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ABSTRACT

This paper discusses the overal Systems Engineering Process and then narrows focus to
Integration, Verification & Vaidation (IV&V). After providing a background for the need to test
software, various techniques are discussed and Systems Engineering along with some generic design
science principles are applied to the development of IV & V course materia in an attempt to correct
deficiencies in the presentation. Thus attaining the goa of creating a well-rounded course and

principles can be applied in the workplace.
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NOMENCLATURE

Acceptance Testing — Verifying the system meets the specified requirements.

Analysis — Verification by technical or mathematical evaluation using mathematical representations
(models, agorithms, and equations), charts, graphs circuit diagrams, and representative data or
evauation of previoudy quaified equipment.

Component Testing — Veifying and / or vaidating that a unit, module or sub-element or the
system performs as required by the system design.

Demonstration — Verification through operation, movement, and / or adjustment or the item to
show it's functionality. Compliance with qualitative standards for performance and go/no-go
functionality shall be shown.

I nspection — Verification by visua examination of the item, reviewing descriptive documentation,
and comparing the appropriate characteristics to apredetermined standard to determine conformanceto
requirements without use of special laboratory equipment or procedures.

I M P — Integrated Master Plan

I M S— Integrated Master Schedule

I ntegration — Identifying, defining, establishing, implementing and controlling interfaces, as well
as verifying system functions that require multiple system elements. The purpose and objective of
integration isto ensure that system elements will function as awhole.

I TV& V- Integration Test Verification and Validation

Integration Testing — Verifying the interfaces and / or system parts (modules, components, and
subsystems) and their functions as lesser elements are integrated into the system.

System Testing — Verifying that the system meets its objectives.

Vi



T est — Verification through systematic exercising of the item with sufficient instrumentation to
show operational performance. Collection, analysis, and evaluation of test data shall show compliance

with specified quantitative criteria

Testing — Exercising the systemwith the intention or goa of finding errors and proving that dl
system capabilities are satisfied.

Verification — Confirming that all system requirement are met by exercising the system in atest or
smulated environment.

Validation— Assuring al user needs are met by the system in an operational environment.
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CHAPTER 1

INTRODUCTION
1 Background

Today, numerous technological advances surround our lives. We encounter at least one form of

software driven interfaces each morning. For many, these interfaces are eectronic hand held
Personal Digital Assistants (PDA), maobile phones, caculators and even cars. Many people rely on
computerized devices to conduct daily business and activities. In the most sever cases, failure of
computerized gadgets not only costs money but in many cases cause deaths.

Machines are only as smart as the one who creates them — man. Humans have proven time and time
again that they are not incapable of error. These errors cost companies thousands sometimes millions

of dollarsin recall costs to replace defective units.

These defects have uncovered the need to emphasi ze testing throughout the development and
manufacturing of many products. It is easy to paint a mental picture of product testing for small
replaceable hardware like a digitd clock radio, a mobile phone or a televison. But think about a
large-scae system like a commercia airplane, a complex system that is also part of abigger air traffic
sysem. In this case, afailure in flight costs lives in addition to the future growth of the airline. Also,
there is a potential to crash with another airplane either from the same airline or a different one
costing even more damage.

Testing of large-scde systems such as commercia arplanes calls for many engineering
disciplines to work together. To summarize testing principles, Hardware, Software and Systems
engineers work together to ensure that the system requirements have been adequately satisfied.
Although there are many forms and disciplines of testing, this paper will discuss software-testing
techniques and related software testing statistics.

This project describes the systems engineering process and applied to an engineering anaysis
of ones Magter's Project. In addition, this project consists of formulating and documenting a set of



Project requirements and verification methods. Findly, one must develop a master plan and schedule
to define, organize, development and compile a Final Master’ s Report.

Test and integration plays an important part of the Systems Engineering Process. Testing helps
to ensure that the product being ddivered performs to its requirements and meets the customer
specified needs. In addition, testing ensures that future development or add-on functiondity does not
negatively impact existing technology.

The Integration and Verification (1&V) group a Raytheon does not utilize a test process.
Although Raytheon claims to follow the IPDS, this process does not fit well in the Software
development environment. There are many factors out of our control that cause the process to fail.

Hence, the process being used is not documented and accommodates any changes in an ad-hoc

manner.

This unwritten process is detrimentd to the overall success of the program. Firdt, any
knowledge and expertise gained is lost when experienced test engineers leave the company or retire.
Once the experience is log, al new employees do not have the benefit of learning from experienced
personneg and no applicable references available.

The Raytheon Learning Center provides a coursetitled “SE IV&V”. The aim of this course is

to train future test engineers. Unfortunately, the scope of this course is so harrow that it only gives an
overview of test engineering and provides no additional vaue aside from understanding the process
as a whole without application. Updating this course, to include reference information and apply
techniques used in the OO Concurrent Engineering to identify a sound testing process would prove to
be a great resource for the current test engineering group and additions in the future.

With the help of Ron Townsend and Tom Kollman | have been given the opportunity to work
with Rick Key (SE IV&V Ingtructor) to update the course material to include support materials such
as but not limited to the following:

Web sites
Standards
Processes
Special Concerns (COTS/GOTYS)

Test plans/procedures



Exercises (to apply the techniques learned)
Metrics
Fitfdlsto avoid

The ultimate god of this project will be to provide a course that alows a student to comprehend
and apply the process taught in addition to providing recommendations for implementing the process
identified within Raytheon.



CHAPTER 2
STATISTICS IN TESTING

2  Why Test Software?

Human designers no matter how intelligent are fdlible. Software development is abstract and
complex by nature and must be accompanied by quality assurance activities. It is not unusua for
developers to spend 40% of the total project time on testing. For life-critica software (e.g., flight
control, reactor monitoring), testing can cost three to five times as much as al other activities
combined. The destructive nature of testing requires that a developer discard preconceived notions of
the correctness of his/her developed software. [Kaner]

Software Testing is the process of executing a program or system with the intent of finding
erors. Often these processes involve activities aimed at evaluating any attribute or functionality of
the system and determine that is meets its required results. Many physical processes accept inputs
process the information and outputs are produced.  Although many processes fail, the failures
associated with physical process are often predictable.  Software on the other hand fails in many
different manners and often in bizarre ways. Detecting al of the different types of failures is
generally costly and improbable. [Kaner]

Most defects found in software are design errors, not manufacturing defects. Software does not
suffer from exposure to the elements and generdly will not change until upgrades or until the
software is obsolete.  So, once the software is shipped, the bugs that were not fixed will be buried
within and remain dormant until activation.

Software defects will dways exist in any software module with moderate size. This is not
because programmers are careless or irresponsible, but because along with the complexity of the
software comes bugs that are difficult to fix and humans have only a limited ability to ded with

complexity.

Software and digital systems are not continuous, testing boundary values are not sufficient to
guarantee correctness. All the possible values need to be tested and verified but complete testing is
impossible.

Further complication has to do with the dynamic nature of programs. If a failure occurs during
initial testing and the code is changed, the software may now work for the test case that caused the
initial defect. However, its behavior on the pre-error test case that passed before can no longer be
guaranteed and contributing to the cost associated with regression testing.
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2.1 Software Testing Techniques
There are two categories of software testing techniques. These are white box testing and black

box testing. White box testing centers around the design of test casesto:
1. Guarantee that al independent paths within a module have been exercised at least once.
2. Exercisedl logicd decisons on their true and fa se states.
3. Execute dl loops at the extremities of their boundaries and within their operationa bounds.

4. Exerciseinterna data structuresto ensure ther vaidity.
[UNISA]

In white box testing, although there are many techniques, the mgjority of testing falls into the
category of basis path testing. Using this method, the designer determines the logical complexity of a
procedural design and uses it as an aid to define a basis set of execution paths. The test cases that
exercise the basis set are guaranteed to execute ever statement in the program at least once. [UNISA]

Testing for software defects can often be a difficult task. Unless we completely understand
the usage of the system being produced, we often believe that the logicd path is not likely to be
executed. We focus testing efforts toward irregular patterns when the logical path may be executed
on a regular basis. Our unconscious assumptions about control flow and data lead to design errors
that can only be detected by path testing. [UNISA]

Basis path testing includes methods such as flow graphs, the basis set, deriving test cases and
provides a foundation for automated testing. Test cases poperly derived from the basis set are

guaranteed to execute every statement in the program at least once during testing.

Flow graphs can be used to represent the flow of control in a program and can help in the
derivation of the basis set. Each flow graph node (branch) represents one of more procedural

statements. Below is an example of aflow graph.
The basis set consists of the set of paths to be explored during testing. Once the basis set has

been determined, test cases are derived. These test caseswill force execution of each path in the basis
Set.

On the other hand, testing is not complete only with white box testing. Black box testing is
needed to derive sets of inputs that will fully exercise al functional requirements of a system. This
type of testing focuses on finding errors in the following categories. [ SQA-test]

5



1. Incorrect or missing functions
2. Incorrect interfaces
3. Errorsin data structures or external database access
4. Errorsin performance
5. Errorsin initidization and termination of the system
Black box tests are designed to answer the following types of questions:
1. How isthefunction’svalidity tested?
2. What classes of input will make good test cases?
3. Isthe system particularly sensitive to certain input values?
4. How are the boundaries of a data class isolated?
5. What datarates and data volume can the system tolerate?
6. What effect will specific combinations of data have on system operation?

Generdly, software is not complete when testing begins. Testing occurs in multiple phases — the
more the better. Hence, problems can be found early and fixed without detriment to the overal

system and essentialy saving money in the long run.

