44 O.t |

OCCol. W1t"1!i 7.3411 4.S4!6 1.9!22 I.C591 1.C31t G.eC! 0.437C C.17C4

6!1 ?I,. 444 ;1- 451.52 13S . !IC.CI 3440.4 391.60 ?C .?S 11 .47 151 .'4
A ¢, 4 CTt#L

0LOW11s 1M21 11o[ 0.291 0.14 1.164 1.144 . ?11 4.176 !.4-1 #.fee

S1112. *.L1 C.2!CC 1.410 4.13C4 1.60Q .1.11ta 1.!q06 1.13t0 1.100

34134 . IC 11 12 13 Is 3 2t

£014.41 PSILL~i 4443 0.1!2. 1.111: :.1613 C.11310 (.CS14 0.0414 C.c123 0.01t
S&R16kic 1431 3:pf C.Ci14 O.Ciij O.CS22 C.CS95 0.1014 6 .1141 C.1221 C.1:611

p(0*c W!" • 0.Zk.4 0.2234 C.23% C.1102 Cale? 4.17 0.1241 C.1!1!

4?4422 lt4c' 113.11 17.17 47.C? 16.4f 42.14 M0.15 !C.I! ti.4&

, ( ' &.I

S1)bLi !IC C( (1 M 1 C.4e 1.2417 0.2298 C.214C C.2420 0.' 4 e.c"; C.1771

ck0l3tl2. 111 IM4 8.012 10.006 11.044 13.824 1!.qtC 11.64t 20.413 2!.21

CLtkg4.'l4f Ft14.4.44! 2.14cc 2 .4 ?(3 2.900C i .770C I.0100 3. HCO i.20CC 3.t2CC

1 .7c '.L.20 1.

3.00 1 .14

(.40 _6.1.0

C .64

- t.'c *1.Z2

3.04.;S @.20 12.2! 31.0:

P *244 13 *l C1 ? OP Oh( . 4
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S 27181

i 2 3 4 9 a I I

ICIL#t Pltt,- 3474 C.OCCC Q.G!CC 0.001 C.0530 C.CSCO O*.0CC C.COiC o.C43O
$|UPPC lk!1 UI| C.3144 O.Z€1¢ C.2clo C.2010 C,;CIC C.;CIC C,;¢,C C.;CC

OCCIL WIWI8*7* 32.OfS6 0.51?S 1.g66a C.9339 C.lCGS 0.111! C.77(q 0.!!!2

f!II.tVs 1:C 41 4!.t! 527.7e 33.11 1147.81 1311.82 132i.e4 13'1.14 fI(.!C

!tSISIC Cl%:*1lCfb 17.CC76 0.1i 4.4 .46s 1.46 .Cals 1.C313 1.1414 Cli2C!

CI('6 tbtt"I ? TES 186l C.C7 1.(73 2.070 1.067 4.068 f.C42 e.041 7.C47

C€otti8U l U.ILIP C.OC C a.cc C.16CC .o300 C.2cC 0.3CC G.43CC C.'4CC

................... .................... *. * ...... ............. ..... ...............

toM* IC it '2 13 14 1! If

I1(11iL F41,601 Rill C.C!Cc Q.C!CC 0.0-00 (.0100 C.C!CC C.C!CC C.C~cc C.C500
PLW*AH 1!!I 71I1 C.2cIC 1.2C C c.2C1I C.2I00 C.;CIC' , .;CIC O.cIC0 C.2 lC

OCct it lII'C C.Z2CI 0.217? 0.3250 €.3424 C.4341 0.3221 C.2413 C.1e1

f4 ";ICI! ; 'I 3O.;40*3 454.10 54S.S5 !14.81 19C.14 344.18 !12.!1 421.20
1.;ci '*2 I'' CIL AL

4I-PL. SIC CI'.!&4iC& C.17.5 0.4.-1! C.scil, C.4751 (.92!1 C.I(67 0.0! C.756

CL.LLL'Tl 1!1 ?I1*! *.ell .Cts IC.CC 11.C65 Ii.cee 1!.Ct 14.0Ct 13.C7C

CL0.111 '*ALLPI €.47C O.!;CO C.SeCC (.6400 C._1CC C.¢!CC 0.1%Cc C.EIOC

C 8.C1.04.0
. ..............................

