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FLOW OF INFORMATION IN A SCRIPT
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THIS IS OPTIONEERING!!




HOW CAN WE USE THIS INFORMATION
TO REACH BETTER SOLUTIONS?




Charles Darwin (1809 - 1882)

| have called this principle, by which each slight variation, if useful, is

preserved, by the term of Natural Selection.



EVOLUTIONARY ALGORITHMS SELECT THE BEST OPTIONS
TO GENERATE MORE OPTIONS



GENERATION AFTER GENERATION, THE ALGORITHMS HELP US
TO UNDERSTAND THE NATURE OF THE PROBLEM AND FIND
OPTIMAL SOLUTIONS TO IT




PRINCIPLES OF BIOLOGIC AND ALGORITHMIC EVOLUTION

VARIATION
Without it, wouldn’t be possible to pick something that is better than something else

INHERITANCE
Qualities of the individuals are transmitted to the next generations

SELECTION
The fittest individuals are likely to survive and have offspring



DIFFERENCES BETWEEN BIOLOGICAL AND ALGORITHMIC EVOLUTION

e Changing environment

e Complex interactions

e Complex gender reproduction processes
e High degree of arbitrariness

e Millions of variables

e Stable environment

e Limited interactions

* No gender

e Simulated arbitrariness

e Limited variables
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PROS AND CONS OF EVOLUTIONARY SOLVERS

* Flexible o
* Progressive *
* Forgiving

* |nteractive

Slow

No Guaranteed Solution
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/| ~ SOLUTION

A GENE IS A VARIABLE

A COMBINATION OF GENES IS A
WHICH OUTPUTS A UNIQUE SOLUTION

It“'

Combination of genomes



WHAT IS A FIT GENOME AND A FITNESS




FITNESS is whatever we want it to be.
We are trying to solve a specific problem, and therefore we know what it means to be fit.

A FIT GENOME outputs a better solution to a problem than other genomes.

All the possible solutions conform a FITNESS LANDSCAPE, which represents the
nature of the problem that we are trying to solve.



Fitness Landscape containing 2 genes or variables (A and B)
Unknown at the beginning of the process

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Start
Random population to approximate the nature of the Fitness Landscape

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Basin of Attraction
Determine in which direction genomes should travel

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Selection
Only the fittest genomes survive

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

New Generation
Defined by fittest genomes and basin of attraction

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Subsequent Generations
The process repeats until satisfactory solutions are found (or not)

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles
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Fithess

Genome

Simple
Basins of attraction will always take you to an optimal result

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Fithess

Basin of Attraction

Local Minima

v . .

Complex
Half of the landscape dominated by a basin that attracts to a poor
solution

M .

Genome



Fithess

Genome

Small Basins
Low chances of finding a (good) peak

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Fithess

-
Genome

Discontinuous
Plateaus without ‘improvement’. No basin to an optimal
solution

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles


https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles

Fithess

Genome

Noisy or Chaotic
Impossible to make any intelligible pronunciations
regarding the fitness of a local patch

https://www.grasshopper3d.com/profiles/blogs/evolutionary-principles
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r—m———-Or——err-=

COMPUTER PARAMETRIC VISUAL OPTION DESIGN
AIDED MODELING PROGRAMMING GENERATION OPTIMIZATION
DRAFTING

/ /';{Z AR R
e LS 499997

" i o o 4 i d

i ¥ ¢ & & &

ve o6/ 70




- - o 2 o EH &%

File Architecture  Structure  Insert  Annotate  Analyze  Massing & Site

Autodesk Revit 2019.2 - Project] - Drafiing View: 00 5TC View

Collaborate  View  Manage [aGLEIIS Enscape™  BVM Tools  |deate Software

Mewforma

JOTools  UNIFI  Medify

5 | — [ T v
]
RS B -8B - B OFH SR F 2 | {E 4 :
Modify| External  Batch Print  Transmit a model = About Check Manage About... Launch W5M Glue  Clash [Equipment| Convert RFA  About Formlt  Rewit Lockup STL Exporter for Revit  View Box Up Rev
Tools Pinpoint | Properties te Formlt T
Select = External Batch Print elransmit Model Review WorksharingMonitor BIM 360 Formlt Converter Revit Lockup  Rhinoceros 5TL Exporter Arev Freebies

