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Disclaimer

‘ .

\ Some text in this presentation is very small. Please do not try to read it,
you might hurt your eyes!

I

Some text in this presentation is very small. Please do not try to read it,
you might hurt your eyes!

We will discuss or draw your attention to the
pertinent information as we go.
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Outline

Orienting the System of Systems Model Structure

« Application: Performing technical risk analysis & informed trade studies via

Failure Modes and Effects Analysis (FMEA)
Defining model boundaries & custom stereotypes

« Application: Building Verification & Test Requirement models

@ame0
SYSTEMS MODELER
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Key Elements From System Architecture

e - Built System of Interest
System (SOI) architectures
recursively in Models-
Based Systems
Engineering tool (Cameo)

 Created a backbone for
systems engineering
processes

| S - — Requirements
B e — Risk

— Verification
— Validation

AAAAAAAAAAAAAAAA
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Generating a Risk Architecture

 What do | need to verify
against?

 FMEA profile in Cameo
Safety and Reliability
Analyzer

* Risk Architecture crosscuts
system architecture

» Distinct from product
definition

* Informed by more than just
design choices
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Merging Risk and System Architectures
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e
« Creating an integrated risk framework
* Closing the loop on hierarchical system

—
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Risk Informed Trade Studies

Marne Subszystem ltermn “ Failure Mode Lacal Effect OF Failure SEV Causze OF Failure 0T
@ display screen becomes cold external
cloudy environment
M Comp-Fail-001 B component T, Function @ Failure to Function 7

@ display screen becomes cold external
cloudy enwvironment
(@ Comp2-Fail-008 |EH Component 2 T, Function @ Failure to Function 7 3
. . Ot . Reduced Reduced
Prevention Control Detection Control DET RPN || Recormmended Action
B) OCC RPHM
constrained operating & functicnal
envicrnrment demaonstration
Perform component
0 materizl properties &) visual inzpection 3 1210 erfication test - a0
@ constreined operating
enviornment
@ constrained operating @ functicnal
enwviornment demonstration
Perform component
@ matensl properties & visual inspection 3 2.0 630 |erification test - oo
constrained operating
enwviornment

* RIisk analysis techniques ensure robust design options

« Side-by-side risk comparisons of components or prevention/detection
controls in MBSE software

1% Los Alamos
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Risk Informed Trade Studies

Local Effect OF Failure

display screen becomes cold external
doudy emvironment
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Defining Needs for System Verification Activities

«allocate» «allocate»
System Model Verification Model

e . (" ificati
: Qualification :Verification
Plan system verification requirement

operational environment

acceptance criteria

Data flow

test object definition

Ll
verification data

« Enables modular architecture by defining data needs across models
« Allows for reusable verification models

g

1% Los Alamos
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Deriving System Requirements

zfunctionalRequirements
Operate temperature range

Id = "Func1"

Text = "The component
shall maintain functionality
within the expected
temperature range”

zperformanceRequirements
Operate temperature range

Id = "Perf1”

Text = "The part shall
maintain functionality at 150
C +- 150 C”

T

| everifys

L esalisfyz | eactivitys | callocates |

Function

System Model

req [Package] reqs|[ regs ] ]

eblocks
Component

everification Requirements
Test temperature range

Id="%er1"

Text = "The part shall be
verified to operate at 150 C
+- 150 C”

averifys

stestCases
Temperature Verification Test

« Enables modular architecture by defining data needs across models
« Allows for reusable verification models

@& NATIONAL LABORATORY
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Defining Needs for System Verification Activities

(act [Activity] Systems Engineering Process [ Systems Englneenng Process ]

ireceive :develop Methodology Legend
cus_lomer funf:tional [ Action to take
requirements requirements i
| M Deliverable
| | : identify key
T - — — — parameters whichmeet | - — — — — — — — — — —
| component performance Bt
| | criteria gesrorm
| I surrogate
|

derives from needs_
ek analysis
:develop ]
performance - Satlsfles R orm
requirements surrogate Generates
| H feasibility
| Has study
' derlvesfrom (L
I nerates i 3
v | H reallz;a
; surrogate
.d_(;_ve:c_)p o da lSatisfies. object
verification
reqUirernen‘S - “
|
| system verification requirement I _
|Verifies

onerafional environmentil, \Istest obiect definition AnnAnbanAA Aribaria

| «testCase»
7 : Verification Test

i verification data

« Traces requirements needs to verification activities

« Builds rationality for specific test objects used in test verification activities
— e.g., Surrogate Objects, experimental test series setup

