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Multi-objective simulation-based optimization

Example: find the “best” reservoir guide curve
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consider for the policy
Problem: Find the best set of values of these 5 variables for these

3. Decision-making: what tradeoff to
Conflicting objectives:

accept between the objectives?

Minimize risk of flooding downstream

Minimize risk of water supply shortage Automate by using MOEA
How to solve: 1. run many simulations, e.g. POR, with Multi-objective evolutionary algorithm
combinations of values of the variables. A search algorithm that generates many
2. Compute the values of the objectives for each. sets of variables and identifies the Pareto
optimal solutions




Borg-RiverWare Wrapper

Software that exchanges information between simulator RiverWare and the
MOEA Borg to find a non-dominated (pareto optimal) set of solutions

Borg is an MOEA developed by David Hadka and Patrick Reed at the Pennsylvania
State University and licensed by The Pennsylvania State University. See borgmoea.org

Values of decision Variables
Operations, policy, infrastructure options

RiverWare Simulation Mo\ el
Gl
pemand Scenaric % Borg
# T 1 Evaluates
for probabilistic or 2 e BO rg - R IVE rware solution;
risk based objectives searches for
A TN . r N better solution
o e Objectives
R measurements of
* system performance
Model Outputs q < fl f2 f3 }
Results of single runs or Constraints
multiple runs limits of acceptable
performance
f<ng, f,<n,, f;>n, J




Tradeoffs among multiple objectives can be visualized using parallel
coordinates plots; each axis Is an objective. Each line Is an
approximate Pareto optimal solution. (Alexander, MS Thesis 2018)
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Borg-RiverWare

Demo and Future Development



Configuring & Executing a Search

* Problem formulation: decision variables + objectives

* fd RiverWare:
» |dentify decision variable slots, create objective slots
» Create DMIs to exchange data with Borg-RiverWare
= Configure search (needs environment variable)

- [ Borg-RiverWare
= Execute Search
= Analyze results



Modeling Decision Variables

[€] Object Viewer = O * - :
. |I| RPL Viewer - Arbor Basin Rules (from MRM run) = O >
File Edit View Slot Account Group Object Tabs & M
_ ! File Edit Rule Statement View & |-
Cedar B3 System Data £ +|| Y : o
Cedar Available for Diversion E1 b
‘ Object: Cedar
) ) ) . o EI 26 Cedar Available for Diversion RPL Set Loaded '?
Slots Methods Accounts Accounting Methods Attributes Descripticn
Cedar.Available for Diversion
December 31, 2017 < @ ® 1 . y _ S .
= IF 'I: Cedar.Pool Elevation [@ t-1 ] = Cedar.Diversion Min Elevation [] }THEN
Slot Mame Value Units Max [ VolumeToFlow [ Cedar.5torage [@'t-T]

Available for Diversion MaM cms = EEEILI TS (Cedar, J‘

Canal Flow NaN cms Cedar.Diversion Min Elevation []

Convergence Percentage 0.00 MNONE [?t

—_— + Cedar.Infl
Diversion MaM ecms ECA NI
S - Cedar.Outflow Min [ ],
SRR ey MaM cms 0.00 “eme
Diversion Min Elevation 22140 m @ T
N 000 “cms’

Flow FROM Pumped Storage MaM cms END IE

Flow TO Purmped Storage MaM cms
Order: Colurmn Sort - [ \j (] Filter Slots = Show: [ Execution Constraint [ Description (] Notes @ Comments

b




Computing Objectives

[€] System Dat... — [

' File View Expression

Total Energy

S

>

G-

i Evaluation Time: End of run

I [SumSlot | System Data.Energy, A
@ Start Timestep”®,
@ Finish Timestep’
v
| Show: B Comments
Value: 12508319.9593783 MWH

Show: [_J Description

| [€] System DataTotal.. — O b 4

File View Expression I7] @.|vl

=== [03] Total Energy Meg

Evaluation Time: End of run |

- 1.00000000 * 5ystem Data.Total Energy [] Al

Show: H Comments

Value: -12308319.9595783 PWH

Show: [_J Description




[£] DMI Editor - From RiverWare To Borg = O et | [£] DMI Editor - From Borg Ta RiverWare = O *
File | File
Mame: From RiverWare To Borg| | Mame: From Borg To F‘.iverWarel
Type @ Confirm Warnings I Type @ Confirm Wamnings
Record Invocations [ Record Invocations
© Input ) Line Ending: Mative © input & Line Ending: Mative =~
Allow 5 In File Path Allow 5 In File Path
O Output | u-.w paces In File Paths O Output - ﬂ-.1.n.r paces In File Paths
(] Limit Output to Run Range Lirnit Qutput to Run Range