Type g keyword or phrase

i == = o =« E§

File Architecture  Structure  |nsert  Annotate  Analyze  Massing & Site

Help Rhino Python Grasshopper Player Off  Wirefrarne |Shaded| Fecompute

Rhinoceros Grasshopper

e 'l&/ﬁ 7’( @@ @ . b Generic Models

Autodesk Revit 2019.2 - Project] - Drafung View: 00 5TC View

Collaborate  View  Manage  Add-Ins  Enscape™  BYMN Tools  |deate Software

-0 0 0606

Bake Selected Sample 1 Sampled Sample & Sample 8

Samples

Mewforma

10Tools LIMIFI

Rhinoceros

Modify

= -

Type a kevword or phrase

Grasshopper - Mo document...

File Edit View [Display Selution Help

Params Maths 5Sets Vector Curve Surface Mesh  Intersect  Transform  Display

.-.-'

o 9 Y[ c . gto_ % |05

Document

Roa [GHCI‘ NEEED)

’ﬂn%]@ﬁ”e%!l”[THNl‘[El' IV (¢

9 E)T Ws) (c))[A

Geometry

S [F]

-

4 o

)

L

(M

—T—

e

-

FY

. O

=
=

=

o

ﬂ—a
g

- O - O

= = &|[DJs)

A0

0]

B & [~ - @

CESX B XV

L2

. e e . e s

Either drag a new component onto the canvas,

o SRR O

double click the canvas to create a mew component
or open an existing document via the menu or the tiles.




o

O ve - B2 O @ P -0 0 006

Help Rhino Python Grasshopper Player Off  Wireframe |Shaded| Recompute Sample 1l Sampled Sample & Sample 8

Rhinoceros Grasshopper Samples
Medify | Walls
Project Brow... X Properties 4 00 5TC View fid {3D) 4 =

o3, Views [ ~ ..n.
= 8 R — < el -
=10 Concept_200mm
+
- -
= Walls (1) v Edit Type
_ Constraints R
- @0C Location Line  {Wall Centerline |
=10 "Bace Constraint LEVEL 01 |
T Base Offset 0.0
: e B
Top Constraint  Unconnected :
Unconnected H...: 3000.0
= |- e
* Room Bounding [ :
. B
. Text A
+- 21

I 5:' ..... T - - e - _ e Seeeend

T 53 ...... P PR R - S, P S
Dimensions >

30 L -

= .57 - eSS Sl — e

= 5 E ......... _ . S e PR .;.....;

.............................................................................

+
)]
[ ]

+ E|E : B
Image
T E|3 .......... : .................. ?-f
Comments

= _ Phase Created él"deu.-'l:nnstructinné
= F'has&[l&mu:ulizh...él"dnn&
- ST#
W W

N o e —_— . = = = = — = —_ o a



SINGLE OBJECTIVE OPTIMIZATION
GALAPAGOS FOR GRASSHOPPER
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OPTIMAL SOLUTION
ANGLE XY =63.3 | ANGLE XZ=14.2 | VOLUME =0.24 m3
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OPTIMALTILING
Solved with Single Objective
Optimization



PARAMETERS

FIXED
Room Shape

Tile Width = 0.50m

Tile Depth =0.75m
VARIABLES

Pattern Rotation = 0°to 90°
Offset X Dir.=0to 1
OffsetYDir=0to 1
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IS THERE A BETTER WAY TO RESOLVE THIS?




YES

WE CAN COMBINE BOTH RESULTS INTO A SINGLE ONE, LET’S
SAY... COST

BY QUANTIFYING THE PRICE/M2 OF TILE (MIN. WASTE) + THE COST
OF THE LABOUR REQUIRED TO CUT A TILE (MAX. FULL TILES)

OR...