While white box testing should be performed early in the process, black box testing is generally
used during later stages. For black box testing, test cases should be derived to reduce the number of
additional test case that must be designed to achieve reasonable testing have been derived and reved
something about the presence or absence of classes of errors rather than an error associated with only

asingle test. [Kaner]

Equivalence partitioning is a black box method that divides the input domain of a program into
classes of data from which test cases can be derived. Equivalence partitioning strives to define a test
case that uncovers classes of errors and thereby reduces the number of test cases needed. These
classes define a set of valid states for input conditions otherwise known as equivalence classes.
[UNISA]

Equivalence classes can be defined using the foll owing guidelines.

1. If aninput condition specifies arange, one valid and two invdid.



2.

3.

4.

If an input condition requires a specific value, then one valid and two invalid.
If an input condition specifies amember of a set, then one vaid and one invalid.

If an input condition is boolean, then once valid and one invdid.

Second, the boundary value analysis method leads to a selection of test cases that exercise boundary
values. This method complements equivalence partitioning since it selects test cases at the edges of a

class.

Test cases are not only derived from input conditions but output conditions as well. Some of

the guiddinesinclude:

1

For input ranges bounded by aand b

I Include valuesaand b

ii. Include values just above aand just below b

If an input condition specifies a number of values, test cases should be developed to
. Exercise the minimum and maximum numbers

ii. Exercisethevaluesjust above and just below these limits

Apply guiddlines 1 and 2 to the output

If internal data structures have prescribed loundaries, a test case should be designed to
exercise the data structure at its boundary.

Findly, the cause-effect graphing is a technique that provides a concise representation of logica

conditions and corresponding actions. The steps for cause-effect graphing are:

1

2.

3.

4.

5.

2.2

List input conditions (causes) and actions (effects) are for a given module.
Assign an identifier to each.

Develop cause-effect graph.

Convert the graph in to a decision table.

Convert decision table rules into test cases.

Automated Testing
Simply put, “Automated Testing” means automating the manual testing process currently in

use. This requires that a formalized “manud testing process’ currently exist in your company or

organization. [Kaner]



At aminimum, the formalized processincludes:

1. Detailed test cases including repeatable results (development of test cases is described in
section 3.0)

2. A ganddone Test Environment, including a database that is capable of restoring the system
to a known state so tests may be repeated each time there ae modifications made to the
application. (Restoring the test environment to a known state can aso be referred to as the
system initidization)

If the current test process does not include these points, it will never be possible to make any
effective use of an automated test tool. It can also be stated that test methodologies excluding test
cases and a standalone test environment as state above smply turn over software releasesto a“testing
group” who bang on their keyboards in an ad hoc fashion. Again, because no real process exigts, it
will not be possible to utilize automation techniques. The first step to automation in this case is to
establish an effective testing process.

The case for automating the Software Testing Process has been made repeatedy and
convincingly by numerous testing professionds. Most people involved in the testing of software will
agree that the automation of the testing process is not only desirable, but in fact is a necessity given
the demands of the current market. To be more precise, automating software testing saves time and
money in the long run to ensure that previous functiondity is not broken when continuous
improvement is made (i.e., change to the software does not produce undesirable consequences).

2.3 Viable Automated Testing Methodologies
Every test too vendor will tell you that their tool is “easy to use’ and non-technical users will
be able to automate al of their tests by smply recording their actions and then playing back a

recorded script.  This statement aone is responsible for amost dl of the false hopes that automated
testing will solve dl the problems.

The record/playback method does not work because of the following: [Kaner]

1. Scripts resulting from this method contain hard-coded values, which must be changed if any
changes in the application are made.

2. Codts associated with maintaining such scripts are astronomical and unacceptable.



Scripts are not reliable, even if the application has not changed, and often fail on replay (pop-
up windows, messages, and other things can occur that did no happen when the test was

initialy recorded).

Scripts generated are not always error free. |f the tester makes an error entering the data or
script step and the test must be recorded again.

Application changes require the test to be recorded again.

Tests generated using this method only exercise functionality that already works. Areas that
have errors are encountered in the recording process (which is manud testing). These bugs
are reported, but a script cannot be recorded until the software is corrected.

As you can see, this method has a lot of chances for error and generates quite an impact on budget

and schedule. Two methods that have been proven to be effective are Functiona Decomposition and

Key Word Driven testing.

Functional Decomposition script development is aimed toward reducing al test cases to their

smplest form. By this we mean organizing tests into functiona tasks areas. Generdly, these

functional areas include: [Kaner]

1

2.

3.

4.

Navigation
Specific function
Data verification

Return navigation

Using this scheme, it is necessary to separate function from data. Then an automated test script can

be written exercising system functions using data files to provide both the input and expected results

verification. Uilizing different levels to accommodate for the functional components of the system,

this hierarchical scheme lendsitself to the development of test scriptsin amodular design.

Generaly, there are five different types of test scripts: [Kaner]

1

2

3.

Driver scripts perform initialization and then execute test case scripts desired in order.
Test case scripts perform application test logic using business function scripts.

Business function scripts perform specific business functions within the application.



4. Subrautine scripts perform application specific tasks required by two or more business
scripts.
5. User-defined functions are functions that are generally application specific and incorporate

screen-access functions and can be called from any script type above.

The highest leve is the driver script.  This level is the engine of the test. The driver script
contains a series of cals to one or more test case scripts.  Each subsequent leve is lower and

accomplishes a accommodates for a different need within the system.

Example: ATM (driver)
1. Initidize dl objects
2. Open man menu

3. Execute test case ATM payment (Note: This is only one possibility of the numerous ATM
functions that could be executed)

4. Reguest for next transaction
5. If yes, execute test case for next transaction

6. If no, return to main menu

Example: ATM payment (test case)

1. Access mortgage payment screen from main menu.

2. Post payment

3. Verify payment updates current balance

4. Returnto main menu

5. Access account summary screen from main menu

6. Verify account summary ypdates

7. Access transaction history screen from account summary

8. Veify transaction history updates

1C



9. Returnto main menu

There are many advantages to using functional decomposition method. Firgt, utilizing a modular
design and using files to both input and verify data reduces redundancy and duplication of effort in
creating automation. Another advantage of this method is that, scripts can be developed while
gpplication development is ill in progress. If functiondity changes, only the specific module of the
script that was affected by the change needs to be updated. Also, since scripts are written in a
modular form, and isolate system functions, it is possible to combine these into a higher-leve test
script in order to create complex test scenarios.  Another advantage when using the functional
decomposition method is that input and output data is stored easily and alowing for maintainable text
record. The text record aso functions as a testing log documenting the verification — a requirement
for system tegting. Finaly, functions returning “true’ or “falsg” values to the calling script, instead of
aborting, dlowing for more effective error handling, and increasing the resilience of the test scripts.
Added robustness along with a well-designed recovery routine, enables unattended execution of test
scripts

Although there are many advantages, there are an equal number of disadvantages. First, and
probably the most difficult is the development of test scripts requires proficiency in the scripting
language being usad in the tool. Second, multiple data-files are required for each test case. There
may be any number of inputs required. If these inputs can not be combined into a single file, there
must be multiple input data files. The same is true for output data-files. At a minimum, the smplest
test case will require one input file and one output file. Since multiple data files are used each change
in the code results in changes to these files. Once code change can result in many data file changes.
Finaly, if a smple text editor is used to create and maintain the data-files, careful attention must be
paid to the format required by the scripts/functions that process the files, or script-processing errors

will occur due to data-file format and/or content being incorrect.

A second method used in automated testing is called the Key-Word Driven method. Key-Word
Driven testing uses the actua test case document developed by the tester using a spreadsheet
containing specia key words. This method preserves most of the advantages of the functiona
decomposition method while eliminating most of the disadvantages. [Logica]

This method works by putting al the key words, input and verification data into a spreadshest.
The spreadsheet is saved as a tab-ddimited file. The file is read by a controller script for the
application and processed. When a key word is encountered, a list is created using data from the

11



remaining columns of data. This continues until a blank field is encountered. The list is then passed
asin input parameter to the utility script of the application. Each script associated with a given key

word is then executed.
The scheme of this method is much like functional decomposition but have distinct differences.
[Logical
1. Driver script
I Performsinitidizetion
ii. Cals application specific controller script passing to it the file-names of the test cases
generated and saved.
2. The*“Controller”
i. Readsand processes the file-name received from the driver
ii. Matches on key words contained in the input-file
iii. Builds a parameter-list from the records that follow
iv. Calls utility scripts associated with the key words passing the created parameter list
3. Utility scripts
i. Processesinput parameter list received from the controller script
ii. Performs specific tasks and user defined functions
iii. Reportsany errorsto atest report for the test case
iv. Returns to the controller script
4. User defined functions

i. Genera and applicationspecific functions may be called by any of the above script-types
in order to perform specific tasks.

As with the functional decomposition there are many advantages. Additiona advantages are as
follows:.

1. Test plan can be written in spreadsheet format containing all input and verification data.  So,
the test engineer need only produce one test document instead of supporting multiple formats.
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2. Test plan can be written using any software package so long as the file can be saved in the
tab-delimited form. If the test plan aready exists, it is not very difficult to convert to a tal>
delimited format.

3. After anumber of generic scripts have been created for the testing application, re-use of these
functionsis very easy.

Unlike functional decomposition where the disadvantages are many, this method only has two.
They are the following:

1. Devedopment of customized functions and utilities requires a significant level of proficiency
in the language being used.

2. Development of more than a few customized utilities will require a test engineer to learn
many key words and formats which can be both time consuming and a substantia up front
impact to test development.

As you can see automated testing has many advantages and disadvantages. If developed
correctly, automation gives you the capability to perform many repeated operations in half the time
that it takes a human to execute the sametest. In our fast paced technologica world, system stability
and rdiability are key.

2.4  Software Reiability

Naturaly, all companies want to use and produce error free products. However, because of our
human nature to err, often our mechanical and software products are only as good as the humans who
create them. Since we can not expect everything to be completely error free forever, we can predict

when errors occur under certain conditions.

