Module 10

Module 10: The System Test
* and Evaluation State

Rev 1.7.8

Creating Outstanding Systems Engineers 10-1

‘_h Objectives

1.  For this state of the SDP
1. To identify
m the role of systems engineers
m the nature of the problems they face
2. To introduce
m the tools, methodologies and techniques available to solve those problems.
2. Tointroduce the concepts behind
1. Developmental Test and Evaluation (DT&E)
2. Operational Test and Evaluation (OT&E) and
3. Independent Verification and Validation (IV&V)
3. To create a high level outline SEMP for the system integration of the
HEADS with its adjacent systems
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Module 10

‘_ﬁ Contents

1. The role of systems engineers in the System Integration State of
the SDP

2.  The nature of the problems faced in the state

3. The tools, methodologies and techniques available to solve those
problems

4.  An awareness of the difference between test and evaluation, the
need to build testing into both the system (product) and SDP
(process)

5. The concepts behind

1. Developmental Test and Evaluation (DT&E)

2. Operational Test and Evaluation (OT&E) and
3. Independent Verification and Validation (IV&V)
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‘_h Topics

= The difference between test and evaluation

= The need to build testing into both
= the system (product) and
= The SDP (process)

= The various factors involved in T&E

= Testing when there are no requirements

= Developmental Test and Evaluation (DT&E)

= Operational Test Evaluation (OT&E)

= Independent Verification and Validation (IV&V)
= Exercises
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Module 10

Knowledge component

Lecture
Readings )\,J,
1002 retired / ]

» 1003 FUSE Chapter 9, Enhancing the role of Test and Evaluation in the
acquisition process to increase the probability of the delivery of
equipment that meets the need of the users.

Reference
» 1050 Guide for Understanding and Implementing Defense
Experimentation (GUIDEXx), TTCP, Canada, 2006
https://www.researchgate.net/publication/265315028 Guide for Underst
anding and Implementing Defense Experimentation GUIDEx The Tech
nical Cooperation Program, accessed 28/11/2024
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Identification Requirements  Design Construction
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Module 10

‘_h The Nine-System model (Functional view)

The test and evaluation states

(S8) Process to determine degree of
remedy

(S3) Feasible Conceptual Future
v Desirable Situation (FCFDS)

A [ (S5) Process performing ]

transition to S7
< DT&E >
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‘_h SDP phased activities (HKMF C-E)

System OT&E

System meets
need and more
System DT&E

System and
Subsystem o
Specifications ysierm Int_gation
Subsystem A —
Subsystems ... — -
i - Subsystem DT&E>
Subsystem N —
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Module 10

‘_h Testing in the SDP

= Concept reviews

= Implementation (Management) Plan reviews
» Requirements reviews

= Design reviews

= Software Code walkthroughs

= Software Code inspections

= Test Plan reviews

= Test Procedure reviews

= Unit Tests

= System tests
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‘_ﬁ Traditional Roles of T&E

Testing
Determines the degree of non-conformance to requirements of “as-
delivered” equipment
- COTS
Built to order — subcontracted out
Built in-house

Evaluation

Determines the capability of "as-delivered" or “as-built” equipment
. COTS
Built
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Module 10

‘_h Testing when there are no requirements-1

vk W

“Create the reguirements acceptance criteria”®©
Create a conceptual functional representation of what the customer needs based on

= Knowledge of domain

= Knowledge of similar systems

= Operational scenarios

= Development process scenarios

= Other information
Iteratively discuss the scenarios with the customer to gain agreement on what is to be
tested and the expected test results (acceptance criteria)
Document what is to be tested and expected test results in test plans
Gain customer concurrence of test plans based on the agreements
Create test procedures and perform tests as if you were testing against requirements
This is the requirements elicitation and elucidation process skipping writing text
requirements
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Testing when there are no requirements-2

If the customer does not communicate up front
Create a conceptual functional representation of what the customer needs based on
= Knowledge of domain
= Knowledge of similar systems
= Operational scenarios
= Development process scenarios
= Other information

Evaluate what the system can do in the operational and development scenarios
Report findings to customer
Iterate as needed for additional evaluation
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ks Evolution of T&E in USAF

= Equipment is being built to specifications that are poorly written, ill
defined, and incomplete.
= The failure to manage changing requirements over the development
and operations states of the SDP
= Goal
» to ensure that military equipment fielded in the Defence forces
(as-delivered) is suitable for use before being placed into service.
= Methodology
= Applies domain knowledge to compensate for poor requirements
= Approach
= post production fixing
= Non-future prevention
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‘_h T&E in the USAF

= Developmental test and evaluation (DT&E):
= Learn about the system’s capabilities,
= Confirm that it performs according to specifications

Operational test and evaluation (OT&E):

= Given a realistic environment, can the warfighter use the
system to accomplish the mission?

