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SIMULATION

Address “What if ...”
questions

What will likely happen

Include larger hyd, econ,
and env. data

i.e.“evaluate change given
a design or policy
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OPTIMIZATION

Best answer:

- “Maximize the Net Benefits ...” or -

- “Minimize the shortages”
Look for the best (ideal)
operation

Perfect foresight

Optimization model
Objective -
Benefits: Bj(Xi;) L

Decision Variables: Xit

Constraints 4
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SIMULATION VYS OPTIMIZATION

- Simulation models: Predict response to given design

- Optimization models: Identify optimal design or
operation

/ simulation system design and operating policy

system inputs —3> ( water resource system ) —3 system outputs

optimization system design and operating policy

system inputs —3> ( water resource system ) —3> system outputs
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OPTIMIZATION MODELS




OPTIMIZATION PROBLEMS

Find the decision variables, X, that optimize

_—

(maximize or minimize) an objective "
function - @

minimize f(x)
T—————  <— Objective function

v
x* X

X

4= Decision variables

subject to 00
X € X
AX+b<c  <—-constraintset
x>0

Feasible region
X={x: a<x< b}

STEPS OF LINEAR PROGRAMING

Define the Feasible Region
Obtain the vertices of the feasible region

SR W N =

Substitute vertices in the Objective Function
Select the data where the value is Maximized/Minimized

Identify the Objective Function: Maximize or Minimize?
Define Objective Function (Write the Obj. Funct. Eq.)
Define the Constraints (Write the Constraints Egs.)
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EXAMPLE | Croph [Crop®

_ . '@ b Xa [Xg [ 2
o Objective: Maxinze the Profits — | =1 -
o Irrigation project

o»1800 acre-feet of water per year

. CopA CropB

Water requirement (Acre feet/acre) 3 2
Profit (S/acre) 300 500
Max area (acres) 400 600

.\
- X
o Decision variables © M) 2=4300 04 + $500Kp

¢
o X, = acres of Crop A to plant? ® Xa L400 Xy Séoo

0
o Xg = acres of Crop B to plant? /lf‘p* Ae 20
BXate X 21300

1,800 acre feet = 2,220,267 m?
400 acre = 1,618,742 m?

FEASIBLE REGION MaximizeZ =300x, +500x,

Subject to

X, <4007

Y X,20 4

Xg <600 v

Xg 20/
3X,+2X; <1800

S

When (a>0
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FEASIBLE REGION

MaximizeZ =300x, +500x;

1200 - Subject to
Constraint 1 Constraint 2
%50 == Constraint3 =———~Constraint4 XA S 400
1000 (2
X,=400 Constraint 5 X, > O
A<
0 | X, Xg < 600
T A% N
s g Xg 2 0
600
5 <600 X 5600“'
z ¥ <600}, 3+ 2%, <1800
400 Feasible
Region
200 03"7-)‘
l 2,
X,=400 -é—\r}
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1200 Xa <400
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Kp=400 ——Constraint 5 Xg <600
3 b Xg >0
800 | N B
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EXAMPLE |

W om0 w0
X, (acres)

F‘DMaXimizeZ =300x, +500xg
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firm 1
producing Wy
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EXAMPLE 2

o Objective: Minimize the Cost

< X13%srs

recreation
park

site

2:200X v100¥,

M n @) ot
[Farameter | it | Valis

lue
o Cost of 100% Waste Removal (WR) Q, m3/s 10
o C,=$200K Q, m3/s 12
o C,=$100K % e B
Decisi iabl w; kg/day 250,000
o Decision variables | Wz ety | Copee
o X; = % of WR at site 1; 0.8<x,<1.0 P, el 32
o X, = % of WR at site 2; 0<x,<1.0 p,max mg/I| 20
ﬂ X1+1 .3X221 8 Pamax mg/l 20
FEASIBLE REGION Minimize Z
2.0 Z= Cl(xl)+C2(X2)
4 Where:C, =200;C, =100
16 Subject to
= 39 X, >0.8
3
5 1.2 \ X, <1
o
g 107 j X, =20
g 0.2 \ X, <1
®
£D.6 \ X1+1.3X221.8
0.2‘ <\ /\
0.0 0.2 0.4 Dxﬁl (%D\‘Evast:l Re:.:ovall.)él 1.6 1% 2.0
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FEASIBLE REGION o
MinimizeC, (X,)+C,(X,)
2.0
s «x,<1 = (Constraint 1 Where . Cl = 200, C2 = 100
——Constraint 2 Subject to
16
= Kelaxels 22083 — orstrab 3 X, >0.8
B 14—
E L \<\\ ——Constraint 4 X1 S 1
o
210 ¢ \\ X, = 0
4 .
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g l Q MinimizeC, (x,) +C,(X,)
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MinimizeC, (x,) +C,(X,)
Where:C, =200;C, =100
Subject to
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X <1

X, 20
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o 1ft=0.3048 m g 1 m3=8.11x104 af
o 1m3=283168x10 -3 fi3 109 m3 = 8.11x10°5 af
a 1 m? = 35.3147 ft3 1km? = 0.811 maf

g 1 ha= 10,000 m2
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