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Introduction

Let’s introduce a geometrical optimization problem, named cones problem, with the
following characteristics:

 multi-objective problem (two objective functions): the solution is not a single optimum
design, but instead it is represented by the set of designs belonging to the Pareto frontier

« simple mathematical formulation: easy and quick implementation from scratch of the
relevant modeFRONTIER project

« constrained problem: objectives space and designs space present feasible and
unfeasible regions
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Problem definition

Right circular cone:

r = base radius
h = height

s = slant height :
T 9
V=—r“h
3
V = volume
B = base area
B =nmr?
S = lateral surface area
T = total area S=mrs

T=B+S=xnr(r+s)
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Cones problem

« two input variables: r, h
r € (0,10] cm ,
« two objectives:

min S
min 7T’

 One constraint:

V > 200 cm®
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The cone shape (i.e. the
design) is defined univocally
when both r and h are given.

We want to minimize both
the lateral surface area and
the total surface area

A constraint for the cone volume is
given, in order to guarantee a
minimum volume.
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Project building

Let’s build from scratch the pertinent modeFRONTIER
project:

1. Work Flow setup: fill the work canvas with the project’s
building blocks

2. Script Node setup: use your favourite math tool
e Jython script
e Matlab node
e Excel Workbook node
e OpenOffice Spreadsheet node
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Work Flow setup

cones: two-objective optimization problem

ED—‘

valume

minimum_volume

/”_DED‘—DE

min_lateral

]

min_total

h
J lateral
EE‘ cones
@
two design variables

base

DOE Sequence —
| 'Y P P |

DOE

script node

output variabl

two input variables :
logic flow
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Work Flow setup

cones: two-objective optimization problem

(N

Wi lum e P R e ol me
r 11
- — Y et
ED—‘
h I B (|5
J lateral min_lateral
ED Cones T

two design varniables min_total
g base
(=] 1]
DOE Sequence
om0
[ [m[m
Onl
DOE
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Script node: Jython

Jython (Python) script case: ||zl Write down the formulae

External Script Editorcones Y3
File Edit

A « BE EE BE v

TR
/

THPYS <—

import math

volume = math.pi S¥r*r*h
s = math.sgqrtgr*r+h*h)
lateral =wiath

5
B |hase = mathpi*R*r
T

5 . - -~\
| 7 Col: 1] [Len: 102] N\ \ B:’ﬂ'?‘g
] ;8 \ \ Cancel Help

", N\ \ -

Load math module \\

Note the syntax of mathematical functions and constants

| AR , m
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Script node: Matlab

Matlab case:

4

& Editor - C:\users\enrico\projectsisimple optim... g [E| rz|

Write down the formulae

%

/2 2
File Edit Text Cell Tools Debug ‘Window Help n 5 = (e h
DEE & BEo o« & #F,
: S=nrs
1 - wolume = pif3i*r*r*h;
e 3 = sgrtir*r+h*h):
_ B =11’
3 - lateral = pi¥*r¥*s;
1 - base = pi¥fr*r; tlab Script Properties @
5 ) htlab Script Properties
= e cones
script Lh 5 cal 1 ription &

ﬂ modeFRONTIER Preferences

Components [«]General
[¥] i) General Matlab Version T.0x
* @ Wiark Flow Matlab Max Reuse Count 100
[=] O3 External Applications

o\ Matlab

@ Excel

Check Matlab version

[+] i/ Design Space
Run Logs
[¥] m Frint To File Settings

Tt Causersienricaotprojectsisimpl... \;h
[»|Matlab Script Advanced Properties
[»|Matlab wWork Space Properties

[=|Process Input Connectar [*|Process Output Cannectar

Scheduler | [v] End QK11 [¥l Condition =0
[=|Data Input Connectar [»|Data Output Connector

h [¥] | wariahle Ma.. h hase ¥ variable Ma... hase

r [v] | wariahle Ma...r lateral ¥ wvariable Ma... lateral
hase [ yolume ¥ variable Ma... valume
lateral [

volume [

| @ | | Previe | | Cancel | | Help

W Print Settings
AutoReport

| BB Ok Cancel
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Script node: Excel X

Insert the formulae

Excel Workbook case:

EJ Microsoft Excel - cones.xls
@_] File Modifica Misualizza Inserisci  Formakto  Strumenti Daki Finestra

