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Perspective

T&E
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Test and Evaluation (DoD)

“T&E is a critical part of the DoD acquisition process. T&E professionals
develop, optimize, execute and evaluate the testing of system
performance, interoperability, reliability, maintainability and cybersecurity.
They offer unbiased information to support and inform design
improvements, production and fielding decisions.”

~ Defense Acquisition University
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Planning

T&E
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A PLAN
IDEALLY

| _

GOAL
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A PLAN
ACTUALLY

GOAL k'_'l STEP 1 k—-l STEP 6
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Test Planning Activities & Attributes
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Test Planning Activities & Attributes

Requirements
Elicitation

--- Integration Testing

I'est Plan
Test Case Design
Test Execution

'est Control

Object Design e
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T&E Planning Benefits from This Approach

* An appropriately robust T&E approach is dependent on many factors
« T&E Planning can be seen as system architecture where Test is the System

« A Systems approach using a set of relevant stereotypes in SysML will
capture the T&E planning architecture

» More Effective T&E
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Refresher

Object Oriented
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Four Key OO Relationships

Class or Interface
Apple is a fruit; Ferrari is a car

Instance variables are references to objects
Entities are interdependent
Engine is part of car; Lungs are part of body

IS-A relationship Inheritance Composition PART-OF relationship

HAS-A relationship ¢EFANYTo eI F-14[0]8)

Between two classes through their objects
One to one/many, many to one/many
Entities share objects for work

Can exist without each others dependency
Both have their own life time

(special)
HAS-A relationship

One entity as owner
Entities meet for work and then separate

* One-way association
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SysML Profile

T&E
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Building a T&E Approach

TEMP
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bdd [Package] T&E Concept[ T&E Concept ])

«blocks
«TEMP»

Forbin Project
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Building a T&E Approach

bdd [Package] T&E Concept[ T&E Concept ] )

TEMP
Has Test Plans

Which include Test Events
Which have Test Procedures
That have Test Cases

«blocks

2-6 July 2024

«testCase»
«verificationCasex»

CaseB
{vStatus = indeterminate}

«TEMP»
Forbin Project
«block» «block» «blocks block
«Test Planx» «Test Plan» «Test Planx» S
Iteration 1 Iteration 2 Iteration 3 e o>
Release 2.5
«block» «block»
«Test Events «Test Events
First Demo Second Demo
— ]
«blockx» «block» «block» «block»
«Test Procedure» «Peoplex» «Approvalss wApprovals»
Demo 1 Procedure Edward POC ATO1 Cyber
«testCase» «testCase»
«blocks «verificationCasex» «verificationCasex» «blocks
«System Under Test» Case AB CaseC «Equipment»
Iron Bird {vStatus = pass) {vStatus = fail} Compute hardware
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Profile Diagram TestEvaluation Profile [ [ Test Profile1 ])
«Metaclass»
Class
= {not self.owner.oclisKindOf(Class)}
[
«stereotypex»
Test Event
[Class] astereotypes
aftnbutes
+Start Date : date Softwarg: nacrgtest
+Location : String [Class]
+Days Duration : Integer aftnbutes
+Planned Budget : Currency +Version : String
+Test Lead : Person +Software Level : SoftwareLevelKind
+Site POC : Person +Tag : String = container_under_test_version_tag
IT\
[ I
. «stereotypex «stereotypex»
ru C u re yS rO I e Sprint Review Event Release Test Event
[Class] «stereotypex» [Class] «stereotypex
aires Integration Test Event Ko mues e Unit Test Event
+Sprint ID : SprintlD [Class] +Release Version : ApplicableBaselineKind [Class]
«stereotype» «stereotype»
[ ] E Ve n tS TestCase Person
[Behavior, Operation] [Element]
T aftnbutes
+First name : String
[ J e O e «stereotype» «stereotype» +Last Name : String
Program Document SysVerificationCase +Phone : String
[Artifact, Class] [Behavior, Operation] FEmal: String
. agm g J L +Location : String
attnbutes attnbutes +Role : String
[ ] u I l I l e n a CI I I eS +Title : String +0Objective : String [1] = TBD
+Author : Person +Preconditions : String [1..*] = TBD ‘[‘
+Version : String +Postconditions : String [1..*] = TBD
L +Repository : String +Success Criteria : String [1..7] = TBD «stereotypes
[ ) e r e Ce S S I t I e S +Failure Criteria : String [1..*] = TBD Test Operator
T +Test Data to Collect : String [1.7] = TBD [Element]
[ [ | [ [ | +Test Step Narrative : Sys Test Step [1.7] =
astereotypes «stereotypes «stereotypes «stereotypes «stereotypes astereotypes :}g:: 'gt“:, ﬁ’t;&sp:ss,glegss'tgfeg [;] 4
Test Plan Test Report Reference Regulation TEMP Test Procedure +Test Verdict - Test Verdict = NONE
[Artifact] [Artifact, Class] [Artifact] [Artifact] [Artifact, Class] [Artifact, Class]
«stereotypes «stereotypex» avalueType» [E] «stereotypex» «stereotypex»
SWVerificationCase Test Equipment Test Verdict Sys Test Step Approvals
[Behavior, Operation] [Element] enumeration literals [Element] [Element]
attnbutes atinbutes Pa’ss afinbutes attnbutes
+0Objective : String [1] = TBD +0Owner : Person Fail ! +Step : Integer +Granting Authority : String
+Preconditions : String [1..*] = TBD +Calibration Record : Calibration Partial A +Description : String +POC : Person
+Postconditions : String [1..*] = TBD +Version : String Inconclusive +Result : Test Verdict = NONE +Need Date : date
+Success Criteria : String [1..%] = TBD +User Note : String NONE
+Failure Criteria : String [1..*] = TBD
+Test Data to Collect : String [1..*] = TBD
+Test Step Narrative : String [1..*] = Step 1: TBD
+Test Verdict : Test Verdict = NONE
V
«stereotypex» «stereotypex» «stereotypexs «stereotypex»
Calibration DocumentsTheTest Facility Design Justification Analysis Rationale
[Element] [Association] [Element] [Element]
attnbutes attnbutes atinbutes
+Last Cal Date : date +0bjective Evidence : String +POC : Person
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Events