Control File: ${BORG_ARBOR_BASIN_DEMOY/ FromPRiverWareToBorg.ctl @i

Control File: ${BORG_ARBOR_BASIN_DEMOY/ FromBeorgToRiverWare.ctl @ ‘

Executable: @ Executable: @
User Parameters: User Parameters:
Active Mame Type Value Active Mame Type Value
|
Command Line: | Command Line:
oK Apply Reset Cancel 0K Apply Reset Cancel




Configuring the Search

. |I| Borg-RiverWare Configuration Editor - ArborBasinConfigxm| — |

| File  Utilities

| Configuration Path: R:/doc/245ponsorStatus/PresentaticnsAndModels/04.Borg-RiverWare/ArborBasinConfig.xml

RiverWare Model & Search Decision Slots Objectives Metrics Constraints Settings

RiverWare Model

Madel ArborBasin.mdl ~
RiverWare Run Type Single Run -~

RiverWare Batch Execution Script (RCL)  ArborBasin.rel B Generate Automatically

Data Communication (Between Borg and RiverWare)

Borg-to-RiverWare DMI From Borg To River'Ware ~~  Control File FromBorgToRiverWare.ctl

RiverWare-to-Borg DMI From RiverWare To Borg ~ Control File  FromPRiverWareToBorg.ctl

@ Generate Control Files Automatically

| Search
Initial Population Size 5
Maximum Mumber of Evaluations 20
Random Mumber Generation Seed 1

Save Save & Close Clase
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Configuring the Search

. |I| Borg-RiverWare Configuration Editor - ArborBasinConfig.xml —

[ File Utilities

RiverWare Model & Search

Decision Slots

Decision Slots

Cedar Elev Limits

Mame Type
Cedar Div Min Elev Scalar
Dogwood Div Min Elev Scalar
Hickeory Elev Min to Irrig  Scalar

Table Column

| Configuration Path: R:/doc/245ponsorStatus/PresentationsAndModels/04.Borg-RiverWare/ArborBasinConfig.xml

Objectives Metrics Constraints Settings

Properties: Dogwood Div Min Elev.tt

Type Scalar e
Slot Name 2d.Diversion Min Elevation
Mame Dogwood Div Min Elev

Borg-to-RiverWare DMI Data File MN/A (Mamed Autornatically)

# of Variables 1 % Edit Limits ...
Values Lower Limit 170.9
Values Upper Lirnit 1721
Rounding Increment 0.0

Show Example Input Values ...

Save Save & Close

Close
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Configuring the Search

. |I| Borg-RiverWare Configuration Editor - ArborBasinConfig.xml — O X |
[ File Utilities .
| Configuration Path: R:/dec/245ponsorStatus/PresentationsAndModels/04.Borg-RiverWare/ArborBasinConfig.aoml |
RiverWare Model 8 Search  Decision Slots ~ Objectives  Metrics ~ Constraints  Settings :
Objectives |
Mame Epsilon Properties: Total Energy Meg |
Energy (MNegated) 0.01 Scalar Slot Data.Total Energy Meg
West Basin lrrig (Negated) 0.01
East Basin Irrig (Negated) 0.01 Narne Energy (Negated) |
Total Depletion Shertage 1 RiverWare-to-Borg DMI Data File N/A (Named Automatically) |
Epsilon 0.01 |
Aggregation Method Average |
MaM Replacement Value 0
| [—| & W

Save Save & Cloze Close




Execute the Search

P& Borg-RiverWare - ArbarBasinConfig.xml = O x

File Help
Search Execution Search Results Results Plot

Open Configuration ... Edit Cenfiguration ...
Cenfiguration Summary

Configuration  R:/doc/245ponsorStatus/PresentationsAndModels/04.Borg-RiverWare/ArborBasinConfig.xml
Search Directory R:/doc/245ponsorStatus/PresentationsAndModels/04.Borg-RiverWare

Model ArborBasin.mdl
Maximum Evaluations 20 Initial Population 3
Decizion Variables 5 Metrics 0
Objectives 4 Censtraints 0
Execution
Search Type Standard ~
Start _1{?[?% State: Completed Successfully
Start Wed Jan 29 2025 11:38:57 Finish Wed Jan 29 2025 11:40:34
Elapsed %:01:37 Evaluations 20 of 20 (2 evaluations failed)
Maon-deminated Selutions 13 Population Size 5
Log
by

Completed Berg step 10 (1 function evaluations in step)
Saved search to SearchOutputs/StudyState et

Search execution complete,




Execute the Search

ﬁ Baorg-RiverWare - ArborBasinConfig.aml — [m]

File Help

Search Execution Search Results Results Plot
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Future of Borg-RiverWare

» Goal: easy and effective for any RiverWare user
* Initial public release

= Licensing

= Documentation and examples

* Installation
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