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Executive Summary

The Department of Defense develops and acquires
some of the world’s most advanced, sophisticated, and
expensive systems. As new technologies emerge and are
incorporated systems, the
community faces the challenge of ensuring that these
systems undergo adequate and efficient testing prior to

into test and evaluation

operational use. In this presentation, we highlight how the
leveraging of Bayesian methods can help the test and
evaluation community improved test efficiency in planning
for the test and evaluation of a system’s reliability.

When evaluating the suitability of a system, testers
must gain an understanding of the system’s reliability.
However, the test and evaluation community must wrestle
with the perennial challenge of scoping an operational test
that will be long enough (whether in terms of miles, flight
hours, cycles, etc.) to adequately evaluate system reliability.
The length of such a test must be informed by the reliability
requirement, the true reliability of the system, and the risk
we are willing to accept from asserting an incorrect
statement about the system’s reliability.

Traditionally, we rely on reliability demonstration tests
to determine a system’s reliability. Such tests make use only
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of the data from the current test to assess whether the
reliability-related quantity of interest meets or exceeds the
requirement for the system. However, these tests often
require lengthy testing periods, which means we cannot
always accommodate them due to time and resource
constraints.

In this presentation, we recommend the use of
reliability assurance tests to address the dilemma posed by
lengthy testing periods. These tests employ supplementary
data and information sources to plan for reliability testing
such as reliability models, prior test results, expert judgment,
and knowledge of environmental conditions. Making use of
such data and sources can often help reduce the amount of
time required for testing. Bayesian test plans use
supplementary data and information; hence, we refer to them
as reliability assurance tests.

Unlike planning a reliability demonstration test, which
a researcher can accomplish using tools such as Operating
Characteristic Curves, planning a reliability assurance test
adds a layer of complexity that requires the researcher to
have knowledge of Bayesian methods and coding expertise.



The lack of readily available, user-friendly software
that would allow researchers to apply Bayesian methods for
reliability test planning is hindering the broader adoption and
usage of reliability assurance tests. Currently, no such
software tools are accessible to researchers who wish to use
them to incorporate prior test data or supplementary
information into their test planning process; nor is such
software available to researchers undertaking the planned
post-test analysis.

To address this need, IDA 2024 Summer Associate
Emma Mitchel has developed an R Shiny application that
can serve as a user-friendly software tool for the broader test
and evaluation community to use Bayesian methods in
reliability test planning and analysis. This presentation
introduces the R Shiny application she developed and
summarizes its features and intended uses. Her work builds
on the research presented in a previous IDA briefing, “JSM
2023: Improving Test Efficiency: A Bayesian Assurance
Case Study.”!

The tool is meant to support researchers’ efforts to
incorporate test data and supplementary information
throughout the planning and analysis phases. During the test
planning phase, researchers can use the tool to use Bayesian

' Medlin, Rebecca. IDA Product 3000024: JSM 2023: Improving
Test Efficiency: A Bayesian Assurance Case Study. August 1, 2023.
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methods to incorporate supplementary data for the purpose
of determining appropriate test length.

The tool also enables researchers to incorporate
assumptions in their planning about reliability degradation
or reliability improvement from one phase of testing to the
next. For example, when a researcher transitions from a
developmental test environment to an operational test
environment, the researcher often observes a 10 to 30
percent degradation in system reliability.

During the analysis phase, researchers can use the tool
to apply Bayesian methods to combine information and more
precisely quantify uncertainty using credible intervals.

For this presentation, we have opted to employ a case
study approach that walks the audience or reader through the
use of the reliability assurance test planning and analysis
tool. It goes on to compare the test lengths generated using
the tool to those generated using a traditional reliability
demonstration test. The presentation demonstrates that using
the tool to scope this test often results in a proposed test
length that is shorter than that proposed using a traditional
reliability demonstration planning approach.

Plans for future work by IDA on this project include
releasing the application to the test community on the Test
Science Website (testscience.org), authoring a paper for the



The ITEA Journal of Test and Evaluation to increase
awareness of the method and application, and extending the
methods discussed here to incorporate additional failure time
distributions such as the Weibull.