MULTI OBJECTIVE OPTIMIZATION
OCTOPUS FOR GRASSHOPPER




MAXIMIZE COMFORT
MINIMIZE COST

Lower

Higher Lower
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Each genome (variation) has a representation in the
Multi Objective Optimization Graph
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No of Objectives. 2
Paretos truncated: 0
Fittest added: 0
Generation: 36

2 Generation: 36 'S

Full Ties (Nr) v
Waste Area [sq mm] v

Name Use Axes1()20) 30)CO)S() | Del Outer Solusons |

@O0 00O mxp 4
©0® 000 mxd i

%
<)

Start || Start with Presets
Stop Reset

Eltsm 0.500
-"";.
Mut. Probability 0.200
-
Mutation Rate §.90000
Crossover Rate 0.800

L)

Population Size 10:3.-

Max Generations
Record Intenal 1
Save Interval

Max Eval. Tmalms] @

GENERATION 36
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Navigation Export | Troubleshooting
View CubeView AxeView Cam Animation

Parzto Front
Shte
Hisiory O—— 0

[#] Meshes o 25
Scale © L5

PF Cpacity Q 3
= Opadty )y 055
HOpacity —O— om

Evaluating individuzal 22 of 182
Avg. eval. time / solution: 244 ms

navgratet 0.41s
avg.buildAt 043 s
avg.breed :0.08 s
avg.drawt 0.39s
Non-Cominated: 12
Dominated: 88
Failedweval: 0
>Max eval time: 0
EvalPool Size: 183

No of Genes: 3

No of Objectives: 2
Paretos truncated: 0
Fittest added: 0
Generation: 46

2

Parameter Graph

Meshes

Name

Diversify Parameters Full Téies (Nr)

Waste Area [sq mm}

S ——

GENERATION 46

Operators Info

Generation: 46

Use Axes10)20)30)CO)SO) Dol Outmr oo |

v @0 06 O mxp a
v ©@0 6 0 mxod &

.

(&

Start || Start with Presets

Stop Reset

Eliism .500
O
Mut. Probabdity 0.200
(5
Mutation Rate (1.90000
"-‘.
Crossover Rate (0 800
1§
Population Size 100
Max Generations 0

Record Interval 1

Save Interval

Max. Eval. Timems] @

Singte Steps

Minim: Rhina on Stant
] Constraints: FéiRandom
Record Solubon Meshes
() SPEA-2 Reduction

@ HypE Reduction

) Polynomsal Mutate

(&) At Polyn. Muate

@ HypE Mutation

Keep Extremes

A |

e L L ——



octopus multi-oblective optimization and search
Boioiiod phe oA LT W LI Haation and scarcin

¥ 4

Navigation Export = Troubleshooting |
View CubeView AxeView Cam Animation Meshes Operators Info

Pareto Front
F0)

[#] Meshes o 25

!ll

ne

v ()

Scale © L5

PE Opac(ty ) 838
EOpacty ——(Q— 05
HOpacity —QO— om

Evaluating individual 36 of 190
Avg. eval. time / solution: 215 ms

navgratet 0.39s
avg.buildAt 048s
avg.breed 009 s
avgdrawt 0.37 s
Non-Cominated: 9
Dominated: 31
Failedweval: 0
>Max evaltime: 0
EvalPool Size: 183

No of Genes: 3

No of Objectives: 2
Paretos truncated: 0
Fittest added: 0
Generation: 52

Parameter Graph Name
Diversify Parameters Full Ties (Nr) v
Waste Area [sq mm] v

2 Generation: 52

Use Axes1()2() 3()C()S() | Del OuterSolusons |

@O0 0660 mxo
© @000 mxod

4
-

Start || Start with Presets

Stop Reset

Eltism 0.500
Mut Drobat:ii‘j:‘y 0.200
Mut;:icn Rate 0.90000
Crossover Rate () 800 =
O

Population Size 100

Max Generations 0

-

Record Interval 1
Save Interval

Max. Eval Time[ms] @

Single Steps

Minim. Rhina on Stant
| Constraints: FéiRandom
Record Solubon Meshes
SPEA-2 Reducton

HypE Reducton
) Polynomsal Mutate
(&) Alt Polyn, Mutate
@ HypE Mutztion
Keep Extremes

