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What is the cost of a bad plan?

• In 2014, the Government Accountability Office (GAO) estimated $32 billion in sunk 
costs from five terminated Department of Defense (DoD) acquisition programs 
between 2001 and 2011. 

• Other costs include opportunity cost of capital, industrial base deterioration, delays in 
capability delivery to the warfighter, and ultimately, sacrificing competitive 
dominance against adversaries on the battlefield.
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• Large organizations require comprehensive planning to effectively mitigate risks and 
maximize capability delivery.

• The scale, complexity, and uncertainty inherent to acquisition portfolios make planning 
difficult, and limit confidence in results.

• The National Nuclear Security Administration (NNSA), like other large organizations, 
must overcome these challenges to deliver capabilities that meet their mission needs.
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Terms & Definitions

• Investments are self-contained logical units of a portfolio which a decision-maker can 
choose to invest in to provide some benefit towards their organization’s mission or 
objectives. Investments can be projects, programs, assets, initiatives, or other things 
depending on the context.

• A portfolio is a logical collection of investments that are grouped together for collective 
management and evaluation.

• Portfolio management is the centralized process of selecting, prioritizing, balancing, 
and overseeing a portfolio of investments to ensure alignment with strategic 
organizational objectives.

• Portfolio analysis is the systematic evaluation of the investments within a portfolio to 
understand their individual and collective performance, risks, costs, benefits, and 
alignment with strategic goals.

• Portfolio optimization refers to a set of mathematical techniques used to perform 
portfolio analysis given an objective and a set of decision variables and constraints.
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An Evolving Nuclear Security Enterprise

• The National Nuclear Security 
Administration (NNSA) is facing a 
significant modernization 
challenge.

• Geopolitical shifts have forced the 
NNSA to address an aging 
stockpile of nuclear warheads 
and the industrial base that 
sustains them.

• New requirements require 
substantial investment in 
infrastructure and weapons 
programs.
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Source: NNSA 
2024 Enterprise 
Blueprint. 

Source: The U.S. 
Nuclear Weapons 
Stockpile
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Infrastructure Modernization at Scale

• The Integrated Infrastructure Planning (IIP) team at the NNSA supports planning efforts by
providing portfolio analysis for line-item infrastructure projects.

• Their analysis informs long-term planning strategies like the 2024 Enterprise Blueprint and
aims to help the NNSA address the portfolio management problem.
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Source: NNSA 2024 
Enterprise Blueprint. 
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The Portfolio Management Problem
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Drivers
Broad, critical, and persistent problems

Resource
Constraints

Competing
Objectives

Future
Uncertainty

Amplifiers
Specific complexities that lead to additional challenges

Interdependencies

Stakeholder
Complexity

Data Limitations Scalability &
Scope

Evolving Criteria
Analytical 

Complexity

“Allocate scarce resources across competing investments 
to best support changing organizational objectives.”

How do portfolio managers approach this complex problem?
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Common Portfolio Management Approaches
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Portfolio Management with 
Subpar Portfolio Analysis

Attempting Portfolio 
Management without Portfolio 

Analysis

No Portfolio Management,
No Portfolio Analysis

Approaches to the Portfolio Management Problem

Methods

Portfolio fragmentation and 
delegation

Gut Instinct, Decision Heuristics 
(Rules of Thumb), “Finger in the 

Wind”

1-N Prioritization, 
Oversimplification, Improper Tools

Shortcomings

Reinforced (or created) 
siloes / stove-pipes in 
organizational structure

Unclear, inconsistent, 
or volatile guidance

Misallocation of resources, 
canceled programs, sunk 
costs, opportunity costs

Worse/

Better/
Less common

More Common

“The significant problems we face cannot be solved 
at the same level of thinking we were at when we 
created them.” – Albert Einstein
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Portfolio Management with Portfolio Analysis
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Portfolio Management with 
Subpar Portfolio Analysis

Attempting Portfolio 
Management without Portfolio 

Analysis

No Portfolio Management,
No Portfolio Analysis

Approaches to the Portfolio Management Problem

Portfolio Management with 
High Quality Portfolio Analysis

Simulation & 
Optimization

Proven, tailorable, and transparent techniques

Domain-
Specific 

Knowledge

Defensible Cost 
& Schedule 
Estimates

Trustworthy 
Data

Quality Portfolio Analysis

Affordability
Analysis

Executability
Analysis

Effectiveness
Analysis

Tradeoff
Analysis

What-If
Analysis

Defensible analysis

Interdependency
Analysis

Worse/

Better/
Less common

More Common
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Genetic algorithms offer an approach 
flexible enough to address the amplifiers 

of the portfolio management problem

• Portfolio optimization enables portfolio 
managers to make more optimal 
decisions.