Profile Diagram TestEvaluation Profile [ Test Profile1 ]J

Test Event Stereotype
« Date

« Location

e Duration

* Budget

« People

Other Event stereotypes
further refine, as necessary.

«stereotype»
Test Event
[Class]
alinbuies
+Start Date : date
+Location : String
+Days Duration : Integer
+Planned Budget : Currency
+Test Lead : Person
+Site POC : Persen
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lI)
I l
«stereotype» «stereotype»
Sprint Review Event Release Test Event
[Class] astereotypes [Class] astereotypexs
atinbuies H atinbures i
+Sprint ID : SprintiD Integratllcérl;'sl';st ot +Release Version : ApplicableBaselineKind o '[l'(;:;sElvent
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People

Person Stereotype
« Basic Info

Other stereotypes further
refine, as necessary.
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Profile Diagram TestEvaluation Profile [ [gy] Test Profile1 ]J

«stereotypex»
Person
[Element]

alinbuies
+First name : String
+Last Name : String
+Phone : String
+Email : String
+Location : String
+Role : String

i

«stereotype»
Test Operator
[Element]
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E V e n t P e rS O n Profile Diagram TestEvaluation Profile [ Test Profile1 ])

Person Stereotype used in
Event stereotype

«stereotype»
Test Event
[Class]

alinbuies

Leverage the Profile to build +Stert Date _ date

+Location : String
+Days Duration : Integer

other stereotypes in the e o
Profile (Class OO stuff)

+Site POC : Person

ﬁ)

Profile Diagram TestEvaluation Profile [ Test Profile1 ]J I
«stereotypex» «stereotypex»
«stereotypes Sprint Review Event Release Test Event
;::;’:] [Class] xstereotypex [Class] xstereotypex
= e Integration Test Event P e b, Unit Test Event
+First3n a:‘e-:-string +Sprint ID : SprintiD [Class] +Release Version : ApplicableBaselineKind [Class]
+Last Name : String

+Phone : String
+Email : String

+Location : String
+Role : String

i

«stereotype»
Test Operator
[Element]
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Documents

Profile Diagram T&E Profile [ |z T&E Profile Documents ])

Where Documents
are still necessary
In your
organization.

