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• What do we mean by Safety and Assurance Cases
• Descriptions 
• Broad Adoption
• Definitions and Shaping Concepts
• Conceptual Illustration 

• Other NASA Building Blocks
• R&M GSN/Objectives Hierarchy Application
• NASA and VU GSN Application to Radiation Assurance Case (SEAM)
• QA Ontology Framework
• Objectives-driven, case-assured approach, S&MS Approach

• OSMA’s Emerging Digital “Objectives Hierarchy/Assurance 
Case” Framework

• Automated Program Plan Generator (APPG)
• Digital On-Ramp to a NASA Interoperable, Enterprise, Environment 
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Safety (Assurance) Case Descriptions
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Broad Adoption
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Definitions and Shaping Concepts

“The structured arguments are given in a graphical notation called Goal Structuring Notation (GSN), which has elements 
for capturing claims, reasoning strategies, evidence and contextual information. GSN-based arguments have close 
connections to the objective hierarchy's approach promulgated by NASA’s Office of Safety and Mission Assurance.”

NASA System Safety Handbook- Vol 1 (2011), (H. Dezfuli et al) – “The safety case concept has also been extended to apply to 
additional system attributes beyond just safety, resulting in “Assurance Cases” and “Dependability Cases”

Safety Case (reference Wikipedia) – A structured argument, supported by evidence,  intended to justify that a system is 
acceptable safe for a specific application in a specific operating environment.  

Assurance Case (reference “A Short Introduction to Assurance Cases, University of York, 2013) – A reasoned and compelling 
argument, supported by a body of evidence, that a System, Service, or organization will operate as intended for a defined 
application in a defined environment.

New Tool for Developing Safety Assurance Case Arguments (OSMA Article, 2020), (Ewen Denny and Ganesh Pai/ARC’s KBR 
Wyle Services) –
“Traditionally, a safety case is a static thing,” said Denney. “But really, what it should be is an active [framework]you use 
to govern your activities, so you update it when you learn more about….....the effectiveness of your mitigations 
and so on”
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Conceptual Illustration

Structured argument

Assurance Case can apply to additional system attributes 
beyond just safety

Structured arguments can be 
given in a graphical notation 
called Goal Structure Notation 
(GSN).  GSN Based Arguments 
can be linked with an Objectives 
Hierarchy Approach. 

Goal/ 
Objective #N

Strategy 
#1

Strategy 
#N

Goal/ 
Objective #1



Definitions and Shaping Concepts

Design Assurance Case I&T Assurance Case Implementation Assurance Case

APPG AIM & SMA Plan 
Generation

(part of Project Plan)
INITIAL Assurance Case 

Argument

OPERATIONAL 
Assurance 

Case

Assurance Case Evolution 

Objectives 
Hierarchy
Objective 

Driven Reqts
&

Accepted 
STDs

SMA Digital Future – Objectives Hierarchy/Assurance Case Framework

Traditionally, a Safety (Assurance) case is a static thing, but it should be an active document [framework] 

Presenter
Presentation Notes
When combine…..Click for Circles….we create a framework to measure and track progress toward meeting Objectives around a Safe and Successful mission over the project life cycle.
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R&M Objectives Hierarchy and Assurance Cases
An Assurance Case is an organized argument that a system is acceptable for its 
intended use with respect to specified concerns (such as safety, security, correctness)1

(Encompasses other terms: Safety/Dependability/Security Case)

NASA-STD-8729.1A provides a Reliability and Maintainability GSN/Objectives Hierarchy 
showing the top-level concerns while systematically providing more specifics that a 
project will need to address to assure reliability is designed and built into systems

Etc.

This hierarchy is a starting 
point for developing and/or 
reviewing an Assurance 
Case for a system’s reliability

Etc.

System conforms to design intent and performs as planned
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Other SMA/S&MS Objectives Hierarchy and Assurance Case Applications

Etc. Etc.

Hardware Quality Assurance
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Extending Objectives Hierarchies not only to other 
SMA Discipline Areas, but to our Aligned Set of 

NPD 8700 Top Objectives
• SMA/S&MS activities have traditionally 

been planned and addressed via 
individual SMA Disciplines

• Makes these SMA/S&MS activities 
vulnerable to being Siloed.

• Need a Framework to begin Integrating 
various Discipline activities/Objective 
Hierarchies together around a broader 
SMA/S&MS Objectives Hierarchy and 
Assurance Case Framework.  
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Policy Enabled - Integrated Objectives Hierarchy
On-Ramp for SMA Interoperability

SMA STANDARDS

SMA’s Policies and STDs SMA’s Objectives Hierarchy

8700

8705.4 8705.2

Supporting STDs and NPRs

Activities and Supporting Evidence

Obj 1 Obj 2 Obj 3

Obj 1  ……………………….  Obj N

STD 1  ………………  STD 2 ………………………  STD 3  …………………STD N

Obj 1  ……………………….  Obj N

Correlating to the related SMA Discipline Areas 
(e.g., 8705.4A Appendix D , NPR 8705.2, HEOMD-003, others)

