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AGENDA

• Welcome to Hogwarts

o Introductions, outline, goals, & notes

o A Magic for Muggles

o This is an O.W.L. Course

o Learning Objectives

• Taxonomy of Generative Design 

Graphs

o How the Magic Works

o Graph Anatomy: Automation vs 

Generative

o Remembering Static Values

o Generation Systems

o Evaluations & Results

• Problem 1: Professor Snape’s 

Seating Chart

o Assignment Studies

o Permutations Explained

o Graph Build

o Generation & Results

• Problem 2: Location for the 

Quidditch World Cup

o Fixed Option Studies

o Pseudo Random Shuffle

o Graph Build

o Generation & Results

• Problem 3: Layout of the Care of 

Magical Creatures OWL

o Flexible Option Studies

o The Infinite Scale Problem

o Graph Build

o Generation & Results

• Resources and Next Steps

o Notes and Review

o Links

o Development Team Notes

o Office Hours

o Special Thanks



A Magic for Muggles

Fractal 

YouTube

MaRS

Vimeo

Last Release 

of GD4R
Refinery 

Launched



A Magic for Muggles?

Dynamo: 57

Revit: 65

Generative 

Design: 0



WHY?



This is an O.W.L. Class!



Learning Objectives

Upon completion of this class you should be able to:

1. Create optimal solutions when faced with competing goals and inputs by using Generative 

Design.

2. Build viable quantification systems in both relative and finite scope to define successful 

results.

3. Compare multiple viable solutions at various scales to ensure projects move forward with 

confidence.

4. Present a sampling of options for review/decision without requiring significant rework.

5. Find your way to Platform 9 ¾.



Taxonomy of Generative 
Design Graphs



How the Magic Works

SOURCE APPLICATION DATA

DYNAMO FOR _______

GENERATIVE DESIGN

GD for REVIT / PLAYER / 

DYNAMO for ____

NEW 

DATA



How the Magic Works



How the Magic Works



NOT How the Magic Works



How the Magic Works



How the Magic Works

Export for GD 

from Dynamo

Click “Run” to Run 

the Graph for GD

Launch GD 

Dynamo Script



How the Magic Works

Graph is now 

ready to export!

Enter a Description 

for the Graph

Click “Export”



How the Magic Works

Export is now 

Complete!

Your study is now 

available for GD!

Custom Studies

Built-In Studies



How the Magic Works



How the Magic Works

[ 21195, 

0.5, 0.5 ]
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How the Magic Works

[ 21195, 

0.5, 0.5 ]

[ 4, 2, 16, 

12, 14 ]



How the Magic Works

[ 21195, 

0.5, 0.5 ]

[ 4, 2, 16, 

12, 14 ]

[21239, 

0.1, 0.0 ]

[0, 4, 32, 

0, 40 ]

[ 9798, 

0.6, 0.4 ]

[ 1, 0, 32, 

4, 37 ]

[ 16339, 

0.5, 0.3 ]

[ 0, 8, 32, 

0, 40 ]

[ 19432, 

0.1, 0.1 ]

[ 3, 0, 32, 

0, 35 ]

[ 9787, 

0.7, 0.4 ]

[ 0, 4, 32, 

4, 40 ]



How the Magic Works
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0.5, 0.5 ]
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12, 14 ]
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How the Magic Works

[ 21195, 

0.5, 0.5 ]

[ 4, 2, 16, 

12, 14 ]

[0, 4, 32, 

0, 40 ]

[ 1, 0, 32, 

4, 37 ]

[ 0, 8, 32, 

0, 40 ]

[ 3, 0, 32, 

0, 35 ]

[ 0, 4, 32, 

4, 40 ]



Graph Anatomy: Automation vs Generative

Typical Automation Graph Flow

CALCULATE RECORDGATHER

CALCULATE

RECORDGATHER

Typical Generative Graph Flow

VARY

REMEMBER GATE

EVALUATE OUTPUT



Dictionaries are your Friend

Data Set Create Dictionary Add Keys + Values

Get Value(s) at KeyTIME

SAVINGS

FASTER

COMPUTATION

EASIER TO 

ACCESS DATA



Dictionaries are your Friend



Remembering Static Values

[ 21195, 

0.5, 0.5 ]



Remembering Static Values



Remembering Static Values



Remembering Static Values

I don’t recommend this, but it’s certainly something you could do.



Remembering Static Values

Better! Faster execution (no need to spin up excel) and you can modify



Generation Systems

RECORDGATHER

Typical Generative Graph Flow

VARY

REMEMBER GATE

EVALUATE OUTPUT

CALCULATE



Generation Systems

• Assign to Option Set

o Gather option set

o Gather values

o Set value to option

• Define & Set Points

o Point on curve

o Point on surface

o Point in space

• Define Location & Orientation

o Coordinate system on curve

o Coordinate system on surface

o Coordinate system in space

• Define Shape / Primitive

o Slice up domain

o Polygon by points

o Primitives by inputs

• Define Parti Diagram

o Polycurve by points

o By offsets

o NURBS by points

• Define by Other

o BE CREATIVE!