This is otherwise known as software rdiability. More specificaly, software reliability is the
probably of failurefree operation for a specific period of time in a specified environment. Software
reliability plays an important role in system reliability. It differs from any other type of reliability
where the construction or manufacturing is in question. Software rdiability tests the perfection of the
design.

Like automated testing, the realm of software reiability is still rather mysterious and not as well
defined as hardware rdiability. Reliability is a by-product of quality, and software quality can be
measured. These quality metrics assist in the evaluation of software reiability. The appropriate
model must be selected to suit the situation before applying the technique. Since software rdiability

11-
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as a discipline is il in its infancy, no good quantitative measures have been developed to represent
software reiability without excessive limitation.

There is a digtinct difference between hardware failure rate and software failure rate. For
hardware, as shown in Figure 1, when the component is first manufactured, the initiadl number of
faults is high but then decreases as the defective components are replaced or stabilize. The component
then enters the useful life phase, where few, if any faults are found. As the component physically

wears out, the fault rate starts to increase until the unit is replaced. [Dacsdtic]

Bumm  Usefullife | Wearout Integration ; Teaful Life | Theolete
d test ! :
Hardware Falure Rate Software Fatlure Rate

Figure 1Failure Rates

For software, the error rate is a the highest level at integration and test. Throughout dl test
phases, errors are identified and removed. This removal continues at a dower rate during its
operational use; the number of errors continually decreasing, assuming no new errors are introduced.
Software does not have moving parts and does not physically wear out as hardware, but is does
outlive its usefulness and needs to upgraded or becomes obsol ete.

This rate of decreasing defects can be described by the exponentia distribution is
f(x)=1¢€"* x3 0
where | > 0Qisaconstant. The mean and variance of the exponential distribution are

1 ,_ 1

m=|— and S E respectively.
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In the example of software errors, the parameter | is caled the failure rate of the system,
and the mean of the distribution 1ris caled the mean time to failure. Suppose that a given software
component has afailure rate of .01. Then, the number of failures after 100 trials becomes very small
as graphed in figure 1.

To increase the reliability by preventing software errors, the focus must be on comprehensive
requirements and a comprehensive testing plan, ensuring all requirements are tested. Focus aso must

be on the maintainability of the software since there will be a "useful life" phase where sustaining
engineering will be needed. Therefore, to prevent software errors, we must: [Dacsdtic]

1 Start with the requirements, ensuring the product developed is the one specified, that al
requirements clearly and accurately specify the final product functionality.

2 Ensure the code can easly support sustaining engineering without infusing additional

errors.

3 A comprehensive test program that verifies al functiondity stated in the requirements is
included.

Although automation is the way of the future it is clear that religbility has no relationship to
automated testing.

One reliahility test method is Reliability Sequential Qudlification Tegting. It is conducted to
provide an evduation of system development progress as well as assurance that specific requirements
have been met prior to proceeding to the next phase. First, aMean Time Between Failure (MTBF) is
established for the system. Then design criteria is defined and alocated. After completion of the
system design, reliability anayses and predications are made to evaluate the design configuration
regarding compliance with system requirements. If the system proves to be compliant, then the

design team proceeds in the construction of a prototype.

In a reiability sequentia test, there are three possible decisions: 1) Accept the system, 2)
Reject the system, or 3) continue to test. Figure 2 below shows the typical sequential test plan.

[Montgomery]
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Figure 2 Sequential Test Plan

Sequentia test plans are highly influenced by the risks that both the producer and consumer
are willing to accept and link these risks with decisions made resulting from testing. The risks are

defined as. [Montgomery]

Producer’s Risk (a): The probability of rgecting a system when the measured MTBF is

equa or better than the specified MTBF. In other words, this is the probably of regecting a system
when it should really be accepted. (Type | error)

User’sor Consumer’s Risk (b): The probability of accepting a system when the measured
MTBF is less than the specified MTBF. In other words, the probability of accepting a system that
actualy should be rejected. (Type Il error)

Sequentia testing is conducted in a manner similar to typothesis testing. An assumption is
made and a test is done to support or disprove that assumption. A null hypothesis (Ho) is a statement
or conjecture about a parameter such as the true MTBF is equa to 100. The aternative hypothesis
(Hy) is the opposite “MTBF is not equa to 100”. When testing an item, the desired result is to accept
when the null hypothesis is true and reject it when it isfalse. These relationships are described in the
table below. [Montgomery]
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Table 1 Sample Testing Risks

True State Accept Ho and Reject H; Reect Hy and Accept H;
Ho isTRUE High Probability Low Probability

l-a (i.e, 0.90) Error, a (i.e, 0.10)
HqisFALSE and Low Probability High Probability
H,isTRUE Error, b (i.e, 0.10) 1-b (i.e, 0.90)

It is necessary to specify two values of MTBF.
1. Specified MTBF (o) represents the system requirement.
2. Minimum MTBF (g:) thisis considered to be acceptable based on the results of testing.

Given go and githe values for a and b must be decided. Most test plans use accept risk values
between 5 and 25%. These values are normally negotiated in the test planning phase.

Software testing is extremely different from any other testing discipline because of its
unpredictable nature and the increasing complexity. Many softwaretesting techniques exist for both
manual and automated testing. General testing methods are categorized into white box testing and
black box testing. These two categories complement each other throughout the testing process —
white box testing at the front end and black box testing at the back end.

Automated testing on the other hand is till quite new and generally misunderstood. Provided
that there is a sound testing process in place and a great dead of time is invested in learning the
language of a given automated testing tool, automated testing can be used in regression testing.
Automated test scripts, if developed correctly can be very useful in regression testing and other
categories of test such as stress testing of a system.
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Software reliability is an important role of software qudlity together with functiondity,
performance and documentation to name afew. As the test engineering discipline grows and matures
meeting the quality and reliability needs of our highly technological environment becomes easier and
more efficient. Many improvements can be made to increase reiability but al improvement points
back to a sound testing process.
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CHAPTER 3
DOMAIN ANALYSISIN SOFTWARE TESTING

3 Domain Overview

Domain analysis is the process of identifying, collecting, organizing, and representing the
relevant information in a domain. This analysis is executed based upon the study of existing systems
and their development histories, knowledge captured from domain experts, underlying theory and
cutting edge technology within a domain. Domain analysis should carefully define the bounds of the
domain under consideration. In addition, domain analysis should aso consder the smilarities and
differences of the systems in the domain, organize an understanding of he relationships between the
various e ements in the domain, and represent this understanding in a useful way.

This chapter, attempts to analyze the domain of Software Testing. This area of the super-
domain Test Engineering as a discipline has not had much exposure and its concepts misunderstood.
Software testing is the domain that consists of the processes, databases and procedures that receives,
document, track and reports the functional verification of a piece of software. Figure 1 shows the
relationship between each of the domains. Notice that the parent domain overal is Systems
Engineering and within Systems Engineering there is Test Engineering. Peeling away another layer
for more detailed activity, we arrive at Software Testing. Although there have been clear boundaries
drawn between the different layers as depicted in the figure below, since software testing is a sub-
domain, there are many overlapping activities. This fuels the need for crosstraining of individuas

rather than single discipline experts.



Systems Engineering \
O N\

Test Engineering

Software Testing

N ///

Figure 3 Software Testing Domain Relationship

3.1 Domain Specific Analysis and Modeling Approach
Simply dated, the approach for the software testing domain specific anaysis and modding

congists of the following steps.

= Define the software testing domain

= Define the components that make up the software testing domain

= Describe the possible protocol for the components that could guide new component
development

= Describe a simple nethodology for locating, adapting, and integrating components to
build applications in the domain.

Executing these steps demonstrates the basic principles of domain specific analysis and
modding.
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3.2 Defining Software Test Engineering

Software testing is an activity aimed at evaluating an attribute or capability of a program or
system and determining that it meets its required results. Although crucid to software quality and
widely deployed by programmers and testers, software testing remains an art, due to limited
understanding of the principles of software. The difficulty in software testing stems from the
complexity of software: we cannot completely test a program with moderate complexity. Testing is
more than just debugging. The purpose of testing can be quality assurance, verification and
validation, or reliability estimation. Testing can be used as a generic metric as well. Correctness
testing and reliability testing are two mgjor areas. Software testing is a trade-off between budget,
time and qudlity.

Software testing is not unlike other physical processes where inputs are received and outputs are
produced. Where software differs is in the manner in which it fails. Mogt physical systems fail in a
fixed (and reasonable small) set of ways. However, software can fail in many bizarre ways.
Detecting al of the different failure modes for software is generally infeasible.

Regardless of the limitations, testing is an integral part of software development. It is broadly
deployed in every phase in the software development cycle. It is not unusua to spend more than 50%

of the development time on testing. Test usudly is performed for the following purposes:

Improve quality

Verification and Vaidation
Reiability

Quality

Functiona (exterior quality)
Engineering (interior quality)
Adaptability (future quality)

There are many challenges in software testing. It is impossible to test for al possible errors. |If
everyone wanted to test for al possible errors, customers would never get new software because

software devel opers would take so much time testing their product.

Although no methodology could solve the problem of complete testing, selection of the
appropriate components and utilizing them effectively would be of great benefit and dso provide

timely ddivery of avalidated product. This new domain is defined as follows.

1. Test Planning becomes the information collector
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2. Test Cases become the center of the test process correlating the collected information with the
capabilities required of the system.

3. Test Procedures dong with the Verification Trace Matrix become the method associated with
information analysis and sharing information through collaborative communication.

Software testing promotes information sharing. This methodology can then be expanded to al types
of testing (hardware, reliability, maintainability, etc.).

321 Test Planning

Test planning is an important part of any test process and is virtualy the same for dl types of
testing. The purpose of atest plan is to describe the Integration, Verification and Vaidation (IV&V)
concepts, associated logistics, and the integration approach. The test plan defines objectives and
success criteria for each test and each requirement within each test. Depending on the size and
complexity of the pogram, the test plan may be a combination of IV&V or may be split into separate
plans for each component of Integration, Verification, and Validation. A typica test plan would
contain the following:

Pur pose: This section identifies the purpose and scope of the test to be conducted. Also,
this section summarizes the overall testing methodology.

