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What is this presentation about?

«AQUATOR: (OXSCISOFT)

OQWater supply system simulation software
dIn use by several UK water companies

eGenetic Algorithms: (University of Exeter-CWS)

dGenetic Algorithms software for optimisation
(generic software )

eProject: Linking AQUATOR with Genetic Algorithms, and
applying them for the optimisation single reservoir
systems for use by United Utilities

2 Test case studies

09/12/2008
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Previous steps

eBarnacre system (UU) :

dTest case study

eAQUATOR: (OXSCISOFT)

d (VBA - Excel controlled)
eGANET XL: (University of Exeter-CWS)

dGenetic Algorithm platform for optimisation
(generic software — Add-in for Excel)

eObjective: Linking AQUATOR with GANET XL , and
applying them for the optimisation of Barnacre system

09/12/2008
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Qutcomes

ePreliminary report
dMay 2006

dSuccessful

eInitial Proposal
d September 2006
eProposal
QJuly 2008
OGA module integrated to AQUATOR

d Reducing run time by applying distributed
computing

2 case studies (Barnacre System and
09/12/2008 Watergrove & Springmill)
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Single reservoir system

Inflow time

Outflow time

series [,

Water source

series Oy

Reservoir/Storage
Ya

Monthly control

curve
C;.i=1,...12
Viin V¢ = Vmax
V 5
Cinin (%) = —mMin 100 CmaX =100%
Vimax
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Single reservoir system

- Dutﬂpw time

- series Oy

Reservoir/Storage
7

Inflow time
series [,

Demand D,
OR
X (cut back yield)

Water source

Monthly control
curve
G .i=1,...12

r

V
D, if —L-x100=¢;
Vmax
Water demand W, =+ Vt, t=1,.n
W, v,
X if x100 < C;
C Vmax
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Single reservoir system

Inflow time
series [,

Water source

Reservoir/Storage
Y
Monthly control

curve
C;.i=1,...12

Outflow time
series Oy

Demand D,
OR

X (cut back yield)

* I[f V<Vmin 2O, < Water demand W, =2 Failure

e If Vti<Vmax > Spill>Failure...

+Water deficit

eWater companies apply deterministic approach, based on
historic (existing) input and demand data series

09/12/2008
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Single reservoir system

Outflow time

- series Oy

Reservoir/Storage
V;

Inflow time
series [,

Demand D,
OR
X (cut back yield)

Water source

Monthly control
curve
G .i=1,...12

 Previous approach by Water Companies (2 steps)

e Parameter X defined initially, by trials, as the max
value with Ci=100% for all months, with no failures

eThen (endless) trial-and-error manual computations
(EXCEL) to estimate proper values for each Ci (12

values) or (using a DP algorithm, in some cases)
09/12/2008
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Genetic Algorithms (GA)

eOptimisation method suitable
eFor “hard” problems (non-linear/discrete/non convex)
eFor “difficult” decision variables
eFor “strange” constraints
eFor discrete search space/variables
eFor one (single) or more (multi-) objective problems
eDirected random search

eBased on Darwinian evolution principles (“Survival of the
fittest”)

eSolutions can be reproduced (repeatable)

09/12/2008 10




eeeeeeeeeeeeeeeeeeeee

Single objective GA

eDecision variables (unknowns): (Multiple control curves
now possible)
»X (cutback yield)

»Ci, i=1,12 (monthly control curve components)

eTotal: 13 unknowns = string of 13 decision variables for 1
control curve

¢13*2=26 unknowns = string of 26 decision variables for 2
control curves, ...3*13=39 for 3 control curves....

eObjective function: max V (Yield/total volume)

eShape Constraints for the control curve: No supply
deficits (SD=0) / failures (NF=0), limits to the number of
changes in a year/magnitude of change... €« NEW

09/12/2008 11
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Shape constraints (GA)

eMagnitude of change in consecutive months > DC

dc;