• Optimization techniques must address 
the complexity and uncertainty inherent 
to acquisition portfolios.

Portfolio Management with Portfolio Analysis
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Portfolio Management with 
Subpar Portfolio Analysis

Attempting Portfolio 
Management without Portfolio 

Analysis

No Portfolio Management,
No Portfolio Analysis

Approaches to the Portfolio Management Problem

Portfolio Management with 
High Quality Portfolio Analysis

Worse/

Better/
Less common

More Common

InterdependenciesAnalytical ComplexityEvolving Criteria

Portfolio Optimization
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Genetic Algorithms

• Genetic Algorithms (GAs) were 
invented by John Holland in the 
1960s

• They mimic the processes of 
reproduction and natural selection to 
efficiently navigate complex decision 
spaces

• GAs have broad applicability:
• Economics/Supply and Demand

• Marketing 

• Engineering 

• Supply Chain & Route Optimization

• Portfolio Optimization

1. The search space is large

2. The search space is not 
smooth or unimodal

3. The search space is not well 
understood

4. The objective is subject to 
noisy inputs

5. A global optimum is not 
required to be found
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GA Suitability Criteria
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Mimicking Natural Selection

1. Decision variables are encoded as 
numeric chromosomes.

2. Chromosomes are evaluated for 
fitness by an objective function, and 
the best individuals are selected.

3. Chromosomes from some selected 
individuals cross and recombine to 
create new chromosomes.

4. Some chromosomes undergo random 
mutation after recombination.

5. The new generation is created and the 
process repeats.
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1

2
3 4

5

2

GA Selection and Reproduction

Source: Vision-Based Structural FE Model Updating Using 
Genetic Algorithm. Applied Sciences.
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GA Framework

Encoding
From decisions to chromosomes

Fitness function
Constrained & multi-objective

GA operators
Selection, crossover, mutation, elitism, 
population

Evaluation
Diagnose process and investigate results
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Can a genetic algorithm be used 
to computationally plot a circle?

Components of a GA Solution Example Problem
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Encoding

Plotting a circular shape requires a 
series of connected coordinate points.

The decisions in this context are x and y 
values for each coordinate point 𝑥𝑖𝑦𝑖 .

Each point is bounded 0 ≤ 𝑥1&𝑦1 ≤ 1 and 
connected such that (𝑥1𝑦1 − 
𝑥2𝑦2  … 𝑥𝑛𝑦𝑛  − 𝑥1𝑦1). 

The resulting chromosome is encoded 
as a vector in the format: 
(𝑥1, 𝑦1, 𝑥2, 𝑦2, … , 𝑥𝑛, 𝑦𝑛)

14
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Fitness Function

The fitness function calculates the 
relative “goodness” of chromosomes in 
the domain context. In this example, 
more circular polygons are considered 
more fit.

First, chromosomes are transformed 
into a shape.  The result is either a valid 
or invalid polygon.

Next, the polygons are evaluated using 
a function:

• Valid polygons are calculated for 
circularity

• Invalid polygons are evaluated for 
their number of self-intersections.
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Valid Solution
𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑠 = 0 → 4 ∗  𝜋 ∗ 𝑎𝑟𝑒𝑎 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2

Invalid Solution
𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑠 > 0 → 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑠 ∗ −1

Circular Solution
4 ∗  𝜋 ∗ 𝑎𝑟𝑒𝑎 𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟2 ≈ 1.0
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GA Operators

• Selection
• The process of selecting individuals to undergo the reproduction process
• Utilizes the fitness value to assign probabilities to individual chromosomes

• Crossover
• Dictates how parent vectors are split and recombined
• Higher crossover leads to more diversity in child solutions
• Lower crossover preserves sets of input variables

• Mutation
• Controls how often individual input parameters randomly change
• High mutation rates help escape local minima but runs the risk of randomness overtaking 

desirable traits.

