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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

Mission MissMission Assurance Standards and Capabilities Division
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Safety (Assu ance) Case 
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Broad Adoption

Mission MissMission Assurance Standards and Capabilities Division
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Definitions and Shaping Concepts

Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000

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”

“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.”



7

Conceptual Illustration
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Goal/ 
Objective #1

Assurance Case can apply to additional system attributes 
beyond just safety

Strategy 
#1

Strategy 
#N

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-•-• - I 

-•-•-• 

•-•-•-•-

} A,g"m,m '''"""" 
} A,g"m,m '""""" 

Evidence 
Sub-claim Evidence Evidence 

Structured argument



SMA Digital Future – Objectives Hierarchy/Assurance Case FrameworkSMA Digital Future – Objectives 
Hierarchy/Assurance Case FrameworkObjectives 

Hierarchy
Objective 

Driven Reqts
&

Accepted 
STDs

APPG AIM & SMA Plan 
Generation

(part of Project Plan)
INITIAL Assurance Case 

Argument

OPERATIONAL 
Assurance 

Case

Design Assurance Case I&T Assurance Case Implementation Assurance Case

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

• 

L... 1 
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Other NASA 
Building Blocks 
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R&M Objectives Hierarchy and Assurance Cases

Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000

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.

System conforms to design intent and performs as planned

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

Etc.L ___________ _ 
- - -

OSMA 
OFACE OF SAFETY & MISSION ASSURANCE 

---

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

- - - - -· 
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Other SMA/S&MS Objectives Hierarchy and Assurance Case Applications

Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000

Hardware Quality AssuranceGoal Structuring Notation in a 
Radiation Hardening Assurance Case for COTS-Based Spacecraft 

Arthur Witu/ski, Rebekah Austin, John Evans 1, Nag Mahadevan, Gabor Karsai, 
Brian Sierawski, Ken LaBe/2, Robert Reed 

Vanderbi lt University 
Institute for Space and Defense Electronics 

1025 16th Av. S. Nashville, TN 37212 
arthur.f .witulski@vanderbilt.edu 

FPF2006and FPf2007 are 
aimlw enough thlt the 
SEL IH U lta flOm f Pf2007 
can be used for FPF2006. 

Goal:1 

System remains 
r111ct10nalfor1,.e11ded 

bfetime. env1rorwnent, 
operating condrnon1 and 
UugD (NASA R&M), 

5l~legy:2A 

Unden1and failu re 

mec.h1n11m1, ehminote 
and orcont1olla1lu~ 
cau1e1, degradalionand 
conwnon cause fa11u re1, 
and hm11ta1lure 

01opaga11on to reauce 
l,kehhood of fa1l1.We 10 an 

acceptable level {NASA 

R&M). 

Go&l:2.A.1 

Sy11em and 111 elementl 
•e designed to withstand 
nornmal and extreme 
IOada and 1trH1H 
(rad1allon)fo1 lhel!feof 
the fflllllOO (NASA R&M) 

St111tcuy:2.A.1,0 

Petformqualrfication 
1est1ng 10 11erify dH~n 

for 1ntendeduse(NASA 
R&M). 

Goat:2.A.1.D.1 Goal:2.A.1.A.2 

Lead Stwra:h 1(FPf2006) 

PHlff SEL muion 
requuement. 

Solut10n 

Load S'olottch 2{FPf2123) 
p.111es SEL ITllltlOn 

te,:pJ1rement. 

Solu~n 

1NASA HQ, Office of Safety and 
Mission Assurance 

2NASA Goddard Space Flight Center 
Bldg 22, Room 050 Code 561 

Greenbelt, MD 20771 

Ju .. fication 

Only pefformed pro~n 

Intl fOf SEL. HHvy k>n 
teab weic not perlotmed 
bee.lute the heavy ion 
envilonmenl does not 

sigrlficantly contnbute to 
the mission envilonmenl. 

MiHt0n c.on111111n11 on 
budget also limted the 

amount of letting. 

Retorts from IUCF: No 
latch-up teen on FPf2007 

up to 1e10 (picm2) 

pro~na. 

Results fmm IUCF: No 

latch-up teen on FPF2123 

up to 1e1 1 (plcm2) 
ptoto ... 

Code Na me 

QAOl o,A. f'l'"<>c1•m ~tr•t•ry: on<'! Fo<rnd•t i:o,.. 
G,AOl.1 QA Program FoundatiOfl 
G,AOl.,. .,, - .. ..., - -
~ Ontology • Data Structures • Data Acqui 

QA03. O,usol ity OotaM•n•~•mont ond Rtwrd, Mli n'lpminl 
QA04 l>4$l1n for Quonty 
G,A04 1 Desi5n, Construction, Verification 5pecifications 

G,A04 2 F!equ irements Control, 

G,A04 3 Design Review Considerations 

G,A04 4 Tech nica I Standard, baSRline 

G,AOU Desisn V.:,lidation 

QA05- NASA A<la<rloit f:oM • ncl SCRM 
OAOS 1 QM5 PUA Process 

G,AOS 2 Pre-Procurement 

G,AOS.3 Con t r.:,ct Preparation 

G,AOS 4 Crosscutting Concerns and OMS 5urvei Ila nee Post 
Procuremen t 

G,AOS.~ Quality Implemen tation Plan (developer) 

QAOfj, Produ<ti<>n Rnoinuo 
G,A06 1 Production F!e.:,di roes, Genera I 

G,A06 2 QMS Conforman«> wi th .0,59100 

ClA07 Produet1o:nQuollty Attt1ra n,,. 