=

(|C;=Ciq| for i=2,..12
DC =max{dc;,i=1,...12}

C;—Cip| for i=1

§

eNumber of changes in a year> significant step > NC

(1 if dc;>step) 12
nej = - s NC = Z ne;
0 if dcj<step)| =1

eThese two shape parameters introduced as secondary

Objective functions for the GA
09/12/2008 12
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Multi-objective GA

»0Objective function (1): max V (Yield/total volume)
»AND

»0Objective function (2): min NC (number of changes in
the control curve in a year)

»AND/OR

»0Objective function (3): min DC (magnitude of changes in
the control curve for consecutive months)

»Constraints: No supply deficits (SD=0) / failures (NF=0),
limits to the number of changes in a year, control curve
discretisation step... (any other)

eTrade-off curve of non-inferior solutions (Pareto points)

09/12/2008 13
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study 1: Barnacre system

Barnacre (United WUtilities) i

. Barnacre catchment

Barnacre

di= Barnacre

Barnacre demand

14
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Barnacre system test problem

; Ouput time

Input time series M ﬁ{'.?l?le (H: | series:
(daily) J onEAYeontrol L ) 40Mid OR

i’ d yield)

eSingle reservoir

* No energy costs taken into account (gravity fed)
eTarget: Maximising yield (water volume) AND
eNo deficits/No spills > No failures

eDecision variables (Unknowns): X and C, i=1,12

097112265|8al optimal solution given by UU for comparlson/testllrslg
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Barnacre system test problem

Storage

;@

: - Single (1)
InPUt(gg?s,)s eries Month?y control
> curve >
1927-2002
C ,i=1,12

Ouput time
series:
40 Mld OR

X (cut back
yield)

eControl curve (monthly) C, , i=1,12

e Ci % of max water volume (reservoir capacity)

o If storage > Ci > Outflow= 40 Mld

o If storage < Ci = Outflow= X (cutback yield)
o If storage < minimum - deficit (To be avoided)

09/12/2008
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AQUATOR+BARNACRE

;;2 1 NJ M =
= de W"UJ JML WM M\ | |

*AQUATOR:Water supply system simulation software (VBA
— Excel controlled)

eBarnacre system loaded at AQUATOR
eSimulation results successful for 1927-2002

09/12/2008 17
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ET-XL

[ Microsoft Excel - Copy of DEMD-Aquator-GENETXL-new.xls ETE]
] Ble Edt View Insert Fomat Toos Dats  Window Type aquestionforhelp  ~ _ & X
= | CE e £ u = =] ) [
e eGeneric P latform for
gwizard b Run &9 Resuls E
- &3 - - - -
A BT ¢ [ 6 [ E T F T 6 T A ] 1T T K T M_ [ N [ 0 [ P [ & [ R [ & 0 tlmlsatlon Wlt
4] Database AquatorExeterUni.mdb
Folder C:ADocuments and Settings\LyciaiMy Documents\lydiafiles\Aguator
[ Model name Bamacre (UU) L] =
— Genetic Algorithms
Start 01/01/1992 Full run starts on 01/01/1927 010171992
[10] End 311031998 Full run ends on 310372002 3110371998
Parameters ] Win Max Notes. Curent CijC(1)  abs DG
[13] Rate A 00 4000 Supply above control line (ixed) 1000
Rate B 1500 2500 Supply below control line 19 . .
Jan 1536 10000 Contral curve (% full 0o 000
Feh 153 10000 2 2% 138 . Pe rfo rI I I I I I SI I l Ie
Mar 1538 100.00 1334 13.34
Apr 1538 10000 418 414
Hay 153 10000 1555 1555 . .
Jun i = = =
KB - ANetxL 2006 Configuration Wizard o bJ e‘ :t I Ve a n d
Aug 1
. Chromosome
Soec': - GeneticAlgoritim  Excel Link = Options =
ey E ach of the derizion wariables for 2 = - H
Chromosome  Objectives  Constraints ~ Simulation  Write Back problem constitules a gene in the I I | l I I O e‘ I V e
Output ] Cond genetic algorithm. All of the genes are
Failures Please enter the range containing genes into the text box bellow, press the appended together to form a
Vo,ﬁ::"‘e"'s‘l’ls;::::: Update butkon ko and specify parameters of the genes. chromosome. Therefore the choice of = L] L]
genes determines what variables the I m I I n
Optimise | Cond k1426 . genetic algorithm wses to discover
[3¢]  Rate BiDeficit Maxi (S FETEEH {e.0. ALICS) lpdaiz optimal solutions. Excel cell:
i Y correspanding genes must occupy
Show Aquator Ol Cell Gene Type |Lower Bound |Upper Bound ‘ = continugus area (range). Type in the
E range address [e.g. A1:C5) and press o
= || eAdd-in for Excel: (VBA
I | | |K15 bl ANt X1 2006 Configuration Wizard .
[23] K16 Integer Bounded Chromosome T
IM; | — K17 Inteqer Bourded GeneticAlgorithm  Excel Link ~ Options -
un fime] n
Each of the decision variables for a — X‘ e ‘ O ro e
1 L83 ft=aciBounded Chromosome  Objectives  Constrains  Simulation  Write Back prablem constiutes a gene in the
i« 4 7 Vil\Problem { Fesuts £ 5 genetic algorithm. Al of the genes are
K19 Integer Bounded
Do~ g | Auoshapes T N\ W Please enter the range containing genes into the text box bellow, press the appended together tofoma
Ready K20 Integer Bounded Update button to and specify parameters of the genes. chromosome. Therefore the choice of