• Elitism
• Preserving top-performing individuals by passing them to the next generation unaltered.

• Population
• Large populations increase solution diversity, but increase computational requirements

16
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Evaluation

• In 4,000 generations, our GA was 
able to produce a shape that was 
99% circular. 

• Fitness follows a logarithmic 
convergence pattern. Rapid 
improvement early followed by 
diminishing gains.

• Vertex sets that persist in early 
generations eventually morph 
and become more circular later.
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This example validates the ability of GAs 
optimize to a known solution. 

Next, we apply it to the NNSA portfolio 
problem where the solution is unknown
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NNSA Portfolio Optimization

• Devise courses of action (COAs) that 
outline which projects to execute 
and when.

• Maximize effectiveness while 
respecting affordability and 
executability constraints.

• Continuously reevaluate COAs in 
response to changes in projects, 
constraints, and mission needs.
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Acquisition Planning Objectives

1. The search space is large
An infrastructure portfolio comprised of 100 projects, where 
each of which could start in any year within a 10-year 
timeframe, results in 10100 possible portfolios.

2. The search space is not smooth or unimodal
Both portfolios rely on probabilistic cost and schedule 
estimates. Effectiveness metrics are piece-wise non-linear.

3. The search space is not well understood
Project and program interdependencies create complex ripple 
effects. All investments share a common budget constraint, 
and feasibility is a combination of many inter-related metrics. 

4. The objective is subject to noisy inputs
Portfolio feasibility and success depend on cost and schedule 
estimates that carry inherent uncertainty. Budget and capacity 
constraints are also uncertain.

5. A global optimum is not required to be found
Planning horizons spanning 25 years make the concept of an 
“optimal” portfolio meaningless. 

GA Suitability to the Problem

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



Peace Through Atomic Strength

NNSA Portfolio Optimization

• Devise courses of action (COAs) that 
outline which projects to execute 
and when.

• Maximize effectiveness while 
respecting affordability and 
executability constraints.

• Continuously reevaluate COAs in 
response to changes in projects, 
constraints, and mission needs.

19

Encoding

Transform acquisition planning decisions to 
chromosomes

Fitness function

Evaluate COAs against multiple objectives

Evaluation

Inspect GA process and solution in the context 
of NNSA infrastructure acquisition

Sensitivity

Explore impacts of key assumptions and 
randomness

GA Solution FrameworkAcquisition Planning Objectives
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Supporting Data
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FY 2027 2028 2029 … 2039 2040 2041

Budget $5,455 $5,510 $5,565 … $6,147 $6,208 $6,217

Phased project costs
Project risk/opportunity curves

Expected annual budget
• Optimization leverages available cost, 

schedule, risk, and budget data.

• In the planning phase of acquisition, 
these are generally high-level estimates 
with a large amount of uncertainty.

** All data in this presentation is notional **
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Encoding

• For infrastructure projects, the decisions are which 
and when.

• Each project is bounded between an earliest/latest 
start date.

21

Project ID Include* Alt* Start Year

Proj 1 1 1 2029

Proj 13 1 2 2031

Proj XX 0 - -

Proj 7 1 1 2027

Proj 76 1 1 2031

… … … …

V = (Include1, Alt1, Start1, …, Includen, Altn, Startn)

Chromosome Format

*For simplicity, in this example each project is assumed to 
have only one alternative, and all projects must be included. 
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Input Transformation: Budget Overrun

22

FY 2027 2028 2029 … 2039 2040 2041

Project 1 $7 … $77 $33

Project 13 $4 $16 $46 …

Project 78 … $118 $62 $26

… … … … … … … …

Proposed $193 $573 $1,284 … $2,036 $1,254 $686

Ongoing $5,053 $5,141 $5,334 … $0 $0 $0

Budget $5,455 $5,510 $5,565 … $6,147 $6,208 $6,217

Overrun $- $400 $500 … $- $- $-

• Project costs shift along the planning 
horizon based on when they are planned 
to be executed.

• Annual costs of proposed projects are 
added to ongoing (immutable) project 
costs and compared to the expected 
budget.

• Budget overrun occurs when aggregate 
annual costs exceed the expected 
budget.
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Input Transformation: Mission Risk
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• Mission risk is determined by 
each project’s risk curve and 
when the project completes.