This becomes

«stereotype»
Document
[Element]
arinbures

+Title : String

+Author : String
+Version : String
+Repo Location : String

[AY

; «stereotype» «stereotype» «stereotype» «stereotype» «stereotype» «stereotype»
more im p O rta nt Test Report Reference Regulation TEMP Test Procedure Test Plan
[Element] [Element] [Element] [Element] [Element] [Element]
later. ..
«stereotype»
Reportitem
[Element]
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Other ltems

Single Stereotypes

« Equipment
« Calibration
« Approvals
* Facilities

Leverage the structure
built in the Profile
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Profile Diagram TestEvaluation Profile [ |z Test Profile1 ]J

«stereotype» «stereotype» «stereotype»

Test Equipment Facility DocumentsTheTest
[Element] [Element] [Association]
aftnbutes afinbutes afinbutes

+0Owner : Person +POC : Person +0Objective Evidence : String
+Calibration Record : Calibrati

+Version : String
+User Note : String

«stereotype» «stereotype»

Design Justification Analysis Rationale Calibration
[Element] [Element]
artnbuies

+Last Cal Date : date
+Next Cal Date : date
+Cal Source : Person

«stereotype»
Approvals
[Element]
arinbures
+Granting Authority : String

+POC : Person
+Need Date : date
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Building a T&E Approach

Verification Case
extends TestCase

2-6 July 2024

Profile Diagram T&E Profile [ |g5 T&E Profile Verification Case ])

astereotype» |
TestCase 1
[Behavior, Operation] |
«stereotype»
verificationCase
[Behavior, Operation, UseCase]

alinbuies

+vStatus : verification status

«valueTypex»
verification status

ol

pass

fail
indeterminate
partial

none
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Building a T&E Approach

req [Package] Reguirements [ Requirements Trace Diagram ] /|

{vStatus = indeterminate}

«testCasex «testCase» |
«verificationCasex» «verificationCase» |
Case B CaseC

{vStatus =fail} |

Standard approach

Verification Cases verify Requirements

— e—— — —— —

«testCasen
«verificationCasex»

Case AB
{vStatus = pass} |

— e —— — -

Requirement 2

Requirement 3 |

ApplicableBaseline = 3.0
Id = "sa-f-2"

Text = "Shall do thing 2"
verifyMethod = Test

ApplicableBaseline = Release
25

Id = "sa-f-3"

Text = "Shall do thing 3"
verifyMethod = Analysis

iy | «verify» | wverify» | «verify»
I | |
N W W
«requirgment» «requirgment» «reguirement» «reguirements «reguirement»
«rs requirementy «rs requirements Requirement Alpha Requirement Beta Requirement Gamma

Id = "sa-f-4"
Text = "Require system
Alpha"

|d = "sa-f-5"
Text = "Require system beta"

Id = "sa-f-6"
Text = "Require system
gamma”

2-6 July 2024
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Using The Traceability

Standard Verify Matrix
Standard Requirement Table
Standard Verifies Table

Legend
/" Verify

O[] Test Cases

3. [ Requirements....
SN
i 1% |=|E
il ElE| .
N m < o O
E |56 E e e
@V @V LY W @V
E |“E’| E |:E/| E
g & 3 &
5 & 5 5 &
AR AR AE 2N
LY @V LY LY LY
€ & o & &
™~ m - un 0
¥l S P I e e i
) 1 ) ) 1
o ] ) o R
w w w w w

N
N

.. b Case AB B |
.. T Case B .
L. § CaseC - PV
= 2 Name Text
1 [&] sa-f-2 Requirement 2 Shall do thing 2
A 2 (&l sa-f-3 Requirement 3 Shall do thing 3
. 3 [&] sa-f-4 Requirement Alpha Require system Alpha
# Name ‘ S | ;/érifies i u?re St
[&] <a-f-4 Requirement Alpha ke il s
“H“Cﬁ 1 74 Case AB [&] sa-f-5 Requirement Beta
| [&] =a-f-6 Requirement Gamma
M 2 74 CaseB [&] sa-f-2 Requirement 2
> B Case C [&] sa-f-3 Requ?rement 3
[&] sa-f-2 Requirement 2
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Events-Contain-Procedures-Contain-Cases

Creating appropriate relationships s

enables traceability

enables planning and reporting

«block»

«Test Events
First Demo

Name

«block»

«Test Procedure»
Detect Obstacle Procedure

!