= Can the warfighter support and maintain the system?
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Module 10

‘_ﬁ Contents of a Test Plan

= Deliverables (what)
= Environment (where)
= Strategy (why)

= Personnel (who)

= Objectives (what)

= Techniques (how)
= Phases of testing
= Measures (metrics)

= Schedule (when)
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‘.h Test Strategy (WHY)

= Static and dynamic testing

= Collection of appropriate test metrics
= Analysis of appropriate test metrics
= Regression testing

= Coverage of testing

= Effectiveness of testing

= When to stop
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‘_h Test Team (WHO)

= Test team mission

= Training

= Motivation

= Appropriate testing personnel
= Job descriptions

= Organisation of the test team
= Independence of testing
= Remuneration
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o Test Deliverables (WHAT)

= Adequate test documentation

= Test Plans

= Test designs

= Test procedures (scripts) and cases (data)
= Specify expected results
= Repeatable
= Consider level of tester

= Test Item Transmittal Report
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‘.ﬁ Test Schedule (WHEN)

= The objectives of scheduling tests are to:
= Provide predictability to the project manager
= Identify opportunities to pull in or protect the schedule
= Be fair to testing staff
= Maximise productivity
= Provide honest and reliable estimates of testing
times
= Reserve specialized shared equipment and facilities
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‘.h Test environment (WHERE)

Location of test team
Host environment
Target environment

Test environment control
= Testing tools

Special equipment

1002-20
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‘_h Test Phases (HOW)

Unit Testing

= Design meets unit requirements
Integration Testing

= design meets system requirements
Qualification Testing (Evalation)

= What the design can do

= design exceeds requirements
Acceptance Testing
= design meets user need
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‘.h Test Deliverables (WHAT)

= Test Log
= A record of tests run
= Signoff by testers and witnesses

= Test Incident Reports
= Test Summary Report
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‘_h Sets of tests

= In-process tests
= To discover and remove defects
= Verify requirements conform to need in CONOPS
= Verify designs meet requirements
= Tests and acceptance before delivery
= Demonstrate compliance to requirements
= Evaluation (Qualification testing)
= Test and evaluation

= Tests and acceptance after delivery and installation
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‘_h Developing the test plans

= Test groups of requirements in “created” scenarios
= B paradigm
= Test scenarios/use cases
= A paradigm
= Minimise test dependencies on other elements to allow tests to
proceed if part of the system is not working
= Make use of previously tested requirements in subsequent tests
= Group tests to maximise use of special equipment
= if needed
= Identify resources needed for tests
= time, personnel, test data, equipment, etc.
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‘_h Developing test procedures

Exact
Instructions
Challenge - THIS
is why my kids
hate me. Josh
Darnit,
https://www.yout
ube.com/watch?
v=cDA3_5982h8,
accessed 15
November 2024

"(v
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‘_h Clear and concise instructions

= Test procedures
= Requirements
= Operator, service and other manuals
= All documents
= What to do, how to do it, when to do it, why it is being done
= What result to expect (with tolerances)
= Encompassing wording
= For example: Need for switch 3 to be in position B
1. E.g. verify or ensure switch 3 is in position B
2. E.g. ensure switch 3 is in position B
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Module 10

i Requirements and Capability

= Requirement
« desired
= functionality and “quality” criteria
= Capability
« provided or existing
= functionality and “quality” criteria

Requirements Acquisition Process > Capability
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‘.h As-Delivered Equipment

1. Capability is exactly equal to the requirements
the product meets its requirements.

2. Capability exceeds requirements
the performance parameters exceed requirements
Un-required functionality is delivered.