G i 10 -G C 8 |=E ==
Jg

-

=PI*a1*ct S =7rs

100 1118034 261.79594 1756204 7553952 <

=PI*a1*A1 B — 72

W
M 4 » M Sheetl / Sheet2 / Sheets / | < »
Pronko
Dl M W 0010 R AR ) | W Edit Wwoarkbook |
Mame cones
Description [ Interactive Selection
) Workhook Chusersenricolprojectsisimple...
Build the spreadsheet Macro Narme
[»]Excel Warkbook Advanced Properies
[»]Excel Default Cells Properties
[*]Process Input Connectar [*]Process Cutput Sonnectar
3 Scheduler [¥] Endk1 [¥] | Condition =0
Load the XIS flle [=|Data Input Connectar [=|Data Output Connectar
h [w] | Cell Addre... ISheeﬂ!EB hase [w]| Cell Addre... §Sheet!IF3
t [w]| Cell Addre... §Sheet!lad |ateral [w]| Cell Addre... §Sheet!lE3
hase (] wolume [w]| Cell Addre... §Sheet!lD3
. . lateral (]
Link variables to cells volume _|[J
El., _ | |cake] | | P revies | | Cancel | | Help |
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Script node: OpenOffice

OpenOffice Spreadsheet case:

File Edit View Insert Format Tuuls Data Wmdnw Help
|ﬂ'hDmefenricnfprc:ject5,"5imple_optimizatinnﬂj ] &

|Bit5tream‘u‘era Sej |1D j B i UAX

Insert the formulae

_ 2 2
_SQRT(A3*A34B3+B3) 5 — VT~ T h

\

T

| =PI0/3*A3*A3*B3 V==r%h
3

| =PI()*A3*C3 S=nrs

| =PI()*A3*A3 B = nr?

OpenOffice Spreadsheet Properties

|as ==z = |
3
! A B C
L |1 [input variables
i 2 Ir h g5 y aters a5
@tt 3 5 10 11.18 261.8 17562 78.54
4
JMa]<|r | Sheetl /Sheetz fSheets 7 ||| |
Sheet1/3 Default 100% STD Su
Description
Spreadsheet
Macra Mame

Build the spreadsheet

Load the sxc file

Link variables to cells

EE

7] product of ESTECO srl

[¥]Dpendffice Spreadsheet Advanced Properties
[¥|Openoffice Default Cells Properties

Properties | ¥ Edit spreadsheet |
cones

I Interactive Selection
Jhomejenrica/prajects jsimple. .. 4

[*]Process Input Connectaor [*]Process Qutput Connector
Scheduler 1] EnciOK11 [v] | Condition =0
[*]Data Input Connector [*|Data Output Connectar
h [v] | Cell Address | |Sheet1.B2 base [w]| Cell Addr... §|shestl F2
r [w] | Cell Address | Sheetl A3 lateral [w]| Cell &ddr... §|Sheetl.E3
hase ] wolume [wl Cell Addr... §|sheetl.D=
lateral (]
wolume [
@ | | Prewiew | | Cancel | | Help |
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Runs examples

Let’'s see some examples of runs with different DOEs
and/or schedulers:

 Full Factorial DOE

* random samplings: Random Sequence and Sobol
DOEs

* genetic algorithms: MOGA-II, NSGA-II
« MOSA
 NBI-NLPQLP
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Full Factoria objectives space

9.7 TEES T

3.3435E2 1

FA591ES

Full Factorial DOE

10 levels per variable
100 eval. designs SAIRIERT

F.O7AEES ]

5.3081EZ1
|

min_total

4.4-17EZ

£.6530E:7

1.76ETES

d.3435E1 1

0.0000E0 t t = t t t
0.0000ED 1.4080E2 2.8120E2 4. 2130E2

_iﬂ_I -

W modeFRONTIER®is a registered

- g oo e mModeFRONTIER
f . /] product of ESTECO srl & www.esteco.com or send an e-mail to:
: Copyright © ESTECO srl 1999-2007 é,i'“

the multi-objective optimization and design environment
modeFRONTIER@esteco.com ) P 9