IC 4 1.80

••SPECIFIED FILIURE OATE

*• F ESTIMATED FAILURE RATE

c.I

- C.C * C.6c

. (.4 ,I ¢ .6

1.*( C.40

I.(C 4.)! 4.!C Lj..S !t.CC

Pi.t(; CO K IX11 it' C 
h
46(F 2 2

984384
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CASE 3

10 1T(P!

ICT1Il 64ILLFE 4a51 C.1CCC O.C7C C.1500 C.0500 C.CSCC C.CCC C.C!CC C.Ccc

Ft1hiC 1W T10f 0.0144 .OiCiC C.2ClC C.2010 CCIC C.21C C.2LC a.;CIc

PC CI. i! !W i1 21.32S2 0.54dTV 0.3142 (.3168 C.3535 0.Z435 C.2254 0.2?1

I~~I I1C: i! i947.Z? 102!.!C 628.43 933.64 405.i! 515.07 !!C.le .134.42
91EPS-1C!,J 'CTL.ALPS LII FL'

!APFti 57C cI? Cllh LC.14C2 1.0282 Q.SC02 C.5325 C.5064 oC .C2 C.?IC C.10C4

*°. ........ :-- -- ;-o------- ---- .0 --------------- ----- a...........................................

ctLL'I.N It7! 10*t 4.142 2.142 4.140 6.135 ;.134 c10.2 12d2; I . I a
.. . .°o . . .. . C.. . .. . . . . ........ ;4 - . .- . . . .. . .. .-* * -... . ...... . . .....- -- -- -- T --

CkS41.1.A I PI1I. S 0.120; 0.1201 ..340 4 0.4800 I.41 0.1100 0*16CC C.Ifcc

.. .............................. ................ 0t 64................... 0 4..... I................

tot!( q IC 11 12 13 14 is 1

, it" I( I2L!1 y*1* C.2CIC C:CCCG C.2C01 C0:07C 0.07CC :C.Cic C1i C;c IC

bCLit 1!11-179 C.IAI 0.2lic 0.2137 C.1837 C.1244 C*.11: C.12C£ C.C1q4

VP .C ICT*L

'SAOFL!ST cWATIC C .1134 0.9CSs 0.4478 C.5876 C. 147 1 0.2141 c .; it O. Cig!

C saLcT:%l FA:LQ+I- .01CC L.Cs¢0 1.220C 1.300C .44CC .!?CC I.* leOc

. . .. . . ................... .................... c...... . .. .. 1 .. . . . . . . . . . . . . . .

*. c MEAN ESTIMATOO FAILURE RA'e

c.;C .,0

C. '.

4.0 .c 12.i!0.!Pl (4 C. O1c*-
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Li

12 5 1.4 1.6
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CASS 3

IQ flips

I |! £ 1 $ 4 15;

*C'ui $~lt IA' C.1¢CC 0.CfCC 0.0940 C.CCC C.C!90 C.C!CC C.CiCc C.C,0C

I4800C 1(21 l1i 0.0144 O.ICtc 6.2(c1 C.2010 C.;c1C C.MC C.9iC ¢.;CLC
..................-.... --. --.... --.......-- . .--.-. ...... .................. . .. . ..

61(6L 112l6116 4.44?5 0.3442 . .3305 ¢.2375 1.2331 0.I21e .1444 €.3124
?l?| ISICOIs 12 .2 914..1 C.S 1 14. 1.4. L11.4 I4.1C 114.12s|~t'~ *1 CL

itILI STE CIA Ch 11.*111 0.214, C.5lC1 C. S1&C .114S 0.1211 0.249a 0.3T11

IC.*LLJ2 *!IIWSIT| €.1110 0.41CC 0.41CC 1.6500 (.4401 1.11CC 1.26CC 1.€100

****************** *.**********4**********************.********,*************** .***** .

*t'I,.'M TM'~ T£2 14.1! l42 d. 224 14..1 1.1 244 10.412 24.2C 24.12

...... . ... N .SI E .......... .Y ......

