on B

f\ 34" Annual INCOSE 2 [y B T
international symposium o L L . N
I o S WIS 1T ar e ——— - —
hybrid event e e e L | A 4
irfn; e

Vi Dublin, Ireland 3 iy BB
vy July 2 - 6, 2024 e = &

Modeling NASA's Proceural Requirement
Processes — Implications for a Digital Future

Terry R. Hill - HQ OCE / NASA'’s Digital Engineering Program Manager
Trish Nicoli — Kennedy Space Center

Steven Cornford - HQ OSMA

Rob Morgenstern — Goddard Space Flight Center  pgvid Chiras — ARES

| Patrick Barnes — ASRC
Josh Bendig — Jet Propulsion Lab

www.incose.org/symp2024 #INCOSEIS



BACKGROUND

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 2



The “4-Layer Cake” Analysis for Identification of Digital Transformation
Opportunities

Developed by the Office of Chief Engineer’s Digital Engineering Leadership Team Architectural

e

Domain (NASA Engineering, Teaming, Roles & Responsibilities, etc.) ' .l.

/Elements

[/

Roles & Responsibilities (Stakeholders, Customers, Teaming, PM,
etc.) .
Domain Business Rhythm — value chain /

External Standards (Design & Construction, Interoperability, etc.) Business Collaboration &

Organizational ConOps

NASA Processes (NPRs & NPDs) with:

Specific Center governance/policies & Center standards

Monitoring and control processes (Meetings & Milestone reviews)
Specific Engineering Capabilities (Specific workforce [with knowledge,
skills and abilities], Facilities, Tools & Methods)

Domain Processes (NASA Processes) R —
T —

Domain Data, Systems, and Models (Data Construct)

PLM methodology, SysML/UML models, SQL databases, etc.

State machines to define state-based behavior, requirement traceability.
Operation & Performance Simulations.

Digital Twin which represent physical assets.
Structured data, and associated System Governance
Data Constructs which house/manage data and information, and automate processes.

Infrastructure / Tools / Digital Flows

» Tools used to create, capture, utilize Data / information.
* Specific Engineering Software Tools

* Up-time requirements
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NPDs and NPRs: NASA Guidance

bdd [Package] Appendix C. Document Tree [ Figure C-1 Flowdown of Reguirements Through the Document Tree ])

NASA’s success has been built upon well-established
policies and procedures that evolved from best
practices and lessons learned

— NASA Policy Directive (NPD)
*  Provides broad vision and goals
* Intended as guidance
—  NASA Procedural Requirements (NPR)
*  High-level implementation guidance for the workforce

Provides guidelines on how work should be performed

Aligns with the Organizational Structure

— Programmatic Authority
—  Technical Authority
—  Institutional Authority

Modeling effort focused on Program/Project Management,
Systems Engineering, and Safety and Mission Assurance

«Doc «Doc «Doc
NPD-1000.0 NPD-1000.3 NPD-1000.5
T
________ i  ___
[ ' [ I [
I L\ v L\
«Doc Metadata» | «Doc Metadata» «Doc Metadat: ission Support
NPD-7120.4 | NPD-8700.1 NPD-8900.1
| | | | |
W W W W W
Engineering and Program and Project OSMA Directives OCHMO Directives Support Organization
Related Directives Management Directives
Directives
X Safety and Mission . .
Engineering Requirements pmg,ﬂnr/pm]gd Assurance HeaRIth and Medtlcal v.‘so Fu:cﬂor:al

Management/Requirements Requifements equinements equirgments

T

| | | |

v I | v

Mission Directorat | | Center Engineering and
RS aectorate Management Policies and
Programmatic | | Practices
Requirements
| |
______ R Ny
W

Program Plan ‘| Project Plan "
)




. BREAKIT DOWN TO THE DATA & INFORMATION LEVEL
AP P ROAC H « WHERE DECISIONS ARE MADE

¢ Integrate PM,

§E&I, and SMA * Capture Insights STy
into one model e Resolve -
. . . * Interoperability
* Establish Discrepancies o
commonality « Stakeholder Views . glmp If\ll'
* Model the * Plan Execution - sitEanline
lifecycle

Common
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Parsing and Patterns

°
2.8.1{The Chief, SMA|[is responsible fof| advising the JAdministratorj and other senior officials o
mafters related {0 Iisk, safety, and mission success and [serves as fhe lead SMA TA] To
independent oversight ol programs and projects|in support of salety and mission success]the
Chief, SMAlis responsible for}
An A £
— - n Actor/actor’s part
o = i Things being done
ife Cycle
tyf:e Phase Things produced
have .
ool . Assigned
roduc!
produces occusn Creates/Results In
T Activity
°