This page intentionally left blank



This page intentionally left blank



IDA

A Reliability Assurance Test Planning and Analysis Tool

Emma Mitchell

Mentors: John Haman, Rebecca Medlin, Curtis Miller, Dhruv Patel, and
Keyla Pagan-Rivera

Summer 2024

Institute for Defense Analyses
730 East Glebe Road e Alexandria, Virginia 22305



Bottom Line Up Front
X ? RS

+ We would like to « It is often difficult to scope a Develop an R Shiny app for the Test Science
size a test for test that is long enough to Website
evaluating ensure adequate . .
system reliability. assessment of system » Planning: Use Bayesian methods_to_ leverage

reliability. supplementary data when determining

* We would like to appropriate test length, which may reduce
incorporate prior » No user-friendly software testing.
knowledge of the for IDA researchers to - : .
system. implement prior data into * Analysis: Use Bayesian methods to combine

information and better quantify uncertainty

reliability assurance test.
Y through credible intervals.

!l A Bayesian reliability tool for IDA Researchers to use in reliability planning and analysis.
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Big Picture - What is Reliability and why is it important to DOT&E?

|D§| Definition

MTBF — Mean Time Between Failures

Importance

Reliability

Probability that a system performs its intended
function under operating conditions for a specified
period of time.

The reliability quantity of interest is typically the
MTBF.
Example: Consider an elevator at IDA. We want this elevator to be

reliable, meaning it should consistently operate without getting
stuck during normal usage over time.



Big Picture - What is Reliability and why is it important to DOT&E?

Reliability

|DH| Definition An unreliable system may impact the mission,

resulting in errors, delays, or even accidents.

Unreliable systems also increase system costs over
time.

Planning a test with reliability in mind will inform us
which systems are robust, cost-effective, and capable

Importance of meeting operational demands.

MTBF — Mean Time Between Failures [DA



Case Study: Testing a New Variant of a Cargo Helicopter

Supports a variety of operations,
such as:

* Air movement (e.g., carry cargo,
personnel)

 Casualty evacuation
* Aerial recovery

* Area resupply

IDA



Case Study: Testing a New Variant of a Cargo Helicopter

Reliability requirement of 35 flight hours MTBMA.

Reliability objective of 70 flight hours MTBMA.

Prior developmental testing included 329 flight hours and 7 mission aborts.

Some system changes might imply an estimated 10 to 30 percent decrease in
reliability from DT to OT.

How long should we test the cargo helicopter, and what should the maximum number
of failures allowed be when demonstrating the requirement with confidence?

MTBMA — Mean Time Between Mission Aborts [D E



Reliability Demonstration Test - The Traditional Approach to Test Planning
A reliability demonstration test assumes we will use only the data from the current test to assess whether the
reliability quantity of interest (e.g., MTBMA) meets or exceeds the requirement.
* An Operating Characteristics Curve is a useful tool for determining and comparing reliability plans.

* The test length is informed by the reliability requirement, the true reliability of the system, and the risk we are
willing to accept in making an incorrect statement about the system’s reliability.

1

§ 0.9 - ﬂ
8 0.8 = "
% 0.7 i
inl
L ’ 1
g 0.4 4 |] e 105-hour test, 1 failures permitted
£ 0.3 - 277-hour test, 5 failures permitted
e 0.2 - 478-hour test, 10 failures permitted
g 0.1 + “ 750-hour test, 17 failures permitted
o
= 0 = T T T T T T T T T T T
[~

0 20 40 60 80 100 120 140 160 180 200 220 240

True MTBMA (Flight Hours)

A Reliability Demonstration Test often requires lengthy testing periods or a very high true MTBF. (Unlikely!)

MTBF — Mean Time Between Failures; MTBMA — Mean Time Between Mission Aborts [D
A 6



Reliability Assurance Test - A Bayesian Approach to Test Planning

A Bayesian reliability assurance test uses all contextual information with the goal of reducing the
required amount of testing.

Contextual information includes:
- Earlier test results on the same or similar systems
- Expert judgment regarding performance
- Knowledge of the environmental conditions under which the systems are used
- Prior knowledge of possible failures

A Bayesian reliability assurance test often works best when...

- Minimal system changes expected between testing
- Longer previous testing periods

- Proposed test length from a reliability demonstration test is not feasible



Bayesian Reliability Assurance test plans are more efficient than traditional Reliability
Demonstration Plans in this case study.