65111 151

CC1i21FZLI .51CC 1.6112 2.49C0 2.6140 C.40CC &.11C .CC 1.c .!401

S I11 it is 24.s0

... ................-..----------------------- ---. -------- ----.

* •

211 . I C.0110 141 016 - *
Z .v 4 . . .6 6.64 ISTIN AI 1 6 .

ji;C I

-A .S 1 SI *flt . s .sv C.ssC14 .25 C2f C.Ic

'1 . '4 . . . . . . . . c . . . .. . . . .: 1. . . . . . .

Cdl * C.'c

C. 6. . . .4.....q*...........4

P49.16L I 51611 Cq' CP &&M1 a
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...... ........* .................. -- -------- .. .. . . . . . . . . .... .......** * ** *** **- ** *

ilMIL I8L0 Dil C.CCC 0.14C 6.LCO 9.0760 C.CCC S.O!C€

#AP*Ipc .llt 1101 6.0*4 G.it,4 C.C%*$ C.L2 ¢•4l C.*CIC

61.. ... .ll ' ..... ...4 4 Tl l. ...... 1. . 1.... 4(

611(IL1'111P~ 11822 47#7 1.41 C.29 aSL G.CI WIC GAl' I! 2734M M1.93 L14,.1 11.60 1114.i I¢1,14

* 

. Si 

tC i Iii

*sOI I% CM4710 IC,4111 6.5149 1.544: C.4791 CASH 0.6133

*lokilll lilt ??.t 4.02 0.!t0 1is 1.407 I•U1 * I.111

I.C o* .
( • : ... .. . . o .......... "...... .0. ............... ..

*SPICIPUG 061LOS MIN

II ,!c

(4': 9 :

a. .

9 696

'*: :.. . **.• **9*****.***t.***l6*q 9.* (*.

ie CeaesC?* ac
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s~l Z S hi4 p

........... ....... .-...................... --------..-- - -- -----.-- --

IaILAL PSULm. SAT1 c.vCC *.Lice C.&C66 O.o60 C.C*CC 0. oe

Fis/6&C .111 ti 0.0164 *.021 0.0444 ¢.Lb)? 9.1411 *.;€c]
........................... . .............-. --.......... . ..............--. _...

OCCI 1I-T1819 4.944 1.1113 €.9321 L.1i1 C.3911 C.1S4

T 68c1 '! 146.t3 14S.64 119.30 %33.91 41.2 414.31

tb#lL SIC Cltfa1T'C% 2.044 1.44 1.O66 1.1200 €.54 0.4;02

CLWIT& T11T 111)1 0.121 €.4s1 1.64J 2.511 4.432. 16.6S

... o...................... . ..... . . ...... .O

CL"A2tIi1 O*ILIS 6.014C 4.1109 0.1140 t.3009 CAW60 0.914

l. . .. . . ...

* * . SPKIPI| PAILWI 0 To
Pf" M I-14116 PAIL&U11 sale

*.C .•P* 113 1193.6 R

Ide1 . 1.le
I S

* .
- C.-C * .40

*.

€.;€ :441

* S

h * A

i . ........

- 6.46 * 5.40~ttT Ik~

* .1 .... SS;:c....
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Ittbf

"Al t 2 1 a

ACT£ fILL01 SAVE c*?CZ@ *.lICo .0.10*0 C.0oTc *C4cC G.C-CC
StA1419" loll ll 64C144 O*€sgs 0.0444 C.1322 C.!1679 G.;¢|

...............-. ...........................-.-.-...--....-.........-. ..... ...--..