Simple pattern focused on:

Allocating Roles to Responsibilities
Equating responsibilities into activities
Inputs/output of activities are the data/product

Putting them together visualizes the overall
process

Ability to produce human and machine
readable from a single source

Machine-verification rules used to verify parsing
and completeness

Human verification of format/layout

Additional views added to enable humans to
verify parsing



Model Structure

Multiple documents are integrated into one

common model

e Area 1: Views and Metrics

e Area2: Common

documents

e Area 3: Modeled Documents

« Area 4: Documentation that hasn’t been modeled

Reference material
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What is exposed from the model during reviews

Terms or data items that are used in multiple

Contains text, activities, requirements, etc.

=

\

Area y

(w)

T PP

www.incose.org/symp2024 #INCOSEIS

[ Analysis and Metrics
k1 Common

Model

|
3 _MMSSync__
3 0 Views

@ Area
[ Data Items

[ Generalized Business Requirements
[ Lifecycle Activities

[ Lifecycle Phases

3 Operational Areas

[3 Organizations

[ Program-Project Types

[ Requirement Levels

3 Roles

[ SE Engine Processes

[ Terms

& 00 Start Here Common View

[ Experimental
#—-[] NASA NPR-7120_7123_8705 Analysis View
[ NASA NPR-7123.1
#—[] Other

=-[7] Standards

£ NPR-7120.5F
£ NPR-7120.8 A
B3 NPR-7123.1 rea
3 NPR-8705.2
[ 8705.4 Backup and NonPDF
[ NPR 8705.4 - Doc Info
5 Appendix A Definitions
3 Appendix B Acronyms
3 Appendix C Risk Classification Considerations for Class A - Class D NASA Missions and Instruments
[ Appendix D Program and Project Safety and Mission Assurance Objectives for Class A - Class D
[ Appendix E Assurance Implementation Matrix
3 Appendix F References
3 Chapter 1. Introduction
[ Chapter 2 Roles and Responsibilities
3 2.1 Mission Directorate Associate Administrator
£ 2.2 NASA Project Manager
. Relations
[E 8705.4-6 2.2.1a
[E 8705.4-7 2.2.1b
[E 8705.4-8 2.2.2
€8 2.2.1a. Establishing, documenting, and executing the project’s SMA(context Project Manager)
€8 2.2.1b. Reporting execution status of the project’s detailed implementation of assurance standards
€8 2.2.2 Revert back to PM(context Project Manager)
3 2.3 The Chief Safety and Mission Assurance
£3 2.4 The Chief Engineer
3 2.5 Project-Level SMA Technical Authority
B[ Chapter 3 Risk Classification Process and Related SMA Implementation
B[ NPR 8705.4 - Doc Required |
B[ Preface
£ NPR-8705.4 START HERE
L NPR-8705.4 Task List

[ NPR-8705.4

-5

THFHF-E

Area

B[ Other Standards (not modeled)

™ All Standards

—g Standards

- The Capability Maturity Model Integration (CMMI) ® Model



B.

g
#

Analysis Process f,
\)

L

] Authorities
H
] Decision Authority -

2 waivers Exceptions an--

=] Technology Developme--
R

] Performance -]

=] Integration and Produc-—
B Logistics —mrmrmmermrmessesen

=] Implementation -

P —
[ Human Rating -

=] ConOps | Concept -~

] Acquisition/Contracts— [
] Assurance - E

EHr
=
=
=
= s

?-I‘_‘]Comon
- [] Policies, Directives and Standards

2.1.3.1 A8 with programs, projects vary in scope @nd complexity and thus require varying Ievels. of. Data PrOd.u Ct . Ab I t t t d t t d t
it req and Agency onsequently, project categorization C h a ra Cte rlzatl o n | | y 0 ag a a | e m S a n Crea e

defines Agency i of project by determi= B8R the oversight council and the .
alternate views of the textual data.