¢'Q Los Alamos
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Test Requirement Attributes

W

W

xenumerations
RequirementOwner

wenumerations
Stakeholders

KCNSC - Kansas City Mational Security Campus
LLML - Lawrence Livermore Mational Laboratory
LANL - Los Alamos Mational Laboratory

MMSAHG - National Muclear Security Administration Headguarters
DOEAL - Department of Energy Albuguergue

PX - Pantex Plant

SHL CA - Sandia Mational Laboratory California
SHL MM - Sandia Mational Laboratory New Mexico
SR - Savannah River Site

Y12 - 12 National Security Complex

LMS - Lockheed Martin Services

ARC - Navy Arcfield

il

KCNSC - Kan=sas City National Security Campus
LLML - Lawrence Livermore Mational Laboratory
LANL - Loz Alamos Mational Laboratory

NHNSAHQ - National Muclear Security Adminiztration Headquarters
DOEAL - Department of Energy Albuguergue

PX - Pantex Plant

SHL CA - Sandia National Laboratory California
SHL MM - Sandia Mational Laboratory New Mexico
SH - Savannah River Site

12 - %12 Naticnal Security Complex

LMS - Lockheed Martin Services

ARC - Navy Arcfield

For Demonstration Purposes

aenumerations

Classification

[UNC} Unclassified

(CUI) Controlled Unclassified Information

(UCNI} Unclassified Controlled Nuclear Information
[ouQ} Official Uze Onlhy

(CFRD) Confidential Formerly Restricted Data

[CHSI} Confidential National Security Information -

(CRD) Confidential Restricted Data L
(CTFNI) Confidential Trans-classified Foreign Nuclear Information «enumerations RequirementStatus
[SFRD} Secret Formerty Restricted Data A In Proaress (Draft
(SNSI) Secret National Security Information R evel Undgrgﬂwigliq }
[SRD) Secret Restricted Data System Approved
[SRDCNWD) Secret Restricted Data Critical Nuclear Weapons Design Information Subsystem Rejected

[STFMI) Secret Trans-clazsified Foreign Nuclear Information Component Deleted

« Custom stereotype allows the addition of properties to a requirement element

 Classification, status, stakeholders, owner, etc.
« Enables digital thread

1% Los Alamos
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Test Requirement Stereotype

aTest Regquirements
Sample Test Requirement

Classification = (UNC) Unclassified
Id="23"

Metwork Origin = LANL Y ellow
Requirement |dentifier = ™
Requirement Level = System

Requirement Status = In Progress (Draft)
Stakeholders = LAML - Los Alamos Mational Laboratory
Text=""

Requirement Owner = LANL - Los Alamos Mational Laboratory

ustereotypes
extendedRequirement

e

[Class]

-source : String
-risk : RiskKind = Medium

-werifyMethod : VerificationMethodKind = Test

«stereotypes
Test Requirement

[Class]

+Network Orig iﬁ
+Note : String
+Rationale : String

etworkOrigin [0..1]

+Reguirement ldentifier : String

For Demonstration Purposes

wenumerations
Classification

(UNC) Unclassified

(CUI} Controlled Unclassified Information

(UCHNI) Unclassified Contrelled Nuclear Infermation

(OUD) Official Use Only

(CFRD) Confidential Formerty Restricted Data

(CMEI) Confidential Mational Security Information

(CRD} Confidential Restricted Data

(CTFNI)y Confidential Trans-classified Foreign Muclear Information
(SFRD) Secret Formerly Restricted Data

(SNSI) Secret Mational Security Information

(SRD) Secret Restricted Data

(SROCNWDI) Secret Restricted Data Critical Nuclear Weapons Design Information
(STFNI) Secret Trans-clazsified Foreign Nuclear Information

senumerations

RequirementStatus

senumerations
VerificationLevel In Progress (Draft)
Under Review
System Approved
Subsystem Rejected
Component Deleted

wenumerations
RequirementOwner

wenumerations
Stakeholders

KCNSC - Kangas City National Security Campus
LLMNL - Lawrence Livermore MNational Laboratory
LAMNL - Los Alamos National Laboratory

NNSAHQ - National Nuclear Security Administration Headguarters
DOEAL - Department of Energy Albuguergue

PX - Pantex Plant

SNL CA - Sandia National Laboratory California
SNL NM - Sandia National Laboratory New Mexico
SR - Savannah River Site

12 - 12 National Security Complex

LMS - Lockheed Martin Services

ARC - Navy Arcfield

nil

KCNSC - Kansas City National Security Campus
LLNL - Lawrence Livermore National Laboratory
L&NL - Loz Alamos National Laboratory

NNSAHQ - National Nuclear Security Administration Headguarters
DOEAL - Department of Energy Albuguergue

PX - Pantex Plant

SHL CA - Sandia National Laboratory California
SNL NM - Sandia National Laboratory New Mexico
SR - Savannah River Site

¥12 -*¥12 National Security Complex

LMS - Lockheed Martin Services

ARC - Navy Arcfield

Custom stereotype allows the addition of properties to a requirement element

Classification, status, stakeholders, owner, etc.