Example #1

Example #2 Example #3



Evaluations & Results

“So… This is all just math.”

“I was told there would be no math!”

“Well, you were lied to.”

“Crap.”

“Dynamo will run the numbers for you.”

“Good, so no math.”

“But you have to show it how.”

“Don’t know if you realize this, but that’s still math.”

“Yep.”



Evaluations & Results – Common Methods

• Properties of objects (geometry)

o Length

o Area

o Volume

o Height, radius, etc.

• Spatial conditions met

o Distance to /from

o Path between

o Length along curve network

o Elevation 

o Orientation to ‘optimum’

• Penalize values based on ‘key’ 

outcome

o “Out of bounds”

o “Strike 3”

• Variety in solution set requires 

conflicting outcomes

o If outcome A reinforces B then 

there can be only one maximum

• Try to always minimize 

o Default setting for optimization

o Multiplication by -1 helps!



Evaluations & Results – Frustrations

What I often hear at this phase of development:

• “I don’t know what to optimize for.”

o Listen to your client – they know what they want

o Listen to your boss – they often know what’s important

o Step back and ask why you started in the first place

• “I don’t know how to measure what I want to optimize.”

o Find the ‘real world equivalent’ when possible

o Look it up: https://dictionary.dynamobim.com/#/

o Ask: https://forum.dynamobim.com/

• “My evaluation calculation takes too long.”

o Simplify the calculation 

▪ Remember the static bits for reuse

▪ Reduce the list complexity

https://dictionary.dynamobim.com/#/
https://forum.dynamobim.com/


UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection

1. Select Study Type

2. Name Study

3. Select Method

4. Choose Variables

5. Configure Goals

6. Define Constraints

7. Set Generation Settings

8. Address Issues

9. Generate

10. Get a cup of coffee



UI and Selection



UI and Selection



UI and Selection



A Fika Break Later…
fika

|fi:ka| noun

______________________________________________________

A Swedish concept meaning “to have coffee”, often 

accompanied with pastries and sweet treats. 

Meant as a moment of quality time to savor with 

oneself or others.



UI and Selection



UI and Selection

Study Selection

Results and Config

Grid or List

Charts

Details

Actions Bar



UI and Selection



Problem 1: Professor 
Snape’s Seating Chart



Assignment Studies

• Sometimes the design your working with is 

constrained so in terms of locations, but 

you need to optimize which program is 

assigned to each element.

• In this session, we will use the 

fixed seating in the potions classroom and 

assigning items from our data set to each.

• We’ll be evaluating the design by reviewing 

each student’s needs relative to the location 

of classmates, and to Professor Snape.



Generation Systems - Assign Values



Generation Systems - Assign Values



Generation Systems - Assign Values



Generation Systems - Assign Values



Generation Systems - Assign Values



A BCC AB

C A

C ABB A C

B A

C B

Permutations Explained

A B C

CA B C

A B C A

B



Permutations Explained

1 item under (1!)

2 items under (2!)

6 items under (3!)

24 items under (4!)

120 items under (5!)

720 items under (6!)



Evaluations & Results – Student Seating

The design results are a list of dictionaries

For each dictionary in the list of layouts: 

1. Get the location point

2. Get any students to avoid

3. For each student to avoid, get the associated 

dictionary

4. For each associated dictionary, get the location 

point

5. For each avoidance point, get the distance to 

the associated location point

6. For the distances, if the value is less than the 

accepted min, return 1, otherwise zero

7. Sum the result

8. Sum the value from all the dictionaries
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For each dictionary in the list of layouts: 
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4

8
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For each dictionary in the list of layouts: 

1. Get the location point

2. Get any students to avoid

3. For each student to avoid, get the associated 

dictionary

4. For each associated dictionary, get the location 

point

5. For each avoidance point, get the distance to 

the associated location point

6. For the distances, if the value is less than the 

accepted min, return 1, otherwise zero

7. Sum the result

8. Sum the value from all the dictionaries

The design results are a list of dictionaries

6,7,9
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Evaluations & Results – Student Seating

For each dictionary in the list of layouts: 

1. Get the location point

2. Get any students to avoid

3. For each student to avoid, get the associated 

dictionary

4. For each associated dictionary, get the location 

point

5. For each avoidance point, get the distance to 

the associated location point

6. For the distances, if the value is less than the 

accepted min, return 1, otherwise zero

7. Sum the result

8. Sum the value from all the dictionaries

The design results are a list of dictionaries

1 1

4

7 8

3

0+0+0 =0

0

00

0

4,7,9
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Evaluations & Results – Student Seating