0 1

Number of aIIowed mission aborts

600

an
o
o

400

N
o
o

Total recommended test time (flight hours)
=) S
o o

mRDT mBAT

BAT — Bayesian Assurance Test; RDT — Reliability Demonstration Test [D E



Incorporating previous testing data reduces uncertainty around the MTBMA estimates.

200+

Total recommended operating time (flight hours)

MTBMA — Mean Time Between Mission Aborts

150+

100+

Interval Type
== Traditional Interval
== Bayesian Interval

200

MTBMA

400

600

¢ = maximum number
of allowed mission
aborts from the test
plan.



Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA |«



Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA |«



First, define the Prior, Likelihood, and Posterior.

¢ = number of mission aborts from DT
0.6 Legend T; = time between each mission abort
' Prior <
- Posterior — L :

.  eellbosed T Z T; = total flight hours from DT
=04 MTBF Threshold Requirement i=1
8 ) MTBF Objective Requirement
[ =
8 A = abort rc;te

0.2 MTBMA = p

0.0

0 S 10 15 20 T;~ exponential ())
MTBF

The posterior is the updated distribution of MTBF given our supplemental data
and will serve as our prior belief about MTBF when we solve for a test plan.

DT — Developmental Testing; MTBF — Mean Time Between Failures; MTBMA — Mean Time Between Mission Aborts [D
A 12



Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA | =



... And determine whether a change (i.e., a degradation or improvement) from one test

phase to another is likely.
Example Phases: DT to OT * We may want to degrade or improve our prior information to be
more representative of our current testing state.
Developmental Testing (DT): * Failing to incorporate a degradation factor could lead to inadequate
* Usually conducted in a more controlled test plans.

environment.
* Tested by non-operationally representative

users.
* Testing is often longer, with a focus on
verifying system requirements.
0.02 Group
“' E Original
= Transformed
2
a Lines

Operational Testing (OT):
0.014 Objective Requirement
Threshold Requirement

* Production-representative systems.

* Conducted in operationally realistic
environment.

* Tested by real users.
* Duration of testing is often limited.

0.001
50 100
MTBF

Source: Gilman, J. F., Fronczyk, K. M., & Wilson, A. G. (2018). Bayesian modeling and test planning for multiphase reliability assessment. Quality and Reliability Engineering International,

35(3), 750-760. https://doi.org/10.1002/qre.2406

IDA
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Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA | =



Second, choose the maximum amount of risk you are willing to take.

Posterior Producer’s Risk (a): The risk of having an MTBF above the objective, given the test has failed.

Context: If the test is failed, the producer requires there to be no more than a 30 percent chance that
the true MTBMA of the helicopter is greater than 70 flight hours.

Posterior Consumer’s Risk (£): The risk of having an MTBF below the requirement, given the test has
passed.

Context: If the test is passed, the consumer requires that there be no more than a 20 percent chance
that the true MTBMA of the helicopter is less than 35 flight hours.

A test is passed if we observe c or fewer failures in total operating time T.

MTBF — Mean Time Between Failures; MTBMA — Mean Time Between Mission Aborts [

16



Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA |~



For each c, the chosen test is the shortest test that satisfies both PPR and PCR
requirements.
PPR and PCR Plot for a 2 Failure Test

Lines
= » PCR Threshold
= PPR Threshold

Type
s PCR
PPR

Probability

ZCZ Chosen T for a c = 2 failure test

0 100 200 300

Operating Time (T)

C— Maximum allowed number of failures; PCR — Posterior Consumer’s Risk; PPR — Posterior Producer’s Risk [DA 18



Bayesian Reliability Assurance Test - What are the steps?

Step 1: Define the prior, likelihood,
posterior, threshold, and objective.
Determine whether a change
(degradation or improvement) from
one testing phase to another is likely.

Step 4: Compute the unconditional
probability of passing for each test
plan.

Reliability

Assurance
Test

Step 2: Determine the maximum
amount of consumer and producer risk
you are willing to take.

Step 3: Solve for test plans.

IDA |«



UPPT determines how likely your system is to pass.

UPPT can be used to help the evaluator choose a test plan in a situation where multiple test plans meet
both PPR and PCR thresholds.

Low UPPT is bad: The system will likely fail future tests.
Historical data indicate low reliability.
Test plan is inadequate.
Requirements are stringent.