OCCIL fIlt-SY 12.0!44 1.4144 C.?4O C.2064 .2201 * .1514

fpscsS St'~ £ 1 422.0 6IC.Is 41S.#1 121.9c 244.11 214.84
PII,Is .1 . LI

SOME11 SICM Cl IZ € 17.3e11 I.664$ 1.6182 €.1144 (.141* (.fC
..............-..... ,......... ----....-............ ,---.......--............

C.aIM 'EST 7:61 C.Zad 1.349 1.uz 9.1111 4d2H 1.297

c~tsIo'bi PIUM:I C.1730 0.zsce CAM~o (.7206 C.1fCC 1.1CC

............. ..... ....... .... 0 ........... ...

S* * SPKIViO PAILUMI 04TE

• . • IAN ISTINATED PAILMi NAT@

* C

* a*
- (.*1 . 1.61

C- C C.&

.................. .......

. * €..o

i* a

.1 8.1 .1 . ac

. .ll .. ( .1 ... ..

* AIIEI



case as

AC1LSL OdaLtua6 IWO CjDCC 1.31CC 0.3000 C.306C C.300 0.*11cc WOO31 0.100r

wispo4c 1411 1351 0.0319 0.1311 41.013M .0612! C.CI44 C.1*64 G.11"4 1.144

OCCIL l 14:bt? 19.2234 .. oSM 16.1454 4.4444 *.'3! S..131 3.1414 *4037

162.1114 1911:11 At M11.01 210x.17 3200.33 HAI. 031.70 603.31. 41.34 91.03IUs

lopttI fitL fl lIii C.4C4C 0.41CC L0.1104 4.49" 1 C.CIC IS.SSCC 4.0CC9 C.6Ca

CLO551 ?I 1?116 016A3 0.133 0.533 C.Z5 C.C3T 1.C31 C.'1a C.qCV

31%tl% F&I14 *3S 1 033.41c 61.43c 13.234 1C.01 .0 441.35CA 43.3e 4.1

CI.14 I5 i3 t11 is50 I.s2 1.5 .63 34 !943 5.

115u1?bi !1 91:1 1.225C 0.4111 1.451 1.01 1.6410 1.M11 1CM 0.110

............................... .............. . ............................

3. I '*2.2 1C9 1114 4S9 4291 44.t
, t4

41 ACLI 1"S330 S631C0 061

SIL I ~O01070'~ulSt
*ast 27t4 C*ITI1 4.22 614C 464 .(4 .C C21 .14 .60

.. . . . . . . . .. . . . . . - - - - - - -

.a1 *. .

1.4c.We

*C.6

..... .. too *..

4.. c .

#&&oil co scioI! p., Co b1416 1i II "
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CAI| Is

to Ilgl

.. . .... ....
91131 1 3 3 4 1 4 1 6

1(1141 PAlkLs| £413 C.)C(C a0.C C.C OG Cioo .,@0C 6.1c(C 0o.oce e.1CC€
PLOPI¢ 1i 11?I1i 6.3)315 0.01! 0.0231 C.AM3 C.C44 (. 86" C.C44 d.cI44

eCtI fil11ElT ?.6141 4.3144 4.131 .2234 Sqqi .ST 2.74s 2.4i¢(

HIM : Sit AM) 016.43 &46.1 441.14 4ii.41 3C7.19 21T.1C 212.1'

106LO SIC MIATt¢N 4.4419 .¢Slt 1.399a 3.03*3 .41442 3.3614 5.1?0 2.779c

(f0tLATIVl to?11 1l 0.131 C.4441 0.16 1.39 1.414 1.41T I.C LACS

OLb Lvt3lT OAILL*41 (,I4CC 0.21€4 9.24"0 C.9304 .C066C 0.11C C.1I0 C.9)1

splil I IC it 1I is 14 is '4

681151 ealu.'4 *ICI .40CC0 0 a40 6.4000 C.400 C.CSCC (.81(8 .ic0 C.CCC

48"it| M?7T11 3*! €.0251 0M05il 0.0251 .021S (.1018 . €*I€€ C.C1€ C.;cIc

.CIL l113.i 2.4414 2.3111 2.2141 3.547T €.3421 0.2412 0.cq4 (.316

4~.YS 34~ 1 510.14 491 . ; 443.S2 894.9s M6.2c 844.14 1446 344

1 1 1C C1,00lC0 1SAM8 3.21(1 2.01Ce 1.9011 CAM4( C.AZ1C (.2444 W.447
ee~~~ .oo .e -ee o e e .. - --e oo o e .~ . o ... .. .. .. .. .. .. .. .e .e o .ei . .. ..... .......

