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Goal Of Tutorial

[f » We Will Cover
7 — Our Boeing Engineering Application, for Context
', - Why We Did This

— How We Did This

— Results and Target Problems

£ — Future Work
/'« We Will Not Cover
— How a GA Works

— Complete and Detailed Source Code
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X Overview of Engineering

Application, AGPS

/' Aero Grid and Paneling System (AGPS)

* A Surface Geometry System
J — Points, Grids
) — Curves, Surfaces, Solids
— Data transfer to/from CAD.
— Intersections and CAD functions. What it's not.

/, » AGrid Generation System
] — Structured grid
o — Unstructured Grid
— Input to analysis codes

* A Visualization and Postprocessing System
— Surfaces
A — Data
]
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o Overview of AGPS- Running

Menus

[ Object
Browsers

5 Command Line & Output
faw
+ ;
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H Manipulation
=

g Overview of AGPS- Uses

\~ Grid and Panel
* Generation

Visualization

Customizable for specific applications

— Journaling / Replay to automate processes

— Customizable menu structure

— Programming language designed for geometry
manipulation

— Library of pre-existing macros / specialized
packages

— Graphical and command-line interfaces
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Overview of AGPS- Architecture

Core AGPS

L ™

Language
Command
Files

¥ 200+ 40+ Geometric

Commands Types
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? AGPS — External Marketing

» 2003- Calmar Licensing of AGPS From Boeing

Calmar Research’s Software Technology Group (STG)
announces the launch of AGPS (licensed by Boeing).

http:// www.calmarresearch.com/software_tech/agps.htm

T ™

For 20 years, only Boeing's top designers have had access to
i AGPS, considered by many in the aerospace community to be the
i best design tool available.

"Boeing is letting the genie out of the bottlesays Garvin
Forrester, Lead Engineer of Calmar Research Corporation's new
Software Technology Group.

]

Marketing plans call for AGPS to be offered through annual
licensing agreements. Boeing provides ongoing software updates,
and Calmar's Software Technology Group provides commercial
f support, consulting and training.
r;’
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T Optimization Needs in AGPS

/
/

A

/'« What Engineers Want To Generate Via
Optimization:

5 — Componerto-Component Smoothing or Fillets

— ReducedOrder Geometry (Refit to Tolerance)
— Grids (Structured and Unstructured)
— Geometry for Better Performance Based On:
* CFD, FEM, Aeroelastics, Manufacturability, Cost, etc.
— Non-Deterministic Geometric Cases
— Multi-Disciplinary Constraints

AH - Things That We Cannot Imagine or Plan For...
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Automating AGPS Optimization

Surface

. Definition »
and

Modification ‘

Y
\ Postprocessing AGPS

Solution

o 3
(e

- Formatted
‘ Tranair ‘ solver
input
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AGPS POW
Command

Surface Gridding
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Framework of a GA-Based
Optimizer - Goals

» Written In Java
» Not AGPS-Specific, Usable By Others

4 « Easy To Use By:

— End User
A — Application Developer

"« Work With a Variety Of Data
* Robust
« Configurable

+ » Diagnostics

{
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X Framework of a GA-Based
9 Optimizer - Goals
¥
A
{y
v
I'.,
= Data Reps
A / & Mapping
I
£~
Y
& . .
Controls Diagnostics
i,
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A Packaging Optimizer for
"‘,',‘.._ .
End-User Consumption
Jil
ff,’ Data Specification
A User View GA Internal View
v Data Type (integer,
’1 ata Type (integer, rea )Bit Mapping to/from Data,
A Minimum and Maximum Valuesdetermines total number of GA bits
£ and population size
[ J Granularity (maybe Distribution?)
t‘“ Fitness TargetFitness Target
] Maximum Time To Tryl Maximum Time To Try
¥ -none | Internal Tracking and Tweaking of
F GA Operators
&
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A Packaging Optimizer for
End-User Consumption
5 .« Package Interface in User’s Terms
i’-% » Make Defaults for Most (all) Settings
; * Provide Feedback in User’'s Terms
/)« Provide Simple Working Examples
ff * Provide Causeand-Effect Guidance on
‘ Setti NQJS(i.e. smaller tolerance=longer to solve,
larger tolerance=possible values limited)
G
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~ AGPS Interface to Optimizer
/. + New AGPS Command- POW
J/' — POW Init
i\ — POW Parameter Name Min Max Resolution
J  —POW Set Fitness-Target
/. —[POW Set Maximum-Time]
;‘ —POW Run
’_j‘. — POW Report Fitness-Value (Callback)

BOEING is a trademark of Boei
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t AGPS Interface to Optimizer —
' Example - Initialization

. S$targetfitness =0.01 -
" $res =001 Parameter Min/Max

¥

F .
4 Names  Values Resolution
f‘ POW INIT FULL
I POW PARAMETER REAILINEAR Namg=X1 value=0.¢"1.0 Resolufign=
- POW PARAMETER REALLINEAR Narfie=Y1 valye=(.0 1.0 Resolutiop=
" POW PARAMETER REALINEAR Nagne=XM ILie40.0 1.0 Resolutiol

