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Research Objective

How does the Department of Defense reap the
benefits observed with using agile methods in the
software industry?

Ronald E. Giachetti i 5
May 4, 2023 Slide



System Development Challenges

Traditional plan-driven system developing struggles
with some of the challenges facing programs today

Volatile, Uncertain,
Complex, and Ambiguous
(VUCA) environment

Highly dynamic and
changing requirements
Need capability quick
Technical risk
Software-intensive systems
Complexity
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Systems Engineering
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+ Stakeholder
Requirements + Transition
Daf|nlll|on + Validation

* Requiremen ts + Verification
Analysis i

. * Integration

. Arcl:utecture + Implementation

Design

Technical Management Processes

+ Decision Analysis
« Technical Planning
« Technical Assessment

+ Technical Data Management
- Interface Management

* Requirements Management
+ Risk Management
+ Configuration Management

Enables a balanced approach for delivering capability to the warfighter
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Agile Development

Dissatisfied with overhead and performance of
prevailing methods led to Agile Manifesto

1. Individuals and interactions over
processes and tools <

2. Working software over \
comprehensive documentation

3. Customer collaboration over
contract negotiation \

4. Responding to change over

following a plan 0 s
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Agile Mindset

Agile is a Informed by Put into practice
mindset principles through methods

&\ @3
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Hybrid plan-driven and agile method

Plan-driven

Align budget, schedule, and
resources (e.g., test range)

Top-down design

Long lead-time items (e.q,
submarine parts > 300 days)

Interconnections with other
systems

|dentify needed quality
attributes (-ilities of reliability,
maintainability, ...)

Comply with regulations,
policies, and strategies

Safety critical issues
Ensure traceability
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Agile
lterative and incremental
development of work products

Close and frequent engagement
with stakeholders

Continuous verification

Self-managing teams,
empowerment

Continuous integration

Rapid learning and risk
reduction
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Typical System Development Characteristics

Plan-Driven Agile
performs well performs well
Stable Volatile
Certain <: # Uncertain
Simple Complex
Clear needs > Ambiguous needs

¥

:* Small system

MNot regulated

Large system
Regulatory e
environment N

Mo interconnections
with other systems

Small and/or co-
ﬁ located project team

Interconnection with -1
other systems

Large and/or
distributed project team <: .

Typical system development now calls for both
plan-driven and agile
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Method

Plan-Driven at Macro Level

= Plan at the macro project level

= Develop an architecture and project vision
= Top-down development

Agile at Micro Level and In Mindset

= |terative and incremental development of work
products

= Continuous verification and validation
= Continuous integration
= Empowered teams
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Digital Engineering Enabler

= Crucial enabler of agility
+ lterative cycles of analysis, design, build, and test
+ Continuous verification and validation
+ Continuous integration
+ Earlier and faster learning

= Digital thread

+ connected engineering using architecture-driven
design fully integrated across domains

+ Connect models through to prototyping
+ More efficient engineering, less unnecessary rework

+ More effective engineering, propagating changes and
seeing effects of change in design
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Macro Planning =

Microgrid Architecture |
PV (Solar) I Electrical Distribution ] [ Co-generation capability ]
[ Battery Energy Storage (BESS) I Load Reduction
[ Smart Control System ] [ Wind Turbine ]
Q1 Qz Q3 Q4 Q1 Qz Q3 Q4 Q1 Qz Q3 Q4 Q1 Qz Q3
Year 1 Year 2 Year 3 Year 4
( Problem Analysis ]
( Stakeholder Analysis ]
( Requirements Analysis ]

[ Operational Architecture |

[ Functional Architecture |

[ Physical Architecture |

[ Engineering Design

( Verification and Validation ]
[ Contracting ] ( Installation and Integration |
Concept Design Operational Test Deployment
Review Review and Evalution
Milestone Plan Backlog of Work

req'mnt and capability model
microgrid risk analysis
confract request

data gathering a

resilience analysis

funding proposal
[ operational architeciure ] : g propo 5
Interview commarn

. = solar feasibility study

site visit
( physical architecture | resilience analytical model
obtain one-line drawings
interview facility mgr

gather load data history

Concept
Review

I J
I J
I J
| )
[ load balance simulation ]
I |
I J
I J
I J
I ]
I J
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Agile and MBSE

TEST

Verify the model works as designed
and validate it adequately represents DESIGN AND DEVELOP
real world Create the model, verify as you
REVIEW build it using the computer tools

Conduct a post-spring review

PLAN

What MBSE artifact(s)? < =y SN ) DQE

ANALYZE AND SCOPE

Determine what to model and
how Model(s)

Scope Design Build

Cycle 1 Cycle 2" .. Cycle 3 Cycle 4

Increment Increment Increment Increment
2 4
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Synching Hardware and Software

Hardware takes more time to design, develop, and to have a

testable prototype; hence plan for multiple intermediary but
testable artifacts.

4-week sprint

>
)

A
Ll

<

Prototype
\ A

A\ A\ A\ AN
Continuous Integration by ldentifying and Managlng Dependenmes

& Y

Embedded|Embedded|Embedded|Embedded|[Embedded(Embedded|Embedded|Embedded|Embedded|Embedded Intearation Testin
Software | Software | Software | Software | Software | Software | Software | Software | Software | Software 9 9

\_ A

2-week
sprint

2
Design Component Develop Low-Fidelity |Develop High-Fidelity [ Develop High-Fidelity | Develop Functional Integration Testing
Simulation Simulation Prototype

Orchestrate hardware progress with software progress
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Characteristics

= Strong system vision articulated in architecture
= Continuous verification and validation

* Frequent prototyping

= Analyze and incorporate —ilities

= Value-based design

= Control interfaces

= Continuous integration
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Ending Observations

= The research examined the characteristics and principles of agile
methods through the lens of how they could be adopted within the
defense acquisition community.

= Compared plan-driven approaches with agile approaches

= Proposed a hybrid approach combining the plan-based perspective at
the macro level and adopting agile practices at the micro level.

= The method is enabled by digital engineering, which allows for
iterations of model development and test during the early phases.

= Preserves important aspects of systems engineering such as top-
down refinement.

= If agile is a mindset, then adopting agile involves a transformation of
the DOD organizational culture, and such transformations take a lot of
time and dedicated leadership.
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