For each dictionary in the list of layouts: 

1. Get the location point

2. Get any students to avoid

3. For each student to avoid, get the associated 

dictionary

4. For each associated dictionary, get the location 

point

5. For each avoidance point, get the distance to 

the associated location point

6. For the distances, if the value is less than the 

accepted min, return 1, otherwise zero

7. Sum the result

8. Sum the value from all the dictionaries

The design results are a list of dictionaries

1 1 0 3 3 1 2 0 1 12

1 + 1 + 0 + 3 + 3 + 1 + 2 + 0 + 1  = 12



Data Set Before

• Model of Potions Dungeon showing seat 

locations and tags.

• Student data: reference number, first name; 

last name; house; who they shouldn’t sit 

near; who they MUSTEN sit near; and what 

they need to be safe or learn optimally.



Let’s Build the Graph!



Notes and Review

• Small set ‘assignment’ studies can be 

accomplished quickly with permutations

• Results can be filtered on multiple axes

• Small changes in location can have BIG 

changes in outcomes

• An ‘optimum’ result does not ensure ALL 

optimum results are found.



Problem 2: Location for the 
Quidditch World Cup



Fixed Option Studies

• Sometimes the number of options for your 

design is vast and won’t be completely 

used, but provides a scalable solution set to 

work with.

• In this session, we will be using a known 

and quantified context to evaluate where in 

a sleepy town the Quidditch World Cup 

stadium & grounds should be located.

• We’ll be evaluating each program element 

against the adjacent context.



Generation Systems - Set Points
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Evaluations & Results – Stadium Location

For the zones of influence: 

1. Take the difference of each design surface and 

the extruded site bounds

2. Define the penalty by taking the remaining 

area of each design surface, summing the 

results and multiply by 100

3. Join the original design surfaces into a 

polysurface

4. Test all site cells for intersection with the 

polysurface

5. Filter out the list of dictionaries by the 

intersection test

6. For the remaining dictionaries, pull and sum 

the values for each metric and add the penalty

The site ‘cells’ have associated dictionaries, and the designs are surfaces
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How to build the site dictionary
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the extruded site bounds

2. Define the penalty by taking the remaining 

area of each design surface, summing the 

results and multiply by 100

3. Join the original design surfaces into a 

polysurface

4. Test all site cells for intersection with the 

polysurface

5. Filter out the list of dictionaries by the 

intersection test

6. For the remaining dictionaries, pull the values 

for each metric 

7. Sum the results and add the penalty

The site ‘cells’ have associated dictionaries, and the designs are surfaces

PENALTY = 4*100 = 400
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For the zones of influence: 

1. Take the difference of each design surface and 

the extruded site bounds

2. Define the penalty by taking the remaining 

area of each design surface, summing the 

results and multiply by 100

3. Join the original design surfaces into a 

polysurface

4. Test all site cells for intersection with the 

polysurface

5. Filter out the list of dictionaries by the 

intersection test

6. For the remaining dictionaries, pull the values 

for each metric 

7. Sum the results and add the penalty

The site ‘cells’ have associated dictionaries, and the designs are surfaces

PENALTY = 4*100 = 400

FOREST SCORE: 407

WATER SCORE: 408

BUILDING SCORE: 413

ROAD SCORE: 414

FOREST: 7

WATER: 8

BUILDING: 13

ROAD: 14



Pseudo Random Shuffle



Generative Design
in Civil 3D!



Getting Generative Design in Civil 3D

1

Launch Dynamo

Generative Design Script

“Export" to GD and then 

create study.

2

3



“How do I get the Generative Design Package though?”

The 4 easyest steps in this entire session!

1. Install Revit 2021 and all updates.

2. Install any Generative Design 

updates from Manage.Autodesk.com.

3. Copy the contents of the 

Generative Design package from 

this directory to your Civil 3D 

package directory: 

C:\ProgramData\Autodesk\RVT 2021\Dynamo\2.6\packages

4. Make cool things and have fun doing it.



Data Set Before

• Site Plan of city showing buildings, roads, 

water features, public forests, industrial 

areas, footpaths, railways and local 

attractions.

• Note: This data set was entirely built with 

the Elk Package from OSM data. Special 

thanks to Timothy Logan for the excellent 

contribution to the Dynamo community. 

More info here: 

https://github.com/logant/Elk

https://github.com/logant
https://github.com/logant/Elk


Let’s build the graph!



Generation and Results



Notes and Review

• Sometimes multiple small studies will get 

the best answer faster than one big study: 

set and confirm what you learn works!

• The size of problems can be reduced to a 

reasonable scale drastically by abstracting 

and simplifying the problem.