Q,\07.1 Fl rst Parrv Conuols 

Q,\07.2 Second-partv Qo\ 

QA08 lln.t .. ,rotlo:n ol'ld Tf!;I 

QA09 NASA l'irod'1ct A«-•Pl• .... PrOt'O$$ • ml o.ta, 
ClA10 l.au neh ol'ld Ml••l,onOp,.,a:ttan~ 
Q,AJ,1 Ri4kMo ... amont 
QAll.l Riik Management ~neral 

CI.AlU Review Boards 

CI.All.3 CorrKtive Action Fl€'Cluest 
QA114 ,elf ~,..,.,menl 

Q.All ,5 ,u pplier desi;in or process ch.:, nge risk mi ti11ation 

siti on • Oatai Sharing • Populating Models • Unders tanding the State of the System 

~ 

9.awllrFHl.~ ~~ ~lOwk,-C..lllQll(fl 
PlrtJ..I~~ PrtieMl.uofPru>uJII Cool"iwdPiOOINc«ndl 

CDII '1ll< KDPC 

NPR 873 5.2C QA Policy Ontology (draft): 

.:, ~400 Limbs, branches, and leaves; 11 "limbs" are main QA process elements 

.:, Designed for associating data: requirements, results, records 

.:, NASA mission lifecyde order 

Etc. Etc.
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Extending Objectives Hierarchies not only to other 
SMA Discipline Areas, but to our Aligned Set of 

NPD 8700 Top Objectives

Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000

• 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.  

NASA SMA Disciplines 

Aviation Safety Institutional Safety NASA Advisories and 

GIDEP 
Construction Safety Lifting Devices and 

and Fall Protection Equipment Nondestructive 

Evaluation 
EEE Parts Mechanical Systems 

Assurance NSRS 
Electrical Safety 

Meteoroid Nuclear Flight 
Explosives and SMSR 

Environment Safety 
Pyrotechnics Safety 

Metrology and Orbital Debris 
Facility System 

Calibration 
Safety Payload Safety 

Fire Protection 
Mishap Investigation 

Planetary Management 

Model-Based Protection 
Human Factors System Safety 

Mission Assurance 

Human Rating 
Pressure Systems 

Workmanship 

Quality 
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Policy Enabled - Integrated Objectives Hierarchy
On-Ramp for SMA Interoperability

SMA’s Policies and STDs

SMA STANDARDS

SMA’s Objectives Hierarchy

8700
Obj 1 Obj 2 Obj 3

8705.4 8705.2
Obj 1  ……………………….  Obj N Obj 1  ……………………….  Obj N

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

Supporting STDs and NPRs

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

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

Activities and Supporting Evidence

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

Aircraft 
Ops Management 

NPD 7900.4• 

Aircraft 
Ops Management 

NPD 7900.3* 

Mishap lnvest1gat1on 
NPR86211 

Alert Sharing 
NPR8735 1 

Audits 
and Assessments 

NPR8705 6 

Policy for S&MS 
NPD8700 1 

1000 0 
NASA Governance 

1000 3 
NASA Organization 

--------

lnst1tut1onal Safety 
NPR8715 1 

[ !_ 

Risk Management 
NPR 8000 4 

Quahty Assurance 
NPR 8735 2 

General 
Safety Program 

NPR 8715 3 

Payload 
Risk Class1ficatmn 

NPR8705 4 
--------

Range Safety 
NPR8715 5 

Nuclear Flight Safety 
NPR 8715 x 

Payload Safety 
NPR8715 7 

Human Ratmg 
NPR8705 2 

--------

Orbrtal Debns 
M1t1gat1on 
NPR8715 6 

Planetary Protection 
NPR8715 24/129 

7120 .4 
Pr/Pr Management Policy 

7120.5 
Flight Pr/pr Management 

7120 8 
R& T Pr/pr Management 

7123 1 
Systems Engineering 

7150 2 
Software Engineering 



Automated Project Plan Generator (APPG) Engine
Repeatable, SME-curated, 
OSMA-endorsed 
recommendations on demand

OJT: Learn as tool is used

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

Authoritative Source 
traceable to OSMA 
Policy

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

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

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

SMADATA 
Prescri bed Objective Achievement 

Prescribed Action/Process 

Standard item descriptions: LCR 
deliverables, contract clauses, 
met rics/indicators 

Variety of instances of each e.g., for sio.5 .'l

variables, regulatory conditions, acquisition 
strategy, etc. Stored in a relational database 

Logic Fragments 

Assigns data relationships 
and filters 

Automated Project Plan Generator Curated 

structured SMA 

data set 
(APPG) 

Engine 

SMA Outputs 

SMAP 

RFP/ Contract Clauses 
DIDs and LCR deliverables 

M etrics and Indicators 
Crit er ia for SMS Case 

APPG Plan Customizer: 
User-driven customization 

(tailoring) of the data set 

Display or port to 

.docx, .xlsx, .ppt, etc. 

