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Previous Presentations (Jan 2022 and 
Oct, 2021)

- Overview of the developed web interface
- Short demo of the web interface approach 
- (Completed) Objective 1: Understanding the CAST system and 

Development of an Efficient Single-objective Hybrid Optimization 
Procedure
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Agenda
• Objective 2: Development of Efficient Multi-objective Optimization Procedures

• Oct 1, 2021 to September 30, 2023 (24 months)
• Current Accomplishments:

1) Submission of article: Gregorio Toscano, Juan Hernández, Julian Blank, Pouyan
Nejadhashemi, Kalyanmoy Deb, and Lewis Linker. Large-scale Multi-objective 
Optimization for Water Quality in Chesapeake Bay Watershed to WCCI 2022 IEEE 
WORLD CONGRESS ON COMPUTATIONAL INTELLIGENCE (Decision awaited)

A. Develop of a generative strategy (Opt7) in which each optimal solution is 
found one at a time by using the epsilon-constraint method.

B. Develop of a simultaneous strategy (Op8) in which multiple optimal solutions 
are found in one optimization run by using NSGA-III.

2) Containerization of the user interface developed on Objective 1.
3) Development of microservices (Opt4Cast APIs).

3



Experiments Performed

• Experiment 1: Knowledge incorporation through solution 
injection.
• Experiment 2: Reduction of constraints with a repair

approach.
• Experiment 3: Scale-up study.
• Experiment 4: Deciphering common patterns of BMP

allocation in final trade-off solutions.
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Epsilon 
constraint

• We minimize cost, while we 
set a certain epsilon as a 
goal for the method.

• Although it is effective, it is 
not efficient as it only 
provides one single solution 
per execution.

• The final solution of this 
approach will be injected 
into our multi-objective 
optimization approach.

• We want to inject as fewer 
solutions as possible.
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Knowledge 
incorporation + 
Repair 
approach
• Injected points are 

important for 
evolutionary algorithm 
convergence
• Linear constraints are 

repaired to make 
population members 
feasible.  
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Area of study: West Virginia
Problem: Large-scale, Highly Constrained

(lbs)
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Scale-up 
Study
• Optimize each county 

independently
• Solve small 

aggregated problem 
(groups of 3 counties 
at most)
• Solve medium 

aggregated problem 
(groups of 6 counties 
at most)
• Solve the entire state
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Interesting Results
• Grouping of counties for 

optimization
finds solutions faster than 
optimizing independently.
• Proposed Customized 

NSGA-III’s total evaluations 
to converge does not 
increase with the addition 
of counties.
• The final solutions use

only 10% or less available 
BMP options to produce a 
cost-nitrogen trade-off for 
most counties. 9



Developed Algorithm
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Containerization

• What is it missing?: time execution measuring.
• Why? The optimization approach was not running on the 

same infrastructure than CoreCAST. Therefore, networking 
time would lead to misreads.
• How to solve it? Running the optimization approach in the 

same infrastructure.
• Solution: Create a container image with all the 

dependencies and run it in the same infrastructure
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Microservices
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Code Pipeline
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NSGA-III+ CoreCAST (under 
development)
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Current Scheme 
(under development)
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Opt4Cast Microservices (under
development)
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https://www.chesapeakebay.net/what/programs/modeling/phase_7_model_development
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Thank you
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