Reference Documents: This section lists applicable documents. These documents may
include system specifications, requirements specifications, system and document
specification standards.

IV&V Concepts: This section describesin detail the IV&V concepts to be used during the
test phase(s). Test concepts include the test methods, levels and organizationa roles to be
implemented during testing.

Schedules and L ocations: This section describes in detail the logistics behind the IV&V
process as related to scheduling and test locations at all levels and test phases to be
conducted.

Resour ces and Prepar ations: This section identifies personnel, facility, and equipment
requirements. In addition, this section normally identifies the test environment and conduct
of testing.
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Verification Requirements and Criteria: Thissection isthe major focus of test planning.
It links together test execution and requirements. This section details objectives for each

test along with acceptance criteria for each requirement

Standards: This section contains standards for configuration management, hardware and
software standards.

Notes and Appendices: This section contains any additional information regarding testing.

The Test Planning domain can be decomposed into the various levels of testing Sub-unit tet,
Unit test, Subsystem test and System. The components within these levels are Objective, Concepts,
Resources, and Verification. In the new domain definition, sub-unit test is specific to the level and
granularity of testing and can be tied to multiple sub-units. A similar relationship can be developed

for subsequent levels of test planning alowing for a collection of necessary data to perform software
testing.

322 Test Cases

Test cases are used to focus the type of testing to be performed. Test cases are broken into two
categories (white box testing and black box testing).
White box testing test cases ensure:

1. All independent paths are exercised at least once.
All logical decisions are exercised for both true and false paths.
All loops are executed at their boundaries and within operational bounds.
All internal data structures are exercised to ensure validity.

Although white box testing is not used to test conformance to requirements, it does add value.

Some of the errors caught by white box testing are:

1. Logic errors and incorrect assumptions most likely to be made when coding for “special cases’.
Assumption errors about execution paths that lead to design errors.
Typographica errorsthat could likely be on a mainstream path as well as on an obscure logical
path.
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On the other hand, black box testing is focused on requirements verification. Testing in general
weather it is focused on hardware, software or any other type of testing, is the most common form of

testing. It attemptsto find:

Incorrect or missing functions

Errorsrelated to the interface(s)

Errorsin data structures or external database access

Errors that affect performance

Errorsthat affect initialization or termination

For Domain Analysis, test cases (black box and white box) can be divided in the following way:

a &~ w DN PR

Equivalence Partitioning: Equivalence partitioning divides the data into two classes
representing valid or invaid states. Classes can be defined if an input condition specifies a range or
specific value. This case produces one valid and two invalid equivalence classes. Classes can aso be
defined if an input condition specifies a boolean or a member or a s&t. This case produces one valid
and one invaid equivalence class.

= Boundary Value Analysis: Boundary value analysis identifies the errors that tend to
occur at boundaries (extreme limits) of the input domain.
» Cause Effect Graphing: Cause effect graphing attempts to provide a concise
representation of logical combinations and corresponding actions.
= Basis Path: Bass path, one form of control structure, is aimed toward deriving alogica
complexity measure of a procedural design and use this a guide for defining a basic set
of execution paths. Often thisis an exhaustive measure of conditions, data flows, and
loops.
323 Test Procedures
For all forma testing, test procedures are used to document the steps performed and detailed
verification. ldedly, test procedures are generated to accommodate the test cases. Early drafting of
test procedures has many advantages. These advantages include;

1. Provides astructure for later production of test procedures
2. ldentifies potential areas for later development

3. Reduces lead time for production of find versons
4

Permits early customer comments
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Test procedures contain step-by-step sequences of operations. This detail allows for repeatability
for error conditions and establishes a baseline for validating discrepancies. Most important, a detailed

test procedure ensures each system/subsystem interface element is verified againgt its corresponding
interface definition.

After the formal execution of test procedures, results of test procedures are evaluated to:

Ensure that all steps have been performed and recorded
Confirm &l discrepancies have been recorded

Close out test log

A 0w NP

Prepare for a post test briefing

The outcome of these results determines if a test was successful. Test Procedures along with the
Verification Trace Matrix become the method associated with information andlysis and sharing
information through collaborative communication. The test procedures and VTM can be broken
down into data anayss, system validation and knowledge sharing. Data analysis provides data
manipulation; system validation provides the verification and knowledge sharing permits the transfer
of information to the customer. These components together facilitate efficient transfer of information
and resultsto dl involved participants. Table 1 shows asample of aVTM.

324 Verification Trace Matrix (VTM)

The Verification Trace Matrix (VTM) is the glue that binds together test cases, requirements
and test procedures. A VTM is most often presented in a table format. This table identifies
requirements for each component of the system, a method for verifying the requirement and a test
procedure that demonstrates the functionality associated with the requirement. See Table 1 below for
an example of a verification trace matrix.



Table 2 Sample Verification Trace Matrix

Requirement
ID

Requirement Text

Verification
Method

Verification
Leve

Verificaion
Location

Test
Event

A001

The Temperature Control

Demo

FAT

STF

TEO1

Subsystem (TCS) shall provide
the capability to select the AC or
Heat program viathetouch

The Temperature Control
Subsystem (TCS) shall initiate the
AC program when the
temperature in the room is more

A002 Andyss FAT STF TEOL

325 Software Test Component Protocol

The new Software Test domain is similar to multi-user collaboration with various agents
(information, learning, technology etc.). One possible protocol to guide new component development
inter and intra Software Test domain/component communications and data sharing is JAVA,
Enhanced JAVA Beans (EJB), Extensible Hypertext Markup Language (XML), and XML query
language (XQL). In addition, utilizing collaboration software such as NetMeeting and CVW
(Collaboretive Virtua Workspace) integrate human and binary technologies.
326 Component Management Methodol ogy

With a vast amount of knowledge, the issue of management is always at the top of the list.
One methodology concept for locating, adapting, and integrating components into the new domain is
to set up a component library. Accompanying this library would be a dynamic table expanding to
accommodate the addition or deletion of components in the domain. Each component in the library is
a record/object and includes how and why that component was used in a given agpplication. The
component log would also be updated each time it was used (check-in / check-out) to monitor any
extensions and alow future owners to incorporate extended capabilities for ease of use.

The component breakdown of the Software Test domain consists can be very eaborate.
Simply stated, applying domain analysis to the software test domain and its components are depicted
into the following Figure 2 of the new Software Test Domain.
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Figure 4 New Software Test Domain

These components can interface among one another and across to other domains via an intranet
or internet connection, and utilize JAVA, XML aong with collaborative software for information
sharing.



CHAPTER 4
SYSTEMS ENGINEERING PROCESS

4  Systems Engineering Process Description

Systems Engineering is a process employed in the evolution of systems from the point when a
need is identified through production and/or construction and ultimately deployment of that system
for consumer use. [Blanchard & Fabrycky, 1990] Overadl, systems engineers bind many engineering
specidists together to address the needs of al the ements of the system in a proper and timely

manner.

Every project needs a process and an understanding of the activities within each stage. There
are many variations in the applications of engineering functions to the system life cycle. These
variations to the Systems Engineering process are made depending on the scope and complexity of
the system and the extent of new design and development required.

The role of the systems engineer will usualy be different from one stuation to the next.
However, in spite of these differences, it can be stated tat engineering functions of one type or
another are performed in each applicable phase in the system life cycle. [Blanchard & Fabrycky,
1990]

For this project, one will explore its application within the seven major stages. These processes
can be appliedto a variety of projects including the analysis of the Master's project. These stages
from the TTU course materials, ENGR 5000, provided by Tom Kollman, are asfollows:

Business Strategy Planning and Execution
Project Planning, Management and Control
Requirements and Architecture Devel opment
Project Design and Development

System Integration, Verification and Vaidation
Production and Deployment

N o g A~ w DN P

Operations and Support

For each of these stages there are major activities that need to be completed in order to proceed with
the next stage, using the Raytheon IPDS 2.06 as a guide. The following sections describe each of
these stages and identify applications of these stages to the Master’s Project.
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For the Master Project Analysis and Planning, | utilized the Raytheon IPDS 2.06 to follow the
seven stages of Systems Engineering and tailored them to meet the needs of my Master’s project.

After reviewing these seven stages, since the topic of the Master’s project has already been approved,

Gates 1-4 can be bypassed. For completeness, a description of these gates are listed in Appendix 1.

Submitting the proposal and obtaining an approved topic, is authorization to proceed to stage 2.

4.1 Stage 1 Business Strategy Planning and Execution

Acquisition of new business is te livelihood of every company. If systems engineers did not

venture out to seek the latest and greatest technology, and acquire contracts to provide it, many

companies would be out of business. The mgjor activitiesin this stage are:

Opportunity Identification

Program Capture & Proposa Planning
Competitive assessments

Win Strategy Devel opment
Technology Development Planning
Proposal Development & Submittal

[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

Upon completion of this phase, the key outputs are:

Win Strategy Package

Decision Packages for Gates 1-4 (Interest/no interest, Pursue/ no pursue, Bid/no Bid, and
Bid/proposa review, respectively)

Key Trade-offs, Technical approaches

Comprehensive proposa volumes package

[Kallman, TTU Master’s Intro to Systems Engineering course ENGR 5000]

This stage identifies the new business as a viable pursuit and at the end of this stage, the contract is

awarded.



411 Satement of Need

Test and integration plays an important part of the Systems Engineering Process. Testing
hel ps to ensure that the product being delivered performs to its requirements and meets the customer
specified needs. In addition, testing ensures that future devel opment or add-on functionality does not
negatively impact existing technology.