Relate to other 
data sets 

-:: ·:-. 



APPG in a larger Context 
(Evolving)

Update/ 
Edit 

Defaults

Other Data 
Sources and 

Archives

NPR/NPR 
Implementation 

and Tailoring 
(eg. 7120.5, 

7123.1 and 87xx) 

Project/ Program 
Specific Content Directly ingestable products

SMA Default 
Content

Enterprise and 
Domain “Logic 

Fragments”

Update/ 
Edit 

Defaults

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

APPG 
Engine

Update/  
Edit 

Defaults

UseCases/ Products

HQA Clauses
subSMAP

AIM
SMAP

TBD1
TBD2

TBD3

Tailored,
Traceable
Products

Other 
Tools

User Editable 
pdf, Word, 

TBD

-



Assurance Case Framework: Objectives Driven 
Requirements, Accepted STDs, and Evidence
NPD 8700

Establish Top Level 
Objectives

NPR 8705
Establish Mid Level 

Objectives (AIM, SMAP)
(Mission Driven Use of 

Accepted STDs)

Sub NPRs / STDs
Establish Lower Level

Objectives and  
Evidence Reqts

OPERATIONAL Assurance 
Case

AIM and SMAP – KEY Elements for Planning and Execution

Architecting: Establish Assurance Case Framework 
over the entire lifecycle

(Formulation/Planning through Launch/Operations)

Claim

GAP Risk

V&V Top Level 
Objectives

(vs NPD 8700)

V&V Mid Level 
Objectives

vs Project AIM/SMAP
(Tailored Standards 

Application)

Assurance Case Framework: Objectives Driven Requirements, Accepted STDs, and Evidence 

t 

t 

t 

Lower-level 
Integration and V&V 

(Evidence Claims, 
Issues, Risks)



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

Objectives 
Driven
Requirements/
Accepted STDs

Adopting 
SMA 

Directives / 
Standards for 

Greater 
Agility/

Effectiveness

Assurance 
Implementation Matrix 
(AIM)

Project Customization
Agility and Innovation

Tailorable Safety & 
Mission Assurance 

Plans (SMAP)
Initial Assurance Case 

Argument

SMA “Assurance Case”  Supported 
Reviews

MCR 
View

CSO, IA, and LCR/KDP 
Reviewer Views

FRR 
View

2way 
“Synch”!

2way 
“Synch”!

  

NASA 
life•Cycle 
Phases 

• Life.cycle Criteria Defined 
to Support Objectives 

Continuous Risk 
Management 

Safety 
View1

R&M 
View1

OSMA Discipline 
Management and 
Tracking Views
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InteroperabilityNational Aeronautics and Space 
Administration

www.nasa.gov

Authoritative Source 
of Truth

Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000

Everyone has a Seat at the TABLE 

Tech Authority 
1: OCE 

Tech Authority 
2: OSMA 

Mission 
Directorate(s) 

Tech Authority 
3: CHMO 

PMs 

I 

: Data Discoverability 
(FAIR) 

Systems- of - Systems 
Modeling Framework 

------------------------------

Contracts 

I Financial I 

Human Capital 
Mgmt 

Facilities 
Mgmt 

~--------' 

I PP&C I 



Knowledge vs Influence Curve
SMA Impact on “Critical Decision Making”

21

National Aeronautics and Space 
Administration

www.nasa.gov

• .,,.,• !" 

I 

,. m r 1m/ ··Ol . . tlm. · 

•' 
~· • 

r .. 
;a stat 

~ ... . 

l 

" ... 
~ 

r• .. . 

~-----------------r-- ~ rAS~ Mission MissMission Assurance Standards and Capabilities Division
OSMA HQ-GD000



Evolving SMA Digital Transformation Roadmap
Support Critical 

Decision 
Making

Focus Area 1: 
Product 

Evolution

Focus Area 2: 
Domain 

Representation, 
Digital Twin/Thread

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

Contextualization 
3. Maximize Efficiency

Focus Area 3: 
Policy 

Evolution

Focus Area 4: 
Outreach and 

Training

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

LEGEND
Completed
SMA-2022/23 InProgress

DT-In Progress
Research Needed

SMA- 2023 Start

• 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) MASTER 4.15.22
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SMA Transformational Activities and
Emerging Benefits
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