• Finding the ‘exact’ location isn’t always a 

must – learning what we can from 

generalizations will allow you to focus in on 

a particular area of the design.



Problem 3: Layout of the Care 
of Magical Creatures OWL



Flexible Option Studies

• Sometimes the design space is wide open 

and there are no limits or restrictions which 

quickly come to light. In these cases you 

have to design the system to be flexible and 

work with what you know

• In this session, we will lay out the care of 

magical creatures OWL by using the known 

qualities of magical creatures to size and 

locate a pen for each.

• The outcomes will be evaluated by each 

creature’s relative and contextual location.



Generation Systems – Define Shape Values
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Generation Systems - Assign Values



Evaluations & Results – Creature Layout
For each dictionary in the list of layouts: 

1. Get the space

2. Calculate the adjacency scores: 

A. Get any creatures to avoid, and pull the associated 

dictionary

B. For each associated dictionary, get the space

C. For each avoidance space, get the distance to the 

creature space

D. For the distances, if the value is less than the accepted 

min, return 1, otherwise zero

E. Sum the result

F. Sum the value from all the dictionaries

3. Calculate the contextual separation scores

A. For each context item, get the associated geometry

B. Get the distance from the context geometry to the space

C. For the distances, if the value is less than the accepted 

min, return 1, otherwise zero

D. Sum the results

E. Sum the value from all the dictionaries

Remember this?
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The world is an infinitely big, 

and infinitely small place.

That is Terrifying. 

As a result, some problems cannot be simplified to a 

‘selection of options’ without getting well beyond the 

scope of seeded randomization or permutations.



The “Infinite” Scale Problem

Bad news: https://docs.python.org/3.0/library/random.html

random.shuffle(x[, random]): Shuffles the sequence x in place. The optional argument random is a 0-

argument function returning a random float in [0.0, 1.0); by default, this is the function random().

Note that for even rather small len(x), the total number of permutations of x is larger than the period of most 

random number generators; this implies that most permutations of a long sequence can never be generated.

But don’t worry: https://stackoverflow.com/a/21284969

The default random.random() function uses the Mersenne Twister algorithm, which has a period of 2**19937-1. 

That means that you'd need a list of length 2081 before you will see this behavior occur.

But…

https://docs.python.org/3.0/library/random.html
https://stackoverflow.com/a/21284969
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The “Infinite” Scale Problem

473 searches to find all 120 items!



The “Infinite” Scale Problem



If his forces are united, 

separate them.

Sun Tzu, The Art of War



The “Infinite” Scale Problem



Data Set Before

• Model of Hogwarts Castle and 

Grounds showing 2D site for creature layout.

• Creature data: creature number, name; 

danger scale; area requirement; creatures to 

avoid; separation from Castle; light 

requirement; water requirement; fire 

risk; separation from forest; and notes!



Let’s build the graph!



Generation & Results



Notes and Review

• Beware of competing goals which may work 

against one another as you attempt 

generate an optimized design solution.

• The most important result metric should drive 

your decision - set them as the ‘first’ filter.

• When working with a large set of parameters, 

use the "Parallel Coordinates" viewer to help in 

making a final selection. The "Scatter 

Plot" viewer limits you only to 4 parameters: 

an X-Axis, Y-Axis, Color, and Size.



Resources and Next Steps



Notes and Review

1. Simplify the problem whenever possible

o Abstract the problem, then scale it down, and 

reduce it to the ‘core parts’

2. Do not plan on eating the entire erumphant in 

one sitting

o Many battles may produce a more complete 

victory than one 

3. Getting a result does not mean that is your 

design

o Partner with the machine, don’t follow it

4. Use your compute cycles wisely 

o Just because you’re not at your desk doesn’t 

mean you can’t be looking for the solution

5. Crushing with the side of the blade can release 

juices better than cutting

o Tools often have more than one use learn as 

many as you can

6. Remember to remember

o Generative Design works faster if it is all ‘in the 

file’, but don’t overuse the node!

7. Gates are good, but freezing can be better 

o No warnings in Dynamo, no execution in 

Generative Design

8. Dictionaries are your friend

o Save time, work with more data, get better 

answers faster



Links

• Dynamo Resources

o Dynamo Primer: http://primer.dynamobim.org

o Dynamo Forums: https://forum.dynamobim.com/

o Dynamo Dictionary: https://dictionary.dynamobim.com

• Generative Design

o Info: https://www.autodesk.com/campaigns/refinery-beta

o Primer: https://www.generativedesign.org/

o Beta Site: https://feedback.autodesk.com/key/RefineryLanding

http://primer.dynamobim.org/
https://forum.dynamobim.com/
https://dictionary.dynamobim.com/
https://www.autodesk.com/campaigns/refinery-beta
https://www.generativedesign.org/
https://feedback.autodesk.com/key/RefineryLanding
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