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Agenda

« Objective 1: Understanding the CAST system and Development of an Efficient Single-objective Hybrid

Optimization Procedure
April 1, 2020 to September 30, 2021 (18 months)

« Current Accomplishments:

1) A sample-based selection approach (Opt1)
2) A simplistic model-based optimization algorithm using point-based method (Opt2)

3) Interface our optimization method with CAST system (Opt3)

4) Population-based genetic algorithm (Opt4).

5) Hybrid population-point based optimization method (Opt5).

6) Development of a user interface to interact with our developed algorithms (Opté)
* Next Steps:

1) Opté testing



Adopited models

Analytical Model
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The variable x; p . 5 indicates the acres used for implementing a BMP b
to reduce a load resource u.

Highlights

- Gradients

- Jacobians

- Hessian matrix

- Fast calculation

- Fast convergence
- Abstraction

- Accuracy

WebCAST
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Highlights

- Well-stablished

- Validated

- Web interface

-  Manual execution
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CoreCAST
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Highlights

- C# (fast implementation)

- Callable

- Slower than analytical model
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Previous presentation

» Understanding of the CBWS problem
« Spatial Hierarchy
« Group of BMPs
» Decision Variables
 Justification

« Reducing Complexity
« Dimensionality reduction
« Screening solutions based on non-dominance

* Encouraging results



A sample-based selection approach

(Optl)

* No opfimization is used
« Sample the BMPs at random
* Help us to understand the problem beftter

» Optimization algorithm is needed to get better solutions.



A stmplistic model-based optimization
algorithm using point-based method (Opt22)

« Analytical model (efficiency BMPs)

 Users can provide reduction limits for Nitrogen, Phosphorus
and/or Sediment from the base scenario

* Interior point-based method
« Exact derivatives
« Exact Jacobian
« Hessian Matrix
« Smart inifial point
« Variable reduction
* BMP screening based on Non-dominance



Interface our oplimization method with
CoreCANST systemn (Ople3)

* We interfaced our Opt2 approach with CoreCAST
« Base condifions are accessible through CoreCast
* Final solution provided by Opt2 is reevaluated on CoreCast



Population-based Geneltic «Algorithm
developed to solve the «Analytical Model

(Opitd).

» Optimization methods:
» Point-based: Fast, sensitive to inifial point
« Population-based: Global approach to near-optimality

« Genenetic Algorithm is flexible 1o handle practicalities

» Base Genetic Algorithm (without any customization)
Implemented from scratch in C++



Hybrid point-population based
oplimization method (Opts)

» Hybridized GA with an interior-point-based approach:
« Opt4 with real representation hybridized with Opt?2.

* Final solution evaluated in CoreCast



Development of a user interface with
oplimeization (Opt6)

* The approach comprises Opt2-Optd

e User interface allows
e Selection of BMPs

« Selection of implementation locations (land-river-segments) and
area

 Allocation of resources (e.g. incentives) for each BMP
 Final solutions are executed in CoreCast

« Capabillity of sharing optimization results



Frample

« Two counties (Bradford, PA; Howard, MD)

* # Variables: 45,077. # Constraints: 3,256.
« N: 7,052,101 (lbs), P: 643,091 (lbs), Sediments: 93,5849,260 (lbs)

* Optimized by Opté
* Watershed Cost vs State Cost (independently)
* Preference incorporation:

 Limit BMP application

 Limit BMP of a specific land-river-segment

« Exclude BMP
« Modify Cost of BMP



Summary

« A sample-based selection approach showed the needs for an
optimization approach

* The analytical model is quite accurate
 Inferior-point-based method can optimize the analytical model.
* The inferface to automatically executes CoreCast

« Users can call our optimization approach through a web
inferface.
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