Genes Range: (2.0, ALICE) Update
<
cell Gene Type ‘Lower Bound |Upper Bound e
_ Ki4 Real Bounded 19,00 19,25
K15 Inkeger Bounded 10 100
Kib Inkteqger Bounded 10 100
K17 Integer Bounded 10 100
K18 Integer Bounded 10 100
K19 Integer Bounded 10 100
Kz20 Inteqger Bounded 10 100 -
< Back Next = QK

09/12/2008

genes determines what variables the
genetic algorithm uzes to discover
optimal solutions. Excel cells
conesponding genes must ocoupy
continuous area (range|. Type in the
range address [e.g. A1:C5] and press
the update button to populate the

grid containing parameters of genes. —

eDialog box

eOn screen running

Hirt: To set the value of a whole
column, click its heading with right
mouse button and choose or type in
the desired value.

Hybrid Integer Bounded Gene

The gene iz an integer number [ie. 1,
23, 45E) and itz value is within the

ramma Timmar ko s Leaar bew wacdl

[l

Cancel
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AQUATOR+GANET XL+Barnacre

leix sl
® X Zlal

s ae b b

avpinase
anase

pbout x|
/E \/ ET.IER GANeEXL 2006 . /

Version: 1.0.1,24 P

e with U

= for Water Systems

s Supply Dofit

‘alid serial number - Days remaining: 264

Expiration Date: 17/012003 'é';;';t:tz'ggs
Identifier: [ Objectives: 256 8
SnErEr Papulation: 2147483647

X Generations: 2147483647
Enter New Serial Number

Copyright @ University of Exeter, Centre for
Water Systems, 2007, All rights reserved, oK

*AQUATOR: Additional/special control spreadsheet/macros
prepared so as to “communicate” with GANET_XL.
Successfully combined

eApplied for Barnacre system for optimisation

eFor the critical period 1992-1998 to reduce the simulation
run time (and checking for all)

¢3cetessful results (...) 19
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Structure
GANetXL. @ :._ _- AQUATOR @

Substitute the current
decision variahle
values into
the model data

Random initial set
of N solutions

l

| Current set of N solutions |

MNext generation
— 5| of N decision
variables

Water system

. simulation
Selection, Send decision '
Crossover variables of solution
& Mutation J to AQUATOR

—— Get hydraulic results
Multiohjective of solution J Hydraulic results
Result Ranking from AQUATOR .
(GA)
Evaluate the
ohjective functions
No Last
generation?
Transfer current set of
solutions and ohjective

function values to the GA

Trade-off curve of aptimal
non-dominated solutions

Display trade-off curve
and optimal solutions

5 ——

MULTIOBJECTIVE GA i EXCEL add-in m

09/12/2008 20
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Multiobjective GA-Trade-off curve
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0