CL1I1I lilt 114 .111 2.401 2.411 1.903 '.q01 4.103 6.4(5 ve* 54

81PU51IMI FEILLiI! 1.22O I11.0 1.240C 1.3300 1.154 I1.3C 1.41CC .1OCC

I*tt(Be..!* ot.............................. ...............

* . IPICIPVIS PIILUMI iNAL
P04 Mob ISTIPIT|O OI3LUPS Rl .00

i ."

rA :A
(..

S . 4.4C

o

( ., :.... ..... .. ~4*...44.o~* *~ .. **~*44..,4..... .
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APPENDIX C

Results of Test MOD1

I. Test MODI

Test MODI used the AMSAA model to estimate the failure

rate of the items tested except as described below. A more

detailed discussion of the mohification can be found in

Section V-D.

Use of the AMSAA model was modified as follows:

a. The point estimate of the failure rate,

number of failures during a phase
rp =

total test time during a phase

was used whenever cumulative test time over all items was

less than 10 hours.

b. The slope of the reliability growth pattern was

estimated using the current point estimator, rp, and the
A

previous estimate, ri_1 , of the failure rate as follows:

SLOPE r - r

Increasing slope was then determined from the following

relationship:

A

r - ri 1  > .07
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If the slope was increasing, the point estimate, rp, was

used as the current estimate of the failure rate. Then,

the AMSAA model was reinitialized, that is, time and failures

prior to an increasing slope were not considered in future

estimates made by the model.

2. The Results

Results for Cases 4, 6, 15, and 18 are presented here as

representative of the effect the modifications had on the

performance of the model. A detailed description of the

format of the results can be found in Appendix A.
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APPENDIX D

Results of Test MOD2

1. Test MOD2

Test MOD2 used the AMSAA Model to estimate the failure

rate of the items tested except as described below. A more

detailed discussion of the modification can be found in

Section V-D.

Use of the AMSAA model was modified as follows:

a. The point estimate of the failure rate,

number of failures during a phase

r = total test time during a phase

was used whenever cumulative test time over all items was

less than 10 hours.

b. The slope of the reliability growth pattern was

estimated using the current point estimate, rp, and the
^

previous estimate, ri 1 , of the failure rate as follows:

i-1

SLOPE r - r i-l
pi

Increasing slope was then determined from the following

relationship:

r - r

116
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If the slope was increasing, the point estimate, rp, was

used as the current estimate of the failure rate. Then,

the AMSAA model was reinitialized, that is, time and failures

prior to an increasing slope were not considered in future

estimates made by the model.

2. The Results

Results for Cases 4, 6, 15, and 18 are presented here as

representative of the effect the modifications had on the

performance of the model. A detailed description of the

format of the results can be found in Appendix A.
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CASE 4

A511 A1111Sf NaII 5.I500 0.5250 0.4sl0 C.40Q5C 5.4555 0.4acc 5.45cc *.,Coe

P1L~bI1t list 710 0.2322 0.24.0 0.3924 C.4013 C.4043 0.4M4 O.'6Ce? lf.'C4

'PCC9I 1111"071 1.3244 1.3514 0.9015 5.4073 C.4047 0.1442 0.2111 0.1844

S't4! 44P A! 89.41. 13114 127.44 19.37 151.48 44.5 -14.91 it.51

fi 1154E IIVI

SOMEL sit C111Ah1C1. 0.6178 0.7415 0.4245 C.4S93 C.461 0.4134 0.4441 C.i!'C

CVLPLJII1 IIST TIPI 1.C74 2.410 4.g02 d.C41 1.14Z 1.441 11.417 !.ipc

51,%1325 PAIILtIS C.6400 1.4350 2.0550 3.0900 SMOG0 *.I!55 4.9550 5.11CC
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I f11C:C 6453 * 104.51 105.18 96.21 103.11 11C.42 142.24 1.1 4t44.11

cLLui 1% UEST TIRE 1!.44Z 17.119 19.184 11.049 23.0s9 24.46C 34.324 4S.ZC4
--- ---- - - -- ---