: The system will likely pass future tests.
— Historical data indicate high reliability.
— Test plan requires lots of testing.
- Requirements are lenient.

. Low UPPT (<.5) . Good UPPT (between .5 and .9) High UPPT (>.9)

OT — Operational Testing; DT — Developmental Testing; UPPT — Unconditional Probability of Passing Test [D
A 20



Low UPPT Example

If ...
Test Plan DT Data Requirement

+ ﬂ + V implies P(observe < 0 fails in 43 hrs of OT given DT data)
‘ —

= Small UPPT (<.5)
0 allowed MA 7 MA 35 hours
43 hours 329 hours (MTBMA)

OT Data Decision

Then regardl f...
en regardless o you will likely

ﬁ

1 MAin 43 hours = 43 hours (MTBMA)

DT — Developmental Testing; MA — Mission Aborts; MTBMA — Mean Time Between Mission Aborts; OT — Operational Testing; UPPT — Unconditional Probability of Passing Test [D E

21



Navigate with Ease
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Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step O: Input Parameters

Historical Data

DT Data

Historical Number of Failures:

7

Historical Operating Time:

329

The observed MTBF is 47

Test Plan Considerations:

How many failures would you like to consider in the test plan?
12
What is the longest operating time you would like to consider in the test plan?

350

DT — Developmental Testing ; MTBF — Mean Time Between Failures

Mean Time Between Failure Thresholds:

MTBF Threshold Requirement:

|35

Risk Thresholds

Consumer Risk Threshold (g):

0

MTBF Objective Requirement:

I?O

Do you believe there to be a change in failure rate from previous testing?

Choose one:
® Yes
O No

Please select one of the following:
@ Include degradation factor

O Include improvement factor
Lower Degradation Factor (%)

10

Upper Degradation Factor (%)

30

1 L} Sl I 1 v
(] 004 0.08 0.12 0.18 0z

Producer Risk Threshold (a):

IDA

038
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Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step O: Input Parameters

Historical Data

DT Data

Historical Number of Failures:

7

Historical Operating Time:

329

The observed MTBF is 47

Test Plan Considerations:

How many failures would you like to consider in the test plan?

12

What is the longest operating time you would like to consider in the test plan?

350

DT — Developmental Testing ; MTBF — Mean Time Between Failures

Minimum

1
0.28 032

acceptable
Mean Time Between Failure Thresholds: reliability and Risk Thresholds
desired
MTBF Threshold Requirement: I' b'I't Consumer Risk Threshold (g):
reliability 5
35

I \\/ T T T T 1 !
MTBF Objective Requirement: L 2 1 ’ 22 gt
I 70 l Producer Risk Threshold (a):

0

| | I I I I I

0 0.04 0.08 0.12 0.18 02 024

Do you believe there to be a change in failure rate from previous testing?

Choose one:
® Yes

O No

Please select one of the following:
@ Include degradation factor
O Include improvement factor

Lower Degradation Factor (%)

10

Upper Degradation Factor (%)

30

IDA

038

038

24



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Amount of risk
we are willing

Minimum
Step O: Input Parameters

acceptable to accept for
Historical Data Mean Time Between Failure Thresholds: reliability and Risk Thresholds making a
DT Data desired wrong decision
Historical Number of Failures: MTBF Threshold Requirement: I' b'Iity Consumer Risk Threshold (g):
reliabi o o4
7 35
I \\/ I 1 I l I I_ I I I__ I
Historical Operating Time: MTBF Objective Requirement: 2 o8t = = < % %2t 928 = e %
329 I 70 l Producer Risk Threshold (a):
0 m 04

The observed MTBF is 47

Test Plan Considerations: Do you believe there to be a change in failure rate from previous testing?
How many failures would you like to consider in the test plan? Choose one:
12 ® Yes
O No

What is the longest operating time you would like to consider in the test plan? 2
Please select one of the following:

@ Include degradation factor
O Include improvement factor

350

Lower Degradation Factor (%)

10

Upper Degradation Factor (%)

30

IDA |
DT — Developmental Testing ; MTBF — Mean Time Between Failures —



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Amount of risk
we are willing