S5.6-40E2 F.0300E2


mailto:modeFRONTIER@esteco.com

Random Sequence

1 1 1 1
897ZFEEZT - - - - - —l- - - - - - 4 - - -
| |
E.E435E2--——————:———— —%---
| |
FOSE1EZT - - - - - -, - - - - - - 7 - - -
i | |
Random Sequence DOE?DNEEE- il
| |
1000 eval. designs | ,
ELI04EZL - - = - - - - - - - - - - -
™ 1
S53061E2T - - - - - —i1 - - - -
EI ! 1 1
Egaz17e2f - - - - - -1 - - S
| | |
2.6652E2T - - - - - QL-(;---* ----- ' “““ *‘“““D _____I__ - I_______I______
25957E21 - - - - ?-'---——-l ------ o |: I 1 1
: o o . |
= R i e =
I & o o - = = = — f = = = = = m = = = = = =4 = = = = = =
Lo - - - - - e = = - = = L - - - - - - - - 4 - 0= - -
2.4565E2 <><><> <><>: kS :D -d:D—D H : ‘EID I | |
23870B2y - - - - - - [ |_______\_Tj_|j__|5 _ _ — - _ _ l _ _ _ _ _ |_ _ _ _ _ _ _| _ _ _ _ _ _
§2.31T4E2' -- —O—E —————— % ————— DE ————— o 1: ------ | | |
E2.2478E2——§——%—0—: —————— fD---D--: ------ . J‘-‘I?ja“ __I____ _l_____ I_______I______
2.1?33E2———0——@Q: ------ I.‘-——ﬁ-——:g______:__o____ | 1 1 |
2.1087E2T - - - - - G: —————— 1‘-3 - —Dm— —:— - s - - -“ —————— : ! ! !
< ' ' ' | } } } ¥ } } t
T SRR G- RSO AREE R 1.4060E2 2.81Z0E2 4.2180E2 S5.6240E2 7.0300E2
1.9696E2'---§--:------% —————— :———————: —————— min_lateral
o ¢ & o |
1.2000E2 <
1.2000E2 1.3600E2 1.5200E2 1.6800E2 1.5400E2 Z2.0000E2
min_lateral
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Sobol

T T T T
ayeyeE2 T - - - - - -~ - -+ - - - - = l— = = — — = 4 - - - - Q-
I 1 1 1 1 |:|]]:|:|5|
3.3435E2-———————:— —%—————:-------' %'--_
| | |
FRS81EET - - - - - - - -7 - - - - - - - - -
B | |
SObOI DOE FOFIBEZ+ - - - — - -1 - N _ - - = - -
T | |
1000 eval. designs - | |
e l1904E2 1 - - - - - o . - - - - - -
= [ I
G 53061E2T - - - - - - e e e g — — -
EI : I I I I
Egazi7ezt - - - - - -1 - S
| | |
z.665262F — - - - - P A A o I 1 1 1
M : oo 1 NG e
259572 - - - - - - R R
Sy R G Iaﬂqufnjfufffff : ! !
| Ce SRR P I e Ll
24565E2-——2>———:—<—>——;—T——D————: ------ 4‘-':' _____ I | |
z3870E2 P U - - - - - - - - E+___E‘__¢‘—EI_D____:_|:|___E|_ | \ |
T e . . .
52.2478E2————o———:—z}———-fﬁ--g--:----n--ﬂ‘ﬂﬂ“u‘ __I_ _l_____ I_______I______
z17@3E2T - - - - - - :---__._l ______ :___D____: _____ | 1 1 1
. n o .o o I I I I
ZADGTEZT - @ - - - -1 - - - - - P T T
. o | @ o I } } } } ¥ } } t
20331627 © - - - - ‘:0‘ oo ;f """ AR 1.4060E2 Z2.8120E2 4 A180E2 S.e240E2 J.0300E2
1.9696E2'---<>---:----0--%0-0-----:-------: —————— min_lateral
1.9000€2 : o9 I ‘
1.2000E2 1.3600E2 1.5200E2 1.6800E2 1.8400E2 2.0000E2
min_lateral
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MOGA-II

2.6652E2

9. 7278EZ
5.8435E 1
FTA591EZ
MOGA-II 7.0748E2]
20 individuals (Sobol)
50 generations |
1000 eval. designs £ szae1ez]
|
E 4 4217E2 1