&
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43000
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44000

45000

46000

47000 48000 49000 50000 51000
Water volume-Yield (Ml)

52000
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Selected Solutions for Barnacre

Original | Smooth | Smooth Smooth Min Min
1992-1998 uu curve curve curve changes changes | Max yield
1 change | 2changes
max dC% 6.90 1.00 2.00 3.00 13.45 42.28 38.00
o T @ [ ® @@ [ & T @® ()
Rate A 40.00 40.00 40.00 40.00 40.00 40.00 40.00
Rate B=X 19.1800 | 19.12898 | 19.03226 19.00012 19.18536 19.18536 19.12691
Jan 92.60 97.00 94.00 93.00 86.55 57.72 60.00
Feb 99.50 98.00 96.00 92.00 86.55 57.72 60.00
Mar 100.00 99.00 96.00 95.00 100.00 100.00 98.00
Apr 100.00 100.00 98.00 98.00 100.00 100.00 100.00
May 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Jun 100.00 100.00 100.00 100.00 86.55 86.55 100.00
Jul 100.00 100.00 100.00 100.00 86.55 86.55 100.00
Aug 100.00 100.00 100.00 100.00 86.55 86.55 100.00
Sep 96.30 100.00 100.00 99.00 86.55 86.55 100.00
Oct 91.50 99.00 98.00 97.00 86.55 86.55 89.00
Nov 88.80 98.00 96.00 94.00 86.55 86.55 74.00
Dec 89.80 98.00 96.00 91.00 86.55 86.55 94.00
Failures 0 0 0 0 0 0 0
Deficit 0 0 0 0 0 0 0
Volume 48203 49580 50288 50330 49297 50796 50807
Volume increase % 0.00 2.86 4.32 4.41 2.27 5.38 5.40

09/12/2008 22
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Different control curves (Barnacre)
52000
Yield Yield Yield
increased by increased by increased by
+4.41% +5.38% +5.40%
51000
50000
=
S
S
N
< 49000
K3
> +/- 0.00%
48000
47000
46000 ‘
Original curve by Smooth curve Curve with 2 Max yield
uu changes per year.

09/12/2008
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Different control curves (Barnacre)

— ** A —
90.00 -
%* % %* % % |
S
(&) ]
o 80.00
<
=1
o
9
‘g 70.00 -
(&)
60.00
50.00
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months
—o— (1) Original curve UU, dC=6.90% Yield=48203 —=- (2) Smooth dC=1%, Yield=49580
—— (3) Smooth dC=2%, Yield=50288 (4) Smooth dC=3%, Yield=50330
——(5) 1change, Yield=49297 —e—(6) 2changes, Yield=50796
——(7) max Yield=50807

09/12/2008 24
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Smooth control curves (2) (Barnacre)

100.00 & 2
R
90.00 -
d
g 80.00 -
2
=]
o
9
£ 70.00 -
[
(&)
60.00 -
50.00 ‘
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Monthe
—o—(1) Original curve UU, dC=6.90% Yield=48203 —=-(2) dC=1%, Yield increase by 2.86%
—— (3) dC=2%, Yield increase by 3.26% (4) dC=2%, Yield increase by 4.04%
—*—(5) dC=2%, Yield increase by 4.25% —o—(6) dC=2%, Yield increase by 4.32%

——(7) dC=2%, Yield increase by 4.41%

09/12/2008 25
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Increased vyield (3) (Barnacre)

100.00 7 0\0\

90.00

80.00

70.00

Control Curve C %

60.00

50.00 ! ‘ ‘ ‘ ‘
Jan Feb Mar Apr May JtMlonthJsul Aug Sep Oct Nov Dec

—o—(1) Original curve UU, dC=6.90% Yield=48203 -=-(2) Yield increase by 4.84%
——(3) Yield increase by 5.20% (4) Yield increase by 5.24%
—*—(5) Yield increase by 5.26% —o—(6) Yield increase by 5.38%
——(7) Yield increase by 5.40%

09/12/2008 26
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AQUATOR+GANET XL outcomes...