=

GENERATION 52
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Nawvigation Export Troubleshooting
View CubeView AxeView Cam Animation

Meshes Operators

Info

| Start ||

B

‘Start with Presets

£
£ »

[¥)©) Parewo Front
Eite
O History O

Meshes (O 30
Scale O 3

PF Cpacity O &=
EOpacity —(O— o
H Cpacity O 0.5

Avg. eval. time / sofution: 244 ms

navgratet 04s

avg bulldAt 0485

avg.breed t: 0.09 s

avg.drawt 0.38s

Non-Dominated: 1

Dominated: 99

Failed to eval: 0

>Max eval time: 0 %
EvalPool Size: 182

No of Genes: 3

No of Objectives: 2
Paretos truncated: 0
Fittest added: 0
Generation: 60

1 . > w % |
2 Generation: 60 _*,E ™ ® i) _ —__::\,‘

Parameter Graph Name Use Axes1()20)3()C()S() | Del Outer Solusions
["] Diversify Parameters Full Tles (Nr) v D @

@0 00 © mx
- -~ N n
- Waste Area [sq mm) v O @ O O © max r

-

[+

' )

Py
(

GENERATION 60
10,800 combinations tested X 244 ms per solution = 43.92 min



ABSOLUTE MIN. WASTE AREA

MIN. WASTE AREA
MAX. FULL TILES

POSSIBLE SOLUTION
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CASE 3

Optimal Ramp to save a clearance over rail line



STARTING

POINT

TRAIN LINE

L —
o
=
e i

FIXED PARAMETERS

o
-\\-\
B

e Segments Length
! e Landings Length

| e Landing Gradient

e Ramp Width

KINK 2 e Train Clearance

-
-
."'/
-

VARIABLES

e Kinks
Position

e Arrival
Point

OPTIMIZE

e MIN. Length
REGION WHERE KINKS

e MIN. Deviation From Train Clearance

ARE NOT ALLOWED e MAX. Position of End Point Toward

Right of Train Line
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GENERATION 273 > i
54,273 combinations tested X 198 ms = -~
per solution = 179.10 min S i |
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SHORTEST ALTERNATIVES
Within the min. clearance
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MULTI OBJECTIVE
OPTIMIZATION
WALLACEI X FOR GRASSHOPPER



https://www.youtube.com/watch?v=1uoQtlFX4KU
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Wallacei Settings  Wallacei Analytics

E Wallacei X | An Evolutionary and Analytic Engine

Wallacei Selection  Wallacei Forum

Wallacei Primer

|- el

Control Panel

Population
Generation Size
Generation Count

50
100

Population Size:

Algorithm Parameters

Crossover Probability

Mutation Probability Wl i/n
Crossover Distribution Index
Mutation Distribution Index
Random Seed

Simulation Parameters

f Genes (Sliders)
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3 @ 0O

of Values (Slider Values)
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f Fitness Objectives
e of Search Space
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Dynamic Graphs Preferences

Cynamic Parallel Coordinate Plot
Dynamic Standard Deviation Graph
Dynamic Cbjective Space

Dynamic Pareto Front Solutions

Minimize Rhino On Start
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Snap Start Stop

Reset

Standard Deviation Graphs

Parallel Coordinate Plot

Objective Space

Draw Entire Population

Draw the Latest Generation

Waste Area
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| 0m

Full tiles

WALLACEI SETTINGS



MAX. FULL TILES

@ Wallacei X | An Evolutionary and Analytic Engine

=3 =

Wallacei Settings Wallacei Analytics  Wallacei Selection  Wallacei Forum  Wallacei Primer

Control Panel

Selection

[7] Selected Solution
Selected Generation

[V] Selected Fitness Objective
Selected Rank

Selected Solution Information

Solution: Gen, 70 | Ind. 37
Fitness Objective 1: Full Tiles [n]
Fitness Value: -155

Fitness Rank: 0 /4999

Fitness Objective 2: Waste Area [m2]
Fitness Value: 9126796
Fitness Rank: 2129/ 4999

Standard Deviation (SD) Fitness Values SD Value Trendline Mean Value Trendline

i
m 'x'x *.u‘. J )