2 5857E2

2.5261E2

2 45A5E2

2.3870E2

2.3174E2
|

min_total

2.2478E2

2.1783E2

2.1087E2T

2.0391E2T

1.9696E2T

1.9000E2

1.2000E2 1.3600E2 1.5200E2 1.6800E2

min_lateral
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1.5400E2
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1 1 1 1
T R B -+ - = = = = —-I=- = = = = = 4 - - - - - -
1 1 1 1 |:|I:|
. o,
| | | |
| | | |
- - - - - - - - " - Tr - - -"-"=-""=")y - -"=--"=-=-3 - - - - -~
| | | |
e _J.______IE______I______
| | | |
| | ID |
T
| | [D]DD_DI |
- - - - - - - - = - T T T @O -9 - - - -""—-"7 - - - - = =
1 {EIlD o 1
- _ - - _V'_ _ _ _ _ 1 _ _ _ _ _ _0\_ _ _ _ - _ 414 _ _ - _-__
| | | |
S - e S B
| | | |
| | | |
- - = = - -t - - - - - -|- - - - - -9 - = - = - =
| | |
- - — -y _ _ - - - ' - - - - - 4 _ - - - - -
| | | |
@ | | | |
g""f"_ -y - - - - - S-S - - - - 4h5- - - - 0"
| | | |
1.4060E2 2.8120E2 4 2180E2 S.az40E2 7.0300E2
min_lateral

2.0000E2
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MOGA-II

2.8652E2 1
2.55957EZ

£.5261EZ1

MOGA-II 2 4565EZ
20 individuals (Sobol)
50 generations

1000 eval. designs

£.3870EZ A

£.3174EZ]
|

min_total

2. 247EEZ

2. 1783E21

2. 1087EZ]

£.0391EZ A

1.9696ES ]

1.9000E2 t t t t t t t t t
1.2000E2 1.3600E2 1.5200E2 1. 6800E2 1.83400E2 Z2.0000E2

min_lateral
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NSGA-II

2.8652E2 1
2.55957EZ

£.5261EZ1

NSGA-II 2 4565EZ
20 individuals (Sobol)
50 generations

1000 eval. designs

£.3870EZ A

£.3174EZ]
|

min_total

2. 247EEZ

2. 1783E21

2. 1087EZ]

£.0391EZ A

1.9696ES ]

1.9000E2 t t t t t t t t t
1.2000E2 1.3600E2 1.5200E2 1. 6800E2 1.83400E2 Z2.0000E2

min_lateral

T #  modeFRONTIER® s a registered / For more information visit: I I |OdeF RO NTI E R
{ .Eii product of ESTECO srl www.esteco.com or send an e-mail to:

: & e e Tl i A
Copyright © ESTECO srl 1999-2007 é’“ modeFRONTIER@esteco.com the multi-objective optimization and design environment



mailto:modeFRONTIER@esteco.com

MOSA

2 aR52EZ
2.5957E2 A
2.526lE2
MOSA 2.4565E2 1
10 points (Sobol)
100 iterations ) 2.3870EZ
1000 eval. designs p——
:

2. 247EEZ

2. 1783E21

2. 1087EZ]

£20391EZT — -

1.9696ES ]

1.9000E2 ' t - f t ¢ ' t :
1.2000E2 1.3a000E2 1.5200E2 1.6800E2 1.5400E2 Z2.0000E2

min_lateral
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NBI-NLPQLP

£.BB52EZ ]

2.5957EZ

NBI-NLPQLP |
(DOE: 10 Sobol) 2 4565E21
20 NBI-subproblems

346 eval. designs 2.3870E2]

2.3174E2

min_total

2.2478ES

2. 1783E2

2. 1087EE ]

2.03591EZ

1.9656E2

1.9000EZ t t ' ' ' ¢ ' t '
1.z2000E2 1.3800E2 1.5200E2 1.a300EZ 1.5400EZ Z.0000EZ

min_lateral
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Final considerations

Let’'s consider the difference between

« single-objective problem solutions: two different minima
« multi-objective problem solutions: the Pareto frontier

!,.—:.;,,H modeFRONTIER® is a registered l For more information visit: I I |OdeF Ro NTI E R
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Single-objectives minima

min =

min S
r=>5.131 cm

h = 7.256 cm
V = 200 cm?

S = 143.23 cm?
T = 225.92 cm?

N1 ,
Bl modeFRONTIER®is a registered
¥ w1 product of ESTECO srl
WMy Copyright © ESTECO srl 1999-2007

Each design represents

the optimum solution for

its corresponding single-
objective problem.

f?

G

...but what about the in
between designs?

...we would like to get a
compromise solution. A
trade-off of the two
objectives...

What we want is the Pareto frontier!

! For more information visit:
www.esteco.com or send an e-mail to:
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min T

12“--:"'”"

10

min 7T’
r=4.072 cm
h=11.518 cm
V = 200 cm?

S = 156.28 cm?
T = 208.38 cm?
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The Pareto frontier

230 ; : :
225} - 12
10,
220} I 84
6
'—F
4
215} ]
2 B 443!
210} 1
205 - - -
140 145 150 155 160

5
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