Enables digital thread

1% Los Alamos
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Customer requirements could be in the form of an official memo, an email, Excel

aextendedRequirements
Physics Requirement 2.2

Id ="47"

source = "Source 1 (Section
2.2y

Text = "The test assembly
needs to be climate

" .‘"
controlled. o

T

| wderiveReqt»

«Test Requirements
Test Requirement A

Id = "58"

Text = "The temperature of
the test assembly shall be
maintained at XX degrees
Celsius +/- X with a humidity
of less than XX%."

arationales
Test
Requirement A
Rationale

R

Deriving Test Requirements from Customer
Requirements

Stereotype Legend
[] Test Requirement
D Customer Requirement

aextendedRequirements
Physics Requirement 4.6

zextendedRequirements
Physics Requirement 6.0

Id ="61"

source = "Source 1
(Section 4.6)"

Text = "Component 4
needs to be made of

material TBD." g@

locder'n.reReqtn

Id = "62"
source = "Source 1
(Section 6.0)"

Text = "All components
must be marked with a

unigue identifier.” E

alest Requrements
Test Requirement B

l{cderiveReqtn

Id = "59"

Text = "The material of
Component 4 shall be TBD
per matenal specification
XX

«lest Requirements
Test Requirement C

Id = "60"

Text = "ldentifying markings
on all components shall
conform to TBD."

«rationales

Test
Requirement B
Rationale

R

spreadsheet or captured in a requirements review
All customer requirements are imported into the tool

<

os Alamos
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Methodology for Verification Model

«Test Requirements HVErifys «verification Reguirements Lm'ferif:-.rx- wverification Activitys srefines wartifacts [
Sample Test Requirement = — — | Sample Verification Requirement — " — |Defined Verification Activity - — — = Report
Id="23" Id = "2om {Test Case Status = Incomplete] attributes
Text = "Text of Test Requirement” Text = “Text of Verification e
Requirement”

« The test requirement defines the test needs or goals.

« The test requirement’s verification method is further described as a verification requirement.
« The verification activity represents the specific verification method(s).

« The verification evidence is refined into a report, represented as an artifact.

» Design Leads understand the verification requirement.

« Test Leads understand the verification activity.

1% Los Alamos
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Test Requirement Derivation

Los Alamos

NATIONAL LABORATORY

Verification Model B s

Functionality

atestCases "=/Id = "Test1"
Temperature Verification Test

150 C+- 150 C°

Text = "The test shall verify
functienality of the part at

i
averifys
iy
&
gVerification Requirementz
Temperature diagnostic
Id="Verd"
Text = "The temperature
shall be read and recorded
throughout the test"

F 3

wverifys |

wlzsiCases
Temperature Diagnostic Activity
operafions
+place thermocouple() d

+record readout()
+analyze readout()

W

iy
Y gverifys
AN
Y

gWerification Requirementz
Functionality diagnostic

Id="Ver2"

Text = "The functionality
shall be observed and
recorded throughout the test”

eartifacts
Operating Procedure

O

| qrefines

eartifacts

aartifacts [
Data Package

Analy=i=z of Evidence

6/18/2024
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Relation Map to Show Traceability

& 12 Werification Requirement 4 B——— @3 Demonstration
Bl Core Requirement 7 B—=— [® Diagnostics

4848 Stakeholder Requirement 3.3 &

~ &4 Core Requirement 7 Rationale

Legend - . . . - " .
Derived o . - I . . e 3 15 Werification Requirement 3 B B2 Analysis
Owned Element 4B 50 Stakeholder Requirement 35 & = Core Requirement B B——— -
B e Damramme i P -
Satisfy =~ =4 Core Requirement 6 Rationale
Verify
2 Test Assembly
- 3 17 Werification Requirement 1 B £2 Inspection
«LEI52 Stakeholder Requirement 4.5 & El Core Requirement 1 B—=—_
N 5 12 Werification Requirement 4 B——— &3 Demonstration
~E Core Requirement 1 Rationale
[ Stakeholder Requirsments &4 a 17 Werification Requirement 1 B 22 Inspection