One way that Integration and Verification (1&V) has been handled is by utilizing the IPDS
2.06 test process (see 3.9 for details). Although IPDS is a thorough and detailed process as awhole,
which allows for complete documentation, often there are other factors which set back the efforts of
I&V. Some of the factors out of our control that cause the process to fail include inefficient planning
for forecasted work, staffing, and training. Hence, the process being used is not documented and
accommodates any changes in an adthoc manner.

This unwritten process is detrimental to the overall success of the program. Firgt, any
knowledge and expertise gained is lost when experienced test engineers leave the company or retire.
Once the experienceislog, al new employees do not have the benefit of learning from experienced
personnel and few applicable references available.

412 Project Scope

The Raytheon Learning Center provides a course titled “ SE IV&V”. The aim of this course
isto train future test engineers. The scope of this course currently gives an overview of test
engineering and provides little additional value aside from understanding the process as awhole
without application. Updating this course, to include reference information and goply techniques
used in the OO Concurrent Engineering to identify a sound testing process would prove to be a great
resource for the current test engineering group and additions in the future.

Some key additions to the updated course material include support materials such as but not
limited to the following:

=  Web Sites
=  Standards
=  Processes

= Specia Concerns (COTSGOTS)
= Test plang/procedures
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= Exercises (to apply the techniques learned)
= Maetrics
= Pitfdlsto avoid

The ultimate godl of this project will be to provide a course that allows a student to
comprehend and apply the process taught in addition to providing recommendations for implementing

the process identified within Raytheon.
4.2 Stage 2 Project Planning, Management and Control

Once the contract is awarded, activities associated with the project startup and initid planning begin.

Some of these include:
=  Project Start-up, Initid & Detail Planning
= Integrated Master Plan (IMP) & Schedule (IMS) Devel opment
= Project Performance Assessment Planning
=  Project, Technica, Manufacturing, Operations and Support Management
= Planning Updates & Transition to Next Phase
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

The objective of this stageis to successfully plan, direct, and control projects to satisfy customer

requirements. These activities are refined during course of a project. The stages that follow flow
back to Project Planning, Management and Control until the shutdown of the program.

Upon completion of this stage, some key outputs are:
» Integrated Master Plan (IMP) & Schedule (IMS)
* Project Six Sigma Strategy
» Integrated Product Team (IPT) Structure
= Work/System Breakdown Structures
= All Project Detailed Plans

[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]
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4.2.1 Outline of the Master’ s Project

Overadl, project planning and scheduling is very important to ensure the success. This master
view integrates all the elements of planning into one view giving us the opportunity to exceed
customer needs and expectations.

For stage 2 it is necessary to identify major elements (e.g., chapters) of the solution to the
problem statement. As applied to the Master’s Project, an outline of the content in addition to a
Master Plan and Master Schedule is sufficient. The Master Plan and Master Schedule can be found
in sections 2.2.2 and 2.2.3, respectively.



422 Master Plan

For the Master’ s project, Jo Alamaresin the role of the student, assumes the same

responsibilities as a Systems Engineer. The duties of this individual and others involved are shown

below in the Master Plan.

Responsible Individua Rdle Responsibility/Plans
Jo Alamares Student Plans and coordinates inputs to Master’s project
Rick Key IV & V Course | Provide guidance for improvementsto IV&V
instructor course, maintain master copy of course materials
and coordinate document updates etc.
Professor(s) Customer Approve/disapprove work Master’s project

activities
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423 Master Schedule

Figure 1 below is the top level master schedule followed by the Detailed Master Schedule Table 1,

which contains the lower level activities associated with each stage.

23,'00 [Sep24,'00 [Nov26,'00 [Jan28,'01 [Apr1,'01 [Jun3,'01 [Aug5,'01 [
ID | Task Name S| S[M[T|[W][ T[] F[S[S[M[T[WI[TJ]F]S
1 Report Milestones ﬁ
2 Submit Topic Proposal
3 Final Class /17
4 Defense of Proposal Topic 4/6
5 File SIG form =1
6 Submit Draft Report to Professor 6/15
7 Submit Report to Professor
8 Graduation 8/11
9
10 |Stage 1 Business Strategy Planning and Execution | N
15
16
17 |Stage 2 Project Planning, Management and Control W |
18 Finalize Master Plan |;
19 Finalize Master Schedule ﬁ
20 Prepare for Topic Defense
21 Gate 4 Review 4
22 Finalize Topic
23
24 Stage 3 Requirements and Arch Devl
27
28 Stage 4 Product Design & Development —
34
35
36 Stage 5 Integration, Verification and Validation [, ]

Figure 5 Master Schedule
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4.3 Stage 3 Requirements and Architecture Development

The purpose of Stage 3, Requirements and Architecture Development is to define and analyze
customer requirements for the system. Most important, this phase isto define the valid requirements
baseline for the system. Once the baseline requirements have been established, proceed to develop a
functional architecture for the system. Below are some activities that summarize stage 3.

= System Functiond & Physical Architecting

=  Product Architecting & Requirement

=  Requirements Development & Vdidation

= Technical Anayses

= Prototyping

= System ITV&V Approach

[Kollman, TTU Master’s Intro to Systems Engineering course ENGR 5000]
These activities yield the following outputs:

= System, Products & Components Requirements Definition

= System & Product Physical & Functional Architectures

= Vaidated requirement Baselines

=  System & Product Preliminary Designs

= Six Sigma Design Integration

[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

431 Summary of Master Project Requirements

This project will demonstrate the use of the Systems Engineering Process to write the master’s

project. To get us started, the core requirements of the final project are as follows:
1. Theproject shall be 80-100 pages in length.
2. Theproject shall conform to the TTU Master’s project format provided by Dr. Ertas.

3. The project topic shal be submitted to and approved by Dr. Ertas. [thisis otherwise known as
the problem statement that was submitted last month]



4. Thefinal project shal be submitted to Dr. Ertas by the end of June.

5. The student shall provide two copies of the final report. [one copy each for grading and
ABET accreditation board)]

From these core requirements, derived requirements shall be generated to further specify the
requirement and permit testability.

432 Requirements Derivation

The core reguirements alone are not sufficient to characterize the complete final report. For
each core requirement stated above, where possible, it is necessary to derive detailed requirements to

further clarify the scope and intent of the final project.

Writinga“ good” requirement can be very difficult. At times, it seemsthat one needsto be alawyer
to write requirements engineers will agree with. In addition, once approved by the customer,
requirements become part of specification documents. From this point, al program design and
development must abide by the specifications. A good requirement has the follOowing attributes:

= Clear, concise and unambiguoudy states a statement of need (only one interpretation)
= Faithfully reflects the source documents
= Addsvalue for the user
= Vaeifigble
4.3.3 Verification Trace Matrix (VTM)

For the final project, the following list of derived requirements was generated. These detailed
requirements are the basis for the Verification Trace Matrix (VTM). This matrix associates a test
method with requirement.

In the VTM, each requirement posses the following components.

= Requirement ID is a unique identifier for each requirement. There are many different
conventions to assigning requirement Ids. Generdly, this consists of a combination of
apha and numeric characters. The best choices are unique identifiers for each
requirement.

= Requirement Text contains the requirement text for a given requirement.
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= Requirement Group contains the grouping of a requirement. For large systems
grouping of requirements dlows for easy breskdown and logicad component
organizetion. This makes all phases of the Systems Engineering process easier.

=  Verification identifies the method and of verification. There are five main methods
used. These methods are Analysis, Inspection, Demonstration, Test and Regression.
These methods are described below.

? Inspection consists of a visud verification of a requirement — hence Inspection.
(e.g., verifying that the color of the paint shall be white)

? Demonstration consists of exercising a function to yield a passfail result. (e.g.,

demonstrate that the eledric wiring is complete by turning on alight switch)

? Analysis conssts of using statistical techniques to determine compliance with a
given regquirement. (e.g., the structural integrity of the foundation can be determined
by analyzing the materids used)

? Test conads of exercisng functionadity usng a specific input and yieding a
specific output. (e.g., depressing the ON switch to activate the security system
triggers the subroutine that requests the needed information to the security system)

For aur house project, this level of testing does not apply since we neither have the
time or the expertise to test such low level details.

? Regression conssts of exercising functionality that is aready existing using the
same method. Regression should aweays be tied to another test method. (eg.,

Regression / Inspection, Regression / Demongtration, Regression / Analysis).

For the purposes of this project, test methods are limited to inspection due to the subjective nature of

generating a training curriculum.

Table 3 Verification Tract Matrix

REQUIREME | REQUIREMENT TEXT Verification
NT ID

D1 The Master’ s Project shall contain the following Inspection of the
sections asin the TTU Master’s project format provided | Master’s project
by Dr. Ertas. content




Veification

REQUIREME | REQUIREMENT TEXT
NT ID

» Title Page

=  Acknowledgements

» Table of Contents

= Abstract

» Lig of Figures

= Listof Tables

=  Nomenclature

= [ntroduction

= Application

» Results

= Conclusion and Recommendation

= References

= Appendices (optiond)

D2 The Acknowledgements page shall recognize any Inspection of the
individuas who contributed to the project a the discretion | Master’s project
of the author. content

D3 The Table of Contents shall list the contents of the project. | Inspection of the

Master’s project
content

D4 The Abstract shall provide a brief description of the Inspection of the
project Master’s project

content

D5 The List of Figures shall provide aligt of al figuresinthe | Inspection of the
project Master's project

content

D6 The Ligt of Tables shal provide alist of all tablesin the Inspection of the

nraiant

A ArtAr! & nrainnt
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Veification

REQUIREME | REQUIREMENT TEXT
NT ID
project Master's project
content
D7 The Nomenclature shdl define al terms in the project Inspection of the
Master’s project
content
D8 The Introduction chapter shall describe the problem and Inspection of the
identify the scope of the project. Master's project
content
D9 The Application chapter shall describe the methodsused | Inspection of the
and applied to the generation of the SE IV&V course Master’s project
material. content
D10 The Results chapter shall describe the outcome after Inspection of the
applying the methods in the application chapter. Master's project
content
D11 The Conclusion and Recommendations chapter shall Inspection of the
describe any observations and recommendations. Master’s project
content
D12 The References chapter shall list all references used to Inspection of the
produce the project. Master's project
content
D13 The Appendices shdl contain detailed information to Inspection of the
supplement the content of the project. Master’'s project
content
D14 The fina project shdl provide resources for &V Inspection of
processes and standards such as web sites, templates for, | Master’s project
test plans and procedures content




Although there are four mgjor verification methods, (i.e., Analysis, Demonstration, Inspection,
and Test), the Master’ s project requirements will be verified by ingpection since content and format are
verified visualy.