Procedures At Event

!

!

Test Case in Procedure

Requirements

1 & First Demo

=] Detect Obstacle Procedure

& Case C
& Case AB
T& CaseB

[®] sa-f-3 Requirement 3
[®] sa-f-2 Requirement 2
[®] sa-f-4 Requirement Alp}
[®l sa-f-5 Requirement Bet:
[’ sa-f-6 Requirement Gan

averify»

te
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WECGUIrCTicTieey wregan

WECQUIrCTicTieey

wrogan WECGUIrCiicT

«rs requirements «rs requirementy Requirement Alpha Requirement Beta Requirement Gamma
Requirement 2 Requirement 3 Id = "sa-f-4" |d = "sa-f-5" Id = "sa-f-6"
ApplicableBaseline = 3.0 ApplicableBaseline = Release Text = "Require system Text = "Require system beta" Text = "Require system
Id = "sa-f-2" 25 Alpha" gamma”
Text = "Shall do thing 2" Id = "sa-f-3"
verifyMethod = Test Text = "Shall do thing 3"
verifyMethod = Analysis
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Fun with Metachain Navigation...

Cameo Example
« Uses Stereotypes
* Leverages Relationships

Metachain Navigation

Operation Name: iMetachain Navigation

Use as...

Remove

2-6 July 2024

Metaclass or Stereotype
¥ Test Event [Class]
/7 Relationship
|:] Element
|47 Relationship
|:] Element

Property
_relationshipOfRelatedElement

Related Element

Related Element

_relationshipOfRelatedElement

_relationshipOfRelatedElement

Relationship Related Element

Insert

Remove

Results Filter by Type: Requirement

Ordered [ Unique

OK

Cancel

Help

Evaluation Mode
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Other Metadata

Profile Diagram T&E Profile [ [z5| T&E Profile Documents ]J

bdd [Package] People [ People ]J

Flexible

Define your test approach
Leverage Stereotypes
Manage Metadata

Location = "Los Alamos”

Name = "Robert Oppenheimer”
Phone = "unlisted”

Role = "Chief Scientist"

E-Mail = "roppenheimer@LANL gov”

«block» «block»
«Peoplex» «Peoplex»
Gadget Scientist WPAFB POC
itPeoples iPeoples

E-Mail = "clemay@af. mil"
Location = "pearlyGates”
Name = "Curtis LeMay"
Phone = "555-1212"

Role = "WPAFB Commander”

«block» «block»

«Peoplex» «Peoplex»
Edward POC T&E Lead

wPeoplex wPeoples

E-Mail = "cyeager@af. mil" E-Mail = "Orville. Wright@hotmail"
Location = "pearlyGates” Location = "Dayton Ohio”

Name = "Chuck Yeager” Name = "Orville Wright”
Phone = "555-5555" Phone = "867-5309"
Role = "Test Pilot POC" Role = "Project Forbin Gov Test Lead"
«stereotype» «stereotype»
Test Event People
[Element] [Element]

arinbures
+Scheduled Date : date
+Location : String
+Days Duration : Integer
+Fee : Integer
+Site POC : People
+Project Forbin Test Event Lead : People

altnbuies
+Name : String
+Phone : String
+E-Mail : String
+Location : String
+Role : String
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Other Metadata

TableS, D|ag ramS, = Name Event Information
Re pOrtS o B Scheduled Date = "3/14/24"

Bt Location = "Edwards AFB"

Fee=0
Architect the Test | e i s T

i irst Demo -Mail = "cyeager@af.mi

AI’ChIteCt the TeSt Data [ Location = "pearlyGates”
Architect the Test Metadata bl

Et] Phone = "555-5555"

(] Role = "Test Pilot POC"

Days Duration = 3

Fee=0

Bt] Location = "WPAFB"

Bt] Scheduled Date = "6/21/24"

2 & Second Demo
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Take Away
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Take Away

* Apply MBSE/SysML SE Architecture Concepts to

Plan T&E
» Flexible Approach
e Effective It’s thinking about
System Architecture,
o Extensible where the System is

the T&E approach.
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bdd [Package] INCOSE [ INCOSE ] |

«block» ‘ «block»
«Reportitemy» «Approvals»
Presentation Question

e

«blocks
«People»

Audience

Questions?
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