=59 Test Requirement B B8—= (B material (XX TBD

* =9 Test Requirement B Rationale

~[EE1 Stakeholder Requirement 46 &

- g 12 Werification Requirement 4 B @3 Demonstration

V[E54 Stakeholder Requirement 5.0 B—— E] Core Requirement 8 B—— _ ) i )
==} Core Requirement 8 Rationale
5 17 Werification Requirement 1 B €3 Inspection
V@55 Stakeholder Requirement 5.1 8———E Core Requirement 12 B—=——= 5 12 Werification Requirement 4 B—— &3 Demonstration

~ = Core Requirement 12 Rationals

« Can generate views that show the complete traceability through
all tests within a test series

os Alamos
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Requirements Traceability Tables

# - Mame Text Source Derived From Stakeholder Req. Text Verified By Verification Verification Method
Req. Status
The temperature of the test assembly shall Source 1 1, 47 Physics The test assembly needs to be & 12 Verification 2 InProgress | Demonstration
1 H 58 Test Requirement A be maintained at XX degrees Celcius +/- X (Section 2.2) " Requirement 2.2 climate controlled. Requirement 4
with a humidity of less than XX%.
3 E . . The material of Component 4 shall be TBD Source 1 61 Physics Compeonent 4 needs to be made of & 17 Verification ¥ InProgress | Inspection
2% Test Requirement B per material specification XX, (Section 4.6) Requirement 4.6 material TBD. Requirement 1
3 =] . Identifying markings on all components Source 1 62 Physics All compenents must be marked & 17 Verification < InProgress | < Inspection
50 Test Requirement C shall conform to TED. (Section £.0) Requirement 6.0 | with a unique identifier. Requirement 1
The test assembly shall fit inside a XX ft Source 1 52 Test Facility The test assembly shall be fully & 12 Verification < InProgress | < Demonstration
containment vessel for execution, (Section 4.3) Requirement 4.5 contained, Requirement 4 2 Inspection
4 & Core Requirement 1 e
& 17 Verification
Requirement 1
The test assembly shall utilize diagnostics Source 1 49 Stakeholder Measurements of the dynamic & 12 Verification ¥ InProgress | < Demonstration
5 H Core Requirement 2
] H Core Requirement 3
7 H core Requirernent 4
8 H core Requirernent 5
9 H core Requirerent &

10 H Core Requirement 7

11 H core Requirement 8

to measure dynamic metion.

The test components and assemblies shall
be stored, transported, assembled and
fired in a climate controlled environment,

Inspection reports for all subassemblies
and assemblies shall be provided to the
lead physicist and test engineer for
acceptance prior to test execution,

Diagnostic data shall be provided to the
lead physicist within XX months of the test
execution.

The radiegraphs shall be analyzed and
provided to the lead physicist within XX
muanths of the test execution,

The test assembly shall utilize diagnostics
to measure shock propogation.

An as-built record of the test assembly
shall be provided to the lead physicist and
test engineer,

(Section 3.2)

Source 1
(Section 2.2)

Source 1
(Section 4.4)

Source 2
(Section 2.1)

Source 2
(Section 3.5)

Source 1
(Section 3.3)

Source 1
(Section 5.0)

Requirement 3.2

1o, 47 Physics
" Requirement 2.2

51 Stakeholder

Requirement 4.4

53 Stakeholder
Requirement 2.1

50 Stakeholder
Requirement 3.5

42 Stakeholder
Requirement 3.3

54 Stakeholder
Requirement 5.0

motien within the test assembly
need to be recorded,

The test assembly needs to be
climate controlled.

Inspection reports are required for
all components, subassemblies
and assemblies,

The lead physicists require the
diagnostic data within a
reasonable time-frame after test
execution.

The lead physicists require the
radiographs to be analyzed.

Measurements of the shock
propagation through the test
assembly need to be recorded,
The lead physicist and test

engineer require an as-built record
of the test assembly.

Na

Requirernent 4

14 Verification
Requirement 2

12 Verification
Requirement 4

12 Werification
Requirement 4

15 Verification
Requirernent 3

12 Verification
Requirement 4

12 Verification
Requirement 4

2 In Progress

i In Progress

¥ In Progress

£ In Progress

* In Progress

i In Progress

O Test

* Demonstration

3 Demonstration

< Analysis

‘ Demonstration

* Demonstration

* Unique views generated based on customer preference

1% Los Alamos
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Model Structure and Usages

Package Diagram Top Level Modsl| Top-Dow n View ])

.

