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30 Years in Software Engineering

Mid-1980s

Early 2000sLate 1980s 

Early 1990s

Mid 1990s 

Late 1990s Mid 2000s

Late 2000s

2010s

Today

2020+

Repeatable 
delivery of 
platforms

Establishing 
a basis for 
software reuse

Verification and 
validation of real-
time scheduling

Strategic design; 
reuse and evolution; 
measurement and 

analysis

Ultra large scale 
systems 
research; AADL

Adopting iterative 
development and 
acquisition practices

AI Engineering; 
AI Enabled Software 
Engineering

Evidence-based 
developer output

Managing the 
operational risk of 
fielded systems

SOA; secure design 
patterns; framework for 
architectural decisions 

Lifecycle automation, Agile/ 
DevOps; assuring complex 
systems; continuous integration/ 

continuous deployment
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Research to Meet the Evolving Needs in Software
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Define, codify, and 

standardize software 

maturity

Consistent and predictable 

management of software 
development

1985 1990 1995 2000 2005 2010 2015 20252020

Capability Maturity 

Model (CMMI)

Robust real-time system 

engineering  

Managing the growing 

size and complexity of 
software

Formal verification 

practices

Rate 

monotonic 

analysis

Software-architecture 

centric approaches

Product 
lines 
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Practices for “left 

“shift”-ing software 

engineering

AI engineering as 

a discipline

Cost and 

schedule of 
delivery

Exploiting AI-enabled 

systems for mission

Continuous integration/ 

continuous delivery 

Practices for repeatably 

engineering AI systems 

with robustness, needed 
scale & human-centered 

properties

Automation and repeat-

ability in architecture and 

code evolution

Architecture 

patterns

Software is never done -- the evolving mission(s) and operational environment change the requirements and assumption
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Software Engineering Research Roadmap
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Cyber Research Roadmap
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AI Engineering

Scalable AI

Accommodate the size, 
speed, and complexity of 
missionneeds

• Scalable management of data and models

• Enterprise scalability of AI development and deployment

• Scalable algorithms and infrastructure

Robust and Secure AI

Operate reliably when 
faced with uncertainty or 
threat

• Robustness of AI components and systems

• Designing for security challenges in modern AI systems

• Testing, evaluating, and analyzing AI systems

Human-Centered AI 

Designed with the goal of 
working with, and 
for, people

• Understand context of use, sense changes over time

• Scope and facilitate human-machine teaming

• Methods, mechanisms, and mindsets for critical oversight
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Fundamental Research Efforts and Breakthroughs

Advanced development

• AI augmented SW development

• Assuring continuously evolving SW systems

• SW construction through compositional correctness

Advanced architectures

• Engineering AI-enabled SW systems

• Engineering societal-scale SW systems

• Engineering quantum computing SW systems

AI engineering

• Scalable AI (for all definitions of scale)

• Robust and secure AI

• Human-centered AI
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