specific approval requirements. Projects are Category 1, 2, of 3 and SHSIlBEassighed to a category Pased
initially on: (1) the project life-cycle cost (LCC) estimate, the inclusion of SiGlflcant radioactive material 3 ,
and whether BE not the system being developed is for human space flight; and (2) the priority level, [iligh
is related to the importance of the activity to NASA, the extent ofinternational participation (9f joint effort
with BHBE government agencies), the HEGEEE of uncertaintysurrounding the application of new BE untested
technologies, and spacecraft/payload development risk classification. (See NPR 8705.4, Risk Classification
for NASA Pay .) Guidelines for ining project categorization SF€ISAOWN in Table 2-1, but
categorization i@l be changed B&88d on recommendations by the Mission Director;
Administrator (MDAA), [l considers additional risk factors facing the project. Pr
operations @hd production, [EIUEIRY integration of EABEBIEY upgrades, with an
point BFelassigned to Category 1 unless otherwise agreed to by the Decision Au
b 8nd Section 2.4.1.6.) The NASA Associate Administrator (AA) approves the final
The project category [Slidefified in the Formulation Authorization Document (FAD
in the KDP B Decision Memorandum. The Office of the Chief Financial O
the official listing of NASA programs ojects. 4 For purposes of project categorization,
the project LCC estimate includes phases A through F &ll work Breakdown Structure (WBS) Level 2

elements and [Sifiéasiired in real-year (nominal) dollars.

Requirement Parsing allowed for use of COTS

: 2 I
¢ H H
H = e
: : :

3 4

Quality requirement quality tool that

(Similarity Threshold: 75%)

Exploration highlighted issues quickly

Explored overlapping processes,

Summary Example — NPR 7120.5 2.1.3.1 @ Integrate terminology inconsistencies, and
oot Processes and stakeholder interpretations

One shall requirement appiicable to

+ One “is responsible for" statement E I U t' I A t'

— Data/Deliverables Items Xp 0 re I IZa |O n
« 10+ inputs (yellow)
* 1 output — project categorization
+ Documented in 4 Delverables (orange)

- to 5 Roles (green)
« Assume project
+ Requirement owned by OCE

— References 2 different NPRs and 2 items within this NPR

+ Analysi: ing (Di: ies & Concerns)
- i use of terms (LCC estimate, WBSL2 elements)

TSN Nuwhe Pt Sary. — Data inputs
T o oot 0T RO e s e Vs +  Priority level only impacts projects that are less than $365M
AR s EUTSImt w— + NPR cal outs add additional requirements (~30)
— - - Data outputs/consistency/traceability
T + WBS Structure and Project Categorization needed in Project Plan
wc>us, — Roles/requirements/activities that are buried in the text or .
Priocy Level | LCC<S365M | SISMSLCCSS2B | radionsive mebria. matrices in the appendices 2 6 J u ly 2024
-"-;:—* - i i to Easy Appi to i g
- Syntax (EARS) i
o T ———— I (EARS) o5 www.incose.org/symp2024 #INCOSEIS
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Assess Lifecycles

NASA currently has numerous lifecycles

Data-centric views allow for assessment of:
Complexity vs. Flexibility

— Codified vs. Guidance
— Traceability to Centers vs. Program/Project

Missing details/allocations

ecommendations for changes based on:
Accuracy and consistency

— Efficiency
— Risk management

Data patterns and trends

Enable attribute-based customizations
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Data-Centric Views of Common ltems

Roles & Responsibilities

Consistent terminology across all Role expectations are consistent across all Integrated data-centric views are
processes. Method for extending processes. Views created based on roles. tailorable and directly inform
definitions. decisions.
(J @ (J

[ J [ J
References Data/Deliverable Hierarchy Requirements
Defined metadata necessary for Deliverables are broken into the required Defined metamodel which breaks text
reference data. References are current data elements which allows for re-use and into data elements and process flows
and linked. traceability. allows orchestration of large/complex

processes.
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Document-Centric to Data-Centric Milestone
Reviews
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Data-Centric Review Process Pattern

Readiness:
Evaluate Evaluate Decision
against Conduct against o
Entrance Review Sugce§ S Proceed
Criteria

Criteria

Data/Deliverable Accurate data Data from various Evaluations rely Risk-informed
hierarchy and collection and source can be on data and decisions are
consistent management integrated and information, made
terminology along ensure the datais  standardized into increasing

with consistent available and at views for various objectivity

processes make the appropriate Stakeholders

this easier to maturity Allows the ability to

produce drill into available

data/information
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Summary
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Digital Engineering — Next Steps

Continue to Simplify
& Streamline

Data-centric views that focus Process \ ’ Data-centric views to focus on ‘
Model

Integrate and align y Organizational Familiarization of data-centric
input/outputs Model views and models
~—
~——

\ Data-centric views that support design, ‘
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Questions?
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Points of Contact:

Patrica Nicoli
patricia.e.nicoli@nasa.gov

Terry R. Hill
terry.hill-1@nasa.qov
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