4.4 Stage 4 Project Design and Development

Now that the baseline customer regquirements have been defined, this stage of the process
decomposes those system-level requirements into an affordable system design. Thisincludesthe
definition of operational concepts, hardware, software, test and support requirements that can be
achieved within the cost and schedule defined in the initid proposal.

= Component Architecting

= Technicd Validation & Technical Performance Measurement (TPM)

=  Simulation/Mode Development & Validation

= Component Design & Build through IPDP

= Embedded Engineering Designh Reviews

[Kallman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

Outputs of this stage include:

=  Requirements Maturation

= Component Detailed Design

= Six SigmaDesign Integration

= Design Simulation, Modding & Analysis Data

=  System ITV&V preparation, e.g., procedures, analysis software & support test equipment

[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

44.1 Master’s Project Content

After clearly defining the project requirements, the next stage encompasses research and
compilation of pertinent information to support the devel opment of the Master’ s Project content.
These activities are executed in an iterative manner to expand the elements listed in stage 2. At this
point, based on the research, modifications to the Master Plan and Master Schedule may occur.
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45 Stage5 System Integration, Verification and Vaidation

At this stage, the system requirements must be basdlined for each build and system functional
and allocation basdlines are established. Now the components / units are ready to be integrated into
one system for testing and verification of design. This stage integrates hardware and software
products in a building block manner. The system is vaidated to ensure that it performs the functions
stated in the design. The magjor activitiesin this stage include:

= System Demonstration & Builds Integration

= Conduct System Integration, Test and Verification

= Sysem Validation

= Technica Audits

[Kollman, TTU Masgter's Intro to Systems Engineering course ENGR 5000]

Outputs of this stageinclude:

= Product Verification Data

= Sx SigmaBuild Plans

= Facilities Drawing Package

= Product/System Demonstration Test data

= Firgt Article/Customer Acceptance Test Reports
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]

451 Master’s Project Verification and Validation

For the Magter’s Project, this stage collects all the expanded chapters identified in stage 2.
This stage also ensures that the requirements in stage 3 are satisfied according to the VTM. Finaly,
arriving a a solution effectively vaidates the Master’ s Project.

4.6 Stage 6 Production and Deployment

This stage manufactures the products that were designed and qualified during the preceding
stages. Spexification documents drawings and other design documentation provides a stable design
used in production. Due to the nature of the project and topic of software testing, only the
deployment portion of this stage is implemented.

Major Activitiesinclude:
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= Factory Planning
= Order Mobilization
= Ongoing System production
= Unit & Acceptance Testing
= Supply Chain Management
= System deployment
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]
Outputs of this stageinclude:
=  Product Fabrication & Assembly Plans
= Six Sigma Production Requirements & Data for Continuous Improvement
=  Product Quality Assurance Verification Data
= Product/System Delivery
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]
46.1 Master’'sProject Delivery and Defense

In the context of the Master’s Project, Stage 6 Production and Deployment, encompasses the
delivery defense of the Master’ s Project to the graduate committee. The defense of the Master’s

Project serves as aforum for acceptance testing. Upon successful review, any minor changes or
adjustments are identified by the graduate committee and lead into Stage 7 of the Systems
Engineering Process.

4,7 Stage 7 Operations and Support

The objective of stage 7 isto provide ongoing support (modifications and improvements) as
necessary throughout the life of the system. This ongoing support includes providing the fielded
system with items such as tools, spare parts, technical documents, and repair and maintenance.

Some of the mgjor activities in this stage include:
= QOperations & Support Planning
=  System & Faculty Operations

=  Warranty Service & Support



= Support of Supply, Test Training Publications and Facilities
= Obsolescence & Disposal Management
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]
Outputs of this stageinclude:
= Logigtics Support Data
= Fied Service/Support Data
= System, Support and User Documentation Currency
= Plansfor Next Evolutionary Cycle
[Kollman, TTU Magter’s Intro to Systems Engineering course ENGR 5000]
471 Master’'s Project Clean-up

This stage focuses on incorporating any suggestions made by the graduate committee. After
the required changes are made and approved, the completed Master’ s Project is submitted to the

college. At this point the student receives authorization to proceed to the graduation ceremony.

4.8 Useof the 7 Stagesfor Integration Verification and Validation

As you can see the Systems Engineering process can be used to describe any number of
processes. Typically the seven stages break down into components. IPDS 2.06 portrays this as
somewhat independent processes. Rather, these process viewed from a different perspective, are
more like a subset of embedded processes.

One way that | have observed the implementation of the IV&V processis the following:

[Raytheon IPDS 2.06]
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SE-00 SYSTEMS ENGIMEERING

SED4

Irtegration, werfication; and “alidation
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Analysis
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Figure 6 Level 2 Systems Engineering Process [IPDS 2.06]
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Figure 7 Systems Engineering Integreation, Verification and Vdidation [IPDS 2.06]
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The Systems Engineering Processes above carry with them detailed task descriptions that
describe the activity that must be completed during that phase of the process. It can bee seen in
Figure 4, there are interdependencies between each of the component processes. Peeling each layer
of the onion caled the Systems Engineering Process as descirbed by Raytheon IPDS 2.06, reveals
more detail. It can also be observed that poor performance up stream in the process creates a wave
that grows as we progress through the process.

In addition to the Systems Engineering Process, Raytheon IPDS 2.06 has another resource for
Test Engineering. This resources is the Test Engineering Development processes. The purpose of
these processes is to plan for, develop, and implement an optimum set of embedded test components
and externa test systems. These test components support al test activities to significantly reduce cost
and cycle time while enhancing the prime system qudity and customer satisfaction.

“With prime systems becoming more complex and the competitive pressures of cost
and cycle time becoming more pervasive, a disciplined integrated test engineering
process that identifies, characterizes, and implements all of the required test activities
throughout the prime system's life cycleis critical.” [Raytheon, IPDS 2.06]

These processes provide a method for the complete development of V&V component
processes and document tailorability. Below is the second leve of the Test Engineering Development
Process depicted in Raytheon’s IPDS 2.06. Each of the components are descibed in more detail with
severd levels of components. For simplicity, level 2 of each cmponent has been expanded only one
level lower.
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Figure 8 RSC Test Engineering Development Process [IPDS 2.06]
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@ TEO1 TEST EMGINEERING ESTIMATES AND PROPOSALS

Level 2

TEO1.04 TEO1.03
Develop Tast TE Project
Ergﬁ_otsl?fl _.- Strateqy, Prepare Final Planning,
Architecture, and Propozal Inputs hEnagement,
Costs and Control

Figure 9 Test Engineering Estimates and Proposal [IPDS 2.06]
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@ TED2 TEST ENGINEERING PROJECT PLANNING, MANAGEMENT, AND CONTROL

Lewel 2

Test Product

Inteqration

and Test

TEDZ.01 TED2.02 TED2.03 TED2.04
Test TE Praject TE

Engineering — Start-Up TE Project — TE Project — Praject

Estimates and hanagement Shutdown End
& Propozals Initial Planining

Test
Requirements
& Architecturs
Development

Figure 10 Test Engineering Project Planning, Management, and Control [IPDS 2.06]
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ﬁ TED? TEST REQUIRBWENTS AND ARCHITECTURE DEVELOPMENT

Lewal 2

TE-03.01
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& Control Architecture Design

TE-03.02

TE-03.03

Test Swstem
Product=s
Dezign
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TE-03.04

Update
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Figure 11Test Requirements and Architecture Development [IPDS 2.06]
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ﬁ TED4 TEST PRODUCT # COMPOMENT DESIGN AND DEWVELOPMENT
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Figure 12 Test Product / Component Desigh and Development [IPDS 2.06]
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Figure 13 Test Product Integration and Test [IPDS 2.06]
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The above process is great and is virtualy self-documenting given that stage 2 Project Planing,
Management and Control have been properly completed. Some of my observations regarding the

tailoring of the process include the following:
» Excessive detail in Test Engineering Process Development Process

» Test Engineering Processis clearly a subset of the Systems Engineering but is depicted as a
separate set of processesin IPDS.

» Detaled Test Engineering Devel opment Process requires patience to be effective.
» |dentification of tailorable steps can be difficult with multiple layers.
= Navigation around IPDS can be difficult and time consuming.

Aswith any process, there are common errors that many make. Some of these include:

Lack of planning in the proposa phase which contributes to ineffective forecasting of work
load and personnel requirements.

Lack of training and inability to quickly integrate new engineers.