3. Capability does not meet requirements

the performance parameters do not meet requirements,
required functionality is not delivered

4. A combination of the previous three
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‘_h Error Propagation

Deming - somebody gets paid to make defects

- . | incorrect
incorrect incorrect -
correctly 1
incorrect incorrect
correct correct corr. inc.
incorrect
Requirements Design Code

Correctly incorrect is what a poorly written contract tends to produce
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‘_h Testing along the process reminder

= V does show end-to-end relationships

= V view does not show incremental testing along the
process

= Testing is needed at the end of each SDP state
= Testing may be needed inside each SDP state

= In-state Development/Quality/ T&E stream of work is
» Testing the products produced in the state
= Planning the tests for the next state
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i How many systems engineers does it take to ...?

T

,'/
- Rt 55 %
errrrts 5

teef

Creating Outstanding Systems Engineers 10-31

‘_h Defect prevention and risk mitigation

= Functional/Structural
= What can happen (Failure Effects Mode Analysis)
= Internal damage due to aging components
»  QOperational

= What can happen (Fault Tree Analysis)
« External interaction with operator
« Externally induced failures

= Misuse Over|apS R'Sk
= 7emporal (lessons learned)
= History of what did happen in the past
= What needs to be improved this time around
= Generic (lessons learned)
= What might happen as a result of examining similar systems
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i OT&E

= Conformance to specifications
= Fit for purpose

= Experimentation to determine the envelope

= Literature on design of experiments

= 1050 Guide for Understanding and Implementing Defense
Experimentation (GUIDEx), TTCP, Canada,
https://www.researchgate.net/publication/265315028 Gui
de for Understanding and Implementing Defense Experi

mentation GUIDEx The Technical Cooperation Program,
accessed 24/2/2025
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‘_h IV&YV (Structural view)
= Reporting l
. Customer
= Independent testing
= Independent witnessing ' '
of tests Develop
: contract contract
= In-house testing | . |
= Synchronicity
« Lag in IV&V contract award Develop Test
Creating Outstanding Systems Engineers 10-34

1001-17




Module 10

s Tools for T&E

= Configuration control

= Problem tracking

= Jigs

= Test equipment

= Same set as for the Requirements State
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‘_h Topics

The difference between test and evaluation

The need to build testing into both
= the system (product) and
= The SDP (process)

The various factors involved in T&E
Developmental Test and Evaluation (DT&E)
Operational Test Evaluation (OT&E)
Independent Verification and Validation (IV&V)
Exercises
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Exercise 10-11

1. Create a high level outline SEMP for the system integration of the HEADS with its
adjacent systems

2. Prepare a <5 minute presentation containing

1.  This slide and the version number of the session

2.  The parts of the SEMP

3.  The GANTT and PERT charts

4. One of the PAM charts you used to create the plan

5. A compliance matrix for the exercise

6.  Lessons learned from exercise

7.  The problem posed by the exercise formulated per COPS problem formulation template
3. Save as a PowerPoint file in format Exercise10-11-abcd.pptx
4.  Post presentation in the Asynchronous group
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‘_h Knowledge reading exercise 10-12

1. Prepare a brief on two main points in reading 1003 (< 5min):
2. Presentation to contain
Formulated problem per COPS problem formulation template
A summary of the content of the reading (<1 minute)
The compliance matrix
This slide and the version humber of the session
The main points (<1 minute)
The two briefings
Reflections and comments on reading (<2 minute)
Comparisons of content with other readings and external knowledge
Why you think the reading was assigned to the module
0. Lessons learned from module and source of learning e.g. readings, exercise,
experience, etc. (<2 minutes)
3. Save as a PowerPoint file as Exercise10-12-abcd.pptx
4. Post in Asynchronous group
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‘_h Summary

= The difference between test and evaluation

= The need to build testing into both
= The system (product) and
= The SDP (process)

= The various factors involved in T&E

= Testing when there are no requirements

= Developmental Test and Evaluation (DT&E)

= Operational Test Evaluation (OT&E)

= Independent Verification and Validation (IV&V)
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‘_h Meeting the objectives

1.  For this state of the SDP
1. Identified
m the role of systems engineers
m the nature of the problems they face
2. Introduced
m the tools, methodologies and techniques available to solve those problems.
2. Introduced the concepts behind
1. Developmental Test and Evaluation (DT&E)
2. Operational Test and Evaluation (OT&E) and
3. Independent Verification and Validation (IV&V)
3. Developed an outline SEMP for how a system will be integrated into its
adjacent systems
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‘_ﬁ Any questions ?

1. Best
2. Worst
3. Missing

Email: beyondsystemsthinking@yahoo.com
Subject: <class title> BWM Session #
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