Obj 1  …  Obj N Obj 1  …  Obj N Obj 1  …  Obj N Obj 1  …  Obj N

Activity 1  …………………………………………………………………………………………………Activity  N

Presenter
Presentation Notes
Finally, I want to highlight foundation element starting with NPD 8700, and it 3 Top OSMA Objectives, and the Objectives Hierarchy that follow to build an Interoperable Environment for SMA.  This Hierarchical Structure is being used to build an SMA Framework from which information can be digitally integrated and interconnected with other domains (Project Management, Design Engineering, Systems Engineering, etc) using an Objectives-Based Ontology for SMA.The Top 3 8700 objectives (CLICK) are decomposed into the objectives laid out in Appendix D of NPR 8705.4 (which are being expanded as part of Rev B) for Uncrewed missions and those that will be laid out in NPR 8705.2 for Human Rated missionsCLICK – These objectives are then decomposed into supporting NPRs and STDs addressing the different SMA discipline areasCLICK – And These objectives are then decomposed into any lower-level objectives and/or supporting evidence, and so –on and so –on as applicable.



Authoritative Source 
traceable to OSMA 
Policy

Repeatable, SME-curated, 
OSMA-endorsed 
recommendations on demand

Project personnel only 
spend time tailoring, not 
building content from 
the ground up.

Content held as a data set.  
Can be related to other 
data sets and support 
analytics.

Back-end analysis of data 
sets for improvements, 
trends, risk awareness

OJT: Learn as tool is used

Project experts have 
direct access to editing 
(tailoring) capability.

Data architecture can be 
expanded over time: 
attach templates, related 
policy statement*, etc.

Automated Project Plan Generator (APPG) Engine



TBD3
TBD2

TBD1

APPG in a larger Context 
(Evolving)

APPG 
Engine

Update/  
Edit 

Defaults

UseCases/ Products

SMAP Tailored,
Traceable
Products

Enterprise and 
Domain “Logic 

Fragments”

SMA Default 
Content

Update/ 
Edit 

Defaults

Project/ Program 
Specific Content

Update/ 
Edit 

Defaults

Other Data 
Sources and 

Archives

Other 
Tools

LEGEND
Existing Functionality
Currently Partially Populated
Future Plans (FY23+)
Out of Scope

NPR/NPR 
Implementation 

and Tailoring 
(eg. 7120.5, 

7123.1 and 87xx) 

Directly ingestable products

AIM
subSMAP

HQA Clauses

User Editable 
pdf, Word, 

TBD



Definitions and Shaping Concepts

Architecting: Establish Assurance Case Framework 
over the entire lifecycle

(Formulation/Planning through Launch/Operations)

NPR 8705
Establish Mid Level 

Objectives (AIM, SMAP)
(Mission Driven Use of 

Accepted STDs)

NPD 8700
Establish Top Level 

Objectives

OPERATIONAL Assurance 
Case

V&V Mid Level 
Objectives

vs Project AIM/SMAP
(Tailored Standards 

Application)

V&V Top Level 
Objectives

(vs NPD 8700)

AIM and SMAP – KEY Elements for Planning and Execution

Sub NPRs / STDs
Establish Lower Level 

Objectives and  
Evidence Reqts

Claim

GAP Risk

Lower-level 
Integration and V&V 

(Evidence Claims, 
Issues, Risks)

Presenter
Presentation Notes
Here is a little different illustration where we show how Objectives Hierarchy, SMS Assurance Case Framework, etc., emanating from NPD 8700 Is being tied into (integrated) the Agency’s emerging Digital Engineering environment, which is being built upon the Systems V development life cycle process.  (CLICK) The Digital AIM and SMAP, in particular, are at the heart of this integration activity tying mid-level objectives from NPR 8705.2 or NPR 8705.4 to corresponding activities and required evidence needed over Systems V&V lifecycle development.  



Adopting 
SMA 

Directives / 
Standards for 

Greater 
Agility/

Effectiveness

Tailorable Safety & 
Mission Assurance 

Plans (SMAP)
Initial Assurance Case 

Argument

SMA “Assurance Case”  Supported 
Reviews

Safety 
View1

R&M 
View1

OSMA Discipline 
Management and 
Tracking Views

CSO, IA, and LCR/KDP 
Reviewer Views

MCR 
View

FRR 
View

SMA’s Digital Future
Digital Twin enabled Objectives Hierarchy/SMS Assurance Case Framework with Machine-Assisted Planning, 

Machine-Assisted Assurance Case Development, and Machine-Assisted Reviews

Objectives 
Driven
Requirements/
Accepted STDs

Assurance 
Implementation Matrix 
(AIM)

2way 
“Synch”!

2way 
“Synch”!