Inability to identify and mitigate risk early in development

No matter what tailoring is done within the Test Engineering realm, it is clear that the success
of IV&YV is dependent on output received from the Requirements development stage — a symptom of
compartmentalization. In the past, compartmentalization of skills was common and necessary to
address the growing needs of the defense industry with its cutting edge technology. However, now
that the commercial industry has caught up an in some cases surpassed the technological advances,
many engineers have migrated to the commercia industry leaving a void to fill. This is the mgor

driver for cross training of individuas and de-compartmentalization.
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CHAPTER 5
GENERIC DESIGN SCIENCE

Introduction

This chapter shall explore the use of methods covered in the Science of Generic Design to design

the SE IV &V course material. In exploring the use of various Science of Generic Design principles,

many activities will be conducted. These activities include:

Identify a specific topic which isof Class B or Class C

Identify the “significant” options, variables, items, components, etc.
Identify structure of options

Name categories

Identify the design dimensions (structure options)

Discover clusters (structure dimensions, interactions, interrelations)
Choose sequence for clusters

Choose sequence for dimensions in clusters

Display results on an options Field

The intent of a Science of Generic Design is to accommodate very large class systems. These

systems are called sociotechnical systems. A subset of these systems are technological systemswhich

can be broken down into the following three classes:

“The Class A component of this partition consists of members that
are clearly founded in physical science. Among the examples of
these ae radio, tdevison, lasr and maser technology,
semiconductor chips, electricd motors and generator, transmission
lines, telephones, airplane wings and control systems, automated

chemicad plants, and internal combustion engines.

The Class B component of this partition consists of members that
are sometimes referred to as “intellectual technical” or products of
“artificia intelligence’. Examples of this Class include computer
software, and textbooks about computer software, computer

languages, and that portion of the physical layout of human living

54



and working environments that has been designed on the basis of
some postulated image of human behavior in that environment.

The Class C component of this partition is comprised of a mix of
members from Classes A and B, whose satisfactory performance
depends on appropriate integration of these two classes into a
synergistic units.” [Warfield]

For this project, it has been determined that the Systems Engineering Integration Verification
and Vadlidation (SE IV&V) curriculum falls into the Class B component. The SE IV&V curriculum
because of the textbook nature of technical material are directly related to Class B components.

5.1 Oveview

“Science fills or contributes to the satisfaction of two major socia needs: the need to know and
the need to know now.” [Warfield] A science of design satisfies our human need to know how. We
can look to the world around us to see if we can detect any difficulties that might be remedied by an
improvement in our know-how.

“Aress in which major socid difficulties have arisen, typicaly are
characterized by one or more of the following attributes. loss of life,
contamination of the environment due to “accidents’ mammoth cost
overruns on the projects coding hillions of dollars, significant
economic loss accruing to individuals because of crimina behavior
in enterprises, transportation accidents, huge loans that cannot be
repaid, and eroson of confidence in organizations to accomplish
their ogtensible purposes.” [Warfield]

There are many techniques used in the generic design science. In genera, the purpose of these
techniques is to provoke:

= Generation of ideas

= Clarification (interpretation) of ideas
= Structuring of ideas

= |nterpreting Structures of Ideas

=  Amending of idess



Through a combination of methodologies discussed in the course text, one can obtain their final
god. The seven methodologies are listed below and described in section 4 dong with appropriate

conditions for use.
1. DELTA Charts
2. ldeawriting
3. Nomina Group Technique (NGT)
4. DELPHI
5. Interpretive Structural Modeling (1SM)
6. Options Field Methodology (OFM)
7. Options Profile Methodology
8. Tradeoff Analysis Methodology (TAM)

5.2 Methodologies

A methodology is a sequenced set of process components, each of which is dedicated to attain
specific products related to problem solving and design.  Methodologies should be common to most
humans. No matter what kinds of specific activities occupy their atention.

5.3 DELTA Charts

DELTA charts provide a common representation of Generic Design Science methodologies.

Its general applicability isindicated by the acronym as shown below:
“D" stands for Decision (A selection from two or more options represented on the chart.

“E" standsfor Event (A specific instant of time that corresponds to the initiation or
conclusion of an activity)

“L" stands for Logic Element (The logical operations“AND” and “OR” )

“T" stands for Time (A relationship of time precedence)

“A” stands for Activity (The beginning, duration and end of an activity)
5.4  Ideawriting (Brainwriting)

A design science provides many ways to generate ideas. A Science of Generic Design
introduces two brainstorming methods, Ideawriting, and Nominal Group Technique (NGT). These
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techniques have different purposes and advantages for each. Ideawriting and NGT methodologies
described in subsequent sections will be used for the development of the collaboration environment.

Using Ideawriting it is possible to generate many idess in a short period of time. This
methodology can be used where collective idea generation is expected to be valuable. Figure 12
shows the DELTA chart for Ideawriting.



| Issue is identified

]

| Idea generation is needed1

A triggering question is
prepared

One or more groups of
up to six people are
identified

Facilities, materials, and
groups are brought

together

Ideawriting is explained

Groups

Carry out the
ideawriting

Issue manager

What follow-up
is desired?

!

No follow-up is
needed

Only editing of the results is
required

Immediate editing is
done, followed by
presentation of the

results to the participants

Figure 7.12 DELTA chart of ideawriting process. Copyright © 1982 SGSR.

(o]

Idea generation is
concluded

Figure 14 | deawriting Process DELTA Chart - [Warfield]
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In general, this methodology is appropriate for al efforts where collective idea generation in a
short period of time is needed and especidly useful for issue formulation. Some of the issues include
problem definition, and identification of objectives. Ideawriting is a less structured methodology than
Nominal Group Technique that allows for grester idea generation. Because of the structure and focus
of NGT, ldeawriting will not be used in the application section of this project.

5.5 Nomina Group Technique (NGT )

The second type of brainstorming technique is Nomind Group Technique (NGT) has many
facets and is more sophigticated than Ideawriting. Not only is it possible to generate ideas but due to
its structured nature, it generally achieves more than Ideawriting. NGT is used to:

1 Generating ideas

2 Clarifying ideas

3 Peform apreliminary partitioning of the set of generated and clarified ideas
4. Build aspirit of participation and teamwork or group morae

NGT uses a trigger question to kick off the idea generation process. A good trigger question
will encourage acontributions from those who are normaly quiet. Outcomes of the use of a trigger
guestion include the spontaneous occurrence of ideas triggered by ideas from other contributors.
Unlike the Ideawriting method, ideas are silently generated using the NGT pocess and are not
exchanged among the working group members. The ideas are then addressed individually as the
facilitator records the ideas on flip chart pages and post them on the wall. This process of addressing

the ideas continues in order to clarify and consolidate idess.



User group

Decide to use NGT to generate
ideas relative to one issue

l

User group

Obtain facilitative leader to
conduct NGT process

|

Broker and user group

Select NGT group members

I

Facilitator

Instruct NGT group about the
NGT process

I

Facilitator

Present triggering question to
group in written and oral form

l

User group

Quietly generate written ideas
relative to question

P

Recorder
Record the ideas from group on
a flip chart
| AND I
¥ )
Facilitator User group

Lead group in discussion for Hitch-hike ideas when possible to
each idea to clarify all ideas generate new ideas for recording

Facilitator

Ask group for individual
rank-order judgements

Recorder

Tabulate voting results and
present them to group

Facilitator

Take final vote to prioritize ideas
and document the results

-4

Figure 7.13 DELTA chart of nominal group technique. Copyright © 1982 SGSR.

Figure 15 Nomina Group Technique Process DELTA Chart‘ [Warfield]
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The NGT was used to generate and clarify ideas regarding improvement of the SE IV&V
curriculum.

5.6 Interpretative Structural Modeling (ISM)

“In application, 1ISM provides the means to formulate a pattern or structure of
elements associated with issue formulation. The element may include needs,
congraints, objectives or options in a variety of fields such as education,

public facility planning, city budget-cutting, or system design.” [Warfield]

Interpretive Structurd Modding (ISM) is used to probe issues with interactions among
diverse dements, focus group discussion on a specific issue and development of a multi-leve relation

map. The resources ISM uses to accomplish these tasks include the use of a computer-assisted
learning process.
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Issue or system (the "object system" for study)
is identified, E-1

!

I Structuring theme is chosen, E-2 |

!

! Model developer is identified (usually a group), E-3 |

|

| Elements and contextual relation are identified, E-4 |

|

| Leader is identified, E-5 |

!

I ISM is entered in computer, E-6 I

|

r Adequate computer time is allocated, E-7 I

!

| Facilities are ready, E-8 |

l

| Session plan is complete, E-9 |

|

| Computer contains elements and contextual relation, E-10 I

l

I Session can begin, E-11 I

I Element set is edited, E-12 I

!

I Contextual relation is judged to be satisfactory, E-13 l

!

r Initial map is produced, E-14 J

!

| Cycles are resolved if necessary, E-15 |

|

I Amendments are complete, E-16 |

!

I Final map is satisfactory, E-17 I

Figure 7.16 DELTA chart of ISM process.

Figure 16 Interpretive Structural Modeling (1ISM) Process DELTA Chart [Warfield]



Among the resources required are the following
1) A setof eementsrelating to the issue
2) A time-shared digita computer that contains the programs for structuring
3) A contextud relationship, which is appropriate to interrdate the elements

4) Up to 8 willing and able participants, as well as a group leader familiar with interpretive
structural modeling, and a computer operator.

Aside from the lack of resources, this technique can be performed on a small scale in the application
section of the paper.

5.7 Options Field Methodology (OFM) / Options Profile Methodology (OPM)

The Options Field Methodology and the Options Profile Methodology are closdly tied together.
These methodologies provide a way to thoroughly develop various Design Situation descriptions and
design Target descriptions. OFM and OPM involve discovery and identification of the dimensions of
a dtuation. Once the dimensions are identified, OFM and OPM facilitate the corresponding of
dimensionality of the Target with the dimensiondity of the Design Situation. This satisfies the Law
of Requisite Variety. NGT and I1SM are components of OFM and OPM.
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A conceptual design is to be
created for a system

Name the system

A

Generate a set of design
options
(Use Ideawriting, Nominal
Group Technique, or other
method)

Categorize the options into
dimensions
(Use ISM or manual sorting)

!

Name each dimension

'"Precedes"

3

Carry out validity test for each
dimension

i

OR

I Are all the dimensions valid? I

!

