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Powel-MiniMax

= Powel-MiniMax is a US-based energy software and services provider of
stand-alone and integrated energy solutions.

= Powel has more than 250 employees based in Europe, USA, and
Canada.

= Qver 35 software modules used by more than 1000 customers worldwide
covering

- Transmission and Distribution Management
- Trade and Risk Management

- Customer Management

- Geographic Information Systems (GIS)

- Generation and Water Management

= QOver 25 years of water management experience ranging from
hydrological analysis and forecasting, water quality modeling, hydro
systems, planning and operational analysis.
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= Constraint Satisfaction Problems (CSP)
= Hydroelectric DSS Model
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Constraint Satisfaction Problems (CSP)

Introduction

Maximize FOX X -0 X,)

SUbjeCt to Cl: (211()(1,)(2,”")%)E

X € D, 1=12,...,
Where = means >,

IN =

or =
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Introduction

Hydroelectric DSS Model
(Nonlinear Objective Function with Linear Constraints)

Maximize f X X, o, X,)

Subject to a; X, +--+a, X, =b
A, X, +- +a,, X, =b,
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Schematic of a Two Reservoir System

R1: Reservoir 1 11: Inflow 1

S1: Spillway 1 S1 P1: Plant 1

12: Inflow 2

N1: Outflow1

R2: Reservoir 2

P2: Plant 2

/

N2: Outflow2

S2: Spillway2 S2

14: Inflow 4
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Formula of a Two Reservoir System

Maximize Generation
Subject to Q; + Sy + V' =1/+V{
-Q; - S;+ N/ =17

~-N+Q/+ S} +V -V =1}
_Qtl_st1+Nt1:|t2
-N2+Qf+S2+V} +Vv.:>2 =17
_Qtz_st2+Nt2:|t4

Where Q' =discharge; S =Spill; N =outflow

V' =storage; | =inflow
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Formula of a Two Reservoir System (Concluded)
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What is a Soft Constraint?

= Soft constraint is a term used in Constraint
Satisfaction Problems (CSP) that allows constraints to
be partially satisfied without making a solution
unacceptable.
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Soft Constraint: Geometry

Feasible Region Enlarged feasible region
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Why are Soft Constraints Needed?

= Soft constraints represent the real-world operations better
than traditional hard constraints.

4 Glven nigner ilzxollity o e DSS modz] and Solye
Infzasiolz 1ssuzs in optmizarorn cormouiarons
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Why are Soft Constraints Needed?

= Soft constraints represent the real-world operations better
than traditional hard constraints.

= Given higher flexibility to the DSS model and Solve
Infeasible issues in optimization computations
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Reality: Flood Control vs. Generation
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Flexibility: Infeasible Issues

= Infeasible means the feasible region is an empty set. In
this case, no solution is possible.

4 Inizasiole may cormne from cdarz 2rrors, Input 2rrors, or

Lnrazlisic scenaros, eic
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4 Soft consiraint give ine fledoility 1o produce
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Flexibility: Infeasible Issues

= Infeasible means the feasible region is an empty set. In
this case, no solution is possible.

= |Infeasible may come from data errors, input errors, or
unrealistic scenarios, etc.

4 Soft consiraint give e fleddoility to oroduce yseiul resulis
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Flexibility: Infeasible Issues

= Infeasible means the feasible region is an empty set. In
this case, no solution is possible.

= |nfeasible may come from data errors, input errors, or
unrealistic scenarios, etc.

= Soft constraint give the flexibility to produce useful results
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How Are Soft Constraints Modeled?

= Any constraint may be “softened.”
x <10
X-—u<1l0 u=0

4 Penalty memods,
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How Are Soft Constraints Modeled?

= Any constraint may be “softened.”
x <10
X-—u<1l0 u=0

» Penalty methods.
max f(x)+Au
A <0
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Penalty Methods for Linear Constraints (< 2

=):

i=1

Add a penalty term 4 Vv to the objective.

i=1

Add a penalty term A (u + v) to the objective.

b u>0,v>2~0

POWEL | miniMax



A few examples of Soft Constraints in HYDROPS™

Soft ending level constraints.

2 Soft Soft minlrmeal sirearn floy soft constralnis,

L

SOOI rarnping consirainis,

L

And meany more L.
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A few examples of Soft Constraints in HYDROPS™

Soft ending level constraints.

Soft Soft minimal stream flow soft constraints.

L

SOOI rarnping consirainis,
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A few examples of Soft Constraints in HYDROPS™

= Soft ending level constraints.

=  Soft Soft minimal stream flow soft constraints.

= Soft ramping constraints.

4 And many more L.
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A few examples of Soft Constraints in HYDROPS™

Soft ending level constraints.

Soft Soft minimal stream flow soft constraints.

Soft ramping constraints.

And many more ......
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Implementing Soft Constraints In
Hydroelectric Decision Support Systems

Example 2: Minimal Flow Soft Constraints

R1: Reservoir 1

7/\( I1: Inflow 1

S1

P1: Plant 1

-

N1: Node 1
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Implementation Issues

= Defining penalty coefficients.

4 Wzn aoplying multolz soit consirainis in 20 syserm, s
not ezisy o find ine r~L~uoruno oenyeern imne g2 Jalr/
coziiiciznts, espacially whnezn me variaoles nave different

LIS,

L,/
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Implementation Issues

= Defining penalty coefficients.

* When applying multiple soft constraints in a system, it's
not easy to find the relationship between the penalty
coefficients, especially when the variables have different

units.
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Conclusions and Future Development:

= Soft Constraints are a useful tool in Hydroelectric DSS
modeling, allowing a model to more closely reflect real-
world operations.

J SJIE Consirainis allow operaiors o 2v/oid e injzasiole
cl 0y dara, operaor error, 2

4 Soft Constraints are used successiully in rl/DROPS ™

4 Under Davalooment Ous lmru/ ozrzalty co-2ificizncies,
2spzcially for mlllrlol'—* SOIT CONSIralnis,
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Conclusions and Future Development:

= Soft Constraints are a useful tool in Hydroelectric DSS

modeling, allowing a model to more closely reflect real-
world operations.

Soft Constraints allow operators to avoid the infeasible
caused by data, operator error, etc.

soft Consiraints are used successiully In Fl/DROPS™

Umrlgr Davzlooment; Olrln'r]f/ ogrrll'r/ co-2fiiciencies,
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Conclusions and Future Development:

= Soft Constraints are a useful tool in Hydroelectric DSS

modeling, allowing a model to more closely reflect real-
world operations.

= Soft Constraints allow operators to avoid the infeasible
caused by data, operator error, etc.

= Soft Constraints are used successfully in HYDROPS™
DSS.

4 Under Davelooment: Quaniiy oznalty co-2ijicierncias,
2sozcially for muliolz soit constrains,
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Conclusions and Future Development:

= Soft Constraints are a useful tool in Hydroelectric DSS
modeling, allowing a model to more closely reflect real-
world operations.

= Soft Constraints allow operators to avoid the infeasible
caused by data, operator error, etc.

= Soft Constraints are used successfully in HYDROPS™
DSS.

» Under Development: Quantify penalty co-efficiencies,
especially for multiple soft constraints.
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Thank You!

Hong Gao, Powel-MiniMax, Inc.
239 Menzies Street Suite 210
Victoria, BC, Canada V8V 2G6
V: 250.385.0206 ext. 27
F: 250.385.7737
hong.gao@powelminimax.com
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