Minimum
Step O: Input Parameters

acceptable to accept for
Historical Data Mean Time Between Failure Thresholds: reliability and Risk Thresholds making a
DT Data desired wrong decision
Historical Number of Failures: MTBF Threshold Requirement: I' b'Iity Consumer Risk Threshold (g):
reliabi o o4
7 35
I \\/ I 1 I I I I_ I I I__ I
Historical Operating Time: MTBF Objective Requirement: L 2 . 24 g e iz 03 04
399 I 70 l Producer Risk Threshold (a):
0 m 04

The observed MTBF is 47

Test Plan Considerations: Do you believe there to be a change in failure rate from previous testing?
How many failures would you like to consider in the test plan? Choose one:
12 ® Yes
O No

What is the longest operating time you would like to consider in the test plan? 2
Please select one of the following:

@ Include degradation factor
O Include improvement factor

350

What is the longest
test time and
largest number of
failures you are
willing to consider
in the test plan?

Lower Degradation Factor (%)

10

Upper Degradation Factor (%)

30

IDA |
DT — Developmental Testing ; MTBF — Mean Time Between Failures —



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step O: Input Parameters

Historical Data

DT Data

Historical Number of Failures:

7

Historical Operating Time:

329

The observed MTBF is 47

Test Plan Considerations:

How many failures would you like to consider in the test plan?

12

What is the longest operating time you would like to consider in the test plan?

350

What is the longest
test time and
largest number of
failures you are
willing to consider
in the test plan?

DT — Developmental Testing ; MTBF — Mean Time Between Failures

Minimum

Amount of risk
we are willing

acceptable to accept for
Mean Time Between Failure Thresholds: reliability and Risk Thresholds making a
MTBF Threshold Requirement: d?SI r_e'd Consumer Risk Threshold (g): Wrong deCISIOn
C ~ reliability 0 04
MTBF Objective Requirement: v I oo Booon o G2 o om 2 ow o

Lo |

Do you believe there to be a change in failure rate from previous testing?

Choose one:

® Yes

2 No

Please select one of the following:
@ Include degradation factor

O Include improvement factor
Lower Degradation Factor (%)

10

Upper Degradation Factor (%)

30

0 0.3] 04

We know there
are some system
changes from DT
to OT

IDA |~



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step 2: Compute Test Plans

. Unconditional Probability of Passing < 0.5 . Unconditional Probability of Passing between 0.5 and 0.9 Unconditional Probability of Passing > 0.9
Show entries Search:
Operating Time Maximum Allowed Failures PPR PCR Unconditional Probability of Passing
1 43 0 0.064 0.196
2 67 1 0.04 0.198
3 93 2 0.025 0.197
4 19 3 0.016 0.197
5 145 4 0.011 0.198
6 171 5 0.007 0.199
7 199 6 0.005 0.198
8 225 7 0.003 0.199
9 253 8 0.002 0.198
10 279 9 0.001 0.2
" 307 10 0.001 0.199
12 335 " A 0.001 0.199

Previous E Next

Showing 1 to 12 of 12 entries

All test plans

& Download Table

have PPR less
than .3

PPR — Posterior Producer’s Risk ; PCR — Posterior Consumer’s Risk; UPPT — Unconditional Probability of Passing Test IDA 28



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step 2: Compute Test Plans

. Unconditional Probability of Passing < 0.5 . Unconditional Probability of Passing between 0.5 and 0.9 Unconditional Probability of Passing > 0.9
Show entries Search:
Operating Time Maximum Allowed Failures PPR PCR Unconditional Probability of Passing
1 43 0 0.064 0.196
2 67 1 0.04 0.198
3 93 2 0.025 0.197
4 19 3 0.016 0.197
5 145 4 0.011 0.198
6 171 5 0.007 0.199
7 199 6 0.005 0.198
8 225 7 0.003 0.199
9 253 8 0.002 0.198
10 279 9 0.001 0.2
" 307 10 0.001 0.199
12 335 " A 0.001 0.199

Showing 1 to 12 of 12 entries

Previous E Next

All test plans
have PPR less
than .3

...and
PCR less
than .2

PPR — Posterior Producer’s Risk ; PCR — Posterior Consumer’s Risk; UPPT — Unconditional Probability of Passing Test IDA 2