Gen.70 ~ Indv. 37
Genes: -89.997 | 0.456 | 0.55 ~ Fitness Obj.: -155 | 9.126796

l ét’s.l; Héf “"‘é‘l'klh‘&lﬂ’;;lt't '! &‘ |&,$‘&f;;‘t‘;' ‘;l v 1 5 5 f u I I ti I es
9.11 sgm waste
area

MIN. WASTE AREA

E Wallacei X | An Evolutionary and Analytic Engine

(=0 Wl 5

Wallacei Settings  Wallacei Analytics  Wallacei Selection Wallacei Forum  Wallacei Primer

Control Panel

Selection
[] Selected Solution
Selected Generation

[V| Selected Fitness Objective
Selected Rank

Selected Solution Information
Solution: Gen. 68 | Ind. 0
Fitness Objective 1: Full Tiles [n]
Fitness Value: -153
Fitness Rank: 188 / 4999

Fitness Objective 2: Waste Area [m2]

Fitness Value: 5.001115
Fitness Rank: 0 /4999

FO1

Standard Deviation (SD) Fitness Values SD Value Trendline Mean Value Trendline

l' I t’a‘ﬂsh't' | !’,‘ !

Gen. 68 ~ Indv.0
Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115

;‘I;;‘)& W 'éfl.l;i. ‘z‘nmn'um»lm‘s i‘s'l't’.‘ ‘A’M‘A‘A& uélt;h 1 5 3 f u I I t I I e S
5.00 sgm waste area

WALLACEI ANALYTICS

5,000 combinations tested = 19.19 min (13 min to find optimal solutions



Max. Full Tiles

Min. Waste
Area

MEAN VALUE TRENDLINE



E Wallacei X | An Evolutionary and Analytic Engine o -S|

Wallacei Settings  Wallacei Analytics Wallacei Selection  Wallacei Forum  Wallacei Primer

Control Panel Pareto Front Export List Parallel Coordinate Plot
Gen. 89 | Indv, 0
[ Draw Parallel Coordinate Plot Gen. 89 | Indv. 8

Gen. 89 | Indv, 8

| Parallel Coordinate Plot (PCP) Settings )
Gen. 99 | Indv. 11
Analysis Method Gen. 99 | Indv. 12

Gen. 99 | Indv, 13
Gen. 89 | Indv. 14
Gen. 89 | Indv. 15
Gen. 99 | Indv. 17

Fitness Objective

e p——
i—
g

Seleet fanking Gen. 99 | Indv. 18 = = =
Fitness Criteria; Gen. 99 | Indv. 28 — —_—
Fitness Value: Gen. 99 | Indv. 31 ';‘___:‘:-; = ——
Number of Repititions: Gen. 99 | Indv, 37 =

| Run PCP Analysis Gen. 99 | Indv. 42
Gen. 89 | Indv. 46
Gen. 99 | Indv, 49

[l Clustering Settings
Generation to Cluster

Number of Clusters

() Max. Full Tiles Min. Waste Area

V| Pareto Front Solutions

No. of Solutions: 17

K-Means Clustering (Unsupervised Machine Learning) Algorithm

| Show Pareto Front on PCP

|| Generations

Add Clear Export

WALLACEI SELECTION




TEXT TAGS

DECONSTRUCT A
WALLACEIXDATA /7~

ANALYSING WALLACEI DATA



Gen. 99 ~ Indv. 49

Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115

Gen. 99 ~ Indv. 31 Gen. 99 ~ Indv. 37 Gen. 99 ~ Indv. 42 Gen. 99 ~ Indv. 46

Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115
Gen. 99 ~ Indv. 17 Gen. 99 ~ Indv. 18 Gen. 99 ~ Indv. 27 Gen. 99 ~ Indv. 28

Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 0.548 ~ Fitness Obj.: -155 | 9.126795 Genes: -89.997 | 0.456 | 0.548 ~ Fitness Obj.: -155 | 9.126795 Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115
Gen. 99 ~ Indv. 12 Gen. 99 ~ Indv. 13 Gen. 99 ~ Indv. 14 Gen. 99 ~ Indv. 15

Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115
Gen. 99 ~ Indv.0 Gen. 99 ~ Indv. 8 Gen. 99 ~ Indv.9 Gen. 99 ~ Indv. 11

Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115

Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115 Genes: -89.997 | 0.456 | 1 ~ Fitness Obj.: -153 | 5.001115

PARETO FRONT SOLUTIONS



Gen.99 ~ Indv.49
Genes: -89.997 | 0456 |1 ~ Fitness Obj. -153 | 5.001115

Gen. 99 ~ Indv. 42
Genes: -89.997 | 0456 | 1 ~ Fitness Obj: -153 | 5,001115

Gen. 99 ~ Indv, 35
Genes: -89.997 | 0.515 | 0968 ~ Fitness Obj. -152 | 14.758254

Gen, 99 ~ Indv. 43
Genes: -81.523| 0456 | 1 ~ Fitness Obj: -144 | 11758254

Gen. 99 ~ Indv. 36
Genes: -85.196 | 0.456 | 1 ~ Fitness Obj: -142 | 10633376

Gen. 99 ~ Indv. 44
Genes: -88.27 | 0456 | 0.895 ~ Fitness Obj.: -141 | 10633254

Gen. 99 ~ Indv. 37
Genes: -89.997 | 0456 | 1 ~ Fitness Obj: -153 | 5.001115

Gen. 99 ~ Indv. 45
Genes: -89.997 | 0408 | 0.548 ~ Fitness Obj: -141 | 9.883254

Gen. 99 ~ Indv. 38
Genes: -89.997 | 0456 | 0.529 ~ Fitness Obj.: <154 | 9501821

Gen. 99 ~ Indv. 46
Genes: -89.997| 0456 |1 - Fitness Obj: -153 | 5001115

Gen. 99 ~ Indv. 39
Genes: -89.997 | 0.456 | 0.999 ~ Fitness Obj.: -153 | 5005237

Gen. 99 ~ Indv, 47
Genes: -89.997 | 0466 | 1 - Fitness Obj: -152 | 10.632632

Gen. 99 ~ Indv. 40
Genes: -89.997 | 0.456 | 0997 ~ Fitness Obj: -153 | 9.126763

Gen. 99 ~ Indv. 48
Genes: -89.997 | 04191 - Fitness Obj: -139| 5.007585

Gen. 99 ~ Indv. 41
Genes: <79,554 | 0456 | 0,539 ~ Fitness Obj.: <143 | 12133254

Gen. 99 ~ Indv.28
Genes: -89.997 | 0456 | 1 ~ Fitness Obj. -153 | 5.001115

Gen, 99 ~ Indv. 21
Genes: -79.845 | 0456 [ 1 ~ Fitness Obj.: -142 | 11383254

Gen. 99 ~ Indv. 14
Genes: -89.997 | 0456 | 1 ~ Fitness Obj. -153| 5.001115

Gen.99 ~ Indv.7
Genes: -83.155 | 0456 ] 0551 ~ Fitness Obj. -145 | 12.133254

Gen. 99 ~ Indv.0
Genes: -89.997 | 0456 |1 ~ Fitness Obj. -153 | 5,001115

Gen. 99 ~ Indv. 29
Genes: -89.998 | 0.456 | 0.54 ~ Fitness Obj: -154 | 9127132

Gen. 99 ~ Indv, 22
Genes: -84.57 | 0456 | 1 ~ Fitness Obj.: -142 | 10.633239

Gen. 99 ~ Indv. 15
Genes: -89.997 | 0456 |1 ~ Fitness Obj. -153 | 5.001115

Gen. 99 ~ Indv.8
Genes: -89.997 | 04561 ~ Fitness Obj; -153 | 5,001115

Gen.99 ~ Indv.1
Genes: -39.997 | 0481 | 1 ~ Fitness Obj: -152 | 10.632631

Gen. 99 ~ Indv. 30
Genes: -89.997 | 0635 1 ~ Fitness Obj: -152 | 10632621

Gen. 99 ~ Indv. 23
Genes: -89.997 | 04821 ~ Fitness Obj: -152 | 10632631

Gen.99 ~ Indv. 16
Genes: -89.791| 0456 | 1 ~ Fitness Obj: -135 | 6.883534

Gen.99 ~ Indv.9
Genes: -89.997 | 0456 1 ~ Fitness Obj. 153 | 5.001115

Gen. 99 ~ Indv. 2
Genes: -89.997 | 043 | 1 ~ Fitness Obj: -139 | 5007585

Gen. 99 ~ Indv. 31
Genes: -89.997 | 0456 |1 ~ Fitness Obj: -153 | 5001115

Gen, 99 ~ Indv. 24
Genes: -89.998 | 0.567 | 1 ~ Fitness Obj. -152 | 10.632835

Gen.99 ~ Indv.17
Genes: -89.997 | 0456 1 ~ Fitness Obj: -153 | 5.001115