Top Level Model A

- - / : Y b = —
- N alUSes ~ EUSED
zlUSer - alUSen -
- N -
- e
- - v AY = -
— s
] P ] 2 " -
Test1 Requirements Model a Test2 Requirements Model a Test3 Requirem ents Model Testd Requirements Model
=~ = —
- AN 7 -
. T
Test Series Models ~ . auses N uses / -
-~ N «Usen eUses . <
= — hY s -
S -
~ Y 7/ -~
—~
£ e =

Core Requirement=Model A | | Common Test Requirements

The top level model has a project usage of every test model.

This structure allows one to “see” all the models in one and create desired reports.
The common modeling methodology enables the use of a common dashboard.
Models are easily “queriable”

1% Los Alamos
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| essons Learned

Risk development involved a significant amount of collaboration — all
subject matter experts should provide input to be adjudicated

Risk identification is a continuous effort — new data, new
configurations, new modes of potential failure should be reevaluated
as they’re received

Developing requirements was a challenge — converging on an
acceptable, achievable, well-written requirement takes time

Models get big & complex extremely quickly — it's worth the time to
establish model frameworks and clear interfaces early

Generating reports straight from the tool can save time and provided
consistency — this also helps with post-project knowledge capture and
information archiving!

Los Alamos
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Thank you!

Kaelin Glover kglover@lanl.gov
Nicole Davis nmdavis@lanl.gov

Katelyn Yeamans  katelyn@lanl.gov

1% Los Alamos
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pkg [Package] Model Structure [

% package ])

System Model A

—
|
|
|

informs

N
|
|«use»
|
|

Verification Model A

«use»

informs

| FMEA Model A

1% Los Alamos
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 Model Management Structure

pkg [Package] Model Structure [ [ FMEA Model 11
= [N
Hi g h —
Applies to multiple risk analysis
techniques
arationales
System Medel A System Technical Risk Model A Updates the existing risk framework to apply to the specific weapon system

® update values based on design decisions (ex. potential new causes of
failure added)

koo e L _ @ apply a specific STS

& remove artifacts which are not applicable

® build/apply system-specific risk buy-down techniques

© (e.g.. Qualification activities for Prevention Control, Surveillance
activities for Detection Control)

Fidelity & ‘ |
Specificity

Physical Reference Model A, Physical Reference Risk Model a arationales
Apply fidelity to framework risk model based on the added fidelity which comes
with the physical part

| SN | S = — A ® Add new functions based on material choices

® Add new causes of failure based on material choices (ex. corrosion)

® Assign likelinoods and consequence based on material and design
choices

Reusability

[ [

| wusen | zuses
[ [
1 v [

Framework Model A Framework Risk Model 4

«rationales

Broad firstcut at a weapon's technical risk profile

cuses ® build risk analysis tool (e.g., FMEA)

» utilize functions defined in Framework Model (for a functions-based risk
analysis technique)

# build anti-functions and Local Effects of Failure based on Functional
Flows defined in Framework Model

# Propagate local functional failures into subsystem and system failures

Logan Fegenbush
[fegenbush@lanl.gov
Future Systems Architecture Team Lead
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Test Requirement Stereotype

«Test Reguirements
Sample Test Requirement

Classification = (UNC) Unclassified

Id="23"

Metwork Crigin = LANL Yellow

Requirement |dentifier ="

Requirement Level = System

Requirement Owner = LAML - Los Alamos Mational Laboratory
Requirement Status = In Progress (Draft)

Stakeholders = LAML - Los Alamos Mational Laboratory
Text=""

« Custom stereotype allows the addition of properties to a requirement element
« Classification, status, stakeholders, owner, etc.
« Enables digital thread

1% Los Alamos
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Verification requirement Stereotype

For Demonstration Purpos%s

«\erification Reguirements
Sample Verification Requirement

Classification = (UNC) Unclassified
Id="22"

Metwork Origin = LANL Yellow
Mote =™
Rationale =
Requirement |dentifier ="

Stakeholders = LAML - Los Alamos Mational Laboratory
Text=""
Verification Activity ="
Verification Description
Verification Evidence =
Verification Level = System

Verification Method = Demonstration
Verification Responsible Party = Test Lead
Verification Status = Planned

astersotypen =
extendedRequirement
[Class]

-zource : String
-risk : RiskKind = Medium
-verifyMethod : WerificationMethodKind = Test

astereotypen <>
Verification Requirement
[Class]