& Download Table



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step 2: Compute Test Plans

[P unconditional Probability of Passing < 0.5 [l Unconditional Probability of Passing between 0.5 and 0.9 Unconditional Probability of Passing > 0.9
Show entries Search:
Operating Time Maximum Allowed Failures PPR PCR Unconditional Probability of Passing
1 43 0 0.064 0.196
9 67 1 0.04 0.198
3 93 2 0.025 0.197
4 119 3 0.016 0.197 b e;rvt;laedeenor; ng
5 145 4 0.011 0.198 test pIans with
6 171 5 0.007 0.199 little risk and
7 199 6 0.005 0.198 shorter test
8 225 7 0.003 0.198 plans with
g 253 8 0.002 0.198 higher risk
10 279 9 0.001 0.2
1 307 10 0.001 0.199
12 335 1 P 0.199

Previous m Next

Showing 1 to 12 of 12 entries

All test plans
have PPR less
than .3

...and
PCR less
than .2

PPR — Posterior Producer’s Risk ; PCR — Posterior Consumer’s Risk; UPPT — Unconditional Probability of Passing Test IDA

& Download Table

30



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step 2: Compute Test Plans

[P unconditional Probability of Passing < 0.5 [l Unconditional Probability of Passing between 0.5 and 0.9

Show entries

Unconditional Probability of Passing > 0.9

Operating Time Maximum Allowed Failures PPR PCR
1 43 0 0.064 0.196
2 67 1 0.04 0.198
3 93 2 0.025 0.197
4 19 3 0.016 0.197
5 145 4 0.011 0.198
6 171 5 0.007 0.199
7 199 6 0.005 0.198
8 225 7 0.003 0.199
9 253 8 0.002 0.198
10 279 9 0.001 0.2
" 307 10 0.001 0.199
12 335 " A 0.001 0.199

Showing 1 to 12 of 12 entries

& Download Table

All test plans
have PPR less
than .3

PPR — Posterior Producer’s Risk ; PCR — Posterior Consumer’s Risk; UPPT — Unconditional Probability of Passing Test

...and
PCR less
than .2

Not all test
plans have
a good
UPPT

Tradeoff
between long
test plans with
little risk and

shorter test
plans with
higher risk

Unconditional Probability of Passing

Previous E Next

IDA | =



Analyze with Ease
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Navigate with Ease - Perform a Bayesian Assurance Test using my app.

Step 2: Compute Test Plans

. Unconditional Probability of Passing < 0.5 . Unconditional Probability of Passing between 0.5 and 0.9 Unconditional Probability of Passing > 0.9
Show entries Search:
Operating Time Maximum Allowed Failures PPR PCR Unconditional Probability of Passing
1 43 0 0.064 0.196
2 67 1 0.04 0.198
3 923 2 0.025 0.197
4 19 3 0.016 0.197
5 145 4 0.011 0.198
6 171 5 0.007 0.199
7 199 6 0.005 0.198
8 225 7 0.003 0.199
) 253 8 0.002 0.198
10 279 9 0.001 0.2
1 307 10 0.001 0.199
12 336 1 0.001 0.199
Showing 1 to 12 of 12 entries Previous |I‘ Next

& Download Table

PPR — Posterior Producer’s Risk ; PCR — Posterior Consumer’s Risk; UPPT — Unconditional Probability of Passing Test ID
A 33



Navigate with Ease - Perform a Bayesian Assurance Test using my app.

. Credible Interval Probability Less than Requirement
Consumer Requirement:
a5
0.04
Producer Requirement:
70 Legend
0.03 ) o
Prior Distribution
Observed Number of Failures: Posterior Distribution
- Likelihood
8 "5 MTBF Consumer Requirement
c 0.02 MTBF Producer Requirement
Observed Operating Time: 8
335 _ Legend
0.01 Probability
Credible Level:
0 081 1
T —— T 0.00
0 0.1 0.2 0.3 0.4 0.5 06 0.7 08 0.9 1
0 25 50 75 100
Choice of Prior Distribution: MTBMA
O Enter prior based on historical data not used in . se . . -
Statistical Interpretation: There is an 80 percent probability the true MTBMA falls

a Bayesian assurance test

within 29.77 and 57.55. Additionally, there is a 27 percent chance the true MTBMA is
greater than the minimum requirement. The estimated MTBMA (mean of posterior) is

43.26.