Advantages:

AQUATOR and GANET_XL can be combined and integrated

It can improve results (volume and “smoothness” of the
curve)

Optimisation in one step (X and Ci simultaneously), even
for complex systems with multiple reservoirs

Any other objective/constraint can be added
Convinced UU to proceed...

Problem:

Time needed (thousands of generations/AQUATOR

simulations) > distribution to computers in parallel >NEXT!

Shortening the time by critical period concept and other
techniques ...

09/12/2008 27
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e GA Optimisation developed as add-in to AQUATOR
e Activated through AQUATOR (GA-Aquator)
e Optimisation set up by the user (menus in AQUATOR)

EH ca optimisation - Single reservoir control curve

Optimization | Single run I

— General — Run dates — Search zpace
emand (DC1] — Below curve take rangs
Demand centre Start date - full IU'I A01.A1927 v| Min LEN
Enddate-ful [31/03/2002 =] [13.180 15180 i

N W
Above curve take [MI/d) |4U-UDU

" Finirunn storage ‘

— Control curve range [(£]——

|IJ‘I£D‘I.:’1992 'l
ki (D]
|31£03£1998 'l Jan |60.000 .<100.000

Feh [60.000 J700.000
Mar (60000 100000
ape [B0.000 100,000

Start date - critical

End date - critical

Emergency storage level [15.3680%)

9931
FEEE

Definitions

r— Constraints

B GA setup il

— G4 controller

Falder IE:'\F'rogram FileghOubord S cientific Softwareh\aquatoid 30wWS

Application Impienec.ene

Uzer name IChfiS

— Basic
Population size |50

Generations |90

Make | Seed [F1072

il

May [50.000 ¢<100.000
Jun [50.000 100,000
Jul [50.000 <-J100.000

|15-UUU % Control curve change |1-UUU %

[~ Max number of curve changes per year |3

v Max monthly curve wariation

~ Advanced ug [50.000 (100,000
Sep [E0.000 100000
0ot [50.000 (<J100.000

— Objectives

¥ Maximize supply Computers I GA setup | Model zetup

" Minimize number of contral curve changes

— Timeouts & waits [zeconds]

G startup |120

1

“wiait for message (0.1

—Advanced
E psilon |0.001
Mutation rate |0.1
Eta mutation |1
Crogsover rate [1

Eta crossover |1

11T

Options

Cancel | ak, I

UNIVERSITY OF Moy (60.000 ¢=100.000

E ETER Dec [50.000 <J100.000

& Minimize change in contral curve

HEEEEE
HEREEEE

Centre for Water Systems

It iz important to have saved any changes you have made to the model before running this analysis

JFMAMI J AT OND

Cancel Close
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’ GA optimisation - Single reservoir control curve