+Network Origin : NetworkOrigin [0..1]
+Note : String

+Rationale : String

+Requirement Identifier : String
+Verification Activity : String
+Verification Description : String
+Verification Evidence : String

xenumerations
Classification

(UNC) Unclassified
(CUI} Controlled Unclassified Information
(UCNI}y Unclassified Controlled Muclear Information
(OUQ) Official Use Only
(CFRD} Cenfidential Formerly Restricted Data
(CNSI) Confidential National Security Information
(CRD) Confidential Restricted Data
(CTFNI} Confidential Trans-classified Foreign Muclear Information
(SFRD} Secret Formerly Restricted Data
(SNSI) Secret National Security Information
(SRD) Secret Restricted Data
(SRDCNWDI) Secret Restricted Data Critical Nuclear Weapons Design Information
(STFNI} Secret Trans-classified Foreign Nuclear Information

«enumerations
Verification5tatus

nil

Mot et Planned

Planned

In Progress

Completed - Satisfactory
Completed - Unsatisfactory
Pending Action tem

To Be Determined (TBD)
To Be Refined (TBR)

|

senumerations
Stakeholders

nil
KCNSC - Kansas City National Security Campus
LLMNL - Lawrence Livermere Natienal Laboratory

wenumerations

VerificationMethodKindWa

LANL - Los Alamos National Laboratory

Analysis
Certification
Demonstration
Inspection
NIA

Similitude
Test

DOEAL - Department of Energy Albuguergue

PX - Pantex Plant

SNL CA - Sandia National Laboratory California
SHL MM - Sandia National Laberatory New Mexico
SR - Savannah River Site

12 - Y12 National Security Complex

LMS - Lockheed Martin Services

ARC - Navy Arcfield

MNSAHQ - Natienal Nuclear Security Administration Headguarters

wenumerations
ResponsibleParty

senumerations
VerificationLevel

System
Subsystem
Component

Maunfacturing Engineering
Test Lead

Lead Physicist

Lead Engineer
Fabricatien Engineering
Diagnostics Engineering
Systems Engineering
Azzembhy
Transportation

Dizposal

Additive Manufacturing
Quality Inspection

« Custom stereotype allows the addition of properties to a requirement element
« Classification, status, stakeholders, owner, etc.
« Enables digital thread

()

i
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Test Requirement Stereotype

wstereotypes el
extendedRequirement
[Class]

-source : String B
-risk : RizkKind = Medium
-werifyMethod : VerificationMethodKind = Test

|

xstereotypes Q

Test Requirement
[Clasg]

+Metwork Origin : NetworkOrigin [0..1]
+Mote : String

+Rationale : String

+Requirement ldentifier : String

« Custom stereotype allows the addition of properties to a requirement element
« Classification, status, stakeholders, owner, etc.
« Enables digital thread
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«allocates

_____ ablocks o
Test Assembly
T

|«sati5fyn

|
v

«Test Requirements
Core Requirement 1

d="

for execution."

Text = "The test assembly shall fit
inside a XX Tt containment vessel

3
|
I

wverifys |

7

l wverfys

«Verification Requirements
Verification Requirement 4

«Verification Requirement»
Verification Requirement 1

Id="12"

Text = "VR Requirement 4 Text"
Werification Method = Demonstration
Verification Status = In Progress

Id="17"

Text = "VR Requirement 1 Text"
Werification Method = Inspection
Verification Status = In Progress

T
averifys |
I
|

«Verification Activitys
Demonstration
T

|«ref|ne»

«artifacts B
Evidence

1% Los Alamos
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va erifys

|
«Verfication Activitys
Ins pection

I
arefines

W
eartifacts O
Ins pection Report(s)

«allocates

Arrow Methodology

- — — — —>Component3

|<callocate»

«blocks

I p2

| asatisfy»
|

v

«Test Requirements
Core Requirement 11
d="
Text = "Component 3 shall
be capable of receiving a
TBD signal "

7
| averifys

«Verification Reguirements
Verification Requirement 2

Id="14"

Text = "VR Requirement 2 Text"
Verification Method = Test
Verification Status = In Progress

7N
| e erify»
I
I

«Verification Activitys
Test

|«refme:o

wartfacts D
Test Report

Verify verification
requirements with
activities

The artifact is the

concrete evidence
for the verification
activity

Verification activity
allocates to a
block

Stereotype Legend
] Test Reguirement
[] Verification Requirement
[ ] Artifact
[ Verification Activity




 ldentifying Core Requirements

«extendedRequirement»
Physics Requirement 2.2

Id = "47"
source = "Source 1 (Section

Stereotype Legend
[] Test Requirement
E] Customer Requirement

«extendedRequirement»
Physics Requirem ent 4.6

2.2)"

Text = "The test assembly
needs to be climate

n .*“
controlled. .:rﬁ',
7 7
| «deriveReqt» | «deriveReqts

«Test Requirement»
Test Requirement A

Id = "58"

Text = "The temperature of
the test assembly shall be
maintained at XX degrees
Celsius +/- X with a humidity
of less than XX%."