MTBMA — Mean Time Between Mission Aborts [D E

@ Pull prior from planning tab

(O Uninformative gamma prior
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Closing Remarks

* Bayesian assurance test plans can be more efficient than

0

i In In II Il II II II II II II
1 2 3 4 5 6 7 8 9 10 11

Number of allowed mission aborts (c)
ERDT mBAT

traditional reliability demonstration test plans.

* Incorporating previous testing data can reduce uncertainty

for the MTBF estimate.

* The app | developed provides OED researchers a simple and
convenient way to implement Bayesian assurance testing.

RDT — Reliability Demonstration Test; BAT — Bayesian Assurance Test; MTBF — Mean Time Between Failures

Total recommended operating time (flight hours)

N
[ ==
=

150

-
o
o

Interval Type
== Traditional Interval
== Bayesian Interval

400 600

MTBMA
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Future Work

 Publish R Shiny Application on Test Science Website.

e Author a paper for The ITEA Journal of Test and Evaluation to increase awareness of
method/application.

* Extend to additional failure time distributions (e.g., Weibull).

IDA | =
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So the second step is to decide on the maximum allowable producer and consumer risk
you would like to take.

Posterior Consumer’s Risk: The probability the system’s reliability
is worse than the MTBF requirement, given the test is passed and
PCR historical data on the system’s reliability.

= P(A = 14|Test is Passed, x)

D7) exp(-2) .

z;Ll[z;:O(ﬂ 1) ey"f’( 2T (10022,)

= ADTY exp(-A0)T
Z;\I:l[zg]:()( ) y!( )

=B

PPR Where x is available historical data and AU) is the number of
draws from the posterior given our historical data

Source: Michael S. Hamada et al., Bayesian Reliability, 2008, Chapter 10.

Note: The expression Test is Failed means that the number of observed failures is larger than the maximum number of allowed failures. That is, y > c. Similarly, Test is Passed means thaty < c.
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So the second step is to decide on the maximum allowable producer and consumer risk
you would like to take.

Posterior Producer’s Risk: The probability the system’s reliability is
better than the MTBF objective, given the test is failed and

historical data on the system’s reliability.
PCR

= P(A < Ay|Test is Failed, x)

20T exp(=ADT :
9[=1 [1 _ Z;:o( ) m ( ) I(/l(]) < /’[0)
=~ . [1 _ye (A(j)T)y exp(—/l(j)T)
j=1 y=0 y!

PPR

Where x is available historical data and 1Y) is the number of

draws from the posterior, given the historical data.
Source: Michael S. Hamada et al., Bayesian Reliability, 2008, Chapter 10.

Note: The expression Test is Failed means that the number of observed failures is larger than the maximum number of allowed failures. That is, y > c. Similarly, Test is Passed means thaty < c.
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What does the Reliability Belief Distribution indicate?

Step 1: Plot the reliability belief distribution given the inputs

0.02-

Density

0.01

0.00+

MTBF

Updated
distribution of
mean time
between failure,
given DT data

Transformed
=10-30%
degradation

Group
H Original
Transformed

Lines
| Objective Requirement
Threshold Requirement

100

Previous testing suggests reasonable reliability after degradation. A reliability assurance test may be useful.
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What can we say about the true MTBF if we implement one of these test plans?

The analysis tab of the app allows the user to...
* Quantify uncertainty around the true MTBF with credible intervals
* Determine the probability of meeting the minimal acceptable reliability and desired reliability
 Characterize the distribution of the MTBF given our prior beliefs/data

» Compare the uncertainty around the estimated MTBF across multiple test plans and/or prior beliefs

MTBF — Mean Time Between Failures

IDA | -



REPORT DOCUMENTATION PAGE o Ao e

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other
aspect of this collection of information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information
Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other

provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) | 2. REPORT TYPE 3. DATES COVERED (From - To)
XX-09-2024 Final

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

A Reliability Assurance Test Planning and Analysis Tool HQ0034-19-D-0001

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Rebecca M Medlin BD-9-2299(90) and C9082
Emma P Mitchell 5e. TASK NUMBER
Keyla Pagan-Rivera
Dhruv K Patel 229990 and C9082
5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
Institute for Defense Analyses
730 East Glebe Road 3003359
Alexandria, Virginia 22305
3003359

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

CRP

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Distribution Statement A. Approved for public release: distribution is unlimited.