• Projects that are delayed add 
risk to the portfolio, and 
accelerated projects add 
opportunity (negative risk).

• Risk and opportunity values are 
summed across all projects to 
calculate portfolio-level risk.

• The baseline scenario assumes 
all projects complete exactly 
when needed.

1. Delay of less critical project: very little risk added

2. No delay (baseline): no risk/opportunity added

3. Acceleration of less critical project: very little opportunity added

4. Delay of more critical project: more risk added

5. Acceleration of more critical project: more opportunity added
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Fitness Function

The fitness function is a combination of budget overrun and mission risk

24

+
Budget overrun leads to 
unplanned risks 

Overrun ($) is converted to risk 
using a penalty value

Delaying or accelerating projects 
results in in planned risks or 
opportunities

෍

all years

min 0, Costyear − Budgetyear × penalty + ෍

all projects

risk
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Evaluation
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• The GA ran for 500 generations and found a 
minimum fitness value of 220, a 98% improvement 
from the baseline

• With a high penalty value, budget overrun 
(unplanned risk) was reduced first, followed by a 
reduction in planned risk within the feasible space

Gen 1

Gen 3

Gen 20

Gen 99

Gen 500

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



Peace Through Atomic Strength

Solution

• The GA found a solution that significantly 
reduced the amount of budget overrun to 
nearly (but not quite) $0.

• To achieve this, projects were resequenced 
from the baseline, with some accepting 
delays.

26

• A scatter plot of resulting project shifts shows 
the GA sequenced projects strategically.

• High importance projects trend to the left (less 
risk, more opportunity) while less important 
projects are delayed.
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Sensitivity

• Changing the penalty value allows 
decision-makers to balance their 
tolerance for unplanned risk 
(affordability/executability risk) 
against planned risk (mission risk)

• A penalty value of 1 results in budget 
overrun being treated as a hard 
constraint

• At a lower penalty value of .05 
budget overrun trades off with the 
mission risk more directly.

27

Penalty Value Impact

Presented at the ICEAA 2026 Professional Development & Training Workshop - www.iceaaonline.com/nfk2026



Peace Through Atomic Strength

Sensitivity
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• The GA uses random values to 
simulate selection, crossover, and 
mutation.

• To test the impact randomness 
has on the result, 20 independent 
runs were conducted.

• The algorithm output a similar 
solution across all 20 runs in ~ 
500 generations.

• There is some variance in early 
stages, but if enough generations 
are run this is not an issue.

Randomness Impact
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Sensitivity

• Across the 20 independent runs, 
there was variance in the solution 
values for individual projects.

• This variance was not uniform, 
and is higher in projects that are 
generally less important

• This is a feature of the GA 
approach. It’s likely there are 
many equally valid solutions, 
and the diversity allows for 
planners to prioritize solutions 
that have benefits outside the 
model.
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Solution Variance
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Future Improvements

• Infrastructure and weapons portfolios are 
currently optimized independently.

• A unified framework would encode 
cross-portfolio constraints directly (e.g., 
Weapons Program A cannot begin until 
Infrastructure Project X is complete), 
enabling true simultaneous optimization.

• GAs offer a suitable framework, but 
success requires coordinated data 
standardization, integrated cost/schedule 
estimating, and aligned planning cycles 
across organizational boundaries.

• Current models treat constraints as simple 
bounds (cost vs. budget). Project level 
decisions are treated as independent.

• Future improvements would explicitly 
model schedule dependencies between 
projects and dynamic shared resource 
constraints like specialized labor and 
materials.

• Enhanced interdependency modeling 
comes with real computational costs. GA 
runtime scales with fitness function 
complexity. Additional fidelity must be 
weighed against time and computing 
requirements

30

Interdependency Modeling Cross-portfolio Integration
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Path Forward

31

Optimization libraries

Model frameworks

Computational power

What we have

Domain expertise

Defensible cost / schedule 
estimates

Willingness to tackle complexity

What we need

Portfolio-level insight

Risk-informed acquisition plans

Improved capability delivery

The opportunity

Genetic Algorithms are a tool to address the portfolio 
management problem, build more feasible and effective plans, 

support better decisions, and deliver more capability, faster.
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