« | Core requirements-identified as being consistent

Id="61"

source = "Source 1 (Section
4.6)"

Text = "Component 4 needs
to be made of material TBD."

«Test Requirement»
Core Requirement 3

P
7R

| «deriveReqt»

«extendedRequirement»
Test Facility Requirem ent
4.5

Id="52"

source = "Source 1 (Section
4 5)"

Text = "The test assembly
shall be fully contained.”

i

ederiveReqt»

Id=""

Text = "The test
components and assemblies
shall be stored, transported,
assembled and fired in a
climate controlled
environment "

«Test Requirement»
Test Requirement B

«Test Requirement»
Core Requirement 1

Id = "59"

Text = "The material of
Component 4 shall be TBD
per material specification

|d = "

Text = "The test assembly shall
fit inside a XX ft containment
vessel| for execution."

throughout a test series

 Core requirements form aframework of requirements for
the test series

<
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* Developing Verification Requirements

req [Model] Test1 Requirements Model[ Test! Requirements1 ])

«extendedRequirement»
Stakeholder Requirement
22

D Test Requirement

2.2)"

needs to be climate

Text = "The test assembly

Stereotype Legend

«extendedRequirement»
Stakeholder Requirem ent

Text = "Component 4 needs
to be made of material TBD."

«extendedRequirement»
Stakeholder Requirem ent
6.0

Id = "g2"

- [ verification Requrement :};r;iﬂi "Source 1 {Section SLIEE = "SONEST) (FEeil Is?]ljr::?j "Source 1 (Section
source = "Source 1 (Section B o B
( [ customer Requirement 4.6)" 6.0) 45)"

Text = "All components must
be marked with a unique
identifier.”

«extendedRequirement»
Stakeholder Requirement
4.5

Text = "The test assembly
shall be fully contained.”

controlled " T
N A |«derweReqt» ™
|«deriveReqts | ederiveReqts | | «deriveReqts «deriveRegty
p— ' = ' | s
& Teslt REL ) sl REG =) «Test Requirement» «Test Requirement» «Test Requirement»

Test Requirement A

Core Requirement 3

Id = "58"

Text = "The temperature of
the test assembly shall be
maintained at XX degrees
Celcius +/- X with a humidity
of less than XX%."

Id=""

Text = "The test
components and assemblies
shall be stored, transported,
assembled and fired in a
climate controlled

Test Requirement B

Id = "59"

Text = "The material of
Component 4 shall be TBD
per material specification
XX

™

Test Requirement C

Core Requirement 1

Id = "60"

Text = "ldentifying markings
on all component shall
conform to TBD."

d="
Text = "The test assembly shall fit
inside a XX ft containment vessel
for execution.”

7r
|

E4 )
7 |

™ environment. N

™ ~ averify» |
N

-
averify» averify» . l«ver'rfy»

| wverify» 7

| averify»

«Verification Requirement»
Verification Requirement 4

«Verification Requirement»
Verification Requirem ent 2

Id ="12"

Text = "VR Requirement 4 Text"
Verification Method = Demonstration
Verification Status = In Progress

Id="14"

Text = "VR Reguirement 2 Text"
Verification Method = Test
Verification Status = In Progress

Los Alamos

NATIONAL LABORATORY
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~ | e

«Verification Requirement»
Verification Requirement 1

Id="17"

Text = "VR Reqguirement 1 Text"
Verification Method = Inspection
Verification Status = In Progress

«Verification Requirement»
Verification Requirem ent 4

Id="12"

Text = "VR Requirement 4 Text"
Verification Method = Demonstration
Verification Status = In Progress




 ldentifying Core Requirements

* |

2 Mame

Text

Rationale

<

1

10

1

12

13

58 Test Requirement A

59 Test Requirement B

Core Requirement 1

=]
=]
B &0 Test Requirement C
=]
=]

Core Requirement 2

E Core Requirement 3

E Core Requirement 4

E Core Requirement 5

H Core Requirement &
E Core Requirement 7
E Core Requirement 8
E Core Requirement @

H Core Requirement 10

Los Alamos

NATIONAL LABORATORY

The temperature of the test assembly shall
be maintained at XX degrees Celcius +/- X
with a humidity of less than XX%.