pjective GA-Trac

Setup Single run I
(LE ﬂ
Solution Supply Volume| monthly| Mumber of Below -
Choose Age deficit|  supplied| curve| changes| curve take Manthly contral curve (%]
wariation
] ] % Mizd]  Jan]  Feb]  Ma]  Am|  May]  dur] Jul]
2 46 0.000 43766760 0.000 0 19180 100.000/ 100.000 100.000) 100.000 100.000 100.000) 100.000 10
* 2302 0 0000 49702460 3292 E 19180 95545 95528 95,819 100000 99825 97.300 97.553 9
2208 2 0000 49556720 1.833 4 19180 §8.774 97000 ooccc dnnann asncEl o7 eoE 07704 o
2038 5 0,000 49431.800 163 3 19180 99.349 ?Gnuptimisatiun—Singlereservnircontrol curye 5[
2169 3 0000 49306880  1.069 119180 99152 9 g Singl run |
2058 5 0.000 45496.820)  0.000 0 149180 100.000 9 EE —_—
2305 0 0000 49295080 0.877 0 19180 98771 39 |soruz En T ] | Eolution
2037 6 0000 49306880  1.069 1 149180 99152 9 ReSUItS 2 -
2282 1 0000 49327700 1124 1 149180 99.071 9 =50
2054 5 0000 48434900 0.344 0 19180 99623 9 2434
2057 5 0000 47632920  0.002 0 19130 99.939 10 2058
2062 5 0.000 43015400 (664 0 19180 99466 9 il PR
2222 2 0000 49348520 1614 2 19180 53152 9 TR e [
2011 6 0000 49095630  0.697 0 19180 99.057 9 Eclow curue take = 193811 || 2501
1524 & 0000 43310400  0.000 0 19130 100.000 10 ol supplled~ £503 1 1749
2260 1 0.000 48786380  0.464 0 19180 93471 9 o changes=5 | |50er
2216 2 0000 48786.380  D0.464 0 19180 39471 9 Supplydefct =M 5189
277 1) 0000 43202780 0726 0 15180 93029 § s sunpld def. gearnis || 2503
1743 12 0000 48661460 0.377 0 19180 99623 9 Ma. supply def. month = nta | |1924
2084 5 0000 492444200 0.806 0 19180 99062 3 gi‘sg
2014 B 0000 48203420 0.080 0 13180 gassr g | 505
2168 3 0000 48205700 0103 0 19180 99.828 9 4 2504
1453 17 0000 48471620 0.268 0 19180 39579 9 2382
1987 7 0000 48072500 0.052 0 19180 99956 3 gg%
2371
: 2014
. =] » o
EEEU 2171
raphic Progress Results  Computers Log Copy To single 2168
Om 1517 =
O 2414
m 2340
Mo 2274
2529
]
Bog T oo o 2431
o o 1570
GI5E04 L 2369
2% change et -
Graphic Progress Results  Computers Log Copry To single Execute
09/12/2008 Cancel Cloze
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GA-Aquator
Problem:

e Time needed (thousands of generations/AQUATOR
simulations) - distribution to computers in parallel

Shortening the time by
e Critical period concept
e Optimising for a short critical period
e Checking (internal for GA-Aquator) for full period
e Improving the GA ... (new version-OMNI Optimiser)
e Larger population (100-200)

e ‘Near optimal’ results in 150-300 generations (instead
of 3000)

e Distributed computing (computers working in parallel)...

09/12/2008 30
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Structure
GANetXL. @ _ _- AQUATOR @

Substitute the current

: Random initial set decision variable
) of N solutions i values into
i | the model data
Mext generation ! l :
.| of N decision ! | Current set of N solutions || |
variables

i Water system

. ] I simulation
Selection, ! Send decision |
CFDSSD\_’EF ! variables of solution
& Mutation : Jto AQUATOR

—— ! Get hydraulic results !
Multiohjective ' of solution J : Hydraulic results
Result Ranking i from AQUATOR ; .

(GA) : :
I :

Last
generation?

No

| A
| Evaluate the
i ohjective functions i

| Time consuming:
Transfer current set of :
fimeon vanus s GA | | 1.2to 1.7 s for the
Trade-off curve of optimal i Display trade-off curve Crltlcal perIOd

non-dominated solutions and optimal solutions | : 17_1 9 S for fu" periOd

MULTIOBJECTIVE GA i EXCEL add-in m i

09/12/2008 31
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GA-Aquator
Problem:

e Time needed (thousands of generations/AQUATOR
simulations) - distribution to computers in parallel

Shortening the time by
e Critical period concept
e Optimising for a short critical period
e Checking (internal for GA-Aquator) for full period
e Improving the GA ... (new version-OMNI Optimiser)
e Larger population (100-200)

e ‘Near optimal’ results in 150-300 generations (instead
of 3000)

e Distributed computing (computers working in parallel)...