13. SUPPLEMENTARY NOTES

Project Leader: John Haman

14. ABSTRACT

This presentation documents the work of IDA 2024 Summer Associate Emma Mitchel. The work presented details an R Shiny application developed to provide a
user-friendly software tool for researchers to use in planning for and analyzing system reliability. Specifically, the presentation details how one can plan for a reliability
test using Bayesian Reliability Assurance test methods. Such tests utilize supplementary data and information, including reliability models, prior test results, expert
judgment, and knowledge of environmental conditions, to plan for reliability testing, which in turn can often help in reducing the required amount of testing. In the
planning phase, the application enables researchers to use Bayesian methods to incorporate supplementary data when determining appropriate test lengths. In the analysis
phase, the tool allows researchers to combine information through Bayesian methods, resulting in better uncertainty quantification than traditional methods.

15. SUBJECT TERMS

Reliability, Assurance Testing, Bayesian, R Shiny, Tools

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF | 18. NUMBER]| 19a. NAME OF RESPONSIBLE PERSON

a. REPORT | b. ABSTRACT | c. THIS PAGE| ABSTRACT ngEs Tohn Haman

Unclassified Unclassified Unclassified SAR 19b. TELEPHONE NUMBER (Include area code)
51 703-845-2132

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18


dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight

dberry
Highlight


	3003359 Covers.pdf
	3003359 Executive Summary.pdf
	3003359_Presentation.pdf
	3003359 Pagan-Rivera et al.pdf
	3003359 SF 298_FINAL.pdf



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	1: 
	 REPORT DATE: XX-09-2024

	2: 
	 REPORT TYPE: [Final]

	3: 
	 DATES COVERED: 

	4: 
	 TITLE AND SUBTITLE: A Reliability Assurance Test Planning and Analysis Tool

	5a: 
	 CONTRACT NUMBER: HQ0034-19-D-0001

	5b: 
	 GRANT NUMBER: 

	5c: 
	 PROGRAM ELEMENT NUMBER: 

	5d: 
	 PROJECT NUMBER: BD-9-2299(90) and C9082 

	5e: 
	 TASK NUMBER: 229990 and C9082

	5f: 
	 WORK  UNIT NUMBER: 

	6: 
	 AUTHOR(S): Rebecca M Medlin
Emma P Mitchell
Keyla Pagán-Rivera
Dhruv K Patel



	7: 
	 PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES): Institute for Defense Analyses
730 East Glebe Road
Alexandria, Virginia 22305

	Log #: [3003359]
	Report D or P: [3003359]
	9: 
	  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES): 

	10: 
	 SPONSOR/MONITOR'S ACRONYM(S): CRP

	11: 
	 SPONSOR/MONITOR'S REPORT NUMBER(S): 

	12: 
	  DISTRIBUTION/AVAILABILITY STATEMENT: Distribution Statement A. Approved for public release: distribution is unlimited. 


	13: 
	  SUPPLEMENTARY NOTES: Project Leader: John Haman

	14: 
	  ABSTRACT: This presentation documents the work of IDA 2024 Summer Associate Emma Mitchel. The work presented details an R Shiny application developed to provide a user-friendly software tool for researchers to use in planning for and analyzing system reliability. Specifically, the presentation details how one can plan for a reliability test using Bayesian Reliability Assurance test methods. Such tests utilize supplementary data and information, including reliability models, prior test results, expert judgment, and knowledge of environmental conditions, to plan for reliability testing, which in turn can often help in reducing the required amount of testing. In the planning phase, the application enables researchers to use Bayesian methods to incorporate supplementary data when determining appropriate test lengths. In the analysis phase, the tool allows researchers to combine information through Bayesian methods, resulting in better uncertainty quantification than traditional methods.

	15: 
	  SUBJECT TERMS: Reliability, Assurance Testing, Bayesian, R Shiny, Tools

	a: 
	  REPORT: Unclassified

	b: 
	 ABSTRACT: Unclassified

	c: 
	 THIS PAGE: Unclassified

	17: 
	  LIMITATION OF ABSTRACT: SAR

	19a: 
	  NAME OF RESPONSIBLE PERSON: John Haman

	18: 
	 NUMBER OF PAGES: 51

	19b: 
	  TELEPHONE NUMBER (Include area code): 703-845-2132