NO YES
Revise Unordered
dimensions options field is
complete

(a)

Figure 7.20 DELTA chart of options field methodology. (Continued on next page.)
Figure 17 Options Field Methodology (OFM) Process DELTA Chart Part 1 [Warfield]
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Options field is available

!

Develop restriction structure
for the dimensions
(Use ISM)

l

Are there any cycles in the
restriction structure?

! !

YES NO

|

Develop a precedence
structure for each cycle

l [ "Precedes”
OR

Are all dimensions contained
in one connected structure?

l |
— I

Portray the separate
structures

!

Develop composite
precedence structure
(Use ISM bordering algorithm)

|
OR

A precedence structure on the
dimensions is complete
(having k levels)

£

(b)

] Figure 7.20 DELTA chart of options field methodology. (Concluded.)
Figure 18 Options Field Methodology (OFM) Process DELTA Chart Part 2 [Warfield]



Options field and k-level
precedence structure on its
dimensions are available

!

Set index i= 1

|

OR

Does level i
consist of a cycle?

!

!

YES

NO

l

!

Note: "Cycle" and "Cluster"
mean the same thing: The
dimensions are mutually
dependent in acycleora
cluster.

Select options collectively
from each dimension in the

level?

.Is freedom available at this

cycle l l
NO YES
Connect the Connect the Select an option
selected options to predetermined from the dimension
the tie line option to the tie line and connect it to
the tie line

1 | g
OR

Is the options profile complete
(ie.,isi=k?)

!

NO

YES

!

Following sequence in
precedence structure, delete
restricted options from
dimensions i+ 1to k

l

Replace i with i + 1

6¢€

1 "Precedes"

Figure 7.22 DELTA chart of options profile methodology. Copyright © 1982 SGSR
Figure 19 Options Profile Methodology (OPM) Process DELTA Chart [Warfield]



In order to conduct an OFM/OPM certain conditions must exist. In the case of the OFM, the
most important condition is that there must be a requirement to develop a design. Next, a group
generaly consisting of 6 or more participants must agree on the requirement to develop a top down
design with various design choices. In addition, it is dso important to maintain continuous display of
pas design decisions. OPM contains similar conditions for use in addition to having a facilitator is

available to lead the group design effort.

Although the textbook description of this methodology recommends 6 or more participants,
through imagination and crestivity, it is possible to generate a sufficient number of options.

5.8 Tradeoff Analysis Methodology (TAM)

After applying select methodologies to identify options, the Tradeoff Analysis Methodology
(TAM) offers a means of choosing systematicaly one aternative. This methodology may dso use
the NGT process as a component to develop criteria for making choices. The ISM may also be used

as a component to prioritize those criteria.



A set of multi-dimensional alternatives
is available

Analyst

Choose one alternative as a baseline
(reference)

!

Computer

Computer

Are any alternatives dominated?

NO YES

Computer

Display for each alternative a
quantitative profile, using baseline
alternative as zero reference

Remove dominated alternatives from
the set

!

l

A set of non-dominance alternatives
remains

Group

!

Computer

Display the juxtaposed difference
rankings

Group

Scale the differences on a scale of
0 to 100

!

Computer

Present a summary graphic display,
showing the winning alternative

Generate evaluation criteria

o

!

Group

Classify criteria as numerical or
non-numerical

!

Computer

Are there at least two remaining
members in the set?

Computer

Delete the losing alternative from the set

i

The remaining alternative is the final

Group

Computer

!

Rank all alternatives on each criterion

Pick a pair of alternatives to be compared

Analyst

!

|

Prepare the process documentation

Computer

Group

Present juxtaposed display of rankings

L

Rank the differences between the pair for
each individual criterion

Figure 7.23 DELTA chart of tradeoff analysis. methodology. Copyright ® 1982 SGSR.

Figure 20 Tradeoff Analysis Methodology (TAM) Process DELTA Chart [Warfield]
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The TAM is areatively complex technique that when used under the proper conditions yield a
decision between complex aternative solutions. Some application areas of this methodology include
environmenta decision, involving forestry, and large investment decisions, where there are
competing aternatives.

Although this technique would be useful in virtually any design, due to the lack of resources
such as special-purpose software to facilitate the use of the method and generation of the appropriate
displays, results of the TAM from our generic design can only be hypothesized. Additiondly, to
obtain a well rounded decision on dternatives and alow for full development of issues or topics, a
more diverse group of domain experts would be needed.



5.9 Application of Select Methodologies

591

Nominal Group Technique (NGT)

Following the NGT process we must first generate a trigger question.

Trigger Question: What problems or issues must be dedlt with in the future in order to make SE

IV&V highly ineffective in providing a background for training future Test engineers?

Not give enough examples

Perspective is more of a Lead/project management scope

Does not identify how to tailor the process to meet project specific needs
Does not address how to deal with standards or where to find them
Does not clearly address roles and responsibilities

Does not address specia concerns of COTS and GOTS integration

Does not identify participation in requirement decomposition to provide a set of
requirements, which are bounded, complete and testable.

Does not show clear examples of VTM generation

Needs to detail test plans and planing responsibilities no checklist

Needs to detail complete test activities

Does not adequately address test metrics

Does not address change management and discrepancy reporting processes
Does not identify possible contingency plans when schedule gets pulled tight
Does not address the needs of cross training to build test team knowledge
Does not address support needs at each phase of testing for multiple build complex products.
Does not adequately address test cases, implementation, contents and use
Does not describe the process behind each step in the test process

Does not address reliability

Does not address availahility

Security concermns

Life cycle concerns

7C



= Automated testing details
= Software testing techniques
= Deding with fast turn around needs in complex systems

= |dentifying a clear test process and proper implementation and tailoring options

Ranking these in order the five most important topics are:
= |dentifying aclear test process, proper implementation and tailoring
= Not give enough examples
= Perspective is more of a Lead/project management scope
= Does not identify how to tailor the process to meet project specific needs

= Doesnot clearly address roles and responsibilities
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59.2 Options Field Methodology (OFM) / Options Profile Methodol ogy (OPM)
From the list of ideas generated through NGT, we have categorized them into Clusters,
Dimensionsand Optionsasshown in Teble 4 SE 1V&V FHdd / Option Profile below.

As shown in the table the dimensions, and clusters are sequenced in the following manner:

DIMENSIONS CLUSTERS
Al. Exercises Course Data
A2. Course Perspective Test Activity
B1. Process Resources

B2. Engineering Activities
C1. Team Members

C2. Resources

C3. Support Materia

D. Specia Concerns Miscellaneous

The Options Field shows the optimum set of curriculum changes to obtain the objective of
providing a better course for adiverse group test engineers. Asyou can see, this method lends itself
to the generation of a modular set of topics which can be tailored to the audience. It isimportant to
note here that sufficient detail in al sections would create a very large course and for this reason, it

may be better to provide a complete overview with references to more details.



Table4 SEIV&V Fied/ Option Profile

COURSE DATA

Al. Exercises

Metrics

Checklists

Test Plans

Test Procedures
Process on asmall scale
Test Case

A

A2. Course Perspective

= Lead

=  Project manager

= Rolesand respongibilities
=  Engineer

TEST ACTIVITY

Bl. Process
» Change Management

Discrepancy reporting
Software turnover
Test Process
Panning activities

B2. Enqineering Activities

— W

Engineering activities
Requirements Review
Test Plans

Test Procedures

Test case

Automated testing

TIE LINE

?

C1. Team Members
Program Manager
Chief/Test Engineer
Fecilities

Systems Engineer
Software Engineer
Hardware Engineer
Infrastructure Engineer
Procurement

Finance

Business Development

Qudlity

Customer

Data Management
Contracts

Lega

Misc. Group Participants

RESOURCES
C2. Resources
— = Personnel
= Scheduling
=  Traning

= Crosstraining

Configuration Management

73

C3. Support Materid

Standards
COTSGOTS
=  Web sSites
= Ceqtifications

MISCELLANEOUS

D. Specid Concerns

I—=u

Avallability

Reliability Maintainability
Lifecycle

Security



CHAPTER 6
CONCLUSION

In the design of a course curriculum, it is important to consider al the factors that go into Systems
Engineering Integration, Verification and Validation. Through observation and an initid brainstorming
activity in the NGT, it was reveded that many modifications to the curriculum were needed. The NGT
permitted the generation of many options. The sdlection of the optimum design approach was selected in
order to provide the most efficient and cost-effective solution. Measuring the effectiveness of the
modifications can be done through future evaluations of the course presentation.

The steps of the Systems Engineering process can be applied to any project — even writing atraining
curriculum.  After going through the stages of the Systems Engineering process a set of verifiable
requirements dong with an IMP and IMS were generated. The development of these artifacts

demonstrates the Systems Engineering Process.

Obstacles encountered during the development of the course included obtaining resources,
coordination of schedules and most of al, including enough reference material and examples to alow
students to apply what was learned. Most importantly, this study demonstrated the diversity of Systems
Engineering as a discipline and reveds a need for training engineers in a variety of disciplines. It is
important for each engineer to have an awareness of the complete Systems Engineering process as
utilized and applied in a given program permits the growth of a strong organization aong with a mature
product.

Often, as a symptom of growth, compartmentalization is necessary to meet immediate needs,
however, in the long run, cross-training of individuals provides stability for the future organization and
minimizes the number of failure points. In addition, removing the culture of compartmentdization, alow
many engineers experience growth in diverse aeas of systems engineering. This is idea lends itsdf to

many benefits including giving individuals a sense of the “big picture’” and team vaues.

Overdl, the outcome of IV & V is dependent on the outputs of the requirements design and
development.  Without sound requirements, testing of any kind is nearly impossible. Any short comings
of requirements development must be caught in the early stages of 1V & V otherwise any testing that is to
be accomplished is only a formality and not truly verifying or validating the product.
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