09/12/2008 32
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GA-optimiser

Improving the GA

e Omni-Optimiser... New..

e Universal (single + multi) objective optimisation

e Maintains variability in objective and decision space
e Robust and disruptive mutation operator

e Deb, K., and Tiwari, S. (2008). "Omni-optimizer: A generic
evolutionary algorithm for single and multi-objective
optimization." European Journal of Operational Research”,
185(3), 1062-1087.

e Applied in GA-Aquator for larger population (100-200) than
GANET_XL (20-50)

e ‘Near optimal’ results in 150 generations (instead of 3000)
in under 1 hr (+distributed computing)
09/12/2008 33
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New GA-trade-off curves (Barnacre)

uar
?jk o,

Critical Period (01/01/1992 - 31/03/1998)
48,000 ’%l Initial Solution by UU
4 . # United Utilities
Pi_ + GAnetyl (selectad)
48,500 &% + GAnetdL (#50/3000)
L
|* - * GAnetkl (% 50,1500}
!_ . B New GA (% 100,/150)
a1 [ .
44 000 = ] = = ey GA (%0 50/ )]
?‘. " E @ Mew GA (368 200/750)
= e ‘ o GAnetyL (% 100,546
= s?;' [ = E Anetkl (% L00,/546)
E 49 500 __.I' = % — T & GAnetdl (% 100,200}
= . 53 " » New GA (%6 100-1250)
I o 7 3 = .
g n * . Mew GA (#100,/150)
= 50,000 —‘—ax - = = =
] o e i g
i : i L " s K & . =, . . & E EE
ix . - oy .. e L]
50,500 lx]-‘.. - L T e = _—
g L) -
hi - = a0
< TH| = e =,
Bl ’ ML . ..
-
- = . .
51,000 - *
LN . T 5 N .
*
51,500
Q.00 10.00 20,00 30,00 A0.00 S0.00 a0,
Maximum %% Curve Change

09/12/2008

34




ccccccccccccccccccccc

Watergrove & Springmill system

2" case study

09/12/2008

DemandCentre1

Wate

rgrove & Springmill
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W&S system test problem

; Ouput time
Input time series M ﬁ{'.?l?le (H: | series:
(daily) , OnEYeontrol | | 15.21MId OR
i’ d yield)

eSingle reservoir

*Spills /No energy costs taken into account (gravity fed)
eTarget: Maximising yield (water volume) AND No deficits
eDecision variables (Unknowns): X and C, i=1,12

eInitial optimal solution given by UU (X fixed at UU request)
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W&S system test problem

Storage

;@

: : Single (1)
Input time series Month?y control
19(33 ”3,302 > curve g
- C ,i=1,12

Ouput time
series:
15.21 Mild OR

X (cut back
yield)

eControl curve (monthly) C, , i=1,12

e Ci % of max water volume (reservoir capacity)
o If storage > Ci > Outflow= 15.21 Mid

o If storage < Ci = Outflow= X=8.29 (cutback yield)

e If storage < minimum -> deficit (To be avoided)
w1 fStorage > maximum -> spills (To be avoided)
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Se

ected Solutions for W&S

Qual
e 9,

93-1997 Original | Smoother | Smoother | Smoother | Smoother
1993- uu curve curve curve curve Max yield | Max yield
max dC% 15.67 10.90 11.32 12.77 13.38 18.48 20.21
(2) 3) (4) (3) (6) (7)
Rate A 15.21 15.21 15.21 15.21 15.21 15.21 15.21
Rate B=X 8.2900 8.29000 8.29000 8.29000 8.29000 8.29000 8.29000
Jan 72.24 68.47 68.47 62.60 66.73 51.17 49.37
Feb 84.92 77.89 76.98 69.48 69.26 69.65 69.58
Mar 92.99 84.08 84.08 82.26 82.63 87.68 82.44
Apr 97.16 94.80 94.90 94.96 95.33 95.34 95.33
May 100.00 90.57 91.19 91.19 89.44 89.44 91.23
Jun 98.66 87.55 87.55 87.55 86.25 86.83 84.57
Jul 87.76 76.96 76.24 75.48 76.37 76.28 75.95
Aug 72.09 68.03 66.88 66.94 67.13 66.85 66.85
Sep 60.30 58.35 58.35 58.62 57.45 57.56 57.43
Oct 52.53 55.70 55.70 55.98 54.24 52.85 54.18
Nov 54.77 50.10 50.10 49.94 49.54 49.54 49.54
Dec 61.64 57.57 57.91 57.63 53.76 50.90 58.12
Failures 0 0 0 0 0 0
Deficit 0 0 0 0 0 0
Volume 16077 16748 16783 16824 16852 16866 16880
Volume increase % 4.18 4.39 4.65 4.82 4.91 4.99
Volume full period| 371165 390659 391171 391662 392901 392597 393226
Volumelincieceoh 5.25 5.39 5.52 5.86 5.77 5.94

full period

09/12/2008
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Trade-off curve for W&S/Critical period