CIP3.1*1IVI FAILLAIS 4.4400 ?.1100 7.7400 1.3600 9.IIC5 1C.CIC0 LC.4s50 11.!4CC

3.554.15 .1 12.2 34.
..... .............................. ..
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, ll OSM A! .11.31 31.d2 20.CS 13.31 22.40 U.11 U1.53 L2.14
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I*CC 4.15 8.3€ 12.29 16.00*.4 . 44 *4 fl*ee**4,**S46*48CC**ee4*44* .......... *......
1.1€ 4 1.20

spcpa P9?F80961uik 461TE
$.0 CC * WOW 1 ED3T4T8 FAILURI ATE * 1.0

4 .

C - C* a.t

a *
S 4*

.......... ::C;

: • .
* 8

1,€4 54*€l|| t 4 4 €

• . 122 ..



so-Ail81 I4

£CUI1*240480 .00 07CO 0.1000 0.7010C C.1000 0.40C0 0.4c(0 C...'CC
51440C 111.1 115.4 0.2!22 0.2.122 C.2322 0.2322 C.2322 CAM00 0.4003 -2.4C.3
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APPENDIX E

Results of Test MOD3

1. Test MOD3

Test MOD3 used the AMSAA model to estimate the failure

rate of the items tested except as described below. A more

detailed discussion of the modification can be found in

Section V-D.

Use of the AMSAA model was modified as follows:

a. The point estimate of the failure rate,

number of failures during a phase
r
P total test time during a phase

was used whenever cumulative test time over all items was

less than 10 hours.

b. The slope of the reliability growth pattern was

estimated using the current point estimate, rp, and the two

previous estimates of the failure rate, r i 1 and ri- 2. The

slope estimated was in two parts,

A

r - r i2 and rp - ri- 1

The estimate of the slope was considered increasing if both

parts of the estimate were determined to be increasing as

follows;
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AI

r. - ri-2 > 07

and

r - ri_ > .07

If the slope was increasing, the point estimate, r p was

used as the current estimate of the failure rate. Then,

the AMSAA model was reinitialized, that is, time and failures

prior to an increasing slope were not considered in future

estimates made by the model.

2. The Results

Results for Cases 4, 6, 15, and 18 are presented here as

representative of the effect the modifications had on the

performance of the model. A detailed description of the

format of the results can be found in Appendix A.
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APPENDIX F

Results of Test MOD4

1. Test MOD4

Test MOD4 used the AMSAA model to estimate the failure

rate of the items tested except as described below. A more

detailed discussion of the modification can be found in

Section V-D.

Use of the AMSAA model was modified as follows:

a. The point estimate of the failure rate,

number of failures during a phase
r -

P total test time during a phase

was used whenever cumulative test time over all items was

less than 10 hours.

b. The slope of the reliability growth pattern was

estimated using the current point estimate, rp, and the

previous estimates of the failure rate, ri_1 and ri- 2. The

slope estimated was in two parts,

ri_ - ri_ 2 and rp - r. 1

The estimate of the slope was considered increasing if both

parts of the estimate were determined to be increasing as

follows;
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ri_ - ri 2  > .2ri..2

and

r r > .2r

If the slope was increasing, the point estimate, r , was

used as the current estimate of the failure rate. Then, the

AMSAA mocdel was reinitialized, that is, time and failures

prior to an increasing slope were not considered in future

estimates made by the model.

2. The Results

Results for Cases 4, 6, 15, and 18 are presented here as

representative of the effect the modifications had on the

performance of the model. A detailed description of the

format of the results can be found in Appendix A.
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