The material of Component 4 shall be TBD
per material specification XX

Identifying markings on all component
shall conform to TED.

The test assembly shall fit inside a XX ft
containment vessel for execution.

The test assembly shall utilize diagnostics
to measure dynamic motion,

The test compenents and assemnblies shall
be stored, transported, assembled and
fired in a climate contrelled environment.

Inspection reports for all subassemblies
and assemblies shall be provided to the
lead physicist and test engineer for
acceptance prior to test execution,

Diagnestic data shall be provided to the
lead physicist within XX months of the test
execution.

The radiographs shall be analyzed and
provided to the lead physicist within XX
months of the test execution,

The test assembly shall utilize diagnostics
to measure shock propogation.

An as-built record of the test assembly
shall be provided to the lead physicist and
test engineer,

Inspection reperts for all components,shall
be provided to the lead physicist and test
engineer for acceptance prior to assembly.

Component 1 shall interface with
Component 2,

Test Requirement A
Rationale

Test Requirement B
Rationale

Test Requirement C
Rationale

Core Requirement 1
Rationale

Core Requirement 2
Rationale

Core Requirement 3
Rationale

Core Requirement 4
Raticnale

Core Requirement 5
Rationale

Core Requirement &
Rationale

Core Requirement 7
Rationale

Core Requirement 8
Rationale

Core Requirement 9
Rationale

Core Requirement 10
Rationale

Core
requirements
identified as
being consistent
reguirements
throughout a test
series

Core
reguirements
would be used In
each test model



* Relation Map To Show Traceabilit

4[El148 Stakeholder Requirement 3.3 8—E Core Requirement 7 &

,m:ﬁil Stakeholder Requirement 3.5 & & Core Requirsment 6 B———

~ & Core Requirement 4 B——"
y 1

4[E51 Stakeholder Requirement 4.4 E—

~ECore Requirement 3 @————_

[ Stakeholder Requirements B4

~[E52 Stakeholder Requirement 45 & Requirement 1 E!\

\

61 Stakeholder Requirement 46 & E359 Test Requirement B B—=

[E 54 Stakeho

der Requirement 5.0 &

Bl Core Requirement 8 B——"_

P a 12 Verification Requirement 4 &

[® Diagnostics

~ =8 Core Requirement 7 Rationale

- & 15 Werification Requirement 3 &

re Requirement 6 Rationale

- 12 Werification Requirement 4 2

Requirement 4 Rationale

ﬂl‘

12 Werification Requirement 4 &

re Requirement 9 Rationale

[RI7 Requirement D @

B Test Assembly B—

g 17 Verification Requirement 1 &

N5 12 verific

1=

ion Requirement 4 &

Core Requirement 1 Rationale

- & 17 Vaiific

= =R Test Re

ion Requirement 1 2

ement B Rationale

- & 12 Werification Requirement 4 &

lequirement 8 Rationale

E Demaonstration

Legend
&8 Analysis Derived
Owned Element
Satisfy
&3 Demonstration Verify

E Demaonstration

= =5 Requirement O rationale

Component 4 & = [ component 9 : Component 9

mponent 5
= Component 6 B
~BEl Component 7

« B Component 8
rmponent 9
=B Component 10
~ [® Diagnostic

= [ component 10 : Component 10 [1]

*[E subassembly 1 : Subassembly 1 [1]
Subassembly 2 [1]
*[# subassembly 3 : Subassembly 3 [1]
“[® subasserbly 4 : Subassembly 4 [1]
Y=z

@3 Inspection

“[# subassembly 2

8 Demonstration

&3 Inspaction

E Demaonstration

« Can generate views.that show the complete traceability

through all tests within a test series

1% Los Alamos
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Future Model Validation

erequirement»

«ORCUS_AtlLeastOneRelationship» : «blocks
- wsatisfyn

Id = "4
Text=""

@

\
o T

~

n
| arequirements

,

L
(=%

Id ="g"
Text ="

.,

-3

in!

B

I

B =

— ORCUS Suggested Compliance Actions A

Rule: " Compliance Actions

CREATE INCOMING relationship of type: Satisfy with stereotypes <<Satisfy=> FROM Block with el - —
stereotypes <<Block=> TO Requirement S
‘ Ignore Close
%) Los Alamos
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