Watergrove & Springmill Reservoir:
Optimization with BCT fixed to 8.29 Ml
Critical Period (01/01/1994 -31/12/1997)
12,000 + United Utilities {MOSPA)
B Mew GA (% 100/150, 3.29)
13,000
Population 100
14,000 L 0
s . Generations 150
- T ony Results obtained
: . under 1hr
3 B
g |
16,000 B 3
fu LI | | ] ]
17,000
18,000
5 1 15.0i 20.00 25
Maximum % Curve Change
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Trade-off curve for W&S (Full period)

uar
o a0,

Watergrove & Springmill Reservoir:

Optimization with BCT fixed to 8.29 Ml
FullPeriod {01/01/1927 - 31/12/2005)

2a0,000

zoo,000 . P
* United Utilities (MOSPA)
H Mew GA{100/150, 8.29)

220,000

240,000

2a0,000

300,000

Vaolume Supplisd (MI)

320,000 .

340,000 l

360,000

380,000

'. ] =

400,000
0.0o0 c.oo

10.00 15.00

Maximum % Curve Change

20.00 25.00
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GA-Aquator

Advantages/Conclusions:
e AQUATOR and GA have been combined and integrated

e It can improve results (volume and “smoothness” of the
curve)

e Optimisation in one step (X and Ci simultaneously), even
for complex systems with multiple reservoirs

e Multiple objectives in order to ‘shape’ the curve.

e Interest by the Water Companies (“real” problem)
e Distributed computing applied

e Improved MOGA + gaining experience
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GA-Aquator

Next steps:

Optimising for Reservoir System with multiple curves
(to start with UU in the spring)

Extending to multiple reservoirs through AQUATOR
Extending to other Water Companies

Extending similar techniques and experience for integrating
GA to other "commercial” water system software
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GA-Aquator

e Demonstration...

e Distributed computing for GA-AQUATOR

By Josef Bicik...

09/12/2008
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Ditsributed computing for GA-Aqua

~

/ AquatorGA Slave \ / Aquator Slave "\
1 [

Configure Solution

(ay

|

I I
Return Result

A

@
@’b
Slave Computer #*
/ Aquator Master “\ /AquatorGA Master\

Returns Results S

Configures Optimizatior

-

<
4’/5.,7& / AquatorGA Slave \ / Aquator Slave "\
'9@8'

1 [
Configure Solution

Master Computer

|

| |
Return Result

A

Slave Computer #2
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5A Master

Master Computer

MESSAGES

MPI =

MESSAGE
PASSING
| INTERFACE |]
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(@D
AquatorGA § COM = or Slave

- GCommon
< Object Model

e Computer #1

N

AquatorGA Slave Aquator Slave

|
Configure Solution

[ [
Return Result

Slave Computer #2
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Inter-Process Communication

e MPI - Message Passing Interface

Communication protocol for parallel computing
Widely adopted
Available on ZEN (Physics supercomputer)

Mostly distributed communication

e Pipes

Bi-directional communication between 2 processes
Behaves like a normal file but data only in memory
Supported by operating system (POSIX)

Mostly local communication
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Centre for Water Systems

Thank you for your attention
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éAQUASTRESS
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Links

e MPI - http: //www.mcs.anl.gov/research/projects/mpich2/

e ZEN Supercomputer -
http://newton.ex.ac.uk/features/supercomputer.html

e Omni optimizer -
http://linkinghub.elsevier.com/retrieve/pii/S037722170600
6291
http://www.iitk.ac.in/kangal/seminar/omni.ppt
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