NPD 8700, NPR 
8705.4, NPR 
8705.2, & 
Accepted STDs 

Project Customization
Agility and Innovation

Presenter
Presentation Notes
Illustrated another Way…………..this is another chart that (hopefully) many of you recall from our past presentations…Foundational Elements:We are enabling Machine-Assisted or Auto AIM and SMAP generation built upon our new Objectives Hierarchy, Objective Driven Reqts and Accepted STDs, to build an SMS Assurance Case Framework  and (Future state) Digital Twin of Program/Project Execution activities.  Machine assisted SMAP enabled by GSNMBMA enables the SMAP to be directly integrated into the System ModelModel Based Views and ReviewsPayoffs include: 1) early Risk indicators, Identification of early issues2) Ability to integrate/utilize other (e.g, commercial) approaches.  3) 2way synch helps eliminate the “N-1 Problem”4) Objectives Driven Requirements.  New 8705.4/Classes5) Increased ability to customize without incurring risk
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Authoritative Source 
of Truth

Interoperability

Presenter
Presentation Notes
The third point I want to me is the NASA and OSMA have embraced the concepted of Interoperability build upon Data-Centric and Model-Based methods.  While many of you have probably heard of Digital Engineering or MBSE, Oother Project and/or Mission Development entities such SMA (Click) need to part of this framework.At the Fundamental Data level, we are in pursuit of the FAIR principle.  Making our data Findable, Accessible, Interoperable, and Reusable (i.e. FAIR)At the next level up, we are in pursuit of Model-Based methods  (i.e., inter/intra-connectivity Modeling) to connect data from different processes to different output products to the custom views needed by different customers/stakeholders as part of an Interoperable Enterprise Environment.
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At the heart of OSMA’s Transformation Vision is the need to eliminate the N – 1 problem.  What do I mean by that…..People often say that many Catastrophes or Near-Catastrophes could have been eliminated if there was earlier and more robust delivery of key reliability/ safety/ risk / hazard related knowledge to Decision-Makers.  My experience in the Safety & Reliability realm is that our delivery of relevant information is often lagging that of design or systems engineering to enable the best or optimal decisions.  For example.Could the issues or human threatening conditions encountered by ISS’s Astronaut Parmitano (i.e., when his Helmet filled up with water in space) have been avoided.  As another example,On a more common basis, could many of the mission cost over-runs experience have been avoided by having earlier access to  supply chain issues, poor quality indicators, reliable reliability estimate characterizations or the lack there-of, etc.  



Evolving SMA Digital Transformation Roadmap

Focus Area 3: 
Policy 

Evolution

Focus Area 1: 
Product 

Evolution

Focus Area 4: 
Outreach and 

Training

Focus Area 2: 
Domain 

Representation, 
Digital Twin/Thread

1. Increased Decision Velocity, 
2. Risk Integration and Robust 

Contextualization 
3. Maximize Efficiency

LEGEND
Completed
SMA-2022/23 InProgress

DT-In Progress
Research Needed

SMA- 2023 Start

Data and 
Tools

Goals and 
Processes

Culture

Agency Data/
Process Model

Insight Mgmt

SMA GSN/AC Integration

APPG – AC

APPEL Updates

DT Training

ASOT/DataActionable Policy 
Templates

SMA Data/Process Model

APPG-
AIM/SMAP

OMG/RAAML
AC Pilots

8705.2/.4

MBMA+ Advisory Board

SATERN/APPEL
Publications

NASA C&C8705.X

Integrated 
SMS Framework

Assisted AIM/
SMAP

SMA Champion

SMA Data Steward

APPG-HQA/R&M

8729.1A (GSN)
8705.4A (AIM)

SMA/DT Virtual
Collaboration Team

Logic
Fragments

SMA Tool Survey

APPEL Training

SPARTA
EDP

8705 Acronyms

MASTER 4.15.22

• AC = Assurance/Safety Case
• AIM = Assurance Implementation matrix
• ANASWA=R&M Logic Fragment Engine
• APPG = Automated Program Plan Generator
• C&C = NSC Content and Collaboration Project
• CRM = Continuous Risk Management
• DT = Digital Transformation
• EDP – Enterprise Data Platform
• FAIR = Findable, Assessable, Interoperable and Reusable
• FMEA=Failure Modes Effects Analysis
• FTA=Fault Tree Analysis
• GSN = Goal Structuring Notation
• HQA = Hardware Quality Assurance
• MB = Model-Based
• MBMA+ = Model-Based Safety and Mission Assurance
• RAAML = Risk Assessment and Modeling Language
• RIDM = Risk Informed Decision Making
• SMA = Safety and Mission Assurance
• SMAP = SMA Plan
• SPARTA=Smart Project and Reviews with Transformative 

Analytics (SPARTA)

Support Critical 
Decision 
Making

Presenter
Presentation Notes
Another other key element is translating our Vision (elimination of the N-1 problem) into a Series of the Top Level Transformational Goals (read…_), from which a Digital Transformation Roadmap can be developed.Our NASA SMA Roadmap is built around 4 evolutionary paths (i.e.,x,x,x,x), all leading to the transformational outcomes being sought.As Yogi Berra once said, if you…….., you may end up somewhere else.
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