Gen. 99 ~ Indv. 10
Genes: -89.997 | 0415 | 1 ~ Fitness Obj: 139 | 5.007586

Gen.99 ~ Indv.3
Genes: -89.997 | 0.47 | 0.548 ~ Fitness Obj. -153 | 15133254

Gen. 99 ~ Indv. 32
Genes: 9003350985 ~ Fitness Obj: -142 | 10258254

Gen. 99 ~ Indv. 25
Genes: -89.999 | 0.456 | 1 ~ Fitness Obj- -153 | 5.002213

Gen.99 ~ Indv.18
Genes: -89.997 | 0456 | 0.548 ~ Fitness Obj.: -155 | 9.126795

Gen. 99 ~ Indv.11
Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5.001115

Gen. 99 ~ Indv.4
Genes: -89.997 | 043 |1 ~ Fitness Obj: -139 | 5007585

Gen. 99 ~ Indv. 33
Genes: -88.061 | 0456 0556 ~ Fitness Obj: 146 | 12133254

Gen, 99 ~ Indv. 26
Genes: -89.999 0,456 | 1 ~ Fitness Obj.: -153 | 5.002213

Gen.99 ~ Indv.19
Genes: <90 0456 | 1 ~ Fitness Obj- <153 | 5.002761

Gen. 99 ~ Indv. 12
Genes: -89.997 | 0456 | 1 ~ Fitness Obj.: -153 | 5001115

Gen. 99 ~ Indv.5
Genes: -84.072 | 0456 | 1 ~ Fitness Obj: -141 | 10633254

Gen. 99 ~ Indv. 34
Genes: -79.698 | 0456 | 1 ~ Fitness Obj: -142 | 11.758254

Gen. 99 ~ Indv, 27
Genes: -89.997 | 0456 0.548 ~ Fitness Obj: 155 9.126795

Gen. 99 ~ Indv. 20
Genes: 89.997 | 0471 | 1 ~ Fitness Obj- -152 | 10.632632

Gen.99 ~ Indv. 13
Genes: -89,997 | 04561 ~ Fitness Obj; -153 | 5,001115

Gen. 99 ~ Indv. 6
Genes: -81.994 | 0456 0957 ~ Fitness Obj. -144 | 12133254

LAST GENERATION SOLUTIONS
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Cross Product Lacing within Dynamo
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Cross Product Lacing within Refinery
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Create Study
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Step value appears not to be respected in Refinery
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CONCLUSIONS
Evolutionary Solvers are powerful tools to be used on specific or partial problems.

To formulate the right fitness function and the set the key variables is crucial.
The process helps to understand the nature of the problem.

They are slow because of the amount of options to be tested and depending on the complexity
of the problem, the efficiency of the script, the platform we are using and the hardware
capabilities.

Galapagos is a robust built-in GH tool which is ideal to solve single objective optimization
problems.

Octopus is a multi objective optimization plugin for GH which tackles more complex problems
and enables user interaction and solutions exploration.

Refinery is a multi objective optimization beta product by Autodesk that computes Dynamo
scripts faster than within the Revit / Dynamo environment (but still slower than Rhino / GH).

Unlike its GH competitors, access to the evolutionary data is harder to access, behind which is a
valuable information to identify good solutions and improve fitness functions.
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