'/ POW PARAMETER REALINEAR Namne=YM I§e0.0 1.0 Resolutior|

§ POW PARAMETER REALINEAR Nafme=X2 val% .0 1.0 Resolutio
/" POW PARAMETER REALINEAR Narhe=Y2 valfe=§.0 1.0 Resolutiog=
£/ POW PARAMETER REALINEAR Nan\e=DEGRFE vajye=0.0 1.0

RgSolution=

I

POW SET FITNESS- TARGET Value= targetfitness

/;
4 i -
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X AGPS Interface to Optimizer —
=—Callback

/. CSTS [(X1,Y1),(XM,YM),(X2,Y2)]

Use Parameter

! $IF REGREE == Names, Unique
;f FCV-6S DEGREE=CUBIC for Each

2 $ELSE Invocation

.~ FCVC SDEGREE=QUINTIC o

f,' $ENDIF Engineering

[ Magic

/ @FITNESS = ...some engineering calculation...

OW REPORT Name=RowJobID Value=FITNESS

; Report Result
= Back To POW

& e com : _
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t AGPS Interface to Optimizer —
»  Example—Engineering Magic

. $DELTASUM =0
/1 $FOR I=1 TO NUMPOINTS
./ CLOCRES=POINT=TARGETPOINTS.<I> DIST=D
i $DELTASUM = DELTASUM + D
— $ENDDO
L}

j,‘ LEN C OUTPUT=CURVELENGTH

F
£ $FITNESS = DELTASUM * (CURVELENGTH + 0.5)

v’ e Use Sum of Distances from Curve to each
+ Point, and also reward smaller Curves.
' These two terms MUST be balanced.

¥
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[ AGPS Interface to Optimizer —
= Example— Run & Report

/. $fori=1 to 10000

f I POW RUN will set this if done

7 $powfitness = targetfitness *2

A

Ay POW RUN name=PowJob2.agps value=100
- $if  powfitness <= targetfitness

q $write 'Target fitness reached'

/i $break

{ $endif
$enddo

. POW REPORT
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+ POW Results— AGPS Display

,'.' Ioix
/

/

A

Ji

- « 5 Target points

« 3 Curve Points from Parameters
- « Red: Best GASolution Thus Far
/ *White: Current GASolution
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POW Resul
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ts— 3 Points

Watch Results
At 10 Times

i
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POW Status— 1563 Cases

I =10 x|
[ Status r Controls r Diagnostics |
s Show Best Fitness
A 1.0
=
% 021
] Show Hill-Climb Benefit L
¥ 01
Pl [_] Show Each Joh
. T ]
J ¥ Log-Scale 0o
o ¥ bax
! 007
36 360 720 1080 1440
Dna Bits = 43 Total cases run = 1563 Best Fitness = 0.0594717...
Population = 36 Unigue cases run = 665 HillClimbing Benefit = 9
Elapsed Time = 7045 Cache Used = 57.49% Stagnant = 4
} #ve Time/Case = 15
[

s 7 BOEING Dickens GECCO- June 2530, 2005,

r/

POW Status— 4298 Cases

o ] 1
Status r Controls r Diagnostics |
Show Best Fitness
1.0 |
|
0.31)
Show Hill-Climb Benefit k\
01
[ Show Each Joh T i
¥ Log-Scale 0.
¥ Max
0.0 L —
36 1044 2088 3132 4178
Dna Bits = 43 Total cases run = 4298 Best Fitness = 0.0523768...

Population = 36
Elapsed Time = 20225
Ave Time/Case = 15

Unigue cases run = 1947  HillClimbing Benefit = 11

Cache Used = 54.71%

Stagnant = 6

i
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A sToP RESET
=
i Status | Controls
¥] Show Best Fitness:
v 10 ‘
F V] " 3
] Show Hill-Cli o
Show Each Job oo,
# 0.1
§ V] ¥ LogScale B
¥ Max [MaxFitt oo T
12 [Max Fithess | v
0. T [
41 1435 2870 4305 5740
alefMrans 081 00 0ot 70 Fov || DnaBits =57 Totalcases un= 5846 Best Fitness = 0.0452129..
Population = 41 =3419  HillClimbi =15

Elapsed Time = 1365 Cache Used = 4153%  Stagnant = 25
Ave Time/Case = 30mS

5
H
g :

SRS () SPEINE Dickers GECCO. une 2530, 2000,

{ POW Results—3D Curve Through a
Cloud of Points (Spiral)
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. POW Results— 3D Curve Through a
Cloud of Points (Spiral)
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. Current Results and Future Work

* POW Works Well!

/« Will Be In Next AGPS Release

~ e« Interested to Seeing How Engineers Use It
) » Refine POW Internal Logic For:

— Speed, Eas®f-Use, Dynamic Adjustments

* Apply GA -Engine to Other Engineering
Applications (remember, itis NOT AGPSpecific)

|

{
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Conclusions

¢ « We Have Enough Compute Power to
/1 Work Interesting Engineering Problems

*. » Packaging Optimizer for Hands-Off Use
. itthe Key Challenge, because...

/ » Users Want a BlackBox Optimizer

» Caching GA-Solutions Has a Significant
Benefit for Long Solutions

e Java Works Well, It Is NOT the
Performance Concern

.
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